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PEHTTEHO®A30BBII AHAJIN3 MTPOJIYKTOB PEAKIIMU ITPOMBIIIIJIEHHBIX
CTEKOJI C ®TOPXJVIOPCOAEP KAIIUMU PEAI'EHTAMMU

Hdyka I'.I'. - akaneMux
(Axanemus Hayk Pecniybmvku MosgoBsr)
IIlaparos B.A. -. nokTop xaduanrar, koHepeHIIHAD
(benwrkuii 'ocynapcTBenHbiit YHUBepcuTeT UM. Asieky Pycco, Pecriybnuka Momgoa)

O6cyxrmaeTcsi METOAMKA aHaNIM3a MPOMYKTOB PEAKIWH NPOMBIIUIEHHBIX CTEKON € (TOPXIOPCOICpP KAIUMHU
pearenTamu. TepMmoxuMudeckass 00pabOTKa MPOMBIIUIEHHBIX CTEKOJ Ta3000pa3sHbIMU pEarceHTaMH BBINOJHIACE B
Ja00PaTOPHBIX M NPOU3BOICTBEHHBIX YCJIOBHsX. [IpuBOAUTCS cocTaB HaneTa BhILIEIavyMBaHus, 00pa3yloIlerocs mpu

TepMOXHMH‘IeCKOﬁ O6p360TKe MPOMBIINIICHHBIX

CTCKOJ

IUQTOPIUXIOPMETAaHOM U AUGTOPXIOPMETAHOM.

ConocTaBIIOTCS NnpeuMyuiecTBa U HEAOCTATKHU pa3HbIX MCTOJOB aHalM3a HaJICTa BbILICIAYUBAHUA. O6cy>1<,uaeTC$1
MEXaHU3M PCAKIHU MPOMBIINIJICHHBIX CTECKOJI C (bTOpXJ'IOpCOJJep)KaIHI/IMI/I pearcHTamu.

BBEJIEHUE

Crexsio OTHOCHUTCS K OJHOMY U3
Haubosee paclpoCTpaHEHHBIX MaTepHUasoB.
OTnUYUTENBHBIMU KayecTBaMU CTEKJIa
ABIIAIOTCSA ~€r0  YHUKAIbHBIE  ONTHUYECKHE
XapaKTepUCTUKU. [J1aBHBIMU HeEIOCTaTKaMH
OOJIBIIMHCTBA BUJIOB CTEKJIA SIBISIOTCS HHU3KAas
MeXaHUYeCcKas IPOYHOCTb, oxast
TEPMOCTOMKOCTh, @ B HEKOTOPBIX CIy4yasx H
HEJI0CTaTOYHAsi XMMUYECKasi CTOMKOCTS [1].

Paspa6 OTaHbI pas3IndHbIC MCTOBI
IOBBIIICHUA OKCILTYyaTalluOHHBIX CBOMCTB
CTCKJ’IOPBI[CJ'IHIZ, KOTOpPBIC YCIIOBHO MOKHO

pa3enuTh Ha JiBa TIJIaBHBIX HaIpaBJICHUS:
MO (UKALHS TOBEPXHOCTHBIX CJI0EB CTEKJIA U
CO3JIaHUE B HUX HANPSHKCHUI coxatust [2-4].
Haubonee mnpocTteiM U 3(PHEKTUBHBIM
METO/IOM TMOBBIIIEHUS XUMHYECKOU CTOMKOCTH
MOBEPXHOCTU  CTEKJIa  SIBJISETCS  BBILIENa-
YMBaHUE Ta3000pa3HbIMU peareHTaMu. Bomo- u
KHUCJIOTOCTOMKOCTh CTEKJIa IMOJ BO3JeHCTBUEM
KHCIIBIX Ta30B BOo3pacTaeT Ha 1-2 mopsiaka, npu
TOM TaK)Xe IOBBIIIAETCS €ro MeXaHW4yecKas
npoyHocts Ha 15-20 %, TepMOCTOMKOCTH U
MUKpOTBepJocTh — Ha 10-15 % [5-8]. B
KayecTBE ra3000pa3HbIX PeareHTOB Yallle BCEro
IOPUMEHSIOTCS  OKCHJIBI Cepbl, (TOPXIOPCO-
JeprKaliie COeTUHEHUS, XJIOPUCTHIM BOIOPO/I,
a TaKke cMecH rasoB [5]. B
MPOM3BOJICTBEHHBIX YCIOBUSX HAWOOIBINUI
3pGEeKT B TMOBBIIIEHUH HKCIUTYaTAl[MOHHBIX
CBOMCTB CTEKJIOM3JENUN JOCTUTaeTcs Mpu
UCTIOJIb30BaHUHU UL TePMOXUMHMYECKOU
00paboTku ra3oB Kiaacca ¢ppeonos [9, 10].

W3BecTHO, 9TO B pe3yibTaTe XUMHUYEC-
KOr0 B3aMMOJICHCTBUSA CTEKJIa C KHUCJIBIMH
ra3aMMd Ha €ro IIOBEpXHOCTH OOpa3yroTcs
MPOJYKTHl PEaKIMy B BUJIEC TaK HA3bIBAEMOIO
HayieTa BhIenaunBanus 5, 6]. Madopmarus o
COCTaBe TMPOJYKTOB pEaKIHH BaKHA JUIS
YCTAHOBJICHHUS KOMIIOHCHTOB CTEKJa, KCTpa-
THPYEMBIX U3 €T0 MOBEPXHOCTHBIX CIOEB.

AHanu3 OPOAYKTOB pEaKLUu CTEeKIa ¢
KHCJIBIMA Ta3aMH CBSI3aH C OIPEIACICHHBIMU
TPYOHOCTSIMU. Bo-TiepBBIX, B JIA0OPATOPHBIX
YCIIOBUSIX Ha MOBEPXHOCTH CTEKJIa oOpasyercs
HAJIET  BBHIMEIAYMBAHUS  HE3HAYUTEILHOU
TOJIIUHBI (OOBIYHO 10U MKM). B HEKOTOPBIX
CITy4asiX TPU WHTCHCHBHOM BBIIICIAYHBAHIH
CTeKJa ra3000pa3HBIMH pEareHTaMu TOIIIMHA
HaJleTa MOYKET JIOCTUTaTh 110 1 MKM [5].

Bo-BTOpBIX, AN OAHO3HAYHOW HIEHTH-
(GUKaUK MPOIYKTOB BHINMIEIAYNBAHUS CTEKIIA
KUCIBIMU Ta3aMU JUIsl aHalu3a HEO0OXOIUMO
UCIIONIb30BAaTh HABECKYy HAJETa, KOTOPBIH
coOupaertcs ¢ obpaslia MIomaas0 He MeHee 3-
5 )IMZ. JIns  HEKOTOphIX BHJOB CTEKJIa
TepMOXUMHUYEcKast 00paboTka 00pa3IloB BhIIIIE-
YKa3aHHOM IUIOIMIAbI0 HE TIPEICTaBIIACTCS
BO3MOXXHOH. Kpome Toro, s aHanmza
CIeIlyeT TPUMEHSTh CIOXKHYI0O U JIOPOTYIO
anmaparypy.

Ilenp  TIPOBEIEHHBIX  AKCIIEPUMEHTOB
3aKioYagach B BBISICHEHHMH BO3MOXKHOCTEH
MPUMEHECHHUST PEHTTeHO()A30BOT0 aHAM3a JUIS
OTpesieNieHHusT MHHEPAJIOTHMYECKOTO  COCTaBa
MIPOJYKTOB PEAKIIMH MPOMBITINICHHBIX CTEKOJ C
razamu kiacca ()peoHOB.
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METOAUKA 9KCIIEPUMEHTA

O0BexTaMu
MIPOMBIIIIJICHHBIC

HUCCIEN0BAaHUN
CTEKJIOU3IENUS

SIBIISUTUCH
pa3Horo
Ha3HAYEHUS. DKCIIEPUMEHTHI MPOBOJAMINCH Ha

o0pasIax JMCTOBOTO CTEKJIA, CTEKISTHHON Taphl
(OyThuTKax, OaHKax U (praKoHax), U3NENUAX U3
CBETOTEXHUYECKOTO, COPTOBOTO U XHMHKO-
71a00paTOPHOro crekna. XUMUYECKUH cocTaB
CTEKOJI TIPE/ICTABIICH B Ta0JIHIIE.

XUMHUYECKHI COCTaB MPOMBIIIJICHHBIX CTECKOJI

Bun crekina

Coneprxanue okcuaoB (MaccoBas 1o, %)

Sio,

Al,O3

Fe,0;

CaO

MgO Na,O K,0 SO, Hpyrue

JIuctoBoe 72,65

1,55

0,11

7,60

3,71 13,62 0,35 0,31 -

CoptoBoe
npo3payHoe
OecIBETHOE

71,95

4,22

0,04

6,52

0,20 17,15 0,10 0,12 -

CoptoBoe
MeJIOBOE

71,27

1,52

0,05

9,44

0,21 17,01 0,25 0,33

Tapnoe
00eCIBEYEHHOE
CC3

71,79

2,71

0,07

6,70

4,72 13,38 0,29 0,52 -

Tapnoe
00eCIBEYEHHOE
KC3

71,81

2,53

0,07

6,54

4,60 13,72 0,25 0,43 -

Tapnoe
00€eCIBEYEHHOE
SIC3

72,77

2,53

0,09

6,32

3,65 14,24 0,17 0,41 -

Byteuiounoe
TEMHO-3€JIEHOE
DC3

69,68

4,83

0,69

9,68

0,35 14,37 0,21 0,34 -

CseTo-
TCXHHUYCCKOC
PO3MHOBOE

71,48

2,74

0,04

7,32

0,02 Se,

0,22 17,10 0,36 0,31
0,14 Sh

CseTo-
TCXHHUYCCKOC
MOJIOYHOE

65,03

7,03

0,04

3,84

0,11 19,53 0,16 0,10 488 F"

XUMUKO-
nabopatopHoe

80,12

2,30

0,08

0,73

) 3,96 ) ) 13,42

B,O;

IIpumeuanne. OOpa3upl OTOMpAIMCh: JIHCTOBOTO CTeKIa - Ha JIbBOBCKOM Mexcrekno3aBonae (YKpauHa);
COPTOBBIX M CBETOTEXHHYECKHX cTekiomsaenuii - Ha AO , ®rmamuaro-96” (Pecmybnmka MomioBa); CTEKIOTapsl — Ha
cTekonbHBIX 3aBomax: CrmpockoMm (B Tabmume CC3) m SxonoBckoM (SIC3) (Poccmst); Kummnuerckom (KC3) u
OnopemrckoM (PC3) (Pecmybirka Monosa); XUMUKO-Ta00paTOPHBIX CTEKIIOU3ISIUI — TOTydeHBI U3 Yexumu.

JUis ~ TepMOXMMHYECKOH  00paboTKu
CTeKJIa MPHUMEHSUIUCh TEeXHUYeCKHe AuQTop-
JIUXJIOpMETaH U TUPTOPXIOPMETAH.
OObscHsAeTCS 3TO TEeM, YTO MpPU OOBIYHBIX
YCIOBUAX OTH Ta3bl MPEACTaBIAIOT COOOM
Oe3BpelHble U XUMHYECKM  HHEpPTHBIE
COCIMHEHMUS [11]. Tepmoxumuueckas
oOpaboTka cTekia (PTopXIIOpCcOaepIKAMUMH
ra3aMM MpOBOAMJINCH B JIaDOPaTOPHBIX U
3aBOJCKUMX  ycioBusAx. B mabopatopHbIx
HKCHEPUMEHTax OOpa3lbl CTEKJIa Hape3alluch

U3 CTEKJIOM3AEIHH, MPOTHPAIUCh CIUPTOM H
MOMEIIATNCh B DJIEKTPUYECKYI0 TpyOdaTyro
neyb Ipyu KOMHATHOM TeMIepaType.

CxopocTh HarpeBaHusI 00Opa3IOB CTEKIa
HE IpeBbIIIana 5...10°C/mun. ITpu
JOCTYDKEHUH 3aJlaHHOW TeMIlepaTypsl B TIeUb
nojaBaJicsi ra3000pa3HbIil peareHT u3 OaioHa.
Pacxoz ra3oBoro peareHTa KOHTPOJIUPOBAJICS U
perynupoBancs poramerpom TtHna PC-3A.
MakcumanbHass OTHOCHTEIbHAS IMOTPEITHOCTh
u3MepeHus: oobeMa rasza He npesbimana + 3%.
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[Tocne oxoH4aHwsi 00paOOTKU OOpa3IIbI
OXJIAKIAJIUCh B OTKIIOYEHHOM II€YH O
KOMHAaTHOW  TEeMIIEpaTypBhl. AOcomroTHas
MOTPEIIHOCTh PETYIUPOBAHUS TEMIIEPATYPHI
ne npesbimana £10 °C.

JlaGopaTopHble pPEKHUMBI TEPMOXHUMH-
4ecKoii 00pa0OTKH CTEKJa: Temreparypa —
n3MeHsiack ot 300 mo 600 0C, 00beM peareHTa
Ha oxaHy oOpabotky — ot 1,5 mo 30 m,
MPOAOJKUTENIBHOCTE — OT 5 1m0 30 mMuH. B

pe3yibTate  TEPMOXMMHUYECKOH  00paboTKu
TUGTOPANXIOPMETAHOM u
TP TOPXIIOPMETAHOM Ha MMOBEPXHOCTHU

o0pa31loB OTMedasoch oOpa3oBaHHE HajeTa
BBIIIEJIAYMBAHUS PA3HON HHTEHCUBHOCTH.

B 3aBoackux yCIOBUSX TEPMOXUMHU-
YecKoil 00paboTKe MOABEPrajuCh JHCTOBOE
CTEKJIO U CTEKJISIHHAs Tapa. JIMCTOBOE CTEKIIo
o0pabaTbIBaJIOCh  TU(MTOPAUXIOPMETAHOM B
MpoLEecce €ero MpPOU3BOJACTBA HAa CHUCTEME
BEPTUKAIHHOTO O€3JI0JJOYHOTO BBITATHBAHUSI.
Jlenta ctexna oOayBasiach Ta3000pa3HBIM
peareHTOM Ha cTaaud ee (OpPMOBaHUS TpPHU
temrieparype or 600 g0 950 °C. Ha
MOBEPXHOCTU JIEHTHl CTEKJIa OTMEYaJioCh
oOpa3oBaHue Hayera BbllenaunBanus. [locie

TEPMOXHUMHYECKON OOpabOTKM JIEHTa CTEKJa
MoCTynajga Ha OTXKHI, a 3aTeéM Ha pe3Ky.
Crexnorapa (6aHku, OYTBUIKM H  (hJIAKOHBI)
BbIpabaTeiBajach  Ha  CTEKJIO(POPMYIOIIUX
MallMHAX  CEKIMOHHOTO0,  POTOPHOIO U
KapyCeIpbHOTO0  TUMOB.  TepMOXUMHYECKas
00paboTka cTeKIoTapel  (TOPXIOPCOAEpHKa-
OIMMH  Tra3aMd  BBIMONHSIACH HA  Pa3HBIX
CTaJUsSIX MPOM3BOJACTBA: BO BpPEMs YHCTOBOTO
BBIYBAaHUS  W3JENUN, HA  OXJIAXJIAIONUX
CTOJIUKAX CTEKJIO(POPMYIOIIUX MAIIUH U BO
BpeMs omxkura. Temmeparypa o0paboTKu
coctaBimsuia or 500 mo 700 °C. B uenom
WHTECHCUBHOCTh  BBIIICIAYMBAHKS  CTCKJIA
dTopxiopcoiepKallUMU ~ Ta3aMH  Kak B
1ab0OpaTOpHBIX, TaK W MPOU3BOJCTBEHHBIX
YCIIOBUSIX 3aBHCHUT, TIJIaBHBIM 00pazoM, OT
TEMIepaTypbl CTEKJa, MPOJODKUTEIBHOCTH
00paboTKH U pacxojia pearenra Ha 00padoTKy.

MuHepaoruyeckuii  COCTaB IMPOJYKTOB
peaKuu CTeKsa ¢ ra3000pa3HbBIMU peareHTaMu
omnpenensics Ha audpakromerpe JIPOH-3,0
npu  Cu Ko-—wu3nysennn. g aHanusa
MPUMCHSUTUCh TUIACTUHKH JINCTOBOTO CTEKJIA,
MOJIBEPTHYThIE TEPMOXUMHUUYECKON 00paboTke

dTOopxiOpcomepKAIIMMU  Ta3aMH, a TaKxKe
X
e 3
o3
< 5
L%
'-“1 o3
oy
=
o7
2
= 4
i)
=
J| =
o3

2,24
EXY 311

325 5
N ™

28

'l 1 'l

40 36 32 28 24 2 20,rpan.

aKTOTpaMMBI HajleTa, 00pa30BaBIErocs npu 00padoTKe MPOMBIIIICHHBIX CTEKOJI (P TOPIMXIOPMETAHOM
1 — nucToBoOE cTEKO, 2, 3, 4, 5 — TapHBIe cTekna KummneBckoro, SIkoHoBcKoro, CriupoBckoro u Gropemrckoro
CTEKOJIBHBIX 3aBOJIOB COOTBETCTBEHHO (HAJIET CUHUIICH C TOBEPXHOCTH 00Pa3IOB).
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HOPOIIKK MPOJAYKTOB PEaKIMH, CYHIICHHBIC C
00pa31oB MPOMBIIIICHHBIX CTEKOJL.

PE3YJIbTATBI U UX AHAJIN3

B nabopaTopHBIX JKCIEpUMEHTaxX I0CIIe
TEPMOXMMUYECKOW  0OpabOTKM  IUIACTHHOK
JMCTOBOTO CTEKJIA TUPTOPAU-XIOPMETAHOM U
IU(TOPXIOPMETAaHOM HA WX MOBEPXHOCTH
BU3yaIbHO OTMEUAJIOCh IIOSBJIEHHE HajeTa
cnaboif HMHTEHCHUBHOCTH TIPH TeMIeparype
TEPMOXHMHYECKOH oGpaGotku 300 °C. C
MOBBIIIICHUEM TeMITEpaTypBbI
TEPMOXHUMHUYECKON 00pabOTKM MHTEHCUBHOCTh
HaJieTa BO3pacTaer.

Ha IIEpBOM CTauu aHanusa
audpaKkTorpaMMbl CHUMAIUCh Ui 00pa3loB
CTeKJIa ¢ HAJIeTOM.

Ha nudpakrorpamMmmax BBISBICHBI JIBE

Hanbosiee mHTEHCHBHBIE JuHMu 0 = 2,81 u
1,990 A, orBeuaromue coenuHenuo NaCl.
Ipyrue  peduiekcbl  HW3-3a  HX  Ciaboi

MHTEHCHBHOCTH OJHO3HAYHO pacIIu(poBaTh
He ynanock. IloatomMy B gjanbpHedniem B
aHaIM3aX TMPHUMEHSICS TOJBKO TMOPOIIOK
HaJleTa, CHITBI C TOBEPXHOCTH 00pabo-
TaHHOTO CTEKJIA.

Ha pucynke mpencraBieHsl audpak-
TOTPaMMBI IPOTYKTOB PEAKIUH, CUUIIECHHBIX C
00pa3IoB MPOMBIIUICHHBIX CTEKON. Pexum
00paboOTKM JIUCTOBOIO CTEKJIa JUPTOPIU-
XJIOpMeTaHOM: Temmeparypa - 600 °C,
NPOJIOJDKUTEIBHOCT 00paboTku - 15 MuH,
o0BbeM pearenra — 15 1.

Ju¢pakrorpamma 1 WIDIFOCTpUPYET, YTO

HauboJee MHTEHCUBHbBIE pedaexcsl
COOTBeTCTBYIOT xjopuay Hatpusa (d = 3,25;
2,81; 1,990; 1,695; 1,626; 1,409 A), a

3HAYUTENBHO OoJice caadble TMHUU — XJIOPUILY
kamusa (d = 3,11; 2,20; 1,406 A). Ha ocuose
MOJTyYEHHBIX JIaHHBIX CIEIYeT CIeNnaTh BHIBOJ,
4TO o0OpaboTka JUCTOBOTO CTeKJIa
TUPTOPIAUXIOPMETAHOM MPUBOAUT K
BBIIIENIAYMBAHNIO €T0 TOBEPXHOCTHOTO CJIOS,
TaK KaK M3 HEro JKCTParupyroTcs TOJBKO
HICJIOYHBIC KaTHUOHBI.

W nenTudnble pe3yabTaThl NOIYYEHBI PU
aHaJM3e MPOAYKTOB PEAKIIUU TAPHBIX CTEKOII C
IUPTOPAUXIOPMETAHOM (CM. Ha PHCYHKE
TG PaKTOrpaMMbl 2-5). CrekioTapa
oOpalaTeIBaIuCh TU(TOPAUXIOPMETAHOM Ha

TEXHOJIOTUYECKUX  JIMHHUSIX  Cpazy  Iocle
OKOHYaHHs  mporecca ee  (OopMOBaHUS.
Tepmoxummuueckord 00pabOTKe MOIBEPraUCH
OyTbiikh u  OaHKH HW3  MPO3PAYHOrO
o0ecIlBeUCHHOTO cTekia Ha KuimHeBckoMm
CTEKOJIBLHOM 3aBojie (2), OyTbUIKH U (prIaKOHBI
U3 TIPO3PAaYHOTO OOECI[BEUEHHOI'O CTEKJIa Ha
SlkoHoBckoM  cTekonbHOM — 3aBoje  (3),
OyThUIKH, (JIaKOHBI W OaHKH W3 MPO3PAYHOTO
oOecrBeueHHOT0 cTekia Ha CHHpoOBCKOM
CTEKOJIBLHOM 3aBojie (4) U OYTBUIKH U3 TEMHO-

3€JICHOTO CTeKJIa Ha dnopemTckom
CTEKOJIBLHOM 3aBojie (5).

[Ipu  Tepmoxumuyeckor  00OpaboTKe
TUPTOPIUXITIOPMETAHOM XUMHKO-

7a00paTOPHOTO  CTEKJIA, COPTOBBIX CTEKOJ
(mMpo3payHOrO OECIBETHOIO M MEAOBOI0) H
CBETOTEXHUYECKUX CTEKOJN (pO3aJMHOBOTO M
MOJIOYHOTO) TakXe O0Opa3ylTcsi MPOIYKTHI

peakIuy, COAEp)KAalle TONBKO  XJIOPHJIBI
HATpHS U KaJIHsL.
CnenoBatenbHoO, HECMOTPS Ha

3HAYUTENIPHOE pa3iuyhe MEXIy COCTaBaMH
MPOMBIIIICHHBIX CTEKOJI, & TAKXKE U HAa pa3HbIe
PEKHUMBI TEPMOXUMHUYECKOH OOpabOTKHM B
71a00paTOPHBIX u MIPOU3BOJICTBEHHBIX
YCIIOBUSIX, B peE3yJbTaTe pEaKIMH CTEeKIa C
TUPTOPIUXIOPMETAHOM O0pa3ylOTCs OJHH M
T€ K€ MPOTYKTHI.

B nmocneayrommx sKCHEpUMEHTax TE ke
OPOMBIIIICHHbIE  CTEKIa  TEPMOXUMHUYECKH
o0OpabaTbIBaJINCh TUQPTOPXIOPMETAHOM.
AHaln3 HajeTa Takke Mokas3ajl Haluyue B HeM
XJIOPUIOB HATPHS U KaJIHS.

[IpakTuka mnpuUMEHEeHHs pPEeHTreHodaszo-
BOTO aHaJM3a JJIsl UACHTU(UKAIIUHN TTPOTYKTOB
peakuMu cTekya ¢ TUPTOPIUXIOPMETAHOM U
TUQPTOPXIOPMETAHOM BBISIBUJIA JOCTOMHCTBA U
HEIOCTaTKU 3Toro wmeroaa. Pedrekcsl Ha
IuQpakTorpaMMax, CHATBIX [UIS 0OpasioB
CTeKJla C  HaJleToM  HUMeIT  cialyro
MHTEHCUBHOCTH, 3 HEKOTOPBIE TI0JIOCHI BOOOIIE
OTCYTCTBYIOT,  BCJEJICTBHE  YEro  HEb3s
OJTHO3HAYHO WJACHTH(QHUIUPOBATH TPOTYKTHI
peakuuu. Kpome Toro, nu¢pakrorpammsl
MONYyYalOTCs TPU  HUCIIOJNB30BaHUM  TOJIBKO
IUIACTHHOK CTEKJIa C HAJIETOM.

Ha  mudpakrorpammax  dYeTkue W
MHTCHCUBHBIE TIOJIOCHI  MPOSIBISIOTCS  MPH
aHaJM3e TMOPOIIKa HajleTa, CHATOTO ¢ oOpasia
IUIOMAAbI0 He MeHee 3-5 )IMZ. [Tonyuenue
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TaKOM HaBeCKHM HajleTa MpoOJeMaTUYHO B
CIIy4asiX, KOrJia CTEKJIO cinabo pearupyer c
razaMu 1500051 Korma  OuId 00paboTKu
UCTIONIL3YIOTCST 00pa3Ibl HEOOIBIIUX PA3MEPOB
U CIOXHOW QopMbl (IIApWKW, IITAOWKH,
aMmynel, TPyOKH U T.1.). PeHTreHodasoBblii
aHaJIU3 XOpOILIO 3apeKOMEHI0Ban ceds B TeX
CIIy4asix, KOTJa B COCTaB HaJeTa BXOISAT OJIHO-
nBa  coenuHeHus. llpu  uaeHTHQUKaIUU
MPOJYKTOB PEAKIMH CJIIOKHOTO COCTaBa 4acTo
MPOUCXOJIUT HaKJIagKka pedrekcoB, OTHOCS-
HIMXCS K Pa3HBIM BEIIECTBAM. DTO YCIIOXKHSET
aHalM3, a B HEKOTOPHIX CIy4yasX €ro
BBITIOJTHEHUE CTAHOBUTCSI HEBO3MOYKHBIM.

['maBHBIM TOCTOMHCTBOM peHTTeHOo]a30-
BOTO aHaM3a  SBJSICTCS  COXpPaHEHHUE
€CTECTBEHHOT'O COCTOSHUSI HaJjieTa BbIIIeNa-
yuBaHus. CyIIECTBEHHBIM HEJOCTATKOM 3TOTO
METOJla SIBJIIIETCS OTCYTCTBHE JAaHHBIX O
HATMYUU aMOPQHBIX COSAWHCHHWA B COCTaBe
Hanera. (CrenoBaTeNbHO, pPEHTreHO(hA30BbIi
aHAIM3  JOJDKCH  JIONOJHATHCS  JPYTHMH
METOJIJaMH aHaJN3a.

B Hammx WCCIEOBaHUSX TMPOMYKTHI
peakuu cTekna ¢ AUGTOPAUXIOPMETAHOM U
TP TOPXIIOPMETAHOM JIOTIOTHATEITLHO
AHATU3UPOBAIHCH nmyTeM MIPOBECHUS
PEHTTEHOCTICKTPATILHOTO ANEKTPOHHO-
30HOBOTO  MHKpOAHaIM3a, TEPMUYECKOTO
aHanmsa, IUIaMEHHON  (doToMeTpuu |
KaueCTBEHHOT'0 XMMHYECKOT0 aHalIn3a.

XUMUYECKUI CcOoCTaB HaJleTa
BbIIIIE€TIaYNBAHUS u XapakTep ero
pacmpenelieHdss Ha  TOBEPXHOCTH  CTEKJa
HCCIIEIOBANICS. HA DIIEKTPOHHOM MHUKPOCKOIIE
OMMA-2 ¢ mpucraBkoit MAP  mis
MUKpPOPEHTI€HOCIIEKTPAIbHOTO aHanmu3a. B
HAJIETe aHAIM3UPOBAIOCH HAJIMYUE CIIEIYIO-
mmx snementos: Si, Al, Fe, Ca, Mg, K, F u CI
(ompenenenust Na He mnpoBogwiuck). U3
YKa3aHHBIX JJEMEHTOB ObUIH OOHapy>KEHBI
TOJIBKO Kanui 51 XJT0P. Bricokas
YyBCTBUTEIHHOCTh JAHHOTO METOJa aHallu3a
MO3BOJISICT TIPOBEPHUTH TPUCYTCTBHE B HAJETE
T€X  XUMHYECKHX  DJJEMEHTOB,  KOTOpBIE
HaXOJATCS B COCTaBe CTEKJIIa M Ta30BOTO
peareHTa. Cepbe3HbIM HEJ0CTaTKOM
MHUKPOPEHTT€HOCTICKTPATHLHOTO aHaJIn3a
SBIISIETCS CJIO)KHOCTh YCTAHOBJIGHUS MHHE-
PAJIOTHYECKOTO COCTaBa COCTUHEHHH, 00pa3o-
BaHHBIX HAa IIOBEPXHOCTH CTEKJIA TIpH

BO3/IEHCTBHY HA HETO KHCJIBIX Ta30B, H K TOMY
e JUIs TIPOBEJCHHUs JKCIIEpUMEHTa TpebyeTcs
MHOTO BPEMEHH.

JlaHHbIe 10 TTAMEHHOU (HOTOMETPHUU H
XMMHYECKOMY  MHKPOAHAIH3y  CBHJETENb-
CTBYIOT O TOM, YTO B pAacTBOpPE MPOLYKTOB
PEaKIMM MPOMBIIIEHHBIX CTEKON C Ta3aMH
krmacca GppeoHoB comepxkarcs nonsl Na*, K u
Cl', a »To cormacyercsi ¢ APYyrMMH METOJaMU
anamuszoB. CoequHeHus (Topa B HajeTe He
BEISIBIICHBI.

s IIPOBEPKU BO3MOXHOT'O
yJIETy4YUBaHUs IPOLYKTOB PpEaKLHH IIpH
BBICOKOM TeMIlepaType CHUMAJIUCh
JI€pUBATOIPAMMBI IIOPOILKA HaJjera,

MOJyYeHHOTO 00pabOTKOW JIMCTOBOTO CTEKJIa
TUGTOPINXTIOPMETAHOM TMpU  TemrepaType
600 °C, u mnopomka NaCl xamudukammm
"XUMUYECKH YHUCTHIM' B KadyecTBE JTaJOHA.
Tepmuueckuii  aHamM3  BBIIOJHSICA  HA
nepusarorpade O-102. [Tony4yeHHnsie
Pe3yNIbTaThl MO3BOJISIIOT YTBEPXKIaTh, 4TO 00a
BEIIECTBA  MPAKTUYECKH  OJMHAKOBBI  IIO
cocraBy. M3 mepuBarorpaMM TakkKe CIEIyeT
BBIBOJI O MaJlOil JIeTy4yecTH HalleTa, T. €. IpH
VKa3aHHBIX  pEXKHMaX  TEPMOXHMHUYCCKOM
00paboTKK cTeKIa JAUPTOPIUXIOPMETAHOM
MPAKTUYECKH BECh HAJNET OCTaeTCsl Ha
MOBEPXHOCTH 00Pa3IOB.

Takum o00pazom, pe3ynbTaThl aHalu3a
MPOJYKTOB PEAKIIUU MPOMBIIIIEHHBIX CTEKOJ C

TU(GTOPANXIOPMETAHOM 51
JTUQPTOPXIOPMETAHOM  CBUJETENILCTBYIOT O
IPOTEKaHWU  TIpollecca  BbILIEIAYMBaHUS,

aHAJIOTUYHOTO PEAaKIUU CTEeKJIa C KHUCIBIMU
razamu [5, 9].

MexaHu3M BbIIIETaYMBAHUS TOBEPXHOC-
THBIX  CIIOGB  CTEKJIa KHCIBIMH  Ta3aMH
XapakTepu3yercs MHOrooopasueM (Qu3uKo-
XUMUYECKHX ABJICHUM [9].

XUMHUYECKOE B3aUMOACHCTBHE MPOMBIIII-
JICHHBIX CTEKOJI C TaJOTeHO-TIPOU3BOIHBIMU
YIIEBOIOPOIOB VIIPOIIIEHHO MOKHO
MPEACTaBUTh CIEAYIOMUM 00pa3om. Buauane

IpU  BO3ACHCTBUM Ha HArpeToe CTEKJIO
(bTOPXIIOPIIPOU3BOIHBIX YTJIEBOIOPO/IOB,
Hampumep, JAUGTOPAUXIOPMETaHa, IPOHC-

XOOUT UX TUAPOJIN3 COTJIIACHO pCaKIUM:

CF,Cl,+2H,0 7% "¢ O T+2HFT+2HCIT (1)
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OOpasyromecs MpHu pacrajge XJIOpHI U
dTopua  BomOpOJdA  B3aMMOJCHUCTBYIOT — CO
CTEKJIOM KaK KHCIIbIC Ta3bl.

Peakimio xyopuia BOJOpPOAa CO CTEKIOM
MOJKHO TIPEJICTaBUTh TAKHUM 00pa3oM:

2 (=Si—-0-Na)+2HCI =
=Si— O - Si =+ 2NaCl + H,07 )

B3aumogeiictBue dropuaa Bogopoma co
CTEKJIOM, MO-BUAMMOMY, MOXET MPOTEKATH IO
JIBYM PEAKIIHSIM:

2 (=Si-0-Na)+2HF =
=Si— 0 - Si=+2NaF + H,0" (3)

Si0, + 4HF = SiF,T + 2H,07T (4)

Harmm HKCIIEPUMEHTHI MIO3BOJISIOT
yTBEPXKIaTh, YTO PEAKIHUs MPOMBIIIICHHBIX
CTEKOJ C TUPTOPIUXIOPMETAHOM "
TUPTOPXJIOPMETAHOM B COOTBETCTBUU  C
YpaBHEHUEM 3) OTCYTCTBYET.
TepMmoauHaMu4eckue pacyeTbl IMOKa3bIBAIOT
BO3MOKHOCTB B3aUMOJICVCTBHUS
KPEMHEKHCIIOPOAHOTO  KapKaca CTeKJIa C
bTopumom  Bomopoma.  Jms  mpoBepkH
obpasoBanusi  SiF; HE0OXOIUMO BBIMOJHHUTH
aHaJM3 Ta30BOW Cpelbl MPH BBINICTAYNBAHUH
MPOMBIIIICHHBIX CTEKOJI MPOAYKTAMH paciiaja
Qg TopauxIopMeTaHa u I TOpXIOpMeTaHa.

3AK/IIOYEHUE

[lo naHHBIM peHTreHo(}a30BOro aHauIu3a
TEPMOXUMHUYECKasi 00pabOTKa MPOMBIIITIEHHBIX
CTEKOJ TU(HTOPAUXITIOPMETAHOM u
IUPTOPXIOPMETAaHOM COIIPOBOKAAETCS
o0Opa3oBaHHEM MIPOJYKTOB peakuuu,
COZIepKAMX XJIOPUAbI HATpus U Kanmus. s
TEPMOXUMHUYECKOH 00pabOTKH NPUMEHSIUCH
00pa3ibl JUCTOBOTO CTEKJIA, CTEKISTHHOM Tapbl
(OyTbulkM, OaHKM M (IIAKOHBI), WU3AETUS U3
CBETOTEXHHYECKOT0, COPTOBOIO U XHMHKO-
nmaboparopHoro  crekna.  HecmoTrps  Ha
3HAYUTENbHOE pa3Inyhe MEXJIy COCTaBaMH
NPOMBIIIICHHBIX ~ CTEKOJT W peXHMaMHu
TEPMOXHUMHUYECKON 00paboTku B saboparop-
HBIX W TIPOW3BOJCTBEHHBIX YCIOBHUSX, B
pe3yibTare peakuuu CTeKJIa c
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(dTopxjopcoaepKaIIMMU peareHTaMu 00pasy-
OTCA OJHU U TC K€ MMPOIAYKTHIL.

JI0CTOBEPHOCTh PE3YJIBTATOB PEHTIEHO-
¢da3zoBoro aHaiM3za TMOATBEPXKICHA IIyTEM
NPOBEJICHUSI PEHTICHOCIIEKTPAIBHOTO  DJIEK-
TPOHHO-30HJIOBOI'0 MHKPOAHAJIN3a, TEPMHYEC-
KOTO aHaju3a, IUIAMCHHOW (OTOMETpUU W
Ka4eCTBEHHOT'0 XUMUYECKOTO MUKPOAHAJIH3A.

PentrenodasoBelii  aHamM3 MPOIYKTOB
pcaknuunu IMPOMBIIIJICHHBIX CTCEKOJI C
bTOpXIOpCOEPKAIMUMHU pearcHTaMu JIOJIKCH
JOIMOJIHATHCA APYTMMU MCTOAAMU aHAJIM3a.
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X-RAY PHASE ANALYSIS OF REACTION PRODUCTS OF INDUSTRIAL
GLASSES WITH FLUORINE- AND CHLORINE-CONTAINING REAGENTS

Duca G.G. — academicion
(Academy of Sciences of Moldova)
Sharagov V.A. — doctor habilitat
(Alecu Russo Balti State University, Republic of Moldova)

The technique of analysing reaction products of industrial glasses with fluorine- and chlorine-containing gases is
discussed. Thermochemical treatment of industrial glasses with gaseous reagents was held in laboratory and industrial
conditions. The composition of the dealkalizition bloom, formed during the thermochemical treatment of industrial
glasses with difluorodichloromethane and difluorochloromethane is presented. The advantages and disadvantages of
different methods of analysis of bloom dealkalizition are compared. A mechanism of reaction of industrial glasses with
fluorine- and chlorine-containing reagents is offered.
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YK 669.017:539.374:539.67:534.282

WCHOJIb30BAHUE PACCESIHUSI MEXAHUYECKOM SHEPT MU ITPU OLIEHKE
IOPOPEKTUBHOCTHU OBPABOTKH NIOBEPXHOCTHU CTAJIN AJIMA3HBIM
BBITVIA’KUBAHUEM

Mos3srosoii A.B. — K. T. H., JIOIIEHT
(BunHHMIIKHI TOCYAapCTBEHHBIN NEIarornyeckuii yausepcureT uM. Muxanna KomroO6uHckoro,
Ykpauna)

Wzywanoch BIMSHWE YCWIMS NPWKMMA alMa3HOTO HAKOHEYHHMKA K MOBEPXHOCTH Bajia ra3oTypOMHHOTO
JIBUTaTeNsl Ha IMapameTphl CBOOOAHBIX 3aTyXalOIIMX MONEPEeYHBIX KojeOaHWil KOHCOJMbHBIX 00pa3uoB. IlocTpoeHHas
MareMaTuueckas MOJENb IT03BOJISIET HCCIIENOBaTh KOJNEOAaHUsSl CIOHUCTBIX CTEp)KHEW B 3aBUCHMOCTH OT MOJYyJei
YIIPYTOCTH, IEKPEMEHTOB KOJICOaHNS KasKIAOT0 ClIos, GopM KOIeOaHUH M KOHCTPYKTUBHBIX pa3MEPOB.

BBEJIEHME
IToBbi1IEHNE HAJIe)XKHOCTH u
obecrieueHue BBICOKOI'O pecypca

razorypounnsix asurateneit (I'T/I) Bo3moxxHO
npu pas3paboTrke 3(PQPEKTUBHBIX TEXHOJIOTHIA.
TONBKO KOMIIIEKCHBIM MOAXOX K  Y4eTy
TEXHOJIOTUYECKHX (DAKTOPOB  HU3TOTOBICHUS
KOMIUIEKTYIOIUX JeTajled MOXET 00eCleUuTh
ONTUMAaJbHBIE SKCILTyaTallHOHHBIE CBOWCTBA
m3nenust [1-3]. Hambonee HarpyXeHHBIMH |
TpyaHooOpabarbiBaeMbiMu  feTansamu [T/
SIBJISTFOTCSI TOHKOCTCHHBIS BaJIbI [3].
CymecTBeHHOE BIIMSIHHE Ha
AKCILTyaTal[MOHHbIE CBOICTBa BaJIOB
OKa3bIBacT (buHUIIHAS MMOBEPXHOCTHAs
miacTuyeckas  oopaboTka, K KOTOpOM
OTHOCHUTCSI U aJIMa3HOE BbITJIa)KUBaHWE. Meton
QJIMa3HOTO BBIMJIAKUBAHUS SBIISETCS OJHUM U3

Haubosee NEepCHEeKTUBHBIX BUJIOB
TEPMOMEXaHUUECKOH 00pabOTKH METAIOB U
CILJIaBOB, MO3BOJISIOIINM CYIIECTBEHHO
IIOBBICUTH OKCILTYaTalluOHHBIC
XapakTepucTHKH  u3aenuii. B mpomecce
aJIMa3HOI' o BBITJIaKUBAHU L MMPOUCXOOUT
YIIPOYHEHHE MaTepuaja W IMOBBIIIAETCS €ro
M3HOCOCTOMKOCTb. O6paboTka JTAaHHBIM
METOJI0M U3MEHSeT CBOWCTBA Kak

IMPUIIOBEPXHOCTHOI'O CJI0A MaTt€puala, TaK H

Bcero wmsgenus. Ilpm  3TOM  mpoucxomut
CYHIECTBCHHOE W3MEHEHHE CTPYKTYPBI
Marepuania.

[Ipyn HATYpHBIX HMCHBITAHMUSIX ACTAICH M
KOHCTPYKLUU I'TH CYILLIECTBYIOT
ONpEJEICHHBIE TEXHUYECKHE CII0)KHOCTH H
OosnbiIMe MarepHualbHbIe 3aTparsl.
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UccnenoBanusi B J1a0OpaTOPHBIX  YCIOBUSIX
BJIUSIHUE PEKUMOB aJIMa3HOT'O BBITJIAKMBAHUS
Ha ¢GOpMHpPOBAHHE KOMILJIEKCA TMapamMeTpoOB
KadecTBa TOHKOCTEHHBIX BajoB I'T/I, a Takxke
W3y4CHUE  TOBEJCHHUS  MaTepuaiga  IpHu
AKCIUTYaTallMOHHBIX PEXUMAX SKOHOMUYECKU
BBITOJTHO M YMEHBIIIAET BPEMsl Ha MOJy4YECHHE
pe3ynbTaTOB UCCIIEJOBAHUM.

Ucnons3yst  cBOOOIHBIE  3aTyXarolue
Kosebanus, B paborax [4-6] mokazaHo, 4TO
METOJi BHYTPEHHETO TPEHHSI MOXET YCIEIIHO

OPUMEHATbCS U1 M3YYEHHUs  BIIMSHUS
pPa3IMYHBIX  TEXHOJOTMYECKUX  OIepanuit
HA3TOTOBJICHUS BaJIOB I'T. Ananus
MOJYYCHHBIX  Pe3yJbTaTOB  aMIUTUTYIHON
3aBUCUMOCTH  BHYTPEHHEro  TpEHHs, B
3aBUCUMOCTH OT PEXHMOB ITOBEPXHOCTHOM
IUIACTUYECKOM 00paboTkH JIMa3HbIM
BBITJIAXKMBAHWEM, IIOKa3al, dro Hamboiee
ONTUMAJILHOU SIBJIAETCS obpaboTka

noBepxHoctu ycunuemM B 200 H. Amnanus
TEMIIEPATYPHON 3aBUCHUMOCTH BHYTPEHHETO
TpeHusi 00pa3IoB, 0OpabOTAHHBIX MPU PA3HBIX

pexumax JIMa3HbIM HaKOHEYHUKOM,
TIO3BOJIMITN OTIPEJIEIINTh OTNITUMAaJIbHBIE
PEKUMBI TEXHOJIOTMYECKON 00paboTkH
JeTane Ui TOJy4eHHs]  HEO0OXOJIMMBIX

HKCIUTYaTAI[MOHHBIX XapaKTEPUCTHK.

Crenenn YIIPOYHEHUS, BEJIMYMHA
OCTAaTOYHBIX HANpsHKEHUH U [IIyOMHa HX
3ajeTaHysl  ONPEENAIOTCS, Kak — IpaBuilo,
AKCIEPUMEHTAIBHO, 4TO SBIISIETCS
TPyAOEMKHM  mpoueccoM. Mcnonb3oBaHue
AHAINTUYECKUX METOAOB MaTeMaTUYECKOTO
OMHCAHUS UCCIIEyEMBbIX IIPOLIECCOB
MEePCIIEKTUBHO.
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METOJAUKA 3KCIIEPUMEHTA

OOBEKTOM  UCCIIEIOBAHUM  SIBJISUIMCH
obpasuel  cramu  07X12H2MB®, kotopsie
MPOILLITU YIPOYHSIOIIYIO TEPMUYECKYIO

00paboTKy ¥ (UHUIIHYID MEXaHUYECKYIO
00paboOTKy alMa3HBIM BBITJIQAXKHBAHHEM  C
pa3iaMYHONl  BEIMYMHOM  CHIJIBI  IpUXKUMA
paboueil yacTM aiIMa3HOTO HAKOHEYHUKA.
Ycunue npukuMa U3MEHSUIOCh B Mpefenax oT
50 H go 300 H wuepes kaxnbie 50 H.
[IpenBaputenvHas TepMuyeckas o00paboTka
npoBojuiack 3akainkod ot 1273-1323 K B
Maclio, C TOCIEAYIOIUM OTIYCKOM TMpH
temneparype 913-943 K. 13 roroBoro uznenus
HUWIMHIPUYECKON (POpMBI TOTy4YEHBI 00Pa3IbI
C TIOMOIIIBIO AJIEKTPOUCKPOBOM PE3KH, [UTMHHAS
YacTh KOTOPBIX COBMAJIAET C OChIO IIMIIMHIPA.

W3mepeHnss BHYTPEHHETO TPEHUS (Q'l) )51
JMHAMHYecKoro Moxyns ympyroctu (G~ f)
o0pa3ioB JaHHOW cTamu B pabortax [4-6]
NPOBOAMIM Ha HH3KOYACTOTHOM YCTaHOBKE
TUNAa OOpaTHOTO KPYTHJIBHOTO MasTHHUKA.
Yactora xojebaHuii cocrasmuia 1,5 T,
temneparypa — ot 293 K go 873 K, ammiutyna
CABUTOBOW nedopmanuu — 510° =510%
Ommbka npu onpenencunn Q' 3aBucena or
AMIUTMUTYHBIX M TEMIIEpaTypPHBIX WHTEPBAJIOB
U3MEPEHUsl M B CPETHEM COCTaBJsia He Oojee
3 %.

B TAaHHOU pabore HUCCIIENOBAIIH
CBOOOTHBIE nornepeyHble 3aTyXxarolme
Kosie0aHusl KOHCoJbHOTO obOpasua. Konebanus
3alUChIBAIM C TOMOIIBIO MporpaMmbel  Sound
Forge ma ycranoBke [7,8] u ¢ moMoIIKIO
MPEUIOKEHHOW  CHEeNHMaIbHOM  MPOrpaMMBI
Damping mnonyuywnu  oOIIyl0  OOBOAHYIO,
OOBOJIHYI0O TIOJOCHI 4YacTOT U OOBOJHYIO
HanOOJbIIe TapMOHUKHA B TIOJIOCE YaCTOT.
Takxe mporpaMMa, B 3aBHCHMOCTH  OT
BPEMEHH, OIPEENsIeT YacTOTy, aMIUTUTYRy H
norapupMuUecKuil  IEKpEeMEHT  KoyieOaHuit
CUCTEMBI.

[Ipennaraemass TporpaMma COBEpIIaeT
4aCTOTHO-TTOJIOCOBOM aHan3 CUTHaJIa
00BOTHOM CBOOOTHBIX 3aTyXaroIux
Konebanui, xpausmieiics B 16-Outaeix, PCM
(Pulse Code Modulation), mono, 44100 I'n
YaCTOTOW JIMCKPETHU3AIlMU 3BYKOBBIX (haiIoB
dopmara RIFF(wav). [Tporpamma

o0OecrieurBaeT BBIYMCICHUE IAapaMETPOB U
MOJIb30BATEIBCKUN  HMHTEpJEc st BBOJA
HEOOXOJUMBIX IApaMETPOB M OTOOpPaKEHUS
PEe3ynbTaTOB IS JAJIbHEHIIETO aHAIN3A.

HHOJYYEHHBIE PE3YJIbBTATBI 1 UX
OBCYXIEHHUE

IIpu o6paboTke moBepxHocTu Baya ['T]]
aJIMa3HBIM BBITJIQ)KMBAHHEM B TIOBEPXHOCTHOM
cioe oOpa3yercs 30HA JIPOOJICHUS HCXOJHOTO
3epHa, BEJIMYMHA KOTOpoil nocturaer 60-100
MKM. Pe3ynpTaThl 3amepa MHKpPOTBEPIOCTH
IIOKA3bIBAIOT, YTO B 00IacTd  OOJBIINX
IUIACTUYECKUX  AedopMarvii  CyIIeCTBYET
nepexo/iHas ynpouHeHHas 30Ha [9,10]. Pacuer
rIyOWHBI YIIPOYHEHHOTO CJIOSI BBINOJHEH B
pabote [9] u cocraBmsier 0,55 mMm. [loatomy
MOJITOTOBJICHHBIE 00pa3Lbl ISl UCCIEIOBAHHIMA
MIPEACTABIISIIOT COO0M TPEXCIONHBIN CTEPIKECHbD,
cXema KOTOpOTo MpejcTaBlieHa Ha puc. 1.

Crnoun tonmmHou t; 1 {3 . ynmpouHeHHBIE, a
CJIOU TOJIIIIMHOU t; UMeEeT CBOMCTBA UCXOIHOI'O
Marepuana.

i
[3¢]
Nk =
N b ] Sy Y HIL
t‘,:.\ A
—— F o
=
h v

Puc. 1. Cxema TpexciaoiHHOTO CTEPIKHS.

[Ipn momomm mporpammel Sound Forge
nocjae BO30OYXICHHMsS KOJIeOAaHWH HX KpuBas
3allUCHIBAETCS B KOMITBIOTED B OTACIBHHBIN
daitn. Ha puc. 2 mnpencraBieHbl KpUBBIE
3aTyxaHus KOJICOAHWH WIECTH WCCIIEIYEeMBIX
oOpaznoB. Homep o0pasna coOTBETCTBYET
BEIMYMHE YCUJIHS, C KOTOPHIM MPIKUMAIICS
alMa3Hbli  HAaKOHEYHMK K  TIOBEPXHOCTH:
nepBblii oOpaser] coorBercTByeT ycminoo 50 H
u panee yepe3 50 H no mecroro obpasma, mis
KoToporo ycuiue cocrasisiio 300 H.

Paznuunbie yCUIIHS npu
TEXHOJIOTHUECKOU onepanuu C
UCTOJIb30BAaHUEM  alIMa3HOTO  HAKOHEYHHKA
BHECIIM W3MEHEHHsI B CTPYKTYpy Marepuaia,
YTO W BBI3BAIO pa3jinyMe BHJA KPUBBIX
3aTyXaHHs CBOOOTHBIX MOTIEPEYHBIX
Kose0aHui KOHCOJIBHBIX 00pa3IoB.
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Ha puc.3 npencraBieHbl pe3ysibTaThbl
00pabOTKM KpPUBBIX 3aTyXaHUs MPOTPAMMON
Damping.
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Puc. 2. OcrumiorpaMMbl CTadbHBIX KOHCOJBHBIX
0o0pa3moB: a — YyCWIHE NpPIWKAMa aJIMa3HOTO
HaKOHEYHHKA K TIOBEPXHOCTH 00pa3iia COCTaBISCT
50H;6-100H; 8- 150 H; r— 200 H; 1 — 250 H;
e—300 H.

MaremaTnueckass Mojenb Il OIpese-
JeHHus COOCTBEHHBIX  (opM, dYacToT U
JIEKpEMEHTA Kose0aHui TPEXCIIONHOTO
CTEpXKHS IIOCTPOEHAa C  HCIOJIb30BAHHEM
MOJIEIM  MHOTOCIOMHBIX  DJIEMEHTOB  C
aMIUIMTYIHO-3aBUCUMBIM paccesiHueM
SHEPruM, pacCMOTpEeHHOH B padote [11].

50
40 \

30 1
20 —

A, ymw.o.

o x10°

t, c

Puc. 3. BpemenHsie 3aBUCHMOCTH AekpemenTa (1) u
aMIUTUTYABI (2) CBOOOJHBIX KOJIEOaHUIT CTANbHBIX
KOHCOJIBHBIX 00pa3I[oB.

Jemndupyromme CcBoOWCTBa MaTepuana
BBOASTCS  NHpU  TMOMOLIM  KOMIUIEKCHBIX
Moayiell. MHUMBIE YacTU  KOMIUIEKCHBIX
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MOJTyJIeH TSt Ka)JI0TO Marepuaia
OTPENENAIOTCS W3BECTHBIMU  JICKPEMECHTAMHU
KoJIeOaHMi.

[Tpu mocTpoeHUH MOEIH HCIIOIb30BaNICS
METOJ KOHEUHBIX 3JIEMEHTOB JUIS CTCPIKHS C
OJIU3KUMHU MOJYJISIMH YIIPYTOCTH CJIOEB, KOTJa
CIpaBe/IINBA TUIOTE3a IIIOCKUX CEYCHUH.

B mpomecce nedopmanuu CTEpKHS, C

y4ETOM TUIIOTE3BI pacnpeaeneHus
nedopManuii 1Mo TOJIIMHE, MOTCHIUATbHAs
SHeprus  OydeT  ONpeNelnsaThcs  TaKoM
dbopmyoii:
2

1 d2w a’
W, == .”Ezz — | dxdz=— '”Ez dxdz,

Z(H)L dx 2 e
rie W) = aw(x), W(X) - ¢opma

KoJie0aHui, @ — aMIUIUTY/A.
OHepruro JucCUlalMi MOXKHO OIpeje-
JMTH C TIOMOUIBIO (POPMYITBI:

W, =2 [ e 4%

(H)L

2

24dxdz

3aBUCUMOCTH JCKpEMEHTa KoJjeOaHui
MaTepUajoB aNMpOKCUMHUPYEM JIBYUJIEHHBIMH
3aBUCUMOCTAMMU:

5 =8,+358,,

) (i=1..3),
rae kodpduuuentsl J;,, J;, K ompenensrorcs

NyTeM HUCHBITAHUNA OO0pa3LoB C OJHOPOJIHBIX
MaTepHaJIoB.
C yuyeTroMm IBYX4JIEHHON ()OPMYIIBI O, TOJIYyUYUM

w, =1 [ Jee 5[

H)L

] dxdz+

2 2+k
+ J.E|z|2+k 5, [d_wj dxdz=
L

dx?

9 \2
=a’d, IIEZZ[Z \;Vj dxdz+
X

—\ 2+k

" 2+k[ d°w
43 ké‘li(':") I:“E|z| ™ dxdz,

rae t, - TommmHa cnos. 1A TpEXCIoMHOro
crepxkHsa L gekpement koneOanumii Oynet

onpenensaThes GopmyIoi:

3 d2—
Z I j'Ez2 ™ Jéoldxdz

s = Woue _ FDw N
c ZVVO 3 d2_ 2
22 IEZZ J dxdz
k=1(0) (1) dx®

_N\2+k
"ZIIE| 2+k( VZVJ S,dxdz

=1 ) )

— 2
22 j _‘-Ezz(zi\y) dxdz

k=1(L) (t,)

rie IepBOe cjlaraéMoe — aMIUIMTYAHO-
HEe3aBHCHUMas 4acTh, a BTOPOE — aMIUIUTYAHO-
3aBHCHMAasl YaCTh SHEPTUU JUCCUIIALINH.

Ha puc. 4 mnpencraBiieHbl pe3yabTaThl
TEOPETUYECKUX PACYETOB OCLMIJIOTPAMMBI U
aMIUTUTYZIbl KOJeOaHWW B 3aBUCUMOCTHU OT
BPEMEHM, KOTOPbIE MPAKTUUECKHU COBIAAAIOT C
AKCIIEPUMEHTAJIbHBIMU JTaHHBIMH PHC. 2 U PHC.
3.

Pe3y.]'IBTaTBI OKCIICpUMCHTA W MaTcMa-

THUYCCKUX pacdeTroB Oar0T BO3MOXHOCTbH
1 T T T T
0 5} p W 1
a(d,o,t)-sin(o-t) 0 H W\vamﬂ/\”/” e
" Wl u ]
1 1 1 1 1
0 01 0.2 0.3 04
t
l f, T T T T
0.8, -
( ) 06 ]
a(d,o,
[ 04 | \“\ i
02F I -
0 1 e S
0 01 02 0.3 04

Puc. 4. OcmmmiorpamMma (a) W BpeMeEHHas
3aBHCHUMOCTh aMIUIUTYABl (0) 3aTyxaromux

KoneOaHui TPEXCIOUHOTO CTEpXKHS,
PpacCYUTAHHBIX TCOPETUICCKHU.
ONpeNeNuTh  TMapaMeTpbl  KoJeOaTelnbHOTO
mporecca B 3aBUCUMOCTH  OT  MOJIYJIEH,
FEOMETPUYECKUX  pasMEPOB U CBOMCTB
paccessHMsl DHEPIMM  MAaTe€pHalloM  CIIOEB,

BXOJAIIKUX B COCTaB o6pa3ua.
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3AKVIIOYEHUE

[Ipy momoimu cnenuanbHOM YCTaHOBKH
OTIpeJIeIICHBI napameTpsl CBOOOIHBIX
3aTyXalux KoyiiebaHhil KOHCOJIBHO 3a3KaToro
TPEXCIONHOTO CTEPHKHS. YcranoBieHO
BIIUSTHUE HAa OCHUJUIOTPAaMMBbI, YaCTOTY U BpeMs
MIOJTHOTO 3aTyXaHHs PEXKHMOB
TEXHOJIOTUYECKOH  00pabOTKM  aMa3HbIM
BBHITJIQ)KMBAHHEM MOBEPXHOCTHU Basa
ra3oTypOMHHOTO JIBUTaTeIs.

C 1noMoIIbI0 MOJETHW MHOTOCIOMHBIX
AJIEMEHTOB MOCTPOGHA  MareMaTudeckas
MOJICNIb  OTIpeNIeNIeHUs] COOCTBEHHBIX (HopM,
4acToT u JEKPEMEHTOB KoseOaHuit
TPEXCIOWHOTO  CTEpXKHA  C OJIM3KUMU
MOJYJIIMU YIIPYTOCTH CJIOEB.

CpaBHeHue IKCIIEPUMEHTAIbHBIX
pe3ylnbTaTOB U JAaHHBIX MaTeMaTHUYECKUX
pacyeToB MOJTBEPKIACT MIPABHIILHOCTH
MIOCTPOCHHON MareMaTudeckod wmojenu. Ee
WCTIOJB30BaHNUE  TO3BOJISIET  IJIAHUPOBATH
PEKUMBI TEPMOMEXaHHYECKUX O00pabOTOK ¢
LENbI0 MOJTyYCHUS ONTHUMAJTbHBIX
AKCIUTYyaTaI[MOHHBIX XapaKTEPUCTUK, a TaKXKe
VYUTHIBATh BJIMSHUE HA HUX IOBPESKICHUI
MTOBEPXHOCTHOTO CIIOSI U3/IETHH.

[Tonmy4yeHHbIE pe3yNbTaThl  MO3BOJISIOT
pemuTh OOpaTHYIO 3aJady -  OMNpEeAeNuTh
TEXHUYECKOE COCTOSIHME MaTepuana (U3aenus)
M cHenaTth BBIBOABI O €ro JallbHeHIei
00palboTKe WK IKCIUTyaTaluH.

Takum o0pazom,
paccesitHusT ~ MEXaHWYECKOM
CBOOO/JHBIX  3aTyXaloUIUX KOJIe0aHUSIX C
NPUMCHCHHEM  MaTeMAaTHYECKUX  MOJIENCH,
MO3BOJISIET PEIIATh CJIOKHBIE TEXHOJIOTUYECKHE
3aJlau U3TOTOBJICHHUS Y TUATHOCTHKH W3JICITHIA
B MIPOLIECCE IKCILTyaTallUH.

UCIIOJIb30BaHUE
SHEPTMH  IIpHU
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VJIK 669.017:539.374:539.67:534.282

USING MECHANICAL ENERGY SCATTERING IN EVALUATING THE
EFFECTIVENESS OF STEEL SURFACE PROCESSING VIA DIAMOND

Mozgovoy A.V. —dr.
(Vinnitsa State Pedagogical University named after Mikhail Kotsyubynsky, Ukraine)

The article studies the effect of downforce diamond tip to the surface of the shaft turbine gas engine on the
parameters of free damped transverse vibrations of consol specimens. The mathematical model allows us to explore
vibrations of layered rods, depending on the elastic moduli, the decrement of each layer, the form of vibrations and
structural dimensions.

Prezentat la redactie la 14.04.2011
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CZU: 538.956

SPECTRELE DE ABSORBTIE ALE STRATURILOR SUBTIRI DE ZnSe

Popa Mihail —dr., conf.
Universitatea de Stat ,,Alecu Russo” din Balti, R. Moldova
Rusu Gheorghe loan —
Universitatea ,,Al. I. Cuza” din Iasi, Romania

In aceasta lucrare se prezintd determinarea spectrelor de absorbtie ale straturilor subtiri de ZnSe din spectrele de
transmisie. Coeficientul de absorbtie in domeniul energiilor mici ale fotonilor prezintd o valoare mica, care poate fi

atribuitd absorbtiei luminii la limitele dintre cristalite.

Valoarea mai mare a coeficientului de absorbtie o in domeniul de energii mari ale fotonilor se poate datora
defectelor de structurd, care actiondnd asemandtor impuritatilor, determina aparitia unor nivele localizate in banda
interzisa, de pe care au loc tranzitii electronice ca urmare a absorbtiei radiatiei incidente.

INTRODUCERE

Absorbtia radiatiei electromagnetice are
ca rezultat descresterea fluxului de fotoni cu
distanta in interiorul semiconductorului. Ca
rezultat al absorbtiei electronii pot efectua
tranzitii pe nivele energetice superioare
neocupate. In functie de tipul acestor tranzitii
absorbtia poate fi de mai multe tipuri [1-4]:

a) Absorbtia intrinsecda (fundamentala)
reprezinta acel tip de absorbtie in care fotonul
are o energie suficientda pentru a trece un
electron din banda de valentd in banda de
conductie. Domeniul spectral in care are loc
aceasta crestere a coeficientului de absorbtie se
numeste marginea benzii de absorbtie
fundamentald. Din studiul spectrelor de
absorbtie in acest domeniu spectral se poate
determina largimea benzii interzise (Eg) si
stabili natura tranzitiilor electronice intre cele
doua benzi energetice.

b) Absorbtia extrinseca apare in
semiconductorii cu impuritati. In acest caz,
fotonii de energie inferioara pragului absorbtiei
intrinseci sunt capabili sa excite electronii de
pe nivelele de impuritdti in banda de conductie
(in cazul impuritatilor donoare) sau din banda
de valentd pe nivelele de impuritati (in cazul
impuritatilor acceptoare). In cazul in care in
cristal existd atat impuritati donoare cat si
impuritdti acceptoare, este posibild absorbtia
fotonului si ca wurmare electronul este
determinat sa treaca de pe o stare acceptoare pe
0 stare donoare.
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C) Absorbtia pe purtatorii de sarcind
liberi se manifestd atunci cand sub actiunea
radiatiilor electromagnetice cu lungime de unda
corespunzdtoare, electronii benzii de conductie
si cel din banda de valenta, pot sd efectuieze
tranzitii In interiorul aceleiasi benzi, de pe un
nivel pe altul, daca banda respectiva nu a fost
ocupata in intregime. De aceea, aceasta se mai
numeste si absorbtie intrabanda. In cele mai
multe cazuri coeficientul de absorbtie este
proportional cu patratul lungimii de unda.
Domeniul de sensibilitate in cazul absorbtiei
intrabanda este infrarosu indepartat.

d) Absorbtia excitonica are loc atunci
cand sub actiunea radiatiilor electromagnetice
se formeaza perechi legate electron-gol numite
excitoni. Spectrul de absorbtie excitonica este
format dintr-o serie de linii spectrale situate
inaintea marginii de absorbtie fundamentala.

e) Absorbtia pe vibratiile retelei
cristaline se produce ca urmare a interactiunii
campului electric al radiatiei cu sarcinile
electrice ale ionilor din nodurile retelei, aflati
in miscare de vibratie.

Consideratiile facute asupra absorbtiei in
semiconductori sunt proprii atat
monocristalelor, cat si straturilor subtiri
monocristaline, policristaline si amorfe.

Aceasta lucrare isi propune scopul de a
prezenta metodologia de calcul a coeficientului
de absorbtie si obtinerea spectrelor de absorbtie
ale straturilor subtiri de ZnSe.
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CONSIDERATII TEORETICE

Dupa cum s-a constatat [1-3, 5-7], apar
deosebiri pregnante in ceea ce priveste
proprietatile fizice si structurale ale straturilor
subtiri si ale esantioanelor masive in special la
proprietatile electrice (conductivitate electrica,
mobilitate, etc.), optice (transmisie, reflexie,

R3(_R‘2‘I -4

—~°0

e

Q

absorbtie, indice de
structurale.

Straturile subtiri prezintd Insd avantajul
ca proprietatile optice si in special absorbtia
radiatiei electromagnetice, pot fi studiate mult
mai precis datoritd grosimii mici a probelor
care poate ajunge la sute sau chiar zeci de

angstromi.

refractie, etc.) sau

(-R%e™
1-RZ 2%

Fig. 1. Reflexiile multiple intru-un strat subtire [8].

S& analizam mai detaliat interactiunea
radiatiilor electromagnetice cu un strat subtire
cu fete plan-paralele luand in consideratie
reflexia atat de la suprafata exterioard a probei,
cat si de la suprafata interioara a probei . Fie un
fascicul 1ngust, paralel, monocromatic, de
intensitate incidenta ( Ip ), ce cade pe o lama
subtire cu fete paralele de grosime d (fig. 1)
[8,9]. O parte se reflectd pe suprafata exterioara
a probei, iar cealalta parte intrd in proba. O
parte din radiatia intrata in proba este absorbita
de aceasta, cealaltd parte ajunge la suprafata
interioara, unde sufera o reflexie interna
partiald si se reintoarce in proba. Portiunea
nereflectatd iese din probd, iar portiunea de
radiatie reflectatd spre interior este absorbita
partial in proba, reflectata partial in interior pe
prima fatd a probei, iar partial iese in mediul
din care provine si asa mai departe. Dupd mai

multe reflexii interne, pe ambele fetei ale
probei, intensitatea radiatiei scade la zero.
Rezultatul global este urmatorul: o parte din
radiatia incidenta revine in mediul de incidenta,
altd parte este absorbitd in probd, iar cealaltd
parte trece prin proba in mediul din spatele
acesteia.

Intensitatea totala a tuturor fasciculelor
ce ies din stratul transparent este egala cu
Jr=(1-R)?*Je “*+R*(L-R)?Jpe 3¢

+ R4(1_R)2J0e 750!d+
+ R2(n—1) (1 . R)2 \]Oe [- @2n+1)a d] T (1)
unde prin n s-a indicat ordinul fasciculului
transmisn=1,2,....

In expresia (1) scoatem factor comun pe
(1-R)*Joe ~ *? i obtinem
Jr=J(1-Re ““[1+R%e *"+R'e
Shed g T )
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Ssau
Jr=Jo(1-RYe “* > [R*e *]1".(3)
m=0
Suma dupa m reprezintd o serie

geometrica infinitd convergenta cu ratia
q=[R*e %%%7], a cirei sumi S este egald cu
[8].
a 1
unde a; =1 este prlmul termen al seriei.
Inlocuind relatia (4) in relatia (3)
obtinem

by, CRZE “

Daca q << 1, ultima expresie devine

Jr=Jo (L—-R)?e “Y, (6)
si avand in vedere ca putem scrie coeficientul
de transmisie sub forma

=(1-R)%e™ (")

deducem formula de calcul a coefcientului de
absorbtie

2
lmﬂ

d T ®)

DETALII EXPERIMENTALE

Pentru prepararea straturilor subtiri de
ZnSe pe suporturi de sticld s-a folosit metoda
evaporarii termice in vid in volum limitat [ 10].

Structura esantioanelor a fost studiata
prin difractie de radiatii X, microscopie
electronica de baleaj (Scanning Electron
Microscopy — SEM) si microscopie de forta
atomica (Atomic Force Microscopy — AFM).
Cercetarile au aratat ca straturile sunt
policristaline si cristalizeaza in forma de blenda
de zinc [11, 12].

Grosimea, d, a straturilor subtiri a avut
valori cuprinse intre 0.10pum si 1.30pum si a fost
mdsuratd cu microscopul interferential MII-4
(tip Linnik)

Pentru  obtinerea  spectrelor  de
transmisie ale straturilor subtiri de ZnSe in
domeniul spectral 330 — 1400nm a fost utilizat
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spectrofotometrul UV-VIS tip Q-11 (Carl Zeiss)
[13].

ANALIZA REZULTATELOR
EXPERIMENTALE

Dupa cum s-a constatat, in cazul
straturilor subtiri de ZnSe reflexia este mica,
sub 10% [13]. In acest caz, formula (8) poate fi
redusa la relatia

1.1
=—In=. 9
“TaT ®)

ProbaD.066,d = 0.66um  ©©
T, = 600K, 1, =152nm/s

a [10 % (cm™)]
= NN W s oo

/
] ¢
- /O/
1 OO0
T T T
—_ 7 -
6 Tt
£ 5 ] Proba C.066, d = 0.66pm /
L 4 3 T =500Kr =152nm/s M
< 3 ] sup n
8 2 ] /l/
';' é 3 ll—l--".
] T T T
8
I Proba B.066, d = 0.66pm V/V’V
£ 5 = 400K, 1, = 1.52nm/s  /
o 4 /
< 3 v
o 2 /v/
) é wvwY
3 1
T T T
8
—~ 7 o®
'E 6 Proba A.066, d = 0.66um o
S a2 1T, 300K =150nmis ¢
< 3 ./
o 2 /
— 1 o°
— 9 00-0 00
S 1 T T T
1 2 3
hv[eV]
Fig. 2. Influenta temperaturii suportului asupra

spectrelor de absorbtie ale straturilor subtiri de ZnSe.

Coeficientul de absorbtie al straturilor
subtiri de ZnSe, a fost calculat din spectrul de
transmisie, folosind relatia (9).

Temperatura  suportului  influenteaza
semnificativ coeficientul de absorbtie, mai ales
la energii mici ale fotonilor, sub pragul
absorbtiei fundamentale.

In fig. 2 sunt prezentate spectrele de
absortie ale patru straturi subtiri policristaline
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de ZnSe, de aceesi grosime (d = 0.35um), dar
preparate la temperaturi diferite ale suportului.

Coeficientul de absorbtie pe domeniul
energiilor mici ale fotonilor prezinta o valoare
diferitd de zero, care poate fi atribuitd
absorbtiei luminii la limitele dintre cristalite
[14].

Valoarea mai mare a coeficientului de
absorbtie o in domeniul energii mai mari ale
fotonilor, din fata marginii absorbtiei
fundamentale, se poate datora defectelor de
structurd,  care  actiondnd  asemanator
impuritatilor, determind aparitia unor nivele
localizate in banda interzisa, de pe care au loc
tranzitii electronice ca urmare a absorbtiei
radiatiei incidente.

CONCLUZII

Rezultatele cercetarii  spectrelor de
absorbtie ale straturilor subtiri de ZnSe sunt
destul de importante deoarece ofera
informatii ce ar permite utilizarea acestora
in detectoarele de radiatii, bolometre, baterii
solare si alte numeroase i variate
dispozitive optoelectronice mult solicitate in
industrie si tehnica.
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This paper presents the determination of absorption spectra of ZnSe thin films from transmission spectra. The
absorption coefficient of the low energy of the photons represents a low value which can be attributed to the absorption
of the light at limits between the crystallites.

The higher absorption of the coefficient o in the high energy of the photons may be due to the structural defects.
It also acts intensely and in this way it produces certain levels located in the gap band from which the electronic
transitions occur as a result of the absorption of the incident radiation.

Prezentat la redactie la 09.06.2011
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CERCETAREA TERMOLUMINISCENTEI STRATURILOR SUBTIRI DE ZnSe

Popa Mihail — dr., conf.
Universitatea de Stat ,,Alecu Russo” din Balti, R. Moldova
Rusu Gheorghe loan —
Universitatea ,,Al. I. Cuza” din lasi, Romania

in lucrare sunt prezentate rezultatele cercetirii termoluminiscentei straturilor subtiri policristaline de ZnSe.
Dependenta spectrald a termoluminiscentei este formata din doud maxime, primul cel mai intens la T, = 153K si al
doilea la Trax = 216K. Valorile energiei de ionizare a nivelelor de capturd, E;, determinate din aceastd dependentd, sunt
egale cu 0.062¢V si 0.44eV de la marginea inferioard a benzii de conductie, iar nivelul de localizare a centrelor de
recombinare — la 0.66eV de la marginea superioara a benzii de valenta.

INTRODUCERE

Termoluminiscenta apartine familiei de
procese colective cunoscute sub termenul
generic de fenomene stimulate termic. Aceste
fenomene pot fi descrise prin doua stadii
fundamentale:

1. perturbarea sistemului din starea de
echilibru intr-o stare metastabila;

2. relaxarea sistemului stimulat termic
inapoi in starea de echilibru.

Faza 1 necesita absorbtia de energie de
catre material pentru al perturba intr-0 stare de
dezechilibru. In cazul termoluminiscentei,
sursa externa de energie este radiatia ionizanta
sau ultravioletd. Obiectivul central al analizei
termoluminiscentei este determinarea cantitatii
de energie pe unitatea de masa care este
inmagazinatd de materialul termoluminiscent in
timpul procesului. Emisia luminoasa (IR sau
UV) este rezultatul relaxarii sarcinilor electrice
de pe nivelele excitate si metastabile pe nivelul
fundamental.

Lucrarea respectiva isi propune scopul de
a prezenta unele rezultate experimentale
obtinute la cercetarea termoluminiscentei
straturilor subtiri policristaline de ZnSe.

CONSIDERATII TEORETICE

Luminiscentd care apare in rezultatul
incalzirii luminoforului excitat anterior se
numeste termoluminiscenta sau luminiscentd
stimulata termic. EXcitatea luminoforului se
face la T < 77K, folosind diferite metode de
excitare a centrelor de luminiscentd (radiatia
ultravioleta, injectia purtdtorilor de sarcind de

neechilibru, bombardarea cu electroni etc.). In
procesul de excitare creste concentratia
electronilor si a golurilor pe nivelele locale
(capcane, nivele de recombinare) din banda
interzisd. La intreruperea  excitarii  se
inregistreaza o completare a nivelelor locale si
la incdlzirea semiconductorului electronii
oscileaza termic. La o anumitd temperatura are
loc eliberarea “termica” a electronilor din
capcane care ajung in banda de conductie.
Dupa un anumit timp electronii liberi sau se
vor recombina pe nivelele de recombinare sau
vor fi captati din nou de capcane. Ambele
procese sunt Insotite de emisia unei radiatii
luminiscente, numita termoluminiscenta.

Vom considera doua cazuri limita de
capturd a purtatorilor de sarcina de neechilibru:

a) daca probabilitatea capturii secundare
a purtatorilor de sarcind pe centrele de captura
este mult mai mica decdt probabilitatea de
recombinare pe centrele de luminiscenta, atunci
avem cinetica liniara a termoluminiscentei.
Analitic aceastd afirmatie se scrie sub forma
[1]:

7eNe << /P, )

unde vy, reprezintd coeficientul de capturd a
electronilor pe centrele de captura, y reprezinta
coeficientul de  recombinare, N este
concentratia centrelor de capturd, iar R, —
concentratia  golurilor pe centrele de
recombinare

b) daca probabilitatea captarii secundare
a purtatorilor de sarcind pe centre de capturd
este mult mai mare decat probabilitatea
recombindrii lor pe centrele de luminiscenta,
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atunci avem cinetica  pdtratica  a
termoluminiscentei [1]:
%eNe >> )P . 2)

Spectrul termoluminiscentei

.....

reprezinta

intensitatii luminiscente de temperatura probei
(Zr. = f(T)). Intensitatea radiatiei termolumi-
niscente creste odatd cu cresterea temperaturii
probei, trece printr-un maxim si apoi scade
odata cu cresterea ulterioara a temperaturii.

In  cazul  cineticii  liniare  a
termoluminiscentei, largimea portiunii
temperaturilor joase (unde t_ creste odata cu
cresterea lui T) este mai mare decat largimea
portiunii temperaturilor inalte (unde 2y scade
odata cu cresterea lui T), iar in cazul cineticii
patratice — invers [1].

Parametrii termoluminiscentei sunt [1-3]:

a) temperatura, la care intensitatea
termoluminiscentei este maxima (Ty);

b) semilargimea benzii de termolu-
miniscentd (J), egald cu diferenta T, — Tj,
pentru care intensitatea termoluminiscentei este
egala cu jumadtate din valoarea maxima;

c) aria suprafetei (S) limitatd de curba
Jr = f(T) si axa de temperaturi.

Cercetatoril Antonov-Romansckii,
Korneva, Vaksman si Serdiuk [1-3] au obtinut
o formula pentru calculul energiei de ionizare
E: a nivelelor de captura (capcanelor) din banda
interzisd, folosind parametrii enumerati mai
sus. Deosebim douad cazuri:

a) cazul cineticii liniare

2|(BTmax
Ei= ——, 3
t 5 ©)
b) cazul cineticii patratice
4kgT
E = Bgmax ’ (4)

unde kg = 8.6172 x 10° (eV/K) reprezinti
constanta Boltzmann.

DETALII EXPERIMENTALE

Prepararea straturilor subtiri de ZnSe s-a
efectuat pe suporturi de sticld, prin metoda
evaporarii termice 1n vid in volum limitat [4].

Morfologia suprafetei s1  structura
esantioanelor a fost studiatd prin difractie de
radiatii X, microscopie electronicd de baleaj
(SEM) si microscopie de fortd atomica (AFM).
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Cercetarile au demonstrat ca straturile sunt
policristaline si cristalizeaza in forma de blenda
de zinc [5, 6].

Microscopul interferential MII-4  (tip
Linnik) a fost folosit pentru masurarea grosimii
d a straturilor subtiri, care a avut valori
cuprinse intre 0,10um si 1,30pm.

Excitatea luminoforului sa efectuat la
temperaturi mai mici de 77K, folosind metoda
de excitare a centrelor de luminiscentd prin
radiatia ultravioleta [7].

ANALIZA REZULTATELOR
EXPERIMENTALE

In fig. 1 este reprezentati dependenta
spectrald a termoluminiscentei unui strat
subtire de ZnSe. Curba are doud maxime:
primul, cel mai intens apare la Tmax = 153K, iar
al doilea la Tax = 216K. Se observa, ca pentru
primul maxim portiunea temperaturilor joase
este mai mare decat portiunea temperaturilor
inalte (cinetica liniard), iar pentru al II-lea
maxim portiunea temperaturilor joase este mai
micd decat portiunea temperaturilor Tnalte
(cinetica patratica). Valorile lui E;, calculate
folosind relatiile (3) si (4), sunt egale cu
0.062eV (pentru primul maxim) si respectiv cu
0.44eV (pentru maximul doi).

1.0

o
/ \ Proba A.070
L d =0.70um
Tsup: 300K
r= 1.60nm/s

0.8

0.6

TL
N

0.2 ./

0.0+ L

50 l(I]O 1;0 2(‘)0 2;:0 300
T [K]
Fig. 1. Dependenta spectrala a termoluminiscentei
unui strat subtire de ZnSe (Aex = 0.337um, T=77K,
v = 25H2z).

Dependenta spectrala a fotoluminiscentei
straturilor subtiri de ZnSe prezinta o curba cu
un maxim localizat la aproximativ 2.01eV [7].
Diferenta dintre largimea benzii interzise (Eq =
2.67eV) si energia acestui maxim ne indica un
nivel de localizare al centrelor de recombinare.
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Pe baza dependentei spectrale a
fotoluminiscentei [7] si a termoluminiscentei
(fig. 1) poate fi propus un model de localizare
energetica a centrelor de recombinare §i a
nivelelor de captura (fig. 2) in banda intersiza a
straturilor subtiri de ZnSe. Nivelele de captura
sunt asezate la 0.062eV (Ey) si 0.44¢V (Ep) de
la marginea inferioara a benzii de conductie, iar
nivelul de localizare a centrelor de recombinare
— la 0.66eV (E,) de la marginea superioara a
benzii de valenta.

! B.
A 'y E.
Ey —
=
Ey=2.67eV E
e
\ 4 \4 EV
B.V.

Fig. 2. Nivelele de capturd si nivelul de de
localizare a centrelor de recombinare ale
straturilor subtiri de ZnSe.

CONCLUZII

Rezultatele cercetarii  spectrelor de
absorbtie ale straturilor subtiri de ZnSe sunt
destul de importante deoarece ofera informatii
ce ar permite utilizarea acestora in detectoarele
de radiatii, bolometre, baterii solare si alte

CZU: 538.37

numeroase si variate dispozitive optoelec-
tronice mult solicitate in industrie si tehnica.
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THE RESEARCH OF THERMOLUMINESCENCE OF ZnSe THIN FILMS

Popa Mihail — dr., conf.
(Alecu Russo Balti State University, Republic of Moldova)
Rusu Gheorghe loan —
(Al. I. Cuza University of lassy, Romania)

This paper presents the results of thermoluminescence of polycrystalline thin films of ZnSe . The spectral
dependence of the thermoluminescence consists of two maximals, the first is most intense at T, = 153K and the
second at Tmax = 216K. The values of ionization energy of the capture levels Et, determined from this dependence, are
equal to 0.062eV and 0.44eV from the bottom of the conduction band but the level of location of recombination centers

—at 0.66eV from the top of valence band.

Prezentat la redactie la 09.06.2011
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VJK: 621.0.484

B3AVMMO/IEMCTBUE XKEJIE3A C TATAHOM, IUPKOHUEM M YIJIEPOJIOM B
CPEJE KEPOCHHA U IEHTAHA ITPU OBPABOTKE NCKPOBBIMU PA3PAIAMU

HepersaTky II.B. — k.T.H., O:xxeroB A.B. — acnupanr
(benbrkmii 'ocynapctBennbiit YauBepcuteT uM. Asieky Pycco, Pecriybnuka MosgoBa)
Mas3zanko B.®. — x.1.H., 'epupuxen JI.C. — k.1.H., Muponos /I.B. — k.T.H.
(Mactutyt Meramtodusuku, HAHY, Ykpauna)

B pabote npescTaBieHsl pe3ynbTaThl SKCIEPUMEHTAIBHBIX HCCIICI0BAHUN B3aMMOJICUCTBHS XKeJle3a C TUTAHOM,
LIPKOHUEM U YIJIIEPOAOM B Cpelie KepOCHHA M NIEHTaHa NpH 00paboTKe HCKPOBBIMHU paspsiiaMu. Pe3ynbraTsl okazainy,
4T0 B (DOPMHPYIOLIMXCS MOKPBITHAX U TUPPY3NOHHON 30HE COAEPIKATCS MENKOIUCIIEPCHBIE KapOUIbl U OCTaTOYHBIN
ayCTEHHUT, YTO CIIOCOOCTBYET YBEIMUCHHIO MHKPOTBEPIOCTH MOBEPXHOCTH 00pasla H, Kak CICICTBHE, IOJDKHO
YBEIMYHUTh JOJITOBEYHOCTh OKCIUTyaTallid H3AeNHH, 0OpabOTaHHBIX B AHAJIOTWYHBIX YCIOBHAX. Vcroib3oBaHne
KHUIKUX Cpell DPasIUYHOM IIIOTHOCTH M C PAa3HBIM COJCP)KaHWEM JICTUPYIOLIETO 3JIEMEHTa, Hapsigy C TaKHMH
rapaMeTpamMH, Kak JSHEprust MMITyJbca W MaTepual aHoJAad, IO3BOJSIET YBEIWYHUTh TONIIMHY (GOpMHUPYIOIINXCS
MIOKPBITHH, [IEJICHATIPaBJICHHO N3MEHATH ()a30BBIH COCTaB, CTPYKTYPY M CBONHCTBA IPUIIOBEPXHOCTHBIX CJIOEB.

H3BecTHO, 4To HAaCBILICHUE
MIPUTIOBEPXHOCTHBIX CJI0EB METAaILJIOB
yrieposioMm B nipouiecce DNJI yBenuuuBaeT ux
TBEPJIOCTb, HM3HOCOCTOMKOCTB,

XKAPOTIPOYHOCTh M JIPYTHE MEXaHUYCCKUE
xapakTepucTuku [1-6]. B Hactosmee Bpems
JIOCTAaTOYHO  XOPOIIO HW3Y4YEHO  BIIUSHHUE
nmapameTpoB 00paboTku Ha (azoo00pazoBaHHUE
npu OWJI, omHako ponb pabouel cpebl
BBISICHEHa HEJOCTAaTOYHO, HEeCMOTps Ha TO,

4TO yKe MIPOBOIUITUCH 0/100HbIE
uccnenaoBanus [2, 3, 6]. B aT0oil cBA3M
MEePCIEKTUBOM W3y4YeHUs BIIASTHUSI

JETUPYIOLIEro ajeMeHTa Ha mnpouecc OWNJI
ABJIAETCS Yy4ET HE TOJIbKO MaTepuaia aHoJa,
HO U MEXDJIEKTPOIHOM CpENIbI.

st o6paboTku 00pa3ioB MCKPOBBIMU
paspsgaMH M HAHECEHMs] MOKpeITUH [7]
HCIOJIb30BAJIM MPOMBILIUIEHHYIO YCTaHOBKY
OnUTpoH-22, COCTOSIIYIO W3 HMITYJIbCHOTO
reHepaTopa ToKa W OJokKa Harpy>KeHui.
[IpyHIMnn  ee  nOeWCTBHS  OCHOBaH  Ha
TE€HEpUPOBAHUHU 3JIEKTPOUCKPOBBIX Pa3psI0B
MEXIY JABYMsS OJJIEKTpoJaMH (KaTogaoM —
oOpabaTpiBaeMO€ W3J€IME€ U aHOJIOM —
MaTepua, IIpeIHa3HauYEHHBIN JUIs
JIETUPOBAHUS oOpabaTriBaeMoOit
MIOBEPXHOCTU) HpH  MOJaye Ha  HUX
HampsDKeHUsT € TeHeparopa.  DHeprus
UCKpoBOro paspsaa cocrasisuia W~0,9 u 6,4
Jlx. Yactora  cienoBaHHA — Pa3pSAHBIX
ummyascoB  f>60  I'm.  JlnurensHOCTH
uMNyibca 7,,, cocraBiasina 200 wMkc. B
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JKCIIEPUMEHTAX IIPUMEHSIIN Kak
TPaJULMOHHbBIN (KOHTaKTHBIN) METOJ, TaKk U
OECKOHTAaKTHBIII METOJ| JIETUPOBaHUsS, IpU
KOTOpPOM BapbUpOBaIACh BEJINYMHA
MEXDIJIEKTPOTHOTO TIpoMexkyTka (MOII) S or
0,5 10 2 MM. DKcIiepUMEHTHI MPOBOJMWIM B
CHELMaJbHOM  Kamepe, Kyla IOMEIaIn
COOTBETCTBYIOIIME Cpebl [§].

B kauecTBe yriaepoaocoaepkaimx cpej
Obuln  BBIOpaHBl KEPOCMH M MEHTaH,
MIOCKOJIBKY OHM IPU HOPMAJIbHBIX YCIIOBHUSX
HaxoaaTcs B okuakod ¢aze. KepocuH, kak
W3BECTHO, COCTOUT U3 CMECH YIJIEBOAOPOJIOB
(or C9 mo Cis) W B 3aBUCHMOCTH OT HX
COOTHOILIEHUS TeMmmeparypa KHTICHUS
pabodeil >kUIKOCTH u3MeHsieTcss oT 383 1o
593 °K. Hcnons3zyemblii B JaHHOW pabote
KEPOCHUH COCTOSIJI  NPEUMYILIECTBEHHO U3
CioHzs ¥ HauMHanm  BO3TOHSATHCS — IPH
temneparype He Huxke 423 °K. Temnepatypa
kurienust nedrana CsHip, (CH3—(CHy)3;—CHa)
cocrasiseT 309 °K. To ecTp, npu KOMHaTHOM
Temneparype o0e cpelbl OCTaBaJlUCh B
xunkoil ¢daze. [pyroit mpuumHOil BbIOOpa
MMEHHO JTHX cpel ObUIO CYIIECTBEHHOE
pasnuyMe MO COJAEP)KAHUIO B HHUX YIJIEpOJa.
Bce  skcmepuMeHTHl  MpPOBOAWIM  TIPHU
CIENYIOINX pexuMmax: 3Heprusa paspsaa 0,9
nm 6,4 JIx;  paccrosHHE — MEXAY

JeKTpoJaMu — 1 MM;  JUIMTENbHOCTb
HMITYJIbCa paspsana — 200 MKC;
MPOU3BOAUTENIBHOCTE  0OpaboTkm — 2

2
cM‘/MUH. AHOALI ObBIIM BBIIOJHEHBI U3
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TyromiaBkux marepuaioB c¢ ['TIY-pemerkoi
— THTaHa, LUPKOHUS, yriepona (rpadwura).
[Tpumensnu 1Be cxeMbl 00pabOTKH (IS ABYX
Cped W MeTaljioB aHoaa). B omHOM cmyuae
MOKpPBITHE (HOPMHUPOBAIIOCH TyTEM HAHECEHUS
ciost C, Ti mubo Zr, a BO BTOPOM CO3/1aBAIUCh
MOCNIEOBATEIbHO TPU CJOA U YIJepoa
(rpacuT) HAHOCKIICA MEXY CIOSIMHU TOTO HIIH
MHOTO MeTalia.

Hns  wuccnenoBaHus — pacupeneseHus
MaTepuana aHoJa B JKele3e IMPUMEHSUIH
M30TOIBI TUTAHA, PKOHKS W yriepoaa * Ti,
95Zr, “C. B srux JKCTIIEPUMEHTaX THTAaH M
IUPKOHMA  HAaHOCWIM HA  TOBEPXHOCTh
JKenesa, a yriaepoj BXOJWJI B COCTaB
Marepuaja aHoJa W JUDJIEKTPUYECKON
JKUJIKOCTH (TICHTaH WJIM KEPOCHUH ).

MUKpOTBEpJOCTh  TOJHUPOBAHHBIX U
TpPaBJICHHbIX  HUIKUGOB  ONpenesuid  Ha
mukpotBepaomepe [IMT-3 ¢ rpyzom 50 r.
PeHTreHOCTpYKTYpHBI aHaTu3 MOBEPXHOCTH
HOKPBITHS u T Py3HOHHON 30HBI
npoBoAuau B ¢puiabTpoBaHHOU K, M3myyeHUn
KOoOaJbTA.

Pacnpenenenne THTaHa W3 aHoda M
yriepoja W3 Cpeasl IpU DHEPTUU paspsinia
W=0,9 /Ix npuBeaeHo Ha puc. 1.

Bugno, 4ro  Hamumuyue  OOJIBIIETO
KOJIMYecTBa yriepoja B paboueil cpene
CIocoOCTByeT OoJbIei riyouHe
POHUKHOBEHUS ero aTOMOB B
oOpabaTeiBaeMyr0 TOBEpXHOCTh. Heckoybko
YBEJIMYUBACTCS M TIyOMHA MPOHUKHOBEHHS
aTOMOB THTaHa B JKeJe30. AHaJIOTHYHbBIE
pe3ysabTaThl MOTY4YEHbl HA IUPKOHUH, OJHAKO
aTOMBI IUPKOHUS TIPOHUKAIOT B KENe30 Ha
riyouny 15 u 60 mxMm (nenran), 20 u 90 Mxm
(KepOoCHH) COOTBETCTBEHHO JUISI OJHO- W
TpeXclIOMHOro mokpeiTUs. [Ipu yBenuueHun
3HaueHuss W go 6,4 Jlx Bug mnpodunei
COXpaHsieTcs, HO TMPOUCXOAMT YBEIUYEHHUE
TITyOMHBI TPOHUKHOBEHUS BCEX JICTHPYIOIITIX
npuMecei B JKeJNe30 U TOJILMHBI
(bOpMHPYIOLINXCS TOKPHITUH TPUMEPHO B 4-6
pas.

[TockonbKy aToMbl THTaHA W YTiepoja,
IUPKOHUST M yIjepoja  INPOHUKAIOT
OJTHOBPEMEHHO B JK€JIe30, a aTOMBI JKeJe3a B
TUTAaHOBOE, IIUPKOHHEBOE WM TPEXCIOWHOE
nokpertue  (Ti, Ti-C-Ti, Zr, Zr-C-Zr),

oOpasyercss CIOXHBIH  (Da30BBIA  COCTaB
MOKPBITUA U U Py3HOHHON 30HHI (Tab. 1).
Takoe paznmuume B (ha30BBIX cocTaBax
hopMupyromuxCcst MOKPBITHI u
TU(PPY3MOHHON 30HBI MEXIY MOKPBITHEM W
MOJUTOKKOW MTPU HAHECEHUHU OJTHOTO MJIM TPeX
CIIOEB B cCpelax C pa3HbIM COJCpKaHUEM
yriepoga HE MOIJIO HE CKa3aThCsl Ha
MHUKPOTBEPAOCTH MOKPHITHH (puc. 2).

N-10'4, umn/ mun a

g 25 30 75 100
X, Mrm

Puc. 1. Pacmpemenenne “Ti, mpexsapu-
TeIbHO HAHECEHHOTO Ha obpasen; mocie OWJI
TUTAaHOBBIM  aHogoMm  (1); MONIEPEMEHHO
TUTAHOBBIM, rPaUTHBIM, THTAHOBBIM aHOJIOM (2) U
pacnpenenerne “*C npu 06paboTKe TpeMs: aHOXAMH
(3):a— B cpene neHTaHa; 6 — B KEPOCHHE.
AHanu3upys NpUBEIECHHBIE HA PUCYHKE
3aBUCUMOCTH H, oT TTYOWHBI
NPOHUKHOBCHHUA, BUIUM, YTO HauOoJIbIIAS
MHUKPOTBEPJIOCTh HAOMIOAETCs TIPU  Tpex
IIOCJIC0OBATCIIbHBIX JICTUPOBAHUAX u B
KEPOCHHE, MIpHUYEM OTO CHPaBCIJINBO JJIA
000HX METAJIIIOB. HO-BI/II[I/IMOMy, 9TO CBA3aHO
c 00pa3zoBaHHEM OO0JIBIIIETO quciIa
MCJIKOAUCIICPCHBIX 1<ap61/m013 JKCJIC3a, TUTAHA
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WO LUPKOHUS W MapTeHCUTa  IpH
TPEXCIOWHOM IIOKPBITUM IO CPaBHEHHUIO C
MOKPBITUEM B OJIUH CJION U MpH 00paboTKe B
cpeae ¢ OOJNBIIUM COAEpP)KaHUEM YIIIEpona,
TO ecTb B KepocuHe. OTMeTHM, YTO
pacripenieieHue KapOuI0B HEPAaBHOMEPHO H3-
32  BBICOKMX TIpaJUEHTOB  TeMIeparyp,
II03TOMY MaKCUMyM MHUKpPOTBEPJOCTU
HaOJI0/1aeTCsl Ha Pa3IMYHbIX PACCTOSHUSX OT
noBepxHocTd. OTMETUM, YTO IMEpBBIH H
BTOPOM MAKCUMYMBbI Pa3jIMYHbI 110 BETUYHMHE,
[IPUYEM 3TO CHPABEIIMBO Ui IIEHTaHA MU
KepOoCuHa, I TUTaHAa W LUpPKOHMS. B

OTCYTCTBHE TPOMEKYTOYHOI'O JIETUPOBAHUS
rpadUTHBIM aHOJIOM (ogHOCHONHOE
MTOKPBITHUE) HabIo1aeTCst MOHOTOHHO
crajamouas ¢ yJaJIEHUEM OT I0BEPXHOCTH
3aBHCHMOCTh H,=f(x). AHAJIOTUYHBIH
pe3yiabTaT TOJIydeH aBTopamu [6] mpu
W3YYeHHHM  B3aUMOJCMCTBHUS ~ Kejeza  C
TAuTaHOM U 1upkoHueM npu OWUJI B cpene
mpornaH-0yraHa ¥ KEpOCHHAa C  HHBIM
COOTHOILLIEHUEM PA3JIIUYHBIX YIJIEBOJIOPOIOB U
0oJiee BHICOKOW TeMIEpaTypoil KUIICHHSI.

Brnusinue cpezpl Ha Ga3oBbIii COCTAB CIOEB Ha jKele3e, PACIOIOKEHHBIX OT MOBEPXHOCTH JI0
OCHOBHOTr0 MeTayia (3ueprus paspsaa W=6,4 J1xx)

Marepuan Pabouas cpena
aHoza TIeHTaH | KEPOCHH
OJTHOCJIOWHOE TIOKPBITHE
Ti Fe,Ti, a-Ti, Ti,C, TiC (cnemsr), a-Fe (peppur), Fe,Ti, a-Ti, TiC, a-Fe (maprencur), FesC ¢
Fe;C (cnenpr) HApYUICHHOH CTeXHOMETpUel
Zr a-Zr, ZrO,, ZrC, a-Fe (deppur), FesC (cnemsr) a-Zr, o-Fe (maprencur), FesC, ZrC
C a-Fe (maprencur), Fe;C, FeO a-Fe (maptencur), Fe;C, FeO
TPEXCIONHOE MOKPHITHE (TIPUBEIEH COCTAB B IIEJIOM TI0 TPEM CIIOSIM)
Ti-C-Ti TiC, a-Ti, y-Fe, a-Fe TiC, a-Ti, y-Fe, a-Fe
ZrC, a-Zr, y-Fe (aycrenur), a-Fe (deppur), a-Fe | ZrC, a-Zr, y-Fe (aycrenur), a-Fe (beppur), a-Fe
Zr-C-Zr
(maprencur), Fe;C (maprencur), Fe;C
B- Ti-C-Ti (xepocun) W - Zr-C-Zr (xepocun)
- Ti (xepacun) - Zr (xepocun)
Hy ,I'la A - Ti-C-Ti (nenman) A- Zr-C-Zr (nenman)
e- Ti (newman) H, ,rra ®° Zr  (nenman)
9t
9
4
6 6
3r 3
%%ccee
0 25 50 75 100 0 25 50 75 100
X, mMxm X, Mkm

Puc. 2. PacnpeneneHI/Ie MUKPOTBEPAOCTHU B JKEJIC3€ B 3aBUCUMOCTHU OT CPEAbl, MaTEpUaIa aHodJa U

KOJIM4YCCTBA HAHCCCHHBIX CJIOCB.

Takum o0OpazoM, B ¢dopMupyromeMcs
MOKPHITHH U AU Y3MOHHOHN 30HE COAEPIKATCSA
MEJIKOJIUCIIEPCHBIE  KapOWbI, OCTATOYHBIH
ayCTeHHUT, YTO CIIOCOOCTBYET YBEIWYCHHUIO
MUKPOTBEPJOCTH TOBEPXHOCTH 00pasiia u, Kak
CIIE/ICTBHUE, JIOJDKHO YBEITUYUTH JOJTOBEYHOCTD
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OKCIUTyaTallui  W3JICIHIA,
AQHAJIOTUYHBIX YCIOBHUSX.

CrnenoBaTenbHO, UCTIOIB30BAHUE KUIKMX
Cpen pa3IMYHOW TUIOTHOCTH M C Pa3HBIM
COJIEpKAHUEM  JIETHUPYIOILETO 3JIEMEHTA,
Hapsy C TaKUMH IMapaMeTpamMu Kak JHEPrus
UMIyIbCA W MaTepual aHoJAa, IO03BOJISIET

00paboTaHHBIX B
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YBEJIMYUTh  TOJIIUHBI bopMmupyroumxcs
MOKPBITHM,  IEJCHANpPaBICHHO  HM3MEHSTH
da3oBbIil cocTaB, CTPYKTYpy M CBOWCTBa
MIPUTIOBEPXHOCTHBIX CJIOEB.
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INTERACTION OF IRON WITH TITANIUM, ZIRCONIUM AND CARTON IN THE
MEDIUM OF KEROSENE AND PENTANE WHILE PROCESSING WITH ELECTRO
SPARK

Pereteatcu P.V —dr., Ojegov A.V — post-graduate student
(Alecu Russo Balti State University, Republic of Moldova)
Mazanko V.F. — dr. habilitate, Gertsriken D.S. —dr., Mironov D.V. —dr.
(Institute of Metal Physics, NASU, Ukraine)

The results of experimental investigations of the interaction of iron and titanium, zirconium and carbon in the
medium of kerosene and pentane during electro-spark processing are presented in this paper. The results showed that
formed depositions and diffusion zone contain fine dispersion carbides and residual austenite, which increase the
surface microhardness of the sample and, therefore, can increase the durability of the pieces processed in the same
conditions. The use of liquid media of different density and different content of alloying elements, along with
parameters such as impulse energy and anode material, increases the thickness of depositions, purposefully changes the
phase composition, structure and properties of the surface layers.
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INTERACTIUNEA FIERULUI CU TITAN, ZIRCONIU SI CARBON iN MEDUL DE
PETROL LAMPANT SI PENTAN LA PRELUCRAREA PRIN SCINTEI ELECTRICE

Pereteatcu P.V. —dr., Ojegov A.V. — doctorand
(Universitatea de Stat “Alecu Russo” din Balti, Republica Moldova)
Mazanko V.F. —dr. hab., Gertsriken D.S. — dr, Mironov D.V. —dr.
(Institutul de Fizica a Metalelor, ANSU, Ucraina)

In lucrare sint prezentate rezultatele cercetirilor experimentale privind interactiunea fierului cu titan, zirconiu
si carbon in mediul de petrol lampant si pentan la prelucrarea prin scintei electrice. Rezultatele au aratat ca in depunerile
formate si in zona de difuzie se contin carburile de dispersie fina si austenita reziduald, ceea ce conduce la sporirea
microduritatii suprafetei probelor si, prin urmare, ar conduce la sporirea durabilitatii de exploatare a pieselor, prelucrare
in aceleasi conditii. Utilizarea mediilor lichide cu densitate diferita si continut diferit al elementului de aliere, la rind cu
asa parametrii ca energia impulsului si materialul anodului, permite sporirea grosimii depunerilor formate, schimbarea
intentionata a continutului fazic, structurii si proprietatilor straturilor superficiale.

Prezentat la redactie la 14.06.2011
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B3AVMMO/JIEMCTBUE TUTAHA U HUKEJIS C YIJIEPOJIOM ITPU
IAJIEKTPOUCKPOBOM JIETUPOBAHHWMU B YIVIEPOJOCOAEP/KAIIINUX CPEJAX

Ileperarky II.B. — k.1.H., YHrypsiny E.W. — acucr.
(benwrkuii 'ocymapcTBenHbIlt YHUBEpcuTeT UM. Aneky Pycco, Pecriybnnka Mommosa)
Ma3zaunko B.®. — a.1.H., 'epupuxen /1.C. — K.T.H.,
Muponos /I.B. — k.1.H., HocoBcknuii O.U. — K.T.H.
(Muacturyr Metanmnodusuku, HAHY, Ykpaunna)

B pabore mpezcraBieHbl pe3ynbTaThl B3aNMOJCHCTBHE THTaHA M HUKENS C YIIIEPOAOM IIPH HJIEKTPOUCKPOBOM
JETUPOBAaHUM B YIVIEPOJOCOACpKAIMX cpenax. IIpuMeHeHWe HMCXOOHBIX MHOTOKOMIIOHEHTHBIX TOKPBITHH U
HCTIONIb30BaHUE CPEJ C BBICOKHM COJECP)KaHHEM YIJIEpOJa B NPOIECCE 3IEKTPOMCKPOBOTO JIETHPOBAHHUS METAIIIOB H
CIUIaBOB TIO3BOJISICT NPHWIABATh IPHIIOBEPXHOCTHBIM CJIOSIM HOBBIE CBOWCTBA, OOECIEUMBAIOIINE HEOOXOIUMBIC
9KCIUTyaTaI[MOHHBIE XapaKTePUCTUKH AETalnIM (M3HOCOCTOMKOCTh, MUKPOTBEPAOCTh U YCTAIOCTHASI IPOYHOCTB).

BBEJIEHUE

Panee OblI0 moOKa3aHO, 4TO B Ipolecce
OWJI npoucxoaut BBeJIEHUE B KaTOJ HE TOJIBKO
aTOMOB JJIEMEHTOB aHOZA, HO U KOMIIOHEHTOB

ra3oBoM WIM JKUIKOM Cpelbl, B KOTOPOU
npou3BoauTCS oOpabotka [1-5]. JlaHHBIH
apdekT MoXKeT OBITh WCIOJIB30BAH IS

MO (UIIMPOBAHUS TOBEPXHOCTH U3ICIHIA.
PaccmoTpuM (ha3oBEIi COCTaB MOKPHITHIA
Ha MeTaiuiax, noaBepruyTeix DUJI B metane
CH,, yrnekucnom raze CO; mpu JaBJICHUU B
kamepe 0,1 MlIla u yraepogoconepxaiieit
KUIKoU cpeze raunepune. CoracHo Gopmyie
rmunepuHa  C3Hs(OH); [HOCH2-CH(OH)-
CH;OH], oH comepXuT yriepojga OKOJO
4eTBepTH aTOMHOTO cocTaBa. Ero temmneparypa
KureHus paBHa 563 K, nmostomy npu aeiictsun
HCKPOBOTO pa3psija MOBLIIIEHNE TEMIIEPATYPHI,
JOXOJIAIIEE MPHU JKECTKUX PEXKUMaX TOUYTH JI0
Tiun., TIPUBOIUT K YACTUYHON JHCCOIMAIINH,
MPOTEKAOIIEH npu Harpese 10
MpeepexoIHbIX TEMIIEpaTyp.

METOIUKA 3KCIIEPUMEHTAJIBHBIX

HUCCJEJIOBAHUN
3KCHepI/IMeHTBI HpOBO)II/IJ'II/ICI) Ha
06pa3uax, HU3TOTOBJICHHBIX n3 YCTBIPEX
MaTCpHraJiOB: HHUKEIC, O-TUTAHEC, THUTAHC, Ha
IMOBCPXHOCTH KOTOpOro 6LIJ'IO HAHCECCHO
TAJIbBAHUYCCKOC HHUKCIJICBOC HOKpBITI/Ie

TOJIIAHON ~ 10 MKM, U TUTAHC C HAHCCCHHBIM

XUMHYECKUM OCaKI€HUEM HUKEJb-
(hochOpHBIM TTOKPHITHEM.

HukenupoBanue  OCyIIECTBISIOCH B
C1a0OKHUCIIOM  JJIEKTPOJIUTE  CJEAYIOIIErO
cocraBa: cepHokucibiii Hukenb NiSO, - 140 r,
ceprokucneii  Harpuii Na,SO; - 50
cepHokucaelii  maramii  MgSO; - 30 T,
noBapenHas conb NaCl - 5 r, 6opHas kuciora
H3BOs; - 20 r, Boma - 1000 r. Temneparypa
anekrposmra - 18 - 25°C, miuoTHOCTH TOKa -
0,8-1 A/I[MZ. Tpebyemoe 3nauenue pH = 4,5
C037aBajIoCh JIO0aBJICHHEM  HEOOJIBIIOTO
KoJuuecTBa (Kamenb) BOJHOTO — pacTBOpa
ammuaka. Ciaoll HMKeNS TOJIIMHOM 10 1 MKM
MpH MmIoTHOCTH Toka 0,15 A/z[M2 ocenaet 3a 20
muH, a mpu 0,1 A/)IM2 - 32 30 mun. Ilpu
MPUMEHEHUU PAIMOAKTUBHOTO H30TONA HUKEIS
€ro BJIMBAJIM B TOTOBBIH JJIEKTPOJIUT B BUJIC
HECKOJIbKMX Karmeidb MEUYEHHOI'O II0 HHUKEIIO
cyiabdara NiSO4. Jlns ocaxaeHus MEUEHBIX
aTOMOB THTaHa WCIHOIb30BAICS OJIEKTPOIHUT
CJIEMYIONIETO COCTaBa: HECKOJbKO Karelb
PaaOAKTUBHOTO Na244Ti03 TUTaHAT HATpHs -
75 v/n, ykcycnokucnbiii Hatpuii CH3COONa -
30 r/n, enxuit marp NaOH - 35 r/a. Ilpu
temriepatype aekrponauta 50°C u katogHOM
Toke 1+5 A/I[MZ CJION THTaHa B | MKM
obpazyercs 3a 10 wmuHyT. B KaxaoMm
DKCIIEPUMEHTE TMPUMEHSUICS TOJBKO  OJUH
PaaOAKTUBHBINA U30TOII.

Jnst  HaHeceHHWs  HUKeNb-(OCPOPHOTO
NOKpbITUSL TonmmHOM o 10 mo 40 MkMm
HCIIOJB30BAJIOCh  IIOCIIENOBATEILHO  XHMHU-
Yeckoe 00e3)KMpUBaHUE TOBEPXHOCTH THTAHA,

31



FIZICA SI TEHNICA: Procese, modele, experimente, nr. 2, 2011

CyIIIKa, MEeCKOCTpyiHas o0paboTka
ANeKTpoKOpyHAOM  No 10,  rubpumHas
obpadorka B cmecu HClI u H,SO; B
COOTHOILICHUH 1:1. ITocne 3TOro

MPOU3BOIMIIOCH XUMHUYECKOE HUKEITHPOBAHUE
npu T=87-92°C B TeueHue 2-4acoB B pacTBOpE
crieayrorrero cocrara: 20 - 30 r/m NiSQy, 20 -
25 r/n runodocdura Harpus NaHPO,, 20-25
I/ aMUHOYKCYCHOW KUCO0THI (rymnmuHa) NH-
CH,-COOH, 14-17 r1/m  yKCyCHOKHCJIOTO
Hatpuss CH3-COONa, 0,002-0,003 wmr/n
STUJIMOYEBUHEI C3HgN,O. [Tomygennoe
MOKPBITHE  COCTOSJIO W3  IEPECHIIEHHOTO
pactBopa docdopa B HUKETE, a IMOCIIE OTKHUTA
B TeueHue 1 yaca npu 300 - 350°C Bo3HUKANIH
2 ¢a3bl: TBepabIid pacTBOp pochopa B HUKEE
(FLIK-pemetka) u ~ 15% BBICOKOANCIIEPCHOTO
(menee 0,05 mxm) dochuna nukenast NisP ¢
TeTparoHaJbHOH  cummerpueir  (puc. 1).
Juddy3nonnas 30Ha MEXKAY IOKPBHITHEM U
MOJUTOKKOW TPH CTOJb HU3KHX TEMIIepaTypax
U MaJlbIX BPEMEHaX COCTaBIIsJIa COTHIE JIOJU
MuKpoHa. MHTepmerammueckue (asbl  He
BO3HHUKAJIH.

7100 %

(om[
Ti

012 (111) (002)’ T
1 Ti

Ti %(.%)'_0) Ni (e19)

L l I l Il [ |
70 65 60 55 50 45 40
26
Puc. 1. PentreHorpamMmMsl 00pa3ioB ¢ HUKENb-
(ochOpHBIM TIOKPHITHEM Ha TUTAHE B HCXOJIHOM
cocrostauu (1) u nocine yacoBoro omkura npu 573 K

).

Jlns 06paboTku 00pas3loB HCKPOBBIMHU
paspsanamu 3 HAHECCHUS MOKPBITHI
UCMOJIb30BaJach IMPOMBIIUICHHAs YCTaHOBKA
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OmutpoH-22 [6], cocrodiias M3 TeHeparopa
UMITYJTBCHBIX TOKOB U OJIOKa HarpyeHui (puc.
2). Dueprus uckposoro pazpsaa W cocrapmusiia
0,9 u 6,4 JIx. YactoTa cienoBaHus pa3psiiHbIX
uMmnyiaecoB V. > 60 T'u. JlnurenbHOCTH
uMmnyiasca 1T, cocraBmsia 200 wMmke. B
AKCIIEPUMEHTAX MPUMEHSICS OECKOHTAKTHBIM
METO/I JIETUPOBAHUA, MPU KOTOPOM BEIMYMHA
MEKIJIEKTPOAHOro mpomekytka MOIT |,
BappupoBaiacb oT 0,5 1m0 2 Mm. Bpewms
00paboTKM  eAWHHUIBI  IUomamgd | oM
coctaBisiio 1 MuHyTty (tospagomeu = 1 CM/MHH).
OKCHEepUMEHThI MPOBOIWINCH B CHEIHABbHOM
KaMmepe, Ky/a MOMEIIAUCh COOTBETCTBYIOIINE
cpelbl [7]. [Tpu HCCIICIOBAHU U
MPOHUKHOBEHUS AaTOMOB yIJiiepojia U  €ro
JOKaNu3aluu  cpena Oblla  MEUYEHOW o

yriaepoay.

K

&%

Puc. 2. Cxema yctpoiicTBa ans 00pabOTKH
METaJUIOB 3JIEKTpUIecKoil mckport [6]: 1 - obOpasen
(xatom), 2 - aHOx, 3 — BHOpaTOp.

Jis BceX OKCIEPUMEHTOB aHOJI ObLI
U3TOTOBJIEH U3 rpaduTa, HO MPHU ONpPEAEICHUU
MOJIBUKHOCTH aTOMOB yriepoja
UCTIOJTB30BAJICS aHo/I, COZICpIKAIIU
PaBHOMEPHO pacrpeeeHHbIN U30TOII
yraepoxa *C (B, 150 x»B, 5000 ner). s
META/UIOB MEUYCHBIMH  aTOMaMH  CIYXKHIU
HAHECEHHbIE HAa TOBEPXHOCTH cIoH (10 1 MKM)
M30TOMOB THTaHa **Ti (3MEKTPOHHBIN 3aXBaT &,
75,3 k3B, 60 ner) u ©Ni (B, 65 kB, 125 ner).
Wudopmanus o neproje nonypacmnaua, THIE |
MaKCHUMaJIbHOM HEPTUH pacriaja B3saTa u3 [§].
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UccnenoBanus mnpoieccoB B3auMOJIECH-
CTBHA HUKCIII U TUTAHA C erIepOI[OM aHoda U
Ccpel MPOBOIWIM METOJIaMH, OCHOBAaHHBIMU Ha

OPUMEHEHUH p/a  HM30TONOB  (MOCIOHHBIN
panuoOMETpUYECKUI aHaJIN3 u
MakKpoaBTOpaguorpadus); HOCJIOMHBIM

PEHTI€HOCTPYKTYPHBIM aHAIHU30M C ILIAaroM ~
15 MxkM npu ucnonp3oBaHuM K- H3IydeHHUS
kobanbTa (A,= 0,179026 um, 1,1 =0,178897 HM,
A2z = 0,179285 um, Ap = 0,16207 ©vM) C
TOYHOCTBIO OIPENENEHUS MEXIIJIOCKOCTHBIX
paccTOsSsHUM M IEPUOJOB PELIETOK HE HUXKE
0,00003 HM; MeccbayspoBckoi
CIEKTPOCKONUEN Ha KOHBEPCUOHHBIX
3JIEKTPOHAX, MeTajulorpagueil ¢ yBelIndeHueM
or 100 no 500 m MUKPOIIOPOMETPHUUECKUM
aHamu30M (C TOMOUIBIO MHUKpOTBEpIOMEpa
[IMT-3 ¢ rpy3zom 50 r).

AHAJIN3 PE3YJIBTATOB
IKCHHEPUMEHTAJIBHBIX
NCCIEJOBAHUU

O06paboTka HUKENS rpa@UTOBBIM aHOJOM
B cpene yriaekucioro raza CO;, MEUYEHOro 1o
yraepoxy ~'C, TNPUBOZMT K OOPAa3sOBAHHIO B
¢ Py3noHHOH 30HE Ha mpoTsokeHnu 50 u 75
MKM Ipu 3Hepruu ummynsca 0,9 u 6,4 JIx
KOHIICHTPAIMOHHOTO TPOo(HIs ¢ TepeMeHHON

KOHILIEHTpanuen yriaepona, B
MPUTIOBEPXHOCTHOM  CII0O€ 10 S5 MKM -
MEPECHIILIEHHOTO TBEPJOTO pacTBopa
BHEJIPEHUSI C  COJEp)KaHHEM  YIJIepoja,

poxoxamero no 2,95 %. Orto mnpesblmaer
MaKCHMaJIbHYIO KOHLEHTPALUIO B
pPaBHOBECHBIX yCJIOBUSX - 2,7 aT.% nipu 1326°C

[9]. Amnanoruuneie pe3ynabTaThl (3HAYCHHS
MaKCHMaJIbHON KOHIICHTPALUH Ha
noBepxHoctd - 3,05 ar.% wu T1IyOuHBI

IPOHUKHOBEHUS - 78 - 80 MKM) MMOJIy4EHBbI NIPH
AIIEKTPOUCKPOBOM 00pabOTKE HUKENSI B Cpejie
METaHa, MEYEHOTr0 MO YIJIEpOAy, IPH SHEPIUU
6,4 Jkx. BenuumHa mapamerpa peHIeTKH
pgoxomqut Ao  0,3546 HM (B HCXOJHOM
coctosiHuM - 0,3524 HM), IpU 3TOM, HECMOTPS
Ha  CTOJb  3HAUUTEIBHOE  YBEIINYECHHE
napamerpa, pelieTka ocTaercs
IPaHELEHTPUPOBAHHOM.

B3anMopeiicTBue HUKENS C TIMLEPUHOM
npu OWJI HuKeneBbIM aHOIAOM MPHUBOJIUT K
00pa3oBaHHIO TOJIbKO MIEPECHIIIEHHOT O

TBEPAOTro pacTBopa yriepoja B Hukene ¢ ['TIK-
pemierkon.  Konuenrtpauus  yrioepona Ha
noepxHoctu npu 0,9 [Ix cocrasiaser 3,07
atr.% C, a Ha riryouHe cBbime 70 MKM yrne¥)oz[
HE BBISBJISICTCS 1a)Ke C MOMOIIBIO0 H30TOMNa

[Tpu o6padotke B cpenax CHy u CO, naxe mipu
sHepruu paspsga 6,4 Jk  MakcumaibHas
KOHIIeHTpaluss Obuia Huxke. CremnoBaTelbHO,
nmpu o0paboTKe B TIHIEPUHE, T.e. B Cpele C

OoJIbLIEN [UIOTHOCTBEO u 0O0JIBLLIUM
COJICpKaHUEM YIJIEpO/a BO3SHHUKAET PacTBOP C
OonpmiM  mpechitienneM.  OpHako  ¢a3sl

Bueaperus NisC 1npu  B3aMMOJEHCTBHH  C
METaHOM, YTJIEKHCIIBIM Ta30M M TJMLEPUHOM,
KaKk W TpU  HU30TEPMUYECKOM  OTXKHUIE,
00Hapy>XeHBI HE OBLITH.

[TpoBeaeHHBIE PKCIIEPUMEHTHI TTOKA3aJIH,

9T0 TpH 00pabOTKE THUTaHA THTAHOBBIM
aHOZOM B Cpele YIJEeKUCIOro rasa Ha
MMOBEPXHOCTH u o TOJIMHE

dbopMupyIOIIErocs: MOKPHITUSL HAOMIOAAIOTCS 2
¢da3bl:  kapOung Ttutana TIC u  pacTtBOp
BHEIPEHUsI YIJepoja B TUTaHE O-Tl, TO €CTh
OJTHOBPEMEHHO C 00pa30BaHUEM TMOKPBITUS
MIPOMCXOJUT PACTBOPEHUE YIIiepoja B TUTAHE
(0-Ti) u ymopso4eHHe TBEPAOTO PacTBOpa
(TiC). Kowurentparus yriepoga B TOHKOM
IIPUIIOBEPXHOCTHOM CJI0€ JjocTuraer nodyru 60
%, a KOHILEHTpalMs KHCIOpOJa elle BBbIIIe
(puc. 3), 4TO SABISETCS CIEICTBUEM €r0
OO0JIBLIETO COJEPKAHUS B CpEJIe.

IIpy NOpOHMKHOBEHMM yriepoaa W3
TJIUIEpUHa B Ipolecce 06pa60TKI/I 10 PEKNUMY
0,9 Ix, 200 Mkc, 1 cMm /c [ 2 MM
HEMOCPEJCTBEHHO Ha MOBEPXHOCTH, T.€. B CJI0€
mo 200 HM, KOHIEHTpalus yriepoja,
PEUMYIIECTBEHHO HaXOIAIerocs B KapOuaax,
cocraBisier moutd 90% (B cpemnem 88,9 %),
YTO, HECOMHEHHO, CBS3aHO C OoJbluei
IUIOTHOCTBIO cpenpl. Tak kak 3ta (dasa
MEJIKOAMCIIEPCHA, TO Pa3jInyhe B COAEPIKaHUHU
yriepojia B pa3HbIX TOYKAaX Ha MMOBEPXHOCTH HE
npesbimaer 5 %. Pa3dpoc MUKpOTBEpIOCTH 11O
MOBEPXHOCTU cocTaBuwil He Oomnee 5 - 7%.
MaxkcumanbsHoe 3Hauenue H, ~ 8,7 I'lla, 4ro
MOYTH B 3 pa3a BhIIIE MUKPOTBEPAOCTH THTaHA
B UCXOJIHOM COCTOSIHUH.

[Tockonbky B npouecce OUJI
MPOUCXOIUT HE TOJIBKO 00pa3oBaHue (a3, HO U
OTHOBPEMEHHO ¢ 00Opa3oBaHWEM WX pacraj,
BBICBOOOTUBIIIAECS aTOMBI yriepoaa
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MUTPHUPYIOT B TJ1yOb THUTaHAa, TakKe 00paszys
TBEpIBIA  pacTBOp W  KapOHWI  TUTaHa,
KOJIMYECTBO KOTOPBIX CIIaJaeT C TIyOHMHOH.

Ommcare  TOJMYYCHHBIH  OPOQHIBL  MOKHO
JOCTATOYHO KoppeKTHO C IIOMOIIBIO
BKCHOHeHHHaJIBHOﬁ 3aBUCHUMOCTHU
KOHHeHTpaHI/II/I oT KBajpaTa FHY6I/IH
HpOHI/IKHOBeHI/Iﬂ.

C, % am.

80F Ti

60

1 1 1 1
0 90 180 270 360
o 1M
Puc. 3. Pacmpemenenue kuciopoma u

yriepoja, nmocrynarorux u3 cpeasl CO,, o riayouHe
TUTaHa npu obpaborke TuTaHoBbM anoxoM (Eu=0,9
JIx, 1,=200 Mkc, T= 10 ¢, |,,,=2 Mm).

N /N,
1,0
0,8
0,6
0,4
0,2

0 20 40 60 80 100
X, MKM

Puc. 4. Pacnpenenenue aToMoOB HUKENs 8Ni (1) un
yraepoga *C (2) nmo riyGuHe THTaHA C MCXOXHBIM
HUKEJNIEBbIM NOKpbITHEM B mpouecce DUJI B cpene
mmnepuna, 0,9 Jx.

[Ipu oOpaboTke THUTaHa C MCXOIHBIM
HUKEJIEBbIM TOKPBITUEM B TJIMIEPUHE C
rpaguTHBIM a”HOIOM IIPOUCXOIUT
MIPOHUKHOBEHHE B TIyOh OOpaslloB HUKENS U
yrieposa Ha rinyouny nopsiaka 100 MM (puc.
4). Taxxe TPOHUKAIOT B OCHOBHOW METAIl, B
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ucxomHoe H  (OpMHUPYIOIIEECS  TOKPBITUS
MEYEHBIE aTOMbl THUTAaHA, NPEIBAPUTEIHLHO
HAaHECEHHbIE HA  IIOBEPXHOCTh  oOpasma.
Koadduuuentsr nuddysun yraepona, TutaHa
W HUKEJSA COCTABIISIIOT COOTBETCTBEHHO 1,2-10‘6
CMZ/C, 9,5-10'7 CMZ/C, 7,4-10'7 cm?/c. To ecTs
MTOABMXKHOCTh Pa3IUYHBIX aTOMOB
XapaKkTepu3yeTcs OMU3KUMU BEITUYMHAMH, KaK
3TO HaOI01aeTCs npu Pa3TUYHBIX
MMITYJIbCHBIX BO3nencTBUsIX [10].

Hﬂ , I'lla

2|

10

Teepostit | Teepostii Ti
pacmeop | pacmeop
G Ti ¢| C, Nig

NiTiCc | Ti,TiC
Puc. 5. Pacnpenenenne MUKpPOTBEPAOCTUH U
obpasyromuxcs (a3 1mo rIyOrHe THTaHA C HCXOTHBIM

HUKENIEBBIM TOKpBITHEM B mporecce DUJI B cpene
rmnepuna, 6,4 Jix.

[lpy  TPOHWKHOBEHWUH  JIETUPYIOMIUX
AIIEMEHTOB 00pa3yeTcsi MHOTO(a3Hasi CUCTEMA.
B  mnokpeitum u  auddy3noHHON  30HE
NPUCYTCTBYIOT TBEpJbIE PACTBOPHl TUTaHA H
yriepoja B HHUKEJE, Yyriepojla W HUKeNs B
tutane, kapoun tTurana TiC ¢ 'K pemerkoii
tuna NaCl (K5 [11]) u meprogom pemieTku a,
paBHbiM 00,4321 =M. ®a3oBbIl cocTaB U
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pacripeielieHie MUKPOTBEPIOCTH MOKa3aHO Ha
puc. 5.
O0paboTKa TUTaHA C UCXOJHBIM HHUKEIIb-

(1)

Ni (1)
Ni (Ti,C,P)

I

|

I

W Tic002)-1
(200)- 2
TiC

(12) -3
NisP

" (012)
(10{” Ti
Ni

\
[| (om
31 | Ti

|

(220) "
il

uz”uwu f[ f (110) ‘
| 7:

”1“ ”, l (013) I
A l\/ 1 Jr' J
N w*’\/ \/\) A\/& \' i \,\ w’\“ Lf

.
130 120 110 70 60 ,0 40 30
29

Puc. 6. PentreHorpamMma THUTaHa C HUKEJb-
tdochoprbiM TOKpBITHEM TOCIe DOWJI HUKEIEeBHIM
aHoznoMm B riuuepuse, Co-uznyuyenue, 6,4 JIx, 2 MM,
200 mkc, 1 cM%/MuH.

Hy, I'lla
12

10

1 ' i
0 40 X,éfnex.u 120

Puc. 7. Pacnpenenenue MUKPOTBEPAOCTH
TUTaHA C HHUKEIb-(GOCHOPHBIM IOKPBHITHEM B
HCXOOAHOM COCTOAHHUHU (1) H mocJjie JICTUPOBAHUSA B
rmiepuHe rpadUToBEIM aHOIOM (2), 6,4 Ik, 2 MM,
200 mkc, 1 cM?/MuH.
(dbochopHBIM MOKPHITUEM (TBEPABINA PacTBOp U
docdum), HUKETEBBIM aHOAOM B TIIHILIEPHHE
CIOCOOCTBYET TOSIBJICHHUIO JOMOJTHUTEIBHO K
BBHIIIIEYKA3aHHBIM Cleayrommx (a3: pacTBopa
dbochopa B TUTAHOBOU OCHOBE "
dbopMUpyIOIIIEMCSI  HHUKEJIEBOM  TOKPBITHH,
HeOoJbIIOro KonmuuecTBa ¢Gochuaa TUTaHA
TisP ¢ TerparoHanbpHOW  pemieTKOW U
HepoctatkoM  (Qocdopa. B obmactm Mexmy
(GOpMUPYIOIUMCST TIOKPBHITHEM M OCHOBHBIM

METAJIJIOM, rIe  HAXOOUTCI  HMCXOIHOE
MOKPBITHE, TaKXe YAaCTUYHO COXPAHSIETCS
dochung  NigP.  Da3oBelii  cocTaB  MpH

B3aMMOJICUCTBUM ~ THTaHAa C  HCXOJHBIM
HNOKPBHITHEM C HHKEJIEM M  TJIHIECPUHOM
HPEJICTaBIICH Ha pUC. 6.

ObpazoBanue B (OpMUpYIOIIEMCS
HOKPBITHH, UCXOJHOM HOKPBITUH u
TuGPYy3MOHHOH  30HE  MENKOAMCIEPCHBIX

ynpounsiromux (a3 TIN u TigP Hapsay c
cymectBoBaBmiuM 110 OWJI dochumom Ne3P
MPUBOAUT K POCTy H3HOCOCTOMKOCTH (OoT 1,2
paza mpu W = 0,9 JIxx no 1,7 pa3 npu 6,4 Jx)
U MUKPOTBEPJOCTU 3a MpeJesiaMd HCXOTHOTO
MOKpBITHS (puc. 7).

B T0o ke BpemMs = npuMeHEHHE
ra3000pa3HbIX CPeJl U HHUKEJIEBOTO MOKPBHITHS
ropa3zo ciabee BIMAET HAa MHUKPOTBEPAOCTb
MMOBEPXHOCTHBIX CJIOEB M  TMPOTSHKCHHOCTH
nerupoBaHHoro cinosi (puc. 8). B orcyrcrBue
HUKEJIST Ha TIOBEPXHOCTH THTaHA HACHIIICHHE
yriaepoja YBETUYMBAET MHKPOTBEPAOCTh HE
oonee, ueM gno ~7 I'Tla. CuemoBarelbHO,
OCHOBHYIO pOJIb B (POPMHUPOBAHUU TOKPBITUS C
BBICOKOM  TBEpPAOCTBIO (B OTCYTCTBHE
dbochuIoB) BCE K€ UTPACT BBEACHUE B METAILI
yriaepoja, ¥, B MEPBYIO OYepelb, UMEHHO €ro

KOJINYECTBO,  3aBUCSAIIEE OT  IJIOTHOCTH
(arperaTHOro COCTOSIHMSA) CpElbl, TO €CTb
KOJINYECTBO KapOWJ0B U  IEPECHIIIEHHBIX

pacTBOpPOB yriepoja B HHUKEIE W THUTaHE
YCHUIIMBaeT MUKPOTBEPJOCTh. B TO ke Bpems,
cormacHo [l], oOmHOBpeMEHHOE BBEIICHUE
yriaepona, aszora, ¢ochopa U HHUKENSA
CrocoOCTBYyeT eIie OoJIbIIEMY TOBBIIIEHUIO
MEXaHUYECKUX CBOWCTB MOKPHITUI HA TUTAHE U
€ro CIUIaBax.

H 7 r H a
10
Sk
6
4+
L 1 1 1 1 1
0 0 60 0
3 X, mMkm ?
Puc. 8. Pacnpenenenue MHKpOTBEPAOCTH MO
riyOMHe  THTaHa C  HMCXOMHBIM  HHMKEJIEBBIM

nokpsiTueM B npouecce DMUJI B cpene yriekuciaoro
rasa, 6,4 Jx.
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INTERACTION OF TITANIUM AND NICKEL WITH CARBON AT ELECTRO-SPARK
ALLOYING IN CARBONACEOUS MEDIA

Pereteatcu P.V. —dr., Ungureanu E.I. — univ. lecturer
(Alecu Russo Balti State University, Republic of Moldova)
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Mazanko V.F. — dr. habilitate, Gertsriken D.S. —dr., Mironov D.V. —dr., Nosovskii O.l. —dr.
(Institute of Metal Physics, NASU, Ukraine)

The results of the interaction of titanium and nickel with carbon at electro-spark alloying in carbonaceous media
are presented in this paper. The use of multi-component depositions and use of media with a high content of carbon at
the electro-spark alloying process of metals and their alloys can give new properties to superficial layers that provide
the necessary performance characteristics of pieces (wear resistance, microhardness and fatigue strength).
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INTERACTIUNEA TITANULUI SI NICHELULUI CU CARBON LA ALIEREA PRIN
SCINTEI ELECTRICE iN MEDIILE DE CARBON

Pereteatcu P.V. —dr., Ungureanu E.I. — univ. lecturer
(Universitatea de Stat “Alecu Russo” din Balti, Republica Moldova)
Mazanko V.F. —dr. habilitate, Gertsriken D.S. — dr., Mironov D.V. — dr., Nosovskii O.I. —dr.
(Institutul de Fizica a Metalelor, ANSU, Ucraina)

In lucrare sint prezentate rezultatele interactiunii titanului si nichelului cu carbon la alierea prin scintei electrice in
mediile de carbon. Utilizarea depunerilor multicomponent si utilizarea mediilor cu continutul sporit de carbon in
procesul alierii prin sintei electrice a metalelor si aliajelor lor permite straturilor superficiale a capata proprietati noi,
care asigurd caracteristicile necesare de exploatare a pieselor (rezistenta la uzurd, microduritatea si rezistenta la
oboseald).

Prezentat la redactie la 14.06.2011
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OOTOJIOMHUHECHEHIUA B HAHOKPUCTAVIMYECKOM ®OCOPUIE I'AJVIUA

Kyaukosa O.B. — nokrop, Ky3nenos A.B. — acnupanT, [Ibimkun C.JI. — 1okTop Xaduaurar,
Cumunen A.B. — noxrop, Paky A.B. — acnupant
(Mucturyt npukinaanoi Gusuku, Axkagemus Hayk Peciyonuku Mongossl, Kumunes)

IIpencraBneHsl obpasusl  HaHO-GaP,

TMOJIYYCHHBIC

KOJUIONJaJIbHBIM MECTOAOM. P €3YJIbTaThbl

pPEeHTreHOTrpa)uuecKoro aHaiu3a, CHEKTPOB KOMOHMHAIMOHHOTO paccessHuss 1 SEM  monTBepkpaioT mosydeHue
HaHopasmepHoro GaP. [IpuBeneHa nHTeppeTanys CeKTpoB (OTOTIOMUHECIICHIIMY U MPUBEAEH aHaJIU3 3aBUCUMOCTH
WHTEHCHBHOCTH MUKOB (DOTOIFOMHHECLICHIINH OT YPOBHS BO30YXKICHHUS.

BBEJIEHUE

Wutepec wuccnenoBareneid K HAHOKPH-
CTJLTMYECKUM TOJYIPOBOJAHUKAM CBSI3aH C
MPUBJICKATEILHOCTHIO OTHOCHUTEIBHO MPOCTHIX
METOJIOB IOJIyYCHHUSI OPUCTHIX MATEPHAIOB U
NOoTPeOHOCTHIO B HUX KaK C YMCTO HAY4HOM [1,
2], Tak W TMpaKTHYECKOW TOoYeK 3peHus [3].
JIOCTHTHYTBIE B TIOCJICIHHE TO/IbI PE3YJIbTATHI B
M3yYCHUH CBOWCTB MOPHUCTOTO Si
CTHUMYJIUPOBAJIA HCCJICIOBAHUS TIOJIYIIPOBO/I-
HUKOBBIX coequHenuii 111-V.

CpoiictBa mopucroro GaP wuHTEepecHbI
TEeM, 4YTO MCXOJHBIA Marepuan, Kak u Si,
SIBIISICTCS HE MPSIMO30HHBIM U UMEET MOJ00HOE
Si cTpoeHHe 30HHOW CTPYKTYphl, 4TO JaeT
BO3MOXKHOCTh HCIIOJIb30BaTh OOLIMI MOJXO0] B
UHTEPIIPETAINU, XapaKTePHOU JUIS TMOPUCTHIX
MOJYTIPOBOTHUKOB HMHTEHCUBHOH (HOTOIIOMH-
HECIICHIINY.

AHAJIN3 PE3YJIBTATOB
3KCIEPUMEHTAJIbHBIX
NCCJIEJOBAHUN

B nanHoii  paboTe  mpeacTaBiieHBI
pe3yabTaThl HCCIeIOBaHMS OOpa3lloB HAHO-
GaP, nmoay4YeHHBIX KOJUIOMJIAIBHBIM METOIOM.
Meron XapakTepU3yeTcs HU3KOHN
temneparypoit  (<100°C) wu cpaBHHUTEIHHO
MaJIbIM BpEMEHEeM TMOIy4eHus (10 5 uacos).
HccnenoBasics Kak MOpOIIKOOOpa3HbIM HaHO-
GaP (I Tum), Tak ¥ HAXOJAIIUNCS B PacTBOPE
(I Tum).  OOpasuel  TEpBOrO  TUMA
NPEJCTaBIsUIN cO00I MeNIKhe KOHTJIOMepaThl
HAHOYACTHI], BTOPOrO THIA — OTIEJIbHBIE He
caunwuecs 9acTulbl B KOJUIOUIHOM PacTBOPE.
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Jns  uaeHTUUKAUMM — [OJIyYEHHbIX
HAaHOKPHUCTAJIOB ~ HWCIOJB30BAJICS  METOJ
CHEKTPOCKONUN KOMOWHAIIMOHHOIO pacCesHus
CB€Ta WM  PEHITEHOBCKOW  IOPOIIKOBOU
nudpakiu (mudpakromerp «DRONy,
mznydenne Cu-Ka). Ha puc.l mpencraBieHs
CHEKTpbl KOMOMHALIMOHHOTO paccesHusi cBeTa
obpa3ioB HaHO-GaP wu, mna cpaBHEHWS,
MoHOKpucTainueckoro  GaP, mnosyueHHble
npu Bo30yxnaeHuu 514,5 HM npu KOMHATHOM
TemIeparype.

100

80
2
D 60
o
o
£
o
g 40 |
[Vl
o
20
0- T T T T
300 350 400 450
v, cm?
Puc.1 Crektpsl KOMOWHAIIMOHHOTO
paccesaus GaP: 1 — 00BEMHBIX KPHUCTAJIIOB
(myHKTHp); 2 — HAHO KPUCTAIIOB, IOJIYYEHHBIX

KOJJIOMJaJIbHBIM METOAOM (CHJ'IOH.[HaH).

Crnektp oObeMHOro Kpucramia (Kpuas
1) conepXuT CUMMETPUYHBIE KU C YaCTOTOM
405 em™ (paccestHME ¢ y4acTHEM TMPOJOTBHBIX
LO ¢ononoB) u 370 emt (paccesnue ¢
yuactueM nonepeynsix TO ¢onoHoB). B
CHEeKTpe KOMOHMHALIMOHHOTO pacCessHUsl OT
HaHopa3MmepHoro GaP wnabmionmatorcs  o6e
JUHUU, HO UX KOHTYpP HE CHMMETPHUYHBIA U
HaOJIFOJAaeTCsI YaCTOTHBIN CIABHI.
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Hns  onpenenenus
IIOJIyUEHHBIX ~ MaTepuajioB
CKaHUPYIOIIUA  DJIEKTPOHHBIN
(SEM) (puc.2).

Mukpockomnus HaHO KPHCTaUIOB IMOKa-
3bIBaET pa3Mephl 3epHa nopsaka 10 nm.

pa3sMepoB  3epeH
UCIIOJIb30BAJICS
MUKPOCKOII

20 nm
]

100 nm
.t d

Puc.2. SEM wu300paxkenue 3epeH
HaHOKpuctauioB GaP: a) mocie ¢GuiabTpo-
BaHUS ¥ pasfeleHus 1o ¢pakmuaMm 0) o
pazieseHus 1Mo GpaKuusIM.

dotomromMuHecHeHIMA (ochuna ramus
Bo30yxkmanacy nasepamu YAG: Nd**(hyon =
532 HM Agos2 =3558M) 1 a30THBIM (N2) (Agos3 =
337am).  Cnektpel  (DOTOIFOMUHECIEHIINH
HCCIIeIOBANIach MIPH KOMHATHOM TeMIiepaType B
oOmacty wmH BoiH 350-1000 aM.

CrekTphl (OTONIOMHHECHIEHIIUU 00pa3-
1oB | u |l TUIIOB conep>kaT HECKOIBKO MUKOB B
BUAMMOI#1 o0nactu (puc. 3).

Jns  Bcex wuccuenyeMmblx — 00pasioB
MOJIOCHl MMEIOT OAMHAKOBYIO (OpMy, 4UTO
MOJKET CBHUJCTEIHLCTBOBATh O €IUHOW MPHUPOJIC
U3ITy4aTeNbHBIX Mepexo0B. MHTEHCUBHOCTH
dboTomOMHUHECTICHITMM OoJlee 4YeM Ha JBa
nopsijika Bolme B oopasuax |l Tuna (puc. 3a).

®opma KpUBBIX (OTOITIOMUHECHCHIUH
NPEeJCTaBIseT CO00M CyMMAapHBIM CIIEKTP Tpex
rayccoBblX (QYHKIMA ¢ MakCHMyMaMH B
CHEKTpalbHbIX obmacTsax 2.73B, 2.9 3B u 3.1
3B (puc. 36). @wuoseroBoe U 3eICHOE
U3JIy4eHHE CBSI3aHO C IIEpeXoJaMu M3 30H
MIPOBOJIMMOCTH B BaJICHTHYIO 30HY (Egdlr:2.78
5B, T=300K). MoXHO mHpeArnoNoXKuTh, YTO

HIUPOKUH  CHEeKTp  (HOTOTOMHUHECICHIINH
BbI3BAaH pacHpe/iesieHueM HaHOYacTUIl IO
TUAMETPY. B HaHOKpHCTaJIaxX, KaK

MOKa3bIBAIOT PAHHUE HMCCIICIOBAHUS TOPUCTHIX
MaTepHaioB [6], JTFOMHHECICHITHS
00yClIOBJICHa  B3aMMOJICHUCTBUEM 3KCHTOHA-

- A, Nm
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Puc.3 Cnektpbl  (HOTOTIOMHUHECIIEHITTH
HaHOpa3MepHsIX 06pasnoB GaP tuma | (kpusas la,
16) u Il (xpuBas 2a) npu BO30YKIAEHHH Ayoo = 355HM
mpu T=300K .

CBSI3aHHOM Mapel 3JICKTpOHA U BO3HHKaIOIJ.IefI
IpU €ro BO3OYKJIEHUU ABIPKU. DHEPrHsl CBS3U
TAKOr'0o 2JICKTpOHA HCBCIIMKA U ITPU KOMHATHOM
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TeMIeparype, Korma  CpegHsisi  DHeprus
TETJIOBBIX baykTyanmii ~0.0263B,
oOycnaBiIMBaeT Hajlu4yhe HEOOJIBIIOr0 YHuciIa
SKCUTOHOB.

B nanokpucramimueckom GaP sHeprus
CBSI3U SKCUTOHA MOJKET BBIPACTH HA TOPSAJIOK
[0 CPaBHEHHMIO C TEIJIOBOM. Takue CHIIBHO

CBSI3aHHBIE SKCHUTOHBI c MEHbIIEN
BEPOSITHOCTBIO OoyayT U CCOLIMMPOBATH
TEPMUYECKH, HO OyIyT aHHUTWIMPOBATH
M3JIy4aTelbHO, 4YTO  J1aeT  BO3MOXHOCTH

HaOmI0AaTh  (POTOTIOMHHECHCHIINU YK€ TIPH
KOMHATHOM TemIepaType.

CpaBHeHHE MUKOB (POTOTFOMHHECIICHIIUN
pa3IMyYHBIX O00pa3lOB MOKa3bIBa€T, 4YTO C
YMEHbILIEHUEM pa3MepoB HaHOYAaCTHI]
MIPOUCXOIUT CABUT TIOJIOCHI
(OTONOMUHCIICHIIMM B KOPOTKOBOJHOBYIO
o0jacTh  CHekTpa. Jns  ¢uoneroBoro
MBIIYYCHUS Ayl CABUTAETCS OT 425 1o 400 M
U HUHTEHCUBHOCTH (DOTOIIOMHHECLECHLIUU TPHU
9TOM  yBEJIIMYMBAETCS Ha MOPSAOK. ITO
CJIEJICTBUE KBAHTOBOpa3MepHoro 3pdexra - u3-
3a OrpaHMYEHHOro0 pa3Mepa HaHOYaCTHIL
SHEPTHS NEKTPOHOB U JBIPOK KBAHTYETCS, UTO
BEACT K YBEIUYCHHUIO IIMPUHBI 3alperieHHON
30HBI.

[upokuii muk ¢ Makcumymom 1pu 460
HM (2.7 »5B) ompegensercs smuccued Ha
nedexTax, MOsSBICHHE KOTOPBIX MOXET OBITh
CBSI3aHO C 3ameleHneM ¢ochopa KUCIOPOIOM
B CTpYyKType Qochua ramivs. IHTEHCUBHOCTD
3TOr0 MHKa CYIIECTBEHHO BO3pacTaeT IpH
BO3OYKICHUM Ao =532 HM (puc. 4).

-— hv, eV
3432 3 28 26 24 22 2 18 16

700 [ 1 1 1 1 1 1 1 1
|/

600

500

400

, urb.un

lPL

300

200

100

04
350 460 4%0 5(‘)0 5%0 6(‘)0 6%0 7(‘)0 7%0 800
A, nm —
Puc.4  Croektpbl  (QOTONFOMHHECIICHIINU
HaHo-GaP npu Bo30yxneHun 337 uM (kpuBas 1) u
532 uM (kpuBas 2) pyu KOMHATHOH TeMIieparype.
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[Ipenmonaraemyio MpUPOAY 3TOrO MHUKA
MOJATBEPXKIAIOT M PEHTTCHOBCKHUE HCCIEIO0-
BaHusa.  JludpaktorpaMmbel  00pa3loB  C
WHTCHCUBHBIM IMUKOM  (DOTOTIOMUHECIICHITIH
mpu 460 HM  TIOKa3bIBalOT  OOJBIIYIO
koHleHTpanuioo Ga,O3 B cocraBe 00pa3Ios.,
MaKCUMyM  (OTOJIIFOMHUHECLIEHLIUU KOTOPOTO
MPUXOJUTCS HA 3TY JUTHHY BOJIHBI.

[IpoBeneHHbIe HCchenOBaHUS O00pPa3IOB
MOKA3bIBAIOT,  4YTO  (DOTOTFOMUHECIICHIIHS
HaHOpasMmepHoro  ¢dochuaa  raums — Ha
HECKOJIBKO TOPSIKOB BHIIIE, YeM B 00BEMHOM
dbocduna rammus.

Crnenyromuii aTanm paboThl MPEANOIaracT
CO3/IaHM€ U UCCIIEJIOBaHNE HAHOKOMIIO3UTOB Ha
0aze pochuna ramms.

PabGora BbIllOJIHEHA T@IpU HOJAEPHKKE
rpanta STCU, IIpoekT Ne4610.
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PHOTOLUMINESCENCE at NANO GaP
Kulikova O.V. —dr., Cuznetsov A.V. — post-graduate student, Pyshkin S.L. — dr. habilitate,
Siminel A.\V. —dr., Racu A.V. — post-graduate student
(Institute of Applied Physics, Academy of Sciences of Moldova, Chisinau)

The results of the X-rayed analysis, the spectra of combined dispersion and SEM confirm that nanodimensional
GaP crystals have been obtained. The interpretation of photoluminescence spectra and the analysis of intensity
dependence of photoluminescence maximum on the excitation level are presented in the paper.

Prezentat la redactie la 23.06.2011
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THE STUDY OF THERMAL PROPERTIES OF LIQUID METALS USING THE METHOD
OF TEMPERATURE RADIAL WAVES

Bincila Simion — doctor
(Alecu Russo Balti State University, Republic of Moldova)

The study of thermal properties of liquid metals and namely of fusion, conductivity and thermal capacity is
motivated. The article describes the installation for experimental study of thermal characteristics of liquid metals for the
temperature interval of 1000-2500k using the method of temperature radial waves. Heating of the investigated samples
is carried out in vacuum by electron bombardment of their surfaces. Power modulation in the form of IT is applied. The
article describes two variants of application of the method of temperature radial waves: by heating the interior surface
of the sample and by heating the exterior surface. The results of the investigation of the molar capacity of liquid metals,

such as In, Ga, Tl are presented.
INTRODUCTION

The paper represents one of the stages of
experimental research of substance liquid state
carried out by the Department of Molecular
Physics of the Faculty of Physics of M. V.
Lomonosov State University of Moscow and
by the Department of Physics and Methods of
Teaching Physics of Alecu Russo State
University of Balti [1, 2]. These investigations
aim at finding out the nature of heat movement
in liquids. The study of substances thermal
properties such as heat conductibility,
temperature  conductibility, and thermal
capacity, i.e. of such properties the quantity of
which is considerably determined by heat
movement, is important for the solution of this
problem.

One of the important tasks here is the
investigation of the specific character of
manifestation of heat movement in liquid
metals, elucidation of the influence of a metal
electrons on thermo-dynamic properties, the
study of their role in transfer processes. The
investigation of thermal properties of liquid
metals is important for modern technics in
connection with more and more widely use of
liguid metals in nuclear energetics, rocket-
powered technics, MHD energetics, and
metallurgy.

The following problems can be singled
out in the investigation of thermal properties of
liquid metals:

1.Investigation of thermal capacity of
liquid metals in a wide range of states,
subsequent comparison of this with specific
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heat of monoatomic non-metallic substances as
well as revealing specific properties of liquid
metals. These particularities can serve as an
instrument to elucidate the problem of liquid
metal elections participation in thermal
movement, but can also be applied to analyze
the influence of interparticle interaction
specificity in metal baths.

2.The investigation of heat capacity in the
area of temperatures and pressures where
transition from metallic to dielectric properties
takes place is of specific interest. The problem
concerning the area and nature of this transition
remains for the time being open. Heat capacity
behaviour in the area of states where abrupt
qualitative changes of metal bath nature take
place can probably give us information about
the character of this transformation.

3.Investigations into heat and electric
conductibility and analysis of the Lorentz
number behaviour are important in order to
elucidate the problem about the role of
conductivity electrons in the process of heat
transfer in liquid metals.

Primary role in the investigation of the
enumerated problems should belong to
experimental study. The theory of liquid state
hasn’t been created yet, and effective methods
of quantitative description of the properties of
liquids haven’t been elaborated. Little is clear
in the problem about the nature of heat
movement in liquids. The above said refers to
metal liquids as well, where to difficulties that
are characteristic for liquids as such are added
complications inherent in electronic theory.
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Considerable progress in the investigation
of thermal properties of liquid metals was
achieved at the Department of Molecular
Physics of the Faculty of Physics of Moscow
State University. Here, they elaborated more
investigation methods that are distinguished by
their complex character, i. e. by the possibility
of obtaining in an experiment of a multitude of
basic thermal characteristics: thermal capacity,
temperature conductibility, thermal conduction.
One of these methods, the method of radial
temperature waves, was used for systematic
investigation of the properties of liquid metals
in a wide temperature range. This method was
used to investigate thermal properties of some
liguid metals such as: praseodymium,
dysprosium, lanthanum, gallium, thallium,
indium, tin and lead [2, 3, 4]. The choice of
rare metals as objects of study is explained by
their specific characteristics: relatively active
participation of electrons of inner shell in
thermal movement, which is reflected in an
anomaly of high heat capacity and anomaly of
little changes in heat and electricity conduction
in the process of melting, which can probably
be explained by the role of inner shell
electrons. Investigations conducted by the
author of the present study add to the
knowledge of this important field for a number
of rare metals.

The study of thermal properties of fusible
metals aimed to investigate the variations of
studied characteristics in as large a range of
temperatures as possible and to compare
thermal and electrical conduction. The results
obtained during these investigations for tin and
lead disagree with the previous results. In this
connexion, a supplementary and deeper study
of methodology became necessary. One of the
problems, and mainly, complete control of the
quality of filling with metal of the work cell of
measurement device, was solved by using y
flow detector [2]. In order to study another
problem, the possible influence of convective
transfer, the author elaborated a new method of
measurement, and namely, the method of
external heating of the hollow sample with
electron bombardment by contrast with the
previously used methods of internal heating [2,
5]. This required essential modification of the
whole working part of the experimental

installation and elaboration of a new
methodology theory.

The conducted investigation allowed to
ascertain that the new data received by the
author is quite trustworthy and the question of
revision of one of the conclusions from

previous works should be raised, the
conclusion concerning the existence of
noticeable negative deviations from

Wiedemann-Franz Law .
RESULTS OF EXPERIMENTS

Lately, new methods of determining
thermal characteristics (thermal conduction,
fusion and heat capacity) based on the use of
periodic heating have been elaborated [3].
Advantages of these methods include
continuous reproduction of data, possibility of
internal control of the results, small correction
under the influence of heat transfer, etc.
Methods of periodical heating are of several
variants, distinct by the configuration of the
temperature field and the form of periodic sign.
In an overwhelming number of variants,
modulation of power in IT form is applied [5].
As a rule this modulation is simpler in
execution than harmonic modulation, which
requires application of some difficult methods
of harmonic analysis for the results processing.

The essence of the method consists in the
following. The investigated sample presents a
tubular cylinder or a cell filled with liquid
metal and is made of two coaxial tubes. The
surface of the cavity is periodically warmed up
by electron bombardment. Variations of
temperature produced on the opposite surface
are registered either by photoelectric method or
with the help of a thermocouple. Thermal
diffusivity of a system with known geometry is
determined depending on the character of
travel of periodical curbs of warming up power
variation and on temperature variation. At
calculating specific warmth, information about
the same curbs of temperature and power
variation is used.

In both variants the investigated sample
presents a hollow cylindrical vessel filled with
liquid metal. The vessel is made of two thin-
walled tantalum tubes, with wall thickness of
0.1 mm, interior diameter of 6 mm, exterior
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cell of 14 mm, and length of (70...80) mm.
The bottom and the cover of the sample are
made of tantalum plates (1...2) mm thick,
which are later welded to the sample by means
of electron-ray welding. In order to diminish
the possibility of convection appearance, 0.1
mm thick tantalum lamellas were mounted as
separating walls in the sample at the distance of
(5...10) mm. Vacuum rooms in which samples
are assembled, represent brass covers with
double walls cooled with water. The rooms are
assembled on a BA-0,5-A type unit with the
help of vacuum sets and props made of
stainless steel and which contain orifices for
electrons, and one of them (in the case with
exterior variant) has an observation window.

During measurement, the vacuum in the
working space is maintained at (10° ...10°)
Torr. The walls of the rooms have observation
windows. One window is placed in the frontal
wall (in the case with interior heating) and two
windows are placed in the lateral wall (in the
case with interior heating). The window are
used to register temperature pulsations and to
measure average temperature.

In the case of interior heating, the cathode
represents a tungsten (0.4...0.8) mm diameter
wire, which is installed on the sample axis. In
the case of exterior heating, the cathode
represents twelve tungsten 0.15 mm- diameter
wires placed uniformly around the sample at a
distance of 4 mm from it. Between the cathode
and the sample, tension in the IT form is
applied from a modulation electronic circuit.
Constant fluctuation of the sample temperature
is registered by fluctuations of luminousness of
the sample surface (close to its centre), which
are then oriented towards a photoelectronic
(DBVY- 29 type) multiplier. At ®DVY- 29 device
output, the constant component, which
corresponds to the average temperature of the
sample, is compensated by reverse polarity
tension introduced through compensation
circuit. The variable component is amplified by
a direct current amplifier, whose current
amplifying factor constitutes 10% ... 10°, after
which it is registered by an oscillograph on
photo-sensible paper. Simultaneously, the
tension and the current intensity variation
curves are registered on the same paper.
Interpretation of experimental results obtained
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through the method of periodic heating in IT
form is based on the fact that temperature
variation curves, which serve as sources of
information about the thermic properties of the
medium, have, in most cases, a clearly marked
linear sector. For example, figure represents
measurement curves of the temperature on the
exterior surface of a tubular metallic cylinder,
whose interior surface is heated by
bombardment with electrons directed by the I1
form sign.

The presence of a sector with linear
heating (cooling) means that, within the limits
of one semiperiod of the process, the so-called
regular (steady) regime of the second kind
manages to settle in the sample [1].

iy

Fig. Temperature oscillations curves:
a) theoretical, b) experimental.

Invariableness of the speed of
temperature variation of all the sample points is
characteristic for this regime. Examination of
this phase of the process can give complex
information about thermal characteristics of the
investigated  materials. The work [2]
demonstrates that the inclination angle of linear
sector of temperature variation curve, that is,
the heating speed, makes it possible to
determine specific heat in these experiments.
The reciprocal position of heating and cooling
lines allows to determine thermal capacity. The
value of thermal capacity is determined
univocally by the ot segment on the
oscillogram, similar to the one in figure.

Thermal diffusivity and capacity are
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calculated using the correlations:

At - quality of relative movement in time of the

RZ 452 variation of heating power with regard to
a= 85t 1+&%+ 1- g2 zIng | temperature oscillation of the sample surface;
W W - guantity of heating power variation;
Co=—— M - the sample mass;
om 9T AT _poni
dr —_ - heating speed.
dr
where R; and R, are interior and exterior beams The results of measurements of m<i|ar
of the sample; thermal capacity of studied metals (Cp,mCO%)
R
& =—1 is the beams correlation; are given in table.
2
The results of measurements of molar thermal capacity
TK/
Metal 1100 | 1200 | 1300 | 1400 | 1500 | 1600 | 1700 | 1800 | 1900 | 2000 | 2100
In 6.95 |6.87 |6.79 |6.71 |6.63 |655 |6.47 |6.39 |63l |[6.23 |6.15
Ga 6.27 |6.28 [6.30 |6.31 |6.32 |6.33 - - - - -
Sn 6.56 | 652 |6.48 |6.44 |6.41 |6.37 |6.33 |6.29 |6.25 |6.22 |6.18

The relative error at determining thermal
capacity constituted about 3...5 %.

The compositions of studied metals,
expressed in weight percentage, are the
following: 99.995 Sn;5 10 Sb; 10 (Fe, Ga,
Au, Zn, Ar); 10 (Cu, Bi, Al).

In- Fe <10°; Cu 4 10°®%; Ni 2 10°; Pb 10°°; Sn
10, Zn 2 10°; T1 10°; Ga 99.997.

Easily fusible metals are characterized by
monotonous diminution of thermal capacity at
constant pressure with temperature. By such
behaviour liquid metals differ from nonmetallic
monatomic substances, such as liquid inert
gases. With the latter, C, grows monotonously
with temperature. The difference between the
behaviour of nonmetallic and metallic
substances proves the essential influence of the
type  of molecular interaction on
thermodynamic properties of substances, the
specific character of metallic bounds
manifestations.

The dependence on temperature of
samples electric conductivity was investigated
by the author earlier using potentiometer
method [2]. On the basis of accumulated
experimental results Lorentz number was
calculated.

Carried out experiments confirm validity
of Wiedermann-Frantz law for all the studied
metals in an interval of temperature variation
about 1600 K higher than their melting point.
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Periodical ~ Heating  Method, = Moscow University Bulletin, No6, 1972, p. 638-643.

CZU: 538.9

STUDIUL PROPRIETATILOR TERMICE ALE METALELOR LICHIDE PRIN METODA
UNDELOR RADIALE DE TEMPERATURA

Bancila Simion — dr., conf.
(Universitatea de Stat ,,Alecu Russo” din Balti, Republica Moldova)

In articol se descrie instalata destinata studiului experimental al proprietitilor termice ale metalelor lichide
(difuzivitatea, conductibilitatea si capacitatea termicd ) prin metoda undelor radiale de temperatura (1000 +2500 K).
Incalzirea probelor de cercetare are loc in vid in rezultatul bombardarii lor cu electroni. S-a practicat modularea puterii
in forma de /7. Sint prezentate doud variante de aplicare a metodei sus numite prin incalzirea suprafetei interioare a
probei si prin incélzirea suprafetei ei exterioare. Sunt prezentate rezultatele dependentei capacitatilor molare de
temperatura a metalelor lichide In,Ga,TI.

Prezentat la redactie la 26.06.2011
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CZU 621.391

RECEIVING-MEASURING COMPLEX FOR DOPPLER OBLIQUE SOUNDING
OF IONOSPHERE

Plohotniuc E.F. — dr., ass. prof., Botnariuc S.B. — researcher, Tiganas |.P. — researcher
(Alecu Russo Balti State University, Republic of Moldova)

This paper describes the receiving-measuring complex for Doppler oblique sounding of the ionosphere and the
results of the first data processing. The complex is located in the city of Balti (47.75° N, 27.92° E) and is designed to
study the propagation properties of decameter radio waves in the ionosphere.

INTRODUCTION

One effective method for remote
monitoring of the ionospheric communication
channel is the method of recording the Doppler
frequency shift of HF radio signals propagating
in inhomogeneous nonstationary ionosphere.
The main advantages of this method are the
relative ease of implementation, high
sensitivity to small perturbations, and the time
resolution, the possibility of selection of
different modes, arising from the spatial-
temporal heterogeneity of the ionosphere and
radio wave propagation characteristics in the
decameter range.

Multichannel reception and synchronized
registration parameters of HF radio signals
propagating on the fixed network radio paths of
different orientations and lengths significantly
extend the method, especially in terms of the
solution of inverse problems of remote
diagnostics of the ionosphere.

This paper describes the receiving-
measuring complex for Doppler oblique
sounding of the ionosphere and the results of
the first data processing. The complex is
situated in the city of Balti (47.75° N, 27.92°
E) and is intended for the study of the
propagation of decameter radio waves in the
midlatitude ionosphere.

DESCRIPTION OF THE RECEIVING-
MEASURING COMPLEX

The system is designed for the detection
and recording of  magneto-ionospheric
disturbances of natural and artificial origin
(solar flares, earthquakes, geomagnetic storms,
sudden impulses of the geomagnetic field, etc.).

The complex works in the receiving
mode of radio waves reflected from the
ionosphere HF band and records Doppler
frequency shift of the reference radio stations
signals on transient inhomogeneities of the
ionosphere.

Block diagram of the receiving and
measuring complex is shown in fig. 1. As the
receiving antenna (Al) is used an antenna of
the "diamond" type with the suspension height
of 20 m.

Registration of the current radio spectrum
iIs made by the receiver of "KATPAH". The
signals of the second intermediate frequency
(215 kHz) are mixed in the converter and mixer
unit (see fig. 2), with a reference signal from
the frequency synthesizer 46-31 (215 kHz +
Af), where Af — the support frequency of about
10 Hz are filtered and fed to a computer audio
input, which records the signal.

To stabilize the generators of the
receiver, synthesizer and clock, the FS725
Rubidium  Frequency Standard with a
frequency of 5 MHz and erors +£5x10™* is used.
To calibrate the receiving-measuring circuit a
standard signals generator I'4-158 is used.

For the operational management of the
complex, formation, processing and storage of
experimental data a software is developed.
Visualization of signals passing along the
routes of the receiving-measuring system is
performed by a virtual oscilloscope and
spectrum analyzer.

The recording of the signal fed to the PC
audio input is preformed by a record program
that allows to make the record at the time when
the reference radio station emits a continuous
signal.

47



FIZICA SI TEHNICA: Procese, modele, experimente, nr. 2, 2011

| Al
KATPAH

FS725 46-31
5 MHz 5 MHz |
MIXER UNIT
215 kHz 215kHz + Af
IBM PC

Fig.1. A block diagram of the receiving and measuring Doppler complex.

DA1 DA2

DA3 DA4

Fig.2. A block diagram of the converter and mixer: DAL - balanced mixer; DA2 - amplifier with adjustable
gain and bandwidth; DA3 - voltage amplifier; DA4 - active low-pass filter.

PROCESSING OF OBLIQUE DOPPLER
SOUNDING DATA

We present the major approaches to
processing  obliqgue  Doppler  sounding
implemented in the research of nonstationary
ionosphere. Primary data processing of
Doppler oblique sounding consists in getting
the current radio spectrum and sonogram in the
frequency-time coordinates. Sonograms can
detect variations in the amplitude-frequency
characteristics of the HF signal and provide
feedback signals oblique of Doppler probe
under the effects of non-stationary processes in
the ionosphere in the form of the characteristic
variations of the Doppler frequency shift.
However, processing of the current spectrum is
difficult, because each of the Doppler spectrum
is a group of partial waves. The spectrum of the
signal may contain E and F modes that carry
information about the various regions of the
ionosphere, the effect of not one, but several
non-stationary processes, which have different
physical nature. For example, the range of the
radio signal can contain both mirror and diffuse
components. As a rule, all processes are non-
stationary against the regular diurnal variations
in the ionosphere. All of these factors greatly
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complicate the processing and interpretation of
the results obtained by the Doppler oblique
sounding. Thus, it is necessary to eliminate
ambiguity associated with the inherent property
of the ionospheric propagation of short-wave
signals - multipath.

Therefore, digital signal processing of
oblique Doppler probe was based on the idea of
the amplitude of the Doppler spectrum as the
distribution of energy of the electromagnetic
wave at the receiving frequency. For example,
the use of such statistical characteristics of the
Doppler spectrum, as the center of gravity P,
enabled us to reduce the variation of the
spectral components in frequency to the time
dependence of one variable - F(T). This
approach is justified because, in the first place,
it does not lead to loss of the original data and,
secondly, the developed computer software for
receiving and measuring system allows us to
apply this idea of the amplitude of the Doppler
spectrum not only to the entire spectrum as a
whole but to its individual components (modes)
as well.

As with any distribution [1,2], the
Doppler signal spectrum can be characterized
by its mean value F (center of gravity of the
distribution):
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N
F= in Pi s (1)
i=1
x; - Doppler frequency, p,

- normalized

amplitude of the i-th component, (Z=1)vN ]
i=1

the length of the sample, as well as the central

moments M, :

M, =) 0 -F) P Y -F)p, @

of which the first three are commonly used.

We can also define the following
parameters of the signal:
- integrated amplitude,

N
A=A, .3)
i=1
- sum of the squares of the amplitudes,
N
A=A (4)
i=1
- frequency dispersion,
5f2 =M,, )
- asymmetry coefficients
=z ©)
M 2
and excess
M,
4 M2 (7)

Time series of moments of the of the
integral amplitude distribution and the
coefficients k and y are used to study the

dynamics of the HF signal parameters, to
establish ~ quantitative  and  qualitative
connections of response signals of oblique
Doppler  sounding data carried out
simultaneously on different tracks with each.
For this purpose were developed algorithms for
the selection of the desired signal from the
background noise, regression, correlation and
spectral analysis [3-8].

Doppler method allows to separate the
adjacent HF signal modes, if these modes are
fA separated in frequency by an amount greater
than the width of the spectrum of one of the
modes. According to [9], the width of the HF
signal in the calm conditions in the mid-
latitude ionosphere is not more than 0,1 Hz. By
our data, this value in similar conditions is in

the range 0,05-0,2 Hz. Application of this
approach to data processing of oblique Doppler
sounding of an individual selected mode allows
to get time series of the center of gravity
variations, amplitude, frequency deviation, etc.
and to apply to these series regression,
correlation and spectral analysis algorithms.

The next important aspect of signal
processing of oblique Doppler sounding signals
IS to separate the useful signal from the
background noise. It should be noted that,
depending on the test conditions, the noise may
be a response signal to other time-dependent
processes that contribute to its shape and
spatial-temporal dynamics.

To separate the useful signal from the
background noise the method proposed by the
authors was used [4, 6], and the filtering and
detection procedure were implemented on a
computer, depending on the purpose of
processing, both of the source and processed
data of oblique sounding.

To remove high-frequency
component triangular filter was used [7].

Low-frequency filtering was performed
with a filter defining the velocity:

Z; =(Y; — Yia) - 9)

Detection of rapid variations of the

Doppler frequency shift was calculated as
follows:

noise

fi = ABS(z). (10)
The above given approach to the
recording, processing and storage of the initial
information largely determined the ability to
carry out research of trasient processes in the
Earth's ionosphere of different space-time
scales by analyzing the parameters of the
response of HF radio signal to ionospheric
disturbances.

MEASUREMENT METHODOLOGY

Test observations on the complex
started in August 2011. To work out methods
of observation and carry out data processing, a
fiducial radio station based in Moscow -
RWM: 55° 48' N 38° 18' E has been selected
that broadcasts the exact time signals,
presented in the table. The trajectory of radio
trace is shown in fig. 3.
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The recording of a given radio signal is
done when the radiostation RWM emits
unmodulated continuous signals in the time
period 00 min.00 sec. - 07 min.55 sec. and 30
min.00 sec. - 37 min.55 sec of every hour.
Signal frequency of 10 Hz, is taken from the
output of the converter and the mixer and fed to

the audio line input of on computer, which
records the signal at the set periods of time, in a
file format *. wav.

For visual control of the signal fed to the
input of the computer, a software batch is used
that represents a virtual oscilloscope and
spectrum analyzer (see fig. 4).

Hour program of radio RWM Moscow

Time of signal Time of signal
transmission. transmission. View of the signal
Start End
00 min.00 sec. 07 min.55 sec. Unmodulated wave carrier signals
08 min.00 sec. 09 min.00 sec. Radio transmitter off
09 min.00 sec. 10 min.00 sec. Signals of radiostation recognition
. . A1X signals, containing second, minute
10'min.00 sec. 19 min.55 sec. labels and DUT1 + dUT1 information
20 min.00 sec. 29 min. 55 sec. ALN signals with a repetition rate of 10 Hz
30 min.00 sec. 37 min.55 sec. Unmodulated wave carrier signals
38 min.00 sec. 39 min.00 sec. Radio transmitter off
39 min.00 sec. 40 min.00 sec. Signals of radiostation recognition
. . A1X signals, containing second, minute
40 min.00 sec. 49 min.55 sec. labels and DUT1 + dUT1 information
50 min.00 sec. 59 min.55 sec. ALN signals with a repetition rate of 10 Hz

— o=
ST ey

= o X : o

Ao Frankivsk

< Chern

o Mukolaiv

Fig. 3. The trajectory of radio trace.
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Fig. 4. The program interface, signal recording oscilloscope and spectrum analyzer.
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Fig. 5. The program interface "Sony Sound Forge" with sonogram signal.

To observe the diurnal signal changes,
hourly eight-minute cuts of the signal are
connected into one - the daily file. The
processing of the file with the signal is
produced by the program "Sony Sound
Forge", which gives the signal spectrum and
sonogram in frequency-time coordinates, where
one can trace the Doppler frequency shift (see
fig. 5).

CONCLUSION

The created complex allows for a
continuous monitoring of the dynamics of
ionospheric processes in any area of the middle
latitudes, depending on the choice of
transmitting stations. It should be noted that a
significant limitation of the choice of reference
stations is the almost complete lack of access to
the wave transmitting schedule of both here
and abroad.

The results of Doppler measurements can
be used to detect and record the magneto-
ionospheric  perturbations of natural and
artificial origin (solar flares, earthquakes,
geomagnetic storms, sudden impulses of the
geomagnetic field, etc.).

BIBLIOGRAPHY

OCHOBBI
Kuura

1. JIEBUH, B.P. Teoperuyeckue
CTaTUCTHYECKOW  PaJNOTEXHHKH.
nepBas. M.: Cos. Panuo, 1974. 552 c.

2. PBITOB, C.M.; KPABLOB, [0.A,;
TATAPCKHI, B.U. BeeneHue B CTATUCTH-
geckyro pamgnodpusuky. Yacte Il. Crmydaiinbie
noisist. M.: Hayka, 1978. 464 c.

3. BEHIAT, Ix., ITUPCOJI, JI. Ilpume-
HEHHME KOPPEJSLMOHHOTO U CHEKTPalIbHOTO
ananuza. M.: Mup, 1983. 312 c.

4. JOKEHKUHC, TI'.; BATTC, . Cnekt-
pabHBIM aHAJIM3 U €ro npuioxkeHus. M.: Mup,
1972. Beim. 2. 288 c.

5. AbJAKOHOB, B.II. CpopaBo4yHHK IO
QITOpUTMaM U IporpaMMaM Ha si3blke beicuk
uist mepcoHanbHbix OBM. M.: Hayka, 1989.
240 c.

6. MAKC, XK. Meroagsl M TeXHUKA
00pabOTKM  CUTHAJIOB  MpH  (PU3HYECKUX
n3mepenusx. M.: Mup, 1983. T.1. 312 c.

7. MAPIUI, CJI. Hudposoit cnexr-
pa’bHBIA aHAIU3 U €ro mpuioxkeHus. M.: Mup,
1990. 584 c.

8. PABMHEP, JI.; TOVJIA, b. Teopus u
npuMeHeHue 1M@poBoil 00pabOTKH CUTHAIIOB.
M.: Mup, 1978. 848 c.

9. A®GPAMMOBUY, D.1. Untepdepen-
IUMOHHBIE  METOJbl  PAaJUO30HAMPOBAHUS
nonocdepsl. M.: Hayka, 1982. 198 c.

51



FIZICA SI TEHNICA: Procese, modele, experimente, nr. 2, 2011

CZU 621.391
COMPLEXUL DOPPLER DE SONDARE OBLICA A IONOSFEREI

Plohotniuc E.F. —dr., conf., Botnariuc S.B. — c.s., Tiganas |.P. — c.s.
(Universitatea de Stat “Alecu Russo” din Balti, Republica Moldova)

in articolul dat este descris complexul Doppler de sondare oblici al ionosferei si sint prezentate rezultatele
primelor masurari. Complexul Doppler este plasat in mun. Balti (47.75° N, 27.92° E) si destinat pentru cercetarea
propagarii undelor radio scurte prin ionosfera.

Prezentat la redactie la 17.03.2011
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EXIGENTE PRIVIND PREZENTAREA LUCRARILOR STIINTIFICE PENTRU
REVISTA
, FIZICA SI TEHNICA: PROCESE, MODELE, EXPERIMENTE”

I. Destinatia revistei

Materialele prezentate in revista vor reflecta realizarile obtinute in ultimii ani in cadrul
catedrelor, laboratoarelor de cercetari stiintifice ale USB, institutiilor de Tnvatdmint si de cercetare
din Republica Moldova si de peste hotarele ei.

In revista se publici articole stiintifice ce tin de urmatoarele domenii de cercetare:

- propagarea undelor de radio in diverse medii;
elaborarea dispozitivelor electronice analogico-numerice;
elaborarea laserilor si aplicarea lor in tehnologiile de prelucrare a materialelor;
studierea infleuntei factorilor exteriori asupra proprietatilor fizice ale substantei;
tehnologii clasice si neconventionale de prelucrare a materialelor.

II. Cerinte fata de articolele prezentate

2.1. Dispozitii generale
Nu se vor admite pentru publicare materiale care au fost publicate in alte editii. Articolele vor
fi insotite de extrasul din procesul verbal al sedintei de catedrd, al laboratorului sau seminarului
stiintific la care au fost discutate si propuse pentru publicare. Lucrarile primite la redactie vor fi
recenzate de specialisti calificati In domeniul respectiv, numiti de colegiul de redactie.

2.2. Structura lucrarilor si regulile de prezentare

O persoana poate fi autor sau/si coautor la maximum doud articole. Volumul unui articol nu
va depasi, ca regula, 7 pagini.

Fiecare articol va cuprinde:

eCZU;

e titlul in limbile roména /rusa si engleza;

e date despre autor/autori in limbile romand/rusa si engleza;

erezumatul in limbile romana/rusa si engleza;

earticolul propriu-zis;

e bibliografie.

2.3. intrebuintarea suportului electronic
Materialele vor fi redactate in Microsoft Word, fontul Times New Roman si vor fi
prezentate pe foi in formatul A4 (297X210 mm). Parametrii paginii: 25 - stinga (Left), 20 - sus
(Top), 20 - jos (Bottom), 15 - dreapta (Right), 17,5 - antet (Header), 0 - subantet (Footer), 2
coloane. Dimensiunile fontului de imprimare - 12 points. Aliniatele — 1 cm. Spatiul dintre liniile
(Line Spacing) aceluiasi paragraf, inclusiv titlul lucrarii si informatiile despre autori - un interval.

e vy

fi completa.

2.4. Structura articolului
CZU se va situa 1n partea stingd a paginii.
Titlul se va da complet, maximum 3 rinduri, pe toata latimea paginii (12points, BOLD,
CENTER, ALL CAPS).
Informatiile despre autori se vor da cu aldine, in limba in care este scrisa lucrarea, in
urmdtoarea consecutivitate: Prenumele si Numele autorului (complet), afilierea. Dacd coautorii
lucrarii sint angajatii aceleiasi institutii, denumirea ei se va da o singura data.
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Rezumatul va cuprinde descrierea succinta a obiectului, metodelor si rezultatelor cercetarii si
nu va depasi 10 rinduri. Marimea caracterilor — 10 points. Cuvintul ,,Rezumat” nu se va indica.

Introducerea va reflecta stadiul actual al cercetirilor in domeniu. In caz de necesitate, va
cuprinde o scurta analiza istoricd. Introducerea se va incheia cu expunerea scopului lucrarii.

Continutul lucrarii va include expunerea metodicii cercetarii (experimentald sau teoreticd),
obiectul cercetarii, echipamentul, metodele de masurare si de observare, precizia si erorile metodicii
experimentului. Se vor indica rezultatele obtinute si analiza lor. Nu se va admite repetarea datelor in
tabele, desene si texte.

In concluzii se va expune succint esenta cercetirii efectuate, relievindu-se importanta si gradul
de noutate a rezultatelor obtinute.

Titlul fiecarui paragraf se va evidentia cu aldine. Titlurile de capitol vor fi separate de textul
curent printr-un spatiu.

In fata textului fiecare titlu de subcapitol cu doi indici se lasa un spatiu liber de un rind.
Aliniatele se vor marca prin introducerea unui ,,<Taby”. Pentru scoaterea in relief a unor concepte se
vor folosi aldinele (fara subliniere).

Tabele se vor numerota cu cifre arabe in partea stingda (de ex.: ,,Tabelul 17), dupa care, in
acelasi rind, va urma denumirea si tabelul propriu-zis. Tabelele vor fi separate de textul curent
printr-un spatiu. Toate liniile ce formeaza coroiajul tabelului vor avea aceeasi grosime (1 points). in
tabela textuald cifrele se vor scrie cu fontul 10 points, normal. Daca textul va contine un singur
tabel, acesta nu se va numerota.

llustratiile (figurile, schemele, diagramele, fotografiile etc.) se vor prezintd in alb-negru,
inserate in textul de baza sau pe foi aparte. Toate figurile se vor numerota cu cifre arabe (in ordinea
aparitiei lor 1n lucrare), dupa care se va da legenda lor. Toate semnele sau marcarile ilustrate se vor
defini in legenda. In cazul marimilor fizice, se vor indica unititile de masura. Daci lucrarea va
contine o singura figurd, ea nu se va numerota. Figurile vor fi separate de textul curent printr-un
spatiu. Fotografiile introduse in text se vor scana cu o rezolutie de minim 300 dpi (preferabil 600
dpi) si se vor prelucra pentru un contrast bun.

Nu se admite lipirea fotografiilor sau desenelor pe foi separate. Adnotarile de pe figuri se
vor face in cifre sau litere cu indltimea caracterelor echivalentd fontului 10 points. Legenda se va
culege cu 10 points.

Formule matematice. Toate formulele matematice se vor scrie, IN MOD OBLIGATORIU,
cu editorul de ecuatii din procesorul de texte Microsoft Word for Windows'95/, 97/, 98/, 2000,
(Version 6.0/,Version 7.0, 2000) italice, centrat, prin culegerea fiecareia din rind nou. Exigentele
corespunzatoare vor urma imediat dupa formuld si se vor introduce prin ,,unde”, respectindu-se
ordinea semnelor din ecuatie sau relatie. Daca textul va contine mai multe ecuatii sau relatii, acestea
se vor numerota cu cifre arabe la sfirtitul rindului, in partea dreapta a coloanei. Dupa descifrarea
simbolului-litera, se va pune virgula, apoi se va indica unitatea de masura.

Unitatile de masurd ale marimilor fizice se vor prezenta in sistemul international de unitati
(SD).

Bibliografia Termenul ,Bibliografie” va fi separat de textul curent prin spatiu. in text,
referintele se vor insera prin cifre incadrate intre crosete, de exemplu: [2],[5-7], si se vor prezenta la
sfirsitul articolului intr-o listd aparte, in ordinea aparitiei lor in text. Referintele bibliografice se vor
da 1n limba originalului. Nu se vor accepta referinte la surse nepublicate.

I11. Observatii finale
Informatia despre autori si rezumatele in alte limbi decit originalul se vor plasa dupa
bibliografie. Continutul rezumatului expus in trei limbi va fi identic.
Materialul cules se va prezenta pe dischetd, precum si intr-un exemplar printat (cu contrastul
bun) semnat de toti autorii (dupa bibliografie).
Pentru relatii suplimentare se va indica adresa, numarul de telefon si E-mailul unuia dintre
autori.
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Articolele care nu vor corespunde cerintelor expuse, normelor limbii si stilului vor fi respinse.
Materialele prezentate la redactie nu se vor restitui autorului.
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GUIDELINES FOR SUBMISSION OF SCIENTIFIC PAPERS TO THE JOURNAL
»PHYSICS AND TECHNICS: PROCESSES, MODELS, EXPERIMENTS”

I. The Journal Scope

The submitted materials should reflect recent achievements of Balti Sate University
departments and research laboratories and of educational and research institutions from the
Republic of Moldova and abroad.

The journal publishes scientific articles related to the following research areas:
- radio wave propagation in various media;
- development of analogico-numerical electronic devices;
- development of lasers and their application in material processing technologies;
- the study of external factor influence on the physical properties of the substance;
- classical and non-conventional technologies of material processing.

I1. Requirements for Article Submission

2.1. General arrangements
Papers that have been published in other editions are not accepted. Articles should be
accompanied by an extract from the minutes of the Chair/Laboratory/Scientific Seminar sitting
where the papers had been discussed and recommended for publication. The submitted papers
should be subjected to the review of qualified specialists in the field, appointed by the editorial
board.

2.2. Paper format and rules for submission
A person may be the author and / or coauthor of at most two articles. The volume of an article

should not exceed, as a rule, 7 pages.
Each article should include:

- UDC;

« the title in Romanian / Russian and English;

« information about the author / authors in Romanian / Russian and English;

« the abstract in Romanian / Russian and English;

« the article itself;

« the bibliography.

2.3. Use of electronic support

Materials should be edited in Microsoft Word, Times New Roman font and page size
should be A4 (297X210 mm). Page parameters: 25 - Left, 20 - Top, 20 - Bottom, 15 - Right, 17.5 -
Header, O - Footer, 2 columns. Font size Print - 12 points. Paragraphs - 1 cm. Line Spacing within
the same paragraph including the title and information about the author — one interval. Transference
of words from one line to another is accepted. It is desirable that the last page should be complete.

2.4. Structure of the article

UDC should be placed on the left side of the page.

The title should be complete, up to 3 lines, on the full width of the page (12 points, BOLD,
CENTER, ALL CAPS).

The information about the authors should be given in bold in the language of the written
paper in the following sequence: author’s surname and first name (full), affiliation. If the co-authors
are employees at the same institution, its name should be given only once.

The abstract should include a brief description of the subject matter, methods and research
findings and should not exceed 10 lines. Font size - 10 points. The word "Abstract™ should not be
typed.
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The introduction should reflect the current state of research in the field. If need be, it will
include a brief historical analysis. The introduction should end with an account of the paper aims.

The main text should include an account of the research methodology (experimental or
theoretical), subject of research, equipment, measurement and observation methods, the precision
and errors of the experiment methodology. It should include the results and their analysis. It is not
allowed to repeat data in tables, drawings and texts.

The conclusion should briefly expound on the essence of conducted research highlighting
the importance and degree of the novelty of results.

The title of each paragraph should be in bold. A space should be left between chapter titles
and the text.

One line space is left before the text of each two index sub-chapter title. Paragraphs should
be marked by the introduction of a "<Tab>". Bold type (no underlying) should be used to
emphasize certain concepts.

The tables should be numbered with Arabic numerals on the left (e.g.: "Table 1"); this
should be followed in the same line by the title and the table itself. The tables should be separated
from the current text by one space. All the lines that form the table welding should have the same
thickness (1 point). The font of the figures in the text of the table should be normal, 10 points. If the
text contains a single table, it should not be numbered.

The illustrations (figures, charts, diagrams, photos, etc...) should be black and white, inserted
in the main text or on separate sheets. All figures should be numbered with Arabic numerals (in
order of their appearance in the paper) after which they should be explained. All signs and markings
should be defined in the explanatory text. If there are physical dimensions, the measurement units
should be indicated. In case the work contains only one figure it should not be numbered. The
figures should be separated from the current text by a space. The photographs included in the text
should be scanned at a minimum of 300 dpi (preferably 600 dpi) resolution and should be processed
for a good contrast.

It is not allowed to stick photos or drawings on separate sheets. The notes on figures
should be in numbers or letters with similar 10 point font characters. The explanatory text should be
typed with the same character size - 10 points.

Mathematical formulas. It is obligatory to write all mathematical formulas using the equation
editor of Microsoft Word processor for Windows 95/97/98/2000, (Version 6.0 /, Version 7.0, 2000)
in italics, centered, each one should be typed beginning with a new line. The corresponding
requirements should immediately follow the formula beginning with “where” and observing the
order of signs in the equation or relation. If the text contains more equations or relations, they
should be numbered with Arabic numerals at the end of the line on the right side of the column. A
comma should be used after the letter - symbol is deciphered; the measurement unit should be
indicated.

The measurement units of physical dimensions should be presented in conformity with the
International System of Units (SI).

The Bibliography. The term " Bibliography " should be separated from the text by space. In
the text, the references should be inserted by numbers enclosed in square brackets, e.g. [2], [5-7],
and should come at the end of the article in a separate list in order of their appearance in the text.
The references should be given in the source language. References to unpublished sources are not
allowed.

I11. Concluding remarks
The information about authors and the abstracts in languages other than the source one
should be placed after the bibliography. The content of the abstract presented in three languages
should be identical.
The typed material should be presented both on a diskette and in a printed copy (with good
contrast) signed by all authors (after the Bibliography).
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One of the authors’ address, telephone number and E-mail should be indicated for additional
information.

The articles that do not meet the described requirements, the norms of language and style
will be rejected.

The materials submitted to the editorial board will not be returned to the author.

58



