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THE TECHNOLOGY OF IMPROVING SERVICE PROPERTIES OF BRONZE
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BPOH30OBUX JETAJIEN
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The article considers the possibility of creating materials as a result of "non-traditional
technology, which is metallothermic synthesis. Special attention is paid to thermite mixtures for
obtaining copper alloys — bronze and their practical application in production. This article examines
the specific synthesis and mechanical properties of synthesized thermite bronzes.
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YV cmammi  poszensoaemvcs  MOMCIUBICMb — CMBOPEHHS — mamepianie 6  pe3yibmami
«HempaouyitHoi» MmexHono2i, AKow € memanomepmiynui cunmes. Ocobausa yeaza NpUOLIAEMbCS
MepMIimHuM CyMiuam Ol OMPUMAHHS MIOHUX CNIAGI8 — OPOH3 Ma iX NPAKMUYHO20 3ACMOCY8AHHA HA
sUpobHUYmMeEl. Y yiti cmammi 00CAi0NCEHO 0CcoOaUBOCMI Cneyu@iuno2co cunmesy I MexaHiuHi
811ACMUBOCMI CUHME308AHUX MEPMIMHUX OPOHS3.

Knwuoei cnoea: cunmes, memanomepmis, ciyxic606i 6nacmusocmi, OpoH3a, mepmimui cniasu.

OmHuM 3 METOAIB, IO Ja€ 3MOTYy €KOHOMWUTU PIIKHUH MIJHUNA CIUIaB €
BUKOPHUCTAHHSA €K30TEPMIUYHUX BHUCOKOTEMIIEPATYPHHX CYMIIIeH IJii CHHTE3Y CIUIaBy
[1-3]. CyTh mi€i TeXHONOTIi MOJSIrae y CHHTE31 BHCOKOTEMIIEPATYPHOTO PO3ILJIaBy B
pe3yJIbTaTi B3aEMOJII1 OKCH/IIB MiJl Ta 1HIIHMX €JIEMEHTIB 3 MOPOIIKOBUM QITIOMIHIEM. Y
3JIEKHOCT] B XIMIYHOTO CKJIaay €K30T€PMIYHOI LIUXTH 3MIHIOEThCA TeMIiepaTypa il
camo3aiimanns. Komu >k Temmeparypa piKOro MiJHOTO pPO3IUIaBy HEAOCTaTHS MJis
HILIIOBaHHSA €K30TE€PMIYHOI peakilii, TO BUKOPUCTOBYIOTh CHEllajbHI 3alaloBajIbHI
cymirri [4].

OO0'eKT NMOCHIKEHHS — TEXHOJIOTil OTpUMAaHHS MIJHHMX CIUIaBiB 1 BJIACTUBOCTI
CUHTE30BAHMX TEPMITHUX CILUIABIB Mil.

Mera poboTu — 3MeHIIeHHs OpaKy BWJIMBKIB, OTPUMAHUX 3 MITHUX CIUJIaBIB 3a

MOKa3HUKOM T1IPOTYCTUHU Ta €KOHOMISI MIJTHOTO CILIaBY.
21



Mixknaponnuii HaykoBuii )xypHain «OCBITA I HAYKA». Bunyck 1(34), 2023 http://msu.edu.ua/

Marepianu Ta METOIWKA TPOBENCHHS EKCIepuMeHTy. i OoTpuMaHHS JUTHUX
OpOH3 METAJIOTEPMIYHUM CIOCOOOM BHUKOPUCTOBYBAJIM INUXTY, IIO CKJIajanacs 3
noporiky amtomiito mapok [TA-3-I1A-4 TTOCT 6058-73, okcuiB Mijii, OJIOBa, CBHHITIO
(kareropii XIMIYHO YHMCTI) Ta iH.

MeranorepMmiyHa  IUXTa A7 OTPUMaHHS  BHCOKOIIEPErpiToi  OpOH3MU
po3paxoByBajacsi y JABa erand. Ha mepmioMmy erami BHUKOHYBAIM PO3PaxyHOK
€K30TEePMIYHOT CyMIIlll BUXOJSIUM 13 CTEXIOMETPUYHOIO CITiBBIHOIIICHHS KOMIIOHEHTIB,
a Ha JpyroMy — MPOBOJIWIM KOPEKLIIO CKIaay MIMXTH BBEIACHHIM Y PO3paxyHOK
KO€(IIIEHTIB 3aCBOEHHS €JEMEHTIB, BCTAHOBJIEHUX HAa OCHOBI IPOBEIEHHS MPOOHHX
MiKkporuiaBieHb. [licas BU3HAYeHHS XIMIYHOTO CKJIAJy IIMXTH ii MPOCYITyBaHH,
3MIITyBajau Ta yiiibHIOBaIu. [IpoOHI MiKpoIIaBieHHs AJis1 BCTAHOBJICHHS KOE(III€EHTIB
3aCBOEHHSI JIETYIOUMX €JIEMEHTIB BUKOHYBAJIM y TUIU aiameTrpoM 60 MM mpu maci
muxtu 300-350 r. Iicist mpoBeeHHsT eKCIEPUMEHTAIBHUX MIKPOILJIaBJIEHb BUKOHYBAJIU
XIMIYHUH, MeTaorpadiuHuid aHali3u, MEXaHIYHI BUIPOOYBaHHS Ta BUIPOOYBAHHS Ha
T1APOTYCTHHY.

Teopetnuni gocnikeHHst 1 po3paxynku. s BpOLIC 5-5-5 Oyno po3pobiieHo
CKJIaJ] METAJIOTEPMIYHOI CyMillll 3 METOK OTpUMaHHs Yy 31muBKOBi: Pb — 5%, Sn — 5%, Zn
— 5%, Cu — 85%. OcHOBHI CHiBBITHOIICHHS MIX KIHIICBUMH IIPOJYKTaMH PeaKIlii i

KOMIOHEHTaMH CyMillll BCTAHOBJIIOBAJIW HA OCHOBI PEaKIiN:

3CuO+2AI=Al,03+3Cu, (1)
3Pbs04+8AI=4Al,04+9PD, )
3Si0,+4AI=2A1,03+3Sn, (3)
3Zn0+2AI=Al,05+3Zn. (4)

VY mporeHTax OTpUMAaEHO TakuM ckjag meTtaigorepmiudoi mmxtu: SnOz — 4,2%,
Zn0O — 4,0%, Pb3O4 — 3,6%, CuO — 70,1%, Al — 18,1%. TermoBuii edekT peakitii —
11,84 x]Ix. Temnoemuicth Bciei muxt — 80,82 JIx/K. Amiabatuuna temmeparypa
TOPiHHS €K30TePMIYHOT IUXTH (0€3 BpaxyBaHHs TEIIOBTPAT):

AT=(3875,2-476,3)/808,2=4206 K. (5)

AHanoriuyHi pO3paxyHKHd BUKOHAHO 1 aJisi oTpuManHs criaBy bpAJK9-4. lluxta

22



Mixknaponnuii HaykoBuii )xypHain «OCBITA I HAYKA». Bunyck 1(34), 2023 http://msu.edu.ua/

cknagainacs 3 CuO, Al, Fe,Os. Peakmii B3aeMo/1ii BUX1THUX KOMIIOHEHTIB
3CuO+2AI=Al,03+3Cu+Qq, (6)
F9203+2A|=A|203+2F9+Q2. (7)
Busnayaemo CHIBBIJIHOIIEHHS MDXK  KIHIIEBUMH TPOJYKTaMH  peakiii 1
komnonentamu cymimni CuO — 12,5%; Fe,O; — 3,81%; Al — 23,7%. Bcranosmoemo
TEIUIOTY TUIABJICHHS NPOAYKTiB peakiii — 18,08 kam 1 po3paxyeMo TemioBuil edext
peakiii — 400,34 kkain. Tojl, TEIIOEMHICTh MIKPOTIJIABJIEHHS 3 PO3PaXyHKY OTPUMAaHHS
150 r mmxtu (kan/moinb) CuO — 24,2, Fe,03 — 1,51, Al — 9,64 ckmamae 35,35 xain/MoIb.
B OpoH30BMX BHJMBKax TPOSIBISETHCA THIOBHH Je()EKT — YTBOPCHHS
PO30CEepEeIKEHO] yCaAKOBOI PAKOBUHHU, siIka OE3MOCEPEIHbO BIUIMBAE HA TiIPOTYCTHHY
3aroToBku. Po3B’si3aHHS mpoOiemu Opaky 3a TIAPOTYCTHHON OpOH30BUX BHIIMBKIB
MOXK€E 3I1MCHIOBATUCh BUKOPUCTAHHSIM PO3POOJICHUX €EK30TEPMIYHUX MOPOIIKOBUX
CyMmilied [yisi MAIrpiBy JOAATKOBOI JIMBApHOI YAaCTUHU BWJIMBKIB B PE3yJbTarTi
IHILIIOBaHHA B HIA NpOLIECY BUCOKOTEMIEPATYpPHOI €K30TepMIuHOI peakuli. Taka
METaJOTepMIYHA peaKIlisi MPU3BOJIUTH JI0 BHJIUIEHHS 3HAYHOI KUIBKICTh TeIUIa,
HACJIIAKOM SIKOTO € 3HauyHWil meperpiB OpOH30BOro cmiaBy. Jlius 3MEHIEHHS
TEeMIIepaTypy TOPIHHS MIUXTH Y 11 CKJIaJl BBOIWIN JOJATKOBY CTpYyKKy Opon3u bpOLIC
5-5-5 y kinbkocti 100% (Big Macu), mo “mITy4HO” 30UIBIIYBAJIO BUXIJ CIUIaBy. Takum
YUHOM BJAJNOCA 3a1100IrTH HAJTMIIIKOBOMY MEPErpiBy CIUIABY 1 BUMAIIOBAHHIO IOPOTUX
KOMIIOHEHTIB €K30TepMiuHOi ImuXTH. CKIaa eK30TepPMIYHOI NMpU TOPIHHI TEeHepye
PIOKUNA pO3IJIaB, AKUN MEPEMILIYIOUYUCH 13 CIUIAaBOM Yy TOPOXKHHMHI AOJATKY Iepeaae
oMy Benuky KutbKicTh Teruiotu [4,5]. Ilpu 1poMy yTBOpEeHWIA PIiAKHIA TEPMITHUI
CIUTaB aHAJIOTTYHHM 3a XIMIYHUM CKJIQJIOM CIUIaBy 3aIUTOMY y opmy.
ExcnepuMeHTasibHa 4yacTuHA. Y JOCIIIHO-TIPOMHUCIIOBUX yMOBax Oyja yCHIIITHO
BUKOPHCTAHA TEXHOJIOTIST  €K30TEPMIYHHMX JIMBAPHUX  JIOAATKIB 3  BUCOKUM
TEeMIIEpaTypHHUM TPAIIEHTOM JIsi OpOH30BUX BWJIMBKIB. BuieBkazana TexHosoris Oyma
BUNMPOOYBaHA Ha BWJIMBKAx “KOpIycC KpaHa’ Macoro 2,55 Kr, BUTOTOBJIEHUX 3 OpOH3U
BpOIIC 5-5-5. ¥V nonpaneiomy, 3 METOIO 3/I€IICBICHHS COOIBAPTOCTI METAIOTEPMIYHOT

IIUXTH, TIPU MPOBEACHHI JTOCHII)KE€Hb BUKOPHUCTOBYBAJIW MOPOILIKOBI 1HTPEAIEHTH, IO
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CKJIaIaJiiCs 3 BIAXOMAIB JIMBAPHOTO, KOBAIbCHKOTO Ta METAIOPi3aTbHOTO BHUPOOHUIITB
(3a;m13Ha OKaJIMHA, MPOCISTHE MIIMBO AJIFOMIHIEBOT, JIATYHHO1, OPOH30BO1 CTPY’KOK TOIIIO).
[Ipy 1bOMYy 3aCTOCOBYBANIM MPHUCAAKH JJIsl 3MEHIICHHS TEeMIIepaTypH 3amalioBaHHS
cyMminii (ToJIbOBUH IINAT), a I 301IbIIICHHS PIAKOIIMHOCTI IIJIaKy — MJIMBO CKJIA.
Po3po6eni ckinagu MIMXTH BUIPOOYBAIM MpPH OTPUMAaHHI BUJIMBKIB 3 OpOH3H Yy
TEXHOJIOT1i TEPMITHUX JMBApPHHUX JOJATKIB BHUCOKOTO TEMIIEPAaTypHOTO TpaIi€HTA.
Ex3oTepmiuny cyMill po3MIllyBajid Y TOPOKHUHY JOJATKY y BHUIJIAI €K30TEPMIUHUX
CTpUXHiB, ¢opMa skux mokazaHa Ha puc. 1. [Ipu 3anuBanni OpoH3u y (opmy BOHH

3aMaJIfOBAJIMCS 1 TeHEpYBaIM BUCOKONEPErPITHI PIAKUAM pO3IIaB OpOH3H.

a 0
Puc. 1. Ex3oTepMiuHi TepMiTHI CTPHKHI 1)1 OPOH30BUX BUJINBKIB!
a — 0e3 NOKPUTTS, 0 — 3 MOKPUTTIM aHTUIIPUNIATIOBAIBHOK Gapdoro

B pesynbpTari Boamocsi OCATTH OJEpKaHHS IIUILHOTO OpPOH30BOr0 BHWJIMBKA 3
BHCOKHMMH MEXaHIYHUMU BJIACTUBOCTSAMM, ITOKa3aHUMH B Ta0J. 1 1 pi3KO 3MEHIIHUTH (Ha

60 %) mMacy MiTHOTO CILIaBYy, SIKM BUKOPUCTOBYBABCS [IJISl JIMBAPHOTO JOJATKY (JMB.

TadI. 2).

Taoaunsa 1

MexaHi4Hi BJI1aCTHBOCTi CHHTE30BAHUX TEPMITHUX OpOH3
Mapka criaBy c, Mlla Trepaicts (HRC) 5, %
BbpOILIC 5-5-5 240 27 19,3
bpAX 10-4 310 34 12,1

Taoauusa 2

Pe3ynbTaTi 3aCTOCYBAHHS €K30TEPMIYHUX CyMilllel AJisl IUBAPHHUX J0AATKIB
OpOH30BMX BUJIMBKIB ''Kopnyc KpaHa'' Ta «KopIyca Hacocay

Maca Maca Maca .
N o . « . " . Pesynbraru nepeBipku
CxJtajy €K30TepMIYHOT CyMilin €K30TepMiy- 3BHUYAWHOTO” | TEPMITHOTO .
.. . ButuBKIB BTK
HOI CyMilll, KT | JTOJATKy, KT | JOJATKy, KT
Ex3otepmiuna CyMilL,
BUI'OTOBJICHA 3 [OPOUIKOBUX] 0,120 0,7 0,3 npujartHa, 6e3 6paky’

Fe,05, CUO i Al
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Ex3otepmiuna cymi,
BHUI'OTOBJICHA 3  IIOPOMIKOBH 0,080 0,4 0,2 npuaTHa, 6e3 Gpaky?

Sn, Pb,O,, CuO, Al i Zn

YMapris BuuBKiB ckIamanacs 3 18 3aroroBok «kopmyca kpana» 3 bpOLC 5-5-5.
’[Taprist BUIMBKIB CKyIaganacs 3 12 3aroToBok «kopryca Hacoca» 3 bpAYK10-4.

[TopucticTh MiAI0JATKOBOI 30HM OpOH3HM Yy TAapTIi BWIMBKIB «KOPIYC KpaHy» 1
«xopIryc Hacocy» ckiagana menimie 0,02%. YTBopeHa ycagkoBa pakoBHHA OyJia 4iTKOIO
0e3 po3raayKeHb.

BukopucTtanHs €K30TepMIYHUX CTPUXKHIB HAJal0 3MOTY OJHOYACHO 30UIBIINTH
IYCTUHY BWJIMBKIB "KOpIyC KpaHa' 1 3MEHIIMTH Opak BUJIMBKIB 33 YyCaJKOBUMU
nedexkramu.  Kopmycu — kpaHiB  ycmimHO — mpounuma  TectyBanHs — BTK,
HEpErIaMEHTOBAaHUX BIIXWIEHb 3a XIMIYHUM CKJIaJIOM, TBEPAICTIO, MIIHICTIO Ta
TAPOTYCTUHOIO HE BUSBIICHO.

Sk BiIOMO, OCOOJMBICTIO METAJOTEPMIUHOI PEaKilii € MPOCTOTa MEPEXOay BiA
JOCIITHO-TIPOMUCIIOBOI  anmpo0anii 10 MNPOMHUCIOBOrO BHUPOOHMIITBA, MPU LBOMY Yy
BEIMKMX 00 €Max 3HA4YHO  TMOKpAlIlyeThCA  MPOTIKAHHA  MPOIECYy  TOPIHHS
METaJOTEPMIYHOI IIUXTHU Ta MOKPAILYIOTHCS HOT0 MOKa3HUKHU.

BucHoBku. 1. TeopeTMuHo 1 €KCIEpUMEHTAIbHO TOKa3aHa MPUHIIMAIIOBA
MOKJIUBICTh TEPMITHOTO BHIUIABIISIHHS TEPMITHUX OpoH3. 2. JlocmimKeHO MeXaHIuH1
BJIACTUBOCTI CHHTE30BaHMX OpoH3. 3. YCIIIIHO 3aCTOCOBAaHO pO3pOOJIeHI CKIIaau
METaJOTEPMIYHUX IIHUXT HE TITLKH JIJISI CHHTE3Y CILIABY, aJi€ 1 Il TEXHOJIOT1i INBApHUX
METaJOTePMIYHUX  JIOAATKIB BHCOKOTO TEMIIEPATypHOrO TPaai€HTy 3 METOI0

M1JIBUIICHHS T1POTyCTUHU BUJIMBKIB.

Cnycox BUKOPMCTAHMX J7Kepet

1. Zhiguts Yu.Yu. Thermit Smelting of Cooper Alloys / Yu.Yu. Zhiguts // Acta metallurgica Slovaca.
Kosice, 1999. —R. 5, Ne 2. — P. 419-421.

2. XKuryn HO.JO. Meranorepmiuni i KOMOIHOBaHI C€HOCOOM CHHTE3Yy IHCTPYMEHTAJbHUX
marepianis i craBiB migi / FO.1O. XKuryn // Mammuo3nasctBo. — 2001, — Nell. — C. 36-38.

3. Kuryn HO.JO. Texnomorii oTpuMaHHS Ta OCOOJMBOCTI CIJIaBiB CHHTE30BAaHMX KOMOIHOBaHHMU
mportecamu / FO.1O. XKuryn, B.®. Jlazap. — Yxropox: Bua-so «Iusazop», 2014, — 388 c.

4. Zhiguts Yu. Technologies of synthesis of materials with predefined properties / Yu. Zhiguts, V. Lazar,
B. Hom’jak // Mixxnapoanuii HaykoBuit sxypHain «OcBiTa i Hayka». — MykaueBo-Uencroxosa: PBB M/1VY; yH-T
im. SIna J{nmyroma B Yencroxosi, 2022. — Bum. 1(32). — C. 7-10.

5. Zhiguts Yu. New combined technologies of synthesis materials / Yu. Zhiguts, O. Kozar // Advanced

25



Mixknaponnuii HaykoBuii )xypHain «OCBITA I HAYKA». Bunyck 1(34), 2023 http://msu.edu.ua/

technologies in education, industry and the environment: monograph / edited by Olga Paraska, Norbert Radek,
Oleg Synyuk. — 2020. — P. 33-46.

References

1. Zhiguts, Yu.Yu. 1999. “Thermit Smelting of Cooper Alloys”. Acta metallurgica Slovaca 5, 2: 419-421.

2. Zhiguts, Yu.Yu. 2001. “Metalotermichni y kombinovani sposoby syntezu instrumentalnykh materialiv i
splaviv midi [Metallothermic and combined methods of synthesis of tool materials and copper alloys]”.
Mechanical engineering 11: 36-38.

3. Zhiguts, Yu.Yu., and Lazar, V.F. 2014. Tekhnolohii otrymannia ta osoblyvosti splaviv syntezovanykh
kombinovanymy protsesamy [Production technologies and features of alloys synthesized by combined
processes]. Uzhhorod: "Invasor".

4. Zhiguts, Yu., Lazar, V., and Hom'jak, B. 2022. “Technologies of synthesis of materials with predefined
properties”. International Scientific Journal "Education and Science" 1(32): 7-10.

5. Zhiguts, Yu., and Kozar, O. 2020. New combined technologies of synthesis materials. In Advanced
technologies in education, industry and the environment, edited by Olga Paraska, Norbert Radek, Oleg Synyuk,
33-46.

UDK 004.9

MODERNIZATION OF SCIENCE EDUCATION USING TEACHING AIDS
BASED ON MICROCONTROLLERS
Sergej I’kovi¢

MOJIEPHI3AIIISI HAYYHOI OCBITH 3 BUKOPUCTAHHSIM 3ACOFBIB
HABYAHHSI HA OCHOBI MIKPOKOHTPOJIEPIB
Cepriit ImbkoBU4

Recently, we have witnessed the massive penetration of microcontrollers into various areas of
human activity, primarily in the form of smart devices and loT devices. These devices are becoming
more and more popular and have great potential in data acquisition from various processes, in
telemetry, in optimization and control of production, in medicine, in environmental issues, or in
consumer and everyday electronics.

These trends must therefore be closely monitored by educational institutions that guarantee the
prospects of further development and professional and technical erudition of future experts in this field.
However, this presupposes enough high-quality teachers who have enough experience in working with
modern facilities with the possibility of implementing practical tasks. Microcontrollers find their place
in education primarily in the teaching of natural sciences, with the greatest application in physics.

Although there are several manufacturers of modern teaching aids that are continuously
replacing some outdated teaching aids, there are some difficulties. The high price of the commercial
solutions, low user-friendliness, mutual incompatibility between manufacturers, and the necessity of
purchasing their own software to control the devices, as well as the lack of options for hardware
customization to the user's requirements, forces teachers to modernize and improve the quality of the
teaching process by looking for other alternatives.

The main benefit of the use of microcontrollers in the education of science subjects is primarily
the design and construction of own measuring equipment, which not only meets all user requirements
but also brings other benefits in the form of interdisciplinary relations, especially with ICT and
programming. Students have the opportunity to apply acquired knowledge in the practice, and thus
they can interconnect the acquired information, which leads to permanent knowledge memorization
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