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MA [' F{ [4 T Fn bl [? M ETOA, KCI FI T p O"U q r,rn y 6 l{ F{ hl
Yf i  POq[- {EF{F{OfO CJIOf i  i lOJIOTEF{ SJIEKTPONMJI

3 .  C .  t op rcgHos ,  B .  l .  Ep .uoaacc ,6 .  A4 . , [ I a t t t t dg t ,
II. A. JInwetKo, f . B. Crepxoe, A. 14. Ynonu.oe

tr4ccne1ona,nn Bo3rMo)KHocrb ucrro,'tb3oBaHtlfl Koeprrurri.Me.rpa (14O,\{- I c npucraennlr
S,IeKTpoMarHI'iToM nJIfi KoHrpo,'1t uy6rtnlt yjl,poqHeHHofo sarca.,r.i<,ofi c rroMorqbro ToKoB
Bb]ooKol,i r{3cro't'rrl c,'Iofi no,'IO'r'eH 3"{e}irporrrnJr. I'lsyueHa 3aBr.rclf\,1ocrb rrorasaHlril KosprIriTu-
ilIerpa or fJIyOI'lHbI 3aliarettHoiro r'.Jlofl lr feoMerpritrccKlrr pal3McporJ ito,'rrccoB npucraBiloro
x,rarH.Irra Fra McLeflbHo,x,t o6pasqe ri ,HenocipelcrBeHHo H:l no,'rorHex 9,'r()KTporrr{n.

, {nn cos4aHlax or tTlzMa"IbHbIX gi(cI IJ ]yaTar{Lrorrr r r r tx  cBor: icrB asAe"[Hi i
c AocTarorIHo BbIcoKoIl [oBcpxFrocTrrorl rnepAocrbro ]. i xopouefi Bfi3r(ocTbio
CCP.4. I {EBI{HbI MI- IOII4E ACTA,I IU MAII IHI ]  H MCXAHI43MOB I IOABEPIAIOT i IOBCPX.



Ma,rnnrsurl . Meaol l{ot'Irpoll rny6uHt l )inpouHen,Hof o c,'!0t 8 l

HocrHovy yrtpoqHeHLirc. B erOii  CBfl3]I i  6OJIbIIIoe BHLiMaHHe yAe,r l f leTcfl  BoII-

pOCaM KOHTpO!'rf i  KaLieCTBa, a I4MeHHO, O[peAe,' ]eHH]O-L' ly6UHbi I ' i  TBepAOCTU

yfiporrHeHHblx c, ' IoeB Hepa3pyiI larculLiMl4 MeTOAaMIZ. K quc,ly MeTOAOB' I IO'

ryqaB[r]4x rxupoKoe pac11pocTpal{eHLIe, OrHoctrcf l  MarHI' iTHbIe [1 B] u

3, ' IeKTpoMafHIiTHbIe [9-11], ucno"' t lsoBaHI4e Koropblx no3BoJIneT l loBL'IC'HTb

3r{cf ipeccHocTb Kol ' ITpo"If l  Hi B OTAeJIbHbIX CIyLIaqx a',BTOMaTI43iIpOBaTb caM

i lpor tecc  xoHrpo, l f l .

B oCHOee MafHl4rHbix MerO,{oB Olipe.{e; leHlln Lry6l l l lbl  I I  TBepAocTII.  i ]o-

SepxH,o.cTlIbIX c.IoeB ,''Ie)KHT r3HarI'HTe,rlblloe pa3,IIIiqI'ie MaTHIITFIbIX CBOI'ICTB

y11p,orrHeH,Hofo rroBepxHocrHoro 'cJI 'Of H cepAuee'tt 'Hnr [1, 5, i2] .  l lo;r l-

3yf lcb 3TI{M pa3,I ' f lql leM i4 I4Mefl BO3MO)KH,OCTb usMepqTb Mar'HHTHbIe CBOft-

CrBa lra pS3JIHurHoit f,'Iy6I.I,He, MOlt<Ho cyALITb O To/txII'iHe ynpOrIHeHHoro

cJiof l .  KoepqkrlrNierpI4rIeCKI4ia MerOA f lBJIf lercq oAHI. iM 113 Ha146o,I lee paC'

lpOCTpaHeHHbIX MeTOAOB KoHrpO,'I f l  f , ' Iy6HHII I l  TBepAocrI4 ynpOr{HeHHbIX

CnOee^II3AeJIHit,  3aKa,rIeHHbIX C f loMorqblo ToKOB BbICOKoft r lacTorbl (TBq).

f ,ry6nua npoHLIKHoBeHHfi MafHL{THorg noTOI(a B I3ASJII ' IS Mo)Ker 6url  noAo-

6paua c yrreToM [3MeHeHrzri Me]K[o,'rrccHoro -paccrol'tr\I 14 [,'IoqaAI4 cerle-

HHff no,rrccoB l lp1dcraBlloro 3, l ieKrpoMafugra 113, 14]. -A4erol Xapal(repi l3y-

eTCfl OnpeAe1eH,HOii ,tIOKa,'IbHO,CTblO, qTO 11O3BO,'IfleT' 11pOBO.U,t{ Ii3MepeHfitl

B HeCKOJTbKEX yqacrKax, cyAIITb o6 uglaeue,sl4ffx I(OHrpo,Tl4pyeMoro napa-

MeTpa B iler'IoM rlo I43Ae"'II{rc.
B AanuOI? pa6ore LIccJieAOBaJIacb Bo3MON(HocTb I4crIo, ' Ib3OBaHI4s Ko3p-

unTriMerp a KI,IOM- I .[,Jrfi o[peA,e,'renr4fl r"'Iy6HHbi, 3aKaJIeHHoro c rloMoulblo

TBi{ c, 'rof i  <<6efoBoI? Aopox{KI,I>> no/ ' IoreH 3, ' IeKTponu/T' I ' I3foraBJII lBaeMbIX

Ha [poHBBoAcrBeHHoNI o6ieAuHenn[ <<14x{MaII>> I43 cra"l i4 45XHM@A uero-

AOM XO,'IOAHOft [ IraM[oBKu. Tepla'raueCxal O6pa6orra H3AeJIuft BK,' ]rcqaer

B ce6fl  o6r,,eltuyro 3aKa,' IKy or 840-860" C e Mac,le I(oMHarHoii  reMllepa-

Typbr rz orrrycK f lpn 260-340", sarem. o6,racrb, I IoAJIe]KauIaf y[porIHeHI'Irc,

saKaJIHBaeTCfl c noMoiqblo TBq or 850-880o e laac,te I ' i  oTl lycKaercf i  f IpH

I 60- I 80".
Koapqnrunn atr c\Jra cepAqeBr{Hbr Li3AeJILifl i l ero ylpoqHeHHofo cu'Ior, ll3'

MepeHH;fl  6annucruqec6l4M MeroAoiM Ha c'[eUuaJIb'FIo BbIpe3aHHbIx o6pa3[ax,

cocraB,{f ler 15,8 n 28,6 A/crvr coorBercrBeHHo.
HeO6xoAUntocrb CfLrIOuHofo Flepa3pylxarcqefo KoFlTpo,tf l  nOJIOTeH BbI3-

BaHa TeM, I1TO 3HarII4Te,{bHOe ..KO,{Hr{eCTBO I43Ae,lHi i  f lpH 3KCnJIyATA1;7I4

BbrXoALrT r. ig crpof, He BbIpa6OTaB no, ' lo11tegHofo pecypca BpeMeHI'I .  Hau-

6onee pacnpocipaHeHHofi npuuLiHofi  erixoAa LI3 crpof rrcAeJntf l  f lBJlf lerct l  06-

pa3oBanr4e rpequH B XIeqKaX 6eroeoli  AopOlKKLi I IoJI_OrHa. HeAocraroquas

iny6nua saKaneH,Horo C,,Iof l  Uler{eK [pa'BOAIiT K 6bICrpOMy I4x I4_3HOCy,

a qpe3MepHan rl lyfn1a Ororo cJIof l-K yBe,lnqeg' l4lo xpylKocrla I ' I  oOpa3o-

BaH;Io rpeqraH. I lo rexHH.IecKHM yc, ' IoBI4flM rny6uua ylp^oqHe'FlHoro cJIof l

Aorx{Ha 
^6nrl 

3-6 MM, a efo rBepAocrb 53-57 eA. HRC npI ' I  rBepAocrl{

caMoro  r13 t re , l  He 47-52 eL .  HI IC.

Konrpo, ' tr  r , ' Iy6HHbr 3aKa,reFlHoto cJIof l  Bo3MolKeH Tod' lbKo nplr Ha, ' Iu-
rtHu OAlro3HarIHori B3aI,IMocBfl3H MaTHUTHbIX cBOft.CTB yttpOriHeHrl lOro i .{34e-
{ r r q  n  r  n 1 1 6 r r s n f i. yIIporrHeHFIoro c,'Iofl. lIp'u noltoull4 Ko3pIII{r,HMeTpa

Ki4Ol4-1 c npucraBHblMlt 3"IeKTpoMafHI{TaMI'I  l {3yqarl l  3atsl lcl ' iMocrb roKa

pasMafHI4rII4BaHIif l  OT TO,'IU{I iHbI 3aKa,teHHofo .c,Tofl .  l lor<aganug |Ipu6opa

npaKT[r{ecKH He 3aB]Ice, ' I I4 OT f, ty6lrHbl 3aKa,' IeHHOfO C,' IO.f l  I IpI ' I  HaJIOX{eHI' i I{

npucraBHoro \ ' rarHr.rra Ha r43Ae,If ie cBepxy (prnc. 1a) .  3ro x{o}KHo o6'bf lc-

Hr{Tb I{a ocHoBaHr{u HMercr{ l lxct l  [peACTaBr'IeHI. iL1 O paCnpeAe,neHL{l, I  Ma|HLIT-

i- ior0 noror{a B IByxc,Iot lHoNi Qeppor,taruerul(e I IpH I ' IaMafl{ 'uqIlBaI{n' l i  efo

I Ip I {c raBHbI rv l  \ ra rH! l roM [1 ,  15 ,  l6 ] .  f loc ro , r l xy  ro , l IqHHa r le i iKH Ma, ' Ia

(ncero 2 l tu), [ , :rou{aAb conpHI(ocHoBeHug no, ' l rccoB 3d']eKTpoMalHI4Ta

c HSAe,'rHeM TOX<e \ra.1a, [o3ToMy MafHI.ITHbIft  I IOTOK d'IOKa/' I l ]3yercf l  B OCHOB-

6  4 s , 1 r c r i  r o c r ' , n r i  r .  \ ' e  I  l .  l g b l



B2 3. C. forpry.Ho,B, B. l. Epr,ro,raen, 6. M. ,r1arn,r.rAy,c .u ,{p

HoM B 3aKa,'IeHHOM C,IOe lI H3MepfleMafl KospUuriHN{erpoM ycpeA}IeH'Hafl r{o-
3pI{ATItBHafl CI4Jra 6ilU3Ka I( KO3pIIHTIIBHOft Ct{/ 'Ie 3aKa,'reHHOfO C,'tofl.

Eonuuras qyBcrBUTe,rbr- rocrb Mcror ,a 6ul , ra 4ocrr4rHyra npH He,To-
)KeH14H rrprICTaB'HOrO 3/'rer{TpOMafHr4ra Ha II, locKyro 6oKoByro I]oBepxHocrb
lo/'IoTHa, KOrAa tpaHr4ua pa3Ae,'Ia AByx c,'roeB pacflo,IafaJiacb noA lro/'trc-
coM H, ' I rd B HerrocpeAcrBeHr{o i i  6nusocru or  Hero (pnc.  i6) .  B gauHoM cny-
qae napaMerp, Ha3brBaeMbIfi r,ry6uuor,i saxareHHofo c.rrofl, trpaBu/rrbHee
6yaer Ha3Barb rxr4pLrHort ororo cJroq h. Hro6r; onpeAeJr?rrb B,rrr4flr-rI, ie r. i3Me-
HeHHfl Be,'rHrrr4Hbr /z Ha norra3ar{afl Ko3pur.rrHMerpa (pasuarunuuearculurl
rot< /n) 6u,u npone4eu MoAe,'rbHbrrl sKc[epHMeHT Ha cocranuou o6paeqe,
IrpeAcraB/'rf l loIrIeM co6orl na6op [, 'racrHH, Bbipe3ar]Hbrx sJreKTpoHcr{poBblr,I

Pnc. 1. Cnoco6-..ua,ror(eHur npficraBHorro
,'1Ue:

a * cBepxy la <<6erosyro Aopo)rc(y>; 5 - c6oxy
,4eJUU.

3, ' rer{rpoMafuI lTa Ha n3Je-

l l a  n J 0 C l ( J r c  l l O B C l ) X i l O C t L  U J -

cIIoco6oM r.i I]polirJruSoBar-r,FtL,rx. OcHo,eaH'rie o6pa3ua r.iMHr14poBaJra i l,rac-
r r . rHa paBMepan' tv  13X4,5X50 MM, Bbrpe3aHHaf l  r43 Mf l fxo i i  cepAr{eBr{HEr r {3-
treilLrfl, a 3aKaJIeHHbIr? c"'Iofi '- ToFTKI{e [, ' IacrrinKI4 pa3MepaMr.I 1,05 X 4,5 X
X50 Ivtlr, BbIpe3aHHbIe I, l3 saKaJreHI{OfO C,IOg IO,'IOTHa.

I T n q  r r n a n q u a u r l o  p n 2 t r r n v u L T v  2 a l n n n E  1 r n \ 1  n \ r  f t n a ^ T r r r r o

)r{rzMa,rrcfl crIeqaa,I.brHbI,la ycrpoficrnou. IIIecrt 3aKa,rleHHbrx n,'tacrHH Aa-
Ba, ' IH BO3MOIK1HOCTb BapbupOBaTb l I I l , lpk l ly  3aKa/. leHHOI-O C,IOf i  06pa3l{a
or 0 Ao 6,3 uu.  L l ro6u H36elKarb BJrLl t rHrr t r  pa3MepoB o6pasqa Ha noKa3a-
lrr.{f i rrpr46opa, o6r-l1He feoMeTpr.iqecKr4e pa3Mepbr o6pa3rla coxpaHfldqr.{cb
nocToflHr{blMn 3a cqer A06aB,'reHl4tr cooTBeTcTByloxlefo Ko,tl iqecTBa Il"riacrr{-
FroK, Bbrpe3aFrHbrx r.is cepAueBr4Hbr H3Ae"'rf if l  H HNreroult. jx pa3Mepbr 1,05X
X4,5X50 uu. l,ry6r.rny [poHr'rKHoBeFrnfl MafHr{rrroro noroKa Bapbr.ipotsa,ru
u3MeHeHIZeM n,'roUIaAr4 MafiHHTHO|O KOHTaKTa nO,'IrcCOB npHCTaBHOTO ,9,JIeX-
TpoMaf lr14 Ta tryTeM nocr'reAoBaTe,!bHofo ,r{aA,Br.rf aHr.tr{ .efo;; H,a. coctanHori
o6 p aser l \ '  )  '  l

(Depposon4ontrft npeo6pa3oBare.rrb 6un Bburo,{FreH: HenocpeACrBeHr.to
B  T e , r r e  f p M a ^ n p H C r a t s H o f o _ 3 , ' l e K r p o M a r r r u r a  [ 1 7 ] ,  u : r o r o B J r e H H o r o  H 3 . , a p \ r -
Ko-x(e,' le3a. O6l,rorru Bo36y)KAeH14rr Hat{eceHbr Fra coorBercrByIouIHe, cne-
qHa, I rbHo nu$pesepoBaHHbre,  [o , ' iys, re\ {eHru npeo6pa3oBarei r r r ,  a  u3MepH-



Ma,nH.nrstrii MetoA KoHrpo'na r,ry6u'tlst ynrpo'llHerl'Horo cJlos B3

Te,' IbHafl  o6MOTKa * HenocpeAcrBeHrHO Ha f lpMo B Mecre pac[o,to]KeHl' t f i

o6MoroK B036YxAeHI4s.' l l lHpr. iua 
si11u, 'ren"ooo c, ' Iof l  o6paaua H3MeHflJIacb uepes 1,05 MM' npu

ria>KAoi SHrciaponanHofi Be,r{. iq[He h ucci leAoBaJlacb SaBLicI{Mocrb pa3-

MatHnqhBaloulefo ToKa oT l l l l ip?iHbl qacTli  I IO,TIOCa 9,rIeKTpoMafHI' ITa' Haxo-

,U"uf"AC" Ha O6pa3qe (O6OSnaunir,r ee qepe3.. C',- uTO6b1 or,'IIlrII4rb or o6l]Ieft

ii"p"irot 1ro,r1oc; c) , a raK)Ke_ IIpr{ Kax<Aoil SrancupoBanHoil BerliqgHe c/

ucc, ' leA,OBaJIacb 3aBLigl lMoCrb Ip(h). Taxum 06pa3oM, 6ui.t t l ' i  OnpeAedIIeHbI

onTLIMaJIblIbIe feoMeTpLiqecKLie pa3MepbI I IoJIIOCOB 3, ' IeI(rp'OMafHHTa' I Ipu

KoTopbIX Ha6;rIoAaeTcfl  Maltc' I lMaJIbHafl -qyBcTBI' ire, ' IbHocrb 1p K I{sMeLIe-

HwK) h. Taroi i  Be, ' t [qI4HOft oKa3a,tacb C':5-6 MM H cOoTBercTBeHHO tt"Io-

uraat s:20._24 uu2. f loc,re 3roro no,{ncd 6l i , lu BbIpe3aHbI raKHM O_6pa'

sOlr, urO6n O6eC[eqI4Ba,tCfl  MaKcI]Ma,IbHbIiA MafHIzrHbIi l  KoHTaKr C O6pa3-

rIoM rrpt4 oIITrIIMaJlbHofi nnour,aAn ceqen'I1ff .  3ael lcI4l{ocTb,lp(11)'  H3MepeHFIafl

c f lOMOUIbIo TaKofo SJleKTpoMafHIlTa, rpa4[qeCKII H3o6pax{eHa Ha p;7,C' 2

(xpiaean 1). 3t<cneputteHr H.a- MoAeJIb-
HoM o6pa3ue [oKa3aJI, qro np,z AaHHoM tr' ' | ff i ,

cnoco6e HaJIo)KeHI'If l 3,'IeKrpoMafHl4ra | | / l  I
Ha o6pa3eU vr Trpv coorBercrByloull{M I | { l; I
o6pasou noAO6paHHbIX pa3Mepax ror l lo-  |  I  2 /  A I
c , - r u  c y u l e c r B y e r  o A H o 3 H a I r H a f l  H  f l p a K r i l -  + Z l - - f f i ,
q e c K H , r ! . r H e f i r r a q : a e H c H M o c r b p a 3 M a f H l r -  |  |  A , / l  I  I
qHBaroulero roKa Ko3puHrr" lMerpa or  

I  l /  /  I  I
ruHpHHbr 3aKaJreHHoro c. ; ]o f l .  I  x , , /  I  I

t r4 t* .p.nro Ha roJ lor l ]ax sreKrpol r l4r l  ^"1 /X |  |
rrpoBoAu,'Ili ro cxeMe, aHaroruqHoii uo- 36ft-l---fr
4 i : , ruHovy  3KcrephMeHry ,  l43 .MeHt f lno-  |  r '  I  |  ]
c,,reAoBare,'rbHotl cou,rli$oexoft IuHplIHy | 

"/ 
' 

I IBaKa,,ieHHoro c,rofl or B 4o 1 uu. o'nru | ,/ I r I
Ma,qbHble reo'MerpzrIecKl'{e pa3Nlepbl no- .?0Y_ | | |
JriocoB rlprlcraBrH0ro 3JieKrpoMafllllra "" r--- 6 h,nn
no46upa.'rra I,IcxoA,f Ias,'I i ' ]rueiiHoft saBla-

- -  - -^& ' \ ,b^mDura t rL;  PHc. 2.  3aBlrcnuocr l  pa3MarHnr{u '
cr4Mocri{ I'{ MaKcliMa.nluoit rIyBcrBI'Ire'Tb' 

;;;";;"- ;;i 1, norpu"rr{Merpa
IlocTH pa3MalI{[qI4BaIOUelo roKa K ilrli- or rilfiplrFrbr 3aKa!'rerrHofo cr'lofl Mo-

pI{He 3aKaJIeHHOro c,roq. TaKafl 3aBHCI4- Ae,rr,uoro o6paaqa 1J),"I  
nonottto

vocrb  r ta6noAanac l  npH n , ro r r laAH c : -  t re r ( rponr4 ' lb r  (z ) '

qeHf i f l  no , l rocoB S:20  n , l  l t '  (P I4c '  z '

;p;; ;" l - f .  Counu^eHi{e onrr. iMa,r iHoft r ,{ouIaAI'  cerleH14f no,l iocoB ripl{ H3-

MepeHLrgX Ha rroJrorHax H Ha MOAe,' IbHOM O6pasue cBHAeTe"IbcrByeT o cylqe-

""sosun"" 
o6ulrax 3aKOIHOMepHocrefi  pacnpeAe'teiHl l f l  MafHI4THOfO IIOTOKa

B H3AeJIHII f lpl4 LIaMafH14!' | , .BAHH]{1- ero [plIcTaBHbrM MarHtiroM cofJlacHo

p*.1O. Bo,rbe BbrcoK[e 3HaqeHLIf pa3MarHurII4Baloulefo ToKa Ko3pUI.IrI ' {Mer-

pa, nolyqeHHbre AJtf l  no,r loTeH, O6y.cnoo,leubl I{eKoTOpbIM pa3"I l{ql4eM leoMeT-

puI{ MoAe'lbHoro o6pas(a H H3Ae.li l l f l '
Pesy,rt 'rarr,t I4cc,,IeAoBaHu'I no3BoJI' lrcT peKoMe}I.[oBaTb Ko3puilTuMeTp

I{144,\4.i AJIfl KoHrpo,rx r,ry6nHlr 3aKa'leHHoro cJlofl no"IoreH 'n:i ipg:l i '

I Ipi.r ucno,rnsosanul] cneq"anutro cKoxcTpyl4poBaHHOrO fipLIcTaBI-IOrO 
_3JIeK-

rpoMarHl4ra A,IIfl Aocrla')KeHafl llyxHoii rlyBcrBl'ire'1:-1::1" tr'IeroAa K l{sMe-

.rLn"r r,ry6tru,atr 3aKa,TeHHofo c,'Iofl p?3Mepbl, ' 'or]ocoB 3JIeKrpoMatll l lra'

l o x e o s 6 y x < A e H I ' I t l $ e p p o : o r l 4 o n o r o n p e o 6 p a s o B a r e J l f l ' u H a M a f H I ' i q l ' i B a I o -
ur"i i ,on. aon*no, 6sirf onruua,rrbHO no4o6pauH c yrreroM pa3MepoB I43.[ 'e-

,r{oHTpo,rIf I r 'rySuunt y|IporlHeHHO-

ua npbuseoAcrBeH[IoM o6r,'eAuse-

J r v r f l , ) v . . r , l y 6 , n n s t 3 a K a , ' I e H H o f o c J l o t { ' ' l
' ' i  'B'  sacfo; irq-ee npeufl  orII4caHHbIi i  rueroA

fo c,rof HaxoAHTCfl B CTaAlu BFIe,{,peHI' l f

u l l t  <<tr4)NMaul>>,
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