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period the phase Cu3Sn "eats" the phase Cu6Sn5 and thus on interphases there voidis
formed. Formation of pores is caused by Kirkendall effect.

Further pores integrate and turn into microcracks that leads to distraction of soldering
joints. Experimental investigations showed that similar process occurs in Cu-Sn system where
the plate of copper is covered with a tin film. Tin was applied on copper plates with different
grains by the galvanic method.

It has been stated by Haila that increasing size of copper grains influences of
deceleration of rate of pores formation. The present paper is devoted to this subject. In the
work it has been investigated dependence between rate of phase CusSns+CusSn growth and
size of cooper graines.

Experiment was made at two different temperatures 250 "C and 270 °C It has been
stated that the increasing of grains sizes on plates of copper reduces the growth rate of the
phases Cu6Sn5+Cu3Sn. The results received in the present paper confirm the Haila's
investigations, because under condition of slow diffusion the growth of pores is respectively
decelerated.

Keywords: reaction diffusion, binary system, electromigration, growth kinetics, grain
boundaries, crystallization.
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BUKOPUCTAHHSA MAC-CITEKTPOMETPA MX-7304A
TSI NOCHIKEHHS CKJIAY PLUIMH

Onucano opuciHanbHy 8aKYYMHO-MEPMIUHY CUCEMY 3 el1eKMPOHHUM pe2ylt08aHHAM
0151 ni02omosKu npoou piouHU 00 OOCHIONCEHHS MAC-CNEeKMPOMEMPUUHUM MEMOOOM 3d
00NOMO2010 CMAHOAPMHO20 MOHONONIbHO20 Mmac-cnekmpomempa MX-7304A4. Pobomy
cucmemu nNPoOLNIOCMPOBAHO HA NPUKIAOAX AHANIZY MEXHOTIO02IUHO 8ANCIUBUX PIOKUX DEUOBUH
8i00M020 CKNLAOY.

Kuio4uoBi cji0Ba: Mac-cieKTpoMeTpisi, BAKYyMHa CXeMa, TUCK, HacH4YeHa Iapa, piiHa,
BHITAPOBYBAHHS.

Beryn

Birun3HaHul MOHOMOJBHUM Mac-ClieKTpoMeTp auHamigyHoro Tumy MX-7304A
BupoOHUIITBa CyMchkoro 00’ eqHanHs «SELMI» cTtangapTHO mMpU3HAYEHUM UISI KOHTPOJIIO
CKJIaJly 3QJIMIIKOBUX ra3iB BaKyyMOBAaHHMX TEXHOJOTTYHUX 00’€MIB YCTAaHOBOK HAIMJICHHS Ta
iHImoro HaykoBoro oOmamHanas [1]. Ilpunmag mae poGouwmit miamason mac 1-200 a.o.m.
(po3umupenuit aianazon 1-350 a.0.M.) npu po3auibyid 3qaTHOCTI HopsAaky 1M Ha piBHi 10%
BUCOTH IIIKYy, JIIHIMHY LIKaly Mac, BUCOKMI KoeQiUieHT nporyckaHHs [2], KOMIIaKTHI
MacorabapuTHI XapaKTEPUCTHKU Ta JOCTYIHY BapTicTb. PO3BUTOK KOMII'IOTEPHOI TEXHIKU
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JI03BOJIUB MOJIEPHI3yBaTH MAac-CIIEKTPOMETP 3a PaxyHOK CIELIaJbHOTO IMPOTrpaMHOIo
3a0e3neyeHHs [3,4], 1110 3HAYHO PO3LIKMPHIIO MOKIMBOCTI YIPaBIIHHS NPUIAIOM Ta 00poOKy
cnekTpiB mac. 3aBasku 1npoMy MX-7304A HaOyB 3HAYHOTO TMOIIMPEHHS Y HAYKOBOMY
eKCIIEPUMEHT], 30KpeMa JUlsl HeCTaHJAapTHHUX 3a/Jad — BU3HAYEHHS MapaMeTpiB Aucolliaiii
MOJIEKYJI TEXHOJIOTTYHUX PEYOBUH [5], KOHTPOJIIO TUCKY MapiB METaJIB y IJIaBUIbHIN KaMmepi
[6,7], mporieciB ra30BUAUICHHS 3 MeTaliB [8] To1mo.

CrangapTHa KOHCTpYKLis Mac-criektpomerpa MX-7304A mnepenbauyae 10oHI3aLio
€JIEKTPOHHUM yJIapOM ra3oBoOi MPoOu, 110 MOJAETHCS Yepe3 MEXaHIYHUI JO3yIOUni BEHTUJIb.
Ile oOmexye cdepy 3acTOCyBaHHsS MpuUIaAy JHIIE Ta30MOMIOHMMHU 3pa3kamMu. Y psi
BITYM3HSHUX POOIT OMMCAHO JI0JATKOBI IPUCTPOI I MIATOTOBKU IPOOH, IO JT03BOJISIOTH
JOCIIKYBATH CKIIaJl TBEPAUX 3pa3KiB — 0a3aibTiB, CIUIABIB TOIIO. Y pobOoTI [9] peanizoBaHo
CXE€MY BTOPHMHHO-IOHHOI Mac-CIIEKTPOMETpIi Ha 0a3i BUCOKOJ030BOTO 10HHOTO IMILJIAHTEpa.
ABtopu pobotu [10] mst BUmapoByBaHHsI MaTepialy 3pa3ka BUKOPUCTAIN BUIIPOMIHIOBAHHS
pyOiHOBOTO J1a3epa, BOyIOBaHOTO Y MIKpOCKOI MikpoaHaiizaropa LMA-10.

[[lupoke  BUKOPUCTAHHS  MAac-CIIEKTPOMETPUYHOIO  aHali3y B  aHAJIITHYHUX
nabopatopisix Ta pi3HOMAHITHICTh (PI3UYHUX SIBUI Y CHEKTPOMETPl 3yMOBUJIM MOIIUPEHICTh
BIINOBIAHUX J1a00OPATOPHO-IPAKTUUHUX pOOIT y HaBuanbHUX nporpamax BH3 texuiunoro
cupsamyBanHs [8, 11, 12]. [Ipy npoMy BHUKOPHCTAaHHS BIJHOCHO IPOCTOIO Yy KEpyBaHHI 1
PO3yMiHHI NpUHIMMIIB (yHKIIOHYBaHHS mnpuiany tuny MX-7304A nae MOXIMBICTH
e(eKTUBHO ONTAaHOBYBATU OCHOBH MaC-CIEKTPOMETPIYHOTO aHAJI3y Ta CYIyTHUX MPOLECIB.

VY 6araTpox ramyssax (XiMmii, reoJiorii, MEIUIMHI) IpU HEOOXITHOCTI JOCIIKEHHS PIIUH
BHUKOPHUCTOBYIOTh 130TOIHMIA, MOJICKYJISIPHUH, eJIeMeHTHHM aHamni3u [13,14], ans skux npoou
rOTYIOTh METOJ enekTpoctpeto [15-17]. JIns ananizy ckiamy Ha Mac-criekTpomerpi MX-
7304A mnepeBeneHHS PIOKOTO 3pa3ka y Tra3omnoliOHy ¢opMmMy BUMara€ BHUKOPUCTaHHS
JI0JIATKOBOTO OOJIaTHAHHS JJIsl BBEJCHHS PEYOBHHHU Y 10HI3aLIHHY KaMepy — TaKy METOJIUKY
JI0 TIHOTO Yacy B JIITEPATypl HE OMHUCAHO.

VY Toil ke yac, UUINH psJl OpraHiuHUX, HEOPTaHIYHUX PIAMH 1, HABITh, TBEPAUX PEUOBUH
MaroTh NpyxkHicTh napu nopsaky 100 topp y aiamazoni temneparyp 20°C — 100°C. Sk
BIIOMO 3 JOCBIly €KCIUTyaTallli, Take 3HAu€HHs THUCKY Ha BXOJl J03YyKYOro BEHTHIIA
3a0e3mevye pekuM IIJIaBHOTO HAMYCKY JTOCTIKYBAHOTO CEPEIOBUIIA B 10HI3AIIHY KaMepy
Mmac-cnektpomerpa MX-7304A. Tuck HacM4eHOi Mapu B 3aMKHYTOMY 00 €Ml € (YyHKIII€IO
psAAy TEpMOJMHAMIYHMX MapaMeTpiB PEUYOBUHU 1 HaldacTilmie oOpaxoBYETbCS 3a BIAOMUM
CHIBBIAHOMICHHsIM AHTyaHa [18] 3 BHKOpHUCTaHHSIM CHEIIAIbHUX TaOyIhOBAaHUX
koe(iuieHTiB. [ 3HAYHOI KUIBKOCTI PEYOBUH 3aJ€KHICTh THCKY HACHYYIOUOi Hapu BiJ
TEeMIIepaTypy JlaHa B SIBHOMY BUIJIAI1 y TaOmuuHid gopmi (Hanpukian, [19]). V tabmumi 1
JUIs HAWNOLIMPEHIIIMX PEYOBHMH HaBEAEH1 JaHl MpO MPYXKHICTb Mapud Yy 3a3HAYEHOMY
niarna3oHi Ta BIANOBIIHI TEMIIEpaTypH, 110 3a0e3MeUytoTh TaKUM THUCK.

Taoumus 1
No ‘ Peyosuna Dopmyna Temnepamypa, °c Tuck, mm.pm.cm
Opzaniuni piounu
1 AHCTOH C3H60 22 200
2 Xnopohopm CHC; 20 106
3 Benson CeHsg 30 118
4 ETunoswmii ciupt C,HqO 40 135
5 MyparrHa Kuciora CH,0, 50 126
6 OHTOBa KHCII0Ta C3,7H7,403,7 70 136
7 X10pOeH30m CcH5Cl 80 145
Heopzaniuni piounu
1 YoTupuxiiop. kapOoH CCly 30 143
2 Bona H,O 50 110
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IIponoB:kennst Tadaumi 1

3 [lenrakapOoHiT 3aiiza Fe(CO)s 60 105
4 Terpaxmnopua onoBa* SnCly 60 130
5 dochopy xsopookuc* POCI; 47 100
6 [Tepokcua BoIHIO H,0, 98 100
7 [epcynbdin BogHIO H,S, 22 100
Teepoi mina

1 ®dochop Oinmii* P 200 100
2 Von I, 110 95

3 Ha(bTaJ’IiH C]()H6 150 105
4 Kan)apa C]0H160 140 100

* Bunapu mkiamuBi

JlJis HaO4YHOCTI Ha PUCYHKY | MOKa3aHO 3aJIEKHICTh THCKY HACHYEHOI Mapu JESIKUX
PEUOBHH BiJ] TEMIIEPATYypPH.

TakuM 4YMHOM, BHUIApOBYBAaHHS IPU HarpiBaHHI MOK€ OYyTH MPOCTUM MPUPOJHUM
CII0CcOOOM NepeBe/IeHHsI KOHACHCOBAaHUX CEPENOBUI Y ra30MoMI0OHUM CTaH AJIs MOJalbIIOTO
Mac-CIIeKTPOMETPUYHOTO aHanmizy. [lpu 1mpoMy st OUTBIIOCTI OPraHIYHUX PO3YMHHHKIB 1
LUI01 HU3KM HEOPraHMHUX piIAUH (1 HABITH TBEPAUX PEUYOBHH) JOCTAaTHbO HArpiBaHHS 10
HEBHUCOKUX  TeMIlepaTryp, LIO
JOCTaTHBO JIETKO PEaI3yeThCs
TEXHIYHO.

Just peanizamii  ommcaHoi
METOJMKH  HIATOTOBKM  KOH-
JIEHCOBAHOI'O 3pa3ka 10
NOCTPKEHHST  ra3oBUM  Mac-
CIIEKTPOMETPOM MX-7304A
OyJI0 BHUI'OTOBJIEHO IPHUCTABKY,
10 BKJIIOYA€E BAaKyyMHY,
TEPMIUHY Ta BHUMIPIOBAJIBHO-
KEepyIouy CUCTEMHU.

400 -

300 -

200 -

100 -

Tuck HacHTeHOT TapH, MM pT CT

-

BakyymHy cxemy npu- gt e : .

CTaBKM HaBEJIEHO Ha PUCYHKY 2. 30 20 70 120 170 220

TEMI:IEP;!T}]J:!: °C
BOH.a BKJLIOHAE ~ TCPMCTHHHY Puc.1. 3asexHICTh NPYKHOCTI ApH Bij
€MHICTB 3 JOCIIJDKYBaHUM 3pa3-

X ) TeMIeparypu: 1 — eTWII0BHI CIIUPT; 2 — OLITOBA
koM (1), BumiproBau Tucky (2) i ’

KHCII0Ta; 3 — HadTaliH
temreparypu (3), TpbOXIO3HU-
niiani knanad (4) ta ¢popakyymauii Hacoc (5). CTpyKTypHa cxema eJIEeKTPOHHOT CUCTEMHU
BUMIPIOBAaHHS 1 cTabUI13a11ii TUCKY MapiB HABEIEHO HAa PUCYHKY 3.

Ha mouatky mocnimkeHHs poOounii 00’€M BIIKAYyeThCS JO TMOMNEPEIHBOTO BAKyyMy
(mopsiaky 10" MM.pT.cT) i BincikaeTbcst Bim BakyyMmHOI MaricTpami KimamaHom. OZHOYACHO
B1I0yBa€eThCsl HaMMycK aTMocdepu y (GopBaKyyMHUN HAacocC s 3al00IraHHs 3aCMOKTYBaHHIO
Macia 3 Horo kamepu Yy BakyymmpoBin. Komba 3 mociimKyBaHHM 3pa3koM 4epes
TepMoOydepHy piauHy (MOMIETUIEHIJIIKOJIb) HArpiBa€ThCsl €JIEKTPUUHOIO CHIpaliio, MpH
L[bOMY THCK IIapiB HaJl HUM 3pPOCTA€ 1 BUMIPIOETHCS JATYUKOM THCKY. Y SKOCT1 JaTYUKA TUCKY
BUKOPUCTaHO MIKpoMexaHI4yHUIl TeH3ope3uctopHuil cencop 26PCISSMT ¢ipmu Honeywell
31 CTaHAAPTHOIO JIIHIAHOIO CXEMOIO IIE€pPEeTBOpIOBava OIip-HAampyra Ha Mpenu3iiHUX
omnepariifHuX mijacuaoBadax [20].

[Ipy noCsATHEHHI 3aJaHOTO THUCKY CIpPALbOBYE EJIEKTPOHHUI KOoMMapaTop 1 cxema
MEPEXO/IUTh Y PEKUM IPOIMOPLIAHOTO PEryIIOBaHHS 3 BIANOBIIHOK cUrHalizamiero. Jlami
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qyepe3 J03YIUni BEHTHIIb Mac-CIIEKTPOMETpa BUKOHYIOTh HAITyCK IMapiB 3pa3Kka i OTPUMYIOTh
CIIEKTp Mac MO CTaHJApTHIN Il KOMI IOTEpU30BaHOT0 Mac-criekrpomerpa MX-7304A mnpo-
uenypi. [nst 3anoOiraHHs oOcCiAaHHS PEUYOBMHU 3pa3ka Ha CTIHKaxX MpHJIaLy HamyCKHUMN
BEHTUJIb 1 KOPIYC CIEKTpOMETpa MpOoTrpiBaloTh A0 TemmepaTypu mnopsaky 100°C
BOYJIOBaHUMU HarpiBadyaMu.

TRV T vy o L C Y
ke 5
i J ke
. — Cucrema
o — % o1 @BTOMATHYHOTO
-3 — perynBsaHHA
L — - £
L _— %
4 3
MATT [ .-_.j.’_,ﬁd BydepHa piguHa

(HanpuKnag, nonieTMAeHrNIKOMb)

Puc. 2. BakyymHa cxema npuctaBku 10 Mac-ciektpomerpa MX-7304A

Hexepeno Hoxepeno
JUEBJEHHA AVEBTIEHHA

OATHHEA - Harpieasa
Buwmiprosas

TEMIIEPaTYPH

s ) R
peryaaTop TTOTYKHOCTL

Puc.3. CtpykTypHa cxema BUMIpIOBaIbHO-KEPYHOUOi CHCTEMHU

Otpumanuii 3a nonomoror mac-ciekrpomerpa MX-7304A Ta 3anmponoHOBaHOT
MIPUCTABKH CIIEKTP Mac €THJIOBOTO CITUPTY HABEJICHO Ha puc.4.
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Puc.4. Cnextp Mac eTUI0BOTO CriupTy: a — oTpuMmanuii Ha MX-7304 npu temnepaTypi
45°C; 6 — cxeMa Mac-CrekTpy eTuieny 3 6a3u ganux NIST.

Jlana cucreMa 3 ycriXoM BUKOPUCTOBYEThCS Y HaBYAJIbHO-HAYKOBOMY LIEHTP1 (P13UKO-
ximiyaux gocaypkenb YHY  iMm. b. XmenpHUIIBKOTO mMpu  MpOBEAEHHI J1abOPaTOPHOTO
MPAKTUKYMY CTYJEHTIB XIMIYHUX CIIeL1aTbHOCTEH.

BucHoBku

Y po6oTi 3amponoHOBAHO OPUTIHAIBHY METOJUKY BUKOPHUCTAHHS TIa30BOr0 Mac-
CIEKTpOMETpa JUIsl JOCHKEHHS piauH. MeroauKy amnpoOOBaHO Ha CHCTEM1 E€THIIOBOTO
CHOUPTY Ta pAAi OpraHidHMX pimuH. [i 3acTOCyBaHHS J03BOJAE 3HAYHO CIHPOCTUTH IMPOLEC
aHaJI3y CKJIaly PIAMH Ta HAa BUPOOHUITBI, y J1ab0OpaTopiix TOLIO, a TaKOXXK BBECTU Y KYpC
71a00paTOPHOIO MPAKTUKYMY IPU BUBUYEHHI Mac-CIIEKTPOMETPIi CTYJACHTaMH.

IMoasiku
PoGotry BukoHaHo Ha ©0a31 HaBuyaibHO-HAyKOBOro LEHTPY (PI3UKO-XIMIYHUX
nociikenb. Poborta nmiarpumana MinicrepcTBoM ocBitH 1 Hayku Ykpainu (mpoekt 0115 U

000638).
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Summary. Ya.D. Korol, N.V. Storozhuk. Investigation the composition of the liquids
by mass spectrometer MX- 7304A. This paper describes the original vacuum-thermal system
with electronic control for sample preparation, which allows to investigate the composition
of the liquid by the mass spectrometric method using a standard monopoly instrument MX-
7304A. The construction of the mass spectrometer includes the ionization by gas electron
impact, which enters through a mechanical dosing valve.

This fact restricts scope of application the instrument by gaseous samples. For
investigation of condensed sample on MX-7304A4 the system, which consists of a vacuum,
thermal, measurement and control systems was constructed. Described in the paper is the
work of our new console. The displacement volume (with the investigated sample) is pumped
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to vacuum 10" mmHg, then it is cut from the vacuum line by the valve and then it heated by
electric spiral through thermal fluid. During this process the vapor pressure over the sample
is increasing and the pressure value is measured by special sensor. In the case of achieving of
the given value there works the electronic comparator and the scheme changes its regime to
the proportionate regulation regime for maintenance of temperature of a sample and pressure
of its vapors about 100 mmHg. The dosing valve lets off steams and gets a mass spectrum of
the sample by a standard for computerized MX-7304A procedure.

Dosing valve and spectrometer are heated up to the temperature of 100°C by arranged
heaters. It is necessary to avoid the deposition of sample materials on the walls.

The results of the study of organic matter are shown in this paper. The resulting system
is successfully used in the chemical specialties student’s laboratory practicum at the
Educational center of physics and chemistry research in the ChNU.

Key words: mass spectrometry, a vacuum scheme, pressure, saturated steam, liquid,
evaporation.
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PEAKIIVHA W@ Y31 B BIHAPHIA CUCTEMI ITPU EJIEKTPOMIT PAIIII,
3A HASIBHOCTI HEPIBHOBAKHUX BAKAHCIN

Poszenanymo i npoananizoeano moodenv ougysiiinoco pocmy HOB0I ¢hazu 6 OinapHill
cucmemi, npu npoxoodxceni nocmiunozo cmpymy. Ocobnugicmio yici Mmoodeni € me, wo
8PAX0BAHO ICHYBAHHA Hepi8HOBAdXCHUX 8akaHciu. [lokazano, wo HepiHOBACHI 8AKAHCII He
MIIKYU 8NAUSAIOMb HA WEUOKICMb pocmy ¢hasu, ane i MOXNCYMb 3MIHUMU DEXCUM pPOCmY,
mobmo euzHauumu, de 0yoe wieuouie pocmu @aza — Ha Kamoodi, yu anodi. Pezynomamu
YUCENTbHO20 MOOENIO8AHHS C8I0YAMb MAKONC NPO me, WO KOAU 0HCepena/CmoKu 6aKaHCill
dirtomb  ehexkmueno, picm Ho60I ¢hazu Oyoe maxkum, AK i 01 BUNAOKY DPIGHOBANCHOIL
KOHYeHmpayii 6aKaHciu y cucmemi.

KuarouoBi caoBa: peakuiiiHa qudysis, eleKTponepeHeceHHs, HEPIBHOBAXHI BakaHCIi,
KIHETUKa pocTy (a3u, OiHapHa cucTeMa.

1. Beryn

OpHi€ro 3 OCHOBHMX IIPUYMH BIIMOB IIPUCTPOIB Y Cy4acHI MIKpOEJIEKTPOHILIl € PO3PUB
€JIEKTPUYHOTO KoOJa 3aBISKM YTBOPEHHIO IOp, IO BHHUKAIOTh Yy pe3yjbTaTli poCTy
IHTEepMETANIUHUX 3’€lHaHb Ha  TpaHMIl JIIOTh/eNeKTpoa. PyiiHyBaHHS Takoro THILY
CIIOCTEPIra€ThCsl MPU TPUBAIOMY MPOIYCKAHHI €JIEKTPUYHOTO CTPyMY, SIK pE3yJbTaT
enekrpomirpanii [1-3]. Kineruka pocty (a3u npu HpoTIKaHHI MOCTIHHOTO €JIEeKTPUYHOTO
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