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3HEPTETUKA, 3KOoJ1OIrna u PALMOHAJIbHOE NMPUPOAOIMNMOJIb30

. [OCYAAPCTBEHHOE HAYYHOE Y4YPEXAEHUE
«MHCTUTYT OBLLLEK U HEOPTAHUYECKOW XUMUU
HALMOHAABHOWN AKAAEMUUN HAYK BEAAPYCH»

1. TEXHONIOTUA N3BNIEYEHUA NUTUA U3 BOAHDIX CPEQ

Llenb npoekTa — nonyyeHne ancopbEHTOB Ha OCHOBE CJTIOXHbIX OKCUAOB NIMTUA-MapraHua 1 pa3paboTka aa-
COPOLIMOHHON TEXHOSIOMN U3BJIEUEHUS UOHOB NINTWS U3 BOLHBIX Cpef. [laHHble OKCUAbI UMEIOT CTPYKTYpPY LUMKU-
HEeNW 1 ABNAIOTCA CENEKTUBHBIMU aAcopbeHTaMM OHOB NUTKSA. HECMOTPSA Ha To, UTo 1Aaesn NCMONb30BaHUA HeOp-
raHUYeCK1X OKCMAOB BrepBble NpeasioxeHa npodeccopom B. B. BonbxuHbim B 1970-€ IT., 0 HACTOALLETO BpEMe-
HW faHHble MaTepurasibl He BHEAPEHbI B MPOMbILLIEHHbIX YCI0BUAX. OCHOBHBIMU IMMUTUPYIOLWMMUN haKTopamu
ABAAIOTCA HM3Kaa XMMUYeCKas YCTONUYMBOCTb afiCOPOEHTOB B KUC/bIX Cpeflax 1 NPy MHOTOKPATHbIX LIMKMAX aa-
copbumn/pgecopbummn NOHOB NUTKA. ABTOPbI NPoeKTa NpeasaraloT nyTem AONUPOBaHVA COPOEHTOB Ha OCHOBE
OKCMO0B IUTUA-MApraHLa co CTPYKTYPOW LUMMHENN MOHAaMV antOMUHWS U MarHys NMoBbICUTb YCTOMUMBOCTb KpU-
CTaNNNYeCKoN CTPYKTYPbI 1 YNYYLLNTb COPOLIMOHHDBIE XapaKTePUCTUKN.

Mpepnaraemble K pa3paboTKe BbICOKOCENEKTUBHbIE afCOPOEHTbI IOHOB IMTUA Ha OCHOBE MOANGULMPOBaH-
HbIX Li-Mn-wnuHenein 6yayT MMeTb ynydlieHHble afcopOLMOHHbIE CBOMCTBA, MOBLILEHHYIO CTPYKTYPHYIO CTa-
GVIBHOCTD 1 BbICOKYIO CMOCOGHOCTb K pereHepaumn B NpoLecce MHOTOKPaTHbIX LIMKIIOB agcopbuumn/aecopb-
LMW, 4TO MNO3BONNT pa3paboTaTb Ha UX OCHOBE TEXHOMOMMIO M3BNEYEHNA MOHOB NINTUA U3 NPUPOAHbIX N TEXHO-
NOTNYECKMX BOAHbIX Cpes,.

MonyuyeHHble apcopbeHTbl byayT NPYMEHVMbI B LMKNaX U3BJIeUYEeHNA MOHOB NINTUA U3 BOAHBIX cpef (MopcKas
BOJ1a, MO/3€MHbI€ CTOUYHUKM).

BbinosiHeHa Hay4HO-MCCNeoBaTeNibckas paborTa.

Mpepnaraemblie K pa3paboTke aicoOpOeHTbI MPeACTaBAAT MHTEPEC A UCMOJIb30BaHUA B MPOLIECcax U3Bne-
YeHWS VIOHOB JITUSA 13 MPUPOAHbIX BOAHbIX CPef, B TOM Uncie Npu nepepaboTke MUTUIA-UOHHBIX 6aTapeit. Yuun-
TbIBas MOCTOSIHHO BO3PacTaloLLMiA CNPOC Ha NINTUIA, pa3pabaTbiBaemMble aficOPOEHTbI U TEXHOJNIOTUSA NX MPUMEHE-
HUA ABMAIOTCA SKCMOPTHO OPUEHTMPOBAHHBIMU 1 MOTYT NPEACTaBNATb MHTEPEC ANS UCMOSIb30BaHuA B Pecny-
6nvke benapycb 1 3a pybexxom.

Pasymosckan [lapba ButanbesHa, acnupaHT 3-ro roga obyueHus.
Ten.: (+375 29) 274 82 92



Il. [OCYAAPCTBEHHOE HAYYHOE Y4YPEXAEHUE
«MHCTUTYT AECA HALLUOHAABHOWN AKAAEMUU

HAYK BEAAPYCW»

2. TEXHONOr 14 C0O3AAHUA NOCTOAHHON NECOCEMEHHOW BA3bl
BbICOKOCMOJIONPOAYKTUBHBIX HACAXKAEHUN COCHbI 0BbIKHOBEHHOW

B cBA31 C MaccoBbIM yCbixaHVeM XBOMHbIX HAaCaXAeHWI cbipbeBas 6a3a
MOACOUKM 3HAUUTENbHO COKpaTUNach. [1ns npeononeHus HebnaronpuaT-
HOW CUTyaLmm Mo AOObIYE XMBULbI HEOOXOAMMO CO3AaHME NCKYCCTBEHHOM
necocblpbeBoi 6a3bl AN1A 4OObIUM XKMBULLbI Ty TEM UCMONb30BaHUA Hanbo-
nee CMONONPOAYKTUBHbIX GOPM COCHbI 0ObIKHOBEHHOW. [151A 3TOro Heo6-
XOLVIMO UMETb MOCTOSIHHYIO JIECOCEMEHHYIO 6a3y, CO34aHHYI0 Ha OCHOBe
CeNneKUUnN 1N reHeTUKN.

B xope npoBefeHnA HayYHO-CCNIeLoBaTeNIbCKMX PaboT oToOpaHbl Bbl-
COKOCMOJIONPOAYKTUBHbIE GEHOTUMbI COCHbI 0ObIKHOBEHHOW C M3BECT-
HbIM GMOXMMMNYECKMM COCTaBOM TEPMEHOBbIX Macen M MOoNeKynAapHo-
reHOTUNNYECKMU XapaKTepucTKamu. Ha ocHoBe K/IOHMpPOBaHUA OTO-
6paHHbIX GeHOTUMOB CO3aHa apXMBHO-MaTOYHasA NiaHTauumsa, NonyyeH
CEMEHHOW 1 BereTaTMBHbIV NPUBUTONM NMOCAAOUYHbIA MaTepuan C 3aKpbl-
TOW KOPHEBOW CUCTEMOW COCHbI 0ObIKHOBEHHOW 1A CO3AaHMA 06 bEKTOB
NOCTOSIHHOW NIeCoOCeMEHHOW 6a3bl.

Ha ocHoBe npoBeAeHHbIX Hay4YHO-UCce[oBaTe/ibCKUX pa60T pa3pa6o-
TaHa TeXHONOr1A CO34aHMA NTeCOCEMEHHbIX NIaHTaLni yCTOl7I‘-H/IBbIX BbICO-
KOCMOTONPOAYKTUBHbIX d)OpM COCHbI OObIKHOBEHHO C 3aaHHbIMUN 6uo-
XUMNYECKNMW Y TEHOTUMIMNYECKON XapaKTepncTukamu.

O6nacTb NnpUMeHeHNA: necHoe X03AMCTBO, coBepLlieHCTBOBaHME NOCTO-
AHHOW NecoceMeHHo 6a3bl 1 CO3aHne BbICOKOCMONOMPOAYKTUBHbIX Ha-
Ca’KAEHUN COCHBbI OObIKHOBEHHOIA. npaKTI/I‘-IeCKaﬂ peann3auma nonyyeH-
HbIX pPe3ynbTaTOB MO3BOJINT CO34aTb MOCTOAHHYIO JIECOCEMEHHYIO 6a3y

Run Summary
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71%
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AHanu3 TpaHCKpUNTOMOB BbICOKOCMONONPOAYKTUBHBIX GOPM COCHbI

3aroToBKa BEreTaTBHOIO
1 penpopyKTUBHOTO MaTepuana
BbICOKOCMOIONPOAYKTUBHBIX (OpM
COCHbI 0ObIKHOBEHHOI

[TpuBuToil NOCafoUHbI MaTepuan
BbICOKOCMOMIONPOAYKTUBHbIX eHOTUMNOB
COCHbI 00bIKHOBEHHOIA



3HEPTETUKA, 3KOoJ1OIrna n PALMOHAJNIbHOE NMPUPOAOMNOJIb3OBAHUE

Konnekuuns knoxos
BbICOKOCMOMONPOAYKTUBHbIX GOPM COCHDI
00bIKHOBEHHOI C U3BECTHBIM COCTABOM
TepneHoBbIX Macen

[J19 CO34aHMSA BbICOKOCMOONPOAYKTUBHBIX HAaCaXAeHWI COCHbI, CHU3UTb
cebecTorMOCTb A06bIUV XKIBWLbI, MOBBICUTb IOXOAHOCTb NCKYCCTBEHHBIX
HacaXzeHui 1 06ecrneunTb NOTPEOHOCTM CTPaHbl B KaHU(OSIbHO-TepPeH-
TUHHOW NPOAYKLMM 33 CYET COBCTBEHHBIX JIECOCHIPbEBbLIX PECYPCOB.

TexHONOrMA Co3AaHUA MOCTOAHHONM NEecoceMeHHON 6a3bl BbICOKO-
CMONONPOAYKTUBHbBIX HaCaXAeHWU COCHbl OObIKHOBEHHOW Ha OCHO-
BE KJIOHOB C M3BECTHbIM GMOXMMMWYECKMM COCTaBOM TEPMEHOBbLIX Ma-
cen U MONeKyNAPHO-TeEHOTUMNNYECKUMIN XapaKTepuCTUKamy paspaboTa-
Ha BnepBble. OTeueCcTBEHHbIe aHaNor OTCYTCTBYIOT. Pa3paboTka cooTBeT-
CTBYeT Nyylumm mupoBsbiM obpa3suam (KaHaga, CLUA).

Mcnonb3oBaHre 0ToH6paHHbIX BbICOKOCMONIONPOAYKTUBHBIX GOpM CO-
CHbl OObIKHOBEHHOW U 3aK/ajika Ha X OCHOBE IeCOCEMEHHbIX NNaHTaLUN
C 3aJaHHBIMU BUOXMMUYECKMMU 11 FEHOTUMNYECKUMU XapaKTEPUCTKAMN
NO3BOJIUT CO3/1aBaTb HACAXKAEHNA COCHbl OObIKHOBEHHOW C MOBbILLEHHOW
B 1,5-2,0 pa3a cMONoONpPOAYKTUBHOCTbIO. [JaHHaA TeXHONorna no3sons-
€T MoNyYaTb KMBULLY C MOBbILLEHHbIM COAepPXKaHEeM LIeHHbIX KOMMOHEHT
TepneHoBbIX Mace.

BbinonHeHa HayyHo-UccnefoBaTenbckas pabota. OTobpaHbl BbICOKOCMOONPOAYKTUBHbIE GEHOTUMbI COCHbI
06bIKHOBEHHOW. Ha 0CHOBe KNOHUPOBaHWsA 0TO6PaHHbIX GeHOTMMNOB CO3faHa apXMBHO-MaTOUYHas NnaHTauus.

MpeanpuATUA MUHUCTEPCTB JIeCHOTO Xo3ancTBa Pecnybnuku benapycb n Poccunckoin Oegepaumn.

KoHumu Angpei MeTpoBurY, BeAyLWMIA HayYHbI COTPYOHUK, KaHAWAAT G1ONOrMyecknx Hayk.

E-mail: pinselekt@gmail.com
Ten.: (+375 25) 660 00 88



ﬁ =

OHEPTETUKA, 3KOJiOorna u PALMOHAJIbHOE NMPUPOAOMNOJIb3OBAHUE

lll. TOCYAAPCTBEHHOE HAYYHOE Y4PEXAEHUE
«MHCTUTYT MNOPOLLKOBOW METAAAYPTUU
UMEHU AKAAEMUKA O. B. POMAHA»

3.MOPUCTbIE TATAHOBDIE ASPATOPDI

MopurcTble TUTaHOBbIE a3paTopbl NpefHa3HauYeHbl ANA TOHKOW AMCNepraLyy Bo3ayxa, 030Ha, KNCIoposaa,
YINEeKNCIoro rasa, Apyrux TeEXHONOMMUYECKNX ra3oB B XKUAKOCTAX (6apboTUpOBaHME XKUAKOCTEN) B KOHTAKT-
HbIX KaMepax 030HVMPOBaHUA NUTbEBOI BOAbI, B a3POTEHKAX BMOXMMNUECKON OUNCTKM CTOKOB, GJIOTO- 1 OK-
CUTEHKax v ap.

HacblweHre XnaKkocTy ra3om nyTem ee aspauunm yepes nopucTbie NpoHMLAeMble S1eMeHTbl U3 Pa3fINyHbIX Ma-
TepranoB — 3G eKTUBHbIN METOA MHTEHCUPUKALIMM MAaCCOOOMEHHBIX MPOLIECCOB B XMIMUYECKMX TEXHOMOTUSAX,
npoueccax GUOXMMMUYECKOW OUMNCTKN CTOYHBIX BOA, TOHKOW OUNCTKN 1 06e33aparkiBaHNsi CTOYHOW U MUTbEBONA
BO[bl, TEXHNYECKOW BOAbI MPON3BOACTB BbICOKNX TEXHONOTUN.

MopucTble TUTAHOBbIE a3PaTOPbl MOTYT TaKXKe MCMOMNb30BATHCA /11 030HMPOBaHNA MUTbLEBOW, CTOYHOW 1 TeX-
HUYECKOWN BOAbl Ha CTaANV OKOHYATENbHOWN X OUMCTKM U 0b6e33aparkmBaHus. Mpu 030HUPOBaHUK NPOUCXO-
VT pasnoXKeHne Kak OpraHnyecknx, Tak 1 HeopraHMYeckunx 3arpsa3HeHni, a Takke obessaparkmBaHme Bogbl.
Bupycbl, 6akTepunu 1 natoreHHas ¢nopa NormbatoT B HECKOJIbKO ThiCAY Pa3 bbiCTpee, Yyem Npu XJIOPUPOBaHMN.
O30H He TOKCMYeH ania obuTaTeneli BOROEMOB, Kyfla OCYLLEeCTBAETCA COPOC CTOUHbIX BoA. Kpome Toro, npu
030HMPOBAHMU NOAAEPKMBAETCS AOCTATOUHbIN YPOBEHDb KNCIOPOAA B CTOUHbIX Bofax. MopurcTbie TUTaHOBbIE
aspaTopbl ABNATCA Hambonee NOAXOASALNM KOPPO3UOHHO-CTOMKM U3AENNEM AJ1S reHepaLmmn ny3bipbKoB
030Ha B BOAHbIX Cpefax Npu Nobbix TemnepaTypax.

TexHnuecKne xapakTepuUCTUKn:

— MaTepuan — NopoLWoK TuTaHa Mmapku TIM-5TY 1791-449-05785388-2010;
— NPOU3BOAUTENBHOCTL MO BO3ayxy — 0,6-60,0 m3/y;

— cpeaHuii pa3mep nop — 105-138 MKM (TTaH);

- K03bduMUMEHT npoHMuaemocT — (350-440)x 1073 m%

— MPOYHOCTb Ha pacTaxeHne — 63-81 Mla.

OCHOBHOE NpenMyLLeCcTBO TUTAHOBbIX a3PATOPOB B TOM, YTO UX MOPbI U HAPY>KHasi MOBEPXHOCTb He NofBep-
»KeHbl 00paACTaHMI0 MUKPOOPraHU3MamMuy BCIeACTBME C1aboro 6akTepuLMaHOro AeCTBMA MOHOB TUTaHa, No-
L[OGHOTO feCTBUIO MOHOB cepebpa. CpoK cNy»Obl MOPUCTbIX TUTAHOBbIX a3PaTOPOB B BOAHbIX Cpefiax, cogep-
Xawux Mrkpodnopy 1 MukpodayHy, B 3—5 pas Bbllle, YeM KepaMUUYeCKUX Uu NosiMMepHbix. Kpome Toro, nopum-
CTble TUTaHOBbIE a3PATOPbI HE erPaAUPYIOT Mo AeNCTBUEM COJTHEYHOTO CBETA, 030HO-BO3YLLHON CMeCH, He
nofBepeHbl O0M006PaCcTaHIO, CTOVKY K FTMgpoyaapam, MOryT pereHeprMpoBaTbCA XUMUYECKMM PacTBOpPamMM,
TepMUYeckor 06paboTKoN, Nerko CTEPUIN3YIOTCA NMePErpeTbiM Napom, e3rHpeKTaHTaMK, raMma-obyyeHnem.
MexaHunyeckasn NPOYHOCTb, HAAEXKHOCTb 1 CPOK CJTY»Obl B LIETOM MOPUCTBIX TUTAHOBbBIX a3PAaTOPOB JOCTUra-
eT 10-15 neT 1 3HaUMTeNIbHO BbILLE, YEM MOIMMEPHbIX UM KEPaMUUYeCKUX. TakuM 06pa3om, NpUMeHeHNe no-
PUCTbIX TUTAHOBbIX a3PATOPOB YBEIMUNBAET MEXXPEMOHTHbIN MEPUO OUNCTHBIX COOPYXKEHUI, CHUXKAET NpPo-
CTOV U3-3a PEMOHTOB, YMEHbLUAET SKCIJTyaTaLMOHHble 3aTpaTbl.

Mo oTHOLIEHMIO K NyYLLMM OoTeyecTBeHHbIM obpa3uam (mokasaTtenu): aHanoru B Pecnybnuke benapycb oTcyT-
CTBY1OT. [10 OTHOLLEHMIO K SIyULIMM MUPOBbIM 06pa3Lam: COOTBETCTBYET JTyYLLIMM MPOBbIM aHanoram.
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CrabunbHasn QMTENbHOCTb PAabOTbl OUMCTHBIX COOPYKEHUIA.

Pa3spaboTka BHeipeHa B NPOW3BOACTBO.

®unuan «<Morunnesckuii BogokaHan», . Morunes; AO «MocBofoKaHan, r. Mocka, Poccuinckas ®epepauus;
000 «3Hepromalwy, r. CaHkT-lNeTepbypr, Poccuinckaa Gepepaums.

TapaiikoBuy AnekcaHap Muxannosuy, 3asegytowmii nabopatopuen HAJ-21.
E-mail: pile.pora@tut.by
Ten.: (+37517) 292 61 87



IV.TOCYAAPCTBEHHOE HAYYHOE YYPEXAEHUE
«MHCTUTYT NPUPOAONOAb3OBAHUA
HAH BEAAPYCW»

4. 3KCNEPUMEHTANbHAA CKBAXXWHHAA TEXHONOIUA OCBOEHUA
MECTOPOXAEHWI CANPONENA, 3ANIETAIOLLMX O TOPOOM

HayuHo 060cHOBaHbI, pa3paboTaHbl 1 UCMbITLIBAIOTCA HOBbIE TEXHUYECKME CPeCTBa U TEXHONOMMYecK e pe-
LIeHVA, HanpaBJieHHble Ha CO3/iaHNe HOBOIO CKBaXKMHHOIO CNoco6a Ao6blumM canponens, 3aneratoLero nog co-
em Topda. PazpaboTaHHas 1 NPOXOAALLAA UCMbITaHUA YyCTaHOBKa No Aobblue TopdonoacTunatoLero canponens
MMeeT NPomn3BOANTEeNbHOCTb 0Kkono 1500 T/rog canponensa ycioBHOM BRaXHoOCTH 60 %.

OcBoeHue pecypcoB canponensa caepxrnBaeTcaA HEOTpa6OTaHHbIMI/I TEXHONOIMYECKNMUN N TEXHNYECKNMW pe-
LWeHAMN B 06nacTu ero AO6bILIVI, KOTOpble OGyCJ’IOBJ’IeHbI CI'IEU,I/I(I)VIKOVI 3aneraHyAa canponesAa B TpyaHOA40CTyn-
HbIX MeCTax.

BonblwmHCTBO pa3pabaTtbiBaeMbix NpegnpuaTuamy IO «bentonras» KpYnHbIX TOPGAHbIX MECTOPOXAEHWI NOJ-
CTUNaeTCA canponenem. YHacTKy C MOBbILIEHHO MOLYHOCTbIO Canponens 13-3a CUibHON 06BOAHEHHOCTY Hemep-
CMeKTUBHbI U He BOCTpe6oBaHbl AnA fJobblun Topda dpesepHbIM criocobom.

Mpepnaraemas Ana peanunsauny CKBaXkMHHan rmapofobblva 3aseratolero nog Topdom canponens 3HaunTesb-
HO COKpalLLlaeT Npov3BOACTBEHHbIE 3aTPaTbl NPY OCBOEHUN MECTOPOXKAEHWA YaCTUUHBIM UCK/TIOUEHNEM 3TanoB
60M0THO-NOArOTOBUTENbHBIX PAGOT U €ro SKCMyaTaluMmn 3a CYeT NPUMEHeEHNA pecypcocbeperatowlero noTou-
HOro Tpy6oMpOBOAHOMO TPaHCMNOpTa. BaXKHbIM ABNAETCA TaKXKe MCMOJb30BaHVe NPOrpeccBHON TEXHONOMNN
06€e3BOXMBaHNA 1 MONIEBON CYLIKW CanponeneBoi nynbmbl B CNeLUanbHbiX GUABTPYIOWMX TEKCTUIIbHBIX KOH-
TellHepax — reoTybax.

HoBbilh cnocob nmeeT sKonornyeckre NpenmyLLecTsa nepes N3BeCTHbIMY TEXHOMOMMAMM 33 CYET MUHVIMATb-
HOro BO34enCTBMA Ha 60MOTHbIe NaHAaWwadTbI.

OcBoEHVE pecypCoB canporesst HOBbIM CNIOCOOOM CKBaXKUHHOW rAPOA06bIUM MOXET ObITb BECbMa NepCrneKTUB-
HbIM HaMpaBIEHNEM Pa3BUTKA MPEANPUATUI, AOObIBAIOWMX 1 NepepabaTbiBaloLLVX MECTHOE OPraHNYeCKOoe Cbipbe.

BbinonHeHa Hay4HO-nccnenoBatesibCkaa i OnblITHO-KOHCTPYKTOPCKaA (TexHONornyeckas) pa60Ta.

OnbITHBIN o6pa3eu, YCTaHOBKA CKBaXUHHOM FVI}J.pO,ElO6bIl-IVI npoOXoAuUT NCNblTaHUA B YCNOBUAX OMbITHbIX y4acCT-
KOB TOpd)ﬂHbIX MeCTOpO)K,D,eHVII?I, noacTuiaemMblxX canponenem: BblObIBLLETO U3 SKCnnyatauunm nocne ,ElO6bI‘-IVI ¢pe—
3epHoro Top<|>a N HEOCYLWIEHHOIro CMﬂbHOO6BOp,HeHHOFO.

Mpennpuatia no fobblue Topda v canponens pasnunyHon Gopmbl COBCTBEHHOCTY, B TOM YMCIE Manioro 6rsHeca.

Fangykesny Oner MyxanoBuy, BeAyLUNIA HAayYHbIN COTPYAHUK, KAaHANAAT TEXHUUYECKIMX HayK, JOLEHT.
E-mail: kurs2014@tut.by
Ten.: (+37517) 21513 01
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5. BUOMPEMAPAT «KUCET» A4 3ALLMTbI PACTEHWI PANCA OT KOMMNEKCA
BPEAUTENEN

MpenHa3HaueH Ans 6opbbbl C KOMMIEKCOM BpeauTesNieil sPOBOro 1 03MMOro panca
(pancoBbIli LBeTOEA, ParncoBbIi CEMEHHOW CKPbITHOXOOOTHNK, CTPYUYKOBBI KamyCTHbIN KO-
MapuK). [JencTBYOWMM KOMMNOHEHTOM, OTBETCTBEHHbIM 3@ MHCEKTULMAHYIO aKTUBHOCTb
«Kncetar, anaeTca ankanong tabaka — HUKOTUH. COpepXXnUT KOMMNIEKC NpUpoaHbIX 61o-
NIOTMYECKM aKTMBHbIX COeAVHEHUI: MenaHouanHbl (60-70 % B Cyxom BellecTBe), Kap-
60HOBble KCnoThl (12-15 % B CyxOM BelyecTBe), NekTrHbl (3-5 % B CyXOM BELLECTBE),
MaKpO- 1 MUKPO3/IeEMEHTbI.

Ob6ecneunBaeT 3aLMTy PAacTEHUI panca OT KOMIMIEKCA BpeanTesiei ¢ Gronornyeckon
addeKkTnBHOCTbIO 60-82 %, CTUMYNMPYET POCT 1 Pa3BUTNE PaCTeHNI, YBENMYMBAET Ypo-
XaNHOCTb MacIoCeMsAH APOBOro U 03MMOro panca Ha 17-21 %, ynyuluaeT CTPYKTypy ypo-
XafA (KonmMyecTBO CTPYUKOB, YNCIIO CEMAH B CTPYUKe M MacCy CeMAH) U YBeNn4yMBaeT Mac-
NINYHOCTb CeMAH panca Ha 1,1-2,4 %.

I'IpenapaT «Kncet» nony4vatoT Ha OCHOBE NPMPOAHOIo CbipbA, OTXOAa TabayHoro npowums-
BOACTBa — TabGayHoW NbINn. ﬂpemmymeCTBa npenaparta:

— BbICOKO3dEKTUBEH, CMOSb3yeTcA B HeOOoNbLUNX A03aX;
- 06f1afgaeT coueTaHHbIM UHCEKTULUAHBIM 1 POCTOCTUMYNIMPYIOLLUM SENCTBUEM;

— M0 TOKCUKONOrO-TMIMEHNYECKUM 1 SKOTOKCUKOIOTMYECKM XapaKTepPUCTMKaM OTHOCUTCA K ManoomnacHbIM
BewecTtBam (Il Knacc onacHocTw);

— 6e3BpefeH A1A YenoBeKa, }KUBOTHbIX, MOYBEHHON 1 BOAHOW Gropbl 1 GpayHbl, yI06eH B MpUMeHeHNM, He Ha-
KanamnBaeTCA B CeSIbCKOXO3ANCTBEHHON NPOAYKLMY;

—6e3onaceH And nyen; B OTIMYME OT XMMUYECKMX MeCTULNAOB, MOXKET MPUMEHATLCA B Gpa3y LIBETEHNA pacTeHWA.

HayuyHo-TexHNYeCKunn ypoBeHb: COOTBETCTBYET OTEYECTBEHHbIM 1 3apyOeXHbIM aHanoram.

PaspaboTka BHegpeHa B npounzsoacteo UMYl «YepseHbAIPO» B YepBeHckom paiioHe MUHCKOI 0651acTu.
TexHonorna npoussofacTBa (HOy-xay) nepedaHa No MMLEH3NOHHOMY JOrOBOPY.
MpepnpuATMA arpoNpPOMBbILLIEHHOTO KOMIMJIeKca.

’KmakoBa Hapexxna AHaTONbeBHA, BEAYLWMIA HayUHbIA COTPYAHUK, KaHAMAAT TEXHUYECKNX HaYK, AOLIEHT.
E-mail: zhmakova@mail.ru
Ten.: (+37517) 214 22 52

6. KOMMNO3MLMOHHBIN COPBLIUOHHbIA MATEPWUAJ HA OCHOBE TOPOA

KoMno3nLMOHHbBIN COPOLMOHHDBIA MaTepuran NpeacTaBnseT cobor sKkonorobe3onacHbI NPOAYKT, NoyyeH-
HbI MexaHnyecKkoln MoanduKauven cbanaHCMpPoBaHHOM KoMNo3numm Topda pasnnyHoro Bmaa 1 kapboHatco-
JepXalmnx MruHepanbHbIX J06aBOK, canponens Uiy akTBMPOBaHHOIO Y.



MaTepuan npegHasHaueH AfiA MCMONb30BaHWSA B KauyecTBe Bfaro-
1 ra3omnornoLaoLlero KOMMNOHeHTa ry6oKon NOACTUIIKM NPY HaMosb-
HOM CofiepXaHuK LbINNAT-6ponnepos.

Copb6UuUMOHHbIN MaTepuran Ha ocHoBe Topda Kak KOMMOHEHT riy6o-
KOl NOACTUKN 06nafaeT BblICOKOW ra3onorioTUTeNIbHOM CNOCOOHOCTbI0
Mo OTHOLLEHMIO K aMMuraKy (He meHee 14,0 %), ero BNaroeMKoCTb COCTaB-
naet go 600 %.

MNprMeHeHne rpaHyIMpPOBaHHOMO MO CeLUnanbHOM TEXHOMOT M KOMMO-
3UTa Ha OCHoBe Topda BNAaXKHOCTbIO He Bblle 25 % CyLeCTBEHHO CHUXKA-
€T 3amnblJIEHHOCTb B MTUYHMKAX.

[TTUyHMK

YcTaHoBKa no Npon3Bo/CTBY copbeHTa NS NTUYHMKA

MpumeHeHVie NOACTUNKM, COiepKalleil COpOeHT, Mo3BonseT 6narofapsa HoOpManM3aumMnm MUKPOKIMmaTa nTuy-
HVIKa 11 ero SHTEPOCOPOLNOHHBIM CBONCTBaM MNOBbICUTb COXPAHHOCTb MOroN0Bbs, CHU3UTb 3a60N1eBaeMOCTb 1 Ma-
JEX NTHLI, YBEIMUUTD CPefHECYTOUHBIV NPYBEC U NPOAYKTUBHOCTD.

BbinyLeH onbITHbIN 0bpa3el,.

Hoy-xay.

MTuueBogvecKne NpeanpuATAA CTPaHbI.

TomcoH Anekcen SMMaHynoBUY, 3aMeCcTUTeNb AUPEKTOPA, KAHANAAT XMMNYECKNX HayK, OOLEHT.
E-mail: altom@nature-nas.by
Ten.: (+37517) 361 30 68
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3HEPTETUKA, 3KOJIOIrna nu PALUOHAN

V. TOCYAAPCTBEHHOE HAYYHOE YYPE)XXAEHMUE
«MOAECCKUU ATPAPHO-3KOAOIUYECKUU
WHCTUTYT HALUOHAABHOU AKAAEMUU
HAYK BEAAPYCH»

7. TEXHOJIOTUU OBPABOTKWU OCAALKOB CTOYHbIX BOA, 411 OBECMEYEHUA
UX 3KOJIOTOBE30MACHON YTUNTU3ALIUM

JencTyownin HopMaTMBHBIN JOKYMeHT (TOCT 17.4.3.05-86) He ycTa-
HaBNMBaET KOHKPETHbIE TPEOOBaHNA K CBONCTBAM OCaZIKa CTOUYHBIX BOZ,
YTO CAEPXKMBAET BO3MOXKHOCTb LUMPOKOIO NPUMEHEHWA 0CaIKOB CTOY-
Hbix BoA (OCB). ina obecneueHnsa 3Konorobe3onacHon yTunmsaumm
OCB HeobxoauMma peanvsauus NepeyHs NMofgroToBMTENbHbIX Onepa-
LniA 1 06paboTKM 0CafKOB: 06e3BOXKUBAHME, CTabunM3auus, obessa-
paxvBaHue, HelTpanu3ayus.

CoBpemMeHHble MexaHUYecKre metofbl o6e3BoxmBaHma OCB ¢ npu-
MeHeHneM GUNLTP-NPEeCCoB 1 eKaHTepOoB NO3BOJIAT YMEHbLUNTb KO-
NINYECTBO B3BELLIEHHbIX YacTuL npruMepHo B 10 pa3 v ABnsioTca 6onee
SKOMOMMYHbIMU 1 MEHEe SHepPro3aTpaTHbIMY METOAAMM MO CPAaBHEHUIO
C ectecTBeHHOW cywkon OCB B ycnoBuAX MNOBbIX MOWA[OK, KOTO-
pble 3aHUMatOT bonblUKe TeppUTOpPUM, a 0bpasylmeca GunbTpaTbl
OKa3blBaOT HEraTMBHOE BO34ENCTBUE HA COCTOAHME FPYHTOB U FPYH-
TOBbIX BOZ,. XMMUYecKune cnocobbl 06e3BoxrBaHma OCB cBA3aHbI C CMONIb30BaHNEM XVIMUYECKMX PeareHToB (ra-
LLeHas M3BECTb), KOTOPbIE N3MEHSIIOT XMMUYECKUI COCTAB U PeaKLMIo Cpefbl 0CaKOB, YTO 06ecrneymBaeT Kak nx
006e3BOXKUBaHUE, TaK 1 06e33aparkuBaHue.

Yno6peHue Ha OCHOBE 3ePHOOTX0/10B

Bbi6op MeTofa cTabrnm3aumm onpeaenaeTca pAAOM yCIOBUIA 1 3aBUCKT OT BULA OCafKOB, X KONMYeCTBa, BO3-
MO>KHOCTEN 1 YCNIOBWIA AasibHENLIEro Ux NCnosib30BaHWA nn pasmelteHus. OTMeUYEHO, YTo Ha 6-e CYyTKM as3pob-
Ho ctabunmsaymmn OCB pe3ko cHuxaeTca notpebneHre Knciopoaa 61MoLeHO30M 1 NoyYeHre He3arHrBatoLLe-
ro ocagka, Ha 8-e cyTkm — pacnapg 44 % opraHuyeckoro Bewectsa OCB.

ABTOTepMMYecKasa TepMmodusibHasa aspobHan ctabunmsauma (ATAD) obecneunmBaeT cokpalleHune neproga bmo-
nornuyeckon gectpykumm OCB c peanusaumeit npoLeccoB 06e33apa)xrBaHna ocajka.

Bunotepmunueckne metogbl obpabotkn OCB (KomnocTupoBaHue) obecneyrBaeT NpeobpasoBaHne opraHuye-
CKOW YacCTu 0CafKoB B CTabubHbIN rymyconofgobHbii NpogyKT (Ao 58,65 % muHepanbHoro BelyecTtsa). Hecmo-
TpA Ha 3P deKTMBHOCTb fJaHHOTO MeTofia 06paboTKM 0Ccafika CyLlecTBYeT paf Npobnem, NpenATCTBYIOLWMX LWNPO-
KOMY NpYMEeHeHNI0 KOMNOCTOB Ha ocHoBe OCB B cenbCKoM X03A1CTBE.

B pe3ynbrate NPUMEHEHUsS] TEXHONMOTNI 06PABOTKM OTMEUYAETCS CHUPKEHME BIAXKHOCTU ANA CbIPOro Ocagka
€ 97,75 po 90,85 %, anA n36bITOYHOro akTBHOIO nia — ¢ 98,8 fo 94,18 %, ana cOPoXKeHHoW cmecn — ¢ 96,52
[0 64,38 %. CofiepKaHue TaKenblX METANIOB CHUXKAETCA B CBA3M C 06pa3oBaHeM TPYAHOPACTBOPUMBIX Pppak-
LUK, BKIIOYAOLWNX COeAUHEHNA C OPraHMYeCKUMU BewweCcTBaMmM 1 HErMapPOM3yemMbiMy KOMMEKCaMMU.

MoproTtoBneHHble OCB MOryT 6bITb UCMOJIb30BaHbI AA NMPOV3BOACTBA HOBbIX BUAOB OpraHnyeckrx yaobpe-
HWUI B COOTBETCTBUM C TexHnyeckmummn ycnosuamm nnm ¢ CTb 2668-2024.

Peanusauna TexHonoruin O6pa6OTKI/I n nogrotoskn OCB obecrneynBaeT ux 3KOJ'IOFO6E3OI'IaCHy}O yTnnm3sayuio
B COOTBETCTBUN C pa3pa60TaHHblMVl TexHnyeckumm ycnoBAMM Ha HOBbIV BUJ yﬂ06pEHI/II7I Nn B COOTBETCTBUN
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¢ CTb 2668-2024 «YnobpeHus opraHUYecKre, MoYBOrPYHTbI 1 CyOCTpaThl AJ1A PeKYNbTUBALUN C UCMOSIb30BaHN-
€M 0CaflKOB CTOYHbIX BOf,. ObLMe TeEXHUYECKINE YCITOBUAY.

ObecneyeHne yTUnr3aLmm 0CafKoB NPOM3BOACTBEHHbBIX CTOUHBIX BOA NepepabatbiBaloWmnx npesnpusaTuil.
B pe3ynbraTe yninoTHeHUs 1 06e3BOXMBaHWA HabntogaeTcs ymeHblueHre o6bema OCB B 28,75 pas. TexHonoruu
cTabunrsaumm n brotepmmnyeckrie metofbl 06paboTkn OCB obecneurBaoT MUHepanu3aumio fo 44 % nerko-
OKMCNAEMOV OpPraHUKM 1 MacCBaLyio TAXKeNbIX METAIOB, UTO obecrneymBaeT NPYMEHEHME ero B KayecTBe
MCXOLHOro MaTepuana Afisi NPov3BOACTBa YA0OPEHNS.

Paspa6oTka BHeipeHa B NPOU3BOACTRBO.

Pa3paboTaHa TexHUUYeCcKas JOKYMeHTauus Ha BbiMyCK npogyKuum Ha ocHoBe OCB monokonepepabaTbiBa-
owrx npegnpuatTun: TY BY 200022701.182-2016; TY BY 200022701.183-2016; TY BY 200656098.071-2016;
TYBY 300061219.014-2017; TY BY 500017450.049-2017; TY BY 300567362.009-2019; TY BY 400046241.013-2020;
TY BY 200027027.042-2021; TY BY 500040357.096-2023.

MpeanpuATUs arpONPOMBILLIEHHOTO KoMmekca Pecnybnuku benapycb, npeanpuaTis KOMMYHanbHOMO XO-
3A1CTBa.

Jlnukesny AHatonun Hukonaesuy, 3aBesytoLnin nabopatopuen.
E-mail: hydropaei@gmail.com
Ten.: (+375 162) 25 80 05

8. TEXHONOTUU NONYHYEHNA NUTATENIbHLIX CYBCTPATOB U3 OPTAHOTEHHBIX
0TX0[0B B KAYECTBE MOANONKATOPOB MOYB ANA YNYULIEHUA
O3EJIEHEHHOCTU 1 3KOJIOTMYECKOT0 COCTOAHUA rOPOACKUX 3EMEb

[lnsa npousBofcTBa Cy6CTpPaTOB B KauecTBe MOANGMKATOPOB MOYB
[N KOMNOCTUPOBAHWA NCMOMNb3YTCA OpraHoreHHble otxogbl KYMOTT
MKX «bapaHoBuuckoe ropogckoe KKX», r. bapaHoBuun: pactutenb-
Hble 0TX0[bl OT YOOPKM ropoACKMX TEPPUTOPIIA, CaZl0B, MAPKOB 1 KNag-
ouw (ko 9121100, HeonacHble), Wena (HerogHasa Ha TOM/IMBO) Nocie
LpobneHus, pybkn fepeBbes, BETOK (Ko 1730200, HeonacHble).

Mo pe3ynbTaTamM HayuHbIX UCCNIEAOBaHNI YCTAaHOBMIEHO, UTO MOJTyYEeH-
HbI CyO6CTpaT COAePXKMT NUTaTeNbHbIe 31eMeHTbl: obLiero a3oTa (N) —
He meHee 0,2 %, obuiero ¢ochopa (P,O,) — He meHee 0,1 %, obuwero
kanua (K,0) — He meHee 0,2 % Ha eCTeCTBEHHYI0 BJIAXKHOCTb, KAC/IOT-
HocTb (pHKcn) B npepenax 6,0-8,0 ea. pH, BnaxxHocTb He 6onee 60 %.

Cy6cTpaT NUTaTeNbHbIN NMPUMEHAETCA ANA O3€eNIeHEHNA Ha ropoa- ToToBblii cybCTpar
CKUX TEPPUTOPUAX C LIBETOUHBIMU KyJbTypamu, ra30HHbIMU TPaBOCMe-
CAMY 11 BPEBECHO-KYCTapHUKOBOW PacTUTENbHOCTBIO B T. BapaHoBuum.
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HoBas TexHonoruna 6a3mpyeTc;| Ha MeCTHOM Cblpbe, Hal7|p.eHbI onTuMmasnbHble COCTaBbl ANnA 3¢Cl)eKTVIBHOFO KOM-
NOCTUPOBAHUA.

HaingeHo pelueHre npobemMbl yTUAN3aLMK HEOMACHbIX OpraHOreHHbIX 0TX0A0B npeanpuAtnid XKX. Mutatens-
Hble CybCTpaThl B KauecTBe MOANPUKATOPOB NOYB OyAyT NPUMEHATLCA Ha FOPOACKNX TeppuToprAX . BapaHoBm-
4m, 0CO6EHHO Ha 0ObeKTax HOBOCTPOEK C HU3KMM NI0JOPOANEM MOYB Ha JIErKMX MO rpaHyIoOMeTpPUYeckomy co-
CTaBy MeCYaHbIX 1 CyrnecyaHblX MOYBax Af1A yayylleHNa arpOXMMUYECKNX, arpoPU3nNyecKkmnx CBOMCTB NMOYB 1 Ka-
YyecTBa 3efleHblX HacaxJeHWI, a TakKe CHUXKeHUA ferpajaloHHbIX NPOLeCCOB MOYB B FOPOACKMX YCIOBUAX.

BbinonHeHa Hay4YHO-nccnenoBartesibCkaa Win OnbITHO-KOHCTPYKTOPCKaA (TexHonormnueckas) pa60Ta.

HayuHo-TexHnuecKan JOKyMeHTaLus npefocTaBieHa noTpebuTento Ha OCHOBaHUN INLIEH3MIOHHOTO JOroBO-
pa. Pa3paboTaHbl TexHnueckue ycnosus TY BY 290061754.009-2024 «Cy6cTpaT Ans MCNOMb30BaHKA B FOPOACKIMX
YCNOBUAX» N «TeXHONOTrMYeCKM pernameHT No 03eNeHeHNI0 FOPOACKUX TEPPUTOPUIA».

MpennpuATUA XXUINLLHO-KOMMYHaNIbHOTO x03AcTBa Pecny6nvkn benapycsb.

FanoHtok AHapelt HrukonaeBny, HayuHbli COTPYAHVK, MarnucTp GUONOrMYecKmxX HayK, ucciegoBaTesb.
E-mail: andnik2017@yandex.ru
Ten.: (+375 162) 2579 62, (+375 29) 822 52 68
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VI. TOCYAAPCTBEHHOE MPUPOAOOXPAHHOE
HAYYHO-UCCAEAOBATEAbCKOE YYPEXXAEHUE
«MOAECCKUU TOCYAAPCTBEHHbIN
PAAUALLUOHHO-DKOAOTUYECKUKA 3ANOBEAHUKY

9. PETTAMEHTALINA BEAEHWA QEATENbHOCTY B MONECCKOM rOCYAAPCTBEHHOM
PAAVALIUOHHO-3KONOTNYECKOM 3AMOBEAHNKE CYYETOM CNELUOUKI
PAOWOAKTUBHOIO 3ATPASHEHWA U 30HUPOBAHWA EF'0 TEPPUTOPUU

Pa3zpabotaH PernameHT BeileHUA NeCOXO3ANCTBEHHOW 1 MHOW [eATeNIbHOCTY Ha Tepputopun Monecckoro rocy-
[LAPCTBEHHOIO PafMaLIMOHHO-3KONOMMYeCKoro 3anoBefHuKa C yYeTom crelndrKn pagmnoakTMBHOIO 3arpa3HeHus,
TpeboBaHMs KOTOPOrO YCTaHABMBAKOT MOPALOK NaHMPOBAHUA U NMPOBEAEHMA JIECOX03ANCTBEHHbIX MePONPUATUN
N SKCMEPUMEHTaNIbHO-XO3ANCTBEHHON AEATENIbHOCTI Ha OCHOBE MOBbLIAENbHOrO 30HUPOBAHMA NECHOTO GpOHAA yUpeXK-
LEHUA, YUNTbIBAOLLETO CNeUndUKy ero paaroakTMBHOMO 3arPA3HEHUA MO BCEM CMEKTPaM JONTOXUBYLLMX Pagmno-
HYKNAoB (ue3nii-137, cTpoHumin-90, nnyToHuiA-238, -239, -240, amepuunin-241) 4epHOObITBCKOTO MPOUCXOXKAEHNS.
OnpepneneHbl BONPOoch, TpebytoLlue B NepcreKkT1Be NpaBoBOro yperynnpoBaHua Mo BeAeHWIO J1eCOX03ANCTBEHHOM
N HOW AeATENbHOCTU Ha TeppuTopunm [1onecckoro rocyaapCTBEHHOMO paaraLMOHHO-3KONOMMYEeCKOro 3anoBeHNKa
C yyeToM crneuundrKmN PagmnoakTUBHOIO 3arpA3HEHUS, U3NTOXKeHHble B AHASIMTYECKO 3anmcKe.

OnpepneneHbl NOAXOAbl OPraHN3auUny U BeAeHNA NeCoX03sANCTBEHHOM U 3KCMEPYMEHTaNIbHO-X03ANCTBEHHOM
LEeATeNIbHOCTU Ha TEPPUTOPUAX, MOLBEPrHYTbIX PaAN0aKTVBHOMY 3arpA3HEHUIO B pe3yribTaTe aBapuii Ha Yep-
HoObInbckon ASC.

MoparoToBneHbl PekomeHAaLMM NO 1ECOMO0JIb30BaHMIO, MPOTUBOMOXKapHOMY 00YCTPOICTBY NecHOro GoHAa, oxpa-
He, 1eCOBOCCTAHOBIIEHUIO 1 NTECOPA3BEAEHMIO, IECO3ALLUTHBIM MEPOMPUATUAM, MO BEAEHMIO SKCNEPUMEHTaNIbHO-
XO3ANCTBEHHOW AeATEeNbHOCTN yupexxaeHua. [ToarotoBneHbl NpeanoXeHna no 30HNpoBaHuto Tepputopun lMo-
NeCCKOro rocyapCTBEHHOrO pagnaLnoOHHO-3KONOMMYEeCKOro 3anoBeHrKa Ha OCHOBE AaHHbIX ee PafM0aKTMB-
HOro 3arpA3HeHns, PernameHT BegeHNA TeCOX03ANCTBEHHOM N MHOW AeATENIbHOCTU Ha Tepputopurm Nonecckoro
rocyapCTBEHHOroO pPafMaLiOHHO-3KONOMMYECKOr0 3aNoBeHMKa C yYeTOM cneundukmn pagnoakTUBHOrO 3arpas-
HeHVA 1 AHaNUTUYeCKan 3anrcka no Bonpocam, TpebytoL M B NepPCreKTMBE NPaBOBOro YperynnpoBaHua rno se-
[EeHVI0 1ecoX03ANCTBEHHOW Y MHOW AeATENbHOCTY Ha TeppuToprm [lonecckoro rocyaapcTBEHHOMO pagnaLiOHHO-
3KOMNOrMYecKkoro 3anoBefjH1Ka C y4eToM cneLduKkn pagnoakTyBHOIO 3arpsa3HeHus.

Pa3paboTka BHeZlpeHa B MPOU3BOACTBO.

BocTouHo-Ypanbcknin 3anoBefHuK, YepHoObINbCKNIA BUOCepHbIVi paanaLOHHO-3KONOrMUYeCcKniA 3anoses-
HUK, CemrnanaTUHCKUM UCMbITaTeNIbHbIN MOJIATOH.

KyavH Makcum BnagmmmnpoBuny, 3amectutesb AUPEKTOPa MO Hay4yHOW paboTe, KaHAMAAT CeNbCKo-
XO03AMCTBEHHbIX HayK, AOLIEHT.

E-mail: max.kudin@mail.ru

Ten.: (+375 29) 680 59 82
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VIIl. YSPEXXAEHUE BEAOPYCCKOTIO
rTOCYAAPCTBEHHOTO YHUBEPCUTETA
«HAYYHO-UCCAEAOBATEAbCKUN UHCTUTYT
PUINKO-XUMUHECKUX NMPOBAEM»

10. 1OBABKA KOPMOBAA «®3TMNPOTEKT» HA OCHOBE CYXOr0 3ALLULLIEHHOIO MWPA

3alMLLEeHHDBIN XMP, NOYYEeHHbIN 13 pancoBoro ¢y3a, — BbICOKOIPHEKTNBHAA SHEpreTUyecKas, XopoLlo 1c-
cnefoBaHHas, 6e3onacHas 1 cTabunbHas KopMoBas AobaBKa Ans KPYMHOro poratoro CKoTa, ugeanbHblii Npo-
OYKT AN yBeIMYEHMss MOJIOYHOTO NPon3BOACTBa. OH ABNSETCA HALEXHbIM CTOUHMKOM »K1Pa, HE BO3AENCTBY-
IOLLMM Ha NpoLecchbl pepmeHTaLmm B pyoLie; 06ecrneumBaeT OpraHn3M *KMBOTHbIX BbICOKOYCBOSIEMOW SHEPIEN;
ObICTPO HOPMAsKM3YeT U aKTUBU3UPYET OOMEH BELLECTB Y MOJOADBIX PACTyLWMX ocober, yBeNnunBaeT npuBechl;
OKa3blBaeT MONIOXKUTESIbHOE BANAHKE Ha CMOCOOHOCTb K BOCMPOM3BOACTBY 1 OOMEHHbIE MPOoLLecChl OpraHn3ma;
MOBbILWAET UIMMYHUTET; HOPMaJIM3yeT YCBOAEMOCTb KNETUYaTKM.

OTeyecTBEHHbIE aHanorm OTCYTCTBYIOT.

ObecneunBaeT BbICOKMI YPOBEHb NaKTalln B TeyeHmne BCero nepropa, nosblleHne XXNPHOCTU MOJIOKa; No-
3BON1IAE€T CHU3UTb B palMOHe KONMM4YeCcTBO KOHUEHTPUPOBAHHbLIX KOPMOB; NMO3BOJIAET BBOAUTb 6onbule rpy6oro
KOpPMa; CHM>KaeT BEPOATHOCTb BO3HNKHOBEHUA KETO30B N alngo30B.

Pa3paboTka BHegpeHa B MPOU3BOACTBO.
*KnBoTHOBOAUECKME NpeanpuaTra, depmepcKkime Xxo3aicTBa.

Mo3Hsk MMeb Nropesuny, cTaxkep MnafLLero HayyHoro CoTpyaHuKa.
E-mail: hlebpozniak@gmail.com
Ten.: (+37529) 11047 12

11. HOBbIE BUA bl BUOPA3NIATAEMbIX YTAKOBOYHbIX MATEPWAJIOB
CYNYYIUEHHBIMA OYHKLINOHANbHBIMU XAPAKTEPUCTUKAMU ANA
NPOANEHWUA CPOKOB XPAHEHNA NPOAYKTOB NMUTAHUA

Npea pa3pa60TKV| 3aKJID4aeTCcA B O6'be,D,VIHEHI/II/I XapPaKTEPUCTUK Pa3INYHbIX MO XUMUYECKON npupoae nonn-
mMepoB “ 61ONOrNYECKN aKTUBHbIX NHIrpeauneHToB ANnA CO30aHNA BHEWHUX N BHYTPEHHKX YMAaKOBOK C yny4lleH-
HbIMW XapPaKTepnCTUKaM C TOYKU 3PEHNA 3aLlLNTbl N YBENTNYEHUA BPEMEHN XPaHEHNA YNaKOBaHHbIX B Hee Npo-
OYKTOB. 3acuer perynnpoBaHnA TONLWMNHbDI, yBENTNYEHNA KONNYECTBa CJZ1I0EB, BBEAEHWNA PA3JINYHbIX HanonHutenen



MOXHO CO3JjaBaTb YNAaKOBOUHblE MaTepuaJibl C yNyylleHHbIMM CBOMCTBaMM MO CPaBHEHWIO C TUMUYHBIMU HEBWO-
pasnaraembIMy OAHO- U MHOFOC/IOVHBIMU MIEHKaMU 1 INCTaMM: BbICOKUMM 6apbepHbIMU CBOMCTBaMM MO OTHO-
LIEHWIO K BOAAHOMY Mapy 1 ra3am, TakiM Kak KUCII0poga, YIeKUCbI ra3 1 apomaTiyeckmne coearHeHrs (3ana-
X1), HEMPOHMLAEMOCTbIo Ans YD-13yyeHuid, a Tak»Ke BbICOKOW MeXaHUYeCKO MPOYHOCTBIO U 31aCTUYHOCTbIO,
XOpoLUei repMeTH3NpYtoLLei CMOCOBHOCTbIO, TEPMOCTaOMIBHOCTbBIO, CNELANbHbIMU aHTUOKCMAAHTHBIMM, aH-
TUMUKPOOHBIMU 1 [PYrMI CBOMCTBAMU.

OfHUM U3 MHHOBALMIOHHBIX BAPVAHTOB O10pa3siaraembix yrakoBok ABnsAetcs «benbuollak» — anbTepHaTrBa
Tetra Pak, B KOTOpOM HeT 61iOHepa3naraembix KOMMOHEHTOB: MONIM3TUIIEHA U aNIOMUHEBON GONbIY, HO COXPaHe-
Hbl BCE XapaKTepUCTUKK, KoTopble npucyLiy Tetra Pak: BogoycTonunmBoCTb Npy KOMHATHBIX TeMMepaTypax, Knc-
nopopoHenpoHuLaemMocTb 1 YO-3awmTa. [apaHTUIAHbIA CPOK XpaHEHWA YNaKOBaHHbIX >KMAKOCTEN COCTaBUT OT 3
[0 12 MmecAueB, Npv 3TOM 3Ta yraKkoBKa OyleT NofIHOCTbIO pa3naraemoli B OKpy»KatoLLen cpefe 6e3 KoMnocTnpo-
BaHMsA. Takasl yNMaKOBKa — 3TO KOHCTPYKLMSA, COCTOALIAs 13 Oymaru, MPUPOLHbIX 1 CUHTETUYECKMX Guopa3snara-
€MbIX MOIMMEPOB 1 PACTUTESNIbHBIX SKCTPAKTOB, UTO MO3BOMIUT CO3AaTb O1Opa3fiaraemyto ynakoBKY, MPUTrofHYH0
ONA ANNTENbHOrO XPaHeHWA XUAKMX NULLEBbIX MPOAYKTOB.

Kpome Toro, nsroTtossieHbl 6ymMakHble TapesnKu 1 CTaKaHUMKIM AJ1S XKUOKIUX MPOAYKTOB C 1CMOJIb30BaHNEM MO-
KpbITVS U3 Monunaktnaa. JJaHHoe MoKpbITVE MOXKHO VCMOJIb30BaTb Kak afbTEPHATVBY MOKPbITVIO U3 MOSIN3TH-
NeHa, KOToPbIN ABMAETCA HeGopasnaraemMbiM MosIVIMEPOM.

Monunaktug obnagaeT oYeHb HU3KOW BNaronpoHNLaeMOCTbI0, MO3TOMY €ro MOXHO MCMOJIb30BaTb B KayecTse
MOKPbITMA Ha YNaKoBOYHbIN MaTepwan, NpeAHa3HauYeHHbIN 419 NPOAYKTOB, KOTOPble HY4aloTCA B BbICOKOW Bra-
rOCTOMKOCTW YNaKOBKM.

MonyueHrie Gruopasnaraembix yNakoBOK — 3TO AUHAMMYHO Pa3BMBAOLLEECA HAMpaB/ieHVe NCCeoBaHNl
B Pecnybnuke benapycb B yC/I0BUAX OTCYTCTBUA BHYTPEHHErO NMPOK3BOACTBA 3TOro ToBapa. MmnpoBon pbiHOK
6ropasaraembix yNakoOBOYHbIX MaTeEPMAsIOB elle ToNbKo popmupyeTca. CTpaHbl 3anagHoi EBponbi n CLUA noww-
NN MO NYTU CO3[aHUsA TaKMX YNAaKOBOK B OCHOBHOM 13 MOIMMEPOB, [06bIBaeMbIX 13 MOPCKMX Bogopocnei. Ku-
Tali — NyTem NoJslyyYeHns B o4eHb HeKOMPOPTHbLIX ycnoBuax (100 % BnaxHocCTb 1 Temnepatypa 50 °C) geLueBblx,
HO HeMPOYHbIX MIIEHOK M3 YACTOTO Kpaxmasa A BHyTPEHHEN YNAKOBKU IMMNKUX KOHGET. DT KOHPEeTbl Mosb3y-
I0TCA MOMYNAPHOCTBIO M NPOAATCA Ha Bcel Tepputopum Kntas un 3a ero npegenamn. OfHaKo CyLLecTByeT KOM-
NPOMUCCHBIN BapyaHT: NolyYeHne AelleBblX 1 NPY 3TOM BbICOKOMPOYHbIX MeHOK Ha ocHoBe 90 % Kpaxmana
1 10 % anbryHata HaTpus (Nwesasa fobaska E401), umeloLiyx 3HaUUTeNIbHO 60NbLIYID 001aCTb NPUMEHEHUS.
[na 3Trx e uenen pa3paboTaHbl YNAKOBKY U3 psifia APYrMX NOANCAaXapuaoB U CMHTeTMYecKoro nonnmepa — MBC.

OI'IbITHO-I'IPOMbIUJJ'IeHHaﬂ TexHonorna
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Mpepnaraembin «benbuollak» Ana XMAKUX MUTbEBbIX NPOAYKTOB (MOMOKa, Kedupa, pAxKeHKN, MPOCTOKBaLUN,
CMeTaHbl, COKOB, HaMNWTKOB U1 T. i.) COCTOUT 13 HECKOJIbKMNX C/I0EB MaTepranos, KOTOPble MOTHOCTbIO YTUAN3UPY-
t0TCA B OObIUHbIX YCNOBUAX OKPYXKaloLLel cpefbl Moc/e UX NCrosib30BaHUA NyTeM 61opasnoxeHna o yrnekuc-
noro rasa, Bofbl 1 rymyca.

Opl'aHI/l3aL|,I/IF| NPOMbILIEHHOIO NPON3BOACTBa 6|/|opa3naraeMb|x YMNaKOBOYHbIX MaTepPUanoB 13 NNLLEBBIX MO-
JINMEPOB.

MpriBnekaTeNbHOCTb TaKMX MPOAYKTOB ANiA NOTPebuTens pe3ko BO3PacTeT, UTO 06YCNOBNEHO HE TONIbKO ero
YNYULLEHHBIMW KauecTBamu (YBETMYEHHOE BPEMS XPaHEHUS) U HOBbIMM JOMONTHUTENIbHBIMM CBOMCTBaMU (Hanpu-
Mep, HOBbIM BKYCOM), a TaK>Ke 1 SKONOMMYECKOWN YNCTOTOM HaTypanbHOI ynakoBKu. Cbej0OHbIe MAEHKN MPU 3TOM
He TpebyIoT CreLmanbHbIX YCOBUI X YTUMM3ALUN, YTO COCOBCTBYET JOCTVKEHWIO LINe YCTONUNBOTO Pa3BUTUA.

BbinosHeHa Hay4YHO-MCCef0BaTeNbCKasA UK OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabora, BbinyLyeH
OMbITHbIV 06pa3sed.

Pa3zpaboTaHHasA B 1abopaTopHbIX YCIOBUAX TEXHOIOMMS roToBa K npoun3soactey. Ha OAO «bopucoBckuii 3aBog
nonumepHoi Tapbl “MOJIMMI3"» npoligeHbl Bce 3Tanbl MaclUTabMpoBaHMsA OT TabopaTopPHbIX 06pa3LIOB 4O NoJ-
HOLIEHHOrO PYSIOHHOIO YNakoOBOYHOMO MaTepurana WMPUHOMN 65 CM, N3roTOBAIEHHOTO Ha OMbITHO-MPOMbILLIIEHHON
yCTaHOBKe.

VimeeTca Hoy-xay.

MateHt CN 105295113. Edible membrane with biological activity and preparation method thereof. Huo P,
Yu Z, Xu X, Savitskaya T., Makarevich S., Hrynshpan D.; assignee: Zhejiang Shuren University; application
No. 201510828906.7 25.11.2015; published 03.02.2016.

CO6paHbI NCXOAHblE MaTepKanbl AnA nogayn AByxX 3aABOK Ha eBpa3I/IVICKI/Ie MaTeHTbl.

Opl'aHI/l3aL|,I/II/I nuLieBon oTpacnn, rae n0Tpe6neH|/|e NOJIMMEPHDbIX MaTepPUanoB B Ka4eCTBe YNakKOBKWN ceroa-
HA O4Ye€Hb BbICOKO M pacTeT NponopunoHaibHO HapalnBaHUIO ob6bemoB NPOn3BOACTBA, a TaKXe npeanpuAaTnA,
nponssojAaline noJIMMepHyIo Tapy N yNnakoBKY.

Be3sHocuk TaTbAHa BUKTOpOBHA, MarncTpaHT Xxummieckoro Gpakynbreta BI'Y, ctaxkep mnagwero HayuyHoro
COTPYAHMKa.

E-mail: tbeznosik02@mail.ru

Ten.: (+375 29) 266 62 92

MpuHwWwnan mutpun asruaosuy, 3aBeaytolmin nabopaTtopurert pacTBOPOB LIeSINoN03bl Y MPOAYKTOB X
nepepaboTKu, LOKTOP XUMUYECKNX HayK, Mpodeccop.

E-mail: grinshpan@mail.ru, grinshpan@bsu.by

Ten.: (+375 29) 650 60 65

12. BbICOKO3OOEKTUBHbIN YTOMIbHbIA COPBEHT U3 ONMUNOK

PaccmoTpeH cnocob nosyueHrs ME30MOPUCTOro aKTUBUPOBAHHOTO YIS C BbICOKOW YAeNbHON NOBEPXHOCTbIO,
paBHoI 1289 m?%/r. Nonyyaemblil yrofib UMeeT OUeHb BbICOKYHO COPOLIMOHHYI0 CMOCOBGHOCTL MO METUIEHOBOMY
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ronybomy, paBHyto 610 Mr/T, a Tak»Ke NPoABAAET NOHOOOMEHHbIE CBONCTBA MO OTHOLLUEHUIO K MOHAM TSXKENbIX
MeTannoB. Yrofb, Nofiyyaemblii Mo AaHHOMY CMOCO6Y, MO CBOMM MOKa3aTeNiAM 3HauMTeNbHO NPeBOCXOAMNT Nyu-
LUVe MMPOBbIE aHANOM, HO ero ce6eCcTOMMOCTb B 4 pa3a HIXKe CTOMMOCTY MMMOPTHOTO aKTUBUPOBAHHOTO YIS,
Bbnarogapa HanMunio Me30Mop akTMBMPOBAHHDIN YrOfb UMEET LUMPOKMIA CNEKTP NPUMEHEHNA (OYMCTKa BO3aY-
Xa, CToYHbIX Bog ASC, NpeanpuATUin XMMUYecKkoro, dapmMaLieBTUYeCKOro npodunen, a Takxke o4ncTka CnmpTo-
copepkalyunx NpoAyKTOB), a €ro NPOM3BOLACTBO Ha TeppuTopumn benapycn 6yaet nprbbIIbHBIM U MOMOXET CHY-
3UTb KONMYECTBO 06Pa3yIOLLNXCA JPEBECHBIX OTXOAOB.

PazpaboTaHHbIN aKTVBMPOBAHHbIV Yrofib 3HaUYMTENIbHO MPEBOCXOANT JlyuLlne MUpPOBble aHanorn. CopoLmnoH-
HaA cCNoCOO6HOCTb NONyYeHHOro copbeHTa Mo MeTUIEHOBOMY roslybomy coctaBnaeT 595-610 Mr/r, a UMMOPTHbIX
aHanoroB — 15-300 mr/r. [onyyYeHHbIN Yrofb MMeeT BbICOKYI0 YAENbHYI0 MOBEPXHOCTb (A0 1400 mM?/T), npy 3Tom
OH copepKnT Me3omnopbl (0T 2 4o 50 HM), 4TO 3HaUNTENbHO paclmpAeT chepbl ero NpUMeHeHNaA. TexHonorna nNpo-
W3BOACTBA YA NPOCTa, MPY 3TOM A/ Hee NCMOoJb3yeTCA NCKITIoUNTENTbHO 6eNnopyccKoe Cbipbe, YTo 06ycnaBu-
BaeT BO3MOXXHOCTb MOIHOrO nmnopTto3amellyeHna. CebectommocTb paspaboTaHHOro yrna npumMmepHo B 4 pasa
HIVXe CTOMMOCTM MMMOPTHbBIX aHaNoroB.

Co3gaHue npegnpuATvA Mo nepepaboTKe APeBECHbIX OTXOAOB B aKTVBMPOBAHHbBIN Yrofib, BHEAPEHVE MOSY-
UEHHOro copbeHTa B TEXHOJOMMYECKMne NpoLecchl.

BbinyLueH onbITHbIN 0bpa3seL,.

NmeeTca Hoy-xay.

Mpeanpusatua bapmauesTruyeckoro npoduns (PYr «benmeagnpenapatbi»), CaxapHble 3aBOfb, IMKEPO-BOAOUHASA
NPOMbILUNEHHOCTb, aTOMHbIE IEKTPOCTAHLUW, MPEANPUATAA C NPOGIEMAMUN OUMCTKU CTOUHBIX BOA.

MamaeB AHgpel Bnagummnposuy, ctyaeHT Il Kypca xummyeckoro dakynbreTa bry.
E-mail: mamaev_a06@mail.ru
Ten.: (+375 44) 564 43 06

BesHocuk TaTbAHa BKTOpOBHA, MarncTpaHT xummnyeckoro Gpakynbteta bI'Y, cTaxkep mnagwero Hay4yHoro
COTPYAHMKA.

E-mail: tbeznosik02@mail.ru

Ten.: (+375 29) 266 62 92



VIIl. MEXXTOCYAAPCTBEHHOE OBPA3OBATEAbHOE
YYPE)XAEHUE BbICLUErO OBPA3OBAHMUS
«BEAOPYCCKO-POCCUUCKUN YHUBEPCUTET

13. MObU/IbHASl ABTOHOMHAA TPAHCNOPTHAA CUCTEMA KOMMJEKCA
NPUrOTOBNEHUA XXULKUX KOPMOBbIX CMECEA HA MOJIOYHO-TOBAPHbIX
OEPMAX

Mo6unbHas aBTOHOMHas TPAHCMOPTHas cMCTeMa NpeAcTaBseT co60 aBTOHOMHYIO NEKTPOMEXaHNYECKYHO
YCTaHOBKY, OCHALLEHHYI0 31EKTPONPUBOAOM, EMKOCTbIO IS TPAHCMOPTUPOBKN/MPUrOTOBEHUSA XUOKNX KOPMO-
BbIX CMeCeli, AO3MPYIOLLM YCTPONCTBOM LA pa3iaum roToBbIX CMeCeN.

3HaunTenbHoe yMeHblleHne ﬂOTp86J'IEHV|ﬂ JHepreTnyeckmnx pecypcoB npu obecneyeHnn TEXHONOMMYECKOro
npouecca. TexHuyeckne peweHna — CtagnaA nojlyyeHrA naTteHTa.

3HaunTeNbHOE YMeHbLUEeHVe NOTPebNeHNA SHepreTUUecKx pecypcoB Npu obecrneyeHny TeXHONOrMyecko-
ro npovecca.

BbInonHeHa HayYyHO-1CCNIeioBaTeNIbCKas UM OMbITHO-KOHCTPYKTOPCKas (TeXHonornyeckas) paborta.
MaTteHT Ha none3Hyto mogenb N2 13497 «[Nactepumsatop».
MonouHo-ToBapHble pepmbl Pecnybnuku benapycb n CHT.

NeHeBckuii feHHaguin CepreeBuny, JOLEHT Kadeapbl, KaHAMAAT TEXHNYECKMX HayK, AOLIEHT.
E-mail: emos_mogilev@rambler.ru
Ten.: (+375 29) 639 38 45
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IX. YYPEXXAEHUE OBPA3OBAHMUA
«BUTEBCKUN TOCYAAPCTBEHHbIN
TEXHOAOTMYECKUW YHUBEPCUTETY

14. KOMNNEKT YYEBHO-JIABOPATOPHOI0 ObOPYI0BAHUA
«HEPTOCBEPETAIOLLUE TEXHONTOTUU»

YuebHo-nabopaTopHble CTEHADI «DHeprocbeperatoLiie TEXHONOMM» NpeAHa3HauYeHbl AN 06yYeHns CTyaeH-
TOB UHXXEHEPHbIX CMeLMaibHOCTEN BbICLUKX YYEOHbIX 3aBeeHUIA, U3yyatoLnx BONPOChl 3GpHeKTUBHOIO MCMOMb-
30BaHVIA TOMIMBHO-3HEPTETUYECKMX PECYPCOB, a TaKXKe ANs CTYAEHTOB, YIy6ieHHO U3ydatoLwmx Kypc «<HeTpaau-
LIVIOHHbIE 11 BO30OHOBIAEMbIE CTOUYHUKW SHEPTUM». B KOMMNEKT CTeHA0B BXOAAT: yuebHO-1abopaTopHbI CTEHA
«MccnepoBaHme Npouecca NpeobpasoBaHna CONHEUHON SHEPTN B SNIEKTPUYECKYIO», yuebHbI cTeHs «Mccnepo-
BaHVie npoLecca npeobpa3oBaHisA SHEPTUM BETPA B SNIEKTPUUYECKYIO», yUebHbI cTeHa «OcBelyeHre. Vccnepo-
BaHMe XapaKTePUCTUK MCTOUHKOB UCKYCCTBEHHOIO OCBELLEHMS», yUebHbI cTeH «Mogesb TENI0BOro Hacoca.

TexHUYeCKre XapakTepUCTUKN yYebHbIX CTEHOB:
- nutaHne — 380/220 B, 50Iu;

- noTpebnsemas MOLHOCTb — He 6osnee
1,0 KBT; L . :

- rabapuTHble pa3mepbl, He 6onee:

— wurpuHa — 900 mm;
— Bblcota — 1000 mm;
- rny6uHa — 600 mm;
- BeC — He 6onee 40 Kr.

KOHCTPYKTUBHO CTEHAbI COCTOAT 13 KOp-
nyca, B KOTOPbIA YCTAHOBJIEHbI 3NEKTPO-
060pyaoBaHuie, SEKTPOHHbIE NnaTbl v 6510-
K1, NLeBas NaHesb 1 CTONeWwHNLA NHTe-
rpvpoBaHHoro pabouero ctona. Mpeano-
naraeTcs HaCTo/IbHOE pasMelleHre yyeb-
HbIX CTEHAOB.

N\ N
\PZEN

A frrrern trerrtat
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TexHVYEeCKMU MpenmyLLecTBamMy Pa3paboTaHHbIX YUeOHbIX
CTEH[OB ABNSAETCA MOOUNBHOCTb, KOMMAKTHOCTb, HAMNALHOCTb,
BO3MOXHOCTb UCMONb30BaHMA B yue6HOM npouecce ans fe-
MOHCTpaLUn yCTPOCTBa U NPUHUUMNOB PaboTbl B nabopaTop-
HbIX YCnoBUAX yyebHbIX 3aBefeHUin. Pa3paboTka MOXeT uc-
Nosb30BaTbCA B paMKax 06pa3oBaTesibHOro npouecca no epu-
3UIKe B CpeAHWX, CPefHUX CNeLmanbHbIX U BbICLUMX YUeOHbIX 3a-
BEAEHUAX, @ TAKXKE NPU N3yUYEeHUV COBPEMEHHbIX HamnpaB/iEHUIA
pa3BUTKA SHEPTETUKM 1 SHEProchepekeHus.

YyebHble CTEHAbl NO3BOJIAKOT N3YUYNTb:

— XapaKTePUCTUKM CONHEYHOWN GaTapen 1 BETPOTYpPOVHbI,
TEMIOBOro HaCcoCa, CTOYHMKOB CBETA;

— paboTy aBTOHOMHOW SHEPreTUYeCKoW CUCTEMDI;
- MpoLecc Npeobpa3oBaHUs SHEPTUN B SHEPTETUKE;

— V3MEpPEHMA SHEPreTUYECKMX XapaKTepUCTUK U3NyyeHus
OT pa3HbIX NCTOUYHVIKOB.

[MoBblweHVe KauecTBa 06pa303aH|/|ﬂ B BOMpOcCax 3Heproc6epe>KeH|/m, BHeApeHMe HOBbIX MOAXOOO0B K OLlEHKE

TOMNIMBHO-3HEPTETUYECKNX PECYPCOB.

BbinonHeHa Hay4YHO-nccnegoBatenbCkaa in ONbITHO-KOHCTPYKTOPCKasA (TexHONOrMYeckasn) pa60Ta, BbinyLweH

OnMbITHbIV 06pa3seL.

YuebHble 3aBefieHNs.

KepHocek Ceprel Bacunbesuy, 3aBegytolmin Kadenpor TennosHepreTnky, KaHANAAT TEXHUYECKMX HayK,

JIOLIEHT.
E-mail: zs_85@mail.ru
Ten.: (+375 29) 814 38 60



X. YYPEXXAEHUE OBPA3OBAHMUA
«FTOMEAbBCKUU TOCYAAPCTBEHHbIN TEXHUYECKUN
YHUBEPCUTET UMEHU M. O. CYXOrOn

15. METOAMKA 1 NPOTPAMMHOE OBECTEYEHWE ANA OLEHKU NPONYCKHOM
CMOCOBHOCTV HU3KOBONBTHBIX SNEKTPUYECKMX CETEN

MpennoxeHbl METOAMKA M KOMMbloTepHas nporpamma LineCapacity Ans oLeHKM NPOMnycKHON cnocobHOCTY
SNEKTPUYECKNX CETEN HaCeIeHHbIX MYHKTOB C YaCTHOW »Kufon 3acTporkon. lNporpamma LineCapacity BbinonHs-
€T pacyeT PeXMMOB MaKCMManbHbIX I MUHUMAJIbHbIX HAarpy30K SN1eKTPUYECKON CeTU, onpeaensaeT 3HaYeHne Ha-
NPAXeHWI ANA KaXXaoro notpebutens, TemmnepaTtypbl BCeX MPOBOLOB U CUIOBOro TpaHchopmaTopa. Mo pesynb-
TaTam pacyeToB nporpamma LineCapacity dopmupyeTt oTueT 0 NponycKkHOM CnocobHOCTM obcnelyemMon ceTu.

MNporpamma LineCapacity oTnnyaeTca oT NporpamMmm-aHanioroB BO3MOXHOCTbIO BbIMOMHATb pacyeTbl AN He-
CUMMETPUYHbBIX TpexdasHbIX INEKTPUYECKUX CETEN, a TaKKe BO3MOXHOCTbIO pacyeTa TemnepaTyp nNpoBOAOB
1 CUNOBbIX TPaHCHOPMaATOPOB ANA JIETHETO Y 3UMHETO NEPUOAOB, a TaKXKe ANA PeXKUMa MUHUMASTbHbIX Harpy3oK.

CHVKeHVe BepOATHOCTM HeLOMyCTUMOrO KayecTBa NIEKTPOCHAbXeH A noTpebrTenein Npy NOAKIIOYEHN
K 21IeKTPNYECKOW CETV HOBbIX MOTpebuTenei.

BbinyLeH onbITHbIN 0bpasel,.
Ha gaHHbIn MOMeHT nporpamma LineCapacity He 3apernctpnpoBaHa.
MpeanpuATUA SNeKTPUYECKIX CeTel, MPOEeKTHble OpraHn3aLmm, yuebHble 3aBefileHN .

3anu3Hbi Amutpuii iBaHOBWY, fOLEHT Kadeapbl «INeKTpoCcHabXeHne», KaHanaaT TEXHUYECKMX HayK, [JOLeHT.
E-mail: zaldmi@yandex.ru
Ten.: (+37529) 367 90 54

16. NOCTPOEHUE, AHANIN3 3AKOHOMEPHOCTEW ®OPMUPOBAHUA CTPYKTYPHbIX
MOJIEN CYTOYHOI0 PACXO[A FA3A YKPYMHEHHDIX BAJIAHCOBBIX FPYNN
PETMOHANIbHBIX CUCTEM TA30CHABXEHUA N PA3PABOTKA MATEMATUYECKNX
MOZAENEN A1 NPOrHO3MPOBAHMA PACXOJA TA3A HA NEPCNEKTUBY

BbiaBneHbl 1 ccnenoBaHbl pakTopbl, MO3BONAOLLME NPOrHO3UPOBaTb NOTPEOEHME NPUPOLHOTO rasa Mo yKpyn-
HeHHbIM 6anaHCoOBbIM Fpyrnnam 1 pervoHanbHon cucteme razocHabxeHua (PCIC) B uenom. Vicnonb3oBaHue
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MHOronapameTpryeckoro KnacTepHoOro aHannsa no3sonsio B TPAANLIMOHHOE CTPYKTYPHOE NoJie «CyTOYHbIN pac-
XOf, ra3a — cpefHeCcyTO4YHaa TemnepaTypa Hapy>KHOro Bo3gyxa» BBECTV AOMONHUTENbHbIN NapaMeTp «HOMep
CYTOK», YTO OTKPbIBAE€T BO3MOXHOCTI AN MHOTOMEPHOro 1ucciefoBaHna AaHHbIX. [Tpov3BeaeHa oueHKa Bnu-
AHVA BbIIBNIEHHbIX GAaKTOPOB Ha NOTpebeHne rasa ana yKpynHeHHbIX 6anaHcoBbix rpynn PCIC. Pa3zpaboTaHbl
MopZenv AnsA NPorHo3MpoBaHMA roOBOro NoTpebsieHNs ra3a YKpYNHeHHbIMK GanaHcoBbiMM rpynnamu n PCIC
B Lesiom. Pa3paboTaHa 1 BeprouLmnpoBaHa METOAMKA NPOrHO3UPOBaHUs razonotpebnenus ana PCI'C. OcHoBa
NMoAXofa — 3TO UHTErpauums pasnyHbIX MOAeNen, afanTUpPOoBaHHbIX AN CneunduKkn yKpyrnHeHHbIX GanaHco-
BbIX FPYMMN 1 MCMOSIb30BaHKA UX MPU rofOBOM, KBapTaJIbHOM MiaHWPOBaHUK. DTarbl PaboTbl OXBAaTUIMN NOCTPO-
eHvie Mofenen ANna Kaxkaon YKpynHeHHow 6anaHcoBon rpynnbl. [lpon3BeaeH AeTanbHbIA aHanv3 Temnepatyp-
HbIX JaHHbIX (3K30reHHbIV GpaKTOp) U OCyLLecTBIeHa pa3paboTKa Ce30HHON rapMOHMYECKO Modenu Temnepa-
TYpbl HAPYXHOIO BO3AYyXa, YTO MO3BOJIAET HE TONIbKO TOYHO MPOrHO3UPOBaTh OYAYyLIME U3MEHEHNA TeMMepaTy-
pbl, HO 1 MCNOMNb30BaTh 3TN AaHHblE MPOrHO3MPOBaHUA NoTpebneHna rasa. [na NpPorHo3MpoBaHna BHECUCTEM-
HOro ¢aKkTopa «TemnepaTypa Hapy»XHOro BO3fyxa» NCMONb30Banacb moanduLMpoBaHHaA MOAENb SKCMOHEH-
LiManbHOro CraaXmnBaHna Ana ce30HHbIX PAJOB — Mofenb Xonbta — BuHTepca. [ocTpoeH anroputm NporHo3un-
POBaHUs rOJOBbIX 06 bEMOB NCMONIb30BaAHWA MPUPOAHOIO ra3a YKpYNHeHHbIMU 6anaHcoBbiMy rpynnamu PCIC
1 NpoaHann3npoBaHa ero JOCTOBEPHOCTb Ha AaHHbIX 2023 1 2024 r. Pe3ynbTaTbl NPOrHO3MpPOBaHUA NpoBepe-
Hbl MO AaHHbIM 2023 r., KOTOPbIN NCMONb30BAJICA B Ka4yecTBe TeCTOBOro nepunopa. CpaBHeHue nokasano OTKI10-
HeHwue B -0,17 % oT GaKTUUeCKMX AaHHbIX Ha yPOBHE roJ0BOro MPOrHO3a, YTo NO3BONIAET CUNTaTb METOAUKY Ha-
[AeXHOWN AnA fONroCpOYHOro NPOrHo3nposaHuA. Nposepka KayecTBa Mmogenen no AaHHbiM 2024 1. nokasana,
yTo norpewwHocTb no PCIC B uenom coctasnsaet -1,21 %.

OteyecTBeHHbIe aHaNorM oTCyTCTBYIOT. [1OKYMKa roToBbIX NPOrpaMmMHbIX MPOAYKTOB He NMO3BOJIAET B NOJHOWN
Mepe yuYecTb MHAVBUAYaNIbHble 0COOEHHOCTY MOZENUPYEMbIX NPOLLECCOB. KOHKYPEHTOCNOCOOHOCTb pa3paboTku
JOCTUraeTCA 3a CYET BCECTOPOHHENO U KOMMIEKCHOTO 00CNef0BaHNA PeXMOB NoTpebneHns rasa wectn PCIC
(Tomenbckon, MuHckon, bpectckon, lpogHeHcKow, Butebckon, Morunesckon) npu yuete nx UHAMBUAYaNbHbIX
0COBEHHOCTEN 1 3a CYET MPOrpaMMHOro obecrneyeHns Ans 2-ypoBHEBOW KNnacTepu3aLMm CyTOUHbIX PEXMOB MNO-
TpebneHuA rasa, 4to NO3BONUT B JasibHeNweM cGOPMUPOBATL MOAENN M MPOrpPaMMHOe obecneyeHne gas npo-
rHO3MpPOBaHMA NoTpebneHna rasa B kaxxgon PCIC.

DKoHOoMUYecKasi 3PpPeKTUBHOCTb pa3paboTKM 3aKNoUYaeTCcA B BO3IMOXKHOCTU MpeAoTBpaLLeHs WTPAdHbIX CaHK-
umin bnarogapsa GopMUPOBAHMIO CUCTEMbI MIAHMPOBaHNKSA pacxofa rasa npv onpeaesieHMn 4OroBopHbIX 0obe-
MOB MOCTaBKM MPUPOSHOro ra3a permoHasnbHbIM CUCTEMAM ra3ocHabxeHus Pecnybnuku benapyco.

BbinosiHeHa Hay4YHO-MCCneoBaTeNibckas paborTa.

PervoHanbHble razocHabatoLime NpeanpuaTa, 3aHMMalLMeca CoCcTaBleHneM 3adBOK NaaHpPyemMoro o6b-
eMa MoCTaBoK rasa. locyaapcTBeHHOe NPOn3BOACTBEHHOE 0ObeAVHEHME NO TONAMBY U rasndukaumm «benton-
ras» npu pa3paboTKe NHBECTULMOHHbIX MPOeKTOB pa3BuTKa PCIC. OpraHbl rocyapCcTBEHHOTO yripaBsieHus Pe-
cny6nukmn benapycb npu dopmrpoBaHum TapndoB Ha NPUPOAHDIN ra3 ANsA PasfNYHbIX FPYnn noTpebutenei.

lpyHTOBMY Hapexaa BnagummnpoBsHa, npodeccop Kadenpbl «DNeKTPOCHaGKeHMEy, [OKTOP TEXHUYECKMX
HayK, npodeccop.

E-mail: gruntovich@tut.by

Ten.: (+375 29) 304 92 67
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XI. YYPEXXAEHUE OBPA3OBAHUA
«FTOCYAAPCTBEHHbBIN UHCTUTYT MOBbILEHUS
KBAAUPUKALNUU U NMEPENOATOTOBKU KAAPOB
B OBAACTU TA3OCHABXEHUA “TA3-UHCTUTYT »

17. METOANKA BOCCTAHOBNEHUA ANINEKTPUYECKUX XAPAKTEPUCTUK U30NALIUN
KABENEN 6-10 KB

Bo Bcex kabenbHbIx NMMHKAX Pecny6nmku benapycb pernctpupyotca YacTuyHble pa3pAaabl U3-3a YBRaXKHEHWA
nsonaummn kabener B npoLecce NX XpaHeHUA Mo OTKPbITbIM HEOOM MO 3aKOHY «TOYKM POCbI». [lokazaHO Ha 06-
pasuax, UTo uepes Kabenu 1 nx coefMHUTENN BO3MOXKHaA NpoKayka TpaHcdpopmaTopHoro macna. CobpaHa ycra-
HOBKa A9 nccnefoBaHma 06pa3oBaHMA YacTUYHbIX Pa3pAaoB B Kabene nocne ero yBnaxHeHus. lNonyyeHo nog-
TBEpKAEeHVIe BOSHMKHOBEHMA YaCTUYHbIX Pa3pAAoB NPy yBRaxXHeHUN Kabend. BbinonHeHbl nccnenoBaHna ¢u-
3UKM YaCTMUHbIX pa3psaoB B Kabenax mapok N2XSEY, NYCWY, N2XSEY, NY(FL)Y, N2XSY (Helukabel, Tepmanus),
AlBly2r, AALLIB (oTeuecTBEHHOro NPOM3BOLCTBA) Ha J1abopaTOPHOM YCTaHOBKeE: B 06pasLie Cyxoro Kabens oTcyT-
CTBYIOT YaCTWYHble pa3paabl. [locne NCKycCcTBEHHOro yBNaXHeHUA Kabensa permcTprpoBanvicb YacTUYHbIe paspsa-
Abl. [py MHOrOKpaTHOW Nojaye BbICOKOro ypoBHA HanpsxeHua 40-50 KB 13 obpasua kabener noABnANCa abim.

251; 56%

M Cpok aKCIuTyaTaly 0T HOpMaTUEHOro MeHee 25%

B Cpok aKCIUTyaTalmy OT HopMatueHoro 25-50%

m Cpok sKcruIyaTaumy oT HopMatneHoro 50-75%

m Cpok aKCIuTyaTaluy OT HopMatneHoro 75-90%
Cpok skcruryatauuu ot HopmatueHoro 90-100%
Cpox skcruryatauyu ot HopmatneHoro 100% u Gonee

Konnuectso aBapUitHbIX OTKMTIOUEHNIA B 3aBUCUMOCTI OT CPOKa aKcnnyaTaLmn

Pa3pe3 TepmoycaxuBaeMoil MyhTbl



YcTaHOBKa ANA C03[aHNA 1aBNeHNA Macna B kabene BKCﬂepVIMEHTaI]bHaFI Y(TaHOBKa C KoM6uHaLmeit PyyHOro
CUCNONb30BaHNEM PYYHOro Hacoca 1 BaKyyMHOr0 HacocoB

HaTypHblil 3KCnepuMeHT

MNpoBeneH HaTYpPHbIN SKCMEPUMEHT NO NCCNELOBAHNI0 BO3MOXXHOCTY NPOTEKaHMA TpaHCPOpMaTOpHOro macna
Yyepes Kabeslb CaMOTEKOM 1 YCTaHOBJIEHA BO3MOXKHOCTb MPOKAUKM Macia Yepes kabenu gnuHoi 100-150 m noa
[aBNeHVeM s CYLIKK Kabenen. Pa3paboTaHa nabopaTopHasi yCTaHOBKa 151 MPOKAYKMU Macsia nog, 4aBNeHNEM
Yyepes Kabenu, No3BoNsAOLLas MPOBOAUTL CYLLKY Kabenieil MaciomM 1 YCTPaHATb YacTUYHbIe pa3psAabl B Kabensx.
PaspaboTaHa nabopatopHas yCTaHOBKA A1 MPOKAYKM Macsa C BaKyyMHbIM HACOCOM Yepe3 Kabenu, no3Bosns-
foLLlan MPOBOAUTL CYLLKY Kabenein MacsioM 1 YCTPaHATb YacTUYHble pa3psafbl B Kabensx. Pa3pabotaHa nabopa-
TOpHadA YCTaHOBKa ANA NPOKayKM Macsia 1 BO3fyxa Yepes coeinHuUTeNIbHble MydTbl, YTO NO3BOMAET 3aMONHUTD
NycToTbl B MydTax Mac/OM 1, TEM CaMbIM, YMEHbLINTb NOBPEXAEHNE COeANHUTENbHbIX My)T YaCTUYHbBIMU Pa3-
psgamu. MpoBefieH HaTYPHbIV SKCMEPUMEHT MO JIEYEHMIO Kabenel OT YaCcTUYHBIX Pa3psAaoB: NpoayBKa Kabens
BO3ZYyXOM Mpw AaBneHnmn 2-3 Kr/cMm?, npokauka Kabenst TpaHchOopMaTOPHbIM MAc/ioOM NPy AaBNEHNN 2-3 Kr/cm>2,
JlabopaTopHble ncceoBaHKA NoKasanu, Yto obbem Bo3ayxa B Kabene gnuHoi 100 M MOXeT COCTaBNATb 3—4 11
B 3aBMICMMOCTU OT TWMa Kabenew.



OTeyecTBeHHbIX aHaNoroB HeT. CyLlecTBYIOT pa3fiIyHble METOAbI CYLLKM Kabesel, onvcaHHble B 3apy6exxHON
nuTepaType u HayuyHon nutepatype Poccuinckon Oepepayuum:

— Cywka Tennom npegnosaraeT NpYMeHeHve Tenna Ans yaaneHus Bnarv n3 kabenbHom cuctemol. MoxHo mc-
Monb30BaTb HarpeBaTeslbHble 3/IEMEHTbI, TEMIOBbIE Kamepbl U NPUHLMMbI KOHBEKLUU /15 NMOBbILUEHUA TeM-
nepaTypbl 1 McnapeHus Bnarn. OgHaKko Npu 3Tom MeTofe Heo6xoarMo HbITb OCTOPOXKHBIM, UTOObI HE NOBPENTb
Kabesb 13-3a BbICOKUX TeMmnepaTyp. YaaneHve BRarv NpoucxoamT Npyi OQHOBPEMEHHOM BO3LENCTBUN BbICOKOW
Temnepatypbl (okono 100-120 °C) n paspexkeHum (okosno 700 Mm pT. CT.).

— CyluKa BaKyyMOM OCHOBaHa Ha CO3[laHu1 BaKyyma BOKPYT KabenbHOI CMCTeMbl A1 YCKOPEHUA NpoLecca Nc-
napeHus Bnarv. BakyymHble HacoCbl NPYMEHAOTCA A1 yAaneHUs Baru 13 kabens. 3ToT MeTof MOXET ObITb 3¢-
beKTUBHbBIM, HO TpebyeT cneLunanbHOro 060pPyA0BaHMUA 1 HAaBbIKOB AJ1A1 PabOoTbl C BaKyYMHOW CYLLIKOW.

— Wicnonb3oBaHune guanekTpuyeckoro rend (AHruna). Ananektpnyecknii refib — 3To cneumanbHbIn maTepuan,
KOTOPbIN NPYMEHAETCA BOKPYT Kabens, uTobbl NpefoTBpatiTb nonagaHuve snarv. OH obnagaet rugpodpobHbIMm
CBOWNCTBaMU 1 NMOMOTaeT 3aluUTUTb Kabenb oT Bnaru, He Tpebya AoNONHUTENbHON CylKX. OfHAKO 3TO He MeTop
CyLLKKM cam no cebe, a cKopee MeTog NpefoTBPaLleHNa nonagaHna Bnaru.

— Mlcnonb3oBaHMe fecrKaHTOB — BELLECTB, CNOCOBHbIX nornowaTtb Bnary m3 Opr)KaIOLLLEI‘/'I cpenbl. OHun mo-
ryT 6bITb pPa3meLlleHbl BHYTPU KabenbHoM cnctembl AOnA nornoweHna snarn n npenoTBpalleHnAa ee HakKomJIeHUA.
OTOT MeToq Tpe6yeT I'IepVIO,El,I/ILIECKOVI 3aMeHbl Un pereHepaumn oeCMKaHTOB.

Hay‘-IHO-TEXHI/I‘-IeCKVIVI 3¢¢EKT 3aK/K4aeTcA B NOBbILLWEHUN HAAEXHOCTU 1N yBETNYEHUIN CPOKa CJ'Iy>K6bI Kabenb-
HbIX INHWI 3a cyeT YMeHbLeHNA YaCTUYHbIX Pa3pAfoB B Kabenax nocne CyWKn nsonaymn TpaHCd)OpMaTOprIM
MacJIOM Nog AaBneHnemM. SKOHOMUYECKNI, COLMNanbHbIN 1 Hay‘-IHO-TEXHI/I‘-IeCKVIVI Bd)d)eKT 3aKJilo4aeTcAa B noaro-
TOBKe CneynanncTtoB — 3HePreTnKkos, Bnagenwnx CoBpemMeHHbIM Hay4YHbIMW 3HAHNAMUN B 0651aCTU TEXHNYECKOM
ANArHOCTUKK, YTO NMO3BOJTUT 3HAYUTENIbHO COKPATUTb d)l/lHaHCOBbIe 3aTpaTbl Ha PEMOHT M 3KCMJlyaTayunto sHepre-
Tn4yeCcKoro o6opy,q0|3aHv1ﬂ M NOBbICUTb SHEPreTUnYeCcKyro 6e30nacHOCTb PeCI'I)/6J'II/IKI/I Benapbe.

BbinonHeHa HayuyHo-MccneoBaTesbckan paboTta. Heobxoanmo obopynoBaHune ana nposefeHnsa Uccnefosa-
HWUI B NOJIEBbIX YCJIOBUSAX.

MpennpuATUs rOpoACKMX KabenbHbIX ceTelt MHMCTepCTBa aHepreTrkn Pecnybnukn benapyco.

MpyHTOBMY Hukonai Bacunbesny, npodpeccop Kapeapbl «TennosHepretuka n 3GdeKTMBHOE NCNONb30BaHne
T3P», LOKTOP TEXHUYECKMX HayK, Npodeccop.

E-mail: gruntovich@tut.by

Ten.: (+375 29) 639 06 17
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XIl. OTKPbITOE AKULUOHEPHOE OBLLECTBO
«TlPOAHO-A30T»

18. PEKOHCTPYKLUA TEXHONOTNYECKON CUCTEMDI Ne 1 LIEXA OJIEYMA
CNEPEBOJOM HA KOPOTKYHK CXEMY

MpoeKT «PeKOHCTPYKLUA TeEXHONOrMYecKoi cucTembl N2 1 Liexa ofleyMa C epeBOOM Ha KOPOTKYIO CXeMy» pas-
paboTaH B COOTBETCTBUM C TEXHUYECKMM 3aflaH/eM, 3aJaHNEM Ha MPOEKTUPOBAHME, TEXHUYECKUMI YCIIOBUSAMY,
TEXHUYECKMMM HOPMAaTBHO-MPaBOBbIMM akTamu Pecny6nuku benapyco.

[lns PEKOHCTPYKLMM TEXHONOrMYecKo cuctembl N2 1 Liexa onieyMa NpoeKToMm Obifia pefyCcMOTPEHA TEXHOO-
TS OAVIHAPHOTO KOHTAKTUPOBAHUS U O4MHapHOM abcopbumm. NepeBof Ha KKOPOTKYHO CXeMy» NpegycMaTprBan
UCKJTIOUEHME CTaMV MPOMBIBKM M OUYMCTKM TEXHONOMMYECKOTO ra3a nocsie CTagum OKUraHnsa cepbl. PeKOHCTpyK-
LMA NPOBOAMIACh B YCNTOBMAX AENCTBYIOLLErO NPOV3BOACTBA.

Llenb npoekTa — 3ameHa Gpr3nYeCKr N3HOLEHHOTo 060PYLOBaHNSA MEYHOTO 1 KOHTAKTHOIO OTAeNeHui (arpe-
raTbl CKUraHWs Cepbl, KOHTAKTHbIV annapat, TeNn00OMEHHUKM) Ha COBpPeMeHHOe 060pyA0BaHNE C MaKCUMarb-
HbIM VCMOMb30BAaHNEM TEMJIA MPOLIECCOB CXKUTaHNA Cepbl U OKUCNIEHUA AUOKCUAA cepbl (C BbIBOLOM 13 SKCIUTY-
aTaunm Gr3nYeCcKy N3HOLIEHHDBIX arperaToB CKUMAHMS Cepbl, KOTIOB-YTUN3aTOPOB, KOHTAKTHOTO annapara, Te-
NN00O6MEHHKKOB). TPOEKTOM TaKKe NPefyCMOTPEHO CHIXKEHNE MATEPUAIOEMKOCTV 060PYA0BAHUA 3a CYET KOM-
MAaKTHOTO PacnosioKeHNs TEXHONOrMYeCcKoro 06opyaoBaHms 1 Tpy6onpoBooB.

3apaun npoekTa:

— 06HOBJEHME OCHOBHbIX MPOU3BOACTBEHHbIX GOHAOB MEYHOIO M KOHTAKTHOTO OTAENIEHUIN TEXHONIOTMYECKON
cuctembl N2 T Lexa oneyma;

—yBennyeHne ynean0|7| Bblpa6OTKI/I napa nytem MakCMasibHOIoO NCNoOJib30BaHMA TeMa npoueccoB CKura-
HUA CePbl N OKNCJTIEHNA ONOKCKAA CepPbl;

— CHVXKeHVe yaeNibHOro notpebneHns 060poTHON BOAb;
— CHVIXKeHWe yeNIbHOro NoTpebieHns 3NeKTPo3Heprum.

Pe3ynbTaToM TEXHYECKOTO NEePEBOOPYKEHIIS ABNAETCA YCIIOBHO-TOA0BAs SKOHOMMS TOMIMBHO-IHEPTeTUYECKNX
pecypcoB B o6beme 15 TY.T. U, COOTBETCTBEHHO, CHUMKEHMe ce6eCcTOVMOCTI NPOU3BOACTBA CEPHOW KUCSIOTbI 1 KO-
HEUYHOrO NPOAYKTa — KanpoJslakTama, COKpaLLeHve 3aTpaT Ha SKCMlyaTaLuio 1 cogepaHme obopynoBaHus.

MpriMeHeHVe ynbTpa3ByKoBOW GOPCYHKIM Ha MEUN CKUTaHUA Cepbl AJ1A HaUTyULLIEro pacrbleHUs XUGKOW cepbl
B MOTOKE BO3/lyXa, YMEHbLUEH/E MaTePMaNIOeMKOCT/ YCTAHOBKM 33 CYUET KOMMAKTHOTO PacroNioXeHnsa o6opyno-
BaHUs. [perMyLLeCcTBOM NPUMEHEHUS YNbTPa3BYKOBOM GOPCYHKM B3aMeH MeXaHNUYEeCKUX ABNAETCA TO, UTO XKUA-
Kas cepa cKaTbiM BO34YXOM pacrblfIAeTCA B YIbTPa3BYKOBOM MoJie nepep Coniiom 1 pasfaenaerca Ha Kannm pas-
mMepom oT 20 o 160 MKMm. Tem cambim 06ecrneunmBaeTcs NOJIHOE CropaHue XUAKON cepbl B Neyu.

Mpu NpoeKkTNpoBaHMK 1 NPON3BOACTBE HapabaHa KOTNa B KOHCTPYKLMIO BHEPEH NOAorpeBaTesib NUTaTeb-
Holi Bogbl. Bnarofaps npeaBaputenbHOMY NOAOrPEBY NUTATeNIbHON BOAbI B TPYGHOM NyuKe nogorpesatens B 6a-
pabaHe KOTNa, a TaK»Ke TEXHOOMMYECKON KOHLENLUN NOAOrpeBa NUTaTeNIbHON BOAbI B SKOHOMalK3epe (nyTem
NnoAAepKaHnsa TemnepaTypbl CTEHOK MYUYKOB SKOHOMal3epa Bbille TOUKU POChl) CHUMXKEHMUE TeMNepaTypbl TEXHO-
NOrMYECKOro rasa 1o TemnepaTtypbl TOUKM POCbl CEPHOW KUCTOTbI B iXiana3oHe TEXHONOrMUYEeCKUX Harpy3oK npu
HOpPMasbHbIX Pabourx yCNoBUAX NCKIOYaeTcs. TeM CaMblM YBeIMUYMBAETCA HAAEXKHOCTb PaboTbl SKOHOMal3epa.

B Lenax ncknoyeHnsa KoHgeHcaumum cepH0|71 KNCNOTbl Ha Tp)/6HbIX ny4ykax 3KOHOMal7|3epa npegycMmoTpeHo He-
nocnenoBaTtesibHOE pacnonoxXeHne Tp)/6HbIX ny4ykoB 3KOHoma|7|3epa C Lenblo NpoxoxaeHnaA 6onee XONOAHOM
nuTaTenbHOWN BOAbl yepes cpe,u,Hvuh Ny4yoK C 60s1ee BbICOKOM TemnepaTypoPl TEXHONOrMYeCKoro rasa.
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b3OBAHUE

YBenuueHve BbipaboTku napa Ha 0,51 Mkan Ha 1 T NpoayKUWKW, CHUXKEHME NMOTPEONIEHNA NIEKTPOIHEPrm
Ha 0,00594 Tbic. KBT Ha 1 T npogyKuuu 1 Boabl 060poTHON Ha 0,016 Tbic. M3 Ha 1 T npoayKuuu.

Pa3zpaboTka BHeflpeHa B NPOU3BOACTRBO.

OAO «CseTtnoropckuin LUKK», OAO «Crekno3sasopg “HémaH"», OO0 «AKKYMynAaToOpHbIN anbaHc», OAO «benxmnmy,
NPOV3BOANUTENN MUHEPATbHbIX YAOOPEHNI U T. .

MwHkeBny Omutpuin Bnagummposny.
E-mail: minkevich@azot.com.by
Ten.: (+375 29) 844 54 02

19. METOAMKA BbINOJIHEHWUA U3MEPEHMI MACCOBOW KOHLIEHTPALIUK
KANPONAKTAMA B NPUPOAHBIX U OYULLEHHBIX CTOYHbIX BOAAX
XPOMATOTPAQUYECKAM METOA0M B OBJIACTU HU3KNX KOHLIEHTPALINH

MeTopauKa BbinonHeHusA nsmepeHnii (MBU) paspaboTtaHa ans onpeaeneHnsa MacCoBOWM KOHLEHTPaLUKM Kanpo-
naKTama B 0651aCTV HU3KMX KOHLEHTpaL Wi, [lnana3oH n3MepeHunin MacCOBOI KOHLEHTPALIMM KanposiakTama co-
ctasnset ot 0,01 go 50,00 mr/gm®. OnpefeneHnio He MeLLaeT NPUCYTCTBUE LMKIIOTEKCAHOHA, LUMKIIOreKCAHOoNMA,
LMKJIOreKCAaHOHOKCIMA — OCHOBHbIX OPraHNYeCcKmX BelecTs, MonagaHre KOTOPbIX BO3MOHO B CTOYHbIE BOAbI
BBUAYy cneundrkn npomnssogctea OAO «poaHo A30T». COrnacHo nMTepaTypHbIM AaHHbIM, He 6onee 10 % oT 06-
Lero ymcsia HopMupoBaHHbix no MAK BelwecTB (3KONOrMYECKOro HOPMMPOBAHKWA) 0becreyeHo MeTogamm o6-
HapyeHua Ha yposHe NIK.

MBW ncnonb3syetcs B nabopatopusx OAO «[poaHo A30T» 1 NpefHa3HayYeHa AN MOHUTOPVIHTA COAepPXKaHuA
KanponakTtama B MPUPOAHbIX N OUYMLLEHHbIX CTOYHbIX BOAAX.

M3mepeHne MaccoBOW KOHLIEHTpaLUKM KanposiakTaMa BbINOJSIHAT MEeTOLOM ra3oBol Xxpomatorpadum ¢ mc-
Monb30BaHNEM MlaMEHHO-UOHK3aLNOHHOTO fleTeKTopa, NAeHTUOMKAL MM MO BPEeMeHN YAePKMBaHMA Ha Haca-
LLOYHOW XpoMaTorpaduyeckon KonoHKe.

Maccosylo KOHUEHTPaumnto KanpojiakTamMma pacCiYMTbIBaOT MO MeTOoAY BHELWHEro CtaHaapTa.

Mpu copepaHum KanposnakTtama B npobax MeHee 0,5 Mr/am® NpYMEHAIOT NpeABapUTENIbHOE KOHLEHTPUPO-
BaHVe NyTeMm WAAALLEro ynapusaHus npobbl (6e3 KuneHus) u nocnegyolee XpoMmatorpadprpoBaHme nonyyeH-
HOTrO KOHLIEHTpaTa.

Mpu conepkaHnmM KanposnakTama B npobax 6onee 1,0 Mr/am® Npo6bl aHaNM3MpYIOT 6€3 KOHLLEHTPUPOBAHNA.

B auana3soHe ot 0,5 go 1,0 Mr/am® fonyckaeTcs BbIMOJIHEHVE aHaNM3a Kak C KOHLLEHTPUpOBaHMeM, Tak 1 6e3
KOHLIEHTPUPOBaHUs MPOObI Ha YCMOTPEHMe onepaTtopa.

MeTtoguka MB/.MH 6153-2019 «MaccoBas KOHLeHTpaLuma KanposiakTama B MPUPOAHbIX N OUULLEHHbIX CTOY-
HblX Bofax. MeToauka BbINOMHEHUA U3MEPEHUIN XpOMaTorpadryeckmum METOLOM» MPOLLIA METPONOTMYECKYHO
atTectaumio B benlMM v nonyunna cBngeTenbCTBO O METPONOTMYECKON NPUTOAHOCTH.



OCHOBHbI€e MeTpoJsiornyecKkne XxapaktTepuctukm v pacuivipeHHasa HeonpegeneHHOCTb III3MGpeHIIII7I

CraHpgapTHOe
MaccoBas CraHpgapTHoe
OTK/IOHEeHMne PacwmpeHHas
KOHLeHTpauunsa OTK/NIOHEeHMne .
NMPOMEKYTOUYHOW HeonpefeneHHOCTb
Kanponaktama noBTOPAEMOCTI 3
3 3 npeun3noHHOCTN U(X), mr/om
X, Mr/gm o, Mr/gm 3
r Oy, MI/AM
o1 0,01 go 1,00* 0,0420-X + 0,0006 0,0523-X + 0,0011 0,1045-X + 0,0023
o1 0,5 go 50,0 0,0377-X + 0,0422 0,0499-X + 0,0479 0,0999-X + 0,0957

* AHanu3 BbINOJSHAETCA C NPeABapUTENbHBIM KOHLEHTPUPOBaHMEM NPO6bI MyTeM BbiNapuBaHUA.

MeTtogumka MB/.MH 6153-2019 BHeceHa B [0CyapCTBEHHBIN MHOOPMALMOHHBIN GOoHA Mo obecneyeHno eauH-
CTBa n3mepeHuii Pecnybnuka benapyco.

K aHanoram moxHo otHect AM.MH 0003-2021 «MaccoBaa KOHLieHTpauma e-KanponakTama, Bblgensaemo-
ro u3 n3genvi U3 NoaMamuioB, B BOLHOW U BO3AYLIHON cpefax. MeTognka M3MepeHUn MeTofoM BbICOKO3¢h-
EKTUBHON XNAKOCTHOW XpoMaTorpadum», ons BOLHON BbITAXKKM AMana3oH N3MePeHMI MacCOBOW KOHLEHTPa-
LMK KanponakTtama coctasnset ot 0,10 go 2,00 mr/am?, uto B 10 pa3 Bbiwe paspaboTtaHHon MBU.MH 6153-2019.

Dpyrux metogmk B focynapcTBeHHOM MHOpMaLoHHOM doHfe Pecnybnukm benapycb no BogHOM MaTpuLie HeT.

BbinonHeHve TpeboBaHmii NocTaHOBNeHUA MUHUCTEPCTBA MPUPOLHbIX PECYPCOB 1 OXPaHbl OKpY»KatoLLlel cpe-
Ibl Pecny6nukn benapycb ot 11.01.2017 N2 5 «O fl0Ka/ibHOM MOHUTOPUHIE OKPY»KatoLLeln cpefbl» B pefakLumm
noctaHoBneHna MUHUCTEPCTBa NPUPOLHbBIX PECYPCOB 1 OXPaHbl OKpyXatoleln cpenbl Pecnybnukn benapycb
oT 14 miona 2023 . N@ 28.

MNpoBepeHne NapameTpoB HabnAeHN NOKaNbHOrO MOHUTOPUHTa B aKKpeaUToBaHHOW labopaTtopun.
PaclumpeHme obnactn akkpeauTaumm ncnoitatesibHon nabopatopun LI3J.

MeToavKa BHefpeHa B 1TabopaTOpHYIO MPaKTUKY U BXOAUT B 061aCTb akKpeamTaLuy LeHTPaNIbHOW 3aBOLACKOW
nabopatopuun OAO «poaHo A30T».

'Y «Pecny6nmKkaHCKUN LeHTP aHaIMTUYECKOTO KOHTPOSIA B 001aCTU OXPaHbl OKpYXKatoLell cpeapbl» 1 IpofaHeH-
ckan OJ1AK B 2024 r. pacwmpuny o6nacTb akkpeauTaLmm no gaHHon metoguke MBU.MH 6153-2019.

MNosansesa MpuHa BacnnbeBHa, HauanbHWK ceKTopa GU3NKO-XMMMNYECKNX METOOB aHanm3a Li3J1.
E-mail: povaljaeva@azot.com.by
Ten.: (+375 152) 79 47 98

Panko AHHa AneKkcaHApPOBHA, IHXeHepP-XUMUK CEKTOPa PUNKO-XUMUYECKMX MeToAoB aHanm3a LI3JT.

VMBaHoB Anekcernn CeMeHOBUY, MMaBHbIN SHEPreTUK.
E-mail: a.ivanov@azot.com.by
Ten.: (+37529) 787 17 75
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20. CUCTEMA AHTUCTONKHOBEHMUA

DNeKTPOHHAA CMCTEMA OOHAPYXEeHUA 1 MpefynpeXAeHNa CTONKHOBEHWI /15 MOrPY34MKOB, CKNAaACKOW, CTPO-
UTENbHOW 1 APYron cneumnanm3npoBaHHol TexHuKn. CucTema ocyLecTBAeT obHapyXeHne COTpYAHMKOB (Mno-
ceTuTenemn, NelexonoB) C METKaMU-paaroMasikamm B HeNocpeaCcTBEHHOM 6/IM30CTY OT TPAHCMOPTHLIX CPefCTB
1 OMACHbIX y4acTKOB, 060pyf0BaHHbIX 6a30BbIMU CTAHLMAMU CUCTEMbI OOHAPYKEHUA.

OcHOBHOE npefHas3HaueHne — NpeaynpexaeHne onacHbIX CUTYaLMii: KPUTUYECKUX CONMKEHNIA N BO3MOX-
HbIX CTONIKHOBEHWI TPAHCMOPTHbIX CPeACTB (CNeUTeXHNKM) C NepPCoOHaNoM, 3nemeHTamMmm NHGPACTPYKTYpbl U
MeXay COOoM.

JononHntenbHas ¢yHKUMA 6€30MacHOCTU, NPU3BaHHAA MOMOYb NPeJOTBPATUTb HECUACTHBIE CITyYaMu.
Pa3zpaboTka BHeflpeHa B NPOU3BOACTRBO.
MpeanpuaTus, UMeoLMe CKNagbl, CTPOUTENbHYIO TEXHUKY.

BonoawH Mnba AHppeeBuu.
E-mail: volodin.i@resurscontrol.com
Ten.: (+375 44) 536 93 00

21. CUCTEMA BUAEOMOHUTOPWHTA

Crctema BULEOMOHUTOPUHIA COCTOAHNA BOAUTENA 1 JOPOXKHOWM 06CTaHOBKM NpefoTBpaLlaeT PUCK BO3HUK-
HOBEHUs aBaPUIHBIX CUTYALIMI 33 CYET 06 beANHEHNA NepPeoBbIX TEXHOIOMMIN KOMIMbIOTEPHOIO 3PEHNA 1 OLeH-
KW AaHHbIX ancrnetyepom. Cuctema KOHTPONMPYET NONOXKEHNE aBTOMOOUIA OTHOCUTENBHO JOPOr 1 COCELHUX
TPaHCMOPTHbIX CPEfCTB.

Kamepa pearupyeT, ecnvm aBToMo6uUib nepecekaeT NIVMHUI0 Pa3MeTKM WU CIINLWKOM ObICTPO NprbnmxKaetcs
K BNepean nayLiym MallHam.

MAEHTVI(I)VIKaLU/IFl BOOAUTENA N aHaNM3 ero nosefeHnA B CaJlOHe.
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MOHUTOPUHT NONOMXKEHMA TPAHCMOPTHOIO CPEACTBa.

AHanu3 noBefeHUsA BOAUTENSA.

CocTaBneHne OTYeTOB MO COOLITUAM CUCTEMbI.

MpepynpexaeHue BogmTensa 06 onacHbIX CUTyaLUAX BO BPEMSA ABVMKEHUA.
ArcneTyepckinii KOHTPOsb PaboTbl BogUTENEN.

3anncb 1 XpaHeHre AaHHbIX Ha YaasleHHOM cepBepe.

Pa3paboTka BHeipeHa B NPOU3BOACTBO.

MpeanpuaTUA, UMetoLL e CBOI TPAHCMOPT, MEPEBO3YMKMA.

BonoguH inba AHgpeesuu.
E-mail: volodin.i@resurscontrol.com
Ten.: (+375 44) 536 93 00

22, CUCTEMA KOHTPOJIA1 U YYETA BbIBO3A MYCOPA

PelweHune npeaHa3HayeHo AnA aBToMaTM3aLMm MycopoybopoUHbIX KOMIaHuin u npeanpuatuin XKKX, 3aHuma-
loLMxcsi COoOpOM, BbIBO3OM, COPTUPOBKOW, NepepaboTkol 1 ytunmsaumen otxopos (TBO, BTOpcbipbe, BO3BpaT-
Hble OTXOAbl, FPYHT, CHer 1 Ap.).

MOHMWTOPUHT Ha KapTe c/ieayoLmx napameTpoB:

— BbIMOSIHEHHOW PabOTbI MO 3arpy3Ke MyCOPHbIX KOHTENHEPOB;
— KOHTEHEPOB, HE BbIBE3EHHbIX B CPOK;

- MogbeMa KOHTeHepoB 6e3 yCTaHOBNEHHOTO AATUNK];

- TeKyLLero aBToTpaHcnopTa B pabore;

— aBTOTPAHCMOPTa, He BblleALWero Ha MapLwpyT;

- NoceLeHNa MyCOPHbIX NOJINFOHOB;

— Konnm4yecTBa aBTOTPAHCNOPTa, npolleallero yepes noJinroH.

KoHTponb nepemelleHnA TPAHCMOPTHbIX CPEACTB B paMKax YCTaHOBIEHHOMO MapLupyTa.
KoHTponb 3a60pa MapKMPOBAHHbIX MyCOPHbIX KOHTEMHEPOB.

KoHTponb 3a60pa He MapKNPOBaHHbIX KOHTENHEPOB.

KoHTponb BbIBO3a Mycopa Ha MOJINIOH.

PaspaboTka BHegpeHa B NPON3BOACTBO.



KommyHanbHble 1 nepepabatbiBatoLne NpesnpusTus.

Bonoaun Mnba AHgpeesny.
E-mail: volodin.i@resurscontrol.com
Ten.: (+375 44) 536 93 00

23. INEKTPOHHDBIA MYTEBOW NUACT

3J'IEKTpOHHbII;I I'IyTEBOIZ JINCT — 3TO pelleHne, KOTopoe aBTOMaTU3MPYeET 3anoJIHEHWE TPAHCNOPTHOIO AOKY-
MEHTa N NCKNTIOYaEeT PyUHYO pa60Ty. Ha ocHoBaHuun nyTeBOro IMCTa CNCbIBAtOT 3aTpaTbl Ha TOMJINBO. OcHoBHoOe
npenmyLecTBO 3N1€eKTPOHHOIO NyTEBOro JINCTa — 3KOHOMUA BpeMeHU N pecypCoB.

DNeKTPOHHbIV MYTEBOW JINCT MOXHO CBA3aTb ¢ GPS-MOHUTOPUHIOM, cucteMamu yyeTa 'CM, Byxrantepckumm
nporpammamu.

WNHTerpayms ¢ y4eTHbIMM CUCTEMAMM B LIENAX aBTOMATUUYECKOTO 3anoJHeHNA.
BHeppeHue B Npon3BOACTRBO.
Jlio6oe npegnpusATre, MetoLLee TPAHCMOPT.

[me6oB Bagum BanepbeBuu.
E-mail: glebov.v@resurscontrol.com
Ten.: (+375 33) 650 78 78



XIV. OBLWLECTBO C OFTPAHUYECHHOMN
OTBETCTBEHHOCTbIO «tAMUC-AUTUN

24. CACTEMA NOAAEPXKU NPUHATNA PELIEHUN U ABTOMATUYECKOTO
YMPABJIEHUA MPOLIECCOM OYUCTKKN CTOYHDIX BOA DSS AMIS-WWTP

MporpammHo-annapaTHbIn komnnekc (MAK) npefHasHayeH ana nogaepKKm 1 NoOMoLLUY B MPUHATAN PeLLIEHNI
nepCcoHanoM OYMCTHbIX cCoopy»keHui KaHanusauum (OC) ana 3¢deKTUBHOro ynpaBneHnsa TEXHONOrMeN OYNCTKM
CTOYHbIX BO, ONEPaTMBHOIO pearnpoBaHnA Ha U3MEHEHNWA B XO[e TEXHONIOMMYEeCKOro npouecca.

MpepycmaTprBaeT 3agaBaemMoe KOJIMYECTBO NOJb30BaTeNel C pasnnyHbIiMy NpaBamu no pabote c MAK (B nep-
BYI0 ouepefb 3To MawmrHUCTbl/onepaTtopbl OC (HACOCHbIX CTaHLMIA, BTOPUYHbBIX OTCTOMHMKOB, a3POTEHKOB U T. A.)
n TexHonoru OC).

He nmeeT NOMHbIX OTEYECTBEHHbIX U 3apy6e>KHb|x aHaJ1oros.

lNoBblLeHWe 3KcnyaTaunMoHHON 3GHEKTUBHOCTU, HAAEXHOCTM PaboTbl, KauecTBa 1 ObICTPOTbI NPUHATUA pe-
LLEHWNA.

Pa3paboTka BHegpeHa B NPOM3BOACTBO.
OpraHuzauum, UMetoLLvie B SKCMyaTaLMOHHON OTBETCTBEHHOCTY OUNCTHBIE COOPYKEHMS CTOYHbIX BOA.

LibI6uH MiBaH AHaTonbeBMY, 3aMeCTUTENb AVPEKTOPA MO NPOV3BOACTBY.
E-mail: tia@amis-t.by
Ten.: (+37529) 51485 79



XV. PEAEPAAbHbIA UCCAEAOBATEAbCKUM LLEHTP
«KOMMU HAYYHbIN LLEHTP YPAABCKOTO OTAEAEHUS
POCCUNCKOWU AKAAEMUU HAYK»
(OBOCOBAEHHOE MOAPA3AEAEHUE
«MHCTUTYT TEOAOTUU UMEHU AKAAEMUKA
H. M. IOIWWKUHA KOMU HAYYHOTO LLEHTPA
YPAAbLCKOIO OTAEAEHUA POCCUUCKOM
AKAAEMWUU HAYKn)

25. AHOPTUT-KOPAWEPUTOBAAl KEPAMUKA U3 KAOJTUHA A1 NPON3BOACTBA
OTHEYNOPOB, KUCNOTOCTOMKNX MATEPMANOB

Moka3aHa BO3MOXHOCTb MCMONIb30BaHMA KaonnHa BopbIKBUHCKOWM rpynnbl MectopoxaeHuin (CpegHun Tu-
MaH) AnA NoSlyYeHnA KepaMrK1N aHOPTUT-KOPANEPUTOBOrO cocTaBa. KaonimH ABNAETCA MOHOMUHEPanbHbIM Cbl-
pbeM 19 KOMMO3UTHbIX MaTepPUanos, MOANPULIMPOBaHME KOTOPOro OCYLLECTBAANOCh 3a CHET TEPMOaKTUBaLnn
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1 apmupytoLmx obasok. M3 cmecn kaonuH/gonomuT (12, 24 n 36 %, mac.) nonyyeHbl Kepammniyeckne KomMnosu-
Tbl, NPefCTaBeHHblE aHOPTUTOM U KOPAUEPUTONOAOOHON $pa3oii, COOTHOLIEHUE KOTOPbIX BapbupyeT oT 1,3:1
[0 2,8:1.Tpn NpoeKTMPOBaHMM aTIOMOCUIIMKAaTHOM MaTPULbl C 3aiaHHbIMU SKCTTyaTaLMIOHHbIMU XapaKTepucTm-
KaMu YUMTbIBasoCb M3MEHEeHNe KPEMHNEBOTO MOAYA NCXOAHbIX CbiPbeBbIX KOMMOHEHTOB B MpoLiecce Tepmuye-
cKoW akTmBaummn. Kepammyeckaa MaTpumua NepeMeHHOro coctaBa apMUpyeTca 06pasyomumMmncs Kpuctannamm
MYJIATa U XapaKTepur3yeTca NOPUCTOCTbIO B 3aBUCUMOCTM OT COAep»KaHnA AONOMUTa, Oonpefenasa TeXxHuyeckme
CBOWCTBA: MIOTHOCTb, TENIONPOBOAHOCTb, MPOUYHOCTb. KepamMimKa aHOPTUT-KOPANEPUTOBOrO COCTaBa COOTBET-
CTBYET MIHAYCTPUaNbHbIM MeXayHapoaHbIM cTaHgapTam (IEC 60 672, rpynna matepuanos C520, TOCT 20419-83,
rpynna 400 — maTepuranbl Ha OCHOBE anioMOCUITMKATOB MarH/a UK KanbLms), @ Mo MPOYHOCTU Ha CKaTure npe-
BOCXOAMWT TPeboBaHMA ANA TeNNOU30MALMNOHHBIX Y XMMUYECKN CTOMKNX MaTepranos.

I'IonyquHble o6pa3u,b| TEXHNYECKOM KepaMnKn COOTBETCTBYIOT MHAOYCTPUAIbHbIM MeXXAYyHapO4HbIM CTaHAap-
Tam ONA OrHeynopoB 1 SNeKTPOU30JALMOHHbIX MaTepUanos.

Vicnonb3oBaHMe KaonrHa 1 4ONOMUTa NOKaNbHbIX MGCTOpO)K,D,EHI/II;I no3BOJIAET onpenesinTb akTyaJlbHOCTb pe-
anns3aynn mexaHn3amoB NMNopPTO3aMeLlleHNA.

BbinyLeH onbITHbIN 06pa3seL,.

OCHOBHbIMU 06M1aCTAMM npMeHeHNA NoJTyYeHHbIX KOMNO3UTOB ABNAKOTCA SNNEKTPOHHAA NPOMbILIEHHOCTD,
npon3BoACTBO TEMION3ONTALUNOHHDIX U XUMNYECKN CTONKMX MaTepranos.

MNoHapsagos Anekcelt BUKTopoBuY, acnmpaHT.
E-mail: alex401@rambler.ru
Ten.: (+7 963) 022 19 82

26. TENNON30TALUOHHBbIE KEPAMUYECKUE NEHOMATEPWAJIbI HA OCHOBE
MPOMbDILL/TEHHBIX 0TX010B

MepcneKTYBHbLIM CMOCO60M YTUIN3ALMMN TEXHOTEHHbBIX OTXOLO0B ABMAETCA UX BOBNIEUEHME B NPOM3BOLCTBO Te-
NNOU30NALMOHHbBIX KepaMUiYecKux neHomaTepuanos. B KauecTBe TeXHOreHHbIX OTXOA0B MCMONb30BaNv 30510-
LUSTaKOBbIe OTXOAbl YronbHOM TILL 1 XBOCTbI pIOTaLMOHHOTO 06OraLleHNs YrofbHbIX WiaMoB VIHTUHCKON rpyn-
noBol oboraTuTenbHon GabpuKu. Icnonb3oBaHe MHOFOTOHHAXHbIX OTXOLO0B B TaKOW MaTepranoemKo oTpac-
NN, KaK NPOV3BOACTBO KEPaMMKU, MO3BOSIAT HE TONbKO BOBEKATb OTXOAbl BO BTOPUYHYIO MEPepaboTKy U yMeHb-
LWMTb SKONMOMMYECKYIO Harpy3Ky Ha OKpY»aloLLyto cpefly, HO U CO3[aTb LieHHbI TOBapPHbIV NPoayKT. Ha ocHose
JaHHbIX OTXOA0B Mpu TemnepaTtypax obxkura 1200-1280 °C 6blIv NonyyYeHbl TENNOU30MALNOHHbIE Kepamuye-
CKUWe neHomaTepuanbl. BoiABneHbl ONTYMasbHbIE PEXMMbI TeMMepaTypPHOM 06paboTKu. MonyyeHHble neHoMaTe-
puanbl XapakTepusylTca HU3KOM TennonpoBogHocTbio (0,09-0,17 BT/(m-°C), BogonornoweHumem (0,2-3,1 %), Ka-
XyLiencs nnotHocTbio (0,37-0,60 r/cmd).

MNopucTble Kepammnyeckme Matepuanbl NepCnekTBHbI ANA MCMONb30BaHUA MPY CTPOUTENIbCTBE MPaXKAAaHCKNX
1 NPOMBbILLIEHHbIX 06EKTOB, aBTOLOPOT, TPYOOMNPOBOAOB, ANIA aPKTUUYECKOro JOMOCTPOEHNA B KayecTse rpa-
HY/JIMPOBAHHOIO TEMNOMN30MALNOHHOIO MaTeprana KpblLl, MOnoB, CTeH, GyHAaMeHTOB 1 NMOABaNoB, 610UHOrO Te-
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NNOV30MSALNOHHOrO MaTeprana, HanoJIHUTENA CTEHOBbIX MAaHesen, HaNoNHUTENA NPY NPOV3BOACTBE Nerkux be-
TOHOB. [MopucTan Kepamunka Hanoaobue KepamsrTa BOCTpebOBaHa B CENbCKOM X03ACTBE: pacTeHMEBOACTBE, Ca-
[IOBOJCTBE, M POMNOHUKE.

nOﬂy‘-IEHHbIe neHomaTepuasbl XapaKTePU3yTCA HU3KOM TENNONPOBOAHOCTbIO N BOAONOMOWEeHNEM, OTHOCU-
TeNbHO BbICOKOW MPOYHOCTbIO. OTnnumem ot APYyrnx TmnoB Term1on30JTALNOHHDBIX MaTePManoB ABNAETCA UX Bbl-
COKaA NoX<a pO6e3OI'IaCHOCTb, 6I/IOVIHepTHOCTb, XMnyeckan )/CTOVI‘-II/IBOCTb, [ONroBeyHoOCTb. KOHKyDEHTOCFIOCO6-
HOCTb 0becneunBaeTcs JeleBn3HON U AOCTYNMHOCTbIO CblprBOP’I 6a3bl TEXHOTEHHbIX OTXOA0B, KOTOPbIE CHUXa-
0T KOHEYHYIO0 CTOMMOCTb NeHOMaTepmnanos.

Mcnonb3oBaHe KepaMmrnyeckmnx NeHoMaTepuanos B CTPOUTENbCTBE NMO3BONUT YMEHBLUINTb TONLWMHY KOHCTPYK-
LA, CHU3WTb PacXof CTPOUTENIbHbIX MaTepPUanoB, 0b6neruynTb CTpoUTENbHblE KOHCTPYKLUN, YYULLNTb SHEPro-
3bbEKTUBHOCTb 34aHUI, UTO OCOBEHHO aKTyaslbHO AN CEBEPHbIX Y apKTUUYECKMX PErMOHOB. VX Xxmmuyeckas
YCTOMUMBOCTb, OMOMHEPTHOCTb, NOXapobe30nacHOCTb, JONITOBEYHOCTb MO3BONIUT MOBLICUTL CPOK KCMyaTa-
LUK 30aHUIN 1 COOPYKEHWI.

BbinonHeHa HayuHO-MCCNefoOBaTeNbCKas 1 OMNbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabota. BoinyueH
OMbITHbIN 06pa3zeL.

CTpOI/ITeJ'IbeIe KOMMaHN 1N YaCTHblE Nnua (HaceneHwe).

LWywkos Amntpurii AnekcaHApPOBMY, CTapLUNA HAYUYHbIN COTPYAHWK, KaHAMAAT reonoro-M1nHepanornyeckmnx
HayK.

E-mail: dashushkov@geo.komisc.ru

Ten.: (+7 908) 697 53 88

Bypues Vropb Hukonaesuny, gupeKkTop, 3aBeayioLmin nabopatopriein M1MHepasibHO-CbiPbEBbIX PECYPCOB,
KaHAULAT reosioro-MUHEPanornyeckux Hayk.

27.COPBEHTbI HA OCHOBE 30/1bHbIX OTXOA10B YTOJIbHbIX
TEMO3NEKTPOLIEHTPANEN

MepcneKTMBHbIM HanpaBneHneM YTUIN3aLnK 30/IbHbIX OTXOA0B, 006Pa3yIoOLWMXCA MPY CKUraHUK yriAa Ha Te-
NNO3NMeKTPOCTaHLMAX, ABNAETCA ee Npeobpa3oBaHMe B LieHHbI COPOLMOHHBIN MaTepran — ueonuTbl. [ony-
YeHHble TaKM CMoCOOOM LIeONNTbI ABNAIOTCS AELIEBBIMU, HO B TO »Ke BpeMs 3GpPeKTBHbIMY COpOEHTaMU 1 1O-
HOOOMeHHUKamu. [mMapoTepmanbHbIM CMOCOOOM CMHTE3NPOBAHO HECKOMbKO BMAOB LIEOSIUTOB: aHaNbLMM, Lieo-
nuTbl TMNa goxasmta (Leonut X) 1 KucmoHauHa (ueonut P). O6ocHOBaHa BO3MOXHOCTb NMOJTyYEHUA LLeOSIMTOB
C 3alaHHON CTPYKTYPOW 1 CBONCTBAMM B 3aBUCMOCTI OT YC/TOBUIN CUHTE3a: TeMMepaTypbl 1 NPOAOIIXKUTENbHO-
CTW peaKkLmu, KOHLEeHTpaLMK WenoYHOro pactBopa. Ha oCHOBe MonyyYeHHbIX AaHHbIX MOCTPOEHa CXxemMaTuyHasA
avarpaMmma Kpuctannmsauumy ueonuTtoB. CMHTe3MpOBaHHbIE LIeONTbl XapaKTePU3yoTCA BbICOKON COpPOLOH-
HOW aKTUBHOCTbIO B OTHOLLEHUW eCTECTBEHHbIX PagVOHYKINAO0B: CTEMEHb U3BNeYeHnsa pagma coctasnaet 98 %,
Topua — 6onee 89 %, ypaHa — 80 %, obnagatoT H1U3Kon gecopbumein. CopbLMOHHas eMKOCTb Mo 6aputo MeeT
BblCOKMeE 3HaveHnsa — oT 113 go 157 mr/r, no cTpoHumio — 86 mr/r, N0 aMMOHM0 — 32 mr/T.
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remaTuT-
MarHeTUTOBbIN
HepoXxor KOHLEeHTpar

SH WS

30na yHoca anekTpuyeckas MarHuTHas obpaboTtka rmgpoTepMarbHbIf LeonuThbl
cenapauus cenapauus NaOH CUHTE3

(xema nepepaboTKu 307bl yHOCA

MepcneKTVBHO NPUMEHEHME NOyYeHHbIX COPOEHTOB A1 OUNCTKU ObITOBBIX M MPOMbILLIIEHHbBIX CTOKOB, BOZO-
CHabXeHwus, BOJOMNOAroTOBKY, 1A MPUMEHEHUS B ObITOBbIX GUIbTPAX; OUUCTKM CTOYHBIX BOA NPeanpusaTAil He-
bTAHON OTpaC/v, aBTOTPAHCMOPTHBIX U aBUANPEANPUATAN, aBTO3anpPaBOYHbIX CTaHLUIA, aBTOMOEK; peabunutauum
pafviaLMOHHO- 1 HedTe3arpA3HEHHbIX TEPPUTOPIIA; OUMCTKM Fa30BbIX BbIOPOCOB NMPOMbILLIEHHbIX NPeAnpPUATHNA.

(3M-u306paxeHus LeonnTos

MpenmyLLeCcTBOM NONTyYEHHbIX LLIEONINTOB ABSETCA UX HU3Kasi CTOMMOCTb MO CPaBHEHWIO C MPOMbILLIEHHbIMY
aHanoramu, KOTopble CUHTE3UPYIOT 13 OPOroCTOALMNX XMMUYECKUX MPEKYPCOPOB. Hr3Kasa CTOMMOCTb 06ycioB-
JIEHA VCMOMb30BaHNEM B KaUeCTBe NMPEKYPCOPOB MPOMBbILLIEHHbIX OTXOA0B, KOTOPbIE ABMATCA AELLEBLIM U [jO-
CTYMHBIM CbipbeM. TeEXHOIOrMYeCKuii NpoLiecc nepepaboTKy OTXOA0B B COPOLMOHHbIE MaTepuarbl AIBAETCS CPaB-
HUTENbHO MNPOCTbIM. BaXKHOW XapaKTepUCTUKOMN CUHTE3POBAHHBIX LIEOSIUTOB SIBASIETCA UX BbICOKasA COPOLMOHHas
AKTUBHOCTb B OTHOLLEHWM PAAVOHYKIMAOB U TAXKENbIX MeTanNoB. Kpome Toro, CopbeHTbl MMET HU3KYHO CTerneHb
fecopbuyrv pagroHyKNNZOB, UTO MNO3BOJISET 136eXaTb 06PATHOrO 3arps3HeHVsA paboyeli cpeabl MOMIOTAHTAMU.

Mcnonb3oBaHne Hepoporyix copbeHTOB MO3BOMNT YNyULINTb SKONOTMUYECKYI0 0O6CTaHOBKY M MOBbICUTb Kaue-
CTBO »KM3HW HaCeNEeHUA: YNyULINTb Ka4eCTBO NUTLEBO BOAbI, MOBbICUTb 3GPEKTUBHOCTb OUNCTKM ObITOBBIX U MPO-
MbILLIEHHbIX CTOKOB OT TAXENbIX MeTaIoB, OPraHNYeCKrX NOMIOTaHTOB, HeGTeNPOAYKTOB, NMOBbICUTL ddeK-
TUBHOCTb OUMCTKM Fra30BbIX BbIOPOCOB MPOMbILLIEHHBIX NPeAnPUATUIA. VX NpYMeHeH1e NepcnekT1BHO A pe-
abunuTaumm pagnaLmoHHO- 1 HedTe3arpA3HEHHbIX TEPPUTOPUIA U aKBaTOPHUIA.



BbinonHeHa Hay4YHO-nccnenoBatesbCkaAa U OMbITHO-KOHCTPYKTOPCKaA (TEXHOHOFVILIeCKaﬂ) pa60Ta, BbinyweH
OMbITHBIN 06pa3seL.

Hoy-xay «Cnoco6 nonyyeHns cOp6eHTOB pafOHYKNA0B Ha OCHOBE TEXHOTEHHbIX OTXOA0B (30/1a yHoca TIL)» /
KotoBa O. b., Kouesa J1. C,, lywkos [. A., LLyktomoBa W. U.; 22.09.2016.

Mpeanpuatna HedTAHOM OTPACN, aBTOTPAHCMOPTHbIE 1 aBUANPEANPUATASA, aBTO3aMNPaBOYHbIe CTaHLWK, aB-
TOMOWKM. OUMCTHBIE COOPYKEHMSA ObITOBbIX 1 NMPOMBILLIEHHBIX CTOKOB, BOAOCHA0XEHe, BOAONOArOTOBKA, Obl-
ToBble GUNBTPLI. Peabunntaumsa pagnaumoHHo- 1 HedTesarpasHeHHbIX TeppuTopuin. OUKCcTKa ra3oBbiX BbIOPO-
COB MPOMBbILLSIEHHbIX NPeANPUATIIA.

LWywkoB AmnTpuid AnekcaHApPOBUY, CTapLLNIA HAaYYHbI COTPYAHWK, KaHAMAAT FreoNIoro-MUHEPaNTIOrMUYeCcKUxX
HayK.

E-mail: dashushkov@geo.komisc.ru

Ten.: (+7 908) 697 53 88
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XVI. PEAEPAABHOE TOCYAAPCTBEHHOE
BIOAXETHOE OBPA3OBATEAbHOE
YYPEXAEHUE BbICLUEITO OBPA3OBAHMUA
«AOHBACCKAf HAULMOHAABHAA AKAAEMUS
CTPOUTEALCTBA U APXUTEKTYPbI»

28. IPNINOTHbIN BUOPEAKTOP 1 0YMCTKMN X03ANCTBEHHO-BbITOBbIX

CTOYHbIX BOA

OnA OuYMCTKU TOPOACKMX CTOYHbIX BOA MasibiX
N CpeaHVX HaceneHHbIX MYHKTOB NpeafaraloTca 3p-
nndTHble bropeakTopbl. laHHbIe COOPYXEHUA Npea-
CTaBNAIOT COOOI a3POTEHKN-CMECUTENN, B KOTOPbIX
cucTeMa aspauym yCTpoeHa no NPUHLKMNY 3aTOMeH-
Horo spnudTa (Bepx aspaunoHHON SpnndTHON ne-
PeropofKy HaXOAWUTCA HUXKe YPOBHSA BOAbl). Takow
MPVHUMN NO3BONAET OPraHn30BaTb LUPKYIALNOH-
Hble BOCXOAALLEe-HUCXOAALME MOTOKU B COOpYKe-
HUW. B TaKnX COOPYKEHMSX, 3a CYET CMEHbI YCIOBUIA
a3po6HOCTU, MPOTEKAT OAHOBPEMEHHbIE MPOLLeCChI
HUTPUAEHUTPUOUKALIMM, YTO MO3BONAET OTKa3aTbCA
OT HUTPATHOIO peLrKia B 06Lel cxeme 6ronoruye-
cKom ouncTku. Kpome Toro, 3atonneHHas spnudTHas
LUMpKynAumsa obecrneumsBaeT 0OHOBNEHNE B3BELLEH-
HOTrO C/10f aKTMBHOTO UNa, YTO MO3BOJMIAET OCYLLEeCT-
BNIATb UNOPa3feNeHne HeroCpeCcTBEHHO B COOPYXKe-
HWK, n3berasa ycTpPonNCTBa BTOPUYHbBIX OTCTOMHUKOB.

XBOCTbI
odoramerns 1200 1250 1280
YIJIELLTAMOB
[ KepaMI/IKa, HOﬂyquHaﬂ HpI/I paSHLIX
1cMm Temnepatypax oosxmura, ‘C

Kepamutka u3 010108 yrneoboratieHus

(pe3 Kepamiyeckinx Matepuanos

B cniyyae HeobxoammocTn 6uonornyeckoro yganeHus ¢pocdopa, a Takke npui HU3Kom cootHoweHun BIK:N
B CXeMy C 3pnnTHBIMU GrOpPeaKTopamm MOTYT BKJIOUATbCA JOMOJHUTE IbHbIE G1I0PeaKTOPbI-CMeCUTENN C YCTPON-

CTBOM NEPETOKOB N PeLNKOB.
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Mo CpaBHEHMIO C KNnaCcCNYeCKNnMm cxemamm 6uonornyeckom OUYNCTKK, NpeanoxeHHble peleHnA BbiIroaHO OT-
NINYaroTCcA no aiegyrwrm nokasatenam:

— UCKNIOYAETCA HUTPATHbIN PeLMKI, KOTOPbIN, COrMacHO Pa3fiMyHbIM MCTOYHMKaM, cocTaBnsaeT go 300 % ot pac-
XOfa CTOYHbIX BOA;

- nepemellnBaHie B aHOKCVAHOW 30HE BbIMOMHAETCA 32 CYET MOTOKA KUAKOCTU, CO3AAaHHOIO SpnndTHON Lnp-
Kynsauven B COOPYKEHUN, YTO NCKOUAET HEOBXOAMMOCTb NCMOJb30BaHA B 3TOM 30HE 060PYAOBAHNA 41 Me-
XaHNYECKOro nepemellnBaHus;

— N3 CXeMbl NUCKI0YaeTCA BTOpVILIHbIVI OTCTOVHUK, d)yHKU,VII/I Nno nnopasfeneHnto KOToporo BbINMOJTHAET B3BeE-
LUEHHbIV CNION aKTUBHOIO 1na BHYTPW a3pPOTEHKa-OCBETNNTENA; BBUAY BI/IXpEBOIZ peunprynaymn B3pelleHHOro
oA nn He I'Ip66bIBaET [OJITroe BpeMA B aHOKCUAHDIX YCNIOBUAX, YTO NCKITIOYAET XapaKTepHoOe AnA rpaBUTalioH-
HOTro OTCTanBaHMA BTOPUYHOE 3arpA3HeHE Npu nnootTaeneHnn.

Pe3ynbTaToM NpuUMeHeHUs NpeaioKeHHON pa3paboTKu ABNAETCA NoBblweHne 3GPeKTMBHOCTY yaaneHus op-
raHUYeCKMNX COeAUHEHNI N BNOTEHHbIX SN1EMEHTOB 13 CTOUYHbIX BOJ CPEAHVX U MasbiX HAaCENEeHHbIX NMYHKTOB My-
TeM ONTMMU3aLMK KOMMeKca b1onornyecknx 1 rnapasnnyeckux npoLeccoB OUNCTKU C YMEHbLLIEHEM CTOUMO-
CTV XM3HEHHOTO LMKIIa COOPYKEHUIA.

PaspaboTka BHeapeHa B NPOV3BOACTEO.

MateHT 132076 YKkpaunHa, BO1D 21/02 (2006.01), CO2F 3/02 (2006.01), CO2F 103/00 «A3pOTeHK-0CBETAUTENbY /
B. V. HesgomuHos, [. B. 3aBopoTHbIi, B. U. 3sTrHa, B. C. PoxxkoB — N2 201809073; 3asBn. 31.08.2018; ony6n.
11.02.2019, bron. N2 3. — 4 c.

KOMM)/HaJ'IbeIe N Npon3BOACTBEHHbIE NPEANPUATUA, 3aHMaOWNeCA OUMCTKOM ObITOBbIX CTOYHbIX BOA.

PoxkoB Butanuin Cepreesud, npodeccop Kapeapbl BOGOCHAOXKeHWA, BOLOOTBEAEHNA 1 OXPaHbl BOAHbIX
pecypcoB, LOKTOP TEXHUYECKMX HaYK, [JOLEHT.

E-mail: v.s.rozhkov@donnasa.ru

Ten.: (+7 949) 305 73 28



XVIl. PEAEPAABHOE TOCYAAPCTBEHHOE
BIOAXETHOE OBPA3OBATEAbHOE
YYPEXAEHUE BbICLUEITO OBPA3OBAHMUA
«CUBUPCKUU TOCYAAPCTBEHHbIN
WHAYCTPUAABHbIA YHUBEPCWUTET)

29. UHHOBALIMOHHbIA METOLONOTMYECKUIA NOAXOA K PALIUOHANIbHOMY
YNPABJIEHUIO NPUPOAHBIMU PECYPCAMU B PEKYIbTUBALIUU HAPYLUEHHDBIX
3EMENb

VIHHOBaLMOHHbBIN METOAONOTMYECKUNIA MOAXOS K PEKYIBTUBALMM HapYLLUEHHDBIX 3eMeSlb OCHOBAH Ha KOMMNIEKC-
HOM M3yUeHI BCKPbILIHbIX MOPOA B COOTBETCTBUM CO CTPATUrpadUUecKol KONOHKOM MECTOPOXAEHWS, MHOTO-
NETHUX NCCNIe[0BaHNIA TEXHOTEHHbIX MOYB U PaCTEHUIA.
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3HEPTETUKA, 3KOJIOIrna nu PALUOHAN

C nomoLLblo pa3paboTaHHbIX JOMOSIHATENbHBIX KPUTEPUEB NPUrOAHOCTA MOPOA K 6UONOrMUYECKON PeKybTU-
BaLMU HapyLLUEHHBIX 3eMeflb MPU UCCNef0oBaHNMN BCEX BCKPbILIHBIX MOPOL MOXHO OnpefenvTb Hanbonee 6ia-
ronpursATHbIE MOPOAbI, CNTOCOOHbIE YCKOPUTD NPOLIECChl BOCCTAHOBNEHWSA PAaCTUTENBHOMO, MOUYBEHHOIO MOKPOBA.
B pe3ynbraTe pa3paboTaHbl TEXHONOTUM CO3L4aHKA NOYBOTPYHTOB (TEXHO3EMOB) C MCMOJIb30BaHNEM MPUPOLHbIX
pecypcoB (6naronpuATHblE BCKPbILLIHbIE NMOPOAbI AOObIBAOLEN NMPOMBILLIEHHOCTH, Pa3Hble NMOYBOYNyYLINTE-
nn: oTX0bl lepeBo06pabaTbhIBaloLLEN MPOMbILNIEHHOCTY, 30/10LUTaKOBbIE MaTePUarbl, OKUCIEHHbIV Yrofb v Ap.)
I OpraHOMUHEpPasbHbIX YI06peHWI 1 GroNpenapaToB Ha OTBanax, NoAAEXalyx pekynbTusaumu. Mpu noaro-
TOBKE NMOYBOIPYHTOB (TEXHO3EMOB) MCMOJb30BaHbl Pa3Hble ONTUMANbHblE COOTHOLIEHMUSA MPUPOAHbBIX PECYPCOB
(NocnoiiHoe nnn B CMeLIaHHOM COCTOSIHIM) B 3aBUCMMOCTH OT KIIMMATNUYECKIX YCIIOBUI palioHa C ONTManbHOM
PacyeTHOW MOLLHOCTbIO HACbIMHOTO KOPHEOOMUTAEMOrO C/I0A HAa MOBEPXHOCTM OTBAJIOB.

TexHOnorMm ¢ NCNosib3oBaHNEM NPUPOAHbIX pecypcoB, onTrMasibHaAd MOLWHOCTb HaCbIMHOIO, KOpHEO6VITae-
MOTO CN10A NMO3BONAIOT yaepXKnBaTb HEO6XO,D.I/IMOG KOJIn4yecCTBO aTMOCd)eprIX 0CadKoB, UTo 0COo6eHHO aKTyalb-
HO B NMepBble rofbl NTOCTTEXHONeHHOro pa3BuUTUA PaCTUTENIbHOIO MNOKPOBa Ha TeEXHOTeHHbIX OTBaJlax.

YHUKanbHoOCTb pa3pa60TKV| 3aKnKYyaeTcAa B TOM, YTO 3a CHET KOMMNIEKCHOTO NCMONIb30BaHUA NMPUPOAHbIX pe-
CypCOB, OpraHOMMHeEpPaAJibHbIX yno6peHV||7| n 6|/|onpenapaTOB B pPeKynbTBaL HapyLWeHHbIX 3eMesib MPONCX0o-
[UNT YCKOPEHHOE BOCCTaHOBJIEHME PACTUTENIbHOIO 1 NOYBEHHOIO NMOKPOBa (B TeueHne 10-15 net q)OpMI/IpyIOTCﬂ
AepHOBbIE 3M6pVIO3EMbI CO CNNOXHbIM d)I/ITOLlEHO30M N TYMYCOBO-aKKYMYJTATUBHbIE 3M6pI/IO3EMbI C 3aMKHYTbIM
(I)I/ITOL[,EHO3OM C Npr3HakKaMn 30HaJIbHbIX nous).

AKTYanbHOCTb MHHOBALMOHHOTO METOLOJIONYECKOro Noaxoaa 0bycioBeHa TeM, UTO PEKYSIbTUBMPOBAHHbIX
TEPPUTOPUIA, FAPMOHNYHO BbICTPANBAIOWMXCA B €CTECTBEHHDIN NAaHAWADT C XOPOLIO Pa3BUTbIM PACTUTESIbHBIM
1 MOYBEHHbIM MOKPOBOM HEAOCTAaTOHMHO. CyLIeCTBEHHO CHIKEHO BUAOBOE pa3HOoobpasvie abopureHHbIX BUAOB
pacTeHUIA Ha OTBasnax Nocse PeKyNbTUBALUM HapYLLEHHbIX 3eMeslb. Pa3paboTaHHbIVi NOAXOM Vi TEXHOOT M CO3-
JaHVA MOYBOrPYHTOB (TEXHO3EMOB) BAVAIOT Ha BO3HVMKHOBEHME HOBbIX MOUYBEHHO-3KOMOMMYECKUX HULL C XOPO-
LIMM NMOYBEHHO-3KOSOMMUYECKNM COCTOSHEM, COOTBETCTBEHHO B brivKariuem byayuiem 6yayT BOCCTaHAB/IMBATb-
CS1 MOYBbI C 30HASTbHBIMM MPU3HAKAMU 1 €CTECTBEHHOMN PACTUTENIbHOCTBIO, YTO BAXKHO ANA MOAAEPKKM B1onoru-
YecKoro KpyroBoporta. [JaHHbI NOAXO[ Y TEXHOSNIOMN OCOOEHHO aKTyasibHbl B paioHax ¢ A4eduLMTOM NoYBeH-
HbIX PECypPCOB.

BbInonHeHa HayyHO-MCCIe[oBaTeNIbCKasA UM OMbITHO-KOHCTPYKTOPCKas (TexHosormyeckas) pabota (co3gaH sKc-
NepuUMeHTasbHbI SKONOTMYECKNiA NONIUIOH). /I3roToBeHbl TEXHUYEeCKMe YCII0BISA, BbiMyLLEH ONbiTHbIN 0bpa3eL,.

MpoMmbilLneHHbIE NPeanpUATHA, 4OObIBAIOLLME NONE3HbIE NCKOMAeMbIe.

CemuHa MipriHa CepreeBHa, aupekTop LleHTpa reoakonorny, KaHaNAaT 60NornYecknx Hayk, JOLEHT.
E-mail: semina_is@sibsiu.ru @mail.ru
Ten.: (+7 905) 993 13 14
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XVIIl. PEAEPAABHOE TOCYAAPCTBEHHOE
BIOAXETHOE OBPA3OBATEAbHOE
YYPE)XXAEHUE BbICLUEFO OBPA3OBAHUSA
«KY3BACCKUN TOCYAAPCTBEHHbIA TEXHUMECKUU
YHUBEPCUTET UMEHU T. . TOPBAYEBAN

30. LUAB/IOH KUBEPMOJIUTOHA CUCMONBb30BAHNEM SNIEMEHTOB
ABTOMATN3WPOBAHHBIX CUCTEM YMPABJIEHNA TEXHONOTUYECKUMU
NPOLECCAMU ANA NPEANPUATHIA TONIUBHO-IHEPTETUYECKOTO KOMIJIEKCA

lWabnoH KmbepnonuroHa npeacTaBiseT coboli Moaenb WHOPaCTPYKTYpbl MNPeanpuaTUii  TOMIMBHO-
SHepreTMyecKoro KOMMeKca C 3f1ieMeHTaMy aBTOMaTU3MPOBaHHbIX CUCTEM YTPaBAeHWA TEXHONOMMYECKUMI NPO-
ueccamu (ACY TM). Pa3paboTka NnpefHa3HaueHa anis oTpaboTKy cLieHapueB KnbepaTak, 00yueHns CreLmnanmcToB
B peXrMMe MOHUTOPWHIA U pearnpoBaHuna Ha MHUMAEHTbI B peasibHOM BPEMEHN.

OcHoBy WabioHa COCTABMSAET BUPTYasibHasA MHPPACTPYKTYPA, BKIOYAOLLAA MMUTATOPbI MPOMBILLIIEHHOTO 060-
pynoaHusa (PLC, SCADA, paTumku unm gp.), CpefcTBa MOHUTOPUWHIA U aHanm3a Tpaduka (Wireshark, NetworkMiner),
a TaKXXe UHCTPYMEHTbI AN1A reHepaLmm Kubepyrpos.

JKCnyaTaLUVOHHble XapaKTEPUCTUKN BKIIOYAIOT:

— BO3MOXHOCTb MHTerpauum ¢ cuctemamm obHapyxeHusa stopxxeHuii (IDS) n SIEM-nnatdopmamuy;

- nosbllleHne 3GpdeKTUBHOCTM NOAroTOBKU UT-cneunanmcToB yckopsaeT pa3paboTKy 3alUTHbIX MEXaHM3MOB
N CHUXAeT PUCKM peanbHbIX KN6epUHLMAEHTOB Ha KpUTMYecKor NHOPaCcTpyKType;

— COMpOBOANTENIbHYIO IOKYMEHTaLMIO.

MpuknagHoe MO fonxHo 6biTb CBOOOAHO PacnpPOCTPaHAEMbIM NN COOCTBEHHON pa3paboTKy, B KpaHeM Ciy-
Yyae MOXKHO MMeTb TPUaJIbHYIO BepCuio.

YHMKaNbHOCTb pa3paboTKy 3aKNo4aeTcA B TOM, YTO Ha OTeYeCTBEHHOM PbIHKE OrpPaHNYeHHOE KONIMYEeCTBO MJ1o-
LWaZioK AnA oTpaboTKM HaBbIKOB pearmpoBaHua Ha MHLMAEHTbI/aTaku Ha NpeAnpuATMA. 3apybekHble MoLaaKu
npegnaratoT ycnyru ana obyyeHmns, HO 3a BbICOKYIO LieHy AnA oTPaboTKM HaBbIKOB. [laHHbIN WaboH No3BonuT
NpPOBOANTb 0ByUYeHne COTPYAHMKOB OTAeNa MHPOPMaLMOHHON 6e30NacHOCTU UK CTyAeHTOB Kadeapbl MHOP-
MaLVOoHHON 6e3onacHocTn B popmate SOC-LieHTpa, rAe NoAn HayyaTbca paboTaTb C cMCTeMamMyi MOHUTOPUWHTA
CUCTeMbI, @ TaKXKe pearnpoBaTb Ha aTaKu.

LLlabnoH gonxeH BbIrnAAeTb B cnepytowem popmare:

- BCA peanu3auua npefnonaraeTca Ha BUPTYabHbIX MallMHaX;

- B kayectBe OC He06XOAMMO UCMOSIb30BaThb Linux-cuctembl (HenponpreTapHble CUCTEMbI);

- npuknagHoe MO fomKHO 6bITb CBOGOAHO PacNpPOCTPaHAEMbIM UV COBCTBEHHOW pa3paboTKy;

— UTOTOBbIV WAGMNOH AOMKEH ObITb PAabOTOCMNOCOOHbBIM MOCTIE €ro BKIOYEHNS, HE AOJIKHO ObITb HUKAKUX A0-
NOSIHUTENbHbIX HACTPOEK nocse 3anycka BM;

— WwabnoH OOJTXEeH MMETb CONPOBOAUTENbHYIO AOKYMEHTALUIO.

AKTYanbHOCTb Pa3paboTKu WabsioHa KubeprnonuroHa obycioBieHa TeM, YTO Ha AaHHbIi MOMEHT npeanpus-
TVS TOMIMBHO-IHEPreTNYECKOro KOMMJIeKca NoaBepeHbl aTakaM. KaapoBbiii ronog B chpepe MHGOpMaLMOHHON
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6e30MacHOCTV aKTyasieH 1 oAsM HEO6XOAVMbI HaBbIKU pearmpoBaHsA Ha aTaky PasinyHbIX TUMNOB. Mo JaHHbIM
Positive Technologies, K 2023 . e$dnuUT KaapPoB cocTaBnAeT 50 TbiC. CeuranncToB. BHeapeHve pa3paboTku no-
3BOJINT MOBbLICUTb YPOBEHb KbGep6e30MacHOCTY MPOMbILLIEHHbIX MPeANPUATAN 3a CYET:

— peanucTUYHOro MoaennpoBaHua atak Ha ACY TTT;
— TPEHVPOBKM CMELManNCTOB MO OTPAXXeHNIO KNOepyrpos;
— TeCTUPOBAHNA 3aLLMTHbBIX PeLLeHN [O X BHEAPEHWA B peasibHble CUCTEMDbI.

o710 COKpPaTUT PUCKN aBapVIVI, d)l/lHaHCOBbIX noTepb 1 NPOCTOEB, obecneymnT COOTBETCTBME OTpacsieBbIM CTaH-
[apTam 6e30nacHOCTN.

M3roToBneHbl TeXHUYECKIME YCNOBUSA, 3Tarbl NPOeKTa U cxema peanuvsaumm MHGPacTpyKTypbl.

I'Ipennpmmvm TOMJINBHO-2HEPreTnyeCcKoro Komrniekca n yFOJ'IbHOVI MPOMbILLJTIEHHOCTI. I'Ipennpvmwm, Mncnosb-
3ytowme ACY TI1.

Ceprees Cepreii CepreeBud, CTyAeHT Kadenpbl MHGOPMaLMOHHON 6e30MacHOCTU.
E-mail: sergeevssjob@gmail.com
Ten.: (+7 951) 605 00 82



XIX. PEAEPAABHOE TOCYAAPCTBEHHOE
BIOAXETHOE Y4YPEXAEHUE HAYKU
(MHCTUTYT TENAOPUIUKHU

UMEHMU C. C. KYTATEAAA3E CUBUPCKOIO
OTAEAEHUS POCCUUCKOU AKAAEMUU HAYK)

31. KOMINEKC MPOrPAMMHOI0 OBECMEYEHUA ANA TENNOTMAPABANYECKNX
CETEW <YMHOTO FOPOAIA»

OcHoBa N5 CO34aHMA NHTENEKTyallbHbIX LMGPOBbIX MOAESEN CUCTEM FOPOACKOro TEMIOCHAGKEHUS.
Uenu:
— ONTUMKM3aLUsA CTPYKTYPbI, PEXMMOB PaboTbl, AETEKTUPOBAHNE HELUTATHbIX CUTYaLNIA;

— MaHNpPOBaHMe Pa3BUTNA CUCTEM TOPOACKOIo TensocHabXeHNsi Ha OCHOBE TEXHOMOMMIA NCKYCCTBEHHOIO NH-
TeNNeKTa.

Pewwaemble 3apaun:

— AMHAMWNYEeCKMIN aHaNM3 CMCTEM FOPOACKOrO TeMNOoCHabXeHs;

— MOZEeNUpPOBaHUe TeNOrMAPABINYECKOTO COCTOAHMS;

— ONTUMKM3aLUsA CTPYKTYPbI U PEXMMOB YNPaBNIeHNs;

— IeTeKTUPOBaHME 1 MPOrHO3MpOoBaHVe TPEHAO0B 1 COObITUI;

— onTUMKM3aLuma PaboTbl TEMSIOBbIX CUCTEM, NOBbILeHNe 3GHEKTUBHOCTU UCMONb30BaHUA PECYPCOB.

MpamMble aHanory B Poccumn oTcyTCTBYIOT.

Mo cpaBHEHMIO C CYLLEeCTBYIOLWMMY KOMMIeKCaMuy TeMIOrMapPaBanYecKmx pacyeToB C pa3BuTolr reonHdopma-
LIMOHHOWN CUCTEMOW, LUINPOKMMM BO3MOXHOCTAMY MPOEKTUPOBAHUA, aHann3a 1 NiaHNPOBaHNA PEXMMOB JKC-
nnyatauumm, KMNO npepcraBnaet onTUMmM3aLMoHHbIA GYHKLUOHAN N UHCTPYMEHTapUi NOgAEPXKKM NPUHATUA pe-
LUEHWNI, OTKPBIT ANA BHELWHUX MoanduKaLmi. B KauecTBe NprMepoB CyLLeCTBYIOLMX KOMMIEKCOB MOXHO Mpu-
BECTV NporpammHble KoMmmnekcbl «fapasnuka» UIC «CityCom-Tennolpad» n ZuluThermo. O6a npogyKTa wmpo-
KO MCMONb3yTCA U aHANOMMUYHO PELLAT KOMMIeKCHbIe 33Jaum SNeKTPOHHOIo MOJeIMPOBaHMA B pamMKax pas-
paboTKU cxem TennocHabeHus.

Mo cpaBHeHMIo ¢ cylwecTaytowmmMmn SCADA-cncTemamu, B TOM Ynce npeaHasHauyeHHbIMY AndA paboTbl € Tenso-
ceTeBbIM 060PYAOBAHNEM, KOMMIEKC MPOrpamMmMHOro obecneyeHns NpefocTaBnseT GyHKLMOHaN BbICOKOYPOB-
HeBOro aHanm3a paboTbl ceTu.

Takum obpasom, npefaraemblil KOMMNIEKC 0611aaeT snemMmeHTaMn CUCTeM 060KX BULOB U NPeACTaBAeT co-
6011 ONTUMN3NPOBAHHBIN UHCTPYMEHT MHTErpaLm, MO3BOJIALMIA MOBbICUTL KAUeCTBO aHav3a 1 ynpaBieHns
MO CPaBHEHUIO C OTAEMNbHBIM MCMOMIb30BaHNEM YKa3aHHbIX CUCTEM.

Oxunpaemble 0OCHOBHble 3GGeKTbl OT BHeAPeHMS:
— CHWKEHVEe aBapUNHOCTL 1 3aTPaT Ha PEMOHT;
— ONTMMUM3aLWA SHePronoTpebieHns Y CHUXKEHVE MOTEPb Tersa 3a CYET ONTUMK3ALMM TEMNOBbIX PEXMOB;
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— NOoBbllLleHne I/IH(I)OpMaTI/IBHOCTI/I N HaAEeXXHOCTN MOHUTOPWHTa;

— aBToOMaTM3auunA npoueccos yrnpaBneHUA N oNTUMM3auUnA SKCnlyaTauMOHHbIX 3aTparT.

B HacTosLLee BpeMsA KOMIMNIEKC HAXOAUTCSA B CTaauUn pa3paboTku. Mpeanonaraercs, Uto no 3aBepLieHnn paspa-
60TKM PpYHKLMOHAN B 06/1aCTV paboTbl C TEMOBBIMU U TMAPABANYECKUMN CETAMU OyAEeT CPAaBHUM C MPOMbILLTIEH-
HbIMY pelueHnsaMM, Takumin Kak Danfoss Leanheat, npu 3Tom 6yaeT yunTbiBaTbCA crieundrika ycTponcTBa 1 3KC-
nayatauumn Tennosbix ceTen B Poccum.

Ceupetenbctso Bl N° 2025620731 «MopenbHasa ruapaBnnyeckas ceTby».
Ceupetenbcto b1 N2 2025620728 «fACHOropcK».

TennOCHa6>Ka|ou4me OopraHuMsaumnm, BOAOKaHasbl U KOMMYHaJlbHble Cﬂy)K6bI, npennpuATnA, ocylecTenamLlimne
SKCr1yaTayuto TenyioBbIX ceten, NMpPOoMblILlLNeHHbIE NpeanpuATUA.

lo6bi30B Oner Anekceesuny, koopanHatop npoekta AT CO PAH n HI'Y «DHepreTuKka 1 pacnpegenutenbHbie
CETW YMHOTO ropofia».

E-mail: oleg.a.g.post@gmail.com

Ten.: (+7 903) 901 75 82
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|. INSTITUTE OF GENERAL AND INORGANIC
CHEMISTRY OF THE NATIONAL ACADEMY
OF SCIENCES OF BELARUS

1. LITHIUM ION EXTRACTION TECHNOLOGY

The aim of the project is to produce adsorbents based on complex lithium-manganese oxides and to develop
an adsorption technology for extracting lithium ions from aqueous media. These oxides have spinel structure
and are selective adsorbents of lithium ions. Despite the fact that the idea of using inorganic oxides was first
proposed by professor V. Volkhin in the 1970s, to date, these materials have not been implemented in indust-
rial conditions. The main limiting factors are the low chemical stability of adsorbents in acidic environments
and during multiple cycles of adsorption and desorption of lithium ions. The authors of the project propose
to increase the stability of the crystal structure and improve sorption characteristics by dosing sorbents based
on lithium-manganese oxides with spinel structure with aluminum and magnesium ions.

The highly selective lithium ion adsorbents proposed for development based on modified Li — Mn spinels
will have improved adsorption properties, increased structural stability and a high ability to regenerate during
multiple adsorption/desorption cycles, which will allow them to develop a technology for extracting lithium
ions from natural and technological aqueous media.

The resulting adsorbents will be applicable in lithium ion extraction cycles from aquatic environments (sea-
water, underground sources).

Research or development (technological) work.

The adsorbents proposed for development are of interest for use in the extraction of lithium ions from natural
aquatic environments, including in the processing of lithium-ion batteries. Given the ever-increasing demand
for lithium, the adsorbents being developed and the technology for their use are export-oriented and may be
of interest for use in the Republic of Belarus and abroad.

Darya Razumovskaya, Postgraduate Student of the 3rd Year of Study.
E-mail: d.pecheoncka2013@yandex.by
Phone number: (+375 29) 274 82 92
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Il. INSTITUTE OF FORESTRY OF THE NATIONAL
ACADEMY OF SCIENCES OF BELARUS

2. TECHNOLOGY FOR CREATING A PERMANENT FOREST SEED BASE OF HIGHLY

RESIN-PRODUCING SCOTS PINE PLANTATIONS

Due to the massive drying out of coniferous plantations, the raw mate-
rial base of tapping has significantly has decreased. To overcome the un-
favorable situation with the extraction of resin, it is necessary to create
an artificial forest raw material base for the extraction of resin by using
the most resin-producing forms of Scots pine. For this, it is necessary
to have a permanent forest seed base created on the basis of selection
and genetics. In the course of research and development, highly resin-
producing phenotypes of Scots pine with a known biochemical com-
position of terpene oils and molecular-genotypic characteristics were
selected. Based on the cloning of the selected phenotypes, an archival-
mother plantation was created, seed and vegetative grafted planting
material with a closed root system of Scots pine was obtained to create
objects of a permanent forest seed base. Based on the research and de-
velopment work, a technology was developed for the creation of forest
seed plantations of stable highly resin-producing forms of Scots pine
with specified biochemical and genotypic characteristics. Application
area: forestry, improvement of permanent forest seed base and creation
of highly resin-producing Scots pine plantations. Practical implementa-
tion of the obtained results will allow to create a permanent forest seed
base for creation of highly resin-producing pine plantations, reduce
the cost of resin extraction, increase the profitability of artificial planta-
tions and meet the country’s needs for rosin-turpentine products due
to its own forest raw material resources.

Run Summary
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The technology of creation of a permanent forest seed base of high-
ly resin-producing Scots pine plantations based on clones with known
biochemical composition of terpene oils and molecular-genotypic char-
acteristics has been developed for the first time. There are no domestic
analogues. The development corresponds to the best world standards
(Canada, USA).

Using selected highly resin-producing forms of Scots pine and estab-
lishing forest seed plantations based on them with specified biochemical
and genotypic characteristics will allow creating Scots pine plantations
with 1.5-2.0 times higher resin productivity. This technology allows ob-
taining resin with an increased content of valuable components of ter-

Collection of clones of highly pene oils.
resin-producing forms of common pine
with known composition
of terpene oils Research or development (technological) work has been completed.
Highly resin-producing phenotypes of Scots pine have been selected.
An archival plantation has been created based on cloning of the selected
phenotypes.

Enterprises of the Ministry of Forestry of the Republic of Belarus, Russia.

Andrey Konchits, Leading Researcher, Candidate of Biological Sciences.
E-mail: pinselekt@gmail.com
Phone number: (+375 25) 660 00 88
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l1l. STATE SCIENTIFIC INSTITUTION
“ACADEMICIAN O. V. ROMAN INSTITUTE
OF POWDER METALLURGY"

3.POROUS TITANIUM AERATORS

Porous titanium aerators are designed for fine dispersion of air, ozone, oxygen, carbon dioxide, other tech-
nological gases in liquids (liquid bubbling) in contact chambers for ozonation of drinking water, in aerotanks
of biochemical wastewater treatment, flotation and oxitanks, etc.

Gas saturation of liquid by aeration through porous permeable elements made of various materials is
an effective method of intensification of mass exchange processes in chemical technologies, biochemical
wastewater treatment processes, fine treatment and sewage and drinking water disinfection, technical water
of high-tech industries.

Porous titanium aerators can also be used for ozonation of drinking, waste and industrial water at the final
treatment stage and disinfection. Ozonation decomposes both organic and inorganic contaminants and dis-
infects water. Viruses, bacteria and pathogenic flora are killed several thousand times faster than with chlo-
rination. Ozone is not toxic to the inhabitants of water bodies where wastewater is discharged. In addition,
ozonisation maintains a sufficient level of oxygen in the wastewater. Porous titanium aerators are the most
suitable, corrosion resistant product for generating ozone bubbles in aqueous area at all temperatures.

Material: titanium powder of TPP-5 grade TU 1791-449-05785388-2010.
Air capacity: 0.6-60.0 m*/hour.

Average pore size: 105-138 mcm (titanium).

Permeability coefficient: (350-440) x 107> m2,

Tensile strength: 63-81 MPa.

The main advantage of titanium aerators is that their pores and outer surface are not susceptible to micro-
organism fouling due to weak bactericidal action of titanium ions, similar to the action of silver ions. There-
fore, the service life of porous titanium aerators in aqueous media containing microflora and microfauna
is 3-5 times longer than that of ceramic or polymer aerators. Besides that, porous titanium aerators don't
degrade under the action of sunlight, ozone-air mixture, aren’t subject to biofouling, are resistant to water
hammer, can be regenerated by chemical solutions, heat treatment, easily sterilised by superheated steam,
disinfectants, gamma-irradiation. Mechanical strength, reliability and service life of porous titanium aerators
in general reaches 10-15 years and is much higher than that of polymeric or ceramic aerators. Thus, the use
of porous titanium aerators increases the inter-repair period of treatment facilities, reduces downtime due
to repairs, reduces operating costs.

In relation to the best domestic models (indicators): there are no analogues in the Republic of Belarus. In rela-
tion to the best world samples: corresponds to the best world analogues.

Stable operating time of the treatment plant.

The development has been implemented in production.
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Five patents of the Republic of Belarus were obtained.

Branch “Mogilev Vodokanal’, Mogilev; Mosvodokanal JSC, Moscow, Russian Federation; Energomash LLC,
St. Petersburg, Russian Federation.

Alexander Taraykovich, Head of the Laboratory NIL-21.
E-mail: pile.pora@tut.by
Phone number: (+375 17) 292 61 87
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IV. STATE SCIENTIFIC INSTITUTION
“INSTITUTE OF NATURE MANAGEMENT OF THE NATIONAL
ACADEMY OF SCIENCES OF BELARUS”

4. EXPERIMENTAL BOREHOLE TECHNOLOGY FOR DEVELOPING SAPROPEL DEPOSITS
LOCATED UNDER PEAT

Scientifically substantiated, developed and tested new technical means and technological solutions aimed
at creating a new borehole method for extracting sapropel lying under a layer of peat. The developed and tested
installation for extracting peat-underlying sapropel has a capacity of about 1.5 thousand tons/year of sapropel
with a conditional moisture content of 60 %.

The development of sapropel resources is hampered by untested technological and technical solutions
in the field of its extraction, which are due to the specifics of sapropel occurrence in hard-to-reach places.

Most of the large peat deposits developed by the enterprises of the Beltopgaz State Production Association
are underlain by sapropel. Areas with increased sapropel thickness due to high water content are unpromising
and are not in demand for peat extraction by milling.

The proposed borehole hydraulic extraction of sapropel lying under peat significantly reduces production
costs during the development of the deposit by partially eliminating the stages of swamp preparation work and
its operation due to the use of resource-saving flow pipeline transport. It is also important to use progressive
technology for dehydration and field drying of sapropel pulp in special filter textile containers — geotubes.
The new method has environmental advantages over known technologies due to its minimal impact on marsh
landscapes.

The development of sapropel resources by a new method of borehole hydraulic mining can be a very promis-
ing direction for the development of enterprises that extract and process local organic raw materials.

Research or development (technological) work has been completed. a prototype of a borehole hydraulic min-
ing unitis being tested in the conditions of experimental sections of peat deposits underlain by sapropel: milled
peat that has been taken out of operation after extraction and undrained, highly waterlogged peat.

An application for a patent for an invention is being prepared.
Peat and sapropel extraction enterprises of various types of ownership, including small businesses.

Oleg Gaidukevich, Senior Research Officer, PhD in Engineering Sciences, Associated Professor.
E-mail: kurs2014@tut.by
Phone number: (+37517) 21513 01
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5. BIOPREPARATION “KISET” FOR RAPE PLANTS PROTECTION AGAINST COMPLEX
OF PESTS

It is designed to control a complex of pests of spring and winter rape (rape flower borer,
rape seed borer, cabbage pod midge). The active component responsible for the insec-
ticidal activity of “Kiset” is tobacco alkaloid — nicotine. It contains a complex of natural
biologically active compounds: melanoidins (60-70 % in dry matter), carboxylic acids (12-
15 % in dry matter), pectins (3-5 % in dry matter), macro- and microelements.

Provides protection of rape plants from a complex of pests with a biological efficien-
cy of 60-82 %, stimulates plant growth and development, increases the yield of oilseeds
of spring and winter rape by 17-21 %, improves the structure of the crop (number of pods,
number of seeds in a pod and seed weight) and increases oil content of rape seeds, in-
creases oil content of rape seeds by 1.1-2.4 %.

“Kiset” is obtained on the basis of natural raw material, waste of tobacco production —
tobacco dust. Advantages of the drug:

- highly effective, used in small doses;
- has a combined insecticidal and growth-stimulating effect;

- by toxicological-hygienic and ecotoxicological characteristics belongs to low-hazar-
dous substances (3rd class of hazard); Biopreparation “Kiset

- harmless for humans, animals, soil and aquatic flora and fauna; convenient to use; does
not accumulate in agricultural products;

- safe for bees, unlike chemical pesticides, can be used in the flowering phase of plants.
Scientific and technical level: corresponds to domestic and foreign analogs.

The development has been implemented in the production of Cherven AGRO PE in Chervensk district
of Minsk region.

Farms of the agro-industrial complex.

Nadezhda Zhmakova, Leading Researcher, Candidate of Technical Sciences, Associate Professor.
E-mail: zhmakova@mail.ru
Phone number: (+37517) 214 22 52

6. COMPOSITE SORPTION MATERIAL BASED ON PEAT

Composite sorption material is an environmentally friendly product obtained by mechanical modification
of a balanced composition of peat of various types and carbonate-containing mineral additives, sapropel or ac-
tivated carbon. The material is intended for use as a moisture- and gas-absorbing component of deep litter for
floor-keeping of broiler chickens.
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Peat-based sorption material as a component of deep litter has a high
gas absorption capacity in relation to ammonia (at least 14.0 %); its mois-
ture capacity is up to 600 %. The use of a peat-based composite granu-
lated using a special technology with a moisture content of no more than
25 % significantly reduces dustiness in poultry houses.

The use of litter containing a sorbent allows, due to the normalization
of the microclimate of the poultry house and its enterosorption proper-
ties, to increase the safety of the livestock, reduce the incidence and mor-
tality of poultry, increase the average daily weight gain and productivity.

Poultry house

A prototype was released.

Now-how.

Poultry house sorbent production plant

Poultry farming enterprises of the country.

Alexey Thomson, Deputy Director, PhD, Associate Professor.
E-mail: altom@nature-nas.by
Phone number: (+375 17) 361 30 68
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V. THE POLESIE AGRARIAN ECOLOGICAL INSTITUTE
OF THE NATIONAL ACADEMY OF SCIENCES OF BELARUS

7.TECHNOLOGIES FOR PROCESSING WASTEWATER SLUDGE FOR ENVIRONMENTALLY
SAFE DISPOSAL

The current regulatory document (GOST 17.4.3.05-86) does not
establish specific requirements for the properties of sewage sludge,
which does not ensure the possibility of widespread use of sewage
sludge (SWS). To ensure environmentally friendly disposal of SWS,
it is necessary to implement a list of preparatory operations and
sludge treatment: dehydration, stabilization, disinfection, neutra-
lization.

Modern mechanical methods of SWS dehydration, using filter
presses and decanters can reduce the amount of suspended par-
ticles by about 10 times and are more environmentally friendly and
less energy-intensive methods compared to natural drying of SWS
in sludge beds, which occupy large areas, and the resulting filtrates
have a negative impact on the condition of soils and groundwater. Chemical methods of SWS dehydration are
associated with the use of chemical reagents (slaked lime), which change the chemical composition and reac-
tion of the sediment environment, which ensures both their dehydration and disinfection.

Fertilizer based on grain waste

The choice of the stabilization method is determined by a number of conditions and depends on the type
of sediment, its quantity, possibilities and conditions of its further use or placement. It is noted that on the 6th
day of aerobic stabilization of WS, the consumption of oxygen by the biocenosis and the production of non-
rotting sediment are sharply reduced, on the 8th day, 44 % of the organic matter of WS decomposes.

Autothermal thermophilic aerobic stabilization (ATAD) ensures a reduction in the period of biological destruc-
tion of WS with the implementation of sludge disinfection processes.

Biothermal methods of WS processing (composting) ensure the transformation of the organic part of the sedi-
ment into a stable humus-like product (up to 58.65 % of mineral matter). Despite the effectiveness of this meth-
od of sludge processing, there are a number of problems that prevent the widespread use of composts based
on WS in agriculture.

As a result of the application of processing technologies, a decrease in humidity is observed for raw sludge
from 97.75 to 90.85 %, for excess activated sludge from 98.8 to 94.18 %, for the fermented mixture from 96.52
to 64.38 %. The content of heavy metals is reduced due to the formation of poorly soluble fractions, including
compounds with organic substances and non-hydrolyzable complexes.

The prepared wastewater sludge can be used to produce new types of organic fertilizers in accordance with
the Technical Conditions or STB 2668-2024.

The implementation of technologies for the processing and preparation of wastewater sludge ensures their
environmentally safe disposal in accordance with the developed Technical Conditions for a new type of fertilizer
or in accordance with STB 2668-2024 “Organic fertilizers, soils and substrates for reclamation using wastewater
sludge. General technical conditions”.

Ensuring the utilization of industrial wastewater sludge from processing plants. As a result of compaction
and dehydration, a 28.75-fold decrease in the volume of wastewater is observed. Stabilization technologies
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and biothermal methods of wastewater treatment ensure mineralization of up to 44 % of easily oxidizable or-
ganic matter and passivation of heavy metals, which ensures its use as a source material for fertilizer production.

Development is introduced into production.

Technical documentation has been developed for the production of products based on wastewater sludge
from milk processing plants: TY BY 200022701.182-2016; TY BY 200022701.183-2016; TY BY 200656098.071-2016;
TY BY 300061219.014-2017; TY BY 500017450.049-2017; TY BY 300567362.009-2019; TY BY 400046241.013-2020;
TY BY 200027027.042-2021; TY BY 500040357.096-2023.

Enterprises of the agro-industrial complex of the Republic of Belarus, public utility companies.

Anatoli Litskevich.
E-mail: hydropaei@gmail.com
Phone number: (+375 162) 25 79 95

8. THE TECHNOLOGY OF PRODUCING SUBSTRATES FROM ORGANOGENIC WASTES.
NEW SOIL MODIFIERS FOR IMPROVEMENT OF GREENING AND ECOLOGICAL
CONDITION OF URBAN LANDS

For the production of substrates (as soil modifiers) by composting,
organogenic wastes of the Enterprise “Baranovichi Municipal Housing
and Communal Services” are used: vegetative waste from cleaning
of city territories, gardens, parks and cemeteries (code 9121100, non-
hazardous), wood chips (not suitable for fuel) after crushing, cutting
of trees, branches (code 1730200, non-hazardous).

According to the results of scientific research it was found that
the obtained substrate contains nutritive elements: total nitrogen
(N) — not less than 0.2 %, total phosphorus (P,O,) — not less than
0.1 %, total potassium (K,0) — not less than 0.2 % for natural mois-
ture, acidity (rNKSI) within 6.0-8.0 pH units, humidity is not more Finished substrate
than 60 %. The substrate is used for landscaping in urban areas with
flower crops, lawn grass mixtures and tree and shrub vegetation
in Baranovichi.

The new technology is based on local raw materials, and optimal compositions for efficient composting have
been found.

A solution to the problem of utilization of non-hazardous organogenic waste of housing and communal ser-
vices enterprises has been found. Nutrient substrates as soil modifiers will be used in urban areas of Barano-
vichi, especially in the sites of new buildings with low soil fertility on light granulometric composition of sandy



and sandy loam soils to improve agrochemical, agrophysical properties of soils and the quality of green spaces,
as well as to reduce soil degradation processes in urban areas.

Research or development (technological) work has been completed.

Scientific and technical documentation was provided to the customer on the basis of a license agreement.
Technical specifications TU BY 290061754.009-2024 “Substrate for use in urban conditions” and “Technological
regulations for landscaping of urban areas” were developed.

Cities with 50-500 thousand inhabitants and more.

Andrei Hapaniuk.
E-mail: andnik2017@yandex.ru
Phone number: (+375 162) 25 79 62, (+375 29) 822 52 68
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VI. POLESIE STATE RADIATION
AND ECOLOGICAL RESERVE

9. REGULATION OF ACTIVITIES IN THE POLESIE STATE RADIATION AND ECOLOGICAL
RESERVE TAKING INTO ACCOUNT THE SPECIFICS OF RADIOACTIVE CONTAMINATION
AND ZONING OF ITS TERRITORY

The Regulation of forestry and other activities on the territory of the Polesie State Radiation and Ecological
Reserve taking into account the specifics of radioactive contamination has been developed. Its requirements
establish the order of planning and carrying out of forestry and experimental-economic activities on the basis
of upward zoning of the forest fund of the institution taking into account the specifics of its radioactive contami-
nation by all spectra of long-lived radionuclides (Cesium-137, Strontium-90, Plutonium-238,-239, -240, American
radionuclides). The issues requiring in the future legal regulation of forestry and other activities on the territory
of the Polesie State Radiation and Ecological Reserve taking into account the specifics of radioactive contamina-
tion, set out in the Analytical Note, have been identified.

The approaches of organization and management of forestry and experimental-economic activity on the ter-
ritories subjected to radioactive contamination as a result of Chernobyl NPP accidents are defined.

Recommendations on forest management, fire-fighting arrangement of the forest fund, protection, reforesta-
tion and afforestation, forest protection measures, on conducting experimental-economic activities of the in-
stitution. Proposals on zoning of the territory of the Polesie State Radiation and Ecological Reserve on the ba-
sis of data of its radioactive contamination and the Regulations of forestry and other activities on the territory
of the Polesie State Radiation and Ecological Reserve taking into account the specifics of radioactive contami-
nation and Analytical note on the issues requiring in the future legal regulation of forestry and other activities
on the territory of the Polesie State Radiation and Ecological Reserve were prepared.

Development is introduced into production.

The property rights to the results of the work belong to the Forest Institute of the National Academy of Sci-
ences of Belarus and the Polesie State Radiation and Ecological Reserve.

East Ural Reserve, Chernobyl Biosphere Radiation and Ecological Reserve, Semipalatinsk Test Site.

Kudin Maksim, PhD.
E-mail: max.kudin@mail.ru
Phone number: (+375 29) 680 59 82
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VII. RESEARCH INSTITUTE FOR PHYSICAL CHEMICAL
PROBLEMS OF THE BELARUSIAN STATE UNIVERSITY

10. FEED ADDITIVE “FATPROTECT” BASED ON DRY PROTECTED FAT

Protected fat derived from rapeseed oil is a highly energy efficient, well researched, safe and stable feed ad-
ditive for cattle — an ideal product for increasing dairy production. The product is a reliable source of fat that
does not affect fermentation processes in the rumen; provides animals with highly digestible energy; quickly
normalizes and activates metabolism in young growing individuals, increases weight gain; has a positive effect
on the ability to reproduce and metabolic processes of the body; increases immunity; normalizes fiber diges-
tibility.

There are no domestic analogues.

Provides a high level of lactation throughout the entire period, increasing the fat content of milk; allows
to reduce the amount of concentrated feed in the diet; allows you to introduce more roughage; reduces the like-
lihood of ketosis and acidosis.

Development is introduced into production.
Livestock enterprises, farms.

Gleb Pozniak, Junior Researcher Trainee.
E-mail: hlebpozniak@gmail.com
Phone number: (+37529) 11047 12

11. NEW TYPES OF BIODEGRADABLE PACKAGING MATERIALS WITH IMPROVED
FUNCTIONAL CHARACTERISTICS FOR EXTENDING THE SHELF LIFE OF FOOD
PRODUCTS

The idea behind this development is to combine the characteristics of chemically different polymers and bio-
active ingredients to create outer and inner packages with improved performance in terms of protecting and
extending the shelf life of the packaged products. By adjusting the thickness, increasing the number of layers,
introducing different fillers, it is possible to create packaging materials with improved properties compared
to typical non-biodegradable single and multilayer films and sheets: high barrier properties against water vapor
and gases such as oxygen, carbon dioxide and aromatic compounds (odors), impermeability to UV radiation,
as well as high mechanical strength and elasticity, good sealing ability, thermal stability, special antioxidant
properties, and a high degree of flexibility.



One of the innovative variants of biodegradable packaging is “BelBioPak” — an alternative to “Tetra Pak”, which
has no biodegradable components: polyethylene and aluminum foil, but retains all the characteristics inherent
in “Tetra Pak”: water resistance at room temperatures, oxygen permeability and UV protection. The guaranteed
shelf life of the packaged liquids will be from 3 month to 12 months. At the same time, this packaging will be
fully degradable in the environment without composting. This packaging is a construction consisting of paper,
natural and synthetic biodegradable polymers and plant extracts to create biodegradable packaging suitable
for long-term storage of liquid food products.

Plates and cups for liquid products have also been produced using a polylactide coating. Polylactide coating
can be used as an alternative to polyethylene coating, which is a non-biodegradable polymer. Polylactide has
a very low moisture permeability. Therefore, it can be used as a coating on packaging material intended for
products that need high moisture resistance packaging.

Obtaining biodegradable packaging is a dynamically developing area of research in the Republic of Belarus
in the conditions of domestic production of this commodity.

The world market of biodegradable packaging materials is still emerging.

The countries of Western Europe and the USA have followed the way of creating such packages mainly from
polymers extracted from seaweed. China has taken a different path: obtaining in very uncomfortable conditions
(100 % humidity and temperature of 50 °C) cheap but unstable films of pure starch for the inner packaging
of sticky candies. These candies are hugely popular and sold throughout China.

We have found a compromise option: cheap and at the same time high-strength films based on 90 % starch
and 10 % sodium alginate (food additive E401), which have a much wider area of application. For the same
purposes, packages from a number of other polysaccharides and a synthetic polymer — PVA — have been
developed.

Our proposed “BelBioPack” for liquid drinking products (milk, kefir, ryazhenka, sour cream, juices, drinks, etc.)
consists of several layers of materials that are fully utilized under normal environmental conditions after their
use by biodegradation to carbon dioxide, water and humus. The proposed solution has not only Belarusian,
but also world novelty.

Organization of industrial production of biodegradable packaging materials from food polymers.

The attractiveness of such products for consumers will increase dramatically, which is due not only
to their improved qualities (extended shelf life) and new additional properties (e. g. new flavors), but also

Pilot technology
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to the environmental friendliness of natural packaging. At the same time, edible films do not require special
conditions for their disposal, which contributes to the achievement of sustainable development goals.

The technology developed in laboratory conditions is ready for production. Borisov Polymer Packaging Plant
“POLYMIZ" JSC has passed all the stages of scaling up from laboratory samples to a full-fledged roll packaging
material with a width of 65 cm, produced at the pilot plant.

Know-how is available. There is the Patent CN 105295113. Edible membrane with biological activity and pre-
paration method thereof. Huo P, Yu Z, Xu X., Savitskaya T., Makarevich S., Hrynshpan D.; assignee: Zhejiang
Shuren University; application No. 201510828906.7 25.11.2015; published 03.02.2016.

Gathered source material for filing two Eurasian patent applications.

Biodegradable packaging is most interesting for the food industry, where the consumption of polymeric ma-
terials as packaging is very high today and is growing in proportion to the increase in production volumes. Also
for companies producing polymer containers and packaging.

Tatyana Beznosik, Master’s Student of the BSU Faculty of Chemistry, Intern Junior Research Fellow
at the Research Institute for Physical and Chemical Problems of the BSU.

E-mail: tbeznosik02@mail.ru

Phone number: (+375 29) 266 62 92

Dzmitry Hrynshpan, Head of the Laboratory of Cellulose Solutions and Products of Their Processing,
Doctor of Chemical Sciences, Professor.

E-mail: grinshpan@mail.ru, grinshpan@bsu.by

Phone number: (+375 29) 650 60 65

12. EFFECTIVE CARBON SORBENT FROM SAWDUST

A method for producing of mesoporous activated carbon with a high specific surface area equal to 1,289 m%/g
is considered. The resulting coal has a very high sorption capacity for methylene blue, equal to 610 mg/g, and
exhibits ion-exchange properties with respect to heavy metal ions. Coal obtained by this method, in terms of its
performance, significantly exceeds the best world analogues, but its cost is 4 times lower than the cost of im-
ported activated carbon. Due to the presence of mesopores, activated carbon has a wide range of applications,
including atomic power stations, and its production in Belarus will be profitable and help reduce the amount
of wood waste generated.

The developed activated carbon is significantly superior to the world’s best analogues. The sorption capacity
of the resulting sorbent for methylene blue is 595-610 mg/g, and that of imported analogues is 15-300 mg/g.
The resulting carbon has a high specific surface area (up to 1400 m?/g), while it contains mesopores (from
2 to 50 nm), which significantly expands the scope of its application. The technology for producing coal is sim-
ple, and it uses exclusively Belarusian raw materials, which makes it possible to completely replace imports.
The cost of developed coal is approximately 4 times lower than the cost of imported analogues.



Creation of an enterprise for processing wood waste into activated carbon, introduction of the resulting sor-
bent into technological processes.

A prototype was released.

Know-how.

Pharmaceutical enterprises (Belmedpreparaty RUE), sugar factories, distillery industry, nuclear power stations,
enterprises with wastewater treatment problems.

Andrei Mamaev, 2nd Year Student of the Chemistry Faculty of the BSU.
E-mail: mamaev_a06@mail.ru
Phone number: (+375 44) 564 43 06
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VIII. BELARUSIAN-RUSSIAN UNIVERSITY

13.SYSTEM FOR THE LIQUID FEED MIXTURES PREPARATION COMPLEX ON DAIRY
FARMS

The mobile autonomous transport is an autonomous electromechanical unit equipped with an electric drive,
a container for transporting/preparing liquid mixed solids, and a dosing device for dispensing the finished liquid
mixed solids.

Significant reduction in energy consumption when ensuring the technological process. Utility model patent
No. 13497 “Pasteurizer”. Technical solutions — patent acquisition stage.

Significant reduction in energy consumption when ensuring the technological process.

Experimental design development at the completion stage. The main units have been manufactured.
Patent for Utility Model No. 13497 “Pasteurizer”.

Dairy farms of the Republic of Belarus and the CIS.

Gennady Lenevsky, Associate Professor of the Department, Associate Professor, Candidate of Technical
Sciences.

E-mail: emos_mogilev@rambler.ru

Phone number: (+375 29) 639 38 45
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IX. EDUCATIONAL INSTITUTION
“VITEBSK STATE TECHNOLOGICAL UNIVERSITY”

14. SET OF EDUCATIONAL AND LABORATORY EQUIPMENT “ENERGY-SAVING

TECHNOLOGIES”

Educational and laboratory stands “Energy-saving technologies” are intended for training students of engi-
neering specialties of higher educational institutions studying issues of efficient use of fuel and energy resourc-
es, as well as for students studying in depth the course “Alternative and renewable energy sources”. The set
of stands includes: educational and laboratory stand “Study of the process of converting solar energy into elec-
trical energy’, educational stand “Study of the process of converting wind energy into electrical energy”, educa-
tional stand “Lighting. Study of the characteristics of artificial lighting sources’, educational stand “Heat pump

model”.

Technical characteristics of educational
stands:

- power supply — 380/220V, 50 Hz;

- power consumption — no more than
1.0 kW;

- overall dimensions, no more than:
- width — 900 mm;
- height — 1,000 mm;
- depth — 600 mm;

- weight — no more than 40 kg.

Structurally, the stands consist of a case
in which electrical equipment, electronic
boards and units, a front panel and a table-
top of an integrated desktop are installed.
Tabletop placement of educational stands
is assumed.

frrrern trerrtat



The technical advantages of the developed educatio-
nal stands are mobility, compactness, load-bearing capac-
ity, the possibility of using them in the educational process
to demonstrate the device and principles of operation in labo-
ratory conditions of educational institutions. The development
can be used within the framework of the educational process
in physics in secondary, secondary specialized and higher
educational institutions, as well as in studying modern trends
in the development of energy and energy saving. Educational
stands allow you to study the characteristics of a solar battery
and a wind turbine, a heat pump, light sources; study the op-
eration of an autonomous energy system; study the process
of energy conversion in energy; measurement of energy cha-
racteristics of radiation from different sources.

Improving the quality of education in energy conservation issues, introducing new approaches to assessing

fuel and energy resources.

Research or development (technological) work has been completed.

Research or development (technological) work has been completed, a prototype was released.

Educational institutions.

Sergey Zhernosek, Head of the Department of Thermal Power Engineering, PhD, Associate Professor.

E-mail: zs_85@mail.ru
Phone number: (+375 29) 814 38 60
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X. SUKHOI STATE TECHNICAL UNIVERSITY OF GOMEL

15. METHODOLOGY AND SOFTWARE FOR ESTIMATING THE CAPACITY
OF LOW-VOLTAGE ELECTRIC NETWORKS

A methodology and a computer program LineCapacity are proposed for estimating the capacity of electric
networks in settlements with private residential buildings. The Line Capacity program calculates the modes
of maximum and minimum loads of the electrical network, determines the voltage values for each consumer,
the temperature of all wires and the power transformer. Based on the results of calculations, the LineCapacity
program generates a report on the bandwidth of the surveyed network.

The LineCapacity program differs from its analogues in the ability to perform calculations for unbalanced
three-phase electrical networks, as well as the ability to calculate the temperatures of wires and power trans-
formers for summer and winter periods, as well as for minimum load conditions.

Reducing the likelihood of unacceptable quality of power supply to consumers when connecting new con-
sumers to the electric grid.

A prototype was released.

Electric grid companies, design organizations, educational institutions.

Dmitry Zalizny, Associate Professor of the Department “Electricity Supply” of the Sukhoi State Technical
University, Candidate of Technical Sciences, Associate Professor.

E-mail: zaldmi@yandex.ru

Phone number: (+375 29) 367 90 54

16. CONSTRUCTION AND ANALYSIS OF FORMATION PATTERNS OF STRUCTURAL
FIELDS OF DAILY GAS CONSUMPTION OF ENLARGED BALANCE GROUPS

OF REGIONAL GAS SUPPLY SYSTEMS AND MATHEMATICAL MODELS DEVELOPMENT
FOR FORECASTING GAS CONSUMPTION IN THE FUTURE

The factors allowing to forecast natural gas consumption by enlarged balance groups and the regional gas
supply system (RGSS) as a whole have been identified and studied. The use of multiparameter cluster analysis has
allowed to introduce an additional parameter — “number of day” — into the traditional structural field “daily gas
consumption — average daily outside air temperature’, which opens up opportunities for multidimensional data
analysis. The influence of the identified factors on gas consumption for enlarged balance groups of the RGSS has
been assessed. Models have been developed for forecasting annual gas consumption by consolidated balance



groups and the RGSS as a whole. a methodology for forecasting gas consumption for the RGSS has been deve-
loped and verified. The approach is based on the integration of various models adapted to the specifics of en-
larged balance groups and their use in annual and quarterly planning. The stages of the work covered the con-
struction of models for each enlarged balance group (EBG). a detailed analysis of temperature data (exogenous
factor) was performed and a seasonal harmonic model of outdoor air temperature was developed, which allows
not only to predict future temperature changes accurately, but also to use these data to forecast gas consump-
tion. To forecast the off-system factor — outdoor air temperature, a modified exponential smoothing model for
seasonal series — the Holt-Winters model — was used. An algorithm for forecasting annual volumes of natural
gas consumption by enlarged balance groups of the RGSS was built and its reliability was analyzed using data
for 2023 and 2024. The forecasting results were verified using data for 2023, which was used as a test period.
The comparison showed a deviation of —0.17 % from the actual data at the annual forecast level, which allows
the methodology to be considered reliable for long-term forecasting. Checking the quality of the models using
2024 data showed an error for the RGSS as a whole of -1.21 %.

There are no domestic analogues. Buying ready-made software products does not allow to take into account
all the individual characteristics of the modeled processes. The competitiveness of the development is achieved
through a comprehensive and complex survey of gas consumption modes of six regional gas supply systems
(Gomel, Minsk, Brest, Grodno, Vitebsk, Mogilev regions) according to their individual characteristics and devel-
oping software for 2-level clustering of daily gas consumption modes. In the future this will allow to form mo-
dels and software for forecasting gas consumption in each regional gas supply system.

The economic efficiency of the development consists in the possibility of preventing penalties due to the for-
mation of a gas consumption planning system when determining contractual volumes of natural gas supply
to regional gas supply systems of the Republic of Belarus.

Research and development.

These are the regional gas supply companies, which deal with preparing applications for the planned gas
supply volumes. The State Production Association for Fuel and Gasification “Beltopgaz” which is involved in de-
veloping investment projects for the development of regional gas supply systems. Government authorities
of the Republic of Belarus, which are responsible for setting tariffs for natural gas for different consumer groups.

Nadezhda Gruntovich, Professor of the Department “Electricity Supply”, Doctor of Engineering Sciences,
Professor.

E-mail: gruntovich@tut.by

Phone number: (+375 29) 304 92 67
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XI. EDUCATIONAL INSTITUTION
“STATE INSTITUTE FOR ADVANCED TRAINING
AND RETRAINING IN GAS SUPPLY”

17. PROCEDURE FOR RESTORING DIELECTRIC CHARACTERISTICS OF CABLE
INSULATION 6-10 KV

Application: cable distribution networks 6-10 kV.

In all cable lines of the Republic of Belarus, CRs are registered due to humidification of the insulation of cables
during their storage in the open air according to the “dew point” law. It has been proven on cable samples
that transformer oil can be pumped through cables and their connectors. A unit has been assembled to study
the formation of partial discharges in the cable after it has been moistened. Partial discharges are confirmed
when the cable is humidified. Studies of the physics of partial discharges in cables of grades N2XSEY, NYCWY,
N2XSEY, NY(FL)Y, N2XSY (Helukabel, Germany), Alsly2r, AALLB (domestic production) in the laboratory instal-
lation: there are no partial discharges in the dry cable sample. After artificial humidification of the cable, partial
discharges were recorded. When a high voltage level of 40-50 kV was repeatedly applied, smoke appeared
from the cable sample. A full-scale experiment was conducted to study the possibility of transformer oil flowing
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Installation for pressurizing the oil Experimental setup with a combination
in the cable using a handpump of hand and vacuum pumps

Natural experiment

through the cable by gravity and the possibility of pumping oil through cables 100-150 m long under pressure
to dry the cables was established. a laboratory installation for pumping oil under pressure through cables has
been developed, which allows drying cables with oil and eliminating partial discharges in cables. A laboratory
installation for pumping oil with a vacuum pump through cables has been developed, which allows drying
cables with oil and eliminating partial discharges in cables. A laboratory installation has been developed for
pumping oil and air through the couplings, which makes it possible to fill the voids in the couplings with oil and,
thereby, reduce damage to the couplings by partial discharges. A full-scale experiment was conducted to treat
cables from partial discharges: blowing the cable with air at a pressure of 2-3 kg/cm?, pumping the cable with
transformer oil at a pressure of 2-3 kg/cm?. Laboratory studies have shown that the volume of air in a cable with
a length of 100 m can be 3-4 liters, depending on the type of cables.

There are no domestic analogues. There are various methods for drying cables described in foreign literature
and scientific literature of the Russian Federation:
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— Heat drying involves the use of heat to remove moisture from the cable system. Heating elements, heat
chambers or convection principles can be used to increase temperature and evaporate moisture. However, with
this method, you need to be careful not to damage the cable due to high temperatures. Moisture removal occurs
with simultaneous exposure to high temperature (about 100-120 °C) and rarefaction (about 700 mm Hg. Art.).

—Vacuum drying is based on creating a vacuum around the cable system to accelerate the moisture evapo-
ration process. Vacuum pumps are used to remove moisture from the cable. This method can be effective, but
requires specialized equipment and skills to handle vacuum drying.

— Use of dielectric gel (England). A dielectric gel is a special material that is applied around the cable to pre-
vent moisture from entering. The gel has hydrophobic properties and helps protect the cable from moisture
without requiring additional drying. However, this is not a drying method in itself, but rather a method of pre-
venting moisture ingress.

— Use of desiccants — substances capable of absorbing moisture from the environment. They can be placed
inside the cable system to absorb moisture and prevent it from accumulating. This method requires periodic
replacement or regeneration of desiccants.

Scientific and technical effect consists in improvement of reliability and increase of service life of cable lines
due to reduction of partial discharges in cables after insulation drying with transformer oil under pressure. The
economic, social and scientific-technical effect consists in the training of specialists — power engineers who
have modern scientific knowledge in the field of technical diagnostics, which will increase significantly reduce
the financial costs of repairing and operating power equipment, which increases the energy security of the Re-
public of Belarus.

Field equipment required.

Enterprises of urban cable networks of the Ministry of Energy of the Republic of Belarus.

Nikolai Gruntovich, Professor of the Department “Heat Energy and the Effective Use of Fuel and Energy
Resources”, Doctor of Technical Sciences, Professor.

E-mail: gruntovich@tut.by

Phone number: (+375 29) 639 06 17



Xll. GRODNO AZOT
OPEN JOINT-STOCK COMPANY

18. RECONSTRUCTION OF TECHNOLOGICAL SYSTEM NO. 1 AT THE OLEUM FACILITY
WITH CONVERSION TO THE SHORT SCHEME

The project“Reconstruction of the technological system No. 1 at the oleum facility with conversion to the short
scheme” was developed in accordance with the technical task, design assignment, technical specifications, and
Technical Normative Legal Acts of the Republic of Belarus.

For the reconstruction of the technological system No. 1 at the oleum facility, the project provided for single
contacting and single absorption technology. The conversion to a “short scheme” provided for the exclusion
of the stage of washing and purification of process gas after the stage of sulfur burning. The reconstruction was
made in the conditions of the existing production.

The aim of the project is to replace physically worn-out furnace and contact equipment (sulfur burning units,
converter, heat exchangers) with modern equipment with maximum use of heat from sulfur burning and sul-
fur dioxide oxidation processes (with the decommissioning of physically worn-out sulfur burning units, waste
heat boilers, converter, heat exchangers). The project also provides for reducing the materials consumption
of the equipment due to the compact arrangement of process equipment and pipelines.

Project objectives:

- renewal of the main production assets of the furnace and contact sections of the technological system No. 1
of the oleum facility;

— increasing the specific steam generation by maximizing the use of heat from sulfur burning and sulfur di-
oxide oxidation processes;

- reduction of specific consumption of recycled water;
- reduction of specific electricity consumption.

The result of the technical re-equipment is a conditional annual saving of fuel and energy resources
in the amount of 15 tons of reference fuel and, accordingly, a reduction in the cost of production of sulfuric acid
and the end product — caprolactam, a reduction in the cost of operation and maintenance of equipment.

Using an ultrasonic nozzle on a sulfur burning furnace for the best spraying of liquid sulfur in the air stream, re-
ducing the material consumption of the installation due to the compact arrangement of the equipment. The ad-
vantage of using an ultrasonic nozzle instead of mechanical ones is that liquid sulfur is sprayed with compressed
air in an ultrasonic field in front of the nozzle and is divided into droplets ranging in size from 20 to 160 mcm.
This ensures complete burning of liquid sulfur in the furnace.

When designing and manufacturing of the boiler drum, a feedwater heater is integrated into the boiler
drum design. Due to the preheating of feedwater in the tube bundle of the heater in the boiler drum, as well
as due to the technological concept of heating feed water in the economizer (by maintaining the temperature
of the walls of the economizer bundles above the dew point) reducing the temperature of the process gas
to the dew point temperature of sulfuric acid in the range of process loads under normal operating conditions
is excluded. This increases the reliability of the economizer.

In addition, in order to prevent condensation of sulfuric acid on the economizer tube bundles, an inconsis-
tent arrangement of the economizer tube bundles is provided for in order to pass cooler feedwater through
the middle bundle with a higher temperature of the process gas.
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Increase in steam production by 0.51 Gcal per 1 ton of product, decrease in electricity consumption by 5.94 kW
per 1 ton of product and recycled water by 16 m® per 1 ton of product.

Development is introduced into production.

Svetlogorsk Pulp and Cardboard Mill JSC, Glass Factory “Neman” JSC, Battery Alliance LLC, Belhim JSC, produc-
ers of mineral fertilizers, etc.

Dmitry Minkevich.
E-mail: minkevich@azot.com.by
Phone number: (+375 29) 844 54 02

19. METHOD OF MEASUREMENTS THE MASS CONCENTRATION OF CAPROLACTAM
IN NATURAL AND TREATED WASTEWATER BY CHROMATOGRAPHIC METHOD
INTHE FIELD OF LOW CONCENTRATIONS

The measurement procedure (hereinafter referred to as MVI) was developed to determine the mass concen-
tration of caprolactam in the field of low concentrations. The measurement range of caprolactam mass concen-
tration is from 0.01 to 50.00 mg/dm?. The presence of cyclohexanone, cyclohexanol, and cyclohexanonexime,
the main organic substances that can enter wastewater due to the specifics of “Grodno Azot” production, does
not interfere with the determination. Although, according to literature data, no more than 10 % of the total
number of substances (environmental standardization) normalized according to MAC is provided by detection
methods at the MAC level.

MVI is used in the laboratories of Grodno Azot JSC and is designed to monitor the caprolactam content
in natural and treated wastewater.

The measurement of the mass concentration of caprolactam is performed by gas chromatography using
a flame ionization detector, identification by retention time on a nozzle chromatographic column.

The mass concentration of caprolactam is calculated using the external standard method.

If the caprolactam content in the samples is less than 0.5 mg/dm?3, the pre-concentration is used by gentle
evaporation of the sample (without boiling) and subsequent chromatography of the resulting concentrate.

If the caprolactam content in the samples exceeds 1.0 mg/dm?, the samples are analyzed without concen-
tration.

In the range from 0.5 to 1.0 mg/dm?, it is allowed to perform the analysis with or without concentration
of the sample at the discretion of the operator.

The measurement procedure MVI.MN 6153-2019 “Mass concentration of caprolactam in natural and treated
wastewater. The procedure of measurements by the chromatographic method” passed the metrological certifi-
cation at BelGIM and received a certificate of metrological applicability.
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Basic metrological characteristics and extended measurement uncertainty

Mass concentration Standard deviation Stan.d ard deV|‘at|on Extended
. of intermediate .
of caprolactam of repeatability recision uncertainty
X, mg/dm? o, mg/dm? P . U(X), mg/dm?
r O mg/dm
from 0.01 to 1.00* 0.0420-X + 0.0006 0.0523-X +0.0011 0.1045-X + 0.0023
from 0.5 to 50.0 0.0377-X + 0.0422 0.0499-X + 0.0479 0.0999-X + 0.0957

*The analysis is performed with pre-concentration of the sample by evaporation.

The measurement procedure MVI.MN 6153-2019 was included in the State Information Fund for Ensuring
the Uniformity of Measurements of the Republic of Belarus.

Analogues include the measurement procedure AMI.MN 0003-2021 “Mass concentration of e-caprolactam,
released from polyamide products, in aqueous and air environments. Measurement procedure by high perfor-
mance liquid chromatography’, for aqueous extract, the measurement range of the mass concentration of cap-
rolactam is from 0.10 to 2.00 mg/dm?3, which is ten times higher than the developed MVI.MN 6153-2019.

There are no other measurement procedures on the water matrix in the State Information Fund of the Repub-
lic of Belarus.

1. Meeting the requirements of Resolution No. 5 of the Ministry of Natural Resources and Environmental Pro-
tection of the Republic of Belarus dated 11.01.2017 “On Local Environmental Monitoring” as amended by Reso-
lution No. 28 of the Ministry of Natural Resources and Environmental Protection of the Republic of Belarus dated
14 July 2023.

2. Carrying out the parameters of observations of local monitoring in an accredited laboratory.
3. Expansion of the scope of accreditation of the testing laboratory of the Central Factory Laboratory.

The measurement procedure has been introduced into laboratory practice and is included in the scope of ac-
creditation of the Central Factory Laboratory of Grodno Azot JSC.

In 2024, the State Institution “Republican Center for Analytical Control in the Field of Environmental Protec-
tion” Grodno OLAK expanded the scope of accreditation using this measurement procedure MVI.MN 6153-2019.

Irina Povalyaeva, Head of the Sector for Physico-Chemical Methods of Analysis of the Central Factory
Laboratory.

E-mail: povaljaeva@azot.com.by

Phone number: (+375 152) 79 47 98

Anna Raiko, Chemical Engineer of the Sector for Physico-Chemical Methods of Analysis of the Central Factory
Laboratory.



XIll. GROUP OF COMPANIES “RESURSKONTROL”
LIMITED LIABILITY COMPANY

20. ANTI-COLLISION SYSTEM

Electronic collision detection and warning system for forklifts, warehouse, construction and other specialized
equipment.

The main purpose is to prevent dangerous situations — critical approaches and possible collisions of vehicles
(special equipment) with personnel, infrastructure elements or with each other.

The system detects employees (visitors, pedestrians) with radio beacon tags in the immediate vicinity of ve-
hicles and hazardous areas equipped with base stations of the detection system.

The development has been implemented into production.

Enterprises with warehouses, construction equipment, etc.

llya Volodin.
E-mail: volodin.i@resurscontrol.com
Phone number: (+375 44) 536 93 00

21.VIDEO MONITORING SYSTEM

Video monitoring system, driver status and vehicle position monitoring system on the road.

Driver identification and analysis of his behavior in the cabin.

Monitoring the vehicle position.

Analysis of driver behavior.

Generating reports on system events.

Warning the driver about dangerous situations while driving.
Dispatching control of drivers'work.

Recording and storing data on a remote server.
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The development has been implemented into production.

Enterprises with their own transport, carriers.

llya Volodin.
E-mail: volodin.i@resurscontrol.com
Phone number: (+375 44) 536 93 00

22. GARBAGE REMOVAL CONTROL AND ACCOUNTING SYSTEM

An electronic wayhbill is a solution that automates the filling of a transport document and eliminates manual
work.

Monitoring parameters on the map.

Completed work on loading garbage containers.
Containers not removed on time.

Lifting containers without an installed sensor.

Current vehicles in operation.

Vehicles that have not set out on the route.

Visiting garbage dumps.

Number of vehicles that have passed through the dump.

Control of movement of vehicles within the established route.
Control of collection of marked garbage containers.

Control of collection of unmarked containers.

Control of garbage removal to the landfill.

The development has been implemented into production.

Municipal and processing enterprises.

Ilya Volodin.
E-mail: volodin.i@resurscontrol.com
Phone number: (+375 44) 536 93 00



23. ELECTRONIC WAYBILL

An electronic waybill is a solution that automates the filling of a transport document and eliminates manual
work.

The electronic waybill can be linked to GPS monitoring, fuel and lubricants accounting systems, and account-
ing programs.

Integration with accounting systems for automatic filling.

At the stage of implementation into production.

Any enterprise that has transport.

Vadim Glebov.
E-mail: glebov.v@resurscontrol.com
Phone number: (+375 33) 650 78 78



3 !

MANAGEMENT

5 . v '}.ﬁ’

ENERGY, ECOLOGY AND ENVIRONMEN

XIV. AMIS IT LIMITED LIABILITY COMPANY

24, DECISION SUPPORT SYSTEM “AMIS” — WASTEWATER TREATMENT

The hardware and software complex (hereinafter referred to as the HSC) is designed to support and assist
in decision-making by the personnel of sewage treatment facilities (hereinafter referred to as the TF) for the ef-
fective management of wastewater treatment technology and prompt response to changes during the techno-
logical process.

Provides for a specified number of users with different rights to work with the HSC (primarily these are ma-
chine operators/operators of the TF (pumping stations, secondary settling tanks, aeration tanks, etc.) and the TF
technologist).

It has no complete domestic or foreign analogues.

Improving operational efficiency, reliability, quality and speed of decision-making.

The development has been implemented in production.

Organizations with operational responsibility for wastewater treatment plants.

Ivan Tsybin, Deputy Director.
E-mail: tia@amis-t.by
Phone number: (+37529) 51485 79
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XV. FEDERAL RESEARCH CENTRE “KOMI SCIENTIFIC
CENTRE OF THE URAL BRANCH OF THE RUSSIAN
ACADEMY OF SCIENCES” (SEPARATE SUBDIVISION
INSTITUTE OF GEOLOGY NAMED AFTER ACADEMICIAN
N. P. YUSHKIN KOMI SCIENTIFIC CENTRE OF THE URAL
BRANCH OF THE RUSSIAN ACADEMY OF SCIENCES
(1IG FRC KOMI SCIENTIFIC CENTRE OF THE URAL
BRANCH OF THE RUSSIAN ACADEMY OF SCIENCES)

25. ANORTHITE-CORDIERITE CERAMICS FROM KAOLIN FOR PRODUCTION
OF REFRACTORIES, ACID-RESISTANT MATERIALS

The perspective of using kaolin from the Vorykvin group of deposits (Middle Timan) to produce ceramics of an-
orthite-cordierite composition is demonstrated. Kaolin is a monomineral raw material for composite materials,
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which has been modified by thermal activation and reinforcing additives. From kaolin/dolomite mixtures (12, 24
and 36 wt. %), ceramic composites were obtained, represented by anorthite and cordierite-like phase, the ratio
of which varies from 1.3:1 to 2.8:1. When designing an aluminosilicate matrix with given performance charac-
teristics, the change in the silicon modulus of the initial raw components in the process of thermal activation
was taken into account. Ceramic matrix of variable composition is reinforced by formed mullite crystals and
is characterised by porosity depending on dolomite content, which determines technical properties: density,
thermal conductivity, strength. Ceramics of anorthite-cordierite composition comply with international indus-
trial standards (IEC 60 672, material group C520, GOST 20419-83, group 400 — materials based on magnesium
or calcium aluminosilicates) and the compressive strength exceeds the requirements for heat-insulating and
chemically resistant materials.

The obtained samples of technical ceramics meet the industrial international standards for refractories and
electrical insulating materials.

The use of kaolin and dolomite from local deposits makes it possible to determine the relevance of imple-
menting import substitution mechanisms.

Prototype was released.

The main fields of application of the obtained composites are electronic industry, production of heat-insulat-
ing and chemically resistant materials.

Alexey Ponaryadov, Postgraduate Student.
E-mail: alex401@rambler.ru
Phone number: (+7 963) 022 19 82

26. THERMAL INSULATING FOAM CERAMIC MATERIALS BASED ON INDUSTRIALS

A promising way of technogenic waste utilization is their involvement in the production of heat-insulating
foam ceramic. As technogenic wastes were used ash and slag wastes from coal-fired thermal plants and tailings
of flotation enrichment of coal sludge from Inta group enrichment plant. The use of multi-tonnage waste in such
a material-intensive industry as ceramics production will allow not only to involve waste in recycling and reduce
the ecological load on the environment, but also to create a valuable commodity product. Heat-insulating ce-
ramic foams were obtained on the basis of these wastes at firing temperatures of 1200-1280 °C. The optimum
modes of temperature treatment were revealed. The obtained foamed materials are characterized by low ther-
mal conductivity (0.09-0.17 W/(m-°C), water absorption (0.2-3.1 %), apparent density (0.37-0.6 g/cm?3).

Porous ceramic materials are promising for use in the construction of civil and industrial facilities, highways,
pipelines, for Arctic house-building as granular heat-insulating material for roofs, floors, walls, foundations and
basements, block heat-insulating material, filler for wall panels, filler in the production of lightweight concrete.
Porous ceramics like expanded clay are in demand in agriculture: plant growing, horticulture, hydroponics. Pos-
sible consumers are construction companies and private individuals (population).



The obtained foam materials are characterized by low thermal conductivity and water absorption, relatively
high strength. The difference from other types of thermal insulation materials is their high fire safety, bioinert-
ness, chemical resistance, durability. Competitiveness is provided by cheapness and availability of raw material
base of technogenic wastes, which reduce the final cost of foam materials.

The use of ceramic foams in construction will reduce the thickness of structures, reduce the consumption
of building materials, lighten building structures, improve the energy efficiency of buildings, which is especially
important for northern and arctic regions. Their chemical resistance, bioinertness, fire safety, durability will in-
crease the service life of buildings and structures.

Research or development (technological) work has been completed. A prototype was released.

Building companies and households.

Dmitry Shushkov, Senior Researcher, Candidate of Geological and Mineralogical Sciences.
E-mail: dashushkov@geo.komisc.ru
Phone number: (+7 908) 697 53 88

Igor Burtsev, Director, Head of the Laboratory of Mineral Resources, Candidate of Geological
and Mineralogical Sciences.

27.SORBENTS ON THE BASIS OF ASH WASTES FROM COAL-FIRED POWER PLANTS

A promising direction of utilization of ash waste generated by coal combustion at thermal power plants
is its transformation into valuable sorption material — zeolites. Zeolites obtained in this way are cheap, but
at the same time effective sorbents and ion exchangers. Several types of zeolites have been synthesized by
hydrothermal method: analcime, zeolites such as faujasite (zeolite X) and gismondine (zeolite P). The possibility
of obtaining zeolites with a given structure and properties depending on the synthesis conditions: temperature
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SEM images of zeolites

and duration of reaction, concentration of alkaline solution was substantiated. On the basis of the obtained data
a schematic diagram of zeolite crystallization was constructed. Synthesized zeolites are characterized by high
sorption activity with respect to natural radionuclides: the degree of radium extraction is 98 %, thorium — more
than 89 %, uranium — 80 % and have low desorption. Sorption capacity for barium has high values — from 113
to 157 mg/g, for strontium — 86 mg/g, forammonium — 32 mg/g.

The application of the obtained sorbents is promising for treatment of domestic and industrial wastewater,
water supply, water treatment, for use in household filters; treatment of wastewater from oil industry enter-
prises, motor transport and aviation enterprises, gas stations, car washes; rehabilitation of radiation and oil-
contaminated territories; treatment of gas emissions from industrial enterprises.

The advantage of the obtained zeolites is their low cost compared to industrial analogs, which are synthesized
from expensive chemical precursors. The low cost is due to the use of industrial wastes as precursors, which are
cheap and available raw materials. The technological process of waste processing into sorption materials is rela-
tively simple. An important characteristic of the synthesized zeolites is their high sorption activity with respect
to radionuclides and heavy metals. In addition, the sorbents have a low degree of radionuclide desorption,
which allows to avoid back contamination of the working environment with pollutants.

The use of inexpensive sorbents will improve the environmental situation and improve the quality of life
of the population: improve the quality of drinking water, increase the efficiency of treatment of domestic and
industrial wastewater from heavy metals, organic pollutants, oil products, increase the efficiency of cleaning
gas emissions from industrial enterprises. Their application is promising for rehabilitation of radiation- and oil-
contaminated territories and water areas.

Research or development (technological) work has been completed, a prototype was released.

Oil industry enterprises, motor transport and aviation enterprises, gas stations, car washes. Treatment facilities
for domestic and industrial wastewater, water supply, water treatment, household filters. Rehabilitation of radia-
tion- and oil-contaminated territories. Cleaning of gas emissions from industrial enterprises.

Dmitry Shushkov, Senior Researcher, Candidate of Geological and Mineralogical Sciences.
E-mail: dashushkov@geo.komisc.ru
Phone number: (+7 908) 697 53 88
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XVI. DONBASS NATIONAL ACADEMY OF CIVIL
ENGINEERING AND ARCHITECTURE

28. AIRLIFT BIOREACTOR FOR DOMESTIC WASTEWATER TREATMENT

Airlift bioreactors are offered for the treatment
of municipal wastewater in small and medium-sized
settlements. These structures are aeration tanks-
mixers, in which the aeration system is arranged ac-
cording to the principle of a flooded airlift (the top
of the aeration airlift partition is below the water le-
vel). This principle allows for the organization of cir-
culating ascending-descending flows in the struc-
ture. In such structures, due to the change in aerobic
conditions, simultaneous nitri-denitrification pro-
cesses occur, which allows for the elimination of ni-
trate recycling in the general scheme of biological
treatment. In addition, the flooded airlift circulation
ensures the renewal of the suspended layer of ac-
tivated sludge, which allows for sludge separation
directly in the structure, avoiding the installation
of secondary settling tanks. If biological removal
of phosphorus is required, as well as in the case
of a low BOD:N ratio, additional bioreactor-mixers
with a flow and recycle device can be included
in the scheme with airlift bioreactors.

XBOCTbI
odoramernns 1200 1250 1280
YIJIEITaMOB
[ KepaMI/IKa, HOHy‘IeHHa’I HpI/I pa3HI>IX
1cMm Temneparypax ooxmura, ‘C

Ceramics from coal processing waste

Ceramic material cut 1200-1270

In comparison with classical biological treatment schemes, the proposed solutions have the following advan-

tages:

- Nitrate recycle is eliminated, which, according to various sources, accounts for up to 300 % of wastewater

consumption.

- Mixing in the anoxic zone is performed by the liquid flow created by airlift circulation in the structure, which
eliminates the need to use mechanical mixing equipment in this zone.
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- A secondary settling tank is excluded from the scheme, the sludge separation functions of which are per-
formed by a suspended layer of activated sludge inside the aeration tank-clarifier. Due to the vortex recircula-
tion of the suspended layer, the sludge does not remain in anoxic conditions for a long time, which eliminates
secondary pollution during sludge separation, which is typical for gravitational settling.

The result of the application of the proposed development is an increase in the efficiency of removing organic
compounds and biogenic elements from wastewater of medium and small settlements by optimizing the com-
plex of biological and hydraulic cleaning processes with a reduction in the cost of the life cycle of structures.

Development is introduced into production.

Municipal and industrial enterprises engaged in the treatment of domestic wastewater.

Viktor Nezdoiminov, Head of the Department of Water Supply, Sanitation and Protection of Water Resources,
Doctor of Technical Sciences, Professor.

E-mail: v.ii.nezdoiminov@donnasa.ru

Phone number: (+7 949) 389 48 37
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XVII. SIBERIAN STATE INDUSTRIAL UNIVERSITY

29. AN INNOVATIVE METHODOLOGICAL APPROACH TO THE RATIONAL
MANAGEMENT OF NATURAL RESOURCES IN THE RECLAMATION OF DISTURBED

LANDS

The innovative methodological approach to the reclamation of disturbed lands is based on a comprehen-
sive study of overburden rocks in accordance with the stratigraphic column of the deposit, long-term studies
of man-made soils and plants. Using the developed additional criteria for the suitability of rocks for the biologi-
cal reclamation of disturbed lands, when examining all overburden rocks, it is possible to determine the most
favorable rocks that can accelerate the restoration of vegetation and soil cover. As a result, technologies have
been developed for the creation of soils (technozems) using natural resources (favorable overburden rocks
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of the extractive industry, various soil improvers: (waste from the woodworking industry, ash and slag materials;
oxidized coal, etc.)) using organic fertilizers and biological preparations in landfills subject to reclamation. When
preparing soils (technozems), different optimal ratios of natural resources were used.

The uniqueness of the development lies in the fact that due to the integrated use of natural resources, organo-
mineral fertilizers and biologics in the reclamation of disturbed lands, accelerated restoration of vegetation and
soil cover occurs (within 10 to 15 years, turf embryos with complex phytocenosis and humus accumulative em-
bryos with closed phytocenosis with signs of zonal soils are formed).

The relevance of the innovative methodological approach is due to the fact that reclaimed territories harmo-
niously lining up in a natural landscape with well-developed vegetation and soil cover are not enough. The spe-
cies diversity of native plant species in landfills after reclamation of disturbed lands has been significantly re-
duced. The developed approach and technologies for creating soils (technozems) affect the emergence of new
soil-ecological niches with a good soil-ecological condition, respectively, in the near future, soils with zonal fea-
tures and natural vegetation will be restored, which is important to support the biological cycle. This approach
and technology are especially relevant in areas with a shortage of soil resources.

Research or development (technological) work has been completed.

Industrial enterprises that extract minerals.

Irina Semina, Director of the Center for Geoecology, Candidate of Biological Sciences, Associate Professor.
E-mail: semina_is@sibsiu.ru
Phone number: (+7 905) 993 13 14
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30. CYBERPOLYGON TEMPLATE WITH THE USE OF AUTOMATED PROCESS CONTROL
SYSTEMS ELEMENTS

The CyberPolygon Template is a model of the infrastructure of fuel and energy companies with elements
of automated process control systems (APCS). The development is intended for practicing cyberattack scena-
rios, training specialists in monitoring mode and responding to incidents in real time. The sphere of application
will be enterprises of the fuel and energy complex.

The template is based on virtual infrastructure, including simulators of industrial equipment (PLC, SCADA, sensors,
etc.), traffic monitoring (Wireshark, Network Miner) and analysis tools, as well as tools for generating cyber threats.

Performance features include:

- Ability to integrate with intrusion detection systems (IDS) and SIEM platforms.

- Use of the template enhances IT training, accelerates the development of defense mechanisms, and reduces
the risk of real cyber incidents on critical infrastructure.

—The template should have accompanying documentation.

- Application software should be freely distributable or in-house developed, in extreme cases it is possible
to have a trial version.

The uniqueness of the development lies in the fact that the domestic market has a limited number of sites for
practicing skills in responding to incidents/attacks on enterprises. Foreign sites offer services for training, but
at a high price for practicing skills. This template will allow training for IS department staff or IS department stu-
dents in a SOC-center format. Where people will learn how to work with system monitoring systems, as well as re-
spond to attacks that take place on the infrastructure of the enterprise.

The template should look like the following format:

- all implementation is supposed to be on virtual machines;

— Linux systems should be used as OS (not proprietary systems);

- application software should be freely distributed or in-house developed;

- the final template should be operable after it is enabled, there should be no additional settings after the VM
is started;

- the template should have accompanying documentation.

The relevance of the CyberPolygon Template development is due to the fact that at the moment enterprises
of the fuel and energy sector are vulnerable to attacks. Staffing hunger in the field of information security is re-
levant and people need skills to respond to attacks of various types. According to Positive Technologies, by 2023,
the staff shortage is fifty thousand specialists

Implementation of the development will increase the level of cybersecurity of industrial enterprises due to:

- realistic modeling of attacks on automated process control systems;

- training of specialists in repelling cyber threats;

- testing of defense solutions before their implementation in real systems.

This will reduce the risks of accidents, financial losses and downtime, and ensure compliance with industry
security standards.

Research or development (technological) work has been completed.

Sergey Sergeev, Student.
E-mail: sergeevssjob@gmail.com
Phone number: (+7 951) 605 00 82
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XIX. KUTATELADZE INSTITUTE OF THERMOPHYSICS
OF THE SIBERIAN BRANCH
OF THE RUSSIAN ACADEMY OF SCIENCES

31. SOFTWARE COMPLEX FOR THERMAL-HYDRAULIC NETWORKS
OF THE “SMART CITY”

Development: software complex (SC) for thermal-hydraulic networks of the “Smart City”. SC is the basis for
creating intelligent digital models of urban heat supply systems.

Objectives:

- optimization of structure, operation modes, detection of abnormal situations;

- planning the development of urban heat supply systems based on artificial intelligence technologies.
Tasks to be solved:

- dynamic analysis of urban heat supply systems;

- thermohydraulic modeling;

- optimization of management structure and modes;

- trend and event detection and prediction;

- optimization of the operation of thermal systems, increasing the efficiency of resource use.

There are no direct analogues in Russia.

In comparison with the existing complexes of thermal-hydraulic calculations with a developed geographic
information system, wide possibilities of design, analysis and planning of operating modes, SC presents optimi-
zation functionality and decision support tools, is open for external modifications. Examples of existing systems
include “CityCom TeploGraf” and “ZuluThermo software systems”. Both products are widely used and similarly
solve complex electronic modeling problems as part of the development of heat supply schemes.

Compared to existing SCADA systems, including those designed to work with heating network equipment,
SC provides the functionality of a high-level analysis of the network operation. Thus, the proposed complex
has elements of systems of both types, and is an optimized integration tool that allows improving the quality
of analysis and control compared to the separate use of these systems.

Expected main effects of implementation:

- reduction of accident rate and repair costs;

- optimization of power consumption and reduction of heat losses due to optimization of thermal modes;
- increase of information value and reliability of monitoring;

- automation of management processes and optimization of operating costs.

The complex is currently under development. It is assumed that upon completion of development, the func-
tionality in the field of work with heating and hydraulic networks will be comparable to industrial solutions such
as Danfoss Leanheat, while taking into account the specifics of the design and operation of heating networks
in Russia.
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Database Certificates: No. 2025620731 “Model hydraulic network”, No. 2025620728 “Yasnogorsk”.

Heat supply organizations.

Sergey Alekseenko, Academician of the Russian Academy of Sciences, Doctor of Physical Sciences,
Scientific Director of IT SB RAS.

E-mail: aleks@itp.nsc.ru

Phone number: (+7 383) 330 70 50
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