properties of the heterojunctions n-InSe-p-InSe. It was found that the maximum improvement of the parameters of
the heterojunctions was observed at annealing temperatures of the source material 150 - 200 ° C and the duration
of 4 hours. The improvement of the quality of single-crystal samples after annealing was confirmed by multiplicity
of NQR spectra, which reflect the collating in the system of polytypes of layered structure of InSe.

Reduction of defects, including stacking and flat dislocations defects during annealing had had positive
effect on the photoelectric parameters of the heterojunctions. The latter follows the dynamics of the current-
voltage characteristics and the growth of photoresponse of the heterostructure n-InSe-p-InSe. The improvement
of the characteristics of the heterojunction was connected with the change of concentration of defects near the
heterojunction boundary and the decrease of the impedance in the volume of the sample along the ¢ axis. For the
annealed materials the structure n-InSe-p-InSe is characterized by an increase of the intensity of the exciton peak,
the growth of the open-circuit potential from 0.29 to 0.56 V and the growth of the short-circuit current from 350 to
840 mkA/sm?. The maximum growth of the conversion factor according to the photocurrent and photovoltage at a

wavelength of A = 0,98 mkm after annealing was ASI = 89%, and ASV = 24%, respectively.
Keywords: layered semiconductors, heterojunctions, annealing of crystals, NQR spectra, structural defects,

photoelectric properties.
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1. Beenenune

B coBpemeHHBIX yCJIOBUSIX Pa3BUTUS JUTEHHON 1IPO-
MBIIIJIEHHOCTH CYIIECTBYET HEOOXOAUMOCTDH MPOU3BOJI-
CTBA FOTOBBIX UBJIEJNUN, He TPEOYIONUX JOTOJTHUTETHHON
06paboTku. DTO 0COOEHHO AKTYAJbHO IIPH MIOJYYEHUU Ka-
YECTBEHHBIX TIOJI0CTEl CI0KHON HOPMBI B TAKUX [IETAJISX,
KaK [OPUIHY JBUTraTeJiell BHYTPEHHETO CrOPaHUs, IeTajlu
rugpoanmnaparypel U Ap. Tak Kak M3rOTOBJIEHHE CJIOK-
HBIX TIOJIOCTEH MeXaHn4YecKO 06paboTKON BCTpeyaeT psijl
TPyAHOCTEH M3-32 HEBO3MOKHOCTH TOIBEAEHUS pe3la

®OPMUPOBAHUE

OT/IMBOK CO CZIOXXHbIMU

BHYTPEHHUMMU

nonocCtTaMu NP NOMOLLHU
METAJIIMYECKUX CTEPXXHEH

A. A. bBoHpgapb

KaHanpar TeXHUYECKMX HayK, OoueHT*
KoxtaktHbivt Ten.: 097-337-57-27
E-mail: andrey-bondar@rambler.ru
lO. M. lyaA3SUHCKHUH
LlokTop hM3nKo-MaTeMaTHUECKUX HayK, npodeccop™*
J. . ConoHeHKO
AcnupaHt*

K. B. KonecHuk*
KoxTakTtHbiM Ten.:097-285-63-62
E-mail: kristykrista@mail.ru

*Kadhepa TeXHONOMUI yNPaBieHHS JIMTEWHBIMK NPOLECCaMM

**Kacenpa hnsnkm

Opecckuit HauMOHaNbHbBIM NOIMTEXHUUECKHUH YHUBEPCHUTET

np. LWeeueHko, 1a, r. Opecca, YkpauHa, 65044

K BHYTPEHHHUM 4YaCTAM J€TaJjJi, TO Mbl BbIHYK/CHbBI BbI-
TIOJIHATD YKa3aHHbBIC €Ta/in CBaPHbIMU U3 IBYX U 6oaee
qaCTeﬁ, 4TO, B CBOIO O4Yepe/b, CHUKAECT TEXHOJIOTUYECCKUE
CBOICTBa TOTOBBIX I/ISZleJII/II;'I 1 BbI3bIBA€T JOIIOJIHUTEJb-
Hbl€E (bI/IHaHCOBbIe U TPy/LOBbI€ 3aTPaThI.

2. IlocraHoBKa npoGIeMbl

DopmupoBanue TakKUX BHYTPEHHUX TOJOCTeH Mpu
TTOMOIIY TIeCYAHO-TTUHUCTBIX CTEpPKHEeH Ha OCHOBe pas-




JIMYHBIX CBA3YIOIIUX BCTPEYAIOT CJIOKHOCTU, CBA3AHHDIE
B OCHOBHOM C TPY/O€MKOCTBIO yIaJeHUs CTEpPKHEH nX
TOTOBOTO U3J/IEJINS U BBICOKOU 1IePOXOBATOCTbIO BHYTPEH-
Hell moBepxHOCTH oT/UBKU. [locaeanuit pakT onsars cra-
BUT BOIIPOC O MeXaHUYeCKOIl OBOJIKe /leTasieii. B cBs3u ¢
9TUM, CBOE IIPUMEHEHME HAIIJIU BbIIIJIABJsieMble METAJIJIN-
YecKue CTePIKHU.

[Ipu u3roTOBJIEHUU BBINJIABJISAEMbBIX METAJJIUYECKUX
cTepKHEH OCHOBHOE 3HAYeHUE MMeeT CIoCc00 M3rOTOBJIe-
HUS, MaTePUaJ U KOHCTPYKIIUS BBIILJIABISIE€MOT0 CTEPAKHS.

3. Meroap! penieHust

Mertannndyeckue CTEPKHU MOKHO TOJyYaTh U3BECT-
HBIME TPAAULUOHHBIMU CHOCOOAMU JINThS - JIUTHEM O[]
JIaBJIEHUEM, B KOKWJIb, IIEHTPOOEKHBIM CIIOCOOOM JIUThSI
[1, 2]. NHOTrIa OT/IMBKYU CTEPKHEH MOJBEPralOT JOTOJHU-
TeJIbHONH MeXaHW4YeCKOil 0TpaboTKe WJIM TOJHOCTBIO U3-
TFOTOBJISIOT MEXaHMYECKUM ITYTCM.

HauGosee BaskHOII XapaKTepUCTHKON MaTepuasa
CTEPXKHS SIBJsIeTCS TemIileparypa ero muasienus. OmHa
SIBJISIETCSI TJIIABHBIM TTAPAMETPOM, - [0 KOTOPOMY TO/GH-
paIoTCs Mapbl <OTJIUBKA — BBIMJABJSIEMBI CTEPKEHB».
CocTaBbl IPUMEHSEMBIX BBITIJIABISEMbIX CTEPIKHEH 1pe/-
craByienbl B Tabir. 1.

Tabnuvua 1
CocraBbl NPUMEHSEMbBIX BbINIABISEMbIX CTEPXKHEN
XuMnyeckuii coctan Temme-
Marepuas parypa
CTEPIRHA | 7n | Al | Si [Cu| Sn |Pb| Sb | Cd | Bi |/aBre-
nus, °C
unk 100 | - | - | === | = |- | | - | - | 419,5
i‘j:;‘;oﬁfz 96 | 4 | - || = || | - | =] 390
IunkoBbIi
criaB 91| 6 |- |3 |- |-—|-—-—-|-—]|—-]| 39
ITAMG6-3
CrutaB Nel | 85 (12,5 2,5 | --- | === |-—-| -—- | - | --- | 400
CromaBNe2 | 89 | 7 | - | 4 | = ||| — || 390
CrmaB Ne3 | 50 | 50 | --- | == | == |---| - | - | -—-| 535
CrmaB Ne4 | === | === | === | == | 3 |85[ 12| --- | -—-| 160
CrtaB Ne5 | --- | === | - | --- | 43 43| - | - | 14| 270
Crmas Ne6 (27,7 --- | == | - | = || - [72,3| - | 290
CrmaB No7 | === | === | === [ === |67,7|---| --- | 32,3 --- 90

[TOCKOMIbKY METAJJIMYECKHE BBITLIABISIEMbIE CTEPIK-
HU M3TOTABJIMBAIOTCS W3 MaTepuaja ¢ TeMIlepaTypoi
MJIABJICHUS 3HAYNTETBHO HUKE TEMIIEPATy Phl TLIaBICHUS
Marepuaja OTJIMBKH, B KOTOPOH 0(OPMJSIETCS MOJTOCTh,
MPU HETOCPECTBEHHOM KOHTAKTE TAKOTO CTEPIKHS € KU JI-
KIMM METaJIJTOM MOKET MPOU30HTH ero MpekAeBpeMeHHoe
OIJIaBJieHNe, T.e. OH MOKET HauaTh IJIABUTHCS 10 TOTO, KaK
B OTJIMBKE CO CTOPOHBI CTEPKHS HAMOPO3UTCS KOPKa J10-
CTaTOYHOM TOMIMHBL. BeaeacTsue aToro MoryT npousoii-
TH CMEITMBAHUE METAJIIA OTIUBKU ¢ METAJJIOM CTEPKHS,
MCKa)KEHNE TEOMETPUM BHYTPEHHEH MOJOCTH OTJIMBKH,
obpazoBaHue HAILJIBIBOB Ha €€ BHYTPEHHE}l II0BEPXHOCTH,
4TO MPUBOAMT K Opaky. Urobel sToro usbexarb, pabo-

YyI0 TIOBEPXHOCTD BBITJIABASEMOr0 CTEPKHS MOKPBIBAIOT
TENJIO3AMUTHBIM TOKPbITHEM. [IprMeHeHMe TOKPBITHIA,
3AM[UTHBIX WM TEIJIO3AMMTHBIX, Ha paboueil HOBEPXHO-
CTH BBITIJIABJSIEMBIX CTEP)KHEIH 3HAYUTETbHO PAaCIIUpSIET
BO3MOKHOCTU HX HCIIOJb30BAHUSI, MO3BOJISIET PEIIUTD
OJIHY U3 IVIABHBIX IPOGJEM MPU JUThE C BbIIIABIISAEMbI-
MU CTEPXKHSIMHU — TIPeIyIpeskIeHne MpekIeBPeEMEHHOr0
pacniaBienust crepxus. [Ipu 3aimBre JKuKOTO MeTasaa
TEIJI03ANMINTHOE OKPBITHE YMEHBINAET TEIJIOBOI y1ap Ha
CTeP)KeHDb ¥ TO3BOJISIET YIPABJATH €T0 PACIIaBICHUEM.
OHO HEOOXOUMO TAKIKE JJIsl TOTO, YTOOBI PEryJnpoBaTh
CKOPOCTb OTBOJIA TENJIA OT OTIMBKHU K CTEPIKHIO, & CIIe/0-
BaTEJIbHO, M CKOPOCTD €€ 3aTBeP/IeBAHUS.

Terno3amuTHBIE MTOKPBITUS HA BBITIJIABJISIEMbIE CTEPIK-
HU MOTYT HAHOCUTBHCSI MHOTMMU U3BECTHBIMU CIIOCOGAMU:
IJIaAMEHHBIM, JIETOHAIIMOHHBIM, 3JIEKTPO(hOPE30M, OKCH/IH-
poBamueM, ¢ TTOMOIIBIO pacblInTe el 1 Apyrumu |3, 4].

IIpu asekTposuTyeckoM GOpPMUPOBAHUHN 3ATUTHOTO
MOKPBITHS HA CTEPIKEHb METO/IOM TaJIbBAHOIIJIACTUKH Ha-
HocuTcsA 060J109Ka, TAKOI TOJNIIMHBI, KOTOpas obecrnedn-
BaJia OBl TEIJIOBYIO 3AlUTY JIETKOIJIABKOrO MaTepualia
CTep:KHS, 10 KpallHell Mepe, B IepBbI Iepuopa mocJe
HavaJia 3aTBepiieBanus oTiuBKU. [locKOIbKY npoliece Ha-
HEeCeHUs TaKoil 060JI0YKH JJINTEIbHBIA U SHEPTOEMKUIA,
crenyeT moaOupaTh MaTepuaibl CTEPKHS € TAKOI TeMIie-
paTypoil mraBieHus, 9TOObl MU UX 3alUTHI MOHAL00H-
J1ach 000JI04Ka TOJIUHON He 6osiee 1 MM.

IIpu npuMeHEeHUH TYTOMJIaBKIX TeII03alUTHBIX 000-
JIOYEK, KOTOPbIe Mbl HAHOCUM Ha BBITIJIABJSIEMBI CTEpP-
JKEeHb, BO3HUKaeT 1pobieMa, CBA3aHHAs C yJaJeHUeM
caMoii 060J0YKHU U3 TOTOBOIT OTIUBKH.

OpHuM U3 criocoOOB pellleHust 3TOU 3aa4u SIBJISIETCS
HCTOJb30BaHIE TYTOMIABKUX 060JI09EK KaK KOHCTPYKITH-
OHHBIX AJIEMEHTOB TOTOBOI OTIMBKH, T.e. MIOCJE 3aJTUBKU
000J104Ka He yaaseTCss U3 OTIMBKY, a 0(OPMIISET 1101y~
YEHHYIO 1M0JI0CTh. Takum 006pa3oM, MOJydYaeTcs: JTUTON
GUMeETAJIJI C BBICOKOU CTEIeHbIO YHCTOTHI IOBEPXHOCTH.

[Tpn HaHeceHWW 2JEKTPOTUTUYECKOTO MOKPBITHS Ha
METAJJINYECKUH CTepKeHb HYKHO YUUTBIBATD, YTO AMb-
(ysuoHHas cBS3b MEXK/AY OCHOBON CTEpP)KHSI U TajbBa-
HUYECKUM OCaJ[KOM HAHOCUMOU 0OOJIOUKHU [OJIKHA ObITH
MUHUMaJbHOU, YTOOBI TIPU BBIIJIABJICHUU CTEPKHS 110-
BEPXHOCTh I10JI0CTH, O(GOpPMIEHHONH 060JIOUKON, MMea
XOPOIIYI0 YUCTOTY TOBepxXHOCTHU. [ly1si 3TOro crep:keHb
nepea HaHeceHWeM 00OJIOYKH ITTOKPBIBAIOT, HAMPHMeED,
MeJIKOM3MeJIbUeHHBIM IPahUTOBBIM MTOPOIIKOM [5].

Eciu BHYyTpeHHUE MTOJIOCTH - 9TO KAHAJIBI OXJIAK/IEHUS,
TO UCIIOJIb30BAHUE JTAHHON TEXHOJOTUU MMeEET ellle TaKue
MPEMMYIIECTBA, KaK 3alUTa JeTajJl OT BO3JACHCTBUS OX-
JIOKTATOIIEH SKUAKOCTH. ITO 0OYCAOBICHO TEM, YTO, MOJ-
G6upas MaTepuaJ 00OJOYKH, MBI MOKEM YYHUTBIBATh €ro
CTOMKOCTD 110 OTHOIIEHWIO K OXJIaKAIOIIEN KUAKOCTH.

IIpu atom Mesxiy mMaTepuasoM 0O6OJOYKU U Marepua-
JIoM OTIUBKY AU DY3UOHHAS CBA3b MOJIKHA ObITh 00s13a-
TeJbHO, B IPOTHBHOM CJIy4ae Mpollecc epeadu Ternjaa ot
JeTajlu K OXJaxAanllei Kujakoctu Oyaer 3aTpyiHeH [6].

Yrobbl 0becieunTh Xopomyo AudPy3noHHYO CBA3b
MEKIy MarepuajoM OOOJIOYKH U MaTePUaJOM OTJIUBKH,
Ha MOBEPXHOCTh CTEPIKHS HAHOCUM CIIJIAB, COAEPKAIIMI
6osee 50 % mosubrena, Tak Kak OH IIPU TeMIIEPATYpe
riaByaeHus AuGOYHAMPYET TOYTH BO BCe METAJLIBI [7].

Haubosee apHekTUBHYIO 3alIUTy OT KOPPO3UU U Te-
nonepeaady obecrnednBaioT 060J0YKH, U3TOTOBICHHDIE
13 TUTAHA, JATYHH, IINHKA U XpPOMa.



OnHaKo, He Bce 9TH MaTepuaJibl PAIIHOHAIBHO UCIIOJIb-
30BaTh ISl M3roTOBJeHUsl obosnoukn. Tak, Hampumep,
TUTaH 06JajiaeT BHICOKOH aHTUKOPPO3MOHHON CTOMKO-
CTbIO, OJTHAKO €r0 HaHeceHHe Ha MeTaJJIMYecKHil cTep-
JKEHb BCTPeEYaeT Psi/i TPYJHOCTEN, B IEPBYIO 04epe/[b, N3-32
6OJTBIION CKJIOHHOCTH €T0 K MACCUBUPOBAHUIO U BBICOKO-

ro OTPHUIATEJHHOTO MOTEHI[MANa BOCCTAHOBJICHUS MOHOB
tuTana [8].

JlaryaupoBanue mMuMpoKoO NPUMEHSETCS ST 3al[UTHI
neTtasieil OT BO3JEHCTBUS KOPPO3UM BO BJIAXKHON cpeje,
OJ/IHAKO OHO MMeeT HEeJ0CTATOK, CBSI3AHHBIH C T€M, 4YTO TIPU
HAHECEHU Y MOKPBITUSI MOKET 00pa30BaThCs HEOIHOPO/I-
HBIH CJIO0H.

HenoctaTkoM IIMHKOBBIX IOKPBITHI B HallleM cjydae
ABJIAETCS HU3KAs TEMIIEPATypa IJIABJICHUS, YTO He TI03BO-
JISTET UCTIOIb30BaTh TAKYI0 000J0YKY B KAUeCTBE 3aIUTHI
MPY 3aJIUBKeE CTEP:KHS MeTasioM [9].

B pamHOM HcceoBaHUY HAWTydminuM 06pa3oM 3ape-
KOMeH[oBasin cebst xpomoBbie 06osoukn. Ouu obranaior
BBICOKOH KOPPO3MOHHOH CTONKOCTBIO U JIOCTATOYHOH TeMIle-
paTypoil MIaBJIeHus, YTOObI MCIOIb30BATH €r0 KAaK TerJio-
3aIUTHYI0 0060JI0YKY I JerkoyaaisieMoro crepsxus [10].
BmecTe ¢ 9TUM XPOM MOKHO HaHECTH HA METAJJINYECKYIO

OCHOBY (B HaIlleM cJydae IIMHKOBBIH CTep:KeHb) MeTOJ0OM
raJIbBAHOIJIACTUKY UJIH [PYTUM H3BECTHBIM CIIOCOOOM.

4. BeiBOIBI

1. PaccMoTpena TeXHOJIOTHUS MTOJYUYEHU S OTIHBOK CO
CJIOKHBIMU MOJIOCTSMU MTPU TOMOIU MeTaJJInye-
CKUX JIETKOTIIABKUX cTepskHel. 1 o6ocHoBamHa He-
06X0AMMOCTD NPUMEHEHM s 3alUTHONH 060JI0UKH
Ha TAaKUX CTEPKHSAX;

2. Ilpexnoskena TeXHOJIOTUS, 1O YCJOBUIM KOTO-
POl TyromnjaBkast 3al[uTHast 060JI0UKa OCTAETCS
B OTJIMBKe M O(opMisgeT TaM BHYTPEHHIOIO TO-
JIOCTH, TEM CaMbIM TOJy4aeM OMMeTaJITnYeCcKyIO
OTJINBKY C TOBBIINEHHBIMU TEXHOJOTHUIECKUMU
CBOIICTBaMU;

3. IlpennoxeH onTHMaJbHBIN BapHaHT 3alUTHON
060JI09KH, KOTOPBIH B COCTOSHUN 3alMUTUTD Me-
TAJJIUYECKU I JIETKOIIJIABKUI CTEPKEeHb B HaYaJIb-
HBIF MOMEHT 3aJIMBKH PACIIJIaBOM, I KPOMeE 3TOTO,
SBJISIETCS 3AMUTON OT KOPPO3UM U APyrux ¢ak-
TOPOB.
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Abstract

Nowadays, there is a significant demand for molded pieces, which do not require subsequent machining.
Especially it is topical for complex internal cavities of high quality. On the one hand, it is impossible to obtain the
cavities of such quality by means of the sandy-argillaceous rods without subsequent machining, on the other hand,
such mechanical treatment is complicated, because it is impossible to bring the cutting tool to the work surface.

The article suggests the technology of production of the complex internal cavities by means of the fusible metal
rods of high quality. This approach allows us, besides the above, to provide improvement of the operating abilities,
such as, corrosion resistance, due to the casing on the internal cavity.

This technology can be used in the production of cooled pistons of internal combustion engines, hydraulic equip-
ment, etc. The article also discusses and suggests the best choices of the materials for the casing

Keywords: rods, casings, metal, fusible



