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GosflaHilG

ofl eKTp0TGxH[qGG[]lx GranGll

HanpaBreHh10 npoKarKN, a ocb HanpaB-

reHhfl cpeAHero HaMafqnql4BaHVn - nofl

yrnoM 90o K HanpaBreHil!o nporarril.

IocreAHile EBa HanpaBneHilr rexar
B nonepequoil nlrocKocn4 ry6a. TaKafl

reKcrypa nonyqfifia Ha3BaHile <pe6po-

Bafl)), IAI|U ((TOCCOBCKaf >.

llocre ny6n uKaWV coo6qeH iln

locca o pe3yn brarax ero pa6orut 6unu

npeAnoxeHbr MHorhe MeroAH nonyqeHilfl

TercrypoBaHHbrx crareil xologHoil npo-

KarKoia u orxr/roM l4). Carr,r [occ a 1937 r.

il3roroBr4r HoBbre o6pasqut, npil MeHflfl

npoKarKy nph reMneparype 800 oC, 
a

TaKXe OTlKl4r, XOnOfqHy0 npOKarKy tA

oKoHqarelr bH br il orxn r npil reMneparype

1100 oC. 
B 1938 r. XrMeHq npilMeHfia npil

n poKarKe nocfl efio Barer bH oe n o H il)fieH ile

TeMneparypbr, 3aKaHqhBafl npoqecc xo-

noguofr nporarroil. ilonyueuuutfr Mare-

pvan 3areM orxkl raj]cfi npil reM nepaType

1250 oC. B 1941, r. KapneHrep npegnolriln

o6eaynrepolrr4 Barb cnraB nepeA xonoA-

lroil nporarxoil orxNrom ropfl qeKaraHbtx

INCToB c HeyganeHHoil oRanvuofr il c no-

cneAylor4NM orxhroM npil reMneparype

800 "C s perynilpyerr,toil arr',roc$epe Anfl

npegorBpaqeHVn 3arpfl3HeHilfl. B pe-

3yn brare Bcex 3T14x ttccne4o aauufa 6 ul o
BbrflBreHo, qro Hailnyuunit pe3ynbrar

nonyqaercr npil KoM 6unilpoBaHLIil rerc-
Typl,lpoBaHufl MaTepl/,afia u oqilcTKl4 ero

Ha pa3n LIq H HX CTaAUfrX il3rOTOBreH ]Afli OT

BbtnraBKil no nocneAHero orxl{fa.
ll poM br ureH Hoe npokt3BoflcrBo reKC-

rypoaaHHofr rpaHcSopMaropllott cranu

6uno ocBoeH o a !940-1945 rr. cHaL{ara B

C[UA, a 3areM il B eBponeilcKtlx crpaHax.

B CCCP BalKHbte uccnefloBaHilfl no

paspa6orKe rexH ororvw npofi3Bo,qcrBa

xoro[HoKaranofr rpaHc$opMaropuoil

crarw 6anil BbrnorHeHbt a 1944-1945 rr.

[eurpar uuoil raao4crcofr na6oparop ueia

Bepx-[4cercxoro Merarlyprilqecroro 3a-

BoEa (B14M3) tA [eurparbHbtM HayqHo-

ucclegoBarer bcKtl M u+crwryroM qepnoil

Merannyprvu (UH1414tlM). Hecmorpn Ha

TO, qro npoil3BoACTBO XoJIo[HoKaraHOil

rpaHc$opMaropuofr crailu B CtllA ocy-

qecrBnffJrocb c 1942 ro,qa, ony6l h Ko-

BaHHbre [aHHbre o ee caoilcrBax n rex-

HOnOrilil npoLl3BorqcrBa oTcyTcTBoBarN.

I oeror',ry paapa6orKa v ocBoeH he n po-

lO.B. Llepuuxoe

Lr3Bo,qcrBa rpaHc$opt',taropHoil crafin

B CCCP 6azwpoBall ncb, B ocHoBHoM, Ha

AaHHbrx oreqecrBeHHbtx t4cclegoBaHViA.

llocre ygaq H btx na6oparopH blx 3Kcneph-

MeHToB cneqharilcrbt 814M3 h3roroEtAIttt

nepBylo e CCCP naprh ro xonogHorcarauofr

rpaHc$opMaropsoil cranu ronqilHoil

0,35 MM, VAerrbHbte norepil B roropoil

nph 8,=10000 [c u qacrore 50 l-q 6dnw

paBHat0,79h/rcr[5]. ,

B CoeercroM Coose MaccoBoe npo-

Lr3BoACrBo xonoAHoKarauoil rpaHc$op-

Maropuofr crafiv BnepBbte 6uuo opra+V-

30BaHo Ha IeH il H rpalcKoM cranenpoKar-

HoM 3aBoge B 1947 r. (nenra ron qil Hoil

0,08 MM), 3are rq a 1949 r. Ha HoBoct4 6wp'

cKoM MerarryprilqecroM 3aBoge (nucrul

Tonu{ilHoil 0,35 vt 0,50 r',rru). B Aanuueil-

ueM npoil3BoACTBo xoJIoAHoKarauoil

rpaHc$opuaropHoil crar w 6uno ocBoeHo

Ha MocKoBCKoM 3aBoge <<3leKTpocrar b>

(c repMilqecxoil o6pa6orroil B npornlK-

H brx neqax B arMoc$epe 3neKTporl t4Tt4qe-

cKoro Bogopo4a), Ha 3aBoAe <<3anopox-

crar b) t/ na MarH ilToropcKoM Merannyp-

rilqecKoM KoM 6wuare.

Tpanc$opMaropHafl crallb c pe6po-

eoil rercrypoil B pa3H btx crpaHax il3ro-

TaBJrilBaIacb noA pa3nilqHblM14 Ha3Ba-

HtAfrMtA (nanpHMep, B CCCP XBll, XT1B,

3310, )320,3330, 3330A), oAHaKo xt/1'

M14r.{ecrcril cocraB TaKhx craleil Bo Bcex

crpaHax noqril ogr4HaKoB (cogeplKaHile

KpeMHvtfr 2,8-3,5 %, octarbHoe - x(ene-

30 tA npruecr). Pasr nqve B MarHilTHbtx

csofrcrBax o6tncHnercfl creneHbo co-

BepueHCTBa reKcrypbl, coAeplKaH fieM

BpeAHbrx npiluecefr v oco6eHHocrflMN

peHilMoB xolrognoil npoKarKh tA repMil-
qecKo ilt o6pa6orKt4.

CurxeHhe BpeAHblx npruecefi (o6e-

3yrnepoxkt BaH ile Ao 0,005 olo), coBep-

ueHcTBoBaHr4e pelKilMoB BblnraBRtA,

xoroguoil npoKarrh vt repMNqecroil

o6pa6orltt, a raKxe yny.tueH ile KaL{e-

crBa noBepxHocil4 n03Bonwfiu K KoHqy

nRTUAeCflTblX rOIOB npoujloro crorerhfl

noBbrcl4Tb MaKcil Mar bHylo MarH hTHyto

npoH14qaeMocrb npoMbtutreuuoil TpaHC-

SopMaroptrofr crafiv c pe6poeofr reK-

crypon Ro 50000-60000 fcfl, a noreptl

Ha rilcrepe3Hc npil 8:15000 [c cHtt3tArb

go 0,4 hf rcr npil qacrore 50 I-q. AutA3o-

()xouuqHLte. Haqano cM.3n, Ng 1-2,

201i e.)

B pe3ynbrare MHoroqilcfleHHbtx 3KC-

nepilMeHToB, npoAeflaHHbrx B nepiloA

1930- 1935 rr., aMeph KaH croMy ttccnego-

Barer to tA wro6perarerro HopMaHy [. [oc-

cy (fur,lBreHA, rrrar Orar,to) ygarocs ny-

TeM flByrparuoil xorogttofr npoKarKil tA

repMoo6pa6orKt4 nonyq ilrb rpaHc$oprr,ra-

ropHyro crarb, 14MeBUyto npil coAeplKa-

Ht|tA KpeM HVfr 3-3,5 olo BeCbMa BblCOKile

MarHilTHbre csoilcrBa Brqonb HanpaBre-

HtAfl nporcarKil. Ha 3Ty rexHonorilo nM

6un nonyqeH nareHr CIUA Ne 1965559

<<3leKTporexH hqecKafl Ju4croBafl craJr b,

cnoco6 u o6opygoBaHile Anfl ee npo-

143BoACTBa n ilcnbtraHnfl>> (:anaxa

1933 F., o ny6n il Ko B a H o 1934 r., dBro p

H.[. l-occ, naretrroo6raflarenu - $hpMa
CoLd Metal Process) [1]. ComacHo 3roMy

nareHTy npoqecc il3roroBreHilfl cocroflI
t43 OTIKfi ra ropf qeKaraHoro Marepuana

nph reMneparype 900 oC, xoFtogHoff npo-

KarKil c yMeH bureH ileM Tol tqt4 H bt Ha 60 olo,

BTOp14L{HOrO OT}Kilra npr reMnepaType

900 oC, noBropnofr xoro4ttoil npoKarKkl

c yMeHbuJeHHeM roll4t4Hbl Ha 60 olo, or-

Hfira cHaqara npil reMneparype 1L00 "C,

a 3areM npil 700 oC gln yMeHbueHilfl

crape Hnfl. MaKCil Mar bHafl MarH vr+afl

npoH14qaeMocrb B nepBbrx o6pasqax

oroil crafiw cocraBJIflra 15000 fcf), wo

a 1.,5-Z paza Bbmle npoHtlqaeMocn4 ny.{-

ueil MapKh ropfl L{eKaraHofr rpaHcSopl,ta-

ropHofr crar v l2).
B 1937 r. aMepilKaHcxwia yveHulil

BwnbflMC B pe3ynbrare na6oparopHblx

tAccllego eaullfa [ora3afl, qro Bbtcorile

MarHilTHble xapaKTeplAcrt KtA crafiu, no-

nyqeuuoil H. loccou, o6tscHfl]orcff Ha-

finqileM B Heil HanpaBreHHoro pacno-

n olKe Hufl Kp 14 cran filAToB, n oflyq e H H o ro

npil onpegereHHbtx pelrilMax xoro4l-toil

nporarKil u repMoo6pa6otKil. B xonog-

HoKaranoil crafiu locca HanpaBleHre

flerroro HaMarHilLl nBaHVfl n HarMeHuueil

KoopqvrvBHoil cunbt B ee 3reMeHrapuofr

nL{eilrce (pe6po o6teMHo-qeHrpt4poBaH-

Horo ry6a KpficraJLIt rqecxoil peuerKil

t3]) coBna4aer c HanpaBneHileM npo-

KarKil, HanpaBreHHe rpyAHoro HaMar-

Ht4Lr nBaHVfr HaxoAt4Tcf noA yrnoM 55o K



a

rponilfl norepb 3H epruu crafiv c pe6po-

Boil reKcrypoil (orHoueHile norepb nofl

yrnoM 90o K norepflM no4 yrnoM 0o no

HanpaBreHilo npoKarKil) cocraBnfier

n p il Mep uo 2,5-3,0.

Hapn4y c BbrcoKLIMIA MarHNTHbrM14

csoilcrBaMil TeKCTypoBaHHbre cTafiu

ilMeor wtEt<wi,t xooQSilqileHr crapeHufr

(0-3 olo), BbrcoKylo nlracrilt{Hocrb, Bbt-

cow,uia roo$S vlutte HT 3a n or H e H ilfl tA B bt-

coroe KaqecrBo noBepxHocn4. IoBepx-

Hocrb reKcrypoBaH Hofr rpaucSoprvrarop-

uoil crar n, KaK npa Burlo, ilMeer Bbrcoxile

3neKTpotA3onfrqr/osuLre v aHTtAKoppo-

EUi,tHbre ceoilcrBa, nonyqaeMbte nyreM

cnellfiar bHor,t o6pa 6orKu.

Cnegyer orMerilTb, L{To npilMeHeHile

ctaneil, o6na4aoqilx MarH muoi,t aHtA-

3orpon ile il, rpe6ver raxoil KoHcrpylqvv

MarHilTonpoBofla, npvl roropoil MarHilT-

Hurfi noroK npoxogr4T TolbKo B HanpaB-

ile+un Hailnyq u ilx MarH ilTH btx caoilcrB,

T.e. B HanpaBreH vn nporcarKu. BbrnorHe-

Hile nocTaBreHHoro ycjroB14fl B03MoItHo

B pe3ynbrare nphMeHeHtAfl, HanpilMep,

reHToq H brx cepAeq H il KoB.

llpNMeHeHile reKcrypoBaHHbrx cra-

neia B MorqHbrx rpaHc$opMaropax no-

3BOrfleT yMeH bUr l/Tb nOTepil 3Hepril il Ha

20-30 olo, CHtt3uTb CTo 1/ M oCTb Tpa H cQop-

MaropoB Ha 5 olo, BeC - Ha 10 olo, d pacxorq

cralr n - Ha 20 olo. flfl TpaHcQopMaropoB

t',tarofr MoqHocn4 Bbu4rpbrru B Bece er4e

6onee 3HaqfiTereH.

Baxsuru Anff 3neKTpoMaufi Hocrpom-

rer bH brx 3aBoAoe (norpe6ilrerer,t) raKlKe

flBrlfreTCR il3rOTOBreH re 3neKTpOTeXH il-
qecrhx crareil p Bhfle reHTbr, cMoraH uoil

B pynoHbr, qTo n03BorReT MexaHil314po-

BaTb il aBTOMaTil314pOBaTb nOTOt{HOe npO-

14 3 BOECTBO H a 3TilX 3a BOEaX, a Ta KXe y

il3roToBilTeIfl Ha MeTaIIyprilqecKilx.

[.] ooro rr,ty H aq il H aff c 1940-1948 rr. cra -

ra uilpoKo nphMeHflrbcfl xonoAHafl py-

roHHafl nporarKa 3neKTporexHrqecroil

cTantA B BNAe reHTbr Ha HenpepbtBHbtx

urrt peBepcmBHbrx craHax. CosgaHile a4

npoMbrmreHHoe ocBoeHile B 30-50-x
roAax npourroro cTonerilfl xoaoAHoKa-

rauoil a+V3orponuoil 3neKrporexHilqe-

c ro il crar r,t c pe6po Bo fr re Kcrypo il 6uno

Bbrgaou.lr/MCfl AocTr4xeHheM B o6nacrw

paapa6orKr/ MarH ilToMfl rKilx Marep uarol,
oAHaKo pacuilpeHile o6nacrv ee npilMe-

HeHilfl 14 yBeflrqeHile KotltAqecTBa MapoK

Bblfl BtArltA HeKOTOpbte, He BCerAa nonolKl/-

TerbHbre, oco6eHHocrr4 ee Ncnorb3oBa-

HUfl, a TMeHHO:

o BbrcoKile MarHilTHbre cBoilcrga xo-

nogHoKarauoil crarv c pe6poeofr reKc-

rypo t/l n onyq a oTCfl roJr b Ko BAon b H a-

npaBjreHfifl npoKaTKil, B To BpeMfl KaK

[nfl MarHilTonpoBoAoB 3neKTp14qecKilx

Mau uH c KpyrnoN $opuofr craropa fi po-

ropa Heo6xo4r4Mo, qro6u all3orpo nnfr

MarHilTHbrx csoilcre 6ula MhH nwafibHa,

TaK KaK BbrnorHr4Tb rpe6ogaHile napan-

renbHocr4 Hanpa aneuwfA HaM arHwqil Ba-

HtAfl tA npoKaTKil B 3TOM Cnyqae AOCTa-

roLrHo rpygHo [6];
o MarH hrH bre csoilcrBa rpaHc$op-

Maropuoil crarn, ilMerouleil pe6poByro

reKcrypy, cufibHo yxynuaorcfl c yMeH b-

ueHileM ronqilHbr /reHrbr go 015-010 mm

h MeHee.

B cBere yxa3aHHbrx npilqilH yctAfivn

Ltccrlegoearereil 6unu HanpaBreHbr Ha

co3AaHile xonogHoKaranoil cranv, ilMe-

toqeil oAr4HaKoBo BbrcoKile MarHilTHbre

ceoilcrBa KaK BEonb HanpaBreHilr npo-

KarKH, TaK t4 nonepeK ero, u npil 3roM

He"Tepf oqer/1 cBol/ MarHilTHbre xapaKTe-

ptAcTtAKtA npil yMeH buleH h n rorlu_[1/ H bt xo-

noEHoKarauoil reHTbr 4o 0,1 MM h MeHee.

lA raKafl il3orpon Hafl xonoAHoKaraHar

crans 6sua co3.qaHa.

B 1956 r. H e M e qrcwh ttcclego B arel b

opr/l q Accr'/lyc n ero Korrerfi no pa6ore

B $r,tpr',re <BaKyyMuIMerbqe)) (r. Xauay,

3eMrfl leccen) npoBeril na6oparopHbre

]lCCneIOBaHUfl, B pe3yn bTaTe KOTOpbtX

6ana nonyLteHa crarb B Bhge JIeHTbt ro/t-
qrHott 0,04 mu c AocraroqHo BbrcoKuMtA

MarHhrHbrM14 csoilcrBaMil KaK BIolb,
TaK U nonepeK HanpaBreHhfl npoKarKh.

IonyveuHufr oQQerr B aroil crafiv 6un

nocn4rHyr 3a cqer roro, qro B uefr 6uua

c$opM14poBaHa ny6wLlecKar reKcrypa

M erarr a. l-l p N ra ro il re Kcrype BEon b v

nonepeK HanpaBneHilfl npoKaTKil opmeH-

n4 pyrorcn pe6pa o6beM Ho- qeHrpLr poBaH-

Horo ny6a Kpilcran nnqecrcofr peuerKil

(uanpaBneH ilfl nerKoro HaMarHilL{ nla+ufl
B ee 3reMeHrapuoil Fqera xe) l7l. B xax-

AoM tA3 Hr4x 3lexTpoMarHilTHbre cBotZcrea

cranlA c ny6wqecroil rercrypofr aHa-

norwqHbr caoilcrBaM crafin c pe6poaofr

reKcTypofr s HanpaBreH un npoKarKil.

B npoqecce :rvx na6oparopH brx tAc-

cne4o eauufa cBepxroH Kafl 3neKTporex-

H14L{ecKafl neHTa c rcy6ilqecroil rercrypofr
6una nonyLreHa cnoco6oM MHororparuoil

xorogHofr npoKarKil c o6xarNem 50-
60 olo c KoHeqHuu o6xhroM B aroMapHoM

cyxoM Bogopole npil reMneparype L100-

1300 oC c npilMeHeHreM ra3onomorilre-

neit il Karalril3aropoB.

B roH rle 1957 r. B CIJJA oguoBpeMeH-

Ho ABe Srpmu <<flxeHepan 3nexrptAK>> tA

<<BecrrHray3 3neKTp14K) nonyq vrv nep-

Bbre reHrbr ronqilHoil 03f MM v 0,02-
0,03 MM, 14MeBUile rcy6taqecKhe reKcrypbr

14 BbrcoKrre MarHhrHbre ceoilcrBa.

B 1958-1960 rr. B CCCP, B qH WWY.ll/r w

VparbcKoM HIAIAHM raKlxe npoBo4ilnilcb

3KCnepNMeHTbr C qenbo nonyqeHilfl cTa-

IIA c xy6wL{ ec Ko il re Kcrypo fA . B pe3yn bra-

re 6brra npegnolKeHa crarb MapKil 3CTA

c Bbrcoroil MarH wnoia npoH14rlaeMocrbro

Ut o=3000-4000 lc/); 1t,=30000-40000
lcfi) n Hilgr(oil Ko3p\tArtAeHofi cunoi,t

(Hr:0,08 3) KaK BAoJlb, raK h nonepeK Ha-

npaBneHhfl npoKarKil nph TonqilHe reH-

rsr 005-0,10 rr,ru [8].
Cnegyer orMeTNTb, Lrro B KoHqe 50-x

rogos XX BeKa B t',trponofr nparcrilKe or-

cyrcrBoBara HaAelKHafl TexHonorNfl npo-

MbrlrleHHoro npoil3Bo4crBa rpaHc$op-

Maropuofr crafiv c t<y6uqecrofr reKcry-

po14 B BilAe reHTbr, il ee eue npeflcToflno

co 3,qarb.

Taxr m o6pasoM, B nepeofr nolroBh He

npoulroro cror ernfl 6anr co34aHbr 14 oc-

BOeHbr B npoMbrrureHHoM npoil3BoACTBe

3neKTporexHilqecKNe crafin, o6naflao-

I4ile BbICOKIAMU MarH }llTH.bllyi.l(, 3neKTpl4-

qecxh MtA tA MexaHhqecrchM14 ceofrcraaMh.

Bnepegra 6un ilonrui,t u ycneuuufr nyrb

ycoBepueHCTBo BaHufl, HanpaBreH u sl il

Ha noBbrueHile KaqecrBa 3Thx crarefr

nyreM yMeHbuJeHilfl B Hl/x BpeflHbrx npN-

meceil, paspa6orrr4 tA ilcnor b3oBa HVfr

onrilMarbHbrx pelKhMoB npoKarKr il Tep-

M r/L{ecro ilt o6pa6orKn, Ho 3To - TeMa y}Ke

Apyro iA cratbvt.
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