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nepememieHus. C  HOMOIIBIO  CBETOAEIUTENBHOM
IUIACTHHKY 3 4YacTh M3JIy4eHHs TeHepaluu Jasepa
OTBOAWTCS HA  NHUPOIIEKTPHUCCKUA  NPUEMHHK
m3mMepwures dHeprun Gupmel Ophir 11 a7 KOHTPOIIS
IUIOTHOCTH MOIIHOCTH W3JIy4eHHs MNaJaioIiero Ha
obpazenr. PaccemBaromass nuH32a 4  ONMIIMOHAIBEHO
UCTIONB3YeTCs ISl U3MEHEHHS IUIOTHOCTH MOIITHOCTH
obmygerns. C momompio gortonpremunka OIT 150A
6 u ocuwwuiorpaga Tektronix TDS 3052B 7
OCYIIIECTBISCTCS] KOHTPOJIb JUTUTEIIBHOCTH BCIBIIIKH
TP BO3JICHCTBUY M3ITy4eHHs Ha 00pasell. Y CTpoiCcTBO
8 CIIyXWT JUId yIaJeHus IPOILyKTOB, 00pa3yIomuxcs
Ipu CyHIKE, CIICKaHUN WJIN a6J'DILIl/Il/I C NOBEPXHOCTU
HCCIIeyeMOro oopasia.

Jlazep 1 cocTomT W3 NIBYX dHacTeil: COOCTBEHHO
AWI:Nd*'mazepa W BCTPOGHHOrO B €ro OJOK
W3JTydaTeass MEepecTPanBaeMOro IO IJIWHE BOJHBI
npeoOpasoBarelis Ha Kpucrauiax TiSa. PaGora nasepa
OCHOBaHa HAa TONYYCHHH  CTUMYJIHPOBAHHOTO
W3JTy9eHHs B aKTHBHOM 3JieMeHTe (AD) U3 Kpucramia
AWI:Nd® npu Hakauke WM3JIydEHHEM HMMITyJIbCHON
KCEHOHOBOH nammbl. [ momyueHus: "TuraHrckoro"
UMITyJIbCa HAHOCEKYHTHOH JUTUTEIILHOCTH
MPOU3BOANTCS MOJIYJISIUSL JOOPOTHOCTH J1a3€pHOTO
pe3oHaTopa DJIEKTPOONTHYECKHM 3aTBOpPOM A/4 u3
kpuctaymia KDP. TIlpeoOpazoBanue  un3imydeHus
ocHOBHOW dactoTtel (OY) B wu3IyueHHe BTOPOM
rapmonuku (BI') ocymectisiercs: B kpuctamie KTP.

Onrrueckast Hakauka AD OCYIIECTBIACTCS
nmmynscHot  mammoir NL - 7054, PaGora
npeoOpazoBares OCHOBaHa  Ha HOJTyYeHHH

CTHMYJIUPDOBAaHHOTO M3IIy4eHHs B AD W3 KpHCTaa
TiSa npu Hakauke usnyuenueMm BI' AUT:Nd** nazepa
¢ MOIynupoBaHHON moOpoTHOcTRIO. Ilepectpoiika
JUTHHBI BOJIHBI TeHEPAL[MU OCHOBHOTO M3ITy4eHHs 1158
nazepa B obaactu 350 — 500 HM BO BTOPYIO FAPMOHUKY
OCyILIECTBIsAETCA C TNoMoIbl kpuctamia BBO.
Cenexuust m3nydenuss OY u BI mpousBoautcs

VIIK 669.(6-8):539.2

CHEKTPOJCIUTEABHEIMU  3epKanamu.  OCHOBHEBIC
XapaKTEPUCTUKHU JIA3EPHBIX MMyYKOB PA3JIMYHBIX JJTHH
BOJIH, (bopMuUpyeMbIx YCTaHOBKOH "
WCTIOJB30BABIIUXCS  JUIS  JIa3epHOH  0OpabOTKH
obpasmos TK, mpuBenens: B Tabmmre 1.

Tabmuma 1 — OcHOBHBIE XapaKTEPUCTHKH Ja3epPHOTO
U3JIy9eHUS Pa3iIMYHbIX JIMH BOJIH

Make.
Jlnnsa Makc. SHEpPTruUst XapakTepHble
SHEPrusl | WMITYJbCa pa3Mepsl
BOJIHEL, HAKa4yKH, | JIA3epHOTO CBETOBOTO
M Tk W3JTyYCHUS, ISITHA, MM
M)
1064
0es 19 200 6
MO/TYIL.
To0p.
1064 ¢
MOTYIL. 16 160-180 55
To0p.
532 16 128,5 5,5
532 15 107,2 5,4
532 12 46,5 4,0
355 16 5,5 15
410 16 15,6 2% 3 (37u1HrIc)
Jlazepnas 00paboTka 00Opas1oB TK

IPOU3BOAMIACE € YacToTod 5 I’ mpu ckopocTH
niepemMenieHus oopasma 30 mm/muH. [Tociie 06paboTku
IpU  ONTUMAIBHBIX  PEXHUMAX  MUHUMaJIbHOE
ANEKTPUUYECKOE  COMpoTUBIEHHE  Jopoxkek TK
umpuHord  2,0£0,1 mm, mmmHON  3,0+0,1 MM wm
ToauHo#i 10 20 MM coctaBisio 0,2 OM, 94TO BCero
JIMIIb B HECKOJIBKO pa3 MPEBBIIIAET COMPOTUBIICHUE
AHAJIOTUYHBIX MOJIOC LEIbHOM TEXHUYECKON MEIH.

CTPYKTYPA U MUKPOTBEPJOCTD CIIJIABOB (Snsln)ico-x Bix,
IMOJYYEHHBIX BBICOKOCKOPOCTHBIM OXJIA’KIEHUEM

Ilenenesnu B.I'., I'ycakosa C.B.., I'ycakosa O.B.?
YBenopycekuii 2ocyoapcmeennwiii ynusepcumem, Munck, Pecnybauxa Benapyce
2Mesicoynapoonwiii 2ocyoapcmeeniviii sxonozuueckuti uncmumym umenu A.JI. Caxaposa BI'Y
Mumnck, Pecnybnuxa benapyce

OprekTnuecknii crias In - 47 ar.% Sn, a taxxe
CIUIaBBI, OJIM3KKME K HEMY TI0 COCTaBY, UCIIOIBb3YIOTCS
B KauecTBE JICTKOIUIABKUAX TIPUIIOCB. DBTCKTHKA
coctout u3 B-¢aser (IN3Sn) u y-daser (INSns). Tpu
9TOM BIIMSHHE JIETHPYIOMIKX 3JIEMEHTOB Ha CTPYKTYPY
1 (u3MUecKre CBOWMCTBa Y-(ha3sl M3YyUCHBI KpaifHe
HEIOCTaTOYHO. B TIOCIIeTHEE BpeMs
AKTHBHU3HUPOBAIIICh HCCIIEOBAHUS M0 HM3YYCHHIO
JmarpaMm cocTtostamst cucteM Sn— In— X (X = Bi, Zn
u 1p.) [1]. OmHako BHICOKOCKOPOCTHOE 3aTBEPACBaHIE
U3 OKUJIKOCTH, OTHOCAINEeCS K  OJHEPro- W
pecypcocOeperarommuM — TeXHOJIOTHIM  [2],  MOXKeT
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MPUBOJUTEL K 00pa30BaHUIO MEeTacTaOWILHBIX (Da3, He
COOTBETCTBYIOIIMX PAaBHOBECHBIM. B CBs3M € 3THM
HMEeT BaXHOC HAYYHOE M IPAKTUYECKOC 3HAYCHHE
HACCIEN0BaHUE CTPYKTYpBI u CBOMCTB
OBbICTPO3aTBEPACBILINX CIIaBOB OJIOBO-MHJIUH,
JICTHPOBAHHBIX TPETBHM  KOMIOHEHTOM. llenbio
JIAHHOTO HCCIICIOBAHUSI SIBISICTCSI U3YUCHUE BIIUSHUS
BUCMYTa Ha CTPYKTypy H (HU3MYECKHE CBOHCTBA
cruraBa Sn—11 at. % In.

Cmnaset (Sn — 11 ar. % In) — x ar. % Bi (8
nanpHeitem (Snaln)Bix, X = 0; 2, 4 u 8) momy4eHs
CIUIABJICHUEM KOMIIOHEHTOB B KBaplLICBOH aMIylie W



Cem;u}z 3. Duzuueckue, d)usuKO-MameMamuquKue, Mamepuwlosedqecxue U mexHojiocudeckKkue OCHoe6bl npu60pocmpoenu}l

nocienymomenl Kpuctam3auued. 3areM Kycodek
cmmaBa  Maccod jgo 0,2 r  pacmiaBmsIM U
WHKEKTAPOBAM Ha BHYTPEHHIOIO MOJHPOBAHHYIO
MOBEPXHOCTh  OBICTPOBPALIAIONIETOCS  MEIHOTO
MIHHApa. PacmmaB pacTekancs 1O IOBEPXHOCTH
IITHHIPA W 3aTBEPACBA B BUE (OJIBIH TOIIIHHON
30-100 wmxM. PacuerHas cpemHsAf ~ CKOPOCTB
oxnaxaeHns ve menee 10° K/c [3].

Muxkpodotorpaduu nomydanuce Ha POM B
OTP@KECHHBIX JJIEKTPOHAX PeHTreHocneKTpanbHbIH
MHKpOaHaJIN3 00ecIeunBa KOHTPOJIb cocTaBa (oJbr
W pacmpenelieHMe  KOMIOHeHT. lccienoBanue
3epEHHON CTPYKTYphl OCYLIECTBIISUIACh METOJIOM
JUQPAKIMK  OTPAKEHHBIX OJIEKTPOHOB, KOTOPBII
BBITIOJTHAJICS C IIOMOIIBIO TN PAKIOHHON TPUCTABKA
(asoBoro amamma HKL EBSD Premium System
Channel 5 x POM. PeHTreHOCTpYKTYpHBIH aHANN3
WCTIONIB30BAJICS JJIsT  ONpeneleHns ux (a3oBoro
coctaBa. IM3mepenume mmkpoTtBepmocti H, dombr
poBOIMITOCH Ha Tipruoope [IMT-3 ¢ ucnonb3oBaHreM
Harpy3ku 2 T ¥ HOTPEIIHOCTBIO 5 %.

Penrrenorpamma ObIcTpo3aTBepneBLIeH (QOIBIU
Sn — 11 at. % In conepxuT TONBKO TUPPAKIIOHHBIC
auauan  y-¢azer  (Sngln) JlerupoBanue y-¢asbr Bi
BBI3BIBACT  IIOSBJIEHME  HAa  PEHTTEHOIpaMMe
JIOTIOJTHATENIBHBIX  IM(PAKUMOHHBIX  OTPaXKEHHH,
COOTBETCTBYIOIIHX OJIOBY.

M3o0pakeHusT TOMEPEYHOTO CedeHUs (Poibru
cmiasa (Snin)Big, moydyeHHsIe TIOCTE €€ H3rOTOB-
JIeHUs U BeIZIepKKHU B Tederne 30 u 150 9 pu Temrre-
partype 20°C, mpeacraBieHsl Ha pucyHke 1. B ceuenun
¢oneru  cmiaBa  (SnIn)Big  HaGIIOmAOTCS YETKO
BBIp)KCHHBIE OeJbIe BhIEIeHHs (pUCYHOK la n 10).

BT el o
-_% 0 mkm |

Pucynok <1 — MHuKpPOCTpYKTypa MONEPEYHOrO
ceuenust (osru crorasa (Snin)Big mocie BBIIEPKKA
pu Tyom B TeueHue 30 u (a) u 150 4 (6)

C MOMOII[BO PEHTI€HOCTIEKTPAILHOTO
MHKpOaHAITH3a OMPE/ICNICH XUMMHYECKHI COCTaB OeITbIX
BoleieHuid B cruiaBe  (SnIn)Bis.  OtHomeHue
KOHIIEHTpauuii MHAMS U BUcMyTa cocrtasiser 0, 96,
yro coorBerctByer  g-¢paze (Biln).. B ¢donbrax
cmwiaBoB (SnIn)Biy, comepxammx 2 u 4 ar. % B,
BBIJICTICHUS £-(Da3bl HE HAOJIOIAIIHCH.

IMapameTpbl MHKpPOCTPYKTYpPBI (POJIBI'  CILIaBa
(SnIn)Big mpencrasnens B Tabmuue 1.

Boigepxkka Goaerm  cmiasa  (Snin)Big  npu
KOMHATHOH Temneparype B TedeHrne 150 9 BBI3bIBacT
YBETMYCHNE OOBEMHOM MIOJMHM W CPEAHEH BEIMIMHEI
XOpA BbIAECTCHUN €-(Pas3pl, Mek(da3sHOW TpaHHIBI U
IUIOTHOCTH YacTuIl. TakuM oOpa3oM, Ipu KOMHATHOM

TeMIepaType MPOMCXOAUT pachaj IepechIEHHOTo
TBEPAOTO0 pacTBOpa, NPHUBOAAIIMNA K MOSBICHHIO
HOBBIX ¥ POCTY CYIIECTBYIOIINX YaCTHI] E-(ha3bl.

Tabmuna 1 — TlapaMeTpsl MHKPOCTPYKTYpPBI (DONBIH
cmaea (Snin)Bis

ITapamerpsr Boinepxka | Beigepikka
MUKPOCTPYKTYpPBI 304 150 4
OObemHas 10 €-

¢aszbl, % 21 35
CpenHsisi BEIMYMHA 15 1.7
XOpIl, MKM
Yiemias | 58402 | 77.102
TIOBEPXHOCTb, MKM
Yucnno ceueHni YacTHIl
e-(ha3bl HA EUHUITY 5,3-103 1,1-102
TUIOIIAH, MKM ™2

Ilpr BBICOKOCKOPOCTHOM  3aTBEp/CBAaHUH H3-3a
3HAYUTEIILHOTO HEePEOXJIKICHUS pacruiaBa
NIPOMCXOJUT YBEJIMYEHHE CKOPOCTH 00pa3oBaHMs
LEHTPOB  KPHUCTANIM3ALWM, 4YTO  CHOCOOCTBYET
(hOpPMHUPOBAHUIO MUKPOKPHCTAJUIMYECKON CTPYKTYPBHI.
Ha pucyHke 2 npescraBieHo n300paxeHHe 3epeHHOI
CTPYKTYPBHI CJIOEB, PUWIETAIONIUX K MOBEPXHOCTIM A
u B, ponbru crrasa (Snin)Bis. 3epHa Ha MOBEpXHOCTH
A mMeIoT BBITAHYTYIO (OpMY, a Ha MOBEpXHOCTH B
paBHOOCHYI0. OOBEMHBIE JONMH ON0Ba U Yy-(asbl,
coctasiaroT 0,3 1 0,7 COOTBETCTBEHHO

Pasnuynasi KOHIEHTpaLys BUCMYTa U BBLICPIKKA
ObIcTpo3aTBEpAEBIINX  CIUIaBoB  (SnIn)Bix mpu
KOMHATHOM TeMIiepaType IpUBOAAT K U3MEHEHHUIO HX
(brzmgecKux CBOWCTB. MukpoTBeprocTh
ObICTPO3aTBEPACBIINX ¢onbr MEHBILE
MHKPOTBEPJOCTH MacCHBHBIX 00Pa3I0B, NOIYyYEHHBIX
npu ckopoctax oxnaxaenus 102 K/c. Ha pucynke 3
MPE/ICTABICHbl ~ 3aBUCUMOCTH  MHKPOTBEPIOCTY
ObicTpo3aTBepaeBIIMX ~ cmmaBoB  (SnIN)Bix ¢
pasnM4YHON KOHLEHTpalUeld BHCMyTa OT BPEMEHH
BBIICP)KKM ~ INIPM  KOMHATHOH  TeMIepaType.
MHuKpPOTBEpAOCTs OMHAPHOTO CIUIaBa M CIUIABOB C
KoHUeHTpaueii 2 u 4 ar. % Bi MoHOTOHHO
YBENIMYMBACTCSI B IPOLECCE  BBIACPXKKH  IIPH
KOMHAaTHOM TeMuepaType, a CIljIaBa ¢ KOHLEHTpaLuei
8 at. % Bi He u3mensercs.

B wuccnenyeMblx  CTaperomIMX — JIETKOIUIABKHX
CIlJJaBaX M3MEHEHHUE MHKPOTBEPAOCTH MOXET OBITH
00YCJIOBJICHO IpOLIECCAaMH pacliajia MepeChICHHBIX
TBEPJBIX PACTBOPOBA TAKIKE W3MEHEHUEM COCTOSHUS
rpaHull 3epeH. B MCXoqHBIX (osbrax rpaHuLbl 3epeH
SBIIFOTCS.  pasylNpOYHEHHBIMH  30Hamu.  lpu
KOMHATHOM  TeMmImeparype  KpoMe  BBIASNCHHs
JACTIEPCHBIX YacTHILl AKTUBHO MIPOTEKAIOT
i dysrnonnse TIPOIIECCHI, CIoCOOCTBYIONITHE
VIYYIICHAIO CTPYKTYpPHI TPaHHIl 3epeH u (a3. D1o
NIPUBOJMT K MOBBIIICHHIO IPOYHOCTHBIX CBOMCTB IPH
KOMHATHOI1 TemIeparype.

Takum oOpasom, TpoiiHbie cruiaBel (Snin)Biy,
comepxxamue 2 u 4 ar. % Bi, monydyeHHsle
BBICOKOCKOPOCTHBIM OXJIXJCHUEM M3 XKHUIKOH (hasbl,
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COCTOSIT U3 TBEP/IBIX PacTBOPOB Bi B y-(hase u onose, a
TpoiiHo#t cmuia (ShIn)Bigeg — U3 TBEPABIX PACTBOPOB
Bi B y-dase u onose, a Takxke u e-Paspl. Mcxoansie
¢domeru  cmwiaBoB (SnIn)Bix mo cpaBHeHHMIO ¢
MacCHBHBIMU 00pa3laMH XapaKTepU3YIOTCsl HHU3KOM
MHKPOTBEP/IOCTHIO.

Pucynok 2 — 3epeHHas CTpykTypa (oibr cIuiaBa
(SnIin)Big: -  a-cropona,  mpuieraromas K
KpUCTAJIN3aTOpy, ©O- CBOOOAHO 3aTBepieBaroIas
CTOpOHA

VJIK 616-77, 681.2
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Bpems, gac.

Pucynok 3 — 3aBHCUMOCTh MHKPOTBEPAOCTH (OB
criaBoB  (SnIn)Bix  or  BpeMeHHM - BBIIEPKKH
IpY KOMHATHOM TeMIlepaType M OT COJCpKaHUs
Bucmyrta: 1-X=0; 2- X=2; 3- X+4; 4- X=8 at.%

JIuteparypa

1.R. M. Shalaby. Effect of silver and indium addition
on mechanical properties and indetation creep
behavior of rapidly solidified Bi — Sn based lead-free
solder alloys/ Materials Science & Engineering. A.
2013. 560. P.86-95.

2. Bacunbes B.A. BricokockopocTHOE
3aTBCPJACBAHUC PACIlIIaBOB (TeOpI/ISI, TCXHOJIOTUA U
Mmarepuainsl). [lon obmeit pex. 5.C. Mutnna. — M.:
«CITUHTEPMET UHXWHHWPUHI », 1998. — 400 c.
3. Mupommunyenko M.C. 3akamka U3 XHAKOTO
coctosiHus. — M.: Meramnyprus, 1982. — 168 c.
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B macrosimee Bpems B PecnyOimke benapych
UMEeTCs W BCE BO3pAcTaeT MOTPeOHOCTH B
pPacXoIHbIX MaTepuajax Julsl COCYQUCTON XUPYpPruu.
OTO CBS3a8HO C POCTOM CEPJCUHO-COCYIUCTHIX
MaTOJIOTUA W TIOABJICHHWEM HOBBIX METOIUK UX
JICUCHHUS. Takue METOANKHU CBSI3aHbBI c
HCIOJIb30BAaHUEM - CIICLUANBHBIX 3HIONPOTE30B U
JIpYruX W3AENUH, BBINOJIHEHHBIX M3 HUTUHONA —
CTEHTOB, = CTEHITpadTOB,  KIamaH-COICPIKAIINX
CTEHTOB, (DMITBTPOB-JIOBYIIEK ¥ 1p. Bee aTh m3menus
MIPEJCTABILIIOT  TOCTaTOYHO CIIOXKHBIE 10 (Qopme
HPOCTPAHCTBEHHbIE CTPYKTYDBI, [10JIy4aeMbIe
rMOKO W3  HUTUHOJIOBOW  TPOBOJIOKH  C
WCIIOJIb30BAHUEM  JIONIOJHUTENbHBIX  OTepaluil
CBapKH, COEIMHEHUS TIaCTUYECKUM
neopmupoBaHueM ¢ momMompio Tpybok. Ha
HACTOSIIIUA MOMEHT Takue u3fenus B PecmyOinke
Benapych mpakTHueckn He MPOU3BOJATCS, a
WHOCTpaHHBIE OO0paslbl MMEIOT KpalHE BBICOKYIO
CTOMMOCTb, 4YTO  JIeNaeT oONepaluuud C  HUX
HCIOJIb30BAaHUEM HEAOCTYNHBIM IIHPOKUM Maccam
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MAI[EHTOB. PaspaboTka TEXHOJIOTUH
(dbopmoobdpazoBanus HUTHHOJIOBBIX CTPYKTYp
IIO3BOJIUT BHCIAPUTH ux B IIPOU3BOACTBE

WMIIOPTO3aMEIIAIOIMX  AHAJIOTOB  MEIULIMHCKHUX
W3/ICTIAN.

BHyTpucocynucteie 3HIOMPOTE3bl PabOTAIOT B
OMOJIOTHYIECKU aKTHBHOM Cpele, KOTOPOW SBISETCS
KpOBb M Jpyrue OHONOTHYECKHE >KHUIKOCTH, W,
CJIeJOBATEIBHO, TTOJIBEPTAIOTCA YCKOPEHHOM
koppo3un. Cpok  ciayxObl W3menuii  BHYTPH
orpanm3Ma cocrtaBiisieT He MeHee 20 yet. HecmoTpst
Ha TO, YTO IO CBOEH OHMONOTHYECKOH HHEPTHOCTH
HUKENWJ THTAaHA TPEBOCXOJUT BCE W3BECTHBIC
KOPPO3HOHHOCTOMKHE CTad W CIUIABBI, C YYETOM
BBICOKUX  TpeOOBaHUI  HAICIKHOCTH  CICAYET
peycCMaTpUBATh JTOTIOJTHUTEIBHYIO
AHTUKOPPO3HOHHYIO 3aIlIMTY, TaK KaK BBIXOJ HOHOB
HUKes U3 cr1aBoB Ha ocHoBe NiTi - camast OosbIas
mpobiema, KoTopas CTOWT TIPH MEIUIIMHCKOM
BHenpennn HuTuHONA [1]. Ilpm sTOM HEoOXomuMO
00eCeYnTh M BBICOKYIO 3JIACTHYHOCTH HOKPBITHS,





