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CEKIIUA <MEXAHU3MbI U UHCTPYMEHTDI
3KOHOMUWYECKOMW UHTETPAIIMU BEJAPYCH U KUTAS»

MMPOMBIIIJEHHOE PETUOHAJIBHOE COTPYIHUYECTBO
BEJIAPYCHU U KUTASA
IIpecnskosa E. B.
Huctutyt sxonomuku HAH benapycu, r. Munck, Pecriy6nuka benapych
Investment@economics.basnet.by

Annotation. The legal basis for industrial regional cooperation between Belarus
and China is considered. The priority areas of interaction between the regions of the
Republic of Belarus and the provinces of the People's Republic of China have been
identified. Proposals were made for the organization and placement of high-tech and
innovative joint Belarusian-Chinese production facilities.

ITpaBOBOI1 OCHOBOI ISl MPOMBIILIEHHOTO coTpyaHuuecTBa Kuraiickoit Hapoanoit
Pecny6muku u Pecriyonuku benapycb BoicTynaer Jupektusa IIpesnaenra PecnyOnuku
benapych ot 3 nekadps 2021 1. Ne 9 «O pa3BuTHH IBYCTOPOHHHUX OTHOIIEHUH Pecny0-
miku benapyce ¢ Kuraiickoit Haponnoit PecryOnvkoii». Bo BpeMsi rocyjapCTBEHHOTO
Bu3uta [Ipesnnenta benapycn Anexcannpa Jlykamenko B KHP B mapte 2023 rona mon-
MYMCaHa KOMIUIEKCHAs! CTPATErus COBMECTHOIO MPOMBINUIEHHOrO pa3BuTus. Co3laHue
COBMECTHBIX BBICOKOTEXHOJIOTUYHBIX THHOBAIIMOHHBIX MPOU3BO/ICTB U Pa3BUTHE MPOU3-
BOJICTBEHHO! KOOIIEPAlMU ONPEAESIEHBI OJJHUMH U3 IPUOPUTETHBIX HAIIPABJICHU.

AKTHBHO pa3BUBAETCS MEXPETHOHAIBHOE COTpynHHUYecTBO benmapycu n Kuras.
brnaronapst noanucanuio CoryialieHuii HATaKEHO B3auMoieiicTBre 29 ropo1oB U paid-
oHoB benapycu ¢ 45 npoBuniusimMu u ropogamu KHP. CoBmecTHas peanuzaius Kpy1-
HBIX HHBECTUIIMOHHBIX TPOEKTOB o0jacTel Pecryonuku benapycs u r. MuHcka u mpo-
Bunimii KHP ocymectBisiercs B cdepe mpoMBIIITIEHHOCTH, SHEPTETUKH, TPAHCIIOPTA,
KOMMYHHKAIMI 1 HHPPACTPYKTYPHOTO CTPOUTENbCTBA. K TOCTUTHYTHIM 3KOHOMUYE-
CKH 3HAYMMBIM pe3yJbTaTaM OTHOCATCS: SKCIUTyaTalus 3aBoja Mo cOOpKe KUTAUCKUX
apromoOunei Geely; ycnemnas pekonctpykuusa MuHckux TOL-2, TOL-5, JIykomib-
ckoit u bepezosckoit TOLL; peanuzauus macmrabHoro npoekra «Opranusamnus BbICO-
KOTEXHOJIOTHYHOI'O arpoNpOMBIIIJIEHHOTO MPOU3BOACTBA MOJIHOr0 1ukia Ha 2016—
2032 rone» 3A0 «bBHBKY; pynkimonrpoBanue Kuraiicko-0en0pycckoro uHAyCTpU-
aNbHOTO MapKa «Benukuil KaMeHby.

Cdepamu moTeHIHATBLHOTO MHBECTULIMOHHOTO COTPYIHHYECTBA IO CO3AAHMIO
MHHOBALMOHHBIX POU3BOJICTB B pa3pe3€ PETHOHOB UCXO/ISI U3 UMEIOIErOCs MOTEHIU-
aJla U 3aKJIIOYEHHBIX COTJIAIEHUI BBICTYIIAOT:

bpecmckasa obracms.: arponpOMBIIICHHBI KOMILIEKC, MUIIEBast MPOMBIIICH-
HOCTb, MAalIMHOCTPOEHHUE, NPOU3BOJICTBO CTPOMUTENIBHBIX MaTEPUAIOB, MEIWLIMHA
(npoBunMu AHBXOH, Xy0oH, [lunxaif);

Bumebckas obnacme: numenas npombinuieHHOCTh, AIIK (mpoBunIms IlaHb-
NyH); JbHOBOJYECKAs OTPACib, MPOU3BOJICTBO KaOEIbHOW MPOMYKIIMH, SHEPTreTHKa,
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IT-TexHonoruu, gpapmarneptuka (mpoBuHIMs X3inyHiRsaH); AIIK, 1bHOBOACTBO (Mpo-
BUHIIMSA [[3sHCH);

T'omenvckasn obnacms.: Menuiuaa (nmpoBuHIUS ChIdyaHb); HeQTEXUMUS, TTPOU3-
BOJICTBO CTPOUTEIBHBIX MaTepuanoB (mpoBuHIMS L[35HCY); CENbCKOXO3UCTBEHHOE
MalIMHOCTpOoeHuE (MpOBUHLIMS X30311);

I'poonencrkas obaacmup: THIEBas TPOMBIIUIEHHOCTb, CEIbCKOXO3SIMCTBEHHOE
MalIMHOCTpoeHue (MpoBUHLIMS [ 'aHbCy);

Munck: BBICOKOTEXHOJIOTUYHBIE TTPOU3BOJICTBA, TPAHCIIOPT, MeauIuHa (T. YaH-
yyHb, NpoBUHLMA [ upuH; r. [lexun; r. [lI>apuxsub npoBunuMs ['yaunyH; r. IH3HbsH,
npoBuHLus JIsionus; 1. [llanbxaii);

Munckas obaacms.: MAaITHOCTPOCHUE, HIEKTPOHUKA U TEIEKOMMYHUKAIIMH, TOH-
Kasi XUMUsI, OMOTEXHOJIOTUH, HOBbIE MaTepuaibl, (hapMalleBTUKA, JIEKTPOHHAS KOM-
mepius (r. YyHiuH, npoBunnus ['yannyH, npoBuHius Yxo13sH);

Moezunesckas obracms: MAIMHOCTPOCHHUE, MUKPOAJIEKTPOHUKA, He(pTeXuMusi,
CTPOUTENBCTBO, JIETKAsl MPOMBIIICHHOCTh (MPOBUHITUS XYHAaHb); MUIIEBAsI TPOMBbIIII-
JIEHHOCTb, TOPHO00BIBAIOIIIAS POMBIIIICHHOCTh, JIET'Kasi TPOMBIILJICHHOCTD, IIEpepa-
00TKa KOXKEBEHHOTO CBHIPhs (MIpoBHHIUS L[35HCY).

MecTtHbIM OpraHamM BJIACTM B PETHMOHAX, a TakXe [MPOMBIIUICHHBIM
MPEANPUSATUSIM 11e71eCO00pa3HO BBHIXOAUTH Hanpsamyro Ha kpynHble THK, umeromue
(dunuanel Ha Tepputopun nposunuuit KHP, ¢ kotopeimu y o6nacteit Pecry6nmku be-
Japych U T. MUHCKa yCTaHOBJICHBI JIPY>KECTBEHHBIC U MOOpaTUMCcKue cBsizu. OcoOble
BO3MOKHOCTH ISl ’TOTO — Y OpraHu3anuil r. MuHCKa, MOANMCABIIETO COTJIAIICHHUS O
COTpYJIHUYECTBE ¢ KpynHenmmmMu ropoaamu Kuras —r. [lekun, r. [Ilanxaii u r. [1I3Hb-
PKIHb. [IpoMblniuienHo pa3BuThl npoBuHiuu [lanbayn u XounyHissa (Butebckas
obnacte), Ceruyanb u [I[3sacy (['omenbckasi o6nacth), r. UyHIIMH W NPOBUHIUSA
WxonpsH (MuHckas o6actsb), XyHanb (Morusesckas 061acts). BeicokoTexHomorny-
HbI€ 1 NHHOBALIMOHHBIE COBMECTHBIE OEIOPYCCKO-KUTACKUE MPOU3BOACTBA 1IEJIECO-
o0pa3Ho pa3MmeniaTh Ha TeppuTopur . MuHcka u Munckoit obnactu (Kurtaiicko-be-
nopycckuit « uayctpuanbabii mapk «Benukuili kaMeHb»). [lepcrieKTUBHON BBICTY-
MaeT peaau3alus COBMECTHBIX MPOEKTOB Ha TEPPUTOPUHU CBOOOTHBIX SIKOHOMHUUYECKHUX
30H obsactelt Pecriyonuku benapyce u r. MuHcka.

Cnucok HCnoJbLb30BAHHBIX HCTOYHHKOB

1. UcTopus pa3BUTHS OpYKECTBEHHbIX OTHOIIEeHU Pecriyonuku benapycs u Ku-
taiickoit Hapoanoit Pecniyomuku / A. A. KoBanens [u ap.]; mox pen. A. A. Kosanenu;
HanuonansHas akagemusi Hayk bemapycu, Akagemus oOmiecTBeHHbIX Hayk Kuraii-
ckoit Hapoanoit PeciyOnuku. — Munck: benapyckas HaByka, 2022, — 463 c.
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ECONOMIC COOPERATION BETWEEN BELARUS AND CHINA
IN THE TRANSPORT AND LOGISTICS SECTOR
Bamuio A. A., Jlecunuenko-Porosckas M. B.
WNuctutyT OuszHeca bI'Y
vashchylahanna@gmail.com, mari_lesnichenko@mail.ru

In the last two decades, there has been an increase in the intensity of Euro-Asian
transport links, caused by the strengthening of the position of China, which claims to
be the leading global economic center.

In the Program of Socio-Economic Development of the Republic of Belarus for
2021-2025 the expansion of trade and economic cooperation with China is considered
as one of the conditions for diversifying the export of goods and services, and attracting
Chinese investment as an important source of implementation of projects to create new
industries, transport, logistics, tourism and social infrastructure as well as projects sig-
nificant for the development of regions of countries [1].

The primary tasks that China sets for itself in implementing its transport strategy
in the Eurasian space are the following:

— creation of an established logistics infrastructure for transporting energy re-
sources to China;

— creating a transport corridor for the export of Chinese goods to European
countries and strengthening its position in this region;

— diversification of land routes to Europe;

— development of transport infrastructure in the northwestern regions of China. When
exploring issues of interaction in the transport and logistics sector between Belarus and China,
the emphasis is on cooperation with the cities of Tianjin, Qingdao and Chongging.

China is a major buyer of potash fertilizers from Belarus, and at the same time an
important export destination for maritime cargo transport services. Currently, China’s
share in Belarusian exports of maritime transport services is 8,8 %, and the balance in
mutual trade for this type of services is consistently positive [2, p. 109].

It should be noted that work is currently underway to redirect the transportation
of potash fertilizers from sea transport to rail (in containers), which causes a decrease
in the share of sea transport in foreign trade in transport services of Belarus. An in-
crease in the production and export of potash fertilizers may lead to an increase in the
volume of transport services provided by both sea and rail transport.

The Belarusian Railway is one of the most important links in ensuring trade and eco-
nomic relations between the countries of the European Union in communication with the
countries of the Asia-Pacific region. Transit transportation of goods is key for the railway
complex of Belarus. The main transit cargoes are: coal, oil cargo, as well as chemical and
mineral fertilizers, ferrous metals, chemicals, etc. Transportation to the countries of the
European Union and back along the 1l Pan-European Transport Corridor, which, in con-
nection with the Trans-Siberian Railway, forms the shortest and the optimal overland route
for transporting foreign trade goods in Europe — China — Europe traffic.

Currently, container trains connect 60 cities in China with 170 cities in 23 Euro-
pean countries. On average, the Belarusian Railway provides transit and terminal pro-
cessing of about 25 container trains per day in the China — Europe — China route.
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To carry out rail transportation, Chinese railways usually attract large interna-
tional logistics companies with extensive experience and an excellent reputation in the
market. This explains the fact that Belarus has small volumes of exports of railway
transport services to China. The Belarusian Railway receives export payments not from
the Chinese side directly, but from these logistics companies (with their home country
in Germany or other European countries).

According to the Directive “On the development of bilateral relations of the Re-
public of Belarus with the People’s Republic of China” dated December 3, 2021, it is
envisaged to create an international logistics hub on the China-Europe land route
through the functioning of an international logistics consortium and to work out the
issue of joining the Great Stone industrial park by 2025 to the European railway track
(1435 mm) from the Belarusian-Polish border” [3].

Today, in the process of coordinating transportation between China and other
countries, including transportation along the China—Europe route, the following inter-
actions are used:

1) the platform servicing the flight coordinates transportation along the entire route;

2) the service platform is authorized by China Railway International Multimodal
Transport CO., LTD. for transportation within the country and a foreign logistics com-
pany for transportation outside its borders;

3) the service platform is authorized by China Railway International Multimodal
Transport CO., LTD. to coordinate transportation along the entire route;

4) on the Chinese section of the route, the flight is serviced by China Railway Interna-
tional Multimodal Transport CO., LTD., and on the foreign section — by the transport com-
pany itself. Railroad carriers from different countries along the route have not come to a
consensus on the issues of stopping points, schedules, price standards for transportation, etc.

CnucoK UCNnoJib30BaAHHBIX HCTOYHHKOB

1. Ilporpamma coruanbHO-3KOHOMHYECKOTO pa3BuTus Pecryonnku benapych Ha
20212025 rompl. — Pexxmm moctyna: https://economy.gov.by/uploads/files/macro-
prognoz/ Programma-2025-nov-red.pdf. — Jlata oopamenwus: 09.03.2023.

2. bynko O. C., Munamesuy E. A, SAxyOyxk FO. I1. [u np.] TpancnopTHO-10THCTH-
yeckui noreHuuan benapycu B pamkax nHunuaTuBbl «I10siC U yTh»: pUCKHU U niep-
CIEKTUBHI peanu3annu. — MuHck: benapyckas HaByka, 2022. — 317 c.

3. HupextuBa Ne 9 ot 3 nekadOps 2021 r. «O pa3zBUTHH ABYCTOPOHHHUX OTHOILICHUN
Pecnny6muku benapyces ¢ Kuraiickoit Hapoanoii PecniyOnukoii» — Pexum noctymna:
https://president.gov.by/ru/documents/direktiva-no-9-ot-3-dekabrya-2021-g. — Jlara
obpamenus: 14.05.2023.
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MEXKPETUOHAJIBHOE B3AUMOJIEUCTBUE KAK ®AKTOP
UHTEHCUO®UKAIIUA COTPYJJHUYECTBA PECIIYBJIUKHU BEJIAPYCh
U KUTAVICKOH HAPOJITHOM PECITYBJIMKHA (HA TIPUMEPE I'OPOJIOB

TAHLIBUHb, IUHAAO, YYHIIUH)
Mamnas O. B.
MunucTtepcTBo 3k0HOMUKHU PecniyOnuku benapych
olgavmalaya@mail.ru

Annotation. The paper considers the areas contributing to the development of inter-
regional trade and economic cooperation between Belarus and China, offers recommen-
dations for strengthening of interregional cooperation between Belarus and Tianjin, Qing-
dao, Chongging. The Agreement on promotion of trade and economic cooperation be-
tween the regions of the Republic of Belarus and the People’s Republic of China, prolon-
gation of the Year of Regions between Belarus and China for 2023 provides a solid basis
for relations promotion between Belarus and the mentioned regions of China.

B ycnoBusx rinobanuzanuu MEPOBOTO XO35MCTBA PETMOHBI BCE AKTUBHEE CTAHO-
BATCSI CYObEKTaMU MEXIYHAPOIHOM JesATeIbHOCTH. Pa3Hble O YPOBHIO SKOHOMUYE-
CKOT'O Pa3BUTHS PETMOHBI MOTYT BCECTOPOHHE BBICTPAMBAaTh B3aWUMOJECHCTBHUE, COB-
MECTHO JIOCTHTaTh ONPEIEICHHOIO SKOHOMHUYECKOI0 U COLIMaIbHOTO 3 deKTa, pery-
JMPOBATh BOIPOCHI COLMATBHO-3KOHOMHYECKOTO Pa3BUTHUS KAXKIOr0 U3 peruoHOB. C
YUYETOM OMBITA PA3BUTHSI MEXPETUOHAIBHOTO COTpyIHNYecTBa benapycu u Kurasi, BbI-
NENSAETCA HECKOJIBKO YPOBHEW MEXPETMOHAIBHOTO B3aWUMOJCHUCTBUS B 3aBUCHMOCTH
0T CyOBEKTHOIO COCTaBa: «00IacTb-npoBUHLM» (MuHCKast 001acTh U mpoBUHLKA ['y-
aHayH, [ pognenckas o6acTh v mpoBuHIUS ["aHbCy, Ap.), «00nacTh-ropoa» (MuHckas
obnacte u ropon UyHnwuH), «ropoa-ropoa» (ropoxa Mwunck u ropoxa Ilekun, map.),
«panoH-ropo» (CmoneBuuckuii paiton MuHckoi obnactu u ropon My npoBuHIMN
Wxo113sH, Ap.), «palioH ropoja — paiion ropoaa» (MockoBckuii pailon ropoaa MuHcka
u paiioH Jlaomans ropona Hunaao npouniuu Llansays, 1p.).

1 mapta 2023 roga nognucano CornameHue Mex1y MUHUCTEPCTBOM S3KOHOMUKH
Pecny6nuku benapyck u Munncrepctsom kommepuuu Kuraiickoit Hapoanoit Pecry6-
JUKU 00 YIIyOJIEGHUM TOPrOBO-?KOHOMHYECKOTO COTPYAHHYECTBA MEXKAY PErMOHaMu
Pecny6muku benapych n Kutaiickoit Haponnoii PecniyOmnuku, koTopoe 3aKperuisieT npu-
OPUTETHBIC HAIIPABJICHUS B3aUMOJCUCTBUS 10 PEAM3ALMU TOPrOBO-3KOHOMHUUYECKUX
MHALMATUB Mexay benapycero u roponamu Tsnbpizuss, LHluagao u YUyHimH, KpynHbIMUA
SKOHOMHMYECKUMH U JIOTUCTUYECKUMU LieHTpamu Kutas. 910 nepBbIil TIOKyMEHT, KOTO-
PBI OPEIIIONIAracT MEXPETUOHATBHOE B3aUMOJEHNCTBIE HA YPOBHE «CTPAHA-TOPOI.

B xadecTBe mpuOpUTETHBIX cdep s yriayOaeHUs: COTPYTHUYECTBA ONPEICTICHBI
HaIIpaBJICHUS JIsI COBMECTHOTO MPOJABUKEHUS: TPOU3BOICTBEHHO-JIOTUCTHYECKOE — C
ropoaoM TSHBU3UHB, TPOU3BOJACTBEHHO-MEIUIIMHCKOE — ¢ TopoaoM [{unaao. bemna-
pych u ropoa UyHIIMH HAMEPEHBI PA3BUBATH AJIEKTPOHHYIO KOMMEPLHIO, IPOMBIIIICH-
HYIO U CEJIbCKOXO35MCTBEHHYIO KOOIIEPALHIO.

C yueroM crienuain3aiii 1 SKOHOMHYECKOTO MOTeHIMana ropoia TAHBI3UHD,
B paMKax COTPYJIHHUUYECTBA CyObEKTOB X03siicTBOBaHMS benapycu u TsaHbIBUHS npe-
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CTaBJIAETCS BO3MOXKHBIM CO3JJaHNE COBMECTHBIX MPEANPUATUH 110 IPOU3BOIACTBY MO-
JIOYHBIX CMECEH JJI NETCKOr0 MUTaHUs, IPOU3BOACTBY T'OTOBOM MSCHOM MPOAYKIIUH,
BBIPAIMBAHUIO KPYIIHOTO POraToro CKora, Ap. B bemapycu; co3ganue yCnoBHM 1iis
B3aMMHOI'O y4acTUsl B BBICTABKAX W IPOBEICHUS ABYCTOPOHHUX Ou3Hec-(hOpyMoOB,
KPYTJIBIX CTOJIOB, KOH(PEPEHIUH; 3a/1eiCTBOBAHUE XKEJIE3HOAOPOKHOT0 MapupyTa Ku-
taii—EBpona—Kuraii 1151 co3manus yciaoBuii OecIpensiTCTBEHHON TOPTOBIU U JIOTH-
CTUKH Mexay benapycsio n TaHbLBZUHEM; TIp.

B pamMmkax pa3sBUTHS MEXPETHOHAIBHOIO B3aUMOJECUCTBUSA I10 JIMHUHU benapycs-
Hunxao Bo3MOKHA KOHIIEHTPALKs YCUIMM CTOPOH Ha MOJIEPKKE COBMECTHBIX O€I10-
PYCCKO-KUTaNCKUX HAYYHO-HCCIIEOBATENBCKUX ITPOEKTOB U UX JaJIbHEHIIEN KOMMeEp-
[UaJIM3alHUN; PA3BUTUHU IIPOU3BOACTBEHHOTO M TOPrOBOIO COTPYAHUUYECTBA B 00J1aCTH
MeauIMHbI Mexy benapyceio u Lluanao, co3nanuu hapmareBTHUECKOro Kjiactepa no
IPOU3BOJCTBY JIEKAPCTBEHHBIX CPEICTB U MEAUIIMHCKUX U3JIEIHNN ¢ yueToM Oeropyc-
CKOT'O CBIPbS U pa3padoToK; (hOPMUPOBAHKH «3€JIE€HOr0 Kopuaopa» bemapycs-L{ungao
10 TOCTaBKaM 3aMOPOKEHHOU CEJIbXO3NPOLYKIIHH; JP.

Ha ypoBHe B3auMojieiicTBus CyObeKTOB X03siicTBOBaHus benapycu u ropoaa Uyn-
LUH TPEACTABISETCA BO3MOKHON peatn3aliis HHUUATUB MO CO3AaHUI0 COOPOYHOTO MPOo-
M3BOJICTBA aBTOMOOMJIEH M 3JIEKTPUUECKOro aBTOMOOWJIBHOIO TpaHcHopTa B benapycy;
COBMECTHBIX NpENNpUSATUN B cepe CebCKOXO3SMCTBEHHOIO MallIMHOCTPOEHHUST; pa3BU-
THIO TPAHCTPAHUYHOT'O COTPYTHUYECTBA B 00JIACTH JIEKTPOHHON KoMMepIu Mexy be-
napyceto M Kuraem; 3a1eiicTBOBaHUIO JKEIE3HONOPOKHBIX KOHTEHHEPHBIX MapIIpyTOB
Uynuun-benapycs—EBpona /Uil pa3BUTHS B3aUMHOW TOPTOBIIM; Pa3BUTHIO B3aUMOJEH-
CTBUS OEJIOPYCCKUX U KUTAUCKUX JIOTUCTUYECKUX KOMIIAHUIA 1151 00erdenus Jocrymna oe-
JIOPYCCKHX TOBAapOB HAa KUTANCKUIA PHIHOK C KCIIOJIB30BAHMEM KEJIE3HOIOPOKHOTO MapIpyTa
benapyck — UyHiwH; 1p.

benopyccko-kuTanckoe B3aMMOAECHCTBUE PA3BUBACTCS B JBYX IIJIOCKOCTSAX — Ha
rOCyJJapCTBEHHOM M PETMOHAJIBbHOM YypoBHAX. Ha kaxnom u3 ypoOBHEH MHOAIMCAHBI
MEKIyHapOJHbIE JOTOBOPBI M COIJIALIEHUS, OCYILLECTBIIIETCS PEAIU3aLNAsl COBMECT-
HBIX IIPOEKTOB M WHULMATHUB. B X0xe B3aMMOJEHCTBUSA NPUMEHSAIOTCA PA3JIUYHBIC
(hOpMBI — OCYLIECTBIISIETCS TOPTOBJISA, CO3/AAIOTCS COBMECTHBIE IPEANPUATHUS U UX KJa-
CTEpbI, 00ECTIEYNBAIOTCS JTOTUCTUYECKUE LIETTIOYKU U (POPMUPYIOTCS OTAEIIbHBIE JIOTU-
CTHYECKHUE LIEHTPBI, IPOBOIATCS KOHCYJIBTALIMH, IBYCTOPOHHUE MEPOIIPUATHS, JP.

CnucoK UCNnoJib30BAHHBIX HCTOUYHHKOB

1. MuHckuii 00JIaCTHOM HCTIONTHUTENBbHBIN KOMUTET. MEXpEeruoHAIbHOE COTPYTHUYC-
CTBO MuHCKOW o0macTi. [DnekTpoHHbIA pecypc]. — Pexwm mocryma:  https://minsk-
region.gov.by/ekonomika-i-finansy/vneshneekonomicheskaya-deyatelnost5898/mezhregional
noe-sotrudnichestvo-minskoj-oblasti/. — JTata noctyma: 13.03.2023.

2. MunwuctepctBo 3xoHoMEKH PecryOmiku benapyck. Ctparernieckie peruoHbI-TiapT-
Hepbl benapycu: Tsubipunb, Hunnao, YyHimH. [OneKTpoHHbIN pecypc]. — PexuM noctyma:
https://economy.gov.by/ru/news-ruiview/strategicheskie-regiony-partnery-belarusi-tjantszin-
tsindao-chuntsin-47349-2023. — Jlara noctyma: 02.10.2023.
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IKCIIOPTHAS ITUATHOCTUKA KOMIIVIEMEHTAPHOCTHU
SMART-UHAYCTPUU BEJIAPYCHU U KUTAS
Kynapo M. K.}, XKyzpo M. M.2
'Benopyccknii HAMOHANBHEINA TEXHUYECKUH YHUBEPCUTET
2V O «MOruneBcKuii rocyJapCTBEHHBIM 00IACTHOW MHCTHTYT
pa3BUTHUSL 00PA30BAHMSD)
nv_mk@mail.ru, 2gudro_mm@mail.ru

Annotation. The article evaluates institutional problems, as well as the theory and
methods of developing export tools for the complementary nature of the smart-industry of
Belarus and China based on modern features of the smart economy (intellectual economy).

KomrekcHoe nccnegoBaHne HHTErpayuu 0€I0pyccKOro U KUTalckoro Ou3Heca
B MUPOBYIO 9KOHOMHKY YKa3bIBAIOT HA UJICHTUYHBIE TPEH bl TNI00AIIBHON €ro AUBEp-
cu(uKaIum, apryMeHTOM KOTOPOH SIBJISIETCS Pa3BUTHE TOPTrOBBIX OTHOLIEHUH C OoJee
yeM 180 cTpaH MHpa ¢ aKTUBHBIM CIIEHAPUEM BHEIIHEOKOHOMUYECKOW JAEATEIBHOCTH
HallMOHAIBHBIX KoMnaHuil. KiltoueBble cTaThu SKCHOpPTa — NPOAYKTHl 00padaThiBato-
IIUX OTpaciei, U3AeNns Pa3IMYHbIX CPep MPOMBIILIEHHOCTH (aBTOMOOWIM, TpaK-
TOPBI, SJIEKTPOTEXHUYECKUE M3JENUs U T. 1.). IMIopT npeacTaBieH dHEProHOCUTe-
JSIMU, KOMIUIEKTYIOIIMMH KOMIIOHEHTaMH, TEXHOJIOIHYecKoe 00opyioBaHue (HEPTh,
IPUPOJIHBIN Ta3, CTaHKH, E€TAIW MAIIUH U T. A.). OCHOBHBIMU CTpaHaMU-UMIIOpTe-
pamu 6e0pyCCKON M KUTANCKOM MpOAYKUUHU SBIISIOTCS IMHAMUYHO pa3BUBAIOIINECS
ctpanbl EBponbl, A3uu, JIaTHHCKO AMEPUKH.

MeTtoionornyueckas npooiieMa ¢ akaaeMUIeCKOM JIUTepaTypoi 10 AKCIIOPTHOM JTH-
arHocTuke dPPEeKTUBHOCTH (PYHKIIMOHUPOBAHUSI COBMECTHOTO OM3HECa U MPOTHO3UPO-
BaHUIO PBIHOYHOT'O MOBE/ICHUSI Aar€HTOB PhIHKA Ha OCHOBE «TPAJULIMOHHON TEOPUH PaB-
HOBECHOT'O PbIHKA U MOJIEJIM SKOHOMUYECKOT'0 TOYHOT'O 00OCHOBAaHUS KOHTPAKTHBIX LIEH
3aKJII0YAeTCs B TOM, YTO OOJIBIIMHCTBO OITyOJMKOBAHHBIX MCCIEIOBAaHUM MPEI0CTaB-
JISIFOT MPOTHO3bI U 3asIBJIAIOT 00 yIOBIETBOPUTENILHOW TOUHOCTH, HE CPaBHUBAs UX C pe-
AJIIBHBIMU JI0KA3aTEJIbCTBAMU WIIH JAKE «HAMBHBIMI KCIIEPTHBIMHU TECTAMMU.

N, kak crencTeue, Ha OCHOBE CYIIECTBYIOIIEW CTATUCTUKH DKCIIOPTA, UMITIOPTA U
TEOPUU B3aUMOJOIOIHAEMOCTH TPAAUILMOHHOM LIEHOBOW IIOJUTUKA JKOHOMHUKH
CTpaH, 3KCepThl 000CHOBBIBAIOT U (POPMYIUPYIOT COOTBETCTBYIOIINE BBIBOJIbI, KOTO-
pBIE UCIIOJIB3YIOTCS B KAUECTBE apI'yMEHTOB U IIPUHATHS ONPEIEICHHBIX YIIPaBICHYE-
CKHX PEUICHUI MEHEI)KepaMH KOMIIaHWM, NHBECTOpaMU U OpeaAnpuHuMaTensiMu [1].
IToaTOMY, OCHOBBIBASICH HA TPAAULIMOHHOU TEOPUU PBIHKA U MOJIEIIN IKOHOMUYECKOT O
TOYHOTO OOOCHOBAHMS KOHTPAKTHBIX IIEH Ha TOBAapbl, MHOTHE SKCIEPThl OTMEYAIOT
CJIMILIKOM CUJIbHBIE HETaTUBHBIE PE3KKE KOJIEOAHMs KIIFOUEBBIX MMAPAMETPOB MEKyHa-
POJIHOM SKOHOMHUYECKON CUCTEMBI, KOTOPhIE MOTYT MPUBECTHU K INI00ATBHOMY 3KOHO-
MHUYECKOMY KpHU3HCY [2].

B npouecce aHaTUTUYECKUX, SMIIMPUYECKUX U DKCIIEPUMEHTAJIBHBIX UCCIEN0BA-
HUW aKTyalbHBIX MPOOJIEM U TPEHIOB Pa3BUTHUS MHTETPUPOBAHMS B3aUMOACHCTBUS
SKOHOMMK MHOTMX KOMITAHUM YCTAHOBJIEHO, 4TO B 2022 rogy pblHOYHAsA KOMIIO3ULIUS
Y UHCTUTYLUOHAJIbHBIN JU3aH MUPOBOM SKOHOMHUKHU 3HAYUTEILHO U3MEHUIIACh U3-3a
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CaHKIIMOHHBIX U3AEPIKEK, KOTOPhIE HEraTUBHO BIIMSAIOT HE TOJBKO HA TOTOK TOBAPOB U
YCIYT MEXJly CTpaHaMH, HO U Ha MEepEMELIECHUE JIFOJIEH, a TAKXKE YCUIIMBAIOT yS3BU-
MOCTb pealIi3allii TPAIUIIUOHHBIX OM3Hec-Moenei [3].

Hanpumep, o cratuctuke npoAax JIErkoBbIX aBToMoOMIIEl B bernapycu 1oMuHUpy-
OILMM BBIBOJIOM SIBJBIOCH TO, YTO JIBa MMIIOpTepa poccuiickor Mapku LADA ocrarorcs
TUIEpaMU Ha TIPOTSHKEHUU HECKOJIbKuX JieT (10 2016 roxa). [Ipu 3TomM caMbIM npojiaBae-
MBIM CEaHOM CUMTANICA celaH VESta, KOTOpbI BBILIE HA IEPBOE MECTO, XOTA U C HEOOJIb-
MM OTpbIBoM OT Mapku Volkswagen Polo. Asromoomu Geely 3anumaim yerBeproe Me-
CTO IO MPO/IaKaM Ha OEJIOPYCCKOM PhIHKE.

Astomo6miu Volkswagen Polo, B mepByto odepesb, OKynald KOHKYPEHTOCIIO-
cOOHBIE TIPEIMPUHUMATENHN, KOMIIAaHUH, KOTOPBIE PEaTU30BbIBAIM MOJUTUKY MacCIITa-
OMpOBaHUS CBOETO OM3HECA M MU3BJICUEHUS BBITOJIBI U3 TTI00abHBIX MHBECTUIIUN. AB-
tomoOunu LADA B OCHOBHOM NpeHa3HAu€HbI ISl (PU3NYECKUX JIUI], KOTOPhIE OpH-
€HTUPOBAHBI HA JAOMOJIHHUTENIbHBIE IKCILTYaTAlIMOHHBIE PACXO/Ibl B CBOMX OIOJIKETaX U
HE MPUHUMAIOT BO BHUMaHHUE y4yeT OajlaHca MEKy MHBECTULUSAMU U J0X0AaMH. B To
e BpeMsl JIECATKY CaMbIX MPOJAaBaeMbIX JIETKOBBIX aBTomMoOuiiel B benapycu B 2022
rojly Bo3rJjiaBmwia Oenopyccko-kuTtaiickas mapka Geely, onepenuBiinii 0€CCMEHHOTO
Tuzepa NpouuIbX JeT — Mapky Lada.

B kopmnopatuBHOM MapkeTHHTe Hanuure 6a3oBbix Mojeicit Geely B bemapycu u
nonoaHuTebHO Mapku LADA 1o3BosIeT pyKOBOAUTENISIM U MEHEIKepaM KOMITaHUM
YUUTBIBATh JIOMOJHUTEIBHBIE PHIHOYHBIE MPEUMYILECTBA MPOJAXK OTAEIbHBIX MOJE-
JIe, BKJIFOYAs 1IeJb «IPUBS3KH» mokymnarens (vendor lock-in), mockoyibKky ee oTCyT-
CTBHE YBEJIMYHMBAET Pacxoibl [4].

Bb1iensnokeHHOe CBUIETENBLCTBYET O HEOOXOIMMOCTHU SKCIIOPTHOTO MHCTPYMEHTA-
pUsl 17151 KOMIUIEMEHTAPHOTO XapaKTepa HalMOHAIBHBIX SKOHOMUK benapycu u Kutas Ha
OCHOBE COBPEMEHHBIX 0COOCHHOCTEN Smart-’KOHOMUKHY (MHTEIUICKTYTbHON IKOHOMUKH ),
YUUTBIBAIOIIETO NMPU OOOCHOBAHMU KOHTPAKTHBIX 1IEH HA TOBAPBI PE3yJIbTAThI JUATHO-
CTUKU M QHAJIUTUKU MEra-, Makpo-, I MUKPOCTPYKTYPHBIX U3MEHEHUN U JUHAMHKH TJI0-
OaTbHOM MHBECTUITMOHHOM KalWTAJIM3allii HA MUKPOYPOBHE [5].

Takrm 00pa3oM MOXKHO 3aKJIFOUUTh, YTO U3YYEHHE COBPEMEHHBIX HAyYHBIX MOIXO-
JI0B K pa3pabOTKe IKCIOPTHOIO MHCTPYMEHTAPHSI KOMIUIEMEHTAPHOW KOHCTPYKIIMH B3au-
MOBBITOJJHOTO XapakTepa pa3BuTus smart-unayctpuu benapycu u Kutast Ha ocHOBe yyera
COBPEMEHHBIX 0COOEHHOCTEH smart-35KOHOMUKU (MHTEIUIEKTYaIbHOM SKOHOMUKH) TTO3BO-
JIMJIO YCTaHOBUTH 0OOCHOBAHHOCThH TIPUMEHEHUS TIpesIaracMoil HOBOM MapaiurMbl «yM-
Hasi KOMITJIEMEHTAPHOCThY», KaK KITFOYeBasi KOMIIETEHIIMS B TIOHUMAHUW TTyOUHHBIX MPO-
LIECCOB MEXXTOCYJAPCTBEHHOW MHTETPALIMU CTPaH.

Cnucok HCNnoJb30BAHHBIX HCTOYHHKOB

1. Kynpo M. K. Smart-mapkernnroBast kBantudukamus nokymnareneit / M. K. XKyn-
po // MupoBasi 5KOHOMHKA U OM3HEC-aIMUHUCTPUPOBAHNE MAIIBIX U CPEIHUX TIPEATIPHSI-
Tuii: Mat. 16-ro Mexn. Hy4. ceMruHapa, IpoBOIMMOro B paMKax 18-oii MexmyHapo1HOM
HAyYHO-TEXHUUYECKOW KOoH(pepenimu «Hayka — oOpa3zoBaHWIO, MPOU3BOACTBY, IKOHO-
Muke» 26 mapta 2020 roga, Munck, Pecni. benapycs; nporpamm. komuret C. B. Xaputon-
ynk, A. B. lanunpuenko [u np.]. — Munck: IIpaBo u skonomuxka, 2020. — C. 119-121.
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KaHCKUM yYEHBIM 3a UCClieJoBaHe (PMHAHCOBBIX KPU3HUCOB [ DIEKTPOHHBIN pecypc|.
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ekonomike-v-2022-godu-prisudili-troim-amerikanskim-uchenym-za-issledovanie/ —
Hata noctyna 24. 05.2023.

3. Kyapo M. M. Metoaudeckuii ”HCTpyMEHTapuil UACHTU(DUKAIINHN U KOJIHYe-
CTBEHHOTO M3MEPEHUS BBICOKOTEXHOJIOTHYHOTO Ou3Heca / M. M. Xynpo // Hayunsie
TpY/Zibl benopyccKkoro rocyJapcTBEHHOTO IKOHOMHYECKOTO YHUBEpCUTETA. — MUHCK :
bI'DY, 2019. — Bem.12. — C.181-187.

4. Business Integration and What It Really [Electronic resource]. — Access mode:
https://itchronicles.com/technology/business-integration-and-what-it-really-means/.

— Date of access: 10.04.2020.

5. Kynpo B. M. CtpykrypHasi UMILJIEMEHTAIMsI TPAJAUIIMOHHOTO MapKETUHTa K
TpedoBanusiM mudposoro o6uszneca / B. M. XKynapo, H. B. XKynapo // Tpanchopmarus
MPOIIECCOB YMPABJICHUS: MEHEIP)KMEHT U MHHOBAIUU, U(POBU3AIMA U UHCTUTYIIHUO-
HaJlbHbIC TTpeoOpa3zoBaHus: ¢0. MmaTepuaioB MexayHap. Hayd.-npakT. koHd., Kypck.
roc. yH-T, 25 Hos0ps 2021 r. / mox pea. KaHa. 5koH. Hayk, noi. C. A. ["aibueHKo;
Kypck. roc. ya-T. — Kypck, 2021. — C. 489-494,

OIIBIT PA3BBUTHUA UHULIUATHUB HPEAITPUNMYNBOCTHU YUHALIUXCHA
YO «<HAIIUOHAJIBHBIN JETCKUH TEXHOIIAPK» KAK BYJIYILIETO
NMHHOBALIMOHHOI'O TOTEHHUAJIA PECITYBJIMKH BEJIAPYCbH
[lymcxkas JI. K.
benopycckunii rocynapCTBEHHBIN YHUBEPCUTET
shumskayalik@gmail.com

Annotation. We have an experience in implementing the educational programme
for students "Strategy of innovative projects development" entitle day "National chil-
dren’s technology park".

The methodology for further graduates activities to turn their projects into com-
mercial products based on the creation of business companies in educational institu-
tions is substantiated.

OpHUM U3 TPUOPUTETOB COBPEMEHHOTO 00pa30BaHUs SIBISIETCS BHIIBUYKEHUE HA
IIEPEIHNUM JIaH DKOHOMUKU 3HAHUH, [NIABHBIA HEMATEPUAJIbHBIN aKTUB KOTOPOU — Ye-
JIOBEYECKUI KaluTajl, OJIMLETBOPSIEMbIN Kau€CTBEHHO HOBOW T'€HEPALMEN MOJIOIOTO
MOKOJIEHUS CIIEUAIMCTOB U pabOTHUKOB. Peub uaeT o0 akTyanu3aluuy, HAYMHASL CO
IIKOJIBHOW CKaMbH, JEJIOBOM aKTUBHOCTH yYalllMXCs, PA3BUTUU Y HUX MPAKTUYECKUX
HABBIKOB MPEANPUUMYUBOCTH U MPEANPUHUMATEIBCKUX WHULUATHB, CIIOCOOCTBYIO-
IIMX CTAaHOBJICHHIO TOTOBHOCTH JINYHOCTH K OCO3HAHHOMY CaAMOOTIPEIENICHUIO B cdhepe
Oynymielr mpoheCcCHOHATBHON JEATENHPHOCTH. JTOT TOCHII B TOJHOW MEpe MOXKET
ObITh OTHeceH K ywammmcsi YO «HammonanpHbIN AETCKUN TeXHOMApK» (manee

18



H/TII), koTopbie B CBOEH COBOKYITHOCTH MPEACTABIISIIOT CTpAaTeruyeCKUii MNHHOBAITH-
OHHBIN PECYPC CTPAHBI.

PaszsepreiBanne nearensHoctyu HATII MmoxkeT o nmpaBy paclieHUBaThCs Kak OIUH
13 0A3UCHBIX 3JEMEHTOB MMOCTPOCHUM B HAIllE CTpaHe SKOHOMUKH 3HaHuil. Co3na-
I0TCS peajibHble BO3MOXHOCTH JUJISl BBISIBJICHUSI HAuOOJee MOATOTOBICHHONW, MOTHBH-
POBaHHOI Ha 00y4YEeHHE U JOCTHUIKEHHE BBICOKHX PE3yIbTATOB YaCTH yYaIIUXCs 001Ie-
00pa30BaTeNbHBIX YUPEKICHUN M BKJIIOYEHHE UX B MPOEKTHYIO JEATEIBbHOCTH IO
OCBOEHHIO TaKMX IEPCIEKTUBHBIX OTPACIEd SKOHOMMKH, KaK 3HEpPreTuka Oymayliero,
BUPTyaJbHasl U JIONOJHEHHAs PEAIIbHOCTh, HCKYCCTBEHHBI MHTEIIEKT, 3€JICHAs XH-
Musi, “HpOpMalroHHast 0€301acHOCTh, POOOTOTEXHUKA U JP.

Bmecte ¢ Tem, CKIaabIBaeTCsl HACTOATENbHAas HEOOXOAMMOCTh OOOCHOBaHUS
¢bopM U METOJOB JNajbHEHIIEH pabOThl BBITYCKHUKOB TEXHONApKa HaJl Pa3BUTHUEM
cBoux uze. C 3Toil Lenblo MO/ HAIllMM Hay4YHbIM pyKOBOJICTBOM Obliia pazpaboTaHa u
peanuzoBana st 150 ywamuxcst urOHbCKOW oOpazoBatenbHOM cmenbl HJITII
(08-29.06.2023) obOpa3zoBatenbHas nporpamma «Ctparerust pa3pabOTKi HHHOBAIIMOH-
HBIX IPOEKTOB» B KoimuecTse 40 gacos.

3ambicen nporpaMmbl 3akiroyaics B GopmupoBanuu y yyammxcss HIATII neoo-
XOIMMOT0 Habopa KOMIETEHIUH, TO3BOJISIIOIIUX UM B MPOLIECCE MOCIEAYIOLIEro 00y-
YEHUS CO3/1aTh B CBOEM YUPEXKJICHUU 00pa30BaHus yU4eOHYI0 OU3HEC-KOMITaHUIO (J1a-
nee YBK), mogoOpare koMaHAy €IMHOMBIIUICHHUKOB WU IMPHU MEAArornyeckod moj-
nepxke Kyparopa YBK opranuzoBars pabOTy 110 BOILIOLIEHUIO ITPOEKTAa B KOMMEpYe-
CKHI IPOAYKT. Takoi MOIXO0 B HACTOSIIEE BPEMSI PEAJIBHO OCYIIECTBUM, IIOCKOJIBKY B
yupexaeHusx oopasosanus Pb 3a nocneanee necaTuneTie yxe CloKuics onpenescH-
HBIM ONBIT padoThI O opranu3anuu Y BK kak o0bequHEHMs yyaluxcs o HHTepecam
B paMKax JOIMOJHUTEIBHOTO 00pa30BaHusl.

CornacHo nanusiM MunnctepctBa oopazoBanus Pb, B HacTosiee Bpems B yueo-
HBIX 3aBeJeHUSAX cTpaHbl PyHKIHOHUPYIOT 316 YBK (3218 yuacTtHukoB). B uncrury-
Tax pa3BUTHs oOpazoBanus [ponHeHckol, MuHckol, MoruneBckoil obdnacreil u ro-
pora MUHCKa OCyHIECTBISIETCSA MOBBIIICHUE KBATM(PUKALNUN NEAArornyecKux padboT-
HUKOB-KypaTtopoB YBK Ha ocHOBe omyOiMkoBaHHOTO HaMH yueOHoro nocodust «Oc-
HOBBI JICATEIILHOCTH YueOHOM OM3Hec-koMmanum» [1].

B nponecce o0yuenus nepen ydyauuMuUcs CTaBWIKMCH 3aJa4d OCBOMTH CIIEAYIO-
[[M€ KOMIIETEHLMHU: HOPMATUBHO-NIPABOBasl periaMeHTanus (yHKIMOHUPOBAHMS
VYBK; xoManmoo0pa3zoBaHue; HHHOBAIIMOHHOE MPOSKTUPOBAHUE; pa3paboOTKa U Ipe-
3€HTalMs IPOEKTOB; KOMMYHHKaTHBHO-3KOHOMHUYECKOE B3aMMOIEHCTBUE C I€TOBBIMU
MapTHEPaMHU; peaju3alns MApKETHHIOBOW CTPaTEernu.

B nemnsix obecneuenust ycToiumBOro HHTEpeca K CoAep aHuio yaeOHOToO MaTepu-
aja 3aHsATUS NPOBOIMIMCH B HHTEPAKTUBHOM PEKHUME C IPUMEHEHUEM TAKUX AKTHUB-
HBIX (opM 00ydeHus1, KaK MPaKTUKyMbl, MacTep-KJacchl, KEUChI, JeJI0OBbIE UTPHI, Ma-
HEJIbHBIE TIMCKYCCUU, TPE3EHTALIUS MPOEKTOB (TTUTUYMHT).

Wrorosas npe3eHTalus IPOEKTOB CTajla CBUAETEIbCTBOM BBICOKOM CTENEHU MO
rOTOBJIEHHOCTU U oOy4yaemocTH yuamuxcst HJTII, counanbHONH OTBETCTBEHHOCTH 3a
MHULUAPYEMbIE UJIEU, CTPEMIICHUH MacIITaOHO U HAy4YHO-0OOCHOBAHHO PENIaTh IIIO0-
OasibHBIE COIMAbHBIE U SKOJIOTHUYECKUE NPOoOJieMbl. BBHICOKON OIIEHKH YIOCTOUIIUCH
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npoekThl «buopasnaraemple HUTH HOBOTO nokojeHus» (A. CaBUHOB), «3€J€HbIN po-
CTOYEK — oborareHue mouBsl 6e3 xumukaton» (Y. Pomanoa), « CrutaBsl ¢ TaMsSThIO»
(3. ABcrokeBuY) u Jp.

B xozie npoBeAeHHOT0 HaMU ONPOCA yYaluecs: 0000 MOTYEPKHYIN 3HAYHUMOCTb
MOJyYEHHBIX UMU HABBIKOB U KOMIIETEHIINN MO0 KOMaH1000pa30BaHuI0, ()YHKIIHOHAIIb-
HOMY HA3HAYEHUIO M OpraHu3auuu AearenbHoCTH Y BK, B3anMoaencTBHIO ¢ menaro-
ramu-Kyparopamu Y bK, a Takxe BHEIITHUMU J1€TIOBBIMU ITAPTHEPAMU.

[Tosy4eHHBIH ONBIT CBUJETENBCTBYET O HEOOXOIUMOCTH Pa3BEPTHIBAHUS CUCTEM-
HOW paOoThI IO 00ECIIEUEHNIO B3aUMOJCHCTBUS MEXKIY YUPEXKICHUIMU 00pa30BaHMUs,
Hay4HbIMH, IPOU3BOACTBEHHBIMH, OM3Hec-opranu3anusmMu u YO «HanuoHanpHbIN
JIETCKUN TEXHOIApK», BKIIIOYAsl MPOXOXKICHHUE IMPAKTHK, MPOPOPUEHTALMOHHYIO U
IPONEIEBTUYECKYIO pabOTy, a TAKKE IPOBEACHHE MTPE3EHTALI U CTApPTAIIOB C aHAJIO-
TMYHBIMU OPTaHU3ALMAMU APYTUX CTPAH.

Cnucok UCcnoJb30BaAHHbIX HCTOYHHKOB

1. Iymckas, JI. 1. OcHOBBI AeSATENbHOCTH y4eOHON OM3HEC-KOMIaHUU: y4yeo-
Hoe nocoowue \ JI. U. lllymckas (u ap.): mox obmr.pex. JI. W. lllymckoit. — Munck: Amy-
Kalbls 1 BeIxaBanue, 2021. — 200 c.

PA3BBUTHUE COTPYJHHUUYECTBA BEJIAPYCH U KUTAS B COEPE
OBMEHA OIIBITOM BHEJIPEHUSA UCKYCCTBEHHOI'O HHTEJVIEKTA
B KOPITIOPATUBHBIE BU3HEC-ITPOLECCHI
Casunnix A. 1O.

OAO «ATreHTCTBO BHEIITHEOKOHOMUYECKOH JIEITCIILHOCTH
anastasiasavinyh99@gmail.com

Annotation. Belarus and China have been actively collaborating in the field of
exchanging experience in implementing artificial intelligence into corporate business
processes. This partnership aims to strengthen knowledge-sharing and enhance tech-
nological advancements in both nations. With a focus on harnessing the potential of
Al, Belarus and China are working hand in hand to drive innovation and optimize var-
ious aspects of corporate operations.

MupoBast DKOHOMHKAa HAaXOAUTCS B COCTOSIHUM IIEPMAHEHTHBIX M3MEHEHUH U
aJlanTalyy K HOBBIM PEausiM, UTO HEMTOCPEACTBEHHO CBSA3aHO C OBICTPBIM Pa3BUTHEM
TEXHHUKHU U TexHOoJorui. OTHUM U3 KIIIOUEBBIX (DAKTOPOB, OMPEICIIAIONINX KOHKYPEH-
TOCTIOCOOHOCTh MPEANPUATUN U OpraHM3allfii, cTajga MHTErpalus HCKYCCTBEHHOTO
unreiekta (M) B kopnopatuBHbie 6u3Hec-mpouecchl. McnonszoBanue MU oTkpbI-
BaeT Mepe]l KOMIAHUSMU HOBBIE BO3MOXHOCTH ISl TTOBBIIIEHUS 3(()EKTUBHOCTH U
KOHKYPEHTOCIIOCOOHOCTH CyObeKTOB X03stiicTBOBaHusA. OcHoBa MW — MukposekTpo-
HuKa. Kutail sBisieTcsi Mpu3HAHHBIM JIMJIEPOM B JAaHHOU c(epe, mMOoITOMY COTPYAHU-
yecTBO Mexk 1y Pecriyonukoit benapycek n Kuraiickoit Hapognoit PecriyOnukoit B 3Toit
00J1acTH MpeICTaBISAET OOJIBIIION HHTEPEC.
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Bwmecte ¢ Tem nudpoBasi 5KOHOMHKA — BayKHEHIIIas COCTABIISAIONIAS IJIs1 Pa3BUTHS
NU. Kuraii sBisieTcss OTHOM W3 BEAYIIMX CTPaH B MUPE 10 00beMy ITUBPOBOI IKOHO-
MukH, ee oyisg B BBII ctpanbl coctaBmiser okosio 35 %. CoryiacHO OT4eTy UCCle0Ba-
Tenbckol kommanuu International Data Corporation (IDC), pacxoasr Ha PEIHOK HCKYC-
crBeHHoro unresviekra B KHP, no npornozam, nocturayt 14,75 mumumapaa 10J1apoB B
2023 roay, uto coctanisieT 0koio 10 % ot obmeMupoBoro oobema. Kuraiickue komra-
HuM, Takue kak Alibaba, Tencent u Baidu, BHEIpsIFOT HCKYCCTBEHHBIN MHTEIUIEKT B Pa3-
JIMYHBIC HAMPABJICHUS] CBOET0 OM3HECA M JOCTUTAIOT BHYIIMTEIBHBIX Pe3yiibTaToB. bena-
PYCh TaKk)K€ aKTUBHO pa3BUBAET LU(POBYIO SKOHOMHUKY, C IIEJIbI0 YKPEIUICHHUS! CBOMX T10-
33Uy B mupe. [Ipu 3ToM BakHBIM ApaiiBepoM paszButusa TexHosoruit M B benapycu
BBICTYTNAIOT UHYCTpUAIbHbIE APKHU, PEUIararolime 0cooble SJKOHOMUUECKUE YCIOBUS
JUI. BBICOKOTEXHOJIOTUYHBIX KoMIaHui. Tak, Hampumep, [lapk BBICOKMX TEXHOJIOTHI,
onuH u3 Benymmx |T-kmacrepoB Boctounoit EBporibl, a Takxke benopyccko-kuTaickuit
VMHIYCTPUAJIbHBIN NTapK «Benmknii KaMeHb» B CBOEM COCTaBE UMEIOT CEPhE3HOE MPEACTA-
BUTENBLCTBO B oOnactu U, a Takke peausyror psii mporpamMm B cdepe 00pa3oBaHusl.
Cyl11ecTBEHHYIO pOJIb B 3TOM HarpaBiieHuu chirpai Jlekpet npesuaenta ot 21 nekadps
2017 r. Ne 8 «O pa3utuun nuuppoBOil FIKOHOMUKN», KOTOPBIA YCTAHOBHJI MIPUHIIMIT SKC-
TEPPUTOPUATIHHOCTH U CTICHUATbHBIA TPABOBOM pexkuM Aiist | T-koMmaHui.

YuuteiBast T0, yTo Kutail siBIsieTCs MUPOBBIM JIMIEPOM B 00JaCTH pa3pabOTKU
anroput™MoB 1 u co3pganus Gonbiinx 0a3 JaHHBIX, a berapych 001agaeT BHICOKUM
HallMOHAJIBHBIM KaJIPOBBIM MOTEHIIMAIIOM, 3TO OTKPBIBAET JOMOJHUTEIbHBIE BO3MOXK-
HOCTH JJIsl KOOTIEpAIUK YCUIIUN U (hOPMHUPOBAHUS CHHEPTEeTUYECKOT0 (P deKTa OT COB-
MECTHOM JiesiTeNIbHOCTH B oOnactu M.

JIlpyruM Ba)KHbIM HampaBieHUEM B3aumoneiicTBus bemapycu m Kurtasg moxet
ObITh OoJsiee mupokoe npuMmeHeHne MW B pa3nuuHbIX oTpacisx 3KOHOMHKHU. Kuraii
aktuBHO BHeapsieT U B takue cdepsl, kak AIIK, ¢puHaHCHI, pa3BUTHE YMHBIX TOPO-
JIOB, UCTIOJIb30BAHUE aBTOHOMHBIX TPAHCIIOPTHBIX CPEACTB U pa3pabOTKa CUCTEMbI Me-
JTUILIMHCKOTO AuarHoctupoBaHus Ha ocHoBe M. benapyce Tak:ke nmeeT OnbIT BHE-
PEHUsI HICKYCCTBEHHOT'O MHTEIJUIEKTA B Pa3IMYHbIC OTPACIIU, BKIOYask HHPOpPMaLIUMOH-
HbI€ TEXHOJIOTUHU U TTPOU3BOICTBO. OOBbEIMHEHUE YCHIINM M0 0003HaUYECHHBIM HAMpPaB-
JICHUSIM CO3JACT JOIMOJHUTENbHBIE BO3MOXXHOCTU ISl 3(PPEKTUBHOTO pa3BUTHUS OU3-
HEC-TIPOLIECCOB IBYX IOCYAapCTB, YTO YCUIUT SKOHOMHYECKHUM POCT, a TAKXKE yBEIIU-
YUT NPOU3BOJAUTEILHOCTh U CHU3UT 3aTPAThl 10 KOHKPETHBIM HarpasiaeHusiM. Kpome
Toro, npuMeHenne M1 B aBTomatuzanuu nporn3BOACTBA PA3JIMUYHBIX OTPACIEN MOXKET
YIy4YIIUTh (PPEKTUBHOCTh U TOYHOCTH PA0OTHI, a TAKXKE MOBBICUTH 3(PHEKTUBHOCTD
MPUHATHS PEIICHUN U CHU3UThH ONEPAMOHHBIE PACXO/IbI.

JIJist ycnentHoro pa3BUTHS COTPYITHUYECTBA HEOOXOIMMO yCTaHABIMBATEL Ooee
TECHBIE CBSI3M MEXKIY OCIOPYCCKUMHU M KUTAHCKUMM KOMITAHUSIMH, a TaK)Ke HAy4YHO-
HCCIIEIOBATENbCKUMH IIeHTpaMu. Opranu3ainus Creuain3upOBaHHbIX MEPOIIPUITHI
MOXET CTaTh IUIOMIAAKON i1 0OOMEeHa 3HAHUSIMU M ONBITOM. BakHO Takke paccMoT-
PETh BO3MOKHOCTh CO3JJaHUsI 00pa30BaTEbHBIX TPOTPAMM U CTAXKUPOBOK JISI MOJIO-
IBIX CIIEUAINCTOB B oOnactu UU.

Takum oO6pa3om, aktuBu3anusa koonepanuu Kuras u benapycu B obnactu BHeA-
pEHUSI UICKYCCTBEHHOT'O MHTEJUIEKTa B KOPIOPATUBHBIE OM3HEC-TIPOLECCHl CyObEKTOB
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XO03HUCTBOBaHUS MOXET C(HOPMHPOBATH 3HAUUTEIIBHBIC TPEUMYIIIECTBA IS TTOBBIIIIE-
HUSI KOHKYPEHTOCTIOCOOHOCTH 00€rX CTpaH.

CHnucoK HCN0JIb30BAHHBIX HCTOYHHKOB
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RESEARCH ON THE IMPACT OF DIGITAL ECONOMY
ON REGIONAL GREEN DEVELOPMENT IN CHINA
Yang Cheng
BSU of Master in Economics,
2066748679@qg.com

Annotation. Since the reform and opening up, the relationship between urban
ecological construction and social and economic development in China has gradually
completed the transformation from obedience to symbiosis, from passive response to
active response. With the continuous innovation of digital information technology, the
digital economy is upgrading and reshaping the production mode and consumption
mode of the society from multiple dimensions, leaping to become an important engine
for the construction of China's modernized economic system and a key driving force
for high-quality economic development.

The term digital economy, first coined by Tapscott as an economic system that
makes extensive use of ICT technology, has become much richer. The G20 Initiative
on Development and Cooperation in the Digital Economy, published by China in 2016,
gives a widely recognized definition of the digital economy.

Digital economy should at least include digital infrastructure, based on computer
hardware and software, telecommunication equipment to carry informationization net-
work and digital information elements; it should also include digital application sce-
narios, digital media, digital transactions, smart city construction and so on, which have
caused a radical impact on the reform of business forms [1].

In recent years, the Internet of Things platform, Al cloud platform, Internet fi-
nance and other digital industries are gaining momentum, the digital penetration rate
of each industry is increasing, accelerating the transformation and upgrading of each
industry, and industrial digitization is evolving to a deeper level, in which the digitali-
zation level of each industry presents a reverse penetration characteristic between them.
The digital penetration rate of agriculture reached 8.9 % in 2020, and the scale of rural
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e-commerce sales has expanded by nearly 10 times, which shows that it is crucial to
complete the digital upgrading of agriculture.

Take Shenzhen as an example, Shenzhen's digital economy is in full swing, and
the added value of the core industries of the digital economy in 2021 exceeded 900
billion yuan, accounting for more than 30 % of the city's GDP. At the same time, Shen-
zhen has also established a green low-carbon and recycling development economic
system, cultivated a number of enterprises with core competitiveness such as Huawei,
ZTE, Tencent, etc. The green economic dividend released by the structural optimiza-
tion effect of the digital economy, the resource allocation effect, the technological in-
novation effect, and the wisdom governance effect is huge. For example, Shenzhen's
total economic output ranks among the top in the country, but the intensity of energy
consumption and carbon emission intensity in 2021 is only 1/3 and 1/5 of the national
average, with nearly 80 % of the installed clean power supply, and the international
low-carbon and clean-technology cooperation and exchange platforms, the Shenzhen
Emission Rights Exchange and financial institutions' carbon finance cooperation pro-
jects have been set up to crack the space, resource, population and environmental prob-
lems, and the city's green development has a strong kinetic energy. Considering the
possible "negative energy" effect of digital infrastructure construction, this paper dis-
cusses the non-linear impact of digital economy on urban green development with the
help of the following classic panel threshold model:

Geey, = ng +nDigey, X I(Diginfy, < 0) +n,Dige;, x I(Diginfy, > 6) +
+ N3 X + p; + 6, + &

For green development, the significance of the digital economy is not only re-
flected in its contribution to the total volume, but more importantly in its role in pro-
moting the optimization and upgrading of industrial structure. This requires that in pro-
moting urban green development, we should not only adapt to local conditions, but
also strengthen synergy and linkage, and fully consider the regional heterogeneity and
complementarity of the digital economy's effect on ecological efficiency. On the one
hand, it is necessary to enhance the systemic and synergistic nature of digital economy
governance in each region, and break down the industry barriers and geographical re-
strictions of new models and new business forms [2]. On the other hand, it is also nec-
essary to rely on regional comparative advantages, through the introduction of talent
and technology, to create a characteristic digital industry, to implement the digital
economy empowered urban production space transformation differentiated develop-
ment paths, and to release the regional advantages of the digital economy in improving
ecological efficiency. Undoubtedly, this is also one of the important directions for the
green development of digital economy-enabled cities.

Continuously coordinating the relationship between economic and social devel-
opment and urban habitat and ecological environment is not only an important way to
achieve coordinated economic and ecological development, but also an urgent require-
ment for transforming the mode of economic development, optimizing the economic
structure, and transforming the power of economic growth. From the perspective of the
key production factors of the digital economy, the data factors are not only low-cost
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and large-scale availability, but also have traditional factors such as labor, capital, land,
etc., that do not have the Non-competitive, non-exclusive (partial exclusivity), low-
cost replication and other characteristics [3]. This makes the digital economy replace
natural resources and ecological factors as the main production factors with knowledge,
technology, information and data to a certain extent, thus the digital economy itself is
an environmentally friendly industry, optimizes the ratio structure of factors, and
causes less loss to the urban ecological environment, and achieves the effect of green
development of the city on the whole.
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Annotation. The continuous advancement of Al technology is continuously de-
veloping China's comprehensive Al infrastructure. Local tech companies represented
by Tencent, Baidu, Alibaba and Huawei are emerging as flagship entities for this de-
velopment. This thesis analyze these advances provides a framework for understanding
possible paths for mutual development and cooperation in Al in China and Belarus.

Between 2014 and 2017, China's Al industry witnessed a wave of start-ups, with
around 4,000 companies. After 2019, this wave faded.

This shift is further evidenced by the deep integration of Al with various industries
in 2022, driving the upgrading of traditional industries. The emergence of innovative
technologies, represented by AIGC, and the shift from a technology-orientated to a
value-orientated market further outlines this development trajectory.

Building a complete Al ecosystem requires a strong Al hardware infrastructure,
At the recent 2023 China Computing Conference, Liu Jun, President of Lenovo Group
China, outlined the three main features of China's emerging Al ecosystem: super smart
terminals, hybrid architecture computing, and comprehensive industry applications.
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According to International Data Corporation, Lenovo Group has become the fast-
est-growing Al hardware infrastructure provider in 2022, with a 139 % increase from
a year earlier, ranking third globally. Meanwhile, the accelerated deployment of intel-
ligent computing centres is achieving rapid ramp-up through the widespread applica-
tion of Al in various industry scenarios.

Intel (China) stood out with its combined hardware and software advantages.
From CPUs to GPUs, from FPGA accelerators to dedicated Al acceleration chips
(ASICs), Intel hopes to build a full-stack Al product and platform through XPU hard-
ware architecture complemented by software and platforms.

China provides a blueprint for Belarus with strong Al innovation progress. This
cooperation could not only drive technological progress in both countries, but also pro-
mote the development of Al globally, reinforcing the key role of Al in global develop-
ment.
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Currently, the development of the Chinese economic model is an attractive exam-
ple for many developing countries, especially in the development of electronic com-
merce, information technology and modern government management systems. China's
cross-border e-commerce is experiencing rapid growth, fueled by the significant ad-
vancements in information technology and the Belt and Road Initiative.

In 2019, the transaction volume of China's cross-border e-commerce reached
RMB 10.5 trillion. Alibaba, a leading internet technology company in China, epito-
mizes the success in the cross-border e-commerce domain. In 2015, company invested
in nearly 70 enterprises, including 15 overseas. By 2019, Alibaba's business income
and profits had increased by seven and four times respectively.

It is obvious, that sustainable development model of Chinese e-commerce is
focusing on enterprise cost control which includes:

1. Determining Operational Scope and Logistics Cost Control. A pivotal aspect
of sustainable e-commerce growth lies in accurately defining the operational scope and
target clientele. Alibaba has astutely delineated its operational boundaries and customer

25



base, ensuring the allocation of resources to viable and profitable product marketing
schemes, and guarantee that all diverse offerings have 24-hour delivery.

Logistics network is paramount for enhancing consumer experience and reducing
societal logistics costs. Alibaba's commit to infuse CNY 100 billion from 2019 to 2024
to expedite the construction of a comprehensive logistics network.

2. Enhancing Work Efficiency. Alibaba ensures regular sales training for its em-
ployees, fostering an environment of continuous learning and skill development.

3. Supply Chain Management Model Construction. Alibaba has strategically ac-
quired shares in various companies, enhancing its control over different aspects of the
supply chain, from attracting users to managing capital and logistics flows. This stra-
tegic move underscores the critical role of supply chain competition and management.
The construction methods encompass three primary approaches: downstream construc-
tion, upstream construction, and a combination of both.

4. Innovative Management model benefits capital flow. It's bifurcated into pay-
ment settlement and transaction phases, Alibaba has enabled users to swiftly access the
latest and most relevant information through its platform. Also, Ali Developed special-
1zed chat tool for inter-enterprise communication, to cost reduction and efficiency en-
hancement.

On this basis, the exploration of China's e-commerce market model offers the op-
portunities that Belarus can leverage, by adapting successful models, for enhance its e-
commerce landscape, fostering economic growth and global integration.
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Annotation. By examining the current state of international logistics develop-
ment under economic integration, this paper concludes that the logistics industry be-
tween China and Belarus still faces some challenges, so it is necessary to collaborate
in the formulation and improvement of relevant logistics laws and regulations, to
strengthen infrastructure construction, and to cultivate high-quality international logis-
tics talents.

Belarus and China are developing regional economic cooperation as the global
economy slows. The "One Belt, One Road" initiative not only strengthens China-Bel-
arus political, economic, and cultural ties and facilitates trade and commerce between
the two countries, but it also facilitates the improvement of infrastructure between the
countries, the improvement of logistic facilities and equipment, and the promotion of
economic development. In this context, it is critical to analyze the current state of lo-
gistics development, as well as identify problems in the development process, in order
to have a significant impact on China and Belarus' logistics development [1].

Since the Belt and Road Initiative was proposed in 2013, the scale of import and
export trade, as well as the volume of freight, have been on an upward trend, with
China's import and export trade exceeding 4 trillion US dollars in 2013 and 7 trillion
US dollars in 2023. The scale of import and export trade continues to grow, but the
total volume of import and export trade fluctuates and rises as the economy expands.
At the moment, China and Belarus' logistics development is hampered by ineffective
logistics management laws and regulations, a scarcity of high-quality logistics talent,
and an inadequate international logistics infrastructure [2].

1. Accelerate the improvement of international logistics laws and regulations.
With the promotion of *One Belt, One Road" as part of economic integration, the gov-
ernment should increase policy and financial support for international logistics. China
has implemented a number of preferential policies for the "Belt and Road Initiative™ in
order to promote the development of international trade and logistics between China
and Belarus. In this context, the relevant departments must also introduce special laws
and regulations for international logistics, strengthen logistics enterprise management,
unify the management system, clarify the scope of authority and responsibility between
departments and regions, optimize logistics resource allocation within and between re-
gions, and facilitate logistics enterprise operation and development.

2. Develop top-tier international logistics talent. International trade and interna-
tional logistics development must be supported by high-quality talent under the "Belt
and Road" Initiative. International logistics enterprises must recruit high-quality logis-
tics professionals who not only understand the fundamentals of international trade and
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logistics, but also understand transportation, warehousing, distribution, and other pro-
fessional skills. They must also increase their awareness of logistics services, as well
as their use of computer operations and foreign language proficiency, in order to meet
the demands of high-quality services. On the one hand, international logistics enter-
prises must do a good job of introducing professional, high-quality logistics personnel;
in the context of "Belt and Road", you can directly employ local logistics professionals,
allowing you to make full use of human resources and strengthen communication and
exchange between logistics professionals. Colleges and universities, on the other hand,
should improve the quality and level of training of logistics talents, including not only
solid basic knowledge but also professional skills, not only to keep up with the inter-
national logistics situation but also to improve organization, coordination, communi-
cation, exchange, and other basic skills [3].

3. Increase the number of international logistics facilities being built. Build a com-
prehensive international logistics service platform, improve the level of international
logistics information service, and provide customers with one-stop services such as
procurement and manufacturing, warehousing and storage, packaging, distribution, re-
turn and return of goods, and so on. To enhance customer satisfaction, the customer
can be the first to grasp the movement of goods, the progress of goods transportation,
and so on. Customers require more and more diversified logistics services as interna-
tional trade and cross-border e-commerce develop. As a result, logistics service enter-
prises must expand the scope of services, provide customized services to meet the in-
dividual needs of customers, pursue quality and globalization of logistics services, and
improve the overall efficiency of the service in order to survive and grow in a compet-
itive market environment with complex market demand.

Under the backdrop of economic integration, trade between China and Belarus
continues to grow, trade volume is increasing, goods exchange is frequent, and inter-
national logistics is developing to some extent. Improving international logistics infra-
structure construction and promoting better coordinated development of international
trade and international logistics are unavoidable outcomes of economic and trade de-
velopment in this process.
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Annotation. As two important economic entities, Belarus and China face the back-
ground of globalization and international economic cooperation, and it is of great significance
to strengthen their economic integration cooperation. This article aims to explore how both
sides can further strengthen economic cooperation and achieve mutual benefits by analyzing
the mechanisms and means of economic integration between Belarus and China.

As two countries with rich resources and potential, Belarus and China have broad
prospects for economic cooperation and integration. To strengthen their economic in-
tegration, both sides need to establish a comprehensive mechanism and means to
achieve mutual benefits.

Policy level is an important factor in promoting economic integration. Both sides
can sign bilateral cooperation agreements, free trade agreements, and investment pro-
tection agreements to clarify the policy framework and legal guarantees for economic
cooperation. They can also establish mutually recognized standards and norms to pro-
mote trade facilitation and connectivity.

Trade cooperation is one of the core contents of economic integration. Both sides
can improve trade channels and trade facilitation to increase trade volume and level.
They can also explore potential trade opportunities by enhancing the complementarity
of goods and services. Setting up economic zones and free trade areas can provide more
favorable trade policies and attract more investment and trade.

Investment cooperation is also an important means of achieving economic inte-
gration. Both sides can strengthen investment cooperation and jointly carry out project
construction and business cooperation. They can cooperate in infrastructure construc-
tion and other areas to achieve resource sharing and complementary advantages. To
encourage investment cooperation, both sides can provide more favorable investment
policies and tax policies to reduce investment risks and costs.

Humanistic exchange is an essential support for economic integration. Both sides
can strengthen exchanges and cooperation in education, culture, science and technol-
ogy, and other fields to enhance mutual understanding and friendship. They can also
conduct academic exchanges, carry out research projects and academic conferences,
and hold art exhibitions and cultural festivals to increase mutual understanding among
people and provide a social basis for economic cooperation.

The economic integration between Belarus and China has broad prospects and
potential. Through the above ways, both sides can further strengthen their economic
cooperation and achieve mutual benefits.
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Annotation. The characteristics of the activities of individual subjects of the in-
novation infrastructure of Belarus and China are given. Reflects: the subject, the main
goals and objectives of their functioning. The results of their activities are briefly pre-
sented. The prospects and importance of their cooperation to create a joint infrastruc-
ture in the context of the globalization of the international market are given.

DKOHOMHUYECKOE Pa3BUTUE CTPAH HAMPSIMYIO 3aBUCUT OT UX CLIOCOOHOCTH KOHKY-
pUPOBATh U COTPYAHNYATH HA MUPOBOM PBIHKE TOBapOB U yCIYyT. B mepByro ouepenb
3TO OTHOCHUTCSI K BBICOKOTEXHOJIOTMYHBIM, NTHHOBAIIMOHHBIM MPOW3BOJICTBAM, Pa3BH-
THE KOTOPBIX BO MHOTOM OMPEEISETCS NeITEIbHOCThI0 CyObEKTOB MHHOBAIIMOHHOM
uHdpactpykrypsl (nanee — CUN). MHTepHannonann3anus U Co3/1aHie COBMECTHBIX
CHMU sBasieTcst HauboJiee akTyalbHbIM B HACTOSAIIEE BPEMSI.

B benapycu u B Kutae npuHsTh 1 peain3ytorcs ['ocyaapcTBEHHbBIE TPOTPaMM bl
1o cozaanuto u nogaepxke CUU [1], pa3BuBaroTcst HOBbIE OPMBI MEKTOCYAAPCTBEH-
HOro corpyanudectBa npu nogaep:xkke CHUU [2]. bemapych akTMBHO BOBJIEYEHA U
TECHO coTpyaHH4aeT ¢ Kutaem B pamkax npoekra «OnauH nosic u oguH nyth» [3]. Tak
CIEIyEeT OTMETUTh HEAABHEE MOANUCAHUE MEMOPAHAYMOB O COTPYJHUYECTBE MEXKIY
Kuraiickum Llentpom no tpanchepy Texnonoruit rocyaapers uieHoB [HIOC (nanee —
Hentp LIOC) ¢ Munckum ropoackum texnonapkom (nanee — MI'T) u ¢ aHOBaIm-
OHHBIM MEXTyHAPOHBIM IIEHTPOM HAyYHO-00pa30BaTEIHHOTO K KOMMEPYECKOTO CO-
TpyanudectBa «/emo» (mamee — UMLI). [IpenmeTomM ux COBMECTHOU AEATEIbHOCTH
SBJISIETCS: Pa3BUTHE CTapTarioB U WHHOBAIIMOHHOM 3KOCHCTEMBI; (PMHAHCUPOBAHHE
MPOEKTOB U 00pa3oBaTEIbHBIX MPOTPAMM; aKaJIeMHUYECKUEe OOMEHBI; CO3JaHuEe COB-
MECTHBIX JTa0OpaTOpPUiA; COTPYAHUYECTBO B MPOBEACHUE HAYYHO-0OPA30BATEIIHHBIX
MEpOMPUSATUN U JIp. chepbl COTPYIHUYECTBA.

B nemsix peammzarmu nexnapaimu wieHoB [IIOC B 2020 r. B ropoae [{unmao Obu1
ocnoBad L{entp IIIOC (http://www.scocenter.com/). Llentp IIOC 3annMaeTcs pa3BuTHEM
COTPY/IHUYECTBA B 00JIACTH HAYKH, TEXHUKH, KyJIbTYPbI, SKOHOMUKH, TOPTOBJIA U 00pa3o0-
BaHUS U SIBJISIETCS. MOCTOM MEXAY CTPaHaMU, MOIICPKUBAOIIMMH MEXKTyHAPOTHYIO UHU-
uatuBy «OauH nosic — OuH myTh». OCHOBHOE HAIPaBJICHUE ACSITEIbHOCTH — POJIBUKE-
nue uaHoBarwmil. Llentp IIIOC npenocrapisieT KOMITIEKCHBIE YCITYTH: pa3paboTKa v TpaHC-
MOPTUPOBKA MHHOBAIIHI; pa3MelleHHE Pa00OUnX CTaHIUH 3a PyOEKOM; yJacTHe B HAy4YHO-
MPAKTUIECKUX MEPOIPUATHUSX; JEKIapalds MPOCKTOB; MPUBJICUECHUE CIECIIMATUCTOB; CO-
JIENCTBUE TIPOBEJICHUIO UCCIICIOBAHUN C YHUBEPCUTETAMU W HAYYHBIMU OPraHU3aIUsIMHU.
[IpenocTaBmnsieT ppIHOUHBIC YCITyTH: OpraHU3aIHsl 3apPyOeKHBIX TIOE310K, COPOBOKICHUE
HMMIIOPTa ¥ 3KCIOpTa MPOIYKIMH, MEXIYHAPOJIHbIE WHBECTULIMM B MPOU3BOACTBEHHBIC
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komnanuu. [entp HIOC co3znan KoopAMHALMOHHBIE LIEHTPHI B KPYIMHBIX ropogax Kuras,
¢bumansl B Jlonnone, Cankt-IlerepOypre, Actane, TamikeHnrte. Beaercs mocTosiHHBIN qua-
nor ¢ 20 gpyrumu ctpaHamu B paMkax «OnauH nosic — OquH myTey. [lnanupyercst OTKphbI-
THE 3apyOeKHbIX (prmanos, B ToM yncie U B benapycu. K Hactosimemy Bpemenu LleHtp
[IOC 3aperucTpupoBall KOHTPAKTOB Ha cymmy Oosiee 20 MJTH. F0aHeH, 00hEM TOPTOBIIH
yCIyraMy COCTaBWII Oojiee 3 MiIp/. roaHel, a 00beM ycyT ¢ yrpasienuem [lentpa [IIOC
— 6onee 100 muH. roaHei, peamuzoano 6osiee S000 TexHONMOTUN U 24 MPOMBIIILICHHBIX
npoekTa, mpusiedeHo 6osee 2000 BHICOKOKIIACCHBIX AKCIIEPTOB.

MI'T (https://mgtp.by/) cozman u mnomyuun rocynapcTBeHHb craryc CUN
B 2011 r. I'maBHas 3amaga MI'T — mojiiepskka v co3/iaHue OJIaroNpHUATHBIX YCIIOBUH TIPE/I-
OPUSATHSIMHA U HAUMHAOIIUM KOMITAHUSIM B PEAJIM3ALIMA WHHOBALIUNA: MaT€pUAIbHO-TEX-
HUYECKOE, ((MHAHCOBOE, OPraHU3aLMOHHO-METOINYECKOe, NH(POPMALIMOHHOE, KOHCYIIb-
taronHoe 1 nHoe obecneueHue. Ceromgas MI'T — 310 kpynHeHmii TexHomapk berna-
pycu: Tepputopus — 43,8 ra; miomanas — 128 000 kB. M; 00beM npousBozcTBa 49 pesu-
neHToB — 149 muH. py0. Pe3unentsl pabotaroT B cepax: sHeprocoepexeHre, MalmHo-
CTPOCHHE, MUKPOIEKTPOHUKA, MEIUIIMHCKOE TEXHWKA, CUCTEMbl O€30MacHOCTH, OIl-
TUKO-3J1eKTpoHHBIe cucTeMbl. [laptHepamu MI'T sBisitoTcst oTe4ecTBEHHBIE U 3apyOeiK-
HbIE TEXHOIAPKH, YHUBEPCUTETHI U aKaJIEMUUYECKUE CTPYKTYPbI, B TOM YHCJIE KUTANCKUE
(Sanyi Aeronaftics Techology, Kuraiicko-Poccutickuii Texaonapk 1. Yanuyns, UIT «Be-
KUK KaMeHby», Kutaiicko-Poccuiickuit TexHonapk r. SIHbTaii u zp.).

ML nocrtatouHo MonoAasi KOMIaHus, Kotopas oTkpeiTa B 2023 T., B COCTaB KO-
TOPOM BXOASAT CIEIIUATUCTHI C OTPOMHBIM OMBITOM PaOOTHI [0 COTPYIHUYECTBY MEKITY
OEJIOPYCCKUMU U KUTAaUCKUMU opraHu3anusMu. OKa3bpIBaeTCs COJICHCTBUE YHUBEPCH-
TeTaM B (OPMUPOBAHUM U pean3alliid COBMECTHBIX 00pa3oBaTelbHbIX Tporpamm. C
MexyHapoJHOW accoIMaluel HayYHO-TEXHOJOTHUYECKUX IMAPKOB U 30H BBICOKUX
TexHoJoTui «OJIUH MOSC — OJIUH MYThY» OPraHU3yeTCs OOMEH YUYEeHBIMU, ITPOBEACHHE
JIEKIIHH, 00CY>KJIEHHE U TTOATOTOBKA COBMECTHBIX MHHOBAITMOHHBIX TTPOESKTOB MEXTY.
CoBmectHo ¢ Kuraiicko-benopycckuM TexHomapkoM r. YaHuyHb MpopadaThIBatOTCs
BOIIPOCHI, CBSI3aHHBIE C OPraHU3alyeld COBMECTHBIX MPEIITPUATHIA.
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Annotation. The year 2023 marks the tenth anniversary of “the Belt and Road”
Initiative, and “the Digital Silk Road” is becoming a bridge for a new type of globali-
sation. The "Belt and Road" countries are actively developing international cooperation
in emerging fields such as digital economy, which will undoubtedly become an im-
portant force for the economic recovery and development of each country. In this paper,
we take China and Belarus as the case studies to analyse and summarise the future
development trend of the two countries in the field of digital economy, and provide
reference and suggestions for relevant scholars.

By the end of June 2023, China's in-use data centre racks surpassed a total
of 7.6 million standard racks, with an aggregate computational power reaching
197EFLOPS, securing its position as the world's second-largest. Moreover, China
boasts the highest production output of computing products such as servers, computers,
and smartphones globally [1].
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Figure 1 — China's Digital Economy Scale and Forecast

As seen in fig. 1, the digital economy is driving China’s real economy, with its
market size growing from 2.6 trillion yuan in 2005 to 50.2 trillion yuan in 2022
(ranking second globally), and expected to reach 80 trillion yuan by 2025 (a growth
of about 76 %). As a share of GDP, the digital economy has grown from 14.2 % in
2005 to 41.5 % in 2022 and is projected to reach 55 % by 2025.Cooperation between
China and the Belt and Road countries in the field of digital economy is also going
deeper and deeper. Since the 10th anniversary of the "Belt and Road" initiative, more
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than 150 countries and 32 international organisations have signed more than 200
cooperation documents with China to build the "Belt and Road"[2].

The digital economies of China and Belarus, while developing along different
paths, face three common challenges and obstacles. First, China and Belarus have sig-
nificant complementarities in digital technologies, including in areas such as finance
and infrastructure, which offer substantial opportunities for digital cooperation. Second,
the inadequacy of the relevant legal system, mainly in terms of privacy protection and
personal data security, which greatly restricts the rapid diffusion of relevant technolog-
ical services in the civil sector. Finally, the two countries should work together to
deepen talent training through the construction of the digital “One Belt, One Road",
establish joint incubation platforms, research laboratories and R&D strategic alliances,
and strengthen the foundation for sustained innovation and talent training, so as to pro-
vide continuous vitality for the digital economy.

BELARUS AND CHINA DEVELOP DIGITAL ECONOMY
IN REGIONAL CONDITIONS
Shao Ruixue
School of Business of Belarusian State University, Minsk, Belarus

Annotation. The rapid development of the digital economy in recent years has
become an important factor influencing the global landscape, and regional economic
integration is also a way of cooperation between countries around the world. This arti-
cle describes various aspects of the benefits of cooperative development between Bel-
arus and China in the conditions of regional economic integration for the digital econ-
omy and digital technologies.

In recent years, the digital economy has been developing rapidly at an unprece-
dented rate, with a wide and far-reaching impact, and is becoming an important force
influencing the reconfiguration of global factor resources, the reconstruction of the
global economic structure and changes in the global competitive landscape. At the
same time, the synergistic effects of regional integration and its impetus to economic
development are gradually emerging. According to the global economic development
trend, the development of regional integration economy is unstoppable. Currently, the
world is rapidly developing a digital economy. Digital economy refers to a series of
economic activities in which digital knowledge and information data are the main fac-
tors of production, modern information network is an important carrier, and infor-
mation interaction technology effectively serves as an important driving force to im-
prove efficiency and optimize economic structure [1]. The rapid development of the
digital economy has made it the "new engine" of national economic growth. Therefore,
within the framework of economic integration, the cooperation between Belarus and
China in the digital economy has a huge potential and will give new impetus to the
development of the information technology industry.

Both China and Belarus pay great attention to the development of the digital econ-
omy. Belarusian President signed a Decree on the Development of the Digital Economy
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in December 2017 and said that the development of the digital economy is one of the
directions of the country's development. He emphasized the need for Belarus to give
new impetus to the country's IT industry, to attract talented people and well-known
companies to develop it, and to become at least a regional leader in areas such as arti-
ficial intelligence, big data and blockchain. Since Belarus has been vigorously devel-
oping its digital economy, it has been growing rapidly and its digital economy is among
the top in Eastern European CIS countries [2].

Meanwhile, China has been focusing on the development of the digital economy
and digital technology since 2015, when it first proposed the "construction of a digital
China", and has gradually become a world-recognized digital power. China's goal is to
develop the digital economy, promote digital industrialization and industrial digitiza-
tion, facilitate the deep integration of the digital economy and the real economy, and
create internationally competitive industrial clusters. According to the 2021 Global
Digital Economy Conference, China's digital economy has ranked second in the world
for many consecutive years. At the same time, China has made great achievements in
promoting industrial digitization and the deep integration of digital technology with
economic and social development.

Regional economic integration refers to the process and state in which economies
that were originally independent of each other combine in some form to form an eco-
nomic union. Regional economic integration implements free trade, which, in the case
of Belarus and China, can extend trade liberalization to a specific region, thus gaining
more benefits. For example, the establishment of the China-Belarus Industrial Park
(CBIP), which is China's largest offshore economic and trade cooperation zone, is one
of the cornerstones of the future economic integration of Belarus and China.

The development of the digital economy promotes the process of regional eco-
nomic integration, and at the same time, by strengthening regional cooperation, Belarus
and China will be able to realize the co-development of the digital economy and digital
technology, creating more opportunities and momentum.

Deepen the construction of digital economy system and promote the development of
digital economy. With the "Belt and Road" as the lead, we will promote the development of
high technology by using economic and trade cooperation zones and free trade zones as a
pilot for trade innovation and development [3]. Belarus and China will cooperate with each
other in the field of information technology, strengthen the improvement of standards, sci-
entific and technological innovation and industrial upgrading, promote the research and de-
velopment, transformation and application of key core technologies, and raise the level of
high-quality development of the digital economy industry.

Improve the standardization level of the digital economy, formulate an action plan
for upgrading the standards of the digital economy, and implement a number of projects
for upgrading the standards of the digital economy in the key areas of digitalization of
the industry and digitization of the industry, so as to enhance the competitiveness of
the market. Accelerate the improvement of the digital trade industry, platform, ecology,
system and regulatory system, continue to strengthen the construction of the whole
chain of digital trade, and promote the synergistic transformation and development of
digitalization and greening [4].
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Third, accelerate the development of digital industry clusters and promote the dig-
ital transformation of industries. Digital technology cooperation between the two coun-
tries should focus on digital industry clusters such as digital security and network com-
munications, and vigorously develop digital industries such as artificial intelligence,
cloud computing and big data to promote industrial digital transformation [5]. Intelli-
gent development of traditional manufacturing industries will be transformed to new
smart manufacturing.

By strengthening regional cooperation, Belarus and China will be able to realize
the co-development of the digital economy and digital technology, creating more op-
portunities and momentum.
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BETWEEN CHINA AND BELARUS AND PROPOSALS
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Annotation. This paper thoroughly analyzes current and future economic inte-
gration between China and Belarus, showcasing significant recent growth across trade,
production capacity, digital economy, logistics, and investment. Recommendations for
the future emphasize enhanced interdisciplinary collaboration, Belt and Road Initiative
promotion, cultural and educational exchanges, streamlined investment climate, inno-
vative partnership models, sustainable practices, and regional engagement. These pro-
posals aim to catalyze deeper economic integration between both nations, fostering
shared interests and prosperity. Through persistent collaboration, China and Belarus
can significantly contribute to global economic advancement.

In recent years, cooperation between China and Belarus has shown increasingly
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significant growth, characterized by the flourishing development of multifaceted co-
operation. The achievements of this cooperation have been remarkable, and this paper
briefly summarizes them in this regard.

1. Summary of the current situation:

Trade cooperation has shown remarkable growth: bilateral trade between China
and Belarus reached a record high of $5.8 billion in 2022, an increase of 113.6 % from
2021. Belarus' merchandise exports totaled $1.6 billion, an increase of 76.5 percent.

Cooperation in production capacity is gradually being strengthened: 49 of the
companies registered in Belarus's Jumbo Industrial Park are companies with invest-
ments from China, announcing investments of about $770 million and plans to create
jobs for more than 3,800 people.

E-commerce and digital economy cooperation is booming: Belarusian national e-
commerce has been launched on 2 popular Chinese e-commerce platforms, Jingdong
and TIKTOK, and there are plans to open Belarusian e-national pavilions on 7 other
major Chinese platforms.

Chinese investment in Belarus has grown significantly: Chinese investment in
Belarus has increased by almost 80 %, and in 2022, China is in seventh place in terms
of total FDI in Belarus.

These data highlight the significant growth and expansion of areas of cooperation
between China and Belarus, providing substantial support for the deepening of coop-
eration between the two sides.

In the future, in order to deepen this positive development, we have put forward a
series of recommendations aimed at promoting broader and deeper cooperation be-
tween China and Belarus in economic integration and cooperation, and realizing com-
mon prosperity and development.

11. Suggestions for future development:

Strengthen the depth and breadth of cooperation in multiple fields: strengthen co-
operation in trade, investment, production capacity, science and technology, agriculture,
digital economy, e-commerce, logistics and other fields to increase the depth and
breadth of cooperation.

Promote the implementation of the Belt and Road Initiative: make full use of the
platform of the Belt and Road Initiative to deepen cooperation with China and promote
economic exchanges between Belarus and countries along the Belt and Road. Strength-
ening humanistic exchanges and educational cooperation

Strengthening humanistic exchanges and educational cooperation: through
strengthening cooperation in education, culture, sports and other humanistic fields, we
will promote mutual understanding and friendship between the two sides and lay a
more solid foundation for economic cooperation.

Continuously optimize the investment environment: Provide more convenient
policies, services and environment for Chinese enterprises investing in Belarus, and
encourage more high-quality projects to land in Belarus.

Sustainable development and green cooperation: emphasize the concept of sus-
tainable development, promote cooperation in environmental protection, clean energy
and green technology, and jointly address global environmental issues.
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Strengthening regional cooperation: Maintaining close coordination and coopera-
tion on international and regional affairs of common interest, and jointly promoting
regional peace, stability and prosperity.

These recommendations are aimed at promoting more positive and in-depth de-
velopment of economic integration cooperation between China and Belarus in the cur-
rent international situation, and realizing common interests and prosperity.
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SHANGHAI COOPERATION ORGANIZATION AND ECONOMIC SECU-
RITY IN BELARUS AND CHINA
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Annotation. The Shanghai Cooperation Organization (SCO) is an important re-
gional organisation in Eurasia, encouraging collaboration among member governments
in numerous disciplines. This research explores how the SCO improves economic se-
curity, focusing on Belarus and China. This article examines the SCO's economic ac-
tivity and these two states' economic issues to demonstrate the organization's role in
regional economic stability.

Eight countries, including China and Belarus, make up the Shanghai Cooperation
Organization (SCO), a major 21st-century Eurasian player. Economic security is cru-
cial as the world grows more interconnected. Economic security demands resilient
economies, diverse resources, and sustainable commerce, not just money.

See how the SCO affects Belarus and China's economic security. These countries
have economic issues, and their SCO membership illuminates the organization's mis-
sion. We wish to understand the SCO's structure, history, economic goals, and Belarus
and China's economic security. We will explain the SCO's role, review Belarus and
China's economic security issues, and assess its economic security measures. SCO in-
itiatives' results will be shown in cases.

In a dynamic world, regional organisations like the SCO affect economic stabil-
ity.China, Russia, Kazakhstan, Kyrgyzstan, Tajikistan, and Uzbekistan founded the Shang-
hai Cooperation Organization (SCO) in 2001. India and Pakistan joined in 2017, increasing
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its importance. The SCO seeks political, economic, military, and cultural cooperation.Eco-
nomic activity in SCO has expanded steadily. It fosters economic collaboration in numerous
ways. Money laundering and illicit financial flows are combated by the SCO Regional Anti-
Terrorist Structure (RATS). SCO Business Council and Interbank Consortium aim to pro-
mote economic and commercial ties [1].

China launched the SCO economic cornerstone "Belt and Road Initiative" (BRI).
The BRI improves infrastructure and connectivity in SCO and other countries through
land- and sea-based trade routes.Economic activities are key to SCO regional stability
and prosperity. This document will help us assess the SCO's economic security contri-
butions, particularly in Belarus and China. Compare Belarus and China's economic
security in the Shanghai Cooperation Organization (SCO) to see its efficacy.

Belarus faces economic difficulties such energy dependence on Russia, poor di-
versification, and sanctions. Infrastructure initiatives and SCO trade agreements helped
Belarus overcome these challenges. Economic diversification and energy independ-
ence are promoted by SCO initiatives like Belarus-China Industrial Park and Great
Stone Industrial Park. China has economic security concerns related to global trade,
resource access, and regional stability. The SCO supports China's Belt and Road Initi-
ative regional connectivity. These programs build alternative trade routes and resource
supply networks for China's economic security.

Belarus and China discussed economic security at the SCO. China grows its eco-
nomic might as Belarus diversifies and becomes more resilient. By studying the SCO's
impact on these two economies, we may learn how regional organizations can improve
member economic security. We shall explore case studies and outcomes to understand the
SCO's economic security contributions in Belarus and China in the following sections.

SCO has enhanced Belarus' economic security. SCO supports Belarus' economic
problems and potential. Economic security challenges for Belarus include trade imbal-
ances and energy dependence. These challenges affect national security and stability.
Belarus recognizes economic security safeguards its budget and sovereignty.SCO en-
gagement is strategic for Belarus. Belarus joined a stable, growing, and mutually ben-
eficial regional cooperation network. Belarus's economic security aims meet SCO con-
sensus, equality, and non-interference.

The Belarus-China economic case study highlights the genuine benefits of SCO
membership. Growing economic ties between these nations have enhanced growth, di-
versification, and resilience. Belarus' economic security has improved through SCO
trade, energy cooperation, and investment.Though the SCO has enhanced Belarus's
economic security, concerns remain. Examples include trade inequality, economic
partner variety, and SCO project viability.Belarus will keep participating in the SCO's
economic activities to improve its vitality and seize opportunities [2].

Belarus's SCO relationship is vital in the volatile and interconnected global econ-
omy. This indicates how the organization can address cross-border economic security
for its members. The SCO will strengthen Belarusian and Eurasian economic security
in the future. Through communication, cooperation, and shared aims, the SCO gives
members facing challenging economic security concerns in a changing world hope [3].

China's economic security is improved by the SCO. The SCO, a mutual cooperation
and shared goals organization, has helped China's economic growth and regional influ-
ence.China has used the SCO to handle complicated economic security challenges as a
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founding member. Financial stability, energy, trade, and infrastructural growth. China uses
the SCO strategically because economic security is crucial to national security.

The SCO helps China achieve economic security. The organization's non-interference,
mutual respect, and equality promote China's economic growth and regional stability. It
strengthened China's business connections with SCO members and observers. China's sig-
nificant SCO economic cooperation with Belarus is highlighted. Mutual cooperation has
improved trade, investment, and economic diversity, enhancing China's economic secu-
rity. The SCO has enhanced China's economic security, but challenges remain. Addressing
trade imbalances, managing regional security crises' economic impacts, and supporting
massive infrastructure projects are examples.

China's SCO leadership and participation show its economic security commit-
ment. The SCO promotes dialogue, collaboration, and consensus to help China and the
Eurasian area manage economic security.China's economic security plan will depend
on SCO cooperation. China's and the Eurasian region's economic stability depends on
the organization's broad and inclusive approach to economic security.

Compare Belarus and China's economic security in the Shanghai Cooperation Or-
ganization (SCO) to see its efficacy.Belarus faces economic difficulties such energy
dependence on Russia, poor diversification, and sanctions. Infrastructure initiatives
and SCO trade agreements helped Belarus overcome these challenges. Economic di-
versification and energy independence are promoted by SCO initiatives like Belarus-
China Industrial Park and Great Stone Industrial Park. China has economic security
concerns related to global trade, resource access, and regional stability. The SCO sup-
ports China's Belt and Road Initiative regional connectivity. These programs build al-
ternative trade routes and resource supply networks for China's economic security.Bel-
arus and China discussed economic security at the SCO. China grows its economic
might as Belarus diversifies and becomes more resilient.By studying the SCO's impact
on these two economies, we may learn how regional organizations can improve mem-
ber economic security. We shall explore case studies and outcomes to understand the
SCO's economic security contributions in Belarus and China in the following sections.

We suggests the SCO has improved Belarusian and Chinese economic security. De-
spite oil dependence and economic restrictions, the SCO has helped Belarus diversify and
adapt. SCO projects like the Belarus-China Industrial Park show economic growth.The
SCO has helped China implement the Belt and Road Initiative (BRI) by providing alterna-
tive trade routes and resource supply networks to promote economic security. China has
used the SCO to boost its economy and eliminate trade disputes.

The SCO is vital to member states' economic security. Its diversified economic
initiatives, cooperation ventures, and regional linkages benefit Belarus and China. SCO
influence affects regional economic dynamics and member state collaboration beyond
these two nations. In a society that values economic security, regional institutions like
the SCO encourage economic resilience and prosperity. The SCO's growth affects Eur-
asia's economic security.

This analysis will impact regional cooperation and economic security in the glob-
alized world. They stress international cooperation to solve 21st-century problems and
ensure economic security.
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Annotation. This paper aims to explore the economic integration between China
and Belarus, focusing on its mechanisms and means. In recent years, China-Belarus
economic cooperation has become increasingly close, bringing many common interests
and opportunities to both countries. Economic integration between China and Belarus
not only helps promote the economic development of the two countries, but also has a
profound impact on the stability and prosperity of the region.
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HARMONIOUS DEVELOPMENT OF TRADE AND ENVIRONMENT
IN THE CONTEXT OF INTERNATIONAL COOPERATION
Liu Xueyao, Zhai Zhuang
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Annotation. With the deepening of international cooperation, strategies for the
integrated development of trade and economy both regionally and nationally have
emerged and achieved positive outcomes. However, the promotion and development
of international trade could increase pollution and have negative impacts on the envi-
ronment in certain regions. In order to reconcile the relationship between trade and
environment, this paper provides practical approaches in several aspects.

At the United Nations Conference on the Human Environment in 1972, the con-
flict between trade and the environment emerged. The resulting disputes and assertions
have proliferated in the field of economics. One of the most well-known of these as-
sertions, the Pollution Heaven Hypothesis, claims that under the conditions of complete
trade freedom, the geographical distribution of pollution-intensive industries would be
rearranged, and that these industries would move from regions with strict environmen-
tal regulations to those with laxer ones. In the real world, the Pollution Heaven Hy-
pothesis has been shown to be partial and idealistic due to the influence of factors such
as transport costs and trade barriers on the location choices of industries. However,
with the formation and development of economic integration among regions or nations,
and the continued encouragement of trade at the political level, the transfer of pollution
along with the transfer of industries will change the ecological status and the green
development level of regions or nations. In this way, the responsibility for pollution is
difficult to determine and could be escaped. In this context, nations and regions should
coordinate the relationship between trade and the environment while promoting inter-
national cooperation.
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In order to reconcile the relationship between trade and the environment, first of all,
an environmental policy system related to trade should be developed. That is, environ-
mental policies should be implemented to directly or indirectly regulate trade and trade-
related economic activities. Examples include trade controls on dangerous goods and ac-
cess conditions for some industries. Secondly, green trade is the direction and ultimate
goal of trade development. The State can change the trade growth mode and rough eco-
nomic development pattern with high energy consumption and pollution through policies
such as environmental taxes, market access and green investment. The way worth men-
tioning includes the reduction of the proportion of traditional products in export-import
trade and the discovery of new and broader profitable opportunities from the trade of green
products and green services. Thirdly, foreign direct investment is the most easy and effec-
tive way for developed countries or regions to transfer pollution-intensive industries. In
order to avoid this problem, the central authorities should set standards for resource inten-
sification, output efficiency and environmental effects to guide the foreign investment
flow, improve the investment quality and promote the optimisation and upgrading of in-
dustrial structure. In addition, lack of information can be a major factor in creating barriers
in international trade. Therefore, in the face of the complex international environment and
the changing trade structure, it is crucial to set up a specific institution for information on
trade and environmental policies and to provide trade-related information and consulting
services to all export and import enterprises.
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Annotation. The article substantiates the need to carry out a theoretical study of
smart marketing harmonization of business interaction between meat and dairy com-
panies of the Republic of Belarus and China, taking into account the country's historical
culture, geographic location, structure and scale of national economies, the purpose of
which is to generate the main components of the concept creating a unique design for
a global product brand that would stand out from many other countries. The authors
proposed a toolkit for the convergence of mechanisms for the development of the in-
terstate business climate through compliance with and deepening the proportionality
of the effectiveness of institutions, laws and standards by both parties in the field of
joint entrepreneurial innovative activity of national companies based on the specific
features of scientific research of all fundamental prerequisites for the formation of bal-
anced professional companies tendencies of their personnel.

B xo0/1€ BBITIOJIHEHHBIX UCCIEA0BaHUI ObUIO YCTaHOBIEHO, YTO CMapPT-MapKETHH-
roBasi TapMOHHU3AIMS OM3HEC-B3aUMOJCHCTBUSI MSICOMOJIOYHBIX KommaHuil Pecmy6-
muku benapycek u Kurtas, yauTeiBasi CTpaHOBYIO UCTOPUYECKYIO KYJIBTYpY, Teorpadu-
YECKYIO JIOKAIHUIO, CTPYKTYPY U MAacIITaObl HAITMOHAJIBHBIX IKOHOMHK, MOXET o0ec-
MEYNUTH PELIAOIIEE KOHKYPEHTHOE MPEUMYIIECTBO B MUPOBOM SKOHOMUKE U €TI0 YCIIEX
3aBUCHUT OT HAJIJICKAIIETO MCCIETOBAHUS Pa3paO0OTKX KOHIICTIIIMA U MHCTPYMEHTapHsI
CO3/IaHUS AJICKBATHBIX BBICOKOTEXHOJIOTUYHBIX MEKIOCYJAPCTBEHHBIX MPOAYKTOBBIX
OpEH/I0B KaK €ro CTPYKTYPHBIX 2JIEMEHTOB, TaK U B3aUMOBBITOJHBIX KOHBEPTUPYEMBIX
CTPaHOBBIX MHCTPYMEHTOB. B COBpEMEHHOM TII00aTU3UPOBAHHOM M CTpPATETrHYeCKU
TPYJHO IPOTHO3UPYEMOM MUPE, YHUKAIBHBIC 10 CBOEMY KOHCTPYUPOBAHUIO U pEaU-
3aIlui MEXXTOCyAapCTBEHHbIE OU3Hec-Moienu B3aumoiericteust Kurtast u PecyOnuku
benapycp, nX KOMIIaHUN pacrojararOT 3HAYUTEIbHBIMA CUHEPTE€TUYECKUMHU KOHKY-
PEHTHBIMHU MPEUMYILECTBAMU B CONIEPHUYECTBE C IPYTUMHU CTPAaHAMHU 32 IO MUPO-
BOI'0 PBIHKA, JTOJIIO JOXOJ0B, JOJIIO TAJIAHTA, IO PEKJIAMHOIO COBMECTHOI'O BO3ACH-
CTBHUS Ha KJIMEHTOB, MOKymnaTenei [1; 2].

CmapT-MapKeTHHIOBasi TApMOHU3AIMS OU3HEC-B3aMMOICHCTBUS MSICOMOJIOYHBIX
kommannii Pecriyomuku benmapycs n Kurtas BkiItO9aeT KOHBEPTEHITUIO MHCTHUTYIIHO-
HaJIbHOT'0, UHBECTUIIMOHHOTO, MAPKETUHIOBOT'0, IOTUCTUYECKOTO MEXAHU3MOB MOBBI-
meHust YPPEKTUBHOCTU PAa3BUTHS MEKTOCYIAPCTBEHHOTO KOHKYPEHTHOTO U TIPUBJIE-
KaTeJIbHOTO OM3HEC-KIMMaTa MoCPeICTBOM COOJIOICHUS U YTIyOJICHHUST TTPOIOPIIHO-
HaJIbHOCTHU JICICTBEHHOCTH MHCTUTYTOB, 3aKOHOB U CTaHAApPTOB 0OEMMHU CTOPOHAMHU
B cepe COBMECTHOM MpPEeANPUHUMATEIBCKON MHHOBAIIMOHHOW aKTUBHOCTH, (hOpPMHU-
pPOBaHUsI IPEAKTUBHOMN MPAKTUKKU COATaHCUPOBAHHOCTH M 3aILUTHI MPAB U UHTEPECOB
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HaIlMOHAJIbHBIX KOMIIAHUN B Cllydae BO3HUKHOBEHUS KOH(IJIMKTOB, a Takke (popMu-
POBaHMSI KOHKYPEHTHBIX KOMIIETEHIIMN UX COTPYAHUKOB.

KiroueBbIME MHCTpYMEHTaMHU CMapT-MapKeTHMHIOBOW TrapMOHU3alus OW3HEC-
B3aUMOJICUCTBUS MACO-MOJIOUHBIX KoMnaHuii Pecyonuku bemapycs u Kuras BoicTy-
MAI0OT COBMECTHBIE MAPKETUHIOBBIE MCCIIETOBAHUS MOTPEOUTEIBCKUX NPEITOYTEHHIMA
U TpeOOBaHUI KIIMEHTOB CBOMX U JIPYTUX CTPaH, OpPraHU3aIiy eIUHON IIU(PPOBOIl MH-
OyCTPUATIBHOM MOJUTUKUA CO3JaHUSI MHHOBALlMOHHBIX, BOCTPEOOBAHHBIX PHIHKOM COB-
MECTHBIX OpPEHJIOBBIX TOPTOBBIX MapOK MsSCO-MOJIOUHBIX IPOAYKTOB, UX y3HABAEMO-
cTH, nudpepeHpoBaHusl, CETMEHTALUH, TO3UILIUMPOBAHUS, IPOCIIEKU-BAEMOCTH Ha
HaIlMOHAJIbHBIX U 3apyOe’HBIX PhIHKAX, a TAKKe pa3pad0TKa COBMECTHBIX TOPTOBBIX
CEeTEH, JIOTHCTUYECKUX CXEM M ONITUMM3ALMS JOCTABKU X MOKYIIATEISIM, TEXHOJIOTUI
COBMECTHOTO Y4acCTHUsl B MEKyHApOJAHBIX BbICTaBKax, spMapkax [3].

ABTOpaMu npeiaraeTcs Cleayroas HHTEPIpeTaus MEeKIoCy JapCTBEHHOTO TIPO-
JTYKTOBOTO OpeHJa MOJOYHOM M MACHOW MPOAYKUIUH — 3TO KOMIIO3UTHAsE KOHCTPYKLIUS
MapKETUHTOBBIX, KOHCTPYKTOPCKO-TEXHOJIOTHYECKNX, THBECTULIMOHHBIX, JIOTUCTUYECKHUX,
CEPBUCHBIX, COIMAIbLHO-OKOHOMUYECKHX A1eMeHTOB (hardware wiu «kemne3Has (Heu3Me-
HsieMasi Ha OIPEJICTICHHOM MTPOMEXKYTKE BPEMEHH) YacTh OpeH/1a») U UH(OPMAIIMOHHBIX
PBIHOYHBIX B3aUMOCHCTBHI CTEHKXO0IIepoB OnsHeca (Software «codt wmm Msrkas (n3me-
HSIEMasi) YacTh WJIM MAPKETUHTOBBIA MH(OIIYM OpeHAa»), KOTOPbIE 00ECIEUNBAIOT UHAN-
BUAyaJIbHOCTh, NEP(HEKIMOHN3M, 3alIOMUHAIONIEECS OTIMYME OT KOHKYPEHTOB, YKpEII-
JIIOT JIOBEPUE U TEHEPUPYIOT aCCOLMALIMU, SMOLIMHU Y3HABAEMOCTH, JIOSIIBHOCTH, BOCTpE-
OOBAHHOCTH, peIyTaluy (PyHKIMOHAIBHO-3MOLMOHATIBHON €€ LIEHHOCTH IS MOKyIarte-
JeW U MpEeMUYM-LIEHY Ul NIPOAYLIEHTa Ha MEXKIYHApOAHOM PBIHKE HAa OCHOBE CHHTE3a
KOHKYPEHTHON KOHBEPIUPYEMOCTH MEKIOCYAAPCTBEHHON BBICOKOTEXHOJIOIMYHOW UHTY-
CTPUH U UCTOPHUH, KYJbTYpbI, HAIIMOHATIBHBIX OCOOCHHOCTEH PHIHOYHON MOIUTHKHN Pec-
nyOmmku benapych n Kurast B MupoBoM cooOriecTse.

Takum 00pa3oM MOXXHO 3aKJIIOUHUTh, YTO CPOPMYITUPOBAHHBIE METOJAMYECKUE
MOAXO0/bl K CMapT-MapKETUHIOBOM rapMOHU3aIUsl OU3HEC-B3aUMOIEUCTBHS MSICOMO-
nouHbIX Komnanuii Pecniyonuku benapycs u Kutas, yauTsiBas cTpaHOBYIO HCTOpUYE-
CKYIO KYJIbTYpY, reorpapuuecKyo JIOKalH0, CTPYKTYpPy ¥ MacIITaObl HAITMOHAIbHBIX
HSKOHOMHUK, TMPEANoJaraloT pa3padoTKy M peau3aliio YHUKAJIBbHOIO JIu3aiiHa TJIo-
0aIbHOTO MPOAYKTOBOTO OpeHAa MOJIOYHON U MACHOU MPOAYKIIMH.
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CHINA’S FINANCIAL INNOVATION IN RESPONSE
TO EVERGRANDE’S BANKRUPTCY
Huang Yiyan
Belarusian State University
1164179035@qq.com

Annotation. At certain specific times, financial institutions will adopt new pro-
cesses and establish new channels to solve problems. Evergrande Group filed for bank-
ruptcy protection in New York, USA. For the Chinese financial market, this is exactly
the moment that requires financial innovation. In this situation, the relevant depart-
ments of the Chinese government adopted the method of issuing special bills by
wholly-owned state-owned enterprises based on the principle of "not breaking down
the trust of banks and not breaking down insurance licenses" to basically eliminate
systemic financial risks.

1. The whole story of Evergrande’s bankruptcy.

China Evergrande Group and its affiliated companies had liquidity problems
caused by debt problems. Eventually, Evergrande defaulted due to insufficient liquidity
to repay debts, and is currently in the process of debt restructuring. Since the failure of
Evergrande Real Estate’s backdoor listing of Shenzhen Real Estate in 2020, Ever-
grande has faced the risk of a capital chain break for the first time. Although Ever-
grande successfully quelled the incident in September, its financial situation has not
improved. In November 2020, Evergrande's commercial bills were overdue for the first
time, and then the wave of overdue commercial bills intensified. It was recognized for
the first time in June 2021, and the market reacted strongly. After the Evergrande For-
tune storm in September 2021, Evergrande's debt problem became the focus of the
market. In the second half of the year, Evergrande's debts of US $669 million matured
one after another. Evergrande avoided default at the last minute twice in a row until
December 3, 2021. Declared unable to meet debt obligations. After the incident, the
government and regulatory agencies quickly followed up and established a risk reso-
lution committee on December 6 to organize the restructuring, triggering the largest
debt restructuring case in Chinese history. According to media statistics, the debt scale
is as high as RMB 1.97 trillion and there are also a large number of hidden liabilities.
The Evergrande crisis has intensified the turmoil in the real estate market. After Ever-
grande, well-known real estate companies such as Kaisa, Sunac, and R&F have had
debt problems one after another. The real estate crisis has also indirectly impacted the
upstream and downstream industrial chains and financial markets. The real estate crisis
has resulted in the postponement of a large number of real estate projects, and relevant
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owners have also begun to suspend lending in 2022, further affecting financial and
social stability.

2. Specific measures for China’s financial innovation.

Faced with Evergrande’s debt crisis and the financial problems of filing for over-
seas bankruptcy, relevant Chinese government departments adopted the method of is-
suing special bills by wholly-owned state-owned enterprises based on the principle of
“not breaking down the trust of banks and not breaking down insurance licenses”. Sys-
temic financial risks are basically eliminated.

In terms of banking: Shengjing Bank announced that the company has entered
into a RMB 176 billion asset sale agreement with Liaoning Asset. Liaoning Asset has
conditionally agreed to purchase the assets sold, and the consideration will be paid by
Liaoning Asset's targeted issuance of special notes to the company.

In terms of insurance: The State Administration of Financial Supervision and the
Shenzhen Supervision Bureau of the State Administration of Financial Supervision
have successively issued announcements, announcing that they have approved the es-
tablishment and opening of Harbor Life Insurance Co., Ltd., and agreed that Harbor
Life will transfer the insurance business of Evergrande Life Insurance Co., Ltd. as a
whole. Corresponding assets and liabilities.

3. The specific significance of China’s financial innovation.

First of all, Evergrande Group’s total debt reached 1.97 trillion yuan, equivalent
to 2 % of China’s GDP, which is a gray rhino incident. Problem-solving solutions are
necessary. Secondly, the use of special bills to liquidate bank non-performing assets
essentially trades time for space, allowing future earnings to be used to hedge risks,
solving current problems and saving the market credit of real estate. Finally, solving
bank bad debts through special bills has also become a learning template for other real
estate companies to save their book funds.
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THE CONCEPT OF DIGITALIZATION OF CULTURAL
AND CREATIVE PARKS IN CHINA AND BELARUS: ANALYSIS
AND DEVELOPMENT PROSPECTS
L1331 Benb13oHb, Jlecunnuenko-Porosckas M. B.

WuctutyT Ousneca bI'Y
972778566(@qq.com, mari_lesnichenko@mail.ru

While cultural and creative parks gain profits from cultural characteristics, ram-
pant commercial practices begin to affect the value of culture itself. How to both com-
mercialize and create cultural value so that traditional industries can have a more trend-
oriented expression in the digital economy era? In this article, I will analyze and com-
pare a Belarusian company AMKODOR with the famous Cultural and Creative Parks
in China. In today's China, cultural and creative industries have increasingly become
an important part of our country's national economy. Therefore, more and more atten-
tion is paid to the development of cultural and creative industries [3].

Cultural and creative industry parks cover film and television, animation, digital, and
art, and other increasingly comprehensive fields. The policy proposed that we should fo-
cus on implementing the digitalization strategy of the cultural industry, accelerate the de-
velopment of new cultural enterprises, cultural formats, and cultural consumption models,
strengthen digital creativity, standardize the development of cultural industry parks, and
promote the construction of regional cultural industry belts. At present, cultural and crea-
tive industrial parks are classified in various ways. According to the geographical location
of the park, they can be divided into: industrial parks based on old factories and old facto-
ries, industrial parks based on universities, and development zones based on the location.
Industrial parks and industrial parks based on traditional cultural communities and artist
villages. Among them, industrial parks based on old factories are the most popular type of
industrial park in the city. The combination of industrial heritage and cultural and creative
industries gives the industrial park its uniqueness.

The cultural and creative park takes cultural value activities as its core and focuses
on social value. Found through analysis. The proportion of cultural value activities in
cultural and creative parks is 55.68 %. Commercial value activities accounted for
44.32 %: In addition, the top three events in the two major value aspects are: "social
value", which shows that the cultural and creative park regards contact and connection
with people as the focus of its business; the second is "meaningful". "The value of
space", each cultural and creative park takes active actions to collect and preserve cul-
tural history: the third is "the aesthetic value of space", which shows that cultural and
creative parks are gradually improving the display of cultural artworks. The commer-
cial value in cultural and creative parks is reflected in art and economy. The cultural
and creative industry has a wide range of connotations, including mass consumer cul-
ture industry, exquisite cultural industry, local cultural industry, and facility cultural
industry. Each of the above types of industries has its own economic attributes and
spatial development model. David Frey believes that art and economy need each other,
a sound economic foundation is the root of artistic survival, and creativity is the driving
force of economic prosperity. Scholar Cinti believes that culture needs to be based on
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resources, creating cultural products that can develop the cultural economy, convey
local cultural characteristics, and enhance benefits. Based on this research, we analyzed
relevant research on the operation model of cultural and creative parks and concluded
that cultural and creative parks refer to locations where activities such as entry, perfor-
mance or production gather. The commercial value of the cultural and creative park is
also analyzed based on this, as explained below:

1. Space utilization: refers to the rental fees charged for the space facilities in the
park, including enterprise development, innovation center, talent training center, pro-
duction space (work space), exhibition space and art and cultural creation and exchange
space facilities.

2. Creative market: refers to a field that combines art and business, integrating
design, art, performance, music, video and other multi-cultural ecology display plat-
forms, providing an open creative space for communication, display and sales of vari-
ous design products and encouraging Creators interact with consumers and it becomes
a carnival-like gathering. Therefore, "creative market" can be defined as an emerging
art and cultural activity.

3. Experience value: Experiences can be attached to goods or services, or they can
exist independently of them. Experience value is value creation after experience. The
core of the entire value lies in experience. Through the tangible product value or service
felt during the experience, the intangible emotional value exceeds the value expected
by customers and allows customers to immerse themselves in the consumption situa-
tion, an experience event that leaves a deep impression on customers.

For the comparison object in this article, | chose the famous Cultural and Creative
Park in my hometown of Chongging. The Eling Factory No. 2 Cultural and Creative
Park project is a good case study and reference for the design and reconstruction of
industrial heritage sites. On the basis of respecting the historical culture and architec-
tural style of the original site, it develops a reasonable and creative design, effectively
uses space to meet the diverse functional needs of the area, and uses artistic interven-
tion to connect the entire area with humanistic elements. It has also become an im-
portant city image node, enriching Chongging's urban culture and finding a new direc-
tion for the history and urban cultural development of Chongqging, an old industrial city.
Today, art continues to intervene in urban space and has become an important means
of urban landscape innovation. Art can not only improve the overall quality of the city
and people's happiness index, but also activate space and make the transformation of
urban industrial sites very creative. The design and reconstruction of today's industrial
heritage sites are placed in the context of urban memory. Art intervention space is very
conducive to the reconstruction of urban culture and the improvement of environmental
quality and humanistic connotation. In the design of the Second Printing Factory, im-
ages, colors, and art installations are combined with spaces such as buildings, streets,
squares, roads, and stairs to express the attitude of the times towards art. For example,
the nature street in the park has a typographic theme. Texts are printed on the street
floor, plants are printed on the red brick walls, and various image symbols about
memory and activities are printed in the space, carrying the past and memory of the
printing factory [4].
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Of course, the case in this article is just one of thousands of creative parks around
the world, and it undeniably has limitations. We regard it as a microcosm, and it can
match the Belarusian enterprise AMKODOR in many common points. So this is a suc-
cessful case comparison. In the wave of digitalization, traditional enterprises face
greater challenges than other emerging enterprises. So this requires us to have more
flexible thinking and think about the path and direction of transformation and develop-
ment from a higher business perspective. Art, diversity, and cross-border are always
elements of great reference significance on the road to digital transformation.
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TAMOXEHHBIE KJIACCBI KAK BEKTOP UHTEI'PAIIUN
C KUTAUCKOM HAPOJHOH PECITYBJIMKOU
Bannsena O. C., Kannanuenko K. B.

['umHazus ¢ 6enopycckuM s3bikoM 00yuenus Ne 23 r. MuHcka
Kristine.v.ka@gmail.com

Annotation. The article consider some aspects of international cooperation based
on the creation schools with customs classes in the Republic of Belarus. In those clas-
ses, students have training of basic knowledge of customs and the basics of interna-
tional logistics.

B HbiHEIHEe BpeMs OO0JbIIIYI0 CHITy 0OpeTaeT IKOHOMHYECKasi nHTerpanus Pec-
nyonuku benapyce u Kutatickoit Hapoanoit Pecnybnuku. B cooTBeTCTBUU C 3TUM
pacTeT U TOBApOOOOPOT MEXAYy CTpaHamH. Tak, HapUMeEp, OCHOBHBIE CTaThbU JKC-
nopta benapycu B Kutait — kanuiiHele y100peHUs, MOJIOKO U MOJIOYHAs! MPOAYKIIMS,
LIEJUII0J103a, JIEH. | 1aBHbIE UNMIIOPTUPYEMBIE KUTAWCKHAE TOBAPBI — anmnaparypa CBs3U
U KOMIUIEKTYIOIME K HEH, 3am4acTd K aBTOMOOWJISIM, BBIYMCIUTEIIbHBIE MAIIWHBI,
TKaHHU U3 CUHTETHYECKUX HUTEeH [1].

Kax crnenctBue, 06paboTka Bcex 3TUX TOBAPOB TPeOyeT HEMOCPEACTBEHHOM TO0-
MOIIIM CIIEHUATIUCTA, IOATOMY TpeOyeTCsl MOArOTOBKA KaJIpOB, 03HAKOMJICHHBIX C JaH-
Hol cdepoit. Jlnsa sToro B mkonax benapycu co3matorcsi TaMoKeHHbIE Kitacchl. OHU
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CHOCOOCTBYET O3HAKOMJICHHUIO U paHHEH mpodopueHTaluu JAeTei ¢ mpodeccueit Ta-
MOKEHHHKA. J[JI1 OCyIIEeCTBICHHUS] COBMECTHOU NEATEbHOCTH, OOECIICUEHHS TIPEEeM-
CTBEHHOCTH O0YY€HUsI, CO3IaHMsI KOM(POPTHBIX YCIOBUN JI1 BOCIUTAHUS yUallIUuXCs
U ux npodeccruoHaabHON opreHTanuu rumHaszus Ne 23 ropona MuHcka, 3aKiodnia
JIOrOBOp ¢ MUHCKOW PETMOHAIIBHOM TaMOXHEW U ¢ benopyCCKUM rocyapCTBEHHBIM
yauBepcuteToM (BI'Y), a mmenHo ¢ kadeapoit TamokeHHOTO nena ((pakyabTeT MexK-
JyHapOJIHBIX OTHOIICHU ).

B cootBeTcTBUM € ATUMM T10rOBOpaMH ObUTH pa3padOTaHbl MIIAHKI MO JATbHEHIITIM
COBMECTHBIM MeporpuiITUAM. C MUHCKOW perMOHAIBHOM TaMO>KHEW HAMEYEHO MPOBO-
JUTh COBMECTHBIE aKIIMH 11O IPUBJICYCHUIO BHUMAHUS YUAIINXCS K UCITOJIHEHUIO 3aKOHO-
narenbcTBa Pecryonuku benapych; IpoOBOIMTE COBMECTHBIE CIIOPTUBHBIE MEPOTIPHUSITHS,
OpPraHU30BBIBATH YYACTHE B COBMECTHBIX 3KCKYPCHOHHBIX TOE3]KaX; U3y4daTrb U 0000-
I1aTh MEPEI0OBOM OTEUECTBEHHBIN U 3apPYOEKHBIN OMBIT MO (PYHKIIMOHUPOBAHUIO; IPOBO-
JIUTh COBMECTHBIE KOHIIEPTHBIC, MY3bIKAIbHO-TEATPAIbHBIE MPOrPaMMbI KOJIJIEKTHBOB
TMMHa3uM 1 MUHCKOW PErMOHAIBHOM TaMOXHU. B ¢BOrO ouepenb MuHCKasi pernoHab-
Hasl TAMOKHSI Ha3HAYaeT KypaTopa TaAMOXKEHHOI'0 KJ1acca, OKa3bIBA€T COJICHCTBUE B MPO-
BeJieHUU (haKyIbTaTUBHBIX 3aHSATHI OOIIIECTBEHHO-TYMaHUTApPHON HAIIPABJIEHHOCTH B Ta-
MO>XEHHOM KJIacce BHE rMMHa3uu. B cBoro ouepens bI'Y npenocraBisieT riMHa3uH BCEO
HE00X0AMMYI0 HH(OPMAITHIO 10 TTPaBUIIaM IIpHUeMa B BY3, 110 BOIPOCaM 00YUYCHHS U BO3-
MO>KHOCTHU TPYJOYCTPONCTBA BHIITYCKHUKOB; OPraHU30BBIBAET U MPOBOAUT MPodopreH-
TUPOBAHHBIC MEPOIIPUATHS JIJIsI O0YUAIOIIUXCS (THU OTKPBITHIX JIBEPEi, POJICBBIC U Jie-
JIOBBIE UT'PBI IO BBIOOPY Mpo(deccuu, SKCKypCcruu, TPEHUHI Y, MACTEP-KIIAaCChl, TEMaTH4e-
CKue Oeceibl, BCTPEUH, ITPE3CHTALUH U JIP.) C IPUBJICYCHUEM IPEJICTABUTENICH TMMHA3HH;
OKa3bIBACT KOHCYJIbTATUBHYIO MOJJIEPKKY TMeAaroraM, yJalyuMcs U X 3aKOHHBIM TIPe/I-
CTaBUTENSIM; (DOPMUPYET BCIIOMOTaTENbHbIE NH(POPMAIIMOHHO-CIIPABOYHbIE MaTEpHAIIbI
0 TpoOpUEHTAIINH; OKa3bIBACT W MPOBOJUT pabOTy, HANPABICHHYIO Ha TMOBBIIICHHUE
MpecTIka n3ydaeMbix cnenuanbHocter. Tak Ha 6a3e bI'Y B okTsi0pe mecsiie 2023 roaa
coznaercs «l1lkona O6ymymiero Tamoxennuka» u «lllkomna Oyayiero Jorucra-MexyHa-
poaHuka» it ydamuxcs 10—11 kmaccoB. I'1aBHas 11€1b IKOJIBI — KOMIIETEHTHAS TO-
MOIILIb B TPOPECCUOHATTLHON OpUEHTALIMA A0UTYPUEHTOB, IIOMOILb B IEPBBIX 1arax B Oy-
nayueit mpodeccun. B xone yueObl ciylaTenan UMEIOT YHUKaIbHY0 BO3MOYKHOCTh pa3o-
OpaTbh BONPOCHI TEOPUU U MPAKTUKU TAMOKEHHOTO JeJla B paMKax yuyeOHoro Kypca «Oc-
HOBBI TAMOXKEHHOT'O JI€JIa», B YACTHOCTH, U3YYUTh UCTOPUIO U TPAJAUIIMKU TaMOXKEHHOU
CITy>KOBI, TIOCTUYb a3bl OOPHOBI ¢ KOHTPAOAHIOMN, Y3HATH O MPEMYIPOCTIX TAMOKEHHBIX
MH(GOPMAITMOHHBIX TEXHOJIOTUM, MTO3HAKOMUTLCS C KHU3HBIO CTYACHTOB-TAMOKEHHUKOB
(®MO BI'Y) u MmHOTOE IpyTOe. A TarkKe U3ydyat UCTOPUIO CTAHOBJICHUS MEXTyHapOIHOM
JIOTUCTUKH, O3HAKOMSITCSI C OCHOBAMU U MPUHIIMIIAMHU MEKyHAPOTHOM TOPrOBIIU, BHEIII-
HE3KOHOMHUYECKOU I TETbHOCTBIO, TO3HAKOMSITCA CO c(hepoil MeX TyHapOIHON IepPEBO-
30K IPY30B, Y3HaIOT 00 OCHOBHBIX JIOKYMEHTaX, COMPOBOMKIAIOIINX MEKIYHAPOIHbIE MO~
TOKW TOBapOB, M3y4aT MPUHIIMIBI YIPABICHUS LEMSIMU IMOCTABOK. YCIEIIHO MPOIe-
IITUM KYPChI BBIAIOTCS] CEPTU(DHUKATEI.

HeoO6xonumo oTMeTUTh, 4TO B 23 TUMHA3UU MTPOBOJAUTCS HE TOJIBKO BHEAPCHUE
TaMOKEHHBIX KJIACCOB, HO U CO3JJaHME MOATOTOBKH CIEIUATUCTOB, OPUEHTHPOBAHHBIX
Ha uHTerpanuio ¢ Kutaem. BeimyckHukyu rumMHazum, 0co00 OTIMYHUBIIUECS 3HAHHEM
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KUTAMCKOTO SI3bIKa, HEOJHOKPATHO MOJIy4aJy IPAHThl OT KUTAWCKOrO MPaBUTEIbCTBA
Ha JajbHelee ooyuenue B Kutae.

Kak pe3ynbTar, MOAroTOBKa CIEIUAINCTOB Ha 0a3e OOIIEro cpepHe-crenuab-
HOTO 00pa30BaHMs U OPUEHTUPOBAHHBIX HA U3YUEHUE MEXIyHAPOJHOMN JOTUCTUKU U
TaMOKEHHOT0 JIeNa, C YIIIyOJeHHBIM 3HAaHUEM KYJIBTYphl JPYTUX CTPaH, UX 3aKOHOJa-
TEJIbCTBA, MHOCTPAHHBIX SI3bIKOB ITO3BOJIUT B OyAylIEM BBICTPOUTH KAU€CTBEHHBIE OT-
HOILICHUS B MEXTyHApOJIHOMN TOProBie, a, CIEA0BATEIbHO, U YBEIHUUUTDH €€ 00bEMBI.

CnucoK HCNO0JIb30BAHHBIX HCTOYHHKOB

1. benapych-Kutaii: 30 neT B3aMMOBBITOAHOTO COTPYAHHYECTBA / TOJ. PE.
B. A. babapukuna, A. A. CkaukoBckoro // Jloructuka. — 2022. — Ne 1. — C. 4-7.

NPO®ECCUOHAJIBHBIA UMUK MEJATOI'A KAK OCHOBA
KOHKYPEHTOCITIOCOBHOCTHU BYAYWEI'O CIIEHUAJIMCTA
B PECIYBJIMKE BEJAPYCh U KUTAUCKOM
HAPOJIHOM PECITIYBJIMKHA
V 1010, Kananeiruna M. U.

YO «I'ponHeHCKHI TOCYAapCTBEHHBIN YHUBEpCUTET MMeHN Snku Kynanen
youzaiwyz@gmail.com, kapalygina ii@grsu.by

Annotation. The article examines the role of the professional image of teachers
in increasing the competitiveness of future specialists in Belarus and China. Teachers
shape the knowledge, character, values, creative thinking and social responsibility of
students. In education and competitiveness, the professional image of teachers is con-
sidered an important aspect. In the above two countries with unique educational tradi-
tions and cultural characteristics, the image of a teacher plays a key role in the for-
mation of future specialists and their social influence. Improving the professional im-
age of teachers not only improves education, but also strengthens the country's position
in global competition.

TepMUH UMUK TPOUCXOIUT OT AHIJIMHCKOIO CIOBa «image», KOTOPOE, B CBOIO
o4epelib, MPOUCXOAUT OT JTATUHCKOTO «imago». « COBpeMEHHBIM KUTAUCKUI CIIOBAPH
B 1978 romy onpenenun «<MMUIK» KaK «CIeUPUIECKyto (OpMy WIIH )KECT, BHI3bIBAIO-
A aKTUBHOCTH MBICTIEH W 4yBCTBY» [1].

CeronHst 3TOT TEPMUH UMEET OTPOMHOE KOJIMUECTBO omnpeaesieHuil. Poccuiickuii
Uccnenosarens B. M. lllenens onpenenser MUK Kak BU3yalbHBIN 00pa3 [2]. Hc-
cnenosarenb A. 1O. ITanaciok, onpenensier UMUK kak MHeHue [3]. KuTalickue ucce-
noBatenu Yxan [[p u ¥V L3ssHbNMH onpenenssroT UMUK KaK BOCIIPUHUMAaEMOoe 0011iee
BIEYATIICHUE YEPE3 OpraHbl UyBCTB [4].

OmnpezeneHue, OCHOBAHHOE Ha MOHATUM «UMUK»: « UMUK nieparora - 3To BIie-
YaTJIeHUEe, KOTOpOe OH MIPOU3BOAUT Ha JIFONICH, U TO, KaK €r0 BOCIIPUHUMAIOTY [S].

Nmumpx nenarora CTpyKTypupyeTcst 0COObIM 00pa3oM: Kak MpodeccuoHaIbHbINA, MO-
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paIbHBIN U JIMYHOCTHBIN. [Ipogheccuonanbrbiii UMUK TIEJarora MOKHO ONPEIEIUTh Clie-
AYIOIIIM 00pa3oM: MOPAIbHbIL UMUIDK, KVIbMYPHbIL UMUAIK U IUYHOCMHbIH AMUIDK. Oc-
HOBHBIE XapaKTEPUCTUKU MPOPECCHOHATBHOTO MMH/DKA Tefaarora: npodeccruoHatbHast
KOMITETEHTHOCTb, TIE€IarOTMYEeCKHUE IPYAULIS, pedrekcrs, UMITpOBHU3aLusl, oomieHue. Mc-
X0l U3 MPHUBEICHHBIX BBIIIE UMUKEH, MOKHO BBIIEIUTH CIIEIYIOIIME KITFOUEBBIE aC-
MEKThI TOTO, KaK MPo(eCCHOHANBHBIN UMUK T€arora MOXeT CTaThb OCHOBOM KOHKYpEH-
TOCIIOCOOHOCTH OyIMyIuX crieraniucToB B bemapycu u Kurae:

1. Kauecmeo obpaszosanus u nepedauu 3nanuii. B Kurae u benapycu nemparoru
3aKJ1a/IbIBAIOT MPOYHYIO 0a3zy 3HaHUM JJisl OyAyIluX CIEHUAUMCTOB, MepeaaBas npe-
METHBIC 3HAHUS U PA3BUBAsI MBICIUTEIbHBIE CIIOCOOHOCTH yYallIUXCsl.

2. lJennocmu u npogpeccuonanvrasa smuka. llpodeccuonanbHas 3TKa 1 IEHHO-
CTH TIE€JAroroB OKa3bIBAIOT OTPOMHOE BIMSIHUE HA MOPAJIbHO-3TUYECKOE Pa3BUTHE.

3. Teopueckoe mviuinenue u ymenue peuiams npoodnemsi. I B kutaiickoi, u B Oe-
JIOPYCCKOM cUcTEMax 00pa30BaHUs 3HAYUTEIbHbIC YCUIINS HAIIPABIICHBI HA Pa3BUTHE Y
00y4aroIMXCcsl TBOPYECKOTO MBIIIUICHHUSI U HABBIKOB PEILICHUS MPOOIIEM.

4. Kynemypuas 60cnpuumyu8ocms u MexcoyHapoouas nepcnekmuea. lleparoru B
Kurae u benapycu urparoT KJIHO4€BYIO POJIb B Pa3BUTUU MEXKYJIbTYPHON KOMMYHHKA-
MU U TJI00ATBLHOTO CO3HAHUS 00yYarOITUXCS.

Takum oOpazom, mpodeccuoHaNbHbIA UMUK MEAArora UrpaeT KIKUYEBYIO pPOb
B cucteMax oopaszoBanus Kuras u benapycu. [lenaroru siBisitoTcs He TOJNBKO Nepeaar-
YUMKAMH 3HAHHM, HO U POBOJHUKAMU IIEHHOCTEW U MOpaJH, pa3BUBAsl Y CBOUX MOA-
OTEYHBIX MHHOBAIIMOHHOE MBIIIUICHHE, YMEHHE PeIIaTh MPOOIEMbI U KYJIBTYPHYIO BOC-
MPUUMYUBOCTE. B COBOKYMHOCTH A3TH acmekThl (OPMUPYIOT MPOoQeCcCHoHaATbHBIN
UMUK IIEarora 1 Co3Jar0T MPOYHYIO OCHOBY /1711 KOHKYPEHTOCIIOCOOHOCTH OyAyIInX
CIELMAIMCTOB.
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Annotation. Under the wave of digital economy, the "Internet celebrity live
broadcast" industry in China and Belarus will usher in broader development space and
more opportunities. At the same time, all parties in the industry need to work together
and innovate to respond to market competition and changes in user needs, and promote
the healthy development of the industry.
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CEKIUSA «IIEPEJOBBIE TEXHOJIOI'MHX B OBJIACTH
MEJIUIHNHBI, UH’KEHEPUU ITIOBEPXHOCTHU, HOBBIX
MATEPUAJIOB, IPUBOPOCTPOEHUSA, MAIIMHOCTPOEHMUA,
WH®OPMAIIMOHHBIX TEXHOJIOI UM »

I'EMATOJOI'NMYECKHE ITOKA3ATEJIN UHTOKCHUKAILIAUA
ITPU OLNEHKE TSI>KECTH TEUEHHUS U PAHHEW IUATHOCTUKE
BOCHAJIUTEJBHBIX OCJIOKHEHU Y TAIIUEHTOB
C MHOTI'OOCKOJIBYATBIMHU U CETMEHTAPHBIMUA
JTUADPU3APHBIMU NEPEJIOMAMMU KOCTEM I'OJIEHA
BanskoBuu I1. 3., Kesns O. I1., Cenunkuii A. B.
benopycckas MmequuuHckas akaaeMusi MOCIeIUILIIOMHOTO 00pa30BaHus
vankovichpavel@mail.ru

Annotation. This article presents the results of treatment of 101 patients with
closed segmental and multi-fragmented diaphyseal fractures of the lower leg bones. A
study was carried out aimed at studying the dynamics of hematological parameters in
order to determine the severity of endogenous intoxication, the severity of inflamma-
tion and the prediction of purulent-inflammatory complications in the early postopera-
tive period. To assess the risk of complications, it is necessary to perform a general
blood test on the eve of surgery with the calculation of the leukocyte index of intoxi-
cation, hematological index of intoxication and the severity of intoxication.

[To manubIM psaa aBTopoB [1], yacToTa MH(EKIIMOHHBIX OCIIOKHEHHH TOCIE
HaKOCTHOTO METAJNTIOOCTECOCHHTE3a COCTaBISAIOT OT 4 % 1m0 64 %. TpyaHocTH B Jieue-
HUM MHOTOOCKOJIBYATHIX U CETMEHTAPHBIX AHA(PU3APHBIX NEPEIIOMOB KOCTEH TrOJIEHU
CBSI3aHBI C pa3BUTHEM WH(OEKIIMOHHBIX OCJIOKHEHUU PaH MOCJE OTKPBITHIX XUPYPTHU-
YECKUX BMEIIATENbCTB, a TAKXKE C aHATOMUYECKH HEOTHOPOJIHBIM paclpeeICHUEM
MATKUX TKaHEN, OTCYTCTBUEM MBIIIEYHOW MPOCIONKH IO EPEAHEN IOBEPXHOCTHU I'O-
JIEHU, OCOOEHHOCTSIMU KPOBOCHA0KEHMSI, UTO B CBOIO OYEPEb OTATOLIAET COCTOSHHUE
MOBPEKICHHOTO CETMEHTA HIKHEH KOHEYHOCTH [2].

JlocToBepHO g0Ka3zaHa THGOPMATUBHOCTD JICHKOIIUTAPHOTO MHIEKCA UHTOKCHUKA-
uuu (JIMN), nokazarens tsxectu unTokcukanuu (IITHU), remaTonornyeckoro nokasa-
tens uatokcukanuu (I'TIN) y manueHToB ¢ BoCHaIUTEIbHBIMU U THOMHBIMU 3a00J1€e-
BaHMSIMU JIETKUX, OPTAaHOB OPIOIIHOM MOJIOCTH JIJIsl ONPEICTICHUS TSXKECTH TeUSHUS U
UX NporHo3a pa3sutus [1; 2]. Ucnonb3zoBaHue 3TUX MOKa3aTene B KaueCTBE MPOTHO-
CTUYECKUX KPUTEPHUEB JAET BOZMOKHOCTh KIMHUIIUCTY HAPSIY C KIMHUYECKUMU JaH-
HBIMHU JIMarHOCTUPOBATH MPOTPECCUPOBAHUE MPOIIECCA C PA3BUTHEM THOMHBIX OCIOXK-
Henuii [3]. [IpuBeneHHbIE TaHHBIE CBUACTEILCTBYIOT 00 aKTyadbHOCTH JAHHOM MPO-
0JieMbl 1 HEOOXOJIMMOCTH NPOBEJICHUS HAYYHBIX pa3pabOTOK B ITOM.

IIpoBenen ananu3 JsiedeHus 100 MAMEHTOB € CETMEHTAPHBIMU W MHOTO-
OCKOJIbYATHIMU TIepeIoMaMu 00JIbIIIe0epIIoBOii KOCTH. [laruenTs Ob1TH pa3iesieHbl Ha
3 rpynmbel uccienoBaHud. B OCHOBHyIO Tpynmy ObUIO BKIOYEHO 55 mui ¢
HOpPMaJbHBIM TEUEHHEM IIOCICONEPAIMOHHOTO MEepHuoa, U3 HUX 42 My YUHBI U
13 xenmmH, cpenHuit Bospact coctaBui 41,14 +11,04 ner. KontponpHas rpymnma
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BKJIFOYasa B ce0s 18 mpakTU4eCKH 3I0POBBIX Yell., U3 HUX 14 My>XYuH U 6 KEHIIUH,
cpenuuii Bo3pact 39,17 £11,02 ner. I'pynny cpaBHEeHUs cocTaBWiIM 23 Yell., U3 HUX
6 xeHIMH W 17 MyxumH, cpegnuil Bo3pact 38,84 +11,74 ner, y KOTOpBIX
MOCJIEOTIEPALIMOHHBIN MMEPUOJ] OCIIOKHUJICS HATHOEHUEM IOCIECONEPAIMOHHON PaHBI.
BceM mnammeHTaM BBINOJHSUIM pacyeT MOKas3aTeled JEeHKOLMTApHOTrO HWHJIEKCa
unrokcukauu (JIMN), remaronornueckuit mnokazarenb uHTOkcukanuu (I'TIA) wu
nmokazatenb Tsokectd uwHTOKcukammu (IITU) mo wm3BectHhiM  opmymam 10
XUPYPruyecKoro BMemarenbcTa, Ha 2—3 u 10—-12 cytku co nns onepauuu. OLEHKY
MHTEHCUBHOCTA OO0JICBOTO CHHJIpOMA Yy MAIlMEHTOB TMPOBOJAWIM TIPU TOMOIIU
10-6amnpHOM BU3yanbHOM aHanoroBoi mkaisl (BALLI).

Bemnunna JIMM B OCHOBHOM T'pyIIIE€ ¥ IPYIIIE CPABHEHUS B IIEPBBIE JBOE CYTOK
C MOMEHTa TpaBMbl yBeau4miIachk B 1,7 u 2,4 paza COOTBETCTBEHHO I10 CPABHEHHUIO C
koHTposibHOU rpymmoi (p = 0,020 u p = 0,017 cOOTBETCTBEHHO). AHATIOTHYHBIN
xapakTep m3meHeHuit Haodmogaetcs o I'TIN (B 2,3 u 2,7 paza; p= 0,016 u p = 0,001)
uIlITU (8 1,8 u 1,9 paza; p= 0,001 u p =0,001).

OnHako kak Ha 2—3 cyTKH, Tak 1 Ha 10—12 cyTkH nociie Xupyprudeckoro JICYEHUs
MEK]ly MallMeHTaMy OCHOBHOM IPYIIbI U TPYIIIBI CpaBHEHUS HAOJI0AaIach 3HaYMMast
pazauia no yposuto JIMU B 1,58 paza (p = 0,031) u 1,79 paza (p = 0,034), uro
OTpa)kaeT OJaronoJiyyHoe TEYEHHE IOCJICONEePAIMOHHOIO TMEepHoJia y MalMeHTOB
OCHOBHOHM TpyNIbl U CBUJAETEIBCTBYET O BBHICOKOW IUArHOCTUYECKOW 3HAUYUMOCTH
JIMU niig BbIOOpa CPOKOB XUPYPrUUECKOT0 BMEIIATENHCTBA.

AHany3 BHyTPUTPYIIIOBBIX PA3IAYHIA B TPYIIIE C OCI0KHEHHBIM TEUEHUEM TTOKA3al,
yro JINW B paHHEM NOCHEONEPALMOHHOM MEPUOJIE HE OTIMYAIICS OT HAYAJIBHOTO YPOBHS
110 onepanyu v muiib Ha 10—12 cyTku ero 3Ha4yeHne 3Ha4MMO CHU3UIIOCH.

YcraHoBIIeHA TeCHAs MPsiMasi B3aMMOCBS3b Mex 1y BennunHou JIMU u TskecThro
TEUEHHS] TMOCIeonepalMoHHoro mnepuona no wmkane BAIIl y mnanueHToB C
OCJIOKHEHHBIM TeYeHHeM B rpyiie cpaBaenus (I = 0,75, p = 0,001). CienoBarensHo,
yeM OoJibllle BEJIWYMHA WHJEKCOB WHTOKCHKAIIMM B JIEHb OINEpallid, TEM BBIIIEC
BEPOSITHOCTH Pa3BUTHS MH(EKITMOHHOTO OCJIOKHEHUS B MOCIIEONEPAIMOHHON paHe.
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KOCTHOE PEMOJEJIUPOBAHUE INPU MHOTI'OOCKOJIBYATBIX
JINAD®U3APHBIX TEPEJIOMAX KOCTEM I'OJIEHU B YCJIOBUSIX
T'HIEPBAPHYECKOM KUCJIOPOJHOM TEPAIIUA
BanskoBuua I1. 3., Ke3ms O. I1., Ceannkuii A. B.

BCJ’IOPYCCKa}I MEIUIMHCKAaA aKkaaeMus IMOCICAUITIIOMHOI'O 06pa3OBaHI/I$I
vankovichpavel@mail.ru

Annotation. We have studied the effect of hyperbaric oxygen therapy (GBCT) on
the reparative regeneration of bone tissue in patients with multiple fractures of the
lower leg bones. GBCT contributed to the growth of the energy supply of anabolic
reactions, mainly aerobic, which created favorable conditions for the proliferation and
differentiation of osteogenic cells and the synthesis of a full-fledged bone matrix. The
results obtained indicate the optimization of bone remodeling in the fracture zone with
the predominance of bone-forming processes in it, as a result of which the time of
fracture consolidation was reduced.

Hcnone3oBanue runepdbapuyeckoi kuciaopoaHoi tTepanuu (I'BKT) B komriekc-
HOM JIEYEHUH CIIOCOOCTBYET HOPMAIN3allid HAPYUIEHHOTO KHCIOPOJHOTO peXuMa U
AKTUBU3aLUA META0OJUYECKUX MPOLECCOB B MOBPEKACHHBIX TKAHSAX, YTO IMOJIOXKH-
TEJIbHO BIIMSIET HA XapaKTep PENapaTUBHOW pETreHEpalny B 30HE IEPEIoMa, TEM ca-
MBIM COKpAIIllasi CPOKH CpalieHus rnepeinomos [1; 2].

Hamu Obuio uccnenoBano 40 marueHToB (20 skeHImH U 20 My>K4YMH) ¢ MHOTO-
OCKOJIbYAThIMU JMa(pU3apHbIMU MepesioMaMu KocTel rosieHu. [laruenTs! Obun pasze-
JIEHBI Ha 2 TPYIIIbI UccieloBaHusl. B ocHOBHYIO rpyrmity ObU10 BKIIOUEHO 20 JHil, KOTO-
pbie B ocineonepainoHHoM nepuoe nomydanu ['BKT (B oqHOMecTHOM OapokomIiekce
BJIKC-307-«XpyHnuuen» (u3ompeccusi cocraBuia 55 muH, nasnenue 1,4—1,6 ATA)), u3
HuX 10 myxumunsl 1 10 xenmmH, cpenanid Bo3pact coctaBuia 41,13 £11,05 ner. I'pynmy
cpaBHeHMs coctaBiwin 20 yen., u3 HUX 10 skeHuwH 1 10 My»X4MH, CpeIHUN BO3pacT
37,89 £11,94 ner, xotopeiM He HazHayanu ceancsl [ BKT B mocneonepaimonHoM niepu-
ozie. Cpok TMHAMUYECKOr0 HAOMIOCHHS 32 TAIIUEHTaMU COCTAaBUII 5 JIET.

V¥ Bcex 40 manueHToB B CHIBOPOTKE KPOBU M B CYTOYHOM MOYE B AUHAMHUKE O
XUPYPrUYeCcKOro BMEIIATeIbCTBA U B TEUEHUE TOJIa ONIPEACIISIIA MapKepbl KOcTeoOpa-
30BaHMS U OCTEOAECCTPYKIIMH, UHTETPpaAJIbHbIE Ja0OpaTOPHbIE MOKAa3aTeI!, OCTEOTPOII-
HbI€ LIUTOKUHBI U MUHEPaJbl, CACTEMHBIE PEryJISATOPHI Kalnbluii-pochaTHOro oOMeHa,
MapKephl NIEPEKUCHOIO0 OKHUCIICHUS JUNUAOB U aHTUPAJAUKAIBHOW 3allUTHI KJIETOK, a
TaK kK€ Nr€éMaToJIOrM4YECKUE MTOKa3aTeNn. AHAIN3 CTATUCTUYECKH 3HAYMMBIX Pa3IudMii
IIPOBOJIMJIM MapaMETPUUECKH ¢ HOPMAJIbHO PACIPENEICHHOW COBOKYIHOCTBIO (AMC-
MEPCUOHHBIA aHaU3) W HemapameTpuuecku (kputepuil Kpackena—Yomnmca, Tect
Manna—YuTHu, cepuitnbiii kputepuii Banpna—BonshoBuiia, MmearanHbpiii TECT, KpUTE-
puit Konmoroposa—CMUpHOBA).

Pe3ynbrarhl JEHCUTOMETPUM B JUHAMHUKE MOKA3aJld HE TOJBKO COXPAHEHHE
YPOBHSI MUHEPaIbHOU IUIOTHOCTH KOocTH niocie ['bKT, HO u ee 3HauMMBblid PUPOCT HA
8,9 % uyepes nonroaa nocne onepanuu u Ha 14,5 % (0,084 = 0,01 r/cm?) uepes rox
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HaOmoaenus. KiimHnyecku Ob1JI0 OTMEUEHO JIOCTOBEPHOE COKPAIIEHUE CPOKOB KOHCO-
WA B 30HE mepenoma Koctei rosenn Ha 33 % (B rpynme uccienoBanus — 131,8
+20,3 aus, a B rpynme cpaBaeHus 184,3 £21,8 nenn).

Jluaamuka 1abopaTOpPHBIX MOKa3aTeIei KoppenaupoBaja ¢ JTaHHBIMA KJIUHUKA U
JICHCUTOMETPHUH, MOKA3aBIIMMHU aKTHBAIIMIO KOCTEOOPa30BaTENbHBIX MpoieccoB. CBH-
JETEIIbCTBOM YCKOPEHUS PEMOJICIIMPOBAHUS KOCTHOW TKaHU 1oJ Bo3aeucteueM ['bKT
SBWJIACh AUHaMUKa docdaTtazHoro uaaekca (PU) ChIBOPOTKHA KPOBH — COOTHOIICHUE
AKTUBHOCTEW KOCTHBIX M30(pE€PMEHTOB IIEIOYHOU U KUCIION pocdarta3z. Uepes mosroaa
1ocJie omnepamuu ero nokasareinu Obutd B 1,6 pasa Bblllie, YeM B IPYIINEe CPAaBHEHUS
(p <£0,05). Heo6xo1umo oTMeTUTh, uTo O0ojee Bhicokue 3HaueHuss ®U npu ['bKT o0y-
CJIOBJICHBI CHIDKEHHEM AaKTHMBHOCTH TapTPaTPE3UCTEHTHOrO H30(epMEeHTa KHUCIOU
dhocdarazbl B quHaMuke mocsie onepanuu B 1,4—2,8 paza (p <0,01), 4To COOTBETCTBO-
BaJIO CHIKEHUIO META00IMYECKON aKTUBHOCTH OCTEOKIIACTOB.

VYpoBenb 3kckpenun C-KOHUEBBIX TEJNOMENTHAOB KoJulareHa | Tuna
(B-CrossLaps) — BeicokocnieninpuaHOro MapKepa KOCTHOM pe30pOIUY H3MEHSIICS pa3-
HOHAMPABJICHO: TIEpHOJ pocTa B 1-i — 3-i mecs (B 1,8 pasza, p < 0,05) cMeHuscs cHu-
*KeHrneM B 1,6 paza uepe3 moaroga HaOMIOACHUS.

Taxoke BBISIBIICHO CHIDKCHHE APYTHX MapKEPOB PE30POITHN: SKCKPEIUS KaTbITHSI
B IIEpBBIE TPHU Mecsia nocie onepauuu B rpynne ¢ ['BKT Obuia 1ocToBEpHO HUKE B
1,8 paza. Kpome Toro, 3kckpenusi KaablHs K KOHIYy roJla OKa3alach 3HAYUMO HUXKE
J00TIEPAIMOHHON BEJIMYUHBI, YTO, BEPOSITHO, 00YCIOBICHO HOpMau3aluen Oananca
KocTHOTO pemoaenupoBanus B ycnoBusix [ BKT. Hanpotus, B rpynne cpaBHeHus 1o-
MpEeKHEMY OTMEUEHa BbICOKast pe30pOIusl KOCTH, TaK Kak ypoBeHb B-GrossLaps Obi1
JI0OCTOBEPHO BhIIIE B 1,6 pa3a, uem 110 ornepaiuu, Ha ¢pone Hu3kux Benuund OU u ceI-
BOpOTOUHOM KoHIeHTparuu OK.

Takum ob6pazom, mpoBeaeHHoe uccienoBanue dpdexkra ['BKT y manueHToB c
MHOTOOCKOJIbYATHIMH Tuadu3apHBIMUA TIEPEIOMaMH KOCTEH TOJIEHH, MOKa3aJo IMOJIo-
KUTEIHHOE BIMSHUE HA PEMAPAaTUBHYIO pEreHepannio KOCTHOW TkaHH. [TomydeHHbIe
pE3yNIbTaThl CBHIETEIBCTBYIOT 00 ONTUMH3AIIMU KOCTHOTO PEMOJICTUPOBAHUS C TIpe-
BAJIMPOBAaHUEM B HEM KOCTEOOPA30BATENbHBIX MPOLIECCOB, B PE3YJIbTATE YErO COKpa-
TUJIMCHh CPOKH KOHCOJIHIAIUH.

Cnmcok HCNOJIb30BAHHBIX HMCTOYHUKOB

1. TunzOypr, P. JI. DxcnepuMeHTaIbHOE U KIIMHUYECKOE MPUMEHEHUE KUCIIOPO/Ia
TOJT TOBBINICHHBIM JapenueM B 6apokamepe / P. JI. ['un30ypr, 1O. I. lllanonraukos, b.
4. PynakoB — M.: Meqununa, 1975. — 112 c.

2. BanbkoBuu II. 3. Ponp rumepbapuyueckodl OKCHTEHAIMM B ONTHMHU3AINH
KOCTHOTO PEMOJEIMPOBAaHUsl y MalMEHTOB C meperoMaMu kocteil romenu / I1. D.
BanbskoBuu, O. I1. Keszns // HOBBIE 'OPU30HTBI — 2022; Coopauk marepuanoB 1X
benopyccko-Kuraiickoro MoiofexHoro uMHHOBaMoHHOro ¢opyma 10—11 HosiOps
2022 roga. — Munck : BHTY, 2022. — T.1 — C. 152—154.
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INOJYYEHUE U OBPABOTKA COCYAUCTBIX CTEHTOB
N3 KOBAJIBTOBBIX CIIJIABOB
Jlymuk I1. E., Munuens B. T., Padansckuit 1. B., 3a6noukuit A. B.
Hayuno-rexnonornuecknii napk bHTY «Ilonmurexnnk»

CrnaBel Ha OCHOBE KOOajbTa SIBISIFOTCS OJHUMHU U3 Hanbojiee BOCTPEOOBAHHBIX
MaTEpUaJIOB JI U3TOTOBJICHUS OMOCOBMECTHMBIX U3JEIUNA MEIUIMHCKOTO Ha3Haue-
Hus. Bbibop cocTaBa, TEXHOJIOTHUHU MTOJIy4EHUS U 00pabOTKH KOOAIbTOBOTO CIUIaBa JJis
U3TOTOBJIEHHUS] OWMOMMILIAHTATOB 3aBHCUT OT HAa3HAYeHUs M (QYyHKUHOHAJIBHBIX
TpeOOBaHUM.

CocyaucTble CTEHTBl MpPEACTABISAIOT COOOM HMCKYCCTBEHHbBIE HWMIUIAHTATHI,
KOTOpBIE 00€CIIEYrBAET BOCCTAHOBJIEHUE (PYHKIMNA CEPIEYHO-COCYUCTON CUCTEMBI Y
00JIBHBIX C 3a00JEBAaHUSAMU KOPOHAPHBIX apTepuid. JlJis UMILJIaHTAaTOB KOPOHApPHOM U
COCYIUCTOU XUPYPIruM (CTEHTOB) Ba)KHO OOECIEUUTh HE TOJIBKO BBICOKYIO MTPOUYHOCTb,
HO M IUIACTUYHOCTH cCIiaBa. JlJi1 WM3TrOTOBJIEHHS CTEHTOB MOTYT HCIIOJIb30BaThCS
pa3uyHble KOPPO3HMOHHOCTOMKME MaTepHalibl: HEpKaBeroulas CTallb, CIUIaBbl Ha
OCHOBE THTaHa, TaHTaJa, INIATHHOUPHUAUEBHIE CIIABHI, PA3IUYHbIC BUABI MOJIMMEPOB.
JUIsl COCyAMCTBIX CTEHTOB, M3-3a UX HEOOJIBIIMX Pa3MepoB, HAMOOJEE MOAXOASIIIUMU
ABIISIOTCS CIUIaBbl Ha ocHOBe cucteMbl CO-Cr 6marogaps MX BBICOKOH MPOYHOCTH U
IJIACTUYHOCTH, YTO MO3BOJIIET YMEHbIIATh TOJIIMHY CTEHOK cTeHTa A0 0,1 mMMm. D10
3HAYUTEJIbHO CHUYKAET YaCTOTY MOCJIEONEPALOHHBIX PECTEHO30B.

B pamkax npoBOAMMBIX MCCIEAOBAHUN H3TOTOBJIEHHUE COCYIUCTBIX CTEHTOB
OCYIIECTBISIOCHh M3 U3 cioxHojerupoBaHHoro Co-Cr cmiiaBa ¢ HCHOJIb30BaHUEM
MHOTO(YHKIIMOHATIBHOM JIa3€pHOM CUCTEMBI JIJIs1 BBICOKOTOUHOM PE3KH METAITTNYECKUX
MaTepUajoB B COOTBETCTBUU C TPEOOBAHUSMHU MEXIYHAPOIHBIX HOPMATHUBHBIX
nokymeHToB: ctanaapra [SO 25539-1:2003(E) «BuyTpucocyaucTbie UMILIAHTATHI —
DHJ0BacKyJsipHble Mpudopsy, cranaapra ISO/TS 15539:2000(E) «BuyTpucocynuc-
ThI€ UMITJIAHTATHI — DHIOBACKYJISIPHBIE TIPOTE3BD».

KoHcTpykusi cocyIMCTOrO CTeHTa JOJKHA 00ecrieunBaTh BBHICOKME MOKa3aTeln
MpeNesoB TMPOYHOCTH, TEKYyYeCTH, OTHOCHTEIBHOTO VYJIWHEHUS U PagualibHyIO
KECTKOCTh m3nenus (puc. 1).

Pucynok 1 — Baemnuii Bua coCyJUCTBIX CTEHTOB U3 KOOAJIbTOBBIX CIIJIABOB

Jist obecnieyeHust 3aJaHHBIX (U3UKO-MEXAHUUYECKUX CBOWCTB U CTPYKTYpHI
CIUTaBOB (B COOTBETCTBHM C TPEOOBAHMSIMHU OOECIEUECHMs] MapaMeTpOB PACKPHITUS
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CTCHTOB B IIMPOKHX JWAaNa3oHaX 3HAYCHHWH paauaibHOW CHIIbI, JABJICHUS W MOMYJIS
YOPYTOCTH, B 3aBUCUMOCTH OT YHHKAJIBHBIX OCOOCHHOCTEH OpraHW3Ma) B BaKyyMHOM
nevyd MpOBOJAMIIACH TepMUYECKas 0OpabdoTKa 3aroTOBOK CTEHTOB, a Ha CIIEAYIOIIEM
aTame — JJeKTpoxumudeckas oopadoTtka (3XO) CTEHTOB B CHEUATLHOM KHUCIOTHOM
pacTBoOpe 3JIEKTPoIuTa (pHC. 2).

Pucynok 2 — O0mumii BUJl yCTaHOBKH 3JIEKTPOXUMUYECKON 00paboTku i manopasmepubix Co-Cr
COCYAMCTBIX CTEHTOB (@) C KOMILICKTOM MPUCIIOCOOICHUH (OABECOB) I UX puKcanuu (0)

B mpouecce uccnenoBanusi BiusHUA napameTpoB OXO Ha CTENEHb yAaleHUs
marepuania Co-Cr CTEHTOB ObLJIO BBISIBJICHO HW3MEHEHHE BOJIbT-aMIIEPHBIX
XapaKTEpPUCTUK Tpollecca B HAYaJIbHBIH MOMEHT BpPEMEHH U B YCTAaHOBUBIIEMCS
pexuMe. YCTaHOBJICHBI ONTUMAJIbHBIE PEXUMBI 00pabOTKH, O0OecIeurnBaroIne
BO3MOYKHOCTbH MOJYYEHUSI pABHOMEPHOTO CheMa MaTepHalia MaTopa3MEepPHBIX CTEHTOB.
Brmusane 9XO, cBA3aHHOE ¢ YMEHBIIIEHUEM Pa3MEPOB CTPYKTYPHBIX d51eMeHTOB Co-Cr
MMILJIAHTATOB, HAa M3MEHEHHWE WX MEXaHWYCCKUX XapaKTEPHCTHK, BBIpaKacTcs, B
OCHOBHOM, B CHWKEHUH TPENCITbHBIX 3HAYCHUA MOYJIS YIPYTOCTH MPHU HCIIBITAHUSIX
CTCHTOB Ha C)KaTHe.

AHanmu3 pe3yabTaTOB HMCCIEIOBaHMs Tpolecca (HopMUpOBaHHS MHUKpopenbeda
MOBEPXHOCTHOCTH  OOpPA3IOB  COCYOUCTBIX HWMILIAHTATOB, W3TOTOBJICHHBIX W3
cnoxuosierupoBanHoro Co-Cr crutaBa mokaszaji, 4TO TOociie TePMUYECKOW (OTKHUT B
muanazone temmepatyp 1050-1150 °C) wu osnexkTpoxuMmuueckoir 00paboTKu
oOecrieunBaeTcsi TpeOyeMblii YpPOBEHb (PU3UKO-MEXAaHUYECKUX XaPAKTEPUCTUK U
KaueCTBO MOBEPXHOCTH UMILIIAHTATOB.

Paboma evinonnena npu noooepowcke benopycckoeo pecnybiuxkanckozo ¢hoHoa
@yHoamenmanvroulx uccieoosarutl, npoekm T21Y3B6I-008 «HUccredosanue mexanuue-
CKUX CBOLLCME U OUOIOSUHECKOU COBMECUMOCTU MEOUYUHCKUX MAMEPUAIos Had OCHO8E
CoCr nocne mepmuyeckou u 2J1eKmpoxXuUMUYecKol 06pabomruy.
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MOJYYEHUE JUTBIX U3AEJUN MEJUIIMHCKOI'O HASHAUYEHUA
N3 CIINIABOB HA OCHOBE CUCTEMBI CO-CR-MO
Kypau . U., Jlymuk I1. E., Padansckuit Y. B., Hoaruii JI. I1.
Hayuno-texnomornuecknii mapk bHTY «Ilomurexnux»
dianakmtbnt@gmail.com

Annotation. The paper discusses methods for manufacturing medical Co-Cr-Mo-based
alloys products. The features of foundry technologies for endoprostheses production, as well as
the influence of methods of processing casting on their structure and properties are discussed.

buomenuuunckue Marepuaisl Ha ocHOBe cucTeMbl CO-Cr sIBIISIIOTCS YHUBEpPCaIb-
HBIMH ¥ HAXO/JISAT IIMPOKOE MPUMEHEHHUE B MEIULIMHE, HATIPUMED, JJI IPOTE3UPOBAHUS
JIOKTEH, MaJblieB, U3TOTOBJICHUS] KOCTHBIX IJIACTHUH, BUHTOB, CTEPKHEW, 3yOHBIX HM-
IJIAHTATOB, OPTONEINYECKUX UMILIAHTATOB KOJIEHHBIX CYCTABOB U UICKYCCTBEHHBIX Ta-
300€IpeHHBIX CYCTaBOB. Takue CIUIaBbl XapaKTEPU3YIOTCA BBICOKOW KOPPO3UOHHOM
CTOMKOCTBIO, KOTOpAasi MPEBOCXOJAUT HEPKABEIONLYIO cTajb 316L, ycTOMYMBOCTBIO K
AJUIEPrUYECKUM PEAKIIUSAM MPU KOHTAKTE C TKAHAMHU YesioBeka (OMOCOBMECTUMOCTHIO),
XOpOIIUMHU (PUBUKO-MEXaHUUECKUMU CBONCTBAMH, COOTBETCTBYIOIIUMHU JI€SITEIHHO-
CTH Y€JIOBEKA, BEICOKOW YCTAIOCTHON MTPOYHOCTHIO.

JI1st METUIIMHCKUX TIeJIe MIUPOKOE MPUMEHEHHUE MOTYUYUIIN CIUIABbI Pa3InYHbIX
cocTaBoB Ha ocHOBe cuctembl CO-Cr ¢ mobaBnenuem Mo, kak paBuiio, ot 2 10 11 %
(Mmac.), cBOMCTBAa KOTOPBIX COOTBETCTBYIOT MHAMBUIYAIbHBIM OCOOEHHOCTSIM YeIo-
Beka. [lomrmo MomubaeHa 3T criaBbl JierupytoT Hukenem (0,1-2,5 %), Tutanom
(0,1-6 %), Bonbhpamom (0,2—0,4 %) u ap. Jlerupyroriue 31eMeHTH 00pPa3yIoT OJIHO-
POJHBIA TBEPJIbI PACTBOP M CIIOCOOCTBYIOT KOPPO3MOHHON CTOMKOCTH U TKaHEBOM
COBMECTUMOCTH MPUMEHSIEMBIX KOOAIbT-XPOMOBBIX CILJIABOB.

Crnenmyer OTMETUTD, YTO CIUIABBI IAHHOTO TUMA OOBIYHO COJIepKaT JIBa BUJa KpU-
crtaimyeckux cTpykryp: y-I'LIK ¢a3y (craOunbHyro Mpu BBICOKMX TeMmIeparypax,
00bryHO npepbimaromux 900 °C) u e-I'TIY ¢dasy (ctabuiibHyI0 IpH KOMHATHOM TeMIIe-
paTtype), a Tak:Ke OTHOCUTEJIbHBIE 107U ¥ U € (ha3. Pazmep 3epeH CyIIecTBEHHO BIUSET
Ha MEXaHMYECKHE CBOMCTBA ATUX CIIJIaBOB.

Cyl1ecTByomme crnocoobl U3roTOBJICHUS JIMTHIX U3ACIIUNA JIJI1 MAIIMHOCTPOEHUS
B I1€JIOM TPUMEHUMBI U K IpoLieccam MOTyUYeHUs 31U MEUIIMHCKOTO HA3HAYCHHUS.
HaunbGonee yacTo mpUMEHSIIOT TaKhe CIIOCOOBI U3TOTOBJICHUS, KaK JIUTHE, aIINTUBHBIC
TEXHOJIOTHH, 00paboTKa MaTepHUasioB JaBieHHEM (KoBKa, aedopmanus). K agauTus-
HBIM TEXHOJIOTUSIM OTHOCUTCSE SLM-TeXHOMIOTHS, KOTOpasi MPEACTaBIISIET COO0 METO
CEJIEKTHUBHOTI'O JIa3€pPHOTO IJIaBlieHHs. [[aHHYI0 TEXHOJIOTMIO, KaK MPaBUIIO, UCIIONb-
3YIOT JIJ1s TOJTYYEHUSI U3AENIHI, UMEIOIIUX CIIOAKHYIO0 TEOMETPHIO, WIIH B CITydae, Korjaa
HEO0OXOMM MHIUBHUIYaTbHBIN MOAX0/] K KOHCTPYKINHN u3nenus. Hanbonpuryto mormy-
JIIPHOCTH JAHHBIA METOJ TproOpes B 00J1aCTH CTOMATOJIOTHH.

[Tonydenune uznenuii koBkoi (aedopmarnmeit) uz Co-Cr-Mo crnaBoB, Kak mpa-
BUJIO, COTIPOBOXKIAETCSA X KOMILJIEKCHOM 00pabOTKO: MOJIydeHUE JIMTOM 3aTOTOBKH C
MOCIEAYIOIUM 00paOOTKOM J1aBJICHUEM U TTOJTYUYEHUEM TOTOBBIX dHIOMPOTE30B.
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TexHOJ0TUU JIUThSI OTHOCSTCS K HamboJjee HU3KO3aTpaTHbIM U 3()PEKTUBHBIM
METOaM M3TOTOBJICHUS U3/CIHIA U3 METAJUIOB U CITaBoB. OTHAKO IPUMEHEHUE Kilac-
CHUYECKHX TEXHOJOTUH U3TOTOBJICHUS U3/ICTNIl METOIOM JIUThS SABIISETCS HELIEIECO00-
pasHbIM, T. K. TaKue JeTanu OyayT UMETh HE TOJIBKO HM3KOE KauyeCTBO MOBEPXHOCTH,
HO M Pa3JIMYHOTO BHAA Me(PEeKThI (IIOPUCTOCTh, YCATOUHbIE PaKOBUHBI U 1p.). K mo-
BEPXHOCTH JHJIOMPOTE30B MPEIBSIBISIOTCS BBHICOKHE TpeOOBaHMS, a CaMH H3ZeNus
JOJKHBI COOTBETCTBOBATH 33/IaHHBIM TPEOOBAHUSM U CBOWCTBaM. B CBsI3U ¢ 3 THM, 115
IPOM3BOJICTBA IHAOMPOTE30B U3 CIIaBOB Ha ocHOBe cucTembl CO-Cr-Mo npumens-
I0TCA CIIeMANIbHBIE BUBI TUThS. K HUM OTHOCSITCS, HAPUMED, JINTHE 1O BITUIABIISIC-
MBIM MOJIEJISIM, BAKYYMHOE JIUThE, JINThE B CPE/ie 3alIUTHBIX ra30B (aproHa), JIUTbe
noJ1 AaBjieHreM U Jp. Mcnonp30BaHKe yKa3aHHBIX TEXHOJIOTHH MO3BOJISET MOMYyUUTh
uznenus u3 Co-Cr-Mo crimaBoB ¢ reomerpueid, HauboJiee IPUOIMKEHHON K hopMme U
pa3MepaM TOTOBBIX M3JENHM, O€3 MIPUITYCKOB Ha MEXaHMUYECKYI0 00pabOTKy, TeM ca-
MBIM COKpalIlias 3aTpaThl Ha (MHUIIHYIO TOBEPXHOCTHYIO 00PabOTKY.

CrnemyeT OTMETHTD, UTO B MIPOLIECCE JIUTHS P 3aTBEPIEBAHUN MOTYT 0OPa30BBI-
BaThCsl KPYITHO3EPHUCTHIC KPUCTAIMYECKUE CTPYKTYPhI, KOTOPBIC CHIDKAIOT MPEICIT
TEKY4YEeCTH CIIaBa, TOBBIMIAIOT BEPOSATHOCTh BOZHUKHOBEHUS AEPEKTOB (MUKPOIIOPHI,
BKJTFOUCHHMS ), TIOBBIIIAIOIINX BHYTPEHHEE HAMPsDKEHUE, YTO, B CBOIO OYEpeIb, TTOHU-
’KAEeT MPOYHOCTHBIC XapaKTEPUCTUKH U3AeNrs. TemM He MeHee, TPUMEHEHNE JINTEHHBIX
TEXHOJIOTHH JUI TPOU3BOJICTBA 3aTOTOBOK YHIOMPOTE30B OCTACTCS AKTYAIbHBIM H I1e-
Jeco00pa3HbIM HAMPABICHUEM.

Jiist obecrievuenus 3aJaHHON CTPYKTYPhI JIUTHIX 3aroToBok 3 Co-Cr-Mo criaBos,
KaK MPaBUIIO, IIUPOKO MPUMEHSIOTCS METO/Ibl TEPMUYECKONH 00paOOTKH, HAIPABICHHBIE
HA MOBBIIIEHUE POYHOCTHBIX XapaKTEPUCTUK JIUTHIX SHIOMPOTE30B, MOBBIIICHUE U3HO-
cocroiikocTd u ap. Kak npasuiio, 1yt nuteix uznemui n3 Co-Cr-Mo criaBoB npumens-
eTcsd  BBICOKOTEMIepaTypHas oOpadoTKa, JOCTUTAolasi B OTACIBHBIX CIydasx
1200-1230 °C, ¢ mocneayromei 3aKaikoi 1 n30TepMudeckuM craperreM npu 850 °C.

[Toce TepMOOOPAOOTKH B CTPYKTYpE CIUIABOB MOTYT BBISBIISITHCS Pa3INIHBIC
TUCTIepCHBIC TBepAbie (a3bl, Hanpumep, Tuna M23Cs, M;Cs, nHTEpMeETaIIMIeCcKue
¢da3el o-trma. ®opmupoBaHue Takux (a3 MPUBOIUT K U3MEHEHHUIO MPOYHOCTHBIX Xa-
paKTEepUCTUK TepMOOOpabOTaHHBIX H3Aenuii. Kpome Toro, HEKOTOpPBHIMU HCCIIeI0BATE-
JSIMU YIIOMUHAETCS TeHICHITHS pasiioskeHus kapounoB M23Cs Ha 60nee menkue MgC,
CKarUTMBAIOIIMECS 10 rpaHuliaM 3epeH. [loce Takoi 06paboTku HaOI01aeTCs BBICO-
Kast TBEPIOCTh u3aenuii (0koio 512 £580 Hv) u u3BHOCOCTOMKOCTb.
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BJUSAHUE COBMECTHOI'O B3AUMOJENCTBUSA HOPTPUIITUJINHA
N KOPTUKOCTEPOUJIOB HA CEKPELINIO HUTOKUHOB KJIETKAMUA
KPOBHU MAIIMEHTOB C XPOHUYECKON OBCTPYKTUBHOM
BOJIE3HBIO JIET'KHUX
Kamuanuenko A. B., I'opox M. I1., Kagymkun A. T'.
benopycckuii rocyaapCTBEHHbI METUIIMHCKUN YHUBEPCUTET
annavk887@gmail.com

Annotation. The article describes the individual and joint effects of nortriptyline and
budesonide on cytokine secretion (IL-4, IL-5, IL-8, IL-13, IL-17A, IL-33, TSLP, FIMM).

Xponuueckas ooctpyktuBHas Ooses3nb jerkux (XOBJI) susercs: 3a0os1eBaHueM,
COIPOBOKIAIOLIMMCS BOCHIAIIMTENIBHON pEaKUEN Ha IEHCTBHE MTATOTEHHBIX T'a30B U Ya-
CTHILI, U XapaKTEPU3YIOLIUMCSI OTPAaHUYEHUEM CKOPOCTH BO3JYIIHOIO MOTOKAa B JIbIXa-
TeNbHBIX MyTsaX. Hanbonee yacTo Ha3HAUaeMbIMU MpenapaTamMy ¢ MPOTUBOBOCHIAINTEIb-
HBIM MMOTEHIIMAJIOM JJISI €0 JICUEHUS SIBJISFOTCS] UHTAJISIIMOHHBIE KOPTUKOCTEpOoUIbl. Of-
HAKO PE3UCTEHTHOCTh K 3TUM JIEKAPCTBEHHBIX CPEJCTBAM SIBJISETCS CEPbE3HOM MpOOIIe-
Mo nipu JiedeHnr XObJI. OqHrM 13 Moaxo010B K MOBBIIIEHUIO YyBCTBUTEIILHOCTH K KOP-
TUKOCTEPOUAM SIBIISIETCSI MCIIOJIb30BAaHUE TPULMKIMYECKOTO aHTHIEIIPECCAaHTa HOPT-
PUNITHINHA, KOTOPBIA YCTPaHIET PE3UCTEHTHOCTh K KOPTUKOCTEPOUIAM.

[lenpt0 [1aHHOTO HCCIEIOBAHUS SIBIISIETCS  BBISIBIICHUE IMOTEHIHAIBHBIX
CUHEPTreTUYECKUX  MPOTUBOBOCHANUTENBHBIX  A(M(PEKTOB  HOPTPUNTWIMHA U
KOPTUKOCTEPOUIOB B OTHOIIIEHUU CUHTE3a IIUTOKMHOB T-IuM@onuTamMu maeHToB ¢
XOBJI u MoneKyIsIpHbIE MEXAHU3MBI, JIEKAITUE B OCHOBE UX JACHCTBHUS.

B xo1e npoBoAMMBIX UCCIEN0BAaHUM, BEHO3HYIO KPOBb MALIMEHTOB, CTPAIAI0IINX
XOBJI, 3abupanu B mpoOUpKH, COACprKaBIINE renapud HaTpus. [lanee BbIAEIsIun Mo-
HOHYKJIeapHble KiieTku nepudepudeckoit kposu (MKIIK) mytem nuentpudyrupoBanus
00pa3loB Ha rpaJUeHTe MJIOTHOCTU U MOMELANH WX B IUIAHLIET JJISl KyJIbTHBUPOBA-
HuA. YacTh 00pa31ioB UCHOJIb30BANIM B KAUY€CTBE KOHTPOJIbHBIX, @ YACTh MHKYOHUPOBaIH
¢ puroreMarrmoTHHUHOM (PI'A) C 11eIbI0 CTUMYJISIUY JIEUKOLMTOB. Jlanee kK cTumy-
JUPOBAHHBIM JeiikonuTaM ao00aBisim Oyaeconun (10 HM) uW  HOPTPUNTHIMH
(1 u 10 MmxM). Ilocne KyabTUBAIIMU KJIETOK B T€UeHHUE 6 4acOB coOOMpaM CymnepHa-
TAHTHI U aHAJIM3UPOBAIM KOHIICHTPAIIUIO ITUTOKWHOB: MHTEpieikuna-4 (MJ1-4), 1JI-
5, WI-8, NJI-13, WUJI-17A, WNJI-33, TUMHYECKOTO CTPOMAJILHOTO JUMQOMOITHHA
(TJICII) u daxTopa, nHrnbupytoiero murpaiuio makpodara (GMIMM), ¢ momorisio
TBep0(a3HOr0 UMMYHO(MEepMEHTHOTO aHanu3a. CpaBHEHHE 3HAYCHHUM MTPOBOIUIIH C
KOHTPOJIbHBIMU 00pa3iiaMu METOAOM OJHO(PAKTOPHOTO JAHCIIEPCUOHHOTO aHajIn3a
(ANOVA). Bce pesynbTaThl peCTaBICHBI B BUJE CPEAHETO + CTaHJapTHAS OINOKa
CpEeIHero OT OOIIET0 KOJIMYECTBA IKCIIEPUMEHTOB MPU HOPMAJILHOM pacCIpeiesIeHUN
JUTSL KaKJI0ro Habopa JaHHBIX.
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Pucynok 1 — Biinsnue HopTpunTuivHa U OyJeCOHUA Ha CEKPEIMI0 MPOBOCTIATUTENbHBIX IUTOKH-
HOB MOHOHYKJIEAPHBIMHU KJIETKaMH KpoBU nanueHToB ¢ XOBbJI

B nactosmeit pabote HOPTpUNTHIIMH B KOHIIEHTparmu 10 MKM CHMKanm cekpe-
U0, UHAYIUPOBAHHYIO (UTOTEMAITIIOTHHUHOM, UuTokuHOB: WJI-4, NJI-5, NJI-13,
WJI-17A, NJ1-33, ®VUMM u TCJIII. DTOoT npenapar Takke CHUMXKaJ MPOIEHT KIETOK,
npoayuupyromux NJI-4 u NJI-8. KomOunamus 6yneconuna 10 HM ¢ HOPTpUNTHIIH-
HoM 10 MxM Oba 6osee 3¢ dhekTrBHOM B moxaBnennn cekpenuu NJI-4, NJI-5, NJI-8,
NJI-13, NJI-17A, TCJIII MOHOHYKJIEApHBIMH KJIETKaMU KPOBH, a TAKXE 3KCIPECCHH
NJI-4, NJI-8 T-xenmnepamMu Mo CPaBHEHUIO C UCIIOJIB30BAHUEM OJTHOTO OyIeCOHHIA.
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MASK-EMBEDDING AND FEATURE-FUSED NETWORK
FOR MEDICAL IMAGE SEGMENTATION
F¥E2 (Tang Yi), X (Zhao Di), Gourinovitch A.
Belarusian State University of Informatics and Radioelectronics
tangyijch@163.com, 3189124246@qg.com, gurinovich@»bsuir.by

Annotation. Medical image segmentation has a vital role in disease diagnosis and
treatment. The feature enhancement module and a mask embedding block for medical
Image segmentation is proposed. This method utilizes an encoder-decoder architecture
with attention mechanism and residual connections to adaptively adjust the importance
of each layer of features. The proposed network achieves stronger feature transfer and
reconstruction, enhancing multi-scale expressive capabilities and context-awareness
uy introducing dense skip connections Experimental results on three datasets demon-
strate significant improvements in segmentation accuracy and robustness, particularly
in handling segmentation details and boundaries.

Medical image segmentation is crucial for accurate disease diagnosis and treat-
ment planning. It's known the manual segmentation is time-consuming and prone to
errors. To solve this problem the feature enhancement and mask embedding modules
has proposed. This approach aims to improve segmentation accuracy and efficiency in
medical imaging. The existing methods for medical image segmentation, including
classical U-Net [1] with its variants and other SOTA methods are reviewed.

In our paper, we present our feature enhancement module, which enhances the en-
coder-decoder architecture by incorporating additional feature-fused blocks, which ena-
bles the network to capture more detailed and discriminative features, leading to improved
segmentation performance. Meanwhile, we introduce the mask embedding technique,
which involves embedding the mask information into the feature maps at each layer of our
proposed structure. This integration helps the network focus on relevant regions and sup-
press noise, leading to improved accuracy in medical image segmentation.

To train and validate the proposed blocks, this study uses three publicly available
biomedical image datasets: Kvasir-SEG[2], CVC-ClinicDB, and 2018 Data Science
Bowl (2018 DSB).

Then, several standard evaluation metrics are utilized to validate the usefulness of
proposed blocks and network, including precision, dice coefficient (DSC) (a.k.a F1),
recall and mean intersection over union[2].

The results show the accuracy of proposed network can reach up to 91.57 %,
94.92 % and 98.60 % on three data sets respectively. Storage is very important in actual
clinical testing. And the proposed network achieves recall rates of 90.35 %, 94.84 %
and 93.95 % on three datasets.

The modified approach achieves significant improvements in segmentation accu-
racy and efficiency, surpassing some existing methods.
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EXPLORING THE ROLE OF LOSS FUNCTIONS IN BIOMEDICAL
IMAGE SEGMENTATION

X3 (Zhao Di), F¥22 (Tang Yi), Gourinovitch A., Liankova A.

Belarusian State University of Informatics and Radioelectronics
3189124246@0qq.com, tangyijch@gmail.com, gurinovich@bsuir.by, Asyalen@ gmail.com

Annotation. The loss function is an important part of the segmentation method
based on deep learning, and the improvement of the loss function can improve the seg-
mentation effect of the network from the root, however, there are few literatures to do
specific analysis and summary of various types of loss functions, this paper summaries
some commonly used loss functions from the common problems in the current medical
Image segmentation task.

The loss function has important meanings such as measuring segmentation accuracy,
promoting model convergence, improving spatial consistency, and improving the generali-
sation ability of the model. Following loss functions are commonly used:

1. Cross-entropy loss: this is a loss function commonly used for classification
tasks and can also be used for image segmentation at the pixel level, which measures
the loss by comparing the difference between the model's predicted segmentation re-
sults and the true labels. A number of articles have studied it, [1] have chosen to apply
CE Loss in segmentation models. The formula for cross-entropy loss is as follows:

Leg = _Zic=1Qi log(p;).

2. Dice loss: it is used to measure the overlap region between the predicted and
true values, it works better when in dealing with the category imbalance problem. DSC
reflects the segmentation results with the real situation size and localisation con-
sistency, which is more in line with the perceived quality compared to the pixel level
evaluation metrics. The Dice Loss formula is as follows:

2TP
2TP+ FP+ FN °

Dice =
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Jaccard Loss: it is based on Jaccard Index, also known as Intersection over Union
(loU) Loss, is a commonly used loss function for semantic segmentation tasks to eval-
uate the similarity between the segmentation results of a model and the real segmented
labels[2]. The larger the value of Jaccard coefficient, the higher the sample similarity.
Jaccard loss formula is as follows:

TP _ Dice
TP+ FP+FN 22— Dice’

10U =

The loss function is an important module in biomedical image segmentation, the im-
provement of the loss function can solve a variety of problems in the task of biomedical
Image segmentation, and the improvement of the loss function has a broad prospect in the
improvement of the performance of medical image segmentation models.
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Annotation. This paper aims to introduce the design of a bracelet system for health
monitoring and drug management serving nursing homes, in order to improve the qual-
ity of life of the elderly while improving and reducing the waste of human resources
and reducing costs.
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TEXHOJIOTI'USA AESUHOUIINPOBAHUA HOME]_HEHI/Iﬁ
BUIUMbIM CBETOM
Jlmmik C. U, I'pag /1. B., Caenokypos B. E., Acunenko . A.,
Uensmun A. E., LiBupko B. U.
[leHTp CBETOIMOIHBIX U ONTOANEKTPOHHBIX TexHoioruit HAH benapycu

rnd@ledcenter.by

Annotation. Two models of LED disinfector lamps have been developed that use
radiation with a wavelength of 405 nm to disinfect the air and indoor surfaces. The
developed technology is safe and can be used in the presence of a person to illuminate
office, industrial and service premises. The lamps are characterized by a simple design,
manufacturability and ease of use.

JIist mpefoTBpallleHrsl pacpOCTpaHEHUs! Cpeld HaceaeHUs! NH(PEKIIMOHHbBIX 3a-
00JIeBaHUI MEepeAaroNIMXcsl BO3AYIIHO-KAMEIbHBIM MYTEM IIMPOKO HCIOIb3YIOTCA
pa3IMYHbIe TEXHUYECKUE CPEJICTBA: MACKH, PECIUPATOPBI, PELUPKYJIATOPHI, 1E€3UH-
(dekTopsl U T. 1. CBETOAMOIHBIE CBETUIILHUKH — A€3UH(EKTOPBI OTHOCATCA K CPaBHU-
TEJIbHO HOBOMY KJIaCCy YCTPOMCTB, PEAM3YIOIINX OJTHOBPEMEHHO (DYHKIIMHU OOILIEro
OCBEIICHUS] U HENPEPBIBHOTO J1€3MHPUUIMPOBAHUS BO3AYXa U OTKPBITHIX MOBEPXHO-
CTEl B IIOMEIIEHUSX, B TOM YUCIIE€ B IPUCYTCTBUM JIIoAeH. [IpruHIMI 1eCTBUS TaKuX
YCTPOMCTB OCHOBaH Ha abcopOrimu u3inydeHus ¢puosetoBoro 1seta (405 um) nmopdu-
puUHamMH, B pe3yJbTaTe 4Yero BHYTPU MHUKPOOPraHU3MOB (Oakrepuii, TpuOKOB,
APOXOKEH, CIIOp U T. I.) 00pa3yloTcsi akTUBHBIE (POPMBI KUCIOPOJa, KOTOPHIE BbI3bI-
BalOT OKHCJIEHHE U TH0einb MUKPOOHBIX KJIeTOK. CylllecTBYyeT TakKe rumore3a O He
nopGUPUHOBOM MEXaHNW3MEe MHAKTUBAIIMK BUPYCOB, Hanpumep, SARS-CoV-2 (Bo30y-
auteiab COVID-19) u rpumnm A [1].

dotorpaduu Mozenel CBETOANOIHBIX CBETUIILHUKOB-Ee3UH(pEKTOpoB No 1 1 2,
a TaKXe CIEKTPAJIbHbIE XapaKTepucTUku odpasua Ne 2 B Tpex pexxumax ero padoTsbl
(nepexyroYeHre peXKMMOB PadOThl OCYILIECTBISAETCA IPHU MOMOILHU MyJIbTa AUCTAHIIN-
OHHOI'O YIIpaBJIEHUs ), IPEACTaBICHBI Ha puc. 1.
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Pucynok 1 — Mopenu cBeTOJMOAHBIX CBETHIBHUKOB-e3HH(EKTOpPOoB Ne 1 (a)
u Ne 2 (), a Takxke CHeKTpajibHAs XapaKTepUCTUKA CBETHIbHUKA Ne 2 (6)
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Ouenka 6akTepuiaIHON 3O PEKTUBHOCTH CBETHIIBHUKA — IC3UH(PEKTOPa MOACIIH
Ne 1 mpoBoamitacek B HIIL] ruruens! (r. Munck) [2]. Ha puc. 2 noka3ans! aniku [letpu
C KyJIbTYpaMH MHKPOOPTAHU3MOB S. aUreus, o0aydeHHbIE 1 HeOOTyICHHbBIC B TCUCHUE
30 mMuH. [Ipu 3TOM CBETWIBHMK pacrnojaraicsa Ha pacctossHuu 10 cM ot vamek [letpu
(sHEpreTuueckas ocsemeHHOCTh 156 B1/M?). Kak crefyer u3 aHaiansa puc. 2, o BO3-
neictBueM u3nydeHuss 405 HM NPAKTUYECKHM BCE KOJOHUHM MHKPOOPTraHU3MOB I10-
ruonu. CrieoBaTelibHO, B PEajbHBIX YCIOBUSX KCIUTyaTalluu B MOMEILICHUSIX C HOP-
Mupyemon ocpenieHHOCThI0 300 sk uiu 500 K BpeMsl HHaKTUBAIMU ¢ 3D PEKTUBHO-
c1hi0 90 % cocTaBuT cooTBeTCTBEHHO 18,3 u nym 11,0 u.

a o
PucyHnok 2 — MHakTUBanus 30J0TUCTOTO CTAQUIIOKOKKA S. aureus 1o BO3ACHCTBHEM U3ITydeHUS
ceetrwiibHUKA Ne 1 (a); KOHTpOIBHBIN 0Opa3serr (6)

OTANYUTENHEHON 0COOEHHOCTBIO MpeIaraéMoi TEXHOJIOTHH Ae3UH(DUIIMPOBAHUS
SBIISIETCS. MUHUMAJIBHBIA PUCK TPH MONAJaHUN U3IYYCHUS Ha KOXKY U TJ1a3a, B OTJIH-
4yue, HalpuMep, OT U3JIyYeHus yCcTpoucTB Ha ocHOBe Y @ namn. Mcnertanus nmo I'OCT
IEC 62471 «DoTobuonornyeckass 6€30MacHOCTh JaMI M JIAMIIOBBIX CHCTEM)» TOKa-
3a5n, 4T0 MOAYJIb Ne 2 oTHOCUTCS K rpyrne pucka RG1l (MUHUMAaNbHBINA PUCK).

Taxum 06pa3om, TeXHOJIOTHS Je3UH(DULIMPOBAHNS BUTUMBIM CBETOM XapaKTepu-
3yeTcss 0€30MacHOCThIO U HEMPEPBIBHOCTHIO BO3aciicTBus (24/7) u MOXKeT mpume-
HATBHCS AJI OCBEIICHUS MEIUIIMHCKUX YUPEXJEHUH, OPUCHBIX, TPOU3BOJCTBEHHBIX,
OBITOBBIX M BCIIOMOTATENIbHBIX MOMEILIEHUH, KOPUAOPOB, U T. II.
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Annotation. This paper discusses the basic ideas of constructing a new animal
epidemic traceability system by introducing information technologies and provides
practical and targeted measures for the technical deficiencies in the current animal ep-
idemic traceability system in China. This would have positive effect on improving the
ability to prevent and control animal epidemics, and improve the safety and greenness
of food from the perspective of food source.
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Annotation. The paper discusses the possibility of obtaining coatings with a
thickness of more than 4 mm, containing the maximum permissible amount of modi-
fying additive: ultrafine diamonds in a matrix of copper powder and silicon carbide in
aluminum powder using supersonic gas-dynamic sputtering. The modes of spraying
and coating properties been investigated. The hardness of the coating increases more
than 2.5 times while maintaining the adhesive and cohesive strength.

lMa3oquHaMuUecKoe «X0JI0JHOEY HAIBIJIEHUE — YHUKAIBHBIN B CBOEM POJIE METO
CO3/IaHUs TOKPBITUM C COXpAaHEHUEM CBOMCTB MUCXOJIHOTO MaTepuana [1; 2]. Hambuie-
HUE BBIMTOJHACTCS YCTaHOBKaMH HU3KOTO, MeHee 1 MIla, u Beicokoro, 6osee 10 MIla,
nasneHuit. [lokpeiTre hopmMupyercs 3a cueT KWHETUYECKON SHEPTHH YaCTHI] TOPOIITKA
MeTajula Wi CIUIaBa MPU COYJIAPECHUU C IMOII0KKOU. Hocurenem siBisieTcst cxxaThli
BO3/YX, @30T, MHEPTHBIE ra3bl. TONIIMHA MOKPBITUS PETYJIUPYETCS PEKUMOM Harbljie-
HUSI U cocTaBisieT oT 5—10 Mmxkm u Oornee.

[enb naHHO# pabOTHI COCTOSIA B CO3JaHUU aIMa30MoA00HOr0 (Ha OCHOBE YJib-
TpaJAUCHEePCHBIX alIMa30B — Y JA) MOKPBITHS TOJIIMHON HE MeHee 4 MM, IJie CBA3YIO-
MM sBJIsieTCs TopolikoBass Meap ¢pakuueid 1040 MKM M MOKpBITHS COCTaBa
SiC + Al. HanpuieHne BBINOIHSUIOCH HA TOI0kKY criaBa Al-Mg-Si (ananor 6061)
yctanoBko# I'/1Y 3/15 Hu3koro naBieHust KepaMHUECKOM pa3roHHOM COTIOBOM BCTaB-
Koi. Pexxumbl HanblieHus: quctadius 3—10 MM, ra3onopoInikoBas cMech GopMHUpoOBa-
JIaCh CXKATHIM BO3/IyXOM, a30TOM, T€JIMEM U UX CMECHIO, TEMIIEpaTypa MOTOKA Ha CPe3e
comioBoit BctaBku 150-650 °C.

72



CMmemuBanue ncxoaubix MatepuaioB YA + Cu, SiC + Al BeimosHsioch B ye-
ThIpEeXKaMepHO# BuUOpomenpHulle mapukamu u3 cranu X115 nuamerpom 10 mm. Ko-
s punment cmemmBanust K = 1,5-1,9. /Ins onpeaenenus MakCUMaIbHO TOITYCTUMOTO
KOJIMYECTBa MOIUPUIIUPYIOLIEH 100aBKH, TPH yCIOBUH, YTO aAr€3MOHHAs IPOYHOCTh
coctaBuT He MeHee 40—50 Mlla, ncxoauim U3 NpearnoaokKeHus, YTO Kaxaas IiacTuy-
Has yactuia rmoporka Hocurens (Cu, Al) mpu upeaasbHOM CMEITUBAHUU OYIET OKpY-
’KeHa HaHopa3MepHbiMU dacTuiiamu Y JIA n gactuniamu SiC pasmepom 3—5 mkwm. Pe-
3yJbTaThl CMEIIMBAHUS KOPPEKTUPOBAJIM 10 pe3ysibTaTaM aHaINU3a U300pakeHui, mo-
JYYEHHBIX C MOMOILBIO ONTHUYECKOTO MUKPOCKONA, METOJOM CIIyYaWHBIX CEKYILHUX.
[Tpu noctmxeHUH KOHIIoMepaTa, J00aBiIeHHe MOIM(UKATOPOB U CMELIMBAHHUE IIpe-
kpamanuck. Ha puc. 1, a npencrabnen numd u CTpyKTypa NOKpbITHS coctaBa SiC +
Al, momy4eHHOTO TOYEYHBIM T'a30IMHAMHYCCKUM HAITBIJICHUCM.

a o

Pucynok 1 — lllmud u crpykrypa mokpeitusi cocraBa SiC + Al, mory4eHHOTO TOYEYHBIM
ra3oiMHaMUYECKUM HambUIeHHEM (@) U oOpaser u3aenus (6)

Pesynbrare! uccnenoBanuii npencranieHsl B Tadnuie 1. GuHUIIHBIE KOHITIOMEpPAThI
HaNbUISIFOTCS TipU oBbIIeHHBIX 450—-600 °C Temneparypax ¢ JaBlieHHEM pabodero rasa
Ha Bxoze 6osee 0,7 MIla. Temneparypa nomioxkku He npeBbiiaet 60—70 °C. Vcnbrranus
KJIEEBBIM METOJIOM NOKA3AJIM KOT€3HMOHHOE pa3pylieHne He MeHee 60 Ml Ia.

Ta6nuna 1 — Pe3ynbTaThl Mccie10BaHUN TOKPHITUI

Konrnomepar | YcnoBHo nocturayroe | Ilopucrocts, | TBepmocts mo- TonmuHa mo-
COOTHOLIEHHE, % % kpeitusi, HRC KPBITHSI, MM

SiC/Al 70/30 <I 46...49 4

YJIA/Cu 60/40 — 61,4 6

Jst mokpeitust ¥ JIA/Cu xapakrepna ctabuibHas TBepAoCTb 61,4 HRC, MHOTOKpaTHO
M3MEpEeHHas 110 BCEH MTOBEPXHOCTH 00pasiia, MPeCTaBICHHOIO Ha puc. 1, 6.

OueBuHBIE CBOMCTBA pa3pabOTaHHBIX MTOKPBITUI: BRICOKHE TETLIOMPOBOIHOCTD,
M3HOCOCTOMKOCTh, KOHTAKTHASI IPOYHOCTh, HU3KUM Kod(puruent tpenus. [Ipeamnona-
racMble BapUaHTHI MTPOMBIIIUICHHOTO TPUMEHEHUSI pa3paO0TaHHBIX MOKPBITHI: MO-
ITUITHUKHA CKOJBKCHUS, MEXaHU3MbI CIETUICHUS W TOPMOXXCHHS, HHCTPYMEHTBI JIJIS
00pabOTKH TBEP/IBIX TOPOJ]T MUHEPAJIOB U ONITUUECKUX JIEMEHTOB, He(Terazoqo0nBa-
I0111asi OTPaCiib, aBUa- U PAKETOCTPOCHHUE.
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JUCIHEPCHBIE METAJIVIOKEPAMNYECKHUE MATEPHUAJIBI
U3 OTXOJO0B JUTEWMHOI'O MPOU3BOJCTBA AJIJIOMUHUEBBIX
CIIJIABOB
PynenkoB A. Jl., Padansckuii U. B., lonrwmit JI. I1.
benopyccknii HaMOHAIbHBIN TEXHUYECKUN YHUBEPCUTET

Annotation. The paper discusses the features of recycling aluminum slags and
technologies for their processing to obtain materials reused for various purposes. The
applied aspects of aluminum slag recycling to obtain powder materials with a high
content of aluminum oxide phases after metallurgical processing of aluminum matrix
guartz-containing compositions are considered.

IIponyKuyst IMTENHOrO MPOU3BOACTBA HAXOAUT IIMPOKOE NPUMEHEHHUE B PA3JIMUHBIX
OTpacysiX MPOMBILIIEHHOCTH. B X0/1€ TEXHOJIOTMYECKOro NPOoLecca IUTABKU ATFOMUHUEBBIX
CIJIaBOB 00pa3yeTcs 1UIAK — TOOOYHBIN MPOAYKT, KOTOPbI HEOOXOIMMO YTHIM3UPOBATH,
a B JIy4IlleM clty4ae repepadoTars «0e3 octatkay. KommuecTBo 00pa30BaBIIMXCS OTXOI0B
3aBHCHUT OT BUJIA U KAYECTBA MCXOHOW MEPEIIaBISIEMON IIUXThI, YCIOBUM MJIABKH, OCO-
OEHHOCTEW TEXHOJIOTMH, UCHIOIb3YEMOT0 TUIABUIILHOTO 000pyAoBanus. Kak npasuiio, -
TENHBIE OTXO/BI IUIABKM B OCHOBHOM IIPEJICTABIIEHBI IIJTAKOBBIMU KOHIJIOMEPATAMH Pa3-
JIMYHOW TMCIIEPCHOCTH, B COCTaB KOTOPBIX BXOJAT YACTULBI A TFOMUHUEBOIO CILIABA, Pa3-
JIMYHBIX AJIFOMOCO/IEPIKAIIMN COeTMHEHNH (OKCHUIOB, KapOUI0B, HUTPUIOB AFOMUHUS U
7p.), KOJIMYECTBO KOTOPBIX BapbUPYETCS B 3aBUCUMOCTH OT OCOOEHHOCTEN TEXHOJIOrHYe-
CKOT'0 IPOLIECCa U UCITIOJIb3YEMBIX IIMXTOBBIX MATEPUAJIOB JIJIs BBIIUIABKU CILIaBa, B 3HA-
YUTEJIHOM CTENEHU MOTYT IPUCYTCTBOBaTh COEIMHEHUS PA3JIMUHBIX COJEW (COJIEBOM
OCTaTOK Tocyie paduHupyroreit 00padoTKH CIijIaBa).

[Ipo6nema yTrin3auy aTfOMUHUAEBBIX IITAKOB O0BSICHSAETCS BBICOKOM CTENIEHBIO
DKOJIOTMYECKOM OITACHOCTH IS OKPY’KAIOLIEH CPEeAbI IIPU UX 3aXOPOHEHUH B OTBaJIaX,
MO3TOMY B HACTOsIIIee BpeMs mepepadboTka OTXOJ0B MPOU3BOACTBA AIIFOMUHUEBBIX
CIUTABOB SIBJIIETCA OOIIETIPUHATON MpakTUKOW. TexHosoruu nepepaboTKH, KpoMe
YIYYILIECHHS SKOJIOTMYECKOW CUTYallMi U BO3BPAILECHUS 3€MJIA HAPOAHOMY XO3SIICTBY,
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MO3BOJISIIOT MOJIY4YaTh JOMOJHUTEIBHYIO NMPUOBLUIL C peasid3allii MOJIE3HBIX KOMIIO-
HEHTOB IIUIaKa.

B HacTosimee BpeMsi akTHBHO MPOBOJIATCS KCCIIECAOBAHUS CTPYKTYPBI, XUMHYECKOTO
1 (ha30BOTO COCTABOB, METOJIOB (PU3UKO-XUMHUIECKOW 00pabOTKH aTFOMUHHUEBBIX ITUIAKO-
BBIX OTXOJIOB C IIEJIbI0 Pa3pabOTKH TEXHOIOTHI OE30TXOAHOM UX MepepabOoTKH U MOJTyde-
HUS BTOPUYHBIX MaTEPHUAJIOB [T IPUMEHEHUS B pa3IHuHBIX oOnacTsx. Hampumep, cyte-
CTBYIOT Y IIUPOKO TIPUMEHSTIOTCS CIOCOOBI 0€30TXOHOMN yTHIIN3AITUH JIUTEHHBIX OTXO/IOB
ATFOMUHHEBBIX CTUTABOB C LEJBIO MOTyYeHHs padhUHUPYIOLIMX CMECEH [T CTaJICTUIaBUIIb-
HOT'O TMTPOM3BOJICTBA, M3TOTOBJICHUSI (DOPMOBOYHBIX M CTEPKHEBBIX CMECEU, KOKMIIbHBIX
KPaCOK, aHTUIPUTAPHBIX TTOKPBITUH JIMTEUHBIX (DOPM U CTEPIKHEH JIJIs CTaIbHOTO U YyTYH-
HOT'O JINThSI, U3TOTOBJICHHUS [IEMEHTA U OTHEYTIOPHBIX OETOHOB.

B nacrosimieit pabote rccliieqoBaiy Mpoiiecchl nepepadoTKH aTIOMUHUEBBIX I1LJ1a-
KOB JUISI TIOYYEHHUsI TOPOIIKOBBIX MAaTEPUAJIOB C BHICOKUM COJIEPKAHUEM ATFOMOOK-
CUIHBIX (a3 B 3aBUCUMOCTH OT OCOOCHHOCTEH TEXHOJIOTUU METAJLTYPrUUeCKOM mepe-
pabOTKHM aFOMOMATPUYHBIX KBAPIICOEPIKAMNX KOMITO3HUIIMHA. Y CTAHOBJICHBI TEXHO-
JIOTUYECKHE PEeKUMBI IpoIiecca nepepadoTKu, 00eCcTIeYnBaIOIIUe OTyUYeHUE AUCTIEPC-
HBIX METAJZIOKEPAMUYECKHX MaTepruaaoB Ha ocHoBe cucTeMbl Al,Os-Al.

O06o011eHHast cxeMa nepepadOoTKU aTIOMUHUEBBIX IIUIAKOB € MOCJEAYIONICH Te-
pepaboTKOW B JUCHEPCHBIN MaTtepuan Ha ocHoBe cucteMbl Al,O3-Al. mpeacrapiiena
Ha puc. 1.
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Pucyno 1 — O600mieHHas cxema nepepadoTKH JTUTSHHOTO ATFOMUHUEBOTO ITUTAKa JJIS TOTyYeHUS
MOPOIIKOBOTO MaTepuaia Ha ocHoBe cucteMbl Al2O3-Al mpu MeTayutyprudeckoit nepepaboTke
ATIOMOMATPHUYHBIX KBAPICOACPKAINUX KOMHOSI/IHI/Iﬁ

Y cTaHOBIIEHO, UTO MOTYYEHHBIN MOCIIE TIEPepadOTKHU MOPOIIKOBBIA MaTEpHAaIl Xa-
PaKTEepU3yeTCsl BHICOKOU CHIMTyYeCThI0 M HU3KOMW CIIEKMBAEMOCThIO (Ha ypoBHE (op-

75



MOBOYHBIX KBapILIEBBIX IIECKOB), UTO 00ECIIEYMBAET €r0 TEXHOJIOIMUECKHUE IPEUMYIIIE-
CTBa B MPOIIECCaX ra30TEPMUUECKOI0 HAMBUICHHUS MPHU MOJYYESHUHN 3aIUTHBIX METal-
JIOKEPaMHYECKUX MTOKPBITUH.

Crnemyer OTMETHTb, UTO HAHECEHHUE 3AIUTHBIX MOKPHITUN HA Pa3TUYHbIC METall-
JMYECKUE U3JCIUS U METAIUIOKOHCTPYKIIUU ABISETCS OJHUM U3 3PPEKTHUBHBIX CIIOCO-
OO0B yIJIy4IIeHHUS SKCILTyaTallHOHHBIX CBOMCTB Pa0OUYUX MOBEPXHOCTEH U3AeHii, pabo-
TAIONIMX B TSKENBIX YCIOBUSX. B psne ciydaeB npuMeHEHHE MHOTUX KOHCTPYKITUOH-
HBIX MaTEpUAJIOB, B TOM YHCJIE BBICOKOJIETMPOBAHHBIX CILIABOB BBICOKOTO KavyecTBa,
OTPaHUYEHO M3-3a UX BBICOKOW CTOMMOCTH. [IpuMeHeHne 3aUTHBIX OKPBITUI U3 Me-
TAJUTOKEPaMUYECKHX MaTepuasioB Ha ocHoBe cucteMbl Al;O3-Al mo3Bossier npoumTh
CPOK CITy>KOBbI WJIM BOCCTAHOBUThH U3HOLIEHHBIE TOBEPXHOCTH U3EITHIL.

HNOJYUYEHUE BBICOKOIMMPOUYHBIX KOMIO3UIIUIA
METOAOM HAIIVIABKH
Kamuanuenko B. A., Kanuanuenko M. JI.
benopyccknii HaMOHAIBHBIN TEXHUYECKUN YHUBEPCUTET

kvlad@bntu.by

Annotation. The article present some information about production of metal com-
posite materials using technologies based on laser and induction cladding. The features
of obtaining the structural components of materials of this type and the expected prop-
erties are considered.

AnnutuBabie TexHonoruu (AT) yxe Hanum GoJbliiee TpUMEHEHUE B MEXaHO00-
paboTKe U MAIIMHOCTPOCHHH, TIPEXK]IE BCETO, IJISl CO3AHMS IeTalel CI0KHON KOH(U-
rypauuu. Komnosuiimonusie matepuainbl (KM) npuMeHstoTcst B pa3iiyHbIX OTPaCIsX
MPOMBIIUIEHHOTO TTpou3BoacTBa. [llnpokoe pacnpocTpaHeHre NoJTyYrio U3roToBJe-
HUE JIeTajel OTBETCTBEHHOI0 Ha3HaueHus1 u3 KM pa3nuyHbIMU METOJIaMH JIUThS, HO
OHU TpeOylT crenuaabHol (opMooOpasyromieit ocHacTku. CTOMMOCTb TaKOM
OCHACTKH, U3rOTaBJIMBAEMOMN C MCMOJIb30BAHUEM TPAJAUIIMOHHBIX TEXHOJIOTHM, B HE-
CKOJIBKO pa3 MPEBBIIIAET CTOMMOCTh CO3/IaBa€MbIX U3JIETIUH, a €€ U3rOTOBIIEHUE TPY-
0eMKO. B CBSI3W ¢ 3TUM TPEACTaBISACTCS aKTyalbHBIM M BO3MOXKHBIM ITPUMEHEHHE
aJAUTUBHBIX TEXHOJIOTUH JJIsl CHHTE3a U3/EJINI KOHKPETHOTO Ha3HAYEHUS U3 KOMIIO-
3UIMOHHBIX MAaTEPUAIOB, B YaCTHOCTH, HA OCHOBE MEAM B3aMEH YHEPro3aTpPaTHBIX TEX-
HOJIOTUM JIUTHSI.

OOBEKTOM UCCIIETOBAHMM SBIISIICS MakporeTeporeHHbi KM Ha 0ocHOBE OpOH3BI
BbpKM3-1, apmupoBansbsiii rpanyiamMu kapouna kpemuust gpaxmuu 100-300 mMxm.
AHaNorom SIBISIJICA JIMTOM KOMIO3UWIIMOHHOW Marepual, TOro € COCTaBa C Iarom
pacnoioxkeHus rpanyi 1,5-3,0 MM, OJTy4YeHHBIN JTUTHEM B KOKHJIb.

B kauecTBe MeTo/1a oTy4eHHsI KOMIO3UIIMOHHBIX MaTEPUAIIOB MPEI0KEHO UCTIONb-
30BaHUE MPEABAPUTEIILHOM JIa3epHOM HAIUIABKM HUKEJIEBBIX BAIMKOB moporikoM [11-12-
01 Ha cTanbHYO MOIOXKKY, C OCIEYIOIIMM HAHECEHUEM MOKPHITUH HAa OCHOBE IIBETHBIX
CIUIAaBOB, apMUPOBAHHBIX MHMKpPOYACTHIIAMM M MaKpoudacThilaMu KapOuaoB. HarmaBka
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ceTku npoBoamiack ¢ nomoinsio CO; nazepa, ¢ marom 5x5 MM Ha oOpasel] pamepamu
100x100 MM, ipu ckopocTr ckarupoBanus 100 Mmm/MuH.

Ha nepBoM atare Obu1a mpoBeeHa Ja3epHas HalulaBka, KOTOpasi COMPOBOXKIACTCS
OILJIABJICHUEM BAJIMKOB M3 KEJIE30HUKEIIEBOTO CILIaBa, 4TO 00eCIIeYrBaeT 00JIee MPOYHOE
UX COEJMHEHUE C YIIPOUYHSIEMOM MOBEPXHOCTHIO AETAIN M MOBBIIIAET UX TBEpAOCTh. Ha
BTOPOM dTare ObLI MPOBEACH WHAYKIMOHHBIN HarpeB MOATOTOBICHHBIX OOpa3IoB 10
temmneparypsl 1050 °C ¢ onaBieHrueM OpOH30BOT0 MOPOIIIKA i o0ecrieueHus: 0opazo-
BaHUsI MOHOJIMTHOT'O CIUIABJIEHUSI KOMIIO3UIIMOHHOTO MOKPBITHS ¢ OCHOBOM JIETANIN U C
IPEIBAPUTEIILHO HAHECEHHBIMH BaJIMKaMU. 3aTEM MPOBOJIMIIOCH €r0 OIUIABJIICHUE C I0-
MOIIIBbIO MHAYKIIMOHHOTO HarpeBa ¢ MpuMeHeHHeM MHBepTopHoi ycTtaHoBku |HM 30-8-
50 1 BBIAEPKKOH ITpH TemmnepaType Harpera okoio 1100 °C B pacruiaBIeHHOM COCTOSTHUN
B T€YCHUE BPEMEHH, HEOOXOAUMOTO ISl MOJTHOTO MPOTEKAHUS PEAKIMU B TpauTOBOM
TUTJIE, UCTIOJIL30BAHHOM B KQ4e€CTBE CTA0MIIN3ATOPA, C MOCIEAYIONINM OXJIKICHHEM Ha
BO3/yxe. B pe3ynbrare moiiy4eH CIOHMCTBIA KOMITO3UIIMOHHBIA MaTepUall TOIIMHON
okojo 600-700 mkwm. IlonmydyeHrne KOMIO3UIIMOHHOTO TMOKPBITHS (C MpeABAPUTEIHHO
HAHECEHHOM CETKOM, COCTOSIIIEN U3 BAJIMKOB) 0€3 MHIyKIIMOHHOTO HarpeBa MpUBOJIUT K
(OpMUPOBAaHUIO HEPABHOMEPHOU CTPYKTYpHI C pacipeeeHHbIMU opamu. Hanecenue
BaJIMKOB BJIOJIb M TIONEPEK paboyeil MOBEPXHOCTU C MOCIEAYIOIIUM WHAYKIMOHHBIM
OILJIaBJIEHUEM TIOPOIIKA OPOH3bI, IPEABAPUTEILHO TOMEIIEHHOTO B 00pa30BaHHbIE CTEH-
KaMU BaJIMKOB yIITyOJIEHUS, TO3BOJISIET MOBBICUTH KAYECTBO MOKPBITUS 3a CUET JIyUIIEro
CLIETUIEHUsI C OCHOBOM 00Opa3iua. HaneceHue BaTMKOB ¢ HEOOJIBILINM IIArOM HE MO3BOJISIET
n30exkarh MOPUCTOCTH K3-32 HEKAYECTBEHHOI'O 3allOJIHEHUS YIIIyOJNEHUs! MOPOLIKOM
OpOH3bI BCIIEACTBUE HU3KOM TEKYUECTH U TEXHUUECKH TPYyAHOOCYIIecTBUMO. Vcnonb3o-
BaHUE I1ara BaJIMKOB OOJIbIIIE 3asBJICHHBIX 3HAYCHHI CYIIIECTBEHHO HE MOBBIIIAET MEXa-
HUYECKHE CBOMCTBA KOMITO3ULIMOHHOIO MOKPBITUS IO CPABHEHHMIO CO CBOMCTBAMH I10-
KPBITHSL, TTOJTy4€HHOTO U3BECTHBIM criocoooM [1].

JIist OLIEeHKH CBOMCTB MOJy4YaeMbIX KOMIIO3MIIMOHHBIX MaTe€pHalioB ObLIO MpPH-
HATO pelIeHHe 00 U3YyUYEHUU UX MUKPOTBEPJIOCTH. McnpiTanuss mpoBOaMIKNCH Ha Oaze
HTII BHTY «llonutexHuk» ¢ ucnonb3oBanneM mMukporeepaomepa AFFRI MVVDMS8
(Mranus) ¢ narpy3koit Ha uaaeHTop 0,2 kr u BpemeHeM BbiAepkkH 15 cexyna. Kax
MOKa3aJIl UCCIEI0BAHMS, KOMIIO3UIIMOHHBIE MOKPBITUS C Pa3MEPOM YIPOUHSIOUIUX
¢a3 menee 100 MkM, HaHECEHHbIE UHAYKIIMOHHOW HAIUIaBKOM, UMEJIM PABHOMEPHYIO
CTPYKTYpPYy U MUKpPOTBEepAOCTh. [Ipu yBenmnuenun paszmepa yactuil 10 200-500 MxmMm,
IIPOM30IIIJIO 3HAYUTEIBHOE MOBBILIEHUE MOKa3aTeael MUKpOoTBepAoCcTH. [lepexonnas
30Ha, MMOJyYeHHAs Ja3epHON HAIUIABKOM, 00J1a1aeT TBEPAOCTRIO Mmopsiaka 270 e auHuUIl
no Bukkepcy. [lanee cnemgyer Gonee MITKui clioil, 0Opa3oBaHHBIA YNPOYHEHHOU
Oponzoii. B 30He, OnM3KOM K TEPEexXOAHOW, TBEPIOCTh BAapbUPYETCS B Mpejenax
220-230 equnun o Bukkepcy.

B pe3ynpTare S5KCeprMEHTOB YCTaHOBIIEHO, YTO HAHECEHUE TEXHOJIOIMYECKUX Ba-
JIMKOB B BUJIE CETKH Ha pabOuyr0 MOBEPXHOCTh MU3/ENHUS C MOCIEIYIOIIUM HUHTyKIIMOH-
HBIM OIUIABJICHUEM MOPOILIKa OPOH3bI, IPEABAPUTEIILHO MOMEIIEHHOTO B 00pa30BaHHbIE
YIIyOJIEHUS] CTEHKaMU BaJIMKOB, TIO3BOJISIET YJIYyUYIIMTh Ka4€CTBO MOKPBITHS 32 CUET MO-
BBIIICHUS] MEXaHUYECKUX CBOMCTB, O0Jiee paBHOMEPHOTO paclpe/ieiieHusl OPOoLIKa U
JIYYILIETrO €ro CUErieHus ¢ 0CHOBOM. C MOMOIIbI0 BapbUPOBAHUS YACTOTOM apMUPYIOILIEH
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CCTKU U €€ 3aIl0JIHEHUS, IT03BOJIAET IOBBICUTh MEXaHUYECKUE CBOMCTBA KOMIIO3ULIMOH-
HOTO MOKPBITUS ITPU MUHUMAJIBHOM PacXo/ie MOPOIIKa OPOH3bI U CO3[aTh TAMMY pa3iiny-
HBIX TUIOB KOMITO3ULIMOHHBIX MATE€PHATIOB U paOOThI MOJIIMITHUKOB CKOJBKEHUS C
HEOOXOTUMBIMH YTIIOBBIMU CKOPOCTSIMH U CTETICHBIO HATPy>KEHHSL.

CnucoOK HCN0JIb30BAHHBIX HCTOYHHKOB

1. desoitno O. I', Kapnpanonosa M. A., Jlyuko H. N. BoamoxnocTu ¢popmupoBa-
HUSI KOMIO3UIIMOHHBIX MOKPBITUI apMUPOBAHUEM Ta30TEPMUUYECKUX MOKPBITUMA Jia-
3epHO# HarutaBkoi. / CoBpeMEHHBIC METOABI U TEXHOJIOTHHU CO3JaHHS M 00pabOTKU
matepuainos: C6. HayuHbIX TpyaoB. B 3 ku. Ku. 2. — 282 c.

MHOI'OKOMITO3UIIMOHHOE NOKPBLITHUE AL-CR-N
JJIAA HITAMIIOBOT'O HHCTPYMEHTA
Xeyk M. B., Onsbiceko C. P.
bpecTtckuii rocy1apCTBEHHBIM TEXHUYECKUN YHUBEPCUTET
kheuk@mail.ru, onysko_sergey@mail.ru

Annotation. Increasing the service life of machine parts and mechanisms is an
urgent issue at the present time. To solve this problem, various hardening technologies
are used in the machine-building industry, in which thermal hardening methods are
used: volumetric hardening, electron beam, cathode-arc, laser and plasma methods.
The most optimal direction of modifying a tool working with shock loads is the devel-
opment of new methods of hardening and giving special surface properties, and in par-
ticular, the development of hard coatings with special characteristics. In view of this,
the creation of multicomposition coatings, which, along with high hardness, could have
sufficient resistance to cracking due to a combination of hard and relatively soft layers,
Is a promising area of research.

JI1s1 monmyyeHust “3HOCOCTOMKUX MOKPBITUA HA OCHOBE XPOMOHUAPH/IA AITFOMUHUS
(AI-Cr-N) ucrnonb30Bajicsi METOJl KaTOIHO-TyTOBOTO OCAXICHUS, XapaKTePU3YIOITUICS
Oosiee HU3KOW TEMIEpaTypoil HAHECEHUsI U 00JIee BBHICOKOM TPEIIMHOCTOMKOCTHIO, YTO
B)XHO MPH PabOTE MHCTPYMEHTA ¢ yaapHbiMU Harpy3kami [1]. [Ipoiiecc Hanecenus ocy-
LIECTBIIICS ITPU TIOMOIIM CEPUHHON BAKYyMHO-IIJIA3MEHHON YCTaHOBKH HabUIeHUs Y B-
HUIIA-1-001 ¢ TpexkaHaIbHOM CUCTEMON HayCKa TEXHOJIOTHYECKUX T'a30B, IO3BOJISAIO-
1Ieii HAHOCUTDH TIOKPBITHA MPHU MOMOIIM MCTOYHMKA TUIa3Mbl Ha PEXYIIUNA, MPOOUBHOM
MHCTPYMEHT, MUKPOUHCTPYMEHT M U3IEIIUS pa3IMYHOTO Ha3HAYECHHUS.

B nonyueHHbIx o0pa3iiax HaOJIOAaICs IJIABHBIM POCT aTOMAPHOTO COJIEPKAHUS
yIJiepoJia ¢ YBETUYEHHEM 110/1aBaeMOTr0 KOJIMYECTBA PEAKIIMOHHOIO ra3a (aleTusieHa)
B Kamepy. MakcuMaabHO-3a(MKCUPOBAHHOE 3HAUEHHUE YTIIepO/ia Ha IIOBEPXHOCTH CO-
CTaBWJIO nopsjika 6,18 %, mpu 3TOM CTEXMOMETPUUECKOE COOTHOLIEHHUE METALII-HEME-
Taju1 y 00pasuoB Haxoauiach Ha ypoBHe 89-99,23 %. JlaHHOE OTHOIIEHHE SIBISIETCS
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BaYKHOU XapaKTEepUCTUKOM U orpeaenseT 3 ()EeKTUBHOCTh METOJIa U YCIIOBUM €ro pea-
JU3AIHAH C TOYKH 3pEHUS KOHTPYIHTHOCTH UCTIAPEHUS JTMOO €€ HapyIICHHs 11 KaToaa
CJIO’KHOTO cocTaBa [2].

TBepaOCTh MOKPBITUN OMPEIEIATACh METOAOM HAHOMHEHTUPOBAHUS C UCTIOJIb-
30BaHMEM HakOHe4YHHKa KHyma 3a ero BO3MOXHOCTbh MPOBOJIUTh UCTIHITAHUS HA TOH-
kux (Menee 0,5 MKM) HOKPBITHSIX, YTO 00YCIOBIEHO MaJol TITyOUHOI BIAaBIMBaHUS B
MaTepHual U UCKIIFOYCHUEM BIUSHUS MaTepualia OCHOBBI. TpHOOIIOTHYeCcKre UCITbITa-
HUSl IPOBOAWIMCH HA TPUOOMETpE MpU NOMOIM KoHTpTena (mapuk u3 cramu HIX15
nuamerpoMm V5,5 mm u TBepaocThio 63 HRC npu Harpyske Ha oOpazen 1 H u yacrote
Bpamenus aucka — 80 00/mMuH 1). Pe3yabTaThl HCIIBITAHUM TPEICTaBICHBI B TAOJIUIIE.

Tabmmita — PesynbraTsl ucnbitanuii mokpeiths Al-Cr-N Ha moBepxHocTH ctamu X 12M®

O6pazen MukpotBepaocts, HK Koaddunment tpenus
HUcxonubrit 1150 —
[Toxpeitue Al-Cr-N 3300 0,66

[Ipu ucnbITaHUAX HA aAr€3MOHHYIO0 IPOYHOCTbh, MPOCIEKUBAETCA TPEH]I YBEIH-
YEeHUs aJre3ur C pOCTOM JaBiieHus aneTuieHa. Ee MakcuMalnbHas BEJIMYMHA COCTAB-
nset nopsinka 24 H. Takum oOpazoM, (opMHUpOBaHHE TBEPJIOTO PacTBOpa yriiepoia B
MOKPBITUM XPOMOHHUTPUJA ATIOMHHHMS IMO3BOJSET MOBBICUTH AJME3UI0 MOKPBITHUS K
cranu Ha 87 %, 4TO SABIAETCS BaXKHOM DKCIUTYaTAllMOHHOW XapaKTEPUCTUKOU MOKPHI-
TUSL HA METAJII000pabaThIBAIOLIEM HHCTPYMEHTE (B YACTHOCTH Ha MPOOUBHBIX U BbI-
pYOHBIX IIyaHCOHAX), Ha OOKOBBIX IOBEPXHOCTSX KOTOPBIX MOKPBITHE IMOJIBEPracTcs
CUJIBHBIM CJIBUTOBBIM HampsbKeHUsM [3].

B pesynbraTe uccienoBanuii ObUI0 MOTYYEHO MOKPBITUE, TO3BOJISIIOIIEE YBEIU-
YUTh CTOMKOCTH MPO(UIUPOBAHHOTO IITAMIIOBOIO HHCTpyMeHTa Ha 20 %.

Cnucok UCNnoJiLb30BAHHBIX HCTOYHUKOB

1. Veprek, S. Industrial application of superhard nanocomposite coatings // Ve-
prek, S., Veprek-Heijman, M.J.G. Surface and Coating Technology. — 2008. — Vol.
202. — P. 5063-5073.

2. Xeyk, M. B. Uccnenosanue mopdosoruu mokpbitus Al-Cr-N, HaHeceHHOTO
KaTOJIHO-TyroBbeIM MeToq0M // Xeyk, M. B., Onsicbko, C. P. Bropoii Pecry6nmkan-
ckuii HOpyM MOJIOJIBIX YUEHBIX YUPEXKICHUM BhICIIero oopa3oBanus Pecryonmku be-
napychk: ¢0. Hayd. Tp. / M-Bo obpa3zoBanust Pecn. benapycs, M-Bo HayKu U BBICIIETO
obpazoBanust Poc. ®eaeparuu, benopyc.-Poc. yH-T; penko.: B. M. Ilamkesud (00111.
pen.) [u np.]. — Morunes: benopyc.-Poc. yu-1, 2023. — C. 45-46.

3. L. Wang, X. Nie, J. Housden, E. Spain, J. C. Jiang, E. I. Meletis, A. Leyland,
A. Matthews. Material transfer phenomena and failure mechanisms of a nanostruc-
tured Cr—AI-N coating in laboratory wear tests and an industrial punch tool applica-
tion // Surface and Coatings Technology. — 2008. — V. 203. — P. 816-821.
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TEXHOJIOT'USI HAHECEHUSI 3AIIIMTHBIX MMOKPBITUI
HEOPTAHUYECKOWM IMPUPOJIbI HA ®WJIbTPYIOIIUE 3JIEMEHTHI
HA OCHOBE CTEKJVIOCETKHA JJIAA OYUCTKH
METAJUIMMECKUX PACIIVIABOB
Houruii JI. 1., MuxansiioB A. M., Mapuesa C. B., Pakos U. T
benopyccknii HaMOHAIbHBIN TEXHUYECKUM YHUBEPCUTET

metspl@tut.by

Annotation. The proposed development allows you to partially or completely re-
place organic binders, which have a number of restrictions and disadvantages with ex-
identification of filters to more heat-resistant, environmentally friendly, relatively in-
expensive inorganic binders. In this case, the course of two processes is ensured at the
same time-the formation of dispersed nano-size refractory compounds and adhesive
binding. The rejection of organic binders ensures an increase in the heat resistance of
mesh filters, which allows us to recommend them for refining high -temperature alloys
-high -strength cast iron, alloy and stainless steels.

[IpeacraBnsiemass paboTa MOCBALIEHA UCCIECIOBAHUIO U Pa3padOTKE TEXHOJIOTHH
HaHECEHUS 3alIUTHBIX TOKPHITUN HAa CTEKJIOCETKH JIJIs TOJTyYeHUsI QUIBTPYIOLIUX dJie-
MEHTOB. B MCXOIHOM COCTOSIHUM CETKH MPEJCTABIISIOT COOOM MSTKHE AIaCTUUYHBIC
TKaHU C OMNpPEACIICHHBIM pa3MepoM siueiiku. st yao0cTBa YCTaHOBKH B JIMTEHHYIO
(dbopMy CeTKU MOJABEPraroTcs CleNUaTIbHON 00padoTKe A MPUAAHUS UM HEOOXOaH-
Mot ¢hopmbl U KecTkocT. Hanboliee pacpocTpaHEeHHBIME MaTepUaliaMu, UCTIONb3Y-
IOIIMMHUCS B KAYECTBE aPMUPYIOIIMX MOKPHITHI (DUIBTPOB HA OCHOBE CTEKIIOCETOK JJISI
METAJJIMYECKUX PACIUIaBOB, SIBIISIIOTCA OPTaHUYECKUE KOMIIOHEHTHI, TAKUE, KaK JIWT-
HOCYJIb(hoHAT, OaKETUT, PE30JIbHBIE CMOJIBI U JIP. BCICACTBUE UX TEXHOJIOTUYHOCTHU U
IKOHOMHYECKOM IesecoodpasnocTH (puc. 1).

0e3 NponuTK1 b nynbeepbakenuT

PI/ICYHOK 1 — CrekioceTka KC, MIpONUTAHHAA HCOPraHNYCCKUMU CBA3YIOIIUMU

Hcnonb3oBaHre TakKUX MaTEPUATIOB COMPSIKEHO C PSJIOM HEJIOCTATKOB: BBICOKAS
ra30TBOPHOCTh, THAPOCKOIUYHOCTh, HEOCTATOUHAs TepMocToikocTh (10 1000 °C).
Kpome 3toro, npoayKktsl pa3pyiieHus: 00pa3yroT BelllecTBa Pa3jInyHON OMACHOCTH, a
TaKXe€ OKPAIIUBAIOT MMOBEPXHOCTh OTJIMBOK, YXY/IIIas UX TOBAPHBIN BU/I.

B xadecTBe asibTepHATUBBI MPEAJIAraeTCsl TEXHOJIOTHUS C UCTIOIb30BAaHNUEM B KaUeCTBE
ApPMUPYIOILET0 ¥ OJHOBPEMEHHO 3allIUTHOTO TOKPBITHS HEOPTaHWYECKUX CBS3YIOIIHX,
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IPY 3TOM JIMOO0 YACTUYHO, JIMOO MOTHOCTHIO 3aMEHSIONIUX OpraHndeckue. JlocTymHbIMU 1
OTHOCHUTENIBHO TEXHOJIOTMYHBIMU CUHTAIOTCS METAUIOPOC(aHbIe U KHUIKOCTEKOIBHbBIE
pactBopbl. OHAKO, BCieACTBUE KUCIon cpeapl (pH < 7), xapakTepHOH Ui CBA3YIOLIMX
JaHHOT'O KJ1acca, MPOMUTHIBAEMbIE BOJIOKHA, COCTOAIINE B OCHOBHOM U3 Si0,, UMEIOT HU3-
Ky YCTOMYMBOCTh U B OTAEIBHBIX CIy4asX pa3pylIatOTCs YK€ Ha CTaJuH MPONUTKUA U
HU3KOTEMIIEPATYPHOM CYILIKH.

B HUWJI nureitasix Texnonoruit BHTY paspaborana texHosorusi, o0ecreunBaro-
1as OTHOBPEMEHHOE apMHPYIOIIEE U OTHEYTIOPHOE IMOKPBITUE HEOPraHUYECKUMU COE/IH-
HEHUsIMU 0€3 pa3pyLIeHUs IPOMUTHIBAEMON OCHOBBI. Y Ka3aHHbBIN 3P QeKT oOecreurBaeTcst
XUMHYECKUM B3aUMOJICHCTBEM KOMITOHEHTOB M3 COCTABA UCXOAHBIX pearcHToB. B kaue-
CTBE OCHOBHBIX KOMIIOHEHTOB B IPEJIaracMOM BapUaHTE UCTIOIb3yEeTCs KPEMHE30Ib (CHa-
mut-20) u stwncuukat (3TC-40). [onydyeHne MaKCUMaIBbHOM MTPOYHOCTH M TEPMOCTOM-
KOCTH, a TaKKe aJIr€3UM 3alUTHOTO TOKPBITUS 00ECTIEYMBACTCS THPOIU30M ITUIICHIIU-
Kara B IIEJIOYHOM Cpesie, CO3/1aBAEMOM CHAJTMTOM. B pe3ynbpTaTe XMMUYECKOro IIpeBpare-
HUsl oOpasyercs amophHbIA AUOKCUA KpeMHUsl. [10CKOIbKY ceTdaTble CTEKIOBOJIOKHU-
CTbIE MaTepHabl B KAYeCTBE 0a30BOr0 KOMIIOHEHTA COAEPKAT JUOKCUI KPEMHHUSL, TO MPO-
LIECC TMIPOJIN3A C BBIIEIEHUEM YACTHLL C aHAJIOTUYHON MOpQoJioruei 01aronpusiTHO CKa-
3bIBAETCS HA a[IT€3MOHHOM B3aUMOJICHCTBUU cucTeMbl. OTBEP)KICHNE KPEMHE30JIEH Mpo-
MCXOJIUT 3a CYET UCTIAPEHUS BJIark U KOAryJISILIMU YacTHUL] JUOKCUIa KPEMHUSL.

[IpensiokeHbl HECKOJIIBKO BAapUaHTOB MPOIMUTKU CETYATOW OCHOBBI: OpraHuye-
CKHMH CBSI3YIOIMMH; OPTaHUYECKUMHU CBS3YIOIIMMH C YACTUYHOM MX 3aMEHOU KOM-
ITO3UTHBIMU HEOPTAHUYECKUMHU KOMIIOHEHTAMH; TOKPBITHE TKAHEW OCHOBBI HEOPTaHM-
YEeCKUMH CBS3YIOIMUMH (pUC. 2).

nynbBepbakenuT +
p-p 3TC-40 B cuanute p-p 3TC-40 B cnanute p-p 3TC-40 B cnanute

1
i RS, L
pe30fibHaA CMona +

nWrHoCynbMaHaT +

Pucynok 2 — CrekiioceTka, 00padoTaHHass KOMIUIEKCHBIMU CBSI3YIOITUMHU

[Ipennaraemas pazpaboTka MO3BOJSET YACTUYHO HIIM TTOJIHOCTHIO 3aMEHUTH Op-
TaHWYECKHE CBA3YIOIIUE, UMEIOIINE Pl OTPAHUYECHUIN 1 HEJOCTATKOB P SKCILTyaTa-
U GUIBTPOB Ha O0JIee TEPMOCTOMKHUE, SKOJIOTHUHbIE, OTHOCUTEIBFHO HEJOPOTHE He-
opranuueckue cpszymomue. [Ipu 3ToM obecrnieunBaeTcsi MpOTEKaHUE OJHOBPEMEHHO
JIBYX MPOIIECCOB — 00pa30BaHUE AUCIIEPCHBIX HAHO-Pa3MEPHBIX OTHEYIIOPHBIX COEIHU-
HEHUU U aIr€3MOHHOTO CBA3YIOIIETO, YTO MO3BOJISIET PEKOMEHI0BATh UX JIJIsl papuHU-
pPOBaHUSl BBICOKOTEMIEPATYPHBIX paciuiaBoB. Pa3zpaboTka MO3BOJISIET CHU3UThH YpO-
BEHb BPEJIHBIX BEIOPOCOB B aTMOC(Epy U MOBBICUTH KAYECTBO JIUTHIX JETANEH C TOUKH
3peHUs TOBAPHOTO BUJA.
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WCHBITAHUS HA YCJIOBHBIA CJIBUI"' U OTPLIB
3AMKHYTBIX KOHCTPYKIIUIA
Kamuanuenko M. JI., Honrui JI. I1.
benopyccknii HaMOHAIbHBIN TEXHUYECKUM YHUBEPCUTET

m.kalinichenko@bntu.by

Annotation. The article present a methodology for assessing the quality of closed
volumetric connections obtained using additive technologies. A mathematical analysis of
the loads experienced by this connection was carried out. A method for assessing closed
volumetric connections for various types of destructive deformations is proposed. Dia-
grams of samples for testing and recommendations for their use are provided.

B HacTos1mMil MOMEHT aITUTUBHBIE TEXHOJIOTUH IIUPOKO UCTIONIB3YIOTCS, HAIIPU-
Mep, B TPOU3BOACTBE FOTOBBIX M3ENHIA, @ TAKXKE JIJIs1 COEAMHEHUS U3JIETUH, TOTyYeH-
HbIX MHBIMU CIIOCOOAMH. AJITUTUBHBIE TEXHOJIOTMU MMEIOT BEChbMa MHOTIOTPAHHOE
3HAYEHHE, B KOTOPOE BXOJMT 3HAUMTEJIbHOE KOJIMYECTBO IMPOLIECCOB, PA3IUYHBIX T10
METO/I0JIOTUH, HO OJIU3KHUX, 110 CYTH. ITO MOKET ObITh 3D-1euats, Jia3epHOe CTPYKTY-
pUPOBaHKE, a TAK)KE TEXHOJOTUs CKIEUBaHUs. J{JI1 UX OLIEHKU CYIIECTBYET s U3Y-
YEHHBIX METOJIOB U METONHUK [ | ]. JIMHEHBIE NCTIBITAHUS XOPOIIO U3YUYEHBI U TOCTUPO-
BaHbI, B OTJIMYME OT UCIBITAHUI CIOXKHBIX KJIEEBBIX COETMHEHHUI U, €CJIM pacCMaTpH-
BaTh BOIIPOC B LIEJIOM, IPEACTABIISIIOT cO00M 00bIIyI0 Hay4YHYI0 npobaemy. [Ipume-
POM MOXKET HOCIYKUTh CO3/IaHUE IIEJEBBIX (UIBTPOB JJIsl BOJOMOArOTOBKU. OHHU
IPEJICTaBISIOT COO0M UIMHAPUIECKOE TEJIO CO IUTYLIEPOM ISl BOJBI B OJJHOM TOPLIE
(BTOpO TOpeEL IIyX0i ) U IPOPE3aHHBIMU JIA3€POM LIENISIMU TOJIMHON 0K0J10 200 MKM
mo 6okaMm. CoelMHEHHE 3arOoTOBOK B €IMHOE IICJIOC MPEICTABISAET CO00M OOJIBIIYIO
npo0iieMy, Tak Kak CedeHHe I1eJiel He3HAUUTENbHO, U COETMHEHHUE €r0 C IPYTUMHU CO-
CTaBJISIOLIMMHU U3JIE€TUS C TOMOUIBIO0 aPTOHOBOM MJTM MHBIX BUJOB CBAPKU MPUBOJIUT K
KOPOOJIEHUIO JIETAIH U MEPEKPHITHUIO IIENIEH.

JIJist OLIEHKM KadyecTBa KJIEEBOTO IIBa, PabOTAIOIIEr0 B TaKUX YCIOBUSX, aBTO-
pamMu ObUIHM MPEAJIOKEHBI MOJIETH JIJIs1 UCTIBITAHUN Ha YCJIOBHBIA OTPBIB U YCIOBHBIM
casur. KiieeBoil 1I0B 3HAYMTEIBHO Jy4lI€ COMPOTUBIIAETCS CUjlaM, pabOTaIOMIUM Ha
OTpBIB, YEM CIBUTOBBIM Jie(pOpMaALUSIM.

Ncxons n3 3akoHa Ilackans: maBieHue, NpUIOKEHHOE K BHEIIHEW TOBEPXHOCTH
KUJKOCTH, HE HapYIIAOIIIEE €€ PABHOBECUS, IEPEAAETCS BCEM TOUKAaM 3TOU KUIAKOCTH
0e3 m3menenus. Cwira F paBHa mpowmsBeneHuto aaBieHus P Ha mromans S. Mam
F=P-S, Cwua, NIpuIoXeHHas K LIAIMHAPHUYECKON TOBEPXHOCTU 00JI€€ BEICOKOTO M-

auHapa F=P-2-n-R-H, Oyznetr OojbIlle, 4YeM COOTBETCTBYIOIIAS CWja Y LMJIUHIApA C
MeHbIIEH BBICOTOM F=P-2-n-R-h, rie R — paguyc aauma, H 1 h — cooTBeTcTBEHHO
BBICOTA OOJIBIIIETO U MEHBIIIETO ITUINHIPOB.

Cuitbl ke, MPUIIOKEHHBIE KO JTHY (TOPILy) MHJIMHIPOB, OYIyT OAWHAKOBBIMU TIO
BenmuuHe Cuiia, MpUJIoKEeHHAs K TOPILy ImrHpa f, obecrieunBaeT OTPHIBHBIC yCHITHS
Ha I1I0B, CHJIa, IPUJIOKEHHAsI K OOKOBOM MOBEPXHOCTH F, BHI3BIBACT CABUTOBBIC yCH-
nus. [1loB (MecTO CKJIeMBaHHUs) B 000MX CIIy4asix MOJBEPraeTcs OJMHAKOBBIM OTPHIB-
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HBIM YCHUJIMSIM, HO Pa3JIMUHBIM CABUTOBBIM, IPU ATOM, 4YeM O0JIblIE BBICOTA (00pa3yro-
1ast) UAJINHIPA, TeM OOJIbIIE 3TO YCHIIHE. DTO MPUBOAUT K TOMY, YTO MECTO MPHKIIE-
VBAaHMS JTHA K LWIMHIPUYECKON MOBEPXHOCTH BBIIECPKUBAET 3HAUUTEILHO OOJbIIEE
JABJICHHE, KOTJ1a BBICOTA LWJIMH/IPA MEHBIIIE.

e, TTT
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a o

Pucynox 1 — Mogenu 115t IpoBeAeHUs THAPO- WA MTHEBMATUYECKUX UCIIBITAHUM:
a — MOZEIIb JUUIsl IPOBEICHUSI UCTIBITAHUN HA YCIIOBHBIN OTPBIB;
6 — MoJieNb 11 IPOBEICHUS UCIIBITAHUM Ha YCIOBHBIN CIIBUT
OTHomeHue CHIJIBI, BI>I3I>IB31-0HIGI>1 YCHOBHBIﬁ CABUT, FCIIB, K CHIJIC, BLI3BIBaIOHleﬁ
YCJIOBHBIN OTPBIB, fOTp, BBIpA3HUTCS CIETYIOIIMM 00pa3oM:
Fgw _ P2mRh _ 2:h

forp Pm-R?2 R

DTO oTHOIIEHUE OyAeT OOJbIIe eMUHUIIBI, KoTJa h>0,5-R. [Tpu Hanuuuu daania
MocJeHee COOTHOLIIEHUE MPUMET BUJIL;
Fepo . P2RAE _ 2-Rh

m-(R2-12)  R2-12’
omp P (RZ 2) R2 2

JlaHHOE OTHOUIEHHE OyaeT OOJbIIE €IUHUIBI, KOraa 2-R-h>(R2—r2), WIn

2 2 2 .2
h> O,S(RTrj .U ecmn h>0,5-R, To TeM Oosiee h Oymer Oosbliie, yem O,S(RTrJ, 4TO

0OBSICHSIET OTPBIB THUIIA UMEHHO C (hJIaHIIEM.

Bbi1 nosydeH psii UCHBITaTeIbHBIX 00Pa31oB [JIsl MPOBEICHUS THAPOIUHAMUYEC-
CKHMX UCTIbITaHUM Ha 0a3e yuactka BogonoarotoBku OAQO «bemHepropeMHaiaikay u
MOCJIEAYIONIUX MPOMBIIUICHHBIX UcbITaHUH Ha 6a3e OAO «MUHCKBOJOKAHAI.

BeiBoga. I1o pe3ynbraram UCTIBITAHUN U MOATBEPAKAAIOIIETO pacyeTa ObLIO JOKa-
3aHO, COOTBETCTBUE MOJTYUYEHHBIX IKCIIEPUMEHTAIIbHBIX JJAHHBIX, TPEAJI0KEHHOMY (u-
3UKO-MaTeMaTUYECKOMY OOOCHOBAaHMIO, KOTOPOE IO3BOJISIET OIEHUBATh YCUJIUS Ha
YCJIOBHBIN OTPBIB U YCJIOBHBIN CABUT B 3aMKHYTHIX 00bEMHBIX coeuHeHusX. [Ipropu-
TeT MPUMEHEHHS JAHHOTO METO/Ia, MOXKET ObITh OTHECEH K KJIICEBBIM COCTMHECHHSIM pa-
00TaIMUX B YCIOBUAX Pa3pyHIAIONIUX HATPY30K MPUIIOKEHHBIX PABHOMEPHBIM HIIN
CKauyKOOOpa3HBIM BO3JICHCTBUEM JIABJIICHHSI BHYTPH 3aMKHYTOT'O 0ObeMa.

CnucoK HCN0JIb30BAHHBIX HCTOYHUKOB

1. [TerpoBa, A. I1. Metoas! ucnsitanus kieeBbix coequaenuii / A. I1. Tlerposa //
Bce marepuanst. Dunukinonenuyeckuii cnpaBodHuk. — 2013. — Ne 12, — C. 25-30.
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IJEKTPOOCAXKIEHUE CIIJIABOB C COAEP’ KAHUEM METAJIVIOB
HOAPYIIIbI /KEJIE3A
boydan B. I1., Babumesuu /1. I1., [Tsako A. B., Uepauk A. A.
benopycckuil rocy1apCTBEHHBIN TEXHOJIOTHYECKHI YHUBEPCUTET,
leraboufal85@gmail.com

Annotation. Alloys based on metals of the iron subgroup are widely used in in-
dustry due to their improved properties. To obtain an alloy based on metals of the iron
subgroup, the influence of various deposition conditions and composition on the mi-
crohardness of the coating was studied.

lNanpbBaHMYECKHE TOKPBITUSL IIUPOKO PACHPOCTPAHEHBI B PA3IMYHBIX OTPACIISIX
MIPOMBIIICHHOCTH, B TOM YHCJIE€ MUKPOJICKTPOHUKH MAITMHOCTPOCHUE XUMUYECKOM
cuHTe3€e. B 3aBUCUMOCTH OT MPUMEHEHUSI K TTOKPBITUSM MPEIBABISIETCS Pl TpeOOBa-
HUW C TOYKHU 3peHUs] GYHKIUOHATBHOCTU. DJIEKTPOXUMUYECKUE MOKPHITHUS JOJKHBI
o0nazaTh COOTBETCTBYIOIIMMH (U3UKO-XUMHUUYECKUMU W MEXaHWYECKUMH CBOM-
CTBAMH, & UMEHHO MOBBIIICHHOW KOPPO3UOHHON CTOMKOCTBIO B arpECCUBHBIX Cpeaax
BBICOKOW TBEPJIOCTBI0 M H3HOCOCTOMKOCTBIO JIE€KOPATUBHBIMU CBOMCTBAMH TEPMO-
CTOMKOCTBIO U PSIZIOM CIIEIUATBHBIX (DYHKIITMOHABHBIX CBOUCTB.

DNEeKTPOXUMHUYECKHH CIJIaB HUKENb-KOOAIbT-KeIe30 UMEET TBEPJOCTh U U3HO-
COCTOMKOCTh Ha YPOBHE XPOMOBBIX MOKPBITUH, IPUMEHEHUE KOTOPBIX B MOCIEIHEE
BpEMsl OTPAHUYEHO B CBSI3M C KAHIIEPOTE€HHOCTHIO COCJMHEHUN HAa OCHOBE II€CTUBA-
JIEHTHOTO XpoMma.

Ocaxnenune craBa Ni-Co-Fe nmpoBonunu B cynbdaraoM amekTponute. Mccnemno-
BaHUE KUHETUKU (POPMHUPOBAHUS MOKPHITHI Ha OCHOBE TPOMHOTO CIIaBa MPOBOIUAIIN
B DJICKTPOJIUTE C KOMIIEHCALIMEN MOHHOW CHUJIBI.

HccnenoBana kuHetuka ocaxkaenus ciutaBa Ni-Co-Fe, a Takke cIuiaBoB Ha oc-
HOBE TPOMHOTO CIjIaBa. Y CTAHOBJIEHO, UTO MOBBIIIEHUE TEMIIEPATYPbl OCAXKACHUS 1O~
KPBITHIl  CIIOCOOCTBYET CMEIIEHUIO KAaTOJHBIX TOJSPU3ANMOHHBIX KPUBBIX Ha
200 MB u yBenmuenuto yriia HakioHa. [loTeHuuan Havaia OCa)KIEHUS TPOMTHOTO
criaBa —460 MB, B cBOr0 ouepenp noreHmanbl Hadana ocaxacHus Ni-Co u Ni-Fe
paBHbl —540 MB u —640 MB cooTBeTCTBEHHO.

HccnenoBano BIMSHUSA pa3IMyHbIX ITOKA3aTENEN HA MUKPOTBEPAOCTh NOKPBITUN
Ha ocHoBe ciutaBa Ni-Co-Fe. MakcumanbHoe 3Hauenue B 682,1 HV pgocturaercs mpu
temmneparype 60 °C, pH 4 u mnortaocTu Toka 3 A/mm2. B cBOIO 0Yepens ABOMHBIC
cruiaBbl Ni-Co u Ni-Fe npu Takux ke yCIIOBUsX OKa3bIBAIOT PE3yJIbTAT 3HAYUTEIHHO
Hwke, papHbie 414,2 HV 1 305,6 HV. M3MeHeHne 3HaueHne MUKPOTBEPIOCTH CILIABOB
Ha OCHOBE MOATPYMIIBI Kejle3a MPOoNOPIMOHATFHO W3MEHEHHIO BOJIOPOIHOTO TTOKa3a-
TeJIsA, TeMIEpaTyphl U MNIOTHOCTH TOKa. Takoe U3MEHEHUE MOXKET ObITh CBSI3aHO C U3-
MEHEHHUEM 3JIEMEHTHOTO U (pa30BOT0 COCTABOB.

Takum oOpa3zom, OblsIa U3yUEHO BIMSHHUE TTAPAMETPOB PEKUMA OCAKICHHS HA Me-
XaHUYECKUE CBOMCTBA CIJIABOB Ha OCHOBE MOATPYMIIBI JKelle3a. A Takke Moao0paHbl
napaMeTpsl ocaxaeHus Tporinoro crutasa Ni-Co-Fe.
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JEKTPOXUMUYECKOE KOPPO3MOHHOCTOMKOE IMOKPBITUE
C BUOLIMTHBIMUA CBOMCTBAMU HA OCHOBE CILIABA
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[Tauxo A. B., boydan B. I1., Uepnuk A. A.
benopycckuil rocyapCTBEHHbIA TEXHOJIOTUYECKUN YHUBEPCUTET
Hanna.pianka@mail.ru

Annotation. Tin-nickel-titanium dioxide composite coatings have a combination
of physical, chemical and mechanical properties: decorativeness, microhardness, wear
and corrosion resistance. Titanium dioxide makes it possible to impart biocidal prop-
erties to the coating.

B coBpemenHOe Bpemsi IMPOKOE BHUMaHHUE B 00J1aCTH MAIIMHOCTPOCHUS Y IENISIETCS
MOUCKY AIEKTPOXUMHUYECKUX MOKPBITUI C COBOKYITHOCTHIO (PU3NKO-XUMUYECKUX U MEXa-
HUYECKHUX CBOMCTB, TAKMX KaK: MUKPOTBEPJOCTh, XOPOIIasi aAre3MOHHAst CIIOCOOHOCTb,
BBICOKAsI HF3HOCOCTOMKOCTH H TMOBBIIIIEHHAS KOPPO3UOHHAs CTOMKOCTD [1; 2]. 1t ycoBep-
IIEHCTBOBAHUS TaJIbBAHUYECKUX TMOKPBITUN YACTO MCMOJIb3YIOT KOMIIO3UIIMOHHBIE TO-
KPBITHSL. B KOMIO3UIIMOHHBIX MOKPBITHSIX MPUCYTCTBYET MaTEpUATI-MaTPULIA U HHEPTHAs
(haza, koTopas BKJIrOYaeTcs B MOKpbITHE. Hanbosee 4acto BCTpeuyaeMbIM TOKPBITHEM, 00-
JIAIAfOIIUM BBICOKMMU JIEKOPATUBHBIMUA M KOPPO3HMOHHBIMU CBOMCTBAMH, SIBJISIETCS] HU-
KeJb. OTHaKO, HUKEb SIBJISIETCS aJUIEPTeHHBIM MaTEPUAJIOM U ITO3TOMY HE UCIIOJIb3YeTCs
JUTSL TIPEIMETOB C YaCThIM KOHTAaKTOM C KOXEH ueloBeKa, YTO MOKET CIPOBOIIMPOBATH
KOHTaKTHBIN iepMatut. JlJist Toro, YT00BI COXPAaHUTh YHUKAIILHBIE CBOMCTBA HUKEIEBBIX
ANEKTPOXUMUYECKUX MOKPBITUNA U TIPU ITOM NPUIATh TUIOATUIEPTEHHOCTh TOBEPXHOCTH,
MIpe/IaraeTcsi TEXHOJIOTUIECKUI Tpoliecc (POPMHUPOBAHHMS CIIIaBa OJIOBO-HHUKEIH ¢ OHO-
UUHBIMHA CBOMCTBaMHM.

B pabore Obu1 ucnonb3oBaH (TOPUTHO-XJTOPUIHBIN AIEKTPOJIUT HAHECCHHS
CILJIaBa OJIOBO-HUKEJNb. [Ipy 3TOM B cOCTaB 3JEKTPOIUTA BBOAWIM JUOKCHU] TUTAHA,
KOTOPBIN SIBIIETCS aKTUBHBIM (DOTOKATATM3aTOPOM U MOXKET MPHUJIATh MOBEPXHOCTU
OuonuaHbIe cBOMCTBAa. B paboTe MCHONB30BaId TUOKCHU]T TUTAaHA Pa3MEPOM YaCTHUI
30-50 HM, KOTOpPBIA OB CHHTE3UPOBAH METOJIOM IPSIMOTO OKHCIIEHUS MOPOLIKO00-
Pa3HOTO TUTAaHA.
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B pabote Obu1 npoBesieH 1oA00p ONTUMAIBHOTO COCTAaBa JIEKTPOJIUTA, a TAKKE
PEXKHUMOB AJIEKTPOXUMUYECKOTO OCaXAEHUs MOKphITUH. [lpuMenenue ¢ropua-xio-
PHUIHOTO JIEKTPOIUTA 00YCIIOBICHO MPEAOTBPAILIEHUEM KOAryTUPOBAaHUS (CIUTIAHUS)
JUOKCHUJA TUTaHa B AIeKTpoauTe. IIpoBeneHsl ncecneaoBaHus BIUSHUS TEMIIEPATYPhI
anektponuta U pH pacTBOpoB Ha (U3MKO-XMMHUYECKHE W MEXaHUYECKHE CBOMCTBA
chopMUPOBAaHHBIX MOKPHITUH. Hanbosee onTUManbHBIMU 3HAYCHUSIMH IS TTOJTy4e-
HUS IEKOPATUBHBIX TOKPBITHI C XOPOIIMMH a/IF€3MOHHBIMU XapaKTEPUCTHUKAMU SIBJISI-
I0TCSl 3HaueHus: Temneparypsl nopsaka 700 °C u npu stoM 3HaueHue pH pactBopa
CJIelyeT MOAJEPKUBATH OKOJIO 3.

JUJ1 OJTyYEHHBIX MOKPBITUHA OBLIIN UCCIIEI0BAHbI IEKTPOXUMUYECKAsT KHHETHKA
U MEXaHU3MbI 3JEKTPOOCAKIACHHUSI KOMIIO3UIIMOHHBIX MOKPBITHII Ha OCHOBE CILJIaBa
OJIOBO-HUKEJb. Y CTaHOBJIEHO, YTO BBEJCHHE AMOKCHJA TUTaHa B COCTaB MOKPBITUIN
IPUBOJUT K YMEHBIIEHNIO TOKOB HayaJla MPOTEKaHUsI KOPPO3HUH, UTO CBUIETENCTBYET
o opMupoBaHuu 0osiee KOPPO3NOHHOCTOMKHUX MOKPBITHH.

buoruaHpie CBONCTBA KOMITO3UIIMOHHBIX JJIEKTPOXUMUYECKUX TMOKPBITHHA Olle-
HUBAJIM IO OTHOIICHHIO K IBYM IITaMMaM OAKTEPHUI U3 TpaM- MOJIOXKUTEIBHOTO U OT-
pULATENBHOTO KJ1acca. Pe3ynbpTaThl MOKa3aiu, 4To UCCIEAYEMOE KOMIIO3UIIMOHHOE 10~
KpBITUN 00s1a1aeT OMOLIMIHBIMU CBOMCTBAMH IO OTHOIIEHUIO K 00OOUM IITaMMaM.

Takum oOpa3om, MPOBEIEH KOMIUIEKC NEKTPOXUMHUYECKUX HCCIEI0BaHUN B 00-
JIACTH KMHETHUKH MOKPBITUI, IPOBEACH MOJA00P ONTUMATIBHBIX YCIOBUMA OCAKIEHUS MO-
KPBITUH, YCTAaHOBJIEHBI KOPPO3HOHHBIE U OMOLIMAHBIE CBOWCTBA C(HOPMUPOBAHHBIX IO~
KpbITUil. braromaps aToll COBOKYMHOCTH YHUKAIBHBIX (PU3UKO-XUMUYECKMX U MEXaHU-
YECKMX CBOMCTB JIaHHOE MOKPBITUE MOXKET MCIOJIb30BaTh ISl METAIIMUECKUX MTpeIMe-
TOB C TIOBBIIIEHHBIM PUCKOM Nepeadu MH(PEKLIUI MyTeM KacaHUs KOXKH YeJIOBEKa.

CnucoK UCNnoJib30BaAHHBIX HCTOUYHHKOB
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Annotation. The paper discusses the features of using pyrolysis products after
waste rubber recycling in foundry production. The applied aspects of the use of pyro-
lytic carbon for the production of mould and core coatings are considered.

Opnumu U3 HanboJiee 4acTO BCIIOMOTATEIbHBIX MaTepUalioB, IPUMEHSEMbIX B
JUTEHHOM MPOU3BOJICTBE, SIBJISIOTCS CIEHUANbHBIE KPACKU U MOKPBITHS, HAHOCUMBIE
Ha MOBEPXHOCTbh JIUTEUHBIX (OpM U cTepkHer. CpaBHUTEIBHO IMIMPOKO B COCTABaX
CTEP’KHEBBIX, KOKHJIBHBIX KPAacOK M MOKPBITHIA HCHOJB3YIOTCS YIIEpOACOIepKallne
MaTrepuabl, HapuUMep, KPUCTATUIMYECKUN WM aMOp(HBIA rpaduT, yrojabHas MbUIb,
caxa u Jp. Kpome Toro, cymiectByer u 0osiee IMMUPOKUN CIIEKTP MPUMEHEHHUS JaHHBIX
MaTepuajoB B KaU€CTBE BOCCTAHOBHUTENEH U KapOIOPHU3aTOPOB, KaK MPOTUBOIPUTap-
HbIE 100aBKH B (JOPMOBOYHBIE CMECH.

Haubomnee pacnpocTpaHeHHON aHTUTIPUTapHON JOOAaBKOM B 00J1aCTH 4yT'YHOJIUTEH-
HOT'O MPOU3BOJICTBA MPY JIUTHE B Pa30BbIC IIECYAHO-TIIMHUACTBIE CMECH SIBJISIETCS KAMEH-
HBbII yroyb. brarogaps cBoMM CBOKCTBaM, OH B MPOLIECCE U3TOTOBIEHUS JINTHIX U3ACIINN
OTAEJSIET OBEPXHOCTh MECYaHOM (POpMBI OT pacIIaBIEHHOIO MeTajlia. OTO 00yCIIOB-
JIEHO TEM, UTO B IIPOLIECCE 3aTUBKH, B MOMEHT KOHTaKTa pacIijIaBJICHHOT0 MeTauia ¢ (hop-
MO, TOBEPXHOCTb KOTOPOM MOKPBITA rpaTOM, 00pa3yIOTCsl BOCCTAHOBUTEINILHBIE I'a3bl,
KOTOpbIE B CBOIO OYEpEb CHOCOOCTBYIOT OOPa30BaHUIO MUPOJIMTUUECKOTO YIJIEpOJa,
KpaeBoil yroji cMauyuBaHusi KOTOporo paciiaBom oosiee 90°. ITpu sTom He siBisieTcst 00s1-
3aTeNbHbIM HaHeCeHHUe rpadura Ha MoBepXHOCTH noaydopm. Haubonee npocroii Bapu-
aHT UCIOJIb30BaHUs — 100aByieHre rpaguTa (KaMeHHOTO yTiis) B JOPMOBOUYHYIO CMECH,
IIPU 3TOM B 3aBUCUIMOCTH OT OCOOEHHOCTEHN TEXHOJIOTUYECKOT0 MPOLIecca KOJIMYECTBO Y-
Jiepo/ia BapbUpyeTCs B AOCTATOUHO LIMPOKOM JHAIMa30He.

Kpome nobGaBiieHus B mecyaHO-TIIMHUCTBIE CMECH BO3MOKHO TPUMEHEHUE yTJIe-
pOJia B )KMJIKOCTEKOJIbHBIX cMecsX. Kak nmpaBuio, 700aBISAIOT yIbTPaIuCIEPCHBINA M-
pPOYIJIEpOJ B COYETAHUU C KUJIKUM CTEKJIOM, B KAUECTBE CBA3YIOLLETO.

Kak y»e ormeuanoch panee, MUPOJIUTAYECKUM rpaduT (MUPOYTIIEPO.T) SABISAECTCS
MPOAYKTOM PaA3JIOAKEHHUS YTIIEBOJIOPOIOB, HATPETHIX 10 TEMIIEPATYP, MPEBBIIIAIOIIUX
1000 °C, T. e. B poliecce nupoau3za. MHOTHE UCCIE0BATEIN OTMEYaIN €TI0 UCKIIO-
YUTENbHBIEC (PU3UKO-XMMHUECKHUE CBOICTBA, 00€CIIeYMBAIOLINe BHICOKOE KaueCTBO I0-
KPBITHI (hOPM ¥ CTEpIKHEH B COCTaBaX CIENHUAIBbHBIX Kpacok. [Ipu 3ToM, cyiiecTBeH-
HBIM SIBJISETCS TOT (DAKT, UTO MUPOYIIIEPOJI MOKET SIBISATHCS MPOAYKTOM MEepepadOTKH,
T. €. IPEJCTaBISET COOOW BTOPUYHOE ChIPbE, MPUMEHEHHE KOTOPOTO HE TTOHMKAET, a
MOBBIIIAET NEPBOHAYATILHBIE CBOMCTBA CMECH WIIM, HAPUMEpP, MPOTHUBOMPUTAPHOTO
MOKPBITHSI, HAHOCUMOTO Ha TTIOBEPXHOCTH (POPM MJIH CTEPIKHEH.
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B pa6ore [1] n3yuanuce Bonpocsl nepepaboTKH OTX0I0B PE3UHOCOAEPIKALLIUX U3~
JeNIUi MyTeM MUPOJIU3a C LEJbI0 MOTYUYEHHUS] MHUPOIMTUUYECKOTO yriaepoaa s Hy X
JUTEHHOTO MPOU3BOICTBA. Y CTAHOBJICHO, YTO MPOLIECC BBIJCICHNUS Ta30BOM (pa3bl MpH
MAPOJIN3E PE3UHBI MHTCHCUBHO MPOTEKaeT B TemmneparypHoMm uaTepBaie S0-550 °C.
BrisiBneHO, 4TO MOKa3aTeny KOHLIEHTPAMK U TEMIIEpaTypa OTXOSAIINX Ia30B MO3BO-
JSIOT MPOBOAUTh MX HEUTPAIU3aLMI0 B aBTOKATAIUTUYECKOM PEXKHUME, HCIIONb3YsI
NPUHLHNI (PUIBTPALMOHHOTO TOPEHUS.

B xoae BBINOJIHEHHBIX MCCIEAOBAHUN MPOBEAEH TEPMOJMHAMHYECKUNA aHAJIN3
po1eccoB (GUIBTPAIMOHHOTO ropeHus B TemrepaTtypHoM unrepsaie 0—1000 °C u xu-
MUYECKOM OYMCTKH Ta3000pa3HbIX MPOIYKTOB MUPOJIM3HON NepepaboTKN Pe3nHOTEX-
HUYeCKUX m3nenuit B temnepatrypHoMm unrepBaie 0—100 °C. YcraHoBieHa BO3MOX-
HOCTb MPOTEKAHUS MPSAMBIX PEaKIUil THApaTallii KOMIIOHEHTOB Ta30BOU (a3bl ¢ 00-
pa3oBaHUEM BOJHO-CIIUPTOBBIX (OYTHIIOBBIX) pACTBOPOB JAJISl OCIEAYIONIETO UX UC-
MOJIb30BAaHUS TIPU MU3TOTOBJICHUH JINTEHHBIX KPACOK C MCIOJIB30BAHUEM TBEPIBIX yT-
JEPOAUCTHIX MPOAYKTOB MUpon3a. Pa3paboTaHbl TEXHOIOTUYECKUE PEKUMBI XUMHU-
YEeCKOM OYMCTKHU OTXOAAIIUX I'a3000pa3HbIX MPOIYKTOB MUPOIU3HON epepaboTKu OT-
XOJIOB PE3MHOTEXHUUECKUX U3/1ETUI Ha OCHOBE MPSIMBIX PEAKIUil rupaTaluu ¢ oopa-
30BaHUEM BOJIHO-CIIUPTOBBIX PacCTBOPOB B TeMIiieparypHoM uHTepBaie 0—100 °C.

[IpakTHueckast 3HAYUMOCTh MOJYUYEHHBIX PE3YyJIbTATOB COCTOUT B peaju3aluu
AJIEMEHTOB TEXHOJIOTHMHM O€30TXOJHOTO MOIYYEHHsI MUPOIU3HOTO Yriepoia U BOIHO-
CHUPTOBBIX PACTBOPUTEIIEH JJIsl U3TOTOBJIEHMSI CIIEIIUANIBHBIX KPACOK M IOKPBITHM, HC-
MOJIb3YEMBIX IIPU MU3TOTOBJIEHUH JINTEUHBIX POPM U cTepkHel (puc. 1).

Pucynok 1 — Komriiekt creprxreii (a) 10 HaHeCeH!s TIOKPBITHS U (0) C HAHECEHHBIM ITOKPHITHEM Ha OCHOBE
HPOTYKTOB ITUPOJIM3HOM NepepabOTKH OTXO/IOB PESMHOTEXHUUECKHX M3IENHIHA

CnucoK HCNoJIb30BAHHBIX HCTOYHHKOB

1. [Tanactorun, A. C. IlonydeHre NUpOTUTAYECKOTO YIIEPOia U3 OTXO0B PE3UHO-
CoJIeprKallluX U3ACIUH JJIs1 UCIIOJIb30BaHUs B uTeHOM Tipon3BojicTBe / A. C. [1anacto-
rud, B. C. Hucc [u ap.] // Jlutbe u metasuyprust, 2023. — Ne 2. — C. 25-30.

88



PA3PABOTKA HAHOKOMITIO3UTA JIJIsI UHAUBUIYAJIBHOM
BPOHE3AIIIUTHI
YepnooOaii /[. B.
benopyccknii HaMOHAIbHBIN TEXHUYECKUM YHUBEPCUTET

chernobay@bntu.by, UX-3000@gmail.com

Annotation. The possibility of using Chinese ceramic nanomaterials (ceramic
nano-whiskers) in the production of promising nanocomposite materials (hano-armor)
Is considered. For comparison and an example, the characteristics of various high-im-
pact materials suitable for creating nanocomposites in the POLYADAMANTIUM
start-up-project in sub-project "ARMOUR-BOX".

C 2019 no 2022-2023 roga B CIIIA 6bu1a npoBenena nporpamma NSGW (NEXT
GENERATION SQUAD WEAPONS), HanipaBiieHHasi Ha 3aME€HY BUHTOBOK M KapaOu-
HOB ceMmeiictBa M4/M 16, a taxke mynemera M249 SAW HOBBIM Opy>KueM u Goernpuria-
caMu, KOTOpbIE 00ecTieyar MOBhIIIEHHbIE XapaKTEPUCTUKU. 3aBEpIIIIIACh OHA TPHyMGpOM
kommaaunu Sig Sauer, Inc., ¢ BuaToBKOM SIG MCX SPEAR, nynemerom SIG LMG u na-
tpoHoMm SIG FURY Hybrid (6,8x51 MM — HOBBII MOIIHBIN MATPOH C JATLHOCTHIO TIPS-
MOTO BBICTpEJIa HE MEHee | KM, T. €. C MOBBIIIEHHBIMH SHEPTE€TUKON U OAJIITUCTUKON).
B Hacrosimee Bpemst kak Hoemuid 6,8 MM natpon SIG FURY Hybrid [1], Tak ero
KOHKY-peHThI — 6 MM ntaTpoH ARC ot Hornady u np., ocHoBaHHbIE Ha 06a3€ MOIIHOIO
6,5x39 mMm Grendel, aMepukKaHCKUMH OpY>KEHHUKAMHU CUHTAIOTCA «yOuUHIIaMH
TEKYIIEro MOKOJICHUSI POCCUMCKUX U KUTAUCKUX OPOHEKHUIIETOBY.

Jlanee Ha puc. 1 moka3aH IJIaBHBIA «BO3MYTHUTENh CIIOKOMCTBUS — MOOEIUTETN
amepukaHckoii mporpamMmmbl NSGW — mirypmoBast BuHTOoBKa SIG MCX SPEAR (XM5)
u niynemet SIG LMG (XM250), pazpaboTanHble 0 NEPCIEKTUBHBIN 6,8 MM MaTpoH
SIG FURY Hybrid (6,8x51).

y
o

Pucynok 1 — Tak Beirnsaat nodenutenu koukypca NEXT GENERATION SQUAD WEAPONS

[lepcriekTBa OOBEIMHUTD YK€ paboTarolIne TEXHOJIOIHH (KepaMuieckue OpoHe-
TUTATHI JJ151 OPOHEKMIIETOB) B TAHJEMHOM CXEMe PacroiokKeHus (KOTja 3a OCHOBHOM IUTH-
TOM HAXOAUTCs OoJiee TOHKAs JeMII(UPYIOIIas OPOHEIIINTA) C IEPCIIEKTUBHBIMU TEXHO-
JOTUSMU — HAHOKOMITO3UTHBIMU OpOHEMaTepuallaMHi IO3BOJIMT MMEHHO B MOJEIAX
IITYPMOBBIX OPOHEXUJIETOB U TUIMTOHOCIIEB (5-6A-i1 Kiacc 3amuThl, a B Kurae 3to Ha
ypoBHe 4 knacca NIJ u Bbllle) co3aaTh JOCTORHYIO 3aIUTY OT NEPCIEKTUBHBIX aMepu-
KaHCKUX KaIUOPOB JJ1s HAllX BOeHHBIX. Co3aHreM HAaHOOPOHH 3aHUMAETCS aBTOPCKUIA
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BIIK-crapran-npoext «POLYADAMANTIUM», npunsiBuuii yuactue B |X Mexnyna-
POJIHO# BhICTaBKE BOOpyskeHus U BoeHHOU TexHukun MILEX-2019 u 8-it Mexnynapo-
HOUW Hay4YHOU KOH()EPEHIMH 10 BOEHHO-TEXHUYECKUM IpoliieMam, podiemMaM 000pOHBI
1 0€30MacHOCTH, UCIIOJIb30BAHUIO TEXHOJIOTUM JBOMHOrO puMeHenus [2]; B PecryOiu-
KaHCKOM KOHKYpCe MHHOBaIlMOHHBIX MpoekToB 2019 roxa B PecriyOnuke benapyce; a B
2023 roxy B Pecniy6mmkanckom koukypce «Crapran-mapadon» ot bemarpornpoMmobanka u
B III Benopyccko-KuTaiickom nHHOBaImoHHOM ¢GopyMe «OT COBMECTHBIX MPOEKTOB K
MHTETPUPOBAHHOM KOcHucTeMe» ¢ moanpoekToM «KARMOUR-BOX».

Jlanee Ha puc. 2 OKa3aH IIaBHBIA KOMIIOHEHT pa3padaThiBA€MOr0 HAHOKOMIIO-
3UTHOTO MaTepuana, npon3oaumMsiii B KHP — Hegoporas Bepcust kepaMu4ecKuX HaHO-
BOJIOKOH, KOTOpBIE€ 00J1a/1aeT KaK CBOMCTBAMHU MOHOJIMTHON OpOoHEKepaMHKH (CBEpX-
TBEPAOCTH), TaK U ICEBAOYNPYTOCThIO, T. €. CIIOCOOHOCTBhIO 00paTUMO JePOpMUpPO-
BaThCS MIPU PE3KOM yliape, HE Tepssi CBOUX CBOMCTB, CBOMCTBEHHOM, HAIpUMEp, APY-
T'MM TUIIaM BOJIOKOH — YTJIEPOJIHBIM HaHOTPyOKaMm.

PI/ICYHOK 2— Bun nox MHUKPOCKOIIOM Ha JJIMHHBIC KEPAMUYCCKUEC HAHOBOJIOKHA

[Toaromy B moanpoekte «ARMOUR-BOX)» Obina co3nana cBosi cxeMa KOMIIO-
HOBKH IOJIMMEPHO-HAHOKEPAMUYECKUX CJIOEB MJisi TaHAEMHOW HAHOKOMIO3UTHOM
oponermmtel-gemndepa (ms MVP-nporotuna) ¢ HacTpanBaeMbIMH CBOMCTBaMU
yAapHOW BSI3KOCTH (TIPOLIEHT apMUPOBAHHS HAHOBOJIOKHAMM) JJISl YCUJICHUS ITyJie-
CTOMKOCTH K MEPCHEKTUBHBIM KanuOpam B OpoHexuieTax (6, 6,5, 6,8 Mm u apyrue
aMepUKaHCKHUE KaTuOphI).

Heno 3a nouckom punancupoBanus ayis HUOKP - Ha kaxayro U3 Tpex craauit
pa3paboTku noTpedyercsi, coorBeTcTBeHHO, 30, 300, 700 ThICAY MOJIAPOB, T. €. B Ie-
peBojie B o0mIel cymme nopsiaka 9,7 MAJUTMOHOB KUTAaWCKUX l0aHEW Ha Mepuoj OT
HayaJlbHOW CTaUU 10 (BKJIIOYMTENIBHO) CO3[JaHUs: TOJHOILIEHHBIX TEXHOJIOTHYECKOrO
perjiamMeHTa Mpou3BOJACTBA, padOUYNX MPOTOTUIIOB, OATUTMCTUYECKON CepTU(UKAIUU,
MEXIyHapOAHOTO MaTEHTOBAHUS, TIEPBHIX MPOJaX HAHOOPOHHU.

CnucoK UCNnoJib30BaAHHBIX HCTOYHHKOB

1. O1o konen? Apmust CILIA BeiOpana NGSW [DnektpoHHbIii pecypc] — Pexxum
noctyna: https://www.kalashnikov.ru/eto-konets-armiya-ssha-vybrala-ngsw/, ceo6o1-
HBIU. — 3ari. ¢ 3kpana. — 3. pyc.

2. Yepnoo6aii /1. B. IlepcriekTrBbI 00BEIMHEHUS MAKPO- M HAHOCTPYKTYP B THOPHTHBIX
HAHOKOMITO3UTAX JJIsl CO3JaHMUsI HOBBIX KOHCTPYKIIMOHHBIX MaTepHajioB Uil HAHOOPOHH,
AJIEMEHTOB OPOHE3ALTUTHI FK30CKENETOB. 8-1 MexayHapoHas HayuHasi KOH(EpEeHIHs 110
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BOCHHO-TEXHHUUYECKUM Ipo0sIeMaM, mpodieMamM 000pOHBI M O€30MTaCHOCTH, UCTIONB30BAHHUIO
TEXHOJIOTH JTBOMHOTO npumMeHeHus (MuHck, 16—17 mas 2019 1.): cOOpHUK Hay4HBIX CTa-
teil. B 5 4. Y. 5/ T'ocynapcTBEHHBIM BOCHHO-TIPOMBIIUIEHHBIN KomuTeT PecryOmiku bena-
pych. — Munck: Jlaboparopus unresuiekta, 2019. — 100 c. — C. 97-99.

IVIASMEHHBIA CUHTE3 KPEMHUWU-YIJIEPOJHBIX KOMIIO3UTOB
I1JIs1 AHO1OB JUTUN-UOHHBIX AKKYMYJISITOPOB
Nevar A. AL, Nedelko M. 1.1, Tarasenko N. V., Chen G.2, Shi L.?

1 B. I. Stepanov Institute of Physics, National Academy of Sciences of Belarus
2NanoScience and Technology Research Center, College of Sciences,
Shanghai University
a.nevar@ifanbel.bas-net.by

Annotation. One of the key challenges of modern technology is the development of
efficient methods for producing and storing energy. Against the backdrop of the intensive
development of a new generation of alternative “green” energy, developments in the field
of improving lithium-ion batteries seem relevant and promising. However, since currently
used graphite-based anode materials are limited by theoretical specific capacity values
(372 mAh/g), the development of new materials for application in lithium-ion battery tech-
nology is in high demand. Silicon-based materials with a high theoretical capacity
of 4200 mAh/g are being considered as a promising alternative to graphite. However, the
practical use of silicon anodes is difficult due to the significant volumetric expansion of
silicon (~400 %) during repeated lithiation/delithiation, which leads to instability of the
resulting electrode materials. Si-C nanocomposite anode materials have been proposed as
a solution due to their high capacity and stability.

OnHoM U3 KITIOYEBBIX 3a/1a4 COBPEMEHHBIX TEXHOJIOTUH SIBIISIETCS] pa3padoTka d¢-
(EKTUBHBIX METOOB ITPOM3BOCTBA U XpaHeHHs dHeprun. Ha (hoHe mHTEeHCHMBHOTO pas-
BUTHS HOBOTO TIOKOJICHUS albTEPHATUBHOM «3€JICHOI» dHEPTeTUKH pa3padOTKH B 00JIa-
CTH COBEPIIICHCTBOBAHUS JINTHI-HOHHBIX aKKyMYJISITOPOB K&KYTCS aKTyaIbHBIMU U TIEP-
cneKTUBHBIMU. OTHAKO, TTOCKOJIBKY HMCIOJIb3yEeMbIE B HACTOSIIEE BPEMsI aHOTHBIC MaTe-
pHaJTbl HA OCHOBE rpaduiTa OTPaHUYCHBI TEOPETUUCCKUMHU 3HAYCHUSIMH YJICIIbHON €MKO-
ctv (372 MAY/T), pazpaboTka HOBBIX MAaTEPHAIIOB ISl IPUMEHECHUS B TEXHOJIOTUH JIUTHIA-
MOHHBIX aKKyMYJISITOPOB TOJIb3YETCs OOJIBIITUM CTIpocoM. MaTepuabl Ha OCHOBE KpeM-
HUS C BBICOKOM TeopeTudeckoil eMKocThio 4200 MAY/T paccMaTpyBarOTCS Kak MEePCIIeK-
TUBHAs ajibTepHaTBa rpadury [1; 2]. OqHako MpakTUYECKOE NCIOIb30BAHNE KPEMHHUE-
BBIX aAHOJIOB 3aTPYJHCHO W3-3a 3HAYUTEIBHOTO OOBEMHOTO PACIIMPEHUS KPEMHUSI
(~400 %) npu MHOTOKpPATHOM JINTUUPOBAHUH/ICTUTHUPOBAHNY, YTO TIPUBOJIUT K HECTA-
OMJILHOCTH TTOJTyYaeMbIX 3JICKTPOIHBIX MaTEPHAJIOB.

B mocnennue rosipl yCHenHo pa3BUBAOTCS AIEKTPOPA3PSITHBIC METOBI TIOTYYCHUS
1 00pabOTKH HU3KOPAa3MEPHBIX TTOPOIIKOB METAIIOB, UX OKCHJIOB U KApOHJIOB B JKHIKO-
(da3HbIX cpeaax. DneKkTpopaszpsaaHas 00padoTka MOKET MPUBOAUTH K MOAU(DUKAIH TIO-
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BEPXHOCTH YaCTHL[ MOPOIIKA, U3MEHEHUIO MX CTEXMOMETPHUYECKOrO COCTaBa M MHUKPO-
CTPYKTYpPbI, POPMBI U TUCHIEPCHOCTH, yIAIIEHUIO aJICOPOMPOBAHHBIX TPUMECHBIX 3JIEMEH-
TOB C IMMOBEPXHOCTH YACTHII, T€HEPAIUX B HUX JIMHEMHBIX U TOYEYHBIX 1e(DEKTOB.

[IpeaBapuTenbHbIe SKCIEPUMEHTHI IO 3IEKTPOPA3PAIHON MOIUDUKAIIIN CMECH
MUKpPOYACTUI] KPEMHUS U rpaduTa, MOJyUYECHHBIX MPU U3MEIBYEHUH 00BhEMHBIX MaTe-
pHANOB MOKa3aJd BO3MOXHOCTh CO3JaHUsl 00pa3ua C yJAEJbHON €MKOCTBhIO OKOJIO
1200 MmA4/T, koTOpast ObICTPO cCHUXkasach B iepBbie 20 1uKiI0B. Takas mioxas mpous-
BOJMTEIHHOCTD ObLIa CBsSI3aHa C KPYIMHBIMU YaCTULIAMU KPEMHHSL.

B nanHo#l paboTe aHOIHBIM MaTepuall CHHTE3UPOBAIM ITyTEM IUIa3MEHHOW MOJIHU-
(buKaIuy MUKPOIIOPOILIKOB KPEMHUS U CMECH KPEMHHUS U CIIEKTPAJILHO YUCTOTO Tpadura
O] IGMCTBUEM DIIEKTPUUECKOT0 paspsifa B 3TaHojie. [[poMBbIIIUIEHHBIN MOPOIIOK KpeM-
HUSI COCTOSUT M3 CYOMHKPOHHBIX C(HepUUECKUX YaCTHI] CO CPETHUM pazmepom 250 HM.

JI1s1 IpoBeAeHUsT SKCIIEPUMEHTOB TIO 3JIEKTPOPa3psaAHON MOTUGBUKAIIMNA TTOPOIIKOB
MCIOJIb30BAJIM MOJU(UIIMPOBAHHBIN UCTOYHUK MUTaHUS Ha 0a3e reHeparopa NepeMeH-
HOT'O TOKA B P&XKUME BBICOKOBOJIETHON UCKPBI. DJIEKTPUUECKUE pa3psiibl HHUIIMUPOBAINCH
MEXIYy JABYMsI BOJIH()PAMOBBIMHU 3JEKTPOAaMHU IuamerpoM 6 MM. HrokxHMI 31€KTpoj
VIUIOTHSUIM Ha JTHE KOHYCOOOpa3HOM €MKOCTH, B KOTOPYIO HachIad 00padaThIBaEMbIi
IIOPOLIOK W HAJMBAJIX 3TWJIOBBIN ciUpT. JJIMHA 3a30pa MEXy AJIEKTPOJAaMH COCTABIISIIA
1,5 mm. [Ipu nanHO#M QopMe KIOBETHI YaCTHIIbI, BBIHOCUMBIE U3 30HBI pa3psijia, oceaas Ha
HAKJIOHHBIE CTEHKH, 110/ ICICTBUEM CHJIBI TSDKECTH BHOBb OKa3bIBAJINCH B 30HE pa3psia.
Takast KOHCTPYKLIMS pa3psIHOTO peaKTopa MO3BoJIsIa IPOBOIUTH 00PaOOTKY YaCTHLL B Te-
YeHHE HE00XOIMMOTr0 BPEMEHHOTO UHTEpBAJIA.

BBICOKOBONIBTHBIN AJIEKTPUUECKUI PA3PA] B CYCIIEH3UA MUKPOIIOPOIIKOB B yIJe-
BOJOPOJHON KUJAKOCTH NMPUBOAWI K CYHUIECTBEHHOMY HW3MEHEHHUIO TUCIEPHOCTU 32
CUET U3MeJIbYeHus yacTull. Mcnonp30BaHue B kauecTBe paboyeil cpesibl yIriieBOJOpO-
HOM KHUJIKOCTH TaKXKe CIOCOOCTBYET UX ApOOJIeHUI0 0e3 OKUCICHUS, TPU ITOM o0pa-
3yeMBbIH yIiiepoJ] MOKET MPUHUMATh AKTUBHOE y4acTHE B TBEpA0(a3HbIX PEAKIUIX C
KOMITOHEHTaMH TOPOIIIKa, TPUBOJIA K 00pa3oBaHUI0 KapOUIHBIX (a3.

[I9M-uccnenoBanust MoIU(PUIIMPOBAHHBIX 00Pa3IIOB MOITBEPKAAIOT 00pa3oBa-
HUE MEJIKUX C(HepUUYECKUX YACTHUI] CO CPETHUM pazMepoM 2—5 HM.

B cnekTpax KOMOMHALIMOHHOTO paccessHust MOAU(PULIMPOBAHHBIX YaCTHUI] KPEM-
HUS HAOJIOAAJICA CABUT XapaKTEPUCTUUYECKON TMHUU KPUCTAIUTMYECKOTO KPEMHUS OT-
HOCHUTEJILHO €€ MOJIOKEHHUs Il 00beMHOro Matepuana (~520 cm?). ITocie snekTpo-
pa3psAHON MoAM(UKAIMK OKCHJIHBIX BKJIIOYEHHUH KPEMHHUS HE 3aperuCTPUPOBAHO.
HabmomaeMble IIMPOKKME MUKK ¢ MakcuMyMamu 1pu 296 cm* u 940 cm L, coorser-
CTBYIOT MOTIEPEUHON aKyCTHYECKO# Mojie BToporo nopsiaka (2TA) u monepednoit omn-
THYeckor (poHoHHOU Mojze BTOporo nopsaka (2TO), coorBeTcTBeHHO. Takxke peru-
crpupoBaiuck nojaocel D u G yrepona (~1390 em* u ~1600 cm?).

Pabora nmpodunancupoBana benopycckum pecnybnukanckuMm ¢ouaom GyHaa-
MeHTaIbHBIX uccienoBanuii (I'pant ®22KUTI-007).

Cnucok HCNnoJbLb30BAHHBIX HCTOYHHKOB

1. M. Gu, et al., Nano Energy (2015) 17, 366-383.
2. A. M. Leonova, et al., Appl. Sci. (2023), 13, 901.
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XAPAKTEPU3AIINSI UHTET'PUPOBAHHOM TEIIJIOITPOBOJHOCTHU
MOJINPULIUPOBAHHBIX HIOPUCTBIX AJTIOMOOKCHTHBIX
MOKPBITUN
[IMumanoBuu /1. JI.

Bbenopycckuii rocyiapcTBEHHBI YHHBEPCUTET HHPOPMATUKH U PATHOIICKTPOHUKH
ShDL@tut.by

Annotation: The influence of technological methods and regimes of AMG-2M
alloy electrochemical anodizing and Al,O3 coatings porous channels filling by dielec-
tric materials (electrical organosilicon varnish KO-921 and polyimide varnish AD-
9103) on the integrated thermal conductivity parameters of multilayer alumina bases
modified by organic sealing materials was studied. An increase in the integrated ther-
mal conductivity of such alumina bases as compared to unmodified and unsealing coat-
ings, which did not differ in the thicknesses of Al,O3; and Al, was demonstrated. It has
been established that the maximum values of the integrated thermal conductivity
(~90 W/m-K and ~87 W/m-K) are typical for the modified structural systems «Al-
Al;O3» (Al ~3 mm; Al;,03 ~50 um) that have undergone one-stage sealing by AD-9103
and KO-921, respectively.

AHaIN3 TUTEPATYPHBIX TAHHBIX U MPEIBAPUTENIbHBIE HccienoBanus [1] ceune-
TEJIBCTBYIOT O CYLIECTBEHHOM BIIMSIHUM YCIIOBUN 3JIEKTPOXMMHYECKOTO aHOJIHPOBA-
HUSA U CTPYKTYPHO-MOP(OIOTHUECKHUX mapaMeTpoB aHoAHOTo Al,O3 Ha hyHKIIMOHATB-
HbIE XapaKTEPUCTUKU U KauecTBO (hopmupyeMbix MokpbiTHil. [loaToMy, Omaromaps
BO3MOKHOCTH KOHTPOJIUPOBAHUSI pa3Mepa 1mop, MoIu(PHUKAIIMK X KaHAJIOB MPOIHUTHI-
BAaIOIIMMH MaTepualaMd U HAMOJHHUTEISAMH, MOPUCThIC CTPYKTYphbl aHoaHoro Al,Os
NPECTABISIOT OOJIBIION MOTEHIMAN ISl YOPMUPOBAHUS MOKPLITHH Ha HecytneM Al ¢
ONTHUMHU3UPOBAHHBIMU IMAPAMETPAMHU TEIIONPOBOIHOCTH.

B kaudecTBe BapMaHTOB TECTOBBIX 00pa3LOB ObLIM MPEACTABICHBl OCHOBAHMS U3
Al-cimaBa AMI'-2M pazmepom 48x60 mwm, TommuHON 1-3 MM ¢ aHogHBIMEU Al,O3-T10-
KPBITUAMH pa3nuyHou TommuHbl (~50-100 MkM), copMUpOBaHHBIMU TIPU pa3Ind-
HBIX TEXHOJOTMYECKUX PEKUMaxX M MOAU(PUUIMPOBAHHBIMH PA3IUYHBIMU OpraHUYe-
CKMMH TPYHTOBOYHBIMU MaTepHaliaMH (3JIEKTPOU30JSALUOHHBIM KpeMHUHOpraHuve-
ckuM JakoM KO-921 u momuumuaneiM gakom AJ[-9103).

DNEeKTPOXUMHUECKOE aHoAupoBaHue Al-OoCHOBaHMI mMpoBOAMIOCH B 3; 5;
7 %-HbIX BOJIHBIX pacTBopax maBeseBoit kuciaotsl (H2Cy04) B moTeHIIMOCTaTHUECKIX
peKUMax MPH MOCTOSTHHBIX HanpspkeHusx popmoBku U ~50; 60; 70 B no popmuposa-
Hus Al,Os-mokpertuii TommuHoM ~50—100 mxm. Cy1iecTBoBai BapruaHThl TECTOBBIX
00pa3iioB, MOJIBEPTHYTHIX BIUSHHUIO JOMOJHUTEIBHBIX OMEpanii MOAU(PUKAIIMH TTOP
XuMu4YeckuM TpaBieHueM B 5 %-noit HsPO4 pu T ~40 +3 °C B Teuenne ~13 MuH 110
orepaluii TpyHTOBKH U mtopo3amnoiaHeHus Al,Os.

3anonaHeHue nopucTout cTpykTypbl Al,O3 37€KTPOU3ONISIIIMOHHBIM KpEMHUHOpTa-
HudeckuM jakoM KO-921 ocymiecTBisiioch B ylIbTPa3ByKOBOM BAaHHE IMPU YACTOTE
~20-40 xI'n mpu makcumanbHOM MontHOCTH ~0,5 KBT nipu temneparype ~30 °C B Te-
yeHue ~20 MuH. 3anosHeHre NopucThiX kaHaioB AlpOz nonuuMuaHbM jJakoM AJl-
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9103 npoBoaMIOCH MO0 MOTPY>KEHUEM B PACTBOPHI MOTUUMHUAHBIX JaKOB, TUOO HaHe-
cenueMm cinoeB Ha Al,Oz-moBepxHOCTh U LeHTpudyrupoBanuem. Jlanee criemoBana
MHOT'OCTaJuiiHasi TEpMOOOPa0OTKA MIPHU ONPEAEIICHHBIX TEMIIEPATYPHBIX peKUMax (10
T ~250-280 °C) ¢ 1enpro moJIuMepU3aIyy JIaKOB.

[lepBoHayanbHO ObLIa YCTAHOBJIEHA 3aBUCUMOCTH KO3 HUIIMEHTa HHTETPUPOBAH-
HOH TEIJIONPOBOIHOCTH B CTpyKTypHOU cucteme «Al-Al;O3» ot Tommunabl Al-ocHOBa-
Huit 13 AMI'-2M 1 OT ToNIUHBI HeMOTU(PHUIIMPOBAHHBIX H HETPYHTOBAHHBIX aJTFOMOOK-
CUJIHBIX TOKpBITUH, chopmupoBanHbix B 3—7 %-Hoit HoCyO4 ipu U = 5070 B. beuio
MOKA3aHO, YTO C YBEITMUYEHUEM TOJIIMHBI Hecyliero Al ot 1 MM 10 3 MM U ¢ yMeHblIIe-
HueM tonumHbl AlyOs-ciioeB ot ~100 MM 10 ~50 MKM IIPOUCXOAUT yBETMYEHUE Tapa-
METPOB Terionepeaud. bbuio MpoaeMOHCTPUPOBAHO, YTO 3HaYeHHUS Kod(dduimeHTta
TEII0npoBOTHOCTHU B cucteme «Al-Al,Oz» 1y1s BapuanTa Al-criiaBa TOJIIMHOM 2 MM Ba-
peupoBauch B npeaenax ot ~41 Br/m-K no ~53 Br/m-K, a TommmuHoi 3 MM — oT ~56
Br/m'K no ~73 Br/m'K nipu m3menennn 3HaueHnid TommuHbel Al,O3 o ~100 MM 10
~50 MKM. A TIpu U3MEHEHNH 3HaYCHUN TOMIMHBI Hecytiero Al ot 1 MM 10 3 MM B pam-
Kax oguHakoBor ToymmHbl Al,O3 (~50 MKM) 3HaYCHMS KO3 HUIIMEHTa HHTETPHPOBAH-
HOU TETUIONPOBOAHOCTH yBenumuuBauch ot ~40 Br/m-K mo ~73 Bt/m-K.

Bbi0 ycTaHOBJIEHO BIMSHHE PA3IWYHBIX BAPHAHTOB OPraHMUYECKON MOIu(UKaImN
Al,O3-TIoKpBITHIT TIPH OAHOCTAAMIHHOM YILUIOTHEHUH TPYHTOBOYHBIMU MaTepHaIaMH Ha
MHTETPUPOBAHHYIO TEIUIONPOBOJAHOCTh AIFOMOOKCHIHBIX OCHOBAaHUI B 3aBUCHMOCTH OT
tommuuHbl Hecytero Al (AMI'-2M) u tommuust anHogHoro Al,Os, 1 ObUTO TTOKA3aHO, YToO,
Kak U Jui1 HemoauduimpoBaHHoro Al,Os, ¢ yMeHbIIEHHEM TOMIIMHBI MOANU(DULIPOBaH-
Horo Al,O3 ot ~100 MkM 710 ~50 MKM 1 yBeTIMUeHHEM ToJIIMHbI Al ot 1 MM 110 3 MM Tipo-
UCXOJWUT YBEJIMYECHUE 3HAYCHUH WHTErPUPOBAHHOW TeIUIonepenayn B cucteMe «Al-
Al;O3». Kpome Toro, ObL10 PO IeMOHCTPUPOBAHO YBEINUCHUE TApaAMETPOB TEIJIONPOBOI-
HOCTU YIUIOTHEHHBIX TPYHTOBOUHBIMH JIaKaMH aJTFOMOOKCHIHBIX OCHOBAaHMH 1O CpaBHE-
HUIO C HEeMOAU(HUIIMPOBAHHBIMY M HETPYHTOBAHHBIMU TTOKPBHITHSIMU, KOTOPBIE HE OTINYA-
nuck 3HaueHuIMH TonHbl Al,O3 1 Al. Tak, 3HaYeHUS] UHTETPUPOBAHHOW TETLIONPOBO/I-
HoctH B cucteMe «Al-Al,Oz» npu Tommmne 3 MM Hecyero Al u Tommmae ~50 MKkM MO-
mapunmposarHoro Al,O; cocraBisiim ~90 Br/m-K u ~87 Br/m'K npu ucnons3oBanum
TPYHTOBKM COOTBETCTBEHHO B BHJE NOIMUMHIHOTO Jlaka A/[-9103 u kpemHuiioprannye-
ckoro jaka KO-921.

OpnHako ObLIO 3aMEUEHO, YTO TECTOBBIE 00PA3LbI C ATFOMOOKCUIHBIMH MOKPBITH-
MU, MOAU(PUIIMPOBAHHBIMU T'PYHTOBOYHBIMH COCTaBaMU B JIB€ U TP CTaJIUU, UMEIU
HE3HAaYUTENIbHO 00Jiee HU3KUE MOKa3aTesId HHTErPUPOBAHHOM TEIIONPOBOIHOCTH 110
cpaBHeHUIO ¢ AlyO3-cosaMu, IpoIIeIIIUMHA OAHOCTAAUNHOE YIIIOTHEHUE, YTO MOXKET
OBITH CBSI3aHO C HAJMYUEM CJIOS OCTATOYHBIX TPYHTOBOYHBIX MaTEPHUAJIOB HEMOCPE/-
CTBEHHO Ha TIOBEPXHOCTH TECTOBBIX 00PA3IIOB.

Cnucok ucnojiL30BaHHOM JIMTEPATYPHI:
1. [llumanosuu 1. JI., SAxoBieBa B. A. DnekrpoxuMuyeckas aTlOMOOKCHIHAS TEX-
HOJIOTHS 17151 MpUOOPOB cuiioBok anekTponuku // JJoxmanst BI'YUP. —2019. — Ne 3 (121).
—C. 5-11.
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HUMIDITY SENSING ELEMENTS BASED
ON NANOSTRUCTURED AL.0; MEMBRANES
Shimanovich D. L.
Belarusian State University of Informatics and Radioelectronics
ShDL@tut.by

Annotation: The volumetric-surface variant of the capacitive MDM (metal-die-
lectric-metal) structure of the vertical direction based on high-ordered matrices of free
anodic porous alumina membranes for applications in humidity sensing elements was
designed. The improved humidity sensitivity, reduced response and recovery time over
a wide humidity range were obtained due to preparing of alumina membranes with
open-ended and widened pores without the barrier layer. Such technological approach
allows to eliminate the effect of the electrolyte anions embedded in pore walls on the
adsorption and desorption processes in humidity sensing elements.

Nanostructured anodic porous alumina can be used as an active humidity sensing
element in the humidity sensors [1-5] because the electrochemical process allows the
capillary nanochannels to be formed and their geometrical parameters (diameter and
length) to be varied. Anodic porous alumina membranes both with a dense alumina
barrier layer at the pore bottoms and without this layer with open-ended pores can be
used as starting material to design various relative humidity (RH) sensors. The struc-
tural parameters determine sensitivity of nanoporous alumina to the humidity variation.
These parameters are controlled by the electrolyte composition and electrical and tem-
perature formation regimes.

The test sensing elements designed for the humidity sensors based on nanoporous
alumina membranes are the volumetric-surface variants of capacitive MDM (metal-
dielectric-metal) structures of the vertical direction. To improve humidity sensitivity,
reduce response time and recovery time of the test sensing elements designed, we use
free membranes based on the high-ordered matrices of anodic nanoporous alumina
with open-ended pores without the barrier layer. Such membranes were formed by the
two-stage electrochemical anodization in the 5 % H,C,0, solution at the potentiostatic
regime (45, 50, and 55 V) with the use of the barrier layer thinning method by the slow
voltage drop to 5 V at the final anodization stage combined with the cathode polariza-
tion either in the 0.5 M H,C,04or in the neutral 0.5 M KCI solution at (-4) V for 21,
24,27, 30, and 35 min for the alumina thicknesses of 30, 40, 50, 60, and 70 um corre-
spondingly and with the alumina chemical etching in 5 % H3PO, for 5-45 min
at 25-30 °C. Such the technology allows obtaining high uniformity of pore sizes
(50-90 nm) and eliminating the effect of electrolyte anions (0%, OH-, and C,0,%) em-
bedded in pore walls on the adsorption processes due to the decrease of the embedded
anions concentration at the chemical etching.

Humidity permeable counter electrodes from the both sides of membranes formed
by the metal (V, Ti, Ta, Mo) films sputtering 50—200 nm in thickness were used as the
conducting electrodes of the MDM structures. The metal films thicknesses were shown
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by the simulation to be not more than 3-4 dj, to provide alumina matrices with open-
ended pores.

Dependences of sensing elements capacity on relative humidity (RH) at the RH
increase from 10 % to 90 % and at the reverse RH decrease to the recovery of initial
values and also a comparative analysis of the effect of the alumina structure parameters
on the humidity sensors capacity at the RH variation were studied. Minimum values of
the MDM nanostructures capacity are shown to be 22-35 pF at RH ~10 % and amount
to 370-390 pF at RH ~90 %, i. e. the sensitivity of the humidity sensors is more than
4 pF per %. This indicates a high sensitivity index to allow signal digitizing at the
electronic signal-conditioning circuit. Hysteresis value does not exceed 20 pF. The
comparative experimental values for the response (trs) and recovery (trc) time during
the adsorption process at the RH increase and the desorption process at the RH decrease
for the sensing element based on the alumina free membrane were represented. Kinetic
testing procedures demonstrate that response time values are from 12 to 37 sec and
recovery time data are from 3 to 8 sec during the RH increase from 10 % to 30, 50, 60,
70, 90 % and the RH decrease from 30, 50, 60, 70, 90 % to 10 % correspondingly.

Thus, the improved humidity sensitivity, reduced response and recovery time over
a wide humidity range were obtained due to preparing and using of alumina membranes
of thicknesses from 30 to 70 um without the barrier layer with open-ended and widened
pores from 50 to 90 nm in diameters.
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TOHKOIIVIEHOYHBIE KOMITO3UIIMOHHBIE MATEPHAJIbBI
COILEPXKAIIME HAHOYACTHUILI TIOJYITPOBOJIHUKOB
N METAJLJIOB
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Annotation. The sol-gel method of SiO,:CuO target formation is developed. The re-
sults of investigation of features of obtaining targets on the basis of aerosil A-380 copper
salts are presented. The data on the structure and morphology of high-silica films obtained
by ion-beam sputtering in vacuum of targets on the polished surface of silicon substrate are
presented. The fields of application of the obtained thin films are determined.

OnHAM M3 OCHOBHBIX YCJIOBUU MOJy4YEHUS IMOKPBITUN C UCKIIFOYUTEIBHON OHO-
POIHOCTBIO METOJJAMU BaKYYMHOT'O HAIlbUICHHUS SIBJISIETCSI BBICOKAsA CTETIEHb MOCTOSH-
CTBa pa3Mepa 4YacTUIl U XMMHYECKOIO0 COCTaBa UCXOAHOW muiieHu. Ilomydyenue mo-
KPBITHI ONITUYECKOr0 Ka4eCTBa U OAHOPOJIHON CTEXMOMETPHUH BO3MOXKHO TOJIBKO B pe-
KUME CUJIBHOTO «OTPABJICHUS» MaTepHalla MULIEHU IPHU MAJIOW CKOPOCTH pacIbLIe-
HUs (T. €. KOIJla MOBEPXHOCTh MUILIEHU UMEET TOHKUH CJION TUAJIeKTpuKa). B Hamem
cllydae pacHpelesIUTh JEeTUpYoIue A00aBKM C MOJEKYJSPHOH OJHOPOJAHOCTBIO
MO>KHO, UCHOJIb3Ysl Ul €r0 CO3AaHUs a3pOCHl (B KAU€CTBE MAaTPULbI-HOCUTES MIPU-
CaJI0K) U KOMIIOHEHTBI, XUMHYECKAsI YUCTOTA KOTOPBIX HE HIKe Mapku «OCU». 3atem
TH J00aBKU COPOUPYIOTCS Ha IMOBEPXHOCTU IJIOOYJBl a’pocuia (MIMPOreHHOIO
KPEMHE3€Ma) B BUJIE TOHKOTO CJIOSI TOJIIMHOW HECKOJIBKO HAHOMETPOB.

[lenp uccnenoBaHust — CHHTE3 IBYXKOMIIOHEHTHBIX METAJUIOOKCUIHBIX CUCTEM B
BUJI€ MEJIKOJUCIIEPCHBIX HAHOYACTHI] OKCUIA MEAU U OKCHUJA KPEMHHUsSI, CPOPMHUPO-
BAHHBIX Ha OCHOBE BBICOKOIOPHUCTBIX MEIbCOJAEPKALIMUX KCEpOreyieu, u3yuyeHue ux
(YHKIHMOHATBHBIX XapaKTEPUCTHK, IPOBEJIEHNE TEPMUUECKON MOIM(HUKAIIMU B BOJO-
poJie, UCCleIOBaHUE CTPYKTYPHBIE, MOp(PoJoruueckre U (ha3oBbie MapamMeTpbl CUHTE-
3MPOBAHHBIX MAaTEPUATIOB U ONpPENEJIEHUE BO3MOKHOCTH M3TOTOBJICHHS 3JIEMEHTOB
JUISI MUKPO- M HAHODJIEKTPOHUKH.

C nomouipro 30J1b-T€JIb METOJA CO3JaHbl JBYXKOMIIOHEHTHBIE CHCTEMbI OKCHIOB
METAJJIOB B BUJIE HAHOYACTHUL] OKCHAa MEU 1 OKCH1a KpeMHHMsI. Takue MUIIEHH B 1allb-
HeilleM ObUIH UCTIOJIb30BAaHbI B KAUECTBE OCHOBBI J1JIS1 HAHECEHUSI CJIOEB Ha TIOJI0KKH
13 HU3KOJIETUPOBAaHHOTO MOHOKpHcTaumyeckoro kpemuus IKEC 0,005 (111). Panee
[1-2] moxpoOHO m3ydeH MexaHu3M (HOPMHPOBAHHUS MHUIICHEH Pa3IMYHOTO XHUMUYE-
CKOro coctaBa. TexHONIOrusl HaHEeCEeHUs IJIEHOK omnucaHa B padote [3].

Ha puc. 1 npeacrasnensl COM-1300pakeHus MOTyYEHHBIX TUIEHOK MPU Pa3IMyHOM
cocraBe pabouero rasa. BugHo, 4to mieHka GopMupyeTcs INIOTHAsE U OHOpoIHas [4].
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Pucynok 1 — COM-u300paskeHre MOBEPXHOCTH CKOJIa TOHKOM TUICHKH, HAHECEHHON METOJIOM
HOHHO-JTy4YeBOr0 pacrmbuieHus MutieHn coctaa SiO2:CuO Ha MOUIOKKE U3 TOJIUPOBAHHOTO KPEMHHS
TPH Pa3JIMYHOM cocTaBe pabouero raza: a — Ar 100 %, 6 — 50 % Ar u 50 % Oz, 6 — 100 % O

Crnenyer OTMETUTh, UTO XOTS aBTOPBI paObOTHI [5] MpoAeMOHCTPUPOBAIN KOCBEH-
HbI€ BO3MOXKHOCTH MOJYYEHUS MOKPHITUN ISl TACCUBHOM 3alIUTHI U 3JIEKTPOU3O0JIS-
WU CTPYKTYPBI ONTODJICKTPOHHBIX DJIEMEHTOB, a TAKKE MPUJIAHUS UM TPeOyeMBbIX OII-
TUYECKUX CBOMCTB C MPUMEHEHUEM B 30J1b-T€JIb METO/1a, BIIEPBbIE CHOPMUPOBAHBI MU-
HIEHU IS TIOJTyYeHUS TJICHOK, C UCIOJIb30BAHUEM METOJa HOHHO-TYY€BOT0O PaCIibl-
nenust. ['uaponuszar terpastokcucuinana (T20C), B cBo ouepeb, yCHEIIHO UCTIONb-
30BaJICA B CMEIIAHHOM BapUaHTE 30J1b-T€JIb METOJIa CUHTE3a IJIEHOYHBIX IIEHOK.

Takum o0pa3zoM, ompenesaeHbl CTPYKTYPHBbIE U ONTHYECKHUE CBOWMCTBA TOHKHUX
IeHOK (TomuHoM ~ 100 HM), chopMUPOBAHHBIX HOHHO-TYYEBBIM PACIBUICHUEM MU-
HIEHE HA OCHOBE MUKPOIMOPOIIKOB MHUPOTEHHOIO KpEMHE3EeMa, COAEpKallluX COeau-
HeHus Meau. Mopdoorvs moBepXHOCTH TJICHKU B IIEJIOM IMOKA3bIBAET MHTETPAIHHYIO
OJTHOPOJHOCTh U (DAKTUYECKH HE 3aBUCUT OT COCTaBa Ta30BOM Cpenbl, MPU ITOM
HaOII0AACTCsl HEKOTOPasi «3€PHUCTOCTH» MOBEPXHOCTH MOKPBITHS, YTO XapaKTEPHO
JUISl PACHbUICHUSI TIOPUCTBIX MUIIEHEWU, COCTOAIIUX U3 arjiOMEPaToB WM JOMEHHBIX

CTPYKTYP.
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Annotation. Composite materials based on magnesium oxide doped with metal
nanoparticles using sol-gel method have been developed. Investigations of peculiarities
of obtaining composite materials based on magnesium oxide and their subsequent prac-
tical application are carried out. Information on the structure and morphology of mi-
cropowders, obtaining tablets, and the possibility of application for sorption of oil prod-
ucts are given.

B Hacrosiiiee Bpemsi mpoBOAXTCS MOUCK U UCCIETyeTCs MpUMeHeHHEe 3PPEKTUBHBIX
METOJIOB YTHJIM3AIMN OTXOJIOB, OCOOEHHO CIIOCOOBI yianieHus: (PeHOJIOB, HOHOB TSDKEITBIX
METaJUIOB U HE(TENPOAYKTOB U3 CTOYHBIX BOJ [1]. B 3TOM HccnenoBanny Mbl HCIIOIB30-
BaJIU IIPOCTOM METO/I, 30J1b-TEJIb METOI, IS CO3/IaHMsI MATEPUAIIOB C aJIEKBATHOM U SKOHO-
MUYECKHU 3PPEKTUBHON aCOPOIIMOHHOM CIOCOOHOCTRIO. [loyuenre 00pas3ioB KOMIIO-
3UIIMOHHBIX MaTEPHAIOB HA OCHOBE OKCHJIa MarHUsI OCYIIECTBIISUIN B J[Ba dTarla.

Ha nepBoM 3tamne, ¢ HCTI0JIb30BaHKEM 30J1b-T'€JIb METO/1a, ObLITM CHHTE3UPOBAHbI KCE-
porenu 1 Mukponopoiku Ha ocHoBe MgO. [l cuHTe3a Kceporenel U MOpOIKOB HC-
MOJIH30BAJIM HUTPAT IIUHKA, OKCH/] IIMHKA, XJIOPU UTTPUU U OKCH]T UTTPHUS, XJIOPHUJI JKe-
Jie3a M OKCHJI JKelle3a, HUTpar O6apus u okcu 6apus. [lpu nomyuenun kceporeseii cocra-
BoB MgO:Zn0O u MgO:Y,03, MgO:Fe;03, MgO:BaO, B uncThIii 3076 IPEIBAPUTETHHO
BBOIcs HUTPAT nuHKa ZN(NO3),x6H,0, xnopua utrpun Y Clsx6H,0, xmmopun xene3a
FeCl;x6H,0, nutpar 6apus Ba(NOs), u3 pacuera KOHIICHTpAIMU OKCHIIOB B TOTOBOM
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npoaykte 1:0,05 1o 1:0,25 monb. s hopmupoBaHus refist KCIOJIb30BalId aMMOHUH (hTO-
pucteii kucibii (NHiF-HF). anee ciiemoBan stam cTabuiv3anuy MPUTOTOBICHHOTO
KOJUIOMIHOTO PAacTBOpPA U €ro CyIlKa MPY HOPMAJIbHBIX YCIOBUSAX B OTKPBITHIX IIACTH-
KOBBIX KOHTeHepaxX. OTKUT MOTyYEHHBIX KCEpOorenel OCyIIECTBISUIN Ha BO3IyXe MPH
700 °C (Bpemst BBIACPXKKH — 1 1).

Ha BTOpOM 3Tamne moiaydeHHbI KOMITO3UIIMOHHBIN MaTepuai MoaBepraiu Apoo-
JICHUIO JI0 MOy YEHUSI MUKpOITopouIka. M3 mory4eHHOro MUKpOHOpoOIlKa METOI0M O~
HOOCHOT'O TIPECCOBAHMSI MOTy4yaid oOpaslibl B BUJIE TUCKOB JUAMETPOM 15 MM U BbI-
cororr 10 mm. Jlns miccremoBanuii ObUTM TIOJTy4eHBI 00pasibl coctaBoB: MgO:BaO;
MgO:Zn0O; MgO:Y,03 u MgO:Fe;03 ¢ niaThI0 pa3HBIMU KOHIIEHTPAITUSIMU B MOJISIX C
1:0,05; 1:0,10 ... 1:0,25. ®opmMoBaHuE MPOBOJAWIN C UCIIOIB30BAJIM BPEMEHHOTO CBS-
3YIOIIIETO Ha OCHOBE BOJHOTO pactBopa nosmuHMIOBOro crnupta (IIBC) ¢ xoHien-
Tpauuei 3—6 mac. %. 3aTeM MoJly4eHHbIE JUCKH CYIIMIIA HA BO3yX€ MPU KOMHATHOM
TEMIIepaType B TeUeHHE | CYTOK, [TOCIJIE YEero MOIBEpraiu TepMooOpadOTKE HA BO3IyXE
ripu 700 °C B Teuenue 1,5 yacos.

W3 ananmza puc. 1 BugHa peixias cTpykTypa kceporens MgO, npu sTom HabIi0-
JAETCSl YETKO BBIPAKEHHAS INIOOYJISIpHAsi CTPYKTypa, PH 3TOM II00ybl ChOPMHUPO-
BaHbI arperaTaMu, COCTOSIIIUMHU W3 YaCTHUL, UMEIOIINX TOCTATOYHO Y3KU MHTEPBAI
pacmpeneneHus Mo pazmepam nepBUYHbBIX 3epeH (0T 54 mo 125 um). [Ipu BBeneHun
JIETUPYIOLIUX 3JIEMEHTOB HA0JI01aeTCs CUIIbHOE BIHMSHUE Ha (DOPMUPOBAHKE [TEPBUY-
HBIX YaCTHUI OKCUJA MarHusl ¥ pOCT MNIOOYJISIPHOCTH CTPYKTYphl. [Ipu 3TOM Habmoga-
€TCS IUPOKUH pa30poc NEPBUUYHBIX YACTHUI] KAaK B CTOPOHY YMEHBIIECHUS UX Pa3MEPOB,
Tak u pocta. [Ipu BBe/ileHNHU MOHOB ITUHKA HAOII0JaeMblid pa3Mep MEPBUYHBIX YACTHUII
nexxut B uHTepBaiue ot 39 1o 140 am. MoHs! xene3a npuBOIAT K 3HAUUTEITBHOMY POCTY
nepBUYHBIX YacTHIl (10 230 uM). Takum 0Opa3oM BBEICHUE JIETUPYIOIIUX JIEMEHTOB
B Matpuity MgO mnoBbIIIIaeT CKIOHHOCTh K arperHPOBAHUIO U XapaKTEPU3YETCs BBICO-
KOH CTENCHBIO MOJIMAUCIIEPCHOCTH JISTHPOBAHHBIX mopoinkoB MgO [2-4].

7.0kV x150k SE(U) 7.0kV x150k SE(U " 300nm

a o
Pucynok 1 — COM-u300paskeHne MUKPOIIOPOIIKa KCeporessi CQOPMUPOBAHHOTO Ha OCHOBE 30151
u3 BogHoU aucnepcun MgO (o6paboran Ha Bozayxe mipu T = 700 °C B Tedyenwue 1 4):
a — coJiepaliero HUTpaT HuHKa KoHrentpanueit: 0,05 mons Ha 1 MoJb 3014;
6 — cozieprKaIero XJIopu/I xxene3a konneHTpamnueit: 0,05 mons Ha 1 MOIb 30514

Ha puc. 2 npuBeneHsl pe3ynbTaThl H3MEHEHHsI MacChl TaOJIETOK, MPUTOTOBIICH-
HBIX C Pa3JIMYHOM KOHIEHTpPALMEH, B 3aBUCUMOCTH OT BIMTHIBAIOIIEH CIIOCOOHOCTH
He(TIHBIX MaTepHuasioB (ceipas HeTh ¥ MamH Maciio). BuaHo, 94TO 00pa3Iisl ¢ HU3-
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KOW KOHIICHTpAIIMEH JIETHPOBAHHBIA HAHOYACTHI] UMEIOT O0Jiee BBICOKYIO abCOpOI-
OHHYIO CIIOCOOHOCTB IO CPAaBHEHHUIO YeM HMEIOIHE 00Jiee BHICOKHE KOHIICHTPAIIHH.
[Ipu 3TOM BHIHO, YTO COPOIMOHHAS CIIOCOOHOCTHh B OTHOIICHUHM WHIYCTPHATHHOTO
Macja HIbKe, 4eM I ChIpoi He(TH STl IOTYyYEeHHBIX MaTepHasIoB.

Mg0O:ZnO MgOZF8203
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Pucynox 1 — I3MeHeHHst Macchl TaOJIETOK B 3aBUCUMOCTH OT BIIUTBHIBAIOIIEH CIOCOOHOCTH HE(PTIHBIX

MarepuaioB (cbipoe HedThIO U MauH Macio): a — MgO:Zn0O; 6 — MgO:Fe>03
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Annotation. With the development of modern science and technology, humans
use electricity more and more extensively. As an indispensable part of modern society,
the safety and stability of the power system need to be guaranteed. Electrical insulation
materials are the key to ensuring the normal operation of power systems. Electrical
insulation materials refer to materials used in the use of electricity to protect circuits
from problems such as short circuits, leakage electricity, and arcs caused by moisture,
dust, chemicals, high temperatures, and various other factors. This article will discuss
the performance and development of electrical insulation materials.
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Annotation. Buildings are the largest consumers of energy and producers of
greenhouse gases in both developed and developing countries. According to incom-
plete statistics in Russia, Belarus and China, energy consumption in buildings alone
accounts for 50 % of CO, emissions. Therefore, there is an urgent need for changes in
various areas of the building industry: energy efficiency, emission control, production
and application of materials, utilization of renewable resources, recycling and reuse of
building materials. In addition, due to growing environmental concerns, the develop-
ment of new environmentally friendly building materials with plant fibers and methods
for their application in practice is of utmost importance.

B ycnoBusix cTpeMHUTENBHOTO pa3BUTHSI MUPOBOM 3KOHOMHKH OECIIPELIEIEHTHOE Pa3-
BUTHE TOTy4MIIa CTPOUTENbHAS OTpacib. Ee OCHOBOM SIBIISIFOTCS CTPOUTEIbHBIE MaTepU-
aJIbl, OHU K€ COCTABJISIFOT U 3HAYUTEIIbHYIO YaCTh CTOUMOCTH CTPOUTENBHOTO IPOEKTA.

Ha coBpemMeHHOM 3Tare oueHb MOMYJISIPHBIM SIBISIETCS HU3KOYTJIEPOIHOE CTPOU-
TEJIBCTBO — IKOJIOTHYECKH Oe30macHast (opMa CTPOUTENBLCTBA, IPU KOTOPOM yIiiepoi-
HBIHA CIIe/ 3aHUs MUHUMAJIEH, 9TO OYCHb BaXKHO I OXPaHbI OKPYKAIOIIEH Cpeapl U
sHeprocOepekeHus. C 9Toi TOUKH 3peHHs BECbMa OY€BHIHBIMH MPEUMYIIIECTBAMHU 00-
JIa1at0T HOBBIE CTPOUTEIHHBIC MAaTEPHAIBI C PACTUTELHBIMH BOJTOKHAMHA. OHU MOTYT
3(PEKTUBHO CHU3UTH CTETIEHb YHEPTONOTPEOICHUS U, CIIEI0BATEIHLHO, €T0 CTOUMOCT.
[IpumeHeHre HOBBIX, SKOJIOTUYECKH YUCTHIX CTPOUTEIHHBIX MATEPHATIOB C PACTUTEh-
HBIMU BOJIOKHAMH SIBJIIETCS HEU30€KHOU TeHACHIIMEN Oy/IyIlIero pa3BUTHUs CTPOUTEb-
HOU uHaycTpuu [1].

B nocnennue roapl U3MEHEHHE KIIUMara, 3arpsi3HeHne BO3AyXa, UCTOLIEHUE IIPU-
POIHBIX PECYPCOB M OHOpa3zHOOOpa3usi, 00pa3oBaHKE OTXOJO0B, UCTOIICHUE U 3arps3-
HEHUE BOJHBIX PECYPCOB, YXYALICHHE COCTOSIHUSI TOPOJCKON Cpellbl CTallu I100aib-
HBIMHU TIpOOJIeMaMu, TPEOYIOIUMHU TIPUHATHUSL CPOUHBIX Mep. BRIOpOCH yriekucaoro
raza (CO,) u gpyrux napaukoBbsix ra3oB (I1I") mpeacTaBiasioT co00it OrpOMHYIO yTPO3y
OJsaromnoyunto yesioBeuecTra. s 60pbObI ¢ 3TOM yrpo30it Mupy Heooxoaumo k 2050
rojly COKpaTuTh BEIOpOCH pruMepHO Ha 50 % 1o cpaBHEHUIO ¢ TeKyIIUM ypoBHEM. Ha
MPOTSHKEHUH BCETO KU3HEHHOTO LUKJIa 3/1aHusI B aTMOC(hepy BEIOpachIBaeTCs OOJIBIIIOE
kosmyectBO CO,. DTO BKIIOYAET B ceOsl MPOU3BOJICTBO CTPOUTENBHBIX MaTE€pHaoB
(CM), cTpOUTETHCTBO CaMOTO 3/IaHUs, €T0 Pa3BUTHE, PEKOHCTPYKIIMIO, BOSMOKHYIO
peadMIUTAIINIO U TIOCIICTYIOITUI CHOC.
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CrpouTernbHas 0Tpacib MHTEHCUBHO U AKTHBHO Pa3BHBAETCS BO BCEM MUpE. TONBKO
B Kutae crpoutenbHbiii CEKTOp SBISIETCS KPYTTHEHIIINM MPOMBIIIIEHHBIM paboToaaTesNeM,
Ha JI0JIF0 KOTOPOro MPUXOAUTCS He MeHee 7 % OT OOLLEro unciia 3aHAThIX U 28 % OT uucia
3aHATHIX B MPOMBINUIEHHOCTH. C PYTO CTOPOHBI, TOT CEKTOP BHOCUT CBOM BKJIAJ B 3KO-
JIOTUYECKYIO Harpy3Ky, TaKyl0 KaK BBICOKOE 3HEPro- M BOAOMNOTpEONeHue, 0Opa3oBaHHe
TBEPABIX OTXOOB, NIOOATLHBIE BHIOPOCHI TAPHUKOBBIX I'a30B, BHEIIIHEE U BHYTPEHHEE 3a-
IPSA3HEHNE OKPYKAOLIEH CpeJibl, HICTOLIEHNE PUPOAHBIX PECYPCOB.

Ilo crartucTrke, €KEroAHO Ha CTPOUTENBCTBO 3IAHUI BO BCEM MHUPE PACXOMYETCS:
25 % sHepruu Ha TII00AIBHYIO 3ar0TOBKY JpeBecuHbl; 40 % kaMHs1, iecka u rpaBust; 16 %
BozIbl. B pesynbrare Takoit 3aroroBku oopasyercs 50 % MUPOBBIX MAPHUKOBBIX Ta30B U
(bakTop KUCIOTHBIX A0KIeH. KpoMe Toro, moutu 3 MIIpJl. T ChIpbsl IPEBPAILAETCS B KOH-
CTPYKIMH, (PyHIAMEHTBI, CTE€HBI, TPYObI ¥ NOJbI 3AaHul [2]. OHAKO OTHOW U3 BayKHEH-
IIUX COCTABJISIIOIINX KOJIOTUYHOCTH 3/1aHuM sBisieTcs 3((HEKTUBHOCTD UCTIOIB30BaAHMS
MarepuanoB. Mbl MOkeM BbIOpaTh MOIXOAIIMNA cTpouTelbHble Martepuaisl (CM), pac-
CMaTpHBAas BECh €T0 )KM3HEHHBIN HUKJI («OT KOJIBIOETH JO MOTHIIBI)) U BEIOMpPAst TPOIYK-
[MIO0 C HAUMEHBIIUM BO3JICHCTBHEM Ha OKPYXKAIOLLYIO CpEedy; HalmpuMmep, MO OLEHKaM
T'oncaneca u HaBappo, Bei0op BM ¢ MeHbIIIMM BO3ACUCTBUEM Ha OKPYXKAIOIIYIO CPEly
MOKET COKpaTuth BeIOpockl CO, Ha 30 % [3].

[IIupokoe CTUMYIHPOBAHUE HCIOIb30BaHUs BO30OOHOBISIEMBIX U IepepaldaThiBa-
€MBIX PECYPCOB MOXKET CIIOCOOCTBOBATh 3aMKHYTOCTH KM3HEHHOTO LUKJIA 3[IaHUS U
€ro KOMIIOHEHTOB, IIOATOMY APYTUMHU (paKTOpamMH, KOTOPbIE MOTYT CYLIECTBEHHO IO-
BIMATH Ha BbIOOp CM, SIBISIOTCS €r0 CTOMMOCTb U COLMajbHbIE TPEOOBaHUS, TaKHUe
KaK TEIUIOBOM KOM(OPT, XOpoIlIne MEXaHUUECKHE CBOMCTBA (IPOUYHOCTh U JOJITOBEY-
HOCTb ), 3CTETUUECKUE XapaKTEPUCTUKHU U BO3MOKHOCTH OBICTPOIO CTPOUTENIbCTBRA. Ta-
KUM 00pa3oM, Mbl MPUXOJIUM K TOMY, YTO B HJI€ajie COYETaHUE BCEX IKOJOTHUECKUX,
HKOHOMMUYECKHMX U COLMAJIbHBIX (DAKTOPOB MOXKET J1aTh YETKOE ONUCAaHUE MaTepuaa,
CcoCOOCTBYSI TEM CaMbIM IMPOLIECCY MPUHITHUS PEUIEHUSI O BHIOOPE MOAXOISAIIErO Ma-
Tepuana Ijs 3JaHusl.

O030p JuTEeparypbl MOKA3bIBAET, YTO LEMEHTHAsE U OETOHHAs MPOMBIIIIEHHOCTb
MPOU3BOAUT 7 % TIOOAIBHBIX aHTPOIOTeHHBIX BEIOpOCOB CO,, U B OMKaIlie AeCITH-
netus 3ta uudpa OyaeT pe3ko Bo3pacTarh 1Mo Mepe pocTa HaceneHus: 3emin. [Tomumo
BBIOPOCOB, CBSI3aHHBIX CO CKUTAHUEM UCKONAEMOTI'0 TOIUINBA, IPU HEU30EKHOM AeKapOo-
HU3aluu u3BecTHsIKA (ChIphs) BoiaensieTcs CO,. [Ipu nmpousBoacTBe OETOHA BBIACISCTCS
HE TOJIBKO YIJIEKUCIIBIN ra3, HO M JpYyTUE 3arpsi3HUTEIN BO3yXa, TAKUE KaK yrapHbIA ra3
(CO), oxcumst cepsl (SO,), okeuapt azora [(NO),], xmopuctsiit Bogopoxa (HCI), neryune
YIJIEBOIOPOAbl M TBepAble yacTHibl. [Ipon3BoacTBO OGETOHA MPUBOAUT K HCTOIIECHHIO
CTOJIb HEOOXOAMMBIX HEBO30OHOBISIEMBIX MUHEPAJIbHBIX U BOAHBIX pecypcoB. Muponas
OeTOHHAs! MPOMBIIIJICHHOCTh UCTIONB3YyeT 10 MIIpA. T TOPHBIX MOPOJ ¥ TIecKa U 1 MIIpa. T
BOJIBI B TOJI. XOTS NOPTIAHALIEMEHT cocTaBisieT okoio 10 % ot ob1iero oobema OETOHHBIX
CMECEH, Ha ero IMpor3BOACTBO Npuxonutes 92 % Bcex sHeprozarpar. Hakonen, eie onHy
CEPbE3HYIO AKOJIOTMYECKYIO YTPO3y MPEACTABISIET CHOC U yTUIM3AIMsl OCTOHHBIX KOH-
crpykiuil. [1o olieHkam crnienmanucToB, Ha 100 OeToHa npuxoautcs 70 % macchbl 0TXO0-
JIOB CTPOUTENBCTBA U cHOCcA. [1o3TOMY /17151 GETOHHOM MPOMBILIUIEHHOCTH BaXKHO MPUHSTh
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CTpaTervi0 YCTOWYMBOIO PA3BUTHS, HANPABJICHHYIO Ha CHUKEHHE BHIOPOCOB B arMo-
cdepy 3arps3HIIONMX BEMECTB, TakuX Kak CO,, yTeM UCIOIbh30BaHuUs B OETOHE pacTu-
TEJBHBIX BOJIOKOH, HalIpUMEP, KOKOCOBOTO OpPEXa, TPOCTHHUKA, COJIOMBI, CU3aJIS; UCTIONb-
30BaHMSI YCTPUYHBIX PAKOBHUH M3 MHUIIEBBIX OTXOJ0B 0APOEKIO /I 3aMEHBI OIPEeICH-
HOT'O KOJIMYECTBA KPYMHOTO ¥ MEJIKOTO 3allOJTHUTEIS, KaMHSl, [TecKa U T. JI., YTOObI 3aMeI-
JUTh UCTHOIB30BAaHUE MPUPOTHBIX MCTOYHUKOB PHEPTUU U JOCTUYD 3aMEILEHUSI BO300-
HOBJISIEMBIX UICTOUHUKOB HEPIHH; YITyUIlIEHUSI BOIHBIX CTAHAPTOB. 3aMEIICHHUSI; TIOBbI-
IIEHUE CTaHAAPTOB BOABI HA OYMCTHBIX COOPYKEHHUSIX U MAKCUMAJILHO BO3MOKHOE Tepe-
MEIlIMBaHNE OETOHA C OYHUIIIEHHOM BOMIOM, YTO MO3BOJISIET CHU3UTh MCIIOIb30BAHUE TPH-
POIHBIX PECYPCOB (B TOM YHUCIIE BOJbI); U, COOTBETCTBEHHO, YMEHBIIIUTH KOJTMYECTBO 00-
Pa3yIoLIUXCs OTXO/IOB.

Cnucok McnoJib30BaHHbLIX HCTOYHHKOB

1. Wang X, Ju Z, Kovshar S. N., et al. THE USE OF NON-METALLIC FIBER
IN THE PROTECTION OF BUILDING MATERIALS AND ITS IMPACT ON THE
ENVIRONMENT](J]. DxoHomuka ctpoutenbera, 2023 (7): 86-91.

2. International Panel on Climate Change (IPCC). Climate Change 2007: Mitiga-
tion of Climate Change. IPCC Fourth Assessment Report (AR 4).

3. Gonzalez, M. J.; Navarro, J. G. Assessment of the decrease of CO, emissions
in the construction field through the selection of materials: Practical case study of three
houses of low environmental impact. Build. Environ. 2006, 41, 902-909. [Google
Scholar] [CrossRef].

KOHIEIIIHWA BETOHHOTI'O BUOHHYECKOI'O ITOPTAJIA
JJIAA KPYIITHOT'ABAPUTHOT'O TOKAPHOI'O 'MBPUIHOI'O CTAHKA
Hosnap C. C., [lIenosa /I. H.
benopyccknii HaMOHAIbHBIA TEXHUYECKUN YHUBEPCUTET
stanislaw.dovnar@gmail.com

Annotation. Concept of a huge lathe for combined (additional and subtractive) pro-
cessing of large shafts and tubes is proposed. Portal including two bionic (oak-shaped) col-
umns is depicted. It is suggested to pour columns with high-quality concrete (UHPFRC) for
good stiffness and damping ability. The portal should embrace the tube to be machined.
Supports, holding tools for deposition and cutting, can be used additionally as point rests
around the tube section. Static and modal FEA is provided for the load-bearing system of
the lathe. It is recommended to place arrays of sealed tuned-mass dampers into each con-
crete column to improve damping of machine tool resonances.

AnnutuBHO-cyOTpakTuBHBIE (THOpuaHbIe) cTaHKu (ACC) sSBst0TCS OBICTPO pas-
BHUBAIOIUMCS KJIacCOM 00opyaoBaHus. Takol cTaHOK 001aaeT HHCTPYMEHTAMHU Kak
JUTSI HAHECCHHS Ha JIeTalh HOBBIX CJIOEB MaTepuaia (aJANKIMsA), TaK U JJII TOYHOTO
cpe3anus mpumnycka (cyoTtpakius). B padote paccmarpuBarotcss ACC TokapHo-(hpe-
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3epHOTO TUMA. PeIKUMU, HO KPUTHUYECKH BaKHBIMHU MaIllTHHAMU SIBJISIFOTCS KPYITHOTa-
OapuTHBIE CTaHKa, CIIOCOOHBIC BBIMOJHATH THOPUAHYIO 00pabOTKY BajioB (POTOPHI
TypOHH U reHepaTopoB), TpyO, 00osiouek OoJbioro nuamerpa. Ha puc. 1 nmpeacrasiex
BapUaHT ¢ TUTAaHOBOU TpyOoit 62500 MM u TonmuHOM cTteHku 60 MM. OOpaboTka Mo-
KET BKJII0OUATh TOUYECHHE, JJa3epHOE U MJIA3MEHHOE HaIlJIaBJIeHUE, Ppe3epoBaHue B pas-
HBIX TIOCJIEIOBATENBHOCTSIX, HO HAa OJJHOM pabodyeM MecTe.

Konnenmust cranka 3akiio4yaeTcss B OCEBOM MPOJBIKEHUH Bpalllaoleics
TpyObl 1 nByms 6abkamu 2-3 (puc. 1, a) ckBo3b nopran (puc. 1, 6) OCHalEHHBIN
KOMIUIEKTOM KaK PEeXYIIUX, TaK W HaANbUIIOMMNX HHCTPYMEHTOB. [Ipemmaraercs
noptan w3 aByX KojoHH BCC Ouonnueckoil (popMbl, BBIMOJHEHHBIX U3 OETOHA
(mammpumep, u3 puopoderona UHPFRC). ITopran 3ambikaeT TpaBepca TT.

B cootBerctBun ¢ MK3-ananuzom [1] 3¢ heKTUBHBIM OMOHMUYECKUM PEIICHHEM
JUTSI TEXHOJIOTUYECKOM KOJIOHHHI siBiIsieTcst popMma cTBoJia ayba. ITta popma obecnieyn-
BAaET JOCTATOYHYIO KECTKOCTh KOJIOHHBI IIpU €€ yMepeHHou Macce. Ha puc. 1 npen-
CTaBJICH CJIOMCTHIM KOPPEKTUPOBAHHBIA BApUAHT OCTOHHBIX KOJIOHH.

Pucynox 1 — KoMmoHOBKa TSKEOro MOPTATFHOTO aiTATUBHO-CYOTPaKTUBHOTO CTaHKA
(a: 1 — obpabatsiBaeMast Tpy0a; 2, 3 — npuBOAsIINe OAOKH; CHITYIThI JTHOICH —
JUISL COIIOCTABJICHUS pa3MepOB) U NopTal (6) U3 AByX OETOHHBIX OMOHMYECKUX
konoHH BCC, tpaBepc Tr u cynnoptoB Sp, HeCylmMx UHCTpyMeHThI T1...T4

B npennaraemMoil KOHLETIIIMY CTAHKA HOBBIM SIBJISIETCSI COYETAHUE TPEX MPU3HAKOB:

— TOKapHBIN MOPTaJI, Kak 0a3a 1J1sl ”HCTPYMEHTOB, OXBATHIBAIOILIMX JETANb 10 KPYTY;

— OMOHMYECKUH TM3aiiH nopTaia (Kak MUHUMYM, IpeBooOpasHas (popMa KOJIOHH);

— BBINIOJTHEHUE OMOHUYECKUX (POpM (KaKk MUHUMYM, KOJIOHH) UIMEHHO U3 OETOHa.

Pa3memnienune nacrpymenToB T11...T4 Ha TpaBepce Tr u cymmoprax SP peKOMEH-
JyeTcsl IPOBOJAUTH TaK, YTOOBI OHU OXBAaThIBAJIM CeUEHUE TPYObI Mo Kpyry. B stom
Clly4ae MHCTPYMEHTBI MOTYT CIIYKHTh Kak JJs1 00paOOTKH, Tak W JJsl MOJAECPKKU
TpyOBI (Harmoj001e JTFOHETOB).

OxBartblIBarollee pa3MeIIeHe HHCTPYMEHTOB MOKET OBITh Ba)KHO AJIsI IPOTHUBO-
JACHCTBHUSL MPOBUCAHUIO TPYOBl W Ui TMOAABICHUsA BHOpamuii B Xoae oOpaboTKH
(puc. 2, a). D10 TUNOBBIC TIPOOIEMBI I 000TOYEYHBIX IeTaneil. Tak, A paccmar-
puBaeMoi TpyObl pe3oHaHCHbIE BO30YXJIeHUsI HauMHatoTCsA ¢ Moabl M1 Ha yacroTe
30,96 T'u, a Ha puc. 2, a TpeACTaBlieHa KapTUHA y3JI0B U ITyYHOCTEH, COOTBET-
cTBytomas moae M12 na vacrore Bcero 66,48 I'u. Takum 06pa3om, moprain JHOHKEH
CEpPKUBATh OO0JIb-III0€ YUCIIO OJIM3KO PACIIONIOKEHHBIX 110 YaCTOTE PE30HAHCOB.
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Type: Total Deformation
Frequency: 66481 Hz
Unit: mm
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Pucynok 2 — Kaptuna pe3oHaHCHBIX KojieOaHuil cTanka Ha 12-oit moje (66,48 ') (a)
U cXema pa3MelieHus: B 0eTOHHBIX 0s10kax CB OMoHMYecKknX KOJIOHH MHEPIIMOHHBIX
racuteneit TMD u apyrux aeMndupyronmx kojacoaHus 00beKToB (6)

Hanmuue y moprana 6eronnsix kojonH BCC mpemocTaBiser JOMOIHUATETHHBIE
BO3MOXXHOCTH 0 TamieHuto BuOpanuii. Bo-nepBbix, caM puOpoOeToH 00nagaeT He-
wioxuM AemndupoBanueM. Bo-BToprix, B 6eTonHbIe 6510Ku CB (puc. 2, 6) MmoxHO OT-
HOCHUTEJIBHO MPOCTO ¥ TEXHOJOTUYHO MHKOPIOPUPOBATH MACCUBBI MHEPIIMOHHBIX Ta-
cureneit TMD (tuned mass dampers). BHyTpu Takux racutesiei mpOUCXOIST JIUIIIb KO-
nebaHusl TOJNPYKUHEHHBIX TPy30B. ['epmeTnuHo 3aneyataHHeie B O6etone [TMD
JIOJKHBI 00J1a1aTh OOJIBIIION JOJTOBEYHOCTERIO.

HacTtpolika pe30oHaHCHBIX 4aCTOT TaCUTENEHN npeanoaaraeT pazsursii MKO-ana-
JIM3 CTaHKa.

Jlns oGecrieueHust TepMOYIIPYTroi CTaOMIBHOCTH OOJIBIIIOTO OpTaia MOTYT ObITh
MIpUMEHEHBI OXJIaxkaaeMble BCTaBkH IC (puc. 1, 6). DTo mopucThie CI0U-CEKITUH, BKITIO-
yaronue B ce0s neasubie o0bemsbl [2]. Taromuit (moa koutposem YUITY cranka) nen
o0nagaeT HEKOTOPOUM CTPYKTYPHOM KECTKOCTHIO, AEMII(UPOBAHUEM U CITIOCOOHOCTHIO
CTaOMIIM3UPOBATH TeMIlepaTypy KosloHHb. MKD-aHanu3 mokasbIBaeT, 4TO JIeJSHBIC
BCTaBKM BEChbMa YMEPEHHO CHWXKAIOT PE30HAHCHBIE YacTOTHI mopTana. [loatomy mx
JNAJTbHEUIINNA aHAJIN3 IEPCIIEKTUBEH.

Cnucok HCIMOJb3YEMBIX HCTOYHUKOB

1. Hosnap C. C., AxumoBuu A. M., Aukesuu O. K., Jlanyka A. /[. UuTtepakTus-
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HUYECKOM OamHu masika DIUcToH. «CUCTEMHBIM aHalu3 W MpUKIagHas uHbopma-
tukay. 2022;(3):76-87. https://doi.org/10.21122/2309-4923-2022-3-76-87.

2. Nosuap C. C., Aukesuu O. K., Makapenko K. JI., I'puakeBuu A. I'., Xpy1kas
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PA3PABOTKA DJIEKTPOT'UJIPABJIUYECKON CUCTEMBI
PEBEPCHUBHOI'O YIIPABJIEHUSI HABECHBIM YCTPOMCTBOM
AnanunkoB A. A., benpunk JI. /1., Cemamxo /I. B., Ko3nosckuii B. A.
O6beauHenHbIi HHCTUTYT MamuHocTpoeHuss HAH benapycu
antonOananchikov@gmail.com

Annotation. The issues of structural and parametric synthesis of an electro-hy-
draulic system for reversing control of a mounted device, which ensures the operation
of a tractor with double-acting hydraulic cylinders, are considered, which allows ex-
panding the functionality of the tractor unit.

Beenenue. CoBeplICHCTBOBAaHUE KOHCTPYKIMI TPAKTOPOB MJIET B HAIIPaBICHUU
HOBBIIICHNS UX TEXHUKO-3KOHOMUYECKHUX M IPTOHOMHUYECKUX ITOKAa3aTesIel MpU HC-
MOJIb30BAaHUM HOBOT'O BBICOKOIIPOM3BOAMUTEILHOIO paboyero o0opyAoBaHusl, 4TO He-
BO3MOKHO 0€3 COBPEMEHHBIX 3JIEKTPOTUAPABIMUYECKUX CHCTeM yrpasieHus [1]. B
HacTosIIee BpeMsi TpeOOBaHUSL PhIHKA ONMPEIEISIOT HEOOXOAUMOCTh UCIIOIb30BaHUS
IIPUBOJIA C TUAPOLMIMHAPAMH ABYXCTOPOHHETO NEUCTBHS I peain3alud KOMMYTa-
LIUOHHOU cXeMbl «IIprHyIUTENIbHOE OITyCKAHUEY» HABECHOTO YCTPOUCTBA MPHU €TI0 JU-
CTAaHIIMOHHOM YTPABJICHUH, YTO MO3BOJISIET PACIIUPUTh (YHKIHOHATBHBIE BOZMOMXHO-
CTH TPaKTOPHOTO arperara.

OcHoBHast yactb. B O0beunenHom nHcTuTyTe MamuHoctpoenuss HAH bena-
pycu coBmecTHO ¢ OAO «M3mepurens» (r. HoBonosouk) pazpaboTaHbl ONBITHBIE 00-
pasipl UMIOPTO3aMELIAIOIIEH JJIEKTPOTUIPABINYECKOM CUCTEMBI PEBEPCUBHOTO
YIIPaBJICHUS] HABECHBIM YCTPOMCTBOM TpakTopa [2; 3], MpeACTaBICHHON Ha PUCYHKE.
CepuliiHo€ MPOU3BOJACTBO KOMIIOHEHTOB CUCTEMBI JIsl KOMIUIEKTAl[UU TPAKTOPOB «be-
Japyc» IIAHUPYETCS OCBOUTH HA OTEYECTBEHHBIX NMPEAPUATHIX.

PucyHnok — Cxema pacrnosioKeHus: KOMIOHEHTOB 3JIEKTPOrHIPaBIMUECKON CUCTEMbI PEBEPCUBHOIO
yIpaBlIeHUS! HABECHBIM YCTPOWCTBOM Ha MMaxOTHOM arperarte: 1 — mynbT ynpaBieHHs; 2 — TaTYUK
yCcuius; 3 — CUJIOBOM THAPOUMIIMHAP; 4 — THAPOOIIOK; 5 — Hacoc; 6 — HaBeCHOE YCTPOUCTBO;

7 — KOHTpoJuIep; 8 — ruApoOak (MHOTOCEKIIMOHHBIN pacipeeuTelb BHEIIHUX MOTpeOuTeNne ¢
AJIEKTPOYTIPABIEMBIM PETYIATOPOM); 9 — OECKOHTAKTHBIN JaTUHK MOJIOKEHHUS;

10 — ynpTpa3ByKOBOM JaTYUK paccTosiHuUs; 11 — agantep BRICOTHOTO U TTO3UITHOHHOTO
perynupoBanus; 12 — mouBoobpabdaThiBarolee opyane
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B otnuune ot 3apy0OeKHOro aHajora CUCTEMbl YIPaBJIECHUS HABECHBIM yCTPOM-
crBoM ¢upMmel «Bosch-Rexrothy (I'epmanus) pazpaboTka UMeeT psij] MPEUMYIIECTB:

— TIOBBIIIEHUE HAJEKHOCTH (PYHKIMOHUPOBAHMS BCJEACTBUE HMCIOJb30BaHUS
OECKOHTaKTHBIX CITIOCOOOB U3MEPEHUS MTEPEMEILIEHUSI HABECHOTO YCTPOICTBA OTHOCH-
TEJIBbHO OCTOBA TPAKTOPA U TOBEPXHOCTH MOJIS;

— YJIy4YIIEHUE TEXHOJOTMYECKHX CBOMCTB 3a CUET YHPOUIEHUS KOHCTPYKLUHU
ANEKTPOYIPABIISIEMOr0 pPEryyiaTopa (OJHOKACKaJHBIA IMPUBOJ PACIPEAECIUTEIbHBIX
AJIEMEHTOB, OTCYTCTBHE KaIMJLISPHBIX )KUKJIEPOB, MOAYJIBbHOE UCIIOJIHEHNE 0OpAaTHOTO
KJIallaHa, UCI0JIb30BAHUE TPEX AJIEKTPOMATHUTOB, PETYJINPOBKA BO3BPATHBIX MPYKUH
0€3 UCI0Ib30BaHUS YEPBAYHON IIEpeIaun);

— MOBBILLIEHUE KAauyecTBa MOYBOOOpAOATHIBAIOIIUX OIEpalvii U Jorpy3Ka Beay-
IIMX KOJIEC 3a CUET OECKOHTAKTHOI'O KOMPOBaHUs penbeda modsl.

[Tpu pa3paboTKe cucTEMBI PEBEPCUBHOTO YIPaBJIEHUS ObLIN POBEAEHBI 000CHO-
BAHHE CTPYKTYPBI JIEKTPOHHBIX U 3NEKTPOTrUAPABINYECKUX KOMIIOHEHTOB U BBIOOD
KOHCTPYKIMOHHBIX NApaMETPOB C HUCIOIb30BAHUEM MAaTEMAaTHYECKOTrO MOJEIUPOBa-
HUSA Tpolecca ee GPyHKUUOHUPOBaHUS [4]. DTO MO3BOIMIO ONPEAEIUTh PAllMOHAIb-
HbIE 3HAYEHUS TapaAMETPOB KOHCTPYKIIUU U AJITOPUTMA YIIPABJICHHS.

3akirouyenue. CucrteMa peBEpCUBHOTO YIIPABIICHHUS ITO3BOJISIET B PYYHOM U aBTO-
MaTUYECKOM PEXUMAaxX PEryJIMpOBaTh MOJIOKEHUE HABECHOTO YCTPOMCTBA TPAKTOPA U
MOBBICUTh TOYHOCTbH MMO3UIIMOHUPOBAHUS 32 CUET JIETIEHUS TOTOKA paboyei )KUIKOCTH
OT Hacoca IPH BBINOJHEHUH PyHKIMHU yrnpaBiaeHus «[IpuHyauTensHoe onycKkaHue».
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MOUCK CUCTEMHBIX PEHIEHUM ITPU IPOEKTUPOBAHUN
TPAHCHHOPTHBIX CPEJACTB C QJIEKTPOIIPUBOAOM
CrankeBuu E. A., Tatyp M. M., bensiko A. A.

Bbenopycckuii rocyjapcTBEHHBIN YHUBEPCUTET HHPOPMATHKU U PATHOIICKTPOHUKU
Stankev1ch985@gmail.com

Annotation. The article is intended for researchers to introduce them to the sub-
ject area and to present a general understanding of the consideration of the available
problems from a different perspective, in contrast to the theory used in classical design
methods. The problems of complex technical decision evaluations in the design of
complex autonomous electric transportation systems and a formal approach for solving
these problems form the basis of this article.

Beenenue

Pa3BuTHE TEXHONOIMH, CB3aHHBIX C CO3JAHUEM TPAHCIIOPTHBIX CPEACTB C DJICK-
TpoJBHUraresaeM (HOBBbIE BUIbI TSATOBBIX OaTapei, COBEPIIEHCTBOBAHUE TEXHUYECKUX
XapaKTEPUCTHUK JJIEKTPOJIBUTATENEN, CUCTEMBl U AJITOPUTMBI YIIPABICHUS, CUCTEMBI
0oOpaTHOM CBA3M U T. ]I.), IEPECTANIO HOCUTh XapakTep 000COOIIEHHBIX CUCTEM TAKHUX,
KaK MEXaHWYECKHE, AIEKTPUUECKHUE, IJIEKTPOHHBIE, a TIOJIYYHJIO CTaTyC «MYyJIbTHAUC-
LIUIUIMHBDY, B KOTOPOW BCE CUCTEMBI B3aMMOIIEPECEKAIOTCS M BHEIPEHBI APYT B ApYyra.
Bce 310 HamnpaBiieHO Ha pelieHue 3a1a4: yBEJIMYEHNUE X04a TPAHCIIOPTHOTO CPEACTBA
Ha O/IHOM 3apsje 6aTapel, yBelIn4eHHEe CKOPOCTH, AMHAMUKH Pa3roHa, CHIXKEHUE pac-
X0J1a 3JIEKTPOIHEPTUH, YBEIMUEHUE CPOKA CITyKObI OaTapei U T. 1.

MeTo bl TPOEKTUPOBAHUS CIOKHBIX CUCTEM TPEOYIOT pa3paOOTKU U BHEAPEHUS
HOBOI'O PECYPCHO-OPUEHTUPOBAHHOTO ITOAXO0/A, KOTOPHIN ITO3BOJIUT ONIEPATUBHO OCY-
IIECTBJISATH BEIOOP ONTHUMAJIbHBIX PEIICHUN C YIETOM PallMOHAILHOTO UCIIOJIb30BAHUS
CUCTEMHBIX PECYPCOB M HAXOXKAECHUE KOMIIPOMHUCCA MEXIY MapaMEeTPaMHU CHCTEMBI
IIPU ITIOMCKE HOBBIX PELIEHUMN.

1. OcHogénble npobremvl npu npoeKmMupoBaHUU CIOICHBIX CUCEM ITeKMPO-
mpancnopma.

1.1 Haunnaromme ucciaeqoBaTean-KOHCTPYKTOPbI UMEIOT XOPOIIMK MMOTEHINA
JUTsl OCBAaMBAHMSI COBPEMEHHBIX TEXHOJIOTUM MpoekTupoBanus [1], padortarot Haza co-
3IaHUEM KOHKPETHBIX TEXHUYECKUX PEUIEHUW, B KOTOPBIX, KAK IPABUIIO, UMEIOTCS
I'PAaHULBI, B KOTOPBIX JOJDKHBI HAXOAMTHCS pemeHus. IIpu momydenuu pesyibraTa
MPOEKTUPOBAHUS, COOTBETCTBYIOIIETO JAHHOW 00JIaCTH 3HAUEHUN, KOHCTPYKTOP CUH-
TaeT ATO pEIlIeHUE ONTUMAJIbHBIM, Pa3yMHBIM MO MPUYHHE OJIM30CTU MapamMeTpoB K
onpeaeneHHoMy aHanory. OJHako, BO3HUKAET BOIPOC, KaK OLIEHUTh TEXHUYECKOE pe-
menue (moJ peueHrueM OyieM MOHUMATh BHIOOD 3aBUCSIINX OT MPOEKTUPOBIIUKA TTa-
paMeTpoB), KOria mapaMeTp He OJIMH, HE JIBa, a UX HECKOJbKO? Benpb 3avactyro omnpe-
JICJICHHbIE TTapaMeTPbl Oy IyT COOTBETCTBOBATH aHAJIOTaM, a HEKOTOPhIE — HET.

1.2 Eme cnoxkHee pemaercss 3TOT BONPOC, KOTa aHAJIOrOB IPOCTO HE CyIIe-
CTBYET. A mepes KOHCTPYKTOPOM, POEKTUPOBIIMKOM — ITOJIHAS HEU3BECTHOCTD. B Ka-
KOM HaIlpaBJIEHUU BECTH pa3pabOTKy, U KaKoe pellieHne 0yaeT OnTUMalbHbIM?

110



2. IIpobriema KomMnieKCHbIX OYEeHOK U npeonazaemble peuleHuUsl.

2.1 CpaBHEHHE NOJYUYEHHOIO TEXHHUYECKOTO PEIICHUS C YKE U3BECTHBIMU (CO-
KpaIieHHOoe JIJIsl pemeHus (popManbHOU 3a1a9u PaH)KUPOBAHUSA).

2.2 OueHka TOro, HaCKOJIbKO (P(HEKTUBHO JAHHOE PEIICHUE, CYIIECTBYIOT JIU
aJbTEPHATUBHBIC PEIICHUS C JIYUIIUM COUYETAHHUEM TEXHHUYECKUX U IKOHOMUYECKHUX
napameTpoB? Bce 3To cBenmeHo k pereHuio GopMalbHON 3a1aun onTuMu3anun. Omn-
TAMM3AIUS HAYMHASTCS TOTJa, KOT/a I 0OOCHOBAHMS PEUICHUN MPUMEHSIETCS TOT
WIM UHOM MaTeMaTUYeCKUi anmnapar. 9To cBoeoOpa3Has MaTeMaThuieckas OlleHKa I1e-
7€co00pa3HOCTH OYIYIIHUX PEIICHHH, TO3BOJISIIOIIAs SKOHOMUTD CUJTBI, CPEJICTBA U Ma-
TepHUaIbHbIE PECYPCHI, U30€raTh CEPhE3HBIX OITUOOK.

2.3 OrieHKa KOPPEKTHOCTH TPEOOBAaHUIN TEXHHUUYECKOTO 3aJaHusi Ha pa3pabOoTKy
ANEKTPOTPAHCIIOPTA, T. €. COOTBETCTBUS TPEOOBAHMI peabHBIM OrpaHUYCHUSIM, 00Y-
CJIOBJICHHBIM YPOBHEM Hay4HBIX, TEXHOJIOTMYECKUX, IKOHOMUUYECKHX, IKCILTyaTaIu-
OHHBIX U JIPYTUX BO3MOXKHOCTEI.

3. @opmanvublil u HehOPMATLHBIU NOOX0ObL K PEULeHUIO.

CylecTByeT JBa MOAX0/a K pelieHuto 3Tux npoodsem. HedopmanbHblil moaxon
MPEJCTABIICH XOPOIIO U3BECTHBIMU METOJAMU SKCIEPTHBIX OleHOK. CUuTaercs, 4To
AKCHEPTHl UHTYUTHUBHO «3HAIOT» CKPBITHIE 3aBUCUMOCTH MEXYy MapaMeTpamu, 4To
MTO3BOJISIET UM JIYUIlI€ COPABIATHCS C MPUHSATUEM OIICHOYHBIX PEIICHUM 10 CPaBHEHUIO
C pa3pabOTYMKaMH, HE UMEIOIIUMU TaKOTO OIbITA.

dopmasbHBIN TOIX01 UCIIOIB3YeT MeTo 16l M3 Teopun Data Mining u Operation
Research [2]. DToT MaTeMaTHUYECKUii anmapaT HapPaBJICH HAa aHAJIM3 JaHHBIX B MHOTO-
MEpPHOM MPOCTPAHCTBE MPU3HAKOB U MO3BOJISIET OLEHUBATH PEUICHUS MO 3aJaHHOMY
KPUTEPUIO WU HECKOJIBKUM KPUTEPUSIM.

3akiouenue

[Tpobnema «BbIOOpa» CUCTEMHOTO PEIICHUSI TECHO COCYIIECTBYIOT € MPOOIEMOi
KOMIUIEKCHOM OIIEHKHM PEe3yJbTAaTOB MPOEKTUpOBaHUs. VICTOKM mpoOieM KpOIoTCs B
TOM, UTO Ha XOJ U pe3yJIbTaThl IPOCKTUPOBAHUS BIUSET MHOXKECTBO (PaKTOPOB, U KOP-
PEKTHO OILIEHUTh CTETEHb BIUSHUS HEKOTOPHIX MapaMeTPOB HE MPEACTaBISETCS BO3-
MOXHBIM. MI3BeCTHBIE METObl aHAJIN3A JAHHBIX U ONTUMH3ALUH JIUIb YACTUYHO 03~
BOJISIIOT (hOPMaAIN30BaTh «KOMIIPOMHUCC» B Tpoliecce MpoekTupoBanus. OQHAKO UX
3HaYEHUE HEeJIb3s1 HEAOOLEHUBATD, TOCKOJIBbKY MPU MPABUJIBHOM MPUMEHEHUH OHU T10-
Ka3bIBAIOT Pa3pa0OTUMKy HaNpaBJE€HUE MOMCKA HOBBIX TEXHUYECKUX PEIICHUM U pe-
CypChbl, KOTOPbIE MOKHO /ISl TOTO UCIOJIb30BATh.

CnucoK UCNnoJIb30BAHHBIX HCTOYHHKOB
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MOJIEJUPOBAHUE AJITOPUTMOB YIIPABJIEHUSA IBUKEHUEM
MOBHWJIBHOM IJIAT®OPMBbBI
Urnatiok H. C.
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Annotation. This article discusses a mathematical model and algorithms for con-
trolling mobile platforms with steering. The mathematical model allows you to get an
idea of the trajectories of the front and rear wheels during the application of these al-
gorithms. In conclusion, the article highlights the potential for further refinement and
improvement of these algorithms to meet the requirements of complex and diverse en-
vironments in autonomous systems.

Beeagenne. PazpaboTka arOpUTMOB M CUCTEM YIPABICHUS MOOMJIBHBIMU ILIAT-
¢dbopMaMu poOOTU3MPOBAHHBIX TPAHCIOPTHBIX CPENCTB SBIAETCS CIOKHOM HAYyYHOH
npobaemoil. C METOAMYECKON TOUKH 3pEHUSI BAXKHO Pa3leisaTh pa3padO0TKy MOJEIH
00BEeKTa ynpaBiieHHs (C y4eTOM BHEUIHEHN Cpe/bl) U, COOCTBEHHO, AJITOPUTMOB yIIPAB-
neHus. B HacTosen padore paccMOTpUM 00a 3TUX aclekTa B BUJE Y4EOHO-IEMOH-
CTPALIMOHHOM 3aJ1a4M, HE MPETEHAYIOIIECH Ha BHEIPEHUE B PEAIbHOE U3JIETHE.

Mopenab o0bexTa ynpasienusi. MaTtemaruueckas MoJieib pacuera KOOpAUHAT
MOOHIJIBHOM TIaT(OPMBI:

(%o = Xno + Vg cos(Q' +W¥)At

Yo = Yo + Uy Sin(Q' + ¥)At
Xy = Xg9 + V3 cos5(£Q + W)AL

Vs = Va0 + U5 sin(+Q + ¥)At
TIIe: X0 ¥ Vg0 — IEPBOHAYATBHBIC KOOPAMHATHI IIEPETHETO KOJIECa; X4 U V4 — IIEPBOHA-
YaJibHBIE KOOPIMHATHI 33JTHETO KOJIeca B MPSIMOYTOJIBHOM cucteme koopauHat; ¥ — yron
M3MEHEHHUsI TTOJIOKEHUs TuIaThopMbl 3a Bpemsi At; U, — CKOPOCTh 3a7Hero Konieca; U, —
CKOPOCTb MePEIHEro KoJieca; Q' — yroi Mexy HanpaBIeHHEM IEPEHEro Koeca U OChIo

0X; Q —yron kypca (mpoiosibHOM ocK) matdopmsbl; L — konecHas 6a3a miatdopMel.

B nporecce ynpapieHus: ABUKEHUEM OyIE€T U3MEHATHCS YroJl TOBOPOTA Nepe-
HEro KoJieca, B COOTBETCTBHU C (POPMYIION:

¢ = kw,At + @ , 2)

(1)

rae: k — kosdunment (+1) onpenensier HanpaBICHUE U3MEHEHUS YITIA @; Wy, — YIJIO-

Basi CKOPOCTb; (9 —HAYaJIbHBII YT0JI IOBOPOTA MEPEIHETO KOJIECA OTHOCUTEIBHO MPO-
J0JIbHOM OcH MIaT(OPMBI.

Takum 00pazoM, C UCMOIB30BAHUEM JAHHOW MOJAENIM MOXKHO pacCuuTaTh MOJIO-
eHue mIaTdopmbl B TPSIMOYTOJIBHON CUCTEME KOOPIMHAT B JIFOOO MOMEHT BPEMEHH,
Y TEM CaMbIM MOJIEJIMPOBATH, OLIEHUBATH pa3padaThiBa€MbI€ aJTOPUTMBI YIIPABICHHUS.

AJITOPUTMBI yNIpaBJieHUusi MOOWIbHOM miaTgopmoii. O0a anropurmMa UMEIOT
OOLIYI0 UCH0, KOTOpasi COCTOUT B TOM, YTOOBI OCh MEPEAHETO KOjeca HAIpaBIsATh B
KOHEeuHYI0 Touky K, a peanuzanusi MOXKeT ObITh Pa3IMYHOMN.
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AJaroputm 1 OCHOBaH Ha pacyeTe KOOpJAMHAT KOHEYHOW TOYKM K Iocie MmoBo-
pora Ha yron Q' u cMelienus ocel Ha X, U Y,. Koodpduuuent k O6yaer usMeHsIThHCS
cnemyromuM obpazoM (dhopmyna 3):

l,ectmy, >0y, =0 A x. <0
k = —1, ecmuy, <0 : (3)
0, ectny, =0

AJroput™ 2 OCHOBaH Ha pacdere yria Q, ¥ cTpeMieHun yria Q' craTh paBHBIM
yriy Q.. Koaddumment k Oyaer paccuuTan CIeayIOIIIM 00pa3oMm:

—1,ecnmu Q' > Q,
k=<1 ecmQ <Q, . (4)
0, eciu Q' = Q

3axiouenue. Ha puc. 1 npencraBiieHbl pe3ysbTaTbl MOJAETUPOBAHUS TPAEKTO-
pUll IBH)KEHHUSI TIEPEIHETO U 33 JHEr0 KOJIEC IIPH NEPBOM U BTOPOM AJITOPUTMAX pac-
yeTa. Kak BUJTHO U3 pUCYHKOB, TPAEKTOPUU — IPAKTUYECKH SKBUBAJIICHTHBI, TOCKOJIbKY
pealin30BaH OJMH CIOCO0 HABEACHHUS C MPUMEHEHUEM Pa3IMUHBIX CIIOCOOOB pacuera
HanpaBlieHUs oBopoTa — k. B cBOIO ouepenb 3TO BepupuuupyeT MOAETb 00BbEKTa
YIPAaBIEHUS U MOATBEPKAAECT JOCTOBEPHOCTD PE3YJIHTATOB PacyeTa.

Movement of Front and Rear Wheels Movement of Front and Rear Wheels

50 { — Front Wheel
r Wheel

Rear Whe
e Endpoint

4 20 0
X-coordinate X-coordinate

Pucynok 1 — TpaekTopus 1BUKEHUS IEPEIHETO U 3aTHETO Kojleca MpH MEPBOM aJlrOpUTME (CIIeBa)
1 BTOPOM aJiropuTMe (Crpana)
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AHAJIM3 BO3SMOXHOCTHU BHEJIPEHHA COBPEMEHHbBIX
TPAHCHOPTHBIX CPEJACTB B CTYAEHYECKHUX KAMITYCAX
['padosas I1. B., Cunkesuu K. B., Bytop JI. B.
benopyccknii HaMOHAIbHBIN TEXHUYECKUN YHUBEPCUTET
pgrabovaya@mail.ru

Abstract: The article presents a plan for the implementation of the TSP01-18
project, indicating the approximate time frame for each of the stages of creating a ve-
hicle, which was developed using the network planning method. Based on the results
of the work, a preliminary deadline for the full implementation of the project was iden-
tified and the main advantages of introducing a transport system were identified

21 BEK — 3TO BEK BBICOKMX TEXHOJIOTMH U, KOHEYHO €, BEK MOIMYISPU3ALIUH BbIC-
mero oOpa3zoBaHus Cpear MOJIOACKHU. B cOBpeMEeHHBIX yU4eOHBIX 3aBEACHUSAX CTapa-
IOTCSl HE TOJIBKO YCOBEPIIIEHCTBOBATh CaMy CUCTEMY OOpa3oBaHUs, HO U MOJICPHU3U-
pOBaTh KaMIyChl, B KOTOPBIX CTYJIEHTaM OyAET HE TOJBKO MPUSITHO YYUTHCS, HO U
yA00HO MEepPEeABUTATHCS, IOTOMY YTO IIPHU HAJTUYHH BCEX KOPITYCOB B OJIHOM MECTE, 3a-
TPAYMBAETCSl MEHBIIIEE KOJIMYECTBO TPYJAOBBIX U BPEMEHHBIX PECYPCOB.

Kammyc Tsinghua University 3anumaet okosio 395 ra, a exKeIHEBHO 10 TEPPHUTO-
puu Kamiryca npoxonar 6osee 50 000 cTyaeHTOB, YTO MHOT/Ia 3HAYUTEILHO 3aTPY/I-
HSET MEepPEBIKEHNE MEXKTy KOpIIycaMH yHUBEpcHUTeTa. Tak, MOsSBISIOTCS TPOOIeMbI
C IEPEMEIIEHUEM U3 OJTHOTO MECTA B APYrO€, CO3AAETCS PUCK TPABMOOIIACHBIX CUTYa-
1ui. [{ms Toro, 4ToOBI PEMINTh ATU JBE OCHOBHBIC MPOOIEMBI, ObLIT IPUAYMaH MIPOCKT
«TCIIO1-18» — a UMEHHO TPAHCIOPTHOE CPEJICTBO, KOTOPOE OYIET MEpeABUTATHCA
HETOCPEJICTBEHHO MO TEPPUTOPUMN YHUBEPCUTETA.

Uro oHO U3 cebst mpeAcTaBiisieT? ITO J1Ba MOJHOCTHIO OTKPBITHIX «BarOHa», KOTOPHIC
CIIETUICHBI MEXTy COOOM CrielMaibHbIM MEXaHU3MOM, YTOOBI TIPU MTOBOPOTAX MPUBE3TH
MPAKTUYECKHU K HYJIIO TOJIOMKY CUCTEMbI KPEIUICHUSI U MPEIOTBPATUTh «Pa3phIB)» Baro-
HOB. [lepenBkeHue TpancnopTa OyJeT OCYIIECTBISATHCS CAaMOCTOSITENTLHO O€3 ydacTust
YeJioBeKa 10 3apaHee 33JaHHOM MporpaMMe, KOTopasi BKIIFOYaeT B ce0si CKOPOCTh Tiepe-
JIBUKEHUS, TATYUK TPErpajl Ha MyTH, OCTAHOBKU U, KOHEYHO K€, ONPEICTICHHBIN MapIlI-
pyt. [Ipeanonaraemasi BMECTUMOCTb Takoro Tpancnopra — 30 4yenoBek (Iaccakuphbl ca-
JSITCS 110 00€ CTOPOHBI CIIMHOM JIPYT K APYTY U MEPEIBUKEHUE OCYIIECTBISIETCS OOKOM
— JI71s1 yMEHbIIIEHUS TabapUTOB MEXaHU3Ma U YBEITUYEHUSI BMECTUMOCTH).

JlaHHBI BU TPAaHCTIOPTA MTO3BOJIUT HE TOJIBKO OBICTPO MEPEABUTATHCS 11O Tele-
XOJIHOU TEPPUTOPUU YHUBEPCUTETA, HO M 0OJIETUYUT BO3MOXKHOCTD MEPEIBHKCHUS JIFO-
JISIM C OTPaHWYEHHBIMU BO3MOXKHOCTSIMH, C PA3JIMUHBIMU TPaBMaMH, a TaKXKe JIFOSIM
ITOKUJIOTO BO3pACTa.

Jlns peanuzanuu miaHa paboThl HAJl POEKTOM € OIpe/ejIeHUEeM BPEMEHHBIX pa-
MOK JIJIs1 KaXKJIOTO M3 ATaroB ObUT BBIOpaH METO CETEBOTO IIAHUPOBAHUS, KOTOPBIM
MTO3BOJISIET CBSA3ATh BBHIMOJHEHUE PA3IMYHBIX PAOOT U MPOIECCOB IPOCKTA BO BPEMEHH,
MOJIyYUB IPOTHO3 OOLIEH MPOJOJIKUTENBHOCTH pean3aluu Beero npoexra [1].

Hcxons u3 pe3ynbTaToB, MOJYYEHHBIX MPHU pacueTe MapaMmeTpoOB CETEBOIO rpa-
¢buKa, mpeBapuTEIHHBIN CPOK peaTu3aluy MPOEKTa COCTABUT 39 AHEH, uTo Otaromaps
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COBPEMEHHBIM TEXHOJIOTHSM U MaTEPUAIIOM SIBIIIECTCS BBITOJHUMBIM. Ha nanHbIil MO-
MEHT IIPOEKT HAXOAUTCS Ha CTAJAUH IPOESKTUPOBAHUS U Pa3pabOTKU TEXHOJIOTUH U3TO0-
TOBJIEHUS TPAHCIIOPTHOT'O CPEJCTBA.

OCHOBHBIMM KOHKYPEHTHBIMH MMPEUMYLIECTBAMU MTPOEKTAa MOKHO Ha3BaTh Clie-
AYIOLIHE:

1) pa3paboTka sBIsI€TCS NHHOBALIMOHHOW B JAHHOM PETHUOHE;

2) TpaHCHOPTHOE CPEICTBO OYIET MMETh TEXHHYECKOE 3PEHHE, YTO MO3BOJIUT
YMEHBUIUTH PUCKH IPH IKCIUTyaTal1u;

3) npotiecchl BHEIPEHUSI U SKCILTyaTallUU SIBJSIFOTCS IOCTATOYHO JICLIEBBIMU; CH-
cTema Oe3omacHa U y100Ha B MCIOJIb30BaHUU.

B panbHeleM Takxke IIaHUPYETCs IPOBEICHAE aHAIN3a AKTYAJIbHOCTH BHEIpe-
HUS IPOEKTa B JIPyTUe yUpEXKJIEHUs, y KOTOPBIX €CTh HEOOXOAUMOCTh PEIICHUS MIPO-
0J1eMBbl IEPEIBUKEHUS; IOUCK UCTOYHUKOB (PMHAHCUPOBAHMS ITPOEKTA, a TAKIKE BHE/I-
penne «TCII01-18» B TecTOBOM pexuME.

BHenpeHnue TpaHCHOPTHOTO CPEACTBA BO3MOYKHO HE TOJBKO HA TEPPUTOPHH
Tsinghua University, Ho 1 B IpyTrux y4pexIeHUsX, T BpeMsl, 3aTpaunBacMoe Ha Tie-
PEOBWIKEHUE, U MOTOK JIIOJEH TAaKKE BBICOK. A B pe3yJIbTaTe peaju3aluy IMPOeKTa
«TCIIO1-18» 6ynet He TOABKO yBeauueHa 3(PPEKTUBHOCTH MOCTPOCHUS TIpoIlecca pa-
00TbI, HO M YCTPAHEHBI PAa3JIMYHbIE PUCKH, CBSI3AHHBIE C TIEPE/IBUIKEHUEM.

CnucoK HCNo0JIb30BAHHBIX HCTOYHHKOB

1. CereBoe muianupoBaHue [ INEKTPOHHBIN pecypc]. — Pexxum gocrymna: http://upr-
proektom.ru/setevoe-planirovanie?ysclid=Imxof2kedc874017092. — Jlara moctyma:
24.09.2023.

2. General Information [OnekTponHblli pecypc]. — Pexumm  gocryna:
https://www.tsinghua.edu.cn/en/About/General _Information.htm. — Jlata mocryna:
30.09.2023.

A CONCEPT OF EVALUATING THE DRIVER'S READINESS TO TAKE
OVER CONTROL FROM AN AUTONOMOUSLY DRIVING VEHICLE
Dubovsky V. A., Savchenko V. V.

The Joint Institute of Mechanical Engineering of the National Academy
of Sciences of Belarus (Minsk, Belarus)
vdubovsky.email@gmail.com

Annotation. In a highly automated vehicle, the driver can transfer the vehicle
control to the autonomous driving system, and can be engaged in non-driving activities,
such as reading or watching a video, but in emergency situations, the driver should take
over control. In this case, the driver may not be able to perform the driving task safely.
Currently, this problem is addressed based on monitoring of the driver functional state
and issuing a take-over request, however, due to its complex interdisciplinary nature,
it has not yet been finally solved. The aim of this paper was to propose a new concept
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of evaluating the vehicle driver's readiness to take over control based on taking into
account the driver's individual characteristics. The proposed concept can be used as a
framework to develop a research project aimed to mitigate safety risks during the tran-
sition from automated to manual driving.

1. Introduction.

Currently, there is a trend of increasing the level of driving automation towards
self-driving vehicles [1]. Evidence of this is reflected in the standard, SAE J 3016,
developed by the Society of Automotive Engineers (SAE International) [2], which de-
fines the levels of driving automation from 0 (no driving automation) to 5 (full driving
automation). In a highly automated vehicle (HAV), the driver can transfer the vehicle
control to the autonomous driving system (ADS), and can be engaged in non-driving
activities, such as reading or watching a video, but in emergency situations, the driver
should take over control. In this case, the driver may not be able to perform the driving
task safely because of lack of situation awareness (SA) and sudden changes in work-
load [3]. Currently, this problem is addressed based on monitoring of the driver func-
tional state (DFS) and issuing a take-over request, however, due to its complex inter-
disciplinary nature, it has not yet been finally solved. The aim of the paper is to propose
a new concept of evaluating the vehicle driver's readiness to take over control based on
taking into account the driver's individual characteristics (DIC).

2. Concept.

The proposed concept involves an estimation of the DFS based on video and EDA
data during automated driving, an estimation of the DIC during manual driving, and
taking into account DIC during transition of control. This concept is illustrated in the
diagram (fig. 1) and can serve as a framework for developing a research project aimed
to mitigate safety risks during the transition from automated to manual driving. The
main tasks to be undertaken in the implementation of such a project are:

— development of a new approach to determining the driver's readiness to take
over control of a HAV based on an assessment of the DFS by using EDA and video
data obtained during automated driving (advantages of using the EDA indicators for
this purpose can be seen from [4]), and on taking into account the DIC;

— development of a new approach to determining the indicators of DIC by using
the driver, vehicle and environmental states data obtained during manual driving;

— development of an experimental methodology for obtaining a new knowledge
about the regularities and features of the relationship of indicators of EDA, DIC, SA
and DFS in different road situations and their impact on driver readiness to take over
control of a HAV;

— carrying out experimental studies of the process of taking over vehicle control
by the driver on the basis of the developed methodology using a simulator;

— analyzing and summarizing of the results of experimental studies.
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Figure 1 — Take over control system general structure (HDS — human driving system)

The main result of the project will be a method of monitoring the driver's readiness
to take over control of a HAV that allows to improve road safety during the transition
from automated to manual driving.

References

1. Wang J.; Huang H.; Li K.; Li J. Towards the Unified Principles for Level 5
Autonomous Vehicles. Engineering 2021, Volume 7, pp. 1313-1325.
https://doi.org/10.1016/j.eng.2020.10.018.

2. SAE On-Road Automated Vehicles Standards Committee. J3016. Taxonomy
and definitions for terms related to on-road motor vehicle automated driving systems.
Washington, DC: SAE International; 2014.

3. Dubovsky V. A., Savchenko V. V. A general approach to describing the driver-
vehicle interaction // BIG DATA and Advanced Analytics: VII Int. Sci. & Pract. Conf.,
Minsk, 2021, May 19-20 / BSUIR. — Minsk, 2021. — P. 67-73.

4. Whitlock A. Driver vigilance devices: system review. — London, 2002. — 95 p.

117


https://doi.org/10.1016/j.eng.2020.10.018

E TR RSN TR H EER R
Py
4 2 J0fr [ 37K 2 i 2 e

lianglining9@gmail.com

Annotation. With the rapid development of global economy and the continuous
progress of engineering technology, the complexity and difficulty of engineering pro-
jects are increasing day by day, so the management of engineering projects is faced
with many risks and challenges. At the same time, engineering construction projects
play an extremely important role in modern society, affecting all aspects of people's
lives in various ways. However, the management of the project is also very important
for the success of the project.This paper mainly estimates the project budget through
Boao inventory software to control the cost, and analyzes the importance and applica-
tion of Boao inventory software in project management.
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APPLICATION OF EDEM SOFTWARE TO POTATO HARVESTING
MACHINERY TRIALS
Liu Zhixin, Ma Shikuan, Shang Shuqi
College of Electromechanical Engineering, Qingdao Agricultural University
1zxyffs1997@163.com

Annotation. In order to intuitively analyse the role of the potato soil separation
device on the material and the screening principle of the lifting chain with rod, the
potato harvester is simulated and analysed using the EDEM method, and the EDEM
software can get rid of the limitations of the natural environment, intuitively and
quickly analyse the screening capacity of the potato harvester, reduce the cost of the
research and development of agricultural equipment, and improve the efficiency.

1. Simulation modelling and analysis.

As shown in fig. 1, a three-dimensional model of the potato soil separation device
was built using SoildWorks software based on a tractor-mounted one-row, two-row
potato harvester with poles. The potato soil separation and conveying device can vi-
brate, crush, sieve, throw and transport the potato soil mixture on the lifting chain [1].

This test with the help of EDEM software [2], the simulation process is shown in fig. 2,
it can be seen on the ascending chain of the soil bonding degree of the clay through the shak-
ing wheel of the hit broken, along the fence gap sieve out. Viscosity of the bottom particles
through the vibration of the shaking wheel broken, the screening speed of the material greatly
increased, the screening capacity of the ascending chain is significantly enhanced, the simu-
lation image is clearly visible before and after the shaking wheel of the ascending chain before
and after the change in the screening capacity of the material.

Tgyia-mwhnpnl-p

|

Figure 1 — Simplified model of a potato Figure 2 — Simulation process:
harvester a—t=1.00s;b—-t=1.67s;
c—t=127s;d—t=1.30s
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2. Reach a verdict.

The DEM-MBD co-simulation approach can be used to analyse the sieving ca-
pacity of potato harvesters easily and quickly, thus getting rid of the limitations of the
test site and the physical machinery, and improving the cost and efficiency of agricul-
tural equipment research and development.
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Annotation. With the development of 5G technology, autonomous vehicles have
become the focus of attention again. This article will introduce the principles of self-driv-
ing cars to illustrate the necessity of 5G technology for self-driving cars. At the same time,
innovative ideas will be put forward for the future development of autonomous vehicles.
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RESEARCH ON THE RELATIONSHIP BETWEEN BIM TECHNOLOGY
AND PROJECT INFORMATION MANAGEMENT
Yuhao Jiang, Holubava Volha
Belarusian National Technical University

Annotation. This paper analyzes the basic content of BIM technology, describes
the relevance of BIM technology and project information management, and puts for-
ward the application of BIM technology in project information management.BIM tech-
nology enables project information to be effectively acquired, stored, and archived
through the information management of the project's system, work, and data. Ulti-
mately, it achieves the purpose of improving the information management efficiency
of construction projects, effectively carrying out project information transmission and
controlling project construction, and providing basic guarantee for project quality.

Accompanied by global economic growth and the development of the construc-
tion industry, large-scale engineering and construction projects are increasing. Large-
scale engineering construction projects are characterized by large-scale investment,
long implementation cycle, high technical compliance, special resource requirements,
etc., which require a high level of engineering management. Through the application
of BIM technology in project information management, it can effectively improve the
efficiency of construction project information management and reduce the occurrence
of unnecessary problems caused by project information errors.

Building information modeling (BIM) technology is a technical means of building
information modeling [1], and BIM technology will scientifically manage the develop-
ment, construction, use of building materials, software development, maintenance and
other aspects of the project. Project information management is the reasonable organi-
zation and control of information transmission, through the collection, processing,
transmission and application of engineering information, thereby enhancing the effi-
ciency and accuracy of project management. The flow chart of project information
management is shown in fig. 1:

Supply and demand analysis
Clarify project management scope
Define project management plan

Data review
Project management personnel positioning FDewce Configuration

Project information Project starts Stage management
3 € ® Py ®
management flow ® ? ® ¢
chart Management design Project Acceptance

Junior Management Program ;Appllcabon effect
Application scope Value

Functional framework

Technical framework

Figure 1 — Project Information Management Flowchart
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Combine the construction of Four Dimensional Building Information Modeling (4D-
BIM) with project information management. 4D-BIM technology makes it easier to track
project information and link 3D models to project delivery schedules by construction
phase. Ultimately, information resource planning is organized by location and productiv-
ity. The four-dimensional building information modeling diagram is shown in fig. 2:
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Figure 2 — The four-dimensional building information modeling

The four-dimensional building information model can be combined with the fire
protection design plan, water conservation design plan, cultural heritage design plan,
health design plan, transportation planning design plan, seismic design plan, energy-
saving design plan, and confidentiality design plan to carry out complete project infor-
mation management. And in the bidding stage to retain the bidding, construction, su-
pervision contracts, notice of award and other information materials; in the design stage
to retain the construction drawings design materials; in the construction stage to retain
the construction safety supervision procedures information materials; in the completion
stage to retain the record materials and project handover materials.
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NMHHOBAIIMOHHOE ITPUMEHEHMUME PACIIPEAEJIEHHbBIX
KJIACTEPOB BOJIBHINX TAHHBIX U TEXHOJIOT'MN MAPREDUCE
JIN XYHAH

benopycckuii rocy1apCTBEHHBINM YHUBEPCUTET, T'. MUHCK
a870406667@gmail.com

Annotation. Cloud computing is a crucial technology trend that offers cost-effec-
tive virtualization of computational resources. It's ideal for processing large datasets,
but traditional parallel computing methods like MapReduce were designed for static
environments. This study explores how implementing MapReduce in cloud computing
can significantly boost performance and efficiency, improving big data analysis capa-
bilities in the cloud.

PazHOpoiHbIE U CIOXHBIC 3HAHUS B MHIYCTPUHU OOJIAYHBIX BBIUMCICHUM CO3a0T
CJIO’)KHOCTH B UIX COTJIACOBAHUM MEK/Ty YWICHAMU AJIbSIHCA, BJIUSISA HA TOYHOCTD U MOJTHOTY
ATOrO coryiacoBaHus. i peeHust 3TuX mpoosieM Mbl MpejyiaraeM Mporecc COnocTaB-
JICHUS 3HAHUM JIJIS1 OTPACIIEBBIX AJIbsTHCOB O0JIAUHBIX BHIYMCIICHUHN U pa3pabaThiBaeM yco-
BEPIIICHCTBOBAHHBIN METOJ] COMOCTaBIIEHUS, OCHOBaHHBIN Ha TexHosornu MapReduce,
JUTSL BCECTOPOHHEW OLIEHKH CeMaHTh4YecKol Onm3octy. Hamn Meton BKITtouaeT Heuepap-
XMYECKHE CBSI3U B pacueT CeMaHTHYECKOU OJIM30CTH, oOecreunBas 0oee ToJTHOE COOT-
BETCTBHE 3HAHUH B OTPACIIEBBIX AIbSIHCAX 00JAUYHBIX BEIYUCICHHM.

C pasButueM IU(POBBHIX TEXHOJOTHMH W WHTEpPHETa, 0O0BEM JaHHBIX CTPEMH-
TEJILHO PAcTeT, YTO MPUBOIUT K JePHUITUTY pecypcoB I uX 00padOTKH. YTpaBiIeHUE
TaKUM OTPOMHBIM 00bEMOM JaHHBIX Ha OTPAaHUYCHHOM KOJIMYECTBE CEPBEPOB XpaHe-
HUSI U BBIYUCIIUTEIIBHBIX CEPBEPOB CTAHOBUTCS HEBO3MOKHOU 3anaudeit. [losTomy ak-
TyaJbHOM MPOOJIEMOi SBIISIETCS pa3paboTKa MEXaHU3MOB JIJIsl pACIPEIeIEHHOTO COB-
MECTHOI'O UCTI0JIb30BaHUS PECYPCOB U BBIYUCIUTEIBLHBIX MOITHOCTEW 7151 CIIPABJICHUSA
¢ OBICTPBIM POCTOM 00bEMa JIAHHBIX B UHTEPHETE. B 3TOM KOHTEKCTE BO3HMKJIA KOH-
LETIHS 00JaYHBIX BEIYUCIICHUM.

OOGnauHble BBIYUCICHUS Pa3BUBAIOTCA U3 TMapajUICNIbHBIX, PACIpeeIEeHHbIX U
Grid-Berunciienuii, ¥ OJHOM M3 KIIOYEBBIX TEXHOJOTHHA B JTOH 00JACTH SIBISETCS
MapReduce. Ona npenocrasisieT 3¢ PpeKTUBHOE pelieHue aJjis 00pabOTKU JaHHBIX B
napajuleNIbHBIX CHCTEMaxX M I03BOJIIET paboTaTh ¢ OOJBIIMMH 0ObeMaMHU JaHHBIX.
beimn mpoBeieHBI McclieIoBaHus U yiryuiineHus meroga MapReduce, Bkirouas Moenb
HPMR 1711 BBICOKOTIPOM3BOAUTEIBHBIX BhIUMCICHUH. OTHAKO OCTAIOTCS MPOOEIIbl B
HCCIICIOBAHMAIX, 0COOCHHO B ONTUMHU3AIIMK padoThl anmroputMa MapReduce.
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Annotation. Driven by the development of science and technology, applications
and system architectures are changing: from single-machine single architecture to
multi-machine distributed architecture. This article introduces distributed systems to
solve load and faults. ZooKeeper maintains data consistency, monitors status, and as-
sists cluster management.
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RS ETZ. i—EREEE. NEYE. KEEES. ZooKeeper EHE
T2EAUT Linux XHRGH B RN WT NN EdEFE, BoEmaziE (K 2).

Observer \ / Follower ‘

2 propose

b ;ack -
fapp2 Follower | 5™ ,M;P:MT..,‘ — I

/ :
,'
71

Observer %

2

| ] ]
fappi/p_1 /appi/p_2 /lapp1/p_3 Client

& Follower l
7

] 2 — Zookeeper 14—~ A 3 ik 55 HE SR

Zookeeper F A ERXREHFMEEGEN, ENERFER ARG MERE
REFENEENRESTA.E T BIEXELIERSHTA M LA EE T
EAERFE I, ZooKeeper 5 R AR _EBRZ IMB,  F{18] IIA 4 Zookeeper=X
4 R BB YL HI X T ZooKeeper B EIR LM, =1 B 3k T 4A NameService 4K
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Systems." USENIX annual technical conference. Vol. 8. No. 9. 2010.
2. ZooKeeper: Wait-free coordination for Internet-scale systems.
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fiii%2 (annotation) : {EfE AR FERSCENSS RGENS, REAE H - &K
, W IB D[R BN FIRIRE O, AR BE AT I R A BRI R DL T
BRSNS RER) R, ASCEERS LA W dhd 1 LR AR T

A T7 2T LASR I — SO ) SR T I R R E(LBCC) Fn s T4 4
IRAR I & EE (MVCC)

LBCC

WESR TS ELLRAUE AT fa P R R — 3, AR T e B i, 28 B0
AMTEE, Bl REEREREdE, SV HAMR RS R B, XA L T
B kEHl (LBCC) o

LBCC s& il i AEMAR LI A 3= 1,  anS=w s A X ST net, AR
O TEBIBREARAT, M ES A ] S BT e B e, ST XMiER, K
SEXT R ZHARGVERE 2 A Reii 2 BRI, RSB A8, BN
ZRVFH N B AT SR, MBS R, FTLL N M IE S
TR R e IR T 2

MVCC

Pk —ANH ST JE B R B PR EF— 2 AT DA e s I Bk 25
BN N, JE KRR AN ST LA T, B HESPAT IR A 2K,
HENHE 2 EE R AT HAR S5, RS G AR, F—
ZIE BB RA—FERT, R TRIBITRC AZRARERIFE (MVCO)
MVCC /& T SR M Y

LBCC 1 MVCC # Al Ui A5m HE R 1 in) @, BARAE R 7 X, E45E
BARENY S 5okiE £, tbunyh L BIA2 5 &80, AZARAT A7k RATT AT DA FH R0
B LBCC x4 idt 47 3 k], 15A — LR E R HH & T EEEN
FATAT LUAE FH MVCC et A7 5 ds ) I R B e, X AR R,
SR MVCC Foiith i LS S H, 1A i BIPR BRIk 7 8 IR T &,
HARAEN TR,
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CHINA AND BELARUS CLOUD COMPUTING DEVELOPMENT
Yang Tiantian
School of Business of Belarusian State University, Minsk, Belarus
tiantianyang429@gmail.com

Annotation. Cloud computing is a tangible manifestation of the development of
information technology and the innovation of service models. This article aims to un-
derstand the level of development of the digital economy in China and Belarus by con-
ducting a comparative analysis of the public cloud in cloud computing. Accelerating
the innovative development of cloud computing is crucial for advancing the process of
digital economic transformation.

Cloud computing affects all kinds of business processes and can tackle dynamic
and complex needs. Public cloud allows for scalability and resource sharing that would
not otherwise be possible for a single organization to achieve.

The public cloud consists of three services: Software as a Service, Infrastructure
as a Service, and Platform as a Service. Below are the total revenues from the three
services of the public cloud in China and Belarus in recent years, as well as future
projections.

There is a significant disparity in the overall revenue between China and Belarus,
and the analysis of the numbers does not provide a reliable reference value. This article
focuses on the changing trends in revenue from the public cloud to provide a compre-
hensive analysis. In general, the Chinese cloud computing market continues to experi-
ence rapid growth and demonstrates a high level of resilience in the face of economic
downturns. On the other hand, the development of cloud computing in Belarus has
been relatively stable in recent years without significant fluctuations.

Public Cloud - Revenue by Segment (Total)
Belarus - China (killion USD (US$))

121.10

n billion USD (US$)

-8 Belarus -®- China

Source: Statista.com [1]

Figure 1 — Belarus-China Public Cloud Total Revenue (billion USS)
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In 2022, the revenue generated from public cloud services in China reached
$38.67 billion, representing an impressive increase of 28.5 % compared to the previous
year. Conversely, the public cloud market in Belarus experienced minimal changes dur-
ing the same period. This is quite remarkable considering the ongoing conflict between
Russia and Ukraine, as maintaining stability in such circumstances can be seen as a
positive outcome. Nevertheless, in the current digital economy and society, it is imper-
ative for countries to undergo a transformation from traditional economies to embrace
and develop digital industries.

References

1. Statista (n.d.). Public Cloud — Belarus. — Available at: https://www.sta-
tista.com/outlook/tmo/public-cloud/custom?currency=USD&locale=en&token=C1qg8
QMNCItIdSKHKWDxqdNk10xB8Zg0DSItaawhRvg2m6k5N8e3VIuZ4Gpg9p7isvVD
kHy9Mur6_gNAF-AZrQOU35yFFW. — Accessed: 25 Sep. 2023.

PA3PABOTKA HH®OPMAIIMOHHO-AHAJIMTUYECKOM CUCTEMBI
OBHIEI'O JOCTYIIA IJIAA KOMIVIEKCHOI'O N3YYEHUA BJIMAHUA
AHTPOIIOI'EHHBIX U ITPUPOAHBIX ®PAKTOPOB HA ITPUMEPE
I'. OPIIIM U OPIIAHCKOI'O PAMIOHA
Kypaskos B. B., lllanekesnu I1. K., Toukonoros b. A.
benopycckuii rocy1apCTBEHHBIA YHUBEPCUTET
MexayHapOoaHbIN TOCYIApCTBEHHBIN IKOJTOTUYECKUI
nHctuTyT nMeHu A. 1. Caxaposa bI'Y
zhvi@mail.ru

Annotation. The article presents conceptual approaches to the creation of a web-
oriented information and analytical system of general access for a comprehensive study
of the influence of anthropogenic and natural factors at various regional levels. The
prototype for the development of this development is the information and analytical
resource "System of online monitoring of the state of environmental components of the
city of Orsha and Orsha region™.

Brnepsoie B Pecriybnuke benapychk pazpaborana mHGOpMaIiOHHO-aHATUTHYE-
CKasi cucTemMa OOIIero JOCTyMa sl KOMIUIEKCHOTO M3YyUEHHsI BIUSIHUS aHTPOTIOT€HHbIX
Y MPUPOAHBIX (hakTOpoB Ha mpumepe T. Opmu u OpiaHckoro paiioHa. Y HUKaIbHOCTb
pa3pabOTKU COCTOUT B TOM, UTO MH(GOPMAIIMOHHBIN pecypc pa3paboTaH Ha OCHOBE MHHO-
BaIlMOHHBIX MH(OPMAIMOHHBIX CHUCTEM, HAWIYUIINX MEXKIYHAPOIAHBIX MPAKTUK C HC-
moJib3oBaHueM coBpeMeHHbIX Web- u I'MIC-TexHomoruii ¢ BEIOOPOM ONTHUMAIIBHBIX Pe-
HIEHUN 0 MOATAMHOMY PACIIMPEHUI0 MH(GOPMAIMOHHOTO pecypca Mo BCEM CpelaM U
AJIEMEHTaM BO3JICMCTBUS HA OKPYKAIOIIYIO cpefy Ha nmpuMepe T. Opum u OpIiaHcKoro
paiioHa, BKJItouasi atMoc(hepHbIi BO3/IyX, BOJHBIE peCypChl, 3eMiin (1TouBkI) 1 1p. MHbop-
MAaITMOHHBIA PECypC SBISIETCS aBTOMATU3UPOBAHHON WH(GOPMAITMOHHOM CHCTEMON paii-
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OHHOT'O YPOBHS, OCHOBaHHOM Ha Web-TeXHOJorusX, 0ToOpakaromiei 00bEKThl MECTHO-
CTU B BHJIE UX KapTOTpapuyIeCcKOro MpeCTaBICHUs U CBI3aHHOTO ¢ HUM MH()OPMAIOH-
HOTO OMUCAHUS U MPEIOCTABIISIONICH HHCTPYMEHTHI IO paboTe C HUMH.

JanHble MH(POPMALMOHHO-aHATUTHYECKOTO PECYpca UCMOJIB3YIOTCS pecITyOIMKaH-
CKUMH OpraHaMy rocyJIJapCTBEHHOTO YIPABJICHHUS, MECTHBIMHU MCIIOJIHUTENILHBIMU U pac-
MOPSITUTENIHBIMUA OpTaHaMH ISl ONpEIeNICHHs] IPHOPUTETOB MPH Pa3pabOTKE MEpOTIPHs-
TUI 1O OOECIICUCHHUIO KOJIOTUIECKOW OE30MaCHOCTH M OXPAaHbI OKPYKAFOIIEH CPEIibl,
HaXOJSIIIMXCS B cpepe MX OTBETCTBEHHOCTH, T. €. JIJIsl OPraHOB rOCYJapCTBEHHOW U MECT-
HOM BIIACTU MH(OPMALMOHHBIM pecypc MpeACTaBIsieT cO00M MHCTPYMEHT MOJICPKKH
NPUHSTHUS YTIPABICHYECKUX PEIICHUH Ha OCHOBE MCIIOIB30BAaHHS TOCYIAPCTBEHHBIX HH-
(opMaIMoOHHBIX pecypcoB. O3HAKOMUTHCS C OHJIAH BEpCHEl pa3paObOTKU MOXKHO 110 aJl-
pecy https://orsha-ecokarta.gov.by/ [1].

B 2022 rony BblmeykazaHHas pa3paboTKa 3aHsIa EpBOE MECTO B KOHKYpce «Jlyu-
MM MTHHOBAIIMOHHBIN MPOEKT U JTydlliasi Hay9qHO-TEXHUYECKas pa3padoTKa ro/ia» B paM-
Kax MexxayHapoiHoi BeicTaBku HI-TECH-2022 B [TeTepOypre u Obl1a OTMEUYEHA 30J10TOM
Menanbio. CKpUHIIOTH HH(OPMAIIMOHHOTO pecypca MpecTaBIeHbl Ha puc. 1-3.

3 NOHHTOPMI CTOMHEIX 1 MOBSPAMOCTHEC 808 MOKATODUHT Noaae:

uuuuu

yn. Nenuna

‘Vrmepan oxca whel

PI/IcyHOK 2— Pe3y.)'IBTaTLI MOHUTOPHHTIA CTOYHBIX U TIOBEPXHOCTHBIX BO/L
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Pucynox 3 — Pe3ynbTaThl MOHUTOPUHTA ITOYB

Cnucok HCnoJb30BAHHBIX HCTOYHHKOB

1. Zhuravkov, V. V. Development of information-analytical resource «Online
monitoring system of environmental components’ state of Orsha town and Orsha
district» / Zhuravkov V. V. // XXII MexnayHapo/iHas Hay4HO-TIpaKTU4YECKasi KOHpe-

peHIusl «AKTyallbHbIE TPOOJIEMbI KOJIOTUH U TIPUPOAOIIONB30BaHUDY 2224 anpens
2021 r. PYJIH Mocksa. — Mocksa, 2021. — C. 276-280.

TEXHUKO-OKOHOMUNYECKAA AEMOHCTPALIUA CO3JAHUSA
CAMOBOCCTAHABJ/IMBAIOHIETI'OCA BETOHA
HA OCHOBE SA3BIKA PYTHON
Tan [QynsH, Ban Muntoans, bonnapenko C. H, Pyanos B. C.
benopycckuii HalMOHAIBHBINA TEXHUYECKUN YHUBEPCUTET
VYpanbckuit henepabHbI YHUBEPCUTET UMEHH
niepBoro IIpe3unenra Poccuu b. H. Enprimna
tangdy8@gmail.com

Annotation. In order to develop an external additive suitable for multi-scenario
coupled self-healing concrete and verify the feasibility of the theory, the finite element
software ABAQUS was selected to verify the structure of the self-healing external ad-
ditive, and the communication relationship between ABAQUS and the Python lan-
guage script environment was obtained.

JemoncTpauus moaeauposanus Python.

ABAQUS mnpenocrasnsger Ooraryto 6ubnuoreky Python. [lonb3oBarenu moryt
ycTaHaBnuBaTh QyHkuuu B 6ubnuoreke Python mist nepenaun komang B ABAQUS, a
TaKXe MOTYT OBICTPO BBIMOJIHATH MOJAEIMPOBAHNE U 00pa0OTKY JaHHBIX MOCPEICTBOM
nporpammupoBanus Ha Python. Ckpunt Python 8 ABAQUS MoxeT peann3oBbIBaTh
MpOrpaMMHOE MOJEINpOBaHue U (GUiIbTpoBath pe3yiasrarel ODB 115 u3Bneuenus no-
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cToBepHbIX AaHHBIX. Kpome Toro, B ABAQUS umMeeTcst MHOKECTBO KOHKPETHBIX TH-
OB 00BEKTOB, KOTOPHIX HET B IPYTUX MPOrpaMMax KOHEYHBIX AIEMEHTOB, HAIIPUMED,
00bekT nanHbIX Mozen MDB, o6wekT pesynsrata ODB u 00bekT npeacraBneHus Ses-
sion U T. 1. Byayun si3pIKOM mporpaMMHUpOBaHUS BEICOKOTO ypoBHS, Python nmeer na-
KOHUYHBIA CHHTAKCHC M MOIIHBIE BO3MOXXHOCTH OOpaOOTKH JaHHBIX, YTO JEJIAET €r0
OYEeHb MOAXOASIINM Uit BropuuHoi pazpabotku ABAQUS. Kak nokazano Ha puc. 1,
B ABAQUS xommyHuKannoHHsie oTHOIIeHus Mexxy Python u ABAQUS B ocHOBHOM
OTpaXaroTCs B CACAYIOIIMX aCMEKTaX:

1. ABAQUS mnpenocrapnser unrepnperarop Python u APl Python. Cuenapun
Python moryT mosy4ars JOCTYII K BHYTpeHHHM o0bekTaM 1 MeTogaM ABAQUS uepes
API Python, Tem cambiM peanu3ys B3aumoaeiicteue ¢ ABAQUS. Hanmpumep, CKpUIITHI
Python moryT co3naBath MoOJENH, ONPEACISATh CBOMCTBA MATEPUAJIOB, ONPEICIIATH
IpaHUYHbIE YCIIOBUS, YCTAHABIMBATH ATAlbl aHATIN3a U T. [I.

2. Cxkpuntsl Python MoryT mosydaTh 1oCTyn K 00BEKTaM JTaHHBIX MojeH (0a3a
naHubix Mojenu, MDB) n o0bekTaM JaHHBIX Pe3yJabTaToOB (BbIXOJIHAS 0a3a JIaHHbIX,
ODB) 8 ABAQUS st 00paboTKM M aHaIW3a MOJECIH W pe3ysbTaroB. Hampumep,
ckpunThl Python MoryT 4uTaTh ¥ M3MCHATH JAaHHBIC MOJICIH, ITOJyYaTh JaHHBIC Pe-
3yJbTaTOB, 00pa0aThIBATh U AHATU3UPOBATh JAHHBIEC PE3YJIHTATOB U T. [I.

3. Ckpuntbl Python Takke MOTYT peau30BbIBaTh MHIUBUAYATbHBIC MOJICITH Ma-
TEpHUaiOB, TPAHUYHBIE YCIOBHS H T. JI. Yepe3 HHTep(eic MoIb30BaTEIBCKUX MOIIPO-
rpamm, npenoctabisiembii ABAQUS. Tlosnp3oBarenn MOTyT HCIojb30BaTh Python
JUISI HAIMCAHMS TOJb30BATENBCKUX MOANPOTpaMM, a 3aTeM KOMITMWJIMPOBATh HX B
(daiapl AMHAMUYECKON OMOIMOTEKH, KOTOpble MOTYT pacno3HaBaThess ABAQUS s
pacupenust pynkimonanbnoctu ABAQUS.
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Pucynox 1 — Ces3p Mmexxty ABAQUS u cpenoit crienapues si3bika Python

B ABAQUS mponiecc ucnons3zoBanus Python mist BTopuuHoii pa3paboTKy TaKoOB:
cHauana uadopmarus nepenaercs B CAE nnsa nepeBopa yepes unrepnperarop Python,
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3areM peraercs BeiBoA ¢aitia ODB siapom, a 3aTeM Heo0X0auMOe COAEPKUMOE Tua-
rpaMMbl IpoprcoBbiBaeTcs yepe3 Python-ckpunt. Python moxxer Hampsimyto reHepu-
poBaTh OOBEKTHI JAHHBIX MOJIENH, TANbl aHAJIN3a U TpaHn4HbIe ycioBusa B CAE u skc-
MOPTUPOBATh MX BO BXOMHBIE (aitnbl. Kpome Toro, Python taxke moxkeT umnopTupo-
BaTh JIaHHBIE MOJIETIN Yepe3 BXOIHbIC (Paillibl U CUMTHIBATh HAOOPHI JAHHBIX PE3yJbTa-
TOB U3 BBIXOJAHBIX (aitnoB. Takum oOpazoM, Python mmeer odeHb MIMPOKUN CIIEKTP
IIPUJIOKEHUA M MOXKET MCIOJIB30BAaThCA B PA3IMYHBIX MOJEIAX M TUIIAX aHaJIW3a
ABAQUS, BKito4as TMHEHHBIN U HEJIMHEWHBIA CTPYKTYPHBIN aHAIN3, TEPMOAUHAMU-
YEeCKUI aHaJIU3 U aHAIU3 MYJIBTU(PU3NYECKUX CBSI3EH.

Kopoue rosops, Python, kak s3Ik mporpaMMHUpOBaHUSI BBICOKOTO YPOBHSI, UMEET
JAKOHUYHBIA CUHTAKCUC U MOIIHBIE BO3MOXXHOCTH OOpaOOTKH JaHHBIX U OYEHb MOJ-
XonuT Juisi BropuuHoi paspadotku ABAQUS. B coderanuu ¢ 6ubnuorexoit Python,
npenocrasieHHo ABAQUS, nonbs3oBarenu MOTyT ObICTPO BBITOJIHATH MOJIEINPOBA-
HUe 1 00pabOTKy JaHHBIX IOCPEICTBOM IporpaMMmupoBanus Ha Python, a Takxe pea-
JIM30BBIBaTh MPOTPAMMHOE MOJEIMPOBaHUME M 00pabOTKy pe3ynsraroB. CrenoBa-
TEJBHO, s13bIK Python MoxxHO Hcnionb30BaTh At BropuuHoil pazpadbotku ABAQUS, u
Takasi pa3paboTKa BIIOJIHE OCYIIECTBUMA.

NHOOPMAINNOHHOE ITPOEKTUPOBAHUE BI[AHI/Iﬁ
KHUTASA U BEJIAPYCH
Koganens H. B., Xonaskos B. A.
benopyccknil HalMOHAIBHBIA TEXHUYECKU YHUBEPCUTET
niktakovalenya@mail.ru, xva609@gmail.com

Annotation. Complex buildings have been designed with the use of information
technology for a long time. Two iconic buildings that were designed and operated using
BIM technologies are discussed in the article.

Kwurait Hauan ucnonszoBats BIM Texnomoruu B 2002 roxy u Ha 2023 roj 3aHu-
MaeT BTOPOE MECTO B A3MAaTCKOM PETUOHE M0 UX BHeApeHuto, bonee 40 % mpoeKTHBIX
opranuzaiuii npumensoT BIM (nepBoe mecto 3anumaer Cunramyp). Mcnonb3oBanue
BIM niis ynpaBnenus 3aTpaTaMu Ha NPOTSHKEHUU BCETO JKU3HEHHOTO IIUKIIA 3/ITaHUS Ce-
TOJIHS SIBJISIETCSL OCHOBHBIM HAIPABJICHUEM JUJISl pa3BUTHS CTPOUTENBHOM oTpaciu [1].

Haubonee akryanpHbiM HampaBieHueM npuMmenenusi BIM-texunonoruit B Kurtae
ABIISIETCS TIOMCK KOJUTM3UM, KOMIUIEKCHBIA aHaN3 KOHCTPYKTHBHBIX MPOOJIEM M UX
BIIMSTHUE Ha U3MEHEHUE CTOUMOCTH U rpaduk crpoutenbcTBa. OObeAMHEHHAS MOJIENb
UCIIONB3YETCsl I 3arpy3Kd HecKoJibkux mojeneid BIM co3ganHbIx nHXEHepamu
CMEXHBIX Pa3ENIOB.

["'oBOpst 0 TOCTHKEHUSIX COBPEMEHHON MHKEHEPHUH, HEMHOTHE 3[JaHUSI MOTYT CO-
nepHuyarth ¢ [llanxaiickoit 6amuei B Kurtae (puc. 1). Beicora 3qanus 632 metpa, 310
TPEThE MO BBHICOTE 3[]aHUE B MUPE, MPOEKTUPOBAHUE BBIMOJHEHO C UCIOJIb30BAHUEM
BIM-texnosnoruii.
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KoHcTpykuus 3qanust nenaet noBopoT o cnupaiv Ha 120 rpaaycoB, 4TO ONTH-
MaJIbHO JIJI1 MUHMUMU3AIIMU BETPOBBIX Harpy3ok. [Ipu 3ToM noTOK BO31yXa HampaBJisi-
eTCsl K TypOrMHAaM, KOTOPBIE CIIOCOOCTBYIOT CHIDKCHHIO dHEepro3aTpar 3aanus Ha 21 %.
@aKTHYCCKHU, TTOJCUNTAHO, YTO MCIIOJIb30Banue 3D-moaeneit BIM mo3BoImiIo cOKOHO-
MUTb OKOJIO 32 % 3aTpaT Ha CTPOUTEIHCTBO IO CPABHEHUIO C TPAAULIMOHHBIMU METO-
JIaMu TPOeKTUpoBaHUsA. Mojenp Obiia pa3paboTaHa ¢ MCTHOIB30BAHUEM MPOAYKTOB
Autodesk — Revit [2].

OnHuM M3 caMbIX MAacHITAOHBIX PEATM30BAHHBIX MPOEKTOB C HCIOIb30BAHUEM
BIM-texnonoruit B Pecriy6nuke bemapych sBiseTcss My nbTU(YHKITMOHATBHBIN KOM-
miekc otenst Marriott B ropoae Muscke (puc. 2).

Konuenmus 3axitogaetrcsi B 00beUHEHUH YEThIPEX CAMOCTOSTEIbHBIX 00bEKTOB:
MATU3BE3/I0YHOTO OTENs, CIIOPTUBHOTO LIeHTpa ¢ apeHoi Ha 2800 Mect (siapo Bcei
KOMITO3UIIMH ), TCHHHUCHOTO KITy0a 1 YeThIpeXypOBHEBOTO mapkuHra Ha 307 MecT — 1o
OJIHOM KpBIIIEH, BBITIOJIHEHHOU B (popMe JieTsiiero cokoia. Bce 00beKThl COeTMHEHBI
MEXK]Ty COOOM MEeNIeX0IHBIMU MEePEX0IaMU U HaXOJSATCA MOJ OJTHOM KphIIIeH (3a uc-
KJIIFOYEHUEM MHOTO3TAXKHOTO 37aHus OTelsl). YacTh CHOPTUBHOTO IIEHTPA MEPEXOAUT
BO BHYTPEHHMI OyJbBap, HAUMHAIONIMICSA y BX0Jla B KOMIUJIEKC. XOJIJI TOCTUHHUIIBI B
BHJIE aTPUyMa BO BCIO BBICOTY 3/IaHUSI CTaJl BUBUTHOM KapTOUKON KOMILIEKCA, OTCIO/a
OTKpBIBAETCS MPAMOM JOCTYI K HaOepeKHOU U Teppacam [3].

Pucynoxk 1 — [llanxaiickast GamrHst Pucynok 2 — MynbTu(yHKIMOHAIBHBIH
Ha Yincheng Rd (M) komIieke «COKoD Ha IPOCHEKTe
B [Ilanxae [Tobenuteneit B ropoae Muncke

[Ipumenenre TexHOIOTHH WH(POPMAIIMOHHOTO MOJCIUPOBAHUS TO3BOJISET CO-
3/1aBaTh CBEPXCIIOKHBIC KOMIUIEKCHBIE 00BEKTHI, MPOSKTUPOBAHUE KOTOPHIX C UCTIONb-
30BaHUEM TPATUIMOHHBIX METOAOB KpaliHe TPYAHO peliaeMasi 3ajaya JJisi IpOeKTH-
POBILIMKOB U CTPOUTEIIEH.

CnucoK UCNnoJIb30BAHHBIX HCTOYHHKOB

1. E. A. lomoxuposa, 0. C. Crenanosa, M. E. Bununukrosa. [Ipeumymectso BIM
TEXHOJIOrUi Ha puMepe kutaiickoro onbita / E. A. [lomoxkupoa. — Tyna TT'Y, 2019.
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2. Building a Giant with BIM: The Shanghai Tower [Dnexrponnsiii pecypc]. —
Pexxum moctyma: https://www.axiomint.com/building-a-giant-with-bim-the-shanghai-
tower. — Jlara nocryna: 18.04.2023.

3. Bocrounslii pasmax B Muncke. B Muncke noctporn MyabTU(GYHKITHOHATBHBINA
KOMIUIEKC C TATH3BE3IOYHBIM OTeNieM, (paca KOTOpOro BBINOJHEH W3 MaTepUasOB
GRADAS. [Onextponnblii pecypc]. — Pexxum pgocryma: https://archi.ru/tech/64434/
vostochnyi-razmakh-v-minske. — [lara nqoctyma: 31.08.2015.

NHAEKC POBHOCTH JOPOXKHOI'O MTOKPBITHUA 11O PE3YJIBTATAM
HA3ZEMHOI'O JIABEPHOI'O CKAHUPOBAHUA
XomsxoB B. A., HIumko H. H.
benopyccknil HalMOHAIBHBIM TEXHUYECKUN YHUBEPCUTET
xva609@gmail.com, remezni@gmail.com

Annotation. Deformation seams are often used to connect a road with a bridge.
The article describes the experience of assessing the index of IRI road coating flatness
In the zone of the deformation seam device using ground laser scanning results.

PoBHOCTE acdanbTOOETOHHOrO MOKPBITHSA B MPOLECCE JIUTEIBHOM 3KCIUTyaTa-
LIUU [TOCTOSIHHO CHU)KAETCA. 30HAMM TIOBBIIIIEHHOT'O PUCKA SIBJISIFOTCS Y4aCTKU pa3iny-
HBIX CTBIKOB C U3MEHEHUEM CTPYKTYPBI M )KECTKOCTH €3/10BOT0 IOJIOTHA. B yacTHOCTH,
TaKOW 30HOM SABJISIETCSI MECTO NPHUMBIKAHUS JTOPOXHOI'O IOJOTHA K MOCTOBOMY C
YCTPONCTBOM AehOpMaIIMOHHOTO 111Ba [1].

BBI10 BBINIOJIHEHO JIA3€pHOE CKAHUPOBAHUE MOCTOBOTO ITOJIOTHA M YYACTKOB MO/~
X0Z10B Ha pacctossHUM 30 M OT JehOpMallMOHHOIO IIBa MyTENPOBO/A, PACIIOIOKEH-
HOro Ha 4-M kuinomeTpe MHUHCKOM KOJIBLIEBOM aBTOAOPOTU. TOYHOCTH JIa3€PHOTO CKa-
HUpOBaHUs cocTapisieT £0,65 MM nipu JoBepuTeNbHON BepositHocTr 95 %. Tlocne 06-
pabOTKM U aHaiIM3a 00JIaka TOUEK ObLIO BBIMOJIHEHO MOCTPOCHHUE XapAKTEPHOTO MHUK-
ponpoduisi MOBEPXHOCTU C MCHOJIB30BAHUEM CpPEJibl BU3YaJIbHOI'O MPOrPaMMHUPOBA-
Hust «Grasshopper». [lonoxeHnue ucciaeayemMoro cedeHus: ObUIO0 BEIOPaHO MO BTOPOM
MoJIOCe ABMXKEHMUS, JIeBast KoJies. B pe3ynbrare OblT CO3aH CTPYKTYpPUPOBAHHBIN TEK-
CTOBBIN (paiin B popmare .tXt 1151 UMIOpTa JAaHHBIX U NOCIEAYIOIIEeH 00pabOTKH B MPo-
rpamMHOM KoMiuiekce «KPE/IO JIOPOI'M». Ha ocHOBE MMIIOPTUPOBAHHBIX JaHHBIX
OB IOCTPOEH MPOCTPAHCTBEHHBIN KOPUIOP, ONMUCHIBAIOLINMI MOJI0KEHUE MUKPOIIPO-
st uccnemyemoro yuactka. [Ipu moMomu cienuanu3npoBaHHOTO MOy «OlieHKa
Ioporw» ObLT paccunTaH mokazateias poBHocTH IRI [3] ¢ pasOueHnem Ha UHTEPBAIIBI
nHoi 100 MM 1 mocTpoeHa [uarpaMMa U3MEHEHHS 3TOTO MOKa3aTessl Ha MPOTIKe-
HUM UCCIIeYyEeMOro ydacTka JinHo# 96,81 M (puc. 1).

OrnieHKa POBHOCTHU MOKPBITUS TIPpU TTomoIu nokaszatens IRl sBasercs rotoBsiM
METO/0M, O0JaJatoNIMi BHICOKON BAJIMHOCTHIO, MO3BOJIAIONIMM B KOMILJIEKCE OIle-
HUTb COCTOSIHME MOKPBITHS MPOE3KEN YacTH.

VYXyaueHue TpaHCIOPTHO-3KCIUTYyaTallMOHHBIX MMOKa3aTeleil MOKPBITHS yuacTKa
aBTOMOOUJIBHON JOPOTH HEMOCPEACTBEHHO BIUSIOT Ha 0€30MacHOCTb ABUKEHUS C
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y4eTOM MPOYUX (PaKTOPOB YCIOKHSIOUINX JOPOKHbIE YCIOBUS Ha Y4aCTKaX MOCTOBBIX
coopyxenuii [4]. CHuxeHne 0€30MacHOCTH TOPOKHOTO JABHXKEHUS SIBISETCS MPOBO-
UPYIOMUM (PaKTOPOM BOSHUKHOBEHHUS TOPOKHO-TPAHCIIOPTHBIX MMPOUCIIECTBHH C TS-
KEIJIBIMH TTOCJIEICTBUSIMHU.

lMokazamess poBrocmu IRl MM/M

. I

I I 1 I I I I I I I I 1 I I I
0 5 10 5 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
(pedrnee HakonumensHoe IR/ IRl 8 unmepBane [lpodoneHsid
om Hasasna mapwpyma dnuHod 100 mm npoguns

PaccmosiHue, M

Ommemka, MM

| Ocb_degopma-
yuoHHo20 wba

I I T I I
0 5 10 5 20 25

PaccmosiHue, M

& —0cs_degopra-
yuoxHozo wba

Pucynok 1 — Jluarpamma n3menenus nokasarens IR| uccienyemoro ydactka

[IprMeHeHne KOMIUIEKCA BBIIEOMMCAHHBIX METOAO0B JUIsl OLIEHKU COCTOSIHUS Je-
(OpMaIIMOHHBIX IIBOB MOCTOBBIX COOPYXEHUUN paccMaTpUBAaeTCsl BIEPBBIE U MO3BO-
JsieT cPOpMyYIUPOBATH HOBYIO METOJIMKY YHCICHHON OLIEHKH COCTOSIHUS AepopMaliu-
OHHOT'O 11BA [IPX €r0 UHCTPYMEHTAIbHON TUAarHOCTHKE.

CnucoK UCNnoJib30BAHHBIX HCTOUYHHKOB

1. OBunnHukoB, U. W. TloBpexaeHus: 30H COMPSKEHUS TOPOKHBIX OACK U JIe-
(hOpMaIMOHHBIX IITBOB HA MOCTOBBIX COOPYKEHHSIX: BO3MOYKHBIC PUIMHBI U CTIOCOOBI
ux ycrpanenus / . . Ounnnankos, U. I'. OBunnnukos, 111. H. Banues // Haykose-
nenue. — 2013. — Ne 6. — C. 148.

2. Jloporu aBTOMOOMIBHBIE OOIIEro mojb3oBanus. Jluarnoctuka. OnpeneneHue
MPOJIOJIBHOTO MHUKPOTPOGUIIS JOPOKHON MOBEPXHOCTH M MEXKITYHAPOIHOTO TMOKa3a-
tenst poHoctH IRI : CTO MAJIU 02066517.1-2006. — MockBa : MOCKOBCKHiT aBTO-
MOOWMIIBHO-AOPOKHBINH HHCTUTYT, 2006. — 42 c.

3. CTb 1300-2014 «TexHuveckue cpencTBa OpraHU3aIdy JOPOKHOTO JIBHKE-

Hus», [ocylmapcTBeHHBI KOMHUTET MO cTaHjapTuzanuu PecmyOnuku benapyce.
— Mmn.: 2014. — 144 c.
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ANALYSIS OF MECHANICAL PROPERTIES
OF SHELL AGGREGATE CONCRETE
IO Xaocroans, Ban Cansnsn, Kosmiap C. H.
benopyccknii HATMOHANBHBIM TEXHUYECKAM YHUBEPCUTET
yuhaoxuan2001@gmail.com, wxpxueshu phd@163.com, kovshar-36@tut.by

Annotation. In this paper, the shell aggregate concrete is analyzed, and the sand
aggregate is replaced by shell under different particle gradation, and the method of
mechanical property test research is adopted for concrete blocks under different sand
and gravel replacement rates, and the bending resistance, compression resistance and
frost resistance of the block are analyzed, and finally the shell aggregate also has good
mechanical properties and solidity, and adding shell aggregate in a certain proportion
can bring considerable social and economic benefits.

1. Introduction.

With the innovation of science and technology, the overall progress of society, sus-
tainable development plays an increasingly important role in the research of modern sci-
entific researchers, sustainable development emphasizes the coordination and balance of
environmental, social and economic aspects, and now architecture has become one of
the important symbols of human social development. The growing demand for construc-
tion in human society has made concrete the world's most important building material,
and the most widely used type of construction engineering in all buildings, including
infrastructure, low-rise and high-rise buildings, and domestic development [1]. Among
them, aggregates are an important part of concrete, however, due to the consumption of
high-quality primary aggregates and the improvement of environmental protection
awareness, the practice of continuing to widely extract sand and gravel aggregates has
been questioned. In order to establish environmental sustainability, it is very desirable to
use some agricultural wastes and industrial by-products from different industries as
building materials, and has certain economic and social benefits [2]. Therefore, the pos-
sibility of replacing traditional sand and gravel aggregates with shell aggregates has
gradually been proposed.

2. The performance of shells.

2.1 Composition of shells.

The shell is mainly composed of inorganic phase and organic phase, the inorganic
phase is about 95~99.9 % CaCOj (calcite, aragonite, coccoliite and amorphous), and
the organic phase is composed of about 0.1~5 % organic matter. Generally speaking,
the basic structure of the shell is mainly divided into three parts, the outermost layer is
the stratum corneum composed of hard protein; the middle is a prismatic layer com-
posed of calcite or aragonite crystals, which mainly provides hardness and dissolution
resistance for the shell; the innermost layer is the nacre, which mainly provides hard-
ness and toughness for the shell, generally composed of CaCO3; minerals such as calcite
or aragonite (inorganic phase) and organic matter (organic phase).
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2.2 Properties of shells for concrete aggregates.

When replacing traditional sand and gravel aggregates, shells have higher strength
than sand and gravel, and also have good mechanical properties and solidity, which can
withstand the load and stress in concrete and ensure the safety and stability of concrete
structures; have lower water absorption and adsorption, reduce the loss and evaporation
of cement slurry; have lower alkali activity and harmful substance content, and avoid re-
action with the alkali in cement, resulting in concrete cracking. In addition, studies have
shown that the replacement of fine aggregates with appropriate proportions of shells can
fill material pores, improve overall compactness, reduce absorption rate, improve com-
pressive strength, and improve mortar workability, strength and durability [3]. Therefore,
when replacing traditional aggregates, shells have sufficient rationality and feasibility.

3. Experimental design.

3.1 Experimental process.

According to the characteristics of shells, the basic idea of shell addition in this
study is to add shells step by step according to the gradient under different particle
gradation, with the addition rates of 10 %, 20 % and 30 %, respectively, replace the
traditional sand and gravel aggregate in concrete, pour the block on this basis, and test
the bending resistance, compression resistance and frost resistance of the block after
the final setting of the block, so as to further discuss the influence of shell aggregate
replacement on the mechanical properties of concrete.

3.2 Experimental materials.

The cement used in this study is R45. The experimental blocks were divided into
standard group and reference group, and the material ratio of the standard group was:
cement 0.5 kg, water 250 ml, sand 0.6 kg, stone 0.9 kg. On this basis, shells are added
to concrete according to 10 %, 20 %, 30 % and other mass substitute stones, and cubic
specimens of 40 x 40 x 160 mm are formed.

Conclusion: According to the research of scholar Yong, when the shell is incorpo-
rated in a certain proportion, the crack resistance and impact resistance of the cementi-
tious material system can be improved [4].Experiments have shown that in the perfor-
mance test of concrete using shells as aggregates, the strength of the block does not
decrease at 28d,in addition, some scholar Martinez studied the compressive strength of
ordinary mortar and shell mixtures in different proportions, and when the content of
shell powder increased to 40 %,the compressive strength did not change significantly
[4]. This shows that the crushed shell as aggregate does not cause the early strength of
concrete to decrease, it not only maintains the advantages of ordinary concrete, but also
has the advantages of waste utilization. Ez-ZakiExperiments found that broken shells
(0/5 mm grade) can be used as a fine aggregate for self-compacting mortar, which does
not affect the basic properties of mortar [6]. The microstructure test shows that the
adhesion between the shell and the cement slurry is good, and the irregular shape of
the shell significantly improves the distribution of the latter in the cement matrix, which
fully indicates that the shell is used as a fine aggregate, compared with the traditional
aggregate, and even significantly enhances the workability of concrete. Therefore, un-
der the premise of reducing primary aggregate consumption and environmental protec-
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tion, the use of shell aggregate does not affect the construction quality and can signifi-
cantly reduce the price of building materials, so the use of shell aggregate can produce
considerable social and economic benefits.
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EVALUATION OF GRAPHENE CONCRETE
IN A GREEN ENERGY ECONOMY
JIn L3108, Ban Csaubmos, Kynpo M. K.
benopycckuii HaMOHAJIBHBINA TEXHUYECKUN YHUBEPCUTET
Jli701788@gmail.com, wxpxueshu phd@163.com, nv_mk@bntu.by

Annotation. This paper discusses the development of graphene concrete and the
composition and mechanical application properties of graphene concrete and evaluates
its economic sustainability based on its basic properties of green energy.

After the global financial crisis of 20082009, the concepts of "low carbon econ-
omy", "new green economy" and "green economic growth" have received increasing
policy and media attention due to the gradual reduction of non-renewable energy
sources and the diminishing value of the economy. concepts such as "Low Carbon
Economy", "New Green Economy" and "Green Economic Growth" are receiving more
and more policy and media attention. In the coming years, graphene oxide may have a
huge impact on the concrete and construction-related industries. Due to the oxidizing
ability associated with the aromatic structure, it has improved dispersion in mixtures
compared to other graphene-based materials. Therefore the huge green energy eco-

nomic benefits of graphene concrete are significant. How to turn graphene concrete
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into a new green energy derivative and expand its economic use value is an important
research direction of the current energy economy and a necessary path for the sustain-
able development of green economy. Therefore, it is very necessary to launch the eco-
nomic evaluation of graphene concrete.

It is well known that carbon nanotubes, graphene oxide and graphene can enhance
the thermophysical, mechanical, optical and electrical properties of concrete compo-
sites. Many researchers and scholars have made an in-depth study on [1] how to carry
out carbon nanotube enhanced concrete mixtures and analyzed their durability and me-
chanical properties in detail with reference to the base parameters of the concrete mix-
tures, and the results of the study show that carbon nanotubes and graphene oxide con-
crete gives better results. Hence graphene oxide is known as carbon-based nanomateri-
als. Incorporation of graphene oxide in the cement matrix is a future trend in the con-
struction industry due to the excellent properties of graphene. Graphene oxide is very
cheap compared to expensive single and multi-walled carbon nanotubes and carbon
nanofibers, hence the worldwide interest in graphene oxide. It has become a new green
energy source, as well. So, energy economics of graphene oxide concrete is a suitable
choice for this study. The objective of this study is to analyze the energy economy of
graphene concrete with the sustainable performance of green economy. It seeks to im-
prove resource efficiency, encourage low carbon energy technologies, reduce green-
house gas emissions, reduce dependence on fossil fuels, increase investment in main-
taining natural capital, and reduce economic inequality.

Assessment formula and methodology: all the application data of graphene con-
crete was tabulated and after the following equation, diamond grid data plotting was
carried out and relevant conclusions were drawn.

The indicators values were transformed to derive normalized values on a scale of
1-10 based on the minimum and maximum values. The min—max normalization ap-
proach (Jiawei 2011) was used by Tongsopit et al. (2016) for linear transformation of
data.

A = X -Ming 0

Maxy - Ming '

where:
A: normalized value based on original data range a;
X: untransformed indicator;
a: data range of X
Min_o: minimum value in data range ao;
Max_o: maximum value in data range a.
By considering Aminf = 1 Maxf3 = 10.
The equation, in this case, becomes:
xX'-1 _ X-Ming

- ) (2)

10 -1 Maxy, - Ming

where:
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X"
Maxy - Ming

X' =1+( )x (10-1). 3)

For indicators of each category that have a direct relationship with the scale, their
high values represent a high improvement of energy security. For instance, a larger
share of RE in power generation implies higher energy security. However, some indi-
cators have an inverse relationship with the scale; a higher value reflects less energy
security. For example, a larger share of energy imports indicates lower energy security.
In such a case, the raw score’s maximum value is considered the minimum scale value
of the related indicator, which is equal to 1. In contrast, the raw score’s minimum value
indicates the maximum value that is equal to 10 on the scale.

Therefore, the equation for the inverse normalization appears in the following
shape:

X'=1+ (i) x (10— 1). (4)

Ming - Maxqy

This study explores the changes in the application of graphene concrete from 2018
to 2023 using diamond-shaped area analysis. In order to observe the four periods of
rhombus area to determine the green development that indicates the graphene energy.
To be used to analyze the graphene concrete in energy security to ensure the sustaina-
bility of graphene concrete.
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MHNOJYYEHUE AKTUBUPOBAHHOI'O YIJIsI METOJ10OM
TEPMOXVUMHYECKHNX AKTUBAIIMI U3 BEJIOPYCCKOI'O JIbHA
N OITNJIOK COCHBbI
JIn MuBa1
benopycckunii rocyapCTBEHHBI YHUBEPCUTET
limengweil 07@gmail.com

Annotation. China is a major producer and consumer of activated carbon, with
60 % of the main raw material for activated carbon production being non-renewable
resource — coal. Activated carbon prepared from Belarusian flax and pine bark has good
adsorption properties and specific surface area, its adsorption capacity for methylene
blue is 550-610 mg/g. The specific surface of activated carbons is more than
1200 m*/g. The results obtained showed that Belarusian flax and pine sawdust are good
raw materials for the production of activated carbon.

AXTUBHPOBaHHBIN yToib (AY) — HOPHUCTHIN YIIIEPOAHBII MaTepuall C BHICOKOM yEib-
HOW MOBEPXHOCTBIO, KOTOPBIN IIUPOKO UCTIONIB3YETCSI B KAYECTBE COPOEHTA BO MHOTHX PO-
LIECCAX XUMHUYECKUX TEXHOJIOTUI, (hapMaLIEBTUYECKOM U MUIIEBOM MPOMBIIUIEHHOCTH, 1JIS
PELLEHNS SKOJIOTHYECKHUX 3a]1a4 10 OYMCTKE Ia30B M CTOYHBIX BOJ, B MEAULIMHE.

TeopeTruecku Bce yIepoicoAepKalliie OpraHndecKrue MaTepruaibl MOTYT ObITh HC-
IIOJIb30BaHbl B KAY€CTBE CBIPbsI /IS OIY4YEHUS aKTMBUPOBAaHHOIO yrid. Kurail siBisercs
OJIHUM U3 KpYITHENIINX POU3BOANTENEH aKTUBUPOBAHHOTO YIVIsl B MUPE, U 00BEM MPOU3-
BOZICTBA akTUBHUpOBaHHOTO yriisi B 2020 romy coctaBut 900 ThIC. T/TON, U3 KOTOPHIX Ha
YTOJIbHBIA aKTUBUPOBAHHBIN yroib OyeT npuxonuTthes 60—65 % ot obiiero oobemMa mpo-
M3BOJICTBA aKTUBUPOBAHHOTO yIis [1]. C TOUKM 3peHust UCIONB30BaHMS PECYPCOB, YTOJIb
SBJISIETCS HEBO30OHOBIAEMBIM PECYPCOM, U MpoOIeMa Crpoca U MPEAJIoKEHUs SIBIISIETCS]
HEpEIIaeMOM; ¢ TOYKU 3PEHUS 3aIUThI 3KOJIOTUH, POLIECC MPOU3BOJCTBA AKTUBUPOBAH-
HOTO YIJISL U3 YIVIS CO3/Ia€T HEKOTOPBIE SKOJIOTMYECKUE MPOOTIEMBI.

B benapycu nmerorcst Goratbie JbHSHBIE U IPEBECHBIE PECYPCHI, U AKCIIOPT UX B
Kwuraii ysemmuuBaercs ¢ kaxabsiM rogom. [1o nanaeim HUM ®Xb BI'Y, aktuBupoBan-
HBII yroJib, MOJY4YEHHBIN W3 MaKJs JbHA U ONUJIOK COCHbI METOIOM aKTUBUPOBAHUS C
UCIIOJIb30BaHUEM OPTOHOCHOPHOI KUCIOTHI, UMEET XOPOUINE aCOPOLMOHHBIE CBOM-
cTBa. [ IpUroToBiaeHHbI aKTUBUPOBAHHBIN YTOJb ObLJI OXapaKTEPU30BaAH CTPYKTYPHO U
oTpeieieHbl aJICOPOIIMOHHBIE CBOWCTBA MAPKEPOB, METUIIEHOBOTO CUHETO M BUTAMUHA
B1». Pesynbrarsl moka3ansl B TabIuIIE.

Tabmuma 1 — AncopOrponHas ciocoOHocTh AY B oTtHOIIeHHH Hona, MI™ u BuramuHa B,

Obpasert AY AnicopOItHoHHast ClIOCOOHOCTb, MI/T
Mox (254 r/moms) MT (374 r/moib) B12 (1357r/Monb)
AY W3 nakjm jgbHa 870 £20 550 £10 78 £5
AY W3 ONUJIOK COCHBI 980 +20 610=+10 80 +5
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Tabnuma 2 — OCHOBHBIE XapaKTEPUCTUKU MOPOBOM CTPYKTYphl AY W3 Makiu JibHa
Y ONUJIOK COCHBI

VYhennHas
ShET HOBerHg)CTB O6beM nop, cM>/r
Coipbe miia AY e nop, M-/t
Sumps | Suoor | Voounis | Vaows | Vg, [ 2V 000
[Maxns apHA 1380 | 288 606 1,14 0,84 0,12 74
OnnIKY COCHBI 1290 185 478 1,10 0,78 0,21 71

AKTHBUPOBAHHBIN yToJib, IPUTOTOBJIEHHBIA U3 OEIOPYCCKOTO JIbHA U COCHOBOM
KOPBI, UMEIOT YIeIbHbIE MOBEPXHOCTH 1380 1 1290 M?/T COOTBETCTBEHHO, M3 KOTOPBIX
oonee 70 % 3aHuManu Me3omnopsl. biarogapsi CTpyKTypHBIM XapaKTEpPUCTHKAM yTOJIb
MMEET XOpOLIUE aJICOPOLIMOHHBIE CBOMCTBA — JIsl KJIACCUYECKOTO MapKepa METHIICHO-
BOT'O CHHETO Mnoka3arenu coctaBuiu 550—610 Mr/r cooTBETCTBEHHO, AJis oza cocTa-
B 870-980 mr/r, s BuTaMuHoB B, cocraBumm 78—80 mr/t.

Cnucok UcnoJjib30BaHHbIX HCTOYHUKOB
1. Ban Csiomun / COBpeMeHHOG COCTOAHHUC U IICPCIICKTUBLI ITPOU3BOACTBA U IIPU-

MEHEHUS aKTUBHPOBAHHOTO YTIJIS YTOJIBHOTO MPOUCXOXKIACHMS B kuTae / Ban CsioMuH
Il Kuratickuii yrons. — 2022. — 3. — C. 113-120.

INPUMEHEHHUE DKCTPAKTOB U3 IMCTBEB JUKOPACTYHINX
PACTEHHWH BEJIOPYCCKOI'O ITIOO3EPBHSI KAK BUOITPOTEKTOPOB
Kannenscon E. ., ®omuuéra H. C., banaea-Tuxomupora O. M.
BureOckuii rocynapcTBeHnbiit yauBepeurtet uM. [1. M. Mameposa
kate kaznelson@tut.by

Annotation. The authors studied the chemical composition of extracts from wild
plants. Possibilities were proposed for the use in agriculture of extracts from the leaves
of wild plants, which are safe for human health, animals and the environment.

OnHoOM 13 MPUYKMH 3ama3IbIBaHUs Hadala MMOCEBHBIX PabOT ABISETCS HEAOCTATOK
MOCaI0YHOTO MaTepuaa, IPOU3BOACTBO KOTOPOTO 3a4acCTyIO CIEPKUBACTCS HHU3KOM
BCXOXKECTHIO CEMSH CEITbCKOX035HCTBEHHBIX KYJIBTYD.

Camu pacteHusi, OJIBEPTIIHECs ISHCTBUIO CTPECCOBBIX (DAKTOPOB (3acyxa, upe3mep-
Hasl BJIQKHOCTb, TIEpETajibl TEMIepaTyphl, OOJIC3HH, BPEAUTEIN, COPHBIE PACTEHUS, TPO-
MBIIIUICHHOE 3arpsi3HEHNUE, IECTUITHIBI H T. [1.), Cpa3y aKTUBUPYIOT 3aIIUTHBIC MEXaHU3MBbI
Y TIPOU3BOJIAT Pa3HOOOpa3HbIE CyOCTAHIINHU, KOTOPBIE SBIISFOTCS CUTHAJIOM JUTS TIPOTYIIU-
POBaHMSI aMUHOKHCIIOT, & BITOCTIE/ICTBUN — O€JTKOB, OTBEYAIOIIIX 32 UMMYHHBIE TTPOIIECCHI.
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IToaTOMY MOMCK HOBBIX NEPCHIEKTUBHBIX HATIPABJICHUI B CEJIbCKOM XO3SICTBE € UCITOJIB30-
BaHHUEM TEXHOJIOTHWi, OE30MacHBIX AJIsI 3I0POBbS YEIOBEKA, JKUBOTHBIX M OKpY>KaroIei
CpeZbl, B HACTOSIIEE BPEMSI OUEHB BaJKEH.

DUTOIKCTPAKTHI ABISAIOTCS HEOTHEMIIEMBIM 3JIEMEHTOM COBPEMEHHBIX arpoTeX-
HOJIOTM, MPUMEHEHHE KOTOPBIX HAMPABIICEHO Ha CTAOMJIM3ALMIO U MOBBIIIEHUE MPO-
NYKTUBHOCTH PACTEHUEBOJCTBA. JleMCTBYIOIIMMHU KOMIIOHEHTAMU ITPUPOIHBIX PACTH-
TEIbHBIX SKCTPAKTOB SIBJISIFOTCSI BUTAMHUHBI, aMUHOKHUCIIOTHI, (DIIaBOHOU/IBI, CATIOHUHBI
U IpyTrue OMOJIOrMYeCKH aKTUBHbBIE BEIIECTRA.

JIJist coxpaHeHUsT XMMUYECKOTO COCTaBa M OMOJOTHYECKON aKTUBHOCTHU pacTe-
HUH, a Takke 11 ctabuimsanuu bAB B HacTosiiee BpeMs UCHOJB3YIOT TEXHOJIOTUN
UX BBICYIIMBAHUS C MOCIIEAyIoEen s3kcTpakueii BAB U3 cyXxoro u3aMenb4eHHOro Chl-
pbs. AHTHOKCUJAHTHBIE CBOMCTBA MPUPOJHBIX BEIIECTB SIBJISIOTCS BaXKHBIM ACIIEKTOM
ux ¢u3znogornyeckor akTUBHOCTH. CyMMapHbIid aHTHOKCUAAHTHBIA 3pdexkt BAB B
(UTOIKCTpaAKTAX XapaAKTEPUIYETCS HATMYUEM Pa3HOOOpa3HbIX (POPM MPUPOJIHBIX Be-
IIECTB U UX COYETAHHBIM JEHCTBUEM, MPOSIBISIOIUMCA B (POPMHUPOBaHUU dPPEKTHUB-
HBIX OKHCIIMTEIbHO-BOCCTAHOBUTENBHBIX CUCTEM M CUHEPTETHYECKUX LHKIOB. On-
HUMU U3 OCHOBHBIX JEHCTBYIOUIMX (PUTOKOMIIOHEHTOB, MPOSIBISIOMIUX AHTHOKCH-
JAHTHYIO aKTUBHOCTD, SIBJISIOTCS (DIIAaBOHOUbI, CIIOCOOHBIE MHTMOMPOBATH MPOIIECCHI
CBOOOTHOPAIUKATILHOTO OKUCIICHHUS.

[TosTOMy mpoOJIEMY € IPOBEIEHUEM CEIBCKOXO3SICTBEHHBIX PabOT B PErMOHAX
C DKCTPEMAJIbHBIM 3EMJICACIIMEM MOYKHO PELIUTH 34 CYET IPUMEHEHHS] HETOKCUYHBIX,
OMOJIOrMYECKU aKTUBHBIX CTUMYJIATOPOB JJISl IPEANIOCEBHON 0OpaOOTKH CEMSIH.

3amunTa pacTeHNUI U CEMSIH OT BIMSIHUS OKHCIUTEIBHOTO CTPECCA C IOMOLIBIO HE-
TOKCHYHBIX IIPENAPATOB TAKUX KAK PACTUTEIIBHBIEC IKCTPAKThI, UMEIOIIHNE BBICOKOE CO-
nep>KaHue aMUHOKHUCIOT U BAB, SBISIOTCS akTyaJbHBIM HaIlPaBICHUEM I TPUME-
HEHUS B 00JIACTU CEJIbCKOIO XO3sIiCTBA.

ABTOpamMu ObLIO M3YYEHO ACHCTBUE SKCTPAKTOB OJIyBaHUYMKA JIEKAPCTBEHHOTO,
KJIEBEpA JIyTOBOT'0, CHBITH OOBIKHOBEHHOM Ha SHEPIHIO IPOPACTAHUS U BCXOKECTH Ce-
MsH. JlaHHbIe OuonpenapaThl ABJISIFOTCS JOCTYITHBIM, SKOJOTUYECKHA YUCThIM U PEHTa-
O€JIbHBIM CPEJICTBOM JIJIsl IOBBILLIEHUS YPOKANHOCTH.

Cpenu mHoroo6pasusi BAB B coctaBe BOJHO-CIIMPTOBBIX U3BJICUEHUHN TUKOpac-
TYIIMX PACTEHHI O0COOBI HAYyYHO-IPAKTUUYECKUN MHTEPEC MPEACTABISIOT BEIIECTBA,
oOnagatoue P-BUTaMMHHOW aKTUBHOCTBIO — KOMILJIEKC M3BJICUEHHBIX HKCTPAKIIMEH
dhopM QeHOTBHBIX COeAMHEHUH: (PEHONBHBIX KUCIIOT, (DIABOHOUIOB U TyOUIIbHBIX BeE-
niecTB. BaxHOCTB 3TUX BeliecTB 00yCIIOBI€HA T€M, 4TO P-BUTaMUHHAsi aKTUBHOCTb
4acTO KOPPEIUPYET C AHTUOKCUIAHTHBIM MOTEHIIMAIOM (PUTOIKCTPAKTOB.

[TonydenHsie pe3yabTaThl HCCIENOBaHUIN cocTaBa U cBoilcTB BAB BogHO-crinp-
TOBBIX 3KCTPAKTOB IMKOPACTYIIMX PACTEHUH, IIUPOKO PACIIPOCTPAHEHHBIX B PETUOHE
benopycckoro [Too3epbs, mokazanu 3pPeKTUBHOCTD MpeaaraeMoi TexHosoruu. Mc-
MOJIb30BaHUE (PUTOIKCTPAKTOB JIJIsl IPENOCEBHON 00pabOTKHU CEMSH MOBBICUT YCTOM-
YUBOCTh CEIIbCKOXO3IUCTBEHHBIX KYJBTYp K JEHCTBUIO (DAKTOPOB, BBI3BIBAIOIINX
OKHCIIUTENIbHBINA CTPECC WM CHU3UT MTOCIEACTBUS TAHHOTO BO3JICUCTBUA.
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Annotation. The promotion of soybean corn ribbon composite planting mode is
one of the important measures to revitalise the domestic soybean and enhance the
oilseed production capacity, which can effectively alleviate the difficulties of China's
high degree of foreign dependence on soybeans and high import pressure. This paper
summarises the research progress of agricultural machinery at this stage, and the future
direction of research on the mechanisation of the whole process of soybean banded
composite planting is outlook, in order to promote China's soybean and corn banded
composite planting mode comprehensive whole process of mechanisation of high-qual-
ity development to provide reference.
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BUOTEXHOJIOT'USA KAK OKOJIOTUYECKASA AJIBTEPHATHUBA
KJIACCHUYECKOM MOJAIOTOBKE HEJLIIOJO3HBIX TEKCTHJIBHBIX
MATEPHUAJIOB K KPAIIEHHUIO
Jlenbko K. A%, dcunckas H. H.?

YO «Burebckuii rocyjapCTBEHHbIM TEXHOJIOTHUECKUI YHUBEPCUTET
lkotya240497@mail.ru, 2yasinskaynn@rambler.ru

Annotation. The technology of biochemical scouring of cotton textile materials
has been developed, due to which the maximum purification from impurities with a
minimum degree of cellulose damage is achieved.

Kak u3BECTHO, TEKCTWIBHBIE MAaTEPHUAIIBI IIEPE] KOJOPUPOBAHUEM M 3aKIIIOUYU-
TEJIbHOW OTAEJNKOM NPOXOAAT CTaAUIO0 IOATOTOBKH, KOTOPAs BKIIOYAET PACIUINX-
TOBKY, OTBapKy W Oenenue. B pesynprare oTBapku ynamsercs 7-12 % mpumeceit
HELEJUTIOJIO3HOTO MPOUCXOXKACHUS, COIMyTCTBYIOLIUX LIEJUII003€ (BOCKOOOpa3HBbIE,
MEKTUHOBBIE, 30JIbHBIE U Jp.), OJarogapsi 4eMy MpPOMCXOJUT MOBBIIICHUE KamWILIsp-
HBIX CBOMCTB U PAaBHOMEPHOW COPOLIMOHHOM CITOCOOHOCTH TEKCTUIILHOTO MaTepuaia.
Ha ceroansmnmii 7eHb COBPEMEHHBIE METO/IbI MOTYYEHHUSI OTBAPEHHBIX U OTOEIICHHBIX
XJIOM4aToOyMa)KHbIX MaTepualoB OCHOBaHbl HA MPUMEHEHUU SKOJIOTMYECKU HeOe3-
OMACHBIX XUMHUYECKUX PEAreHTOB, MHOT03aTPATHbI U SHEPTOEMKH [1].

B HacTosiiiee BpeMst Bce 00Jibllle pa3BUBAIOTCS U BHEAPSIOTCS B IPOU3BOJICTBO
OMOTEXHOJIOITMYECKHE CIIOCOOBI MOATOTOBKH TEKCTUIILHBIX MaTEpUAIOB U3 IIEJIIH0I03-
HBIX BOJIOKOH C HCHOJIb30BaHUEM (DEPMEHTHBIX IPENapaTroB, MPOSIBISIOMINX aKTHUB-
HOCTb IIPY HU3KHUX TEMIIEpATypax U B HEUTPAIBHBIX cpenax. OTHaKo U3BECTHO, YTO HE
BCE COITyTCTBYIOIME IMTPUMECH XJIONIKOBOTO BOJIOKHA BO3MOKHO YJAJUTh B MPOLIECCE
OMOOTBAapKHU KOMITO3ULIMEH (hepMEHTHBIX MpenapaTtoB. B 3Toi CBsA3M akTyanbHOU SB-
nseTcs 3a7ada pa3pabOTKU KOMIUIEKCHBIX TEXHOJIOTHA 00padOTKU XJI0Mm4aToOyMaxk-
HBIX MaTEPUATIOB, BKIIOYAIOUIUX Talbl OMOOTBAPKH U IIEJIOYHOM OTBAPKH C COKpalle-
HueM koHneHTpaiuu NaOH B BapouyHOM pacTBOpe, MO3BOJISIFOIIMX MUHUMHU3HPOBATH
arpeCCMBHOE BO3JEHCTBUE XMMUYECKUX MPENapaToB Ha LEJUIIOJI03Y, & TAKKE MOBBI-
CUTB SKOJIOTUMHOCTh TEXHOJIOTHM OTIEIIKH.

B nactosmee Bpemst B Pecry6nrke benapych MHOXKECTBO HIMIOPTHOM TIPOTYK-
LIAX MONAJIM O] CAHKIIMM, YTO 3aTPOHYJIO U TOBApbl TEKCTUIBLHON XuMHuH. [l cnep-
KUBaHUS pOCcTa c€OECTOMMOCTU TOTOBOM OTEUECTBEHHOM MPOIYKILMWH, aKTyaJbHbIM
ABJISIETCSI BOIIPOC UMIIOPTO3aMEILEHUS TEKCTUIBHOW XUMHUH. CpaBHUTEIBHO HEAABHO
Ha PBIHOK BhITIUTH (hepMeHTHBIE npenapaThl hpupmbl OO0 «DepmeHT» — 6eI0pyCcCKOro
NOPENNpUITHS, CIEIMATU3UPYIOIIErocs Ha BBIMYCKE (EPMEHTHBIX MpernapaToB AJis
PA3JIMYHBIX OTPACJIE€N MPOMBIIUIEHHOCTH, B TOM YHUCIIE, TEKCTWJIBHOW, KOTOPbIE UC-
MOJIb3YIOTCS B pa3pab0TaHHBIX aBTOPAMU TEXHOJIOTHUSIX 00pa0OTKH LIEJTIOI03HBIX TEK-
CTUJIbHBIX MaTEpPHUaJIOB.

[IpoBenena oTBapka CypoBOM XJIOMYATOOYMaXHOM TKAHU MOJOTHSHOTO Meperie-
TEHUs OBEPXHOCTHOM IIOTHOCTHIO 120 T/M? IO TPeM TEXHOIOTHAM: MIET0UHAS TPAIH-
LIMOHHAs1 OTBapKa; OMOoOTBapKa (PepMEHTHON KOMITO3UIIMEN U3 LEIUTI0Na3bl, IEKTUHA3BI U
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amuiiasel ipou3BozicTBa OO0 «DepMeHT»; OMoXuMHUUecKas OTBapKa (C mpeaBapuTesb-
HBIM ATAIOM OMOOTBAPKH U TIOCIICAYIOMIEH MIEIOYHON OTBapKOoi ¢ cokparienrem NaOH
Y TIPOJTOJKUTEIIHFHOCTH 00pabOTKH B 2 pasa).

VY CcTaHOBJIEHO, YTO HAUMEHBIIIHHI MPOIEHT COJIEPHKAHUS KUPOBOCKOB JEMOHCTPH-
pyeT oOpaszel], MpoILIeAIni COBMEIICHHYI0 OMOXUMHUUecKyo o0paboTKy. brarogaps
YaCTUYHOMY Pa3pylICHUIO IEPBUYHON CTEHKHU XJIOMKOBOT'O BOJIOKHA U PA3PBIXJICHUIO
€ro CTPYKTypbl (hepMEeHTaMHu, MPOUCXOAUT OoJiee moHast copOius [TAB B moBepx-
HOCTHBIX CTPYKTYpax MOBPEXKACHHOTO BOJIOKHA, YTO MO3BOJIAET yIaTUTh HAaUOOJIbIIIEee
KOJIMYECTBO KUPOBBIX BEUIECTB MYTEM 3MYJIbIUPOBAHUS. MCIIOIB30BaHNE TEKTUHA3BI
B COCTaBE KOMITO3HUIIMYU BBI3BIBAET THIPOJIMTHUYECKOE PACHIETIIIEHUE TEKTUHOBBIX BE-
IIECTB, CIOCOOCTBYET 3(h(PEKTUBHOMY MX M3BJICUCHUIO U3 BOJIOKHA. C yBelUMYEeHUEM
KOHIIEHTpAI[MU MEKTUHA3bl B BAPOUHOM pacTBope (OMOXUMUYEcKas OTBapKa) yBEJH-
YUBAETCS J0JI YAAJIEHHBIX IIEKTUHOBBIX BEILIECTB.

HaunGonpmmii mpoueHT 30bHBIX PUMECEH yAalaeTcsl Npyu OMOOTBAPKE TKAHU 10~
mu(dEepMEHTHBIMU KOMITO3ULIUSIMU. BroxuMuyeckast OTBapka TakKe MO3BOJISIET YAAIUTh
80 % MuHepaTbHBIX BEIIECTB U3 LIEJUTIOI03HOTO BOJIOKHA. BBE1eHNE B TEXHOIOTHIO IIie-
JIOUHOM OTBApPKH 3Tara OMOOTBAPKHU U CHIKEHHE KOHIICHTPALIUU IIEJI0YU B COCTABE Ba-
POYHOIO PacTBOPA MO3BOJISIET MOHU3UTH CTENIEHb JECTPYKIIMH IEILTIOO3bI.

NccnenoBansl mokazareny KanLUIIPHOCTH U Pa3pbIBHOM HArpy3KH 00paslioB Cypo-
BOM XJIOMYaTOOYMa)KHOW TKaHU Tocje 0OpabOTKH MO BceM pexumaM. KamuuisipHOCTb
BCeX 00pasIoB jgocturaet Tpedyemoro 3HaueHus 120 mv/gac. [locie coBMerieHHo# 61o-
XUMUYECKOM OTBAPKH BHICOTA BOJSTHOTO CTOJIOMKA IMOIHUMAETCS 710 OTMETKU 198 Mm/4ac,
YTO TOBOPHUT O O0JIee KAYeCTBEHHOM U IITyOOKOW MOATOTOBKE TEKCTWJILHOTO MaTepuaa.
ITocnie 06paboTKH 110 BceM peskuMaM 00pasiibl TEPSIOT 0Koj10 20 % MpoYHOCTH 110 OCHOBE
u 16 % 1o yTKy, OZJHAKO 3HAUYEHUS OCTAOTCS B TIPEESIaX HOPMUPYEMBIX.

Taxum 06pa3oM, UCTIONIL30BaHKE B OMOTEXHOJIOTUM OTBAPKH MOIH()EPMEHTHBIX KOM-
MO3UIIMK TIO3BOJIIET KOMIUIEKCHO BO3JICMCTBOBATh HAa Pa3IMYHBIC BUJIbI MPUMECEH, CIIO-
COOCTBYs MpOBeIECHUIO YPPEKTUBHON OYMCTKHU BOJIOKHA W TIPUIAHUS €MY MOBBIIICHHBIX
TUAPOPUITBHBIX CBOUCTB. /{11 nocTkeHus TpeOyeMol CTENEHN OYUCTKU OT IpUMecer U
MaKCUMAJIBHON CMauuBaeMOCTH, 11€JI€CO00PA3HO MPUMEHSTH COBMEILIEHHBIE OMOXHUMUYE-
CKHE CIOCOOBI MOATOTOBKH, COCTOSIIIIUE U3 MOCIIEN0BATENBHON 00paObOTKH (hepMEHTHBIMU
npenaparaMyd U BapOYHBIM PAaCTBOPOM TPAAUIIMOHHOMW IIEIOYHON OTBAPKU MPHU MaTbIX
KOHIICHTPAILUSIX TOKCUYHBIX PEareHTOB. Pe3ynbTaT MIrkoro BO3JIEHCTBUSI — COXpaHEHUE
BOJIOKHOOOPA3YIOIIEro MojuMepa, a, CIeI0BaTeNIbHO, IPOYHOCTH BOJIOKHA, a TAKXKE CHU-
’KEHHE HETraTUBHOTO BIIMSIHUSI HA KOJIOTUIECKYI0 OOCTAHOBKY.

CnucoK UCNnoJIb30BAHHBIX HCTOYHHKOB
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Mapymak 0. 1., Scunckas H. H., Cko6osa H. B.
ButeOckuil rocy1apCTBEHHBIN TEXHOJIOTUYECKUN YHUBEPCUTET
tonk.00@mail.ru, yasinskaynn@rambler.ru, skobova-nv@mail.ru

Annotation. A technology has been developed for the formation of a polyure-
thane coating on a woven base (eco-leather). A nomenclature of quality indicators has
been developed, in accordance with which the physical and mechanical properties have
been studied. It has been established that the materials are resistant to low (—20 °C) and
elevated temperatures (up to +70 °C).

Lenpto npeaAnpusTUil BISETCS CO3JaHUe TPOAYKIIMH, KOTOpasi OTBevyana Obl Bbl-
COKHUM TpeOOBaHMSIM KauyecTBa U 3KoJIoTuu. OJHON U3 pacpOCTPaHEHHBIX U SKOHOMHU-
YECKHU BBITOJHBIX TEXHOJIOTHH MOTYyYEHUS] MHOTO(DYHKITMOHAILHBIX MaTEPUAIIOB SIBIISI-
€TCSl HAHECEHUE MTOJIMMEPHBIX KOMITO3UIINI HAa TEKCTUJIbHBIE MTOJIOTHA, B YACTHOCTH, UC-
kycctBeHHbIe Koxku (MK). Ognako oHM HE 00ecneunBar0T HEOOXOIUMBIX TUTHEHUYE-
ckux cBOUCTB. TexHomoruu nmpousBojacTBa MK coBepliiieHCTBYIOTCS U BCEe OOJIBIIYIO MO-
MyJIIPHOCTh IPHOOpETaIOT 3K0K0kU. Panee B PecriyOnuke benapych mogo0HsIii accop-
TUMEHT TEKCTWJIbHBIX MaTEpUAIOB UMIIOPTUPOBAJICS U3-3a pyOexka. B pamkax coBmecT-
Horo ¢ OAO «bapaHoBHuCKO€ TPOU3BOJCTBEHHOE XJIOMYATOOYMaKHOE O0BETMHEHUE)
MHHOBAIIMOHHOTO NpoekTa «Co3/1aHne U BHEAPEHUE TEXHOJIOTUN HAHECEHUS TOKPBITUI
Ha XJIOMYaTOOyMaKHbIE TKaHHW Pa3jIMYHOTO HA3HAUYCHUS» aBTOpPaMHU M IpEICTaBUTE-
JISIMU TIPEATIPUSATHUS pa3paboTaHa U BHEIpeHA TEXHOJIOTHS [ 1; 2] ¥ BBIMYIIIEHBI OTIBITHBIC
MapTUU WHHOBALIMOHHOM MPOIyKIMKU — 3Kokoxku. B PecnyOnuke bemapych co3znanue
Marepuasa HaXOJUTCS Ha CTaJuU Pa3BUTHSI, a TEXHOJIOTUSI HAHECEHHUS MMOKPBITUN HYX-
JTAeTCsl B COBEPIICHCTBOBAHUU. []esib pabomel — ONTUMHU3AIUS TEXHOJIOTHU (POpMUPO-
BaHMS TTOJIMMEPHOTO MOKPHITUS HA TKAHON OCHOBE, a TAK)KE OLIEHKA IKCIUTyaTallMOHHBIX
CBOMCTB TMOJYYEHHBIX JKOKOXK. OObekm ucciedosanusi. SKOKOXKHU TPOU3BOICTBA
«BITXO», obpazoBaHHBIE codeTaHHWEeM ABYX cioeB. OcHOBa — XJIOMYaTOOyMakKHAsS
TKaHb IIOJIOTHSHOTO MEPEIIETEHUs TIOBEPXHOCTHOM IIOTHOCTEIO 166,0 /M2, Bropoii
CJIOW, JUUEBOM — MHKporopuctoe noimyperanoBoe nokpeitue (CHT, T'epmanus).
HaneceHnne moammMepHOro MOKPhITHSI OCYIIECTBISUIOCh HA CYIIWILHO-IIUPUILHON Ma-
mmHe madepHbIM crioco0oM. Crioco0 CyIIKM — KOHBEKTHBHBIH.

C uenp0 ONTUMM3AIMK MPOIECCAa HAHECEHUSI TOKPBITUSI MPOBEACHBI AKCIEPU-
MEHTAJIbHBIC UCCIICIOBAHMS BIUSAHUA KpaTHOCTH TieHs! (1,25; 1,5; 1,75) monuyperano-
BOM KOMITO3UIIMH M TIPOAOIKUTEIBHOCTU CyIiku (4 muH, 7 muH, 10 MuH) Ha (U3uKo-
MEXaHMUYECKHE CBOWCTBA MaTepuasa. JDKCIEPUMEHTAIbHbIE TaHHBIE 110 BO31YXOMPO-
HUILIAEMOCTH U YCTOMUYUBOCTHU K UCTUPAHUIO, AMPOKCUMUPYIOTCS MOJIEIIIMU BTOPOTO
MOPSAKA, XapaKTepU3yOIMMH MUHUMAJIbHbIE U MAKCUMAJIbHBIE 3HAYEHUS MapameT-
POB B UCCJIEIOBAHHOM JIMaIia30He BiIaXHOro mpuBeca. [lokazaTenb )KeCTKOCTh M0 YTKY
HMMEET HEeTOJHbIE MOJIETU TPEThETo MOopsiaKa, OJHAKO OYEBUIHO, YTO C YBEINUYEHUEM
KPaTHOCTH TEHBI )KECTKOCTh MaTepralia CHIXKAETCSl OJTHOBPEMEHHO B JIBYX HalpaBJe-
HUAX (10 OCHOBE U YTKY). [lanHble koa(dduieHTa maponpoHUIIaEMOCTH OTUCHIBA-
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I0TCSI JINHEWHON 3aBUCUMOCTBIO OT aHAIM3UPYyeMbIX akTopoB. [lomydueHHble 3aBUCH-
MOCTH [1] MOKHO PEKOMEHI0BATh MPHU MPOU3BOJICTBE IKOKOXK B 3aBUCHMOCTH OT 00-
JIACTHU UX MPUMEHEHHUs U TPeOOBAHMI 3aKa3unKa.

ABTOpamu pa3paboTaHa HOMEHKJIATypa MoKazaTesiel KauecTBa IJisi SKOKOX OJIEK-
HOTO M TaJAaHTEPEHHOr0 Ha3HAYEHHsSI Ha OCHOBE SKCIIEPTHOIO OIPOCa CHEHUAIHNCTOB
MIPEANPUATHI TEKCTUILHOU U JIETKOU MTPOMBITIIEHHOCTH [2]. [IpoBeeHb! uccieioBaHust
MOTPEOUTENILCKUX U AKCILUTYaTallMOHHBIX CBOMCTB HA OCHOBE pa3pabOTaHHON HOMEHKIIA-
TypHbI MTOKa3aTee KayecTBa. Y CTAHOBJIEHO, YTO BO3AYXOIPOHUIIAEMOCTh 00Pa3IoOB sB-
JIIETCS XOPOUIEN B CPABHEHUM C UCKYCCTBEHHBIMU KOKaMU, HE ITPOITY CKAIOIMMHU BO3AYX.
OnbITHBIE 00pa31bl 00J1a1A0T Ty YILIEH TapONPOHUIIAEMOCTBIO, YeM, HAIIPUMED, JIAKOBBIE
Y XPOMOBBIE KOKH C MIOKPBITHEM, YTO JIA€T MPEUMYIIECTBO UCCIEAYEMOMY MaTEpHUaITy.

UccnenoBano BiusHus moHmWKCHHbIX (—20 °C) W TOBBIMICHHBIX TEMIIEpaTyp
(+35 °C; +70 °C) Ha ¢pu3MKO-MEeXaHHMUYECKUE CBOWCTBA YKOKOXK. CHI)KEHUE TeMIiepa-
Typbl 10 —20 °C He SBISIETCS KPUTUIHBIM M YUCIIOBBIC 3HAYEHUS Pa3pPhIBHON HATPy3KH
Y YJUJTMHEHUS TPU pa3pbIBE HAXOJATCS B JUAMa30HE JIOMYyCTUMBIX, 3HAUCHHUE MTOKa3a-
TeJsl BO3IYXOMPOHUIIAEMOCTh BapbUpyeTCs B paMkax HOpMbI. [lanenue kordduim-
€HTa MapoIlpOHUIIAeMOCTH JJ1s1 00pa3ioB He npeBbimaeT 7 %. [loBbllieHne TemMIepa-
Typbl 710 35 °C Takke He OKa3bIBAET CYIIECTBEHHOTO BIUSHUSA Ha (PU3UKO-MEXaHUYe-
ckue cBoiicTBa 00pa3uoB. IIpm HarpeBe obOpa3ioB g0 70 °C mpOYHOCTH CHIDKACTCS
npuMepHo Ha 14 %, majgeHue KOTopoi cocrapiseT okoyo 35 %, camkeHue ko3¢ du-
[MeHTa maponponunaeMoctu 4-5 %. Takue u3MeHeHUs (PUINKO-MEXaHUYECKUX
CBOWCTB NMPOUCXOIAT U3-3a JECTPYKIHUH HOJIUMEPHOTO CJOS.

[IpoBeneHbl UCClIeIOBaHUS BIUSIHUS MOKPBIX 00pabOTOK Ha CBOMCTBA DKOKOXK.
YcTaHoBIIEHO, YTO OKpacKa MaTepralia YCTOMYMBA K JICMCTBHIO MOKPBIX 00pabOTOK.
CHmxaeTcs BO3IyXOIMPOHUIIAEMOCTh U YCTOMUYUBOCTh MOJUMEPHOTO MOKPBITUS K UC-
TUPAHUIO, YTO 00YCIIOBJICHO YBETUYCHUEM TUIOTHOCTH TKAHU-OCHOBBI, OJHAKO 3HaYe-
HUE TIOKa3aTessl HaXOJUTCS B paMKaX HOpMbl. M3MEHEeHHe JTUHEWHBIX Pa3MEPOB IO
YTKY MUHUMAaJIbHO — ycajka He npebimaeT 1 %, B HampaBieHun ocHoBbl 0,6—5,2 %.
ITo pe3ynpTaram ucciae0BaHUM COCTABIICHBI PEKOMEHIALIMH T10 SKCILTYyaTalud TKaHE!
C TOJMYPETAHOBBIM MOKPBITHEM: pyudHas ctupka 30-60 MUHYT mpu Temmeparype
40 °C, omxuM BpyuHYyI0. B KadecTBe UHCTSIIMX CPEACTB IMPUMEHSATH OBITOBEIC ITO-
pomiku 0e3 coaepxkaHus xjopa. JuzaiiHepamm kadenpbl «J/[u3aiiHa U MOIBI»
YO «BI'TY» oTmmTa KOIEKIUSA OAEK b, KOTOPast AEMOHCTPUPYETCS HA BBICTABKAX
Pecniy6mmuku benapychk u Poccutickoit @eaepaiuu, moyydaeT oJ00peHUe OT TEXHOJIO-
rOB LIBEWHOIO IPOM3BOJCTBA, APYTUX CIEHUATUCTOB TEKCTUJIBHOW W JIETKOW MPO-
MBIIUIEHHOCTH, & TaKyK€ MPOXOIUT ONBITHYIO HOCKY.
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