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VY crarti po3riSHYTO BIUIMB €JIEKTPHUYHUX MapamerpiB, a caMe T'YCTHHH CTPYMY, HIIIApYBaTOCTI IMITYNIBCIB i
YaCTOTHU TIPH €JEKTPONIITAYHOMY HAaHECEHHI ITOKPHUTTIB Ha MPOLEHTHHI 3MIiCT KOMITOHEHTIB CIUIaBiB 3aii3o-pocdop Ta
3aJ1i30-Hikenb-pocdop. OTpuMaHi 3aIEKHOCTI JTO3BOJSIOTH BU3HAYMTH ePEKTUBHI eNeKTpuuHi mapamerpu (TyCTHHY
CTpyMy, LIIapyBaTiCTh, YaCTOTY), IO BIUIMBAIOTH Ha KOHIEHTpamio ¢ochopy B ciuiaBax 3amizo-dochop i 3amizo-
Hikenb-(pochop B 3a1aHuX Aiania3oHax MpH eIEKTPOTITUIHOMY HAHECEHH] IIOKPHUTTIB.

Karwu4oBi ciioBa: cTpykTypa, MeTaiH, €IEeKTPOIITUYHE HOKPHUTTA, 3aiizodochopHuil cruias, Hikenb, aMOp(HUA,

IMITYJIECHUH CTPYM.

Cmamms nocmynuna 0o pedakyii’ 01.10.2011; npuiinama oo opyky 15.12.2011.

Beryn
OTpuMaHHs ~ pi3HHUX TIOKPHUTTIB, 0COOJIUBO
O0araroQyHKI[IOHAIILHUX, Ma€  BEIIUKE  IPaKTUYHE

3HA4YeHHs 1, 0E3YMOBHO, MPEACTABIIsIE HAYKOBHUIA 1HTEpEC.
OaHUM 3 TIEPCIEKTUBHUX HAMPSAMIB  3aCTOCYBaHHS
TOHKHX IUTIBOK € BHKOPHCTaHHs CIuiaBiB. He BHKIHKae
CyMHIBY, 10 Ha BJIACTUBOCTI CIUIABIB  BIUIUBAE
KOHLIEHTpAIlisl HOro CKJIAJ0BHX, CTPYKTypa, B3a€MOJis
KOMIIOHEHTIB 1 T.]I.

He pauBnsunMch Ha BENHMKY KUIBKICTH METOJIB
HAJIIBUAKOTO OXOJIOJDKYBaHHS pO3IUIaBIB 3 METOIO
OTPUMAaHHS HEPIBHOBAXXHUX CTaHIB B METAJICBUX CIIaBaX
BCce OUIbIIE IMONIMPIOETBCS METOJN  EJIEKTPOIITHYHOTO
OTpPUMAaHHS CIUIaBIB, a came, IMITYJTBCHUH
(HecTamioHapHU#)  €IEKTPONi3, M0  IHTEHCHBHO
PO3BUBAETHCA B OCTAHHI NECATHIITTSA. 3HAUHHUIA iHTEpecC
0 ILOTO METOAY BHUKJIMKAHHH HE TUIBKH HOTO
BIIHOCHOIO HECKJIAJHICTIO 1 eHeproe()eKTUBHICTIO, aie i
LIMPOKHUMHU MOXKJIMBOCTSIMH, sIKi BiH HaJlae B YIIpaBJIiHHI
KIHETHKOIO KPUCTAJTi3allii CIUIaBiB 1, BIIIOBIHO, 3MiHI iX
(i31KO-XiMIYHUX BIIACTUBOCTEH.

YupaBimiHHSA ~— BJIACTUBOCTSIMH  CJICKTPONITHYHHUX
CIUIaBiB 3JIMCHIOETHCS 3a JIOTIOMOTOI0 TAKHX HapaMeTpiB
IMITYJILCHOTO CTPYMY. CEPEIHBOI T'YCTHHH CTPyMY |,
YacTOTH TPOXOJpKeHHs immyneciB f , mmapyBaTocri
iMynsciB Q (BiAHOIIEHHS MEPiOAy iMITYIbCY A0 HOro
TpuBanocti). HeoOXiaHO BiA3HAYMTH, IO BapirOBaHHSI
YacTOTOI0 1 INMApYyBaTICTIO IMIYJIBCHOI'O CTPYMY
JI03BOJISIE  TIOBHOIO MIpOIO PO3KPUTH BCi TepeBaru
BUKOPDHCTaHHS  HECTAI[lOHAPHOTO  ENIEKTPONi3y B
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MOPIBHSHHI i3 CTalioHapHUM. 3MiHA X CepenHbOl
TYCTUHUA CTPYyMY HE JI03BOJISIE OCSTTH TaKOro e(pexTy
BHACJIIOK TOrO, IO EJEKTPOINITH, 3 SKHX BENETHCS
€JIEKTPOKPUCTATII3AIlisl CIUIABIB, IPAIIOIOTh Y BY3BKHX
iHTepBajlax TYCTHHM CTPYMIiB 3a BIACYTHOCTI ix
MiIIrpiBy.

JloClmipKeHHIO BIUIMBY IMITYJIBCHOTO CTpyMy Ha
CTPYKTYpPY 1 (ha30BHiA CKIaJ CIEKTPOIITHYHUX ILTIBOK
OyJI0 IPUCBSYEHO HU3KY POOIT, B SIKUX BCTAHOBIIIOETHCS
3B'S30K MiX TapaMeTpaMy IMITYJIBCHOTO —CTPYyMY,
KaToAHOW  monsipu3amiero 1 (i3UKO-XIMIYHUMHU
BJIACTUBOCTSIMH €JIEKTPOOCaDKeHUX cruiais [1-3].

XiMiyHHM{A aHAJI3 IUTIBOK MMOKa3aB, IO Ha iX (a3oBy
OyIOBY CYTTEBO BIUIMBAE BMICT (ocdopy B CILIABI, KU
y CBOI0 4epry 3aJIeXHTh BiJ MapaMeTpiB iMITyIbCHOTO
CTpyMy, 32  JONOMOTOK  SKOTO  TPOBOJHUTHCS
CIIEKTPOKpUCTATi3allisl CiuiaBiB. OJHAK y 3a3HAYCHHX
BHUIIIE CTATTSIX HE BH3HAYEHI KiJIbKICHI 3aJIE)KHOCTI MIiX
rapameTpamMH IMITyJIbCHOTO CTPYMY Ta KOHIIEHTpAIli€ro
KOMITOHEHTIB Yy CIIIaBax.

TakuM YHHOM, METOI NPEACTABICHOI POOOTH €
BU3HAUYEHHS BIUIMBY EJIEKTPUYHHUX IapaMeTpiB, a came
TYCTUHUA CTPyMYy, IIIapyBaTOCTi IMITYNBCIB 1 4YacTOTH
NpU  €JIEKTPONITHYHOMY HAHECEHHI IIOKPHUTTIB Ha
MIPOIICHTHHUI 3MiCT KOMITOHEHTIB CILIaBiB 3aiti30-(ocdop
1 3a5mi30-Hikenb-hochop.

Jnst  mocmimkens, Oynmu  BuUOpaHi  CIUTaBH, IO
BITHOCATBCS JIO CHCTEMH Meraji-meranoin Fe- P i
Fe- Ni- P. Bubip nux cIuiaBiB MOB'SI3aHUI 3 THUM, IIIO
BOHH € TEPCIEeKTUBHUMH Matepiamamu [4-6] y skocri
OTPUMAaHHS IOKPHUTTIB, IO BOJIOJIIOTH OCOOJIMBHMHU
(i3UKO-XIMIYHUMH ~ BJIACTUBOCTSMHU: 3HOCO-  Ta
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KOpPO3iHHOI  CTIHKICTIO, OCOOJMBAMH MATrHITHUMH
XapaKTePUCTUKAMH, IO JO3BOJISIE IM 3HAXOAUTU LIUPOKE
3aCTOCYBaHHSl IIPH BUTOTOBJIEHHI HOCIiB iH(opMaIlii,
Cep/ICUHUKIB  BHCOKOYACTOTHUX  TpaHCHOPMAaTOPIB,
3aXUCHUX eKpaHiB BiJl €JIEKTPOMArHiTHOTO
BUTNpoMiHIOBaHHs. [IpuumHM OCOOSMBHX BIIACTUBOCTEH
OTPUMYBAHHX TOKPUTTIB TOB'sI3aHi 3 THUM, IO B CIUIaBax
MPUCYTHIH  MeTanoin dbochop, 3amexHO BiA
KOHLIEHTpalii SKOro CTPyKTypa Yy CIUIaBiB, IO
(bopMyeThCs, MOXKE OYTH KPUCTATIYHOIO, aMOP(PHOIO a0
3MIIIaHOIO — aMOP(HO-KPHUCTATIYHOIO.

|. MeTonnka ekcriepuMeHTy

Jus OTpUMAaHHS CIIaBiB Fe- P i
Fe- Ni- P BukopucroByBanmu cynbdarHi com 3aimiza i
HIKEJI0, Y AKOCTI TOOABKM BUCTYIIAIOUOI B PO JOHOpA
¢docdopy BHUKOpHCTOBYBaM cinb rinodocdity HaTpito.
Enexktponité  Mamu  HactymHud  ckimax  (o/nm):
FesO, X7H,0- 220; NiSO,»*’H,0-80; H,BO,- 20;
Na,PQO, - 8...12. Kopexkuia xucnorHocti pH = 2...2,5
H,0,.
OcamkeHHs1 ipoBoIwiIN mpu Temmepatypi 293...298 K
NPSMOKYTHHMHU  IMITyJIbCaMH  CTPYMY 3  YacTOTOIO
30...1000 I'n i mmapyBaticTio iMIyInbciB Bifg 2 no 32 ta
CepenHBOI0  TycTHHOIO — ctpymy  15..4  A/mvA
[opiBHSHHS NMPOBOAWJIM 13 CIUIaBaMH, OTPUMAaHUMH 32
JIOTTIOMOT'OK0 ~ MOCTiHHOrOo cTpymMy. @as3oBuil  CKian
BH3HAYAIIM Ha PEHTTeHiBChKOMY audpaktomerpi JJPOH-
3.0 y wmoHoxpomatuszoBanomy Co- Ka, Cu- Ka
BUTNIpOMiHIOBaHHI. EjleMeHTHWI ckimaj Bu3HAYanu Ha
peHtreniBcbkux crekrpomerpax VRA 20, VRA 30
LUISIXOM BUMIpPY 1HTEHCHUBHOCTI aHaimiTHYHMX JiHiH Ko
JUTS eeMEHTIB 3aui3a Ta Hikeno (35 kB, W — anon) i amst
dochopy (Rh — anom). MikpoTBepaicTh BUMIpPIOBATIH Ha
npwiani [IMT-3 npu HaBaHTaXkeHHi Ha iHmeHTop 0,2 H.

3MiMCHIOBANIM  JoJaBaHHsIM 5%  po3umHy

1. EnemenTn Teopii

Benuky mnpakTHuHy LiHHICTP Ma€ BHU3HAUYEHHS
3MiCTy KOHIIeHTpallii ¢ochopy B cruiaBax 3aiizo-dochop
i 3ami30 -Hikenb-hochop MO mapamerpax IMITYIbCHOTO
CTpyMy, WO JIO3BOJIIE MPOTHO3YBATH  CTPYKTYPY
MeTaJeBUX IUTIBOK, SIKi pOPMYIOTHCS Ta IX BIACTHUBOCTI.

Jlis BUpILIEHHS TIOCTaBJICHOI 3a]iadi MPOIIOHYETHCS
BUKOPDHCTOBYBAaTH  IHTEpHOJLLiiHY  QopMmyrty  ais
BU3Ha4YeHHS (yHKIH Oarathox 3minaux [7-10]. Cyts
METOIy MOJsrae B HACTYyIHOMY. Po3risHemo ¢yHKIIO
P, sanmexny Bix N s3mimaumx f,Q, | i T.1. 3HaueHHs

X=X

f=1f,, Q=Q,, J=];mm s
HA3UBAaTUMEMO (hIKCOBAHUMH 3HAYCHHSIMHM BiIITOBIIHUX
3MiHHHX. BBenemo ¢yHkuito oxHiel 3MiHHOT

Pl(f)=P(f,Q¢,j¢,____,X¢)
R(Q)= P(fq,,Q, jq),...,xq))
(j):P(fq,qu),j,...,Xq))

rapamerpiB

D)
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R 3
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Puc. 1. 3anexHicTb KoHIEHTpalil Gochopy B cruiaBi
(Fe- P) Bix: a— mmapysarocti, 6 — yacTotH, B —
TYCTHHH CTPYMY.

P

(X)=P(F,.Q,. 0 X) 4

SIK BiIOMO, METOJ] IHTEPIIOJIALLT ITOJIATA€E B TOMY, IO
Opyd He Oy)Xe CWIbHIA 3MiHi mapamerpis f,Q, j,t
noOau3y  BIANOBIAHUX 3Ha4YeHb (YHKIIIO MOXKHA
aNpOKCUMYBATH HACTYITHUM BHTJISIOM

(1. j1) = ﬂ(;)(ff)f@:--)ﬁ (4

Heo6xinno migkpeciuty, 1o Bupas (5) moxe Oytu
BUKOPDHCTaHWM, SK IHTEpHONsLiiHE 1pu  0OpoOIi
MPOIICCIB  JOBITBHOTO THITY, 3aJIGKHUX BIiJl BEIHKOI
KUTbKOCTI 3MiHHMX. HeoOXigHOI YMOBOKO € Te, IO

(5)
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Puc. 2. 3anexnicte koHueHTpauii ¢pocdopy B cruiasi
(Fe- Ni- P) Bix: a—mmapysarocTi, 6 —9acToTH, B
— FYCTHHH CTPYMY.

sminai f, Q, j,t moBHHHI OyTH HE3aJIEKHUMH.
VY skocti (ikcoBaHMX 3HaueHb Oynu BHOpaHi
cepenHs TycTMHA CTpymy j, =3 Almv? s Fe- P

cmasy i j, =15 Alnv® mis Fe- Ni- P, wacrora
f =1000 T'm i mmapyBaricte Q=2. Ilpu BHUOOpI
(ikCcOBaHMX 3HA4YEHb BHUXOJAWIIM 3 TOTO, IIO MPH JaHid
YacTOTi 1 IMapyBaTOCTI CTPYMY BEJIHMYUHA MEPECHUCHHS
Ha TOBEPXHi KaToJa JOCSITa€ TaKUX K€ 3Ha4YeHb, IO 1
NpU TIpOIECi ENEeKTPOKpUCTANi3allii, 110 MpOTiKae Ha
nocriiHomy crtpymi. Ile mnpusBomuTh 10 TOrO, WIO
KOHIIEHTpallis  ¢ochopy B CIUIaBax, OTPHUMAHHUX
IMITYJILCHAM CTPYMOM, MaJIO YUM BiJPi3HSETHCS BiJ| HOro
KOHIICHTpallii B IUTIBKaX, OTPUMAaHHUX Ha MOCTIHHOMY
cTpymi. Sk 3ragyBasiocsi paHille CTalliOHAPHHUN PEXHUM
oca/pkeHHsl (MOCTIHHUIA CTPyM) € OKPEeMHM BHIIAIKOM
IMITYJIBCHOTO.

@®opmyna (5) mas  3HAXOKEHHS KOHIEHTpAIl
¢docdopy B cmnaBax, sk (YHKIiS HapameTpiB CTpyMy
IpuitMae BUIJIAL

(1.0 )= PLPQ*0)

. 2
P (,:Qy)
Ae P —mykaHa koHueHTpauis pochopy B cruiasi; P, —

: (6)

KoHIeHTpalis (ochopy B CIUIaBi, OTPUMaHA MPH
(ikCOBaHMX 3HAYEHHSX YAaCTOTH, LINAPYBaTOCTi, TYCTHHI

CTpyMY; P( f) — KoHueHtpauis ¢Qochopy npu
BHOpPaHOMY 3HAYEHHI 4acTOTH i (iKCOBAaHMX 3HAYCHHSIX
PEIITH apaMeTpPiB eICKTPOOCaHKCHHS, P(Q) i P(j) -

(GyHKIIT U1 BUOpaHUX 3HAYEHB IITIAPYBATOCTI 1 TYCTHHU
CTpYMY BI/IOBiTHO IpU (PiKCOBaHIHM penITi mnapameTpis.

[11.O6roBopenHs pe3yJbTaTiB

B pesynbrari mpoBeneHMX EKCIIEPUMEHTIB OyiIu
OTpUMaHi 3aJEeXKHOCTI KOHUeHTpauii ¢ocdopy Bix
YacTOTH, IINAapyBaTOCTi, TYCTHHU cTpyMy. Ha mincrasi
IUX 3aliexHocTell Oymum moOynmoBaHi rpadiku  uis

GyHKIH P( f ), P(Q) , P(j) (puc. 1-2) Ta 3a MmeTomOM

HaliMEHIMX KBaJpaTiB Oymu mmifiOpaHi MOJIHOMH, IO
ormucytoTh 1i pyHkuii. [TopiBHIHHS eKCIIEpUMEHTAIBHIX
JMAHUX CKIAIiB CIUIaBiB 3aiizo-(ocdop, 3ami3o-Hikenb-
¢dochop 3 pe3ynbraTaMu, OTPUMAHUMU 3aBISKH (GopMyIti
(6), mpuBenmeni B Tabmmmsmx 1,2. YV cipux KoMipkax
TIpe/ICTaBIIeHI pe3ynbTaTy, OTpUMaHi
€KCIIEPUMEHTAIIBHO.

AHAITHYHI BUPA3H 3aJICKHOCTI KOHIIEHTpaIlii ¢hochopy
B ciuasi (Fe- P) maroth BUIIISA:

BiJl IIITAPYyBATOCTI

P(Q) =19.95- 0.51Q +0.013Q” -

0.22X0°°Q%- 0.260°Q*,

BiJI YacTOTH
P(f)=12.91+002f - 309:X40°° 2 +2.02X40°° %~ 462402 f*,

BiJl TYCTHHH

CTpyMy

P(j)=3288-47]j.
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Taoauus 1
[TopiBHSHHS EKCIIEPUMEHTATIBHUX MAaHUX 3 PO3PAXYHKOBUMH CKJIAJIIB CILIABIB 3a1i30-(hocdop
Q
f I 2 4 8 16 32
20 14 135 12.4 11.1 10.52
13.6 13 12 10.74 9.88
200 16.6 15.8 14.6 13 12.3
16.2 15.6 14.3 12.78 11.77
18.4 17.6 16.2 14.5 13.7
1000 19 18.3 16.8 15 13.8
Taoauus 2
[opiBHSIHHS eKCIIEPUMEHTAIIBHUX JaHUX 3 PO3PaXyHKOBUMH CKIIAJiB CIUIABIB 3aJ1i30-Hikenb-pocdop
Q
f I 2 4 8 16 32
30 15.2 13.83 12 10.7 9.8
14 12.74 11.3 9.94 9.74
200 194 17.63 15.3 13.6 12.5
18 16.38 14.31 12.78 12.51
1000 21.4 19.49 16.97 15.1 13.88
20 18.2 15.9 14.2 13.9

AHAITUYHI BUPA3H 3aJIKHOCTI KOHIIEHTpaIlii ¢hochopy

B cruasi (Fe- Ni- P) marors Burymsi:

BiJl IITAPyBaTOCTI
P(Q) =22.32- 1.31Q+0.078Q° - 0.0021Q° +0.20540“Q*,
BIJl 4aCTOTH
P(f)=19.9- 7.03> °**

BiJl TYCTUHH CTPYMY
P(j)=3842- 11.87]

Y  HaBemeHMX — TaOMMUSX Yy ~ 3HAMEHHHKY
TIpe/ICTaBIIeHI eKCIIepUMEHTAJIbHI 3HAYCHHH, y
YHCENIbHUKY — 3HA4YeHHs, SKI OTpUMaHi B pe3yJbTaTi
PO3paxyHKy 3a 3arpoIIOHOBAHOI0 MOJIEILIIO.

3 mpencraBieHuX y TaONUISX pe3yJbTaTiB BUIHO,
mo Bupas (6) 103BosIE po3paxyBaTH — 3HAYEHHS
KoHIeHTpalii ¢dochopy i3 3aJ0BUIBHUM CTYIICHEM
TOYHOCTI IPU 3MiHI OIHOYACHO JEKUIBKOX IapaMerpiB
MIPOTH iX (PIKCOBAHMX 3HAYCHD.

PenrtrenocTpykTypHuii aHaii3 Hokas3aB, IIO CIUIABH
XapaKTepU3ylThCs aMOP(HOIO CTPYKTYPOIO, TPO WIO0
CBimunTh amopdHe TrajJo Ha  Micli  HEpIIoro
IUdpaKkmifHOro MakCUMyMy. PeHTreHocreKTpanibHui
aHaJli3 TOBEPXHI IUTIBOK I10Ka3aB, IO KOHLEHTpAIis
¢dochopy B cruaBax 3aimizo-hochop ckiana 20 at. %, a B
cruiaBax 3aji3o-Hikenb-pocdop 21 at. %. IIpu nepexoni
0 IMIOYJIBCHUX PEXHMIB EJIEKTPOOCAKEHHS Oyio
BCTaHOBJIEHO, 110 npu yacrorax 1000 ' i mmapysarocrti
2 y 000X CIuIaBiB croctepiragacs aMmopdHa CTpyKTypa, a
3MicT dochopy OYB TaKuM ke, 5K 1 y IUTIBOK, OTPHUMAHUX
Ha TIOCTIHHOMY CTpyMmi. 3MEHIIEHHS JK YacTOTH
imMmmysbeHoro ctpymy 3 1000 I'm mo 30 I'ip i 30iIbIICHHS
IITapyBaTOCTI IMIYABCIB 3 2 10 32 NPUBOIUTH IO
3MeHILeHHs 3MicTy Gocdopy B cruaBax 1o 10...12 at. %
y Fe- P ip109...12 ar. %y Fe- Ni- P. 3meHmeHHs
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3Micty Qochopy TO3HAYMIOCA Ha 3MiHI CTPYKTYpH
nokputTiB. [Ipu xoHnenTpauii pocpopy menme 13 at. %
i 15 ar. % BigmoBimHO, Ha JupakTOrpami OKpiM
aMOp(HOTr0 TaJl0 CIOCTEPITaluCS BiJI3epKaJICHHS BiX
MU(paKIiiHUX TUIONIMH 3 MaJIUMU iHAEeKcaMu. Pa3om 3
aMOp(HOIO  CTPYKTYpOlO, IO  XapaKTepU3yETHCS
OmmwkuiM  mopsakoM  [11]  crama  dopmyBaTucs
KpHCTaJIiuHa CTPYKTypa CIUIaBy, AJIsl SIKif XapaKTepHHIH
JANIBHIA TTOPSJIOK po3TalryBaHHs aromiB. OTpumyBaHi
CIUIaBM  XapaKTEePU3YBAJMCS  HASBHICTIO  3MIIaHOI
CTpYKTypH — aMmopdHo-KpucTaiiuHoro. [loganmbiie
3HW)KEHHS 4YacTOTH 1 30UNbIIEHHS  [INapyBaTOCTI
NPU3BOAMIO A0 TOrO, MO KOHIEHTPAIlsl METaJloidy
sMenmmunacs B cmwiasi Fe- P go 9...10 ar. %, a B
craBi Fe- Ni- P no 8.5...9.5 ar. %. 3HikeHHs 3micTy
¢dochopy MPUBOAMIO IO 3MEHIICHHS aMOpP(HOI YaCTKU
CrIaBy i 301IbIIEHHS Horo kpucraniyuoi. [Ipu BkazaHux
BUIIIE KOHIIEHTPAISIX CTPYKTypa CIUIaBiB OyJia OBHICTIO
KPHCTAJIIYHOIO.

YTBOpeHHsT aMOpP(HOI CTPYKTYypH y CIUIaBiB IpH
CJICKTPOKPUCTATI3AIli MOB'I3aHe 3 TUM, IO Y MOMECHT
3apOKEHHsI 1 3pOCTaHHsS KpUCTaJiB HOBOi (a3u Ha
MOBEpXHI KaToAa MapaJieIbHO TIIPOTIKAE  peakIis
BigHOBIIEHHS pocdopy [1] 3 comi rimodocdita HATPirO 10
aroMapHoro crany. Ile BIJHOBJEHHS  TIPOTIKa€e
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AKTHUBHIIIIC HA HEMTACMBOBAHUX (HE MIOKPUTHX OKCHIAMH i
TiJPOOKHUCAMH) KATATITHYHO aKTHBHHX IOBEPXHSX.
I'pani kpucraiis, 1m0 POCTYTh, caM€ 1 NPENCTaBISIOTH
TakKi ToBepxHi. B pe3ynbrari BigHOBIEHHA (Qochopy Ha
TpaHiX KpHUCTaJiB, IO pOCTYTh, BiNOyBaeThCs ixX
racuBallisi, BOHM IOYMHAIOTH Tiplie IPOBOJHUTH
CIICKTPUIHHN CTPYM, BiTIOBITHO TOCTABKA 10HIB METAJIIB
3 PO3UMHY EJIEKTPONITY /0 IX IMOBEPXHI 3MEHIIYETHCS 1
Lle TMPHUBOJUTH CIOYATKYy JO 3MEHIIEHHS X IIBUAKOCTI
POCTY, a TOTIM i JI0 OO MMOBHOTO MPUITUHCHHS.

3HmkeHHs 3MicTty (¢ochopy B cCIUlaBax IpH
3HW)KEHHI 4YacTOTH 1 30UIBIIEHHI  IIMapyBaTOCTI
MOB'si3aHE 3 THUM, LI0 TYCTHHA CTPYMY B IMITYJbCI
3pOCTag, TOJI SIK CEPEAHs T'YCTHHA CTPYMY 3aJIMIIAETHCS
HE3MIHHOIO, CTpYM e po3psay ioHiB ¢ochopy npu
LBOMY JIOCSTA@€E CBOTO MAaKCUMAaJbHOIO 3HA4YeHHs, 1
PO3psiI 10HIB BiIOYBAa€ThCS B PEKUMI HACHYEHHS, TOJI 5K
CTPYMH PO3PsIly OCHOBHHX METAJIB IIbOI'O CTaHy ILie He
nocsararoTh. KpiM Toro, HEOoOXiTHO BiI3HAYUTH, IIO i3
30UTBIIEHHSM IIITAPYBAaTOCTI 1 3MEHIIEHHSM YacTOTH
3MEHIIYETHCSI BHUXIJ 1O cTpyMy MeTaniB mo 60 % 3a
pPaxyHOK TOr0, IIO 30UTBIIYETHCS YaCTKa CTPYMY BOJHIO.
Ha moBepxHi KaToma CIIOCTEpITra€ThCsi IHTEHCHBHE
BUMUTEHHS BoAHIO [12], OynpOamikd BOMHIO, IO
YTBOPIOIOTHCSI HAa TOBEPXHI IUIIBKHA II€PEIIKO/IKAIOTh
BigHOBNIEHHIO (ochopy, a BIINOBIAHO 3HIWXKYE HOTO
KOHLISHTPALIIO B CIUIaBI.

BigmiTHOIO 0COONMBICTIO (OpPMYBaHHS aMOphHHUX
CIUIaBiB B IMITYyIbCHHX pEKUMax BiJl OTPUMAaHUX B
CTalliOHApDHUX YMOBaX € Te, 10 aMOphHY CTPYKTYpY
BIA€ThCS OTPUMATH IIPU MEHIIMX KOHIEHTpAIlisIx
¢dochopy. Hns Fe- P cmaBiB mpu yactotax i
mmapyBaroctsx piBHux BignosigHo 30 i 4 'y amopdua
CTpYKTypa crocrepiraiacs mnpu 3MicTi ¢ocdopy 13 ar.
%, Tomi sK CIUTaBHM, OTPHMaHI Ha TOCTIHHOMY CTpyMi, 3
TakuM 3MicToM (pocopy XapakTepu3yBajvcs HAsSBHICTIO
aMOp(HO-KpUCTANIIYHOI  CTpyKTypu. Jlid  cruiaBiB
Fe- Ni- P mpu pexumax ocamkxenas 200 I'm i 8
aMophHa CTpPYyKTypa CcIocTepirajgacs TpH 3HIKEHHI
KOHIIeHTpallii MeTanmoiny a0 15 at. %, Ha HOCTIHHOMY
CTpyMi Taki CIUIaBU TaK CaMO BOJIOAUIN 3MIIIAHOO
CTPYKTYpOIO.

[NosicanTi naHe sBHIIE MOXHAa THM, WO B
IMIYJIBCHUX pEeXHMax Moapu3allis karoma (pi3HHUI
MOTEHI[IAJIIB KaToJa y BiJICYyTHOCTI CTPYMY i y MOMEHT
IMIyJbCY), @ BIAMOBIAHO 1 TMEpeCHYeHHS Ha WOro
MOBEPXHI 3pOCTAIOTh 13 3POCTaHHSIM IIIAPYBAaTOCTI 1
3MEHILIEHHSIM 4YacTOTH 1 CKJaJgae JeKiJbKa [ECSATKIB
BOJIBT, IO IPUBOJWUTH 0 30LJbIICHHS 3amacy BiIBHOT
eneprii. Ll eHepris mepeBUIye Ha IOPSIOK €HEprilo,
sSKa BIANOBIZa€ KPUCTAJNIYHINA pEUITII 3 BEJIHKOIO
KOHLIEHTPALIEI0 TOUYKOBHX 1 JIIHIHHUX Ne(eKTiB OJIM3bK0
10%...10" em,

3a paxyHOK BENHMKHX IepecHieHb BiJ0yBa€ThCS
(opMyBaHHsS BHCOKOJE(PEKTHOI CTPYKTYpH 3 pO3MipaMu
obnacreii korepeHTHoro poscissHHs  100...150 HM.
BrucHenns ok ¢ochopy 1mie CHIBHINIE 3a HHUX
NoApiOHIOE, MIO 1 NPHUBOAUTH 1O YTBOPEHHS aMopgHOI
CTPYKTYpH 1 BUHHMKHEHHsA rajno. OIliHka o0nacTei
KOTEPEeHTHOI'0 PO3CISIHHS 32 JOIMOMOroo  (opMynu
Censkopa-lllepepa mokaszana, mo iX po3Mip cKianae
3...5HM.
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JlocmipkeHHsT MarHITHUX —BIIACTUBOCTEH  IUIIBOK
mokaszajio, 1o y cmiaBie Fe- P orpumanux Ha
MOCTIHHOMY CTPYMi MakKCHMyM KOEPUMTHUBHOI CHIM 3
KA/M criocTepiraBcs npu KoHreHnTpaiii gochopy 7 at. %
i BignoBigHo 3.4 kA/M npu 6 at. % A iMITYITBCHHX
PSKUMIB OCAaDKEHHs. [3 30UIBIICHHSIM KOHIICHTpAIlil
¢dochopy B mrikax 12 at. % BigOyBaeThCcs 3MEHIICHHS
KOEpPUUTHBHOI cwid. | mij yac mepexomy CIUlaBiB B
amop¢uwmii ctan npu 19 at. % misa mocritinoro i 16 at.%
JUISL IMITYJIBCHOTO CTpyMy ii 3HaueHHs nagae Hwkde 80
Alm.

BennunHa xoepuutuBHOi cwmn y  Fe- Ni- P
CITaBaX 3a PaxyHOK BTHCHEHHsI aToMiB (ochopy (7.8 ar.
%), smenmmnacs go 90..240 A/m (y Fe-Ni cmmasi
600...720 A/m mpu THX Ke CHiBBiTHOLICHHSAX 3aii3a i
Hikesro). J{71st cr1aBiB 3 aMOp(hHOIO CTPYKTYporo (Oibie
16 ar. % dochopy) BeTHUMHA KOEPIMTHBHOI CHIH
cknanana He 6igpire 25...30 A/m.

Y  mnojanpmioMy — OTpUMaHi  IUTBKA  CIUIABiB
mignasamu 10 xB i 1 roj Biamany [13] npu TemmepaTypax
BHIIC 1 HIKYE 3a TEMIIEPATypy pEKpHCTai3alli 3aiiza
(573 K i 700 K). Koporkouacuwuii Bimman npu 573 K He
Ha/IaB CYTTEBOI 3MIHU CTPYKTYpi miiBok. Lle mos's3ano 3
BEJIMKOIO KIIBKICTIO TUCITOKAIlH i Ae(eKTiB YIIaKOBKH B
MOKPUTTAX, a BIAMOBIAHO 1 MaJuM  pPO3MIpoOM
(parMeHTiB, MO MeXaX SKAX PO3TAIIOBaHI JOMIIIKH.
Jlani YMHHMKM Yy CBOIO 4epry NepelIKOKaroTh
MPOTiKaHHIO Tpolecy MUdy3ii Ipu HaHii TeMmeparypi.
TpuBamimuii Bifman IPUBOAMB IO 3MIHU IHTCHCUBHOCTI
Ha qudpakuiiHii KapTHHI, ane CTPYKTypa MOKPHUTTIB HE
3MIHIOBaJlacs,  3aJMIIAIOYUCh  aMOp(HOI.  3MiHA
mudpakuiiHOl KapTUHH, CYISIYU 3 YChOTO, MOB'A3aHa i3
3HAYHUM BUJIUJICHHSIM, BKIIIOYEHOT'O B CIUIaB BOJHIO, 1 SIK
HACJI/IOK 3MEHIIEHHSIM BHYTPIIIHBOIO HANPYXXEHHS, LI0
BUKJIUKAETHCSA M.

Bucokoremmnepatypuuit  Bigman 1mpu /00 K
HE3aJISKHO BiJl IOro TPUBAJIOCTI MOBHICTIO MEPEBOAUTH
TUTIBKH 3 aMOP(HOT0 CTaHy B KPUCTAJIYHE 3 YTBOPEHHSIM
nBox (a3: y Fe- P cmiasi yrBoproetsest hocdin 3amiza
Fe,P i tBepomit posumn c¢ochopy B a - Fe,

Fe- Ni- P cmnasi yreoproetses docdin (Fe, Ni)3 Pi

B

TBepMi po34MH Hikelro i pocopy B a - Fe.

HeoOxigHO BiA3HAYUTH, IO YTBOpEHHS (ocdimis
MPHU3BOJNTL JO TOrO, IO MIKPOTBEPIICTh IOKPHTITIB
3pocTa€ B MOPIBHIHHI 3 THMH, IO HE BIAMAIIOOTh. Tak,
SIKIO TI0YaTKOBa MIKPOTBEPAICT, HE IEPEBHIyBaja
4300 MIla, To micns yrBopeHHs (ocdiniB npu
BHCOKOTEMIIEPATYPHOMY BiJIajai BOHA MOCATIIA 3HAYCHD
omu3pko 9200 MITa.

BucHoBkn

B pesymbrari mpoBemeHHMX JOCHIDKEHb  Oynu
OTPUMaHi 3aJeKHOCTi, [0 [O3BOJAIOTH BH3HAYUTH
edexTuBHI enexTpuyHi mapamerpu (TYCTHHY CTPyMY,
UIMAapyBaTiCTh,  YacTOTy), IO  BIUIMBAIOTh  HA
KoHIleHTpalito (ochopy B crmaBax 3amizo-dochop i
3anizo-Hikenb-Gochop B 3amaHMX Jiara3oHaxX IpH
eNEKTPOTITHYHOMY HAHECEHHI MOKPUTTIB. Y MOMAIBIIHNX
poborax Ha 0a3i OTpUMaHMX JOCIIIDKEHb Oyae



BrutuB mapamMerpiB iMITyJIbCHOTO CTpYMY Y pOpMYyBaHHI CTPYKTYPH. ..
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of Metals of Group of Iron with Phosphorus

Acad. V. Lazaryan Dnepropetrovsk national university of railway transport
Dnepropetrovsk, street of akad. V. Lazaryan, 2. E-mail: art_w@ukr.net, (067)5659803

Influencing of electric parameters is considered in the article, namely closenesses of current, to scalding of
impulses and frequency at the electrolytic causing of coverages on the percentage of components of aloys iron-
phosphorus and iron - nickel -phosphorus. The got dependences dlow to define effective electric parameters
(closeness of current, scalding, frequency) which influence on the concentration of phosphorus in aloys iron-
phosphorus and iron - nickel -phosphorus in the set ranges a the electrolytic causing of coverages.
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