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l-I3BecTHO, xro panaaunomrsre nonpeacneaax cyurecraeano H3MeHHIOT 
crpyxrypy U ¢U3UKO-MeXaHHlIeClGIe CBOHCTBa MaTepUaJIOB. Ilpa onpene
JIeHHblX YCJIOBHHX snesrearapasre nediexrsr B3anMOneHCTBYlOTMeiKny C060H. 
cosnasaa 60JIee YCTOHlIHBble ne¢eKTbI. Petuaromee BJIUHHHe aa MeXaHU
lIeCKHe CBOHCTBa 'MaTepHaJIa UMelOT YCTOHlIUBble ne¢eKTbl rana KJIaCTepOB 
ne¢eKTOB, ,lJ,HCJIOKalUiOHHbIX nerens, rasoasrx rryssrpsrcoa H np./l '. Ilpa 1303
paCTaHUU CTeneHH pauHaUHoHHoro nOBpeiKneHUH 13 cnJIasax MoryT B03HH
xart, BbI,UeJIeHI-HI HOBblX rpas, srro TaKiKe BJIHHeT aa MeXaHHlIeClGIe CBOHCT
aa 12 ' . B 06meM, MOiKHO CKa3aTb, xro C B03paCTaHHeM CTeneHH panaauaon- • 
aoro nOBpeiK,D;eHHH MaTepHaJI ynpouaaerca, yxyznuarorca era nnaCTHlIeCKHe 
CBOHCTBa H nOHBJIHeTCH panaauaoimoe oxpynvasaaae. l-l3ylleHHe npouecca 
B03HHKHOBeHHH .n e¢ eKToB H HX BJIHHHHH Ha cBoHCTBa MaTepnana'3aKJIIO
lIaeTCH 13 HneHrn¢HKaUHH ne¢eKToB 13 KOHellHoH crpyxrype npa onpenenea
HblX yCJIOBHHX 06JIylleHHH. Oc06eHHo IlOJIe3Hbi peaynsrarsr TaKHX HCCJIenO
BaHHH 13 MaTepHaJIOBeneHHH KOHCTpyKUHoHHblX MaTepHaJIOB, a HMe~Ho :' 

B nporHo3HpOBaHHH HX 1I0BeneHHH 13 . yCJIOBHHX peaxropaoro 06JIylleHHH 
npn paapafiorxe HOBblX pannauaomro YCTOHlIHBblX MaTepHaJIOB. 

Cpezra MHorHX MeTOnOB HCCJIenOBaHHH crpyxrypsr MeTOn rrpocaexa
aaiourea 3JIeKTpOHHOH MHKpOCKOIlHH (fl3M) HBJIHeTCH Han60JIee HaueiKHblM 
H ynorpefirrxerasrr-r . B HacTOHmeH pafiore npencraaneasr nexoropsre pe- ' 
3YJIbTaTbi MHKpOCl<OllHlIecKHX HCCJIenOBaHnH 06pa3UOB ,H3 aycTeHHTHoH 
CTaJIH, ofirrysemn.rx HOHaMH Ar C 3HeprHeH 225 M3B 'H HOHaMH Ne C snep
rHeH 120 M3B. I1ccJIenoBaHHH crpyxrypsr 06Pa3UOB npHBO,D;HJIHCb -na 3JIeKT
pOHHOM MHKpocKone JEM-100B. 

flPl1rOTOBnEHI1E OBPA3UOB 

I1cXO,D.HbIM MaTepHaJIOM ,D;JIH 06pa3UOB 6b,JIU 6pYCKH JIHTOH CTaJIH 
12X18H9T C Pa3JIHtllibIMH MHKpono6aBKaMH, nOBbirnalOIUHMH KOpp03HOH
ayro CTOHKOCTb. 06Pa3UbI 6paJIHCb H3 4 lIJIaBOK: 1) 6e3 MH1<:pon06asoK, 
2) C nofiaaxoa 0,003 Bec.% B, 3) C n06aBKOH 0,2 Bec.% Ce, 4) C n06aBKoH 
0,1 aec .% Y. OCHoBHble KOMnOHeHTbl cnrraaa onpeneneasr no HOMHHaJIb
HOMy XHMHlIecKOMY COCTasy COrJIaCHO rOCT-2176-77. 

OTJIHTble CTaJIbHbTe 6pyCKU nozrseprarmcs cJIenYlOmeH TepMHlIecKoH 
06pa60TKe. Ilepecsunennoe COCTOHHHe: asmepsoca npa T = 10500 C B re
lIeHHe 1 lIaca C nocnenyromea 3aKaJIKOH 13 Bone. OTOiKiKeHHOe COCTOHHHe: 
1I0CJIe npensrnyutea npouenypsr MeTaJIJI OTiKHraJICH npa T = 8600 C 13 reue
HHe 1 xaca H OCTblBaJI na soanyxe. 

- iil;t- -- t!.tfim	 1e 06be,/UUieHHblH .~~'-~-~-.-~--'~'-i ~~-tc;t;---'1nH lly6H8,1988 
lv..-;'i:l-':~1 b!.K Sl:C Jleao al!.t! ;)"~ . 
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PUC. I. MUKpOCTpyKTYpa IlUTOU 
I ) / ' ctanu 12XIBH9T nocne Ma6KU 

I .: ~ ()' · "j) U ;1\ ~ 
e eatcyyue. Aycreuur + o-rjJep~ ~,~. if ~' ),/~ . pUT. x500. 

( o>: ~, If t(" fr'. · 
nOCJIe 3aKaJIKl1 MeTaJIJI 

HMeJI aycTeHHTHO-Q:>eppHT." J/ -/1 " Y 11 Va 
ayro crpyxrypy (pac.L)~ C conepxcaaaexr 0-rpeppara\. 10%, lITO norrraepxcneno 

JJ<(j' t\.(! 
H3MepeHHeM MarHHTHbIMD Jr ('J \>.;/ 11•• 1/ \ . lJ · I 
MeTO,lI,OM. Orscar CTaJIH 

npa T= 860
0 

C BbI3bIBaJI 

06pa30M aa Me)f(Q:>a30BbIXBbI,lI,eJIeHUe Kap6H,lJ;0B- rana M2 3 C6 rJlaBHbIM 

rpananax. 
EpyCKH 06TalIHBaJIHCb na CTaHKe ,lI,0 naawrerpa 3 MM, a 3aTeM paspe

3aJIHCb aa ,lI,HCKH TOJIllUfHOH 0,5 MM aa 3JIeKTp0,lI,yroBoH MalllHHe. YToHe

HHe ,lI,HCKOB )1.0 TOJIrn;HHbI 0,1 MM' ocy~eCTBJIHJIOCb lllJIHcP0BKOH BJIaJKH.bIMH 

KOPYH,lI,OBbIMH nncypxawra corJIaCHO H3BecTHoH B MeTaJIJIOrpa<t>HH npo
ue,lI,ype.'OcTaTOqHble CJIe,lI,bI lllJIHcPOBKH yCTpaHHJIHCb C noaepxaocra ,lI,HeKOB 

KpaTKoBpeMeHHoH 3JIeKTpOnOJIHpOBKOH. npHMeHeHHaH npouenypa yTO

HeHHH 06pa3uOB n03BOJIHeT y,lI,aJIHTb C nonepxnocra ofipasuoa CJIe,lI,bI ne
cPeKToB, BBO,lI,HMbIX MeXaHHlIeCKOH 06pa60TKoH. 

OElIyqEHME OEPA3UOB 

06Pa3UbI 06JIylIaJIHCb HoHaMH Ne H Ar, yCKopeHHbIMH aa I.J;HKJIOTpOHe 

Y-300. Ilyuox HOHOB BBoAHncH B BaKyyMHylO rcasrepy, B KOTOpOH 06Pa3I.J;bI 

paasremanacs aa cneI.J;HaJIbHOM nepacarene. Bo BpeMH 06JlylIeHHH ofiecne

lIHBaJICH perYJIHpyeMbIH nonorpes 06pa3uOB H H3MepeHHe HX rer-meparypsr. 
Ilynctc npoxozian xepea ,lI,HacPparMY zraar-rerpora 22 MM, ornepcrae 

TepMHlIecKoro axpana H nonanan aa ,lI,ep')l<:aTeJIb C 06pa3I.J;aMH, KOTOpbIH 

BMeCTe C TepMHlIecKHM 3KpaHOM BbmOJlliHJI POJIb UHJIHH,lI,pa <I>apa.neH, H3Me

paaurero HHTeHCHBHOCTb nysrca (pnc.Z}. Bcero aa ,lI,ep)f(aTene'3aKpenJIHJIOCb 

19 06pa3uoB, O,lI,HOBpeMeHHo 06JIYlIaBlllHXCH nylIKOM. 

neplKaTeJIb npHKpenJIHJICH K CTaJIbHOMY 6pyCKy, aa KOTOpOM 6bIJIa 

cMOHmpOBaHa nemca MOrn;HOCTblO 400 BT C HCTOlIHHKOM nHTaHHH, nomcmo
lIeHHbIM K aBTOMaTHlIeCKOMY perynaropy rer-meparypsr. Tesmeparypa 
ofipasnoa BO BpeMH 06JIylIeHHH H3MepHJIaCb TepMonapoH NrCr-Ni, p3.3Me

rn;eHHoH B6nH3H 06pa3uOB. OT60p renna OT 06pa3uOB ocyrn;eCTBJIHJICH npa 

nOMOrn;H aasncayroro KOHTypa C OXJIa)f(,lI,aIOrn;eH BO,lI,OH. Y cnOBHH 06JIy: 

lIeHHH npe,lI,CTaBneHbI B Ta6JIHue. 

7 PUC.2. CXe.Ma ycrpoiictea OIlR otiny-

G	 uenus 06pa3ij06: 1 - uouonpoeoo, 
2 -- nyuotc UOH06, 3 - ouaqipaeua, 
4 - «auepa OIlR o61lyIJeHUR 06pa3ij06, 

5 - TepM03KpaH, 6 - nOOIlOJICKa OM
f 

~J 
06Pa3ijOB, 7 - nooeoo repss0nap, 

8 - «acceta C otipasuauu. 

Pacnpenenenae nnOTIIOCTH ne
Q:>eKTOB no npofieryaoaoa BbIlIHC

JIHJIOCb no riaHHbIM pa60T;bI / 3 I. 
I /	 

nJIH HOHOB Ar BeJIHlIHtla rrpofiera 
COCTaBJU:IJIa 25 MKM, ,lI,JIH HOHOB 

,Ne.- ao MKM. 

Ta61lU14a 

qacTHua Tesrneparypa 3Hepnm HOHOB 1l03a (caa)
 
06nYlIeHHH (0 C) (M3B)
 

Ar" 6 ,200 225 5-10- \
 

Ne~3 625 120 10- 1
 

nPHrOTOBflEHHE TOHKHX <I>Oflhr
 

nflH MHKPOCKOTIHqECKHX HCCflEnOBAHHA
 

H3rOTOBJIeHHe TOH~HX cP0JIbr H3 06JIylIeHHbIX ,lI,HCKOB npOBO,lI,HnOCb 

no H3BeCTHOH MeTO,lI,HKe - .D:ByCTOpOHHHM 3JIeKTpOJIHTHlIeCKHM yroaeanesr 
,lI,O ,lI,OCTH)f(eHHH rreprpopanaa. ,0lIepe,lI,HOCTb onepauaii 6bIJIa. CJle,lI,YIOrn;aH: 

1) MeXaHHlIeCKOe yroaeaae ofipasua co CTOpOHbI oQJIytIeHHOH noaepxaocra 
.0;0 TOJIllUIHhI OKOJIO 4 MKM, Mel;lhweH, lIeM pacxeraaa rny6HHa MaKCHMaJIh

aero panaanaoaaoro n<:>Bpe)f(Jl:eHIDI (KOHTpOJIh TOJIlUHHbI OcymeCTBnH.1ICR 

MHKpoMeTpoM, OH npOBonHJICf,I TaK)f(enO H3MeHeHHIO ornesarxa ,lI,HarOHaJIH 

amaaanoro MHKpoTBep,lI,OMeTpa), 2) 3JIeKTp01lliTHqeCKOe yroneaae <pOJIhrH 

co CTOpOHbI 06JIylIeHHOH nOBepXHocTH AO paClIeTHOH rJIy6HHbI MaI<:CHMaJIh

HbIX paAHaUHOHHblX nOBpe)f(,lI,eHHH, 3) yronenae cP0JIhrH co CTOpOHbI aeofi 

JIylIeHHoH noaepxaocrn ,lI,0 nOJIylIeHHH neprpopauaa, 4) ycrpanenae OKHCJIOB 

KpaTKoBpeMeHHbIM 3JIeKTpOJIHTH1lecKHM nOJIHpOBaHHeM. YToHeHHe npoao

- ,lI,HJIOCh npa KOMHaTHoH rer-meparype 3JIeKTpOJIHTOM COCTaBa H 3 P04 + 
+ Cr2 0 3 , 

TaKaH npouenypa nO,II,rOTOBKH 06p33UOB ,lI,M Ha6JIIO,lI,eHHH na 3JIeKT

pOHH0M MHKpocKone n03BOJIHeT npoaonars npocr-rorp B nJIOCKOCTH MaKCH

MaJIhHbIX nOBpe)f(,lI,eHHH 06JIYtleHHoro MaTepHaJJ.a.' 

3;
2 



PE3ynbTATW II OECY~~EHllE 

MHKpOCKOrmqecKHe HCCJIeAOBaHHH nOKa3hIBaIOT, qTO He06.rryqeHHhIH 
MaTepHaJI B nepecsnneaaoss COCTOHHHH HMeeT crpyxrypy C yMepeHHhIM 
ypoaaera AeepeKTOB. llMelOT MeCTO HeMHOrOqHCJIeHHhle BhIAeneHHH Kap6H
AOB rana M 2 3 C6 Ha MeiK¢a30BhIX rpananax H B aycreaare na AHCJIOKaQHHX 
(pac.S) , OTiKHr npa T = 860° C, KaK H CJIeAOBaJIO OiKHAaTh, yCHJIHBaeT 
npouecc BhIAeJIeHHH BTOPHqHhIX ¢a3 (pac.d} , 

06JIyqeHHe 06pa3nOB 'HOHaMH Ar npa T = 200° C He3aBHCHMO OT cocra
na MHKpo:,lJIeMeHTOB npHBOAHT K CYlI..\eCTBeHHOMY pa3BHTHIO AHCJIOKaQHOH
HOH crpyxrypsr (pac.Ba) H yBeJIHtJeHHIO KOJIHqeCTBa BTOpHtIHhIX ¢a3 
(pHc.56) . MeToAoM CeJIeKrnBHOH AH¢paKQHH 6hIJIO onpeneneno, qTO 3TO 
Kap6HAhI rana M 2 3 C6 • 06JIyqeHHe B rex iKe yCJIOBHHX npeABapHTeJIbHO 
OTOiKiKeHHoro MaTepHaJIa npHBOAHT K nOHBJIeHHIO HqeHCTOH crpyxrypsr 
AHCJIOKanHOHHOH cern (pac.B H 7). 

CYlI..\eCTBeHHbIe H3MeHeHIDI crpyxrypsr 06HapYiKeHhI B aycrenare, 
06JIyqeHHOM npa T = 625°C. B CTaJIll C A06aBKOH Y o 6HapYiKeHhI xapax
repasre AHCJIOKanHOHHhle ¢OpMhI, BbIAeJIeHHH BTOPHqHhIX ¢a3 C 60JIbIllOH 
nacnepcaea B 06'beMe 3THX ¢OPM H 60JIbIllHe BhIAeJIeHHH aa MeiK¢a30BhIX 
rpanauax (pHC.S). B MeCTax C 60JIbIllHM nOBpeiKAeHHeM (B mnce noapesc
AeHHH) B 06JIaCTH 60JIhIllHX nepBHtIHhIX sepea aycreaara BHAHhI ofipasyro
umeca cyfisepaa H MHOrOqnCJIeHHhIe BhIAeJIeHHH BTOpHtIHhIX rpas: aa rpa
aauax nepaasnsrx sepea aycreaara (pac .s). Ha pac.l O AnH CpaBHeHIDI 
noxaaaaa MHKpocTpyKTypa He06JIyqeHHhIX 06pa3nOB nOCJIe TOH iKe caMoH 
TepMHqecKOH '06pa60TKH, AOnOJIHHTeJIhHO OTOiKiKeHHhIX npa T = 625°C 
B reseaae 1 xaca. 

B nepecsnueanora H OTOiKiKeHHOM 
MaTepHaJIaX, conepacaurax B HJIH Ce, 
xoropsre 06JIyqaJIHCh HOHaMH Ne npa 
T = 625° C , 06HapYiKeHhI nOJIOCaThIe 
06'beI<TbI (pHc.I0), npHpOAY KOTO
psix He ynanocs YCTaHOBHTh. 3TH no
JIOChI no csoea ¢opMe noxoska aa 
€-MapTeHCHT, 06HapYiKeHHhIH B aycre
HHTHhlX.CTaJIHX Cr-Ni /4 /. 

Ilpa nOCTOHHHOM nOTOKe HOHOB 
Ha CKOpOCTb 06pa30BaHHH Ae¢eKTOB, . 1 
HX OKOHqaTeJIhHyro crpyrcrypy H KOH
uenrpanmo HMelOT CYlI..\eCTBeHHoe BJIH
HHHe ABa ¢aKTopa: HCXOAHaH CTpyK
rypa MaTepHaJIa H TeMnepaTypa 06

PUC.3. Muxpocrpytcrypa cranu 12X18H9T' 
C uuxpoootiaetcoii UTTpWl n ocne nepecu
iueuus. x 28000. 

4 

Puc.a. Mutcpocrpytcrypn cranu 
12X1 8H9T C scuxpoootaetcoii 
UITpWl nocne nepecutuenun 
U OT:JICU2a. x 33000. 

a 

6 

Puc.5 . Mutcpoctpytcrypa ctanu 
12X1 8H9T C MUKpooo6a61<Ou 

urtpus nocne nepecsuueuun, 
otiay ueunoii UOllaMU A r (E = 

= 225 M'3B) npu T = 200°C: 
a) x 33000, 6) x 50000. 

5 



PUC. 9. Mutcpoctpytctypa cranu 

12X18H9Tc scutcpoootiaetcoii 
PUC. 6. Muxpocrpyscrypa cranu 

12X18H9T C uutcpoootiaetca

peoKo3eJ.i(?JlbHbIX 311eMeHTOa MU urtpux nocae nepecutue

nocne nepecutuenus U OTJlCU IIWI U orxuea. o611yIJeHHou 
UOHQMU Ne (E = 120 M'JB)ea. o611yIJeHHoil UOHQMU Ar 

(E = 225 M3B) npu reune npu reunepatype 625°C [na 

patype 200°C. x 50000. enytiuue 30 MKM or o611YlJeH
uoii noeepxnoctu] , x 33000. 

';1I I 
I 

PUC. 10. Mutcpocrpyxtypa HePUC. 7. MUKpOCrpYKTypa CTa.nU 
o611yIJeHHou ctanu 12X 18H9T12X 18H9T C MUKpooo6al1KOu 
C uutcpoootiaetcauu U77pWlUTTpWl nocne nepecsuuenus 
noclle nepecsuuenus U OT:J/CuzaU OTJICuza. o611yIJeHHou UOHa
npu reunepatype 625°C.MU Ar (E = 225 M3B) npu 
x 27000. reunepatype 200°C. x 50000. 

J PUC.11. Muxpoctpyxtypa eraPUC. 8. Muxpocrpyxrypa CTa.nU 
IIU 12X18H9T C suucpoootiae12X 18H9T nocne nepecsuue
KQMU tiopa nocne nepecutue1IW1 U OTJICuza, o611YIJeHHou 
HUJl U orxuea, o611YIJeHHoilUOllaMU Ne (E = 120 M'JB) 
UOHQMU Ne (E= 120 M3B)npu teuneparype 625°C (ua . 
npu res« nepatype 625°C.eny tiune 15 MKM or o611YlJeH
x 33000. HOU noeepxnoctu}. x 33000. 

6 7 



Pa3UOB BO BpeMH 06JIy~eHHH. To, qTO B naurax orrsrrax B xasecrae HCXO,n

aoro MaTepHaJIa ,HCnOJIh30BaJIHCh JIHThIe 3arOTOBKH, n03BOJIHeT. He ysarsr
aarr, CTpyKTYpHhIe ,ne<t>eKThI, CBH3aHHhIe C npOKaTKOI1: vrarepaana. 3TO 06

CTOHTeJIhCTBO ofinervaer aareprrperamno pe3yJIhTaTOB, HO ,He HCKJIroqeHO, 

qTO 06pa30BaHHe ,necPeKTOB MO)ICeT 'H,nTH no-pa3HOMY B JIHTOM H npoxaraosr 
MaTepHaJIe. 

MO,)l(HO 6hIJIO 'O)KH,lJ,aTh, qTO xapaxrep necPeKTOB, B03HHKaIOI.I..J;HX npa ~ 

06JIyqeHHH, CYI.I..J;eCTBeHHO 3aBHCHT (npa npoxax paBHhIX yCJIOBHHX) OT COCTa M.' aa	 npasrecea H JIerHpyroI.I..J;HX ztofiasorc. Ho aa OCHoBe naiuax axcnepavrea !,i
TOB HeJIb3H onpenenenao CKa3aTb, ecrs JIH aasreraoe BJIHHHHe MMKpo,n06a • t 

09 

BOK aa KMHeTHKy 06pa30BaHMH necPeKTOB.	 " 

'I'evmeparypa MarepHaJIa BO' BpeMH 06JIyqeHMH HBJIHeTCH QCHOBHhIM I. 

cPaKTOpOM B npouecce 06pa30BaHHH H pOCTa necPeKTOB. Hatimozieaasre HaMM 

pa.u,HaUHOHHhIe .u.ecPeKThI, TaKHe KaK ,nMCJIOKaUHOHHhIe neTJIM, HqeHCTaH 

crpyrcrypa .u,MCJIOKarmOHHOH: cera, rpaaausr HOBhIX sepen, CBH3aHhI C panna
UMOHHhIMH nOBpe)K,I:(eHMHMM MaTepmirra npa onpeneneaasrx rer-meperypax 

/ S I,BO BpeMH 06JIyqeHMH. H3BeCTHO qTO 06pa30BaHHe HOBhIX cPa3, B TOM 

qHCne Kap6H.u,OB rarra M 2 3 C6 , CMJIbHO 3aBHCHT OT rer-meparypsr. Ho npn 
revmeparypax, npa KOTOpbIX a naurexr cnyxae npOBO,nHJIOCb 06JIyqeHHe 

ofipasnoa, npouecc Bh},neJ1eHMH cPa3 B He06JIyqeHHhIX ofipasuax aner oseas 
Me,nJIeHHO. Hanpasrep, BhIneJIeHHH cPa3hI M 2 3 C6 B CTaJIH 316 Ha6JIro,naJIHCb 

nocne OTlKMra npn rexmeparype 600
0 C B TeqeHHe 10000 qaCOB 16 I. 

06JIyqeHHe yCKOpHeT npouecc pacnana aycreaara BCJIe,nCTBHe panaa
UHOHHO CTMMyJIHpOBaHHOH ,nMcPcPY3HH. CpaBHeHMe MMKpoCTpyKTyphI 06pa3

UOB nocne OTlKMra npn T = 625
0

C B reseane 1 naca (pHc.10) H ofipasuon, 
0

06nyqeHHhIX npa T = 625 C (pMc.8,9), HCHO nOKa3hIBaeT YBeJIHqeHHe KOJIH

xecraa H BeJIHqH:HhI BhI,neneH~H: cPa3hI M 2 3 C6 . B 06JIyqeHHhIX ofipasuax. 
B TOM )ICe narrpaaneaaa .u,eH:CTByeT YBeJIHqeHHe rexmeparypsr 06JIyqeHHH 

(pHc.5,8) • 

06HapY)ICeHHhIe .u,ecPeKThI rana nOJIOCaThIX 06'beKTOB (pHc.11) He yna
JIOCb M,neHTHcPHUHpOBaTb KaK H3BeCTHyro crpyxrypy. Hsaecrao 16 ,7 ,8 I, 

qTO non BJIHHHHeM 06JIyqeHMH B aycTeHHTHOH: CTaJIH MoryT 06pa30BhIBaTbcH 

BhI.IJ.eneHHH nma rpas Jlaneca, Ti(CN) H np., HO B COOTBeTCTBI1M C ztaarpara
MOH: COCTOHHHH OHH JIH60 He .u,OJI:>lCHhi nOHBJIHTbCH 

nOHBnHTbCH rrpa 60JIee BhICOKHX revmeparypax H 

nosax 06nyqeHHH (10-50 caa) . 

JlHTEPATYPA 

" Bo06I.I..J;e, JIH60 .u,OJI)KHhI 

3HaqMTeJIbHO 60JIblllHX 
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