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Mopaudukaumsa 6eccBMHLIOBbIX NASNbHBIX MACT YriiepOAHbIMU HOAHOTPYOKAMMU NO3BOAISET
MOBBICUTb MEXAHMYECKYIO MPOYHOCTb NASHBIX COEAUHEHUI U PACTEKUEMOCTb NPUNos

npu UX onnaBJiIieHUU.

BeepgeHue

ITasuibHBIE IACTBI HPEICTABILIIOT CO60I OHOPOLHYIO
CMeCh YaCTHUIl IPUIOS ¢ PIIOCOM, resieo6pasyoIumMu
BEII[eCTBAMHU U SBJISAIOTCS OCHOBHBIM MaTEPUAIOM IS
[IAfKK 9IeKTPOHHBIX MOJYJIell omIaBIeHueM (uHdpa-
KpacHOI, B Tapora3oBoil (ase, KOHBEKI[HOHHOIL, J1a3ep-
HOI1). B TeXHOIOTMHU IOBEPXHOCTHOTO MOHTAKA ITasUIb-
Has IacTa CIYKUT He TOJIBLKO MaTepHaoM M IafKH,
HO U TeXHOJIOTHYECKUM KJIeeM, UTO I03BOJIAET B psfe
CITydaeB UCKTIOUUTh HaHECeHHe KJIesl C TIOCTIeYIOIIM eT0
oTBepkaeHneM. HaHeceHne nasuIbHOM IaCThI C TIOMOLIBIO
TpacdapeTa U [O3UPOBaHUEM 00eCIIednBaeT IOBTOPSI-
eMOCTbh 00beMa IPHUII0s Ha KOHTAKTHBIX IUIOIIAJKAX,
CHIDKAsI BePOATHOCT 06PA30BaHHs IIepeMbIUeK IIPUIIOs
IIPH T1aiiKe KOMIIOHEHTOB C MAJIBIM IIIaTOM BBIBOJIOB [1].

HanopasmepHbIe 9aCTHUIIBI HAXOMAT NPUMEHEHHE
B IIPOLIeCCax IOTyIeHns] MOLU(UIIIPOBAHHBIX ITOJIH-
MEpHBIX KOMIIO3UTOB, B KOCMUYECKUX TeXHOJIOTHAX
1 B IPYTHX 00JACTAX HAYKH U TEXHUKU. YIJIePOJHBIE Ha~
HoTpy6Ku (YHT) 061afatoT yHHKaJIBHBIM KOMIUIEKCOM
CBOMCTB, IIOCKOJIbKY OHHU B 50—100 pa3 npoynee cranu
U MMEIOT B 6 pa3 MEHBIUIYIO INIOTHOCTH [2]. Moayis
IOHra y HaHOTPYOOK BIBOE BBIIIIE, UM Yy OOBITHBIX
YIJIEPOIHBIX BOJIOKOH. HaHOTPYOKU He TOIBKO IPOYHBI,
HO T'HOKH, IIOCKOJIBKY IIePeCcTpanBaIOTCs IIOJ eUCTBIEM
MeXaHM4YeCKuX HanpsokeHuil. OfHaKO peann3aliys TaKuX
YHUKAJIBHBIX CBOICTB BO3MOJKHA IIPH IIEPeXOie OT MH-
nuBunyansHbIx YHT K MakpoCKOIUIecKuM 00beKTaM
Ha uX ocHOBe [3].

ITpu ucnons3oBanuu YHT BosHuKaeT psift mpobiiem
KOJUIOHMJHO-XMMUIeCKOTO XapaKTepa, TaK Kak 60JIb-
IIMHCTBO HAHOCTPYKTYPHBIX YaCTHI] aIJIOMePUPOBAHO,
9TO BBI3bIBAET HEOOXOAMMOCTD PaspaboTKu Cr1oco60B
UX IUCHEePIUPOBAHUS U BBEJCHUS B KOMIIO3UI[UH Pa3-
JUYHOTO HagHadeHUsL. Db GEeKTUBHBIM CIOCO60M IuC-
nepruposanusd YHT B sKuukux cpeax CTaHOBUTCSH
MpUMeHEeHHe YIbTPa3sBYKOBBIX (Y3) KonebaHmil, of
IefCTBHEM KOTOPBIX B Pe3yJbTaTe IPOIeCCOB KaBUTA-
IIUU ¥ MEJIKOMACIITAOHBIX MEKPOIIOTOKOB OC/IA0IIAIOTCS
cuel crertenus Mmexay YHT. Oucnepruposanue YHT
B JKHIKUX CPeflaX OCYLIECTBIISIOT C IIOMOIIBIO YJIbTPa-
3ByKa dacroroit 40 k' B Tedenne 10 MUH IIpU MOILIHO-
cru 60 Br. B xauecTBe »KUIKUX cpell UCIIONB3YIOT BOJHbIE
pactBopsl ITAB. McxonHas KOHIIEHTpAIUs AUCTIEPCHOM
(asbl B CYCIIEH3HUSIX MOJKET BAPbUPOBATHCS B IIPeeIax
0,01-0,5% macc. [4].
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Mopudunuposanusie YHT nasuibHbIe TaCThI U IPH-
IIOM IPOBEPSIOT Ha IIPOYHOCTh CHOPMHUPOBAHHBIX T1asl-
HBIX COeIMHEHUH 1 Ha pacTeKaHue IIPUTIOS IO KOHTaKT~
HBIM 0BepxHOCTAM. [lo6aBku YHT B serkomnaBkue
6ecCBUHI[OBbIE IIPUIIOU HA OCHOBE 0JI0BA YIydIIAIOT
1aseMOCTh, U3MEJIBYAIOT CTPYKTYPY IPUIIOS X TOPMOSAT
POCT HHTEPMETAJITUIOB, YBEININBAIOT MEXaHUIECKYIO
MPOYHOCTD MasHBIX coequHeHuil. [Ipu onTuManapHOM
xoHnenTpanuu YHT 0,075% mpouHOCTh COenMHEHUI
npunoem Sn-Cu nosbicunack B 1,4 pasa u gocTuria
25,1 MITa [5].

B pabore uccnengyercs Biausaue YHT, BBOTUMBIX
B ITasUTbHBIE TTACTHI HA OCHOBE O€CCBIHIIOBBIX IIPUIIOEB,
Ha MeéXaHWYeCKMEe CBOMCTBA MMAsSHBIX COENMHEHNI U 1asi-
€MOCTb MTOKPBITHI 3IeKTPOHHBIX KOMITIOHEHTOB.

MeToauka 3KCNepMMEHTANbHbIX UCCIIEA0BAHUN

Jly1s mccenoBaHMil NCIOIB30BANIACh 6ECCBUHITOBAS
macra Lead Free Solder Koki (+ 217 °C) Korea Co., Ltd.
B xavecTBe Mogudunupyomieil 06aBKU B MasUIBHYIO
[IaCTy BBOJMUJICS YIJIePOJTHBIA HAHOMATepUas «ApT-
HaHo» (TY BY 690654033.001-2011), mpou3BOAUMBILIt
B OOO «IlepenoBble HcciIe[OBaHMUS U TeXHOJIOTUN»
(r. MHMHCK) 110 TEXHOJIOTHY IIHPOIU3HOTO PA3IIOIKEHHS
CKIDKEHHOTO Tasa. Marepuai npepcrasisieT co0oit cMech
YIJIepOIHBIX HAHOTPYOOK cpenHero nuamerpa 3040 HM
u rHou 0,5-1,5 mxm. [lepen BBeieHreM B 1TacTy CbIpOi
MaTepHa OIBePraics KOMIIIIEKCHOI 06paboTKe B IIa-
pOBOII MeJIbHHUILE, I[eHTPUDYTUPOBAHUIO, QYHKIIH-
onanusanuu. Ha puc. 1 u 2 nokasausl pororpadun
¢ mpocseunsaoiero (IIOM) u ckarupyrortero (COM)
9JIEKTPOHHOTO MUKPOCKOIIA 06pabOTaHHOTO YIiIepoy-
HOTO MaTepuaa. [[ucIepCHOHHBIH COCTaB MaTepHana
AQHATM3UPOBAJICS HA JIAa3ePHOM H3MepHTeJle TUaMeTpa
qactur Analizette-22.

Jns ncnplTaHui MOTUGUIMPOBAHHBIX COCTABOB
nact GbUIM BBINOJIHEHBI [TAsTHbIE COEIMHEHsI BHAXJIECT
tuna [V B coorBercrBun ¢ TOCT 82280-90 mpu Temie-
parype maiiku +(240 £5) °C (puc. 3).

O6pasiibl, U3TOTOBJICHHBIE U3 JIATYHHO JIEHTHI JI62
ToamuHou 0,7 MM, MasIUCh HHAYKITMOHHBIM Harpe-
BOM Ha vacrore 66 k[ B Tegenne 70 ¢. Tepmornpoduiib
UMHIYKIIMOHHOU ITaliKK IIpuBefeH Ha puc. 4. KonTposis
IIPOYHOCTH NASTHBIX COAMHEHUH HA CABUT IPOBOJYIICS
¢ nomo1bio pa3pbiBHON MamuHbl HITII-13.04.5 ¢ peru-
CTpaIfell KpUBOH Harpy KeHHsI Ha [IUCILIee KOMITBIOTepa.
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Puc. 1. MOM-dororpadus marepuana

Puc. 2. COM-dortorpadus matepuana
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Puc. 3. KoHctpykups obpasuos
ANS UCMILITAHWI NASHbIX COEAMHEHUM HA MPOYHOCTH

Ta6nuua 1. dkcnepumeHtanbHbie faHHbIe
MO NPOYHOCTH NASHBIX COEAMHEHMH
Ha cABUr 0BPA3LOB U3 NaTYHK
Con;m;zuue nm:du;‘c;m, FH P, MMa
- 20 720 36
0,01 13 530 40,7
0,02 13 580 44,6
0,03 13 600 46,2
0,03 13 620 47,7
0,05 13 523,3 40,2
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Puc. 4. Tepmonpodmnb MHAYKLMOHHON NAMKM
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3aBHCUMOCTH YCHJIUS Ha CABUT OT IlePeMeleHIs
3axBara ob6paslia IPHUBeIeHbl Ha PHC. 5, a 9KCIIe-
PUMeHTAJIbHBIE TAHHBIE [0 IPOYHOCTH HASHBIX
coenHeHni — B Tabymie 1.

VcrbITanmst Ha I1asieMOCTh POBOJMIINCH Ha 10-
BEPXHOCTSIX 00PA3IIOB U3 MELU C CePeOPSIHBIM
HOKPBITUEM TOJIIMHON 6 MKM IIPU TeMIIepaType
+245 °C, mpu Macce mactsl 250 Mr. Koadduruent

PpacTekaHNs IPUIIOS ONIPENIEISIIH IO BBICOTE KaIlIH
IIPUIIOS IO U IOCJIe PAacTeKaHWUs (PHC. 6) U [0 UX
COOTHOIIIEHHIO OIIeHNBAJIN MasAeMOCTb:

Ky, = (Hy-H)/Hy = 1-H/H, (1)

P

rie H, — BbICOTa KAILIH IIPUIIOS [TOCIIE PacTeKa-
Hus; Hy — BbICOTa «WieKalllel» Karjyu IPUIos

IO pacTeKaHUsl, KOTOpas HaXOTUTCS U3 yCJIOBUI

HeCMa4YUBaHUA HOBCpXHOCTI/IZ
H,= \/201)2/pg, (2)

rae p — IIJIOTHOCTH HpI/IHOSI; g —_— YCKOpeHI/Ie CUJIBI

TSDKECTHU; G — IIOBEPXHOCTHOE HATSDKEHUE Ha I'pa-
HULE HpI/Il'I()I;I — MeETaJUINY€eCKasd IOBEPXHOCTD.
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Puc. 5. 3asucumocTn ycunus Ha casur nasHoro coepnHerms obpasua us natyku tonwmHoi 0,7 mm: a) 6e3 YHT; 6) 0,03% YHT ot nepemewenus 3axsara
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Puc. 6. Cxema onpegenenms koadbdULMEHTA pacTEKAHUS NPUNos:
1 — obpase meTanna; 2 — Np1noit nocne pactekaxus; 3 — gosa npunos

Ta6nuua 2, SxcnepumenTanbHbie AaHHbIE No pactekaemocti nact ¢ YHT

Omoc  VHT en  paeemn  esewor
- - 1040 74 YnoenetsoputensHas
KT - 1005 74,9 Ynosnetsoputenshas
CKD 0,01% 1015 74,6 YaosneTsoputensHas
CKD 0,02% 818 79,5 YnosnetoputensHas
CKo 0,03% 763 80,9 Xopouwas

Pe3ybTaThl OIIEHKH NassleMOCTH CepeOPSHBIX HOKphITHII Tactamu ¢ YHT
¢ ucnonp3oBanreM cuupto-kauudonsHbx GuiocoB OKT u CK ¢ comep-
kaHueM Kauudonu g0 40%, PEKOMEH/IyeMBIX JUI ITaliKH 9JIEKTPOHHBIX
KOMITOHEHTOB, ITPUBEJEHbI B TabuIe 2, a BHEITHUI BUJ pacreKkaHuA KareJb
IIPUITOS II0KA3aH Ha PUC. 7.

BoiBOAbI

MexaHmdecKast IPOTHOCTD TASHBIX COETUHEHH, MOTYyIeHHBIX C TOMO-
b0 6eccBUHIIOBLIX HasnbHbIX macT Lead Free Solder KOKI Korea Co.,
Ltd, monudunuposanusix YHT, yBenudauBaercs B 1,2-1,4 pasa, nocru-
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o

Puc. 7. O6pasupl pactekaemocti nactsi Ha cepebpsHom 0,6-MKM NOKpbITUM

¢ npoueHTHbIM copepxannem YHT:
a) 0,01%; 6) 0,02%; &) 1 0,03%

ras MakCHManabHOTO 3HadeHus 47,7 MIla npu comepskarmm YHT 0,03%.
PacrexaeMOCTb IIPHUITOS IIPY OIIABICHAN MOAM(DUIIPOBAHHBIX IIACT IIO Ce-
PeOPSIHBIM MOKPBITUSM TAKOKe YIIyqIIaeTcsl, HO B MeHbIIel cremenu. [Tpu
conepxanuu YHT 0,01% pacrexaemocTs npunos yiaydiraercs Ha 0,6%,
pu 0,02% — 5,5%, pu 0,03% — 6,9%. Takum ob6pasom, BBeerre YHT
B MasUTbHBIE ITACTHI B ONTHMAJIBHOM KOJHIECTBE IO3BOJIUT YIYIIIUTh
XapaKTePUCTUKK OCCBHHIIOBBIX IIPUIIOEB. —
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