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HAYYHASA CEKIUA
«MHHOBALINN B MATEPUAJIOBEJIEHUN. DOHEPI'ETUKA U
SKOJIOTUMYECKA I BE3OITACHOCTB. APXUTEKTYPA. TU3AMH»

YK 628.354
IMPOEKTUPOBAHUE U YCTPOMCTBO I'PABUMHBIX ®UJIBTPOB C
HNCKYCCTBEHHOM ADPAIIMEN
Anygpuee B. H., Boakosa I'. A., Angpepuux B. B., Cemuxawesa 3. 3.
benopycckuti hayuonanvhwil mexuuueckuti yrusepcumem, bpecmcxuii
20Cy0apCcmeenHblll mexXHU4eCKUll yHugepcument,
e-mail: vladimir.anufriev@bntu.by, volga-brest@mail.ru

Summary. The sand and gravel filters with macrophytes, which are used for
biological wastewater treatment at small-capacity treatment plants, are
considered. The intensity of wastewater treatment is increased by introducing air
into the lower part of the loading of sand and gravel filters.

[lecuano-rpaBuiiHble GUIBTPBI IPUMEHSIOTCS Ul OMOJIOTMYECKOM OUUCTKHI
CTOYHBIX BOJI HA OYUCTHBIX COOPYKEHUSIX HEOOIBIION MPON3BOAUTENBHOCTH, KaK
npaBuio, ¢ Harpy3koi He 6osiee 10 000 OH [1-3]. IIpuaumn paboTel necyaHo-
IpaBUIHBIX  (UIBTPOB OCHOBAaH Ha  (UIBTPOBAHMM  CTOYHBIX  BOJ,
NIPEABAPUTEIBHO OCBETIICHHBIX B CENTHUKaX WJIM OTCTOMHUKAaX, 4Yepe3 CIou
3arpy3ku W3 rpaBus, necka. B kauecTBe OMOIIEHO3a, KaK MPABUIIO, UCIIOIB3YIOT
TPOCTHUK. PacyeT NpPOM3BOIUTEIBHOCTH TE€CUYAHO-TPABUIHBIX  (DUIBTPOB
MPOU3ZBOJUTCS C YYETOM YACNbHOW IIIomanu (uibTpa, TUIPABIMYECKON
Harpy3Kd 1 KOHUEHTPALUH 3arpsI3HSIONIMX BEIIECTB B CTOYHBIX BOJAX.

BeprukanbHbie 1 TOPU30HTAIbHBIC TPABUNMHBIE (PUIBTPBI C UCKYCCTBEHHOM
aj’panuel MPUMEHSIOT B KA4eCTBE OCHOBHOM CTYNEHU OMOJIOTHYECKON OYUCTKU
CTOYHBIX BOJ. YBenuyeHHe dS(YPEKTUBHOCTH OUUCTKA O0OECIeUrBaeTCs
VMCKYCCTBEHHOW MOJAYEN KHCIOPOJa BO3AyXa B HUKHIOIO YaCThb COOPYKEHUU C
NOMOIIBIO KOMITpeccOopoB. BepTukanbHbli (GUIABTP C 3arpy3kod W3 TIpaBusd
KPYITHOCTBIO OT 8 10 16 MM NpUMEHSIOT B KAauyeCTBE OCHOBHOW CTYIICHH
ouonornyeckoil ouucTku. Ilocnmeayromas O4YMCTKAa CTOYHBIX BOJ Mpeay-
CMaTPHUBAETCS HA TOPU3OHTAIHLHOM (UIBTPE C 3arpy3Koil U3 MEJIKOTO TpaBHs
KPYIHOCTBIO OT 2 0 8 MM. PacueT BepTUKaIbHBIX (PUIBTPOB C UCKYCCTBEHHOM
aj’palyel MPOU3BOJAT C YUYETOM YAENIbHOW IUIOIIAIM HIKHEH YacTh (uibTpa,
npuHuMaeMoii He meHee 1,0 M%/DH, U cpeiHeCYTOUHOMH y/ENbHONH HArpy3KH 1O
XIIK — e 6onee 0,1 xr/(m3 cyr). CpenHecyTounyo yaenbHyo Harpysky mno XITK
TOPU3OHTAIBHBIX (QUABTPOB mpuHMMaOT He Oomee 0,2 xr/(m*xcyt) [2].
["opuzonTanbHBIA QUIBTP C UCKYCCTBEHHOM al’panmeit (puc. 1) mpumensercs B
KayecTBE OCHOBHOM CTYNEHH OHOJIOTMYECKOW OYHMCTKM HA OYHCTHBIX
COOPYKEHUSX.
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Pucynok 1 — Cxema ropu30oHTIBHOTO (PHIIBTPA C UCKYCCTBEHHOM adpaluei, ¢
GbuIbTpyIOIIe 3arpy3Koi U3 TpaBHsL:
1 — manomerTp; 2 — a3paTop; 3 — pacnpeeNIUTeNbHbIN CII0M U3 rpaBUsl KPYITHOCTHIO 3€PEH OT
16 1o 32 mm; 4 — IpeHaKHBIN CII0M U3 IpaBUs KPYITHOCTBIO 3epeH OT 16 1o 32 mm;
5 — Cio puIbTPYIONIEH 3arpy3KH U3 CPEIHETO TPaBHsl KPYIMHOCTHIO 3epeH oT § 10 16 MwM;
6 — moaBoIAIIMI TPYOOTIPOBOI; 7 — MOBEPXHOCTHBIN CIIOH, BhICOTOM He MeHee (0,2 M;
8 — npeHaxHbIid TPyOOTPOBOM; 9 — HATBOIHBINA OOPT

CucreMmy al’panvy BBIONHSIOT U3 NMEePHOPUPOBAHHBIX MOJUITHICHOBBIX
TpyO C OTBEPCTHUSIMM, KOTOpbIE pacnojio’keHbl Ha pacctosHuu 0,3 M Apyr oT
npyra. Paccrostane mexay nephopupoBaHHBEIMU TpyOaMu MMPUHUMAIOT HE Ooee
30 cMm, yIoenbHBIM pacxol BO31yXa B HIDKHEH yacTH (QuibTpa — HE MeEHee
0,6 M%*/(m?4) [3]. BokoBEIE CTEHKH (PUIBTPA YCTPAUBAIOT BEPTUKAIBLHO, YTOOEI
n30exaTh HE a’dpUPYEMbIX 30H, COJEpKaHHME KHUCIOpoJa B  (QUIbTpE
TIOIEP>KMBAIOT HE MEHEE 2 MI/IMS.

[IpenmymiecTBOM TrpaBUMHBIX (UIBTPOB C pPACTUTEIBHBIM CIIOEM U
alparueit sBisieTcss 0oJiee BHICOKAs Y IeIbHAS POU3BOIUTEIHHOCTD.

CnucoK ucnoJib30BAaHHBIX HCTOYHUKOB

1. CH 4.01.02-2019 Kanamuzauus. Hapyxuble cetu u coopykeHus. CTpouTeabHbIE
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Summary. Pollution of aquatic ecosystems with heavy metals is one of the global
problems of our time. In order to preserve the stability of aquatic ecosystems, the
ability to self-recovery and self-regulation, under conditions of constant
anthropogenic impact, along with controlling the content of heavy metals in the
components of eco-systems, it is necessary to study the features of their
accumulation and migration.

B mocneagnee Bpems B CBS3M C NONAJAHUEM B IPUPOJIHBIE DKOCHUCTEMBI
TEXHOTE€HHBIX  MOJUIIOTAHTOB  OOBEKTOM  MCCIEIOBAaHUSA  3KOJIOTMYECKOIrO
MOHHUTOPHUHTA SIBIISIOTCS TSAXKENble METAJLJIbl, 3aHUMAIOIIUE 0CO00€ MOJI0KEHUE
CpeAu NPUOPUTETHBIX 3arpsA3HAIOIIMX BEUIECTB IPECHOBOJIHBIX JIKOCUCTEM.
[locne nmnomamaHuss B  TOBEPXHOCTHBIE BOJBI TOKCHUYHBIE  BEIIECTBA
KOHILICHTPUPYIOTCSI B €€ KOMIIOHEHTaX M CIIy)aT HNPUYHUHON IMOBTOPHOIO
3arpsi3HEHMs, YTO B WUTOT€ MPUBOJIUT K HEOJIArONMpHUSTHBIM TMOCIEACTBUSM B
KU3ZHENIEATETbHOCTH OMOTHI U HAPYIICHUIO YCTOMYMBOCTH YKOCUCTEMBI B 1IEJIOM.
[TocTynieHrne TOKCUYHBIX JIEMEHTOB MOKHO KOHTPOJIMPOBATH, OJTHAKO IIPOTHO3
UX PACHPOCTPAHEHMS MO OTIAEIbHBIM KOMIIOHEHTAaM BOJHOM JKOCHCTEMBI
BBI3BIBACT 3aTPyAHEHUS.

MexaHu3Mbl, KOHTPOIUPYIOIUE MOOMIN3AINI0 U MUTPALMIO0 XUMHUYECKUX
AJIEMEHTOB B BOJHBIX DKOCHCTEMAX, HEAOCTATOUYHO U3y4EHBI. Y CTAHOBJIEHO, YTO
OOJBIIMHCTBO TSDKEJIBIX METAJJIOB HAXOJUTCA B COCTOSSHUM pacCesHUs, HE
NoJBEpraroTcsd OHOJerpajalii U COXPAHSIOT CBOKO  aKTUBHOCTh H
KyMYJSITUBHBIN 3 (EKT, MO3TOMY OKa3bIBaeT JIUTEIbHOE BO3JCHCTBHE Ha
3KOCUCTEeMHI [ 1; 2].

KoHueHTpaust TSXKENpIX METAJIOB B NPUPOJHBIX CpENax BapbUPYET.
JKvBble OpraHu3Mbl ANANTHPYIOTCS K HAXOXKICHUIO TSKENIBIX METAUIOB B
OKpYy Karollel cpele W TOJEPAHTHbl K KOJeOaHUSM HUX COJEp)KaHUs, OJHAKO
BBICOKME KOHLEHTPAllMM METAJJIOB OKa3bIBAlOT YTHETAIOIIEE M 4acTo
TOKcHYecKoe AeicTrue [2; 3].

[Ipu npoBeneHUN SKCIEPUMEHTAIIBHBIX HCCIeA0BaHUM [3] BBISABICHO, YTO
TSDKEJbIE METAJUIBI MUTPUPYIOT B BOJHBIX 3KocucTeMax. CoaepKaHue TsHKEIbIX
METAJIJIOB B3aMMOCBSI3aHHO B CHUCTEME «I10YBA — BOJA — PACTEHUS — )KUBOTHBIEY,
3aKOHOMEPHO YBEJIWYUBAETCS BO BCEX KOMIIOHEHTaX BOJHOM 3KOCHUCTEMBI, YTO
JIOKa3aHO MHOTO()AKTOPHBIM aHAIHU30M [2; 3] PU3MKO-XMMUYECKUX MOKa3aTeaei
cpenbl U OMOXMMHUYECKMMH JaHHBIMU OOMEHa BELIECTB PACTUTEIBHOCTU U
JIETOYHBIX PECHOBOAHBIX MOJUIFOCKOB.

HccnenoBaHo MUTpanysi MOHOB TSKEIBIX METAUIOB MEXKIY CHUCTEMaMu
«Boma — moyBa — mpUOpPEKHO-BOJIHAS PACTUTEIBLHOCTh — IPECHOBOIHBIM
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ruapoOuonT». Cpean NpUOPEKHO-BOJHON PACTHTEIBHOCTH HCCIEAOBAIUCE:
pacTeHusi, MOTPYKEHHBbIE B BOJAY; IUIABAIOIIMMHU HA IOBEPXHOCTHU BOJBI; y
KOTOPBIX OJIHA YacTh MOOEroB HAaXOJUTCS B BOAE, Apyras — BO3BBIIIAECTCA Haj
BOJIOH.

Cpean mpecHOBOAHBIX THIPOOMOHTOB: KATYIIKy POrOBYIO M NPYJOBHUKA
O0OBIKHOBEHHOTO.

DKCIEpUMEHTAJIbHBIE JJAHHbIE MOATBEPAWIM MHUIPALMI0 MOHOB TSIKEIBIX
MeTaJIoB [3]: coaepKaHHE MOHOB MEIHM B HCCIEIYyEMBIX pailoHaX B IOYBE
npuOpexHO 30HBI BojgoeMOB He mpeBbimaeT 3HadeHus [IJIK; conepikanue
VMOHOB €eJie3a BO BCEX UCCIIEAYEMbIX palioHax npesbimaeT 3Hauenue [IJIK kpome
p. 3an. JIguna (Ilonoukuii p-H); coliepKaHWE HMOHOB IIMHKA B HCCIIEIYEMbIX
paiioHax B MOYBe MPHOPEKHOM 30HBI BOJOEMOB TipeBbIniaeT 3Hauenus [1JIK.
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Ban Muniwoanw, Tan /[ynan, bonoapenxo C. H., Pyonos B. C.
benopyccruu nayuonanvuvii mexnuueckuu ynugepcumem
Ypanvckuii gpedepanvuviii ynusepcumem umernu nepsoco Ilpesuoenma Poccuu
b. H. Envyuna
e-mail: tangdy8@gmail.com

Summary. In this paper, the mechanism of self-healing of concrete cracks by
permeation crystallization method is briefly expounded, and a reaction
mechanism of cyclic complexation crystallization/crack self-healing reaction is
proposed, and the repair effect of permeable crystalline composites on concrete
cracks is further studied, and the self-healing mechanism of permeable crystalline
self-healing concrete materials is discussed. Finally, it is pointed out that there is
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still a need for further research on the concrete repair by permeation
crystallization method.

beToH siBisieTcss MUKPOCKOITUUYECKHUM MOPUCTHIM XPYIIKUM MaTepUalioM, U B
MPOIIECCe PeaKIuu THApaTaAlUK MEXKY IIEMEHTOM U BOJOM i (hOpMUPOBAHUS
MPOYHOCTH HEU30€KHO BO3HUKHYT IE€pBOHAuYajIbHbIEe AEPEKThI, TaKHE Kak
BHYTPEHHHE MOPHI U MUKPO3a30Pbl B IIEMEHTE U €0 MEPEXOAHOM 30HE HA TPAHUIIE
paznena c 3anojgHuTeneM. [lpu HOpMaIbHBIX YCIOBHUSAX paOOThl Ha OETOHHBIN
KOMITOHEHT BJIMSIFOT TaKue (paKkToOpbl, KaK Harpy3Kka Wik U3MEHEHUS TeMIIePaTyphl
U BIIQYKHOCTHU OKPY’KAIOIICH Cpenbl, U BIOJIb BHYTPEHHUX HAYaJIbHBIX Je(EKTOB
OyIayT 0Opa30BBIBATHCS MHUKPOTPEIINHBI, a €CIM BHYTPEHHHE MHUKPOTPEIIMHBI
NPOHUKHYT B TpPEIIMHbI Ha TOBEPXHOCTHM JE€Tald, 3TO TMOBIMUSIET Ha
IPOU3BOIUTENBHOCT OETOHHOTO KoMIOHeHTa. [loaToMy wuccienoBarenu
MOCTOSTHHO M3y4aldd KOHTPOJb TPEIIUH B OCTOHE W BBIIBUHYJIM HaIlpaBiCHUE
UCCJIeIOBAaHUI CAMOBOCCTAHOBJIEHUS TPEIIMH B OETOHE.

2. MexaHu3M JE€UCTBUS TPOHUIIAEMOIO KPUCTAJUIMYECKOTO TPEUIUHO-
3a)KUBIISOIIErocs: OeToHa

AKTHBHOE BeHIECTBO (IPEICTaBI€HHOE S) B MPOHUIIAEMOM KpUCTAJI-
JMYECKOM Marepuaje, HE3aBUCUMO pa3pabOTaHHOM B JTOM CTaThe, MOXKET
XUMHUYECKU pearupoBarb co cBoOomHbIM Ca*+ B OeToHe, MO/l COBMECTHBIM
JIENCTBUEM KOHILIEHTPAIIMU U Pa3HOCTH JaBJICHHUIN aKTUBHOE BEIIECTBO TPOHUKAET
BO BHYTPECHHHE MOPHI OETOHA C BOJOW B Kaue€CTBE HOCHUTENS U pEarupyeT co
CBOOOAHBIMH HOHAMU B O€TOHE ¢ O0Opa30BaHWEM HEPACTBOPHMOW B BOJE
KPUCTAUIMYECKOW YETBEPKH, KPUCTAILIM3ALMSA PACHPOCTpaHsETCs] ¢ BOJAON B
nopax O€TOHa, CTAJIKHUBAETCS C BBICOKOM aKTMBHOCTBbIO M HETHUAPATUPOBAHHBIM
LEMEHTOM, KOJUIOMJOM LIEMEHTA U T. /1., AKTUBHOE XUMUYECKOE BEIIECTBO Oy/eT
oonee ctabminbHbIM S103%-, mpoucxoaaT AlO3- u npyrue 3amenieHus, peakuuu
KpUCTAJUIU3AIMU, KOMIUIEKCOOOpa3oBaHUs U OCaXJEHUs, oOpasyroiiue Ooliee
CTaOWJBHBIA  KPUCTAJUIMYECKUH  COCTaB,  3alOJHSAIOINIME  TPEUIUHBI U
KalmWIISIpHbIE TIOphl B O€TOHE, M AaKTHMBHOE BEIIECTBO CHOBAa CTAHOBUTCS
CBOOOJIHBIM paJIUKaJIOM, M TIPOJI0JKAET MUTPHUPOBATH C BOJOW BHYTpPH OCTOHA,
BBIIICYKa3aHHBIN MPOLECC MMOCTOSHHO HUPKYJIUPYET, & KPUCTATUIMYECKOE TEJIO OT
pa3pexKEHHOTO JI0 MIOTHOTO B MOpax OETOHHOW KOHCTPYKIIUH, YTO 3HAUUTEIHHO
yAYUYIIaeT CKUMAIOIIYI0 CIIOCOOHOCTh KOHCTPYKIMU B 1enoMm. [Ipomecc ero
JIEUCTBUSA MOXKHO IMMOKa3aTh Ha puc 1.

nudysus
S becnnarno Ca** & -8

) B Si0>
andyms i gy3us HO

CaSi0,-(nH,0)
OCJ—J)K,I]E?HHE? KOMIUICKCHOH
KpHCTallTH3alHH

Pucynok 1 — [IpuHiunuanbHas cxema MEXaHu3Ma Peakiui CaMOBOCCTAHOBIICHUS
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[IpennoxkeHa  BO3MOXXKHOCTb ~ CaMOBOCCTAHOBJIEHUSI  IPOHUILIAEMBIX
KPUCTAJUIMYECKUX TPEIIMH, YTO IOBBIIIAET CPOK CIIy:KObl BCEro OETOHA Ha
OCHOBE XMMHUYECKOW pEaKIM, YTO HE TOJIbKO MPOJUIEBAET CPOK CIIY>KObI, HO U
NOBBIIIAET TMPOYHOCTh U KOMIIAKTHOCTh MarpuyHoro OeroHa. Korma Oeron
BBICBIXAET, JICUCTBYIOLIEE BEIIECTBO HAXOAUTCS B COCTOSHUM TIOKOS M3-3a
orcyTcTBUs aU(PGY3MOHHONW cpeAbl; Korjma OeTOH TpeckaeTcss W Boja
IPOCAYMBACTCS, BEIIECTBO PEAKTUBHUPYETCS W TMPOAOIDKAET KaTalu3upoBaTh
HOBYIO PEaKIMI0 KPUCTAJUIM3AIlMU, YTOOBI peasn30BaTh BO3MOXKHOCTH
CaMOBOCCTaHOBJICHHS TPEIIMH B OETOHE.
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Summary. In recent years the application of fiber in concrete is more and more
extensive, this paper for, plant fiber, nano-fiber, steel fiber to make a relevant
comparison of the classification, and discusses the fiber in the concrete in the
relevant problems, I hope to provide readers with relevant reference around.

Fiber concrete, is a composite material consisting of a cement paste, mortar,
or concrete as the matrix and metallic fibers, inorganic nonmetallic fibers,
synthetic fibers, or natural organic fibers as the reinforcing material. Concrete
with one type of fiber is called single-fiber concrete, and concrete with two or
more kinds of fibers in the matrix or the same fiber in different scales or different
shapes of types of fibers is called mixed-fiber concrete.

Cement and concrete products are high-strength, low-cost materials used in
large quantities in construction and civil engineering. However, conventional
cement concrete has defects and deficiencies in performance, such as: low tensile
strength, when subjected to tensile stress, it is very easy to produce brittle damage
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spalling or crushing; poor durability, in the face of the environment, chemical
erosion, and other external factors, the concrete continues to expand the cracks
will greatly undermine the durability of the structure and affect its service life. All
these greatly limit the use of concrete and the expansion of new applications.

Since the middle of the 20th century, scientists in various countries have tried
to improve the performance of concrete by adding fiber materials, and their efforts
have been successful. Cement concrete reinforcing fibers mainly include glass
fibers, steel fibers, asbestos fibers, nanofibers, other fiber materials are mainly
natural fibers, including coconut fiber, reed fiber, straw fiber, etc., chemical fibers,
such as polyolefin fibers, carbon fibers, aromatic polyamide fibers, and
regenerated cellulose fibers. The performance of fiber-reinforced cement concrete,
crack resistance, ultimate flexural strength, compressive strength, and toughness,
depends on the mechanical properties of the fibers, ease of adhesion, dispersibility,
and the number of additives in the fibers. This paper only briefly discusses the use
of non-metallic fibers with nanofibers and steel fibers in concrete products.

The chemical composition of reed fiber is mainly cellulose, hemicellulose,
lignin and ash. Generally speaking, the cellulose content of reed fiber is between
50-60 %, hemicellulose content is between 20-30 %, lignin content is between
10-20 %, ash content is between 5—-10 %, length is between 0.9—1.1 mm, fineness
1s between 11-13 dtex, gloss is low, moisture absorption is high, thermal stability
1s poor, and resistivity is high [1].

Research on reed fiber concrete first originated in the early 21st century.
Researchers began to explore and experimentally investigate the feasibility of
reed fiber as a concrete reinforcement material. At this stage, the focus was on the
effects of the extraction technology, fiber length and admixture of reed fibers on
the performance of concrete.

The length of coir fibers is generally between 10-25 cm, with an average
length of about 17.5 cm, with poor length uniformity and high dispersion. The
fineness of coir fiber is coarse, the average fineness is about 275 microns, and the
fiber longitudinal fineness uniformity is poor. Of the coir fiber, the bulk density is
about 0.3 g/cm?, and the porosity is about 80 %. The main component is cellulose,
accounting for about 46—-63 %, but also contains lignin, hemicellulose, pectin and
other concomitants.The 1970s, when scholars began to focus on the potential of
using plant fibers to strengthen concrete. After years of research and
experimentation, coir fibers were found to be effective in improving the toughness,
crack resistance and durability of concrete. Early studies focused on exploring the
effects of coir fibers on concrete strength, crack resistance, and durability, and
researchers found that coir fibers were effective in increasing the compressive
strength, flexural strength, and impact strength of concrete. In addition, coir fibers
have good resistance to penetration and carbonation.

The main component of nanofibers is related to its source, which can be
different substances such as cellulose, carbon, metal, oxide, sulfide, etc. It is very
small in fineness, generally between tens and hundreds of nanometers, and it can
even reach the size of a single atom, and the density of nanofibers is related to its
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constituent elements, which is generally between 1-2 g/cm?®.Nanofiber concrete
has good strength properties, can significantly improve the building load-bearing
capacity, reduce the thickness of the building structure, save resources and reduce
costs. In sustainable development, the development trend of NFC is highly
favored because it can be prepared from waste materials, which is conducive to
the recycling of resources and also helps to solve the problem of environmental
pollution.

Steel fiber concrete is currently the most widely used in the field of
engineering materials, the largest amount of research malefactor the most
adequate kind of fiber concrete. Usually in the experiment usually use corrugated
steel fiber, 40 mm long, 4 mm wide, 0.8 mm diameter, density 7.8 g/cm?; tensile
strength greater than 1200 MPa, is a very good material to enhance the mechanical
properties of concrete, usually add the proportion of 1 % — 1.5 %. Started in 1907,
first metal fibers into the concrete used to enhance its performance until the 1970s,
the United States Battelle company steel fiber melt pumping technology invention,
greatly reducing the manufacturing cost of steel fibers, so that it is widely used in
practical engineering.

And the current problems of fiber concrete are nonlinear distribution and
durability. The problem of fiber distribution uniformity is a major research focus
of fiber concrete. In fiber concrete, the distribution of fibers directly affects the
mechanical properties and durability of concrete. Due to the physical properties
of fibers and factors such as the viscosity and fluidity of concrete, the distribution
of fibers in concrete often has the problem of inhomogeneity, which may lead to
non-uniformity in the performance of concrete, or even cracks and other
destructive patterns. Therefore, research and exploration of effective fiber
dispersion methods and improvement of interfacial properties between concrete
and fibers in order to improve the distribution of fibers in concrete and enhance
the overall performance of metal-fiber concrete is an important issue at present.

Reference
1. Wang Xiaofeng. Research progress of non-metallic fiber concrete[J]. Journal of
Building Materials, 2018, 21(4): 601-610.

YK 629.114
INPUMEHEHME AJTIBTEPHATHUBHBIX HCTOYHUKOB DHEPI' U
B CHJIOBBIX YCTAHOBKAX KAPBEPHBIX CAMOCBAJIOB
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Summary. The main types of fuel for use as alternative energy sources in power
plants of heavy-duty mining dump trucks are considered. A promising option has
been proposed for providing electricity to both heavy-duty mining dump trucks
and, in general, such mining enterprises, especially in remote regions without
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stationary high-voltage lines, using a mobile nuclear installation based on the
chassis of one of these machines.

OpHoll M3 aKkTyallbHBIX 3ajad, CTOSIIMX HAa COBPEMEHHOM JTale Mepej
MUPOBBIMH  MPOU3BOAUTENIAMH  OOJIBILIETPY3HBIX KapbepHBIX CaMOCBAJIOB,
SBIIAETCS pa3pabOTKa NEPCIEKTUBHBIX O0pPa3lOB MaIIWH, PabOTaIUX OT
aIbTEPHATUBHBIX HCTOYHUKOB OJHEpruu. Pemienuwe 5Toil 3amauyd MO3BOJIUT
CYIIIECTBEHHO CHU3UTh HETATUBHOE BIUSHUE HA OKPYIKAIOIIYIO CPEly B PETHOHAX
BEJICHUsI MAaCIITAOHBIX OTKPBITBIX TOPHBIX pabOT Ha Kapbepax. Hampumep,
MOBCEJIHEBHAsI KPYTJIOCyTOYHasi padOTa KOJOHHBI OOJBIIErPYy3HBIX MalIMH Ha
Kappepe «MHUKaeBUYM» CONPOBOXKIAETCS CYLIECTBEHHBIM HEraTHBHBIM
BIMSIHUEM Ha 3KOJIOTHUYECKYI0 OOCTAaHOBKY B PETHOHE BEICHMSI OTKPBITHIX
ropHbIX paboT. OCHOBHBIMH HETaTUBHBIMU (PAKTOpPAMH SIBIISIOTCS: BBIOPOCHI
OTpa0OTAHHBIX Ta30B W3 JU3EJIbHBIX JBUraTENeH; 3albUIEHHOCTh BO3QyXa OT
B3aUMOJICUCTBHS KOJIEC C JIOPOTOM; 3arps3HEHUs] OKPYKaIOIIEH Cpebl TBEPIbIMU
OTXOJIaMU TPU U3HOCE I1IUH.

[lenb paboThl — pa3paboTKa MEPCHIEKTUBHBIX HAMIPABICHUMN UCIIOIb30BaHUS
aJIbTEPHATUBHBIX UICTOYHUKOB 3HEPIUH B CUJIOBBIX YCTAHOBKAX OOJBIIETPY3HBIX
KapbepHBIX CAMOCBAJIOB.

B pabGote paccMoTpenbl Haubosee MOTECHIMATBHO MPUMEHUMBIE IS
JTOCTHKEHHUS 3TOH 1IeJIH CIEAYIOIINE BU/IbI TOILIUBA.

Jln3enpHOE TOIUIMBO MPUMEHSIETCS CETOAHS NMPAKTUYECKH HA BCEX BUIAX
Ipy30BOT0 aBTOMOOWJIBHOTO TpaHCIOpTa BO BceM Mupe. Ero mnpumeHeHue
JUKTYETCS. BBICOKUMHU HHEPreTUYECKHMH II0KA3aTEeIsIMU, PpPa3BUTOM Mpo-
MBIIIJIEHHOCTBIO MO €r0 MPOU3BOJICTBY U JOCTYIHOCTBIO JJI MOTpEOUTENEH.

CXMKEHHBI NOpUPOAHBIA Ta3 — OAMH M3 CaMbIX HEPCIEKTUBHBIX
MCTOYHUKOB aJIbTEPHATUBHOIO TOIJIMBA, B TOM YKCII€ U HA TPAHCIIOPTE.

DnexTpudecKkas dHEpPrus — OJUH U3 caMbIX 3(P(EKTUBHBIX BUIOB SHEPIHU
JUTSI IIIMPOKOTO CIEKTpa MOTpeOuTeNield BO BCEM MUPE.

Bonbmiolt uHTEpec MNPOSBISETCS TaKKEe M HAMpPaBICHUM BO3MOMXHOCTH
CO3/IaHUs PHEPTrEeTUYECKUX YCTAHOBOK, pabOTAIOIIKMX Ha BOJIOPO/IE.

AKTyaJIbHBIM Ha TNEpPCIEKTHBY CUMTA€M BO3MOKHBIM HCIIOJIb30BAHUE
JOKaJIbHBIX YHEPreTUYECKUX YCTAaHOBOK, pPA0OTAIOIINX HA SJIEPHOM TOIUIMBE.

Konctpykropamu Xonauara «benA3» BegyTrcss uccleloBaHHS U
paKTHYECKHUE pa3pabOTKH B HANPABICHUHU CO3JaHUS KapbepHBIX CaMOCBAJIOB C
ra30TypOMHHBIMU JBUTATEISIMU, TOTPEOISIFOIIMMHU TPUPOIHBIH ras3.

HmeeTcst ombIT 3KCIUTyaTallud OOJBIIETPY3HBIX KapbepHBIX CaMOCBAJIOB,
BBIIIOJIHEHHBIX [0 cXeMe TposuieiiBo3. OJHAKO 3TO CONPSHKEHO €O
3HAYUTEIBHBIMHM 3aTpaTaMd Ha OOOpYJOBaHUE KApbEPOB CHIIOBBIMU BO3-
JTYIIHBIMU KOHTAKTHBIMH 3JEKTPUUYECKUMU JIMHUAMH, a TAKXKE CYIIECTBEHHBIM
OrpaHUYEeHHEM MPUMEHEHHSI IaHHOTO BUJIa TPAHCIIOPTA.

Kak u3BecCTHO W3 MOKIAJOB CHEUAIMCTOB 3aBoAa benA3 Ha HaydHBIX
KOH(EpEeHUUX, MPOILIN YCIIEUTHbIE UCIIBITAHUS OMBITHBIE 00pa3lbl KapbePHBIX
CaMOCBaJIOB, pa0OTAIOIIMX HA AKKYMYJISITOPHBIX OaTapesix.
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3HauMMbI€ SKCIUTyaTallMOHHbIE MPEUMYILECTBA 3aJI0KEHBl B THOPUAHBIX
YHEPreTUYECKUX YCTAaHOBKAaX [UIsl OCHAILLEHUS KapbEepHBIX CaMOCBAJIOB. IJTO
COUYETaHUE JU3EIBHOTIO WM ra30TypOMHHOIO JBUTATENSI C aKKyMYJISATOPHBIMU
OarapesMH, TaKk Kak B 3TOM CIIy4yae HMMEETCS BO3MOXHOCTb 3HAYUTEIbHOU
SKOHOMUU SHEPTUU 32 CUET €€ peKyIepaluu IpH CIIyCKe MAILIMHbI B Kapbep.

Takum oOpazom, ecnu nepBasi 4acTh MPOOJIEMBI YK€ aKTUBHO PEaU3yeTCs
B BUJIE DKCIIEPUMEHTAJILHBIX 00pa3IoB OOJIBIIETPY3HBIX KAPHEPHBIX CAMOCBAJIOB
Ha aKKyMYJISTOPHBIX OaTapesiX, TO BTOpas 4acTb MPOOJEMbl — JAOCTYITHBIM
HMCTOYHUK 3JICKTPOIHEPTUH OOJIBIIION MOITHOCTRIO Hopsika 60—100 MBT.

Jlis ycrnoBuii paboThl caMOCBajIoB Ha kKapbepax bemapycu sta mpobiema c
YCIEXOM pelIaeTcss Oynarofapsi BBEJACHHBIM B JKCIUIyaTalMIO0 JBYM OJOKaMm
aTOMHOM 3J1eKTpOocTaHIIMU B CMOPrOHHU U Pa3BUTOM SHEPrOCEThIO PECITYOIHKH.
OpHako, y4uThIBasl MpeoOagarolue 3KCIOPTHBIE MOCTABKU OOJBIIErPY3HBIX
KApbEPHBIX CaMOCBAJIOB benA3 BO MHOrME permoHsl 3€MJIM, B TOM YHCIIE HE
UMEIOIMX Pa3BUTOM HHEProceTH, CJeAyeT MHTEHCHUBHO pa3padaTbiBaTh
3¢ pexTuBHBIE BapUAHThl MOIIHBIX JIOKAJIbHBIX 3JIEKTPOYCTAHOBOK.

Hampumep, B Hactosiiiee Bpemst B Poccum co3pmaHa miiaBydasi aTOMHas
TEII0AJIEKTPOCTAHIIMS, TMpPEJHA3HAYEHHAs ISl TMOJYyYEHUS DJIEKTPUUYECKON U
TEIJIOBOM 3HEpruu B oTAasieHHOM peruoHe Kpaiinero CeBepa, obecrnieunBasi B
HOMUHAJIBHOM PEXHUME BbI1auy B Oeperosbie cetu A0 60 MBT snexktposneprumu.

ABTOpamMH pacCMOTPEHO HECKOJIBKO BapUaHTOB OOECIeUeHHUs: KaphepoB
AJIEKTPOIHEPTUECH, OCOOEHHO B YJAJICHHBIX pErHOHAX O€3 CTaIl[MOHAPHBIX
BBICOKOBOJITHBIX JIMHWI. B pe3ynbTaTe Mbl OCTAaHOBWINCH Ha HECKOJIBKO
HEOOBIYHOM BapHWaHTE, KaKUM MOXET ObITh MOOWIBbHAS SACpHAs YCTaHOBKA.
O060CcHOBaHHEM YTOMY MOXKET CITYy>)KHTh OTBITHBIN 00paser] yctaHoBku «Ilamup-
630/1», koTopast ObL1a pazpadorana B benapycu eme B 1973 r. [lepcnekTuBHbIM
npejiaraeM pa3padoTka MOOUIILHOMU SIIEPHOM YCTAaHOBKY 3HAUUTEIIBHO OOJIbIIIEH
MOIITHOCTH B BHJI€ aBTOMOE3/1a Ha 0a3e KaphepHOTO camocBaia benA3.

Jlis IpoABM>KEHUST HAIIETO MPOEKTa HEOOXOJIMMO C YUYE€TOM XapaKTEePHBIX
TOPHO-TEOJIOTMUECKUX YCIOBHM MECTOPOXKJIEHUMN, a TaKKe TUIOBBIX TEXHHUKO-
HKOHOMHYECKUX TapamMeTpoB JEATEIbHOCTH TOPHBIX MNPEANPUSITHI TPOBECTU
KOMITJIEKCHBI aHalu3 M BbIAaTh PEKOMEHIAIMU 0 CyMMapHOW NOTpeOHOM
AIEKTPUYECKON MOITHOCTH SIIEPHON YCTAHOBKH.

YK 656
HOoAXO/JAbl K UCCIEJIOBAHUSAM 110 IITAHUPOBAHUIO U
BBIBOPY MECT PACHOJIOKEHUS 3APSTHBIX CTAHLIUM 151
3JIEKTPOMOBHWIEN B KPYITHBIX TOPOJJAX
Ly Cuuorcoy, Kanckuui /]. B.
benopycckuti Hayuonanbhbill mexuuiecKuli yHueepcumem
e-mail: dusizhuo@gmail.com

Summary. Urban electric vehicle charging station is the basic supporting
facilities for electric vehicle charging and energy supply, scientific and
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reasonable distribution planning can provide users with the convenience of
charging, and can also reduce the construction cost for the government and
enterprises to obtain more profits. This paper analyses the feasibility of electric
vehicle urban charging station siting and discusses the significance of electric
vehicle urban charging station planning and siting for sustainable development.

B koHTekcTe cokpalieHusi BHIOPOCOB BPEIHBIX BELIECTB TPaIULIMOHHBIC
aBTOMOOWJIM, pabOTalIIMe Ha CKUTaeMOM TOIUIMBE, MOCTENEHHO IMEPECTaloT
COOTBETCTBOBATH PA3BUTHIO COBPEMEHHOTO YCTOMUMBOTO 0011ecTBa. JItoau uiryt
AIBTEPHATUBY TPAIUIMOHHOMY aBTOMOOWJIHHOMY TPAHCIOPTY W TIOSIBIICHUE
AIEKTPOMOOMIIEH JEeIaeT 3TO BO3MOXKHBIM. DJIEKTPOMOOWIIM, KaK HOBBIM THII
TPAHCTIOPTHBIX CPEJCTB, PAOOTAIOIIUX HA SKOJIOTHUUECKH YHCTOW SHEPTHH, U3-3a
XapaKTEPUCTHK MEHBIIET0 DJHEPTOMOTPEOICHUSI, MEHBINETO 3arpsS3HCHUS
NOJIB3YIOTCS BCE OOJIbIIEH MOMYJSIPHOCTbIO. MOIIHOCTE 3JIEKTPOMOOUIIEH
MOTIONTHSACTCS IyTeM 3apsaKd, TMPH 3TOM OCHOBHAS POJb 3apsSAHONW CTaHIIUA
(6710Ky/COBMECTHOM 3ampaBKU U T. I1.) JJIs AJICKTPOMOOWIICH 3aKJIF04aeTcs B
CBOEBPEMEHHOM TIOTIOJTHEHUH 3aracoB 3JIEKTPOIHEPTUH IS Ty TEIIECCTBYIONTUX
AJIEKTPOMOOMICH, 4YTOOBI oOOecreyuTh O0a30BBIA JOCTATOUHBIA 3amac Xoja
AIIEKTPOMOOWIIEH M HMX MepeMelieHue 10 TOYKM Ha3HA4YeHHs (JABM)KEHHE IO
BBIOPAaHHOMY MapIIpyTy).

3apsHbIe CTAaHIIUU JJI DJIEKTPOMOOUIIEH, SIBISSCh OCHOBHBIMU O0OBEKTaAMU
JUTSL 3apsS/IKM Y TIOJIa4d SHEPTHH, HAKIAJbIBAIOT OONbIIME OTPAaHWYCHHUS Ha
pa3BuTHE  JJIeKTpoMoOwiel. HayyHoe TuUTaHMpOBaHWE — PalMOHATHLHOTO
pacipeneneHuss 3apsAIHbIX CTAHIUNA IS DJIEKTPOMOOWIICH B TOPOJaxX MOXKET
00ecIeunTh MOJIh30BaATEISIM YI00CTBO 3apsAKH, a TAKKE COKPATUTH 3aTPaThl HA
CTPOUTEILCTBO M TOJNYYUTHh OOJIbIIE TPHUOBUIM W TOCYIApPCTBY, W JIMYHOMY
MIOJTE30BATENIO 3JIEKTPOMOOUIS, 00ECTIEYNTh YCTOWYMBOE Pa3BUTHE TPAHCIIOP-
THBIX CHCTEM.

[InanupoBaHWe W paIMOHAIBHBIA BBIOOP MECT pPa3MEIICHHUS TOPOJICKUX
3apsAHBIX CTAHIIMIA TPECTABISAET COOOH, IO CYyTH, MPOTHO3 CITPOCa HA PA3yMHYIO
MOJJICP)KKY M peau3aldi0 MPOCTPAHCTBEHHOW IUIAHUPOBKU TPOJIBMKCHHIMA
AIIEKTPOMOOHIIEH IO TOPOJYy U HA €ro OCHOBE OINpPEAENIEHUE COOTBETCTBYIOIINX
JOKAIu| JUisi  TOCTEeAyromero (Mo3TalHoTr0) CTPOUTEIhCTBA CTaHUUN (U3
HapamuBaHus) ISl JOCTHKEHHS B3AUMOBBITOIHBIX II€JIeH C y4eTOM BO3MOKHOTO
rOCyJapCTBEHHOTO W YaCTHOTO TMApPTHEPCTBA TPH U3 CTPOUTEIIHCTBE
(MoepHH3ALIUH CYIIECTBYIOIIUX aBTO3AMPABOK).

dakTophl, YyYACTBYIOIIME B TMpPOIECCe IUIAHUPOBAHHWS W  BBIOOpA
MECTOTIONIOKCHHSI TOPOJICKUX 3apSIHBIX CTAHIMH, B OCHOBHOM, BKJIIOYAIOT
CTOMMOCTb CTPOWTENLCTBA 3apSIHON CTaHIIMH, TEPUOJ CTPOUTEIIBCTBA, €€
ANEKTPOCHAOKEHUE, JOCTYITHOCTh IS TPAHCIIOPTA, BpeMsI TTApKOBKU M 3aPSIKH,
a TaKKe ee OJKCIUTyaTalluli0 U TeXHHU4Yeckoe obOcmykuBaHue. [losTomy ma-
HUPOBAHWE M pPa3MEIICHHWE TOPOJCKUX 3apsJIHBIX CTaHIUKA TpeOyeT Bce-
CTOPOHHETO yueTa 3THX ()aKTOPOB M BBIABICHHE B3aUMOCBS3M MEXIYy HHUMH
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JUISL OIIPENIETIEHUS] PAallMOHAJIBHOTO MECTA PACIOIO0KEHHSI 3apsIHbIX CTAHUUN Ha
TPAHCIIOPTHOM CETH IrOpoAa.

Tak >xe HEOOXOIUMO YYHUTHIBAaTh OCOOCHHOCTH TOPOJA, CHEHU(PUKY €ro
3aCTPOMKHU, XApAKTEPUCTUKH PpACCENEHUsT W LEJNEeBOM TpyIIbl HAaCEJICHHUS,
UCIIOJIB3YIOIIET0  3JIEKTPOMOOWIIM, IJIOTHOCTh KaK HACENeHUs, TaK H
TPAHCHOPTHBIX CPEACTB C JOJEH IIEKTPOMOOUIIEH, IEPEABIKEHHS IIIEKTPOMO-
Oowinell B paMKax ropoja, YJAJICHHOCTb 3alpaBOK OT MECT MPOXKUBAHUSA U
TATOTEHUA U HE TOJIbKO. KOHEUHO, OCHOBHBIMU IUIOIIAKAMU JJISI CTPOUTEIBCTBA
3apSAIHBIX CTAHIIMM SIBJISIOTCS aBTOCTOSIHKU W KWJIbIe PaloOHbI (JaXke C y4eToM
cTaHIUi OBICTpOW 3apsaku). B cBsizu ¢ 3TUM, ompeseneHue parioHAIbHOTO
MECTa PACIOJIOKEHHsI 3allpaBOK BO3MOXKHO Ha OCHOBAaHMM MHOTO(aKTOPHOTO
aHalu3a, KOTOPHIA OBl TOJHOCTHIO YYUTHIBAJl BCE AaCHEKThl OCOOEHHOCTEM
(GKA3HEHHOTO LIMKJIa» 3J1EKTPOMOOUIIEH.

C yuyeroM 5SKOHOMHMYECKOW COCTABIISIOLIEH, MMOA0Op JIOKAUMA IS
pa3MelleHnuss M ONTUMHU3AIUS IUIAHUPOBKM 3apAJHBIX CTAaHLHUHA CIETyeT
OPOBOJUTh IO KPUTEPUSIM MHUHMMH3aLMUUA 3aTpaT HAa CTPOUTENBCTBO M
YIOpPaBJICHUE 3apSATHON CTaHUMEH M MaKCUMHU3allUHU ONEpPAlMOHHON MPHUObLIN.
[Tomumo 3aTpaT Ha CTPOMUTENIBCTBO 3apSIHBIX CTAHIMM, CIEAYeT YYUTHIBATh
3aTpaThl Ha WX DOJEKTPOCHAOKEHUE, OKCIUTyaTalldio U  TEXHUYECKOE
00CITyKUBaHHE.

3agada palMOHAIBHOTO Pa3MEIIEHUS U IUIAHUPOBKU TOPOACKHUX 3apsiAHBIX
CTAaHUMM JOJDKHA YYMTBIBATh HE TOJBKO 3aTpaTbl HA CTPOMUTENIBCTBO H
AKCIUTyaTallMl0, HO M HUX OOLIECTBEHHBbIE aTPUOYThl — HEOOXOAMMO TaKXKe
YUUTHIBaTh MOTPEOHOCTH PA3NUYHBIX TUIOB MOJB30BATENEH 3IEKTPOMOOUIIECH
JUIA UX YJOBJIETBOPEHUA. DTO 00ECNEUYUT KOMIUIEKCHBIA MOAXOJ K PEHICHHIO
JAHHOM 3a7aud M O0OECNEeYUT YCTOMYMBOE (PYHKIMOHUPOBAHHE M Pa3BUTHE
TPAaHCHOPTHOM  CHCTEMBI 3a CYET €€ ONTUMH3aUuU  (palHMOHATBHOU
TpaHCHOpMALIMM C YYETOM pPa3BUTHUS BJIEKTPOMOOUJIEH, MOJIKIIOUEHHBIX
(aBTOHOMHBIX ) 3JIEKTPOTPAHCHOPTHBIX CPEJICTB U MOMYJISIPU3AIIMM COBMECTHOTO
WX UCIOJIb30BAHUS).

Crnenyer OTMETUTh, YTO TOPOJICKUE 3apsIHBIE CTAHIIMHM CTAHYT OKa3bIBaTh
BIIUSIHUE Ha CTPYKTYPY U pabOTy TOPOJACKUX PACTIPENCTUTEIHHBIX JIEKTPOCETEH.
Hampumep, Harpy3ku 3apsaHbIX CTaHIUN OyAyT CKOHIEHTPHUPOBAHBI Kak
NpaBUWIO B CENUTEOHBIX (KUJIBIX) pailloHaxX Tropoja, YTO MOXKET BBI3BATH
JIOKaJbHBIE MEPErpy3KM WIA AUCOaJaHC B TOPOJCKUX PACIPEAECITUTEIbHBIX
3NEKTPOCeTAX. MOIHOCTD 3apsAKU AIEKTPOMOOMIEH 3aBUCUT KaK OT CUTYyalllH
CO CIPOCOM Ha 3apsiiKy, TaK M OT TEKyLIEHd CUTyallMH C MPEUIOKEHUEM B
anekTpoceTu. [IoaToMy npy mIIaHUPOBAHUU U PACTIOIOKEHNHN 3aPSAIHBIX CTAHIIUMA
JUISL  DJIEKTPOMOOMJIEH  TakKe CIeAyeT YUYUTBIBaThb SKCIUTyaTallMUOHHBIE
XapaKTEPUCTUKU U PaACIpPEACIUTEIbHYI0 CIIOCOOHOCTh SHEPIrOCETH, B KOTOPOM
pacronaraetcst 3apsHoe ooopyaoBanue. OOBEKThI JOJIKHBI ObITh OCTPOEHHI B
COOTBETCTBUM C MECTHOM CTPYKTYpOW DSHEProCe€TH, HX MPOEKThI JIOJKHBI
COTJIaCOBBIBATHCSl C DHEPTrOCOBITOM M 3HEProHaA30poM. CieayeT CTpeMUThCS K
CTPOMTENBCTBY 3apPANHBIX CTAaHUUWA C YYETOM MEPCHEKTHUBHOIO  Pa3BUTHUSA
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MECTHOM 3JIeKTpoceTu. Takke HEOOXOAUMO YUUTHIBATH MMOBEICHUE BIAJCIIbIIEB
TPAHCTIOPTHBIX CPEACTB MIPH BOKICHUU U 3apsJIKe, HHPOPMAIIHIO O MPOTHO3HBIX
MOKAa3aTeNsAX JOPOKHOTO ABMKEHUS (TUIAHUPOBAHUE TTOTOKA).

l'opoackast 3apsiqHas CTaHIMSL CTaja OJHUM U3 KIIOYEBHIX 3BEHBLEB
UH(PPACTPYKTYpPHI, CIOCOOCTBYIOIIEH OBICTPOMY Pa3BUTHIO AJIEKTPOMOOMIIEH,
MO3BOJISIIONIUX CHU3UTh WHBECTHIIMOHHBIE 3aTPaThl, YJIYYIIUTh KAaueCTBO H
3¢ (HEKTUBHOCTh 00CITYKMBaHUSI HACEJICHUS, MOBBICUTH JIOSJILHOCTh MOJIb30Ba-
Teel s JaJbHEUIIero ux mMpoIBUKEHUS.

YK 711(476)

CTUJINCTHYECKHUE U TUITIOJIOTUYECKHUE OCOBEHHOCTU
KPYIIHBIX, CPEJHUX U MAJIBIX JIBOPIHOBO-YCAJEBHBIX
KOMILJIEKCOB BEJIAPYCH BTOPOM MMOJIOBUHBI XIX - HAUAJIA
XX BEKA
Kumaee M. H.
benopycckuti Hayuonanvbhblll mexuuiecKutl yHugepcumem
e-mail: mishatok12@mail.ru

Summary. The article analyzes the stylistic and typological features of the palace
and estate complexes of Belarus in the second half of the 19th —early 20th centu-
ries. The types of architectural and planning construction are considered.

B cratbe paccMaTpuBaroTCs pa3iMyHbIE CTUIIA U TUIBI ApXUTEKTYPbl, MPH-
CYTCTBYIOIIIME B ycaneOHbIX KoMmIuiekcax bemapycu BTOpoi mosnoBuHbl XIX —
Havyasia XX BEKa, a TAKKE UX OCHOBHBIC XapaKTEPUCTHUKN U OCOOECHHOCTH.

B apxuTekType KpyIHBIX, CPEIHUX W MaJbIX JBOPIOBO-yCaACOHBIX KOM-
MJIEKCOB MPOSIBIISUIUCH WHJIUBUAYAIbHBIE CTUIMCTUYECKUE W TUIOJOTHYECKUE
OCOOCHHOCTH.

ApPXUTEKTYpPHO-TIJIAHUPOBOYHASI TUIIOJIOTHS yCaeOHBIX KOMIUIEKCOB IO/I-
pazjensieTcst Ha ycaJeOHbIe KOMITJIEKCHI:

— C TIPEJICTABUTENIHCKO-X03IMCTBEHHBIMU (PYHKIIUSIMU (TPAJAUIIIOHHBIC);

— C TIPEJICTaBUTENbCKO-TIPOU3BOCTBEHHBIMU (QYHKIIUSIMH;

— MPEACTABUTEILCKHE (C OTCYTCTBHEM XO3SIHCTBEHHO-IPOU3BOICTBEHHBIX
byHKIM).

O YHKIMOHAJIbHBIE TUIIBI IBOPLIOBO-YCAACOHBIX KOMIUIEKCOB:

1. bonee kpymHbIe ycanap0bl | THMa BKIIFOUAIN B c€0s1 X035HCTBEHHO-OBITO-
BbI€ CTPOEHHUSI, TPOU3BOJICTBEHHBIE 30HBI U MapK. JlaHHbIE CTPOEHUS CIY>KUIU
TSl QYHKITMOHUPOBAHUS BCETO KOMITIIEKCA.

2. YcaawOsl 11 Tuma BKIIFOUAIH B ce0s TAKKE XO3IMCTBEHHO-OBITOBBIC U 1—2
HEOOJIBIINX MPOU3BOACTBEHHBIX CTPOCHUH MJIM BOBCE MPOU3BOACTBO OTCYTCTBO-
BAJIO.

3. YcanpOs! 11 Tuma pa3BUBAIMCH TOJIBKO Ha 0a3e NBOPSHCKUX KOMIUICKCOB
Y UCIIOJIb30BAIMCH B OOJIBIIMHCTBE CyYaeB B KQUeCTBE Jjay WM ycaie0-My3eeB.
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Ho XIX B. 3KkJ€KTHKa B apXUTEKType ABOPIIOBO-YCaIeOHBIX KOMILJIEKCOB
MIPOSIBIISIIACH B COSAMHEHUH PAa3HBIX CTUJICBBIX HAIMIPABJICHUI B OJTHOM aHCAMOJIe
(HeopeHeccaHca, He00ApPOKKO, HEOPOKOKO, HEOTOTUKH, HEOMaBPUTAHCKOIO, HE-
OBHM3aHTHHCKOTO, MCeBIOpycckoro ctuiei). OHa couerana B cebe pazHOooOpas-
HBIE JICTIHBIC YKPAIIEHUsI, CJIOKHbBIE JICKOPaTUBHbBIEC (DOPMBI U OTpakajia CTpemiie-
HUE BIIAJIENbIIEB ycaeOHbIX MMEHUH K pe3eHTabenbHocTu. Hanbonee xapakrep-
HBIMH TIpUMEpaMU SIBIISIIOTCS yCaabObl B arporopojke 3aieche, B JIEPEBHE
CranbkoBo, B nocenke CMusioBuuH, B 1epeBHe OrapeBuyn, B ropojie [pyxans
U JIpyTHE.

[Ipumepom HeoroTuku sBiseTcs ycanboa boxsuiiei B gepesHe [1aBnuHOBO
Bpecrckoii obiactu (puc. 1). 3manue ycaabObl BBIIOJHEHO B HEOTOTHUECKOM
CTUJIE C UCIOJIb30BAHUEM HJIEMEHTOB KJIACCUYECKOW FOTUYECKOM apXUTEKTYPHI.
['naBHBIN KOpITYC ycaap0bl NPEICTaBIsAET COOO0M ABYX3TAaXKHOE 3/1aHHUE C BBICOKOM
ocTpokoHeuHou. Dacanpl 31aHUS YKPAIIEHbI Pa3TUYHBIMU apXUTEKTYPHBIMHU JI€-
TaJsIMU, TAKUMU KaK apKu, KapHU3bI U THISICTPBI.

Pucynok 1 — @parmeHT riaBHoro 31aHus ycaasonl boxsuiieli B gepesre [1aBianHoBO

Bo Bpems uccienoBanust OblUTa BBIJCICHA TUIIOJIOTHS TIOCTPOCHUS KPYITHBIX
ycaieOHbIX UMEHHUH M UX B3aMMOCBSI3b CO CTHJIMCTHKON KOMIUIEKCOB.

1. Ocesoii mun nocmpoenus ObUT XapakTEpeH IS ABOPILIOBO-YCaIeOHBIX
KOMIIJIEKCOB TMO3/THET0 KJIACCUIIM3Ma M HEOKJIACCUIIM3MA, TP KOTOPOM BCE XO-
3SIMCTBCHHBIE MOCTPOMKH PACHOJNATAINCh HA OJHOW YCIOBHOW OCH C TJIaBHBIM
31aHUEM yCaIbOBI.

2. [Jenmpuueckuti mun nocmpoenus peodIagan B IMCHUSIX B CTHIIMCTUKE
TaK)Ke TMO3/THET0 KJIACCHIIM3Ma W HEOKJIaccuilm3Ma. Bce BcmoMorarenbHbIe, XO-
3SIUCTBEHHBIE W MPOU3BOJICTBEHHBIE MOCTPONKH PAaBHOMEPHO paccpenoTauymBa-
JIUCH TI0 BCEH TEPPUTOPUU UMEHUS.

3. C80600HbILI Mun niaHuposku ObLI B yCaaeOHBIX KOMILJIEKCAaX CTHUJIS JK-
JIEKTUKa U MOJIEPH, T/I€ BCE XO3SMCTBEHHBIE TOCTPONKH PaBHOYJAICHHO pa3Me-
HICHBI OT IJIaBHOTO 3/IaHUS.
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ApXuUTEKTypHbIE KOMIUIEKCHl bemapycn Bropou monoBunbl XIX — Havyana
XX Beka MpeACTABIISIOT COO0M YHHKAIbHOE COYETAHHE PA3JIMYHBIX CTUIEH U
TUIIOB APXUTEKTYpbl. M3yueHune M COXpaHEHHE ITUX KOMIUIEKCOB SIBJISETCA
BaYKHOM 3a7ja4e U1l COXPAaHEHUSI HCTOPUYECKOr O Hacienus benapycu.

CHuCOK MCIO0JIb30BAHHBIX HCTOYHUKOB
1. Kynarun, A. H. Oknekrtbika: Apxitakrypa benapyci apyroit nanossl XIX — nau. XX
ct./ A. H. Kynarun. — Mu.: Ypamxkai, 2000. — 302 c.
2. ®enopyk, A. T. Crapunnsie ycaas0b1 benapycu. Kopennuckwuii paiion / A. T. @eno-
pyk. — Munck: benapycs, 2013. — 174 c.

YK 628.336.3:661.842°053.2(043.3)
BJIMSIHUE IMTPUPO/IbI KAPBOHATHOI'O ChIPbSI HA
OBPABOBAHUE CUHTETUYECKOI'O IT'MIICA PA3JIMYHOM
CTPYKTYPBI B CUCTEME CaCOs — H,SO4 — H,0
Komapoe M. A.
benopycckuii 2cocyoapcmeennvlii mexnono2uiecKuli yHugepcumem
e-mail: makkom1995@gmail.com

Summary. In the course of experimental studies, it was found that the shape and
size of the crystals affect the strength characteristics of the gypsum binder, as well
as the filterability of the synthetic gypsum suspension, and the shape of the
resulting crystals depends on the nature of the carbonate raw material used. It
was found that the best filterability and strength characteristics are provided by
crystals of prismatic and scaly forms of calcium sulfate dihydrate, obtained from
insufficient lime and coagulation sediment of natural waters.

Bogneuenue pa3nuyHbIX BUAOB OTXOAOB [1-2] B MpoOM3BOACTBA SIBISAETCSA
MEPCIIEKTUBHBIM HAMNpPaBJICHUEM, a C TOJYYCHUEM HMIIOPTO3aMEIIAOIINX
MaTepHuasoB CBepX akTyanbHOU. B Pecnybnuke benapych He uMeeTcst MpUroiHbIX
MECTOPOXKICHUM JJI1 TIPOMBIIIIIEHHON JOOBIYM MPUPOJAHOTO THUIICOBOTO KaMHS.
Hcxons u3 aToro ObuT popaboTaH crnocod MoayyeHus CHHTETUYECKOTO TUTICA U3
pPa3IUYHOTO KapOOHATHOTO CHIPbS, B TOM YHCJIE€ W TEXHOTCHHOTO: Meia
Pa3TUYHBIX MECTOPOXKIICHUN, OTCeBa MEJKOW (hpakimu HM3BECTHSKA, Hemomasa
M3BECTH U 0CaJIKa KOaryJsiliuy MPUPOJIHBIX BOJ [3]. DKCIEPUMEHTANIBHBIM ITyTEM
OBLJIO YCTAHOBJICHO, YTO B 3aBHCHMOCTH OT TMPHUPOILI KapOOHATHOTO CHIPHS
KPUCTAJLIBI CHHTETUYECKOTO TUIICa 00pa3yroTcs pa3indHor popMel u pazmepa [4].
W3 naHHBIX, MOJAYy4YEHHBIX C moMolpl0 P®A, ObUIO yCTAaHOBIEHO, 4YTO
CUHTETUYECKHI TUIIC, MOJYYEHHBI U3 OTCEBA U3BECTHSKA U 0CAJKa KOATYIISIIUA
MPUPOJHBIX BOJ MPAKTUYECKHU UJACHTUYEH C MPUPOAHBIM ruricoM; POA o6pasiios
CHHTETUYECKOI'O TUIICA, ITOJYYEHHOIO Ha OCHOBE MeJla IPAKTUYECKU UICHTUYCH
P®A obpaszna ¢ocdorurnca, a POA cuHTETHYECKOTO THUIICA, MOJYYCHHOTO W3
HEJZIoMalia U3BECTH, CYIIECTBEHHO OTIIMYAETCS OT BCEX OCTAJIbHBIX 00PAa3IOB.

OOpa31ipl, CHUHTE3UPOBAHHBIE W3 PA3TUYHOTO KapOOHATHOTO CHIPHS,
OTJIMYAIOTCSI MHTEHCHUBHOCTBIO M TIOKa3zareileM Ttemmeparypbl 3(h(exToB, Kak
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MEXIy co0Oi, Tak W C NOpupodHbiM Turncom u Qocdoruncom. JTA
CUHTETUYECKUX TUIICOB, MOJIYYEHHBIX Ha OCHOBE JIBYX MECTOPOXKICHUN Mela U
W3BECTHsIKA, BechMa 1oxoxku Ha JITA mpupoaHOro rurca no HaJIMu4uK OCHOBHBIX
3¢ deKToB, OTHAKO Y KAXKIOro 00pa3ia MUKU CABUHYTHI OTHOCUTEIBHO MTUKOB Y
npupoanoro rurca. JITA oOpasina CHUHTETMYECKOTO THUIICA, MOJYYEHHOIO Ha
OCHOBE 0CaJIKa KOaryJisiliuu MPUPOIHBIX BOJ, Takxke noxox Ha JITA nmpuponHoro
TUrca, OJHAKO €CTh TakKXKe CIBUTM OCHOBHBIX 3 dexToB. OTIMYUTENHHOU
0COOEHHOCTBIO TAHHOTO 00pa3Iia sSBJISETCS HE SIPKO BBIPAXKEHHBIN MUK B 001aCTH
340-370 °C. Y obpa3siia, IoJIy4eHHOTO Ha OCHOBE Hejomnaia M3BECTH, UMEETCS
CYIIIECTBEHHOE OTJINYUE — MPUCYTCTBUE JABYX IK30TEPMHUUECKUX d(PPEKTOB TIpH
215 °C u 296 °C, cymeCTBEHHBIM OTIMYUEM SBISETCS CABUT OCHOBHBIX
apdexroB Ha 40 °C B MEHBIIYIO CTOPOHY IO CPAaBHEHHIO C IMOKa3aTelIsIMH
3¢ (heKTOB IPUPOAHOIO TUIICA.

[lo pe3ynbraraMm, mnomydeHHbIM c nomouibto SEM ¢otorpaduii, uro
o0pa3lpbl CHHTETHYECKOrO THUIICa, MOJYyYEHHOro M3 Meja KpacHocenbCKoro
MecTOpoXkIeHusT U KIMMOBHUYCKOTO MECTOPOXKIEHUS HMMEIOT pazHOoOpa3Hylo
bopMy (uenryiuaTyro, UTOIBYATYIO U MPU3MATUYECKYI0) U pa3MepPbl KPUCTAIIIOB.
DTO OOBSICHAETCS TEM, YTO MEJ UMEET PHIXJIIYIO CTPYKTYpPY, U CKOPOCTh POCTa
KPUCTAJUIOB MPEBBIIIAET CKOPOCTh PACTBOPEHUS, U TEM CaMbIM yIIpaBJICHUE
CTPYKTypol oOpasylomierocs auruapara cyiabdara Kaimblidsg CTaHOBUTCS
npoOiemMarnyHbiM. CUHTETHYECKUN THIIC, MOJYYSHHBIH U3 OTCEBa M3BECTHAKA
IpencTaBieH B OONbIIed CTENEHU KPHUCTAUIAMU IUTACTMHYATOW (OpMBI, a
OCTaJbHBIC TTPU3MATUICCKOM, UTO SBISETCS ONMTHUMAIBHONU (HOPMON KPUCTAIIIOB
JUIS1 IOJTy4EeHUS BXKYLIUX Ha €10 OCHOBE. CHHTETUUECKUM TUTIC, TOJTyYEHHBIN Ha
OCHOBE OCaJiIka KOoaryasilli M Ha OCHOBE HeJOoMalia W3BECTH, IMPEJCTaBIICH
KpUCTAJUIaMH  TIPAaBWIBHOM  NpU3MaTU4Yeckod  (OpMBI, UYTO  [O3BOJISET
3HAYUTEIBHO OOJIETYUTh CTAIUI0 PUIBTPALINU CYCIIEH3UN CUHTETUUECKOTO TUTICa
U TEM CaMbIM TOJIy4aTh TMIICOBBIC BSIKYIIME HA €r0 OCHOBE C 00Jie€ BHICOKMMU
MIPOYHOCTHBIMHU TTOKA3aTEIISIMH.

[Tonyuennbie ganubie ¢ momoupio POA, JITA u SEM cBUAETENLCTBYIOT O
TOM, 4TO OOpasIlbl, CHHTE3UPOBAHHBIC U3 PA3IUYHOTO KapOOHATHOTO CHIPHS U
JIa)K€ Pa3JIMYHBIX MECTOPOXKICHUN MEJIA, OTIMYATCA CBOCU KPUCTAJIINYECKOU
CTPYKTYpOH, opMOil U pasMepoM KPUCTAJIJIOB M YACTHUII, a TAKKE pa3MepaMu
KPUCTAJJINYECKOU PEIIETKHU.

C noMoIup0 MPOCBEYUBAIOIIEH MHUKPOCKOMUU OBbUIO MOATBEPAKIAEHO, YTO
HAJIMYUE TPUMECEH OKas3blBaeT BIMSHUE HE TOJNBKO Ha (opmy u pasmep
OTJIENIbHBIX KPUCTAJIJIOB, HO U HA CaMy KPUCTAILUTMYECKYIO PEIIETKY, 4 UMEHHO Ha
MEKaTOMHOE PAaCCTOSIHUE W YIJIbl KPUCTAUIMYECKOW pemieTku. Paznuuus B
KPUCTAUIMYECKOU PEIIETKE COOTBETCTBEHHO U BEJET K Pa3IUUMiIM B OCHOBHBIX
XapaKTEePUCTUKAX, BSHKYIIUX MOJYYEHHBIX Ha UX OCHOBE.

Takum 00pa3oM U3 COBOKYNMHOCTH TOJYYEHHBIX JaHHBIX Haubosee
NEPCIEKTUBHBIM KapOOHATHBIM CHIPHEM JIJIsl TIOMYUYEHHS] CHHTETHUECKOTO THUIICa
SIBJISIETCS OTXO/IbI (HE0MAJl M3BECTH U OCA0K KOAryJISIIUU IPUPOIHBIX BOJ).
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Summary. The purpose of this work was to apply life cycle assessment
methodology to select the best option for disinfection of water treatment structures.
The significance of the potential impacts of the system on the environment is
assessed based on inventory analysis data. Comparison was carried out using the
IMPACT 2002+ V2.12 methodology.

B nensx GopbObl ¢ 3MUAEMUSIMH BUPYCOB, Kak, HampuMmep, BO BpeMs
MOCJIEMHEN JNUIEMUM KOPOHABUpPyCa, INPU KOTOPOM  XJIOPCOAEPIKAILUE
NE3UH(PUIUPYIOININE CPEICTBA OKa3aINCh HAM0OO0JIee MIUPOKO HCTOIb3yEeMbIMH B
MUpE AC3UHPUITUPYIOIIUMU CPEJACTBAMU U OAHUMU U3 MHOTUX PEKOMEHTyEMbIMH
BO3, mpoucxoaut macmtabHas 00paboTKa MOBEPXHOCTEH, @ BO MHOTHX CITy4asx
COITPOBOXKAAOIIASICS UCTIOJIB30BAHUEM PACTBOPOB C BBICOKMMH KOHILICHTPAUUSIMHU
XJIOpCOAEpKAUX Ae3UHPULIIMPYIOIIUX BEIIECTB.

Je3undunupyromme cpeacTBa Ha OCHOBE XJiopa HE  SIBIISIOTCS
€IMHCTBEHHOU anbTepHaTtuBoi [1]. Panee ObLIO TMOKa3aHO, YTO AE3UH(EKIUS
MOBEPXHOCTEN PACTBOPEHHBIM B BOJIE 030HOM MOXET OBbITh MEPCIEKTUBHOM C
TOUKHU 3PEHUS KOPPO3UHM U C DKOJOTHUECKOW TOouku 3peHus [2]. [esundexuus
MOBEPXHOCTEW HMEET >KMU3HEHHO BAXKHOE 3HAYCHHWE ISl MPEIOTBpaIICHUS
MEpEHOCa TMATOr€HHBIX MHUKPOOPTraHU3MOB, HO TIOJIHOE€ TIOHMMAaHUE €€
KPaTKOCPOYHBIX U JOJTOCPOYHBIX 3(P(HEKTOB >KMU3HEHHO BaXKHO IS BBIOOpaA
ONTHMAJIBHBIX BapHUAHTOB C JKOJIOTMYECKOM, SKOHOMHYECKOW W COLMAJIbHOU
TOYKH 3peHus [3].
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B3BemmuBanue, npoBOAWIOCH C IMOMOLIBI) OLIEHKM 3HAYUMOCTH KaXJI0H
KaTeropyuyd BO3ACUCTBUSI NJi1 OObEIUHEHUS 3HAYCHUM KaTeropuil B E€IUHYIO
BEJIMYMHY, OTPAKAIOUIYKD OKOJIOTHYECKYI) XapaKTEpUCTHKY HCCIEoyEeMOU
cucremsl (puc. 1).

[IpumeHeHne METOAMKM OLEHKHA >KM3HEHHOTO LMKJIA [JI1 CpPaBHEHUS
MPUMEHEHUSI PA3JUYHBIX BEIICCTB Uil JAC3UH(EKIMH COOPYKEHUH BOJIO-
CHAOXXEHMs TIOKa3aJlo, YTO HaMMEHbIee 3HAYEHHWE SKOMHJUKATOpa COOTBET-
CTBYET BapHaHTy IMPUMEHEHHUs pacTBOpa 030Ha B Boje. Kpome Toro, HeooO-
XOAUMO OTMETUTh, YTO U3 BAPUAHTOB IPUMEHEHUS XJIOP COJIEPKAIINX BELIECTB
HAWTY4IIeH XapaKTepUCTUKON 00J1a/1aeT TUIIOXJIOPUT HATPHSI.
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Pucynok 1 — [IpuMeHeHne pa3nuyHbIX 1e3UHPHUIMPYIONINX BEIIECTB M0 pe3yabTaraM
B3BEIIUBAHUS

C 3K00ru4eckoi TOUKH 3peHusi 00paboTKa 030HOM MUMEET MPEUMYILECTBO
nepen 00paboTKOM TUIOXJIOPUTOM, TaK KaK He 00pa3yeTcs OTXOA0B. XOTsl O30H
OTHOCUTCA K TEM K€ KJaccaM OMNAacHOCTH, YTO W THUIOXJOPUT HaTpus, B
OTHOILIEHHH BOJIHBIX OPTraHU3MOB, €0 MPEUMYIIECTBO 3aKIOYAETCA B TOM, YTO
€ro TEHEepalMi0 MOXKHO IMPOBOJUTH HEMOCPEICTBEHHO Ha OOBEKTE €ro IMpu-
MEHEHHS U 4TO €ro Mepuoj Moypaciajia CocTaBiseT B cpeaHeM 20 MUHYT. DTO
NPUBOJUT K 3HAUYMUTEIHHO MEHBIIEMY BO3JEHCTBUIO Ha OKPYKAIOLIYI0 CpExy
00pabOTKH O30HOM TIO CPAaBHEHHUIO C OOPaOOTKOW THUITOXJIOPUTOM HATPHUS WU
KaJIbLIHSI.

Pabora Bemonnena mnpu nomaepxkke ['TIHU «Xumuyeckue mnpoueccsl,
peareHTbl U TEXHOJOTUH, OHOPErymnsiTopsl U Ouooprxumus», 3aganus 2.1.02
«CopOuuoHHbIE, KATAIUTUYECKUE U MEMOpaHHbIE MaTepUaJIbl ISl BOIOOYUCTKU
u BomomoarortoBku», HHUP 5 «PU3UKO-XMMHUYECKHME OCHOBBI KOPPO3UHU
MaTepuajsoB B JAC3MHDUIMPYIONUX CcpeAax U pa3padoTKa HSKOJIOTHYHBIX H
BBICOKOA((DEKTUBHBIX CITOCO00B Ae3uHpekm» (2021-2023 rr.).
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Summary. The optimal mode of carbonization for bamboo char production by
thermochemical activation method consists of two stages — 300 °C for two hours
and 500 °C for two hours. Under this mode, the yield of the obtained activated
carbon was 29-31 % and the adsorption capacity for methylene blue was 602—
618 mg/g.

baMOyKOBBIN Yrojgb — 3TO aKTUBHPOBAHHBIN YTOJb, MOJYYaeMBI IMyTEM
aKTUBAIMM H KapOoHu3anuu OamOyka B KauecTBE ChIPbs, OOIaIaroNIuid
BBICOKMMU XapaKTEPUCTUKAMHU YJIEIbHON MOBEPXHOCTH U aJICOPOIIUH.

B HHUMN OXII bI'Y wmeromnoM TEpMOXUMHUYECKOM AaKTHUBALUU C
UCIIOJIb30BaHHEM OpTOPOCHOPHON KUCIOTHI BIIEPBBIE B MUPE OBUIN MOTYYCHBI
akTHBMpOBaHHblE yruM (AY) ¢ ynenbHo#l moBepxHocThi0 1000-1500 M%/r n3
rugpoim3Horo JmrauHa [l]. Ilpouecc mnpurotoBnenus AY 3akimrodaercs B
CIEAYIOIIEM: ChIpbE MPOMUTHIBACTCS OpTOPOCPOpHON KHUCITOTOM H KapOo-
HU3UpPYETCs B 1B cTaauu. [loiydyaeMblii akTUBUPOBAHHBIN YTOJIb IPOMBIBACTCS
JTUCTUJUTUPOBAHHON BOJIOM /0 OTpUIATeIbHON peakuuu Ha ¢docdar-uoHsI,
GbuUIbTpyeTCs, CyIMMUTCS U U3METbYaeTcs B MopoImiok. [{ens HacTosmie paboTh
— OTPENICIUTh ONTUMAIIBHON PEXXUM KapOOHU3AIIMU aKTUBUPOBAHHBIX 68 %-HOM
optoocopHON KHUCTOTOW M3MENBYCHHBIX 00pa3oB 0aMOyka IS TOJTy4YEHUS
0aMOYKOBOTO yIJISI M OIICHUTHb €ro ajcopOIMOHHBIC CBOMCTBA C WCIOJIb-
30BaHHEM MeTujieHoBoro romxyooro (MI'). [ns mpoBeneHuss wuccaeqOBaHUS
UCToNib30BaI  Mosiofior O6amOyk (1-3 roma), crapeiii O6amOyk (4-6 ner)
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U TpPOBEIEH TEPMHUYECKUH aHadu3 ChIpbs B BO3AYIIHON aTmocdepe.
[lonmy4deHHbIE pe3yabTaThl IPEACTABIEHBI HA pUC. 1.

Mosojoit 6aM6yk =
J r Crapsiii 6amM0yk

4 - Touneparypa €
Teuneparypa 'C oy

a o
Pucynok 1 — Kpusste ATT, TI" u JICK: a — mononoii 6amOyk; 6 — cTapsiii 6amOyk

W3 pucyHka BUAHO, YTO TEPMUYECKOE pa3IokeHHe OaMOyKa MPOTEeKaeT B TPU
CTaJIuH, IPUYEM NePECTPOKa CTPYKTYpbl 0aMOyKa B yIIIEPOAUCTYIO MPUXOAUTCS
Ha TemIepaTypHble HHTepBaibl ¢ MakcumymMamu npu 300 u 500 °C wu
COTIPOBOXK/IAETCS 3HAYUTEIBLHOW MOTepeld MacChl M JIByMsI 3K30T€PMHUECKUMHU
ap¢pexkramu. Takum 00pa3oM, ONTUMAIBHBIMH TEMIEPATypaMHu KapOOHU3ALMH
JUTSI IOy YEHUS] aKTUBUPOBaHHOTO yriist u3 6amOyka siBisitorest 300 u 500 °C. [ns
ONPENENICHHS ONITUMAJIBHOIO BPEMEHHOT'0 PEKUMa KapOOHU3ALUH Mbl U3MEHSUIIH
IPOAODKUTENIBHOCTD IIpOLiecca Ha JIByX CTaAUSX TEPMHUUECKOTO Pa3IOKEHHS OT
1 10 3 4 U OLIEHUBAJIU BBIXOJ] U aJICOPOIIMOHHYIO CIIOCOOHOCTh MOJIydaeMbIX AY
o ajacop6iuu MI.

Tabnuna 1 — Bausiaue npoaomKuTeIbHOCTH KapOoHU3aluu Ha 1-oi u 2-oi
cTagauu

Ucxonusrit 0amOyK Beixon, % | AncopOumonnas ciocobnocts AY mo MI, mMr/t

300°C 1 4,500°C2u

cTapbiii 6amOyK (4—6 1eT) 28 £2 610 £11

Moutooi 6amOyk (1-3 roma) 2542 604 £11
300°C249,500°C2u

crapsiii 6amOyK (4—6 er) 29 1 618 £14

Moofor 6amOyk(1-3 roza) 31+£2 602 +£14
300°C34,500°C2u

cTapslii 6amOyk (46 neT) 24 £2 594 +9

MoJozoi 6amOyk (1-3 T.) 20 +£2 55249
300°C249,500°C 14

cTapbiii 6amOyK (4—6 1eT) 30+£2 589 £10

Mooaoi 6amOyk (1-3 T.) 28 £2 588 £10
300°C24,500°C3u

cTapbiii 6amMOyK (4—6 1eT) 13 1 597 £11

Moonon 6amOyk (1-3 T.) 17 £1 577 11
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W3 npuBeeHHBIX B TAOIHIIE JAHHBIX MOKHO CII€NaTh BBIBOJ, YTO U3MEHEHHE
IPOAODKUTENIBHOCTA NEpBOM cTaguu KapOoHu3auuu ot | 1o 3-x 4 mpu
IIOCTOSIHHOM 2-X 4 TepMuyeckoM BozzaencTeuu mpu 500 °C mo3Bosser noiyvarb
VIJIM C BBICOKOM  aJCOPOIMOHHOM CIIOCOOHOCTBIO IO OTHOUIEHUIO K
METUJIEHOBOMY TOJIyOOMY, HO MpH 3TOM JYYIIMI pe3ynbTaT Hmo BhIXogy AY
JOCTUTAETCS. TPU MPOAOJDKUATENBbHOCTH 2 4. Ha BTOpO# cTamuu TepMHUYECKOM
00pabOTKH NpH YBEIWYEHUU MPOJOJKUTEIBHOCTH Mpolecca 10 3-X 4, HO IpH
coxpaHeHnH BpemeHHu BozaencTBuda 2 4 npu 300 °C numeeT MecTo aHaJOTrU4YHas
3aKOHOMEPHOCTb.

CnHcoK MCI0JIb30BAHHOM JINTEPaTypPhI
1. ITatent EA 039799. Crioco0 nonyuyeHusi akTUBUPOBAHHOIO ME30IIOPUCTOTO YIJI U3
JurHuHCcoaepkamero coipbsi. ABropsl ['punmman /. 1., l{prankoBa H. I'., CaBunkas T. A.,
Menexoser H. A., Makapesuu C. E. u ap. 3assn. 15.12.2020. Ony6m. 15.03.2022

YIK: 631.86:595.14
TEXHUKO-9KOHOMUNYECKOE OBOCHOBAHUE ®EPMEHTAIIUAN

KYPHHOI'O IOMETA JIJI5I PA3BEJIEHUSI 3EMJISTHBIX UEPBEI:

OB30P
Jlu A., Jlemewesckuu B. O., Maxcumosa C. JI.
Mesicoynapoonulii 20cy0apcmeenHblll IKOL0SUYECKUL UHCTMUMYM UMEHU
A. JI. Caxaposa benopycckozo eocyoapcmeenno2o ynugepcumema,
Bcepoccuvickuit HUU ¢huzuonocuu, buoxumuu u numanust ¥CUBOMHuIX — Quiua
DUI] scusomuosoocmea — BHIK um. ax. JI. K. Opncma
Hayuno-npaxmuuecxuii yenmp Hayuonanvroti akademuu Hayk benapycu no
buopecypcam
e-mail: [y15993087502@163.com

Summary. Conventional methods of agriculture and waste management are plagued
with environmental problems and resource wastage, so there is an urgent need to find
more sustainable solutions. The technology of vermiculture of earthworms from
fermented chicken manure has attracted much attention in the field of agriculture and
waste management. The present study aims to delve into the feasibility of this novel
approach by examining in detail the advantages and possible challenges of the
technology, as well as its prospects for sustainable agriculture and organic fertilizer
production, through an extensive and comprehensive analysis of relevant literature.

C pa3BUTHEM DJKOHOMHKH pacTeT CHPOC HACEICHUS Ha TMPOTYKTHI
YKMUBOTHOBOJICTBA W TMTHUIICBOJICTBA, NTHUIEBOACTBO MpuoOpeTaer Bce Oosee
IMUPOKUE MACIITA0bl, MHTCHCU(DHUKAIIMIO U CICIUATU3AINI0; B TO K€ BpeMs
PUPOIHAS Cpella TOJBEPraeTCsi OrPOMHOMY 3arps3HeHuto. HaBo3 — 3to o6miumii
TepMUH, 0003HaYaIOUUi PeKaaTuu U MOYy, BbIIEIIsIEMbIE NPU Pa3BEACHUHN CKOTa
u ntunsl. [IponoBosibcTBEHHAs U CceIbCKoXo3siiicTBeHHass opranuzainuss OOH
OTHOCHUT WHTEHCUBHOE >KHBOTHOBOJICTBO M ITHIIEBOJACTBO K TPEM OCHOBHBIM
MCTOYHHMKAM 3arpsA3HEHUs OKpYyXkaroleil cpenbl B Mupe [1].
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Texnomorust (epmMeHTaIM KypHHOTO TIOMETa JOKIEBBIMH  YCPBSIMHU
MPECTaBIsIeT cOO0M MHHOBALIMOHHBIN TMOJAXO0J, OOBEIUHSIOMIUNA JBA KIFOUYEBBIX
HanpaBJIeHUs] — NepepaboTKy OpPraHMYECKUX OTXOAOB M OPraHUYECKOE CENNbCKOE
X03MCTBO. DEepMEHTUPOBAaHHBIA KypUHBIA TOMET — 3TO pecypc, Oorarbiid
OpPraHMYECKUMHU BEIIECTBAMH, TUTATEIbHBIMUA BELIECTBAMU M MUKPOOpPraHU3MaMH,
OJTHAKO HEMpaBWJIbHOE OOpallleHHne C HUM MOXET IPUBECTH K IOSBJICHUIO
HEMPUATHOTO 3arlaxa, 3arpsS3HEHUI0 BOJABI U PACIPOCTPAHEHUIO HH(EKIIMOHHBIX
3a0oneBaHuid. Mexmy TeM, MOXKIEBbIe YEepBU — 3TO HMHKEHEPHI 3KOCHCTEM,
U3BECTHBIE CBOEH YIMBUTENBHON CHOCOOHOCTBHIO PACHICIUISITH OPraHUYECKHE
OTXOJIbI U TIPEBPAIaTh UX B BHICOKOKAUECTBEHHOE OPraHUYEeCKOe yI0OpeHue.

Texumueckmii mporiecc (epMEHTAIM KYPUHOTO TOMETa ISl Pa3BEICHUS
JOKJIEBBIX Y€pBEU COCTOMT B OCHOBHOM M3 Tpex 3tanoB: (1) IlpenBapurenbHas
00paboTKa KypHHOTo MOMETa, CMEIIMBAHUE KyPHHOTO MTOMETa C COJIOMOM, OIMIIKAMHU
Y JPYTUMH OTXOJAMH, PETYIMPOBKA COOTHOLIEHHS YITIEPOAA U a30Ta U CONEPKAHUSA
BJIar¥, 4YTOObl CJeNarb €ro MNPUroAHbIM Juisi  (epMeHTanuu. (2) AspoOHas
(depMeHTaIMsl KypUHOTO TIOMETa: MPU COOTBETCTBYIOIMX YCJIOBUSAX TEMIIEpPATyphl,
BIKHOCTY M BEHTWIALMM MHUKPOOPTaHU3MbI PA3JIArat0T OPraHUYECKHE BEIIECTBA
KypUHOIO TIOMETa Ha MPOCThIe BEILECTBA, YHUUTOXkAsg MPU 3TOM MUKPOOOB, silia
HACEKOMBIX M CHHUYKasi COJIEPKAaHNE BPEIHBIX BEILECTB, TAKUX KaK TSHKEJBIE METAILIBI
u antubuotuku [3]. BepMmuxommocTupoBaHuE KypHHOTO momera: (epMeH-
TUPOBAHHBIA KYPUHBII [MOMET UCIOJIb3YETCS B Kau€CTBE MHUILU JJIS JOKJIEBBIX
4yepBel, POCT U PA3MHOKEHHME JOKICBBIX YEPBEH CTUMYIHUPYETCA PETYISIPHBIM
MIEPEBOPAYMBAHUEM Ky4dd, KOHTPOJIEM TEMIIEPATyphl, BIAKHOCTH U BEHTWISALMH, U
KypHUHBI TIOMET NPEBPAILACTCS B BBICOKOKAYECTBEHHOE OPraHUUYECKOE YNOOpeHHue
WM BEPMHUKOMIIOCT [2].

AHanu3 npeuMyliecTB (epMEeHTaUMKd KypUHOTO IOMETa M pa3BEACHUS
JOKJEBBIX YEPBEH BKIIIOYAET B CEOS CIEAYIOIINE aCIEKThI:

1. Dkoornueckue NpeuMyIIecTBa: B polecce PepMEeHTALNH U pa3BEICHHUS
JOoCTUTaeTcst 0e3BpelHOE U PallMOHAIIBHOE HCIIOJIb30BAaHUE KypHHOIO TMOMETa,
CHIYKAETCS 3arpsiI3HEHUE OKPYKAKOLIEN CPEMBI.

2. DKOHOMHUYECKHE BBITO/IbI: B Ipoliecce (epMEeHTAIMd U pa3BelACHHUS
MIPOU3BOJISATCS BBICOKOKAYECTBEHHBIE OPraHUYECKUE yAOOpPEHHS, a KUBBIE HIIU
BBICYILICHHBIE JOKJEBbIC UYEPBU MOTYT HCIIOJb30BATHCA B KAaYECTBE BBICOKO-
KayeCTBEHHBIX YAOOpPEHHH U BBICOKOKAYECTBEHHBIX KOPMOB B CEIBCKOXO-
35ICTBEHHOM ITPOM3BOJCTBE WJIM IPOJAABATHCS HA PHIHKE.

3. CoumanbHble BBITOBI: Mpolecc GepMEHTALMU U Pa3BEACHUS MO3BOJISET
MOBBICUTH JIOXOJI U YPOBEHB KU3HHU CEITBCKOX03UCTBEHHOM OTpaciau U (hepMepoB,
CIIOCOOCTBYET Pa3BUTHUIO 3€JEHON SKOJOTMYECKON SKOHOMUKH, a TaK¥KE MOBBI-
[Ia€T YPOBEHb OCBEJOMIICHHOCTM M TEXHOJIOTMI B O0JIACTH OXpaHbl OKpY-
JKAIOLLIEN CpeJibl.

BepMukoMnocTiupoBaHue KypuHOTO HaBO3a MOXKET HE TOJBKO OOJIETYUTh
npoOiieMy 3arpsi3HEHHUs] OKPYXKAIoLEeH Cpe/ibl, HO U MPUHECTH HKOHOMUYECKYIO
BBITOlY, @ MOJIEJIb PA3BUTHSI MOXKET OBbITh PELUPKYJIMPOBAHA, YTO 3aCIy>KUBAET
nooiupenus. boxee Toro, AByCTOpOHHSS MOJIENb MepepabOTKU «KYypUHBIH HABO3
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— BEPMHMKOMIIOCT — KOpMa — JXMBOTHOBOJACTBO» U «KYPUHBIM HAaBO3 —
BEPMHUKOMITIOCT — BBIPAIIMBAHUE CEIIbCKOXO3SIMCTBEHHBIX KYJIBTYP» ITO3BOJIUT I10-
HOBOMY B3IVISIHYTh Ha YCTOMYMBOE PAa3BUTHE CEJIBCKOTO XO3A1CTBA.

CHuCOK HCN0JIb30BAHHBIX HCTOYHMKOB
1. Li, Y. Review of Publications on the Study of Poultry Manure Problems in Environmental
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Summary. This article examines the problem of modern society’s perception of
some products as environmental, while they cause even greater harm to the
environment.

For quite some time now, people have been aware of environmental
problems and have even tried to solve them. Before, the problem was that people
just didn't really know what the problem was, but now we hear about it
everywhere. It would seem that nowadays people are divided into two types:
people who follow the environment saving movement and do everything they can
to help global warming and other environmental problems and those people who
know about it but and don't pay much attention to it and don't devote their energies
to it. But there are actually at least three groups of people in the world today. The
third group of people is people who think they are helping nature, but in fact they
are not.

There is now a widespread belief that it is better to use paper bags instead of
plastic bags. And not only bags, but also other things. Since high school, everyone
knows that plastic takes hundreds of years to decompose, while wood is an
ecological product. To understand everything, let's go in order and look at the
production of plastic bags. Plastic bags mainly use such a material as
polyethylene. More specifically, low density polyethylene, or LDPE. A gas called
ethylene, or C2H4, is used to produce it. To produce polyethylene, the original
gas 1s compressed and then heated to 160 degrees centigrade, after which the
molecules begin to bond together. After that, the liquid polymer is poured into
moulds and cooled, then sent to the required device. As for the production of paper
bags, sawdust is poured into water, and it is not the water that is pumped out. It is
fully usable again because of the fact that people have learnt over the years to
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recycle it all very well [1]. It's talking about the water that eventually combines
these sawdusts. Let's take into account that even though wood is used in one form
or another, and wood is a renewable resource, but we use a bag a couple of times
and throw it away, and trees take longer to grow. And a felled tree could be used
more efficiently than for a few disposable bags.

In terms of production costs, paper production requires more energy and
processing costs. Paper production uses twenty times more water than plastic
production. The first 1,000 would require 1,004 gallons of water, while the plastic
1,500 would require just 58. The chemicals needed to heat and bind the wood
chips contribute to acid rain near factories [2].

We looked at what happens to bags before final production, the first stage of
their life cycle. And what happens at the end of their life cycle. Most people use
plastic bags for their original purpose, and then they are often used as garbage
bags. Paper bags are initially intended for their intended purpose, and then most
likely their life cycle ends and they are thrown away. Unfortunately, now there are
not many waste processing facilities, and therefore most of the waste is not
recycled, but is simply taken to landfills, where all the bags decompose. As
mentioned earlier, plastic takes hundreds of years to decompose, while paper takes
about a few weeks to decompose. There is an opinion that in this way
biodegradable plastic or paper produces more harmful gas due to the fact that they
have a shorter decomposition time. And the greenhouse effect is not the only
problem that worries today's environmentalists. The production of such bags
releases substances that lead to cancer.

In this case, the conclusion is that the use of paper bags is more harmful than
plastic ones. Most paper products can be recycled. One ton of recycled fiber saves
an average of 17 trees, according to paper recycling research. Additionally,
recycling paper uses 70 % less energy than producing new paper [3].

Having done this analysis, it can be difficult to make the only truly correct
decision for yourself. But now there is a third option — fabric bags, simply string
bags, which appeared many years ago and are now remembered and appreciated
in a new way. If you look at this skeptically, then not everything is so easy. In
addition to garbage dumps, there are also landfills of clothes that have outlived
their useful life. The fabric also takes a long time to decompose and evaporate
harmful gases. For every plastic bag used, people would need to reuse a paper bag
an additional half time and an organic cotton bag an additional 150 times to
equalize the release of cancer-causing chemicals. But fabric bags are designed to
be used much more times than other types of bags. It is unlikely that anyone will
throw them away after using them once or twice. Therefore, it is best to use them,
especially since now they are available for every taste and color. The main thing
1s to use it for a long time.
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Summary. The article discusses the advantages of lithium bromide absorption
heat pumps over compression heat pumps, because enterprises are somehow
faced with the problem of fuel economy.

AOCOopOIMOHHBIN OpoMucTO-TUTHEBBIN TeruioBo Hacoc (ABTH) — sto
YCTPOMCTBO HEMPEPHIBHOTO JCHCTBUSA, MNPEAHA3HAYECHHOE Ui Mepeaaqyu
TEIJIOBOM SHEPrUU OT UCTOUYHHMKA C HU3KOM TeMIepaTypoi K UCTOUHHUKY ¢ OoJiee
BBICOKOU Temreparypou. [logsoaumoit sneprueit npusoaa st ABTH siBisiercs
TETUI0BAs DHEPTHUS, a 11 KOMIIPECCUOHHBIX TEIUIOBBIX HACOCOB — AJIEKTPHUUECKAs
sHeprus. Ha puc. 1 B Buae mnonocoBoil auarpammbl COHKM TIPUBENIEH
HHEProdaNaHC CUCTEMBbI T€HEPAIMH 3JICKTPOIHEPIHMH Ha TEIUIOBOM 3IIEKTPO-
CTaHIIMH, TOCTaBKHU ¢¢ MoTpeOuTesto u ucnonb3oBanuio B [IKTH [1].
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c000I1IaeMy0 CETEBON BOJI€ MAPOKOMITPECCUOHHBIM TEIUIOBBIM HACOCOM; 6 — TOTOKOB
TEIJIOBOM HEPTUHU B aOCOPOIIMOHHBIX OPOMHUCTO-JIUTUEBBIX TETUIOBBIX HACOCAX

1%

Jliis mpennpusituii 6osee BakHO obecrneunBaTh (PUHAHCOBOE OJIaronoryvue,
CBS3aHHOE C HCIIOJIb30BAaHWEM YCTAaHOBKU. B 3TOM OTHOIIEHWH HEOOXOAMMO
paccmotpeTh cooTHomeHne 3atpaT ( [y ) Ha MOKYNKY 3JIE€KTPOSHEPTHH,
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TpeOyemoit 1t mpusoaa [IKTH, u Beipyuku oT npoaxu 6€CTOIUIMBHOTO TOTOKA
TemnoThl ( [yp, ). MOXHO 3amucath ypaBHEHWE | JUli COOTHOLICHHWs JTHX

BenuunH [1].
Anpp. W3Tp.*COPhp*TT3

T
Ty~ WoeTy, - COPhR T @)
rne W, —norpebnenue snekrposnepruu Ha npusoa [IKTH, kB1-u;

COP,p, — OTOIUTEILHBIN kodpdunment I[IKTH, nomnu;

T,, — Tapud Ha IpoJIaxXy TeruioBoi sHepruu oT THY, py0./kBT-u;

T,, — Tapu( Ha MPOJAXKY FTEKTPOIHEPIHUH IHEPTOCUCTEMON MPEAIPUATHIO,
py0./kBT-u.

Hcxons u3 ypaBHeHUs 1, OTHOLIEHUE BBIPYUKH K 3aTpaTaM MOXKET ObITh KaKk
MeHblIE, Tak U Oonbuie equHuuebl. [lpu tapudax T, = 0,12 y.e./kBr'u u Tr, =
0,034 y.e./xkBt'u (40 y.e./I'kxan) moaydaem, 4TO COOTHOIICHUE JOJKHO OBIThH
COPrp > 3,5, ogHakO B pEalbHBIX YCIOBUAX, YUYUTHIBA 3KOHOMHUYECKOE
TpeOOoBaHME 110 BO3BpATy MHBECTUIIMI, OHO Bo3pacTaet A0 3HaueHus COPhp > 5,
YTO MPAKTUYECKU HE JOCTUAKUMO. V3 aHanm3a 1aHHBIX pUCyHKa | O4eBUAHO, YTO
npu nepexojie K [IKTH naxe cHukeHue moTpeOIeHUsT KOJIMYECTBA SHEPTUU TIO
OTHOIIICHHUIO K TOMY, 4TOo TpeOyercs mis npuBojga ABTH B (5 / 1,7) = 3 paza
OPEBBIIIAIOIIUM  CHIDKEHHE  SHEpromoTpeOjeHHss IO  CPaBHEHHIO  C
sHepronoTpedenneM, HeooxoaumbiM il puBojga ABTH, npu obecnieuennn
TOT0 K€ KOJIMYeCTBa Terria [2].

Tenepr paccmorpum cootHomieHue 3arpar ([lsp) Ha MOKYNKY TEIMIOTHI
Tpedyemoii 115 nmpuBoga ABTH, u BeIpyUyKkH OT pojaxu 0€CTOIUIMBHOTO MOTOKA
TeIUIOTHI ([ps):

Nips _ Qsrp.*COPpp*Trs
Bowp.  Qsrp*Trs
riae Qsp — norpednenue TermnoBoil suepruu Ha npuBo ABTH, kB1u (wnm ['kan);
COPnp — oronutenbubiit kKoapunment ABTH, nonu;
Ty, — Tapud Ha MOKYNKy U npoAaxy TersioBoi suepruu ot THY, py06./kBT-u
(wm py6./T'xan).

Takum o0Opa3zom, ABTH oOnamaer psazoM HEOCITOPUMBIX
AKCIUTyaTanoHHbIX npeumytiecTB. Cpok cimyx0b1 ABTH o 30 net 6e3 3amensl
XJIaJlareHTa, MpeICTaBISIoNIero coo0i pacTBOp BOJIbl B OpoMucToM JUTHH. Cpok
cayxk0b1 IIKTH B gBa pa3za kopoye, 4TO NPUBOJUT K HAMNPACHOM Tpare
WHBECTHUIMN Ha TOT K€ MEPUOJ, YTO U Cpok ciayk0b1 ABTH, HecMoTps Ha TO, 4TO
croumocts [IKTH Heckonbko HUXKeE.

== COPhp’ (2)
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Summary. The technological methods and regimes of interposers formation
based on single-layer and double-layer membrane alumina plates with a system
of aluminum passive elements, conductive interconnections and through
transition elements built inside the dielectric body, obtained by local one-sided
and two-sided through thickness anodizing using additional bipolar anodizing,
were studied and optimized. Single-layer and double-layer interposers with
dimensions of 1212 mm and 10x10 mm, respectively, were fabricated. It was
shown that the thickness of Al>Oz interposers can be changed from ~30 to
~100 um in terms of design and technology. It was demonstrated that the
thickness of implanted Al conductors can be from ~5 to ~100 um, and different
depths of their location inside Al.Os membrane plates are possible.

Ha ocHOBammm aHanmm3a  COBPEMEHHBIX  MHPOBBIX  pa3padOTOK,
BO3MOXKHOCTEM  QJIFOMOOKCHUJIHOW  TEXHOJIOTMM W NIPeABAPUTEIbHBIX
VICCIIEIOBAHUM 3aMEUYEHO, YTO MOPUCTHIN AHOJIHBIA OKCHJI AIIFOMUHUS SIBJISIETCS
BECbMa MEPCHEKTUBHBIM MAaTEPUAIOM JUIs NepenoBbix TexHonoruu 2.5D u 3D
MHUKPORJIEKTPOHHBIX YCTPOMCTB B YacTH CO3[aHUS MPOMEXKYTOUYHBIX IUIACTUH
(uHTEprO3epoB) Id OOBEMHOM COOPKM KpPUCTAUIOB B EIWHYIO MHUKpPO-
AJIEKTPOHHYIO CUCTEMY H3-3a TepMOCTOMKOCTH Al2Os, €ro HM3KHUX JJIEKTPH-
YECKHUX IMOTEPh, MEXAHUYECKOU TBEPJIOCTH, HU3KOM CTOMMOCTH U T. 1. HOBbIM
Hay4YHbIM M TEXHOJOTHYECKUM PEIICHHEM SIBISIETCS TAKOE, KOTJA, HCIIOJb3YS
KOMOMHUPOBAHHOE COYETAHHME IMPOIECCOB (POTOPE3UCTUBHOIO MACKUPOBAHMS,
OJIHOCTOPOHHEI0 WJIM JIBYXCTOPOHHETO CKBO3HOTO aHOJAWPOBAHUS, MOKHO
OJTHOBPEMEHHO (OPMHUPOBATH HECYIIUE OCHOBaHUS (MEMOpPAaHHBIE TJIACTUHBI
UHTEPIO3EPOB), MEXKIIEMEHTHYIO JUAJIEKTPUUYECKYIO Cpeay U CUCTEMY
BCTPOCHHBIX Al-MeXCOeIMHEHUH C IBYXCTOPOHHUM BBIXOJIOM Ha TIOBEPXHOCTH
KOHTaKTHBIX 1epexo1oB [1].

OO6mas peanu3zanusi TEXHOJOTHMUYECKOTO MOAX0Ja (hOPMUPOBAHUSI HHTEP-
103epoB Ha OCHOBE onHOCHOMHBIX Al203-mMeMOpan co BcTpoeHHOW Al-metan-
JAU3alyeld BKJIOYala B ce0s  Clenylolue ONepaluu: MpPeJBAPUTEIbHYIO
TEMIIEPaTypHYIO0, MEXaHUYECKYI0 TOJATOTOBKY M XHMHYECKYI0 0O0paboOTKy
(ounctky) wucxomHou Al-Qonbru; XUMHUYECKYIO WU DJIEKTPOXUMHUYECKYIO
noyiupoBky Al-donbru; ogHOCTOpOHHEE (POTOPE3UCTUBHOE MACKMPOBAHUE B
MecTax (OpMUPOBAHMS KOMMYTAIIMOHHBIX 3JIEMEHTOB (KOHTAKTHBIX IUIOIIAIOK U
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IIPOBOJIHUKOB); OJTHOCTOPOHHEE 3JIEKTPOXUMHUUECKOE aHOAUPOBAHUE B JIOKAIBHO
HE3aIMIIEHHBIX MECTAX JIO MOJHOI0 CKBO3HOT'O MTPOKUCIIEHHS TOJATOTOBJIEHHBIX
wiacTuH Al-Qosbru; cHATUN (OTOPE3UCTUBHBIX MACOK.

OO61as peanu3anys TEXHOJIOTHYECKOro M0/1X0/1a POPMUPOBAHUS UHTEPIIO-
3epOB Ha OCHOBE JIByXCJIOMHBbIX Al2O3-MeMOpan co BctpoeHHMH Al-3iieMeHTaMu
BKJIIOYAJia B ce0sl CIEAyIONIMe ONepaluu: MpeIBapuTeIbHyI0 TEMIIEPaTypHYIO,
MEXaHUYECKYIO MOJITOTOBKY U XUMHUYECKYI0 00pab0TKy (OYHCTKY) UCXOIHOM Al-
GoJIbru; XUMHUYECKYI0 WM DJIEKTPOXMUMHUYECKYI0 TOJUPOBKY Al-donbru;
JIBYXCTOPOHHEE (POTOPE3UCTUBHOE MACKHPOBaHHE B MecTax (HOPMUPOBAHMS
KOMMYTAITMOHHBIX 3JIEMEHTOB C Pa3IMYHOM TEeMIIepaTypoil 3aayOnuBaHUs IS
KOHTAKTHBIX IUIOMIAJOK U MPOBOJAHUKOB; JABYXCTOPOHHEE AIEKTPOXHUMHUYECKOE
aHOJIMPOBAHUE B JIOKAJHHO HE3AIUINICHHBIX MECTaX Ha HEKOTOPYIO TIyOWHY;
xumMudeckoe TpasieHue chopmupoBanHoro AlxOs; cHATHE cnab03aayOIeHHBIX
(OTOPE3UCTUBHBIX MACOK (C TOMOJOTHMYECKUX MECT MPOBOJHHUKOB); ABYXCTO-
POHHEE IEKTPOXUMUYECKOE aHOAUPOBAHUE B JIOKAJIbHO HE3AIIMILIEHHBIX MECTaX
0 TOJIHOTO CKBO3HOTO MpoKWcieHus IuiacTud — Al-poneru;  cHsTHE
CUJIbHO3aAyONEHHBIX (POTOPE3UCTUBHBIX MACOK (C TOIMOJOTHYECKUX MECT
KOHTaKTHBIX MEPEX0/I0B U MJIOMIAI0K).

N3roToBiieHHbIE UHTEPIIO3EPHI MPEACTABISUIN COOOM MIIACTUHBI OJTHOCIION-
HbIX U ABYXCJIOHWHBIX AloO3-meMOpaH pa3MepoM COOTBETCTBEHHO 12x12 MM H
10x10 MM €O BCTPOCHHOH CHCTEMON aTIOMUHHMEBBIX KOMMYTAIIMOHHBIX
MEKCOSTUHCHUN BHYTPH JUAJICKTPUIECKOro o0beMa TommuHor ~30—100 Mxm.

J1J1st IEpBOTO TEXHOJIOTUYECKOTO BAPUAHTA UHTEPIIO3EPOB TOMOJIOTUUECKUI
PUCYHOK METaJUIM3allMi TPEJCTaBIsUl cOO00M Ha0Op BHEIIHMX KOHTAKTHBIX
momaaok auamerpoM 400 MKM B KOTMYECTBE 48 IIIT., pacloJIOKEHHBIX MO Te-
pUMETPY MHTEPIIO3EPOB U COETUHEHHBIX JTydeoOpa3HbIMU Al-poBOJHUKAMU C
HAa0OpOM BHYTPEHHHMX KOHTAaKTHBIX IUTOmMa0K pazmepoMm 100x400 Mkm B
KOJINYECTBE 48 IIT., paCMOJIOKEHHBIX B LIEHTPAJIbHOW YACTH MHTEPIIO3EPOB MO
nepuMetrpy 30HBI 0,4%0,4 cm. Tommuua Al-mMetaymuzanuu omnpeaesnsiach
TOJIUHON HcXoaHOW Al-Qonbru, a TOnoJIOrMuYecKUil pUCYHOK ¢ 00EUX CTOPOH
MHTEPIO3EPOB COBMAJAd U SABISUICA CKBO3HBIM uepe3 Bcto TommuHy Al2Osz-
IJIACTHUH.

JIist BTOPOrO TEXHOJOTMYECKOTO BapUaHTa HWHTEPIIO3EPOB KOJIUYECTBO
BHEITHUX OJHOCTOPOHHMX KOHTAKTHBIX IIomaaok (pasmepoMm 100x100 mMxm)
cocTaBisio 124 mT., a KOJMMYECTBO BHYTPEHHUX KOHTAKTHBIX IUIOLIAIOK
cocTaBisio 121 mT. ¢ BappaHTaMH OJJTHOCTOPOHHETO U JIBYXCTOPOHHETO BBIX0/1a
Ha MOBEPXHOCTh. TOJNIMHA aTIOMUHUEBBIX UMILIAHTUPOBAHHBIX MPOBOJIHUKOB
MOTJIa BapbUPOBAThCA OT ~5 MKM 10 ~100 MKM, nmpuyeM BO3MOXHA pa3jinyHast
rIyOMHa UX 3aJleraHus B 00beMe ABYXCIOWHBIX MeMOpaHHBIX Al,Oz-mmacTuH.

CnuCcoK UCNOJIb30BAHHOM JIUTEPATYPHI
1. IlumanoBuy JI. JI. MeToabl co31aHusi BCTPOCHHBIX aTFOMUHUEBBIX KOMMYTAIlMOHHBIX

3JIEMEHTOB B 00beMe CBOOOIHBIX aHOAHBIX Al203-ocHoBaHwMi / DyHIaMEHTaIBHBIE TIPOOTIEMBI
pannosnexTponHoro npudopocrpoerus. — 2013. — T. 13. — Ne 3. — C. 186-1809.

39



YIK 621.181.27
IMOJE3HOE UCITOJIB30OBAHUE TEIJIOTHI IBIMOBBIX I'A30B B
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Summary. The article describes the relevance of using waste heat boilers in the
conditions of construction of peak-standby energy sources at energy facilities,
and considers the reason for the need for their installation in production.

B nacrosmee Bpemst B Peciy6nuike bemapych ycranaBiuBaroTcst 4 miUKOBO-
pe3epBHBIX dHepreTudeckux ucrounuka (nanee [IPON) [1]. ITIPOU pa3zpaboTansbl
Ha O0a3ze ra3orypOuHHbIX YycTtaHoBOK (manee I'TY). Cam uukn I'TY He
npeaycMaTpuBaeT HUKAKOW YTUIIM3AIMU IBIMOBBIX Ta30B, @ 3TO 3HAYUT, YTO OHU
BBIOpACHIBAIOTCS B aTMOC(eEpPy C BHICOKOHM Temmnepatypoit nopsaka 600—-700 °C.
3a cueT BBIOPOCOB MPOUCXOJUT 3arpsi3HEHUE OKPYKAIOIIEH Cpellbl U TepseTcs
Y4acTh TEIIOBOM AHEPIHH, KOTOPYIO MOKHO IMOJIE3HO UCIIOIb30BaTh.

Jlis penieHus TaHHbIX MPOOIeM IPUMEHSIOTCS KOTIIBI-yTUIN3aTOPHI (J1aj1ee
KYVY). Onu nensitcs Ha ABa TUIA: MApoBbIe U BOJOTpelHbIe. B mapoBbIx KOTiIax-
YTUJIN3ATOPax BBICOKOTEMIIEpATypHAsi CMECh I'a30B MOAAETCS B HIKHIOKO YaCTh
paboueit kamepbl. B pe3ynbTaTe ee BO3ISHCTBHS BOAA IMPEBpAIIacTCS B Iap
BHYTPH TapOIeperpeBarelis, Mocjie 4ero map IMOJacTcs B MapOBYI TYpPOUHY

(puc. 1).

Murarenuuan
Neperpe- Bopa

Pucynok 1 — Cxema paGoThl apoBOro KOTJIA-yTHIN3aTOpa

Boporpennasie KY ciyxart ajis HarpeBa BOJABI 3a CUET TEIUIOTHI JIBIMOBBIX
ra3zoB, Beixomsammx u3 ['TY. Ilpunmun pabotel cxox ¢ mapoBsiMu KY 3a
UCKJIIOYEHHEM TOTO, YTO MapOBOJISIHAsA CMECh cernapupyercsi B OapabaHe KOTJa.
[Tocne ornenenus mapa OT BOABI MOKHO HAIIPaBIIATh BOAY € TeMreparypou 120—
130 °C Ha ropsiuee BOAOCHA0XKEHUS MPEANPUITHS WIM NPUWICKALIEMY K HEMY
HACEJICHHOMY MYHKTY. Ecin ske HacesleHHbIN ITyHKT PacioJIOKEH B npenenax 20—
30 KM OT UCTOYHHUKA, TO HEOOXOJUMO YCTAaHOBUTH 0aK-aKKyMYJIATOP, KOTOPBIA
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nociie BeIKTIOYeHUST KY Oyzaer ormaBath TEMIOHOCUTENh (TOPSYYIO BOIY)
MIOCTENEHHO 3alOJIHAACH OXJIAXKJICHHOM BOJOM C Ttemmeparypour 25-30 °C

(puc. 2).

. bak-
opsivasa Boga
AKKYMYIATOP
OxnaxpaeHHas Boga
[opsyas Boga
[bIMOBbIE rasbl .
MPAN | .., KY

PucyHnok 2 — [lepenaua ropstueid BOJbI Ha JaJIbHEE PACCTOSHHE

bnaronaps KV, ucnons3yeMblM B mape ¢ ra3oBbIMH TYpOMHAMH, MOYKHO
noBbicuTh 00mwmit KIIJ[ Bmiote g0 90 %. YcTaHoBKa KOTJIOB-YTHIM3AaTOPOB
nociie I'TY mo3BoJisieT yBeIUYUTh SHEPreTUYECKYI0 3PPEKTUBHOCTh NMPEAIpPH-
ATHS, CHU3UTh BBIOPOCHI JIBIMOBBIX Ta30B B OKPYXKAIOIIYIO Cpeay, a TaKxke
YMEHBIIUTH PACcX0]l TOTINBA.

Cnucok McnoIb30BaAHHBIX HCTOYHMKOB
1. Iynenos, JI. C. IIukoBo-pe3epBHBINA 3HEpreTUUECKUil UctouHuk = Peak-backup
energy source / JI. C. llynenos; Hay4. pyk. T. A. IletpoBckas // AxTyanbHble TPOOIEMBI
sHepreThku — 2022 [DneKkTpoHHBIN pecypc]: MaTepuaibl CTYIEHYECKOW HayYHO-TEXHUYECKON
koH(pepenuuu / coct.: . H. Ilpokonens, T. A. Ilerposckas; penkoin.: E. I'. [Tonomapenko
(mpen.) [u mp.]. — Munck: BHTY, 2022. — C. 120-122.
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Summary. In this paper, the reed fiber added to shell aggregate concrete is
analyzed, the effect of adding reed fiber on the strength of concrete under different
shell aggregate replacement rates is studied,the method of mechanical property
test is adopted, and the bending,compressive and frost resistance experiments are
designed, and finally the shell aggregate and reed fiber have good mechanical
properties and solidity, and the addition of reed fiber to a certain proportion of
shell aggregate can bring considerable social and economic benefits.
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With the innovation of science and technology and the overall progress of
society, sustainable development plays an increasingly important role in research,
and the importance of environmental protection is particularly prominent in this
context. In order to protect the environment, we believe that the development of
green building materials is essential due to the destruction of a large number of
natural resources due to the growing demand for buildings. Therefore, after
discussing the existing research, we found that shell aggregate can provide
sufficient concrete strength while reducing the exploitation of natural resources,
and adding fibers to concrete can improve the strength of concrete, so we carried
out the mechanical properties analysis of shell aggregate and reed fiber reinforced
concrete.

The properties of shells used for concrete. When replacing the traditional
aggregate, the shell strength is higher, and it also has good mechanical properties
and firmness, which can withstand the load and stress in the concrete, and ensure
the safety and stability of the concrete structure; it has low water absorption and
adsorption, and reduces the loss and evaporation of cement slurry; it ensures the
workability of concrete, and has a reasonable particle gradation and shape, which
can reduce the porosity in the concrete, improve the compactness and strength of
the concrete; it has a low alkali activity and harmful substance content, and avoids
the reaction with the alkali in the cement, resulting in the cracking of the concrete.
In addition, studies have shown that the appropriate proportion of shells instead
of fine aggregates can fill the pores of the material, improve the overall
compactness, reduce the absorption rate, improve the compressive strength, and
improve the workability, strength, and durability of the mortar.

Reed fiber used for the performance of construction. Reed fiber in the
application of concrete, as a fiber material to improve cement or lime-based
mortar, it can enhance the mechanical properties of concrete, as a reinforced brittle
material A significant advantage is the flexural performance after cracking, in
addition, It plays a fundamental role in improving the mechanical properties of
composite materials, and the reinforcing materials are distributed in the
composites, which have effective sealing and bridging crack capabilities under
bending or tensile stress, so the post-crack toughness caused by reed fibers in
cement materials may allow the large-scale construction use of such composites.

Experimental process. According to the characteristics of shell and reed fiber,
the basic idea of achieving the research goal in this study is to add reed fiber at
the addition rate of 1-6 % of the cement mass under the replacement rate of 10 %,
30 % and 50 % shell aggregate, and pour the block on this basis. frost resistance,
so as to further discuss the effect of shell aggregate substitution on the mechanical
properties of concrete.

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 the concrete according to
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10 %, 30 %, 50 % and other quality substitute stones, and reed fibers are added to
the concrete at the addition rate of 1-6 % of the cement mass, and the cube
specimens of 40 mm x 40 mm % 160 mm are formed.

When shell and reed fiber are mixed with shell in a certain proportion, the
crack resistance, impact resistance and mechanical properties of the cementitious
material system can be improved, and the compressive and flexural strength of
the concrete test block are greatly improved. The experiment shows that in the
performance test of the specimen, the strength of the block does not decrease at
28 d, and the shell as an aggregate does not cause the reduction of the early
strength of the concrete, which not only maintains the advantages of ordinary
concrete, but also has the advantages of waste utilization, and will not affect the
basic properties of the mortar. The microstructure test results show 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 shows that the shell is used as a fine aggregate, and even
significantly enhances the workability of concrete compared with the traditional
aggregate. Therefore, under the premise of reducing the consumption of primary
aggregates and environmental protection, the use of shell aggregates does not
affect the construction quality, and can significantly reduce the price of building
materials. In addition, the flexural capriciousness of reed fiber can well improve
the flexural strength of concrete, so the use of shell aggregate and reed can
produce considerable social and economic benefits, and well realize the
sustainable development of green building as the concept.
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A NEW FLYWHEEL ENERGY STORAGE DEVICE FOR
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FH7¥ (Li Zhengyang )
FIEAS# (Northeastern University )
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Summary. Generally, vehicles with axle structure do not use the gravitational
potential energy of people and objects reasonably during transportation, but use
the extra energy to make the vehicles operate. The purpose of this project is to
study a flywheel energy storage device that converts potential energy into kinetic
energy, so as to store gravitational potential energy and convert it into Kinetic
energy for output on demand, which is widely used in industry, civil
transportation, medical rescue and other fields.

With the rapid development of the times, the problem of insufficient energy
supply has appeared all over the world. Under the background of the times,
General Secretary Xi Jinping put forward the “double carbon” plan. Under the
goal of carbon peaking and carbon neutralization, new energy will grow by leaps
and bounds. In addition, the unique advantages of new energy technology
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compared with traditional energy technology make it urgent to develop new
energy and store energy. At present, common energy storage technologies include
flywheel energy storage, pumping energy storage, compressed air energy storage,
battery energy storage, heat storage energy storage, superconducting magnetic
energy storage and other technologies. Compared with other energy storage
methods, flywheel energy storage technology has the advantages of high energy
storage density, high energy conversion efficiency, fast energy charging and
discharging speed, strong environmental adaptability, long service life and easy
maintenance. At the same time, considering that most vehicles are always in the
gravitational field in the working process, which reduces the motion efficiency
and increases the energy consumption with the increase of load, it has a wide
application prospect to use flywheel as a device for converting kinetic energy
from gravity.

China has done a lot of research on the application of flywheel energy
storage in vehicles. Flywheel can be used as an auxiliary energy storage unit of
electric vehicles, which can output higher instantaneous auxiliary power when the
vehicles accelerate and climb slopes, and can improve the energy recovery rate
when regenerative braking. There is also a similar structural design in human
vehicles. The designed device transmits gravity from the seat plate to the planetary
gear through the connecting rod, which makes it rotate, and then drives the outer
gear ring and the internal single-stage flywheel to rotate, transforming gravity into
Kinetic energy. At the same time, some people have studied using flywheel to
transform the gravitational potential energy in the bumpy vibration during
transportation into kinetic energy to help the bicycle move forward. The above
research can provide technical support for the structural design of flywheel energy
storage device in this project.

The application of flywheel energy storage technology and the technology
of converting gravitational potential energy into kinetic energy in vehicles are
important research directions in the future. This project aims to combine them and
develop a flywheel device that can effectively convert and store gravitational
potential energy, so as to achieve the purpose that flywheel can work normally
under various environmental conditions.

The following are the innovations of this project:

1. Aiming at the problem of unreasonable conversion and utilization of
gravitational potential energy in the use of existing vehicles, a flywheel device is
developed to realize the effective conversion of gravitational potential energy
under various conditions and transform it into power, so as to achieve the purpose
of lower transportation energy consumption, and the flywheel is widely used in
various vehicles.

2. There are few mechanical devices for storing potential energy, which are
inefficient and have the problem of narrow practical application. In this project,
lever gears, dual-mass flywheels, spring energy accumulators or other structural
systems with adjustment and control functions are used to store gravitational
potential energy and use it during the movement of vehicles. The details are as
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follows: when the vehicle is downhill, the flywheel stores energy to reduce the
downhill speed and ensure driving safety; Release energy to provide assistance
when going uphill.

3. Optimize the shortcomings of the existing small flywheel energy storage
technology in application. At present, the existing small flywheel energy storage
devices have high gravity instant conversion efficiency, but the wheel is not
suitable for uphill conditions due to its general structure, that is, it is difficult to
store gravitational potential energy and cannot be used immediately when needed.
The application of the technology of converting gravitational potential energy into
kinetic energy in vehicles is an important research direction in the future. The
purpose of this project is to combine the two technologies and develop a flywheel
device that can effectively convert and store gravitational potential energy, so as
to achieve the purpose that the flywheel can work normally under various
environmental conditions.

The new flywheel is composed of positive and negative wheels, and the
springs and gears are both inside the positive and negative flywheels. During
normal operation, the gravitational potential energy is stored by the spring energy
storage device and acts on the positive wheels of the two wheels for potential
energy conversion; When the wheel travels, the spring compresses (from 9 o'clock
direction to 12 o'clock position) and decompresses (from 12 o'clock to 9 o'clock
position). During the rotation, the influence of the compression and
decompression of the spring mechanism on the rim part provides extra power for
rotation.
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Summary. At present, the new energy power battery is about to enter the
decommissioning climax, sorting metal is one of the important step, this paper
describes our optimization and innovation of the traditional waste power battery
process. The research and development of the new vertical eddy current sorter
breaks through the bottleneck of the original equipment, and realizes a
breakthrough for the problem of not being able to deal with small-sized electronic
waste (original eddy current sorting equipment), the problem of only being able
to separate non-metals and metals, not being able to separate different metals at
the same time (high-voltage electrostatic equipment), and the problem of high-
pollution and high-emission (chemical treatment), focusing on the solution of the
recovery of the metal with a particle size of less than Smm. The Recycling Process
is a mechanical-physical device that realizes the separation of small-sized non-
metals from metals and between different metals. Based on this, on the traditional
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recycling process, we also added two processes of freezing crushing and wind
selection, freezing crushing by controlling the temperature, the use of which solid
waste at low temperatures in the brittle fracture temperature difference, so that
the material becomes brittle, in addition to the crushing effect is better, the
advantages of energy saving and noise reduction are also very obvious, the wind
selection to a certain extent to make the degree of dissociation of the waste power
batteries is higher, so that the separation of metal and non-metallic materials
more thoroughly, thus improving the recycling efficiency. It also improves the
recycling efficiency.

According to the New Energy Vehicle Industry Development Plan (2021-
2035) issued by the General Office of the State Council in November 2020, China
will also vigorously develop new energy vehicles in the future, and it 1s expected
that by 2025, China's new energy vehicle sales will reach 5 million units,
accounting for 20 % of new vehicle sales and 44 % of the global new energy
vehicle market capacity. By then, China will become the world's largest country
of new energy vehicles.

The vigorous promotion of new energy vehicles has led to the explosive
growth of the power battery industry, the current market is common ternary
batteries and lithium iron phosphate batteries, lithium iron phosphate batteries in
the phosphorus, iron elements are widely available in the earth's resources; lithium
iron phosphate batteries, the mixing of chemical mixtures of the simpler method,
so that the cost of lithium iron phosphate batteries to be relatively inexpensive
about 10—15 %; lithium iron phosphate battery cycle life can be up to 10 years or
so, but ternary battery life is only 6 years. Up to about 10 years, but the service
life of lithium ternary batteries is only 6 years. The following table shows that
lithtum iron phosphate year-on-year growth and year-on-year cumulative growth
is the most obvious. Lithium iron phosphate batteries (LFPBs) occupy a large
share of the power battery market due to their advantages of high safety, long
cycle life and low price. At present, in China has entered the end-of-life power
battery, lithium iron phosphate batteries accounted for more than 70 %, the future
amount of retired lithium iron phosphate batteries will become increasingly large,
so the recycling of used lithium iron phosphate batteries is particularly important.
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Table 1 — Power Battery Production by Material Type (Unit: MWh, %)

Cumulative regcr:]t?:)ma Year-on- Cumulative
Material type  October January- ; year year-on-year
October y increase growth
growth
ternary 9200.2 | 720385 = -45%  935% 165.0 %
material
lithiumiron 40005 1 875002  17.6%  3140%  378.2%
phosphate
lithium 26.2 1425 | 617%  31.0%  21.3%
manganate

consider 251225 | 159824.4 84%  191.6% 250.0 %

Power battery is mainly composed of shell, positive pole piece, negative pole
piece, electrolyte and diaphragm, positive pole piece is composed of aluminum
foil and positive pole material adhered on it, negative pole piece is composed of
copper foil and negative pole material adhered on it, and these materials contain
a large amount of valuable metals, and the composition of valuable metals
contained in different positive pole materials is different, among which the metals
with the highest economic value are cobalt, lithium, nickel and so on. For example,
the average content of lithium in ternary batteries is 1.9 %, nickel 12.1 %, cobalt
2.3 %; in addition, the proportion of copper and aluminum also reaches 13.3 %
and 12.7 %, and their content is even much higher than that in primary ores, which
is of great recycling value. In addition, a large number of used power batteries are
directly landfilled or stockpiled after decommissioning, which not only occupies
land resources but also causes serious pollution of soil and water resources when
heavy metals such as cobalt, lithium and nickel penetrate into the soil, seriously
threatening the environment and human health, and causing great pressure on the
social and ecological environment. Therefore, the recycling of used power
batteries to realize the green recycling of cobalt, lithium and other scarce mineral
resources has greater economic and social value.

At present, there are four methods for the recovery of copper and aluminum
as well as some non-magnetic metals in used lithium iron phosphate batteries: fire
method, wet method, biological method and mechanical-physical recovery
method. Among them, the chemical method is more damaging to the environment,
and the biological method is more difficult to be applied in large-scale
industrialization. Therefore, the technological breakthrough of physical methods
will be a good development direction for sorting. The optimized recycling process
and the new vertical eddy current sorter developed in this project focus on solving
a series of problems, such as insufficient dissociation of crushed materials, limited
size of sorted particles, and excessive sticky and slimy materials.
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Summary. As Chinese society moves towards a more intelligent and connected
society, there is an increasing demand for data centers. Under normal
circumstances, datacenter IT equipment runs 24 hours a day, which consumes a
lot of power and emits a lot of heat. Therefore, when the data center consumes
power, it also needs power refrigeration and the ambient temperature to ensure
the normal operation of the data center, resulting in huge resource consumption.
Combined with the background of carbon neutrality and the current situation of
large heating demand and long heating period in Northeast China, this project
proposes to use data center waste heat resources as the heat source of building
heating, reduce the power consumption required for data center cooling, improve
the utilization efficiency and economic efficiency of data center waste heat, and
then reduce the carbon emission of data center and building heating.

The project proposed a heating scheme that stored the waste heat generated
by the data center into the soil in summer, and combined the cross-season stored
heat with the waste heat directly supplied by the data center in winter. On the basis
of combining the chip cold tube waste heat collection system, the seasonal soil
waste heat storage system and the heat pump system of storing waste heat, the
waste heat recovery and utilization of the data center is carried out seasonally, and
the waste heat recovery and utilization system of the data center is formed by the
“summer storage and winter furnace” seasonal heat storage, so as to realize the
transformation of “waste” into “heat” and make the best use of everything. This
project uses Trnsys, Comsol and other software to simulate the project system
model and optimize the design and calculation of the waste heat recovery resource
utilization rate and other related data, providing an effective solution for the green
and low carbonization of the data center.

With the rapid development of data center industry, huge energy consumption is
a common problem faced by data centers all over the world. In early 2019, China's
Ministry of Industry and Information Technology and other three departments jointly
issued guidelines on Accelerating the construction of green data centers, proposing
that data centers should be “encouraged to build clean energy utilization systems such
as waste heat recovery and utilization of their own systems in their own places”. Waste
heat utilization in data centers in countries such as Finland, Sweden and Russia has
formed a fixed recycling model, and achieved good economic and environmental
benefits. However, there are still few mature cases in China in this regard and they
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have not yet formed a scale [1]. Based on this, in order to achieve China's carbon
neutrality goal by 2060, it is inevitable to actively promote the waste heat utilization
of data centers and guide data centers to take the green development path of high
efficiency, low carbon, intensive and circular.

The traditional air conditioning system has always had the problem of high-
power consumption, and the waste heat will also cause a certain degree of loss in
the process of air-cooled recovery. According to the relevant data of “China
Energy”, it is expected that in 2030, the electricity consumption of data centers
will reach 1.5 %~2 % of the total electricity consumption of society, while the
electricity consumption of refrigeration and air conditioning systems in data
centers will 3 account for 30 %~50 % of the entire data center. The carbon
emissions generated by the electricity consumption of refrigeration and air
conditioning systems are huge. Therefore, optimizing the refrigeration and air
conditioning system plays a key role in reducing energy consumption.

5% 5%
10%

Figure 1 — Data center energy consumption composition

In the energy consumption of data center, the energy consumption of
electronic equipment, power supply system and air conditioning system are the
main components. In order to evaluate the energy efficiency of a data center, the
indicator of power utilization efficiency (PUE) is usually used. PUE is the ratio
of the total energy consumption of the data center to the energy consumption of
the electronic equipment. The closer the PUE is to 1, the more [2] energy saving
the data center is. In 2017, China's State Council issued the 13th Five-Year
Comprehensive Work Plan on Energy Conservation and Emission Reduction,
which requires the PUE value of new large cloud computing data centers to be
less than 1.5 [3]. In 2021, the National Development and Reform Commission of
China issued the Implementation Plan for Implementing the goal of Achieving
Carbon Neutrality and Promoting the Green and High-quality Development of
new infrastructure such as data centers and 5G, which requires the PUE of new
data centers to be no higher than 1.30 [4]. However, statistics show that the
average PUE of data centers nationwide in 2022 will be 1.49, while the PUE of
data centers in North and East China will be close to 1.40 [5]. The energy
consumption performance of existing data centers is difficult to meet the needs of
current standards.
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Summary. An example is given of calculating the service life of a combined tool
for machining a stepped hole, which proves the inappropriateness of assigning
tool cutting modes to a cutting element with a minimum minute resource. It is
proposed to pre-assign cutting modes for tools of the same type according to the
cutting element with the longest cutting length, establishing a replacement
schedule for the element with the smallest number of machined holes during the
period of trouble-free operation.

Pecypc komOGunupoBanHoro nacrpymenrta (KIM) BeipakeHHBIN B MUHYTax
pe3anus (HempephIBHON pabOThl) TUMHUTHPYIONIEH CTYNIEHU MpU HapaOOTKe Ha
OTKa3 9acTO HE COOTBETCTBYET BO3MOXKHOM BBIPAOOTKE CTyINEHEH, BHIPAKECHHOM
JOMYCTUMBIM KOJMYECTBOM OO0paOOTaHHBIX OTBEPCTUH WU3-3a PA3HOCTH ITyTH
pe3aHus U IJIOLIAAU CEYEHHS Cpe3a Pa3HbIX CTyNIEeHEH HHCTpyMEeHTa. B kauecTBe
IpUMEPA, TO3BOJISIOIIETO OLIEHUTh 3TO YTBEPXKIECHHUE, PACCMOTPUM CIIydaid
00paboTKM JeTanu «YTOIbHUK NOBOPOTHBIN» U3 cTanu 35 B pecuBepa kombaiiHa
K3K-1420. s 0O6paboOTKK CTYMEHYATOrO OTBEPCTHS MO pe3b0y Ha TOKAPHOM
cranke ¢ YITY cnpoextupoBan KU ¢ TBepaocmnaBHoi BctaBkoil u 4-ms1 CMII

(puc. 1).
(Bepnunmbro-pacmosHou MOGY/ b
[TepexoiHuk Pexyuas naacmura

[ (5-39127-16 065 | NCMT060204 1+ wm)

| & b 0

HakoHeyruk cbepna  ~ b
- 870-1000-6-GP 8
Pucynok 1 — Kapta Hanaaku Ha epexo o0paboTKH CTYNEHYaTOro OTBEPCTHS
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TpaguunonHo ckopocth pe3danuss KM takoro tuma 3agaercss mo CTyIEHHU
OoJpllIero AuMaMeTpa, a mojiladya Mo CTYNMEHU MEHBIIEro JuameTpa. Pexumbl
paccuutTbiBatoTcs [1] mnu BeIOUpatoTcs [2] Mo MeToaukam, 00ecleuynBarouM
SKOHOMHMYECKH OOOCHOBAHHYIO CTOMKOCTh, BBIP@KCHHYI0 B MUHYTaX BPEMEHHU
pe3anus. Pacuer pexumoB pesanus miss KW mpousBoguica 1o CTyneHd Jjist
CBEPJICHMSI, UMEIOIICH HauOONbIINUNA MyTh PE3aHUs, C UCIIOIH30BAHUEM HHTEPHET
pecypca Cutting Speed Calculator (Sandvik) [2]. Ilo mnpuHsTO# YacTOTE

BpaIlleHUs] 1-0f CTyNeHHU IMOJydeHBI CKOPOCTH PE3aHUsl OCTAJIBHBIX CTYIEHEH
(tabum. 1).

Tabnuna 1 — Pexxumsbl pe3anus u pecypcubie nokaszarenu KU

Cozepixanue = = = —~ 5 © 2 ) 3
5 nepexoja E = = = = = - g w2 | & E E = 5
T a 2 &5 SE |28 5| 8 | Bl 8= 55 2
g 2| g5 | 25 | EST| 59| 4| £55| EEE
3 s | 82|z &gz | 28|55 7] 228
o S 2> | g SE® | Ea|=2| & & 258
ol > S 5 ~ =5 2 1= SO = (=R~
Z E 4 < 5_| o o I 5 o
O =X °© = 2 S
1 | Ceepnurs 30,0
P 5 140 42 1872
OTBEPCTHE (30)
2 |P
AcCREpTITE 1 525 | 287 | 4460 | (20) | 030 | 1338 | 15 2008
noJ pe3sdy
3 | Pacrounts
1 308 (1,6) 26 21742
(bhacky

MuHyTHYIO CTOMKOCTB cTylneHer oceBoro KU mo nmosmy4eHHbIM CKOPOCTAM
pe3aHus OmpeaeIisieM 0 SMIUPUIYECKON CTETIEHHOM 3aBUCUMOCTH, MUH [1]:

1
q 1
_ ( Cy X D;
x y
Vi Xt X Sy,
riae | — uaaexc Homepa crynenu KU. [Ipu ceepiennn otBepctus X = 0.
KonnuectBo 00paboTaHHBIX A€Tajedl 10 CMEHbI UM NEPETOUYKU PEXYLIUX

3JIEMEHTOB (IJIACTUH, BCTABOK) CTYIEHH HHCTPYMEHTA, IIIT:
Ni = M , (2)
i
rjae l; — niuHa pe3aHus CTyNeHbI0 IPU 00pabOTKe 3arOTOBKH, MM.

PesynbraThl pacuera pecypcHbix mnokazateneit KU cepenst B Tabm. 1.
HecMoTpst Ha ymMeHbIlIEHHE BPEMEHHOM CTOMKOCTU 2-0M U 3-€i CTyNeHHU, u3-3a
OoJpIlield CKOPOCTH pe3aHusi, HapaOOTKa Ha OTKa3, MO KOJMYECTBYy 0Opa-
OOTaHHBIX OTBEPCTHM STUMHU CTYIEHSMHU BBIIIEC U3-32 MEHBIIETO MyTH PE3aHMUS.
B pesynbrare 1mo BpeMEHHU JIUMUTHUPYET 2-asg CTYNEHb, a IO KOJIUYECTBY
oTBepcTHil 1-asi.

Jlonmyctumoe BpeMsi pabOThl CTYIIEHH HE OTPA)KaeT €€ peajbHYI0 3arpy3Ky
pu ompeseracHnn BeipaboTku Bcero KU, 4To MOXET MPUBECTH K 3aHUKEHUIO
POU3BOJAUTEILHOCTH WM HEJOUCIIONb30BAHUIO pecypca HE JIMMUTHUPYIOLIUX
cryneneir KM. O6Gecnieuenne makcuManbHoro pecypca KM HeBo3MOxkHO uepes

T;

m
X Ky X Kipp X KH,,> , 1)
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BBIPDABHMBAHWE BPEMEHHOW CTOMKOCTM CTYIIEHEM, M3-3a Pa3HbIX I1ApPaMETPOB
KOHCTPYKLMU U yci0BHi padoThl. [Tapamerpuueckas ontumuzanus pecypea KU,
4yepes3 pexrMBbl PE3aHus, JOJDKHA OCHOBBIBATHCSA HA PABEHCTBE YKCIIA 3aIOTOBOK,
00paboOTaHHBIX KaXJOM CTyNmeHblo 3a mnepuon Oe3oTkazHoi padotel KM. B
IpUMEpE Takasi ONTUMHU3ALMS HEBO3MOXKHA M3-32 COBMECTHOU pabOThI CTylEHEH.

CnucoK MCIOJIb30BAHHOI JTUTEPATYPHI
1. CopaBounuk TexHoNora-mMamuHoctpoutena. B 2-x 1. T. 2 / Tlon pen.
Hansckoro A. M., Kocunosoit A. I'., Memepsikosa P. K., Cycnosa A. I'. — 5-e uza., ucnpabi.
— M.: MammHoctpoenue-1, 2003. — 944 c.
2. Caiit «CaHaBUK» [DneKTpOHHBII pecypc], Pexum JOCTYyIIa:
https://www.sandvik.coromant.com/ru-ru/tools/coroplus-toolguide/tool-recommendation
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ABTOMATHU3ALIUA ITIOABOPA T'HTAPBI CMEHHBIX 3YBYATBIX
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Summary. The article describes a developed software module for automating the
selection of replacement wheels for a guitar used on a universal milling machine.
The module is implemented in MS Excel based on a macro command, the
algorithm of which sequentially goes through all the options from a given set of
wheels to find the optimal solution. The module can be adapted to various CAD
systems thanks to the built-in APl and speed up the selection and configuration of
equipment during technological preparation of production.

ABTOMAaTH3alMsl ATAMlOB TEXHOJIOTMYECKOW MOATOTOBKH MPOU3BOACTBA
(TTIIT) mo3BOASIET YCKOPUTH MPOLECC MNPOU3BOACTBA, IOBBICUTH Kauy€CTBO
OPOAYKLUMH W CHU3WUTH 3aTPaThl Ha MPOM3BOJACTBO. OMHON W3 3a7a4 KOTOPYIO
NOCTOSIHHO pElIaeT HAJIAJ4UK WJIA TEXHOJIOI SBISAETCA IMOA00pP CMEHHBIX
KMHEMaTUYEeCKUX TMap TMpH HacTpoiike craHka. [IpoOrmembl mpu BbIOOpE
BO3HMKAIOT U3-3a OIPAaHUYEHHOT0 HAObOpa KoJiec, MPeIaraéMbixX JJis HACTPOUKH.
OTOT (akT YCIOXKHAET NPOLECC HAXOXKACHUS JOMYCTHUMOIO pPEIICHUS
00€ecreynBaoIero 3aJJaHHy0 TOYHOCTh Mepeaayd KHHEMAaTHYECKOTO IBUKEHHUS
OT 3BEHA K 3BEHY CTaHKa M CBA3aHHOW C HEW XapaKTepUCTUKHU oOpabaThiBaeMoin
noBepXHOCTH. OOBIYHO MOAOOP KOJEC OCYIIECTBIACTCS MO TabyuiaMm
(M. B. CannakoBa wnun B. A. Illumxkosa), norapudmMuueckum crocooom,
Croco0OM Pa3NioKEeHMsI Ha MPOCThIE MHOXKHUTENH, CIIOCOOOM 3aMEHbI YMCENl Ha
npubImxKeHHbIe 1poou. Takue criocoObl TPYI0EMKH, Majio BApUATUBHBI U B PSIC
CJIy4aeB HEJOCTATOYHO TOYHBI. JlaHHAs 3amada MOXKET ObITh pelIeHa IMyTeM
IIOCJIEIOBATEIbHOIO Tepedopa BCEX BO3MOXKHBIX PELICHUH W3 3aJaHHOTrO
MaccuBa 4Hcesl 3yObeB KOJEC C IMPOBEPKOM MO YCIOBHUIO KHMHEMAaTHYECKOIrO
3alleIUICHUs U 33JaHHOM TOYHOCTH (PaKTHUECKOr0 MEePEeJaTOYHOIO OTHOILIECHHUS.
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BbricTpo u 3 hexTuBHO Takue pacueThl MOKHO MPOU3BOIUTH MPU UCTIOTb30BAHUH
KOMIIBIOTEPHBIX  CPEACTB, IMO3BOJISIIONIUX 3alpOrpaMMHUpPOBATh  aJrOPUTM
nepebopa BO3MOKHBIX BApUAHTOB Tap KOJIEC MPH 3aJIaHHBIX YCIOBUSIX.

ABTOMATHYECKUI pacyeT TUTap CMEHHBIX 3yOuaThIX KOJIEC, pealnu30BaH B
MS Excel B Bume MoayJIsi, COACPIKAIIETO MaKPOC, paOOTAIOIINI 11O OMMMCAHHOMY
BBIIIE aIrOpuTMy. Takue ruTapbl UCHOIB3YIOT B MIPUBOJHON TEXHOJIOTUYECKON
OCHACTKE, HallpuMep, U1l MOAKIFOUEHUSI YHUBEPCAIIBHOM JEIUTEIbHON T'OJI0BKH
(YAI'), pacmmupsitoneil TEXHOJOTUYECKHE BO3MOKHOCTU  YHHBEpCAJIbHBIX
dbpe3epHbIX cTaHKOB. Tak JIsi MOJIydeHUs] BUHTOBOM KaHaBKM Ha 3y04aToMm
KOJIeCce, XOJJOBOM BHHTE, OCEBOM PEKYIIIEM HHCTPYMEHTE Ha ()pE3epPHOM CTaHKE
COTJIACOBBIBAIOT MOBOPOT 3arOTOBKU € MPOJIOJILHBIM MlepeMellieHreM crona. Jis
3TOro mnuHAens Y JI' CBA3BIBAIOT ¢ BpalIEHUEM XOJI0BOTO BUHTA MPOAOJIBHOIO
NepEMEILCHHS] CTOJIa C MOMOIIBIO ABYNApHOM TUTapbl CMEHHBIX 3yOUaThIX KOJIEC.

[lepenaTouHoe OTHOIIIEHKE KOJIeC TUTApHI onpenensercs no gopmyre (1):
. N-Pg N:-Pp-tgw

‘"7, T mD 1)

rae N — xapakrepuctuka YJI' (N = 40...120); P — mar XoJ0BOTO BHHTa
MIPOJIOJBLHOIO MEPEeMEICHHUsI CTOJIa CTaHKa, MM; P, — mar BUHTOBOW KaHaBKH,
MM; D — nuameTp 3arOTOBKH, MM; @ — YTOJI HAKJIOHA BUHTOBOU KaHAaBKH, TPal.

ITonGop CMEHHBIX KOJIeC THTaphl IMPOHM3BOIUTCS IO ¢opmylie (2) mocie

onpeereHus IepelaTOuHOro OTHOIIEHUs [ 1o ¢popmye (1):
. a-c
L= m ’ (2)
rae a, b, ¢, d — uncna 3y0beB CMEHHBIX KOJIEC, COOTBETCTBEHHO.
Hanee nogoOpaHHbIe KOJEca MPOBEPSIOTCS MO YCIOBUIM 3allCTIIICHUS:
a+b=2c+22;c+d=b+ 22
ABTOMaTH3aMs Moa00pa Kojec pa3padOTaHHBIM AJITOPUTMOM MO3BOJISIET
YCKOPHUTh JaHHBIM Tpoliecc B pas3bl. PaboTa anroputMa COCTOUT W3 YTEHHUS
naHHBIX ¢ ¢aitna MS Excel u co3nanus BpeMeHHbBIX IepEMEHHBIX. FIMEHOBaHHBIIH
JIMana3oH 3alKchIBacTCsS B MaMsATh Kak 4eTbipe (4, b, ¢, d) cmucka xoiec, u
nepeMeHHass s yuyera «Jlomyctumon mnorpemHocTuy. Jlanee anroputm
nepedupaeT Bce YEThIPE CHMCKA M0 OYEpeH, MOACTABIsAS 3HAaUCHUs B POpMyTTy
(2) moka He AoizeT A0 KOHIA Kaxaoro. [IockoyibKy MOIyYHUTh pacyeTHOE i Ha
HEKOTOPBIX THTapax HEBO3MOXHO, B TPOrpaMMy BBeJIeH KO3 (PUIIMEHT TOUHOCTH
K, KOTOpbIi NPUHUMAETCS ONBITHBIM IMyTeM. DTOT KOA(P(UIMEHT BIUSAET Ha
TOYHOCTh OTOOpa. 3amMcaB pe3yJbTaThl MoAOOpa B TaOJHUIy, AITOPUTM
IPEICTABIIAET HECKOJbKO BO3MOXHBIX KOH(Urypamuii 3y04aThix KoJjiec H
BBIBOJUT TOTPEIIHOCTh NEPEIaTOYHOrO0 OTHOIIEHHSI MOJ00paHHBIX KOJieC B
CpaBHEHHH C pacdyeTHbIM i (puc. 1).
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Calculaction abcd

i 0,168379864

TOUHOCTb 0,003 0,30%

a [+ c - b [~ d ~latb>c+22,
23 58 79 100 aa
23 55 735 100 aa
23 71 97 100 na
23 30 41 100 na
23 65 89 100 aa
23 73 100 100 aa
23 61 85 98 na

c+d>b+22 ¥
aa
na
JiE]
aa
aa
na
na

Pucynok 1 — HTepdeiic mporpamMmsl Ui pacyeTa TUTapbl CMEHHBIX KOJIeC

Aewcte.i [-|deltai [~ norpewHoctbi|~ c/b [
0,1688608| 0,000481 0,286%| 1,362068966
0,1686667| 0,000287 0,170%| 1,363636364
0,1683505| 0,000029 0,017%| 1,366197183
0,1682927| 0,000087 0,052%| 1,366666667
0,1679775| 0,000402 0,239%| 1,369230769

0,1679| 0,000480 0,285%| 1,369863014
0,1684274| 0,000048 0,028%| 1,393442623

0000990
02090990

[lomyyeHne HECKOJbKMX BapUaHTOB Map 3yOuyaThIX KOJEC, C 3aJaHHOU
TOYHOCTBIO, PACIIMPSIET BO3MOXKHOCTH MCIOJIB30BAHMSI OCHACTKU B YCIIOBHSIX
OTPaHUYEHHOTO BHIOOpA, YTO MOATBEPAMIIA ampoOalvs MHKPOIPOTpaMMBbI Ha
OAO MT3 B uexe CUuTO. B nienom cTpykTypa ¥ UCIOIB3YyEMOE IPOrPaMMHOE
o0ecrieyeHre MO3BOJISIIOT PACHIMPUTh BOZMOKHOCTH MOAYJISL 11l Pa3HbIX TUIIOB
TEXHOJIOTUYECKOro 000opyaoBaHus. Moaylb MOXET ObITh aJanTHUPOBaH K
pazimmuabiM CAD-cuctemam ¢ BctpoeHHbIM APl pacmupsii 6a3oBwiil (yH-
kunoHana CAIIP u yckopsist BbIOOp 1 HacTpoiiky o6opyaoBanus npu TIIII.

YK 620.179.1
METOJA MPOBEJEHUSA HEPA3ZPYIHTAIOIEI'O KOHTPOJIA
OBOPYJIOBAHUSA, PABOTAIOLIEI'O MO U3BBITOYHBIM
JABJIEHUEM HA HII3
bynaexa I0O. A., Kooxcemamos K. IO.
Tonoyxuii 2cocyoapcmeennvlil ynugepcumem umenu Eegpocunuu Ilonoyxoii

e-mail: u.bylavka@psu.by

Summary. A new method for conducting non-destructive testing of equipment
operating under excess pressure at an oil refinery in order to replace the internal
inspection of equipment containing expensive catalysts, adsorbents or other
substances is proposed in this article.

B pamkax mpoBefeHHsS O4YepeaHOTO TEXHUYECKOTO0 OCBHUETEIHLCTBOBAHUS
o0opyaoBaHusi, paboTaromniero noj u30bITouHbIM AaBienreM Ha HII3 3adacryio
BO3HHUKAIOT TEXHUKO-DPKOHOMHYECKHE CJIOXKHOCTH C TIpOBEJIeHHEeM Haunbosee
IpPOCTOrO BHJIa HEPa3pYLIAOIIErT0 KOHTPOJS — BHYTPEHHETO OCMOTpA,
TpeOyIOMmIero BBITPY3KM W 3arpy3KH KaTalau3aTopa, ajacopOeHTa WM HWHOTO
BEILIECTBA M JIPYTMX BHYTPEHHUX YCTPOICTB, Mpomapka KOTOPBIX, 3a4acTylo,
MPUBOJUT K UX HETOJHOCTHU, YXYIIICHUIO SKCIUTyaTal[AOHHBIX CBOWMCTB, MOTEPE
a7cOpOIMOHHON JMOO KaTaIUTUYECKOW AKTUBHOCTH, MEXAaHUUYECKOMY pa3py-
HICHUI0, HEBO3MOXKHOCTU pEreHepaluy IOcjAe KOHTAaKTa € aTMOC(epHbIM
BO3JIyXOM, UYTO NOTpeOyeT uX MOCIeayIomEed JOpOroCcTOsIIe 3aMeHbl, 4TO
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npo0JIeMaTUYHO, HECMOTPS Ha 3HAYUTENbHBIC JOCTHKEHUS B 001acTH
umnopro3amemenuss  [1-8]. [lpemnoskeH andropuTt™M TpPOBEACHHS HeEpas-
PYIIAIOIIEr0 KOHTPOJS MOAOOHOrOo 000pYAOBaHUS, BKIIOYAIOIIMN KOMILIEKC
MEpPONPUATUNA TIO MPOBEICHUIO PEBU3UM OO0OPYJIOBaHUS C KaTaJIM3aTOPOM
(amcopOeHTOM U T. 11.):

— yBellnYeHue o0beMa yIbTPa3BYKOBON TOJIIMHOMETPUHU C 00S3aTEIbHBIM
KOHTPOJIEM TOJIIMHBI CTEHOK ammnapaToB B MeCTaX BBOJIa/BbIBOJA MPOAYKTOB,
YBEJIMYECHHE KOJMYECTBA TOUEK 3aMEPOB MATPyOKOB MITYLIEPOB C 4 10 8 TOYEK;

— yJIbTpa3ByKOBasg JAEPEKTOCKOIMHUS MECT IMEPECEYCHHI KOJBIEBbIX U
MPOJIOJBHBIX CBAPHBIX IIBOB C YEPEIOBAHUEM MECT MPOBEJICHUS] KOHTPOJIS;

— yJIbTPa3BYKOBON KOHTPOJb CIUIOIIHOCTH OCHOBHOTO METAJlJia, a TaKXKe
MOJIyYEHUE HENPEPHIBHOW KAapTUHBI TOJIIMHBI METajlyla Ha KOHTPOJIUPYEMOM
y4acTKe;

— YJIBTPa3ByKOBOUW KOHTPOJIb BOB U OIII3 Bpe3ok ¢ yCIOBHBIM MPOXOIOM
oonee [y200 nnsi anmapatoB, paOOTaroIMX C TEMIEPATypoll CTEHKH OoJiee
250 °C;

— KOHTPOJb OTCYTCTBUSI DPa3BUBAIOIIMXCS Je(DEKTOB MMHEBMATHUYECKUM
UCIIBITAHUEM C KOHTPOJIEM METOJIOM aKyCTHYECKOU SMUCCHH.

Taxke npennaraercsi COCTaBJICHUE WHIWBUAYAIBHBIX KapT KOHTPOJIS IS
anmnapaToB, OIPEAECICHUEM KpPOME YEPEAYIOIIMXCS YYAaCTKOB, TaKXKE U
MOCTOSIHHBIX, HauOoyiee MPOOJEMHBIX MECT KOHTPOJS HCXOJs U3 OIbITa
MPAKTUIECKOMN IKCILTyaTallMi KOHKPETHOU €TMHUIIBI 000pY0BaHUS.
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K. 1O. Koxemstos, 10. A. Bynaska // Bectauk [1051011KOT0 TOCYIapCTBEHHOTO YHHUBEPCUTETA.
Cepus B, Ilpombiennocts. [puknanasie Hayku. 2019. — Ne 3. — C. 125-128.

8. HampaBiieHUs1 COBEpLICHCTBOBAHMSA IMPaBMI MO OOECHEYEHHUIO IPOMBIIUIEHHON
OezomacHOCTH  OOOpyIOBaHHWsA,  paboTalImIero  MoA  HW30BITOYHBIM  JIaBJICHHEM/
Koxewmstos K. 10., BynaBka FO. A.// ObGecneuenue 0€30MACHOCTH KH3HEACSITEILHOCTH:
npo0isieMbl U nepcrneKkTuBbl: cO. mMatepuanoB XVII MexayHapoaHON HAy4YHO-IIPAKTHUECKON
KOH(EPEeHIIMU MOJIOBIX yueHbIX.: B 2-x Tomax. T. 1. — Munck: YI'3, 2023. — C. 216-218.
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Summary. This paper discusses the effects of processing parameters on the
grinding process of ceramic products. The article also describes the processing
process and tools. Attention is also paid to acoustic emission.

TexHudeckas kKepamMHKa OTHOCUTCS K KaTErOpUU TPYJTHOOOpaOaThIBAEMBIX
XpYIKUX HEMETAIMYECKUX MaTepuasoB M MeXaHW4Yecku oOpadaTbiBaeTCs
MPEUMYIIIECTBEHHO aJIMa3HbIM IUTH()OBAHHEM.

[Ipumenenue kepamuyeckux wmatepuanoB (KM) obOycnoBieHo criemy-
IOIIUMH TPEUMYIIECTBAMU: COXPAHEHUEM MEXAHUYECKUX CBOMCTB MPU BBICOKHUX
TEMIIEpaTypax, BBICOKOW M3HOCOCTOMKOCTBIO M aHTUKOPO3UMHHOCTBIO. V3 Heno-
ctatTkoB KM OCHOBHBIM CYHTAETCS XPYNKOCTh, OOYCIIOBIIEHHAs YKECTKOCTHIO
CBSI3€M B KPUCTAJUIMYECKOW pelreTke. B Hacrosimiee Bpemsi OCHOBHBIE yCUIIUA
uccienoBareneil npu paspadorke KM HampaBieHbl Ha IPEOI0JIEHUE XPYTKOCTH,
MOBBIIIEHUE YPOBHS TPOUYHOCTU, TEPMOCTONKOCTU U YAAPHOU BA3KOCTH.

[[InudoBaHue KepaMUKH — 3TO CJIOKHBIN MPOLIECC, 3ABUCAIINN OT CBOICTB
KepaMHUKH, CBOWCTB NUIM(POBATBLHOTO MHCTPYMEHTA, MapamMeTpoB HUIM(OBaHUS
(rmyOuHBI pe3aHusi, MPUKUMAIOIIETO JIaBJICHUSI, CKOPOCTU pe3aHus U Jp.),
YCJIOBHUM OXJIAXKICHUSL.

CpeM Marepuana B IpoLecce aaiMa3HOro HUTM(POBAHUS OCYILLIECTBISETCS B
pe3yibTaTe CO3JaHusl B TIOBEPXHOCTHOM CJIO€ KEpaMHYECKOW 3aroTOBKHU
HaIpPsDKCHUM, MPEBBINIAIONIMX HAMpsSOKEHUE paspylleHus ee marepuana. B
pe3yibTare abpa3uBHas oOpabOTKa MOKET OCTaBIIATh Ha 00pabaThIBaeMOM
3arOTOBKE CJIOM, BKIJIIOYAKOIIMNA MHKPOTPEIIMHBI M OINPEIEICHHYI0 Makpo- U
MHUKPOT€OMETPHIO TOBEPXHOCTH.
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VYcraHoBiieHO, 4TO HauOoJblllee BIUSHHE HA POCT MHUKPOTPEUIUH B
KepaMHUYEeCKOM JIeTaau Py NUTMGOBAHUHN OKa3bIBA€T CKOPOCTh PE3aHus, B TO Ke
BpeMsl yBEIMYCHHUE CKOPOCTH PE3aHMs CIIOCOOCTBYET ITOBBIIICHUIO KadecTBa
neraneit uz KM [1].

Cxopocth KagecTBo

pe3aHnuA IMMOBEPXHOCTH

Pucynok 1 — [TapameTps! BIUSHUS Ha KaUe€CTBO MOBEPXHOCTH

[IpoBenenHble B paboTe HCCIEIOBAaHUS XapaKTepa M3JIoMa KEpaMHUYECKUX
00pa31oB MMOCiIe MEXaHNYECKON 00pabOTKHU Ha Pa3iIMYHbIX pEXUMaxX MOKa3ai,
YTO C YBEJIWYEHUEM MPOU3ZBOAMUTEIBLHOCTH O00pabOTKH [0Jis 00pasIos,
pa3pyLIMBIINXCA OT POCTa MUKPOTPEIINH, Bo3pactana ¢ 11 1o 92 %.

3epHUCTOCTh AIMa3HOT0 KpyTa B npenaeinax ot 150 qo 600 MKkM mpakTHUeCcKu
HE BJIMSIET Ha MPOYHOCTh OOpa3lOB M3 HUTPUAHON KEpaMHUKH. 3HAYUTEIbHOE
CHHKECHUE TMPOYHOCTH TMOJIYYEHO JHUIIb TpU [UITM(GOBAHUU KpPyraMu C
3epHUCTOCTHIO 1200 MKM.

['mybuna numdoBanusi, KoTopast BappupoBasiack B npenenax ot 0,025 mo
0,75 MM/ZIB. X0/1, HE OKa3bIBAET 3aMETHOTO BIMSIHUS Ha MPOYHOCTH 00Pa3IIOB.

Cy1iecTBEHHOE BIMSHHUE Ha KA4€CTBO JIETAM OKA3bIBAET MATEPUAI CBSI3KH
numdoBanbHOro Kpyra. [ns moBbiieHus kadecTBa netaned u3z KM psia
3apyOeKHBIX ~ aBTOPOB  PEKOMEHAYIOT  OTKa3aTbCsi OT  MCIOJIb30BAHMS
HUIM(OBATIBHBIX KPYTrOB Ha METANIMYECKOW CBSI3KE, T. €. MPOMU3BOAUTH BCIO
MEXaHUYECKYI0 O00pa0OTKy Takux Jerajeil numm@oBaJIbHBIMUA KpyramMu Ha
OpraHUYECKUX CBA3KAX PA3IMYHON TBEPIOCTH.

CxopocTts
pezaHuA

3epHHACTOCTH

Pucynok 2 — [TapameTpsl BIMSHUSA HAa IPOYHOCTH
[IpouHocTs 00pa3ioB, 0OpabOTaHHBIX KPYTOM Ha OPTaHUYECKOM CBSI3KE IO

CPaBHEHHUIO C KPYrOM Ha HEOPraHUYEeCKOW CBSA3KE, OKa3ajach CYIIECTBEHHO
BBIIIIE.
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Tumnet cBs30K
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Pucynok 3 — Tunel cBA30k
Takum oOpa3zoMm, HEOOXOAMMO YHENATh BHUMAHHE MapaMeTpaM Camoro
aOpa3MBHOIO MHCTPYMEHTA, B YACTHOCTHU CBSI3KAM.

CHHCOK MCNOJIb30BAHHBIX HCTOYHUKOB:
1. T'openos B. A. PazpaboTka MeTo10B ¥ cpeacTB 3(h(HEKTHBHOTO BEIOOPA PEKIMOB
pe3aHus TPyAHOOOpadaThIBAEMBIX MATEPHUATIOB HA OCHOBE TEPMOCHIIOBBIX XapaKTEPUCTHK

nporeccoB. duccepramus a.1.H.: 05.03.01 — Mocksa, 2007. — 384 c.

YK 621.9.011:517.962.1
MK?3-UCHBITAHUS L-BAIIIHHU JIJISI CO3JIAHUSA HECYIIEXA
CUCTEMBI AJIMTUBHO-CYBTPAKTUBHOI'O CTAHKA
Hoenap C. C., Ayxesuu O. K., Jlanyxa A. J[., [lléedosa /]. H., Aenywesuu U. IO.
benopycckuti nayuonanvhviu mexuuueckul yHueepcumem
e-mail: stanislaw.dovnar@gmail.com

Summary. Transferring of the medieval L-plan tower in to the machine tool L-
column is discussed. Geometrical sample for hybrid (additive-subtractive)
machine (ASM) is described. FEA is provided for L-column poured from
UHPFRC. High stiffness of spindle units (up to 210 N/um) is stated. Inner angle
of the L-column is recommended for support placement. Ice filling increases L-
column’s rigidity in 1.46 times as well prevents heat propagation. It is proposed
to use L-column for a portal-type ASM.

PaGota cBs3aHa ¢ pa3BUTHEM aJTUTUBHO-CYOTPaKTUBHBIX (THOPUIHBIX)
ctankoB (ACC). Onu TpeOyroT pacnonoxeHust Ha ogHon Hecymen cucteme (HC)
mnuHAEeTbHbIX y370B (SU) mna cBepauwibHO-(Ppe3epHO-pACTOYHBIX PAOOT |
nazepHbix rosioBok (LU) nanss HaHeceHust yNpOYHSIOMIMX TOKPBITUH U
TEpMOOOPaOOTKH.

B mannoii pabote B cooTrBeTcTBHH ¢ [ panToM MunuctepcTBa o0pa3oBaHusI
Pecnybnuku benapych nunuto pazputus ACC conpsraroT ¢ JIMHUEH TPUMEHEHUSI
ucropuueckux Hecyuux cucreM MHC (Gamien) aist TEXHOJOTHUECKUX MAIIUH.

B kxauectBe npototuna HC ruGpuaHoro ctanka npeajiaraeTcs pacCMOTPETh
ucropuieckue L-o6pasubie B miane 6amnu (puc. 1 a, 6). Coxpannocts L-6arieH
(L-towers) yka3bIBaeT Ha IIPOYHOCTH U 3KeCTKOCTh 3Toro Buaa MHC. 11la6mon L-
OaIIHu MOXHO MCIoJb30BaTh A L-komonusr ACC (puc. 1, 6).
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M rorce 2: 1000. N 3

Components: 0,;0;-1000. N S W
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Pucynok 1 — Ucropuueckue L-6amuu (¢ — Clackmannan Tower; 6 —
Gleninagh Castle) u () ux npeobpaszoBanue B L-komonny copemernoro ACC

[Mpennaraercs xomonHa (C wa puc. 1, 6) ¢ L-nmpodunem (1-2-3-4-5-6),
YCWICHHBIM BHYTpeHHMMH cTeHkamu 6-7 u 7-8. I[lo crene 3a rpanpio 2-7-3
nepeMenaercst BepTukaibHo (1o Y) cynmopt S1 ¢ monzynom R1, BeiiBuraromumm
uHcTpyMeHT T1 mo Z. Bo BHytpennem yriae L-komonusl (1-6-5) moker
BEpPTUKANIbHO, 1O HampasisitonuM GZ, mepemematsesi KpoHIITeH H ¢ erme
onHuM cymmopToMm S2. CynmopT moaBU»KeH 1Mo X OTHOCUTEIHHO KPOHIIITEHHA U
HECeT CBOM Moi3yH R2 u mHCTpyMeHT T2.

BHyTpeHHMIT yron obecrieunBaeT ABYXCTOPOHHEE YAEp)KaHUE KPOHIITEHHA
(o muaMsAM 1-6 1 6-5). Tak oOecrieunBaeTcst MOBBIMICHHAS dKECTKOCTh CymmopTa T2.

CreHkn L-KOJOHHBI MOTYT OBITH BBIMOJHEHBI KaK TPATUIIMOHHBIMH
9yryHHbIMH, Tak U pudpoderonusiMu (UHPFRC na puc. 2, a). Ha puc. 1, 6 L-
KOJIOHHa HMMeEeT Tpu mnosoctu 1-2-7-6, 6-7-3-8 u 5-6-8-4. OpuruHaibHbIM
3amoJIHUTENIEM MOXeT ObITh Jef (Ice Ha puc. 2, a). DTo MONE3HO IS 3aITUTHI
TOYHOCTH L-KOJOHHBI OT TEIUIOBBIX nedopManuii u3-3a TEIUIOBBIX MMOTOKOB M3
30HBI AJIUTUBHOU, Topsueld oOpaboTku. Jlen sBIseTcs OTHOBPEMEHHO
TEPMOCTAOUIIN3aTOPOM U FIIEMEHTOM KECTKOCTH.

Ha puc. 2, 6 nmokazansl BeiuncieHHsie B xogae MKO-ucneiranus ynpyrue
nepopMaIMOHHbIE MepeMeNIeHns L-KOIoHHBI Mo JeHCTBHEM TOPU30HTATbHON
cusl F22 = 1 kH Ha urcTpyMenT T2 (cTpenka Ha puc. 1, 6). COOTBEeTCTBYIOMmEE
nepemetenue 12 o Z puc. 2, 6 paBHo 4,7589 mkm. CineoBaTenbHO, )KECTKOCTh
Ha HHCTpyMeHTe coctapisieT 210 H/MkM. DTo BechbMa XOpOITH YPOBEHb.
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Ice

a
PucyHok 2 — a — ceTka KOHEYHBIX 3JIEMEHTOB 15 L-KoJIOHHBI 13 hubdpodeToHa
UHPFRC c 3anonnutenem nonoctelt 1Ce; 6 — pacyeTHast KapTuHa
nepeMeneHni KoJoHHbI o Z (MKM) o aeiicrsuem cuibl B 1 kH (6;

x 100000); 6 — moptanbublii ACC u3 nqByx L-komnonn ¢ ronoBkamu LU u SU

Kak mnoxazan MKD3-pacder, npu wucCnonb3oBaHuU 3amnoiaHuTens Ice c
MoxyJiem ynpyroctd Ej.. = 7 I'lla )xecTkocTh KoJIOHHBI Bo3pacTaeT B 1,46 pasa.
CrnenoBaTenbHO, MAacCUBBI JIbJa, OaJaHCUPYIOIIETO HA TPAaHU PeXHMa TasHHUS,
SABJISIFOTCSA TOTEHUUAIbHO 3(P(HEKTUBHON MEpOl YCHIEHHS W CTaOWIM3aluu
aJIUTUBHO-CYOTPaKTUBHBIX (THOPUIHBIX) CTAHKOB.

L-komonna (L-OamrHsi) MOXET CIyXUT MoOAyJeM st cOopku Ooiiee
CIIOXHBIX cTaHKoB. Ha puc. 2, @ npeacraBinena koMrnoHoBka noptainbHoro ACC,
o0ecreunBapoIiasl yCTaHOBKY 5-6 00pabaThbIBaIOIIMX TOJIOBOK. 3IE€Ch MEXIY
IByMsl L-KojoHHaAMuU MOSIBISIETCS TpaBepca, Hecyllas J1a3epHyto rojgosky LU. B
yriax KOJIOHH MOXHO 0a3upoBaTh Kak pexylue rojoBku SU, Tak U emie oJHy
TpaBepcy.

Urtak, L-Oamns (L-xonoHHA) SIBASIETCS MEPCHEKTUBHBIM PEUICHUEM IS
ACC (rubpuanbix cTaHKOB). B ee BHyTpeHHEM yriie 00ecreunBaloTCs yCIOBUS
JUIS AKECTKOTO YACPKAHUS U TEPMOCTAOUITU3aIlMU CYTIIIOPTOB U TOJIOBOK JIFOOOTO
THUIIA.

YK 621.95
MOJIEJUPOBAHUE U BUPTYAJIBHBIE UCIIBITAHUSA OCEBBIX
CBOPHBIX UHCTPYMEHTOB
Ilyoapuux J[. C., Aykesuu O. K.
Benopyccruil nayuonanvhsiii mexnuveckull yHugepcumem
e-mail: mtools@bntu.by

Summary. The use of 3D modeling and virtual testing in the design of modern
prefabricated tools is an excellent solution. Modeling allows to evaluate the
design against the expected operating conditions and provide suggestions for its
optimization.
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[IpumeHeHne TPEXMEPHOTO MOAEIUPOBAHUS U MPOBEACHUE BUPTYaIbHBIX
UCTIBITAHWM  TpU  pa3pabOTKe  KOHCTPYKIIMM  COBPEMEHHBIX  COOPHBIX
MHCTPYMEHTOB SBJISICTCS OTJIMYHBIM pelIeHneM. MoJaenupoBaHUE TO3BOJIAECT
MPOBECTU OIICHKY KOHCTPYKIIMH C YUYE€TOM MpPEANoJiaraéMbIX YCIOBUNA pabOThI U
JIaTh NPEAJIOKEHUA 0 €€ ONTUMU3ALUU.

J1J1s morcKa ONTUMAJIbHOTO PEIICHUS U pa3padOTKU KOHCTPYKIIMA COOPHOTO
CBEpjla CO CMEHHBIMM MHOTOIPaHHBIMHU IJIACTUHKaMH auameTpoMm 40 mMm aiis
00paboTku netanu u3 crainu 20 ObLT MPOBEJAEH 0030p TUMIOBBIX KOHCTPYKIUM U
NaTEHTHO-UH(POPMALIMOHHBIN MTOUCK.

AHanmu3 MAaTeHTOB IO KOHCTPYKIUSM COOPHBIX CBEPJI CO CMEHHBIMHU
MHOTOTPAHHBIMU  IUIACTUHKAMHM  BBISIBWJI  CIEAYIOIIME  HANpaBJICHUS
COBEPIICHCTBOBAHKS KOHCTPYKIIUU:

1. IToBbieHue 3¢ (HeKTUBHOCTH 0OPabOTKH OTBEPCTHUM;

2. [ToBbIIIeHHE TTPOU3BOAMTEIILHOCTH 32 CYET IOBBIIICHUS HAIEKHOCTH
3aKpEIUICHUS PEKYILIEH MIaCTUHBI,

3. Yayuiienue oTBOJAA TeIla B MPOLIECCE CBEPICHUS C LENbI0 YBEIUUYEHUS
CTOMKOCTH UHCTPYMEHTA;

4. YrpoluieHue npoiecca u3roToBJIeHUs THE3/1a M0/1 IUIACTUHY, TTOBBIIIICHUE
TOYHOCTH U HAJC)KHOCTh €€ Oa3upoBaHUs Ha KOPITyce CBEpIa;

5. [loBbIieHne  pabOTOCTIOCOOHOCTH, PACIIUPEHUE TEXHOJIOTMYECKUX
BO3MOKHOCTEM CBEpJia U CHUKEHUE CHJT PE3AHUS.

JIIsi TIOBBIIMICHHS TPOU3BOIUTEILHOCTH OOpaOOTKH COOPHBIM CBEPIIOM
OOJIbIIIOE 3HAYECHHE MMEET JOMyCTUMas Harpy3ka, KOTOpasi OTpaHUYMBAETCS B
TOM YHCJIE HAJEKHOCTBIO 3aKPEIICHHS U MMPOYHOCTHIO PEXKYIIEH TUIACTUHBL.

B nannHoii paGoTe mMpoBEACHO MOIETUPOBAHWE W MPOYHOCTHOM pacyer
coopnoro cBepyna guamerpoM 40 MM ¢ MOAUDUIIMPOBAHHON CUCTEMOM
KpEIUICHUS] CMEHHOU pexyien miactuHku (puc. 1). KoHcTpykius oTnuyaercs ot
TUMOBBIX PEUICHUN CIEAYIOMMM: BOTHYTAasl OMOpPHAs IMJIOCKOCTh B KOPITYyCE W
BBIITYKJIasl HA OMOPHOM MOBEPXHOCTH IUIACTHUHBI, OMOPHBIC MJIAHKU C YIIPYTUMHU
BBICTyIIaMH JUIST B3aUMOJICMCTBUSI ¢ OOKOBOM TIOBEPXHOCTBIO PEXKYIIICH
MJACTUHBI, TPUYEM B THE3/E, KOTOPOE MEPECEKAETCSI OChIO CBEPJIA, YKAa3aHHBIN
BBICTYTI PACIIOJIORKEH CO CTOPOHBI OOKOBOM MOBEPXHOCTH, OOPAIIEHHON OT OCH
CBEpJIa, a B APYTOM I'HE3/I€ YKAa3aHHBIM YIIPYTHUM BBICTYI PACIIOI0KEH CO CTOPOHBI
OOKOBOI MTOBEPXHOCTH, OOPAIIEHHON K OCH CBEpJIA.

JE
‘4— -~
S
3D-MOEN IIACTHHOK W BHHTOR
pyrIX Aevieon

3D-vonemt ynpy

Pucynok 1 — 3D-moznens cooproro ceepiia ¢ CMIT

[Toctpoennas 3D wmoxens Oblla MCHOJB30BaHa Il IPOBEICHUS
IMPOYHOCTHOTO pacyeTa Npu HArPyKCHUU CHIaMH pe3aHus (puc. 2).

61



a 0

Pucynok 2 — Cxema Harpy>keHusi MOJIeJIi COOPHOTO CBepJia: a — 0a30BBIN BapUaHT
(TpexrpaHHas MJIacTHHA KPEMUTCSI BUHTOM); O — MpeAsiaraeMblii BApUAHT (TpeXTrpaHHas
TUTACTHHA KPETIUTCS TIPUXBATOM)

Pacuer ypoBHs HanpsKeHU, BOZHUKAOIIMX MO ICCTBUEM CUII PE3aHUS B
KOpIyce CBepJia, TMOKAa3bIBAE€T, YTO HJs NPEIJIOKEHHOro BapuaHTa OOIIMiA
YPOBEHb HaINpsKeHUN ymeHbuics B 2,35 pa3 ¢ 833 MIla oo 354 Mna.

a

Pucynok 3 — Pacnipenenenue 3KBHBAJICHTHBIX HANIPSDKEHHUI B KOPITyce CBepia: a — 0a30BbIi
BapHaHT; 6 — MpearaeMblii BApUAHT

B pesynbpTaTe pacdeTa yCTaHOBJIEHO, 4YTO IMpejjaracMoe YCOBEPIICH-
CTBOBaHHE KOHCTPYKIIMM COOPHOTO CBEpJia IIO3BOJIUT OOecneduBaTh Oosiee
HAJ)KHOE 3aKpEIJICHUE CMEHHOM MIACTUHBI C YYETOM CHJI PE3aHud, a 3HAUUT U
TOYHYIO0 00pabOTKy OTBEPCTUH C YBEIIMUEHHON CKOPOCTHIO U MOJAUEH.

YJIK 550.34
MOHHUTOPHUHI TEXHOTI'EHHBIX 3EMJIETPSICEHUI
B COJIMT'OPCKOM I'OPHO-ITPOMBIINJIEHHOM PEI'MOHE
Kamox H. C., bacanau I'. A.
benopyccxuil nayuonanvusiii mexnuueckull yuugepcumem
e-mail: irgrig@tut.by

Summary. The results of monitoring of man-made earthquakes in the Soligorsk
mining and industrial region are presented. The mentioned earthquakes occur as
a result of large-scale development of potassium salt deposits using the
underground method.

3emieTpsceHrue — MOA3EMHbBIC TOTYKU U KOJIEOAHUS 36MHOM MOBEPXHOCTH.
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Beimensror  cienyromme  BUABI  3€MIIETPSICEHUN:  TEKTOHUYECKHE,
ByJIKAHMYECKHE, TEXHOTEHHBIC, OOBaJbHbIE U TOpHBbIC yAapbl. Ha Tepputopuu
benapycu UMEOT MECTO IMTPEUMYILECTBEHHO TEXHOTEHHBIE 3€MJIETPSICEHUS.

[IpoGnema TeXHOTreHHBIX 3eMJIeTpsiceHi B benapycu u3yuaercs B mpejenax
Comuropckoro ropHonpombinieHHoro peruona (I'TIP), rae B pesymnbrare
BBIEMKH KaJIMIHBIX COJIEW IMIAXTHBIM CIIOCOOOM, CIOXKWJIACh CIOXKHAs dKOJIOTO-
reoJuHaMuyeckas oOcTaHOBKa. B pe3yibTaTe WHTEHCHUBHOW OTpabOTKH
KAIAMHBIX TOPU30HTOB BO3HUKAIOT MECTHBIE 3E€MJIETPSICEHUS, a TaKkKe
YCWJIMBAETCS IPOCAIKA 36MHOM MOBEPXHOCTHU U MPOLIECCHI 3200 I1aYNBAHMUS.

AKTyanbHOCTh pabOTBl COCTOUT B HEOOXOJUMOCTH OTCIICKHUBAHUS U
MOHUTOPHUHTA BcexX mpoucxoasamux 3emiuerpsicenuit Conuropcekoro I'TIP ¢ nensio
oOecniedueHus 6€30MacHOr0 U3BJICUYECHHUS MTOJIE3HOT0 UCKOMAeMOI0 U MPOKUBAHUS
JIIOJIEW B IIpeeIax JaHHOM TEPPUTOPHH.

B pabote pemanucs creayromuye 3aJaud: H3YyUYEHHE CEUCMUYECKOU
o0crtanoBku B Conuropckom ['TIP; BbIsiBI€HME NMPUYMH TEXHOIEHHBIX 3€MJE-
TPSACECHHI; aHaIW3 JAWHAMUKU 3€MIICTPSCEHUM 3a IOCIECIHHE JEeCATHh JIET.
Meroapl ucCCIENOBaHUN: W3YYECHHE JMUTEPATYpPHBIX HCTOYHUKOB; IOJIEBBIC
paboThl; MOHUTOPUHT.

Conuropckuii rOpHO-IPOMBILIUIEHHBI PETMOH pACIOJOXKEH Ha Iore
Munckoii obnactu B mnpegenax Comuropckoro, Crynkoro u JlroGaHckoro
paiOHOB.

DTOT pervuoH OTHOCHUTCS K YHCIy Tepputopuid bemapycu, riae Bo3aencTBue
YeJloBEeKa Ha 3€MHYIO MOBEPXHOCTH SBIAETCS MaKCUMalbHBIM. CTapoOuHCKOE
MECTOPOXKJIEHIUE MHTEHCUBHO 3KCIUIyaTUPYETCA, MO3TOMY 31€Ch HAOII0JAI0TCS
HEraTHBHbIE TpOLECChl M sBIEHUA. B gaHHOM peruoHe (UKCUPYIOTCA
CEHCMMYECKHE SIBJICHHSI KaK MPUPOIJHOTO, TaK M TEXHOTEHHOI'0 Xapakrepa. B
pe3ynbTare BBIPAOOTKM KaJUWHBIX TOPU3OHTOB B HEApaxX IMPOHUCXOAMT Iepe-
pacnpeneneHne TEKTOHWYECKHX HaIpSKEHUH, 4TO BbI3BIBAET (POPMUPOBAHUE
TPEUIMH B TOJILAX TOPHBIX IOPOJ, BO3HUKHOBEHUIO TEXHOTEHHBIX 3€MJIe-
TPSACEHUU.

3eMIIeTpsICEHNs TEXHOT€HHOI'O XapakTepa, BO3MOXXHO, MPUYPOYEHBI K
BO3JICMCTBUIO NUIAMOXPAHWIHUIL, coneoTBaioB M COJMIopcKkoro BOAOXpa-
HUJIMIIA.

Hampumep, noka3aTenbCcTBOM ceicMUYECKHX COOBITHI B parioHe Comurop-
ckoro I'TIP saBnsiercs cepust U3 TpeX 3E€MIIETPSICEHHMM, KOTOpPbIE MPOU30LUIN B
saBape 2018 roma. Mx smunenTtpsl Obui Ha TiyomHe oT 17 mo 25 kM. Ha
MOBEPXHOCTH JKUTENHM ONM3iexamux aepeBeHb U r. Coluropcka HUYEro He
OILY THJIN.

Ceiicmonornueckue wuccinegoBanus B CosmropckoM [TIP nHawammcs ¢
MoMeHTa pa3paboTku CTapoOUHCKOr0 MECTOPOKIEHUS. BbUIO yCTaHOBIEHO, YTO
CECMUYECKH aKTUBHBIMM sBisitoTcs KpacHocnoboxackuii u  bepe3oBckuii
Yy4acTKH, MpU 3TOM Haunbosee onacHbIM siisieTcss KpacHocnoboackuit.

Jlo HemaBHEro BpPEMEHUM B PETHOHE HENPEPBIBHBIE KPYIJIOCYTOYHbIE
HAOJIIOICHUS 32 3eMIIETPSICEHUSAMHU Besa ceicMuueckas ctaHiust «Colmuropeky.
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CelicMOITPMEMHUKH HAaXOAWJIUCh B maxte Broporo pynoynpasienus. Ho 0b110
YCTaHOBJIEHO, YTO BKJaJ 3TOM CEHCMOCTaHUMU B PabOTy MOHUTOPUHIOBOM
cuctembl KpacHOCIO00ACKOTO paszjioMa HE MOXKET O0eCHeuduTh CTaOWIIbHOM
paboThl U TOYHON NPUBSA3KKM KO BpeMeHU. [lorToMy ObUIO MPHUHATO pelIeHHe
co37aTh COBPEMEHHYI0 MOHHMTOPUHIOBYIO CHCTEMY HAOJIOJEHUN C ULEJbIO
Oe3omacHOro BeIeHMsI TOpHBIX pabor. B pe3ynbrare ObuUia pa3BepHyTa
MOBEPXHOCTHAsI cecMUYecKasl CeTh U3 4-X IYHKTOB HAOJIOACHHS, KOTOpHIC
o0pa3ytoT KOHQUTypaluio OJHM3KYyI0 K TpPEyrojibHUKY. MecTomnoaoxeHue
CTaHIMN BBIOMPATIOCH MCXOAS U3 HECKOJBKHX MPEANOChUIOK — oOecredyeHue
COXPAaHHOCTH O0OPY/IOBaHMs; CTAHIIUU JOJIKHBI OBITH YCTAHOBJIEHBI TOJBKO Ha
NOBEPXHOCTH, JJI1 TIOJYyYEHHs] TOYHOIO BpEeMEHHM co chyTHUKOB GPS.
HccnenoBanusi BRIMOJIHEHBI aBTOPOM ¢ coTpyaHukamMu OAO «bearopxummnpomy,
KOTOPBIE IPOBOIAT MOHUTOPHHT 3emierpsicennii B Commropckom ['TIP. B mapre
2021 r. MBI TPUHSIM Y4YacTHE B MOHUTOPUHTOBON paboTe PEKUMHON CETH
HaOMIOJIeHU 3a celCMHUYEeCKON aKTUBHOCTHIO B paiioHe KpacHocinoboackoro
pasioma.

CeiicmocTaniiuu  paszpaboTaHbl YpaiabCKuUM oOTaeleHueM Poccuiickoi
akajgemMun Hayk creuuanbHo Wit OAO «benapycekanuity. g aHanuza Obuin
MpEIOCTaBIEHbl TOKa3aHusa ceicMmoctanuuii 3a 2011-2020 rr. Bce 3aperu-
CTPUPOBAHHBIE COOBITUS MOXXHO pa3AeliuTh Ha CEUCMHYECKHUE BOJHBI OT
yIaJCHHBIX 3€MJIETPSICEHUI, PErHOHalIbHbIE COOBITHS, JIOKAJbHBIE COOBITHS,
B3pbIBbI. B pe3ynpTaTe aHanm3a MOYKHO YCTAHOBJIEHO YBEIMYEHHE KOJIMYECTBA
COOBITHI B MOCJIEIHHUE TObI: YJAJEHHBIX — B 3,3 pa3a, peruoHaibHax — B 13 pas,
JOKAIbHBIX — B 54 pa3a, B3pbIBbI — 28 pa3. lIpakTtuuecku Bce 3aperucrpu-
pPOBaHHBIE JIOKAJIbHbBIE COOBITUS MPOUCXOAAT B MpeEJenax TPeX CEHCMOAKTUBHBIX
30H. Bce onm otHOCcsTCs K KpacHocino0oackomy pasiomy.

AHanu3 paboThl CEHCMOCTaHUMM TMOKa3ajd, 4YTO B HACTOAILLEE BpEMs
OTCYTCTBYIOT MPHUPOJHBIE COOBITUS B Npeaesax pa3JiOMHOM 30HBI, YTO HE
MOJTBEPKIAET COBPEMEHHYIO0 aKTUBHOCTH KpacHoc10001CKOro pa3ioma.

Takum 00pa3oM, BBINOJHEHHBIE HCCIEAOBAHUS TO3BOJIUIU OINPEACIIUTD
OCHOBHBIE Teodkojoruyeckue mnpodsembl Comuropckoro I'TIP. CoBmecTHBIi
aHaJIU3 JIaHHBIX, TOJIYYEHHBIX B XOJI€ BCEX JTAlOB HAOIIOJCHUH, MO3BOJISET
CEJIaTh BBIBOJ, YTO UCTOYHUKH JIAHHBIX CEICMUYECKUX CUTHAJIOB HAXOJATCS Ha
Tepputopun maxTHeIX nojied OAO «benapycbkanuii» U UMEIOT TEXHOTEHHOE
WIH IPUPOTHO-TEXHOTE€HHOE MTPOUCXO0KICHHUE.

YK 658.5
POJIb BIM-MEHE/’KEPA B CTPOUTEJBHOM ITPOU3BOACTBE
Koesanenusa H. B., Xoosxkoe B. A.
benopycckuti nayuonanvuviu mexuuueckul yHueepcumem
e-mail: xva609@gmail.com, nikitakovalenya@mail.ru

Summary. The rate of progress in information modelling in the Republic of
Belarus is not being achieved at the desired level. The concept of a BIM manager's
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role during the construction phase of a large project in building and construction
Is described in this paper.

BIM-menemxep oTBedaeT 3a npouecc MOACIUPOBAHUS B paMKaxX CO3JaHUs
BIM-poekta u Ha ypoBHe opraHnuzauuu B 1eioM. OCHOBHBIMU €O
00SI3aHHOCTSIMU SIBIIAIOTCS TIOHMMaHue KoHuenuuu BIM-mpoexktupoBanus B
TCOPUH M Ha MPaKTHUKE, OpraHu3aius padouero mporecca B npoekre (puc. 1),
oOydyeHHe COTPYAHHKOB, 3HaHWEe W co3nanue BIM-ctanmaproB, OuOmmMoTek
CEeMEHNCTB, UMETh NMPODUIBLHOE CTPOUTENIbHOE 00pa30BaHue U 3HATh BCE CTA/IUU
cTpouTenbeTBa [1].

OCHOBHOW TMepedYeHb HCIOIB3YEeMOIro IMPOTPaAaMMHOTO OOeCTeYeHUs IS
BIM-npoextupoBanus npuseseH B Tabm. 1.

Tabnuna 1 — OcuoBubie BIM-niporpammbi

PazpaboTtunk I10 Kounnenmnus Hﬂa;IPI/IIgOBa Pazpabotka| Amnamm3 Kon
Advance 5
Steel
BIM 360 7,8
Autodesk P\ 3D 1,6
Navisworks 7,8
REVIT 2...6
BENTLEY M'Cr?ftat'o 1.6
TRIMBLE | ., o2 45
Structures
Nametschek | ALLPLAN 4
Group engineering
RENGA .
SOETWARE architecture 3

PacmmudpoBka kom0B ykazaHHBIX B Ta0Onuie: 1 — uHPpaAcTpyKTYypa; 2 —
TEXHOJIOTUS; 3 — apXUTeKTypa; 4 — KOHCTPYKLUHHU >KEJIEe300€TOHHbIE; 5
KOHCTPYKIIMM MeTaJUIndeckne; 6 — WHXEHEepHble KOMMYHHMKAIMu, 7 —
KOOpJIMHALUA; 8 — CTPOUTENIBCTBO.

BoctpeboBanHocTh UM BbICOKas 3apabotHas mmiatra BIM wmenemxepa
oOycioBiieHbl Bce OousbliUM pacrnpocTpanenruem BIM  (MupoBbie nupeps
Benukoopuranus, CIIA u Cunramnyp). Cnenuanucto Mano, BIM ucnomns3yror
IIPOEKTHBIE, CTPOUTENIBHBIE U 3KCIUTyaTallMOHHbIE KOMITAaHWH. Kak mokasbIiBaer
npaktuka cerogHss BIM He mpuxoTs, a HEOOXOIUMOCTh, OOYCIOBIICHHAS
KOHKYPCHIIMEH MEX1y MPOCKTHBIMH opranu3aiusamu [2; 3].
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Crparernyeckas QyHkuus
KopniopaTHBHBIe LelH
AHanuTHKA
BIM-npoueccsl

BIM menexkep
Cranmaprsl

BHrenperue

OGy4enune

Ynpasnendeckas QyHKIusa

IInax peanusaliH MpoeKTa

BIM-koopmuaTop

Ayt Moneneii
KoopauHaims Moaenu

Co3naHue KOHTeHTa

lNponapoacreenHan GyHKIMUA

Pazp aborYHK MOIeTH
BIM-aeTop

MozenaposaHie

Beimyck geprexeit

Pucynok 1 — OcHOBHBIE (QYHKIIMH KOOPJHMHATOPA, MEHEKEpa U pa3paboTyrKa MOJIEIIH
(MHXKeHep, apXUTEKTOP)

s Toro, utoObl ctath BIM-MeHemkepoM HEOOXOAMMO Ha BBICOKOTO
YPOBHE BJIQJICTh NMPOTPaMMHBIM oOecrieueHneM, Hampumep Autodesk Revit u
pa30uparhCs B IpoIieccax, yMeTh IPOrpaMMHUPOBATh Ha 0230BOM YPOBHE, UMETh
OTIBIT B 00JIACTH TIPOCKTUPOBAHMS, YMETh OOBSICHAThH CIIOXKHBIC BEIIH MPOCTHIM
SI3BIKOM.

CnMcoK MCNOo/Ib3yeMbIX HCTOUYHHKOB

1. Pomm u 3amaum BIM-xoopaunaropa, BIM-menemxkepa [DnaekTpoHHBIH pecypc]. —
Pexxum nocyma:  https://roseco.net/about/articles/bim-manager-bim-coordinator. — Jlata
obpamenus: 31.10.2023.

2. BIM-menemxep. KTo 310 11 9yem 3aHuMaeTCsl B KOMIaHUH? [DIIeKTPOHHEIN pecypc]. —
Pexxum mocyma:  https://bimlib.pro/articles/bim-menedzher-kto-eto-i-chem-zanimaetsya-v-
kompanii. — /lata o6pamienus: 26.10.2023.

3.3a uro bim-menemkep mosydaetr 100 ThIcSY W Kak MM cTaTh. JIMUHBINA OMBIT?
[DnexkTponnblii pecype]. — Pexum mocyma: https://habr.com/ru/articles/506454/. — Jlata
obparmenus: 26.10.2023.

YK 621.825
AJI'OPUTMBI OITPEJAEJIEHUSA TIAPAMETPOB
YIIPYTUX JIEIIECTKOBBIX MYO®DT
Kopwyn K. C., ’Kosnepuk A. H.,bacanau I'. A.
benopyccxuii Hayuonanvusiii mexnuueckull ynugepcumem

e-mail: irgrig@tut.by

Summary. An analysis of the operational properties of elastic bush-pin couplings
Is presented. Methods for studying the stress-strain state of elements of elastic
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leaf couplings are presented. Algorithms have been developed to perform
verification and design calculations of elastic leaf couplings.

[Ipy TpOEKTUPOBAHMM MPHUBOAOB TOPHOTPAHCHOPTHOTO U  TOPHO-
nepepadaThIBAIOLIEr0  OOOPYAOBaHUS  LIMPOKO  MCHOJB3YIOTCS — yNpyrue
BTyJ0ouHO-TIanblieBeie  MybTel (MYBII) [1]. VYnopyrumu »sieMeHTamMu B
KOHCTpYKIUsAX MyhT turia MYBII sBasitoTcs pe3MHOBBIE BTYJIKH — CIUIOIIHBIC
WIN COCTaBJICHHBIE W3 KOJIEIl TpameneuaanbHoro cedeHus. OnHako My(QThI
MYVYBII o0namaror HE3HAYUTEIBLHBIMA KOMIIEHCAIIMOHHBIMU cBocTBaMu. OHU
JIOTTYCKAIOT JIMIIb HEOOJIBIIINE 3HAUCHUS 110 YTIIOBOMY NIEPEKOCY U PATUATIEHOMY
CMEILIEHUIO OCEl BaJIOB B MpeJeiax 3a30pa MEXIYy PE3MHOBBIMU BTYJKaMU U
OTBEpCTUSIMH B MOdymy(dre. B 3TuX cimydasx Harpyska pacrpeaenseTcs MExXIy
najgbllaMy HEPaBHOMEPHO, YTO MIPUBOJUT K YCUIICHHOMY U3HOCY BTYJIOK, a TAKXKE
BO3HUKAIOT J0OOABOYHBIC pauaibHbIC HATPY3KHU HA Bajax.

AHaJIM3 KOHCTPYKTHUBHBIX CXEM M PEXKUMOB OIKCIUTyaTallUH 3JIEKTPO-
MEXaHUYECKHUX MPUBOJIOB TOPHOT'O 000pyAOBaHUs [2] ¢ UCIIOJIB30BAHUEM B HUX
My(dT ¢ YyNpyruMu 3JIEMEHTaMH, a TaKXe BbIIIEyKa3aHHbIE HEIOCTATKU My(dT
tuna MYBII nocinykuiv oCHOBaHHUEM U1l U3YUYEHHSI BO3MOKHOCTH 3aMEHbI UX
Ha YNPYyTHUE JIENECTKOBLIE MY(PTHI.

OCHOBHBIM TMapaMeTpOM TMpU BbIOOpE MY(PT SBISETCA MEpeaaBacMbIii
Bpalmarwirii MoMeHT. Ha OCHOBaHMM BEIWYMHBI HOMHUHAJIBHOTO MOMEHTa H
ycioBUid paboThl My ThI (TPUBO/IA) YCTAHABIUBACTCS PACUCTHBIM MOMEHT. Jlis
HOPMAaJTM30BAHHBIX MY(T MX MapaMeTPhl U pa3Mephbl BHIOMPAIOTCS U3 KaTaJIOTOB
WM CHpaBOYHUKOB [l], a pacueTsl BBINOJIHSAIOT AJISI MPOBEPKU MPOUYHOCTH
OCHOBHBIX 3BE€HbEB. BMecTe ¢ TeMm, yclioBHs pabOThl MPUBOJIOB UHOTIa TPEOYIOT
MPOBEJCHUS JIOMOJHUTEIBHBIX PACYETOB, CBA3aHHBIX C TEMIEpPaTypHbIM
PEXUMOM pabOThIl MY(PTHI U €€ T0ATOBEYHOCTbIO, 0COOEHHO MPU pacueTe My(T C
PE3MHOBBIMU UM PE3UHOKOPAHBIMU YIPYTHUMHU DJIEeMEHTaMu, jAedopMaiuu
KOTOPBIX 3HAYUTEIbHBI M PaboTa KOTOPBIX COMPOBOXKIAETCS 3HAYUTEILHOU
JUCCUTIAIIUEN PHEPTUM B BUJIC TEIUJIOTHI, YTO SBISAETCS MPUUYMHOW CHUKEHUS
(bU3UKO-MEXaHUUECKUX XapaKTEPUCTUK YIIPYTOro JIEMEHTA U €ro pa3pylieHus.

OcHOBOIl BCEX pacueToB SBIAETCS OIPEACIICHUE HaNpsKeHHO-aedop-
MHPOBAHHOTO COCTOSIHUSI YIPYTHMX 3JIEMEHTOB B OIACHBIX CEUYEHUAX U €ro
U3MEHEHU BO BpeMeHU. OHAKO B CBSA3U CO CIIOXKHOW reoMeTpueit, 0coObIMU
CBOWCTBaMH MaTepuasia 3jeMeHTa (Oonbmme neopmanuu u TEpEeMEINIeHHUs,
CJIOMCTOCTh, @HU30TPOIUSA) PACUETHYIO MOJIENIb MOCTPOUTH CIOXKHO. [lorTomMy
yaiie BCEro MPOBOAST SKCHEPUMEHTHI [0 ONPEACIICHUI0 HHTErPabHbIX
napaMeTpoB ymnpyrux My(pT (3KECTKOCTH, MOJATIMBOCTH, CTEIECHU HEJINHEH-
HOCTH) M TI0 X PEe3yJbTaTaM ONpPEEsIOT OCTAIbHbIC TApAMETPHI.

AHanu3 uHOpMAlUM W3 HAYYHO-TEXHUYECKOU JUTEpATyphl Mo MydTam
pPa3JIMUHBIX KOHCTPYKIIMI TOKa3aj, 4TO JI0 HACTOAIIEr0 BPEMEHH HE paspa-
OOTaHbl, MO3TOMY I1I€JIb BBINOJHEHHON paboThl cocTosula B pa3paboTke
METOJIMKH pacyeTa yNpyTrux JeNneCTKOBBIX My(T.
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Hcxons ©3 KOHCTPYKIIMH, YCIOBHH pabOTBI H crmocoba mepenaqn
BpAIaroero MOMEHTA JJIA pacueTa YIpyrou JenecTkoBod My(pTel TpeOyercs
000CHOBATH IIMTOHOYHBIE COSTUHEHUS TOJIYMY (DT C BaJlaMU, pa3Mepbl TOTyMy (T,
KOJIMYECTBO M pa3Mephbl JICTIECTKOB, OOJTOBBIC COCAMHCHHUS W TPHKHUMHBIC
TTACTHHBI.

Pa3mepsl (prianiieB 10KHBI YAOBIETBOPUTH KaK YCIOBUSIM MPOYHOCTH, TaK
U oOecrieurBaTh HAJICKHYIO Tepeady Bpallarollero MOMEHTa 3a CYeT CHII
TpPeHUST MEXIy JienecTkamMu U ¢aHieM. B nenecTkoBbix MypTax HEOOXOIUMO
paccMaTpuBaTh PaBHOBECHE IO KOHTAKTHOM IUIONIAJIKE KaXI0T0 JIEMECTKA.

Jlyist onipenienieHnsi OMacHBIX CEUEHUH MPHU pacyeTe JeTnecTKa Ha IPOYHOCTh
HET HEOOXOUMOCTH HAaXOIUTh pacrpesesieHne AeGpopMalnii U HaPsHKEHUN 110
BceM Jienectkam. OUYeBHIHO, YTO STH CEUYEHHUS COBIAJAIOT C TPAHUIEH ero
3ameMyIeHUsT Ha QuaHuax noaymypr. ITo 0OYyCIOBIEHO TEM, UYTO B 3THX
CEUYCHMIX JCHCTBYIOT MaKCHUMAJIbHBIE HAMPSOKCHUS, BEI3BAHHBIC TIEPEIaBaACMbIM
BpAIaoIM MOMEHTOM, IIEHTPOOCKHBIMUA CHJIAMH, HA4aJIbHOU AcdopMaIrnei
JICTIECTKA U CMEIICHUSAMHU OCEH COSTUHSICMBIX BAJIOB.

BrITTOTHEHHBIC pacyeThl M TEOPETHUCCKUE UCCICAOBAHMS TUITOPA3MEPHOTO
psana nenectkoBbIX ynpyrux Myht OAO «benapycekanuii», a TakykKe pe3yJIbTaThl
DKCIIEPUMEHTOB 0 OMPEICICHUIO TMPEACIbHBIX HArpy304HbIX PEKHUMOB
OCHOBHBIX D3JIEMEHTOB TOKAa3alid, YTO OHM OOJIAJJal0T JOCTATOYHO BBICOKUMU
3amacaMy 10 BCEM OCHOBHBIM JKCILUTyaTallMOHHBIM TapaMmeTpaM U PEeKOMEH-
IyeTcsl K TPUMEHEHUI0O B TPUBOJIAX TOPHOTPAHCIOPTHOTO W TOPHO-TIEpe-
pabaThiBaroIIero 000pya0BaHUsI.

B pabGore momydeHBl 3aBHCHUMOCTH ISl ONpPENCICHUS HANPsHKCHUH B
OTACHBIX CEUEHUSAX YIPYTuX deMeHTOoB My(dThl. Ha OCHOBaHMM ATHX 3aBHCH-
MOCTEH Cc(HOPMHUPOBAHBI ATOPUTMBI TSI BBITTOJIHCHHS TTPOBEPOUHBIX W TTPOCK-
THBIX pacueToB My(]T.

Cnucok HCNOJIb30BAHHOM JINTEPATYPbI
1. Momsixo, B. C. CnpaBounuk mo mydtam / Ilox pen. B. C. ITomsxosa. — JI. :
Mamunoctpoenue, JIeHunrp. ota., 1979. — 344 c.
2. Kazauenko, I'. B. 'opabie mammnbl. B 2 9. Y. 2. MamuHbl ¥ KOMIUIEKCHI JIJIsT JOOBIYU
nosie3Heix uckomaembix / I'. B. Kazauenko, B. {. Ilpymaxk, I'. A. bacamait: mox oOmr.
pea. B. . Ilpymaka. — MuHck : Beimaiimas mkosna, 2018. — 228 c.
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Summary. The article describes the main inventions of the Belarusian scientist
Narkievich-lodko. The conclusions about the innovative character of his
discoveries and practical significance of the scientist's inventions are considered
in the article.
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Brman Gemopycckoro yueHoro Hapkesuwua-Momko (1847-1905 rr.) B
CCTECTBCHHBIC HAyKW OYCHb BEIMK. YUYCHBIH M3y4das Takue cdepsl Kak
MeTeoposiorus, aekrporpadus. OcHOBHas Hay4Hasi AesTenbHOCTh HapkeBuua-
HNonko mnpoxoauna HEMOCPEACTBEHHO B ero uMenun Hamgneman. Tam on
OpraHu30BaJl pabOTy METEOPOJOTHYECKON CTaHIIMM, JJIEKTPOrpaPpuUecKoi,
XUMHYECKOH, JJIEKTPOOHOIOTMUYECKOM U JJaKe acTPOJIOTUYECKOi 1abopaToputii [1].

B 1889 r. Ha cpe3ne Mereokomuccuu Hapkerud Moako BeIIBUHYIT CIIOCOO
U3MEpPEHUS CKOPOCTH JABMXEHHSI 00JIaKOB C MOMOIIBIO €ro nmpudopa Ha OCHOBE
KaMmepbl 00CKkypbl. Eme omHuM ero m3oOpereHueM CTall JIM3UMETP, MpeHa3-
HAaYEHHUEM KOTOPOTO SIBJISIETCS U3MEPEHUE BIAKHOCTH MOYBbI. ET0 KOHCTpYKIIUS
OblLy1a MOJIOKUTEIHHO OlleHEeHa MeTeoposioramu Poccun.

[To3xe yuyeHOTO OYeHb 3aMHTEpecoBalio atMochepHoe ekTpudectBo. OH
u3ydasn ero mpupoay. B pesymbraTe, 4TOOBI 3aIIUTUTH CBOU KPECTHSHCKHE
noceynieHus u yroabsi, HapkeBuu-HMonko m300pen rpagooTBOJ M yCTAaHOBUII
rpajio0TBOJIbI 110 TEPPUTOPUU CBOMX 3eMelib. [locie ycTaHOBKU TpaloOTBOIOB
YUCJIO MOMAJaHusl MOJTHUN Ha 3alUIIEHHON TEPPUTOPUU CHUIILHO COKPATUIIOCH.
Takum o00pa3oMm, CEIbCKOXO3SUCTBEHHbIE yroabid SAkoBa OTToBHMYa OBLIU
3alIMIICHBI OT MOMaaaHus rpo3 U MoJiHui. CaM (GakT yJapoB MOJIHHM B 3€MJTIO
YUEHBIH OOBSCHSII COBOKYITHOCTBIO OIMpPENENIEHHOTO aTMOC(HEpPHOro JaBJICHHUS,
BJIQXXHOCTBIO BO3/yXa, pelbeoM MeCTHOCTH. MeTonuky paboThl CBOUX
rpoMOOTBOJIOB k0B OTTOHOBMY OMHCHIBaN Tak: «MOJHHUS — 3TO HEMOCpEn-
CTBEHHBIN pE3YyJIbTAT Pa3psKEHUS JJIEKTpUUecTBA. ECIM yMEHbIIUM MPUYHUHY,
JUKBUIUPYEM TIOCIEJCTBUE, €CIM YMEHBIINM KOJHYECTBO aTMOC(HEpPHOTo
ANIEKTPUYECTBA — YMEHBIIUM OMACHOCTh PE3YyJbTAaTOB TPO3bl, MOJHUHU, Tpaja.
Mou rpafooTBOABI SBISIOTCS AKKyMyJSTOPaMH, OTBOISIIMMU HAKOIUICHHOE
ANEKTPUYECTBO B 3€MITIO» [2]

B xoxe wu3ydyeHus TpOMOOTBOJOB U BIUSHHS, KOTOPOE OKa3bIBAET
JJIEKTPUYECKUN TOK Ha nouBy, HapkeBuy-Moako moaomesn BIUIOTHYIO €lle K
OJIHOMY OTKpBITHI0. OH JI0Ka3all, YTO «IJIEKTPUUECTBO, Oy AyUr MPUMEHEHHBIM K
pacTeHHsIM, OKa3bIBa€T HA HUX HECOMHEHHOE BIIUSHUE, B OOJIBIITUHCTBE CIIy4YacB
OJIarONpUATHOE... DJIEKTPUUYECTBO MOXKET UIPaTh OOJIBIIYIO POJib B KYJIBTYpE
BamMx pacteHui» [3]. OBolIM, BBIpAllICHHBIE C MNPUMEHEHHEM METOJIOB
ANEKTPOKYIbTYPbI, YAUBISIN KPECThSIH CBOMMH pa3Mmepamu. Penucka, yepes
KOTOPYIO PEryJSIPHO C MOMEHTa IOCAJKU MPOMYCKAIN 3JIEKTPUUYECKUN TOK,
IpeBbIIIaga pa3mep oObIYHOM B TpH pa3a. Kak 1mo3ske BhISICHUIOCH, IPOITYCKaHHE
TOKA 4Yepe3 MOYBY HE TOJIbKO MOBBIIIAET KAU€CTBO PACTEHU, HO U YCKOPSIET UX
pOCT. DTO MPOUCXOAUT MOTOMY, YTO HJIEKTPUUYECKUI TOK COKpallaeT BereTa-
TUBHBIN MEPUO/I, CTOCOOCTBYET YCKOPEHUIO XUMHUECKUX MTPOILIECCOB B MTOYBE.

B 1890 r. B nomecthe HamHemMan 3a msiTh JE€T A0 ONBITOB AJEKCaHJpa
[TonoBa, 3apaboTano TEepBO€ B MHUpE MPUEMOIEPENAIOIIEEe YCTPOUCTBO —
MPOTOTHUI BCEX CUCTEM PAIUOCBSI3H, CYIIECTBYIOIIUX B Hacrosdilee Bpems. Ero
cozman  Oemopycckuii  yuyeHeli  SAky60  OtronoBuu  Hapkepmu-Honxo.
OdunuansHas aeMOHCTparusi u3o0perenus marupoBaHa 12 despans 1891 r.
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CBuzerenssMd NEPBOr0O B HMCTOPUM YEJIOBEYECTBA ITyOJMYHOrO CeaHca
0ecrnpoBOAHON CBA3M ObUIM WIEHbI Pycckoro (pu3ankKo-XxMMHYECKOro OOIIecTBa
npu Umneparopckom CaHkT-IleTepOyprckom yHUBEpCUTETE.

CoBpeMeHHbIE y4YeHble KiIacCUPUIUPYIOT paauonpueMHuKk HapkeBuua-
Moako Kak AETEKTOPHBIM NPUEMHHUK. TakKuM IIPUEMHUKAM XapaKTEPHO JIMILb
yJIaBIMBaHUE CHUTHAJIOB PAJUOCTAaHIUI M NpeoOpa3oBaHUME HUX B 3BYKOBBIC
curHasibl. Hano ckaszate, uro HapkeBuu-Moako He 3Han, Kak MMEHHO MOXHO
UCIIOJb30BaTh €ro OTKPBITHE, M YTO OHO B ceO€ TauT Takoll OrpOMHBIHI
noteHuuan. OIHaKo MOYKHO CMEJO CKa3aTh, YTO OEIOPYCCKUM YUYEHBIN CTOSIT y
VICTOKOB CO3JaHUs PaJIno.

Takxum o6pazom, AAxky6 OrronoBud HapkeBuu-Moako HE TOIBKO COBEPITUIT
P HOBATOPCKHUX OTKPBITUM, 3HAYUTENIBHO OIEpeXkasi CBOE BPEMsI, OH TaK Ke
BHEJPsUI M300pETEHHs HA CBOMX 3€MIIIX, TEM CaMbIM JOKa3blBasg MX
IPAKTUYECKYIO 3HAUUMOCTb.

CnHcoK MCIO0JIb30BAHHOM JTUTEPaTypPhI

1. banannzin, K. 1. ByusOHa-MeTasbIluHbl JanaMOXKHIK Na Kypcey «IiCTOpbIs KyJIbTyph
benapyci» / K. 1. banannzin. — Miuck, 1996. — C. 21.

2. HapkeBuu-Honko S. O. O Teopuu rpaga u rpagoorsona / 5. O. Hapkesuu-Nonko //
Munckuit JIuctok. — Ne 86. — 25 oktsa6ps 1891 r.; Ne 87. — 29 okTsa6ps 1891 r.

3. Kucenes, B. H. I[lapagokchl «31€KTPHUECKOTO 4YEJIOBEKa» KHU3Hb M AEATEIbHOCTD
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—C. 315.

YK 624.04
O JOCTOBEPHOCTHU CTAHIAPTHBIX TIAPAMETPOB MO/IEJIN
«30JI0TOI'O» ABTOMOBWJIS JJI51 PACUETA ITOKA3ATEJIA IRI
Xoosixos B. A.
benopycckuti nayuonanvhviu mexuuueckut yHueepcumem
e-mail: xva609@gmail.com

Summary. The frequency of their own oscillations of sprung and unsprung masses
was compared using the generally recognized values of the “golden” car
parameters and data obtained through experiment with ground-based laser
scanning.

CeromHs CymiecTByeT OOIIEeNpU3HAHHAS MOJIENb «30JI0TOT0» aBTOMOOWIIS,
IIPY TTIOMOIIH KOTOPOH MPOUCXOTUT OIIEHKA POBHOCTHA aBTOMOOMIIBHBIX JIOPOT T10
MexayHapoanomy napamerpy IRI. Ctangaptaast monens Bkitouaer B ce0s (puc.
1, a) nBa rpy3a My — mnoapeccopeHHass macca aBTomMoOmwnss u Ms —
HEMOIPECCOPEHHAsI Macca aBTOMOOMIIA, ABE NPy UHBI Cs — peccopa aBTOMOOMIIS
u C¢ — mHeBMaTHYeCKOoe Kojieco aBToMoOwmis, Bsskoe tpenue B — memmdep
MOJIBECKH aBTOMOOMJIS.

Hcxons 3 mpuHINIA MEXIYHAPOAHONH BOCIPOU3BOAUMOCTH PE3yIbTaTOB
OLICHKH POBHOCTH JaHHAs MOJEIb MMEET CIEAYIOIINE YHCICHHBbIC 3HAYCHHUS
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oTHOMEeHU napamerpos [1]: Mu/Ms= 0,15; C/Ms= 653 1/c?; Cs/Ms= 63,3 1/c?;
B/Ms = 6 1/c. CkopocTh IBUXKECHUS aBTOMOOWIIS TP 3TOM cocTaBisieT 80 Km/4
unu 22,2 m/c.

HNHTepec mpeacTaBisieT TPOBEpPKAa JOCTOBEPHOCTH OTHUX YHCICHHBIX
3HAYEHWH, KOTOPYIO MOXHO BBIITOJTHHUTH MPH aHAIU3E MPOJOIBLHOTO TPOQIIIs
CHWJIBHO HW3HOIIEHHOTO JOPOKHOTO TOKPBITUS B 30HE YCTPOMCTBA MOCTOBOIO
COOPY’KEHHUSI, MOJTYYEHHOTO B pe3yJibTaTe Ha3eMHOIO JIA3€PHOTO CKAHUPOBAHUS
[2]. Ha mpomonbHOM mpoduiie MpoCcaeKUBAIOTCS HEPOBHOCTH C MEPUOIOM 2,2 M
Ha BTOPOU MoJjoce NBKEeHUs U 15 M — Ha niepBoii. [IpuHAB CKOPOCTh IBUXKEHUS
aBToMoOmIsA 90 KkM/4 uiu 25 M/c 71 BTOPOM TOJIOCH! IBYOKEHUS B 70 KM/4 Win
19,4 ™M/c — pmua mepBO, MOXHO BbUHUCIUTH (1) YacTOoThl KoOJIE€OAHUN
NEPUOUIECKUX CHII, KOTOPHIE BBI3BAJIA ATH HEPOBHOCTH.

v= 7, (1)

rAe: ©»— CKOPOCTh JBMXKEHUS aBTOMOOWJIS, M/C;

| — nMHA epHOANYEeCKON HEPOBHOCTH, M.

Taxum o6pazom, moayunm gactotsl 11,36 I' u 1,29 I'1; cooTBeTCTBEHHO.

JIist  Toro d9toObl  BBIYMCIUTHL YacTOTYy COOCTBEHHBIX KoOJeOaHUU
MOAPECCOPEHHON MACCHI «30JI0TOT0» aBTOMOOUJIS IIPHMEM YIIPOIIICHHYIO MOICIT
C JABYMS IIOCJICAOBATEIBbHO COCIMHCHHBIMU TpyXkuHamu (puc. 1, 6). s
BBIYUCJICHUS YaCTOTHI KOJICOAHUS HETIOIPECCOPESHHON MAacChl — MOJICb C JBYMS
napauIeIbHO COCIMHEHHBIMHE MTPYKUHAMHU (puc. 1, ).

Beruucnum  (2) 4acToTy COOCTBEHHBIX KOJIEOAHHMI COTJIaCHO TMEepBOU

YIPOILIEHHOW MOJIEIIN:
1 1 1
M M 5. /ﬁ =121Tu. (2)
63,3'M5+653'M5 63,3 653

Beraucimm  (3) 49acToTy COOCTBEHHBIX KOJIGOAHWW COTJIACHO BTOPOM
YIIPOLIEHHOW MOJEIIH:

w 1 C 1 Cs+C, 1 63,3:Ms+653M. 1 63,3+653
vE S= o e 2R o 20 11,00 T, (3)
21 27 | My, 21 My, 21 0,15-Mg 2T 0,15
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a 6 TTTTTT ¢ TT7777

Pucynok 1 — Monenu aBroMmoOuIIs: @ — cranfaapTHas MoJienb Juist pacuera IR,
O — yIpoIleHHAs ISl pacdyeTa COOCTBEHHON YaCTOThI KOJICOAHUs TIOJPECCOPCHHOM MaCCHhI;
6 — YIIpOILEHHast U1 pacyeTa COOCTBEHHON YacTOThI KOJIeOaHHUs HEMOAPECCOPEHHOM MacChl

B  pe3ympraTre  mosyyaeM = 4YacTOTy — COOCTBEHHBIX  KOJeOaHUU
noapeccopeHHor maccel 1,29 I'ii corniacHO pe3yiibTataM HE3EMHOTO JIa3€pPHOIO
ckanupoBanusa u 1,21 I'm cormacHo cranpaptHod Mozaenu juist pacyera IRI.
YacToTy cOOCTBEHHBIX KOJIeOaHUM HenoipeccopeHHoi Maccenl 11,36 I'ii cornacHo
pe3yJibTaTaM HE3E€MHOro JiazepHoro ckanupoBanuss u 11,00 I'm cormacHo
cTaHJapTHOM Mozaenu s pacueta IRI.

VYuutsiBast HEOOIBIION MPOLEHT PACX0KACHHSI, MO’KHO TOBOPUTH O BHICOKOM
JIOCTOBEPHOCTH YMCIICHHBIX 3HAYCHUI OTHOIIEHUM MapaMeTpoOB, MPUHUMAEMBIX
qutst Berurciienus napamerpa IRI, mo kpaiineit Mmepe 0 1OCTOBEPHOCTH MEPBBIX
TPEX 3HAYECHUM.

Ecnu caenate mompaBky Ha TO, YTO aBTOMOOWIIM YacTO ABUXKYTCS CO
CKOPOCTBIO HECKOJBKO HMKE MPEAEIbHO pa3pelICeHHOM, T. K. CIHIOMETP
aBTOMOOWJISI KaK NPaBUJIO HECKOJIBKO 3aHUXKAET 3HAYEHUE CKOPOCTH, TO
PACXOKJICHHSI MEXy CPABHUBAEMbIMU YaCTOTAMU CTAHYT €€ MEHBbIIIE.

[Io cyTu, mnpeacTaBlE€HHbIE BBIIE pE3YyJbTaThl MOATBEPKIAIOT, YTO
napameTpbl «30JI0TOTOY aBTOMOOMJIS JEHCTBUTENBHO OTpa)xaroT
XapaKTEPUCTHUKU HEKOEro «yCPEIHEHHOI0o» aBTOMOOWJII € YYETOM HAIlUX
pernoHaIbHbBIX 0coOeHHOCTE. KpoMe Toro, 3To moATBEpK1aeT TUIOTE3Y O TOM,
YTO HEPOBHOCTU B BHUJE Je(POpMAIMOHHBIX IIIBOB BbI3BIBAIOT JAePOpMAIIUIO
ac(aabTOOETOHHOTO MOKPBITUSL OT COOCTBEHHBIX KOJIEOaHUI MOIPECCOPEHHBIX U
HEMOJIPECCOPEHHBIX MacC aBTOMOOWJIEH C OIpeAesIeHHbIM MEePUoJOM IO
TPAEKTOPUHU JIBHXKEHUS 32 HEPOBHOCTBIO.

CnHcoK MCIOJIb3yeMbIX HCTOYHHKOB

1. Jloporu aBTOMOOWJIbHBIE OOIEro TONb30BaHUS. [IOKpBITHS JOpPOKHBIE. MeETombI
n3mepenus posHocty : OCT 33101-2014. — Mocksa : Crarmaptuadopm, 2016. — 18 c.

2. Xonskos, B. A. KommuiekcHast MeToiMKa olleHKH aedopMariuii acGaibTo0eTOHHOTO
MOKPBITUS Ha MOCTOBBIX COOPYKEHHUSX C WCIIOIH30BAaHHEM METOJIa HA3eMHOTO JIa3epPHOTO
ckanupoBanus / B. A. XoaskoB // MexayHapoaHas Hay4dyHO-TEXHHMUYECKas KoHpepeHIus
mostoaeix yaeHelx BI'TY mm. B. T'. lllyxoBa (mocBsmennas 170-1eTuio co JHS pOXKICHHS
B.T. IlyxoBa), bearopon, 16-17 wmas 2023 r. / benropoackuil TocyaapCTBEHHBIN
TexHosiornueckuit yausepcutet uM. B. I'. llyxoa. — bearopox, 2023. — C. 359-362.
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VIK 544.653.2
KOPPEJISINMOHHBIN AHAJIN3 TIAPAMETPOB
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PAoUOIIeKMPOHUKU
e-mail: ShDL@tut.by

Summary. The effect of electrochemical and temperature regimes under
potentiostatic and galvanostatic anodizing conditions in oxalic and sulfuric acids
solutions on the microhardness and mechanical wear resistance characteristics
of functional thick-layer alumina coatings with a thickness of ~10-50 um has been
studied. An improvement in the microhardness and wear resistance of Al,Osz with
a decrease in current density, voltage, and electrolytes temperature has been
shown. A comparative analysis of the structural and morphological parameters
influence of porous Al>Os formed on aluminum alloy AMG-2M and Al (99.95 %)
plates on the microhardness and resistance to abrasive wear parameters has been
carried out. Improved values of microhardness (~5.5 GPa) and wear resistance
(~0.73 um/h) of Al-O3 layers grown using optimized technological methods have
been obtained.

AHanmu3 JTUTEPATYpHBIX JAHHBIX M TPEIBAPUTEIbHBIC HcciaeaoBaHus [1]
CBUJICTEIHCTBYIOT O CYIICCTBEHHOM BJIUSHUU YCIOBUU DJIEKTPOXUMUUYECKOTO
aHOJIMPOBAHUS U CTPYKTYPHO-MOP(OJIOTHUECKHX MmapaMeTpoB aHOAHOTO Al,Os3
Ha QYHKIIMOHATBHBIC XapaKTEPUCTHKN U Ka4ECTBO (POPMHUPYEMBIX TTOKPBITHH.

B kadecTBe nCX01HOTO MaTepuraa JjIsl SKCIIEPUMEHTATBHBIX NCCIICI0BAHHM
UCIIOJB30BAIKMCh IuTacTUHBI pasmepom 48xb60mm m3 Al (99,95 %) u
allroMuUHUEBOro cmiasa AMI-2M  tonmumHON ~2 MM ¢ aHOaHBIMA Al2Os-
HNOKPBITUAMHU  pa3iudHoN TommuHbl (~10-50 MKkM), cPopMUpOBaAaHHBIMH TIPH
PA3TUYHBIX TEXHOJOTUYECKUX PEKUMAX.

DnexkTpoXuMHUecKoe aHoaupoBanue Al-rmmactuH npoBoamiiocs B 3; 5; 7 %-
HBIX BOJHBIX pacTBopax MmaBeneBod Kuciaotel (H2C204) m B 15; 20 %-HbIX
BOJHBIX pacTBopax cepHor KuciaoThl (H2SO4) B raibBaHOCTATUYECKHUX PEXUMAX
IpY MOCTOSHHBIX IUIOTHOCTAX Toka j ~15; 20; 25; 30mA/cM? u B
MOTEHIIMOCTATUYECKUX PEXKUMAaX MPHU MOCTOSHHBIX HampsokeHusx popmoku U
~50; 60; 70 B (g H2C204) u mpu U ~15; 20 B (mirst H2SO4) cooTBETCTBEHHO.

beiio  mokazaHo, YTO HAOMIOAACTCS TEHIACHIUS K  yXYAIICHUIO
MHUKpPOTBEep0CTH U n3Hococtoiikoctn Al2O3 Ha crutaBe AMIT-2M ¢ yBennueHneM
IUIOTHOCTH TOKA, HAIPsDKEHUS (POPMOBKHM M TEMIIEPATYPhI SJIEKTPOJIHUTOB. Tak,
HanpuMep, YBEIMYEHHE IUIOTHOCTH Toka oT ~15 mo ~30 MA/cm? mpm
aHoaupoBaHuu B 7 %-noMm pactBope H2C204 1 B 20 %-H0oM pactBope H2SO4 npu
oauHakoBoi Temrieparype T ~15-16 °C npuBoAUT K CHUKEHUIO MUKPOTBEPAOCTH
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Al>03 (TommuHo# ~20 MKM) cooTBeTCTBEHHO 0T ~4,15 10 ~3,5 I'Tla 1 ot ~3,6 110
~3,0 I'Tla u K yXyIIIEHUI0O HW3HOCOCTOMKOCTHM COOTBETCTBEHHO OT ~0,82 110
~0,92 Mkm/u u ot ~091 g0 ~0,98 Mkm/4. A, Hampumep, TMOBBIIICHUE
temrneparypel 5 %-oro pactBopa H2C20s4 oT ~15-16 °C nmo ~22-23 °C npu
IJIOTHOCTH ToKa ~20 MA/cM? IPUBOAMT K CHMKEHHIO MuKpoTBepaoctd AlOs
(tommuuon ~20 mxMm) ot ~4,5 no ~3,2I'Tla u mageHu0 U3HOCOCTOMKOCTH OT
~0,78 no ~0,95 MKM/4.

bb1o ycTaHOBJIEHO, YTO € YBEIWYEHHEM AHAMETpa MOP M MOPUCTOCTH
Al;O3, BBIpallleHHOTO0 TPU  Pa3IMYHBIX  AJIEKTPOXHUMHYCCKUX  PEKHUMaX
aHoaupoBanus Ha cruiaBe AMIT-2M u Ha Al (99,95 %), HaOr01aeTCsl CHUKECHUE
napaMeTpoB MHKPOTBEPAOCTH M HM3HOCOCTOMKOCTH B paMKaX MPUMEHEHUs
OJTHOTO THUTA IEKTposuToB. OHAKO cpaBHUTENbHBIN aHanu3 Al,Oz-mmokpeITHH,
chopmupoBanHbX B pacTBopax 3-7 %-moir H2C0s4 m 15-20 %-moit H2SOg,
noka3an, 4ro B pactBopax H2COs mokazaTenn MUKPOTBEPAOCTH W
M3HOCOCTOMKOCTH OOJIbIIIE 3a CUET MEHBIIEH MOPUCTOCTH, YeM B pacTBOpax
H>SO4, xoTs1 quamerp mop B mociieiHEM Cilydae MeHbIle. B anekTpoiurax Ha
OCHOBE CEpHOW KHCIIOTHI HAOII0JAeTCsl YCUJICHUE SJEKTPONPOBOIHOCTH U HX
TpaBsIIe CIOCOOHOCTH C TMIOBBIICHHEM KOJIMYECTBA TMOp MO 00BeMy U
MOPUCTOCTH. bBbIIO 3aMeueHo, 4YTO 3HA4YEHUsT MUKPOTBEPAOCTH U H3HOCO-
crorikoctu Al,O3 st crimaBa AMIT-2M Beriire, uem i Al (99,95 %).

BbUI0 BBISIBIIEHO, YTO XOJ KPUBBIX U3MEHEHHS] MUKPOTBEPAOCTH U CKOPOCTHU
abpazusHoro m3Hoca Al,Oz-mokperThii (Ha crtaBe AMI'-2M) B 3aBUCUMOCTH OT UX
TOJILIMHBI UMEET JIBA Y4aCcTKa: MPU YBEIUYECHHHU TOIMMHBI OT ~10 1o ~20 Mkm
MHUKPOTBEPJIOCTh U U3HOCOCTOMKOCTh MOBBIIIAIOTCS, & MPU YBEINUYEHUN TOJIIUHBI
or ~20 mo ~50 MKM — yMEHBLIAIOTCS, ITOCKOJIBKY CKa3bIBaCTCsS YBEINYCHHE
MOPUCTOCTA TOKPBITUM 3a CYET XUMHYECKOTO TpPaBJICHUS MPU JUTUTEIHLHOM
aHOAMPOBAHUU. MaKCcHUMasbHbIE 3HAYEHUSI MUKPOTBEpAOCTH (~5,5 I'Tla) u myumme
napamMeTpbl m3HococTorkocTH (~0,73 MxM/4) xapaktepubl st AloO3 TommuHON
~20 MKM, BBIpAIlIEHHOTO Ha aIFOMUHUEBOM ciuiaBe AMI™-2M B 3 %-HoM pacTBOpe
H2C204 ipu U =50 B unm j = 15 mA/em? ipu T = 15-16 °C.

Takum o6Opa3om, OBUIO MOKa3aHO, YTO HAOJIOAACTCS TEHJSHIMS K
MOBBIIICHUIO MHUKPOTBEPJOCTH W MEXAHMYECKOW H3HOCOCTOMKOCTH aJOMO-
OKCUJIHBIX TOKPBITUH C YMEHBIICHHEM IIJIOTHOCTH TOKa, HampsbKeHus Qop-
MOBKH, TEMIEPATYPHI FIEKTPOJIUTOB aHOJUPOBAHUS, C YMEHBIICHUEM JIHAMETPA
nop u nopuctoctu Al2O3, BEIpaICHHOTO NP Pa3IUYHBIX JICKTPOXUMHUSCKUX
peKUMax aHOAUPOBAHUSL.

CnucoK UCNOJb30BAHHOM JIUTEPATYPHI
1. [Mumanosua JI. JI., fxoBmeBa B. A. DnexkTpoxuMuueckas alFOMOOKCHIHAS
TEXHOJIOTHUS JJIsi pUOOPOB critoBoi aekTponuku // Jloxmaast BI'YUP. — 2019. — Ne 3 (121).
- C. 5-11.
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BELARUS
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Summary. As all-weather comprehensive strategic partners, China and Belarus
will have more and closer exchanges and cooperation in the future.This paper will
analyze the current situation of cross-cultural exchanges between China and
Belarus from two aspects of cultural commonality and cultural collision, and also
analyze the prospects of cultural exchanges between China and Belarus.

Due to history, geography and other reasons, China and Belarus have had a
lot of exchanges, some of which are cultural commonalities, and some are cultural
collisions between the two countries. As all-weather comprehensive strategic
partners, China and Belarus need to further strengthen the ties in all aspects now
and in the future, and cultural ties are a crucial part of it. This paper will explain
the current situation of cultural exchanges between China and Belarus from the
aspects of cultural commonality and cultural collision, and finally analyze the
prospects of cultural exchanges between the two countries.

1. Cultural commonalities in cross-cultural communication between China
and Belarus.

Historically, China and Belarus have had cultural exchanges, such as Zheng
He's voyages to the Western Seas. These exchanges make the two peoples not
unfamiliar with each other's culture. In the traditional folk customs of Belarus, we
can also find many Oriental elements similar to the Chinese tradition, such as silk
and satin products, ceramic products and so on. From the perspective of social
values, China and Belarus are similar in the aspects of national self-reliance. From
the perspective of education, the modern education system has been widely
recognized in the education market of China and Belarus. From the perspective
of entertainment culture, Belarus has a sound music education system and
complete facilities, and musical exchanges between Belarus and China have
developed rapidly [1]. These are the cultural commonalities in the cross-cultural
communication between China and Belarus.

2. Cultural collision between China and Belarus in cross-cultural
communication.

Of course, the two countries are thousands of miles apart, and the history and
development are completely different, so there will naturally be many cultural
collisions in cross-cultural communication. The first is the language barrier.
Russian, as the main language tool of Russian national communication, is
produced and developed by the Russian people due to the needs of life in a specific
environment. Russian is an important cultural carrier and cultural form of the
Russian people [2] Of course, the same is true for Chinese, and neither Chinese
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nor Russian is a language that can be easily mastered by people from other
countries. Under such double barriers, it is still difficult for China and Belarus to
carry out cultural exchanges.

The second point is the food culture. Due to the reason of location and
climate, China and Belarus have great differences in food culture. For example,
the Chinese like to drink hot water or tea, while the Belarusians tend to drink
mineral water, sparkling water or coffee. Besides, there are great differences
between China and Belarus in entertainment culture. For example, only a small
number of young people in China like party culture, while many people in Belarus
like party culture.

3. Prospects of intercultural communication between China and Belarus.

Cultural exchange and collision will help accelerate the process of
globalization. In the Internet era, now the whole world is using social apps, such
as TikTok, which is very helpful for cultural exchanges between China and
Belarus; in the era of we-media network, many Chinese and Belarusian Internet
celebrities can express their views on social platforms and communicate with each
other, helping them better understand each other's cultures. The development of
transportation will also make it more convenient for students of the two countries
to exchange and study in each other's country. Now and in the future, the number
of overseas students will continue to increase, and there will be more and more
cross-cultural communication between young people of the two countries, and I
believe that the ties between the two countries will become tighter and tighter.
Belarus is located at the junction of the two integration organizations of the
Eurasian Economic Union and the European Union, and is an important node of
the Silk Road Economic Belt initiative. [3] In this era of globalization, we hope
that the two countries can strengthen cooperation not only in culture, but also in
other aspects such as economy and make common progress!
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COMPARATIVE SIMULATION ANALYSIS BASED ON EDEM-
RECURDYN COUPLING
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e-mail: [zxyffs1997@163.com

Summary. In order to verify the effectiveness of the three-stage potato soil
separation device, a comparative simulation should be carried out using the
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EDEM-Recurdyn simulation method. The results showed that the design of the
three-stage potato soil separation unit could reduce damage to potato tubers.

The common potato harvester lifting chain has a large damage to the tuber,
for this problem this paper designs a three-stage potato soil separation device[1].
First of all in SolidWorks for potato potato soil separation device lifting chain rod
design and modelling (fig. 1, 2) shown. Harvesting speed is 1 m/s, lifting chain
speed is 1.2 m/s, shaking wheel frequency is 7 HZ, amplitude 32 mm.

Figure 1 — Control group Figure 2 — Three-stage potato soil separation
unit

Numerical analysis shows that the normal force is the main force
experienced by the potato during mechanized harvesting. Simulation analysis
reveals that the average normal force per step in the control group is 1.612 N,
while the optimisation group measures 1.138 N, resulting in a significant 29.40 %
reduction in normal force for the potato. This demonstrates that the design of the
lifting chain allows for fast and efficient sieving while protecting the potato from
soil damage, reducing overall damage (fig. 3, 4).

Control group
Optimisation group

Optimisation group smoothing curve

Normal contact force(N)

(o) t=1.24s (A t=134s T e

Figure — 3 Coupled simulation process Figure — 4 Potato normal contact force
graph
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Simulation tests showed that the design of a three-stage potato soil separation
device was effective in reducing damage to potato tubers. Numerical values
indicate that the normal contact force can be reduced by 29.4 %.

References
1. Wang S H.[et al].Current situation and development trend of potato harvester //Forestry
machinery and woodworking equipment. — 2023. — Vol.51. — P. 12—-16.
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Summary. A late start has slowed the development of potato harvesters in China.
Although research and development by companies such as MENOW and Hongzhu
have raised the level of equipment in this field, problems remain.

The delayed start of the potato harvesting machine in China has also led to a
delay in the development of the potato harvesting handover lifting and conveying
device. Several domestic institutions and enterprises are currently researching and
enhancing this device. For example, Lin Jinxiang from Chiayi Agricultural
Experiment and Analysis Institute in Taiwan Province of China developed the first
potato harvester with a complete conveying and lifting mechanism, incorporating
multiple conveyor chains. MENOW focuses on potato harvesting machinery
research, particularly highlighting the 1710 B potato harvester's significant
innovation in the secondary lifting and conveying device. To minimize potato
damage during conveying, they reduced the slope of the first level of the potato
and soil separation conveying mechanism and used lateral conveying to transport
separated potatoes to the secondary lifting device. Qingdao Hongzhu Agricultural
Machinery Co., Ltd. independently developed the 4U-170LH potato combine
harvester, primarily comprising a frame, depth limiting wheel, potato soil
separating device, soil removing device, conveying device, non-equal spacing
potato collecting device, and hydraulic system. The harvester employs a two-stage
conveying mechanism and utilizes a contracting conveying arm at the conveying
end, positioning itself at the forefront of the conveying and lifting device field in
China.
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Figure 1 — CIMC MENOW 1600B potato Figure 2 — Hongzhu 4U-90LH potato
harvester combine harvester

At present, the pace of R&D and innovation of domestic potato harvester is
accelerating, with an increasing number of models and constantly optimized
equipment. However, the following problems remain:

1. Research on the potato conveying and lifting device needs deeper
exploration of the mechanical-potato interaction and soil sieving mechanism.

2. Issues include incomplete handover, dropping during lifting, and
suboptimal speed and angle.

3. The harvester's device targets low damage, smoother operation, and
complete soil separation.

4. Advanced technology transformation for practical application.

YAK:69.003.13
ENGINEERING CONSTRUCTION COST CONTROL BASED ON BIM
TECHNOLOGY
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Summary. The construction industry is a pillar industry of the national economy,
and the scale of the construction industry has expanded rapidly in recent years.
However, there is a problem of poor profitability in the construction industry. It
was found that the main reason for the poor profitability of the construction
industry is the problem of project cost management, and the main expenditure of
project costs lies in the construction phase of the project. Therefore, cost
management during the construction phase of the project will effectively improve
the profitability of the construction industry. level. Using building information
model BIM and through the three stages of pre-construction control, in-process
control, and post-construction control, we can effectively detect the construction
design plan, conduct construction collisions, and simulate the entire construction
process. This will shorten the construction period, save project construction costs,
optimize the design and construction plan, and improve the efficiency of
construction cost management.

The role of BIM technology in construction cost management: Construction
cost management is to use various means such as technology, informatization, and
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economy to carry out design, management, and construction combinations to
minimize the meaningless waste of resources such as excessive consumption of
raw materials such as steel, wood, and concrete . At present, there are loopholes
in traditional project cost management, such as: serious construction cost overruns
caused by construction delays, hard-to-check errors in paper data records, errors
in total cost accounting, waste of construction materials, low efficiency in the use
of construction equipment, and even damage compensation. And due to the lag
and continuity of this type of traditional project cost management, even if errors
are found in subsequent verifications, it is extremely difficult to correct the
relevant data in a short period of time, which ultimately leads to errors in project
cost accounting and cost control. Increase construction costs.

Using BIM technology to dynamically manage construction, we can conduct
3D modeling, CAD drawing proofreading, collision detection of construction
design plans, and construction material list verification for construction projects.
We can also plan the division of labor and job responsibilities of personnel,
arrange for the arrival of materials, and formulate Construction equipment,
construction process, etc. Construction cost management is carried out through
three stages: pre-construction control, during-construction control and post-
construction control. Ultimately, BIM technology and construction management
are combined, and BIM technology is used to assist construction cost management
to achieve the purpose of shortening the construction period, saving project
construction costs, optimizing the design and construction plan, and improving
the efficiency of construction cost management.

Application of BIM technology in construction cost management: Based on
the characteristics of the construction industry and BIM technology
characteristics, it can be seen that the application of BIM in the construction
industry has its necessity and basic conditions. Improve construction deployment
and simplify construction management processes through BIM technology. The
traditional construction deployment flow chart and the BIM technology
construction management process are as follows:

Complete
project

Figure 1 — Traditional construction management flow chart
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BIM modeling
4D, 5D virtual simulated
animation construction
Complete

Construction Question 1
plan
adjustment
project

Figure 2 — BIM technology construction management flow chart

Question 2 Question 3

BIM technology converts two-dimensional drawings into three-dimensional
real-life models using software such as Glodon, REVIT, and 3DMAX, and
simulates construction through 4D and 5D virtual animations to detect
construction problems, make optimal models, and adjust the original construction
plan, and finally construct the 1:1 BIM optimal model, and use it to dynamically
manage the construction site. And the BIM central database stores various
information related to the project, including construction period, price, contract,
change visa and other information, which facilitates information sharing and
calling by all parties involved in the project. When the project using the BIM
information model is completed, the construction personnel can obtain the project
construction cost through the BIM central database, and conduct related work
such as auditing the project cost and checking the project cost.

The use of BIM modeling avoids the inability to conduct final project
settlement due to problems such as missing paper data and incorrect calculation
of project costs. It also reduces traditional completion settlement work such as
completion drawings, project visas, and design changes, improving completion
efficiency , saving project construction costs. Moreover, the visualization features
of BIM technology can assist project engineering quantity calibration, efficiently
and accurately calculate construction costs and engineering quantities, ensure the
integrity of engineering data while ensuring work efficiency, and pave the way for
subsequent project construction cost work.
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Summary. Dc arc discharge plasma technology with extremely high evaporation
temperature and ultra-fast cooling speed can overcome the mixing enthalpy
restriction between immiscible components and obtain highly miscible high-
entropy alloy nanomaterials. With the aid of external electromagnetic field, the
catalytic degradation mechanism of dyes under the action of external
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electromagnetic wave energy is revealed. It provides the experimental basis and
theoretical framework for the development of dye efficient degradation technology.

Organic dyes (such as methyl orange, etc.) are one of the main pollutants in
industrial wastewater, which may cause serious harm to human health and
ecological environment. In this regard, microwave catalytic degradation (MICD)
has become a new wastewater treatment technology with its advantages of simple
operation, high pollutant removal rate and environmental friendliness.

Currently, among the materials that can be used to degrade organic dyes by
the MICD method, high-entropy alloy nanomaterials are preferred due to their
adjustable electromagnetic compatibility and recyclability. In addition, the large
specific surface area of nanoparticles can make the degradation reaction efficient
and fast. The DC arc discharge plasma device developed by our research group
can break through the mixing enthalpy difference limit of immiscible components,
and obtain high miscible high entropy alloy nanoparticles and high entropy alloy
nanobatteries with core-shell coating structure. Therefore, using the high entropy
alloy nanomaterials obtained by the above-mentioned preparation process as the
degradation medium, it is expected to develop an efficient organic dye
degradation process with the assistance of microwave field.

In this project, the composition design and structure control of high entropy
alloy nanomaterials were firstly carried out, and then the organic dye degradation
was studied based on external microwave field. The specific research contents are
as follows:

— firstly, high entropy alloy nanomaterials containing 5~8 elements were
prepared in H2/Ar or CH4/Ar mixed atmosphere based on DC arc plasma method.
Components include FeCoNiCrCu, FeCoNiMnClu, etc., and carbon-coated alloy
materials;

—secondly, a solution with a methyl orange dye concentration of 20 mg/L,
high-entropy alloy nanoparticles and carbon-coated alloy nanoparticles with
different components and a filler volume of 1 g/L were selected as catalysts for
dye adsorption experiments. The quantitative solution was taken out every 10 min,
and the solution concentration was measured by UV-visible spectrophotometer to
calculate the dye removal rate;
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— thirdly, high entropy alloy nanomaterial was selected as catalyst, and the
dye degradation test was carried out on the sample solution driven by microwave
after equilibrium, and the dye degradation rate under different times of microwave
catalysis was calculated. The test results of solution with methyl orange dye
concentration of 20 mg/L are shown in fig. 1.
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Figure 1 — Dye adsorption removal rates of high-entropy alloy nanoparticles and
carbon-coated nanoparticles: a — 5-element alloy nanoparticles; b — 6-element alloy
nanoparticles; ¢ — 7-8 element alloy nanoparticles; d — Carbon coated alloy nanoparticles

It can be seen from Figure 1(A-C) that the adsorption removal rate of methyl
orange dye has no obvious correlation with the number of components of the high-
entropy alloy powder, but has a certain correlation with the type of components.

According to the results of adsorption removal experiments, several
representative groups of high entropy alloy powders were selected for microwave-
driven dye degradation experiments.
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Figure 2 — Microwave catalytic degradation curve of alloy powder
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A solution with methyl orange dye concentration of 10 mg/L was selected,
and high entropy alloy nanomaterial was used as catalyst for microwave catalytic
degradation of dye. As can be seen from fig. 2, when the composition of
FeCoNiTiCr alloy powder is 20 g/L filler, the adsorption removal rate i1s 90 %,
and after microwave catalysis, the dye removal rate is about 94 %. Subsequent

analysis combined with liquid chromatography showed that the methyl orange
dye had been degraded.
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Summary. This study aims to simulate the flow behavior of molten steel in an
electromagnetic field using magnetorheological fluid and investigate the
influence of the magnetic field on the flow behavior of molten steel during
continuous casting. Magnetorheological fluids exhibit good flowability and
magnetic responsiveness, allowing their rheological properties to be controlled
by adjusting parameters such as magnetic field strength, concentration,
arrangement of magnetic particles, and direction of movement. A new type of
highly transparent magnetorheological fluid was developed for this study, and
optical observation using traditional water models was employed. Leveraging its
transparency and non-toxicity at low temperatures, the study examined the impact
of the electromagnetic field on molten steel flow behavior during continuous
casting.

Continuous steel casting, commonly referred to as continuous casting, not
only improves production efficiency and product quality but also reduces costs.
Furthermore, it enhances energy efficiency and sustainability by increasing steel
utilization and reducing fuel consumption, thus contributing to energy savings and
emissions reduction goals. Serving as a crucial element in the steelmaking process,
continuous casting plays a pivotal role throughout modern steel production.

Nonetheless, several challenges persist, including internal defects in steel
billets, particularly the Oxidation slag phenomenon during the initial stage of
continuous casting. During the casting process, as molten steel flows from the
submerged nozzle, a transition turbulent region is formed between the localized
jet and the surrounding stagnant flow, leading to the formation of a hydraulic jump
within the crystallizer and causing adverse effects like fluctuations in the liquid
level. Therefore, this experiment aimed to investigate the formation of a circular
hydraulic jump in the electromagnetic process during unsteady casting.

The research can be divided into three main parts: preparation of a novel
transparent magnetorheological fluid suspension to simulate molten steel flow,
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conducting simulation experiments using permanent magnet-based magnetic
fields, and data collection and analysis.

Improvements in the preparation of magnetorheological fluids, using a dry
method, have yielded magnetorheological fluid suspensions with adequate
flowability and transparency, making them suitable for large-scale production.
The viscosity of the magnetic suspension was measured using an NDJ-1 digital
rotational viscometer, resulting in a viscosity of 2.27 mPaxs. In addition, the
surface tension of the solution was determined using the maximum bubble
pressure method, and the experimental results yielded a liquid surface tension of
30.693 mN-m™. It was found that the addition of carbon powder particles to the
solution was conducive to high-speed camera-based image analysis, facilitating
subsequent image processing. Consequently, carbon powder particles were used
as tracer particles.

The experiment primarily focused on the influence of unsteady
electromagnetic casting on the behavior of circular hydraulic jumps under
different conditions of weirs and magnetic fields. A series of individual Halbach
array bar magnets were arranged and assembled to create desired patterns, such
as triangles, and the magnetic field strength distribution was measured using a
tesla meter. Using the new transparent magnetorheological fluid to simulate
molten steel flow, changes in the behavior of the circular hydraulic jump with
weirs were studied, and particle image velocimetry (PIV) techniques in MATLAB
software were used to measure the velocity of the hydraulic jump. Changes in the
velocity characteristics and size and shape of the hydraulic jump during the
transient casting were analyzed by altering the shape and side length of the weir.

Qualitative conclusions regarding experimental observations include the
interaction of two hydraulic jumps when two jets impinge vertically onto a
horizontal plate, forming an interaction region between the two hydraulic jumps.
The velocity of the hydraulic jump in the jump front region gradually decreases
as one moves from the jet center towards the interaction region. When the jet
spacing decreases, the velocity from the jet center to the interaction region also
decreases. When the jet spacing is less than the radius of the hydraulic jump, the
addition of a magnetic field to the interaction region results in changes in the
hydraulic jump's profile, widening the interaction region and reducing the
hydraulic jump height, causing the hydraulic jump to become the dominant
feature. The hydraulic jump typically starts to disappear when it reaches the wall,
which is referred to as a circular hydraulic jump.

The magnetic field significantly influences the velocity of the magnetic jet
hydraulic jump. Before the weir, the magnetic weir generates a magnetic field in
the horizontal direction, attracting magnetic particles in the jet, thereby increasing
the average velocity of the jet. In the moment right after contacting the weir, the
jet velocity typically decreases with the increase in weir side length, and the
velocity shifts from being higher than the average velocity without a magnetic
field to being distinctly lower. This phenomenon occurs because the magnetic
weir generates a magnetic field in the vertical direction, resulting in the attraction
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of magnetic particles in the magnetorheological fluid. When the side length of the
weir remains constant, increasing the number of sides in the geometric shape of
the weir leads to a gradual reduction in the average velocity of the transient
hydraulic jump, indicating a more pronounced weakening effect on the velocity
characteristics of the transient hydraulic jump.

The magnetic field also has a significant impact on the height of the magnetic
jet hydraulic jJump. By analyzing the selection of the highest point of the hydraulic
jump, it was found that when a magnetic weir is present, the highest point of the
transient hydraulic jump is lower than that of a non-magnetic weir. This
phenomenon is also attributed to the magnetic weir generating a magnetic field in
the vertical direction, which results in the attraction of magnetic particles,
reducing the height of the hydraulic jump. Typically, when the side length of the
weir remains constant, increasing the number of sides in the geometric shape of
the weir leads to a gradual reduction in the height of the transient hydraulic jump,
indicating a more pronounced weakening effect on the height characteristics of
the transient hydraulic jump.

The final research findings demonstrate that the magnetic field can exert
systematic influence on the form and velocity of hydraulic jJumps. By adjusting
the magnetic field distribution as needed, it is possible to control the behavior of
hydraulic jumps and thereby reduce internal defects in steel billets.
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Summary. In this paper, a novel fluorescent sensor for glucose detection based
on fluorescent iron clusters (Fe NCs) and glucose oxidase is developed. With the
increase of glucose concentration, the red fluorescence of iron nanoclusters
decreases gradually, and the glucose content can be detected in the range of 0-
100 umol-L*. In addition, in order to facilitate the detection of glucose, this paper
investigated the coating of Fe NCs and glucose oxidase by agarose and further
preparation of agarose gel test strip for glucose detection. Under ultraviolet lamp,
the change of glucose content can be identified through the color change of
agarose gel.

The application of glucose testing in biomedicine is of great significance. In
clinical medicine, diabetes mellitus seriously jeopardizes human health, and its
diagnosis and treatment has been a major challenge in the medical community.
Diabetes can be effectively monitored and treated by accurate measurement of
glucose content in diabetic patients. Currently, enzyme biosensors for measuring
glucose content can be categorized into electrochemical enzyme biosensors,
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photochemical enzyme biosensors, and other biosensors. Among them,
photochemical enzyme biosensors have received widespread attention in recent
years due to their advantages of high detection sensitivity, good selectivity, simple
operation, fast response speed, and no need for complex pre-processing. Herein,
we proposed a novel assay system containing Fe NCs and glucose oxidase, and
made agarose gel detection strips for the visual fluorescent detection of glucose.

The Fe NCs prepared with hemin as main raw material not only had good
water solubility and bright red fluorescence, but also showed super-sensitive
response to hydrogen peroxide (H202). This paper showed that we added Fe NCs
as catalyst into the reaction system composed of o-phenylenediamine (OPD) and
H20,. H20, can be converted into hydroxyl radical (-OH), -OH can quickly
quench the red fluorescence of Fe NCs at 616 nm. OPD will be quickly oxidated
by OH to generate its oxidized product OPDox that exhibits bright yellow
fluorescence around 565 nm. As shown in fig. 1, a, we investigated the effect of
various concentrations of Fe NCs on the fluorescence of OPD-H.O; system. It
could be found that with the increase of Fe NCs concentrations, the fluorescence
emission peak around 565 nm attributed to OPDox enhanced gradually. Similarly,
fig. 1, b, presented the fluorescence emission spectra of Fe NCs-H.O, system in
the presence of various OPD concentrations, with the increase of OPD
concentrations, the fluorescence emission peak around 565 nm attributed to
OPDox enhanced accordingly.
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Figure 1 — Fluorescence emission

The fluorescent changes of Fe NCs and glucose oxidase system response to
various glucose environments were shown in fig. 2, a. It can be seen that with the
increase of glucose concentration, the fluorescence emission peak around 616 nm
decreased gradually. As shown in fig. 2, b, the relationship between the logarithm
of fluorescence intensity at 616 nm and glucose concentrations in the range of 0-
100 umol-L* could be well described as the following equations: 10-
Lg(Fs16) = 0.00452[Glucose]+6.5849

The detection limit for glucose was 0.23 umol-L, and the fit coefficient was
0.994.
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We investigated the fluctuation of fluorescence intensity at 616 nm of Fe
NCs, glucose oxidase, glucose system under different pH environments (fig. 3, a)
and the fluorescent response of this system for series of biomolecules (fig. 3, b).
In order to use the detection system with greater ease, we injected the Fe NCs and
glucose oxidase solution into the cooling agarose gel. As shown in fig. 3, ¢, under
UV light, the abtained agarose gel pieces changed from bright red to bluish violet
after the addition of 2 mmol-L* glucose solution for 1 hour.
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Figure 3 - Response of this system for series of biomolecules

We developed a fluorescent system for detection of glucose in the range of
0-100 umol-L* based on Fe NCs and glucose oxidase system. Importantly, the
Fe NCs and glucose oxidase system was prepared into agarose gel pieces that can
be conveniently used for visual detection of glucose, which has broad
development prospects.
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Summary. Domestic tigernut mechanised seeding is currently in the beginning of
the rapid development stage, part of the region in the reference to the original
agricultural mechanisation of high-end technology on the basis of research and
development were applied to the characteristics of the region relatively mature
tigernut seeding machinery, but due to the regional differences are large, the
related equipment is not a strong wide range of applicability.

From the basic situation in China, these seed displacing implements have a
clear structure, and they can be defined and divided into categories according to
the differences in structure. According to the actual needs of planting vegetables
in greenhouses, Jiang Enchen and other researchers have developed and designed
hand-push seeders, which have improved the efficiency and quality of seeding to
different degrees. For this kind of machine, its size is not big, the basic structure
1s not complicated, and the environmental adaptability is strong. Yu Zhenjun and
others have carried out research and development and design of the eyelet-type
barrel-type seed discharge groove wheel in order to solve the problems faced by
the cabbage in the process of sowing. With the passage of time, the advanced
science and technology also continues to achieve innovation and upgrading, more
perfect performance of pneumatic seed discharger was introduced into our country,
the domestic pneumatic precision seed discharger in the process of development
has gained a huge impetus, more specialised seed discharger was developed and
designed, and has been practically applied.

In addition, Hu Shurong et al. carried out a theoretical study on seed
dischargers with the help of the basic principles of hydrodynamics. Wu Futong
and others, in the process of research and development of seed discharger design,
the organic combination of air suction and air blowing, and with the help of
orthogonal test on the impact of the seed discharge quality of the indicators to
carry out a comprehensive analysis of the optimal operating parameters to make
a decision.

At present, pneumatic seed dischargers are more often used in the sowing of
field crops. Mechanical precision seed discharger has a simpler structure, low
manufacturing cost, and is more widely used in China. At the same time, this kind
of seed discharger also has certain shortcomings, for example, the shape of the
seed is not ideal, in the single seed sowing, the effect is relatively poor, but also
not conducive to the protection of the seed, and the rate of leakage is also
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relatively high. In summary, in this case, the mechanical seed dispenser needs to
be further improved and optimised, so that its performance can be
comprehensively improved to better meet the actual needs of the sowing work.
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Summary. Through the use of EDEM simulation software, the establishment of
the tigernut particle model and the card position special hole punch row tigernut
precision seeder model, simulation analysis, to verify the seeding performance of
the seeder.

Simulate the seed guiding tube and the seed filling, guiding and conveying
involved in the process of seed sowing from the seed dispenser to the ground. On
the basis of determining the material properties of tigernut and obtaining relevant
information and data support, the corresponding particle model is established and
the relevant boundary parameters are set. Through the establishment of the
particle model of oil soybean seeds, the 3D model of the oil soybean seed
distributor, which was saved as a STEP file format at a scale of 1:1, was imported
into the EDEM discrete element simulation software.

é.
v

Figure 1 — Discrete element model Figure 2 — Olea europaea in arc
diagram of tigernut segment diagrams

According to the actual field operation situation and the agronomic sowing
technical requirements of tigernut, the speed of the seeder was set to 3 km/h, the
rotational speed of the seed dispenser was set to 20 r/min, and the tangent
inclination angle of the seed-guiding cylinder curve was set to 75°, so as to analyse
the movement state of tigernut seeds in the seed-guiding process. The total
simulation time was set to 25 s.
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Figure 3 — Seeding proceés |diagram
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Clearly observe the state of tigernut separating from the population, entering
the type hole to fill the seed in the seed guide cylinder to the conveyor belt. The
results are shown in fig. 3: the single hole of the seed dispenser is rotated and
disturbed to form a layer of seeds with uneven speed; the tigernuts are thrown out
through the opening of the seed dispenser into the seed-guide cylinder; the
tigernuts slide steadily in the curved track of the seed-guide cylinder; and the
tigernuts are fed to the conveyor belt at the seed-dropping port under the combined
effect of their own gravity to realise the relative zero-speed. The seed discharge
performance of the jammed special hole punching and discharging type tigernut
precision seed discharger was verified by simulation analysis.

91



HAYYHAA CEKLINA
«COBPEMEHHBIE TEXHOJIOT'MU 1 LIN®POBLIE MTHHOBALINN.
ABTOMATU3BALIA»

YK 339
Q-KOJIbl B MAPKETHUHI'E
banvrosckasn A. A., lllecuoesuu J]. C.
benopycckuii ecocyoapcmeennulii ynusepcumem
e-mail: alinabankovskayal@gmail.com

Summary. In this paper, we look at the use of QR-codes in marketing. They are
becoming increasingly popular in marketing due to their ease of use and the wide
range of features they offer.

B coBpemenHOM OBICTpO MEHsIOIIEMCS MU(GPOBOM MHUPE KpailHE Ba)KHO
MOJIJICP)KUBATh AKTYaJbHOCTh M A(P(HEKTUBHOCTh MAapPKETUHTOBBIX CTPATETHM.
Bort TyT-TO M mosBisitoTcst QR-KOIBI B MapKETHHTE.

QR-ko1 — 3TO yHMKalIbHBIM KBagPaTHBIM INTPUXKOA C 3au(ppOBAHHON
uHpopMalend. PUCYHOK JBYXMEpHBIH, YTO MO3BOJSET BMECTUTh B HErO rOpasJio
Oosbllle JaHHBIX, Ye€M B OOBIYHYIO IITPUXOBYIO KoMmOuHammio. QR nerko
CUMTBIBAETCS Kamepoit cMapTdoHa 1 obecreunBaeT ObICTPBIN TOCTYI K TaHHBIM [1].

CymiectByeT HecKobKO BUJIOB QR-KOM0B: cratnueckuid, JUHAMUYECKUN,
MHKPO.

Crarudeckuil — 3TO MOCTOSIHHBIN KO/, KOTOPBIM OTKPBIBAET OJHY U TY K€
CCBUIKY — €CIIM ajjpec CTpaHuIlbl u3mMeHuTcs, QR cTaHeT HeneHCTBUTETHHBIM.
OOBIYHO BEJCT HA CAWT KOMITAHWHM, CTPAHUILy MpoMoakiuu, email mis cBssu ¢
KOMITaHUEH U WH()OPMAITMOHHBIC TEKCTHI.

JIlnHaMu4yecKnii  KOJI COIEPKHUT KOpPOTKYyr ccbulky. [lomb3oBaTtens
NIEPEXOIUT Ha IIPOMEXKYTOUHBIM pECypc, a 3aTeM — Ha LEJIEBYIO CTPaHULLY.
Hanpumep, onun u ToT ke QR-K0/1 Ha yeke B MapTe MOKET BECTH HA CTPAHUILY C
akuueit «1 + 1 = 3», B mae — Ha cTpaHuIly co ckujkoit 10 % Ha comyTcTByOIIME
TOBapHI. J[J11 3TOro 1OCTaTOYHO MMOMEHSTH TOJIBKO CCHUIKY.

Mukpo — 3To caMblii KOMIAKTHBIN KO/ B pa3Mepax U B o0beme mudpyemoit
uHpopmanuu. Ero ucrosib3yroT sl 3STUKETOK, YeKOB U IICHHUKOB [2].

Ectb MHOXecTBO mnpuyuH mpuMeHeHus: QR-KOJIOB B MapKETHUHTE, HO
XOTEJI0Ch OBl BBIJEIUTHh TPU camble TNaBHbIE. Bo-niepBbix, QR-KObI TOMOTaIOT
Jydile 3aloOMHUTH pekiiaMmy Ojarofapsi MX NPHUBICKATEIbHOMY [U3AMHY H
BO3MOYKHOCTH J00aBJICHUS JCHCTBEHHOTO IMpHU3bIBA K JEUCTBUIO. BO-BTOPHIX,
QR-KO/BI YIIPOIIAIOT TOJIB30BATENIbCKOE B3aUMOJICHCTBUE C OPEHIOM, MTO3BOJISIS
JIETKO COBEPILIATh HY)KHBIE AEHUCTBUSA, TAKUE KAK MIEPEXO]I HA CAUT WX MOAMUCKA
B COLMAIIBHBIX CeTAX. M B-TpeThux, MOXKHO oTcienutb QR-KO, cO3AaHHbIA 1JIs
KOHKPETHOM PEKIIAMHOM KaMIAHWMM W TOJYYUTh JOCTYIlI K CTaTUCTHUKE
CKaHUPOBAHUN. AHAJIUTHKA BKIIOYAeT B ce0d HHGOpPMAILUIO O KOJIUYECTBE
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MI0JIB30BATEINICH, KOTOPHIE OTCKAHUPOBAIN KO/, & TAKXKE 00 MX MECTOTIOJIOKCHHH.
Takue naHHBIC MPUTOIATCS TS aHATN3a 3PPEKTUBHOCTH PEKIIAMBI.

Q-xoapl mostyumiau u3BecTHOCTH B 2020 rogy, korja Mup mepeiies Ha
OecKOHTaKTHBIN 00pa3 xu3Hu u3-3a COVID-19. C storo nepuoaa HabIoa1Ccs
3HAUYMUTEJIbHBIN POCT CTATUCTUKHU UCIIOIB30BaHUS ATUX KOAOB. Tak, cTpaHamu ¢
CaMOl BBICOKOM aKTHBHOCTBIO CKaHupoBaHus B 2022 roay sBisiuck: CIIA —
42,2 %, Uagus — 16,1 %, Opanmus - 6,4 %.

be3ycnoBHo, 1 B benapycu uHTEpec K UCHOJb30BAHUIO TAKON TEXHOJIOTHUH,
kak QR-xox, ectb. Eciu roBopuTh 0 caMOM MacmTaOHOM TOCYAapCTBEHHOM
npuMeHeHnu QR-ko10B, TO, B IEPBYIO OYEPE/Ib, HY’KHO YIIOMSHYTh YCTAHOBKY 8
ounbop0B B MUHCKE ¢ M300paskeHneM KapThl ropoja (puc. 1). ImeHHo Ha HUX
u pasmenieHbl QR-KOJZbI, KOTOpBIE MO3BOJISIIOT TYPUCTAM BOCIOJIb30BaTHCS
KapTaMU U HalUTH NoJpoOHYI0 nH(popmManuio o mecte [3].

-

Pucynok 1 — bun6opa B uentpe MuHcka

B Kutae ogHuM U3 caMbIX MacIITaOHBIX TOCYJAapCTBEHHBIX NMPUMEHEHUN
QR-kom0oB siBNsieTCs WX HcHoib3oBaHWe B mporpamme «Lludposoit Hapoms»
(Digital People). QR-xoabl UCHOAB3YIOTCS JJIs Pa3BUTHS CEIBCKOTO TypHU3Ma,
MOJIJICPKKU MaJIbIX U CPEHUX Tpennpusituil. A Taxke Q-KOJbl HCTIOIB3YIOTCS
JUISL OHJIAMH-TIPOJAXKHU CENbCKOX03AMCTBEHHOM NpoayKuuu. [lonp30Barenu MoryT
CKaHMPOBATh WX, YTOOBI CIeJaTh 3aKa3 M OIIATUTh TOBAphl. JTa MporpamMma
MIOMOTaeT CeJIbCKUM paloHaM Kutas yiaydiiuTe 3KOHOMUYECKYIO CHUTYALUIO U
pa3BUBaTh MECTHbBIE OM3HECH ¢ moMoIbio QR-k010B B MapkeTunre [4].

CHHCOK HCIOJIL30BAHHBIX HCTOYHUKOB

1. Yro takoe Q-K0/bl U KaK MX IPUMEHSThH B pekiiame [ DNeKTpoHHbIN pecypc]. — Pexxum
JOCTYyTIA: https://www.mango-office.ru/products/calltracking/for-marketing/osnovy/qr-kod
[#:~text=QR. — Jlata noctyma: 02.11.2023.

2. Yto Takoe Q-KOabl M KaK UX NMPHUMEHSATH B MapKeTHUHTE [DJIIEKTPOHHBIH pecypc]. —
Pexxum nmoctyma: https://mindbox.ru/journal/education/chto-takoe-qr-kody/. — Jlata mocryna:
02.11.2023.

3. B MuHcKke ycTaHOBMIIM KapThl Topoja ¢ Q-kogamu [DneKTpoHHBIH pecypc]. — Pexum
noctyma: https://www.holiday.by/blog/937. — lata noctyna: 02.11.2023.

4. Q-xonel B Kurae [DnexTpoHHbIN pecypc]. — Pexxum mocryma: https://www.qrcode-
tiger.com/ru/gr-codes-have-been-used-all-around-china-and-you-can-also-track-all-the-data. —
Hara noctyna: 02.11.2023.
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benanosuu E. M., Kupacosa E. O.
Hncmumyma 6usneca benopyccrkoeo 2ocyoapcmeenno2o yHusepcumema
e-mail: belanovicliza@gmail.com, ekirasova(@gmail.com

Summary. The article is devoted to the application of machine learning and Big
Data in digital marketing. This article considers the concept and benefits of
machine learning. The results and conclusions presented in the article are
important to understand the importance of machine learning in marketing.

MainaHoe 0o0y4yeHHe B MApKETHMHIE€ — ATO MPUMEHEHUE aJrOpUTMOB U
CTAaTUCTUYECKUX MOJICNIEN, KOTOPbIE CUCTEMBI HCHOJIB3YIOT JJISI BBINOJHEHUS
KOHKPETHOM 3aJlaud, Oonmupasich Ha oOpasibl. B KOHTEKCTe MapKeTHHra, 3TO
MO3BOJISIET KOMIIAHMUSIM ~ aHAJM3UPOBaTh OojbIIME OOBEMBl JaHHBIX JJIs
BBISIBIICHHUSI 3aKOHOMEPHOCTEH W TEHJEHLMM IMOBEICHUS MOTpeOuTenei, U Ha
OCHOBE ATOTO JeNaTh MPOTHO3bI U MPUHUMATh penieHus. [lanee Oyner onucaHo
KaKk pa0oTaeT MallMHHOE OOyYeHHE B MAapKETHHIC W KakKhue Yy HEro ecTh
MIPUMECHEHHS:

l. CermeHTaMsi  KJIMEHTOB:  AJITOPUTMBI  KJIACTEPU3AIMU  MOTYT
ABTOMATUYECKH PA3JCIIATh KIMEHTOB HAa TPYIIIIBI C TOXOXKUMHU XapaKTEPUCTUKAMU
WY TOBEAEHHUEM, YTO YJIYYIIAET LEJIEBYK) HANPAaBICHHOCTh MAapPKETHUHIOBBIX
KaMIaHUH.

2. [lepconanuzanusi: PexomennarenbHbIC CUCTEMBI HCTIOJIB3YIOT
VMCTOPUYECKHUE JIAHHBIE O MOKYNKAaX W MOBEJICHUU HA CAUTE ISl MPEIJIOKEHUS
TOBAPOB M YCIYI, KOTOpPbIE C HAWOOJbIIEH BEPOSTHOCTHIO 3aUHTEPECYIOT
KOHKPETHOTO TOJIb30BaTENS.

3. Ananu3 wuzoOpaxeHui: ANTOPUTMBI KOMIBIOTEPHOTO 3PEHUS MOTYT
aHAJM3UPOBATh H300paKEHUSI B COIMAIBHBIX CETSIX, YTOOBI TOHSATH, Kak
MOTPEOUTENN UCTIONB3YIOT IPOAYKThI OpeH/ia.

4. TIlporHo3upoBaHue crpoca: Mojaenu MNPOrHO3UPOBAHUS TOMOTAIOT
npeacKazarh Oyaynuid Clipoc Ha MPOIYKTHI, TO3BOJISISI ONTHMH3UPOBATh YPOBHU
3aI1acoB U TJIAHUPOBATh MAPKETUHTOBBIE aKIIUH.

5. OnTuMuzanus 1EHOOOpa3oBaHUsA: AJNTOPUTMBI MOTYT aHaJIMW3UPOBATh
ANACTUYHOCTh CIPOCAa U KOHKYPEHTHBIE LEHBI JII1 aBTOMAaTUYECKOW HACTPOWKH
IICH B p€aJbHOM BPEMECHHU.

6. ABromarm3anms OOCIY)KHBaHUS KIWEHTOB: Mcmoiap3oBaHHE 4aT-00TOB
JUIsl IEPBUYHOTO OOIIEHUSI ¢ KIIMEHTaMH, OCHOBAaHHOE Ha MAIlIMHHOM OOYUY€HHH,
MO3BOJISIET OBICTPO pearupoBaTh Ha 3alpochl W yAydlllaTh KayeCTBO
00CITyKUBaHMUSI.

7. YnpasieHue peKJiaMHbIMU KaMIIaHUSIMU: MalmHHOe 00ydeHne CriocoOHO
aBTOMATU3UPOBATh TOKYIIKY peKiaMmbl (programmatic buying), TapreTMHT H
ONTUMHU3AIIIO PEKJIAMHBIX OFOJIKETOB.
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[IporHo3upoBaHue MOBEAEHUS MOTPEOUTENSE C IMOMOILIBIO MAIIMHHOIO
00y4eHUs B MApKETHHIE SIBJISIETCS OAHOW U3 HanboJiee MepCIeKTUBHBIX U OBICTPO
pa3BUBAIONIUXCS 00JacTei. DTO TMOAXOJ] IMO3BOJISIET KOMIIAHUSM HE TOJIBKO
NOHUMATh, YTO MOTPEOUTENH CAELNAIOT B OyAyIlEeM, HO U IOYEMY OHH MOTYT 3TO
cIenaTh, YTO OTKPBIBAET HOBBIE BO3MOKHOCTH ISl IEPCOHAIN3ALMNA U ONITUMHU-
3allMM MAapKeTHHTOBbIX cTpaTeruid. JlaBaiiTe mojpoOHee pacCMOTpPUM, Kak 3TO
paboTaeTr U Kakue MPEeUuMyIIECTBA ITO MOKET MPUHECTH OU3HECY.

KittoueBble KOMITOHEHTHI TPOTHO3UPOBAHUS TTOBEACHUS TOTPEOUTEIIA:

1. lanubie o nmoBeaenun: COOp AaHHBIX O OBEACHUH MOTpeOUTENEH yepes
pazNUYHBIC KaHAJbI, TaKWe KaK BeO-CaillThl, MOOWMIIbHBIC MPUIIOKECHUS, COIHU-
aJIbHBIE CETH U 0(IraiiH-Mara3uHel.

2. IlarrepHbl MOKYNOK: AHaIu3 MCTOPUYECKHX MATTEPHOB MOKYMOK st
BBISIBJIEHUS] 3aKOHOMEPHOCTEN, KOTOPhIE MOT'YT MPEJCKa3aTh Oy1yIIre 1eiCTBUS.

3. IloBenenueckoe mozaenupoBanue: Co3maHue NPEIUKTUBHBIX MOJIEIEH,
KOTOpPBIE€ HCHOJIb3YIOT CTATUCTUYECKUI aHalu3 W MallMHHOE OOydeHue s
MPOTHO3UPOBAHHUS JCWCTBUM HA OCHOBE MPEABIAYIIMX B3aUMOIECUCTBUN.

4. CounanbHble curHaIBL: Mcnonb30BaHME aHAIN3a COLUAIIBHBIX CETEU IS
NOHUMAaHUS BIUSHUS 00LIECTBEHHOIO MHEHHUS Ha MOBEACHUE MOTPEOUTENEH.

5. Centument-aHanu3: OIlleHKa OTHOIICHHUS MOTPEeOUTENEeH K MPOIYKTY,
OpeHay WIM KaMIlaHWM C TIOMONIbIO aHalv3a TOHAJIBHOCTU OT3BIBOB U
KOMMEHTApHEB.

ABTOMaTH3aIMs PEKIIAMHBIX KaMIIaHUW ¢ TIOMOIHI0 MAIIMHHOTO O0YYeHUS
IpeaCTaBIsgeT cO00 MPOPHIB B 00JACTH MapKETUHTA, MO3BOJISAIONINI OpeHaam U
KOMITAaHHSIM MaKCUMU3UPOBATh 3PHEKTUBHOCTh CBOMX PEKIAMHBIX yCHIIUN.

OcCHOBHBIE aCTIEKThl aBTOMATU3ALIUH PEKJIAMHBIX KaMITaHH:

1. IlmanupoBanue kamnaHui: MamnHHOe OOyYeHHE aHATU3UPYET
OTrpOMHBIE OOBEMBI TAHHBIX, YTOOBI OMPEAEIUTh ONTUMAJIbHBIE KaHaJbl PaCIpo-
CTpPaHEHUs, LIEJIEBYIO ayAUTOPUIO U MOMEHTHI 3aITyCKa PEKJIAMHBIX KaMIIaHUU.

2. Taprerunr: C HCMONH30BAaHUEM AITOPUTMOB KiacCUPUKAIUNA |
KJIaCTepU3allii, MAIlIMHHOE OOy4YeHHE MOMOTaeT B CO3AaHMU 00Jiee€ TOYHBIX
npoduiiel MOTEeHIMAIbHBIX KJIMEHTOB JIJIsl 00J€€ TOUHOIO TapreTUHTa PEKJIaMBbI.

3. Ontumuzanus OromxeTa: ABTOMaTHYECKOE paclpelesneHre OrmKera
MEXIy KaMIIaHWSIMM M KaHaJlaMd Ha OCHOBE WX IPOU3BOAWUTEIBHOCTH, YTO
oOecrieunBaeT 60s1ee BHICOKYIO PEHTA0CIbHOCTh MHBECTUIUH.

4. TectupoBanue A/B: ABromaruzamusi Ipoliecca TECTUPOBAHUS
Pa3MYHBIX BEPCUI PEKIIAMHBIX OOBSBICHHUM, YTOOBI OMNpeneauTh Haubosee
¢ PeKTUBHBIC BAPUAHTHI.

5. VYnyumieHue mepcoHanuzanuu: MammrHHOE OO0y4YeHHE TO3BOJIAET
KOMIIAHUSAM CO3/aBaTh NEPCOHATU3UPOBAHHBIN OMBIT JJIsI KIMEHTOB, aHAJIU3UPYS
UX IPEANOYTEHUS, UCTOPUIO ITOKYIIOK U MIOBEACHUE HA CAWTE.

6. Ontumuzauus 1eHOOOpa3oBaHUs: AJITOPUTMBI MOTYT aHAJIU3UPOBATH
PBIHOYHBIE TPEHJbI, CIIPOC U KOHKYPEHIUIO NJI1 YCTAHOBJICHUSI ONTUMAaIbHBIX
LICH Ha NPOAYKTHI U YCIYTH B PEAIBHOM BPEMEHMU.
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7. Ilporno3zupoBaHue TpeH10B: CHOCOOHOCTh MpPEICKA3bIBaTh OymylIve
pPBIHOYHBIE TEHJIECHLUMH W H3MEHEHUs B I[IOBEJECHUU MOTpPEOUTENIel Jaer
KOMITAHHUSIM BO3MOKHOCTb ONEPEKaTh KOHKYPEHTOB.

8. ABromaruzanus ~ mpoueccoB:  MamuHHOe ~ OOyd4eHHE  MOXKET
aBTOMAaTU3UPOBaTh MHOXKECTBO 3aJay, TaKUX KaK CErMEeHTalus KIUEHTOB,
1eJIeBasl peKiIaMa U yIpaBIeHUe KOHTEHTOM.

9. Vayuiienue B3auMOJCHCTBUS ¢ KIMEeHTaMu: Yar-00Thl U BUPTyaIbHbIE
IIOMOIIIHUKY, OOYy4YEHHbIE Ha OCHOBE MAIIMHHOTO OOYYEeHHs, MOTYT Mpeao-
CTaBJIATh KPYIVIOCYTOUHYHO NOJJEPKKY KIMEHTOB C BBICOKMM YpPOBHEM
NIEPCOHAIIU3ALINH.

10. DddexTuBHOCTS, KamMmaHuW: AHanu3 OONBIINX JAHHBIX C MOMOIIBIO
MAIIMHHOTO OOyuYeHHUsI TO3BOJSET TOYHO ONPEAeNATh IPPEKTUBHOCTD
MapKETUHTOBBIX KAMIIaHUI 1 BHOCUTh KOPPEKTUBBI B PEAIbHOM BPEMEHHU.

MamuHHoe 00y4eHHe MpEeACTaBIsIeT COO0OM MOIIHBIA HMHCTPYMEHT IS
MapKeTUHIa, CIOCOOHBIA paJuKadbHO MPeoOpa3oBaTh B3aUMOJEHCTBHE C
KJIMEHTaMU U YOPaBJICHHE MapKETUHTOBBIMU KaMIaHUsMU. TeM He MeHee, IS
€ro YCIEIIHOTO NPUMEHEHHs TpeOyeTcsl CO3HATENbHbIN IMOJX0J, OPUEHTH-
POBAHHBIN Ha MMOCTOSHHOE YJIYYIIEHHE KaueCTBa JaHHBIX, ’TUUECKYIO MPAKTUKY
U pa3BUTHE MPO(HECCHOHATBHBIX KOMIIETEHIINH.

YK 658.75
OCOBEHHOCTHU ITPUMEHEHUSA HABUT'ATUOHHBIX IIJIOMB U
NX MPABOBOE PET'YJIUPOBAHUE
bpaxosckas E. C., Pymxesuu I1. U.
benopyccruti nayuonanvholli mexHuueckKuu yHUgepcumem
e-mail: pollyrutk@gmail.com

Summary. This article examines the use of navigation seals and the process of
introducing uniform requirements for the use of navigation seals on the territory
of the EAEU countries.

Hcnonb30BaHnE HABUTALMOHHBIX TIOMO SIBJISIETCS OTHOCUTEIBHO HOBBIM U
OYEHb NEPCHEKTUBHBIM sBIeHUMEM B Pecnybnuke benapycbk. AKTHBHOE
IIPUMEHEHHUE TAHHOW TEXHOJOTMH Hadanoch B 2020 roxy B mepuon pasropaHus
uHpekuu COVID-19 ¢ npunstus mnocranosineHuss CoBera MUHUCTPOB
Pecniyonukun  benapycb ot 25 wmapra 2020 r. Ne 171 «O mepax 1o
IPEeIOTBPAIICHUIO 3aB03a U PACIPOCTPaHEeHUs] MH(EKIINHU, BbI3BAHHONW KOpPOHa-
BupycoM COVID-19». [lanbHeliliee MmMpaBoBOE PEryJMPOBAHUE MPOU3OILIO B
mMae 2020 r. W HaAnUIO OTpaxeHwe B mocTtaHoBiIeHHMM CoBeta MUHHCTPOB
Pecriy6nuku benapyces Ne 311.

HaBuranuonnasi momba — 3T0 yCTPOMCTBO, MPEIOCTABISIONIEe KOHKPET-
HBI 00beM WH(OpMAIUK, HEOOXOAUMBIN [JIi OCYIIECTBJICHHS TEPEBO3KH.
Hampumep, 3T0 cBeneHHs O TOBape, OTIPABUTENE, MOIy4YaTele U MapIIpyTe
CJIEIOBAHMUSI.
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Ha cerognsmamii neHb TIIOMOBI SIBIISIOTCS albTEPHATHBON TaMOXEHHOTO
CONPOBOKJICHHS U IMPUMEHSIOTCS NPY yCTAHOBJICHUH TAMOKEHHBIMU OpraHaMH
MapuIpyTa IepeBO3KH WIM HAPYLIEHUH TAMOKEHHOTr0 3akoHoaarenbcTBa EADC.
JlanHOe pelleHre MMEET psii NPEUMYIIECTB, BO-TIEPBBIX, HUPPOBON KOHTPOIb
COKpallaeT BpeMs NpeObIBaHMs IMEPEBO3YMKA B IMOAKOHTPOJIBHOM 30HE, BO-
BTOPBIX, YCKOPSIETCS MPOBEJCHUE TAMOKEHHBIX OIEpaluil W, B-TPETHUX,
MUHHMU3HPYET PACXO/Ibl TAMOXKEHHBIX OPTaHOB.

C 2021 roma HaBUTalMOHHBIE YCTpPOMCTBA (TUIOMOBI) MPUMEHSIOTCS Ha
00s13aTENIbHOM OCHOBE B CJyyasix, KOrJa aBTOMOOWJIBHBIM TPAaHCIIOPTOM
OCYILECTBIISIETCA  TPAH3UTHAs IIEpEeBO3Ka TOBApOB, MMEIOIIMUX  CTaTyC
NOBBIIICHHOM  ONACHOCTHM, MW  KOrJa TOBapbl BBO3ATCA  IOCPEACTBOM
aBTOMOOMJILHOTO TpaHcmopTa ¢ Tepputopuit JIutesel, JlatBuu u [onbmm.

C wmas 2022-ro roja 3JEKTPOHHBIE IJIOMOBI CTaJld HABEIIMBATHCS Ha
Ipy30Bbl€ aBTOMOOWIIM, KOTOpBIE BBO3AT TOBaphl B benapych ¢ TeppUTOpUHU
EBpocoro3a, a Takke Ha Bce Bbe3Karomue B benapych NopoKHUE TPaHCIIOPTHBIE
CpPEACTBA MEKIYHAPOAHOM MEPEBO3KH, 3apEruCTpUpOBaHHbIe B cTpaHax EC.

CymiecTByeT nepeyeHb UCKIIOUEHUN, KOT/la HABUTALIMOHHBIE TUIOMOBI HE
TpeOytoTcs. B Takol nmepeyeHb BXOJAT: TpaH3UT TOBapoB U3 KaninHuHrpaackoit
obnmactu Poccuiickoit ®Denepanuu; TAKEIOBECHBIE W KpyMHOTaOapUTHBIC
TPAHCIIOPTHBIE CPEACTBA, HMEIOIIKME CIEHHAIbHOE pPa3pelICHUE Ha MPOE3N;
TPaH3UT UHOCTPAHHOM 0€3BO3ME3AHOM MOMOIIIH; MTPOIYKTaM U3 pasena « KuBbie
xuBoTHbIe» TH BOJ] EADC; MexayHapoHbIe TOUYTOBBIE OTIIpaBiieHus [1].

Cnenyer otMeTuTh, uTo 3 anpens 2023 rona Bcrynwio B cuiny CornaiieHue
o npuMeHeHn B EADC HaBUTranmoHHBIX TWIOMO /JI OTCIIEKUBAHUS MEPEBO3OK.
JlaHHOE cornamieHue siBiasieTcs nepBbiM, MpuHsITOM Ha ypoBHe CoBeta EOQK mis
oOecrieueHus: NPaKTUUYECKON peain3alui €IUHbIX TPEOOBaHUN K MPUMEHEHUIO
HABUTALIMOHHBIX TJIOMO BHYTpPH COIO3a.

Cornamenue onpeaesieT Ciiy4ad U NopsAI0K IPUMEHEHHS] HABUTALIMOHHBIX
I0MO; 0OBEKTHI OTCIEKUBAHUS;, YIACTHUKOB OTCIIEKUBAHUS MEPEBO3KH; BUIbI
TPaHCHOpPTa, B OTHONIEHUH KOTOPBIX OYJET NPUMEHATHCS OTCIIECKUBAHUE,
MOPSIIOK M YCJIOBUSL TpPUMEHEHHs (OpM TaMOXKEHHOTO W WHBIX BHUJIOB
rOCYJIapCTBEHHOTO KOHTPOJSl; OCHOBBI B3aUMOJEHCTBHUS KOHTPOJIUPYIOIINX
OpraHoB.

Jljis MSITKOM ajmanTaluyu KOHTPOJUPYIONIMX OpraHoB U cyobekToB BOJI k
MPUMEHEHUIO HABUTALMOHHBIX IJIOMO MO HOBBIM TpPeOOBAHUSM, pEUICHHUEM
CoBera EOK mpenycMOTpEHO MOATAaHOE BBEJIECHHUE OTCIEKHBAHUSA C y4ETOM
KaTEropuil TOBAPOB U BUJIOB TPAHCIIOPTA, KOTOPBIMU OHU MTEPEMEIIAIOTCA.

Ha nepBom »srtane (c sHBaps 2024 r.) OTCHEXHBAaHHE MEPEBO30K C
IPUMEHEHUEM HABUTALIMOHHBIX TUIOMO HAYHETCS C TOBAPOB, MEPEBO3UMBIX:

1. B COOTBETCTBUU C TAMOKEHHOM MPOLIETYPON TaMOKEHHOTO TpaH3UTA:
aBTOMOOWJIBHBIM W (WJIM) KEJE3HOJOPOKHBIM TPAHCIOPTOM CAHKIIMOHHBIX
TOBApPOB, AJIKOTOJBLHOM ¥ Ta0AYHOM MPOAYKIIMH; aBTOMOOUIBLHBIM TPAHCIIOPTOM
BBICOKOPHCKOBBIX TOBApOB (0J1€7kK 12, ObITOBAas TEXHUKA, JIEKTPOHUKA U Jp.);
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2. ABTOMOOWJIBHBIM U (MJTH) KEJIE3HOJOPOKHBIM TPAHCIIOPTOM B PaMKax
B3aMMHOM TOProOBJIM M TAaMOKEHHOM NPOLEIYpbl 3KCIOPTAa CaHKIMOHHBIX
TOBApOB, AJIKOTOJBHOM 1 Ta0AYHOU MPOAYKIIMH.

Ha BTopowm atarne (¢ utosst 2024 roga) B OTHOUIEHUH TOBAPOB, IEPEBO3UMbIX
B COOTBETCTBUM C TaMOXXEHHOM MPOUEAYPOU TAMOXKEHHOIO TpPAaH3MUTA:
aBTOMOOWJIBHBIM TPAHCIIOPTOM — BCEX TOBApPOB (32 UCKIIOUEHUEM OTAEIbHBIX
TOBapOB-U3BATHH, ompeneneHHbix Komuccueit); xene3HOJOpOKHBIM TpaHC-
MOPTOM — BBICOKOPUCKOBBIX TOBApOB (0/I€K/1a, ObITOBAasI TEXHUKA, DJIEKTPOHUKA
u ap.).

Ha Ttpetbem stame (¢ mas 2025 roma) — B OTHOUIEHHWU WHBIX TOBapoOB,
nepeMeIaeMbiX TPAH3UTOM KEJIE3HOAOPOKHBIM TPAHCTIOPTOM [2].

Takum oOpa3om, enuHble TpeOOBaHMS K MPUMEHEHHIO HABUTAIIMOHHBIX
miomM0 Ha Ttepputopuu ctpaH EADC HeoOxomumbl i1 oOecriedeHus
0€30MacHOCTH TPy30B, ONTHUMHU3ALHUHA TaMOXEHHBIX NPOLEAYp, YCTaHOBIEHUS
€IMHOI0 PEryJMpPOBaHUs BHYTPH COK03a B LIEISAX YJIYUIIEHUS B3aUMOACICTBUS U
oOMeHa uHpopManuen Mex1y TaMOKEHHBIMH OPTaHAMH.

CHnuCcOK MCN0JIb30BAHHOM JINTEPATYPbI
1. B Benapycu HaBUTalMOHHBIC IUIOMOBI CTald OOS3aTCAbHBIMH W JIJIS TPAH3MTA
OIMaCHBIX IPy30B [DIEeKTpOHHBIN pecypc]. — Pexxum moctyma: https://trans.ru/news/v-belarusi-
navigatsionnie-plombi-stali-obyazatelnimi-i-dlya-tranzita-opasnih-gruzov. — Jlara mgoctyna:
28.10.2023.
2. boxyk, A. A. HaBuranmonnsie miaomMObl BHeapsaT moatamHo / A. A. Bboxyxk //
Tamoxxennsiii BecTHUK. — 2023. — Ne 2. — C. 16-17.

YK 004.42, 658.51
YMHASA CUCTEMA XPAHEHUSA U CKJIAACKOI'O YYETA
Bapuens U. B., Casenko A. I
Hucmumym ungopmayuonnvix mexnonoauti benopyccrkoeo ecocyoapcmeennoco
VHU8epcumema uHGopmMamury u paouod1eKmpoHUKU
e-mail: savenko@bsuir.by

Summary. The paper presents a software and hardware complex for automation
and intellectualization of storage and inventory control in an enterprise,
implemented on the Raspberry Pi hardware platform with voice control and visual
light indication for request processing. The developed software and hardware
system for storage and inventory control can be easily scaled and adapted to the
specifics and needs of various enterprises and will automate this process.

B Hacrosieit pabote npeacraBiieH pa3paOOTaHHBIM MPOEKT MO aBTOMa-
TU3AMM W WMHTEIUICKTyaIM3allid CHCTEMbl XpaHEHUS M CKJIAJCKOTO Yyd4eTa
JeTajiel ¥ KOMIUICKTYIOIINX, BKIFOYAIOIIHA B ceOs pa3paboTaHHOE MPOrpaMMHO-
ammapatHoe oOecredeHue W MPOTOTUN CHUCTeMBbl. [IporoTwmt mpesiaraeMoit
CHCTEMBI TpeIHA3HAYCH I XPaHCHHSI M CKIAJCKOTO ydeTa paauojeTalieii Ha
NPEINPUITHN, 3aHUMAIOIIEMCS PEMOHTOM 3JIeKTpoobopynoBanusi. Cama cuctema
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JIETKO MacIITaOMpyeTcs 3a CYET COOTBETCTBYIOLIErO HM3MEHEHMs allapaTHOR
YaCcTH CUCTEMBI (COOTBETCTBYIOIIMX 33/1a4€ TATYMKOB, CEHCOPOB U T. 11.).

VYMHasg cucteMa XpaHEHUs M CKJIQJCKOTO yyeTa peajau3oBaHa Ha 0ase
MUKpokoMIibioTepa Raspberry Pi. K MukpokoMmbioTepy MNOAKIOYAIOTCA
nepudepuitHpie yCTpoicTBa: JNaTYMKKA Beca (ISl ONpeleieHUs Halu4yus U
KOJIMYECTBa XPAaHUMBIX JeTaliei), CBETOANOHbIE YCTPONCTBA UHAMKAIIUN (IS
BU3YaNIM3alMM HAWJICHHBIX KOHTEHHEPOB ISl XpaHEHUS WM BBIBOJE OLIMOKU
MOKCKa), MUKpO(hOH (U1 IpreMa MOCTYIAIOIINUX FOJIOCOBBIX KOMAH/T) U IPYTHE
YCTPOMCTBA, B 3aBUCUMOCTHU OT CIIeNU(PUKN cucTeMbl XpaHeHus. TeH301aTuuK u
mukpocxema HX711 — cBsi3ka, KOTOpasi MO3BOJUT CO3/1aBaTh YCTPOWCTBA JIS
M3MEPEHUS BECa WIH JaBJIEHUS, OKa3bIBAEMOI'0 Ha MIOBEPXHOCTh IATUMKA, a 3aTEM
nepegaBatb 3T MOKa3zaHWs (C  BBICOKOM  TOYHOCTBIO) Ha  IUIATY
MHUKPOKOMITBIOTEPA.

JlJ11 CBETOBOM MHAMKALMU PE3YJIBTATOB MOUCKA (ONPEAEICHHOTO CTeIIaxa
WU KOHTEHHEepa) MO roJIOCOBOMY MOMCKOBOMY 3ampocy (3€J€HBIM IIBETOM), a
TaKKe JJIsI MHAUKAIIMU OTCYTCTBUS PE3yJIbTATOB MOMCKA (KPacHBIM IIBETOM)
IpeajaraeTcsi HCoJab30BaTh CBETOIMOAHBIEC YCTPONCTBA UHANKALIUH.

JUis mporpaMMHOrO yIpaBieHHs CHUCTEMON pa3paloTaHO MPOrpaMMHOE
CPENICTBO, peaju3ylollee YIpaBieHUue MOCPEACTBOM I'OJI0COBOr0 MHTEpdeiica, u
He TpeOytoliee CreluanbHONU MOATOTOBKUA COTPYIHUKOB.

Pa3zpaboTanHoe nmporpaMMHOe 0OecrieueHne UCTOIb3YEeT Psii TEXHOJIOTHUH,
peanu3ynmx cieayomue (GyHkud: 1) oOpaboTka TOJOCOBBIX KOMAaHI; 2)
oOpaboTka wH(MOpPMAIMU, CYUTHIBAEMOW C JaTdWka Beca, 3) oOpaboTka
uHpopMalMK O pa3MEIICHHBIX JeTaliax; 4) BBIBOJ JAHHBIX IOCPEICTBOM
CBETOIMOJHON UHINKAIAU.

Januelii  (QyHKIMOHAN pemiaeT Cileaylollue 3aJadu: 1) roiocoBoe
YIOPABJIEHHE MPOTPaMMHBIM CpPEACTBOM; 2) XpaHEHUE HHPOPMALHUH O
pa3MENIeHHBIX JeTalsX; 3) BBOJ JIaHHBIX JlaTuyMKa Beca; 4) BbIBOJ JIaHHBIX Ha
WHIMKATOPHBIE CBETOAMO/IBI; 5) YUET PeKUMOB pabOThI C PU3NUECKON MOJIEIBIO.

OO61muii anropuT™ padboThl MPOrPaMMHOI0 CPEJCTBA YIPABICHUSI CUCTEMON
npeanosiaraeT nojiydeHue KOMaH[ MOMCKAa XPaHSIIMXCS JeTanei, 1o0aBieHus
JeTaNiel Ha XpaHeHue, u3bsATre (ynaneHue) AeTaleld co CKIAIACKOTO XPaHECHHUS.
[Tocne 3amycka mporpaMMbl Ha (PU3MYECKOW MOJIETN CHUCTEMBI 3aropaertcs
CBETO/IMO/I, KOTOPBIHA CIY>KUT WHIUKATOPOM PabOThI POTPAMMHOTO CPE/ICTBA.
Jlanee moap30BaTEN0 HEOOXOAUMO MPOU3HECTH BCIyX KOMaHAY YIPaBICHHUS.

KoMaHapl ympaBiaeHusT pean3yroTCsl CIEIyHomuM o0pa3oM: IOocie
CUUTHIBAHHSI MUKPO(GOHOM KOMAHJIBI, TOJIOC ITpeoOpasyeTcsi B TeKCT. ['01ocoBbIe
KOMaHJIpI TIOCTYMAalOT B OJOK BBOJA TOJOCOBBIX KoMaHA. Ha stom srame
roJIOCOBbIE ~ KOMAHJbl  NIPEACTABIAIOT  BUOpalMd  BO3AYIIHOM  CpEpbl,
BOCIIPUHUMAEMble MHUKPO(OHOM, KOTOpbIE MPOU3BOAMT MOJIb30BaTeNnb. Jlanee
CUTHAJI [TOCTYMAET B OJIOK aHAJIM3a MOJIYYEHHBIX CUTHAJIOB ¢ MUKpo(doHa. [Tocie
TEKCTOBasi CTpoKa pa30MBaeTcsi Ha COCTaBIAOIIME B OJIoke 00paboTKH
rOJIOCOBBIX KOMAaHJ, COTJIACHO CHUCKY BO3MOXHBIX TOJOCOBBIX KOMaHI, H
BbIJIaeTCsl KOMaH/1a 00 M3MeHeHUH 3anucu B ¢aine xpanenus. Ecaum komanna
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pacro3HaHa, TO 3aIlyCKaeTcs COOTBETCTBEHHBIM METOJ OOpabOTKH: IIOHUCK,
ynajeHue, 100aBIeHHE U M3MEHEHHE KojaudecTBa aeraneil. Ecim xomanna He
pacrno3HaHa, TO BKJIOYaeTcsi MHAuKaus o0 ommoOke. MHdopmanus ¢ garuuka
BECa aHAJIM3UPYETCs, a Jaliee 3aJaeTcs KOMaHJa WHJMUKAIMU AaKTUBALlUU B
cootBercTByoleM Onoke. Komanna wuHaukamuu GOpMHpPYET KOMaHIY
UHAMKAIHI0 00 OMMOKE WM MHAMKAIUIO 33/1aHHOM SIYE€HKH B COOTBETCTBYIOLIUX
Onokax. Jlasee koMaHAbl MHAMKAIIMY aKTUBALMHM, OIIMOKHU U 3a/JlaHHOM sYEHKU
NoCTynatoT B OJIOK IMepeladd KOMaHIbl MHUKPOKOHTPOJUIEPY, KOTOPbIH
dopMupyeT ympaBISIONIME CHUTHAJIBI Ha MOPTax BBOJAA-BbIBOJIAa MHKPOKOH-
Tposuiepa. I[Iporpamma 3aBepuiaeTcsi npepbIBaHUEM MOJIB30BATEIIS.

B cnyuae moucka aetanan MoKeT ObITh /1Ba UCXOJa: AeTajlb HaliieHa U IeTallb
He oOHapy»keHa. B mepBoM citydae OyeT nmojcBeunBaTbcs He0OXouMas ssueika
Opyd TIOMOIIM HWHIUMKATOPHBIX CBETOAMON0B. Bo BTOpoM — oTOOpasurcs
uHAuKanusg o0 ommOke. B ciayuyae xomaHabl J00aBIEHUS HOBOW AETAA —
HeoOxoauMasl (C yXe aHAJIOTMYHBIMHU JIETalsIMUA WIH, €CJIM TaKUX HET, IycTas
sueiika nojceerurcs. Komanaa q1o0aBieHus A€Talyd MOXKET OBbITh ABYX BHUJIOB: C
yKa3aHHEM KOJMYeCTBA M 0€3 yKa3aHUs KOJM4ecTBa (TOrga KOJIMYECTBO
cuMTaeTcsl paBHbIM equHule). KoManaa yaalieHus AeTanu TakKe MOXKET ObITh C
u 0e3 ykazaHMsl KoMuyecTBa paauoaeraneil. Hanpumep: «Y ganutb BOIbTMETP.
Nmu: «Ypanute aecsatb pene». Ilpu BBoje KOMaHIbl M3MEHEHMsI KOJIMYECTBA
JeTaneil Tpou3BOJUTCS MPOBEpKa HAJIMYMS MOXO0XKUX jaeranei. Ecinu nposepka
IPOWJEHA, TO MOACBETUTCS SYEHKAa C IMOXOKUMHU JETAISIMHU, €CIH HET, TO
NOJICBETUTCS MycTas suerika. Komanaa ynaneHus A0bKHA OBITh C YKa3aHHEM
KOJIMYECTBa yAAIAeMbIX JeTaneil. B ciaydae koMaHIbpl yaajleHus paauoAeTaln
Oyner oroOpa)k€eHa COOTBETCTBYIOIAs WHIAMKAIMS YJIAJICHUS JETalu U3
OnpeeeHHON SYeKHU 1 OyeT BBIITOJIHEHO U3MEHEHUE UX KOJMYECTBA.

YK 004.4:379.85
HHTET'PAIINA NTHHOBAIIUMOHHBIX TEXHOJIOI'U B PABBUTHUE
BHYTPEHHETI' O TYPU3MA
Bawxesuu M. IO.
benopycckuti hayuonanbhbil mexuuiecKuli yHueepcumem
e-mail: maksimvashkevich1809@gmail.com

Summary. This paper explores the development of a mobile application aimed at
fostering domestic tourism in the Republic of Belarus. In the context of global
events, which restrict international travel, the importance of internal tourism has
been underscored. The mobile application serves as a versatile tool for a diverse
audience, enabling users to discover intriguing facts about Belarusian cities,
select leisure destinations, and construct optimized walking routes.

CoBpeMeHHas TUHAMHKA TJIOOATBHBIX COOBITUH, MOMAYEPKHYIA BaXXHOCTD

pa3BUTHs BHYTPEHHETO TypuU3Ma W HEOOXOJAMMOCTH CO3[IaHUS HOBBIX
MHCTPYMEHTOB ISl MOJJACPAKAHUS aKTUBHOCTH TYPHUCTUUYECKONW HHAYCTPUU HA
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HAITMOHAJIBPHOM YpOBHE. B 3TOW cTathe HCCEmyeTcsi CO3JaHue MOOWIBHOTO
NPUJIOKEHUS, OPUEHTUPOBAHHOTO Ha pa3BUTUE BHYTPEHHETO Typu3Ma B
PecnyOnuke benapyces. IlpuiokeHue HampaBlieHO Ha YJIOBJIETBOPEHHUE
NOTpeOHOCTEN pa3HOOOpAa3HBIX KATEropuil MOJb30BaTEIEH, MPEAOCTABISAS UM
BO3MOXKHOCTh MO3HAKOMUTHCSI ¢ MHTEpPECHbIMU (pakTamu o ropojnax benapycu,
BBIOMpATh MecTa JUIsl OTIbIXa U COCTABJISTH ONTHMHU3UPOBAHHBIC MapPIIPYThI
MPOTYJOK.

BHyTpeHHUI Typu3M SIBIISIETCS Ba)KHbIM CETMEHTOM SKOHOMHKH MHOTHX
cTpaH, BKIouas benapycb. OpnHako, pas3nuyHble (aKTOpbI, TakuWe Kak
OTPaHUYCHHSI HA MEXIYHApOIHBbIE TMOE3AKA W OrPAHUYCHHUS, CBSI3aHHBIE C
DKOJIOTUYECKUMHU  BOTIPOCAMH, CO3/Ial0T HEOOXOAMMOCTh B  pa3paboTke
WHHOBAIIMOHHBIX TMOJXOJOB JUISI CTUMYJUPOBAaHUS BHYTPEHHETO TypHU3Ma.
CoznaHue MOOWJIBHOTO TPHUIIOKEHUS, CIOCOOCTBYIOLIEIO HCCIEAOBAHUIO U
OCBOEHHIO COOCTBEHHOMW CTpaHbl, MPEACTABISECT COOOM aKTyaabHYI0 MpoOIeMy.
Takoe mNpuiioKEHUE MOXKET OBITh CPEJICTBOM COJCUCTBUS (POPMHUPOBAHUIO
NaTpUOTU3MA, PACHIUPEHUIO 3HAHUN O MECTHBIX KYJbTYPHBIX U UCTOPUUYECKHUX
JOCTONPUMEYATEILHOCTAX, a TakKKe VYKPCIUICHHI0 CErMEHTa BHYTPEHHETrO
Typu3Ma.

OcCHOBHOI 11€JIeBOM ayAUTOpPUEH CO37]aBa€MOr0 MOOMIHLHOTO MPUITIOKEHHUS
aBiAlOTCs rpaxknane PecnyOnuku benapyce, kenaroniue Oojiee TTyOOKO
MO3HAKOMUTHCSI C MECTHBIMU JOCTONPUMEYATENBHOCTIMA U HUCTOPUEN CBOEU
cTpanbl. [Ipunoxenue npeaocTaBisieT UHCTPYMEHT ISl Pa3IMYHBIX KaTErOpUid
MTOJIb30BATEIICH:

1. TypucTbl, HWIIyIEe HEOOBIYHBIE MapPIIPYThl U MHTEPECHBIE (AKTHI O
ropoaax benapycu.

2. MecTHble KUATENU, IKeNarollhe MPOBECTH CBOOOJHOE BpeMs B
MHTEPECHBIX MECTaX U Y3HATh YTO-TO HOBOE O CBOEM POJHOM TOpPOJE.

3. CembHu, UIYILIAE MECTA IJI1 AKTUBHOT'O OT/ABIXA C IETHMH.

4. DKOJIOTUYECKH OpPHUEHTHUPOBAHHBIE TYPHUCTBI, CTpeMsIIuecs K
HKOJIOTUYECKH YUCTOMY OTJIBIXY U UCCJICIOBAHUIO MPUPOIBI.

Pa3paboTanHoe MOOUIIBHOE MPUIOKEHUE MPECTaBISET COO0OM WHHOBA-
UMOHHBIM ruj 1o bemapycu, mpenocTaBiIAIONMN IMOJb30BATENI0 CIIECIYIOIINE
BO3MOKHOCTH:

1. TpeBen-kpectsl o ropoay: Ilonp3oBarenu MOTyT MPOUTH TEMATHYECKUE
MapmipyThl B pa3au4HBIX ropojax bemapycu, rae wMm OyAayT JOCTYITHBI
WHTEpPECHBIC (AKTBI O MECTHBIX JOCTONMPUMEYATEIBHOCTAX € KYJBTYpE.
[IpunoxxeHue MNPEIOCTABUT HWHTEPAKTUBHBIE SKCKYpCHUHU, O00OTaias OIMbIT
My TEIIECTBUM.

2. Beibop mect s otabixa: [IpunoskeHue pekoMeHayeT MecTa il OTAbIXa
Ha OCHOBE TI0JIb30BATEJIbCKUX MPEANOUYTEHUM, C YYETOM aKTUBHOTO WIH
CIIOKOMHOI'0  OTAbIXa, CEMEUHBIX MEpPOIPUATUNA WIM [PUKIIOYECHUU B
OJINHOYECTBE.

3. Tloctpoenune mapuipyToB mporynok: Iloiap3oBaTenu MOTyT cO3/1aBaTh
NEPCOHAIN3UPOBAHHBIE MapUIPYThl IPOTYJIOK, ONTUMU3UPOBAHHBIE C YYETOM

101



BPEMEHU U MHTEPECOB. DTO MO3BOJIUT TYPUCTAM ONTHUMAIBHO OPTaHU30BaTh CBOE
BpEMsI 1 MAaKCUMAJIbHO UCITOJIb30BATh BO3MOKHOCTH KaXJIO0U IMOE3IKH.

4. Ilopgckazku  HMHTEpecHBIX MecT: lIpunoxkeHwe  mnpenocTaBiser
uH(OpMAIIMIO 0 MaJIOU3BECTHBIX U YHUKAJIBHBIX MECTAX B ropojax benapycu, uto
IIOMOTAET MOJIb30BATENSAM 000TaTUTh CBOM OMBIT U HANTH CKPBITHIE KEMUYKUHBI.

PeHTabenbHOCTh MPUITOKEHUSI 3aBUCUT OT €70 OMYJISIPHOCTH, MOHETU3AINH
U 3aTpar Ha pa3paboTKy W moanepkky. s pacuera TOUHON peHTaOEIbHOCTU
HE0OXOIMMO TMpoBecTH Oosiee MOJAPOOHBIN aHajau3, BKJIIOYash 3aTpaThl Ha
pa3pabOTKy U MapKETHHT, a TAKXKE JOXO/1 OT KaXKJ0Tr0 MCTOUYHHKA JJoXoAa. BaxHo
TaKXKe€ y4eCTh KOHKYPEHIIMIO U CTIpoc Ha 1o 100HbIe mpuiioxkenus. [Ipu pacuere
pEHTA0EIbHOCTH TMPUIOKEHUS YUYUTHIBAJIUCH 3aTpaThl, 3aKJIIOYAIOLIUECS B
eKEeMEeCSIYHOU 3apIuiaTe KOMaHbl pa3pabOTYMKOB, W MPUOBLIb, 3aBUCSIIAS OT
KoJM4yecTBa mojbs3oBaTeneil. [locie BkitoueHus NaHHBIX B (opmyiy, Oblia
BbIBEJIEHA KpaTKas (hopmyJia, yUUTHIBAKOIIAs KOI(P(UIMEHT PEHTA0EIbHOCTH U
KOJIMYECTBO MoJb30BaTenel. [Ipu konnuecTBe akTUBHBIX nosb3oBaTenei B 4000
YeJIoBeK, peHTa0enbHOCTh cocTaBUT 20 %, T. €. MPUIOKEHUE OKYIHUTHCS 3a 5
MECSIIEB.

Coznanre MOOUITBHOTO MPUJIOKEHHUS JUIsl pa3BUTHS BHYTPEHHET O TypU3Ma B
Pecnybnuke benapych mnpeacTtaBiser coOOM BaXKHBIM IIar B HMHTETPALMH
MHHOBAIMOHHBIX TEXHOJIOTUI B pa3BuTHe TypusMa. [Ipunoxkenue crnocooCcTByeT
000raiieHu0 KyJbTypHBIX 3HAHUM, CTUMYJIHUPYET TYPUCTUUYECKYIO MHAYCTPHUIO
Ha HAllMOHAJIBHOM yYPOBHE, M CO3/A€T YCIOBUSA Ul IATPUOTUYECKOTIO TypHU3MaA.
CommaneHplii 3((EKT MaHHOTO TMPHIOKEHHUS 3aKII0YaeTCs B PACIIMPEHHUU
KyJIbTYPHOTO M Teorpauyeckoro Kpyrosopa IOJb30BaTeNeil, a Takxke B
NOJJIEP)KAHUM HHTEpeca K COOCTBEHHOW CTpaHe, 4YTO CIOCOOCTBYET €€
YCTOMYMBOMY PAa3BUTHIO U COAEHUCTBYET MPOJABUKEHUIO BHYTPEHHETO TyPU3MA.

YK 338
ABTOMATHU3AIINA BEPCTKHA U ITIOJAI'OTOBKHA K ITEYATH
MATEPUAJIOB JIJISI HACTOJIbHBIX UI'P
Kenenox /1. A.
Hncmumym ungopmayuonnvix mexnonoauti benopyccrxoeo eocyoapcmeennozo
VHUBepcumema UHGOPMamuKy u paouo1eKmpoHuKy
e-mail: andrew-rebeldes@rambler.ru

Summary. The paper presents a software tool designed to automate the layout
and preparation for printing of board game materials. The software has a
graphical and console interface, a well-thought-out architecture that allows you
to avoid duplicating the source code of algorithms for different interfaces. The
main functions of the software tool are: preparing a specification file with a wide
selection of parameters (various types of printing materials, sheet formats (inc-
luding roll printing), options for source files of board game materials and ways
to compare them, choice of packaging strategy); generation of documents for
printing in accordance with specifications. Software algorithms solve problems
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of two-dimensional packaging and guillotine cutting. The use of software will
reduce the costs of preparing and producing board games.

Pazpaborannoe mnporpammuoe cpeactBo (IIC) mno3Bonsier aBTOMa-
TU3UPOBAThH MPOIECC BEPCTKH W MOJATOTOBKM MaTepUaIOB HACTOJBHBIX WUTP K
neyatu. IIC mnoanepxuBaeT TUOPUIHBIM pEXUM pabOThl, YTO O3HAYAET
NOJJIEPKKY KakK Tpaduueckoro, Tak U TEKCTOBOro (KOHCOJIBHOTO) BapuaHTa
unrepdeiica. ['paduueckuii pexuM pabOThl TPEAOCTABISAET IOJIb30BATEIIO
yA0OHBIN uHTEpPEiic st co3ganus (aitna cnenupukanuu U ero MpUMEHEHHE
JUISl TEHEpAIUU JOKYMEHTOB.

@aiin crienuuKai OMKUCHIBACT CISAYIOMUE TapamMeTphl: 1) CTPYKTypy
ManoK, B KOTOpble OyAYyT COXpaHEHBI pe3yibTaT pabOThl TPOTpamMMbl, 2)
KOJMYECTBO U Ha3BaHUE JOKYMEHTOB, KOTOpbIE IOJIb30BATENIb OXKUJAET
MOJIy4uTh; 3) hopmMat OymMaru u OTCTYIIbI, KOTOPbIE JOJKHBI OBITH COOJIIO/ICHBI B
KQXJIOM U3 JOKYMEHTOB; 4) UCTOYHUK M300paK€HUU UTPOBBIX KOMIIOHEHTOB U
UX 0KUJaeMbIi pa3Mep; 5) CTpaTerus: ynakoBKH 0ObEKTOB Ha KaX /10U CTPAHMUIIC,
6) UICTOYHUK W300paKeHUM I 00JI0KEK, €ClIi KOMIIOHEHTY OHU TpeOyroTcs; 7)
croco6 GpopMHUpPOBaHUS METOK JIJIs pe3a, €CJIM OHU HEOOXOIUMBI.

[Iporpamma, cuuThIBast crieluGUKAIUIO U OCTaTbHbIE HE00X0AUMBbIE (pailiibl,
MOJXKET MPEJOCTaBUTh clienytonue GyHKIUH: 1) paccTaHOBKA M300paKeHU Ha
JIBYMEPHOW OrpaHUYEHHON 00JIACTH C YYETOM OTCTYIOB, OKUJIAEMBIX Pa3MEpOB
KOMIIOHEHTOB Y BBIOpAHHOM TMOJI30BATEIEM CTpaTeTUHd YIAKOBKH, 2)
MacITabMpOBaHWE BXOJTHBIX H300paXeHUH, a Takxke (HOPMUPOBAHHE PAMKU
BOKPYT HUX B TOM ClIy4ae, €CJIi He0OXOAMMO H30ekKaTh MPoOJIeM CBA3AHHBIX C
cMellleHreM OyMard BO BpeMsl medaTH; 3) Hape3Ka BXOAHBIX M300paxKEHUid, B
CJIy4ae €clid OHU HE BJIE3aI0T B 0KUJIAEMYIO 00J1aCTh; 4) pacCTaHOBKA METOK IS
pe3a; 5) reHepalius 1 pacCTaHOBKa pyOallex /it TeX KOMIIOHEHTOB, KOTOPbIM OHA
HE00X01MMa; 6) BO3MOXKHOCTh paclpeIeIuTh KOMIIOHEHThI KaK B paMKax OJTHOTO
JIOKYMEHTa, TaK U B Pa3HbIX.

Ha Bpixose mporpamma (opMUpPYET CTPYKTYpy U3 Marok, B KOTOPBIX
HaxoJISITCSl creHepupoBaHHbie ¢aiasl B popmate PDF. CTpykTypa nmamnok Takxke
OMHCHIBACTCS B UICXOAHOM CrIeM(PUKAIINU.

B paspaboraHHOM TpPOrpaMMHOM CpEJCTBE QJITOPUTMbl  YIMAKOBKH
MOJIPA3JIETISIOTCS HA JIBE OCHOBHBIE TPYMIBI: ONTUMHU3HPYIOIIUE UCTIOJIB3yEeMOe
MIPOCTPAHCTBO ¥ YITPOIIAIOIINE MOCIETICYaTHYI0 00paboTKYy.

[TepBbIe IPEeACTABISIOT U3 CE0S ANITOPUTMBI, PEIIAOIINE 33729y IBYMEPHOM
ynakoBku. OHM JTOJKHBI OBITH CIIOCOOHBI PadOTaTh C KOMIIOHEHTAMH Pa3HBIX
pa3MepoOB U UX PE3yIbTaT JOJKEH, MO0 BO3MOKHOCTH, MUHUMHU3UPOBATH 3aHU-
MaeMoe€ Ha JIMCTaX MPOCTPAHCTBO M KOJIMYECTBO UCIOJIB3YEMbIX JINCTOB OyMaru.

BTopbie n0KHBI MUHUMHU3UPOBATHh KOJIMYECTBO T'MIIBOTUHHBIX Pa3pe30B,
KOTOpbIE HEOOXOJAMMO COBEPIIUTh YTOOBI BBIpE3aTh BCE KOMIIOHEHTHI. JTa
npobiieMa Tak)K€ HW3BECTHAa Kak 3ajJada THJIBOTHHHOTO packpos. 3amaya,
periaeMasi aJITOPUTMaMU JIBYMEPHOU YIAKOBKH, (POPMYJIUPYETCS CIAETYIOIIUM
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o0pa3zoM: JaHbl NPSIMOYTOJIBHUKM OIPEAEIICHHOIO pa3Mepa (3aJaHa IIMpHUHA,
BBICOTA), KOTOPbIE HEOOXOIMMO PACIIOJIOKUTh Ha MPSIMOYTOJIbHUKAX OOJIBIIEro
pasmepa (koHTeHHephl). OCHOBHOM LENbIO SIBISETCS HAXO0XKICHUE TaKOro
pacnoyIOKEHUs] BCEX MPSAMOYTOJIbHUKOB, YTOObI OHU HE IMEpPECeKaTuch MU
3aHMMaJld HaWMEHbIIEEe KOJMWYECTBO KOHTEHHEPOB. 3ajaya TUIbOTUHHOIO
packposi — 3ajaya KOMOMHATOPHOM TeoMeTpuH, OJIM3Kas K 3ajlaye packpos H
3a/layaM yMakOBKH B KOHTeWHepbl. OCHOBHOM II€JIbIO SIBISIETCS TOJIyUECHHE
MaKCHUMaJIbHOT'O YHUCJIA JUCTOB MPSMOYTOJBHOTO pa3Mepa U3 JIHCTa OOJIbIIEro
pasmMepa, emnasi TOJbKO THIILOTUHHBIE Pa3pes3bl, TO €CTh MPSIMbIE pa3pesbl OT Kpast
710 Kpasl.

OOpaboTka BceX WJIHM HEKOTOPOTO TOJMHOXKECTBA JOKYMEHTOB,
NEepPEUnCIeHHbIX B (aiie crenudukanuu, OCYIIECTBISETCS CICAYIOIMNM
00pa3oM: Ha BXOJ IOCTYIAET YaCTUYHO 00pabOTaHHbIE JaHHBIE CEU(PUKALIIH,
Ha OCHOBAaHUHU KOTOPBIX OCYIIECTBIISIETCS MOATOTOBKA TaKUX MMAPaMETPOB Kak:
dopmar Oymaru; cTpaTerusi YMakOBKM M peHAepep. 3areM MNpoBepsieTcs
COBMECTUMOCTh MEXJY HHUMH, UYTOOBI TPEAOTBPATUTH MPOOJIEMBI, KOTOpPHIC
MOTJI ObI MOSIBUTCS Ha MOCAeAyonrX Tanax. Eciu npo6iem He 00HapyKUIIOCh,
OCYLIECTBJISIETCS YIIAKOBKA JOKYMEHTA HAa OCHOBE 3a/IaHHOT0 AJITOPUTMA, a TAKXKe
ero penjaep. OOpaboTaHHBIN JOKYMEHT COXpaHseTcss B Bujae (Qaina wiu
BBIBOJMWTCS Ha OJKpaH B 3aBUCMMOCTH OT THIIA pEHJEpepa KOTOPbIH
UCIOJIb30BAJICSI Ha TpenbiaymeM ostamne. Ilepen ymakoBKOil KOMITOHEHTOB,
BBITIOJTHACTCS TOAr0TOBKAa. OHA BKIIIOYAET B ce0s1 CYUNTHIBAHUE U MPE0Opa3oBaHMe
BXOJIHBIX M300pakeHni (POHTATHLHON 1 0OpAaTHON YacTH KOMIIOHEHTOB.

Bo Bpems koHBeliepHONW 0OpaOOTKH JOKYMEHTOB HEOOXOIMMO HAaXOIUTh
MyTH K U300paKEHUSM, KOTOPBIC JOJDKHBI OBITh BCTABIICHBI B UTOTOBBIN (haii.
[lytn k HUM 3aJalOTCAd B BHUJEC JABYX vacTeu, nMpePuKkCHOM U MOCTPUKCHOM.
[Tpedukchl ONUCHIBAIOTCS B CBOMCTBAX OTAEIBHOIO JOKYMEHTA U MPECTABISAIOT
u3 ce0sd CHUCOK MIA0JIOHOB IMyTeil, B KOTOPBIX JOJKEH HAYMHATBHCS TIOUCK.
[TocTdukcHbIEe TYTH K€ 3a/1alI0TCSI B CBOMCTBAX OTJAEIHLHOTO KOMIIOHEHTA.

YK 008
CPABHUTEJIbHBINA AHAJIN3 UCITOJIb30BAHUS TEXHOJIOT U
«BUPTYAJIBHAS PEAJIBHOCTb» B BEJIAPYCHU U KHP
Kpvivcrkaa H. A.
Hncmumym ousneca benopycckoeo cocyoapcmeennoco ynusepcumema
e-mail: krymskayanata29@icloud.com

Summary. The article is devoted to the analysis of the use of virtual reality
technology in Belarus and China. This article discusses the concept of virtual
reality. The results and conclusions presented in the article are important from
the point of view of understanding the development of this technology and its
future application in Belarus and China.
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BuptyanpHas peanbHOCTH, yacTo Ha3piBaemass VR, mpencraBnser coboi
UCIIOJIb30BAaHUE KOMITBIOTEPHBIX TEXHOJOTUW JJIs CO3/1aHUS CMOJIETUPOBAHHOU
Cpenbl, B KOTOPOM CTUMYIHPYETCS KaK MOKHO OOJIbIlIE OPraHOB UYBCTB, TAKUX
KaK 3peHHue, ciyX, Ocs3aHue U Jaxe oOOHsHUE. B oTiMuue OT TpaaMLIMOHHBIX
M0JI30BATENIbCKUX ~HMHTEp(eiicoB, OH TOMENIAeT IMOJb30BaTENsl BHYTPb
uHTepdeiica. BMecro Toro, 4ytoObl CMOTpPETh Ha 3KpaH mepen coOOH, MOJb-
30BaTENM MOrPYKAKOTCA U MOTYT B3aUMOJEHCTBOBATh C TPEXMEPHBIMU MUPAMMU.
Ha camomM niene BUpTyanbHasi peaibHOCTh KaXETCs OTHOCUTEIIBHO HOBOW UIEEH,
HO ecii MbI BepHeMcs K 1950 roay, kurnemarorpaduct mo umenun Morton Heilig
XOTeJI CTUMYJUPOBaTh HE TOJBKO IJla3a M YIIM, HO W BCE HAIIUM YYBCTBA,
co3faBas TO, YTO OH Ha3Ball «TeaTpoM BmedarieHui». CmycTs roapl ObLIO
U300pETeHO MEepBOE B MHUPE YCTPOWCTBO BHUPTyalbHOUM peanmbHOCTU: «CeHco-
pamay». Ha cerogusiHuii 1eHb BUPTyaibHas peaIbHOCTh MIPOYHO BOILIA B HAIILY
KU3Hb, BO BCEM MHpE pa3pabdarbIiBaeTCs OOJBIIOE KOJIMYECTBO YCTPOMCTB IS
MOJIEJIMPOBAHUSl BUPTyalIbHOW peaibHOCTU. Ecim paccmaTpuBaTh HWHIYCTPHUIO
BUpPTyaldbHON peasbHOCTH B bemapycn u Kurtae, TO OHa wuMeer cBoH
0COOEHHOCTH M YPOBEHb pa3BUTHs. BOT HEKOTOpBIE ACTEKThI, KOTOPbIE MOKHO
CpPaBHUTH B ATUX JIByX CTPaHAX:

1. PolHOK M >KOHOMHMYECKOE pa3BUTHE: Ojarojapsi CBOEMY OTPOMHOMY
HACEJICHUIO M BBICOKOM CTEMEHHM TEXHOJOTMYHOCTH, KuTail sBIgeTCs BaKHBIM
UIPOKOM B HHAYCTPUU BUPTYAJIbHOW peanbHOCTU. OXKHAAETCS, YTO PBIHOK
BUPTYyaIbHOU peanbHOCTU B KuTae BeipacTeT B 36 pa3 B ClIeAYIOIINE YETHIPE Io/ia
U JOCTUTHET 55 muipf roaneit (8,5 mupa nomnapos). PeiHok benapycu, Hecmotps
Ha TOTEHIMaJbHbIE NEPCHEKTUBBI pa3BuTus VR, Bce emie orpaHudyeH u
CTAJIKUBACTCSI C HEKOTOpPhIMH TmpobOiemamu. OMHOW W3 OCHOBHBIX MPUYHH
SBJISIETCSL HEJIOCTATOK 000PYAOBaHUS U AOCTYNMHBIX VR-MpunokeHuit Ha pbIHKE.
Tak:ke, BbIcOKasi CTOUMOCTh VR-TeXHOJIOrUI MOXET ObITh Mperpajon s ux
BHEAPEHUS B IIMPOKUI MACCOBBIN PHIHOK.

2. Komnanuu u crapransl: Kutait Hauaa noaaepxKy npeanpuHIMaTelIbCTBa
B 2014 roay u c Tex nop oTkpsul 1600 BEICOKOTEXHOJIOTMYHBIX HHKYOATOPOB IS
cTapranoB. B HacTosi1iee BpeMs B MUHAYCTPUU BUPTYalbHOU peanbHocTU B Kutae
pabotaer He MeHee 200 cTapranoB U KoMnaHui. [IppumepamMu MOKET OCITYKHUTh
HTC - u3BecTHas koMmnaHusi, KOTOpasi akTUBHO paboTaeT B chepe BUPTyaIbHOM
peanbHOCcTH Win Huawei: oAMH W3 JIUIAEPOB, KOTNA JIEJIO0 JOXOJIUT 0 OYKOB
BUPTYaJIbHON peanbHOocTH. Kpome Toro, KuTalickue crapTambl, Takue kak Pico
Interactive m Nolo VR, Taxke MpUHOCST CBOM WHHOBAIIMOHHBIC MPOIYKTHI HA
ppiHOK. B bemapycn CymecTByrOT MEHbBIIME KOMIIAHWHA W CTAapTamnbl B 3TOU
obnactu, Hanpumep Wargaming, VironlT, 4 | Lab, Softeq, Ho ux xoim4ecTBO H
KAQueCTBO MOCTOSIHHO PAacCTeT.

3. Ilpumenenue VR: ecnu cpaBHuBath npumeHenuss VR B Kurae u
benapycu, To MOXKHO MOHATb, YTO C(Pepbl UCTIOIB30BAHUS OJIHU U TE JKE:

1) urpoBast UHAYCTpHS;

2) 0bpa3oBaHue;

3) MeIMIIMHA;
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4) CTPOUTEIIbCTBO;

5) cnopr;

6) pekiama;

7) IPOMBILILUICHHOCTD;

8) nayka.

Onnako, Bce-Taku HeOOJIbIIIOE OTIIMYUE €CTh, K OHO 3aKIJIF0UAETCS B TOM, UTO
B benapycu VR Haxonutcsa Gombliie Ha Ha4albHOM ATale MPUMEHEHHS B TaKHX
obnacTsix, Hexkenu B Kurae.

4. OOpazoBanue W KBanuduirpoBaHHbIN niepcoHan: Kuraiickas cucrema
00pa3zoBaHMsI UMEET MHOTO MPOTPAMM M yUeOHBIX 3aBEJICHUMN, TOTOBBIX 00y4aTh
CIEIMATNCTOB B 00JaCTH BUPTYyaIbHOU peanbHOCTH. benapych Takxke pa3BUBaeT
CBOM 00pa3oBaTeNbHBIC MPOrpaMMbl 0 VR, HO ypoBeHb KBAIU(PHUITIPOBAHHOTO
NepCcoHaja MoKa HE Ha TAKOM BBICOKOM YPOBHeE, Kak B Kurae.

5. IMognepxkka mpaBuTenbcTBa: Kurtaiickoe mpaBUTENbCTBO BOBJIICUEHO B
texHosoruro VR. B 2018 romy Obl1 BBINYyLIEH AOKYMEHT IOJ Ha3BaHUEM
«PyxoBojsiiine MHEHUS MUHHUCTEPCTBA TPOMBIIIJIEHHOCTU U MHPOPMAITHOHHBIX
TEXHOJIOTUH MO0 YCKOPEHUIO Pa3BUTHUSI UHAYCTPUM BUPTYaIbHON peaJbHOCTHY, B
KOTOPOM H3JI0’KEHO, KaK OH XOYeT Y4YacTBOBaTh B Pa3BUTHH BUPTYaJIbHOM
peanbHOCTH B KuTae. Oxuaaercs, 4To ppIHOK BUPTYaJIbHOW peanbHOCTH B Kurtae
BBIpAcTeT B 36 pa3 B CIEAYIONINE YEThIPE rojia U JOCTUTHET 55 Mip[ roanei (8,5
mipa nosuiapoB). [IpaBurensctBo benapycu nposiBiaseT NOAAEPKKY B pa3BUTHH
BUpTyainbHOU peanbHOCcTH (VR) B cTpane. OHM OCO3HAIOT MOTEHLMA 3TOU
TEXHOJIOTUU U MOHUMAIOT BaXKHOCTh €€ Pa3BUTHS I SKOHOMUYECKOTO POCTa U
WHHOBalMi. B paMmkax NOaIEpKKU MPaBUTEIbCTBO MPOBOJAUT pa3IHYHbIC
WHULIMATUBBl M MPOrpaMMbl JJIsi CTUMYJUpOBaHUs pa3BuTusi VR cekrtopa.
Hampumep, OHUM OpraHu3ylOT CHEHUAJIbHbBIE MEPONPUATHS, KOH(PEPEHIIUH,
(GbOpyMBI U KOHKYPCHI, MOCBSIIIIEHHBIE BUPTYaIbHON pEAIbHOCTH.

Jlenast BBIBOJ, MOXHO CKa3aTh, YTO BUPTyajbHasl PEAIbHOCTh Pa3BUBACTCS
aktuBHO B Kutae u benapycu, oGecriedunBas BOZMOXHOCTH JJIsl MHHOBALIMN U
IKOHOMHYECKOro pocta. Kutall WHBECTHpYET 3HAYUTEIbHBIE CpPEJCTBA H
NOJIy4aeT MOAJEPKKY OT MPaBUTENbCTBA, YTO CHOCOOCTBYET CTPEMUTEITHLHOMY
pasButuro VR-cextopa. bemapych Takke akTHUBHO BHEAPSET BUPTYaJIbHYIO
pEaIbHOCTh B Pa3JIMUHbIE OTPACIU U MPHIIAraeT yCUINs K pa3BUTHIO cBoux VR-
komranuii. OO0e cTpaHbl TpemaraloT TMEPCIEKTUBHBIE BO3MOXKHOCTH H
MIPOJIOJDKAIOT CO3/1aBaTh OJaronmpusTHBIC YCIOBHS sl pocTta VR-uHIyCcTpHm.

YK 001.895
INNOVATIONS IN THE FORM OF CHATBOTS
Kysoenesa A. B.
benopycckuti nayuonanvhvii mexuuueckul yHueepcumem
e-mail: anyakuzovleva03314@gmail.com

Summary. The article discusses innovations in the form of chatbots. The main
advantages of using them for the development and optimization of business

106



processes. The article also describes how digital technologies can simplify many
processes related not only to business, but also to people's daily lives.

In the modern world, digital technologies play a significant role. Humanity
is evolving and progressing, constantly inventing new things for convenience and
comfort. Digital technologies help optimize many processes, making services and
products more interesting, in demand, and efficient. Things that seemed
impossible for many years have become real. Artificial intelligence systems are
currently being developed on a large scale. This is a virtual system that can
become anyone's assistant. It's a system that can entertain and help people with
their daily routines, with the greatest advantage being simplifying many tasks in
life, thus freeing people from unnecessary actions, increasing their daily
efficiency and productivity. So, chatbots are the most rapidly developing and
promising technology today.

Now, let's talk about chatbots. A chatbot is your virtual assistant; it can be
built into your device or activated in any messenger. It's a program that simulates
a conversation with you, entertaining you and helping you. Chatbots automate
their work thanks to artificial intelligence and internet connectivity.

These systems are highly versatile: you can check the weather, ask for your
favorite songs to be played, inquire about medical, leisure, shopping, and fashion-
related questions, track packages, receive outfit recommendations for the day, and
many other areas. In fact, chatbots can have information in any field. To achieve
this, you need to create them in a way that loads all the necessary information for
you or your customers.

Since chatbots are already so advanced, they can be excellent assistants for
your business. They can help you with many tasks related to your business,
especially in customer service and support [1].

First, a chatbot can make your business more successful by operating around
the clock. The program can respond to your customers' requests instantly and be
available at any time. People don't like to wait or be in a queue to talk to an
operator, which often causes irritation. With a chatbot, they can save time and
quickly get answers, regardless of the time of day. Chatbots can take care of basic
questions related to your industry, making your life and your customers' lives
simpler and more convenient. If your bot is multifunctional and supported by
artificial intelligence, your customers can have conversations with it as if it were
a human [2].

Secondly, a chatbot can help you with marketing. With their help, you can
build a complete database of your customers, clients, or suppliers, depending on
your industry and needs. You can record each individual's interests and needs to
later send personalized product or service offerings. At the same time, these
functions will help you gather customer feedback. According to statistics, email
marketing is not very effective these days. Most people don't even open their
emails, and only 5 % read them to the end. Chatbot interfaces are much more
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engaging and can hold people's attention, providing significant benefits to your
business [3].

One of the main advantages of chatbots, in my opinion, is cost reduction.
You can save on hiring employees because a chatbot can perform many functions.
For example, it can replace a secretary by planning your meetings, scheduling
appointments, reminding you of important dates, and even booking flights. This
significantly simplifies your work process and allows you to focus on more
important matters. Creating a chatbot is much cheaper than hiring employees for
each department. A specialist can handle a limited number of conversations, while
a chatbot can process multiple questions simultaneously. This will help you
reduce personnel costs and speed up your business processes. Additionally,
chatbots can provide you with multilingual support. Today, it's possible to create
multilingual bots, so no matter what language your potential customer speaks, the
bot can answer their questions and provide feedback. This will allow you to enter
new markets, increase your chances of successful deals, and gain the trust and
loyalty of customers.

In conclusion, chatbots are a very profitable investment today. The costs of
creating one will pay off significantly. Chatbots will take your business to a new
level because their functions are limitless. Interaction with customers and sales of
your products and services will only grow, and the service will constantly
improve. Implementing these systems will help you increase your profits and
outperform your competitors. You'll have the opportunity to enter new markets,
boost sales, and acquire new loyal customers. Your business will become more
organized and efficient.
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Summary. The anti-plagiarism system of software is an integral part of the
modern software industry, and its purpose is to ensure the integrity and originality
of software products. It is based on the analysis and comparison of codes,
excluding the possibility of copying and using someone else's intellectual work
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without appropriate permissions. This article is devoted to the development of a
code anti-plagiarism system for Python program codes.

[TnaruaT mpencrasisieT co0oii MpeaHaMepeHHOE HE3aKOHHOE KOMTMPOBAHHE
WIH WCTOJh30BaHUE 3aIUIICHHBIX PE3yJbTaTOB TBOPYECKOTO TPyAa APYToro
YeJIoBEeKa, C COKPBHITUEM HCTUHHOTO aBTOPCTBA W MPEIOCTaBICHUEM JIOKHOMU
uH(popmaIu o coocTBeHHOM aBTopcTse [ 1]. [Imaruar mporpaMmMHOro Kojia — 3To
HE3aKOHHOE KOIUPOBAHUE WIIM UCTIOIb30BAHHUE YYKOT0 IMIPOTPaMMHOTO0 Koja 0e3
paspenieHus: aBTopa uian 0e3 JHOHKHOU aTpuOyIUH, C MPEICTaBICHUEM €Tr0 Kak
COOCTBEHHOTO.

[Inaruatr B akameMudeckoil cpeie uMeeT cBOw crneuuduxy. CTyaeHThI
BBITIOJIHAIOT THUIIOBBIE PA0OTHI, MPOEKTHI, TTOITOMY MpobieMa 3aKII0YaeTcs B
BBISIBJICHUN aKaJIeMUUYECKON HEYECTHOCTH MyTeM OOHapy>KEHHE MOJHOTO WIIH
YaCTUYHOTO KOMUPOBaHUs paboT Apyrux cTyAeHToB. [IpobGiema akTyansHa u st
JTUTIOMHBIX TTPOEKTOB, & TAK)KE€ MATUCTEPCKUX paboT, XOTh OHU U HE SBISIOTCS
TUTIOBBIMHU: PACTIPOCTPAHEHHBIE CETOAHS CHCTEMbl aHTHILIaruaTa MPUMEHUMBI
JWIIb K TEKCTy TMOSCHUTEIBHON 3amUCKH, B TO BpeMS KaK OPUTHHAIBHOCTD
pa3paboTaHHOTO MPOrPaMMHOTO KOJIa UMEET HEe MEHBIIIYIO0 3HAYUMOCTb.

Pa3pabGoTtana cucrema aHTHIUIarMata JJjisi MPOTPAMMHOIO KOJa, HaIu-
CaHHOTO Ha s3bike Python, oOHapyXuBaromas pasIddHbIE CITOCOOBI BHJIOU3-
MEHEHHsI 3aMMCTBOBAHHOTO (KOIMPYEMOro) MPOrpaMMHOTO KOJia: M3MEHEHHUE
KOMMEHTapueB K (parMeHTaMm MNporpaMMbl; U3MEHEHHE WMEH TEePEMEHHBIX,
GyHKIMNA U T. J.; ©3MEHEHUE TOpPsIKa pa3MelnieHus (parMeHToB Koja, yaanie-
HUe (parMeHToB Kojia.

AHanmM3upyeMBbIi POrpaMMHBIA KoJI mpeodpazyercs B AST-ctpoky. AST
B Python — 3to nepeBo, y3:1amMu KOTOPOTO SIBJISTFOTCSL ONIEPATOPBI U BBIPAKEHHUS, &
JUCTHSIMA — KOHCTAHTHI M UACHTU(DUKATOPHI. DTO aBTOMATHYECKU OYHIIACT KOJ
OT KOMMEHTApHUEB U MYyCTHIX CTPOK, HE CUUTAsl UX YacThIO Koja. Takum obpazom,
KOJ TIpeoOpa3yeTcsi B CTPYKTYPY BO MHOTO pa3 MEHBIIYIO IO 00BEMY, YEM caM
UCXOJHBIN KON (Hampumep, koa, coctoamuii u3 1000 crpok mpeobpasyercs B
AST-cTpoky pazmepHOCThIO 20—30 CTPOK), YTO 3HAUYUTEIIBHO YCKOpSET paboTy
cuctemsl. [l 60mb1iei 3¢ heKTHBHOCTH ObLT pa3paboTaH U pean30BaH MOJAXO0I,
korma B AST-cTpokax MpOMCXOAUT 3aMeHa BCEX HMMEH MEPEeMEHHBIX, UMEH
GbyHKUMN U T. . HA «CTaHIAApTHHIC» UMEHA MEePEMEHHbIX (Hampumep, a, b, ¢) u
bynkuuii (mampumep, f 1, f 2). D10 mo3BoMsIET OOHAPYKHUTH YMBIUICHHOE
MOBBINICHUE OPUTHHAIBHOCTA KOJA 3a CYET 3aMEHbl MMEH TEePEMEHHBIX,
GyHKIMI U T. 1.

Kaxxnast opurnHanpHas BHIIOTHEHHAS paboTa coxpaHseTcs B 06a3e TaHHBIX
B Buae AST-ctpoku. ba3za JaHHBIX MPOTpaMMHBIX KOJIOB UMEET HEPAPXUIECKYIO
CTPYKTYPY M XPaHHUT JJIs KaXJIOW TUIIOBOW PabOTHI CIIUCOK M3 OPUTHMHAIBHBIX
AST-ctpok. B ocHoBe anropurma BbISIBICHHS B 0a3ze JaHHbIX HauOosee
MIOXO0’KET0 MPOTPAMMHOI0 KOJa JIEKUT BbIYUCIECHUE paccTosiHuA JIeBeHIITeHa.
Paccrosinue JleBeHmireiiHa — MeTpuKa, HU3MEpSIOUIasi MO MOMAYJIIO0 PAa3HOCTb
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Mexay aBymsi crpokamu [2]. HawmGomee moxoskast AST-cTpoka — cTpoka c
HaVMEHBIIUM PacCTOSIHHEM JIeBEHIITENHA.

PaspaboranHass ~ cucrema  aHTUIUIarMaTa  MPOTPaMMHOTO  Koja
MPOTECTUPOBaHA Ha pabOTOCIIOCOOHOCTh Ha 3apaHee MOArOTOBICHHBIX TUITIOBBIX
BapHaHTaX BUJIOM3MEHEHHs] OPWUTHHAIBLHOTO MPOrPaMMHOTO KoAa M UX
COUETAHHUAX, PE3yJbTaThl TECTUPOBAHMUS TIOKA3aJd BBICOKYIO TOYHOCTH
oOHapy>KeHHsI TJIaruaTa.

Cnmcok McnoIb30BaAHHBIX HCTOYHUKOB
1. B. H. Ilynuuk, 3. B. Ilynunk. [lonmukoHTeKCTHBIN aHain3 (EHOMEHA «ILjIaruar» B
uHpopManmonom odmiectse / B. H. [lynuunk, 3. B.IlyHunk / Hay4HO-T€OpETUYECKU Ky pHAT

/ benopycckuii rocynapctBenHbii yauBepeuteT. — 2016. — Ne 1. — C. 83-91.
2. B. N. JleBeHureiiH. [[BouuyHbIE KOJbI C HMCIPABICHHEM BBINAJCHUNA, BCTABOK M
3amemnienuit cumBoiioB / B. W. Jleenmteitn. — Jloknmaaer Axagemuit Hayk CCCP, 1965,

163.4:845-848.

YK 008
CPABHUTEJIbHBIA AHAJIN3 UCTIOJIb30BAHUSA TEXHOJIOT TN
«YMHBIN J10OM» B BEJIAPYCHU U KHP
Ilonumaesa E. A.
Hncmumym b6usneca benopycckoeo eocyoapcmeennoco ynusepcumema
e-mail: politaevacat@gmail.com

Summary. The article is devoted to the analysis of the use of “smart” house
technology in Belarus and China. This article considers the concept of “smart”
house. The results and conclusions presented in the article are important from the
point of view of understanding the development of this technology and its
application in the future in Belarus and China.

TexHnonorust «YMHbIN 10M» MPEACTABISIET COOON MHTETPALIUIO PA3THUUHbBIX
ANIEKTPOHHBIX W WH(OPMAIMOHHBIX  YCTPOWCTB, KOTOpPHIC  IO3BOJISIIOT
aBTOMATU3UPOBATh U YNPABIATh PA3IUYHBIMU CUCTEMaMHU B JIOME WJIU OQHuCE,
obecrieunBast y00cTBO, 6€30MacHOCTb U HSHEPT03(HEKTUBHOCTD.

BeenaeHne TEXHOMOrMM «YMHBIM JIOM» HMMEET OrPOMHOE KOJIMYECTBO
PEUMYIIECTB: MOBBIIICHHE YPOBHSI KOMGOpPTa W yI0OCTBA >KM3HU, CHIDKCHHE
3HepronoTpedeHus, odecrneueHne 6€30MacHOCTA U 3alIUThHI, a TAaKXKe ONTUMU-
3alMs yOpaBieHUs JTOMAIlHUMHU pecypcaMu. biaromaps BO3MOXHOCTH yAAJICH-
HOTO JIOCTyIla WM YNPABJIECHUS, IOJb30BAaTEINM MOTYT KOHTPOJMPOBATH CBOH
YCTPOMCTBA U CUCTEMBI JJa’K€ HaXOASCh BN OT I0MA.

Texnomorus «YMHoro goma» B benapycu u Kutae akTHBHO pa3BuBaeTcs u
npumensiercs. O0e cTpaHbl BHEAPSIIOT pa3IudyHble pEIICHUS, KOTOPbIE TO3BOJISIOT
YVOPABJISATh Pa3IMYHBIMU CHCTEMaMH JiOMa C TOMOIIbI0 cMapTdoHa WM
rojocoBbix komani. B bemapycu «YMHbBI [10M» CTaHOBHUTCS Bce Ooliee
IOIYJIIPHBIM. BapuaHThl aBTOMaTU3alluK BKIIFOYAOT YIIPABICHUE OCBEIICHUEM,
KJIMMAaToOM, O€30IMaCHOCTBIO, ay/HO-BUACO CHUCTEMaMU U JIOMAIIHUM KHHO-
TEaTpPOM, a TAaK)KE YMHBIC PO3ETKU U APYTHE DICKTPOIPUOOPHI.
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Yro kacaercs Kutasi, oH SBISICTCS OTHUM W3 JIUJEPOB B 00JIACTH YMHOTO JIOMA.
Kuraiickue KOMIaHuM IpeuiaraloT pasHooOpasHbIe YCTPOMCTBA U CUCTEMBI IS
yMHOro goma. OHM mpeuiaratoT MHAPOKUM CIIEKTP NPOAYKTOB, BKJIIOYAs YMHBIE
KOJIOHKH, YMHbIE CBETHUJIbHUKH, YMHBIE 3aMKH, CHCTEMbI BUJICOHAOIIOICHHSI, yMHbIE
PO3ETKH, CHUCTEMBbl KOHTPOJISI 3HEPronoTpediieHuss W MHorue apyrue. Kurai
aKTUBHO HWHBECTUPYET B pa3Burthe VIHTepHEeTa Belmed U UCKYCCTBEHHOIO
MHTEJUIEKTa, YTO CIIOCOOCTBYET OBICTPOMY Pa3BUTHIO YMHOTO JIOMA.

Ecnu mpoBOauTh CpaBHUTENBbHBINA aHANU3 MOJAPOOHEE, MOXKHO BBIICIHUTH
OCHOBHBIE MOMEHTHI:

1. PazButue uHQpacTpyKTyphl U JOCTYTHOCTh PhIHKA!

B KHP priHOK «YMHOrO J0Ma» aKTUBHO Pa3BUBACTCS U UMEET OOJBIIHE
IIEPCIIEKTUBHI, B TO BpeMs Kak B beslapycu ppIHOK ITOKa HAXOIUTCs B HAYaJIbHOU
CTaJu¥ Pa3BUTHSL.

KHP umeer 6onee npoABUHYTYIO UHPPACTPYKTYPY M «YMHOTO JAOMay,
BKJIIOYAsl CETH KOMMYHHMKAllUM, CHUCTEMbl O€30IaCHOCTH M HHTETPaLUIo
YCTPOMCTB, TorAa kak B bemapycu uH@pactpyktypa TpeOyeT nanbHEHIIero
Pa3BUTHS U MOJIEPHHU3ALINH.

2. 'ocynapcTBeHHas NOAAEPKKA U CTUMYJINPOBAHUE:

B Kwurae cymectByer akTuBHas TOCYJapCTBEHHAs IIOJAJEpPKKA U
pPEryJIMpPOBaHUE PA3BUTHUS TEXHOJIOTIUU «Y MHBIN JOM» C IIOMOILBIO UHBECTULINH,
HAJIOTOBBIX JIBIOT W Pa3pabOTKH CHEIUaTIbHBIX MPOTrpamMM, B TO BpeMsi KaK B
benapycu noanep:kka npaBUTENIbCTBA OTpaHUuEHa U TpeOyeT 0ojiee aKTUBHOTO
BHUMAaHMUSL.

3. IIpuMeHeHrE U UCITOIB30BAHUE:

B KHP «YMHBIE g0M» MUPOKO TPUMEHSIETCS B pasIudHBIX cdepax,
BKJIOYAsl KWIMIIHO-KOMMYHAJIBHBIN CEKTOP, KOMMEpYECKUE OOBEKTHI, 00pa3o-
BaTEJIbHBIC YUPEXKACHUS U T. JI., B TO BpeMs Kak B bernapycu ero ucnoyib30BaHue
HauOoJee pacnpoOCTPAaHEHO B YACTHOM CEKTOPE.

B KHP OGonbiiee BHUMaHue ynensieTcs pa3paboTKe U MPOU3BOACTBY
YCTPOUCTB «YMHOTO JoMa», B TO BpeMs Kak benapych GoJibllie aKlleHTUPYETCs
Ha YCTAHOBKE M MHTErPAIIUU TOTOBBIX PELICHUII.

4. KynbTypHbI€ U 9KOJIOrHYECKHE (DaKTOPBI:

Kynbrypubie u skxonorudeckue ocoobenHoctu KHP, Takue kak Oombimas
IUIOTHOCTh HACEJICHWS] M BBICOKHM YPOBEHb JHEPromoTpPeOJIeHUs, CO3Ja0T
JOTIOJIHUTENIBHBIE CTUMYJIBI JJIsI HCTIOJIB30BAHMS TEXHOJIOTMH « Y MHBIM TOM» JUIS
ONTUMHU3AINU TOTPEOICHUS U MOBBIIIEHUS KOM(pOpTa )KU3HU.

B benapycu Takue (HakTopbl HUMEIOT MEHEE 3HAuWTENbHOE BIHSHHE,
IIOCKOJIBKY IUIOTHOCTh HACEJIEHHS W YPOBEHb JHEPronoTPEOJICHHS HE TaKue
BBICOKHE.

[IpuMepaMu HMCHOJIB30BAHMSI TEXHOJOTMM «YMHBIM noM» B bemapycu un
Kurae sBnsroTcs:

1. YpaBienue ocBEUIEHUEM.

2. YMHBIA KJIMMaT-KOHTPOJIb.

3. be3zonacHoCTb.
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4. YMHBIE rOJIOCOBBIE IOMOIIIHUKH.

5. YMHBIE KaMephl U BUIEOHAOIIOICHHE.

6. YMHBIC 3aMKHU U KOHTPOJIb JIOCTYIIA.

7. YMHBIE CUCTEMBI YIIPABJICHUS SHEPronOTPEOICHUEM.

Paznuuuss B TemMmax pa3BUTUS W MaciliTadax BHEIPEHUS TEXHOJIOTUU
«YmubI 1om» B benapycu u Kutae o0ycioBiieHbl SJKOHOMUYECKUMHU, KYJIbTYP-
HBIMHM U TEXHOJOTMYECKUMH OCOOEHHOCTSIMU Kak10¥ cTpanbl. [Ipu atrom Kurait
nposBIsSieT 0OoJjiee aKTUBHOE CTPEMJICHHE K MAacIITaOHOMY BHEIPEHHUIO WU
WHHOBAIMSM B 3TOM 00JIACTH IO CpaBHEHUIO ¢ benapycelo, Tie 3TOT mporece
pa3BUBAETCs MEHEE MHTEHCHUBHO U Ha Oojiee HeOOIbIIOM MaciiTabe.

Jlenas BBIBOJ, MOXKHO CKa3aTb, 4TO U B bemapycu, u B Kurae texnonorus
YMHOI'O JIOMa MMEET MOTEHIMaN JJisl JadbHEWIIEro pa3BUTHS M WHHOBAILUI.
Kaxxnas ctpaHa umeeT cBOU OCOOEHHOCTH M MPEUIOKEHUS B 3TOM 00IacTH, U B
OyayleM Mbl MOXEM 0XXKHJATh €lle OONbIIEr0 pa3BUTHUS YMHBIX JOMOB B 00€HX
CTpaHax XOTb U C PA3HOU CKOPOCTHIO.

YK 62.531
JATUUKU DJEKTPUUYECKUX NIEPEMEHHBIX JIJIS1 U3SMEPEHUSA
PETI'YJIMPYEMBbBIX KOOPJINHAT B CUCTEME
ABTOMATHYECKOI'O YIIPABJIEHUS TAT'OBbIM
IJIEKTPOITPUBOAOM DJIEKTPOBYCA
Paoxesuu A. A.
benopycckuu nayuonanvhviu mexuuueckut yHueepcumem
e-mail: artyomradkevichbntu@gmail.com

Summary. The article deals with a problem of selecting and using electrical
sensors for controlled coordinates measuring in the automatic control system of
an urban electric bus traction asynchronous motor. Connection electrical
schemes and technical characteristics of corresponding sensors model range for
use in closed systems of variable-frequency electric drives of vehicles are
presented. Recommendations for types selecting of required sensors in electric
bus automatic control systems are presented.

B cucremax aBromatuueckoro ympamieHus (CAY) TITOBBIMH 3JIEKTPO-
MPUBOJAMU TPAHCIOPTHBIX CPEJICTB UCIOIb3YETCSl pACHPOCTPAHEHHAS] CUCTEMA
NPSIMOTO BEKTOPHOT'O YaCTOTHOTO YIMPABJICHUS C OPUEHTUPOBAHUEM OCH X
CUHXPOHHO BpAIllAIONIEHCA CHUCTEMbl KOOPIWHAT X-y BIOJIb BEKTOpa IMOTOKO-
cuerieHus: poropa Y., HeoOXoIMMOCTh HCMONB30BaHUA B TaKOW CHCTEME
00paTHOM CBSI3M SIBIIAECTCS MHKEHEPHOH 3aaue, TpeOyroliei 3HaHusI METOAUKH
BBIOOpa JATYMKOB M WX COBMECTHUMOCTH C WHBIMH ycTporictBamu CAY. B
JTAaHHOM paboTe cJeNaH KpaTKUil 0030p UCTOIb3YEMbIX JATYUKOB U MPUBEICHBI
METOJUYECKHUE YKa3aHUs 10 UX BBIOODY.

B cucreme TAroBOro acHMHXpPOHHOTO JJEKTPONPHUBOJA IJIEKTpoOyca
UCIIOIB3YIOTCs natuuk ckopoctu (JIC), Tpu natumka Toka ([ T) — Ha kaxkmou daze
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AJIEKTPOJBUTATENS, a Takke AaTunk Hanpspkerws (JIH) — B memm gacrtoTHOTO
npeoOpa3oBaTes, Il KOHTPOJIS YPOBHS 3apsia aKKyMYJIATOPHBIX OaTtapei.

Ha TsaroBeix aBurarensix snekrpoOycoB B kaudectBe JIC Ha Banmy ycraHa-
BJIMBACTCsA 3yO4YaThlii BeHEIl Ha 256 3yObeB, a YHCIO WMITYJIbCOB CUUTBHIBACT
naTyuk XoJjuia Ui u3MepeHus BpaieHus mecrtepuu mozeneit tuna 1GT, RPN,
SR mpoussoactea AHEST, AMS, HONEYWELL, MICRON, MURATA u
npyrux GupM, BBITTOTHEHHBIX 0 TexHooruu Single Hall Effe&ensor.

WX TeXxHHUYeCKre XapaKTEePUCTUKU BKIIFOYAIOT B ceOst pabouee HaNpsHKCHHE
oT +12 o +24 B, HoMuHaNIBbHBIN BBIXOAHOM TOK OT 10 10 40 MA, TEMITEpaTypHBIii
nuara3oH oT —40 ...+150 °Cu aAnana3oH u3MepeHus 4acTOThI BpaiieHus ot 10 1o
4800 06/MuH, YTO JOCTATOYHO AJI OOJBIIMHCTBA MPUMEHIEMBIX B 3JIEKTPOOycax
TATOBBIX AJIEKTPOJBUTATENICH BO BCEX MUAIA30HAX PETYJIMPOBAHUSA UX YACTOTHI
BpalleHUs, BKItoYas paboTy BhIlIe HOMUHAIBHOM CKOPOCTH.

O6mmuit BuA W cxeMa ycraHoBKM pgaTunka Xoima tuna 1GT101DC
n300pakeHa Ha puc. 1.

/- (+) Red 1048
/ (0) White 57
// (-] Black

R12,0 o8

2=

- 46
R.30 oo —2=
18

TOOTH
SPAUN%

Pucynok 1 — O6mwmii Buz u pacnonoxenne garunka Xoiura tuma 1GT101DC

B kadecTBe gaTuyMKa TOKa IPUMEHSIOT JaTYMK Ha OCHOBE AJeMeHTa XoJuia,
KOTOPBI BKJIIOYAETCSI HEMOCPEJICTBEHHO B ILENb H3MEPSIEMOr0 TOKa C
rajJbBaHUYECKON pPa3BA3KOM CWIOBOM LENM U LEenu ymnpasieHUsA. JlaT4yuku
BBINIOJIHSAIOTCS KOMIIEHCAIIMOHHBIMU C ONEPAlMOHHBIMU YCHIIUTEISIMU U JIBYX-
noJispHbIMU ¢ +Up7, 10 cioco0y MOAKIIOYEHUSI U3MEPSEMOro MEPBUYHOTO TOKA
— IIPOBOJTHUKOM TE€YATHOM IJIAThI Y€pe3 OTBEPCTHE B KOPITYCE, C ABYXITOJISIPHBIM
BBIXOJIHBIM TOKOM. JaTuuk Toka BeIOMpaeTcs o cooTHoteHusM (1) u (2)

Ipy = Iy (1)
Ipy = Iy, (2)

rae Ipy — HOMUHAJIBHBIN JEUCTBYIONIMM MEPBUYHBIN TOK natuuka, A; Ipy —
JIana3oH U3MEPEeHU JaTunka, A; |z — HOMMHAIBHBIA TOK JICKTPOABUTATEINS, A.

B TAroBbIX aCHMHXPOHHBIX 3JJIEKTPONPHUBOAAX LIMPOKO MNPUMEHSIOTCS
JIBYHAIIPABJICHHBIC JATYNKH TOKA C Pa30OMKHYTHIM KOHTYPOM Ha OCHOBE 3¢ dexTa
Xomna mpomsBoguteneit ALLEGRO, HONEYWELL, INFINEON, LEM wu
OPYTUX C BHEIIHHWM JBYXIOJISIPHBIM IMTAHHEM IIOCTOSSHHOrO Toka +5...15 B
OpsIMOrO yCUJIEHUS, HOMHHaJIbHBIM TOKOM +100...600 A, paGotaromux B
nuana3zone £0...1800 A u3MepeHus NepBUYHOTO TOKA.
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DJeKTpuUecKas cxema MOJKIIOYEHUs JaTdyuKa TOKa HAa OCHOBE JJIEMEHTA
Xomna tuna HAT-600-S noka3ana Ha puc. 2.

, R, T oV

Op—b— ! M 0 Uorr

o : ‘E [ u % o +U;
-E- Q E | — ‘ O — UC

PucyHok 2 — DiekTprdeckast cxema MoJIKIIIoUYeHHs natuyrnka Toka tuma HAT-600-S

B kauectBe JIH Takxke MCHONB3YIOTCS MATYHKH, paOOTArOIIME Ha OCHOBE
apdexra Xosna, OJHAKO AaHHAs BEIMYMHA HE SABISIETCS PETYJIUPYEMOU U
MOKAa3aHMs TaTYMKA MOTYT BBIBOJUTHCS, K IPUMEPY, HA TAHEIb MHIUKALUY.

Hcxona u3 BBILIEU3II0KEHHOTO0, JIs1 PETYJMPOBAHUS OCHOBHBIX KOOPAUHAT
B CAY TAroBbIMU 3J€KTPONPUBOJAMHU HAXOMSAT IMIMPOKOE MPUMEHEHNE TaTYUKU
CKOPOCTHU Y TOKA, BHIMOJHEHHBIE 110 TpUHIUIY 3ddekra Xoia.

YIK 62.835
METO/I TEILIOBBIX MOJEJEN KAK AJTbTEPHATHUBA
KOCBEHHOMY METOHY 9KBUBAJIEHTHOI'O TOKA IIPH
INPOBEPKE TAT'OBOI'O JIEKTPOIIPUBOJA DJIEKTPOBYCA 11O
HAT'PEBY
Paokesuu A. A.
benopycckuu nayuonanvhviu mexuuueckut yHugepcumem
e-mail: artyomradkevichbntu@gmail.com

Summary. The article deals with a method for testing the electric bus traction
electric drive by using the thermal model method. The advantages and
disadvantages of this method in comparison with the known and widely used
methods of equivalent current and torque are shown. In conclusion it was said
that the method is correct only with a sufficient amount of information.

IIpoBepka »neKTpoABUTATENSS IO HArpeBY OINPEACISIETCA, B IEPBYIO
ouepe/lb, HArpeBOCTOMKOCTBbIO M3OJSIUOHHBIX MaTEepUaIoB €ro OOMOTOK.
CyILIHOCTh TPOBEPKU JBUTATEN MO HArpeBy COCTOMT B COIIOCTABJIIEHUU
JOMYCTUMOM JJIsl HEro TeMmmepaTypbl C MaKCUMallbHOW paboueil. DiekTpo-
JIBUTATENb paboTaeT B JIOMYCTUMOM TEIJIOBOM PEXKHUME MPHU COOIIOICHUM
BbIpakeHus (1).

TpAB < TJ1011> (1)
I€ TPAP — MAKCHUMAQJIBHBIM TMEperpeB HABUTaTeNs mnpu padborte, ¢; Tronm —
JIOITYCTUMBIN TIEPETPEB ABUTATEIS, ONMPEACIISIEMbIA KJIACCOM €TI0 U30JISLINH, C.
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[TpoBepka ycnoBust (1) MOMKET BBINOJHATHCA MPSMBIM METOJAOM IyTEM
COCTaBJIEHUSI MAaTEMATHYECKOM MOJENM TEIUIOBOrO peXHMa JBUTATENsl Ha
KKJIOM Y4YacTKe Harpy304Hoi auarpamMmbl. OJHAKO, JJisI 3TOTO HEOOXOJIUMO
3HaTh MapaMeTphbl TEIUIOEMKOCTH, KOTOPBIC 3a4acTyl0 HEHU3BECTHBI WJIM HE
onpeaeneHbl. [[03TOMy HMCIONIB3YIOT KOCBEHHBIE METOAbI MPOBEPKHU: METOMIbI
HDKBUBAJICHTHOTO MOMEHTa M TOKAa, KOTOpPHIE OCHOBBIBAIOTCS HA pPAcCyUeTe
HKBUBAJICHTHBIX 3HAYCHUH 3TUX BEJIMYMH 10 HATPY30YHBIM JAHarpaMMaM paboThI
AIEKTPONPUBOAA.

ATNBTEpHATUBON ATOMY METOAY SIBISETCS METOJA TEIUIOBBIX MOJIEIEH,
omrcanHbiid ipodeccopom b. U. @uparo [1], koTopsiilt He TpeOyeT MOCTPOCHUS
Harpy304HbIX JUarpaMm 3JIEKTPOIPUBOAA M pacyeTa Ka)KI0ro y4yacTKa Ha HUX.
CylrHOCTh METO/1a TEIIOBBIX MO/IETIEH OCHOBaHA Ha IONMYIIEHUHU NPEICTaBICHUS
JBUTATENSl OJHOPOAHBIM B TEIUIOBOM OTHOLICHUU TEJIOM, PABHOMEPHO
HarpeBaroIeMycs 1o BceMy 00beMy 3a cUeT MoTepb MOIHOCTH AP 1 MOCTOSHHOM
TEMIIEPATYPOI OKPYKAKOLIEN CPEBI.

J1j1s TakoM MOJIeNTU ypaBHEHHUE TETIOBOTO OalaHca BhIpaykaeTcs: GopMyIIoii:

t

T=Ty + (Tyay —Ty) "€ M, (2)
IJIe Ty — YCTaHOBHUBIIICECS 3HAUYCHHE TEMIIepaTyphl meperpeBa npurarens, °C;
THAY — HaYaJIbHOE 3HAYCHHE TemIepaTypbl meperpeBa asurarensd, °C; Tu —
MOCTOSIHHAsI Bp€MEHU HarpeBa Tejia 10 YCTAaHOBUBILIEHCS TEMIIEPATYPBHL, C;

[TocTosiHHAsE BpEMEHH HAarpeBa ¢ HEM3MEHHON CKOPOCTBIO OXJIAXKIAFOIIErO
BO3yxa Yoxy JUIS OOIICHPOMBINIJICHHBIX JJEKTPOJBHUIaTelICH HAXOJHUTCS B
nuanaszone Ty = (10...180) MuH.

Jlnst mpumepa OCylIECTBUM MIPOBEPKY TATOBOro syekrponsurarens TA/I-
155-04-BVY 1, ucnonb3yemMoro B 3JIEKTpoOyce, OMMCAHHBIM BEITIIE MeTOAOM. J[Jis
TA-155-04-BY 1 3nauenue Tx, COTJIaCHO JJAHHBIM 3aBO/Ia-U3TOTOBUTES, PABHO
150 mun. [IpuBeaeM 0THOMACCOBYIO TEIJIOBYIO Mojiesb auraresns TAJ[-155-04-
BbY1 k nByxmaccoBoil TEIJIOBOM MOJENIM HarpeBa potopa u craropa. Paccunran
BCC HEOOXOJMMBIC TapamMeTphl TEIUIOEMKOCTH pOTOpa MW CTaropa, 3Has
rabapuTHBIC pa3Mephbl JBUTATEIS W MAapKH HCIIOJIb3YEMBIX B HEM METAJIIOB,
3aIUIIEeM OJIHOMACCOBYIO TEIUIOBYKO MOJENb djekTpoaBurarens (3) w
JIBYyXMAacCOBBI€ TEIJIOBBIE MOJIeNIU cTaTopa u potopa (4), (5)

t

1=168,17 + (40 — 168,17) - ¢ %000, (3)
t
T, = 144,783 + (40 — 144,783) - ¢ %00, (4)
t
T, =156,2 + (40 — 156,2) - & %000, (5)

[TocTpouM rpaduky KpUBBIX HArpeBa CTaToOpa, pOTOPa U ANEKTPOIBUTATEINS
TAJ1-155-04-BY 1 Ha OCHOBaHMU TONYYCHHBIX YPaBHEHHH TEIUIOBBIX MOJETCH
(3), (4) u (5), otrobpakeHHble Ha puc. 1.
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Pucynok 1 — KpuBsie HarpeBa omHOMaccoBoi u aByxMaccoBbix mojeneit TAJ[-155-04-bY 1

13 rpaukoB KpUBBIX HArpeBa MOXHO OINPEAETUTH BpeMsi IIOJTHOTO HarpeBa
anekTpojaBurarens ty, Kotopoe omnpenenserca kak 3...4 nepuoaa MOCTOSHHON
Bpemenn HarpeBa Tu, mms TAJI-155-04-BY1 ty cocraBmser 36 000 c, uro
HEO0OXOIMMO CPaBHUTH CO BPEMEHEM MOJHOr0 IIUKJIA padOThl JBUTATEIS.

Takum 00pa3om, METOJT TEMJIOBBIX MOJIENEH MOXKET OBbITh MCIOJB30BAaH KaK
aJIbTepHATHBA APYTUM KOCBEHHBIM METOJIaM MPOBEPKHU TATOBOTO AJIEKTPONPUBOAA
[0 HAarpeBy, HO JHUIIb B Clydyae JOCTaTOYHOU MH(OpPMAIK O KOHTPOIUPYEMBIX
napaMeTrpax TerIOEMKOCTH, TOCTOSSHHOM BpEMEHHU Harpesa u T. II.

CHuCOK MCIO0JIb30BAHHBIX HCTOYHUKOB
1. ®uparo b. U. Teopus snekrponpuBoaa: Yue6. mocodbue / b. M. @uparo, JI. b.
[MaBnstumk. — 2-e u3n. — Munck.: Texnonepcenektuna, 2007. — 585 c.

V]IK 004.42, 658.51
BEB-CUCTEMA ABTOMATU3AIIUUA U IIUPPOBU3ALIUN
MNPOLHECCOB OPI'TAHUM3AIIMU U COIMPOBOXKJIEHUS
JUITIJIOMHOI'O ITPOEKTUPOBAHUSI
Casenko A. I'., Xomax C. A.
HUncmumym ungopmayuonnvix mexnonocuti benropycckozo eocyoapcmeenno2o
VHUBepcumema UHGOPMamuKy u paouos1eKmpoHUKy
e-mail: savenko@bsuir.by

Summary. The paper presents a developed web system for automation and
digitalization of the graduate work design process. The proposed solution
simplifies all stages of the process, and also allows you to monitor the progress
of thesis design through an electronic journal, right up to the defense of diploma
projects.

[Iponiecc aunnomuoro mnpoektupoBanust ([I1), ¢ Touku 3peHUsE ero
OpPraHM3alld M IIOCIEAYIOLIEr0 CONPOBOXKICHMS, SBISIETCA CIIOXKHOM H
TPYJOEMKOM 3a7a4eil JUisl OTBETCTBEHHBIX JIUL] BIITyCKatoIIeil kadeapsl. AHAIN3
npoueccoB opranuzauud U ynpasienust [I1 BbeisIBUIO Takue mpoOiembl, Kak
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JeLeHTpanu3alus UHCTPYMEHTOB YIPABICHUS MpoleccaMu U UHGOpMalUU O
XOJI€ MPOLECCOB, YacTask OTCTPAHEHHOCTh TEMATUK ITPOEKTOB OT CYIIECTBYIOIINX
noTpeOHOCTe W 3a7ady, pelaeMblX B pEaJbHOM CEKTOPE SKOHOMUKH.
Hcnonb3zoBanne KT B mpouecce opranmzanuu JIII Taxke oxkas3pIBaeT Mojo-
KUTEJIbHOE BIMSHUE HA MOBBIILIEHUE KauecTBa 00pa30BaTEIbHOIO Mpoliecca.

Hcnons3yst MHOTONETHUN OombIT opranu3anuu mnporecca JI1, Ha xadenpe
uHpopmarmonubix cucteM u TexHoiorut UUT BI'YUP (sBmsttomeiicst Boimyc-
Kawmie u obecneunBaroniell 00pa3oBaTENbHBIA MPOIECC MOYTH JUISl THICSYH
CTYJIGHTOB IO TPEM CHEIHUATBHOCTIM) pa3paboTaHa M BHEIpEHa BeO-cHCcTeMa
JUTST aBTOMATH3allud M MH(PPOBHU3AIMU TIPOILECCOB OpPraHU3allMd U COMPO-
BoksieHus [I1 (BeOG-cucrema).

Pa3paboTtannass BeO-cucTeMa MMEET TPU YPOBHS JOCTyIA: «CTYACHTY,
«mpenojiaBaTeNiby U «aaMuHucTparop». [lepen ucnonb3oBaHUEM BeO-CUCTEMBI
MOJIB30BATEIIM  POJIEH «CTYNEHT» W «IPENOJAaBaTeNb) JIOJKHBI TMPOUTH
PETUCTPALINIO, YKAa3aTh KOHTAKTHBIE JAHHBIC, MPUHATH IMOJb30BATEIBCKOE
COrjalieHue M JaTh corjacue Ha oOpabOTKy MepCOHANbHBIX JaHHBIX. Beod-
CUCTEMa CHUHXPOHU3MpyeTcs ¢ OazamMu JaHHBIX JE€KaHaTa, OTAelia KaJpoB U
y4eOHO-METOIUYECKOTO OTAEeJIa, MOATOMY MPOUTH PErUCTPALIMI0 MOTYT TOJIBKO
CTYJCHTHI BBIITYCKHOTO Kypca U TpernogaBaresid ¢ 0pOpMICHHBIMU TPYIOBBIMU
OTHOLLICHUSIMA Ha BBIIOJHEHUS NEJArornyecKol Harpy3ku IO AUIIOMHOMY
NpoeKTUpoBaHuio. [losb30BaTenu poiau «IpernoJaBaTesiby UMEIOT pa3IMYHbINA
CTaTyC, OIPEIENIAEMbIMA BBINOJHIEMON I€AArOTMYECKOM HArpy3KOW: PYKOBO-
mutenn J{I1, KoHCYNbTaHThI OT Kadeapbl, HOPMOKOHTPOJIEPHI, KOHCYJIBTAHTHI 110
TEXHUKO-DKOHOMHUYECKOMY  OOOCHOBAaHMIO, WJIEHBI paboOYmx KOMHUCCHUH,
cekperapu ['OK.

[Tonp3oBarensiMu poJini «aAMHUHUCTPATOP» SABISIOTCA OTBETCTBEHHBIN 3a
npegauruiomayto npaktuxy (ILIIT) u JII1 u 3aBeayromuii kadeapoid.

[Ipu mepBoM BxOJe B BeO-CHCTEMY TMOJIb30BATEIU POJU «CTYACHT»
yKa3bIBatOT MecTo npoxoxaeHus [TJ[11, B COOTBETCTBUY C HANPABIECHUEM, UMEIOT
BO3MOXHOCTH BbIOOpa Tembl [I1 unu npennoxxuth cBoro, CBA3aHHYIO ¢ paboToi,
Hay4YHBIMHU HCCienoBaHusIMH Wiau xo00u. [locne ykazanus temsl JI1, cTyaeHTHI
UMEIOT BO3MOKHOCTh 03HAaKOMHTHCS CO cpepaMy HAyYHBIX HHTEPECOB IITATHBIX
npernojaBareneil U BbIOpaTh OAHOTO M3 UX B KauecTBe pykoBoautens I, wium
MPEIJIOKUTD VISl COTJIACOBAHMS BHELIHETO CIEIMAINCTa U3 PEATbHOTO CEKTOpa
SKOHOMUKHU. [Ipu BBIOOpE pYKOBOAWUTENEM IUTATHOTO COTPYAHUKA €My
OTMPABIIACTCA 3alpoCc Ha PYKOBOJACTBO C oToOpakennmem DPUO crynenTta u
BBIOPAHHOW UM TEMBI KOTOPBIM OH JOJIKEH OJ00PHUTH WM OTKIOHUTH B TUYHOM
kabuHeTe npenogasarend. [Ipu 3Tom npenogaBarento B €ro JUYHOM KaOWHETE
0TOOpaXKaeTcs KOJIMYECTBO YK€ MPUHSTHIX 3asBOK M1 MAKCUMAJIbHOE KOJIMYECTBO
CTYJCHTOB-AUIIJIOMHUKOB B COOTBETCTBUU C MHIUBUAYAJIbHBIM TJIaHOM (TTPUHSATH
OoJbIIe 3asBOK IpernojaBarenb He MoxeT). [Ipu BbIOOpe CTyA€HTOM BHELIHETrO
pykoBoauTens oTBeTcTBeHHOMY 3a JII1 hopmupyercs cooTBeTCTBYIOIIAs 3asBKa
Ul BepupuKanuu UHPOpMalUU, KOTOpas MOXKET ObITh TaKKe Of00peHa WU
OTKJIOHEHA.
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Becsh nporecc xona JII1 HaunHas ¢ KOPPEKTUPOBKU TEMBI CTYIEHTOM H/WITH
npenoaaBareneM, arrecranuu npoxoxaeHus [/II1, npoxoxaeHus KOHTPOIbHBIX
TOYEK (OMPOLIEHTOBOK), TMPOXOXKJCHUSI HOPMOKOHTPOJIS M TEXHUKO-DKOHO-
MHUYECKOT0 0OOCHOBAaHMS (C OTMETKOM JaThl MPOXOKICHUS KA IO MOMBITKU U
CTaTyCOM MPOXOKJICHHUS), TPOXOKIACHUS PEA3ALIUTHI, T. €. PA0OUNX KOMHUCCUIM
(c ykazaHueMm MecTa, JIaThl U BPEMEHH MPOXOXKACHUS) U 3aKaHYMBas BHIOOPOM
ynoonou natel 3amuthl JI1 Ha ['DOK otoOpaxkaeTcs B 3JEKTPOHHOM >KypHaje
AT (OXKAIT) B namuHoM kaOuHETE CTyAeHTa. B pexume peaakTUpOBaHUS
OXK/II crymenty moctynmHa koppektupoBka Tembl JII (mo Tex mop, moka
PYKOBOJUTENh OKOHYATEIHHO YTBEPAUT TeMy) W BBHIOOp AaThl 3amuThl JII1
(TOIBKO TIPH YCTIEIITHOM MPOXOKICHUH PA00UNX KOMHUCCHUT).

Ananornynsiii OXKJIII moctyneH B pexume peaakTUPOBAHUS U IOJb-
30BaTEISIM POJM «IPENOJABATENbY, NPUYEM BO3MOKHOCTH PENAKTUPOBAHUS
OIPENEIICHHBIX IOJIEW 3aBUCHUT OT CTaTyca MPENOoAaBaTes, ONPEAEIsieMOro ero
MeJarornuyeckol Harpy3koi (Hampumep, TOJIBKO PYKOBOJMUTENb MOXKET KOPPEK-
TUPOBATh U YTBEpKAATh TeMy /I, TOJIbKO HOPMOKOHTPOJIEP MOXKET BHICTABIIATH
CTaTyC MPOXOXKIACHUS HOMOKOHTPOJIS, WICHbl padOYMX KOMHUCCHI BBICTABIATH
CTaTyC Mpea3alluThl U T. 11.).

Baxnenment (yHKiuei BeO-CHCTEMBl SBISETCS aBTOMATHYECKOE Ha3Ha-
yeHue QyHKIUN, 3a1eMCTBOBAHHBIX MIPETNoaBaTeNeii MOMMEHHO ISl OTACIbHBIX
CTYAEHTOB, TPYI U T. J., HA3HAYCHHUE PELEH3ECHTOB, 4 TAKXKE aBTOMAaTHUYECKAs
reHepalys 10 3aJaHHBIM IIA0JIOHaM OTYeTOB O Haudaje W okoHwaHnuu IIIT,
MPOEKTOB TMpUKa3oB 00 yTBepxkaeHun pykooaurened IIJII u Tem w
pykoBoautenen [I1.

PazpaboTtannas BeO-cucTeMa BHEIpEHaA U pa3MeElIeHa Ha CEPBEPaX YHUBEP-
CUTETAa U UCIIOJB3YETCs B HacTosmee Bpems 1t opranusanuu [T n 11

YK 004
HUP®POBbBIE UHHOBAIIUUA B ITIOBBIIHEHUU D®OEKTUBHOCTHU
AIMUHUCTPUPOBAHUSA NTH®OPMAIIUOHHbBIX CUCTEM
Cnupuna E. B., Mamaesa IO. U.
Hncmumym ousneca benopycckoeo cocyoapcmeennoco ynusepcumema
e-mail: spirina.kate23@gmail.com

Summary. The purpose of this article is to conduct a comparative analysis of the
use of digital innovations in the administration of information systems in China
and Belarus. The study is based on an assessment of the current state and
development of digital technologies in these countries, as well as an analysis of
their application.

[Ipumenenne  1UGPOBBIX  TEXHOJOTUA B aIMUHUCTPUPOBAHHH

UH(POPMAITMOHHBIX CHCTEM TMO3BOJIACT YIYYIIUTh 3(PPEKTUBHOCTH PabOTHI,
ONTHMU3HUPOBATh Npouecchl npuHsATHsA. llens naHHONW paboOThI COCTOMT B
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CPaBHEHUHU HCIIOJIIb30BAaHUS LHUQPPOBBIX HHHOBALMI B aJMUHUCTPUPOBAHHUU
uHpopMarmonHbix cucteMm B Kutae u Peciy6muke benapyce. [{nst qoctmxenus
uenu ObUT MPOBEACH aHAJIN3 JIMTEPATYpPhbl U CPABHUTEIIBHBIN aHAIN3.

CpaBHUTENBHBIN aHaNIW3 MOKAa3aJ, YTO OCHOBHBIE O0JIACTH NPUMEHEHHUS
BKJIIOYAIOT: 3JIEKTPOHHOE MPABUTEIBCTBO, UU(MPOBbIE IIATPOPMBI IS
MPEAOCTABJIEHUS IT'OCYJAPCTBEHHBIX YCIYyT U MHOTHE JIPYTHE.

Pa3ButHe 3JEKTPOHHOIO NPABUTEIBCTBA SABJISIETCS OJHOW M3 OCHOBHBIX
3amay B obOeux crpanHax. B Kwurtae Obuta co3mana tuargopma «Mygov.cny,
KOTOpas MO3BOJIAET MOJIy4YaTh TOCyJapCTBEHHbIC YCIyru oHaiiH. B PecniyOnuke
benmapycb  BHEApEHBI MPOEKTHI, IO3BOJLAIOIIME Tpa)kAaHaMm  IOJy4aTh
JJIEKTPOHHBIE YCIYyTW 4Yepe3 TOCyNapCTBEHHbIE IMOpTadbl U MOOWIbHBIC
IPUIOKEHUS.

B Benapycu ycremHo peain3oBaHbl HECKOJBKO HMU(GPOBBIX MHHOBAIUM,
TaKuX KaK CHCTEMa S3JIEKTPOHHOr0 TaMoxeHHoro aeknapupoBanus (ET/l) wu
cucTtema d3JIeKTpoHHOro aokymeHTooOopora (C3JI). ETJl Obuna BBemena s
YOPOUIEHUS M aBTOMATHU3allMU Mpolecca TaMoKeHHOro odopmieHus. Ona
MO3BOJISIET TAaMOKEHHUKaM M TPEJICTAaBUTENSIM Tpy30IoidyyaTesnel MmojaaBath
HEO0OXOAMMbIE JOKYMEHTBl OHJIAMH, YTO COKpAalaeT 3aTpaThl Ha TaMOKEHHbBIC
npouenypbl. C3OJ[ Obuia paspaboTraHa Juisi YCKOpEeHHsS Tpolecca oOMeHa
JOKYMEHTAMHU ME¥K]y TOCYJIapCTBEHHBIMU YUPEKICHUSAMU U TPEANPUATUIMHU.
Ona mno3BoJisier 0e30MacHO OOMEHUBATHCS JJIEKTPOHHBIMU JIOKYMEHTaMU,
YCKOPsIsl IPOLIECCHI IET0NPOU3BO/ICTBA.

[IpeumymiecTBa UCHOAB30BAaHUS LHUQPPOBBIX HMHHOBAMH B aJMUHH-
CTpUpOBaHUU MH(POPMAIIMOHHBIX cucTeM B benapycu:

1. Yopouienue u aBToMaTu3anus Mpoueayp.

2. CHMXeHNe KOPPYIIIUU H BO3MOXHOCTH /ISl 37I0yNOTPEOICHUIA.

Henocrarku ncnonb3oBanus HUGPOBBIX MHHOBALWNA B aIMUHUCTPUPOBAHUU
uH(pOpMaIMOHHBIX chcTeM B benapycu:

1. HeoOX0IMMOCTh HMHBECTHPOBAaHUS B pa3pabOTKy U  BHEApPEHHUE
U(POBBIX CHCTEM, YTO MOXET MOTpPeOOBaTh 3HAYUTENbHBIX (PUHAHCOBBIX
pecypcos.

2. BoamoxxHble mpoOsieMbl ¢ 0€30MaCHOCTHI0O M TEXHMUYECKHX COOEB B
paboTe cucTeMm.

[Tpumepsl ycnemHoOW peanu3anud HU(QPOBBIX HMHHOBAIMK B aJMUHU-
CTpupoBaHHe MH(pOpMaAIMOHHBIX cucteM B Kurtae Bkimrouaer cucremy «Cuer
COLIMaJbHOW HAJAOOHOCTH» (CHCTEMa HCHOJb3yeT aIrOPUTMBI U  OONbIINE
JAHHBIE 111 OLEHKH COLIMAJIBHBIX TOTPEOHOCTEN IpaXaaH U ONPEIEICHUS «CUeTa
COLIMAJIBHOM HaJOOHOCTU») M CUCTEMY 3JIEKTPOHHOI'O MPAaBUTENILCTBA (MCIOJIb-
3yeTcs Ui yIy4YlIeHUs] a IMUHUCTPATUBHBIX MPOLECCOB U CBS3U C IPAKIaHAMU).

[IpeumymiecTBa UCHOAB30BaHUS LHU(PPOBBIX HMHHOBAMM B aJMHHHC-
TPUPOBAHUU UH(POPMALIMOHHBIX cUcTEM B Kurae:

1. IludpoBbie MHHOBALIMK TTO3BOJISIIOT aBTOMATU3UPOBATh MOBTOPSIOLIUECS
IPOLIECCH] M YCKOPUTH 00pabOTKY JTaHHBIX.
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2. bonplue naHHbIE W aHAJIWTHUKA MO3BOJISIOT MPAaBUTEILCTBY IMOIYyYaTh
TOUYHYIO HH(POPMAITHIO.

Henocratku ucnoiab30BaHUs:

1. lludpoBuzauus  MOXKET  MOBJIEYb  YIPO3bl B OTHOIIECHUU
KOH(UIEHIIUATbHOCTH I'OCY/1apCTBEHHBIX JTAHHBIX.

2. [loxkuiible JTIOOU W JIOJW C OTPAaHUYEHHBIMU BO3MOXKHOCTSIMH, MOTYT
UCTIBITHIBATh TPYAHOCTH B UCIIOJIb30BAaHUU ITU(POBBIX YCIYT.

CxoacTBa B HCHOJB30BaHWMM LU(POBBIX MHHOBauil Mexay Kurtaem u
benapycpio BKIIIOYAIOT:

1. O6e cTpaHbl HCHONB3YIOT aBTOMATH3AIMIO [UJII  COKpAIICHUS
OIOpOKpaTHU U yIyUIeHUs IPEAOCTABICHUS YCIIYT.

2. Kurait u benapych pa3pabaThIBalOT W BHEIPSIOT OHJIAWH-TLIAT(HOPMBI,
KOTOPBIE MO3BOJISIIOT TPaXAaHaM MOJydaTh YCIYTH B JIEKTPOHHOU popMe.

EcTb paznuuus B IpuopUTETax UCIOIb30BaHN HHHOBALMH B IBYX CTpaHax:

1. Kutaii mMeeT pa3BUTYIO TEXHHUYECKYIO HMH(PPACTPYKTYpPY, BKIIOUYAS
HIMPOKONOJIOCHBIN JocTyn B MHTEepHET, pa3BepThiBaHue 5SG ceTel U pa3BUTHE
HCKYCCTBEHHOI'0 MHTeIJIeKTa. benapyce Takke paboTaeT HajJ pa3BUTHEM CBOEH
UH(PaCTPYKTYphl, HO oTcTaeT oT Kutas B 3TOM acnekre.

2. Kurail akTUBHO TIOJIIEP’KUBAET PAa3BUTUE MHHOBAIUMHN Yepe3 MOJUTUKY U
MOJIy4aeT WHBECTUIIMM OT TOCYAapCTBAa IJsi Pa3BUTHS WHOOPMAIMOHHBIX
TEXHOJIOTUI. benapych Takke CTpEMUTCS MPUBJIEKATh UHBECTUIMU B PA3BUTHUE
ceKkTopa HWH(GOPMAIMOHHBIX TEXHOJOTHH, HO €€ TMOJJepXkKKa He Takas
3HauMTENbHAsA Kak B Kurae.

Mpsl caenanu BBIBOJA, YTO 00€ CTpaHbl aKTUBHO BHEIAPSIOT LU(POBBIC
MHHOBAIIUY B aIMUHUCTPUPOBAHNE NH()OPMALIMOHHBIX CHCTEM, OJlarofaps yemy
00€ CTpaHbl MOKa3bIBAIOT MOJIOKUTENIbHBIE PE3YyJIbTaThl, U 00J1aaeT OOJbIINM
NOTEHIMAJIIOM JJI1 COBEPIICHCTBOBAHUS TOCYAAPCTBEHHOI'O YIPABJICHUS H
YIIyYIIEHHs] KaYeCTBA TOCYAAPCTBEHHBIX YCIYT.

YK 007.51
IMPOI'PAMMHOE OBECIIEYEHHUE JIUIS1 POBOTOTEXHHUYECKOI'O
KOMIIVIEKCA 11O USMEPEHHUIO KUCJIOTHOCTH ITOYBbI
Tomawos B. C.
bpecmcxuii 2cocyoapcmeennwviii mexuuueckuil yuugepcumem

e-mail: e0006018@g.bstu.by

Summary. The article describes the principle of robotechnical complex for
measuring soil acidity, examines the reason for the need for their interaction, and
shows the benefits of their use.

B cOBpeMEHHOM CENBCKOM XO3SMCTBE, TOYHOE HU3MEPEHHUE KHUCIOTHOCTH
MOYBBI SIBJISIETCA Ba)KHBIM (PAKTOPOM I ONTHUMHU3ALMKU YPOBHS YAOOpPEHUH U
NOBBIIIEHUSI YPOXKAWHOCTU. IIpM HECOOTBETCTBUM KHCIOTHOCTH TpyHTa Y
pacTeHMI HApyLIAeTCs HOPMAJIbHBIN IIPOLIECC MUTAHUSA U HEKOTOPBIC IOJIE3HBIC
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BELLECTBA M COEIMHEHHsI HE YCBAaWBAIOTCS WJIM YCBAMBAIOTCA KpalHE IJI0XO, B
pe3yJbTaTe 4Yero OHU PacTyT MEJIEHHO U OoneroT. KpoMme Toro, HU3K0e 3HaUeHHE
«pH» MOXeT mpUBECTH K TOMY, YTO MHOT'ME MUKPOAJIEMEHTBI, TAKUE, KAK MEJlb,
LIMHK U 00p MOTYT OKa3aTbCsl ISl PACTEHUM J1ake TOKCUYHbIMU [1].

Ha ceroansiminuii AeHb HW3MEpPEHUE KUCIOTHOCTH MOYBBI TPEOYeT MOCTO-
SHHOTO Y4YacTHsl 4YeJIOBEKa M MCIOJIb30BAHMS CHEIMAIU3UPOBAHHBIX HHCTPY-
MEHTOB U METOJI0B, a 00pabOTKa JAHHBIX MPOU3BOJUTCS B PYYHOM DPEXHUME.
Po6ororexunueckue komruiekchl (PTK) mo m3aMepeHuio KUCIOTHOCTH TMOYBBI
MO3BOJISIIOT aBTOMATU3UPOBATH MPOLECC M CHU3UTH BIIHMSHUE YEIOBEUYECKOIO
dakTopa Ha pe3yibTaThl u3MepeHuid. OmHako s UX paboOThl HEOOXOAMMO
pa3pabaThiBaTh CIEUUATU3UPOBAHHOE IPOTPAMMHOE OOECIeueHue, KOTOpoe
JOJDKHO 00JIafaTh paclIMpeHHONW (YHKIIMOHAIBHOCTBIO, HMETh YAOOHBIN
MOJIb30BATENbCKUI MHTEp(dENC U YIOBIETBOPATh MOTPEOHOCTSIM COBPEMEHHBIX
arpapHbIX NPEANPUATHH.

B naboparopuu mnpomsiuieHHOW poOoroTexHuku bpl'TY nns cranuuii
XUMU3ALKUK pa3paboTaHO aBTOMATU3MPOBAHHOE paboyee MECTO XMMHUKa Ha 0ase
PTK (puc. 1). Pa3zpaborano crenraJnu3upoBaHHOE MPOTPaMMHOE OOecIieueHue
s panHoro PTK, obGecneunBaroniee BBITIOJHEHUE CIACAYIONUX (PYHKIIHM:
yIpaBJICHUE PEKUMAMH PabOThI; OTHpaBKa CUTHAJIOB U KOMaH JUisi poOoTa,
MOJIyYeHHE PEe3yJIbTAaTOB BBIMOIHEHUS KOMaHJ; OTIPAaBKa CUTHAJIOB M KOMaH]
JUTSL TIOJY4YEHUsl JaHHBIX C U3MEPHUTENBHOr0 MPUOOpa; OTOOPAKEHUE TEKYIIUX
3HAYEHUN U3MEPEHUI; COXPAHEHHE U OTKPBITHUE PAHEE COXPAHEHHBIX JaHHBIX;
OKCIIOPT JIAHHBIX B OTYET B popMare .XIsx.

[IpennokeH BapuaHT MCMOIb30BAHUS JOMOJIHUTEIBHOIO CHELHUATIBHOTO
nporpamMmmHoro obecneueHus ModBus A1 KOMMYHHKAIIUK MEKIY KOMIBIOTEPOM
u pobotoM. [IpencraBiena KoHIEeNMs apaiiBepa JJisl YCTAHOBKH COCTUHEHUS U
oOMEHa JaHHBIMU MEXAy KOMIIBIOTEPOM U HU3MEPUTEIbHBIM MPUOOPOM.
bnaronaps cneunansHomMy (peiiMBOpKYy Avalonia pazpaboTaHHOE TPOrpaMMHOE
oOecrieuenue sBisieTcs KpoccrargopmenubiM. MuTepdeiic paspaboTaHHOTro
PUIIOKEHUS TIPEJICTABIIEH Ha pUC. 2.

Pucynok 1 — BHennuii Bu poO0TOTEXHUYECKOTO KOMILIEKCa
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Pexxum TenbHOro Ayeek

BEEAMTE KONMUECTEO aHAMMSMDYEMBIX AHieeK

Pexum BbIGOPO‘IHOFO aHanusa Aaveexk
BEeQUTE Te AUSHKN, KOTODBIS XOTMTE NPOAHANAZMPORATS:

3aBeplKnTs Ceccuo

> O

Pucynox 2 — UnTepdetic B3aumoaeicTBus mosip3oBareis ¢ PTK

PTK no3BonsieT mNOpOBOAUTH U3MEPEHHE KHUCIOTHOCTH IIOYBBI B
cooTBeTcTBUM ¢ ycTaHoBieHHbIMM ['OCTamu. FEro BbIcOKas MpPOU3BO-
muTenbHOCT B 600 00pa3noB MOYBBI B CMEHY IO3BOJISIET 3HAYUTEIBHO
yBEIMYUTH A (HEKTUBHOCTH pabOTHI M CHU3UTH BIUSHUE YEIOBEYECKOTO haKkTopa
Ha pe3yJbTaThl U3MEPEHUN. TakoM MOAX0 MO3BOJIUT ONITUMU3UPOBATH ITPOLIECC
VM3MEPEHUSI KUCJIOTHOCTH IOYBbl M IIOBBICHUTH YPOKAMHOCTH Ha arpapHbIX
MPEINPUITHSX.

Crnmcokx UCMOJb3yEMbIX HCTOYHHKOB
1. BnusgHue KUCIOTHOCTH MOYBEI Ha pacTCHUA. Croco0sb! HCIZTpEUIHI&&LIHH BBICOKOI
KHCJIOTHOCTH MOYBBI [DIeKTpOoHHBINH pecypc]. — Pexxum moctyma: https://agrostory.com/info-
centre/knowledge-lab/vliyanie-kislotnosti-pochvy-na-rasteniya-sposoby-neytralizatsii-vysoko
y-kislotnosti-pochvy/. — lata noctyma: 01.10.2023.

YK 658.5.012.2
AUTOMATED INVENTORY MANAGEMENT
Xypca A. C.
benopycckuti HayuoranvbHwlil mexHuuecKutl YyHugepcumem
e-mail: alinakhursa02@gmail.com

Summary. Inventory management is one of the accounting activities regarding
ordering, storing, using and selling a company's inventory. It is carried out by a
company in order to avoid the risk of material shortage at the moment when they
are needed. A common problem faced by supply chain managers is the lack of a
sufficient number of components in stock for the needs of production, which leads
to downtime in production and delays in the delivery of goods to customers [1].

This article describes a software package designed to automate inventory
management in a warehouse. The artificial intelligence-based technological
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system tracks the actual amount of inventory, and in case this amount reaches
critical level, the above-mentioned software generates a notification to the
manager or/and an automatic order to the supplier [2]. The proposed software is
an additional tool for supply chain managers that will help to control stocks and
ensure the smooth operation of production.

Inventory management is one of the key aspects of running a business.
Controlling inventory levels is an important performance indicator, especially
with regard to achieving a high level of customer service [3]. Lack of materials
leads to staff downtime and unused inventory, lost delivery time, delayed
shipments to the customer, and therefore additional monetary losses.

The purpose of the research work is to address the effectiveness of
software, specially developed for inventory management, in solving the problem
regarding management of materials in stock. It is assumed that the software based
on Al technologies, with incoming values of the minimum stock level and the
maximum stock level, will meet the manufacturing demands by providing
necessary components at the right time and in the right amount [4]. To test the
ability of the system to perform its main function in real conditions, feeding data
for the process of Al algorithms training for detecting and classifying the
necessary objects in the video stream were provided.

As far as the min-max method is concerned, it is a simple way to optimize
warehouse performance by calculating the minimum/maximum quantity of each
stored item. The min/max calculation method means that when the physical
quantity of goods in the warehouse reaches the threshold minimum quantity of
goods, otherwise called the order point, an order will be formed, which will lead
to the fact that the quantity of goods reaches the set maximum value. Supply
manager calculates safety stock, minimum inventory and maximum inventory
beforehand, the technological solution described above takes these values, track
stock levels in real time and notifies supply chain management when the amount
of material on the shelf reaches the declared critical value in order to meet the
need for the supply of specific goods in a timely manner [5].

The benefits of appropriate inventory control that come as a result of
integrating Al algorithms into a video surveillance system helps to avoid incidents
where, due to delays in manual registration of the status of an inventory item, a
shortage of material is detected at the moment when it is needed and in the full

amount that is required.
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YJIK 659.1
NCIIOJb30BAHUE QR-KOJ10OB B MAPKETHUHI'E BEJIAPCU U
KHUTASA
Illecmax A. B.
Hncmumym ousneca BI'Y, Munck, berapycs,
e-mail: annashestak28@gmail.com

Summary. Currently, the use of QR codes is becoming increasingly popular due
to the active development of mobile technologies and information systems.
Modern society sets itself the task of finding, receiving and using information in
the fastest, most convenient and safe way, using a system of encoding and
decoding.

QR-kom — ABYXMEpHBIN IITPUXKOJ, KOTOPBIM OTIMYAETCS OT OOBIYHOTO
KOJIMYECTBOM 3aKOJUMPOBAHHOW MH(POPMALMH M OBICTPOTOM cuuThiBaHUA. Ero
MOKHO Ha3BaTh TUIEPCCHUIKOM, COCMMHSIOMIEH odQuaiiH- W OHJIAWH-MUD:
JIOCTATOYHO OTCKAaHMPOBATh KOJ Kamepoi cMapTdoHa, 4TOObI MOMACTh Ha
CTpaHuIly ToBapa wiu yciayrd. QR-koa COCTOMT W3 4YEpHBIX KBaApaToB,
PacIIOI0KEHHBIX B KBaJpaTHOM ceTke Ha 0emoM (poHe, KOTOphIe CUNTHIBAOTCS C
MTOMOIIIBIO YCTPOMCTB 00pabOTKH N300pakKeHUH.

Haubonpmyro mnomymsapHocTh QR-koasl mpuoOpenu mociie MOSBICHUS
cMapTdoHoB. CrieruaancThl, B3aUMOJICHCTBYIOININE C PEKIIAMOM, Cpa3y 3aMETHIIN
PEKJIaMHBIA TOTEHIMAT JaHHOM TEXHOJOTMU. MapKeToJIOrTh MCIHOJb3YIOT HX
MOBCEMECTHO: B HapYKHOU pexiname, B medatHbix CMU, B oHnaitH — B IHOOBIX
MapKEeTUHTOBBIX Marepuanax. QR-KoIbl MpenocTaBisiOT IOMOJHUTEILHYIO
“H(pOpMAIIMIO O MPOAYKTE WU yCIIyre, U OHA OBICTPO MOCTYIAET Ha YCTPOHUCTBO
nojib3oBatess [1].

Cy11iecTBYIOT HEKOTOPbIE PEKOMEH/IAINHU, KOTOPhIE CIEAYyeT MUCIOIb30BaTh
MpU TOCTPOCHUHM MapKETUHTOBOM cTpaTeruu Ha ocHoBe QR:

— QR-Kxoa 10DKEeH OBITh IOCTAaTOYHOTO pa3Mepa, 4ToObl €ro ObLIO JIETKO
CKaHUPOBATh;

— nmomeniath QR-KoJ1 ciaeayeT B moaXosIue U ya00HbIe MECTa,

— yKa3bIBaTh JOMOJHHUTEIbHYIO HHPopManuio o QR-komgom;

— n00aBnATh TMPHU3BIB K AcicTBHIO B cBoMl QR-koa, 4TOoOBI MOOYIHTH
KJIMEHTOB CKaHUPOBATH [2].

PaccMotpum  moapoOHee mpuMephl  Hcmodb3oBaHus QR-kogoB B
MapkeTuHre [3].

1. BecTu KJIMEHTOB Ha LIEJIEBYIO CTPAHUILY U BEO-CaMT.

2. OTrpaBiIsaTh KIMEHTOB Ha CTPAHUIIBI COIMAITBHBIX CETEH.

3. [Ipurnamenue JIr01e HA MEPOTIPUSITHE.

4. Vcrionp30BaHue B BUUTKAX.

5. Omiara mokymok.

6. JonosHuTenbHas HHPOPMAIIUS O TOBapE WM YCIyTe.

7. BO3MOXXHOCTb OCTaBHTh OT3bIB O MPOYKTE UIIN YCIIyTe.
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C xaxxpIM THEM Bce O0JIbIIIe 3aBe/IeHU benapycu HaunHAaIOT UCTIOb30BaTh
QR-komel. Hambomee pacmpocTpaHEHHBIMHU SBISIOTCS DJCKTPOHHBIC MEHIO,
OwieTbl W BHUPTyaJbHbIE DOKCKYpPCHU. OIJEKTPOHHOE MeEHI0. PaccMmoTpum
npuMeHeHne QR-k070B B ceTn pecTopaHOB « XUHKaIbHD» [4].

QR-MeHI0 — 3T0 HOBBIM (popMaT MEHIO B Ka(e U pecTopaHax, JOCTYIHBINA MO
QR-komy. O6bpryHO QR-MEHIO pa3meniaroT B BUAEC HaKJIEHKH WM KapTOYKU HA
CTOJIaX 3aBeJeHUs. MUHCKas CETh PECTOPAHOB I'PY3UHCKOM KyXHHU « X MHKAJIbHS)
noakrounsiack Kk cepBucy QR-menro 26 nos6ps 2020 r. ['octr 3aBeneHus yxe
npuBbIKalOT K Hanmuunio QR-MeHI0O M OXOTHO ero ucnoib3yroT. Cambie
nomyJsipHbIe (DYHKITNU CepBHCa:

— IPOCMOTP KapTOYeK OO,

— HaBUTAIUS IO KATETOPUSIM OJIIO;

— Ha)kaThe KHOMOK «BrIOpaTh 011r0110.

B nocnennee BpemMs y Hac B ctpaHe QR-KObI BCe Hallle UCMOIb3YIOTCS s
OCYIIECTBICHUA IUIaTexxed. B benapycu HECKOMBKO CEpBUCOB MPEACTABIISIIOT
Takyto ycnyry. Hampumep, mnpoaykr, pazpaboranueiii HKDO «EPUII»
HasbiBaeTcs E-POS. [MoakimouuThes K HEMy MOXET J000H MpeanpuHUMAaTeb,
MOCJIE Yero OH MOJYYUT BO3MOXKHOCTh NMPUHUMATh OE3HAJIMYHYIO OIUIATy OT
KJIIHECHTOB ¢ momoIisio QR-komoB [5].

Hu B 011011 eBponeiickol cTpaHe HET HUYEro MOX0XKero Ha pa3HooOpasue u
mmpoty QR-marexeit, crpaBok, mpoumx cepBucoB. [lo nannbM IResearch,
kuTainpl B 2016 roAy MEpeyrciImia ¢ MOOMIBHBIX YCTPOUCTB mpumepHo $5,5
TpyH. Torma 3to 66110 ipuMepHO B 50 pa3 Gosnbie, uem B CIITA. Bo mEOTOM OyMm
MOOUIBbHBIX TUIaTexkeld B Kutae cBszpiBaioT ¢ QR-komamu. MHoOrue CTpaHbl
MBITAIOTCS IEPEHSITh ATOT OMBIT U clIeNaTh moxoxee y cedst. Ho Hu Ha 3anaze, Hu
B COCEJHMX Aa3MaTCKUX CTpaHax, Jaxe Ha poauHe QR-komoB, B Snonwuw,
HACTOJIbKO MOIIHBIM TUIATEKHBIM U MapKETUHTOBBIM MHCTPYMEHTOM OHU TaK U
HE CTaJu.

UTo k€ Ha 3TO MOBIHAIO?

Bricokuii mponeHT «MoOuIu3alum» nojiab3oBaresieii untepHera. Ysxe B 2011
rojty 6osiee 627 MJIH KUTANIEB MOJIb30BAIUCh COTOBBIMH. A JTaJibllie MOSIBJICHUE
MoOmITbHOM corranbHoi cet WeChat u Toprosoit cetn Alibaba Group, kotopsie
aKTHBHO MCIOJIb30Bau cucteMy QR-koz0B [6].

B Kurae MOOMIBHBIE ITATEXHU CTOAT Ha MOBECTKe AHSA. KaXaplii J€Hb
MUJUTHOHBI TPaH3aKIUWA COBEPIIAOTCS dYepe3 mnpmiokenue Alipay. Omnmus
«CkaHupoBaHKE» NO3BOJISIET HaM cKkaHUpoBaTh QR-ko/, HapuMep, B pecTopaHe
WJIU MarasuHe.

3aTeM, BBOJAS Mapojib, Mbl YTBEPKIAEM CYMMY, KOTOPYIO MbI JIOJKHBI
3amiatuTh. OHA B3UMAETCS HEMOCPEACTBEHHO C TUIATEXKHOM KapThbl, CBSI3aHHOU
c Alipay.

B cBoro ouepenib, onius «oriaTay IpUBEIET K OTOOPaXKEHUIO IITPUX-KO1a
Ha SKpaHe cmaptdona. Pecropan, oO0OpyHIOBaHHBIA CKaHMPYET HAll KOJ H
aBTOMAaTUYECKHU IOJYy4YaeT JNEHbIU cOo cyeTa. [IpunokeHue oueHb MHTYUTHUBHO
MOHSATHOE U MPOCTOE B UCIIOJIb30BAHMUH, @ TJIABHOE COKPAIIAET BPEMS OILIATHI.
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Taxke 5Ty ¢(yHKIMIO Hadadw BHEAPATh B HCKYCCTBO. Tak B Mys3ee,
pacmonoxeHHOM B CywKOy Ha BBICTaBKE KAJUIMTPAPUUECKUX M JKUBOMUCHBIX
paboT, psIOM ¢ KapTUHAMU pa3MelleHbl Tadanuku ¢ QR-konamu.

[ToceTuTenn BHICTaBKH MOCJIE CKAHUPOBAHUS KOAA MOTYUYUIH SJIEKTPOHHYIO
BEPCUIO pabOThI B BBICOKOM pa3pelICHUH U MOJHOE OMKCaHue n300paxkeHus [7].
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REALIZING REAL-TIME VIDEO CONFERENCING SYSTEM BASED
ON WEBRTC AND P2P ALGORITHM
He Runhai, Cheng Yindong, Zhang Zhenxing, Zhou Quanhua
Belarusian State University
e-mail: herunhai.by@gmail.com

Summary. This paper presents a solution for realizing a real-time video
conferencing system, which utilizes WebRTC technology and P2P algorithm to
establish a distributed topology that reduces the burden on servers and allows
direct communication between nodes. The ABR algorithm is used to adjust the
video bit rate to adapt to different network conditions. In addition, optimization
strategies such as bandwidth adaption, data caching and packet loss
retransmission are applied to improve video transmission quality.

Real-time video conferencing is a form of remote collaboration and
communication that utilizes computer network technology to allow participants
to engage in real-time voice and video communications across geographic
locations. The origins of real-time video conferencing can be traced back to the
1980s, when videoconferencing technology mainly used Integrated Services
Digital Network for transmission [1].
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This paper studies the development of a real-time video conferencing system
based on WebRTC technology and P2P algorithms, and combines ABR algorithms,
bandwidth adaptation, data caching and packet loss retransmission and other
optimization strategies to achieve the purpose of improving the efficiency and
quality of remote collaboration and communication, and realizing a more stable
and real-time video conferencing system.

Regarding the general development of real-time video conferencing system,
the mobile client of this system is developed using Android technology, using html,
Js, css to develop the pages, and the back-end is developed using Java SpringBoot
and WebRTC frameworks, combined with P2P technology to realize the
transmission of audio and video, so as to realize video conferencing and voice
calls. WebRTC (Web Real Time Communications) is a standard that enables real-
time peer-to-peer communication and media data exchange in browsers,
eliminating the need to download and install extra applications or add-ons [2]. A
peer-to-peer (P2P) network is a type of network in which each participant (or
"peer") can act as both a client and a server, allowing them to share resources and
information directly with one another without the need for a central server [3].
The advantages of using WebRTC technology and P2P algorithm are:

1. P2P architecture reduces the burden on the server: WebRTC technology
and P2P algorithm use a peer-to-peer (P2P) architecture, which avoids the
problem of a single point of failure of the centralized server architecture in the
traditional C/S model. At the same time, since the video streaming data is
transmitted directly from point to point, the burden on the server can be reduced.

2. WebRTC technology and P2P algorithm-based solutions use real-time
communication protocols, the video streaming transmission speed is faster, and
can provide higher real-time and lower latency.

3. Better network adaptability: WebRTC technology and P2P algorithm use
algorithms such as ABR and BBR, which can be adapted to the current network
bandwidth and latency. WebRTC technology and P2P algorithms adopt algorithms
such as ABR and BBR, which can automatically adjust the bit rate and frame rate
of the video according to the current network bandwidth and latency to ensure
smooth to ensure smooth video playback and good user experience.

During the development of the system, the critical parts include the creation
of P2P connections and the processing of audio and video. The SDP protocol is
crucial in creating P2P connections. The whole process includes obtaining local
media streams, creating RTCPeerConnection object, adding media streams,
sending signaling, processing remote user's signaling, accepting Answer SDP and
setting remote description, thus completing the establishment of P2P connection.

The audio and video capture phase use the Camera API and MediaRecorder
API of the Android system to capture the data from the camera and microphone,
and then uses the MediaCodec API to encode this data in formats such as H264
and VP8. These encoded audio and video data are transmitted over the WebRTC
data channel and real-time video transmission is performed using the RTP/RTCP
protocol. The audio and video playback use the MediaPlayer API of the Android
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system, which allows the decoded audio and video data to be output to the screen
or speakers. For video playback, the system uses a UDP-based Adaptive Bitrate
algorithm, which dynamically adjusts the bitrate of the video according to the
network conditions to ensure smooth and high-quality playback. The control of
audio and video is coordinated by a signaling server that coordinates the audio
and video transmission among the clients. For example, in a multi-participant
conference, it is necessary to control the reception and transmission of each
participant's audio and video streams to ensure the quality and stability of the
conference.

The results of the research show that the solution can achieve faster, more
stable and real-time video transmission and communication results under good
network environment or unstable conditions. Compared with the traditional
centralized video conferencing solution, this solution has better scalability and
robustness, and can meet a wider range of application requirements.
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ANALYSIS OF ACCELEROMETER SIGNALS IN HUMAN PHYSICAL
ACTIVITIES
Li Hao

Belarusian State University of Informatics and Radioelectronics
e-mail: Ihself@163.com

Summary. This paper examines accelerometer signals related to physical
activity. It involves a meticulous analysis of acquired data during the
preprocessing stage and utilizes a range of indicators to determine the most
suitable data management parameters. This data analysis plays a pivotal role in
preprocessing human sensor data, as selecting appropriate parameters can
significantly enhance the accuracy of activity prediction.

The algorithm for the proposed model was developed using the Sisfall public
dataset, a unique resource containing 15 predefined falls and 19 activities of daily
living (ADLs) performed by 38 subjects, all equipped with waist-mounted sensors.
The dataset is notable for its tailored inclusion of ADL activities, such as walking,
jogging, sitting, and standing, specifically designed for older adults. With a
sampling frequency of 200 Hz, the dataset covers subjects aged 19 to 75 and
employs accelerometers at the waist for data collection.
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Since the accelerometer data results will seriously affect the recognition
quality, the accelerometer data is selected for analysis and preprocessing during
data processing. Figure 1 shows an example of the fall and 3-axis acceleration
curves of the ADL recorded in the Sisfall dataset. Fig. 1, a is the fall acceleration
data, and fig. 1, b is the daily life acceleration data.
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Flgure 1 — Fall and ADL acceleration data

In order to analyze and determine the cutoff frequency and the best filter
selection criteria, | selected multiple metrics to determine and the final
preprocessing stage consists of a fourth-order Butterworth low-pass filter with a
cutoff frequency of 5 Hz.

After comparing and analyzing multiple criteria, this paper selects the energy
ratio as the best indicator for selecting the cutoff frequency, as shown in the
following fig. 2:
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Figure 2 — The curve graph of the energy ratio of Fall and ADL

At the same time, the choice of our filter is also very important, in digital
signal processing, especially accelerometer data processing there are multiple
filters for us to choose from, such as Bessel, Chebyshev and Butterworth filters,
and the order of the filter also affects the quality of the filtered data. After testing,
we select MSE indicators, signal-to-noise ratio and energy indicators to select the
type and order of filters.
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Figure 3 — Comparison of different metrics of different filters under different orders and
different bandwidths of Fall
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Figure 4 — Comparison of different metrics of different filters under different orders and
different bandwidths of ADLs

From fig. 3 and fig. 4, we can see that the Butterworth filter is always optimal
under different metrics and different parameters. So we chose the Butterworth

filter as the best filter for the data preprocessing stage.

V]IK 338
MULTIPLE SENSORS

Li Hao, Kaiyu Wang, Jun Ma, Xunhuan Ren
Belarusian State University of Informatics and Radioelectronics
e-mail: Ihself@163.com

Summary. The paper discusses an advanced human fall detection algorithm that
utilizes data from multiple sensors, specifically acceleration sensors and video
sensors, to enhance fall risk management for high-risk groups like the elderly and
those with limited mobility. The key innovation in this research is the integration
of multiple sensors, which enhances the accuracy and reliability in differentiating
between genuine falls and non-fall activities. This advancement significantly
enhances the safety of individuals who are at a high risk of falling.

Due to the impact of global pandemics and the aging population issue, fall

injuries have become a primary cause of accidental harm for both underlying
patients and the elderly. While many video sensors and acceleration sensors have
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been used to detect human falls, most of them rely on transmitting sensed video or
sensor data over the network to cloud servers, where complex computations are
performed. However, the emphasis in fall detection algorithms lies in real-time
responsiveness and accuracy, and many existing algorithms prioritize accuracy
while neglecting the crucial factor of real-time responsiveness.

In recent years, people have invented many devices to detect and report
instances of people falling. These devices can be broadly categorized into wearable
systems and image recognition systems. Wearable devices can sometimes be
inconvenient to wear and require charging. Depending on the placement and usage
conditions, these devices may exhibit non-uniform accuracy. Because fall
detection involves significant computation, image recognition systems must
transmit images or videos to cloud computing platforms, which may lead to
privacy concerns.

To develop the algorithm for the proposed model, the Sisfall public dataset
was used. The Sisfall dataset comprises 15 instances of falls and 19 instances of
Activities of Daily Living (ADL) performed by 38 subjects with sensors attached
to their waist. Among other publicly available datasets, Sisfall stands out because
it includes pre-staged falls and daily life activities (ADL) of elderly individuals.We
use threshold selection based on boxplot to select the best threshold from multiple
features. After experiments (table 1), we select Norm_hori (acceleration on the
horizontal plane), Norm_xyz (total acceleration), and angle as threshold features.

Table 1 — The accuracy of fall detection based on threshold

Threshold features Sensitivity specificity accuracy Unidentified
Norm_hori 88 % 97.46 % 92.85 % 0

Norm_Xyz 53.33 % 97.46 % 75.97% 0.00 %
Norm_hori + Norm_xyz 48 % 97.46 % 73.37 % 22.08 %
Norm_hori + angle 88 % 97.46 % 92.85 % 2.50 %
Norm_ xyz + angle 53.33 % 97.46 % 75.97 % 20.77 %
Norm_hori Norm_xyz +193.33% 97.46 % 95.45 % 1.30 %
angle

Norm_z + Norm_zhori 100 % 5.06 % 51.29 % 0.00 %

We first choose the time window of the unknown time series for sensor data
analysis, optimize the posture estimation model for faster human target detection
and joint point reasoning. We use human posture joint point image data and
integrate it with existing fall models to identify falls. The human fall detection
models are divided into 8 categories: walking (standing), running, sitting down,
squatting, falling to the right, falling to the left, falling backward, and falling
forward, as shown in fig. 1. When any of the four falling categories occur (falling
to the right, falling to the left, falling backward, or falling forward), the device
detects a fall.
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Figure 1 — Fall action display

When testing videos, this article first tests a single person on a monotonous
background, as shown in fig. 2. the algorithm in this paper can clearly identify the
state of the person being detected at the time of detection under a monotonous
background, and promptly mark the fall status in red before uploading.

Figure 2 — Fall detection results based on video sensors

The population is aging seriously, and the number of elderly people living
alone is increasing. In order to improve the behavioral safety of the elderly and
basic patients when they live at home and move alone, this article proposes a fall
behavior detection algorithm based on multiple sensors. This algorithm combines
the optimization and acceleration of the video sensor human detection model and
human posture detection model by analyzing sensor acceleration data, and uses
human posture data to build a fall detection algorithm. This algorithm makes the
response mechanism after a fall more efficient. At the same time, the experimental
results show that the detection algorithm has high real-time performance and
accuracy, and can quickly detect the fall behavior of the detected person online.

YK 658.7
STUDY ON THE TREND OF DIGITAL TRANSFORMATION IN THE
LOGISTICS INDUSTRY
Li Yuyan

Belarusian State University
e-mail: iamyanyanplus@gmail.com

Summary. The digital transformation of the logistics industry cannot be
postponed as the scale of the digital economy grows. This paper proposes ten

innovative trends based on this.

Digital transformation is a comprehensive transformation and upgrading of
processes, organizations, business models, and other aspects of the enterprise, and
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the transformation process will bring the challenges of organizational change and
the enhancement of personnel quality, structure, and digital capabilities [1].

In China's Outline of Vision 2035, 19 references are made to the role and
positioning of logistics and modern logistics in the vision. Based on the feedback
from more than 150 enterprises in China, more than 70 % of the surveyed
enterprises indicated that they have already formulated digital transformation
plans and started digital transformation work. However, most enterprises are in
the early stages of transformation; more than 42 % of the surveyed enterprises are
in the implementation stage of the digital transformation of "warehousing,
transport, distribution" and other main businesses, or a single scenario, and still
need a lot of resources to promote the completion of the digital transformation [2].

During the digital transformation process, enterprises combine their own
digital transformation strategies, as well as actively apply cloud services, big data,
unmanned equipment, and other mature digital technologies and products. Among
them, cloud services play an important role in many scenarios of logistics
digitization and have become an important tool to help enterprises complete
digital transformation, with more than 50 % of the surveyed enterprises giving
feedback on the application of different types of cloud products, such as public
cloud, private cloud, and hybrid cloud.

H Else
Cloud service; 50% j Al 1190 Blockchain
5G; 11% m Al
m5G

Big Data

m Automation

il m Cloud service

Figure 1 — Technology applications for digital transformation in the logistics industry

Automation; 30%

As advanced technology becomes more widely available, we will see a trend
toward digital innovation in the logistics industry in the future.

1. Third generation identification technology represented by RFID ushers in
commercial scale.

2. Unmanned technology breeds the next logistics market.

3. Hydrogen energy will transform mainline logistics.

4. Supply chain digitisation is becoming standard feature of industrial
Internet.

5. XR and augmented reality make frontline workers work more efficiently.

6. LPWAN technology widely connects logistics elements.

7. Logistics technology enters the era of green packaging.

8. Logistics will become an important scenario for Al technology.
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9. The whole logistics chain realizes online collaboration.
10. The automation rate of rural outlets has increased dramatically.
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Summary. Local Binary Pattern (LBP) is an algorithm that can be effectively used
for face description and has made great contributions to research in the field of
face recognition. This article introduces an improved LBP algorithm.

The main purpose of LBP is to provide a simple and effective method to
capture local texture information of images. It does this by comparing the intensity
values of each pixel in the image with its neighbor pixels and generating a binary
code based on the comparison. LBP has the advantages of high computational
efficiency, strong robustness, and invariance to rotation changes, so it has been
widely used in the fields of computer vision and image processing. In subsequent
research, the LBP algorithm was expanded and improved to cope with different
types of tasks and application scenarios, such as facial recognition, action
recognition, and scene classification. This article introduces an improved LBP
algorithm for face recognition.

The traditional LBP algorithm directly calculates the center pixel value as
the threshold value, which only considers the influence of the center pixel, and it
1s easy to obliterate the details when the center pixel value is too large or too small.
Therefore, this paper proposes an improved LBP algorithm that considers the
effects of both the center pixel value and the neighbor pixel value. Specifically,
the method calculates the neighborhood. If C is within the limit, the center pixel
value is selected as the threshold value and the LBP value is calculated, which
fully considers the role of the center pixel value and the neighboring pixel value,
and effectively removes the influence of the center pixel value that is too large or
too small on the image feature extraction and more accurately describes the local
image features; otherwise, the median value of the neighboring pixel and the
center pixel is selected as the threshold value, and a comparison is made to reduce
the influence of the noise points. comparison is made to reduce the influence of
noise points. The specific process is as follows.
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1. Construct a 3-pixel x 3-pixel window and calculate the sum of squares C
of the difference between the neighboring pixel value and the center pixel value
in the window, denoted by

C=3_1(9, - gi,j)Z, (1)
where: is the neighborhood pixel value; , is the center pixel value.

2. Set the limit value of C as W, judge the size of C and W. If C < W, select
the center pixel value as the threshold value and calculate the LBP value, 1. e., use
Equation (1) to calculate the LBP value; when C > W, select the median of the 9
pixel values as the threshold value and calculate the LBP value, expressed as

LBP(X )_ zp ( )Zp_l _{Lgp_gMZO )

vYi) = Lipo S s(x) = 0,9p — (0 (2)
where: is the neighboring pixel point; is the neighboring point pixel value; is the
median of 9 pixel values; is the binary function, LBP is better robust to local area
illumination, and after many experiments, the recognition rate is higher when W
1s 200.

3. Calculate the LBP value in step.

4. To get the LBP feature image.

5. Count the number of times the LBP value appears, and get the LBP
histogram.

Comparative verification of the LBP algorithm before and after the
improvement is performed using the Yale face database.The Yale face database
has 15 people with 11 images each, and the image size is 100x100 pixels.The
experiments change the number of each person in the training samples (from 3 to
10), and the rest are used as the test samples to compare the recognition of the
LBP algorithm before and after the improvement.

YK 338
RESEARCH AND APPLICATION OF MICROWAVE MOISTURE
SENSOR INFORMATION COLLECTION SYSTEM
Wang Shuhao
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Summary. Methods for determining moisture content can be divided into two
types: direct measurement and indirect measurement. Among indirect
measurements, nuclear magnetic resonance, infrared radiation and radio waves
are the most commonly used measurement methods. At microwave frequencies,
moisture will be polarized and oscillate, and the transmitted microwaves will be
scattered, projected, reflected, etc. Therefore, the moisture content of crops such
as grain can be determined from measured parameters.

Destructive methods are used to detect grain moisture content because the
main body of grain must be physically crushed or the organic composition of the
crop itself must be changed during the detection process. The method of non-
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destructive detection of crop water content is to measure crop water content by
detecting some characteristic parameters closely related to water content without
destroying its own structure, and the speed is faster.[1]

The microwave method uses characteristics such as voltage attenuation and
phase changes caused by microwaves penetrating the object to be measured to
measure the moisture content of crops. Crops with different moisture contents
have specific microwave losses and phase offsets. The functional relationship
between the dielectric constant and crop parameters is related, and related
parameters such as frequency, phase, voltage, and energy before and after
microwave penetration are analyzed, so as to By calculating the dielectric constant
of the crop, the moisture content of the object to be measured can be obtained.
Microwave detection is more accurate, can perform real-time non-destructive
testing, and has high stability. It can carry out repeatable experiments and other
advantages, but some measuring instruments are more expensive.

The dielectric constant of dry grains is generally 2.5~4.5. Compared with the
dielectric constants of proteins, starches and other substances in grains, the
dielectric constant of water is 78.5. Therefore, there is a huge difference in the
dielectric constants of water and other substances in grains. The radio frequency
dielectric method makes it relatively easy to measure the moisture content of
grains. The dielectric properties of grains are also used in other aspects of
agriculture, such as preservation and freezing of fresh corn, dielectric sorting of
seeds, and quality identification of fruits and vegetables.

The dielectric property of grain is the interaction between the external
electric field and grain. The complex dielectric constant € = €' — je"’ is often
used to describe the dielectric property of grain, where &'is the dielectric constant,
¢'"is the dielectric loss factor, and j is the imaginary unit. &’ reflects the grain's
ability to store and polarize energy in an external electric field, &"’ reflects the
grain's ability to consume energy in an electric field, under the action of an electric
field, the polar molecules in the grain will rub and collide with each other.” The
heat consumption of grain becomes the medium loss factor. The dielectric
constant €’ and dielectric loss factor €” have nothing to do with the shape of grain,
but only the composition of grain.

With the emergence of impedance analyzers and network analyzers, the
measurement methods of grain dielectric constant are becoming more and more
diverse, and the detection results are becoming more accurate. The dielectric
constant measurement methods selected are also different depending on the
requirements such as the range of measurement frequency, accuracy of results,
temperature of the working environment, and the shape and size of the grain to be
measured.

Methods for detecting grain moisture content based on microwaves can be
divided into resonant cavity detection methods, transmission/reflection detection
methods and free space detection methods.
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Figure 1 — System diagram of sample measured by free space method: a — transmission
method; b — double antenna reflection method; ¢ — single antenna reflection method

The free space method is a special case of transmission and reflection.
Divided into transmission method and reflection method, as shown in fig. 2.
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Figure 2 — Recognition rate of LBP algorithm before and after improvement of Yale face
library

This article proposes an improved LBP algorithm based on the traditional
LBP algorithm. After the above test analysis, the improved LBP algorithm can
improve the speed of face recognition and has certain practical value.
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Summary. In recent years, image recognition technology has been widely used in
civil, military, scientific research and other fields. Convolutional neural network
has the advantages of automatic feature extraction, hierarchical structure, spatial
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invariance and powerful expression ability. In this paper, we take dog and cat
image recognition as an example, and construct a seven-layer convolutional
network to achieve the recognition and classification of dog and cat images.

With the continuous development of Internet technology, image recognition,
as an important research direction in the field of computer vision, has rich
application scenarios. Traditional image classification methods require designers
to manually design feature extractors, and their performance is not very
satisfactory when dealing with complex images. Through the use of convolutional
neural networks, it is possible to gain a deeper understanding of image
classification, feature extraction and other aspects of the technology, and apply
these techniques to a wider range of practical problems such as face recognition.
The cat and dog recognition problem, as a typical example of the image
classification problem, has a wide range of needs in practical applications. This
paper takes cat and dog image recognition as an example to complete image
recognition.

As early as the beginning of the 21st century, David G. Lowe proposed the
method of SIFT features + support vector machine to complete the task of dog
and cat image recognition, and achieved good results. The method is to extract
features by SIFT (Scale-Invariant Feature Transform) and then use support vector
machine for classification [1]. However, this method is ineffective when faced
with different image datasets due to limited generalisation of features. The
presence of noise may negatively affect the recognition accuracy when dealing
with lower quality image datasets. The need to manually adjust the parameters
and design the feature extractor artificially when dealing with large scale data also
results in increased time cost and wastage of human resources. These difficulties
can be successfully avoided by using convolutional neural networks.

Convolutional neural network has the function of automatic extraction of
image features, good noise resistance, so the data quality requirements are very
low. In addition, its advantage of easy to adjust the model structure also enables
it to ensure a high accuracy rate when facing complex scenes and diverse datasets.
It is known in the literature [2] that some more complex convolutional neural
network models, such as LeNet, VGG, etc., will complicate the problem when
carrying out the binary classification task of images whose dataset is not
particularly large, which will result in unnecessary resource overheads and
increase the training difficulty. To avoid the above problems, this paper constructs
a relatively simple CNN model (fig. 1).

138



(convl) > ( pooll) > (conv2 ) > (convl)

l

(output) | — (fc2) «—— (fcl)

Figure 1 — Structure of convolutional neural network model

The basic idea of the procedure is to first preprocess the prepared cat and
dog image data, such as image cropping. Then complete the training using the
constructed CNN model as well as the cat and dog pictures in the test set. Finally,
the test function is used to test the cat and dog image data in the test set and output
the predicted categories and probabilities. The brief implementation process is to
run the program to achieve dog and cat recognition, first read the data used for
training from input data.py script, and then use the CNN model defined in
model.py script for training in training.py script. After the training is completed,
the test.py script is used to complete the test on a randomly selected image.

Based on the application of image recognition technology in today's society
and life, the future development direction of image recognition technology will
focus on multimodal image recognition, real-time, adaptive, interpretable and
model optimisation. At the same time, in the future development of application
scenarios, image recognition will also pay more attention to the development of
“intelligence +”, to improve the comfort of life, the intelligence of manufacturing
and so on.
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Summary. Under the development of digitalization, many countries have followed
up steps to embrace this brand new technology and implement digitalization, for
some countries which still think that the digitalization apllied to financial area
would be a huge risk. This article briefly analyzes the importance of blockchain
applications in banking activities and its mechanism, demonstrates the theories
proposed by relevant economists, and explains how blockchain can improve
security and efficiency for business activities.

In its essence and semantic content, blockchain is a distributed ledger within
which transactions are recorded in an immutable and secure (in a cryptographic
context) way [1, p. 79]. Initially, this technology was used to move funds between
parties without the need for third-party verification or the involvement of
intermediaries. As for the mechanism, the technology in question (blockchain)
functions by forming a network of computers (or nodes) that are connected via
the Internet. Each node in said network contains copies of the transaction data;
they cannot be changed, corrected or erased.

Time cost reduction. The use of blockchain helps reduce costs by enabling
banking organizations to process transactions more quickly.

Transparency by providing real-time records of all transactions that have
taken place within an organization. This is done through a series of blocks
conjugated to each other, with each block containing information about previous
blocks.

User experience. As rightly noted by V. A. Kinsburskaya, their interface
should be intuitive on an intuitive level, it is required to achieve ease of use so
that transactions are carried out quickly, without delays and difficulties for
customers [2, p. 47].

Finally, in the context of the benefit argument, general security issues should
not be forgotten. According to V. O. Odintsov, blockchain schemes in the
activities of banks help to simplify tracking who owns certain assets when they
move between different financial institutions (for example, when it comes to
moving from one investment bank account to another) [3, p. 276]. This provides
an opportunity to achieve quality control regarding access to the assets in question
during the transfer and contributes to the prevention of fraudulent activities, since
the legality of all changes (that have been made) are reliably checked.

The mechanisms for the formation of blockchain schemes in the activities of
a bank can be described in several ways:
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1. Syndicated loan system. As noted by A. V. Razumova, A. P. Protskaya,
blockchain contributes to a significant simplification of syndicated loans through
the formation of standard contracts and automation of various procedures, from
Issuing loans to monitoring and repayments. A significant role in this regard is
given to smart contracts — we are talking about digital codes that are self-
executing and automatically perform specific actions when certain conditions are
met [4, p. 125].

2. Authentication. In the activities of banking organizations, blockchain
technology can be used to provide authentication services for a number of
documents:

— contracts;

— loans.

This is done by checking authenticity before considering valid.

Summing up, blockchain formation mechanisms offer significant potential
for commercial banks as a transformative technology that they can implement to
Improve services and modernize, optimize customer service. In addition to this,
the blockchain provides an opportunity for banking organizations to significantly
save money on transaction costs and level risks by updating records in several
systems. Thanks to the analyzed technology, a secure environment is formed in
which the likelihood of fraudulent activities, as well as data loss due to cyber
attacks, is minimized.
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Summary. Electronic commerce has completely transformed commercial
transactions in the digital economy. It has disrupted traditional business models,
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and this form of commerce involving online buying and selling has now become
an integral part of modern society. As a result, electronic commerce has become
a crucial component of the global economy, driving economic growth, and
fostering innovation.

The digital economy, emerging in the late 1990s, has revolutionized the
social economy through the utilization of the Internet and new technologies. With
globalization and the widespread adoption of digital technologies, it has become
a significant contributor to global economic growth and a driving force behind
global trade, investment, and development. Its impact extends to various aspects,
including global trade, investment, and employment. E-commerce, as an
important part of the digital economy, is of great research significance.

In recent years, e-commerce has become an essential aspect of global
retailing. The emergence of the Internet has greatly transformed the buying and
selling of goods, just as it has in numerous other industries. The digitization of
modern life has allowed consumers worldwide to benefit from online transactions.
With over five billion Internet users and the continuous advancement of Internet
technology, major e-commerce service providers are striving to offer users a more
professional platform, thereby reducing transaction costs. This allows potential
buyers and sellers to expand their market reach by minimizing the expenses
associated with gathering information. Moreover, as e-commerce technology
continues to develop, an increasing number of offline businesses are opting to
transform and actively pursue e-commerce ventures. Online stores differ from
traditional businesses as they encompass various forms of economic exchange,
including the sale of physical goods, digital goods, and services.

Unlike a conventional business, an online store can take many forms in
which the economic exchange includes a variety of goods and services. There are
three types of goods that are sold online: sales of physical goods (exchanging
monetary value for the purchase of tangible physical goods); sales of digital goods
(exchanging monetary value for the purchase of intangible goods that exist in
digital form); and sales of services (exchanging monetary value for value for
customers who want to achieve certain results). The types of e-commerce have
been expanding in recent years, with the active use of Internet platforms that allow
this business to grow effectively (table 1).
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Table 1 — Types of e-commerce, their characteristics, and types of
Internet platforms

Types of Characteristic Platforms used
E-Commerce

Business to Consumer | the sale takes place between the | 1688.com, Fyndiq; Ozon, Wal-

(B2C) business and the consumer Mart, Target
Business to Business | sale by the manufacturer of a | 1688.com, Allproducts,
(B2B) product or service to another | Globalspe, Boeing,
business
Direct to customer the brand sells directly to its final | InstaGram,Pinterest,  TikTok,
(D2C) buyer, bypassing the retailer, | Facebook, SnapChat, Kufar.by
distributor, or wholesaler
Consumer to sales between consumers eBay, Etsy, Fivver, Wildberries,
Consumer (C2C) Craigslist
Consumer for an individual sells his services or | Priceline, Zazzle, UpWork
Business (C2B) products to a  business
organization
Business for sale of goods and services | Amazon, Taobao, JD.com,
Government (B2G) between the business sector as a | Synergetics Inc. in Ft. Collins,
supplier and a public authority as | Colorado
a buyer
Consumer to consumers pay for various public | government website
Government (C2G) services
Government to government agencies | Alibaba
business (G2B) supply services for business

The most important types of e-commerce are the ones covered above (B2C,
B2B, D2C, C2C). E-commerce is to information network technology as a means
to exchange goods as the center of business activities. “E-commerce”, “electronic”
is a technology, is a means, and “business” is the core purpose, all the means are

to achieve the purpose and generated. E-commerce is an evolving concept.
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Summary. Due to the improvement of the national economy and the continuous
development of e-commerce, the scale of online shopping continues to expand.
However, existing express delivery stations generally have management problems
and cannot be open all day, which increases the management difficulty and cost
of the enterprise and provides users with convenience. cause inconvenience. This
work designs an efficient cooperation system consisting of a post robot, a gantry
robot and an app management terminal. It uses digital twin technology to read
the robot's motion parameters and working status, and creates an intelligent
control system with strong endurance performance, obstacle surmounting
capabilities, and information collection capabilities, carry out scientific
scheduling, adapt to various scenarios in logistics operations, and create highly
practical smart stations to empower the transportation service industry.
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Summary. Project study to snowboarding movement process as the main body,
aiming at high speed, track complex competitive athletes, based on ali cloud
server, the integrated use of motor intelligent precise perception technology,
sensor data fusion and synchronous positioning technology, digital technology
and the perception and fusion twin, cloud computing, cloud edge techniques and
so on, can realize the connection between people and things management, The
athletes' movement was intelligently sensed, the filtering algorithm was used to
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preliminarily process the data, the fastAPI asynchronous framework was used to
build the database-cloud-end framework, the snowboarding process motion
simulation model was formed, and the digital twin system was developed, that is,
the intelligent optimization and visualization tool of the whole process glide
trajectory. The construction of a unified quantified data set of movement
parameters, the perception and monitoring of athletes' state, is helpful to realize
the optimization and analysis of athletes' posture, and increase the scientific
nature of training guidance.

1. Accurate sensing technology for high-speed motion in complex outdoor
environment:

Through snowboarding intellisense technology and snowboarding sport
awareness and synchronization technology, data fusion for high speed, track
complex competitive athletes, on the premise of not affect athletic performance,
high speed, accurate and real-time motion perception data, and the present, on the
basis of digital twin and provide data for optimization design of training scientific
guidance and track support.

2. Data-driven digital twin technology:

The web interface of the digital twin system is built based on vue3.0,
Javascript and echarts, which can realize the synchronization of data and motion
trajectory, and realize the dynamic display and monitoring of trajectory and
various kinds of data.

3. Build data sets and cloud applications based on Huawei Cloud loT full
stack cloud service:

To realize the one-button cloud on the device, to realize the summary and
processing of a large number of experimental data with cloud computing as the core,
and to develop some cloud applications such as snowboarding digital twin system.

4. fastAPI asynchronous framework was used to build the database-cloud-
side framework:

Based on fastAPI, a python web asynchronous framework, the connection
between the back end and the front end is built more efficiently and quickly. Using
http protocol, the front end can fetch arbitrary data quickly and efficiently.

Sensing layer: rtk real-time differential positioning device.

Transport layer: 4G network.

Control layer: Huawei cloud data center.

Software and software development environment: MySQL database,
Ubuntul8.04, windows10 (64-bit).

Cloud Application: snowboarding digital twin system.

Snowboard slalom chase and other snow events with high speed and
complex trajectories. In the future, it can also be applied to water conservancy
industry, such as water area planning, water conservancy monitoring and water
conservancy management. The use of UAV +RTK system in the field of water
conservancy can improve the accuracy of information collection and timeliness
of transmission of rain, water, drought and disaster information, make timely and
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accurate prediction and forecast of its development trend, and formulate flood
control and drought control scheme. Digital twin technology can also be applied
to smart cities to achieve green transportation, urban planning, urban illegal
construction supervision, engineering environmental management, smart logistics,
smart transportation, etc.

VJIK 004.4+81
DIGITAL INNOVATION OF CHINA AND BELARUS LANGUAGE AND
CULTURE IN THE CONTEXT OF INTERNATIONAL COOPERATION
M # J7] 4 (Hantongzhou Chen), Z5/£#¢ (Jiachen Li)
Belarusian State University, China University of Petroleum
e-mail: 942069112@qqg.com, chtz945@gmail.com

Summary. With the acceleration of globalization, cultural exchange and cultural
integration have become one of the main ways of communication between
countries. Digital innovation technology built in the Internet era helps language
learners make full use of fragmented time to improve their HSK level
independently, conveniently and efficiently, and achieve dual learning of
“Chinese + skills . This move can not only promote mutual understanding and
respect between different cultures around the world, but also inject new vitality
into the development of language and culture.

The arrival of the “Internet +” and big data era in the 21st century has
promoted information reform in various fields and made up for the increasingly
exposed shortcomings of the traditional institutional model. Internet + education
Is the cross-border integration of the Internet and the education field. It aims to
realize richer connections between schools, teachers, parents, and students under
the conditions of information technology and various intelligent platforms, and to
achieve a co-creation experience with real individual participation based on
personalized needs. Therefore, this design focuses on Chinese international
education apps. The current trends are:

1 The demand for Chinese international education APPs continues to be
strong, and Chinese learning is intelligent.

2 Mobile learning is closely integrated with classroom teaching, and the
teaching models are diversified.

3 Chinese international education APP continues to develop and gradually
becomes market-oriented. In order to further alleviate the problems of low overall
level of teachers, relatively backward teaching material system, and insufficiently
diversified teaching methods aggravated by the epidemic, and to adapt to the
development trend of “Chinese + vocational education” and the requirements of
the “New Standard” for Level 3 and Level 9, we have produced a The 2023
version of the multilingual HSK APP can meet the current urgent needs for a
learning platform in the Chinese international education market. The production
and promotion of the APP involves computer technology, Chinese international
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education, English, Russian, Japanese, Arabic, and economic management,
petrochemical industry, traditional Chinese medicine and other majors.

The development of this APP enables Chinese learners to learn
independently in fragmented time, improve their learning efficiency and help
them study. There is an urgent need for “Chinese + skills” talents to cultivate the
development of “One Belt and One Road” enterprises and enhance and promote
friendship among countries along the “One Belt and One Road”.
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Summary. Optimal conditions have been selected for the identification of
biologically active compounds in the herb Galega officinalis using thin layer
chromatography. The system recommended as a mobile phase is butanol:acetic
acid:water (6:8:2, v/v/v), and the developer is a 2 % solution of aluminum
chloride. Quercetin, rutin, caffeic and chlorogenic acids have been identified.

Tpasa raneru nekapcrennoi (Galega officinalis L.) — mepcriekTuBHBII BrT
JIEKapCTBEHHOTO PACTUTEIBHOTO CHIPhs, OOJAArONIUil IIUPOKUM CHEKTPOM
(apMaKoJIOTHIECKOW AKTHBHOCTH (THUIOTJIMKEMHYECKas, MPOTHBOMHUKPOOHAS,
AHTHOKCHUJAHTHAS U T. 1.). PacTeHne uMeeT pa3HoOOpa3HbI XUMUYECKHI COCTAB
(bmaBoHOM B, TyOMIIBHBIC BEIECTBA, BATAMUHBI, CAIIOHUHBI, (DEHOJIKAPOOHOBBIC
KHUCJIOTHI, alIKaJIOUJIbl), 00rato Makpo- ¥ MukpodynemeHtamu [1], [2]. Tanera
JICKapCTBEHHAs HE SBIIACTCS (PapMaKONEHHBIM PacTEHUEM, YTO TOJTBEPXKIACT
HEO0OXOIMMOCTh Pa3pad0TKH HOPMATUBHOTO JJOKYMEHTA TI0 Ka4eCTBY.

OOBEKT HMCCIIeIOBAaHUS — TpaBa rajer JCKapCTBEHHOM, 3arOoTOBJICHHAS B
nepuoa 1nBereHuss B OpiiaHckoMm paiioHe Bwurebckoit obmactun. Meton
UCCJIEIOBAaHUSI — BOCXOJAIIAs OJIHOMEpHas OAHOCTyINeHYaTash TOHKOCIOWHAs
xpomarorpadus. s kadeCTBEHHOTO aHaIN3a MOTy4Yaid CIMPTOBOE U3BICUCHHE
U3 TpaBkl rajeru jJexkapcTBeHHou (60 % cnupt). B kxauecTBe HEMOABMKHOM (Da3bl
ucnosib3oBam tiactuaku ¢upmel «Merk» TLC Silica gel 60 F25, B xauecTe
MOJIBYDKHBIX (a3 — CIICTYIONTNUE CUCTEMBI PACTBOPHUTEIICH:

1) 6yraHoa-yKCycHast Kucyiota —Boja (4:1:5, 06/06/00);

2) OyTaHoN-yKcycHas kucioTa —Boja (4:1:2, 06/06/00);

3) OyTaHOJ-yKCycHas KUcioTa — Boja (6:8:2, 06/06/00);

4) sTrnaneTar — TOJIyoJ — MeTaHolI (8:6:1, 06/06/00);

5) mypaBbrHas KucjI0Ta — BoAa-sTHianerat (2:2:16, 06/06/00);

6) kucnora MypaBbuHas 0e3BojiHas P-kucnora ykcycHas neasiaas P-Boja P-
stunanerar P (7,5: 7,5: 17,5: 67,5 06/06/06/00).

JIns ornpenesieHuss BELIECTB IUIACTUHKY ITpocMarpuBaiu B Y d-ceere 10 U
nocsie 00pabotku. [nactunku oOpadbaThIBaiv peareHTaMu:

1) 2 % crupTOBOM PAaCTBOP ATIOMUHHMS XJIOPUIA;
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2) 6e3 00paboTKH;

3) 10 r/n pacTBOp MM(HEeHMIOOPHON KUCIOTH aMUHOATHIIOBOTO dHpa,
4) 10 r/n nudeHnIOOpHOM KUCIOTHI aMUHOATHIIOBOTO 3¢upa P, pactBop 50

r/n makporojia 400 P B metanouie P.

Y CTaHOBJIEHO, YTO HaWjIydllee pasjaelieHne OMOJIOTHYSCKH aKTHUBHBIX
BEIIECTB MPOUCXOIUT MPHU MPUMEHEHUH B KAUECTBE MOABUKHOM (ha3bl CUCTEMBI
OyTaHoJ-yKCcycHas KucioTa-Boga (6:8:2). Merogom TCX B TpaBe raieru
JekapcTBeHHOHN uaeHtuduuuposansl keepuetud (Rf = 0,82), pyrun (Rf = 0,60),
xnoporenoBas (Rf = 0,52) u kodeitnas (Rf=0,71) kucaotsl (puc. 1).

Bepx xpoMaTorpadudeckoi IIacTHHKA

KBepuerun:
¢uryopecunpyromas 30Ha
JKeJITOro IIBeTa

Kodeiinas KHCJIOTA:
¢ryopecuupyromas 30Ha

roJiyboro nBeTa

Pyrnn:

dayopecuupyromas 30Ha
JKeJITOro IBETa

XJoporenoBas KHCJIOTA:
¢paryopecunpyromas 30Ha
roJiyooro nBera

Odnyopeciupyronas 30Ha
KPacHOTO IIBETa
®PJryopecunpyromas 30Ha
7KeJITOr0 LIBETa

dayopecuupyromas 30Ha
roJiyboro nBeta

®Puyopecunpyromas 30Ha
JKeJITOro IBeTa

®Payopecunpyromas 30Ha
roJiyooro nBera

diyopeciupyommas 30Ha
roiayboro IBeTa

PacTtBOp cpaBHEeHUs

HcnbiTyeMblit pacTBOp

Pucynok 1 — XpomarorpamMmma TpaBbl rajiery JEKapCTBEHHOW MPH HUCIOJIb30BAHUU B

KauecTBe NmoaBrxkHOU (a3el BYB (6:8:2)

Pa3paboTanbsl onTUManabHblE YCIOBUS WIAECHTU(UKAIUU OHOJIOTHUYECKH
AKTUBHBIX COEJIMHEHUN B TPaBe rajery JEKapCTBEHHOW METOAOM TOHKOCIOMHOM
xpomatorpadun (moaBuxHas ¢daza — OyTaHOJI—YKCYCHasi KUCJIoTa—Boja 6:8:2),
M03BOJIMBIINE UIECHTU(OUIIMPOBATH (PIIABOHOU bl KBEPLIETUH U PYTHH, KOEiHy0

U XJIOPOT'€HOBYIO KUCJIOTHI.

CHnHCOK HCIO0JIb30BAHHOM JIMTEPATYPbI

1. bakyn A. C. M3y4eHne 2JIeMEHTHOTO COCTaBa TpaBhl TajieTu JekapcTBeHHou (Galega
officinalis L.) / A. C. bakyn, H. C. I'ypuna, B. M. LlapenkoB // Borpocsl OMOJI0rH4ecKoit,

MeauIMHCKON U (papmaneBTuueckoit xumun. 2020; 23 (6) — C. 16-21.
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YK 616-001.514
IMPOI'HO3 UH®EKIIMOHHBIX OCJIOKHEHUM B 30HE
OIIEPAIIUU TP METAJIJIOOCTEOCHUHTE3E Y HAIIMUEHTOB C
NEPEJIOMAMM KOCTEM I'OJIEHA
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Summary. This article presents the results of treatment of 80 patients with closed
fractures of the shin bones. A study was conducted aimed at studying the dynamics
of hematological parameters in order to determine the severity of inflammation
and predict purulent-inflammatory complications in the early postoperative
period.

B nHacrosiiee Bpemsi pazBuTHE HH(EKIIMOHHBIX OCIO0XHEHUU B paHHEM
MOCJIEONEPALIMOHHOM TEPUOJAE TOCIE METAJUIOOCTEOCUHTE3a KOCTEH TOJICHH
coctaBisieT 2-14 %, nocruras 55,8 % mpu OTKPBITHIX MEPETOMaX KOCTEN TOJICHH
[1]. TnyOGokas wuHbekuuss 00JACTH  XUPYPIHUECKOrO0  BMEIIATEIbCTBA
Bepuduimpyercs B cpennem y 1,1-5,0 % wabmroeHnid, IpyU 3TOM 4acToTa ee
nocturaet 22,9 % y mNalnMeHTOB CO CJOXKHBIMU OTKPBITBIMHU IEpeTIoMaMu
0oJbIIe0epIIOBOM KOCTH [2].

B nocnenHue roael  IOCTOBEPHO  JOKa3aHa  MH(POPMATUBHOCTH
JaedkouuTapHoro uHaekca wuHTokcukanuu (JIMKW), mnokazarens TsoKecTH
untokcukanuu (IITH), remaronorudeckoro nokazaresns unrokcukanuu (I'TIN) y
MAlUEHTOB ¢ BOCMAIUTEILHBIMUA U THOMHBIMU 3a00JICBAHUSIMU JIETKUX, OPTaHOB
OpIOITHOW TIOJIOCTH JJIsI OMPEACNICHUS TSKECTH TEUEHUs] W MX MPOrHO3a
pazsutus [3].

B nurepatype Takke €CTh  CBEIIEHHS, Kacalolldecs MpOrHosa
WH(DEKITMOHHBIX OCJIOXKHEHUW TpPU XUPYPTUYECKOM JICYEHUU TEPEIOMOB
JUIMHHBIX KOCTEW KOHEUYHOCTEN. BMecTe ¢ Tem, eqMHON TOUKHU 3PEHUs Y aBTOPOB
M0 BUAAM M 3HAYMMOCTH IPOTHOCTUYECKUX KPUTEPUEB HET, a JaHHBIE O
BO3MOXKHOCTSIX TAaKOrO TMPOrHo3a MpPOTUBOpEUMBLI. lIpuBe/eHHBIE TaHHbBIE
CBUJICTEIHCTBYIOT 00 aKTyaJbHOCTH JaHHOW MpOOJEMBI U HEOOXOIUMOCTH
MPOBEJCHUS HAYYHBIX pa3pabOTOK B 3TOM.

IIpoBenen ananus yieueHus 80 MAUEHTOB C 3aKPBITBIMU CETMEHTAPHBIMU U
MHOTOOCKOJIbYATBIMU TIEepesioMaMu 0oJibiedepiioBoi kocTu. IlanuenTtsl Obuin
pazneneHsl Ha 3 rpynnsl uccienoBanud. B 1 rpynny 6su10 BritoueHo 50 il ¢
HOPMaJIbHBIM T€UEHHUEM IOCIICONEPAIMOHHOTO neproia, u3 Hux 40 My>KUKHBI U
10 »xenmuH, cpeanuid Bozpact coctaBui 40,15 £10,01 ner. 2 rpynna BkiItoyasia B
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cebs 15 mpakTH4eCKH 310POBBIX Yell., u3 HUX 10 My>X4HH U 5 KEHIINH, CPETHUN
Bo3pact 38,17 £10,02 ner. I'pynmy cpaBHeHus coctaBuiu 15 yen., U3 HUX 5
xeHIMH U 10 myxuwnH, cpenHuii Bo3pact 37,74 +10,64 ner, y KOTOpBIX
MOCJICONEPALIMOHHBIA TIEPUOJ] OCJIOKHUJIICS HAarHOCHHEM IMOCJeOoNepauoOHHOM
paHbl. BceM manueHTaM BBIIOJIHSUIM pacyeT I[OKAa3aTesIel JIEUKOLUUTAPHOrO
uHaekca nHTokcukanuu (JIMM), remaronornyeckuii mokazareib HHTOKCUKAIIUN
(I'TTA) n nokazatens TsokecTd uHTOKCUKaIuu (I1TH) mo uzBecTHbIM Gopmyiam
JI0 XUPYypTrU4ecKoro BMemareabcTBa, Ha 2-3 u 10-12 cyTku co AHS omepaiuu.
O11eHKYy HMHTEHCHUBHOCTH OOJIEBOrO CHHAPOMA Y TMAIMEHTOB TPOBOAWIN TIPH
nomon 10-0ammsHON Bu3yalibHOM aHasmoroBou mkass! (BAIL).

Bennuuna JIMY B OCHOBHOU TpyIIie U IPYIIE CPABHEHUS B IIEPBBIE IBOE
CyTOK C MOMEHTa TpaBMbl yBeiauumwiach B 1,6 u 2,3 pa3za COOTBETCTBEHHO IO
CpaBHEHUIO ¢ KOHTpoJpHOH rpynmnoi (p = 0,020 u p = 0,016 coOTBETCTBEHHO).
AHanornyHelii xapakrep usmeHenuil Hadmogaercsa no I'TIN (B 2,4 u 2,8 pasa;
p=0,016up=0,001) u lITU (B 1,7 u 1,9 paza; p= 0,001 u p =0,001).

OpnHako kak Ha 2-3 cyTkH, Tak U Ha 10-12 cyTku mocie Xupypruaeckoro
JCYCHHUS] MEXKJYy NalMEeHTaMHd OCHOBHOW TpyHNbl W TPYMNIbl CpPaBHEHUS
Ha0ro1amack 3HaunMast pazuuia mo ypossto JIMM B 1,68 paza (p =0,031) u 1,89
paza (p = 0,034), yTo oTpakaeT 0JaromnoJy4YHOe TEUCHUE TMOCICONEePAIIMOHHOTO
nepuoja y IMAalMEHTOB OCHOBHOW TIpYNNbl M CBUAETEIBCTBYET O BBICOKOU
nuarHoctuyeckor 3Haummoctd JIMW nns BeIOOpa CPOKOB XUPYPrUUECKOTO
BMEILATEIbCTBA.

AHanu3 BHYTPUTPYIIIOBBIX Pa3JINYMil B IPYIIIE C OCIOXKHEHHBIM TEUEHHEM
nokasai, uro JIMM B paHHem mociieonepauvoOHHOM MEPHUOJIE HE OTIMYAJICSA OT
Ha4aJIbHOT'O YPOBHS 10 onepauuy v Jinib Ha 10-12 cyTku ero 3HaueHue 3Ha4nuMo
CHU3HUJIOCH.

YcraHOBIIEHa TeCHasl MpsMas B3aUMOCBA3b Mexay BenuuuHou JIMU m
TSYKECTBIO TEUCHHSI TOCIEONEPALIMOHHOT0 nepuoaa no mkane BAILl y naruenTos
C OCJOXHEHHBIM TEYeHHWEM B Tpymme cpaBHenus (r = 0,75, p = 0,001).
CnepoBarenbHOo, 4yeM OoJbllle BEIWYMHA WHJEKCOB HHTOKCHKAIMU B JI€Hb
ofepalyy, TEM BBIIIE BEPOSTHOCTh Pa3BUTHUSI MH(MEKIIMOHHOTO OCJIOXKHEHUS B
IIOCJICOIIEPALIMOHHOM PaHe.
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Summary. Pathology of the epithelial coccygeal passage is a common problem in
adolescence. The results of treatment of 141 patients were analyzed; in addition,
minimally invasive treatment methods were used in 11 cases.

OnuTennaibHbI KOMIUKOBLIN X0 (OKX) — npeacraBisieT SMUTEIUalIbHOE
MOTPYKEHHUE B BUJIE Y3KOr0 KaHajla JUIMHOW 2—5 CM, COJEprKallee BOJIOCSHBIC
JYKOBHIIBI, CaJbHBIE JKEJIE€3bl, 3AKAHUYMBAIOILLEECS CIIENO B MATKUX TKAHSAX HaJ
BEPXYIIKON KOIMYMKA M OTKPBIBAIOIIEECS HA KOXKE MEKBATOAUYHON CKIIAIKH
OJIHUM WJIM HECKOJIBKMMHU TOYEYHBIMU OTBEPCTHUSIMH CTPOTO MO CPEHEN JTUHUU
MEXKy SITOJIUIIAMHU.

Bnepereie DKX Obut onucan B Tpymax H. O. Mayo B 1833 r. ABtop
MPEANOJIONKUI, YTO MPUUYMHA 3a00JEBaHUS KPOETCS B HEMOJHOM pa3JeieHUU
JIMCTKOB M€30/IEPMbI ¥ SKTOJIEPMBI BO BpeMst aMOpuorene3a. CUMOTOMbI O0JIE3HU
BIiepBble ObTM onucanbl B 1847 r. A. W. Anderson B mucbMe B PEeIAKLUIO
«BOCTOHCKOTO MEIUIIMHCKOTO XUPYPrUYeCKOro xKypHaia». B Hem Obuio
JIOJIO)KEHO O HAOIIOJICHUM KHUCTHI C BOJOCAMHU B MEXBITOJUYHON CKIIAJIKE.
Heckonbko net cycts T. M. Warren (1854) B cBoux TpyJ1ax oTpas3uii HoApoOHOE
ornucanue OOJIE3HH M JaJI PEKOMEHJAIMU 110 XUPYPTUYECKOMY JICUEHUIO TaKHX
ceumeii. B 1880 r. R. M. Hodges Beienun 601e3Hb B OT/ICIbHYIO HO30JI0THIO U
BBen TepmuH pilonidal sinus, TepMuH 10 CHX MOP KCIOJIB3YETCS B 3apyOex HOM
mutepatype. B 1949 r. A. H. Peokux u M. U. butman npennoxXuin TepMUH
«9KX», KOTOpBIN U 1O CEHl A€Hb UCIIOIB3YIOT PYCCKOS3bIYHBIE UCCIEA0BATENH.

CooTHomleHuEe MYXYMH M JKEeHIIMH coctaBisieT ot 3:1 nmo 4:1. Jlroau
€BPOIICOUTHON packl 00JIee MPEAPACIIONOKEHBI K JAHHOMY 3a00JICBaHUIO.

CymecTByeT 00JIbI1I0€ KOTUYECTBO CIOCOO0B onepaTuBHOrO jJeueHus DKX.
Ha ceroansmHuit AeHb BEIyIIUM METOJOM JICUEHUSI OCTAETCS IIUPOKOE
HMCCEUCHHE MSITKUX TKaHEH [0 KpecTHoBOM dacuuu ¢ MOCHeayomuM
3aKpBITHEM paHeBoro Jedexra. OgHaKo BCe yalle HAUMHAIOTCS UCTIOIb30BaThCs
MaJIOMHBa3MBHBIEC CIOCOOKI JieueHust DKX.

O6nexkToM uccnenoBanus B nepuoa ¢ 2018 mo 2022 roawrl sinsics 141
nauueHT ¢ auario3om KX, KOTOphI HAXOAWICS HA CTAlMOHAPHOM JICUEHHUH B
V3 «I'poaHeHcKas o6acTHAS AETCKas KIMHAYECKass OOJIbHHUIIAY.

Cpenu mnamnueHntoB ¢ aumarozom DKX manpunkoB Obuto 95 (67,4 %),
nesoyek — 46 (32,6 %). Bo3pactHas cTpykTypa Obuia cienyromieit: 13—14 ner
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obL10 22 maruenTam (15,6 %), 15 ner — 32 (22,7 %), 16 netr — 52 (36,9 %), 17 ner
— 35 (24,8 ).

OcHoBHbIE KajoObl MpU TOCTYIUICHMM B  CTallMOHAp: HaJU4ue
00JIe3HEHHOTO O00pa3oBaHUsA B MEXbBATOJUYHON 00nacTu — 59 MalMeHTOB;
HaJM4YUe CBUILIEBOTO OTBEPCTHUS B MEXbBATOIUUHON 00s1acT — 64, ripu 3ToM y 39
(27,7 %) wumenock rHOWHOe oTmensemoe, y 25 (17,7 %) otnensemoe
OTCYTCTBOBaJi0; O0Jib B 00yacTu Komuuka — 11, oTcyTCTBOBaiM >kKajoObl Ha
MOMEHT MOCTYIUICHUS B CTAalMOHap — /.

Pasznuunble BHABI ONEPATHBHBIX BMEMIATENBCTB BBINOJHSIOCH 118
namnueHTam. PagukanbHoe ucceueHue KX mpous3Boauioch 59 namueHTam.

[IpumMeneHnue nazepHbix TeXHOJIOTHM B JieueHnn DKX Ob110 y 11 manueHTos.
JlazepHas Banopu3anus CBUILEBOr0 X0/1a MOCIIE€ NPeABAPUTEIBLHOTO BCKPHITUS U
JPEHUPOBAHUS MUIOHUAATBHOM KUCTBI, @ TAKXKE Kypca KOHCEPBAaTUBHOM Tepanuu
UCIIOB30BANACh Y 4 manueHToB. B 7 ciaydasx mpuMeEHsICS MaJOWMHBA3WBHBIN
METO/I, paHee MalMEHTaM NPOBOAWIOCH paaukaibHoe ucceuenne IKX. Cnycrs 1
MecsII] MalMeHTaM ObLI MPOBEACH KOHTPOJIBHBIM OCMOTpP, B MEXKBATOAUYHOM
00J1aCTH oTpeeNsica YMEpeHHbIN pyOell.

B nepuona HaxoxXaeHus Ha CTAllMOHAPHOM JICUEHUH BCE MAIIUEHTHI TPOIILIN
Kypc ¢usnorepaneBtudeckoro yeuenus (YBU na obGnacte paHbl, OMONTPOH,
MarHuToTepanus) u Je4eOHON (PU3KYIbTYPHI.

AnTubakTepuanbHas Tepanusi HazHadyallaCh SMIIUPHUUYECKH 10 TOJyYEeHHUS
pe3yJIbTaTOB IOCEBAa W3 paHbl M NpuUMeHsulach B 98 caywasx (69,5 %).
Hcnonp3oBanuck nedanocnopursl y 80 manmueHToB, aMHUHOTIIMKO3UALI — 20,
neHuumHbl — 10, ¢GTopxuHOMOHEI — 5. Y 4 TanueHTOB NPUMEHSIIACH
MPOTUBOTPUOKOBAs TEpAIIHs.

1. O9KX nauboJsiee yacTo BCTpEUaETCs CPeIv JUIl MY KCKOTO MOoJIa.

2. JlaHHasi MaToJOTUsl MPEUMYIIECTBEHHO BCTPEYAETCS Y MOJPOCTKOB, B
OOJIBIIMHCTBE cily4aeB B 16 jerT.

3. B xayecTBe OCHOBHOTO METOJIa JICUCHUS UCIIOIB3YETCSI XUPYPrUuIecKoe
BMEIIATEILCTBO, TPU OTOM Ja3epHbIE TEXHOJIOTUU JICYCHUS TOKa3bIBAIOT
MOJIOKUTEIIbHBIN PE3yJIbTAaT.

YK 004.383:616-079
OIITUYECKHNH METOJI HEUHBA3ZUBHOU I''TIOKOMETPUHA
Jvioux A. U.
bpecmckui cocyoapcmeennwviii mexnHuueckull yHugepcumem
e-mail: dyalig@yandex.ru

Summary. The article highlights the problem of diabetes. The method of near
infrared spectroscopy was applied in practice. Based on the results obtained, this
method has a place to exist, and it is also necessary to be improved to create a
universal non-invasive glucometer.
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[lo mocnenHUM NaHHBIM, YUCJIEHHOCTh OOJBHBIX CAaxapHbIM AHA0OETOM B
mupe 3a nocineanue 10 mer yBemunumnack Ooinee, uem B 2 pasa. CoriacHo
nporHo3zaM MexayHaponHoi auabernueckoi penepauuu, k 2030 r. caxapHbIM
nuaberoMm Oynaet ctpanath 643 MIH uenoBek, a Kk 2045 r. — 783 muiH uesnoBek [1].
[TpakTuka neuenus auadera nmokasasna, 4YTo Oosiee 4acTblii KOHTPOJIb TJIFOKO3bI B
KpPOBHU MOXET IIPEAOTBPATUTH MHOTHE U3 JOJTOCPOYHBIX OCIOKHEHUHN CaxapHOIro
nuadera. Ilpu 3TOM rpaMOTHBIM peryssipHbIl CAMOKOHTPOJb TJIHOKO3bl KPOBH
ABJIsIeTCS SPPEKTUBHBIM JUIsl YIyUIlIEHUs TOKa3aTeNel IIIMKEMUH.

Ha cerogusmHuii JeHb [UIsi CAMOKOHTpPOJS Haubosee MOIyJIspHbI
IIEKTPOMEXAHUYECKUE TIIFOKOMETPBI, B KOTOPBIX MOKa3aTelb YPOBHS caxapa
U3MepSEeTCs BEJIMYMHON TOKa. B psily CBOUX JOCTOMHCTB: OBICTPOTA U3MEPEHMUS,
TOYHOCTb, IOCTYITHOCTb, — OH 00J1a/1aeT U HeJocTaTkaMu. Kpome noteHmanbHoN
BO3MOXHOCTH MH(EKLHOHHOTO 3apakeHus, 00Jb U HEyA0OCTBA, CBA3AaHHBIE C
HEOOXOIMMOCTBIO MPOKAJIBIBAHUS Naibla AJIs MOJIyYeHUs] TPOObl KPOBH, YacTO
IPUBOJAT K OTKa3y OT TpeOyeMoil NepUOJUYHOCTA CAMOKOHTPOJIS.

B nocnenHee BpeMs cTaniM TNOMYJSPHBIMM HEWHBA3UBHBIE CIOCOOBI
U3MEpPEHUs YPOBHS caxapa B KpOBH, 00JIbIlIee paCIpPOCTPAHEHUE CPEU KOTOPBIX
MOJIyYWUJIM ~ ONTHYECKHEe  MeToabl. Meron  OmmwkHeW — uHpakpacHOM
CIEKTPOCKONMY — OAMH U3 HUX. Ha puc. 1 3aMeTHO, 4TO B ONITHYECKOM IHANIA30HE

CIIEKTpa MOTJIONIEHUS TJIFOKO3bl XapakTepHbl Tpu Makcumyma: 840; 940 u
1045 um.

x10°

Mornouwexue

—
700 750 800 850900 950 1000 1050 1100 1150
JnuHa BONHbI, HM

PI/IcyHOK 1 — Onrudeckui CIICKTP MOTJIOMICHUS I'NTFOKO3bI B KPOBU YCJIOBCKA

Hanbonee nmpuemsiemasi njis UCIHOJB30BaHUSI B TJIFOKOMETpax BeJIWYHHA
MaKCHUMyMa MOTJIOLIECHUS TI0KO3bl — 940 HM. DTOMYy MakCUMyMy HE MEIIal0T
TIOTJIOIIIEHUE MEJIAaHWHA U BOJIbI, COACPIKAIICHCS B pa3HBIX CIOSX KOXKH, JJISl 3TOU
00JIaCTH CYIIIECTBYIOT CICIIHAIBHBIC ONTHYCCKUE HM3IydaTeIi W TPHEMHUKH.
OnHako JaHHBIA METOJ, Kak | OOJBIIMHCTBO HEWHBAa3UBHBIX, TpeOyer
MePUOANYECCKON KATMOPOBKH C UCITOIb30BaHUEM MHBA3MBHOI'O MeTO 1 [2].

Jlns mccnenoBaHus MPUMEHUMOCTH OINTHYECKOTO METOJla HEMHBA3UBHOM
TJIFOKOMETPUH pa3paboTaHO yCTPOUCTBO, allliapaTHas 4YaCTh KOTOPOTO COCTOUT U3
undpakpacuoro manydarenss BIR BM1331, undpakpacnoro npuemnuka BL-
L3522PD, mukpokonTpoiuiepa ATmega328, KK-gucrnes LCD1602.

Jlist onpeiesieHus] aHAIUTUYECKON TOYHOCTH TMOJYy4aeMbIX pe3yJIbTaTOB U
NoCJeAyoNell KaIMOPOBKM 3HAUYEHUN OBbUIM TMPOBEACHBI CEPUM  BBIUH-
CIUTENBHBIX OKCIEPUMEHTOB Il JBYX HCHBITYeMbIX. B TedueHue ABYyX
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HEZeNlb MPOBOAWIINCH HU3MEPEHHS pa3pabOTaHHBIM YCTPOMCTBOM M KOHTPOJIb
YPOBHSI caxapa B KPOBM MHBa3UBHBIM JOMAILIHUM TIJIOKOMETpoM. M3mepeHus
POBOJMINCH TPUK/IbI: HATOLIAK, TPUALIATH MUHYT TIOCJIE €/Ibl U JIBa Yaca Mocie
npuema MUIly.

HecMoTpst Ha cCyllIecTBEHHbIE pa3iuyMsl 3HAYEHWH B JIBYX CEpHUsX
MIPOBEICHHBIX IKCIIEPUMEHTOB, KOPPEIAIMOHHBIN KOADPUITMEHT TPH JTMHEHHON
anmpoOKCUMAIMK 3aBHCUMOCTEH B 000uX citydasx 0m30K K 1 (puc. 2).

Heunnpasnsusiii MetTo1, B

HuBa3suBHbIH METO, MMOJIBL/JI

PucyHok 2 — 3aBUcUMOCTb NIOKa3aTesled HEMHBA3UBHOI'O M MHBA3UBHOT'O U3MEPEHUM

Takum o00pa3om, MOXHO cJenaThb BBIBOJA O JIMHEHHOM XapakTepe
3aBUCHUMOCTH PE3YyJIbTaTOB, MOJYYEHHBIX KIACCUYECKUM MHBA3UBHBIM METOAOM
U METOJOM OMKHEeW HHGpaKpacHOM CHEKTPOCKONHUH, a pa3paOOoTaHHBIN
HEWHBA3UBHBIN TIIFOKOMETP MOXKET SIBIATHCS d()PEKTUBHBIM HHCTPYMEHTOM IS
PErYJIIPHOTO CAMOKOHTPOJIS TIFOKO3bI KPOBH.

CnucoK HCIOJIb30BAHHOI JTUTEPATYPHI
1. AnropuTMBl CHEIMATU3UPOBAHHONW MEIUIMHCKONH TMOMOINM OOJBHBIM CaXxapHbIM
nuabetom / Tlon penaxkumeit M. U. Jlemosa, M. B. Illectakosoii, A. 0. MaiiopoBa. — 11-i
BhITycK. — M.; 2023.

2. BI'VYUP, 54-s nHayuyHas KOH(EpPEHIUS aclMpaHTOB, MAaruCTPaHTOB U CTY/ICHTOB
[DnexTpoHHBIH A0CTyI] / MeToa HEeMHBa3UBHOIO OINPENEICHUsI YPOBHS TTIIOKO3bl B KPOBU —
Pexxum noctyma: https://libeldoc.bsuir.by/ bitstream/123456789/32913/1/Krivonos_Metod.pdf

YK 576.5; 618.3
NMHHOBAILIMU B AKYHIEPCTBE U THHEKOJIOT'UU. KIIETOYHBIE
TEXHOJIOT'NAN
Kpeep C. A., Muxanesuu, C. 1., Ilonewko A. I

Hucmumym nosvluenus keanuguxkayuu u nepenoo2omosKku Kaopos
30pasooxpanenus yupexcoenus oobpazoeanus «benopycckuii cocyoapcmeentulil

MeouyurcKkull ynugepcumemy, Mucmumym 6uo@u3uxku u KiemoyHotl

unscenepuu Hayuonanvnoii akaoemuu nayk benrapycu, Munck, benrapycs
e-mail: kreersvetlana@mail.ru

Summary. During operations on the uterus, myometrial cells, vessels, nerve
endings are damaged, which in the postpartum postoperative period delays or
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does not give full repair. As a result, it is possible to form an untenable scar, the
formation of a defect in the uterine wall in the form of a niche (isthmocele). This
pathology can subsequently cause miscarriage, disrupt the processes of
placentation with atypical localization and placental insufficiency, and be the
cause of uterine rupture.

B coBpeMeHHOM ruHeK0I0THH Mpo0JieMa CIIaeyHbIX U PyOIIOBBIX N3MEHEHUM
B MaTKe SBIsIeTCA OCOOEHHO akTyanpHOM. OOpa3oBaHue crmaek M pyOIoB
OPUBOJUT K Pa3BUTHIO Oectuionuss U (HOPMUPOBAHUIO XPOHUYECKOM Ta30BOM
6ommn. CnaeuHbli TIpoliecc U PyOIlOBbIE M3MEHEHHUs OOYCIOBIMBAIOT OOJBIIOE
KOJIMYECTBO XUPYPrudyeckux ociokHeHuid. Hecmorpss Ha paszpaboTky ¥
IPUMEHEHNE KOMIUIEKCHBIX MEPONPUATUN, HAIIPaBICHHBIX HA MPO(YUIAKTUKY U
JICYEHHE TaHHOM MAaTOJIOTHH, IBHOW TEHICHLIMH K CHUKEHUIO 3a00J1€Ba€MOCTH Y
NAlMEHTOB BCEX BO3PACTHBIX IpyII HET. BocnmamuTenbHbIA Mpouecc B TKAHIX
MaTKH HUMeEEeT JIeCTPYKTUBHBIM xapaktep. M3-3a cmaboro penapaTuBHOTO
NOTEHIMAJIa JIaHHBIX CTPYKTYp BOCCTAaHOBJICHME TKaHEd MaTKd 3a CYeT
(U3HOTOTNYECKON pereHepaluy MpoAoKaeTCsl IJIUTEIbHOE BPEMS U MOXKET
IIPOUCXOJIUT HE B ITOJIHOM 00beMe ¢ 00pa3oBaHreM UCTMolIele (1e(eKT, KOTOPHIit
oOpa3oBbiBaeTca B pyOlle Ha MaTKe MOCIEe OINEpPaTUBHOTO BMEIIATEIbCTBA),
HECOCTOATENHLHOCTH PyOIIOB Ha MaTKe, B JATbHEHIIIEM YIrpO30i pa3phbIBOB MaTKU
BO BpeMsi OEpEMEHHOCTH, HEBBIHAIIMBAHUIO OEPEMEHHOCTH, HAPYIIECHUIO
NPUKPEIUICHUS IUTALEHTHI K CTEHKE MAaTKH, IUTALIEHTAPHOU HETOCTATOYHOCTH.

OTeuecTBEHHBIMU U 3apyOEKHBIMU YUYEHBIMHU TIPOBOAMIUCH UCCIIETOBAHUS
JUISL TIOMCKAa HOBBIX TEXHOJIOTMM W METOAUK JIEYEHHS U MEIULHUHCKOU
npOo(UIAKTUKY CIIACYHBIX U PYOIIOBBIX M3MEHEHUH B MaTKe Ha JOKIMHUYECKOM
U KJIMHUYECKOM YpOBHsAX. OCOOEHHO OCTpO 3Ta mpolsaemMa CTOUT y MAlMEHTOK,
NEPEHECIINX  ONEpaTUBHbIE  BMEIIATENbCTBA HA MaTKe 1O  IOBOAY
TMHEKOJIOTMYECKUX 3a00JIEBaHUI WIIM TMOCJE ONEPAaTUBHOIO POJOpa3peIICHHUs,
1ocJie HEOJHOKPATHBIX BBICKAOIMBAHUN CIU3UCTON MOJIOCTH MAaTKH, KOTOpHIE
IUIAHUPYIOT B MEPCIIeKTUBE OepeMeHHocTs [ 1; 2; 3].

OKcnepUMEeHTAIbHBIMU  KUBOTHBIMU  (D)K) sBismuce 18 KponuKoB
xeHckoro moja (Bec He menee 3 kr). Ilox naeiictBueM Hapko3a Bcem DX B
o0jacTh MaTKH, OCTPbIM IYTEM Ha PAcCTOSHUU 1 CM OT MecTa cpacTaHMs
MaTOYHBIX POTOB MOJEIMPOBAJIM /1B pa3pe3a yepes BCce CIOU pazMepamu 1 cm Ha
IPaBOM U JIEBOM porax MaTku. PaHbl yIIMBamym HENPEPHIBHBIM IIBOM KOJIFOIIEH
UTJION C HepacCcachIBAIOIIEHCS HUTHIO 11T MapKupoBKkH. DK ObUTH pa3iesieHbl Ha
JIB€ OJHOPOJHBIX rpyninbl: cpaBHeHUd (9 32K) u skcnepumenTtanbhyto (9 3K). B
chopMupoBaHHbIE pa3pe3bl B MaTke Yy DK B aKCIIEpUMEHTaIbHON TpyIIe Mocie
YIIMBAHUS MATKU B 001aCTh NOTEHIMAIBHOTO (POPMUPOBAHUS pyOIIa BBOAWIU C
NOMOIIBIO IMpUUa | M CYCHEH3MHM ME3EHXHMAJIbHBIX CTBOJIOBBIX KIIETOK
xuposoii Tkauu (MCK XT) B koruentpamuu 10° kin/mMi1, pecycrenIupoBaHHbIX
B pusnonornueckom pactBope. I'pynme cpaBaeHuss MCK JXXT ne BBoaunuce. Ilo
ucTeueHun cpoka HaOmroneHus (7-e, 14-e cytku u cmycts 30 cyTok mocie
OMEepPaTHBHOIO0 BMELIATENHCTBA) MOJIyHYaJId MpenapaThl — ydyacTku MaTok XK B
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oOnactu py6Oua). M3roraBimuBanu npenapartbl ¢ HOMOIIBIO MHUKPOTOMAa U
OKpAILIUBAIA FeMaTOKCHIMHOM, U3TOTOBJICHHE MUKPO(POTOTpaduii BHIIOTHSIIN C
MOMOIIIBIO CBETOBOTO MUKpockona (Motic, Hunepnanmsr).

[Tonyunnu skcnepuMeHTanbHyl0 Mozaenb Inpu npumeHennn MCK KT
pyOLIOBBIX M CIIa€YHBIX HM3MEHEHUW B MAaTKe y JAa0OpPaTOPHBIX >KHUBOTHBIX
(xpomuku - camku). [Ipu npumenennun MCK XT ormedaercs cokpaiieHue
CPOKOB pereHepanuy, a Takke 0ojee aHaTOMHUYHOE BOCCTAHOBJIEHHWE TKaHEMH
MaTK{ [0 CPAaBHEHMIO O€3 HCIOJb30BaHUS YKa3aHHOI'O IMPOJYKTa, YTO BbIpa-
’KaeTcsl B OTCYTCTBUM BOCHAJIUTENbHBIX UH(DUIBTPATOB, OOJIBIIUM CKOIJIEHUEM
KJIETOK — NPEIINIECTBEHHUKOB MBIIIEYHOH TKaHW — MHOLUUTOB M MHOQU-
Opo0s1acTOB, pAHHUM AHTUOTEHE30M, TUTIEPIICILTIONSIPHOCTHIO.

Taxum oOpazom, pa3paboTaHHasi SKCIIEPUMEHTAIIbHAS MOJETb PYOIIOBBIX U
CHACYHBIX U3MEHEHUI B MaTKe y JJA0OPAaTOPHBIX )KUBOTHBIX (KPOJUKH — CAMKH),
MO3BOJISIET YCTAHOBUTH XapaKTep KIMHUYECKUX U MOP(POTOTHYECKUX U3MEHEHHI
B TKaHAX Martku y OJK mox BmusHuem MCK JKT m oneHUTh MHTEHCUBHOCTH
BOCCTaHOBUTEJIBHOIO MpOIlecca NpU MPUMEHEHUU JaHHOTO MPOAYKTA.

CnucoK MCIOJIb30BAHHBIX HCTOYHHKOB

1. Hoxxauniea O. H. // XKypnan akymepctBa u skeHckux Oonesneit. — 2020. — Ne 1. —
C. 57-61.

2. IlepenienoBa T. A. // AxymepctBo. ['maekonorus. Penponykuus. — 2016. — Tom 10,
Nel. - C.111-118.

3. IlepememoBa, T. A. Kimauko-mopdonornueckas OIEHKA  COCTOSIHHS
MOCIICONEPAIIIOHHOTO pyOlla Ha MaTKe M JKCHEPUMEHTANIbHOE HCCIENOBAaHHE CETYaThIX
SHJIONPOTE30B JIJISi €T0 YKPEIUICHUS: KIMHUKO-IKCIICPUMEHTAIBHOE HCCIIE0BaHUE: JIHC. ...
kana.men.Hayk: 14.01.01 / T. A. Ilepenenosa. — M., 2016. — 131 n.

YK 616.7(002) (616-71)

CUCTEMATHUYECKHU OB30P UCIOJIb30BAHUS HEMPOCETEM
B BEJJEHUU ITAITUEHTOB C I[EPMATOJIOFH‘IECKOFI
MMATOJIOTUEN HA TIPUMEPE ATOITMYECKOI'O JEPMATHUTA
Kpusonocosa M. B.
benopycckuii 2cocyoapcmeennvlii MeOuyuHcKull yHusepcumem
e-mail: maryia.kryvanosava@gmail.com

Summary. Scientific articles that used neural networks for assessing the intensity
of skin diseases were analyzed. The search for studies was conducted in the
PubMed (Medline), Scopus (Web of Science), Cochrane Central Register of
Controlled Trials (CENTRAL), Embase, ClinicalTrials.gov, Elibrary, and the
Registry of the Republican Scientific Medical Library databases. The results
between the evaluation of images of affected skin from dermatological atlases by
a neural network and independent dermatologists does not have significant
statistical differences.
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ATONHUYECKUN JEPMATUT — O3TO XPOHUYECKOE 3a00JIEBaHUE KOXKHU C
MOBTOPSIOIIUMUCS SK3€MAaTO3HBIMU BBICHIIIAHUSIMUA U UHTEHCUBHBIM 3y/10M. OH
CBSI3aH C TIOBBIIICHHBIM PUCKOM Pa3BUTUS HEKOTOPHIX KOMOPOHUIHOCTEM,
BKJIIOYAs acTMy U ICUXMYecKkue paccrpoiictBa [l1]. PacnpocrpaneHHOCTH
aTONMMUYECKOro AepMaruTa B ferckoi nomyJsisiuu CIIA gocturna 17,2 %, y nerei
B EBponie — 15,6 %, 4T0 oTpa)kaeT HEYKJIOHHBIM POCT YaCTOTHI BBHISIBIICHUS B
TEUEHUE MOCIEIHUX TpeX AeCATUNIeTH. Ero yacrtora 3HAUYMUTENBHO BBILIEC Y
KUTEJIEH SKOHOMUYECKH Pa3BUTHIX cTpaH [2]. B Hactosimee Bpemsi Haubosee
4acTO HCIOJb3YEMbIM HMHCTPYMEHTOM HU3MEPEHUS B KIMHUYECKOW MPaKTHKE
spisercst SCOring Atopic Dermatitis (ScorAD). Onnako y uaaexca ScorAD ectb
HEJI0CTAaTKH: TPeOyeT MHOTO BPEMEHHU — pacdyeT OObIYHO 3aHMMaeT okoiyio 7-10
MUHYT Ha TMAIMEHTa, YTO CO3JaeT OOJBIIYI0 HArpy3Ky Ha JEpMAaToJIOrOB, H
CyOBEKTUBHOCTH — JIa’K€ XOPOIIIO O0yYeHHBIE JEPMATOJIOTH MOTYT J1aBaTh pa3HbIC
OLICHKU OJHOTrO ciy4as [3].

[lensMu  AAaHHOTO HCCIENOBAHUS SBWJIMCh 0030p UCIIOJIb30BaHUS
MCKYCCTBEHHOI'0 MHTEJUJIEKTA JJIsl OLEHKH MHTEHCUBHOCTH MOPAXKEHUS KOXKHU Y
MAlUEHTOB C aTONMUYECKUM JEPMATUTOM U pa3pabOTKa perieHus il UCIOJIb-
30BaHUs HEUPOCETEN B OLICHKE MOPAKEHHON KOKH NALIMEHTOB.

B 2021 roay mosBUIMCH MCCIEAOBAHUS, KOTOpPbHIC MPEIJararoT HCIMOJb-
30BaTh HEWPOCETH ISl BU3YAIbHOW OLIEHKH IMOpPaXXE€HHOM Kokh. OJIHAKO Ha
JAHHBIA MOMEHT CYIIECTBYIOT HCCIEAOBAHHS TOJIBKO MO H300pPAKEHHSIM U3
JIEpPMAaTOJIOTHUECKHUX aTJIacOB, a HE Ha MallMeHTax Hanpsamyto [4]. beuio gokazaHo,
YTO HEUpPOHHASI CEThb, JUISl TECTUPOBAHUS KOTOPOM HCIOJIB30BAIUCH OLICHKU
HE3aBUCUMBIMH JIEPMATOJIOTaMU OJHUX W TexX ke (ororpaduii W3 ariaacos,
COBEpIIAET OTHOCHUTENIbHYIO CPEAHIOI a0CONMIOTHYIO OIIUOKY € YacTOTOM
COIIOCTABUMOM C OJIHUM U3 Bpauei [3].

B 1993 romy nepmaroioramu Obul pa3paboTaHbl  GOPMYJIBI s
KOJIMYECTBCHHOW OIIEHKM WHTEHCUBHOCTU AaTOMUYECKOIro JepMaTuTa, CaMmoiu
4acTO MCMOJIb3yeMON Ha JaHHBI MOMEHT siBiisieTcsi uHaekc ScorAD (Scoring
atopic dermatitis), KOTOpBIIi COCTOMUT M3 3 KOMIIOHEHTOB: A — TUIOIIAJIb
MOpaXXeHHOU K0XkH, B %; B — cymMMa 6amioB 00BEKTUBHBIX MPU3HAKOB (3pUTEMa,
OTEK, MOKHYTHE, DKCKOpHAIUH, JTuXeHuukamus, cyxocts) u C — cymma 6aios
CyOBEKTHBHBIX TPU3HAKOB (3y/, moTeps cHa) (puc. 1).
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SCORAD INSTITUTION
EUROPEAN TASK FORCE

ON ATOPIC DERMATITIS PHYSICIAN

Last Name First Name

oten
Amount
Number of flares/month

Date of Birth I DD/MMYY
Date of Visit I ]

Figures in parenthesis
for children under two years

AEXTENT: Please indicate the area involved

B: INTENSITY ‘ C: SUBJECTIVE SYMPTOMS
PRURITUS+SLEEP LOSS

CRITERIA INTENSITY MEANS OF CALCULATION
Erythema

resentative area) L

) A/5+B/2=C

Visual analogue scale | pRURITUS (0 to 10) ) )
(average for the last 0 10
3 days or nights) SLEEP LOSS (0 to 10) e o o ——

TREATMENT:

REMARKS:

Pucynok 1 — Onpocuuk ScorAD, 3anonHsiercs Bpy4Hyto

Harreii komano pazpaboTaHo MPUIOKEHHE-THEBHUK C TIOJIKIIOUYEHHON K
HeMy HeipoceThlo. KilroueBoe mpeuMyllecTBO MCIOAb30BAHUS MPUIOKEHUS —
00BEKTUBHOCTH MozcueTa ScorAD: monb30oBaTeNu-HalUEHTHl CAMOCTOSTEILHO
BBIOMPAIOT TOJBKO OIICHKY HWHTCHCUBHOCTH 3yJla, OCTAJIbHOEC OIICHUBACT
HEUPOCETD.

CnucoK MCIO0JIb30BAHHOM JTUTEPaTyPhI

1. Atopic dermatitis / Sinéad M Langan [et al.] // The Lancet — 2020. — Vol. 396. — P.
291-360.

2. HamazoBa-bapanosa JI. C., bapanos A. A., Kybanosa A. A., Unsuna H. ., Kyp6auépa
O. M., Bumnéra E. A., HoBuk I'. A., [lerpoBckuii ®. 1., Makaposa C. I'., Mypamkun H. H.,
AnekceeBa A. A., Cenumzsinona JI. P., Jlesuna 10O. I'., Ddenauena K. E., Bo3necenckas H. U.
ATonnyeckuit ACpMATUT y HCTeﬁI COBPEMCHHBIC KIIMHUYCCKUEC PCKOMCHAAINH 110 JTUAaIrHOCTUKE
U Tepanuu. Bompockl coBpemennoi mnemmatpum. 2016; 15 (3): 279-294. doi:
10.15690/vsp.v15i3.1566

3. Automatic SCOring of Atopic Dermatitis Using Deep Learning: A Pilot Study /
Alfonso Medela [et al.] // Methods & New technology. — 2022. — Vol. 2. — P. 238-249.

4. A cascaded deep convolution neural network based CADx system for psoriasis lesion
segmentation and severity assessment / Manoranjan Dash [et al.] // Applied Soft Computing. —
2020. — Vol. 91. — P. 196-240.

YK 616-001.17-036.22-053.2
HEKOTOPBIE SJIITUIAEMHUOJIOT'MYECKUE OCOBEHHOCTHA
TEPMUYECKOM TPABMBI Y JIETEN
Ilemposckas O. H., Pumoca M. .
Yupeoicoenue oopaszosarnus «benopycckutl 20cy0apcmeennviil MeOUYyUHCKULL
VHUGepcumemy
e-mail: olgataskl@gmail.com
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Summary. The group with the highest risk of injury are children aged 1-2 years
with a 1.7-fold predominance of males. The proportions of affected boys and girls
in individual age groups do not differ significantly. The leading traumatic agent
in children with burns is thermal factors, including in the age group with the
largest number of victims (1-2 years).

Cpenu nanueHToB ¢ TEPMUYECKUMU TTOBPEKICHUSIMH JETH COCTABJISIOT OT
13,8 mo 75,3 %, mpu 3TOM J0Jd TaKMX TAIMEHTOB C KaXIbIM TOJOM
yBesmuuBaercs [ 1; 2].

[To pesynpTaTam aHanmm3a WHGOPMAIMH, COOPAHHONW METOJIOM CIUIONTHOM
BBIOOPKH M3 OGUIIMATHLHON NMEPBUYHON JTOKYMEHTAIIUU MAIIMEHTOB C OKOTaMH,
TOCIUTAIU3UPOBAHHBIX B CIEHIMAIM3UPOBAHHOE OTxaesieHne 3a mnepuoxn 2020-—
2022 rr., onpeneneHa A0S NOCTPaJaBIIUX A0 17 JeT BKIIOYUTENBHO (Janee —
netr). Cpenu JaHHOTO KOHTHMHTEHTA YCTAHOBJIEHA JOJS JIMI MY>KCKOTO H
YKEHCKOTO I10J1a, BO3pACTHAsl CTPYKTypa TPaBMHUPOBAHHBIX, a TaKXe ITHOJIO-
TUYECKasi 3HAUMMOCTh OTACIBHBIX TPAaBMUPYIOHMIUX areHTOB. OIEHKY pa3HOCTH
MEXy PKCTCHCUBHBIMH TOKa3aTEISIMU OMNpPESIsIn 3HAYCHUIO 0 t—KpuTepuio
Crproenta npu ypoBHe 3HauuMocT P < 0,05 nist cOOTBETCTBYIOMUX 00bEMOB
BBIOOPOYHBIX COBOKYITHOCTEH.

N3 2291 Bcex rocnuTaiu3upoOBaHHBIX C 0)KOTaMU, Ha JIOJII0 TOCTPAaBIINX
netreit mpunuiock 867 uenosek (24,7 +0,9 %), ¢ npeobnaganuem B 1,7 pasa
MabauKoB (62,7 £1,6 %), P <0,001. Hanbomnsiiee uncio TpaBMupoBaHHbIX (54,9
+1,7 %) cocTaBuiii maueHTsl B Bo3pacte 1-2 roma. Ha nomto noctpagaBmux 1o
I roga mpunuiocs 16,4 +£1,3 % (143 pebGenka), a B Oosiee CTapliux rpymnmnax
(3-17 ner) — 28,6 £1,5 %. [Ipu pacnpeneneHnn yncia TOCHIUTAIU3UPOBAHHBIX B
3aBUCHMOCTH OT I10JIa YCTAHOBJIEHO, YTO B Bo3pacre 1-2 roga u3 544 manbuukoB
obu10 300 uemosek (55,1 £2,1 %), a u3 323 mesouek — 176 (54,5 £2,8 %).
CylIeCTBEHHBIX Pa3IMUUM MEXIY MNPUBEAECHHBIMA OTHOCUTEIBbHBIMU TMOKa3a-
tensimu He oTMedeHo (P > 0,05). B Bo3pacte 10 1 roa OTHOCUTENIBHOE YKCIIO
JeTel pa3Horo moja Takxke Obuta oguHakoBbIM (17,1 1,6 % u 15,5 £2,0 %;
P > 0,05). Ananorudnasi 3aKOHOMEpPHOCTb COXpaHsUIach U JUisl OOJee CTapiIux
nerer (3-17 ner): Ha M0N0 MaJIbYMKOB npunuiock 27,8 +1,8 %, a neBodek —
30,0 £2,5 % (P > 0,05).

BripaBHuBanme 1o mapaboie MmepBOro MopsaKa 3HAYCHUNW JUHAMUYECKUX
pPSAIOB, OTpaXKarollUX BO3PACTHYIO CTPYKTYpY TpPaBMUPOBAaHHBIX 3a JBa
BPEMEHHBIX Mepuoja (10 W MOCIe BO3PAacTHOM rpymmbl 1-2 roma ¢ caMmbIM
OOJIBIIMM YHCIIOM MOCTPAJABIINX) YCTAHOBIEHO, YTO B Bo3pacTe A0 11 Mecsien
IIPpU CpedHEH NO0JE MOCTpPalaBIIMX 3a JaHHbIM nepuon 2,06 % ormedanach
TeHJieHus kK pocty Ha 0,47 %, a 'y 6onee crapmux aereit (3—17 neT) Ha000pOoT,
OTMEYEHO CHIKEHHUE 101 nocrpagasmmx Ha 0,16 % npu cpenHem 3HaueHHUH
noctpaaasmux 3,58 %.

Cpenu o01iiero yrciia moCTpaaaBIInX y MoAaBsomero 0oiabpiuHeTBa (98,0
+0,5 % win 850 YenoBeK) MPUUYMHOW TPAaBMbI SIBUJICS TEPMUUYECKUN (aKTOP
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(ropstume KUJKOCTH, TiaMsi, TBEP/AbIC TOPSYUE MPEIMEThI, STEKTPUUECKUN TOK).
XuMHUYecKre Ooru nuarHoctupoBanbl y 11 uenosex (1,3 +0,4 %). Eme
7 mnanuentoB (0,8 +0,3 %) rocnuTanu3upoBaHbl C XOJIOAOBOW TpPaBMOM
(otmopokenue). I[lpu CcpaBHUTENBHONW OIIEHKE CTPYKTYPhl TPaBMUPYIOIIUX
areHToOB y JEeTell pa3HOro IoJIa YCTAHOBJIEHO, YTO KaXIbId M3 YKa3aHHBIX
(GakTOpoB B paBHBIX JOJSX OTMEUYEH KaK y Majb4YMKOB, TaKk M y JeBoueKk. B
YaCTHOCTH, TEPMHMYECKHE areHThl CTald NpUYMHOW oxora y 97,4 =£0,7
MasiburkoB U y 98,8 +£0,6 % nesouek (P < 0,05); xumuueckue —y 1,1 £04 % u
1,2 £0,6 % (P < 0,05). Uro kacaercsi nered ¢ OTMOPOKEHUSIMHU, TO BCE
7 MalUeHTOB OBLIN MYKCKOTO TOJIa.

ITockoiyibKy Bemylled NPUYMHOM TPAaBMUPOBAHUS OKA3IMCh TEPMUUYECKHUE
(dakTopbl, MPOAHATM3UPOBAHA SIUIEMHUOJIOTHYECKAsT WX 3HAYUMOCTh y JETel
pa3Horo Bo3pacTa. YcraHoBieHO, uTo u3 850 moctpamaBmmx 439 (51,6 £1,7 %)
COCTAaBWJIM JI€TH B Bo3pacte 1-2 roxa. Jlos mocTpanaBmux u3 yucna aeren 1o 11
MECSIIeB BKIIOUUTENBHO cocTaBuiia 16,7 £1,3 % (142 yenoeka), a 0oJiee cTapimx
(3-17 ner) — 31,6 £1,6 % (269). [Ipu pacnpeneneHnn yucia TPAaBMUPOBAHHBIX B
3aBHCHUMOCTH OT II0JIa YCTAHOBJEHO, YTO M3 OOIIEro 4Yucia NOCTPaAaBIIUX
MaJbYMKOB Ha Bo3pacT 1-2 roga npunuiock 274 yenoseka (51,1 £1,2 %), a u3 320
nesouek — 165 (51,6 £2,8 %), P > 0,05. B mpyrux Bo3pacTHBIX rpyInax OTMe4eHa
aHaAJIOTUYHAas 3aKOHOMEPHOCTh, HO MPpH 0oJiee HU3KUX Nokazatensx: 17,2 +1,6 % u
15,9 £2,0 % (P > 0,05) B Bo3pacte no 11 mecsnes Bkitountensno; 31,1 £2,5 % B
cpaBHeHuu ¢ 32,5 +2,6 % (P < 0,05) y nereii 3-17 ner.

Takum oOpa3om, rpynmnoil MOBBIIIEHHOTO PUCKA MPHU OKOTOBOM TpaBMe
ABJISIIOTCS IETU B Bo3pacte 1-2 roja, ¢ npeobiananuem B 1,7 pasza nuil MyKCKOTo
nosa. Jloau mocTpagaBUIMX MajbUYUKOB U JIEBOYEK B OTAEJIBHBIX BO3PACTHBIX
rpymnnax CylmeCTBEHHO He pa3inuyarorcs. Beaymumu mnOpuyuHaMu OXKOTOB Y
JIeTel pa3HOro moJjia M BO3pacTa B PAaBHOW CTENEHHW SABISIIOTCS TEPMHUUYECKHE
(dakTophl ¢ HAMOOJIBIIUM YHCIIOM OCTPAABIINX B Bo3pacTe 1-2 roxa.

Cnmcok MCNoJIb30BAHHBIX HCTOYHUKOB
1. 'nytkun, A. B. Tepmudeckuii OXOT KOXH Yy JETeH paHHEro Bo3pacTa (OIBIT
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Summary. The paper presents data on the molecular structural homology of 16
enzymes of glycolysis and the pentose phosphate pathway of carbohydrate
metabolism in humans, pigs, laboratory rats and the pulmonary freshwater
mollusk Biomphalaria glabrata. Compared with humans, the similarity of amino
acid sequences of enzymes in laboratory rats was found in the range of 98.63-
81.79 %, in pigs — 99.08-88.96 % and in mollusks — 74.22-37.31 %; according to
the tertiary structure of enzyme proteins —in laboratory rats in the range of 96.97-
81.79 %, in pigs — 99.08-89.94 % and in shellfish — 74.38-36.70 %. The data
obtained justify the possibility of using simpler animals in biomedical research.

AKTyanmpHON  TpOOJEMOM  COBPEMEHHBIX  MEIAMKO-OMOJOTUYECKUX
AKCIIEPUMEHTATIBLHBIX MCCIICIOBAHUN SBISETCS TOI00p MOJIETBHBIX OPTraHU3MOB
C y4E€TOM COBPEMEHHBIX 3THUYECKHX IMPABHWJI MX HCIOIH30BAHUS: COKPAIICHUE
KOJIMYECTBA JKHBOTHBIX, HCIIOJIb30BaHUE 00JIEE€ MPOCTHIX KHBBIX OPTaHU3MOB H
UCKITIOUCHUE WX «CTpaJaHdii», T. €. OCTporo crpecca. Ha mpoTspkeHHH
NOCIIEAHUX JIET COTpYJHUMKaMH Hamed kadenpel Obulo omyOJuMKOBaHA
MoHOrpaduss ¥ pAA CcTaTell MO OOOCHOBAHHMIO HCIIOJIb30BAHUS IPOCTHIX
MOJICTIbHBIX OPraHU3MOB, & IMEHHO JICTOYHBIX IPECHOBOIHBIX MOJLUTIOCKOB [ 1-4].

[enbro uccnenoBanHust ObUT aHATIN3 MOJIEKYJISIPHO-CTPYKTYPHOM TOMOJIOTHH
depmentoB pacmama rmkoreHa (Glycogen phosphorylase, liver form),
rnukonm3a (hexokinase-2, hexokinase-3, Glucokinase regulatory protein, ATP-
dependent 6-phosphofructokinase, liver type; Fructose-bisphosphate aldolase A,
Fructose-bisphosphate aldolase B, Fructose-bisphosphate aldolase C, ATP-
dependent 6-phosphofructokinase, liver type), rimrokoneorenesa (Fructose-1,6-
bisphosphatase 1, Glucose-6-phosphatase 2, Glucose-6-phosphatase 3, Glucose-
6-phosphatase catalytic subunit 1) u mnenTo3odocharHoro myTH oOMeHa
yraeBonoB  (Glucose-6-phosphate  1-dehydrogenase,  6-phosphogluconate
dehydrogenase, Ribose-5-phosphate isomerase, Transketolase).

B pabote npeacTaBieHbl JaHHBIC O MOJIEKYJISIPHO-CTPYKTYPHON TOMOJIOTHH
16 depmenToB riaukonu3a M mneHTto3odocdarHoro myTd oOMEHa YIJIEBOJIOB
YyelloBeKa, CBUHBHU, JIA0OPATOPHOW KpBICKI W JIETOYHOI'O MPECHOBOJHOTO
mosutrocka Biomphalaria glabrata. Ilo cpaBHeHHIO ¢ 4YeOBEKOM OOHAPYKEHO
CXOJICTBO aMMHOKHCJIOTHBIX MOCIIE0BATEIbHOCTEN (PEPMEHTOB y Ta0OPATOPHBIX
Kpbic B nuana3one 98,63-81,79 %, y ceuneit — 99,08-88,96 % u y moiuttocka —
74,22-37,31 %; 110 TPETUIHOM CTPYKTYype OEIKOB-(HEPMEHTOB — Y TAOOPATOPHBIX
KpbIc B nuana3one 96,97-81,79 %, y ceuneit — 99,08-89,94 % u y moiuttocka —
74,38-36,70 %. IlomydeHHBbIC NaHHBIE OOOCHOBBIBAIOT BO3MOKHOCTH HCIIOJIb-
30BaHMS B OMOMETUITMHCKUX UCCIIEAOBAHMIX 00JIee TPOCTHIX KUBOTHBIX.

B npouecce wuccienoBaHus HE YyAANOCh HAaWTH JaHHBIX O Oenkax
Glucokinase regulatory protein y cuneii, Glucose-6-phosphatase 2 y xpbic u
mosutrockoB, Glucose-6-phosphatase 3 y cBuneit u mosuttockoB, Glucose-6-
phosphate 1-dehydrogenase u hexokinase-3 y cBuneit u mosuttockoB U Glucose-
6-phosphatase 2 u Glycogen phosphorylase, liver form y mosuttockos.
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[Ipn aHanmm3e CXOACTBAa TPETUYHBIX CTPYKTYP HCCIICIOBAHHBIX OCITKOB-
(epMEHTOB BBISIBJICHBI OJIM3KHE W3MEHEHUS WX Y MOJEIBHBIX OPTaHU3MOB TIO
CPaBHEHUIO C AaHAJIOTUYHBIMU OeIKaMHU YesloBeKa. VICKITIoueHneM SBIISICTCS NI
omun (epment y mommockoB — ATP-dependent 6-phosphofructokinase, liver
type, MOCKOJIBKY HE yAaJIOCh HAWTH JaHHBIX 00 aMWHOKHCJIOTHBIX IIOCIIe-
JIOBATEJILHOCTAX I'eHa 3Toro (pepmeHTa y Mosimtocka Biomphalaria glabrata, xots
TIOJTHBIA TEHOM 3TOTO OpraHu3Ma aHHOTHPOBAH.

[TomydeHHBbIE pe3yNbTAaThl IMOKA3BIBAIOT BBICOKHH YPOBEHb TOMOJIOTHU
dbepmMeHTOB 0OMEHa TIIFOKO3bI Y YeJIOBEeKa M CBUHEU M J1a0OpaTOpPHBIX KPBIC, a
TaK)Xe CpeJHUIN ypPOBEHb TOMOJIOTHH — Y YEJIOBEKA U JIETOYHOT'O TPECHOBOIHOTO
MosiTtocka. [TocKoIbKy mepBHYHAS CTPYKTYpa OTBEUYAET 32 COOTBETCTBUE Oeka
KOJUPYIOIIEMY €ro TeHy, a TpeTU4YHas CTPYyKTypa CBs3aHa C (YyHKIH-
OHHMpOBaHWEM OenKa, MOXHO TIOJlarath, 4TO JJA0OPAaTOpPHBIC KPHICHI M CBUHBH
OCTarOTCsl HamOoJee aJeKBaTHBIMU MOJICIBLHBIMH OpPTaHU3MaMU JJI YEIOBEKa.
Bmecte ¢ Tem, B psjie MEAMKO-OMOIOTHYECKUX IKCIIEPUMEHTOB MOYKHO TaKXKe
WCIIOJIB30BATh JICTOYHBIX IMPECHOBOHBIX MOJLTFOCKOB.
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Summary. For the first time, a study of potentially significant polymorphisms of
the LIF (rs322167972), NCOALl (rs335362002, rs697739229) and BF
(rs339261793) genes was carried out on a sample of Landrace and Yorkshire
sows of Belarusian selection. Primers were designed to identify the
polymorphisms under study. Using proven methods, a sample of pigs (n = 147)
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was genotyped, and the frequencies of alleles and genotypes were determined. It
was shown that the number of born and born live piglets from sows with the LIFBB
genotype of the Landrace breed exceeded by 1.0 goals animals with the LIFA*
genotype (p < 0.05). Nest weight at birth was significantly higher in Landrace
animals with the LIFA®BB genotype compared to animals with the LIFAA genotype
by 0.9 kg (p = 0.017). Animals with the LIFA¥AB genotype were significantly
superior to animals with the LIF?® genotype in live weight of the nest at 21 days
by 3.685 kg (p = 0.018). A similar trend was observed in Yorkshire animals, but
the differences were not statistically significant. A tendency was shown that the
live weight of the nest at 21 days was higher in Landrace animals with the BFBE
genotype compared to animals with the BFA*A8 genotype by 2.28 kg (p = 0.054).

BaxnelmuM mnokazareneM MNpOJyKTUBHOCTH CBHHOMATOK SIBJISIFOTCS HX
penpoayKTHBHbIE KauecTBa. [10ATOMy, BBISBIEHHME T'€HETUYECKUX MAapKEpOB,
KOHTPOJIUPYIOIIUX PENPOAYKTUBHbIE NMPU3HAKKM CBMHOMATOK, B TOM 4YHCIE U
T€HHBIX COYETaHWUH, aCCOLMNPOBAHHBIX C MOBBIIIEHHON BEPOSITHOCTBIO Pa3BUTHS
y KMBOTHBIX JK€JaTebHOro (H)EHOTHIIA, SIBJIAETCS OJHOW M3 BAXKHBIX 3a4ay
YUEHBIX CEJICKIIHOHEPOB B CBMHOBOJACTBE. Llenbio Haliero mccienoBaHusi ObUIO
U3ydeHHEe MOTCHIINAILHO-3HAYNMBIX JIOKycoB TeHoB BF (rs339261793), NCOA1
(rs335362002, rs697739229) u LIF (rs322167972) u BBISBICHHE NPEIIIOY-
TUTENbHBIX AJUIEJIbHBIX BapUAHTOB HMCCIEIYEMBIX T€HOB, ACCOLMMPOBAHHBIX C
PEnpoOayKTUBHBIMU Kau€CTBAMHM CBUHOMATOK MOPO/I JJaHAPAC U HOPKILHUP.

B kauectBe 00beKTa MCCIEAOBaHUS ObUIM HMCHOJIB30BAHBI CBUHOMATKU OO
JaHapac M HWopkmmp Oenopycckor cenekuuu (n = 147 romn.). Marepuaiom s
uccinenoBanus ciyxwia JJHK, BeineneHHas n3 OMOJIOTrMYECKOro Marepuana —
npoO TkaHu (YIIHOW BBIMMM). bronornueckuii Marepuan CBUHEH W JJaHHbBIE T10
OIpocaM CBUHOMATOK IIOPOJA JaHApac W HWopkmup npeaocrasieHsl [TI1
«KognnoArpolnemOnura». AHamM3 MOCIEAOBATEIIEHOCTA HCCIEAYEMBIX T'€HOB
npoBoawiM ¢ nomoislo 6a3el JaHHbIXx Ensembl u NSBI B gopmarax FASTA. B
pe3yJbTare 3Toro c¢hopMUpOBaHa MaHENb MOTEHIMATLHO-3HAYMMBbIX MTOTMMOP(U3MOB
I'€HOB, aCCOLIMMPOBAHHBIX C PEMPOAYKTUBHBIMU Ka4eCTBaMU CBUHOMATOK (Talt. 1).

Ta6muma 1 — [Ta"enb T0KyCOB reéHOB, aCCOIMUPOBAHHBIX C
EMPOJIYKTUBHBIMU KaY€CTBAMHU CBHHOMATOK

Haumenosanue | Ilozunus B | [Tonumopdus Jlokanust B pehepeHCHOI Tun
reHa XpoMOcCOMe M MOCIIE0BATENLHOCTH MyTallln
Ch NC_010449.5:9.24035584A>G
BF 7:24035584 | rs339261793 | ENSSSCTO00000036375.4:c.742+58A | A>G
>G
NC_010445.4:9.114052819A>G T>C
NCOAL Ch 3:1140528 | rs335362002, | ENSSSCT00000039793.3:¢.1972T>C | (Leu658=)
19 rs697739229 NC_010445.4:9.114052820T>G A>C
ENSSSCT00000039793.3:c.1971A>C | (Val657=)
Ch 14: NC_010456.5:9.47224772A>G
LIF 47224772 r$322167972 ENSSSCT00000044908.2:c.*24T>C T>C
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C momompio pa3paboTaHHBIX METOAOB OBUIO MPOBEACHO MOJCKYJISIPHO-
F€HETUYECKOE TECTUPOBAHUE BHIOOPOK CBUHOMATOK OO/ Janapac (N = 76 roJ.)
(tabn. 1), dopkmup (N = 33 ron.) nmo nokycam renoB BF, NCOAIl u LIF.
CTaThCTUYECKUI aHau3 MPOBOJAMWIICS C MCMOJIb30BaHHEM IporpamMm Microsoft
Excel (Microsoft Corporation, CIIIA) u SPSS v.20.0 (IBM, CIIIA). YpoBenb
CTaTUCTUYECKON 3HAYMMOCTH P MPU MHOKECTBEHHBIX CPABHEHHUSIX BBIUUCIISIICS
OKCIIEPUMEHTATIBHO JJIi  KaXJOro KOHKPETHOTO ciydas (CpaBHEHHs) C
UCIIOJIb30BaHUEM TOUHOTO Kputepus Puiepa. i cpaBHEHUS KOJIMYECTBEHHBIX
JAHHBIX TOCJE MPOBEPKHU HA roMOCcKeaacTUYHOCTh (TecT JleBeHa, Levene test) u
HOPMaJbHOCTh  pacmpenesieHuss  (kputepuil  cornacusa  Kommoroposa)
ucnonb3oBasi Mmetor ANOVA.

AHamm3 accouualyii MCCIEAOBAaHHBIX MOJIMMOP(PU3MOB I'€HOB BBIBUII, YTO
’KUBOTHBIE TIOPO B! Janapac ¢ rerotunoM LIFPE gpnsrorcs npeamournTensHbIMU
M0 TAaKWUM IOKA3aTessiM, KaK KOJUYECTBO POXKIEHHBIX U POXKJICHHBIX >KUBBIX
MOPOCST; MPEANOYTUTEILHBIM TEHOTUIIOM IO IMOKAa3aTeNIl0 Macca THe3da IMpu
poxnennn ssusercs LIFAPBB; 1o nokasaremo kpymHomiomHocTs mpen-
IIOYTUTENBHBIM TeHOTHIIOM siBiseTcss LIFAA. D10 06yciI0oBiIeHo 0TpULaTEIbHOM
KOppemsiiield JaHHBIX MPU3HAKOB MEXIY COOOM, Kak MPaBUJIO OTHOCUTEIbHAsS
XKUBas Macca KaXKJIOro TMOpPOCEHKAa YMEHBIIAETCS MPOMOPLUUOHAIBHO HUX
KOJIMYECTBY B THE3/E. Y KMBOTHBIX MOPOABI HOPKIIAP AOCTOBEPHBIX PA3IUYMI
MEXKy TEHOTUIIaMU CBUHOMATOK U WX BOCIPOU3BOAUTEIBHBIMU MIPU3HAKAMU T10
reny LIF BbisiBIeHO He OBUIO M COOTBETCTBEHHO HE BBISIBJICHBI MPEAIOU-
TUTEIHHBIC TEHOTHUITBI, YTO MOXKET OBITh CBSI3aHO C HEJOCTATOYHOU BBIOOPKOM
KUBOTHBIX. B HallleM HMCClIeIOBaHUU MOKa3aHa TEHJICHIIMS, YBEIUUYCHUS KUBOU
Macchl THe3zia B 21 neHb, Tak HazbiBaemoul mosiouHocTH (p = 0,054) u maccsr 1
rojoBel B 21 nenb (p = 0,098), y *KMBOTHBIX MOPOJBI JIAHAPAC C TCHOTHUIIOM
BFEB, koTopblii MOXKET OBITH HPEAIOYTUTENBHBIM 110 JAHHBIM IOKA3aTENIsM.
JlocToBepHBIX acconmanuii Mexay pasHbiMu reHotunamu reHa NCOAIL wu
MOKa3aTEIsIMH BOCITPOU3-BOJUTEIBHBIX KAU€CTB CBUHOMATOK MOPOJ JaHAPAC U
HWOpKIIUp HE OBLIO BBISIBICHO, YTO MOXET OBITH CBSI3aHO KaK C HEJIOCTATOUYHOMN
BBIOOPKOHM, TaK U C OCOOCHHOCTBHIO T€HOMa B PE3YJbTAaTe CENEKIMH JIaHHOMN
MOMYJISILIMKM, YTO HE JA€T BO3MOXKHOCTh McmoJib30oBaTh rTeH NCOA1 B kauecTBe
MapKepa BOCTIPOU3BOIUTEIHHBIX KaU€CTB CBUHEH B HCCIICIOBAHHBIX BEIOOPKAX.

YK 582.288:581.92
ECOLOGICAL IMPORTANCE OF TRICHODERMA SPP. AND THEIR
SECONDARY METABOLITES FOR ORGANIC FARMING
Kharitonchik Anna, Russkikh lvan
Republican center of ecology and local study
State scientific and production association ""chemical synthensis and
biotechnology",Belarusian state university
e-mail: olgaburda@tut.by
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Summary. The development of organic farming around the world and in Belarus
in the last 10-15 years has shown the importance of studying and introducing
biological methods for combating plant diseases. For this, studies of various
microorganisms are carried out throughout the world, which can become the
basis for modern plant protection products that do not damage the environment
and human health.The widespread occurrence of fungi of the genus Trichoderma
attracted our attention due to the possibility of isolating and studying them to
identify new highly active strains with a protective function, as well as useful for
agriculture. For example, many people, including my family. are engaged in
composting plant residues in order to obtain organic fertilizer. Adding
Trichoderma to such a compost would speed up its maturation and also give it the
property of a plant protection product.

Therefore, the goal of our work was to create a collection of Trichoderma
strains of various origins and conduct a comprehensive study of it in order to
select isolates that are most promising for crop production.

We have used a number of standard microbiological methods to locate,
isolate, collect, maintain and preserve isolates of Trichoderma fungi. We also
used special published methods to describe isolates and study their special
characteristics: growth rate on various substrates and under various other
conditions, the ability to release secondary metabolites, antagonism towards
phytopathogenic fungi.

As a result of the experimental work, we have created a collection of fungi
of the genus Trichoderma and described it according to different parameters. We
have also identified the most promising isolates for creating a biological plant
protection product.

The scientific novelty of the work lies in the collection and study of new,
previously unexplored Trichoderma isolates. The practical and economical
significance of the work lies in the collection and assessment of a wide range of
Trichoderma isolates for some important economic traits, which can be used in
various directions, for example, to protect plants from diseases and stimulate their
growth.

Based on the data obtained during the execution of the work, we can draw
the following conclusions:

1. Well-decomposed wood, fruiting bodies of mushrooms, as well as the soil
are inhabited by mushrooms of the genus Trichoderma. The fruiting bodies of the
present tinder fungus are the richest source of a variety of fungi of the genus
Trichoderma.

2. The created collection of Trichoderma isolates has a significant diversity
in the morphological characteristics of the mycelium. The distribution by
morphological groups is heterogeneous.

3. The collection contains both slow and fast growing isolates. At the same
time, the growth rate of mycelium in isolates differs depending on the period from
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the beginning of growth. Isolate 35 has the highest growth rate, which is not
inferior in this indicator to industrial strains from commercial preparations.

4. lIsolates in the collection exhibit a different capacity for cellulose
utilization. The best growth rate on the medium with cellulose was shown by
isolate 22, which is not inferior to isolates from commercial preparations.

5. Wood, fruiting bodies of fungi, as well as soil are inhabited by fungi of
the genus Trichoderma.

6. Some isolates from our collection are capable of synthesizing
siderophores.

7. Many isolates are capable of inhibiting the growth of soil pathogens.
Perhaps this is due to the fact that fungi of the genus Trichoderma are soil fungi.
The pleasant result was that Trichoderma suppressed phytophthora well.

8. The growth of isolates at a temperature of 37 degrees Celsius shows the
impossibility of using such isolates for the needs of crop production.

The main practical conclusion is the creation of a prototype of a
commercially viable biological product that can be widely introduced into the
practice of organic and conventional farming through its commercialization.

Reference
1. Alimova F. K., Modern system Trichoderma / Hypocrea, 2005. — Pesxxum poctyma:
https://cyberleninka.ru/article/n/sovremennaya-sistema-Trichoderma-hypocrea/viewer?fbclid
=IwAR2tAdra4l9W-b22ZDDSDARNSY5sK2NMnAPM2n.
2. Claus, H. Laccases: structure, reactions, distribution Tech / H. Claus // Micron. — 2004.
—V. 35. - P. 93-95 (in Russian).
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Summary. The existing disease diagnosis techniques are more or less harmful to
the human body, so a simple and non-invasive disease screening technology is
urgently needed. This paper introduces a hair scanning technique for the
diagnosis of diseases.

Anatomically, human scalp hair is divided into thalamic layer, cortex and
medulla. The medulla is located in the center of the cortical fibers and can be
missing, broken or continuous. Existing studies have found that the thalamic layer
and cortex of hair have different functions and functions. However, the hair
medulla is simply considered to be an irregular gap with many holes in the center
of the hair, and the research on the function and function of the medulla is not
satisfactory. It can be used as a diagnostic tool to study whether changes in the
medulla structure of hair are related to some diseases. Scanning hair samples can
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be used as a simple, cheap and non-invasive screening technique for the diagnosis
of diseases, which has practical significance.

At present, the construction of hair scanning device, the collection and
induction of hair data and the stitching of hair images have been completed. The
specific contents of these three aspects of work will be introduced below.

The first is the construction of the hair scanning device, which includes four
modules. The image acquisition module collects the microscopic image of the hair
from the microscope by using a digital camera and saves the microscopic image;
the transmission module, a mechanical device, is used to control the movement
and straightening of the hair under the microscope, which is easy to focus and
take a complete microscopic image of the hair. Include a hair tension unit (for
straightening the hair, convenient for digital camera focus and microscopic image
acquisition), a hair movement unit (for automatically moving the hair and taking
continuous hair microscopic images), and a hardware control module for
controlling the work of the transmission device and digital camera. The image
analysis module is used to process and analyze the microscopic image of the hair
collected by the image acquisition module, and obtain the data information such
as the length of the hair pith, and obtain a complete microscopic image of a hair
through the image mosaic technology.

Then there is the collection and induction of hair data. at present, 133 groups
of hair images of cancer patients and 43 groups of healthy people have been
collected, and the hair image data are numbered, and an information index table
is established according to the number. record the age, disease, hair length and
other basic information of the person to which the hair belongs.

The last part is the stitching work of the hair, which adopts the following
stitching algorithm: first, the background of the hair is changed to white by logical
operation, and the background of the hair image is separated; second, the pixel
points of the hair image are searched, and the hair is fixed at the same horizontal
line by clipping. Thirdly, the three-channel hair image channel is divided into
three single-channel hair images. The three-channel R-MagneGMagneB three-
channel image is weighted fused, and the three-channel image after fusion is fused
to get the mosaic image.

To explore the feasibility of diagnosing immune diseases through hair: with
the continuous development and progress of information technology, how to use
these techniques to help patients or doctors make preliminary diagnosis quickly
and efficiently has become a hot topic. This project provides a new method for
disease screening and diagnosis by exploring the correlation between hair medulla
structure and disease.

Simple, non-invasive disease screening method: scanning hair samples is
simple, cheap and non-invasive, which not only facilitates diagnosis and treatment,
but also promotes the work efficiency of doctors, which is of positive significance
to disease diagnosis.

The hair microscope macro-scanning system has been basically built: the
hair micro-scanning system can automatically and quickly collect complete hair
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microscopic images. The built hair scanning device can be used to collect the
microscopic images of each segment of the hair. By stitching the segmented hair
Images, a complete and non-repetitive microscopic image of the whole hair can
be formed.
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Summary. This thesis focuses on the marketing strategy of medical device
enterprises, in-depth analysis of the current market situation and development
trend of the medical device industry, through the discussion of marketing strategy,
to provide medical device enterprises with marketing strategy plan suggestions.
The first part describes the background, the current situation of the medical
device market, and the marketing strategy of the enterprise, and the middle part
describes the characteristics of the marketing strategy of the medical device
enterprise, the offline promotional strategy as well as the online promotion and
sales. Finally, brand building strategy and the importance of online marketing
and conclusion are introduced.
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Summary. The miniature peanut autonomous seeding robot demonstrated in this
paper can adapt to the agronomic requirements of peanut planting in different
regions by adjusting the seeding parameters, which has certain uniqueness and
application value.
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