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BIIMAHVNE KOMBUHWPOBAHHOIO JIEKTPOMEXAHWYECKOIO
BO3OAEVNCTBUMA HA HAMPAXEHHOE COCTOAHME MATEPUATA

INFLUENCE OF COMBINED ELECTRO-MECHANICAL INFLUENCE
ON THE STRESS STATE OF THE MATERIAL

H. M. YurpuHosa,

npodeccop kadeapsl «TOProBoe v peknamHoe obopynoBaHve» GakynbTeTa MAPKETUHIA, MEHELKMEHTA,
NpeanpUHUMaTENbCTBA benopycckoro HaUMOHaNbHOTO TEXHUYECKOTO YHUBEPCUTET], -P TEXH. HayK, AOLEHT,
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Professor of Trade and Advertising Equipment Department of the Faculty of Marketing, Management
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B maHHOI cTaTbe peyb UAET O NpriemMax KOMOMHMPOBAHHON aKTUBALMM TEXHOMOMN MUKPOAYroBOrO OKCMAUPOBAHUS, B pe-
3ynbTaTe KOTOPOW CYLLEeCTBEHHO U3MEHRAIOTCA CTPYKTYPA U HanpsXXeHHoe COCToAHMe 06paboTaHHOW NOBEPXHOCTV MaTepurana,
onpegensowye paboTocnoco6HOCTb U3AENNI U3 HUX.

This article deals with the methods of combined activation of micro-arc oxidation technology, as a result of which the structure
and stress state of the treated surface of the material, which determine the performance of products made from them, signifi-
cantly change.

KnioueBble cfloBa: KepamonofobHOe MOKPbITUE, MUKPOOYrOBOE OKCUAMPOBAHWE, SMEKTPOMWT, akTMBaLUus, NapameTpbl TOHKOM
CTPYKTYpbI, ypOBEHb AedopmaLinii.

Keywords: ceramic-like coating, micro-arc oxidation, electrolyte, activation, fine structure parameters, level of deformation.

Beederue. OpauM 13 3¢ (eKTUBHBIX HAIIpaB/IeHMIT 06ecIedeHNs BBICOKOTO YPOBHSA CTy>KeOHBIX XapaK-
TEPUCTUK MAaTePUAJIOB sAB/AETCS GOPMMPOBAHIE HA MX IIOBEPXHOCTY MHOTO(YHKIIVIOHAIBHBIX C YHUKA/Ib-
HBIM KOMIUIEKCOM CBOJICTB TTOKPBITHIA, OTIPeIe/IAIOLIVX TOBeIeHYIe U3/ C TAKMMI IIOKPBITVSIMY B CTIOXKHbIX
9KCIIyaTalMIOHHBIX YCTOBUIX.

B maHHOIT cTaThe paccMaTpUBAETCs BAMHIE KOMOVHIPOBAHHOTO 9/IEKTPOMEXaHIIeCKOTO BO3EICTBIS
py 06paboTKe MaTepuaa METOIOM MUKpORyroBoro okcuaypoBanys (MJIO) ¢ M3MeHsOMMMICS TapaMeTpa-
MM Ha HaIIpsDKEHHOE COCTOSIHIE Y TOHKYIO CTPYKTYPY (GOPMUPYeMbIX KepaMIKOIIOZOOHBIX MOKpbITHiL [1, 2].

CoBpeMeHHBIIT yPOBEHb IPOBEeHs II00bIX NCCIETOBAHNI 1 9KCIIEPUMMEHTOB TpebyeT TOYHOTO U BbIBe-
PEHHOro MOAX0Aa K pa3paboTKe MPUEMOB YIIPABIeHNs CTPYKTYPOIl ¥ CBOCTBaMM MOAMULMPYEMbIX Ma-
TepuanoB. KOHTPO/Ib CTPYKTYPHOTO M HANPSDKEHHOTO COCTOSIHSI MaTepyaa MOKPBITHSI, IIOTy4eHHOTO Me-
tofoM MJIO, MO>XeT OCyIIeCTBIATbCA pasnudHbiMu criocobamu. Tak, B [3-5] B mporecce paboThl IpuMe-
HSUIV IIPYEMBI ¥ Q/IFOPUTMBI aJAIITMBHOTO YIIPaB/IeHNs, B CBSI3Y C 4eM ObUIa pa3paboTaHa METOLVIKA OIIpe-
memeHus QYHKIMY PeTyINpOBaHsl IOBefe s MaTepyasa Ipy IIepeBofie ero U3 UCXOZHOTO B KOHEYHOe CO-
crosine. IIpyMeHsII0T METO/BI KPUTEPHATbHbIX IIOXO0B K OObsSICHEHIIO MEXaHI3MOB I 0COOEHHOCTEN MU~
KPOIIa3MOVCKPOBBIX IIPOLIECCOB [6], OIpefenaommux 0COOEHHOCTI CTPYKTYpoOoOpa3oBaHys ¥ M3MEHEHMS
HAIIPSDKEHHOTO COCTOSIHMS MaTepyasoB, IIPY 9TOM BBINOTHAETCS TPYAOEMKUIL 1 CYO'beKTUBHBIIL TOFOOP
Hanbosee afleKBaTHBIX (PU3NUECKUX KPUTEpPNEB, MPOAMKTOBAHHBIX Ha/IN4MeM YIIPAB/IseMBIX U CaMOOp-
raHusyembIX (pakTOpOB B TEXHOMOTMM O0PabOOTKM MaTepuaja, YTO MOXKET ObITh OCYIIeCTB/IEHO Ha OCHO-
Be aHa/IM3a MHOTOKOMIIOHEHTHBIX (PYHKIIMOHA/IOB — PasHbIX I KaXIOTO BUjA M3MEHEHNs COCTOSHIIS

S707 (/) TN <UMIOLOHX3L M MNARH NLIOFOH»
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obpabaTbiBaeMoro Matepuana. Takme MccrefoBaHNA OTIMYAIOTCA MHOrOOOpasyeM B3aMMOBIUAIOMINX U
B3aMIMO3aBUCUMBIX (PaKTOPOB, YTO OOYC/IOB/IMBAET IOSAB/ICHNE MHOXKECTBA ellle HePeIIeHHBIX BOIPOCOB.
[TosTomy mownck 6omee NpocThiX ¥ 3¢ HEKTUBHBIX METOAUK U3Y4YeHMsA TaHHOTO BOIPOCa IPEACTABIAET Cy-
LIE€CTBEHHBIN HAYYHBIN U IPAKTUYECKUIT MHTEPEC.

lerpi0 ZaHHOTO MCCIENOBAHUA ABAETCSA pa3pabOTKa METOONOIMM ONPele/IeHNsI TOHKOM CTPYKTYPBbI
¥l HAIIPsDKEHHOTO COCTOSHYA MaTepyaa I0j, M3MEHSIOMMMCSA KOMOVHIPOBAHHBIM 9IEKTPOMEXaHIYeCKIM
BO3JENICTBYEM C ONITUMMU3ALIMEN YPOBHEN JaHHBIX BO3LEVICTBUI [/1A IOTy4eHM s BBICOKOKAYe€CTBEHHbIX U3-
ienuii ¢ TpebyeMbIM HaOOPOM paboUMX CBOJICTB.

Memoouueckas wacmo. JKCIIepPUMEHTBI OCYLIECTB/ISUIM Ha 00pasliaX U3 a/lIOMUHIEBOTO CIIaBa COCTa-
Ba AJ] 0, HanboIee YacTO MCIONIb3YeMOrO B Pa3IMYHBIX OTPAC/IAX MPOMBILIIEHHOCTH, TIOCTIE MX OKCUJVI-
POBaHMA B 37IEKTPOIUTAX C Pa3IMYHON XMMUYECKON aKTMBHOCTDIO IIPY M3MEHAIOUINXCA 3/IeKTPOMeXaH!-
4eCKMX BO3JelICTBMAX: INIOTHOCTU TOKA ¥ HampsbKeHMs mponecca MJJO, a Taxke 3a cueT NpOIyCKaHMA
Jyepe3 pacTBOp y/IbTpasByKa [1]. XuMM4IecKkyro aKTMBHOCTb CTAaHAAPTHOTO BOJGHO-IEJIOYHOTO SIEeKTPOJINTA
Ha ocHOBe corelt Hatpus u Kamust 11T, B kotropom Beimonasiin MJIO 06pasos, n3MeHsu 3a c4eT gobase-
HIISI B pacTBOP pacTBOPUMBIX costeit Hatpust — IIII 1 n fo6aBoK pasHo3apspKeHHBIX nompagukanos — 11T 2.
MexaHn4ecKas aKTMBaLMA IPOUCXOANTIA TIOCPECTBOM IIPONYCKAaHUA Yepe3 pacTBOP Y/IbTPa3BYKOBBIX KO-
ne6anmit — I1II 3. IIpogomKuTeIbHOCTh 06pAOOTKY BO BCEX 9TIEKTPOMNUTAX OblIa OMHAKOBA.

Omnpenenenne HAPsHKEHHOTO COCTOSIHNUA IOKPBITUA Y META/UINYEeCKOM OCHOBBI IIOJ, HUM OCYILeCTBIA-
JIY TIOCPEICTBOM M3Y4eH!s pa3MePOB KPUCTA/INTOB, IFIOTHOCTHU AMCIOKALINIL, OCTaTOYHbBIX HAIIPsDKEHUIA,
YPOBHS MUKpOAedOpMaLIL.

JIna ycTaHOBNIEHUA apaMeTPOB TOHKOJ CTPYKTYpPbl MaTepyaa PEeHTT€HOBCKMM MeTOIOM MCIIOIb30Ba/IN
METOJIMKY OLIeHKM cucTeMbl 06pabotku nHopmaryyu COV u maHupoBaHMs 9KCIIEPUMEHTa, pa3paboTaH-
HYI0 B [7] ¥ peann30BaHHYIO B CIelaIbHOM makeTe nmporpamm pist IBM PC/AT ¢ npumeHeHneM mporpaMm-
HBIX CpefiCTB KoMItboTepHOI rpaduku GOR [8].

ITaket nporpamm GOR copepxut 3 nporpammbl: SPLIT LINE, FOUR1 u MIC2_L. IIpuMeHeHnue nopnpo-
rpammbl SPLIT LINE nosBonsier npoBectu yaanenue nyonerusix muanit CuKa, paspenenne Hamo)XeHHBIX
nuHUIL. B pesynbpTare Bbifie/leHHbIE IMHUY [IOCTIE AIIPOKCHMMALMY 3alMCBIBAIOT M MCIIONIb3YIOT /ISl pacye-
TOB ITapaMeTPOB TOHKOU CTPYKTYphI 10 nopnporpammam FOURLI n MIC2L.

Anroput™ 06paboOTKM SKCIIepUMEHTa/TbHBIX JAHHBIX COCTOSI 13 IBYX 4acTell:

1. ITporpammbl FOURLL, npy oMoy KoTopoii IpOBOAVIIN TIEPBUYHYI0 00paboTKy AU(PaKIMOHHBIX
JlaHHBIX, 3aIIVICAHHBIX B pe3y/brate 06paborku no nognporpamme SPLIT LINE, u onpenensmm koaddurm-
eHTl Dypbe mpodureit ob6pasua 1 3TaNOHA, a TaKKe GYHKIMM PU3NYECKOTo yumMpeHus. Ilo okoHuYaHUN
HepBOIT YacTy 06pabOTKY MIPpOGWIA MMHUM CO3aBay Qaiil AJIA CIIefYIOLIero sTamna 06paboTKu.

2. IIporpammsr MIC2L, ¢ moMoI11b10 KOTOPO MACHTUPULIMPOBA/IM OCHOBHYIO IPMYNHY, BBI3BABIIYIO pa3-
MBITI€ PEHTT€HOBCKOII JIMHNMY, IIPY 9TOM pellajy YeThIpe 3a/jaun:

1) pacueT a¢ppexTMBHOrO pasMepa KpUCTAUINTOB IIPY OTCYTCTBUY BIMAHUA MUKpofedopManuii u mog-

60p Mopenu pacIpefenieHNs ITIOTHOCTY YVC/IA A9eeK M0 PACCTOSHUIO B KPUCTAIMYECKOI! pelleTKe;

2) pacueT pacnpepeneHs MUKpofedopMaluii Ipy OTCYTCTBUM BIVAHNA METKOAVICIIEPCHOCTY 1 TORO0P

MOJie/N paclpefe/eHns MUKpoaedopMaluii 0 PacCTOAHNUIO B KPUCTA/UINYIECKON pellleTKe;

3) coBMecTHOe pellleHre 3aad 1 u 2 B IpUOIVDKEHUM M3OTPOITHOCTI;

4) pelieHne 3agaun 3 B IpUOIVDKEHNY aHU30TPOIHOCTU (HeoOxonyuMo BBefeHye Mopyeit FOHra coort-

BETCTBYIOIIVIX HAIIPaB/ICHN!I).

Hanexxnas upentudukanys Mozmesneil INIOTHOCTU pacnpenenenns uncna sdeek B OKP mossonser omnn-
CaTh [iBa KPaMHUX COCTOAHMA UCCERYEMON CTPYKTYPBI:

— BBICOKasA CTENIeHb OMHOPOIHOCTY OJIOYHON CTPYKTYPbI — IIPSAMOYTO/IbHAS MOJIE/Ib;
- XaoTHU4YecKoe pacipefie/ieHye JUCTOKAUil — 5KCIIOHEeHIMa/IbHAsA MOJe/b.

Pacripeniesienne OTHOCUTENBHON CpefHeKBagpaTudeckoit Mukpoaedopmanuun — OCM]] <E2(Ln)>1/2
B 3aBMICMOCTY OT PacCTOSHMA B KPUCTa/IZINYECKOI pellleTKe aHa/IM3MPOBaIN Ha IIPMHAIEKHOCTb K TPeM
Hanboree pacpoCTpaHeHHbIM MOfeTsIM [9]:

— IPAMOJIMHENHOM — BBICOKAsA CTEIIEHb OGHOPONHOCTY B PacIpefie/IeHUN SVICTOKALIIL;
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— 9KCIIOHEHIIVATIbHON — XaoTU4YecKoe pacIpefe/ie e AYCIOKaIINil;
— CTeIleHHOI — pacIpefeneHe OMCIOKALMII B CTEHKaX 0/I0KOB.

B pesynbrare KoMIIIeKca paboT ¢ IpYMeHeH)eM yKa3aHHbBIX IPOrpaMM:

a) MAEeHTUGULIMPOBA/IY IO TIOJTHOMY CIEKTPY KPUCTA/UINYECKYI0 PELIeTKY OCHOBBI MCCIIeyeMbIX 00pas-
1I0B, 110 AHA/IN3y Pe3y/IbTATOB UAECHTUPUKALVIN PACCUNTBIBA/IN ITapaMeTpPhbl CbeMKI BHIOpaHHBIX /I pacye-
TOB OT/IE/IbHBIX JIMHUI (as3bl, TapaMeTpbl TOHKOI CTPYKTYPbI KOTOPOI! OIIpeie/AoTCs;

0) ycTaHaB/IMBaIM IOJIOKEH)E MAaKCHMyMa M LIEHTPa TSHKECTY JIMHUIT — yrIbl 20, 0 KOTOPBIM 3aTeM
IPOM3BOAVIIV IIPELM3MIOHHOE OIpefie/ieHNe TapaMeTPOB PelleTKY;

B) paccunTbiBa/my QyHKIVA pusndeckoro ymmperns — B1/2, pap. (PDY) unrerpanpHyo IWVPUHY K-
HUM, CpelHUIT pa3Mep obacTelt koreperntHoro paccesnuss — OKP, pasmep OKP Dad¢.no Censaxosy, oTHO-
CUTETIbHYIO CpefHEKBaIpaTniecKyo Mukpopedopmanmo OCM]I — <E2>1/2 107%

T) OTpeiesIA/NM IOTHOCTD TUCIOKaIMii B 06beMe KpucTanna, p, 1/cm’.

Pacuer ypoBHeil HalpsDKeHUIT B MaTepyanax IMOKPBITH M aTIOMVHIEBOI OCHOBBI C OIpefe/ieHIeM IIa-
pPaMeTpOB TOHKOII CTPYKTYPBI IIPOBOAVIIN ITy TeM U3y4eHMsI 3aKOHOMEPHOCTel1 TpaHcdopmanuy npoduei
PEHTITEHOBCKNX JIMHUIL.

[Ipy IpUHATUY pellleHVs O BHIOOpe TON VIV MHOI MOJIeNM B KaueCTBe ONTMMA/IbHON YYUTBIBAIM TaK-
e 00beM SMIMPUIECKOl BBIOOPKM, OCTABILEIICS TTOC/Ie CeNeKIMM B Le/AX yHaJIeHUA CITy4ailHbIX BBICOKO-
JaCTOTHBIX ITOMEX.

Il pacyeTa mapaMeTpOB TOHKOJ KPUCTA/UIMYECKON CTPYKTYPBI BBIOMpPAIN TMHUM ABYX MOPSIKOB OT-
Pa@XXEHV OT OFHOM IVIOCKOCTYL: /A IIPELM3VOHHOr0 pacyeTa apaMeTpa PeleTKM — JIVHUY Ha CaMbIX OOJIbIIVX
yIJIaX, KOTOpbIe /IS HafIeXKHOI perrCTpalyi HO/DKHBI IMETb JOCTaTOYHYI0 MIHTEHCUBHOCTD 11 He COBIAJATh
C ApyruMu orpaxxeHuAMu. g ocHoBHBIX ¢a3 mokpeitus a-Al,O; Cub TakyuMu MMHMAMYN ABIAIOTCA Hapa
(400)-(800) u (840), ms SiO, Cub — mapa (111)-(222) n (422), pis Al Cub — mapa (111)-(222) u (420).

Ocnosnas wacmy. Ha puc. 1, 2 ¢ npumenennem nporpammbl SPLIT LINE npusefeHbl Io/HbIE Pe3yIbTa-
THI pasfieNieHnA AU PaKIVOHHBIX IPOQUIIelt, IPeACTaB/IAOMINX HaJIOXKeHVIe HeCKOTIbKMX PEHTT€HOBCKIX JIVI-
HUIT, COOTBETCTBYIOLINX Pa3/IMYHbIM (ha3aM, Ha OT/e/IbHbIe TIVHUL.

IIpoBefieHHBIMY pacyeTaMyl CTEIeHV YIPOYHEHNUs aIIOMUHUEBON OCHOBBI YCTAHOBJIEHO, YTO HOBEpX-
HOCTHBIE CJIOV BCEX CO3JJaHHBIX BapMAaHTOB ITOKPBITHII HAXOAATCA B HAHOCTPYKTYPUPOBAHHOM COCTOSHUM
(10, 11]. ITpumeHeHne paspabOTaHHBIX IPUHIUIIOB U IIpreMoB MHTeHcudukanuu metona MJIO mpu obpa-
00TKe MaTepuajoB IPUBENIO K CYLIeCTBEHHOMY (IIOYTU B 2 pas3a) ApOOIeHNI0 KPUCTA/UINTOB B CTPYKTYpe
cpopMIMPOBaHHBIX IOKPBITUIL, YTO OLpeenAeT OOMBIIYIO0 INIOTHOCTD JVICIOKAINIT B HUX U, COOTBETCTBEH-
HO, BBICOKYIO ITPOYHOCTS (Ta6m. 1, 2). MaKcuMMa/IbHBI pasMep KPUCTA/UIUTOB 3apUKCHPOBAH B HOKPBITHAX,
copMMpOBaHHBIX TPK UCIIONb30BAHUY XMMIYECKOIT MHTeHcudukanuu nporecca MJIO [1, 9, 11].

Ha mopspok 60see BbICOKas IVIOTHOCTb AMCIOKALIMIL, YeM B ITOKPBITUM M3 CTAaHAAPTHOTO PacTBOpa,
U B 5 pa3 6ojee BBICOKAsA, YeM B ITOKPBITUU M3 XMMUYECKM aKTUBUPOBAHHOTO 9I€KTPOJINTA, OTMEYeHa B
HOKPBITUAX, TIOJTYYEHHBIX B SHEPreTYEeCKU U MeXaHM4YeCKV aKTUBUpPOBaHHBIX pactBopax JlII 2 u I 3
(cM. Tabm. 2) [1, 9, 11]. CreneHHast Mofienp pacnpeznenenns gedopMannii B HUX TOBOPUT O Gojiee BBICOKOI
CTeIlleH) OfHOPOJHOCTY 6JIOYHOI CTPYKTYPBI, ABIAACH C/ICAICTBUEM €€ YIOPAJOYeHNUA 0 CPAaBHEHUIO C II0-
KPbITUEM U3 CTaH[JAPTHOTO IEKTPOJINTA, I7ie STOT IapaMeTp ONMCHIBACTCSA SKCIOHEHIIMATbHON MOJE/bIO,
XapaKTepuU3yIllell CTOXacTUYEeCKIIT XapaKTep paclpeie/ieHNs AUCI0OKanii 1 6ojiee BHICOKYIO CTEIIeHb He-
OIHOPOHOCTM CTPYKTYPbL. To/IbKO KOMOMHMPOBaHHAA aKTUBALMA MEKTPOIUTA, COYETAIOIAsl IPYCA/IKI
HO/IMPAZINKAJIOB C OJJHOBPEMEHHBIM IIPOITYCKaHMEM Y/IbTPa3BYKOBBIX MMITY/IbCOB Yepe3 pacTBOP, IIPUBEIIN
K BBICOKOJI CTENIeHV OHOPOZHOCTY B paclpefie/ieHny feopMalinii, ONMCbIBaeMOI IIPSMOYTOIBHON MOJie-
JIBIO PacIIpefieIeH .

PacueThl mapaMeTpoOB peleTKM MOKPBITHIL 1 aTIOMUHIEBOI OCHOBBI ITOJI IIOKPBITIEM TT0Ka3ajIl, 4YTO VH-
teHcudukanusa meroga MJJO ¢ momopio paspaboTaHHbIX B [1] IpreMOB MPUBOAUT K IOTTYYEHNIO TIOKPBI-
TUII C TapaMeTpaMi, 00yCITOBMBLIMMI (0Jiee MOILJHOE BO3/eICTBIE MUKPORYTOBOI 00pabOTKM Ha MaTepu-
aJI, YTO WUTIOCTPUPYETCS BEIMYMHON (PU3NIECKOTO YIINPEHVS TNHNUN.
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ptions ‘“ervice obrl 4060.dat ptions Service obrdsiil.dat A 21.65 ¥ 503.6
Toua F
1-A1203 (400) Si0, (111)
760 -
800 -
600 -
660 — 500 -
4608 460 -
300 -
260 - ¥
AN 200 -
Y ™ - - ' -
- - 18 28 22 24 26
) pos fupl Riath ug e N pos fmpl Width LG Frame : Theta
1 45.83 817 0.27188 B.1772 1.9784 (400 : %
2 44 .53 280 0.3252 0.5000 2.8330 (400) 1 21.65 662 0.4089 0.0000 4.1013 SIO, (]")
a) "

ptions

ervice

obrl _800.dat

e odel

ptions

ervice

i: 46.85

B

342.9

a) (400); 6) (800); B) (840)

Puc. 1. Indpaktorpammb nunmil okeupa a-Al,0; B MOKpbITUM M3 CTaHAAPTHOTO (3, 6, B) M Anokcuaa Si0,
W3 Xummyeckn akTupoBanHoro LU 1 (r, , e) anexktponutos [1, 9]

WcTouHuk: pa3paboTka aBTopa.

988 -
600
300
$i02 (222) ‘<
oL . - . .
43 44 45 16 47
. : H ) N pos Aapl Width LG Frame : Theta
102 - 164 166 168 1 44.72 1884 0.1161 0.0008 2.0248
N pos fnpl Width  L/G Frame @ Theta 2 44.52 184 0.1008 0.0008 2.8336
1 102.29 65 8.1491 0.8523 8.9891 (800) 3 43.93 25 0.1892 8.8817 2.8595
2 102.12 52 0.896 0.6600 0.9903 4 44.14 19 9.8939 0.8047 2.8501 §i02(222)
0) n)
ervice obrl _848.dat K: 120.48 ¥ le ‘odel ptions ‘ervice obr3sd42Z.dat ®: 67.58 Y. 750.03
3504
3000 ~
2508
2608 -
1500 -
1600
7 S0, 42 AN e
a- T T T T T T
[3 [ ] 65 b6 67 68
19 128 121 122 123 124 N pos  Aepl  Width L/ Frame © Theta
N pos ﬂﬂpl Width L/G Frame : Theta 1 65.04 4060 8.1337 0.5000 1.4329
1 120.57 25 8.7724 0.6000 8.8869 2 66.89 151 1.8842 0.4912 1.3975
2 121.19 25 8.1997 8.3259 0.8842 [340} 3 64.89 206 0.2824 0.4712 1.4358
3 121.43 12 0.1373 ©.6000 8.8831 4 63.94 61 0.1603 0.8000 1.4547 Si0, (422)
B) e)
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obri-111.dat

®: 37.65 ¥

odel ptions ervice obr3alil.dat

odel ptions ervice 179.5

575 4

Al{111
P (111)
375
275
175 w
B— : ' ¢ N T width LG F ‘“?n.
34 36 38 48 pos Anp idt s rame : Theta
N pos Anpl Width LAG Frame : Theta é g;g gg gg;% g;g% gﬁ;ﬁg
1 37.67 564 0.4663 ©.66800 2.3861 3 38.48 9% 0.1783 0.1206 2.3377  Al(111)
2 38.44 33 9.1225 p.opoo 2.339  Al(l11) 4  37.64 17 1.1299 0.0000 2.3878
a) r)
odel ptions ervice obr E i : 33 . ] ptions ervice
i) Al (222) 80
75 —
S5 "\ 20 4 Al(222)
58 + 65 -
45 66
55 —
48 508
35 - 45
48
% — T T T T T T T T T 35 -y
81.25 81.58 B1.75 B2.00 B2.25 B§2.50 82.75 83.80 83.25 T T T T T
H pos finpl Width LG Frame : Theta B81.8 81.5 8z.9 82.5 83.8 83.5
1 81.30 2z ©.9995 @.1538 1.1823 H pos Aep | Width LsG Frame @ Theta
2  81.63 14 0.0993 ©.2264 1.1784 1 B1.87 38  0.8992 ©.5000 1.1757
3 8z2.87 6 0.8991 B.1139 1.1732 2 B82.24 23 0.8998 0.2284 1.1712 A](m)
4 82.31 2 9.8992 0.0487 1.1705 Al (222) 3 B2.49 4  0.1000 0.9669 1.1683
6) B)

ptions ‘ervice obr1-420.dat LE : . e obr3ad20.dat #: 115.50 Y

v VvV

T
114 116 118

T
T T T T T 112
114 115 116 117 118 N pos fnpl Width LG Frame : Theta
. v : . 1 112.28 81 8.1785 ©.4924 B8.9288
N pos finp Width LG Frame : Theta 2 116.72 28 4.7429 B 4948 8.9847
1 115.48 114 ©0.3889 0.8000 0.9109 3 116.31 28 0.1689 ©.8689 8.9068
2 116.39 18 B8.8972 6.6271 8.9863 Al (420) 4 114.86 26 9.2320 0.1150 8.9181
B) e)

a) (111); 6) (222); B) (420)
Puc. 2. fndpaktorpammbl nuHuid Al (111), (222), (420) antomuH1eBON 0CHOBbI MOA OKCUAHBIM MOKPbITHEM
13 CTaHAapTHoro anekTponuta UL (a, 6, B) M xumuyeckmn akTusuposaxHoro pacteopa Il 1(r, g, e) [1,9]

WcTouHumK: pazpaboTka aBTOpa.
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Tabmuna 1
ITapaMeTpbI TOHKOI CTPYKTYPbI aTIOMIHIEBOI OCHOBBI IIOf} IIOKPBITHEM
Mopgenp OTHOCUTETbHAsA OyHKIuA
3ona Pasmep OKP IIOTHOCTH cpepnexBagparu- | ITmorHocts | Pacnpenene- | pusmyaeckoro
Anexkrponut (KpUCTaINTOB),| pacnpexeneHs JecKast IVICTIOKAIIMIL, HUe yIIMpeHus
aHanmsa 3 2 . .,
O 3dd., nm AYeeK Muxpopedop- p-10°1/cm* | pedopmanmit JIVHII,
B OKP MaisAa B ¥ pap.
a1l X AMOT) 380 40,56 | TPMOYIOET L 09740,03 | 0,055505 | PXCTOHETT g 6068
MVHUI Has LIMIa/IbHOe
91l 1 35,540,091 | TPAMOYIOIETH 55 40,07 | 0,0555205 | PNCTOHEET 0013
Hast LIMa/IbHOe
McTouHuk: pa3paboTka aBTopa.
Tabmumna 2
ITapamMeTpbl TOHKOI CTPYKTYPbI HOKPBITHIA, HOTy4eHHBIX B 9IEKTPOINTAX
C pa3HOI XMMMUYEeCKOI1 AKTUBHOCTBIO
OTtHOCUTEeNbHAS Oynxuus
3ona Pasmep OKP | Mopenb mroTHOCTH | cpegHekBagpa- | IInorHocts | Pacnpenerne- | pusmudeckoro
IneKTpoOnuT aHaMM3a (KpucTanaInToOB)| pacHpegereHns THYeCKas BAMCTIOKALIMIT, HUe yIIMpeHus
I 3dd., nm syeek B OKP muxponedpop- | p-10° 1/cm® | nedpopmanmit JIHWIA,
MaIus B ¥ pap.
S11 y-ALO, | 4352 +3,84 |skcrionenmuanphas| 1,45+0,3 | 0,0083142 | OXCHOHER
LMajbHOe
oIl 1 v-ALO; | 189,2 + 3,84 |aKkcrOHeHLMAIbHAS 1,29 + 0,3 0,0253121 | cremenHoe 0,1222
oI 2 v-ALO; | 213,6 + 3,84 |akcmoHenumanbHast | 1,15+ 0,25 0,0706324 | cremeHHOE 0,1084
oIl 3 v-ALO; | 212,2 + 3,84 |skcmoHeHumasnbHast | 1,11 + 0,24 0,104726 CTelleHHOe 0,1096
ol 1 :
yﬂi&g y-ALO; | 2184+ 3,84 |okcronenmyanbras| 1,12+0,24 | 0,107929 Hg:;‘}?:: 0,1067

McTouHuk: paspaboTka aBTopa.

Opnako u npu nposegeHuyt MJIO B TUIIOBOM 97IEKTPOJIUTE, TO €CTh CTAHAAPTHBIM METOOM, U B aK-
TUBUPOBAHHBIX PACTBOPAX OTMEYEHA BBICOKAs CTEIIEHb OFHOPORXHOCTU OTOYHOI CTPYKTYpPBI MeTa/Inye-
CKOJI OCHOBBI, O Ye€M CBUJIETENbCTBYET MIPSIMOYTO/NbHAsL MOZE/b IFIOTHOCTU pAclIpefie/leHNs YICia siaeeK
B OKP (cMm. Tabm1. 2). VimrocTpanyeit 3TOro TakKe sIB/ISI0TCS BEMMIMHBI PACCINTAHHBIX [TAPAMETPOB peleT-
KJ OKCUIHBIX IOKPBITHIT ¥ Q/TFOMUHMEBOI OCHOBBI IIOf] ITOKPBITUAMY (Ta01. 3).

Tabmnua 3
PacyeTHble mapaMeTpbl pelIeTOK MOKPBITHSA I ATIOMIHIEBO OCHOBBI
VIupexcpr OTHOCUTENbHAA
OcHoBHas . "
AmeKTponuT Tun moBepxHoCTN basa TIVHIIA 20 a, nm medopmanua
(hkD Aa/ay
AHam3upyeMblil COCTaB OKCHIHOTrO NOKpbITuA Y-AlL O,
4 146, s
xapr. [10-0425] (840) 6,058 0,78905

Sl HOKpBITHE v-ALO; (840) 146,32 0,78851 0,6947

)it OCHOBa Al (420) 116,39 0,39542 0,0235
SI1 MTOKPBITHE Sio, (422) 63,98 0,71230 0,0010
SI1 OCHOBa Al (420) 116,30 0,40554 -0,0015

31 2 (0,05 r/m) MOKPBITHE y-ALO; (840) 146,20 0,78876 -0,1061
111 2 (0,1 t/m) HOKPBITHE y-ALO; (840) 146,16 0,78884 -0,3180
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OxoHvaHMe TabIMLbI 3

Nupexcer OTHOCHUTeThHASA
OcHOBHasA .
InexTponur Tun noBepxHOCTN basa TTVMHMIT 20° a, nm medopmans
(hkD) Aa/a,
ol 3 TIOKPbITHE y-ALO; (840) 146,28 0,78859 -0,1057
Ol 1cYOIAUY3 MIOKPBITHE y-ALO; (840) 146,34 0,78846 -0,3703

[IpuMeyaHue: CIpaBOYHblE JAHHBIE [APAMETPOB PELIETKU /I M3y4aeMbIX MarepuanoB: (agry = 0,79 nm);
v-ALO; Cub 0,79 nm, SiO, Cub 0,13 nm, Al Cub 0,40494 nm.

WcTouHuk: pa3paboTka aBTopa.

Pacyer Benu4mHbI OTHOCUTENBbHOI tepopmatnm Aa/ay= ag — A,/ a4, IOKa3aJI, 9TO BE/INYMHA HATIPSKEHUIA
B IIOKPBITHAX U3 aKTUBYPOBAHHBIX PACTBOPOB ¥ META/UIMIECKOI OCHOBE ITOJ, TAKMMMY ITOKPBITVAMYI HUYTOX-
HO Maja. AHa/IM3 JaHHBIX YKa3bIBaeT Ha TO, YTO 3/IEKTPUUECKas ¥ MeXaHNIeCKas MHTeHCUUKAIM IIPOLec-
ca He NPUBOJAT K CYLIeCTBEHHbIM U3MEHEHMAM B pelleTKe OCHOBHOTrO okcupa (a- wmm y-Al,O;) B OKpbI-
tin. O6 3TOM CBUJETENIbCTBYET O/IM30CTh IIapaMeTpa a K ero CIPaBOYHON BeTNYIMHE I MUHUMAJIbHBIN YpO-
BeHb HaNPSKEHMUIA, OTpefieNsieMblil TapamMeTpoM Aa/a,-107,

Hawn6onee cunpHO fedopMmupoBaH OKCuf B c1oe, cGOPMUPOBAHHOM B CTaHAAPTHOM anmekTporute 11,
MMeoIeM HauGO/bIIYI0 BETMINHY OTHOCUTENbHOI flepopmanuu Aa/a,-107. Okaszanoch, 4To ypoBeHb pac-
TATMBAIOIINX HANIPSDKEHNI B HeM B 2,2 pasa Bblllle, YeM B IIOKPBITHIY, IIOTyYeHHOM B PacTBOpe, IpOHIefIIeM
KOMOVHMPOBaHHYI0 06paboTKy, 1 B 6 pa3 6ornblite, 4eM B cmoe u3 I 2 ¢ KOHIeHTpalelt ToMpauKaIoB
meree 0,16 1/1. B okcujjax onTMMaNbHBIX BAPMAHTOB IMOKPLITHI OTMEUYEHBbl HAIIPSDKEHNUA CKATuA, IpudeM
B OCHOBHOII (pa3e IMOKPBITYSA, CO3LAHHOTO B MEXaHUYECKV aKTVBMPOBAHHOM PacTBOpE, YPOBEHb STUX Ha-
IpsDKEHNUIE B 3 pasa HIDKe, YeM B IIOKPBITUSAX U3 OPYTUX PacTBOPOB.

Takue MOKPBITHA XapaKTepU3YIOTCS MPAKTUIECKNM OTCYTCTBVEM PaCTATMBAONINX HAIPSDKEHUI B KPU-
CTaJINYECKOII pelleTKe U CHIDKeHHBIM B 3 pasa ypOBHEM HAIPsDKEHMIT CKaTusA B OCHOBHOII ¢ase 110 cpaB-
HEHMIO C MOKpPBITHEM, MOTY4eHHbIM CTaHIAPTHBIM MeTomoM. CrefoBaTe/bHO, MOXKHO YTBEpPX/AThb, YTO
HOKPBITHS, co3AaHHble MeTozfoM MJIO 1o KOMOMHMPOBaHHBIM 9/IeKTPOMEXaHIYEeCKIIM BO3/Ie/ICTBIEM Pa3-
JINYHOV MHTEHCUBHOCTH, SIB/IAIOTCS 3aIMTHBIM 6apbepoM Ji/Isi BOSHUKHOBEHMsI PACTATMBAIOIINX HATIPsDKe-
HUIT B METaJUINYECKOI OCHOBE, CIOCOOHBIX BBI3BATh paspylieHe MaTepuasa B YCIOBUAX VIK/INYECKUX 3Ha-
KOIIepeMEHHBIX Harpy30K.

3axmouerue. Takum 06pasoM, OYEBUIHO, YTO HMPETOXKEHHbIE METOIYECKIIe TTOfIXOAbI K M3YYEeHWIO BIIN-
SAHMA KOMOMHMPOBAHHOTO 37IEKTPOMEeXaHI4ecKoro BosyeiicTus npyu MJJO marepnasa Ha ero HalpsDKeHHOE
COCTOsIHVIE Y TOHKYIO CTPYKTYPY IO3BOJIAIOT HOMYYNUTh MCYEPIIBIBAIONIYI0 MH(OPMALINIO O IIPENMYIIeCTBeH-
HOM B/IVSTHUY M3Y4YE€HHBIX BUIOB YKa3aHHOTO BO3/IEVICTBYS 1 ONTUMM3UPOBATD UX ITAPaMeTPBI B LIeTISIX 06e-
CIleYeHVsI BBICOKOI PabOTOCIIOCOOHOCTI MaTepManoB B PA3/IMIHBIX IKCIUTYaTalMOHHBIX YC/IOBYSX 3a CUET
HaHOCTPYKTYPUPOBAHNS, ONPEe/IA0Iero BLICOKYIO CTEIIeHb YIIPOYHEHUS C COXpaHEHNeM IUTAaCTUYHOCTH,
C OTCYTCTBUEM B psfie CTydaeB pacTATMBAOIINX HAIPSHKEHNIT B KPUCTAINYECKON pelleTKe U CHUYKEHHbIM
B 3 pas3a ypOBHEM HaIIPsDKEHUI CKATHUA.
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B cTaTbe uccnepyetcs BAMSAHUE UCKYCCTBEHHOMO UHTENNIEKTa Ha dpraTnyeckne CUCTEMbl «4eIoBEK — MallvHa — Ccpefaa» C ak-
LeHTOM Ha nosbieHre 3ddeKTNBHOCTY, 6e30nacHOCTM 1 aganTUBHOCTM. OCOBEHHOCTbIO ABNAETCA NPYMEHEHNE NCKYCCTBEH-
HOrO MHTENNIeKTa AN ONTUMM3aLMY NPUHATAA peLleHnii Yepes CMcTeMbl NMOAAEPKKY, CHUXKEHVE KOTHUTUBHOW HarpysKu one-
paTtopa ¥ MUHMMU3aLMIO OWMOOK, BbI3BaHHbIX YenoBeveckum dakTopom. MNpeanoxeHsl MeTodbl aHanm3a KOppensiLMOHHbIX
bYHKUMI [NA OLEHKN CTemneHr aBTOMaTU3aLuK, a TakxKe afanTMBHble anropuTMbl B SHepreTuke u TpaHcnopte. Ocoboe BHUMa-
HUe yaeneHo oObACHUMOMY UCKYCCTBEHHOMY UHTennekTy (Explainable Al) ans noBbiweHWs foBepra onepatopoB. PesynbraTbl
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HAYYHbLIE NYBJ/INKALIMU

BbINONHEHHbIX MCCNefOBaHWIN AeMOHCTPUPYIOT NepcnekTuBHoCTb VI B nporHo3npoBaHum aBapuid 1 ynpasneHuy guHamuye-
CKUMU CMCTEMaMK, YTO OTKPbIBAET NYTU K CO3AaHNMI0 6onee HaieHbIX IpraTuyeckrx KOMMIeKCcoB.

The article examines the impact of artificial intelligence on human-machine-environment ergatic systems with an emphasis
on improving efficiency, safety, and adaptability. A special feature is the use of Al to optimize decision-making through sup-
port systems, reduce the operator's cognitive load, and minimize errors caused by the human factor. Methods for analyzing
correlation functions to assess the degree of automation, as well as adaptive algorithms in energy and transport, are pro-
posed. Particular attention is paid to Explainable Al to increase operator confidence. The results of the studies demonstrate the
promise of Al in predicting accidents and managing dynamic systems, which opens the way to creating more reliable ergatic
complexes.

KnioueBble cnoBa: TexHONornm NCKYCCTBEHHOTO UHTENIEKTA, 3praTnyecKkmne CUcTembl, B3aVMOAeNCTBME YenoBeka 1 MalLMHbI.

Keywords: artificial intelligence technologies, ergatic systems, human-machine interaction.

Bsedenue. Pa3zBuTyie B3auMOJeIICTBIA MEX/Y Y€IOBEKOM U MAIIMHOJ B 9pTaTMYeCKUX CUCTEeMaxX 3aH/MMa-
eT BaKHOE MeCTO B PsANY aKTYa/IbHBIX HayYHbIX U TEXHIMYECKUX 3ajiad, TaK KaK 9praTudeckie CUCTeMbl Tpe-
6ytoT 3 PeKTMBHOTO yIpaBIeHNss MHPOPMAIVOHHBIMM IOTOKAMI I MMHUMM3ALUY KOTHUTMBHON Harpys-
KU Ha onepaTopa. BHenpeHue nckyccrBeHHoro nnresviekra (V) mosBoser aBTOMaTu3npoBaTh Py TMHHbIE
3ajlayy, aHaIM3MPOBaTh OOJbIINEe 06beMbI JAHHBIX U IPESOCTABIATh MHTEIEKTya/IbHbIe PeKOMEH/JallN,
YTO 3HAYUTE/IBPHO MOBBIIIAET 3P PEeKTUBHOCTD B3aVMOIEICTBISI OCHOBHBIX KOMIIOHEHTOB CUCTeMBI [1-3].

Texuonoruu VMV cioco6HbI aganTHPOBATLCA K MHAMBUAYATbHBIM OCOOCHHOCTAM IIOTIb30BaTeIs, Ipef-
CKa3bIBaTh €r0 JISVICTBMA 1 IIPEIIaraTb ONTHMa/IbHbIE PElIeHVs, YTO 0COOEHHO Ba)XKHO B YC/IOBMAX JMHA-
MIYeCKV M3MEHSIOIVIXCSA Cpefi, TAaKVX, HallpMMep, KaK yIIpaBjieHVe IPOMBILIIIEHHBIMY ITPOLIeCCaMy, TPAHC-
HOPTHBIMM CUCTEMaMM VIY MeAMIMHCKas AMarHocTuka. CoBepIIeHCTBOBAaHNE B3aMOJEIICTBYIA YeloBeKa
Y MAIlVHBI C Ucnonb3oBanmeM VIV oTKpbIBaeT HOBbIe BO3MOXXHOCTY /I CO3aHMsA 6oee 3¢ (eKTUBHBIX,
6e30MacHBIX U aJaIITUBHBIX CUCTEM, CIIOCOOHBIX pabOTaTh B YC/IOBYUAX BBICOKOJ CTEIIEHN CIOXKHOCTY pella-
eMBIX 3aJ1a4 M HeOIpefieIeHHOCTH.

Onucanue apeamuueckoil cucmemvt U 61UAHUE UCKYCCHBEHHO020 UHMeENIEKMA HA ee PYHKUUOHAb-
Hoe cocmosiHue. TepMUH «dpraTudeckasi CUCTeMa» BIepBble ObUT IpUHAT B 1960 1. Ha IlepBOoM KOHTpecce
MexyHapopnHOI defepalyy 10 aBTOMAaTUIeCKOMY YIIPAaBJIeHMIO B IIe/IAX 0003HAUEHNA CUCTEM, BKIIOYAI0-
VX 4e/IOBeKa, KOTOPbI QYHKIVMOHUPYET B COBOKYITHOCTI C KOMIIEKCOM TeXHUYeCKMX cpeficTB. [TosnHee
cofiep)KaHue TaHHOTO IOHATNUA PaClIMPUIOCh, HO B 00II[eM BUJie 9praTudeckas CucTeMa — 3TO JIrbas cucTe-
Ma, paboTalomlas ¢ yyacTueM desioBeka. Takum o6pa3oM, B HacTOsAIee BpeMs sprarudeckasi CIcTeMa Ipef-
CTaBJ/IACTCA KaK CJIOKHAsA CTPYKTYpa, B KOTOPOJT B3aMMOJIEIICTBYIOT TPY K/IIOYeBBIX KOMIIOHEHTA: 4e/I0BEK,
MalllVHa U BHEIIH:AA cpefia [4]. DYHKIMOHAIPHOE COCTOSHME TAKO CHCTEMBI OnpenernaeTcs 3¢ deKTBHO-
CTBIO B3aVIMOZEIICTBYA TUX 3JIEMEHTOB, UX aJJAlITUBHOCTBIO K MI3MEHAIOIVIMCS YCIOBUAM U CIIOCOOHOCTBIO
BBIIIO/IHATD IIOCTaB/ICHHBIE 3a/ja4N.

YenoBek Urpaet IeHTPaIbHYIO PO/Ib B CBOEM BJIVMSHUY HAa 9PraTUYECKYI0 CUCTEMY, OJHAKO €r0 BO3MOX-
HOCTM OTPaHNYEeHBI (PU3NOMIOTUYECKUMM U IICUXOIOTNYECKUMM XapaKTePUCTUKAMM, TAKUMM KaK yTOMILAe-
MOCTb, pU3NYecKast M KOTHUTVMBHAS HATPY3KN.

MamHa, B CBOIO 04epesib, 00ecreyrBaeT BbIOTHEHNE IOCTAaBICHHBIX 3a]1a4, HO ee paboTa 3aBYICUT OT KpH-
TepueB HaCTPOJKI, IIPYMEHAEMbIX aITOPUTMOB, HAJIEXKHOCTI U COOTBETCTBMA TPeOOBAHNAM OllepaTopa.

BHemmHAA cpefa, BKIOYast YCIOBUA IIPOM3BOACTBA, KIMMAaTU4ecKye GaKTOPBI MIN YPOBEHD IIyMa, MO-
JKeT KaK CII0COOCTBOBATD, TaK U MPEMATCTBOBATh 9P GeKTUBHOM paboTe CUCTEMBI.

YnpasieHue s 9praTdecKoil CUCTEMBI SABJIAETCS KI04eBoil PyHKIyelt, obecrednBaommuM sGppeKTus-
HOCTD ee paboTbl, KOOPAVMHAILINIO B3aMMOJEICTBIA MEXy Ye/IOBEKOM, MAIIMHOI U BHEILITHe ! cpefoil. B 06-
I[eM CIydae MOJie/Ib YIIPaBIeHNA 9PraTUIecKoll CUCTEMON MOXKHO IPECTaBUTDb B BUJE MOJEIN «4epPHBIil
AMMK» C BXOJAMY U BBIXO[JAMU, KOTOPBIiI IIOCTENIEHHO JieTaIU3UpPyeTcs A0 HeoObxonumoro yposHsA. C aToit
11e71blo 9acTo BocTpeboBaH crangapt IDEF0, KOTOpBIiT TpUMeHsIeTCs Py OPTaHKM3aLUU IPOEKTOB, OCHOBAH-
HBIX Ha MOZIe/IMpoBaHNM poueccos (puc. 1) [5].

Ha puc. 1 meiicTBMA YenoBeka MpefcTaBIeHbl TPeMs BXOAALIVMMY 3HAYeHNAMY, KOTOPble OH TOTOBUT: pe-
IIeHreM Ha feiicTBre (pakTop aKTUBHOCTH), KpuTepusmu (pakTop BAMAHNA) U aNTOpUTMaMy (MeXaHNU3M).
BHemmHAA cpefja Tak)Ke OTHOCUTCS K GaKTOPY BIMAHUA.
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Kpurepuu Buemnss cpena
Pemienue Ha _
NeHcTBre ) ViipaBiienue 06heKTOM Pesyibratet ynp aB”SHH’I
— " (ManIMHOI) >

ANropuTMEL

Puc. 1. 06wwmii BuA Mopeny ynpaBneHua Ipratuueckoil cucTemoit
WNcTouHmK: pa3paboTka aBTOPOB.
Taxum 06pa30M, OIIEpaTOp YIIPABIAET MAIUMHOM C 3aJaHHBIMM KPUTEPUAMM, IPUHMMAs pelleHuUs
Ha yIIpaBJI€eHUE 3TUM YCTPOICTBOM (MammHOI), 3amyckas HeOoOXOmVIMBIIT aJITOPUTM U pearupys Ha U3MeHe-

HJIsI BHEIIHe cpefibl. XapaKTePUCTUKI 9PTaTIUIeCKOil CUCTEMbI MOYKHO OIPele/INTh, MCIIOb3Ys ee CTPYK-
TYpHYI0 cxeMy (puc. 2) [6].
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Puc. 2. CrpyKkTypHaa cxema ynpaBasemoil 3praTyeckoil cuctembi:
I(t) — ynpasnsaiowwuii curnan (unu nporpamma); X(t) — UCnonHUTeNbHbIA curHan; z(t) — curxan obpatHoil ceasu;
n(t) — nomexa (Bo3aelicTBIe BHeLUHei cpefbl); y/(t) — 370 BLIXOAHOI CUTHaN CUCTEMbI, KOTOPbI, OPMUMPYeTCA Uepe3 CBepTKY C UMMYAbCHBIMU
nepexoAHbIMI GYHKUMAMN Wo(t, &), wa(t, §) nwpglt, &); w(t, §) — umnynbcHas nepexosHas GYHKUNA CUCTEMDbI;
Wo(t, §) — umnynbcHas nepexoaHan GyHKLNA 06bekTa (MoxeT ObITb NpeACTaBNeHa Kak KOMOUHALMA w 4(t, &) n wglt, &),
Hanpumep, KaK UX Cymma unu apyras cynepnosuuua B 3aBUCUMOCTH OT CTPYKTYPbl CUCTEMBI);
Wc(t, §) — umnynbcHas nepexopHas GYHKLUNA 0bpaTHOI (BA3Y; W 4(t, ) — uMNynbcHan nepexofHan GyHKLMA YacTh 06beKTa,
rae AeiicTBMEM NOMEXN MOXHO NpeHebpeub;
wg(t, §) — nmnynbcHas nepexoaHan GyHKLMA YacTv 06beKTa, rae CeflyeT yuuTbiBaTh AeiiCTBUE NOMEXY;
& — MOMEHT BpemeHH, B KOTOPbIil Ha CUCTeMy NOJAeTCA BXOAHOI MMNYNbC (Hanpumep, yNpaBRALLYiA CUTHaN unm nomexa),
t — MOMEHT BpeMeHMU, B KOTOpbIii HabMl04aeTcA peakLma CUCTeMbI Ha 3TOT UMNYNbC

McTouHuk: pa3paboTka aBTOPOB.

IIpy pacyeTax XapaKTepUCTUK MOYXHO BOCIIO/Ib30BAThCsI MaTeMaTHIeCKuMI GOpMy/IaMi, IpeACTaB/IeH-
HbIMI B pabote [7]. Tak, @1 ynpas/seMoll CUCTEMBI, cXeMa KOTOPOJl IIpUBefieHa Ha pIC. 2, CIPaBeI/IMBO
crlenyioliee:
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x(t) = I(t) + z(t), (1)
F(t) = Ri(t) — Ry(7), (2)

rre F(1) — GyHKIMA, KOTOpast ONNMCBIBAET PasHUILY MEXAY ABYMA KOPPEIALMOHHBIMY QPYHKLIUAMIY;
T — BPEMEHHOII CIBUT, MCIIO/Ib3yeMBli [/Is1 aHa/IN3a KOPPEIALMOHHBIX QYHKINI;
R,(T) — B3auMHas KoppenALoHHasA QYHKIUA MeX/y AByMsA curHanamu [(t) u x(t);
R/(1) — aBTOKOppenALMOHHasA PyHKIVA mpouecca I(t).

®opmyna (1) onycbIBaeT IPUHLINI 3aMKHYTOTO YIIPAaBJIeHMs, KOTOPBIN IEKUT B OCHOBE PAOOThI 9praTu-
YeCKVX CUCTEM U 3aK/TII0YaeTCsl BO B3aMMOJIEIICTBIM BXOJHOTO BO3/eiiCTBY (YIIPaB/IsAIONIero CUrHaa) u 06-
paTtHoI cBsA3K A1l GOPMUPOBAHYS MCIONTHUTENTBHOTO CUTHAIA. DTOT IPUHIIMI II0O3BOJISIET CUCTEME YUUTHI-
BaTb KaK BXOJHbIe KOMaH/IbI, TaK ¥ OOPATHYIO CBsI3b, YTO fie/IaeT ee 6osmee rnbKOIL, AaTUBHON M HaTeKHOIL.

B xoHTekcTe npuMeHeHus1 VIV 910 OTKpbIBaeT BO3MOXKHOCTH Il CO3aHNUs MHTEIEKTYaIbHbIX CUCTEM,
CIIOCOOHBIX 3P PEKTUBHO B3aVMOAEIICTBOBATh MAIMHE C YeTIOBEKOM M OKPY>Kalolllell CPefoil, yIUThIBas
3aJlaHHbIe KPUTEPUU U aJITOPUTMBI.

ITockonbky ¢yHkysa F(1) orpakaeTr 93¢ PeKTMBHOCTD, YCTONYMBOCTD U APYTUe XapaKTePUCTUKY CUCTe-
MBI, TO, IPOBeNiA pacyeT 1o ¢opmye (2), Mbl MO>KeM OLIeHUTb, HACKOJIBKO B3aVIMHAsI KOPPEJIALNA MEX/Y
nporeccamu [(t) u x(t) oTn4aeTcss OT aBTOKOppensanuy mnporecca I(f).

Ecmn F(1) 6ymeT 6/1M3KO K HYIIIO, 9TO MOXKET YKa3bIBaTh Ha CIa0yI0 CBA3b MEX/y IPOLeCCaMi, 4TO IO-
3BOJISIET TOBOPUTD O CHIDKEHUY PO ollepaTopa (demoBedeckoro ¢pakTopa) ¥ BHICOKOI CTEIIeHU aBTOMATH-
3anym cucteMsl. Eciiu F(T) 3HaYMTEIPHO OTIMYAETCS OT HYJISA, 9TO TOBOPUT O HA/IMYUY CUIBHOTO BIIMAHUA
OJIHOTO IIpoliecca Ha IPYToii, 4TO IpeAIonaraeT BO3pacTaHye poiy oleparopa. ITO MOXKET CBUETENbCTBO-
BaTh O HEJIOCTATOYHON aBTOMATH3AIMM WM O TOM, YTO CUCTeMa IUIOXO aJalTMpoBaHa K paboTe ¢ YemoBe-
KOM. Y4YeT 3TMX ITapaMeTpOB Ba)KeH IJIS1 OLIEHKM CTEleH) 3aBUCHMOCTY MEXAY HMMU U IPUHSITHUS ONTH-
MajIbHOM TexHonoruu V.

Bmecre ¢ TeM creyeT OTMETHTD, YTO popMann3oBaHHOE ONVICAHVE CCTEMBI He BCEria BO3MOXKHO U TOT-
7ia BO3HMKaeT HeOOXOAMMOCTD MCIIO/Ib30BAHMS UTEPATUBHBIX METOMOB [6, 7].

Taxum o6pasom, npumenenne VIV B spraTndeckux crcTeMax OTKPbIBAET HOBblE BO3MOXKHOCTY BIVSTHUS
Ha yrpasjieHre 06beKToM. C y4eTOM M3/I0KeHHOTO PAcCMOTPUM MOAPOOHee MOTEeHIVIaTbHbIe BO3MOXHO-
CTM TIpYIMEeHeHNs MHHOBAL[MOHHBIX TexHosoruit VIV, nossosnsoyue mOBbICUTD 3 PeKTUBHOCTH MIPOLIECCOB
IPUHATAA pellleHNiT, 6e30MacHOCTDb 1 HafIeXKHOCTD UX (PYyHKIVIOHMPOBaHMA.

Onmumu3ayusi NPoueccos NPUHIIMUS PeuleHUli 8 IP2amudeckux cUcmemax MpeAcTaBIseT coO0I CIIOX-
HYIO 3ajiauy. DprarudecKye CUCTeMbl TpeOyT 3¢ (PeKTMBHOrO yrpapaeHs MHGOPMALIOHHBIMY IIOTOKaMU
Y MMHUMM3aLUY KOTHUTYBHOJ HarPy3KM Ha OIlepaTopa, O3TOMY LIMPOKO MIPAKTUKYETCS MHTEIPUPOBaHIe
VIV B cucTeMbl IOAEP)KKY IIPUHATYSA PeLIeHNil, Tie OH aHA/IM3NPYeT TeKyllee COCTOSHIE CYCTEMBI, IIpef-
JlaraeT BO3MO)KHBbIE CLIeHapUU IeVICTBUIL 1 OLIeHMBAET UX IOCTIeACcTBNUA. Tak, B paboTe [8] onmcana mogo6Has
cucreMa noppep>xky npuHATuA pemenuit (CIIIIP), mpumeHsaeMas s 3alnThl OKpy>Kaoleil cpefsl. B me-
nom CIIIIP pyist pasnmuaHbIX cep fesTeIbHOCTY MO3BOISIOT OIIEPAaTOPaM COCPEOTOYNTHCS Ha CTpaTernde-
CKMX aCIIeKTaX, Je/lerMpys aHaIMTUIeCKe 3a/ladyl MallyHe.

CIITIP He3aMeHMMBI B aBMALUY, IIOCKOIbKY, HECMOTPS Ha IMOCTOSIHHOE Pa3BUTVE TEXHOJIOIMII, OBBI-
IIeHVe aBTOMATY3alNy, KOTOpas IMO03BOJIAAET CHATb YacTh HATPY3KM C IMJIOTA, YIy4lleHNe cUucTeM 6e30Iac-
HOCTM, aBMAIVIOHHbIE IIPONCIIECTBYA IO-TIPEXHEMY IPORO/DKAIOT MIPOMCXOANUTD IO BceMy Mupy. OpHoil
Y3 OCHOBHBIX IIPMYMH TAaKMX IIPOMCIIECTBUII CETOIHs OCTAETCs YelloBeueckuit GaKTop, KOTOPBIl MOXKET
HPOSIB/IATHCS KaK B OLIMOKAX IWJIOTOB, TaK ¥ B HEJOCTATOYHOI KBaMMUKAIMY IIEPCOHAA VN HeTIPaBU/Ib-
HOM BBIIIOJTHEHUY TIpoLefiyp [9]. B faHHOII cuTyaumy Ba>KHBIM HallpaB/IeHeM ONTYMU3ALI SPTaTHIeCKIX
CUCTeM SIBJIAETCS UCHO/Ib30BaHNe METOO0B MAIIHHOTO 00y4eHMsI, TAKMX KaK HeVIPOHHbIE CETH, /I IPOrHO-
3MpOBaHMA U KIACCUPUKALIMM CUTYaLuil. B pesynbrare aIropuTMbl IIy6OKOro 06y4eHMs ClIoCOOHDI BbISAB-
JIATD CJIOXKHbIE TTATTEPHBI B JAaHHBIX [10], 4TO 0COOEHHO MO/IE3HO B YC/IOBUAX HEOIPeIe/IeHHOCTU VI U
pabore ¢ HenomHOI MHOpPMAIVEIL.
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OnHako B OIOOHBIX crTy4asx BHexpeHue VIV B spraTndeckme CuCTeMBI COIPSDKEHO C PAIOM BBI3OBOB,
CBSI3aHHBIX C HefoBepueM olepaTopos feiicTBuAM VIV, 4To criocob6cTByeT paspaboTKe 1 IIPOABIKEHNIO CU-
CTeM C NPO3PavYHBIMI AITOpUTMaMu. [l pelleHns TakMX 3afiad IpeaIoKeHbl MeTofbl 00 bsicHuMoro M,
KOTOpbIe CIIOCOOHBI PACKPBITh CBOM JVICTBUA U IPUHUMATD pellleHsI HOHATHBIM LA JIIofielt 06pasoMm.

Ba’>kHBIM 9/1eMEHTOM ONTUMM3ALNY AB/IACTCA alallTUBHOCTD VI/-anropuTMoB, KOTOpbIe MOIYT 00y4aTh-
Cs Ha OCHOBE OOPATHOII CBA3Y U MI3MEHATb CBOU MOJIE/IU B 3aBUCUMOCTH OT HOBBIX IaHHBIX. JIMeeTcss MHOTO
IPUK/IAJHBIX IPYMEPOB 9TOMY, KaCAIOIINXCs PasINYHbIX chep AeATenbHOCTU. OCTaHOBMMCS Ha OJHOM W3
HUX. B paborte, ony6nmukoBaHHOl B HOBOCMOMPCKOM roCyjapCTBEHHOM TeXHIYECKOM YHUBEPCUTETE, pa3pa-
60TaH 1 alpoOMPOBaH aJANTYBHBI a/ITOPUTM POEBOTO MHTE/UIEKTA JIA PeIleHNs ONTUMMI3aLMOHHbIX 3a-
Jlad B 9/IEKTPOIHEPreTHKe U JOKa3aHa BICOKasA 3¢ (PeKTUBHOCTD STYUX aJITOPUTMOB B IIOBBILICHNN YCTONYM-
BOCTY 9IEKTPOIHEPreTHYECKIX CUCTEM 3a CYeT aBTOMATUYeCKOIl alalTal[uy IIOf, pa3/InyHble ycmoBus [11].

Takum 06pasoM, oNTUMMU3ALA IPOLECCOB IPUHATUA PEIIeHNII B 9praTUYecKUX CUCTeMax C UCIONb30-
BaHueM VIV ABnAeTCA NepCleKTUBHBIM, HO CIOKHBIM HalpasjaeHMeM. HecMoTpst Ha pasBuTHe aBTOMATH-
3aIVM, 9eJIoBeYecK1il paKTOp OCTaeTCsA OCHOBHON MPUYMHOI OMINMOOK, 4TO ITOAYEePKIMBaeT HeOOXOAMMOCTD
PasBUTHUA MHTEIEKTYa/IbHbBIX CHCTEM HMOAJEP>KKIL.

Iosviuierue 6e30nacHocmu U HA0EHHOCMU IP2AMULECKUX CUCIHIEM SIBIIACTCS OFHOI U3 IIePBOCTENEHHBIX
3aJlad B COBPEMEHHBIX YCTIOBYSX, IJje Ye/I0BEeKO-MalllTHHbIE B3aMIMOJIEIICTBIUA CTAHOBATCA BCe Oojiee CIIoX-
HBIMI U OTBETCTBeHHbIMU. Takas IocTaHOBKaA 3aJjaull CBA3aHA C TeM, 4TO 3praTuyecKlie CUCTeMbl 4acTo
(GYHKIMOHNUPYIOT B KPUTUYECKY BOXKHBIX 00/IACTAX, TAKMX KaK aBUALVA, SHEPTeTUKA, TPAHCIOPT, MeAVILINHA
Y Ip., T/ie OLIMOKY MOTYT IIPMBECTY K TSDKEJIBIM MOCTCTBUAM. TaK, CTaTUCTYKA 9KCIUTyaTalluy TeXHUIECKM
CTIOKHBIX CUCTEM CBUJETETIbCTBYET O TOM, YTO Ha JIOMI0 YelIoBedeckoro (akropa nmpuxoputcs ot 40 o 70 %
BCeX OTKa30B. B cooTBeTcTBUY ¢ MMpOBOIL cTaTnCTNKOI 80 % KaracTpod B aByManum u 64 % Ha MOPCKOM
¢roTe IpONCXOANT B pe3y/IbTaTe OMNOOK YenoBeKa. B aTroMHoIT sHepreTuke sTa nudpa gocruraet 70 % [12].

VW, 6naromapst CBoel CIOCOOHOCTHM aHAMM3UPOBATh OO/bIINE 00BEMBI JAHHBIX, BBIAB/IATD CKPBITBIE 3a-
KOHOMEPHOCTH U aJJalITUPOBATbCA K M3MEHAIOLIIMCA YCIOBUAM, IIpejlaraeT HOBble MOAXO/bl K MMHIMU3a-
LMY PMCKOB VM IIOBBIIIEHNIO YCTOIUMBOCTY TaKuX cucreM. VinTerpanus VIV nossonser He TOIbKO MOBBICUTD
3¢ deKTUBHOCTD PabOTHI CUCTEM, HO U CHU3UTD BEPOSITHOCTD OLIMOOK, CBSI3aHHBIX C Ye/IOBe4eCKMM (PaKTo-
POM, 4TO Jie/laeT ero He3aMeHMMBbIM MHCTPYMEHTOM B COBPEMEHHBIX YC/IOBUAX.

OpHyuM 13 OCHOBHBIX HallpaB/ieHMit npuMeHeHus: VU ABndeTcsa mporHosupoBaHue U IpefoTBpalleHne
aBapuUIHBIX cUTyauumit. B aBuanuu, Hanpumep, VIV MoxeT aHa/muM3MpOBaTh JaHHbIE O COCTOSIHUY CaMOJIETa,
JIeVICTBYIAX IIJIOTA U BHEIIHVIX YC/IOBVIAX, TAKMX KaK IOTOfIa, YTOOBI IIPefiCKa3aTh OTEHIMAIbHbIE YTPO3BI U
IPEfIOKUTD MEPBI [0 MX YCTPaHEeHUI0. BayKHBIM IIaroM B 3TOM HallpaB/IeHU! CTAJIO CO3fIaHMe CUCTeMBbI MO-
HUTOPUHIA COCTOSHUA BO3MYIIHbIX CyfoB (Aeronautical Message Handling System — AHMS), kotopas cmo-
COOCTBOBAJIA CYLIECTBEHHOMY Y/Iy4ILICHNIO II0Ka3aTeslell TeXHNYIECKOTO 0OCTy>KMBAHNUA CaMOJIETOB TPaXK/jaH-
cKoll aBuanmu. B HacTosIee BpeMs BO3AyLIHbIE Cy/la OCHallleHbl Co>KHbIMU cucTeMamy AHMS, koTtopble He-
IPEepbIBHO OTC/IEXMBAIOT VM AaHAIM3MPYIOT IIOKa3aTe paboTOCIIOCOOHOCTY KPUTHYECKNX TTOACUCTEM, BKITIO-
Jasi IBUTATeN, aBUOHVIKY, TU/IPAB/IMKY Y CTPYKTYPHbIE KOMIIOHEHTBI, COOMPAIOT BBICOKOYACTOTHbIE JAHHBIE CO
BCTPOEHHBIX JATYMKOB /IS VX IIOCTOSTHHOTO MOHMUTOPMHTA. Tak, nBurarens ¢pupmsl Pratt & Whitney PW1000G
uMeeT okoyo 5000 JaT4NKOB, CHOCOOHBIX TeHepupoBaTh 0 10 I'b gaHHBIX B cekyHmy. OIUH ABYX/IBUTaTe/Ib-
HBIJl CaMOJIeT CO CpeHUM BpeMeHeM IofieTa 12 1 MoxkeT BbIaBaTh 10 844 TH maHHBIX, KOTOpble MOXKHO JIC-
TI0/Ib30BATD /I 0OHAPY>KEeHMV HEUCIIPABHOCTEN, KaK TOIBKO OHY IOAB/IAIOTCA [13]. AITOpUTMBI MAIITHHOTO
06ydeHns, Takye Kak MeTOAbI I'TyOOKOT0 00y4eH I, IO3BO/IAIOT BBIAB/IATD CIOKHBIE 3aBUCMMOCTH B JAHHBIX,
YTO ITOBBIIIAET TOYHOCTb IIPOTHO30B M CHIDKAET BEPOATHOCTD Ye/IoBedecKux ommnbok. Kpome toro, anammsn-
Py# BaHHBIE OT JaTYNKOB, VIV crioco6eH BBIABIATH paHHNUE IPU3HAKY U3HOCA VIV IIEPErPy3KY, YTO ITO3BOTIA-
eT CBOEBPEMEHHO ITPOBOANTD TEXHIYECKOe 00CTy)XIMBaHMe 1 IPEJOTBPAIIATh aBapUIL.

B MeIMIIMHCKIX SpraTMyecKux cucTeMax (Xupyprudeckye poOOThl Wy cucTeMsl guarHoctvkn) VIV mo-
XKeT ITOBBICUTD 0€30IIaCHOCTD 3a CYeT aHa/IM3a JAHHBIX B Pea/IbHOM BPEMEHU 1 IPeJOCTaB/IeHN PeKOMEH-
manuit BpayaM. TexHonmoruu VIV mosBO/IAIOT TakKe YMEHBIIATh KOMYECTBO OIIMOOK, IPEOCTAB/IATD JaH-
HbIe B PeKJIMe PeaIbHOIO BpeMeH!, SKOHOMUTD BpeMs U YIy4IIaTh B3aMMOJeIICTBYe Bpaya 1 alueHTa [14].

B TpaHCHOpTHBIX crcTeMax (aBTOHOMHBIE aBTOMOOWIIN WIM CUCTEMBI YIIPaB/IeHNA JKe/Ie3HOTOP 0XKHBIM
TpaHcrioproM) VIV urpaet kimo4yeByio poib B obecriedennu 6ezonacHoctu. Ajaroputmsl VIV aHanusupyor
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JlaHHbIE C KaMep, TMAAPOB U APYTUX JATIMKOB, YTOOBI IIpefiCKa3aTh NOBeNEHME IPYTUX YYaCTHUKOB JIBIDKE-
HYSA ¥ M30eXaTh CTOJIKHOBEHUIL. B cirydae ¢ aBTOHOMHBIMU aBTOMOOWIAMM VIV Taroke yUUTBIBaeT Takue
(baKTOpBI, KaK JOPO>KHBIE YCTIOBYSA Y COCTOSIHVE TPAHCIOPTHOTO CPEACTBA, YTOOBI IPMHMMATh OINTUMAJIb-
HbIe pellleHsI B pea/ibHOM BpeMeHn [15].

B npoMmblIIZIeHHBIX 3praTndeckux cyucremMax VIV MoxeT IOBBICUTD Ha[IeXKHOCTD 34 CUET ONTUMU3ALNK
IpOLIeCCOB 1 MUHMMMU3anyy puckos. Hanmpumep, B Hedrerasooit orpaciu VMV aHanusupyer faHHbIe O CO-
CTOAHUY 00OPYHZOBAHNUA M YCTIOBYAX 9KCIUTyaTallMy, YTOOBI IIpecKa3aTh BO3MOXKHBIE aBapuy, TaKue Kak
YTEUKN VIV B3PBIBBL, M IIPEJIOKATH MEPHI 110 MX MpeJoTBpaleHuIo [16]. DTo He TONMBKO IOBbILIAET 6e30-
MACHOCTb, HO U CHIKaeT 3aTPAThl HA PEMOHT Y IIPOCTON.

B o >xe Bpems BHenpenne VIV B apratudeckue cucTeMsl TpeOyeT pelleHns psifa MpooseM, TaKuX Kak
obecriedyeHe YCTONYMBOCTY a/ITOPUTMOB K KubepaTakaM, MUHMMU3AIVA JIOKHBIX CpabaThIBaHUIT 1 06e-
Clle4eHle COBMECTUMOCTH C CYLIeCTBYIOLMMY TeXHOMOTUAMM. [I/Is1 3TOro MPUMEHAIOTCA METOAbl TeCTUPO-
BaHMA ¥ Ba/IVALINY, KOTOPBIE TO3BOIAIOT OLIEHUTD HaJIe)KHOCTD 1 6€30IaCHOCTD CUCTEM IO X BHEJIPEHMSL.
Kpowme Toro, BaykHO yYUTBIBAaTb Yel0OBeUeCKNIT GaKTop, TaK KaK Jaxke CaMble COBEpIIeHHbIE CHCTEeMbI TPeOy-
0T B3aIMOJEVICTBIA C OllepaTopoM. B aTom koHTekcTe VIV MOXKeT OBITh MCIIONB30BAH I CHUYKEHSI KOTHM -
TUBHOJI HaTPy3KM Ha YeJIOBeKa, IPeJOCTaB/IAs eMY TOIBKO He0OXOAMMYI0 MH(POPMAIIVIO U peKOMEHIALVIN.

Takum o6pasom, ucnonbaosanye VI s nopbileHns 6€30IIaCHOCTI U HaI@>KHOCTY 9PTaTUYeCcKUX CU-
CTeM OTKpBIBAeT MIMPOKVEe BOSMO>KHOCTH /L1 MUHMMM3ALNY PUCKOB U MOBBIIIEHNA 9P PEeKTUBHOCTIL.

3axnouenue. IIpoBeieHHbIE UCCIENOBAHUA CBUIETEILCTBYIOT, 4YTO M/ criocobeH 3HaYMTeIbHO MOBBI-
cuThb 3PPEKTUBHOCTD IPraTMIECKMX CUCTEM 3a CUET aBTOMATH3ALMY IIPOLIECCOB PellleHNs CTIOKHBIX 3a/ad,
aHa/1M3a 60IbIINX 00BEMOB JAHHBIX U a[JallTALNY K MHAVBJUAYaTbHBIM 0COOEHHOCTAM oIepaTopa. B cratbe
0co60e BHUMaHUe yfie/IeHO IHHOBAIVOHHO poyyt VIV B olITMMuU3anyy poLeccoB IPUHATUA PelleHn ], Io-
BBIIIEHNY 6€30IIaCHOCT ¥ HaIe)KHOCTU 9PraTUYeCcKMX CUCTEM B KPUTUYECKM BaXKHBIX 00/IaCTAX.

Pesynbrathl nccenoBanus MMeEOT BaKHOE IIPUK/IAJHOE 3HAYeHNe /1A IPOeKTUPOBAaHNUA I MOJepHNU3a-
VIV 3PTaTUYeCKUX CUCTEM B Pas3JIMYHBIX OTPAC/IAX. BHepeHMe NpeiIosKeHHbBIX MEeTOIOB, BK/II0Yast 00bsAC-
HuMbli VIV U afjanTMBHBIE aITOPUTMBI, CO3/IAI0T YC/IOBUS:

— U CHYDKEHVS KOJIMYEeCTBa aBapyil 3a CUeT MOBBIIIEHNA 6e30MaCHOCTI U HaIeX)KHOCTU SPTraTUYecKuX
CMCTeM, HalIp¥Mep B aBMALIUK Y SHEPIeTUKe;

— ONTMMM3ALVY B3aXMOJeliCTBIA OIlepaTopa ¢ CUCTEMOIA, YTO CBA3aHO C YMeHblIIeH/eM KOTHUTUBHOII Ha-
TPY3KM Ha OIlepaTopa;

- noBbleHnsA fosepusa K MV -pelieHnsAM 3a c4eT PO3PAYHOCTY AJITOPUTMOB, YTO KPUTUYECKY BAXKHO
B MeIMLIMHE U TPAHCIIOPTe.

JanbHelillee cOBEPLIEHCTBOBAHME B3a¥IMOJEICTBIA Yel0BeKa M MALIVHbI B 3PraTM4eCcKUX CUCTEMAX C JC-
1071b30BaHyeM TexHonmoruit VIV nmo3Bonut cospaBath 6onee addekTuBHbIe, Oe30IacHble U TMOKIe SpraTu-
YyecKJe CHCTEMBI, MIHUMUSVPYIOLe BIMUAHNE YeJI0BeYeCKOro (aKTopa U paboTalolyye B YCTIOBMUAX BBICO-
KOV HEOIIPEEeIeHHOCTIL.
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Head of the Department “Business Administration” of the Belarusian National Technical University,
Candidate of Economic Sciences, Associate Professor,
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[Hata noctynneHuns B pegakuyuio — 09.04.2025.

B ctaTbe npefcTaBnieHa METOAONOINA OLIEHKN TeXHONOorMyeckoro 6anaHca CTpaHbl, TEeHAEHLUY Pa3BUTNA MUPOBOTO SKCNop-
Ta 1 umnopta TexHonornn ¢ 2014 no 2023 r. iccnegoBaHa B3aMOCBA3b MeX Ay HayKoeMKoCTbio BBI, skcnopTom BblCOKOTEX-
HOJIOTMYHON NpOoAYKUMN 1 TpaHCchepom TexHonoruii. NMokasaHo BNAHME TpaHchepa TEXHONOMMIN Ha BbICOKOTEXHONTOMMYHDII
aKkcnopT. OnpefeneHbl NPUOPUTETHbIE HAayYHble, HAayYHO-TEXHUYECKNE 1 MHHOBALMOHHbIE HanpasieHua Ana ¢opmmpoBaHuA
ONTYMaJIbHOW CTPYKTYPbI TEXHONOrMYeckoro 6anaHca Pecnybnvkm benapyceo.

The article presents a methodology for assessing the technological balance of the country, trends in the development of global
technology exports and imports from 2014 to 2023. The relationship between the scientific intensity of GDP, the export of high-
tech products and technology transfer is investigated. The influence of technology transfer on high-tech exports is shown.
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Priority scientific, scientific, technical and innovative directions have been identified for the formation of an optimal structure
of the technological balance of the Republic of Belarus.

KntoueBble cnoBa: 06beKTbl l/lHTEJ'IJ'IeKTyaJ'IbHOI;l COOCTBEHHOCTW, Tpchcbep TEXHOMOIMMN, TEXHONOrMYeCKniA GanaHc.

Keywords: intellectual property objects, technology transfer, technological balance.

Bsedenue. B ycnoBusix nudpoBoit TpanchopManyy HabMOAAITC OBICTPbIe TEXHOMOTMYEeCKe 3MeHe-
HIISA, CO3/AI0lINe KaK BO3MOXHOCTM, TaK M PUCKU J/Is 9KOHOMMKM 11 001IecTBa B IeToM. 71 onpeneeHns
CYILeCTBYIOMIMX TePCHeKTUB S3KOHOMMYECKOTO PasBUTHA 33 CUET UCIIOIb30BAHMA COBPEMEHHBIX TEXHOTIO-
TUil HapARY ¢ TPAAULMOHHBIMY MHCTPYMEHTAMI MEXAYHapOTHOTO I MaKPO3KOHOMIYECKOTO aHajm3a Jic-
HOJIb3YIOT METOAMKY COCTABJIeHVSI TEXHOIOTMYECKOro OalaHca.

CornacHo nsgannio «Pykosoncrso ®packatu 2002: VisMepeHue Hay4HOI ¥ TeXHOTOTMYECKOI eATeNb-
HocTu — IIpepiaraemas cTaHjapTHASA MPaKTHUKA I 00C/IeJOBAaHWI IO MCC/IEJOBAHVIAM U SKCIIEPUMEHTAIb-
HBIM pa3pabOoTKaM», TEXHOTIOTMYECKIiT 6alaHC TPAKTYeTCA KaK JOKYMEHT, OTPaXKaIoLINii 06'beM ITOCTyIIIe-
HUIT M TUTaTeXell OT MeXXYHapOJHOI TOProOB/IM TeXHOMornAMu [1].

Akcneprel IOHKTA]I moHATIE TeXHONOTUA TPAKTYIOT KaK «...CHICTeMAaTU3/POBaHHbIE 3HAHN:A, KOTOPbIE
VICTIONIb3YIOTCS JI/IS BBIITYCKA COOTBETCTBYIONIEl IIPORMYKIVIN, IJIS IPYMEHEHM COOTBETCTBYIOIEro Ipoliec-
ca WIN WIS MpefoCTaB/IeHnsA ycuyr» [2]. VIcXons u3 HaHHOTO OIpefie/ieHNsI, OCHOBHbIE BUJIbI TEXHOIOTMII
IIpefICTaBIeHbI HA PUCYHKE.

17 + TEXHOJIOTHUA * 41

Texnonocuueckue Texnonocus Vnpaenenueckas Texnonocus
npoieccol: u320MoGNeHA MEeXHONO2UA: ynpaenenus
* ompe/eseHHe THIIA npooykmalyenyei: ® yIpaBieHie Kauecmeom:
NPOH3BOACTBA o crermQKaIms TIepCOHATOM * obecreuenne
® HIeHTH]HKAIHA TPOyKTa/yCIIyrH o ympasienme HEeOGXOIMMEIX
SKOHOMHYECKH H & KR  — CTAHIAPTOB H
TeXHHYECKH mm3aitHa
3¢ (peKTHBHEIX MAITHH * ILEeHHI(bIH{ﬂLHm ® YIpABISEND (MaTepHaIOB,
H HHCTPYMEHTOB 0bOpYyACEBaHIL 1 MapKeTHHIOM 0GopyI0BaHHSA,
o crenm(uKammA CHIpPBA MALSE RO ¢ yIpaBieHne KOHEUHBIX
e BLIGOp MecTa ¢ ajanramus IIPOI3BOACTBOM TPOAYKTOB/YCIIyT)
NPOH3BOACTBA H JP. TIpOAyKTa/yCIyrn

(OcHoBHble BUAI nepeaaBaembixX TexHonorui

McTouHumK: aBTOpCKas pa3paboTka Ha OCHOBe JaHHbIX [2].

Takum 06pa3oM, B TEXHOJIOTMYECKOM Oa/laHCe MOTYT YYUTHIBATbCSA (PMHAHCOBBIE IIOTOKM OT MCIIO/Ib30Ba-
HIIS TEXHOJIOTMII B BUIe TIATEHTOB 3a CUeT 3aK/TI0YEHN JOTOBOPOB MOHOM YCTYIKM IIPaB Ha OObEKThI MH-
TeniekTyanbHolt cobcTBeHHOCTY (OVIC), 3aK/TI0YeH s TNILIEH3MOHHBIX JOTOBOPOB Ha ucnonb3osanue OVIC,
B TOM 4YMCJIe HOY-Xay, ppaHYaii3UHT, MHXVHUPUHTOBbIE Y KOHCA/ITMHIOBBIE YCIYTY, (PUHAHCUPOBaHME IIPO-
mbiniesabpix HMOKP [1].

B coctaB TexHOMOrMYecKoro 6ananca crpansl, o MHeHuto E. JI. [laBbIfieHKO, I1eieco06pasHo BKIIOYATh
MOTOKU CPEACTB: OT TOPTOB/Y NTATeHTaMMU, TNLEH3UAMY, HOY-Xay; OT IIPOaXKM TOProBOil MapKM, I10O/Ie3HOI
MOJIe/IN; OT OKa3aHMsA TEeXHOJIOTMYECKMX YCIYT, TeXHIMYECKOI TOMOLIY ¥ OCYIIeCTB/I€HN IPOMBILIIEHHbIX
HIMOKP [3].

OpnHako Ha IpakTHKe B cyry MHOroo6pasusa OVIC HOCTaTOYHO CIOXKHO OIpefieINTh, KaKye CTaTUCTU-
YecKye II0Ka3aTe/y MOTYT OBITh UCIIO/Ib30BAHBI [/ GOPMUPOBAHMSI TEXHOTIOTMYECKOTO OalaHca CTPaHBI.
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OkcrnepThl MexxayHapogHoro BamoTHoro gpouga (MB®) B mecrom usganny PykoBo#cTBa IO IIATEXHO-
My 6aTaHCy U MeX/[yHapOJIHON MHBECTULMIOHHOJ O3UIMM OLIeHNBAIOT 00BEeMbI MOCTYIUIEHNIT OT UCIIONb-
3oBanust OVIC B Bupie: a) IJIaThI 32 MCIIO/Ib30BAHNE HEOBEIIECTB/ICHHOI TeXHO/IOTUY B Pe3y/bTaTe IpoBefie-
st HVIOKP (maTeHThI, HOy-Xay, TOpProBble MapKy, aBTOPCKILE IIPaBa, IpaBa Ha IPOMBIIIICHHBIE ITPOLIECC
¥ J3aliH); 6) IOCTYIUIEHNA OT UCIIONb30BAHMA OBEIECTBICHHON TeXHONOIMU HOCPEACTBOM 3aK/ITI0YEH
JIMLIEH3VOHHOTO JJOrOBOPa Ha II0/Ib30BaHMe MO0 Ha BOCIIPOM3BOACTBO U pacnpoctpanenne OVIC, Bomo-
I[eHHBIX B IPOTPaMMHOM O0ecIiedeHN I, KHATAX, ayANo U BUIEO3aINCAX 1 Jip. [4].

Ocnosnas wacmyv. Ctpanbl EC ncnonpsytor Metoguky MB® mno pacdery TexHONIOrmyeckoro OajmaH-
ca. Canpio GMHAHCOBBIX [TIOTOKOB OT MCIIONIb30BaHMs TexHomormit ctpaHamu EC 3a 10 et mpefcraBieHO

B TabmI. 1.

Tabmuna 1
TexHomornyeckuii 6anaHc, MJIH eBPO

Crpana/peruon 2014 r. 2019 r. 2023 1.
EBpomnericknit coro3 — 27 ctpa (c 2020 1.) -33923,9 -56952,0 -112 148,7
Haaus 614,2 1852,6 3499,4
Tepmanmsa 7952,0 16 435,0 21726,0
Vpnanoua -23293,0 -48 605,0 -124239,0
Opannua 3431,0 5249,0 2207,0
JIrokcemOypr -390,0 -2205,0 -3870,0
Benrpus 26,6 86,3 343,5
Hupepnanpgnbr -22590,8 -29265,8 -4834,5
DOUHIAHIUA 1130,0 2094,0 2068,0
IBenusa 2236,0 585,9 -5630,1

McTouHMK: aBTOpCKas pa3paboTka Ha OCHOBE AaHHbIX [5].

CornacHo faHHBIM Tab671. 1, B ctpanax EC HabmiogaeTcss oTpuijaTe/ibHOE Calbl0 TEXHOTOTMYECKOro Oa-
naHca. Crpanbl EC B 6onbliert cTeleHN ABIAITCA pelUIIMeHTaMy MHOCTPaHHBIX TexHonmoruit. Ha npors-
xeHyn 10 e, ¢ 2014 no 2023 1., HabMIOae TCA TEHAEHIVA 10 YBEIMYEHNI0 00'beMOB IMIIOPTA TeXHOIOT I
crpanamu EC. B 2019 1. 06beMbl MMIIOPTa YBEMYIMINCH Ha 68 % 110 cpaBHeHuio ¢ 2014 1., a B 2023 . — Ha 96 %
1o cpaBHeHMIO ¢ 2019 r. OcHOBHBIMU UMIIOpTepamMy TexHomnoruii cpenyt ctpad EC apmarorca: Vipnangus ¢ 64 %
(133 732,0 mytH eBpo) moneit B 06uieM o6beMe ummnopTa TexHomornit crpan EC B 2023 r., Hupepmangsr —
12 % (24 713,1 miH eBpo); llIBenusa — 5 % (1048,1 maH eBpo), Ttokcembypr — 3 % (5084,0 MiH eBpoO).

Benymmum sxkcnioprepom TexHonoruii cpenu ctpas EC asnaerca lepmanna. Ha gomo ctpansl B 2023 . ipu-
XOAMIOCH nopsAnka 34 % (33 259,0 MTH eBpo) 06'beMOB SKCIIOPTHBIX TOCTYIIEHMIL, lajiee 0 00beMy 9KCIIOPT-
HBIX TOCTYIUIeHWIT cenytotT Hupepmanasr — 20 % (19 878,6 MiH eBpo), Ppanuma — 10 % (9860,0 maH eBpo),
Upnaupns — 9,7 % (9493,0 mnH eBpo) [5].

B 2023 r. kpymnHeriumm Toproseiv naptaepoM EC B Toprosite rexnonoruamu 6uim CoepyHenHble [l TaTsl,
Ha JIOJII0 KOTOPBIX NPpUIITOCh 45,0 % nmnopra u 47,3 % skcnopra. BenmmkoOpuranys HaXOAUTCA Ha BTOPOM
MecTe II0 UMIIOPTY ¢ 9,6 %, 3a Heit cenyeT VHans ¢ 6,4 %. IlIBelirjapys 6bl1a BTOpbIM 110 Be/IMYMHE APTHE-
POM 10 9KCIIOPTY ¢ 14,4 %, 3a Hell cnenyeT Bennkobpuranus ¢ 13,0 % ot o61ero o6beMa 9KCIOPTa TEXHO-
noruii ctpan EC B 2023 1. [6].

BmecTe ¢ TeM Ha IpOTSXKEHUM paccMaTpuBaeMoro nepuopa aia crpad EC xapakTepHo Hanudue ycTol-
YJMBOTO OTPUIIATENIBHOTO Ca/IbI0 TEXHOJIOTMYECKOro 6amaHca. [laHHas TeH[EHIVA MPOCTIeKNBACTCA B Iie-
JIOM TIO BCeM cTpaHaM Mupa. Tax, B 2023 1. Hab/M0aeTCsl OTPULIATEIBHOE MUPOBOE CaIb/I0 TEXHOMTOIMYECKO-
ro 6amaHca B pasmepe 99 720,1 mH gon. CIIA, dro Ha 58 % 6o/blire 0 CpaBHEHMIO CO 3HaYeHMreM 2014 T.
OrputjaTebHOE MIPOBOE CA/Ib/I0 B TOPTOBJIe TEXHONMOIMAMM cocTaBuio B 2014 1. 58 618,2 mnH gomn. CIIA.
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OCHOBHBIMM JJOHOPaMU T€XHO/IOTUI B Mupe B 2023 I. ABIAMNCD CTPAaHbI — WieHbl OpraHusanny 3KOHOMU-
4yeckoro coTpyauudectsa 1 passutyA (OICP): Ha X JO/I0 IPUXOAMIOCH 94 % MUPOBBIX IIOCTYIIEHNI OT 9KC-
nopra texuonoruit, crpai EC — 38 %. [lons ctpan EBpasuiickoro skonommdeckoro coro3a (EA9C) B MupoBbIx
ob6bemax akcriopra B 2023 1. coctaBuia 0,14 %, B To Bpems kak CIIIA umeror 28,0 % MMPOBBIX IOCTYIUICHMI,
Anonns — 10,5 %, KHP — 2,3 %. Ha npotspxenun 10 net, ¢ 2014 mo 2023 ., HabJomaeTcs nepepacrpeneneHme
HO3VLIMIT MEX/ly PeTYIOHAMU CTPaH ¥ CTpaHaMM B 06beMax akcropTa Texuonoruit. ITo cpaBHenne ¢ 2014 r. mmo-
CTENeHHO COKPAIIAeTCA HO/IA MUPOBOTO SKCIIOPTa TeXHoornii crpad — wieHos O9CP (97,0 %), rocymapcts —
yieHoB EASC (0,22 %), CIIA (36,6 %) B monb3y ctpad EC (31,3 %) u KHP (0,21 %), npudem TeMn Ipupo-
cTa 06’beMa SKCIIOPTHBIX MOCTYIUIeHNI1 oT TpaHcdepa texHomoruit KHP B mepuop ¢ 2014 no 2023 1. cocTaBun
162,0 %, JOCTUTHYB TeM CaMbIM HaMOOJIBbIIIETO 3HAYEHN S B aHA/IM3UPYeMblil Iiepuog, [7].

CoxkpalieHre 00'beMOB 3KCIIOPTa HAXOUT CBOE OTPaKeHNe B yBe/IMYeHNM 00beMOB IIaTe)X el 38 MCIIONb-
30BaHMe MHOCTPAaHHBIX TexHonmoruii. [lonsa ummnopra texHonorui crpad — 4ieHoB OICP B 2014 1. cocTa-
Buiaa 77,8 %, a B 2023 . — 81,1 %, B COOTBETCTBUM C YeM [0/ uMIopTa TexHonoruit crpad EC coctaBuna
43,0 n 51,0 % coorBercTBenHo. 1 KHP, Hapany c yBennyennem 06bEeMOB 9KCIIOpPTa TEXHOJIOT UL, XapaKTep-
HO YBeJIYeHNe KON OTpebIeHNsT MHOCTPaHHBIX TeXHo/mornit. Muposas foyst uMmmnopTta TexHonornit KHP
B 2014 r. coctaBuima 6,0 %, B 2023 . — 7,3 %.

B cBoto ouepenp, ma rocymapcts — wieHoB EADC xapakTepHO cokpaiieHue 06beMOB NMOTpeOIeHNs NHO-
CTPaHHBIX TEXHOJIOTMII (JJOJIA1 MMITOpTA TeXHO/MOrMit B 2014 I. HaxoamIach Ha yposHe 2,2 %, B 2023 . — 0,6 %) [8].
Tak, B Pectiy6mke benapych B 2021 I. CIOXXWIOCH OTPULIATE/IbHOE CajIbJJ0 TEXHONOTMYECKOro OajaHca Ha
cymmy 124,8 MiH mor. CIHIA, 4Tto npm6m/[3MTeano COOTBETCTBYET 3HaYeHno 2017 1. (-122,0 MnH momI.
CIIIA), HO 3HauNTeNbHO HIKe YpoBHA 2014 1. (-198,2 MyH gosn. CIITA). HabmogaeTcs mocTeneHHOE COKpa-
IeHNe BeIMYMHBI OTPULIATENILHOTO Ca/IbI0 B TOProBye TexHonornaMu B Pecriy6rmke Bemapyce. 3a nepuop,
€ 2014 1o 2021 r. MpOM30LIIO YBeMYEHNA 00bEMOB IKCIIOPTa OENMOPYCCKMUX TeXHOIoruit Ha 35 % (2014 r. —
39,1 myH pomn. CIIA, 2021 r. — 123,8 mH gomn. CIIA). ViIMInopT TeXHOMOrui 3a paccMaTpuBaeMblil IIepu-
Off YBeJIMYM/ICS TONBKO Ha 5 % (2014 r. — 237,3 myn fomn. CIIA, 2021 r. — 248,7 mnH gomn. CIIA) [7, 8].

besyc1oBHO, yBemmueHne 06beMOB 9KCIIOPTA TEXHONIOTUI OKa3bIBaeT IIOJIOKUTEIbHOE BIMAHNE Ha KO-
HOMIYECKOe Pa3BUTIE CTPAHBI He TOJIBKO B YaCTY POCTa 00EMOB BATIOTHOI BBIPYYKM OT IPOJAXKVU TEXHO-
JIOTUIA, HO U CTUMYNUPYeT PasBUTHE BbICOKOTEXHOIOTMYHOIO IIPOU3BOACTBA B CTPaHe, YTO MOATBEP>KJAIOT
pe3y/IbTaThl IPOBEIEHHOTO0 KOPPEeNAIMOHHOIO aHalM3a TaKUX IoKa3aTesneil, Kak Jojd MMIIOPTHBIX IjiaTe-
JKeil OT MCIIO/Ib30BaHMsI TeXHOMOrnit (B mpoueHTax oT BBII), o751 9KCHOPTHBIX ITaTeXell OT MCIIOIb30Ba-
HUS TexHojorui (B mpoueHTax oT BBII), 1o/st mponsBoacTBa BEICOKOTEXHOMOIMYHOM MPOAYKLMY (B Ipo-
neHTax ot BBII), HaykoemxocTs BBII (Tabm. 2, 3).

Tabmuma 2
VicxopHble faHHbBIE /14 IPOBEAECHI MAPHOI KOPPenaumn

e | Bovmeomercsooors | o s eae | o nciors et asoesocn o
2014 2,95 0,47 0,40 2,09

2015 3,02 0,54 0,44 2,12

2016 2,91 0,50 0,44 2,17

2017 3,26 0,51 0,45 2,16

2018 3,35 0,52 0,46 2,24

2019 3,24 0,53 0,47 2,30

2020 3,33 0,55 0,47 2,49

2021 3,52 0,57 0,50 6,62

2022 3,66 0,56 0,47 -

2023 3,22 0,55 0,46 -

NcTouHMK: aBTOpCKas pa3paboTka Ha OCHOBE faHHbIX [7, 8,9, 10].
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Tabmmua 3
PesynbraT napHoOI KOppenamumn
Hons Homns MMnop“Ta Hons :-)Kcr[oIiTa HayKkoemKocTs
ITokasatens BBICOKOTEXHOTOTMYHOTO TeXHO/IOTHIA, TeXHOIOTHIL, BBIL
3KCNopTa, % or BBII % ot BBII % ot BBI1
o751 BBICOKOTEXHOTIOTYHOT O )
sKkcnopra B % ot BBII
Hons yuMnopra TeXHONIOI Ui
5% or BBIT 0,740631399 1
Io7ns sKcriopTa TeXHO/IOT Ui
5% ot BBII 0,787817504 0,870179027 1
HayxoemxocTs BBII 0,646101036 0,642537295 0,684743699 1

McTouHuK: aBTOpCKas paspaboTka.

3axmouenue. Ilo pesynbraTaM HapHO KOppenALMM [JOKa3aHa B3aMMOCBA3b MEX[Y BbllIeHa3BaHHbI-
MM IIOKa3aTeIsIMU, Ha KOTOPbIX OCHOBAHO (POPMMPOBaHUE CaIbJ0 TEXHOMTOIMYECKOTo OajaHCca CTPaHBL
Habmogaercsa cuibHas B3auMOCBSA3b MEX/Y 9KCIIOPTOM BBICOKOTEXHOJIOTMYHON IMPOAYKLMY U (PUHAHCO-
BbIMM IIOTOKaMM OT IIPOJa>KM U TMOKYTIKYM TE€XHOJIOIMIL, TO €CTh MOXXHO KOHCTaTUPOBATh, 4YTO HE TO/IbKO 9KC-
nopr (0,7878), Ho 1 ummnopT TexHonornit (0,7406) okasbIBaeT BIVMAHME HA yBeMMYEHNE BEIMYMHDI 9KCIIOP-
Ta BBICOKOTE€XHOJIOTMYHBIX TOBAPOB. B CBOIO 0Yepeqb, SKCIOPT TEXHOOIMIA M HayKoeMKocTh BBII umeror
6oree cuIbHYI0 B3anMOCBs3b (0,6847) 10 CpaBHEHMIO C TOJIel BBICOKOTEXHOIOTMYHOTO aKcropTa (0,6461)
U foneit uMmopTa TexHomornit (0,6425).

CTonuT OTMETUTD, YTO IKCIIOPT ¥ UMIOPT TE€XHOTOTUI UMEIOT BBICOKYIO CTEIeHb B3aIMOCBA3N (0,8702).
9TO CBUJIETE/IbCTBYET O TOM, UYTO TEXHO/IOTMYECKOe pa3BUTHE OTHENbHO B3ATOM CTPAHbI 3aBUCUT He TONIbKO
OT CO37IaHMsA ¥ SKCIIOPTA HAL[MOHA/IbHBIX TeXHOIOT UL, HO U OT IPUBJIEYEHNsI B CTPAaHY MHOCTPAaHHBIX T€XHO-
JIOTMII B pe3y/brare VX JUuQQysun 1 IpYMEHeHNA B peallbHOM CeKTOpe SKOHOMUKY CTPaHBbL.

[l [OCTVOKEeHVS ONTMMA/IBbHON CTPYKTYPBI TeXHOMOrn4eckoro 6ananca Pecnybmuku Bemapych Heo6-
XOIMMO OIIPele/IUTDb IIPUOPUTETHbIE TEXHOTIOINN, KOTOPbIe MOTYT OBITh CO3JaHBI HE TOIBKO B OTPAC/IEBOI,
HO B IIEPBYIO OYepefib B aKaJeMUIeCKOll 1 By30BCKOJ HayKe CTPaHbl [y IOC/eYIoLell UX KoMMepLaiu-
3allMM Ha BHYTPEHHEM U BHELTHMX PbIHKAX; BO-BTOPBIX, YBeINYUTD Jomo pacxonos Ha HMOKP B cTpykTy-
pe BBII cTpanbl 15 pasBUTUsA NIPUOPUTETHBIX TEXHOJIOTUI; B-TPETbUX, COBEPIIEHCTBOBATh MEXaHN3M KOM-
Mepuuanusauuu pesynbraros HVMOKP.

B kauecTBe NPMOPUTETHBIX TEXHOIOIMII Ha IIPMMepe HayYHO-TeXHUYECKMX pa3paboTok bemopycckoro
HaI[MOHA/IbHOTO TexHu4eckoro yHusepcurera (BHTY) MoryT paccMarpuBaThcs TEXHOIOI MU UCKYCCTBEHHO-
TO MHTE/UIEKTa: pa3dpaboTKa BUPTYa/TbHBIX MY/IbTUIIONb30BATENbCKIX YI4eOHO-METONNYECKINX KOMIUIEKCOB
Ha 6a3e UTPOBBIX TEXHOJIOIMII M MHTEPAKTUBHOTO M/WIM aBTOMATU3MPOBAaHHOTO, IIPEACTABIEHNs Y4eOHOTO
KOHTEKCTA C MCIIOIb30BaHMeM METOJOB MICKYCCTBEHHOTO VHTE/IIEKTa; TEXHOMOInU c6opa, XpaHeHMs, obpa-
60TKY, 32Tl BBICOKOCKOPOCTHOII IIepefiauy U pacipefenenus nupopmauy, knbepdesomnacHoctu (BHe-
IipeHye MeTOA0B MM pOBaHMA JaHHBIX B M poByio mwiaTdopmy nokanbHoit cetr BHTY), a Taxoke paspa-
60TKM 06pa3oBaTeIbHON V(PPOBOIL IIATPOPMBI IO KOepOe30macHOCT CTY/IEHTOB 1 MHTETPYPOBAHHBIX
cucreM ynpasyeHus 6asamu gaHHpix BHTY.

B o6macTu MHHOBAIVOHHBIX TeXHOMOrMit MainHocTpoenuss BHTY ob6nanaer psamgoM KOMIeTeHIIL:
IO pa3paboTKe TBEPHOTEIbHbIX Ta3€POB 1 TA3EPHBIX CUCTEM C JVIOFHOI HAKa4KOIi; IT0 MOZIe/IMPOBAHMIO 1 Pac-
4YeTy XapaKTePUCTHUK JIaATUYMKA YI7TIa HAKIOHA HABUTALMOHHOTO YPOBHA C YYBCTBUTEIbHBIMU 37IEMEHTAMU
0CEBOJT M MAATHUKOBOI KOHCTPYKIIMY; ITO CO3JaHUIO OIIBITHOTO 00pasiia MOOMIbHOIO pOOOTU3NPOBAHHOTO
Kpecya-KOJIACKH A71A MIofiell C OTPAaHMYEeHHBIMY BO3MOXKHOCTSIMM, MICTIO/Ib3YIOILETO aJITOPUTMbI aBTOHOMHOI!
HEJPOCETEBO HaBUTALMI B KaY€CTBE CUCTEMBI YIIPABJIEHNA TPAEKTOPYEN BEPXHETO YPOBHA.

IIpencTaBneHHble HayqHO-TeXHIYecKMe paspabotky BHTY cBumeTenbcTBYIOT 0 TOM, 4To B Pecrry6mke
Bermapych copMupoBaH HayqHBI, HAyYHO-TEXHIYECKIIT ¥ IHHOBALIMOHHBII IIOTEHIVIAJT /I JOCTYDKEHNS ONITU-
MaJIbHOV CTPYKTYPbI TEXHOTIOTMYECKOTO OajlaHca CTPaHbI U Pa3BUTIA BBICOKOTEXHOIOTMYHBIX ITPOV3BOJCTB.
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[Hata noctynneHuns B pegakyuio — 01.04.2025.

Llenbto gaHHOro nccnefoBaHuA ABnaeTca CTPYKTYpUpOBaHME TeOpeTUYECKNX OCHOB d)OpMI/IpOBaHI/Iﬂ 1 ynpaBiieHnA 3KOHOMU-
YyeCcKMmM norteHumnanom FOpHOﬂO6bIBaIOLIJ,I/IX npeqanﬂTmM. I'IpenmeTOM n3yyeHna BbICTYyNakdT KOMMNNEKCHble CBA3U U B3aMO-
[eNncTBMA, CKNaablBaloLwmeca B xoae ynpaBieHNA SKOHOMUYECKM NMOTEHLUMNANOM. I/I3yqu|/|e SKOHOMMYECKOro noteHUumnana rop-
HogoO6blBatoLen NPOMbIWNEHHOCTN NO3BONUT BbIABUTb uenbin pAn Kn4vesbiX Hal'lpaBHEHVIIZ, Heo6XoaUMBbIX Ans NPUHATNA pe-
LIeHWI B 06n1acTn FocyﬂapCTBeHHOVI NONNTUKN, UHBECTUPOBAHNA N PAa3BUTNA OTPACN N A4aCT BO3MOXHOCTb NpeanoXnTb KONn-
YyeCTBeHHbIe N KaYyeCTBEHHbIe NOKa3aTesin ero oueHKun.

The purpose of this study is to structure the theoretical foundations of the formation and management of the economic poten-
tial of mining enterprises. The subject of study is the complex connections and interactions formed in the course of managing

economic potential. The study of the economic potential of the mining industry will identify a number of key areas necessary

for decision-making in the field of public policy, investment and development of the industry and will provide an opportunity

to propose quantitative and qualitative indicators for its assessment.

KnioueBble cnioBa: ropHOA00bIBAOLIAA MPOMBILLIEHHOCTb, SKOHOMUYECKIIA MoTeHUWarn, GakTopbl, MPUHLMMbBI OLUEHKN.

Keywords: mining industry, economic potential, factors, assessment principles.

Beedenue. TopHOZOOBIBaIOLIAsA TPOMBIIUIEHHOCTb UTPAET 3HAUYUTENbHYIO POJIb B 9KOHOMUKE MHOTVIX
cTpad Mupa. OTpacib 3aTparuBaeT MHTEpPechl TOCYAAPCTBa, UHBECTOPOB, NOAPANYMKOB U ITOCTABIIUKOB,
CEePBUCHBIX KOMIIAHNII, HaCeTIeHVS, MCCIeJOBATe/IbCKIX OpraHu3anuit u norpedureneit. CornmacHO JaHHBIM
oduimanpHON cTaTUCTUKY [ 1], 06'beM TPOU3BOACTBA TOPHOROOBIBAIOIIEIT TPOMBIIITIEHHOCTH B PecriyOnike
Bemapych 3a 2023 1. coctaBui 104,3 % k ypoBHIo 2022 1. [lons fo6bIBaoLIell IPOMBILIIEHHOCTI B 00beMe
IPOMBIIIIEHHOTO IIPOU3BOJACTBa cocTapyseT 1,2 %. C 2017 mo 2023 r. HabmofaeTCsA CHIDKEHMe IMIIOPTa MI-
HEepabHOTO ChIPbA ¢ 6,90 MiH o 1,15 MH T.

OcHosHas uacmw. VIiccmenoBaHus, Kacawollyecs 3KOHOMUYECKNMX aceKTOB aHa/lm3a MOTeHI[Maaa OT-
Ie/bHBIX BUIOB MUHEPAIbHO-ChIPbEBBIX PECYpPCOB, IPOBOAMINCH TaKuMu ydeHbIMU, Kak T. C. Kopsys,
JI. O. JXuranbckas, A. H. [llasens u B. M. Imim6OuHa. ITi clienuaancTbl BHECIM 3HAYUTEIbHBIN BKIAT
B U3y4YeHlIe OllpefielIeHHbIX PECypCOB, aKLeHTUPYs BHUMaHNe Ha UX 5KOHOMIYECKOJ IIeHHOCTI U BO3MOX-
HOCTSAX UCIIOJIb3OBaHMA.

JIMHaMMKa OCHOBHBIX 3KOHOMMYECKVX IapaMeTPOB, XapaKTepU3YIOLINX HOOBIBAIOIIYIO IPOMBIIIICH -
HOCTb, IPeCTaB/eHa B Ta0I. 1.

Ha ocHOBe ZaHHBIX, IPe/ICTAaB/ICHHBIX B TA0/. 1, MOXKHO 3aK/IIOYNTD, YTO B aHA/IM3MPYEMbII IEPUOJ pas-
BUTVE TOPHOZOOBIBAIOIIEl OTPAC/IN JeMOHCTPUPYET IOTOKUTEIbHYIO TeHEHIINIO.

Hab6mrogaeTcst OTHOCUTETBHO CTabMIbHOE KOTMYECTBO OPTaHM3aLIMIi B TOPHOZOOBIBAIOIIEIT TPOMBIIITIEH-
HOCTH, ¢ HebobuMu Konebanmamu. Kommdectso Bappupyercs ot 39 o 42 efi. B Tof. TO TOBOPUT O TOM,
YTO HOBBIX KOMIIAaHNII Ha PBIHKE He MOsABIAETCS, a CYIIeCTBYIOLIe B OCHOBHOM COXPAHAIOT CBOIO JlesTeNIb-
HOCTb. PasMelljeHNe BceX IPeANpUATHUIL 00YCIOBIEHO O/IM30CTBIO K CBIPbeBbIM pecypcaM. Huskoe cpenne-
KBagpaTndyeckoe oTknoHeHue (1,52) moaTBep)KaaeT CTabuIbHOCTb.

Hanbonbune konebanusa GUKCHUpYOTCA 110 nokaszaTento «O0beM MpOMBIIIIEHHOTO IIPOM3BOACTBa» (puc. 1).
O6beM NMPOMBIIUIEHHOTO MPOU3BOACTBA JIEMOHCTPUPYET 3HAUMTEbHBI pocT 3a mepuop 2019-2023 rr.
(c 1491,80 mH o 2335,30 MytH py6.). DTO CBUIETEIBCTBYET O Pa3BUTUY TOPHOOOBIBAIOLIIEN OTPAC/IN U yBe-
nu4eHuy 06beMOB JOOBIUM U IepepabOTKIM IO/IE3HBIX MCKOIAeMBbIX.

YrenbHbI BeC TOPHOOOBIBAOLIEN OTpac/iu B 0011eM 06beMe IPOMBIIITIEHHOTO ITPOU3BOJICTBA OCTALT-
Cs1 IPaKTUYeCKM HeM3MeHHBbIM 1 HebombummM (ot 1,1 1o 1,3 %). ITo 03HavaeT, 4TO, HECMOTPsI Ha POCT 00b-
€MOB IIPOV3BOZICTBA B CAMOII OTPACIIM, ee TOJIs B 0011eM 06'beMe IPOMBIIIIEHHOCTH CTPaHBbI He IpeTepIiesa
CyleCTBeHHbIX 3MeHeHuil. CpenHekBagparndeckoe otknoHeHne (0,08) nopTBep)k/jaeT NOCTOSHCTBO JlaH-
HOTO IIOKa3aTesIs.

CpemHecnuco4Hast YMCTIEHHOCTb PAaOOTHMKOB TaKXKe JJeMOHCTPUPYET OTHOCUTENIBHYIO YCTOYNBOCTD, KO-
ne6sch B ipesienax 10,2-10,6 Toic. yenoBek. HesHaunTenbHOE CHIDKEHME B OCTIeRHME TOAbI (10 10,2 ThIC. derL.
B 2023 .) yKasbIBaeT Ha IOBBIIIEHVE IIPOU3BOAUTENLHOCTY TPY/A U YACTMYHYIO aBTOMATH3ALINIO IPOLIECCOB.
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Puc. 1. 06bem npomblLLNeHHOTO NPOM3BOACTBA ropHOA06bIBalOLLeil NpoMbILLneHHOCTI Pecnybnuki benapycb B 2019-2023 rr., M py6.

McTouHurK: aBTopcKas pa3paboTka Ha OCHOBe 0dMLNANBHOWN CTaTUCTUKN.

HommnHanpHas 3apaboTHas I1aTa pabOTHUKOB TOPHOA0OBIBAOIIE) OTPAc/Iy II0Ka3bIBaeT 3HAYNTE/TbHbII
poct 3a 2019-2023 rr. (c 1854,8 0 3638,9 py6.). OHa Bcerna 6bl1a 60/IbIle, YeM B LI€/IOM 110 IPOMBIIITIEHHO-
CTH, YTO CBSA3aHO C TSDKEIBIMMI U OIIACHBIMY YCIOBUAMIY TPY/a, BBICOKOII KBamnpuKanueil pabOTHUKOB U BbI-
COKOJ1 IIPOM3BOAVTEIBHOCTBIO TPYAA.

B nmepuop ¢ 2019 mo 2023 r. ropHOROOBIBaOIAsA OTPAC/Ib IOKa3ala YCTOMYUBBIA POCT U MOCTYIATe/b-
HOE Pa3BUTHE.

Ba>kHBIM yC/10BUEM [/ pa3BUTHA TOPHOLOOBIBAIOILEI OTPACIIN AB/IACTCA HaMNYye SKOHOMUYIECKOTo Io-
TeHIMana. B cBoo ouepenib, 9KOHOMUIECKIII TIOTEHIMAI IPEAICTABIIAET COOO0IT CIOKHYI0 SKOHOMIYECKYIO Ka-
Teropuio. TepMUH «IIOTeHIIMA» IIPOYCXOAUT OT TATMHCKOTO CTI0BA potentia — «CUIa, MOIIb, BO3MOXXHOCTb.
B bonb1oit coBeTCKO SHIUKIONEANY IPUBOSUTCA TOJKOBAHME TEPMMHA «IIOTEHLIMAI» KaK «...CPEICTBa,
3aI1achl, ICTOYHMKM, MIMEIOIYIeCs B HA/IMYNUY ¥ MOTyIIe ObITh MOOMIN30BaHbI, IPUBEJEHBI B [ICIICTBIE, VIC-
TI0JIb30BAHBbI /1A IOCTVDKEHA OIpefie/IeHHbIX LieJIell, OCYILeCTBIeH IUTaHa; pellleHNs KaKoil-100 3aaui;
BO3MOXXHOCTY OT/IeIBHOTO JINIIA, 001IeCTBa, TOCYAAPCTBA B ONpeie/IeHHOI o6macT» [2].

B CoBpeMeHHOM 3KOHOMMYECKOM C/IOBape SKOHOMMYECKVIT IIOTeHIIMal MOHMMAeTCs KaK COBOKYITHAs
CIIOCOOHOCTD SKOHOMYKY CTPAHBI, €€ 0Tpacieil, IPeAIPUATHI, XO35/CTB OCYIIECTB/IATD IPOU3BOJCTBEHHO-
9KOHOMIYECKYIO IeATe/IbHOCTD, BBITYCKATh PO YKIVIO, TOBAPbI, YCIYTH, YOBIETBOPATD 3alIPOCHI HacesIe-
HYIS, 001I[eCTBEHHbIE TOTPEOHOCTY, 0OecreunBaTh pasBUTIE IPOU3BOACTBA 1 TOTpebneHus [3].

O. C. BuxaHckuil onpegenseT 3KOHOMUYECKUII MOTEHLMAN IPEANPUATHAA KaK COCTaB pPecypcoB —
TPyZia, MaTepUalIbHbIX PeCypcoB, (GMHAHCOB M AP., JOCTYIIHBIX OPTaHM3AIVIM JJIs IPOMU3BOACTBA 3aIl/IAHN-
POBaHHBIX paboT 1 ycyr [4].

I1. @. [Ipykep xapakTepusyeT SKOHOMUYECKMII TOTEHI[aI OPTaHU3aM IIOCPEACTBOM COYeTaHMA pe-
CYPCOB, KaK 3a CYeT CyLIeCTBYIOIINX, TaK /1 BBLIBICHHBIX pe3epBoB [5].

A. T. 3y6 moHMMaeT S5KOHOMIYECKNIT OTEHIIMA/I OPTaHU3alMM KaK ONTYMA/TIbHOE UCIIONb30BaHUe BCeX
pecypcoB OpraHM3aLuy B LieJIAX HOMy4YeHNs MaKCUMaIbHOI IpUObUIN [6].

®. KoTyep cumraet, YTO 3KOHOMMYECKWIT IOTEHIMAT — 3TO COBOKYIIHAs CIIOCOOHOCTb OpraHM3alnu
IPOM3BOAUTD IPOAYKIINIO, YIOBIETBOPATD IOTPEOHOCTI HACE/IeHNs, YAOBIETBOPATh OOIeCTBEHHBIE 110-
TpebHOCTM 1 0becrednBaTh pa3BUTIE IPOU3BOACTBA ¥ OTpebnenus [7].

OKOHOMMYECKMT TOTEHIAI IIPejIaraeTCsA MHTEPIPETUPOBATh KaK COBOKYITHOCTD PECYPCOB U BO3MOX-
HOCTel1, KOTOPble 9KOHOMIYECKIil CYOBEeKT CIIOCOOEH VCIOIb30BaThb /I JOCTIDKEHMUA CBOMX LieJleil U yBe-
nudenus 3 PeKTUBHOCTY CBOE pabOTHI.

B skoHOMUKe CyILecTByeT pasHOOOpasye BUJJOB ¥ ONpefie/IeHNiT IOTeHIMANIOB (peCcypCHBIil, TPOU3BOJ-
CTBEHHBII, YIIPABI€HYeCKNIL, MapKETMHIOBbIN, SKOHOMWYECKIIA, PHIHOYHBIN I ;[p.). BaxHO, 4TOOBI TOTEH-
Va1 ObUI CBA3aH C KOHKPETHBIM 3/IEMEHTOM SKOHOMUYECKOII CYICTEMBI, — 3TO MO3BOJIAET €T0 M3yYeHue
Ha YpOBHE IpefIpUATHSA, PETrMOHa, OTPACIM WM rocyfapcrBa. CaefyeT OTMETHUTD, YTO S9KOHOMMIYECKUIA
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HOTEHIMa/l BKIIOYaeT B ce0s iBe coCTaB/ALINe (PeCYPCHYIO U pe3ynbTupyolnyo). PecypcHas cocTaBis-
I0IIas — COBOKYITHOCTb PECYPCOB, HAXOMSALIMXCS B PaCHOPsKEHUM CyObeKTa 1 JIEXKAIINX B OCHOBE €ro pas-
BuTVA. OCHOBHBIMU KPUTEPUAMU OLIEHKM BBICTYIAIOT pasMep U oO6beM pecypcoB. Pesynbrupytomas co-
CTaBJIAOLIAA — CHOCOOHOCTD CyObeKTa K 3¢ (HeKTUBHOMY MCIIOIb30BAHNIO VIMEIOLINXCS Y HETO PeCypcoB.
JlaHHas cIOCOGHOCTD OIpefieNAeTCsA KaK pe3y/IbTaT IIPOU3BOJCTBA, HAXOMALINIT CBOe BhIPaXKeHNe B II0OKa3a-
Te/AX 0O'beMa BBIITYCKa PO YKIVIN, IPUObLIN, 3P PEKTUBHOCTY UCIIONb30BAHNUA PECYPCOB.

O1eHKa MOTEHIMANIA TOPHOLOOBIBAIOIEIl IPOMBIIITIEHHOCTY OCHOBBIBAETCS HAa KOMIIEKCHOM aHasI3e
pecypcHoIt 6a3bl, TEXHOJIOTMYECKIX BO3MOXXHOCTET ¥ 9KOHOMIYECKOI 11e1eCO0OPa3HOCTIL.

ITepBocTeneHHOe 3HaYEHIE IMEeT M3YYeHNe e0/IOTMYeCKIX JAHHbIX, BK/II0OYast OIpefie/IeHle 3aI1acoB I10-
JIe3HBIX MICKOIIAeMBIX, !X Ka4eCTBa, a TAKoKe OLleHKa MHPPacTPyKTyphl. P PeKTUBHOE UCIIONIb30BaHME pe-
CYpPCOB HAIPsAMYIO 3aBUCUT OT YPOBHS PasBUTUA TEXHOJIOTHI, IIPYMEHAEMBIX IIpU JOObIYe U MepepaboTKe
CBIPbs. DKOHOMMYECKas OLleHKa TpeOyeT Ka/JbKy/IALUY U3[epKeK, IPOTHO3MPOBAHMA PHIHOYHON AMHAMU-
KI U pacyeTa IpUOBUIBHOCTYU IPOEKTOB. Ba)kHO YyUNTHIBATh 9KOJIOTMYECKIE Vi COLIMaIbHbIE (PAaKTOPBI, CTpe-
MICh K CHYDKEHUIO HeTaTMBHOTO BO3JEIICTBIUA Ha OKPY>KAIOIYI0 Cpefy U IPUHMUMAas BO BHUMAaHUe NHTepe-
CbI MECTHOTO Hace/IeHNsA. Y4eT BCeX ITUX aCIeKTOB IT03BOJIACT HOMYYUTh LIe/IOCTHOE IIPeACTaB/IeHe O BO3-
MO>XHOCTSAX TOPHOZOOBIBAIOILE} OTPAC/IN U BBIE/TUTD IIePCIEeKTVBHbIC BEKTOPHI €¢ Pa3BUTHA.

OleHKa IIOTeHIa/Ia KOMITAHUI TOPHOJ00BIBAOIIETO CEKTOPA OCHOBBIBACTCS Ha CIEYIOIVIX IIPUHIINAIIAX:

1. ITpyHIMI reoNIorn4ecKoii JOCTOBEPHOCTY — OLIeHKa JO/DKHA ONMPAThCs Ha IPOBEPEHHbIE 1 MOTHbIE
Te0JIOTMYeCKye CBe[leHNsI O MECTOPO>KIAEHNM, BK/II0OYas 3aIIachl, KaUeCTBO M TeOIOTMYecKe YCITOBMA.

2. IIpyHIMI TeXHMYECKOI pean3yeMOCTy — IIpefIoiaraeT IeMOHCTPAlNIo Hamnuusa 3¢ eKTHBHBIX
1 6€30I1aCHBIX METOJIOB M3BJIEYEHS U epepabOTKI MUHEPAIBHOTO ChIPBSI.

3. IlpuHnun skoHOMMYeCcKoit 3 PeKTUBHOCTY — OLieHKaA JO/DKHA MTOATBEPK/IATh IIPUOBIIBHOCTD paspa-
00TKM MeCTOpOXKAEHNA 1 00ecrednBaTh BO3BPAT MHBECTULVIIE B IPUEMIIEMbIe CPOKIL.

4. ITpMHINII 9KOTOTMYECKON U COLMATBHO IPUEMIEMOCT — pa3paboTKa JO/DKHA OBITh 9KOTOTMYECKU
6e30I1acHOI1, CBOANUTD K MIHMMYMY HETaTMBHOE BO3JIEIICTBIE HA OKPY)KAIOLIYIO CPefy, YYUThIBATh NHTEpe-
CbI MECTHOTO HAaceJIeHVS U CIIOCOOCTBOBATh PA3BUTUIO PETMOHA.

IToTeHuMan ropHOZOOBIBaLOIIEl IIPOMBIIUIEHHOCTH OIIpefie/sAeTcs pAoM GaKTOpOB, KOTOPbIEe MOTYT Ba-
PbUPOBAThCA B 3aBMCYMOCTI OT CTPaHbI, HA/IMYMA TIOJIe3HBIX MCKONIAeMbIX, TEXHOJIOTHIT JOOBIYM U COCTO-
SIHVSI MMPOBBIX PBIHKOB (Ta01. 2).

Tabmuma 2

®daxTopshI, BO3AEIICTBYIOLIVE HA 9KOHOMIYECKUIT TOTEHIVIA]l TOPHOJOOBIBAIONIell IPOMBIIIIEHHOCTH

HaumenoBanmne Pons dpakropos

Teonornueckue pakTopst OIpeNe/ISsIIOT pecypcHyIo 6asy

ONIPENENAIT BO3MOXXHOCTD U3BJICYECHNA U nepepa60TKI/I IIO/IE3HOTO

TexHonmornyeckue GpakTopsl
MICKOIIaeMOTO

OKoHOMIYeCcKe PaKTOPbI OIpeeNAI0T IPUObIIEHOCTD TOPHOIIPOEKTHBIX PaboT

OIIPeNe/IAIT JOIMYCTUMOCTb Pa3paboTKI MECTOPOXKEHNA [0/IE3HOTO
DKO/I0r0-COoLMONorndeckye GakTopsl | MCKOIIAEMOrO C TOYKM 3PEHNA BO3NEICTBIA HA OKPYIKAIOIIYIO CPENY
U MECTHOE HaceJleHNe

WcTouHuK: aBTOpCKan paspaboTka.

TopHOZOOBIBaIOIIAs IPOMBIIIIEHHOCTD VIMEET 3HAYMTeTbHBII SKOHOMUYECKNIT IIOTeHI AL, YCTOYMBOE
yIIpaB/ieH1e pecypcaMyl ¥ BHeApeHVe MHHOBALMOHHBIX [IOAX0[0B MOTYT CIIOCOOCTBOBATh MIUHMMM3ALINI
HeTaTVBHBIX OCTeACTBII ¥ MAaKCUMM3ALVM SKOHOMIYECKIX BBITOf.

CrpyKTypa ropHOfoObIBaloLeil oTpaciy benapycn Ha peroHanTbHOM YpoOBHe (plC. 2) IOKa3bIBaeT YeT-
KYI0 KOHIIEHTPAIMIO Pa3pabaThiBaeMbIX MECTOPOXKIEHNUIT OCHOBHBIX MIHEPAIbHBIX PeCYPCOB, COCPENOTO-
4yeHHBIX B [oMernbckoit o6macTu (B rpanniax [Ipumnsarckoro nporuba).

B 2023 r. Ha [oMenbckyto 06/1acTh IPUXOANIOCH MOAAB/IAIOIEe G60IBIIMHCTBO (66,6 %) 06BEMOB IIPOM3BOJ -
CTBa FOPHOJOOBIBAIOLIET IIPOMBIIIIEHHOCTH. DTO IIPEUMYIeCTBO 06eCIIednBaeTCsI IIPeX/ie BCero fOObIdel
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2022 T. 2023 T.
12 0,8 = FomenbcKan obnactb
1,1 0,8 ! 06 = BpecTckan 06nacTb
3,9 03 3,8 ’ MwHcKana obnactb

ButebcKas obnactb
= [poaHeHcKas obnactb
= Morunesckas obnactb
= . MunHcK

Puc. 2. lona peruoHo Pecnybnuku benapycb 1 r. Mikcka B 06beme NpombILLNEHHOr0 IPOU3BOACTBA MO BUAY SKOHOMUUECKON eATeNbHOCTH
«[opHOA06bIBaIOLLIAA NPOMBILLNEHHOCTb> 33 2022 1 2023 IT., %

McTouHuK: aBTOpCKas pa3paboTka Ha 0cHOBE 0GULIMATIbHON CTAaTUCTHKM.

HedTn. OfHaKo HAOMIOAETCs TEHAEHIMS K COKpalljeHNI0 00beMOB He(TeZoObIuM, KOTOPasl BI€YeT eXe-
TOIHOe CHIDKeHue o [oMenbckoit o6mactu B o61eM o6beMe TopHOLOOBIBalOIeil 0Tpaciy Pecy6mku
benapycu.

Ha Bpecrckyro o6mactb nmpuxogurcs 16,7 % o61iero o6bema MpOMBbILIIIEHHOTO IPOM3BOACTBA B JAHHOI
cdepe. 3mech pacronoXeHsl KPyIHbIe Kapbepbl 110 JOObIYe IPAHUTA, VICIIONIb3YEMOTO B JOPO>KHOM CTPOM-
TE/IbCTBE ¥ OO/NNIIOBKE 3[aHNIL, @ TAKXKe 3aBOJbI 110 IIPOU3BOACTBY CTPONUTENbHBIX OIOKOB 1 IPYTUX U3Je-
ymit u3 KamHs. Kpome Toro, mmpoko passuta go6erda Topda, KOTOPHIi IPUMEHseTCsl KaK TOIUINBO, a TaK-
e KaK KOMIIOHEHT B IIPOM3BOJICTBE YAOOPEHMIT ! CTPOUTENbHBIX cMeceil. 3a bpectckoit o6macTpio cieny-
eT MMHCKas, yIeIbHbII Bec KOTopoit coctapysgeT 10,3 % ot obujero o6bema. AHanmorn4no bpecrckoit 06-
JIaCTM Crienamu3anysi MUHCKOI 00/1acTy TaKXKe CBsI3aHa ¢ H0oObrdeit Topda U CTPOUTENTbHBIX MaTepUaoB,
XOT# BUJIOBOJI COCTaB 10OBIBAEMbIX PeCypPCOB HECKOIbKO OT/IMYaeTCs. 37ech IpeobajaeT foObIYa ecYaHo-
TPaBUITHBIX CMeceil, UCIIO/NIb3yeMBIX B IIPOM3BOACTBE OeTOHA U acdabTa, a TAK)Ke Mepre/IbHO-Me/IOBBIX 110-
POZI, IpPUMEHsIEMbIX B Ka4eCTBe HANIOTHUTENS B 1[eMEHTHOJI IIPOMBILIVIEHHOCTY U B IIPOU3BOJCTBE CTPOU-
Te/IbHBIX MaTepuanoB. OcTabHbIE 06/1aCTU NMEIOT MAJIYIO OO0 B 001eM 00 beMe TPOMBIIIIEHHOTO ITPON3-
BOJICTBA, ¥ X OCHOBHAs [IeATe/IbHOCTD CBsI3aHa C JOObIUEll CTPOUTENBHOTO CHIPbSL.

O1eHMBaTh 9KOHOMMYECKMII MOTEHIVAM MpeAaraeTcsi Mpy IOMoIM OannbHONM IKaasl (Tabm. 3).
Kaxomy dakropy npucsanBaeTcs onpee/ieHHbI Bec, a 3aTeM KaX/JOMY MEeCTOPOXKIECHIIO TIPYCBaBaeT-
s OLIeHKa 0 KaKIOoMY dakTopy. VIToroBas oleHKa olpefe/sieTcsl CyMMUpPOBaHMEM OLIEHOK IO BceM (ak-
TOpaM C y4eTOM VX BECOB.

Tabmnua 3
bannpHas OLICHKA YPOBHA 3KOHOMNYECKOT0 MOTEHIINA/IA
daxkrop Bec (%) IlIkana ouenkn (6amnsI)

3amacsl 1 pecypchl 30 1 (manbie) — 2 (6onbiuue)

CopeprkaHue MOIe3HOT0 KOMITOHEHTA 25 1 (Huskoe) — 2 (BBICOKOE)
TopHO-TeonornyecKue ycmoBus 15 1 (cmoxxnoe) — 2 (mpocToe)
KonvlonkrypHas 11eHa 10 1 (uuskme) — 2 (BBICOKME)
Vudpactpykrypa 10 1 (otcyTcTByetT) — 2 (pa3Bura)
Ikonornyeckue GaKTOps 10 1 (BbIcOKOE BO3peiicTBIEe) — 2 (HM3KOE BO3MEICTBIIE)

WcTouHuK: aBTOpCKan pas3paboTka.
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Utorossiit 6amn = ¥ (Bec ¢pakTopa x OneHky dakropa).

Ha ocHOBaHUM NTOroBOro 6anta MeCTOpOXKAeHe MOXKeT OBITh OTHECEHO K OfIHOII 13 KaTeTOpuiL:

1. BbIcOKMIT 9KOHOMMYECKNII TOTeHIIMAT: pa3paboTKa IefecoobpasHa 1 IpuObIIbHA.

2. CpepHWIT 5KOHOMMYECKMIT HOTEHIIMAIT: pa3paboTka BO3MOXKHA TPV O/IaTOIPUATHBIX YCIOBMAX (HAIIpu-
Mep, IPYU POCTe IieH Ha MOJIe3HOe MICKOIIaeMoe).

3. Hu3kuit 9KOHOMIYeCKWIT IIOTeHIMAL: pa3paboTka SKOHOMIYECK) HellelecooOpasHa.

PaccMoTpyuM mpuMep OLeHKM SKOHOMMYECKOTO IOTEHLMana ABYX MECTOPOXJEHMUII TYTOIUIaBKUX
nH (MecTopoxenusa fopogHoe n CronuHckue XyTopa) ¢ MCIOIb30BaHUEM IIPEMIOKEHHON 6aIbHO
mKasbl (Tabi. 4 u 5).

Tabmumna 4
bannpHag OLI€EHKA YPOBHA 3KOHOMNYE€CKOTO MOTCHIINA/IA MECTOPOXKTE€HNA TYTrOIVIAaBKUX ITTNH
TopopHoe
®daxkrop Bec (%) Ouenka (6anmbr) KommenTapun
3amacst u pecypest 30 ) 3amacel IPOMBIIIIEHHBIX KaTeropuii

7150,1 TBIC. T

['muHa MMeeT OTHOCUTETHLHO BBICOKOE
CopeprkaHue MOJIe3HOTO KOMITOHEHTa 25 2 cofiep>KaHMe JKe7esa, 4YTO MOXKeT BIUATD
Ha IIBET TOTOBBIX U3

TopHOo-Teonornveckne ycnosus 15 2 3aneraer Ha I‘IIy6I/IHe ot 0,4 10 4,9 m

YMepeHHBbIe, HO CTaOVIIbHbIE L[eHbI

K 1 2
OH’bIOHKTypHaH IIeHa 0 B perI/IOHe

bmpkarimas >xenesHOJOpOXKHaAA
Nudpactpykrypa 10 2 ctannyA lopeiab HaxopATcsA B 30 KM
BOCTOYHEE MECTOPOXKIECHNUSA
Tpebyercs peKynbTUBaLMsA Kapbepa
Okonornyeckne GaKkTopbl 10 2 Hocrte BeIpaboTKM, HeOOoIbIIoe
BO3JIeJICTBME Ha MaHAmAdT

NcTouHMK: aBTOpCKas pa3paboTka Ha ocHoBe JaHHbIX [T «TEOCEPBUC».

Wrorosbiit 6ann (Mectropoxaenue Topognoe) = (30 % x 2) + (25 % % 2) + (15 % x 2) + (10 % x 2) +
+(10% x2) + (10 % x 2) = 0,6 + 0,5+ 0,3 + 0,2 + 0,2 + 0,2 = 2.

Tabnuua 5
bannpHas oljeHKa ypOBHS 9KOHOMIYECKOTO MOTEHIMAIa MECTOPOXK/AECHI TYTOIIABKIX ITTUH
Cronunckue Xytopa

®daxkTtop Bec (%) | Ouenka (6ammpr) KommenTapun
3arachl 1 pecypcol 30 1 3amacel MPOMBIIIEHHBIX KaTeropuit 1625,9 Toic. T

[MuHa MMeeT OTHOCUTENTBHO BBICOKOE
COJIGp)KaHI/IC IIOJIE3HOTO KOMITIOHEHTA 25 2 COIEep KaHME JKele3a, YTO MOXXET B/IVATD Ha IBET
TOTOBBIX I/I3J.I€)'II/II7[

TopHO-TeonornyecKme ycnoBus 15 1 3aneraer Ha ry6uHe OT 4,1 110 6,8 M

KonbloHKTypHasA neHa 10 2 YMepeHHbIe, HO CTAOUIbHbIE LIeHbI B PETHOHE

Brvkariimas sxene3HOfOPOKHASL CTaHIus Bunnbop
HAXOIUTCSI B 3 KM I0)KHEE MECTOPOXKIEH NS
Tpebyercst peKynIpTUBALs Kapbepa MOCTIe
Ikonorndeckme GakTopsl 10 2 BBIPabOTKY, He GOJIBIIIOE BO3JENCTBIE

Ha JTaHAuagT

Vudpacrpykrypa 10 2

NcTouHmMK: aBTOpCKas pa3paboTka Ha ocHoBe JaHHbIxX [T «TEOCEPBUC».
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Urorossiit 6amn (mecropoxperne Cromuuackne Xyropa) = (30 % x 1) + (25 % x 2) + (15% x 1) + (10 % x 2) +
+(10 % x 2) + (10 % x 2) = 0,3 + 0,5 + 0,15 + 0,2 + 0,2 + 0,2 = 1,55.

Mectopoxxpaenne loponnoe (2 6anna) MMeeT BBICOKIIT 9KOHOMIUYECKMIT OTeHI[Mas. Bblcokoe KauecTBO
IJIMHBI, OTPOMHBIE 3aI1achl U O/IaTOIPYATHBIE TOPHO-TEOIOTMYECKYIe YCIOBUA AEIAIOT ero IPYB/IeKaTe/TbHbIM
U1 paspaboTKIL.

Mectopoxpenne CrommHckue xytopa (1,55 6amma) mmeeT CpeqHUII 3KOHOMMYECKMIT MOTEHIIMAIL.
Tpebyercs yueT 3aTpaT Ha TOPHO-TEOJIOTMYECKIIE YC/IOBYISA 3a/IeTaHNA ChIPbA.

Buisoowt. TIpoBefieHa OljeHKa BUfIa 9KOHOMIYECKOI HesATeTbHOCTH «[OpHOOOBIBAIONas IIPOMBIIIIIEH-
HOCTb», B TOM 4JCJIe IPOAHAIM3MPOBAHA IMHAMIKA OCHOBHBIX II0Ka3aTesiell JaHHON OTPac/y 32 HECKONIbKO
net. O60CHOBAHO, YTO MOTEHIVIA/ SB/IACTCSA BaXKHBIM 3JIEMEHTOM 00011 COLMaTbHO-9KOHOMIUYECKOI CH-
CTeMBI, B TOM 4JCJIe TOPHOJOOBIBAIOIMINX OpraHusanuil. Iloka3aHo, YTO 9KOHOMUYECKWIT TOTEHIVIATT SBJIA-
€TCsl KOMIUIEKCHOJ XapaKTepUCTUKON (QYHKIIVIOHMPOBAHMA Y Pa3BUTVA TOPHOMOOBIBAIONINX OPraHU3aIINIl.
I[Ipenmaraercs oreHKY HOTEHIIMa/Ia KOMIIAaHWI TOPHOZ0OBIBAIOLIETO CEKTOPA IPOBOAUTD HAa OCHOBE CTIeNYIO-
IIMX IPUHIUIIOB: IPYHLIMII T€0/IOTMYeCKOl JOCTOBEPHOCTH, IPUHLIUII TeEXHIYECKOI peanin3yeMoCTy, IIPUH-
LI 9KOHOMIYECKOIT 9P GEeKTVBHOCTH, IPUHIINII SKOJIOTUYIECKOI U COLMATbHON ITPUEMIEMOCTI.

BbIsAB/IeHO, YTO CTPYKTYpa rOpHOLOOBIBaOLIEN OTpaciy beapycn Ha pernoHaTbHOM YPOBHE ITIOKa3bIBaeT
YeTKYI0 KOHIIEHTPAIIMIO pa3pabaThiBaeMbIX MECTOPOXKICHMII OCHOBHBIX MIHEPA/IbHBIX PeCypPCOB, COCPEO-
TOYeHHBIX B JoMernbckoit o6macTi. B 9TOM pernoHe Ha OOBIBAIOLIYIO IPOMBIIUIEHHOCTD B 2023 I. IpUXOAu-
nock 4,1 % ot Bcero o6beMa IIpOM3BOACTBA, a B Pecniybnuke bemapyce — 1,2 %. 9To onpenensaeTcs TeM, 4TO
TOJIBKO Ha Teppuropuu fomenbckoit o6macty BefyTcs paboTsl 1o f0o6bde HeTH U IOy THOTO HeTAHOTO
rasa. C y4eTOM CIlenManusanyy pernoHa HeoOXoAMoO pa3BUBaTh re0I0ropas3BejouHble pabOTHI.

I[Ipencrapena cucTeMa 6a//IbHON OLIEHKM, IIPeHAa3HAYeHHAs [JIA OlIpeJie/IeHN s SKOHOMUYIECKOTO II0TeH-
I[yaj1a pas3IMYHbIX MeCTOPOXKAeHuI. [laHHaA 1IKaja I03BONMN/IA IIPOAaHAIU3MPOBATh MECTOPOXKAEHNA I/~
HICTOTO CBIPbA 110 CTENIeH) SKOHOMIYECKOI 11e/1eCO00Pa3HOCTI UX pa3pabOTKIL
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2KOJTIOTO-3KOHOMUWYECKAA SOOEKTUBHOCTDb NMEPEPABOTKU
TMNCOCOOEPKALLMX OTXOOAOB MNOJIMPOBK XPYCTAJIA

ECOLOGICAL AND ECONOMIC EFFICIENCY OF PROCESSING
GYPSUM-CONTAINING WASTE FROM CRYSTAL POLISHING

A. H. XoTbKo,

anpekTop dunmana YO «bI TY» «benopycckuii rocyaapCTBEHHBIA KONnemK NpOMBILINIEHHOCTN CTPOUTENbHBIX
maTtepranosy,

r. MuHck, Pecny6bnvka benapycb

A. Khotko,
Director of the Branch of EE“BSTU"“Belarusian State College of Building Materials Industry’,
Minsk, Republic of Belarus

Hata noctynneHna B pegakumio — 30.04.2025.

B paHHoI paboTe NpoBOAMTCA aHANN3 SKOMOrO-3KOHOMMYECKOWN 3PDEKTUBHOCTY NepepaboTKN MMNcocogepKalnx oTXoh0B,
ob6pa3sytoLmnxca Npy NoNMpoBKe XpycTana. PaccuMTaHbl OCHOBHbIE NMOKa3aTesu, Takme Kak CHVKEHME SKOOrMYecKmx niaTexei,
CPOK OKYMaeMoCTU, YACTbIV ANCKOHTMPOBAHHbIN AOXOA N MHAEKC AOXOAHOCTU NOCNe BHeAPEHNA MPUPOA0OXPAHHbIX Meponpu-
ATUN. [oKa3aHo, UTO PeLMKANHT FTMNCcoCofepKaLlxX OTXO40B NPOU3BOACTBA XPYCTallbHbIX N3AENNIA NO3BONAET YMEHbLWUTb UX
HakonneHve Ha 10 000 T B rofi, CHU3WTb 3KOJIOrMYecKnin Hanor Ha 49 099 py6./rog. PacueTbl NOATBEPXAAIOT BbICOKYIO SKOHO-
MUYECKYIO U IKOJIOTMYECKYIO LienecoobpasHOCTb NPeasioXKeHHbIX Mep, NCMOb30BaHME OTXOAO0B B NPOM3BOACTBE NOpTIaHAaLe-
MeHTa.

In this work, an analysis is conducted of the environmental-economic efficiency of processing gypsum-containing waste gen-
erated during crystal polishing. The main indicators have been calculated, such as: reduction of environmental payments, pay-
back period, net discounted income, and profitability index after implementing environmental protection measures. It is shown
that recycling of gypsum-containing waste from crystal production allows to reduce its accumulation by 10,000 tons per year,
reduce the environmental tax by 49,099 rubles/year. The calculations confirm the high economic and ecological feasibility
of the proposed measures, the use of waste in the production of Portland cement.

KnioueBble CnoBa: OTXOfbl, TMNC, SKOHOMMYECKas SOGEKTUBHOCTb, YACTbIN AVCKOHTUPOBAHHDIN [OXOM, MHAEKC JOXOAHOCTH, CPOK
OKYMaeMOCTV KanuTasnbHbIX BIIOXEHW.

Keywords: waste, gypsum, economic efficiency, net present value, profitability index, payback period of capital investments.

Bsedenue. Tuncocopepyxaliye 0TXoabl, 06pasyomyecs pu u3rotosaeHnn GpocOpHbIX yroOpeHnmit, mia-
BUKOBOJT I IMMOHHOII KVUC/IOT, @ TAK)KE B CTEKO/IbHOI IIPOMBIIIIEHHOCTH, IPUBOMST K CO3[JaHNIO Cepbe3-
HbIX 9KOJIOTMYECKIUX IIPO6IeM, pellieH1ie KOTOPBIX TPeOyeT CyIieCTBEHHBIX 9KOHOMIYECKNX 3aTpar. [laHHbIe
OTXO[BI COflepKAT IO/Ie3Hble XMMIYECKVe COeAMHEHNs: CYIb(aThl Kalbliyis, peAKo3eMelTbHble MeTallbl,
JKere30, TUTAaH, MarHMil, a/IIOMUHIIL, MapraHel] 1 TsDKenble MeTajuIbl (Mefb, cBuHel 1 ap.) [1-3]. OgHaxo 3a-
YaCTYIO 3TU OTXOMBI IPOCTO CKIAAVPYIOTCS, YTO He TOJIbKO 3arpsi3HseT OKPYXKAILIYIO CPeRy, HO 1 IPUBO-
IUT K 6€3BO3BPATHOII IOTepe LIeHHBIX PECYPCOB.

OTKpBITOE CK/IaAMPOBaHNE TUIICOCOTEPKALINX OTXOMOB SIBISIETCS KTACCUYECKUM METOIOM X 3aXOPOHEHNS.
3710 BreveT 3a co60IT 3HAUNTETbHbIE SKOHOMIYECKYEe U3aepKKu. O6pasyomuecst OTXO/bl HAKATUIMBAOTCS
Ha 3HAYUTEIBHBIX IJIOLIAISX, IPIIETAIONINX K IPOMBIIITIEHHBIM U XXVIBIM 30HAM, OXPaHIEMBIM IIPUPOJ-
HbIM 0ObekTaMu. TpaHCIIOPTUPOBKA 1 COfEP)KAHIE ITUX OTXOLOB CONPSDKEHO C CYIeCTBEHHBIMI KaIlNTa-
JIOBJIOKEHUAMM U TEKYLIMMU pacxofiamu. V3BecTHO, 4T0 0K0/I0 10 % OT 00611jeit CTOMMOCTY IIPOM3BOACTBA
bocdopHOIT KUCTOTHI COCTABIAIOT 3aTPAThl HA TPAHCIIOPTUPOBKY M COfEPIKAHIEe XPAHVIINIL TUIICOCOAEP)Ka-
VX OTXOROB [4]. B ykasaHHbBIe M3IeP>KKM BXOMAT He TONBKO ITepeBO3Ka CBIPbsI, HO U PETy/LIPHOE TeXHude-
CKO€ 00CTTy>KMBaHIe MeCT CK/IaYPOBAHIISI, YTO CYIeCTBEHHO CHIDKAeT 9KOHOMIIECKYIO [1e/1eCO0OpasHOCTD
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CYILIECTBYIOLEl CUCTEMbI MX 3aXOpOHeHuA. TeKylas cKOpoCTb HakoIUleHnsA ocdorurca oueHnBaeTcsa
B 200 MiiH T B rofi. B Poccun Ha npegupusATusax M0 IpOU3BOACTBY aMMUAYHO-POCHOPHOTO CHIPbs yoKe Ha-
koryeHo 6oyee 500 miH T docdorunca [5, 6]. ITo co3maeT He TOMBKO IKOMOTUIECKNE, HO ¥ IKOHOMUYeE-
ck1e BbI30BbL. Copiep>kaHye M 00CTy>KMBaHMe TAaKUX OTBAJIOB TPeOyeT pery/IApHbIX (GMHAHCOBBIX BIOXKEHMIL.
Heo6xox1Mo Tak>ke OTMETUTD, YTO BbIfleJIeHNE 3eMe/Ib [IOf] MeCTa 3aXOPOHEHMsI OTXOOB IPUBOJUT K IIOTe-
pe MOTeHIIMATbHO MOJIe3HBIX IIIONA iell, KOTOpble MOIIM ObI OBITH VICIIONBb30BAHBI I/ISI APYTUX Liereit (s
CE/IbCKOTO XO3SIICTBA, CTPOUTEILCTBA U P.).

BriMbiBaHMe rumca atMochepHBIMU OCaJKaM BBI3bIBAET 3arpsi3HEH€ IPYHTOBBIX ¥ ITOBEPXHOCTHBIX
BOJI, ITOYBBI ¥ PACTUTEIBHOTO ITOKPOBA. ITO MOXKET IPUBECTY K IIPOBEJEHNUIO JOPOTOCTOSIINX MEPOIIPUsI-
TUII TI0 OYMCTKE BOZBI ¥ BOCCTAHOBJIEHNIO ITOYB. [Ibl/IeHNe 11 BbIBEeTpUBaHME MBI OTXO[IOB BJIEYET 3a CO-
6011 3arpsi3HeHNe aTMOC(hEPBI, YTO MOXKET HETAaTMBHO CKa3aThCs Ha 3[0POBbe HaCeTIeHVsI 1 IIPUBECTH K yBe-
JIMYEHNIO 3aTpaT Ha 3[[paBOOXpaHEHNe.

JI3MeHeHMe YpOBHA IPYHTOBBIX BOJ, BBI3BAaHHOE TUIPOAVHAMIYECKNM BO3JEIICTBYIEM OTBAJIOB, MOXET
IPUBECTY K HETAaTUBHBIM fBJICHNUAM B CEMUTEOHON 30He (OTUY>KIEHME U 3arpsisHEHNe 3eMeIbHBIX y4acT-
KOB). ITO, B CBOIO O4Y€pefib, MOXKET IPUBECTI K 9KOHOMUYIECKVM IIOTEPSIM JI/IsI MECTHBIX COOOIIeCTB 1 Ipef-
HIPUATUIL

Pemrenne mpo6eMpl yTHIN3alMy TEXHOTEHHOTO I'MIICA OCTAETCA aKTYa/lIbHOI 3ajadeli 1o CIeAyLM
9KOHOMMYECKNM NpUYnHaM [7, 8]:

— HaKOIUIEHMe TUIICOBBIX OTXO/OB B IIpefie/laX IPOM3BOACTBEHHOI 30HbI HETATMBHO BJIMsIET HA CAHUTAPHO-
TUTVIEHIYeCKOe COCTOSIHNE OKPY XKAIOLIVX TEPPUTOPMIL, YTO BIeYeT 3a 00011 yBeIMdIeHMe PacXofoB Ha 00e-
CliedeHMe HaJIeXalllero CAHUTAPHOTO KOHTPOJIA 1 COOMofieHne Mep 6e30I1acHOCTH;

— TPAHCIOPTUPOBKA U 3aXOPOHEHNe TUIICOCOAEPIKALINX OTXO/[OB COIIPSDKEHBI CO 3HAYMTeIbHBIMMU (prHAH-
COBBIMU PacXofiaMy, JOCTUTAIOIMY 12 % OT 0611ieit CTOMMOCTH IepepabaTbiBaeMoro Chpbs (He00X0muMo
OTMETHTD, YTO JJAHHBIE U3JIEP>KKM BK/IIOYAIOT HE TOIbKO TPAHCHOPTHBIE YCIYTU, HO ¥ MEPOIPUATHSA IO CO-
lep>KaHUIO MeCT XPaHEeHMsI OTXOZOB);

— OpraHmM3auusA CIelMaNTN3MPOBAHHBIX MOJNIOHOB /I pasMelleHNs OTXOJOB IIPUBOAUT K BBIBOLY
U3 T0/Ib30BaHN IIOTEHIMA/IbHO II0/Ie3HBIX 3eMe/IbHBIX PeCYPCOB M K IOCTOSIHHBIM (PMHAHCOBBIM 00s13a-
TENbCTBAM II0 UX 00CTY>KMBaHUIO.

Ilermb paboThI — paccYMTATh SKOTIOTO-3KOHOMIYECKIIE ITOKA3aTe TN, XapaKTepU3YIollyie 9KOHOMIYECKYIO
3¢ deKTUBHOCTD BHepeHNs npupofooxpanHbix Meponpusatuit (IIOM) mo nepepaboTke 0TX0[0B, 06pasy-
IOLIVXCS TIPY [IOTMPOBKE XPYCTAIIAL.

Obpasosariue 2uncocooepiauux omxo006 xumureckoi nonuposxu xpycmans. OEHOI U3 OCHOBHBIX CTa-
AUVl IPOU3BOACTBA CBYHIIOBOTO XPYCTa/IA ABIACTCA CTaAVsA XMMUYECKOTO IOIVPOBAHYIA.

OCHOBHO€ NpUMeHeHVe XMMUYECKOTO TIO/IMPOBaHMS CBSI3aHO ¢ PUHUIIHOI 00pabOTKOIT eKOPATMBHBIX
37IEMEHTOB, CO3JJaHHBIX METOZOM a/IMa3HOII IPaBUPOBKY Ha CBMHLIOBOM XpycTaste. [l OCylecTB/IeHN JaH -
HOTO IIPOL[ecca MCIIONb3YeTC sl PACTBOP HA OCHOBE ABYX MMHEPANbHBIX KUCIOT — (ropoBonoponnoit (HF)
U CEPHOIL.

TexHOMOrMYeCKNIT ITPOLIECC HEMTPAIM3aLIMY KVIC/IBIX CTOKOB OT XMMIYeCKOI1 TOIMPOBKY XPYCTaIsA BKIIIO-
qaeT B ce0s1 MpOIlecc IPUTOTOBIEHNMS M3BECTKOBOTO MOJIOKA U IIOflady €r0 B PeakTop AJIs HellTpaau3aiiui,
KyZia 3aKa4MBaeTCsI ONpefe/IeHHbIl 00beM 0TPabOTaHHBIX KICIIOT.

Ouncrka OTpabOTAaHHBIX PACTBOPOB XMMMYECKOI IOMMPOBKM BKJIIOYAET CIIEAYIOLIMe 3TAIbl: IpU-
TOTOBJIEHVE BOJHON CYCHEH3UU TMAPOKCHUJA KaJIblMs; NepeKayyBaHue IIOJTyYeHHON CMeC B PeaKTop-
HeJTpanu3aTop; BBefeHNe OTPabOTaHHOTO KMCIOTHOTO PacTBOpA B PeaKTOp CMeCUTenb. B xone xummde-
CKOTO B3aVIMOJIEJICTBMA KMCTIOTHBIX CTOKOB C M3BECTKOBOJI CYCIIeH3Vell IPOMCXOAUT 0bpasoBaHue Cyabda-
ta Kanbius (CaSO.), ropuaa kanbius (CaF,) n He3HaunTenpHOrO Komyectna xnopupa kaapuys (CaCly).

TexHoMOrMYeCKMIT ITPOLIECC HEMTPAIM3aLIMY KVC/IBIX CTOKOB OT XMMIYeCKOII TONMPOBKY XPYCTaIs BKIIIO-
qaeT B ce0s1 IPOIlecc IPUTOTOBIEHNMS M3BECTKOBOTO MOJIOKA U IIOflady €r0 B PeakTop AJI HelTpaau3alui,
KyJZla 3aKaulBaeTCs ONpefie/IeHHbI 00beM OTpabOTaHHBIX KVICIIOT.

I[Ipy HemrpepbIBHOM IlepeMelIBaHNM C TIOMOIIBIO YCTaHOB/ICHHOI MeIaIKy IIPOMCXOAUT peaKIvis Heil-
Tpa/M3anyy KUCIOT ¢ 06pa3oBaHMeM IIPOAYKTOB peakuuu (Cynb¢arsl 1 pTOPUAbI Kaablys, CYIb(aT CBUH-
na u ip.).
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O6beM CTMBaeMbIX PaCTBOPOB U3 8 OTCTOIHUKOB cocTapseT: 0,57 X 8 = 4,56 M”. [Ipu TIOTHOCTH PacTBO-
pa 1,83 /M HeOOXOIVIMO JOIIOTHUTEILHO U3pacxofioBarh 4,56 x 1,83 = 8,34 T cepHOII KUCTIOTHI U 8,34 T M3BECTIL.

IIponecc HelTpanusanuy B peakTope npekpamaioT npu goctvokennn pH = 7,0-8,0. Ilocne nposepknu
JTabOpaHTOM KadecTBa HeJTPaIM3aluy MPOAYKTHI peaKIny ¢ IOMOLIbI0O HACOCa OTKAUYMBAIOTCA Ha IIIAMO-
HaKOIIUTED.

IIponiecc mMpUroTOB/IEHNA U3BECTKOBOIO MOJIOKA IIPOM3BOAMUTCA B CIENYIOLIEN IOCIENOBAaTENIbHOCTI:
B PEaKTOp IJIA IPUTOTOBIEHNA M3BECTKOBOIO MOJIOKA 3a/IMBAETCA ONPENeIeHHOE KOMMYIECTBO BOIBI U T10-
JAeTCA USBECTD.

I[Ipy MOCTOSTHHOM IIepeMelIBaHUY N3BECTKOBOE MOJIOKO pa3baBiisgeTcs O Hy>KHOI mnotHocTH (1,040-
1,045 r/cm®). Peakius upet ¢ BbIe/eHIeM TeIlla.

ITocne TeXHOMOIMYECKOro LMK/IA IIONMPOBAHNA Y MAaTUPOBAHNA U3ME/INIT Ha CTAHLMIO HEMTpaInsalum
HOCTYIAIOT pa3baB/ieHHbIe KICIOTHI U COMMU UX PeaKIVIiL:

- cepHasa H,S0,;

- mw1aBukoBasa HF;

- BOJIa;

— U3BECTb KOMOBAas HeTallleHasl.

[l mpUroTOB/IeHNA N3BECTKOBOI'O MOJIOKA MCIIONb3YI0T KOMOBYIO HeraleHylo n3secTb (TOCT 9179-77)
He HyKke II copra ¢ akTBHOCTBIO He HIDKe 80 %. Pacxon M3BecTy Ha HeMTpalM3alMio HOCTYIMBIINX 00be-
MOB KJCTIOT COOTBETCTBYET CYMMAapHOMY BeCy KUC/IOT B IiepecdeTe Ha 100%-10 KOHIIEHTPALINIO.

DusuKo-xumMu1ecKue NPoueccvl U NPOOyKmovlL OMm Helimpanu3ayuu KUcivlx cmokos. B xope mpolecca Heli-
TPa/M3alVM KUCIIBIX CTOKOB, 00Pa3yoMMXCs TPy XMMIYECKOI OMMPOBKe XPYCTasd, 00pasyloTcs Tuapa-
TUPpOBaHHbIe (POPMBI CyIbdarTa Kanbuysa. ITU COAVHEHNA MOTYT IPUMEHAThCA B KadeCTBe JOOABKH, pe-
TYIUPYIOLEN CKOPOCTb CXBAaThIBaHMA, B IIPOU3BOACTBE NOPTAaHALeMeHTa. [IopTnan/ieMeHT pecTaBIA-
eT co00¥1 IMipaBIMIecKoe BsOKYIIIee, IIoTydaeMoe PV COBMECTHOM M3Me/bYeHNY LIeMEHTHOTO KJIMHKepa, TAIICa
U pyrux fo6asok. [Ipu ero n3roroseHNM NOpTIaHLIEMEHTA VICIIONIb3YeTCS ABYBOLHBIN Cy/Ib(aT KaIbIys,
cofep)aHue KOTOPOTO B COCTaBe IjeMeHTa He IpesbInIaeT 5 % [9]. B 2023 r. benopycckas 1jieMeHTHasA KOM-
IIaHNUA YCTAaHOBMIA HOBBI PeKOP 10 00beMaM BBIIYCKA IleMeHTa — IPeJIPUATHAA XOIAMHTA IPOU3Be/N
CBBIIIIE 5 MJTH T IPOAYKIMN. TBepable OTXOMBI, 00pasyoLyecs Py HelTpaa3aluy IIOTMPOBOYHBIX PacTBO-
POB, II0 CBOEMY XMMIUYECKOMY U (pa30BOMY COCTaBY IOAXOAAT /IS MICIIOTIb30BaHMA B KaUeCTBe ChIPbEBOII O-
0aBKU TPV M3TOTOBJIEHNM ITOPT/IAH/LIeMeHTa. BBUIY BBICOKOI IPOM3BOACTBEHHOI MOIHOCTH O@/I0PYCCKUX
LIEMEHTHBIX 3aBOfIOB MO>KHO HeE TOJIBKO YTU/IM3UPOBATh OTXOJbI XPYCTA/IbHOTO IIPOU3BOAICTBA, HO M YaCTUY-
HO COKPaTUTD MOTpebIeHe IpupogHoro rumca. II0ckonbKy B TeXHOT€HHOM TUIICe IIPUCYTCTBYIOT CIIEf0-
Bbl€ KONIMYECTBA CBUHIA, /I MUHVMM3ALUI 9KOIOTMYECKOTO BO3JEIICTBISA €0 PEKOMEHYETCS CMELIMBATh
C IPUPOJHBIM aHA/IOrOM. TaKoil OIXO/ MO3BOJIAET JOOUTHCA CHVDKEHMS KOHLEHTPALVM TSDKEZIOTO MeTal-
7a o 6e30IacHbIX 3HAYEHNIT B TOTOBOI npopyKiyuy. OZHAKO paccMaTpyBaeMble TUIICOBBIE OTXOBI COfep-
KaT BBICOKOE KOJIYECTBO BJIATH, YTO TPeOyeT INpeABapuTeNbHON Cymkn. OPpPeKTUBHBIM pelleHNeM MOXKET
CTaTb MCIIOIb30BaHMeE TeIlIA OTXOAAIINX Ia30B, 00Pa3yONIMXCs IPU CKUTAHUM IIPUPOJHOTO Tasa B CTEKIIO-
BapeHHBIX IeyaxX. ITO MO3BOIAT YTWIN3MPOBATh M30OBITOYHOE TEIVIO ¥ CHU3UTh SHEPro3aTpaThl Ha MOATO-
TOBKY cbIpbs [10, 11].

Pesynvmamut u 06cysoenue. Vicronb3oBaHye IUIICOCOAEP>KAINX OTXO/IOB B CTPOMTEIbHBIX MaTepyaax,
TaKMX KaK 3aMeJ/INTe/IM CXBAaTbIBAHVA [JeMEHTa, IIPeACTaB/IsAeT COO0IT K/II0YeBOe HallpaByIeHe /I KPYITHO-
MacIITaOHOTO MOTpeb/IeHNA JaHHOTO THIIA OTXOAOB. IIpo6y 1M3Menb4eHHOro MOPT/IAHALIEMEHTHOTO KIIVH-
Kepa M3MeIBYM/IN, BBICYLIVIN B CYLIMIbHOM IiKady mpu temneparype 105-110 °C B TedeHue 2 4 11 OX/IajyIn
B 9KcuKaTope. OtBecunu 50 T eMeHTa ¢ TOYHOCTbIO 7o 0,05 T M McHbITany Ha Ipubope sl MeXaHUIeCKO-
ro mpocenBanus. OcTaTok Ha cute ¢ cetkoit Ne 008 coctaBui 5 %. [Jo6aBKy 13 OTXO[J0B IIPOM3BOACTBA HOJ-
TOTOBVJ/IY TaKUM Ke CIOCOOOM.

Ilnis onpeneneHNs BIUAHNA H00aBKY Ha Ka4eCTBO IOPTIaHALIEMEHTa IIOATOTOBYIIN YeThIpe IIPOObL:

1) copepxanne go6aBku 0 %:;

2) copep>kanue [ob6aBKu 3 %;

3) copep>xanue [ob6aBKu 4 %;

4) copep>xanne fob6asku 5 %.
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Pe3y/bTaThl SKCIIepUMEHTA/IbHBIX MCCIEJOBAHNIT IIPEICTAB/IEHbI B TA0I. 1.

Tabmuna 1
PesynbTraThl NpoBeJeHHBIX UCCTENOBAHUIT
Hopmanbuasa IIpepen npoyHocTn
Conepcanie I?;’CTOTa III;)IIIH I/ISI‘If6e, MIIa ITpepen mpoyHOCTH
mo6aBKu, Cpoxu cXxBaTbIBaHUS
% IIEMEHTHOTI'O TECTA, (Bo3pact 06pasuos- npu cxatun, MIla
% 6amouexk — 28 CyTOK)
0 26.25 HavaJIo CXBAaTbIBaHUA 7 MUH, 1—7,96 1 — 40,31
’ KOHeI] cxBaTbIBaHUA 10 MUH 2—7,20 2 — 74,03
3 24 Hayaso cxBaTbiBaHMA 2 4 30 MuH, 1—7,94 1—52,34
KOHell cxBaTbhIBaHMA 4 4 05 MUH 2 — 17,60 2 — 68,75
4 235 HavaTo cxBaTbIBaHUA 3 4 40 MUH, 1—6,95 1 — 54,25
KOHeIl CXBaTbhIBaHMA 4 4 55 MUH 2 — 8,22 2 — 55,50
5 23.25 HavaJIo cxBaTbiBaHuA 4 4 10 MuH, 1 — 8,80 1 — 69,66
KOHell CXBaTbhIBaHMA 5 4 2 — 8,90 2 — 56,05

WcTouHuk: pa3paboTka aBTopa.

CopepyxaHne 06aBKM OKasbIBaeT OOTIbIIOE BIVsIHIIE HA CPOKM CXBAaTBIBAHN IIeMEHTa U HA HOPMaJIbHYIO
TYCTOTY LleMEHTHOTO TecTa. HepaBHOMEpPHOCTD IIOKa3aTeIel Ipefie/ia MPOYHOCTY IPY U3T1be ¥ TPy CXKATUN
MOKeT OBbITh BbI3BaHA HEOTHOPOIHBIM COCTaBOM 06aBki. Hanboree pannoHaIbHbIM OKa3amoch CofepKa-
He ToOaBKu B Konnyectse 3 %.

I[Toxasarenu, XapakTepusyolye sKoJIorndecKuit apdekr or BHegpeHnsa paccMorpenHsix [IOM, mpep-
CTaBJIeHBI B TaOL. 2.

Tabmuna 2

ITokxasatemu, XxapaKkTepusyrouye SKonormiecknii 3¢pdexr or BHegpeHns paccMmorpennsix IOM

Bei6pocsr, T/Top,
Bsi6pacbiBaeMble 3arpsI3HAOLINE BEIeCTBA o sHenpenns IIOM mocne BHenpensa [IOM
1cm. 1 cm.
Otxopsr 111 kmacca omacHoOCTH, T/TO], 328 750 318 750

McTouHuk: pa3paboTka aBTopa.

Haubonee sadexTrBHBIT BapuaHT MepepaboTKU OTXOLOB BbIOMpaeM € IOMOIIBIO TIOKa3aTeNlsi CPaBHM-
TEIbHOI 9KOHOMMYeCKOM 3¢ (PeKTMBHOCTY KaUTaIbHbIX Blo>KkeHnit B [IOM.

Ikonornyeckuii pesynprat [IOM BbIpaskaeTcs B yMeHbIIEHMM KOTMYECTBA HAKAIIMBAOLIXCA OTXO/[0B,
HOJIeXXAIIMX 3aXopoHeHno0. ColnanbHblil 9)(eKT MpOoABIAETCA B YIydLIIeHNN (PU3NOTOTMYECKIX, KY/Ib-
TYPHBIX U PeKPeaLVOHHbIX YCIOBUII XKM3HU YeJIOBeKa. Y TM/IM3ALM OTXONOB Ha MPefIpUATUM TO3BOIUT
CHM3UTD 3KOJIOTMYECKMIT HAJIOT 33 3aXOPOHEHNE OTXO/I0B.

B kauecTBe 1mokasaresisi CpaBHUTE/IbHON 9KOHOMIYECKON 9 PeKTMBHOCTY KalMTATbHBIX BIO>KEHMIT UC-
[0/Ib3yeM MMHMMYM IIPMBEJEeHHbIX 3aTpaT Ha BHeJpeHue paccMarpusaeMblx [IOM.

PacueTsl BemM4YMH CHMIKeHMA 3KONOTMYECKUX IUIaTexXell B pesynbraTe BHefpeHy:sa [IOM npuseneHb
B Tab/1. 3. BemMumHy CHUDKEHMs 9KOTOIMYeCKMX IUIaTexell B pesynbrare BHegperns [IOM paccunTbiBamm

o popmyre:

AH =H, - H,, (1)

rne H, — Hasior 3a 3arpsi3HeHue OKpy»Kamolieil cpenbl o BHegpernsa IIOM, py6.;
H, — Hator 3a 3arps3HeHMe OKpy>Kalllieil cpefsl mocye BHegperns:a IIOM, py6.
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Haror 3a 3axopoHeHue 0TXOJ0B OIpefie/isIeTcA 110 hopMyIe:

H=V, xN, (2)
rae Vy, — 06beM 3aX0paHMBaeMbIX OTXO[OB, T/TOfT;
N — craBKa HajIora 3a 3aXOpOHEeHIe B 3aBMCYMOCTY OT KJIacca OIacHOCTH, pyo./T.

Tabmuna 3
Pacuer sxonormyeckux niarexei
Ycranosnennprii | PAKTIIECKIiT 0GbeM 0TXO0B, T/To CraBka Hamora Cymma Harora
3arpasHAlonee .
roJ0BOI TMMUT, B TOM 4¥MCTIe 3a xpaHeHne (2024 1.), | B mpefenax IMMUTA,
BeLIeCTBO BCETo
T/TOp, CBEPXINMNUTA pyo. pyo.
o BHegperns [IOM
Otxopn! IV kmacca 300 000 328 750 - 491 1614162
IMocne BHempenns [IOM

Otxopnr IV kmacca 300 000 318 750 - 491 1565 062

WcTouHuk: pa3paboTka aBTopa.

Hannoe IIOM 1no3BOMUT COKPAaTUTD KOMUYECTBO XPaHUMBIX OTXOOB Ha MOJUTOHe. DKOMIOTMYeCcKNit Ha-
JIOT 3a 3aXOpOHeHMe 0TX0f0B fo BHegpeHua IIOM coctaBut:

AH; 1o nom = 328 750 x 4,91 = 1 614 162 py6. (3)
DKOJIOTMYecKuit Hajor nocse BHeapeHus [IOM:
H, oore mom = 318 750 x 4,91 = 1 565 062 py6./rog. (4)

Torga skoHOMMA OT CHIDKEHMs HA/IOTOB 3a 3arpssHEHMe OKpY Kalolliell cpefibl 0 U I0C/Ie BHEeAPeHNA
IIOM, BbInTauMBaeMbIX IpeIIIpUATIEM, COCTABUT:

ASH :Hl - Hz;
ASII = 1614 162 - 1 565 062 = 49 099 py6./rox. (5)

YMeHblIIeH)e 9KOTOTNYeCcKOro Hajora coctaBut 49 099 py6./rop. [loxon oT peannsanuy NpofyKTa Ipu
croumoctn 1 T rumca 10 py6. cocTaBut:

10 000 T x 10 py6./T = 100 000 py6. (6)

OKOHOMIYECKNII pe3ynbrar P, py6./Tof, OT BHepeHMs IPUPOJOOXPAHHOTO MEPOIIPHATHA IO CHIDKEHUIO
9KOJIOTMYECKIX IIaTeXell 3a 3arpsA3HeHNe OKPY KaIolliell Cpelibl BBIYMUCIIAETCA 0 GopMyIIe:

P=(H,-H,) -3+, (7

rge H, u H, — cyMma Hamoros sa sarpsAsHeHMe OKpY>Kalolliell Cpefbl, BBIIIJIAYMBa€MBbIX IIPeANpUATIEM
3a TOfl, COOTBETCTBEHHO 10 U noc/e BHexpenus [IOM, py6./rox;
3 — cyMMa TeKYIVX SKCIUTyaTalMOHHbIX 3aTpaT Ha TOfi0BOIT 00'beM pabort, py6./rop;
I — poxop ot peamsanyu [IOM, py6./rog.
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OKoHOMMYeckmit pesynbrar P cocraBut: P =49 099 - 56 220 + 100 000 = 92 879 py6./rop,.

O6bmas (abcomoTHasA) sKOHOMMUYeCKass 3PPeKTUBHOCTD J,, pyo./py6., BHenpenusa IIOM moxer ObITH
omnpepeneHa no gpopmyre:

9, =P/K, (8)

rne P — ropoBoit coBokymHblit ¢ dexT ot BHenpenus [IOM, py6.;
K — oburas cymMMa KanuTaabHBIX BIO>KeHUI Ha BHegperne IIOM, py6.

[Toka3saTenp 06111eil SKOHOMUYECKON 3G (HEKTUBHOCTY KAIUTAIbHBIX BIOXKEHMII B IPE/IOKEHHOE TIPU-
pOIJOOXpaHHOE MEPOIpUATHE IO CHIDKEHMIO SKOMOTMYECKUX IUIaTeXKell A/A NpefNpuATUS COCTABUT:
9, =92879/273 950 = 0,339 py6./py6.

ITpocroit cpok OKyImaeMOCTV KalUTa/lbHBIX BAOXKeHMI T jieT, IpuMeHsAeTCA A/ NpefBapUTeNbHON

OLIEHK! MepOIPYATHII Ha CTaJ{IM COCTABIEHN TeXHMKO-9KOHOMIYECKOTO 0OO0CHOBaHMsA pealn3alnuy Me-
pONPUATHA:

T,=K/P, 9)
rne K — kanmranbHbIe BIOXKEHVS B pean3aliio JaHHOTO MepOIpUATHS, pyo.;
P — rogoBas sKOHOMMSA pecypcoB, IIo/Iy4aeMas OT pealusalyiu JaHHOTO MepopuATH, pyo./Tox.

T, =273950/92 879 = 2,94 ropa.
B pesynbraTe npou3BeIeHHOrO pacyeTa MOMY4MIN, 9YTO 3PPEKTUBHOCTD IPUPOZOOXPAHHOIO MEPOIIpH-
arus coctasyset 0,339 py6./py6. ¥ CpOK OKyIIaeMOCTH paBeH 2,94 ropa.

B kayecTBe OCHOBHBIX ITOKa3aTesieil, KOTOpble XapaKTepu3yoT 3G GeKTUBHOCTb BHEPAEMOr0 MepOIIpH-
ATNA, TPUMEHAIOTCA:

— YUCTBII JUCKOHTUPOBaHHbII foxop (Y111T);
— MHJIEKC TOXOIHOCTI;
— CPOK OKYIIaeMOCTM KallMTaIbHBIX B/IO>KEHMIL.
Paccunraem nokasareny sSKOHOMIYECKOt 9 PeKTUBHOCTY MIPUPOJOOXPAHHBIX MEPOLIPUATHIL C YIETOM
¢dakTopa Bpemenu. Hacrosmas cTouMocTh onpepensaeTcs 1mno popmyiie:
HC =BC (1+E) 7, (10)
rne BC — 6ynymas cTouMocTb;
E — craBka IMICKOHTHPOBaHUs;
T — mepuop, B KOTOPBII OCYIECTB/IAIOTCA MHBECTULIMN Vi 9KCIUTyaTUpyeTcsl 000pyaoBaHue.

Pacuer Y/I]l npoBoauTCA Npy HOPMATUBHOM cTaBKe AucKOHTHpoBaHu:d E, = 0,12 n npu E, = 0,20 u cBe-
IeH B TaoII. 4.

Tabmuna 4
Pacyer U, py6.
. KanuranbHbie BIoKeHus,| OKOHOMUSA Hacrosmas croumMocTs, pyo. qnm, py6.
on py6. pyo. E=0,12 E=0,20 E=0,12 E=0,20
0 273 950,0 - - -273 950,000 | -273 950,000
1 - 92 879,0 82 940,947 77 368,207 | -191 009,053 | -196 581,793
2 - 92 879,0 74 024,563 64 458,026 | -116984,490 | -132 123,767
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OxoHuaHme Tabnmuib 4

Ton KanuranbHbie BIOKEHNS, IKOHOMUSA Hacrosias ctouMocTs, pyo6. qynm, pyo.
py6. py6. E=0,12 E=0,20 E=0,12 E=0,20
3 - 92 879,0 66 129,848 53776,941 | -50 854,642 -78 346,826
4 - 92 879,0 59 071,044 44 767,678 8216,402 -33 579,148
5 - 92 879,0 52 662,393 37 337,358 60 878,795 37 58,210
6 - 92 879,0 47 089,653 31 114,465 107 968,448 34 872,675
7 - 92 879,0 41 981,308 25913,241 149 949,756 60 785,916
8 - 92 879,0 37 523,116 21 640,807 187 472,872 82 426,723
9 - 92 879,0 33 529,319 18 018,526 221 002,191 100 445,249
10 - 92 879,0 29 907,038 15232,156 250 909,229 115 677,405
Utoro 273 950,00 928 790,0 524 859,229 | 389 627,405 - -

WcTouHuk: pa3paboTka aBTopa.

PacueT BeM4MHBI BHYTPEeHHE! HOPMBI JOXOJHOCTY OCYIeCTBIIAETCS rpadudeckum MetosoM (puc. 1).
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Puc. 1. Tpaduuecknii MeTod pacyeTa BHYTPeHHelh HOPMbI JOXOAHOCT

WcTouHuk: pa3paboTka aBTopa.

BHyTpeHH:AA HOpMa TOXOZHOCTH OIIpefieiAeTCA B TOUKe IepecedeHns rpapuka Y]] ¢ ocpro abenmcc.
/13 rpa¢duka BUJHO, 4YTO BHYTPEHH:AA HOpPMa JJOXOXHOCTM paBHa 0,135, a 3T0 60/blile HOPMATUBHOM CTaB-
ku guckonTa (0,135 > 0,12). 10 CBUAETENBCTBYET O TOM, 4TO AanHoe IIOM sxoHoMMuYecku 3 PeKkTUBHO.

Kak ykaspIBanoch Bbllle, MHAeKC mpubbimbHOCTY (V) ompenensercsa Kak OTHOIIEHUE Pa3HOCTH JOXO-
Ia U 3aTparT Ipy peajn3aluyy MepoIpuATH K BeTM4YMHe KallMTalbHBIX BIOKeHNIT. MeponpuaTie cuuTaeT-
cs1 9KOHOMUYeckr 3pdeKTUBHBIM, ecu VI, > 1. VIHfieKc TpuOBIIbHOCTY JaHHOTO MEPOIIPUSTISL COCTABII:

N, =524 859,229 / 273 950 = 1,95, 1, > 1. (11)

IIpoBenenHble pacyeThl IOKa3aayu MOMIOXKUTeNbHbIE 3HaYeHNA U/1]], MHOeKca OXOZHOCTY U MHJEKCca
IpUOBUIBHOCTM, YTO NMOATBEP>KAAeT SKOHOMUYECKYIO 11e1eCO00PasHOCTh MHBECTUPOBAHNA B PaspaboTKy
U BHeJIpeHUe NPeIOKEHHOTO NPOrpaMMHOro obecnedenns. [Junammdaeckuit cpok okynaemoctu (Tm) or-
pakaeT mepuox, HeoOXOAVIMBIIL J/IsI TIOTHOTO BO3MEIIeHVsI KallMTa/IbHBIX BJIO>KEHMIT 32 CYeT JJOXOHOB, Te-
HepUPYeMbIX IIPOEKTOM. JTOT IOKa3aTeb TAKXXe Ha3bIBAalOT CPOKOM BO3BpaTa MHBECTULNI, TOCKOIbKY
OH II03BOJIAET OLIEHUTD, KOIJIa 3aeMHBbIe CpeficTBa (HalpuMep, KPEAUT) MOTYT ObITh IIOTHOCTDBIO MOTAIIEHBI.
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[l HarApHOTO onpepenenus T 6bU1 mpuMeHeH rpagudeckuit Metoy. Ha ocHoBe ¢puHaHCOBOTrO poduisa
IpOeKTa IIOCTPOEeHa 3aBYCUMOCTb HakorneHHoro YJ1J] ot BpemeHM (puc. 2), 4TO IO3BOJIAET BU3Ya/IbHO Olje-
HUTb MOMEHT JJOCTVKEHMS TOUYKM 6e3yOBITOUHOCTH.
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Puc. 2. Tpaduk 3aBucumocty, HakonnenHoi Y11 o BpemeHu C Hayana peann3oBaHHOrO NPoeKTa
NcTouHmK: pa3paboTka aBTopa.

I3 puc. 2 BUJHO, 4YTO CPOK OKYIIaeMOCTH IIPOEKTa OIpeNe/AeTCs B TOUKe NepecedeHus rpapuka Y JT
c ocbio abcnucce. Cpok OKyIaeMoCTH paBeH 3,9 roja.

Ha puc. 3 mpefcTaBieH anropuTM pelieHns 3afadn.

COKPaIIIeHI/IC KOAU4IECTBa

UccnepoBaHue peliUKIMHTA OTXOA0B >
NIOJIUTOHOB, CaHALUA TEPPUTOPUN

A4

Omnpepenenne ycnosun
IKONOrMYeCKue, ColMaabHbIe,

HeOOXOIMMOCTH IPOBEICHNUS —>
TeXHUYECKIE, IKOHOMUIECKHE
nepepaboTKu
v
OnpepienieHe COBOKYITHOCTH [IpeAnpusATIAS, MHHOBAIIMOHHBIE,
CTPYKTYP, pea/IUsYIOIMX LieNnu . »|  UHBECTUIMOHHbIE OpPraHU3AL[UH,
PENUKIMHTA IKONOTHYECKHME OPTaHM3AINI

A4

OHPGJICHCHI/IC COBOKYNNHOCTU

. 1o knaccuduxaMOHHBIM
TEXHOMOTHUI (METOZIOB U CPEICTB),

\4

MpU3HAKAM U BUJaM PelMKINHTA
PeaTU3YIOIMNX PEIUKIVHT

\ 4

IKOHOMUYECKUN pacueT
PaspaboTka M skcIepTHas OLleHKa
3¢ PeKTUBHOCTY pelIMKINHTA —>

MpeAIaraeMoTro pelUKINHTa
OTXO/IOB

Puc. 3. AnropuTm peLueHus 3asaun

McTouHuk: pa3paboTka aBTopa.
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3axnouerue u 661600vl. IIpoBeieHHBIN aHAIN3 SKOJIOTO-9KOHOMUYECKMX TTOKa3aTesIell IpoeKTupyeMo-
ro [TOM 1o nepepaboTKe IUIICOCOEPIKALINX OTXOLOB ITONMPOBKY XPYCTaIs TIOKa3a BBICOKY0 3¢ dekTus-
HOCTb C 9KOJIOTMYECKOI ¥ ¢ 9KOHOMIYeCKoll Touek 3peHuda. Buegpernne IIOM no3BonuT CHU3UTD KOMMYe-
CTBO HaKaIUIMBAIOUIVXCS IMIICOocofepKamux oTxonos Ha 10 000 T B rof. TO MOXeT IPUBECTU K CHYDKEHUIO
9KOJIOTMYeCKOro Hajora Ha 49 099 py6./ron. Kpome Toro, ncronb3oBanne nepepaboTaHHOTO IUICA B Kade-
CTBe J06aBKM [T ITPOM3BOJCTBE IIOPTIAHALIEMEHTA He TOJIbKO YMEHbIIAeT HAarPy3Ky Ha OKPY>KaloIyIo cpe-
1Y, HO M CO3/Ia€T NOIIO/THUTE/IbHBIN JOXOZ /A IPEAPUATHUA.

PacdeTnl mokasamu, 4TO CPOK OKYIIAaeMOCTM KaIlUTAJIbHBIX BJIOKEHMII cOCTaBiAeT 2,94 ropa, a guHa-
MMYECKUIT CpoK oKymaeMocTy — 3,9 ropja. ITokasatenu umcroi npusegeHHoit croumocty (U11]1), nHmekca
npubsIbHOCTY (1,95) M BHYTpeHHelt HopMbl foxonHocTH (0,135) OATBEP)KAal0T SKOHOMIYECKYIO I[e/Ieco-
00pa3HOCTb MEPOIPUATHS.
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B ycnoBusax ycKopeHHo! umdpoBm3aLmnm 1 rnobasbHbIX SKOHOMUYECKUX N3MEHEHWI TPaHCTPaHUYHasA 3NeKTPOHHasA Kommep-
LMA CTAaHOBUTCA OJHUM U3 KIIOYEBbIX ApaliBepoB MexAyHapoAHON Toprosnu. [laHHaA CcTaTbA NOCBALLEHa OLeHKe onepaLnoH-
HoW 3¢ PeKTUBHOCTU LMPPOBbLIX TOProBbIX MIOLWAA0K Ha Npumepe 6enopyccko-KuTanckon nnatdopmsl. MiccnegosaHvie BKto-
yaeT aHanM3 KoYeBbix NoKasatenen 3GPeKTUBHOCTY, TaKMNX Kak CKOPOCTb 06paboTKM TpaH3aKLUWA, NOrncTnyeckas onTuMmnsa-
LA, ypOBeHb foBeprA NoTpebuTeneil 1 COBPeMEHHbIE TEXHONOMMYeCKNe peLleHus, HarnpaBieHHble Ha NMOBbILLEeHVe KOHKYPEeH-
TocnocobHocTn. Ocoboe BHMaHWe yaenaeTca HOBbIM BO3MOXXHOCTAM, KOTOPble OTKPbIBAlOTCA B CBA3M C BBEAEHMEM IKOHOMM-
YyecKux caHKUun B oTHoweHunn benapycu n Kntas.

In the context of accelerated digitalization and global economic upheavals, cross-border e-commerce is becoming one of the
key drivers of international trade. This article is devoted to assessing the operational efficiency of digital trading platforms using
the example of the Belarusian-Chinese platform. The study includes an analysis of key performance indicators, such as transac-
tion processing speed, logistics optimization, consumer confidence, and modern technological solutions aimed at increasing
competitiveness. Particular attention is paid to new opportunities that are opening up due to the introduction of economic
sanctions against Belarus and China.

Kniouesble cnoBa: benapych, KnTar, TpaHCrpaHnuHas S1eKTPOHHAA KOMMePLVA, onepauroHHas SGdeKTMBHOCTb, Ldposas niat-
bopMa, SKOHOMUYECKME CaHKLMW, TOTMCTUYECKAsA ONTUMU3ALIVIS.

Keywords: Belarus, China, cross-border e-commerce, operational efficiency, digital platform, economic sanctions, logistics
optimization.
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Introduction. In the context of global digitalization and rapid changes in the global economy, cross-border
e-commerce occupies a central place in the development of international trade relations. The development
of digital technologies transforms traditional business models into dynamic, flexible and efficiency-oriented
platforms that can not only optimize processes, but also create new opportunities for interaction between
trading partners from different countries.

This study is particularly relevant in light of the economic sanctions imposed on a number of countries, in-
cluding Belarus and China. Sanction restrictions force businesses to reconsider traditional approaches to foreign
trade operations, stimulating the introduction of innovative digital solutions, adaptation of logistics and organi-
zational processes. In this case, a digital trading platform becomes not just a tool for commercial activities, but
a strategically important platform that can ensure sustainability and competitiveness in the international market.

Using the example of the Belarusian-Chinese digital trading platform, this study aims to assess opera-
tional efficiency in the context of a changing global market situation and sanctions. The main objectives are
to identify key success indicators, analyse factors that contribute to the optimization of digital processes,
and formulate recommendations to improve the adaptability and efficiency of cross-border trade operations.
The proposed approach includes a comprehensive consideration of costs, transaction processing speed, logis-
tics optimization, and the level of consumer trust in digital services.

The research methodology is based on a comprehensive analysis of statistical data, a comparative review
of modern business models, and expert assessment, which allows us to identify both the positive aspects
of the functioning of digital trading platforms and the potential risks associated with their operating activities
in the context of sanctions pressure. The study also considers the impact of technological innovations on the
sustainable development of e-commerce and the possibility of their integration into traditional trading schemes.

Object of the research: digital trading platforms operating in the field of cross-border e-commerce, with
an emphasis on their operational processes under sanctions pressure.

Subject of the research: mechanisms and methodology for assessing the operational efficiency of digital
trading platforms, including analysis of key indicators.

The goal of this study is to develop and test an integrated model for assessing the operational efficiency
of cross-border e-commerce platforms, taking into account the impact of economic sanctions. Particular
attention is paid to testing the model using the example of the competitive platform qifa.ru to identify key
factors that determine the competitiveness and prospects for optimizing digital trade processes in a changing
international environment. It can be detailed with the following tasks:

1. Conduct a review of existing approaches and methodologies for assessing operational efficiency in cross-
border e-commerce, with an emphasis on the impact of external factors such as economic sanctions.

2. Develop an integrated model for assessing the operational efficiency of digital trading platforms, includ-
ing key indicators (transaction processing speed, logistics optimization, user trust level, and technological
infrastructure).

3. Apply the developed model to assess similar platforms, and formulate recommendations on optimizing
operational processes and adapting business models in the context of sanctions pressure based on the data obtained.

The working hypothesis (HI) of the study is that an integrated model for assessing operational efficien-
cy allows for an objective identification of critical factors that determine the competitiveness of a digital
trading platform. In the context of economic sanctions, the impact of optimizing logistics, technological
and organizational processes is particularly significant, which contributes to the adaptation of business mod-
els and increased efficiency of export-import platforms.

Literature review. In recent years, the development of bilateral relations between the Republic of Belarus
and the People's Republic of China has acquired strategic importance both for the formation of a favourable
investment climate and for the integration of national economies into global trade processes. In order to ana-
lyse the operational efficiency of cross-border e-commerce between the Republic of Belarus and the People's
Republic of China, the legal acts governing bilateral cooperation are of particular importance. One of the
basic documents is the "Treaty of Friendship and Cooperation between the Republic of Belarus and the
People's Republic of China", signed on May 10, 2015. This agreement establishes the fundamental princi-
ples of economic and political interaction, promoting the development of bilateral trade, including through
electronic channels, and also promotes cooperation in the field of innovation and digitalization of the economy
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and the creation of favourable conditions for the implementation of joint projects, including the development
of electronic trading platforms.

The next important document is the Agreement between the Government of the Republic of Belarus and
the Government of the People's Republic of China on Trade in Services and Investment. On the one hand,
this document was published on the National Legal Internet Portal of the Republic of Belarus on February 22,
2025 under number 3/4165, and on the other hand, there is information about its signing on August 22, 2024.
The agreement defines the legal framework for the provision of digital services, regulates investment activities
and provides for the protection of electronic transactions and data. Thanks to the measures taken, conditions
are created for the development of digital payment systems and optimization of logistics, which together leads
to simplification of online trading procedures and a reduction in transaction costs.

The Law of the Republic of Belarus of February 6, 2025 No. 54-Z “On Ratification of the Agreement be-
tween the Government of the Republic of Belarus and the Government of the People's Republic of China
on Trade in Services and Investments” serves as a legislative confirmation of the obligations assumed under
the above-mentioned Agreement. The adoption of this law helps to stabilize the legal environment for dig-
ital trade, which is an important factor in strengthening the confidence of investors and market participants,
as well as in creating predictable conditions for the further development of cross-border e-commerce.

The key documents also include the Directive of the President of the Republic of Belarus of December
3, 2021 No. 9 “On the Development of Bilateral Relations between the Republic of Belarus and the People's
Republic of China”. This directive sets strategic directions for the development of cooperation between Belarus
and China, focusing on digitalization and innovative development. Among the tasks set in the directive, the
support for the creation and development of digital trading platforms, the modernization of electronic pay-
ment systems and the introduction of mechanisms for the digitalization of customs procedures are highlight-
ed, which significantly expands the possibilities of cross-border trade.

Taken together, the presented documents form the legal basis for the liberalization of digital trade, en-
suring the protection of transactions and data, as well as for reducing trade barriers by simplifying customs
and tax procedures. These regulations create conditions for the optimization of logistics, payment and other
operational processes, contributing to the development of effective cross-border e-commerce between the
Republic of Belarus and the People's Republic of China.

These initiatives, initiated at the highest state level, reflect modern trends in the development of interna-
tional cooperation and serve as an important benchmark for academic research in the field of cross-border
e-commerce and assessing the operational efficiency of digital platforms.

Today, trading operations in the Republic of Belarus are mainly organized through the Belarusian Universal
Exchange, which serves as a centralized platform for conducting standard trading procedures and ensuring
market stability. However, independent trading platforms provide operators with the opportunity to work
in a more flexible and adaptive mode, responding to the rapidly changing needs of customers. This approach
allows integrating modern technologies, minimizing bureaucratic procedures and responding more quickly
to market changes. For example, in the Russian market, independent trading platforms occupy a significant
share due to the provision of a full range of services — from conducting electronic trades to comprehensive
transaction support and analytical support for users. One of the striking examples is the qgifa.ru platform,
which successfully demonstrates the advantages of flexibility, ease of use and wide functionality for various
customer segments. The development of such platforms indicates a trend towards decentralization of trading
processes, which opens up new opportunities for optimizing operational processes and increasing competi-
tiveness in the cross-border e-commerce market.

Electronic trading platforms perform a number of key functions, including providing access to trading
operations, automating the order execution process, conducting analytics and reporting, integrating with
payment systems and logistics, and ensuring the security and protection of market participants’ data. These
functions allow market participants to quickly find suppliers and buyers, make transactions automatically, and
receive detailed information about market trends. The table 1 compares platforms: the qifa.ru, Alibaba.com,
Global Sources, and DHgate.com.

Global platforms such as Alibaba.com, Global Sources and DHgate.com offer more extensive analytical
and payment solutions, which ensures a high level of automation and scalability in transaction processing.
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Each of the market participants considered has its own unique features, but it is important to focus on flexi-
bility and adaptability to the specifics of Belarusian-Chinese trade relations, which allows for a prompt re-
sponse to local requests.

For an objective assessment of the effectiveness of modern electronic trading platforms, considering both
the main operational indicators, as well as the influence of external economic factors, increasingly resort
to mathematical modeling. This approach allows you to define heterogeneous data in a single structure, which
is a mandatory comparative analysis and identification of weak links in the system. Mathematical modeling
ensures the development of an integral indicator — KPI, which reflects the overall level of platform efficiency.

Table 1. Quantitative analysis of main China-oriented B2B trade platforms

and reporting

analytics

on transactions

and market statistics,
which helps to track
the dynamics of trade

of market research
with detailed reports,
allowing for deep
analysis of trends
and volumes of trade

tools, trend tracking
and supply reporting,
facilitating informed
decision-making by
platform participants

Function qgifa.ru Alibaba.com Globalsources.com. DHgate.com

Access A specialized B2B A global base of Focus on Asian sourcing | An international

to trading platform focused suppliers and buyers with direct contact with | trading platform
on Belarusian-Chinese | from all over the world, | manufacturers, which | focused primarily
transactions with providing a wide improves the quality on small and medium-
an emphasis on market and product and transparency sized consignments,
flexibility diversity of transactions with an emphasis
and adaptation to local on fast transaction
needs execution

Order Automated matching | Use of complex Integration of Automation of

automation of orders with offers, | algorithms for fast specialized tools transaction processing
which simplifies execution of trade to simplify order and payment, allowing
the process orders, optimization placement and their market participants
of concluding deals of pricing and automated execution to conduct transactions
in a flexible trading provision of liquidity quickly and efficiently
environment

Analytics Provision of basic A developed system Demand analysis Integrated transaction

monitoring and
reporting systems that
provide operational
information for
analyzing the

and logistics

the integration of local
payment services
and logistics partners

and its own network
of logistics solutions,
which provides
comprehensive
transaction support

as the possibility
of integration with
various payment
systems to ensure
the reliability

of transactions

operations operations effectiveness of trading
operations
Integration An interface adapted | A variety of payment Cooperation with Global integration with
with payment | for Belarusian-Chinese | integration options leading logistics service |international payment
systems transactions, with (for example, Alipay) | providers, as well and logistics services

to ensure transaction
security and timely
delivery of goods

Source: developed by the authors using official web sites of trade platforms (qifa.ru, alibaba.com, globalsources.com, dhgate.com).

Methodology. 1. Formal statement of the problem
Objective: Evaluate the platform efficiency by N key factors grouped into clusters and derive an integral
efficiency index (KPI).
- transaction data (volumes, frequency, product categories);
- logistics parameters (delivery times, cost);
- reliability indicators (user ratings, percentage of disputed transactions);
- external factors (exchange rates, customs duties).
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context of a dynamically changing e-commerce market.
2. Model structure
2.1. Factor decomposition
Platform efficiency Eft is defined as a weighted sum of three superclusters:

Eff = a-Economic + B-Technical + y-Social,

where:
a, B, y — weights (determined by the AHP method);
economic — economic efﬁciency;
technical — technological reliability;
social — social and reputational indicators.

2.2. Detailing of clusters
1. Economic efficiency (Economic)
Indicators:

Number of participants
Total platform turnover (BYN)’

Volume =

Number of transactions

Liquidity = ;
quidity Average execution time (hours)

o Platform profit
CostEfficiency =

Logistics costs + commissions

2. Technological reliability (Technical)

Indicators:
Untime = > uptime )
PUME = o tal time (hours) ’
. Number of cyberattacks
Security = 1-

Total amount of transactions’

Scalability — Peak load
AT = Throughput (transactions/sec)

3. Social and reputation indicators (Social)
Social = w7-Trust + w8-Satisfaction + w9-Growth
Indicators:

Y. user ratings

T t = >
rus 10 X Y users

. . Claims
Satisfaction = 1-—;
Transactions

New users per month
Growth = .

Active users

This formalized approach allows to evaluate the current efficiency of the trading platform and to predict
future trends, which is the basis for developing optimization strategies and increasing competitiveness in the

(1)

(2)

3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)
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2.3. Analytic Hierarchy Process (AHP) for Determining a, 3, y Weights

The Analytic Hierarchy Process (AHP) is a mathematical tool for decision making under multi-criteria
uncertainty (by Thomas Saaty).

The goal of this model is to determine the weights of superclusters (a, 3, y) and their internal factors
(w,w,...,w;) based on expert assessments.

Pairwise comparison of criteria (table 2).

Table 2. Experts compare factors on a scale of relative importance from 1 to 9:

Values Definition

1 Equal importance

3 Moderate superiority
5 Significant superiority
7 Strong superiority

9 Absolute superiority
2,4,6,8 Intermediate values

Source: developed by the authors.

3. Integral indicator of B2B platform effectiveness:

3 3 3
Eff =« (Z w; X Economic;) + (Z w; X Technical;) + a (Z w; X Socialy) . (11)
i=1 i=1 i=1

Interpretation:

Eff > 0,7 — high efficiency,

0,5 < Eff < 0,7 — average,

Eff < 0,5 — optimization required.

4. Stochastic optimization is a method for finding optimal solutions under conditions of uncertainty, when
the model parameters contain random components (e.g. fluctuations in demand, exchange rates, delivery
delays).

The platform faces random events:

Fluctuations in supply/demand (e. g. seasonality of goods).

Changes in exchange rates (CNY/BYN, CNY/RUB).

Logistics risks (customs clearance delays).

Cyberattacks or IT system failures.

This model allows the platform to automatically adapt to market changes, maintaining a balance between
profitability and reliability.

Objective:

Maximize the expected platform performance (KPI) under conditions of uncertainty:

maxE[KPI(x,&)], where:

x — controlled variables (e.g. platform commission, minimum seller rating),

§ — random parameters (CNY/BYN rate, demand, logistics delays).

4.1. Taking into account stochastic factors, the following random variables are added to the model (table 3):

Table 3. Variables added to the model in relation with stochastic factors

Factor Indicators Distribution Impact on effectiveness (Eff)

CNY/BYN rate 3 Lognormal (historical data) Change in revenue in BYN
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End of table 3
Factor Indicators Distribution Impact on effectiveness (Eff)
Demand for goods &2 Poisson/normal Platform turnover (Volume)
Customs clearance time &3 Exponential Liquidity
Number of cyber attacks &4 Bernoulli (probability p = 0,05) | Security

Source: developed by the authors.

4.2. Two-stage stochastic model

Stage 1. “Here and now” decisions

Parameters that do not depend on the implementation of random events are fixed:
Dynamic rating of sellers (x1>0.7),

Basic platform commission (x2€[1%,5%]).

Stage 2. Adaptation to random events

After observing the values of §, corrective decisions are made:
Dynamic change of commission:

x2' = x2-(1 + 0.1-(£1 - E[£1]))

Reservation of logistics capacities when &3 > 48 hours:
CostEfficiency < 0,9-CostEfficiency

4. Commission optimization
Below is an exemplary table that illustrates the results of a Monte Carlo simulation for BYN/CNY exchange

rates, which is used to optimize platform commissions. In this simulation, the basic exchange rate is set
at an expected value of E[§1] = 0.45 BYN/CNY. A key condition of the model is that if the simulated
rate 1 exceeds 0.55 BYN/CNY, demand falls by 20 %, and the effective rate for commission calculation
is subsequently reduced by a factor of 0.8.

In the table 4, each iteration represents one simulation run. The “Simulated £1” column shows the generated

exchange rate, “Demand Adjustment Factor” indicates whether a penalty (0.8 when &1 > 0.55, otherwise 1.0)
is applied, and the “Effective Rate” is calculated as the product of the simulated rate and the adjustment factor.

Table 4. Monte Carlo Simulation Results for BYN/CNY Exchange Rates (M = 10,000)

Iteration Simulated £1 (BYN/CNY) Demand Adjustment Factor Effective Rate (BYN/CNY)
1,000 0.43 1.0 0.43
2,000 0.47 1.0 0.47
3,000 0.56 0.8 0.448
4,000 0.50 1.0 0.50
5,000 0.60 0.8 0.48
6,000 0.42 1.0 0.42
7,000 0.55 1.0 0.55
8,000 0.48 1.0 0.48
9,000 0.59 0.8 0.472
10,000 0.44 1.0 0.44

Source: developed by the authors.

Table 5 includes the results of a Monte Carlo simulation for defining the effective platform commission percent-

age after incorporating two stages of corrective decisions. In this simulation, two stochastic factors are considered:
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— Seller Rating (x;): Must be at least 0.7.
- Basic Platform Commission (x,): Randomly drawn from a uniform distribution between 1 and 5 %.
After the initial commission is established, a dynamic adjustment is made according to the formula:

X' =% X [1+ 0.1 x (& - E[&,])], (12)
where §; is a randomly generated value and the expected value E[§,] is assumed to be 0.8. In addition,
if the sampled logistics delay &; exceeds 48 hours, a cost efficiency reservation is triggered, applying a factor

0f 0.9 (i. e. effective commission is multiplied by 0.9). In the final analysis, the effective commission percentage
is computed as:

Effective Commission = x," x (Logistics Factor), (13)
where the Logistics Factor is 0.9 when &; > 48 hours and 1.0 otherwise.

The table 5 below shows simulation runs.

Table 5. Results of Monte-Carlo simulation for defining the effective platform commission based on
stochastic factors (5,000 iterations)

Iteration }S:ller Rating )]iaz(i;)Commission & é((i)Jrllllsrtrfiision fliours) ]lsaocgti :;ics gfoffrclglvii,sion
X' (%) (%)

1,000 0.75 2.00 0.85 | 2.01 50 0.9 1.81

2,000 0.80 4.00 0.78 | 3.99 45 1.0 3.99

3,000 0.90 1.50 0.82 | 1.50 60 0.9 1.35

4,000 0.72 3.50 0.79 | 3.50 47 1.0 3.50

5,000 0.85 5.00 0.75 | 4.98 52 0.9 4.48

Source: developed by the authors.

The effective commission rate for the platform is defined by first adjusting the basic commission rate x, (ran-
domly drawn from the 1-5 % range) using the dynamic factor ;. Specifically, the adjusted commission rate is
calculated as X, =x, - [1 + 0.1 - (§; — E[&,])], where E[&,] is the expected seller rating value. Additionally, if the

logistics delay &; exceeds 48 hours, a further

e Weight (Scale: 0-10) adjustment is applied by multiplying x," by 0.9

to account for capacity reservation measures;
otherwise, the factor remains 1.0. In summa-
8 ry, the effective commission rate is given by:
Effective Commission =x, - [1 + + 0.1 - (§; —
— E[&:])] - L, where L = 0.9 if & > 48 hours,

Transaction Speed
10

O

Market Stability Logistics Cost and L = 1.0 otherwise. Visualisation of this
model is available on Figure.

The simulation results indicate that the dy-
namic adjustment process allows the commis-
sion rate to reflect fluctuations in seller per-

Commission Consumer formance, while timely logistics performance
Adjustments Confidence

is essential for maintaining cost efliciency.
Incorporating these stochastic factors aids in
optimizing the platform commission by en-
Source: developed by the authors. suring that adjustments are sensitive to real

Key Factors Influencing Operational Efficiency in Digital Trade Platforms
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market conditions. The implementation of a penalty in the form of a reduced rate when logistics challenges
occur further supports operational responsiveness. Overall, the integrated model enhances the platform's abil-
ity to balance competitive commission strategies with market realities. Finally, this approach provides a ro-
bust framework for continuous commission optimization based on evolving seller and operational dynamics.

Results of analysis. This section presents a structured evaluation of these platforms based on simulated re-
sults, offering key insights into their efficiency, scalability, and risk mitigation strategies. It is based on prob-
abilistic approach in shaping the future of digital commerce, ensuring sustained growth amid market fluc-
tuations. It applies the suggested modeling approach to four major trade platforms — Qifa.ru, Alibaba.com,
GlobalSources.com, and DHgate.com — each representing distinct operational structures and market cover-
age. By leveraging probability distributions and Monte Carlo simulations, the model facilitates a comparative
assessment of transaction processing times, logistical expenditures, and revenue volatility under optimistic
and pessimistic market scenarios. The adaptability of commission rates and the resilience of logistics networks
are particularly emphasized, highlighting how platforms can strategically optimize operations in response to
external economic pressures and regulatory constraints.

Step 1. Transaction speed modelling. Transaction processing speed is a critical metric in evaluating the
operational efficiency of digital trade platforms, as it directly impacts customer satisfaction, order fulfilment,
and overall platform responsiveness. To model this parameter effectively, we collected empirical data from
published reports, platform performance benchmarks, and industry analyses of cross-border e-commerce
services.

The expected transaction time for each platform was estimated based on documented average order com-
pletion times, API response speed, and user-reported feedback. Additionally, we incorporated stochastic vari-
ability using a log-normal distribution, reflecting occasional processing delays that occur due to network con-
gestion, system load, or external transaction verification processes.

Data source. The values presented in table 6 are derived from Monte Carlo simulations based on plat-
form-specific historical performance data and real-world execution speeds, providing a probabilistic frame-
work for assessing transaction efficiency across Qifa.ru, Alibaba.com, GlobalSources.com, and DHgate.com.
The comparison highlights operational strengths and areas where improvements may be necessary to main-
tain competitive performance.

Table 6. Transaction Processing Speed Modelling (§,)

Platform Expected Time (E[§,]) Std. Deviation (o) 90th Percentile Delay
Qifa.ru 3.2 sec 1.2 sec 5.1 sec
Alibaba.com 2.8 sec 1.1 sec 4.8 sec
GlobalSources 3.0 sec 1.3 sec 5.3 sec
DHgate.com 3.5 sec 1.5 sec 5.5 sec

Source: developed by the authors.

Step 2. Logistics costs modelling. Logistics costs are a fundamental aspect of operational efficiency in cross-
border e-commerce, influencing both profitability and market competitiveness. To accurately model logistics
expenses, we sourced data from industry reports, platform-specific transaction records, and publicly avail-
able freight and shipping cost databases. Additionally, we incorporated real-time variations caused by fuel
price fluctuations, international trade policies, and customs regulations, ensuring a dynamic and realistic
estimation.

To reflect these cost variations, we used a gamma distribution, which captures the right-skewed nature
of logistics costs — where most transactions occur within a predictable price range but occasional outliers
significantly increase expenses. Monte Carlo simulations were conducted using historical averages for each
platform, factoring in regional differences in fulfilment centres, preferred shipping carriers, and geopolitical
influences on delivery routes (table 7).
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Table 7. Logistics Costs (£,)

Platform Avg. Cost (USD) Std. Deviation (USD) % Probability Cost > 130 USD
Qifa.ru 100 30 18 %
Alibaba.com 90 25 12 %
GlobalSources 110 35 22 %
DHgate.com 105 32 20 %

Source: developed by the authors.

Step 3. Consumer confidence. Consumer confidence is a crucial factor in the performance of cross-border
e-commerce platforms, directly influencing purchasing behavior, transaction volume, and overall platform
engagement. To quantify this variable, we collected market sentiment data from industry reports, user surveys,
and financial indicators, including economic stability metrics, trade regulations, and geopolitical factors
affecting consumer trust in online transactions. A beta distribution was used to model consumer confidence
(§;), as it appropriately represents values constrained within a bounded range (0 to 1) while capturing shifts in
sentiment due to external influences. Monte Carlo simulations were performed to analyze fluctuations across
different platforms, factoring in both optimistic and pessimistic market conditions. The results in Table 8
provide a comparative analysis of consumer confidence levels for Qifa.ru, Alibaba.com, GlobalSources.com,
and DHgate.com, highlighting variations in user trust and engagement across different digital marketplaces.
This probabilistic approach helps assess the stability of demand and informs strategies for enhancing consumer
retention amid evolving market dynamics.

Table 8. Consumer Confidence Index (£3)

Platform Expected Confidence (E[&;]) Optimistic Scenario (> 0.8) Pessimistic Scenario (< 0.4)
Qifa.ru 0.6 32% 18 %
Alibaba.com 0.75 40 % 10 %
GlobalSources 0.65 35 % 15 %
DHgate.com 0.55 28 % 20 %

Source: developed by the authors.

Step 4. Performance Under Optimistic and Pessimistic Scenarios. Revenue fluctuations in cross-border
e-commerce are influenced by a combination of operational efficiency, market dynamics, and external
economic conditions. To evaluate the impact of these factors, we conducted Monte Carlo simulations
considering optimistic and pessimistic scenarios, incorporating probability distributions for key drivers such
as transaction processing speed, logistics costs, and consumer confidence. Data sources for this analysis include
historical financial reports of the examined platforms, market trend studies on e-commerce performance, and
external economic indicators such as exchange rate stability, tariff changes, and regional demand fluctuations.
Industry benchmarks for revenue elasticity in response to transaction efficiency and logistics disruptions were
derived from empirical studies on digital trade patterns. The results in table 9 present comparative revenue
variations for Qifa.ru, Alibaba.com, GlobalSources.com, and DHgate.com, demonstrating how each platform
responds to shifts in operational conditions. The optimistic scenario accounts for improved transaction speeds,
lower logistics costs, and high consumer confidence, whereas the pessimistic scenario incorporates increased
delivery delays, price volatility, and weakened consumer sentiment.

Table 9. Performance Under Optimistic and Pessimistic Scenarios

Platform Optimistic Revenue Growth (%) Pessimistic Revenue Decline (%)

Qifa.ru +15 % -20 %
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End of table 9
Platform Optimistic Revenue Growth (%) Pessimistic Revenue Decline (%)
Alibaba.com +18 % -12%
GlobalSources +14 % -22 %
DHgate.com +12 % -25%

Source: developed by the authors.

The analysis presented in tables 6-9, based on our probabilistic model, reveals significant variability
in transaction processing speeds, logistics costs, and consumer confidence across leading digital trade plat-
forms. The Monte Carlo simulations indicate that faster processing speeds and lower logistics costs, as seen in
platforms like Alibaba.com, contribute to more robust revenue outcomes in optimistic scenarios, while delays
and increased costs can severely impact performance under pessimistic market conditions. These results un-
derscore the importance of adaptive strategies, such as dynamic commission adjustments, in mitigating op-
erational risks and stabilizing revenue streams in volatile markets. In the specific context of the Belarus-China
digital trading platform, these insights are particularly relevant as international sanctions introduce additional
uncertainties that affect supply chains and market sentiment. Overall, the probabilistic approach offers a valu-
able framework for optimizing operational efficiency, enabling platforms to navigate both domestic and global
challenges while bolstering competitiveness in the cross-border e-commerce arena.

Discussion and conclusions. The application of the probabilistic model to assess operational efficiency
reveals significant insights into the dynamics of key performance variables that drive the competitiveness
of cross-border e-commerce platforms. Our model, which incorporates transaction processing speed (mod-
eled by a log-normal distribution), logistics costs (modeled by a gamma distribution), and consumer con-
fidence (modeled by a beta distribution), provides a robust framework for evaluating and comparing plat-
forms such as Qifa.ru, Alibaba.com, GlobalSources.com, and DHgate.com. The Monte Carlo simulations
and scenario analyses outlined in tables 1-4 demonstrate that platforms with faster transaction speeds and
lower logistics costs — evident in platforms like Alibaba.com — are better positioned to capitalize on favo-
rable market conditions. Conversely, platforms experiencing increased processing delays or higher logistics
costs suffer more pronounced revenue declines under pessimistic conditions, particularly when compounded
by a drop in consumer confidence. These findings underscore the value of incorporating dynamic, data-driven
commission adjustments and predictive logistics measures to mitigate the operational risks associated with
market volatility.

For a prospective Belarus-China digital trading platform, these insights are particularly relevant. As interna-
tional sanctions continue to affect global supply chains and market sentiment, the Belarus-China platform must
be engineered with robust adaptive mechanisms. By applying the same stochastic modeling methods, platform
managers can anticipate the effects of sanctions-induced uncertainty on transactional efficiency, delivery per-
formance, and user engagement. The model also emphasizes the importance of investing in technology upgrades
and strategic logistics partnerships that can buffer the platform against external shocks. Ultimately, the flexibil-
ity and scalability of such a probabilistic framework enable continuous recalibration of operational strategies to
preserve efficiency and profitability, even in an environment of constrained external support.

As the conclusion, the following points should be underlined:

1. A probabilistic modeling approach highlights that factors like transaction speed, logistics expenses, and cus-
tomer confidence fundamentally influence both the efficiency and revenue generation of online trade platforms.

2. Monte Carlo simulations conducted under diverse market conditions indicate that platforms with stable
performance metrics—such as rapid processing times and streamlined logistics — tend to secure consider-
able revenue gains when market conditions are favorable, whereas those with greater variability show a higher
propensity for revenue declines under adverse scenarios.

3. A comparative review of platforms including Qifa.ru, Alibaba.com, GlobalSources.com, and DHgate.
com confirms the vital need for adaptive strategies, such as dynamically recalibrating commission structures
based on real-time performance data.
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4. When applied to a Belarus-China digital trading platform, this model offers a strategic edge by facilitat-
ing proactive risk management, especially in light of the uncertainty introduced by international sanctions.

5. Integrating advanced probabilistic techniques into operational planning is crucial for boosting plat-
form performance, sustaining competitive advantage, and promoting the growth of cross-border e-commerce
in an ever-challenging global economic environment.

The further research shall be related with the following fields:

1. Integration of advanced data analytics and machine learning, focusing on incorporating machine learn-
ing techniques, such as reinforcement learning or deep learning, to enhance real-time data processing and
dynamic decision-making. Such methods can refine predictive models for transaction speed, logistics costs,
and consumer confidence, allowing digital trade platforms to recalibrate commission strategies and risk man-
agement protocols more accurately based on continuously updated market conditions.

2. Expansion of the probabilistic model to include broader geopolitical and economic risk factors:
the current model accounts for factors like processing times, logistics variability, and consumer sentiment,
further research should integrate additional variables—such as currency fluctuations, evolving regulatory
environments, and the impact of international sanctions. Developing a multi-layered model that captures
these broader risk factors will provide a more robust framework for assessing operational efficiency in volatile
cross-border markets.
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MpoBeneHHbIN aHaM3 OCHOBaH Ha TaKUX XapaKTepUCTUKaX TEPPUTOPUIA, Kak NMIIOTHOCTb HaceneHus, Hannure paboumx mecr,
ycnoBwuaA Tpyaa, yPoBeHb JOXOA0B HaceNeHus, BO3MOXXHOCTY ANA NoslyyeHna obpa3oBaHus, JOCTYNHOCTb MeANLMHDI, Hannume
XKWNbsi, BO3MOXHOCTU A NPOBefEeHUs A0CYra, 6e30MacHOCTb, SKOHOMMYECKas NepcrnekTuBa TePPUTOPUN U MHBECTULIMOHHBIIA
KnMMmar.

This article explores the migration potential of districts in the Grodno region through a comparative analysis of key socio-
economic indicators that play a crucial role in the choice of residence for migrants. The analysis is based on characteristics
of the territories, such as population density, availability of jobs, working conditions, income levels, access to education, health-
care accessibility, housing availability, leisure opportunities, safety, economic prospects of the area, and investment climate.

KnioueBble cnoBa: MI/II'paLI,I/IOHHbIVI noTeHumnan, HOpMMpPOBaHHbIE KOB(])d)I/ILlVIeHTbI, peVITI/IHI', COUMaNbHO-2KOHOMUYeCKMEe MNMoKa3aTte-
nn, CpaBHVITeJ’IbeIVI aHanms.

Keywords: migration potential, normalized coefficients, ranking, socio-economic indicators, comparative analysis.

B coBpeMeHHBIX YCIOBMUAX COKPALCHNS U CTapeHVs HAaceleHMs OTTOK JKNUTeNIell CeTbCKOl MECTHOCTHU
CTQHOBMTCS BaYKHBIM aCIIEKTOM COLIMATbHO-9KOHOMIYECKOTO Pa3BUTHSA PerOHOB. [pofHeHCKast 06/1acTh, Kak
u apyrue pernonsl Pecriy6mkn benapycs, o6/magas yHUKa/IbHBIMY TePPUTOPYATIbHBIMYU XapaKTepUCTUKAMI,
TpelyeT TIIATeIbHOrO aHa/IM3a CBOETO MUTPAIIIOHHOTO IIOTEHIIMAIA.

CpaBHUTE/IbHBII aHA/IM3 KOHKPETHBIX COLMA/TbHO-9KOHOMIYECKUX MIOKa3aTesIell pailoHOB, YYUTHIBAIO-
I[VTT IPeATIOYTEHN s MUTPAHTOB IIPY BEIOOpe OyIyIero MecTa IpO>KMBaHMsA, JaeT BO3MOXXHOCTb COCTAaBUTD
PeITUHT Hanbojlee MePCIeKTYBHBIX PAllOHOB /IS IPYUBJICYEHNU MUTPAHTOB, @ TAKXKE OIPEe/TUTb X CUJIb-
HbIe U c/1abble CTOPOHBI.

ITpu BbIOGOpE MecTa XUTebCTBA MUTPAHTOB MHTEPECYIOT TaKie XapaKTePUCTUKY OYAYIIero MecTa Ipo-
XKVBAHUA, KaK:

— IVIOTHOCTb HaCe/IeHNS;

- HajIM4ye paboyux MecT;

— YCTIOBYA TPYAa;

— YPOBEHb JJOXO/IOB HACE/ICHI;

— BO3MOXKHOCTM /IS ITOTy4eHNs 00pa3oBaHus;
— JOCTYIIHOCTb MeVLIMHBI;

— Ha/In4ue >KIIbs;

— BO3MOXXHOCTM /1A IPOBENEHNA JOCYTa;

— 0€30MacHOCTD;

— 9KOHOMMYeCKast IepCIeKTIBa TePPUTOPUY;
— VIHBECTUIIMOHHBIN K/IMMaT.

Ilis1 00 BEKTUBHOI OLIEHKYM COOTBETCTBUS PAllOHOB MHTEpecaM MMUIPAHTOB Lie/IeCOO0OPa3HO MCIIOIb30-

BaTb C/IeAYIOIIIe OKa3aTeII:
— YUCJIO JKUTeEJIEN;
— YJIC/IEHHOCTD 3aHATBIX;
— YPOBEHb 3aperuCTPUPOBAHHON 6e3paboTHIIbI;
— COOTHOIIIEHNE TIPVHATBIX U1 YBOJIEHHBIX PAaOOTHIKOB;
— YJIC/IEHHOCTD ITOTEPIIeBIINX PV HECUACTHBIX CTy4asAx Ha IPOM3BOJCTBE;
— HOMUHa/IbHAsI HAYMCIIEHHAsA CpeHeMecYHasA 3apaboTHasA IIaTa pabOTHIKOB;
— YJICIO YYPEXAEHNII JOLUIKOIBHOTO 00pa3oBaHms;
— YJICIIO YYPEXAEHMII 0011ero cpeHero o6pasoBaHus;
— 00ecIIeYeHHOCTD HaceIleHVsl IPaKTUKYIOIVIMI BpadaMIi;
— 00ecIIeYeHHOCTD HaceIeHNs CPeHVIMI MEANIVIHCKYIMYU pabOTHUKAMII;
— 06eceYeHHOCTh Hace/leHA OOIbHUYHBIMI KOMKaMU;
— 00ecIIeYeHHOCTDb HaceTIeHM XKIIbeM;
— TOProBble 0OBEKTBI;
— 06'bEKTHI OOIECTBEHHOTO IIUTAHI;
- K11y OBI;
— YJICIO 3aperUCTPUPOBAHHBIX IPECTYIICHNIL;
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— KOJIMYECTBO OpraHMU3aLuil;

— YIe/IbHBIIT BeC yOBITOYHBIX;

— UHBECTULIM B OCHOBHOII KaIlUTaJl;

— IIOCTYIUIeHUe IHOCTPAHHbBIX HBECTULINIL.

[l yrpoleHs JOCTYIA K JaHHBIM IIPU IPOBEEHUN IIOCTEAYIOLUX VICCTIeJOBaHNII C IIOMOIIBIO OIN-
CaHHOJ HIKe METOIVKM BCe MOKa3aTe/lIN B3SThl 13 ONHOIO UCTOUYHMKA — CTaTMCTUYECKOTO eXXerofHuKa
IponmHeHckoit obmacty 3a 2024 1. (Tabn. 1) [1].

[71s1 cpaBHUTE/IPHOTO aHA/IN3a BBIOPAaHHBIX COIMATbHO-9KOHOMIYECKIX [TOKa3aTeell o pajioHaM Iiejie-
C000pa3HO MPUMEHATh METO[bl HOPMMPOBAHHO OLIEHKM U MHJEKCHOTO peiiTuHra. [/ KOmieCTBeHHOTO
OIpefie/IeH s YPOBH IPYUBJIEKATe/IbHOCTY pajioHa JI1 MUTPAHTOB UCIIONIb3yeM TaKOJ II0Ka3aTelb, KaK HOp-
MUPOBaHHBI K03 PUIMEHT, KOTOPBIiT BBIYMC/IAETCS KaK OTHOIIEHe 3HAYeHNsI T0Ka3aTe/isl B KOHKPETHOM
paiioHe K MaKCYMa/JIbHOMY 3Ha4eHMIO JAHHOTO IIOKa3aTe/Isl CPeiy BCeX PallOHOB:

K= P > (1)

mp

rie K — HopMupoBaHHBIT K03 uiimenT;
I1, — 3HaueHMe TIOKa3aTe/Isl B KOHKPETHOM PailOHe;
I1,,, — MakcuManbHOE 3HAYEHNE TI0Ka3aTelsl CPENM BCEX PAifOHOB.

3HayeHVe JaHHOTO KO3 PUIMEeHTa OTpa)kaeT OTHOCUTEIbHOE ITOIOXKEeHVe KaXK/JOTO pajioHa 110 BBIOpaH-
HBIM [TapaMeTpaM U ero 3HaueHue Koje6nercs ot 0 1o 1, YTO MO3BO/IAET NPUBECTY BCe IOKAa3aTeIN K e-
HOI1 IIKaJIe UI3MEePEHMN .

[l cocTaB/IeHNs UTOTOBOTO PEMITYHIA BEIYNC/IAETCSA CpefHMil K09 PUIMEHT 10 BceM ITOKa3aTelaM Jiid
Ka)XIOT0 palloHa B OTAEIbHOCTY. PalloHbI paHXXMPYIOTCA N0 IIOTyYeHHOMY cpefHeMy K03} UIMEeHTY, 4TO
II03BOJISIET X CPABHUBATD U BBIOVpPATh HauboIee yCIellIHbIe PailoHbI 10 3alaHHbIM KpUTepyAM. VITOroBblIi
VHJEKC XapaKTepyu3yeT YPOBeHb IPMBJICKATe/IbHOCTY PajlOHa JiII MUTPAHTOB 110 CPAaBHEHMIO C IPYTMMU
paitoHamu. Tak Kak I. [pogHO sAB/IA€TCSA 06/IACTHBIM LIEHTPOM I IO BCeM ITOKa3aTe/LAM Oy/ieT CUIbHO IIPEBbI-
IIaTh IOKa3aTe/IM B pajlOHaX, 3 CPaBHUTEIBHOTO aHA/IN3a OH MCKITI0YAETC.

C IOMOIIIBIO CTATUCTUYECKVIX JAaHHBIX PaCCYNTAHBI 3HaUeHVA K03 puivieHTOoB 111 paitoHoB [poHeHCKOo
o6mactu (Tabm. 2).

Pe3y/nbTaThl O3BOJIAIOT YBUIETh, YTO MaKCMMaIbHO BO3MOYKHOE 3HaueHNe KoaduijueHTa, paBHoe 1,
COOTBETCTBYeT J/INICKOMY pailoHY, C/Ie[lOBAaTeIbHO, OH IMeeT CaMyI0 BBICOKYIO IZIOTHOCTD HaceneHus. Cpenu
PalOHOB C BBICOKOJ IIJIOTHOCTBIO HAaCENEeHNA TaK)Ke€ MOXKHO OTMETUTH BONIKOBBICCKMII PaliOH — 3HaYeHMe
ko3¢ uumenta pasHo 0,63.

Camble Hu3Kye 3sHa4eHMs KoadPuunmenrta B Cucnouckom (0,10) u VsbeBckoMm (0,13) paitonax, 4To ro-
BOPUT O HU3KOI IVIOTHOCTY Hace/leHNs B JaHHBIX pallOHaX.

[l onpeneneHns Hammuusa pabo4nx MeCT B palloHaX MCIIONb30BAJICA TI0Ka3aTe/lb YMC/IEHHOCTI Hacee-
HISA, 3aHATOTO B 9KOHOMMKE, U paCCUMTAHbI 3HaYeHMA K03 (DUIVEHTOB /I pajlOHOB.

ITonyueHHBIe pe3y/IbTaThl CBUAETENIBCTBYIOT O TOM, YTO MaKCUMAIbHO BO3MOXKHOE 3Ha4YeHe Koapduuu-
€HTa, paBHOE 1, cooTBeTCTBYeT JINJICKOMY pailoHy, C/IeJOBaTeIbHO, Y HETO BBICOKOE Ha/ln4ue pabodnx MecT.
Cpeny paitoHOB 10 JAHHOMY [TOKa3aTe/Ti0 MOYKHO BBIJIETIUTD ¥ BOKOBBICCKMIT paitoH — 3HaYeHMe Koaddu-
uuenTa paBHo 0,53.

Camble HU3KMe 3HaueHMs Koadounmenta B 3enpBerckoM (0,10), Cucnouckom (0,11) n BepecroBui-
koM (0,12) paitoHaX, YTO TOBOPUT O HU3KOI KOHIIEHTPAL[MY PabO4IMX MeCT B JAHHBIX pajlOHaX.

[l onpeneneHus yCIoBUit TPyAa B palioHaX HOPMUPOBAaHHbIe KO3 UIMEHTHI PaCCUNTAHBI IS CTIeRy-
IOIIMX CTaTUCTUYECKMX ITOKa3aTeseit:

— YPOBEHb 3apeTUCTPUPOBAHHOI 6€3pabOTHIIBI, B IIPOLIEHTaX K YMCIEHHOCTY pabodeil cuybl (Ha KOHeI]
roa);

— COOTHOLIEHVE IPUHATBIX ¥ YBOJIIEHHBIX PAOOTHUKOB, B IIPOLICHTAX;

— YJCJIEHHOCTD MOTEPIIEBIINX IIPY HECYACTHBIX CTy4YasAX Ha IIPOU3BOACTBE C YTPATOI TPYAOCIOCOOHOCTI
Ha OfiMH pabounii leHb 1 H60JIee 1 CO CMepTeNbHBIM UCX0HOM, Ha 1000 paboTamomux.
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HAYYHbLIE NYBJ/INKALIMU

Tak Kak IOKa3aTey ypOBH:A 3aperrCTPUPOBAHHOI 6e3paboTUIIBI U YMC/IEHHOCTH MOTEPIIEBIINX IIPY He-
CYAaCTHBIX CITy4asX Ha IPOM3BOACTBE ABJIAIOTCA OTPUILIATENIBHBIMMU IO CBOUM XapaKTEePUCTUKAM, VX KO3d-
buIeHTDI OBIIVM BBIYMCIEHBI KaK Pa3HOCTb MEXY 1 M pacCYMTaHHBIM HOPMUPOBAHHBIM K03 UIIVIEHTOM.

[TonyuenHble cpenHue kK03 PuiyeHTs! (Tab1. 3) MO palloHaM CBUIETEIbCTBYIOT O TOM, YTO JTyd4llle BCe-
ro ycnosus Tpyha B OcTpoBerjkoM 1 CBUCIOUCKOM paitoHax — cpepuuit Koadduiment pasen 0,86. Camble
HU3KMe cpefHue 3HaYeHNs Koadduimentos B Kopenmuckom n JInupckom paitonax — 0,55. CiefoBaTenbHoO,
Cpefiu pailoOHOB y HMX HaUXyALINe YCIOBUA TPYHA.

111 ycTaHOB/IEHUA YPOBHA JOXOZIOB HACE/IEHN B PallOHaX BHIOPAH TaKO CTaTUCTUYECKNUII IOKa3aTelb,
KaK HOMVHa/IbHasl HauMC/IeHHas CpeflHeMecsIYHas 3apaboTHas IlaTa pabOTHUKOB M paCCUNTAHBI 3HAYCHA
K09 PULINEHTOB [/ PailOHOB.

Pe3ynbTaThl MO3BOJIAIOT YBUMIETh, YTO MaKCUMAIbHO BO3MOXKHOE 3HaueHue KoaduiuuenTa, paBHoe 1,
cooTBeTCTBYeT OCTPOBEIIKOMY PailOHY, C/Ie[JOBAaTe/IbHO, OH VIMEeT CaMblil BBICOKIII YPOBEHb JJOXOZIOB Hace-
nennsA. Cpefyt paiioHOB C BBICOKVMM YPOBHEM JJOXO[JOB HACe/IEHVISI MO)XHO OTMETUTD [pofHeHCKMil paioH —
3HauyeHne Koadduimenra pasuo 0,77. Camoe MasieHbKOe 3HaUeHMe KoadduimeHTa B VIBbeBCKOM paiioHe —
0,58, 4TO TOBOPUT O HM3KOM YPOBHE JJOXO[IOB Hace/IeHNA B JaHHOM palioHe.

YT06BI OIpeenuTb BO3MOXXHOCTH IJIS TOTy4YeHNs 00pa3oBaHMA B paliOHAX, paCCUNTAHBI HOPMMUPOBAH-
Hble KO3QOULMEHTBI /I CTIeAYIOLUX CTATUCTUIECKNX ITOKa3aTeseit:

— YJICIIO YYPEXAEHMII JOLUIKOIBHOTO 00pa3oBaHms;
— YJICIIO YYPeXAEHMIT 0011ero cpeHero o6pa3oBaHusA Ha Havyano yue6Horo roga 2022/2023.

Cpepnne k09 PUIMEHTDI IO palioHaM CBUAETEIbCTBYIOT O TOM, YTO OOJIbIle BCETO BO3MOXKHOCTeI JiIA
nonydeHns obpasopanus B JInjckoM parione — cpenHuit KoapdunyeHt paseH 1. Camble HU3KYE CpefHIe
3HaueHus koadpouunentos B 3enbBerckoM (0,25), bepecroBuukom (0,27) u Cucnouckom (0,27) paitoHax.
CreoBaTe/IbHO, CpeAy PAllOHOB Y HUX MEHbIIIe BCETO BO3MOXXHOCTEI /LA IOTy4YeHNst 0Opa3oBaH.

YT0OBI ONIpeNeNTh JOCTYITHOCTh MEAVILIMHBI B PailOHaX, HOPMUPOBaHHbIe KO3 (UIMEHTDI pacCYMTaHbI
UL CTIeAYIOIUX CTaTUCTUIECKMX ITOKa3aTeseit:

— YUCJIEHHOCTDb MPaKTUKYIOIIMX Bpadeil B pacdere Ha 10 000 yemoBek HaceeHMA Ha KOHEL] TOfia;

— YJC/IEHHOCTDb CPeJHMUX MEeIVUIMHCKUX pabOTHUKOB B pacueTe Ha 10 000 uestoBeK HaceneHMs Ha KOHeI]
rofia;

— 06ecIIeYeHHOCTD HaceleHusA 60IbHUMYHBIMY KoiiKaMu Ha 10 000 yestoBeK Hace/leHUs Ha KOHeL] Tofia.

Tak kak [pogHeHCKWIT pailoH puIeraeT K 06/1acCTHOMY IieHTpy — T. [pofHO — 1 ero mokasarens Oyger
CI/IBHO IIPEeBBIIIATH ITOKA3aTe/lN B pajloHaX, U3 aHa/IM3a [0 JaHHOMY IIapaMeTpy OH ObUI MICK/IIOYEH, a ero
K09 GULMeHTY IPUCBOEHO 3HaUeHNe, paBHOe 1.

CpepHre K03 UIMEHTDI IO palioHaM CBUJIETEIbCTBYIOT O TOM, YTO HOCTYIIHEl BCETO MEAVIIVHA B
Octposenkom (1,00) n Ceucmouckom (0,85) paitonax. Camble HU3KMe CpefHMe 3HadeHUs KoadduimeH-
toB B OmmsuckoM (0,52), Bepecrosunikom (0,55), Kopermuckom (0,55) u Cmoprouckom (0,56) paitoHax.
CrefioBaTe/IbHO, CPeAy PAllOHOB Y HIX MEHbIIIEe BCETO BO3MOXXHOCTe /1A MTOTyYeHN MeUIIVHCKNX YCIIYT.

[l onpeneneHysi HAMMYNA SKUIbsl B palloHaX BBIOPAH TaKOJ CTAaTUCTUYECKMII TIOKa3aTeNb, KakK obe-
CIIEYeHHOCTDb HaCe/IeHN XIIbeM Ha KOHell IOfla, ¥ PaCcCYMTaHbl 3HAYeHVS KO3(ULNEHTOB [I PailOHOB.
Pe3y/bTaThl TO3BOJIAIOT YBUAETH, YTO MAaKCUMAIBHO BO3MOYKHOE 3Ha4YeHIe K03 duImeHTa, paBHoe 1, cOOT-
BeTcTBYeT CBUCIOUCKOMY PaiioOHY, C/IelOBAaTe/IbHO, 00eCIIeYeHHOCTD HaceIeHNs )KIIbeM B TaHHOM palioHe
BbIlIe Bcero. Cpeny paitoHOB C BBICOKMM 3HaYeHMeM K03 uIeHTa MOXXHO OTMeTUTD 3enbBeHckuii (0,96),
Hsarnosckmit (0,91), Myunucknit (0,90) u Boporosckuii (0,89) paitonsl. CaMmoe MajieHbKOe 3HaYeH1e K0ag-
¢unmenta B JIngckom paitone — 0,61, To ecTb 06eCIIe4€eHHOCTb Hace/IeHNs KI/IbeM B JAHHOM paiioHe ca-
Mas HU3Kasd.

151 onpeyienieHN s BO3SMOXKHOCTe /11 IPOBeieHNA OCYTa B palloHaX HOPMIPOBaHHbIe K03 PUIeHThI
paccYMTaHbl I CIEAYIOIVX CTAaTUCTUYECKUX [TOKa3aTesIelt:

— KOJINYECTBO TOPTOBBIX 0OBEKTOB Ha KOHEL] IOfIa;
— KOJINYECTBO OOBEKTOB OOLIECTBEHHOIO IIUTAaHM Ha KOHEL] TO/1a;
— KOJIMYeCTBO KJIyOOB Ha KOHEI] TOfia.

Cpennne k03¢ PuIMEHTDI IO palloHaM CBUAETENBCTBYIOT O TOM, YTO OOJIbIle BCETO BO3MOXKHOCTeI JiIA

poBefeHNus focyra B JInpckoM paitoHe — cpepHuit koagouiment paseH 0,94. Camble HU3KME CpefHUe
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3HaueHus1 Koadpduumentos B 3enpBeHckoM (0,25) u IsatnoBckom (0,26) paitonax. CiefoBarenbHO, Cpenn
PallOHOB Y HMX MEHbIIe BCETO BO3MOXXHOCTEI [/IA1 IIPOBEMIeHNs JOCyTa.

[lns onpeneneHus ypoBHs 6e30IIaCHOCTU B paliOHaX BBIOPAH TaKOJ CTATMCTUYECKMII IOKa3aTeNb, KaK
9JCTIO 3aperNCTPUPOBAHHBIX IpecTyIIeHnii (cay4daes) Ha 100 000 yesroBek HaceleHMs, M pacCUNTAHBI 3Ha-
yeHMs K03 PUIVIEHTOB IS palioHOB 0 JAHHOMY ITOKa3aTento. Tak Kak IMOoKa3aTe/Ib YIC/Ia 3aperucTpupo-
BaHHBIX IpecTyIUleHnii (cay4yaes) Ha 100 000 4eroBeK HaceleHMs ABJIACTCA OTPULIATEIBHBIM ITO CBOMM Xa-
PaKTepUCTUKaM, ero KO3 PUIVIEHT BBIYMCIEH KaK Pa3HOCTb MeX/Y 1 U pacCUMTaHHBIM HOPMIPOBAHHBIM
K03 PULIEeHTOM.

[TonmyueHHBIE pe3yIbTaThl CBUETENbCTBYIOT O TOM, YTO BBIIIE BCETO YpoBeHb Oe3omacHocTy B OcTpo-
BerikoM (0,38) n Cnonmmckom (0,37) paitonax. Camble HM3KMe 3Ha4eHUs Koadouiymenta B MocTos-
cxoM (0,00), Ipogrerckom (0,03), BonkosbicckoM (0,05) u Ilyunnckom (0,12) paitoHax, YTO TOBOPUT O HU3-
KOM YpOBHe 6€30I1aCHOCTM B IaHHBIX pallOHaX [0 CPAaBHEHWIO C OCTA/IbHBIMIL.

[l onpepeneHnsa SKOHOMIYECKON NEePCIIEKTUBLL B palloHaX HOPMMUPOBaHHBIE KO3 PUIVIEHTDI paccun-
TaHBI /1A CIERYIOIINX CTATUCTUYECKUX IIOKa3aTeen:

— KO/IMYECTBO OPraHM3anyii Ha KOHel Tofa;
— YAENIbHBII BeC YOBITOYHBIX OpPraHM3aLMIl B IPOLIEHTAX OT OOIIero KOMM4ecTBa OpraHu3aLmii.

Tak Kak IOKasaTe/Ib y/ie/IbHOTO Beca YOBITOYHBIX OpPraHM3aLMil AB/IAETCS OTPUI[ATETbHBIM IO CBOUM Xa-
PaKTepUCTHUKaM, ero KO3 PUIMEHT BBIYMCIEH KaK Pa3HOCTb MeX/Y 1 U pacCUMTaHHBIM HOPMIPOBAHHBIM
K03 PULIVEeHTOM.

[TonyuenHble cpefHIe KO9(PPUIVEHTHI IO pajloHaM CBUJETENbCTBYIOT O TOM, YTO BBIIIE BCETO 9KOHO-
MuyecKas mepcrekTrBa B JInjckoM paitoHe — cpemHuit kKoagduuneHt paseH 0,68. CaMble HU3KME CPefHNE
3HayeHus Koapouunentos B 3enbBerckoM (0,10) u Cucmouckom (0,11) paitonax. CreoBaTenbHO, Cpenn
PallOHOB Y HMX caMasl HU3Kas SKOHOMIYECKas IIePCIeKTUBa.

[l onpepeneHns MHBECTUIIVIOHHOTO K/IMMaTa B pailoHaX HOPMUPOBaHHbBIe K03 UIVEHTHI ObIIN pac-
CUMTAHBI I CIEAYIOLUX CTATUCTUIECKMX TIOKa3aTelelt:

— MIHBECTUIIMM B OCHOBHOJI KaIlMTa/I B (PaKTUYECKY Ie/ICTBOBABIINX LIeHAX;
— ITOCTYIIJIEHNME MHOCTPAHHBIX MHBECTULIA

Cpennre k09(pPUIVEHTHI IO palloHaM CBUAETENIbCTBYIOT O TOM, YTO JIy4llle BCETO MHBECTUIVIOHHBII
K/IMMaT Ha MOMeHT ucciefoBanus B CmoprouckoMm (0,64) u Octposerikom (0,50) paitoHax. CaMble HU3KMe
cpenHme 3HadeHus1 Koapduimentos B bepecrosuiikom 1 VBbeBckoM paitonax — 0,06. CrieoBaTtenbHo, cpe-
IM pajiOHOB Y HUX HaMXY[IINIL MHBECTULVIOHHBIN KIMMAT Ha MOMEHT MCC/IeIOBaHN.

Ha ocHOBaHMNM paccuMTaHHBIX KO3((UINMEHTOB [0 MHTEPECYIOYM MUTPAHTOB IIapaMeTpaM TeppUTO-
puit paccunTaH cpegHMit K03 GUIMEHT I KaXKA0ro parioHa. [1o momy4eHHOMY MHAEKCY KaKIOMY pailoHy
IIPUCBOEHO MeCTO B peiiTuHre (cM. Tabm. 3).

PesynbpraThl NpOBEJEHHBIX PACYETOB IIO3BONIAKT YBUETD, YTO 1-€ MECTO B PENTUHTE NEePCIEKTUBHBIX
PailOHOB [I/1 IPUBJI€YEHN I MUTPAHTOB 3aHUMaeT JIMICKUIT palioH.

CpenanHble BBIBOABI 11O JINICKOMY paitoHy cOOTBeTCTBYIOT fieicTBuTenbHOCTU. C 2010 1o 2019 1. cpenn
paitoHOB [pogHeHCKOI 06/macTy MMeHHO B JIMCKOM paiioHe 4MCII0 IMPUOBIBIIX MUTPAHTOB €KETOHO CY-
I[eCTBEHHO ITPEBBIIIAIO 3HAYEHN JaHHOTO ITOKa3aTesIA 10 CPAaBHEHUIO C APYTMMU paitoHaMu [2].

Ha mocnennem mecte B peiitunre okasanuch Kopemuckuit (17-e mecto), BepectoBurikuii (16-e mecto),
MocroBckuit (15-e mecto) u 3enbpBeHcKuit (14-e Mecto) paitoHbl. COITIACHO ONMCAHHOI BBIIIE METOIVKE
IIPOJENIAHHOTO AHAJIN34, JaHHbIE PailOHbI ABIAKTCA HaMeHee NMEePCIEKTUBHBIMY pallOHaMM JIJ1 IIPUBII€Ye-
HMsA MUrpaHToB. HOpMupoBaHHBII KO3 PUIMEHT JaeT BOSMO>KHOCTD IIPOBECTY KOMMYECTBEHHYIO OLIEHKY
YPOBHS IIPUBJIEKATENIBHOCTH VICCTIERYEMBIX PaliOHOB JI/IA MUTPAHTOB.

IIpopmenaHHbIl CpaBHUTENIbHDBIN aHa/IN3 KOHKPETHBIX COLMATbHO-3KOHOMMUYECKUX IOKa3aTeslell paio-
HOB, YYMTBIBAIOINII IIPEATIOYTEHNA MUTPAHTOB IIPM BBIOOPE OYAYIIero MecTa IpOXXMBAHYA, TO3BOJINII OlLje-
HUTb MUTPALIMOHHBI TOTEeHLIMAN paiioHOB [popHeHckoit obmactu. B anpHeiieM 9T0 MO3BOUT BBIPabO-
TaTb OCHOBHbIE HAIIpaBJIEHNS PEryIMpPOBaHNA MUTPALIVIOHHBIX IIPOLIECCOB HA MX TEPPUTOPUMN.

JlaHHBIII aHA/IN3 IPEJOCTaBII BO3MOXXHOCTD BBIABUTD CHMJIbHBIE 11 CTTabble CTOPOHBI PaliOHOB, YTO CIO-
cobcTByeT 60/mee 3¢pHeKTMBHOMY paclpeie/IeHNI0 pecypcoB. MecTHbIe BIaCTU CMOTYT COCPELOTOYUTD
CBOM YCU/INA Ha IPUBJIEYEHUY MUTPAHTOB 3a CYET CMIIBHBIX CTOPOH B paliOHaX C BBICOKMM MUTPaLIOHHBIM
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IIOTEHLIMAJIOM, a TaK)K€ Ha YCTPAHEHMM HEJOCTATKOB B pallOHaX C HU3KUM MUTPALIOHHBIM ITOTEHLIMAIOM.
[l IpyBIeYeHM A MUTPAHTOB MOTYT OBITh MCIIO/Ib30BAHBI C/IEAYIOLIVIEe MHCTPYMEHTBI BO3JE/ICTBUA:

— co3paHue MHGOPMAILVIOHHBIX KOMIIAaHMIA, IIPOJIBUTAIOIVX IPEVMYIecTBa PajlOHOB;

— yIy4llleHye JOCTYIHOCTI 00pa3oBaHMsA U 3[[PaBOOXPAHEHI Yepe3 CTPOUTENbCTBO KO ¥ OOIbHNLL

- peanmM3anysA MporpaMMBI IOAAEP)KKI MajIoro OusHeca [IA IPUBJICYeHN A NHBECTULIMII B PailOHBI C HU3-
KVMM VHBECTULIVIOHHBIM KJIMIMaTOM;

— BBIJie/IeHMe CyOCUNIT Ha SKMJIbe JI1 HOBBIX SKUTeJeil 1 Jp.

PazpaboraHHas MeTOAMKA 1 IIOTy4EHHBIE Pe3y/IbTaThl MOTYT OBITh MCIIO/NB30BAHBI 1A GOPMUPOBAHUA

Lie1€HaIIpaB/I€HHbIX CTp&TCI‘I/IffI yhnpaBiaeHMA MUTPAllMOHHBIMU IIpOoLieCCaM U YIYUIIEHNA yCIIOBI/If/)I JKN3HU
HacCe/leHyA B CTpaHe.

Vicnionp3yempie ncTouHMKN MHpOpMamn:

1. Cratuctudeckuit exerogHuk IpogHenckoi ob6macty, 2024 1. [DMeKTPOHHBIL pecypc]: cTaTucTuieckuit cbop-
HuK / HanpoHampHbll cTaTucTrdeckuit komureT Pecrrybnuku Bemapycs. — MuHck, 2024. — Pexxnm nocrtyma: https://
grodno.belstat.gov.by/ofitsialnaya-statistika/publications/izdaniya/public_compilation/index_135024/. — [lata foctTy-
ma: 04.01.2025.

2. Umcno mpubBIBIIMX UL [DNIEKTPOHHDI pecypc]: VIHTepakTBHas MHGOPMAMOHHO-aHATUTUYECKas CUCTe-
Ma paclpoCTpaHeHus OQUIMANbHON CTaTUCTUYecKoit nHpopmanny / HanmoHanbHbI CTAaTUCTUYECKUIT KOMUTET

Pecriy6nmuxm Benapycb. — Pexxum focryma: https://dataportal.belstat.gov.by/osids/indicator-info/10101300001/. — [Tata
pocryna: 11.01.2025.
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HA 3AMETKY

MPABUNTA OJ11 ABTOPOB

B xypHane «HoBOCTM HayKu M TeXHOTOTUIT» IyOIMKYIOT-
cs Hay4HbIe M IPOOIeMHBIe CTAaThy, @ TAKXKe KpaTKye cooble-
HM 110 BOIPOCAaM 3KOHOMUKI ¥ YIIPAB/IeHVl HAPOJHBIM X031~
CTBOM, Pa3BUTIA HayKU U TeXHONMOruil B Pecriy6mmke Bemapych
U IPYTUX CTpaHaX, OCBAIIEHHbIE IPOIIaraHye NepCreKTHBHBIX
HAIlpaB/IeHVi HAyKM U TeXHMKM, IIPOM3BOJCTBA, MHHOBALIMOH-
HOJ JIeATe/IbHOCTY, MEXXTYHAPOJHOTO COTPY/IHNYECTBaA.

B cooTBeTCTBUM C ITpUKa30M BpICIeit aTTeCTAIMOHHOI KO-
muccun Pecriybmukn Bermapycs ot 5 stuBapst 2023 1. Ne 2 xxypHan
BXouT B IlepedeHb HaydHbIX M3fgaHMii Pecybmuku Bemapychb
I/ ONyONMMKOBAHMA Pe3yIbTaTOB AMCCEPTAIMOHHBIX MCCIIe-
JOBaHMII IO SKOHOMMYECKMM M TeXHMYeCKMM (MalIMHOCTPO-
eHHe ) MallMHOBefleHNe; IPUOOPOCTPOEHNE, MeTPONOTHA
¥ MHPOPMAIVIOHHO-M3MepHTe/IbHbIe CHCTEMbI) HayKaM.

KypHan BxIOYeH B HayKOMeTpMUecKylo 6asy [aH-
HbIX — Poccuitckuit nHAeKc HaydHoro umtyposanms (PVIHIT).
OJeKTPOHHBIE BEPCUM CTATell, OTyOIMKOBAHHBIX B )KypHaJe, pas-
Metatorcst B HayuHoit anexTponHoit 6ubmoreke eLIBRARY.RU.

Pemakuusa >XypHana NpuITalIaeT ydYeHBIX M CIelya-
TMCTOB B Ka4eCTBe aBTOPOB CTaTell )KypHaa 1 IIPOCUT TIpK
IIpe/iCTaB/IEHN) MaTepyManoB PYKOBOACTBOBATHCA CHIENYIOLIN-
M IIpaBUIAMU.

1. Pykomucp crathy (mamee — CTaThbs, NMpOU3BENEHUE)
Ha PYCCKOM, WM GeIOPYCCKOM, WM aHITIMIICKOM A3BIKaX Ipef-
CTaBJIsETCA B peflakuyio Ha OyMakHOM Hocutene (¢popmar A4)
B /IBYX 3K3eMIUIAPaX, IPOHYMEPOBaHHbIX U MOJIMCAHHBIX BCe-
MM aBTOPaMIL.

2. K cTatbe 0 pe3ynbTaTax paboT, BHIIIOMTHEHHBIX B OPraHN-
3aIlMy, IPUJIATAIOT: XONATACTBO (COIPOBOAUTENBHOE MICHMO)
opraHmsanuy 06 OIyONMMKOBAaHMM CTaTbM; 3aKTi04eHue (aKT
9KCIIePTU3BI) 06 OTCYTCTBMMU B pabOTe CBeIEHUII, COCTABIIAI-
IMX TOCYJapCTBEHHYIO TailHy; peljeH3Nio (A1 Hay4YHBIX CTa-
Teit). Henb3s HaIpaBIATh B peflaKIMIO pabOThI, HalleYaTaHHbIE
B MHBIX MI3JaHNAX MO0 HAaIIpaB/IeHHbIE B MHbIC M3JaHNA.

3. DNeKTPOHHBIIT BapMaHT CTaTby B popMaTax JOKYMEHTOB

*.doc, *.docx u MerajaHHBIe MPOM3BEREHMUA IIPENCTABIAIOT-
cs1 Ha anekTpoHHoM Hocutenne (CD, DVD) mn6o a/meKTpoHHBIM
IIVICbMOM C IPUJIOXKEHNEM Ha 3/1eKTPOHHBIN MOYTOBDIN ALMK
doroshuk@belisa.org.by win sudilovskaya@belisa.org.by.
HasBaHus NpUKpPEIVICHHBIX K IMCbMY (ailIoB JO/DKHBI BKITIO-
4aTh GpaMUINYI aBTOPOB.

4. B pepakiyio Ha 6YMa)KHOM HOCHUTeNIe NMpPeACTaBIAIT-
Cs INIeH3MOHHBIII IOTOBOP M aKT IpyeMa-nepesayn Mpous-
BelleHusA, 0OpM/ICHHbIE ¥ TOMIMCAHHBIE KaXK[bIM aBTOPOM.
Asmopul, panee 3aKo4asuiue 002060p € HypHATOM, NPedoCnas-
JIAIOM MONLKO aKm npuema-nepeoauu npou3sedeHus.

5. OCHOBHOII TeKCT CTaTbU HabupaeTcss WPpUPTOM TUIA
Times, pasMep cMMBOJIOB 12 II., OfMHAPHBIII MHTEpBaI, ab3all-
HBIJ1 OTCTYN 1 cM, 1osA: 1IeBoe — 3, mpaBoe — 1, BepxHee — 2,
HIDKHee — 2 CM, B TeKCTOBBIX peflakTopax Word nog Windows,
nns popmyn — B popMynbHOM pefakTope Word.

6. Pyxomicy craresi JO/KHbBI BK/TIOYATD C/IETYIOLIVE 9/IEMEHTBI:

- unpexc YIK (http://udc.biblio.uspu.ru);

— Ha3BaHMe CTaTbV HA PYCCKOM U AHZIUIICKOM A3bIKAX;

- cBefieHMsA 006 aBTOpax (VI KaXHOrO M3 aBTOPOB) HA
pycckom u anenuiickom A3vikax: GaMuInA, VMsA, OTYECTBO;

IODKHOCTb, y4eHas CTelleHb, yUeHOe 3BaHMe; Ha3BaHUe Opra-
HM3aLlUM, B KOTOPOII paboTaeT (YUUTCsA), TOPOJ, CTPaHa;
- anHOTaIMIo (pestoMe) (o 100-150 croB, mmyn 600-800 re-
JaTHBIX 3HAKOB) K CTaThe HA PYCCKOM U AH2TULICKOM A3bIKAX;
— KJTI0YeBBIe CTI0BA MY CTIOBOCOYeTaHMA (Ho 15) Ha pycckom
u anenutickom A3vikax (KIo4deBble CTIOBA MU CTIOBOCOYETAHNSA
OTJEJIAIOTCA IPYT OT APYTa 3aIATON);
— TIOJHBI TEKCT CTaTbI;
- 6ubnmorpaduuecKuit CIUCOK TUTEPaTyphl (TONbKO Ha SI3bI-
Ke OpUTMHAJIA).

7. O6beM cTaThy He [O/DKeH IpeBbimarth 10-15 crpa-
HML, (BKIIOYAs TaOMMIBI, WUTIOCTPALMM M CIIUCOK JIUTEPaTy-
pol). IIpMHMMA0TCA KpaTKue COOOIIeHMA JIO0 TpeX CTPaHMIL.
O6beM HayYHOV CTAaThM, YYUTHIBAEMOI B Ka4eCTBe My OIMKAIMN
TIO TeMe AUCCePTaLVN, JO/DKEH COCTAB/IATh He MeHee 0,35 aBTOp-
ckoro nmcTa (14 000 meyaTHBIX 3HAKOB € IIpobeammn).

8. Becb M/TIOCTpaTUBHBIT MaTepual (KpoMe ayarpaMm MS
Excel, MS Graph) mpepocTaBiseTcsi B Hammy4iieM KadecTBe
B BHJie OTHEbHBIX (daiinoB ¢ paspelieHneM He MeHee 300 dpi,
coflepyKall[IX HOMep PUCYHKa C pacIlipeH1eM, YKa3bIBaIOIIM
Ha ¢opmar ucnompsyemoro ¢aima (*1.TIF, *2.JPEG u T. &.),
a taxke (mnn) B popMe orredaraHHbIx pororpaduit. Kaxmaplit
PUCYHOK [IO/DKEH MMeTb HasBaHMe, KOTOpOe IIOMellaeT-
¢ nop, pucyHkoM. Ecin B TekcTe 6oree OZHOTO PYUCYHKA, TO
OHU HyMepylTcs apabckumu nudpamu (Hanpumep: «Puc. 1.
HasBannue...»). HoMep noMenjaetcs nepey, HaspaHueM. Tabmmiibl
BCTaB/IAIOTCA B TeKCT, OHU NO/DKHBI 0053aTeIbHO VIMETb Ha3Ba-
HIIe J1 3aTOJIOBKY BCeX rpad.

9. OcHOBHBIM HIPU(TOM HAOMPAIOTCA: TpedecKue U pyc-
cKye OYKBbI; MaTeMaTnyecKue CUMBOBI (sin, 1g); cumBoMBI X1-
mudeckux sneMeHToB (C, Cl, CHCL,); undpst (pumMckue u apab-
CKUe); BEKTOPBI, MHAEKCHI (BepXHMe U HIDKHUE), AB/IA0MNeC
COKpallleHnAMMU cIoB. KypcuBoM HabupaloTcs TaTHMHCKUE OYK-
BBI: IIepeMeHHbIe, CUMBOJIbI PU3MUECKMX BETUIMH (B TOM YMCTIe
u B uHAeKce). KupHpIM mpudToM HAOUPAOTCA BEKTOPHI
(cTpenkm cBepxXy He CTaBATCA), a TAKXKe CNIOBa Y IUPBI, KOTO-
pble HYXHO BBIIeUTb. POPMYBI ¢ [POOAMM, 3HAKAMU CYMM,
MHTETPasoB, BEPXHUMM ¥ HIDKHMMM MHJEKCaMM HabMparoTCs
B pegakTope dpopmyn MathType. OTnenbHO cTosilye B TeKCTe
6ykssl (a, b, d, j, 1, m, r u gp.), 3Haku u cumsonst (£, +, ', 1, ¥, °,

°, 1 u ap.) Habupatotca 6e3 ncronbsoBaHus perakTopa Gopmyn:
OHJ BCTABJIAIOTCA U3 MeHIo BeraBka/CyumBorn. Ecv anuna dop-
MYJIBI IIPEBBILIACT AIMHY CTPOKI, TO CIEyeT Pa3opBaTh JAHHYIO
(bopMyITy Ha HECKOIBKO CTPOK B COOTBETCTBUY C IIPAaBI/IAMM IIe-
peHoca MaTeMaTU4ecKux GopMyIL.

10. PaaMepHOCTM BCeX BEMMYMH, UCIOIb3yeMbIX B TEKCTe,
TO/DKHBI COOTBETCTBOBATh MeXIyHapONHOI CUCTeMe efVIHUI]
usmepenus (CH).

11. JIutepaTypa IpUBOJUTCA OOIIMM CIMCKOM B KOHIIE
crathy. CCBUIKM Ha JIMTEPATypy B TEKCTe UAYT IO MOPAAKY
u 0603HavawTCsA 11pPoIt B KBaApaTHBIX CKOOKax (Hampumep:
[1], [2]). Crucok nuteparypsl opopmisieTcss B COOTBETCTBUM
¢ TOCT 7.1-2003. JIntepaTypa Ha aHIJIMIICKOM sI3bIKe HabOM-
paeTcs IO TeM >Ke MPaBUIIaM, YTO M PyccKoA3bldHasA. CChblIKI
Ha HeolyO6/IMKOBaHHBIE PaOOTHI He JOITYCKAIOTCA.
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«HoBocTi Hayki n TexHomoruii» N2 (73) 2025

HA 3AMETKY

12. VinmocTpanym, GopMybl, ypaBHEHN ¥ CHOCKY, BCTpe-
YaIOLeC B CTaThe, HyMEPYIOTCA B COOTBETCTBUY C MOPASKOM
UUTUPOBAHNA B TEKCTE.

13. TIpencTaBsAs TEKCT CTATbU /1A MyOMMKALMY B XXypHa-
Jle, aBTOPBI TAPAaHTHUPYIOT IPaBIIBHOCTD BCEX CBefieHMIT 0 cebe,
OTCYTCTBME IIarMaTa U APYrUX GOpM HelpaBOMEPHOTO 3auM-
CTBOBaHMA B IPEJICTaB/IEHHOI PYKONMCH CTaTbM, HaJ/IeXalee
odopMIeHNe BCeX 3aMIMCTBOBAHMII TEKCTA, TaOMNL, CXeM, M-
JIIOCTPALINIAL.

14. Marepuanbl 1 pyKOIVCH CTaTell, IpefcTaBlIeHHbIE B Pe-
TaKLMIO C HapylLIeHueM TpeboBaHuUit HacToAmmx IIpaBui, pe-
TAKLMel He PeleH3UPYIOTCA ¥ He pacCMaTPUBAIOTCA Ha Mpefi-
MeT OITyO/mnKoBaHusA. PyKomucy aBTopy He BO3BPAILAlOTCA.

15. OpurnHanpel aBTOPCKMUX PYKONMCEN XPAHATCA B peak-
LMY B T€YEHNE TOfIa, PELIEH3NIT — B TeYEHE TPEX JIET.

16. PeliensupoBaHye HayYHbIX MaTEPUAJIOB OCYLIECTBIAETCA
ITyTEM CTOPOHHETO ¥ BHYTPEHHETO PElieH3MPOBAHNA.

ITpu cTopoHHEM pelleHsMpOBaHNM ABTOPbI IPU/IATAIOT K PY-
KOIIMCYU CTaTbyU PEIEH3NI0 TOKTOpa WM KaHAU/laTa HayK, 3aBe-
PEHHYIO B YCTAaHOBJIEHHOM IIOPSJIKE.

BuyTpennee pelleHsupoBaHMe OCYIIECTBIAETCA YIE€HAMU
PENAKLMOHHONM KOJIETMM COOTBETCTBYIONIETO HAYYHOTO IIPO-
&unA ¢ yueHoI! CTeleHbIo JOKTOPA MM KaHAUAATa HayK, HasHa-
YaeMbIMJ TJTABHBIM PEJAKTOPOM.

OCHOBHBIM KpUTepJMeM LIeNeCO00pasHOCTH Ty OMIMKALIUN AB-
JIAeTCA HOBU3HA ¥ MHQOPMATUBHOCTD CTaThu. I1py Hamaum 3a-
MeJaHNIi CO CTOPOHBI BHYTPEHHETO PElleH3EHTA CTaThsl BO3BPa-
I[aeTcs aBTOPY Ha JOpaboTKy. VcIpaBieHHast CTaThsl IOBTOPHO
HaIpaB/IAETCA Ha pelleH3MpoBaHue. JJaToli oCcTynenns CTaTbu
CUNTAETCSA JIeHb MOTyYeHNs peflaKiiyiell OKOHYaTeTbHOIO Bapy-
aHTa CTaThH.

B cryyae oTKa3a B OIyOMMKOBaHMUM IIPeCTaBIeHHBIX MaTe-
PUanoB peflaKiysA He laeT MMCbMEHHOTO 3aK/ITI0YEHNA O IPUIM-
HaX TaKOTO PeIleHNs, He 3HAKOMUT aBTOpa C Pe3ynbTaTaMI pe-
LIeH3MPOBAHNsA M He BO3BPAIljaeT NOCTYNMBIINE MAaTePUAIbL.

17. PepakiiyisA ocTaB/seT 3a cO60IT IPaBO Ha pefaKIMOHHbIE
M3MEHEHM, He MICKa)KAIoII/e OCHOBHOE COfiep)KaHMe CTaThH.

Paspen moaroToBIeH Mo MaTepuanaM M3AaTenbCTBa
HAYYHOIT M MegUIHCKoI1 muteparyps Elsevier,
a Taxke MaTepuanos MexgyHapogHoro Kommrera
o ny6nukanuonHoii sruke (COPE)

18. ITHKa HayIHBIX MYOIMKALVIL.

18.1. Bce cTaTby, NpemoCTaBleHHblE A/ MyOIMKanmum
B XypHane «HoBOCTM HayKm M TeXHOMOrMii», MTPOXOAAT pe-
LIEH3MPOBaHNe Ha OPUTMHATIBHOCTD, STUYHOCTD M 3HAYMMOCTb.
CobrniofieH1e CTaHAPTOB STUYECKOTO MOBENIEHNA BaXKHO LA
BCEX CTOPOH, IIPYHMMAIOIIVX y4acTue B TyOMMKaIMI: aBTOPOB,
PENaKTOPOB XypHaJa, PEIleH3€HTOB, N3/IaTeNs.

18.2. ABTOp MaTepuasa, IpeACTaBIeHHOTO K ONy6nMKoBa-
HIIO, He JJOJDKEH IyOIMKOBaTh paboThl, KOTOPbIE ONUCBHIBAIOT
IO CYTH OJfHO M TO Ke UCCIIefloBaHue, 6oJiee YeM OfVH Pa3 MK
6oree 4eM B OHOM >KypHaJe.

ITpenocTapenue pyKkomicy 6oee 4eM B OfVIH >KypPHAII Off-
HOBPEMEHHO O3HAa4YaeT HE3TUIHOE M3JATENbCKOE IOBEJEeHNEe
U ABNIAETCA HEJOIMYCTUMBIM.

18.3. ABTOpPCTBO HEOOXOIVMMO OTPAaHMYUTD TEMM JIMLIAMI,
KOTOpbI€ BHEC/IM OLIyTUMbIN BK/IaJ, B KOHIEMIIVIO, TPOEKT, MC-
IIO/THEHYIe VY MHTePIIPeTalliIo 3as1B/IeHHOI paboTsl. Beex, kTo
BHEC OLYyTMMbIii BK/Iafl, CTIeflyeT BHECTU B CIIMCOK COAaBTOPOB.

18.4. ABTOp NO/KEH TapaHTUPOBATh, YTO CIUCOK aBTOPOB
COfIEP)KUT TOMbKO AEICTBUTENbHBIX ABTOPOB I B HETO HE BHe-
CEHBI Te, KTO He MMeeT OTHOLICHVs K JAHHOIT paboTe, a TakoKe
TO, YTO BCE COABTOPBI O3HAKOMMIUCH 1 OFOOPIIIM OKOHYATETb-
HYIO BEPCUIO CTATbU ¥ Ja/li CBOE COI/IACHE Ha ee MyO/IMKaLIIIo.

18.5. Pemkonnmernsa peleHsupyemoro xypHana «Hosoctu
HayKV ¥ TEXHOIOTUIi» ABJIAETCA OTBETCTBEHHOI 3a NPUHATIE
pelleHNs1 O TOM, KaKie CTaTby OYAYT OIyONMMKOBAaHBI B XKyp-
Hasle. Pellenye npuHuMaeTca Ha OCHOBaHMM TPeCTaB/IAeMbIX
Ha CTaTbIo pelleH3uil. PelakTop MOXeT COBETOBATbCA C IPYTH-
MU peaKTOPaMU /ISl IPUHATHUA PelIeHMIA.

18.6. Penakumonnas komerns XypHana «HoBoctu Hayku u
TEXHONIOTUI» IPY PACCMOTPEHMM CTaTby HAa OCHOBAaHMM PEKO-
MeHJaumy Bpicirelt aTrTecTalMOHHO KoMuccun Pecry6nmku
benapycp MoeT Npou3BecTy IPOBEPKY MaTepyaa C IOMOIIbIO
CHUCTEMBI « AHTUIITIaTHAT».

18.7. Heomy6nuKoBaHHBIe MaTepyasibl, HAXOMAIYECS B IIpe-
[OCTaB/IEHHOII CTaThe, He JO/DKHBI OBITH MCIIOIb30BAHbI B COO-
CTBEHHOM MCCTIeOBAaHMM HAyYHOTO PEaKTOPa ¥ PelleH3eHTOB
6e3 cIienMaabHOTO MICbMEHHOTO PaspelIeHNsI aBTOpa.

18.8. PelieH3eHTbI [JO/DKHBI HAEHTUUIMPOBATD OITyOINKO-
BaHHYIO paboTy, KOTOpas He ObUIa IIPOLUTUPOBAHA ABTOPOM.
JIro60e yTBep>KAEHe, YTO HAOMIOfeHMe, TIPONCXOXKAeHNEe b0
apryMeHT paHee ObUIN COOOIeHbI, HEOOXOUMO COIIPOBOXKIATD
COOTBETCTBYIOIIEl CCBIIKOI. PelleH3eHT Taxke MOMKeH HOHe-
CTU 10 CBETeHMS PeFaKIy O 0601t CYIeCTBEHHOI CXOXKeCTH
MM YaCTUYHOM COBIIAIeHUM MEXJY PYKONMChIO, KOTOpasd pe-
LIeH3MPYeTCs, U FPYTOit yoke OmyOIMKOBAHHOI PabOTOIL, KOTO-
pas eMy 3HaKoMa.

18.9. IlpusarHas mHpoOpMaLysi WIM WUIEW, BOHUKILNE
B IIpOLiecce pelieH3MPOBaHIs, JO/DKHBI OCTAaTbCs KOHPUEHIIN-
aJIbHBIMM 1 He MOTYT ObITb JICIIO/Ib30BaHBI B IMYHBIX MHTEpe-
cax. PerleHseHT He JJO/DKeH pacCMaTpUBaTh PYKOIMCh, €C/IN MMe-
€T MeCTO KOHQIMKT VIHTEPECOB B PE3Y/IbTaTe er0 KOHKYPEHTHbIX,
IIAPTHEPCKUX MO0 APYTUX OTHOIUEHMIT MIN CBA3EI ¢ KeM-nb0
13 aBTOPOB, KOMITAaHMI MY OPIaHMU3ALMIA, CBA3AHHbIX C MaTepH-
aJIOM Iy O/IMKALMIL.

18.10. PerjeHseHTbl Mnu KTO-TMO0 U3 COTPYAHMKOB LITA-
Ta pefaKUMy He JO/DKHBI pasIlallaTh HUKAKYI0 MHPOPMALUIO
0 IIPefOCTABIEHHOI PYKOIMMUCK KOMY-1160, KpOMe CaMOro aB-
TOpa, PElleH3€HTOB, IIOTEHIIMATbHBIX PEIIeH3E€HTOB, IPYTUX pe-
TAKLMOHHBIX COBETHMKOB U U3JlaTeNls, IOCKONbKY OHA sBJIAET-
51 KOHOVIEeHIIMATIBHOIL.

Marepuansl B peJaKIiIo CIeAyeT HAPABIATD
1o afpecy:

up. Io6egureneit, 7, 220004, r. Munck

I'Y «benViICA»
(>xypHan «HoBOCTM HAYKV ¥ TEXHOTIOTHIT»)

Tem.: (+375 17) 203-41-23, 306-09-46
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