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AKTYM:E.HOCT:E. npo6.neMH •. B HaCTORill88 BpeM.H paapa6aTHBa-
lOTCSI R BBO)J.SITCSI B CTpoll HJ).epHO-CPii3Rqecime ycTaHOBKll, BHCOKaSI aqqieK
TilBHOCT:& KOTOpHX 06yCJlOBJI9H8 RCIIOJII>30BaHReM COBpeMeHHHX )J.OCTRXeHR/il 
B 06.naCTR KpRoreHHOli! T9XlWKR. IlpR o~qeHRR CBepxnpoBO)J.SIIIJ,RX MarHRT
HHX CTPYKTYP BHCOK08HepreTRqecKRX YCKOpRTeJieH )J.03H B o6MOTK8X Marim
TOB MOryT npeBHCRT:& .uonyCT.llMH8 sHaq~HliSJ, npRBeCTH K nepexo.uy RX B 
HOp,18JI:&HOe COCTOSIHRe. ,II.ml KOHT~ sa ru.nnyJI:&CHHMR pa,D.R8LU'lOHHHMR 
HarpySKaMR Heo6xo.uru.na CRCT8M8 perRCTpaURR )J.03 B CBepxnpoBO)J.Sil!lRX 06-
MOTKax: (CITO) MarHRTOB, OCHOBBHHaSI Ha KpRoreHHHX )J.03RM8Tpax, M8JIO
qyBCTBRTeJI:&HHX R nepeMeHHHM MBrHRTHHM IIOJISIM BWIOTl> )J.0 5 TJI li .llM8DIIUD{ 
H86oJI:&nme pasMepa. CymecTBYDl!lRe TRIIH )J.03liM8TpoB He 06.na.uaDT yRaSaH
HHMli CBOHCTBaMR, ll03TOMY C03)J.8Hli8 )J.03RMeTpa, npe,D.Ha3HaqeHHoro )J.JISI 

onpe,D.eJieHRSI )J.03H B CIIO OT RMilYJI:E.CHoro BHCOR08HepreTllqecKoro·a3.nyqe
HWI B YCJIOBRSIX Rp110reHHHX TeMnepaTyp li CllJI:&HHX MarHRTHHX noJie/il, SIB
JIJieTCSI aKTYaJI:&HHM. 

UeJI:E. pa6oTH - paapa6oTRa MeTO.D.RKR onpe.n.eJieHRSI .n.osa B CITO MarHR
TOB YCROPRTeJiell ll C03)J.8HR8 Ha ee OCHOBe RpRoreHHHX )J.03RM8Tp0B CMemaH
HHX IIOJieH BHCOROSHepreTRqecKoro HMDYJI:E.CHOro RSJIYqeHRSI. 

HayqHaSJ HOBRSHa - Ha OCHOBBHRR paapa60T8HHOll M8TO)J.RKR li3MepeHRSI 
)J.OSH B M8T8pRaJiaX, 6Jm3RliX no COCTaBY R TaXHRqecROMY CBepxnpooo.nmne
MY Ra6eJID, BII8pBH8 C03,Il;8H li liCCJI8,ItOBaH KBa3Ha,n;ll:a6aTHqecmtli RMOpRMeT
pnqecKHll )J.OSRMeTp RMIIYJI:&CHoro BHCOR03H8preTRqecKoro R3.nyqeHRSI, co
CTOSIIUR/il RS Me,D.Horo norJIOTRTeJISI, cneURBJibHOro BHCORoqyBCTBRTeJibHoro 
yroJibHoro TepMOMeTpa conpoTRBJieHRSI, RMeDmero TenJIOBOll R 3JI8RTpRqeo
RRli ROHTBRT C norJIOTRTeJieM, R T8IlJIOR30JIRpyDmell o6oJioqKn. ~aHHHli! )J.0-
3.llMeTp 06Jia,D.aeT, no CpaBHeIDUO C ll3BeCTHHMR R8JIOpRMeTpaMR, MaJIHMR Jm

HeHHHMli paSMepaMR (nopSI,llR8 HeCROJibKRX MRJIJIRMeTpOBJ, 6oJiee BHCORO/il 
qyBCTBRTeJI:&HOCTbD ll npnro.n.eH R 3RCilJIY8TaURli B YCJIOBRSIX KPROreHHHX 
TeMnepaTyp li CRJI:&HHX MarHRTHHX IlOJie/il. 

IlpoBe,D.eHO RCCJie,D.OBaHne npe,D.JIOXeHHHX HaMR RaJIOpliMeTfRqecKRX )J.0-
SHMeTpoB Ha OCHOB8 TepMOpe3llCTOpoB TBO(IJ, A.MeH-Epe)J.JIR ZJ R TepMO
pesncTopa, nsroTOB1leHHOro ll3 Me)J.HOHRReJieBoro CIIJiaBa, B IIOJISIX BHCORO
aHepreTnqecRoro RsnyqeHRSI. 

C IlOMOfil:&D paspa6oTaijHHX )J.03RMeTpoB IIOJIYqeHH 3RCnepRMeHTaJibHHe 
JJ.aHH&e o pacnpe.n.eJieHRR .uoaa B MaReTe cBepxnpoBoASimero MarHRTa npn 
paSJIRqHOM na.uemm. Ha Hero nyqRa 38p.F.llKeHHHX qaCTlll{ •. 

IlpaKTR'l8CRasI SHaqHMOCT:& pa6o'l'H 
I. Paspa6oTBHHHH RpRoremmtt Ra.n:opRMeTpnqecimn .uosm.1eTp, 06.na.ua

Dl!lRii qyBCTBRTeJIDHOCT:&D He r:JX8 0,0I I'p li pa60TOCIIOC06H&H B IlOllliX 
. MBrHRTHOH RH,11,YRLU'lR )J.O 5 TJI, MOXeT 6HT:& RCIIOJI:&30B8H B 8RCIIepRM8HT8JI:&
HHX RCCJie)J.OBaHRSIX )J.03HOro IIOJISI BHj'Tpn CBepxnpoBOA.fllIIRX MarHRTOB R ,u.py-
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rnx KpRoreHlillX MIDI18HIIX npH RX HMaynLCHOM o6JiytJeHilll BHCOK08HepreTHqeo
. KHMH aapmteHllliMli tJaCTnnaMH. 

2. IToJJ;yqeHHaH C IlOMOmLD npeACT8Bn8HHOro A03HM8Tpa 8KCil8pHMeH
TMLHaH HHq)OpMaURH O A03aX OT'YCKOpeHHHX penHT.ldBHCTCKHX HASP MOllt8T 
CJJ;ylllliTL T8CTOM ,11,JIH paapa6aTHBaeMHX pacqeTHHX nporpaMM. 

3. PaCCMOTpeHHHe A03RM8TpH Ha OCHOBe T8PMOM8Tp0B TBO, A.JmeH
Epe,D,Jm H MSAHOHHKeneBoro cnnaBa npHrOAHH nocne cooTBeTCTBYDmeli rpa-
AYHpoBKH ,11,JIH OilpeAM8HHH A03h1 Bh1COKOaHepreTHqecKoro H3JJ;yqeHWI B 
TOHKHX KpRoreHHHX MHmeH.llX • 

4. C03A8HHaH Ha OCHOBe KMOpHM8TpHtJ8CKHX A03HM8TpoB C M8AHHM 
nor~OTHTeneM (MKJJ.) CHCTeMa perHCTpaD;i!H A03 B o6MOTK8X MarHHTOB MO
,ll,e.JlLHOrO CBepxnpoBO,ll,Hlll8rO CHHXpoTpoHa ("CIIliH") o6nertJHT HaCTpoii.KY 
YCKOPHTMH H Il03BonliT YCKOpHTL C03,ll,aHHe aHanorKqHOH CHCT8MH ,11,JIH 

HyKJIOTpOHa. 

ABTop 381DJ1llja8T: 
l. MeTO,ll,KKY onpeAM8HKH. A03hl OOM CMemaHHoro HMnynI,CHOro H3Jzy

tJeHKH B aneMeHTaX KOHCTPYKUHii CBepxnpoBOAHmHX YCKOpHTeneii aapSlllteHHh!X 
qaCTHU. 

2. Paapa6oTaHHHH KpRoreHHHil KMOpHMeTpHqecKHil A03HM8Tp HOBoro 
THna n nccne,ll,oBaHHe ero xapaKTepHCTHK. 

3. PeaynLT8Th1 8KCil8PHM8HT8JILHOil IlpoBepKH CHCT8Mh1 ,ll,03HM8TpHqec
.KRX H3MepeHRil C KanopKMeTpRqecKRMH ,ll,03HM8TpaMH B nyqKaX Bh1COKOaHep
reTnqecKnx aapSlllteHHHX qaCTHU H B IlOMX CMemaHHOro HMnynLCHOro H3Jzy
qeHKH. 

4. Pe3yALT8Th1 cpaBHHTOnLHOro aHMH3a ll3MepeHHHX H paccqHT8HHh1r 
npoCTpaHCTB8HHh1X pacnpeA8A8HHH ,ll,03H B M8K8T8 CBepxnpoBO,ll,Hlll8rO MarHH
Ta HYKJIOTpOHa npn o6JiyqeHilll ero qacTHUaMH BliCOKHX aHeprHil. 

5. Cnoco6 H3MepeHHH T8MOeMKOCTH MHHHBTRlPHHX TepMOMeTpoB conpo
THBAeHKH KpnoreHHh1X

0 

TeYnepaTyp. 

Anpo6aUHH pa6oTh1 H ny6nliKarmn 
0CHOBHh18 peaynLTBTli pa6oTh1 AOKAaAHBanHCL Ha Hayqaux C8MllHapax 

B ~l1. HayqHo-nccneAOBaTenLCKOTO KpHoreHHoro OT,ll,ena JIB3 0:1.riH,oT,II.e.JIOB 
YCKOpRTMH JlID 0Wil1 (!981-1984 r.r.) H Ha ill BcecORl3HOM C8MHHape "AB
TOMaTH38D;i!H HCCA8AOBaHHii B HA8PHOH qM3HK8 H CM8lltHhlX 06n8CTHX" (T6n
nHCH, 1984 r •). 

ITo MaTepnaJiaM Bh100.1IH8HHHX nccneAOBaHHil ony6nliKOB8HO 5 neqaTHh1X 
pa6oT, IlpHB8,ll,8HHh1X B COHCK8 DTepaTypH. 

,Il.HccePTaURH COCTOHT H3 BBe,ll,eHWI, IlHTH rnaB, ,ll,BYX npMOl!t8HHil H 
3aRJil)qeHHH, CO,ll,eplKHT II4' CTpaHHU MamRHOOHCHoro T8KCTa, B TOM 'lHCne 

40 PHCYHKOB, 12 TaMHu H 6n6nliorpa(Jul!O H3 86 HaHMOHOBaHHil. 
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CQIJ.EP.lKAHHE llHCCEPTAUill1 
BBe.lleHHe 
Bo BB8,ll,8HHH OTMeqaeTCH aKTYanLHOCTL npeACTaBn8HHOii pa60TH, a 

Taue ee M8CTO B npoMeMe C03,ll,8HHH H 8KCilJJ;yaTamm YCKOPHTeneil Ha. 
CBepxnpoBO,ll,HmllX aneMeHTaX. Cq:o:pMyAHpoBaHa OCHOBHaH UML pa60TH: paa
pa6oTKa M8TOAHKH H ,ll,03HM8Tp0B ,ll,JIH H3MepeHHH ,ll,03H B MaTepaane CBepx
npoBO,ll,HmRX o6MOTOK MarHHTOB yCKOPHTe1en BHCOKWC aHeprnil OT HMilynLc
Horo IlOJIH CMemaHHoro HOHH3HpyIOmero H3JJ;yqeHHH. 

~pr,mpoBaHHe ,ll03HOro IlOJIH CMemaHHoro H3JzyqeHHH Ha ycKOpH~8.II-f!X 
n ero :aaMepeHHH 

B. nepBOH r~aBe Ha OCHOB8Hilll JmT8paTypHh1X ,ll,8HHh1X paCCMOTp8Hh1 HC
TOqHW(H na.nyqeHKH Ha BliCOK08HepreTHq8CKHX YCKOpHTenHX, OCHOBHH8 Ye
XaHH3MH q:opMHpoBaHHH ,ll,0Sh1 B CITO H cnoco6u ee H3MepeHHH. 1{81( IlOKa3aHO 
B PHA8 pa6oT,np.a YCKOp8HHH H BHBO,ll,e aapSlllt8HHHX tJaCTHU npoHCXO,ll,HT H8-
H36ellHlie RX llOTep.a no nepHMeTpy YCKOPHTenH. AHaD3 M8XaHH3MOB qx>pMH
poBaHKH ,ll,0Sh1 IlOKa3HBaeT, qTo npn aHeprHHX nepBHqHHx qacTHU AO He
CKOnLKHX.,ll,8CHTKOB raB OCHOBHOil BMa,ll, B ,ll,03Y BHOCHT HOHH38Ill!OHHh18 no
TepH BliCOK08H8preTHqecKHX aapHl!t8HHHX ne~BHqHHx tJ8CTHU H aapmteHHliX 
qaCTHU, o6paaoBaHHHX Ha KaCKa,ll,HOH CTa,ll,HH B38HMO,ll,8HCTBHH, a TaKllte 
HH3KOaHeprernqecKHe tJaCTHUH (p, d , ... ; , o6paaoBaHHh1e B aeynpyrnx 
B3aHMO,ll,eilcTBHHX BliCOK08HepreTHtJ8CRHX qacTHU B6AH3H TOtJKH ,ll,eTeKTHpcr
BaHHH. ITpn aHeprHHX nepBHtJHhlX tJaCTHU 6onee 30-50 raB ,ll,038 o6yMOBlill
BaeTCH.aneKTp0HHO-(JIOTOHHh1M AHBHeM, o6pa3yIOII\HMCH B peaynLTaTe paclla,ll,a 
~

0 -M830HOB. 
l1a-aa HepaBHOM8PHOCTH IlOTepL tJaCTHU no nepHMeTpy YCKOPRTMH B 

OT,ll,8AbHHX "ropHtJHX" TOtJKaX, Hanpmiep, Ha yqacTKe BBO,ll,a-BHBO,ll,a H B6nli-
3R BHYTP8HHHX MHmeHeil, a6COn!OTHH8 3HaqeHHfl ,ll,03U MOryT ,ll,OCTHraTL 
H8CKOnLKRX rp aa O,IUIH UHKR ycKopeHHH. l1ccne,ll,OBaHHH npoBe,ll,eHHHX B 
PM8 na6opaTOpHil MHpa co CBepxnpoB0,11.HIUHMH MarHRTaMH pa3JmtJHh1X THilOB 
llOKa3HB8DT, qTo BenHtJHHli A03 TaKoro nopJUJ.Ka BAHHIOT Ha pa6oTy MarHHTa. 
Pa.u.naUHOHHHil paaorpeB CITO MOaeT npHBO,ll,KTL K o6pa30BaHHIO HOpMMLHHX 
30H B 06MOTK8 li nepeXOAY MarHHTOB B HOpMMLHOe COCTOHHHe. Ma aToro 
M8AY8T He06XOAHMOCTb npoH3BO,ll.HTL OOCTOHHHliil ,ll,03HM8TpH'l8CKHil KOHT
ponL MarHRTOB c uenLD o6ecnetJeHRH 6eaaBapHilHOil pa6oTH n OllTHMMLHOil 
HaCTpoilKH YCKOpHTM8H. 

Bcne,11.CTBHe 60ALillHX pa)].11aUHOHHliX rpaAHeHTOB A03Horo rioJIH B CITO 
MarHHTOB ,ll,03HM8Tpli CHCT8M KOHTpoM ,ll,OJilKHH HaXO,ll,KTLCH BMll3H CITO H 
npR 8TOM o6na,1!,aTL CA8AY!!llllliMH xapaKT8pHCTHKaMH: BHCOKOil tJYBCTBHT8A&

HOCTLD no A038 ( ~ O,I I'p); 6HCTpoA8ilCTBH8M, Heo6XO,ll,KMHM AJIH li3Me
peHIDl ,ll,OSH aa RaJlt,11.!dl UHM ycKopeHRH; H8tJYBCTBHTenLHOCTLIO K nepeMeH
HliM MarHHT!lliM noAHM BMOTL ,ll,O ,.,,5 Tn, no BOSMOlltHOCTR MHHHMMLHHMH 
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reoMeTpaqeCRIWR pa3MepaMH.. KpoMe Toro, 3TH. ,Jl,03HMeTpli ,Jl,OJiliQUl Ha,IJ.elKHO 
pa6oTaTI> B YCJIOBH.RX Rp.ll.oreHH!lX TeMnepaTyp. • ,,. 

AHaJI.ll.3 MeTO,Jl,OB H3MepeHH.R ,Jl,03 li ,Jl,03.IIMeTpoB, o6HqHo HCnOJII>3yeM!lX 
Ha YCROpliTeJ!f!X, noRa3HBaeT 3Haq:1:1TeJII>HOe pacxoJK.ll,eHHe RX noRa3aHRil B 
3aBRCHMOCT.ll. OT YCJIOBliil o6JiyqeHHR, TaR RaR npli STOM li3MSHRSTCR RaR 
ROMnOHSHTHHil, TaR li SHepreTnqecR.ll.il COCTaB li3JIYqeHHR. IloM.ll.MO SToro, 
OHR He Y.U.OBJieTBOpHDT npe.n.~HBJ!f!eM!lM TpeOOBaHH.RM. 

B noCJIS,Jl,HHX liCCJIS,Jl,OBaHH.HX BJIH.HHHH ,Jl,03H Ha pa60TY CBepxnpoBO,Jl,H
IIU1X MarHHTOB BCe qame H.CnOJII>3YDT RaJIOpHMeTpli pa3JIH.qHHX ROHCTPYRIJ;H.il. 
BCJie,Jl,CTBH.e Toro, qTo noRa3aHHH RaJIOpHMeTpoB ~TCH a6COJIIOTHllMli, 
no HHM npoli3BO,Jl,HT rpa,JJ.ylipoBRY ,JJ.03HMeTpoB ,JJ.pyr:1:1x TlinOB li TeCTlipoBaHHe 
nporpaMM ,JJ.Jlf! pacqeTa ,JJ.03 BHCOROSHepreTHqecKoro H3Jiyq9H.ll.H B MarHH
Tax. 0,JJ.HaRO HeBHCOR8H qyBCTBRTeJII>HOCT!, ,JJ.aHHHX K8JIOpllM8TpoB, MaJIOe 
6HCTpo,JJ.eilCTBRe li pH,JJ. ,JJ.pyrHX napaMeTpOB He no3BOJIHroT HCnOJI!,30BaTI> H.X 
B CliCTeMaX onepaTHBHOro ROHTPOJifI )J.03H npn Rp.ll.oreHHHX YCJIOBHHX. l1Me
lOTCH OT,JJ.eJI!>HHe coo6meHHH O Rp.11oreHHOi1 Ra.JIOpH.MeTpIDl li0Hli3Hpyromero .ll.3-
.eyqeHHH, o6Jia,D.avmeil oqeHI> BHCOKOil qyBCTBHTeJII>HOCT!>D no ,JJ.03e, qTO ,Jl,0-
CTHraeTCH 38 cqeT YM9HI,lll9HliH TenJIOeMROCTli KaJIOpHMeTpa npli nOHlllK9Hlill 
ero TeMnepaTYpH ,JJ.O O,I l{ li npHMeHeH.ll.eM TepMOMeTpOB, HM9DIIU1X BHCORYD 
TeMnepaTYPHYD qyBCTBHTeJII>HOCTI,. Ho npe,JJ.Ha3HaqeHHHe ,JJ.Jlf! mmx ueJieil, 
OHR HMeIOT MaJIOe OHCTpO,JJ.eilCTB~e. OOJII>llllie raoapnTH li CJIOlKHYD KOHCTPYR
IJ;H.ro. 

KaR li3B9CTHO,.RaJIOpHMeTpli COCTOHT :1:13 norJIOTliTSJIH, TepMOMeTpa li 
ooo.noq.RR, npnqeM OCHOBHllM 8JI8M9HTOM, onpe,JJ.eJIHromHM qyBCTBHTeJII>HOCT I, · 
RaJIOpHMeTpa no ,JJ.03e, HBJIHeTqH TepMOMSTp. 0030p no TepMOMeTpIDl BWIBM
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RJI8CCH TepMOMeTpoB, nplirO,Jl,H!iX ,JJ.JIS HCnOJI!,30B8HWl B KpHoreHHHX YCJIOBli
.lDC paOOTH CBepxnpoBO,JJ.HmliX YCROPliTSJieil. 0,JJ.HaKO He Hail)J.eHo TepMOMeTpa, 
noJIHOCT!>D YJJ.OBJieTBOpHDll\ero nocTaBJieHHHM Tpe00B8HlUlM. . 

T81Ul.M o6pa30M, Ha OCHOB8Hli.ll. JIHTepaTypHoro 0030pa, Cl!OPMYJIHpoBa
Hl,l OCHOBHHe Sa,JJ.aqn RCCJie,JJ.OBaHHH: 

- paspaOOTaTI> MeTO,IJ.RRY li3MepeHHR ,Jl,03H · ID.IDyJU,CHOro :1:13.nyqeHWI 
YCKOpH.TeJiei1 BHCORHX 3Heprmi; 

- pa3paOOTaTI> ,Jl,031WeTp Ha OCHOBe KaJIOpH.MeTpRqecKoro MeT9.u.a on
pe.n.eJieHH.H ,Jl,OSH R liCCJie,Jl,OBaTL ero T9llJIO~liSHqec:KH.e xapaKTepRCTHIGI; 

- npoBeCTR HCCJie,JJ.OBaHRe paOOTH ,Jl,03:aMeTpa B noJISIX BHCOK08Hepre
TRqecKoro R3JIYqeHHH; 

- RCCJI8,Jl,OB8Tl> npoCTpaHCTBeHHoe pacnpe.u.e.neHRe ,Jl,03H B MaKeTe 

CBepxnpoBOAHll\ero MarHH.Ta C nOMOll\!>D npe.u..nommmx ,Jl,03HM8TpoB H pao
CMOTpeTL Bonpocu, CBH3arume C aBTOMaTH3aIJ;H.ei1 RSMepeHmi pacnpe.u.e.neHH.H 
,Jl,OSH no nepm.ieTpy YCKOpRTe.nH CRCTeMOtt KPROreHHHX ,Jl,03H!.!8TpoB. 
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MeTowa R3MepeHl!.ll llOSH _ m,ny.nI>CHoro BHCOKoaHepreTnqecttQro 
nsJJ:VqeHM B CITO uarmi:TOB YCKopzTeJlfl 

~osa B nor.noTRTeJie K8JIOpm.leTpa onpe.n.eJIHeTCH no R3BeCTHOi1 ero 
TenJioeMKOCTR·H R3M8H8HHD TeMnepaTypH, perRCTpapyeMOMY TepMOMeTpoM. 
OueHKR ,Jl,03H B MaTepaa.ne norJIOTRTeJIH (a.neMBHTH C aTOMHblM BBCOM 
A = 5&.64) R TepMOMeTpa '(yr.nepo.u.), npoa3Be,Jl,eHHHe B xapaKTepHNX no
JISIX BHCOKOSHepreTxqecKoro H3JIYqeHH.Ji npa SHeprIDIX nepBRqHHX 3apmteH
HHX qacT~ I-30 I'sB (npoTO}W). IlOKa3HBaD'l', qTo BKJIB,IJ. B ,Jl,03Y OT ROHB-
3aD;aOHHHX IlOTep!> B STRX 9JI8MBHTaX COCTaBJil!eT 70-8()%. IlpnqeM ,Jl,038 B 
MaTep:aa.nax TH.Ila yrJiepo.n B OT,ll,8Jll>H!iX CJIY-qaHX MOE8T B ~ 2 pasa npeBY... 
maTI> .nosy B MaTepRa.7.laX TH.Ila E8JI830-M8,Jl,L. 
~ R3Mepe!U!H ,Jl,03li B CITO KMOI>J!MeTP pa3M811\8eTCS Henocpe,ncTB8HHO 

BHYTPR oOMOTRH. B STOM CJIYtJae yCTaHaBJmBa8'l'CH paBHOBec:a:e BTopxqHoro 
R3JIYtJ8HliUI, R yMeHLmeHRe paSMepoB KaJIOpHMeTpa HeKpRTR11HO. Kor.na KaJIO
p.liUrleTp pacno.no:EeH B,D.amt OT odMOTOK, pa3M8PH norJIOTRTeJia KaJIOpH.MeTpa 
BS6Rpal'.lTCH R3 yCJIOBH.H MRHHMYM8 yTe1leK BTOp:a:11HOrO R3JIYqeHH.ff. B padoTe 
IlOK83aHO, q'l'o np:a 06.nyqeHRH. KMOpJ!MeTpa B no.ne R3JIYtJ8HRH C -M8KCRMaJI!r
HOA 3Hepr:aei1 H8CKOJI!>KO raB .mmettJWe pa~Mepy norJIOTRTeJ111 AOJ!ll[Hli OHT!, 

~ I wa. 
llJIH :a:sMepeHM .U.03Y sa KaE,11,blA IJ;H.KJI ycKopeH!iUI Heodxo.nRMo, qTo6u 

RMOpHMeTp i!M8Jl OYCTpo.nettCTBRe nol)MK8 I-2 C8KYH,JI,· BCJieACTBRe 9TOro 
6WI BHOpaH. KBa3H.~6aT.lil1I8CKd pEmlM ero padOTY •. 1Bemt'i8Hl!8 
qyBCTBRT9JloHOCTM KaJIOp:a:MeTpa .no O,OI I'p ,Jl,OCTRl'HYTO npmaeHeHRBM ue.nz 
B Ra'!eCTBe norJIOTRTeJIH, HM81lQ1eA MRHHMaJII>HYJJ TenJIOeMKOCT!> npR KP140-
reHHHX TeMnepaTypax,:a BliCOKOqyBCTBRTBJILHOro MRHR8TJJPHOrO yroJII>Horo 
TepMOMeTpa conpoTRBJI8HWI, o6Jra.nall!l\ero 60JII>IIIID4 dHCTpo,nelcTBReM. Ouea
RH nOKa3HBaJl'l', qTO np:a: IlOAOOpe TaKRX napaMeTpoB, RaR r.sacca, IlOCTOSHHHe 
pe.naKCaIUm Te1mepaTYPH TepMOMeTpa C[' T R norJIOTRT8JUI CC'n (CCT« t .. <('t'n). 
MOEHO o6ecneq:aTL TOqffOCT!, R3M8peHM ,ll,03Y sa .HMnyJILc KSJIYqelllUJ t H 
Be xy:,;e, -qey IO%, .D,aJ.e eCJIR MO~OCTB ,JI.OS B norJIOTRTeJI8 R T8pM0118'l'pe 
oTJIRqamca OOJiee tJeM Ha nopll,ll.oR. llp:a STOY .u.osa B norJIOTRTe.ne onpe.ne

JIHeTCH npocTHM COOTHomeHH.eM: 

J
TT 

D= Cn(T) dT,. (I) 
To 

r,11,e Cn(T) - TenJioeYROCTI> nor.nouTeM, T0 :a TT - Ha-qan1,uaa :a R<>
He'lffiaH TeMnepaTYpa '1'8pMOM8'l'pa COO'l'B8TCTB8BHO. 
EcTeCTBeHHO, tJTO ,nalll!YY RSJIOp11M8TpoM MO:l:HO R3118pJITL MOII\HOC'l'L JlOSH 
MeJ\J[8HHO u11eHJlllllleroc.s H.3JIY'i8HJIJI <'t'n«, t M J • B HOM CJIY'IIB8: 
P• K~2 AT , r,11,e t'. (T) - TeOJIOnepe,natJa nor.noTRTeJIH ORPYllalllI\81 
cpe,nH, m - Macca norJioTRTeJ!J!, AT - J!3Mepem!e ero te11nepaTYPf:1• 

B paOO'l'e T8KE8 i1SJIOJl:8Ha MeTO,IU!lKa npadJIDeHHoA o~emut IIMHX .nos 
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( HeOOJII>Wlie neperpeBH RaJIOpIDdeTpa) llpH ,IVm'l'eJII,HOCTH :HMIJYJII>Ca H3JIY"ie
HWI, 6Jm3ROM R IJOCTO.RHHOH peJiaRcarnw, norJIO'l'RTeJI.R ( tlll ~ 'Ln ) • ,, 

HcCJiegoBaHRe Te1JJio/fJH3~ecRHx xapaRTepHC"r~K 
TepMOM8Tpoa-n03HMeTOOB 

Ha OCHqBarum JIH'l'epaTYPHOro 0030pa,no T8PMOM8TpHn BH.RBJieHH RJiao
CH TepMOM8TpoB, .IJPHrO.D,HHX ,11,JI.R npHMeHeHR.R B RaJIOpHMeTpax, llp8,D,Ha3Ha
'g8HHHX ,11,JI.R pa6o'l'H B_ YCROpHT8JI.RX Ha CBepxnpoBO,D,.R!IUfX 3JI8M8HTaX. K 3'1'l!M 
KJiaCC&!.O'l'HOC.RTC.R yroJII>Hlle T8pMoMeTpH COllpqTHBJieHRll, H8ROTOpHe llOJIY
llpoBO,D,HID<OBHe H 8MROCTHH8 T8PMOM8TPH, a TaRllte TepMOMeTpH, R3rOTOBJieH
Hble H3 CIJeUHaJibHoro M8,D,HOHHR8JieBOro CIIJiaBa,no COCTaBy CXO,IlliOro C MaTe
pllaJIOM CIIO • lfcCJie,D,OBaHHe TepMOMeTpRlJeCRHX xapaKTepHCTHR 3'1'HX TepMO
M8TpoB IJ03BOJIHJio.ocTaHoBHTI>.BH6op Ha yrOJII>HHX TepMoMeTpax AJIJieH-Epe.n,
JIH, TBO II T8pMOM8Tpe Ha OCHOB8 CIJSUHaJil,HOro M8,Illi0HHR8JI8BOro 
CIIJiaBa. C ~0JI1,ro noBNillBHWl -gyBCTBRT8JII>HOCTII no .n,030 pa3pa6aTH
BaeMoro KBa3l:U:Wfa6.aT:1i"iecioro KaJIOpIIMeTpa, a TaRl!te YBeJIHlJ emrn 6uCTpo
.n,eilcTBH.R HaMH 6uJI,H3roTOBJieH H3.cepHAHoro pe3HCTopa AJIJieH-Epe.n,JIH BH
coRoro HOMHHaJII>Horo conpoTHBJiem ( R O = I ,2 ROM) H acCJie.n,oBaH MHHH- . 

aTIOPHHH ,D,HCROBHA yroJII>HHH T8pMOM8Tp COIJJ)OTHMeHH.R, o6Jia,D,alOIJUIA IJOBH
meHHOH 'l'eMnepaTYpHOff 'gJBCTBHTeJII>HOCTI,IO ot =(Q&·. 1M) 4 2Ir 43%.rI 
H 6HCTpo.n,eACTBHeM '( 4 2K ~ 20 MRC. dt R ' .• . 

.ll.JI.R oueHRH 6HCTpo;iellcTBH.R TepMoMeTpoB B pa3mrqHHx 3a,D,eJIRax 6HJia 
npe.ll,1IollteHa Mero,ll,RRa H3MepeHB.R HX nocTO.RHHHX peJiaRCaUHA TeMnepaTypu. 
B ,D,HCCep'l'aUHH npHBe,D,eHH pe3y~bTaTH anpo6arnm 3TOH.M8TO,D,HRII ,D,JI.R Tep,
MOMeTpOB A.7IJieH-Epe.ll,1IH, ·roo·H 'l'epMOMeTpa, H3rOTOBJl8HHOro HaMH H3 MB,D,~ 
HOHHReJieBOH TepMoMeTpll'JeC~OH npoBOJIORlI B napax.reJIH.R B ,D,HalJa30He '1'8M
nepaTyp 4,2-IO,K. '• 

· Ha OCHOBaHHH MBTO.D.HRH H3Mepew .n,03H, H3JIOiteHHo'1 BO BTOpoM pa3-
.n,eJie ,D,HCC~:pTaUHH, 6HJipa3pa6oTaH H H3rOTOBJieH RBa3Ha.n,Ha6aTHlJecR:all Ra
JIOpH!;!eTp (pic~·rl, cocTo.RmHA H3 .D.BYX.Me.n.Hux o.n,HHaRoBux H coocHHx UH-

' • 2 1 3 JIHH,D,~B I, CJIYJEalll.HX norJIOTR'i'e-
- JieMJ H noMemeHHoro MelK,Il,Y HHMH , 

,D,HCROBOro TepMOMeTpa COllpoTHB
Jiemm 2. 

PHc. I. CxeMa RaJiopm.ieTpHqecRo
ro ,D,03HMeTpa C M8,D,HHM norJIOTH
TeJieM (o6o3Ha"i8HR.R B TBRCTel. 

TepMOMeTp ~eeT,TeWIOBOH H SJieRTplllJeCRHH.ROHTaRT c norJIOTHTeJieM, 
3JieRTpH'qeCRRe BHBO,D,H 3 npRc<,>e.n.~eHH R TopuaM Me,D,HUX UHJIHH,11,poB I. Bc.R 
c6opKa 38.K.¥IOllBHa B TeIIJIOH30JIBPYKIIIYIO o60JiolJKY4. 
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BCJie,D,CTBHe Toro, 'qTO ll3Mep.ReMOli BeJmtJHHOH RaJIOpHMeTpoB .,.RBJI.Re'l'C.R 
TeMn~paTY~a. ,Olm HYE.n8!0TC.R _B rpa.n.yHpoBRe. fpa,n,yHpoBOtJHOH B8JIH'lHHOH B · 
RaJIOpID.leTpax .RBJI.ReTC.R nx, T8IJJI08MROCT.E,, 3am:ICHMOCTH T81JJI08MROCTR Ra
JIOpRMeTpHtJeCRoro io3HMeTpa c Me,D,HHM norJIOTRTeJieM (MIW,J, TepMoMeTpoB 
TB0-0, I25 n AMeH-Epe,D,Jm (P= I/8 BT~ Ro = IOO OM) OT TeMnepaTypu, B 
,D,Halla30He £eMnepa~yp ·4,2-Ib K''' . llOJIY"leHH H3B8CTHNM M8TO,D,OM TBPMll
tJeCROH peJI~camrn. Te1JJioeMROCT.E, .n,o3HMeTpa Ha ocHoBe Me.n,HOHHKeJieooro _ . : , - •' ' . . -

CIJJiaBa, B,KOTOpoM T8pMoqyBCTBHT8~.E,H8.R npoBOJIORa .RBJI.R8TC.R R8K TepMO-
MeTpoM, TaR H IJOrJIOTKTeJieM, 6HJia K3MepeHa npe,D,JIOlK~HHHM HaMH KMIJYJII,C
HHM cnoco,6oM. OTOT cnoco6 3aKJI!OtJaeTC.R B O.D,HOBP8M8HHOM HarpeBaHHH 
TepMOMeTpa,, Haxo.n.nmeroc.R B BaxyyMHpyeMOM 06'!,eMe, ROJ)OTRRM KMIJYJII,COM 
TOKa7II H3MepeHHH qipOHTa HapaCTruut.R,TeMnepaTypH, no ROTOJlOMY H3 Bupa
lKeHH.R, npHBeAeHHO~O .B pa6oTe, onpe.n.eJI.ReTC.R T81JJI08MKOCTI,, na~HHH CIJO
co6 Il03BOJI.R8T ouerurnaT.E, T81JJI08MKOCTI> MHHHaTDpHHX T8pMOM8TpoB, H81JO
Cpe.IiCTB8HHO B MeCTaX HX ycTaHOBKH, TaR RaK IlpR Bp8M8HH H3MepeHH.R 
~ I MC B imx cymecTBYJOT a.n,aa6aTntJec1<:ae yCJiom1.R:· ·3aBHCHMOCTb Te1JJio

eMKOCTH .n,aT~liROB OT TeMnepaTypH C(TJ B'.ll,liana30He 4,2-IOK xopomo an
poKCliMlipyeTC.R aHaJil!THtJeCRHM B!lpaliteHHeM C(T> ·= AT3 + BT~·3HatJeHH.R.Ro
aq$ll.UleHTOB AH B ,D,Jl.R .n.aT'lllKOB, HCIJO~b3yeMWC B aKcnepHMeHTaX Ha nyq
Ke 38pHlK8HHHX tJaCTHU, npHBe,D,eHH B Ta6JinUe, 

ncc~egoBaHHe pa60T!l ·go3HM8TPQB B IlOJl.RX 
BHCOK08HepreTH"i8CKOro H3JtVg8HH.R 

. B .tJ~TBepTOM pa3.n,eJie .n.nccepTamm npe.n.cTaMeH11 pe3yJII>Taru'·a1rnnepn
MeHTair1,noi1_npoBepRK pa60TH Me,D,Horo RaJIOpHMeTpHtJBCROro ,D,03llM8Tpa (MK.II) 
K ,D,03ID.leTpa, li3rOTOBJIBJIHOro K3 M8,D,HOHRKeJieBoil npoBOJIOKH (MJUJ.) Ilpli o6-
JIY'l8IIIDI RX npoTOHaMH c aHepraetl 2 ,55 raB ll ,D,SHTpOHaMH 7 ,3I raB ., mi ... 
CHHXp0(lla30TpoHe Oi!HM. 06cylKJ).aeTC.R B03MOlKHOCT b KCilOJlb30BaHH.R cepuful11X 
TepMOMeTpoB TBO :a A..IJJiett-EpeAJIH (AE) B RatJeCTBe .n,o3HMeTpHtJecRHX AaTtJH
ROB. 

,U/m llpOB8,D,8Hl!Jl H3M8p81ilill H8MH pa3pa60TaHa YCTaHOmta, COCTO
Rlll3R K3 RPllOCTaTa, B OOJJytJaeMOii tJaCTH KOTOporo 6HJIR pacnOJIOJKSHH liO;

CJie.n,yeMHe ,D,03HMeTpH, li CKCTeMH MOHllTOpHpoBaHIDI IJY'lRa. 3Ta CHCTeMa 
BKJI!O'laJia B ce6.R MHoronpoBOJIOqHY!O ROID138IUIOHHY~ KaMepy ,11,JI.R onpe.n.e~e
lili.R reoMeTpnqecRoro llpoipiJI.R nytJRa, IJJIOCKOilapaJIJieJibHY!O RaMepy ,ll,JI.R'H3-
MepeHR.R. ql]Il)8HCa YCKOPBHHIJX tJaCTHll 38 HMIJY~bC 06JIYtJ8HH.R, li CJJ;liHTHJIJI.RUH
OHHHH ,D,eTBKTOp ,D,Jl/I onpe.l(e~eHH.R BpeMBHHOH CTpyRTYPll HMilY~I>ca H sanycRa 
li3MepllT8Jl.E,HOH an_napaTYpbl •. 

iOcTHJ)OBRa YCTaHQBKH OTHOCllTeJII,HO OCH nytJRa li KOHTpoJI.E, reoMeTpH
qecRoro npoqnJI.R nytJRa npoH3BO,D,HJIHCI, C IlOMOmI,D peHTreHOBCKHX IIJI8HOR. 
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06.nytJaeMaJl 'laCT:& RpROCTaTa llpe,ll.CTaBJlfJJia C06oil MO,tteJI:& ytJaCTRa 
CITO MarHHTa npoTO'lHOro Tima B npoeRTe YCROpRTeJIJl"liyKJIOTPOH" :e: co.nePJi(a
Jia ,11,Ha Tpy6qaTblX CBepxnpooo.n.mma, HanoJIHemwx l!WJU<HM r0Jm0M, MeJt,ItY 
ROTOpblMH paSM811!8Hbl ,JJ.OSHM8Tpbl MKJJ., TBO, AE. MHJl 6blJI HSrOTOBJl8H B B.H,11.8 
o6MOTRR HS Me,JJ.HOHHR8JI8BOA llpoBOJIORH Ha 0,11,HOtt HS Tpy6oR. IlOCJI8 T8MO
HSO~ ,JJ.OSHM8Tp0B H8CROJI:&RHMH CJIOJlMH q1.r0p0.IIJI8CTOBOA llJI8HRH BCJl 
c6opRa SaJmBa.nBC:& 8llORCH,D.BWI ROMnayB,AOM. C8'18lll18 o6.ny'la8MOfl tJaCTH 
RpHOCTaTa B M8CT8 pacnoJIOll8HHJl ,1408:aMeTpoB noxasa.Ho Ha pRC. 2. 

ftM 
~ 

- - .!. 

PHc. 2. CetJeHH0 06.nytJa0Moff 
tJaCTH RPHOCTaTa. 
I. AE 
2. TBO 
3. MK.It 
4. SnoRC.H,11.Hblit ROMllayB,A 
5. MH.U 
6. Tpy6tJaTblJ! CB8pxllp0BO,ll,HHR ' 
7. ASOTW 8RpaH 
a. Kopnyc RpxocTaTa 

::)RcnepIDAeHTaJI:&ijO llOJJYtJ8HlJb18 SaBJ4cwa6cu :rn0proBbl,ll,8JI8HHJl OT q>Jll)eHCa 
np0TOHOB H .u;eii'l'POHQB Sa EMIJY.7ll,C np.11 ero 'Am:IT8JWIOCTH t H = 6' MC on
pe,ll.eJIJlJDIC.p :l!CXO,IIJI is BHpaltemUI ( I) , TaR RaR B 8TOM CJJY'lae t .. <{ '[' n = '. 
,;,, 50-+60 MC. ·Ilpe.14cTaBJI8HHH8 )1.JIJl paSJIH'IHblX JJ.OSHMeTpoB SaBROHMOCTH HO
CJlT JIHH8~ff xapaKTep.Ko~8HTH nepeXOJJ.a OT cp,meHca Dp0TOHOB H 
.u;ellTPOHOB IC SHeprOBH;It6JI8IilDO 'A,1IJI ICaE,ltOl'O HS ,JJ.08HM0TpoB·npe.u;cTaBJI8Hbl B 
Ta6.mme. · 

Ta6Jmna. Koa@lmU!eHTH Ten.noe.MROCTH Ji! nepeXOJJ.a OT (pllll8HCa R 
8HeprOBW}.8JI8HHll 

.n.os:a- ~290K i m IC(T)=AT3 ± BT • .!!.!LK !S I ll,E•Crc:'.'.tJacT. 
Merp : O.u ' ! r ' _ A . ! B ! Ed=? ,3I I'aB!E

12
=2,55I'aB 

Mim I6 0,250 4,46•I0-7 ?,59·I0-6 - €,5·IO-I4 

MHJl 2I?O O,I04 I,86•I0-7 2,34•Io-5 2,6•IO-I4- 2,9•IO-I4 

TBO IOOO 0,080 2,06•I0-7 0 2,4•Io-I4 2,2•ro-I4 
AE IOO 0,025 I,62•Io-? 6,SO•IO-? 4,?•Io-I5 ?,2·IO-I5 

PacceaHHoe none BHCOROSH0preTa~ecRoro asnyqeHHJl COSAaBaJIOcL Ee-_ 
nes1WY 6apLepow. 

8 

1''~ ,, 

)' 
j 

3a 6ap:&8poM pacnoJiaramIC:& HCCJie,JJ.Y8MH8 )l.08HM8Tpbl • .llOSHM8Tpbl Ha OCHOB8 
peSHCTOpoB TBO H AJIJI0H-Ep8)1.Jm paCllOJial'aJIHC:& Ha OCH nytJRa, a MHJl 6WI 
CM81118H Ha 0,5 CM OTHOCRTeJI:&HO STOA OCH. PeayJI:&TSTH 8RCll8pHM8HTaJI:&HblX 
R pactJeTHHX saBHCHMOCTeff )l.OSH OT TOJIIIIHHl:l lt8JI88HOro 6ap:&0pa H r00M8T
pHJl 06.nytJeHH.H, noRasamwe Ha p:e:c. 3, B np0.14eJiax norpemHocTeil· aRcnepH:
M8HTa H pactJeTa COBll8,ll.81l'l'. 

Tuma on0H8Ha TaRJte )l.OSa OT HMDYJI:&Ca npoTOHOB C )1.JmT8JI:&HOCTLD 
t i.1 ~ CC- n • Hsuep8HHJl npoBO.l4HJIHC:& C llOMOlll:&D MKJl no M8TO)l.l!R8, Olll!CaH
HOil BO BTOpoM paS.14eJie pa6oTH. Koa~eHT nepexo.14a OT cp,meHCa R )1.088 
B aTOM c.nytJae oRaSaJICJl paBHHM I,9•IO-IO I'p/cu-2 •npoToH, 'ITO Ha TI% 
oTJmtJaeTCJl OT pactJeTHoro a Ha 26% - OT ROaqqiKU1!8HTa, noJJ;ytJeHHoro npH 
o6.nytJ8HHH )l.OSHMeTpa ROp0TR~ HMDYJILCOM HSJJ;yq8HHJl t.,. {{ CC n • 

Ilp0.140JI tJYBCTBHTeJI:&HOCT* no JJ.088 onpe.140JIJleTCJl T8Mn0pafYpHoff tJYB
CTBHT8.ll:&HOCTLD T8PMOM8'l'pa, qpHM8H8HHOrO B RaJJO~eTp8, H )1.JIJl )l.08HM8T
poB MK.U, TBO H AE llpR 4 ,2 K. COCTaB.lllleT ~ 3. ro-3 rp. Jl,nJl MHJl 8Ta Be
Jm'll,!Ha Ha llOPJlAOR 60JI:&m0. B: llp0B8,148HHHX 8RCll8pHM8HTaX HS-Sa HaBO)l.OR 
H my.MOB H3M8PHT8JI:&HOH annapaTypH YB8p8HHO p0r:e:cTp:e:poBaJIHC:& CHl'HaJIH, 
06Y CJIOBJI8HHH8 ,14030! I0-2 -t 2 • I0-2 I'p. IlorpemHOCT L HSM8p8HH.H )l.OSH one
H8Ha ~ IO% H onp8)1.eJIJl8TCJl B OCHOBHOM TO'IHOCT:&n HSM8p8HHJl T8llJI08MROO
TH )l.OSHM8TpoB. 

15 

jto 
.:-
~ 
:;li 

~5 

10 d 20 
,CM 

30 

PHc. !3. 3aimcm.toCTi. .14oss OT 
TOJIIIIHHbl E8Jie3HOrO 6ap:&epa llPK 
o6JiytJeHHH ero DY'IROM ~attTpeHOB 
c aHeprz0a ?,3I I'aB 

0 - AE 
e - TBO 
□ - MHJl .. /3 4/ -·-· - pactJ0T • . 

( !:f = Q CM) 

--- - pactJeT/3,4/ 
( ~ = 0,5 CM) 

IlpHB8,148HHHe HSMepe:imJl noRa3HBaDT BOSMOlltHOCT:& llpl!M8H8HHJl pacCMOT
peHHHX .14aT'lliKOB· B RatJeCTBe ~08HM8Tp0B BliCOR08H8pr8TH'l8CROro KSJJY'l8mUI. 
0,11,HaRO .14osw.i0Tpbl aa ocHoBe TBO :a AJIJieH-EpeAJm Tpe6yll'l' npe.14BapHTeJI:&aoa 
rpa,JJ.YHp0BRH. 

IlpRMeHeHHe RPHoreHHHX RaJIOPHM8TpRtJ9CRHX ,1408HM8Tp0B 
AJill onpe,JJ.eJI8HHJl AOSOBHX Harpy30IC Ha 8JI8M8HTH CBepxnpoB0,14JllltHX 

. Y9ROpH!enefl 
Ha.uepe:ime npoCTpaHCTBeHHOro pacnpe.140~emm AOSH B reOM8TpRtJ8CROA 

xomm MaI'Hl:lTa npoexmpy8Moro ycICOpRT8JIJl "HyKJroTpoH" npoBO,JJJ!JIHCl> c no-
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Momr,10 npe,11,cTaBJieHHllX KaJiopmAeTp.11t1ec:imx .noallMeTpoB. J].7m .nono.mmTeJibHO
ro KOHTpo.IDI npllMeHWiaCb HanepCTKOBaR JiaTYHHaR l10Hl1381.UiOHHaR KaMepa. 
MaReT. MarHllTa (p11c. 4) C ra6ap.11T8Ml1 I90xI60XI000 MM3 COCTORJI 113 IO 
cem:.uiii I ,nJI.llHOii no IOO MM. 06Jij'tJaeMaR_ Haca.n.Ka RpllOCTaTa 2 co C6oPKOii 
KaJiop.11MeTpll'leCK.11X A03.11MeTpoB 3 ll ttanepCTKOBaR llOHl13al.UiOHHaR RaMepa 4 
BCT8B.IDIJI.11CI, B cneuaaJibHlle KaHaJlli ceKIJliii. IlepecTaHOBRa ceKIJliii C KaHa
JiaM.11 n03BOJIRJia . .113MeHRTb llX noJIOlKeHlle no 00.11 z, ·• MOHl1TOp.11poBaHlie nyq
Ka ,.11 IOCTlil)OBKa ycTaHOBKli aaa,1or11'UIII OilllCaHHllM B paa,neJie 4, 

MaKeT .MBrHliT8 06Jij'tJ8JICR npoTOHaMli, C Ep = 2,55 ThB ,ll,JmTeJibHOCTb!O 
HMnyJir,ca 6 Mc. reoMeTp,rn o6JIYqemrn noKaaatta Ha p.110. 4. , · . , · 
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P,rn·. 4. CxeMa ::rncnepl1MeHTaJibHOii 
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' 3Kcriep.11MeHTaJibHO li3MepeHHOe 
pacnpe,ll,eJieHHe A031:f no ,nJI.llHe 
MarHI1Ta z npll na.n.eHlili nytJRa 
npoTOHOB Ha TOpen M8rHl1T8 li Ha 
BHj'TpeHHlOID noBepXHOCTb'no.n yr,-:.' 
JIOM ex. ,= 33 Mpa.n. noKaaattu Ha 
puc. 5 H p.110. 6 COOTBeTCTB0HHO. 

P.11c. 5. Pacnpe,neJieHHe .noau np.11 
raillemra nyqKa npor9HoB B Topne 
MarHHTa ( TO'lK8 11 a") : 

L:l,. - W{Jl; □ - MH.D.; 9 - TBO; 
0 - A.1L1reH--Epe,1J,Jm; ,A - Ha

nepCTKOBaR llOID!.381.UiOHHaR KaMe
pa;-•-· - pactJeT qo / 3 , 4/; 

.. ·/5/ --- - pacqer no • 

PeayJibT8Tll, IlOJij''leHHue npa o6Jij''leHllll MarHI1Ta B TOpen, CP,3BHHBa-
JI.11CI, c pactJeTaM:u .noau, npoBe,neHHU~ no nporpaMMe "MClgnet ,./57_ u npo
rpaMMe, paapa6oraaHoil B JIBTA OHID1 3,4/, paHee anpo6.11poBaHH11M. 

B ,nllCCepTauull IlpoBe.neH aHaJl.113 IlOJij''leHHUX pe3yJibTaTOB. 
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W llCilOJILSOBaHWI B CHCTeMe KOHTpo.IDI ,ll,0811 B CIIO MarHllTOB CllHXJ>O
TpoHa "CIIHH" (OW!Hl paspa6oTaH Bal)RaHT KOHCTPYRnHH KpnoreHHoro KaJIO
pHMerpHtJecKoro ,ll,OSRMeTpa C M8,ll,HllM IlOl'JIOTHTeJieM_. AHaJIHS TellJIO(pHSHtJeo
Rl!X xapaKTepllCTHK napTllH .118 8 mryR T8KHX K8JIOpHMeTpOB IlOKasa.n, tJTO 
.Ill TeilJIOSMKOCTL OilllCHBaeTCR 8H8JI.11T.11'3eCKOii 38BllCHMOCTbD C(Tl=AT8+BT. 
3HatJeKIIJI KOaip(puu!eHTOB A .11 B .llJIJl paSJmtJHHX ,ll,OSllMeTpoB B npe.neJiaX IlO
rpemHOCT.11 HSMepeHHR TeilJioeMKOCT.11 (~IO%) COBna.nam-. 3aBHC.11MOCTH r(T) 
,llJIJl TepMOMeTpoB, npHMeHemmx B RaJIOpHMeTpax, Bl:lpruK8HHII8, B OTHOCHTeJil:r 
HIIX e.n.mmnax n uopMI:rpoBaHHIIe Ha e,IUUmll.y npu ·T = 4,2 K~ coBna.nam He 
xyllte ~ O,I%, tJTo nosooJIReT 'onpe.ne.nRTL TeMnepaTypy no conpor:uBJieium 
T8PMOM8Tpa'no e,ll,HHOR ,11,Jist BCex ,ll,8TtJHKOB qxip.1yJie: 

m . 

T ===-_ R~.2K · ~ Ln ( r4,2K /r)~ 
r.ne L n ,- nocro.RHHIIe Roaq$llJl1eHTII; R i.,2K - conpoTHBJieHHe TepMoMeTpa 
Ilpll T = 4,2 K; r~,2.K .11 r - OTHOCRT8JILHIIe COilpoTHBJI8HWI TepMOMeTpa 
np.11 TeMneparype-4,2 K H TeMnepaType T COOTB8'l'CTBeHHO c norpemHOCT!,JO 
~ 0,5%. 
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P.11c. 6. Pacnpe,11,eJieHI1e ,11,osu npH 
rameH:im: Dy~Ka npoTOHOB C OCI,D 
B TO~Ke " 6 " IlO,Il yrJIOM • 
o(, = 33 Mpa.n; B6JIHSH noBepXHO
CTH BllC8,ll,KH npOTOHOB - BepXHHe 
Rp.11BIIe; B6Jm3.11 IlpOTHBOilOJIOlKHOii 
IlOBepXHOCTH - HIDKHHe KpHBHe 
(o6o3HatJ8HWI, KaK Ha PRC. 5). 

AHaJillTHtJeCRHe 38BHCHMOCTH YK83aHHllX T8IlJIO~H3H~eCKliX napaMeTp?B 
Il03BOJIRJOT npoHSBO,IUiTb 61lCTpYID MaJllHHHYID o6pa60TRY llH!IOP¥81.Uill, IlOCTY
naeMOM C ,IlOSHMeTpoB, li COS,IlaBaTh aBTOMaTll3HpoBaHHUe CHCTeMll ROHTpoJIH 
,Il03U B CIIO-MarHllTOB CBepxnpoBO,IlRII\llX YCROpHTeJieM. 

0CHOBHIIe pe3yJihT8Tll AHCCeOTallliH 
I. Ilpe,IlJ.lo~eHa RaJIOp.11MeTpH'3eCR8R MeTO,D.HRa ll3MepeHHR ,Il031l B MaTe

pHaJiaX T8XHH'l8CKHX CBepxnpoBOAH.11ROB CITO MarHHTOB YCROPHTeJieR (I-50 
raB) OT HMIJYJihCHoro BIICOKOaHepreTHqecRoro H3JlyqelllUI. 
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2. Ha OCHOBaHHR npe,11,JIOllteHHOil MeTO,IJ,HR:1'1 :1'13MepeHWI .noss paspa6oTaH 
RaJIOpID!eTpR'leCKllil RpnoreHHHil ,U.03:l!MeTp JllMnyJII,CHOro :l'lSJJY'leHIDI C M8,IUlllM 

norJIOT:l'lTeJieM (MK.II.), OOJia,Il.aDll\:l'lil npe,neJIOM 'IYBCTBRTeJibHOCT:1'1 no .nose 
~0,003 I'p a MaJiliM:1'1 ~ellHliM:1'1 pasMepaMR (nopRJJ.Ra HecROJll,RRX M:l'lJIJIH

MeTpoB), Il03BOJUlllllU'lM:l'l pacnoJial'aTb STOT ,U.03:l'!MeTp B Henocpe,nCTBeHHOil 
6JmsOCT:1'1 OT CITO. 

3. Paspa6oTaH cnoco6 :1'13MepeHWi TewxoeMKOCTH MIUm:aTDpHliX TepMO
MeTpoB conpoT~eHWI, RcnoJibsyeMBX B RaJJOpRMeTpax,a Ha ee OCHOBe co
s.naHa YCTaHOBRa ,ll,Jiff npoBe,nemm :1'13Mepe:imn TewxoeMROCTll STRX TepMOMeT
poB B ,naanasoHe TeMnepaTyp 4,2 - I5K. C ee IlOMOID,bR'.l MOlEHO TSKXe oue
ID!BSTb IlOCTOmIHlie peJJaRCan;Rli TepMOMeTpoB conpoT~eHHH, noMememrnx B 
paS~HHe CpeJU,1. 

4. Hs aH8Jlli3a JmTepaTypHBX .U.SHHliX no TepMOMeTplm Bli6paHli KJiaCCli 
TepMOMeTpoB, npRrO,nHliX ,ll,Jiff SKCWJYaTan;R:1'1 B KPROreHHliX YCKopRTeJIHX. 
HcMe,U.OBaHli xapaRTepRCTRKH HeCROJibKHX TllilOB TepMOMeTpoB STRX RJJaCCOB 
R B!i6paHli TepMO.MeTpli, y,noueTBOpsIR'.lll\:l'le Tpe6oBaHWW, npe,U.'l>SiBJtlleMliM R 
TepMO'IYBCTBllTeJibHliM SJieMeHTSM RpnoreHHliX RMOPRMeTpoB. Hs cepn:imoro 
peSllCTOpa qJrlp.MH AJJJieH-Epe.D,Jm. nsrOTOMeH BliCORO.'IYBCTBRTeJibHliil 
( o<. 4,2K :::, 50% • ir1 ) MaJIOllHep!lliOHH!ill ('LT % 20 MKC) ,n:aCKOB!iil MR

. HRaTDpHHfl TepMOMeTp COilp0TRBJleHJ!Si, o6Jia,naD[l\ID\ xopomen TeMnepaTYPHOH 
CTa6HJibHOCTbJO. 

5. PaCCMOTpeHS B03MOlltHOCTb IlpRM8HeHWJ RaJIOpRMeTp:a'leCKRX .nosRMeT
poB Ha OCHOBe T8pMOMeTpoB TBO, AJJJieH-Epe,!1,JIR ll T8pMOMeTpa, asroToMeH
HOro as cneIUISJlI,HOro Me,nHoHRReJieBOro cwxaBa ,ll,JISi nsMepeHJ11Jl .noss B CITO 
OT pa,n:aSilliOHHliX noJiett c npeo6Jia,naHReM nepBR'IHOro BliCOKOsHepreTR'leCRO
ro RSJJY'lemut, a npoBepeHa :ax pa6oTa npx o6JJ;y'leH:im .neitTpoHaMR c sHeprx
en Ed = 7 ,3I I'8B, npoTOHru.lR E p = 2, 55 rsB n cMemaHHHM RSJJY'leHReM, 
COS,naBaeMHM ny'IKOM BliCOKOSHepreTR'leCK:l'lX YCKOpeHHHX 'ISCTRU npn ero ra-
memm B 11teJiesm,ix 6apbepax pasJIR'IHoil TOJIIIU!Hli. 

6. PaCCMOTpem,i MeTO,nli onpe,D.eJieHWJ ,IJ.03li Ree MOmHOCTll RaJIOp:aMeT
pR'leCRRM .nosm.1eTpoM c ue,IJ.HBM norJIOTRTeJieM npR ero o6;zy'leHllll RMilYJibO
HliM llSJJY'leHReM pa3Jm'IHOil ,ll,JIRTeJII,HOCTll: t..<<cr'n, tH~'t"n, t11 »'Ln • 

7 • Ha OCHOBe npe,nCTaMeHHliX .nosRMeTpoB cos,naHa SRCnepRM8HTSJib-
HM YCTSHOBKS ,ll,JISi llSMepeHWJ pacnpe,neJieHWJ .nosli B MO,U.eJIH Marm1Ta npo
eRTHpyewro YCKOpllT8M''HyRJIOTpOH''np:a paSJIR'IHliX reOMeTpRSJX ero 06JJ;y'le
HWl npoTOHaMR c E p = 2,55 I'8B. Ilo;zy'leHHHe ,naHHHe cpaBHRBSJIRCb c pao
'leTrum R IlOKSSaJIR xopomee COOTBeTCTBRe B npe,neJISX 3KCil8p:aM8HTSJII,HOfl 
x pao'leT°iion norpemHOCTR. 

8. Paspa6oTaH BapRSHT KOHCTpyKI.Um. MK.II., npe,nHSSHa'leHHlii! ,ll,JISi MO

,ne.nbHoro CBepxnpoBO,D.Slmero CRHXp0TpoHa ("CIDlli" ), R C03,U.aHa CRCT8Ma 
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KOHTpoJIR pacnpe,neJieHWI ,U.03li Ha y'laCTKe BBO.U.8-BHBO,U.a YCROPHTeJifl. Ilpli 
STOM pacCMOTpeHH BOllpoca, CBSi38HHHe C aBTOMaTH3an;Reil li3MepeHRll. 

PesyJibTaTB paOOTli MoryT 6HTb llCllOJib30BaHB npR paspa60TRe cn
CTeM ROHTpoJISJ ,U.03li ll Ha ,npyrnx S\Il.epHO-qll13ll'leCRRX YCTaHOBKaX, liCilOJII,-
3YJO!llllX CBepxnpooo,nSJmne SJieMeHTB, a TaIOJte npn npoBe,neHHR Hay'IHBX SRC
nepRMeHTOB Ha YCKOpllTeJISJX C pa3JIH'IHHMli KpaoreHHBMll l'vinmeHmm. 

~QHOBH]ie pesyJibTaTH DJ;!CCepTaIJ;l!:ll orry6JIHKOBaHH B CJien.ypUWX 
~OTa!: 

I. HHepIJ,liOHHlie xapaKT8PHCTHKll KPllOrenHBX TepMo.naT'IHROB-,U.03llMeT
poB /B.H.~SUKOB, A.H.3airo;eB, E.n.K.n:emeHKO, C.B.MyHTSiH. J.l,y6Ha: npe
IlPliHT Oillill 8-83-45, !983. 

2. naUKOB B.ll., K.n:emeHRO E.A., MyHTJlll C.B. llsMepeHne TeWioeMRO
CTli pe3HCTllBHHX TepMo,naT'IHROB llPli RpnoreHHBX TeMnepaTypax. J.l,y6Ha: 
npenpRHT Oillill 8-83-878, !983; //Ilpa6opa n TeXHRRa SRCnepHMeHTa. 
!985. i I. C. 233-235. 

3. naUKOB B.ll., 3ailueB A.H., MyHTSiH C.B. PeayJibTaTB li3MepeHHSJ 
xapaRTepRCTHK RpaoreHHBX TepMO,U.aT'IHROB-,U.03llMeTpoB Ha ny'IKe CHHXpoqia-
30TpoHa. J.l,y6Ha: npenpRHT Oilllll 9-84-432, !984. 

4. MsMepeHne norJiomeHHOll SHeprHH B SJieMeHTaX MarHHTOB ycRopnTe
~eil C IlOMOmbID RpaoreHHBX RaJiopllMeTpn~eCKllX ,U.03llMeTpoB /B.ll.ASUKOB, 
A.H.3aiiUeB, C.B.MyHTSJH n ,np. J.l,y6Ha: npenpRHT OWIB !6-84-677, !984. 

5. 3afuleB A.H., MyHTSJH C.B., CMHpHOB B.H. CncTeMa aBTOMaTRSHpo
BaHHlix llCCJie~OBaHRi! YCRopeHHHX 'laCTliU n Mep BRCORRX SHeprRn /C6op
mm aHHOTauaii ill BcecoID3HOro ceMllHapa ".ABTOMaTR38IlliSi llCMe.noBaHRi! B 
S\Il.epHOil qJ,13:1'1R8 R CMe~HHX o6JiaCTSiX".Hs~.'ITY.T6wmcn.I984.C.46-4?. 

llIITRPQBaHHBe pa6Qora 

I. AaIU<oB B.ll. Ilpn6ops n TeXHnRa sKcnepRMeHTa. I98I. H 4. 
c. 253-254.' 

2. BenmeK H. HsMepeHR8 HR3R:1'1X TeMnepaTyp SJieRTPll'18CRRMH MeTo.na-
Mll. M.: SHeprIDi, !980. 

3. EapamerutOB B.C., MycyJibMaH68KOB JK.lK., 1IIMJIROB C.D. 3aBllCll
LIOCTl> xapaRTepHCT:l'lK Heynpyrll S\Il.epm,ix B3aIDJO,nei!CTBH! OT Maces BliCO
ROSHep1:eTH'18CROil Ha~eTaJOmeii 'laCTRUH. J.l,y6Ha: npenp:aHT 0l1ffii P2-8I-202, 
I98I. 
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4. EapameHKOB B.C •• Repern ~.r., Mycy~bMaH6eKoB !.!. KacKa.rumH 
MeXaHI18M Heynpyrnx BSallMOAefiCTBlill BHCOK03HepreTR~eCKllX R,ll.ep. ,lly6Ha: 
npenpRHT OMHM P2-83-II7, !983. 

5. McMe~OB8Hli8 npocTpaHCTBeHH0-3HepreTR~eCKOro pacnpeAe~eH:ru:r 
HS~~eHIDI B a~eMeHTaX CTPYKTYPH BHCOK03HepreT~ecKHX YCKOPRTe~ea 
(MaKeTHHH aKcnepHMeHTJ /E.H.3at!ueB, B.Il.3opHH, C.A.HOBRROB ll AP• 
).l,y6Ha: npenpHHT OWill !6-!2264, !979. T.2: XapaKTepHCTID(ll llOJIJ! HS~
~eHIDI npn BSaRMOA8HCTBHll IlpoTOHOB C TOHKOH MllilleHbD, 

~ 

PyKOlll!Cb llOCTYIIDJia B .r,rn.n;aTMbCKHii OT,l.\9JI 

24 ~eKa6pR !986 ro,l.\a. 
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