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Pa3pa6oTKa 4enoro PRAa $H3H4eC KH X yc TaHOBOK 1,1 yc TpoRc TB co 
CBepxnpoBOAR~HMH MarHHTaMH, KOT Opwe AOn>KHW Ae RCTBOBa lb B Mow
HWX nonRx H3ny4eHHR, He MO>KeT ocywe cTBnRTbCR 6e 3 y4 e Ta pa AH a -
41-10HHOro Harpesa HX o6MOTOK. B ne psy~ 0 4e peAb 31 0 OlHOC MT CR 
K YCKOPHTenRM 3apR>KeHHWX 4acT1-14. He CKOnbKO pa6oT / CM. , Ha npH-
Mep / 2- 4 1 1,1 o63op 111 I, nocBRWeHo npo6neMe cTa61-1nbHOCTH c s e px -
npoBOAR~Hx MarHHTOB TOR 1,1n1,1 HHOR KOH CTpyK41-11-1, 06ny4ae MW X 4ac 
T1-14aMH KaK npRMWX ny4KOB, TaK 1-1 nony4 e HHWX nocne pac c e RHHR no 
cneAHH X Ha MHWeHRX. 0AHaKo, BBHAY OTCYTCTBHR 3KcnepHMCHTanbHW X 
AaHHW X O none H3ny4eHHR, npHBOAR~e r o K nepeXOAY MarHHTa B Ho p
ManbHOe COCTORHHe, 3TH pe3ynbTaTbl, KaK npaBHno, TPYAHO HC
nonb30BaTb ·AnR nporH03HpOBaHHR noBeAeHHR MarHHTOB ApyroR KOH
CTPYK41-1H. ,QononHHTenbHaR none3HaR HH$OpMa4HR MO>KeT 6b1Tb nony-
4eHa npH o6ny4eHHH B xopowo KOHTpon1-1pyeMWX ycnOBHRX KOPOTKHX 
o6pa340B csepxnpOBOAHHKOB, Harpy>KeHH~X TOKOM H noMe~eHHWX BO 
BHewHee MarHHTHoe none. TaKaR 3aAa4a 1-1 pewanacb B HacToR~eR 
pa6oTe. 

H3MepeHHR npoBOAHnHCb HaMH c nOMO~b~ cne4HanbHOro KPHOreH
Horo CTeHAa Ha ny4Kax 3apR>KeHHWX 4aCTH4 CHHXpo$a30TPOHa flB3 
OHHH c 3Hepr1-1eR B HecKonbKO r3B. B Ka4ecTse 06pa34a 6wn sw-
6paH HeH3on1-1poBaHHWR MenKOAHCnepcHwR npOBOA ~ 0 '5 MM' COAep>Ka
~HR 1045 csepxnpoBOAR~Hx HHTeR ~10 MKM 1,13 HT~50 B MeAHOR MaT
p1-14e C K03$$1-141-1eHTOM 3anonHeHHR 50 %. OH 6wn CMOHTHPOBaH Ha 
cne41-1anbHOM Aep>KaTene /cM . p1-1c.l/. BepxHRR 4aCTb 06pa34a no
Me~anacb Me>KAY ABYMR CTeKnoTeKCTOnHTOB~Ml,1 nnaCTHHKaMH' AnHHOR 
50 MM, OAHa 1-13 KOTOp~x, TOn~HHOR 1 ,5 MM, HMena KaHaBKl-1 AnR 
06pa34a rny6HHOR 1 MM , 3anonHeHH~e BaKyyMHOR CMa3KOR THna 
"An1-1e30H 11 ' a APYraR' TOn~HHOR O '5 MM' cny>K1-1na KpblWKOR. nnoc
KOCTH, o6pa~eHH~e APYr K APYrY, TaK>Ke npoMa3weanHCb 1~n1,1e30-
HOM11 . 3Ta 4aCTb 06paa4a Aanee 6yAeT Ha3WBaTbCR 113aKp~TblM 11 06-
pa340M. HH>KHRR 4aCTb o6pa34a AnHHOR 45 MM 6wna norpy>KeHa He
nocpeACTBeHHO B >KHAKHR ren1-1R /"oTKP~T~R" 06paae4/. 

CxeMa 3Kcnep1-1MeHTa np1-1BeAeHa Ha p1-1c . 2 . 06pa3e4 en pacno
naraeTcR nepneHAHKynRpHo MarHHTHOMY non~ csepxnpoBOAR~ero 
coneHOHAa enc' KOTOpblR HMen BHyTpeHHHR ~ 40 MM 1,1 3a3op Me>KAY 
ABYMR CHMMeTpi-14HWMH KaTywKaMH 12 MM. MarHHTHOe none 6wno OAHO
POAH~M C T04HOCTb~ AO 0,2% B 41-1nHHAPH4eCKOR o6nacTH ¢15 MM 1,1 
AnHHOR 10 MM BAOnb OCH CnC. 

nonHoe 41,1cno 4acT1-14 B 1-1Mnynbce H3MepRnocb c noMo~b~ nnocKo
napannenbHoR HOHH3a41-10HHOR KaMepbl, HanonHeHHOR renHeM AO 
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Pttc.l. ~ep~aTenb o6pasQa, I - CTeKno
TeKcTonHTOBbJe pacnopKH, 2 - MHKpoHarpe
Ba Tenh Ha o6pasQe, 3 - AOnonHHTenhHbJe 
TOKOilOABO~J, 4 - o6paseQ, 5 H 7 - paM
KH, 6 - BOnOKOHHb!H CBeTOBOA, 8 - o6ottMa, 
9 - CQHHTHnnHTOp, 

1 0,5 aTM. 0Ha KanH6poaanacb aKTHaa4HoH
HWM MeTOAOM. npocTpaHCTBeHHOe pacnpe
AeneHHe 4aCTH4 a KamAoM HMnynbce pe
rHcTpHpoaanocb 3BM no cHrHanaM c MH0-
ronpoaono4Hoi:i 1-10H1-1sa4HoHHoi:i KaMepw 151, 

a KOTOpOH paccTORHl-1e MemAY npoBonoKaMl-1 
6wno 2 MM. PacXOAHMOCTb ny4Ka onpeAe
nRnacb nyTeM ero ¢oTorpa¢HpOBaHHR Ha 
peHTreHOBCKYIO nneHKY B Tpex MeCTaX 
BAOnb OCH, no 3THM AaHHblM, Hcnonb 3YR 

MeTOAHKY pa60Tb1161, BW4HCnRnl-1 napaMeTpw 
ny4Ka B MecTe pacnonomeHHR 06pas4a. 
Cne4HanbHWH pac4eT Ha 3BM noKasan,4TO 
OHH He MeHRIOTCR 6onee 4eM Ha 5% nocne 
BKnl04eHHR nPOAOnbHoro MarHHTHOro nonR 
enc AO 5T. KaK npaB1-1no, nonepe4Hoe ce-
4eH1-1e ny4Ka 6bln0 KPYfnblM co cpeAHeKBaA
parn4HblMH pa3MepaMH 18+24 MM /B npeA-
nonomeHHH, 4TO nnOTHOCTb 4aCTH4 B ny4Ke 
pacnpeAeneHa no HOpManbHOMY saKoHy/. 

l(cp3~ K l,-tnlA,3BM 

P02+r 

PHc.2.CxeMa 3KcnepHMeHTa. lilI - HCTQqHHK IlHTaHHH, 
PA~ perHCTPHPYJO~aH annapaTypa, HK - HOHH3aQHOHHaH 
KaMepa,IlliK - MHoronpoaonoqHaH HOHH3aQHOHHaH KaMepa, 
PIT - peHTreHOBCKaH nneHKa, C - CQHHTHnnHTOp. 
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CpeAHeKBaApaTH4HOe CMe~eHHe 4eHTpa TRmeCTH ny4Ka o6W4HO He 
npeBwwano 0,5 MM no BepT1-1KanH H 2 MM no ropH30HTan1-1. 

41-1cno 4aCTH4 B KamAOM HMnynbce, npoweAWHX H36paHHblH y4ac
TOK 06pa34a, KOHTpOnHpOBanocb no CHrHany co c4HHTl-1nnRTOpa 
-1 MM, KOTOpWH pacnonarancR HenocpeACTBeHHO nepeA 3THM y4acT
KOM B TOH me BepTHKanbHOH nnOCKOCTH. 

BcneACTBHe A0CTaT04HO 6onbworo 3Ha4eHHR KPHTH4eCKoro TOKa 
06pa34a /le~ 150 A/ nepeXOA ero B HOpManbHOe COCTORHHe npoHc
XOAHn CKa4K006pa3HO. npH 3TOM 6onbWaR 4aCTb TOKa OTBeTBnRnacb 
B pe3HCTl-1BHWH WYHT 1-13 MaHraHHHa conpOTHBneHHeM 0,34 MOM, noA
Knl04eHHblH napannenbHO 06pas4y. 3To npeAOTBpa~ano neperpeB 
H cropaH1-1e 06pas4a. noRBneH1-1e HanpRmeHHR Ha 06pas4e B03AeHcT
BoBano Ha 3neKTPOHHOe YCTPOHCTBO, KOTopoe OTKnl04ano TOK H no
cwnano c1-1rHan o nepexoAe B 3BM H Ha caMon1-1ce4. 

3KcnepHMeHTW no onpeAeneHHIO saBHCHMOCTH MaKCHManbHO AOny
CTHMoro ¢nt0eHca <I> o6p, OT nOAKPHTH4HOCTH III, e CTaBHnHCb cne
AYIO~HM o6pasoM /3AeCb 1-pa6o4HH TOK 4epe3 06pase4, a le - Kp1-1-
TH4eCKHH TOK B OTCYTCTBHe ny4Ka/. npoTHB 4eHTpa oceBoro Ka
Hana enc, B KOTOPblH npOXOAHn ny40K, noMe~ancR OTKPblTblH HnH 
3aKpWTWH 06pase4. 0AHH 1-13 4eHTpanbHWX y4aCTKOB ero HarpymancR 
A06aB04HWM TOKOM 8-10 AH a none 5T onpeAenRnCR le 3Toro y4acT
Ka. B HeKoTopwx cny4aRx MecTo nepexoAa n0Kan1-1s0Banocb npo
nycKaHHeM TOKa 4epe3 MHKpOHarpeBaTenb Ha saKpWTOM 06pa34e. 
Aanee np1,1 saAaHHOH no n1-1Kan-3neKTPOAY HHTeHCHBHOCTH ny4Ka 
npoBOAHnocb HeCKOnbKO cepHH H3MepeHHH npH pasnH4HWX I/le, MeHRB
WHXCR Yepes paBHWe npoMe>KYTKH TaK, 4TO nepeKpblBancR Beeb HH
Tepaan BepoRTHOCTeH nepeXOAOB 06pa34a B HOpManbHOe COCTORHHe 
P(<l>o6p.) OTO AO 1. 3~TeM MeHRn~Cb HHTeHCHBHOCTb, CHOBa npoBo
AHnocb HeCKOnbKO cepHH H3MepeHHH H T,A, 

B npo4ecce o6pa6oTKH pesynbTaToB H3MepeHHH, awnonHeHHblx nim 
onpeAeneHHOH AnHTenbHOCTH HMnynbca BblBeAeHHor6 ny4Ka 4aCTH4 t11Mn' 
nepexoA oT ¢nt0eHca K A03e /3HeproBWAeneHHIO/ B 06pas4e ocy~ecT
anRncR no MeTOAHKe, onHCaHHOH B pa6oTaxn •81• npaBHnbHOCTb ee 
6wna npoBepeHa, B 4aCTHOCTH, npH cpaBHeHHH C BenH4HHOH 3Hepro
BWAeneHHR B HT-50, onpeAeneHHOH HaMH 3KCnepHMeHTanbHo191 Ha 
ny4Ke npoTOHOB c 3Hepr1-1ei:i 8,5 f38, /Ko3¢¢1-141-1eHT nepexoAa oT 
¢nt0eHca K A03e AnR 06pas4a Ton~HHOH 2 MM oKasancR 
/2,5+0,8/·10- 13 A>K•r-1 npoT-l cM 2/. np1-1 pac4eTe Y4HTWBancR Bbr
Hoc 3HeprHH 1,13 06pas4a BTOPH4HWMH 4aCTH4aMH. Ko3¢¢1-141-1eHTW ne
peXOAa OT ¢n10eHca K A03e AnR npoToHoe / E =6,4 f38/, AeHTPOHOB 
/E .. 7 ,3 f3B/ H am¢a-4aCTH4 / E = 8 ,8 f38/ nonY4HnHCb cooTBeT
CTBeHHO 2,6; 3,5 H 11,3•10-13 A>K r- 1 4acT:- 1 cM 2 • 

Ha pHc.3 npeACTaBneHW pesynbTaTW H3MepeHHR AOnycTHMoro 
3Hepro~eHHR w B 06pas4e B 3aBHCHMOCTH OT nOAKPHTH4HOCTH 
np1,1 pasnH4HWX ycnoBHRX TennooTBOAa H t 11Mn. Ha pHc.3a np1-1Be
AeHbl eenH4HHbl W, OTBe4alO~He nHHeHHOH 3KCTpanonR4HH K HynlO KpH- · 
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PHc. 3. Pe3yJibTaTbl H3MepeHH.H ,I:IOilYCTHMOro ::rneprOBbI,I:leJie
HlliIHa nytJKax tJacTHQ npH Tb<=4,2K, B .. ST,Kp. la -
c BKJIIOtJeHHeM HarpeBaTeJI.H o6pa3Qa, OCTaJibHbie - c QeHT
paJibHhlM ytJaCTKOM, HarpYJl(eHHblM ,1:106aBOtJHb1M TOK OM. 

06paseQ 3aKpb!TblH 0TKPblThlH 

KpHBbie cneaa cnpaaa 

la 16 la 16 le 2 

tJaCTHQbl d p a, a, p p 
3Heprua, 
f3B 7,3 6,4 8,8 8,8 6,4 6,4 
tttMn ,MC ..) -1 -1 ...) 100 ....J 

BWX 3aBHCHMOCTH sepoRTHOCTH nepeXOAa OT nnoTHOCTH nOTOKa 4ac
TH4 P(~o6p. ), a Ha PHc.36 - HHmHHe, cpeAHHe H sepXHHe T04KH, 
COeAHHeHHWe sepTHKanbHWM oTpe3KOM, OTBe4aIDT P-0; 0,5 H 1. 
norpewHoCTb a onpeAeneHHH 3Heprosb1AeneHHR He 6onee 30%. 

CpasHeHHe peaynbTaTOB C pac4eTaMH Ha OCHOBe 3HTanbnHH CAe
naTb 3aTPYAHHTenbHO, T.K. Heo6xOAHMO T04HO 3HaTb TennoeMKOCTb 
AaHHoro npOBOAa, Aa K TOMY me e~e B MarHHTHOM none. no 04eHKaM, 
AnR nepeXOAa B HOpManbHOe COCTORHHe OT I/Ic=0,4, 4TO COOTBeTcT
syeT neperpesy oT 4,2 AO 6,2K, H3MeHeHHe 3HTanbnHH /no·Tenno-
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eMKOCTH a HynesoM none/ MomeT COCTasnRTb 0,5-0,8 MAm/r. Mar
HHTHoe none ST a AHanaaoHe 4,2-7,6 K AOnmHo npHBOAHTb K HeKo
TopoMy noswweHHID 3TOA senH4HHW. TaKHM o6pa30M, a cny4ae aaKpw
Toro 06paa4a, 06ny4aeMoro KopoTKHMH HMnynbcaMH /<10 MC/, no 
KpaAHeA Mepe, AnR I~c < o~. nony4eHHWe HaMH AaHHWe /cM. 
Kp.la/, no-BHAHMOMY, 6nH3KH K Harpesy B aAHa6aTH4eCKHX ycno-
811RX. 

CHcTeMaTH4eCKH Ha6nIDAaBweeCR CHHmeHHe KPHBOA W(I/Ic) npH 
HCnonb30BaHHH HarpesaTenR /cM. KpHBble 1 a H 16/ MomeT 6b1Tb 
o6bRCHeHo, no KpaAHeA Mepe, 4aCTH4HO, ecnH npeAnonomHTb, 4TO 
He6onbWOe KOnH4eCTBO mHAKOro renHR, npOHHKWero K 06pa34y no 
ype~HHaM a "AnHe3oHe 11

, npespa~aeTCR a nap nocne BKnID4eHHR Ha
rpesaTenR. 

Pe3ynbTaTw, nony4eHHwe Ha OTKPWTOM 06paa4e, so-nepswx,csH
AeTenbCTBYIDT O TOM, 4TO Aame AnR caMoro KOPOTKoro H3 npHMeHRB
WHXCR a AaHHOA pa6oTe HMnynbCOB -1 MC cy~eCTBeHHa Tennonepe
Aa4a K mHAKOMY renHID. Bo-BTOpblX, 6onbWOMY H3MeHeHHID neperpesa 
06pa34a /OT 0,7K AO 2K, 4TO COOTBeTCTByeT HHTepsany I/IC OT 
0,8 AO 0,4/ OTBe4aeT n04TH OAHa H Ta me senH4HHa w H nponop-
4HOHanbHaR eA cpeAHRR aa speMR tuMn. ·nnoTHOCTb Tennosoro no
TOKa ti 4epea 6oKosyID nosepxHoCTb nposoAa /npH W = 6 MAm/r H 
t2-l' MC 4 ~ 0,6 BT/cM 2/. AHanorH4HOe RBneHHe Ha6nIDAanocb B 
pa6oTe 121 npH o6ny4eHHH MarHHTa HMnynbcaMH AnHTenbHOCTbID 10 3Mc. 
~aM npeACTaBnReTCR pa3yMHWM CAenaHHOe TaM npeAnonomeHHe 0 
BnHRHHH speMeHHblX <!JnYKTya1\HA HHTeHCHBHOCTH ny4Ka, npHBOAR~HX 
K B03HHKHOBeHHID nneH04Horo KHneHHR renHR 3a C4eT KpaTKOBpe
MeHHOro peaKoro npeswweHHR ~ HaA cpeAHeA senH4HHoA. 

nony4eHHble B HaCTOR~eA pa6oTe KPHBble W(I/Ic) npH B- const 
Henb3R 6e3 COOTBeTCTBYID~ero nepec4eTa conocTasnRTb C KpHBWMH 
W(I/IMaKC ), nony4eHHblMH npH o6ny4eHHH MarHHTOB, KOrAa B-B(I). 
nocneAHRR 6onee KPYTO nOAHHMaeTCR ssepx H npH I-0 COOTBeTcT
syeT AOnycTHMOMY neperpesy ~·rMar11=Tc -Tb , B TO speMR KaK B 
nepsoM cny4ae ~ T =Tc (B)- Tb • 3AeCb Tb - HCXOAHaR TeMnepaTypa 
csepxnpOBOAHHKa, Tc H TC (B) - TeMnepaTypbl nepeXOAa B HOpManb
HOe COCTORHHe npH B-:0 H B ,/ o. TaK, B cny4ae Hawero Ka6enR 
HT-50, AnR B = ST H Tb= 4,2K HMeeM ~T=3,3K, a ~TMarN4,8K. 

3aMeTHM, KCTaTH, 4TO HeKOTOpwe asTOPW /cM.~.10/ / npH 04eH
Ke AOnYCTHMOro neperpesa B MarHHTe AnR I j O Hcnonb3YIDT npH-
6nHmeHHYID cpopMyny ~ TMarn=(T c -T, )(1-I ,1 MaKc. ) BMecTo T04HoA 
~ TMarn =l'I'c[ B(I)]-Tblll-I/Ic[B(I)] r,- . scneACTBHe 4ero peaym
TaTw, HanpHMep, AnR MarHHTa H3 HT-50 c B~taKc=ST, MoryT paa
nH4aTbCR 6onee 4eM Ha 20% B o6nacTH I/IMaKC > 0,75. 

B 3aKnID4eHHe aBTOPbl BblpamaIDT 6naroAaPHOCTb 3a nOMO~b B noA
roTOBKe H nposeAeHHH H3MepeHHA B.n.6aM6nescKoMy, H.H.KynHKosy, 
B.M.ApofiHHY, B.r.nynnosy, C.C.MeABeAesy, B.B.nHcKanesy. 
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PyKonHCb nocTynHna B H3AaTenbCKHIII OTAen 
16 $eB pami 1,981 roAa . 
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