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ObvekmoM  uccnedogaHus  OaHHoU — pabomel
A6150MCI  Mamepuansl  8anSbHO-80UI0YHbIE U
ucnone3yembie 04151 NOOKAAOKU 00ysu: Kowa, uc-
KycCmBeHHbIl Mex, 6alika, mKaHu ¢ MemMOpaHHbIM
nokpeimuem.

llpedmemom uccnedosgaHus siensomca  @Gu3u-
Ko-MexaHu4eckue csolicmea eoliiokos 0415 8epxa
06ysu u nakemog Mamepuanos.

OcHogHas uenv pabomel 3ak104aemcs 8 usyde-
HUU B/IUSIHUSI BOJIOKHUCMO20 €OCmMasa 8oU1oKka U
muna nodknadku Ha ceolicmsea nakemos eepxa oby-
8U U3 Mamepuanos C xaomuyeckol cmpyKmypod.
B npouecce uccnedosaHusi 6bi10 OUEHEHO BUSHUE
nodknadku Ha @opmoycmoiiyugocms sepxa 06ysu
U3 mMoHKuUX 80Llinokos. Takxe 6bi1 nposedeH aHanu3
nosy4eHHbIX pe3ynbmamos, Komopbili N0380aus coe-
J1amb 8618006l O UENeco0bpa3Hocmu npuMeHeHus
anbmepHAmMUBHO20 MexHUYeCcKo20 MOHKOWEPCMHO-
20 golinoka 8 npou3zsodcmee obysu. B xode uccnedo-
8aHUS OblI0 YCMAHOBNEHO BJIUSHUE NOOKAAO0YHbIX
Mamepuasnos, U320mMoeneHHbIX U3 80UI0OKA pa3HO20
B0JIOKHUCMO20 €OCmMasa, Ha @opmyemMocms, @op-
MoycmoUyugocms U mexHo02u4eckue napamempel
8bINOJIHEHUS 06MSAKHO-3aMAXHbIX onepayuli eepxa
06y8u. 3mo no380/15em Npo2HO3UPO8AMb N0BEOEHUE
0bysu ¢ 8epxoM U3 80U/I0KO8 Ha NOOKAAOKE 8 3a8u-
CUMOCMU 0M HA3HAYEHUS U CPOKOB8 IKCNyamayuu.

ABSTRACT

FIBER COMPOSITION, FELT, SHOES, CHAOTIC
STRUCTURE, LINING

The object of the research is felt materials and
those used for shoe lining: leather, faux fur, baize,
fabrics with a membrane coating.

The subject of the study is the physical and me-
chanical properties of felts for the shoe upper and
material packages.

The main goal of the work is to study the ef-
fect of the fibrous composition of the felt and the
type of lining on the properties of the shoe upper
packages made of materials with a chaotic structure.
In the course of the study, the influence of the lining
on the shape stability of the shoe upper made of thin
felts was evaluated. The analysis of the results was
also carried out, which made it possible to draw con-
clusions about the feasibility of using an alternative
technical fine-wool felt in the production of shoes. In
the course of the study, the influence of lining materi-
als made from felt of different fibrous composition
on the formability, dimensional stability; technolo-
gical parameters for performing tightening and
lasting operations of the shoe upper were deter-
mined. This enables to predict the behavior of shoes
with felt uppers on the lining, depending on the pur-
pose and service life.

The purpose of the research is to ensure that,
when developing a technology for manufacturing
shoes from materials with an anisotropic chaotic
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BECTHMK BMTEBCKOIO MOCYLAPCTBEHHOIO TEXHO/IOTMYECKOTO YHMBEPCUTETA, 2023, N2 1 (44)

9
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Pe3ynemamei nposedeHHbix ucciedosaruli bydym
UCNoIb308aHbI NPU Paspabomke mexHoa02uu U32o-
moeneHus 06ysu U3 Mamepuanog ¢ aHU30MponHoU
xaomuyeckol cmpykmypotl, obecneyusas mpebosa-
HUst napamempog adpecHo20 NPoeKmMuposaHus mex-
HOJI02UYeCcK020 npouecca

OpHoM M3 uenen NPOMBIWIEHHOW MOMUTUKM
Poccuiickont ®epepaunm aensetcs GopMupoBaHme
BbICOKOTEXHOJIOTUYHOW, KOHKYPEHTOCMOCOBHOW
NPOMBILLIEHHOCTH, ObecneynBatoLel Mepexosn
3KOHOMMKM rOCYAaApCTBA OT 3KCMOPTHO-CbIPbEBOIO
TMMNa pasBUTUS K MHHOBALMOHHOMY, KOTOPbIN, OT-
HIOAb He npeanonaraeT OTKa3 OT HALMOHANbHbIX
TpaauLMiA, B TOM Yuciie B YaCTU YA0BIETBOPEHUS
BCEBO3paCTallLMX NOTpebHOCTEN HaceneHus B
MOJHOM, KA4EeCTBEHHOM 1 COBPEMEHHOW 00yBM. Opa-
HOBPEMEHHO C 3TUM HabupatoT 060pOThbI YCTOMYMU-
Bbl€ TEXHOJIOTMM M OCO3HAHHOE NoTpebneHune. ITUM
TpeboBaHWSM BMOJIHE OTBEYAIOT BaNAIbHO-BOMI0Y-
Hble MaTepuanbl, 06naaatoLmMe XxaoTMYeCKom CTPyK-
Typoi, obecneymBaioLle KOMMAEKC YHWMKaNbHbIX
TMrMeHnYeCcKnx CBOMCTB 0BYBM, CMOCOBHOM coxpa-
HUTb 3n0poBbe noTpebutens. C y4eToM pa3BUTUS
COBPEMEHHOW TEXHUKM M TEXHOJSIOTMI Takas 00yBb
MOXET yA0BNETBOPUTL CaMbIX B3bICKATENbHbIX MO-
TpebuTenel He TONbKO BbITOBOI, HO M CNeLManbHON
BOMMOYHOM 0OYBM CTpPaTerMyeckoro HasHa4YeHwus.
lNpobneMa M3roToBNEHWMS WM3LENUIA U3 HETKAHbIX
MaTepuanoB aHU30TPOMHOM XaOTUUYECKOM CTPYKTY-
pbl BO/IHOBaNa y4YeHbIX B pa3HOe BPeMs B Pa3HOW
creneHun. CreneHb akTyanbHOCTM TEMbI UCCNEN0Ba-
HWS 3aBKUCENa, B TOM YMCie OT CTPaHbl U PerMoHa.

3HauMTeNbHbIA BKNa4, B M3y4YeHWE HeTKaHbIX
TEKCTU/IbHBIX MaTepuanoB, B TOM 4YuCie BOMIOKA,
BHEC/M 3apybexKHble yyeHble Takue, kak Aksakal B.
[1], Bao, M.; Lou, X.; Zhou, Q.; Dong, W.; Yuan, H.;
Zhang, Y. [2], Mdkela M.A., Laamanen T., C. Little,
M.EL-Sharif,M.J.Hepher,Bereck K.R.Cpeau poccuii-
CKMX YYEHbIX, KOTOPbIM NPUHAANEXuT GopMnpoBa-
HWe COBPEMEHHbIX MPEeACTaBAEHUA O NMPOEKTUPO-
BaHUM CTPYKTYPbl U OLLEHKE CBOMCTB TEKCTUIbHbIX
MaTepuanoB Takux, kak [H. KykuH, B.A. by3os,
A.M. Xuxapes, B.l0. Muwakos, E.A. KnupcaHosa,
K.3. Pazymees u op. ®.M. Kysbmnyues, A.H. CemeHo-
Ba, 3.A. MyntoknHa, A.M. aTxynnmHa nccnenoBanm
cBOMCTBA BangHoi obysu,a O.H. Poibakosa,A.C. On-
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structure, using digitalization, requirements of the
parameters of the targeted design of the technolog-
ical process are followed, considering the purpose of
the shoe, the season and the conditions of its use.
The results of this study are intended for use in the
footwear industry.

nobipesa, [1.H. Cumaves, b.11. 3apuukunii BHecaun ceomn
BK/1a4, B UCCnenoBaHMe 06yBM C BEPXOM U3 INCTO-
BOrO BOWMIOKAa. HeManoBaxHoe 3HayeHWe WMerT
dopma, pasmepsbl, GU3MKO-MEXaHMYECKUE CBOWM-
CTBa M B3aMMOAENCTBUE CTPYKTYPHbIX 3/1EMEHTOB.
OnpepeneHHble TPYAHOCTW NpeacTaBnseT MatemMa-
TUYECKOE M FeOMETPUYECKOE MOLENMPOBAHME He-
TKaHbIX MOIOTEH, YTO CBA3aHO B OCHOBHOM C M3BWU-
TOCTbIO BOJIOKOH M OTHOCUTENIBHO XaOTUYECKUM UX
pacnonoxeHneM B MaTepuarne.

YuutbiBasi BCEBO3pACTAlOWMIA  CMpoC noTpe-
buteneit Ha BOWMMOYHYK 00YBb, @ Takxe HeobXxo-
ANMMOCTb NOBbIWEHNUA 3HAYNMOCTU Poccnn u npo-
[LBUXXEHWS HALLMOHA/bHbIX 0OYBHbIX MaTepUanos B
YCNOBUSX C/IOXHOM FeomnoIMTUYECKOM 06CTaHOBKM,
aKTyanbHOCTb MCCNEAO0BAaHMS CBOWCTB  Banssib-
HO-BOW/IOYHbIX MaTeEPUANOB He OCTAaBNSET COMHe-
HU.

OpHako MoTpebHOCTIM MONOAEXM B KPacMBOM
3CTETUYHOM M 3IKCKNIO3MBHOM 00OYBM TpaaMLMOH-
Hble BaZIeHKM He OTBEYAtOT, N03TOMY M3roTOB/EHME
MOJHOM, COBpEMEHHOW 00YyBM MOXeET obecneunTb
COBpPEMEHHAs TEXHONOTUSI MPOM3BOLCTBA €€ U3 /IU-
CTOBOTO BOWMIOKA 3aTSHXKHbIM CNOCOOOM Ha 0BYBHbIX
konoakax. Of4HAKO BOMNOYHAs 3aTaKHas 00yBb He
NULWEHa OnpeaeneHHbIX HeLoCTaTKOB, Hanpumep
HM3Kas GOPMOYCTOMUYUBOCTb, OCOBEHHO NpW Mpu-
MEHEHUU BOMNOKA TONLLMHOM HuKe 4 mam. C nopob-
HOW nNpobneMon CTONKHYAUCL MNPOU3BOAUTENM
poccuickon obyBHon komnaHum AO «EropbeBck-
00yBb», Ybsi 0OYBb M3 BOWIOKA NOMb3YETCA 3aCy-
YKEHHOM MONYNSPHOCTbIO He TONbKO Y AEeTel, HO U
y B3pocibix. OoHMM M3 PaKTOPOB, BAUSIOWMX HA
(hOopMOYCTONUMBOCTb 0OYBMU, IBNSETCS XaoTM4ecKas
CTPYKTYypa BOM/IOKA, KOTOPbIM MOXET ComepXaTb
pasnuyHble BMAbI BOMOKOH. JTO AeNaeT ero 0co-
6eHHO HenpeackasyeMbiM B WMCMOMb30BaHWMM ANS
co3naHusa obysu. B To xe Bpems, BbIGOp npaBuiib-
HOM MOAKNALKM MOXET 3HAUMTENIbHO MOBAUATL HA
KOHEUHbII pe3ynbrarT.
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B HacTosiwee Bpems 3aTsxHas 00yBb M3roTas-
NIMBAETCS M3 BOWMIOKA, B COCTaB KOTOPOro BXOAWT
BbICOKOKAUYeCTBEHHAass MEpPUHOCOBasi LepCTb, Mo-
cTaBnsieMas u3 ABCTpanuu.

YunTbiBas nonoxeHue Poccum B yCnoBmsax CaHk-
umMi, a Takxke Ykas lNpesupeHTta Poccuiickon Mene-
pauwmm ot 8 mapta 2022 r. N2 100 «O npumeHeHun
B Lenax obecneyeHusa 6esonacHoctn Poccuinckoi
Qdepepaumm cneumanbHbIX 3KOHOMUYECKMX Mep
B Chepe BHELIHEeIKOHOMMUYECKOW AeaTesbHOCTUY,
006 MMNopTO3aMeLLeHnK, aKTyasbHO MCCIenoBaTh
CBOMCTBA TEXHUYECKOrO TOHKOLLIEPCTHOrO BOMIOKA,
6113KOro No cocTaBy 0OyBHOMY, HO COCTOSILLErO U3
oBeYbel LepcTM OTeYeCTBEHHOro MpPOM3BOLCTBA.
Ho npsamas 3ameHa 06yBHOro BOWIOKA anbTepHa-
TUBHBIM TEXHWYECKMM HEBO3MOXHA BC/IeCTBUE
ero Hu3kon (opMOyCTOMYMBOCTH, NOITOMY Heob-
XOAMMO UCKaTb MYTW peLleHns AAHHOM NpobneMbl.

TemaTvke uccnepgoBaHMs  GOPMOYCTONYMBO-
CTM 06yBM MOCBSILLEHbI PAOOTbI TAKMUX YUEHBIX, KaK
tO. M. 3bI6UH, B. A. ®ykuH, B. E. Topbaumk 1 ap. Tem
He MeHee, npobnemMa OPMOYCTOMYMBOCTU 0OYBU
aKTyanbHa U CErofiHs, Tak KakK, HECMOTPS Ha Cylue-
CTBEHHbIE U3MEHEHUS B TEXHONOMMU NMPOU3BOACTBA
00yBM U NpUMEHEHUN COBpeMeHHoro obopynoBa-
HUS, oTe4YecTBeHHOe 0OyBHOE MpOM3BOACTBO He
obnapgaet AaHHbIMM O CBOMCTBAX COBPEMEHHbIX
MaTepuanoB U BO3MOXHOCTM 3aMeHbl TPaAULMOH-
HbIX [3].

3aroToBka Bepxa 00yBM M3 BOMIOKA, KaK U U3
LpYrMx O0OYBHbIX MaTepuanoB, MOXET ObiTb He
TONBbKO OAHO- HO M MHorocnoHon. OgHako Tpa-
LVUMOHHbIE NOJKNAA04YHbIE MaTepuasbl, NOBbILLAS
(hOpMOYCTOMUYMBOCTD, CYLLECTBEHHO CHUXAIOT Ten-
N03aLUMTHbIE CBOWMCTBA, MO MOKA3aTeNnsiM KOTOPbIX
BOWNOYHas 00yBb HE MMEET aHaNOroB A8 IKCMya-
TaLMKU B XONOLHbIN Nepuoa,

MNpepnoxeHo oybnnpoBaHWe BOMIOYHBIX AeTa-
e Bepxa NOAKMNALKOW NpU YCI0BMMU, YTO TAKOM
mMatepuan He ByLeT CHWXaTb MoKasaTenu Tenniosa-
WMTHBIX CBOMCTB 00yBU. Llenbto JaHHOM Hay4yHOM
paboTbl 9BNSETCS onpeneneHne CTeneHn BIUSHUS
BOJIOKHMCTOrO COCTaBa BOMIOKA M BUAA NOAKNAAKM
Ha CBOWCTBa NakeTa MaTepuanoB AJis Bepxa 00y-
BM M3 MaTepMaNoB C XaOTUYeCKOW CTpYKTypoi. [1na
DOCTUXKEHWUS MOCTABNEHHOM LEenu MNOCTaBNeHbl U
pelleHbl Cneayolme 3aaaym: BoibpaHbl ABa BUAA
BOWNOKA, BOJIOKHUCTbIM COCTAaB KOTOPbIX BKIIOYAET
LepCTaHble BOMIOKHA Pa3HOro Kayecrsa: 0OyBHOM
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(wepcTb 0BeYbst HaTypanbHas ToHkas — 50 %, mexo-
Bble OTXO[bl M pereHepupoBaHHas wepctb —50 %)
OCT 17-531-75 (B,) ¥ TEXHNYECKMH (LIEPCTb OBEYbS
HaTypasbHas MbITas TOHKas M MONyToHKas — 75 %,
rpebeHHble o4echbl u MexoBble oTxoabl 25 %) TOCT
11025-78 (B,) [5, 6]. BONOKHMCTbIN COCTaB BOM/IOKa
SBNAETCS KNO4YEeBbIM (PAKTOPOM 415 CBOMCTB 00y-
BU, OLHAKO ero 3@eKT MOXeT ObITb CyLLECTBEHHO
M3MEHEH 3a cyeT BbiIbopa NoaxoasLeit NoaKNALKM.
[Ona matepuanoB noaknagkm obyBu C BEPXOM U3
BOMMOKa BblOpaHbl Hanbonee pacnpocTpaHeHHble
noaknafoyHble 0byBHble MaTepuanbl, B TOM 4YUC-
e MHHOBALIMOHHblE, C MeMOpaHOW B CTPYKTYpE;
BbIOpaHbl CTaHAAPTHble MeToAbl WCCIefoBaHMs
OOHOUMKIIOBbIX M MONMYLMKIOBbIX CBOMCTB 0Obek-
TOB uccnenoBaHus [4] € Lenblo OLEHUTb BAUSHUE
NOAKNAAKM Ha (U3MKO-MeXaHMYecKue CBOWCTBA
0b6ysu. B pabote npoaHanu3nMpoBaHbl NONYYEHHbIE
pe3ynbTaThl M CAeNnaHbl BbiBOAbI O Lenecoobpas-
HOCTU TMPUMEHEHUS anbTepPHATUBHOrO O6YBHOMY
TEXHMYECKOro TOHKOLIEPCTHOrO BoMnoka. OueHeHo
BAUSHUE NOAKIAAKM HA HOPMOYCTOMUYMBOCTbL 00Y-
BW U3 TOHKMX BOMJIOKOB.

B pabote uccnenoBaHbl BOMIOKM M MAKETh
MaTepuanoB 3aroTOBKM Bepxa 00yBM M3 BOWIOKA,
nybAnMpoBaHHOIO MOAKNAAKOM M3 KOXM Moakna-
noyHon FOCT 940-81, 6431 C TepMONNACTUYHBIM
cnoem NOCT 19196-93, 6airikn noaknagovHon FOCT
11696-76, NCKYCCTBEHHOrO Mexa TKaHEeNpOLIWBHO-
ro nogknagoyHoro OCT 17-793-79, meMBpaHHbIX
matepuanos Retor u On-Steam npowu3BoacTBa
Moron (fepmanusi). MaTepuanbl C MeMOpaHHbIM
NMOKPbITUEM B AANIbHENLLEM NNAHUMPYETCS 3aMEHUTb
poccuickummn aHanoramu. [Mpu Boibope mMembpaH-
HbIX MaTepuanoB pyKOBOACTBOBANUCHL pe3yNbTa-
TaMu paHee BbINOMHEHHbIX nccnenosaHui [7-10].
LWndpbl nccnenoBaHHbIX OOHOCIOMHbLIX MaTepua-
JI0B M NAaKeTOB NpeAacTaBfeHsl B Tabauue 1.

PaHee BbiNONHEHHbIE MCCNEA0BaHNS NO3BONSIOT
BbI,BUHYTb MMMNOTE3Y U3MEHEHUS TEXHOIOTMYECKUX
M 3KCNyaTaLMOHHbIX CBOWCTB BOM/IOKA B 3aBUCU-
MOCTU OT €ro CTPYKTYpbl ¥ TUMOB LIEPCTAHbLIX BOSO-
KOH, BXOAALWMX B ero coctas. [1py npon3BoacTBe u
3KCNayaTaumm obyBM U3 BOMIOKOB pa3HOro Cocra-
Ba M3 BOJIOKOH WepcTH, 0bnafatlwmx pasHoi cTe-
NeHb0 U3BUTOCTU, AJIMHOW M OPYrUMKU XapakTepu-
CTMKaMK, OHa BbIAEPXKMBAET paCTSXeHue, COKaTue,
pasfiMuHble PEXUMbl TEMNEepaTypHO-BNAXHOCTHO-
ro BO34eNncTBMS. BcnenctBue 3TOro, BO3MOXHO,
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Tabnuya 1 - Lugpel 06bekMo8 ucc1edo8aHuUSs

Wndp obbekTa Xapakrepuctuka o6bekrta

B, Boinok o6ysHon OCT 17-531-75 (Poccus)

B, Bovinok TexHmnyeckuit FTOCT 11075-78 (Poccus)

Koxka Koxxa nonknagouHas FOCT 940-81 (Poccus)

basb basb c TepMonnactuuHbiM cnoem MOCT 19196-93 (Poccua)

barka baika nogknagouHasa MOCT 11696-76 (Poccus)

Mex MckycctBeHHbI mex OCT 17-793-79 (Poccus)

Retor Memb6paHHbIi MaTepuan Retor (Moron, fepmaHus)

On-Steam Mem6paHHbIn MaTepuan On-Steam (Moron, lfepmMaHus)

B,/koxa Bonnok obyBHOM, ByGNMPOBAHHbIM KOXEW NOAKIAL0YHOM

B,/653b Bornok o0byBHOM, ByONMpPOBaHHbIN 653bt0 C TEPMOMNAACTUYHBIM CI0EM
B,/6aika Bonnok obyBHOM, Ly6NMPOBaHHbIM 6atkoi NOAKNAL0HHOM

B,/mex Bonnok ob6yBHOM, By6NMPOBAHHbIA MEXOM MCKYCCTBEHHbLIM

B,/Retor Bornok obyBHoOM, Ay6MpOBaHHbIN MeMOpaHHbIM MaTepuanom Retor
B,/On-Steam Bonnok obyBHOM, By6nnpoBaHHbIM MeMBpaHHbIM MaTepuanom On-Steam
B,/koxa Bonnok TexHnuecknit, By61MpoBaHHbIN KOXel NoaKNaLOUYHOM

B,/653b Bovinok TexHuyeckuit, BybnnMpoBaHHbIM 693bt0 C TEPMONNACTUYHBIM CI0EM
B,/6aiika Bornok TexHuueckuit, Ay6/IMpoBaHHbIM 6aiikoi NoAKNaaoHHOM

B,/mex Bonnok TexHuuecknit, y61MpoBaHHbIN MEXOM UCKYCCTBEHHbIM

B,/Retor Bonnok TexHuyeckuii, By6nnpoBaHHbIM MeMOpaHHbIM MaTepuanom Retor

B,/On-Steam

NpOMCXOAMT HEepaBHOMEPHOE HEeKOHTpolMpyemoe
pacnpsmneHve unu HabyxaHue OAHMX BOJIOKOH,
CKpy4MBaHMe 1 ycagka Apyrux, YTo M BMSET Ha
n3MeHeHne GU3NKO-MEXaHNYECKMX CBOWCTB MaTe-
puana, 0 4eM CBWMAETENbCTBYIOT MHOTOYUCIEHHbIE
uccnepnosanus [11,12].

B pamkax uccnenoBaHWit NMpoBefeH 3KCrepu-
MEHT, CBA3aHHbIA C BO34EWCTBMEM PA3HOr0 KOM-
4ecTBa B/larM Ha BOMOK 419 MPOrHO3MPOBAHUS Mo-
BELEHWUS BOMMIOYHOM 06YyBM Npu ee 3KCMayaTaumm
B YC/IOBMAX NOBbILUEHHOM BAAXHOCTU U U3MEHEHUS
nokasarenen GU3NKO-MeXaHUYeCcKnx CBOMCTB, a
TaKxe ANng Hay4yHOo-OBOCHOBAHHOrO BblboOpa Tex-
HONOrMYECKUX PEXMMOB (OPMOBAHMS 3aroTOBKM
Bepxa 00yBM M3 BoOMNOKa Ha 0OYBHOM KoOsOAKe.
YBNaxHeHne MaTepuanoB M NakeToB NPOBOLMIM
aHaNOTMMYHO YBNAXXHEHWIO 3aroTOBOK B TEXHONOIM-
4yeckoM npotiecce (B KamMepe C BOASAHbIM TYMaHOM
M OTHOCUTENbHOW BNaXXHOCTbO =90 %) nNo n3meHe-
HWMK0 Maccbl 06pasLLoB (C TouHOCTbIO, A0 0,1 2).
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Boiinok TexHuyeckuii, aybnnMpoBaHHbIi MeMbpaHHbIM MaTepuanom On-Steam

CnepnyeT OTMETUTDb, YTO AN UCCeayeMbIX MaTe-
pVanoB He yCTaHOBJIEHbl HOPMATUBHbIE NMOKA3aTeNu
npefena npoYHOCTU B TEXHUYECKOW JOKYMEHTALMMU,
HO B 3aBMCMMOCTM OT NPOBEAEHMUS 0BTAXKHO-3aTsK-
HbIX MpoLeccoB BO u3bexaHue paspbiBa Bepxa
00yBw, KaK MpaBMI0, HOPMUPYETCS STOT NOKa3aTeNb
B 3aBMCMMOCTM OT Buaa Kox ot 1,0 go 1,8 MIla
[4]. BennumHbl MakCMManbHOTO HanpsXKeHus Ans
nccnenoBaHHbIX BOMIOKOB (Tabnuua 2) octatoTcs B
[ONYCTUMbIX Npeaenax, onpefeneHHbIX B TEXHUYe-
CKOW AOKYMEHTaUMu A1 HaTypasbHbIX KOX.

OpHako HEeKOTOpOe CHWXeHWe rokasaTtenen
U3MKO-MEXAHMYECKMX CBOMCTB CBUAETENbCTBYET
0 HEeobBXOAMMOCTU OrPaHUYEHMI YCIOBUI 3KCNNY-
ataumu. Mcxons M3 pesynsTaTtoB UCMbITaHWIA, peKo-
MeHIyeTCs 3KCMyaTMpoBaTb BOMNOYHYH 00YBb 3a-
TSXKHOrO MeToza NPOW3BOACTBA B YC/IOBUSX CyXOM,
MOpO3HOM norofbl. HenpopomkutensHoe Bpems —
He 6onee 60 MUHYT — LOMYCKAETCS 3KCNyaTaLma B
YCNOBMSIX BO3AENCTBMSA Bnarn Bosayxa [13].
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Tabnuua 2 - BnusiHue go30elicmeus 81a2u Ha (pU3UKO-MexaHu4Yeckue cgolicmaa 8oliioka

LLiudp Boitnoka ::;:;HKZG; npu pacTXeHuu
e o, Mlla

5,68

7 5,68

10 5,63

B, 15 5,60
20 5,15

25 5,03

30 4,90

297

2,97

10 2,95

B, 15 2,92
20 291

25 291

30 2,90

[anee nccnenoBaHo BAMSHWE BONOKHUCTOMO CO-
CTaBa BOMIOKA M BUAA NOAKNAAKM HA popMoyCTon-
YMBOCTb MaKeToB MaTepuanos. [ng nposeneHus
MCCnenoBaHUS UCMONb30BaHbl NakeTbl Bepxa 00y-
BM, COCTOSILLME M3 OBYX C/IOEB MaTepPUANoOB pasMe-
pom 200x50 mm, CKNeeHHbIX MOMMM30NPEHOBbLIM
KneeMm. 3aTeM MCcnefoBanu OAHOCIOWMHbIE BOMTOKM
M NakeTbl MaTepManoB, UMUTUPYIOLLME 3aroTOBKY
Bepxa 00yBM M3 BOMNOKA WM MOAKNALOYHbIX MaTe-
puanoB: mMexa, 6aiku, Koxu, 6931, 1 MeMBOpaHHbIX
maTepmanos On-Steam u Retor. OueHuBanu nony-
LMKNOBbIE U OLHOLMK/IOBbIE XapaKTEPUCTUKKU MpU
HopManbHbix ycnosuax (TOCT10681-75): temnepa-
Type Bo3ayxa 20£2 °C 1 OTHOCKTENbHOM BIAXKHO-
CTM BOo3ayxa 65%2 %. B Tabnuue 3 npencraBneHbl
pe3ynbTaThl UCMbITAHWI TOHKOLLEPCTHBIX BOMTOKOB
AN Bepxa 0byBM M NakeToB mMaTtepuanos. AHanu3
pe3ynbTaToB MCCIEN0BaHWUS MOKa3blBaET, YTO Ay-
6nvpyloWwmMin MaTepman B 3HAUYMUTENbHOM CTeneHu
BNMSIET HA OOHOLMKIIOBbIE XapaKTepuCTUKu. ng
BCEX MaKeTOB MaTepuanoB npenen NpoyYHOCTU Npu
PaCTSKEHWUM BblLLE UCXOAHOMO BOWMIOKA, YTO CBUAE-
TeNbCTBYET O MONOXUTENbHOM 3 dekTe aybnmpo-
BaHUSA feTanei Bepxa 00yBu U3 BOMIOKA NOAKNAA-
KoW. PasHuLa B mokasatensx CBOMCTB B CpefHEM
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Mpenen npo4HocTH

Moaynb OcraTtouHas
ynpyrocu E , | nedopmauus nnaC;Iw:;oc-rb
MlIla e, % , %
10,42 10,00 40,00
10,37 10,17 40,50
10,34 10,23 4152
10,28 10,31 41.59
10,23 10,47 4216
10,14 10,59 4356
10,02 10,67 4380
4,41 11,50 38,00
4,39 11,52 40,02
4,37 11,61 41,89
4,37 11,64 42,53
4,36 11,78 4328
4,33 11,85 44,77
430 11,90 45,00

HaxoauTcsa B AmanasoHe ot 10 go 50 %. Hekoto-
pble NOKa3aTenun He BMOJIHE 0XXMAAEMBI, YTO MOXKHO
06BACHUTD AHM3OTPOMHOM XAOTUYECKOM CTPYKTY-
poVi BansnbHO-BOWIOUYHbIX MaTePUANOB.

HayyHas HOBM3HaA nNpoBefeHHbIX WMCCNenoBa-
HWIA 3aKNYAETCS B CPaBHWUTENbHOM aHanuse na-
KETOB MaTepuanoB AJis Bepxa BOMIOYHOM 0OYBM
npy WCNOMb30BAaHMM Pa3fIMYHbIX MO CBOMCTBaM
NnoaKnafoK. YCTAHOBMEHO BAUSIHWME MOAKNAL0YHbIX
MaTepuanos Ana Bepxa 00yBM M3 BOMIOKA Pa3HO-
ro BOJOKHWUCTOrO COCTaBa Ha dopmyeMocCTb, hop-
MOYCTOMUYMBOCTb M TEXHONOrMYECKUe MnapameTpsbl
BbINONHEHUS OBTSXKHO-3aTSKHbIX Onepauuit. 1o, B
CBOI 0Yepefb, N03BONWUT MPOrHO3MPOBaTL NoBeAe-
Hue 00yBM C BEPXOM U3 BOMIOKOB Ha NMOAKNALKE B
3aBMCMMOCTM OT YCTAHOBJ/IEHHbIX CPOKOB 3KCMya-
TauMK U Ha3HaveHus obyBMU.

MNpakTMyeckas LEeHHOCTb pe3ynbTaToB MCMbl-
TaHMI MOXeT ObITb onpeneneHa cnepywowmm. Be-
JIMYUHBI M3MEHEHUS MOLYNS YNpyrocTu 0ObeKToB
uccnenoBaHus OyayT yuTeHbl MPW YCTAHOBMIEHMU
peX1MOB TEXHOOrMYECKOro npouecca Gopmosa-
HWS 3aroTOBKM Bepxa 06yBM Ha konoake. Hanpumep,
onsi obecneyeHns BbICOKOW (HOPMOYCTOMYMBOCTU
06yBM M3 TexHW4Yeckoro Boinoka B, Heobxoanmo

13
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Tabnuya 3 - BrusHue 8010KHUCMO20 cocmasa 8olioka u suda nodknadku Ha cgolicmea obysu U3 Mamepuasnos

¢ xaomuyeckoti cmpykmypou

Mpenen

npouHoctn | Moaynb MonHas OcratouHas Koadppuument
Wudp | npu pacta- | ynpyroctu | aedopmaumus | aedpopmaums nnac;Iu L;mc"’ yn[;)ll’;CTb ronepesnora

wewmm o, | E ,MIla g, % wom? 2 e » coxpa:l,euun

MlIla

B, 5,03 2,0 49 12 50,00 50,00 0,40
B,/653b 5,00 2,5 45 19 48,60 41,40 0,21
B,/koxa 5,70 3,3 44 10 42,94 37,06 0,24
B,/6aiika 5,30 2,0 32 12 43,08 36,92 0,04
B,/Mex 5,83 1,0 34 13 4459 35,41 0,38
B,/Retor 6,50 1,0 30 15 40,00 30,00 0,28
2;22:1 6,50 1,0 40 15 40,00 40,00 0,28
B, 3,03 1,0 69 10 46,83 37,17 0,35
B,/6s3b 3,80 2,0 48 19 42,70 47,80 0,48
B,/koxa 5,70 3,3 45 11 44,00 36,00 0,16
B,/6aiika 6,00 1,5 46 14 45,60 31,30 0,43
B,/mMex 6,00 2,5 33 14 42,56 37,44 0,46
B,/Retor 5,00 5,0 33 11 45,60 34,40 0,46
gé(a); 6,30 4,0 43 11 45,60 4440 0,46

[06aBUTb B KauyecTBe YKpennswulero marepuana
653b, UTO MOBbLICMT MOAY/b YNPYroCcTM A0 MOKa3a-
Tens B,. OaHako npu NpoekTMpoBaHMM TEXHONOTM-
4eCckoro npoLecca CTOMT YYUTbIBATb, YTO NPU 3TOM
notpebyetcs 6onee BbiCOKOe ycunme GOpMOBaHUS,
YTO NpUBEAET K NOBLILIEHWIO 3HEpro3aTpart.

Takum 06pasoM, yCTaHOBEHO, YTO BCE nccneny-
eMble NOJKNaf0YHble MaTepuanbl yA0BETBOPSIOT
YC/IOBUSIM MPOM3BOACTBA BOWIOYHOM 06yBM no-
BbIlWEHHOW (dopmMoycToiumMBocTU. OrpaHuyeHne B
BbIOOpe NoakNafo4YHOro Matepmana oyaet obecne-
YMBATbCS KOHTPO/IEM MOKa3aTenen rmMrmeHnYeckmx
CBOWMCTB BOMIOYHOM 00YBM Ha NOAKIAAKE, KOTOPbIE
He OO/MKHbI CHUXKaTbCs bonee yem Ha 10-12 % no
CpPaBHEHMUIO CO CBOWCTBAMM OOHOC/IOMHOMO BOMO-
Ka. PekomeHnpyeTtcs ong nonyyeHUs KOPPEKTHbIX
pe3ynbTaToB 3KCNEpUMEHTa MepecMOoTpeTb CTaH-
[apTbl UCNBITAHWI MaTepuanos, 061aJaLWMX aHU-
30TPOMHOM Xa0TUYECKOW CTPYKTYPOW.

Mokazatenu dopmoycTonymBocT 00yBM Ha
noaknafke U3 MCCNefoBaHHbIX MaTepuanoB yay4-
LIAKTCA B CefyolWeM paay 4SS BOWIoKa 0b6yBHO-
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ro: 81/693b—> Bl/Mex—> Bl/6a171|<a—> Bl/KO)Ka—> Bl/
On-Steam— B, /Retor; TexHuyeckoro: B,/6aika—
B,/Mex— B,/6a3b— B,/koxa— B,/Retor— B,/On-
Steam. [lpousBoamuTensaM BOWIOYHOWM 3aTSXKHOM
00yBM MOXHO pEKOMEHAO0BaTb B KayectTBe MNOA-
KNaflKv BCE UCCNe0BaHHbIe MaTepuabl, MOCKOMbKY
MX nokasatenu GopMOoyCTOMYMBOCTU KOPPENUPYIOT
CO CBOMCTBaMM 00YBM U3 KOXM. BbINONHEHHbIE MC-
CNefoBaHUS, B KOHEYHOM CYETE, HALLENEHbl Ha TO,
4TOObI NPU pa3paboTke TEXHONOMMU U3rOTOBNIEHUS
00yBM M3 MaTepuanoB AHM3OTPOMHOM XaoTuue-
CKOM CTPYKTYpbl C NMPUMEHEHWEM LM(POBU3ALUM,
obecneuntb TpeboOBaHMS NapamMeTpoB aAPECHOro
NPOEKTUPOBAHMS TEXHONOMMYECKOro npoLecca ¢
Yy4eTOM Ha3HavyeHus 06yBM, CE30HA M YCNOBUI ee
aKcnayaTaumn.

B pamkax 3Toro uccnenoBaHus GblIM NpoaHa-
NIM3MPOBaHblI MaTepuanbl, UCNOb3yeMbIE B NPOU3-
BOACTBE 00YyBM, BKAKOYAS BaNSNbHO-BOMIOYHbIE
mMaTtepuanbl U NOAKNALOYHbIE TKaHW. bbinn nsyye-
Hbl UX DU3NKO-MEXAHWMYECKME CBOMCTBA U BIUSIHWE
COCTaBa BOW/IOKA M TUMA NOAKMNALKM Ha XapakTe-
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pUCTUKKM Bepxa 0byBu. MccnenoBaHme Takxe 0XBa-
TUNO aNbTEPHATUBHbLIA TEXHUYECKUIA TOHKOLLEPCT-
Hbl1 BOMIOK M €r0 BO3MOXHOCTb MCMOIb30BAHNSA B
npou3BoAcTBe 00yBW. Pe3ynbtaTthl aHanusa nomo-
ryT onTMMMU3UPOBATL NPOU3BOLCTBEHHbIE MpoLLec-
Cbl M yNyylIMTb KayecTBo obysu. B xone uccneno-
BaHMS OblNI0 BbISCHEHO, YTO BbIOOP NMOAKNALOUYHbIX
MaTepuanoB CyLLECTBEHHO BAMSET HA POPMOYCTON-
YMBOCTb 0OYBM M3 TOHKMX BOMNOKOB. [1ns neicTus
Haunydwero 3ddekTa pekoMeHAyeTcs noabupaTb
TaKMe MaTepuanbl, KOTopble 0becrneynMBaroT Mak-
CUManbHYH MNOAAEPXKKY M (DUKCAUMIO POPMbI U3-
nenuna. OTo 0CODEeHHO aKTyanbHO [AnS CO34aHus
00yBM C QHWM3OTPOMHOM XaOTUYECKOM CTPYKTYpOH,
KoTopas Tpebyet 6onee TWATENbHOrO MOAX0AA K
BbIGOPY NOAKNAA0UYHBIX MAaTEPUANOB.
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MonyyeHHble pe3ynbTaTbhl WUCCNEAOBaHWUNA MO-
ryT ObiTb MCNONBb30BAHbI MPU MPOEKTUPOBAHUMU U
npomsBoacTee 0byBM, 0COOEHHO B YCIOBUSX MO-
BbILUEHHOW HArpy3ku Ha usgenue. OHu Takxe npu-
rogaTcs Ofs NpPOrHO3MpPOBAHMS NoBegeHus 00y-
BU NPM PasMYHbIX YCNOBUAX IKCMayaTauuu, 4To
MO3BOMWUT YAYYLWMWTb KAYecTBO M [ONTOBEYHOCTb
npoaykuuu. Takum 0bpasom, pesynbTaTbl UCCEL0-
BaHMWI MO3BONSKOT YNYYLLMTb KAYECTBO U KOHKYPEH-
TOCNOCOBHOCTb 06YBM Ha pbiHKE, @ TaKXKe pacluu-
pWUTb BO3MOXHOCTM €€ MNPUWMEHEHWUS B pPa3HbIX
chepax fesTenbHOCTU.

KoMbuHaumsa pasnuuHbix MatepuanoB B BUAE
NnakeTa MOXET 3HAYMTeNbHO YNy4YlIUTb CBOWCTBA
006yBM Ha OCHOBE BOMOKA: YBEIUUMTD MPOYHOCTb,
COXPaHWUTb MSTKOCTb M TMBKOCTb MaTepuana, a Tak-
K€ CHU3WUTb BEPOSTHOCTb BO3HUKHOBEHMS 3anaxa.
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BUOXUMUNYECKAA TEXHONOINA NONYYEHUA KOTOHU3UPOBAHHOTO
JIbHAHOIo BOJIOKHA C UCMOJIb3OBAHUEM ®EPMEHTHbIX
KOMMNO3ULUIA HA OCHOBE MEKTUHA3

BIOCHEMICAL TECHNOLOGY FOR PRODUCING COTTONIZED FLAX FIBER
USING ENZYME COMPOSITIONS BASED ON PECTINASES

YOK 677.11/.027.2

O.J1. iucoeckmii’; H.H. Scunckan, A.A. KysHeuoB
Bumebckuli 2ocydapcmeeHHbili mexHono2u4eckuli
yHusepcumem

PEDEPAT

JIEH, KOTOHW3WPOBAHHOE BOJIOKHO,
bNOOTBAPKA, DEPMEHTHAS OBPABOTKA

Knaccuyeckass mexHonoeus wieno4dHol omeap-
KU ¢ nocnedyrnwum beneHueM, UCnois3yemas 8
mekcmuseHoOM npou3godcmee 011 XUMU4eckol Ko-
MOHU3auUU JIbHIHO20 B0/10KHA, 0b61adaem psiOoM
Hedocmamkos. OHa eKkao4aem 8 cebsi npumMeHeHue
a2pecCuBHbIX XUMUYECKUX peazeHimos, 8biCOKoe No-
mpebneHue 3Hepauu U 800bl, d MAKMe He2amusHoe
go30elicmaue Ha OKpyIarowyr cpedy.

B cmamee paccMompeH nomeHyuan npuMeHeHus
(PepMeHMHbIX KOMNO3UYUl HA OCHOBE NEKMUHA3 8
Kayecmee anbMepHamu8bl Kaaccu4eckoli mexHosno-
euu weno4Hol omeapku. [lposedeHa 6uoomeapka
KOMOHU3UPOBAHHO20 JIbHSIHO20 80JI0KHA C UCNOJb-
308aHUEM (epMeHMHbIX KOMNO3UYul pasiudHo20
cocmasa Ha 0CHOBE NEKMUHA3 8 NPOMbILIEHHbIX
yenosusax  PYITI  «OpwaHckuli  16HOKOMOUHam»,
buoxumuyeckuli cnocob nonyyeHus ombeneHHo20
KOMOHU3UPOBAHHO20 B0JI0KHA BK/KYdem onepa-
yuu buoxumuyeckol u okucaumensHol eapku. [lo-
JlyYeHHOE 0meapeHHoe 80JI0KHO 061a0ano MeHblel
MaccoonuHol, ee CHUXeHUe 6bl10 6osiee B8bIpaxeH-
HbIM, a duamemp Ha 6,5 % MeHble 8 cpasHeHUU ¢
80/I0KHOM, NOJIy4YEHHbIM MPAGUUUOHHLIM CNOCOOOM.
lpedsapumensHo o0bpabomarHHoe epMeHMHbIMU
KOMNO3UYUSIMU JIbHSIHOE B0JIOKHO C NOCAe0yrU,UM
beneHueM nNpPoOeMOHCMPUPOBAn0 CoNOCMAasuMyr
gesluduHy ouamempa C 80JI0KHOM, NOJy4YeHHbIM 8
pe3ynbmame  weno4Holi  omeapku. CodepxaHue
UeTioNnonumu4Yeckoll akmugHocmu 8 KoMnosuyuu

* E-mail: lisouskid @gmail.com (D. Lisouski)
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ABSTRACT

FLAX, COTTONIZED FIBER, BIOSCOURING,
ENZYME TREATMENT

The classical technology of alkaline decoction fol-
lowed by bleaching, used in the textile industry for
the chemical cottonization of flax fiber, has a number
of disadvantages. It includes the environmental im-
pact of aggressive chemicals, high energy and water
consumption, and negative environmental impacts.

Using production facilities of Orsha Linen Mill,
bioscouring of cottonized flax fiber was carried out
by introducing various enzyme compositions based
on pectinases. The biochemical method for produc-
ing bleached cottonized fiber includes the operations
of biochemical and oxidative pulping. The produced
scoured fiber had a smaller mass length, its decrease
was more evident, and the diameter was 6.5 %
smaller in comparison with the fiber produced by the
traditional method. The pretreated with enzymes and
bleached flax fiber showed a comparable diameter
value with the fiber obtained as a result of alkaline
scouring. The content of cellulolytic activity in the
composition increased the content of short fibers, but
contributed to a decrease in the average diameter
by more than 35 %. It has been proven that pre-en-
zymatic treatment makes it possible to produce fine
cottonized flax fiber suitable for the production of
yarn with improved quality indicators.
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y8enuyusano codepmaHue KOpPOMKUX B0JI0KOH, HO
€nocobcmeosasno CHUMEHUK cpedHe20 duamempa Ha
bonee yem Ha 35 %. [okasaHo, Ymo npedsapumerns-
Has pepMeHmMHas 06pabomka No380ssem Noay4ums
MOHKOe KOMOHU3UPOBAHHOE JIbHSIHOE 80/I0KHO, NPU-
200H0€ 015 Npou3800CM8BA NPSHU C yayYUeHHbIMU
KayecmeeHHbIMU NOKa3amensmu.

BBEOEHWE

B HacTtosiwee Bpems nbHAHas oTpacib Pec-
ny6nuku benapycb onuueTsopsieT coboi ofHY U3
CTpaTerMyeckn BaXKHbIX OTpacier HalMOHanbHOM
3KOHOMMKMW. [1pPOM3BOACTBO NIbHSAHBIX TKAHEN U U3-
Llenuii Ha ux ocHoBe B Pecnybnuke benapycs nmeet
LLONITYH0 UCTOPUIO M 3HAYUTENbHbBIMA OMbIT, YTO MO3-
BOJISIET KOHKYPMPOBATb HAa MUPOBOM pbIHKE Tek-
CTMNbHOM npoaykumn. OmHAKo peHTabenbHOCTb
NIbHOBOJCTBA MOXeET KoebaTbCs M3-3a pasnnUHbIX
(aKTOpOB, TaKMX Kak W3MEHEHWe MWPOBbLIX LEH,
YPOXaNHOCTb 1 KauecTBo nbHa [1].

MepepaboTka OTXOAO0B JIbHAHOM MPOMbILLIEH-
HOCTM M KOPOTKOTrO JIbHSHOTO BOJIOKHA $IBNSeTCs
OOHMM U3 CNOCODOOB YBENUYEHUS peHTabenbHOCTH
nbHoBoAcTBa B Pecnybnuke benapych. [Nprmepom
Takon nepepaboTkM SBNSETCS MONy4YeHue KOTo-
HW3UPOBAHHOMO JIbHSHOTO BOJIOKHA. KoToHM3auus
NlbHa — 3TO TEXHONOTMYECKU NpoLecc, Npu KoTo-
POM NIbHSHOE BOJIOKHO MOABEPraeTcs CrneLmanbHoOM
obpaboTke, 6rarogaps YemMy OHO CTAHOBWTCS MST-
KMM, NNACTUYHbIM, MPOUCXOAUT €ro paclienyeHue,
¥ BOJIOKHO NpuobpeTaeT CBOWCTBA, CXOXME C X/10M-
KOBbIM [2].

KoToHM3aumMs MOXeT cTaTb OAHWM U3 CNocoboB
yBeNM4eHus peHTabenbHOCTH IbHOBOACTBA MO Clie-
LYOLWUM MPUYMHAM:

» PacwupeHune pbiHKa CObITA: KOTOHU3UPOBAH-
HbI JIEH MOXEeT MCMOoNb30BaTbCs B NMPOU3BOACTBE
pa3HOOOpPa3HOM TEKCTUNbHOW MPOAYKLMM, Takon
KaK o4exaa, AOMAlUHWIA TeKCTUMb, TeKCTUNb NS
FOCTUHWL, U PEeCcTopaHoB. JTO MOMOXET MpuBIeYb
6onblue nokynaTenen u NoBbICUTb CMPOC HA NbHS-
Hble u3genus.

e [lnBepcudumkaumsa npoayKLMM: NpOn3BOACTBO
KOTOHM3MPOBAHHOIO JibHAa MO3BONSET Pa3HOO0b-
pasuTb aCCOPTUMEHT TOBAapOB, NMPOU3BOAMMbIX U3
NIbHa, YTO MOXET NpUBAEYb HOBbIX NOTpebuTenen u
YBEJIMYUTb [LOXOLbl MPOU3BOAUTENEN.
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e 3aMeHa MMMOPTHOrO X/OMKa: B HEKOTOPbIX
CNyYyasix KOTOHW3MPOBAHHbBIN IEH MOXET 3aMeHUTb
MMMOPTHBIW X/TOMOK, YTO MO3BOJIUT CHU3UTb 3aBU-
CMMOCTb OT MMMOPTA U yNy4WKTb BanaHc BHELIHEN
TOProBAW CTPaHbI.

e JKOMorMyeckas yCToM4MBOCTb: JIeH ABNSETCS
60/1ee 3KONOrMYHbBIM M YCTOMUYMBBIM PACTEHUEM MO
CPaBHEHMIO C XJI0MKOM, MOCKONbKY TpebyeT MeHb-
e BOAbl, NECTULMAOB U MUHEPasbHbIX YA06peHU.
JTO MOXET CTaTb KOHKYPEHTHbIM MPEUMYLLECTBOM
KOTOHM3MPOBAHHbIX JIbHAHbIX W34eNuii  nepepg
XN10n4aTobyMaXKHbIMM.

* YHMKanbHble CBOWCTBA JibHa: JIbHSHbIE BOMOK-
Ha 001a4atoT YHUKaNbHBIMU CBOMCTBAMM, TaKUMU
KaK BbICOKasi MPOYHOCTb, TMIPOCKOMMUYHOCTb, aHTU-
H6akTepuanbHOCTb U TepMoperynsauus. KoToHnsupo-
BaHHbIN JIeH COXPaHAET 3T CBOWMCTBA, YTO AenaeTr
€ro npuenekaTeNbHbIM A1 noTpebutenei.

PYNTI «OpLluaHcknit TbHOKOMBUHAT» gBNSETCA
OOHMM U3 KpynHenwux npennpustuii B Pecnyb-
nvke benapycb, cneuuanmsmpyowmxcs Ha Npoms-
BO/CTBE JIbHSHbIX TEKCTUNbHBIX M3aenuii. KombuHat
6611 ocHOBaH B 1940-x rogax v ¢ Tex nop passuics
[l0 KPYMHOTO NPOM3BOAMTENS NIbHAHBIX U3AENUIA Ha
MupoBoM pbiHke. Ha PYMTI «OpwaHCcK1it NbHO-
KOMOWMHAT» peann30BaHa XMMWMKO-MexXaHW4eckas
TEXHOMOMMS KOTOHM3AUMK NIbHSIHOTO BOJIOKHA, KO-
TOpas BK/IHOYAET MEXaHWUYECKYH CTaAMI0 KOTOHMU3A-
UMK Ha nMHUKM dupmbl TEMAFA, 1 ctaguio xuMmye-
CKOM 06pabOoTKM NONYYEHHOrO BOJOKHA LLEN0YHbIM
pacTBOpPOM Npw BbICOKOM TeMnepaType C nocieay-
oMM beneHveM nNepokcuaoM BOAOPOAA B anna-
paTax «3Kko 610k X-1600». 3To no3BonseT nosyyatb
KOTOHWH, NPUrOAHbIA ANs nepepaboTku B Mpsixy
NHEBMOMEXAaHUYECKMM CMOCOBOM.

TeM He MeHee knaccuuyeckas TeXHONOrUS Lie-
JIOYHOM OTBApKM NIbHAHOTO BOJIOKHA C MOC/Ieayto-
wuM beneHuneM, ucnonbsyemas B NPOWU3BOACTBE,
obnapaet psgoM HepoctatkoB. OHa BkOYaeT B
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cebs NnpUMeHeHWe arpecCcUBHbLIX XMMUYECKUX pea-
reHTOB, BbICOKOE NMOTPebAeHMe 3HepPrun 1 BOAbI, a
TaKXe HeraTMBHOe BO3[eNCTBME Ha OKPYXAILLYHO
cpeny.

B cBfi3n C BbIWEN3NOXEHHDBIM, BbIMNOJHEHHAS
paboTa Obina HamnpaefieHa Ha pa3paboTKy HOBbIX
NOAXOAO0B K MPOM3BOACTBY KOTOHWM3MPOBAHHOTO
NIbHAHOTO BOJIOKHA, 0a3MpylLLMXCS Ha WMCMONb-
30BaHUM (PEPMEHTHbIX KOMMO3ULMIA HA OCHOBE
NeKTMHa3, YTO MO3BOJISIOWMX CHU3UTb 3KONOTUYe-
CKMI cnep npouecca U MoBbICUTb SKOHOMMUYECKYIO
3 deKTMBHOCTb. B cTaTbe paccMoTpeH moTeHuman
NPUMEHEHUS PEPMEHTHbIX KOMMO3MLMIA HAa OCHOBE
NeKTMHa3 B KAYeCTBE afibTEPHATMBbI KNacCUYeCcKoM
TEXHOJIOMUM LLENOYHON OTBAPKM.
06beKkTbl U MeToAbI
Obvekm uccnedosaHus

ObbekToM MCCNenoBaHUS SBASNIOCH JIbHSHOE
KOTOHM3MPOBAHHOE BOJNIOKHO, MOJlyYeHHOE Mexa-
HWYECKMM CMOoCobOM Ha NMHUM KOTOHU3aUUK Gup-
Mbl TEMAFA Ha npou3BOACTBEHHbIX MOLLHOCTAX
PYMTMN «OpwaHckuit nbHokoMBuHaT» (r. Opuua,
Pecnybnuka benapycsb).

MepmeHmeol u MemoObl onpedeneHuss akmugHocmu

Nccnenosann 3cdeKTMBHOCTb pasnnyHbix dep-
MEHTHbIX KOMMO3MLMIA HAa OCHOBE NEKTUHA3 NPOU3-
BoactBa 000 «DepmeHT», Pecnybnunka benapyceo.

MNonuranakTypoHa3Hyl akTUBHOCTb Onpenens-
M TUTPUMETPUYECKMM MeTomoM. B kauecte cy6-
cTpaTa ucnonb3oBanu 1 % BOAHBIM PAaCTBOP NEKTU-
Ha 13 KOXypbl UMTpycoBbix (Sigma P9135). Pacteop
(depMeHTHOro npenapata [Ans aHanu3a roToBUAW
nytem ero pactsopenus B 0,1 M uuTtpatHoM Oy-
depe ¢ pH 3,5 c panbHeiAwunm pasbasneHvem Ao
HeobXxoAMMOro 3Ha4YeHUs akTMBHOCTU. DepMeHTa-
TUBHYIO peakLMio NpoBOAUAU B TeueHue 30 MUHYT
npu Temnepatype 50 °C, cMewwmBas 5 em?® pactso-
pa nektuHa, 4 em?® 0,1 M uutpatHoro Gydepa u
1 cm? pacTBopa depmeHTa. DepMeHTaTUBHYIO pe-
aKUMIO OCTaHaBAMBANM NYTEM KUMNSYEHUS peak-
LMOHHOM CMEeCU B TeYeHue 5 MUHYT Ha BOASHOM
6aHe. Mocne atoro ot6upanu 5 cm3 peakuMoHHOM
cmecu, nobaensanm 2 em?® 1 M pactBopa kapboHaTa
Hatpus u 5 em? 0,05 M cTaHpapTHOro pactBopa
nopa. MonyyeHHy cMecb oCTaBnsm Ha 20 MUHYT
B TEMHOM MeCTe ANS MPOTEKAHUS peakuun Mexay
MOLOM M BblOeNMBLUENCS B npouecce pepMeHTa-
TMBHOM peakLMu ranakTypoHOBOM KMCNOTOM, NocC/e
uero pob6aensnu 2 em® 1 M pactBopa cepHoit Kuc-
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notbl ¥ TutpoBanu 0,05 M cTaHfapTHLIM pacTBo-
poM ThocynbdaTta HaTpMUa OCTaBLUMICA MOA A0 UC-
4Ye3HOBEHMUS CMHEeN OKPACKW, B KOHLLe TUTPOBAHMUS
nobaengas B KavectBe MHAMKATopa 1 % pactBop
Kpaxmana. 3a eauHuULY NoMranakTypoHa3HoM ak-
TMBHOCTW MPUHMUMANN TaKoe KOMMYECTBO GepMeH-
Ta, Npy [ENCTBMM KOTOPOro Ha NeKTUH obpasyeTcs
1 me ranakTypoHOBOM KMCNOTbl 33 OAMH 4ac Mnpu
Temnepatype 50 °C v pH 3.5.

lMekTaTNIMa3Hyl aKTMBHOCTb OMpeaensin crek-
TpoOTOMETPUYECKUM METOAOM MO KOAUYECTBY
HEeHaCbIWEHHbIX NPOAYKTOB AECTPYyKUMM Monura-
NAKTYpOHOBOM KMCNOTbI NoA AencTBUEM dhepMeHT-
HOro npenapara Ha NoAMranakTypoOHOBYH KMCIOTY
no u3BecTHon metoauke [3] c HebonbWKUMKU U3-
MeHeHusMKU. B KkayectBe cybcTpata MCMoNnb30Ba-
am 0,2 % pacTBOp MOAMIanakTypoOHOBOM KUCIOTbI
(Sigma 81325) 8 0,2 M zauyun-NaOH 6ydepHom
pacteope ¢ pH 9,0, conepxauwem 1 mM xnopuaa
Kanbums. 3a eAMHULY NeKTAaTIMA3HOM aKTUBHOCTU
NPUHUMANM TaKOe KONUYECTBO PepMeEHTa, Npu Aei-
CTBMM KOTOPOTO Ha MOMUranakTypoOHOBYH KUCIOTY
3a oAHY MUHYTY npu Temnepatype 45 °C u pH 9,0
o0bpasyetcs 1 MUKPOMOJIb HEHAChILLEHHbIX OJIMIOC-
axapuaHbIX NPOAYKTOB peakLuuu.

LlenntonasHyo akTMBHOCTb OMpesensnu cnek-
TPODOTOMETPUYECKMM METOAOM C  3,5-auHUTPU-
canuumnoson kucnotor (OAHC peakTuBOM), OCHO-
BaHHOM Ha npoTtokone Munnepa [4]. B kauvectse
cybctpaTta ucnonbsoBanu 1%-bit pacTBOp HaTpw-
eBov conu KapbokcumeTunuenntonossl  (Sigma
21902, medium viscosity) B8 0,1 M auetaTtHOM
6ydepHom pactBope ¢ pH 5,0 npu onpenenexun
aKTMBHOCTM Kucnon uenntonassl v B 0,1 M docdat-
Hom BydepHom pacteope ¢ pH 6,0 npu onpepnene-
HWW aKTUBHOCTU HEMTPANbHOM LLeNonassl. 3a eau-
HWLY LLeNnoNnasHoM akTUBHOCTU NPUHMMANK Takoe
KOnM4ecTBo hepMeHTa, Npu AeACTBUU KOTOPOro Ha
HaTpUeBYyK CONMb KapbOOKCUMMETUNILENIoNo3bl 3a
onHy MuHyTY npu Temnepatype 40 °C u pH 6,0 06-
pa3syeTcst 1 MMKpPOMO/b BOCCTaHABAMBAIOLLMX Caxa-
pOB B nepecyeTe Ha [KO3Y.

OnpepeneHve nMNasHoOM akKTMBHOCTM NPOBOAM-
nm cornacHo [5] ¢ moandukaumuamu. Metop, ocHo-
BaH Ha GOTOMETPUYECKOM OMpeaeneHnn N-HUTPo-
deHona, obpasywowerocs B pesynbrate AeNCTBUS
mMnasbl Ha cybcTpaT N-HUTpodeHUNNanbMmTaT. 3a
€AMHULLY TMMA3HOM aKTUBHOCTM NPUSHTO Takoe KO-
nnyectBo (epMeHTa, Npu AENCTBUM KOTOPOrO Ha
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cybcTpat 06pasyetca 1 MkMonb N-HUTpodeHona 3a
oAHy MuHyTY npu Temnepatype 40 °C u pH 8,0.
MemoOuKu oueHKU QU3UKO-MEXaHUYeCcKUx caolicmes
80/10KHA

DuU3MKO-MEXaHUYECKME XapaKTEPUCTUKKU (nu-
HelHas NI0THOCTb, MAacCcoBas A0S COPHbIX NpUMe-
Cen M KOCTPbl, MacCOBasi AONS KOPOTKMX BOJIOKOH
10 15 mm,MaccoBasi LONS BONOKOH A/IMHOM CBbILLE
40 mm, cpenHsas MacconIMHa BOIOKHA) MCXOLHOIO
1 06paboTaHHOro KOTOHMHA onpeaensnu no [6,7].

[nameTp BONOKHa onpenensnm Ha MUKpocKone
Anbtammn MET 5T, npeaBapuTenbHO noaroTaBanBas
WTanesb NyTeM pacyecbiBaHMS My4ka BOMOKOH. Ans
Kaxgoro obpasua nposogunu 210 usmepeHui.
Cratnctnyeckyto 06paboTKy MOMyYeHHbIX AAHHbIX,
a TaKXe 3HayeHus CpefHero AuMaMeTpa, MpoLeH-
munert D10, D50 1 D90 nonyyanu npu nomoLum
nporpammHoro obecneuvenns TIBCO Statistica
13.5.017.

Pesynbratbl M 06CyKAEHME

Onupasch Ha pe3ynbTaThl Npeablaywer paboTsl
[8] 6binn pa3paboTaHbl GepMeHTHbIE KOMMO3ULMK
HEeCKONbKMX COCTaBOB, XapaKTepUCTMKA KOTOPbIX
npuseaeHa B Tabnumue 1.

Anpobaunsa depMeHTHbIX KOMMNO3ULMIA COCTaBa
N2 1 n coctaBa N2 3 6bina npoBefeHa Ha MpPOu3-
BOACTBEHHbIX MowHocTax PYMTI «OpaHckuit
NIbHOKOMOMHAT» MO TEXHONOMMYECKONM CXeMe, Npu-
BeEeHHOM Ha pucyHke 1, a depmeHTHOM KOMMO-
3uumm coctaBa N2 2 — no TEXHONOMMYECKOM CXEME,
NpMBEAEHHOM Ha pUCYHKe 2. TpaAMLMOHHBIA Npo-
Llecc Ha NpeanpuaTMm peanusyeTcs C UCnob3oBa-
HMEM LLEeNoYHON oTBapku npu Temnepartype 100-
110 °C B TeueHMe 3 4acoB Npu 06LEN LWENOYHOCTH
pacteopa 11 2/ npu NONYYEHMM OTBAPEHHOTO BO-
NOKHa, 1 B TeyeHue 1 yaca npu obLent WwenoYHocTu
pacteopa 5,5-5,7 2/a ¢ nocneaywowmm 6eneHnem
npv Noay4yeHUn oT6eneHHOro BOIOKHa.

Tabnuya 1 - Xapakmepucmuka pepMeHmMHbIX KOMNO3UYUL

(MepMeHTHag

KoOMNo3uuums mnr
CoctaB N2 1 360
Cocra N2 2 320
CocraB N2 3 320

nn
330
300
300

(DepMeHTaTMBHAsA aKTUBHOCTL', €0/ ma

L n
205 -
400 300

lpumeyanue: *I1I" - nonueanaemypoHazHasg, /1 - nekmamauasHasg, L - uennronaznas, J1 - aunasHas

BHOXUMUYECKAR OTBapKA OKH;EHTEHB?;;S@K&
f24 ﬂ”ﬂfg e HaKTUBALMA ];Egr?w?'{%ﬁa I
cmaqu%arent; 1,01/n 10wt A3 CC aoo.u,ﬂoﬁ HEPREEeRoHonaE i
(epMEHTHAR KOMMO3ULMA 2,8 17N METACHIHEAT HATpHa 23 0/
i ! ]
n n OI{HCJ’IHTEJ'IBH&H BapHa
poMbIBKa pOMbIBKA A
I'ipggm:gxa 55 °C 70 °C 30 poim; 100-C
6vna 0.5 rin YKCYCHaA Tpunonudgocdar NEPEKHCE Bogopona 3 o
ypa b, KMCNoTa 1.2 1 HaTpun 0.75 1N
METACHIHEAT HATpHa 23 I/

PucyHok 1 — Cxema 6uoxumuyeckoz20 cnocoba noay4deHus omobeneHH020 KOmoHU3UPOBAHHO20 80/10KHA
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BuoxuMmuyeckan OTBapKa
180 MMH; 50 °C
pH=75

cMavdeaTens 0.4 rn
Tpunonudpocar HaTpua 0.6 /N
pepMeHTHaA KOMNO3HLUKMA 4. 4 N

MpoMbIBKa
MHaKTHBaLMA fo°C
10 muH, 85 °C Tpunonudocar

HatpuAa 0,73 1N

!

YMmAmeHKe
15 MMH; 50°C
YKCYWCHARA

kMcnoTa 1,2 in
MAMMTENL 1,75 1N

kMcnoTa 1,2 rin

MpoMbIBEE
95 °C MpoMbIBES
YECYCHAR 60 "C

PucyHok 2 - Cxema 6uoxumuyeckoz2o cnocoba nosiydeHus 0meapeHH020 KOMmMOHU3UPOBAHHO20 80/10KHA

[na noatsepxaeHns 3ddOEKTUBHOCTU Mpeaso-
XEHHOM OMOXMMUYECKON TexHonoruu 6binu npo-
BeLEeHbl UCCNefoBaHUSA  (DU3UKO-MEXaHUYeCKUX
CBOMCTB 006pabOTaHHOrO JNIbHSHOrO BOJIOKHA B
CpaBHEHMMU C BONOKHOM, 06paboTaHHbIM Tpaauum-
OHHbIM CNOCOBOM (XOLOBOM pexxum) (Tabnuua 2).

CpaBHMBas [Ba TEXHONOIMYECKUX PEXUMA,
MOYXXHO 33aMEeTWUTb, YTO B OTBAPEHHOM BOJIOKHE MO
NPefNoXeHHOMY TEeXHONOrMYEeCKOMY pexuMy ¢
(epMeHTHOM KoMMo3uumen Habnwgaetca He-
6onbllOe yBeNMYeHMe MACCOBOM [0NM KOPOTKUX
BOJIOKOH A0 15 mm wn cHuxKeHne MaccoBoM A0nM
BOJIOKOH AnuHOM cBbiwe 40 mm.

CHuXeHue cpeaHen MacCoAJIMHbI BOMIOKHA nocne
06paboTkM Mo NpeasioKeHHOMY TEXHONOTMYECKOMY
pexuMy ¢ GpepMeHTHOW KOMMOo3uuuen coctaBnser
7,5 mm,TOrAa KaK 4J19 X04,0BOro TEXHONOMMYECKOro
pexxuMa 3TO CHWXeHue coctaBnsieT Bcero 1,2 mm.
JTO 03HAYaET, YTO CHUXEHWE MACCOAIMHbI BOJOK-
Ha Mpu UCMNONb30BAHMUU MPEAJSIOKEHHOrO TEXHOMO-
rMYecKoro pexmnma ¢ GepMeHTHOM KOMMOo3uumen
OKa3blBaeTcs 6onee BbIpaKEHHbIM, YEM MPU XOA0-
BOM TEXHOJIOTMYECKOM pexmnMe. ITO MOXKET YKa3bl-
BaTb Ha TO, YTO BMoxmMMUueckas obpaboTka C uc-
NMosb30BaHMEM (MEPMEHTHOM KOMMO3ULMM MOXKET
BbI3blBATb HEKOTOPOE pa3pyLUeHMe BONOKOH.

Tabnuua 2 — @u3uko-mexaHu4eckue Xapakmepucmuku UCX00H020 (Cypoaoeo) U omeapeHHO0eo JIbHsH020 80J10KHA

BonokHo

CypOBOG BOJIOKHO Anga npensioxXeHHOro TexHOo/1orMyeckoro

pexuma

OTBapeHHOE BOMOKHO MO NPeAIoKeHHOMY TEXHONOTUYECKOMY

pexumy ¢ bepMeHTHOM KoMnosuumen (coctas N2 2)

CypoBoe BOMOKHO [/1% XOLOBOTO TEXHONOrMYECKOTO PEXXMMA

OTBaDEHHOE N0 XO040BOMY TEXHO/IOTMYECKOMY PEXUMY
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1,82 1,7 9 59,5 51,6
1,38 1,4 17 48,5 441
1,74 0,8 10 56,0 48,0
1,47 1,1 19 53,0 46,8
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OnHaKko CTOMT OTMETUTb, YTO MpPeasiOKEHHbIV
TEXHONOTMYECKUI pexuM ¢ dhepMeHTHOM KoMMo-
3MuMen NO3BOJISET NOAYYUTb BONOKHO C MEHbLUEN
JIMHEMHOM NNIOTHOCTbIO, YTO YKa3biBaeT Ha bonee
Msarkue u rubkue BonokHa. Kpome toro, 3ToT MeToq,
Takxke obecneumBaeT bonee BbICOKYH 3P deKTUB-
HOCTb YAaNeHNs COPHbIX NPUMeCcen U KOCTpbl.

Pe3ynbTathl aHanM3a oTbeneHHoro Boi0KHa, No-
JYYEHHOrO TPAAMLMOHHBIM CNOCOHOM 1 No npeasio-
YKEHHOM BUOXMMUYECKON TEXHONOMUKU NpeacTaBne-
Hbl B Tabnuue 3.

B onbiTe | npeasioXeHHbIM TEXHONOMMYECKUN
PEXWUM C UCNONb30BAHMEM PEPMEHTHOW KOMMNO3MK-
umm (coctaB N2 1) npuBOAMT K MEHEE 3HAYUTENBHO-
MYy CHMXKEHMIO CpefHel MacCCOONMHbI BOJIOKHA MO

CPaBHEHUID C XOAOBbIM TEXHONOTMYECKMM pPEXM-
MOM. B Toxxe BpeMs cpefHee 3HaYeHWe AMaMeTpa
Moly4eHHOro BOJIOKHA 06OMMM MeTofaMMK ComMo-
CTaBMMO, YTO YKa3blBaeT Ha BO3MOXHOCTb MCMOJIb-
30BaHUA MOYYEHHOTO BUOXMMUYECKMM CMOCOOOM
BOJIOKHA A/19 MPOM3BOACTBA TOHKMUX NMPSIXK U TKAHEM.
OpHako MaccoBas foNs KOPOTKMX BOJIOKOH YBeNu-
YMBAETCS MO CPABHEHWIO C TPAAMLMOHHbLIM CMOCO-
60OM, UTO MOXET BIMATb HA KAYecTBO roTOBOM Mpo-
OYKUMK.

B onbite Il npennoxeHHbI TEXHONOMMYECKUN
peXxuM C MCMonb30BaHWEM (EPMEHTHOM KOMMO-
3uumm (coctaB N2 3) nokasbiBaeT pas/nyHble pe-
3yNbTaTbl B 3aBUCMMOCTM OT 3KCNepUMeHTa. B ue-
NIOM, CpeaHss MacCOANMHA BOMIOKHA CHWMXAETCS, a

Tabnuya 3 - Gu3suko-mMexaHuyeckue xapakmepucmuku UCX00H020 (CYpo8o2o) U 0mMOeneHH020 IbHAH020 80/I0KHA

X R [ Q
RIEBIERE : |3
I = = -~ o s I [ (1) Q
al 9= g x| 2 SR R =z 8
ge 239 g2 Fmg ®g
o 5| QoS S|ZS|58 8 8 8
% O in| - ¥ 9 RS B RS B S B> I
S X B g o ¥VYg I 90 ¥ S| 8 =
BonokHo §s|lgelsd gz maalfe X3 =
g5 T < 3 = O Yo sew 2o ©|9 ©
f = FT B8 g/l 5 g=z A 1|2
) s O T O gm O T 0O o o
0% m 2 Q% T o gs =5 ==
g £ 928 § o o ag S$a3 3=
£2/38/88S8 Y |5 |3
= =g z =
OnbiT |
CypoBoe BONOKHO 1,7 10 61 | 539 446 10 | 204 14 30| 95
OT6eneHHoe BOMOKHO MO NpeasoXKeHHOMY
TEXHOMOrMYECKOMY pexxumy ¢ pepMeHTHon | 1,5 20 49 | 446 | 398 10 | 208 | 16| 27 | 85
komno3uumen (coctas N2 1)
O6paboTaHHOE N0 XO40BOMY TEXHONIOTUYE- 04 14 42 | 371 | 387 9 164 112 | 24 | 93
CKOMY pexumy
Onbit I
CypoBoe BONOKHO A/t NpeaIoXKeHHOro 23 13 | 545 | 452 | 446 | 10 | 198 | 15|32 | 97
TEXHOJIOTMYECKOr0o pexmma
OT6eneHHoe BOMOKHO MO NpeasioKeHHOMY
TEXHOMOrNYeCckoMy pexxumy ¢ pepMeHTHon | 1,8 22 | 345 315 279 9 175 1 12 | 18 | 56
komno3uumen (coctas N2 3). OnbiT N2 1
OT6eneHHoe BOMOKHO MO NpeasoXKeHHOMY
TEXHONOTMYECKOMY pexxnmy ¢ pepmeHTHon | 1,7 18 | 345 | 332 | 235 8 133 | 13119 | 38
komno3uumen (coctas N2 3). OnbiT N2 2
OT6eneHHoe BOMIOKHO MO NPeasoKeHHOMY
TEXHONOTMYECKOMY pexxnmy ¢ pepmeHTHon | 1,7 23 | 395 | 336 | 23,2 8 125 1 13 20 | 36

komnosuumen (coctas N2 3). OnbiT N2 3
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MaccoBas 0N KOPOTKMX BONOKOH YBEIMUYMBAET-
€S B CpaBHeHMM € onbiToM |. BeposiTHas npuumHa
3TOrO SIBIEHMS CBSI3aHA C HAIMYMEM LLe/UTHONIa3HOM
AKTMBHOCTM B ()epMEHTHOM KOMNO3uuuK (COCTaB
Ne3).

BonokHo, obpaboTaHHOe npeasiokeHHbIM 6u1o-
XMUMUYECKUM TEXHONIOTUYECKUM PEXMMOM C WUC-
nonb3oBaHMeM GepMEeHTHbIX KOMNO3WuMi (CO-
ctaBbl N2 1 1 N2 3), neMOHCTpUPYET CHUXEHUE
CpenHero 3HavyeHus gMaMeTpa BOJIOKHA MO Cpas-
HEHWMIO C CYpOBbIM BOJIOKHOM. JTO YKa3blBaeT Ha
3D HEKTUBHOCTb PEPMEHTHOM 06paboTKM B paspy-
WEHUN U yOANEeHWUU HeXenaTeNbHbIX Npumecei, u
co3zaHunn 6onee 0f4HOPOLHOM CTPYKTYPbl BOMOKHA.
MNpennoxeHHas GepMeHTHas KOMNOo3nuum (COCTaB
Ne 3), conepkallas Lennonasy u nnnasy, no3Bou-
Na NoNyYUTb IbHIHOE BOJIOKHO C AMaMeTpoM bonee
4yeM Ha 35 % MeHbLue, 4eM C KOMMO3ULMEN, He CO-
OepKaller aHHbIX aKTUBHOCTEN.

Pe3ynbTaTthl TakKe MOKa3bIBAKOT, YTO BUMOXUMU-
yeckas TexHonorus 06paboTku NbHAHOIO BOSIOKHA
NPMBOAUT K CHWXEHUIO pa3bpoca 3HaYeHUn ama-
MeTpa BOJIOKHA, YTO MOXET CBMAETeNbCTBOBATb O
6onee KOHTPONMPYEMOM U CTabUNbHOM MpoLecce
06paboTku.

MNpennoxeHHbI 6UOXMMUYECKKIA cnocob obpa-
6OTKM NIBHSIHOTO BOJIOKHA TakKXKe NMOKa3bIBaEeT Noso-
XWUTeNbHble n3MeHeHust B napametpax D10, D50 u

CMNCOK MCMOJIb3OBAHHDbIX
NMCTOYHWMKOB

1. WapuwyHos, B. A., AnekceeHko, A. C., Llaru, M. B.
(2019), CoctosiHMe nbHOBOAYECKOM OTpaACIU
Pecnybnuku benapycb M nyTv noBbllleHUs ee
addekTuBHOCTH, BecmHuk benopycckol eocy-
dapcmeeHHoLl cenbckoxo3sticmeeHHoU akademuu,
2019,N2 2,C.267-271.

2. HaymeHko,A.M.,Poiknun, [1.6.(2015), PazpaboTtka
TEXHOMOMMM NIbHOX/IOMKOBOM NpSiXKn NMHEBMOMe-
XaHu4eckoro crnocoba hbopMupoBaHus, BecmHuk
Bumebckoeo zocydapcmeeHH020 mexHoo2uYe-
cko20 yHusepcumema, 2015,N2 28, C. 86-94.
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D90, uto cBuaeTenbCTBYET 0 Honee y3koM pacnpe-
[LeNeHnn pasmMepoB BONIOKOH U Bonee 04HOPOAHOM
CTPYKTYype.

B uenom, pesynbrartbl aHanusa guameTpa BO-
JIOKHA YKa3blBAOT HA MONIOKMUTENIbHOE BAUSIHWE
6MOXMMUYECKMX CNOCODOB MOArOTOBKM NbHSHOMO
BOJIOKHA. JTO OTKPbIBAET HOBble BO3MOXHOCTU ANS
NPUMEHEHUS TaKMX TEXHONOMMM B TEKCTUNbHOM
NPOMBILUNEHHOCTH, CHUXAA 3aTpaTbl U YMeEHbLUAs
3KONIOTMYECKYIO HarpysKy.

BbIBOAbI

MpennoxeHHbIn BUOXMMUYECKMIA Cnocob no-
NIYYEHUSI NbHAHOTO KOTOHMHA C WMCMO/b30BaHWEM
(QepMEHTHbIX KOMMO3ULUMIM Ha OCHOBE MeKTMHA3
NMO3BONISET YYULWNUTb KAYeCTBO JNbHSIHOIMO BOJOK-
Ha, MpY 3TOM CHU3MB HEraTMBHOE BO3AENCTBME Ha
oKpyXatoLy cpeny. Pe3ynbratbl MCCNeLOBaHWM,
NnpeacTaBfeHHble B AAHHOW CTaTbe, MOMyT CTaTb
OCHOBOW [/ BHEOPEHWS HOBbIX TEXHONOMMA B
NbHAHYK oTpacib Pecnybnuku benapycb 1 nosbi-
LIeHUS ee KOHKYPEHTOCMOCOOHOCTM Ha MUPOBOM
pbIHKeE.

*Paboma ¢uHaHcuposanacb 8 pamkax 8biNOJHEHUS
3a0aHus  benopycckozo pecnybiukaHcko2o @oHAa
yHOAMeHMAnbHbIX uccnedosarud, npoekm
Ne T22Y3b-062.
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BIUAHUE PEXXUMHbIX MAPAMETPOB ONMEPALUWU OTAENKU
«CYWKA-TEPMO®OUKCALUUA» HA PENTAKCALULUOHHDBIE MPOLLECCbHI U
BO3AYXOMNPOHULAEMOCTb NONYIWEPCTAHbIX KAMBOJIbHbIX TKAHEN

KOCTIOMHOIo HA3HAYEHUA

RESEARCH OF THE INFLUENCE OF THE FINISHING OPERATION "DRYING-
THERMOFIXATION" ON RELAXATION PROCESSES AND AIR PERMEABILITY
OF HALF-WOOLLEN WORSTED FABRICS FOR COSTUME PURPOSES

YOK 677.027:303.725.35

B.B. CapoBckuii; T.A. basbinbuyk

benopycckuli eocydapcmeeHHblll 3KOHOMUYeCKUl
yHusepcumem

PED®EPAT

KAMBOJIbHAS TKAHb, TEPMO®UKCALMA,
[IBYXOCHOE PACTSKEHME, PEJTAKCALIMA YCUIINNA

Asmopamu cmameu npogedeHo UCCe008aHUE,
Uesblo KOmopoz2o SI8IS/I0Ck OUEHKa 8/USHUSI onepa-
yuu «Cywka-mepmogukcayusi» Ha 8030yXoNpoHU-
yaemMocme NOYWEPCMSHbIX KAMBObHbIX MKaHell ¢
PA3/IUYHBIM COOMHOWEHUEM WEPCMSHbIX B0/10KOH,
nosuscmepa u nalikpel U npoucxodsuwue npu 3mom
PENAKCauUOHHbIE npoueccsl. [ns docmuxeHus no-
cmagneHHol uenu bbiau nposedeHsl UCCIE008aHUS
U3MeHeHUs OumenbHoCMU penakcayuu u 8o30y-
XONPOHULAeMoCMu MKaHel pasuyHo20 B0/0KHU-
Cmo2o cocmasa npu 0B8yXOCHOM pPacmseHuu U
8030elicmeuu HA MKAHb NOMOKA 20psiye20 8030yxa
(180 °C). TkaHu uccnedo8anuce 80 8/1GXHOM U CyXOM
COCMOSIHUSIX.

B pe3ynsmame uccnedo8aHus ycmaHosneHo, Ymo
npouyeHm  nosbiieHUs  8030yX0NpoHUUaemMocmu
MKaHel 8 pe3ynbmame ux mepmo@duKCayuu Mox-
HO NOOHSIMb 3a cyem ysenuyeHus 0egopMupo8aHus
no ocHoge U ymky u npodosmumensHocmu 8o30el-
cmeus 2ops4ez0 8030yxd. IPHeKMUBHOCMb BUSHUS
amux napamempos mepMopUKCayuu MOXHO NoBbi-
cumb 3a cdem CHUXeHUs njomHocmel no ocHose U
YMKY, CHUMEHUSI JUHELHbIX naomHocmel Humel u
nosbiWEeHUS UX KPYMKU, G MAk#e 3a c4em CHUXeHUS
001U WepCMsIHbIX 80I0KOH 8 cOCMase mkaHedl.

* E-mail: Sadovski_v@bseu.by (V. Sadovski)

https://doi.org/10.24412/2079-7958-2023-1-26-35
V. Sadovski’; T. Bazylchuk

Belarusian State Economic

University

ABSTRACT

WORSTED FABRIC, THERMOFIXATION, BIAXIAL
TENSION, TENSION RECOVERY

The article discusses the conducted research, the
purpose of which was to assess the effect of dry-
ing-thermal fixation on the breathability and rela-
xation processes of half-woollen worsted fabrics for
costume purposes of different densities on the base
and weft, with different wool and polyester content,
and with the insertion of lycra into the weft thread.

It was found that when exposed to hot air, the
intensity of relaxation of efforts in all the studied
tissues increases. The duration of relaxation on the
base under the influence of hot air is less than at
normal temperature. Across the weft the duration of
relaxation varies significantly: in tissues that do not
contain lycra, it is also lower, and in tissues conta-
ining lycra, on the contrary, higher.

The percentage of increased air permeability of
fabrics as a result of their thermal fixation can be
raised by increasing deformation along the base and
weft and the duration of exposure to hot air.
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MonywepcTsHble KaMBOJIbHbIE TKAHU, COAEPXKA-
e B CBOEM COCTAaBe BOJIOKHA LWIEPCTM U MOMM-
3CTepa pasIMYHOro NMPOLLEHTHOrO COOTHOLLEHMS, A
TaKXe TKaHW, B COCTaB KOTOPbIX MOMMUMO LLEPCTU U
nonnacTepa BXOAMT laiKpa, MPOXOAST psf, 3TanoB
OTAENKU ANa AOCTMXKEHWs TpebyeMbix noTpebu-
TeNIbCKMX CBOMCTB, CPefiM KOTOPbIX 3HAYMMOE MeCTo
3aHMMaeT BO34YXOMPOHULAEMOCTb, T.K. SBASETCS
OOHUM U3 BAXKHEMWMUX TUrMEHUYECKUX CBOWMCTB
TKaHen. OQHaKko B npouecce OTAENKM BO34YyXOnpo-
HMLAEeMOCTb TKaHeM 3HAUUTENIbHO CHMXKAETCS Mo
CpPaBHEHUIO C CYpOBbIMM TKaHsAMM (Mocne TKaue-
cTBa). [peaBapuTenbHbIM aHanU3 3TanoB OTAENKU
nokasasn, YTo Hambonee MHTEHCUBHbIE TEMNOBbIE U
MexaHu4yeckue BO3LENCTBMS Ha TKaHW B YCIOBUAX
BbICOKOM BNAXHOCTM MPOTEKAKT Ha CTafusx npo-
MbIBKM W 3aBapKK, a TaKxe B NpoLecce CyWwKu-Tep-
Modukcaumu. Mpu 3TOM Ha 3Tanax NPOMbIBKU M
3aBapKyM MPOUCXOAMUT YMEHbLUEHWE BO34YXOMpo-
HMLAEeMOCTM, Ha 3Tane CylKu-TepModuKcaLum
BO34yXOMNPOHMULAEMOCTb MOXHO MOBbICUTb M CTa-
6unnsmpoBsarb.

NccnepoBanus BavgHUs onepaumit «[pombiB-
Ka» M «3aBapka» Ha BOLOMOINOLLEHUE, YCALKy U
BO3JYXOMNPOHULLAEMOCTb  MONYLIEPCTAHbIX  KaM-
BOJIbHbIX TKaHeW C Pas/MYyHbIM COOTHOLIEHMEM
LIepPCTSHbIX BOMIOKOH, NON3CTEPa M NalKpbl ony6-
NMKOBaHbI B pabore [1].

Lenbto paHHOM paboTbl 6bI10 npoBeaeHue
nccnepoBaHus BaMaHMS onepauumn  «Cyluka-Tep-
ModuKcaumMsa» Ha BO3AYXOMPOHULLAEMOCTb MOAY-
LIEePCTSHbIX KAaMBOJIbHbIX TKaHeM C pa3fiMyHbIM
COOTHOLIEHWEM LUEPCTSHbIX BOJOKOH, NOAM3CTEpa
M NanKpbl ¥ NPOUCXOASLLME NPU 3TOM penakcalm-
OHHbI€e MpoLLecChl.

Cywka-Tepmodukcaums Heobxoanma ans npu-
LaHUS TKaHAM (PUKCUPOBAHHbBIX Pa3MepoB Mo LUK-
PVHE, @ TaKXKe penakcauum HanPsKeHU B TKAHSIX,

Tabnuya 1 - Pexum cywku—mepmogukcayuu

CkopocTb
Temneparypa
npoxoaa TKaHu
Bupa TKaHu BOAbl B
B Kamepax,
nntocoeke, °C
m/mun
C narikpon 180
o 20-30 15-22
be3 navikpsl 180
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BO3HMKWMX Npu ux pedopMupoBaHun. [aHHas
onepauus NpoM3BOAMTCS HA CYLIWMIbHO-LUMPUIIb-
HOM MalUMHe, rae TKaHb M3 3anpaBOYHOro YCTPOM-
CTBa NPOXOAMT Yepe3 MICOBKY C BofoM (unu bes
BOZbl) M HAaKaNbIBAETCS Ha UMbl Pa3BOAHbIX Lienei
6e3 HaTsSKeHMs Mo OCHOBE W nepekoca No YTKy;
yCTaHAB/IMBAETCS CKOPOCTb MPOXOAA TKaHen yepes
8 cywunbHbIX Kamep (onepexeHwe) u pasBoj, Le-
nei Ha onpepeneHHOe 3Ha4YeHWe B CaHTMMeTpax
(ywnperue). [MepBbli napameTp xapakTepusyeT
pacTskeHue TKaHelr No OCHOBE, BTOPOM — MO YTKY.
TeMnepaTypHbI pexuM npoLecca CyWwKU-TepMo-
duKcaummn TkaHel npeacTasneH B Tabnvue 1.

Takum obpasom, B npouecce CyLKWU-TEPMO-
duKCauMn TKaHW perynupyloTcs Tpyu napameTpa:
fedopmMaums no ytky, aedopmaums No OCHOBE U
LNUTENbHOCTb BO3AENCTBMS TemnepaTypbl Cyll-
Ku. Kpome Toro, TkaHun npu tTepmodmkcaumm MoryTt
6bITb BO BIAYXHOM M CyXOM COCTOSIHUSAX.

[ins pocTuxeHus MOCTaBNAEHHOM uenn Obinu
npoBeAeHbl UCCNEA0BAHUS UBMEHEHNS OANUTENbHO-
CTW penakcaumm 1 BO34yXONPOHULAEMOCTU TKaHeN
pa3fIMYHOro BOJIOKHUCTOTO COCTaBa Npu ABYXOC-
HOM paCTHKEHUM U BO3LENCTBMM HA TKaHb MOTOKA
ropsyero Bosayxa (180 °C). TkaHu 1ccnenoBanmch
BO B/IAXKHOM M CYXOM COCTOSIHUSIX.

MNccnepoBaHmne NpoBoAMI0Ch Ha 06pasuax Kam-
BOJIbHbIX TKaHeN pa3NIMYHOM MNOTHOCTU MO OCHO-
BE U YTKY, C Pa3/IM4HbIM COAEPXKAHMUEM LUEPCTU U
NoiM3CTepa, U C BIIOXKEHWEM NAWKpbl B HWUTb YTKa.
XapaktepucTmka 06pasLoB npeacTaBieHa B Tabnm-
ue 2.

[na mogennpoBaHus pedopmauumii No OCHOBE
M YTKY, @ Takxke TemnepaTypbl BO34yxa, KOTOpble
B NMPOM3BOACTBEHHBIX YCIOBMUSX CO34AKOTCH B Cy-
LUMNBbHO-LUMPUIBHOM MallMHe, NpuU MNPOBELEHUM
MCCnenoBaHMs MPUMeHsanach YCTaHOBKA, npea-
CTaBnsioWaAs CoboM LenbHOMEeTaNIMYeckyo nps-

Temnepatypa B kKamepax, °C
2 3 4 5 6 7 8

190 | 190 | 190 | 190 | 190 | 190 | 180
180 | 180 | 180 | 180 | 180 | 180 | 180
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Tabnuya 2 - Xapakmepucmuku uccaedyemoix 06pasyos

Konuuectso
Ne CocTas MNoBepxHocTHas HUTEM Ha
NAOTHOCTb, 2/Mm? | 10 cm TKaHm,
OCHOBAa/YTOK
L - 45 %, 339
! M3 -55% 184 258
L - 45 %, 277
2 Mn3 -55% 192 216
L - 45 %, 281
3 Mn3 -55% 214 190
W - 43 %,
4 M3 - 55 %, 210 %
n-2%
W - 33 %,
5 N3 - 65 %, 218 %
n-2%
W - 20 %,
6 Mn3 -78 %, 225 %
n-2%
W - 66 %, 310
/ MNn3-34% 280 238
W - 27 %, 280
8 n3-73% 211 226
W - 43 %,
9 M3 - 55 %, 210 ﬁ
n-2%

lpumeyanue: LUl — wepcme, [13 - nonuscmep, /1 — naiikpa

MOYrO/ibHY0 paMy Ha HOXKAx C MOABMXHbIMM
3aXMMaMM O/ TKaHU C KaKOoW CTOPOHbI, C Npu-
KpeniieHHbIMM Ha HWUX TEH30MEeTpUYEeCKMMMU [aT-
YyMKamMu, U MoAyneM AN CO3[AHMS MOTOKA rops-
yero Bo3gyxa (180 °C) Ha obe CTOpPOHbI TKaHW.
YcTaHoOBKa MO3BONSIET CO34aBaTh PasfiMuyHble Ba-
PWMaHTbl ABYXOCHOro AedOpMUPOBAHMUS TKaHEN B
FOPU30HTANbHOM MJIOCKOCTU U 3aMMCbiBaTb YCUAUS,
BO3HMKAOLWME NpY ePOpPMUPOBAHNM TKAHM, A TaK-
Ke penakcaumio yCuus npu npekpaieHumn gepop-
MWPOBAHMS.

NccnepoBaHne  M3MEHEHMS  OSIMTENbHOCTU
penakcaumMm ycunuii npoBOAMIOCh Ha LWeCcTn 0b6-
pa3uax TKaHew: obpasubl 1-6 ogHoOro nepennete-
Hus - capxa 2/1 (tabnuua 2). U3 Hux Tpu obpas-

28

JInuneitHas . PaspbiBHas
KpyTka HuTeir,
NAOTHOCTb Harpyska
L kp/m, ,
HUTEN, mekKc, Hutel, cH,
OCHOBa/YTOK
OCHOBa/yTOK OCHOBa/yTOK
28 680 497
28 680 497
36 1147 495
36 1147 495
42 536 822
42 536 822
38 662 643
424 649 681
42 565 846
46,4 669 842
42 562 961
46,4 658 995
50 550 1050
50 550 780
42 672 1000
42 672 75
38 662 800
42,4 649 400

ua (N2 1, 2, 3) umMenn OOMHAKOBbIA BONOKHUCTBIN
COCTaB, HO Pa3/IMYHble MIOTHOCTM MO OCHOBE U
YTKY, U IMHENHbIE NIOTHOCTU HUTEW, U TPU 0bpasLa
(N2 4,5, 6), coctaB KOTOPbIX OTIMYAETCA MO KONMYe-
CTBY LUEPCTSHbIX BOJMIOKOH M NOAM3CTEPA, NIOTHO-
CTSIMM MO OCHOBE U YTKY, IMHEWHbIMU NAOTHOCTSIMU
HWTEN, a TaKXKe, B OT/IMUME OT NepBbiX Tpex 06pas-
LLOB, COAEPXAT NanKpy.

LedopmumpoBaHne 06pasLOB MNpPOU3BOAMIUCH
O[LHOBPEMEHHO MO OCHOBE M YTKY, NO3TAMNHO Ha Be-
AnunHbl 1,9 %,3,9 %,5,8 % n 7,7 %. MNocne kaxaoro
3Tana onpeaensnach penakcaums ycunus, COoTeeT-
cTBYlOWAs BennunHe nedhopMMPOBaHMS. 3anuchb
M3MEHEHWS BEIMYMHbI YCUIUMS B MpOLLecCe penak-
cauuu npomsBoamnach Yepes kaxaple 0,1 c.
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Nocne okoHYaHMs penakcaummn ycunusa obpasua
TKaHW B MOKPOM COCTOSIHMM MPU MaKCMMaSbHOM
nedopmMumpoBaHum Tkauu (7,7 %) oHa noaBepranach
BO3[ENCTBUIO BO3[yXa BbICOKOM TeMmnepaTypbl
(180 °C), v npopomkanacb 3anUcb U3MEHEHUs Be-
JIMYMHBI YCUNIUS penakcaumu.

Pe3ynbtathl MCCNenoBaHUS AJIMTENBHOCTU pe-
Nnakcaumm ycunuim nocie OfHOBPEMEHHOro pacTs-
YKEHMS TKaHeM Mo OCHOBE M YTKY B CyXOM COCTOSHWM
W MpU MOAHOM BNIArOMOIOLWLEHUN NPeLCTABEHbI
Ha pucyHkax 1 un 2.

M3 ructorpammel Ha pucyHkax 1 v 2 BUAHO, 4TO
LNWUTENbHOCTb penakcauuuM yCUnuin nocne npe-
KpalieHus nedopMMpOBaHMS MO OCHOBe 6osblue,
4yeM Mo yTKYy Y BCeX TKaHeMl, Kak B CyXOM, TaK U B
YBAKHEHHOM CcOCTOsSHMAX. [lpn MakcMManbHoM

BeNMUYMHE 1eOPMUPOBAHUS OHA COCTABNSET B CY-
XOM cocTosiHumn no ocHose 109,7-252,1 ¢, no yTky
48,1-152,1 ¢, BO BNa)XHOM COCTOSIHUM — MO OCHO-
Be 57,8-2671 ¢, no ytky 29,8-174,7 c. Y TkaHen,
He codepxawmx navkpy (1, 2, 3), B yBnaXKHeHHOM
COCTOSIHUM O/IUTENbHOCTb penakcaumm Bbile, YeM
B CYyXOM, KaK MO OCHOBE, TaK M no yTKy. OHa co-
CTaBNsieT B CyXOM COCTOSIHMM no ocHoBe 140,2-
252,1 ¢, no ytky 87,6-152,1 ¢, BO BNaXHOM COCTO-
SHMM — no ocHose 166,1-267,1 ¢, no yTky 134,8-
174,7 ¢.Y TkaHen ¢ nankpoi (4, 5, 6) Haobopor, BO
BNIQXXHOM COCTOSIHUM OHWM penakcupyrT ObicTpee,
4yeM B CyxoM. [InuTenbHOCTb penakcaumu cocTaB-
N9eT BO BNIAXXHOM COCTOSHMM MO OCHoBe 57,8-
93,3 ¢, no ytky 29,8-52,3 ¢, B CyxOM MO OCHOBE
109,7-185,6 ¢, no ytky 48,1-88,8 c. Cnenyet oT-

r

~

225,6
2521

187,6

Vianudenne, %o:
m1.9
m3.9
m5.8

5 6 Homep odpasna

—
o
(o]
|
102,0
126,8
116,5
152,1

4 5 6 HomMep odpasna

VanmuaeHue. %:
m1.9
m3.9
m5.8

YMKy 8 cyxom gude: a — 0CHO8d; 6 — ymok

\_

PucyHok 1 - 3HaueHus 8peMeHu penakcayuu mkaHed npu pasauyHoM yonuHeHuu npu degopmayuu no ocHoge u

J
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r

VY omuHeHHe, %o:
ml9
m39
m5.8
u77

5 ¢ Homep o6pazna

1164
131.8
171,9
1327
142,3
151,5
162,8
174,7
1793

VYV omuHeHHe, %o:
m1l9
m3.9
m5.8
m7.7

1242

5 ¢ Homep odpazna

YMKY 80 8/1GXHOM COCMOSHUU: a — OCHO84; 6 — YMOK

\_

PucyHok 2 — 3HayeHus 8pemeHU penakcayuu maHel npu pasauyHoM yYOauHeHUU npu depopmayuu no ocHose U

J

MEeTUTb, YTO ANUTENbHOCTb penakcalumMn No OCHoBe
M NO YTKY Y TKaHeM C NaKpoK, 3HAUMTENbHO MEHb-
e, 4eM y TKaHel 6e3 nankpbl, Kak B CyXoM, TaK 1 B
YBNAXXHEHHOM COCTOSIHUSX.

[ng u3yyeHust BAUSHWUA TeMnepaTypbl BO3yxa
Ha LNMTENbHOCTb penakcaumMn ycunus B yCnoBUSX
[LBYXOCHOTO PaCTSKEHUS, MO OKOHYAHWM penak-
cauMu npu HOPManbHOM TemrnepaType BO34yXa
(18-22 °C), TkaHu nogBepranmcb HarpeBy NOTOKOM
ropsyero Bosayxa (180 °C).

Ha pucyHke 3 nokasaHbl pe3ynbTaTtbl MCCNeno-
BaHUSI penakcaumm yCUIMim Nnocie pacTKeHUs Ha
7,7 % N0 OCHOBE U YTKY YBNAXXHEHHbIX TKAHEN npu
BO34EMCTBUM ropsvero Bosayxa.

[OnuTenbHOCTb NPOTEKAHUS penakcauuMu nog
BO3[leMCTBMEM rOpsIMero Bo3ayxa v Npu HOpMalb-
HOM TemnepaType CyWeCTBEHHO pas3/MyaeTcs B

HanpaB/JeHWM OCHOBbI M YTKa, @ TaKxKe 415 TKaHew,
copepxalmx nankpy u 6e3 Hee. M3 rucrtorpam-
Mbl Ha PUCYHKE 3 BMOHO, YTO NPU BO3LENCTBUM
ropsiyero BO3fyxa AJIMTENbHOCTb penakcaumm no
ocHoBe (151,0-206 c) 6onblie, yem no yTky (97,4-
166,8 ¢) TONbKO y TKaHEW, He coaepXKalimx nam-
kpy (1,2, 3). Y TkaHen c narkpoii (4, 5, 6) Haobopot
NPOLOMKUTENbHOCTb penakcauum no yrky (157,2-
163,6 ¢) 6bonblie, yem no ocHose (114,3-149,9 ¢).
CpaBHMBas rUCTOrpaMMbl Ha PUCYHKax 2 U
3 (npu pedopmupoBaHum Ha 7,7 %), BUOHO, YTO
[LNUTENbHOCTb penakcalMu no OCHOBEe Y BCex TKa-
Hel Npu BO3AEWCTBUM rOpsSMero BO3ayxa MeHblue
(114,3-206,0 ¢), 4eM npu HOpMaNbHOM TeEMNepaTy-
pe (152,4-299,4 ¢). AnutenbHOCTb penakcauum no
YTKY y TKaHeW, He coaepxalumx nankpy (1, 2, 3), nog
BO3AEMCTBMEM rOpsSYero BO3Ayxa TakkKe MeHblue
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206,0

c
2
S
S
160,4
151,0
166,8

128,5

“
<
—
—

157,2
134,8
160,9
149,9
163,6

N ocHOBA

B yTOK

Homep 06pazna

PucyHok 3 - 3HaveHus spemeHU penakcayuu mkaHel npu degopmayuu no 0cHose U ymkKy 8 MOKpoM sude npu

8030delicmsuu cyx020 20ps4e20 8030yxa

\_

_J

(97,4-166,8 ¢),4eM Npu HOpManNbHOM TemMnepaType
(151,5-179,3 ¢), a y TKaHen, copepxalimx nankpy
(4,5, 6),Haoboport 6onbwe - 157,2-163,6 ¢ npotuB
68,5-124,2 c.

Taknum 06pasom, npoBefeHHOe MCCIenoBaHMe
noKasano, YTo AAWUTEeNbHOCTb penakcauun yCunui
nocne npekpauieHns nedopMUpoBaHUS NO OCHOBE
Honblue, YeM MO YTKY Y BCEX TKaHEN, KaK B CyXOM,
TaK U B YBNAXHEHHOM COCTOSIHMAX. [nnTenbHoCTb
penakcaumm no OCHOBE M MO YTKY Y TKAHeW C nam-
KPOW, 3HAUMTENbHO MEeHbLLE, YeM y TKaHel 6e3 nai-
Kpbl, Kak B CyXOM, TaK U B YBJAXXHEHHOM COCTOS-
HUax. Y TKaHewn, He copepxawmx nankpy (1, 2, 3), B
YBNAXHEHHOM COCTOSIHUM OJIMTENBbHOCTb penakca-
umm Bonblue, yeM B CyxOM. TKaHu C nawkpow (4, 5,
6) Ha06OPOT, BO BNAXXHOM COCTOSIHUM PENAKCUPYOT
bbIcTpee, YeM B CyXOM.

BbisiBNeHO, 4TO NpU BO3AENCTBUM FOpPSYEro BO3-
[lyXa MHTEHCMBHOCTb penakcaumu yCUIuin y BCex
uccnenyeMblx TKaHe yBenMymMBaeTcs.

[nutenbHOCTb MpOTeKaHMs penakcaumm no
OCHOBE noJ BO34EeNCTBMEM TrOpsYero BO34yXa
MeHbLUe, YeM Npu HopManbHoM TeMnepartype. [1o
YTKY AIMTENbHOCTb PeNaKCaLMmM CyLEeCcTBEHHO pas-
NMYaeTca: y TKaHen, He coaepxalumx Nnankpy, oHa
TaKXKe MeHblle, a Yy TKaHeM, CoaepXKalmx Nankpy,
HaobopoT, bonblue.
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MccnepoBaHne 3aBMCMMOCTM  BO3LYXOMPOHU-
LLAaeMOCTM OT BenuyuHbl AedopMaumu no OCHO-
BE W YTKY MpW BO3LENCTBUM rOpsYero BO3AyXa
(180 °C) 6bin0 NpoBeneHo Ha 0bpasLax KamBosb-
HbIX TKaHen 7-9 (Tabnuua 1) capkeBoro nepenne-
TeHWsI, pa3IMYHOM MJIOTHOCTU MO OCHOBE U YTKY, C
pas/IMYHbIM COAEPXKAHMEM LLIEPCTU U MOANICTEPA, U
C BIOXXEHMEM NaNKpbl B HATb yTKA.

JKCNepUMEHT MpOBOAMICS B COOTBETCTBUM C
LLeHTPanbHbIM KOMMO3ULMOHHBIM OPTOrOHasIbHbIM
nnaHom (LIKOM) [2, 3].

(DakTopamu BO3AENCTBUS SBASNNCE: YAJMHEHNE
(8 %) no ocHoge (x,) 1 Mo yTKy (x,) M BpeMs BO3-
LencTBus Bosfyxa (cek) npu Temnepatype 180 °C
(x,).

B kavecTtBe BbIxoaHOro napameTpa Obi1o B34TO
M3MEHEeHWe BO34YXONPOHWULLAEMOCTU TKaHeN, KOTo-
poe onpeaensnocs no popmyne:

B-B
V=—2.100%,
B,

0

(1)

rane B, - Bo3myxonpoHuuaeMocTb 06pasLoB A0
akcnepumeHTa, %; B - BO34yXOMNpOHWMLAEMOCTb
06pasuoB nocie aKkcnepuMeHTa, %.

MaTpuia nnaHMpoBaHWS 3KCMEPUMEHTA Npea-
CTaBneHa B Tabnuue 3. MHTepBan BapbMpOBaHMA

B
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Tabnuya 3 - lnaH mpexgakmopHo20 3KcnepumMeHma

HatypanbHble 3HaueHus KoaupoBaHHble 3HaueHuss | UsMeHeHue BO3AyXONpPOHULIAEMOCTH,
Ne ¢akTopos ¢akropos % TKaHu N2
onbITa
X, x, x, X, x, X, 7 8 9
1 1,9 1,9 80 -1 -1 -1 0,25 5,95 0,92
2 6,9 1,9 80 +1 -1 -1 1,01 12,05 2,97
3 1,9 6,9 80 -1 +1 -1 1,15 14,02 3,10
4 6,9 6,9 80 +1 +1 -1 3,43 25,85 7,65
5 1,9 1,9 280 -1 -1 +1 2,11 17,02 5,54
6 6,9 1,9 280 +1 -1 +1 3,37 17,75 5,73
7 1,9 6,9 280 -1 +1 +1 3,04 23,71 2,60
8 6,9 6,9 280 +1 +1 +1 4,65 32,91 10,10
9 14 4.4 180 -1,215 0 0 14 15,34 5,25
10 73 44 180 +1,215 0 0 2,92 22,03 7,04
11 4.4 1,4 180 0 -1,215 0 1,32 14,34 4,18
12 4.4 73 180 0 +1,215 0 3,63 27,00 8,38
13 44 4.4 59 0 0 -1,215 0,72 7,76 2,3
14 4.4 4.4 302 0 0 +1,215 2,59 19,59 6,54
15 4.4 4.4 180 0 0 0 1,86 16,60 557

¢akTopoB X, 1 X, B3AT paBHbli 2,5 %, a akTopa
x, - 100 cekyHA.

B cootBeTcTBME C JaHHbIMM Tabnuubl 3 € no-
Molbto nporpammbl MC Excel paccuntbiBanmch
Ko3pduUMeHTbl ypaBHeHus perpeccun [4]. 3Ha-
YMMOCTb BbIYMCNEHHBIX KO3IDDUULMEHTOB, @ TaKXKe
a[leKBAaTHOCTb MOCTPOEHHOr0 YpaBHEHUSI perpec-
cun nposepsanacb no kputeputo CrbtogeHTa u Ou-
Lepa COOTBETCTBEHHO. KOHEUHbIN BMA, YPaBHEHUMN

B KOAMPOBAHHbIX BeNMYMHax Ans Tpex obpasuos
TKaHeN npeactaBneH B Tabnumue 4.

AHanusupys nony4yeHHble MOLENU A1 BO34YXO-
NPOHULLAEMOCTM BCEX UCCNIELYEMbIX TKAHEN, BULHO,
4TO MpU (aKTOpax BO3AEUCTBUS (X, X,, X,) 3HAKM
«+». DTO rOBOPST O TOM, YTO MPU UX YBENUYEHUM
BO3/[lyXONPOHML,AEMOCTb OyeT yBenMuymMBaThCs.

Mo matemMaTMyeckuMm Mopensm, 6ol nocrpoe-
Hbl rpaduKM 3aBUCMMOCTU WM3MEHEHWUS BO34YXO-

Tabnuya 4 - YpasHeHus usmeHeHus 8030yxonpoHuyaemocmu (Y) om degpopmayuli no ocHose (x,) u ymky (x,) u
gpemeHu 8030elicmsus 2ops4ye20 8030yxa (X,) 019 KAMBO/IbHbIX MKaHel

N® 06p. YpaBHeHue perpeccum
TKaHU P perp
9 Y =1,92+0,62-x,+0,85-x,+0,79 - x, +0,15-x" +0,37-x3 —=0,19-x7 +0,36-x, - x, —0,15-x, - x,
10 Y =16,83+3,29-x, +5,36-x, +4,38 - x, +1,24-x +2,72-x7 —2,15-x] +1,78 - x, - x, =1,00- x, - x,
11 Y =5,60+1,05-x, +1,68-x, +1,81-x, +0,34-x" +0,43-x; —0,92-x; +0,60-x, - x, —0,49 - x, - x,
_ J
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NPOHULIAEMOCT OT BPEMEHU BO3AEWCTBUS rops-
yero BO34yXa (X,;) MPU MOCTOSHHbIX BEANYUHAX
Aedopmauuii no ocHoBe (X,) U YTKY (x,), KOTopble
npeLCcTaBNeHbl HA PUCYHKe 4.

M3 rpadukoB Ha puCyHKe 4 BUAOHO, YTO BO3LY-
XOMPOHULAEMOCTb YBEMUYMBAETCS C YBEIMYEHUEM
BpEMEHM BO3eNCTBUA ropsyero Bosayxa.[lpu atom
npu MakCcMManbHOM fedopMupoBaHum (6,9 %) Tka-
Hel, He coaepxalimx namkpy (7 u 8),0Hu focturatoT
MaKCUMMaNbHbIX 3HAYEHUW NpU BO3OENCTBUU ropsi-
yero Bo3ayxa B TevyeHun 220 c. Y TKaHU C Nnankpon
(9), npu nedopmmpoBaHum Ha 6,9 % MaKCUMYM U3-
MeHeHMs BO34YyXONPOHWLAEMOCTU LOCTUraeTcs K
300 ¢ Bo3meNnCTBMSA ropsvero Bosayxa.

Mo nonyyYeHHbIM ypaBHEHUAM perpeccum, bbinm
NMOCTPOEHbl ABYXMEPHbIe CEYEeHUs MOBEPXHOCTU
OTK/IMKA (PUCYHOK 5), MO KOTOpbIM MOXHO onpe-
[enunTb, HA CKOMIbKO M3MEHWUTCS BO34YXONPOHMULA-
€MOCTb, eC/IM TKaHb YAJMHUTL MO OCHOBE U YTKY Ha
onpefeneHHbl npoueHT. CeyeHns CTpOMAUCh Npwm
NMOCTOSAHHOM BpeMeHW BO3[elCTBUS ropsyero Bo3-
nyxa paBHoM 280 cekyHA, Npy KOTOPOM npekpalla-
I0TCS penakcaumMoHHble NpoLeccsl BO Bcex 06pas-
LaxX TKaHen.

M3 aHanusa [OBYMEpHbIX CEYEHWM, BMOHO, YTO
TKaHb 8 (pucyHOK 5 6), UMetolas camble HU3KKe
NJIOTHOCTM NO OcCHOBe M YTKY (280 n 226 HuTen
Ha 10 em TKaHW), CaMyK BbICOKYK KPYTKY HUTEN
(672 kp/m), B cOCTaBe KOTOPOi npeobnagaet no-
nuacrep (73 %), MeeT HaMbONbLUMI NPOLLEHT No-
BbILLEHMSI BO3AyxonpoHuuaemoctn (32 %) npwu
paBHbIX BeNUUYMHAX AedOpMUPOBaHMS (MO OCHOBE
M yTKY Ha 6,9 %).

TkaHb 7 (pucyHoK 5 a), uMerowas cambie BbICO-
K1e NAOTHOCTU MO 0CHOBE M YTKY (310 n 238 HuTen
Ha 10 em TKaHM), CamMyto BbICOKYHO JIMHEMHYIO NNOT-
HOCTb HUTel (50 mexc) 1 CaMy HU3KYK UX KPYT-
Ky (550 kp/m), B coctaBe KOTOpOM npeobnaaart
LIepCTAHbIe BONOKHA (66 %) Npu Tex ke BennunmHax
nedopMMpOBaHMS UMEET CaMbli HU3KUIM MPOLEHT
MOBbILLIEHMS BO34YXOMPOHULAEMOCTH (4,5 %).

Tkanb 9 (pucyHok 5 8), copepxawas B yTke
Navikpy U 43 % LepCTaHbIX BOMOKOH, TAaKXKe, Kak U
TKaHb 7 UMeeT NPakTUYeCKM OMHAKOBYH) BbICOKYHO
NAOTHOCTb NO ocHoBe (313 1 310 HuTelt Ha 10 em
TKaHM), HO CYLLECTBEHHO HWXE MJIOTHOCTb MO YTKY
(194 npotus 238 Hutert Ha 10 cm TKaHK), HUXKE K-
HelHble MIOTHOCTU HUTel (38+42 mexce npotus 50

34 4

45 - 3 3
32 4
11 4
40 30 3
28 A 1051
35 4 J
26 5 |
24 A
30 - 2 | 8 -
ke 2 ~ 20 A 2 = Fud
B 25 4 B ol 2
18 1 1 6
20 | i 16 g 1
14 4 31
15 4 12 4
10 1
10 8 1 7
6 2
05 - 4 4
14
2
00 T T T T T 1 0 : ; . ; . 1 0 T T T T T 1
60 100 140 180 220 260 300 60 100 140 180 220 260 300 60 100 140 180 220 260 300
Bpeas, ¢ Bpems, ¢ Bpemm, ¢
a 6 8

Pucyrok 4 - Ipaguku 3asucumocmu uzmeHerus gosdyxonpoHuyaemocmu (Y,) mkawed 7 (a), 8 (6), 9 (8) om
spemeHU 8030elicmeus memnepamypsl npu pasjiuyHbix eenuduHax degopmuposarus: 1 - x, = x, = 1,9 %;

2-x,=%,=44%3-%,=%x,=69%
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PUC)/HOK 5 —[leyMepr/e CeYeHUs nosepxHoCcmu omk/auka modenu usmMeHeHus 3030yx0np0HuuaeMocmu: a-onq

mkaHu 7,6 - 0n8 mkaHu 8, 8 — 019 mkaHu 9

+ 50 mexc) 1 3HauUMTENBHO BbIlLE UX KPYTKY (662
npotus 550 xp/m). CTpykTypa TKaHuM 9 3a cuer
6onee HU3KOM MAOTHOCTM NO YTKY, Bonee HU3KOWM
JIMHENHOM NNOTHOCTU HWUTEN U Bonee BbICOKOM UX
KPYTKM, @ TakxKe 60siee HU3KOro COAEPXKaHUS Luep-
CTSIHBIX BOJIOKOH, HE CMOTPSl Ha Hanuuue Nawkpbl,
oKasanacb 6onee NoABMKHOM, YTO CMOCOBCTBOBANO
6o/iblIeMy, YEM Y TKaHW 7 YBEIMYEHUIO BO3LYXO-
npoHuuaemoctn (10 %).

CMMUCOK UCMOJTb30OBAHHDbIX
NMCTOYHWMKOB

1.TanoHoBa, T. A., CapoBckui4, B. B. (2021), Uccne-
[OBaHWE BAMUSHUS BIAXHO-TEMNOBbLIX ONepaLmii
OTAENKM HA BO3AYXOMPOHWMLAEMOCTb M CBS3aH-
Hbleé C HEK CBOMCTBA MONYLWEPCTAHbIX KAMBOJIb-
HbIX TKaHel KOCTIOMHOIO Ha3HauyeHwus, BecmHuk
bray,2021,N2 6,C. 38-47.

2. Makapuues, 0. A., MBaHHukoB, 0. H. (2016),

Memodel nnaHuposaHus 3kcnepumeHma u obpa-
6omku 0aHHbIX: y4eb. nocobue, CapaTtos, 131 c.

34

M3 npoBefeHHOro aHanu3a Cnegyert, 4To npo-
LeHT NOBbILLEHMS BO34YXOMNPOHULAEMOCTU TKAHEN
B pe3ynbraTe UX TepMOPUKCALMM MOXKHO MOOHATb
3a cyeT yBenuyeHusa nedopMmMpoBaHUS MO OCHOBE
M YTKY M NPOAOIKUTENbHOCTU BO3AENCTBUS FOpsi-
yero Bo3ayxa. dDPHEKTUBHOCTb BUSHUS 3TUX Napa-
METPOB TePMOPUKCALMN MOXKHO MOBBICUTH 3a CYET
CHUXEHMS MIOTHOCTEM MO OCHOBE M YTKY, CHUXE-
HUS IMHEMNHbIX NJIOTHOCTEN HUTEM M NOBbILLEHUS NX
KPYTKM, @ TaKXe 33 CYET CHUXKEHMUS A0NU LepCTs-
HbIX BO/IOKOH B COCTaBE TKaHEW.
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BbIBOP PALUOHAJIbHOM CTPYKTYPbl U U3YYEHUE PABMOTEXHUYECKUX
XAPAKTEPUCTUK TKAHEN ONA 3AWNTbI OT IIEKTPOMATHUTHOTO

M3NYHYEHUSA

CHOOSING A RATIONAL STRUCTURE AND STUDYING THE RADIO AND
TECHNICAL CHARACTERISTICS OF FABRICS FOR PROTECTION FROM

ELECTROMAGNETIC RADIATION

YOK 677.07.13,677.532,677.017.6
N.E. CadoHos’ H.M. JleBakoBa
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PEDEPAT

SKPAHUPYIOLLME TKAHW, KOMBWHWPOBAH-
HbBIE 3JIEKTPOIPOBOLALLME HUTH, MELHAA U
CTAJIbHAA TIPOBOJIOKA, KOS®OULMEHT [1PO-
XOXLAEHWNSA N OTPAXEHNA

MccnedosaHue nocgsaweHo 80npocam npoekmu-
posaHus, 86lbopa oNMUMAbHbIX CMPYKMyp U U3y-
YEHUI paduomexHUYecKUx Xapakmepucmuk mka-
Hel, npedHAa3Ha4YeHHbIX 01 3aWUmsl 4Yesn08eka U
cneyuanbHol mMexHUKU om 371eKmpoMazHUMHo20
u3/ay4eHus paouo4acmommHo2o ouanazoHa (IMU PY).
B coomesemcmeuu ¢ cospemeHHbIMU pOCCUCKUMU
cmaHdapmamu cpedcmea uHOUBUAYanbHoU 3awumel
00/mHHbI 0becnequsams Ko3g@uuyueHm 3KpaHupo-
eaHus 8 duanasoHe yacmom 30 kI'y...60 I'T'y, He
meree 30 0B.

TpaduyuoHHble mekcmusibHble cmpykmypbl (00-
HOC/I0UHbIE MKAHU U MPUKOMax), 8 nepeom npubsu-
HEeHUU signisouuecss 08yXMepHsIMU Mamepuanamu,
CNoCcobHbI 0becnedums 8bICOKOU YpOBEeHb IKPAHUPO-
8aHus MU PY 3a cuem gbicokoli cmeneHu e2o ompa-
HEHUS (Komp = 88...99 %) - npuHyun knemku ®Papa-
des. [lna 3kpaHuposaruss IMU PY ¢ ucnone3ogaHuem
NpuHYUNaG nozaoweHusi Heobxo0uUMo UCNOAL308AMb
MHO020C/10(IHble MEKCMUJIbHbIE CMPYKMYpPbI € 3P PeK-
MoM, Mak Ha3bl8AeM020 MHO20KPAMHO20 8HYMpeH-
HEe20 ompaeHus, Komopesle, o4egudHo, obnadarom
00/1bLIUM 8ECOM 8 CPABHEHUU C 0OHOCIOUHBIMU MKA-
HAMU.

B danHolU pabome 0na 3¢ppekmusHo20 3KpaHu-
posaHuss IMU PY npednoxeHo ucnosib3oeame cme-

* E-mail: pavlin722007 @yandex.ru (P. Safonov)
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ABSTRACT

SHIELDING FABRICS, COMBINED ELECTRICALLY
CONDUCTIVE THREADS, COPPER AND STEEL WIRE,
TRANSMISSION AND REFLECTION COEFFICIENT

The research is devoted to topical issues of de-
signing, choosing a rational structure and studying
the radio and technical properties of fabrics designed
to shield electromagnetic radiation of the radio fre-
quency range.

The article shows that single-layer woven struc-
tures can provide effective protection against elec-
tromagnetic radiation of the radio frequency range
due to a high degree of reflection (Cref =88..99 %). If
necessary, by alternating fabrics with different reflec-
tion and absorption coefficients in the package, the
effect of multiple internal reflection can be realized.

The conducted studies have confirmed that the
shielding properties of fabrics can be varied by
changing the geometry of the cell formed by the
conductive threads of the warp and weft. The de-
pendence between the length of the electromagnetic
wave and the size of the side of the cell necessary for
its reflection is confirmed.

For effective shielding, it is proposed to use com-
bined yarns with different percentages of steel fibers
and combined electrically conductive threads, which
should contain metal wire with low electrical resis-
tance (copper and its alloys, steel).

Fabrics with a surface density from 55 to
220 g/m? have been developed, which have a trans-
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co8ble NPsSHU C pazuyHbIM NPOUEHMOM B/I0MEHUS
cmansHelx 80/10KOH (He meHee 30 %) u KOMOUHU-
pPOBAHHbIE 37eKMponNposodsuiUe HUMU, KOomopble
00/HHbI CO0epHams Memasaauyeckyo nNpPogosoKy ¢
ManbIM 371eKMpUYeCKUM conpomugieHuem (Mede u
ee cnsasel, CMasns).

PaszpabomaHHble mKaHu € N0BEPXHOCMHOU
naomHocmeto om 55 0o 220 2/m? umerom Ko3gp-
puyueHm npoxoxoeHus pasHewili unu meHee -30 0B
npu yacmome usny4eHus om 300 kI'y, do 16 I'T'y,

AHanutuyeckas 4yactb

B cBfi3n ¢ HenpekpallaLwmMMca pacliMpeHnem
chep NpUMeHeHus YCTPOMCTB U npubopoB (6bITo-
BOrO, MPOMbILLIEHHOrO U 0OOPOHHOIO HAa3HAYEHMS),
ABNSAIOWMXCS  UCTOYHWMKAMKM  371eKTPOMArHUTHOIO
M3Ny4YeHUs, B TOM Yucsie pafMoyacToTHOro auana-
30Ha, 0C060 aKTyaNbHbIM HanNpaBlEHUEM SBNSETCS
NPOEKTUPOBAHUE CTPYKTYP TEKCTWU/bHbIX MaTepu-
anoB C 33[4aHHOM 3aLWMTHOM CNOCOBHOCTLIO B LLUK-
POKOM YaCTOTHOM AMana3soHe 31eKTPOMArHUTHOro
U3yyYeHus.

O6bekTaMM [AHHOMO MCCNeA0BaHUA SABNSHOTCS
TKAHW ONS 3aWMTbl OT I/1EKTPOMArHUTHOMO M3Ny-
yeHns (OMW) papmouactoTHoro auanasoHa (PY).
PykoBoactBysicb  onpefeneHusamMu  CTaHAAPTOB
Poccuitickort ®epepaumn, B 4vactHoctu [OCTom
12.4.305-2016 wn TOCTom 12.4.306-2016, nop
OMW  paaMoyacToTHOrO AManasoHa MOHUMMAeT-
€S u3nyvyeHme B AmanasoHe yacrot ot 30 kl'y no
60I'Ty (ot10xm 10 5 mm).lpn 3TOM KOIPPULMEHT
3KpaHMpoBaHus B AnanasoHe yactot ot 30 kI'y no
60 I'l'y, nonxeH 6biTb He MeHee 30 5.

Bce cnocobbl 3¢deKTMBHOIrO 3KpaHMpPOBAHUS
OMU PY c nomouibto Cpeacts MHAMBUAYANbHOW
3awmTbl (CM3) MOXKHO YyCNOBHO pa3fenvTb Ha ABe
6onbluMe rpynmnbl: 3KPaHMPOBAHME 33 CYET OTpaxe-
HUS W SKPaHMPOBAHWE 3a CYET MOI/IOLLEHNS U3NY-
YeHMs B MHTEPECYIOLEM AMANA30HE YaCTOT.

TpaAMUMOHHbIE TEKCTUNbHbIE CTPYKTYpbl (TKa-
HU W TPUKOTaX) B MEPBOM MPUBIMKEHUU MOXKHO
paccMaTpuBaTh, Kak ABYXMepHble MaTepuansbl, 13-
3a Masioro 3HaveHus ux TonwmHel [1]. B nogobHbix
KMIOCKUX» CTPYKTYpax 3QOEKTUBHYK 3awwuTy OT
SMU PY MoxHO 06ecneymTb NnLLb 33 CHET BbICOKOW
CTENEHU ero OTpaxeHus — npuHuMn knetkn Mapa-
nes.
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mission coefficient equal to or less than -30 dB at a
radiation frequency from 300 kHz to 16 GHz.

[ns skpaHupoBanua MU PY ¢ ucnonb3osa-
HMeM MpUHUMNA MOMOWEHUs (MAUM KOMBUHALMK
NMOrNOLEHUS U OTPAKEHUS) HEOOXOAMMO UCMONb-
30BaTb MHOrOC/IOMHbIE TEKCTWU/bHbIE CTPYKTYpbl C
3 deKTOM, TaK Ha3biIBAEMOr0 MHOTOKPATHOMO BHY-
TPEHHero oTpaxkeHus [2], uto, o4eBUAHO, NpUBEAET
K YBE/IMYEHUIO BECA 3aLLMTHOIO 3KpaHa.

M3 pabotbl [2] M3BECTHO, YTO AN peELIeHUS
3afauu 3kpaHupoBaHmna DMU wvactoton ot 1 pmo
18 I'T'y, npepnoXeHO MCMONb30BaTb MaKeTbl TeK-
CTUNIbHBIX MaTepUanoB, Ha OTAENbHble C/I0M KOTO-
pbIX HAHECEHbl TOHKOC/IOMHbIE MOKPbLITUS pa3finy-
HbIX METaNlJ10B.

Ha pucyHke 1 cxeMaTM4yHO MOKA3aHO SIBNEHME
MHOXECTBEHHOro oTpaxkeHnss DMWU: BoNHbI, OTpa-
YKEHHble OT BTOPOM FpaHULbl NOBEPXHOCTU, CHOBA
OTPAXaKTCsa OT NepBOi MOBEPXHOCTU U BO3Bpa-
LLAKOTCS HA BTOPYH MOBEPXHOCTb, U KOTAa BOJHA
[OCTUraeT BTOpPOWM MOBEPXHOCTM BO BTOPOM pas,
OHa YXe MMEeeT NpeHebpexxMMo Manyr aMnanTyay
KonebaHun u 1. . Mo MHeHuo aBTOpOB, Ans 3ddek-
TUBHOM 3awWwuTbl OT IMW KOMMOHEHTLI C10€eB B Na-
KeTe [OMIKHbl COYEeTaTb BbICOKYK 3/1IEKTPOMPOBOLA-
HOCTb 1 (heppOMarHUTHbIe CBOMCTBA.

B pamkax Hawero wuccnegoBaHus  6yayt
paccMOTPeHbl TONIbKO TKAaHW B BWAE OTAENbHbIX
CNoeB, KOTOpble A0JIKHbI 3KpaHMpoBaTb MU PY
33 CYeT BbICOKOM CTeMneHW OoTpaxeHus. Bbicokyto
CTeneHb OTPAXKEHMS B paMKaX OJHOr0O CNos TKaHu
MOXHO 0becrneuntb CneaylLMMU TeXHONornYe-
CKMMM NpuemMamu:

1) obecneunTb CNIOLWHOE BbICOKOINEKTPOMNPO-
BOAslLEee MOKpbITUE (HWUKeNb, CTanb U T. A.) Ha Mo-
BEPXHOCTU TKaHW NyTEM ee MeTann3aunm;

2) oS U3roTOBNEHWUS TKAHW UCMOMb30BaTh CMe-
COBYIO MPSIXKY C BJIOXEHWUEM 3/IEKTPOMPOBOASLLMX

37



TEXHONOMMA MATEPUMANOB M U3AENUIA TEKCTUABHOM W NEFKOM MPOMBILWNEHHOCTH

-

original inicident

I Il shield layer

wave

original reflected

wave

A

PucyHok 1 - Cxema MHOMECMBEHHbIX 8HYMPEHHUX OMPAMeHUll 8 MHO20C/0UHOM 3KpaHe, u30bpaxeHue U3

cmamesu [2]

\_

_J

BOJIOKOH (KaK MpaBW/o, HEPXXaBeKLWas CTanb);

3) oNg M3roToBMIEHWS TKaHU MCNONb30BaTb He-
npepbiBHblE MPOBOAHUKM — METaNnYeckme Mu-
KpPOMpOBONOKK (KaK MpaBwWno, MeaHas Uan CTalb-
Has NpOBONIOKA);

4) ucnonb3oBaTb KOMBMHALMIO CNOCO6OB 2 U 3.

[na “3rotoBneHns paamMooTpaXkarowmx TKaHen
CNeuManbHOro Ha3Ha4yeHus, a TakKe 3KpaHUpyto-
Wwer Ccrneuoaexabl, MonyYnnn pacnpocTpaHeHue
TKaHW, CTPYKTYpa KOTOPbIX Npeanonaraer Haamume
3/1eKTPONpPOBOASLLEN peLleTKM C perynspHbiMu
KBaApaTHbIMK SYEMKaMM M3 OCHOBHbIX M YTOYHbIX
HWTEN, B HEKOTOPbIX CNTy4asX YepenyrLmnxcs ¢ He-
NpOBOAAWMMU HUTAMM [3].

Ha pucyHke 2 npencraBneHa npuHUMNMANbHAN
CXeMa OMWUCAHHOM CTPYKTYypbl, MPXU 3TOM M3 OMbl-
Ta UCMONIb30BaHUS AAHHbIX TKaHEN WM3BECTHO, YTO
C YBEJIMYEHMEM PACCTOSHUS MEXAY 3NEeKTPonpo-

(3 |

BOASILMMM HUTAMKU Bonee 1 MM 3(PhEKTUBHOCTb
3KpaHupoBaHus oT IMU PY pe3ko cHuxKaeTcs.

N3 paboTbl [1] n3BecTHO 06 M3roTOBIEHMM TpEX
BApWaAHTOB TKaHM, COAEPXALLMX B CBOEN CTPYKType
KOMOWHMPOBAHHbIE KpYyYeHble 3MEeKTPONPOBOAS-
LMe HUTU, U3TOTOBJIEHHbIE TKAHU MMEKT paccTos-
HWe Mexay 3N1eKTPONpPOBOASLLMMU HUTIMU PABHOE
3 mm.

ABTOpamu Obinn NpoM3BELEHbI U3MEPEHUS KO-
3G OULMEHTOB NPONYCKAHUS U OTPAXEHUS B Npeae-
nax cnepyowmx AManasoHos vacTot: 2,5...3,5 I'l'y;
3,5..5ITy; 5..8 I'"'y; 8..13 I'’'y; 13...18 I'T'y,.
KoapduumeHTbl NpoxoxneHns obpasuoB TKaHeN
npu MakcumanbHoi yactote 18 I''y coctasnstoT
nopsaka -5 db,4To CBUAETENLCTBYET O HU3KOM 3¢-
(eKTMBHOCTM [aHHbIX MaTePUAnoB ANs 3KpaHMpPO-
BaHust DMU PY, ana ymeHblueHUs Ko3QPULMEHTa
NpOMnycKaHus He0OX0AMMO YMeHbLLIATb PaCcCTOsSIHUE
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Fnexmponpoboaanaa Hums oCHo0s

Henpobodauias Hums ocHIOs

2 j V7]

Fnexmponpolbodawas Hums Umka

Henpobodaw aa Hume Umka

7 wirg

PucyHok 2 — Cxema siyeliku, 06pazosaHHoOl mokonposoodsuiuMu HUMSMU 0CHO8bI U ymKa

MeXAy 3M1eKTPONpPOBOASLLMMU HUTSIMMU.

Ha pucyHke 3 npepactaBneHa cOGCTBEHHAs 3M-
nMpryeckas 3aBMUCMMOCTb KO3(PGULMEHTA MpOXo-
xaeHna SMU c yactoton 10 n 16 I'l'y, ot pasmepa
KBaApaTHOM s4eliku, 06pa3oBaHHOM MegHOM no-
cepebpeHHoi npoBonokoi amvameTtpom 0,05 mm.
YcTaHOBNEHO, YTO C yBennyeHneM vactotel ¢ 10 o
16 I''y, npn MCMONb30BaHUM SYENKM CO CTOPOHOM
0,5 mm K03DPUUMEHT NPOXOXKAEHUS YBENUUYMBA-
eTca Ha 5-6 0b. ina obecnevyeHuns KoapduLmeH-
Ta NPOXOXAeHUs Ha ypoeHe -30 dB npu vactote
10 I''y, ocTaTO4HO MCNOMb30BaTh TKaHb CO CTOPO-
How siuerkun 0,5 mm,a npu yBeNUYEHUM YaCTOTbI 40
16 I'T'y, cTOpPOHY S4eikM HeobX0AMMO YMEHbLUNUTb
0o 0,3 mm.

HecmoTps Ha T0, YTO BONBLUMHCTBO 3KpaHMPYIO-
WMX TKAHEN CopepxaT SUeiKy U3 TOKONPOBOASLLMX
HWUTEeN KBaApaTHOW GhOpMblI, CYLLECTBYIOT aNbTepHa-

BECTHWK BMTEBCKOIO FOCYAAPCTBEHHOIO TEXHOJSIOTMYECKOIO YHUBEPCUTETA, 2023, N2 1 (44)

TUBHbIE NMOAXOAbl K PELIeHW0 AAHHOM Npobnembl.
Tak u3 pabot poccuiickux yyeHbix (benses O.0.,
3aBapyeB B.A., KyapssuH J1.A., Mogwusanos C.O.,
Xanumanosuy B.N.) [4] nssectHo 06 mcnonb3osa-
HWW TPUKOTAXKHBIX CETEMONOTEH U3 METANIUYECKOM
MWKPOMNPOBOJ/IOKM, KOTOPblE MOTYT ObITb MCMONb30-
BaHbl B KOHCTPYKLMAX TPAHCHOPMUPYEMbIX KOCMU-
YeCKMX UM HA3EMHbIX aHTEHH B KayecTBe OTpaxa-
fOLLLEe MOBEPXHOCTHU.

ABTOpaMu MOKa3aHO, YTO CyLLECTBYET 3MMNUPU-
Yyeckas 3aBMCUMMOCTb MexXAy OJIMHOM 3neKTpoMmar-
HUTHOWM BOJIHbI U Pa3MepPOM CTOPOHbI SYENKM TpU-
KOTa)KHOro ceTenosnoTHa. PasMep CTOpOHbI gueliku
MOXHO onpenenutb, kak: A/(10...20), roe: A - pivHa
BOJIHbI U3/yYEHMS.

CTOMT OTMETUTb, YTO TKaHW, BK/IKOYatOLLIME Henpe-
pbIBHbIE BbICOKO3NEKTPONPOBOASALLME HUTU, UMEIOT
CYL,eCTBEHHOE MPEMMYLLECTBO MO CPABHEHUIO C
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PucyHok 3 - 3asucumocms Ko3gpuuueHma npoxoxdeHus SMU om pasmepa suelku mexdy Humsamu,

codepawyumu MeoHyH npogosIoKy

MEeTaNM3UPOBAHHBIMU C NMOBEPXHOCTU (Cnocobom
MarHeTPOHHOMO HAMbINEHUS UN TaSIbBAHUYECKUM
CNocoboM HaHeCceHUs MeTaNIM4eckoro NoKpbITUSA)
TKAHAMMU, NMOCKOJIbKY OHU MMEKT yCTOVI‘WIBbIE 3a-
WMTHbIE CBOMCTBA, M MOTYT NoABepraTbcs GU3nKo-
XUMUYECKUM BO3LENCTBMAM, B YACTHOCTU, XMMUYE-
CKMM YMCTKAM U CTUPKaM.

N3 pe3ynbtaTtoB COOGCTBEHHBIX WMCCNEA0BAHWUM
M3BECTHO, YTO B MeCTax NepeceyeHuns HUTEN OCHO-
Bbl M YTKA Hab/l04aeTCs OTCYTCTBUE METANINMYECKO-
ro NMOKpbITUS NpWU METaNIM3aLMmM TKaHW C NOBEPX-
HOCTU TeéM U UHbIM CI'IOCO6OM, YTO HeratTuBHO
B/IMSIET HA HALEXHOCTb INEKTPUYECKUX KOHTAKTOB
M MOXET MPUBECTM K YXYALIEHWIO MPOBOAMMOCTH
TKaHMU.

Ha pucyHke 4 npepctasneHbl doTtorpadum pas-
JIMYHBIX HUTEN U MPSKU, U3BNEYEHHbIX U3 TKAHEN
CapXXeBOro M NOJIOTHAHOTO MepeneTeHnid, MeTan-
NIN3MPOBAHHBIX rasIbBaHUYECKMM CNOCO6OM.

Takum  obpa3oMm, Haubonee 3bdeKTUBHbIM
NpeacTaBnseTcs WCNoNb30BaHME B CTPYKTypax
3KPAHMPYOLWMX TKaHEM CrneumanbHbiX KOMOUHM-
POBAHHbIX HUTEN, COYETAKLMX CBOMCTBA OTHe- U

TEPMOCTOMKOCTM (N0 TpebOoBaHWMIO 3aKa3uMKOB),
BbICOKOM 3/1€KTPOMPOBOLHOCTH, CNOCOBHOCTU BbiTh
nepepaboTaHHbIMM HA CYLLECTBYHOLLEM TEXHOMO-
rmyeckoM obopynoBaHuu. [logobHble KOMOWHU-
pOBaHHbIe HWUTWM MOTYT ObiTb M3rOTOBAEHbI HA TPO-
CTUNIBHO-KPYTUNBbHBIX MU KPYTUIbHO-OMNAETOYHbIX
MalUMHaX NMyTeEM CKPYYMBAHUS MAU OBKPYyYMBAHUS
HenpoBOAALLEro KOMMOHEHTA (HUTU MAU MPSKK)
TOKONPOBOASLLEN MeTaNIMYeCKON MUKPONPOBOIO-
Kon amameTpoM ot 30 go 60 mrm.
06beKTbl UCC/Ief0BaHUS

[anee npoBeneM uccnefoBaHWe pafuOTEXHU-
YeCKMX XapaKTepmncTuk 0b6pasLoB TKaHewn, U3rotTos-
NEHHBIX C YYETOM M3MIOXKEHHbIX BbIllE NMPUHLMMOB.
[na w3rotoBneHUs TKaHel ObliM MCMNOSb30BaHbI
cnenyloLlme BUAbl UCXOLHOTO Cbipbsi:

a) Npsbka cMecoBasi MeTaapamua/ctanb 70/30 %
Nm 60/2 (16,7x2 mekxc);

6) npsxa cMecoBas MeTaapamua/ctanb 52/48 %
Nm 40/2 (25x2 mekc);

B) HUTb MMILIYpHAas 43 mekc C CephevyHUKOM
U3 npsxu mMetaapammpHori Nm 60/1 (16,7 Texc) u
ONNEeTKOM M3 MeLHOW MLLEHOM nocepebpeHHow
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TEXHONOTUA MATEPMANOB U U3LAENWUIA TEKCTUNbHOM M NEFKOM NMPOMBILLIEHHOCTHU

PucyHok 4 - Hums Apumud 11,1 mexc (a), npsxa Apcenod 29 mexce (6), Hume nonusgupHas 5 mexc (8),
u3eJieyeHHble U3 MeEMAanau3upos8aHHbiX MKaHeli Cap#eso2o U NOOMHSIHO20 nepeniemeHuli

nposonoku 2 MrcC 0,05 mm;

) HUTb MULLYPHas 52 mekc C cepoeYHnKOM 13
NpsHKM CMeCcoBoW MeTaapamua/cranb 52/48 % Nm
40/1 (25 mexc) v onneTkow U3 MeaHOM NMOLLEHON
nocepebpeHHor nposonoku 2 MMC 0,05 mm;

L) HUTb MUWYpHas 43 mekc C CepAeYHUKOM
n3 npsxkn mMetaapammpgHon Nm 60/1 (16,7 mexc)
M ONNETKOM M3 KpYrnon nocepedbpeHHOn Meab-HU-
obueson (cnnaB Cu-Nb) nposonoku [MMIM3-MH-
6-Cp5 0,06 mm;

€) CTanbHas HepXKaBetLLlas NpoBOIOKa AnaMeT-
pom 0,035 mm.

Ha pucyHke 5 npencrasneHsl gpotorpadpum nps-
XM CMeCcoBOW C BNIOXEHMEM CTaNbHbIX BOJOKOH
(INOX) M HWUTM MULIYPHOM C OMNETKOW M3 MEeAHOM
NJKOLLEHOM MPOBOJIOKM.

B Tabnuue 1 npeacraBneH nepeyeHb C onuca-
HMeM 00pa3LOB 3KPAaHUPYKOLLMX TKAHEN, KOTOpble

BECTHWK BMTEBCKOIO FOCYAAPCTBEHHOIO TEXHOJSIOTMYECKOIO YHUBEPCUTETA, 2023, N2 1 (44)

66111 BbIOpaHbI A4S U3YYEHUS| PAAMOTEXHUYECKMX
xapakTtepuctuk. CoueTaHne B TKAHM CTaslbHbIX BO-
JIOKOH (B COCTaBe MpsiXku) 1 MefHbIX nocepebper-
HbIX MPOBOMOK (B COCTaBe MMULLUYPHOM HWUTKU) MO
HaleMy MHEHWMIO LOMKHO CMoco6CTBOBATb MOBbI-
WeHUI0 ee 3KpaHuMpylowein cnocobHOCTM 3a cyeT
BbICOKOM 3/1eKTPONPOBOAHOCTM MEAM U HaNMuus
MarHUTHbIX CBOMCTB Yy CTanu.

MeToAabl UcnbITaHUK

3a nomolb B NPOBEAEHUN U3MEPEHUI paamo-
TEXHUYECKUX XAPaAKTEPUCTUK TKaHewn BblpaXXaeM
6narogapHocte konnektuey OO0 HIM «Pagmo-
CTpuM» U 3aBenytoliemy nabopatopun MBXD PAH
K.®-M.H. C.b. Bubukosy:

1. 3mepenus B ananasoHe yactot ot 300 kl'y
no 7 I''y, npoBoannunch Ha nabopaTopHOM CTeHSE,
Ha 6asze M3MepuTens KOMMAEKCHbIX KO3IPPULMEH-
TOB Nepenayu, ConpsKEHHOMO C KOMMbIOTEPHOM CH-
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PucyHok 5 - @omoepaguu 3nekmponposodsiuux Humeli: a) CMecosas Npsiua, CoOepHauias CMaabHule 8070KHA
8 konuyecmee 30 %; 6) MUWYpPHAA HUMb C CEpOBYHUKOM U3 npsxu u onaemkoli u3 medHol nocepebpeHHoLl
naoueHol NpososoKu

cTemMoM perncrpauum n obpabotku curHana. Obpas-
Libl MOMELLANNCh B KOAKCUANbHYH U3MEPUTENbHYHO
aueriky ceyeHneM 16/6,95 mm, cornacoBaHHyw ¢
KOQKCUaNIbHbIM U3MEPUTENIbHBIM TPAKTOM U BKJIHO-
YEHHYK B peXUM M3MepeHus ocnabnenwuit (npo-
nyckaHus). Tpakt obecneunsaet pacnpocTpaHeHne
BONMHbI TEM-mogpbl. [Mocne noMeleHus syenku c
06pa3LoM B U3MEPUTENbHBIN TPAKT ONpesensinch
CooTBeTCTBYOWMNE KOIDDULMEHTBI MPOXOXKAEHUS
Knp MW yepes ncnbityemsbiin obpasew,.

2. 3mepenus Ha yactotax 10 u 16 I'l'y npo-
BOLMJIUCH B CEKLMSX MPSAMOYrO/ibHbIX BOJIHOBOAOB
23x10 mm v 16x8 mm,COOTBETCTBEHHO, HA OCHOB-
How moae H10, npu HOpManbHOM MafEeHUMU 3MeK-
TPOMarHWUTHOM BOJHbI Ha 0Bpa3el, NOAHOCTbIO 3a-
MOSHAIOLLMI CEYEHME TPAKTa.

3. B pesynbraTte usaMepeHuit onpeaensanmch 3Ha-
YyeHus KoapduumeHtos nornoueHms (K ), otpa-

xeHus (K n nponyckanus (K ). KoadpduumeHt

omp) np
nornoweHna Knozn paccyuTbiBanca w3 ycnoBua

3HepreTuyeckoro 6anaHca no faHHbiM K n K
np omp

42

06cykaeHue pesynbTaToB

B 1abnuue 2 npencrtaBneHbl ycpenHEHHble Mo
yactotHoMy auanasoHy 300 kI'y...7 I'l'y, Benuun-
Hbl KO3(DPUUMEHTOB MPOXOXKAEHUS (Knpox), oTpa-
XeHus (Komp) n nornowenuna (K ) MU vepes
obpasubl Mccnepyemblx TkaHel. JaHHble ycpenHe-
Hbl MO HanpaeneHuto Bektopa E BcneacTeue cTpyk-
TYpbl 3N1EKTPUYECKOrO NOMS B TPaKTe.

B Tabnuue 3 npencraBneHbl 3Ha4YeHMs KO3hdu-
LMEHTOB MPOXOXAEHUS (Knpox), OTPaAXKEHUS (Komp)
nnornowenus (K ), onpenenéqHble B BOJHOBOA-
HbIX TPaKTax Ha (QWUKCMPOBAHHbIX Yactotax 10 wu
16 I'l'y. [laHHble NpuBeneHbl 415 ABYX Nonspusa-
LIMOHHbIX nonoxeHun (||, L), KoTopble COOTBETCTBY-
0T HaMpaB/IEHUI0 CUCTEM HWUTEW OCHOBBI U YTKa.

Mpu aHanuse AaHHbIX Tabauupl 2 yCTaHOB-
NeHo, YTo Bce 00pasubl TkaHeh (kpome obpasua
N2 7) nmetoT KO3DPUUMEHT NPOXOXKAEHUS MeHee
-30 0B, uTo CcBMAETENbCTBYET 06 BbICOKMX 3Kpa-
HUPYIOLMX CBOMCTBAX BO BCEM AMAMA30HE YacTOT
300 kI'y...7 I''y, npu 3TOM 3KpaHMpoBaHue MU
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TEXHONOTUA MATEPMANOB U U3LAENWUIA TEKCTUNbHOM M NEFKOM NMPOMBILLIEHHOCTHU

Tabnuya 1 - lNepeyeHs 06pa3L08 SKPAHUPYOULUX MKAHel 019 UCNbIMAHUL paduomexHUYyecKux Xapakmepucmuk

Ne OnucaHue CTPYKTYpbl TKaHU
06p. M yepenoBaHue HUTEN
OcHoBa: npsxa (a);

1
YTOK: npsxa (a).

7 OcHoBa: muwypa (B) / npsxka (a) 1 k 2;
YToK: Muwypa (B) / npsxka (a) 1 k 1.

3 OcHoBa: npsxa (a);

YToK: Muwypa (B) / npska (@) 1 k 1.
OcHoBa: npsixa (a);

4
YTOK: Muwypa (B).

5 OcHoga: muwypa Cu-Nb (z) / npsixa (@) 1 k 2;
YTok: muwypa Cu-Nb (z) / npsxa (a) 1 k 1.

6 OcHoBa: npsxa (a);

YTok: muwypa Cu-Nb (z) / npsxa (a) 1 k 1.
OcHoBa: npsxa (a);

7
YTOK: npsixa (a).

8 OcHoga: ctanbHag nposonoka 0,035 mm (e);
YToK: cTanbHas nposonoka 0,035 mm (e).
OcHoga: muwypa (B);

9
YTOK: MuLypa (B).

OcHoBa: muwwypa (B);

10
YTOK: Muwwypa (B).

11 OcHoBa: Muwypa (r) / npseka (6) 1 k 1;
YToK: muwypa (r) / npsxxa (6) 1 k 1.

12 OcHoBa: muwypa () / npsxa (6) 1 k 1;
YTOK: Muwypa (B) / npsxa (6) 1 k 1.

13 OcHoga: muwypa Cu-Nb (a) / npsixa (6) 1 k 1;

Ytok: muwwypa Cu-Nb () / npsxa (6) 1 k 1.

MPOUCXOAMT 33 CHYET BbICOKOM CTEMEHM OTPAKEHMS
(Kamp = 88...99,7 %).

MUHUManbHbIA  KOIDPUUMEHT MPOXOXKAEHMS
B 0B (MakcMManbHas cTeneHb 3KPaHWMPOBaHMS)
LOCTUTHYT ang obpasuos N2 11-13, B gaHHbIX 06-
pasLax B OCHOBE M YTKE MCMOMb30BaHA CMECOBas
npshka MeTaapamug/cranb 52/48 % B yepenoBaHum
1 Kk 1 ¢ MULWYPHBIMX HUTAMM C MEAHOM MPOBOJO-
KOM.

Mpn aHanu3e A[aHHbIX Tabauupl 3 yCTaHOB-
NeHo, YTo Bce 00Opasupbl TKaHel (kpome ob6pasua
N2 9) nmetoT KOIDPULMEHT NPOXOXKAEHUS MeHee
-30 0B, 4TO CBMOETENbCTBYET 00 BbICOKMX 3KpaHU-
pYHOLLMX CBOMCTBAxX Ha yactotax 10 n 16 I'l'y, npu
3TOM 3KpaHupoBaHue SMW npoucxoauT 3a cyet

BECTHWK BMTEBCKOIO FOCYAAPCTBEHHOIO TEXHOJSIOTMYECKOIO YHUBEPCUTETA, 2023, N2 1 (44)

MosepxHocTtHasa | LWar annposoga.
5 . Mepennetexue
NAOTHOCTb, 2/M HUTER, MM
183
204
194
0,32*0,46 Capxa 1/2
204
210
199
175 0,33*0,52 MonoTHaHOE
55 0,26%0,28 MonoTHaHOE
159 0,53*0,54 Capxa 2/2
185 0,52*0,41
223 0,40%0,49 Capxa 1/2
200
0,45%0,53 Capxa 1/2
199
BbICOKOM CTEMEHWN OTPAXKEHMS (Komp =91..99 %).

MWHUManbHbIM  KOIPOUUMEHT NPOXOXKLEHMS
B 0B pocturHyT ans obpasuos N2 11-13, B koTO-
pbIX UCMONIb30BaHA CMECOBas Npsxa MeTaapamui/
ctanb 52/48 % B yepenoBaHun 1 K 1 ¢ MUWYpPHbI-
MW HUTAMU C MeHOM NPOBONOKOW. MakcHManbHble
KO3QDOULMEHTbI NPOXOXAEHUS (HaUMeHbLLas CTe-
neHb 3KpaHMpoBaHKUS) Habnaanmcs Ang 06pasLoB
N2 8-10, koTopble NpeacTaBAstOT cObOM ceTyaTbie
CTPYKTYpbl MO0 TOMBKO M3 MWLLIYPHBIX HWUTEN C
MenHow npososiokor (N2 9 n 10) nnbo nonHoOCTbIO
13 Mukponposonoku (N2 8).

Ha pucyHke 6 npenctaBneHbl NpuUMepbl 4acToT-
HbIX 33aBUCMMOCTEN KO3DDMUMEHTA NMPOXOXKAEHUS
n oTpaxkeHns SMU nns obpasuos TkaHen N2 2-4 B
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Tabnuuya 2 - Pe3synemamsl u3MepeHus paduomexHU4ecKux Xapakmepucmuk mixaHel 0/ 3KpaHUupo8aHus
SMU PY, ycpedHeHHble no duanazory 300 kI'y...7 I'T'y, (0nuHa sonHel om 1 km 00 43 mm)

YcpenHeHnue no auanasoHy ot 300 kI'y po 7 I'T'y,

% ob
1 0,063 -32,0
2 0,056 -32,5
3 0,073 -314
4 0,039 -341
5 0,099 -30,0
6 0,066 -31,8
7 0,157 -28,0
8 0,051 -32,9
9 0,069 -31,6
10 0,025 -36,1
11 0,005 -43,2
12 0,003 -44.8
13 0,006 -42,1

JINHEWHOM 1 norapudmuyeckom macltabe. BugHo,
4TO B 06NMaCTM Manbix YacToT usnyyenus (300 xl'y)
KOIPDULMEHT NPOXOXKAEHUS [OCTUTAeT MUHU-
MalbHbIX 3HayeHuit (-70..-80 dB), nanee ¢ yBenu-
YeHMEeM YacToTbl NPOMCXOAMT yBennyeHne Knpox
C OOCTMXKEHMEM MaKCMManbHbIX 3HAYEHUI (OKONo
-30 @B) Ha yactotax 2-3 I'T'y (15-10 cm), no-
CNe Yero C yBeNIMYEHUEM YaCTOTbl U3MTy4EHUS POCT
Knpox 3amMennsercs M CMEHSEeTCH CHUXEHWEM.
MNpencraBneHHble YaCTOTHbIE 3aBMCMMOCTM [0CTa-
TOYHO MOJSIHO XapaKTEPU3YHOT MOBeAeHWe NPaKTu-
4yecku Bcex TKaHeW, PaCCMOTPEHHbIX B AAaHHOM pa-
6ore.

Ha pucyHke 7 npencraBneHbl gotorpadumn no-
BepxHOCTK 0bpasuos TkaHen N2 1,2,8 n 10. C yye-
TOM BbIBOAOB, CAENAHHbBIX MPU aHanuse Tabauy, 2
M 3 MOXHO 3aK/IOUUTb, YTO ANS JOCTUXKEHUS MaK-
CMManbHOM 3KpaHupytolwen cnocobHoctn MU PY
(4TO B [AHHOM C/ly4ae 3KBMBANIEHTHO MUHUMYMY
KoahdurumMeHTa NpoxXoXaeHus) HeobxoauMo Wmc-

K, L
% b %
93,8 -0,28 6,2
93,5 -0,29 6,4

88,0 -0,56 12,0
933 -0,30 6,6
92,9 -0,32 70
89,5 -0,48 10,3
96,0 -0,18 4,0
98,2 -0,08 1,7
99,7 -0,02 0,3
98,2 -0,08 18
98,3 -0,07 1,7
98,1 -0,08 1,9

NoJIb30BaTb BbICOKOHAMOHEHHYH TKaHb U3 CMeco-
BOWM NPSXKM C COQEPXKAaHMEM CTaNbHbIX BOMIOKOH Ha
ypoBHe 50 % c BkIOYEHUEM B ee CTPYKTypy Mu-
LUYPHbIX HUTEN C MELHOW NAIOLLEHON MPOBOIOKOM.

Takum 06pa3om, No pesynsTaTam NpoBeLeHHOM
paboTbl MOXHO CoenaTb CeaytoLime BbiIBOAbI:

- YCTaHOBNEHO, YTO OAHOC/IOMHbIE TKaHbIe
CTPYKTYpbl M03BONSAOT 0becneuntb 3QOEKTUBHYHO
3awmty oT OMU PY 3a cyeT BbICOKOW CTeneHu oT-
paXeHus (Komp = 88...99 %) - npuHUMN KNEeTKK
@apages. Npu 3T0M Npy HEOBXOAMMOCTH, Yepeays
Mexay cob60M TKaHW C pa3NnyHbIM KO3DDULUEHTOM
OTPaXXEHMS U MOIMOLLEHMS B COCTABE MaKeTa, MOX-
HO peann3oBaTb 3QPEKT MHOTOKPATHOIrO BHYTPEH-
Hero OTpaXeHus;

- YCTAHOB/EHO, YTO 3KpaHMpYLMe CBOWCTBA
TKaHel MOXHO BapbMpOBaTb, U3MEHSS TEOMETPUID
a4yerikn, 06pa3oBaHHOM TOKONPOBOAALLMMU HUTAMM
OCHOBbI U YTKa. YCTaHOBNEHO, YTO CYLLECTBYET 3aBU-
CMMOCTb MeXAy AJIMHON 31eKTPOMAarHUTHOW BOJHbI
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PY Ha yacmomax 10 u 16 I''y, (0nuHa sonHel 30 u 19 mm)

Tabnuya 3 - Pesynsmamesl U3MepeHus paduomexHUYecKUux XapaKkmepucmuk mxaxedi s 3kpaHuposaqus M

) Yacrota 10 I'Ty, Yactora 16 I'T1y
oo T Tk, x| k. | k., K.

% Jb % ob % % ob % Jb %

I 001 | -420 | 941 | -0,26 59 0,03 | -358 | 929 | -0,32 71

' 1 001 | -42,7 | 935 | -0,29 6,5 001 | -388 | 939 | -0,28 6,1
I 0,003 | -457 | 96,5 | -0,15 35 | 0008 | -410 | 953 | -021 | 47

? 1 0,013 | -388 | 954 | -0,21 4,6 0,014 | -38,5 | 92,7 | -0,33 73
Il 0,007 | -415 | 951 | -022 | 49 | 0,032  -350 948 | -023 | 52

’ 1 0,017 | -376 | 941 | -0,26 59 0,013 | -390 | 920 | -0,36 8,0
Il 0,009 | -406 | 945 | -025 55 | 0023 -364 | 949 | -023 | 51

) 1 0,098 | -30,1 | 939 | -0,28 6,1 0,1 -300 | 91,3 | -0,39 8,6
Il - -450 | 953 | -021 | 47 - -393 | 939 | -027 | 61

’ 1 - -370 | 930 | -0,32 7,0 - -35,8 | 92,3 | -0,35 77
Il - -40,7 | 959 | -0,18 | 41 - -377 | 944 | -0,25 55

° 1 - -374 | 929 | -0,32 71 - -39,2 | 914 | -0,39 8,6
Il - -408 | 946 | -024 | 54 - -382 | 937 | -028 | 63

’ 1 - -37,5 92,2 | -0,35 77 - -36,6 | 910 | -041 8,9
Il 0,023 | -363 | 971 | -013 | 29 | 0039 | -341 | 930 | -0,32 70

° 1 01 | -299 | 966 | -0,15 33 | 0093 | -30,3 | 943 | -026 | 57
Il 007 | -31,7 | 993 | -003 | 06 022 | -266 | 988 | -0,05 1,0

’ 1 0,15 | -283 | 99,1 | -0,04 0,8 0,2 -27,0 97,5 -0,11 2,3
I 0,08 | -309 | 988 | -005 | 11 023 | -263 984 | -007 | 14

v 1 0,03 | -356 | 99,2 | -0,03 0,7 006 | -324 | 988 | -0,05 11
Il 0,003 | -457 | 968 | -014 @ 32 | 0008 | -40,8 | 954 | -0,20 | 46

H L 0,001 | -499 | 96,6 | -0,15 34 | 0002 -472 | 934 | -0,30 | 66
Il 0,007 | -416 | 971 | -013 | 29 | 0,009 | -404 910 | -041 | 89

= 1 0,002 | -470 973 | -0,12 2,7 0,002 | -470 | 931 | -0,31 6,9
Il 0,002 | -46,8 | 951 | -022 @ 49 | 0001 | -523 | 924 | -034 | 76

\_ s 1 0,007 | -41,3 | 94,3 | -0,26 5,7 0,01 | -40,2 | 939 | -0,28 6,1 )

BECTHMK BMTEBCKOIO MOCYLAPCTBEHHOIO TEXHO/IOTMYECKOTO YHMBEPCUTETA, 2023, N2 1 (44)




TEXHONOMMA MATEPUMANOB M U3AENUIA TEKCTUABHOM W NEFKOM MPOMBILWNEHHOCTH

=20
]
= 40 I-EI[
H B
v ¥
60 4
-80 4
T T T . 75 1 T T T
0 2 4 & 0 2 4 6
YacToTa, MMy YacToTa, My
0 108
o3 100 —_—
______ o
-20 4 -
—_——— Ne3 ‘
95 4
0
T A g
g 'E 90
= h'd
x Ned
-60 25
80 4
-80 4
. T . T 75 . T T T
0.0001 0.001 0.01 0.1 1 10 0.0001 0.001 0.01 01 1 10
YacToTa, [Ty YactoTa, My,

PucyHok 6 - [Tpumepsi yacmomHsix 3agucuMocmedi KO3 guyueHma npoxoxodeHus (ciesa) u ompaxeHus (cnpasa)
IMU ons obpasyos mkarel N 2, 3, 4 8 nuHeliHOM (88epxXy) U 102apu@dMuUYeCcKoM (8HU3Y) Macumabe

M pa3MepoOM CTOPOHbI SYeKM, HE0OXOAMMbIM NS HueM (Melb U ee CnnaBbl, CTasb);
OTPaXXEHUS BOJIHbI; - YCTAaHOBJ/IEHO, YTO pa3paboTaHHble TKaHU C
— YCTAHOB/IEHO, YTO 419 3PPEKTUBHOIO 3KPAHU- NOBEPXHOCTHOM MNOTHOCTbIO OT 55 g0 220 2/m?
pOBaHMS B CTPYKTYpe TKaHU MOTYT ObITb MCMNONb30- ABNAOTCA 3DDEKTUBHBIM CPEACTBOM 3alUMTbl OT
BaHbl CMECOBbIE MPSHKU C PA3IMYHbIM MPOLIEHTOM 3/1eKTPOMArHUTHOTO  M3/lyYEHUS PAAMOYACTOTHO-
BNIOXKEHMUSI CTaNlbHbIX BOMIOKOH M KOMOWHMPOBAH- ro gnanasoHa (ot 300 kl'y no 16 I'T'y), Tak Kak
Hble (MULIYPHbIE) 3NEKTPONPOBOASLLME HUTHU, KO- UMERT KO3IDOULMEHT NPOXOXKLEHUS PaABHbIA UMK
TOpble AO0MKHbl COAEepXKaTb B KAayeCTBe OMIeTKM MeHee -30 0B.

MeTaIMYeCKylo NPOBOIOKY C MasbiM COMpOTUBIE-
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PucyHok 7 - [lpumepsl pomoepaguli 3kpaHupyroujux mkaxeli: a) obpasey 1; 6) obpazeu 2; 8) obpasey 8;

2) obpasey 10
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MWCCNEOOBAHUE BNATOPETYJIUPYIOWMNUX CBOMCTB ABYXC/IOUHDbIX
TPUKOTAXHbIX CTPYKTYP A1 ®YHKLUOHANIbHOM OQEXADbI

STUDY OF MOISTURE-REGULATING PROPERTIES OF DOUBLE-LAYER
KNITTED STRUCTURES FOR FUNCTIONAL CLOTHING

YOK 677.017.8

H.B. Cko6oBa’; H.H. ficuHckas, A.C. Bopo6beBa
Bumebckuli eocydapcmeeHHbil mexHono2u4eckuli
yHugepcumem

PEDEPAT

OYHKUNOHAJIbHBIE  HUTY, BJIATOMNEPEHOC,
MAPOMPOHULAEMOCTb, MTAPOEMKOCTb, CKO-
POCTb ANDDY3NU, KPUBBIE CKOPOCTU CYLLKU

Bnazopezynupyroujue csolicmea mpukoOmMamHsbix
nosomeH S8ASIOMCS 8AXHBIMU (DAKMOPaAMu, onpe-
OengowumMu He mosabko KoMpopm, HO U xapakme-
puUCMUKU @YHKUUOHANbHOU 00ex0bl. [l8yxcaoliHbie
MPUKOMAXHbIe NOAOMHA UCNOMb3YIOMCS U3-3a UX
YHUKGIbHbIX MPAHCNOPMHbIX C80UCM8, MAKUX KaK
naponpoHuyaeMocme, 8030yX0NpPOHULAEMOCM®,
ceolicmea enazonepeHoca. Llenvro uccnedosaHus
a8/155emcsl CpABHUMENbHAS OUEHKA 8/1a20pe2ynupy-
ruwux csolicme 08YXCIOUHbIX MPUKOMAXHbIX Ma-
mepuanos, OMIAUYAIWUXCS @YHKUUOHAbHOCMbIO
npumeHsiemsix Humed.

PaspabomaHbl  08yXC/0liHbIE — MPUKOMAX(HbIE
CMpykmypbl KOMOUHUPOBAHHO20 nepensiemeHus Ha
6a3e nacmuka Ha 08yX@OHMYpPHOU Kpy2n08s3a/b-
HOU MawuHe C UCnosib308aHUEM 8 00HOM U3 C/10€e8
GYHKUUOHAbHBIX HUMeEL: ¢ yHKYuel ynpasneHus
8aaeu, MUKpogurameHmHol nonusgupHol Humu
(Quick Dry nuretiHol nnomHocmu 18,7 mexce (f144),
MukpogunameHmHas Hume Soft 16,7 mexc (f288)).
lposedeHsl uccnedogaHusi naponpoHuyaemocmu u
napoémMKocmu NosomeH 2pasuMempu4eckum Me-
modom. KuHemuueckue Kpusgsle no2aoWeHus napos
800bI NOKA3A/IU, YMO HA HAYA/ILHOM 3mane uccie-
008aHULI BbICOKYIO CKOPOCMb NO2JI0WEHUS NAPO8 3a
KOpOMKUL NpOMeXymoK 8pemMeHu UMerm nosomHa
C 8/10)eHUEeM MuKpoguaameHmHol Humu. llonyqe-
Hbl  MeopemuKo-3KCNepUMEHMAbHbIE  308UCUMO-
cmu naponpoHuUyaeMocmu noJsiomeH om 8pemMeHu

* E-mail: skobova-nv@mail.ru (N. Skobova)

https://doi.org/10.24412/2079-7958-2023-1-49-58
N. Skobova’ N. Yasinskaya, A. Vorobyova

Vitebsk State Technological

University

ABSTRACT

FUNCTIONAL THREADS, MOISTURE TRANSFER,
VAPOR PERMEABILITY, VAPOR CAPACITY, DIFFUSION
RATE, DRYING RATE CURVES

The moisture-regulating properties of knitted
fabrics are important factors that determine not only
comfort, but also the characteristics of functional
clothing. Double-layer knitted fabrics are used
because of their unique transport properties such as
vapor permeability, breathability, moisture transfer
properties. Double-layer knitted structures of a
combined weave based on an eraser were developed
on a double-loop circular knitting machine using
functional threads in one of the layers: with a
moisture management function, a microfilament
polyester thread (Quick Dry with a linear density
of 18.7 tex (f144), a microfilament Soft thread of
16.7 tex (f288)). The vapor permeability and vapor
capacity of canvases were studied by the gravimetric
method. The kinetic curves of water vapor absorption
showed that at the initial stage of research, fabrics
with a microfilament thread had a high rate of vapor
absorption in a short period of time. Theoretical and
experimental dependences of the vapor permeability
of fabrics on the time of contact with a source of
moisture vapor have been determined. To assess the
ability of a two-layer knitted material to conduct
moisture through itself, studies were carried out on the
evaporation rate of a drop of moisture liquid from the
surface of knitted fabrics. It has been determined that
the microporous structure of the functional thread
layer creates an open evaporation surface area, which
reduces the evaporation time; on the curves of the
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KOHMakma ¢ UCmo4YHUKOM napos 8nazu. [ns oyeHKu
€cnocobHocmu 08yxCc10lHO20 MPUKOMAXHO020 Mame-
puana npogodume Yyepes cebs 8/azy NposedeHsl Uc-
€/1e008aHUSI CKOPOCMU UCNAPEHUS Kanau Xuokocmu
8/1G2U C NOBEPXHOCMU MPUKOMAMXHbIX NOJIOMEH.
YcmaHoeneHo, 4mo Mukponopucmas cmpykmypa
CN10S U3 QYHKUUOHANbHOU HUmMu co3daem Omkpebi-
myw naowads NOBepPXHOCMU UCNApeHus, 4mo co-
Kpawaem epems UCNApPeHUS, Ha Kpugbix CKopocmu
CYWKU MpUKOmMaxa ¢ ucnois3o8aHuem HuUmu Quick
Dry omme4yaemcs Hanuyue smopoli Kpumuyeckoli
MOoYKU, yKaselgarowell Ha ucnapeHue adcopbuyUoHHO
€843aHHOU 802U U3 BOKOBbLIX KANU/NSPO8 3N1EMEH-
mapHbix Humed, Yymo 3amedsnsem npouecc ucnape-
Hus.. lNony4yeHHble NONOMHA Mo2ym ObiMb PEKOMEH-
008aHbl 01 NPUMEHEHUS 8 Kayecmse Mamepuanos
nepeozo U 8Mopozo 05 00e#0bl.

BBEAEHWE

OpHa 13 3apay, CTOAWMX B HACTOSLLMI MOMEHT
nepen TeKCTU/IbHOW MPOMBILNEHHOCTbIO Pecnybnu-
Ku benapycb — onTMMM3aLMA aCCOPTUMEHTA BbINYC-
KaemMoM NpoayKLuu 1 ynydlleHne ee KayecTBa 3a
CYET MCNONIb30BaHMA PYHKLMOHANBHOTO Cbipbsl. 3TO
B 0CODEHHOCTM KacaeTcsl ofexAbl AN aKTUBHOMO
OTAbIXa, BHYTPEHHEN ofexabl U CNOPTUBHOM ofe-
XAbl.

Mpn n3mMeHeHmMn HU3M4ECKON aKTMBHOCTM BNa-
[enbla U BHeLWHel cpenbl GyHKLMOHANbHas ofe-
XAa co3paeT CTabunbHbIM MUKPOKIMMAT pafoM C
KOXen. PerynupoBaHue KnvMMmaTa AOCTUraeTcst 3a
cyeT MopdONOrMM BONOKOH TEKCTUNBHOM CTPYKTY-
pbl MaTepuanos [1]. MHOrocnoMHble TPUKOTaXKHbIE
MOM0THA B OTIMYME OT OLHOCIOMHbIX, NOAXOAAT ANS
(DYHKUMOHANbHbIX U TEXHUYECKMX LLeNen, OHM Yalle
MCMONb3YIOTCS NpW NPOU3BOACTBE TOTOBbIX MU3fAe-
JIUI 13-3a UX YHUKANbHBIX TPAHCMOPTHbIX CBOWCTB,
TaKMX KaK MaponpoHULLAEMOCTb, BO3LYXONPOHULA-
€MOCTb, TENNONPOBOAHOCTb U CBOWCTBA ynpasie-
HWS BNAXHOCTBIO [2, 3].

Bnaroperynupytoulime cBoicTBa (NaponpoHu-
LaeMocCTb, Anddy3ns KanenbHOM BAaru, CKOPOCTb
UCMapeHusl)  TPUKOTAXHBIX MONOTEH SBASKOTCS
BaXXHbIMU haKTOpaMu, ONpenensitoLiMMmn He TONbKO
KOM®OPT, HO U XapaKTepUCTUKN YHKLMOHANbHOM
opexabl. KombopT onpeaensercs TeM, Kak 0aexaa

50

drying rate of knitwear using a Quick Dry thread, the
presence of a second critical point is noted, indicating
the evaporation of adsorption-bound moisture from
the side capillaries of elementary filaments, which
slows down the evaporation process. The produced
fabrics can be recommended for use as materials for
the first and second layers of clothing.

B3aMMOLENCTBYET C TEIOM B OTHOLUEHMM pacceu-
BaHMWS Tenna M Bnarun, 06pasyoLLMXcs B pesynbra-
Te MeTabonunyeckmnx npoueccos [2]. Ans yenoseka,
3aHMMatoLerocs 0ObIYHOM NOBCEAHEBHOM Aes-
TENbHOCTbIO B MOMELLEHNUM, 3aTpaymMBaemMas 3Hep-
rmus coctasnset 50 Bm/m? 4. O6pa3oBasLieecs
MeTabonmMyeckoe Tenso Nerko paccemMBaeTcs yepes
ofexay B Buae nota [4].

B coctosHMM nokos Teno BblOensieT OKoJo
60 M2 BOASHOMO Napa B 4ac B YCUIOBMAX OKpyXKa-
tolen cpenbl. YMepeHHast Harpyska (xonbba) yse-
JINYUT KONMYecTBO NpumepHo o 450 ma B yac. Bo
BpPEMS CMOPTUBHOM LeATeIbHOCTU, HanpuMep, e34bl
Ha Benocunene, MeTabonuyeckoe Tenno yBenuyu-
BAeTCA B LIeCTb pas3, a BblAeNeHne noTa yBenuuu-
Baetca B 14 pa3 (840 maxa). Bo Bpemsa notootzene-
HWS Bnara yenose4veckoro Tena 6onee unu MeHee
NornoLwaeTcs TEKCTUNIbHOW ofexaon. Ecnm Bnara
OCTaeTCs B TKAHW M He TPaHCMOPTUPYETCS Ha no-
BEPXHOCTb 191 UCMAPEHUS, OXNIAXKAEHUE HE MOXKET
NpoucxoamnTb. Teno HarpeBaeTcs U BblAENAEeTC elle
6onblie nota.

TaknM 06pa3om, MaTepuan, KOHTAKTUPYHOLWKIA C
KOXeMn, fomkeH 0bnanatb ABYMSI BaXKHbIMU CBOW-
CTBaMW: NepBOHAYaNbHbIM — MNapONpPOHULLAEMO-
CTbI0 M BO34YXOMPOHULLAEMOCTbIO, BTOPUYHbIM —
BbICOKMMM TPAHCMOPTHLIMKU CBOMCTBAMM AN nepe-
[laun BMNUTAHHOM BfarM B atMocdhepy U co3paHus
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KOMDOPTHbIX YCI0BWIA Ans nonb3osatens [5].

Llenbto nccnenoBaHms 9BNSETCS CPaBHUTENbHAS
OLeHKa BNaroperyanpyrowmx CBOMCTB LBYXC/IOM-
HbIX TPUKOTAXHbIX MaTepuanoB, OTAUYAKLLMXCA
(DYHKLMOHANBbHOCTbH MPUMEHSIEMbIX HUTEM.
06beKT nccnepoBaHuin

Ha kadeppe 3KoONOrMM U XMMUYECKMX TEXHONO-
rMi Bepetcsq paboTa Mo MOMyYEHUI0 TPUKOTAXKHbIX
apMUPYIOLLMX CTPYKTYp A5 NPOM3BOACTBA OAEXAbI
IS aKTUBHOTO OTAbIXa C 33faHHbIMU QYHKLMO-
HaNbHbIMK CBOMCTBAMM [6].

PaszpaboTaHbl  OBYXC/OMHbIE  TPUKOTAXKHbIE
CTPYKTYpbl KOMOMHMPOBAHHOIO MepenneTeHns Ha
6a3e nactvka Ha ABYXdOHTYPHOM KpYrnoBs3anbHOM
MallMHe C UCMOb30BaHWEM B ero CTpyKType QyHK-
LUMOHaNbHbIX HUTeN npomssoactea OAO «Ceetno-
ropcKXMMBONOKHO» [7, 8]. Ha urnbl BepxHeN uronb-
HULbI NPOKNAAbIBanUCh (GYHKLMOHA/bHbIE HUTK
(Quick Dry nuHerHou nnotHoctn 18,7 mexkce (f144),
MukpodunameHTHas HuTb Soft 16,7 mexc (f288)),
Ha Wbl HKHEN — TPaAWMLMOHHAS NnonnadupHas
HuTb PEC 16,7 mexc (f48).Ans cpaBHeHns Hapaba-
TbIBaNIM KOHTPOJbHbIN 06paseL, U3 TpaauLMOHHON
nonuaUpHONM HUTK B ABYX CN10siX. B pesynbTate no-
Jy4yeHbl BapMaHTbI:

- o6bpasey Quick Dry/PEC c copepxaHuem B
O0OHOM M3 C1oeB QYHKUMOHANbHOM HUTK Quick Dry,
MMeIOLLLEN B CBOEN CTPYKTYpe 3/IeMEHTapHbIe HUTU
C TeTpakaHanbHbIM NMpodUIEM NONEepeyHoro ceve-
HWS, BO BTOPOM CN0e — TPAAMLUMOHHOM NoAnapup-
Hon HuTu (PEQ);

- obpasew Soft/PEC ¢ copepxaHvem B OOHOM
cnoe MUKpOoDUNAMEHTHOM HUTM Soft (nuHeliHas
NAOTHOCTb 3nemeHTapHon HUTK (OH) 0,058 mexc),
BO BTOPOM — TPaAMUMOHHOM MOAUMIDUPHON HUTU

Cnoun coenmHANNCb COeaUHUTENbHBIMU HaKMAa-
MU, paCnonoXXeHHbIMM B LLAXMAaTHOM MNopAaake. Ta-
Kas CTPYKTypa MO3BONSET MONYYUTb TPUKOTAXKHOE
MOMOTHO C YETKMM pasfeneHnem QyHKLMOHANbHbIX
CNnoes.

[MonoTHa uMenu pasHyw TONLWMHY M BAU3KYHO
NMOBEPXHOCTHYH MAOTHOCTb (Tabnuua 1). bonee no-
PUCTYIO CTPYKTYpY, COMNAcHO pacyeTy, uMeeT obpa-
3eu PEC/PEC.

Metopabl nccnepoBaHuit

[ns onpeneneHns nNaponpoHMLAEMOCTM WU
NapoéMKOCTU TMOMOTEH MWCMOMb30BaH rpaBUMET-
puUYeckuMini MeTon, peanu3oBaHHbIA C MOMOLLbIO
ucnbiTatensHoro komnnekra Sampler-2000, npu-
NnaralLLerocs K aHanusaTtopy BnaxHoctu Radwag
M-50.

MNpu nsyvenun anddysmm napos yepes ABYX-
CNIOMHYH0 CTPYKTYpY MonoTHa obpasel, pacnonara-
M PYHKUMOHANbHBIM CNOEM BHM3, BIMXKE K UCTOY-
HWKY KanenbHoM Bnaru (MOAENMpoBaHUE KOHTAKTa
C TenoM 4enoseka). [lo pesynbtataM npoBegeHuUs
MCNbITAHUIM PACCYUTBIBANN:

- K03 OMLUMEHT NAPONPOHULAEMOCTU, Me/cMm*u

MVTR = % , (1)

rAe m, - HayanbHas Macca AWUCTUAIMPOBAHHOM
BOAbI B Yalle, Mr; M, — KOHeYHas Macca AMCTUANN-
pOBaHHOM BOAbI B Yalle, m2; S — naolanb noBepx-
HoCTU 06pasua, cm? ; t — BpeMs UCMbITaHUa, 4;

— OTHOCWTENbHYH NaponpoHMULLAEMOCTb, %:

(PEC); P e 100% . O
- o6pasel, PEC/PEC - aBa C/109 chOPMUPOBaHBI s B

13 nonnadupHon Hutn PEC.

Tabnuya 1 - CmpyKmypHsie XapakmepucmuKku mpukomamHsiX N0/0meH

O6pasen OnvHa HutM B | O6BbEMHasa NNOTHOCTbL R MoBepXHOCTHbIM
neme, um o6pasua, mz/mm’ MoAaynb NeTiun

O6paszeL, Quick Dry/PEC 4,6 1,14 0,372
O6paszew Soft/PEC 4,53 1,11 0,383
O6paszew, PEC/PEC 4,45 1,23 0,395
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rae m,, - Ha4dajbHas Macca AMCTWIIMPOBAHHOM
BOAb! B XO/IOCTOM WCMbITAHWW, M2; M, — KOHEYHAS!
Macca AUCTUNNIMPOBAHHOW BOAbl B XOIOCTOM UCTbI-
TaHWu, me.

lNpu oueHKe NapoeMKoCTM 0bpasupl MaTepuana
BbICYLUMBAIOT B CyLWWAbHOM LIKady A0 abConoTHO
cyxoro Beca (M,). B yawy 3an1BaoT puKCMpoBaH-
Hbli 06bEM BOZbI, MOC/E YEro ee 3aKpbiBakT 06-
pasL,oM, NOBEPX KOTOPOro KNaayT HEMPOHMLAEMBI
MaTepuan, obecneymBas MOMHY FEPMETUYHOCTb
YalK M NPOBOAAT UCMbITAaHWE MPU TeMnepaType B
kamepe 40 °C B TeyeHnu 1 vaca. Mo ucteyeHunm 3a-
[LQHHOrO MHTEepBana BPEMEHU U3MEPSIIOT KOHEYHYIO
maccy obpasua (M)). Mo pesynbtatam MCMbITaHMIA
PaccyMTbLIBANM OTHOCUTENbHYIO Napoémkoctb (IT,,
mz/mm?), xapakTepusyioLlyto 06beMHOe 3anonHe-
Hue obpasua napamu Bnaru:

_ M(—M,
l_[eo == 3)

roe A — TonwmHa obpasua, mm.

[1ns oueHkM cnocobHOCTU [BYXCNOMHOMO TPUKO-
TaXKHOro Matepuana npoBoauTb Yepe3 cebs Bnary
npoBefeHbl MCCIeLOBAaHUS CKOPOCTM MCMapeHus
Kanam >XMAKOCTU BiarM C NOBEPXHOCTU TPUKOTAXK-
HbIX MONMOTeH. 118 3TOro Ha CTEKNSIHHYIO MOBEepX-
HOCTb Kamanu Kamnaw >XWAKOCTU OnpeaeneHHoro
obbema, cBepxy yknagbiBanu obpasew, TPUKOTAX-
HOro MOSIOTHA CN0eM C (YHKLMOHANBbHOW HUTbIO
BHW3, fafee CHUManu MoKa3aHus U3MeHsoLencs
Macchl BNaHoro obpasua, nocie 4ero paccyuThl-
BalOT K03 dUUMEHT ocTaTouHol Bnarv K (%) B
pasHble UHTEPBA/Ibl BPEMEHMU.

Pesynbratbl M 06cyKAEHUSA

Mo Nosly4eHHbIM 3KCNEepPUMEHTA/IbHbIM AaHHbIM
npoBeaeH pacyeT Ko3dduumeHTa naponpoHmLae-
MOCTU M NOCTPOEHbI KPWBble CKOPOCTU Anddy3um
NapoB Yepe3 ABYXC/I0MHY TPUKOTAXKHYH CTPYKTY-
py (pucyHok 1).

Ha KuMHeTMuyecknx KpuBbIX MOINOLLEHMS MApoB
BOAbl (PMCYHOK 1) MOXHO BbIAENUTL ABA Xapak-
TepHbIX yyacTka. B nepsom nepuoge npoucxoaut
MHTEHCMBHOE MOr/OLLEHME NApOB BNarn matepua-
nom. ins pByxcnoviHoro matepuana Soft/PEC stot

ocm

—4—PEC/PEC
—=— Quick Dry/PEC

——Soft/PEC

KOA(PPHIHEHT TTAPOTTPOHUIIAEMOCTH, MI/(CM.KB. *u)

0 T T T T T T T T
03 6 912151821242730333
BpEMS, MIH

PucyHok 1 — Ckopocme Oug@y3uu napos Yepez mamepuan
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nepvop, coctaBnsget 6 MUHYT, a5 naketa Quick/PEC
OH bonee NpogoMXUTENEH M COCTaBNsSeT 15 MUHYT,
a ans nonoteH PEC/PEC u3 TpagMUMOHHOM nonum-
3OUPHOM HUTK — 12 MUHYT. [aHHbIV Nepuog oTpa-
YKaeT 3ano/siHeHWe napamu Bnaru nerkofoCTymnHbIX
Me30- M MaKponop B CTPyKType mMaTepuana. Bo BTo-
poM nepuone HabnaaeTCs CHWXEHWe CKOpOCTU
MPOXOXAEHMS MapoB, NpU AOCTMKEHUU 60 MUHYT
UCNbITAHUI KO3DPUUMEHT NPaKTUYECKM He 3aBu-
CUT OT BMAA UCMONb3YEMOM DYHKLMOHANBbHOM HUTU.,

Bbicokas HayanbHasg CKOpPOCTb COpOUMM Xapak-
TepHa onsg obpasua Soft/PEC, napbl BOAbl MHTEH-
CMBHO 3aMOJHAT MUKPOKaNWAspbl, 06pa3oBaH-
Hble MEXBOJIOKOHHbIM MPOCTPAHCTBOM. B TeueHue
nmepBoro mnony4yaca Macca MpONAEHHbIX NapoB
coctaBuna 9,5 mez/m?c ana obpasua Soft/PEC, u
8,7 mz/m?-c - nna nByx Apyrux . B nocnenytouime
30 MUHYT mMCnbITaHUM CKOPOCTb Anddy3nMn napos
CYLLECTBEHHO CHMXAeTCs.

MonyueHsl TEOPETUKO-3KCNEPUMEHTANIbHbIE
33aBUCMMOCTM MAPOMNPOHULLAEMOCTU TMONOTEH OT
BPEMEHM KOHTAKTa C MCTOYHMKOM TMapoB Bfaru,
MO3BONAKOWME CNPOrHO3MPOBaTb  KOIDDOULMEHT
MaponpoHMLAEMOCTU B OO0 MOMEHT BpEMEHMU:

Pesp = 0,395 — 3,62 -t + 13,224t (R’=0,997) (4)

Py/p = 0,686 — 3,59 - t% + 13,05+t (R?=0,994) (5)

Pgp = 1,197 — 541 -t* + 14,152 -\t (R*=0,983) (6)

Xapaktep W3MeHeHMsi NapornpoHULAEMOCTU —
cTeneHHOW. ALLEKBAaTHOCTb Mofeneil NoATBepXAaa-
€TCS PacCyYMTaHHbIM 3HauYeHWeM Ko3IhdUUMEHTa
LeTepMUHALUMU. BbICOKME YUCNEHHblE 3HauYeHue
Nony4YeHHbIX KO3OPUUMEHTOB peErpeccMm B MOAENU
(6) ykasbiBatoT, uto 06pasew, Soft/PEC 6naropaps
MWUKPOMOPUCTONM CTPYKType CnocobeH TpaHCNopTu-
pOBaTb YBEJIMYEHHbI NPOLEHT NAPOB.

CBOWCTBO MApOMPOHULLAEMOCTM  3aBUCWT OT
MapaMeTpoB: TO/LMHbI MOAOTHA, NIOTHOCTU MaTe-
puana u obbemHol nnotHoctu [9]. CornacHo reo-

BECTHWK BMTEBCKOIO FOCYAAPCTBEHHOIO TEXHOJSIOTMYECKOIO YHUBEPCUTETA, 2023, N2 1 (44)

MeTpuYeckMM napameTpam obpasuos (Tabnuua 1)
06beMHas NAOTHOCTb MOMOTHA C MUCMOb30BAHUEM
MUKPODUIAMEHTHOM HUTU Hanbonblias U3 aHanu-
3UPYEMBIX, YTO U 0BYC/IOBNMBAET BbICOKYH OTHOCK-
TE/IbHYH MaponpoHMLAEMOCTb (pUCyHoK 2). Hau-
MEeHbLUMM 3TOT NOKa3aTesb SBASETCS Y NONOTHA U3
TPAAMLMOHHOM NOAM3UPHON HWUTKU, HECMOTPSA Ha
60/1bLLUYIO TOMLLMHY, 06pa3eL, XapakTepusyeTcs Bbl-
COKWMM 3HaYeHMEM NMOBEPXHOCTHOIO MOAYAS METU.

Ounddy3ma napa 3aBMCUT OT BO3AYXONpPOHULIAE-
MocTM 0bpasuos (pucyHok 3). bnaropaps nopucron
CTPYKTYpe, MONIOTHA U3 TPAAMLMOHHOO nonnadupa
XapaKTepu3yTcs BbICOKOW BO3A4YyXOMPOHWULAEMO-
CTbi0.

[MapoeMKoCTb — 3TO KOIMYECTBO BOASIHOMO Mapa,
KOTOpOe MaTepuan MOrMOWAeT B TEYEHUe onpe-
[LleNleHHOr0 BPEMEHMU, BbIpAaXKEHHOE B BMAE MAcCChl
BOZbl HA €OMHMLY niowann Matepuana (PUCYHOK
4).

Mo nokasaTento OTHOCWUTENbHOW MapOEMKOCTM
MOXHO OLLeHWTb, KAaKOM 06beM MOMOTHA 3aHMMa-
eT ucnapseMas >Xuakoctb. HambonbwmM noka-
3aTefieM MapoeMKoCTM o06nafaeT [OBYXCIOMHbIN
matepuan Soft/PEC, ero 3HaueHue cocTaBnser
2,81 mez/(cm?). Y matepuana Quick/PEC 3Have-
HWMe MoKasaTens HecKoMbKO HMXe M COoCTaBnseT
2,73 mz/(em?). HanmeHbLiasi NapoeMKoCTb CBOM-
CTBEHHA ABYXCNOMHOMY MaTepuany W3 Tpaguuu-
OHHOTO NoNn3dupa, ero 3HaueHune 2,36 mz/(em?).
Mony4eHHble faHHbIe TaKXKe KOPPEenupykT C paHee
MoNy4YE€HHbIMU JAHHBIMU MO NAPONPOHULAEMOCTM.

AHanM3 KpUBLIX M3MEHEHUs KOIDPULMEH-
Ta OCTaTOYHOW BiaruM Mpu ee UCNapeHuu B ecTe-
CTBEHHbIX YCIOBMAX (PUCYHOK 5) nokasbiBaer, 4to
[LBYXC/IOWHbIE MOMOTHA C UCNONb30BaHUEM (YHK-
umoHanbHoi HutM Quick Dry, nmetowme npodu-
JIMPOBAHHYK MOBEPXHOCTb 3N1EMEHTAPHbIX HUTEN,
BbICbIXAOT Me[/leHHee, TaK KaK Bnara yaepxXwuBa-
€TCs 33 CYET KanuANspHOM KOHAEHCaUWUK 1 Bpems
ucnapenus ysenmumsaetcs o 60 MuHyT. MonotHa
Soft/PEC BbicbixatoT 50 MuHYT, MukponopucTas
CTPYKTYpa €05t U3 GYHKLMOHANBbHOW HUTK co34aeT
OTKPbITYIO MOLWAAb NOBEPXHOCTU UCMAPEHUS, YTO
COKpalLaeT BPEMS UCMAPEHUS.

[lna Gonee petanbHOro aHanusa npouecca uc-
NMapeHusl TPUKOTAXKHbIX MONOTEH B €CTECTBEHHbIX
YCNOBUSX MOCTPOEHbI KPUBbIE CKOPOCTU MCNAPEHMS
B aHaM3MPYEMOM AMana3oHe BPEMEHM (PUCYHOK
6) [10]. U3 rpacdmKoB BMAHO, KMHETMKA Npouecca
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pasnnyHa ANg aHaNM3UpyeMbIX BUL0B TPUKOTaxa.

Ha HauyanbHOM 3Tane ncnapeHus B TeYEHUE He-
6onbLIOro nNpomexyTka BpemeHu (yuyactok AB, AB;,
A’B”) HabniopaeTca nepuop nporpeea Matepua-
na: 1,5 muuytel gna obpasua PEC/PEC, 3 MUHyTbI
ons Soft/PEC, bonee pnutenbHbIi nNepuon OKOO
11 MuHYT oTMevaeTcst Ha obpa3ue Quick Dry/PEC,
4TO COMPSXKEHO C HeobXOAMMOCTbIO Nporpesa A0
TemnepaTypbl MOKPOro TepMOMETPa >KMAKOCTH,
CKOHAEHCMPOBAHHOM B DOKOBbIX MaKpoKanuins-
pax aneMeHTapHbIX HuTel Quick Dry.

Ha yuactke BC, B’'C, oTMeuaeTca nepuog nocto-
SHHOM CKOPOCTW CYLUKM, BNArocofepxaHue mare-
pvana yMeHbLIAETCS N0 IMHENHOMY 3aKOHY, Kanu/i-
nsipHas Bnara ypansetcs B TedeHne 30-35 mun
ons obpasuos PEC/PEC u Soft/PEC, npu 3TOM nep-
Basi KpUTMYECKas BNAXKHOCTb 06pa3LLOoB cocTaBnseT
COOTBETCTBEHHO pr1 =26 % un 18 %,pna obpasua
Quick Dry/PEC nepuon NOCTOSAHHOM CKOPOCTU CyLL-
kn B”C” coctaBnseT 26 MUHYT U Wnpl =33 %.

B nepuopne nagatouier ckopocTu CyLuku ans ob-
pa3sua PEC/PEC yyactok CD u ansg obpasua ¢ Mu-
KpodurnaMeHTHOM HUTbIO ydactok C'D’ nmeeT npsi-
MONMHeNHbIN xapakTep. OfHako y ABYXCIOMHOIO
TPUKOTAXa C MCNOb30BaHNEM NMPODUANMPOBAHHOMN
HUTM Quick Dry 3TOT y4acToK MMeEeT BTOPYH KpU-
TUYeCcKyt Touky E” (mez = 18 %), Ha yuactke C'E”
NpOMUCXOAMT MCNapeHne afcopObLMOHHO CBA3aHHOW

56

B/1arn 13 6OKOBbIX KANUINSAPOB 3IEMEHTAPHbIX HU-
Tew.
BbIBObI

[poBeneHbl MCCNeno0BaHUS BAArOperynmpyto-
LMX CBOMCTB ABYXCNOMHbIX TPUKOTAXKHbIX MONOTEH
C UCnonb3oBaHMeM YHKLMOHANbHbIX HUTEN B 04-
HOM M3 CNOEB MOMOTHA. YCTAaHOB/EHO, YTO KOUYe-
CTBO M CKOPOCTb MPOXOXAEHUS MAPOB U XXWOKOM
BNarM 4yepes ABYXC/IOWHYK CTPYKTYpy TPUKOTaXa
3aBUCAT OT BMAA MCMONb3YEMON B NonoTHe dyHK-
LMOHANbHOM HUTK. Hannume aneMeHTapHbIX HUTEN
C TeTpakaHa/lbHbIM MpoduaemM nonepeyHoro ce-
YyeHus B CTPyKType (yHKUMOHanbHOM HUTM Quick
Dry, a Takxe MUKpODUNaMEHTHOCTb HUTK Soft (nu-
HerHas nnoTtHocTb OH 0,058 mexc) cnocobcTByeT
YAYYLIEHWUIO TMIMEHUYECKMX CBOMCTB ABYXCNOMHbIX
NoAn3MUpPHbIX TPUKOTAXKHbBIX MaTtepuanos. [1po-
aHanM3MpoBaB OCOBEHHOCTU BIArOPErynmpyoLLIMX
CBOMCTB OMbITHbIX 00pa3LoB, MOXHO PEKOMEHAO-
BaTb MCNOMb30BaTb ABYXC/0WHbIE MOMOTHA B Ka-
yecTBe MaTepuanoB Ans U3roToBNEHUS (PYHKUMO-
HaNbHOM OAEeXAbl.
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MCCNEAOBAHUE BIMAHNA MACWUITABHOIO ®AKTOPA HA NMPOYHOCTHbIE
XAPAKTEPUCTUKU UCKYCCTBEHHbIX KOX

STUDY OF THE EFFECT OF THE SCALE FACTOR ON THE STRENGTH
PROPERTIES CHARACTERISTICS OF ARTIFICIAL MAN-MADE LEATHER

YOK 675.017.4

B.C. TymaHoB’; A.A. Ky3HeL0B, B.B. MypbiueBa
Bumebckuli eocydapcmeeHHbIl mexHono2udeckuli
yHugepcumem

PEDEPAT

MCKYCCTBEHHAS KOXA, MACIITABHbIN
GAKTOR MMUTALUMOHHOE MOLEJ/IMPOBAHUE,
PA3PbIBHASI HATPY3KA, TEOMETPUYECKUE
[TAPAMETPbI

Llene pabomesl — oueHKa 8aUSIHUS MACWMAOHO20
aKkmopa Ha NpoYHOCMHbIE XApAKMepucmuku uc-
KyCCMBEHHbIX KOX(, NymeM UCNno/b308aHUS Memoda
UMUMAUUOHHO20 MOOENUPOBAHUS, NPUMEHEHUE KO-
mopo2o no3gosisiem 8bisSI8UMb 06WUE 3GKOHOMEPHO-
CMu 8/1USHUS NUHElHbIX pa3mMepos N0BEePXHOCMHO-
NPOMSIHEHHbIX MAMEPUAno8 HA UX NPOYHOCMHbIE
Xapakmepucmuku.

OcywecmeneHo MoOenuposaHue ucnsimaHuli ¢
y4emom 8uda u napamempa 3aKoHa pacnpeodeneHus
paspuigHOU Haz2pysku 019 06pasyos, cocmosujux u3
HeKomopo20 4ucaa m CMpyKmMypHbIX 37eMeHmos
no 0/UHe U HeKOmMOopPOo20 YUCIA M CMPYKMYPHbIX
3/1eMeHmo8 no wupuHe obpasuya. [ns eviseneHus
8/IUSHUS 2e0Mempuyveckux pasMmepos obpasua Ha
cpedHee 3HayeHuUe e20 paspeiBHOL Ha2py3KU NPoeo-
o0usoce MOOeUPoBaHUe Makux e 3KCnepuMeHmos
0n15 06pazyo8 UCKYcCMBEHHOU KOXU C nepemMeHHOU
0/UHOU U WupuHOL.

C uenvo nposepku npedsapumesnbHbiX 86180008
66110 npou3gedeHa 3IKCNepUMeHMasnbHas OUueH-
Ka paspbiBHOU HA2Py3KU UCKYCCMBEHHOU  KOXU
npu pasHbIx 2eoMempuyeckux pasmepax npoobi.
B kasecmee obvekma uccnedosaHus bvina 8vlbpa-
Ha 08yxc/ioliHAs UCKYCCMBEHHAs KOXa apmukyna
Hongxin 11022-16. MicnbimarHusi npogoduaucs ¢ no-
MOUWbIO YHUBEPCAIbHOU UCNbIMAMeNbHOU MAawUHebl
TIME WDW-5 Ha npobax npsmoyeosnsHolU GopMmbl.

* E-mail: vevt24@gmail.com (V. Tumanov)
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ABSTRACT

MAN-MADE LEATHER, SCALE FACTOR, STRENGTH
PROPERTIES, SIMULATION MODELING, BREAKING
LOAD, GEOMETRICAL CONDITIONS

The article presents studies of the influence of
scale factor on the strength properties of artificial
leathers. The method of simulation modeling enables
to determine general patterns of influence of linear
dimensions of surface-retentive materials on their
strength properties.

Simulation was performed by the type and param-
eter of the law of distribution of the breaking load
for specimens consisting of one section, the breaking
load of which along the length is constant. In order to
identify the influence of the geometric dimensions of
the sample on the average value of its breaking load,
the same experiments were simulated for man-made
leather samples with variable length and width.

In order to experimentally verify the prelimi-
nary conclusions, an experimental evaluation of the
breaking load of artificial leather at various geomet-
ric dimensions was carried out. The object of the
study was double-layered man-made leather, item
Hongxin 11022-16. Sample thickness of 0.9 mm,
surface density is 435 g/m?. Tests were conducted
using TIME WDW-5 universal testing machine on
samples of rectangular shape. As a result of this
research, the possibility of practical use of the test
simulation method for studying the influence of the
scale factor on the strength properties of man-made
leather was shown.
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B pe3zynemame npogedeHHbix uccnedosaHuli noka-
3aHA BO3MOXHOCMb NPAKMUYECKO20 LUCNOIb308AHUS
Memoda uMuUMayuoHHO20 MOOenUPOBAaHUS UCNbIMa-
Hul 0515 U3y4eHus 8AUsHUS MacwmabHo20 pakmopa
Ha NpOYHOCMHbIE XAPAKMepPUCMUKU UCKYCCMBEHHOL
KoMU.

BBELEHME

Bbicokne TpeboBaHus, npeabsBisemMblie K nNo-
TpebuTeNnbCKMM CBOMCTBAM M KauyeCcTBYy COBPEMEH-
HbIX M3aenuit 06yBHOM NPOMBILWIEHHOCTH, Onpese-
NAOT €€ KOHKYPEeHTOCMOCOOHOCTb Ha BHYTPEHHEM
pbiHke Pecnybnuku benapycb n 3a pybexom. OT
KayecTBa MCXOAHbIX MaTepuanos, NPUMEHsIEMbIX
[NS U3rotoBneHuns obyBu, 3aBUCUT Ka4yecTBO roTo-
BOrO M3aenus. YnpaBneHue Ka4yecTtBOM NpomayKuum
TpebyeT 3HaHWs CBOWCTB, yMEHUS NPABUIbHO U3Me-
paTb U 0OBEKTMBHO OLLEHWMBATb BaXKHEWLIME MoKa-
3aTeNiM KayecTBa, @ TakXke AOCTOBEPHO MPOrHO3M-
pOBaTb KONIMYECTBEHHbIE XapaKTEPUCTUKM CBOMCTB
npoaykumu [1, 2]. OpHUM U3 Hanbonee 3HaYMMBbIX
nokasarefieii kayectBa MaTepuanoB, OMpenensio-
LMX UX TEXHOMOMMYECKYH MPUrOAHOCTb A1 U3ro-
TOBNEHUS WM3OENUA U3 KOXM, SBNSETCS Harpyska
npuy pa3pbiBe, XapaKTepPU3ytoLLas NPOYHOCTb MaTe-
puvana. MeToauKy OLEeHMBas PaspbiBHOM Harpysku
UCKYCCTBEHHbIX KOX (MK) pernameHTUpyroT cOOT-
BetcTBytowme ctaHaaptol (TOCT 17361-71), roe ee
onpenenaiT nNpu onpeaeneHHon GUKCMpPOBaAHHOM
3aXUMMHOM AnuHe u wupuHe. OgHako, ¢ u3MeHe-
HMEM 32KMMHOM OAMHbI U LUMPWUHBI MEHSETCS U
3HayeHue paspbiBHOW Harpysku. [laHHas 3aBucu-
MOCTb MOMy4YMSia Ha3BaHMe MacWTabHoro addekra.
AHanus nuTepaTypHbIX UCTOYHMKOB NOKasan Hepo-
CTaTOYHYH M3Yy4YEeHHOCTb BOMPOCOB, CBSA3AHHbIX C
BAMSHMEM MacwTabHoro dakTtopa Ha duU3nKo-Me-
XaHunyeckue ceonctea MK [3-5].

Llenbto NpoBOAUMBIX UCCNEN0BAHUI SBNSETCS
OLleHKa BAMSHMS MacwTabHoro ¢aktopa Ha npou-
HOCTHble Xxapaktepuctnkn UK. HayyHas HoBM3Ha
NpOBefEeHHbIX UCCNefOoBaHUIA COCTOUT B MCMOJb-
30BaHUM MeToa UMWUTALMOHHOIO MOLENUPOBAHMUS
UCNbITaHWI, NPUMEHEHWE KOTOPOrO MO3BONSET Bbl-
SBUTb 0OLLME 3aKOHOMEPHOCTU BIUSIHUS IMHENHBIX
pa3mMepoB MOBEPXHOCTHO-MPOTSHKEHHbIX MaTepua-
JIOB Ha UX MPOYHOCTHbIE XapaKTePUCTUKMU.
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JKcnepuMeHTaNnbHble UCCNIEA0BaHUS U
06cykaeHue pe3ynbTaToB

MNpepnonaraeTcs, 4To Kaxpabli k- obpaszey, MK
MOXHO MpeacTaBUTb Kak HEKOTOPYH CUCTEMY, CO-
CTOSILLYI0 M3 MOCNefoBaTeNbHO-NapanienbHo Co-
€OMHEHHbIX y4aCTKOB PasHOM AsvHbI L., pasHoM
WMPUHBI @, M Pa3pbIBHOW Harpysku Pi].k, roe k -
usMeHsetca ot 1 0o z (2 — uMcno obpasLoB B UC-
nbITyeMo naptum),i — ot 1 o n (m - YMCIO CTPYK-
TYPHbIX 3/1IEMEHTOB NO AnAnHe obpasua),j - ot 1 no
m (m - YMCNO CTPYKTYPHbIX 3/IEMEHTOB MO LUMPUHE
0bpasua).

McxoaHbIMU JaHHBIMU A0S MOLEIMPOBAHNS B-
NSIOTCA: BUA, U NapaMeTpbl 3aKOHa pacnpeneneHuns
pa3pbIBHOM Harpy3ku ansa 06pasLoBs, COCTOAWMX U3
OLLHOTO Y4aCTKa, pa3pblBHAsh Harpyska KOToporo no
ONMHEe NOCTOSIHHA Pp(l), Cp(l); BMA, M MapameTpbl
3aKOHa pacnpeqeneHns yyactkos cuctembinm C,
@ n C_; 41cno ucnbiTbiBaeMbix 06pasLoB 2, rae:
Pp(l) - CpegHee 3HayeHWe pa3pbIBHOM Harpys-
K1 ans o6pasuoB, COCTOALWMX M3 OLHOrO y4acTka;
Cp(l) - KO3QPUUMEHT BapuMaumMmn MO paspbiBHON
Harpy3ke ansi o6pasuoB, COCTOSILLMX M3 OLHOTO
yyacTKa; Pp(n, m) — 3HayeHue pa3pbIiBHOM HArpys-
KM MOBEPXHOCTHO-NPOTSKEHHOrO 06pasua, cocTo-
SLLero U3 I M M 4ncna CTPYKTYPHbIX 3NIEMEHTOB;
C,(m) C (m)- ko3dpduumeHTs BapuaLmit konmye-
CTBA CTPYKTYPHbIX 3/1IEMEHTOB MO A/MHE U LUMPUHE
obpa3La COOTBETCTBEHHO.

C nomoLb0 NporpaMMbl, peann3oBaHHOM B Ma-
TeMaTuyeckon cucteme Maple 19, Ha HavanbHOM
3Tane oCyLecTBASNOCb MOAENMPOBaHME 3KCNepu-
MeHTa MO MCMbITAaHUKO Ha paspbiB M3 2 06pa3Los,
COCTOAIWMX M3 HEKOTOPOro YMcia N CTPYKTYPHbIX
3N1eMEHTOB MO AJivHe 00pasua, Npy 3TOM YUCI0
CTPYKTYPHbIX 3/1EMEHTOB MO WMpPUHE 06pasLia npu-
HMManoCb paBHbIM m = 1 C 33laHHbIMK 3HAYEHNA-
MU Pp(l) " Cp(l).

Ha BTOpOoM 3Tane MoaennpoBaHus, Nony4YeHHble
3HAUeHUs1 Pa3pbIBHOM Harpysku Pi]. NS HEKOTO-
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pOro Y1cia m CTPYKTYPHbIX 3/1€MEHTOB, ABMS/INCD
MCXOLOHbIMU AAHHBIMU A8 MOLENMPOBaHMS 3KCne-
PVYMEHTA MO MCMbITAHMIO HA Pa3pbiB U3 2 06pa3LoB
1 3343aBaEMOr0 YMCIa M CTPYKTYPHbIX SN1EMEHTOB.

HekoTopble ructorpaMmsl pacnpeaeneHuii 3Ha-
YeHui Pp(n, m) N QYHKUMM NIOTHOCTU BEPOSITHO-
CTel 3HaYeHui Pp(l) " Pp(n, m) npeacTaBfieHbl HA
pucyHke 1.
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B pesynbrate MMMTALMOHHOIO MOAENMPOBAHUS
YCTaHOB/EHO, YTO pacnpeaeneHne paspbiBHONM Ha-
rpy3kun obpasua Pp(n, m) He coBNajaeT ¢ 3aAaBa-
€MbIM 3aKOHOM pacnpefeneHus Pp(l). OTmeuvaeTcs
nosiB/ieHMe NpaBoOi aCMMMETPUM 3aKOHa pacnpe-
[leNeHns U CABUM MOAANBHOTO 3HAYEHUS B CTOPOHY

MEHbLINX 3HAYEHUN.
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Pucynok 1 - [ucmoepammsl pacnpedenenudi 3HaveHul Pp(n, m) u @yHKyuu naomHocmeli geposmHocmel
3Havenull P (n,m) (kpusas 1) u P (1) (kpueas 2) npua - i =5, m=1,6-n=30m=1,6-n=30,m=25;

2-n=30,m=30
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[ns BbIABAEHUS BAUSHUS reOMETPUYECKMX pa3-
MepoB 06pasLa Ha CpeaHee 3HaYeHne ero paspbiB-
HOM Harpy3ku NpOBOAMIOCH MOLENMPOBAHME TaKMUX
Xe akcnepumeHToB Ans obpasuos MK ¢ nepemen-
HOM AJIMHOM WU LUIMPUHOW, KOTOPblE CYMTANUCL NPO-
NOPLUMOHANbHbI YACTY L U M YHACTKOB Lienw.

Ha pwcyHke 2 npeacrtaBneHbl 3aBUMCUMMOCTU
CpefHero 3Ha4YeHust pa3pbIBHOM HArpysku oT uncia
CTPYKTYPHbIX 31EMEHTOB 1 MO AJIMHE UCCneayemo-

1721

170

168+

1661

ro obpasua MaTepuana npu pasnyHbIX 3HAYEHUAX
KONMYECTBA CTPYKTYPHbIX 3/IEMEHTOB M MO LWMPU-
He obpasua.

AHanM3 LaHHbIX 3aBMCMMOCTEN MO3BONSIET OT-
METUTb, UTO YBEIMYEHUE KONIMYECTBA CTPYKTYPHbIX
3N1EeMEHTOB 1 NPUBOAMUT K 3aKOHOMEPHOMY CHUXKe-
HUIO CpeHero 3HaYeHWs paspbIBHOM HarpysKu Fp.
IT0 0OBACHAETCS TEM, YTO MPU YBEJIMYEHUM YMC/IA
YYaCTKOB 1 YBENIMUMBAETCS BEPOSTHOCTb NOsBAE-

1641

PucyHok 2 - 3asucumocmu cpedHe20 3HA4eHUs paspel8HOLU HA2PY3KU OM YUCAA CMPYKMYpPHbIX 31eMEHMO8 NO
O/IUHe Npu Paz/IuyHbIX 3HAYEHUAX KOUYECmed CMpyKmypHbIX 3/IEMEHMOoe No wupuHe obpasua (@ - m = 1;

6-m=5;8-m=20)

62

BECTHWMK BMTEBCKOIO FOCYAAPCTBEHHOIO TEXHOJSIOTMYECKOTO YHUBEPCUTETA, 2023, N2 1 (44)



TEXHONOTUA MATEPMANOB U U3LAENWUIA TEKCTUNbHOM M NEFKOM NMPOMBILLIEHHOCTHU

HMa anemeHTa MK ¢ HauMeHbLein no abcontoTHOM
BE/IMUYMHE PA3PbIBHOM HArpy3Koi.

[ns MaTteMaTMyeckoro OonucaHusi pe3ysbTaToB
MOAENMPOBAHUS  UCMONIb3YEM  MaTEMaTUUYECKYHO
Mogenb cneaytLero suaa [6]:

P (n)=(m-§p(1)—§p_m)-exp _nK—l

+Ppea, (1)

roe Fp_m - CpefHss pa3pbiBHAs Harpyska Haubo-
nee cnabbix 3BEHLEB, UCMbITyeMOro obpasua Mare-
puana; K - napamMeTp Mopenu, xapakTepusyLmil
TEMM YyMEeHbLUEHWUs CPeAHEro 3Ha4eHUs pas3pbiBHOM
Harpysku P_’p(n) npu yBenuMYeHun n (TeMnoBon na-
pameTp) [6].

[lns KONUYEeCTBEHHOM OLEHKM CTENeHu Mnpo-
ABIeHNS MaclwTabHoro dakrTopa NpPOYHOCTU Mpu
yBENIMYEeHMM LUMPUHBI MaTepuana (npegnonaraet-
€S, YTO WMpUHa 06pasLa NPONOpUMOHAbHA YMCTy
CTPYKTYPHbIX 371EMEHTOB M) BBELEM CNefyoLLni
nokazatens ¥, (%):

~ m-Py(l)= Py

= -100(%) . 2)

v, (%)
167

14
121 o

10

B pesynbrate MMMTALMOHHOIO MOAENMPOBAHUS
nosly4eHa 3aBMCMMOCTb BBEAEHHOIO NOKasaTens ot
KOMIMYECTBa CTPYKTYPHbIX 3/1IEMEHTOB M, NpeACTaB-
JIEHHAs Ha PUCYHKe 3.

AHanu3 gaHHOW 3aBMCMMOCTU MO3BONSET OTMe-
TUTb 3aKOHOMEPHBIV XapakTep CHWxXeHus ¥ npu
YBEMYEHUN KONMYECTBA CTPYKTYPHbIX 3NEMEHTOB
m. [1py 3TOM CyLLeCcTByeT Takoe KOIMYeCTBO CTPYK-
TYPHbIX 3N1EMEHTOB M2, KOTOPOE He BAMSIET Ha OT-
HOCUTENbHOE YMEHbLUEeHME Pa3pbIBHOM Harpyskw,
BbI3BaHHOE AEeNCTBMEM MacCWTabHoro dakTopa.

Tak Kak 3au1MHas anvHa L, nponopuyoHanbHa
1, 33KMMHas WnpnHa A, NponopuyoHanbHa m, o
no aHanormu c (1) MoXHO 3anucatb:

= s = I =
Pp(L0)=(Pp(O)—Pp_CH)-eXp —2F [+ Prer, (3

L

roe P, - cpennsis paspeiBHasi Harpyska Hau6o-
nee cnabbix 3BeHbEB, UCNbITyeMoro obpasua MK;
Pp(Lo)— cpeaHee 3HayeHue paspbiBHOWM Harpysk,
Kak QYHKLMM 3aXUMHOA AnvHbl L ; PP(O) - cpen-
Hee 3HauyeHWe paspbIBHOW Harpysku obpasua, 3a-
KMMHas AnnHa kotoporo ctpemutca k 0; K, - umeert

TOT e CMbic, uto 1 K, T0 ecTb napameTp Mozenu

6 T T T T T
2 4 6 8 10

12 14 16 18 20 m

PucyHok 3 - 3asucuMocmes 0MHOCUMETbHO20 YMEHbLEHUS paspbigHOl HA2PY3KU Om Yucaa CmpykmypHbix

3/IeMeHmos m
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onpeLenstoLmii TeMN YMeHbLIEHUS pPa3pbIBHOM Ha-
rpy3Kku I_’p(Lo) npw yBeNNYEHUM 3aXKMMHOM ONUHBI.

C uenbo 3KCMepMMeHTaNbHOW NPOBEpPKKU npea-
BapUTE/NbHbIX  BbIBOLOB,  CHOPMYIMPOBAHHBIX
Bbilwe, Oblna npousBefeHa 3KCNepUMeHTanbHas
OLEHKa pa3pbiBHOW Harpy3kn MK npu pasHbix
reoMeTpuyecknx pasmepax. B kauectBe obbekTa
uccnenoBaHMs Obiia BblibpaHa aByxcnoiHas MK,
apt. Hongxin 11022-16. TonwmHa matepuana -
0,9 mm, NOBEPXHOCTHAsA NNOTHOCTb — 435 2/m2.
McnbiTaHns npoBOAMAMCH C MOMOLLbK YHWMBEP-
CanbHOM McCMbITaTeNbHOW MawuHbl TIME WDW-5
Ha npobax npsamoyronbHoi dopmsl. Mpu npoeese-
HWW SKCMEePUMEHTANbHbIX WUCCNEN0BaHWUIA 3aXUM-
Has OJIMHA BapbMpoBanacb B guanasoHe ot 50 no
300 mm c warom 50 mm, a U3IMEHEHME LIMPUHBI
npoucxoamno B auanasoHe ot 20 o 60 mm c wa-
rom 20 mm. [Ing kaxnon npobbl pasnnMyHbIX pas-
MepoB ObisI0 NPOBELEHO MO 5 MCNbITaHWI HA pas-
pbIB B pa3HbIX HanpaBieHUs packpos MaTepuana
(Bmonb 1 nonepék pynoHa). Hekotopble pe3ynbraTsl

PH
500 3
o
4001
2
300 N
200 1
L]
0 0.1 02 03 LM

NpoBeAEHHbIX WCCNef0BaHWIA NpencTaBieHbl Ha
pUCyHKe 4.

AHanu3 [aHHbIX 33aBUCMMOCTEN MOKa3blBAET
3aKOHOMEPHOE CHUXKEHWE Pa3pbIBHOM HArpysku C
yBENMYEeHUEM 32XXMMHOM AfiMHbl 0bpasua WK. Ma-
paMeTpbl MaTeMaTMyeckonm monenu (3) npencras-
neHbl B Tabnumue 1.

AHanu3 nonyyeHHbIxX B Tabnuue 1 pesynsraTos
MoKasblBaeT, YTO YyBeNMYeHWe LWKMPUHbI 0bpasua
NPUBOAMT K 3aKOHOMEPHOMY YBE/IMYEHMIO 3HaYe-
HUA Pp(0) " Fp_m, npuv 3ToM TeMnoBoi napameTp KL
0CTaeTCsl NPaKTUYECKM MOCTOSIHHBIM.,

BbIBOLbI

B pe3ynbtate npoBeneHHbIX UCCIEA0BaHMMA
YCTaHOB/EHO, YTO MPAKTUYECKOE MCMOb30BaHME
MOSTYYEHHbIX PE3yNLTaTOB NO3BONSET:

— OCYLLEeCTBNATb MPOrHO3MPOBaHWE Pa3pbiBHOW
Harpysku Pp 06pazuoB MK npu pasnuuHbix reo-
MeTpUYECKUX MapaMeTpax, YTo NoBbllWaeT MHOOP-
MaTUBHOCTb MONYLMKIOBOIO UCMbITaHWUS Ha pacTs-
XEHUE;

4501

4001

3504

300 ’

2004

1501
& .

PucyHok 4 - 3asucumocmu paspbi8HoOU Ha2py3kKu om 3aXUMHOU OnUHbl npu pasHol wupuHe obpasua
(1-a=002m,2-a=004m,3-a=0,06m,;a - HanpasneHue packpos obpazua - 800/b, 6 — HanpasaeHus

packpos 06pasua — nonepex)
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Tabnuya 1 - lMapamempsl Mamemamuydeckol Modenu 0515 uccnedyemozo 0bpasua MK npu pasHeix 3aXUMHbIX

paccmosaHuax u WupuHax

LLupuHa

obpasua, mm pew H P, 0. H K, n! r Vo %
HanpaeneHwe packposi - BLOMb
20 1329 209,0 0,076 0,96 57,3
40 284,0 361,8 0,073 0,99 274
60 4384 556,7 0,056 0,99 27,0
HanpaeneHus packpos — nonepek
20 115,6 151,0 0,051 0,97 31,0
40 2371 3151 0,054 0,99 33,0
60 360,6 490,6 0,047 0,98 36,0
- NpeanoXuTb METOLONOrMYECKMin noaxon K
060CHOBaHMIO reoMeTpuyeckux pasmepoB obpas-
uoB MK npu ee ncnbiTaHusx.
TakuM 06pa3oMm, [oKa3aHa BO3MOXHOCTb Mpak-
TMYECKOr0 MCMOJMIb30BaHUS MeToAa MMMUTALMOHHO-
ro MOAENMPOBAHUS WCMbITAHUI AN8  U3yYeHUs
BIMSHUS MaclTabHoro ¢aktopa Ha NMPOYHOCTHbIE
XapakKTepPUCTUKN UCKYCCTBEHHOM KOXM.
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PA3PABOTKA OBYXC/IOMHOIO HAHOBOJIOKHMUCTOIO MATEPUANIA

CYACTULAMMU CEPEBPA

DEVELOPMENT OF ATWO-LAYERED NANOFIBROUS MATERIAL WITH

SILVER PARTICLES

YOK 677.076.49 : 620.3

N.U. YepHukos?; C.2. Pxkeycckuii?, [1.b. Pbiknun?
1Bumebckuli 20cydapcmeeHHbili mexHon02u4eckuli
yHugepcumem

2Bumebckuli 2ocyoapcmeeHHsbili opoeHa [pymobbi
Hapo0os MeQUUUHCKUL yHugepcumem

PED®EPAT

SJIEKTPO®OPMOBAHME, HAHOBOJIOKHMUCTbIE
MATEPUAJIbI, HAHOYACTULIbI CEPEBPA, PAHEBbIE
[OKPbITHA

Llensto pabomel s8unoce pazpabomka 08yxcaol-
H020 HaHOBO/IOKHUCMO20 MAmMepuana MeouyUHCKo-
20 HA3HA4YeHuss MemodoM 3/1eKkmpo@dopmMosaHus, 8
KOmopoM coyemaromcsi akmusHbili  (6uodezpadu-
pyrowuli) u 3auumdsil (buouHepmHsiti) caou. Ocy-
ujecmeneH 86160p 80J10KHO0OPA3YOUUX NOUMEPOB
0151 Ka#0020 C/104: NOAUAMUO-6 U NOJIUBUHUIO8bIL
cnupm. Mcxo0s u3 nposedeHHo20 aHaau3a aumepa-
MypHbIX UCMOYHUKOB, 8 Ka4ecmse mapaem-KoMno-
HeHma 8 aKkmueHoM c/i0e OblI0 NPUHAMO peweHue
ucnNob308aMe HaHoyYacmuuysl cepebpa. ns nony-
yeHus 08yXC/IOUHO20 HAHOBO/IOKHUCMO20 Mamepu-
ana 6sinu paspabomadsi peuenmypel NPSOUTbHbIX
pacmeopos. Co2nacHo HOpPMAM U peKoMeHOauusm
onpedeneHa KOHUeHmpauus cepebpa 8 Umo2080M
u3denuu. Beibparsl payuoHansHeie pexcumsl pabomesi
06opydosaHus. [onyyeHsl u306paxeHus Cmpykmypel
08yXC/I0(IH020 HAOHOBOIOKHUCMO20 Mamepuand, aHa-
JIU3 KOMOpPbIX yKa3bieaem HA HAAUYue HebosbWwo20
KO/IU4ecmsa sepemeHo0bpa3Heix 0epekmos 8 CIoe,
Nosly4eHHOM U3 pacmeopa NoJuBUHUI08020 CNUp-
ma ¢ yacmuyamu cepebpa. OnpedeneHs duamempel
HAHOBO/IOKOH 8 KAX¥OOM C/10e U YCMAHOB/IEHO, 4mo
pacnpeoeneHue HAHOBONIOKOH No duamempy coom-
semcmeyem J102HOPMANLHOMY 30KOHY pacnpeoe-
nenus. C yyemom 8bisie/ieHHbIX 0cobeHHocmell npo-
meKaHus npouecca 31ekmpo@dopMo8aHus U HaAUYUs

* E-mail: chernikov.st@mail.ru (l. Chernikau)
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ABSTRACT

ELECTROSPINNING, NANOFIBROUS MATERIALS,
SILVER NANOPARTICLES, WOUND COVERING

The aim of the work is development of a two-lay-
ered nanofibrous material for medicine by electro-
forming where active (biodegrading) and protective
(bioinert) layers are combined. Polyamide-6 and
polyvinyl alcohol were chosen as fiber-forming poly-
mers for each layer. Based on the analysis of literature
sources, it was decided to use silver nanoparticles as
a target component in the active layer. Formulation
of spinning solutions was developed for obtaining the
two-layered nanofibrous material. The concentration
of silver in the final product is determined following
the standards and recommendations. Based on this,
rational modes for electrospinning equipment were
chosen. The analysis of images of the two-layered
nanofibrous material structure indicates the presence
of a small number of spindle-shaped defects in the
layer made from a solution of polyvinyl alcohol with
silver particles. The diameters of nanofibers in each
layer are measured and it is determined that the dis-
tribution of nanofibers by diameter corresponds to
the lognormal distribution law. Taking into account
the identified features of the electrospinning process
and the presence of defects in the structure of the
material at the next stage of work it is advisable to
determine the possibility of the fiber-forming poly-
mer increasing concentration in the spinning solu-
tion. The decision on the need and rational way to
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degekmos 8 cmpykmype Mamepuana Ha caedyrou,em
amane pabomel uenecoobpasHo onpedenums 803-
MOMXHOCMb Y8euYeHUs KOHUeHmpauuu 80710KHO00-
pasyruezo noaumMepa 8 npsiduaeHoM pacmsope. Pe-
weHue 0 HeobxoduMoCmu U pauyuoOHAALHOM cnocobe
KOppeKkmuposKu coOepHaHus 8 Mamepuasne HaHo4a-
cmuy cepebpa 6ydem npuHAMOo Ha 0CHOBAHUU anpo-
bayuu nosy4eHHo20 Mamepuand 8 Kayecmee pae-
8020 NOKPbIMUS.

B nocnenHue aBa pecatuneTtvs anekTpodopmo-
BaHMe OblsI0 NPU3HAHO OJHUM M3 CaMbIX YHUBEP-
CanbHbIX METOAOB MOMYYEHMS MaTepuanosB pas-
JINYHOTO HA3HAYeHUs M3 MMKPO- U HAHOBOJIOKOH.
MHOXecTBO nybAMKaLMi, MNOCBSLLEHHbIX pa3pa-
60TKaM HOBbIX BMAOB HAHOBOJIOKHUCTbIX MaTepu-
anoB, JOKA3bIBAET, YTO B HacTosLEee BpeMs Habnto-
[aeTCs YCTOMYMBBIA UHTEPEC K UX MPUMEHEHUIO B
BUOMHXEHEPUUN U MEULMHE.

HaHOBONOKHMUCTbIE MaTepuanbl, Kak nevyebHoe
CpencTBo, NPUMEHSIOTC B KayecTBe pPasfiyHbIX
NMOBSI30K, B KOTOPbIX OHW BbIMOMHSAKT KakK 3aluT-
Hble,TakK 1 nedebHble YHKLMU NPpY NOBPEXOEHUSX,
HamnpuMmep, KOXHOro nokpoga. lpu 3TOM B Takux
U34ennax MOryT COYeTaTbCsl Pas3fNnYHbIe CJIOU: aK-
TUBHbIN (BuoferpafmpytoLLmit), HENOCPEACTBEHHO
KOHTaKTUPYIOLMIA C NOBpexaeHWeM U obnafato-
WMIA COpOLMOHHBIMKU, KPOBOOCTAHABIMBAIOLLMMM
U 3KMBNSIOLLMMU CBOMCTBAMMU, U 3aLUUTHBIN (Bro-
MHEepTHbIN), 06ecrneunBaloWmii CTepUbHbIE YCI10-
BUSI U CBODOAHbIM OOMEH C OKpyXaloLlein cpenoin
[1].

bnaropaps kpaviHe mManomy guMameTpy HaHOBO-
JIOKOH 3aMeTHO YBeNIMYMBAETCS yAeNbHas NaoLaib
NOBEPXHOCTU. TakuM 006pa3oM, HAHOBONIOKHUCTbIE
mMaTtepuanbl MOryT MMUTMPOBaTb HaHOGMOPUINLI
BHEKNETOYHOr0 MaTpMKCa, YTO AenaeT UX uaeanb-
HbIMW NS MPUMEHEHUs B OMOMeauLMHE U KOC-
metonoruu [2]. C noMowbio MeToda anekTpodop-
MOBaHMS pas/iMyHble NekapcTBa M BUonormyecku
aKTUBHbIE TapreT-KOMMOHEHTbI MOryT ObiTb Nerko
MHKanCy1MpoBaHbl B HAHOBOJIOKHA, YTO NO3BONSET
€034aBaTb HAHOBOIOKHUCTbIE MaTepuanbl C 3aaH-
HbIMK CBOMCTBaMMU [3].

C koHua 20-ro Beka Habnopaetcs 0cobbi UH-
Tepec K MCMoNnb30BaHU cepebpa B BuAae WMOHOB
u HaHouacTuy, (AgNP) B MeanuUnHe 1 dapmauuu.
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adjust the content of silver nanoparticles in the ma-
terial will be made on the basis of approbation of the
material as a wound covering.

JT0 CBA3aHO C A0Ka3aTenbCTBOM (DakTa TOro, YTo
cepebpo obnagaet 6osee MOLLHbIM aHTUMUKPOO-
HbIM 3(DPEKTOM, YEM HEKOTOpble AHTUMOWMOTUKM, U
OKasblBaeT rybutenbHoe [eNCTBME Ha LUTaMMbl
HaKTepuid, yCTOMUMBbIX K HUM [4].

Cepebpo B BMAe HaHo4acTWL 0b6nafaeT Bbl-
PAXXEHHbIM  GAKTEPULMAHBIM,  MPOTUBOrPUOKO-
BbIM OEUCTBMEM WU CNYXWUT BbICOKOIPEHEKTUBHbLIM
o6e33apaXuBalLLMM CPEeACTBOM B OTHOLUEHMM
NaToreHHbIX MWKPOOPraHW3MOB,  BbI3bIBAKOLMX
MHDEKUMOHHble 3aboneBaHus. [lpepgnonaraercs,
YTO HaHOYaCTWLLbl U MOHBI cepebpa 3a cYeT XUMHU-
YECKMX U INEKTPOCTAaTUYECKUX CUI MPUKPENNSIOT-
CS K OTpULLATENIbHO 3apSXKEHHOM KNETOYHOM CTEeH-
Keé MWKpOOPraHM3MOB, HApYLAKT ee QyHKLUU K
paspyLlLaloT CTPYKTYpY. 3aTEM OHWU CBSA3bIBAKTCS C
6uoMonekynaMm M KNeTouYHbIMU CTPYKTypaMmu, 3a-
MeLnss M OCTaHaB/IMBAs NPOLECChl TPAHCKPUMLUK,
TpaHIAUMM M cuHTe3a Oenka, Hapywas paboty
AHTMOKCMIAHTHbIX (EPMEHTOB, UTO LenaeT KNeTKy
6e33almMTHOM nepepn, aKTUBHbIMM (GOpMaMu KMUC-
nopofa v Apyrumu cBo6oAHbIMU pasmKanaMu. 310
MOXeT MPUBECTU K OKUCIUTENIBHOMY CTPeccy, no-
BpPEXAEHUSIM BENKOB U KNETOUYHbIX MEMOPaH, YTo B
[anbHeilem NpuBoauT K rnbenun baktepuit [5-6].

bbno yctaHoBneHo, YUTo GakTepuUMaHOE BAMS-
Hue AgNP Ha rpaMnonoxurenbHole 6GakTepuu
aBnsieTcs 6onee BbIpaXXEHHbIM, YEM Ha FPaMoTpu-
uatenbHble. [peagnonaraercs, 4To rpaMoTpULLaTeNb-
Hble BakTepumn Bonee yCTOMUMBLI K BO3LAEWCTBUIO
AgNP 6narogaps HanMuM HapyXHoW MemMbpaHsl,
cnyxaiien cBoeobpasHbiM 6apbepom [7]. HaHoua-
CcTMubl cepebpa MpOSIBAAIOT aHTMOAKTepManbHbIN
3 deKT faxe Npu HU3KMUX KOHLEHTPALMSX, Hanpw-
Mep, OHU MOSTHOCTbIO LIUTOTOKCUYHbI 4151 TPaMOTPU-
uaTenbHbix 6akTepuit E. Coli npyn noBepxHOCTHOM
KOHLIEHTpaLMK BCEro 8 mxz/cm?. IT0 MOXET 6bITh
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CBSI33HO C YAENbHOW NOoWaablo MOBEPXHOCTU Ha-
HouyacTuu,. bonee menkue yactuubl ¢ 601bWKMM OT-
HOLUEHMEM MOBEPXHOCTM K 06beMy obecneymBatoT
60/1ee 3Ha4YMMbIV aHTMBakTepuanbHbii 3ddekT [8].
bnarofaps Bbile nepeuncneHHbiM 3ddekTam,
HaHo4acTuubl cepebpa HaxoAsT LUMPOKOE Mpwu-
MEHeHMe B MeAMUMHe O/ IeYeHUS M OMArHOCTU-
KM pasinuHbix 3abonesannini. OHM MCNonb3yoTcs B
XWUPYPIUK, B YaCTHOCTH, ANS JIEYEHUS PaH, OXOrOB,
NoBpeXAeHWI, B COCTaBE MMHUMMAbHO TPaBMaTHY-
HbIX, BMOCOBMECTUMbBIX M BMOPACTBOPUMbBIX AHTU-
MUKPOBHbIX NoBS30K [9]. B psae nateHTOB Mccne-
foBaTensMu paspaboTaH psagd paHeBbIX MOKPbITUN
Ha OCHOBE TKaHbIX M HeTKaHbIX MaTepuanoB Mnpwu-
POOHOTO MM CMHTETUYECKOTO MNPOMCXOXKAEHMS,
CopepXalmx HaHovacTuubl cepebpa [10-11]. Ku-
TalckuM yyeHbiM Liu Wenbo 6binn paspaboTaHbl
H6akTepuumaHble nnactolpn ¢ AgNP, ncnonb3osa-
HME KOTOPbIX CHWXAeT HeobxoauMOCTb ynoTpeob-
neHuns 60MbLIOrO0 KOAMYecTBa aHTMOMOTWMKOB A4S
60pb6bl C MHPEKLMEN NpU NeveHnn rpbixn [12].

C y4yeTOM nepCcneKTMBHOCTM WCMOMb30BaHMS
HAHOBOJIOKHUCTbIX MaTepuanoB B MeAuLMHE U
[LOKa3aHHOW 3(PhEKTUBHOCTbIO YacTul, cepebpa B
KayecTBe TapreT-KOMMOHeHTa, obnagatowero 6ak-
TEPULMAHBIM OENCTBMEM, LieNbl0 AAaHHOM paboThl
aBngnacb paspabotka CTPyKTypbl MaTepuana, co-
nepxauiero AgNP, n 060CHOBaHWE BO3MOXHOCTY
€ro nosay4yeHuns MeToLoM 371eKTpoOPMOBaHMS.

[lns co3paHns HOBOro BMAA paHEBOro MNOKPbLITUA
MPeanoXeHa KOHLUENUMsS ABYXCIOMHOMO HaHOBO-
NOKHUCTOro MaTtepuana [13], B KOTOpOM coyeTaroT-
CS1: aKTUBHbIN CNoW (BOJOPACTBOPUMbIN C aKTUBHBIM
KOMMOHEHTOM) M 3aLUMTHbIA (BMOMHEPTHbIN). B Ka-
4yecTBe BOJIOKHOOOPA3yloLWwero noanuMepa Aaa no-
JIYY4EHUS AKTUBHOTO €105 ObiN BbIGpaH NOAMBUHM-
nosbiit cnupt (MBC) mapku Arkofil. Micnonb3oBaHue
JAaHHOro nonnMepa obyc0BNEHO ero BOAOPaCTBO-
PUMOCTbIO, BMOCOBMECTMMOCTBIO C OPraHM3MOM
yenoBeka M HU3KOM cTomMmocTblo [14], a mpouecc
MOly4YEHUS] HAHOBOJIOKHUCTBIX MaTepuanoB MeTo-
[.OM 371eKTpOOPMOBAHMS U3 HETO XOPOLLIO U3YYEH.
B kauectBe monumepa pnis Co3AaHMS 3aMUTHOMO
€104 BbICTYMAET HU3KOBA3KMI NoAMaMmna-6,Tak Kak
[AHHbIA NonuMep SBNSETCS BOAOHEPACTBOPUMBIM
1 0bnagaeTt HU3KOM CTeneHbio buoaerpagaLmu, uTo
MOXeT OblTb CBA33aHO C CU/IbHBIM B3aUMOAENCTBU-
eM Mexay MONEeKyNSIpHbIMU LiensMu 13-33 BOHO-
ponHbIx cBszen [15].
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Paspabotka MaTepuana OCHOBbIBanaCb Ha
NpeanonoXeHUM 0 TOM, 4TO NPU KOHTAKTe aKTUBHO-
ro cs10s1, COCTOALEro 13 NOAMBUHWIOBOIO CIMPTA U
AgNP, c paHeBOI NOBEPXHOCTbIO ByAEeT MpoMUCcxo-
ouTb 6bicTpoe pactBopenue MNBC, To ectb 0obpaso-
BaHMe pacTBOpa C HaHoyacTuuamu cepebpa, TeM
CaMbIM aKTUBM3UPYETCS BblAeNeHWe MOHOB cepe-
6pa, KOTopble NPUKPENAIOTCS K CTEHKaM bakTepuii
[16]. Hannumne 3awmMTHOrO CNOS B BMAE TOHKOM NO-
NMAaMUOHON NNEHKM MO3BOMWUT peanun3oBaTb CBO-
604HbIN 0OMeH C okpyxatowern cpepoi. CnepoBa-
TenbHO, 6narogaps 6akTepuULUAHBIM, BbIPAXKEHHbIM
NpOTUBOrPUOKOBbLIM M aHTUCENTUYECKUM AENCTBU-
€M HaHouvacTuy, cepebpa, pa3pabaTbiBaeMblit HAHO-
BOJIOKHWUCTbIA MaTepUan MOXeT pacCMaTpuBaTLCS B
KayecTBe paHeBOro NOKpPbITUS 4151 NEYEHUS 0XKOrOB
M NOBPEXAEHUI KOXHOro NOKPOBa.

[lna nonyyeHus ABYXCIOMHOMO HAHOBOJIOKOHM-
CToro martepuana 6biiM MPUroTOBAEHbI ABa Nps-
[UNbHBIX COCTaBa:

- pacteop 1: nonnamua-6 - 20 %, MypaBbuHas
kucnota - 80 %.

- pacteop 2: 14 % sBopgHbii pacteop MNBC - 80 %,
0,1 % BopHbIii pacteop AgNP - 20 %.

HaHouactuubl cepebpa nonyyeHbl MeTOOOM
MIOKO3HOrO CMHTE3a M3 HuTpaTa cepebpa C wc-
nonb30BaHMEM B KayecTse cTabununsaropa noimeu-
HUANMpponuaoHa. MonHOTY MpoTeKaHUs peakLumu
KOHTPO/NIMPOBANM NyTeM OMNpefeneHns B pactBope
MoHOB cepebpa. Bpems peakumu coctasuno 2,5
yaca.

Bbibop KOHLEHTpauuu cepebpa B MaTepuane
OCYLLECTBAANCA Ha OCHOBaHWWM aHanusa MHQop-
MaLuK O ero TOKCUYeCKmnx CBOMCTBaxX. HakonneHune
TSDKENbIX METaNNoB, Takux Kak cepebpo, B opraHums-
Me YenioBeKa MOXET MPUBECTU K HeXenaTeslbHbIM
nocnencTBusAM, Hanpumep, K runepnurMeHTauum
KOXW (aprupus). Aprupus npencrasngeT cobon Ha-
pyLIeHMe MUIMEeHTaLMM KOXHOro MoKpoBa Yenose-
Ka, KOTOpOe BbI3BAHO WM3ObITOYHBIM HAKOMIEHUEM
MenaHuHa B anuaepmuce u gepme [17]. M3BecTHo,
yto MAK cepebpa B nuTbeBOM BOAE COCTaBnseT
50 mx2/n. COrNacHo AaHHbIM PA3NMUHbBIX YHEHbIX,
CyTOYHas HopMa noTpebneHus cepebpa coctaBnseT
ot 80 no 100 mxz [18]. Takoe KonnyecTBO cepebpa
npu OAUTENbHOM KaXAOAHEBHOM ynoTpebneHun
He MpuBOAMT K 3HaumMMbIM nocnepcteuam. Cne-
[lOBaTeNbHO, MpU pa3paboTke HaHOBOJOKHUCTOrO
MaTepuana gaHHble peKOMeHAALMMU MO KOHLEHTpa-
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unm cepebpa He [LOMKHbI ObITb MPEBbILWEHDI.

OpHako € y4yeTOM OCOBEHHOCTU CTPYKTYypbl M
cnocoba npuMMeHeHus MaTepuana MOXHO OTMe-
TUTb, YTO KONIMYECTBO cepebpa, BblaensemMoe u3 pa-
HeBOro MoKpbITUS, byaeT 3aBUCETb OT NOLLAAM MO-
BEPXHOCTU PaHbl UAKM OXora. TaknuMm obpasoM, ans
NleYeHUs OXOroB pa3HOM CTeneHu LenecoobpasHa
pa3paboTka paHeBbIX MOKPbLITUIA C Pa3/IMYHbIM CO-
[lep>xaHneM TapreT-kOMMOHeHTa AaHHOro BMAa.

Ha paHHOM 3Tane uccnenoBaHui coaepXKaHue
yactuy, cepebpa B NpsaMIbHOM pacTBope ocylue-
CTBNANOCH CneayrLwmM o6pasom. Npu skcnepuMeH-
TaNbHOM HapaboTke HAHOBOIOKHWCTOrO MaTepunana
C HaHo4acTULamMu cepebpa 6bI10 YCTaHOBNEHO, HTO
pacxon NpsSAMIbBHOrO pacTBoOpa BapbupyeTcs B
AuanasoHe ot 2,5 no 5 Mﬂ/u. HaHeceHne HaHO-
BOJIOKHMCTOrO C/10S1 OCYLLECTBASNOCH HA MOANOXKY
B BMAE AHTMAATE3MOHHOW CUAUKOHW3UPOBAHHOM
6ymarm pasmepom 300-200 mm. [Mpn HapaboTke
aKTMBHOIO €105 B TeyeHue 15 MUHYT CO CpeaHUM
pacxo4oM MpPAAMIbHOTO pacTeopa 4 ma/4 co-
[lep>xaHne HaHo4actul, cepebpa B HeEM COCTaBUT
200 mxe. NpenBapuTenbHO MNpennonaraeTcs, Y4To
NS NocnenyoLwero UCnonb3oBaHus MoMyvYaeMbli
obpasel, MaTtepuana ¢ HaHOBOJIOKHUCTbIM MOKPbI-
TMeMm byaert paspesaTbCsi Ha 4 paBHble yactu. Ce-
noBaTenbHo, cogepxaHme AgNP B rotoBom u3spe-
num coctaBngeT 50 mrz. YBenuueHve conepxaHus
cepebpa B Matepuane BO3MOXHO ABYMS CMOCO-
6aMuM: MOBbILLIEHUEM KOHUEHTpauun aKTUBHOIO
KOMMOHEHTa B NPAAWIbHOM PacTBOpPe WKW yBeNu-
YyeHMeM BpeMeHM Ha HapaboTtky Matepwuana. lpwu
3TOM MCMONb30BaHWe nepBoro crnocoba Tpebyert
npoBefeHWe LOMONHUTENbHbIX UCCIEe[0BaHMI, TaK

Tabnuya 1 - lMapamempel npoyecca 31eKkmpo@dopMo8aHus

MNapameTp
CoctaB npsigunbHOro pactaopa

PaccTtosiHWe 0T 3MUTTEpa 40 KONIEKTOpa, cm
HanpsskeHune Ha amuTTepe, kB
HanpseHue Ha konnektope, kB

Pacxop, nNpsiAMnbLHOTO pacTBopa, ma/4
YacToTa BpalLeHus KonnekTopa, mun !
Bpems HaHeceHus, mun

BECTHWK BUTEBCKOIO
70

3aluUTHbIN crion

20 % pacTtBOp nonvamupa-6

Kak BBeAEHWe B COCTaB pacTBOPa KOMMOHEeHTa C
MOBbILLIEHHOM 3N1EKTPONPOBOAHOCTbIO CYLLECTBEH-
HO M3MEHSET ero CBOMCTBA.

MonyyeHne [BYXCNOWHbIX HAHOBOMOKHUCTBIX
maTepuanos ¢ AgNP metoaom 3nekpodopmoBa-
HUS OCYLWEeCTBASNOCH HA NabopaTOpPHOW YCTaHOB-
ke Fluidnatek LE-50 dwumpwmsbl Bioinicia (McnaHus).
HaHeceHMe HaHOBOMOKHUCTBIX MOKPbLITUIA OCyLLe-
CTBAISNIOCH HA MOAMOXKY NMPU NapameTpax npouec-
ca anekTpodopMOBaHUS, KOTOpbIE NPeaCcTaBfeHbl B
Tabnuue 1.

CTOUT OTMETUTb, YTO BO3MOXHO TMOBbILLEHKE
Npou3BOAMTENBHOCTM 060pYn0BaHMS 3a CYeT yBe-
NINYeHUs pacxona NpsannbHOrO pacTBopa, OAHAKo
3TO MPUBOAMT K CHUXKEHWIO CTabwibHOCTM npo-
Lecca 3nekTpopopMOBaHMS, YTO, B CBOK OYepesb,
MOXeT B/MATb Ha MOP(HONOrMi0 HAHOBOJIOKOH U
CTpYKTYypy MaTepuana [19]. Mcxoas us aHanusa pe-
3ynbTaToB paboTtbl [13], MOXHO 3aMeTUTb, UTO pac-
xop, npsaunbHoro pacteopa u3 14 % NBCc AgNP
NpaKkTUYeckM B 3 pasa Bbllle, YEM MpPU INEKTPO-
($hOpMOBaHUM HAHOBOMIOKHWUCTbIX MaTepuanos U3
14 % pactBopa NBC 6e3 nobasok. Takor pe3synbrat
MOXET 06bACHATLCSA TEM, YTO HAIMUME HAHOYACTULY
cepebpa CWAbHO MOBbIWAET 3/1EKTPONPOBOAHOCTb
[lAaHHOro pacTBopa W BMOCNEACTBUM MPUBOIMT K
YBENMYEHUI0 NPOM3BOAUTENBHOCTU 0B0PYAOBAHMS.

[ns Bu3yanusaumu CTPYKTYpbl ABYXCIOMHO-
ro HaHOBOJIOKHWUCTOrO MaTepuana, MoJlyYeHHOro
METOAOM 31eKTPOPOPMOBaHUS, OblM NONYYEHDI
M300paxeHnss C MCNOMb30BaHWEM 3NEKTPOHHOIO
ckaHupytowero mukpockona LEO 1420 (Carl Zeiss,
[epMaHus), KOTOpble NPeACTaBAEHbl HA pUCyHKax 1
M 2 COOTBETCTBEHHO.

AKTUBHbIN cnon

14 % pacteop MBC +
0.1 % pacteop AgNP

10 10
29 30
-9 -10
0,3 4

200 200
60 15
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PucyHok 1 - M306paxceHus cmpykmypsl HGHOBOJIOKHUCMO20 C/1051 U3 pacmeopa noauamuda-6 npu yseaudeHuu

8 10000 pas3
.

PucyHok 2 - M306paxeHus cmpykmypsl HGHOBOMOKHUCMO20 clos u3 pacmeopa 1BC ¢ AgNP npu ysenuyeHuu

8 10000 pas3
\_ J
4 )

J

[poaHanu3MpoBaB NoOAyYeHHbIE U306paXKeEHUS,
MOXHO 3aMeTWTb, YTO CKBO3b MOBEPXHOCTb C/O4,
Mofly4eHHOro M3 noanammaa-6, BUAHbI HAHOBOOK-
Ha Haxomslmecs B aKTMUBHOM C/10€. JTO FOBOPUT
0 TOM, YTO CNOW M3 NOAMAMMIHbIX HAHOBOJIOKOH
MMeeT He3HaUYUTENbHYH TonwmHy. MNMonnamMuaHbie
HaHOBOIOKHA HECKO/bKO TOHbLUe BONOKOH u3 MBC
¢ pobaBnexHmemM vactuy, cepebpa u 6onee pagHo-
MepHbl Mo AuameTpy. B uenom, B nepBoM cnoe He
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HabnpaeTcs Spko BblpaxkeHHbIX AedekToB. Bo
BTOPOM C/I0€ MOXHO 3aMeTUTb Hanuyue HesHa-
YUTENIBHOTO KONAMYecTBa BepeTeHo0bpasHbIX Ae-
(HeKToB, YTO MOXET OOBACHATHCS CHUXKEHWMEM KOH-
LleHTpauMn BONOKHOODOpasytolero noiMmepa BO
BpeMs npouecca 3nekTpodopmoBaHma. [edekT
HOCWT MOPOroBbIV XapakTep U 3aBUCUT OT BblGopa
BO/IOKHOOGOpasywouwero nonnMepa [19]. Hannuwme
nofobHbIX AedeKTOB MOXeT 0ObACHATHCS MOHMU-
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)KEHHOW BSI3KOCTbIO pacTBopa. bbino ycraHoBNEHO,
YTO AMHaMMYecKas BA3KoCTb 14%-ro pacteopa NBC
¢ AgNP cocrasnset 323 mlla * c, 4yTo nNpakTnye-
CKM B 4 pasa HWXKe, YeM OMHAMMYECKas BS3KOCTb
yucroro 14%-ro pacteopa NBC 6e3 akTMBHbIX A0-
6aBoK, koTopas coctasnsget 1321 mlIla * c. OgHako
CTOMT OTMETUTb, YTO HaNMuMe WHAMBUAYANbHbBIX
BEPETEHOOOPA3HbIX YTO/LLEHUI MPaKTUYECKU He
B/IMSIET HA 3KCMyaTalMOHHbIE CBOMCTBA LAHHOIO
HaHOBOJIOKHMCTOrO MaTepuana.

YCTaHOBNEHO, YTO pacnpeneneHme BOMOKOH Mo
[LLMaMETpy COOTBETCTBYET IOFTHOPMaibHOMY (PUCYH-
K1 3 u 4). PaHee 6bina NoaTBEpXAEHA runoTesa o
TOM, YTO €C/IU CUMTATb NPOLLECC PACLLENIEHUS CTPYM
CTaLMOHAPHbLIM MPU YCIOBUM MOCTOSAHCTBA CKOPO-
CTW pacLLensieHust CTpyi Ha BCEM NYTU OT IMUTTepa
[0 KONNEKTOpa, TO COOTBETCTBME pacrnpeneneHus
JIOTHOPMA/IbHOMY 3aKOHY MOXET MCMO/b30BaThCA
B KayecTBe OLHOr0 M3 KpuTepueB CTabunbHOCTU

npouecca 3anektpodopmoBaHusa [20]. Takum 06-
pa3oM, MOXHO CAenaTb BblBOJ, YTO BBEEHWE B CO-
CTaB NpsSAMIBHOTO pacTBopa HaHovacTuL, cepebpa
B YKa3aHHOM KO/IMYECTBE HE OKa3asio HEeraTMBHOIO
B/IMSIHWS Ha MpoLecc 31eKTpodOopMOBaHKS.

B Tabnuue 2 npencrtaBneHa XxapakTepucTuka
nosly4yaemMbiX HAHOBOJIOKOH.

Mcxops u3 pesynbTaToB NpoaenaHHoi paboTbl,
MOXHO CAenatb CefyoLme BbiBOAbI:

1. MNpennoxeHa ABYXCNOMHAsA CTPYKTYpa HaHO-
BOJIOKHWUCTOrO MaTepuana, CoAepallero HaHoua-
cTuubl cepebpa, n fokasaHa BO3MOXHOCTb ero no-
Ny4EHUS METOLOM 371eKTPOOMPOBAHMS.

2. C yyeTOM BbISIBIEHHbIX OCOBEHHOCTEW npo-
TeKaHus npoLiecca 31eKTpodOopMOBaHUS U HANUUUS
nedeKToB B CTPYKType MaTepuana Ha Clefyolem
3Tane paboTbl LenecoobpasHO onpenenvTb BO3-
MOXHOCTb YBE/IMYEHWUS KOHLEHTPaLUMM BOSOKHO-
o6pa3syioLero noanMepa B NpsAUIbHOM pacTBope.

30
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Tabnuya 2 - Xapakmepucmuka noay4aeMbix HaHOB0J0KOH

CpepHuit puameTp KoadduumeHnt Bapmuaumun
HaumeHoBaHKe 06pasua
BOJIOKOH, HJW no AnMameTpy BOJIOKHA, %
20 % p-p nonmamupa-6 (1 cnon) 174 13,3
. 14 % p-p NBC c AgNP (2 cnon) 199 284 Yy

3. PeweHre 0 He0H6X0AMMOCTM U PALMOHANBHOM
cnocobe KOppeKTUPOBKM COLEpPXaHWs B MaTepua-
Ne HaHo4yacTuw, cepebpa GyoeT NPUHATO Ha OCHO-
BaHUM anpobauum nony4yeHHoro mMatepuana B Ka-
4yecTBe paHeBOro MOKPbLITUS.
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MCNONb30BAHME KOMMJEKCHOW LOBABKN M3 OTXOAO0B TOP®A
M OCALKOB XMMUYECKOM BOAONOATOTOBKMU TAL, NPHU
M3TOTOBJIEHUU KEPAMUYECKOTO KUPMUYA

APPLICATION OF COMPLEX ADDITIVE FROM PEAT WASTES AND
SEDIMENTS OF CHEMICAL WATER TREATMENT OF THERMAL POWER
PLANT IN PRODUCTION OF CERAMIC BRICKS

YOK 691.4

A.B. Tpeuanukos*; A.C. Kosuyp?, .. MaHak?,
N.A. TumoHoOB!

1Bumebckuli 2ocydapcmeseHHbili mexHomo2u4eckuli
yHusepcumem

20A0 «Obonbckuli kepamudeckuli 3a800»
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A. Hrachanikau®} A. Kauchur?, P. Manak?,

I. Tsimanav?
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20bolsky Ceramic Plant JSC

PED®EPAT

TOP®, KOMIO3MLUMNOHHASA JOBABKA, TEXHO-
TEHHBIE TIPOAYKTBI, OCAAKN XMMBOLOIMOAIO-
TOBKMW, TEMJIOJIEKTPOLEHTPAJIN, KUPMNY
KEPAMMWUYECK WA

Lleneto pabomel 518/151aCb OUEHKA 3P PEKMUBHO-
CMU UCN0/Ib308AHUSI KOMNO3UUUOHHOU 006a8KU Ha
0CHose ocadkos xumeodonodzomosku TIL u yane-
codepmawux KoOMnoHeHmMos (mopga) npu u32o0mos-
JIEHUU Kepamu4eckoz2o Kupnu4a. PaccmompeHa uene-
€006pazHOCMb UCNO0ML30BAHUSI MOPPOCOOEPHALUUX
KOMNOHEHmMo8 8 Co4emaHuu ¢ HEenpoKanEHHbIMU
ocadkamu  xumeo0ono020mosKU  Mensio31eKmpo-
ueHmpaneli 8 kayecmse 006a8KU 8 KepaAMUYECKYH
maccy npu npouzgoocmee paziuyHelX U30enudl.
llpedcmasneHo peweHue mexHuyeckol 3ada4u ese-
deHueM 8 CMAHOAPMHY Kepamu4eckyto Maccy 0ns
npou3eoocmea cmpoumessHo20 Kupnuya, 00NnoaHuU-
mensHo mopga ppakyuu 0,5-5 mm 8 konuyecmse
2-3,5 Mac.% u HenpokaneHHsiX 0cadkos Xxumeodo-
nodzomosku menJsioanekmpoueHmpaneli 8 Koauye-
cmee 00 10 mac.%. Ha OAO «Obonbckuli kepamu-
yeckull 3ago0» U320MOBJIeHbI ONbIMHbIE 06paA3UbI
Kepamu4yecko2o Kupnu4a ¢ KOMNO3UUUOHHOU 00-
baskoli yenecodepwaujux KOMNoHeHmos (mopga) u
ocadkos xumuyeckol 800onod2omosku. Mccnedosa-

ABSTRACT

PEAT, COMPOSITE ADDITIVE, TECHNOGENIC
PRODUCTS, SEDIMENTS OF CHEMICAL WATER
TREATMENT, THERMAL POWER PLANTS, CERAMIC
BRICK

The purpose of the work was to assess the effec-
tiveness of using a composite additive based on the
sediments of chemical water treatment of thermal
power plants and coal-containing components (peat)
in the manufacture of ceramic bricks. The feasibility
of using peat-containing components in combination
with non-calcined sediments of chemical water prep-
aration of thermal power plants as an additive to the
ceramic mass in the production of various products
is considered. Solution of technical problem is pre-
sented by additionally introducing peat with fraction
of 0.5-5 mm in amount of 2-3.5 wt% and non-cal-
cined sediments of chemical water preparation of
heat and power plants in amount of up to 10 wt%
into standard ceramic mass for production of build-
ing bricks. At Obolsky Ceramic Plant, prototypes of
ceramic bricks with a composite additive of coal-con-
taining components (peat) and chemical water treat-
ment deposits were made. Studies of the physical
and mechanical properties of the prototypes showed
that the resulting ceramic brick corresponds to

* E-mail: grec_alex@rambler.ru (A. Hrachanikau)
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XUMUYECKAA TEXHONI0IUA

HUSI PU3UKO-MEXAHUYECKUX C80LUCME ONbIMHbIX 06-
pasyo8 nokasaau, Ymo nojydeHHsll Kepamuyeckuli
kupnuy coomesemcmsyem CTb 1160-99 «Kupnuy u
KamHU Kepamudeckue. TexHu4ecKue ycaosusy.

PaumoHanbHoe ucnonb3oBaHUe NPUPOLHbIX pe-
CypCOB B HacTosiiee BpeMsi npuobpeTaeT ocoboe
3HavyeHune. (NOXMBLIAACA CMTyaums B obnactu o6-
pa30BaHMs, HAKOMIEHUS U pasMeLLeHNs OTXOL0B
TOMMMBHO-3HEPreTMYeCKOM OoTpaciu BedeT K 3a-
rPS3HEHUIO OKpYXatoLLen cpeabl. B Toxe Bpems, uc-
NnoJib30BaHWE OTXOLOB TOMIMBHO-3HEPreTU4eckom
0TPaCu B KayecTBe BTOPMUYHbIX PecypCoB pa3BUTO
HefoCTaTOYHO. YuuTbiBas pe3ynbraTbl NPOBEAEH-
HbIX MccnenoBaHuin [1] nepcnekTUBHbIM SBASETCA
MX NpUMeHeHue B KavecTBe f00aBKM B Kepamuye-
CKMe maTepuansl.

OCHOBHbIMM  CbIpb€BbIMM MaTepuanamu Ans
NpOM3BOACTBA KepaMUYeCKMX M3LeNuin SBASTCS
FNWHBI M KAONWHbI. Hapsay € 3TUM LIMPOKO MCMONb-
3yl0TCS CMeCu C pa3nnyHbiMK gobaBkamMu, Hanpm-
Mep MAaBHAMM, OTOLLAKLWMMM, NTOPOOOPa3yOLLMMU,
nnactubuumpyrowmmu. B nutepatype u nateH-
ToobnagatoLLen MHbGopMaLMM UMEKOTCS CBEAEHNS O
BAMSHUM Pa3fIMYHbIX L0OABOK Ha DU3MKO-MEXAHU-
yeckue CBOMCTBA KepaMuueckux usgenui. Otolla-
lolwmMe 1 BbiropatLme fobaBkM Takue, Kak LIaMoT,
TOpd M T.N.,BBOAATCS B COCTaB KepaMMYeCKOoM Mac-
Cbl NS MOHMXKEHUS NNACTUYHOCTU U YMEHbLUEHUS
BO3A4YLUIHOM M OrHEBOM ycadku ruH. Nopoobpasy-
loLme Matepuansl (MoONoTble MeN, LONOMUT) BBOAST
B CbIpbeBYH MaccCy 1S NOBbILEHUS NOPUCTOCTU U
NMOHWXEHUS TENIONPOBOAHOCTU. 3TN [06aBKM MpU
obxure BbIAENSOT LMOKCKUT, yriepoaa. A oToLato-
Wwue u Bbiropawlme nobasku (Topd, ApeBecHble
OMWIKW, U3MENbYEHHbIN BYypbli yronb, OTXOA4bI Yr-
neoboratutenbHbiX GabprK U NIMTHUH) CNOCOBCTBY-
0T paBHOMEPHOMY CMEeKaHUK KePaMUYECKOro us-
nenvs. MNnaBHu (nonesble WNaTbl, XXenesHas pyaa,
[LONIOMUT, MarHeswuT, TasbK) A06aBNAKOTCS AN CHU-
XeHWs TeMnepaTypbl CNeKaHUS MUHBI.

Lenbto npencraBneHHow paboTtbl  SBNSETCS
oueHka 3 PEeKTUBHOCTU UCMONb30BAHMSA KOMNO3MU-
LMOHHOM [06aBKM Ha OCHOBE OCaAKOB XMMBOAO-
nogrotosku TIL, M yrnecomepXawmx KOMMNOHEH-
ToB (TOpa) Mpu W3roTOBNEHUWM KepaMWUUEeCKoro
Kupnumya.
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STB 1160-99 «Ceramic bricks and stones. Specifica-
tionsx.

O6bekTOM UCCNenoBaHUS SBNSETCS KepaMuue-
CKasg Macca Ans M3roTOBNEHUS KMPMMYa Kepamu-
YeCcKoro psiao0BOro nonHoTenoro oguMHapHoro KPO,
BKJ/10YAIOLLLAS KOMMO3MLMOHHYI0 A,00aBKY Ha OCHO-
Be 0CagkoB xumBogonofarotoBku TILL «HOxHas»
OAO «Buta3b» 1 oTxop08B ApobneHoro Topda.

MccnepoBaHnMs  BO3MOXHOCTM  MCMOMb30Ba-
HWS OTXOA0B YrecofepX)almnx KOMMNOHEHTOB Mpu
NPOU3BOACTBE PA3/IMYHbBIX CTPOUTENIbHBIX MaTepu-
anoB NMPOBOAMAMNCH B Pa3HbIX CTPAHaX AOCTAaTOYHO
naBHo. Hanpumep, B pabotax B.3. AbapaxmmoBsa ¢
coaBTopamMu 0OOCHOBaHa BO3MOXHOCTb M Lene-
CO006pa3HOCTb MCMOMb30BaHUS ANS MPOU3BOACTBA
KepaMMyeckoro matepuana Liiaka OT CXKUIraHus
6yporo yrnsa KaHcko-AunHckoro 6acceriHa Ha Kpac-
Hospckow TDOU-2 [2, 3]. YcTaHOBNEHO, YTO LWNaK,
MMes MOBbLILEHHbIE COAEPXKAHUS OKCUAOB Xene-
3a, KanbLua W LWenoyelr cnocobCTBYET CrnekaHuio
KepaMuyeckux MaTepuanoB Mpu OTHOCUTENbHO
HEeBbICOKMX TemnepaTtypax obxura. [lonyyeHnl
NerkoBecHble (TenIoU30NALMOHHbIE) U BbICOKOMA-
pOYHbIE KMUPMNWUYM 6e3 MPUMEHEHUS MPUPOAHBIX
TPaOAMLUUOHHbIX MaTepuanoB C BbICOKUMMU (1314314-
KO-MeXaHWYeCKMMU MoKa3aTensimMu.

bonblumne 3anacel Topda B Pecnybnuke bena-
pyCb, MHOroobpasue ero BeLLeCTBEHHOrO COCTaBa,
nonndyYHKLMOHANbHOCTb CBOMCTB U Pa3HOTUMHOCTb
CTPYKTYpbl Ha MaKpo-, Me30-, MUKPO- U 3NEKTPOH-
HOM YpOBHS$IX MO3BONSKOT pacCMaTpMBaTh €ro, Kak
LEHHbIA MCTOYHMK Cbipbsi ANa 3Heprocbeperato-
Wwero npou3BOACTBA HOBbIX CTPOWUTENbHbIX Ma-
TepuanoB C 3adaHHbiMu cBorcTBaMu. CornacHo
NpUHATON Knaccubukaumm [4], Topdbl No ycnosu-
M reHesuca AenaT Ha TpU TUNA: HU3MHHBIN, nepe-
XOAHbIA U BEPXOBOM. HW3MHHbIM TOpd oTnaraet-
€S B yCI0BMSX BOraToro MMHepasbHOro MUTaHus
M CBSA33H C BbICOKMM YPOBHEM TPYHTOBbIX BO..
OH xapakTepu3yeTcs MOBbLILLEHHOW 30/1bHOCTHIO
(>10 %), ero KMCNOTHOCTb 6/IM3KA K HEUTpaNbHOM
(pH =6.5-7.0) n MeeT 3HaunTENbHYIO CTENEHb Pa3-
noxenwus.MepexofHbIMTOPpdXapakTepusyeTcscpen-
Hel 30nbHOCTBIO (5-10 %) 1 cnabokucnoi peakuue
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(pH = 4.5-5.5). BepxoBo# Topd dopmupyetcs
B ycnoBusax 6efHOro MWHepanbHOro nuTaHus C
HU3KOW 30/IbHOCTBIO (80 5 %) m € knucnon cpenon
(pH = 3.2-4.2).

Bce Tpu BMpa Topda OTAMYAKTCA Pas3fUYHbIM
copepxaHueM OUTYMHbIX, BOLOPACTBOPUMBIX Be-
WecTB, Nerkormaposnsyemblx, penyLmpyoLLmX,
TPYAHOTMAPONN3YEMbIX, TYMUHOBBIX KUCAOT [4, 5].

B HacTosiwee Bpemsi pa3spaboTaHbl Cnocobbl
M TEXHONOrMYeckMe npoLecchl WMCNOb30BaHMUS
Topdocoaepxalwmx [o6aBoK Npu MpPOM3BOACTBE
KepaMuyeckux MaTepuanos, rmapodoOHbIX, rva-
poduAbHbIX U aMbOTEPHbLIX KOMMNEKCOB, CBA3YHO-
WMX U NOBEPXHOCTHO-aKTUBHBIX COeAnHeHun [6].
Llenecoobpa3HoCTb BbIfENEHUS TEX UM UHbIX Be-
wectB U3 Topda onpenenseTcs HanpaBaeHUEM UX
MCNONb30BaHMS B TEXHOOTMM MONTYHYEHUS MaTepU-
anoB Pa3/IMYHOrO TEXHUMYECKOro HasHaveHus. He-
CMOTpS Ha [LOCTAaTOYHO WM3Y4YeHHOEe HarpaBneHue,
MCCnenoBaHUS Mo MCMONb30BaHUKO Topdocoaep-
XaLLMX KOMMOHEHTOB B KayecTBe J0OaBOK B Kepa-
MUYECKY0 Maccy npu MpOM3BOLCTBE Pa3NMUYHbIX
u3penui BepyTca 1 B HacTosiwee Bpemsa [7, 8]. B pa-
6otax Capkmcosa HO.C. nokasaHo, YTO HanpaBfeH-
HbI/ BbIOOp TMMA TOpda, CNOoCOOOB ero akTMBaLmuu
n MOAMPUKALMM ONpeenseTcs TEXHOOrMYeCKUMHM
0COBEHHOCTSMU CMHTE3a MaTepuanoB U WX BAUS-
HMEM Ha 3KCMyaTalLMOHHble CBOMCTBA M34eNUN
Ha nux ocHoBe [6]. Ocoboe 3HaveHne npu pobasne-
HuK TopdocoaepKallmMx KOMMNOHETOB NpU MpOu3-
BOJCTBE KEPAaMMUYECKOro KUPMMYa SBNSeTCs pacyer
1 BbIOOP TEXHONOIMYECKMX MapamMeTpoB dhopMyto-
LLEero 1 CywunbHO-00XMroBoro 060pyaoBaHus.

Topd npencraBnser cob0i CNOXHYO NOAUAMUC-
MepCHYI0 MHOFOKOMMOHEHTHY HEOAHOPOLHYI0
MONYKONNIOUAHO-BbICOKOMOJIEKYNISIPHYK  CUCTEMY,
cocToswwyto 0bbl4HO M3 Tpex a3 — TBEPAOH, XKNA-
KOW M razoobpasHoi. Pasmepbl OTAENbHbIX YacTuL,
TBEpAOW dasbl Topda MAM ero ckeneta BecbMa
pa3HO0Opa3Hbl M U3MEHSAKOTCS OT HECKONIbKUX MU~
NMMETPOB [0 [onel MukpomeTpa. Ha rpanuue
pasgena Mexay oTaenbHbiMM (a3zaMu LeiCTBYHOT
NMOBEPXHOCTHbIE CUJbl, 0ByCnaBamBatLLme B Topde
CyLL,eCTBOBAHME MOBEPXHOCTHOM 3HEpPruu U psaa
0C00bIX CBOWCTB, MPUCYLLMX AUCNEPCHBIM CUCTEMAM.
YHUKanbHOCTb TOpda Kak npupoaHoro obpaszosa-
HUS COCTOWT B TOM, 4YTO OH, 61arofaps CofepxaHuio
6onbworo pasHoobpasus opraHMYecKUx U Heop-
raHMYeCKMX KOMIMOHEHTOB, SBISETCS YHWBepCasb-
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HbIM CTpyKTypoobpasosarteneM. Onpepensiolee
3HayeHMe B 3TOM MPUHALNIEXMUT COLEPXKALUMMCS B
Topde ryMMHOBBIM BelLecTBaM. YCTAHOBNEHO, YTO
MOHOOOMEHHas CNoCcobHOCTb Topda U3IMEHAETCS B
npepenax ot 1000 po 250 mz-3x6/100 2 cyxoro
Bewectea, 65-70 % obbeMHOM eMKOCTU MpUXO0-
OWTCS HA JOSI0 TYyMUHOBBIX BewecTs, 20-30 % - Ha
nont yrnesogHoro komnnekca n 5-10 % Ha ponto
HerMaposM3yeMoro ocTaTka — JIMrHUHa.

Takum 06pazoMm, TOpd M MUHKUCTbIE MaTepua-
Nibl MO CBOMM CBOWCTBaM 0ObeaMHSIOTCS BbICOKON
[MCNEePCHOCTbI0 U TMAPOMUIIBHOCTBIO U CNOCOBHO-
CTM K copbumm M MOHHOMY 0BMeHy. Bbicokasi uyB-
CTBUTENBHOCTb CTPYKTYpPbl TOpda K MOHOOOMEHHBIM
npoueccamM OKa3biBaeT BO3MOXHOCTb YrpaBAeHUS
n obecneyeHnss ONTUMANbHbIX YCIOBUM CTPYKTY-
poobpasoBaHusg nNpu A00OaBNEHUU K TUHWUCTBIM
cucTeMaM B npoLecce CyWwKu 1 obxura kepamuye-
ckoro obpasua.

O6bIYHO KOHUEHTpauuio aucnepcHor dasbl B
[MCNEepCHON cUcTeMe, NPU KOTOPOM MPOUCXOAUT
KayecTBEHHOEe M3MEHEeHWe CBOMCTB CUCTEMBI, HA3bl-
BAlOT KPUTUYECKON KOHLLEHTpaLMeEN CTPYKTypoo6-
pa3oBaHus. [pu JOCTUXKEHMM TaKOW KOHLLEHTpALIMK
B AMCNEPCHOW CUCTEME CAMOMPOM3BONbHO BO3-
HWKaeT MPOCTPAHCTBEHHAs CTPYKTypa M3 B3auMO-
OEeNCTBYOWMX Mexay cobon yactuu,. Bsaumonen-
CTBME YaCTUL, Yepe3 TOHKYK MPOCIOMKY XUAKOW
$a3bl NpMBOAUT K OPMUPOBAHUIO KOAryNSLMOH-
HbIX KOHTAKTOB. [Tocne pa3pyLieHus 3TU KOHTaKTbl
006paTMMO BOCCTAHABAMBAKOTCS, M 3TO CBOWMCTBO
Ha3bIBaeTCS  «TUKCOTpOnusi». MMEHHO no3ToMy
NPOU3BOASAT YBNAXKHEHUE TNIMHAHOIO CbIPbS U €ro
nepeMeLlMBaHMe — PaspyLlalT KoarynsuMOHHble
KOHTaKTbl. 1 UMEHHO MO3TOMY BbiroparwLliMe [0-
6aBKM, MO M3BECTHbIM TEXHUYECKUM pELIEHUSM,
TOXE UMEKT BbICOKYK BIAXKHOCTb — A1 YMEHbLUe-
HWMS KOHLEHTpaumm gucnepcHoi dasbl MUHSHOTO
CbIpbsl U MpPEeaoTBpPaLLEHMSs CTPYKTYpOoobpasoBaHums
[0 MOMeHTa dhopMoBaHus. Beiropatowme nobasku
MOIYT MMETb HW3KYK BAAXHOCTb, MOCKONIbKY UMe-
10T HOpMY rpaHy/n C NPOYHOM 060OYKOM M 3HAYUM-
TeNIbHO MeAJIeHHee NOIMOLA0T BAAry U3 MMUHAHOIO
Cblpbs, HE YBENNUYMBAS KOHLIEHTPALLMIO AUCMEPCHOW
dasbl.

Kpome Toro, Bbiropatowme nobaskm BBOAATCS B
TMUHSHOE Cbipbe HEMOCPeCTBEHHO nepea, dopmo-
BaHWMEM C MMHUMA/bHbIM BPEMEHEM Ha Mornoue-
HWe Bnaru BbIrOPaKOLWMMU 006ABKAaMU U3 [INHS-
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Horo cbipbs. [locne GopMOBaHUS FMUHAHOMO Cbipbs
Bbiropatowme [06aBKM, paBHOMEPHO pacnpene-
NeHHble No 06beMy KuMpnuya Cbipua, NOCTENEHHO
MOrMOLWAOT BAAry, YCKOPSOT MpU 3TOM CTPYKTY-
poobpa3oBaHMe M KOaArylsuMOHHble MpOLecchl B
TMIMHSHOM Cbipbe, 3 BO BPeMS CYLIKM CNOcoBCTBYOT
60siee paBHOMEPHOM CyLIKe BO BCeEM 0b6beMe Kup-
nuYa W, CIefOBaTENbHO, YMEHbLUEHWUIO BO3HMKALO-
LUMX MPU CYLLKE HAMPSKEHWM, YTO BEAET K NOBbILLE-
HWIO KayecTBa roToBOM Npoaykumm [2].

OpHUM U3 BapuaHTOB MOAMDULMPOBAHMS rpa-
Hy/n Topda SBASETCS CO34aHME HA rpaHynax rmapo-
$obHoIM obonouku. Takas obonouka yBenuumpaet
BPEMS HAXOXAEHWUS CYXMX FpaHyn BO BIAXKHOM
TMUHSHOM Cbipbe. A B npouecce CywWwKW Kupnuya
cblpua U ero obura MpUBOAMT K YMEHbLUEHWHO
CKOpOCTM MornoweHns Bnaru Topgom, paBHoMep-
HO pacnpefeneHHoOM no 06beMY KMpMMYa CbipLa U
6osiee paBHOMEPHOM cylike 6e3 BO3HWKHOBEHMS
B KMpNUYe BHYTPEHHUX HanpskeHuin. OgHako po-
NOMHUTENbHAA onepaums no MoAMOULMPOBAHMIO
rpaHyn Topda npuseseT K yLOpOXaHU paspaba-
TbIBAEMOTO TEXHOJIOMMYECKOro NpoLecca, YTo CKa-
YKETCS Ha LLeHE rOTOBOW NPOAYKLMM.

B npousBoactBeHHbix ycnoBusx OAO «Ob6onbe-
KU KepaMuuyeckuit 3asog» B pamkax 2018 - X/
N2 205 Ne [P 20181866 6bina nccnegoBaHa BO3-
MOXHOCTb MCMONb30BaHUsS KOMMO3ULMOHHOW [0-
6aBKM Ha OCHOBE OCaAKOB XMMBOAOMOArOTOBKM
ToU, wn otxomoB ppobneHoro Topda dpakumen
0,5-5,0 mm npu Npou3BOACTBE KEPaMMYECKOro
KMpNMYa C LENbI0 CHUXKEHWUS IHEPreTUYeCKMUX 3a-
TPpaT, NoBbIWEHNS DU3NKO-MEXAHUYECKMX CBOMCTB
M30EeNnna U CHUXEeHUs cebecTonMoCTM roTOBOW Npo-
LyKUMH.

Ha OAO «O6onbckuit kepaMuuyeckui 3aBOA»
TOpd YyXXe MCMONb3yeTcs B Ka4yecTBe BbIropatoLLen
[06aBKM NpU NMPOU3BOACTBE KEPAMMYECKOrO KMp-
nuya. [lns atoro npumeHsetcs Topd ApobneHbii
dpakumm 0,5-5,0 mm. Boiropatowas nobaska msro-
TaBnuBaetca u3 bpuketa TonnmeHoro (CTB 1919-
2008 «bpukeTbl TONAMBHBIE HA OCHOBE Topda») [9].
CpepnHsaa oTHOCMTeNbHAsa BAAXHOCTb Topda 43,9 %.
3epHoBOW coctaB Topda ApobneHoro nocie pac-
ceBa cocrasnget: 3-5 mm - 3,34 %; 2-3 mm -
19,4 %; 1-2 mm - 34,34 %; 0,5-1 mm - 12,65 %;
0,25-0,5 mm - 11,36 %; meHee 0,25 mm — 18,91%.
KonnuectBo BBOAMMbIX KOMMNOHEHTOB B LUMXTY CO-
CTaBnsieT, % macc: rmuHa - 75; necok - 15; wamot -
5; Topd - 5. 13 ykazaHHOro coctaBa NpomnsBoanTCS
KUPMMY KepaMMYeCcKMii MOSIHOTENbIM OAMHAPHbIN
(KPO) mapkoi no npouHoctn M175. B tabnuue 1
npencTaBneHbl NOKasaTenu 06bIYHOM NPOAYKLMMN —
knpnuya KPO n nokasatenun npoaykumm — Kupnmya
KPO c po6aBneHmem Topda.

[Ona kupnuya KepaMM4eckoro MosHOTEeNOo-
ro OAMHAPHOro C Mapkow no npoyHoctn M175
CTBb 1160-99 «Kupnuy n KaMHM Kepamuyeckue.
TexHunyeckue ycnosus» [10] yctaHaBnuBaet cieny-
towme TpeboBaHus (cpenHue onsa 5-Tm 06pasLLoB):

- npenen NpoYyHOCTM MpU OKaTUM — HEe MeHee
17,5 MIla;

- BOJOMOI/OLLEHME [OMKHO ObiTb He MeHee
8 %;

- reomeTpuyeckue pasmepbl: onnMHa - 250%
5 mm; wnpuHa -120%4 mm; TonwmHa — 653 mm.

Kak BugHO U3 Tabnuubl 1 du3smnko-mexaHuye-
CKMe CBOWCTBA U reoMeTpuyeckue pasmepbl Kup-
nuya ¢ gobasneHrnem Topda oTBevaloT TpeboBaHU-
am CTb 1160-99 [10,11]. B pabote [11] aBTOpamu

Tabnuya 1 - Mokaszamenu kupnuya KPO 06b14H020 U ¢ dobasneHueM mopga (ycpeoHEHHbIe 3HA4YEHUS)

Mokasarenu o6bivuHOro Kupnuya KPO

Macca, 2 MpoyHocTb
Pasmepbl, mm | npu okatum,
dopm roT. MIla
4701 3565 248,7x119,9%65 20,2
CpeaHss NoTHOCTb 1,84 2/cm?
Boponornouwexue 16,5-175 %

Mokasarenu kupnuua KPO c po6aBneHnem topda

Macca, 2 MpoyHoCTb
Pasmepbl, mm | npu oxatum,
dopm roT. MIla
4060 3350 | 248,9x120,2x65 18,72
CpepnHsaa N10THOCTb 1,72 2/cm?
BoponornouieHue 16,95 %
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npoBeLeHbl UCCIef0BaHUE BUSHUS BbICOKOKANo-
PUMHBIX U HU3KOKANOPWIHBIX BbIropatowmnx foba-
BOK Ha XapaKTepPUCTUKM NOPU30BAHHOM KEPAMUKM.

Mcxops 13 aHanusa nuTepaTypHbIX UCTOYHMKOB
M NaTEHTHOrO MOWMCKA, MPWU MPOM3BOACTBE KUPMMYa
M KaMHS KepaMMyeckoro oTxonbl Topda B coyeTa-
HMUW C HENPOKaNEHHbIMWU 0CaLKAMM XMMBOAOMNOAIO-
TOBKM TEMO3/1EKTPOLEHTPANEN HE MPUMEHSINC.
MocTaBneHHas 3ajaya pellaeTcs TeM, 4TO Kepa-
Muyeckas Macca Ans Mpou3BOACTBA CTPOUTENb-
HOMO KMPMMYa, COLEPXKALLAS NIETKOMNNABKYH [/IMHY,
LOMONHWUTENBHO COAEPXKMT LIAMOT, Necok, Topd
dpakumm 0,5-5,0 mm M HenpokanéHHble 0CafKu
XMMBOLOMOATOTOBKM TEMNI031EKTPOLLEHTpane npu
CNnefyloWweM COOTHOLIEHUM KOMMOHEHTOB, Mac.%
(tabnuua 2) [12].

B kauectBe no0baBkM B KepaMMyeckyr Maccy
BBOAST M3MeNbY€HHbIN Topd dpakummn 0,5-5,0 mm
M HEenpoKaseHHble OCaLKM XMMBOLOMOAFOTOBKM
TennosnekTpoueHTpanen. Topd mMmeeT MaccoByr
LoNt0 3epeH dpakuumu: 6onee 5 mm — no 10 %, me-

XUMUYECKAS TEXHO/I0IUA

Hee 5 mm - 90-100 %, cpenHss OTHOCUTENbHAS
BNaXHOCTb Topda — 40 %. Ocapkm XMMBOLOMNOA-
rOTOBKM TEMM03MEeKTPOLLeHTpanen npeacTaBasoT
coboi nactoobpasHyd Maccy KOPUYHEBOrO LBe-
Ta c pabouyeit BnaxHocTbto 17-20 %. Pe3ynbrathl
nccnenoBaHMi XMMMYECKoro M GasoBoro CocraBsa
0CafKOB XMMMYecKow Bogonoarotosku TIL, npea-
CTaB/eHbl B paboTtax [13, 14].

OKkcuaHbIA cocTaB (YCpeAHEHHOE COAEepXKaHMUE)
HEMNpOKaNeHHbIX 0CaAKOB  XWMMBOAOMOATOTOBKM
TENNO3NeKTPOLEeHTpanen npeacraBneH B Tabnuue
3.

Ins Toro, 4ytoObl CHU3UTb BpPeAHOE BAUSHWE
Ha (U3UKO-MEXaHUYECKME M 3KCMyaTauMOHHble
CBOMCTBA KMPMMYa HaNMuMs B OCafKax XuMuue-
ckoi Bogonoarotosku TIL, ¢a3 kanbuuta (CaCO3)
n okenaa kanoums (CaO), 0Cafkn XMMUYECKON BO-
ponoarotoBky TIL, npoxoannu UHTEHCUMBHYKO Me-
XaHWYecKyto aktuaaumio [14].

[paHynoMeTpuyeckmin COCTaB WamMoTa YCTaHOB-
NleH MeTOAOM CyXOro NMpocenBaHWs HAabopoOM CUT.

Tabnuya 2 - Cocmag kepamuyeckol Maccsl 015 npou3goocmea Kupnu4a

KoMnoHeHT cocTaBa CopepxkaHue, Mac.%
LamMoT 2,0-35
necok 10-15
Topd dpakummn 0,5-5,0 mm 2,0-35
HenpoKaneHHble 0CaAKM XMMBOAOMNOAIOTOBKM TEMI03NEKTPOLEHTPanen no 10
NerkonnaBkas ruHa oCTaNibHoe

Tabnuya 3 - OKCUOHbII COCMAg8 HenpoKaneHHbIX 0CA0Ko8 Xumeodon0020mosKU mensoanekmpoueHmpaneli

(ycpedHeHHoe codepxaHue)

KoMmnoHeHT coctaBa
CaCO, u MgCO,

§iO,

FeO

AlLO

K,O

Zn0O

TiO,

Na,O

npuMmecH

3
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CopepxkaHue, mac.%
71,1
10,2
8,6
4.9
1,2
0,5
0,4
0,3

OCTa/ibHOE
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Pe3ynbTaTthl NpuBeLeHbl B Tabnuue 4.
[paHynOMeTpUYECKMIA COCTAaB OCAAKOB XMMBO-
[LOMOArOTOBKM TeM/03/1eKTPOLLEHTpanei yCTaHoB-
JIEH METOLOM CYyXOro NpocenBaHUs HAOOPOM CHT.
Pe3ynbrathl npuBeaeHbl B Tabnumue 5.
MpurotoBneHMe KepaMMUYeckoM Maccbl [Ans
NpOM3BOACTBA CTPOWUTENBHOFO KMPMMYa Mpoum3-
BOAMNIOCH C/efyowmm obpasoMm. Jlerkonnaskas
TMMHA MOCTYNaeT B MIMHOPBLIXIUTENL U [03UPY-
eTca nuTaTeneM B COOTBETCTBMM C peLenTypoi B
konmyectee 75-81 mac.%. Pasmepbl KycKoB ru-
Hbl — He 6onee 300 mm. [MMHA He OOJIKHA UMETb
npuMeceit BCKPbILWHbIX MOPOA M pPacTUTENbHO-
ro cnos. KapbepHas BnaxHoCTb ruHbl — 20,5-
25,5 %. Otowarwwme u Bbiroparowme [06aBKM
(wamot - 2,0-3,5 mac.%, topd Ppakumm 0,5-
50 mm - 2,0-3,5 mac.%) po3upyrcs B COOT-
BETCTBUM C peuenTypor NuTaTesemM M NOAATCS
Ha JIMHWIO MPWUrOTOB/IEHMSI OTOLLAKWMX [06ABOK.
B MonotkoBoi Lpobunke NPOM3BOAMUTCS MX W3-
MenbyeHue. LLlamoT ¢ pasmepom dpakuumn Gonee
5 mm nopaeTcs Ha OOMON B MOJOTKOBYI [pO-
6unky. Mecok - 10-15 mac.% mn HenpokaneHHble
0CaZlkKu XMMBOAOMOAIOTOBKM TEMIO3NEKTPOLLEH-
Tpanei - 5-10 Mac.% [o3MpyoTCS B COOTBETCTBUM
C peuenTypow, MOCTYNalT Ha IMHUIO NPOCEBA, FAe
oTcenBaeTcs KpynHas dpakums (>8 mm). 3aTem u3
TMMHO3AMNACHMKA FMIMHA MOLAETCS Ha MMUHOPbIXIU-
Tenb, roe NpoM3BOAUTCS €€ uaMenbyeHue. Jobasku
noaaTca yepes nuTatenn. Bce KOMMNOHEHTbI ru-
HOMacChbl B 3aAaHHbIX KOAMYeCTBa MOCTYNalT Ha
CMecuTeNb, TLEe NEPEMELLMBAIOTCS, M3MENbYATCS
W yCpepHAKTCS. 3aTeM Mo KOHBeWepy rMMHoMacca

Tabnuya 4 - IpaHynomempu4eckuli cocmas wamoma

nocTynaeT B CMECUTENb U AaNiee B LUHEKOBbIN BaKy-
YMHbIN Npecc,rae npon3BoanTcs GopMoBaHue Kup-
nuya. HavanbHas GOpMOBOYHAs BIAXKHOCTb [IMHO-
Maccbl 182 %. Pe3ka Ha KMpnuumM ocyLeCcTBsSeTCS
Ha aBTOMaTax OAHOCTPYHHOM M MHOIOCTPYHHOM
pe3ku. PaspsxkeHne B BakyyM-kamepe - 0,091%
0,004 MlIla. JaBneHve B rosoBe npecca Ans
nonHotenoro kupnmya - 0,7-1,23 klla. Oanee
Nno KOHBEMepy KMpMnuy MOLAEeTCS Ha CyLUWUbHble
BaroHeTku. CyllKa OCYLLeCTBASETCS B TYHHEeNb-
HbIX CYLUMNIKaX HenpepbiBHOrO neicteus. opa-
Yya TEenIOHOCUTENS BEPXHAS, OTOOP — HWXKHUMA.
TennoHocuTenb — ropsumii Bosgyx. TemnepaTtypa
TENnI0HOCUTENs, NOCTynawlero B TyHHenu 85%
10 °C. OTHoCUTENbHASA BNIAXKHOCTb KMPMMYa Ha Bbl-
xoge u3 cywunkn —3,0£2 %. Cpok cywkun — 30-44
yaca. 3aTeM KMpMuMY HanpaBnsncs Ha obxur. Bpe-
Ms obxura coctaBnser 69 uacos. Temnepatypa
obxura ons kMpnuya psgosoro coctasnsiet 980-
1000 °C. O606LieHHas CTPYKTypHas Cxema Tex-
HOMIOrMM U3rOTOBNEHUS KEPAMUUYECKOro Kuprnuya
npeacraeneHa Ha pucyHke 1.

B npousBoacTeeHHbix ycnosuax OAO «O6onb-
CKMIM KepaMMYecKuii 3aBoa» Obln U3rOTOBMIEH KUP-
MUY KepamMm4eckunii NonHoTeNbl ognHapHbii (KPO)
Mapkou no npoyHoct M175 u npoBeneHbl ero
UCMbITaHWS, pe3ynbTaTbl KOTOPbIX MPEeACTaBNeHbl B
Tabnuue 6.

Ha pucyHke 2 npuBeneHa pepuBatorpamma
LUMXTbI, COAEPXKALLEN B KayeCTBe BbIroparoLlen ao-
6aBKM TOpd M 0CaAKM BOAOMOATOTOBKM.

Ha kpuBo# 3HTanbnuu OTA wuxTbl ¢ TOpPoMm
Habntopaetca TpyM 3HAOTEPMUYECKMX dPdekTa U

Pa3mep yacTuy (ocTaTok Ha cute), mm

Menee 0,25
30,0-135

0,50-0,25

MaccoBas nons 3épeH, % 5-20

2,0-0,5 2-1 3-2 5-3
10,0-0,5 20-40 10-20 2,5-70

Tabnuua 5 - IpaHynomempuyeckuii cocmag 0cadkos xumMeodonod20mosKku menosekmpoueHmpanel

Pa3mep uactuy (ocTaToK Ha CUTE), MM

MeHee 0,1 0,1
Konuuectso, % 21,5 111
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0,2 0,5 1,0 2,0
229 13,1 9,6 20,3

BECTHWK BMTEBCKOIO FOCYAAPCTBEHHOIO TEXHOJSIOTMYECKOTO YHUBEPCUTETA, 2023, N2 1 (44)



XUMUYECKAS TEXHO/I0IUA

s~ —— 1
I I
|| Hobbiua riuHe! XpaHeHHe [IHHB OfGpaboTka rIuHbl f—
| I
| |
| Todzomoka ucXooHbIX KOMROHERMOS |
I | Ipurotosnenne
KepaMHYecKoii Maccel
| TMoArOTOBK T0GABOK | P
: (BRIMOPANOLHE, OTOLLAKILKE Jloaupoeka :
| nobaskmn) |
- - - - - - - . _____ _
PopmoBaHue Ckn
—= P Cymka u3nenwi O6#MT H3aenHii .
HIAEMHA TOTOBOH NMPOAYKUHH

PucyHok 1 — CmpykmypHas cxema mexHoa02uuU U320mos/ieHuss Kepamu4yecko2o Kupnuya

Tabnuya 6 — Pu3uko-mexaHuyeckue nokazamenu Kupnu4a

HopmupoBaHHoe 3Haue-
HUe nokasarenei no

CTb 1160-99
HanmeHoBaHue nokasartens

M175)

1. Mopo30CTOIiKOCTb, MapKa F 35

2.Mpenen npoYHOCTH MpK

He meHee 17,5
okatun, MIla

3.Mpenen NpoyYHOCTM NpU
nsrnobe, MIla

4. BopgonornoweHue, %

He MeHee 3,1

He MeHee 8

Tpu 3k30TepMmuyeckmx adpdexTa. [epBbin aHOOTEP-
MUYECKM 3ddeKT ¢ MUHUMYMOM Npu TeEMnepa-
Type 75 °C cOOTBETCTBYET YAANEHUIO (DU3NYECKM
CBSI3aHHOM BOAbI M3 WKXTbI. [lanee Ha kpueoi ATA
UOYT TPU 3K30TEPMUYECKMX 3PPeKTa C MaKCUMY-
Mamu npu Temnepatypax 315,400 u 500 °C, koTo-
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(KMpnuy KepamMmuyeckui
NOJIHOTENbI OAMHAPHbIN
€ MapKo# No NPOYHOCTH

CpenHee 3Ha4YeHuMe NoKasartenei
ANa natm o6pasuos

COOTHOLIEHUU KOMMOHEHTOB KepaMM"IECKOﬁ
Macchbl ANna Nnpon3BoACTBa CTPOUTE/IbHOIO KUpnuia

(mac.%)
- nerkonnaaBskas rnmHa
81 - NlerkoniaBkas rnmMHa
’ 75;
- wamot - 2,0;
- necok - 11,5;
- necok - 10;

- Topd Ppakumm
0,5-5,0 mm - 3,5;

- HernpoKaneHHble
0CaKM XMMBOLOMOA-
FOTOBKM TEM0NEKTPO-
ueHTpanen - 10

-Topd Ppakuum
0,5-5,0 mm - 2,0;

- HEeMpoKaneHHble
0CafKu XMMBOAOMOA-
rOTOBKM TEMJI031eKTPO-
ueHTpanen - 5

35 35
30,2 33,1
4,7 43
14,5 145

pble CBSI3aHbl C NPOTEKaHWEM NPOLLECCOB NMMPOM3a
W OKUCNIEHUS OpraHUYeCcKmUX COeanHEHUN B COCTaBe
Topda, 4TO NoATBEPXKAAETCS notepen maccol. Npu
Temnepatype 550 °C HabntopaeTcs aHAoTEPMUYE-
CKMn 3P deKkT COOTBETCTBYHOLLMIM npoueccy yaane-
HUS XMMUYECKM CBSA3AHHOM BOAbI (4ernapartaumm)
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M3 [JIMHUCTBIX MWHEPANOB. JHAOTEPMUYECKMIA
3ddekT ¢ MMHMMYMOM nipu Temnepatype 725 °C
OYEBMAHO COOTBETCTBYET MPOLECCY Pa3NoXeHUs
NMPUMECHOr0 KapboHaTa MarHus, KOTOpbliA BXOAMUT B
coctaB muH [15,16].

Ha ocHOBaHWM nony4YeHHbIX AepuBaTOrpaMm
MOXHO CAEeNaTh BbIBOA, O CTYNEHYATOM OKUCIEHUM
Topda, NpyM KOTOPOM, OCHOBHOE KOJIMYECTBO Ten-
na, BblaenseTcs B uHTepBane Temnepatyp 250-
450 °C, yTO TaKXKe MOATBEPXKAAETCS AAHHbIMM Ka-
nopumetpun. OkncneHne Topda ConNpoBoXKaAETCS
MHTEHCUBHBIM Fa30BbILENEHNEM, U, COOTBETCTBEH-
HO, OCHOBHOW MpoLecc nopoobpasoBaHus Tak-
Xe MpOUCXOAMT B WMHTepBane Temnepatyp 250-
450 °C po Hauyana CnekaHusi MIMHUCTbIX MUHEpa-
no.. (negoBatenbHO, 06pasytoLmecs rasbl Gopmu-
PYIOT OTKPbITYH KaHan006pazyHoLLyo NOpUCTOCTb U
MOryT 6e30MacHO BbIMTU U3 Yepernka U3genus, He
paspyLas ero. MccnepoBaHue CTPYKTYpbl MONyYeH-
HbIX 06pa3LLOB NPOBOAMIOCH HA U30Me. Ha pucyH-
Ke 3 npeacTaBneHa CTpykTypa obpasuos c fobas-
kamu npu yeenmyeHun B 100 n 200 pas. CrpykTypa
MaTepuana npencTaBieHa paBHOMEPHO pacnpe-
LEeNEHHbIMKU MOPaMK MPEUMYLLECTBEHHO chepuye-
ckoit opMbl pasmepamu 0,5-1 mm.
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Ha pucyHke 4 npencraBneHa cTpykTypa obpas-
L, M3roTOBNEHHOr0 C NPMMEHEHWEM B KauyecTBe
Bbiropatowien nobasku Topda M OTXOAOB BOLO-
NOATOTOBKM, CLEeNaHHas C ucnonb3oBaHuem (OM
Tescan Mira 3 LMN.

Ha dotorpadum cTpykTypbl 06pasua c nobaska-
MW BUAOHbI MOpPbl HEBONbLUMX Pa3MepOB, B OCHOB-
HOM OKpYrnoin GopMbl C HEPOBHbBIMU KPasiMU.

Ha ocHoBaHMM nNpoBeA&HHbIX WCCNef0BaHWUM
C UCMOJSIb30BAHMEM PA3NIMYHBIX BbIFOPAOLLMX A0-
6aBOK MOXHO CIenaTb BblBOL O BO3MOXHOCTU
W3rOTOBNEHUSI U3LENUA KepamMuKu C 3a[aHHbIMU
XapakTepuctukamu. M3 nonyyeHHbIX pe3ynbraToB
(tabnuua 2) BUAHO, 4TO UCMONb30BAHME B KaYecTBe
Bblropatollen nobaskun Topda no 3,5 % n ocagkos
XMMBOAOMNOArOTOBKKU B Konmyectse go 10 % coot-
BETCTBEHHO MO3BONSET MOMAYYUTb WU3LENNS, COOT-
BeTcTBYytoWme TpebosaHmnam CTb 1160-99 (kupnuy
KepaMmMyeCK1i noaHOTeNbIM OAMHAPHbIA C MapKoK
no npoyHoctn M175).

Mpu 3TOM C yBenUYeHUEM copepaHus Topda
(c 3005 %) 1 ocagkoB XMMBOLONOATOTOBKK (C 5 %
0o 10 %) npuBoaMT K yBENMYEHMIO Npeaena npoy-
HocTu npwu cxkaTtum ¢ 30,2 MIla po 33,1 MIla,Ho
B TOXE BpeMSl K CHWXEHWI npefena npoyvyHOCTU
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npu u3rnbe ¢ 4,7 MIla pno 4,5 MlIla. MNpu 3TOM
BOZIOMOI/IOLLEHNS M3OENUI He W3MeHseTcs, OA-
HaKo HabnpaeTcs ero CywecTBeHHbIM pocT (oo
14,5 %) no cpaBHEHWO C HOPMATWMBHbIM MOKa-
3atenem. Topd, Bbiropas [0 Havana crnekaHus
TMWHSHOTO Yepenka, CO34aeT MNepBOHAYasbHYH
NMOpUCTOCTb, YTO B CBOK oOyepedb obecrneumBa-
€T BblfeNleHne OOMONIHUTENBHOMO Temnaa no BCeMy
00bEMy MaTepuana B TeMMepaTypHOM WHTepBase
Hayana cnekaHus Yepenka, a OTXOAbl BOLOMOArO-
TOBKM MenKux Gpakuuin cnocobCcTByOT CTabunu-
3aLMKM MeXaHMYeCKMX CBOMCTB, 33 cyeT hopMmpo-
BaHMS 6Oonee paBHOMEPHOM rpaHyIMPOBaHHOW
CTPYKTYpbI.

BbIBOL,

MpoBeneHHble Ha OAO «06onbCKMIA KepaMu-
4yeckui 3aBOA» MCCNeAoBaHMS (U3MKO-MEXaHu-
YeckMx CBOMCTB 0OpasLLOB KepaMM4YecKoro Kup-
nuya nokasann 3hdEKTMBHOCTb WMCMONb30BaAHUS
KOMMO3MLMOHHOM [00aBKM M3 Topda dpakumen

CMNCOK MCMOJTIb3OBAHHDbIX
MCTOYHMKOB

1. ABopkuH, J1. W., ABopkuH, O. J1. (2007), Cmpou-
meJibHble Mamepuasbl U3 omxo008 NPOMbILLIEH-
Hocmu: y4ebHo-cnpaso4yHoe nocobue, Poctos H/[,
®eHnkc, 2007,368 c.

2. Abppaxmumos,B.3.,Xacaes,l.P.,AbgpaxumoBa,E.C.,
Konnakos, A. B. (2013), Ucnonb3oBaHue yrnepoa-
COLEPXKALLMX OTXOLOB TOMIMBHO-3HEpreTUYe-
CKOr0 KOMMIEKCA B MPOW3BOACTBE Kepamuue-
CKMX MaTepuanoB PasIMYHOro Ha3HaYeHus, 3Ko-
a02usi U npomsiwneHHocms Poccuu, 2013, N2 9,
C.30-33.

3. Abppaxumos, B. 3., Abgpaxumosa, E. C. (2014),
Mcnonb3oBaHue wWnaka oOT OKUraHUa YIS
KaHcko-AumHckoro 6acceriHa B MpOM3BOACTBE
KepamMM4yeckux MaTepuanoB Ha OCHOBE MeX-
CNaHLEBOM MMUHBbI, IK0102US U NPOMBbILWLIEHHOCMb
Poccuu,2014,N2 3,C. 36-39.

86

0,5-5,0 mm v HenpokaneHHbIX OCAAKOB XWUM-
BOAOMOArOTOBKM  TennosnekTpoueHTpanen. [lo-
NIYYEHHBIA KMPMWY  COOTBETCTBYET TpeboBaHWAM
CTb 1160-99 «Kupnuy n KaMHM KepamMmyeckue.
TexHuueckne  ycnosusi». [obaeneHne Topda
dpakumn 0,5-5 mm B Konuuecte 2-3,5 mMac.%
M HEenpoKaseHHbIX O0CaAKOB XWMBOLOMOATOTOB-
KM TENMO3NEKTPOLEHTpaNeir B KOJMYeCcTBe A0
10 mMac.% npu Mpov3BOACTBE M3OENuid U3 Kepa-
MMYECKOM MacCbl CrnocobCcTByeT paBHOMEPHOM
CywKe BO BCEM O0ObEME KMPMMYA, YMEHbLUEHWH
BO3HMKAIOLMX MpU CYLWKE HANpsKEeHWH, onpe-
Lensowmx noebieHne  GU3NKO-MEXaHUYECKUX
CBOMCTB  KepamMuyeckux  uspgenuit. Pesynbra-
Tbl paboTbl anpobupoBaHbl, MMEKT MpaKTUye-
CKYI 3HAUMMOCTb, MNAHMPYIOTCS K BHEAPEHUIO B
NPOU3BOACTBO M MOJYyYEHbl AOKYMEHTbI, MOATBEP-
Xpawuwme npaBo COBCTBEHHOCTM Ha pe3ynbTa-
Tbl  WMHTENNEKTyaNnbHOM AeaTenbHOCTM  (MaTeHT
BY N2 23584 u narteHT N22763232 Poccuiickon
@epepaunm) [17,18].
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0ObbekmoM UCcnedosaHus SB8ASIOMCS 80/10KHU-
CMO-HANOJIHEHHbIE NOJIUMEPHbIE KOMNO3UUUOHHbIE
Mamepuasel U3 8MOPUYHbLIX NOAUYPEemMaHos u ouc-
nepcHeix 0mxo0do8 depesoobpabomxu.

[lpedmem uccnedosanus - @uU3UKO-MexaHuye-
CKue csolicmsa 800KHUCMO-HANONHEHHbIX KOMNO-
3ULUOHHbIX MAMePUAos.

Lleneto uccnedosarus sensemcsi onpedeneHue
8/IUSHUS NPOUEHMA 8/10MeHUs U Mopgonozuu ope-
8eCHbIX 0Mx0008 HA (U3UKO-MeXaHudeckue cg8ol-
cmea  BO/JIOKHUCMO-HANONHEHHbIX — NOAUMEPHbIX
KOMNO3UUUOHHbIX Mamepuanoe 018 demaneli HU3a
obysu.

B cmamee nposedeHsi uccnedosaHus napamem-
pos8 0pesecHO80NOKHUCMOL Maccel, Ucnosnb3yemol
0n1  C030aHUSI B0JIOKHUCMO-HANO/IHEHHbIX KOMNO-
3ULUOHHBIX Mamepuanos. [lonydeHsl noauMepHsle
KOMNO3UUUOHHbIE Mamepuaasl muna KOMBONOH C
codepxaHuem HanonHumens 0—-5,0 mac.%, ucciedo-
8AHbI UX (PU3UKO-MexaHuyYecKue cgolicmaa.

lpakmuyeckas ueHHoCmb pe3ynemamos  uc-
cnedosaHus cocmoum 8 NosydeHuu Mamepuanos
C onpedeneHHbIM KOMNJeKcoM ceolicms, coomeem-
cmeyowux mpebosarusm THIA u Haxodswumucs
8 paMKax mpaduyuoHHO UCNO/b3yeMblX Mamepu-
anos 0718 Hu3a obysu, a Makie 8 YCMaHosaeHuu
peuenmypHo-mexHon02Uu4ecKux 803MOMHOCMel

https://doi.org/10.24412/2079-7958-2023-1-90-101
K. Ermalovich?} A. Burkin?, K. Tarutko'?,

l. Groshev*?, Yu. Doylin?

Vitebsk State Technological University
2Vitsebskdrev JSC

ABSTRACT

WASTE, POLYURETHANE FOAM, WOOD-FIBER
MASS, COMPOSITE MATERIAL, PROPERTIES, TECH-
NOLOGY, COMPOSITIONS

The object of the study is fiber-filled polymer com-
posite materials made of secondary polyurethanes
and dispersed woodworking waste.

The subject of the study is the physical and me-
chanical properties of fiber-filled composite materi-
als.

The aim of the study is to determine the influence
of the percentage of investment and morphology of
wood waste on the physical and mechanical prop-
erties of fiber-filled polymer composite materials for
the shoe bottom parts.

The article studies the parameters of the wood-
fiber mass used to create fiber-filled composite ma-
terials. Polymer composite materials of the leath-
erette type with a filler content of 0-5.0 wt% were
produced, their physical and mechanical properties
were investigated.

The practical value of the research results consists
in producing materials with a certain set of properties
that meet the requirements of requlatory documents
and are within the framework of traditionally used
shoe bottom materials, as well as in establishing pre-
scription and technological capabilities to overcome
the factor of natural deterioration of the properties
of secondary shoe polyurethane foams by modifying
wood-fiber waste.

* E-mail: ermalovich110600karina@mail.ru (K. Ermalovich)
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npeodoseHuss pakmopa ecmecmeeHH020 yXyouweHus
csolicms 8mopu4HbIX 06YBHbLIX NEHONOUYPEMAaHo8
ModouguyuposaHueM 0pesecHO80N0KHUCMbIMU 0Mm-
xo0amu.

Pe3zynsmamel pabomesl — U320mMo8ieHbl Mamepu-
a/bl MUNA KOMB0/IO0H HA 0CHO8E 0MX0008 00Y8HbIX
neHonouypemaros U ucciedos8aHsl ux GuuKko-me-
XaHudeckue csolicmeaa. [pesecHsie HanoaHUmenu 8
8ude 8O/IOKHUCMBbIX YACMUL MOXHO paccMampusames
Kak Hedopozue 006asKU K NoauypemaHossiM Mam-
puuam, Komopsie npu onpeodeneHHbIX peuenmyp-
HO-mexHOo/I02Uu4YeckUX napamempax GopmuposaHus
KoMNno3uma no3gosslm 8 Hekomopol cmeneHu
KOMNeHcuposame yxyouleHue Gu3uko-MexaHu4eckux
xapakmepucmuk nepepabomarHozo [1I1Y.

Obnacme npumeHeHus pe3ynbmamos — 06ygHas
NPOMbIWAEHHOCMb.

BONOKHWCTO-HAMOMHEHHBIMU KOMMO3ULLMOHHbI-
Mn Mmatepuanamu (BHKM) HasbiBatoT mMaTepwmansl,
cocToswme U3 gucnepcHom dasbl, NpeacTaBieHHOM
BOJIOKHWUCTbIMU YaCTULLAMM, U OJHOTO MU HECKOSb-
KMX ApYrMX KOMMOHEHTOB, UrPAOLLMX POSb CBA3Y-
towero (nofiMMep, MMHEpan U T. 4.), MeXAy KOTOpbI-
MW MMeeTCs rpaHuua pasgena a3 u agreanoHHoe
B3aumogpencrteme. CornacHo OaHHOMY onpenene-
HUKO BOJIOKHUCTbIE KOMMO3WULLMOHHbIE MaTepuansbl
npeacrasnsetr cobor MaTpuuy, apMMPOBAHHYHO
MeXaHWYeCKMM KapKacoM B BMAE BOMIOKOH, YTO Ha-
LenseT MaTepuan BbICOKOM NMPOYHOCTLH NPW OTHO-
CUTEeNbHO ManoK naoTHocTH [1].

MNpumepom BHKM, akTMBHO MCMONb3yeMbIX
B OTEYECTBEHHOM MPOWM3BOACTBE [NS CO3[aHUA
[LeTanei HM3a MOAENbHOM M MOBCEAHEBHOM 00y-
BU, SBNSIETCS KOXBOJIOH, UM KaK ero Ha3blBakoT B
NMPOU3BOACTBE «TYHWUT», KOXemnopobHas pesuHa.
KoxBonoH npeacraBngeT cobom NOpuCTyo pesu-
HY, HamnoONHEHHYK W3MeNbYeHHbIMU BUCKO3HbIMU
BosokHamu B konunyectee 1,0-5,0 mac.%, kotopble
HaLenstoT MaTepuan BblICOKMMU (PU3MKO-MEXAHU-
yecknuMmM nokasatenamu. [lonyyarT koxenonob-
Hble pe3uHbl BanbLiEeBaHWEM — OCHOBHas onepa-
LMs B PE3VHOBOM MPOU3BOACTBE, UMEKOLLAN LeNbHO
nepeBof Kayyyka B MiacTMYecKoe COCTOsiHWME NS
BBeLEHMS HEOOXOAMMbIX COCTaBHbIX YacTen pesu-
HOBOW CMeCK U ganbHellen obpaboTtkun. BeegeHune
BOJIOKHWUCTOrO HamoSHUTENS B PE3UMHOBYH CMeCb
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Results of the work are materials of the leather-
ette type made on the basis of shoe polyurethane
foam waste and their physical and investigation of
their mechanical properties. Wood fillers in the form
of fibrous particles can be considered as inexpensive
additives to polyurethane matrices, which, under cer-
tain compounding and technological parameters of
the composite formation, enable to compensate to
some extent for the deterioration of the physical and
mechanical characteristics of the recycled PPU.

The field of application of the results is the shoe
industry.

NMO3BONISET YNYULWNTb KOXENOoA0OHOCTb pe3uHbl, 3a
cyeT yero pocturaetcs obpasoBaHue 6onee pas-
HOMEPHON MOPUCTON CTPYKTYPbl U YMEHbLIAETCS
CKONbXeHWe NofoLwB. B nocnenHee BpemMs akTUBHO
naoet paspabotka peuenTypHbIX COCTaBOB WU Tex-
HOJOrMIA U3rOTOBNEHMS MaTEPUAnoB, AAKOLMX MPU
MacCcoBOM MpOM3BOACTBE 3KOHOMMUIO B pacxone
3HEpruMn 1 He YCTyMNaLMX MO CBOMCTBAM UMMOPT-
HOMY KOXXBOJIOHY [2].

HayuHbiMn coTpyoHukamu BITY paspabortaHa
MeHee 3HeprosatpaTHas TexHonorus nepepaboTku
OTX040B nonuypeTtaHa (ganee [1Y), koTopas uc-
nonb30Banach Ha 0OYBHbIX NpeanpuaTusXx r. Buteb-
CKa Ang NpOM3BOACTBA MOAOLB LOMALUHeN 06yBM
[3-8]. 3a ocHOBY AaHHOM TEXHONOTUK B34Ta CXEMaA
Nosy4yeHUs MaTepuanoB Ha JUCTOBbIX arperaTtax
nyTemM NpeaBapuUTENIbHON 3KCTPY3UMU Ha LIHEKOBOM
3KCTpynepe M nocnepytolwero (GoOpMOBaHUS Ma-
Tepuana B MEXBANKOBOM 3a30pe JMUCTOBANbHbIX
BanbLoB [9, 10]. OgHako BcnencTBmMe GU3MKO-XK-
MUYECKMX M3MEHEHWUM, CBA3AHHbIX C MEPBUYHOM
nepepaboTKOM M 3KCNAyaTauuen B BUAE U3LENUN,
BTOpUYHble 1Y AEMOHCTPUPYHOT CHUXKEHME TEXHO-
NIOTMYECKMX M MexaHuyeckmx cBoucTs. lepcnek-
TUBY C TOYKM 3PEHMUS MOBbILIEHWS YPOBHS CBOMCTB
KOMMO3MTOB Ha 0CHOBe 0TxonoB 1Y npeacrasnset
UX Lenesoe mMoaMduuUMpoBaHME. ITa NEpCrneKTU-
Ba OCHOBaHa Ha WM3BECTHOM OMbITE MPUMEHEHUS
ManblX [006ABOK HEKOTOPbIX AMCMEPCHbIX HAMos-
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HWUTeNewn, YTo B pafe Cy4vyaeB MOMOXMUTENbHO CKa-
3bIBAeTC Ha CBOMCTBAX KOMMO3MTOB HAa OCHOBE
nepBuYHbIX Nonumepos [11].

B Hactoslee BpemMs HM OfHO [Jaxe caMoe
3KOHOMHOEe npennpusTMe AepeBoobpaboTkn He
ucnonb3yet apesecnHy Ha 100 %. Hapsaay ¢ kpyn-
HbIMM OTXOAAMW [epeBo06pabOTKM exeMecsyHO
00pa3yloTca 3HauuTeNbHble 06bEMbI AUCMEPCHbIX
OTXOA,0B, UCNOMb30BaHME KOTOPbIX B KayecTse Ton-
NIMBHBIX pecypcoB He LenecoobpaszHo. PelweHu-
eM npobnembl yTUIM3aUMM AUCMEPCHbIX OTXOLOB
OAQO «ButebckaopeB» SIBNSIETCS MX BTOPUYHOE MC-
Nonb30BaHME B KAUYeCTBE HAMOMHUTENS AN Mony-
YeHus NOAMMEPHbIX KOMMO3MLMOHHbIX MaTepua-
nos (manee [KM) tuna koxBonoH. puMeHeHue
npefnaraemMoro crnocoba WCNonb3OBaHMs OTXO-
[lOB [pEBECHOBOJIOKHMCTOW Maccbl obecneynT
3HAUUTENbHbIA 3KONOrMyecknMin 3ddekT 3a cyer
COKpalleHus nnowanen, UCNonb3yeMbiX NOL MUX
CKNafMpoBaHWe; MO3BOMWUT COKpaTWUTb BbIOpOC B
aTMOChepHbIM  BO34YX Onu3nexalimx TeppuTo-
puii TBEPAbIX 3arpA3HALWMX APEBECHbIX YaCTULL.
OCHOBHbIMM MpenMyLLecTBaMU CO3[AHUS KOMMO-
3UTOB, MOAM(DULMPOBAHHbBIX [pPEBECHbIM Hamnosn-
HUTeNeM, IBNSETCA He TONIbKO pelleHue npobnembi
YTUAM3ALUMU OTXOAOB, HO U MUX HWM3KAs CTOMMOCTb,
pasMepHas CTabuibHOCTb M (PU3MKO-MexaHuye-
CKMe CBOMCTBA, He YCTYMNaloLLMe KOXBOJIOHY.

B paHHOM paboTe paccMaTpuBaeTCs BO3MOX-
HOCTb TMONyYeHUS MaTepuanoB TUMA KOXBOJIOH
MCMONb3ys B KayecTBe MaTpuubl OTXOA4bl MEHO-
nonuypetaHoB (panee TIMY), a B KayectBe Ha-
nonHUTeNs [pEBECHOBOIOKHUCTbIE 0TXO[bl
OAOQ «Butebeckapes». DopMUpoBaHME NOJUMEPHO-
ro KOMMO3MTa COMPOBOXAAETCS MeXaHW4YeCKUMM
UM - GU3NKO-XUMUYECKUMMU  B3aUMOLENCTBUSMM
WUHIPEAMEHTOB, HAXOAAMXCA B PA3NUMUHbIX arpe-
raTHbIX COCTOSHMSAX. COOTHOLIEHUE KOMMOHEHTOB,
a TakxKe COBEpLIEHCTBOBAHME peLenTypbl ap-
MWPOBAHWS MONMMEPHOM MaTpuLbl ApPEBECHbIMU
HanofHuTeNsiMM no3BonseT u3rotaBaueatb [1KM,
obnapatowme cneunanbHbIMU (Cneunduyeckumm)
CBOMCTBAMM: NMOBbILLEHHON MPOYHOCTLIO, yBENMYe-
HWeM aaresuu K MeTannaMm u LpyrmMm matepuanam,
371eKTPONpPOBOLHOCTBIO, YNyYlIEeHUEeM Tenaonpo-
BOAHOCTU, CHUXKEHMEM UM NOBbIWEHNEM KOIPDU-
LMEeHTa TPeHUS, a TaKKe LLeleBoe perynmpoBaHue
MHOMMX ApYyrnx cBoncTB [11].
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BnnsHue BONOKHUCTbIX HanoNHUTeNen Ha CBOM-
CTBA KOMMO3MTA 33aBUCUT B 3HAUMTENIbHOW CTene-
HW OT CBOMCTB CaMoro Hanonuutens. lNoatomy ans
LenecoobpasHoro M Hay4yHo OHBOCHOBAHHOMO CO-
30aHMS KOMMO3WLMI NyTeEM apMUPOBaHUS Heob-
XOAMMO 3HaTb XApaKTePUCTUKU HamoSHUTENEN.
KauecTBeHHbIN aHanM3 HamonHUTENen 3aknioyva-
€TCs B OLEHKe 3epHMUCTOCTU, GOpMbI U XapakTepa
pacnpeneneHus yactuy, no pasmepam. OT Gopmbl
M pa3MepOoB YACTMUL, 3aBUCAT: NNOTHOCTb YNAKOBKM
HanonHWTeNs, paBHOMEPHOCTb pacnpeaeneHuns Ya-
CTUL, NNOLWAAb KOHTAKTa CO CBA3YHOLWMM, PEOSIOru-
yeckue, PU3NKO-MeXaHUYeCKMe 1 Apyrue CBOMCTBA
[12].

Lenbto wuccnenoBanus sBnsSeTcs onpenene-
HWe B/IMSIHUS MPOLLEHTa BNIOXEHUS U MOP(ONOorMu
[pEBECHBbIX OTXOA0B Ha (MU3MKO-MeXaHU4eckue
CBOMCTBA BOJIOKHWCTO-HAMOMIHEHHbIX MOMMMEPHbIX
KOMMO3MLMOHHbIX MaTepUanos Afig AeTanen Hu3a
obysMu.

Ha pepeBoobpabatbiBatowmx npeanpusatmsax
kavyecteo [1BM oueHnBatoT MeToaoM dpakUMOHU-
pPOBaHMS BOJIOKOH C MOMOLLbI0 MEXaHUYECKUX WU
OMTUYECKMX COPTUPOBLLMKOB [5]. OnHako BAMSHME
pasMepa 4acTWL, HAMONIHUTENS HAa MPOYHOCTHbIE
CBOMCTBA BOJIOKHWTOB [10 KOHL@ HE YCTAHOB/IEHO,
4TO CBSI3aHO C M3MEHEHMEM BMeCTe C pasMepamu
YyacTuubl M Takoro napameTpa, Kak yaenbHas no-
BEPXHOCTb. DPHEKTUBHOCTb BBEAEHUS HAMOJIHUTE-
NSt B NOJIMMEPbI BO MHOTUX CyYasix onpeaensercs
€ro yAeNnbHOW NOBEPXHOCTbIO (Sya) [3]. Ang Hanon-
HEHWs MONMMMEPOB WMCMONb3YOT HAMOMHUTENU C
S, 010,01 ao 1500 m*/z [12].

B paHHOM paboTte B KayecTBe HanonAHWUTENs
ucrnonb3oBanu BonokHuctole otxopabl OAO «Bu-
TebckapeB» XBOMHbIX nopof, obpasywlimecs B
pe3ynbTaTe NPOM3BOACTBA ApEBECHbIX MauT. lep-
BMYHYIO OpPEBECHOBONOKHUCTYHO Maccy ans MDF-
NAMT NOAYYaKT Mo MeTomy «ACnayHAa», KOTOPbIN
3aK/Il0YaeTCs B pa3Mosie NpefBapuTenbHO npona-
PEHHOM LLienbl Ha BOJIOKHA B MeNbHULE — fedunbpa-
Tope [13].

C nomowpto MeTannorpadmuyeckoro MMUKpo-
ckona Altami MET 5 6bian n3yyeHbl 0COBEHHOCTH
CTPOEHMS WM BHELWHUIA BUA, LPEBECHbIX BOJIOKOH,
YTO MO3BOJIM/IO OTHECTU WX K KJIACCYy MronbyathiX,
BOJIOKHWUCTBIX 4acCTuL, MpeacTaBasolmx cobon
CNOCHYTYH B 3aBUCMMOCTU OT TOJLLMHbBI CTEHOK
TpybouKky (pucyHok 1).
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PucyHok 1 - Mukpockonu4eckue cHUMKU 0mx0008 OpesecHozo sonokHa (10X/0,25 BD, 20X/0,40 BD)

\_

J

Bo Bcex cnyyvasx BOMOKHWMCTAs Macca nocse
pa3Mosia HeEOAHOPOAHA. B Hel npucyTCcTBYHOT: BO-
NOKHA, NpefcTaBsowme cobo oTaeNbHbIE KNETKM
[LpEBECUHDI; MYYKM BOJIOKOH, COCTOSILME U3 ABYX
UK BONbLIEro YMC/Ia BOJIOKOH; MefIKMe U KpymHble
KYCOYKM HEepa3MOsoTOW LWenbl (KCAUYKK»); 4acTu-
Lbl BOMOKOH, Mepepe3aHHblX WAW pa3faBneHHbIX
BAO/b M MOMEepeKk C pacTpenaHHbIMM Ha KOHLAX
dunbpunnamun. CoOTHOLEHME YKA3aHHbIX COCTaB-
NAIOLLMX MACChl Pa3/IMYHO U 3aBUCUT OT aHATOMMU-
4eckoro CTPOEHMSI APEBECUHbI U XapaKTEPUCTUKM
pa3MonbHOM rapHuTypbl [14]. [IpeBecHble BOMOK-
Ha XBOMHbIX MOPOA, — 3TO B 0CHOBHOM (90-95 %)
yXe OTMepluMe MpPO3eHXMMHbIe K/IEeTKM, KOTOpble
NpUAAT ApeBECUHE BONOKHWUCTOE CTPOEHME U Bbl-
MOJTHAIOT MEXaHUYeCKMe U NPoBOAALME QYHKLUM.
[lnvHa TakmMx KNeToK BO MHOro pa3s 6onblue Wwupwu-
Hbl. Y XBOMHbIX MOPOA, K MPO3EHXUMHbIM KJeTKaM
OTHOCSTCS TMaBHbIM 00pa3oM Tpaxeuibl, CPenHAs
[NMHA KOTOPbIX COCTaBAsKOT 3,2-35 mm, a Hau-
6onblwas wrpuHa pasHa 0,05 mam [15].

[lpeBeCHOBONOKHUCTbIE OTXOAbI C LLeNbo pasae-
NeHust Ha GpakuMM No pa3MepHbIM XapaKTepucTu-
Kam rnomewanu B NabopaTOPHbINA yNbTPa3ByKOBOW
cutoaHanusatop VU100, ocHaweHHbIM CTaHaapT-
HbIMW CUTaMK C pa3mepamu cetkn ang MAD ot
0,089 po 198 mm (tabnuua 1). CopTmpoBLLMK
VU100 no3Bonser onpenenvTb MNpaBU/bHYK pa-
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60Ty y4acTKoB NpOM3BOACTBA BOJIOKHA, B COOTBET-
CTBMM C pe3ynbTaTaMu ero UCCNefoBaHUs HacTpa-
nBaeTcs 0bOpyLOBaHME M3TOTOBNEHWUS WM pa3Mona
Lenbl, BOMIOKHA, @ TaK)Xe BHOCATCS KOPPEKTUPOBKM
HernocpencTBEHHO B TEXHOMOMMYECKMI npoLecc.

Ha ynbTpa3BykoBOM COpPTMPOBLLMKE B XOAe
[LAHHOIO MUCCNenoBaHus Ob10 NPOAHANMU3UPOBAHO
[lpeBeCcHOe BOJIOKHO M3 ABYX napTuit no 5 6ecno-
BTOPHbIX BbI6OpOK, Maccol 10 2 kaxpaas. BonokHu-
CTble OTXOAbl, PACMOJIOXKEHHbIE HA BEPXHEM CUTE
C HaubonbWwmM pa3MepoM sveek, NpPoCeMBaNUCh
BCYXYI0 B pe3yfibTaTe yNbTpa3BYyKOBbIX BUOpaLMi 1
HakanaMBanucb Ha CMTax B COOTBETCTBMM C pa3me-
pamMu 4ENKOBOW CETKM (PUCYHOK 2).

Mpouecc coptpoBkn IBM Ha dpakummn 3aHan
He 6onee 1 MUHyTbI. 3aTeM Kax/0e OTAeNbHOE CUTO
B3BELUMBANM Ha NIAaBOPATOPHbIX Becax, MOACYMUTbI-
BaJIM Maccy Kaxkaon dpakumu, nonyyas B pesynbra-
Te KONMYECTBEHHbIE faHHble O COCTaBe UCMOSb3ye-
Moro mMatepuana (Tabnuua 2). 3a cpenHuit pasmep
4aCTUL, HaMOMHUTENS NPUHUMANK pasMep SYenKo-
BOW CETKM CUTa, Ha KOTOPOM OCeLano BONOKHO.

[lna npoBepku OLHOPOAHOCTUM [MCMEepCUit
HeCKoNbKMX BbIOOPOK OAMHAKOBOrO pasMepa Hau-
6onblueit MOLWHOCTbIO 06nasaeT kputepuit Koxpe-
Ha (William Cochran), KoTOpbIf BbluMCNSETCS MO

dopmyne:

B
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Tabnuya 1 - Xapakmepucmuka CmaHdapmubIx cum /aabopamopHo20 yabmpasgyko8oao CUMoaHanu3amopa

VU100
Cetku pna MOD
Yucno ayeek Ha NUHENHbIN
Ne Macca ceTku, 2 Pa3mep aueek, mm .
AiMm (25,4 mam)
1 185,01 1,980 9,14
2 177,13 1,240 14,63
3 166,21 0,514 32,00
4 170,52 0,217 64,00
5 154,50 0,131 109,72
6 163,09 0,089 182,87
w7 163,01 - - )
é )
05 -
200050 22.34%
X 19,93%
L 0 - : 5 il
e AU T17.60%
2
=
2 15,00% +4— %%
= 10,04%
s 10,00% 4 T —
§ 5,96%
S 5.00%
i) I [
0,00% = T T T
1,98 1,24 0,514 0,217 0,131 0,089 TIOJII0H
Cpeannii pazmep 4acTHI, MM
PucyHok 2 - ®pakyuoHHoe pacnpedeneHue 0pesecHo20 8010KHA HA CUMAx
\_ W,

YcnoBue oTKIOHEHWUS HyNneBoM runoTesbl (06 oa-
il 1) HOPOLHOCTU AUCMEepCui):

\ Gu<Gan 2)

roe max o’ - MakCMManbHas AMCNepcus onbiTa;

k - KONM4ecTBO BbIGOPOK. roe G(a;k;n) - KpUTMUECKOE 3HAYEHME KpUTEPHUS
KoxpeHa; kB - konn4ecTBo BbIGOPOK; 1 — YUUCNIO Ha-
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Tabnuya 2 - lNapamempsi OpesecHO80M0KHUCMbIX 0MX0008

N2 Hucno m 2| m,2 m, 2 m,, 2 m,z2 m, 2 m, 2 m, 2
BbIGOPKU HaﬁnIOAEHMﬁ npo6ut’ r 2’ 32 Fld 5 6’ 7

1 2,01 2,51 1,77 1,21 1,43 0,76 0,31

2 2,62 2,08 1,54 1,31 1,14 0,91 0,40

1 3 1,94 1,46 1,98 1,11 1,53 1,37 0,61

4 2,15 1,70 2,13 0,96 1,74 0,84 0,48

5 10 1,82 2,16 1,72 1,06 1,41 1,03 0,80

1 2,09 1,39 2,27 1,80 0,98 0,99 0,48

2 1,15 3,01 1,98 0,95 1,12 0,78 1,01

2 3 2,70 1,96 1,26 0,79 1,73 1,08 0,48

4 1,54 2,95 0,94 1,09 1,18 1,21 1,09

5 191 3,12 2,01 0,75 0,34 1,07 0,30

X,z 1,99 2,23 1,76 1,10 1,31 1,00 0,60

o 0,46 0,64 0,41 0,30 0,31 0,19 0,28

o’ 0,21 0,41 0,17 0,09 0,09 0,04 0,08
CV,% 23,12 28,70 23,30 27,27 23,66 19,00 46,67

G, 0,376
\_ G(o,o5;2;5) 0,906 )

[lpumeyarue: m,—m,

- macca npobsi Ha cumax N° 1-7 coomeemcmeeHHo (mabnuua 1); X - cpedHee

apugpMemudeckoe Maccel 80J0KOH HA COOMBEMCMBYIWUX CUmax, ¢ - CMaHOapmHoe Keadpamudeckoe
omknoHeHue; 0* - ducnepcus; V - koapduuyuenm sapuayuu; G, - Habodaemoe 3Ha4deHue kpumepus Koxpera.

GnioneHui B BbibOpKax (n=n,=n,=...=n,); a - ypo-
BEHb 3HAYMMOCTMU.

CornacHo [aHHbIM, NpeaCcTaBieHHbIM B Tabnu-
ue 2, Habnwogaemoe 3HaveHue kputepusa KoxpeHa
MeHbLLE, YeM KPUTUYECKOE 3HaYEHWE AAaHHOTO KpU-
Tepus:

Gu<Gi0,05:2:3) ) . (3)

M3 3TOro cnepyet, UTO HET OCHOBAHMUS ANg OT-
KNOHEHWS HYNEeBOM rMNOTe3bl, T. €. AUCNEPCUM MOXK-
HO CYMTaTb OLAHOPOLHbBIMM.

MNccnenyemas COBOKYMHOCTb BONOKOH CYUTAETCS
OOHOPOAHOM, TaK KakK KO3DdULUMEHT BapuaLmm He
npesbiwaet 30 %.

[eoMeTpuyeckylo  yaenbHYK  MOBEPXHOCTb
(S, ) onpepensanu pacyeTHbIM nyTeM (Tabnuua 3)

zeom

no dopmyne [11]:
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Szeon=K/ P Xm, (4)

roe K - koadduumMeHT nponopLMOoHanbHOCTH, yuun-
TbiBatOWMin dopMy vactuy, (ons coep K = 6, ans
npusaMaTnyecknx yactuy, K = 12, ans ToHKMX ya-
cmu K = 18-30); X - cpeaHee 3HaueHue pasme-
pa 4acTuL, COOTBETCTBYIOLWEN DpaKLuM.

B HayyHOM nuTepaType No aHanusy uccnenoBa-
HUS M3MeNbYeHUs LpeBECHbIX OTXOAO0B OMMUCaHbI
K03 MUMEeHTbl MPONOPLMOHANBHOCTU ANa pas-
JIMYHBIX Nopof ApesecuHsbl [16,17]. JpeBecHas ya-
CTMUA npeacTaBnseT cobov NNOCKy NpSMOYronb-
Hyto nnactuHy (K = 18) [18, 11]. CornacHo faHHbIM
cneumanuctos LleHTpanbHoM 3aBofCcKoM nabopato-
puu (nanee LL3J1), OAO «Butebckapes» ong npoms-
Boactea [ABIM u MO® ucnonb3yeT ApeBeCHOBO-
JIOKHUCTYK Maccy, MNOTHOCTbIO ~ 1,5 2/em?.

o)
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Tabnuya 3 - Pacuem 2eomempuyeckoli ydensHoli nosepxHocmu IBM

NE e p.2/cm?
1
2
3
4 1,5
5
6
MOLAOH

[aHHble Tabnuubl 3 NOATBEPXKAAIOT, YTO reoMeT-
puyeckas yaenbHas noBepxHocTb [JBM ysennumBa-
€TCS1 33 CYET YMEHbLUEHUS pa3Mepa YacTuL,T. €. YEM
BblllE CTerneHb MOMOMa BOMOKHA, TeM bonblie ero
yAenbHas NoBepXHOCTb Macchl [11].

Ha ¢du3nko-mMexaHnyeckne CBOMCTBA BONOKHU-
CTO-HaMOIHEHHOTO KOMMO3MTA BAMSIOT CTEMeHb
pa3Mona, yAenbHas MOBEPXHOCTb APEBECHbIX Ya-
CTUL, BUL M KONIMYECTBO MPOKNEUBAIOLLErO Belle-
CTBa, CTeNeHb YNJIOTHEHUS CIOEB NPU NPECCOBaHUM
n KanaHapoBaHuu. COOTHOLIEHWE COLEPKAHUS BO-
NIOKHWUCTOrO HanofHWTENs U MONMMEPHOro CBA3Y-
fOLLEr0 SIBNAKOTCS onpeaenstowmm GakTopoM npu
CO3[4aHMU KOMMO3WULMOHHbIX MaTepUanoB C 3afiaH-
HbIMUW TEXHONOFMYECKMMU cBOMCTBaMu. [Mpu coaep-
YaHWM NpokneunsarLLei komnosuumm meHee 10 %
B pacyeTe Ha CMeCb, BOIOKHA CK/IEMBAOTCS NLLb B
oTaenbHbiX Toukax. [Mpu copepxanun [ABM cBbiwe
25 % oT 0bLe Maccbl Mexay OTAeNbHbIMU BOJIOK-
Hamu obpasytotcs nneHkm [19,c. 223].

B naHHOI paboTe METOAOM 3KCTPYy3uu M3 rpa-
Hynata otxogoB [1MY o6yBHOro npeanpuaTus
4ryn «O6ysHoe pemecno» (r. Butebck, Pecny6b-
nuka benapycb), copepallero TexHonornyeckme
[o6aBKK, NoAy4yanu 3KCMepuMeHTanbHble 06pas-
Libl KOMMO3WULMOHHbIX MaTePUANOB C BBELEHUEM B
MaTpuLy APEeBECHOBOIOKHUCTbIX OTXOLOB B KOJU-
yecte 0-5,0 mac.%. MNpennonaraercs, YTo U3MeHss
NMPOLEHTHOE COOTHOLUEHME «MOJIMMEP—HAMNOIHU-
TeNb», MOXKHO MOMy4aTb OTAUYMUTENbHbIE MO CBOW-
CTBAM MaTepuanbl, KOTOpble CMOTYyT HAWTU CBOE
npuMeHeHne Ha 0OyBHOM NMPOW3BOACTBE A CO-
30aHua nonumepHbix KM ang netanen Husa obysw.

TexHoNnOrMs  nonyyeHus MatepuanoB  TUMA
KOXXBOJIOH COCTOSIIa M3 CJIEAYIOLLMX 3TanoB: COp-
TMPOBKA OTXOA0B, U3MenbyeHne otxopos MY Ha

96

K S, M/r

2eo.

0,0061
0,0097
0,0233
18 0,0553
0,0916
0,1348
>0,1348

Lpobunke pOTOPHO-HOXEBOro TWMa, CMeLMBaHUE
otxogos MY u 1B, nnactmkaums B Kopnyce LHe-
KOBOTO 3KCTpyAepa, npokKaTtka.

M3 nonyyeHHbix KM Ha TepmonnacraBToMate
«TM EN30» m3rotasnuanu obpasubl B BMAE N0-
naTok, CTONBMKOB M MNACTWH, KOTOpble Aanee uc-
cnepoBany Mo MoKasaTensiM, NpeacraBieHHbIM B
Tabnuue 4.

3aBMCMMOCTb CBOMCTB KOMMO3MUTOB OT COAEepXa-
HUS HAaNONIHUTENS nNpeacTaBneHa B Tabauue 5.

CBOMCTBA MONYYEHHbIX MaTepuanoB Bapbupy-
otca p - 1,22-1,25 z/em’®, H - 86-92 ycn.en.,
Ep - 21,2-25,8 MlIlIa, g, - 126-152 % n no
GONbLWMHCTBY MNOKasaTenen WMeT [0CTaTOYHO
6113KMe 3HaYeHMS K MaTepuanam, NpUMEHSIEMbIM B
npou3BoACTBE 00YBU, 3 MMEHHO K KOXENOA00HbIM
pe3nHaMm, Y4To NOATBEepPXAAeT BO3MOXHOCTb UX MUC-
Nonb30BaHMS AN CO3AaHUA AeTanen Hu3a (momjo-
LBbI, HabolKK) noBceaHeBHOW 0byBw. [pu Hamon-
HeHun [1B TBEpAOCTb M OTHOCUTENIBHOE YAJIMHEHUE
npu pa3pbiBe KOMNO3UTA YBENMYMBAOTCS, LOCTUTAS
MaKCcMMyMa npu cogepxanmm 1B 5 mac.%. AHanu3
pe3ynbTaToB UCCIeA0BaHNUS NOKa3an, uyTo Afis nony-
YeHWs NOAOLIBEHHbIX MaTEPUAIOB TUMA KOXBOMOH
C HaWUNyYLWMMM NOKa3aTeNIMU COLEepKaHUe BOMOK-
Ha cocTaBngeT 5 Mac.%. B cnyyasx, koraa KOHCTpyK-
TUBHblE OCODEHHOCTU U3aenuin TpebyT MCnonb-
30BaHMe KOMMO3WUTOB C MOBbILWEHHOM TBEPAOCTbIO,
LenecoobpasHo MCMOAb30BaTb B KOMMO3ULMAX OT
10 po 30 mac.%. HanonHutens Ha 100 mac.%. nonu-
YpETaHOBbIX OTXOL0B.

[ins co3paHMs CMeHHbIX Haboek Mcnonb3oBa-
HWe OTXOAOB NOAMypeTaHa B YMCTOM BuAe orpa-
HWUYMBAETCA M3-3a HELOCTAaTOYHOM WX TBEPAOCTW.
[ing ycTpaHeHWs [aHHOro HeLoCTaTKa COTPYAHUKA-
mu BI'TY npepnoxeHa cxema MOAUMOULMPOBAHMS

BECTHWK BMTEBCKOIO FOCYAAPCTBEHHOIO TEXHOJSIOTMYECKOTO YHUBEPCUTETA, 2023, N2 1 (44)
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Tabnuuya 4 - Xapakmepucmuka nokaszamesneli, Memooog u cpedcms uccaedos8aHus GuU3UKO-MEXAHUYECKUX

c80olicm8 80/10KHUCMO-HanoIHeHHbIx [TKM

HaumeHoBaHue O6o3HaueHMe EavHmua roct O6opyaoBaHme O6pabotka
nokasarens n3MepeHus pesynbTaToB
Becol
TEXHUYecKme
Radwag WLC Onpepensetca no
M 3 rocT 267-7
NIOTHOCTb p z/cm OCT 267-73 0.6/B1. dopmyne: p = V/m
WTaHrEHLUMPKYNb
WLL-1-300
CpenHee apudmeTn-
TBeppocTb Mo H yen.ed. FOCT 263-75 Teeppoomep 2033 qechoe BCEX U3Mepe-
Wopy A TUP, cekyHpomep | HUI, OKpYrieHHoe 00
LLenoro ymcna
OTHOCUTENbHOE Pi‘/l:“ap;':::"‘ CpenHee apVICDMeTM:
yAMHEHMe Npu £ % OCT 11262-80 HECKOE rokasarenen
paspbiBe P Instron 5657, BCEX MUCMbITaHHbIX
BEHMKO6pVITaHl/Iﬂ O6D33LI.OB OZHOT0
Pa3pblBHas nspenns. 3HauyeHus
Mogaynb MalluHa rnokasaTenew onpeae-
E MII -
ynpyrocTu P ¢ roCT 11262-80 Instron 5657,Be- | nftoT no gopmynam,
NMKOBPUTaHNS npuseneHHbiM B TOCT

Tabnuya 5 - CpedHue 3Ha4yeHUs cgolicme Mamepuanos 015 nodowss obysu

MokasaTens nny nny+1 nny+2
rpaHynar Mac.% B | mac.% OB
p.2/cm? 1,22 1,25 1,25
H,ycn.ed. 86 86 88
E Mla 239 22,1 25,2
£, % 140 141 125

otxonoB 1Y gpeBecHbiMW BOMOKHaMu. NposeaeH-
Hble MUCCNeLOoBaHMS AAT OCHOBAHME CUMTATb, YTO
C YBE/IMYEHMEM COAEpXaHUs MoaudbdukaTopa Ao-
cTuraetcs Tpebyemas TBepA0CTb NOIMYPETAHOBOIO
nnacTMka, HO MpU 3TOM HabMAAETCS CHUXKEHue
HEKOTOPbIX 3KCMyaTaLUMOHHbIX MokasaTenei. Ou-
3MKO-MEXaHUYECKME XAPAKTEPUCTUKU MOAUDULM-
POBaHHbIX KOMMO3UTOB B DOJbLUEN CTEMEHM 3aBM-
CST OT NPOYHOCTU AAre3MOHHOM CBA3M NonMMepa u

BECTHWMK BMTEBCKOTO FOCYLAPCTBEHHOIO TEXHO/IOTMYECKOrO YHUMBEPCUTETA, 2023, N2 1 (44)

nny+3 nny+4 nny+5

mMac.% OB | mac.% OB | mac.% OB KoxxBonoH
1,23 1,24 1,22 HE g’egHee
88 90 92 He r;gHee
25,8 241 21,2 He r;eleee
126 127 152 HE Tse;ee

HanonHutens. Mpu 3ToM HabnogaeTca ynyyweHue
YNPYro-3/acTuyHbIX XapakTepucTuK MaTtepuana,
BbIpAXKAOLLLEECS B CHMXKEHUM MOKA3ATENst OTHOCHU-
TENIbHOTO YAJIMHEHUS NPU Pa3PbIBE MO CPABHEHMIO
C UCXOJHbIM NonnypeTaHoM. [poLecc HanonHeHus
BTOPUYHOIO MOSIMYypeTaHa BONOKHMUCTbIMU OTXOAAM
ot 1,0 o 5,0 mac.% noBcemMeCcTHO CONpPOBOXAANCS
yBEJIMYEHMEM TBEPAOCTM MaTepuana.
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TakuM  06pa3oM, BONIOKHUCTO-HAMOMHEHHbIE
nosMMepHblie KOMMNO3MUMOHHbIE MaTepuasbl U3 OT-
xop08 obysHoro [MY ¢ coaepxaHneM gpeBecHoOro
HanonHutens B konmyectee 0,0-5,0 mac.% moryt
ObITb PEKOMEH[0BaHbI 419 CO34aHWsa MaTepuanos
TMNa KOXBOJIOH AN AeTanel HM3a MOLESIbHOM M
NnoBCceAHEBHOM 00yBM, TaK KakK MOJy4YEHHble Ma-
Tepuanbl 06M1afatoT BbICOKOW MPOYHOCTbIO, XOPO-
wer GopMOYCTOMYMBOCTLIO, NNACTUYHOCTBIO U He
YCTYNawT MO CBOWCTBAM MMMOPTHOMY KOXXBOJIOHY.
MNpakTuueckas LEHHOCTb pe3ynbTaToB MCCnenoBa-
HWS COCTOWUT B YCTaHOBIEHUWM peLEenTypHO-TEXHO-
NOrMYecKMX BO3MOXHOCTEN NpeoaoneHus Gakrtopa
€CTECTBEHHOIO YXYALWEHWUs CBOWCTB BTOPMUYHbIX
00yBHbIX neHononuMypeTaHoB. [lpeBecHble Ha-
NOMHWUTENN B BWMAE BONOKHUCTBIX YaCTUL, MOXHO
paccMaTpuBaTth Kak Hepoporuve fob6aBkM K MOnu-
YPETaHOBbIM MaTpULLAM, KOTOPble NPWU ONpeaesex-
HbIX peLenTypHO-TEXHONOMMYECKMX MapaMeTpax
($hOpMMPOBAHMS KOMMNO3MTa MO3BONSKOT B HEKOTO-
poW CTeneHn KOMMEHCUMPOBATb YXyAlleHue Gusu-
KO-MEXaHMYECKMX XApaKTepuUCTUK nepepaboTaH-

CMMNCOK MCMONTb30OBAHHDbIX
NMCTOYHWMKOB

1. Cywkos, A. C. (2014), ®opmupoBaHue apesec-
HOKOMMO3ULMOHHbBIX MaTepuasoB M3 OTXOL0B
nepeBoobpaboTkn, AkmyasibHble HanpasaeHus
HayyHbix uccnedosaHuli XXI eeka: meopus u npak-
muka,2014,N2 2,C. 160-1609.

2.bypkuH,A. H.,MaTBees, K. C., Cmenkos, B. K., Con-
ToBeu, . H. (2001), O6bysHble Mamepuansl u3 om-
Xx0008 neHonoauypemaHos, Butebcek, 173 c.

3. Paatok, A. H., Dovinun, HO. B., Koznosa, M. A., by-
naHumkoBa, M. A., bypkuH, A. H. (2020), MaTepua-
JNibl U TEXHONTIOTUN NONTyHEHNA VI3,EI,€J'IMﬁ Ha OCHOBe
OTXOA0B MONMypeTaHoB, BecmHuk Bumebckozo
20Cy0apcmeeHH020 MexHO102U4eCK020 yHUBEPCU-
mema, 2020, N2 1(38),C. 100-112.

4. lWadwurynnumu, J1. H., Cokonoga, 0. A., AnosH, P. M.,
PomaHoga,H.B.,Mupracumos, . 1., Akynosa,M.B.
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Horo TIY. CoxpaHeHne NpPOYHOCTU NoKasaTenen u
POCT XeCTKOCTW [0J/IKHbI CNOCOBCTBOBATL yydlle-
HWUIO U3HOCOCTOMKOCTU U3ENUI U3 TaKUX KOMMO3U-
TOB. [laHHble Pu3nyeckme 3ddeKTbl, MO-BUAUMOMY,
00yCnoBneHbl 0COObIM MOBELEHUEM [UCMEPCHbIX
YyacTuy, Npu KoHTakTe ¢ maTpuuein MY, 310 — ux
CNocoBbHOCTb MPOHMUKATL B OCTATOYHbIE NMOPbI, B3a-
MMOAENCTBOBATDL APYT C APYroM C GOPMUPOBAHUEM
NPOTSHKEHHbIX OPUEHTUPOBAHHbLIX CTPYKTYp. B co-
BOKYMHOCTM 3TO M MO3BONSET pacCMaTpMBaTh Ape-
BECHble HaMONHUTENM Kak Lenesble MoaMduMKaTo-
poi MY, peanu3ytowme nNpy KOHTaKTe C MaTpuULLEN
DYHKLUMIO CTPYKTYPUPOBAHUS U YIPOYUHEHUS.

B 3aknioueHun HeoOXOAMMO OTMETUTb, YTO
BTOPUYHOE MCMONIb30BAHME OTXOAO0B KOXEBEHHO-
00yBHbIX M AepeBo0OpabaTbiBAOWMX Npeanpus-
TUI BHECET 3HAUYMTE/IbHbIN 3KONOrMYECKUI U KO-
Homuueckui adpdekt. Cozpanne BHKM ons petanen
Hu3a 00yBM MO3BOMUT pewaTb nNpobneMy nmnop-
TO3aMeLLeHUs TakUX KOXenopobHbIX MaTepuanos,
KaK penak u TYHWT, MOCKOJ/IbKY CEerofHs Hala cTpa-
Ha BCe eLle MMMNopTo3aBMCcMMa B 061acTU 0BYBHOW
NMPOMBILLIEHHOCTY.
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3ABUCMMOCTb ®U3UKO-MEXAHUYECKMUX CBOMCTB 3KOKOX OT
YCNOBUHA ®OPMUPOBAHUA NOJIMMEPHOTO NOKPbITUSA

DEPENDENCE OF THE PHYSICAL AND MECHANICAL PROPERTIES OF ECO-
LEATHER ON THE CONDITIONS FOR THE FORMATION OF A POLYMER COATING

YOK 677.016.67

10.U. Mapywak’; H.H. ficunckas, H.B. Cko6oBa,
B.10. Ceprees

Bumebckuli eocydapcmeeHHblli mexHono2u4eckuli
yHugepcumem

PEDEPAT

BCMEHEHHbIV MOJINYPETAH, MEHA, KPAT-
HOCTb, 3KOKOXA, ®U3NKO-MEXAHUYECKNE
CBOVICTBA, [NOKPbITUE

TKaHU € nNosuypemaHossiM NOKpbIMUeM (3IKOKO-
Ha) Ccmanu nonyisipHelM MamepuanoM 05 npous-
8o0cmea 00ex0bl U 2anaHmepeliHoix u3denud. Ha
OAO «bapaHosu4ckoe npou3sodcmeeHHoe X/0n4a-
mobymaxHoe 06beduHeHue» asmopamu papabo-
MaHa u 8HeEOPeHa MexHo02Us HaHeceHus nosauype-
MaHo8020 NOKPbIMUS Ha MKAHYK 0cHosy. Omauyuem
pazpabomaxHoli mexHom02UU Npou3sooCcmed 3Ko-
KOX 0m CYyWecmsyowux paHee s6/5emcs Ucnosb3o-
8aHue 8cneHeHHoU nosauypemaHogol KomMno3uyuu.
Llenvto pabomel siensemcs ycmaHossneHue 3asucu-
MOCmU HU3UKO-MeXaHUu4ecKux ceolicmg 3KOKOX om
ycnosuli opmMupo8aHus NoAUMEPHO20 NOKPbIMUS
(kpamHocme neHel U 0UMENLHOCMb CYWKU).

Lna docmuxeHus nocmasneHHsix yeneli nod2o-
mossieHbl 0NbIMHble 06pazybl mkareli ¢ noauypema-
HO8bIM NOKpbIMueM. SKcnepuMeHm npogoousIcs no
mampuye KoHo ¢ 08yMSi NOBMOPHOCMAMU KamOoU
cepuu onsimos. C ygenuyeHuemM KpamHoCmu neHsl ¢
P=1,250d0 B =1,75 ymeHswaemcs obvem xudkocmu
8 Hell, Ym0 NpusodUM K YMEHbLIEHUIO HECMKOCMU
20Mo08020 Mamepuana, yay4uweHur e2o napo- U 803-
dyxonpoHuuyaemocmu. LlenecoobpasHo ucnosb30-
8amb B8bICOKOBSA3KUE NOJLYPemMaHo8sle KOMNO3uuuU
(B = 1,75), mak kak Huskossizkue (B = 1,25) cnuwkom
2/1yb0K0 NPOHUKAom 8 CMpykmypy mKaHoli 0CHO8bI,
npudasas Mamepuanam ¢ NOKPsIMuUeM NoBbILIEHHYH
wecmkocme. [lpu dnumensHocmu cywku 10 MuHym

* E-mail: tonk.00@mail.ru (Yu. Maruschak)
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ABSTRACT

FOAMED POLYURETHANE, FOAM, MULTIPLICITY,
ECO-LEATHER, PHYSICAL AND MECHANICAL
PROPERTIES, COATING

Polyurethane-coated fabrics (eco-leather) have
become a popular material for the production
of clothing and haberdashery. The authors have
developed and implemented a technology for
applying a polyurethane coating on a woven base at
Baranovichi Cotton Production Association. The dif-
ference between the newly developed technology for
the production of eco-leather and the existing ones
is the use of a foamed polyurethane composition. The
aim of the work is to determine the dependence of the
physical and mechanical properties of eco-leather on
the conditions for the formation of a polymer coating
(foam ratio and drying time).

To achieve these goals, prototypes of polyure-
thane-coated fabrics were prepared. The experiment
was carried out using the Kono matrix with two repe-
titions of each series of experiments. With an increase
in the expansion ratio of the foam from p = 1.25 to
P = 1.75, the volume of liquid in it decreases, which
leads to a decrease in the rigidity of the finished
material, thus it improves its vapor and air perme-
ability. It is advisable to use high-viscosity polyure-
thane compositions (B=1.75), since low-viscosity ones
(B = 1.25) penetrate too deeply into the structure of
the woven base, while giving the coated materials
increased rigidity. With a drying time of 10 minutes
and a multiplicity of B = 1.75, the resistance of the
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u Kkpamsocmu B = 1,75 cHuxaemcs ycmoliyusocme
NOJIUMEPHO20 €105 3KOKOXU K ucmupaemocmu. [To-
Jly4eHHbIe 3a8UCUMOCMU HE0BX00UMO y4Umbleams 6
OasibHeliweM npu npou3sodcmee mKkarel ¢ nosuype-
MaHo8bIM NOKpbIMuUeM 8 3agucumocmu om obnacmu
UX NpuMeHeHuUs U mpe6osaHull 3aKa3yuKa.

BBELEHUE

B Hactoswee BpeMs B cdhepe MMPOBOro Tek-
CTUNIBHOTO NPOM3BOACTBA HabnLaeTcs  BbICO-
KU ypOBEHb KOHKYPEHLMM, YTO BNeyeT 3a coboM
CTpeMNeHne MpeanpusaTUi K MOCTOSIHHOW Mognep-
HM3auMKM U nHHOBauuaMm. Llenbto npeanpusaTuin gB-
NSIeTCs co3laHme NpoayKLMM, KOTopas oTBevana ool
BbICOKMM TpeboBaHMAM KayecTBa U 3konoruu. lNMep-
CNEeKTUBHBIM HAMpaBNEHUEM peLleHns OaHHbIX 3a-
[ay SBNSIETCS UCMONb30BaHUE HOBbIX, MepefoBbIX
€nocoboB, K YNy KOTOPbIX OTHOCUTCS TEXHONOTUS
nonyyeHns MHOroMYHKLMOHANbHbIX MaTepUanos,
CyTb KOTOPOM 3aKNHOYAETCS B HAHECEHUM NOAUMeEp-
HbIX KOMMO3ULMI C PasUYHbIMK CBOMCTBAMU HA
TEKCTUIbHbIE MONIOTHA (TKaHb, TPUKOTAX, HETKaHbIE
maTepuansl) [1].

CerogHs MonuMMepHble MOKPbITUS WMPOKO MC-
MONb3YHOTCH NPU M3rOTOBNEHUMU TEKCTUNbHBIX Ma-
TEpUaNoB TEXHUYECKOrO U BGbITOBOrO Ha3HayYeHwus,
a TaKXe W3Lenuii Nerkon npoMbILUNEHHOCTH, No-
HOCTbI0 MJIM YAaCTMYHO 3aMeHsst HaTypanbHble. [Ang
KOMMO3MLUMN UCMONb3YOT TakMe MOJAMMEpbI, Kak
nonuypeTaH (nanee - PU), nonuBuHunaxnopua, no-
JIMBUHWUNAEHX0PUA, TONIMMMETPUMETAKPUNAT, 3TU-
NeHBMHUNALEeTaT, nonnoneduHbl, NOAUMPOMUAEH,
CUNWKOH, nonuteTpadTopaTUAeH u apyrue. B coctas
KOMMNO3MLUUKU MOTYT BXoAnTb YD- 1 TepmMocTabunu-
3aTOPbI, HAMOIHUTENM N9 YNYYLIEHUS MeXaHuue-
CKMX CBOMCTB, aHTUOKCUAQHTbI, MTUIMEHTbI U ApYyrue
BELLEeCTBa, MO3BONAIOWME MPUAABATL KOHEYHOMY
MPOAYKTY AONOMHUTENbHbIE CBOMCTBA [2].

OpHUM 13 Hanbonee pacnpoCTpaHeHHbIX NOMK-
MepoB, Ans GOpMUPOBaAHNS DYHKLMOHANbHBIX MO-
KpbITUiA gBnseTcs nonuypeTaH. [lonuypeTtaHoBble
KOMNo3uuumn npnobpenu nonynsapHocTsL 6narogaps
CBOEN YCTOMYMBOCTU K CTAPEHMIO, BbICOKOM CTOMKO-
CTM K BO3A,ENCTBUIO OKpYXKatoLLLen cpeabl. M3BecTHO,
4YTO Ha OCHOBE MOSIMYPETAHOBbIX MOKPLITUA BO3-
MOXHO MO/My4YeHne maTepuana «IKokoxa» [3, 4].
AHanu3s Hay4HbIX paboT BbISBUII, UTO TPAKTOBKA Tep-
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eco-leather polymer layer to abrasion decreases. The
obtained dependences must be taken into account in
the future in the production of polyurethane-coated
fabrics, depending on the area of their application
and customer requirements.

MUHa «DKOKOXa» pa3finyHa. HeKoTopble MCTOYHUKM
OMMCBIBAIOT 3KOKOXY Kak MOSIMMEPHOe MOKPbITHE,
HaHeceHHOe Ha HaTypalnbHbIK cnuiok [5], apyrue —
KOMMO3MUTHOE MONIOTHO, FAe B KayecTBe OCHOBbI
MCMNONb3yeTCs TEeKCTUIbHOE MONOTHO, @ B Kaye-
CTBe MaTpuubl — nonumepHoe nokpbitue (MY, MBX,
MBAOX) [3]. B uenom, 3ToT Matepuan MOXeT UMETb
MHOXeCTBO pa3HOBMAHOCTEN, U NpeXae BCero no-
TOMY, YTO HET eAMHOro obLenpuUHATOro onpeaene-
HUS TEPMMHA 3KOKOXa. B paMkax gaHHOM paboTbl
UCMONb3YeTCs MOHATUE IKOKOXM KaK MaTepuana, B
KOTOPOM B KayeCTBe NOSIMMEPHOro C/iost UCNOSb-
3yeTcs BCNeHeHHAs NoanypeTaHoBas KOMMO3ULMA.

TkaHM C MONMYpETaHOBbLIM MOKPLITUEM CTanu
nonynsipHbIM Matepuanom Ansg Npou3BOACTBA Ofe-
XObl U ranaHTepenHbIX nsgenuin. Ha cerogHAWHUM
neHb Ha OAO «bapaHoBMUYCKkOe NPOU3BOACTBEHHOE
xnonyatobymMaxHoe obbeanHeHune» (nanee - bINX0)
(benapycb) OCBOEHa TEXHOMOrMS W BbIMYLLEHDI
ONbITHbIE MAPTUM WHHOBALMOHHOW MpOAYKUMMU —
TKaHel C NOAWYpPeTaHOBbIM MOKPbITUEM (3KOKO-
Xa), uMerLmx GU3NKO-MexaHWYeckne CBOMCTBA
6113KMe K HaTypanbHOM KoXe. MaTepuan cocTouT
U3 ABYX CNnoeB (pUcyHoK 1), roe B KauecTBe OCHO-
Bbl MCMONIb3YeTCs TKAHOe X10n4aTobymMaxHoe unm
XJI0NKONOAN3MpHOE NONOTHO, BTOPOW CJION, nLe-
BOW — BCMEHEHHbIW MOAWYypeTaH, CO34at0WMI MU-
KPOMOPUCTYO NOBEPXHOCTb. [MonumepHoe nokpbl-
TWe NpeaBapuUTENbHO BO3MOXHO OKPaCUTb B N1106ON
LBET NyTEM BBEAEHUS MUTMEHTA B KOMMO3ULMIO.

OTnnumnem pa3paboTaHHOM aBTOpaMM TEXHONO-
MU NPOM3BOACTBA 3KOKOX OT CYLLECTBYIOLLMX pa-
Hee ABNSeTCS UCMNOAb30BaHME BCMEHEHHOMo NoJu-
ypeTaHa.

[eHHas TexHonoruMs MNO3BONSET pewwaTb psf
BAXHbIX 33434, CBA3AHHbIX HEMNOCpPeACTBEHHO C
0COBEHHOCTAMM TEKCTUNbHOTO MNpPOM3BOACTBA, M
NMo3BONAOWAA MOBbICUTb Ka4yeCcTBO MPOAYKLMM,
npuaaTtb en HoBble (U3MKO-MexaHUYeckue CBOM-
CTBa, @ TaKXe MOMYYUTb 3HAYUTENbHbIA IKOHOMM-
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Bo3nyx v
BOoAdAHbIe Napbl

OcHoOBa

M3 HaTypanbHbIX
BOJIOKOH

PucyHok 1 — Obwuli 8U0 3KOKOHU

yeckuin addekT. K nx uncay, B 4aCTHOCTU, MOXHO
OTHeCTu:

- pacliMpeHue acCoOpTUMEHTa OTAEN04HbIX One-
paumii C MoNyYeHneM OPUTMHANbHBIX KONOPUCTU-
yeckmnx apdeKToB;

- NOBbILUEHWE BS3KOCTU HAHOCKUMBIX PACTBOPOB;

— CHWXKEHWe Harpysok, AeMCTBYILWMX Ha 0bpa-
6aTbiBaeMbIVi MaTepuan;

— YMEeHbLUEeHWe MUrpauMm OTAENOYHbIX npena-
paTtoB u apyrue [6].

MNpy HaHeCceHWM MeH Ha TEKCTUJIbHbIE MaTepuUa-
Nbl OLHOBPEMEHHO MMEIOT MEeCTO A,Ba MPOLLeCCa: Bbl-
TeKaHWE XUOKOCTU U3 MeHbl Mo AENUCTBUMEM CUbI
TSKECTU U KAMUANSPHOE BCACbIBAHME >KMIAKOCTU
B MEXBOJIOKOHHbIE U MEXHWUTEBble MPOCTPAHCTBA
nonotHa. [Mpu ncnonb3oBaHWM NeHbl A9 HaHece-
HMS Ha TKaHb NONUMEPa NMOBEPXHOCTHbIE BOJIOKHA
Np1o6peTatoT NOBbILEHHYH XECTKOCTb, B TO BPeMs
KaK BHYTPEHHSSI CTPYKTYpa MpPsKM OCTAEeTC HEeW3-
MEHHOM. M, KpoMe TOro, 3aTPyAHSETCS CKONbXEHUE
YTOYHbIX HUTEN MO OTHOLIEHWKD K OCHOBHBIM, YTO
MOBbILWAET YyNpyrue CBOMCTBA TKAHU B LLENIOM [6].

Lenb paboTtbl — yCTaHOBWUTb 3aBUCMMOCTb Pu-
3MKO-MeXaHMYeCKnX CBOWMCTB 3KOKOX OT YC/I0BUM
(hOpMMPOBaAHMS NONUMEPHOro MOKpbITUs. [Ing po-
CTMXKEHUS MOCTaBNEHHOM Lenn HeobXxoauMmbl 3KC-

104

Bopa

Cnoi nonuypeTtaHa
C MUKponopamu

MepUMEHTaNIbHblE UCCNEeA0BAHMUS, HampaBleHHbIE
Ha YCTaHOBJIEHME PALMOHANbHbIX PEXUMOB MONY-
YeHNa 3KOKOX C 3aA4adHHbIMU ¢M3VIK0-M€X3HMLI6-
CKMMM CBOMCTBAMM LabpeHbIM cnocoboM HaHece-
HWS TMONIMMEPHOTO MOKPbITUS.

O6beKT M MeToAbl UCCNeA0BaHUS

[lns npoBepeHus nccnenosaHuii B nabopatop-
HbIX YCNOBMAX Kadedpbl «IKOMOTUS U XMMUYe-
CKMe TeXHONOrMu» BuTebCKoro rocyaapCTBEHHOO
TEXHO/IOTMYECKOr0 YHMBEPCUTETA MOATOTOB/IEHbI
OnbITHble 06pa3Libl TKAHEN C NONNYPETAHOBLIM MO-
KpbiTnem. Uccnepyemble o6pasubl NpeacTaBnsioT
coboli KOMMO3UTbl, 06pa3oBaHHblE COYETAHMEM
[IBYX CNOEB.

B KkayecTBe OCHOBbI MCMOMb30BaNaCb X/OMKO-
nofMaIpuUpHas TKaHb MOMIOTHAHOMO MepensieTeHus,
NOBEPXHOCTHOM nnoTHocTbio 200 2/m?, npowen-
Wwas npeaBapuTENbHYK) NPONUTKY BRaro-, rpsse-
MaCcnooTTaNIKMBatoWen Komnosuumen. Ha TkaHb
HaHOCUNIOCb nosivypeTaHoBoe nokpbitne AO «Iur-
MeHT» (P®, TamboB). KpaTHOCTb MeHbl (OTHOLLe-
Hue obbema neHbl kK 06beMY pacTBopa, NoleaLe-
ro Ha ero obpasosanue) coctasnsna B, = 1,25,
B.,=150,p,,=175.

HaHeceHMe NoKpbITMS ocyLLecTBAS0CH Wabep-
HbIM CNOCOBOM Ha yuebHOM cTeHae. CxemMa HaHece-
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HWMS NONMYPETAHOBOIO MOKPbITUS HA TKaHYH OCHO-
BY NpeacTaBieHa Ha PUCYHKe 2.

HaHeceHWe MOKpbITUI C MOMOLLbIO WabepHOro
cnocoba OCHOBAHO Ha yAaNeHWM C NMOBEPXHOCTH
TKaHM 1 n36bITKA NOAMMEPHOM Maccbl 2 Npu no-
MowM wabepa 3 (Hoxa). MNepen HOXEBbIM YCTPOM-
CTBOM MOSIMMEPHAs Macca B M30bITKE HAHOCUTCA Ha
NONOTHO, NPOXOAsLLee Yepe3 BaNMKOBYH CUCTEMY.
Mpy ncnonb3oBaHMM LWABGEPHBIX CUCTEM OcCyLle-
CTBNAKOTCS TaKMe OCHOBHbIE MPOLLECChl, KaK BblpaB-
HWBaHWe (pa3paBHMBaHWE) MOKPbLITUS, YACTUYHOE
BAAB/NMBAHME MOKPOBHOW MAcCChl B KanwasipHO-
NMOPUCTYIO CTPYKTYPY TKAHW, yaaneHue n3bbiTka no-
KPOBHOM Macchl C MOBEPXHOCTM MaTepuana.

MNpu HaHeceHMM BA3KMX paboumx pacTBOPOB
CBA3YOLWMX (MeH) NPOMUCXOAUT YaCTUYHAs NPOMUT-
Ka TKaHOro NonoTHA W B pe3ynbTaTe Jydllee cuen-
NleHue C MaTepuanoM OoCHoBbl. CTeneHb NPOMNUTKK
(NpOHMKHOBEHME MPOMUTOYHOIO COCTaBa Brybb
TKaHW) U3MEHSIeTCS B OMpefeneHHbIX npefenax:
OT 3aMONIHEHUS MEXHUTSHbIX MPOCTPAHCTB O BHe-
[LpeHust BHYTPb BONOKOH. C yBeNMYEHUEM [1yOUHbI
NPOMNUTKU MPU NPOYMUX PABHbIX YCIIOBUSX MOBbILLIA-
€TCS XKeCTKOCTb FOTOBOr0 MaTepuana, Tak Kak orpa-
HUUYMBAETCSA MOABUXKHOCTb BOMIOKHUCTBIX CTPYKTYP,
BO3pacTaeT NPOYHOCTb CLEMJEHUS MONMMEPHOTO

XUMUYECKAS TEXHO/I0IUA

MOKPbITUS C OCHOBOW.

Pasmep wenu mexay wabepom 1M ONOpPHbLIM Ba-
nom ycraHasnmeancsa 0,7 mm. TonwmHa rotoBoro
MaTepuana coctasuna 0,9 mm. 3a cyeT BbICOKOM
aare3nmn K TKaHW M YaCTUYHOTO MPOHWKHOBEHUS B
ee CTPYKTYpy NofMypeTaHOBOE MOKPbITUE OCTAETCS
NMPOYHO CBA3AHHbLIM C NOAN0XKOM. CNocob CywKku —
KOHBEKTWMBHbIN. TeMnepatypy TepMoobpaboTku
ycTaHaBamBanu pasHoit 90 °C, BpeMs CyllKK Ba-
pbupoBanu oT 4 0o 10 MUHYT COOTBETCTBEHHO.

[lns oueHKM KayecTBa TKaHeW C NonauypeTaHo-
BbIM MOKPbITUEM U YCTAHOB/IEHUSI 33aBUCUMOCTEW
CBOMCTB 3KOKOX C MOMMMEPHbIM MOKPbITUEM OT
KpaTHOCTM MeHbl () U NPOLOIKUTENbHOCTMU CYLLIKM
(t) BbIGpaHbI Hanbonee 3HaYMMble MOKa3aTenu Ka-
4yecTBa M3 pa3paboTaHHOW aBTOPaMM HOMEHKNATY-
pbl NokasaTenein KayecTBa, PacnpoCTPaAHSOLLENCS
Ha TKaHW C NMONMYPETAHOBLIM MOKPbITUEM OLEX-
HOro HasHauenus [7, 8]: BO34yXONPOHMLAEMOCTb,
YCTOMYMBOCTb JIMLLEBOIO MOKPLITUSI K MCTUPAEMO-
CTW, NApONpPOHULIAEMOCTb, XXECTKOCTb. Takue mnoka-
3aTeNn, Kak pa3pbiBHAsA Harpyska u yajivHeHue npum
paspblBE HE YYMTbIBANIUCh, TAK KaK [0KA3aHO, YTo
TKaHb-OCHOBa 06ecneyYnBaeT MEXaHMYECKYO NPoY-
HOCTb KOMMO3WLIMOHHOIO MaTepuana v NoaLepXu-
BaeT HAaHECEHHbI Ha Hee CNoW NOKPbITHS.

Pﬂ
Z
3
A—
H 2|
kL /_Z
O £V, h X
] s 'Vo |
1

H, - 2udpocmamuyeckudi Hanop nonumepHoeo cesasyrouwezo (m), P, - ammocgepHoe dasnerue (Ila),
V, - ckopocmb OuxeHus MKaHu (m/¢), h — monuuHa HaAHOCUMO20 /105 (M)

PUCyHOK 2 - Cxema npouyecca HaHeceHUA noJuypemaHoe0co NOKpbeimus
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XUMUYECKAA TEXHONI0IUA

[MrneHnyeckmit nokasatens «Bo3gyxonpoHuua-
€MOCTb» MOJIyYEeHHOro MaTtepuana MMeeT Auana-
30H U3MeHeHUs BAN3KMI K NNOTHBIM TEKCTUNbHbBIM
MaTepuanam (nnaweBble U KypTOUYHble TKaHM) Npu
onpeneneHun no metoamke no FOCTy 12088-77
«Matepuanbl TEKCTUNbHbIE U U3LENNa U3 HMX. Me-
TOA, onpefeneHus BO34yXOMNpoHUUaemMocTuy». [ng
UCCNefoBaHUS  BO34YXOMPOHULLAEMOCTN  PYKO-
BoACTBOBaNMCb AaHHbIM TOCToM. CywHOCTb MeToAa
3ak/iloyaeTcs B M3MepeHun obbema BO3ayxa, Npo-
XOAALLEro Yepes 3a4aHHy0 NaoLwanb UCNbITyeMOro
MaTepuana 3a eauHuLY BPEMEHW MpU OnpeneneH-
HOM pa3pexeHun Nof TOYeUYHOM Npobo.

AHanu3 nuTepaTypHbIX WMCTOYHMKOB MOKa3an,
4yTo 6OMbLIAS AONS MEXAHUYECKOrO M3HOCA MPUXO-
[UTCS HA UCTUPAHWE, MEHbLUASi — HA MHOTOKPATHbIE
nedopmaummn pactskeHus u usrmba [3-5]. Uctu-
paHuWe NpoUCXOAMUT BCEACTBME BHELHEro TPEHUS
TEKCTUNIbHOTO MaTepuana O Apyrve noBepxXHOCTH,
KOTOpO€e COMpOBOXAAETCS MOCTEMNEHHbIM OCbINa-
HMEM MONMMEPHOrO MOKPbITUSA, U, KaK CleacTBUE,
rnoTepei Maccbl, YMEHbLUEHWEM TOJLLMHbI, HAKO-
Hel, pa3spyweHueM MmaTepuana. YCTOMYMBOCTb K
UCTUPaHUIO NMpoBepsAn Ha npubope OUNT-M, ume-
IOLLMIA [BE TONIOBKM M CMEHHbIE NaNbLbl. B kKauecTBe
abpasuBa MCNONb30BaNM CEpOLUMHENbHOE CYKHO
ovnameTtpoM 25 mm. UcnbitaHne nposoanan npwm
yAenbHOM AaBneHun abpasunBa Ha TKaHb, PABHOM
1 MIIa (1 k2c/cm?). UcnbITbiBanm TKAHU C MOKPbi-
TMEM MpU CKOPOCTU BpaLLEHWS TONOBKM Npubopa
100 06/mumn. Mpu paspylleHUM 3neMEHTaPHbIX
npob npubop aBTOMaTM4YeCKM Bbikoyancs. Nocne
aBTOMATUYECKOM OCTAaHOBKM 3amnucCbiBanM YUCIO
LMKNOB BPALLEHMS FONIOBKM NpMOOpPaA, MpU KOTOPOM
NPOU30LLN0 pPa3pyLIeHMe UCIITYEMON MpoObI.

[ins wnccnepoBaHUs NaponpoHMLAEMOCTUM Ma-
TepuanoB Obin BblbpaH rpaBUMETPUYECKMIA Me-
TOA, Peann30BaHHbIA C MOMOLLBK UCMbITATENbHO-
ro komnnekta Sampler 2000, npwnaratowerocs
K aHanusaTopy BnaxHoctu Radwag M-50 [9, 10].
YCTPOMCTBO OCHOBAaHO Ha MPeLM3MOHHbIX Becax
C AMCKpeTHoCTbio 1 me w cywmnbHOM Kamepe ¢
[aTYMKOM TemnepaTtypbl, 3M1eKTPOHMKOW npeob-
pa3oBaHMsa CUrHana v UMPPOBbIM aucnneem. Me-
TOL SIBNSIeTCS pa3HOBMAHOCTbI MeToaa Tennopa
M OCHOBAaH Ha WM3MepeHuu ybbinu BRarM nNpu uc-
napeHnn M3 emKOCTM, FepMETUYHO 3aKPbITON MUC-
cnepyeMbiM MatepuanoM. Temnepatypa B kamepe
npmubopa KOHTPONMPYETCS B TEYEHWE BCErO OMbITa

106

u coctaBnset 40 °C. Bpems ucnbitanus — 1 yac. Me-
TOAMKA NpOBeLEeHUs UCMbITaHUS NpeaycMaTpuBaeT
npenBapuTeNnbHOe KOHOMUMOHUMPOBAHWE U Bbl-
pesaHue 06pasLoB Kpyrioi Gopmbl maowaabo S.
KoaddurumeHT naponpoHULaemMocTu onpeaensercs
pacyeTHbIM METOOM KaK OTHOLUEHWE MacCbl BOAS-
HbIX MapOoB, NpoLeaLnX Yepes npoby MaTepmana K
nnowann obpasua Matepuana v BpeMeHU UCMbITa-
HUS (TPAAMLMOHHDBIN MeTog, «CTakaHUYMKK»).

YKeCTKoCTb TKaHew C MOKPbITUEM Onpeaensnm Ha
npunbope MKY-12M, norpewHocTb Harpy>XeHus Ko-
TOoporo coctaenseT He 6onee 1 %. MNpu npoBeneHUn
usMepeHuit pykooacrtsoBanuce NOCTom 8977-74,
KOTOPbIA pacnpoCTPaHAETCS Ha MCKYCCTBEHHbIE U
CUHTETUYECKME KOXMU.

ToueuHble Mpobbl OTOMpPANUCb B COOTBETCTBUM
c NOCTom 20566 «TkaHM W LWTYYHblEe W3OENUS
TekcTunbHble. [paBuna npuemMkn M MeTon oTbopa
npoo6».
JKCnepuMeHTaNbHbIE UCCNIEA0BAHUS U
o6cyXaeHue pesynbTaToB

JKCNepuUMeHT nNpoBoauncs no Matpuue KoHo ¢
[ByMSI MOBTOPHOCTSIMU B KaXX[0W CEPUM OMbITOB.
[ina onpeneneHns KOAMYeCTBa OMNbITOB NMPOBOAMUAU
npobHyto cepuio yO6AUPYIOLLMX OMbITOB, MPOW3BO-
OV CTaTUCTMYECKY 06paboTKy pe3ynbTaToB 3KC-
nepuMeHTta u no dopmyne (1) onpenensnu MUHU-
ManbHO Heobxoaumoe KonnyecTso nosTopos [11]:

ag-t

a-k,

#a 2(

min

i (1)

re @ - CpeaHee 3Ha4YEHUE; 6 — CPeAHEKBaApaTUYe-
CKOe OTKNOHEHWe u3MepeHuit; k, - Tpebyemas Tou-
HOCTb M3MEpPEHUIt B OTHOCUTENbHbIX eauHuuax, %;
t - kputepuii CTblofeHTa, TABIMYHOE 3HAYEeHMe.

B kauectBe BXOAHbIX GaKTOPOB BbliOpaHbl NPo-
DOMKUTENbHOCTb CYWKK (£) M KPaTHOCTb NeHbl ().
BbixogHble nmapaMeTpbl: BO3LYXONPOHMLAEMOCTb,
YCTOMUYMBOCTb NIULLEBOrO MOKPbLITUS K UCTUPAHUIO,
NaponpoHMLAEMOCTb, XecTKoCTb. MHTepBanbl w
YPOBHM BapbMpPOBAHWUS BXOLHbIX (GakTOpoB Npea-
CTaBneHbl B Tabnumue 1.

B Tabnuue 2 npenctaBneH nnaH v pesynbTathl
3KCnepuMeHTa.

B pe3synbtate 06paboTkM 3KCMEPMMEHTANbHbIX
[OaHHbIX B nporpamme Statistica for Windows no-
JIly4YeHbl TEOPETUKO-3KCNEePUMEHTAsIbHbIE 3aBUCK-
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XUMUYECKAS TEXHO/I0IUA

Tabnuya 1 - YposHu u uHMepBasbl 8apsUPO8aHUs Gakmopos
HwxHuin OcHOBHOM BepxHuit UutepBan
MdakTopbl
ypoBeHb (-1) ypoBeHb (0) ypoBeHb (+1) | BapbupoBaHus
MpoaomknTenbHOCTb cywku &, (mun), X, 4 7 10 3
KpaTHocTb neHbl, B, X 1,25 1,5 1,75 0,25
k p ﬁ 2 J
Tabnuya 2 - lnaH u pesynemamesl 3KcnepumMeHma
Koauposantbie BospyxonpoHu- YcToiumnsocTb Xectkoctb | XecTtKkocTb
3HayeHus MaponpoHuuaemMocTb,
LLaeMocCTb, K UCTUPAHUIO, Nno OCHOBE, | MO YTKY, 2/ (M)
X, X, om3/(m?+c) | KONMUECTBO LMKIOB cH cH
1 1 21,6 257 9,7 8,8 11,5
-1 1 14,6 448 15,2 11,4 6,6
1 -1 15,7 288 10,6 7 10,0
-1 -1 13,6 648 18,5 15 5,70
1 0 19 278 10 7,6 11,1
-1 0 13,9 580 17,1 13,4 5,6
0 1 19,6 283 12,8 9,7 9,78
0 -1 16,2 387 15,8 14,1 7,74
. 0 0 17,3 319 14 12 8,4 Yy
MOCTM 3KCMIyaTaLMOHHbIX CBOMCTB TKaHeW C no- - M0 oCcHoBe

JIMYPETAHOBbLIM MOKPbITUEM OT TEXHOJIOMMYECKUX
peXxnMoB Mx nonyveHuns. [loctoBepHOCTb Moaenei
NOATBEPXKAAETCS BbICOKMM 3HAYEHMEM KOIPDULM-
eHTa fleTepMUHALLUK.

Mogenb 3aBUCMMOCTM BO34YXOMPOHMLAEMOCTH
OT KPaTHOCTM MEHbI U NPOAOIKUTENBHOCTU CYLLIKM

G, =14,2-3,42-B-1,2-t+0,6- -1 0,68
(R*=0,99762) ; 4)

J

- M0 yTKy

B=17,7+2,36-$+1,72-t+1,22- B-t-1,3-
(R*=0,9971) . )

G,=1193-2,73- f~2,2-1+135- f-1~L4- f7 +0,95 f* -1

(R?=0,9991) . (5)

J

Mopenb 3aBUCMMOCTU YCTOMYMBOCTM K UCTUPA-
HUI0O OT KPATHOCTU MEeHbl U MPOAOIKUTENBHOCTH
CYLLKM

Mopaenb 3aBMCMMOCTU KO3 dULMeHTa naponpo-
HULAEMOCTM OT KPaTHOCTU NeHbl U NPOAOIKUTENb-
HOCTM CyLIKK

1,=330-142- B—55,8-1+42,2- B-1+86,8- 5
(R?=0,9971) . (3)

P=849+2,45-f+0,74-
(R*=0,9802) . (6)

Mogzenb 3aBMCMMOCTM XKECTKOCTU OT KpaTHOCTU
neHbl 1 NPOAO/IKUTENTIbHOCTU CYLLUKK:
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Mo nonyvyeHHbIM MoAensM MoCTpOeHbl rpadu-
yeckne obpasbl 3aBUCMMOCTM CBOWCTB Matepuana
C MOKPBbITUEM OT TEXHONOMMYECKUX PEXMMOB WX
nosly4yeHus, No3BoNsolWmMe BbISBUTb obnactv pa-
LIMOHaNbHbIX pelleHnit Npu Bbibope 3KcnayaTaum-
OHHbIX CBOMCTB B COOTBETCTBMM C TpebOBaHWUAMU
3akasymka (pucyHku 3-6).

JKCMepuMeHTaNbHble AaHHble MO BO34YyXOMpo-
HMLAEMOCTM M YCTOMYMBOCTM K WMCTUPaHMUIO, an-
NPOKCMMMPYIOTCS MOAENSIMWU BTOPOro NOpsiAKa, Xa-
paKTepU3YLLMMU MUHUMASTbHbIE U MAaKCUMaNbHbIE
3HayYeHus nNapamMeTpoB B MCCIEAO0BAaHHOM Auana-
30He BNaxHoro npuseca. Nokasatens «XKecTkocTb
no YTKYy» UMEET C/IOXHbIA XapakTep B3aMMOCBA3M
CO CBOWCTBAMM MEHbl U OJAWUTENBHOCTM CYLUKM -
HermonHble Mofenu TpeTbero nopsaka, OAHAKO

Bo3dyxonpoHuyaemocms, Om?/m? * ¢

0YEBMAHO, YTO C YBENMYEHWEM KPATHOCTU MEHbI
)KECTKOCTb MaTepuana CHWXaeTcs OA4HOBPEMEHHO
B ABYX HanpaBneHusx (no oCHoBe M YTKy). [laHHble
KO3 dULMEHTa NAPONPOHULLAEMOCTU OMUCHIBAKOT-
€ IMHENHOM 3aBMCMMOCTBIO OT aHaNU3UPYEMbIX
dakTopoB.

[Ona nonyyeHns o6pas3LoB C BbICOKMM MOKasza-
TeneM Bo3ayxonpoHuuaemoctu (21 am?/m?«c)
KpaTHOCTb NeHbl JOMKHA cocTaBnsaTb 1,75, a Bpems
cywkn — 10 MUHYT. BbiBOp 3HAYeHWn TEXHONOMM-
YeckMx napameTpoB Ha BEpXHEWN rpaHuLe Bapbu-
POBaHMS MO3BOSIUT TaKXKe NMOBbICUTb KOSDOULMEHT
naponpoHuuaemMoct Ao 12 z/m?+w u CHU3UTL
)eCTKOCTb MaTepuana no ocHose u yTky Ao 8 cH.
OpHako npu 3TOM CHMXKAETCS CTOMKOCTb K UCTUpa-
Huo 0o 300 uuKnos.

Il - 21
<21
B <20
B <19
C]<18
<17
[ <16
B <15
B <14

PucyHok 3 - [paguyeckas 3asucumocms 8030yxonpoHuuaemocmu (@m?/m?+¢) om KpamHocmu neHsl U

npoOomf(umeﬂbHocmu cywku
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Cmolikocmb K ucmupadur, yukKi
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Bl > 650
Bl <650
Bl <600
Bl <550
B < 500
] <450
] <400
B < 350
B < 300
B <250

PucyHok 4 - [paguveckas 3asucuMocme ycmol4ugocmu K UCMUPAHUto (UUKJI) om KpamHocmu neHsl U

npooo/IUMenbHOCMU CyWKU

AHanM3 nonyvyeHHbIX AAHHbIX MOKasan, 4To ¢
yBENMYEeHWEeM KPaTHOCTW MeHbl U ONUTENbHOCTM
CYLUKM, MOKa3aTeNu OCHOBHbIX (GU3MKO-MexaHW-
YECKMX U TUIMEHUYECKMX CBOWCTB IKOKOXM W3-
MeHsTcs. JnuTenbHbi NpoLLecc CYLIKM yXyAaLa-
eT (QU3MKO-MexaHM4eckne CBOWCTBA MaTepuana.
C yBenuyeHMeM KpaTHOCTM MeHbl YMEHbLIAETCS
06bEM XMIAKOCTU B HEW, YTO MPUBOAMT K YMEHb-
WEeHWI0 HKeCTKOCTM MaTepuana, YAydylleHulo ero
napo- u Bo3ayxonpoHuuaemoctu. Llenecoobpas-
HO WCMONb30BaTb BbICOKOBSA3KME MONMYpETAHO-
Bble KoMmnosuumn (B = 1,75), Tak Kak HU3KOBSA3KME
(B =1,25) camwkom rnyboKo NPOHMUKAIOT B CTPYKTY-
py TKAHEBOM OCHOBBI, NPMAABAs TKAHSM C NOKPbITU-
€M MMOBbILLEHHYIO XeCTKOCTb. YBeNn4yeHne Bo3ayXo-
M NaponpoHMLLAEMOCTU 0BYCNIOBNEHO CHUXKEHUEM
MJ0THOCTM MaTepuana, MOCKO/bKY 3TO B3auMO3a-

BMCMMble XapakTepucTuku. ConpoTuBNEHUE WUCTU-
paHUIO0 TKAHEeN C NONMYypPeTaHOBbIM MOKPbITUEM BO
MHOIOM 33aBWUCUT OT TOLUMHbBI MOKPbITUS, €0 XU-
MMYECKOW npupoabl. Tak, HaNnpuUMep, KOXK C MoT-
HOCTbIO HanoxeHus 0,1 xez/m? MMeT BbICOKOE
CONPOTUBNIEHME WMCTUPAHMIO, @ KOXM C MeHblUuen
NNOTHOCTbIO Hanoxenus (0,05-0,06 kz/m?) obna-
[LAl0T 3HAYMTENbHO MEHBLUMM CONMPOTUBNIEHUEM UC-
TUpaHuto. [oBblleHWe KPaTHOCTM BCNEHEHHOM No-
NNypeTaHoBoi komMnosnumum 1o B = 1,75 npusoaut
K YBE/IMYEHUIO TONLLMHBI MOJMMEPHOrO MOKPbITUS
BCNEACTBME MeEHbleN rny6uHbl MNPOHUKHOBEHMS
XMAKOCTW B TEKCTUIIbHbIMA MaTepuan, a Takxke K no-
BbILUEHWIO AMCNEePCHOCTU, BCIEACTBUE Yero UcTupa-
€MOCTb FOTOBOrO MaTepUana CHUXAEeTCs, a BO3LYX0-
M NaponNpPOHULLIAEMOCTb YBEIMYMBAKOTCS.
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XKecmkocmsb no ocHose, Ch
XKecmkocme no ymky, Ch

[ ERE

<18

B <16 14

Cl<14 . <14

& <12 <12
<10 B < 10

O Bl <8

PucyHok 5 - [paguyeckas 3asucumocms wecmkocmu no ocHoge u no ymky (cH) om kpamHocmu neHsl u
npoooIHUMenbHOCMU CywKu

-
=y

10

| e
I <105
| B <25
a5 — l:l = 8.5
b, ) - <7
B <65
=55

Koagpuyuerm naponpoHuyaemocmu, 2/m? * 4

PucyHok 6 - [paguyeckas 3asucumMocms Ko3¢duyueHma naponpoHuLaeMocmu (2/m? * w) om KpamHocmu neHsi
U Npooo/IHUmMenbHoCmu CyuwKu
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[laHHble 33aBUCMMOCTM HEOOXOAMMO YYWTbIBATb
B Aa/NbHeNLEeM Npu NPOM3BOACTBE TKaHEeW C Noau-
YPETaHOBbIM MOKPbLITUEM (IKOKOX) B 3aBUCMMOCTU
0T 0651aCT UX NpUMeHeHus u TpeboBaHMI 3aKas-
yumka.

BbIBOAb!

B pesynbtate npoBefeHHbIX UCCIen0BaHUMA
YCTAHOB/IEHbI TEOPETUKO-3KCMEPUMEHTANbHbIE 3a-
BMCMMOCTU (U3UKO-MEXAHUYECKMX CBOMCTB TKa-
Her C NOJIMYpEeTaHOBbIM MOKPbITUEM (3KOKOXa) OT
yCnoBuin GopMMPOBaHUS MOIMMEPHOTO MOKPbITHS.
C yBenuueHvem kpaTHoCTM neHbl ¢ B = 1,25 no
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P = 1,75 npoucxoamuT CHUXEHME XECTKOCTU Ma-
Tepuana, ynyyweHUo ero napo- M BO34yXOmnpo-
HuuaemocTu. Mpu pamntenbHOCTM cywkn 10 MUHYT
u KpatHocT B = 1,75 CHMXAeTcs YCTOMYMBOCTb
NOMMEPHOrO CN0SI 3KOKOXM K WUCTUPAEMOCTW.
YCTaHOBNEHHbIE 3aBMCMMOCTM MO3BONST BbIOPaTh
pauMOHanbHOE COOTHOLIEHME MeXAy KPaTHOCTbO
HaHOCMMOW MeHbl W MPOLOMKUTENbHOCTBID CyLU-
KW HAaHEeCeHHOro Ha TKaHYK OCHOBY BCMEHEHHOro
MOKPbITHS, B 3aBUCUMOCTU OT TpeOOBAHMI K CBOM-
CTBaM roTOBOr0 Matepuana v ero HasHayeHue.
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CXEMA KOMBMHUPOBAHHOMN OYUCTKU CTOYHbIX BOO TEKCTUJIbHbIX
NPOU3BOACTB C UCMONIb3OBAHUEM AOPS-TEXHOJIOTUN

SCHEME COMBINED WASTEWATER TREATMENT OF THE TEXTILE PRODUCTIONS

USING AOPS-TECHNOLOGIES

YOK 675.04:677.027:677.057
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Monecckuli 20cydapcmeeHHsIli yHUBepcumenm
2[TeH3eHckuli 20cydapcmeeHHbili yHusepcumem

PEDEPAT

KOMBUHNPOBAHHAS OYUCTKA CTOYHbIX BO/,
TEKCTU/IBHOE PON3BOACTBO, OKUC/IEHME
3ATPS3HUTENIEM, 3JIEKTPOJIM3HBIE POLIECCHI,
3KO/IOMMYECKMU MEHEIXXKMEHT

Obvekm uccnedosaHuli — 3Kosmozudeckas 6e3-
o0NnacHocme  MeKCMu/bHbIX  npou3zeodcme. Llens
pabomsl — 060CHOBAHUE CXeEM KOMOUHUPOBAHHOU
04UCMKU MHO20KOMNOHEHMHbIX CMOoYHbIX 600 (CB)
MeKCMUbHbIX NPoU3800CM8, 0MBoOUMbIX 8 KOMMY-
HA/lbHbIE KAHANU3AUUOHHbIE cemu, C y4EmoM Hop-
MamusHbix mpeb6osaHuli npedeasHo 0oNyCMuUMbIX
koHuyeHmpauul (M4K) 3aeps3Humeneli 8 800HbIX
pacmeopax u MUHUMU3AyUU UHAHCO8bIX 3aMpPam Ha
€030aHUe I0KA/IbHbIX 04UCmHbIx coopyxeHul (/10C).
PaspabomaHa memoouka u nuaomHasi YyCMaHos8Ka
0715 npogedeHusi 3KCNepuMeHmanbHbIX UCCIed08a-
Huli obpabomku 06we3asodckux U 0moenoyHo2o
uexa CmoyHbIX 800 C UCNO/b308AHUEM KOA2YUPO-
saHus FeCl,, 030HUposaHus (npou3gooumesbHoCMb
no o03oHy 10 2/uwac), peppamHozo go3delicmeus Ha
0CHOBE UCNO0/b308AHUS 3/1EKMPOXUMUYECKO20 pedak-
mopa; npu UHMeHcu@uUKayuu npoyeccos yismpagu-
on1emosbiM 0671yyeHuem (0UHG 80/1HbI 254 Hm) u
ynbmpaseykossiM gosdeticmeus (yacmoma 30 kIl'u).
AHGNIU3 NONYYEHHbIX Pe3yNbmamog NoKasas, 4mo 8o
scex obpabomaHHbelx npobax CB, kpome omxodos
azpecama «Onmumax, yoaémcs 3¢dekmusHo CHU-
3ume pH do 11K sHeceHuem kucinomocodepaue-
20 koaeynaHma FeCl,. [pu 3mom Heobxodumozo Ka-
yecmsa OKUC/IEHUSI Op2aHu4yeckux 3aepssHumenel
CMOYHbIX 800 MEKCMUJIbLHO20 npou3sodcmsa yda-
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ABSTRACT

COMBINED WASTEWATER TREATMENT, TEXTILE
INDUSTRY, POLLUTANT OXIDATION, ELECTROLYSIS
PROCESSES, ENVIRONMENTAL MANAGEMENT

The object of the research is the environmental
safety of textile industries. The purpose of the work is
to substantiate schemes for the combined treatment
of multicomponent wastewater from textile industries
discharged into public sewer networks, taking into
account the regulatory requirements for maximum
permissible concentrations of pollutants in aqueous
solutions and minimizing financial costs for the cre-
ation of local treatment facilities (LTF). On the basis
of the audit of real production, it was found that the
indicators of wastewater changed non-stationary and
non-linearly in terms of time depending on the range
products: in terms of volume; on the quality of waste-
water. Methodology and the pilot plant have been
developed for conducting research on the treatment
general plant and wastewater treatment using FeCl,
coagulation, ozonation, ferrate exposure based on the
use of electrochemical reactor; during intensification
processes by ultraviolet irradiation and ultrasonic ex-
posure. Analysis of the experimental results showed
that in all treated wastewater samples, except for the
wastes of the Optima unit, it is possible to effectively
reduce pH by introducing acid-containing FeCl, co-
agulant. However, the required quality of oxidation
organic pollutants in textile production wastewater
was achieved only with the use of electrolysis plant
by synthesizing ferrate compounds (reduction chem-
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J10Cb docmueHymb MOJILKO C UCNO/Ib308AHUEM 3/1EK-
MPONIU3HOU YCMAHOBKU (CHUXEHUE 3HAa4YeHUs XUMU-
yeckoeo nompebneHus kucaopoda (XI1K) noumu 6 7
pas), komopas obecneqyusaem CuHMe3 GeppamHsix
coeduHeHUd.

lMony4eHHble pe3ynsmamsi N0380AUMU 8Nepable
060cHO08aMbL CXeMy KOMOUHUPOBAHHOU o4ucmku CB
MeKCMuJ/bHbIX Npou38o0Ccme C  UCNO0/1b3080HUEM
AOPs-mexHono2uli u MUHUMU3AyUel Ucnoib308aHUS
KIGCCUYEeCKUX XUMUYECKUX peazeHmos npu yMeHb-
weHuu obuux 3ampam HA JIOKA/bHbIE OYUCMHbIe
COOpyxHeHus. AKUeHmupoeaHo, 4mo nepcnekmus-
HbIM 518/15€mcs c030aHuUe cucmemsl cbopa UHGopma-
yuu 06 sodoomeedeHuu, UCN0/Ib308aHUE KOMOpoU
no3sosum 8 adanmugHoM pexcume GopmMuposame
mexHu4eckoe 3a0aHue Ha co30aHue (ModepHU3ayUIo,
pekoHcmpykyuto) JI0C ¢ oansHeliwel eé uHmeapa-
yueli 8 6710k ynpasaeHus.

BBELEHME

O6bvem obpasytowmxca ctouHbix Bog, (CB) Tek-
CTUNIbHBIX MPOM3BOACTB 3aBUCUT OT LLeNIOro psaa
TEXHONIOMMYECKMX MOKa3aTenem: MCXOLHOMO Cblpbs,
NMPpUMEHAEMbIX TEXHONOrnn OTAENKU, MOBTOPHOro
M 060pOTHOro BOAOCHAabGXeHMUs. Tak, Npu MNpous-
BOLCTBE AKPUIOBbIX TKaHel obpasyetcsa nopsia-
Ka 35 m? 3arpA3HEHHbIX BOMHbIX PaCcTBOPOB Ha
1 TOHHY TKaHel, wepcTaHbIX TkaHelh — 70 m? Ha
1 TOHHY TKaHel, xnonkoBbix — 100 m3 Ha 1 TOHHY
TKaHen [1]. TexHonormMueckne npoueccsl Ha npen-
NPUATUAX TEKCTUNbHOM MPOMBILIEHHOCTU BeCbMa
pa3HO0Opa3Hbl, B CBA3M C YEM KOHLEHTPALMM NpU-
Mecel, copaepyKalumecs B Nnpom3BoacTBeHHbIX CB, n
MX KaYeCTBEHHbIN COCTaB MOMYT U3MEHSTHCS B LUK-
POKUX Mpefenax, B TOM Yuc/e, Ha OCHOBE BeposT-
HOCTHbIX 3aKOHOB [1, 2]. CTouHble BOAbI TEKCTUNb-
HbIX MPOWM3BOACTB COAEPXAT OCTaTKM BOJIOKOH,
rpsi3eBble 4acTWLbl, peareHTbl, NOBEPXHOCTHO-akK-
TuBHble BewecTBa (MAB), kpacutenu [1-3].

MNpu 3TOM No 06beMY NOTPEBNEHUSI TEXHONOU-
4yeckor BOAbl U OTBEAEHUM CTOYHbIX BOA, OLHO U3
BEAYLMX MECT Ha TEKCTU/bHbIX NPeanpuUsaTUSX 3a-
HMMAIT KpaCu/ibHble U OTAENOYHbIe Lexa. Yoenb-
HbIM pacxof BOAONOTPeGNeHUs W, COOTBETCTBEH-
Ho, pacxon CB B HMx cocTaBnseT npuMepHO OT
70-400 m3 Ha ToHHy mpogykuuu [2, 4]. Takxe
YCTQHOBJ/IEHO, YTO B CTOYHbIX BOAAX KPACUJIbHO-
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ical oxygen demand by almost 7 times). The results
made it possible for the first time to substantiate the
scheme for the combined treatment of wastewater
from textile industries using AOPs technologies and
minimizing the use of chemical reagents while re-
ducing the total cost of LTF. It is emphasized that it is
promising to create system for collecting information
on wastewater disposal.

OTAEN0YHbIX LEeXoB npucyTcTBytoT bonee 50 Bu-
OB OPraHMYyecKnx U MUHEpasbHbIX 3KONOTMYECKU
OMacHbIX coeanHeHun [3].

B ocHOBe KOMMIEKCHOM TEXHONOMUMU Mpou3-
BOJCTBA TEKCTUAS NEXAT MHOFOYMCIEHHbIE DU3MU-
KOXMMUYECKMNE $IBNEHUS U XUMMYECKME NpeBpa-
weHus. M3 obero uncna NonnKTaHTOB, KOTOPbIE
nonagawT B OKpyxXatowy cpeay co CB, 3Haum-
TeNbHas [0NS NPUXOAUTCA HA XUMUKO-TEKCTWUSb-
Hble npoueccbl [3]. OcHOBHble 3KONOrMYeEcKue
npobnembl B OTAENOYHOM NMPOU3BOLACTBE CBSA3aHbI
C HeobxoAMMOCTb0 UX 3DOEKTUBHON OUUCTKM.
Takke oTBeAEHWE B KAHANM3ALMIO XMOKUX OTXO-
OB KPaCU/IbHO-OTAENOYHbIX NMPOU3BOACTB AOCTU-
raeT 3HauUUTENbHbIX pa3MepoB. 3aryCcTuTenu, rnay-
H6epoBa COMb, Kpaxmas, NOBEPXHOCTHO-AaKTUBHbIE
BelecTsa MoryT noctynatb B CB B konuuyectse no
90 % OT MCXOOHOr0 COAEPXAHWS B OTAENOYHOM
pacTBope, rugpokcung Hatpus — oo 50 %, buxpomat
Kanusa - po 25 %, cepHuctble kpacutenu — no 30 %,
OMCMepcHble U KaTUOHHble KpacuTtenu — oo 40 %,
npamble U aKTMBHble Kpacutenun — 10-25 %, kuc-
NOTHble, KyboBble Kpacutenu un ky6osonn - 5-10 %
npu NepUoaMYeckom KpatweHuu [5].

B cnyyae TeKCTMNbHBIX MPOM3BOACTB Lieneco-
00pa3HO paccMaTpuBaTb yAaneHwe npuMecen
dusmko-xummnyeckummn metogamu [1]. OtaenbHon
npobnemMon, CBA3aHHOM C OTBELEHWEM CTOYHbIX
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BOL MNPEeAnpuaTUii TEKCTUIBHOTO MPOM3BOACTBA,
SBNSETCS MX TOKCMYHOCTb M LBETHOCTb. B HacTo-
slllee BpPeMS Ha MMPOBOM pblHKE MpeacTaBieHo
6onee 100 TbiCAY BMAOOB CMHTETMYECKMX Kpa-
cuTenen npu  obuwem nNpou3BOACTBE MNOpsAKa
700 000 TOHH, 3HAYMTENbHAS 4YACTb KOTOPbIX MUC-
nonb3yeTcs M B TEKCTUIBHOM Mpowu3BoacTee [5].
MHorve u3 kpacuteneit He MoABepXeHbl Buono-
TMYEeCKOM AeCTPYKLMU, U ONS CHUKEHUS LLBETHOCTU
CTOYHbIX BOA, MOXET TakXke noTpeboBaTbCs Npu-
MEHEHMEe METOAO0B (PU3UKO-XMMUYECKON OYUCTKM
[6, 7]. Ix MOXHO pa3genuTb Ha ABe rpynnbl [1]:
nepeas rpynna BK/KOYaeT TEXHONOMMM, KOTopble
npesycMaTpuBaloT BblAENEHWE HAxXOAAWMXCS B
CTOYHbIX BOAAX KpacuTenemn nyTem yaaneHus ux B
BMAE 0Cafika, GpnoTolnama, nornoweHns copbeH-
Tamu, 3afepXKaHus Npyu MeMOpPaHHOM pa3geneHuu;
BTOpas rpynna MeTofoB 0H6paboTKM OCHOBaHAa Ha
paspylleHnn (OecTpykuumn) MOMeKyn Kpacuteneu.
[ecTpyKumns KpacuTenen OCyLLeCTBNSETCS 3a CYeT
peakLUuii OKUCIEHWUS M BOCCTaHOBMIEHUS, KOTOpbIE
MOTYT NPOM3BOAUTLCA KaK A03MPOBAHMEM peareH-
TOB, TaK W 3NEKTPOXMMUYECKMMM CNoCcoBamu.

Llenecoobpa3Ho npu 0YMCTKE CTOYHbIX BOJ, TEK-
CTUABHBIX MPOM3BOACTB NPUMEHWUTH TaK HasblBae-
Mble nepefoBble npoueccsl okucnexnms (Advanced
Oxidation Process (AOPs) [1, 8-10]. Yka3saHHas
BblllE Tpynna MeTOLOB OKWMC/IEeHWss OCHOBAHA Ha
NONYYEHUU TUAPOKCUIbHBIX CBOOOAHBLIX pagmka-
nos (HO"), koTopble SBNSIOTCA CUAbHBIMW peareH-
TaMU U CNOCOBHBI K AECTPYKLMM KpacuTenew, KoTo-
pble He MOryT 6bITb pa3pyLieHbl TPAAULMOHHBIMU
noaxogamu. MMapokcuibHble cBOH6OAHbIE pagmKa-
Nbl MOMYYalOT COYETaHMEM MPUMEHEHUS Pa3ny-
HbIX OKMCIUTENEN: «O30H + NEepoKCUa BOLOPOAAY;
«030H + yNbTpaduONeToBOe U3NyYEHUEY; KNepoK-
cua Bogopofna + ynbTpaduoneToBoe MU3NydeHuey;
«030H + yNbTpa3ByK». Mnu apyrux nepenosbix NoA-
XO[A,0B AeCTPYKLMU NONJIIOTAHTOB B BOAHbIX PacTBO-
pax, HanpuMmep, C BHeAPEHUE MpPOLLeCCOB CMHTE3a
dheppatoB u/unm M3HTOH-peakLUit.

Cnenyet otMeTuTb, 4TO B Pecnybnuke benapycb
CTOYHble BOAbl TEKCTUbHbIX MPEeAnpuUATUI, Kak
npaBuo, OTBOAATCSA B CUCTEMbl KaHaNM3aLUMM Ha-
CeNneHHbIX MYHKTOB M OOOYMLLAKTCS COBMECTHO C
KoMMyHanbHbiMK CB. lNpu 3TOM HenocpeacTBeHHO
Ha J1OC Takmx 06bekToB LenecoobpasHo 0ObeKT-
HO-OPMEHTMPOBAHO  MCMONb30BaTb  COYETaHUe
pasnnyHbIX CrnocoboB (GU3NKO-XUMUYECKON 06-

116

paboTku: Koarynaumio, (GAOKynsumi, OKUCIEHMe,
copbuumio, pasgeneHus Ha MembpaHax, KoTopble
NOo3BONAKT yAANATb NPUMeCH, He NoAAALMecs
BUOXMMUMYECKOMY pa3NioKeHUo. Takum 06pasom,
MWHUMMU3ALUS PUCKOB A1) KOMMYHA/bHbIX OYMCT-
HbIX COOPY>KEHUIM NpK y4éTe HMHAHCOBBIX BO3MOX-
HOCTEN NpeanpuaTUiA 9BNSETCS aKTYaIbHOW Hayy-
HO-MPUKNALHOM 3a4a4en.

Lenb u 3apaum

Lenb pabotbl - 060CHOBaHME CXEM KOMOUHMU-
POBAaHHOM OYMCTKM MHOFOKOMMOHEHTHbIX CTOYHbIX
BOJ, TEKCTWU/bHbIX MPOU3BOACTB, OTBOAUMBIX B KOM-
MyHa/lbHble KaHaM3aLMOHHbIE CETH, C YYETOM HOPp-
MaTUBHbIX TpeboBaHMI nNpenenbHO [O0MNyCTUMbIX
KOHLeHTpaumMi 3arpsasHuTtenent B BOAHbIX PacTBO-
pax U MUHUMM3ALUUKM (MHAHCOBBLIX 3aTpaT Ha CO-
3[aH1E NOKANbHbIX OYMCTHbBIX COOPYXKEHUA.

3apaym uccnenoBaHUM:

- CO3[aHMe MeTOAMKM IKCMepUMEHTaNbHbIX UC-
CNepoBaHUn KOMOUHMPOBAHHOM OYUCTKM CTOYHbIX
BOJ, TEKCTUJIbHbIX NMPOU3BOACTB Ha OCHOBE aHanMn3a
pe3ynbTaToB ayAMTa BOLOOTBELEHUS COOTBETCTBY-
IOLLMX NPOM3BOACTB;

- pa3paboTka NWIOTHOM 3MEeKTPONU3HON YCTa-
HoBkM 06paboTkn CB ¢ ucnonbzosaHnem AOPs-Tex-
HOMOTUIA;

- o060CcHOBaHME CxeMbl KOMOWHMPOBAHHOM
OYMCTKM CTOYHbIX BOA TEKCTUIbHOIO MPOU3BOACTBA
¢ ucnonb3oBaHnem AOPs-TexHONOrMi Ha OCHOBe
aHanuse 3KcnepuMeHTanbHOM 06paboTKM BOAHBIX
pacTBOpPOB, OTBOAMMBIX WCCIEAYEMbIMU MPOU3-
BOACTBaMM B KOMMYHA/IbHYK KaHaNU3aLUOHHYHO
ceTb.

MeToamka npoBeaeHHbIX UCCNe0BaHuUiMI

B kauectBe paboumx pacTBOpOB A/ MCCNeno-
BaHWI MCMNOMb30BaHbl peanbHble CTOYHbIE BOAbI
TEKCTUNbHOrO Npou3BoacTBa bpectckoit obnactw.
Mokasatenn CB Takoro npeanpusTMs HecTaumo-
HapHO M HEeIMHENHO M3MEHSTCS B 3aBUCUMMOCTM
OT aCCOPTUMEHTa NPOM3BOAUMON NPOAYKLMM:

- N0 06bEMY (C aMNAUTYL0M HA MPOTSIXKEHUU He-
nenv nopagka 30 %, B oTAeNbHblE NepUoabl MOXET
6bITb M 80 40 %);

- MO KayeCTBY CTOYHbIX BOA, (KacaTeNbHO 3Haye-
Hus pH v obweit MuHepanusaummn Takue Koneba-
HMa MOryT cocTaBnsaTb 6onee 50 % Ha NpoTSXEHUM
Henenu).

KntoueBbiM 3arpsi3HUTENEM CTOYHbIX BOS SIBNISIET-
€S IMHMS OTBEeAEHMS BOAHbIX PaCcTBOPOB OT TEXHO-
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normyeckux arperatoe «Ontuma» u «Komnnekcas
(oTmenouYHbIM Lex) — pacTBOp C AAHHOWM BETKMU Bbl-
nonHseT 3awenaynsaxme Boiwe K Bcero obbema
OTBeLleHMs1 NMPOU3BOACTBA, MPU pacxoae yepes Ta-
Kyto BeTky 1:10 no oTHOLEHMIO C 06LLe3aBOACKUMM
CB. MIMeeHHO NO3TOMY A/19 AaNbHENLIMX UCCeno-
BaHWI 3KCMepUMEHTaNbHOM 06paboTkM MCNoSb-
30Bann BOAY C BbILIEYKa3aHHbIX TEXHONOTMYECKUX
y3noB u ob63aBoackue CB.

Mpy 3KCNepMMeHTaNbHbIX MCCNEfOBAHUSAX MUC-
Nonb30Banu cneayroLme MeToabl BOA0006paboTKu:

- koarynsumio FeCL, (pactsop 40 %);

- YNbTPa3ByKoByH (¥Y3) MHTEHCUMPUKALMIO NpO-
Liecca koarynupoaHus (4actota 30 xl'y);

- KOMOWMHAUMIO O30HMPOBAHUS (MPOU3BOAM-
TenbHOCTb N0 030HY 10 r/yac) u ynsTpaduroneToBo-
ro U3nyyeHus (4nvHa BOAHbI 254 HM);

— OKMC/IeHMe € NoMolLLbio deppaTHbIX npoLec-
COB (C MCMONMb30BaHUEM 3EKTPOIU3HON YCTaHOB-
Ku) (pucyHok 1) [11].

lpukaTooHble M MpuaHoAHble 06MacTu 3nek-
TponuTa B 3nekTponusepe (pucyHok 1) paspene-
Hbl HEeCcenekTMBHOM MeMOpaHoM, 4TO no3BoNsSeT
npeLoTBPaTUTb BOCCTAaHOBNEHME Ha KaTode 06-
pa3oBaBluerocs ¢epparta Hatpus. Oeppat HaTpus
ABNSETCS HeCTabunbHbIM COEAMHEHWMEM, B NMPUCYT-
CTBMM BOAbI OH CO BPEMEHEM pa3naraeTcs C Bblae-
nenveMm kucnopoga [7]:

XUMUYECKAS TEXHO/I0IUA

cpefe ypoBeHb OKUCIUTENbHO-BOCCTAHOBUTENBHO-
ro noteHumana cdeppar-MOHOB AOCTMraeT KpaiHe
BbICOKOW BE€MUMHDI +2,2 B:

FeOI~ + 8H" +3e™ - Fe** + 4H,0 . (2)

B HelTpanbHOM M LWENOYHOW Cpeae 3Ha4YeHue
OKMUCTIUTENIbHO-BOCCTAHOBUTENIBHOMO  MOTEHUManNa
¢deppat-uoHos +0,72 B:

FeOi + 4H,0 4+ 3e~ —» Fe(OH); 1 +50H 3)

4Nay FeO, +10H,0 — 4Fe(0H); | +8NaOH +30, 1. (1)

Mepuopn nmonypacnaga pactBopa depparta Ha-
Tpus B 40 % wenoun (NaOH) coctaBnseT 7 CyToK.
byoyum cunbHbIM okucnuTenem, deppaT HaTpus
NErko OKUCNSIET KOMMIEKCHbIE COeAMHEHUS Txe-
NbIX METaIoB, YTO AO/MKHO CMOoCo6CTBOBATL MO-
BbIWEHUI0 3PDEKTUBHOCTM Mpouecca peareHTHOM
OYMCTKM CTOYHbIX BofA. [lpopykToM deppaTHoW
0bpabotku aensgetca ruppokcup, xenesa (lll), Bbi-
CTYnawLwmii B poau KoarynsHta — Takum o6pasom,
MMeeT MeCTO CMHepreTuyeckuin addekT Boaoob-
paboTku. Takoe BO34EMCTBME MO3BOMMUT YBENUYUTD
rMOPaBNMYECKYD  KPYMHOCTb  0Bpa3sytoLierocs
0CafKa M CyLLeCTBEHHO UHTEHCMULMPOBaTb pabo-
Ty COOPYXXEHMI, NpefHa3HAYEHHbIX AN OCBeT/e-
HMS CTOYHBIX BOS.

OKMCNUTENBHO-BOCCTAHOBUTENBHbBINA MOTEHLMAN
deppat-moHoB 3aBucuT ot pH cpenbl. B kucnon
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PucyHok 1 - BHewHuli 8ud 31eKmpoau3Hol
YCMaHosku ¢ KoMOuHayuel  yaempa3zeykosoli
06pabomku CMoYHbIX 800

G J
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XUMUYECKAA TEXHONI0IUA

B npouecce B3aumopencTsus C BOAOM OfHA
Monekyna dbeppaTta HaTpusi 0bpasyeT 5 MOHOB, YTO
00yCcnoBnMBaeT MOBbILEHHbIA YPOBEHb LLENOYHO-
€™M 06paboTaHHbIX CTOYHbIX BOA, BCIEACTBUE YErO
MOYXHO OXMJATb CYLLECTBEHHOMO COKPALLeHUs pac-
X0Aa LLENOYHbIX PeareHTOB Ha JIOKa/bHbIX OYUCT-
HbIX COOPYXKEHUSAX.

CTpyKTypHasi CxeMa 3KCNepuMEeHTaNbHOW cucTe-
Mbl NpeLCTaB/eHa Ha PUCYHKE 2.

PexxnMbl akcnepumeHTanbHoMn 06paboTkm CB:

- BapuaHT N 1: koarynsums FeCl, (3,5 mn/n)
CToYyHOW BoAbl nvHUM «Komnnekca» (pH - 11,16
ed. pH; o6was MuHepanusaums - 3736,6 mz/n);

- BapuaHT N2 2: koarynsumst FeCL, (5 man/0m?)
oblesaBoackor cTouHon Bogpl (pH - 11,84
ed. pH; muHepanvsaums - 816,3 mz/n);

- BapuaHT N2 3: 06pabotka MnOMy4YeHHOro
pactBopa BapuaHTa N2 1 030HOM Ha MPOTSXKEHUM
20 MUHYT;

- BapuaHT N2 4: opHOBpeMeHHas (KOMMJekc-
Has) 06paboTka MOSyYEeHHOro pacTBopa BapMaHTa
N2 1 030HOM ¥ yNbTPaPUONETOBbLIM 06yYEHMEM Ha
npoTskeHmun 20 MUHYT;

- BapuaHT N2 5: o06paboTka nNOJly4EHHOro
pactBopa BapuaHTa N2 1 ynbTpa3BykoBbIM BO34eN-
CTBMEM Ha NPOTSXKEHUM 5 MUHYT;

- BapuaHT N2 6: 06pabotka MnonyyYeHHOro
pactBopa BapuaHTa N2 2 B 31eKTpONM3HOM yCTa-
HOBKE;

- BapuaHT N2 7: ob6paboTka MNOJly4EHHOro
pacTBopa BapuaHTa N2 6 B 371eKTPONM3HON YyCTa-
HOBKE;

- BapuaHT N2 8: ob6pabotka nosy4eHHOro
pactBopa BapuaHta N2 7 B 3n1eKTpOAM3HON yCTa-
HOBKe.

OueHuBanu cnenyroliMe NokasaTenn KayecTsa
BOAHbIX pacTBOpPOB nociie 06paboToK: aKTMBHas
peakuus pactsopa (ed. pH); obwas MuHepanusa-
uus, ppm; xummnyeckoe notpebneHne kucnopona
(X1K), szz/Jt — TaKOM nokasaTteslb B34T, KaK WH-
TerpanbHbli OEMOHCTPUPYIOLWMI Hanuume (OTCyT-
CTBME) OpPraHMYeCcKUX 3arpsi3HUTENEN CTOYHbIX BOL.

MMokasaTenu kayecTBa CTOYHbIX BOA OMpe-
[ensnucb B aKKpeAMTOBaHHOM  nabopartopuu
KMYM «MuHckBogoKaHan».

AHanu3 nony4yeHHbIX pesynbTaToB
3aduKCcMpoBaHHbIe pe3ynbTaTbl nabopaTopHOM
o0bpabotkn peanbHbix CB cornacHo BapuaHTam,
OMWCaHHLIM B METOAMKE 3KCMepMMEHTaNIbHbIX UC-
CnefoBaHUM, MpeacTaBaeHbl Ha pUCYHKax 3-5.

Ins npeaBapuTenbHOM OueHKM 3hdekTus-

HOCTU HeWTpanu3aumm (NOAKUCIEHUS pacTBOpa)

=
—
ii 3,
Il_—=='==: 41
flodava 2 Obpebomansan goda Quuigernan sode
80061 )@ " o
A I —

PucyHok 2 - CmpykmypHas cxema cucmemsl 0N 3KCNePUMEHMAsbHbIX UCCIed08aHULl 0YUCMKU CMOYHbIX
800 MeKCMUbHbIX npou3godcme ¢ ucnonezosaHuem AOPs-mexHonoauli: 1 — UuCmo4YHUK NOCMOSIHHO20 MOKA;
2 - 371eKMpOHACOCH®IL azpeaam; 3 — 371eKmpoIu3HAs YCMAHOoBKaA ¢ Y3-uHmeHcugukayueli; 4 — 610k pazdeneHus
nosyYeHHbIX Nocse decmpyKyUU 838eleHHbIX Yacmuy, (punsmp, omcmoUiHUK) ¢ 803MOXHOCMbIO N00AYU 030HA U

nookmoyeHua YO-namn
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3aBucnmocTh pH ot pexxnma o0paboTkun

6.95 7,12
- 6.42 6.66  6.58 6.65
5.8
5.11

2
1
0

1 - 3 4 5 6 7 8

IIpoGa

pH
= ooh ey )

L

PucyHok 3 - [paguyeckue 3a8ucUMOCMU 3HAYEHUS NOKA3AMENs KAa4ecmea CMOYHbIX 800 MEKCMUIbHO20
npouzsodcmea «pHx» om pexcumos obpabomku (MAK =6,5-9,0): 1-8 - eapuanmei 8o3delicmausi Ha CB, onucaHHsie
8 MemooOuKe 3KCnepuMeHmManbHbiX UCc1e008aHuli

\_ .
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3aBHUCHMOCTE MHHCPAIIMN3AITIH OT PCIKIIMa
00padoTKII
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PucyHok 4 - [pagudeckue 3a8ucumMoCmu 3HAYeHUs NOKA3amess Kayecmsda CMOYHbIX 800 MEKCMUJbHO20
npousgoocmea «Munepanusayus» (MAK = 1000 ppm) om pexumos 0bpabomku: 1-8 - eapuaHmel 8o30elicmaus
Ha CB, onucaHHele 8 MeMOAUKe IKCNEPUMEHMAbHBIX UCCe008aHUL

\_ J
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XUMUYECKAA TEXHONI0IUA

3aBucuMocth XIIK oT pexxnma oOpaGoTKI
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PucyHok 5 - [paguveckue 3asucumocmu 3HAYEHUS NOKA3AMeENs Ka4ecmea CMmOYHbIX 800 MEKCMUIbHO20
npouzsodcmeaa «X[NK» (MAK = 1200 MZOZ/JL) om pexumos obpabomku: 1-8 - eapuaHmel go3delicmeusi Ha CB,
ONUCAHHbIE 8 MEMOOUKEe 3KCNepUMeHMAanbHbiX UCCAe008aHUL

BbINONHWAM 06paboTKy CTOYHOM BOAbl arperata
«Ontumay (pH - 12,43 ed. pH; MuHepanu3aums —
1450,9 ppm) conaHoi kucnoton HCI (15 %) -
Heobxoaumbii pesynbtat (pH = 8,8) 6bin LoCTUTHYT
NpyY BHECEHUM €€ B 3HAUMTESNIbHbIX KOHLLEHTpaLMSX
12 ma/n.

AHanM3 pesynbTaToB 3KCMEPUMEHTANbHbIX WC-
CNnefoBaHU KOMOMHMPOBAHHOW OYMCTKM CTOYHbIX
BOJ, TEKCTWU/IBHOTO MPOM3BOACTBA:

- obuwesaBoackue u arperata «Komnnekca»
CTOYHble BOAbI MOAAAIOTCS KAYECTBEHHOM HelTpa-
nn3auun (NOAKUCIEHUIO) HA OCHOBE MCMO/b30Ba-
HWS TONIbKO KMC/IOrO» KOarynsiHTa — XJ0puaa xe-
nesa FeCL;

— CTOYHble BOAbl TEXHOJOMMYECKOro arperata
«OnNTMMa» CNOXHO MNOAAAKTCS  HENTpanM3aLmu
(noZKMCNEHUIO) B CUY BbICOKOM KOHLLEHTPALMM Ka-
YCTUKA, KOTOPbIV MPUMEHSETCS B NMPOWU3BOLCTBEH-
HOM npovecce;

- MuHepanusauus o0Le3aBoACKMX CTOYHbIX
BOL NPV MCMONMb30BAaHUM peareHTHbIX CnocoboB
6yneT 3HauUMTENbHOM U NEPUOAMYECKM MpPEBbILLATb
NpeaenbHo-A0MYCTUMbIE KOHLEHTPALMK;

120

— NMPUMEHHEHHbIE NPOLECCHI (B pEXMMAxX Mpu-
BNVKEHHBIX K TeM, KOTOPble MOXHO MWHUMaNbHO
3aTpaTHO peanu3oBaTh Ha MPOU3BOATBE),a UMEHHO:
KKOATYNALMS», KKOArynaums + ynbTpasByk», «030-
HWPOBAHMUS», KO30HUPOBAHUE + yNbTPadUONET», HE
3HAUMTENbHO BO3[ENCTBYIOT HAa OpraHuuyeckue 3a-
FPSI3HUTENM CTOYHbIX BOJ, KOTOPbIE UMEKT CJIOXKHO
oKMCISIEMMYIO NPUPOAY;

- npouecc «PeppaTHOe OKUCIEHME» MOTEHLM-
anbHo obecneunt MNAK no nokasartensam comepxa-
HWS OpraHUYeCcKUX 3arpsi3HUTENEN CTOYHbIX BOL.

TakuM 00pa3oMm, MOXHO NPeanoXuTb CXemy
OYMCTKM CTOYHbIX BOA, TEKCTUIbHOIO MPOU3BOACTBA
C KOMBMHaLMe pas3HbIX NOAX0A0B (PUCYHOK 6), KO-
Topas byneT obecneumBaTtb pasenbHy0 HeMTpanu-
3aumto CB oToenoyHoro uexa.

O6ocHOBaHHas CTPYKTypa KOMMIeKCHOM obpa-
60Tkn CB (pncyHOK 6) [ONOMAHWUTENbHO BKIOYAET
€MKOCTb perynMpoBaHuns BOLOOTBELEHMS, TEXHO-
nornyeckast 3aia4a KOTOpOW CrNaXuBaTb NMUKOBbIE
aMMInTyAHble KonebaHMs roKasaTens KayecTBa
«MuHepanusaumusy». Mpu 3TOM 3apava KOMOWHM-
POBaHHOM CUCTEMbI YAANEHUsI NOMNIOTAaHTOB obec-
neunsatb MK, koTopble onpeaenatoTcs C UCNONb-
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CTouHbIE BOALI
OTAEeN0UHOTO Liexa

XUMUYECKAS TEXHO/I0IUA

CraHuma
HEeWTpanM3auMm

NoxanbHbIe OYMCTHLIE

— COOPYHEHHA
O6we3zaBofcKHe EmKOCTL TEKCTHALHOTO
CTOYHBIE BUHH pEWﬂ“pﬂBﬂH“ﬂ "pu“mﬂma: AOPs-
BOJOOTBEAEHHMA TEXHOAOTMK + AoTaUMA +

TOHKaA PUALTPaLMA

PucyHok 6 — Cxema KOMOUHUPOBAHHOL 04UCMKU CMOYHbIX 800 MEKCMUJIbHO20 NPOU3800CM8a C UCN01b308aHUEM

AOPs-mexHonozauli

30BaHMEM OTEYECTBEHHbIX METOAMK HA OCHOBE
LeiCTByIoLLEer HOpMaTUBHOM 6a3bl [12].
3akntoueHmne

Ha Bbixoge cucteMbl BOAOOTBEAEHNS TEKCTUIIb-
HOrO MPOM3BOACTBA K/IOYEBLIMU MOKA3ATENSAMM,
KOTOpble MpeBbIWAT ycTaHoBNeHHble TOK sB-
NA0TCA:

- aKTMBHas peakuus BoAHbIX pactBopos (pH) -
npeBblleHNe MOXET cocTaBnatb 6onee 30 % ot
YCTAHOB/IEHHbIX HOPMATUBHbIX TPEOOBaHMA;

- o0uas MuHepanusauma (CyxoW OCTaTok) -
MUKOBble MPEBbILEHNS MOTYT COCTaBNATb B Onpe-
nenénHble nepuoabl 6onee 100 %.

Bmecte c TeM Takue nmpeBbllUEHUE HEe SBNSIOT-
€Sl CTaUMOHApHbIMU (CTabWNbHBIMKM), @ BO3HUKAKT
HeCTaLMOHapHO M NEepUOAMYECKM Ha MpOTsKe-
HWK pabouen CMeHbl (CYTOK, Heaenu) 3aBUCUMO OT
MPOM3BOAMMOr0 aCCOPTUMEHTA NPOAYKLMK, YTO
€030aET 0ObeKTUBHbIE MPeAnoCbUTKU AN CIIaXM-
BaHus npeBsbiweHui MOK no nokasartento «O6wias
MWHEpanu3auma» nyTémM ycTaHOBKM EMKOCTU pery-
JIMPOBaHMS OTBEeAEHMS B FOPOACKYH KaHaNM3aLUmo
CTOYHbIX BOJL C COOTBETCTBYIOLLEN CUCTEMOW aBTO-
MaTM4eckoro ynpaeneHus. Takum obpasom MoxeT
6bITb 4OCTUIHYTO CTabMNM3MPOBAHME AAHHOIO Mo-
Ka3aTens KayecTBa BOLHbIX PaCTBOPOB.

AHanus pe3ynbTaToB MoKasan, 4To BO BCEX
oTobpaHHbIX npobax, kpome arperata «OnTumay,
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ynaétca apdektneHo cHusutb pH o MNAK BHe-
CceHMeM KucnoTocomepkauiero koarynsHta FeCl3.
Mpu 3TOM PUKCUpYeETCS pocT «obLielt MMHepanunsa-
unm», nopsigka 30 % OT MCXOLHOrO, MpU NpeBblLle-
Hum MOK no paHHOMYy nokasaTento yxe Ao Havana
BOA,0006paboTKM.

HopmatnBHO Tpebyemoro okucneHus opra-
HUYECKMX 3arpsisHUTeNnei CTOYHbIX BOJ, YAANOCh
[LOCTUTHYTb TO/MIBKO C MCMONIb30BAaHWEM 311EKTPO-
JIN3HOM YCTQHOBKM Ha OCHOBe deppaTHOM TeXHO-
nornn (cHmkeHune 3Havenus XINK noutn B 7 pas);
030HMpOBaHue ¢ YO obnyyeHneM 3HAUUTENbHOTO
BO3JEMCTBUS He 0Kasano, YTO BbI3BAHO MHOrO-
KOMMOHEHTHOCTbIO U CJTOXXHO-OKUCISIEMOCTbIO MOS-
ntotaHtoB CB npegnpuatus.

MonyyeHHble pe3ynbTaTbl MO3BOMWAW BrepBble
060CcHOBaTb KOMBMHMPOBaHHYH cxeMy oumncTkm CB
¢ ncnonb3osaHneM AOPs-TexHonornn, paktnyeckm
C MMHUMM3ALMENA WMCMONb30BAHMUS KIACCUYECKUX
XMMUYECKUX PeareHToB W pasfenbHOM HeWTpanu-
3auUmMen 3arpsa3HEHHbIX BOAHbLIX PacTBOPOB OTAE-
JIOYHOrO Liexa.

[anbHeriune uccnefoBaHUs AN 3HAYUTENb-
HOro Y/y4llEeHUs 3KOIOTMYECKOro MeHemXMEeHTa
M CUCTEMHOIN0 MOHUTOPMHIA Ka4vyecTtBa OTBOAMMbBIX
CTOYHbIX BOA, NPeanpuaTuii TEKCTUIbHOW NPOMBbILL-
NIEHHOCTW, HeobXO0AMMO HaLenuTb Ha CO34aHue
MEeTOAMKMU U MH(OOPMALMOHHO-aHANIUTUYECKON CU-
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XUMUYECKAA TEXHONI0IUA

cTeMbl cbopa MHbopMaLMmn 0 napameTpax BOLOOT-
BEAEHMS B pexxume peanbHoro spemenu [13]. Mpu
3TOM, C YY4ETOM HaNMUMUA U3MEPUTENIbHBIX CPEeaCTB,
CNocobHbIX paboTaTb B pexuMme peanbHOro Bpe-
MEeHM B arpeccuBHbIX Cpedax, LenecoobpasHo
BbIMOIHATb KOHTPO/Ib UMEHHO TakMX MoKasaTenew
KayecTBa CTOYHbIX BOA, Kak: pH, okucnutens-
HO-BOCCTaHOBUTENbHbIN noTeHuman (OBIT), Temne-
paTypa, 371eKTPONpPOBOAHOCTb (/15 KOHTPONA NOKa-
3aTens «obwas MuHepanusaumsy). loteHumnanbHo
B TOYKe EMKOCTU perynmpoBaHns 060CHOBAHO Bbl-
MOMHUTL KOHTpOAb nokasatens CB «MyTHOCTb».
Mpu 3TOM paspabaTbiBaeMoe M3MepUTeNbHO-aHa-
NIMTUYECKOE pELUEHME AO0/KHO WMMETb OTKPbITYO
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nodexs — npoussodcmasy», YO «BI'TY», Butebck,
2006,C.227-229.

4. Edwumos, A. ., TaBapTkunagse, M. M., TkaueH-
Ko, J1. M. (1985), Ouucmka cmoyHbix 800 npednpu-
amudi nézkoli npomsiwneHHocmu, Kues, 230 c.

5. A6pynnuu, U. L., Hedenbes,E.C.,M6parumos,P.T.,

MapowwuH, B. B., 3anuesa, O. B. (2013), Ouunctka
CTOYHbIX BOA MPeanpusaTUin TeKCTUAbHOM Mpo-
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apXMTEKTYypy: BO-MepBbiX, obecrneunBas BO3MOX-
HOCTb NOAKJTOYEHUS APYrUX CPELCTB ONpeneneHus
3HAYeHWM nokasaTenen CTOYHbIX BOA, BO-BTOPbIX,
[laBasi BO3MOXHOCTb 3aMno/HATb 6a3y AaHHbIX C UC-
Nonb30BAHMEM PE3Y/bTATOB IAOOPATOPHbIX aHANU-
30B.

BaxkHbIM  acmeKkTOM NPOAOMKEHUS  HAaYYHbIX
M3bICKAHWI CTaHeT MNpOMbILLIEHHOEe oOnpenene-
HWE 3KONOro-3KOHOMUYEeCcKon 3PHEeKTUBHOCTU CO-
3gaHHon cxembl JIOC, mockonbky nabopaTopHble
pe3ynbTaTbl, N0 MHEHWIO aBTOPOB, TPeDYIOT 3HaUU-
TENbHOW KOPPEKTUPOBKM B MPOMbILLIEHHbIX YCIO0-
BUSIX B KOHTEKCTE pecypco3aTpar.
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MHBECTULIMOHHAA  AEATEJIbHOCTb, /[OJIM0-
BbIE  MHCTPYMEHTBI, [PSAMbIE  MHBECTULINN,
[TOPT®EJIbHbIE  MHBECTULINM, PEUHBECTUPO-
BAHMWE [10XOAO0B, MHBECTULIMOHHbIV K/TMMAT,
SKOHOMUYECKUE CAHKLMN

MHHOBAUUOHHBIG nymb passumusi Pecnybnuku
benapyce mpebyem npugneyeHuss U 8/10XeHUs UH-
8eCMUUUOHHBIX pecypcos. MHeecmuyuu Hapsdy ¢
UHHOBAUUSMU 8bICMynarom O00HUM U3 (Hakmopom
YCKOPEeHUsI COuUanbHO20 U 3KOHOMUYECK020 pa3su-
musi cmpaxel nolydamens — peyunueHma uHeecmu-
yud. lMpu 3mom nomoku uHeecmuyuli 60 MHO20M
3a8Ucam om 8HeWHUX pakmopos, Makux Kak 3aKpsi-
mocme 2paHuy, HAAU4Yue 3KOHOMUYECKUX CaHkyud,
(uHaHCco8as 83auMo3asuUCUMOCMb MEXQOY CMPAHAMU
u dp. Lensro uccnedosarus siensiemcs OUEHKAa meH-
O0eHyull npusseyeHuss UHOCMPAHHbIX UHeecmuyuli 8
3KoHOMUKY Pecnybnuku benapycs 8 mekyujux ycno-
8USIX BHEWHEIKOHOMUYECKUX 83aUMOOMHOWEHU.

B cmamese npoaHanu3uposaHs meHOEHUUU UH8e-
cmuyuoHHol desmensHocmu Pecnybnuku benapyce
3a 2014-2022 20061. O606WeHbI akmopel, 8auUsi0-
wue Ha GopMUPOBAHUE UHBECMUUUOHHOU npusse-
KamenbHOCMU CmMpaHsbl, @ Makxe Ha cmpykmypy u
06beMbI UHBECMUPOBAHUS. M3y4eHo eausHUe naHoe-
MUU U BHEWHUX 3KOHOMUYECKUX CAHKUYUU 8 Kpamko-
CpoyHOU nepcnekmuge Ha OUHAMUKY UHBECMUUUOH-
HbIX NOMOKO8 CMPAHbl.

\_

ABSTRACT

INVESTMENT ACTIVITY, DEBT INSTRUMENTS,
DIRECT INVESTMENT, PORTFOLIO INVESTMENT,
INCOME REINVESTMENT, INVESTMENT CLI-
MATE, ECONOMIC SANCTIONS

The innovative development of the economy of
the Republic of Belarus requires the attraction of
investment resources. Investments, along with inno-
vations, are one of the factors in accelerating the so-
cial and economic development of the country. At the
same time, investment flows largely depend on exter-
nal factors, such as the closed borders, the presence
of economic sanctions, financial interdependence
between countries, etc. The purpose of the study is
to assess the trends in attracting foreign investment
to the economy of the Republic of Belarus under the
current conditions of foreign economic relations.

The article analyses the trends in the investment
activity of the Republic of Belarus for 2014-2022.
The factors influencing the formation of the invest-
ment attractiveness of the country, as well as the
structure and volume of investment are summarized.
The impact of the pandemic and external sanctions
in the short term on the dynamics of the country's
investment flows is determined.

The analysis is based on data from the National
Statistical Committee and the National Bank of the
Republic of Belarus.
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SKOHOMMKA

AHaMU3 0CHOBAH HA OaHHbIX HayuoHanbHoz20
cmamucmuyecko2o kKomumema U HauuoHanbHo2o
6axka Pecnybnuku benapyce.

BBEOEHUE

[oBbIWEHHOE BHMMaHWE K BOMPOCaM MnpuBne-
YeHMs MHOCTPAHHbIX MHBECTULMIA OBYCIOBNEHO UX
BXXHbIM 3HaYEeHWEM N5 YCNELWHOro pocTa 3KOHO-
MUKK. pn 3TOM 0Ccobas ponb OTBOAMUTCS MPAMbIM
MHBECTULMSAM, KOTOPblE HE TOMbKO BbICTYNAKT Of-
HWM K3 (HAKTOPOB PA3BUTUS MUPOBLIX TEXHONOTUA,
CO3[aHM1S HOBbIX BbICOKOMPOM3BOAMUTENbHbIX pabo-
YMX MECT,HO U OCHOBOM A/19 GOPMMUPOBAHUS KOHKY-
pPEeHTOCNOCOOHOro OTEYeCTBEHHOrO NPOM3BOACTBA,
a TaKKe WCTOYHWMKOM (UHAHCOBOW NOAAEPXKKM
3KOHOMMKM B Mepmoabl 3KOHOMUYECKMX CNagoB U
KPWU3MCOB.

Ins Pecnybnukn Benapycb npsiMble MHOCTpaH-
Hble uHBectuuun (MNN) npuobpetatoT cTpateru-
Yecku BaXKHOE 3HayeHue B CBA3M C OrpaHUYEHHO-
CTbl0 BHYTPEHHWMX MCTOYHMKOB (DMHAHCMPOBAHMUS
MHBECTULMIA B OCHOBHOM Kanutan. CtuMynupoBa-
Hue nputoka MMM cnocobcTByeT MCMOb30BaHMIO
HOBbIX MPOrPEeCcCUMBHbIX TEXHOMOMMM U TEXHUKM
B MPOW3BOACTBE, BHEAPEHWI MApKETUHIOBbIX M
ynpaBneHYeCcKmUXx Hoy-xay, bonee 6bICTPOMY BbIXOAY
Ha HOBbIE PbIHKM C KOHKYPEHTOCMOCOOHOM NpoayK-
LMen, a TakKe COKPALLEHUI0 HEPALIMOHANIBHOTO UM-
nopta [1]. OgHako Havyano naHgemMuu, 3a KOTOPOM
NnocNefoBano 3aKpbITUE TPaHUL, Mexay CTpaHaMmu,
a TaKXe BBEAEHWE 3KOHOMUYECKMX CaHKLMM B aB-
rycte 2020 roaa 3HAUUTENbHO NOBAMSNIN HA UHBE-
CTUUMOHHDIV NOTEHLMAN CTPaHblI.

Kpome TOro, ofHMM M3 3HAYMMbIX (AKTOPOB
yBenunyeHus nputoka MMM B HauMOHaNbHY 3KO-
HOMUKY §IBNSIETCA Yy4yacTMe CTpaH B npoueccax
pPErmoHanbHOM U MeXrocyaapCTBEHHOM 3KOHOMM-
yeckon MHTerpaumu. Tak, uenbto cosganust B 2012
rony EamMHOro 3KOHOMMYECKOro MpOCTPaHCTBA
(E3M), a Ha ero ocHose B 2014 rogy v EBpasuiicko-
ro 3KOHOMMYECKOr0 COH33, IBNSIETCS «MNOBbILIEHUE
MHBECTULLMOHHOM NPUBNIEKATENBHOCTU U KOHKYPEH-
TOCNOCOOGHOCTU YHACTHUKOB 0ObeANHEHUSI HA MEX-
[YHapOOHOM apeHex», YTo NoapasymeBaeT «obecne-
YyeHwue cBoOOAbI MepeMelLEeHNs He TONbKO TOBApOB,
ycnyr, paboyen cunbl, HO M KanuTana (MHBECTULMN)
yepes rpaHuLbl rocyaapcTB y4acTHUKoB» [2]. B 1o
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e BpeMsi, akTnBHoe yyactue Pecnybnunku benapycb
B ME@XIYHapOJHbIX MHTErpaLMOHHbIX MpoLeccax,
OCYLLECTB/IEHWE €10 MHOFOBEKTOPHOW BHELLHE3KO-
HOMMYECKOM NOMUTUKK, @ TaKXKe aKTUBHOE B3anMO-
[eNCTBME CTPaH B paMKax MeXroCyAapCTBEHHbIX U
MeXperMoHanbHbIX 06beMHEHUI B CBOK Ovepeslb
00yCcnaBnMBaOT BAMSHME BHeWHMX (AKTOPOB Ha
COCTOSIHME MHBECTULLMOHHBIX MOTOKOB.

B 37Ol CBSA3M aKTyanbHbIM SIBSETCS BbiSIBNEHUE
(haKTOpOB, BAMSIOWMX HA AMHAMMKY NMOTOKOB Nps-
MbIX MHOCTPaHHbIX MHBeCTULMI Pecnybnuku bena-
pycb 3a nepuopg 2014-2021 rr., a TaKXe U3yvyeHune
B/IMSAHUS HA HUX Ype3BblYaMHbIX BHELWHMUX COObITUI
B KpaTKOCPOYHOM nepcnektuse. Llenbto paHHoOro
HAay4YHOro MCCNefoBaHMA SBNSETCS OLEHKA TeH-
LEeHUMIN NpUBNEYEHMS MHOCTPAHHbIX MHBECTULMIA B
3KOHOMMKY Pecnybnukn benapycb B TeKyLWMX ycno-
BUSIX BHELHE3KOHOMUYECKUX B3aMMOOTHOLLEHUA.
TeHAEHUMU NPpUBAEUEHUS UHOCTPAHHbIX
uHBecTuumii B 2014-2019 rr.

TeHpeHUMKM B MPUBNEYUEHUU MHOCTPAHHBIX WH-
BECTULMI BO MHOTOM 3aBUCAT OT MHBECTULIMOHHOTO
KNMMaTa U UHBECTULMOHHOIO UMMIXKA CTPaHbl Ha
MWPOBOM apeHe. [Ing uUX ynydlleHus, a Takxke ons
CTUMYNMPOBAHUS WHBECTULMOHHOM [eaTeNlbHOCTH
B Pecnybnuke benapycb paspaboTtaHbl psg npo-
rpamMMm U NOKYMEHTOB, OfHUM U3 KOTOPbIX SBNSETCS
«CTpaterus npuBieYeEHUs MPAMbIX MHOCTPAHHbIX
uHBecTnumi B Pecnybnuky benapyco go 2025 roga,
LensMu KOTOPOWM BbICTYNAKT He TONbKO YyBenuye-
HWMe NPUTOKA NPAMbIX MHOCTPAHHbIX UHBECTULMIA U
yNyylleHne MHBECTULMOHHOIO KAMMaTa; HO WU no-
BblleHNe 3PHEKTUBHOCTM MHBECTULIMOHHON Oesi-
TENbHOCTU B Lie/oM [3].

OpHako aHanu3 MOTOKOB MHOCTPAHHbLIX MHBE-
ctmumn 3a nepuon 2014-2019 rr. otpaxaet vet-
KYH TEHLOEHLMI0 UX CHUXKEeHUS (pucyHok 1).

Ecnm B 2011 roay no cpaBHeHuto ¢ 2005 rogom
BaJIOBOE MOCTYM/JEHWE WUHOCTPAHHbIX MHBECTULMI
B 3KOHOMWKY Pecnybnuku benapycb yBennumnocb
6onee yem B 10 pa3 (B TOM yncie npsmble UHO-
CTpaHHble MHBeCTUUMM — noytn B 30 pas) [1],70 ¢
2014 r. pa3nnyHble NoKasaTenu NpsMbiX MHOCTPaH-
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PucyHok 1
(Map0 donnapos)

McmoyvHuK: cocmasneHo asmopom no 0aHHeiM [4, ¢. 321].

HbIX MHBECTULMI OEMOHCTPUPYIOT UX OTTOK U3 be-
napycw. Tak, 3a nepmog 2014-2019 rr. obbem no-
CTYNUBLIMX UHBECTUUMI CHM3mnca ¢ 15084,4 mnH
ponn. o 10006,8 maH ponn. (B TOM uncie npsambix
MHOCTPaHHbIX MHBECTULMI — Ha 30 %).

MNHOMKATOPOM 3HAUMMOCTU MPSAMbBIX MHOCTPAH-
HbIX MHBECTULLMI AN SKOHOMMKM CTPaHbI SIBNSETCS
nokasaTesib ux yaenoHoro seca B BBI1. Ecim B 2009
VAENbHbIA BeC uHBecTMumMin B BBl Pecnybnnku
benapycb 6611 paBeH 18,5 %,u B 2011 rony noctur
ypoBHS 31 %,T0, HaunHasa ¢ 2014 roaa, ero Benmyum-
Ha He npesbiwana 20 %, chusuewmcsb kK 2019 roay
0o 15,5 %, a nons npsMbIX MHOCTPAHHbIX UHBECTU-
unii B BBI cHusmnack k 2019 roay po 11,2 % (ta-
6nmua 1).

CHmxeHne obuero obbeMa MHBECTULMOHHbIX
NMOTOKOB B HaubOsbLUIei CTEMEeHW OTPasuiIoCh Ha
TeMMNax pocTa B TakMX OTPACASAX IKOHOMMWKM, KaK
TpaHcnopTHaa geatenbHocTb (B 2019 r. no cpasHe-
Huto ¢ 2014 r. MuHyc 52 %), rHbopmaums 1 cBa3b
(8 2019 r. Ha 60 % meHblue,yem B 2014 1), a Takke
Cenbckoe, IeCHoe U pbibHOe XO034MCTBO U CTPOU-
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TenbCtBO (MMHYC 34 % u 30,3 % COOTBETCTBEHHO).
B HauMMeHbLiel Mepe CHWXeHWEe KOCHYNOCb Mpo-
MbILLJIEHHOCTU U OMTOBOM M PO3HUYHOM TOProOBAM
(8 2019 r. Temn pocta no otHoweHuto B 2014 r. co-
oTBeTCTBEHHO coctaBmn 91,1 % u 74 %) [4,c. 322].
Ha atom ¢oHe Bblaensetcs puHaHcoBas u CTpa-
XOBasi [esTeNbHOCTb: MOCTYM/JeHWe WMHOCTPAHHbIX
MHBECTULMI B 3Ty chepy He TONbKO He CHU3WIOCH
3a aHaNU3MpyeMblid NEPUOL, HO U NPOAEMOHCTPU-
poBano pocT - 126 % B 2019 r. no cpaBHeHUIO C
2014 ropom.

B oTpacneBoii cTpykType NMpuMTOKa MHBECTULMM
Ha NPOTSXKEHWM AHANM3UPYEMOrO Mepuoma Nuau-
pYIOT TPM OTPAC/IM 3KOHOMMUKM: NMPOMBbILNEHHOCTb,
TOProBAs ¥ TPAHCMOPT — CyMMapHas A0NS 3TUX Tpex
otpacnen B 2019 r. coctaBuna 6onee 83 % u Teve-
Hue 2014-2019 rr. Haxoamnach B npeaenax 78,6 -
86,1 %. Bbicokui1 yaenbHbIX BEC MHBECTUPOBAHUS B
BbllLEeyKa3aHHble OTPaC/iM 0ObACHAETCS Hannynem
B HUX Gonee BbICOKOrO YPOBHS MPOU3BOAMUTENb-
HOCTU TPYLaA, YTO SABMSETCS MPUBEKATENbHBIM A/15
MHOCTPaHHbIX MHBECTOPOB (PUCYHOK 2).
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Tabnuua 1 - YoenvHelli 8eC UHOCMPAHHbIX UHBecmuyuli Pecnybiuku benapyce 8 8a1080M 8HympeHHeM npodykme

3a 2009-2019 ze.

MocTynneHune MHOCTPaHHbIX
WMHBECTULMIA, MJTH LONI.,

B TOM yucne:

— NMPAMbIX MHOCTPAHHbIX

MHBECTULMMN

Banosoii BHYTpeHHMI

NPOAYKT, M/H 40N,

YnenbHbit Bec B BBIT (%):

- ob6uwwero obbeMa

NoCTynUBLINX MHBECTULNN

— NPAMbIX UHOCTPAHHbIX

MHBECTULMN

9393,7

48211

50763,6

2011 2013 2015

18878,6

608934

31,0

218

149743

13248,0 | 110834

752333

113442

72414

56813,2

19,9 20,0

147 12,7

McmoyHuK: cocmagneHo asmopom no 0aHHeiM [4, ¢. 321].
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8559,8

69286

48118,2

17,8

144

2017 2018 2019

97285 | 10842,0 | 10006,8

76342 | 85371 | 72332

54689,7 | 59942,1 | 645544

17,8 18,1 15,5

14,0 14,2 11,2

B cenbCKoe, IecHoe 1 pblbHoe

X0351CTBO

1 NPOMBbILLIEHHOCTb

Il cTpoUTENLCTBO

onToBaA U PO3HUYHAA TOProsnA

B TpaHCcnopTHaA AeATeNbHOCTb

] uHbopMaLma 1 CBA3b

B npoune

B3 d)lll HaHCOBaA AEATE/IbHOTb

PucyHok 2 - Ompacnesas cmpykmypa 06bema UHOCMpPaHHbIX UHeecmuyuli, nocmynuswiux 8 Pecnybauky benapyce

8 2019 22. (%)

McmoyHuk: cocmasneHo asmopom no 0aHHsiM [4, ¢. 322].
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CrpykTypa CTpaH-uHBEeCTOpoB B Pecnybnuky
benapycb 3a 2014-2019 rr. 3HaUMTENbHO HE U3-
MeHunacb. B Tporiky nuaepos B 2019 r. Bxoannu
Poccuiickass ®epepaumsa (45,1 %), CoenmHeHHoe
KoponesctBo BenukobputaHum u CeepHoi Mp-
nangum (18 %) u Kunp (7,6 %). lons nHeectuum-
OHHbIX NOTOKOB M3 ABCTpUK coctasnsana 4,4 %, a us
YKkpauHbl — 3,7 % oT 0bliero obbema nNocTynuBLIMX
uHBeCTMUMI [4,c. 325].

C 2011 Hapsgy € BanoBbIMM MOTOKaMW MHBe-
CTUUMIA, MOCTYNAKOLMMU B IKOHOMUKY CTPaHbI, pac-
CUMTBIBAETCS MOKa3saTenb MpPsIMbIX MHOCTPAHHbIX
MHBECTULMM «HA YMCTOM OCHOBEY, MO3BOJSOLLMNA
OLEHUTb BO3MOXHOCTb MCMOJSIb30BAaHUSI MHBECTU-
LIMOHHBIX MOTOKOB KakK MCTOYHWMKA UHAHCMpOBaA-
HMS TEKYLLEro cyeTa NaaTexxHoro 6anaHca CTpaHbl.
Bblcokas aHaNMTUYHOCTb 3TOrO NoKasaTens 3ak/ko-
YaeTcs B TOM, YTO B COCTaB MPSMbIX MHOCTPAHHbIX
MHBECTULMIA HA YNCTON OCHOBE He BKJI0YaAeTCs 3a-
[LOMKEHHOCTb NPSIMOMY MHBECTOPY 3a TOBapbl (pa-

140
120

100

—gag— 890
80

60
40

20

2013 2014 2015

SKOHOMUKA

60TbI, yCiyru), a Takke 4aCTb HepacrnpeaeneHHoM
4MCTOM MpMBLIIM OpraHM3aumm, KoTopas Hanpas-
NSeTCs B fanbHeiwee pasBuTMe opraHu3aumu. Tak
KaK TakMe peuMHBECTULMM HEe MOCTYMatT B IKOHO-
MWKY CTpaHbl M3BHE, 8 TEHEPUPYIOTCS U MCNONb3Y-
€TCS BHYTPM CTPaHbl, OHU He obecneynBaeT peasb-
HbIv nputok MW [5].

3a nepuon 2014-2019 rr. ob6beM npaMbIX
MHOCTPAHHbIX MHBECTULIMIA Ha YMCTOM OCHOBe [Je-
MOHCTPMPOBa TEHAEHLMIO K CHUXKEHMIO, 33 UCKITHO-
yeHnem 2018 r. (pucyHok 3).

B 2018 r. npUTOK MNpSMbIX MHOCTPAHHbIX MH-
Bectuumin (MNN) Ha unctort ocHose (6e3 yueTa
3al0/KEHHOCTU NPSIMOMY WHBECTOPY 33 TOBapbl,
paboTsl, ycnyru) coctasun 1634,9 mnx gonn. CLLUA
W YBENUYWUACS MO CPABHEHMIO C aHANOMMYHBIM ne-
puogom 2017 r. Ha 31,1 %. lpu 3TOM B peanbHblii
cekTop 3koHoMukM B 2018 r. noctynuno Ha 15,5 %,
a B 6aHKOBCKOM cekTope - B 3,1 pa3a 6onbue MAN
MO CPaBHEHWIO C NpenblayLiMM rofoMm. Takoi pocTt

131,1

81,1 81,2

2016 2017 2018 2019

e TEMM POCTa, % K NpedblayLemy rogy

PUCyHOK 3 - Temnel pocma obvema NpamMbIX UHOCMPAHHbIX uHgecmuyuli Ha 4ucmodli 0CHo8e, nocmynuswux e

Pecnybnuky benapyce 3a 2014-2019 2e. (%)

McmoyHuk: cocmasieHo agmopom no 0aHHeiM [4, ¢. 322].
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MHBECTULMOHHOM akTuBHOCTM B 2018 . Bbin B He-
KOTOpOM CcTeneHn 0bycnoBneH yMepeHHbIM 3KOHO-
MWUYECKMM POCTOM, KOTOPbIM HALMOHANbHAs 3KOHO-
Muka Pecnybnuku benapycb AeMOHCTpUpoBana Ha
npotsxkeHmn Bcero 2018 r. [5].

Obpaliaet Ha ceb6s BHMMaHWe CTpPyKTypa nps-
MbIX MHBECTULIMIA MO MHCTPYMEHTaM WHBECTUPOBA-
HUs (pucyHoK 4). Jons KanuTanbHbIX BAOXEHWUN B
yCTaBHble (QOHLbI, XapaKTePU3YHOLLAsa OeiCTBUTENb-
HO MpsIMble MHBECTULIMM, HA MPOTSHKEHUM BCEro ne-
puoza He npesbiwaet 30-40 %. Okono 14 % Bcex
MM cocTaBngoT AONTOBblE MHCTPYMEHTHI, KOTO-
pble B Byayuiem notpebytoT Bo3BpaTa Kanutana. Ho
caMoe rnaBHoe — HanbosbLIas YacTb UHBECTULMOH-
HbIX BnoxeHwui (bonee 50 %) npencrasnseT cobon
peuHBeCTMPOBaHME MPMbbLIIN, T. €. HE MPUTOK HO-
BbIX JlEHEr B 3KOHOMMKY, @ MLb 0060pOT AOX0A0B,
MOJy4eHHbIX B OCHOBHOM BHYTPU CTPaHbl.

Takum 06pasom, Nnocae akTMBHOrO pocTa NoTo-
KOB MHBECTMUMI B 3KOHOMUKY Pecnybnukn bena-
pycb Ha npoTsxenun 2005-2011 rr., HauMHag ¢

2012-2013 rr. HabnoOAETCA YCTOMYMBOE CHUXKE-
HWe pa3NMYHbIX MOKasaTenen WHBECTULMOHHOW
AKTMBHOCTM. B 3KOHOMMYECKOW nuTepatype 3Ty
TEHOEHUMIO Ha3bIBAOT «MHBECTULIMOHHBIM pa3Bo-
pPOTOM», OiHA M3 NPUYMH KOTOPOro — rnobanbHble
TeHaeHumm ottoka MM n3 passuBaroLLmMXCs CTPaH
1 nepedopMaTMpoBaHMe MHBECTULMOHHOW KapTbl
mMupa [8]. OCHOBHbIMW BHYTPEHHUMU MPUYMHAMMY,
00YC/NIOBMBLUMMU YCTOMYMBOE CHUXKEHUE WHBECTU-
LIMOHHbIX NOTOKOB B benapyck B Te4eHne aHanu3u-
pyeMoro nepvona, no MHeHUI0 3KCNepToB, SBNAOT-
ca [8]:

- MafileHve TEMNOB pOCTa MpPOM3BOACTBA, BBI,
peasnibHbIX LLOXOA0B HACENEHUS, @ TAKXKE CHUXKEHME
NpOM3BOAUTENBHOCTY TPYLA;

- yxyaweHne (GUHAHCOBOrO COCTOSIHWMS Opra-
HM3ALMIA C MHOCTPAHHBIM KanWTaNoM, U, Kak cnea-
CTBME, COOTBETCTBYHOLLEE CHUXKEHME PEUHBECTUPO-
BaHUS;

- BbICOKMM PUCK PaCTOPXKEHUSI UHBECTULMOH-
HbIX COrNalleHUI BCIeACTBUE HEBLINMOMHEHNS B3SI-

-

100%
90%

2014 r. 2015r. 2016T.

[lonroBble MHCTPYMEHTbI

M PeVHBECTUPOBaHME LOXOL0B

M YyacTue B KanuTase 3a UCKAOYEHMEM penHBeCTMpoOBaHMNA A0X0408B

PucyHok 4 - Cmpykmypa npsiMbix UHOCMPAaHHbIX uHgecmuyul 3a 2014-2019 e2. no uHcmpymeHmam

uHsecmuposarus (%)
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McmoyHuk: cocmasneHo agmopom no 0aHHsIM [7].
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TbIX MHBECTOPOM Ha cebs1 0693aTenbCTs;

- HeynoBNEeTBOPUTENbHbIM  MHBECTULMOHHbIN
KIMMaT, 0 YeM CBUAETEeNbCTBYET HEBLICOKOE MOJIO-
)KEHWE CTpaHbl B PEWTUHrE 3KOHOMWYECKOM CBO-
6oabl (Index of Economic Freedom The Heritage
Foundation).
0co6eHHOCTM MHOCTPAHHBIX UHBECTULMIA B
3koHoMuKy Pecny6nuku benapycb nocne 2020 r.

2020 rop oxapakTepu3oBancs BO BCEM Mupe
pe3KMM  COKpalleHMeM  1obasnbHbiX  MOTOKOB
MPsSIMbIX  MHOCTPaHHbIX MHBECTUUMIA. [MaHaemus
COVID-19, a Takxxe Mepbl MO CMSArYeHUO ee Mo-
CNeacTBUMIM M 3anpeTbl NpUBENM K MpeKpalleHuio
UAn OTCPpOYKaM B peannsaumm UHBECTULMOHHbIX
NpOEeKTOB, 3aKPbITUID 0OLEKTOB M 3aMOPAXKMBAHUIO
NMPOM3BOLCTB. ITO KOCHYNOCh KaK MHBECTULMOHHBIX
NPOEKTOB «C HYNA», TaK U UHBECTULMIA, CBA3AHHBIX C
pacwmpeHmeM npomssBoacTea [9].

MupoBsoli duHaHcoBbiM Kpm3muc 2020 ropa,
BbI3BaHHbIM naHaemuen COVID-19, ycunun He-
raTMBHble TeHAeHuuu B ABwxkeHun [MUUW n ang
Pecnybnuku benapycb. OoHAKO NMOMMMO BAIMSIHUS

12 000,0

10 006,8
10 000,0

8 680,2

8 000,0 72332

6 000,0

4000,0

2 000,0

1327,2

0,0
2019

| nOCTyI'II'IeHl/IE MHOCTPAHHbIX VIHBECTVILJM;I

SKOHOMUKA

MMPOBOr0 3KOHOMMWYECKOTO KPWM3MCa, BbI3BAHHOTO
naHgemuen COVID-19, Bo BTopow nonosuHe 2020
roga 3HauyMMbIiM GAKTOPOM, BMSIOWMM HA TEHAEH-
LW NpUBAEYEHUS MHOCTPAHHOTO Kanutana B CTpa-
HY, CTAaHOBWTCSA MOJUTUYECKUA. DKOHOMUYECKUE
CaHKUMK, BBELEHHble B OTHOWeHUW benapycu, co
ctopoHbl ctpaH EBponbl n CLUA, o6ycnosunu ganb-
Hellee CHWXeHWe 0ObeMOB MOCTYMIEHWUS WHO-
CTPaHHbIX MHBECTULLUIA B IKOHOMMKY CTPaHbI.

B 2020 romy B Pecnybnuky Bbenapycb 6bino
npueneyeHo 8,7 mnpa ponn. CLUA mHOCTpaHHbIX
MHBECTUUMI, uTo 13 % MeHble, yeM B 2019 r. Nps-
Mble WMHOCTPAaHHbIE WHBECTULMW, HAMpaBNEHHble
B 3KOHOMMKY CTpaHbl, coctasunn 6,0 mapg Lonn.
CLUA (69,2 % oT Bcex MOCTYMUBLUMX UHOCTPAHHbIX
MHBECTULMIA), CHU3MBLLUMCL NO CPaBHEHUIO C npe-
Oblaywmm rogom Ha 17 % (pucyHok 5). Mpu 3ToM
Pecnybnuka benapycb, 04Ha M3 HEMHOIMX B MUpeE B
2020 rony yBennumna oowvem MNM Ha unctoi ocHo-
Be, CyMeB npwueneyb 1,4 mMnpa LONNapos, 4TO Ha
6,6 % 6onblwe ob6beMoB Npenblayliero roga. Poct
MAN Ha uncToM OCHOBE CBMAOETENLCTBYET O TOM,

8 698,7
6 558,0
6 006,0
1414,8 1327,4
2020 2021
nMn MWW Ha uncToi ocHoBe

PucyHok 5 - [lJuHamuka UHOCMpAHHbLIX UHBECMUUUU 8 3KOHOMUKYy Pecnybnuku benapyce 3a 2019-2021 ze.

(M1H donnapos)

McmoyHuk: cocmasneHo asmopom no aHHeiM [4, ¢. 321].
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YTO MHBECTOPbI, C OAHOM CTOPOHBbI, CHU3UM 06bEMBI
WMHBECTUPOBAHWS, HO, C APYrOM, — CTaM MeHblUue
M3bIMaTb CPEACTB U3 UHBECTULMOHHBIX MPOEKTOB.

3a 2020 rog MM Ha umncTor ocHoBe B benapych
u3 ctpaH EBponeickoro cotwsa yBeanuMnMcb Ha
19,6 % (n coctaBunun 583,342 mnH ponn.), B To Bpe-
M$i KaK poCT MHBecTuumi u3 ctpad EASC coctasun
nnoc 16,6 % (oo 314,571 man gonn.) [10].

OnHako, HECMOTPS Ha CYLWeCTBEHHbIM poCT,
obu1UMANBHBIA NPOrHO3 MO NPUBAEYEHUIO MPSIMbIX
MHOCTPAHHbIX MHBECTULMIM Ha YUCTOM OCHOBE Ha
2020 r., ycTaHOBNEHHbIV B pa3mepe 1,7 mapa, oonn.
Obln BbINONHEH Tonbko Ha 83,2 %. Okono 78,6 %
MM Ha uncToi ocHoBe B GENOPYCCKYH 3KOHOMUKY
6bII0 BNOXEHO B MpeanpuaTus nNsTM BUMAOB Aes-
TeNbHOCTM — 06pabaTbiBaOLLEN MPOMbILLIEHHOCTH,
TOProB/iM, TPAHCNOPTa, MHDOPMALLMK U CBS3M, A Tak-
Xe GuHaHcoB u cTpaxosanus [10].

Cpenm cTpaH panbHero 3apybexbs HaubobLLMA
POCT MOTOKOB NPSIMbIX MHOCTPAHHbIX UHBECTULLMIA B
3KOHOMUKY Pecnybnuku benapycb nponemMoHcTpu-
poBafnM TakuWe CTpaHbl, Kak Huaepnanasl (poct
B 2,5 paza no cpasHeHuto ¢ 2019 r.), lfepmaHus
(+58,5 %), CLUA (+26,2 %), ntea (+21,7 %), LLBei-
uapus (+16,7 %) [4,c.325].

B 2021 rony, HECMOTPS HA CAHKLMOHHOE AaB-
NeHue 3anagHbiX CTpaH, CTpaHe yAanocb AOCTUYb
HEe3HaUMTEeNIbHOrO pOCTa MPUTOKA WHBECTULMIA B
3KOHOMMUKY: BaNIOBOM 0ObEM MOCTYMUBLUMX MHBE-
ctmumin ysennumnca Ha 0,2 %, a npsiMble MHOCTPAH-
Hble MHBECTMUMM MoKasanu poct nac 9 % (pucy-
HOK 5).

Kak v B npenplaylime roabl, OKONO TPETU BCEX
BANOBbIX TMOCTYMIEHUIA WMHOCTPAHHbBIX WHBECTU-
unii 6bino HanpasneHo B chepy Toproenu (28 % B
2020 r.mn 31,4 % B 2021r.). BmMecTe c Tem, OTMeYa-
€TCs pOCT yAeNbHOro Beca MHBECTULMI B MPOMBIL-
neHHoctb (ecnm B 2019 r. oH coctasnsan 31,1 %,10 B
2021 r.poctur 36,4 %), a TakKe 3HAUUTENIbHOE CHU-
XEHWe [0NU MHBECTULLMOHHbBIX BIIOXEHUIM B TPaHC-
noptHyto otpacib (11,4 % B 2021 r. npoTtme 19,5 %
B8 2019r.m 32,5 % B 2016 1.).

Kak n paHee, B 2020-2021 rr. B TPOMKY OCHOB-
HbIX MHBecTopoB Pecnybnuku Benapycb Bxoaunu
Poccuiickas @enepaums, YkpauHa, Kunp, ubg cym-
MapHas 40N MNOCTYNAeHUs WMHOCTPAHHbIX MHBE-
CTMUMIA B peanbHblit cekTop benapycm coctasnsana
6onee 71 %,a pona MU - 71,9 % (pucyHok 6).

132

Tak e, kKak u B npownbie roapl, B 2020-
2021 rr.BnoxeHus B 6€10pyCCKy0 3KOHOMUKY UAYT
B OCHOBHOM 33 CYET pENHBECTUPOBAHMUS MPU MUHU-
ManlbHOW [0Me pecypcoB, BK/IaLbIBAEMbIX B HOBble
npoekTbl [10]. CoxpaHsieTcs Takxe M 0COBeHHOCTb
pacnpeneneHns MHBECTULMOHHbIX MOTOKOB BHYTPU
pecnybiMkmM — Hanbonbluer NpMBIEKATENbHOCTbIO
[N MIHBECTOPOB MO MPEXHeMy SBMSKTCS OpraHu-
3aumm I. MrMHCKaA (CO 3HAYMTENbHbIM OTPLIBOM) U Ha
BTOpOM MecTe — MuHcKon obnactu. YactuyHo 370
00BSACHSETCA TEM, YTO perncTpaumns 3apybexHbiMu
MHBECTOPaMM TONOBHbIX MOAPA3LENeHuin ocyle-
CTBNISIETCS B OCHOBHOM B cTonuue pecnybnunku. Oga-
HaKo, B 3HAUYWUTENbHOW CTENEHWN OKA3bIBAET BUSAHME
M MeHbllas WHBECTULMOHHAN MPUBNAEKATENbHOCTb
pPErMoHOB, BbI3BaHHAsI CHWXXEHHbIM MOTpebuTeNb-
CKMM CMPOCOM HacCeNeHus, XyaWwmM KauyecTBOM UH-
(pacTpyKTypbl, MEHEE PA3BUTLIM PbIHKOM Tpyaa U
T.O.

C Havana 2022 ropa nocnenctsus NaHOEMUU
Haya M MNOCTENEHHO CHUXATb CBOE HEraTMBHOE
BAMSHWE HA 3KOHOMMKY Pecnybnukm benapyco, oa-
Hako B 3TOT nmepuon Obinn BBeLEHbl HOBble Make-
Tbl CaHKLMM, CBA3AHHbIX C HAYanoM CneLuanbHON
BOEHHOM OnepaLuu Ha TeppuUtopumn YKpauHbl, 4TO
YCUMBAET HeraTMBHOE MOBAMSET Ha NpOLecCh
MHOCTPAHHOIO MHBECTMPOBaHMS. B 3Tux peanusax
nporHo3bl no npueneyexunto NMANN B skoHoMKKy be-
napycu B Havane 2022 HoCUAM NPenMyLLECTBEHHO
NecCUMMUCTUYECKUIA XapaKTep.

OpHako 00beMbl MpUBAEYEHUS MPSMbIX MHO-
CTPaHHbIX MHBECTULMI MO UTOraM Tpex KBapTanos
roga NpoAEMOHCTPUPOBANW MONOXUTENbHY AU-
Hamuky. B aHBape-mapte 2022 B peanbHbli CEKTOP
3KOHOMMKM benapycu MHOCTpaHHble WHBECTOPbI
BNOXWAKU 3,4 MNpA AONN. nHBECTMLMIA, 88,8 % KOTO-
pbix coctasunu MUN. MNpu 3TOM NpSAMbIX MHOCTPaH-
HbIX MHBECTULMI Ha YUCTOW OCHOBE ObiNo npu-
BneyeHo 1818,3 MAH [0AN., YTO CTAaN0 PEKOPAHbLIM
3HaueHMeM MO pe3y/nbTaTaM MepBOro Keaprana C
2014 ropa (pucyHok 7) [11].

JKCnepTbl NPeanofaratoT, YT OAHMM K3 (dak-
TOPOB, MOBAMSBLUMX HA TAKOW PEKOPAHbIA POCT,
ctan oteeTHbIM war [lpaBuTtenbctBa Pecnybnuku
Benapycb Ha BBeAeHHble NakeTbl CaHKUMIA B BUAE
Ykaza «O pononHuTenbHbIX Mepax no obecneve-
HUIO CTABMABHOrO (QYHKLMOHMPOBAHUS 3KOHOMMU-
KW», B COOTBETCTBMMU C KOTOPbIM B C/ly4ae BBeae-
HWS CTpaHaMM OrpaHUYUTENbHBIX Mep, KOTOpble
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PucyHok 6 — OCHOBHbIE CMPAHbI-UHBECMOPbLI NPSMbIX UHOCMPAHHbIX UHBECMULUL 8 3KOHOMUKY Pecnybnuku

benapyce 8 2021 22. (%)

cocmasneHo asmopom no 0aHHsIM [4, c. 325].
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SKOHOMMKA

npegnonaralT  QakTMYeckoe  3aMopaXuBaHue
MHBECTNpoekToB B benapycu, NpuoCTaHOBKY WX
(OVHAHCUPOBAHKS, NUWIEHWE TeXHUYEeCKOM BO3-
MOXHOCTU MNPOBELEHWUs pacyeToB MO TOCAONTY B
BantoTe, MUHPUHY, BaHKaM-areHTam, UHbIM Opn-
LLaM npenocTaB/ieHo nNpaBo no peweHunto CoBMUHA
obecrneunBaTb MCMNoNHeHUe 0053aTenbCTB nepeq,
TakuMMmM cTpaHamu B 6enopycckux pybnsax» [11].

Mo utoram 6 mecsiues 2022 r. 6enopycckas 3ko-
HOMWKa npueBnekna 4,3 Mapa L0, MHOCTPAHHbIX
MHBECTUUMI, Bonee 88 % KOTOPbIX COCTAaBUIM MpSi-
Mbl€ MHOCTPaHHblE MHBECTULMU, POCT KOTOPbIX MO
CpaBHEHUIO C aHanornyHeiM nepuogom 2021 ropa
coctasun + 4,4 %. lNpn 3TOM, TaK e Kak U no pe-
3ynbTaTaM NepBOro KBapTana,Hanbonee 3HaunTeNb-
HO (Ha 45,8 %) yBenuUMnuCb NpsiMble MHOCTPaHHbIE
MHBECTULUMM HA YMCTOW OCHOBE. IHBECTOpbI CTanu
yale penMHBecTMpoBaTb NpubbIIb (pocT Ha 13,1 %),
npy 3TOM 3HAYUTENbHO COKPATUNCS 0BbEM AO0Nro-
BbIX MHCTPYMeHTOB (Ha 14,2 %) [12].

Jinnepom no obvemy nHBecTuumit B benapychb 3a
nonyroaue crana Poccus (387,8 mnH gonn.), BNoxus
MO CPaBHEHMIO C NpeablAyLLMM rof0M GUHAHCOBbIX
pecypcoB Ha 40,7 % 6onblwe [13]. Takag akTMBK-
3aLus pOCCUMMCKMX MHBECTOPOB YaCTMYHO 06yC/oB-
neHa TeM, yto Ao 80 % 3KcnopTHbIX NOCTaBOK be-
NIOPYCCKOM MPOMBILWAEHHOCTU OPUEHTUPOBAHO Ha
POCCMIACKMI PbIHOK M pblHOK cTpaH CHI, u nocne
BBEAEHUS MaCLTabHbIX CaHKuMi B MapTe 2022
ropa, 6enopycckue akTMBbI CTanu ANs pOCCUMACKMX
MHBECTOPOB NMPMBNIEKAaTENbHbI B MAaHE YaCTUYHOM
KOMMEHCALMN Pa3opBaHHbIX MPOU3BOACTBEHHbIX U
NOTMCTUYECKMX LLeNoYeK C 3anagHbIMU CTPaHaMu.
[puMeyaTenbHO, 4TO, HECMOTPS Ha 3KOHOMMUYe-
CKME CaHKUMMK, TaKXKe 3HAUYUTEeNbHO YBENUYMIIUCH
MHBECTULIMOHHbIE MOTOKM M3 HupepnaHpos (poct
B 6,1 paza), Kunpa (+11,2 %), lepmanun (+10,3
%), ABCTpun (pocT B 2,5 pasa), Lsenuapum (+75,1
%). Kpome Toro, 8 TOlN-10 mHBEcTOpOB nonanu
O6bennHeHHble Apabckue SMupatbl, WMHBECTU-
LMK 13 KOTOpbIX coctaBunun 40 MaH gonn., npoae-
MoHCTpupoBan B 4,5 pasza k 2021 roay) [13].

Poct uHBECTMLMOHHBIX NOTOKOB B benapycb
NPOAO/MKMACA U NO pe3ynbTataM TPeTbero KBap-
Tana 2022 r.: MW Ha uuctoit ocHoBe 3a 9 mecs-
ues 2022 ropa coctasunm 1,610 mnpa ponn., npe-
BbICMB NOKa3aTeNb npeabliayuiero roga Ha 42,6 %
(@ 480,8 mnH ponn.) [14]. B otamume ot ymctoro
NpUTOKa pecypcoB B MepBOM KBapTane roia, BO
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BTOPOM M TPETbeM KBapTase OTMEeYancs YWCTblN
OTTOK CpeacTB U3 cTpaHbl. OfLHAKO Takasi MHBECTU-
LMOHHAs KapTMHa B pa3pe3e KBapTaloB SBNSETCS
TMnuyHoOM ansa Pecnybnuku benapych, Tak Kak BO
BTOPOM M TPETbEM KBapTaNiax rofa OCyLecTBASeTCS
penatpuaums npubbinn 3apybexHbIM BnagenbLam
aKTMBOB Yepe3 HauucIeHWe U BbINnaTy AUBULEH-
[l0B, CnefoBaTe/bHO, OTTOK (DMHAHCOBBLIX CPeacCTB
NpeBbILLAET BaIOBOM NPUTOK UHBECTULLMIA B CTPAHY.

OcHoBHble 06beMbl UHBECTULMI OblIM Hanpas-
NeHbl B peanbHblii CEKTOP 3KOHOMMKM (1,267 mnpa
ponn. MMM Ha 4ynucTon OCHOBE), NPOAEMOHCTPUPO-
BAB POCT MO CPABHEHUI C aHANOMMYHBIM NEPUOLOM
npownoro roga +40,9 %. MUHaHCOBbIE BNOXEHUS
B OaHKOBCKWMIA CEKTOP CTpaHbl YBEAMYMAUCH Ha
60,4 %, nocturHys 256,3 maH gonn. [14].
3AKJTOYEHME

YcuneHnue rnobanmsaumm MUMpOBOM 3KOHOMMKM
M OUHAHCOBOWM CUCTEMbI NMPUBENO K MOBbIWEHWUIO
YYBCTBUTENIbHOCTM  HALMOHANbHBIX 3KOHOMMK K
COBbITUSAM Ha BHELIHUX PbIHKAX M K 3K30r€HHbIM
LIOKaM BHELUHEero CeKTopa, KoTopble 3aTparuMBatoT
He TO/IbKO peanbHbli 1 GUHAHCOBBIN CEKTOP, BHELL-
HETOProBYH AeSTeNIbHOCTb, HO U MHBECTULLMOHHYHO
COCTaBNSAOLLYHO.

XapakTepHbIMU OCODEHHOCTAMMU NPUBIEYEHUS
MHOCTPaHHbIX MHBECTULMI B 3KOHOMUKY Pecnybnu-
ku benapycb siBnseTcs TOT (aKT, YTO Noc/ie aKTUB-
HOro poCTa MOTOKOB MHBECTULMIA Ha MPOTSIXKEHUM
2005-2011 rr.,, HaunHaa ¢ 2012-2013 rr. Habnto-
[AeTCs yCTOMUYMBOE CHMKEHME Pa3/IMYHbIX MOKa-
3aTenen MHBECTULMOHHOM aKTUBHOCTM, YaCTUYHO
00ycnoBneHHoe BAMSIHMEM MUPOBOro GUHAHCOBO-
ro Kpnsnca U BbICOKMM UHBECTMLUMUOHHbIM PUCKOM
U T. A. MNpun 3TOM, BNOXEHUS B 6E10PYCCKYH 3KOHO-
MWKY MOYT B OCHOBHOM 33 CYET pENHBECTUPOBAHMUS
npy MUHUMANbHOM [0N€e PeCcypCoB, BKNaAbIBAEMbIX
B HOBble MpoekTbl. KpoMe TOro, HECMOTPSt Ha Ha-
Mune CTUMYNIMPYIOLMX PEXMMOB, HanpaBAeHHbIX
Ha NpuBIeYEeHME UHBECTULMI B PETMOHBI, UHBECTO-
pbl He crewar uat1 B 6enopycckyto rnybuHky. Kak
cnencTeue, 60MbLIYH YaCTb MHBECTULMOHHBIX B/IO-
YXEeHWI NoayyaeT CToNMyHas arnomMepaums (r. MUHCK
1 MuHckas 06nacTb), YTO 3HAUYUTENbHO CAEPXKMBAET
3KOHOMMWYECKUI POCT B PEMMOHAX U YCUAMBAET UX
onddepeHumaumio.

B nocnenHne ropbl 3koHOMWKa Pecnybnu-
ku benapycb BblHyXaeHa (YHKUMOHMPOBATb NOA
ECTKMM B/IUSIHUEM BHELUHE3KOHOMMUYECKUX MO-
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TpaceHuit. CHayana 310 6bII0 3aKpbiTUE TPAHUL, U
HapyLleHMEe TOProBbIX M JIOFUCTUYECKUX Liernovek
MeXay CTpaHamu M3-3a NaHLEeMUU, 3aTeM — BBeae-
HUE U Y)KECTOYEHME CAHKLMM 3anafHbIMKU CTPaHa-
mMu. OQHaKo ceroaHs 04eBMAHO, YTO B KPATKOCPOY-
HOM MepCcnekT1Be B/WSHUE BbllENEepPeYUCNEHHbIX
BHEWHMX AKTOPOB HE3HAUYMUTENbHO. DKCNepTbl
YTBEPXKAAIOT, YTO OecrnpeueneHTHble WM3MEHEHMSs
BHELUHWX YC/I0BWIA B pe3y/bTaTe 3CKanaumu 3Ko-
HOMMYECKMX CaHKUMIA B OTHOoweHun benapycu (a
TaKXe CBSI3aHHbIX C Hel cTpaH) byayT okasbiBaTb
BIMSIHWE B CPEAHE- U LLONTOCPOYHONM NepCrnekTMBe.
Tak, no oueHkam EASC, no pesyneratam 2022 roga
notepu rocygapcte — uneHos EASC moryT cocra-
BUTb: 0J19 ApMenun — 1,9-3,7 % ot BBI1,benapycu -
1,9-6,0 %,KazaxcraHa - 1,1-2,2 %,Kblprbi3ctaHa —
1,6-3,2 %,Poccum — o1 5 % no 10 % [15,c.7].

HecMoTps Ha T0,4TO NOTOKM MHOCTPAHHbIX MHBE-
CTMLMIA B 3KOHOMMKY Pecnybnukm Benapycb B nep-
Boi nonosuHe 2022 ropa nokasanu pekopOHbIN
poCT (KaK Ha BasoOBOM, TAaK U YMCTOM OCHOBAx), No
MHEHUWI0 AHANIUTUKOB, 3TO MOXET OblTb 6aHaNbHbIM
OTPaXEHWEM BPEMEHHOM KOHUEHTpauuu [eHer
B CTpaHe Ha (QOHe CaHKLMIA, BOEBbIX OENCTBUIA B
pErMoHe M OrpaHUYeHUI Ha TPaHCrPaHUYHbIE MO-
TOKM KanuTana [11].

B cBs3m ¢ 3TMM ocoboe 3HauYeHue npuobpeTaer
rOCyAapCTBEHHOE peryinpoBaHWe WHBECTULMOH-
HOM [eaTenbHOCTU, HAMpPaBNEHHOE He TOMbKO Ha
YCTQHOBJ/IEHWE MPABWUN U MEXAHW3MOB MpuUB/eYe-
HMS U 3DDEKTUBHOTO YNPABNEHUS UHBECTULUAMM,
HO M Ha MWHMMM3ALMIO BIUSIHUS BHELWHUX (ak-
TopoB. C 3Toi uenbto B 2022 rony pyKoBOACTBOM
CTpaHbl yXKe peann3oBaH psjh Mep, HanpaBieHHbIX
Ha yBenMYeHUEe UHBECTULMOHHBIX NMOTOKOB M MOA-
LEPXKY MHBECTNpoekToB. B uyacTHocTu, ocoboe

CMNCOK MCMNMOJTIb3OBAHHbIX
NMCTOYHUKOB

1. boHpapeHko, H. H. (2014), TeHoeHumn npusne-
YEHMS MHOCTPaHHbIX MHBECTULMI B Pecnybnanky
Benapycb, BecmHuk [Tonoykoz2o 2ocydapcmeeH-
Ho2o yHugepcumema. Cepus D «3koHomuyeckue u
ropuduyeckue Haykux, 2014,N2 13,C. 23-27.
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BHMMaHWe 6bIN0 yaeneHo 3KCMOPTOOPUEHTUPOBAH-
HbIM M MMMOPTO3aMeLLAWMM UHBECTULMOHHBIM
npoeKTaM; 0Ka3sblBanacb GUHAHCOBAs MOALEPXKKa
cybbekTaM Manoro U cpefHero npeanpuHMMaTenb-
CTBA NyTEM CO34aHMUS KpeauTHoro npoaykta «Cra-
6MNM3AUMOHHBIN» Ha cpok Ao 5,5 net nog 7,5 %
rofloBbix, 6narogaps yemy 66110 nogaepkaHo 325
MHBECTULMOHHbIX npoekToB MCI. Momumo 3Toro,
6blna ycTaHOBNEHA BO3MOXHOCTb peann30BbIBaTb
KOH(UCKOBAHHbIE UM 06paLLeHHble B LOXOL rocy-
[apCTBa aKLUMU OTKPbITbIX aKLMOHEPHbIX 00LLEeCTB
Ha bupxeBoM pbiHKe [16].

B cooTBetcTBMM € HaumoHanbHOM cTpaTternen
ycToumnBoro passuTus Pecnybnuku benapycb Ha
nepuopa 8o 2035 r. nepcneKkTMBHbIMK HanpaBneHU-
SIMU UHBECTMPOBAHMS B Bnmkanllee BpemMs LOMK-
Hbl CTaTb passutne UT-uHAyCTpUM, LMPPOBU3aLMS
NPOMBILLIEHHOrO, CTPOMTENILHOrO M TpaHCMopT-
HO-TOTMCTUYECKMUX MPOLLeCCOB, BHEAPEHUE UHTEN-
NEeKTyaNbHbIX CUCTEM B Chepy rpafoCTpOUTENBCTBA,
31 paBOOXpaHeHns, 0bpasoBaHua U Apyrmx cdep
3KOHOMMKKM [17]. Mo MHeHuI 3KCnepToB, Takas
YBSI3Ka MHBECTULMOHHOW MOMWUTUKM CO CTpaTerun-
MU LUMPPOBOro pas3BUTUS MOXKET CTaTb KJTKOUOM K
NA0A0TBOPHOM MHTerpauuu benapycu B MupoByto
3KOHOMMKY M K MOBBIWEHUIO YCTOWYMBOTO 3KOHO-
MUYeckoro pocta. B ycnoeuax umdpoBoi 3KOHO-
MWKW MHBECTULLMOHHAS MONUTMKA CTPaHbl SO/KHA
6bITb CKOOPAMHMPOBAHA C APYTUMKU MOAUTUKAMM
B obnactn obecneveHns 6e30MacHOCTM AAHHbIX,
KOH®OWMAEHLMANbHOCTN,  KOHKYPEHLMW,  3aLUMThI
npas noTpebuTenei, HauMoHaNbHOM 6e30NacHOCTH,
CeKTOpaNbHOM U COLMANbHOM NONUTUKOM ANS CMSr-
YeHMS MOTEeHUMaNbHbIX HEraTMBHbIX COLMANbHO-
3KOHOMMYECKMX NOCNeACTBUMA LUMPPOBOM TpaHC-
dopmaumm [17].
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SKOHOMUKA

MCCNEAOBAHUE MHBECTULLMOHHOIO NOTEHLUMANA CMOJIEHCKON
OBJIACTU N HANPABJNIEHWUSA ETO MNOBbIWEHUA

STUDY OF THE INVESTMENT POTENTIAL OF THE SMOLENSK REGION
AND THE DIRECTIONS OF ITS INCREASE

YOK 332.1

E.B. TapacoBa*

CmoneHcKul UHCMUMym 3KOHOMUKU —

¢unuan CaHkm-llemepbypackozo yHusepcumema
mexHono2ull ynpasneHus u 3KOHOMUKU

PEDEPAT

POCCUUCKAS ®ELNEPALINS, CMOJIEHCKAS
OBJIACTb, UHAYCTPUAJIbHbIVI KNTACTEP, UH-
BECTULINN, SKOHOMUYECKOE PA3SBUTUE TEP-
PUTOPUN, PECYPCbI, PETIOHAJIBHAA TOJ/IMTUKA

Hecmompss Ha MHO0204UCNIEHHblE 3ASIBNEHUSI CO
CMOPOHbLI NOMEHUUATbHLIX UHBECMOpPO8 0 Hecma-
buneHol nonumuyveckoli ob6cmaHoske, Henpooy-
MAHHOU HAN020800 NOAUMUKE, NOAUMUYECKUX U
IKOHOMUYECKUX puckax, Habawdaemcs ycmolqugsili
UHmMepec K UHBECMUpPOBAHUK 8 O0mOe/bHble 0m-
Paciu 3KOHOMUKU U pe2uoHs! Poccuu.

lpedmMemom HayyHo20 ucCcne008aHus s8asemcs
aHAU3 U NPO2HO3UPOBAHUE UHBECMUULUOHHO20 No-
meHyuana CmoneHckoli obnacmu. Llenbto Hay4yHo20
uccnedo8aHus S8/15emcs OUeHKa UH8eCmuyuoOHHO20
nomeruyuana CMoneHckol obnacmu u paspabomka
Meponpusmull no e20 nossiweHur. Memodonozau-
yeckyr 6a3y Hay4H020 UCCe008aHUS COCMAsNstom:
aHanumuyeckue Memoosl, U3y4eHue U aHaau3 ume-
rouwelics  uccnedogamensckoli  6a3bl  mgopyeckoe
OCMbIC/IEHUE.

Teopemuko-memodonozuyeckoli  6asol  uccae-
008aHUS CMAnu  HOPMAMUBHO-NPABOBbIE  AKMbI
Poccutickoli ®edepayuu, nocmaHo8neHus U YKasel
AomuHucmpayuu CMoneHckoli obnacmu 8 cgepe uH-
8eCMUUUOHHOU NOAUMUKU, G MAKxe OaHHble cma-
mucmuyeckoli omyemHocmu no paseumuro UHee-
cmuyuoHHoU cepbi 8 CMoneHcKol obaacmu.

lpakmuyeckas 3Ha4yuMoCcmb HAYy4HO20 Uccedo-
eaHusi cocmoum 8 paspabomke npoekma «Co30a-
HUe UHOYCMpUQAIbHO20 U J102UCMUYECK020 Nnapka
no 3020MoeKe, XpaHeHU U pacnpeoeneHuto Cbipbsy»
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ABSTRACT

RUSSIAN FEDERATION, SMOLENSK REGION,
INDUSTRIAL CLUSTER, INVESTMENTS, ECONOMIC
DEVELOPMENT OF THE TERRITORY, RESOURCES,
REGIONAL POLICY

Despite numerous statements from potential in-
vestors about the unstable political environment,
poorly conceived tax policy, political and economic
risks, there is a steady interest in investing in certain
sectors of the economy and regions of Russia.

The subject of scientific research is the analysis
and forecasting of the investment potential of the
Smolensk region. The purpose of the scientific re-
search is to develop and justify measures to increase
the investment potential of the Smolensk region
through the development of a cluster approach. The
methodological basis of scientific research consists of
analytical methods, study and analysis of the existing
research base, creative understanding.

The theoretical and methodological basis of the
study was the regulatory legal acts of the Russian
Federation, resolutions and decrees of the Admin-
istration of the Smolensk region in the field of in-
vestment policy, as well as statistical reporting data
on the development of the investment sector in the
Smolensk region.

The practical significance of scientific research
lies in the development of the project "Creation of
an industrial and logistics park for the procurement,
storage and distribution of raw materials” as the
basis for creating a timber cluster in the Smolensk
region. It was determined that in the Smolensk re-
gion the Department of investment development of
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SKOHOMMKA

KaK OCHOBbI C030aHUSI J1eCONPOMbILIIEHHO20 KAA-
cmepa CMoneHckol obnacmu. bulio 8bisS8/1€HO, YMO 8
CMoneHckoli obnacmu aHanu3oM U Npoz2HO3Uposa-
HUeM UHBeCMUUUOHHO20 NOMeHyuasa 3aHumaem-
c¢a [enapmameHm UHBECMUUUOHHO20 pa3eumus
CmoneHckoli obnacmu, Komopbil 98/15emcs 0p2aHoM
ucnonHumensHol enacmu CmoneHckol obnacmu,
OCyWecmengowuM  UCNOHUMeNbHO-pacnopsou-
meneHble QYHKUUU 8 cepe uHeecmuyuoHHoUl Oe-
amenbHOCMU, pa3eumus Masno20 U cpedHe20 npeo-
npuHUMamenscmea, pPassumMuUs  MexOyHaPOOHbIX,
Mexpez2uoHaneHelx cea3ell, ces3eli ¢ Pecnybnukoli
benapycs 8 pamkax [ozosopa o cozdaHuu Co3HO20
2ocydapcmea om 08.12.99, pe2uoHansHoz20 u npu-
2PAHUYHO20 COMPYOHUYECMBA U NPOMbILAEHHOCMU
Ha meppumopuu CmoneHckol obnacmu. CMoneHckas
o0bnacme 61aeo0aps UMewUMCcs pecypcam 3apeko-
MeHOosana cebs KaK NpuesiekamesnbHas meppumo-
puanbHas naowaoka 018 npusedeHus: uHgecmuyud.

PezuoHanbHbie opeaHsl enacmu CMoneHckol 06-
JIGCMU 8 UeNsx NpusiedeHuss UHeecmuyuli 8 peauoH
ucnonb3ytom pasHoobpazHblie MexaHu3mel: Npago-
80U, 0p2aHU3aUUOHHO-3KOHOMUYECKUl. [pamomHas
uHBeCMuyuoHHas nonumuka CMONEHCK020 pe2uoHa
n0380/uNa, HECMOMPS HA UMEWUECS PUCKU €O CMo-
pOHbI Mpyd08020, NPOU380OCMBEHHO20, UHCMUMY-
YUOHAJIbHO20 KOMNOHEHMO08 UHBECMUUUOHHO20 No-
MmeHyuana, NogbICUMe UHBECMUUUOHHBIU pelimuHa
PE2UOHQ.

INTRODUCTION

Muchissaid todayaboutthe need forinvestment
in the economy of Russia and its individual regions
[3]. The desire of many countries, including Russia,
to attract both domestic and foreign investment
underlines their decisive role in economic
development. Despite numerous statements from
potential investors about the unstable political
environment, poorly conceived tax policy, political
and economic risks, there is a steady interest in
investing in certain sectors of the economy and
regions of Russia [7].

Forecasting the investment potential at
the regional level largely depends on how it
correlates with the operation of the objective
laws of the market, federal investment policy, as
well as with the capabilities of a given region.
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the Smolensk region is engaged in the analysis and
forecasting of investment potential, which is an ex-
ecutive body of the Smolensk region that performs
executive and administrative functions in the field
of investment activities; the development of small
and medium-sized businesses; the development of
international, interregional relations, communica-
tions with the Republic of Belarus in the framework
of the Treaty on the Establishment of the Union State
of 08.12.1999; regional and border cooperation and
industry on the territory of the Smolensk region. The
Smolensk region, thanks to the available resources,
has established itself as an attractive territorial plat-
form for attracting investments.

Regional authorities of the Smolensk region in or-
der to attract investment in the region use a variety
of mechanisms: legal, organizational and economic.
Despite the existing risks from the labor, production,
institutional components of the investment potential,
competent investment policy of the Smolensk region
made it possible to increase the investment rating of
the region.

In other words, forecasting investment potential
requires a variety of knowledge in the field of
law, economics, banking, finance, accounting and
statistics, as well as knowledge about specific
investment companies, funds, banks, leasing and
insurance companies, government bodies and
other participants in the investment market, which
is very important when writing scientific articles.
The relevance of the chosen topic of the article
is mainly due to the fact that the solution of the
problems of forecasting investment potential
at the regional level is increasing in modern
conditions and determines the need to create
an effective mechanism for the formation of a
promising investment policy through economic,
regulatory, legal, financial, organizational, social
and other influences from the authorities of
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regional management [3].

The purpose of the study is to develop and
justify measures to increase the investment
potential of the Smolensk region.

To achieve this goal, the following tasks are
solved in the study:

- to identify and structure the current
advantages and disadvantages of the Smolensk
region in terms of attracting investment to the
region

- propose measures to increase the investment
potential of the Smolensk region

The degree of development of the object of
study. The analysis carried out in the course of the
study showed the presence of a significant number
of publications on general issues of forecasting
the investment potential of the subjects of the
Russian Federation.

In the study of problems of forecasting
investment potential at the regional level, an
important place belongs to such scientists as
Oreshin V.P., Cherkasov G.l., Aleksashenko S.,
Bogatkova L., Gavrilenkov E., Razumova T., VV.
Bocharov, V.Yu. Katasonov, F.S. Tumusov, A.M.
Margolin, A.Ya. Bystryakov, V.N. Myakshini and
others.

In their studies many authors do not focus on
the problems of finding sources of financing for
investment projects; taking into account both the
general economic features of the Smolensk region
and the features of its infrastructural support,
and therefore these developments are especially
necessary on the scale of a particular region [4].

Many theoretical, methodological and
methodological issues of investment potential
research in general and in relation to the Smolensk
region, in particular, have not been developed or
insufficiently studied and require further scientific
understanding and development. All of the
above determined the relevance of the study, the
theoretical and practical significance of the topic
of the article. The development of the investment
potential of the region follows the path of creating
industrial parks; electronic map of infrastructure
facilities; special economic zones; development
of clusters and territories of advanced social and
economic development.

The main backbone category of investment
attractiveness of the region is its investment
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potential. Analysis and assessment of the
investment potential of the Smolensk region
can be carried out according to the following
components:

- natural resource potential

The Smolensk region in the modern sense
was formed on September 27, 1937. Today it is
part of the Central Federal District, including 25
municipal districts, 2 urban districts, 23 urban
settlements, 183 rural settlements. The Smolensk
region occupies an advantageous border position,
bordering on five large developed regions of
Russia (Pskov, Tver, Moscow, Kaluga, Bryansk) and
the Republic of Belarus (Mogilev and Vitebsk
regions). This location makes the region an
important transport hub where the main export-
import flows pass through from near and far
European countries and the CIS countries.

The climate in the region is temperate
continental,  characterized by moderate
temperatures during the summer and winter
months. The sustainable development of the
Smolensk region implies the effective interaction
of nature and the economy, the efficient and
rational use of the natural capital of the territory.

Large reserves of natural resources are
concentrated in the region: brown coal, clay, sand
and gravel materials, carbonate rocks for lime
production, peat, sapropel, etc. The reserves of
sulfate-calcium-magnesium mineral waters are
discovered and widely used. The main share in the
production structure (except for hydromineral raw
materials) is sand and gravel materials (92.3 %).In
terms of production of sand and gravel material,
the region is one of the top Central Federal District
of the Russian Federation (25 % of the total
production in the district). The potential value
of recoverable reserves and natural resources of
minerals is 321.9 billion rubles.

The region is located in the zone of mixed
forests (41 % of the territory),among which young
stands and middle-aged stands predominate. The
total area of forest fund lands is 2121.6 thousand
hectares. The total stock of standing timber is
308.6 million cubic meters. The Smolensk region
is also rich in water resources. The main river is
the Dnieper. There are a large number of lakes
of glacial origin on the territory of the region
(the Kasplya, the Velisto, the Sapsho, etc.). The
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reserves of water resources of the region exceed
14 km’/year.

Thus, the Smolensk region is rich in water
and mineral resources. Favorable geographical
position, rather favorable climatic conditions
determine the economic zoning and investment
attractiveness of the region;

- labor potential

Today, unfortunately, there has been a negative
trend in the population of the Smolensk region
over the past three years.Thus,the total population
decreased by 11.4 %. At the same time, the urban
population amounted to 71.8% at the end of 2022,
and the rural population — up to 28.2 %.A negative
factor affecting the investment attractiveness of
the region is also the low proportion of people
younger than working age. This indicates low birth
rates due to the difficult demographic situation in
the region.

At the same time, the bulk of the able-
bodied population as the main subject of the
potential development of the Smolensk region is
concentrated in large cities (Smolensk, Safonovo,
Vyazma, Desnogorsk, Dorogobuzh, Gagarin, etc.).
An analysis of the level of migration allows us
to conclude that the increase in the number of
arrivals in the region slightly exceeds the number
of departed citizens. A positive migration increase
has a positive impact on the demographic situation
in the region.

In general, despite the presence of a stable
and reliable labor potential in the region and the
possession of all the necessary labor opportunities,
there are significant risks in the future in this area
due to a decrease in the number of young people
and their migration to other regions. However,
the demographic situation remains contradictory,
there is a decline in the population. Most districts
of the region are not attractive to the young
population.

When planning measures to increase the
investment attractiveness of the Smolensk region,
it is necessary to take into account the intensive
aging of the population; a downward trend in the
number of people of working age due to a decrease
in the birth rate and an increase in mortality;
there is an opportunity to attract the necessary
labor resources through internal and international
migration, which is confirmed by a steady trend of
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mechanical population growth;

- consumer potential

The consumer potential of the territory depends
on the purchasing power of the population. It
is a direct reflection of the social and economic
processes taking place in society. Real disposable
money incomes of the population of the Smolensk
region over the past three years have tended
to decrease despite the growth of the average
monthly nominal wages. The population with cash
incomes below the subsistence minimum tended
to decrease in physical terms.The proportion of the
population with incomes below the subsistence
level in the entire population tends to decrease in
absolute terms.

At the same time, in the Smolensk region, the
problem of differentiation of the population by
income level is very acute. The coefficient of funds
also significantly exceeds the threshold value for
all analyzed dates. This indicates the presence of a
fairly strong threat to economic security in terms of
this social indicator. In this case, the likelihood of
social conflicts increases significantly. Therefore,
in the National Security Strategy, this indicator
is included in the group of the main threats to
the quality of life of the population. The ratio of
the average pension to the average wage has
increased slightly during the period under review,
but this indicator is still below the critical level.
Conclusions can also be drawn about the level of
well-being of citizens on the basis of an analysis
of the indicator “the ratio of the average per capita
cash income of the population to the subsistence
minimum”. Over the past three years, this figure
has been low.

The Smolensk region is characterized by
average indicators of the financial well-being of
the population, somewhat yielding to most of the
regions bordering it. In terms of the purchasing
power of the population (in relation to the per
capita cash income to the subsistence minimum),
the Smolensk region can also be attributed to the
median group of regions.

- production potential

The investment attractiveness of the region
is significantly influenced by the financial and
economic indicators of its development. The GRP
level of the Smolensk region tends to increase.
At the same time, a significant increase in the
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index of industrial production was observed. The
volume of shipped goods of domestic production
in the mining and manufacturing industries has
increased. A negative trend was observed in the
sphere of agricultural production, primarily due to
adecrease in crop production.Retail trade turnover
has also increased over the past three years.

In comparison with the Kaluga region, in the
Smolenskregionin 2022 there were more advanced
rates of development of industrial production.
But, despite this, the volume of shipped goods
of domestic production, agricultural production,
retail trade turnover is significantly lower than
those in the Kaluga region.

In general, the Smolensk region is given a
completely insignificant share in the indicators of
the development of industrial production in the
Russian Federation, which reduces the investment
attractiveness of the region. The main share in
the formation of the GRP of the Smolensk region
falls on industrial production - about 30 % of
its total volume. The second place is given to
wholesale and retail trade, followed by "Transport
and communications’, "Construction’, "Agriculture”.
Negative trends are observed not only in the
agricultural sector of the region, but also in the
construction sector. In general, the production
potential of the Smolensk region is characterized
by a pronounced commercial type of development
in recent years. The share of manufacturing
products is also high.

- financial potential

The basis of the financial potential of the
territory is budgetary and tax relations. Data on
changes in the structure of the regional budget
of the Smolensk region in 2022 indicate that the
total revenue amounted to 45.9 billion rubles,
expenses — 47.5 billion rubles, and the deficit -
1.6 billion rubles. In 2022 budget revenues of
the Smolensk region amounted to 0.4 % of the
consolidated budgets of the constituent entities
of the Russian Federation. The negative trend
for the period under review is that the budget of
the region became deficit, while a surplus was
planned. The region is experiencing an increase
in tax revenues, which indicates a developed tax
policy. The financial policy in the region should be
aimed at strengthening,developing and increasing
the tax potential. Support for investment activities
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contributes to the increase in the tax base. At
the same time, “machinery, equipment, vehicles”
prevail in the structure of investments in fixed
assets by types of fixed assets. In the structure of
investments in fixed assets by type of economic
activity, “transportation and storage” institutional
capacity prevails;

- innovative potential

Effective socio-economic development of
the territory is impossible without innovation.
The Smolensk region cannot be attributed to
innovativelyactive regions,butratherto the regions
of perception of the diffusion of innovations. The
share of organizations engaged in innovative
activities in the total number of organizations
was only 4.6 % in 2022. The share of innovative
goods, works, services in the total volume of
shipped goods, works and services performed
amounted to 2.2%. In the technological sphere,
innovations accounted for 6.3 %, in marketing -
0.8%, organizational - 1.7 %. At the same time,
the organizations of the Smolensk region use
1841 advanced production technologies. Thus, the
largest number of innovative technologies is used
in the field of communications and management.

- intellectual potential

The educational level of the region's
population is an important factor in the economic
and social development of society. The quality of
labor resources largely depends on the level of
education. The administrative center, the city of
Smolensk, has the greatest intellectual potential,
where the majority of secondary and higher
educational institutions are concentrated.

An indicator that reflects the intellectual
potential of the region is the level of enrollment
of young people in educational programs of
higher education. At the end of 2022 this indicator
for young people aged 17-25 years was 4.22 %.
A positive aspect is the stable level of staffing of
educational institutions of higher education and
even the improvement of its quality. In addition
to the education sector, the scientific environment
of the region should also be characterized. At
the end of 2022, there were 24 organizations on
the territory of the region engaged in scientific
research and development, which employ 850
people.The volume of scientific and technical work
performed in 2022 amounted to 2.5 billion rubles.
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Thus, the intellectual potential of the region can
be assessed as average.

- infrastructural potential

The infrastructural potential of the region
is largely a consequence of its economic and
geographical position. Infrastructural potential
largely contributes to the unification of transport
and logistics complexes; favors technological
developments, improvement of communication
services.

The Smolensk region has an advantageous
geographical location,beinga majortransportation
hub. In addition, the construction of one of the
largest logistics centers in the city of Yartsevo
has begun. At the beginning of September 2011,
in Yartsevo, Smolensk region, a grand opening of
a multimodal logistics commodity and transport
distribution center took place on the basis of a
temporary storage warehouse (TSW) of ROSTEK-
West CSC, which is part of the system of
enterprises of ROSTEK FSUE.

- institutional capacity

The institutional potential is a characteristic
of the development of the leading institutions of
the market economy. The most important part of
it is the business sector of the region's economy.
In the period from 2020 to 2022, the number
of enterprises and organizations in the region
decreased by 332 units. The reduction was due
to a decrease in the number of small businesses
and micro-enterprises. This led to a reduction in
the number of employees of small enterprises, at
the same time, the number of employees of micro-
enterprises slightly increased. The turnover of
small enterprises and micro-enterprises increased
during the period under review. In general,
there is a negative trend in the development of
entrepreneurship, which may subsequently have
an adverse impact on the formation of the middle
class in the Smolensk region and the employment
opportunities of the population.

- tourism potential

As for the tourism potential,the Smolenskregion
has good tourist and recreational resources. The
rich historical heritage makes the region suitable
and interesting for the development of tourism,
although it is given little attention to. The region
has a large number of natural and architectural
monuments. In their totality, the conditions and
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opportunities of the Smolensk region can be
used for entertainment, educational, recreational,
sports and other purposes. At the same time, the
development of tourism in the region is hampered
by the following factors: insufficient development
of the hotel industry; lack of investment in the
industry; no branding policy.

The strategy for developing the investment
attractiveness of the Smolensk region should
be aimed at increasing the competitiveness of
the territory, strengthening its economic security,
improving the legislative framework, and forming
the image of the territory. Creating a favorable
investment climate in the region will help increase
its investment attractiveness [7, 8].

One of the most significant trends in the
context of economic activity has become the
concept of the cluster approach. For the innovative
development of the economy, it is necessary to be
guided by the principles of the cluster approach for
a number of reasons. This ensures the activation
of foreign economic integration, allows cluster
enterprises to significantly facilitate access to
obtaining and exchanging modern technologies,
special knowledge, etc [9].

Despite the increased attention of the
Investment Development Department of the
Smolensk Region to the issues of attracting
investments into the region's economy, there are
still many problems in managing this process.
Thus, insufficient attention of the authorities to
the problems of providing support to enterprises
in the field of updating the material and technical
base; there is no effective policy to attract young
specialists and scientists to jobs in the region;
insufficiently effective policy in the field of support
for small businesses; insufficient attention to the
use of all possible forms of development of the
investment potential of the region.

Further development of clusters can contribute
to the solution of these problems. The region has
the necessary resources for the further formation
of clusters, mainly in the industrial sector. The
formation of clusters in the region will improve
the socio-economic indicators of the territory,
strengthen the investment potential of the
Smolensk region and increase the competitiveness
of its products at the national and international
levels [8].
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On the territory of the Smolensk region,
mainly such industries as mining, manufacturing,
electricity generation and water supply are
represented.

As can be seen from Figure 1,a positive growth
trend for 2022 was observed in the field of
manufacturing and mining.

The dynamics of the volume of shipped
goods of domestic production, work performed
and services performed on its own by types of
economic activity is shown in Figure 2.

As can be seen from Figure 2, the largest
volume of shipped goods is observed in the
manufacturing sector, where for the period under
review, the increase amounted to 33,997.9 million
rubles. or 20.8%.

One of the main directions of the socio-
economic development of the region is the
provision of conditions for the modernization of
production, state support and the development of
clusters that are competitive in market conditions.

SKOHOMUKA

A cluster is understood as a complex of
interconnected sectors of the economy, which
includes state administrative structures, the main
industry, supplier companies and processing
industries, as well as suppliers of high-tech
equipment and technologies.The main criterion for
identifying the fundamental industry of the cluster
is its ability to produce competitive products.

Exploring the world experience and the
sectoral structure of the Smolensk region, it
should be noted that one of the main directions in
the development of the region's economy can be
the formation of a woodworking cluster, with the
integration of small businesses into it [1].

To date, in the Smolensk region, there has been
anincrease in production indicators,demonstrating
an increase in the efficiency of woodworking,
which was largely due to the formed level of state
support from the resources of the federal and
regional budgets, as well as the attraction of large
investors to the region, Igorevsky Particle Board
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Figure 1 - Dynamics of industrial production indices by types of economic activity in the Smolensk region,
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Figure 2 — Dynamics of the volume of shipped goods in the Smolensk region, million rubles, 2019-2022 [2]
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Plant LLC and Egger Drevprodukt Gagarin LLC [5].

Today, the Smolensk region has high
potential for the development of a cluster in
the manufacturing sector, as it has a number
of competitive advantages: an advantageous
geographical position of the region, a developed
transport network, a high supply of energy
resources, and economic potential. Among the
emerging clusters, one of the best options for
integrating small businesses is the timber industry
cluster,since in addition to the existing business, it
is planned to implement 2 more large investment
projects: Organization of production for wood
processing and production of wood products
Evrofangroup LLC (resident of Dorogobuzh TASED)
(Dorogobuzh district). Project implementation
period is 2019-2027. The total investment in
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the project will amount to 705.2 million rubles
(including investor's own funds and borrowed
funds) [5].

Establishment of a full-cycle wood processing
plant Pladonit LLC (Ugra-LesExport) (Ugransky
district). Project implementation period is 2015-
2025. The total investment in the project will
amount to 270.0 million rubles [5].

The competitive advantage of this cluster is
provided by a high share of domestic investment,
in particular, in the woodworking industry. The
adoption of a decision by regional authorities on
the formation of a timber industry cluster will
allow integrating all the competitive advantages of
this industry into the production of a competitive
product.
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The expediency of developing the timber
industry cluster is also proved by the significant
reserves of natural resources in the region, which
require rational and efficient use. The Smolensk
region is located in the zone of mixed forests
(aspen, birch, alder, spruce). The total area of forest
fund lands in the region of the Russian Federation
is 2121.5 thousand hectares, the forest covers
41 %,the total stock of standing timber is over 308
million cubic meters. The share of burnt areas in
the total forest area is 0.05 %, the share of felling
is 0.26 %. Significant areas are occupied by birch
and wasp plantations, and therefore most of the
forest area belongs to a low fire hazard class.

With rational forest management, the region
can fully satisfy its needs for timber, develop
woodworking, furniture and other industries.
Currently, the forestry and woodworking industry
of the Smolensk region includes the harvesting
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and export of wood, the production of lumber,
plywood, fibreboard, chipboard, and furniture.

There are two large enterprises in the region:
Igorevsky Wood Chipboard Plant LLC and Egger
Drevprodukt Gagarin LLC, as well as more than
two hundred small enterprises that only harvest
wood [2].

This once again speaks of the expediency
of developing the cluster, since the issue of
raw materials will be an acute issue when
implementing new investment projects [4].
Intensive and proportional development of timber
processing enterprisesin the cluster will contribute
to a beneficial effect on the state of the forest
fund of the Smolensk region. The forest industry
cluster being formed requires the implementation
of a project to create an industrial and logistics
park for the procurement, storage and distribution
of raw materials. The main problems of the timber

Lack of infrastructure to ensure efficient wood processing

Lack of modern technology for wood harvesting

The unwillingness of logging enterprises of the Smolensk region to engage in timber
harvesting

Stratcgic dependence on the supply of raw matcnals for causting and cmcrging wood
processing enterprises

Low growth rates of the
woodworking mdustry in
the Smolensk region

Lack of stability of
production processes,
downtime

Reducing the level of
competitiveness of
processing enterprises of the
Smolensk region

Figure 3 — The main problems of the timber industry in the Smolensk region
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processing industry in the Smolensk region are
shown in Figure 3.

Thus, the project "Creation of an industrial and
logistics park for the procurement, storage and
distribution of raw materials" is proposed as the
main measure for the formation of the timber
industry cluster in the Smolensk region.

The prerequisite for the implementation of this
project is that for the harvesting of high-quality
wood, the timing of the work on harvesting and
transporting timber is of great importance. The
delay in the time frame of this process leads to
the impossibility of exporting raw materials in the
autumn-spring period and reducing its harvesting
qualities.

At the moment, the key problem of small and
medium-sized timber enterprises in the Smolensk
region, which do not want to engage in timber
harvesting, is the need for significant investments
in equipment for its harvesting and transportation,
since it requires significant investments. In
addition, the insolvency of a large number of
loggers has led to the fact that many enterprises
on their own are not able not only to purchase
new equipment, but also to repair and maintain
the existing equipment in a timely manner.

For this reason, as the main proposal for the
creation of a timber cluster in the Smolensk
region, it is to create an industrial and logistics
park for the procurement, storage and distribution
of raw materials.

In conditions when the authorities are not able
to provide effective financial support to all sectors
of the economy (especially such specific ones
as timber processing), one of the main goals of
stabilization and future growth is the creation and
effective functioning of an industrial and logistics
park for the harvesting, storage and distribution
raw materials that can become a reliable partner
in the procurement of wood raw materials on the
territory of the Smolensk region. This direction
of support from the state will cost several times
cheaper than direct subsidies.

This form of support in the absence of
specialized equipment from logging enterprises
has already solved the problem of mechanization
of the timber industry. The same situation is
observed at enterprises of small and medium-
sized forms of management in the territory of the

148

Smolensk region, engaged in logging, and there
is practically no other available development
option, since there is no way to provide financial
allocations to all farms in need of machinery [7].

At the moment, in the market economy of the
Russian Federation there are positive examples
of creating an industrial and logistics park for the
harvesting, storage and distribution of wood raw
materials in the regions of Russia: Arkhangelsk,
Leningrad, Krasnoyarsk Territory and a number of
others. The name of the project is "Creation of an
industrial and logistics park for the procurement,
storage and distribution of raw materials." The goal
of the project is the formation of a timber industry
cluster in the Smolensk region and attraction of
investments in the development of the region's
timber industry complex. The implementation of
the project to create an industrial and logistics
park for the procurement, storage and distribution
of raw materials in the Smolensk region will
achieve the following objectives (Figure 4).

As can be seen from Figure 4, the
implementation of this project will become a
catalyst for the creation of a whole timber industry
cluster and will bring the timber processing
industry of the Smolensk region to a new level,
including increasing its export potential.

The economic conditionality of this project
is ensured by the fact that today the activity
of investors in the timber processing industry
of the Smolensk region is growing every year,
so the volume of potential investments in the
coming years in the processing industry is 2142
million rubles, while investments in logging are
minimal, which creates an imbalance in the field
of harvested raw materials and processed ones.

For the project to create an industrial and
logistics park in the Smolensk region on a
lease basis, it is planned to create a machine-
technological station (MTS) with storage and
loading sites for raw materials on the basis of an
existing municipal budgetary institution.

To determine the geographic location of the
industrial and logistics park planned for creation,
consider the list of existing timber processing
enterprises and those planned to be created.

It is advisable to create an industrial and
logistics park in the "Vyazemsky district"
municipality, the executor is the Department of
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Ohjectives of the project "Creation of an industrial and logistics park for the
procurement, storage and distribution of raw matenals

) Grrowth in timber harvesting by 50 percent

) [mereasing the number of rencwable forest areas

) Inerease in the mmber of loggers

) Development of logging and processing mdusines

) Increasing the number of jobs m the timber mdustry

Figure 4 — The main objectives of the project "Creation of an industrial and logistics park for the procurement,

storage and distribution of raw materials”

Housing and Communal Services, Transport and
Road Facilities of the Vyazemsky District.

This department has a large territory of 20
hectares, railway lines, as well as an advantageous
economic and geographical position, as it is
located in close proximity to existing and planned
to launch timber processing enterprises, proximity
to the federal M-1highway and proximity to the
main logging arrays.

The coordinating institution will be the
Department of the Smolensk region for the
protection, control and regulation of the use of
forestry, wildlife and their habitats.

The visually created management structure
of the industrial and logistics park for the
procurement, storage and distribution of raw
materials will look like this (Figure 5).

Thus, the industrial and logistics park for the
procurement, storage and distribution of raw
materials will allow serving nearby areas, and
the available production facilities (mechanized
workshops) and personnel (drivers, car mechanics,
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etc.) will allow timely repair of equipment, as well
as its delivery and storage.

The expected start of the implementation of
the industrial and logistics park project for the
procurement, storage and distribution of raw
materials is 04.01.2023. Planned project budget:
64 million rubles (P). Project implementation
period is 5 years, from 04.01.2023 to 03.30.2028.
Funding source is the loan from the Smolensk
Regional Fund for Entrepreneurship Support.
Project initiator: Department of the Smolensk
region for the protection, control and regulation
of the use of forestry, wildlife and their habitats.

It is also planned to increase the number of
personnel involved in the timber industry cluster
by an average of 50-80 people, since the growth
in logging will entail an increase in its processing,
which will require the involvement of additional
human resources.

Thus, the considered conditions for the created
industrial and logistics park for the procurement,
storage and distribution of raw materials in the
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Figure 5 - The main elements of the management structure of the industrial and logistics park for the procurement,
storage and distribution of raw materials

structure of the timber cluster in the area of the
timber cluster have the right to be implemented
based on the positive experience of the forest
industry of the USSR and the modern market
economy.
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AHANU3 PETMOHANIbHOTIO PA3BUTUA B KHP C NOMOLLbIO UHCTPYMEHTAPUA

NPOCTPAHCTBEHHOW ABTOKOPPENALIMU

ANALYSIS OF REGIONAL DEVELOPMENT IN CHINA WITH THE TOOLS OF SPATIAL

AUTOCORRELATION
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benopycckuli eocydapcmeeHHbll 3KOHOMUYeCKUl
yHugepcumem

PED®EPAT

PA3BUTUE PETMOHOB, YPBAHU3ALIMA HOBOIMO
TUTTA, TIPOCTPAHCTBEHHASA B3AMMOCBA3b,
KUTAU

Llens pabomsl - aHanu3 npocmpaHcmseHHoU
83aUMOCBSI3U  MeMOy YPOBHAMU 3IKOHOMUYECKO20
passumus 20po008 u Opyaux adMUHUCMPAMUBHbIX
eO0uHuly oKkpy#Ho20o yposHs KHP 8 nepuod ¢ 2001
no 2019 2e., a make usydeHue eusHUS NOAUMUKU
ypbaHu3ayuu H08020 MUNA HA Pe2uoHAIbHOE pa3su-
mue 8 Kumae.

Pe3ynemamei uccnedosaHus nokassigarom, 4mo
8 meyeHUe NpoOOSIKUMENbHO20 8pPEMEHU 3IKOHO-
MuyYecKkulli ypogseHb 80CMOYHbIX NPUBPEHHBIX 20-
podos/peauoHo8 Kumasi 0mHOCUMEIbHO 8bICOK, U
cywecmsytom 6osiee mecHble 3KOHOMUYecKue C8s3uU
Mexoy pe2uoHaMUu, pacnosiOMEHHbIMU 8 pe2uoHe
bonbuwoeo 3anuea, Ha 3anadHom bepezy TalisaHbCcKo-
20 nposuea, 8 desibme peku SIHY3bl, Ha NOJIyocmpose
LllaHbOyH U 8 yeHMpanbHO-tOXHOU nposuHyuu Jlgo-
HU. YpogeHb 3KOHOMUYECK020 pa3sumusi 3anaoHsix
20p0008/pe2uoH08 HU3KUL, a NpoCmMpaHCmMeeHHas
€853b 8 UX 3KOHOMUYECKOM pasgumuu ociabesaem,
00HAKO 3Ma meHOeHyuUs 8 nNocaedHue 2006l CMAHO-
8umcs MeHee 18HoU.

HayuHas Hosu3Ha pe3y/nbmamos uccied008aHus
3aknoyaemcs 8 onpedesieHuU NPOCMPAHCMBEHHbIX
Xapakmepucmuk — pe2uoHaNbHo20  IKOHOMUYECKO-
20 pasmeujeHus Kumas, a makie 8 8bl08UMEHUU
npeonoxeHUll No CosepuieHCcMao8aHuto NOAUMUKU
ypbaHuzayuu H08020 mund.

* E-mail: zhangfeilong1991 @gmail.com (Zhang Feilong)
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ABSTRACT

REGIONAL DEVELOPMENT, NEW-TYPE UR-
BANIZATION, SPATIAL RELATIONSHIP, CHINA

The purpose of this work is to analyze the spatial
relationship of economic development levels between
prefecture-level cities (including prefecture-level
administrative regions) in China from 2001 to 2019,
and to study the impact of new urbanization policies
on regional economic development.

The results of the study show that, for a long time,
the cities/regions along the eastern coast of China
have a high level of economic development and close
economic ties. They are located in: the Greater Bay
Area, the Yangtze River Delta urban agglomeration,
the Shandong Peninsula urban agglomeration, and
the Central-South urban agglomeration in Liaoning
Province. The level of economic development of west-
ern cities/regions is low, and the spatial relationship
of economic development has weakened, but this
trend has weakened in recent years.

The scientific novelty of the research results lies
in clarifying the spatial characteristics of China's
regional economic layout and putting forward policy
recommendations for improving new-type urbaniza-
tion.
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BBELEHUE

B nocnenHume 40 net ropoaa 6binu rnaBHoOM ABU-
XyLen cunown permoHanbHoro pocta B KHP, noato-
MY pernoHanbHoe 3KOHOMMYeckoe pasBuTue B Ku-
Tae B HEKOTOPOM CMbIC/IE MOXHO paccMaTpuBaTh
Kak OTpaxeHue npouecca ypbaHusaumu. B maprte
2014 r. kuTarickoe npaBMUTENBLCTBO OMy6aMKOBA-
no «HauuoHanbHbIM NnaH ypbaHM3auMM HOBOMO
™na (2014-2020)» [1], KkOTOpbIMA CTan OQHOM M3
MONMUTUK, PaCCMaTPUBAEMbIX B KayecTBe BaXKHbIX
COCTaBHbIX YacTel rocygapCTBEHHOW CTpaTerum
CKOOPAMHMPOBAHHOMO Pa3BUTUS, peann3yemoin c
Hayana XXI| croneTus. K KoHUy BbinonHeHus 13-ro
natunetHero nnaHa B 2020 r. ypoBeHb ypbaHu3a-
umm B KHP, cyas no gaHHbiM HaumnoHanbHoro 6topo
ctatuctmnkn Kutag [2], soctur 63,9 %, uto no cpas-
HeHuto ¢ Havyanom Beka (2000 r.), korga 3HaueHue
3TOro nokasaTens CocTaBnsno Bcero 36,2 %, 310
CBMIETENbCTBYET O 3HAYUTENIbLHOM AOCTUXKEHUM
B peanu3auMu yKasaHHOM Bbile nonutuku. Llenb
NpoBEeAEHUS MONUTUKM YypOaHU3aLLMM HOBOTO TUMA
COCTOMT He NPOCTO B YBEIUYEHUM LOSIM TOPOLCKOrO
HaceNeHns WM pasMepoB rOpPOAOB, @ B CO3AAHMM
6naronpuaTHLIX YCIOBUIM AN YCTOMYMBOTO U WH-
TEHCMBHOIO pa3BuTUS permoHos [1].

C Havanom peanusaumn 14-ro naTuneTHero
nnaHa nonMTuKa ypbaHmsaumm HOBOro TMna bbiia
MPOLO/MKEHA M BKIOYEHA B M/aH AOAFOCPOYHbIX
uenert oo 2035 ropa. OgHako copepxaHue LaHHON
NoAUTUKK GbiN0 0BHOBNEHO, M €€ MecTo B 0bLuen
cucTeMe MAaHMPOBAHMS KUTAMCKOro rocynapcrea
6b110 yTOuHEHO. [poBeaeHne NONUTUKK ypbaHu3a-
MM HOBOIO TMMNA CTaN0 PACCMATPMBATLCSA KaK BaX-
Hasl rapaHTMs COKpalleHWs pa3pbiBa B perMoHasb-
HOM pa3BUTUW, KaK COAENCTBUE PErMOHaNbHOMY
pOCTY, paLMOHaNbHOMY Pa3MeLLEHNI0 HaceneHus U
peanu3aLuu CKOOPAUHWPOBAHHOIO PErmoHasbHO-
ro passutua B Kutae [3].

Llenbto paHHOM cTaTbM ABASETCS aHanu3 npo-
CTPaHCTBEHHOM B3aMMOCBS3M MeXAy YPOBHSMMU
3KOHOMMYECKOr0 pa3BUTUS TFOPOAOB M APYrnx
AOMUHUCTPATUBHBIX €4MHUL, OKPYXHOro YpOBHA
KHP ¢ 2001 no 2019 rr., u Ha 3TOl OCHOBE M3y4e-
HUE BAWSHWUS NOAWUTMKM ypHaHM3aLMK HOBOMO THNA
Ha perMoHanbHoe pa3sutue B Kutae.

[na noctnxeHus atom uenm 6oiim copmynmnpo-
BaHbl M peLleHbl Ciesyolme 3aaaun:

- W3YYeHbl BO3MOXHOCTM MCMO/b30BaHUS pas-
JINYHBIX UHCTPYMEHTOB MPOCTPAHCTBEHHOM CTaTu-

BECTHWMK BMTEBCKOIO FOCYLAPCTBEHHOIO TEXHO/JIOTMYECKOrO YHUMBEPCUTETA, 2023, N2 1 (44)

SKOHOMUKA

CTUKM NpU NPOBEAEHUM aHaNM3a PErMoHaNbHOW
3KOHOMMKM, B TOM YMC/IE WUCMONb30BAHUSA MHCTPY-
MEHTa NPOCTPAHCTBEHHOM aBTOKOPpPENSLMUM;

- BbIMOMHEH 3MMUPUYECKUIA aHanu3 npo-
CTPaHCTBEHHOW B3aMMOCBA3M NokasaTens «Bano-
BOM pernoHanbHbIi npoaykt» (BPIT) B pacueTte Ha
nywy HaceneHus B ropogax KHP Ha ocHoBe faHHbIX
3a nepuog ¢ 2001 no 2019 rr. n ¢ ucnonb3oBaHUEM
rno6anbHOro 1 10KaNbHOro MHAEKCOB MopaHa;

- Mo pe3ynbrataM 3MMNUPUYECKOro aHaNu3a
paccMOTPEH BKNaA, NOUTUKM ypBaHM3aLMK HOBOTO
TMNa B peanusauuio cTpaTerMm CKOOpAMHUPOBAH-
HOro permMoHanbHOro pasBuTus Kutas.

B kayecTtBe 06bEKTOB MCCNEAOBAHUS B3ATbl BCE
aAMUHWUCTPATMBHbIE eAMHULbI OKPY>XXHOFO YPOBHS
Kutas (To ectb 358 roponoB OKPYXHOTO 3HaYeHws,
OKpYroBs 1 ap.).

TeopeTuko-MeTOA0NOrMYECKME U METOAUYECKUE
OCHOBbI UCCNEA0BAHUS

[pocTpaHCTBEHHAs CTaTUCTMKA CTana akTUBHO
NPUMEHATbBCS B KapTorpadun u reogesumn bnaro-
[aps NosIBNEHUIO U MOCTOSHHOMY COBEPLUEHCTBO-
BaHuto TUC texHonornin (TMC - reorpaduyeckas
UMHdopMaLmoHHaa cuctema). CoyeTaHue UHCTPY-
MEHTapusi MPOCTPAHCTBEHHOM cTaTUCTUKK M TUC
B Ka4yeCTBe BaXHbIX CPEACTB UCC/IeLOBaHUS TaKxkKe
4acTo MCNOnb3yeTcs B reonoruv, MeTeoposoruu,
6unonorvum, aNMaemM1MonorMn u apyrux obnacrax [4].
[ina u3yyeHus npobnemM perMoHanbHOM 3KOHOMMU-
KM NPOCTPAHCTBEHHASA CTaTUCTMKA CTana LUMPOKO
npumeHsaTbest ¢ 1990-x ronos [5], u K HacTosweMy
BpPEMEHM HaKOMIEeH JOCTAaTOYHO HoraTtblid apceHan
nporpaMMHOro obecneyveHus, CneumanbHo nNpea-
Ha3HAYeHHOro A4S MpPOBEAEHUS NMPOCTPAHCTBEH-
HOro aHanusa. B umcne Haubonee nonynspHbix
NporpaMMHbIX NPOAYKTOB, NPefHAa3HAYEHHbIX OS
peleHns nofobHbIX 3343y B MPOCTPAHCTBEHHOM
aHanuse, 06bl4HO ucnonb3ykoTca ArcGlS, QGIS wn
GeoDa.

[pocTpaHCTBEHHAs aBTOKOppensauus sBnseT-
CS OOHMM U3 HAMpaBNEHWUI B NMPUMEHEHWUW Mpo-
CTPAHCTBEHHOW  CTATUCTUKM, MNPOCTPAHCTBEHHO-
3KOHOMETPMYECKOro MOAX0Aa B CaMbIX Pa3HbIX
uccnenoaHusx. EE ncnonb3yoT AN BbISBNEHUS U
U3MEepEeHMs CTeNeHW, MHTEHCMBHOCTM KilacTepu3a-
umm (MM pucnepcun), CUnbl B3aMMHOIO BAUSHUS
pasnuyHbIX 0O6BLEKTOB B MPOCTPAHCTBE (B HAleEM
clyyae - ropofoB, PErMoHOB), OCHOBbIBASACb Ha
TEX UM UHbIX KOJIMYECTBEHHbIX MOKa3aTensx. Tem
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CaMbIM B OMNpELENeHHON CTeneHU BOCMONHAETCS
He[oCTaTOK B U3YYEHUU 3TUX 0ObEKTOB METoAaMU
TPaAULMOHHOM CTAaTUCTUKM.

MNepBbl 3aKOH reorpadum B onpeneneHmum ms-
BECTHOIO aMEPMKAHCKOrO MUCCNefoBaTenst LIBEW-
uapckoro npoucxoxaenus Yongo P. Tobnepa rna-
cuT: «BCé cBS3aHO CO BCEM OCTasbHbIM, HO BnM3KKUe
Bewmn bonee cBA3aHbl, YeM danékue» [6]. OcHo-
BbIBAsiICb Ha [AHHOM 3aKOHe, MpU PACCMOTPEHMUU
perMoHanbHbIX 3KOHOMUYECKMX NpobneM, Heobxo-
[MMO TaKXe Y4uTbIBaTb, UTO IKOHOMMYECKas Oes-
TENbHOCTb B pEervoHax, ropofax M Apyrux Couu-
aNbHO-3KOHOMMYECKMX CUCTEMAX, TaKXKe CBSI3aHa, a
He M30/MpPOBaHA B MPOCTPAHCTBEHHOM aACMEKTe, U
3Ta NPOCTPaHCTBEHHAs CBA3b ocnabesaeT C yBenu-
YeHWeM yAaNneHHOCTU PerMoHOB, rOPOLOB Apyr OT
Aapyra.

B KkauecTBe KOHKPETHbIX WHAMKATOPOB MNpO-
CTPAHCTBEHHOW aBTOKOpPENsSUMM B  Pa3fIMYHbIX
UCCNefoBaHUSAX OOBIYHO MCMOMb3YTCS MHAEKC
MopaHa (Moran’s 1), koapduuneHT lupu (Geary's C),
noka3satenb [etnca — Opaa (Getis-Ord Gi*) n ap. Oa-
HaKo M3-3a pasnnunii B METOAAX pacyeTa,Ananaso-
HaxX 3HaYeHW U UCNONb30BAHUMU NPOCTPAHCTBEH-
HbIX BECOB 3TV UHAMKATOPbI UMEKT ONpeLeNeHHble
OrpaHMYeHUs B NPakTU4YeCKOM npuMeHeHun. Mpu-
HMMas BO BHMMaHMWE Lieflb JAHHOMO MCCNeaoBaHus,
3aK/I0YaIOLLYOCS B OAHOBPEMEHHOM paccMoTpe-
HUWM TNOBGaNbHOM ABTOKOPPENALMM U NIOKANbHOM
ABTOKOPPENALMU MPU U3YYEHUU PErMOHANbHOIO
pa3BUTUS, aBTOP 3TOM CTaTbM OCTAHOBMACS Ha UC-
Nonb30BaHMU MHAEKCOB MopaHa, a KOHKPETHO, [0~
6anbHbIA MHAEKC, NPUMEHSIEMBIN /11 000CHOBaHMS
CYXXOEHMS O TOM, CYLLLeCTBYET IM NPOCTPAHCTBEHHAS
B3aMMOCBSI3b PETMOHOB B LLEIOM MK HeT. To ecTb
pacyéT rnobanbHOro MHaekca MopaHa nossonset
O[HO3HAYHO OTBETWUTb HA BOMPOC: «AA» UNIU KHET»,
Ecnm «pa», nokanbHbIM MHAEKC MopaHa AONOAHU-
TEeNIbHO YKa3bIBAET Ha TO, IAe 3TV PermoHbl HAXOAST-
€S, T. €. 0H OTBEYaeT Ha Bonpoc «rae». Kopme Toro,
NOKanbHbIM MHAEKC MopaHa No3BONSIET ewé onpe-
[enuTb XapakTepuCTMKM aBToKoppensumu (noso-
XWUTENbHASR/0TpULATENBHAS) U UX KONIMYECTBEHHbIE
3HauYeHus.

SMnMpUUYecKoe ucciefoBaHue perMoHanbHOro
pa3BuTHA B KUTae

BPIT B pacuete Ha oywy HaceneHWs 4acTto mc-
nonb3yeTcs Kak OAMH M3 MakKponokasaTenewn ans
OLEHKM YPOBHSI PErMoHaNbHOr0 3KOHOMMUYECKOro
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pa3suTus. B Lenax obecneyeHns HenpepbiBHOCTH
M NOMHOTbI cBOopa AaHHbIX 33 BeCb MCCIELYeMbIi
nepuopa ¢ 2001 no 2019 rr. B kauecTBe nokasatens
[N aHanu3a MNpOCTPAHCTBEHHOM CTaTUCTMKKM aB-
Top Bbl6pan BPI1 Ha pywy HaceneHus BCceX afiMu-
HWCTPATUBHBIX €OMHUL, OKPYXHOrO YpoBHSA Kutas
(358 roponoB OKpPYXHOrO 3HAYeHWUS, OKPYroB U
Lpyrux eamHuL). feorpaduyeckue gaHHble 0 MecTo-
NMOMIOXEHUN UCCNeAyeMbIX B AAHHOM nyb6nukaumu
06beKTOB, ObIIM NONy4YeHbl ¢ carTa HaumMoHanbHo-
ro ueHTpa 6asoBoi reorpadmyeckon MHGoOpMaLmm
[7]; a 3KOHOMMYEeCKMe JaHHble — U3 CTaTUCTUYe-
CKOro exxerofHuka roponos Kutas [8]. lnobanbHbli
nHaekc Mopana sbluncngercs no dopmyne [9; 10]:

n Yie1 2] @ij(xi—x) (% %)
So e (xi—%)?

I= N )

rae x, - BPI Ha mywy Hacenenws B ropone/
pervoHe i; x- BPI1 Ha pywy HaceneHus B ropoae/
pervoHe j; X — cpefHee 3HayeHMe BO BCEX ropo-
nax/pernoHax; n — obuiee KOAM4eCcTBO roponos/
pernoHoB B KuTae (B paHHoi pabote n = 358);
S, - COBOKYMHOCTb BCEX MPOCTPAHCTBEHHbIX Be-
€08, 8, = X" 2" 0,; ;= NPOCTPAHCTBEHHbII BEC
MeXay ropofaMu/pernoHaMm i u j.

B obwem cnyyae 3HaueHue rnobaNbHOrO MH-
fekca MopaHa orpaHuyeHo uHTepBanom ot -1 ao
1, korga Z-oueHka unu P-3HaveHune yKasbiBalOT Ha
CTaTUCTUYECKYH 3HauMMocTb (To ectb P<0,05 unu
|Z|>1,96) [10].

Mpu I>E(I) vMeeTcs nonoxuTtenbHas npo-
CTPaHCTBEHHAs aBTOKOppensauus, Kotopas CBuAe-
TENbCTBYET O TEHAEHUMM K KnacTepusauuu; npu
I<E(I) nmeeTcs oTpuLaTeNIbHas MPOCTPAHCTBEHHAS
aBTOKOpPpensuus, CBMOETENbCTBYIOWAN O HaMUYUK
TEHOEHUMM K  [MCMEepCHOMY  pacrnpeneneHuio;
npu I=E(I) cBS3nM Mexay 3HayeHWsMM nokasate-
NS HA COCEeLHUX TePPUTOPUSX HET, OHWU CIyYalHbl.
E(I) - 310 oxnaaemoe 3HayeHus uHaekca Mopa-
Ha, E(I)=-1/(n-1), nna BbibopkM n3 358 ropopos/
pernoHoB B faHHol pabote E(I)=0.

MNMocne 3aBeplleHWs BCeX MNOLFOTOBUTENbHbIX
pabort BbluncneHuns no gopmyne (1) Goinm BbINON-
HeHbl C MoMoLLblo nporpamMmbl GeoDa. Pesynbratsl
pac4étoB npencTtasneHbl B Tabnuue 1. C 2001 no
2019 rop, rnobanbHbIi MHAEKC MopaHa, paccuum-
TaHHbIM Ha OocHoBe nokasaTens BPI Ha pywy Ha-
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cenenus B 358 ropopmax, konebancs B npepenax
ot 0,362 o 0,428. 3T0 NOKa3bIBAET, YTO B LLEOM
YPOBHM 3KOHOMMYECKOro pa3Butus roponos Kutas
MMEIOT 3aBUCUMMOCTb B MPOCTPAHCTBE, LEMOHCTPU-
pysl MONIOXMUTENbHYH aBTOKOPPENSALMIO, U pe3ynbTa-
Tbl 3HAUYUTENbHbI.

[na nonyyeHuns 6onee NoOMHOM XapaKTepucTu-
KM TOro, 3KOHOMMYECKOE pPa3BUTUE KaKMX FOPOLOB
U ApYruxX afiMUHUCTPATUBHBIX €OUHUL, OKPYXKHOIO
YPOBHSI UMEET 3HAYMTENbHY NPOCTPAHCTBEHHYIO
3aBMCUMOCTb, HEOBXOAMMO MCMONb30BaATH JIOKasb-
HbIM MHAeKC MopaHa [11; 12], koTopbIii paccunTbl-
BaeTCs nNo cnepywowen Gopmyne:

h

Xi— X%
Il' = ISZ z (Di‘i(xj = T) , (2)

b=t

roe 82 = 1/'12,-":1,,- . (%, = X)?,0603HaueHMs oCTanb-
HbIX MaTeMaTU4yeCKMX CUMBOJIOB Te Xe, YTO U B
dopmyne (1).

Bocnonb3yemcs cHoBa nporpammoin GeoDa gns
pacyéta 3HAYeHMM NOKaNbHOro MHAekca MopaHa
Mo ropoAam 1 Apyrmm aaMMHUCTPATUBHbLIM eAUHN-
uam okpyxHoro yposHa KHP ¢ 2001 no 2019 rog.
Kpome Toro, ¢ uenbto obecneyeHmsa 6onee Harnag-
HOM rpaduyeckor WHTepnpeTauuMu Moay4YeHHbIX
pe3ynbTaToB MCMOMIb3yeM MPOrpaMMHbIN NPOAYKT
QGIS pna co3paHUs NOMYYEHHbIX AAHHBIX KapTo-
rPaMM KNacTepoB 3KOHOMMKM FOPOAOB M pervo-

SKOHOMUKA

HoB KHP. laHHble, NnpefcTaBneHHble Ha pucyHke 1,
CBMAETENbCTBYHOT 0 TOM, yto B 2001, 2005, 2010 1
2019 rr. HabnOAANUCH CYLLLECTBEHHbIE M3MEHEHUS
B YPOBHE U AMHAMUKE 3KOHOMMWYECKOrO pPa3BUTUS
no ropoAaM U ApYyruM agMUHUCTPATUBHBIM eAUHM-
LLaM OKPYXXHOro ypoBHs Kutas. lopofa/pervoHsl co
3HaUMMbIMKM pe3ynbTaTaMu Tecta MpPOCTPAHCTBEH-
HOW aBTOKOpPpensiuuMmn Ha OCHOBe nokaszatens BPI
Ha AyLly HaceneHust MoryT ObITb pa3buTbl Ha cnesy-
toLLMe YeTblpe rpynnbl aAMUHUCTPATUBHbBIX EAUHWLY
WU TUMbI KNACTepPOB:

1. Boicokuit-Bbeicokuin (kBagpaHT HH) - B 3TOM
TUNe KacTepoB ropoja v Apyrue afMMUHUCTPATUB-
Hble eMHULIbI OKPYXXHOTO YPOBHS UMEIOT BbICOKMIA
YPOBEHb 3KOHOMMYECKOr0 Pa3BUTUSA, PACMONOXKEHbI
B OKPYXXEHWU e4UHMULL, KOTOPble TaK)Ke MMEIT Bbl-
COKMIM YypOBEHb IKOHOMMYECKOro passutus. Npo-
CTPAHCTBEHHAS AaBTOKOPPENaUMs B 3TOM Tune Kna-
CTEepOB HabNOAAETCS MONOXKMUTENBHAS.

2. Huskuii-Huskuin (kBagpaHt LL) - agMuHu-
CTpaTUBHbIE eAMHULbI B HEM UMEKT HU3KUI ypo-
BEHb IKOHOMMWYECKOrO Ppa3BUTUS, OKPYXKEHbl O-
poaaMu/permoHaMm TakkKe C HU3KMM YPOBHEM
3KOHOMMYECKOro pa3BuUTMS. 34eCb TaKxKe 3aperu-
CTPUPOBAHA MONIOXKMUTENIbHASA NPOCTPAHCTBEHHAS
aBTOKOppensums.

3. Huskuii-Boicokumii (kBagpaHT LH) - ropoaa u
[pyrue agMUHWUCTPATUBHbIE eAWHULBI B HEM UMe-
0T HU3KWIA YPOBEHb 3KOHOMMUYECKOTO Pa3BUTHS, HO
OKPY>XeHbl rOpoAaMu C BbICOKMM YPOBHEM 3KOHO-

Tabnuya 1 - 3HayeHuss 00HOMepHO20 2/106a/16H020 UHOekca Mopara 6 2001-2019 2a.

lop, Moran'l P-3HaueHne | Z-oueHka
2001 r. 0,362 0,001 10,566
2002 r. 0,382 0,001 10,986
2003 r. 0,428 0,001 12,288
2004 r. 0,426 0,001 12,228
2005 r. 0,374 0,001 10,887
2006 . 0,393 0,001 11,383
2007 r. 0,410 0,001 11,780
2008 r. 0,407 0,001 11,761
2009 r. 0,419 0,001 12,209
2010 r. 0,398 0,001 11,631

McmoyYHUK: paccyumaHo agmopom.
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lop, Moran'l P-3sHaueHne | Z-oueHka
2011 r. 0,378 0,001 11,122
2012 r. 0,374 0,001 11,078
2013 r. 0,389 0,001 11,328
2014 r. 0,375 0,001 11,042
2015 r. 0,415 0,001 12,225
2016 . 0,399 0,001 11,938
2017 r. 0,393 0,001 11,590
2018 r. 0,408 0,001 11,919
2019 r. 0,409 0,001 11,882
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MMYeckoro pa3BuTus. [IpoCcTpaHCTBEHHAs aBTOKOP-
pensauus 34ecb OTpULATeNbHas.

4. Bbicokui-Huskuin (kBagpaHT HL) - B HEM
AAMMHUCTPATUBHbIE EeAMHULbI  UMEKT BbICOKUM
YPOBEHb 3KOHOMMWYECKOrO Pa3BWUTUS, HO OKpYXe-
Hbl ropogamMn C HU3KMM YpPOBHEM 3KOHOMMYECKO-
ro passutus. [poCcTpaHCTBEHHas aBTOKOppensuus
3[eCb OTpULLATENbHAS.

() 2001 .

(6) 2005 1.

B 2001 r. HacumTbIBaNOCh 89 ropoaos/perMoHoB
CO 3HAYUTENbHOM NIOKANbHOM MPOCTPAHCTBEHHOM
aBTOKOppensaunen, n3 Kotopbix 26 aaMMHUCTpaA-
TUBHbIX €AMHUL, PAacMONOXMIOCh B KBagpaHTe HH,
4yTo coctaBuno 29,2 %. 51 eauHuua Haxoamnach
B KBagpaHTe LL, yto coctaBuno 57,3 % ot ux 06-
Lero KoauyecTsa. 5 ropofoB 0Ka3anocb B KBaA-
paHte LH (5,6 %). 7 ropofoB BOLWNO B KBafpaHT

Kapra knacrepos
Il Bricokuii-Bricokuit (HH)
B Bricokwuit-Huskuit (HL)
| Huskwuit-Beicoxuii (LH)
| Huskwuit-Huskuii (LL)

| | He3HauuTenpHBII

0 1500 3000 4500 6000 kM

PucyHok 1 - Kapma knacmepog 3KOHOMUKU € UCN0/16308AHUEM JI0KAbH020 UHOekca MopaHa (LISA)

McmouHuk: pazpabomxa asmopa.
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HL, uto coctaBuno 7,9 % ot obliero KonuuyecTsa
nccnenyemMbix agMUHUCTPATUMBHBIX eauHul. bo-
Nee pasBuTble rOPOAa OKAa3aMCb PACNONOXEHbI B
pernoHe bonbworo 3anuBa (r. TyaHuwkoy, Yxyxan,
@dolwaHb), Ha 3anagHoM Hepery TaiBaHbCKOro Mpo-
nuea (r. LLtoaHbwkoy, YKaHuxoy), B AenbTe peku
SHusel (r Wanxan, Cyuxoy, HaHbTyH, Yeu, LizacuH),
nonyoctpoB LlaHbayH (r. SIHbTai, BavidaH, buHb-
YXO0Y), LEHTPaNbHO-KOXHbIA MNPOBUHUMK JISOHM
(r. AHbwaHb, MHKoy). B 2019 . no cpaBHeHUIO C
2001 r. KonMYecTBo roponoB M APYrMX ALAMUHU-
CTPaTUBHbBIX €OMHUL, OKPYXXHOF0 YpPOBHSI CO 3Ha-
YUTENBbHOM NIOKANbHOM MNPOCTPAHCTBEHHOW aB-
TOKOppensumen yMeHblwnnocb Ao 87, u B TOo xe
BpPEMSI KO/IMYECTBO €4MHMLL, PaCcroNOXMBLUMXCS B
kBagpaHTe HH, ysennumnnocb o 33, 4yto cocraens-
no 37,9 % ot ux obuwero konuyectea. Ymucno ropo-
[LOB/perMoHoB, pacnonaraBlUMxcs B KBagpaHTe LL,
yMeHbLmnnock oo 41 (47,1 %).

bonee noapob6Hble AaHHble 06 OCHOBHbIX W3-
MEHEeHUAX B KOJIMYECTBEHHOM COCTaBe KaXAoM UX
rpynn n COOTBETCTBYHOLMX TEHAEHUMAX NpencTaB-
NleHbl B Tabauue 2, 1 UX MOXHO NPOKOMMEHTUPO-
BaTb CleAyoLLMM 06pa3oMm:

1. B npouecce 3KOHOMMYECKOrO pa3BUTUA
3anagHoro Kutas B uccnegyemom nepuoge npo-
J0/Kana npocMaTpmMBaTbhCs, Cyas Mo psiay Mnoka-
3aTenen, paHee HaMeTUBLLASACS TEHOEHUMS K ynyy-
WeHn nonoxeHus. KonmyectBo 3KOHOMMYECKM
€nabopasBUTbIX FOPOAOB U APYrUX ALAMUHUCTPA-
TUBHBIX €4MHUL, OKPY>XHOrO YpPOBHSI B 3anafHOM
pernoHe Kutas (0co6eHHO Ha toro-3anage CTpaHbl)
pe3ko CoKpatunocb. JlokanbHbii mHAEKC Mopa-
Ha noka3sbiBaeT, 4to B 2001 r. Tonbko 6 ropoaoB B
3anagHoM Kutae OTHOCMNIMCL K pa3BUTbIM rOpo-

SKOHOMUKA

[aM, a uMeHHo: CuaHb, JlaHbuxoy, [yiaH, HaHbHUH,
HbuHum u JTrowkoy. OctanbHble 35 3anagHbix ro-
pOAOB PacCMaTpMBaNUCh Kak 3KOHOMMYECKU OT-
ctanble. OHM HaxoAWMnMUCb B KBaapaHTe LL, To ectb
B TOW rpynne, roe agMWHUCTPATUBHbIE eAUHULbI
UMENN HU3KUI YPOBEHb IKOHOMMYECKOrO Pa3Bu-
™S U BbiNM TaKKe OKPYXeHbl eAUHULAMU C HU3-
KUM YpOBHEM 3KOHOMMYeckoro pa3suTus. OfHaKo
K 2019 r. ypoBeHb 3KOHOMWMYECKOrO Ppa3BUTMS B
3anagHoM Kutae ynyywmncsa. Konnuectso roponos
B KBaapaHTte LL cHusmnoch po 18; a B kKBagpaHTe
HL [onoAHUTENbHO NOSBWUAMCH OKPYT Xancu, oKpyr
IOuumn, ropon Cunun-Ton; kBagpaHt HH gononHu-
v ropoga Oppoc, Yxan, Lnusyiwanb n MHbYyaHb.
CnepyeT npu3HaTh, YTO YKa3aHHble Bbille MO3MU-
TUBHblE U3MEHEHWUS OblIM BO MHOIOM CBS3aHbl C
TOW Ccepueir cneumanbHbIX MOMUTUK, KOTOPbIE KK-
TaNcKoe rocynapcrBo CTano MpoBOAMTb B 3anag-
HbIX ropogax Kutas ¢ Hayana XXI B.

2. Konnyectso roponos c 6onee Bbicoknm BPT1
Ha [ylly HaceneHusa B AenbTe peku SHL3bI B nccne-
[yeMOM Mnepuoae yBEeNUYMBanoCh, B LEHTPasbHO-
HOXKHOM parioHe JISoHMHe n Ha nonyocTpoBe LaHb-
[lyH — COKpalLanock. B ropoackoi arnomepaumm Ha
3anagHoM nobepexbe TaliBaHbCKOro MpoivMBa U B
pervoHe bonbloro 3anmea yaHayH-TOHKOHI—Ma-
Kao Habnwaanucb OTHOCUTENBHO HE3HAUYUTENbHbIE
M3MEHEHMs KONIMYeCTBa ropofloB € bonee BbICOKUM
BPIM Ha pywy Hacenenus. CToUT OTMETUTD, 4TO 60-
Jlee BbICOKWI YpOBEHb 3KOHOMMUYECKOro pa3BUTUS
B FOPOACKOM arioMepaLmn, HaXoasaLWeNCcs B genste
pekn SHu3bl, coxpaHanca ¢ 1990-x rogos. Kpome
TOro, C Hayana nepvoda peanusaumu MNOAUTUKU
ypbanuzaumm Hosoro tmuna (nocne 2014 r) u BoO
MHOrOM MMeHHO 6narogaps e KonM4yecTBO pas-

Tabnuya 2 - Cmamucmuka pacnpedeneHus Kosudecmsd 20podos u Opyaux adMUHUCMPAMUBHbIX eOUHUY,
OKPYMH020 ypogHs Kumas ¢ 0mHoCUmMesIbHO 8bICOKUMU 3HAYEHUSMU JI0KAIbHO20 UuHOekca MopaHa

Konunuectso eannuy, 2001 . 2005r.
B kBappaHTe HH 26 30
B kBagpaHTe LL 51 54
B kBagpaHTe LH 5 6
B kBagpaHTe HL 7
Wtoro 89 95

NcmoyHuk: pacc4umado asmopom.
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2010 r. 2015 r. 2019 r.
33 34 33
59 46 41
8
5
105 93 87
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BUTbIX TOPOAOB, PACMONIOXKEHHbIX B 3TOM [enbTe,
NOCTOSIHHO YBEIMYMBANOCh. DTV rOpoLa OKa3anuch
B uMC/ie 0ObEKTOB MPUOPUTETHOM MOALEPKKMU CO
CTOPOHbI KMTAWCKOro rocyfapcTea B popme npeso-
CTAaBNEHUS NPAMbIX WHBECTUUMIA npedepeHuu-
aNbHOr0 HaNOroobA0XKEHUS U apeHabl 3eMeNbHbIX
YYaCcTKOB v Ap.

3. B 3KOHOMMWYECKOM pa3BUTUM HA CEBEPO-BOC-
TOKe CTpaHbl B aHaNM3MpyeMOM Mepuope npo-
cMaTpuBanach TeHaeHUMs K cnaay. B uicne agmu-
HWUCTPATUBHBIX €AMHUL, C OTHOCUTENIbHO BbICOKMM
BPI1 Ha oywy HaceneHms B 2019 r. okazanocb ToNb-
Ko aBa ropoga: aumH (13647 ponn. CLUA) 1 YaH-
yyHb (11356 ponn. CLUA) . BPIM Ha aywy HaceneHus
B APYrMX COCEAHMX ropoAdax OKa3alCs Ha OYEHb
HM3KOM ypoBHe. CliefyeT OTMETUTb TOT (akKT, YTo
€ Havyana XX| B. 3KOHOMM4YeCKoe pa3BUTHE CeBe-
po-BocToyHOro Kutas 3amennunoch, U HaceneHue
B 3TOM YaCTWU CTPaHbl pe3Ko COKPaTMNOChb. Dddek-
TMBHOCTb MONMUTUKM ypOGaHW3aLMM HOBOTO TMMA B
OTHOLUEHMU SKOHOMWKWM PEFMOHOB, HAXOASLLMXCS
Ha CeBepO-BOCTOKE CTPaHbl, He CTONb OYEeBMIHA,
Kak B OTHOLIEHWW PErMOHOB, PACMONOXEHHbIX B
Lpyrux vactax Kutas, XoTs faHHas nonuTuka pea-
NIU3YeTCs HA NPOTSXKEHUM AOCTATOMHO A/IUTENBHOIO
BPEMEHM.

BbIBOLbI

MpuBEeaEHHbIE BbILE pe3ynbTaThl aHaNM3a 4atoT
[LOCTaTOYHO BECOMble OCHOBaHWs 415 BblBOAA O
TOM, YTO MPOBOAMMAS MOAUTUKA YpHaHU3ALMMU HO-
BOFO TWUMA, BO3MOXHO MOAXOAMT LNS MOLAEPXKKM
pasBWUTUS [aneko He BCex perMoHoB Kwutas. As-
TOp CYMTAET, YTO MOAUTMKA ypBaHM3aLMM OOMKHA
YYUTbIBaTb KaK OObeKTUBHblE 33aKOHOMEPHOCTM
pernoHanbHOro 3KOHOMWMYECKOro pasBMTUS, Tak
M MeCTHble ocobeHHocTW. Mpu peanusaumm rocy-
[apCTBEHHOM MOMWUTUKM MECTHble OpraHbl BNacTu
[LOMKHbI  a4anTMPOBaTbCs K MECTHbIM YCIOBUSAM,
MCXons U3 0cobbIX XapakTepUCTUK pa3BUTUS COOT-
BETCTBYIOLLErO pernoHa. B pamMmkax Takoro nogxona
aBTOp peKOMeHAyeT peanun3oBaTth Cleayllime me-
ponpuaTus:

— MeCTHbIM OpraHaMm BnacTv aAMUHWUCTPATUB-
HbIX eOMHML, HAXOAAWMXCS B 3anagHoOM vactu
Kutas, uenecoobpasHo nepeHecTn akLeHT Ha noja-
[Lep>XKy pa3BUTUS COBPEMEHHOIO NMPOW3BOACTBA U

coBpeMeHHow cdepsbl ycnyr. [NoCKoAbKy OCHOBHbIM
npoTMBOpeYMeM B 3anafHOM pernMoHe B HaCTOsI-
lwee BpeMs SBNSETCS HU3KMI ypoBeHb ypbaHu3a-
LMKW, aKTyanbHOM 3a4ayen Ans 3TOM YacTU CTpaHbl
SBNSETCS COOEMCTBME OCYLLECTBAEHUIO mpoLecca
ypbaHuzaumm 6onee BbiCOKMMM Temnamu. OnbIT
pa3BUTMS HEKOTOPbIX 3aMafHbix ropoaos Kutas 3a
nocnegHue 20 neT NOKasbIBaET, YTO OLHMUM U3 HauU-
bonee fencTBEHHbIX (AaKTOPOB 0becneyeHus pocTa
ypbaHu3aumm B 3TOT nepuon CTano YCKOPeHHoe
pa3BUTME MPOMBIWIEHHOCTU. B uncne no3ntmeHbIX
NpUMEPOB TakOro pa3BUTUS MOXKHO MPUBECTM OMbIT
(hOpMMpPOBAHMS KOMMEKCA OCHOBHbIX OTpacnen
3KOHOMMKM ropoga Oppoca, KOTOpbIM BKAKOYA-
€T: YrofibHYyl0 MPOMBILLIEHHOCTb, OCHOBAHHYK Ha
COBPEMEHHBIX «YMCTbIX» TEXHONMOTUAX A0ObIUM U
nepepaboTKM CbIpbsl, KTOHKYH» XMMUYECKYH Npo-
MbILLIEHHOCTb, MPOM3BOACTBO LUEPCTAHbIX TKAHEN,
[0o6bl4y M nepepaboTKy NMPMPOAHOro rasa, CnaH-
LeBor HedTH, NPON3BOACTBO CTPOMMATEPMANOB, a
TaKXe MalHWHT BUTKOMHOB M OMnepauun C KpUnTo-
Ba/IOTOMN.

B kayecTBe Apyroro ycnewHoro npumepa Mox-
HO MPUBECTM OMbIT CO34aHMA Lenu (Mosica) U3 npea-
npusaTUn  HOTOINEKTPUYECKOM MNPOMBILLIIEHHOCTH,
CKOHLUEHTPMPOBAHHOM Ha 3anage Kurtag u pacno-
noxeHHor B 12 ropogax: CuaHb (B npoBuHLUMM LU >3-
HbcK); CuHuH, fonmya, enuHra (B npoBUHLMM LInH-
xan); YBan, LU3nHbuaH, YxaHbe, [lyHbxyaH, Akca,
Li3stonryaHb (B npoBuHLMK aHbCy); Xamu, Ypymun
(8 CuHbuzsHe). COOTBETCTBYHOLWME MHBECTULMOH-
Hble NPOeKTbl OblIM peann3oBaHbl COBMECTHO LiEH-
TpanbHbIM U MECTHbIM MPABUTENLCTBOM B paMKax
NOAUTUKK «HauMoHaNbHbIM NnaH ypbaHusaumm Ho-
Boro T™mna (2014-2020)», 4To No3BOAMNO CO3A4aThb
6onblwoe KonMyectBo paboumx MecT B 3anagHOM
perMoHe M cnocobCcTBOBaNO YCKOPEHHOMY 3KOHO-
MUWYECKOMY pa3BUTUIO 3TOM YacTn Kutas;

- B OT/IMYME OT 3aNaJHOM0 PernoHa, B BOCTOYHOM
yactn Kutas cnoxunuco bonee passutas TpaHC-
NopTHasi MHPPACTPYKTypa M Oonee TeCHble 3KO-
HOMMYECKME CBSI3U MeXAY ropodaMu, YTo Cnocob-
cTByeT GOPMUPOBAHMIO TOPOACKMX arioMepaLmuin n
NMPOMBILLIEHHbIX KNAacTepoB. [103TOMY NOAUTUKY yp-
H6aHU3aLMM B BOCTOYHOM pernoHe LenecoobpasHo
COPMEHTMPOBATb HA YCKOpeHHOoe (GopMupoBaHue

'CpenHuii 06MeHHbIM Kypc B 2019 roay: 1 USD = 6,909 CNY [13].
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Takux arnomepauuii. LleHtpanbHoe npaBuTensCTBO
Kutas npenfiiomno pasnuyHble pernoHasbHbie
cTpaTerMm Ans pasBWUTUS PasfIMYHbIX TUMOB TO-
POACKMX arnoMepaLmii, peanmsaums KoTopbix nos-
BonsieT obecneunTb yrnybneHue COTpPyLHMYECTBA
W pasfeneHus Tpyaa Mexay perMoHamu, usberas
MPU 3TOM XKECTKOM KOHKYPEHLMU MEeXAy aaMWUHM-
CTpaTMBHbIMU eauHMLAMU. Hanpumep, B pamkax
nonuTMKM «HauuoHanbHbIM MnaH  ypbaHu3aLuu
HOBOrO TUMNa», B rOpoACKoM arnomepaunm MNMekuH-
TaHbU3MHL-X3631 nnaHupyetcs chOpMMpPOBaTb
UMUK MOAUTUYECKOTO U KYNbTYPHOrO LeHTpa
Kutas. [lensta peku AHU3bI NO3ULMOHUPYETCS KaK
(WMHAHCOBBIN LEHTP cTpaHbl. PernoH bonbworo 3a-
nvBa [lyaHayH-TOHKOHr-Makao paccmaTpuBaeTcs
B MepCnekTMBe Kak KPYMHEWWWUI LLeHTp BHELIHEN
Toprosnu Kutasa. CnegyeT OTMETUTb, YTO MONUTK-
Ka ypbaHu3auuMM HOBOro TUMa SBNSETCS BAXXHOM
rapaHtMen obecrneyeHns CKOOPAMHMPOBAHHOIO
pa3BuTna B BOCTOYHOM KuTae. locymapcTtBy no-
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TpebyeTtcs pa3paboTaTb HOBYO MOJENb, B KOTOPOM
LeHTpasbHble ropoja YNpaBAstoT TOPOACKUMMU
arnomMepaumsamMu, ytobbl CTUMYAMPOBATb CKOOPAM-
HMpPOBAHHOE pa3BuUTWME pernoHos. Hanpumep, Me-
KUH U TAHbL3WHb B KAQ4YeCcTBE LEHTpa yXe cervac
BO3[/aB/AOT pPa3BMTME TFOPOACKONM aroMepaumm
MeknH-TaHbU3MHb—X36314 M ynpaBAglT CKOOPp-
[VMHUPOBaHHbIM pa3BUTMEM pervoHa boxain Pum.
llaHxai paccmaTpuBaeTcs B KayecTBe LEHTPa,
obecneumBatoLLero pasBuMTME FOPOACKOM arnome-
paumu, opMupyloLLEeNCca B AenbTe pekn SHU3bI, 1
B PONU ABUXYLLEW CUJTbl Pa3BUTUS BCETO SKOHOMMU-
yeckoro nosca peku SAHu3bl. [oHKOHT, Makao, [yaH-
YKoy M LLI3HBbYKIHb B KauecTBe BeayLMX LLEHTPOB
BO3rMaBuaM paboTy Mo yKpenieHut 3KOHOMUYe-
CKMX CBSi3el BHyTpu pervoHa bonblworo 3anuea
M obecneymBaoT peanu3aLuio Kypca Ha MHHOBA-
LMOHHOE M 3KOJIOTOOPUEHTUPOBAHHOE Pa3BUTUE
3KOHOMMYECKOro nosica XXemuyxHasi peka—CnussaH
peka.
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3APYBEXHbIW ONbIT NPOBEAEHNA TOCYQLAPCTBEHHbIX AYAUTOB

M OTBETHbIE MEPbl KUTAA

FOREIGN EXPERIENCES OF GOVERNMENT AUDITS AND CHINA'S RESPONSE

YOK 351.9

K0anyH YUkan*

MHcmumym 6u3sHeca

benopycckoeo 2ocydapcmseHHo020 yHUBepcumema

PEDEPAT

[FOCYAAPCTBEHHbIV AYAUT, AYAUT S@-
®EKTUBHOCTU, BHELLIHWUWA AYANT, CUCTEMA
FTOCYAAPCTBEHHOIO AYAINTA

B daHHol cmamee paccmampusaromcs npobne-
Mbl  nposedeHusi NpPasumMenbCMeeHHbIX ayoumos,
Komopele 8K/II0YAm NposepKy camoli adMuHUCmpa-
yuu (npagumenbCmeeHHsIX Nnpoepamm). B nocnedHue
200bl 803pOC CNPOC Ha aydum 3¢ dekmusHocmu. Tak-
e asmopamu aHanuupyemcsl 3apybexcHeili onsim
nposedeHuss 2ocydapcmeeHHbix aydumos. Llens
cmamesU —nposecmu cpasHUMesbHbIlaHANU3 cucmem
npasumenbCmeeHHo20 ayouma, nNpPUMEHSIEMbIX 8
Kumae, ¢ 3apybexHsiMu cucmemMamu, 8HEOPEeHHbIMU
8 HeKkomopbix 3anadHsix cmparax u CLUA.

B pesynsmame ananuza 6ydem nocmpoeHa
meopus 8HewHe2o aydouma. [aHHeili aHaau3 ocHo-
8aH HA UHGopmayuu MuHucmepcmea QuHaHco8 u
HayuoHansHoli cmamucmuku Kumadickoli HapodHol
Pecnybnuku.

Introduction

In recent years, external audits of government
departments and agencies in China have
increased in response to citizen criticism of issues
related to public accountability, such as misuse of
public funds, evaluation of the effectiveness and
results of government programmes, disclosure
of information based on the "right to know, and
the requirement to disclose government financial
data through balance sheets. We must strengthen
public accounting and auditing to face these
challenges. As the final step in establishing public
accountability, public audits must include a system

* E-mail: bsuzhang@gmail.com (Yuelong Zhang)
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ABSTRACT

GOVERNMENT AUDITS, PERFORMANCE AUDIT,
EXTERNALAUDITING, GOVERNMENTAUDITING
SYSTEM

This article discusses the problems of conduc-
ting government audits, which include checking the
administration itself (government programs). The
demand for performance auditing has increased in
recent years. This article describes foreign experience
in conducting state audits. The purpose of the article
is to conduct a comparative analysis of government
audit systems used in China with foreign systems
implemented in some Western countries and the
United States.

As a result, a theory of external audit will be
built. This analysis is based on information from the
Ministry of Finance and National Statistics of China.

of government audits conducted by supreme
audit institutions, sometimes known as national
audits (thus hereinafter "government audits").
Government audits are included in the external
audit systems of Western Europe and the United
States. Audits of the government include financial,
performance, and cost-effectiveness audits.
This study examines performance audits, which
evaluate the government programs.
Literature Review

In the past few decades, performance auditing
has undergone tremendous change, gaining great
interest from academics and practitioners in terms
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of its development, evolution, transformation, and
outcomes in many worldwide contexts.

In contrast to the international literature on
government audits, which is more concerned with
central government audits, Hetherly and Parker
(1988) compared the Australian Audit Office, the
Victorian Auditor-General's office and the South
Australian  Auditor-General's department in
terms of the content, format and feedback from
auditees. Compared the Australian Audit Office,
the Victorian Auditor-General's office and the
South Australian Auditor-General's department in
terms of the content and format of audit reports
and feedback from auditees, discussing the results
and impact of government audits [1]. In addition,
Johnsen (2001) selected a number of performance
audits of municipal and county local governments
in two Nordic countries, Norway and Finland, for a
comparative study that sought to reveal the state
of performance auditing in local governments,
including the use of audit methods in government
audits [2]. The authors argue that, despite some
problems with the quality of performance audit
reports, performance audits are still a tool for
improving urban management, an important and
effective control tool in public sector reform, and
do not negatively affect traditional financial audits.

In terms of domestic normative research on
the international comparison of government
performance auditing, Shen Yi and Shen Hongbo
(2002) introduced the current situation of
government performance auditing in the United
States and Canada, and compared four aspects:
the emergence and development of performance
auditing,the definition and content of performance
auditing, and the main characteristics and roles
of performance auditing in both countries [3].
In addition, the structure of auditors should be
diversified, and Chen, Quanquan, Yang and Li
(2005) introduce the characteristics of government
performance auditing in the US, Sweden and
Australia [4]. They argue that the legislature
has a decisive role in government performance
auditing in these three countries;, the purpose of
performance auditing focuses on the evaluation of
rationality.

They argue that the legislature has a decisive
role in government performance auditing in the
three countries, that the purpose of performance
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auditing focuses on reasonableness assessment,
and that its objectives are dualistic. Wang
Yanping (2007) compared the performance audits
conducted by SAls in five European countries (the
UK, France, Sweden, the Netherlands and Finland)
between 1993 and 1995 and found that there
were differences in the selection of audit targets
in each country [5].

In terms of domestic empirical studies on
the international comparison of government
performance auditing, Chen Song-sheng and Yu
Xinpei (2005) used the theory of institutional
change as the theoretical basis and empirical
research methods to verify the changes in
government performance auditing in countries
around the world, and the results showed that
the high level of technology, the proportion of
total fiscal expenditure (GDP) and the degree
of transportation development in a country
were positively related to whether a country
conducted government performance auditing.
Ouyang, Huasheng and Yu, Yu and Xin (2009)
analyze seven demand influencing factors that
affect the change of performance audit system,
and combine the empirical data of economic and
social development of countries around the world
to find that per capita national income, education
index and Gini coefficient are related positively to
whether a country conducts performance audit at
all.

Research Methods

The literature research method is a method
used to obtain information by investigating the
literature according to certain research objectives
in order to gain a comprehensive and correct
understanding of the research problem. In order
to understand the history and current situation
of government audits, this article conducts a
large amount of literature search and literature
reading in order to conduct a comparative study
of government audits based on the history and
current situation of government audits in Europe
and the United States and Western countries.
International comparative research is both a
research perspective and a research method, and
there is no doubt that the method of comparative
analysis is the most basic method throughout
this thesis. It includes not only the horizontal
comparison of government audits between
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countries in the same period, but also the vertical
comparison of government performance audit in
the same country in different periods.
Definition of Related Concepts

Performance Behaviorists, represented by
Campbell, believe that performance is not the
result of an activity, but the activity itself is the
action or behavior that people actually do that
is related to organizational goals and that can
be observed. These behaviors have a positive or
negative effect on individual or organizational
effectiveness and can be fully controlled by
the individuals himselfthemselves. Outcome
theorists, represented by Bernard [, consider
performance as a record of output produced by a
specific job function, activity, or behavior over a
specific period of time [7]. This paper argues that
performance is a comprehensive concept whose
concept itself has evolved gradually and for the
time being should contain at least the three
most basic characteristics of economy, efficiency
and effectiveness. Economy is the lowest cost to
obtain a certain quality of resources simply means
whether the expenditure is economical. Efficiency
is the relationship between inputs and outputs
including whether a certain output is achieved
with @ minimum input or a maximum output
with a certain input. Effectiveness is the extent
to which policy objectives, operational objectives
and other expected results are achieved, i.e.i.e.
whether the objectives are met. The government
audits referred to in this paper refers to the
activities of the audit authority to examine and
evaluate the economy, efficiency and effectiveness
of the management and use of public resources
by the audited unit. The audited units include all
departments and enterprises and institutions that
use public resources. Public resources is a broad
concept that includes both public funds and public
materials, information and other licensed rights.

The national audit system (NAS) is a general
term for the typical organization, leadership
system, and authority of the national audit body,
which is institutionalized by the state according to
the needs of political and economic development
through the constitution, audit law, and other
legal procedures. In a general sense, the typical
auditing systems in countries around the world
can be legislative, judicial, administrative and
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independent.

Under the legislative audit system, Legislative
audit system (SAIS) are is independent of
government departments and are is subordinate
to the legislature-parliament,to which they areit is
accountable and reports on theitsir work. The main
function of the legislative audit body is to assist
the legislature in monitoring the government and
to influence the legislature’s decisions to a certain
extent.

The supreme audit institution under the
administrative audit system is subordinate to
the executive branch of the government or to
the head of a government department. Audits
institutions audit the financial budgets and
revenue and expenditure activities of government
departments and units in accordance with the
authority granted by national law. They are
responsible to the government for ensuring the
proper implementation of government financial
policies, decrees, plans and budgets.

The Government Performance Audits
Development in Major Countries

Government audits are integral aspect of
a nation's administrations, administrations;
thusthus, it must play a crucial role in the
growth of the economy. From the standpoint of
economic fiduciary responsibility, the government
administers public resources,runs state operations,
safeguards state rights, promotes social stability,
and protects the people's interests in line with the
will of the people.

Government audits are performed by state
auditing agencies and are specified by the auditing
entity's criteria. In the instance of government
audits, public fiduciary responsibility motivated
the formation and development of government
auditing. The public fiduciary relationship between
the government and the public is reflected in the
process by which local governments raise and
use debt, and the effective performance of public
fiduciary duties and the effective supervision
of local governments must be ensured by the
legal compulsion and authority of government
audits organs. As a result, the focus of this
article is on audits undertaken by government
audits agencies in terms of the auditing entity.
Notably, the scope of government auditing in
this context includes, but is not limited to, what
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is popularly known as government debt auditing.
Commonly, a government debt audit refers to
the specific audit activities organisedorganized
by the audit department for government debt
(e.g., the national (local) government debt audits
organisedorganized by the OIG in 2011 and
2013), which are more labor-intensive and less
realistic than a regular debt audit of this scope.
Nonetheless, the prevention of local government
debt risks calls for ongoing vigilance. In addition
to special government debt audits, the budget
execution audits, economic responsibility audits,
policy tracking audits, and even financial and
state-owned enterprise audits conducted by our
government auditing departments can identify,
reveal, and address problems in the area of local
government debt from a variety of angles.

Currently, the United States, the United
Kingdom, and Australia are the countries that
have the most experience performing government
audits. Value for Money Auditing in the United
Kingdom; Performance Audits in the United States
and Australia. This section examines the evolution
of government audits in these three English-
speaking nations.

Because the practice of government audits
originated in the United States, the United States
has the most experience in the field. In the 1940s
and 1950s, the United States General Accounting
Office (GAO) began early attempts and explorations
on government performance auditing, and in the
1970s, government audits in the United States
began to be legislated to ensure the legitimacy of
government performance practices. Specifically, in
1972, the GAO published "Guidelines for Auditing
Government Agencies, Programs, Activities, and
Responsibilities, which clarified the "3Es" of
government audits in the United States: assessing
the financial status of management activities and
compliance with legal requirements; assessing
the economy and efficiency of management;
and assessing the performance of management.
The 3Es are as follows: first, to evaluate the
financial performance of management activities
and compliance with legal requirements;
second, to review the economy and efficiency of
management; and third, to evaluate project results
in terms of attaining anticipated outcomes [8]. It
is the first time in the world that the primary aims
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and substance of government audits have been
outlined in a legally binding document. According
to data published in the General Accounting
Office’s (GAO) Watchdog Report, from the 1970s to
the start beginning of the 21st century,87 % of U.S.
auditors conducted "3Es" performance audits, and
"3Es" performance audits have become the most
important aspect of U.S. government auditing.
It might be claimed that "3Es" performance
auditing has become the most crucial aspect
of government auditing in the United States. It
may be claimed that the implementation of the
"3Es" principle of U.S. government performance
auditing shattered the traditional boundaries
of financial auditing, increased the scope of
government audits, and improved the structure
and substance of U.S. government audits. Later,
the U.S. government adopted the "Guidelines for
Performance Audits in the Field, the "Performance
Audit Reporting Guidelines, and other laws and
regulations,  standardisingstandardizing  and
standardisingstandardizing  U.S.  government
audits. In addition to "3Es" audits, the GAO also
performs audits of financial and non-financial
government perks. In the 2020 GAO Audit Report,
54 government audits are listed, such as "Global
Food Security: Information on Food Assistance
from the United States and Other Food Donors,
"Tax Incentives for Low-Income Areas: Improving
the Performance Evaluation System for Tax
Incentives,” and "5G Networks: Improving the
Performance Evaluation System for Tax Incentives.’

The United Kingdom has a long tradition of
performing government audits; nevertheless,
formal government audits, created by law in
the 1970s, were referred to as "value for money
audits” in the United Kingdom [9]. After Margaret
Thatcher became Prime Minister of the United
Kingdom in 1979, the Conservative-led Thatcher
government launched a powerful wave of
administrative reforms known as the New Public
Management (NPM) movement, which advocated
the introduction of business management
techniques, competition, and customer focus
in public administration. In 1981, the British
government's  Public  Accounts Committee
produced its renowned report titled "The Role of
the Comptroller and Auditor General" as a result
of the influence of this movement. Article 6 of
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the report stipulates that the Auditor General has
the ability to investigate the economy, efficiency,
and effectiveness of the use of resources by each
government department, agency, or other entity
in the discharge of its responsibilities. Similar to
the United States, government audits are based
on the "3Es" premise. The U.S. "3Es" performance
audit has a greater scope than the U.K. "3Es"
performance audit, which is a thorough evaluation
of economy, efficiency, and effectiveness. This
report marks the first time that the national audit
department of the United Kingdom can conduct
government audits in compliance with applicable
rules and regulations. Audits of government
performance in the United Kingdom can be
roughly divided into four categories: assessment
and inspection of the most severe instances of
waste and inefficiency; assessment and inspection
of large-scale projects and key project works in
specific sectors; assessment and inspection of
management activities; and inspection of some
smaller-scale activities. The Audit Commission is
the primary government department responsible
for conducting government audits in the United
Kingdom, and its yearly investment in government
audits is growing annually. Alone in 2020, the UK
Audit Office published more than 100 performance
audit reports, representing 40 percent of all
government audit reports issued by the Audit
Office. The performance audit reports of the UK
Audit Office include over ten categories, including
military, education, law, transportation, agriculture,
social security, and taxation.

The Australian Audit Office is the highest-
ranking audit institution in Australia, and it is a
separate entity from government ministries. Early
in the 20th century, the Australian government
established Article 54 of the Audit Act, which
provided the Audit Office the legal right to conduct
"project audits.” This marked the beginning of
the Australian government audits. Currently, the
Auditor-General is required to report annually
to the Australian Parliament on the results of
government audits conducted by the Audit Office
in accordance with its statutory responsibilities,
and the Audit Office is subject to direct oversight
by the Parliamentary Joint Committee on Public
Accounts and Audit (JCPAA). The Australian
Audit Office conducts audits of government
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performance in four primary areas: assessment
of government economic management and
investment programmes of general public interest;
assessment of social security issues; assessment of
telecommunications and information technology;
and assessment of the implementation of
previous audit recommendations. The Australian
Audit Office conducted 34 performance audits
between 1979 and 1986, followed by a series of
laws, regulations, and implementation guidelines
in the 1990s, such as the Auditor-Act, General's the
Performance Audit Act, and the Performance Audit
Guidelines, to mature the Australian government's
performance audit system.

In summary, government audits have the
following common features. ALl have sophisticated
legal, regulatory, and audit guidance systems.
Although audit institutions in major English-
speaking nations have varied names,the formation
of these audit organisationsorganizations and the
determination of the scope of government audits
are firmly grounded in legislation. In 1993, the
U.S. government issued a number of rules and
regulations, such as the Government Performance
and Results Act and the Government Sector
Performance Audit Act, which have effectively
facilitated the implementation of performance
auditing at all levels of the federal government.
In addition, the U.S. government's Audit Evaluation
Standards  for  Government  Organizations,
Programs, Activities, and Responsibilities further
specifies the objective, scope, and methodology
of government audits, and is a crucial government
audits guideline [6]. The Local Government Act, the
National Audit Act, the Performance Audit Manual,
and a number of other legislation acts, rules, and
auditing standards established by the government
of the United Kingdom have also provided a firm
foundation for government audits in the United
Kingdom. The Australian government's legislation,
regulations, and auditing standards, such as the
Auditor-Act, General's Performance Audit, and
the Performance Audit Program Guide, have each
ensured the smoothimplementationand credibility
of government audits in their respective countries.
In contrast, despite the fact that our government
has enacted laws and regulations such as the
Audit Law and the Certified Public Accountants
Law, the content of government audits is still
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extremely flawed, a separate legal and regulatory
system for government performance auditing has
not been established, and there are still numerous
issues with the construction of the government
performance auditing guidance system.

On the one hand, the scope of government
audits in the United States, the United Kingdom,
and Australia is very broad; for example, the
performance audits in the United States includes
not only the audit of the management activities
of government departments and national
policies, but also the performance audit of the
construction of the combat system of the Ministry
of Defense; the government audits in the United
Kingdom includes the performance audit of
the construction of the combat system of the
Ministry of Defense; and the government audits in
Australia includes the performance audits of the
construction of the combat system. On the other
hand, audits of government performance in major
Anglophone nations are very independent. The
audit departments in the United States, the United
Kingdom, and Australia all exist independently of
governmentagenciesand submittheirworkdirectly
to Congress or Parliament. The independence of
performance auditing is not only reflected at the
level of affiliation, but also in its financial and
personnel composition. For instance,the personnel
of performance auditing agencies are primarily
recruited by the auditor general alone, the funding
for agency operation is primarily reviewed and
allocated by Congress or the parliament, and the
performance auditing agencies themselves are
subject to the audit supervision of external CPAs in
the society. The performance auditors themselves
are subject to external audit monitoring by the
community's CPAs, and the auditors’ funding is not
affected by the faults or opinions they uncover in
the government [10]. Due to the dual leadership
of government audits agencies in China, auditing
agencies at all levels are governed by both
superior auditing agencies and local governments.
This has rendered it impossible to guarantee the
independence of government performance audit
organisationsorganizations in China, particularly
in terms of their financial and human resources.
The insufficient independence of government
performance auditing will not only reduce the
efficiency of auditing organs, but also make it
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impossible to ensure the objectivity and validity
of audit results.

Auditing the performance of the government
is a task involving multiple sectors; therefore,
performance auditors must have a diverse
professional knowledge base. The professionalism
of government performance auditors in the United
States, the United Kingdom, Australia, and other
nations is typically rather high. In these nations,
performance auditors have backgrounds in law,
finance, economics, engineering, healthcare,
the environment, etc. In addition, they are
able to utiliseutilize technological analytical
methodologies from numerous professional
domains to scientifically and objectively assess the
audit process's various challenges, so ensuring the
professionalism and foresight of audit outcomes.
In the United States, for instance, the General
Accounting Office has fourteen audit teams that
cover a vast array of professional fields, including
acquisition and procurement ~management,
applied research and methods, financial
management, insurance management, national
affairs and international trade, information
technology, natural environment and resources,
international strategic analysis, and homeland
security. In addition, during performance audits
of particular projects, the General Accounting
Office employs authoritative specialists in the
relevant sectors to participate in the audits,
thereby ensuring the high quality of performance
audit results. In contrast, the knowledge structure
of China's performance auditors is rather similar,
and the majority of them are financial auditors
who cannot meet the standards of performance
auditing based solely on their financial expertise.
Moreover, the audit procedures utilisedutilized
by performance auditors in China are somewhat
archaic and antiquated, which significantly hinders
the effectiveness of performance auditing.

The U.S. General Accounting Office has a
comprehensive strategic plan and updates its
strategic commitment every three years in order
to gain the confidence and support of Congress.
Whenever the United States faces a significant
development opportunity or an unknown issue,
the legislative support for GAO's strategic plans
is always strong. For instance, GAO's 2013-2018
Strategic Plan, which was submitted to Congress,
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clearly states that GAO has four strategic goals
for this period: to address current and potential
challenges that threaten the welfare and security
of the American people and their property;
to assist Congress in addressing the security
challenges posed by globalisationglobalization; to
assist the federal government in transforming its
approach to national challenges; and to add value
to GAO by providing maximisingmaximizing GAO's
value by enhancing GAO's capacity to conduct
effective audits. The establishment of a strategy
plan assists in broadening the macro perspective
of performance audit agencies and employees and
in better aligning performance audit activities
with national and public interests. In addition,
the Australian Audit Office has developed an
Organizational Development Plan that is highly
aligned with the national development policies
of the Australian government, ensuring that
performance auditing interacts in a continuous
and positive manner with the management
development of all government departments.
China's Response to Government Audits
Strengthening  legislation and auditing
standards for government performance audits.
Legislation is the fundamental to ensuring the
legitimacy of government performance auditing,
and guidelines are the essential foundation for
its effective execution. The United States, the
United Kingdom, Australia, and other nations
have established the legal status of government
performance auditing at the legislative level
through a significant number of pertinent laws,
so that government performance auditing work is
governed by laws and regulations.In contrast,China
has not yet enacted an unique law for auditing
government performance, and government audits
can only be conducted in accordance with the
Audit Law. China's Audit Law governs the entirety
of government auditing,auditing; howeverhowever,
it has no specific instructions or procedures for
government audits. Certain clauses do address
government performance auditing, but in general,
the division of responsibility and authority for
government performance auditing is not specified.
This has led to the convergence of performance
auditing and regular financial auditing, and the
effectiveness audit in performance auditing is
insufficiently professional to objectively and
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comprehensively examine the performance of
government departments. Therefore, it is essential
to update the legislation governing government
performance auditing and to emphasis the
significance  and authority of government
performance auditing in the law. For instance,
the current Audit Law and its implementing
regulations should be amended to include the
division of responsibilities for government
audits in the law, or a special Performance Audit
Law and its implementing regulations should
be enacted to clearly define the objectives,
principles, rights, obligations, and responsibilities
of performance audits in the law, so as to ensure
the development of government audits through
special legislation. Moreover, the United States,
the United Kingdom, Australia, Canada, and other
nations have perfect and complete working rules
and instruction manuals for performance audits,
which standardize its operation. Therefore, China
should also expedite the revision of the National
Auditing Standards and the development of
special Performance Audit Operation Guidelines
to clarify the content framework, audit methods,
and evaluation criteria of performance auditing
in the auditing guidelines, thereby enhancing the
guideline system for government performance
auditing in China [11].

Reform of institutions to bolster the
independence of performance auditing. In the
United States, the United Kingdom, Australia,
and Canada, among other nations, audit agencies
exist independently of the government and
report directly to Congress or Parliament.
This institutional structure is beneficial to the
independence of auditing institutions, which in
turn ensures that auditing institutions can exert
significant oversight on government agencies.
In addition, the auditor will not fear not getting
cash allocations from the National Assembly or
the Parliament as a result of the audit opinion
on government departments, guaranteeing
that the audit opinion is implemented. In China,
auditing agencies are under the dual leadership
of both higher-level auditing agencies and local
governments,and they are also subject to the same
level of government in terms of financial resources,
which increases the pressure on performance
auditors and, in some cases, makes it impossible
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for them to maintain their independence, thereby
diminishing the credibility and objectivity of
audit results. Under these conditions, the key to
improving the quality of government audits in
China is reducing administrative interference in
government audits and empowering auditing firms
to conduct performance audits independently
and autonomously. First, we should strengthen
the institutional reform of auditing institutions
based on China's national conditions, so that
auditing institutions can emerge independently
from the governmental relationship and reduce
the connection and constraints between auditing
institutions and governmental departments,
which entails severing their affiliation. Secondly,
utilizing the practices of the United States, the
United Kingdom, Australia, and other nations,
the administrative type of performance auditing
should be transformed into a legislative type
of auditing, and the auditor should be directly
accountable to the National People's Congress of
China in order to strengthen the NPC's oversight
over the auditor. In addition, auditing agencies
are mandated to submit annual audit reports
to the NPC, and these reports are routinely
made public in order to increase the openness
and transparency of government audits. Finally,
audit institutions should be funded as much as
possible by independent budgets to minimize
their financial interactions with government
departments. To ensure the independence of
government performance auditors to the greatest
extent possible,audit leaders at all levels can also
be granted the right to independently employ
auditors.

Government audits are complicated task
encompassing multiple professional sectors
and needing auditors to have an extensive
professional background. Consequently, the
professional  backgrounds of performance
auditors in nations such as the United States
and the United Kingdom are extraordinarily
diverse, encompassing subjects such as finance,
accounting, law, public administration, social
science, and environmental protection. Therefore,
China should also expedite the construction
of a high-level performance auditing staff and
priorities the introduction of multidisciplinary
and complex talents in the performance auditing
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staff, such as introducing outstanding talents with
backgrounds in economics, law, management,
statistics, mathematics, etc. Second, a frequent
training system should be implemented to bolster
the training of performance auditors, particularly
in several areas such as target auditing, content
auditing, and management auditing. The training
should be integrated with personnel evaluation
and position promotion procedures, requiring
that auditors must achieve particular training
assessment results in order to be eligible for
promotion, which can significantly increase
auditors’ incentive to participate in training. Once
more, the building of a younger performance audit
team should be bolstered. Performance auditing
is a high-intensity labour task that necessitates
strong mental and physical strength of auditors;
hence, the audit team must be kept young in order
for them to be competent. However, the problem
of ageing performance auditors in China is rather
frequent, and according to data, the majority of
present auditors in China are 41 or older, and the
number of high-level auditors under the age of
35 is extremely limited. In order to improve the
efficiency of performance auditing, it is necessary
to adopt a greater number of innovative auditing
techniques from abroad.
Conclusion

When audit institutions in the United States
and Australia develop strategic plans,they typically
clarify the macro objectives of government
performance auditing from the perspectives
of national defencedefense security, economic
security, and social security, thereby broadening
the macro perspective of performance auditors
and allowing them to better integrate performance
auditing with national strategic development.
In contrast, government performance auditing
in China is still limited to micro concerns Llike
financial auditing and audit legality, and the audit
horizon is rather limited. Therefore, government
performance auditing in China should establish
macro strategic planning thinking as soon as
possible,requiring auditors to conduct government
performance auditing from the perspective of
national development and national interests, so
that performance auditing can truly serve national
interests. When formulating strategic plans,
performance audit organisationsorganizations
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can learn from the experiences and practices of
the United States,Australia,and other nations,and
make it a strategic objective to respond to diverse
national threats, promote the transformation of
government functions, and maximize the value
of audit organizations through the provision of
high-quality services. In selecting the substance
of strategic planning for performance auditing,
it is required to expedite the transition from
"3Es" performance auditing to "5Es" performance
auditing, i.e., to place an emphasis on "economy
and efficiency” in performance auditing. In other
words, we should increase the evaluation of
‘environment” and "fairness” in light of "economy,
efficiency, and effectiveness” For instance,
if a government department's management
operations or projects conform with the applicable
standards, whether they comply with national
production safety standards, or whether they pose
a hazard to the public's health. Only by applying
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NOBbIWEHWUE MHBECTULMOHHOW NPUBNEKATEbHOCTU U PA3BUTUE
KNACTEPOB B PECNYBJIMKE BEJTAPYCb HA OCHOBE KOHLLEMUWUWN ESG

IMPROVING INVESTMENT ATTRACTIVENESS AND DEVELOPING CLUSTERS IN THE
REPUBLIC OF BELARUS BASED ON THE ESG CONCEPT

YOK 332.1

I A. Swesa} 0. T. BaiinyHoBa, A. A. CaBocuHa
Bumebckuli eocydapcmeeHHbil mexHono2u4eckuli
yHugepcumem

PEDEPAT

K/TACTEP, ESG-KOHLIEMUMSA, YCTONYNBOE
PA3BUTUE, MHBECTULWN, MHBECTULINOH-
HAS AKTUBHOCTb, UNDOPOBU3ALINA

Knacmepuzayus cnocobcmsyem 00CMUMEHUH
ueneli ycmoliyugo2o passumus, mak KakK Kaacmepel
nosgossrom: co30ame paboyue Mecma, nosbicUmes
npou3godumensHOCMs  mpyda, aKkmusu3uposams
UHHOBAUUU, pazeums Masnoe U cpedHee npeonpu-
Humamenecmso. B cmamee npednazaemcs cosep-
weHcmeosame kaacmepHsili nodxod e Pecnybnuke
benapyce Ha ocHose koHuenyuu ESG (Environmental
(E) - okpymaruwas cpeda; Social (S) - coyuansHoe
pazsumue; Governance (G) — ynpasaeHue KoMNaHu-
eli). Knacmepusayus no380ssem nogeiCUms HE Mosib-
KO UHBECMUUUOHHYI0 NPUBNEKAMENbHOCMb Pe2UOHa
U CMpaHsl, HO Makxe GopmMuposams U pazsusams
830UMOBbI200HOE COMPYOHUYECMB0 U NAPMHEPCKUe
853U MexOdy y4yacmHuKamu Kaacmepa, passumuro
CMEeXHbIX 8U008 3KOHOMUYECKOU OesmensHoCcmu,
(hOPMUPOBAHUI UHHOBAUUOHHOU UHGBPpacmpykmypel.
CnedosamensHo, knacmepusayusi Ha ocHoge ESG-
KoHUenyuu 6ydem cnocobcmsosams ycmoliyugomy
3KOHOMUYECKOMY pocmy, 4mo nodmeepmoaem akmy-
ansHocms membl. Llens uccnedosarus — 060cHo8aMeb
Hanpas/eHusi Ucnoie308aHus KoHuenyuu ESG ons
nogwlweHUs UHBECMULUUOHHOU npusiekamensHocmu
u paszsumus knacmepos 8 Pecnybnuke benapyce.
B cmamee paccmompeHo noHsmue KoHuenuyuu ESG
0718 ¢opmMuposaHus u pazeumus kaacmepos. [1po-
8e0eH aHAaNU3 UHBECMUUUOHHOU aKmMueHoCmu 8
Pecnybnuke benapycs. [poaHanusuposaHsl npouec-
cbl knacmepusayuu 8 Pecnybnuke benapycs. Oboc-
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ABSTRACT

CLUSTER, ESG-CONCEPT, SUSTAINABLE
DEVELOPMENT, INVESTMENTS, INVESTMENT
ACTIVITY, DIGITALIZATION

Clustering contributes to the achievement of
sustainable development goals, as clusters allow:
creating jobs, increasing labor productivity, enhanc-
ing innovation, developing small and medium-sized
businesses. The cluster approach in the Republic of
Belarus based on the ESG concept (Environmental
(E) - environment; Social (S) - social development;
Governance (G) - company management) is proposed
to be improved. Clustering allows not only to increase
the investment attractiveness of the region and the
country, but also to form and develop mutually ben-
eficial cooperation and partnerships between cluster
members, the development of related economic activ-
ities, and the formation of innovative infrastructure.
Therefore, clustering based on the ESG concept will
contribute to sustainable economic growth, which
confirms the relevance of the topic. The purpose of
the study is to justify the directions of using the ESG
concept to increase investment attractiveness and
develop clusters in the Republic of Belarus. The con-
cept of ESG for the formation and development of
clusters is considered in the article. The analysis of
investment activity in the Republic of Belarus was
carried out. The processes of clustering in the Repub-
lic of Belarus are analyzed. The directions of using
the ESG concept in clusters in the Republic of Belarus
are substantiated, including education in the field of
the ESG concept; methodological support of the ESG
concept in the cluster; organizational support of the
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HOBAHbI HANPABAEHUS UCNO0/Ib308AHUS KOHUenyuu
ESG e knacmepax 8 Pecnybnuke benapyce, eknoyas
npoceeuweHue 8 obnacmu koHuenyuu ESG; memoou-
yeckoe obecnedeHue KoHuenuyuu ESG e knacmepe;
0p2aHU3ayuUoHHoe obecneyeHue kKoHuenuyuu ESG e
knacmepe. Takum 06paszom, gHedpeHue KoHuenuuu
ESG 8 knacmepax no3oium nogwicums UX UHee-
CMUYUOHHYIO NpussiekameasHoCMs 0N BHEWHUX
UHBECMOpPO8; y8enuyum cnpoc Ha npoodykmel Kia-
cmepa 3a cyem noBbILEHUS 105/1bHOCMU KIUeHMOo8
U yayyweHus uMuoma op2aHusayuli knacmepa, no-
8bicUM Kayecmso mpydosbix pecypcos 3a cdem pas-
sumus bpeHoa pabomooamess, Ymo 8 yenom byoem
cnocobcmeosams 0ocmuxceHuro yenell ycmol4ugo2o
pazsumus.

BBEOEHUE

Knactepbl BbICTynalT TOYKaMM pocCTa 3KOHO-
MWKW. DTO NposBnsgeTca B cenyolweM. BhegpeHue
KNacTepHbIX TEXHONOrMI 06beanHeHus npeanpu-
AT CNOCoBCTBYET POCTY AEN0BOM AKTUBHOCTM,
YAYULWEHNO UHBECTULMOHHOIO KMMaTa B permoHe
W CTpaHe, Pa3BUTUIO COLMANbHbIX, 3KOHOMUYECKMX,
MH(MOPMALMOHHbBIX U MHTEMPALMOHHbIX CUCTEM, YTO,
B CBOIO ouyepefb, AaeT uMnynbC ang bonee MHTEH-
CMBHOTO pa3BUTUS NpeanpuUHUMaTENbCTBa, NpUBIe-
YeHWs MHBECTULMM M 3IKOHOMMYECKOro noabemMa
TeppuTOpUiA. 3a4a4M MO CO3[AHWMI0 KNacTepoB B
Pecnybnuke benapycb noctaBneHsbl B psge locynap-
CTBEHHbIX nporpamm ([porpamma coLmManbHO-3KO-
HoMMYeckoro pas3sutus Pecnybnuku benapycb Ha
2021-2025 roap! [1],TocynapcTBeHHas nporpamma
MHHOBALMOHHOro passutna Pecnybnunkun benapycb
Ha 2021-2025 ropbi (Ykas Mpe3upeHta Pecnybnu-
kn benapycb 15.09.2021 N2 348) [2] u cTpaTeruii
pa3BuTna pernoHoB (CTpaterns yCcTtomumMBoro pas-
BUTHS Butebekon obnactu Ha 2016-2025 ropp! [3].

[ins pa3BMTUS KNacTepOB U PErMOHOB CTPaHbI B
LenoM TpebyroTcs MHBeCTMUMU. Tak, B HacTosLee
Bpems B Pecnybnuke benapycb cywectBytoT - 8
nencreytowmx, 18 noteHumanbHbix 1 6 hopmMupy-
owmxcsa knactepos [4]. Mpouecchl knactepusa-
unu npoxoasaT MeaneHHo. OLHUM U3 HanpaBfieHUi
NpUBNEYEHUS WMHBECTULMI B 3KOHOMMKY CTpaHbl
B «(CTpaterun npuBnevyeHus MNpsMbIX MHOCTPaH-
HbIX MHBECTMUMI B Pecnybnuky benapycb go 2035
roga» obo3HayeHa noaaepxka pasButus uLudpo-
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ESG concept in the cluster. Thus, the introduction of
the ESG concept in clusters will increase their invest-
ment attractiveness for external investors; increase
demand for cluster products by increasing customer
loyalty and improving the image of cluster organi-
zations; will improve the quality of the workforce
through the development of the employer brand,
which in general will contribute to the achievement
of sustainable development goals.

BbIX CEKTOPOB 3KOHOMMWKM C MOMOLLbI0 CO3[aHUS
Knactepos [5]. To ecTb Knactepbl paccCMaTpUBaOTCS
KaK UHCTPYMEHT NPUB/IEYEHUS MHOCTPAHHbIX MHBE-
CTUUMNA.

HecmoTps Ha akTMBM3aUMIO  [eATeNbHOCTM
MHOCTPaHHbIX MHBECTOPOB B 3KOHOMMKe Pecnyb-
nmkn benapycb, B TpaHCHOPMALMOHHbLIN nepuog,
CTpaHa NpOMUrpbIBAeT KOHKYPEHLMID MHOTUM roCy-
[apcTBaM no obbemaM MpuBReKaemMoro 3apybex-
HOro kanuTana. BHewHue yrposbl u rnobanbHble
BbI30Bbl OTPAHWMYMAN MPUTOK MHBECTUMUMIA B Pec-
nybnuky benapycb. MiHBeCTULMM SBNSIOTCS HEOBb-
XOOMMbIM pecypcoM Ans crabunmsauuu m pocta
3KOHOMUKWU. OnpeneneHHbIM TPEHAOM B Pa3BUTUM
perMoHanbHbIX 3KOHOMMK CTan TPEHA, HA YCTOMYMU-
BOCTb. KOHKYpeHTOCnoCOH6HOCTb M YCTOMYMBOCTb
pa3BUTMS OpraHM3aumum CTanu ONpenensTbCs npu-
HATBIMM MpPaKTMKaMKM M noaxofamMu B 06nacTu
OXpaHbl OKpYXatoLen cpeapl, paboTbl € Yenoseye-
CKMMM pecypcamu v KOpPMopaTUBHOMO ynpaBieHus
(Environmental, Social, Corporate Governance -
ESG) [6]. KoHuenuusa ycToMumnBOro pasBmuTus TpaHc-
dopmupoBanach B KoHuenuuo ESG.

3apy6exXHbIN OMNbIT NOKA3bIBAET,4TO CErOAHS UH-
BECTOPbI HA4YaIM OPUEHTUPOBATLCS HA COOTBETCTBUE
opraHmsauumn ueHHoctsm  ESG  (Environmental
(E) — oxkpyxatowas cpega (opraHu3saums akTMBHA
B chepe 3amTbl IKONOTMU U NPUPOAHOMN Cpefbl);
Social (S) - coumanbHoe pa3BuTHe (BU3HEC fOMKEH
obecrneunBaTb COTPYAHMKAM OOCTOMHbIE YCI0BUS
paboTbl M paBHble BO3MOXHOCTU A1 TPYA0YCTPOM-
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CTBa, NOLAEPXMBATb OOLLECTBEHHbIE OpraHu3a-
umn); Governance (G) - ynpaBneHwe KoMNaHuen
[7]- Mo nporHo3y Bloomberg, k 2025 ropy ypoBeHb
ESG-0opMeHTUPOBAHHbIX MHBECTULLMIA MOXET BbIpa-
ctv 8o 53 TpnH ponnapos CLIA [6]. JaHHble Yandex
Wordstat noaTBepXXAatoT akTyasbHOCTb KOHLENUUK
ESG: uncno nounckosbix 3anpocos no Teme ESG BbI-
pocno B 2021 rony Ha 458 % [8].

[MnoTesa wucCnenoBaHUS 3aKNHOYAETCS B TOM,
4yTO BHeapeHue KoHuenuuu ESG B knactepax 6y-
LEeT CnocobCcTBOBaTbH NPUBIEYEHUID UHBECTULMIA U
CO3[aHMI0 MHTEPHALLMOHANbHbIX KnacTepoB B bena-
PYCU 1 YCKOPUT NPOLLECC KNacTepusaLmm.

Bonpocbl Teopun u Metomonorum GopmMupo-
BaHWA W pa3BMTUS KNacTepoB pPacCMaTpUBAIUChH
B paboTax TakuMx 3apybexHbIX W OTeYecTBeH-
HbIX MccnenoBatenei, kak M. AdpaHacbes, M. becr,
A. B. boHpapeHko, T. I1. beikoBa, M. I1. BortHapeH-
ko, J1. A. UctomuHa, . M. Kpynckui, J1. MsicHukoBa,
M. Moprtep, C. ®. MatmuHkuH, H. I. Cunsik, O. Consenn,
B. C. ®aTees, 3. SIHr JloypeH u apyrux.

Bonpocbl COOTBETCTBMS OpraHuM3auMii NpuH-
umnam ESG paccmatpuBanucb Cnegyrowmmu yye-
HbIMM: 3KONOrMYeckne acrnektsl — AHydppues B.I.,
lyoum  HO0.B., KamuHoe A.A., Ryazanova N.Y.,
Sharkova AV., Lobzhanidze N.E. u gp.; counanbHble
acnektbl — Lehman G., Kuruppu S.C., Deegan C,
Adhikari B.K., Eccles R.G., Stroehle J. u gp.; ynpas-
neHyeckue acnektbl — bataesa b.C.,KokypuHa A.[1.,
Kapnos H.A., Boctpukosa E.O., Mewkosa A.l. u op.

Metoponornto  ESG umccnepytotr u  paspaba-
TbIBAKOT HE TONbKO Y4Y€Hble, HO U MPaBUTENbLCTBA,
MeXAyHapoAHble OpraHu3aLmMu, HeEKOMMep4Yeckue
OpraHm3aLmMu, 3aHMMAOLMECS 3ALLMTON MpPaB UH-
BECTOPOB, PEWTWUHIOBble areHTCTBa, (OHAOBbLIE
OUPXKU, @ TaKXKE TaKME BNUSTENbHbIE NMONAUTUYECKME
OpraHm3aLmu, Takne Kak BceMUpHbIA 3koOHOMUYe-
CKUi opyMm.

Teoputo 1 NpakTUKy MHBECTULLMOHHOIMO K/MMa-
Ta ¥ MHBECTULMOHHOM NPUB/IEKATENBHOCTU UCCNe-
[LOBaNU: BaXHOCTb uHBectuumi (dasbiposa E.HO.,
Pbi6HmkoBa M.A., Cepernn C.C., Bnawyk B.H. v gp.);
MHBECTULIMOHHAS MPUB/EKATENIbHOCTb HAa MaKpo-
3KOHOMMuyeckoM ypoBHe (Knumosckux H.B., Mac-
nenHukosa E.B.,bespykosa T.J1.,Jo6pocoukuin M.H.,
JlutenHoBa B.B. u ap.); MHBECTULMOHHAA NOAUTMKA
(Parn3bepr B.A., Bunenckui M.J1., lWapn Yunbam @.,
NeoHTtbeB B. E. U Ap.); MHBECTULMOHHAs npuBne-
KaTeNbHOCTb Ha MWKPOIKOHOMMYECKOM YPOBHE
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(KpamuHa T.B., JleoHoBa B.A., TumupsicoBoin A.,
fonos P.C. n op.); dakTopbl, BAMSIOWME HA MHBECTU-
LMOHHYI0 MpuUBAeKaTenbHOCTb npennpuatus (EH-
nosuukui .A., FOxtaHosa 0. A., bpateHkoBa A. B.,
Poctucnasos PA., MenbHuuyk O. M. u ap.); MeToau-
KW OLLEHKM WMHBECTULMOHHOM MPUBIEKATENbHOCTM
npeanpuatua (Yapaesa M.B., Bnawyk B.H., bapa-
HeHko C.I., bycbirud K. 0. v ap.).

Bmecte ¢ TeM, 3aia4a NOBbILWEHUS UHBECTULU-
OHHOW NpMBNEKATENbHOCTM KlacTepoBs B Pecnybnu-
ke benapycb Ha ocHoBe ESG-koHuenuuu He 6bina
pelleHa npesbiayLWMU UCCIef0BaTENSIMM.

Llenb nccnepoBaHus - obocHoBaTb Hanpasne-
HMA UCNONb30BaHUA KoHuenumuu ESG ang nosbiwe-
HWUS MHBECTULMOHHOM NPUBNEKATENbHOCTU U pas-
BMTUS KnacTepoB B Pecny6nuke benapyco.

CdopmynmpoBaHbl cnesyolme 3aaun:

- paccmoTpeTb copepxaHue ESG-koHuenumm
M BO3MOXHOCTM €€ MPUMEHEHUS ANS MOBbILLEHUS
WMHBECTULMOHHOW NPUBNEKATENBHOCTU W Pa3BUTUS
KnacTepos;

- MpoBecTM WCCnefoBaHWe WHBECTULMOHHOWM
aKTMBHOCTM B Pecnybnuke benapycs;

- MpOaHaNM3MPOBaATb NPOLLECChI KNACTEPU3ALUM
B Pecnybnuke benapyco;

- 0060CcHOBaTb HanpaBAeHWUS MCMOAb30BaHMS
ESG-koHuenuun B knactepax B Pecnybnuke bena-
pyCb.

MpumeHeHue KoHuenuuu ESG ang noBbilieHUs
MHBECTULMOHHOM NPUBSIEKATE/IbBHOCTU U
pasBUTUSA KacTepoB

KoHuenuusa ESG nosBunach kak COBEpLUIEHCTBO-
BaHME KOHLEMUMW YCTOMYMBOIO Pa3BUTUS, KakK ee
coctaBHas 4actb. ESG - 310 ycTonumBoe paszsu-
TME KOMMEepYeCKoM [esTeNlbHOCTM OpraHu3auumi.
KoHuenuma ESG 6a3upyeTtcs Ha yyeTe B Kopno-
paTUBHbIX CTpaTernsax (GakTopoB: 3KONOrMYECKMX
(Environmental), coumanbHbix (Social), ynpaBneH-
yeckux (Governance). B 2004 ropy BnepBsbie nosisu-
nocb noHsTne ESG B goknage, paspaboTaHHOM no
uHuumaTmBe MobanbHoro gorosopa OOH, kak yco-
BEPLUEHCTBOBAHHAA KOHLEMUMS YCTOMYMBOrO pas-
BuTus [9]. B 2014 r. nosBunocb 3akoHOAATENbCTBO
B o6nactn ESG B EC. MNMocne npuHatms «MpuHumMnos
OTBETCTBEHHOro MHBecTupoBaHus OOH» B 2006
rofy koHuenumsa ESG crana ussectHon. B atom no-
KyYMeHTe OTBETCTBEHHOE WHBECTUPOBaHME orpe-
Lensetcs Kak CTpaterns M mpakTuKa BKIHOYEHMS
3KONIOTMYECKMX, COLMANbHBIX WM YMNpaBAeHYECKUX
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(akTopoB B NMPOLECC MPUHATUS MHBECTULMOHHBIX
peLleHuit U peann3aumnm npas MHBECTOPOB A1 BO3-
[encTBua Ha noBeaeHue KoMnaHui. [1o cocTosiHMo
Ha ceHTs6pb 2021 roga KONMYECTBO OpraHU3aLui,
npucoesmMHUBLUMXCA K [TpUHLMNAM OTBETCTBEHHO-
ro MHBECTMPOBaHM, coctaBmno 4 360 [9].

Ouenka Global Sustainable Investment Alliance
(«TnoBanbHbIA anbSIHC YCTOMUMBBIX WHBECTULLUIA®)
nokasbiBaeT, 4To B akTMBax ESG no Bcemy mupy
cocpenoToyeHo okono $ 40 tpnH. A Bloomberg
Intelligence, MmnpoBoW nupep B 061acT 4ENOBbIX
M (OUHAHCOBbLIX AAHHbIX, HOBOCTEM W aHANUTUKM,
nporHo3upyer, uto k 2025 ropy aktuebl ESG cocra-
BatT TpeThb ($ 53 TpsH) oT obuiero o6bema rnobasb-
HbIX nHBectnumi [10].

ESG Takxe onpepensercs kKak Tpu obnactu,
NpeacTaBnsioLME UHTEPEC AN KCOLMANbHO OTBET-
CTBEHHbIX MHBECTOPOBY», KOTOPbIE CYMTALOT BAXKHbIM
YYUTbIBATb COBCTBEHHbIE LLEHHOCTU W MHTepechl
npu Bbibope nHBectnumni [9, 11].

KomnoHeHTbl ESG - 3TO rpynnbl pUCKOB U BO3-
MOXHOCTENM, KOTOpble BAMSIOT Ha CNOCOBHOCTb
KOMMaHUM nepemTu K LOArOCPOYHOM GU3HEeC-Mo-

Lenu, CMArYuTb (UHAHCOBbIE PUCKM, NOAAEPXKATH
MHBECTULMOHHYH MPUBIEKATENbHOCTb U [OBEPU-
TeNbHble B3aMMOOTHOLLEHUS CO BCEMM 3aMHTepe-
COBaHHbIMM CTOpOHaMW. HanpaBneHus dopmupo-
BaHUs 3PdekToB 0T BHeapeHus ESG-koHuenumu
npencraeneHbl B Tabnuue 1.

MccnenoBaHme BHeWHeN cpeabl MO3BOIMAO Bbi-
SIBUTb NPeAnocbUTKM KoHuenuun ESG:

- yrybneHue CywecTBYKOWMX 106aNbHbIX
npobneM coBpeMeHHOCTU (rnobanbHoe notense-
HWe, CoLManbHOE HEPABEHCTBO);

- nosiBNeHue HOBbIX rMobanbHbIX npobnem
coBpeMeHHoCTH (nanzemmsa COVID-19);

- CaHKumm co cTtopoHbl EBponeiickoro Cotosa u
CLUA;

- YCUNIMBAIOLLAa TeHLEHUMS K TpaHcdhopmaLum
couManbHOM CTPYKTYpbl, 00yCnoBneHHas npowecca-
MU «LMDpPOBU3ALUNY;

— BO3HWMKHOBEHME HOBbIX COLMAbHbIX NMPAKTUK
B pa3nMyHbIX Cchepax OOLLeCTBEHHOM XW3Hepes-
TeNbHOCTM (B YacTHOCTH, «MHaycTpms 4.0» B 3KOHO-
MUKe).

Tabnuya 1 - Qopmuposarue 3¢ppexkmos om gHedpeHusi ESG-koHuenyuu

AcnekTbl ESG-KoHUenuuu

KnumaTtnyeckme naMeHeHuUs, UCNOJb30-

MdakTopbI

JKoHOMMUECKUI I deKT

— YBe/MYEHWE BbIPYYKM OT peanusaumm
NpoayKLMKM (33 CHET NpUBNEYEHUE KIU-
eHToB B2B 1 B2C c nomoLibto ycToM-

BaHWE MPUPOAHbIX PECYPCOB M 3HEp-

DKONOrMYECKMI acnekT

BO34yXa U T. AO.

FOHOCUTENEN, YMpaBNEHWE OTXOAAMM,
6uopazHoobpasne, KayectBO BOAbl W

UMBbIX NMPOLYKTOB, AOCTYN K pecypcam
6narogaps 6onee TECHbIM OTHOLUEHUSIM
C OOLLECTBEHHOCTbIO M TOCYAAPCTBEH-
HbIMW OpraHamu);

— CHUXKEHWE pecypcoemMKoCTH

CoumanbHbI acnekT

YnpaBneH4Yeckunin acnekT

Pa3BuTMe yenoBeyeckoro KanuTana, uH-
KNH3MBHOCTb, YC/I0BUA Tpyda U cobnto-
OEHWE npaB YesI0BEKa, 6e30nacHOCTb
npoaykuun v OaHHbIX, B3aMMOOTHOLUE-
HMS C KNMEHTAMM U C 0OLWECTBEHHOCTbLIO
B LLEJIOM U T. O.

MNpo3payHas [nenoBas cpepa, MOAOT-
YeTHOCTb, AOBEPUTE/IbHbIE OTHOLIEHMS
M cTabMNbHOCTb, COONIOAEHME NEOBOM
3TUKU U T. I,

McmoyHuk: cocmasneHo asmopom Ha ocHose [8, 12].
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- pOCT NPOM3BOAMTENBHOCTU TpyAa (3a
CYET NOBbILIEHUS MOTMBALMK COTPYOHMU-
KOB, P1B/IEYEHUS TANAHTOB B pe3ybTa-
Te BbICOKOrO COLMANbHOrO [A0Bepws);
— CHWXEHME TEKYYeCTU KaapoB

— MoflyYeHMe rocynapCTBEHHOM nofa-
LepXKM n cybcmamnii;

— MOBbIWEHME OKYMAaeMOCTU WHBECTU-
LM 3a cueT 6onee 3pPEKTUBHOIO A0N-
rOCpOYHOro pacrnpeneneHus KanuTtana
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MNokasatenu 3KOHOMMYECKON 3SPhEKTUBHOCTH
paccMaTpuBakOTCa BO B3ammocBasun ¢ ESG-dakro-
pamu, KOTOpble CTasn HEOTbEMNEMOW YaCTbio Kpe-
OUTHOTO aHanu3a MeXAYHapOLHbIX PENTUHIOBbIX
areHTCTB M HaMpsAMy BAUSIOT HA PEeMTUHI KOMNa-
Hui. Koppensumsa ESG ¢ duHaHCOBbIMKU pe3ynbTa-
TaMu no3uTMBHaa (Mo gaHHbIM Prosperity Capital
Management) [12].

KoHuenuusa ESG BHeapsieTcs ans:

— NOBbILWEHNS UHBECTULIMOHHOM NpUBIEKaTeNb-
HOCTM BU3Heca;

- MOBbILLEHUS NMPOU3BOAMUTENBHOCTU TPYAa;

— CHWXXEHUSA TeKy4YeCTU KaapoB;

— NOBbIWEHUA UMULOXKa U penyTaunn KOMNAHNN.

Bce BblwenepeyncieHHoe cNocobCcTBYET NOBbI-
WEHWUIO IKOHOMMYECKOM 3G(EKTUBHOCTM OpraHu-
3alMKM 1 YCTOMYMBOMY Pa3BUTUIO SIKOHOMUKM CTpa-
Hbl B LLESIOM.

CreneHb BHeapeHus koHuenumm ESG oue-
HWBAETCS PEeMTUHrOBbIMM  areHTctBamu. ESG-
PENTUHI — 3TO MHEHWE PENTMHIOBOro areHTCTBa O
TOM, B KakKoW CTENeHW MpoLecc NpUHATUS Koue-
BbiX OM3HeC-pelleHnin B KOMNaHUM OPUEHTUPOBAH
Ha yCTOMYMBOE pa3BUTUE B IKONOrMYECKOM, COLM-
aNbHOM M ynpaBneH4yeckomn chepax.

ESG-peWTtuHr ncnonbsyetca ang:

— OLLeHKM 3P DEKTUBHOCTM YNpaBieHns KoMna-
HMEeW M NPOrHO3MPOBAHMS BO3MOXHbIX KOpPMopa-
TUBHbIX PUCKOB, @ TaKXXe PUCKOB B 3KONOrMYECKOM
M coumanbHom chepax;

- MNOBbILWEHNS 3aMHTEPECOBAHHOCTH CO CTOPOHBI
MHBECTOPOB W KIIMEHTOB, OPUEHTUPOBAHHbBIX Ha pa-
60Ty C TEMW KOMMAHUAMM, LeSTeNbHOCTb KOTOPbIX
COOTBETCTBYHOT NMPUHLMNAM YCTOMYMBOIO pa3BUTHS.

PaHKuHI — 310 npoekT no cbopy, cuctematusa-
umMm u aHanuly ESG-maHHbIX, pe3ynbTaToM KOTo-
poro cTtaHoBuTca coctaBneHue TOlMa obbekToB Mo
ESG ouenke [12].

KpynHbiMM npoBangepamMn W pPEWTUHIOBbI-
MW areHTCTBamu, nocrasnsiowme ESG-peiTuHrn,
ESG-paHKkuHIM 1 ESG-nHpeKchbl 9BnstoTCa: Mexay-
HapogHble — MSCI, Sustainalytics, RobecoSAM u
apyrue; poccuinckne — Expert, AKPA, HPA n gpyrue
[12].

B Hactosiwee Bpems B Pecnybnuke benapycb
HaCYMTbIBaETCS HOMbLIOE KOMMYECTBO KPYMHBIX U
CpeaHMX KOMMaHWM, KOTOpble 3HAKOT U OLLeHMBAKOT
CBOM 3KONOrMYeckue, CoLuManbHbie 1 KOpnopaTue-
Hble pucku BusHeca. MHorne 6enopycckme Komna-
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HWM aKTMBHO pa3BMBAIOT CTPATErMi0 KOPMOpaTUB-
HOW coumanbHOM oTBeTcTBeHHOCTM BusHeca (KCO),
MHBECTUPYIOT B 3KONMOTMYECKME W COLMabHble
MHMLMaTKBBL. [1pn 3TOM OTCYTCTBYIOT Henopycckue
KOMMAHWU C NPUCBOEHHbIMU UM ESG-peiTuHramm.

B lMporpamMme coumanbHO-3KOHOMMUYECKOrO pas-
BUTMA Ha 2021-2025 rogbl OTMEYEHO, YTO OAHMM
M3 MPUOPUTETHbIX HanpaBneHwWi pa3BuTusa Pec-
ny6nuku benapycb aBnseTcs BHeLpeHue B cpeaHe-
CpPOYHOM NepcrneKkTMBe PUHAHCOBbIX MHCTPYMEHTOB
NoAAEPXKKM 3€N1EHOM SKOHOMMKM — 3€N1EHBIX 06/11-
rauui, 5aHKOBCKOro MpoOeKTHOro GUHAHCMpPOBAHUS,
€o34aHuMs BaHKa 3enéHbIX MHBECTULMA U Ap.

B Pecnybnuke Benapycb B 2021 r. npuHaTo
noctaHoneHne Coeta MwuHucTpoB Pecnybnunku
benapycb o1 10 nekabps 2021 r. N2 710 «O Haumo-
HaNIbHOM MNJIaHe AeNCTBUI N0 Pa3BUTUIO K3E1E€HOM»
3KOHOMMKK B Pecnybnuke benapycb Ha 2021-2025
rogbi». B npuHsTOM nnaHe 0603HAYeHO PaccMoT-
peHue BOMpocCa LenecoobpasHOCTU MPUMEHEHUS
ESG-peitnHrosanms [13].

HauunoHanbHbii  6aHk Pecnybnuku benapycb
B 2021 r. aKKpepuTOBaN PENTUHIOBOE AreHTCTBO
000 «BWK Pentunre» [14], a Takke cornaco-
Ba/ METOAONIOTUI0 MPUCBOEHUSI KOPMOPATUBHbIX
PEeMTUHIOB M METOLONIOTUI0 NMPUCBOEHUS KpeauT-
HbIX PEMTUHIOB JIM3MHIOBbIM OpPraHM3aLUSIM.

NccnenoBaxue PEeNTUHIOBOrO areHTCTBa
000 «BUK PeiitnHrc» no teme «3eneHoe GuHaH-
cupoBaHue, ESG n nepcnekTvBbl MX pasBuTUS B
Bbenapycu» [12] mokasano, 4to psa OpraHu3auui
NOATBEPXKAAeT MPUBEPXKEHHOCTb COLMANBHO OTBET-
CTBEHHOMY BU3HECY, B TOM uncie 28 KOMMNaHuii aB-
NATCsA yyacTHMKkamu MnobanbHoro gorosopa OOH,
cpeau KOTOpbIX Takue KpynHenwme 6aHku 1 npea-
npuatus,kak: OAO «ACb benapycbank»,0AO «bM3 -
ynpaBngwWwas  KomnaHua  xonguHra  «bMKw,
OAO «Cbep baHk», 3A0 «MuHCkuIA 3aBon Gesan-
KoronbHbix HanutkoBy, COOO «MobunbHblie Tene-
Cucrembi», OAO «lnBoBapeHHas koMnaHust AnvBa-
pusi», 3A0 «MTbaHk», 3A0 «bCb baHk» u apyrue.

B 2022 r. OO0 «BbMK PeltuHrc» yTBepxaeHa
meTtogonorus npucsoenuns ESG-pertnHros komna-
HUSM, FOpoAaM u pernoHam [15].

MpuymHbI MCNo/b30BaHUS MHBECTOPaMM
ESG-peliTHroB oTpaxeHbl B Tabnuue 2.

NHBecTopbl MeHbLUEe NOAAEPXKMBAKT KOMMAHUM
C HM3KkMM ESG-perituHrom. B 2020 rogy koMnaHus
«EY» npoBena onpoc Cpeau MHCTUTYLIMOHANbHbIX
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Tabnuya 2 - lMpu4uHsl ucnone308aHus uHeecmopamu ESG-pelimuHaos

MpuuunHa

lNpepoctaBneHne MHbOPMaLMK (BaHHbIX), CYLLECTBEHHbIX A1 UHBECTULLUOHHOWM

AeaTeIbHOCTHU

LononHsatoT apyrue nccnenoBaHUa opraHmM3aunm no KOpnopaTtuBHbIM

nokasarensm (puckam) ESG

PacTyLwmit cnpoc co CTOPOHbI KNOUEBLIX CTEMKXO/AEPOB HA UCMO/Ib30BaHME

ESG-periTnHros

[locToBepHbIii/KauecTBEHHbIN UCTOUHMK MHPOPMALMU O KOPMOPATUBHBIX

noka3sartenax ESG

OpraHusauums obs13aHa MHTerpupoBaTh PeUTUHMM ESG B MHBECTULMOHHBI

aHanu3 (NpuHATUE peLleHuin)

OpraHmsau,ml nony4vyaeT penyTayMOHHYHO BbIrogy OT UCMOJIb30BaAHUA

ESG-peiiTnHros
Dpyrue

McmoyHuK: cocmasneHo asmopom Ha ocHose [8, 12].

MHBECTOPOB — CTPaxOBblX W WHBECTULMOHHbIX
KOMMaHWM, MNEHCUOHHbIX M 6NaroTBOPUTENbHbIX
doHpoB. B pesynbrate 98 % onpoLleHHbIX 3asBUN,
4TO CTPOro oTcnexmBatoT ESG-peiTuHr koMnaHuu.
[NaBHbIMU NPUYMHAMMK IBNKIOTCS CeaytoLme:

1. Hannume nosmTMBHOM CBSI3U Mexpay OTBET-
CTBEHHbIM UHBECTUPOBAHWEM W AOXOAHOCTbIO LLEH-
HbIX Bymar.

2. CHWXeHuWe pucka ans MHBectopoB bnaronaps
yyeTy ESG-pevitnHra. MiHBectopbl MOryT nsbexarb
KOMMaHWI, 0esTeNbHOCTb KOTOPbIX CBS3aHa C 3KO-
NOTMYECKMMU PUCKAMU U KPYMHBIMU AEHEXHbIMU
notepsMu. Hanpumep Takux, Kak pasnue HebTu
M3-3a B3pbIBa NNaTPOpPMbl KOMMaHMM Transocean B
2010 roay.

BaHkn yumTbiBaloT ESG-pedTMHr npu Bbloaye
kpeauTtoB. Hanpumep, CbepbaHk Bblgan Kpeout
MHBECTULMOHHOM KoMmnaHun ADK «Cuctema» B
Hos6pe 2020 ropa: B 3TOM KpeguTe MpOLEHTHas
CTaBKa NMpuBsi3aHa K BbIMOJIHEHUIO TpeboBaHUM 06
3KONOrMYeCcKoM MOAUTUKE U OTBETCTBEHHOM MHBE-
CcTMpoBaHum [16].

MOXHO cenaTb BbIBOA, UTO C/IeflOBAHME MPUH-
umnam ESG yyactHmkaMm knactepa no3BonuT nony-
YUTb TaKME IKOHOMMUYECKME BbIFOAbI:

1. MNpuBneyeHne WMHBECTULMI, MOCKOMbKY MH-
BECTOPbl [0BEPSIOT COLMANbHO OTBETCTBEHHBIM
KOMMaHUAM.
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2.ToBblWeHNe UMUOXKA U penyTaLmm OpraHusa-
UMK 1 peanusaumm PR-ctpaternm.

3. [NoBbIWeHWe NOSNBHOCTU KIIMEHTOB, KOTOPbIE,
HanpuMmep, CYUTAIOT BAXKHOM 33a060Ty 06 OKpyxato-
wewn cpege.

4. PaszButne 6peHaa paboropaTens, Tak Kak Co-
umManbHas coctasnsawwas ESG Hanpsmyo Bnausert
Ha MO3ULMM KOMMAHUU HA pbIHKE Tpyaa.

AHanus MHBECTULMOHHOM aKTUBHOCTU B
Pecny6nuke benapycb

B cBA3M C OrpaHWYEHHOCTbID BHYTPEHHWUX MUC-
TOYHMKOB PUHAHCUPOBAHWUS UHBECTULMIA B OCHOB-
HOWM KanuTtan, akTyanbHbiM Ans benapycu asnset-
CS NpPWBNEYEHUE MHOCTPAHHbIX WHBECTUUMIA. B
2021 ropy B Pecnybnuky benapycb npuBneyeHo
8,7 mnpa ponn. CLUA MHOCTpaHHbIX MHBECTULMNA, B
TOM yncne npambix — 6,6 mapa ponn. CLUA. O6vem
NpsSIMbIX MHOCTPaHHbIX MHBeCTULMI (aanee - MNN)
Ha uncToi ocHose coctasmn 1,3 mnpg gonn. CLUA
(MeHblwe ypoBHsa 2020 r. Ha 7,1 %), 35 % u3 Hux
NPUXOAUTCS HA CEKTOP MPOMbILWIEHHOCTU. B Tpoii-
KY OCHOBHbIX MHBecTopoB MMM Ha uncTon ocHoBe
BxonaT Poccuiickas ®epepaums (27,8 % ot obuei
cymmbl), Kunp (19 %) n Asctpus (4,8 %) [17].

N3 Tabnunupl 3 BUAHO, YTO B CTOMMOCTHOM Bbl-
paXKeHUn 06bEM MHOCTPAHHbIX MHBECTULLMI, MOCTY-
MWBLUMX B peanbHbli1 CEKTOP 3KOHOMUKM Pecnybnu-
kun benapycb, 3a nepuog 2015-2021 rr. cHuxKaeTcs.
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CepTrbHKAIES O
CTAHAPTAM
konneniaa ESG

Poct nosepus
MapTHEPOR K
KJIacTepy

Iloppimenne

Poct moBepus co
CTOPOHBI OPTaHOB
roCyTapcTREHHOTO

yIpaBiIeHHs

JOSITEHOCTH
MoKy naTesaeH

PocT cToumocTH
Openga

Poct mmumxa

[IpuToK HOBBIX
MoKynaresen

[IpuTok HHBECTHIIMHT ]

PucyHok 1 - Jloauka 81usiHUS HAG UHBECMUUUOHHYH NpusiekamenbHoCms Kaacmepa

MicmoyHuK: cocmasneHo asmopom.

Tabnuya 3 - Ob6beM UHOCMPAHHBLIX UHBECMUUUL NO 8udaM, NOCMynuswux 8 peasbHbill CeKmop 3KOHOMUKU

Pecnybnuku benapyce, maH donnapos CLUIA

2015 2017 | 2018 | 2019 | 2020 | 2021
0O6beM MHOCTPAHHbIX MHBECTULLUN,
AOCTYNUBLIMX B pealbhbN CceiTop 113442 | 85598 | 97285 | 108420 | 100068 | 86802 | 86987
3KoHoMukM Pecnybnuku benapyco,
MnH ponnapos CLUA
B TOM Yyucne: - - - - - -
APAMBIE UHOCTPARHEIE UHBECTULIAN B 72414 | 69286 | 76342 | 85371 | 72332 | 60060 | 65580
Pecnybnuky benapycb
I'IopT(i)eanble MHOCTPaHHbIE UHBECTULINN 5’1 8’4 3’9 6’7 4’8 4’3
B Pecnybnuky benapycb
POtNE MHOCTPAHHbIE MHBECTULIAV 40977 | 16285 | 20859 | 23010 | 27669 | 26694 | 21363
B Pecnybnuky benapycb
|'|p9|Mb|e IAHOCTpaHHbIe MHBECTUUUNU Ha
HCTON OCHOBE (O€3 y1eTa 33A0MKeH- 16118 | 13072 | 1246.8 | 16349 | 13272 | 14148 | 13274

HOCTM NpPSIMOMY MHBECTOpY 3a TOBapbl,
paborbl, ycnyru), MaH gonnapos CLLA

McmoyvHuK: Ha ocHoge 0aHHebix [17, 18].

MNocTtynneHne MHOCTPAHHbIX MHBECTULMI B 3KO-
HoMuKy Pecnybnukm benapycb no utoram 9 mecs-
ues 2022 roga coctasuno 5,3 mapga gonn. CLUA, uto
Ha 20,4 % Huxe obbeMa 3a 9 MecsueB npeaplay-
wero rozfa. Bmecte ¢ TeM, Mo NpsiMbIM MHOCTPaH-
HbIM MHBECTULLMSIM HA YMCTOM OCHOBE B YKa3aHHOM
nepuopae Habnopaetca poct [18].
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OcHosHyto ponto, 87,4 % (4,64 mnpp, ponn. CLUA),
3aHMMAIOT MNpsSMble MHOCTPaHHbIE MHBECTULIMM, UX
006beM cHM3UNCA Ha 3,9 %. TakuM 06pa3oMm, 3a aHa-
NIM3UpyeMbIi Nepros, UHBECTULIMOHHAS aKTUBHOCTb
B benapycu cHu3smnace.

BHewHwne daktopbl (B ToM uncne n COVID-19)
YCUNIUNU HEraTUBHbIE TEHAEHLMWN B ABMKEHUM NpK-
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MbIX MHOCTPAHHbIX MHBECTULMIA U Ans Pecnybnmku
benapyce.

HoBbiM TpeHOOM pa3BuTUS (UMHAHCMPOBAHMS
ABNSETCS «3eneHoe (GuHaHcuMpoBaHue». CyTb ero
onpegeneHa B HauMoHanbHOM nnaHe AeNCTBUM
Mo pa3BUTUIO «3e/IeHOM» 3KOHOMUKM B Pecnyb-
nvke benapycb Ha 2021-2025 ropbl (MocTaHos-
nenne Coeta MuHuctpos Pecnybnukn benapycb
ot 10 pekabpsa 2021 r. N2 710) [13]: «3eneHoe»
duHaAHCMpoBaHUE — GOPMbl U MHCTPYMEHTbI u-
HaHCMPOBAHUS, OCYLECTBASIEMbIE B LENsX pas-
BUTUSI  «3E/IEHOM» 3KOHOMMKM; roe «3eneHas»
3KOHOMMKA — MOAENb OpraHu3aumMuM 3KOHOMMKM,
HanpaB/feHHas Ha [OCTMXKEeHWe Lener coumanb-
HO-3KOHOMMWYECKOro pa3BUTUS MPU CYLLECTBEHHOM
COKpALLEeHUM 3KONOTMYECKUX PUCKOB U TEMMOB Je-
rpafaunm OKpY>KatoLLen cpeabi.

B Pecnybnuke benapycb nonoxeHus no passu-
TUIO 3eNEHOr0 GMHAHCMPOBAHMS OTPAXEHbI B MPO-
rPaMMHbIX AOKYMEHTaX:

- HauunoHanbHOM CTpaterMm ycTtomM4ymMBOro pas-
Butna Pecnybnukun benapycb Ha nepuog no 2035
ropa (Mpesnanym Coseta MuHuctpos Pecnybnmku
benapycb 4 dpespans 2020 r.);

- [lporpamme  coumanbHO-3KOHOMMUYECKOTO
passutua Pecnybnukn benapycs Ha 2021-2025
roabl (Ykas lNpesnpeHta Pecnybnuku benapyce ot
29 nions 2021 r. N2 292);

- HaunoHanbHOM nnaHe AeicTBUIM NO Pa3BUTUIO
«3e/IeHol» 3KOHOMKKM B Pecnybnuke benapych Ha
2021-2025 roabi (MoctaHoBnenne CoBeta MuHM-
ctpoB Pecny6nukm benapych 10 pekabps 2021 r.
Ne 710).

PasnuuHble cTpaHbl NpeaycMaTpuBaoT GUHAH-
COBbI€ IbrOThI B chepe 3enEHOro GUHaAHCMPOBaHUS,
B T. Y. NbIOTHbIE YC/IOBUS KPEAUTOBAHMS, MEXAHU3-
Mbl CHUXKEHUSI HAarpy3KM Ha HOPMATMBHbIV KanuTan
v ap.[12].

MNpumepom 3eneHoro duHaHcupoBaHusa B be-
napycu gBnsgetca nporpamma ans GuHaHCcMpoBa-
HMS 3KONOTMYECKUX NPOEKTOB MUKPOOPraHU3aLLmi,
Manoro u cpenHero 6u3Heca, a Takxe WHAWBUAY-
aNbHbIX MpeanpuHUMaTtene no IbFrOTHOW CTaBKe,
pa3pabotaHHag OAO «baHk pa3sutmsa Pecnybnunku
Benapycb». Takke MOxHO 0603HaunTb Nporpam-
My GUHAHCMPOBAHUA YCTOMYMBOM SHEPreTUKM B
Bbenapycu (BelSEFF), kotopasi peanusoBaHa be-
nopyccknumm 6aHkamum npu nopmepxke EBPP, ko-
TOpas peanu3yeTcs B paMKax MexAyHapoAHOro
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COTpyAHMYecTBa B 00/1acTu 3eneHbiXx (UHAHCOB.
MprMepoM «3eneHoM» MHULMATUBBI ABASETCS ONbIT
3A0 «MTbaHk», 6aHK 3aknuun cornaweHue c
MEeXAYHApOoAHOW  (MHAHCOBOM  OpraHusaumen
NEFKO (Nordic Environment Finance Corporation)
ona  duHaHcMpoBaHus  3Hepro3ddeKkTUBHbIX
npoekTos [19, 20, 21].

AHanu3 npoueccoB knacrepusauuu B Pecny6nuke
Bbenapycb

MHCTpyMEHTOM YCTOMUYMBOIO pa3BUTUA ABNSET-
€ knactep. KnacrepHas CTaTuCTMKa CBUAOETENb-
CTBYET O TOM, YTO B 3apybeXHbIX CTPaHaX aKTUBHO
dYHKLUMOHUPYIOT Knactepbl. Knactepusaumen yxe
oxBaveHo 6onee 50 % 3KOHOMMK BedywWMX CTPaH.
B Pecnybnuke benapycb npoueccbl GopMMpoBaHMS
KNnacTepoB MAYT MeasieHHo [22]. Ha cerogHawWwHWii
neHb B Pecnybnuke benapycb: 8 peicreyrowmx
Knactepos [4]. Pan rocyaapcCTBEHHbIX NpOrpamm,
CTpaTernn, KOHLENUMI pernaMmeHTUpyroT CO3aaHne
K/lacTepos.

[evicTBytowas NpakT1ka rocyaiapcTBEHHON NOA-
nepxku knactepos B Pecnybnvke benapycb oTpa-
XaeT HanpaBneHus GUHAHCUMPOBAHMS OTAENbHbBIX
KIAaCTePHbIX MPOEKTOB HAa OCHOBE KOHKYpPCHOrO
otbopa. OpHako HeLOCTaTOK pecypcoB, OTCyT-
CTBME METOAMKM KOHKYPCHOTo 0Tbopa KnacTepHbIX
NpoeKTOB C y4eTOM KoHuenuuun ESG aBnsoTcs He-
raTMBHbIMU (aKTOpaMu, BAMUSIOLLMMM HA MpoLecc
Knacrepusaumm.

MccnepoBaHns nokasanw, 4To: npouecc knacre-
pusaumu B Pecnybnuke benapycb noetr MeasieHHo;
focynapctBeHHble lporpaMmbl No CO34aHMI0 Kna-
CTEpOB BbINOMHAKTCS He B MOMHOM Mepe; B Pec-
nybavke benapycb 60/MbWMHCTBO MOTEHLMANBHbIX
M HOpMUPYOLWMXCA KnacTepoB; (akTopoMm, caep-
XMBaKLWMM Knactepusauuio B Pecnybnuke bena-
pyCb SIBNSETCS HEXBATKA WHBECTULMIA; OTCYTCTBUE
meToamkn ESG-peintuHra png cybcuampoBaHus
nepcrneKkTUBHbIX KNaCcTePOB; OPraHM3aLMmu He OCBe-
[LOMJIeHbl O NpeuMyLLecTBax KoHuenumn ESG ong
KnacTepos.

OpHUM 13 HanpaBneHUN NpUBEYEHUS CPEaCTB
B Knactep saBnsetcsi BHeapeHwe ESG-koHuenumu
B knactep. B EBponerickom Cot3e MpoMbIlLieH-
Hble KJlacTepbl PacCMaTPMBAKOTCA KAk (QYHAAMEHT
3KOCMCTeMbl, CnocobeTBytoLEe MHHOBALMOHHOM
M TEXHONIOTMYECKOW aKTUMBHOCTWU. B pamkax mep
Nno YCKOPEHWI MpoLEeccoB LMMPOBU3ALUM TaKxKe
nnaHupyetcs GOPMMPOBAHUE «CYMEpPKNACTEPOB»

BECTHWK BMTEBCKOIO FOCYAAPCTBEHHOIO TEXHOJSIOTMYECKOTO YHUBEPCUTETA, 2023, N2 1 (44)



C HayKOEMKMMM CcTapTanamu B chepe UCKYCCTBEH-
HOro uHTennekta. Takum cnocobom EC ctpemutca
COXPaHWUTb CBOK KOHKYPEHTOCNOCOBHOCTb, yaenss
CyLWeCTBEHHOE BHWMMaHWE Pa3BWUTUIO WMHHOBALWW,
BK/IOYas obLy uUMdpOBM3aLMIO SKOHOMMKK. B
LLOKYMeHTe ynomuHaeTcs nporpamma «Knacrtepsl
M3MEHEHWI», HarNpaBNeHHas Ha NOAAEPXKKY HOBOIO
MOKONIEHUS CeTEN, CO3AAKWMUX CTOUMOCTb, KOTOPbIE
6blIM Obl OTKPbLITbIMU, MEXCEKTOPANbHBIMM, HaLle-
NIeHHbIMW Ha peanu3aumio «lLlener yctonumsoro
pa3BUTUS», B3AMMOCBS3aHHbIMU, CTUMYIUPYEMbIMU
MpeAnpUHMMATENbCKOM aKTUBHOCTBIO [23].

KnacrepHble nporpammbl B EC npusnekatot
pa3Hble UCTOYHWMKU (DUHAHCMPOBAHMSA, HO OCHOB-
HOe 3HayeHWe mMmeeT BromKeTHoe GMHAHCMpOBa-
Hue n dunHaHCcMpoBaHue oT poHaoB EBponeicko-
ro Cotsa, TakMx Kak EBponeickue CTpyKTypHble
n mHBectMumMoHHble doHabl (ESIF) - Bcero B EC
dYHKUMOHMPYET 5 KpyMHEeMLnX MHBECTULMOHHbIX
¢doHpoB. OCHOBHas Nporpamma, Hamnpas/ieHHas Ha
pa3sBUTME WHHOBALMMK, B TOM Yucie B Knactepax,
(Horizon2020) npepnonaraet rogoBor OrooxeT B
pasmepe 80 mnpg espo [23].

B pamkax nporpammsbl Horizon2020 npenycmoT-
PEHO HECKONbKO HanpaBieHWn GUHAHCMPOBAHMS,
a UMEHHO: KNacTepbl MOTYT HaNpsSMy HanpasAsTh
3a89BKM Ha ueneBble rpaHTbl B MoHAbl; Knacrtepsl
MOryT UHAHCMPOBATLCA 33 CYET CPeACTB HaLMO-
Ha/IbHbIX U pernMoHanbHbIX OHOAXKETOB, B KOTOpblE
MOCTynatoT CPeacTBa, NpefyCMOTPEHHbIe Nporpam-
Mo [23].

CywecTtBeHHas 0COBEHHOCTb BCEX MPOrpamm —
MpUHLMN CODUHAHCUPOBAHMS BCEX KIOYEBbIX pac-
XO[OB CO CTOPOHbI 4acTHOro 6usHeca, Npu 3TOM,
L0NS TOCY[apPCTBEHHbIX U PErnoHanbHbIX CPeacTB
coctaensiet o1 50 % o 90 %. YnpaBneHue knactep-
HbIMW MPOEKTaMW, KaK MpPaBMNIO, OCYLLECTBSETCS
KNacTepHOM accoumaumen, BHyTPU KOTOPOM Cylue-
CTBYET YNpaBAsioLLas KOMMNaHMs, peLiaLias Teky-
Lue BONPOChl pa3BUTUS BCEro knacrepa. Peanusa-
LMI0 MPOrpamMMm NOALEPXKKM KNACTEPHbIX NPOEKTOB
OCYLLLeCTBAIST MMHUCTEPCTBA UK areHTcTBa/opra-
HM3aLMK, CO3LaHHbIE MPU MUHUCTEPCTBE, NPK 3TOM,
KnactepHas NoAMTUKA peanusyeTcs Ha 4 YpOBHSX:
Ha4HaLMOHaNbHOM, HALMOHANbHOM, PETMOHAIbHOM
M NOKaNbHOM YPOBHSX [24].

B Pecnybnuke benapycb cornacHo «KoHuenuuu
($hOpMUPOBaHMS U Pa3BUTUS MHHOBALMOHHO-MPO-
MbILLIEHHBIX KnactepoB B Pecny6nuke benapych u
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MeponpuaTUiA MO ee peanusauumny», yTBEPXKAEHHOM!
nocraHosneHnem Coseta Munuctpos Pecnybnuvku
benapycb ot 16 auBaps 2014 r. N2 27: «[peny-
CMaTpUBaeTCS, YTO B Npefenax Cpeacts pecnybnu-
KAQHCKOro M MeCTHbIX OHKETOB, HAaNPABNEHHbIX Ha
rocynapCTBEHHYIO MOAAEPXKKY MANoro U CpefHero
npeanpuHMMATENbCTBa, @ TakKe 3a CYET CpPeacTs
WMHHOBALMOHHbIX POHA0B, BbIAENSEMbIX B YCTAHOB-
NIEHHOM MOpsAKe, U UHbIX UCTOYHUKOB, HE 3anpe-
LEeHHbIX 3akoHomatenbctBoM Pecnybnuku bena-
pyCb, MOTyT ObITb NPOPUHAHCMPOBAHbI B TeYEHUE
MeponpusaTus B 061acTU KNAaCcTEPHOrO pa3BUTUS»
[25].

OTcyTCcTBYET BO3MOXHOCTb OKas3blBaTb  Kna-
CTepaM rocyfapCTBEHHYH0 NOAAEPXKKY UMEHHO Kak
obbennHeHusM CybbekToB X034icTBOBaHMS. Cero-
[HS TaKas nopnepkka MOXEeT OKa3blBaTbCs NWLb
YYaCTHUKAM Knactepa 3a cyeT CPefCTB MHHOBALM-
OHHbIX OHA0B obnacTen.

MNpoekt noctaHoBneHuss CoeTa MuHMUCTpOB
Pecnybnuku benapycb «O HekoTOpbiX BOMpocax
$hOpMUPOBAHMS M peanusaumm  KOMMIEKCHbIX
NPOEKTOB Ha OCHOBE KIaCTEPHOM MOAENU pa3Bu-
™My [26] pazpabotaH MUHMUCTEPCTBOM 3KOHOMMKM
Pecnybnuku benapycb Ha ocHoBaHuM KoHuenuuu
($hOpMUPOBAHMS M Pa3BUTUS MHHOBALMOHHO-MPO-
MbILLIEHHbIX KnacTtepoB B Pecnybnuke benapycob u
MeponpusaTMiA Mo ee peanusaunu, yTBEpPXKAEHHOM
nocraHoBneHveM Coeeta MuHucTpoB Pecnybnunku
benapycb ot 16 aHBaps 2014 r. N2 27 [25], ¢ uenbto
YCTAHOBNEHMUS NMOPSAKA OpraHu3aumMm u GyHKLmMo-
HWPOBAHUS KNIACTepoB, peannsaumnm Ha Ux OCHOBe
KOMMIEKCHbIX MPOEKTOB, @ TAKXKe CTUMY/IMPOBAHUS
KNacTepHOro pasBUTUS HALLMOHANBbHOM 3KOHOMMKM.
OpHako lMpoeKT ele He NPUHAT.

MNCTOYHUKOM  (DUHAHCMPOBAHMS MepOonpUaTUI
KOMMIEKCHOTrO MpoekTa MAaHMpPYTCS CpeacTBa
MHHOBALMOHHOTO (GOHAA M WHble CPeacTBa OT He
3anpeLleHHbIX 3aKOHOAATENbCTBOM UCTOYHMKOB.

Takum obpasom, B Pecnybnuke benapychb, co-
rMacHoO MMeloLencs HopMaTMBHOM 6ase, MCTou-
HMKaMU PUHAHCMPOBAHMUS KNACTEPOB MOTYT ObITb:
cpencTea pecnybIMKaHCKOrO M MECTHbIX BH04KETOB,
CpencTBa MHHOBALMOHHbIX (OHOB, BbILENSEMbIX B
YCTQHOB/IEHHOM MOPSAKE, U UHbIE UCTOYHUKU, He
3anpeLLleHHble  3akoHoAaTenbCcTBOM  Pecnybnmku
benapyco.

Ecnv npoBOauTL CpaBHEHME C pYrMMUK CTpaHa-
MU, TO, Hanpumep, B Poccuiickon ®epepaumm uc-
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Nonb3yKTCa CefylWwme UCTOYHUKM PUHAHCUPO-
BaHMSA KNACcTepoB: COBCTBEHHbIE (4McTas NpubbIb;
pe3epBHble GOHAbI; aMOPTU3ALMOHHbIE OTYMCIe-
HWUS U T. .); 3aeMHble (DaHKOBCKUIA KpeauT; KOM-
MepuecKuit KpeauT; CPeacTBa OT BbIMyCKa A0NTOBbIX
LeHHbIX ByMar; KpayaleHAMHT; KpayAUHBECTUHT U
T. [..); MPUBNEYEHHbIE UCTOYHUKM DUHAHCUPOBAHMS
(3Mmceuna oneBbix LEeHHbIX ByMar; rocynapcTBeH-
Hble BromxkeT (penepanbHblid, pErMOHANbHbINA, MyHU-
umMnanbHbi 6roaxeTbl) — MepepanbHbie LeneBble
nporpammsl, PervoHanbHble M MyHMUMMANbHbIE
nporpamMmbl  pasBUTUS  3KOHOMUKM, MNOLAAEPNKKM
Manoro 1 cpegHero 6usHeca; Kpaya@aHAMHE U T. 4.
[27].

Takum obpasom, B Pecnybnuke benapycb orpa-
HWYEHHOEe KONMYECTBO UCTOYHUKOB (GMHAHCMPOBa-
HWS, OFpaHMYEHHOE YWUCNIO TOCYAAPCTBEHHbIX NPO-
rpamMm u GoHA0B Ang GMHAHCUMPOBAHMS KNACcTepoB.

Mo3ToMy AN pa3BuUTMS NPOLLECCOB KnacTepumsa-
LMK aKTyanbHbIM iBNSieTcs npuenedeHne ESG-uH-
BECTMPOBAHUS B KNlacTepbl.

HanpaBneHus BHeppeHus ESG-koHuenuuu B
knactepax B Pecny6nuke benapycb

Ha ocHoBe BbiiBNeHHbIX Npobnem B dUHAHCK-
poBaHuu knactepoB B benapycu, a Takke onbiTa
BHefpeHus koHuenunn ESG B ctpaHax EC, npeana-
ralTcsa cienyrolme HanpasneHus BHeapeHus ESG-
KOoHUenuuu B knactepax Pecnybnukn benapycb
(tabnuua 4).

Tabnuua 4 - HanpasneHus gHedpeHus koHuenyuu ESG 8 knacmepax

HanpaBneHus BHeppeHus
ESG-KoHuenuuu
B KJ1acTepax

Meponpuatus

— NOAroTOBKY KBaJ’lVICbVILLVIpOBaHHbIX cneumanncTos, 06nafaoMx KOMNETEHTHOCTbI B

obnactu koHuenumu ESG, B TOM uncie Ha rocyoapcTtBeHHON cyxbe;

- pa3paboTky 06pa3oBaTesibHbIX MPOrpaMM, HanpaBAEHHbIX HA MOATOTOBKY CreLuManu-
cToB B 06nactv KoHuenuun ESG;

MpoceelleHne B obnacTu

KoHLUenuuu ESG cooblecTse;

- pacnpocTpaHeHue uaei M nNpuHUMNOB KoHuenuuu ESG B pervoHanbHOM OGU3Hec-

- npusnevyeHne cneumannucTtos, B TOM 4ucne 3apy6e>KHb|x, MMEKLLMX ONbIT BHEAPEHUSA

KoHuUenuun ESG;

- Nonynsapu3aLmMio U NPOABUXKEHWE MAEU UCMOMb30BaHUS KoHUenuun ESG B npodec-
CMOHANIbHOM COOBLUECTBE MPaXAaH, 3aHUMAKLLMXCSA BONPOCaMU yNpaBneHns U busHeca

- CO3[aHue 3aKOHOAATENbHOM 6a3bl A4/ OLEHKM KOMMIEKCHbIX KNaCTepHbIX MPOEKTOB U

pa3paboTku MeToponoruu npucsoenus ESG peiTuHra HauMoHanbHbIMKU PEHTUHIOBLIMU

MeToaunyeckoe areHTcTBamu Pecnybnuku benapyce;
obecnevyeHune KOHUEMNUUM | — pazpaboTka MeToamku ESG-peiTmHra opraHM3aumii, BXOASLLMX B KNacTep;
ESG - pa3paboTka MeToL0B OpraHuW3auMoHHOM noaaepxkn ESG opMeHTMpoBaHHbIX KnacTe-
poB;

- duHaHcpoBaHue ESG-MeponpusaTuii B Knactepe

- pa3paboTka BocTpeboBaHHbIX ESG-npoayKToB 1 ycnyr B kKnacrtepax;

- UCNoNb30BaHUE LI,IAq)pOBbIX TEXHONIOTUM B  CO3L4aHWUM JKOMNpPOAYKTOB U YUCTbIX

OpraHu3zaunoHHoe TEXHONOTUiA;
obecneyeHne KOHLENLMN

ESG B knactepe

- npoBefeHue 06pa3oBaTesbHbIX U NMPOCBETUTENBCKMX MPOrpaMM no Bonpocam ESG u
YCTOMYMBOrO Pa3BUTHS, 0BMEH OMbITOM MEXAY CTENKXON4EpaMu Knactepa;

- co3panmne ESG undposon nnathopmbl AN COTPYLHUMYECTBA CTEMKXONLEPOB KNacTepa;

— BHEApeHUe He(bMHaHCOBOVI OTYETHOCTU B KNnactepax

MICMOoYHUK: cOCmasneHo asmopom.

180 BECTHWK BMTEBCKOIO FOCYAAPCTBEHHOIO TEXHOJSIOTMYECKOTO YHUBEPCUTETA, 2023, N2 1 (44)



Peanusaums 3Tux MeponpusaTuii LOMKHA OCy-
LWecTBAATbCA HA YpOBHE MUHUCTEPCTBA 3KOHOMMU-
kn Pecnybnuku benapycb, KOMUTETOB 3KOHOMMWKM
PErMOHOB U K/KUYEBbIX CTEMKXONAEPOB KNACTEPOB.
B pamkax knactepHbix CTpaTeruit AO/KHbl ObiTb
CchopMyNMpOBaHbI 334341 NO BHEAPEHWUIO KOHLLEN-
umm ESG.

MoTeHuManbHbIMK peunnueHTammn ESG-puHaH-
CUMPOBaHMs MOTyT BbITb KaK AenCTBYOLWME U dOop-
MUpYHoLLMeCcs, TaK 1 NOTeHLMasbHbIe KnacTepsbl, AN
HMX akTyanbHa ESG-cTtpaTerus.
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15.09.2021 N2 348, pexxumpoctyna:https://pravo.
by/upload/docs/op/P32100348_1632171600.
pdf, (nata pocryna: 20.01.2023).

3. Ctpaterusi yctonumMBoro passutusa Butebckoin
obnactn Ha 2016-2025 roapl, pexuMm pocTyna:
https://docplayer.com/44311405-Ctrategiya-
ustoychivogo-razvitiya-vitebskoy-oblasti.html,
(mata poctyna: 20.01.2023).

4. Kapta knacrepos Pecny6nuku benapycb // Munum-
CTepCTBO 3KOHOMMKM Pecnybnvku benapyce, pe-
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BECTULMOHHYH MPUBNIEKATENBHOCTb A1 BHELIHUX
MHBECTOPOB; YBEJIMUMT CNPOC HA MPOAYKTbl Kna-
CTepa 3a CYeT NOBbIWEHUS NOAbHOCTU KIMEHTOB
W YNYYLEHUS UMUIKA U PENYTALMKU OpPraHU3aLMii
KnacTepa; NoBbICUT KAa4YeCcTBO TPYLOBbIX PecypcoB
3a cYeT pa3BuTUa bpeHaa pabotogatens. Mosuumo-
HMPOBaHME KNaCTEPOB HAa OCHOBe KoHuenunn ESG
MpUBIEYET Manblii U CpefHUiA BU3HEC B KnacTtepel,
TeM caMbiM ByaeT cnocobCTBOBaTb CO34AHUIO HO-
BbIX paboyMx MecT, yBe/IMYEHMIO BASIOBOrO perno-
HanbHOrO MPOAYKTA M MOCTYNAEHUA B MECTHble
M pecnybnmMkaHckuin GrogxkeTbl. Bce 3To cospact
YCI0BUSI O/ YCTOWUYMBOrO Pa3BUTUS IKOHOMUKM
Pecnybnuku benapyceb. B uenax peanusaumm ycno-
BMI MpeLnoXeHbl HanpaBieHUs BHELPEHUS KOH-
uenumn ESG B Knactepax: npocBeuieHne B obna-
cT1 koHuenuun ESG; meTtonmueckoe obecneveHune
KoHuenuuu ESG; opraHmsaumoHHoe obecnedveHne
KoHuenuuu ESG B knactepe M KOHKpeTHble Mepo-
npusaTus.
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boHpapeHko Hatanbs

KaHOMOAT SKOHOMUYECKUX HAYK, AOLEHT, MHCTI/ITYT bu3sHeca

HukonaeBHa benopycckoro rocysapcTBEHHOIO YyHUBEPCUTETA

OKTOp TEXHMYECKMX HaYK, Npodeccop, 3aBeayoLmii kadbeapon
BypkuH AnekcaHap ﬂTeXH[l)/I‘-IeCKOE erynu C},BaHEqu::TOBap oaengzmeu: berp
HukonaeBuu perynmp p >

Butebckumit rocynapCTBEHHbINA TEXHONOMMYECKUI YHUBEPCUTET

BainyHosa HOnus
FeHHaabeBHA

KaHAMAAT SKOHOMUYECKMX HayK, AOLEHT Kadenpbl «KJKOHOMUYECKas Teopus
N MapKeTUHr», BUTeB6CKMi rocyaapCcTBEHHbIN TEXHONOTMYECKUIA YHUBEPCUTET

Bopo6beBa AHHa
CepreeBHa

CTYLEHT, BUTEBCKMIA rOCYAapCTBEHHDBIN TEXHONOMMYECKMIt YHUBEPCUTET

IpeyaHukoB AnekcaHap
BukTopoBuy

KaHAMAAT TEXHUYECKMX HAYK, AOUEHT Kadenpbl « KOOI U XUMUYecKune
TEXHONOrMU», BUTEBCKMIA rocyaapCTBEHHbIN TEXHONOMMYECKMIA YHUBEPCUTET

lpowes NBaH
Muxaiinosuu

KaHLMAAT TEXHUYECKMX HayK, AoLEeHT Kadenpbl «TexHnyeckoe
perynnpoBaHue 1 ToBapoBefeHuey, BUTebCckuil rocyiapCTBEHHbI
TEXHOMOrMYECKUMA YHUBEPCUTET; HA4YaNIbHUK LLEHTPaNIbHOW 3aBOACKOW
nabopatopuu, OAO «Butebckapes»

DoitnuH KOpuii
BnagumupoBuy

reHepanbHblit aupektop, OAO «Butebckapes»

LyHait Banepuii
MBaHoBUY

KaHAMAAT OMONOrMyeckux Hayk, OLEHT, pekTop,
[loneccknin rocynapcTBEHHbIN YHUBEPCUTET

Epmanosuy Kapuna
OnerosHa

acnupanT, Butebckmin rocysapcTBeHHbI TEXHONOMMYECKMIA YHUBEPCUTET

Kupees Cepreit
lOpbeBuy

[LOKTOp TEXHUYECKMX HayK, npodeccop, AekaH dhakynbTeta
«[1pOMbILLNEHHbIE TEXHOMOMMU, INEKTPOIHEPreTUKA U TPAHCMOPTY,
[leH3eHCKMiA rocyaapCTBEHHbIN YHUBEPCUTET
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KoBuyp AHppeii
CepreeBuu

Ko3bipb Anekceit
BukTopoBuy

KysHeuoB AHppeii
AnekcaHapoBuy

JleBakoBa Hatanua
MapkoBHa

Nenenesa UpuHa
HukonaeBHa

JNucosckuii AMutpuii
JNleoHnpoBuny

MaHak MaBsen
MBaHOBUY

Mapyuwak tOnus
UropesHa

MypbiueBa Bukropus
BnagumupoBHa

Pxeycckuii Cepreii
dayapaosuy

PoiknuH OMutpuin
bopucoBuu

CaBocuHa AHrennHa
AnekcaHapoBHa

KaHAMAAT TEXHUYECKMX HAYK, AOLEHT Kadenpbl «TexHonorus
MaLUMHOCTPOEHUS», BUTEBCKMI rocyaapCTBEHHbIN TEXHONOTMYECKUI
yHUBepcuTeT

accucTeHT Kadenpbl «TeXHONOrMM akBaKYbTYpbI»,
[Nonecckuii rocyfapCTBEHHbIN YHUBEpPCUTET

[LOKTOp TEXHUYECKMX HayK, Mpodeccop, pexkTop,
Butebckuii rocynapCcTBEHHbIN TEXHONOTMYECKUIA YHUBEPCUTET

KaHAMIAT TEXHUYECKUX HayK, reHepanbHbli aupekTop, 000 «TEKC-LLEHTP»

KaHOMIAT TEXHUYECKUX Hayk, npodeccop, POCCUMMCKMIA rocyaapCTBEHHbIM
yHusepcuteT uM. A.H. KocbirvHa (TexHonorun. [lnsaiH. MckyccTeo)

acnupaHT, Butebckuit rocynapCTBeHHbIN TEXHONOMMYECKUIA YHUBEPCUTET

ampektop, OAO «060nbCKMIA KEpaMUYECKMI 3aBOAY

MarucTpaHT, Butebckui rocyaapCcTBEHHbIA TEXHONOMMYECKUIA YHUBEPCUTET

KaHAMAaT TEXHUUYECKMX HayK, AOLEHT Kadeapbl «ABTOMaTU3aLMS
MPOM3BOACTBEHHbIX NPOLLECCOB®, BUTEBCKMIA rocyAapCcTBEHHbII
TEXHOMOMMYECKUI YHUBEPCUTET

KaHanaat dapMaueBTUYEeCKMX HayK, AOLEHT Kadeapbl «MeHeKMEHT U1
MapKeTUHT dhapMaummn», BUTebckuin rocyaapcTBeHHbIM opaeHa [pyxobl
Hapo4OB MeAULIMHCKUI YHUBEPCUTET

[LOKTOp TEXHUYECKMX HayK, npodeccop, 3aBeayowwmnin kadbenpon
«TexHonorunsa TeKCTUNbHbIX MaTepuanosy, Butebckuii rocynapCTBeHHbIV
TEXHONOrMYECKUI YHUBEPCUTET

MarucTp 3KOHOMUYECKMX HayK, CTapLUKii npenofaBaTtens Kadeapoi
«IKOHOMMYECKas TEOPUS M MAPKETUHI», BUTEBCKMIA roCyAapCTBEHHbIM
TEXHONOTUYECKMUI YHUBEPCUTET
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Caposckuii Bukrop
BacunbeBuy

CadoHos lNMaBen
EBreHbeBuu

CepreeB Bauecnas
lOpbeBuy

Ckob6oBa Hatanbs
BukropoBHa

TapacoBa Enena
BnapumupoBHa

TapyTbko KoHcTaHTUH

Uropesuu

TumoHoB MBaH
AdaHacbeBuy

TymaHoB Bnagummnp

CepreeBuy

YepHukos UsaH
Uropesuu

UxaH DainyH

l0anyH YxaH

LUnkyHew, Anekceit
Bbopucosuu
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DOKTOp TEXHMYECKMX HayK, npodeccop Kadenpsl «ToBapoBeaeHue 1
3KCnepTu3a ToBapoB», benopycckuii rocyfapCTBEHHbIN 3KOHOMUYECKUIA
yHUBepcuTeT

KaHAMAAT TEXHUYECKMX HayK, CTapLUMIA HAYYHbINA COTPYAHMK,
000 «TEKC-LIEHTP»

CTaplumii npenofasatenb kadenpbl «IKONOMUS U XUMUYECKUE TEXHONOTUUY,
Butebckuin rocynapcTBeHHbIM TEXHONOTMYECKUIA YHUBEPCUTET

KaHOMOAT TEXHUYECKMX HaYK, LOLEHT Kadeapbl «IKONOrUS U XMMUYECKME
TeXHONOrMMU», BUTeBCKMI rocyaapCcTBEHHbIN TEXHONOMMYECKUI YHUBEPCUTET

KaHAMOAT 3KOHOMUYECKMX HAYK, AOLEHT, 3aBeayoLWmii kadbenpon
«MeHemKMEHT 1 rocyaapCTBEHHOE U MYHULMMANbHOE YrpaBaeHuey,

CMONEeHCKUI MHCTUTYT 3KOHOMUKKM — dunman CankT-lNeTepbyprekoro
YHUBEpPCUTETA TEXHONOMMIM YNPaBAEHUS U SKOHOMUKM

acnupaHT, Butebckmin rocysapcTBeHHbIV TEXHONOMMYECKUIA YHUBEPCUTET;
OAO «Butebckopes»

KaHAMAAT TEXHUYECKMX HAYK, LOLEHT Kadeapbl «IKONOrUS U XUMUYECKue
TEXHONOrMmn», BUTebCKMIM rocyaapCTBEHHbINA TEXHONOTMYECKUIA YHUBEPCUTET

acnupaHT, Butebckunin rocyaapcTBeHHbIN TEXHONOMMYECKUIA YHUBEPCUTET

MarucTpaHT, Butebckuin rocyaapcTBeHHbIN TEXHONOMMYECKUIA YHUBEPCUTET

acnupaHT kadenpbl «HaluMoHanbHas 3KOHOMMKA U rOCyAapCTBEHHOE
ynpasneHune», benopycckumii rocygapCTBEHHbIM S3KOHOMUYECKMI
yHUBepcuTeT

acnupaHT, MHCcTMTyT BM3Heca benopycckoro rocyaapcTtBeHHOro
yHUBEpCUTETA

MarmcTpaHT, Monecckmit rocyaapCTBEHHbIN YHUBEPCUTET



LWrena Bnagumup — [LOKTOP TEXHWUYECKMUX HAYK, LOLEHT, NPOPEKTOP MO HAy4YHOM paboTe,

HukonaeBuu MNonecckui rocynapCTBEHHbIM YHUBEPCUTET

fAcuHckas Hatanba — [OKTOp TEXHUYECKMX HayK, AOLEHT, 3aBEAYIOLLMIA Kaheapon «IKONorus u

HukonaeBHa XUMUYECKME TEXHONOrUU», BUTEBCKMIA rocyAapCTBEHHbIN TEXHONOrMYeCKUiA
yHUBepcuTeT

fAlwesa MNanuHa — [OKTOp 3KOHOMMYECKMX HayK, npodeccop, 3aBeayLmnin kadbenpon

ApTtemoBHa «IKOHOMMYECKasi TEOpUS U MAPKETUH», BUTEBCKMIA rocysapCTBEHHbIN
TEXHOMOrMYeCKn yHuBepcuTeT
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NAMATKA ABTOPAM HAYYHO-TEXHUYECKOTIO XXYPHAJA
«BECTHUK BUTEBCKOIO roCYdAPCTBEHHOIO
TEXHOJIOTMYECKOIo YHUBEPCUTETA»

1. Hay4yHo-TexHuuYeckuin >xypHan «BecTHuk
Butebckoro rocynapcTtBeHHOro TEXHOMOTMYECKOro
YHMBEpPCUTETa» BbIXOOMT ABa pa3a B rog. K neva-
TM [ONYCKAKTCA CTaTb MO TPEM TEMATUYECKUM

HanpaB/ieHUAM:

. TEXHONOIMS MaTepuanoB WM U3LENUR Tek-
CTWNBHOM M Nerkom NpOMbILLIEHHOCTY;

. XMMUYECKas TEXHONOIUS;

o 3KOHOMMKa.

2. Pykonucu, HanpaBnsembie B KypHan,

LLOJKHbI IBNSATLCS OPUTMHA/IbHBIM MaTEPUAIOM, He
0ny6/AMKOBAHHbIM PaHee B APYrMx NevyaTHbIX M3aa-
HUAX.

3. K pykonucu ctaTbu HeobxoamMmo npwmno-
XWUTb CnepytoLimMe MaTepuanbl:
. 3as1BKY C Ha3BaHMEM CTaTbW, TEMATUYECKUM

HanpasneHuem (13 n. 1), K KOTOpOMYy OHa NopaeT-
€S, CMUCKOM aBTOPOB U WX JIMYHBIMU NOAMMUCAMM.
B 3asBke HeobxoaMMO yKasaTb COrnacve aBTOPOB
Ha pa3MelLLeHMe NOMHOro TeKCTa CTaTbM Ha CarTax
XypHana «BectHuk BITY» (http://vestnik.vstu.by/
rus/) u HayuHo anektpoHHoun 6ubnunotekn (http://
elibrary.ru/). B cnyyae BbIMONHEHUS NCCNeN0BaHU
B paMKax (MHAHCUPYEMbIX NPOEKTOB UM FPAHTOB
HeobX0aMMO yKa3aTb UCTOYHUK DUHAHCUPOBAHUS;

. pedepaTt Ha g3blke opurMHana o6beMOM
150-250 cnoB - Ha pycckoM unu 6enopycckom
a3bike. B pedepate pomkHa ObiTb OTpaxeHa ak-
TyanbHOCTb TeMbl  MCCNeA0BaHMS, MOCTAaHOBKA
npobnembl, Lefb U METOAbl UCCAeLOBaHUs, MONYy-
YyeHHble pe3ynbTaTbl. [locnenoBaTenbHOCTb U3N0-
YKEHWS COAEPXKAHUS CTaTbU MOXET ObiTb U3MEHEHA;

o aBTOPCKYK aHHOTaumio (abstract) obbe-
MoM 200-300 cnoB, Ha3BaHUE CTaTbM U KJHOYEBbIE
C/10BA — Ha aHMMUIACKOM $I3blke. AHHOTaLums Nnpu3Ba-
Ha BbIMOHATb PYHKLMIO HE3aBUCUMMOIO MCTOYHMKA
MHGOpPMALMK, LONXKHA BbITb MHOOPMATUBHOM, OPU-
TMHaNbHOM, CTPYKTYPUPOBaHHOM;

. COMpOBOAMTENBHOE MWCbMO OT OpraHu-
3auuu, rae BbINONHANACh paboTa, UAn BbIMUCKY U3
npoTokona 3acefaHus kadenpsl (o1s aBTOPOB, SB-
NAOWMUXCa coTpyaHukamm BITY);
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. 3KCMepTHOE 3aK/IYeHMEe O BO3MOXHOCTM
onybnvKOBaHMS MpeAcTaBAeHHbIX MaTepuanos B
OTKPbITOM neyaTu;

. CMNpaBky, COAEpXKaLLly cBefeHus ob aB-
Topax (MecTo paboTbl, LOMKHOCTb, y4eHas CTeneHb,
agpec, TenedoH, e-mail, UAEHTUPUKALMOHHBIA HO-
mMep ORCID, ecnim oHM MMelOTCS) — Ha PYyCcCKOM WU
QHINIMICKOM si3blkax. TpebyeTcsa Takxke yKa3blBaTb
TPaHCUTEPUPOBaHHOE (C MCMONb30BaHMEM OykB
natvHckoro andaBuTa) HasBaHMe Mecta paboTbl
aBTOpa, KOTOPOE MOXHO MOMY4YUTb, BOCMONIb30BAB-
lwncb HecnnaTtHoW MNporpaMMoN TpaHCIMTEpaLMK
PYCCKOro fi3blka B NAaTUHULY Ha canTte http://www.
translit.ru/;

. 3M1eKTPOHHbINA BapuaHT BCEX MaTepuanos,
KpOMEe COMpPOBOAMTENIBHOIO MUCbMA (BbIMUCKKU M3
npoToKOona 3acefaHus kadeapbl) U 3KCNEPTHOrO
3aK/0YEHus.

4. CrpykTypa npuHMMaeMbix K onybankoBa-
HUIO cTaTen cnepytowas: uHaekc YOK; Ha3BaHue
CTaTbu; GaMUANKM U MHULMANBI AaBTOPOB; TEKCT CTa-
TbW; CMIMCOK MCMONb30BAHHBIX MCTOYHMKOB.

5. B TekcTe cTaTbu fOMKHbI ObITh NOCNELOBA-
TE/IbHO OTPaKeHbl: COCTOsSIHUE Npobnembl 10 Hava-
Na ee n3yyeHus aBTOpaMMu; Lenb NpeacTaBieHHON
paboTbl M 3a4auM, KOTOpble OblNM peLIeHbl ans ee
[OCTMXKEHUS; METOAMKA MPOBEAEHHbIX UCCNeno0Ba-
HWIA; @aHaNM3 NONYYEHHbIX Pe3Y/bTaTOB, UX HAYYHas
HOBM3HA M NpPaKTM4eckas LEHHOCTb; BbIBOAbI. [10-
Jly4eHHble pe3y/nbTaTbl JOMKHbI ObITb 0BCYXKAEHbI
C TOYKM 3PEHUS UX HAYYHOM HOBM3HbI M COMOCTaB-
NeHbl C COOTBETCTBYHLLMMU U3BECTHLIMU JAHHBIMM.
B BbiBOZAX JOMKHBI ObITh B OKaTOM Buae chopmy-
JIMPOBaHbl OCHOBHbIE MOJIyYEHHblE pe3ynbTaTbl C
YKa3aHWEM UX HOBW3HbI, MPEUMYLLECTB U BO3MOX-
HoCTel npuMeHeHus. MNpu Heo6X0AMMOCTH LLOMIKHbI
HbITb TaKXKe yKa3aHbl rPaHULLbl MPUMEHUMOCTH MO-
JIYYEHHbIX Pe3yNbTaToB.

6. CnucoK  MCNONb30BaHHbIX  UCTOYHMKOB
0hOpMNAETCH OTAENbHO B KOHLLE CTaTbM; CCbIIKK
Ha Ny6AMKaLMKM [OMKHBI BbITb BCTAaBNEHbI B TEKCT B
BMAE HOMepa Nybankauum B CNMUCKe,3aK/IOYEHHOTO
B KBaZpaTHble ckobku. CCblKM Ha HEONYBMKOBaH-
Hble paboTbl (oMccepTaLmm, OTYETbI, 4EMOHUPOBAH-
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Hble pyKkonmucu) He ponyckatTcs. B 6ubnumorpa-
CIJVILIECKOM OMMUCAaHNUU  UCTOYHUKA YKa3biBaAlOTCA
$GaMUNIUKM M MHULMANbI BCEX aBTOPOB, o, U34aHUS
(B Kpyrnbix CKOOKax), Ha3BaHWE WCTOYHMKA (4N
CTaTei — Ha3BaHME XypHana KypcuBOM), HOMepa
cTpaHuL. Kaxabli UCTOYHUK LOMKEH MMETb aBTO-
pa. Ecin ynomuHaetcs c60pHMK Nofn penakumen,
TO B KaYecTBe aBTOPa YKa3blBAETCS NepBbli U3 pe-
[akTopoB. Ecnn paboTa BbINONHEHA KOMIEKTUBOM
OpraHm3aLMmn 1 KOHKPETHble aBTOPbl HEe YKa3aHbl, B
KayecTBe aBTOpa YKa3blBAeTCS OpraHM3aLms.

Ecnn Mcnonb3oBaHHbIM UCTOYHMK ONyBaMKOBaH
He Ha aHIMIACKOM sI3blKe, ero bubnuorpadpuueckoe

Xapakrtepucrtuka

onucaHMe HeobXOAMMO MPUBECTU Ha A3blke OpU-
r'MHana M OOMNOMHWUTL MEePeBOAOM HA aHMIMICKUIA
A3bIK WM TpaHUIMTEpaUMen BCEM YKa3blBAEMOW B
onMcaHMn MHOOpMaLUu.

MpuMepbl nepeBoja M TpaHcauTepauun 6mb-
nuorpaduyeckoro onucaHus (odbopmneHue coot-
BETCTBYeT TpebOBaHWMSAM, OMMCAHHbLIM Bbllle A5
PYCCKOSI3bIYHOTO OMMCAHUS) NpUBELEHbl B Tabnu-
Lax.

Takxe noapobHble pekoMeHaaLmMKu No cocTase-
HWIO MPUCTATEMHbIX CMUCKOB IMTEPATYpPbl MO CTaH-
napty Harvard (Harvard reference system) npaktu-
Yecku AN BCex BUAOB NyOAMKaLM faHbl Ha cainTe

PekoMeHAaLMM NO COCTABNEHUIO NPUCTATEHHBIX CMUCKOB IMTEPATYPbI

UCTOYHUKA

KHura

CraTbs M3 XXypHana

Cratba 13
3N1eKTPOHHOr0
XypHana

Matepuansl
KOHbepeHuuu

JNeKTPOHHbIe
UCTOYHMKM
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Xapaktepuctuka PekomeHaaumm no opopMneHUI0 pyCcCcKONA3bIYHOTO
MCTOYHMKA 6ubnuorpaduueckoro onmucaHus
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7. CnMcoK  MCNONb30BaHHbIX  UCTOYHMKOB
LOJKEH BKJ/IOYATb CCbUIKM HA aKTyaNbHble Hayu-
Hble nybaukaumm no Teme cratou. He mernee 50 %
CMUCKA MCTOYHWMKOB [O/KHblI COCTABAATb CCbIIKM
Ha HayuyHble nyb6nMKauuu, M3LaHHble B TeYeHwue
nocnegHux 10 net. M3nuwHee camMouuTMpOBaHMeE
He ponyckaetcs. KonmMyectBo cCbinoK Ha paboTbl
aBToOpa (COaBTOPOB) CTaTbM HE AO/MKHO NPEBbILLATDH
25 % oT uMcna uMTUpPYEMBbIX HAaYYHbIX MyBAMKALMNA.

8. OdopmneHune cTaTbi JOMKHO YAOBNETBO-
paTb Cleayrwmum TpeboBaHMUAM:

. CTaTbM MOJAKOTCA Ha pyCCcKoM, Benopyc-
CKOM WM QHTNIMICKOM $I3bIKE;

. 06beM ny6nmKaLmMm fOMKEH COCTABAATb OT
14 000 po 22 000 neyvatHbix 3HakoB (4-10 cTpa-
HUL), HabpaHHbIX WpndTtoM Times New Roman 12,
c nonsimu no 20 MM Ha CTOPOHY U OJUHAPHBIM MeX-
CTPOYHBIM UHTEPBAJIOM;

. B Gainax He JOMKHO ObITb MAKPOCOB, KO-
JIOHTUTYNOB M APYIrUX CJIOXHbIX 31eMeHTOB hopma-
TUPOBAHMUS;

. MCKOYAETCS aBTOMATUYECKas UM pyyHas
paccTaHOBKa NepeHOCOoB;
. dopMynbl  HabuparTca B MNPMKIALHOM

nporpamme Microsoft Eguation 3.0, Bxopsiwei B
coctaB MS Office 2007, Times New Roman 12 no-
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NY>XUPHbBIN KYpCUB. MEXCTPOYUHbBIA MHTEpBan nepea
CTpoKoM dopmyn coctaBnsiet oT 6 go 10 nt,;

. Tabnuupl pacnonarakTcs nocie nNepBoro
YNOMWMHAHUS B TeKCTe. [1pn 3TOM OHU He [0MKHbI
LybnnpoBaTh CBefeHuUs, 0TObpaXKeHHble Ha rpadu-
Kax. 3aronoBkuM TabnmL, pacnonarakoTca no LeHTpY
CTpaHuubl. TabnunyHble OaHHbIe — MO LEHTPY WUAK
BbIpaBHMBAKTCS No neBoMy Kpato. Wpudt - Times
New Roman 4épHbiii 0T 9 no 12 nt. 3anmBKa He uc-
nonb3yeTcs;

. UNNOCTPaLMM pacnonarakTcs nocnie nep-
BOMO YMOMWMHAHMUS O HUX B TekcTe. Kaxaas unnio-
CTpaumns OOMKHA MMETb NOAPUCYHOYHYHO HALAMWUCh
(Times New Roman, 11 nr). lpadwmkn n pmarpam-
Mbl MPEACTaBAAIOTCS KaK PUCYHKM, BbIMOMHSIOTCS
B rpadMyeckoM pefakTope, COBMECTUMbIM C MS
Word. 1ng Ha3BaHus 0Cei KOOPAMHAT M yKa3aHua
UX pa3sMepHOCTM npumeHsT wpudT Times New
Roman ot 9 no 11 nt. doTorpaduu AOMKHbI UMETb
KOHTpacTHOe yepHo-6enoe nsobpaxeHue. B anek-
TPOHHOM Buae doTorpadmn npeacTaBnAOTCS B
CTaHZapTax pactpoBoi rpadukm JPG, Tiff, BMP, PCX
paspelweHneM He MmeHee 300 dpi;

. UNNCTpauuK,  rpaduky,  Auarpammbl,
dopmMynbl U Tabnuupl JOMKHBI ObITb COXPAHEHBI
Ha 3N1EKTPOHHOM HOCUTENEe KaXAbl OTAENbHbIM
darinom, dbann JomKeH Ha3biBaTbCS MO HA3BaHMIO
QHANOMMYHOrO 3IEMEHTA B TEKCTE;

195



. UNNCTpauuK, GOpMYnbl, YPaBHEHUS WU
CHOCKM, BCTPEYAIOLLMECS B CTaTbe, AOMXKHbI ObITb
NPOHYMepPOBaHbl B COOTBETCTBUU C NMOPSAKOM LU-
TUpOBaHus B TekcTe. Hymepauus ¢Gopmyn npuso-
OnTCS apabckumu uMdpamu B Kpyribix CKOOKax
Mo NpaBoMy Kpar CTPaHULbl; NOPSAKOBbIE HOMEPa
CCbINOK Ha MCMONb30BaHHbIE WUCTOYHUKMU OOKHbI
6bITb HAaMMCaHbl BHYTPM KBAApPaATHbIX CKOOOK;

. pacrneyaTka CTaTbW [OO/KHA MOMHOCTbIO
COOTBETCTBOBATb NPUIOXKEHHOMY (ariny.

Pykonucu, He COOTBETCTBYHOLME YKA3AHHBIM
TpeboBaHUAM, HE MPUHMMAIOTCS.

9. ABTOpbI CTaTel HecyT OTBETCTBEHHOCTb 3a
[LOCTOBEPHOCTb MPUMBOAMMBIX B CTaTbe AAHHbIX U
pe3ynbTaToB UCCIef0BaHUM.

10. Pepakums He B3MMaeT nnaty 3a onyb/MKo-
BaHME HAYYHbIX CTATEMN.

11. Pepakuma npepoctaBnseT BO3MOXHOCTb
nepBooyepenHoOro onybnvkoBaHWS CTaTew, npen-
CTaBNEHHbIX /MLAMKM, OCYLECTBAAOWMMU  NO-
CNeBy30BCKOE 0Oy4yeHMe (acnupaHTypa, [OKTO-
paHTypa, COMCKaTeNbCTBO) B 0L 3aBEPLUEHMS
o0byueHus.
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12. TlocTynuBluMe B pefakuMi0 CTaTbu Moc/e
npenBapuTeNbHOM 3KCMEepTM3bl Ha COOTBETCTBUE
npenbssnsemMbiM TpeboOBaHMSAM HaNpPaBAgOTCS Ha
peueH3nto cneumnanuctaM. OKOHYaTeNbHoe pelle-
HWe 0 NybAnKauum NPUHUMAETCS HA 3acefaHuu pe-
[AKLMOHHOM KONnermu C y4eToM pesynbTaToB pe-
LLeH3UpPOBaHMS.

13.  OTKNIOHEHHble peakonnerverd pykonucu
cTaTelt aBTopaM He BO3BpalatoTcs. B cnyyae Bos-
BpaTa CTaTbM aBTOPY Ha LOpabOTKy AaTon npea-
CTaBNEHUS CYMTAETCS OeHb NOMyYeHUs penakumen
MCMpaBNEHHOW PYKOMUCH.

14. Pepakuus ocTaBnseT 3a coboi npaso
Npou3BOAMTb pefakLUMOHHbIE WM3MEHEeHUs U Co-
KpalleHUs B TeKcTe cTaTbu, pedepaTe u abstract,
He MCKaxawliMe OCHOBHOE CcoAepXaHue CTa-
TbU.

15.  Cratbu npepctaBnaTCs B penakuuio no
appecy: 210038, Pecnybnuka benapyce, r. Butebck,
MockoBckuii np., 72, bepawesuny MpunHe Bacunbes-
He. DNeKTPOHHbIM BapuaHT MaTepManoB AOMyCcKaeT-
€S HanNpaensATb MO 3/1EKTPOHHOM MoYTe Ha anpec
vestnik-vstu@yandex.by otBeTcTBEHHOMY cekpe-
Tapl pefakUMOHHOM Konnermn PoiknuHy IMuTtpuio
bopucosuuy.
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