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Abstract. The article considers a mathematical model of the movement of single particles along the
inclined shelves of pneumatic separators. It is noted that in the practice of such analytical calculations,
the force of aerodynamic resistance of the airflow to the movement of particles along an inclined plane
is considered negligible compared to the friction force on the shelf surface. The results of simulation
experiments for calculating the final velocity of particles falling off the shelf with varying values of their
sizes and coefficient of friction are analyzed. The substantiation of the consideration of the aerodynamic
drag force is carried out to describe the movement of particles in separators not only in free flow, but
also when they move along inclined shelves. It is concluded that for engineering calculations, the
aerodynamic resistance of the medium can be neglected only for particles larger than a certain size.
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O0ocHOBaHHeE y4yeTa CHJIbI
a3POAMHAMHUYECKOr0 CONPOTHBJICHHUS
NPH IBUKEHUH YACTHI 10 HAKJIOHHOM MOJIKe
NMHEBMAaTH4YeCKOro cenaparopa
B.b. Ilonomapes, U.I1. ®ecyn

Ypanvckuii pedepanvrulil ynusepcumem
Poccuiickas @edepayus, Examepunoype

AHHoTanus. B cTathe paccMaTpuBaeTcs MaTeMaTHUECKAsT MOJIENb IBUKCHHS OTMHOYHBIX YaCTHI]
110 HAKJIOHHBIM TOJIKaM ITHEBMATHYECKUX cemapaTopoB. OTMedaeTcs, 4TO B MPAKTHUKE IMOJTOOHBIX
AHATUTHYECKUX PACUYETOB CHIIA a3POJUHAMUYECKOTO COIPOTHUBIICHHUS BO3/AYIITHOTO MTOTOKA JIBH)KEHHIO
YACTHII 10 HAKJIOHHOH TNIOCKOCTH CYUTAETCS MPEHEOPERKUTEIBEHO MaJIa [0 CPABHEHUIO C CHIION TPEHUS
0 TIOBEPXHOCTH MOJIKU. AHAJIU3UPYIOTCS PE3yIbTaThl MMUTAIMOHHBIX 3KCTIEPIMEHTOB pacyeTa KOHEUHOH
CKOPOCTH CXO/Ia YaCTHI] C ITOJIKM MPH BapbUPOBAHHBIX 3HAYCHUAX X pa3MepoB U Koddunmenta
Tpenns. [IpoBoguTcs 0600CHOBaHME yUeTa CHITBI a3POAMHAMUYIECKOTO COMPOTHBIICHUS [IJIsI OTMCAHHS
JIBHKEHNUS YACTHII B CETapaTopax He TOIBKO B CBOOOIAHOM MOTOKE, HO M ITPH ABMXKEHHH X 110 HAKJIOHHBIM
noikaMm. /lemaercst BBIBOJ, UTO AJISI HHKCHEPHBIX PACUETOB MOXHO MPEHEOPEraTh adpoJHHAMUIECKUM
COIIPOTHUBIIEHUEM CPE/IbI TOJIBKO /IS YACTHI] KPYTTHEE OTPEIEICHHOTO pa3Mepa.

KuarwueBble cjioBa: MaTeMaTHUCCKas MOJ€CJIb, HaCcTHUa, aOpOANHAMHNYCCKOC COITPOTHUBIICHUC,
COIIPOTUBJICHUC TPCHUS.

Llutuposanue: [Tonomapes B.b. OGocHOBaHKe yueTa CHIbI adPOJHHAMUYECKOTrO COMPOTUBIICHHUS IPH JABHXKCHHH YaCTHI
110 HAaKJIOHHOI T10JIKe TTHeBMaTndeckoro cenaparopa / B.b. Tlonomapes, . T1. ®ecyn / XKypn. Cub. denep. yn-ta. Texnuka
u texHosoruu, 2024, 17(2). C. 142-147. EDN: EEXLRS

BBenenne

DpakHOHUPOBAHUE MOIHUCIIEPCHOTO MaTepraa o KPymHOCTH B THEBMATHUYECKUX CENaparo-
pax OCyIECTBIISIETCS O/ ACUCTBUEM MAacCOBBIX CHJI TPABUTALIMK U MHEPLUHU U CUJI COTPOTUBIICHHS
JIBHOKEHUIO YaCTHIL HA TIEPECHIITHBIX MOIKAX U B IPOCTPAHCTBE MEIKIY HHUMH.

Ecnu nipu cBOOOIHOM JIBHIKEHHU JIBYX(pa3HOU Cpe/ibl ONpeAes oM (GaKkToOpoM pasJiesieHus
€e 10 pa3MepaM WU ILIOTHOCTH SIBJISIETCS B3aUMOJICUCTBHUE CHJI TPABUTAIIMH U a3POJAMHAMUYECKOTO
COIPOTHUBIICHHS, TO MPH JIBUKEHUH YaCTHIL IO HAKJIOHHON MTOBEPXHOCTH J100ABJISIETCSI CUJla COMPO-
TUBJICHUS JBHIKCHUIO UJIH CHJIA TPEHUS O TIOBEPXHOCTb MOJIKH.

Cy1iecTByeT MHCHHE, YTO CHJIAa TPCHHS JBUKCHHUS YaCTHUIIBI [0 TUIOCKOCTH B CIIOKOMHOMW ra30BOi
cpe/ie BO MHOTO pa3 IMPEBOCXOIUT CUITY a3pPOAMHAMHYECKOTO COMPOTUBIICHUS U MOCIETHEH MOXKHO
npeHedpeus [1-4].

B cityuae eciiu moBEpXHOCTH 00/1yBa€TCsI BCTPEUHBIM [a3000pa3HbIM MOTOKOM, a9POAMHAMUYIECKOES
COMPOTHUBJICHUE YACTHUII B pacyeTax, HA000pOT, yuuThIBaeTcs [5, 6].

Takum 06pa30M, O6CY)KZ[CHI/IC JAAaHHOI'O BOIIPOCa ABIACTCSA aKTYaJIbHBIM U BOCTpe6OBaHHHM.

MeToabl u NPUHIUIIBI HCCJIEA0OBAHUSA

PaccMoTpuM MHEBMATHYECKHU cerapaTop ¢ 0OpaTHBIM OTOKOM BO3yXa uepes pemeTky [7, 8],

NpeHa3HaYeHHBIN, HAapuMep, A ppaknoOHUpoBaHUs Marepraia pazmepom 50—-1000 mxm. Yactn-
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1Bl Pa3/eJIsIeMOro MaTepralla JABHKYTCSl CBEpXy BHM3 110 pellieTKe, 00pa30BaHHOI MapaiiesibHbIMH
IJIACTUHAMU C JIMHON nonku 10 100 MM, Menkne GpaKkuy Ipy HepeCchINKe ¢ MOJKH Ha MOJKY 3a-
XBaTBHIBAIOTCS TIOTOKOM BHYTPb ammapara, KpyIHbIe pa3rpy’KaloTcs ¢ HUKHeH ee yacTh. PaccTosHue
MEXX/Ty YKaJIF03 HAMHOT'O MPEBBIIIAECT pa3Mep YacTHII, BO3YIIHBIA IOTOK BXOJUT O€3 MOBOPOTa, TO-
9TOMY y MOBEPXHOCTH IIJIACTUH CKOPOCTh NOTOKA MOKHO CUMTATh OJIN3KOH K HYJIEBOIA.

Tak kak 4yacTHILA JBUKETCA 10 HAKJIIOHHOM TOJIKE, IPOSLUPYEM UMEFOIUECS CHIIBI Ha OCh, Napall-

JISNIBHYIO TUIOCKOCTH JBIKeHUs. J{nddepenHuanbHoe ypaBHEHUE TPUMET BUT:

dv
mE=(G—A)sma—F;p—E:, (1)
rJie m — Macca mapooOpa3HOi YacTUIL;, V — CKOPOCTh €€ JIBM)KeHHUs 10 Mojke; G — cuiia TSHKECTH;
A — cuna Apxumena; Fr, — cuna TpEHUs JIBUKEHH sl YaCTHILBI 10 TOJIKE; [, — CHJIa a9pOIMHAMHYECKOro
COIIPOTHUBJICHUST; 0L — YTOJI HAKJIOHA MOJIKH.
[Nocne mpeoOpazoBanmit
dv  p,— 3v2 p

y P .
—=g——smma— fgcosa—Cj———. 2
it~ ®p, Ie 4d p &)
3nech g — KOHCTAHTa YCKOPEHUsI CBOOOHOTO MAJICHUS; P — IUNIOTHOCTH JUCIIEPCHOHHON Cpesibl;
Py — KQXKYyIIasics INIOTHOCTh YacTHUIL; f — KOA(GHUIIMEHT TPEHMsI YACTUILIBI 110 MOJIKE; d — TnameTp Ia-
pooOpa3HOIl YaCTHIIBL.
KoadhduipeHT anpoatHaMU4eCcKOro COpPOTUBIICHHUS [Tl IEPEXOIHON 30HbI uncen PeliHoibica

MOYXHO BBIYHCIIUTH 110 3aBUCUMOCTH [9].

24
Ca =7 (092 + 0,147Re%55)"*, 3)

CorutacHo [6] naxe cepruyeckne 4acTHIBI HMEIOT TPEHUE KaueHUs ¢ pOocKaib3biBaHueM. Jis
YacTHIL, OTVIMYAIOLIUXCS 10 (opMe OT MIapa, TPEHUE O HAKJIOHHYIO MOBEPXHOCTh UMEET CIIOKHBIN
(usnuecknii xapakrep. bygem cautaTh, 9T0 KO3 GOUIIUESHT f B ypaBHEHHH (2) — 3TO HEKOTOPBI 0000-
HIEHHBIA KO3 (PUIIMEHT TPEHHSI YACTHUIIBI O TIOBEPXHOCTH MOJIKH, BKIIOYAIOLINI KaK TPEHUE KaueHHs,

TaK U TPCHUC CKOJIbIXKCHU .

Pe3yJII>TaTl>l MaTeMaTH4Y€CKOIro MOJACJIUPOBAHUSA

OmnpenenstomuM $pakTopoM nponecca GppakiUuOHUPOBAHUS YACTHIL B JKaJIIO3UHHOM cerapaTrope

SIBJISIETCSl MX HavallbHasi CKOPOCTh CXO/ia C MOJKU B JIBUKYIIUICS Ta30BbI OTOK. Ee MOXXHO pac-
CUHTAaTh, pellasi ypaBHEHHE (2) YUCIEHHBIMH MeToaMu, HanpuMmep PyHre-KyTTsl ¢ HauaapHBIMHE yC-
noBusamu: t = 0; x = 0; v = 0. Yron HakJIOHa OJIKH 45 rpasycoB K TOPU30HTY, AanHA NOAKH 100 MM.
[TpoBenieHHBIE pacueTsl IOKa3allH, YTO B UCCIEyEMOM IUAMa30He MapaMeTPOB:
50 <d <1000 MEM, p, = 2600 kr/m?, p = 1,2 kr/M3, = 0,15 npu yrie HaKjI0Ha MOJIKHK 45 rpajycoB K ro-
PH30HTY CKOPOCTh YaCTHII YBEJIMYUBACTCS C JUIMHOW Ipo0era 1o HaKJIOHHOU T0JIKE YBEJIUYHBAETCS,
MpHYeM I TOHKUX (ppakiuii oHa BBIXOIUT HA TOCTOSTHHOE 3HaueHue (puc. 1).

Ecnu He yunTHIBaTh a9pOAMHAMHYECKOE COTPOTUBIICHNE YaCTHII, ypaBHEHHE (2) MOKHO PEIINUTh

B IBHOM BHJC
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9

Ha puc. 1 3aBHCHMOCTB CKOPOCTH YacCTHI, PACCYMTAHHON O€3 yueTa CONpOTUBIICHUS Ia30BOH
Cpeabl OT JJIMHBI OJIKH, 0003Ha4YeHa 1udpoit 6. DTa KpuBas HHBApPUAHTHA K pa3Mepy 4acTHll, a KO-
HEYHasl CKOPOCTB CXO/a YacTHII ¢ TONKH anuHoi 100 MM cocTaBiseT okono 1,08 m/c.

Jns gactun 1000 MxM (JTUHUS 5) pacdeTHast CKOPOCTh UX JBMIKCHHS C YUYETOM CONPOTHUBICHUS
BO3/IyXa COCTaBIseT OKoJIo 1,06 M/C, 9TO COMOCTaBUMO C KpUBOii 6. UeM MeHbIIIe pa3Mep YacTHUIl, TEM
60JbIIIe ATO pa3audre. DTO CBA3aHO C TEM, YTO, HAIPUMED, AJI YaCTHUIL ¢ pa3MepoM 50 MKM (THHHUS
1) ycraHoBHBIIAsics CKOpPOCTh ABIkeHUs 0,117 M/C cTaHOBHTCS Ha JUTMHE TOJIKH OKOio 10 MM, st
yactull ¢ nuamerpoM 200 MKM (IMHUS 3) MOCTOSIHHASL CKOPOCTh YCTaHABIMBAETCs Ha JJIMHE Ooliee
1500 MM, a s gactun kpymaee 1000 mm — 6omee 17000 mm.

Ha puc. 2 npexncraBieHa 3aBUCHMOCTh OTHOCHTEIBHOTO OTKJIOHEHHS CKOPOCTEH YacTHIl IMpH
CXO0JI€ C HAaKJIOHHOW MoKy AruHOM 100 MM, pacCUYUTaHHBIX C YUYETOM CHJIbI COMPOTUBIIEHUS T'a30BOM
cpeabl 1 0e3 ee yuera OT BeJIHMUMHbI KOd(GUIIHMEHTa TPEHUS YaCTUIIBI O TIOBEPXHOCTD TOJIKH.

Kak BuiHO M3 Tpaduka, s HCCIeyeMOro AUana3oHa napaMeTpoB OTHOCHTEIIEHOE OTKJIIOHEHHUE
quist yactur 1000 MkM ripu ydere u 0e3 ydeTa CONPOTUBIICHUS Ia30BOil Cpelbl COCTABISIET OKOJIO
3 % npu u3MeHeHnH K03 UIHEeHTa TPEHHSI YaCTHIL O TOBEPXHOCTH MoJKK A0 0,75 U B JanbHeimeM

MOHOTOHHO Bo3pacTaeT 10 10 %. st npyrux dpakiuii HaOIACTCS MOX0XKUN XapaKTep, IPU ITOM

1,2

1
°
=
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£08 6
g
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=
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=~
m
=
-]
504 2
(=]
(=9
2
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0,2 |
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JlnmrHA HAKJIOHHOM MOJIKH, MM

Puc. 1. I3MeHeHUe CKOPOCTHU JBHIKEHHS YaCTHUIL IPU IBI)KCHHUHU 110 HAKJIIOHHOHU MOJIKE C y4eToM KoddduimeHTa
asporrHaMuyecKkoro conporusieHus: 1 —d = 50; 2—100; 3-200; 4-500; 5-1000 MxM; 6 — CKOPOCTH BUIKCHHS
4yacTull Jr000ro pasMepa 6e3 yduera COnpOTUBICHUS CPEIbI

Fig. 1. Change in the velocity of particles when moving along an inclined shelf taking into account the coefficient
of aerodynamic drag: 1 —d = 50; 2-100; 3-200; 4-500; 5-1000 microns; 6 — the speed of movement of particles
of any size without taking into account the resistance of the medium
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Puc. 2. I3MeHeHHE OTHOCUTENBHOTO OTKJIOHEHHS CKOPOCTEH 4acTUIl IIPU CXOAE C HAKJIOHHOW MOJKHU JJIMHON
100 MM, pacCUMTaHHBIX C Y4YETOM CHJIbI COIPOTHBICHHS Ta30BOM cpelbl U 0e3 ee ydeTa OT BeIHYUHBI
k03 ureHTa TPEHHS YACTHUIIBI O TOBEPXHOCTD NONKHU: 1 —d = 1000; 2-500; 3-200; 4-100; 5-50 MxMm

Fig. 2. Change in the relative deviation of particle velocities when descending from an inclined shelf with a length
of 100 mm, calculated taking into account the resistance force of the gas medium and without taking it into ac-
count from the value of the coefficient of friction of the particle on the shelf surface: 1 —d = 1000; 2-500; 3-200;
4-100; 5-50 microns

OTHOCHUTEJIbHBIE OTKJIOHEHHSI TEM BbILIE, YEM MEHbILIE pa3Mep yacTull. Eciu He yuuThIBaTh CONMpo-
THUBJICHUS Ta30BOM cpenbl sl yacTull 50 MKM, OTHOCUTEINIbHAS TIOTPEIIHOCTh B pacyeTax CKOpOCTEen

coctaBut j10 100 %.

BoiBoabl

B uHXeHepHBIX pacueTax TeXHOJIOTHYECKOr0 000PYJOBAHHU S, B KOTOPOM OCYIIECTBIISIOTCS MPO-
LIECChI JIBM)KEHUS YaCTHII CHIITyYero MaTepHalla 1o HaKJIOHHBIM ITOBEPXHOCTSIM, MOXKHO HE YUUTHI-
BaTh a3pOAMHAMUYECKOE CONPOTUBIIEHNE Ta30BON CPEAbI AJIs YaCTUL KPYIIHEE OMPEAEIEHHOI0 pas-
mepa. Tak, IJisg BO3JyUIHOI'O cenaparopa ¢ HaKJIOHHOHM pelieTkol [7] TakuMm pa3mMepoM sIBISIOTCS
yactuubl kpynaee 1000 mxm. {5 Oonee TOHKUX (QpakiMii YaCTUIl YUET CONPOTHUBIICHHS ra30BOM
Cpenbl SIBJISIETCSI HEOOXOANMBIM yCIIOBHEM.

OTHOcUTEeIbHAS TIOTPEUTHOCTD B pacueTax IMpH UTHOPUPOBAHUU CHIIBI CONTPOTHUBIICHUS [a30BOM
Cpeabl YBEITMYHNBAETCS C yMEHBIICHHEM pa3Mepa YacTHIL, IIPUYEM C pOCTOM a0COIIOTHOTO 3HAYCHHU S
K03(hdUIMeHTa TPEHUS YaCTHUIl O MOBEPXHOCTh HAKJIOHHOW IOJIKM OTHOCHUTEJIbHBIC MMOTPEUIHOCTH
BO3PACTAIOT e1ie OobIIe.

[IpoBeneHHbIe B aHHON pabOTe BBIUMCIIEHHS] OTHOCSATCS K IIApOOOpa3HBIM 4YacTHULAM, HECO-
MHEHHO, BO3HHKAET HHTEPEC, KaKhe OylyT OTIINYHS B pacueTax JJIs CHIITy4YHX MaTepUasoB, HE HMe-

I0IIKX cheprudeckoi GopMBI.
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Abstract. To date, the purification of natural water to a drinking level is almost an impossible task.
The constant deterioration of water quality in the surface water source is associated with both man-
made discharges and an insufficient degree of wastewater treatment for both municipal and industrial
purposes. Not always available technologies at the treatment plant are able to work effectively during
flood periods, periods of “flowering” of water, as well as cope with short-term discharges. Insufficient
degree of purification affects both the organoleptic characteristics of the water and the operational
characteristics of the equipment used. The article provides an overview of technologies that are used to
improve the quality of drinking water. When choosing a technology, cleaning efficiency, capital costs for
technology implementation, as well as installation time are taken into account. Based on these criteria,
the “carbonation” method was selected and tested on a developed and designed laboratory mock-up
installation. Based on the laboratory results obtained, this method was tested at a water treatment plant.
The paper presents the results of pilot tests and describes in detail the effect of the “carbonation” method
on the main indicators of water quality at critical moments of purification.
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AnpoOoupoBaHue ruOpHIHON TEXHOJIOTUH
¢ HCIOJIb30BAaHHMEM MOPOMIKO00PA3HOro copdoeHTa
JJIS TIOJIyYeHH s BOAbI MMThEeBOr0 Ka4ecTBa
B NIePUOJbI YXY/ALICHUSA MOKAa3aTe el BOAOMCTOYHHKA
A.A. ®uaumonona, A. 10. Biacosa,
H. /. Ynuuposa, P. ®. KamaueBa

Kaszanckuii cocyoapcmeennwiii sHepeemuveckuil yHugepcumen
Poccuiickas ®@eoepayus, Kazano

AHHOTanms. Ha ceroqusmHmi 1eHb O4MCTKA IPUPOAHON BOZIBI 10 TUTHEBOIO YPOBHS SIBJISIETCS JOBOJILHO
CcIIOKHOH 3a7aydeil. [locTostHHOE yXyIIeHNne KauecTBa BOABI B IOBEPXHOCTHOM BOJOMCTOYHUKE CBSI3aHO
Kak co cOpOCaMy TEXHOT€HHOTO XapaKTepa, TAK U C HEOCTATOYHON CTENEHBIO OYUCTKH CTOYHBIX
BOJl K&K KOMMYHAJIbHOTO Ha3HAYECHHUsI, TAaK U IIPOMBIIIJICHHOr0. He Bceraa nmeromuecst TEXHOJIOTHT
Ha CTAHIIUHM OYUCTKH CIIOCOOHBI 3 (PEKTUBHO pabOTaTh B TABOJKOBBIC IEPHOIBI, TIEPHOABI KIIBETCHU S
BOJZIBI, @ TAK)KE CIPABIATHCS C KPATKOBPEMEHHbIMHU cOpocamu. Henoctarounas cTeneHb OUYUCTKHU
BIIUSICT KaK HA OPraHOJICTITHYECKHE TTIOKa3aTeN BOJBI, TAK M Ha KCIUTYaTAIlMOHHBIE XapaKTEPUCTUKHI
MIPUMEHSIEMOro 000py1oBaHMs. B cTaThe mpeacTaBiieH 0030p TEXHOIOTHH, KOTOPbIE TPUMEHSIOTCS
IS yIydIIeHHs oKa3aTesell KadecTBa MUTheBOM BOABL. IIpn BEIOOpPE TEXHOIOTHH YUUTHIBACTCS
3¢ (PEKTUBHOCTH OUNCTKH, KAITUTAJIBHBIC 3aTPAThl HA BHEAPEHNE TEXHOJIOTHH, a TAK)KE CPOKH MOHTaXA.
Ha ocHOBaHWMH TaHHBIX KPUTEPHEB OBLI BEIOpAH METOJ YTIICBAHU» U allpOOMPOBAH HA pa3paboTaHHON
1 CIIPOEKTHPOBAHHOH JTa00pPaTOPHON MaKeTHOH ycTaHOBKe. Ha OCHOBaHMH Oy YeHHBIX JTaO0PAaTOPHBIX
pe3yIbTaTOB JaHHBIN METO ObLT alpOOMPOBAH HAa CTAHIIMM OYMCTKH BOZIBI. B paboTe mpeacraBieHbl
PE3yIbTaThl OIBITHO-IPOMBIIIIICHHBIX UCIIBITAHUH W TOAPOOHO ONMMCAHO BIMSIHAE METO/IA «YTIIEBAaHU»
Ha OCHOBHBIE IIOKA3aTeNIN Ka4eCTBa BOJbI B KPUTUIHBIE MOMEHTHI OUHCTKH.

KaoueBbie cjoBa: TUOpUHAS TEXHOJIOTUsI, METOJ KyTJIEBaHUE», BOJA MUTHEBOTO Ka4yeCcTBa,
MOPOIIKOOOPA3HBIH a7COPOCHT.

BaarogapHocTu. Pe3ynbrarsl mosy4ensl npu GuHaHCOBOW noaaepkke MunoOpHayku «V3ydenune
IIPOIIECCOB B THOPH/IHON SHEPreTHUECKOH YCTaHOBKE TOIIIMBHBIHN 3JIEMEHT — ra3oBast TypOnHa» mudp
npoektra FZSW-2022-0001.

Iutuposanue: Gunumonosa A. A. AnpoOupoBaHue rHOPUIHON TEXHOJIOTHUH C HCHOJIB30BAHUEM TTOPOIIKOOOPAa3HOT0 cOpOeHTa
JUTSI IOJTYYCHU ST BOJBI IUTHEBOT'O KA4eCTBA B EPHO/BI yXy/IIICHHS MMOKa3aTenei Bogonctounnka / A. A. ®uinMoHoOBa,
A.1O. Bnacoa, H. 1. Ynuuposa, P. ®. Kamanuea / Kypn. Cub. dpenep. yn-ta. Texuuka u texxonoruu, 2024, 17(2). C. 148-161.
EDN: CFIDZX

BBenenne

JlesiTeIbHOCTh YeIOBEKA CYIIECTBEHHO CKa3bIBACTCS HA KAYECTBE BOJIBI B IOBEPXHOCTHBIX BOJIO-
uctouHuKax. [[puunHON SBISETCS HEOCTATOYHASI OUUCTKA XO35UCTBEHHO-OBITOBBIX CTOUHBIX BO/I,
MacuITabHbIC BEIOPOCHI CTOKOB IIPOMBIIIJICHHBIX MPEANPUITHH, & TAKIKE CEIbCKOX035HCTBEHHBIX
(depm. [ToMmumo cOPOCOB TakKe CYHIECTBYET CE30HHAsI TPOOIEMa C UIOJISI [0 CEHTSOPH JIJIsl PErMOHOB
cpenHeii mosocsl Poccuu, a MMEHHO MPOIECC KIIBETCHU» BOJbI. 1[BeTeHHe BOABI M IPUOOPETEHUE
CHHE-3eJICHON OKPACKH SIBJISIETCS PE3yJIBTATOM PA3BUTHS UAHOOAKTEPHiA (CHHE-3€/ICHBIX BOIOPOCIICi)
[1]. C kaapIM rOZOM IIPOLIECC KIIBETCHHUS» BOJOMCTOYHHUKOB CTAHOBUTCS HAK0O0JIee KaTacTPOUUHBIM,

1 IpUYrHAa 3aKJIHYAaCTCA B COKPAILLICHU N pa60T, HallpaBJICHHBIX HA ,I[HOYFJ'Iy6I/ITCJILHyIO OYUCTKY. Xotsa

— 149 —



Journal of Siberian Federal University. Engineering & Technologies 2024 17(2): 148-161

JAaHHOE MEPOIPUATHE OUYEHb Ba)KHO, TaK KaK B OCCHHHI NMEPHOJ, KOTJla CHUKAETCSA TEMIIEPaTypa BOIBI
B BOJJOMCTOYHHKE U CHMIKAETCSI aKTUBHOCTH COJIHIIA, ITMAHOOAKTEpHH (POPMUPYIOT CIOPBI, KOTOPbIC
OITYCKAaIOTCs Ha JTHO BOOEMa, TJI€ 3UMYIOT, COXpaHsisl )KM3HECIIOCOOHOCTh MONYJISIIIMU. MaccoBoe
Ppa3MHOXEHHE IHAHOO0AKTePUi IMPOUCXOIUT IpH TemIeparype 18-25 °C, a BOZOpOIHBIN MOKa3aTeilb
HAXOAMTCS B CIIA0OIIEIIOUHOMN 30HE.

Kak TexHorennsie ()akTOpbl, TAaK 1 HHTEHCHBHOE Pa3MHOXKEHUE INAaHOOAKTEPHil B IETHUH IIepHoa
CYIIECTBEHHO CHIYKAIOT Ka4eCTBO OYUCTKH MPUPOIHOIT BobI. [lono)keH e yCcyTyOnseTcs MOCTOSTHHBIM
y’KECTOUCHHEM HOPM Ha ITUTHEBYIO BoAy. HenocrarouHas cTeneHb OUMCTKH BIEUET 32 COOOH yXyAlIeHHe
OpPTraHOJNIENTHYECKUX XapaKTEPUCTUK OYUIIICHHOM BOJIBI, MOABIISIETCS MPUBKYC U 3amax.

Jltst KaueCTBEHHOM OUYMCTKH MPUPOIHON BOJBI HEOOXOIMMO ITPOBECTH aHAIN3 BOAOMCTOUHNKA
U BBISIBUTH CHCTEMAaTHYECKHUE OTKJIOHEHHUS OT CPEIHUX 3HAYCHUN PEKH 3a HECKOJBKO JIeT. A Takke
HEOOXO0/IMM MH)KCHEPHO-TEXHUUECKUI aHaIU3 JIUIS BBISIBJICHNS H3HOCA BOI03a00PHOTO U BOAOOUHCT-
HOro obopyaoBanus [2]. Ha ceromusmHuii 1eHb O0JIbIIas 4aCTh TEXHOJIOTMYECKHX CXEM MOATOTOBKHU
BOJIBI ycTapesa U OTCYTCTBYIOT IIPOEKTHBIE TEXHUUECKUE PEIICHUS 110 TIEPEBOOPYKEHUIO CTAHIIHH.
B nutepatypHOM 0030pe CTaThH NMPEACTABICH aHATN3 Pa3pabOTaHHBIX TEXHOJIOTHH 715 OBBIIICHUS

3¢ GEeKTUBHOCTH OYUCTKH MTPUPOTHOM BOJBI.

00630p aUTEpPATYyPHI

[ony4eHne BRICOKOKAUYECTBEHHOW MUTHEBOW BOABI BCETIa YCYTyOseTcss OOJBIIONH KOHIICHTPA-
LMeH 3arpsi3HeHU B uCX01HOH Bojie. I1oaToMY JJ1sl CHUPKEHU ST OpPraHMYeCKUX COEIMHEHUM Ha TepBUY-
HOM 9Tarne ouncTku aBTop 0. A. @eodaHoB npeIoKni 3aMeHy XUMUYECKHX PeareHTOB (KoaryJysiHT
1 (QIOKYISHT) ¢ MAKCHMAJIFHO BO3MOKHOHM 1030l B MHUKOBBIC NMEPHOABL. [I[puMEHEHHE KOoaryJsHTa
OKCHXJIOPH/IA JIFOMUHHS U BBICOKOMOJIEKYJISIPHOTO (MJIOKYJIsSIHTa O€3 EPBUYHOTO XJIOPUPOBAHUSI 10~
3BOJINT MOBBICUTH OYMCTKY Ha IIepPBOHAYAIBLHOM 3Tane dosiee yeM Hal0 % [3]. OrpaHudeHueM 1o npu-
MEHEHHUIO XMMHYECKHX PEareHTOB SBISAETCS OCTATOYHOE UX COACP)KaHHUE B OUMILEHHOH BOJE, a TaK-
K€ XapaKTePUCTUKH BOJIbI B BOJOMCTOUYHHKE, TEMIIEpATypa U BOJAOPOAHBIN MMOKA3aTENb CYLIECTBEHHO
BIIUSIOT Ha () ()EKTUBHOCTH OUUCTKH.

AHaNOTHYHBIC UCCIENOBAHUS OBLIU mpoBeneHbl aBTopamu T.A. Hukomaeoit u WM.I1. Ilmert-
HUKOBOW Ha MOJYMPOMBIIIICHHON 3KCIEPUMEHTAJIbHONH yCTaHOBKE. ABTOPBI YCTAHOBUIIH, YTO MPHU
YBEITWYCHUH J03bI KoarynsHTa Ha 20-25 % u BBemeHuu 0,35 MI/n monmakpuiiaMua 3HAYATEIHHO
noBbimaeTcst 3Qp(HEeKTHBHOCTh OYUCTKU OT B3BEIICHHBIX BEIIECTB M HeTenponyKToB. J{is yaanenus
(heHOJIOB M TIOBEPXHOCTHO-aKTHBHBIX BEMIECTB OBLIO alipOOHPOBAHO O30HHPOBAHHE C 0301 4 MT/II,
KOTOPOE MOATBEP/MIIO, YTO BO3MOXKHA KaK JIECTPYKIIHS HCXOJHBIX BELIECTB, TaK 1 0Opa3oBaHue 00-
Jiee TOKCHYHBIX TPOAYKTOB B 3aBHCUMOCTH OT crtocoba o0paboTku [4].

Taxxe CyIIecTBYIOT MHBIE CIIOCOOBI MOJTYYEHUs MUTHEBOH BOJBI BHICOKOrO KadecTBa. OnuH
M3 CIOCOOOB OYHCTKY BOJIBI BKITFOUAET B CEOs CTaIHH IIEPBUYHOTO XIIOPHPOBAHUS, KOATYJISIHH U T10-
CJIE/IYIOIICH OYMCTKU B OTCTOMHMKAX HJIM OCBETIHUTEINSAX CO B3BELICHHBIM OCAJKOM M B (HIIBTpPaX,
COpOIIMOHHON OYHCTKH C MCIOJIB30BAaHUEM aKTHBHPOBAHHBIX YIJIEH M BTOPHYHOTO XJIOPHPOBAHUSL.
JanHblil crioco0 onucalin B CBOMX KHHrax 3apyOexHbie aBTopbl Pobept M. Kuapk u benmxamun
V. Jlukunc mnaamuii [5S] u oreyectBenHble yuenble . A. Illesenes u I A. Opnos [6]. OnHako B npo-
I[[ECCe €T0 UCIOIB30BAHMS HA CTAJUU MEPBUYHOTO XJIOPHUPOBAHUS 00Pa3yIOTCs TPUTAIOTeHMETaHbl,

a I[Ipy HAJIMY1U B HCXOI[HOﬁ BOJAC TPYAHOOKHUCITACMBIX OPraHUYICCKUX CO€I[HH€HHI7[ Ha6J'IIO,I[a€TC$[ HEC-
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JOCTAaTOYHBIH 3P PeKkT ounucTku. Takke cpear HEAOCTATKOB CTOUT BBIACIUTh CIOKHBIN MPOLIECC pe-
TeHepaIuu yriis yepe3 3—6 MecsIeB ero SKCIUTyaTaIiuu.

JI. A. Kynbckuit onrcan cnoco O4MCTKH, BKIIOYAIONIU N IEPBUYHOE 030HUPOBAHKE, PEATCHTHY O
OYUCTKY B OTCTOMHHWKAX M (PUIBTPAX M JOOYHCTKY MOPOUIKOBBIM YTOIBHBIM COPOCHTOM, KOTOPBIN
JIO3UpYyeTCsi B TPyOOIIPOBOJI Nepel HACOCHOW CTaHIIMEH MEepBOro MoJbeMa U IeCYaHbIMH CKOPBIMHU
¢unsrpamu [7]. Ho mo3mpoBaHre aKTHBHPOBAHHOTO YIS B JTAHHOW TOYKE CHIDKAET 3PPeKT copO-
UOHHOM JOOYMCTKH U CHOCOOCTBYET OBICTPOMY POCTY MOTEPh HANOpa B 3arpy3Ke U COKPAICHUIO
MIPOJOKUTEIBHOCTH PIUIBTPOLUKIa. CTOUT OTMETHTH, UTO JAHHBIN CIIOCOO MOBBIMIACT YPPEKTHUB-
HOCTH OYMCTKHU BOABI, B TOM YHCJIC OT TPYAHOOKUCIISACMBIX OPraHU4YC€CKUX COC}II/IHCHI/Iﬁ N CHUHXKXACT
AKCIUTYaTaI[MOHHEIC 3aTPATHL.

engensn Paiik, Gumep [lapnorre u Paiizep SAun-llerep npemyioxuin MCHONb30BaTh IS
OYHUCTKH BOJBI CIIOCO0, OCYIIECTBIISICMBINA IPU IIOMOIIH aJCOPOIUU B YCTAHOBKE BOTOOYUCTKH, CO-
CTOSIIIEH M3 OJTHOI'0 OCHOBHOI'O a/ICOPOIMOHHOTO YCTPOWCTBA U aJJICOPOIIMOHHOI0 YCTPOMCTBA MTUKO-
BOH HArpy3KH, TOAKIIOYaeMOTr0 IIPH IPEBHINICHNH 33 JaHHOTO 3HAYCHH I KOHIICHTPAIUH 3ar psS3HEHU I
Y Pa3MEIIEHHOT'0 BBIIIE 110 TIOTOKY OTHOCHUTEIBHO OCHOBHOTO aJICOPOIIMOHHOr0 YCTpOiicTBa. Ancopo-
[IHOHHBIC YCTPONCTBA HMEIOT HETIONBIKHBIN CIIOW JTUCIEPCHOTO aKTHBHPOBAHHOTO YTIIS B CBOOOJ-
HOM 3aceinke [8]. HecMoTpst Ha cokpalienue pucka o0pa3oBaHus 1ecOpOIUH, UCIIOIb30BAHUE JAHHO-
r0 METOJa HE UCKIIF0YaeT BOSMOKHOCTH €€ BOSHHUKHOBEHHI. OCHOBHBIM MIPEHMYIIICCTBOM BHEIPCHUS
SIBJISICTCS OTCYTCTBHE Y aJCOPOIMOHHOIO YCTPOMCTBA MUKOBON HArPYy3KH MPOCKOKOB 3arps3HEHUN
7 YBEIIMUYCHUS CPOKA CITYKOBI yCTAHOBKU BOJJOOUUCTKH.

Beonus Yorep Comtoma u TekHomomkue ConopT NPeaIokKUId COCO0 OYUCTKH BOJBI, COCTO-
SIIAHA U3 30HBI IPEBAPUTEIFHOI0 B3aUMOACHCTBUS BOIBI C TIOPOIIKOOOPA3HBIM aKTHBHPOBAHHBIM
yriaeMm koHueHntpauueit 0,5 r/in — 10 /1, nocine KOToporo HacTymnaer cragust GpIOKYJISIIHK C yTshKe-
JICHHBIMH XJIOTTBSIMU. J{aniee MpOUCXONNUT OCaKICHUE H yIaJICHIE U3 HIDKHEH 30HBI OCAXKICHUS CMe-
cH ocajka, bajiacTa U MopouIkooOpasHoro ajcopOeHTa, KOTOPbIC HAMPABISIOTCS B THIPOIMKIIOH,
a M3 BepXHeW 30HBI OCAKJICHUS yaalsseTcs oopaboTaHHas Bojma. bammact U3 ruIpolUKIIOHa HAIIPaB-
JISIeTCS B 30HY (PIIOKYJISIIIMK, & CMECh OCaJKa M MOPOIIKOOOpa3HbIil acOpOCHT YacCTHYHO BO3Bpa-
mjaeTcsi B 30HY MPEIBAPUTEIBHOTO B3aWMOICHCTBHS, a IMIPH KOHIEHTpauu yris Huke 0,5 1/ mo-
OaBiisieTCst CBEXUH ancopOeHt. Jlanee HacTymaeT CTaaus MOAKHCICHHS CyCleH3un ajcopoenTa [9].
Takum 00pa3oM, HCIIOIB30BaHUE TAKOTO CIIoco0a obecreunBaeT BOZMOXKHOCTh BO3BPATa YacTH yiKe
UCIIOJIb30BAHHOTO aJICOPOCHTA U M0JIa4YH B BOJTY, IOAJISKAIIYI0 OYUCTKE, HEOOXOAMMOTr0 JJO3UPOBAH-
HOT'O KOJMYECTBA CYCIIEH3WH CBEXKEro aJCOPOCHTA B BOXHOH Cpee IS MOTyYeHUs KadeCTBEHHOU
BO/IbI, B PE3YJIbTATE YEr0 CHUIKACTCS PACXO aJICOPOCHTA M YMEHBIIAETCS KOJIMYECTBO ONepanuii 00-
paboTKM, HEOOXOAUMBIX ISl TOTYYCHHS BOJIBI.

A.B. TapaceBuu npeiokui GHIBTPOBATh KCXOJHYIO BOJLY 4epe3 COpOeHT, coaepiKallmii rpa-
(heHBI U/UNU yTIIEpOIHBIC HAHOTPYOKH, M 3aTeM — 4epe3 MEeMOpaHy, COIEPIKANly0 CKBO3HBIC TOPHI
nuameTpom 0,005—0,3 mukpona. JlanHoe n300peTeHue noseimaet 3)HEKTUBHOCT U HAJISKHOCTH OT-
YUCTKH BOJBI U CHIDKAET €€ CTOMMOCTh. OUHINEHHAs BOA COXPAHICT MUHEPAIbHBIC JIEMEHTHI, ITPH-
06peTaeT IMOBBIIICHHY IO 6I/IOJ'IOFI/I‘IGCKyIO AKTHUBHOCTb U MOXKET 6BITB HCIIOJIb30BAaHa [JISd MUTHEBbIX
1 MEAMLUHCKUX LIeJIed, BOJHBIX MPOLENYP, a TAKXKE B CeIbCKOM Xo3giicTBe [10].

VYuensie E.JI. BoiitoB u 10.JI. Cxony060BHY MPEANoKUIN UCIOIB30BaTh CTAHIIMIO BOAOIOATO-

TOBKH, COJICP)KAIIYI0 KOHTAKTHYIO KaMepy, OCBETIUTEIb, CKOPBIH (TP, pe3epByap YHCTON BOMBI,
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CETEeBOW HACOC, YCTAHOBKY O30HUPOBAHUS, YCTAHOBKY XJOPUPOBAHUS, YCTAHOBKY KOAryJIHMpPOBaHMUS,
pe3epByap-yCpeaHUTENIb MTPOMBIBHOW BOIBI, CT'YCTHUTENb, (DPUIBTP-TIPECcC, HACOC OCaaKa, MKEKTOP-
pactbUIUTENb, adpaTOP-OKHUCIUTENb, OJOK MUTAHUS, BEHTUISTOP, BO3MYXOAYBKY, TMOAKAYHUBAIO-
A HACOC, BO3IYXOOTICIUTENh, YCTAHOBKY (IOKYJIHPOBAHUS, TPOMBIBHOW 3KEKTOP, OTCTOMHIK
KOHTaKTHOW MAacChl, COPOIMOHHBIN (DUIBTP, 3arPyKEHHBIA TPaHyJIHPOBAHHBIM aAKTHBHBIM YTJIEM,
MIPOMBIBHOW HACOC, HACOC OCBETIICHHOH BOJBI, OYHKEp OcajKa, sl peareHTHOrO 00eCIBEYNBaHUS,
o0e3xene3uBaHmsl, JeMaHTaHAIIMN U YMSTYEHHUS MaJIOMYTHBIX TPUPOAHBIX BOI. Pe3ynbraTom uc-
MTOJIb30BaHUS TAHHOT'O M300PETEHUS SBISCTCS TOBBIMICHUE TEXHOJIOTHUSCKONW, IKOHOMUYECKOH 3(-
(hEeKTHMBHOCTH OYKMCTKH MPUPOIHON BOJBI, MMOJC3HOW MPOU3BOIAUTEIBHOCTH M JKOJOTHYECCKON 0e3-
ONACHOCTH CTaHIIMU BOAONOATOTOBKH [11].

Astops! Jlymzass Jlo, Xyu Croit, Yxynssus He, [[3tous J{yH, FOH MuH, JIs J[5H u JISHIBI0HD
VYV npennoxuau CUCcTeMy i OYMCTKH CTOYHBIX BOJ C MCIOJIb30BAHMEM MOPOLIKOBOTO aKTHUBHUPO-
BAHHOI'0 YIJISI, COACPIKAIIYIO YCTPOUCTBO sl JOOABIEHHU I aKTUBUPOBAHHOTO YTJISl, YCTPOMCTBO JJIst
CMEIINBAaHUS M 00paOOTKH, YCTPOUCTBO I pa3IeICeHUs BOABI M aKTHBHPOBAHHOTO YIS, yCTPOUCTBO
JUIs1 OOpaTHOMW MPOMBIBKH, CHCTEMY YIIPABICHHUS H MOAYJIb ITUTAHKS, YTO MO3BOJISCT 0OCCIICUUTH BbI-
COKO3((EKTHBHYIO OUYUCTKY CTOYHBIX BOJ C HCIOJIB30BAHUEM ITOPOIIKOBOT'O0 AKTHBHPOBAHHOT'O YTJIs
U YIIPOCTHUTH PETeHEPAIIHIO MTOPOIIKOBOTO aKTHBUPOBAHHOTO yIuis [12].

Ha ocHoBaHuM NpOBENEHHOIO aHaliM3a JIUTEPATYPHBIX AAHHBIX MOXKHO CJEJaTh BBIBOJ, UTO
MPUMEHCHUE aKTHBHBIX YIJICH B KaueCTBE COPOI[MOHHONW OYMCTKH B CHCTEME MOJATOTOBKU BOABI (-
(extuBHO U Oe3omacHO. Ho OombImast 9acTh pacCCMOTPEHHBIX TEXHOJOTHI TpeOyeT KapIWHAIBHBIX
W3MCHCHH JCHCTBYIOIICH TEXHOJIOTHH, &, CJICIOBATEIIbHO, M OOJIBIINX KaUTaIbHBIX 3aTpaT. [103T0-
MY CYILLECTBEHHbIE MOJEPHHU3ALMH TAK U OCTAIOTCS HA CTaAUU MpoeKTa. [l03TOMy OCHOBHOI LENbIO
JAaHHOW pabOThI OBLJIO CO3MaHUE METOAA C MUHUMAJIbHBIM M3MECHCHUEM JCHCTBYIOIICH TEXHOJIOTHU
OYUCTKH U HEOOIBITUMH KallUTAIEHBIMU BIOKEHUsIMHA. Hanbouree nepCcreKTHBHBIM PEIICHUEM C IIe-
JIBI0 OYMCTKH MUTHEBOU BOJBI SABISIOTCS aKTHBHBIC YIJIH, KOTOPbIC 00Jadaf0T BHICOKOH 3 heKTUB-
HOCTBIO B OTHOIICHUY XUMHYECKHX CBOHCTB. 32 OCHOBY OBLI B3SIT METOJl KYTJICBAHUS», TO3UPOBAHHE
MOPOIIKOOOPA3HOro yIiis B BHAE YIOJAbHOM Mybiibl. [IpenBapuTebHO ObLT pa3paboTan J1adopaTop-

HBII MaKeT ﬂeﬁCTByIOHJGﬁ TCXHOJIOTHH OYUCTKHU U aHpO6I/Ip0BaH METOA «YTJICBAHU».

JlaGopaTopHble HCIBITAHUS HA MAKETHOIl yCTAaHOBKe

JlaGopaTopHasi MakeTHasi YCTaHOBKAa MPOEKTHPOBAlaCh Ha OCHOBAHHMM pEalbHOM CTaHIUU
ouncTku. Macmrab MakeTa yCTaHOBKH ObLI BEIOpaH 1:40. B kauecTBe KOHCTPYKIIMOHHOT O MaTeprala
KCII0JIB30BaJIM OPTaHUUECKOE CTEKJIO TONIIUHON 5 MM. JlelicTBYO1Iasi TEXHOJIOT Ul BKJIFOYAET CIeAy-
foree 000pyI0BaHHE: CMECHTEIb, OTCTONHUK, MEXaHUYECKUH IeCUaHbIil GrIsTp. MakeT ObLI cliesian
0 YepTexam JCUCTBYIOLIEr0 000PyA0BaHUS sl MAKCUMAJILHOTO MPUOJIM)KEHHSI K PealIbHbIM YCIIO-
BusM. Boma ¢ moMorsto Hacoca momaercst B cMecutens (pacxon 0,2 I/MUH), OHOBPEMEHHO TIpeIyc-
MoTpeHa nojgada koaryssiata OX A mapku «AXI» (16,8 % anroMUHUN XJTOPruapar, S6 Mr/i mo ToBap-
HOMY IIPOIYKTY) C OMOIIIbI0 MUKpOI03aTopa. Jlanee Boa mocTymaeT B KaMepy XJI0nbeo0pa3oBaHus
U ocyluecTBisiercs: gozupoBanue diokyinsnra Flopam An-905 PWG 0,24 mr/n (koHIEHTpanus pac-
TBOpa (prokymsiHTa coctaBisieT 0,27 %). PasHuma Mexay 103MpoBaHUEM KOArylIstHTa U (PIOKYJISHTa
coctaBmiia 8 MUHYT. M3 KaMephl XJ10IIbe00Opa30BaHus BOAA MOCTYIACT B OTCTOWHUK. Bpemst mpoxox-

JACHHUA MYTU OT MoAa4u BOABI B CMECUTCIIb 1O BbIXOAa U3 OTCTOMHHKA COCTaBIISICT 1,5 qgaca. [locie
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OTCTOHHHKA BOJIA [TOJACTCS HA MEXaHUUCCKUM PHIIBTP. MeXaHUUeCKHi GUIIBTP MPEACTABISICT COO0M
OIJIHHIPAYECKHA KOPIYC ¢ BEpXHEH IMoadell BOABI Yepe3 CeTYAThIi MaTepual, JIsi pPABHOMEPHOTO
pacripeneneHus Boabl 0 GuiIbTpyroneMy Marepuaiy. BHU3y GuibTpa ToKe YCTaHOBIIEH CeTUaThli
MaTepHall, MPENsTCTBYIOMINI BEIHOCY (GMIBTPYIOIIEr0 MaTepraia u3 30H6I punbTpanun. B kauecTse
(GUIBTPYIOIIEro MaTepHalia UCIOIb30BaJICS KBapIEeBbIl MecoK. Boma Ha MeXaHUUYSCKUN (DUIBTP I0-
JTACTCs ¢ TIOMOIIBIO Hacoca.

Ha maxeTHoi#i 1a00paTOpHON yCcTaHOBKE ObliIa MPOaHAIN3UPOBaHA TEXHOJIOTUSI OYUCTKH C yue-
TOM PEaNbHBIX TO3UPOBOK XUMHUYCCKUX PEarcHTOB M METOJ «yTJIeBaHH». Ha MakeTHOW yCTaHOBKE
ObLIT A POOMPOBAH CHOCOO «YTIIEBAHUSI» C LEIBIO yIIyYIIeHUs ToKa3aTelei kauecTBa rOTOBOM MUThe-
BOI Bozibl. OCHOBHOM yTIOp OBLI C/IeTIaH HA CHIDKEHHE CIIeAyIomux mokasareneil: TC u mepMaHraHat-
Has OKHCIAEMOCTD. «YTJIEBAHHE) 3aKITI0YANIOCh B JO3UPOBAHUH PACTEPTOTO JI0 MBIJIBHOT'O COCTOSIHUS
JIPEBECHOTO aKTHUBUpPOBAaHHOTO yTis. Jlo3upoBka yris coctaBisiza 10 mr/m. PeareHThI: KoarysisHT
(56 mr/m) u paokyssauT (0,24 Mr/im) ObLTH MPOIO3UPOBAHBI B CTPOTO#l MOCICIOBATEIBHOCTH C YYSTOM
peanpHOM TexHOJIOTUH. JJ03upoBaHUE YIOIBHON MYJBITBI OCYIIECTBISAIOCH B KaMEPy XJIOITbeoOpa3o-
BaHus. J{11st mpornecca yrieBaHust Obliia BHIOpaHa MapKa JpeBECHOTO aKTUBUPOBAHHOTO yIuisi — BAY.

Onenka 3(pGpeKTUBHOCTH TEXHOJIOTUH MPOU3BOAIIIACE PHU3UKO-XMMUISCKIMHU METOJaMHU aHAIU-
3a: UV-VIS-cnekTpanbHblil aHanu3 B Auanazone JiuH BorH 190—-800 uMm, mpuOOpHBINA METO orpe-
nenenust obmero (TC), oprannueckoro (TOC), neoprannueckoro yriaepoaa (TIC), mepmanranaTHas
OKHCIISIEMOCTh, IIBETHOCTD, IIEIOYHOCTH, BOJOPOJHBIN MoKa3aTenb. [y aHaiM3a MCIONb30BAINCH
cienytommue npubopsl: Shimadzu UV-1800, Elementar vario TOC, pH-metp Hanna.

UV-VIS-cnekrpanbHblii aHanmu3 mnpoBoamics cortacHo metoaukam: «UV-1800 Shimadzu
Spectrophotometer» u «MeTonbl ontudeckor crnekTpockonuu» [13]. JlaHHas MeTonuKa HE BXOIUT
B [IEPEYCHb TOCYIaPCTBEHHBIX CTAHIAPTOB, a ONKUpaAETCs Ha eBporneiickyto cuctemy orieaku SPECIFIC
ULTRAVIOLET ABSORBANCE (SUVA) AND UV254.

OrnpenerneHue 00IIEro OPraHuyYecKoro yriepona mnposoauiock cormacio [OCT P 52991-2008
«MeToxbI OmpeeNcHHs CONEPKAHUS OOIIEro M PACTBOPSCHHOTO OPTaHUYECKOTO YIIIEPOAay, IIPUBO-
JIUTCS. METOJIMKA OIpEIeNICHHS COACPIKAaHUs OOIIEro OPraHuyYeckoro yriiepoja B BOJie MPH IIOMOIIU
aHAJTU3aTOPOB yIIIepoaa, MpHHIUN Oa3upyercs Ha metone [lroma-Ilperns, roe mpoba cxuraercs
B [IOTOKE MHEPTHOTO ras3a, a KOJIMYECTBEHHOE ONPEAeTICHIE YTITICKUCIOro Ta3a MPOU3BOAUTCS Ha BBI-
X0/Ie C IOMOIIbIO JaT4yuKa [14].

Onpenenenne nepMaHTaHATHOW OKMCIsgeMOCTH TpoBoauiock corjacHo ['OCT P 55684-2013
«Bopna nuteeBas. MeToJ onpenenenus nepMaHraHaTHoN okucisieMocTu» [15]. Onpenenenue HBETHO-
CTH TPOMU3BOAMIOCH (hoToMeTpuueckuM mMetonoM corsiacio ['OCT 31868-2012. IllenouHocTs orpe-
Jensiiachk TUTpuMeTpudeckuM criocodom o 'OCT 31957-2012.

Pe3ynbraThl 1a00paTOPHBIX UCCIECIOBAHUM MPUBEIEHBI B Ta0. 1.

U3 mory4eHHBIX pe3yIbTaToB JIA0OPATOPHBIX HCIBITAHII Ha MAKETHOH YCTAaHOBKE CICIYET I10-
JIOKHUTEIBHBIN 3PPEKT «yriIeBaHUs» HAa KAYeCTBO OYHMILEHHOW BO/IbL. [10 TOJIyYeHHBIM TaHHBIM: TIep-
MaHTaHATHAsI OKHCISIEMOCTbh, OPraHWYeCKHuil yriepos, nokasarens SUVA 254 — gukcupyercs cHH-
JKCHHE COIeP)KaHMs OPTaHMYECKHUX BEIIECTB, [0 I[BETHOCTH CIEKTPAJIBHBIN aHATIN3 TP MOTJIOMEHUN
D 400 — mpaktudecku ucuesaet. [[03ToMy MeTON «yTiIeBaHUS» BO3MOXKEH K IIPUMEHCHHIO ITPU CE30H-
HBIX YXYAIICHUX Ka4eCTBa HCXOJHOM BOMBI. JIaHHBIN METOJI 3aKJII0UaeTCs B JO3UPOBAHUH YTOJIBHOM

IIyJIbIbI (BO,I[OYFOJ'ILHa?[ BSBGCL). Takxe OCHOBHBIMH KpUTCPpUAMHA BLI60pa JaHHOT'O ME€TOAa ABJIAOTCA
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Tabauua 1. PesynpraTsl aHaIM30B anpoOMPOBAHHBIX TEXHOJIOTHI HA MAKETHOH YCTaHOBKE

Table 1. Results of analyses of proven technologies on a mock-up installation

OuwiieHHas Boja OuwrieHHas Boja
IToka3zarens Hcxonnas Boja rocJie AelcTByoen ocJie MeToj1a
TEXHOJIOTHH «YTJICBAHHS

LBeTHOCTB, Tpan. 21£3 10+3 5+3
MO, MrO,/n 5,8+0,4 3,3+0,4 3,0+£0,4
[lem09HOCTH, MMOJIB/J 2,8+0,2 2,6+0,2 2,5+0,2
pH, en 7,3440,1 7,36+0,1 7,44+0,1
TC, mr/n 15,6+0,3 13+0,3 10,4+0,3
TIC, mr/n 10,9+0,3 9,8+0,3 9,4+0,3
TOC, mr/n 4,7+0,3 3,2+0,3 1,0£0,3
D 254 0,242 0,091 0,076
D 400 0,061 0,01 0
D 550 0,03 0 0

MUHUMaJbHbIE (UHAHCOBBIC BIOKEHHS B PEKOHCTPYKIINIO JICHCTBYIOMIEH TEXHOJIOTHU U MAaKCHMAJIb-
HOE UCIIOJIb30BAHKE YCTAHOBICHHOTO AEHCTBYIOMIEro 000pyI0BaHHUSL.
VY4uTHIBas MOJOKUTEIBHBIN OIBIT alPOOMPOBAHUS METOJIA «yTIEBAHUS», CICIYIONUI STal 3a-

KJIHO4aJICAd B IPOBECACHU U ONBITHO-IIPOMBIIIJICHHBIX HUCIIBITAHUH Ha I[CﬁCTByIOH.Ieﬁ CTaHIIHMU.

OHLITHO-HpOMbIHIJIeHHLIe HUCHBITAHUA METOAA KYIJICBAHU D)

AnpoOHpOBaHNE TEXHOJOTHH «YTJICBAaHH» HA AEHCTBYIOIIEH CTAaHIINH ITPOBOIMIIOCH C JO3UPO-
BaHUEM YTOJIbHOW MYINbIbl. YToidb Mapku BAY MOXeT MCIOIb30BaThCsl IS MMOATOTOBKH MUTHEBOM
Boxbl (o manHeiM 'OCT 6217-74), on ancopOupyeT OopraHndeckue BEeIecTBa U CHUXKAET IepMaH-
TaHATHYIO OKHUCISAEMOCTh. VIcroap30BaHuE YT B BUJE MYNbBIHI (TIOPOIIKA) MTO3BOJISIET B KOPOTKHE
CPOKH, B T€YEHHE HECKOJBKUX YacCOB, HUBEIMPOBATH BHIOPOC OPraHWYECKHX BEIIECTB, CBS3aHHBIN
C MIPUPOIHBIMHU yCIOBUSIMH WJIM TEXHOTEHHBIMH IMpUYHHAMU. TakuM 00pa3oM, «yTiIeBaHUE» MOXKET
paccMaTpuBaThHCS B KaUeCTBE IKCIIPECC-METOJa KOHTPOJISI M OOpHOBI ¢ OMOJIOTHYECKMMH M OpTaHude-
CKMMH 3arpsI3HEHUSIMH MTUTHEBOM BOJIBI.

OTBITHO-TIPOMBIIIJICHHBIE HCIIBITAHHUS TPOBOAMINCH HA OJHOM (PUIBTPE U3 JECATH JEHCTBYIO-
IIMX B CBSI3H C OJJHOTUITHOCTHIO KOHCTPYKLMH BceX (QHIIBTPOB, a TAKKE HEOOXOIMMOCThIO CPABHEHHU I
MIOJIyYEHHBIX PE3YJIBTAaTOB IPEAIaraéMoil TEXHOJIOTUY C Pe3yIbTaTaMH IPOBEACHHUSI MOATOTOBKHY ITH-
THEBOI BOABI 0€3 «YTJIEBaHU) IS OLEHKU TOYHOCTH MCCIECIOBAHMSL.

JUtst onpezienieHns TOYKM BBOJA YTOJBHOM ITYJIBIIBI OBUI NMPOBEAEH aHAIHM3 TEXHOJIOTMUYECKOH
CXEMBbI JIJISl OTpe/ieNieHus] HanboJiee JOCTYITHOrO BapuaHTa. TeopeTHyeck BBOJ| YIOJBHON ITYJIBIIbI
MOKHO OCYILIECTBIISITh HA HACOCHOMU cTaHIMH | moabemMa B aBaHKaMepy, B CMECUTEIND U MEPEN BXOJOM
Ha (unbTp. [Ipu BBIOOpE TOUKH BBOJIA YyUUTHIBAIKCH CICIYIONIUE IApaMETPhbI:

— yIoOCTBO JO3MPOBAHUS YTOJIBHON MyJBIBI € MOCIEIYIONIUM KOHTPOJIEM 32 M3MEHEHHEM Ka-
YecTBa BOABI;

— yIoOCTBO IepeMenInBaHus yTOJBHON MyJIbIIBI U 00JIee MOJHOr0 BO3AEHCTBHSI Ha 00padaThl-
BaeMYI0 BOJAY 3a CUET 3aJCPKUBaHUs yIJsl B KBapLEBOM Mecke (QuiIbTpa M YBEJIHMYEHHS BPEMEHH

BO3JICHCTBUS;
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— BO3MOXXHOCTB OTCEUEHHUS METO/Ia KYTJICBAHUA» OT BCeH TEXHOJIOI MM MOATOTOBKHU BOABI,  TaK-
e (PUIIBTPOBAHMS BOJBI ITOCTIE «YITICBAHMS» Ha MeCYaHOM (DHIIBTPE C TTOCIETYIOIINM IIOCTETICHHBIM
BBIMBIBAaHHEM YTOJIBHOMW ITYJIBIIBI U3 (QHIIBTPA.

ITo TeXHOIOrMYeCKMM OCOOCHHOCTSIM CTAHIINH OYHCTKH BOJIBI BBOJL YT OJIBHOMN MYJIBIIBI OCYIIECT-
BJISUICSL B «BO3/YIIHUK» BXOJTHOT'O TPyOONpoBo/a rnepes GUIBTPOM C MOCIEAYFOLUIUM BBIHOCOM ITYJIh-
6l Ha (PUIIBTPYIOIIY IO TIOBEPXHOCTb.

Jlo3upOBKa yTOJIBHOM MYJIbITBI MOXKET COCTABIATH OT 5 10 20 MI/i, 103a 3aBHCUT OT 3arpsi3HEH-
HOCTH BOJBI U TOYKHU JIO3UPOBAHUS, @ MMEHHO OT COJEPKaHUS OpPraHMYECKUX BELIECTB B BOJIE U 3a-
IPS3HEHUI TEXHOICHHOro XapakTepa. Tak Kak Boa MOCTYMaeT Ha (GUIIBTP MOCIe KOAryJIUPOBaHHS
1 OTCTaWBAHNUS, COJEPKAHNE OPTaHNIECKHUX BEIIECTB B HEH 3HAUMTEIBHO HIDKE, IOATOMY ONTHMAJIb-
HOHM 1 9KOHOMHYHOH JJO3MPOBKOW YTOJIBHOM MYJIbIIBI OyAeT 5 MI/i.

J1J1st IPUTOTOBIICHUS! YT OJIGHOM ITyJIBIIBI OblIa TOATOTOBJIEHA CMECUTENbHAs yCTAHOBKA C COS/IU-
HUTENLHOI U perynupytoleii apmatypoii. CMecuTesbHasi yCTaHOBKaA MpeICTaBIIsia co00it 0ak 00b-
eMoM 90 J1, MUKCED C DIIEKTPOJBUTATENIEM, HACOC, POTaMETP. DIEKTPOABUTATENb MOIIHOCTHIO 370 BT,
Hanpspkenuem 220 B, gacrotoii Bpamenus 2700 o6/mun. Hacoc momaocThio 900 BT, mpousBoau-
teapHOCTHIO 3800 11/9 u HanpshkerneM 220 B. K anexTpoasurarento Kpenuiach MEKCEpHAs HacaaKa
U3 OI[MHKOBAaHHOHN CTajiM, KOTOPasi MepeMEIINBaeT YTrOJbHYIO MyJbIly. MacCOBBII pacXon MyJbIIBI
ObLI pacCYUTAH C YUETOM PACX0Aa IMoJauy BoAb! Ha GYuIbTp. JIis yIpommeHus J0O3UPOBaHUsI YTOIbHAS
myJibiia OblIa IPEABAPUTEILHO pachacoBaHa 1Mo KOHTeitHepaM (puc. 1).

3aroToBKa yroJbHOW MYJIBIIBI CMEIINBaJach ¢ TerIoi ool (35—45 °C) npu momomuu 31eKTpo-
MEIIaJIKH JI0 Oy 4YeH s OHOPOIHON MaccChl U Jiajiee nepeiuBajiack B 6ak. s nonaepkanus oHO-
POIHOTO arperaTHOr0 COCTOSIHUS IyJIbIIa HETPEPHIBHO MepeMennBaiack. [locTosHHOE nepemMentu-
BaHHE OCYIICCTBJSAJIOCH HACOCOM ¢ OalmacHOW auHuei (uupkyisius) (puc. 2). [lynbna momaercs
C TIOMOIIBIO Hacoca, a pacxof peryiaupyercs poramerpom (0,054—-0,54 m3/4). Bpems nosupoBaHus
MyJBIBI cocTaBuiio § yacoB. Ilo pacuetam, cpegHee BpeMs KOHTAaKTa yrOJIbHOH MYyJBIIBI B 30HE CBO-
60/1HOI BOZIBI OT BXO/A IIOTOKA B (DMIIBTP JO IMOBEPXHOCTH 3arpy3KH COCTABUIIO B cpeiHeM 19 MUHYT.
[lonaya My bIbl MPOUCXOANUT B BBICOKOCKOPOCTHOM TYpOYIN30BaHHBIN MOTOK, YTO TapaHTHPOBAHHO
o0ecrieunBaeT B3BEIICHHOE COCTOSIHHE ITYJIBITbI.

[lepen HauaIOM OIBITHO-ITPOMBILIJICHHBIX UCIIBITAHUHN U 1T0CJIe ObliIa 0OCMOTpeHa (GuiIbTpyoIas
MIOBEPXHOCTH (KBapueBblii ecok). [To okoHuanuu GuiabTpornkia GUIBTP ObUI MEPEKII0UEH Ha IPO-

MBIBKY. BpeMsi IpOMBIBKY COCTABUIIO 5 MUHYT, YTO SABJISETCS HOPMOM.

Puc. 1. KonTeliHeps! ¢ 3aroTOBKaMHu A1 HPUTOTOBJICHUSI YT OJIBHON IYJIbIIbI

Fig. 1. Containers with blanks for the preparation of coal pulp
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Puc. 2. [IlepememnBanue

C INIOMOIIIBKO Hacoca

yTOJIbHOM

Fig. 2. Mixing of coal pulp with a pump

ITYJIBIIbI

[Tlepen HauamoM OSKCrEpUMEHTa Oblia
pa3paboTaHa pexKMMHas KapTa, COrNIaCHO KO-
TOpOH oTOupanuck npodsl Boabl. JlJabopaTop-
HBI aHATU3 MPOBOIMIICS [0 CJIEAYIOUUM I10-
Ka3aTessiM: IepPMaHTaHATHAsl OKHUCIISEMOCTD,
LBETHOCTh, MYTHOCTb, OOILIUIl OpraHudve-
CKuil yriepon. Pe3yabTaThl MpPEaCTaBIICHBI
KaK B BHJie TaOIUIbl, TaKk U B Gopmare aua-
rpamm, JJis BO3MOXKHOCTH CPaBHEHHUSI DKCIIC-
PUMEHTANIBHBIX PE3yJbTaTOB, [OJYyYCHHbBIX
JI0 ¥ Tociie (QUIBTPOB, a TakXe JJIsi CpaBHe-
HUs pabOThI ABYX MapalIeIbHO PabOTAIONIUX
(GuABTPOB OBLIM KCIIOJB30BAHBI CTATUCTUYC-
CKHME METOJbl aHaju3a, KOTOPbIE MO3BOJIUIH
MaKCHMaJIbHO TIOJHO U TOYHO OI[CHUTB (P deK-
TUBHOCTbH OYUCTKH. BBUIN BBIYHCICHBI OCHOB-

HBIC CTATUYCCKHE MapaMETPbl HCB3BCILICHHOI'O

psina: cpenHss apudmMernyeckas, abCoM0THAs OTPEITHOCTh, YNCIIO CTENeHEeH CBOOOBI, KpUTEPU I

CrelofieHTa, CpeJiHee KBapaTUuHOE OTKIOHEHHE, JUCIIEPCHs, OIIMOKa cpeHel apupMeTHIECKOi,

KOSq)(bI/IL[I/IeHT Bapuanuu, nokaszarejib TOYHOCTH OIIbITA. Ilo pe3yabTaTtaM NpPOBEACHHOI0 CTaTu4e-

CKOr'o aHaJin3a U3MEPCHHBIC MMOKA3aTCJIN Kau€CTBA BOABI ABJIAIOTCA BEPHBIMH BBUAY JOCTOBECPHBIX

kputepreB CThIOJICHTA Cpe/iHE apuPMEeTHUSCKON U 3HAYCHHU S TI0KA3ATelsi TOYHOCTHU OIbITA MEHb-
ure 5 % (tadia. 2-3).

ITo rpamvecknM 3aBUCUMOCTSM (pHC. 3) BUAHO, UTO PA3HUIA B IEPMaHTaHATHONW OKUCIISIEMOCTH

MEXIy BOJOW 10 M TOCjIe (PHIIBTPa JOCTOBEPHO OOJIbIIe 7151 (GUIBTPA ¢ KyTJICBAaHUEMY, T.e. QDUIBTP

Tabnumna 2. Pe3ynsraTsl 1a00paTOPHOTO aHATH3a BOIBI (0 U 1OCIe (PUIBTPAINN) METOAOM «yTIEBaHUSD)

Table 2. Results of laboratory analysis of water (before and after filtration) using the «carbonization» method

Bpewms/ nara MO, mr/n HB?;I;;CTB’ MyTHOCTb, MT/1T OOV, mr/n OcT. XJI0p, MI/1
otbopa mpoOsI
Ho ITocne Jo Tlocne Ho Tlocrne o ITocne Jlo Tlocrne
11:00/ 3,8+ 3,7+ 20+ 6,8+ 1,76+ | 0,58+ | 3,8+ 3,7+ 1,46+ | 1,43+
19.04.23 0,3 0,3 4,5 2 0,4 0,1 0,3 0,3 0,3 0,3
13:00/ 3+ 5,8+ 0,58+ 34+ 1,28+
19.04.23 0,3 1,7 0,1 0,3 0,3
15:00/ 3,6+ 3,2+ 2545 5,9+ 2,6 | 0,58+ | 3,8+ 3,2+ 1,31+ 1,3+
19.04.23 0,3 0,3 1,8 0,4 0,1 0,3 0,3 0,3 0,3
17:00/ 2,6+ 6,9+ 0,58+ 34+ 1,16+
19.04.23 0,25 2,0 0,1 0,3 0,3
12:00/ 3,4+ 2,9+ 2415 5,3+ 2,2+ | 0,58+ | 3,6+ 3,4+ 1,83+ | 1,47+
20.04.23 0,3 0,3 1,5 0,4 0,1 0,3 0,3 0,3 0,3
10:00/ 4,5+ 3,1+ 4029 10,5 3,74+ | 0,58+ | 52+ 3,8+ 1,01+ | 0,96+
21.04.23 0,4 0,3 +2 0,4 0,1 0,4 0,3 0,28 0,28
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Tabnuua 3. Pe3ynbrarsl 1a60paTOpHOrO aHaIM3a BOABI (10 U nocie GuiabTpannn) 6e3 «yrieBaHusDy

Table 3. Results of laboratory analysis of water (before and after filtration) without «carb»

Bpems/ nara MO, mr/n HB?;I;;CTB’ MyTHOCTB, MI/1T OO0Y, mr/n OcT. XJI0p, MI/1
oTbopa mpoOsI .
Jlo [Tocne o [Tocne Jlo [Tocne o [Tocne Jlo [Tocne
11:00/ 3,8+ 3,4+ 20+ 7,6+ 2+ 0,58+ | 3,8+ 3,3+ 1,28+ | 1,28+
19.04.23 0,3 0,3 4,5 2 0,4 0,1 0,3 0,3 0,3 0,3
13:00/ 3+ 6,8+ 0,58+ 3,5+ 1,24+
19.04.23 0,3 1,9 0,1 0,3 0,3
15:00/ 3,4+ 3+ 1624 6,0+ 2+ 0,58+ | 3,8+ 3,3+ 1,3+ 1,28+
19.04.23 0,3 0,3 1,6 0,4 0,1 0,3 0,3 0,3 0,3
17:00/ 2,7+ 5,6+ 0,58+ 3,2+ 1,13+
19.04.23 0,25 1,5 0,1 0,3 0,3
12:00/ 3,4+ 3+ 1124 74+ | 0,58+ | 0,58+ | 3.6+ 3,2+ 1,3+ 1,26+
20.04.23 0,3 0,3 2 0,1 0,1 0,3 0,3 0,3 0,3
10:00/ 3,8+ 2,7+ 1043 6,1 0,59+ | 0,58+ | 5,2+ 3,2+ 1,33+ | 1,19+
21.04.23 0,3 0,3 +1,6 0,1 0,1 0,4 0,3 0,3 0,3

HepMaHI‘aHaTHaﬂ OKHCJIACMOCTD
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Puc. 3. I3MeHeHne nepMaHTaHATHOH OKHUCIISIEMOCTH JI0 U TTOcie (UIBTPOB

Fig. 3. Changes in permanganate oxidizability before and after filters

C «yTJIIEBaHUEM» CHUMAET OOJIbIIee KOJTHMUECTBO BEIIECTB, OMPEACIIEMbIX IEPMaHTaHATHOW OKHCIIS-
eMOCThI0. KpoMe TOoro, CTOUT OTMETHTb, YTO MPOM3OLLIO PE3KOE yBEJIMYCHUE M0Ka3aTelsl B pode
BOJBI Ha Bxoje ¢mibTpa ¢ «yrieBanuem» B 10:00 ot 21.04.23, 4T0O CBSI3aHO C M3MEHECHUEM PEKHMa
paboTbl orcToliHuKa. [Ipy yBearueHHH MPOU3BOUTEILHOCTH CTAHIIMU MJIM OTKJIFOUYEHUH YaCTH OT-
CTOHHUKOB Ha IIPOMBIBKY YBEIHMYHMBAETCSI CKOPOCTh IMOTOKA BOJBI M BCIJIEICTBHE 3TOTO MPOUCXOIUT
BBIHOC OPTaHUYECKUX BEIECTB U3 OTCTOMHHKA.

ITo rpaduueckrM 3aBUCUMOCTSIM (puc. 4) BUAHO, YTO 1O IBETHOCTH BOAA /10 (PHUIIBTPOB C «yTJIe-
BaHHEM» W 0e3 3HAYMTEJIbHO OTIMYaeTCs. B (uibTpe ¢ «yriieBaHHEeM» I0Ka3arelb I[BETHOCTH
Ha BXoJi¢ cTabuiabHO BhIlle, ocod0erHo B 10:00 ot 21.04.23. Takke CTOMT 3aMETUTh, YTO BOJA IOCIIE
(UIBTPOB MO LIBETHOCTH MPAKTHYECKU OJMHAKOBas. MOXHO C/IeNaTh BBIBOJ, YTO YTrOJIbHAS ITyJIbIa

ob0ecrieunBaeT CHUIKEHHE OBETHOCTHU 10 HOPMATHBHBIX IOKa3aTeseH. HOCKOJ’IBKy MMPUHATO, YTO LIBET-
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Fig. 4. Chroma change before and after filters
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Puc. 5. I3MeHeHne MyTHOCTH J10 ¥ HIOcJie QUIIBTPOB

Fig. 5. Turbidity change before and after filters

HOCTB IPUPOHOM BOJIbI 00YCIJIOBIICHA B IIEPBYI0 OYEPE/lb IPHCYTCTBUEM OPraHMYECKHX KOMIUIEKCOB

KEJIC3a, MOXKHO CHUTATh ,I[aHHLIﬁ pe3yiibTaT IpUMEpPOM 3(1)(1)6KTI/IBHOCTI/I «YTJICBaHUSA» NI YAAJICHUA

«OPraHuKu».

MyTHOCTB BOJIbI JI0 (DPUIIBTPOB C «yTJIEBaHUEM» U 0€3 3HAYUTENLHO OTiaH4aiack (puc. 5). MyT-
o0enno B 10:00 ot 21.04.23. Ox-

HaKO I10CJIE (I)I/IJ'ILTPOB MYTHOCTB BOAbl CTAHOBUTCA OHHHaKOBOﬁ. JT0 CBUACTCIILCTBYET O CHJIBHO

HOCTB BOJIbI Ha BXO/I€ B (DMIIBTD C «YIJIEBAHUEM» HAMHOTO BBIIIE, OC

pas3nyarolieMcs COCTaBe BOJbI, BXOAsIIEH Ha QUIBTPbI U3 OTCTOHHUKOB. Ho mpu sToM (uiabTpbl

oKa3ajn OANHAKOBYHO 3(1)(1)6KTI/IBHOCTB IO YAaJICHUIO MYTHOCTH.

Tak ke, Kak U B cily4ae ¢ IpyTMMH [10Ka3aTeIsIMHU, COAEPKaHHE OOIIEro OpraHuyeckoro yrie-
porna Ha Bxoze B pUIBTp ¢ «yriaeBaHuem» 21.04.23 MHOTOKpATHO BEIIIIE, YeM Ha (QHUIBTpe 0e3 «yTJe-

BaHus». W3 rpadukoB (puc. 6) BHIIHO, YTO CHHIKEHHE OOILEr0 OPraHuYecKoro yriiepoja OoJblie

Ha QuabTpe ¢ «yrIeBaHueM».
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Puc. 6. 3menenne o01mero opraHu4ecKoro yriaeposa 0 u mocie GHILTPOB

Fig. 6. Change in total organic carbon before and after filters

PeByJ’IbTaTLI o COACPIKAHUIO CBA3AHHOT'O XJIOpa HO/HOCJ’IC (bHJ'IBTpOB C «YyIJICBaHUCM» U oe3

HC MOoKa3aJid JOCTOBEPHOT'O pa3jIndus.

3akjrouenne

W3 cpaBHEHUSI CTaTUCTHYECKOM TOCTOBEPHOCTH PA3JIMUUI MKy TIOKa3aTeNIsIMH paboTsl (prih-
Tpa ¢ «yTrieBaHueM» U GuiIbTpa 0e3 «yIJIeBaHUs» MOXKHO CIEIaTh CJIENYIOIINE 3aKTIOUSHHSL:

— IO KpPUTEPHAJIBHON OIEHKE BOJa, MocTynaromas Ha GuibTp 0e3 «yriieBaHHUs», TOCTOBEPHO
OTJIMYAETCS OT BOJIBL, TOCTYHAIOIIEH Ha (QUIIBTP C «YyTIIEBAHHEMY, 10 [T0KA3aTeJsIM MyTHOCTH U IBET-
HocTu. ECTh TOCTOBEpHBIE OTIMYMS B HEKOTOPHIX BPEMEHHBIX TOYKAaX MO IOKA3aTeJsIM MepMaHTa-
HATHOW OKHCJISIEMOCTH, OOILEro OpraHMyYeckoro yriepoja. JTo CBUIECTEIbCTBYET O TOM, YTO BOJa
B OTCTOHHUKAX, MMUTAIOMNX (QUIBTP C «yTIIEBaHUEMY, OoJiee 3arpsi3HeHa OpraHMueCKUMH U B3BEIICH-
HBIMH BellleCTBaMHU. Tak Kak B OTCTOWHUKH BOJA MOMAIAeT U3 OJHOTO CMECHUTEISI M, OUEeBUIHO, O/IH-
HAKOBOT'O KaueCcTBa, B OTCTOMHUKAX IPOTEKAIOT HETaTUBHBIC IIPOLECCHI, 3TO MOTYT OBITh IPOLECCHI
O6roo0OpacTaHusl, KI[BETCHUSD» BOIbI;

— B OIpeIclieHHbIE MOMEHTHI, a HMEHHO HaOmromaembid 21.04.23, U3 OTCTOHHUKOB (IIBTpa
C «yIJIEBaHHEM) MPOUCXOIUT MACCOBBII BHIOPOC OpPraHMYECKUX U B3BEIICHHBIX BEIIECTB. Bepost-
HO, TIPH N3MCHEHUH XapaKTEPUCTHK MOTOKA (JIMHEHHOM CKOPOCTH) CO JTHA OTCTOMHMKA IMOJHUMAETCS
«MYTB» U NIEPEHOCUTCS B PUIBTP. DTO MOXKET IPOUCXOAUTD, HAITPUMED, IPH OTKIIFOUEHUH COCETHUX
OTCTOWHUKOB Ha OYUCTKY;

— IO CBSI3aHHOMY XJIOpY BOJia, mocTynaronias Ha GuiibTp 0e3 «yrieBaHus», JOCTOBEPHO HE OT-
JMYAETCST OT BOABI, MOCTYIAIOIIEH HAa (QUIBTP C «yTJIEBaHHEM». JTO BIIOJIHE OOBSCHUMO, TaK Kak
CBSI3aHHBIN XJIOP OCTAETCS B PACTBOPUMOM COCTOSIHUH M B OTCTOHHUKAX HE MEPEXOIUT B 0CATIOK;

— TOCKOJIBKY I10 CBSI3aHHOMY XJIOPY BOJIa, BBIXOAMIAs C GHIIBTPa Oe3 «yTIIeBaHU», TOCTOBEPHO
HU B OJTHOM BPEMEHHON TOYKE HE OTJIMYAETCS OT BOJIbI, BBIXOASIICH ¢ PUIBTPA C «YTJIEBAHHEMY, ITO
CBHJICTEIILCTBYET 00 OTCYTCTBUY BIUSHUS «yTIEBAHUS» HA OCTaTOYHBIN CBS3aHHBIN XJ0p. CienoBa-
TEJIBHO, IIPH J103€ 5 MI/J TIOPOLIKOOOpa3HOro yrisi Mapku BAY-A He npoucXoauT BIMSIHUS Ha COAEP-

JKaHHEC OCTAaTOYHOI'0 CYMMAPHOT'O XJIOpa, a 3HAYHUT, HE Tpe6yeTC$I MMOBTOPHOTI'O XJIOPHUPOBAHUS;
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— IIpU CPAaBHEHUU [0Ka3aTelieil MyTHOCTH, LIBETHOCTH, IEPMaHTaHATHOW OKHCIISIEMOCTH, 00I11Ie-
IO OPraHMYeCcKOro yrieposa B BEIXOIHBIX IIapaMeTpax (GUIIBTPOB — JOCTOBEPHBIC Pe3YIIbTaThl pa3iit-
4uii (T.€., MOJOKUTEIBHOTO BIIMSHUS «yTJIEBAHUs») MOJy4YEHbI HE BO BceX Toukax. [Ipu HeOOIbIION
CTETICHU 3arpsi3HCHHS BOIBI BIUSHHUE KyTJICBAaHUS» HE 3aMETHO. [1010)KUTEIbHOE BIMSHUE «yTIJIeBa-
HUSD) OTUETIIMBO MPOSIBIISICTCS IIPU CUIIBHOM 3arpsi3HEHUH BOJIbL. B CBS3M C BbIIIECKa3aHHBIM IIPOBE-
JIU OIICHKY PE3yJIBTAaTOB MO Pa3HUIE MEXK Y Ha4albHBIM (JI0 PHUIBTPa) U KOHSYHBIM (TIocie (PUIbTpa)
3HAQYEHUSIMH, T.€. OLCHWIH «CheM» (DUIBTPOM 3arpsi3HSIONIMX BEUIECTB. TaKyl0 CTaTHCTHYECKYIO
00pabOTKy pe3yJbTaToOB MPOBEIH JUIsS MOKa3aTesield LBETHOCTH, NEPMaHTaHATHON OKUCISEMOCTH
1 O0LIEero OpraHM4Yeckoro yriepoaa, Tak Kak MIMEHHO 9TH II0Ka3aTeNu B OOoiblIeil CTENEeHH «OTBET-
CTBEHHBD» 32 COACPIKAHNE OPTaHHYESCKUX BEILECTB;

— (unBTp ¢ «yriieBaHHEM» JOCTOBEPHO «CHHUMAeT» OOJIblIe OPraHUYECKHUX BEIIECTB, YeM
¢buneTp 0e3 «yriaeBaHus». JJoCTOBEPHOCTD pa3inymii 0OHapy KeHa PU CPAaBHEHHH [{BETHOCTH, 00LLIe-
r'0 OPraHMYeCcKoro yriepoja, BCreHuBaHus. PazHuia 1o nepMaHraHaTHOM OKHUCIISIEMOCTH JI0 M TIOCIIe
(buIbTpa J0CTOBEPHO HE OTIIMYACTCS, HO HY)KHO OTMETHTB, YTO IIEPMaHIaHATHAsI OKHUCIIIEMOCTb SIB-
JISIeTCS. MHTErPUPOBAHHBIM TI0KA3aTeIeM M HE BIIOJIHE OJHO3HAYHO OINpeNesisieT MMEHHO OpraHuye-
CKHE BELICCTBA. A TaKUe MOKa3aTeNH, KaK LIBETHOCTbh, OOIINIT OpraHMYeCKUi yriiepo, BCICHUBaHHE,
CBH/ICTEJILCTBYIOT HMEHHO O COJIEP)KAHNU OPraHMYECKUX BELIECTB M CHHIKAIOTCS (DHIIBTPOM C «yTJie-

BaHUCM» NJOCTOBCPHO 60J'IBHI€, (1% (i)I/IJ'IBTPOM 0e3 «YTJICBAHU .

BoiBoabl

Ha ocHOBaHMM TONYYEHHBIX PE3yJbTATOB Ha Ja0OPAaTOPHBIX MAKETHBIX HCCIEHOBAHHUIX
U ONBITHO-MPOMBILIJIEHHBIX UCIBITAHUIX MOXHO 3aKJIIOYUTh, YTO IPUMEHEHUE METO/AA «YyIJe-
BAaHUS» B MEPUOBI PE3KOT0 YXYIIICHUS Ka4eCTBA MCXOMHOHN BOJBI [0 OPraHUYCCKUM B OHOJIO-
THYECKHUM 3arpA3HCHUSM MMO3BOJISICT CHATH Mpooiemy. Ho miis BHeApeHHS TaHHON TEXHOJIOTUHU
HEOOXOAMMO MPOBEACHUE KaK JIAOOPATOPHBIX HMCCICIOBAHUM, TAK M OMBITHO-IIPOMBIIIICHHBIX
HCIIBITAHUH JJI KOHKPETHON CTAaHIIMU OYUCTKH. JJaHHBIC UCCIeJOBAHUS HEOOXOIUMBI JIJIS ITO/I-
0opa Kak MapKud TOPOIIKOOOPa3HOr0 aKTUBHOTO YIisl, TAK W ONMTUMAJbHOW JO3bI YTrOJbHOU

IMYJIBIIBI.
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Abstract. In this paper presents the results of a study of the influence of combined fillers
(2-mercaptobenzthiazole (MBT) and nano-sized oxides: ZrO,, WOs, ZnO and CuO) on the structural,
thermal, mechanical and tribological properties of ultra-high molecular weight polyethylene (UHMWPE).
Composites based on UHMWPE with binary fillers were obtained by hot pressing. A study of the
mechanical properties of polymer composite materials showed an increase in tensile strength and
elongation at break by 43—50 % and 2627 % compared to the initial UHMWPE. The compressive
stress and Shore D hardness of the composites increased by 41 % and 11-15 %. Microscopic studies
of composites showed the formation of spherulite formations in the supramolecular structure, and the
density increases in all samples with the introduction of fillers. Thermodynamic studies have shown that
the enthalpy of melting and the degree of crystallinity for composites of the composition UHMWPE/
MBT/ZrO, and UHMWPE/MBT/WO; are higher compared to UHMWPE/MBT/CuO and UHMWPE/
MBT/ZnO. Tribological tests have shown an improvement in the wear resistance of UHMWPE/MBT/
CuO by 4 times compared to the unfilled polymer matrix while maintaining a low coefficient of friction.
A study of the worn surface of composites showed the formation of secondary structures that reduce
fatigue and abrasive wear, which explains the increase in wear resistance. The developed composites
based on UHMWPE filled with MBT and nanooxides can find application in technology and various
equipment due to their improved properties.

Keywords: ultra-high molecular weight polyethylene, nanooxides, 2-mercaptobenzthiazole, polymer
composite materials, wear resistance.
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BausiHue HaHOPa3MePHBIX OKCHA0B METAJII0B
U 2-MepKanTo0eH3THAa30/1a HA CBOMCTBA

U CTPYKTYPY CBEPXBBICOKOMOJIEKYJISIPHOTO MOJIUITHIIEHA

A.Il. Bacuanesn, C. H. JlanujioBa, A. A. JIbSIKOHOB,
A.B. OxonemnukoBa, U. C. Makapos
Cegepo-Bocmounbiii pedepanvrulii yHugepcumem
umenu M. K. Ammocosa

Poccuiickas @edepayus, Axymck

AHHOTanus. B paGore npuBeaeHbl pe3yIbTaThl HCCICIOBAHNS BIUSIHUS KOMOMHUPOBAHHBIX
HamonHUTeNeH (2-mepkanrtodenstuazon (MBT) u HaHopasMepHBIX oKcHa0B: Zr0,, WO;, ZnO u CuO)
Ha CITy’KeOHBIE CBOICTBA U CTPYKTYPY CBEPXBBICOKOMOIIEKYIIsipHOro nonmyTrieHa (CBMITS). KomnosnTst
Ha ocHoBe CBMIID ¢ OnHApHBIMU HANIOJHUTEISIMHU IOy YSHBI METOJIOM TOPSTYEro MPEeCcCOBAHMS.
HccnenoBanue GU3MKO-MEXaHHUECKUX XapaKTEPUCTHK ITOJMMEPHBIX KOMITO3UIIMOHHBIX MaTePHaIOB
M0KA3aJI0 MOBBIIIEHNE IPOYHOCTHU MPU PACTAKEHUU U OTHOCUTEIBHOTO yIJIMHEHUS IPU pa3pbiBe
Ha 43-50 % u 26—27 % cOOTBETCTBEHHO IO CpaBHEHHUIO ¢ ucxoaHelM CBMIID. Hanpsixenue npu
cxatuu 1 TBepAocTs o Hlopy D komno3uTos noseicuiuck Ha 41 % u 11-15 % cooTBeTcTBEHHO.
MUKpPOCKOITMYECKHE HCCIIEA0BAHMS KOMIIO3UTOB MOKa3asu (POPMUPOBAHHE CHEPOTUTHBIX 00pa30BaHNI
B HaJIMOJICKYJISIPHOM CTPYKTYpE, a TUIOTHOCTH YBEJIMYMBACTCS BO BCeX o0pa3iax Mpu BBEJACHUHT
HanoxaHuTenei. TepmMoaMHaAMHUUECKUE UCCIIENOBAHMS TOKA3AIIU, UYTO SHTAIBIIN [IIaBICHUS U CTENEHb
KPHUCTAJITHMYHOCTH KOMIT03uTOB coctaBa CBMITD/MBT/ZrO, u CBMII3/MBT/WOj; Bbitie o cpaBHCHUIO
¢ CBMIIS/MBT/CuO n CBMII3/MBT/ZnO. Tpubonorudeckne uccieJOBaHUS BBISIBIIIN YIydIICHUC
n3nococTtoiikoctu CBMIID/MBT/CuO B 4 pa3a 1o CpaBHEHHUIO C HEHAIIOJTHEHHBIM ITOJIMMEPOM TTPH
COXpaHEeHUHN HU3KOro KoddduiuenTta TpeHns. McceaenoBannue MoBEpXHOCTH TPEHUSI KOMIIO3UTOB
TI0Ka3aJio (POPMHPOBAHUE BTOPHUHBIX CTPYKTYP, CHIDKAIOIINX YCTAJIOCTHOE U abpa3uBHOE H3HAIINBAHUE,
YTO OOBSICHSICT MOBBIIIIEHNE H3HOCOCTOIKOCTH. PaspaboTanHbie KoMo3uThl Ha ocHoBe CBMIID,
HarostHeHHOTO MBT 1 okcuaamMu MeTasioB, MOTYT HAHTH IPUMEHEHUE B TEXHUKE U Pa3IMUHBIX
000pynoBaHMSIX O1arofapst yaIydnieHHBIM CBOHCTBaM.

KuroueBble cjioBa: CBEPXBBICOKOMOJICKYIISIPHBIH TOTHITHIICH, HAHOOKCHIBI, 2-MepKanTOOSH3THA30II,
MIOJIMMEPHBIE KOMITO3HIIHOHHBIE MaTePHAaJIbl, U3HOCOCTOHKOCTB.

Baarogapuoctu. ccienoBanue BHINOIHEHO 3a cyeT rpanta Poccuiickoro Hayunoro ¢onma Ne 22—
73—00076, https://rscf.ru/project/22—73-00076/.

Iutuposanue: Bacuiases A.I1. BrusHue HaHOpa3MepHBIX OKCHIOB METAJIIIOB U 2-MepKaNTOOCH3THA30/1a Ha CBOICTBA H CTPYKTYPY
CBEPXBBICOKOMOJIEKYIsipHOTO TosinaTriieHa / A.T1. Bacunwes, C. H. Jlanuiiosa, A. A. [IpskoHoB, A. B. OKOHEIITHUKOBA,
. C. Makapos // Xypu. Cub. penep. yu-ta. Texuuka u Texnonoruu, 2024, 17(2). C. 162—174. EDN: LNAQTE

BBenenne

B Hacrosmiee BpeMs TpeHHE M U3HOC HIMPOKO PACIPOCTPAHEHBI B a3POKOCMHUYECKOM MPOMBIII-

JICHHOCTH, MAITUHOCTPOCHNUH, TPAHCIIOPTC U B HOBCG,Z[HGBHOfI KHU3HU. HpI/I Pa3BUTHH S5KOHOMUKHA
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Y TEXHOJIOTUH TPEHHE U U3HOC BBI3BIBAIOT JOMOJIHUTEIbHBIC TOTEPH SHEPTUU U BEIOPOCHI OO0JIBIIOrO
KOJIMYECTBA MAPHUKOBBIX TA30B, BEI3BIBAS CEPHE3HOE 3arp3HEHNE OKPYXKAIOMIEH cpebl. YTiayOneHHbIe
UCCIIe/IOBaHUS B 00JaCTH TPHOOIOrH MTO3BOIHMIIN JOOUTHCS HU3KOT0 KO (GUIIUEHTA TPEHUS U HU3KOTO
YPOBHS N3HOCA B MeXaHH4YecKuX cuctemax [1]. Tem He MeHee monCK 3 PEKTUBHBIX CIIOCOOOB CHIDKE-
HUSI TPEHUS ¥ U3HOCA MO-TIPEKHEMY OCTaeTCsd aKTyaldbHOH 3anadeil. OMHUM U3 CIOCOOOB ABISETCA
HCTIONB30BAHNE CAMOCMAa3bIBAIOIINXCS TIOTMMEPHBIX KOMITO3UIIMOHHBIX MaTepuaiioB (ITKM), 6naronaps
yemy yCTpaHsAeTCs HeoOXOIUMOCTh B HCIOIb30BAHMUU CMAa309HBIX MACEJ U CIOKHBIX KOHCTPYKIUH
B y3JIaX TPEHUSI.

CBepXBbICOKOMOJNIEKYIApHBIN monnaTHiIeH (CBMIID) sBaseTCS OMHUM U3 NEPCHEKTUBHBIX CaMO-
CMa3bIBAIOLINXCS MTOIMMEPOB, U3-3a €TI0 IPEBOCXOJHBIX TPHOOIOTHUECKUX CBOMCTB, TAKMX KaK HU3KUH
k03 puuneHT TpeHus, CTOMKOCTh K M3HOCY M HCTUPAHUIO, K KOPPO3UH, YAAPOIIPOYHOCTh, BHICOKAS
yaapHas BI3KOCTb, BOJOTIOIIOIIEHUE U OMocoBMecTHMOCTS [2, 3]. HecMoTps Ha pacmmpenue npuMeHeHUs
ITKM na ocHoBe CBMIID, HU3Kas MOBEPXHOCTHAS YHEPT U, HEMOISPHOCTh M HHEPTHOCTH ITOJIMMEpa
OKa3bIBAIOT HEOIATONPHUATHEIN 3P PeKT mpu pa3paboTke BHICOKOI(H(HEKTUBHBIX MaTEPHAIOB HOBOTO
nokoJieHus [4, 5]. B KOMIIO3UIIMOHHBIX MaTepHaiax HaloJHUTEIN OTBETCTBEHHBI 32 (OPMUPOBAHUE
(pM3MKO-MEXaHMUECKUX XapaKTEPUCTHK M IPUAAIOT MaTepuary cnennduieckue cBoicTsa. [Ipu aTom
SKCIUTyaTalnoHHble xapakTepucTuku [IKM B OCHOBHOM 3aBHCAT OT CBOMCTB KOMIIOHEHTOB, CTETIEHN
HAIOJHEHUS MOJMMepa U, 4To Oosiee BayKHO, OT CTENICHH a/Ir€3HOHHOTO B3aMMO/ICHCTBUS HA TPAHULIC
pasjiena Mex 1y HAIlOJHUTEIEM U NOJUMEPHOM MaTpulei [6]. Aqre3us Mexay HUMU MOXKET ObITh
yCHJICHA 32 CYeT (PU3NKO-XUMHYECKUX B3aMMOACHCTBHUI 1 MEXaHUYECKOTO CLETIICHUS JTUO0 TOro
u 1pyroro. Pu3nKo-XxMMHUYECKHUI BKJIaJ B aAT€3HI0 BKJIIOYAET XUMUYECKYIO CBSI3b, MEKMOJIEKYISIPHBIC
B3aMMOJACHCTBHS M HPU3MUECKYIO aare3uro. B To BpeMst Kak MEXaHHYECKOE CIETJICHNUE OCYIIECTBIISCT-
Cs1, KOT/Ia TIOJIMMEPHAsl MaTpHIla IPOHUKAET B Je(DEeKThl 1 HEPOBHOCTHU IIOBEPXHOCTH U MEXaHUYECKH
¢ukcupyercs B HeM [7]. DU3MKO-XMMHUECKOE B3aMMOJICHCTBHE MOXKHO N3MEHHUTD Iy TEM BKIIIOUCHHU S
COOTBETCTBYIOMIMX (DYHKIIMOHAIBHBIX IPYIII HA IOBEPXHOCTH HAMOJIHUTEIN L. BO MHOTHX Cilydasx Kak
(PU3UKO-XMMHUYECKOE, TAK 1 MEXaHWUYECKOE CLEIUICHHE Pa00TAaI0T OTHOBPEMEHHO, YBEINUNBAs CTEIICHb
MexK(a3HOU aJ[re3un MeX/1y HallOJIHUTENIeM H TIoJIMMepHON MaTpuliell. Takum 00pa3oM, HAIOJTHUTEIH
JIOJDKHBI TPOYHO B3aMMOJIEHCTBOBATH C MOJIMMEPHOI MaTPHLICH, TEM CaMbIM yCHIIMBasI e(hOpMallHOHHO-
MPOYHOCTHBIE CBOWCTBA. MceneoBanus MoKas3asiy, 4YTo IPUMEHEHHE PAa3IMYHbIX METOI0B MOTU(DUKALIUH
MTOBEPXHOCTH HAMOJIHUTEI S IPUBOIUT K YCHIICHHUIO KaK ar€3HOHHOTO B3aMMOJICHCTBUS Ha I'PAHULIC
pasmena ¢a3 3a CueT MEXaHHYECKOTO CICIUICHHUS, TaK U (PU3NKO-XUMUUYCCKUX B3aUMOJCHCTBHIA [8, 9].
Bbnaronaps sTomMy yiydimarTcst pU3NKO-MEXaHHYECKNe U TPHOOJIOrMUeCKre CBOMCTBA KOMITO3UTOB.
OnHMM M3 CIIOCOOOB, C LEJIBIO MOBBILICHHS MEK(PA3HOTO B3aMMOACHUCTBHUSI, IBIISICTCS IIPUMEHEHHE
KOMOWHAIIMH Pa3IMYHBIX BHIOB HAMTOTHUTENEH, BBOTUMBIX B CBMIID [10-12]. 13 mpeacTaBieHHBIX
JIAHHBIX BHUJIHO, YTO HanOOJIee NePCIIEKTUBHBIM U 9KOHOMHYECKH 1eJIeCO00pa3HbIM JIJIsl JalIbHEHIIIEro
yJIy4IIeHNs CBOMHCTB MOJIMMEPHBIX KOMIIO3UTOB HA €T0 OCHOBE SIBJISETCS MCIIOJIb30BaHUE MOJU(PHIIN-
POBaHHBIX HAIOJIHUTEIEH.

B nanHO# paboTe 115 co37aHusT BRICOKOMPOYHBIX KOMITO3UIIMOHHBIX MaTePHAJIOB Ha OCHOBE
CBMIID npemiaraercs MpUMEHEHUE MeTEPOLIMKIMYSCKUX PEAKIIHOHHOCIIOCOOHBIX COSIUHCHU,
B YaCTHOCTHU 2-MEPKANTOOCH30THA30I, JUIsl yCHIICHHS MeK(a3Horo B3anmozeiicteus Mmexy CBMIID
1 HEOPTaHMYECKUMHU HANOJHUTEIAMH (HAHOpa3MEepPHBIMH OKCHaMU MeTajioB). OpraHuyeckoe co-

CANHCHHC 2—MepKaHTO6eH30TI/IaSOH HCIOJB3YCTCA B KAY€CTBE YCKOPUTEIIA BYJIKAHU3AIIUU 6naroz(ap;1
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CBOMM XMMHUYECKUM CBOMCTBAM WHUIIUUPOBATHh PEAKIIUU C padKaJIbHbIM MEXaHU3MOM. W3-3a cBoeit
BBICOKOM XMMHUYECKOM aKTUBHOCTH MOTCHIHUAJIBHO MOKET IMOBBICUTH €TI0 COBMECTUMOCTDb € HEOPraHuvc-
CKMMM HamnoJHUTEIAMHU. TeM caMbIM MOXHO TMOJYYUTHh KOMIIO3UITMOHHBIC MAaTCPUAJIbI C YIIYUYIICHHBIM
KOMIIJIEKCOM (I)I/ISI/IKO—MexaHI/I‘IeCKI/IX n TpI/I6OHOFI/I‘IGCKI/IX CBOICTB JJI IPUMEHCHUA B PA3JIMYHBIX
MEXaHMU3Max U y3JiaX TPCHHUA TCXHUKU U TEXHOJIOTHUIECKOI'O 060py;1013aH1451.

I_[em, pa6OTBI — HUCCJICAOBAHUC BIINAHUA FI/I6pI/II[HBIX HaHOHHHTeJ’IGﬁ, BKJIIOHYAOOIUX 2-M€pKaHTO-

OEH3THAa30J1 1 HAHOPA3MEPHbIE OKCH/IbI, Ha CBOMCTBA U cTpykTypy CBMIID.

MartepuaJibl H METOAbI MCCJIEI0BAHUS

B kadecTBe MOJIMMEPHON MAaTPHIBI MCHOJIB30BAIN CBEPXBBICOKOMOJICKYJIISIPHBIN MOIUATHIICH
mapku GUR-4022 (Celanese, ['epmanust) ¢ MosieKyJIsipHOit Maccoit 5,3 MiIH 1/MoJIb, TIOTHOCTBIO 0,93
r/em® u cpepHuM pasmepoM yacTull 145 MkM. HamonHUTEeNsIMU CITy KU HAHOPA3MEPHBIE OKCHJIBL:
nuokcu upkouus (ZrO,) mopomiok ¢ pazmepamu yactui 40—75 HM, ¢ yucToToM nmpoaykra 99,75 %
(Plasmoterm LLC, Poccus); okcun Bonbppama (WO;) nopomok ¢ pazmepamu 50 HM, C YUCTOTOH 1Ipo-
nykta 99,9 %; oxcua meau (CuO) moporiok ¢ pazmepamu 50 HM; okcuJ uHKa (ZnO) MOPOIIOK ¢ pa3-
Mepamu 40 am mpuodpetersl B U1 XucamytauuoB P. A.; opranndeckuii MogudukraTop — 2-MepKat-
tobenstuazon (MBT) C,HsNS, (TOCT 739-74, Poccus).

B Tabn. 1 mpuBemeHBI COCTaBBl M MAcCOBOE conepkaHue HamonHutened. Odpaszusr CBMIID
u [IKM 1715 vccnenoBaHuil MOTydaad METOJIOM TOPSTYETO MPECCOBAHUS: MPECCOBAHUE MPOBOIMII
Ha ruapasiandeckoM npecce [IKMB-100 («Mmmynse», Pocens) npu remneparype 175 °C n naBieHun
10 MITa B Teuenue 20 MuH ¢ ocaeayomumM oxaaxaeaneM 1o 80 °C nox naBneHueM. M3roraBauBanu
nuiIuHapraeckue oopasusl ¢ quamerpom 10,0 £ 0,05 mm u Beicoroit 20,0 £+ 1,0 mwm. [IpenBapurens-
HO MIPOBOJIMJIN YIIBTPA3BYKOBYI0 00paboTky B Y 3-qucneprarope MJI1100-6/4 (MH-JIAB-YneTpa3syk,
Poccusi) B TeueHne 5 MuH.

[TpoBeseHbl (U3NKO-MEXaHHYECKHE M TPUOOJIOIMYECKHE HCIBITAHMS, MUKPOCKOIIUYECKHE
u cuekTpockonuueckue nccienosanus CBMIID n [TIKM. Tpubonornueckne xapakTepuCcTHKH (KO-
3¢ GUIUEHT TPEHUs, CKOPOCTh MACCOBOI'0 M3HAIIMBAHMS) ONPEACIISIN IIPU HUCIIBITAHUSX 110 001Ie-
MPUHSATEIM METOJMKAaM Ha yHHBEPCAJIBHOM BbIcoKoTeMreparypHoM Tpubomerpe CETR UMT-3
(CIIIA). Cxema TpeHHUs «manen-auck», Harpyska 150 H, ckopocts 1,9 M/c, Bpemst ucsiTanus 3 d.
Hedopmannonno-npounoctuslie cBoiictsa [IIKM Ha ocHoBe CBMIID onpenensian mo TOCT 11262—

2017 na ucnsitaTenbHoi MamHe « Authograph AGS-J» Shimadzu (konuuecTBO 00pa3IOB Ha OIHO

Ta6muua 1. CocTaB 1 MaccoBO€ COAEp KaHNE HAMMOTHUTEICH

Table 1. Composition and mass content of fillers

Ne kommo3ura O6o3HaueHne CBMIID MBT 710, WO; CuO ZnO
0 ucxonusriit CBMIIOD 100 - - - - -
1 CBMIIS/MBT/ZrO, 98 1 1 - - -
2 CBMIID/MBT/WO; 98 1 - 1 - -
3 CBMIIS/MBT/CuO 98 1 - - 1 -
4 CBMIID/MBT/ZnO 98 1 - - - 1
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ucneiTanue — 10). VcnpiTaHus Ha onpeselieHne HampsKeHUsS NMPH CKAaTUM MPH YCTAHOBJICHHON
OTHOCHUTENIBHOU nedopmanuu (x,%) npoBogunu B coorBeTcTBUU ¢ [OCT 4651-2014. IInoTHOCTH
00pa3IoB OMpeaeasuid METOJOM THAPOCTATHYECKOro B3BemuBaHus corigacHo ['OCT 15139-69.
Tsepnocts CBMIID U IIKM wusmepsin TBepaomepom TBP-D (BocTok-7, Poccust) ¢ aHaaoroBsim
MHJUKATOpOM s m3MepeHus TBéppoctu mo mkajue Illopa tum D cormacno 'OCT 24621-2015
(ISO 868-2003). NUK-cnekTpsl monyyanu Ha cnektpomerpe ¢ Pypbe-nmpeodpasoBanueM Varian
7000 FT-IR (Varian, CIIIA). CrekTpbl monydanu ¢ nomomipto npuctasku HIIBO, B auamasone
500-4000 cm!. Ha ckauupytomeM 31eKTpoHHOM Mukpockone (COM) Jeol JSM-7800F (JEOL,
Snonus) uccnenoBanu ckoibel M nmoepxHocTH TpeHus IIKM. HccnenoBanme oOpa3noB METOIOM
nuddepennnanbHo-ckanupytomei kaitopuMerpun (JACK) nposonnnu va npubope DSC 204 F1
Phoenix (NETZSCH, I'epmanusi).

Pe3yabrarsl n 00cyxkaeHue

U3BectHo, uto BBeaeHue MBT u HaHopaszmepHbIX okcuaoB MmetaioB B CBMIID npusogut
K yJIy4lleHHIO0 1e(hOpMalMOHHO-IPOYHOCTHBIX CBOWCTB, YTO MPEACTABJICHO B CIEAYIOMINX padoTax
[10, 13, 14]. Ucxons u3 atux padoT ucmonb3oBanu MBT B kauecTBe QyHKIIHOHAIBHON T00aBKH, KO-
TOPYIO BBOAMJIM BMECTE ¢ HaHOpa3MepHbIMU okcuaamu: Zr0,, WO;, CuO u Zn O. Ha puc. | npuse-
JICHBI Pe3yNbTaThl HCCIIe0BaHNS (Pr3nKo-MexaHnyeckux cBoicts [IKM B 3aBHUCHMOCTH OT cocTaBa
HaIlOJIHUTENEH.

Kak BusHO U3 puc. 1, BO BCeX MCCIEJOBAHHBIX KOMIIO3UTAX BBISBICHO ITOBBIIICHUE IPOYHOCTH
MIPH PACTSDKEHUU M OTHOCUTENIBHOTO YITTMHEHHS IIPU pa3phIBe 10 CPABHEHUIO C HEHATIOJHEHHBIM T10-
aumepoM. Hanbosbiee 3Ha4eHNE TTIPOYHOCTH IIPU PACTSIKEHUN W OTHOCHTEIBHOTO YAJIMHEHUS TIPU
pa3psiBe 3adukcupoBaHo B kKommosutax cocraBa CBMIID/MBT/WO; u CBMIID/MBT/Zn0O, urto
Ha 4350 % u 26—27 % cOOTBETCTBEHHO BBILIE€ HCXOIHOI0 MOJUMEPA.

Odusuko-mMexannueckue ucciuenopanus [IKM nokazanu, 4To HanpspKEHUE MPY CKATUHU MPHU yCTa-
HOBJICHHOW oTHOcUTeNnbHOH nedopmanuu (5 %) komnozuros CBMIIS/MBT/CuO u CBMIIS/MBT/
ZnO yBenuuniock Ha 41 %, B ciiyuae CBMIID/MBT/ZrO, u CBMIID/MBT/WO; — Ha 33 % oTtHOCH-
TeIbHO ucxogHoro nonumepa. Teepaocts no Illopy D Bo Bcex kommno3uTax nossicuiiack Ha 11-15 %
10 cpaBHEeHHUIO ¢ ucxoqHbIM CBMIID. Viy4inenue npuBeieHHbBIX CBOWCTB CBUJIETENILCTBYET 00 yCH-
JICHNU TTOJTMMEPHOI MaTPHUIIBI IPH BBEACHUN OMHAPHBIX HANIOJIHHUTEJEH U COTlacyeTcs ¢ pe3yJibTara-
MU U3BECTHBIX padoT [2, 15, 16]. Takum obpasom, noeiienne TBepAocTH [TKM MOXHO 00BSCHUTD
HaJIMYUEM HAaHOPA3MEPHBIX OKCHJI0B METAJLIOB B monumepHoi Marpuie CBMIID, a takke mydmum
CleTJIeHUeM I'MOPU/IHBIX HAIIOJHHUTEJCH C TOJIMMEPOM, YTO IPUBOAMT K YJIYUIICHUIO HECYLIEH CIIOo-
coOHOCTH.

OO0pa3sibl 1151 KCCIIEIOBAHU S HAIMOJIEKYJISIPHOM cTpyKTYpbl [IKM ObLIH 10y YeHbI 110 XPY KO-
MY pa3pymeHHIo (B KpHOTCHHBIX YCIOBHUSX) M HCCIIEI0BAHbI C TIOMOIIBIO CKAaHUPYIONIEH 3IEKTPOHHOMH
MHUKPOCKOIIUH, PE3yIbTAThI IPEICTABICHBI HA PUC. 2.

U3 puc. 2 BunHO, 4TO BO Beex obpasmnax [IKM rabnromaercs popMupoBaHue CHEPONTUTHBIX 00-
pa3oBaHUi B HAIMOJIEKYJISIpPHON cTpyKType. 3 aHanu3a nutepaTypHBIX JaHHBIX U3BECTHO, YTO Ha-
HOYACTHUIIBI BBICTYTAIOT EHTPAMU KPUCTAJIN3AIUY OJTUMEPa, IIPU OJMHAKOBBIX YCIOBHUIX Nepepa-
0O0TKHM TIOJIMMEPA, pa3Mepbl CHEPOTUTOB 3aBUCAT OT IIPUPOJIBI U COJepKaHus HaronHuTenei [17, 18].

Busyanbhast oneHka HagMoneKyssipHoH cTpykTypsl [IKM mokasana, uro coctaBsl CBMIID/MBT/

— 166 —



Journal of Siberian Federal University. Engineering & Technologies 2024 17(2): 162174

450 1
50 ]
400 -
40
E E 350
= 9 =
bé' 20 w& 300 +
10 250 A
0 200 -
0 1 2 3 4 0 1 2 3 4
Ne kommosuTa Ne kommosura
a) 0)
25 1 80
=
20 1 > 70
1 =3
- S 60
= 15 = 50
=)
= 2«
w109 £ 30
5 9
© 5 ] §-20
o 10
0 =
0 1 2 3 4 0 1 2 3 4
Ne xommosura Ne xommosura
B) r)

Puc. 1. dusuxo-mexanmdeckue xapakrepuctuku CBMIID u IIKM: a) mpouHOCTh IpH PacTsHKEHUU;
0) OTHOCHTEJIBHOC Y/UIMHEHUE NTPH Pa3pbIBE; B) HANPSKEHHUE IIPU CKATUU [IPH YCTAHOBJICHHOW OTHOCHTEIBHON
nepopmanuu (5,%); r) TBepaocts o [lopy D

Fig. 1. Mechanical characteristics of UHMWPE and PCM: a) tensile strength; b) elongation at break; c) compres-
sive stress at a specified relative strain (5,%); d) Shore D hardness

CuO u CBMIID/MBT/ZnO xapakTepu3yroTcs MaJbIMH 1O pasMepy cheposintamu. B To e Bpems
komro3uTsl CBMITD/MBT/ZrO, u CBMIIS/MBT/WO; otiinyaroTcst 60ibIINMHE 110 pazmepy chepo-
JIMTAaMH C OTHOCHUTEJILHO MPaBHIIbHOI (opmoii. OueBuaHO, 4TO GopMUpoBaHe cHeponuToB B Hal-
MOJIEKYJISIPHOH CTPYKTYPE IPUBOAUT K MTOBBIIICHHUIO (PU3HKO-MeXaHHISCKUX cBOHCTB [TKM.

MeTtonom JICK ompenenunu TeMneparypy U SHTAIBIIHIO IUTABJICHU, a TAK)KE PACCUUTAIIHU CTe-
NeHb KpuctaummuHocTH uexognoro CBMIID u ITIKM. B Tabn. 2 npuBeneHs! pe3yabTaThl HCCIEN0-
BaHUs TEPMOAMHAMHMYECKHUX HapaMeTpoB U mnoTHocTd IIT®D u [TKM B 3aBHUCHMOCTH OT cOCTaBa
HaIoJIHUTENEH.

W3 Tabi1. 2 BUAHO, YTO KaK SHTAJBIIHS [JIABJICHHUSI, TAK U TeMIiepaTypa miaasiaeHus [IKM Ha oc-
HOBe CBMIID HEeMHOTO CHMKAIOTCS MPU NO0OABIICHUH HAMOHUTENeH. CTeneHb KPUCTAINTHIHOCTH
TIKM cuusunack Ha 3—4 % orHOCHUTENBLHO HcxoqHoro CBMIID. D10 MOXHO OOBACHUTEL TEM, YTO
TeTEePOreHHOE 3apoJIbIIe00pa3oBaHie ¢ THOPUIHBIMU HAIMOJHUTEISIMHA MOXET IPENsSTCTBOBATh
FOMOT'CHHOMY 3apojbliieco0pa3oBanuio kak y ucxomuoro CBMIID [19]. Mexay Tem nobaBieHue
HAIOJHUTENEH MOXKET yBEIMUNUTH TONINHY KpUcTauindeckux obpazosanuii B CBMIID. Couera-
Hue 000MX BBIIIEYKA3aHHBIX (PAaKTOPOB BIIOJHE MOXKET CHU3UTh SHTAJBIHUIO MJIABJICHHUS ITOJIMMEP-
HBIX HAaHOKOMIIO3UTOB, COOTBETCTBEHHO, HAOII0aeTCsl YMEHBIIEHNE CTENEHN KPUCTAIINIHOCTH.
Ctouth OTMETHTH, 4TO Mexay IIKM temmeparypa miuaBieHUsI OCTaeTCs NPUMEPHO MOCTOSHHON

U HC 3aBUCHUT OT HCIIOJIB3YEMOI'0O HAaHOPA3MEPHOI'oO OKCHJa METaJljia. B 1o xe BpEMs SHTAJbIIUA
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Puc. 2. COM-n300paxkenns HaaMoneKyIsapHoi cTpykTypsl IIKM: a) CBMIIO/MBT/ZrO,; 6) CBMIID/MBT/
WO;; B8) CBMIIS/MBT/CuO; r) CBMIID/MBT/ZnO

Fig. 2. SEM images of the supramolecular structure of PCM: a) UHMWPE/MBT/ZrO2; b) UHMWPE/MBT/
WOs;; ¢) UHMWPE/MBT/CuO; d) UHMWPE/MBT/ZnO

Tabnuna 2. 3aBUCHMMOCTh TEPMOAMHAMHMYECKMX HapaMeTpoB M IJIOTHOCTH ucxopHoro CBMIID u IIKM
OT COCTaBa HAIIOJHHUTENICH

Table 2. Dependence of thermodynamic parameters and density of initial UHMWPE and PCM on composition
of fillers

Ne O6paser; Tu °C AH,,,,, Jx/T a,% p, T/cm?
0 ucxonubiii CBMIID 141,3 168,2 574 0,93

1 CBMIID/MBT/ZrO, 139,4 159,0 54,2 0,95
2 CBMIID/MBT/WO; 139,3 159,7 54,2 0,95
3 CBMIID/MBT/CuO 139,1 155,6 53,1 0,95
4 CBMIIB/MBT/ZnO 139,3 156,0 53,2 0,94

HpHMe'{aHHeI Tnn — TeMmIieparypa IJIaBJICHUS, AHnJ1 — ODHTaJIbIIUA IUIABJIICHUSA, O — KaJOpPUMETpUYECKasl CTCICHb
KPUCTANIMYHOCTH; P — INIOTHOCTb.
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Puc. 3. Tpubonoruueckue xapakrepuctuku CBMIID u I[TKM: a) ckopocTh MaccoBoro usHnoca; 6) kodppuureHt
TpeHus

Fig. 3. Tribological characteristics of UHMWPE and PCM: a) mass wear rate; b) coefficient of friction

IJIABIICHUS U CTEIICHb KPUCTAJUTUIHOCTH I KoMIIo3uTOB coctaBa CBMITD/MBT/ZrO, u CBMII3/
MBT/WO; Bbiie no cpaBuenuto ¢ CBMIID/MBT/CuO u CBMIID/MBT/ZnO. IlnotHocts [TKM
YBEIMYMUBACTCS IIPH BBeJCeHUU HamoxHuTenei Ha 1,0-2,1 %, 94T0 MOXHO OOBSICHHUTH MMOIYyUYCHUEM
MOHOJIMTHBIX 00pa3loB ¢ 0oJiee BHICOKOW IJIOTHOCTHIO HAHOOKCHJIOB M YCHJICHUEM MEX(azHOro
B3aumoeictus [20].

Ha puc. 3 mpezacraBiieHbl pe3ysIbTaThl TPHOOJOTHYCCKUX HCCiIeAoBaHUN ucxomnoro CBMIID
n [TIKM B ycioBusix cyxoro TpeHus. Fi3BecTHO, 4TO CBEpXBBICOKOMOJIEKYIISIPHBIN TTOJUATHIICH XapaK-
Tepu3yeTcss HU3KUM KO3(D(UIIMEHTOM TpeHus: Oiarojapsi CBOMM CaMOCMa3bIBAIOIMMCS CBOWCTBAM
[21]. B cBsi3u ¢ atum nipu pazpadotke [IKM Ha ocnoBe CBMIID HeoOXxoauMo CHUKATH KO3 HUITHEHT
TPEHHUS WIH NOAJICPKUBATh JaHHOE 3HaUeHHE Ha ero ypoBHe. KoadhduimeHT TpeHust 1isi KOMIIo3uTa
CBMIIS/MBT/ZnO nunxe Ha 26 % OTHOCHTEIBHO HCXOAHOTO TIosinMepa (puc. 30). B octaabHBIX KOM-
No3uTax 3HaueHHue KodpduIneHTa TPEHHs COXPAHSETCS HA yPOBHE HCXOIHOTO MOJMUMEpa.

Kak BugHO u3 puc. 3a, n3nococroiikocts IIKM cocrasa CBMIID/MBT/ZrO, Huxe B 2 pasa oT-
HOCHTEIBHO McxonHoro nonumepa. B ciywae CBMITD/MBT/WO; u CBMIID/MBT/ZnO ckopocthb
MacCOBOrO M3HAIIMBAaHUS OCTAeTCs Ha ypoBHe HeHanonHeHHoro CBMIID. Hanmensiiee 3HaueHne
CKOPOCTH MacCOBOI'0 M3HALIMBaHUs nojyudeHo uisi komnosuiuun CBMIID/MBT/CuO, urto B 4 pasa
HUKE UCXOIHOTO TTOJIMMEPa IPH COXPAaHEHNUH HU3KOTO K03 (huIMeHTa TpeHHsL.

C 1esnbio BBISCHEHMs M3MeHeHui Tpubonoruueckux cpoiictB [TKM nposeneno MK-cnekrpo-
CKOITMYECKOEe M3yUCeHHE 00pa3IoB /10 U MOCIE TPEHUS, pe3yIbTaThl IIPEICTaBICHb! Ha puC. 4.

W3 puc. 4 BUAHO, YTO OCHOBHBIC CHJIbHBIC T0J0CHl B [IKM mo Tpenust B obmactu 2847, 2915,
1462 u ~719 cm! [10], otHOCsimumecst K ucxognomy CBMIID, coxpaHSIOTCS TOCIE TPEHHS BO BCEX
HCCIIeIOBaHHBIX 00pa3nax. Ha moBepXxHOCTAX 10 U MOCIE TPEHHUS B MOJUMEPHBIX KOMIIO3UTaX MUKU
B obmactu ~1006—1590 cm™! o6ycioBiensl HanuuueM Hanonnurens MBT (Mepkanrtorpynma) [22].
B UK-cnekrpax komnozutos CBMITD/MBT/CuO u CBMIIS/MBT/ZnO nociie TpeHus 3aperucTpu-
POBAaHO HaJIM4Ke I110J0C noroienus B obnactu 3200-3600 cm™! u 1596-1651 cm’!, koTopbie CBU-
JIETEIbCTBYIOT O MPOTEKAHUU TPUOOOKUCIUTENLHBIX PEAKIUI [IPU TPEHUH ¢ 00pa3oBaHueM KapOo-

HUJIBHBIX M KapOOKCHIIBHBIX TpymIl. B To e Bpems B komnosurax CBMIID/MBT/ZrO, n CBMIID/
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Puc. 5. COM-u3o6paxenust nosepxHoctu TpeHust [IKM: a) CBMIID/MBT/ZrO,; 6) CBMIID/MBT/WO;;
B) CBMIIS/MBT/CuO; r) CBMIIS/MBT/ZnO

Fig. 5. SEM images of the worn surface of PCM: a) UHMWPE/MBT/ZrO,; b) UHMWPE/MBT/WO;; ¢) UHM-
WPE/MBT/CuO; d) UHMWPE/MBT/ZnO

MBT/WOs; He HaOr01aeTCS MOSIBICHUE TTMKOB, CBUICTEIIBCTBYIOIIUX O MPOTEKAaHUH OKUCITUTEIBHBIX
peaxkiuii B mpolecce TpeHusl.

Ha puc. 5 npuBeneHbl pe3yabTaTsl UCCIEJOBAHMS MOBEPXHOCTU TpeHUs ucxopHoro CBMIID
u [TKM B 3aBHCHMOCTH OT COCTaBa HAIOJHUTENCH METOAOM CKaHUPYIOIIEH JIEKTPOHHOW MHUKPO-
CKOIIHH.

W3 puc. 5a BUIHO, YTO HA MOBEPXHOCTH TpeHus ucxogHoro CBMIID nabnromaroTcs 00po3aKu
10 HAIlPaBIEHHUIO CKOJBKEHUS U PACCIOCHUS OKUCIEHHBIX MEIKHX YaCTUIl NOIUMEPA, YTO CBUIE-
TeJNbCTBYET 00 YCTAJIOCTHOM M3HAIIMBAaHUU nojinumepa [23]. Jlanee BUHO, YTO MOBEPXHOCTh TPEHHS

I[NIKM oTnuuaercst oT moBepxXHOCTH TpeHus ucxonHoro CBMIID. B kommnosure cocraba CBMIID/
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MBT/ZrO, BeisiBieHb! KpynHble yacTUIl MBT, koTOpBIE 3aIMIIIAI0OT TOBEPXHOCTHBIN CIIOH MaTepu-
aja OT W3HAIIMBAHUS, B TO ke BpeMs st kommnozuta CBMITO/MBT/WO; cTpyKTypHBIE 3J1€eMEHTHI
MBT umeroT massie pa3Mepbl B CKOPOCTh MacCOBOT'O H3HAITMBAHUSI OCTAETCS HA yPOBHE HEHAIIOTHEH-
Horo nonumepa. CTout oTMeTuTh, yTo yactuubl MBT Ha noBepxHoctu Tpenus [IKM 3amumaror ma-
TepHaJ OT OKUCIUTEIBHBIX MPOIECCOB, UTO cornacyetcs ¢ MK-cnexTpockonueii. [ToBepxHOCTH Tpe-
Husg CBMIID/MBT/CuO xapaktepusyercst oOpazoBaHueM OoJiee TIaJIKoro U MPaKTUIECKH 110 Beel
MOBEPXHOCTH MOKPBITOI'O CJIOSi BTOPUYHOM CTPYKTYPBI, TEM CaMbIM JUJISl JAHHOTO KOMITO3UTa HaOJI0-
JlaeTcsl BBICOKAst U3HOCOCTOMKOCTE. VI3 prc. St BUHO, uTO noBepxHOCTH Tpenusi CBMIID/MBT/ZnO
XapaKTepu3yeTcsi 00pa30BaHNEM C PACIIONOKEHHEM OCTPOBHBIX BTOPUUHBIX CTPYKTYP. MI3HOCOCTOII-
KOCTb JAHHOT'O KOMIIO3UTa OCTaeTCs B 3HaueHUAX ucxognoro CBMIID, Bo3MokHO, 3a c4eT JUCKPET-

HOT'O XapakTepa BTOPHYHBIX CTPYKTYP MPOUCXOAUT CHIIKEHUE KodduimenTa TpeHus..

3akjrouenne

Pa3paboTaHbl HONMMEpHbIE KOMIO3UITHOHHBIE MaTepraibl Ha ocHoBe CBMIID, HamonHeHHOTO
KOMOMHUPOBAHHBIMU HAIOTHUTEISIMH, cocToamuMu U3 MBT 1 HaHOpa3MepHBIX OKCHIOB METAJIIIOB
C yJy4IIeHHBIMH 9KCILUTyaTallnoHHBIMHU cBoiicTBaMu. CoctaBsl CBMITD/MBT/WO; u CBMIIS/MBT/
ZnO xapakTepHU3yIOTCs MOBBIILIEHHBIMH JIe()OpMAIIMOHHO-ITPOYHOCTHBIMH CBOMCTBAMHM, a KOMIIO3HU-
61 CBMIIO/MBT/ZrO, u CBMII3/MBT/CuO xapakTepu3yOTcs TIOBBIIIEHHOH H3HOCOCTOWKOCTHIO.
HanpsikeHue npu ckaTuu MpU YCTAHOBICHHOW OTHOcHUTENbHOU jaedopmanuu (5 %) KOMIO3UTOB
CBMIIS/MBT/CuO u CBMIIS/MBT/Zn0 yBennuninocs Ha 41 %, a Beprocts o llopy D Beex xom-
MO3UTOB TOBBIcKIach Ha 11-15 % mo cpaBuenuto ¢ ucxogasiM CBMIID. Tepmoaunamuyeckue nccie-
JIOBAHU [TOKA3aJIM HEKOTOPOE CHUIKEHNE SHTAIIBIINY TUIABJICHUS 1 MUKPOCKOITMYECKHE 00pa30BaHMs
chepouTOB B HaAMOJCKYIsipHOM cTpyKType [TKM, 4TO CBHAETEIBCTBYET 00 YCHICHHH MEK(Da3HbIX
B3aUMOJACUCTBAY OWHAPHBIX HATIOJTHUTEICH C TONMMMEpPHON MaTpuIlei. MI3HOCOCTORKOCTh KOMIIO3H-
toB CBMIID/MBT/ZrO, u CBMIID/MBT/CuO Bbiiiie B 4 pa3a 1o cpaBHeHHIO ¢ ucxomgabim CBMIID.
HccnenoBanue MOBEpXHOCTH TPEHHSI KOMITIO3UTOB MeTooM COM nokasanu, uto B ciryyae CBMITD/
MBT/ZrO, u CBMIID/MBT/WO; Ha moBepXHOCTH TpeHHsI 00pa3yloTCsi BTOPUYHBIE CTPYKTYDBI
n3 gactuy MBT, a B8 CBMIID/MBT/CuO dopmupyeTcs miagknii U MpaKTHUYECKH MOTHOCTHIO TO-
KPBITHIi CJIOH BTOpU4HOM cTpyKTypbl, B CBMIID/MBT/ZnO Takoii ciioli ©MeeT OCTPOBHOM XapakTep
pacupenenenus. I[lonpITo)KnBast BHIIEH3I0KEHHOE, MOKHO 3aKJIIOYUTh, 4TO IpU paspaborke [TKM
Ha ocHoBe CBMIID, HanonxnerHnoro MBT n okcrugaMu METaIoOB, MOXKHO MOTYyYUTh HAHOKOMITIO3HUTHI

C YJIIyUlICHHbIMHU CBOMCTBaMU JJIA y3JIOB TPEHUS TEXHUKH.
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Abstract. The efficient operation of the technological equipment of machinery manufacturing enterprises
and heavy industry without distortion depends in many respects on the strength of their details. This
requires the study of the process of operation of the details, which are mainly rubbed with each other.
These methods are widely used in obtaining high-quality steel castings. The simplest method of processing
steel outside the oven is modification. Modified carbon steel is much more economical in properties
approaches to leached steel, while modified steel leached by saving and investigation approaches
leached steel with valuable and rare additives (Ni, Mo, Ti and other). Modification with alkaline and
alkaline-earth metals greatly increases the quality of steel. The quality of steel is positively influenced
by nitride-forming modifiers.
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Pa3paboTka n3HOCOCTOMKUX JeTaJjiei
U3 BBICOKOMAPraHIeBou

MoauduunupoBannoi craau 110I'13J1

I. M. Yopmanouen?, K. A. Kapumos?, 111. P. AxunoBa?,

H. 1. Typaxoumaenﬁ, A. Epknnaxonos®, M. M. Mupmyxamenos',
k. X. Hapunos’, 3. P. Oouaos”, X. Komos10B®
“TawxenmcKull 20Cy0apCcmeerHblil meXHU4eCcKUull yHugepcumem
um. . Kapumosa

Pecnybnuxa V3bexucman, Tawkenm

0V36excro-Anonckuil unnosayuonnviti yenmp YORS
Pecnybnuxa V3bexucman, Tawkenm

* AHOUINICAHCKUTI MAWUHOCTNIPOUMENbHBIL UHCIUMY M
Pecnybnuxa Y36exucman, Anousican

°Xy0orcanockutl 20cyoapcmeenHulll ynugepcumen

um. axao. b. I'aghyposa

Pecnybnuxa Taoscuxucman, Xyoxcano

Uncmumym xumuu um. B. U. Huxumuna HAH Taoxcuxucmana
Pecnybnuxa Taoocuxucman, ywanoe

eTawkenmckas MeOUYUHCKAas aKkademus

Pecnybnuxa V3bexucman, Tawkenm

Annotamus. DddexkTruBHAS pabOTa TEXHOIOTMYECKOr0 000PYAOBaHUS 1151 TPOU3BOICTBA MAIIUH
U TSKEJIONW MPOMBIIIIICHHOCTH 0€3 MCKa)KEHU I 3aBUCUT BO MHOTUX OTHOIICHHSIX OT MPOYHOCTH UX
Jeraneit. DTo TpedyeT u3ydeHus mpoiecca paboThl IeTanei, MeKy KOTOPBIMHU MPOUCXOAUT TPEHHE.
Cy1ecTBYIOT METO/bI, KOTOPBIEC MIUPOKO MCIOIB3YIOTCS MPHU MOTYYSHUN BHICOKOKAUYECTBEHHBIX
CTaJbHBIX OTIUBOK. CaMblil POCTON METO 0OPAOOTKH CTAIH 3a MPE/IeIaMU Iy XOBKH — MOAN(DUKAIHSL.
MoauduimpoBaHHas yriepoaucTas CTajlb 0 CBOMM CBONCTBAM 3HAYUTEIBHO SKOHOMUUYHEE
BBIIIEIOYEHHON CTAIH, TOr/[a Kak MOAU(DUIIMPOBAHHASI CTAJb, BIIIEIAYUBAEMAast METOJIOM KOHCEPBAIIUU
W MICCIIEIOBAHU S, BBIIICIAYMBACT CTAIb C IIEHHBIMH U peakumu nodaskamu (Ni, Mo, Ti u ap.).
Moauukaius ¢ MeI0uHBIMH U HIETOYHO3EMEIbHBIMU METAIIIAMHU 3HAYUTEIIBHO YBETUYMBACT KAYECTBO
cranu. Ha kauecTBO CTau MOJ0KUTEIBHO BIUSIOT HUTPHUIHBIE MOTU(PHUKATOPBI.

KaoueBble ciioBa: MoaudukaTop, CTpyKTypa, GeppoTuTaH-65, crijias, TBEpAOCTb, JIABJICHHUE, CTAlb,
JIeTaJlb, BIUTBIBAHUE, TEMIIEPATYPA.

Ilutuposanue: Yopman6ues I11. M. PazpaboTka M3HOCOCTOWKHUX A€TasICH N3 BHICOKOMApPTaHIEBOi MOTH(HUIIMPOBAHHOI CTaITH
110I'13J1/ 1. M. Yopmau6ues, K. A. Kapumos, L1I. P. A qunosa u ap./ Xypu. Cub. penep. yu-ta. Texuuka u texnonoruu, 2024,
17(2). C. 175-185. EDN: ITXLPA
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Introduction

Despite all the research [1-5], scientific research [6—9] and experimental work [10—13] carried out
by World Scientists, several disadvantages are observed in the wear resistance of steel brand 110G13L.

Mechanical engineering consists of a number of technological processes in manufacturing enterprises,
forming a kind of technological chain. This chain is closely related to the working unit of each unit and
the working quality of the machines before it. Taking this issue into account, it can be concluded that
the influence of technological chain equipment on the quality indicators of machinery manufacturing
enterprises and heavy industrial products is great.

Therefore, professor scientists of Tashkent State Technical University, together with the scientific
researchers and mature and experienced specialists of the Joint Stock Company “Almalyk mining and
metallurgical combine” and its affiliated Central repair mechanical plant, to improve the strength of
steel parts, to increase the operational properties of cast products based on the selection of modifiers
or the selection of other modifiers to form a quality structure, and to obtain quality castings from parts
with high strength a number of measures have been taken to increase.

In the period of liquefaction of steels using electric arc furnaces at the enterprises of our republic,
measures are being taken to obtain quality casting products. In this regard, it is becoming important to
increase the priority of research on the improvement of technologies that provide resource and energy
savings in the liquefaction of steels, which is widely used in the industry.

Today, machine-building is the main consumer of metals produced in our country. In the machine-
tool industry, the automobile and aviation industry, in electronics and radio engineering, a lot of machine
and accessory details are made from metals.

Metals used in technology are mainly divided into two groups — ferrous and non-ferrous metals.
Ferrous metals include iron and its compounds (cast iron, steel, ferroalloys). The remaining metals and
their alloys form the group of non-ferrous metals.

Until now, iron and its alloys, considered the main machine-building material, are of particular
importance among metals. [ron and its alloys make up 90 % of metals produced worldwide. This is
explained by the fact that ferrous metals have important physical and mechanical properties, as well
as the fact that iron ores are widely distributed in nature, and the production of cast iron and steel is
cheap and uncomplicated [14].

From the beginning of the 20th century, the world scientists who contributed to the further
development of the theory of selective operation of modifiers to increase the strength of steel parts
include the following; English and German scientists R. Gadfield, R. Mel, E. Bain, G. Hahnemann,
F. Wefer, G. Esser and others, Russian scientists P. A. Rebinder, A. A. Zhukov, Kryakovsky, Yu. V.,
Lipman M. S, A. A. Bochvar, N. A. Minkevich, S.S., Steinberg, N. Ya. Selyakov, N.T. The works of
Gudtsov, G. V. Kurdyumov, A.P. Gulyaev and others are among such works. CIS scientists A. A. Bochvar,
N. A. Minkevich, S.S., Steinberg, N. Ya. Selyakov, N. T. Gudtsov, G. V. Kurdyumov, A.P. Gulyaev,
A.M. Butlerov, S. V. Lebedev, P. A. Rebinder, S.P. Korolyov and A. T. Tumanov contributed a lot. They
have developed various technologies of heat treatment of machine parts obtained by cast method in
order to increase their operational properties. Among other things, they have developed grinding modes,
surface treatment technology of coated teeth, and methods of restoring bent teeth to increase the wear

resistance of gear wheels.
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Uzbek scientists have conducted a number of scientific researches on increasing the service
life of mechanical engineering parts, increasing their mechanical properties, processing alloys
inside and outside the furnace. Professors A.A. Mukhamedov, N.D. Turakhodjaev, S.A. Rasulov,
F.R. Norkhudzhaev, Sh. A. Karimov made great contributions in this regard. In particular, they created
thermocyclic and high-temperature processing methods for increasing the mechanical properties of
details based on thermal processing [15, 16].

Experimental part

Induction melting of 110G13L modified steel alloy in laboratory conditions of Tashkent State
Technical University, Faculty of Mechanics, “Foundry Technologies” department (INDUCTION
MELTING MACHINE, Model: BF-TB 2) was carried out in the furnace.

At the first stage of the study, 1400 gr. 110G13L grade steel slag was liquefied at a temperature
from 20 °C to 12501300 °C, and then ferrotitanium-65 in the amount of 0.5 % was loaded into the
furnace and the temperature in the induction furnace was raised to 1410 °C.

To determine the hardness of the obtained sample, the liquid alloy taken from the furnace was
poured into a sand-clay mold at 1390—1410 °C. The temperature of the liquid alloy was measured on a
Kelvin PLTs 3000 device.

In order to determine the hardness, chemical composition and structure, the samples were
prepared using the S 11MV universal lathe in the Mechanics shop of the Central Repair Mechanics
Plant belonging to “Almalig MMC” JSC [17, 18].

Results and discussion

As a result of the research carried out in an induction furnace with the addition of 0.5 %
ferrotitanium-65 as a modifier to 110G13L steel, the following indicators were obtained: the hardness
of the surface parts of the sample according to HRB was 96.8 and 97.1, the hardness of the central part
was 99.8, according to HRB the average was 97.9, HB-217.1 according to Brinell.

When studying the structure and chemical composition, the following results were obtained
(Fig. 1a, b, Table 1).

Cucumber graphite Ledeburit
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Fig. 1. 0.5 of ferrotitanium-65 to 110G13L steel as a modifier; 1; 1.5; 2;

Application in 3 and 4 % and obtained results: a) 1x100 size view; b) 2x400 size view
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Table 1. Chemical composition results obtained when 0.5 % ferrotitanium was added as a modifier to 110G13L steel

Material C Si Mr P S Cr Ni Ti Al
FeTi —65 0.91 0.68 11.94 0.051 0.015 0.61 0.11 0.022 0.43

The microstructure was manifested in the form of primary small columnar crystals of high
ledeburite. Crystals are 4—5 microns wide and 50 microns long. The appearance of custard-like graphite
is significant, probably due to forced redistribution under the influence of high temperature [19].

The eighth stage of the study was carried out in an induction furnace with the addition of 1 %
ferrotitanium-65 as a modifier to 110G13L steel. The following indicators were obtained: the surface
hardness of the sample was 99.4 and 95.2, the hardness in the central part was 101.2, HRB on average
was 98.6, HB-229.2 on Brinell [20].

When studying the chemical composition and structure, the following results were obtained
(Fig. 2a, b, Table 2).

Small carbides of chromium and molybdenum are visible in the ledeburite layers. Molybdenum
reduced the grain sizes to 3—4 microns in width and 40—45 microns in length [24].

The ninth stage of the research was carried out in an induction furnace with the addition of 1.5 %
of ferrotitanium-65 as a modifier to 110GI13L steel, and the following indicators were obtained: the
surface hardness of the sample was 99.1 and 103.7, and the hardness in the central part was 105.3,
averaged 102.7 on HRB, HB-255 on Brinell.

Chromium and molybdenum carbides Ledeburit

Fig. 2. Chemical composition results obtained when adding 1 % ferrotitanium as a modifier to 110G13L steel:
a) 1x100 size view; b) 2x400 size view

Table 2. Chemical composition results obtained when adding 1 % ferrotitanium as a modifier to 110G13L steel
[21-23]

Material C Si Mr P S Cr Ni Ti Al
FeTi—1% 1.14 0.79 11.32 0.072 0.014 0.79 0.17 0.031 0.03
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Cucumber graphite Ledeburit

Fig. 3. Chemical composition results obtained when 1.5 % ferrotitanium was added as a modifier to 110G13L
steel: a) 1x100 size view; b) 2x400 size view

Table 3. Chemical composition results obtained when 1.5 % ferrotitanium was added as a modifier to 110G13L
steel

Material C Si Mr P S Cr Ni Ti Al
FeTi— 1.5 % 1.19 0.86 11.98 0.059 0.011 0.81 0.19 0.046 0.29

When studying the chemical composition and structure, the following results were obtained [25]
(Fig. 3a, b, Table 3).

The conclusion of the obtained results is that the microstructure of the sample (eutectic austenitic
steel) was manifested in the form of small columnar crystals of high ledeburite. Crystals are 3—4
microns wide and 40 microns long [26].

The tenth stage of the study was carried out in an induction furnace with the addition of 2 %
ferrotitanium-65 as a modifier to 110GI13L steel. As a result of the study, the following indicators were
obtained: the surface hardness of the sample was 104.6 and 105.1, the hardness in the center part was
107.2, HRB The average was 106.6, according to Brinell HB-277.

When studying the chemical composition and structure, the following results were obtained [27—
29] (Fig. 4a, b, Table 4).

The appearance of custard-like graphite is significant, probably due to forced redistribution under
the influence of high temperature. The effect of titanium in this composition is manifested in reducing
the size of cementite and ledeburite grains.

The eleventh stage of the study was carried out in an induction furnace with the addition of 3 %
ferrotitanium-65 as a modifier to 110G13L steel. The following indicators were obtained: the surface
hardness of the sample was 106.3 and 107.8, the hardness in the center part was 107.8, HRB averaged
107.3, Brinell HB-293.

When studying the chemical composition and structure, the following results were obtained [30]
(Table 5, Fig. 5a, b).

Small carbides of chromium and molybdenum are visible in the ledeburite layers. Molybdenum

reduced the grain sizes to 4—5 microns in width and 45—40 microns in length.
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Ledeburit

Cucumber graphite

Fig. 4. Chemical composition results obtained when adding 2 % ferrotitanium as a modifier to 110G13L steel:
a) 1x100 size view; b) 2x400 size view

Table 4. Chemical composition results obtained when adding 2 % ferrotitanium as a modifier to 110G13L steel

Material C Si Mr P S Cr Ni Ti Al
FeTi-65 1.44 0.68 11.94 0.061 0.016 0.61 0.13 0.022 0.43
Chromium and molybdenum carbides Ledeburit
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Fig. 5. Chemical composition results obtained when 3 % ferrotitanium was added as a modifier to 110G13L steel:
a) 1x100 size view; b) 2x400 size view

Table 5. Chemical composition results obtained when 3 % ferrotitanium was added as a modifier to 110G13L steel

Material C Si Mr P S Cr Ni Ti Al
FeTi —65 1.19 0.93 11.99 0.061 0.016 0.61 0.13 0.022 0.43

The twelfth stage of the study was carried out in an induction furnace with the addition of 4 %
ferrotitanium-65 as a modifier to 110G13L steel. The following indicators were obtained: the surface
hardness of the sample was 106.8 and 108.6, the hardness in the center part was 111.3, It averaged 108.9
on HRB and 296 on Brinell.
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Chromium and molybdenum carbides Ledeburit
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Fig. 6. Chemical composition results obtained when 4 % ferrotitanium was added as a modifier to 110G13L steel:
a) 1x100 size view; b) 2x400 size view

Table 6. Chemical composition results obtained when 4 % ferrotitanium was added as a modifier to 110G13L
steel [31]

Material C Si Mr P S Cr Ni Ti Al

FeTi—-65 1.23 0.91 11.94 0.058 0.018 0.62 0.14 0.021 0.42

When studying the chemical composition and structure, the following results were obtained
(Table 6, Fig. 6a, b).

Chromium and molybdenum appear in fine carbides in ledeburite layers (Fig. 7).

According to GOST, the hardness of 110GI3L steel is equal to HB-217-229. It was found that
110G13L steel is equal to HB-277-293 when 2-3 % of ferrotitanium-65 is added as a modifier (Table 7).
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Fig. 7. 219 HB with the addition of 0.5 % ferrotitanium; 227 HB at 1 %; 255 HB at 1.5 %; 277 HB at 2 %; 293 HB
at 3 %; 296 HB at 4 %
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Table 7. A tabular view of hardness results

Modifier Hardness is a unit of measure .

Ferrotitanium,% HRB HB % difference
0.5 97.9 219 unchanged
1 98.6 227 unchanged

1.5 102.7 255 10.2

106.6 277 16.3

107.3 293 21.8

4 108.9 296 22.6

Conclusions

As a result of theoretical and practical research on the development of high-strength parts from
the modified 110GI3L steel alloy, the following recommendations were developed:

— load ori musta h deficiency to the composition have the details get optimal modifiers were
selected for at the MTM (TsRMZ) plant TDTU laboratory conditions tested;

— load ori musta h deficiency to the composition have the details get for It is recommended to add
2-3 % ferromtitanium-65 as a modifier to 110G13L steel;

— when 2-3 % of ferrotitanium-65 was added as a modifier to the 110G13L steel alloy, the hardness
of the samples gave the above results, 0.5; 1;

— when adding a modifier of 1.5 and 4 %, there was almost no change, and economic efficiency

was also taken into account.
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Abstract. This paper examines the effect of heater power, speed of drying agent (air), adjustable slit
width and number of revolutions of drying drum on the drying efficiency of the device, the moisture
content of the rice pile coming out of the drum, and the chatness of rice in the rice pile. In addition,
showed the changes in the value of the heating power and the drying efficiency of the device. The
change of the adjustable slot size of the drying drum and the drying efficiency of the device consist
of determining the effect of the moisture content of the pile of rice coming out of the drum and the
effect of rice chatnash in the pile of rice. The experimental rice drying device in a stationary version
was prepared at the “Andijan experimental-testing plant” JSC according to the design drawings
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developed by the Andijan Institute of Mechanical Engineering. Based on the results of theoretical
studies, a drying drum with a diameter of 880 mm and a length of 1800 mm was adopted as the main
working body.

Keywords: rice, heater, drum, experiment, heater, diameter, rice, moisture, size, parameters.
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AHHoTanusi. B 3T0ii cTaThe paccMaTpuBaeTCs BIMSHIE MOITHOCTH HarpeBaTeIsl, CKOPOCTH CYIIHIBLHOTO
arerTa (Bo3ayxa), peryJInpyeMoH IIUPHUHBI IEJN U KOJN4YecTBAa 000POTOB CYUIMIBLHOTO OapabaHa
Ha 3¢ PEKTUBHOCTD CYIIKH yCTPOHCTBA, COJIEPKAHNE BIIard PHCOBOM Ky4H, BBIXOJAIIEH n3 OapadaHa,
1 4aT B Ky4e puca. Kpome Toro, noka3aHbl U3MEHECHHS B 3HAUCHUN HAarpeBaTeIbHOW MOIITHOCTH
1 5 (HEeKTHBHOCTH CYIIKH ycTpoiicTBa. M3MeHeHue peryiupyeMoro pa3mepa ciota CyIHiIbHOro 6apabana
1 3 PEKTUBHOCTH CYIIKH yCTPOHCTBA 3aBUCAT OT orpeeneHns 3dexra cogepskaHus BIaru Ha Kyqy
puca, BEIXOHAIIETro U3 6apabana, 1 3pdexTa pucoBoro yaT4aHa B Kyue puca. IKCIIEepUMEHTAIBHOE
YCTPOWCTBO ISl CYIIKH PUCa B CTAIIHOHAPHOW BepcrH OBLIIO TONT0TOBICHO Ha «Andijan Experimental
Testing Partment» JSC B cooTBeTCTBIHM ¢ TU3aHEPCKUMH YEPTEKAMH, pa3padOTaHHBIMHU AHAMKAHCKUM
WHCTUTYTOM MAaIIMHOCTPOCHUs. OCHOBBIBAsICh HA PE3YJIBTATaX TEOPETUUCCKUX HCCICIOBAHNH, OBIIT
MIPUHSAT cyXoi 6apaban nuameTpoM 8§80 MM u amuHON 1800 MM B KaueCTBE OCHOBHOTO pabouero Teia.

KuoueBble ciioBa: puc, oborpesareib, bapadaH, SKCIIEPUMEHT, TUAMETP, PHC, BIIAXXHOCTh, pa3mep,
rnapamMmeTpsl.
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Introduction

Currently, one of the key tasks arising from production solutions is the more complete and efficient
use of the manufactured product from a metal alloy or carbon steel, a reduction in loss of metal products
from destruction [1-5]. Along with the intensive use of machines, mechanisms and various products,
reliable protection against the aggressive effects of the media in which they are operated is required
[6-10]. In addition, the savings of basic structural materials and products, their rational use is also
inextricably linked with the reliable protection of their negative environmental impact [11-16].

Metal alloys play a significant role in the successful solution to improve and extend the service life
of steel products or equipment [17-20]. These alloys as coatings increase the resistance and durability

of products and equipment protect metal products from destruction [21-25].

Experimental part

It is desirable to carry out experimental studies using different values of heater power, speed of
drying agent, adjustable slot size of drying drum. As a result of theoretical studies, it was determined
that the drying efficiency of the device, the moisture content of the rice pile coming out of the drum,
and the chatniness of the rice in the rice pile depend on the heating power, the value of the speed of
the drying agent, the drying drum, the size of the adjustable slot, and the number of revolutions of the
drying drum. The tasks of experimental research are as follows:

— to determine the effect of the change in the value of the heater power on the drying efficiency of the
device, the moisture content of the rice pile coming out of the drum, and the rice chatnash in the rice pile;

— to determine the effect of the change in the speed of the drying agent on the drying efficiency of the
device, the moisture content of the rice pile coming out of the drum, and the rice chatnash in the rice pile;

— to determine the effect of the change in the size of the adjustable slot of the drying drum on the
drying efficiency of the device, the moisture content of the rice pile coming out of the drum, and the
rice chatnash in the rice pile;

— to determine the effect of the change in the number of revolutions of the drying drum on the
drying efficiency of the device, the moisture content of the rice pile coming out of the drum, and the
rice chatnash in the rice pile.

For the experimental experiments, the value of the heater power is from 2 kW to 4 kW, the speed
of the drying agent is from 0.25 m/s to 0.75 m/s, the adjustable slit size of the drying drum is changed
from 1 sm 3 sm and the number of revolutions of the drying drum changed from 10min™! to 22 min™"
When one parameter was changed in the experiment, the other parameters remained constant, that is,
they were not changed.

The scope of experimental studies on the optimization of parameters of the drying device was
carried out using the method of mathematical planning of experiments. The experiments were conducted
on the basis of a four-factor plan.

Mathematical statistics methods obtained in the experiments were used, and the average arithmetic

values of the indicators were determined.

Results and discussion

Changing the value of the heater power in the dryer within certain limits was carried out using

switches. Fig. 1 shows a general view of the switch-wire that changes the value of the Tin barriers
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were used to create different values of drying agent (air) velocity and TRO-TEC (Germany) measuring
instrument was used to measure its velocity.

This picture shows an overview of the TROTEC measuring equipment (Fig. 2)

The number of rotations of the drying drum was measured using a digital tachometer (Germany)

Fig. 3 shows a general view of a digital tachometer that measures the number of rotations of the
drying drum

It was prepared at JSC “Andijan Pilot-Test Plant” according to the design drawings developed by
the Andijan machine-building institute. Based on the results of theoretical studies, 880 mm a drying
drum equal in diameter and length was adopted as the main working body1800 mm.

The influence of the change in the value of the heater power on the performance of the dryer.
To conduct these experiments, the heating power value was varied from 2 kW to 4 kW in 0.5 kW
increments. In this case, the value of the speed of the drying agent was 0.5 m/s, the size of the

adjustable slot of the drying drum, 2 sm and the number of revolutions of the drying drum were

taken as 16 min™.

Fig. 2. To measure the speed of the drying
agent TROTEC equipment

Fig. 3. Measuring the number of rotations of the drying drum digital tachometer for experimental rice drying
device in a stationary version Andi
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The drying efficiency of the device was taken as the main indicator in the study of the change in
the value of the heater power. In an additional study, the moisture content of the rice pile coming out of
the drum and the rice chatnash in the rice pile were studied. In this case, the value of the heater power
was changed in the order mentioned above and experiments were conducted.

Fig. 4-5 and 6 show the results obtained in the experiments in a graphical form and presented in
a tabular form.

From the connections shown in Fig. 4, 5 and 6, it can be seen that increasing the value of the heater
power from 2 kW to 4 kW leads to an increase in the drying efficiency of the device and a decrease in
the moisture content of the rice pile coming out of the drying drum. However, it also causes an increase
in rice chatnash in the pile of rice coming out of the drying drum. Therefore, it is desirable to take the
heater power less than 4 kW.

Applying the method of least squares to the graphical relationships depicted in Fig. 4, 5 and 6,
they can be expressed using the following empirical formulas:

P=143.1242.2114-N — 0.2286-N > (R , =0.99).
W=22.334-5.2971-N+0.7429-N > (R » =0.968).
Ch=3.1023-3.05IN+0.7829-N > (R , =0.992).

The influence of the value of drying agent speed on the performance of the device. To conduct
these experiments, the drying agent velocity was varied from 0.25 m/s to 0.75 m/s with an interval of
0.125 m/s. In this case, the value of the heater power was 3 kW, the size of the adjustable slot of the
drying drum 2 sm and the number of rotations of the drying drum were taken as 16 min'.

In studying the speed of the drying agent, the drying efficiency of the device was taken as the
main indicator. In addition, the moisture content of the rice pile coming out of the drum and the rice
chatnash in the rice pile were studied. Experiments were carried out by changing the speed of the
drying agent in the above order.

Fig. 7 shows the results obtained in the experiments in a graphical form and presented in a tabular

form.
149 15
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Fig. 4. It depends on the value of the heater power (N). Fig. 5. I depends on the value of the power of the
change of drying efficiency (P) generator (N). change of pile moisture (W)
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Fig. 6. I depends on the value of the power of the gen-  Fig. 7. Q depends on the speed of the drying agent
erator (V). changing the rice chatnashi (Ch) in the heap (V). change of drying efficiency (P)

Conclusions

As a result of the conducted research, it can be concluded as follows: the main convenience of the
experimental rice drying device is that it protects the dried grain from sunlight, which in turn has a
positive effect on adding weight to the rice during the rice milling process. In the process of conducting
experimental research, the theoretical difference has been significantly different, and in the current

development period, conducting experimental experiments is the need of the hour.
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Abstract. This paper proposes an ongoing measures aimed at increasing the energy efficiency of an
isolated facility (using the example of the campus of the Far Eastern Federal University (hereinafter
referred to as FEFU/University)), entailing financial costs to ensure quality and energy supply, solving
productivity problems by using power, available equipment, and regulating the regime of thermal energy
consumption, through limiting the circulation of coolant from third-party generation, in combination
with the implementation of intelligent online supervision of the complex state of the FEFU energy sector
as a whole, which ultimately leads to a significant difference in the cost of purchased thermal energy
from third-party generation and the generated heat flow of FEFU’s own capacities.

This paper attracts attention with the analytics and dynamics of implementation, options for further
development of the effective application of energy saving policies.

The presented activities are a technical solution in the field of energy saving and increasing the energy
efficiency of decentralized systems and this experience can be applied not only to existing facilities,
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training», within the framework of which — new innovative type of campuses are being developed and
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IHoBbimenue 3(p(PpeKTUBHOCTH IHEProcoepe;KeHust
HU30JJUPOBAHHOI0 00bEKTA (HA MPUMeEpe KaMmIyca
JaJIbHEBOCTOYHOI O (peIepaIbHOr0 YHUBEPCUTETA)

J.B. Ctanan

Hanvrnesocmounwlii pedepanvhviil yHugepcumem
Poccuiickas ®edepayus, Braousocmok

AunHoTaums. B craThe npeacTaBlieHbl peairu3yeMble MEPOIPUSTHS, HAllPaBJIeHHbIE HAa MOBBILICHUE
3 PEKTUBHOCTH IHEProcOCPEIKEHHSI H30JIMPOBAHHOTO 00bEKTa (Ha mpuMepe Kamiryca J[aabHeBOCTOYHOIO
(benepanpHoro yausepcureta (JIBDY), Biekylue cokpaiieHre GUHAHCOBBIX 3aTpaT C MOAACPKAHHEM
Ka4yeCTBEHHOr0 U OecrepeOOWHOT0 CHAOKCHU S TCIIOBON U 3JIEKTPUUYCCKON PHEPruil myTém
3aJICHICTBOBAHU S MOIIIHOCTH UMEIOIIETOCsI 000PYIOBAHUS U PETyJIMPOBAHUS PEKUMA OTPEOICHUS
TEIJIOBOM AHEPrUMr uepe3 OrpaHUUYCHUE HUPKYISILUN TEIIOHOCUTEISI OT CTOPOHHEH reHepanuu
B KOMOMHAIIUH C OCYIICCTBICHHEM HHTEIUIEKTYaJIbHOTO OHJIAWH-HA130Pa 32 KOMIUIEKCHBIM COCTOSTHUEM
sHeproxossiicTea IBOY B 11e510M, 4TO B pe3yJibTaTe MPUBOJIUT K CYIIECTBEHHON pa3HULIE B CTOUMOCTH
MOKYTIaeMOW TEIJIOBOM PHEPIUU OT CTOPOHHEU IeHEepaIMK M BhIPA0aThIBAEMOT0 TEILJIOBOI'O IMOTOKA
coOCTBEeHHBIX MolHOCcTelH JIBDY.

CraTps NpUBJIeKaeT BHUMAaHUE aHAJTUTUKON U JUHAMUKON peaju3alru, BapuaHTaMU JalibHeHero
pa3BuTHUs 3PPEKTUBHOTO MPUMECHEHUS IOTUTUKH IHEPrOCOCPEIKCHHSL.

IIpencraBiicHHBIC MEPOTIPUSATHUS — ITO TEXHUYCCKOE PEIICHUE B 00JIaCTH dHEProcOepekeHUs
Y MOBBIIICHUS SHEPreTHYCCKOM 3 (DEKTHBHOCTH JICIIEHTPATU30BAHHBIX CUCTEM, U JJAHHBIN OMBIT
MOJKET OBITh IPHMCHECH HE TOJIBKO K CYIIECTBYIONIUM 00BEKTaM, HO H, HAIPUMEp, B (efepabHOM
npoekre «Pa3putre HHQPACTPYKTYPhI JJIsl HAYYHBIX HCCIICAOBAHU U MOJITOTOBKHU KaJIPOBY», B paMKax
KOTOPOI'0 pa3padaThIBAIOTCS M BBOMSITCS B OKCILTYATAI[UI0 KAMITYChl HOBOT'O HMHHOBAI[MOHHOI'O THUIIA.

KuiroueBsbie cioBa: sHepreTnyeckas 3QHeKTHBHOCTD, SHEProcOepeKeHHE, IHEPreTHUECKUE PECYPCHI,
H30JMPOBAHHBIIl 00BEKT, TEIIOBAsK SHEPTUsl.

Huruposanue: Cranan /1. B. [ToBbienne 3 GpekTHBHOCTH SHEProcOepesKeHU s N30JIMPOBAHHOIO 00BbEKTa (Ha IIPUMEpPe KaMITyca
JanbHeBocTouHOrO (henepanbHoro ynusepeureta) / [1. B. Cranan // XKypu. Cub. penep. yH-ta. Texuuka u rexnonoruu, 2024,
17(2). C. 193-204. EDN: QHQVRA

BBenenne

Kamnyc JIBOY umeeT yHUKaTbHOE OCTPOBHOE PACIIOIOKEHUE, CKOHIIEHTPUPOBAHHYIO aKTHBHY IO
TPYIITY MOTPEOUTENCH SJHEPTOPECYPCOB C TUHAMUYHO U3MEHSEMBIM M HEPACIPEICICHHBIM I'PapIKOM
noTpebJIeHUsI CYMMapHO U B pa3pese 1Mo TUITY 00bEeKTOB (TOCTUHUIIA, OOIIEKUTHE, aIMUHUCTPATUBHBII
KOPITYC, MeIUITMHCKUH eHTP). O0BEeMBI SHEProcHA0KEHU ST YHHBEPCUTETA COTIOCTABIMBI C TPYIOBBIM
MOCEJIKOM aHAJIOTMYHOH TUIOIIAN U YUCICHHOCTHIO HACEIIEHU L.

W3onupoBaHHOCTE 00BEKTA IPOSBISICTCSA U B OTCYTCTBHE IIEHTPAIN30BAHHOT'O TETLIOCHA0XKE-
Hus. TernIoHOCHTEh Ha HY X Ibl OTOIJICHHS, BEHTUJISALIMU U TOPSUero BogocHatkenus (qanee — I'BC)
rmocTaBiseTcs TerrocHatxkaromeit opraruzanueir AO «IBOYK-T'enepanusaCern» ot Muau-TIL]
«llentpanpHas» (nanee — Muau-1I1]) O TENI0BO# MarucTpaau B ABYXTPYOHOM HCIIOJHCHUH IIPO-
TSOKEHHOCTBIO 00J1e€ 6 KM U 00beMOM 2,4 ThIC. M, [10 MOHOCXEME.

U HecMmoTps Ha ocHaieHue MUHU-TOL] cOBpeMEHHBIM TEIJIOIHEPIeTHISCKUM 000PYI0BaHUEM,

HOBEUIIIMMU CHCTEMaMH yIipaBJICHUA, BBICOKOM CTEIEHBIO aBTOMaTHU3allM1 U HA TO, YTO JJIA I[aJ'IBHe-
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BOCTOYHOTO (heiepajibHOro peruoHa MMEHHO 371eCh IPUMEHEHa BIIEPBbIE TEXHOJIOTHS IPOU3BOJICTBA
SHEPTUHU HAa OCHOBE MaJIOi KOT€HEPalNH ¢ HCIOIb30BAHNEM Ta30Ty POMHHBIX YCTAHOBOK MaJIOi MOIII-
HOCTH B COYETaHHUH C yTHIM3AIMOHHBIMHU TETJIOOOMEHHUKAMH (TPaIUIIMOHHO 3/1€Ch HCIIONb3YyeTCs
OosblIasi KOreHepanus C UCIOIb30BaHMEM TeruiodukannonHelx Typoun Ha TOLI) [1], exeroxnoe
cpaBHEHHE Tapu(OB Ha TEIIOBYIO PHEPIHIO it 00beKTOB JIBDY, pacmookeHHbIX Ha MATEPUKOBOI
yacTu roposa Biagusocroka (remnocuadkatomas opranuzanus [1AO «/19K») u Ha ocTpoBHOH, OT-
paxaet pasHuily B 1,4 pasza Oonbliie A5 Kammyca Ha 0. Pycckuii [2].

Wzmenenue tapuda B 2023 1. o cpaBHeHuo ¢ 2022 r.: anekrposneprus +33,0 %, rerosas sHep-
rus +8,1 %, BomocHabxenue +6,6 %, BogoorBenenue +8,3 %, mpupoaHsbiii ra3 +8,6 %.

VYuuThIBasi, 4YTO 3aTPaThl HA SHEPTETUYECKHUE PECYPCHI COCTABISAIOT CYIIECTBEHHYIO YacTh pac-
XOJIOB YHHBEPCUTETA, B YCIIOBUSX YBEIUYCHUS TapU(POB U CTOMMOCTH Ha SHEPrOHOCHTEIH UX pac-
TOYUTENBHOE U HeAPPEKTUBHOE NUCITIOIb30BAHHNE HEAOITYCTHMO.

Co3nanue yciIoBHid Jisl MOBbILIEHHs YPPEKTUBHOCTH MCIOJIB30BAHUS SHEPIeTUYECKUX PECyp-
COB CTAQHOBHUTCS OJHOW M3 NPHOPUTETHBIX 3a/a4 Pa3BUTHUSI YHUBEPCHUTETA: MPOBEJICHUE YHEPreTH-
YECKOIro 00CIICIOBaHHsI, COCTABJICHUE MEPCUHsI SHEProdPPEKTUBHBIX MEPONpUITHH (Hajgee — DOM)
10 SHEProcOEpeKEHNI0 M TOBBIIICHUIO HEPreTHYecKoi 3(P(EeKTHBHOCTH WHIKEHEPHBIX CHCTEM
C IPUMEHEHHEM MHPOBOTO M OTEYECTBEHHOT'O IEPETOBOI0 OMBITA, YCOBEPIICHCTBOBAHUE CHUCTEMBI
aBTOMAaTH3alMK ¥ HUPPOBOI MOIEITH.

OOHOBJIEHHAsT TEXHUKO-3KOHOMHUYECKasl MOJUTHKA YHHBEPCHUTETA 3aKpenuiia cedsl mporpam-
MO, YTBEPKICHHOH IMPOPEKTOPOM TI0 yIpaBicHHI0 kamirycoMm JIBDY, B oOmactu sHEeprocoepexe-
HUS ¥ TTOBBIILICHHSI SHEPreTHYECKOM A PekTUBHOCTH 00BbeKTOB Kammyca JIBOY ot 29 mapra 2021 1.

(manee — IIporpamma). [Tepeuens DOM IIporpammsbl 1 UX 3aa4u IPUBEICHBI B Ta0II. 1.

KuroueBoe 3HeprodekTHBHOE MepONPHUATHE B TENJI0CHAGKEHN T
JJIS1 H30JIHPOBAHHOIO 00bEeKTA.

IIpeAnocblIKY U CJI0KHOCTH peau3anuu

IIpuopurernsiii BekTop IIporpamMmel B3ST Ha MEPONPUATHE YACTUYHOIO 3aMELIEHUs TEIUIO-
BOH DHEPTHH, [MOJIy4aeMOl OT TEIIOHOCHUTEN s (Boaa) ¢ MUHU-TOL], Ha TETIOBYIO SHEPTHIO (BO3AYX)
OT KPBIIIHBIX KOHIUIIMOHEPOB C Ta30BbIM HarpeBarejieM Bo3ayxa, pydromnoB mapku YORK cepun
DM (mamee — KOOM).

enTtpanbHas rpynmna koprnycos kammyca JIBOY (NeNe 12,20, 24) o6opynoBaHa ra30BbIM BEHTHU-
JSTIMHOHHBIM 000PYIOBAaHUEM B KOITHMYECTBE 226 IIT., BAPbUPYEMOH ETMHUYHON MOIITHOCTEIO arperara
ot 14,7 kBt no 117,2 kBt u 0011ei makcumaibHO# MomHOCThIO 14621,9 kBT (12,57 'kan/gac).

EcTecTBeHHO, 4TO MaKCHMaJIbHOE HEPALIHOHAIBHOE TEILIONOTPeOIeHHE Ha 00hEKTaX YHHBEPCH-
TeTa 3aUKCUPOBAHO B IEPEXOAHBIC IEPHOJIBI T'OIa (BECHA-OCEHB), KOT/Ia BOBHUKAIOT IIEPETOIIBI U pe-
TyJIHPOBAHHE KaXKJOr0 TEPMOPETYISATOpa paguaTopa He MPEACTaBISICTCS BO3MOKHBIM IO IPHYMNHE
OTCYTCTBHUS JIETAIbHOTO aBTOMaTUUECKOTO perynupoBanus. FiMenHo nmoatomy s KOOM npunsato
MMEHHO 3TO KaJICHIapHOE BpeMsl.

CTOUT OTMETHUTB, YTO 33JIeHCTBOBAHHASI MOIIIHOCTH ra30HMCIONIBb3YOLIET0 000PYA0BaHHSI COCTAB-
nstet Beero 0,8 ['kan/gac, ciienoBaTebHO, MaKCHMallbHast CBOOOIHAS MOoITHOCTE 11,77 ['kain/4ac, a pac-
4yETHas TEIJIOBasi Harpy3Ka, COrNIACHO MPOEKTY, Ha HYK/bl OTOIJIeHUs: cocTaBiseT 6,150 ['kan/gac,

Ha HYKIbI BeHTrisnun — 3,738 ['kan/gac [3].
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Tabauua 1. [lepeuens 9OM IIporpammsl 1 UX 3a1a4u

Table 1. List of EEM Program and their tasks

MeponpusTus

3anaua

B cucteme 3HeKTpOCHa6)KeHI/ISIZ

3aMeHa JIIOMMHECHECHTHBIX CBETUJIBHHKOB Ha CBETO-
JTMOJIHBIC, YCTAHOBJICHHBIC B TEXHUYECKHUX TOMEIICHHU-
SIX BCEX KOPIyCOB, O(HCHBIX MOMEIICHUAX KOPIYCOB
1 Tuna u yueOHO-aIMUHHUCTPATHBHBIX KOPITycax

TloBbIlIeHHE SKOJOrUYECKO Oe30macHOCTH (3aMeHa
ra3opasps,IHbIX CBETUIIBHUKOB C COACPIKAHUEM PTYTH
Ha 9KOJIOTHYECKH Oe30IacHbIC);

VYBenuueHue cpoka ciyx0bl B 4 pasa;

VYBelnyeHHe CBETOBOTO MOTOKA U TJIOIIAH OCBEIICH-
HOCTH;

OTcyTcTBHE BUOpAIMi 1 3ByKa

VYcraHoBKa acTpPOHOMUUYECKMX TaWMepoB U Tepe-
Bog 100 % CBETHJIBHHKOB CHCTEMBI (hacagHOTO
OCBEIIEHUS M Ha JIECTHUYHBIX Mapmiax B ydeOHO-
aAMHUHHUCTPATUBHBIX KOPITycax

Vcnonp30BaHHE CBETHIBHUKOB B IEPHO/IbI, KOT/IA TO
JEHCTBUTENHFHO HEOOXOIUMO (B TEMHOE BPEMSI CYyTOK);
CHMmXeHHE BpeMEHU pabOThl CBETHUIIBHHKOB M, Kak
CJIC/ICTBHE, OBBILIEHHE CPOKaA CIYKOBI

Beixon Ha (eepanbHbIi ONTOBBINA PHIHOK dJIEKTPUYE-
CKOM 3Hepruu

CHmwxkenne Tapuda Ha DICKTPUYCCKYHO OSHEPrHUI0
Ha 14 %

B cucTemMe TermiocHa0KeHUS:

V3MeHeHre mapaMeTpoB aBTOMATHYECKOTO PEryInpo-
BaHUs Ha MOJJICPKAHNE 3a[aHHBIX PEKUMOB PabOThI
TEMI000MEHHOTO 000pyIOBaHMS B 24 HHIAUBHYalTb-
HBIX TEIUIOBBIX MyHKTaxX (manee — MTIT) 100 %

VBeanueHue TenaIochemMa

3aMeHa KOHTPOJIJICPOB yIIPaBICHHS peKUMaMK pabo-
b1 B 6 UTII (25 %)

Hckmarouenne NEpETONOB HAa FOKHOU CTOPOHE

YacTUyHOE 3aMelICHHEe TEIUIOBOW SHEPIHH, MOJyda-
eMoii oT TeruoHocHuTens (Bopa) ¢ MuHU-TOLI, Ha Te-
IUTOBYFO HEPTHIO OT KPBILIHBIX KOHANUI[HOHEPOB C Ta-
30BBIM HarpeBaresieM Bo3jayxa (py(dToroB) Ha BpeMms
OCCHHE-BECCHHET0 IMEPEXOJHOr0 OTOMHTENBHOTO Iie-
puona Ha kopriycax A, B, C, D, E, S

YnydimeHne mokasareneii MUKpOKIUMAaTa B ayJHTOP-
HOM (OHJIE;

YMeHbIIeHNe GPUHAHCOBBIX 3aTPAT Ha TEIUIOBYIO SHEP-
THIO

PeMOHT TpaH3uTHOH TemaoBoi ceTu Ha Peabunuramu-
OHHBIU LIEHTP

CHMKEHHUE PHCKOB BOBHUKHOBEHHS aBaPUIHBIX CUTY-
anuii Ha TpyOONMpPOBOAAX;

CHUKEHHe TOTePh TEIIOBO SHEPrHH, MOTPeOIsIeMOit
PII, na 10 %

B cucreme BogocHaOKeHM:

VYcTaHOBKA a’paToOpoB B aJMUHUCTPATHBHBIX H JKH-
JIBIX KOPITyCax

ViydineHue KkauecTBa BOAbL;

CHUKEHME PUCKOB BOSHUKHOBEHUSI aBAPUIHBIX CUTY-
anuii Ha TpyOOoNMpoBoOaax;

CHuKEeHME 0Teph TEIIOBOM SHEPruu

PerynupoBaHue rUAPaBIHYECKOTO PEXKUMA B CUCTEME
BOJIOCHAOKEHHS B y4eOHO-aAMHHHCTPATUBHBIX KOP-
mycax

OKOHOMUSI TEIJIOBOM AHEPrUM Ha HArpeB ropsiuei
BOJIbI

PemoHT cucteMbl BopocHaOXeHHs (3aMEHa aBapHii-
HBEIX YYacTKOB TpPyOOIpOBOZOB B KoimuecTBe 6 %
OT 00IIEero KOJMYECTBAa, BOCCTAHOBICHUE TEIJIOBOI
n3onsinuu Ha Tpy6onposonax I'BC n cucremsl oTo-
IIJIGHUS] B HEOTAIINBAEMbIX MTOABAJIEHBIX IIOMEICHH-
SIX B KOJTMYECTBE

CHUKCHME PUCKOB BOSHUKHOBEHUS aBaPUIHBIX CUTY-
anyii Ha TpyOoIpoBoaax

BHenpenune cucTeMbl aBTOMATH3ALUK U HHTEIUICKTYaIbHOTO MOHUTOPHHI'A HHKEHEPHBIX CUCTEM
u obopynoBanus Ha 6a3e [10 «I[Tupammaa 2.0»
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B menom cymiecTBeHHBIH 3amac MPOEKTHBIX HATrpy30K MOXKHO OOBSICHUTH INMEPCIEKTHBHBIM
pa3BUTHEM OCTPOBHOH TEppUTOpUU T. BragnBocTOKa, 0 YeM CBHAETENIBCTBYET IIAH MEPOIPHUSTHI
[0 peann3aluy KOHIETINH pa3BUTHA 0. Pycckuil (pacnopsikenne npaButenbeTBa PO ot 23 HOA0ps
2019 1. Ne 2797-p). Uro kacaercst IBDY, yureHs! Oobine MOIIHOCTH TIPH ITyCKax J1ad0paToOpHOTO
o0opyoBaHMS, Hay4Has yCTaHOBKaA Kiacca « MeracaiieHC», MHOTOTBICAYHAS YHCICHHOCTH ITPOKUBA-
IOIINX, TOCTEH, MOCTOSIHHASI KHTEHCHUBHOCTD B pad0Te, aBTOHOMHOCTb, UTO MOATBEPIKIAET IIPOBECH-
HBIH SHEPreTUYECKHI aHAJIN3 CYMMapHOH TETJIOBOM HArpy3Ku 31aHui [4], a MMEHHO CyIIIECTBEHHYIO
HEBSI3KY TEIUIOBBIX HArpy30K — MEXAY IPOEKTHON M (PaKTHUYECKONW 4aCOBOM:

- 0OIIeyHUBEPCUTETCKUN CTYACHUECKHH LeHTp (kopryc 24) — B 9 pas3;

- €CTeCTBEHHO-HayuyHBIH yueOHbIH KOpiryc IBDY (kopmyc 12) — B 6 pas;

- xoHpepeHu-1eHTp (kopyc 20) — B 4,5 pa3a.

[Tpn oTcyTCcTBHU AaHHBIX O (PAKTHUYECKOM TEIUIONOTPEOIeHNH, IpH HeucnpaBHocTH Y YTD 0o-
nee 15 cyTOK pacxo/| TEIIOBOM SHEPruy NOTPEOUTENEM IIEPECUUTHIBACTCS] HA HOPMAaTUBHbBIE YCIOBHS
oT 0a30BOro IMOKa3aTessi, OCHOBAHHOTO Ha IPOEKTHBIX 3HadeHUAX [IIpaBumiia KOMMepUecKoro yueTa
TeIuIoBoi aHepruu, TeroHocutens Ne 1034 or 18.11.2013 r.]. B pe3ynbrare B cuerax 3a notpediéH-
HBIE YHEPIreTHYECKNE PECYpPChl MOTYT OTPa)kaThCsl M3JIMIIHUE MUJIMOHHBIC 3aTPAThl, IPOIOPIHO-
HaJbHBIC BBIIICU3II0KEHHBIM MTPEBBIIIAIOIINM 3HAYCHUSIM.

[IInpoko u3BeCTHBI (HAKT, UTO K MOKA3ATENISIM, XapaKTEPU3YIONIUM BETMUNHBI PACXOa SHEpre-
TUYECKUX PECYpPCOB B 3[JaHUH, OTHOCSATCS HOPMHUPYEMBIE TIOKa3aTeNId CYMMAapHBIX YAEIbHBIX TOJ0-
BBIX PACXOZOB TEIJIOBOM PHEPrUU Ha OTOIIEHHE, BeHTHsinuio u ['BC.

Pacuét yaenpHBIX XapaKTepUCTHK [4] pacKpBIBAET, UTO TEIJIOBBIEC HAIPY3KH HA OTOIICHHE U BEH-
THJISILUIO 110 KOpITycaM OJM3KH, HeBsI3Ka BhIsIBIICHA B 3HaueHMsX Ha ' BC u mpu nepecuere nokasare-
JIel ¢ MONpPaBOYHBIM KOI(PPHUIIMEHTOM Ha YHCICHHOCTh, MPOSKTHBIE BEJIMUYNHBI TEIJIONOTPEOIICHHS
I10 KOpITyCaM B CpE/IHEM BBIIIE B 2 pasa.

Heocnopumo HanpariuBaercst TpeboBaHue 00 aKTyaln3aluy IPOSKTHBIX 3HAYCHUH K peabHbIM
MI0KA3aTeJIsIM TEIJIONOTPEOJICHHS, O TPOBEICHUH PadOT II0 HOPMUPOBAHHIO U COTIIACOBAHHUIO OOHOB-
JICHHBIX 0230BBIX yJIEJIbHBIX [TOKA3aTeJIeH JIJIs TOBBIILICHH S SHEPreTHUECKON (D (PEKTUBHOCTH KaMITy-
ca IBDY. 1 npu ocymiecTBICHUN BBIIICONUCAHHBIX H3MEHEHHI Oy/1yT BHECCHBI ITPaBKH B TapU(pHOE
JIeJI0 HEProcHaOKaIOMIMX KOMIIAHUMN, 3aIllyCTUTCS MEXaHU3M KaueCTBEHHBIX M3MEHEHHUIl B dHEpre-
TUYECKOM KOMIIJIEKCE HE TOJIBKO YHHUBEPCUTETa, HO M pernoHa B 1esioM. Urto emé pa3 J0Ka3bIBaeT
BXXHOCTb BEJINYMH (PAKTHUECKOT0 TEIIONOTPEOICHHUS KaK M0Ka3aTelis KayecTBa M HaJKHOCTH IIPO-
eKTHUPOBaHUS U 3HEProd(PPEKTUBHOCTH.

JlocTarouHo MHTEpecHbIH (akT: 0OJIBIIMHCTBO py(dTonoB B mioTh g0 2022 r. paborajo B MHU-
HUMaJIbHOM pEXUMe, HEKOTOPbIe OTKJIIOUCHBI, U MoJHast pabouas Harpyska Ha cuctemy BuK cocra-
Buna meHee 10 % oT Bceil anekTpudeckoil Harpy3ku koprnyca A. Ilocne BkmtoueHust cucteMbl BuK
JI0 HOMHHAJIBHBIX 3HAUYCHWH Harpys3Ka Ha CUCTEMY YBEJIHYMJIAch B pasbl M 3aHsa yxe csbime 50 %
OT 001I1eH AEeKTPUIECKOI Harpy3Ku Kopmyca A.

HazpeBaet Bompoc 0 meiaecooOpa3HOCTH OIPOMHOIO pe3epBa MoliHocTH obopynoBanus BUK
U JIOMyIIEHUE MPOCTOsI HOBOro o0opyaoBaHus mopsaaka 10 jeT, a Takyke HCIpaBiIeHHE JaHHON CH-
Tyallly B HAIIPABJICHUH SHEPTOCOEPEkKEHNUs 1 MOBBIIICHNS SHEPTeTHYECKOH () (HEKTUBHOCTH Iy TEM
peanu3anuu cBOOOIHOW MOIIHOCTH KPBIIIHBIX KOHAMIIMOHEPOB Ha 3aMEIICHHE TEIJIOBOW SHEPruu

13 BOAAHBIX CUCTEM HA TCIJIOBYIO SHCPIUIO U3 rOpAvYCTo BO3AYyXa.
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Ta6nuna 2. Torosbie AaHHBIC CBOOOIHON MOIIHOCTH COTJIACHO PacueTy

Table 2. Total data of available power according to calculation

MaxkcuMmalibHas CB0OOHAs MOLIHOCTH
Tpebyemast MOLTHOCTH
MOII[HOCTh BCHTHUJISILIUOHHOTO
Kopmyc IS 3aMEIeHUs,
BEHTHUJISLIUOHHOTO 000pyIOBaHHS TS
I'kan/gac
obopynoBanusi, ['kam\uac 3amemnieHus, ['kam\dac
Kopnyc 20 (B, D, S) 7,568 4,904 1,339
Kopmye 12 (C, E) 1,843 1,194 1,110
Kopmyc 24(A) 3,162 2,049 0,612
HUTOI'O 12,573 8,147 3,062

Jis Baenperust KOOM npousBenén pacuér [2], 000CHOBBIBAIOIINI CYIIECTBEHHYIO 3KOHOMHIO
(MHAaHCOBBIX 3aTpar (B MUJUIMOHHOM IOPSIJIKE) 32 OJUH MECSIl ePEeX0oHOro nepuoaa. OpueHTHpo-
BOYHAsl CTOMMOCTb TeIula Ha raze (0e3 yuéra nmorpeOiIeHHON 3JIeKTPHUECKON 3HEPIHH) COCTABISAET
1317,50 py6./T'kan npotus 3675,87 py0./I'kan. itorossie naHHbie CBOOOIHONW MOIIHOCTH MPEACTAB-
JICHBI B Ta0II. 2.

CTOUTH OTMETHUTB, UTO PACUET JIOCTATOYHO JIETAJICH U TOUEH (CO CBEPKOM MAaKCUMAaJIbHBIX (haKTH-
YEeCKHX M MPOEKTHBIX JJaHHBIX), HO HOCUT YKPYITHEHHBIN XapaKTep, TaK KaKk He BHECEH KOA(P(UIINEHT,
YYUTBIBAIOIIUNA PEeasIbHbIE YCIOBUS MHKEHEPHBIX CUCTEM M KOHCTPYKIIMi, @ UMEHHO:

— ayJAMTOpPUH, B KOTOPBIX HE YCTAHOBJICHBI Py (TOIBI;

— ayJIUTOPUHU C COBMEIICHHUEM BOJSHOTO OTOIUICHUA (PagHaTophl) C BOASHON U ra30BON BEHTHU-
JSAUSMU;

— 12 yposueii 12 kopryca, obsanaromne 60abIIUME IO IMI TAHOPAMHOT'O OCTEKJICHHUSI.

Jltst Toro 4TOOBI B TMOJIHOW MEpe CYAHWTh O COKPAILIEHUH 3aTpaT, ¢ YUYETOM MHINBUIYAJIbHBIX
O0COOCHHOCTEH 31aHUiA, KPATHOCTHU IUPKYJISAIHHE OT 00beMa mocemniaeMoctH, B nepuos ¢ 31.10.2020 r.
mo 23.12.2020 1. mpoBeneH I aTam mccnemoBanus mapaMeTpoB padOTH KaJIOPUPEPOB U OIICHKHU CKU-
raHus ra30BOr0 TOIUIMBA, & TAKKE ONPEACTICHHUs SKOJIOr0-3KOHOMHUYECKOH 3 dekTrBHOCTH paboTHI
LEHTPaTbHBIX KoHANInoHepoB York DM B pexxume Harpesa Bo3ayxa. [IpoBeneHo Texunuueckoe 00-
cienoBanue 98 mT. ra3oBeIX Kamopudepos (43 % ot o61ero uncia) [5] U yCTaHOBJICHO:

— 9 0JI0KOB HE yJJaJI0Ch BBECTH B SKCIUTYaTaIUIO 110 PA3IMYHBIM TEXHUYECKHUM ITPHYHUHAM (aBTO-
MaTHKa BBIJIAET OIIMOKY, OTCYTCTBYET ABIMOBAs TpyOa U 1p.);

— 12 6nokoB nmerot cepresHoe npesbimenue 1K okenaa yrieposa B IpoayKTax cropanus;

— 77 6110KOB HaXxonATcs B HcrpaBHOM cocTossHuH, KIIJ[ ycTpoiicTB 1 KOHIIEHTpanus 3arpsa3Hs-
IOLINX BELIECTB B IPOJAYKTaX CrOPAHMsI HAXOASTCS B IONTYCTUMBIX 3HAYCHHUSX.

[Mocne mpoxoxaeHUsT TEXHUYECKOro 00CHyXKMBaHUs (OUMCTKA ra30BOr0 00OPYIOBaHHUs, Ha-
CTpOiiKa peryisiTopa JaBieHUs raza) y 5 OJOKOB yAaJoch CHH3MTH KoHIeHTpanuio CO no pomy-
CTUMBIX 3HA4YCHHH, OIHAKO B psjae ciaydaeB mpu 3toMm cHu3mwica KIIJ Bo3myxomomorpeBarenei,
HE3HAYUTENbHO HIKe TpeOyembIx HopMaTuBHBIX 3HaueHui [[TOCT 31848-2012 O6opynoBanue mpo-
MBIIIIJICHHOE Ta30uCTonb3yloiiee. Bo3nyxonarpesarenu].

B pesynbrare obcneroBaHus MPOBEACHA HAIAAKa U PEryIMPOBKA ra30BOro 000py1oBaHusl, CO-
CTaBJICH IJIaH PEKOMEHIAlMUi 110 PEMOHTHBIM padoTaM KajJopu(epoB U TEXHUYECKOIO 00CIIyKH-

BaHMUsI.
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Crnenyrouiuii 3Tan TEXHHYECKOro 00CIeIOBaHUS He3aeCTBOBAHHBIX KPBIITHBIX KOHIUIIHOHE-
poB HazHaueH Ha 2024 rox. [locne noaBeneHus UTOroB peanu3auuu IlporpamMmel, BHECEHUSI KOPPEK-
THPOBOK B CBSI3U C OOHOBJICHHBIMH CTaTUCTUYECKMMHU IAaHHBIMHU, U3MEHEHUSIMU B paboTe 000py10Ba-
HUS 1 HHXCHEPHBIX CUCTEM aKkTyann3anus [Iporpammel Ha 3-ro10BOii IEpHO U TPOTHO3, CBSI3aHHBIN
¢ BeixonoM JIBDY Ha ¢enepasibHbIii ONTOBBIN PHIHOK 3JICKTPUUCCKON 3HEPTUH, MOBJICKYT 3a COOOM
CHIDKEHME TapH(a Ha 3JeKTPHUUECKy10 SHepruio Ha 14 %.

Takoke pazpabarbiBaeTCs OCOOHE C 1IETbI0 BKJIIOYCHUsI B 00pa30BaTENbHBIN MPOLIECC MO MPO-
(UIBHBIM TIpeiMeTaM MPAKTHYECKUX 3aHATHH C MCIOIb30BAHHEM OOBEKTOB AHEPreTHUECKOH WH-
(bpacTpyKTypsl B UX HAJTAIKH, YTO MMOBJICYCT 32 COOON YBEIWUYCHHE IKCILIyaTallHOHHON HApaOOTKH

IIporpamMmsL.

IlepBble uTOrU peajim3auuy MeponpusTHI

0 MOBBIICHNIO YHePreTH4YecKoii 3ppexTHBHOCTH

Ha cerogusimiHui 1eHb UMEIOTCS B ITOJTHOM 00BbEME CTATHCTUYECKNE TaHHBIE JUUIS TOABEICHUS
MEPBBIX TPOMEKYTOUHBIX UTOTOB peann3anuu [IporpamMMel. @UHANTBHBIHN JKe pe3ynbTaT He HACTaHeT,
MOTOMY YTO aKTyaJM3aunus U pazButue [IporpaMMbl HIyT B HOTY CO BPEMEHEM U NPOrPECCHPYIOT
JI0 TeX T0p, MMOKa TeXHUKO-IKOHOMHUYECKHE TTOKA3aTEeNIN HE JOCTUTHYT CBOETO ONTHMAJIBHOT'O 3HAYe-
HUS ¥ HE CMOTYT OBITH COKPAICHBI.

[Motpebnenue snepropecypcos B 2019-2020 rr. 1octaTodHo crieruduyHoe B CBSA3U C CAMOU30-
JSUEH ¥ TUCTaHIIMOHHBIM 00pa30BaHMUEM, MO IIPUYMHE PACIIPOCTPAHEHUSI KOPOHABUPYCHOW HH(]EK-
nuu COVID-19, Takke B 3TOT MEepUOJ UMEIO0 MECTO OCyIIeCTBIeHNnE MUIOTHRIX DDOM. [TosTomy mist
COIIOCTABJICHUS MTPOMEXKYTOUHBIX PE3y/IbTaToB AHCTBHS IIporpaMMbl NpHHATH (haKTHUECKHE Ha-
TypasbHbIe MOKa3aTenu noiaHoro 2022 kajaeHJapHOTo roja, B CPaBHEHUH C aHAJIOTHYHBIM EPHOJIOM
J10 BHeApeHust HOBbIX DOM, cornacHo [Iporpamme 2018 r., a Takke M0 IPpUYHUHE TOTO, YTO KOJIUYECTBO
MPOXKHUBAIOUINX B TOCTUHUYHBIX Koprycax B 2018 r. conoctaBumo ¢ 2022 1. (11715 u 11607 cooTBet-
CTBEHHO).

3a cuer peanuszaiuu [Iporpammbl 3aMKCUPOBAHO yBEIWYCHUE PE3EpBa TEIIOBOH MOILIHOCTH
Ha 1,3 % (0,63 I'kan/4), BHymaomuii pa3mep odmero skonomudeckoro 3dgdekra B pazmepe 85,4 MiH
pyO. 1 CHIIKEHHE TOTPEOJICHU S DHEPreTHUECKUX pecypcoB B 2022 1.

— TemnyuoBas sHeprus Ha 15,8 %;

— 3yeKkTpodHeprus Ha 3,5 %;

— BOIOCHAOKEHME ¥ BOJOOTBeAeHME Ha 15,6 %.

TpeOyemblii prHAHCOBBIN Y3PHEKT MPOMEKYTOUHOTO ITaa peanu3anuu [[porpaMmbl, KOTOPBIi
JIOJKEeH OBITh He MeHee 25,4 MiTH py0., JOCTUTHYT, OTpakast IOCTHIKEHHE IIeJIeBbIX Moka3areinei [Ipo-
rpamMMmsl (anee mo Tekcty — L{IT) u moxTBep:xaast mpaBUIBHBIA BEKTOP pean3yeMbix OOM.

[To Terno- u BomomoTpebIcHUIO PakTHYecKue mokaszarenu npepbimarT LI B gecarku pa3. LI1
1o norpednenuto uexkTpodnepruu (2330 teic.kBr*4) He nocturuyt (paxt 1369 Teic.kB1*4) no npu-
YUHE He yUYTEHHBIX B [Iporpamme 3aTpaT Ha 2JIEKTPO3HEPrUIo, cBs3aHHbIX ¢ KOOM. JlaHHas norpen-
HOCTb yuTE€Ha B JajbHEHIIeil padoTe 1 CYyIIECTBEHHO HE OTPA3UTCsl HA UTOrOBOM KapTHHE peajin3a-
uuu [Iporpammel.

Takke HEOOXOIMMO OTMETHTb, YTO 3a(UKCHPOBAHO NPEBBIIICHUE MOTPEOICHHSI TPUPOIHOTO

rasza Ha 300 Teic.M® oT 6a3zoBoro mepuona (2018 r.) Mo MpUYHHE MOTONHUTEIFHONW paOOTHI CUCTEMBI
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BEHTUJIALIMM U KOHAUIMOHUpoBaHUs (nanee — BUK), HanpaBnenHoit Ha Beimonnenue KOOM u no-

MOJIHUTEIBHON peanuzanuu 663 ['ka.

TecHast B3aMMOCBSI3b MePONPUSITHI, HATIPABJIEHHBIX
Ha cOepe:keHUe Pa3HBIX JHEPropecypcoB, U HX KOMONHHPOBAHHE

B 00 MIi MOJIOKUTEJIbHBIN 0aJI1aHC

Nmes Boicokuii motennuans KOOM mpomoinkaeT AeTalbHO npopadareiBaThes. [IpoBoauTes sKc-
NIePUMEHTAJIBHOE TIEPEKITIOUCHHE HATrPY30K ISl TIOATBEPKACHHUS PACUETHBIX BEJTMUNH C [EIBIO IOBBI-
HICHUsI SHEpreTUYeckoit ahdexkTuBHOCTH crcTeM TerutocHadxkenus 1 BUK o6bextor JIBDY, uto or-
pa)kaeTcs Ha YIy4IICHHH [TOKa3aTeaeld MUKPOKJINMAaTa B ayIMTOPHOM (DOH/IE, a TAK)KE YMEHbBIICHUH
3aTpaT Ha TEIJIOBYIO SHEPTHIO.

Kaxk 66110 3aMeueHo BhilIe, aelictBrue KOOM cymectBenHo ckasbiBaercs Ha LI npyrux snepre-
THYECKHX PECYPCOB, M 3Ta TECHAs B3aUMOCBSI3b MEPOIPUSITUI TpeOyeT IpaMOTHOI0 KOMOMHHUPOBa-
HUS ¥ y4eTa BCeX B3aMMOCBS3EH B OOIIMH MOIOKUTEIBHBIN OaaHc.

CTOHUT OTMETHUTH, YTO JIJI YBEIUYEHHUS TEIJIOCheMa M CKOPOCTH PEearupOBaHUs IPU JUCTaH-
nroHHOM yrpasieHnn KOOM komOunupyeres ¢ nsymst 39M Ilporpammel. VHaue BO3MOXHO HEIO-
cruwxkenue LII1.

OnHO U3 HUX — MojepHu3anus cuctembl apromatuku B UTII mytem perynupoBanust pexuma
noTpeOJIeHUs] TEIJIOBOH SHEPrHM, 2 UMEHHO OrpaHMYEHHEM HUPKYJISIUN TEIJIOHOCHTENs, pa3Mep
YMEHBIICHUS TEIUIONOTPeOIeHHs 3a T/ B cpeaHeM coctasisieT 1900 I'kan, B 1eHEKHOM BBIpaKEHUH
SKOHOMHUSI COCTABJISACT MOpsiaKa 6,7 MitH pyoO. [6].

Ha cerogusimHnii 1eHb N3MEHEHUE TAPaMETPOB AaBTOMATHUECKOTI'O PETYJIMPOBAHMSI HA MOAEP-
JKaHHE 3aJJaHHBIX PEXKUMOB paOOTHI TEIIIOOOMEHHOr0 000py10BaHU st BO3MOXKHO B Kaxxaom U TIT kam-
nyca JIBOY. BeimonHeHa 3aMeHa KOHTPOJUIEPOB YIIPABICHHS PEKUMaMH PAOOTHL.

TpeTbuM 3BEHOM B JaHHOM KOMIIJIEKCE, KOTOpoe OOBeAuHSAeT MepompusaTus lIporpammsl
10 BCEM HAIPABIICHUSIM, — BHEJIPEHNE CUCTEMbI aBTOMATH3AI[UN U HHTEIJIEKTYaIbHOTO MOHUTOPHH-
ra MH)KEHEPHBIX cHCTeM, 000pYyA0BaHHOro Ha 0aze mporpammHoro oodecneuenus «llupamuna 2.0»
(manee — ITAK). Mo peanuzannu [IporpaMMbl yHUBEPCUTET UMEI YIIPOLUICHHYIO CUCTEMY JHCIIEeTYe-
pu3anuu ¢ 30-MUHYTHBIMH-YaCOBBIMH 3aI03JaHUSIMH OT PEaTbHOTO BPEMEHH.

Baxxnas pons [TAK o0ycioBiena nogaepxaHueM KOMILICKCHBIX METOIOB M aJlTOPUTMOB BEpH-
(dbuKanuy TaHHBIX:

- KOHTPOJIb IOJHOTHI COOPaHHBIX JAHHBIX;

- KOHTPOJIb YCTaBOK (MMHUMYM M MaKCUMYM, PE3KUe U3MEHEHHU s 3HaYeHUil npoduJist Harpy-
30K) ¥ HeOaaHCOB (IOACTAHIIUM, IITUH | T.I1.);

- KOHTPOJIb MOTPEOIICHU S DHEPIrOPECY PCOB;

- aHaJIM3 XXyPHAJIOB COOBITHH, CPAaBHEHHE C JAHHBIMH U3 PE3EPBHBIX HCTOYHUKOB HH(OpMALINY;

- KOHTPOJIb CXOIMMOCTH NMPOMUIISl HATPY30K C JPYTHUMHU PE3yJIbTaTaMu U3MEPEHUsT;

- KOHTPOJIb COOTBETCTBHUS PE3YJIHTATOB U3MEPEHHSI COCTOSIHUIO I'€HEPHPYIONIEro 000pyaoBa-
HUS;

- KOHTPOJIb MTAPAMETPOB KauyecTBa AIIEKTPOIHEPIUH;

- KOHTPOJIb COOTBETCTBHS PE3yIbTaTOB U3MEPEHUS (M3MEHSIONIUICSI BO BPEMEHH), HCIIOIb3Y-

CMBIM CXEMaM U3MEPCHMU .
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Ha nanubpiii MOMEHT npoBoauTCs 3amMeHa u BBoj B [TAK nmpuGopoB ydera, KOHTPOJJIEPOB, yCTa-
HOBJICHBI TPEBOTH II0 NPEBBIMICHUIO/TIOHMKEHNIO TIodazHoro HanpspkeHus B BPY kopmyca 24(A)
U HACTPOIKa KOHTPOJIsl ITApaMETPOB KauecTBa IHEPTUH, YTO IIPUBENET K JETAILHOMY I'padHuecKoMy
aHAJIN3Y MOTPEOIAEMON PHEPTrUU ¢ IPUBSA3KOH K 000PYAOBAaHMIO U JUCTAHIMOHHOMY YIIPABICHUIO

WH)KEHEPHBbIMU cucTemMamu J[BOY.

Ilmansl uccaenoBanuii 10 2030 roga

HacTpolika MOHUTOpUHTA U IETATBFHOTO aHAJIM3a MOTPEOIISIEMON TETIOBOW SHEPTUU: MTOIKITFO-
YEeHHUE TeIUIOBbIUnCIInTeNeH 00bekTOB Kamnyca K [TAK, B COBOKYITHOCTH ¢ YHHBEPCaJIbHBIMHU JIaT4HU-
KaM# KOHTpoust MuKpokirmara [TAK, mo3BoIUT onepaTHBHO KOPPEKTUPOBATH (PaKTHUSCKUAN PEKUM
noTpeOJIeHNS TEIIOBOM SHEPT MU HE TOJIBKO B 3aBUCHMOCTH OT 33JaHHBIX TEMIIepaTypHbIX rpaduKos,
a 0T (paKTUUYECKON TEMIIEPATy Pl B IOMEIICHHUIX KaMITyca, 4TO 00SCIIeIUT Co31aHne KOMPOPTHBIX yC-
soBuii B momenieHusx. Takke pasputue [IAK HampaBiieHO Ha aBTOMaTHUYECKOE M030HHOE ((PacagHoe)
peryiIupoBaHue MUKPOKINMATa B 3aBUCHMOCTH OT H3MCHEHUS ITOTOIHBIX YCIOBUW U PACIIONIOKCHIE
ayJUTOPHI 110 CTOPOHAM CBeTa (I0XKHBIE, CEBEPHBIE, MYCCOHHBIE).

[lo pesympraTaM TEILUIOBH3UOHHOTO OOCIemoBaHUs 32 KOPIYCOB Kamiryca (IIPOBEICHHOTO
B 2021 r.) ompeneneHo HEKOPPEKTHOE BRIIOIHEHNE OTPaXX JAIOIUX KOHCTPYKITUI, BIUSAIONIEE HA CMe-
[ICHUE TOYKH POCHI BHYTPH MMOMEMICHHUSI, YTO TIPUBOANUT K 00pa3oBaHUIO Ae(PEKTOB KaK Ha TOBEPX-
HOCTH (hacajia, TaK 1 BHYTPEHHHUX CJIOEB OTPaXKIAIOIINX KOHCTPYKIUH (3aBUCUT OT TEMIIEpaTyphbl Ha-
py’XHOTO BOo3ayxa. Ha MOMEHT 0OcCiIeioBaHUS TOYKA POCHI HAXOAHUTCS Ha BHYTPEHHEH ITOBEPXHOCTH
3/1aHHUsT), KOTOPHIE BBI3BIBAIOT:

- pa3pylIeHHe OTICIOYHOr 0 MOKPEITHS CTEH, OTCIanBaHKe MTYKAaTypHOro (acaia U OTACIKH I10-
KOJISI BBULY YTSDKETICHUS MaTeprana yTeIUTUTENs ¥ PaCUIMPEHNS HAKOITUBILICHCS BIAary IIPH 3aMeP3aHuN;

- TPOHUKHOBEHHWE M HAKOILICHUE BJIATH B yTEILTATENC (acaia v IMOTSPIO TEILIOH30IIIIHOHHBIX
CBOMCTB;

- TIOSIBJICHHUE CIICIOB 3aMOKAHMSI, IPOTEUCK, TPHOKA U TPEIINH Ha BHYTPEHHUX ITOBEPXHOCTIX
CTEH BBUy KOH/ICHCAIIMH Ha JAHHBIX TOBEPXHOCTSX BIATrd U HAPYIICHUHU MapOIPOHUIIAEMOCTH CTEH;

- KOPPO3HIO METAIITMYECKOTO KapKaca 3IaHus;

- KOPPO3HIO METAJIJIMYECKOr0 MPOQuUJIs MOJBECHBIX CTEHOBBIX M MOTOJOYHBIX CUCTEM U3 THII-
COKapTOHA (BBITIOTHEHA BCSI BHYTPEHHSS OT/CIKA 3MaHU);

- KOPPO3WIO TOKOBEAYIIUX YaCTEH 3JEKTPOYCTAaHOBOYHBIX U3/ICNIUM, YTO, B CBOIO O4Yepe/ib, MO-
JKET ITOBJICYh H3IUIITHAN HATPEB U BO3TOPAHUE.

Beimeoncantpie 1eeKThl OrpakJaOIIMX KOHCTPYKIHMH HE COOTBETCTBYIOT TpPEOOBaHUSIM
TI'OCT 30494-2011. «3maHus xuiible U 00mecTBeHHBIE. [lapaMeTphl MEKPOKIIMATA B IOMEIICHHSIX).

[Ipu BHyTpeHHEH TeMnepaType orpa)aaonux KOHCTpyKiuil +15 °C 1 MeHee rpa1ycoB HEBO3-
MOKHO 00€CIeUUTh TPeOyeMBbIii MUKPOKIMMAT B IMIOMEIICHHUIX KOPITyca, HE3aBHCUMO OT MHTCHCHB-
HOCTH Pa0bOTHI MITATHBIX CUCTEM OTOIUICHUS.

CpenHee (haKTHYECKOE COMPOTUBIICHHUE TEIJIONEpeaadyd CTCH 3HAYUTEIBHO MEHBIIC HOPMUPY-
€MOT0 3HAYEHMS MPUBEICHHOTO coNpoTuBIeHus Terionepenade crensl [CIT 50.13330.2012], Bcaen-
CTBHUE YETO IMMOTEPH TEIIa Yepe3 CTCHBI BBIIIC HOPMAaTHBHBIX.

Jluist npekpaieHusi pacupoCcTpaHeHUs TOJO00HBIX 1e(eKTOB U BOCCTAHOBIIEHHS PabOTOCHOCO0-

HOCTH q)acaz[a 3aIlJIaHUPOBAHO BBINIOJIHUTH KOMIIICKCHBIM KaITMTaIbHBIN PEMOHT (I)acasz 3,I[aHI/II\/‘I
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C MOJIHOM 3aMEeHOH Bcell KOHCTPYKIHMH (acasia Ha HABECHOM BEHTHIINPYeMBblil (pacai, NCKIIIOYaroIHi
BO3MOJKHOCTh HAaKOIUIEHHUS BJaru B yTEIJIUTENE W, KaK CICICTBHE, NMPEISATCTBYIOMNH MOSBICHHUIO
BBIIICOMMCAHHBIX AC(PEKTOB, UTO MO3BOJIMT CHU3UTh OTPEOICHUE TEIIOBOM dHEeprun Ha 35 %o.
MHoroobemaroriasi MoIepHHU3aIus 3amynieHa B heBpane 2023 1. — cucTemMa KOHTPOJIS B yIIpaB-
JICHU S JOCTYTIOM 110 OromeTprueckuM naHHbIM (face id) st mponycka B yueOHO-aIMUHUCTPATUBHBIE
Koprnyca yHuBepcuTeTa. HOBOBBENEHNE TITaHNPYETCs 3aA€HCTBOBATh B YMCHBIICHNH 3aTpaT Ha CO-
JIepKaHue ¥ dKCIuTyaTtannio nHppacTpykrypsl JJBOY 3a cuet anropurMa B MaTeMaTH4ECKON Mojie-
JIM: COOTHOLICHHUS IUIOIIA/IeH MHKEHEPHBIX KOHCTPYKIMH K IIJIOTHOCTH PAacHpeeeHNs yJyallnuxcs,
noceruTenei (Onarogaps pacnucaHuio, aHAJTUTHKH JaHHBIX MOCEIAEMOCTH MPOIYCKHOW CHCTEMBI);
MOJIETTb CMOXKET 3aIlyCKaTh aBTOMaTHUECKOE yIIPaBICHNE OCBELIEHNEM, ONTHMHU3UPOBATEH paboTy cH-

creMm TennocHadxkenus u BUK [7, §].

IMoaBeeHUE NTOTOB MCCJIEIOBAHUS

Kak MbI Buaum, noBbimeHne 3(G(GEeKTUBHOCTH HEprocOepexeHns M30IMPOBAHHOTO 00BEKTa
(na mpumepe kammyca J[BOY) — 3170 MyIsTHHANIpaBICHHBIN, EMKHUI U MIOCTOSHHO Pa3BUBAIOIIUNCA
nponecc. IIpenenbHble 3HaYEHUS TOTEHIHAIA BO3MOXKHOT'O SHEProcOEPEKECHHS OLICHUBAIOTCA C TI0-
MOIIIBIO Pe3yJIbTaTOB 0TOOpa, MOJYyUYEHHBIX MAaTEMAaTHYECKOW MOJEIBI0 METOJOM MHOTO(paKTOPHO-
IO PErpecCHOHHOr0 aHaiHu3a (PerpecCHOHHBIN aHalu3 excel) 1 MCKYCCTBEHHBIX HEHPOHHBIX ceTei
(Ha OCHOBaHMH MaKpoca excel MPOrHO3UPOBAHNUS CIIPOCA HA SHEPrOPECyPChI, MPOLIEANIEr0 rocyaap-
CTBEHHYIO peructpanmio). Tum cetn — nepcentpoH. Merton ooydenns — Resilient Propagation. IIpex-
JlaraeMoe IIaHMPOBAaHUE SHEPronoTPeOICHNUS B3aMMOYBSI3aHO HE TOJIBKO Ha TEMIIepaTypHOM rpadu-
K€, HO M HA OCHOBAHUH OOJIBIIOT0 MHOXKECTBA CTATUCTHYECKUX M (PU3MUECKUX peIIatoInX (GaKkTopoB,
BXOJSIIIMX B YpaBHEHHE MHOTOBApUAHTHOIO aHanu3a [9].

B paspaboTke, B aHaTUTHKE, B TECTUPOBAHHUH M ITyCKO-HaJIa0uHBIX pabotax 9OM IlporpaMmel,
a TaK)Ke B pa3pelICHUH OCTABICHHBIX SJHEProd(EKTUBHBIX 33124 M HEYBSI30K 3a/IeHCTBOBAHA CILIO-
YEeHHAas TPYTIa TEXHUIECKUX CIICIUAINCTOB PAa3JINYHBIX HAIIPABJICHHUH, SKCIIITyaTallHOHHBIH 1epco-
HaJl ¥ HayYHO-TIeIaroriuecKuil CocTaB YHUBEPCUTETA.

VIMEeHHO TIOATOMY pe3yNbTaThl PAcyeTOB XOPOLIO COTIACYIOTCS C JAHHBIMH IKCILTyaTalllu:
peanu3anus cBOOOIHOW MOIIHOCTH KPBIIIHBIX KOHAMIIMOHEPOB PAallMOHAJIBHO MPUMEHEHA Ha ya-
CTUYHOE 3aMEIEHUE TEIJIOBOI Harpy3Ku U3 BOJASHBIX CUCTEM Ha BEHTHJISILIUOHHBIN 000orpes (ras),
B KOMOMHAIIMU C OCYLIECTBJIEHUEM HMHTE/UICKTYallbHOI'0 OHJIAHH-HAI30pa 32 KOMILIEKCHBIM CO-
CTOSTHHEM PHEProX03sIiiCTBAa YHUBEPCUTETA B LI€JIOM, YTO B PE3yJIbTaTe MPUBOAUT K CYIIECTBEHHOU
pa3HUIE B CTOMMOCTH MOKYMAaeMOl TENJIOBON SHEPTHH, OTIYIIeHHOH oT MuHU-TJLl, n BeIpaba-
THIBAEMOT'0 TETIJIOBOTO MOTOKA COOCTBEHHBIMHM MOIIHOCTSIMU JIBDY n, kak cienctsue, IpUHOCHT
9KOHOMHMYECKYIO BBITOAY U dPPEKTUBHOE 3a/IeHCTBOBaHHE PabOThl MHIKEHEPHOIO 000pyIOBAHMS
B ITOJIHOM Mepe, JOCTUTHYB TPOEKTHBIX BETMYMH M HOPMATHBOB JIJIsl YHUBEPCUTETa (PAKTHIECCKUMHU
3HAYCHMSIM, He 3a0bIBasi O MAKCUMaJIbHOM KOM(OpPTE COTPYAHHKOB, CTYACHTOB, TOCTEH U NapTHe-

POB YHUBEPCHUTETA.
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Abstract. Using data from the MODIS-Aqua satellite scanner, seasonal changes in ocean surface
temperature (OST) in the Atlantic Ocean for the period 2003—-2019 were studied. Based on these data,
quasi-stationary zones were calculated based on the average monthly ocean surface temperature using
the moving window variance method. Zones were identified that are quasi-stationary in terms of the
seasonal dynamics of OST and that correspond to the present position of current boundaries. Significant
differences in ocean surface temperatures were revealed. Areas in the ocean were identified that differ
in absolute OST values, but have similar seasonal dynamics, as well as areas with different seasonal
OST dynamics. An interesting fact has been revealed when currents that geographically continue each
other do not always coincide in seasonal dynamics. For example, at the boundary of the North Atlantic
Current and the Gulf Stream, there is a vast zone with no stable seasonal dynamics. The possibility of
using this method for monitoring of mixing zones that arise at the boundaries of currents was shown.
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KBa3I/ICTaHI/IOHapHLle nmo AMHaAMHUKeE HOBerHOCTHOﬁ
TeMIIEPATyPbl 30HbI B ATJIAHTHYECKOM OKeaHe
(HO pe3yabraraM CIyTHUKOBOI'O MOHHTOpI/IHFa)
I. C. Boicoukas, T. U. I[Iucbman,
N.10. boruy, A.II. IlleBbIpHOrOB

Huemumym 6uogpusuxu CO PAH
Poccuiickas ®eodepayus, Kpacnoapck

AnHotanus. [To nanHeIM cnyTHHKOBOTO ckanepa MODIS-Aqua uccnenyrorcs ce30HHbIE H3MEHEHUS
Temrneparypbl noBepxaoctu okeana (TTI0) B Amiantuueckom okeane 3a nepuox 2003-2019 rr. Io atum
JIAHHBIM BBIYMCIIEHBI KBa3UCTAILIMOHAPHBIE 30HBI 10 CPEJHEMECAUHON TeMIIepaType MOBEPXHOCTH
OK€aHa C MOMOII[BI0 METO/1a CKOJIB3SIEro OKHA JUCIepCUU. BbIfieeHbl 30Hbl, KBa3UCTAIIHOHAPHBIE
1o ce3oHHOM quHaMuke TI1O, COOTBETCTBYIONINE TEKYILEMY MOJIOKEHUIO TPaHULl TedeHHH. OOHapy KeHbI
CYILECTBEHHO 3HaUMMBIE TIIepenaibl TEMIEPATyp NOBEPXHOCTH OKeaHa. BbIfieNIeHbl yuacTKU B OKeaHe,
paznuyHble 110 abconmoTHRIM 3HaueHusIM TTIO, HO ¢ 10100HOM Ce30HHOI AMHAMMKOM, a TAKXKE YYaCTKH
¢ paznuuHoi ce3oHHON quHamukoi TI1O. BeisiBiieH nHTepecHbIH (akT, Korjna TedeH s, reorpaduiecku
MPOAOIIKAOLIUE IPYT ApYyTa, HE BCET/la COBMNAAIOT 110 CE30HHOM nquHamuke. Hampumep, Ha rpaHune
CeBepo-ATinanTrueckoro teuenus u ['onbdcrprma HabrogaeTess OOMIMpPHAs 30Ha C OTCYTCTBHEM
CTaOMIIBHON Ce30HHON AMHaMUKH. [TokazaHa BO3MOXKHOCTH MCIIOJIB30BAHMUSI JJAHHOTO METO/A JUIs
MOHUTOPHUHTA 30H IepEeMEIINBAHNS, BOSHUKAIOIIUX HAa PAHUIIAX TEUCHUII.

KuamoueBsble ciioBa: ATIaHTHUYECKUI OKeaH, TeMIliepaTypa nmoBepxHoctu okeana (TIIO),
KBaszuctannoHapHbie 30061, MODIS-Aqua, ce30HHas TUHAMUKA.

BaaronapHocTu. VccienoBanue BBIIIOIHEHO B paMKax rOCYIapCTBEHHOIO 3aaHusi MUHUCTEPCTBA
HAYKH ¥ BbIciiero oopasosanus Poccuiickoit @enepanuu (mpoekt Ne 0287-2021-0018).

Iuruposanue: Bricoukas I'. C. KBazucranuoHapHble 10 AMHAMUKE TOBEPXHOCTHOM TeMIIEpaTypbl 30HbI B ATJIAHTUYECKOM
okeaHe (110 pe3yJsipTataM cryTHHKoBoro Mmounuropunra) / I. C. Beicorkas, T.U. ITuceman, Y. 10. Borsuy, A.I1. IlleBbipHoros
// Kypn. Cub. penep. yu-ta. Texuuxa u Texuonorun, 2024, 17(2). C. 205-213. EDN: NGUPSM

Introduction

The ocean is a self-organizing system that occupies most of the Earth's surface. It has a major
influence on climate formation, which is due to the strong interaction between the atmosphere and the
ocean.

The patterns of temperature, salinity, and chlorophyll concentration being formed on the ocean
surface reflect the characteristics of the surface structure of the ocean. Ocean surface temperature (OST)
is one of the most important parameters of the marine environment, allowing us to assess the significant
influence of the ocean on the Earth's climate.

The problems of modern climate change and identifying the causes of climate change are among
the most discussed. The main recognized factors of climate change are: 1) an increase in atmospheric air
temperature due to an increase in the concentration of carbon dioxide, methane, and other greenhouse
gases, and 2) “wave-like” fluctuations in air temperature at the Earth’s surface with slow changes in OST.

The greatest attention has been drawn to the study of atmospheric air temperature. However, in

recent years, the role of the ocean in modern climate change has attracted attention [1, 2]. One of the
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factors accompanying these processes is the spatial variability of OST patterns since it is an indicator
of such dynamic processes in the ocean as currents, turbulence, upwelling, etc.

Changes in the structure of the ocean surface layer are significantly associated with vertical
movements of water, especially with the manifestation of such a process as upwelling. Due to the
redistribution of horizontal flows associated with currents, frontal zones and frontal interfaces between
water masses with significantly different properties are formed on the ocean surface [3].

The development of satellite methods for monitoring the state of the ocean opens up new opportunities
for continuous monitoring of changes in the ocean. Analysis of the ocean’s spatial structure makes it
possible to timely detect and predict hazardous phenomena and trends on regional and global scales [4,
5]. Satellite methods make it possible to regularly obtain data on surface temperature over the entire
ocean area.

It was previously shown that quasi-stationary zones (areas with a stable spatiotemporal structure
of the seasonal dynamics of chlorophyll concentration in the surface layer of the ocean) can serve as
a basis for characterizing fundamental biological and hydrological processes in the ocean [6]. Based
on satellite data from CZCS (1978-1986) and SeaWiFS (1997-2010), zones in the World Ocean were
discovered within which the seasonal dynamics of chlorophyll concentration changes quite smoothly.
Areas where sudden, often chaotic changes occur, were also found.

The Atlantic Ocean covers all climate zones of the Earth. Within its boundaries, the interaction of
ocean currents and air currents with significant differences in OST has determined significant climatic
features: the entire southern part of the ocean is strongly influenced by the Antarctic continent. Seasonal
fluctuations in temperature, salinity, oxygen saturation, and other indicators of ocean waters are much
less pronounced than atmospheric ones. This feature is determined by the constant movement of water
masses by ocean currents.

Changes in surface temperature affect almost all manifestations of ocean activity: the hydrosphere,
ocean biosphere, hydrochemistry, etc. Hence it is clear that studying the stability of the spatial position of
ocean currents is relevant. Their dynamics directly influences the climate and is an important indicator
of global trends in atmospheric temperatures, such as warming of atmospheric air.

The purpose of this work is to identify and analyze the seasonal dynamics of the surface temperature
of the Atlantic Ocean using MODIS/Aqua satellite data for the period 2003-2019.

Materials and methods

The object of study is the Atlantic Ocean, the second largest and deepest ocean after the Pacific
Ocean.

The work analyzes monthly data from the MODIS-Aqua satellite scanner on the temperature of
the surface layer of water with a resolution of 4320x2160 (9 km at the equator) for 2003—2019, obtained
from the Ocean Color Data website [7].

Based on these data, quasi-stationary zones were identified for the monthly average ocean surface
temperature using the moving window variance method with a window size of 21x21 pixels for each
month. Then the average temperatures for each year were calculated.

Quasi-stationary zones (QSZ) are areas with a stable spatiotemporal structure of seasonal
temperature dynamics in the surface layer of the ocean. The variance estimate characterizes the

variability of the variable, in this case, ocean surface temperature, over a set of observations within a
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selected square. Variance characterizes the degree of dispersion of individual values of a characteristic
in the aggregate from the average value.

For those zones where the values of the variables inside the selected square change slowly, the
values of the moving variance are insignificant, but increase sharply where the seasonal dynamics
of the variables begins to change. Depending on the number of pixels inside the window, areas with
different spatial characteristics are distinguished.

The moving variance method for isolating QSZ of chlorophyll concentration in the ocean was first
used in 1996 [6]. A modification of this method also makes it possible to identify zones that are stable
in terms of the seasonal dynamics of ocean surface temperature, within which the variance is small.
At the boundary of quasi-stationary zones, there are frontal zones and interfaces in which the variance

sharply increases.

Results and discussion

Ocean surface temperature characterizes the thermal state of the ocean's surface layer. It is
determined mainly by the absorption of solar radiation, evaporation, and currents.

In Fig. 1, numbers from 1 to 8 mark characteristic quasi-stationary zones associated with various
hydrological and hydrobiological features of the Atlantic Ocean. Blue color indicates zones with the
same seasonal dynamics of ocean surface temperature (quasi-stationary) and with low variance.

Transition areas between quasi-stationary zones are marked brown. They are characterized by high

90°W  60°W  30°W 0° 30°E

Fig. 1. The Atlantic Ocean: zones that were quasi-stationary in terms of ocean surface temperature in 2019: 1.
The Labrador Current, 2. The Gulf Stream, 3. The Argentine Basin, 4. The Falkland Islands zone, 5. The south-
ern part of the subtropical gyre, 6. The equatorial gyre, 7. The Benguela Current, 8. The Gibraltar region. The
QSZ in which the variance is low are highlighted in blue. The transition zones in which variance is increased are
highlighted in brown
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variance. The variance increases sharply when crossing the interface of waters with different seasonal
OST dynamics.

Using the example of the Atlantic Ocean, we can show quasi-stationary zones 1, 2, 3, and 4, the
formation of which is associated with large ocean currents and ocean floor profiles. These are the
Labrador Current, the Gulf Stream, the Argentine Basin, and the Falkland Islands zone. Mostly, their
location remains unchanged (Fig. 2), although some movement of boundaries occurs. The use of this
method made it possible to identify new zones in 2019: zone 5 (the southern part of the subtropical
gyre) and zone 8 (the Gibraltar region).

As a result of the analysis, the seasonal dynamics of OST was revealed for quasi-stationary zones
identified in the northern part of the Atlantic Ocean and its southern part. In the northern part of the
ocean, the shape of the curves of seasonal temperature dynamics for quasi-stationary zone 5 (the
southern part of the subtropical gyre) and zone 8 (the Gibraltar region) is similar, but the levels differ by
8 °C, which is quite significant (Fig. 3). This is due to the fact that water masses come to the Gibraltar
area from the north, where the cold Canary Current begins.

Fig. 2. Scheme of the main currents of the Atlantic Ocean
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Fig. 3. Seasonal dynamics of ocean surface temperature for zone 5, the southern part of the subtropical gyre, and
zone 8, the Gibraltar region
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Fig. 4. Seasonal dynamics of ocean surface temperature for zone 2, the Gulf Stream, and zone 1, the Labrador
Current

For quasi-stationary zone 1 (the Labrador Current) and zone 2 (the Gulf Stream), the seasonal
dynamics of OST is different, in August the temperature is relatively similar, and in the winter months
it differs by 18 °C. (Fig. 4). This is due to different temperatures and directions of currents.

The Labrador Current is a cold sea current in the Atlantic Ocean that flows southward from the
Baffin Sea to the Grand Banks of Newfoundland. Accordingly, the temperature of the quasi-stationary
zone associated with the Labrador Current approaches 0 °C in the winter months, rising to 19 °C in

August.
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The Gulf Stream is a warm sea current in the Atlantic Ocean. The temperature of the quasi-
stationary zone associated with the Gulf Stream reaches 27 °C in August, and drops to temperatures
close to 20 °C in the winter months.

Fig. 5 shows the seasonal dynamics of OST for quasi-stationary zones identified in the southern
part of the Atlantic Ocean. An example has been revealed of how, in very close areas of the ocean
for zones 3 (the Argentine Basin) and 4 (the Falkland Islands zones), the seasonal dynamics of OST
differs in absolute values (the difference is 4 °C), but is similar in the dynamics of seasonal changes.
At the same time, the temperature decreases in the summer and autumn months and increases in
winter.

The Argentine Basin is an underwater basin in the southwestern part of the Atlantic Ocean. The
depth of the basin reaches 6,681 m. There are seasonal changes in temperature and salinity of the
surface layer, extending to a depth of approximately 200 m. Seasonal OST dynamics for the Argentine
Basin is typical for the Southern Hemisphere: lowest in August and highest in February.

The Falkland Islands are an archipelago in the southwest Atlantic Ocean. It is influenced by
powerful cold currents. One of them, the Falkland (Malvinas) current, runs from the Falkland Islands
to the Rio de La Plata Bay.

Zone 6 (the equatorial gyre) and zone 7 (the Benguela Current) were also identified, in which
the absolute values of the OST seasonal dynamics were quite close, but from September to December
changes in the shape of the curve of seasonal temperature dynamics were observed (Fig. 6).

The equatorial gyre is determined by several factors, including temperature, humidity, and ocean
currents. Warm surface water from the equator is carried by ocean currents to the poles, and cold water
from the poles returns to the equator. This process regulates the Earth's climate and is an important
part of the ocean water cycle.

The Benguela Current is a cold Antarctic current located near the South Equatorial and Brazil

Currents. The Benguela Current is a special type of ocean current in which warm waters from the
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Fig. 5. Seasonal dynamics of ocean surface temperature for zone 3, Argentine Basin, and zone 4, Falkland Islands
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Fig. 6. Seasonal dynamics of ocean surface temperature for zone 6, the equatorial gyre, and zone 7, Benguela
Current

western part of the ocean move towards the eastern part. Thus, it influences the distribution of heat in
the ocean and atmosphere. This current has a significant impact on the climate, influencing weather
conditions and, in turn, ecological systems [8].

Ocean surface temperature is determined by the dynamics of the structure of ocean waters and,
in part, by latitude. It is possible to clearly observe the highest temperature values (+28-29 °C) at
the equator and their decrease near the poles. The proximity of the cold Antarctica affects the rate of
temperature decrease. To the south the decrease occurs much faster than to the north.

The dynamics of QSZ may also be associated with a disturbance in the location of the current.
Currents have a huge impact on the redistribution of heat in the ocean [9]. In the northern hemisphere,
the warm waters of the western part of the ocean go to the poles, and in the east, they return cooled
to the equator. On the other hand, changes in the temperature of ocean currents may be the result
of global warming, since their dynamics is significantly influenced by the salinity of ocean waters,
which is decreasing due to the melting of ice in the Arctic and Antarctica. There may also be an effect
of the decreasing temperature difference between the poles and the equator due to an increase in the

greenhouse effect.

Conclusion

This article presents the results of calculations of seasonal changes in surface temperature of the
Atlantic Ocean for the period 2003-2019 according to MODIS/Aqua satellite data. Based on the results
obtained, the following conclusions were drawn.

— Identifying zones that are quasi-stationary in terms of the seasonal dynamics of OST makes it
possible to identify areas that correspond to the present location of current boundaries.

— Significant differences in ocean surface temperatures were revealed. Areas were identified
that differ in absolute temperature values, but have similar seasonal dynamics, as well as areas with

different seasonal dynamics.
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— An interesting fact has been revealed when currents that geographically continue each other do
not always coincide in seasonal dynamics. For example, at the boundary of the North Atlantic Current
and the Gulf Stream, there is a vast zone with no stable seasonal dynamics.

— The possibility of using this method for extensive mixing zones that arise at the boundaries of
currents was shown.

— Express determination of quasi-stationary zones can be used in practice for ocean fisheries,
as it marks frontal interfaces, zones that are potentially attractive due to increased productivity at

upwellings.
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Abstract. The paper presents an overview of the majority of existing designs of power stands based on
a torsion pendulum designed to measure the thrust of ion thruster. 23 unique stand designs developed
by various scientific groups are presented. The presented stands cover the range of steady-state loads of
10 nN to 4.5 N and thrust pulses in the range from 1 uN - s to 10 N -s. The temporary section from 1971
to 2019 is covered. The methods of recording micro displacement of the sensing element, damping of
parasitic vibrations and calibration of stands are shown. Data on errors in the measurement of traction
by stands are presented.
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O030p U3BECTHBIX CHJIOBBIX CIIOCO00B
U3MEPEeHUS] PEAKTHBHOM TATYM MOHHbIX IBUTATEJICH:

TOPCUOHHBIC MAATHUKH

N.C. BaBuaios, /I. B. JlokoTaes,

I1. C. flumenes, B. B. ®ensinun,

K. H. Kapuxkos, I1. B. Crenens, A. U. JIlyKbIHUNK
Omckuti 20cyoapcmeeH bl MexXHUYeCcKUulli YHU8epcumem
Poccuiickas ®@eoepayus, Omck

AnnoTtamus. B pabore npeacrasieH 0030p OOJNBIIMHCTBA CYIIECTBYIOMINX KOHCTPYKIIMHA CHIIOBBIX
CTEHJIOB Ha OCHOBE TOPCHOHHOI'O MasTHHKA, NMpEJHA3HAYCHHBIX IS W3MEPEHUS! TATH HOHHBIX
nsurareneil. [IpencraBiieHo 23 yHUKaJIbHBIX KOHCTPYKLUUH CTEH/IOB, pa3pab0TaHHbBIX Pa3InYHBIMU
Hay4YHBIMU TpynnaMu. JlaHHBbIE CTEHIbl OXBAaTHIBAIOT JMANa30H ycraHOBUBIIMXCs TAr oT 10 HH
10 4,5 H u umnynscoB 1aru B puanasosHe or 1 MxH-c no 10 H-c. OxBaueH BpeMEHHOH ydacTok
or 1971 mo 2019 r. IlokazaHbl crocoObl pPErucTpalid MHUKPOIEPEMENICHUH YyBCTBHTEIBHOIO
9JIEMEHTA, JIeMII(pUPOBAaHUS Napa3UTHBIX KoJIeOaHWH M KaauOpOoBKM CTeHJOB. [IpuBeneHbl TaHHbIE
I10 TIOTPEIIHOCTSIM U3MEPEHUS TSTH CTEHJaMH.

Ki1io4eBble cJ10Ba: TOPCHOHHBIN MasITHUK, ONITHYSCKUI TATYNK, PEAKTUBHAS TSITa, HOHHBIN J[BUTATENb,
kanmuOpoBka, LVDS, EMKOCTHBIN HaTYHK.

Baarogapuoctu. MccnenoBanue BbIIIOIHEHO 32 cyeT rpanTa Poccuiickoro Hayunoro gonaa Ne 19—
79-10038, https://rscf.ru/project/19—79-10038/

Iurtnposanue: BaBuios 1. C. O630p U3BECTHBIX CHIIOBBIX CIOCOOOB H3MEPEHHUS PEaKTHBHOI TSATM HOHHBIX JBHraTelNeil:
topcuonHnblie Masitauky / V. C. Basunos, /1. B. Jlokoraes, I1. C. Slumenes u ap. / XKypa. Cu6. penep. yH-ta. TexHHKa U TEXHOJIOTHH,
2024, 17(2). C. 214-238. EDN: OQZTKV

BBenenue

HonHbIe IBUTATENN UCTIONB3YIOTCS YenoBedecTBOM ¢ 60-x TogoB XX Beka. C pocToM MHTEpeca
K MaJIBIM KOCMHYECKHM arnmapaTaM MUKPO- 1 HAHOKJIacca MOSBHIIIACH TOTPEOHOCTh B COOTBETCTBYIO-
IIMX HOHHBIX JIBUTATEIBHBIX YCTAHOBKAX. MUHHATIOPU3AIIHsI HOHHBIX JBUTATEIICH BICUCT MPOOIeMy
SKCIIEPUMEHTAIBHOTO ONPESICHUS UX PEaKTUBHOHN TATH. TSATa HOHHBIX ABUTATENICH OYCHB Malla
1 OOJIBIIMHCTBO YCTPOUCTB U3MEPEHHUS CUIIBI TATH HE CIIOCOOHBI perucTpupoBarh e€. [loaTtomy 3a-
Jlaga TOYHOT'O OTPEICIICHUS CHIIBI TSATH HOHHBIX MUKPOABHUTATENCH SIBIISCTCS aKTYaTbHOH IO CHX TIOP.

Cy1iecTByeT /1Ba MOAX0/Ia CUIIOBOTO ONPECIICHHUS CHIIBI TATH: BECOBOI METOJ (IBUTATENb yCTa-
HOBIICH ITOJIBMIKHO) ¥ a3POAMHAMIYECKHA METO (IBUTATEh HETIOABIDKEH). Tpa uIInOHHEI BeCOBOH
MOJXO/T K U3MEPEHHUIO TST'M OCHOBAH Ha YyBCTBUTEJBHBIX BECaX TATH, HA KOTOPBIX IBUTATE/b yCTa-
HABIIUBAETCS BO BpeMs H3MEpEHUs. Tsra u3MepsieTcss HeMOCPEACTBEHHO C MCIIOIb30BAHUEM TPETHEro
3akoHa HpIOTOHA, T.¢. a0COJIOTHBIC 3HAYCHHSI UMITYJIbCA MACCHI BHIOPACHIBAEMOI'0 TOILIMBA B CAMHHILY
BpPEMEHU U CHUIBL, ICHCTBYIONICH Ha CHCTEMY OallaHca TBUTATEIS U TSTH, PaBHEL ballaHCHI TSTH 00BIYHO
BBITIOJTHEHBI B BUJIC BUCSYETO, OOPATHOTO MIIH KPYTHIIBHOTO MassTHHKA. OOBIYHBIN BUCSINI MaTHHK
HE TOJIBKO SIBIISICTCS MPOCTENIIeH KOH(UTYpaIueil, HO 1 HANMEHEe YyBCTBUTEIICH K BHCITHUM BO3-
MyI1IeHuIM. BecoBoii MeTo[ peain3yeTcsl B BUAE YIIOPHBIX CTEHI0B. B OCHOBE TaKMX CTEHJIOB JieXkKaT

TOPCUOHHBIC BEPTHUKAJIbHBIC (prTI/IJ'ILHLIC) MasgTHUKU, MAATHUKHN C HCIIPSIMbIM YPAaBHOBCIINBAHUCM,
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BECHI C ABOMHBIM MAasITHUKOM U BEChl C MATHUTHOM JieBUTanueld. UyBCTBUTENBHBIMU 3JIEMEHTAMU
B TAKMX KOHCTPYKIMSX SBIISIOTCS JIa3epHbIC HHTEP()EPOMETPhI, BOJIOKOHHO-ONTHYECKUE TaTIUKH
nuHelHbIX nepemetenuii (LDS), rerepoaunubie nHTEphEpOMETphl, EMKOCTHBIC IATYHKH, TATIUKH
nuddepenumnanpHOrO TpaHchopmaropa auHeiHOro iepemenierus (LVDT). HemoctaTku 3TuX I1e-
MEHTOB — YYBCTBHTEIBHOCTh K DJIEKTPOMArHUTHbIM nomexam u BU/CBY-nosnsim, uto HabnogaeTcs
IIPY UCTIBITAHUAX HOHHBIX JBUTaTENEH € IOCTOSIHHON Pa3HOCTHIO MOTEHIIUAIOB Ha AEKTPOAAX HOHHO-
ontuueckoi cuctemsl (MOC) u ¢ CBY-reneparueil nia3mesl.

AnpoIMHAMUYECKUNA METO/I OCHOBAH HAa ONPENEICHUN CUJIbI JaBJICHUs] HOHHOW CTPyH Ha 4yB-
CTBHUTEJIbHBIN AJIEMEHT, B PE3yJIbTaTe Y4ero 3JeMeHT nepemeraercs wiu nedopmupyercs. [lo BenuunHe
NepeMEeIeHHsI MU Je(OopMaIiy OIpeieNsieTcs BeINYMHA PEakTUBHOM TATH. B icrounuke [1] mpen-
CTaBIIeHbl BUJIbI (DYHAaMEHTAIIBHBIX CXEM YCTPOMCTB U3MEPEHUs TATH MUKpoaBUuraTenei (puc. 1).
B ucrounuke [1] asponuHaMu4eCKUil METOA UMEHYETCSI KaK METOJ U3MEPEHUSI TSTH C IIOMOILBIO
MHUILEHU U SBIISETCS PA3HOBUJHOCTHIO MaATHUKOBOI'O METOAA. BO3MOXKXHOCTH a3pOIMHAMUYECKOI O
METO/a U MassTHUKOBOT'O B YaCTU U3MEPEHUS TATH U UMITYJIbCa JBUTATENsl paBHO3HAUHbI. Bo3MOXkK-
HOCTH METOJ1a U3MEPEHUSI TSATH C TIOMOIIBIO Ka4elu IUPe JPYrUX CIOCOOO0B, TaK KaK OH MO3BOJISIET
OIIpeIeNIATh MacCOBbIil pacxos pabouero Tena.

B ocHoBe Bcex MOAXO0B JIexkKaT MpocThie (pr3ruecKrue MPUHIIKIIBI, OJIHAKO MHU3EPHOCTh U3Me-
PSICMBIX CHUJIOBBIX BEJIMUWH SIBISICTCS TNIABHOW CJIOKHOCTBHIO MOAZOOHOT0 posia u3MepeHunii. B ocHose
pa3pabarbIBaeMbIX CTEHJIOB J0JDKHA COXPaHATHCs 0a30Basi POCTOTA MPUHIIMIIA U3MEPEHHU S, TAK KaK
CHCTEM KaJIMOPOBKHM M 3TAJIOHHBIX BO3JIEUCTBUN TakuX MasbIX BenndyuH cui (HH u MmxH) He cymie-
ctByeT. CTpaxoBKOil OT OMMOOYHON HHTEPIPETALNH PE3yIbTaTOB H3MEPEHUH ABIAETCA IPOCTOTA
MaTeMaTHYECKOro arnrapaTta i OrpaHHuYeHHOE YHCII0 (PaKTOPOB BIUSHUA.

Martepual, mpeiCcTaBICHHBINA B TOH CTaThe, CIYKHUT YaCThIO OOJIBIIOr0 0030pHOT0 UCCIEIOBAHUS

CHJIOBBIX MCTOHOB OIIPCACIICHU S MAJIbIX PCAKTUBHBIX THAT. I[aHHaiI CTaThs pacCMAaTprUBACT MHUPOBBLIC

Bun MassTHHK/ MHIIIEHb BanaHc Kpy4eHHs Kayem
HpOTHBOBeC CHIIa TSDKeCTH CHIa TSLEKeCcTH
IIpoTHROREC @ B
IIpoTHROREC

CHna TsoKeCcTH

4

Cxema LDS

JlpHTaTEh LDS  Jpurares LDS JIBHTaTe:
MHILIeHBb

W) o

Tsira O O O
HMITybC O O (@)
MaccoBbIH pacxoa X X O

Puc. 1. KoHCTpYKTHBHBIE CXEMBbI OCHOBHBIX ITPHHILUIIOB H3MEPEHHS TSATH U UX BO3MOXXHOCTH
Fig. 1. Design schemes of the basic principles of traction measurement and their capabilities
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JIOCTHKEHHSI B 00JIACTH TOPCUOHHBIX MasITHUKOBBIX CTEH/JIOB (0anaHc kpyueHwus). Bcé€ o63opHoe nc-
CcJIeIoBaHNE TAET MPEJCTABICHNE O COBPEMEHHOM COCTOSTHUY e B 00JIaCTH CTEHA0BOTO H3MEPEHHU S
MHUKPOTSTH HOHHBIX ABHraTelneil. Heo0xoqumocTs 0030pHOI paboThl 00YCIIOBIIEHA TEM, YTO aBTOPBI
JTAHHOW CTaThbU BEIYT Hay4HbIC N3bICKaHUS B 001acTh pe3oHaTopHbIX CBYU-nOHHBIX nBUTATENel 11
MaJibIX KOCMHUYECKHX aIllapaToB MUKPO- U HAHOKJIACCA U CAMHU CTOJIKHYJIMChH C TPOOJIEMOii dKCIIepH-
MEHTAJIBHOTO ONPE/ICIICHHS] YPOBHSI TSAT HOHHBIX JIBUTaTeNel ¢ sHepronoTpediaenuem 1o 10 Br. lannas
KaTeropusi ABUraTeIbHbBIX CUCTEM nMeeT ypoBHH TAT 10 S0 mxH. Ha MaTepuaibHO-TeXHIUECKOi Oa3e
Hay4YHO-HMCCIIE0BATEIbCKOM 1a00paTopuy «/J|BUrarenbHble YCTAHOBKH MUKPOTSITH MAJIBIX KOCMHYe-
CKHX aIlllapaToBy pa3paboTaH CTEHI U3MEPEHHsI MUKPOTATH Ha OCHOBE CHIIOBOT'O a3POJIUHAMHUYECKO-
ro Metoza. JlaHHBIN CTeH T OyIeT IPEACTABIICH B CIETYIOMIMNX OITyOJINKOBAHHBIX YACTSAX OOJIBIIOTO

0030pHOT0 HCCIIETOBAHMS.

Topcuonnbie MasiTHUKU (0ajaHe Kpy4YeHuUs1)

Ha ocHOBe TOPCHOHHOI'O MasiTHHKA ISl U3MEPEHUS TATH JBUTATENbHBIX ycTaHOBOK MEMS
(microelectromechanical systems) 611 paspadoran ctera nNTS (nano-Newton thrust stand) [2]. [Tis
TIOA/ICPXKKH YIOPHOH CTOHKH M 00ECIIe4eHHsT BOCCTAHABJIMBAIOLIETO YCHIIHS HCIOIB3YIOTCS J1BA U3-
rububIx mapuupa (puc. 2). [octosunas ynpyroctu mapuaupos 0,0016 H-m/. Crena cuMmeTpryen
OTHOCHUTEJILHO OCU BpallleHHs. Pbryaru yrnopHoil cTOMKU IJIMHON 25 ¢M OT ocu BpalueHus. s u3-
MepeHuii Tsiru MeHee 1 MkH k cTenay Obuin J0OaBIICHBI yIJIMHUTEIH, 00eclieunBatoIine 0oIbIIne
oTkJIoHeHUs. CXeMaTHYHO 3TO TMOKa3aHo Ha puc. 3. Vi3mepeHus TATH BKIIOYAIOT B ceOsl H3MEpeHue
YIJIOBOI'O CMEIIEHH S, BO3HUKAIOIIETO B PE3yJIbTaTe KPYTSAIIETr0 MOMEHTA, PHIIOKEHHOT0 K ieMII(u-
pOBaHHOH NOBOPOTHOH cucteMe. OTpeieneHue yIiIOBOro OTKIOHEHN I 3aKII0UaeTCs B U3SMEPEHNH JIH-

HEWHOI0 NMepeMelleHUs Ha U3BECTHOM PaJiuaibHOM PACCTOSIHUM C UCTIOJIb30BaHUEM JaTuukoB LVDT.

Ochb BpaltneHHA

YIUIOTHEHHE

pemripHpoRaHe)

Puc. 2. Crenn nNTS B BakyyMHO# Kamepe
Fig. 2. nNTS stand in a vacuum chamber
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OtepeTus
VIUmHHEHHOE
MECTOTOJIOKCHIE
LVDT

IlepBoHa4anbHOE
MECTOTIOIOKCHHE
LVDT

I[OHOJ'[H]‘[TGJTBHM IITaHra
JUIS MaccoBOI GallaHCHpOBKP[

Puc. 3. Crern nNTS ¢ ynnuHUTEISIMI

Fig. 3. nNTS stand with extension cords

Hatauk LVDT pacmionosxxeH mpuOiIu3uTensHo B 19,7 cM OT ocH BpallleHUs B CTaHAaPTHONH KOH(HUTY-
pauuu U B 61 cM OT ocu BpalleHus: B KOHGUTYpALKHU C BBITIHYTOH pykoii. [Ipu yposHe Tsirum 100 HH
JUHEHHOE TepeMelIeHNe Ha KOHIaX PhIYaroB YAJIMHEHHOW KOH(QUTYpaluH COCTABISET MPHOIN3H-
TenabHo 0,264 MM.

KOHCTpYKTHBHBIM OTpaHMYCHHEM MJI W3MEPEHUH TSTU SIBISETCS HEBO3MOXKHOCTH MPSIMOTO
MEXaHHYECKOT'0 TTOAKIIOUEHHUS TMHUN MOJauy TOIUIMBA MJIM PHEPTUH K TATOBOMY CTeHAY. B cTennme
nNTS 5T0 focTUraeTCsl yCTAaHOBKOW HECKOJIBKUX BaHH IS )KMAKOCTH. Ha3HaueHHne BaHHBI C BEICOKO-
BA3KHUM MacCJIOM:

— ra3oBoe YIJIOTHEHHE, Onaromapsi 4eMy TOIIMBO, MOAAaBaeMOE B IEPEBEPHYTHIH LMIHHIP
cTeHzaa (puc. 4), He BBIXOAUT B OKPYXKAIOIIMM BaKyyM MHade Kak depe3 JBUTaTebHYI0 YCTaHOBKY;

— BSI3KOCTHBIN JeMriep Ak CHCTEMBbI YIIOPHOW CTOMKH.

Kaanbposannoe Och BpanieHis
OTECPCTHG, NPOTHBOBCC  [JopOpPOTHBIC LIAPHIPDI

Jlenrareas Mauoii tarn
|

\ J Pervar asuraress O\

Es L%L |
T!

-

-
2.7 ,E Macagnnas panna,
- 4 BAKOCTHRI Jemidep

' n
i
Q Kaanbposorupii peitar

p——

T,
WA
P R—

P —— K nojaue torumsa

K HEMCPHTCIO JIABICHHA e

Puc. 4. Cxema cTeHJa ¢ MaCIsSHON BaHHOU

Fig. 4. Diagram of the stand with an oil bath
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YpoBeHb BA3KOCTHOTO JIeMII(pUPOBAHUS MEHSIETCS Ty TEM U3MEHEHHMsI BBICOTHI CJIOsl Maciia 1o 00-
KaM IepeBepHYTOTO IUIHH/IpA.

CTeH]1 M03BOJIAET NMPOBOAUTH M3MEPEHHS YPOBHA TATH 10 86,2 HH C OLEHOYHOH TOYHOCTHIO
+11 %, ypoBuu Tsaru B quanaszone ot 712 HH 1o 1 MxH — ¢ ouenounoit TouHoctsto B £2 %. Crenn ka-
nubpyeTcs ¢ UCMOIB30BAaHUEM PE3YIBTaTOB IPSIMOT0 MOJCIUPOBAHMS YHCICHHBIX Mozenel MoHTe-
Kapio u aHanmuTHYECKUX PEIIeHHH /ISl TOTOKa CBOOOIHBIX MOJIEKYJ Yepe3 KaJIuOpoBaHHOE OTBEp-
ctue. KannOpoBoYHbIE Ta3sl — eI, aproH, a30T.

B pabore [3] mpeacraBiieH YyIOPHBIH CTCH/I, COCTOSIINH U3 YeTHIPEX KOMIIOHEHTOB: OajaHcHpa,
nmatarkoB LVDT, anekTpoMarHuTHOrO JAeMiidepa v MOABUKHOIO mapHupa (puc. S5).

Ha KpyTHJIBHBIX Becax YCTaHOBIICH JIBUTATENb, a IIPOTHBOBEC HAXOJUTCS C JAPYTOW CTOPOHBI.
Ocp BpaleHus NOAACP)KUBACTCS ABYMsI TIOBOPOTHBIMU (TOPCHOHHBIMH) IMapHUpaMH. OTKIOHEHNE
BECOB O0OHapyKHBaeTCs ¢ moMoIibio matanka LVDT. [Ins momaBieHUsT HEKENaTeTbHBIX BHOPAIIHA,
BBI3BAHHBIX (DOHOBBIMH KOJIEOaHMSIMH, YCTAHOBJICH AJIEKTPOMAarHUTHBIN Aemidep. Kanubposka BbI-
MOJIHAETCS MyTEM yJaapa M0 yHOPHOH CTOHKEe yIapHbIM MasTHUKOM. YIApHBII MasTHHUK yaapseTcs
O JAaTYMK CUJIbI, 3aKPEIUICHHBIM Ha YIIOPHOW CTOMKe. /laT4uK CUJIbl 3allMChIBA€T BPEMEHHYIO Ua-
IrpaMMy CHJIBI HMITyJIbCa, MHTEIPUPOBaHKE JJaeT 3HaUeHUE NMITylIbca. Bo3nelcTBie BappupoBaioch
ot 80 mo 300 MmxH'c myTem M3MeHeHUs HavyaJbHOrO yTja HAKJIOHA MasTHHKa. PaccTosgHme 10 1BH-
raTeisl COCTaBIsuIo OT 35 10 45 cM B 3aBHCHMOCTH OT KOHQUTYpanun aABHTaTels. DPQPEeKTHBHBIN
HUMITYJIbC, TIOIaBa€MbIN Ha TATOBBIN cTeH, cocTaBis 20—80 mxH-c. CTenn mpenHa3HavyeH sl u3-
MEpPEHUS TSATH UMIYJIbCHBIX MUKPOABHUTATEINCH: HHUAKOCTHOTO HMITYJIbCHO-TUIA3MEHHOTO JIBUTATEIS
(LP-PPT) 1 aGnsIiuoHHOT0 JTa3epHOT'0 MUKPOABHUTaTeNsA. TOYHOCTH YIOPHOTO CTEHAa cocTaBuia 2,1
MKH-c B cirygae LP-PPT u 0,7 MmxH ¢ B ciry4ae abNnsIIHOHHOTO JIa36pHOTO MUKPOIBHTATEIS.

Emé onve TOpCHOHHBIN cTeH A npencTasiicH B padore [4]. Tsaroseiit creng uNTS (micro-Newton
thrust stand) npenHa3HaueH 1y U3MepeHus ycmnnit, MeHbux | MxH, mpeanoururensro mo 10 HH.
Ha puc. 6 nmoxazana 3D-mozens cTeHa.

[Nonepeunas 6axka HECHMMETPHUYHA C OOKOB IS OITUMHU3AIIUN YyBCTBUTEIBHOCTH B YCIOBHIX
OI'PaHUYEHHOI0 MPOCTpaHCTBa. MeaHbIH OJIOK, TOJIBEIICHHBIH Ha KOPOTKOM KOHIIE ITONIEPEYHOM Oal-

KH, I[eﬁCTByeT KaK OIPpOTHBOBEC U YPAaBHOBCIINBACT HCCUMMCTPUYIHY O 6am<y. Hapa AJIFOMUHHEBBIX

IIpotueosec Jlaryuk cHb

LVDT

JIBurareib

N

N

R

IToBopoTHBIE HIAPHUPHI

DIEKTPOMAarHUTHBIN JeMIipep
Puc. 5. CxemaruuHoe n300paskeHue CTEHAA TATH

Fig. 5. Schematic representation of the traction stand
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KanubpoBounbie Axktyarop +
- t
TopcrouHbie O LD Som 28.5cm de
HPY’KHHbI o -
Menupiii 610K O ‘ |

Maruur

30cm
3epkailo 45cm

Puc. 6. 3D-monens crenga UNTS
Fig. 6. 3D-model of the uNTS stand

JIUCKOBBIX DJICKTPOJIOB 00ECIICUNBACT N3BECTHOE YCUITHE HIIM KOHTPOJINPYEMOE CMEIeHHE JIJIs KaJln-
OpoBku. ONTHYECKUH JaTYUK JIMHEeWHOTro nepemettenust (Mozenpb Philtec D-100) namepsieT cmerneHue
GanaHcHpa Ha ONpeJIeNICHHOE PACCTOSIHUE JUIsl pacyeTa YIJIOBOTO OTKJIOHEHHUSI.

Jlns uccnenoBaHUs KOJJIOWIHOTO ABUTarens (Tsara B amamasone 2—13 mMxH) n ummynbcHoOro
MJIa3MEeHHOr0 JBUrareis (MMmyiscsl 1o 19 MmxH-c) 6bu1 pa3paboTan cTeHa Ha OCHOBE KPYTHIIBHBIX
BecoB [5]. KoHCcTpyKIHMst OCHOBaHA Ha TOPCHOHHBIX MIAPHUPAX U IEKTPOCTATHUECKMX CHIAxX (s
KaJINOPOBKH ¥ aKTUBHOTO JieMIiprpoBanust). CTEH ITO3BOJISET TECTUPOBATH ABUTATENIN MACCOH B He-
CKOJIbKO KHMJIOTPaMMOB U M3MeEpsTh CHilbl Ha ypoBHe 10 1 MkH c paspemenuem Gonee 0,03 mxH.
Ha puc. 7 nmpencrasnena cxema cTeHAA.

IToBOpOTHBINA pbIUAT TOJJIEPKUBACTCS ATIOMUHHEBON paMoOl, 3aKpEMJICHHOM Ha BaKyyMHOH
ycraHoBKe. HakJoH paMbl perysimpyeTcs ¢ IOMOIIBIO JIBYX IIArOBBIX ABUTaTeNie. Prruar Bpammaercs
BOKpPYT OCH, 00pa30BaHHOI BYMsI TOPCHOHHBIMH IIAPHUPAMHU, IPUKPEIIJICHHBIMH KaK K pame, Tak
u K peruary. Kaxkaas ock MOXKeT BblAepkKaTh oceByto Harpy3ky 1o 431 H. Jluneiinoe cMmelenue poli-
yara ¢ wiedom 0,22 M OT ocu BparieHus usmepsiercst garunkom LDS. Habop snextpomnos (aBa 00-
PaIIEHHBIX APYT K IpYTY AMCKA) UCIIOIB30BAJICS ISl KATMOPOBKN CMEIIEHUS BECOB, BO3HUKAIOIIETO

B pe3yJbTaTe 3aJJaHHOTO KpyTsiiero MoMeHTa. OguH nuck (auametpoM 5,08 cM) ObLT MPUKPEIICH

KommowmHeiit 1pHTaTe b
IIpotHBOBEC
Kaymbposounbrit
EKTPO]T
[ITapaupbI
LDS pHUP
ITTarosprit ,uBuraTeJl’b/
—r,
-d—'-"-'U.

BaJlaHCHpOBOYHAs paMa
Puc. 7. Cxema KpyTUIIBHBIX BECOB
Fig. 7. Scheme of torsion scales

— 220 —



Journal of Siberian Federal University. Engineering & Technologies 2024 17(2): 214-238

K Becam, BTOpO# auck (quametp 1,9 cM) ObLT 3aKpensieH Ha BHEITHEM MO3UIMOHEpe. 3a30p MEXIy
JauckaMu 00braHO coctaBisia 1,10 MM (hakTHUecKoe 3HaUCHHE N3MEPSIIOCH JJIS KasKJ0H KaJTuOpOBKN).
PaccTosiHre MeX/ly OChIO IUCKOB U OCBhIO BecoB cocTanisiio 0,266 M. Jliist GanaHCUPOBKH PHUMEH -
JIach AIIEKTPOCTATHYECKAsI CHJIA [TO CJICAYIOIINM IIPUYHHAM:

— OHa JIeHCTBYET Ha PACCTOSHHM, T.€. MEXAY BPAIIAIONUMMCS PhIYaroM U MPUKUMHBIM 3JIEMEH-
TOM HET ()M3MYECKOT0 KOHTAKTA;

— DJIEKTPOCTATHYECKAs CUJIa MOXKET OBbITh TOUHO PACCUNTAHA;

— e aMIUTUTYAY MOKHO U3MEHATD «HEIPEPHIBHON;

— €€ BPEMEHHBIM M3MEHEHHEM MOKHO YNPaBIATh B MacIiITabax, 3HAYUTEIBHO MEHBIIHNX, YEM
XapaKTepHOE BPeMs OTKIINKA BECOB.

DrekTpocTaTHYecKas Cuja Ha MOBEPXHOCTHU 3JEKTPOAOB ObllIa paCCUUTAHA C UCIIONB30BAHHEM
nporpammHubix naketoB MAXWELL 2D u MAXWELL 3D.

JlnamazoH u3MepeHul ymopHOro CTEeHJAa, MpeAcTaBlieHHOro B [6], coctaBiuser 1...3000 mxH
JUTSL CTAIlMOHAPHBIX U3MEPEHHUH CHIIBI C TOYHOCTHIO OKosto 1 MKH mpu okpyxaromem nryme. OcHOB-
HBIMU 3JIEMEHTAMU SIBJISIFOTCS MasTHHUKOBBIM pblYar, KaJMOpOBOYHAs KaTyllka, nemidep, IaTuuk
CMEIICHUS U JBa TOPCHOHHBIX ImapHUpa (puc. §). Kakaplii mapHup UMEET MMOCTOSTHHYIO YIIPYTOCTH
1,92 - 10~* H-M/°. JlaTuMK CMELIEHHS B CHCTEME — EMKOCTHBII CEHCOP, UMEIOLIMH 1aIEHOCTh IHCTBUS
100 M 1 TogHOCTH 2 HM. JlemMmdep COCTOUT U3 KPYTIOTro IMOCTOSTHHOTO MAaTHUTA M METHOM TIJIaCTHHBI,
paboTaer 1o 3akony JleH1a, HO TaKXke JIeHCTBYET KaK MPOTUBOBEC. DTOT MasITHUK BBIICPIKUBAET OCe-
BYIO Harpy3Kky A0 2 Kr. MasiTHUKOBBIM pblyar JIMHOU 50 cM MCIONIb30BaJICS [J1sl YPABHOBEIIMBAHUS
CHJTBI TSDKECTH M Tpeo0pa30oBaHus TATH B CMEILICHHE.

B crenne peann3oBaH METOJ JIEKTPOMarHUTHON KaiauOpoBku. Cuctema KaauOpOBKH IS Te-
HepaliK BHEIIHETO0 BO30YKICHHUSI COCTOUT U3 JIByX KOMIIOHEHTOB: IOCTOSIHHOTO MAarHUTa U MEAHOM
karymky. Karymnrka 3akpersieHa Ha ONOpPHOM IJIAaCTHHE HAIPOTUB MAarHUTa, 3aKPEIJIeHHOT0 Ha CTOMH-
K€, I COEIMHEHA C BBICOKOTOYHBIM HCTOYHHUKOM TOKa, 00pa3ysl CHCTeMYy MarHMT-KaTyIIka, obecrie-
yuBaroulyo uzsectHoe ycuiue ot 2 1o 10000 mxH. ITnockuit HuaMHApUYECKU MATHUT U3TrOTOBJIEH

U3 CIljIaBa pyOuIust U HUKEJIS.

Puc. 8. IpunnunuanpHas cxema u (ororpaduueckoe M300paXkeHHE cTeHIa: | — BBIPABHHUBAIOIIUNA OOJT;
2 — omopHasi IInTa; 3 — AeMIGUPYIOMNUNA MarHuT; 4 — NPOTUBOBEC U AeMI(upyIoIas IacTUHA; 5 — HaT4YnK
nepeMeleH s ; 6 — MasiTHUKOBBIM pbiuar; 7 — oCh OBOpOTa (apa); 8 — cucreMa KanuOpoBKH; 9 — KperuieHue
MOJIPYJIMBAIOIIECTO YCTPOUCTBA

Fig. 8. Schematic diagram and photographic image of the stand: 1 — leveling bolt; 2 — base plate; 3 — damping
magnet; 4 — counterweight and damping plate; 5 — motion sensor; 6 — pendulum lever; 7 — axis of rotation (pair);
8 — calibration system; 9 — thruster attachment devices
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Fig. 9. 3D-image of the stand

[Ipumep eri€ oMHOro KPYTHIBHOIO MasiTHUKA MPEACTaBlIeH B HCTOYHUKE [7]. 3D-n300pakeHue
CTeH/JIa [T0Ka3aHo Ha puc. 9.

YCTpoiicTBO COCTOUT U3 CJIEIYIOIIUX OCHOBHbBIX 3JIEMEHTOB: OIOPHON paMbl, EMKOCTHOI'O JaT4YH-
Ka IepeMelIeH s, KaTyIIKH, qeMrdepa 1 cucTeMbl BelpaBHIBaHMs. OmopHast pama o0pa3yeT OcHOBa-
HUe yropHoro creHaa. OMOpHBINA pbIYar MpoXoauT Yepes3 ABa MapHHUPa, IPUKPETIICHHBIX K OTOPHON
pame, OJMH KOHEII pbluara ImoJaep:KnBaeT MUKPOJABUTATElb, IPyTOH MOIIEP)KUBAET IPOTHBOBEC, M0-
3BOJIAIONIUI KOMIIOHEHTAM JOCTHYh CTATHYECKOTr0 paBHOBecHs. CHcTeMa oTcueTa JOJKHA OBITh BbI-
POBHEHA KaK B HAIIPaBJICHUN X, TAK U B HANIPABJICHUH Y, 4TOOBI 00ECIICUNTh TOPU3OHTAIBHYIO NTPH-
Bs3Ky. CrcTeMa BhIDAaBHHUBAHUsI COCTOUT M3 JBYXOCHOTO MHKIMHOMeTpa (Measurement Specialties,
NS-5/DMG2-1, paspemmenue: 0,001°) u npuBonos BeipaBHuBaHus (Newport, LTA-HL, pa3pemenue:
7,4 uM). THKIMHOMETD U3MEPSIET YIJIbl HAKJIOHA B HANIPABIEHUAX X U Y CUCTEMBI OTCUETa, a TPUBO-
ITbI BEIPABHUBAHUS PETyITUPYIOT YTIIBL.

TATOBBIA CTEHI BBIACPKUBAET HArpy3Ky A0 10 KT M TEOPETHYECKH MOXKET H3MEpPATh YCHIIHE
1o 609,6 mxH c paspemennem 24,4 HH. Crarndyeckue KaJnOpOBKH OBLIN BBITIOJHEHB HA OCHOBE
KaJIMOPOBOYHOTO y3J1a, COCTOSIIEr0 U3 MHOrOOOOPOTHOI KAaTYIHIKH M MOCTOSIHHOIO MarHuTa. Y3ein
13 MHOI0OOOPOTHON KaTyIIKH U MOCTOSSHHOTO MarHnTa TaK)kKe UCIIOIb30BAJICS B KaUeCTBE BO30Y1H-
TeJs AJISL UMUTALUA MUKPOJBUTATEINS C IENbI0 JaIbHEHIIIET0 UCCIEAOBAHUS XapaKTEPUCTHK TSTH.
Bbutn mporecTrpoBaHbl TpU Habopa CHIIOBBIX UMITYJILCOB 4acToTol 17; 33,5 u 55 'y ¢ oguHaKoBO#
AMIUIMTYION U JUTUTEIBHOCTBIO UMITyJIbca. OmndKa MoBTOPSIeMOCTH Ha KaXKJI0M 4acTOTe COCTaBUIIa
7,04 %, 1,78 % u 5,08 % cOOTBETCTBEHHO.

XapOWHCKHI TEXHOJOTHYSCKUH HHCTUTYT pa3padoTa TPEXIMPOBOAHOE YCTPOMCTBO Il U3Me-
penus cunbl kKpydeHus [8]. Ha puc. 10 mpeacrasiieHa cxema, Iie MOAPyIHBAIOIIee YCTPOHCTBO 3aKpe-
MIJICHO B IJIOCKOCTHU KPYUCHHUS.

Topcuonnas niardopma MOJHUMAETCS C TIOMOIBIO TPEX HUTEH, IIPOTHBOBEC YPaBHOBEIINBACT
miardopmy. Cozmaérest paBHOMEPHOE YCHIIME K TPEXIIPOBOAHOM cucTteMe. Tsra, co3maBaeMas padbo-
TOW JABHMTATENs], IPUBOAMUT K Kpy4deHNI0. [IOBOPOTHEIN CTON OTKJIOHSETCS BMECTE C 3€pKajlaMu, ycTa-
HOBJICHHBIMH Ha riardopme. BenndyuHa OTKIOHEHUS! ONMPEACISETCS 3a CUET CMEIIEHHS JIa3ePHOro

MsTHA Ha JuHelKe. 1o BennunHe OTKIOHCHHUS ONpEeACIACTCA TATA. CTCHZ[ SABJIACTCA TOJBKO MEXaHH-
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Puc. 10. Cxema TOPCHOHHOTO CTEH/IA ¢ TPEXTTPOBOIHBIM MOABECOM

Fig. 10. Diagram of a torsion stand with a three-wire suspension

YECKHUM yCTPOWCTBOM H ITO3TOMY HE TIOABEPIKCH ICKTPOMArHUTHBIM IToMexaM. KamubpoBka mpous-
BOJIUTCSI U3MEHECHUEM Beca. YMEHBIIICHUEM CHIIBI TPEHHS B POJIMKE MOXKHO TOOUTHCS BRICOKOM TOYHO-
cTu u3Mepenus Tiaru [9]. B ananaszone Tsaru He MmeHee 3 MH MUHMMabHas MOTPELIHOCTh U3MEPEHU ST
npubopa cocrasiser 1,5 % [10].

CreHp 1u1sl N3MEPEHUs TATH Ha YpOBHE CyOMHUKpOHBIOTOHOB UTS, nmpencrasnenustii B [11], nc-
MOJIB30BAJICSL JUISI OLIGHKW TATU IISITH PA3IMYHBIX MUKpoJBUTaTeNei. Mcmonb3ysh KOHCTPYKIIMIO
KPYTHUIIBHBIX BECOB, CTCHJI CIIOCOOCH H3MEpATHh YCTAaHOBUBIIYIOCS TATY B 1| MKH c paspemeHu-
eM CyOMHKPOHBIOTOH W UMIYJbC B 1 MKH'C ¢ pa3pemieHreM CyOMHKPOHBIOTOH-CeKyHAbI. CTEHT
(puc. 11) MoxeT mOAAEP)KUBATH HCIBITYeMbIl 00beKT Maccoi a0 10 Kr, OMHOBpPEMEHHO TOABOIS
K JIBUTATEJII0 HECKOJIbKO JUAarHOCTUYCCKUX JMHUH, TUHUU IMUTAHUS M TOIUIMBOINOAAYM. Tsra, Wiu

HUMITYJIBC, UBMEPACTCA IYTEM KOHTPOJISA MOJIOKCHUA TATOBOI'O pblyara U UCIOJIb30BaHU A OTKaJ'II/I6p0-

pm

thruster

[MMapHups! o o
“Jrruba

Jleurarens

ABHUIATEIIb

Puc. 11. Koncrpykuus crenna TS
Fig. 11. Construction of the stand pTS
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BaHHOW AUHaMH4eckod Monenu. C MOMOIIBIO
9TOT0 HCHBITATEIBHOTO CTCHIA OBLIH H3Me-
pPEHBl XapaKTePUCTUKH BaKyyMHO-TyT'OBOT'O
neuratenss (VAT), HMITyJIbCHO-TUIa3MEHHOTO
JnBuTarens ¢ razoBbiM nutanuem (PPT), snex-
TPOJABUTATENsl C HMUCCHOHHBIM M3JyUYEHHEM
unaus (In-FEEP), mukponsuratens ¢ ucnaps-
foreiics xuakocteio (VLM) u MuKpoaBHTaTe-
JISI C XOJIOJTHBIM Ta30M JIJISI TOJITBEPIKICHHUSI €TI0
TOYHOCTH.

B llenTpe KoCcMHUYECKHX IOJIETOB UMEHHU
Tonnapna HACA co3nas cTeH 1 uBMEpeHUst TATH

JJISL ABUTATeJeH, COOTBETCTBYIOUIUX TpeboBa-

HusiM npoekta LISA [12]. Ctena npeacraBisieT
€000 TOPCUOHHBIE BECHI, B KOTOPBIX HCIOJb- Puc. 12. Cxema MasiTHUKOBOT'O CTEHJIa

3yeTcsi HECKOJIBKO METOIMK, pa3paboTaHHBIX Fig. 12. Schema of the pendulum stand

JUISL UBMEPEHUsS TPaBUTALMOHHON MOCTOSHHOU

Hetorona [6]. Crenx moxeT paboraTh B pe-

JKAME Pa30MKHYTOr0 KOHTYpa HJIM B aKTHBHO YMPABISIEMOM HYJIEBOM PEXHME C HCIIOIb30BAHUEM
9JIEKTPOCTATHYECKUX TPUBOIOB ISl YPaBHOBEIIMBAHUS KPYTAILIEro MOMEHTa OT jaBurarens. CTeny
UCIIOJIB30BAJICS ISl u3MepeHust abcontotHoi Tsiru ot 1 1o 100 mxH ¢ paspemiennem 6osnee 0,1 MxH,
myMa OT ycuiust craiponapaoro asurareist ot 107 10 1 'y 1 {uHAMUYECKHI OTKIIMK JABUraTENs!
ot 1074 10 10 'u. MasTHUK ¢ YIIOPHOM CTOWKOI TOKa3an Ha puc. 12.

Crenp pacrioiaraeTcs BHyTPH BaKyyMHOH Kamepsl. J[Burarens (11o3. 1) ycTaHOBJIEH C OZHOM cTO-
POHBI TOPCHOHHOTO MasiTHUKA. HampoTuB TOpCHOHHOW HUTH (1103. 7) YCTAHOBJICH HEOOIBIIONW TPY3
(mo3. 2) muist ypaBHOBELIMBAHMS Beca JBUTATENs. YTIIOBOE IMOJOKECHHE MasTHUKA KOHTPOIHUPYETCS
C MIOMOIIBIO aBTOKOJIJIMMATOpPa, HAIPAaBJIEHHOTO Ha 3epKaJo (1o3. 4) B IieHTpe MagTHHKA. OCHOBHAs
TOPCHOHHAS HUTbH MOAJICPKUBAETCS O0JIee TOJICTOI HUTHIO, KOTOPAsk H30JIMPYET TOHKYIO HUTh OT Ha-
kJioHa. K TOJICTOM HUTH NPUKPEIJIeH racuTelb BUXPEBBIX TOKOB JIJIs ralieHus Koinebanuid. YeTwipe
ABTOHOMHBIX JICKTPO/Ia HAIEJICHbI Ha KOPITYC MasiTHHUKA (1103. 6) JIJIs TPUIIOXKEHUS yCUITHH 00paTHOH
CBS3M U KaMUOPOBKU MasTHHKA. JlaTUNK €MKOCTH TaK)Ke HAlleJICH Ha KOPITYC MasTHUKA U TO3BOJISACT
CJIEINTH 3a ero KosebanneM. MOMEHT NHEPIUH TOJCTAaBKH MOXKET OBIThH OIpEeIeH IyTeM H3Mepe-
HUSI U3MEHEH U TIEpHOoJIa KPYYCHHU I [10CIIe IEPEMENCHH ST M3BECTHBIX Macc (1103. 3) Ha PUKCUPOBAHHOE
paccTostHue OT ocH BpamieHns. CUTHAJIBI IUTAHUS ¥ yIPABICHUS EPEIAlOTCs 0 TOHKUM IIPOBOJIAM
U IPUKPETUISIOTCS K BEPXHEH 4acTH MagTHHKA (1103. 5). TopcoHHas HUTH CIIYKUT OCHOBaHUEM TS
MasiTHUKA M IBUTATENs. BBICOKOBOJIBTHBIE CHIIOBBIE CUTHAJIBI SKPAHUPOBAHBI, YTOOBI IPEAOTBPATUTH
MOSIBJICHUE TTOMEX OT KOPOHAJIBHOT'O pa3psia U BO3ACHCTBHS MOJIS.

B ucrounmuke [13] npeacrasieHa ontTuyeckas nHTepdepomMeTpruiecKkas NpoKCUMallbHas H3MepH-
TenpHas cucteMa (IPS) miis u3aMepeHus TSIru U HMITYJIBCHOTO Pa3psiia UMITYJIbCHBIX 3JEKTPHUECKHUX
nBUTaTeNel Manod Tsru. JJaHHBI TATOBEIN cTeH Ha 6a3e IPS obmagaeT mpemMyImecTBOM B YacTH
U3MEpEeHHs TATH 0€3 IIEKTPOMArHUTHBIX MIOMEX C BHICOKOW TOYHOCTBIO (OrpeiHocTh < 2 %) B 1IU-

pokom auarnazone umirysbeoB (0T 100 mxH-c no 10 H-c). TeopeTnueckn nokazaHo, aro IPS ciocoben
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Puc. 13. doTorpaduyeckoe n300paxxeHne u cxema paboThl CTeHIa

Fig. 13. Photographic image and the scheme of the stand operation

M3MEpPSTh YCTaHOBUBIIHECs 3HaueHMS TATH 10 20 MxH. TaroBeiit crenn Ha 6a3e IPS ocHOBaH Ha n3Me-
PEHHH TMHAMHYECKOI XapaKTePUCTUKH Kayarollerocs ppryara ¢ oMOILbIO J1a3epHOro nHTephepome-
Tpa ¢ IByMSsl JaTYMKaMHM C TOYHOCTBIO onpenaeneHus nonoxenus 10 am. CTeH1 B BAKYYMHOH Kamepe
U cxeMa paboThl CTeH 1a TpeACTaBIeHBI Ha puc. 13.

Pabora IPS-cTena ocHoBaHa Ha nHTEpdepomerpe Maiikenbcona [14]. OnTuyueckas npuposaa STou
CHCTEMBI YCTpPaHSIET JJIEKTPOMArHUTHbIE NMOMeXH. JIpyroil 0COOCHHOCTBIO SIBJISIETCSI BBICOKOE MPO-
CTPAHCTBEHHOE pa3pelIeHNne ONTHYecKoi naTepdepomeTpur. CBET, H3I1ydaeMblii JJa3epHBIM HCTOYHH-
KOM, pa3JesisieTcsl Ha JiBa Jiyda B CBETOZENUTENe. B KOHIIE yTH KajkJI0T0 JIyda HaXOJUTCS YT OJIKOBBIN
oTpakarenb. J[Ba Jryda oTpa)xatoTcst 00paTHO K CBETOACIUTEIIO U IPOXOAST Yepe3 JHH3Y K AUOAHBIM
JaTyukaM. BeIXOHBIE CUTHAJIBI C JUOIHBIX NAaTYUKOB 3anuchiBatoTes B [IK. Hannumne Heckonbkux mo-
JIOC JJOCTHUTAETCsI 32 CUeT HeOOJIBIIOro CMEIIEHNUs IBYX JIy4el Ha AMOAHBIX Jarunkax. Korna jvHb
IyTH, TPOHCHHBIEC IBYMS JIy4aMH, OTINYAIOTCSA HA HELEJIOUYNCICHHOE YHCII0, KPATHOE JJMHE BOJIHBI
JIa3€PHOT0 M3IJTyYEeHHsI, MEXX/Ty HIMU BO3HHKAET pa3HUIA B (Pa30BOM yTiie IpH UX BoccoequHeHny. Ha-
JIO)KEHHE ITHX JIBYX BOJIH IPUBOAUT K KOHCTPYKTUBHOM HITU JIECTPYKTHUBHON HHTEPHEPEHLIUH.

BBl cripoeKTHpOBaH M M3TOTOBJICH TATOBBIM CTEHJ KPYTHJIBHOI'O THIA JUISl UCTIBITAHHS UM-
MyJbCHBIX TIA3MCHHBIX [BUTATEJICH B OJJUHOYHOM M B IMOBTOPSIOMIEMCS pekumax padbotsr [15, 18].
KonndecTBo HMITYIIECOB OIMPEEISETCS CTPOTO B 3aBUCUMOCTH OT ITPOTrHOa CTOWKH, )KECTKOCTH TIpy-
JKUHBI U COOCTBEHHOM 4acTOThl. TOYHOCTH MeTO/1a ObljIa IPOBEPEHa C MOMOIIIBIO KAaualoIerocs yaap-
HOT'0 MasgTHHKA (IIOTPEITHOCTH 10 1 %).

CrenJ ObLT MCIIOTB30BAH ISl TECTUPOBAHUS MyNbcHpyromero miazmenHoro asurarens (ITI1/1)
Lincoln skcniepumenTtansioro crytiuka LES-8/9. Beio nHauBuayanbHo u3mMepeHo 34 ogMHOYHBIX
uMmIynbca asurarens. CpegHuiit uMmysasc coctaBisan 266 mxH-c. Ctena npenactasieH Ha puc. 14.

OpnHa U3 NepBbIX pa3pabOTOK TOPCHOHHOTO MasiTHHKA MpeAcTaBieHa B uctouHuke [16]. Kon-
ctpykuus cuctembl MERTS (micropound extended range thrust stand —MUKpPOIIOYHIOBBIN TATOBBIN
CTEH/I YBEJIMUCHHOTO pajguyca JercTBus) (puc. 15) uMeeT ciaeayronme XapakTepUCTHKH:

— CcUCTeMa IOJIHOCTBIO JIMIIeHa TPeHUs. EMHCTBEHHBIH (U3NYECKUN KOHTAKT C OajaHCHpOM

OCYILECTBIISIETCSl Yepe3 JBa M3THOHBIX ImapHupa. lllapHupsr oOecrieunBaroT TpeOyemMyr0 HU3KYIO
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Fig. 14. Photographic image and scheme of the stand (top view)
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HOCTb;

— YIJIOBOC CMCHICHUEC KOPOMBICJIA U3MEPACTCA Z[I/I(l)(i)epeHL[I/IaHBHBIM IJ1aCTUHYaTbhIM KOHJICHCA-

TOpOM;

— MOpPelyCMOTPEHbl TpHU Auana3zoHa usmepenus tsaru: ot 4,4 mxH no 445 mxH, or 445 mxH

10 8,9 mH u ot 8,9 MH no 222 mH. Jlns AByX BepXHHUX AHMANla30HOB CUCTEMa paboTaeT B peKuMe

HyJIeBO 0aIaHCHUPOBKH;
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— MHUTaHHE TOAAeTCs Ha OajIKy Yepe3 MOBOPOTHBIC MAPHUPHI;

— MPEIYCMOTPEHO KaK AIIEKTPOMATHUTHOE, TaK M BUXPETOKOBOE JIeMII()UPOBAHNE;

— TeJIeMeTPUUECcKasi CUCTeMAa MCIIOIb3YETCs ISl IOMYyYeHU s JJaHHBIX TaTYNKOB OT BECOB U JIBH-
raTe’s;

— KOMAaHJbl HA JIBUTATENh AKTUBUPYIOTCS TIO ONTUYECKOMY KaHAJy CBSI3H.

Pe3oHaHCHBIN cTEH HA OCHOBE TOPCMOHHOI'O MasTHUKA IpeacTanieH B uctouHuke [17]. bomub-
UIMHCTBO TOPCUOHHBIX CTEHIOB pabOTaeT HA METO/C CTAIMOHAPHOTO cMelleHus1. Ha TouHOCTh 3TO-
r0 METO/Ia MOTYT OTPULIATEIBHO BIUATH TEMIIEPATypPHBIN Npeiid u BuOpamyu nomemeHus. JlanabpIi
YIOPHBINA CTEH]T pabOTaeT 0 PE30HAHCHOMY IPUHIIMITY, KOTOPbII CBOIUT K MUHUMYMY BO3CHCTBUE
BHEITHIX BHOpAINii ¥ TeMIIEpaTypHBIX KoeOaHuii. JlaHHbIH cTeH ] pa3paboTaH Il U3MEPCHHUS TATH
MUKPOUMIYJIbCHBIX ITa3MeHHBIX apurateneit (LIIIIJ]), paboratomux Ha yactote ~ 1 I'm. JlaHHBIN
TATOBBIN CTEH]T pab0OTaeT B KOJIeOATEIIEHOM, He3aTyXaomeM peKuMe. JBUTaTeh PUBOINATCS B IS -
CTBHE B PE30HAHCE C KOJCOAHUSIMHU TOBOPOTHOIO phiuara. Tak Kak Tsra pe30HaHCHO IPUKJIaIbIBACTCS
MIPU JABI)KEHUW MTOBOPOTHOTO phlYara, aMIUTHTYa KOJICOAHHWH YCHIIMBACTCs, YTO OOJNer4aeT h3Me-
penue. JIBKEHHE MOBOPOTHOIO phiuara BeICT ce0sl KaK BBIHYIKICHHBIA FApMOHHYCCKUN T€HEPATOP
C COOTBETCTBYIOIINM HEUYBCTBUTEIBHBIM OTKIWKOM Ha BHEITHHE KoieOaTelbHBIe cuibl. CHcTeMa
HEeYyBCTBHUTEJbHA K TeIUIOBOMY Apeiidy. KoHcTpykius crenna npeacrasieHa Ha puc. 16.

JlaHHBIN CTEH]I ABIISICTCS MOICPHHU3AIUEH CTCH I, IPENCTaBICHHOTO B [15, 18]. UTOOBI MOBBICHTH
YYyBCTBUTEIBLHOCTH TSATOBOTO CTEHJA K MUKPOHBIOTOHAM CHJIBI, OT METOJIa CTAI[MOHAPHOTO MepeMe-
MICHHS 0TKA3aJIUCh B MTOJB3Y PE30HAHCHOTO METO/a PadOTHL. DTOT METOA MPEIHAMEPECHHO TPUBOIUT
B KO0JIcOATEIbHOE COCTOSIHUE YIIOPHYIO CTOWKY 0€3 aKTHMBHOI'O JAeMII()HPOBAHMUS, IIPH ITOM MPHUJIIO-
JKCHHas cuia (KaJIMOpOBOYHAS FUIH TOJKAFOIIAs) BO3ACHCTBYET Ha YIOPHYIO CTOWKY B TCUCHHUE ITO-
JIOBHHBI TIEPUOIA KaXKIOT0 KOJICOaHMSI.

CrnenyeT OTMETHTB, YTO aBTOPHI JaHHOW OO30pPHOM CTAThH MPOBOMIIIH PAOOTy B YaCTH Pe30-
HAHCHOTO OMpEEICHUs TSI HOHHOTO ABuratens [19]. B otnuumne oT ynopHoro Metona B pe30HaHC
BBOJIHJICS] BEPTUKATBHBIA MasITHUK C YCTAHOBIICHHOW Ha HEM MUIIICHBIO (AdPOINMHAMUYCCKUN METO).

JIns ucnbpITaHU# 1MOJIEBOT0 dMHUCCHOHHOTO AnekTpoasurarens (FEEP) Obu1 m3rotoBneH ymop-
HbIH CTEHJ Ha OcHOBE TOpcUOHHBIX BecoB [20]. [Ipurarenu FEEP oTiinuaioTcsi BBICOKUM yIEIbHBIM
UMITYJIbCOM M HU3KUM YpoBHeM TsTH (10 1 MxH). B cTenae npuMenena ontudeckas CUCTEMa CUUTHI-

BaHMUs, JICKTPUUICCKHUC COCANHCHUSA YCTAHOBJICHBI Y€PC3 MMOABCCHBIC JIMHUU, 4TOOBI CBECTU K MHUHH-

HPOBOﬂ IIUTaHUA IBUTATECIIA
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Puc. 16. KoHCTpyKIIHs 1 METOI KaTHOPOBKH CTEHAA
Fig. 16. Design and calibration method of the stand
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Fig. 17. The stand and its electrical schema

MyMy MexaHndeckue nomexu. CTeH] pacCuuTaH Ha U3MepeHue Taru B quanazone 1-100 mxH ¢ mo-
rpemHocTbio MeHee 3 %. Crenp npexacrasieH Ha puc. 17.

OpurrnHanbHas KOHCTPYKIMS CTEHAA MpuBeaeHa B [21]. B0 cipoeKTHPOBAHO M U3TOTOBJIECHO
YCTPOHCTBO ISl U3MEPEHUS TATH METOJOM I'a30HAIoJIHeHHs. Bce KOMITIOHEHTHI HOHHOTO JIBUTATENs
OBLTM pa3MelIeHBl Ha IJIaBaIOIIeM MOBOPOTHOM CTOJIE, MOAACP)KMBAEMOM B OCEBOM U PaJIHaJIbHOM
HAIPAaBICHUSX ra30BbIM MOAIIUITHIKOM. DTHM 00€CIIeunBaIoCh BpaleHne 0e3 Tpenns. MizmepenHas
TAra coctaBuia 83 % OT 3HAYCHUS, PACCUUTAHHOTO 110 TOKY ITy4YKa U YCKOPSIOMIEMY IMOTCHITHAITY.

XapakTepuCTUKHU cTeHaa: usmepenue taru B auanazone 100-200 mxH u Bec Bcell cucremsl
He Oouiee 20 kr. Ha puc. 18 noka3aHbl 3CKU3bI CTEHA M YIIOPHOTO NOALIUITHHUKA, a TaKxke GoTorpadu-
yeckoe n3obpakenue crenna. CMa304qHbIN ra3 mogaeTcs n3 razo3abopHUKa U BEIOpackIBaeTCs 4epe3
HEHTPAJIbHOE OTBEPCTHE YNMOpHOro moamumnanka. OH IIaBaeT BO BHyTpeHHeM nuinsiape. Moxnnas
TATa U3MEPSIIach C MOMOIIBIO JATYHKA KPYTSIIEr0 MOMEHTA.

Crena n3mepenus Masioi Taru (B MKH) Ha OCHOBE KpyTHIIBHBIX BECOB IIPEACTABIEH B [22]. ACHM-
METPHUYHBIN pIYar ciocoOeH BpaIaThesl ¢ IIOMOIIBIO IBYX M3TMOHBIX MapHUPOB. JInHelHOe cMere-
HUE pbluara (KOTopoe siBsieTcs: GyHKIHMEH TPUIIOKEHHON CHIIBI TSATH) U3MEPSETCS C TOMOLIBIO OITH-
YeCKOro JIaTYMKa epeMelieHus. Becbl cocTosIT M3 CHMMETPHYHOTO phryara (IoJIbIH MPsIMOYTOJIbHBIH
AJFOMUAHHUEBBIN TPO(UIIb ¢ AIHHONW CTOPOHBI 20 MM U 001IeH 1IHHON 0K0JI0 60 CM), KOTOPBIH MOKET
CBOOO/IHO BPAIIATHCS € TOMOMIBIO IBYX TTOBOPOTHBIX MIapHUPOB (puc. 19). [llapHuph! OblTN BEIOpaHEI
M3-32 UX HU3KOTO TPEHUS, BHICOKOHM JTMHEHHOCTH W HE3HAYUTENIBHOr0 ructepesuca. Lllapaups! cro-
COOHBI BBIICPKUBATh HArpy3KH IMOPsIIKa HECKOJIBKNUX KHJIOIPaMMOB. BEIOpaHHBIN MIapHUD AJIS U3-
ru6a —>to mapaup G-10 ot C -Flex Inc. (Hpio-Mopk, CIIIA). OTK/I0HEHHE BECOB SBIISETCS THHEHHOM
(hyHKIHEH TPUI0KESHHON CHITHL.

B ucrounuxe [23] mpenctaBieH KPYTUIBHBIN CTEH]I ¢ pa3pemeHuemM Tsaru 25 HH, KoTopslii Mo-
JKET HECTH IOJIHOCTBIO PabOTOCIIOCOOHBIH MHUKPOJBUIATENb W MCTOYHUK NMUTAHHS OOLIeH Maccoi
1o 15 kr. Tarosoe ycunue coctasisetr 500 MxH ¢ Tounoctsio 0,5 %, MUHUMAaNBHBII OTKJIUK YCTPOIi-

ctBa cocrtaBisier 100 HH mpu Tounoctn 25 %. Tak kKak 3TO TOPCHOHHBIM OajaHC C KPUTHYECKUM

— 228 —



Journal of Siberian Federal University. Engineering & Technologies 2024 17(2): 214-238

[TnaBaroruii TOBOPOTHBIH ¢TOTX o
: IanoBerit

IT1aBaroIHii TOBOPOTHBIH TIO/IITHAITHHK
TOJI

CTeH]T U3MEPEeHHSE
JTATH

K BaKyyMHOMY

VYIopHbI#
HOJILITUITHHK

— CMAa304HOTO
rasa (asor)

! CMA309HOTO
rasa (azor) i —

i
Hmmurartop Beca

- BHyCK CMa304HOIO

rasa (a3or) S
l2

VIOpHBIH O HITHAK

U
IToBopoTHEIH cTOT 6€3 TPEeHHUS
Honnas ctpys

Puc. 18. dotorpaduyeckoe n300paskeHNEe CTCHIA, €r0 CXEMbI U IPHHIUI U3MEPEHUS TATH

Fig. 18. Photographic image of the stand, its schemes and the principle of traction measurement

a 0 B

Puc. 19. ®oTorpaduueckoe n3odpakeHHue CTEHA U €r0 Y3JI0B: a — CTEHJI B BaKyyMHOH Kamepe; O — JIBUTaTeNb
B COCTaBE CTECHA; B — KATMOPOBOYHBIE JICKTPOIBI

Fig. 19. A photographic image of the stand and its components: a — a stand in a vacuum chamber; 6 — an engine
as part of the stand; B — calibration electrodes

JneMi(pupoBaHUEM M BPEMEHEM OTKJIMKA B JIECATKH CEKYH/I, TO IIYM IIPU CYUTHIBAHUU TATH IPAKTHU-
YECKH OTCYTCTBYeT Ha yactoTax Bbiuie 0,1 I'u. KitoueBoii a35ieMeHT cTeH1a — ONTHYECKUI 1aTYuK, KO-
TOPBIHM pearupyeT TOIBKO Ha BpallleHHEe TOPCHOHHOTO CTEPXKHS, HO HE Ha OKPY KAIOIIY0 BUOPALIHIO.
Ha puc. 20 npencrasiieHa cxema CTEHA.

Jluist u3MepeHus BpallleHHsi TOPCUOHHOTO CTEPIKHSI IIPUMEHSIICS ONITUYECKUN HHTEp(EepoMeTp.
CaeroBosBpamniarens «P» (puc. 20) nmeer orBepctre auameTpom 2,54 cM. Jlyu (1) mpencrasiseT co-
00i1 HenpepBIBHBIH My 4Y0K MOIIHOCTHIO 5 MBT, 1sinHO# BosHbI 532 HM. TOpCHOHHBIN CTEPIKEHD MO/BE-

IICH Ha CTAJIbHOM BOJIOKHE JUAMETPOM 254 MKM B TOYKE «S)». MI/IKPOI[BPIF&TG?IIL CO34acT TATY B TOY-
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Puc. 20. Cxema cTeH1a, yriioBoii Ky0 u cXxemMa H3MEPECHHUS

Fig. 20. The scheme of the stand, the angular cube and the measurement scheme

ke «F». CBeToBo3Bpammatomas npusma «P» n3 neiabHOro crexiia (yrioBoi Ky0) KpenuTes K IIaHKe
B nieHTpe. Jlyu (1) ymapsiercs 06 yrinoBoii Ky0 U co3aet JBa OTpakeHHBIX Jiyda (2) u (6). HagampHbIi
yroa Mexay mydoM (1) u 6ankamu (2) u (6) perynupyercs mpuMepro Ha 30 Mpaj 71 ONITHMH3AIUN
pabotsl narunka. OHM UHTEPHEPUPYIOT HA IKPaHE, CO3/1aBasi II0JIOCHI, TIOKa3aHHbIe Ha BeTaBke. [Ipu
BPAILICHUH 3THU I0JOCH NIEPEMELIAI0TCs paJHalIbHO Hapy XKy (IIOKA3aHO CTPEIKaMH Ha BCTABKE) MIIU
BHYTPb, B 3aBUCHMOCTH OT HAIIPABJICHUSI BPAIIEHUS CTEPXKHS.

B ucrounuke [24] npencrasinena nHpopManus o padoTe TATOBOIO CTEHJa TOPCHOHHOTO THIIA.
Creny 001ajaeT rpy30mnobeMHOCTBIO 10 HECKOJIBKUX KUJIOTPAMMOB M CLIOCOOCH H3MEPSITh UMITYJIbC-
Hyto Harpy3ky a0 1350 mxH-c ¢ pazpemenuem 0,47 mxH:c u cpennioro Tary no 264 mxH ¢ pasperue-
HueMm 0,09 mxH. Cxema ymopHoro cteHja nokazana Ha puc. 22. Kopmyc u3rotoiieH u3 allOMUHUE-
BOT'O IPSIMOYTOJIEHOTO OJI0Ka pazmMepom 27 X 3 X 6 cM. MasTHUK IMOABEIICH Ha BOTb()PAMOBON HUTH
nauHoH 1160 mm u nuameTpom (502,0 + 6,1) Mxm. ITocTostHHAS TPYKUHBI KPYUEHUS HUTH COCTaBIIACT
K = 8,47-10~* HM/pan. BepxHuil KOHELl HUTU COEJMHEH ¢ BPALIAIOIMMCS BaKyyMHBIM KaHaJIoOM, 3a-
KPEIJICHHBIM B BEpXHEW 4acTH BaKyyMHOW KaMepbl, KOTOPBIM HCIIONB3yeTCs AN PETyJIUPOBKU Ha-
YaJIbHOW aMIUTMTY/ABI U TOJOKCHHsI MasTHUKA. HYKHUN KOHEI HUTH NPUKPEIUICH K CIEeNHaIbHO
CKOHCTPYHMPOBaAaHHOMY 3aXHUMY (cM. pHc. 21).

Ha omHOM KOHIIE MasiTHUKA YCTAHOBJIICH MyJbCUPYIOMUH 1ia3MeHHbIH neurarens (I111]]), och
COIlJIa BBIPOBHEHA TaK, 4TOOBI OHA ObliIa KacaTeIbHOW K BpallaTeIbHOMY JIBH)KeHHIO MasiTHHKA. Kor-
Jla ABUTATENb MIPUBOAMUTCS B ACHCTBHE, MasTHUK pearupyeT BpalleHHeM BOKPYT OCH BOJIOKHA. Tpu
CHUpaJIbHBIE MPYKUHBI, N3TOTOBJICHHBIE M3 AJIOMHHHEBO-KPEMHHUEBBIX MPOBOJIOK INMHHON 40 MM
n nuameTpoM 50 MKM Kaxx1asl, COeIMHEHbI C IIEHTPOM MasTHUKA OT HMXKHEH IUIOCKOCTH, KOTOpBIE
UCIIOJIB3YIOTCS JUIsl IOIa4M ITUTAHUS U TPAHCISIMK curHajia 3axuranus ais [1I1]]. Takum o6paszom,
B HUTH OTCYTCTBYET pabOUnii TOK, UTO MTO3BOJISIET H30€XKATh €€ TEPMOYIIPYT'OCTH ITPH KPYUEHNHU. DK-
BHBAJICHTHAS KECTKOCTh MPOBOALIUX MPYKUH HA KpydeHUe, H3MEPEeHHas IIyTeM CPaBHEHHS MepH-

O10B MAasATHHUKA 10 U MOCJC NMOACOCANHCHH A TPEX MPOBOAOB, OKAa3bIBACTCS MCHBIIIC OZ[HOP'I TBICSTYHOM
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Fig. 21. 3D-model of the stand and the fastening unit of the tungsten thread

JKECTKOCTH BOJIOKHA U OCTAETCsl HOYTH IMOCTOSHHOM IPU HECKONBKUX MOBTOPSAIOMIUXCS U3MEPEHUSX.
Ha npotuBononoxnoii cropone I1I1]/] ycranoBneH MmeaHbIi mpoTuBoBec BecoM 850 T, 4TOOBI ypaBHO-
BECUTB BEC JIBUTaTeNsl U OTPEryJIUPOBATh NOJI0KEHNE MAsITHUKA. J{111 N3MEHEHH I MOMEHTA HHEPLUU
MasTHHKA Ha HETO HAJICBAIOTCS JIBE CTaJbHBIC CPephl TUaMeTpoM 57 MM u maccoir =780 T.

B ucrounuke [25] npencraBiaeH TOPCUOHHBINA CTEH ISl U3MEPEHUS TATH ABurareneil ot 100
MH no 4,5 H. KoHcTpykuus cTeHia BKIOYaeT B ce0sl LapHUpPbl 0e3 TPEeHHUs, MOMEHTHBIN pblYar,
MIPOTUBOBEC U JA3€PHBIA TPUAHTYIJISIHUOHHBIA JAaTYUK MEepEMELIeHHs I KOMIEHCAlUU MOMEX
OKpY Kalollel cpelibl. YAJIMHEHHbII MOMEHTHBIN pblYyar CTEH/1a [103BOJISIET OLCHUTh TATY JBUIaTe-
neit ypoBHs 100 MH, B To BpeMs Kak YKOPOUCHHBIH MOMEHTHBIH PhIYar MO3BOJISET OICHUTH OOJIb-
IMe Juana3oHsl TSArU. bagaHc TATH HCHIONB30BAICS 71 U3MEPEHU S YCTAaHOBUBIINXCS U MMYJIbCUPY-
IOLUX XapaKTEePUCTHK ABUTrATENs Ha X0I0AHOM Tra3ze momHocTho 100 MH. Bblio ycTtaHOBIIEHO, UTO
MaKCHMaJlbHasl MOTPEHIHOCTh U3MEPEHHS TATH B YCTAHOBUBIIEMCS PEXUME U B MYJIbCHPYIOIIEM
pexume coctaBuset 5,4 MH u 7,9 MH coorBercTBerHO. DoTorpaduueckoe n300paxeHUEe CTCHIA
MpEACTaBICHO Ha puc. 22.

Jlnst TecTupoBaHuUs MyJbCUpYIOMKX Iuta3MeHHbIX asuratenei (I1I1/1) m apyrux DPJ] manoi
TSATU OBLT pa3paboTaH CTEHJ Ha OCHOBE KPYTHJIBHOTO MasiTHUKA [26]. Tekyiast KOHGUTYpaIis CI1o-
co0Ha U3MEpSITh UMITYJIBCHBIC pa3psabl B nuama3oHe ot 14 no 79 mxH-c ¢ paspemennem ot 0,05
1o 0,10 mxH-c. Micniosib30BaHMe U3rUOHBIX IAPHUPOB C HU3KOM JKECTKOCTBIO JIEAaeT BEChl KOMITAKT-
HBIMH C MEHbBIIEH JUIMHON pbryara. [t KanuOpOBKY cTeHa OBIJIO CIIPOEKTHPOBAHO U N3TOTOBIICHO
3JIEKTpOCTaTHUYeCKOe KainbpoBouHoe ycTpoicTBo (ECD). JlocTurHyTas MakcuMmajbHasi IHMOTrPEl-
HOCTb MU3MEPEHUsI UMIYJIbCHOTO pa3psaa coctaBmia 10 %, uto Huke cpeaHero 3HadeHus B 12—15 %,
TUIIUYHOTO JUist ATOro THna OanancupoB Taru. ECD Obl1 0TKaauOpoBaH ¢ MCHOIb30BAHUEM paHee
OTKaJIMOPOBAHHON TIPEIM3HOHHON aHAJINTHYECKOW IIKaibl. KOHCTpyKIMs cTeHpa ImpencTaBieHa
Ha puc. 23.

Peryar ymopHBIX BECOB COCTOMT M3 KBaJpPaTHON allOMHHHEBOH TPYOKH CO CTOPOHOH 76 MM
U 1nuHOM 550 MM. DTOT phluar NpUKpenseH K HEeMarHUTHOH ONOPHOM pame U3 HeprkaBerollel ctanu

C ITOMOUIBIO JIBYX IMOBOPOTHBIX MIAPHUPOB, 00pa3yst KOHPUTYPALIMIO KPY THIHHOTO MasiTHHUKA.
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Fig. 22. Traction torsion stand

|
— >

@ Omnopa

OcHoBaHHEe
¢
ONTHYECKIM
JIATYHKOM

Prryar

| CcreHja

TopcnoHHbIit
IIAPHUD

Ornopa
CTeH1a

Puc. 23. ®ororpaduueckoe n300pakeHNE CTEHAA U €r0 B3phIB-CXEMa

Fig. 23. Photographic image of the stand and its explosion-schema

B narente [27] npencTasiieHo TaronsMeputensHoe yerpoiictBo (TUY) Ha ocHOBE TOPCHOHHOTO
MasiTHHKA. [Ipemaraercs crnocod u3MepeHust OOKOBOW COCTABIISIFOIICH BEKTOpA TSTH, OCHOBAHHBIN
Ha TOM, 4TO pasmernatoT IPJ] Ha 0THOM KOHILIE NOABHKHOM cucTeMbl TUY, ocyliecTBIAAIOT MPOKJIAI-
Ky TuHUH anektponuTanus IP/] mo noasuxHo# cucteme TUY ¢ nogBeeHneM kK HeMy rTMHOKUX 4acTei
ITUX IWHUNA. 3aTeM BKI04YatoT OPJ] 1 CHUMAIOT OKa3aHUs JaTuynka OOKOBEIX yeuiui. [Tocme aToro
oTkIo9aroT OPJ] ¥ ycTaHAaBIMBAIOT €ro Ha HEMOABMKHO 3aKPEIJICHHBI CMEHHBIN KPOHIITEHH Pi-
JIOM C MPEAbLAYIIUM MECTOM ero pasMerieHus. Ilpoussoasat copmenienue ocu IPJ ¢ ero ocbto npu
MPEIbIAYIIEM Pa3MEIICHUH Ha MMOJBHYKHOM KOPOMBICIE, MOABOAST K DPJ] MOMONMHUTEIbHBIC THOKHE
JIMHUM DJIEKTPONUTAHUS, COEAUHSIOT UX C KOHLIAMU JIMHUMN, IPOJIOKEHHBIX 10 NOJBUKHON CUCTEME
THUY. 3ateM coBMeNalOT MOJOKEHNUE MOABMKHON cucteMbl TUY ¢ ee mojoxkeHneM Mpu NepBUYHOM

pasmemenny Ha HeM DPJl, mociie yero nmosropHo BKiItouatoT DPJl. Bennunna O0KOBO# cocTaBisiio-
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et Bekropa taru DPJI onpenenseTcst pa3HOCThIO MOKa3aHUN JaTYHKa OOKOBBIX YCUIIUH NP MIEPBOM
¥ TIOBTOPHOM BKJIFOUCHUH.

YeTpolcTBO iIs peani3aiuy JaHHOTO croco0a BKITtouaeT B ce0st moiBmkHY0 cuctemy TIY, BbI-
MTOJTHEHHYIO B BHJIC TOPH30HTAIBHO PACIOIOKESHHOTO U TTOBEIICHHOTO HA YIIPYTOM Ha KPYUYCHHUE IO
BECE TOJIBUKHOTO KOPOMBICTIA, HA KOTOPOM IIPH IEPBOM BKJIIOUEHUH NEpBOHAYAIBHO pa3merneH DPJI,
JTUHUH dNeKTponuTanus DPJI, IpoIoKEHHBIE TI0 KOPOMBICITY U HMEIOIIHE THOKUE YUYACTKH B MECTE TIe-
pexopa ¢ moaBuxkHOU cucteMbl TNUY Ha HenoaBmkHY0 yacTh THUY, naTurk 60koBOro ycumnus (puc. 24).

[MozunmsimMu Ha puc. 24 o6o3HaueHsl: | — moaBec; 2 — kopomeicio; 3 —OPJl; 4 — npoTHBOBEC;
5 — IMHUHU NEKTPONHUTAHUS U Ta30BbIe TUHUH; 6 — THOKUE YYaCTKU JIUHUHN; 7 — HEMOABIDKHAS YaCTh
CTeHMa; 8 — TaTYUK OOKOBOTO YCHIIHs; 9 — y3el CTHIKOBKH; 10 — cMeHHBIH KpoHImITelH; 11 — ruokue
nuauY dnekrponutanus OP/I; 12, 13 — nnater; 14 — napHbIe CBA3KM JUHUM; 15 — ra30BbIe TUHUH.

B ucrounuke [28] npeacraBieH CTEH/, aHAJIOTMUHBIN cTeH1aM U3 ucTouHukos [3], [5] u [18]. Ta-
TOBBIM CTEHJ] IPEAHA3HAYEH JJIsl TOYHOTO U3MEPEHUSI UMITYJIHCHBIX pa3psiioB B Auamnazone 10—-1000
MKH'c ¢ ncnonxp3oBaHMEM OCCKOHTAKTHOTO METOJA JICKTPOMArHUTHON KaanOpoBKU. B acTHOCTH,
KOHCTPYKIHUS C IIOCTOSIHHBIM MAarHUTOM OblJIa CIIPOEKTHPOBAHA JJISI CO3AaHHUsI OJTHOPOJAHOTO MArHUT-
HOTO TIOJIsI, @ MHOTOBHTKOBAsI KaTyIIKa ObLIa M3TOTOBJICHA ST CO3IAHUS KaIHOPOBOYHOTO YCHIIHS
menee 10 MH. DnekTpomMarHuTHas KaauOpOBOYHAS CHJIA Ui M3MEPEHUSI UMITYJIbCHOU TSTH ObLIa JIU-
HEWHOH 10 OTHOLIEHMIO K TOKY KaTYIIKU U U3MEHsLJIaCh MeHee yeM Ha 2,5 % 1pu U3MEHEHUH paccTo-
STHHSI Ha 6 MM MEX 1y KaTymkoil u MarauToM. I1I1/] Ob11 cHauasa mpoOTECTUPOBAH HA HCIIBITATEILHOM
CTEHJE, a 3aTeM OBLIN W3MEPCHBI IISATh OJUHOYHBIX UMITYJIBCHBIX Pa3psioB, YTOOBI IOIYUUTH CPEJI-
HUN UMMy IbCHBIN pa3psia B 310 mxH-c. [lj1s oneHKH KauecTBa U3MEPEHHs Obla MpoaHaIu3upoOBaHa
HEOIPEICTICHHOCTh U3MEPEHHOTO OAMHOYHOTO MMITYJIbCa U OBLIO YCTAHOBIICHO, YTO OHA COCTABIISCT
10 mxH-c ¢ moctoBepHOCTBIO 95 %. CTeH I MpeacTaBiIeH Ha puc. 25.

CTeHa MOXHO pa3[elIuTh Ha MATh OCHOBHBIX YacTel: ppryar Kpy4eHHUs, IApHUPEI H3TH0a, CTalu-

OHapHasi KOHCTPYKIIHSI, JaTYHK [IEPEMELICHUS U DJIEKTpOMarHuTHas kajaunoposounas cucrema (EMCS).

A
]
|

a

Puc. 24. Cxema ctenpa: a) cxema TUY, coorBeTcTByromas yctaHoBke DP/] Ha monBmxkHyto cuctemy TUY mpu
nepBoM BkItoueHUU DPJ; 6) cxema TUY, coorBeTcTByOmas yctaHoBKe DPJl Ha CMEHHOM KpOHIITEHHE MPH
MMOBTOPHOM BKJItoueHH# DPJ]

Fig. 24. The scheme of the stand: a) the scheme of the stand corresponding to the installation of the thruster on the
mobile stand system when the thruster is switched on for the first time; b) the scheme of the stand corresponding
to the installation of the thruster on a replaceable bracket when the thruster is switched on again
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Puc. 25. ®oTorpaduueckoe n300paxkeHHe CTEHIa U €ro y3JI0B

Fig. 25. Photographic image of the stand and its components

B pabote [29] npeacraBiieH CTEH 11 U3MEPEHUS UMITYJIbCHON TATH CETHETOIICKTPUUCCKOrO
nnazmenHoro asurarens (FEPT). XapakrepucTHKu TaKOro JBUTATEINs BKIIOYAIOT CPEIHIO MOII-
HOCTh 6 BT, Tary 68—87 MxH, pacueTHsIil yaensHbINH nMmmyasc 1450 ¢ u maccy asuratens 5,7 1. [lo-
MIOJTHUTEIbHBIE TPEUMYIIECTBA ABUTATENs BKIIOYAIOT B ce0st MMITYIbCHBIE pas3psasl MeHee 1 HH-c,
JULsl paboTHI TPEOYeTCs! TOJIBKO OJIMH UCTOYHHUK ITUTAHUS U CIIOCOOHOCTH MCITYCKATh KaK AJIEKTPOHBbI,
Tak 1 noHel. OOBEM M Macca JBUTATENs] OTHOCUTEJIBHO HEBEJIMKH, HEOOX0IMMO J1BA IPOBO/IA OT HC-
TOYHHKA MUTAHU, PACIOJI0KEHHOTO CHapY KM KaMepbl, K ABUraTeto. Ha oqHOM onTHYeCKOM MakeTe
pasmepom 6x4 nroiiMa CMOHTHPOBAHBI JIBUTATEh, IOBOPOTHEIN phruar u HHTEppepometp Maiikenb-
cona. CxeMa ymopHOro cTeHaa u ero gororpadus nokasansl Ha puc. 26. Jlazep HeNe, nuonHsbiii ge-
TEKTOP U PACIINPHUTENb JIy4a ObLIM PacIioOKEeHbI CHAPY KU KaMEPBI, B TO BPEMsI KaK OCTAJIbHAS 4aCTh

YHOPHOT'O CTeH 12 ObljIa yCTAaHOBJIEHA HA MaKeTHOH 1iaTe. DyHKIUs HHTephepoMeTpa 3aKIoYanach

$0000000000000000000000000000000000RssIORNOIIIIOIOIIIRIIRIOITRS
.

. :
: CTeHKa BaKyyMHOM 1<amepu§ @ (f)

0 W

Puc. 26. ®oTorpaduyeckoe nzodbpaxkenue creHaa u ero cxema: (a) HeNe-nmazep; (b) pasmenurens 50/50; (c)
KOHTPOJIBHOE 3€pKajio Ha HOXKKE; (d) M3MepHTenbHOE 3epKallo Ha HOXKKE; (€) 3epkaio; (f) pacmupurens xyya; (g)
nuonHbll nerektop; (h) mastauK; (1) kanuOpoBouHble macTuHeL (j) FEPT; (k) mirasmenHbIil nuteid

Fig. 26. Layout of the thrust stand. (a) HeNe laser. (b) 50-50 splitter. (c) Reference leg mirror. (d) Measurement
leg mirror. (e) Mirror. (f) Beam expander. (g) Diode detector. (h) Pendulum. (i) Calibration plates. (j) FEPT. (k)
Plasma plume.
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B IIpeoOpa30BaHUU MEPEMEIICHUH Kadarolerocs pelyara B 3JEKTPHUYECKUH CUTHA. 3epKajo ObLIO
YCTAQHOBJICHO Ha KPOHIITEHHE B IONIOJHEHUE K ABYM OT/AEIBbHBIM HCTOUHHKAM HMITYJIbCOB: KaTHOpo-
BOYHOMY TreHepaTopy umiyiibcoB U FEPT. KanuOpoBouHblii reHepaTop UMITYJIbCOB COCTOHT U3 JIBYyX
MapaIebHbIX METAIUIMYECKUX JUCKOB: OJUH 3a3€MJIIEH, a IPYTOil IPUCOEIUHEH K '€HEPATOPY MM-

MyJIbCOB NMEpEMEHHOM mupuHbI HanpsixernneM 0-500 B.

OO0cy:x1eHne pe3yJbTaToOB

[IpencraBieHHBIC KOHCTPYKIIMH CTCHIOB MOXKHO CHCTEMaTHU3HPOBATh MO0 BPEMEHH ITyOJIMKAITUH,
YPOBHIO U THNY (CTAIlMOHAPHBINA UM UMITYJIBCHBIA PEKUM) U3MEPSEMON TATH, TUITY TTPUMEHSIEMOTO
JaTYHKA PETHCTPAIUU CMEIICHUSI YyBCTBUTEIBHOTO JIEMEHTA, CIIOCO0y NeMI(pUPOBAHUS Tapa3HT-
HBIX KOJICOAHH, TUITY KaJTHOPOBKH CTEH/IA U OLICHUBAEMOU TOI'PEITHOCTH U3MEpEHUst TATH. [laHHBIC
cBezieHBI B Tabn. 1. KoHmennus TOpCHOHHBIX MasTHHKOB KaK M3MEpHTENeH Taru poaunack B 1970-

x romax. Cam Meton uMmeet emé Ooiee paHHEe MPOMCXOXKJEHUE M pealnu30BaH B BUe BecoB Ka-

Ta6muua 1. Cucremarusanus pacCMOTPEHHBIX KOHCTPYKIUI CTEHIOB

Table 1. Systematization of the considered stand designs

loxg |Ily6n.| U3M. ypoBeHB TsT Tun narunka Jlemnduposanue Tun xanmubposku | A, %
4.4-445 mxH EMKocTHBIH OeKTpOMarHuT- DIeKTPOMarHuT-
0.445-8.9 mH HOE HBII
19711 116] 8.9-222 MH Buxperokosoe (kamubOpoBoOUHas 4.3
KaTyIlKa)
100200 mxH Jataux - LVDT c nyneBbim
1982 | [21] KpyTSIIEro METOJIOM 17
MOMEHTa
1995 | [15, |Wmn. go 266 mxH-c, | LVDT DIeKTPOMEXaHHU- Kauaromuiics ynap- 1
1997 | 18] |ycTt. 570 mxH YECKUM HBIH MasiTHUK
Wmm. 100 mxH-c — | Jlazepuslit uaTEp- | Pe3unoBbIe omopsl | Kauatommiics ynap-
1997 | [13] . 2
10 H-c, yct. 20 MxH | bepomeTp HBIIl MasITHUK
1-100 mxH OnTtuyeckuii (1a- - ITo nepuony kose-
2000 | [20] 3epHBIN phlyar) OGaHMsI U3BECTHOTO 3
Beca
2001 | [11] Wmn. 1 mxHc LVDT ONeKTpOMarHuT- KanubpoBouHsrif 10
VYer. 1 mxH HOE MOJIOT
2] 1o 86.2 uH LVDT MacnsiHoe Yucnennoe mojenu- | +11
712 uH-1 mxH poBaHue +2
2002 | [12] 1-100 mxH ABtokonnuma-top | Buxperokosoe OnekTpocTaTuKa -
[7] 5-75 mxH LVDT Onexktpomaruut- | KanmOpoBouHnsle 413
HOE rpy3sl ’
VYer.2-13 mxH HWmn. |LDS OnekTpocTaTu- DneKkTpocTaTuKa
2003 | [5] -
o 19 mxH-c 4ecKoe
2004 | [3] Wmn. 80-300 mxH-c |[LVDT DNeKTpOMarHuT- Katialol_uymc;{ yaap- |, ¢
HOE HBII MasgTHUK
2005 | [22] 2-50 mxH OnTtuyeckuit I?gf}f;:ocml‘n- DneKTpocTaTHKa 710
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TIponomkenue Tabmuib 1

Table 1 continued

loxg |Ily6n.| U3M. ypoBeHB TST Tun narunka Jlemnduposanue Tun xamubposku | A, %
100 sH-500 mxH Onrtuveckuit MacnsHoe ONeKTpOMarHuT-
HBIH 25—
2006 | [23] (kaIuOpoBOYHAS 0.5
KaTyIIKa)
2008 | [29] |60-75 mxH Hutepdepomerp - OnexTpocTaTuka 8
2009 | [27] |10-1000 mxH JlaT4uK CUIIBI - - -
[25] 100 MH-4.5 H JlazepHsbiii naTyuk | - KanmubpoBounsie 5.8
NepeMeIIeHHs Tpy3bl
2011 Wwmm. 10-1000 JlaTuuk nepemerte- | DIeKTpOMarHuT- DeKTpOMarHuT-
[28] MkH-c HUS HOe HBIH 5
(kamuOpoBoYHas
KaTyIIKa)
2012 o 3 mH AHAaIOroBoe M3- - KanmubpoBouHsie
(8-
2016 10] MEpeHHe Tpy3bl 1.5
2017
Wmn. go 1350 mxH-c | ABTOKOMIITMMA-TOpP | DJIEKTPOCTATH- ITo nepuony xome-
2012 | [24] | VYer. no 264 mxH yecKoe OaHuUsl U3BECTHOTO 0.16
Beca
[4] |10 uH-1 mxH LDS (maap) BuxperokoBoe DeKTpocTaTuKa +20
2013 7] 10 600 mxH EmkocTHbIiH Buxperokosoe ONeKTpOMarHuT- 5.7
HBII
1...3000 mxH EMKoCTHBIH Buxperokosoe DNeKTPOMarHuT-
HBIi 10—
2018 1 [6] (kannbpoBOUYHAS 0.5
KaTyIIKa)
2019 | [26] |Hmmn. 14-79 mxH-c |Onruyecknit - ONeKTpocTaTukKa 10

BeHuIIA. [0 HACTOAIIEr0 BPEeMEHH! KOHIICTILIHSI TOPCHOHHOTO CTeH/1a MPAaKTUUECKN HE U3MEHUIIACh.
He nabmiomaercst BpeMEHHON MpOTpecc B YacTH MOBBIIICHHUS YyBCTBUTEIBHOCTH CTEHAOB K Oosiee
HU3KUM YPOBHSM TAT U MOBBIIICHNUS TOYHOCTH 3aMepOB. J[Mamna30H H3MepsIeMbIX TAT U yPOBEHb UyB-
CTBUTEIBHOCTH CTEHJa OOYCIIOBJIEH TOJIBKO THIIOM HCCIIEyeMOro JBUTaTess. THUIIBI TPUMEHSEMBIX
JIATYMKOB IepeMelleHus: EMKOCTHbIe, ontnyeckue, LVDT. JlemnpupoBanue napa3uTHbIX KojieOaHU I
0T pabOTHI HACOCOB M CIyYalHBIX CMEIIEHUH IIPEMMYIIIECTBEHHO MarHUTHOE (AKTHBHOE — 3JIEKTPO-
MarHMTHOE, MACCUBHOE — BUXPETOKOBOE). Pexke BCcTpevaercs: maccuBHOE JieMII(pUpOBaHUE B BAKyyM-
HOM Maciie. Bce TOpCHOHHBIE MAassITHUKH M3-332 HAJUYHS YIIPYTHX MIAPHUPOB TPEOYIOT KaIHOPOBKH.
Han6onpiee npuMeHeHNHEe MONYYHUIN KaJIUOPOBOYHBIE TPY3bl, YAAPHBIE MAITHUKU (MOJOTKH) U Ka-
JTUOPOBKA MEKTPOCTATHUECKUMH CHIIAMH MEXY JIEKTPOJaMH U3BECTHOM I'€OMETPHH.

[Ipu xanubGpoBKe MIMPOKO MCHOIB3YIOTCS YHCICHHBIC METOIbI MOACIUPOBAHUS DICKTPOCTATHU-
YyecKkux cuil. B ncrounnke [2] kanuOpoBKa poBeaeHa YHCISHHBIM MOJICIINPOBAHUEM Ira30lHHAMIYe-
CKOT'O UCTEYEHHUSsI I'elus Yepe3 KaauOpoBOYHOE OTBepCcTHE. [lorpenHoCTH U3MEPEHHUS TATH CTEHI0M
Haxogdarcs B nuana3zoHe 0,16-20 %. bonbluas norpemHocTh XapakTepHa AJsl CTEH/I0B U3MEPEHUS
Taru ypoBHeM 70 | MxH. C yBennueHneM peakTHBHOMN CHUIIBI MUKPOJBUTATEN S IOIPEITHOCTD CTEHI0-

BOI'O UBMCPCHUS TATH YMCHBIIACTCH.
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3akJaueHue

B cratee mpencraBieHo 23 KOHCTPYKLUU CTEHJOB TOPCHOHHOIO THIA JJIS U3MEPEHHS TITH
MHKpPOJBHUraTeIeil MajblX KOCMUYECKUX alnapaToB. JJaHHOE KOJINYECTBO COCTaBIsET a0COMIOTHOE
OOJIBIIMHCTBO CYIIECTBYIOMIMX KOHCTPYKIMH MOZOOHOT0 IPUHIUIIA Pa0OTHL. JJOCTONHCTBOM TOPCH-
OHHBIX CTEHJIOB IPUHSTO CUMTATh TOUHOCTh U3MEPEHHS TSITH, TaK Kak JaHHbBII criocod Hauboiee
OJIM30K K HEMOCPEICTBEHHOMY OIIPE/ICICHUIO PEaKTHBHON cHibl. HeocTaTku cTeHI0B TaHHOH KOH-
CTPYKIIMH 3aKJII0YAI0TCA B OPUEHTUPOBAHHOCTH HAa KOHKPETHBIN M3y4YaeMblid JBUTATENb (YTO HE TO-
3BOJISIET IIPOBOIUTS JIAOOPATOPHBIE UCCIICAOBAHMS PA3IIMYHBIX KOHCTPYKIMH ABUTaTENeH), O0IBIINX
MaccorabapuTHBIX XapaKTePUCTUKAX, 005A3aTeIbHOCTh KaJIHOPOBKH, CIOXKHOCTb IOJBOZA Pabodero

TCJIa U BHGKTpH‘IeCKOﬁ MOMIHOCTH, 9YyBCTBUTCIILHOCTD K DJICKTPOMAarHuTHbIM BOBﬂCﬁCTBHﬂM.
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Abstract. The article deals with the issues of electromagnetic environment assessment in the zones
of simultaneous influence of several sources at different distances from the control point, emitting
electromagnetic waves in one plane, taking into account the superposition of electric, magnetic and
electromagnetic fields in a wide frequency range from 3 Hz to 300 GHz. The analysis of generally accepted
approaches to the superposition of electromagnetic waves is presented. The technique of determining the
sum of harmonic waves and the resulting amplitude of superimposed frequency components of electric,
magnetic and electromagnetic fields under specific conditions of influence is considered. Expressions
are given for calculating the sum of harmonic waves and the resulting amplitude of electromagnetic
field components in a wide range from decamegametre to millimetre waves in areas of simultaneous
influence of two sources emitting waves in the same plane. The step-by-step process of superposition of
harmonic electromagnetic waves is described. The algorithm of superposition of electromagnetic fields
in the frequency range up to 300 GHz is presented. The results of experimental measurements of the
electric field strength of the highest intensity in the frequency range 10—-160 kHz from the microclimate
control system and the electric panel located in the production room are presented. The picture of the
superposition of the frequency components of the electric field obtained at the first stage of the calculation
using the developed software is given.

Keywords: electromagnetic wave, superposition of waves, resultant amplitude, sum of harmonic waves,
overlay technique, overlay pattern, electromagnetic environment.
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OueHka 3J1eKTPOMATHUTHOM 00CTAHOBKH
B 30HAX O/IHOBPEMEHHOI'0 BJIUSIHUS
HECKOJIbKUX PA3HOYAAJEHHBIX U U3JY4YAaI0LIUX

B O/JTHOM KOHTPOJIUPYEMOii NJIOCKOCTH HCTOYHHKOB

E.B. Turor?, A.C. CoaoBckoii®, E. B. OcbMymkuna®
“Anmatickuti 20cy0apcmeeHHblll MeXHUYeCKUll YHU8epcumem
umenu U. 1. I[lonzynosa

Poccuiickaa ®eoepayus, bapnayn

°Obwecmeo ¢ oepanuuennoti omeemcmeennocmolo «Mnmoxy
Poccuiickaa ®edepayus, Hosocubupck

AnHoTanms. B crarbe paccMOTpEHBI BOMPOCHI OLIGHKHU JIEKTPOMAarHUTHOW 00CTaHOBKH B 30HAX
OTHOBPEMEHHOT'O BIUSHUSA HECKOJIBKUX PA3HOYAAJICHHBIX OT TOYKH KOHTPOJIS U M3y HaIOIINX
SJIEKTPOMAarHUTHBIC BOJHBI B MIpeAeaax OJHOHM MIOCKOCTH UCTOUHHUKOB C YUETOM HaJIOXKECHUS
ANIEKTPHUECKOTO, MArHUTHOTO M JIEKTPOMATHUTHOTO MOJIEH B IIMPOKOM YaCTOTHOM Juamna3oHe ot 3 I'ig
10 300 I'T. Ipencrasien aHanu3 OOMETPUHATHIX TIOAXO0A0B K HAJIOKEHUIO dJIEKTPOMATHUTHBIX BOJH.
PaccmoTpena MeToAMKa OMPEACTICHHS CyMMBI TAPMOHUYECKHX BOJH U PE3yIBTHPYIOUICH aMIUTUTY B!
HAJIO)KEHHBIX YaCTOTHBIX COCTABIIAIONIUX AIEKTPUUECKOT0, MATHUTHOT'O M AJIEKTPOMarHUTHOTO MOJIeH
B pacCMaTpUBAaeMbIX YCIOBUAX BIHUSHUA. [IpUBEICHBI BRIpaXKESHUS IS pacdeTa CyMMBI TapMOHUYECKHIX
BOJTH M Pe3yIBTUPYIONIEH aMIUIUTY bl COCTaBIISIONINX IEKTPOMArHUTHOTO TI0JIS B IIMPOKOM JTHAIa30He
OT JICKaMEraMeTPOBBIX /10 MIJUTMMETPOBBIX BOJIH B 30HAX OTHOBPEMEHHOTO BIUSHHUS JIByX HCTOYHUKOB,
M3Jy4YalonuX BOJHBI B IIpeesiaXx oJHOW NmiIockocTH. OTHcaH MO3TAMHbIN MPOIEecC HAJOKCHUS
TapMOHUYECKHUX 3JICKTPOMATHUTHBIX BONH. [IoKka3aH aNropuT™M HaJOKEHUS SJIEKTPOMAarHUTHBIX
nosei B quana3one yactot 10 300 I'Tn. [IpencTaBiens! pe3yabTaThl SKCIIEPUMEHTATBHBIX H3MEPEHUH
HAIPSKEHHOCTH JIEKTPUUYECKOTO TOJI HanOOoJIbIIeH MHTEHCHBHOCTH B YaCTOTHOM Juamnas3one 10—
160 xI'11 OT cucTemMBbl yIpaBIeHUSI MUKPOKJIMMATOM M 3JIEKTPUUECKOM MaHENIH, PacTOI0KEHHBIX
B IIPOM3BOACTBCHHOM MOMeNIeHnH. [IpuBeaeHa kapTHHA HAJIOKEHUS YACTOTHBIX COCTABIISIONINX
3JIEKTPHYECKOTO MO, TOTYyYEHHBIX Ha IEPBOM dTalle pacyeTa C UCMOIb30BAHNEM Pa3pabOTaHHOTO
MPOrPaMMHOT0 OOECIICUCHHSI.

KiaroueBble ciioBa: QJICKTpOMAarHuTHas BOJIHA, HAJIOKCHUEC BOJIH, PE3YJIbTUPYIOIIASA aMIIMTYy/ld, CyMMa
TapMOHUYCCKHNX BOJIH, MCTOJMKA HAJIOKCHUSA, KAPTUHA HAJIOKCHU S, DJICKTPOMArHUTHAA 00CTaHOBKA.

Iutuposanue: Turos E. B. Onienka 2J1eKTpOMarHuTHOH 0OCTaHOBKHU B 30HaX OJHOBPEMEHHOI'O BIUSHUS HECKOJIBKUX
Pa3HOYJAJICHHBIX U H3IyYaOMUX B OQHONH KOHTPOIUpPYyeMol mtockocTu ucTouHukoB / E. B. Tutos, A. C. ConoBckoii,
E.B. Ocemymikuna // XKypn. Cu6. denep. yn-ta. Texnuka u texnonorun, 2024, 17(2). C. 239-247. EDN: VDXOQI

Beenenue
CoBpeMeHHOEe pa3BUTHE DIIEKTPOTEXHOJIOTUN U COBMECTHOE UCIIOJIb30BAHNE HCTOYHUKOB, FE€HE-
PHUPYIOIIUX ITMPOKONOIOCHBIE AeKTpoMarHuTHbie nosist (OMIT), Ha 0ObeKTax MEeKTPOIHEPIeTHKH,

B IPOMBIIIJICHHOCTHU U CCIIBCKOM XO3SIMCTBE O6y0J’IOBJ’II/IBaIOT H606X0,Z[I/IMOCTB OIICHKH JJICKTpoOMar-
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HUTHOI 00OCTaHOBKHU B YCJIOBHSIX OJHOBPEMEHHOI'O BIIMSIHHS U3y YAIOIIMX UCTOYHUKOB C PA3IHYHBIMU
AMIUIMTYIHBIMU U YACTOTHBIMHU BBIXOJHBIMU XapakTepucTUKaMU [1-2]. OqHako U3BECTHbIE MOAXObI
[3—5] HEe yYUTHIBAIOT HAJOKEHNE YACTOTHBIX COCTABIISIIONIUX AJIEKTPOMArHUTHOTO MOJISl B ITUPOKOM
cuekrpe 3 ['u— 300 I'T'y 0T HECKONBbKUX U3ITyYaroluX UCTOUHUKOB [4—6]. IIpenokeHHbIN paHee MoaXo
K OIICHKE DJICKTPOMATrHUTHOW 00CTaHOBKH, YYUTHIBAFOLIHI HAJIOKEHUE KOTCPCHTHBIX U HEKOT'CPEHTHBIX
AIIEKTPOMATrHUTHBIX BOJH OT OTHOT'0 HCTOYHHKA OIS [7—8], 4aCTHYHO pemraeT 0003HaYCHHYIO0 ITPOo0IIe-
MY, HE TIO3BOJISAS IPH 3TOM OINPEAETATH PE3YIBTUPYIONTYI0 aMIITUTYAY BOJIH C YYETOM BCET0 IEPEUHSI
HaKJIaJIBIBAEMBIX COCTABIAOMUX HernoHu3upyromero SMII (mo 300 I'T'm) B 30HaX 0JHOBPEMEHHOTO
BIIMSTHUSI HECKOJIBKUX PA3HOYNAJIEHHBIX OT TOYKH KOHTPOJIS U3TyYaIOIIUX HCTOUHUKOB C Pa3TUYHBIMHU
AMIUTUTYIAMU ¥ YaCTOTaMH U3ITy9YCHHUSI, 9TO 0OOCHOBBIBACT aKTYaJIbHOCTD €T0 PA3BUTHS.

[espro UCCIIEOBAHUE SBIISICTCS PA3BUTHE MOJX0/1a K OI[CHKE JIEKTPOMArHUTHON 00CTaHOBKH
B 30HaX OJTHOBPEMCHHOTO BIIMSHUS HECKOJIBKHUX Pa3HOYJAJICHHBIX OT TOYKU KOHTPOIS U3ITYYarOIIHX
HMCTOYHHUKOB, T€HEPUPYIOIIUX JIEKTPOMATHUTHBIE BOJHBI B MpeiesiaX OJHOU MIOCKOCTH C YUETOM
HAJIOKCHHS YACTOTHBIX COCTABIISFONINX JIEKTPHUSCKOT0, MATHUTHOTO H AJIEKTPOMArHATHOTO TTOJICH
B IIIMPOKOM 4acTOTHOM Juana3one oT 3 'y 1o 300 I'Tm. s 1ocTHIKeHU s TOCTaBIEHHOM €U BBISIB-
JIeHA MPOOJIeMaTHKA OCHOBAaHHOM Ha Pe3yJIbTaTax HHCTPYMEHTATBHOTO KOHTPOJIS OIICHKH JIEKTPOMATr-
HUTHON 00CTaHOBKH, ITPOBECH aHAJIN3 OOIICIPUHSITHIX MMOX00B K HAJIOKCHHIO JJIEKTPOMArHUTHBIX
BoutH (OMB), pa3zpaboTrana MeToIUKa OMPEACIICHIS CyMMBI TAPMOHHYECKUX BOJIH H PE3YJIBTHPYIOICH
aAMIUTATY 1Bl HAJIOKEHHBIX YaCTOTHBIX COCTABIAIONINX JIEKTPUUECKOTO, MATHUTHOTO U DJIEKTPOMAar-
HUTHOTO TIOJICH B 30HaX OTHOBPEMEHHOTO BIIMSHUS HECKOJIBKUX Pa3HOYJAJICHHBIX OT TOYKH KOHTPOJIS

1 U3JTYyYaromIuX 3JICKTPOMArHUuTHBIC BOJIHEI B ITpEACIax OJIHOﬁ IIJIOCKOCTH UCTOYHHKOB.

MarepuaJibl 1 METObI

[pu HanoxxeHnn coctaBisromuX DMII OT HECKOTBKUX €r0 HCTOYHUKOB, H3TyYaFOIIIX BOTHBI
B IIpejieiaX OAHON MJIOCKOCTH, PE3yJIBTUPYIOIIas aMILIMTYAa onpeneisercs o ¢popmyste (1) [5, 11]
B COOTBETCTBHUH C OOIIEITPUZHAHHBIM MOIXO0/I0M, TIOJPOOHO PACCMOTPEHHBIM B [7]. B 30HaX 0fiHOBpeMeH-
HOI'0 BJIUAHUA TAPMOHUYECCKHX DJICKTPOMAIrHUTHBIX BOJIH C IIPOU3BOJIBHBIMH YaCTOTaAMHU q)OpMI/IpyCTCSI
pe3ynbrupytomas OMB crnoxHO GOpMBI, aMIUTHTYIHBIC X YaCTOTHBIC BRIXOIHBIC XapaKTePUCTHKH
KOTOPOH Il yIIPOLLEHU I BBIYUCIUTENIBHBIX Ollepalliii IPUHATO ONPEAEIISATh 110 yPABHEHUSIM rapMoO-

HHYECKHUX KoJieOaHui [3—6].
Ay =45, + 45, +..+ 45, (1)

rae Ay s — pe3ynbTUpyIollee 3Ha4eHUe aMIUIUTY/IbI IIEPBOM JIEKTPOMAarHUTHON BOJIHEI C YACTOTOH f1;
As r» — pe3ynbTHpPYIOLIee 3HaUEHHE aMIIITUTY/ bl BTOPOH BOJIHBI C YACTOTOH f>; Ay, — Pe3yNbTUpPYIOLIEe
3HauYeHHUEe aMILIUTY bl n-0i DMB ¢ wacToTol f;.

Pesynprupyromas aMIiInuTya 4acTOTHBIX cocTaBistitomux OMII, B wacTHOCTH opMupyemas
IPH HAJIOKEHUH MEPBOIi 2IEKTPOMAaTHUTHON BOJIHBI U3 UCCIIEAYEMOT0 CIIEKTPa OT IBYX Pa3HOYIaJIeH-
HBIX OT TOYKHU KOHTPOJISI U3y YAOIUX UCTOYHIKOB, OIIPEeIIsieTCs ¢ TOMOMIbio hopmyisl (2) [12, 13],

y‘lPITI:IB&IOH.[CfI Pa3HoOCThb (1)3,3 HaKJIaJAbIBA€MbIX BOJIH B HIMPOKOM CHEKTPE 4aCTOT.

/ l
Ay =4y, cosa (1 _%) +4,, cosw (- %)a )
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re A — aMIIUTYAHOE 3HAYCHHE BOIHBI OT MIEPBOT0 U3TYyYAIOIIEr0 HCTOYHHKA; A1, — aMIUIUTYIHOE
3HAYCHHE BOJIHBI OT BTOPOT'0 HCTOYHHKA; f; — 9aCTOTA HJIEKTPOMArHUTHOHM BOJHBI, [ '11; ) — Kpyrosas
4acToTa, paji/C; t — BpeMs, C; v — CKOPOCTb PACIPOCTPAHEHNUS BOJIHBI, M/C; /;; — PAaCCTOSIHUE OT IEPBOTO
M3ITy4aloIero NCTOYHHMKA JI0 TOYKH KOHTPOJIS, M; /; — pAaCCTOSIHME OT BTOPOI'0 HCTOYHHKA /10 TOUKH
KOHTPOJIS, M.

[Ipu omnpeneneHny pacCTOSHUS OT M3JIYYAIOMIMX HCTOYHHUKOB JI0 TOYKH KOHTPOJISI BEIYUCICHUS
MOYKHO IIPOBOJIUTH B IeKapTOBOIl cucteme koopauHaTt (puc. 1). B nanHOM citydae pacdeT pacCTOSTHUS

OT MEPBOT0 MCTOYHHKA OCYIIECTBIACTCS C HCIOIB30BAaHUEM H3BECTHOTO BeIpaxenus (3) [14, 15].

1, :\/(xl_xm)z"'(yl_ym)za 3)

rzie x; — KOOpAMHATa TOUKH KOHTPOJIS 0 OCH X; Xy; — KOOPAMHATA U3JIy4alolIero HCTOYHUKA 110 OCH
X; ¥1 — KOOpAMHATA TOYKH KOHTPOJIS IO OCH y; Yy; — KOOPAUHATA M3JIYYafOLIEr0 HCTOYHUKA 110 OCH ).
Amnanornyto ¢ nomortibto ¢hopmyssl (3) [14, 15] paccuuTbiBaeTCs paccToOsiHUE OT BTOPOrO MC-
TOYHHKA JIO TOYKH KOHTPOJIS.
[Ipu oTnruny MeHee 4eM B 3 pa3a yaCcTOTHI HakJIaApIBaeMbIXx OMB ¢ aMImuTy1aMu MHOTO 60JIb-
IIMX TepHoJia Kak/I0H BOJIHBI CyMMY TapMOHHYECKUX JIEKTPOMArHUTHBIX BOJH HPHUHATO ONpese-

JIATh B COOTBETCTBUH C BhIpakeHueM (4) [9].

1 -4
fo=fy by @
1

T1e f., — CpenHssa apupMeTHIecKas 4acToTa 3MeKTPOMArHUTHBIX BOIH, I'I; Af;_, — pa3HOCTh MEKIY
YacTOTaMH ABYX Onmmxkaimmx OMB, I'm.

[Ipu 3HAUNTETHHON pa3HULIE MEXK Y YaCTOTAMH HaKJIabIBAeMBIX IEKTPOMArHUTHBIX BOJH (00-

JIee 4yeM B 3 pa3a) IIpU UX aMIUIUTYyAaX HE3HAYUTCIIbHO OOJBIINX nepuoaa Ka)I(I[Oﬁ BOJIHBI pa3HOCTb

y
)’
1
?
"z
}’
"
Xm X, Xz X
Puc. 1. Cxema pacnonoxeHus: TOUKH KOHTPOJISA U U3JIyYaroUIUX UCTOYHUKOB: 1 — Touka koHTposs DMII; U1 —

HEPBbII HCTOYHUK U3TyueHus; 112 — BTOpOH HCTOUHUK U3y YEHUS

Fig. 1. Location scheme of the control point and radiation sources: 1 — EMF control point; 11 — first source;
N2 — second source
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4acTOT He sIBJIsieTCsl OeckOHeuHOo MaJsioi Benuunnoi [11]. [ns pacuera gononHuTenbHO# Ga3sl OMB
HEJI0OCTATOYHO MCHOIb30BAHUE TI0/1X0/1a, 3aKJIIOYAIONIEIOCs B PA3JIOKEHUH OJTHOTO WieHa (a3bl, Kak
B BhIpakeHuu (4) [9]. [ToaroMy pasiokeHHE ONHUCHIBAIOIICH TPUTOHOMETPUYECKOW (QYHKIIMU B Psij
JI0 BTOPOTO ITOPsIIKA MAJOCTH MO3BOJISIET YTOYHUTH CYMMY YaCTOTHBIX COCTABIISIONINX JIBYX I'apMo-
HUYECKUX BOJIH. B 3TOM ciiyuae, corsiacHo [9], nmpu onpeneieHur JaHHOH QYHKIUHA C yYETOM JIH-

TEITBHOCTH JCKTPOMATHUTHBIX BOIH HCIIONB3YIOT popmyiy (5) [11].

LM

Joer =S¥ A A

(1+1—><(Af1 ). ®)

Pe3yabrarhl u ux 00cy:KaeHne

Hcnonb3yst M3BECTHBIN MOAXO[ K OIEHKE CYMMBI TAPMOHHUYECKUX BOJH C YUYETOM TapMOHHYE-
CKOM (YyHKIMHU cpemnHel yacToThl [9—11], mas onpenesieHus HaKIaapIBaeMbIX cocTaBisromux DMIT
B pacmmperHoM 110 300 I'T' muanazoHe B 30HaX OHOBPEMEHHOI'O BIHMSHUS HECKOJIBKUX pa3HOYIa-
JICHHBIX OT TOYKH KOHTPOJISI M3JyYaroldX HCTOYHHKOB C Pa3IWYHBIMH aMIUIMTYIaMH M 4acToTa-
MH H3JIYUYCHUS, OTIMYAONIMMUCS MCHEE 4eM B 3 pasa, IpemiiaracTcs HCIoIb30BaTh BEIpaxkeHue (6),
a MMPHU 3HAYUTEIIBPHON Pa3HUIC MEKIY YaCTOTAMHM DJICKTPOMAaTrHUTHBIX BOJIH (OoJsiee yeM B 3 pasa) —

thopmyiry (7) COOTBETCTBEHHO.

lAA
2AA

A -4,

A L+ A4, ©

fp&?.: cp. |‘f12| |f£n1)n

M,
fro = fy P

™)
Afn—l—n A A
# B B (L W )

><(1+1—><(Af1 2t) )+...

rae Afj,-1).1 — PA3HOCTh MEXKY YaCTOTaMH (#1-1) M 77 HAKIIA(BIBAEMBIX 3JI€KTPOMArHUTHBIX BOJH, ['II.
[Hoxncrasmsis popmyny (2) B (3), MOKHO MOTYYHUTH BBIpakeHHUE (8), TTO3BOJISIONICE ONMPEACIAT

pe3yJIbTUPYIOLIee 3HAUCHHE aMIUIMTY/Ibl HAKJIa[bIBAEMBIX YaCTOTHBIX COCTABJISIOIIMX DIIEKTPOMAr-

HUTHOTO TIOJIS B 30HE BIUSHU IBYX HCTOYHUKOB, H3JIyUYarONIMX BOJHBI B OJHOW INIOCKOCTH Ha pa3-

JIMYHBIX PACCTOAHUAX OT TOUKH KOHTPOJIA:

\/(xl _xm)z +(y1 _ym)z

v

\/(xl _xnz)z +(y1 _yl/lz)z

1%

A5 =4, cosa (1 —

)+

®)

).

C yueToM NOIy4YeHHBIX BbIpaxkeHu# (6)-(8) pazpaboTrana MEeTOAMKA ONPENEICHNS CYMMBI Tap-

+4,, cosa,(t-

MOHHYCCKHUX BOJIH U pesynLTprlomeﬁ AMIIIUTYAbI HAJIOKECHHBIX YaCTOTHBIX COCTABJIAIOIINX J3JICK-
TPUICCKOI'0, MArHUTHOT'O U BJICKTPOMATrHUTHOI'O ImoJe (z[anee METOAHMKA HAJTOXKCHU A SMH) B 30HaXxX
OJHOBPEMECHHOT'O BJIMAHNA HECKOJIIBKUX PAa3HOYAAJCHHBIX OT TOYKH KOHTPOJIA U U3JTyHaroIuX 3JICK-

TPOMArHUTHBIC BOJHBI B IpEACIax OZ[HOﬁ IJIOCKOCTHU UCTOYHHUKOB HIUPOKOI0 4aCTOTHOI'O AHAaIla30-
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Ha, aITOPUTM KOTOPOH Mpe/CTaBiIeH Ha puc. 2. [IpakTuueckas peanu3anus MNpeaioKeHHONH METOAH-
KM PaccCMOTpEHa Ha IPUMEpe IMPOU3BOACTBEHHOTO MOMENICHHS TETNIMYHOTO XO35HCTBA C CHCTEMOM
YIPaBJICHUSI MUKPOKINMATOM H JIEKTPUYECKOM MMaHEeNbl0 B 30HE MX OJHOBPEeMEHHOTro BiIusHus. [Ipn
HCCIEOBAaHNH HCIIOIb30Bannch aHanu3arop cruekrpa AKC-1201, ycTpoilcTBO 11 U3MEPEHUs pauo-
yactoTHbIX DMII (30 MI't — 30 I'T'wx), mpubop [13—41 u paspaboTanHoe mporpaMmMHoe odecriedyeHne
[8, 10].

WHCTpyMEHTaIbHBIH KOHTPOJIb DJIEKTPOMArHUTHOH OOCTaHOBKH IPOBOIMIICS Ha BhICOTE 1 M
OT YPOBHS TI0JIa B CPE/IHEH TOUKE MEXIy KOHTposlnpyeMbIMu o0bekTamH (1,52 M), pe3ynbTarsl Ko-
TOPOTO IJIs DJICKTPUYECKOTO MOl yacToTHOro nuamnazoHa 10—160 k' cBeaensl B Tadu. 1. [Ipome-

JKYTOYHBIC U KOHCYHBIC PE3YJIbTAThl OIIPCACIICHNU A CYMMBbI 'apDMOHUYCCKHUX BOJH U peSyJIBTI/IpyIOH.Ieﬁ

‘ Omnpenenenne coctapasromux SMII ‘
ITux1: Hayo KeHHe COCTABIIIOINX
3JIEKTPOMarHHTHOTO OIS

/ Bua cocraBnsromeit /

( HHKJ’II HaJIOXKEHHE KOI'€PEHTHBIX BOJIH \

Bribop HecyImeit 9acTOTHI
[

v v

‘ fzumin) H fzz " fZi ‘ ‘ fZ(max) ‘
| | | |
v

‘ Beranicienne pe3ynbTHPYIONIETT aMILTHTY BT ‘
K3aBepmeHne HAJIOKEHIIS KOTEPEHTHBIX BOJIH )

( ]_IHKJ'IZ HaJIOKCHHE HEKOI'€PCHTHBIX BOHH\

v
v v

BeranciieHne pe3yIbTHpPYomIeii aMIIIHTY 15T Omnpejienenne pe3yIbTHPYIONIell YacTOTh

| v
1/A,-A A -A
Ag=As; +Ayg+.. +A = +_(_2 ! oy Do )
LOOAXHTOYh xn fpe3. fcp. 2\A A, |Af A tA, |Af(n-l)-n|

K 3aBepmeHHe HaJIOKCHHS HEKOT€PEHTHBIX BOJIH )

v

K3aBepmeHne (opMIIPOBaHIIS HATIOXKEHHBIX KOIeOaHIIi Mo Kax o1t COCTaBJISIIOHIefQ

v

’ Brruncienne MakCHMalIbHBIX 3HaUY€HUI apaMeTpoB DMII ‘

Puc. 2. Anroputm Hanoxenuss OMII B nuanazone yactot 10 300 I'T'iy
Fig. 2. EMF superposition algorithm in the frequency range up to 300 GHz
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Tab6u. 1. Pe3ysbraThl onpeneieHns HaJI0KEHHOTO 3JICKTPUUCCKOTO OISl B Auana3one yactot 10—160 k'

Tabu. 1. Pe3ynbraThl onpeeieHus HaJI0KEHHOT0 3JICKTPHUYCCKOTO OIS B Auamna3one yactor 10—-160 k'

Pe3yabpTaThl HAOKEHNS 9aCTOTHBIX COCTABIISIONINX YIEKTPHUCCKOTO OIS
Pesynbrarsl u3mepenus
1 atan 2 aran
CyMmmMma Cymma
Yacrora, [IpomerxxyTounas Pesynprupyromas
E, B/m rapMOHUYECKHUX rapMOHUYECKUX
kI aMIIuTyna, B/m aMIuTyna, B/m
BOJIH, KI'I1 BOJIH, KI'I
10 2,27
29,76 4,12
50 1,85
71,35 5,96
70 1,06
114,087 1,84
160 0,78

AMIIIUTYABI IMOJYYE€HBI B COOTBETCTBUU C npeunomeHﬂoﬁ MeTOI[PIKOﬁ HaJIOXKCHUA JJICKTPUUICCKOTIO,

MAaruvMTHOr0 U 3JICKTPOMArHUTHOI'O IoJjiek B YCJIOBUAX OAHOBPEMCHHOI'O BJIHWAHUSA HCCKOJBKHUX HU3-

JTy4arouuX UCTOYHUKOB (pHC. 2) U TakKe cBeleHbl B Taba. 1. Ha puc. 3 mpeacTtaBieHa kapTuHa Ha-

JIOKEHU S YaCTOTHBIX COCTABIAIOMIUX IJICKTPUUCCKOTO MOJI, IIOJTYYCHHBIX Ha IIEPBOM dTallC pacyeTa

C HMCIT0JIb30BaHUEM Pa3pabOTaHHOTO MporpaMmmHoro odecneueHus [8, 10].

1.652

2,477

3.303

Puc. 3. Pe3ynbrar HajgoxKeHus: pe3yJIbTUPYIOLICH COCTABIISIOIICH JIEKTPUUSCKOTO O

Fig. 3. Result of superposition of resultant electric field components
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PazpaboTaHHYI0 METOIMKY OIpEIENICHHs CyMMbI TAPMOHHYECKUX BOJH U PE3yJbTUPYIOIIEH aMm-
TITUTY/BI HAJOKEHHBIX 3JIEKTPOMAarHUTHBIX BOJIH MPEJIaraeTcsl HCIOJIb30BaTh JAJIsI OLEHKH MIEKTPO-
MarHUTHOH 0OCTaHOBKH B 30HaX OJIHOBPEMEHHOI'O BIIMSIHUS HECKOJIBKUX PAa3HOYJAICHHBIX U U3JTyYa-
IOIIMX B IIpeZeax OAHOW MIIOCKOCTH MCTOYHHMKOB C YUETOM HAJIOKEHHSI YACTOTHBIX COCTABIISIOMINX
ANEKTPUYECKOr0, MArHUTHOT'O U 3JIEKTPOMArHUTHOTO TOJIEH B IIMPOKOM YaCTOTHOM JiMana3oHe OT 3
I'n o 300 I'T'u. TIpouece HamOXKEHHUSI TAPMOHUUYECKHUX JIEKTPOMArHUTHBIX BOJIH YCJIOBHO MOKHO pa3-
OWTH Ha JIBA IMKJIA: HAJIOKEHUE KOT€PEHTHBIX U HEKOTePEHTHBIX BOJIH. [IpH HaJIO)KEHUH KOTepPEHTHBIX
BOJIH BBIOMpAETCS HECYIasi 4aCTOTa U ONPEACISIETCS pe3yIbTUPYIONIas aMILTUTYAa (BeIpaxkeHue (8)).
B ycnoBusix BiMsiHHMSI HEKOTE€PEHTHBIX M3J1yYaIOIIMX HCTOUHUKOB IPEJJIaraeTcst ONpeesisiTh He TOJb-
KO Pe3yIBTHPYIONIYI0 aMIUTUTYy, HO M CYMMY TapMOHUYECKHX BOJH (BBIpakeHUs (6)-(7)) ¢ yueToMm

MareMaTn4ecKux QpyHKIHUH, O/Ha U3 KOTOPBIX SBISETCS FApMOHMYECKOW (DYHKIIMEH Cpe/IHel YacTOThI.

3akjrouenne

Takum 06pa3oM, IIpH OLEHKE AIIEKTPOMArHUTHOH 0OCTAaHOBKH B 30HAX OJIHOBPEMEHHOI'O BIIHSI-
HHUSI HECKOJIBKMX Pa3HOYJAJCHHBIX U PACIIOIIOKEHHBIX B IIpeleiax OIHOM IIOCKOCTH U3J1ydarouiux
ITMPOKOIIOJIOCHBIE 3JIEKTPOMArHUTHBIE I10JI1 MCTOYHUKOB HEOOXOAMMO yYMTHIBAaTh CyMMY TapMo-
HUYECKUX BOJIH U PE3YJBTUPYIOLIYIO aMIUIMUTYJy YacCTOTHBIX COCTABJSAIOIIMX 3JIEKTPUYECKOIO,
MAarHUTHOTO U JIEKTPOMATHUTHOIO IMOJIEH B IIMPOKOM JMANa30HE OT AeKaMeraMeTpOBBIX [0 MUI-
JUMETPOBBIX BOJH. CyMMY TapMOHHYECKHX BOJIH M PE3yJIbTHPYIONIYIO aMIUIUTYAY HaJIOKEHHBIX
SNEKTPOMArHUTHBIX BOJIH MOYKHO ONPEAEIUTh C UCHOIb30BAHUEM MPENJIOKEHHON METOIUKHU HAJO-

sxennss OMIT u pazpaboTaHHOTO POrPaMMHOI0 00eCeYCHHSI.
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Abstract. The article discusses computer modeling of the stage of hot stamping of the volumetric thermal
and stress-strain state for a product — a resistance welding electrode using the specialized professional
program Deform 3D. Computer modeling has established that the greatest influence on the hardness
over the cross section of the manufactured electrode is exerted by: average normal stress, intensity of
deformation and deformation rate, which contributes to the generation of a large number of dislocations.
The features of the formation of the macro- and microstructure of the Cu_MMNCr composite material
were studied under the conditions of a combined process of casting and stamping with subsequent heat
treatment. The mechanism for identifying grain boundaries is described. The relationships between
the distribution of hardness and the parameters of the thermal and stress-strain state in the volume of a
product made of the Cu—MMNCr composite material using the combined method of casting and stamping
with subsequent heat treatment have been derived. The results of the physical and mechanical properties
of the Cu—MMNCr composite material obtained by a combined method of casting and stamping with
subsequent heat treatment are presented.

Keywords: computer modeling, chromium bronze, resistance welding electrodes, composite material,
stress-strain state, etching.
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MopaesqupoBaHue CTaAMM COBMEILIEHHOT0 MPOIeCcCca JIUThA —
HITAMIIOBKY KOMIO3UIIMOHHOT0 MaTepuaja Cu—MMNCr
JJISL 3JIEKTPOIOB KOHTAKTHON CBAPKH
¢ 0co0eHHOCTSAMH (JOPMUPOBAHUSA CTPYKTYPHI U CBOICTB
C.JI. Bycbirun, U. H. /loB:keHKo,
H. H. JoB:xenko, A. M. Tokmun

Cubupckuti pedepanvHulll yHUBEpCUmMeEm
Poccuiickaa ®eodepayus, Kpacnosapck

AHHOTanMsA. B cTaThe paccMOTPEHO KOMIIBIOTEPHOE MOJCIUPOBAHNE CTAINHU TOPSTUYCH ITAMIOBKH
00BbEMHOr0 TEIJIOBOTO M HATIPSIKEHHO-AE(OPMUPOBAHHOTO COCTOSIHUS JUTSL U3CIIHS — IJIEKTPOJL
KOHTAaKTHOHM CBapKH C MCIIOJIb30BAHUEM CIICIIHATIN3UPOBAHHON MTPOdecCHOHaIBLHOM MPOrpamMMbl
Deform 3D. KoMnbloTepHBIM MOJCTHPOBAHHEM YCTAHOBJICHO, YTO HAUOOJIbIIIEE BIUSHIE HA TBEPIOCTH
TI0 CEUCHHUIO N3TOTOBJICHHOTO AMIEKTPO/Ia OKA3hIBAIOT: CPEHEEe HOPMAIbHOE HANPsKEHUE, HHTEHCHBHOCTh
nedopmaluii u ckopoctel AeopmMarum, CrnocoOCTBYIOIIEe TEHEPUPOBAHHUIO OOJBIIIOTO YHCIA
Juciokauii. MccnenoBansl 0cOOEHHOCTH (POPMHUPOBAHUS MAKPO— X MUKPOCTPYKTYPbI KOMITO3UITHOHHOTO
marepuaia Cu—MMNCr B yCIOBHSX COBMEIIEHHOTO MPOIECCa JINThS U MITAMIIOBKH C MOCIEYOmEeH
TepMooOpabdoTKoil. OmrcaH MEXaHHU3M BBISIBICHUS TPAHUIL 3epeH. BbIBEICHBI B3aNMOCBSA3H MEKTY
pacmpezneneHreM TBEPAOCTH U TapaMeTpaMH TEMJIOBOTO U HAIPSKEHHO-Ie(OpMIPOBAHHOTO COCTOSHUS
B 00BEME nM3aenus U3 KoMrno3unuonHoro Marepuaga Cu—MMNCr pu COBMEIIEHHOM CIIOCO0€ TUTHS —
[ITAMITOBKH C TIOCIEAYIONICH TePMUICCKOH 00paboTKoM. [IpencraBieHb! 3HaUCHUS HH3UKO-MEXaHHICSCKUX
CBOHCTB KomMmo3uimonHoro Marepruaiga Cu—MMNCr, momy4eHHOT0 COBMEHIEHHBIM CIIOCOOOM JIUTHS —
MITAMIIOBKH C MOCJENYIONEH TEPMUIECKOi 00pabOTKOM.

KuoueBnle ciioBa: KOMIIBIOTEPHOC MOJCIUPOBAHUEC, XPOMUCTA 6p0H3a, OJICKTPOABI KOHTAaKTHOM
CBapKu, KOMHO3HHHOHHBIﬁ Marepual, Hal'[pﬂ)KeHHO-ﬂC(I)OpMI/IpOBaHHOC COCTOSIHUE, TPABJICHUEC.

Buaarogapnoctu. PaGora BeIoJIHEHa B paMKaX TOCYAapCTBEHHOT0 3a1aHusl MUHUCTEPCTBA HAYKH
u BeIcIiero odpazoBanus Poccuiickoit deneparun (ko HayaHoit TeMbl FSRZ-2020—-0011).

ONEeKTPOHHO-MUKPOCKOMYECKHE HCCIICA0BAHUSI TPOBEJICHBI B TA00PATOPUH SJIEKTPOHHON MUKPOCKOITHH
LenTpa KOIIEKTUBHOTO Moyib30BaHUs CDY.

Iutnposannue: Byceirnn C.JI. MonennpoBaHue cTaJuy COBMEIEHHOTO TIPOIECCa JINThs — IITAMIIOBKH KOMITO3UIIHOHHOTO
matepuana Cu—MMNCTr a1 371€KTpoJ0B KOHTAKTHOH CBApKH ¢ 0COOCHHOCTAMH (POPMUPOBAHUS CTPYKTYPBI M CBOWCTB /
C.JI. Byceirun, U. H. Jlopxenko, H. H. JloBxenko, A. M. Toxmun / XKypn. Cu6. denep. yn-ra. Texnuka u rexsHonornu, 2024,
17(2). C. 250-264. EDN: SQPUEG

1. BBenenne
WzroroBneHne 31eKTPOIOB KOHTAKTHOW CBAPKU COBMEIIICHHBIM ITPOIIECCOM JIUThS — IITAMITOBKY —
TIO3BOJISIET 33 OJIMH IUKJI MOJIYYUTh TOTOBOE U3/Ieue 0€3 JOMOJHUTENbHBIX ONepaliiii MEXaHMIeCKON

06pa60TKI/I. B mponecce MTaMIIOBKU ITyaHCOHOM MPOIIUBACTCA KaHaJl OXJIaKACHUS SJICKTPOa C BBITECCHE-
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HHEeM KoMMo3uIronHoro Marepuana Cu—MMNCr u3 mtammna. ITocTpouTs Moenu nporecca mMTaMIOBKN
9JIEKTPOJIOB KOHTAKTHOM CBapKH THIa D MOXXHO C MTOMOIIIBIO TPO(ECCHOHATIBHON CHCTEMBI KOMIIBIOTEPHOTO
monenupoanust Deform 3D [1]. KommnbroTepHas nporpamMmma 1o3BoJisieT IPOBECTH aHAIN3 TPEXMEPHOTO
(3D) noBeneHus MeTaIa TP Pa3IMIHBIX TEXHOJIOTHYECKHX Mporeccax 00padoTKH AaBieHueM. Takke
NPEIOCTABIISIET UCUEPIIBIBAIOLLY 0 HH(DOPMAIIMIO O TEYEHUU KOMITO3UI[OHHOro Marepuaia Cu—MMNCr
B IITAMIIE€ U paclpeaesICeHUH TEMIIEPATYP, a TAK)KE JaBICHUI BO BpeMs ITpoliecca ITaMIIOBKU.

B npormecce mrrammnoBku kommno3uiimonuoro marepuana Cu—MMNCr ¢popmupyeTcst CTpyKTypa,
Ha KOTOPYIO MOT'YT OKa3bIBaTh BIMSHHUE PACIPECICHNS B 00bEME 3ar0TOBKH TaKHUX IIapaMeTPOB, Kak
MHTEHCUBHOCTb Jiehopmariuii, ckopocTel JeopMaluii 1 HHTEHCUBHOCTD HAINPSKEHU .

[enbto 1aHHOM PaOOTEHI SIBISETCS UCCIIEIOBAaHIE METOIOM KOMIIBIOTEPHOTO MOAEIHPOBAHUS Te-
IUIOBOT'O M HANIPSKEHHO-1€()OPMHUPOBAHHOI'O COCTOSIHUSI COBMEINEHHOM ropsiueil TaMIIOBKH — IIPO-
IIMBKHU U3JIeNINH U3 KoMrio3unnoHHoro marepuaina Cu—MMNCr, uzyuenne ocodennocreit popmupo-

BaHUs CTPYKTYPBI U (PU3UKO-MEXAHHMYECKUX CBOUCTB.

2. [locTanoBKa 32124 IS MO/IeJINPOBAHNS, MATepHAaJIbl, 000py10BaHHE

U MEeTOAUKA NMPOBEACHUSA IKCIIEPUMEHTOB

[NocranoBka 3amaun aist mogenupoBanus B Deform 3D Bkiroyaet Tpu 0a30BbIX dTara:

1. ITocTpoenne pacuéTHoi ceTkn n3 CAD-monenu (rami, 3J€KTPOL).

2. 3ajjaHye MaTepuanoB U MapaMeTPOB IITAMIOBKH.

3. Pacuér 1 aHanmu3 pe3ynbTaToB MOACIUPOBAHUS.

HItammyemsbrii komno3unuoHHBIH Marepuan Cu—MMNCr coorBercTByeT cmaBy C 81300-—
C 82800 [2] cuctembr Cu — 1,0 % Cr (mac.%).

Marepuansl mramna: popma — cranb X12M 'OCT 5950-2000, nyancon — crans Y8 I'OCT
1435-99.

PacniaB 3anuBaiy B METaJIIMYECKy 10 (POPMY, IPU JOCTHIKEHUH METaJIIoM Temieparypbl 950 °C
MIPOU3BOMIIM MPOIINBKY Ha MexaHn4eckoM npecce K117]1 kaHama 15 OXJ1a)k ICHHsI SJIEKTPOAA B IPO-
necce skcryaramnuu. [lomydaemslii anektpos coorBeTcTByeT THIY D 'OCT ISO 15609-5-2020 [3].

JUis  BBINIOJHEHWS ONEpallMK CTApPEeHUs OJIEKTPOABl HarpeBatu B My(]enbHOW Ieun
CHOJI-1.62.5.1/11-13 npu temneparype 450 °C B Teuenue 4 yacos [3].

V3mepeHust ynenpHON >JIEKTPUYECKOW IMPOBOAMMOCTH 00pasuoB ocymectBiasuin 1mo 'OCT
27333-87 na mukpoommetpe ©4104-M1 [3].

W3 M3roTOBICHHBIX JIEKTPOJIOB BBIpE3aIH 00pasIbl ISl MCCICAOBAHMS MEXaHUIECKHX, JJICK-
TPONIPOBOAHBIX CBOHCTB, MAKPO— U MUKPOCTPYKTYPHI.

OO6pasisl nmoaBeprain TOHKOH mudoske u noixuposke. Llnudosky npoBonnian Ha abpasuBax
pa3Hol cTeneHu aucrepcHOCTH. [lisi OKOHYATEIBHOTO BBIPABHUBAHMSI IOBEPXHOCTH IIU} MOIUPO-
BaJIM /10 3€pPKaJIBHOTO OJiecKa, HCHonb3ys anmasHyto nacty ACM 0,25/0 HOM no 'OCT 25593-83.
Tpasnenue oOpa3ioB s aHAJIN3a MUKPOCTPYKTYPhI OCYIIECTBIISIIIN HaHeCeHHeM peakTuBa (50 mi
C,HsOH, 2,5 r FeCl;) Ha nmoBepxHOCTh 00pa3na. MUKpPOCTPYKTYpy 0Opa3IoB HCCIEA0BAIN Ha WH-
BEPTHPOBAHHOM MeTalorpadpuueckom mukpockone Carl Zeiss Axio Observer MAT. MukpocTpyxk-
Typy 00pa3IoB ¥ JIEMEHTHBINH COCTaB MCCIIEA0BAIN Ha PACTPOBOM AIIEKTPOHHOM MuKpockore JEOL
JSM-7001F ¢ ucmonp3oBaHMEM KOHTpAacTa BO BTOPUYHBIX 3JEKTPOHAX U SHEPrOAMCIIEPCHOHHOTO

mukpoanaiusa (EDX) [3].
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Wsmepennst TBepaoctu obOpasinos nposoauian mo 'OCT 9013-59 wa tBepmomepe TP 5014,
o mkaye TBepaoctu F, nmpu BenmunHe ncnblTaTenbHOM Harpy3kn P=588,4 H, nuameTp mapuka
1,588 mm. M3mepenust mukporBepaoctu odpasios ocyuiecTisiin no 'OCT 945076 na npudo-

pe IIMT-3 npu BenuuuHe ucnbeitaTenbHol Harpysku P=0,098 H ¢ unTepBansoM mexay 3amepaMu
150-200 mxwm [3].

3. Pe3ysabTaThl MOACTUPOBAHNS

NMPOBEACHHBIX IKCIIEPUMEHTOB, oﬁcymne}me

[Tpu nmoaroToBke MOJENN MPOM3BOAMIM Pa30MBKY Ha 3jeMeHThbl (puc. 1): 3aroroBka 313 Thic.
(Ha TepBOM mIare, MOTOM IIepecTpanBaiach aBroMaTuuecku a0 280 ThIc.), MeTalandeckas Gopma
29 ThIC., myaHcoH 32 teic. i pacuéra ucnoib3opaiu nporeccop Intel® Core™ i9-11900k 8 sinep, 16
MBb kami-nnamsit, TakToBas yactora jo 5,30 I'T'.

£

Puc. 1. Pa30uBka Ha 2J1eMEHTHI MOJCIICH LITaMIIa U 3JIEKTPOAa

Fig. 1. Breakdown of stamp and electrode models into elements

3.1. Mooenuposarue npoutusKku oxiaxcoaemo2o Kanauid

271eKMpooa WmamnogKoul

[TamnoBka mpoucxoguT mpu temmneparype 950 °C, u3meHeHne TeMnepaTypHoro mojs BO Bpe-
MEHU TI0Ka3aHO Ha PHUC. 2a, OCTHIBAaHUE IPOHMCXOANUT OT YIJIOBBIX TOYEK pabodvell 4acTH IJIeKTpona
U CYXEHHUsl Ha KOoHyce. ['paduk M3MEHEeHMs yCHIIMs Ha IIyaHCOHE BO BPEMEHH I0Ka3aH Ha puc. 2b.
MakcumanpHOE npunaraeMoe ycunue coctasiset 29 kH.

BrIcokme CKOpOCTH OXJIaXICHUS (TeMIIepaTypa B MOBEPXHOCTHBIX CIOSX CHHUKaeTcs o 725 °C
3a 0,17 ¢) MO3BOJISIIOT TPOU3BOANTD 3aKAJIKy B IPOIECCE MITAMIIOBKH 3aTOTOBKH, HCKJIIOUast JJOIOJIHH-

TCJIbHYIO OII€paluio Harpena Ajis 3aKajKu.
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Puc. 2. V3menenue TemneparypHoro moJs (a) 1 ycuiins Ha myascone (b) Ipu mpoinBKe BO BpEMEHH

Fig. 2. Change in temperature field (a) and force on the punch (b) during piercing over time

3.2. Mooenuposanue napamempos uHmeHcusHocmu oeghopmayuili,
cKkopocmetl Oehopmayuil, UHMEHCUBHOCMU HANPAHCEHU

U 06eMHO20 HANPAANCEHU

Ha popmupoBanue OyayIiei CTpyKTYpBI MOXKET OKa3aTh BIUSHHE paclipeieiecHne B 00bEMe 3a-
FOTOBKH TaKMX MapamMeTpoB, KaK MHTEHCUBHOCTH JedopMaluii, ckopocTeil nedopManuii u Hamps-
skerui. [lonss HHTEHCHMBHOCTH AeOpManuii B pa3IMdHbEIC MOMEHTHI BPEMEHHU IpoIecca MOKa3aHbl
Ha puc. 3. BuaHo, uTo Hanboiee HHTCHCUBHBIC IedopMaIiii PeodagaroT B KOHYCHOM YaCTH | MO
myaHcoHoM. [lockonpky medopMarius uaéT B 3aKpeITOM 00bEMeE, TO geopManuu OyAyT ZOCTATOIHO
MaJibl, HO UX PaclpoCTpaHEHHE MOXKHO YBUJIETh MPH pacu€Te MHTEHCUBHOCTU CKOPOCTeH nedopma-
MU, KaK [TOKa3aHo Ha puc. 4.

TemneparypHblil HHTEpBa ropsiyero JeOpMUPOBAHUS CIIJIABOB HAXOIUTCs B mpeaenax 700—
950 °C [4]. Ha puc. 4 nabmrogaercs Oonee obmupHas 001acTh 1e(hOpMAIIMOHHOTO BO3ICHCTBUS, YTO
OKa3bIBAET BJIMSHUE HA (POPMUPOBAHUE TOUCUHBIX U JIMHEHHBIX JieheKkToB, pazmepa 3€peH ¢ y4éTom
TEeMIIepaTypHOro mos (puc. 2a). XapakTepy pacupeesieHuss HHTEHCHBHOCTH CKOPOCTel nedopma-
I[UU COOTBETCTBYET U paclpe/ielieHne NHTEHCHBHOCTH HAIPSIKEHUH, TOKa3aHHOE Ha PUC. 5. YPOBEHb

HWHTCHCUBHOCTHU Hal'[pﬂ)KCHPIfI oA MYaHCOHOM MPEBBLIMIACT IMPEAC] TCKY4YCeCTH CIlJlIaBa, a, CJIEJ0OBa-

Puc. 3. lI3MeHeHne HHTEHCUBHOCTH JieopManuii B pa3inyHble MOMEHTBI BpEMEHH LITAMIIOBKH
Fig. 3. Change in strain intensity at different times of stamping
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Puc. 4. I3MeHeHne HHTEHCUBHOCTH CKOpOCTCﬁ ,Z[e(pOpMaLlI/Iﬁ B pa3JIM4YHbIE MOMEHTbLI BPEMEHU HITAMIIOBKU

Fig. 4. Changes in the intensity of strain rates at different moments of stamping time

Puc. 5. I3mMeHeHre HHTEHCUBHOCTH KacaTelIbHbIX HaHpﬂ)I(eHI/Iﬁ B pa3JIM4HbIC MOMCHTBI BDEMEHU HITAMIIOBKU

Fig. 5. Change in intensity of shear stresses at different moments of stamping time

TEJIBHO, 00JIACTh «TEIUIOBOTO Y3JIa» C paclpeesi€HHOW MHUKpPOIOPHCTOCThIO MpoaedopMHUpyeTcs
Y TIPY HAJIOKEHUHU COKUMAFOIUX HATIPSKCHUH TIOPBI YCTPAHSIOTCS (pUC. 6 — N3MEHEHHE HANPSDKEHUH
BJIOJIb OCH 3JIEKTPOJIa U PHC. 7 — U3MEHEHHE PaJIalIbHbIX HAIPSIKSHUH).

KommproTepHOE MOIETpOBaHUE pacipeielieHUus B 00bEMe 3aTOTOBKH TaAKHUX MMAPaMETPOB, KaK
HHTCHCUBHOCTH Ace(opmarinii (A), HHTEHCUBHOCTh CkopocTeil nedopmanuii (H), HHTEHCHBHOCTH

KacaTenbHBIX HanpspkeHud (T) U cpeqHee HOpMaNbHOE HAaIPsDKEHHE (G), MO3BOISIET chopMuUpo-

Puc. 6. I3menenue HaHpH)I(eHHI:I BJ10JIb OCH DJIEKTPOAA B pa3JIMYHbIE MOMEHTBI BDEMEHU LITAMIIOBKU

Fig. 6. Change in voltages along the electrode axis at different times of stamping
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Puc. 7. Usmenenue paanainbHbIX HaHpﬂ)KCHPIﬁ B pa3JIM4HbIE MOMCHTbBI BPEMEHU HITAMIIOBKU

Fig. 7. Change in radial stresses at different times of stamping

BaTh MPEACTABICHUE O CTPYKTYPHBIX H3MEHCHHUSX, TPOUCXOIANINX MOCITE AeGOPMAIHH H OXJIaXK-
JICHUSI 37IeKTpoa. Tak Kak 1Mo Mepe OIYCKaHuUsl MyaHCOHa B pab04yr0 4acTh 00J1aCTh JCHCTBHUSI Jie-
(dhopmanuii pacuiupsieTcsi, MOXKHO HaOIIOAaTh MECTa B 3ar0OTOBKE, I'/ie Pe00Iagat0T COBCEM MaJlbie
nepopmanuu. [pu manoit nedopmaruu u npu OOJIBIIOM 00BEMHOM HAMPSKEHUU TEHEPHUPYIOTCS

nuciokamuu [5].

3.3. Hcceaedosanue ocobennocmeii popmuposanuss Makpo— u MUKpOCMPYKMYypbl,
neMeHmMHOo20 cocmasa Komnosuyuornnozo mamepuana Cu—MMNCr 6 ycrogusax

COBMEWEHHO20 NPOYeccd TUMbs U WMAMNOBKU C NOCTedYIowel mepmooopabomrot

Bricokast ckopocTh mpu ropsiueit pedopManuu u mpeObIBaHHE MeTallla B TEUCHHE JIONeH ce-
KYH/Ibl IIPY BBICOKOM TeMIIeparype o 3aBepllieHrH Je(opMaliii BHOCUT 3HAYUTEIbHbIE H3MEHEHHU I
B CTPYKTYPY 10 CPAaBHEHHIO C COCTOSTHHEM cpa3y Hociie 1eOopMaIum.

B nporecce mrammnoBku ciiaBa npu 950 °C HaOJIOJAIOTCS BHICOKHE CKOPOCTH OXJIAXKICHHUS
(puc. 2). Temneparypa crizaBa B IOBEPXHOCTHBIX CIIOSX cHUKaercs Ha 225 °C 3a 0,17 ¢, yTo mo3BoIs-
€T MPOM3BOIUTH 3aKAJIKy B IIPOIECCE IMITAMIIOBKH 3JIEKTPO/a C TIOCIEAYIOIUM OXJIaKICHHUEM B BOJIC.
OO0pa3syeTcs xapakTepHasi MUKPOCTPYKTYpa mocie 3akaiku (puc. 8a). CiemoBaTeNbHO, HCKITFOUASTCS
JIOTIONTHUTEIBHBIA HarpeB MOTYyYEeHHBIX M3ACTU IS 3aKaJKH, TaK KaK BEICOKOTEMIIepaTypHBIH Ha-
rpeB 10 1000 °C mpuBOIUT K CHIIBHOMY OKHCJICHHIO U3JCIIHNA ¢ 00pa30BaHUEM CJIOsl OKaluHEL [lox
OKaJIMHON (POPMHUPYIOTCS CJIOM BHYTPCHHET0 OKUCIICHUS U3-3a Au(dy3un BriyOb MeTasia KHUCIOPO-
Jla 1 YaCTUYHOT'O FUTH TIOJTHOTO OKHCIICHHS XpOMa B TBEPJIOM PacTBOpPEe. XPOM B OOIBIIMHCTBE CITyda-
€B 0CTaeTCs B (pOpME OKCHJIOB U HE IPHHUMACT y4acTHs B YIIPOYHCHHH [P CTapeHuH [6].

[Tocne mTaMIOBKU HAOMIOMACTCS XapaKTEepHAsi MAaKpPOCTPYKTypa (puc. 9a). [Ipu ropsueit mram-
MIOBKE 3€pHA CTPYKTYPHI B MECTE MPOIIMBKH MyaHCOHOM YIIJIOTHSIOTCS M U3MeNbyaroTcs (puc. 9a).
PaBHOOCHOE CTpOCHHE KaK MEJIKUX, TaK U YKPYITHEHHBIX 3€PeH HAOIF0JaeTCs TI0 BCel MIIONIaan pa-
Ooueil yacTH dIEKTPoIa.

B 3akaneHHOM COCTOSHHH XPOMOBBIE OpPOH3BI MOTYT OTIIMYATHCS BHICOKOH IIACTHYHOCTHIO
U BS3KOCTBIO, IPH 3TOM 00J1a/1asi HEBBICOKOW MPOYHOCTHIO [6]. [IOBBICHTH TPOYHOCTH U TBEPIOCTD
CIjlaBa MOXXHO CTapeHHEM, IPH KOTOPOM YBEIHYHUBACTCS OOBEMHAs JOJS BBIJCICHHUI BTOPOU
(ha3el. OnITUMAJIBHBIC PEKUMBI CTAPCHHS MITAMIIOBAHHOTO criaBa: HarpeB 10 450 °C B Teuenue 4

4gacos [7].
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Puc. 8. MUKPOCTPYKTypa JINTBIX — IITAMIIOBAHHBIX 3JEKTPOJOB: (a) IUThE — LITAMIIOBKA — 3aKaka; (b) IuThe —
IITAMIIOBKA — 3aKaJIKa — CTAPEHUE

Fig. 8. Microstructure of cast — stamped electrodes: (a) casting — stamping — hardening; (b) casting — stamping —
hardening — aging

a b

Puc. 9. MakpocTpyKTypa JIUThIX — IITAMIIOBAHHBIX 3JIEKTPOJOB: (a) JINThE — IITAMIIOBKA — 3aKaJika; (b) 1uTbe —
IITAMIIOBKA — 3aKaJIKa — CTapEeHHe

Fig. 9. Macrostructure of cast — stamped electrodes: (a) casting — stamping — hardening; (b) casting — stamping —
hardening — aging
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Spectrum Cr Cu Total
Line Spectrum(1) 100.00 | 100.00
Line Spectrum(2) | 0.57 | 99.43 100.00
Line Spectrum(3) | 0.61 | 99.39 100.00
Line Spectrum(4) | 23.88 | 76.12 100.00
Line Spectrum(3) | 13.27 | 86.73 100.00
Line Spectrum(6) | 0.66 | 99.34 100.00

= 2um T Ewctron inage 1
Puc. 10. COM-u300pakeHHEe MUKPOCTPYKTYPHI CILIIaBa C YIEMEHTHBIM COCTaBOM

Fig. 10. SEM image of the microstructure of an alloy with elemental composition

Juddysronnble mpouecchl, MPONCXOASIIINE BO BPEMS CTApCHMSI, CHUIKAIOT KOHIIEHTPALNIO Jie-
TUPYIOIIETO AJIEMEHTA M0 CEYEHHUIO 3ePeH, UTO MPOsIBIIsieTCs B (POPMUPOBAHUHU OJHOPOJIHON CTPYK-
TYPBbI, IPUBEICHHO Ha prc. 90. DeMEeHTHBIN cOCTaB MOBEPXHOCTH 00pasna snekTposa (puc. 10) mo-
Ka3bpIBaeT HAJIMYUE YACTHUI] XpOMa B CILJIaBe.

VY GonpIIMHCTBA CIJIABOB HapylIeHA YKJaJKa IJIOTHBIX CJIOEB aTOMOB, MMEIOMINX HHU3KYIO
sHepruto nedekra ymakosku [8]. Ha mukpoctpykType (puc. 8b) MOKHO OTUYETIMBO HAOJIIOIATh
chopMupoBaBIIHECs Mapbl KPUCTAIUIOB ABOWHUKOB. IIpoxonsimas Mexy ABOWHMKAMH I'paHHIIA
UMeeT yHOPSJI0YCHHYI0 aTOMHYIO CTPYKTYPY, YTO COOTBETCTBYET CTPYKType jAedekTa yrnakoB-
KHU. ['paHUIIBI 3epeH cO CTPOroi NMPsSMOJIMHEHHOCTBIO MPHUAAIOT CTPYKTYypPE CBOHCTBEHHBIN BU]I.
OOHapy>KeHHbI HaO0JI0JJaeMblii 30HAJIbHBIM KOHTPACT TI'PAaHUI] JBOHHUKOB SBISETCS CTPOrO
MPSIMOJIMHEHHBIM, C COOTBETCTBYIOIIMMH PE3KMMHU HM3JOMaMU IIPHU HEPEXoAe OT KOrepeHTHOTO
K HEKOI'€PEHTHOMY y4acTKy U Ha000poT. JIBOWHHMKU B MUKPOCTPYKTYpE HCUE3aIOT C OOJBIINM
TPYJIOM M IIpH BeChMa BBICOKHMX TEMIIEpaTypax Harpesa. Vcue3sHOBEHHE NBOMHUKA NPOMCXOIHUT
IpHU ABMKEHUH HEKOT€PEHTHON TPaHUIIBI, TIOATOMY IPH HArpeBe YacTO MPOUCXOIUT YKPYITHEHNE
JBOMTHUKOB M 00pa3yroTCs IBOWHUKH PEKPUCTAIUTM3ALNH, KOTOPBIE SIBISIOTCS BBIPOCIIUMHU JIBOK-
Hukamu nedopmaruu [9].

BrlsiBIIeHHE TpaHUI] 3€pEeH B JINTOM JIe()OPMUPOBAHHOM COCTOSIHUU M TOCIE ONepanui Tep-
MOOOpPa0OTKHM MO3BOJISET OCYIECTBUTh TEXHOJOTUs TpaBlieHUs. JIMTelbHOE BpeMsl TPaBJICHUS
MPOSIBIISICT KaK TPaHUIIBl, TAK U IOBEPXHOCTHBIE CIIOU 3E€PEH, a IIIOTHOCTH YIIaKOBKH aTOMOB BIIU-
€T Ha MHTCHCUBHOCTH TPaBJeHUs. Y MIOTHO yHAaKOBAHHBIX aTOMOB PACTBOPEHHE UJIET MEAJICHHO
(3epHa CBETIIOrO I[BETA), B OTJIMYME OT aTOMOB C HU3KOW IUIOTHOCTHIO YIAKOBKH (3€pHA TEMHOI'O
[[BETa) M OAMHAKOBBIM XHMHYECKHM cocTaBoM (puc. 8). IIpu cnaboif XMMHUUYECKOH aKTHBHOCTHU
TPaBUTEJsI CHadalia BBISBISIOTCS TOJBKO TPaHUIBI 3€PEH, & OCTAIBHON TN} CMOTPHUTCS CBET-
neiM (puc. 8a). OmpeseneHHble YCIOBUS KPUCTAIIU3AMU TBEPJABIX PACTBOPOB MO3BOJIAIOT MPHU
TPABICHUH TAaKXKe BBISBISATH JIMKBAIIMOHHYIO HEOAHOPOAHOCTE. B 3TOM cityuae opueHTanus 3epeH
U XMMHYECKHI COCTaB DIIEMEHTOB, BXOJSIIUX B TBEP/bIH pacTBOp, OyIyT BIHUSATH HA MHTCHCHB-

HocTh TpasieHus [10, 11].
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3.4. Mexanuueckue u 31eKmponposooHble C8OUCMEA IUMO20 —

WMamno8anHo2o Komnozuyuonnoz2o mamepuania Cu—MMNCr

B namewm cityuae ropsiuasi repopManiysi KOMIO3UIIMOHHOTO MaTepuaia nporucxoaut mnpu 950 °C
B COCTOSIHMH ITOBBIIICHHON MJIACTHYHOCTH, B TOM dnciie 1uddy3nonHoi. B 3T0T MOMEHT coBepIaioT-
s IBa KOHKYPUPYIOLIUX MpoIiecca — YIPOYHEHHE U pa3ynpodHeHue. [Ipu ynpouyHeHNH yBeInunBa-
IOTCS IIIOTHOCTH AMCIOKAIMH MO/ BIMSTHUEM BHEITHUX CHJI, @ TAKXKE B3aUMOACHCTBHEM JUCIOKAIIUI
¢ 00pa30BaHUEM CJIOKHBIX TUCIOKAIMOHHBIX CIUIETEHHH Pa3HO# CTerneH! CTaOWIBHOCTU M Pa3HOM
TIOABMIKHOCTH. PazynpoyHeHne 3aKiIo4aeTcs B IepepacrpeielieHH 1 YMEHBIICHN U MIJI0THOCTH JIHC-
JIOKalUi ¢ 00pa3oBaHKEM dHepreTHuyecku Ooee yeToiunBbIX KoHpUrypauii [12].

B Tabin. | nmpuBeneHb! NCXOAHBIE TaHHBIE JJIS OLEHKH KOPPEJISIIIHKA MEX/y MUKPOTBEPIOCTHIO,
A — UHTEHCHBHOCTBIO CTeneHeil aedopmanmii; H — MHTEHCHBHOCTBIO CKOpocTeii aedopManuu, ¢
T — NHTEHCUBHOCTBIO KacaTelbHBIX HanpshkeHni, MIla; 6y — cpeAHMM HOPMAJIBHBIM HaNpsKEHUEM
(rugpocTtatnueckum nasiaeHueM), MIla; HV — mukporepaoctsio B 10 Toukax.

B ycnoBusx Manbx JedopManuii mpu mramIoBKe B (PaKTHUECKH 3aKPHITOM 00bEME MacCCHB-
HOM YaCTH 3JEKTPO/Ia HHTEHCUBHOCTH KacaTeIbHbIX HanpsikeHni (T) He BrICOKa U TPeBaIUPYIOUTY IO
poib B GOPMHUPOBAHNN STYCHCTHIX INCIOKAIIMOHHBIX CTPYKTYpP OyAyT UTrparh Takue napameTpsr [13],
Kak TemIieparypa, crernenb (A) u ckopocth nedopmanuu (H), BUA HANPSIKEHHOTO COCTOSIHUS (O).
He6onpmas mnactnueckas nedopmanus npu T < (0,2—0,3) T, B 1-2 % NpUBOAUT K MOBBIICHIIO
IIIOTHOCTH Auciokanuii ot 108 cm™ (B HCXOMHOM PEKPHUCTAIIIN30BAHHOM cocTosHuK) 10 10° em™ ¢ oT-
HOCHUTEJIEHO OJTHOPOAHBIM PACIpEeIICHHEM UX M0 00bEMY.

I[J'[SI OTOIr'0 UCHOJIB3YEM NNOHATHUEC CPCAHETO HAIIPAKCHU A

o, + 0, + 03
T T

1

O'Cp

Cxema HampsyKEHUH 10 OKTadIPHUUECKOM III0Ia1Ke, HAKJIOHEHHO! 110 BCEM IJIaBHBIM HalpaBJie-

HUSM, IIpe/icTaBiieHa Ha puc. 11

Ta6nuna 1. UcxomHble qaHHBIC 1715 OICHKH KOPPEIISIIUU 10 MUKPOTBEPAOCTH

Table 1. Initial data for assessing microhardness correlation

Ne Touek A H T c HV
1 0,049960133 2,44515089 40 -152,4 320
2 0,055287024 5,71775891 39,1 -175,9 458
3 0,113365577 14,3691218 49,84775751 -196,6 471
4 0,07437237 5,08 40,21256545 -195 362
5 0,330738003 17,2287519 56,38606888 -209 340
6 3,743263106 74,5008511 76,27275541 -299 472
7 0,082995641 3,35748315 37,75728082 -190 362
8 2,230712555 24,5695264 60,16157906 214 302
9 7,24540079 73,7888664 72,73436968 =312 473
10 0,214038357 9,37534125 62,83040906 214 320
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OxTasgpruyeckoe HOpMalbHOE HAPsKEHHE (2) paBHO CpeAHEMY U3 TPEeX TIaBHBIX HANPSIKCHUN:

1
Tokr = 5\/(‘71 —03)? + (0, — 03)% + (03 — 07)% 2

Pacnipenenenye 3HaueHMIT MapaMeTpoB Mpoliecca o ToYKaM GpUKcanny Ae(hopManOHHBIX apa-
METPOB IIPU MOJECTNPOBAHUH HITAMIIOBKH 3JIEKTPO/Ia TIPEACTABICHO Ha puc. 12.

Pacripeneniennie  3HaueHWIl TapameTpoB
mpolecca MTaMOoBKH (puc. 12a) mo Toukam
¢ukcaumu  geOpMANMOHHBIX  IapamMeTpoB 111
IIPA MOJEIHUPOBAHUM IITAMIIOBKH DJIEKTPOIA oy
(puc. 12b) mokasreiBaer, uto (puc. 12¢) B paau- B /[\03 /]
aJLHOM HalpaBJIeHUH HanboJiee TecHast Koppe-

JAOUOHHAA CBA3b MUKPOTBEPAOCTHU HV co Bce-

MU MapamMeTpaMH BUIHA BO 2—M ClIO€ (CHHSAS oy
CTpEeJIKa) U 3aTeM B MOPSAIKE YOBIBAHUS B 3—M L T
(3enenast crpenka) U 1-M crosix (uepHast CTpen- ;E;__ I
ka). PaccMoTpeHHe TOYEK IO AMATOHAIH pa- 2 c
Oouelt gacTu aeKTpona (OpaHKeBas CTPENIKa) /
ITOKA3bIBACT OUCHB CHITHHYIO CBSI3b TAPAMETPOB \lé'

3

npoliecca TaMIIOBKM U MUKpoTBeproctu HV,
OJIN3KOM K HEl SBJISICTCS M B3AUMOCBSI3b 110 OCH Puc. 11. Cxema HampsOKCHHH TO OKTadApUYCCKOM
seKkTposa (kpacHas cTpenka). Hambomee tec- — MIOMAAKS

HbIE KOPPEJISIHOHHBIE B3aNMOCBSI3H ehopMa- Fig. 11. Diagram of stresses along the octahedral area
LMOHHBIX I1APaMETPOB BbIJEJIEHbl Ha puc. 12¢

KPACHBIM IIBETOM.

[IpsiMoe U KOCBEHHOE yIPOYHEHHE OOBIYHO BBI3BAHO JUCIIEPCHBIMH YaCTULAMH BTOPOW (ha3bl
(T1) [13], BBIOCTUBIIUMUCS TTOCTIC OMEpAIUu cTapeHus. [Ipu mpsSMoM YIIpOYHCHHUH AHCIICPCHEBIC Ya-
CTHUIIbl aKTHBHO B3aUMOJICHCTBYIOT C JHMCIOKAIUSIMU M MPU IJIACTHYECKOH nedopManuu meTalia
OyAyT MpEnsTCTBOBATH PACIPOCTPAHEHHUIO CKONB3SAMUX IUCIOKAanuid. [Ipn KOCBEHHOM ympodYHe-
HUU JINCIIEPCHBIC YACTHIIBI TOBBIIIAIOT CTAOUIBLHOCTh HEPABHOBECHOI'O CTPYKTYPHOI'O COCTOSIHHSI,
a TaKk)Ke TeMIIepaTypy peKpUCTAUTH3AUHU. J|BI)KEHUE THCIOKAINA MTPOUCXOIUT B MITKOU U BS3KOU
marpuiie no moaean OpoBaHa, coaeprKalleil TBep/ible paBHOOCHBIE YaCTHUIIbl YIIPOYHECHHU S, U HAIPs-
JKCHHE B 9TOM Cliy4ae OyAeT ONMpeesieHO HEOOXOAMMOCTBIO MPOTHYTH IUCIOKAIAI0 Yepe3 psaoM
pacIioyoKeHHbIE YaCTUILIBI B IYTY A (paccTosiHue Mexay dactuiiamu). [loatomy t,, = 2-F/b-A, rne F =
G-b*/2 — nuneiinoe natsxenue. Toraa T,, = G-b/A.

BBojist 00bEMHYI0 KOHIIEHTPALIMIO YIIPOUHsItoIel (asbl f, U yduThIBas, 4TO:

2 314 @ 3)
=7r- -
3 f
e I — paguyc YaCTULBI, II0JYy4aeM:
3
rﬂq=0,6-a-b3-ﬁ. @

r
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B JIaThE-IITAMOOEKA-3aKATEA

B [[HThe-IITAMIOEKA-SAKATEA-
cTaperHe

Teepgocts HB Cpemmaz DIeKTPONpPOBOAHOCTE
MHEpOTEepgocTs HV % [ACS

Puc. 13. 3Hauenus TBEPAOCTH, cpenneﬁ MUKPOTBEPAOCTHU U IJICKTPOIIPOBOAHOCTH JIUTHIX — INTAMIIOBAHHBIX —
3aKaJICHHBIX U JIUTHIX — IITAMIIOBAHHBIX — 3aKaJICHHBIX — COCTAPCHHBIX DJICKTPOAOB

Fig. 13. Values of hardness, average microhardness and electrical conductivity of cast — stamped — hardened and
cast — stamped — hardened — aged electrodes

Takum 00pa3om, MOXKHO CZ€JaTh BBIBOJ, YTO YNPOUHSIOMUN IPPEKT CyHIECTBEHHO 3aBUCHT
OT pa3Mepa 1 pacCTOSHUSI MEeX Y YaCTHLIAMH U CJ1a00 3aBUCHUT OT OOIIETo copepkKaHus BTOpoi (hasbl.

Ilonyuennsle 3Hauenus tBeppoctd HB u cpenneit mukporseproctu HV nociie nuths — mram-
MOBKU — 3aKaJIKU U JTUThS — IMITAMIIOBKH — 3aKaJKH — CTAPEHHUsI AIEKTPOIOB IPUBEAEHBI Ha puc. 13.

[Mocrie 3anMBKU MeTa/UIa B METAJUTMYECKY0 (QOPMY BBIIIOJIHSETCS MPOIINBKA OXJIAXIAIOIIET0 Ka-
Haja eKTpoza. [IpoMexkyTok BpeMEeHH MeXAy 3TUMHU onepausMu cocTasisieT okono 10 c. 3a ato
BpeMsi paclpelielieHie TeMIeparypbl 10 CEYEHHI0 OTIUBKH COOTBETCTBYET MOAENU (HOPMHUPOBAHMS
TBepHoi (azbl. MOJKHO OTYETIIMBO HAOJIONATH, YTO HAUMHAETCS] KPUCTAIUIM3ALUs 00BEMOB METAJLIA,
KOHTaKTHPYIOIIEr0 C MOBEPXHOCThIO MeTauinueckoil (opmbl. OObeMbl MeTajlia, paclooKEHHbIC
OIKe K HEHTPAJIbHON YacTH, HAXOAATCS B )KHMJIKOM COCTOSHMH. B mponecce MpommMBKY IPOUCXOTUT
ObICTpast KpUCTAJUIM3AIMS METAJUIA 38 CYET BOBHMKHOBEHUS OOJIBIIOTO IPaIUeHTa TEMIIEPATy P MEXy
JKUJIKMM METaJUIOM U IyaHcoHoM (puc. 2a). ITocie n3BieueHust IeKTpoaa N3 MeTaUINIecKoi (opmbl
BBITIOITHSIETCS OXJIAKJIEHUE B BoJe. Takoe KOMOMHHPOBAHHOE BO3JICHCTBHE HA KPHCTAJITU3YIOUTUNCS
MeTaJll IPUBOAUT K IOBBIIIEHUIO KOHIIEHTPALMK XPOMa B 0.-TBEPJOM PACTBOPE. DTO BbI3BAHO MO/ABIIE-
HUeM U] dy3MOHHBIX ITPOLIECCOB BO BPEMSsI OXJIXACHHsI. AHAIHU3 JaHHBIX AJIEKTPOIPOBOIHOCTH TIO/I-
TBEPXKIAET 3TOT AP(EKT, YTO NPUBOAUT K CHIKEHUIO dJeKTponpoBogHocTh 1o 54 % IACS (puc. 13).
B nponecce cTapeHust IpOUCXOIUT BBIACICHUE JUCTIEPCHBIX YACTUI XPOMa, TPUBOASIINX K CHUKEHUIO

JIETMPOBAHHOCTH (-TBEPIOT'0 PACTBOPA U K MOBBILIEHHIO 3JIeKTporpoBogHocTH 10 86 % IACS (puc. 13).

4. 3akJoyeHue

1. YcTaHOBIEHO Ha OCHOBAHMM KOMITBIOTEPHOI'O MOAEIMPOBAHUS CTAIUHU TOpsYed IITaMIIOB-

KH TCIIJIOBOC U HaHpH)KeHHO-,I[e(bOpMI/IpOBaHHOC COCTOSIHUEC JIA U3ACIIUA — JJICKTPOA KOHTaKTHOM
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cBapku. [Tokazano, yTo HanOoIIbIIEE BIUSHUE HA TBEPAOCTD 110 CEUESHHIO U3TOTOBICHHOIO 3JIEKTPO/Ia
OKa3bIBAIOT B KOMILICKCE CpeIHEee HOpMaJbHOE CoxuMaroriee HanpsokeHue (ot —180 mo —320 MITa),
HHTECHCHBHOCTh KacaTeIbHBIX HanpspkeHui (ot 38 mo 76 MIla) npu mMassix gedopManusx, OCyIIecT-
BIISIEMBIX C BBICOKMH CKOPOCTSIMH J1e()OpMaIiH, CIIOCOOCTBYIOIIEE TeHEPUPOBAHHIIO OOJIBIIOTO YHC-
J1a TUCIIOKALU.

2. UccnenoBansl 0cOOCHHOCTH (DOPMUPOBAHMSI MAKPO— U MUKPOCTPYKTY Pl KOMITIO3HIITHOHHOTO
matepuansa Cu—MMNCr B ycIOBHSIX COBMEIIEHHOTO MPOLEcca JUThS U MITAMIOBKH C TIOCIETyOIIEeH
TepMooOpaboTKoil. OnrcaH MEeXaHU3M BBISIBJICHUS TPAHMIL 3€PEH.

3. BeiBeneHBI B3aMMOCBSI3U MEXAY paclpeneieHHeM TBEPAOCTH M HapaMeTpamMH TeIIOBOTrO
1 HaNpsHKEHHO-Ie(pOPMUPOBAHHOTO COCTOSIHUS B 00BEME M3/1eNHsI 3 KOMITIO3UIIMOHHOTO MaTepHaia
Cu—MMNCr npu COBMEIIEHHOM CIIOCOOE JUThS — MITAMIIOBKH C MOCJIEAYIOIIEH TePMUUYCCKON 00-
paboTKOIi.

4. DneMeHTHBIN COCTaB MOBEPXHOCTH 00pasiia 3JIeKTpo/ia MOKa3bIBaeT, YTO B MPOLIECCE CTape-
HUS NTPOUCXOAUT BBIJICJICHHE TUCIIEPCHBIX YAaCTHUI[ XpOMa, IPUBOISAIINX K CHI)KEHHUIO JISTMPOBaH-
HOCTH O-TBEPIOT0 PacTBOPA, YTO MPUBOAUT K yYBEeIHWUYeHHIO TBEpAOCTH 10 142 HB, MukpoTBépaoctu

J0 378 HV u yaenbsHoli snekTpornpoBogHocTu 10 86 % IACS.
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Abstract. One of the most destructive natural disasters that harms both the environment and human
life is fire. They jeopardize human life and public safety in addition to causing enormous material
damages. The development of an effective system for identifying city fires is the aim of this project.
An Al method for enhancing fire detection operations is the YOLOv5 model. For precise and effective
fire detection, city cameras are turned into a visual sensor network based on the YOLOVS paradigm.
This system scans camera footage to determine the specific location and presence of fires using deep
learning technologies. WebRTC technology is also used to send fire alarms. WebRTC enables direct and
efficient communication between the system and observers. Combining YOLOvS and WebRTC with a
visual sensor network can enhance and increase the effectiveness of early fire detection and response
operations. This study presents a system for early identification of fire incidents in cities, at a low cost

by taking advantage of the existing surveillance camera infrastructure.
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Hcnonb30BaHue ropoacKkux KamMmep Ha0JII01eH s
JJISl CO3JaHU Sl BU3YAJIbHOM CEHCOPHOM CeTH

NJIs1 O0OHAPYIKeHUs MOKapOB

O.A. Jlesio 5, JI. }O. Yepuukos ?, A.C. CeiuBaHOB?
“Cubupckuti pedepanvHulil yHUSEpCUmMEm
Poccuiickas @edepayus, Kpacnosapck
oTexnonoeuueckuii ynusepcumem — HUpax

Pecnybnuxa Upax, baeoao

Annotanusi. OJHUM U3 CAMBIX Pa3pyHIMTEIbHBIX CTUXUHHBIX O€ICTBUH, HAHOCSIIUX BpeI Kak
OKpYyKarollel cpesie, Tak U )KU3HU YeJIOBeKa, SABIIOTCS Moxkapbl. OHU HE TOIBKO HAHOCST OTPOMHBIIN
MaTepHuabHbIN yIepO, HO M CTaBAT [0/ yIPO3y JKU3HB JIOAEH U 00IECTBEHHYI0 0€301aCHOCTD.
Lenplo 1aHHOTO MpPOEKTA SIBJIsIeTCS pa3padboTka 3pPpeKTUBHON CHCTEMBI BBISIBIGHHS TOPOJICKUX
1o)apoB. MeTo/] NCKyCCTBEHHOTO MHTEJJICKTAa JUIsl YIYUIlIeHHs Olepannuii o oOHapy KeHHUIO
noxxkapa — 31o mozaesib YOLOVS. [{nst TogHOr0 ¥ 3(EeKTUBHOTO OOHAPYKCHUS MM0KApa TOPOICKUE
KaMephbl IPEeBpallaloTCs B CETh BU3yalIbHBIX JaTYMKOB Ha ocHOBe mapagurmel YOLOVS. OTta cucrema
CKaHUPYET 3aIliCHU ¢ KaMep, 4TOOBI ONPeIeINTh KOHKPETHOE MECTONOIOKEHUE U HAJTMYHE II0)KAPOB
C TIOMOIIIBIO TEXHOJIOTHH riry6okoro ooyuenus. Texuonorus WebRTC Takke ucronbiyercs s
OTIIPAaBKU CUT'HAJIOB NokapHOH TpeBoru. WebRTC oOecneunBaeT npsiMyro u 3p(HEeKTUBHYIO CBSI3b
MeXy cucteMoii u HaOmtonarensimu. Oobveaunenne YOLOvVS u WebRTC ¢ ceThlo BU3yalbHBIX
JATYUKOB MOJKET YJIYULIUTD U MOBBICUTH (P PEKTUBHOCTH Onepanuii Mo paHHeMy 0OHapy KEHHUIO
noxapa U pearupoBaHMIO Ha HET0. B 3ToM Hcciae0BaHUY MTpe/ICTaBlIeHa CUCTEMA PAHHETO BhISBJICHUS
[I0KapoB B TOPO/IaX C HU3KUMHU 3aTpaTaMH 3a CUET UCIIOIb30BAHUS CYIIECTBYOLIEH HHPPACTPYKTYPbI
Kamep HaOJIIoIeHHSI.

KuoueBble ci10Ba: ceTh Bu3yalbHBIX ceHCOpoB, WebRTC, YOLOVS, kamepa HaOmoneHNs1, 0OOHApYKEHIE
noxkapa.

Huruposanue: [les6 O.A. Mcnons3oBaHUE TOPOACKUX KaMep HAOIIOJEHUS ISl CO3AaHUsI BU3YaIbHOM CEHCOPHOW CeTH IJIst
oOHapysxenus noxapon / O.A. [les0, /1. 0. Uepuukos, A. C. Cenuanos / Kypn. Cud. dpenep. yu-ta. TexHuka 1 TEXHOJIOTUH,
2024, 17(2). C. 266-275. EDN: UBMXVW

I. Introduction

Urban areas are highly vulnerable to fires, which can have catastrophic impacts on both human life
and infrastructure. The swift propagation of fires in urban settings can result in extensive devastation,
property damage, and potentially even fatalities. Due to the pressing necessity for prompt identification
and efficient intervention, there is an increasing inclination towards utilizing technology to alleviate
the detrimental consequences of fires. Early detection of fires allows for quick evacuation procedures,
notification of emergency services, and application of firefighting techniques [1].

An effective strategy involves implementing a visual sensor network throughout the city, which
would provide prompt identification and intervention. The extensive deployment of security cameras
across the city ensures thorough monitoring, hence minimizing the likelihood of overlooking possible
fire events [2, 3]. Furthermore, the instantaneous nature of the visual sensor network permits timely
notifications and rapid action, facilitating firemen and emergency services to promptly respond and

mitigate the propagation of fires [4].
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Due to the progress of technology, one of the best methods for spotting fires is to use the object
detection algorithm YOLOVS. A deep learning-based model called YOLOVS, or You Only Look Once
version 5, is capable of precisely identifying and locating a variety of items in live photos and videos
[5]. An extensive collection of fire photo datasets is necessary to train the YOLOvS5 model for fire
detection. A range of fire scenarios, including wildfires, interior and outdoor fires, and varying fire
intensities, should be included in the dataset [6].

The utilization of communication and networking technology to establish connections between
visual sensor networks and deliver notifications in fire detection systems has fundamentally transformed
our approach to fire protection [7]. Through the establishment of a network of interconnected optical
sensors, data can be effectively gathered from several locations in real-time. These sensors, comprising
cameras, thermal imaging devices, and other visual sensors, acquire visual data pertaining to fire
events. The collected data is transferred to a central monitoring system or a designated control center
using modern networking techniques. This enables the consolidation of monitoring and analysis of the
visual data. If a fire occurs, the network has the ability to promptly identify the existence of smoke,
flames, or any other indications related to fire.

A number of methods have been proposed for creating a fire detection system. [§8] This study
investigates the use of unmanned aerial vehicles (UAVs) and wireless sensor networks for early fire
detection. [9] The purpose of this article is to develop a fire detection system that uses unmanned
aerial vehicles and sensor network technologies to prevent fire occurrences. The suggested system uses
sensors to monitor environmental parameters, and Internet of Things apps are used to process the data.
It integrates cloud computing, UAVs, and wireless sensor technology. To increase the accuracy of fire
incident recognition, the system also incorporates image processing algorithms. Sendra etal present a Lora
WAN:-based fire risk assessment system [10]. A LoRa node with several sensors to measure temperature,
CO02, wind speed, humidity, and other parameters is part of the system. [11] This work presents FFireNet,
a deep learning approach that leverages the MobileNetV2 model's pre-trained convolutional basis. To
solve the issue of recognizing forest fires, more completely connected layers are included.

This research proposes to transform the cameras deployed in the city into a visual sensor network
based on the YOLOVS model for fire detection. This proposal comes to increase the utility of cameras
and enhance their use in the city, as they are not limited to surveillance and security only. When a
fire is detected, an immediate alert signal is sent to the fire control center. WebRTC technology was
used as a communication channel between the monitoring point and the fire control center. WebRTC
technology can send an image and coordinates of the fire site or display a live broadcast of the fire site.
This effort will pave the way for the development of DVR and NVR devices to be able to detect fires
and send alerts. The safety of cities is improved thanks to this method at the lowest cost, as the city's
already existing infrastructure, such as cameras and networks, is used without requiring additional
costs for installing traditional fire detection systems. Using this method, a faster response to fires can
be achieved, and the time needed to deal with them can be reduced. The efficiency of fire brigades can

also be improved, and they can be better directed to fire sites.

II. DVR and NVR
The DVR (Digital Video Recorder) and NVR (Network Video Recorder) are both devices used for

video surveillance and recording. A DVR is a device that records video footage from analog cameras
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[12]. It typically has multiple video inputs to connect analog cameras, and it compresses and stores the
video data on a hard drive. DVRs are commonly used in older surveillance systems. On the other hand,
an NVR is a device that records video footage from IP (Internet Protocol) cameras [13]. IP cameras
capture digital video and send it over a network to the NVR, which then stores the video data on a hard
drive. NVRs are commonly used in modern surveillance systems. Both DVRs and NVRs allow users
to view live video feeds and playback recorded footage. However, the main difference lies in the type

of cameras they support and the way they handle video data.

III. Visual sensor network (VSN)

A visual sensor network (VSN) is a system consisting of numerous strategically placed visual
sensors that capture and analyze visual data from the surrounding environment. These sensors
encompass a variety of devices, such as cameras, thermal imaging devices, depth sensors, and
other vision-based devices. Visual sensor networks have garnered considerable interest and are
extensively employed in diverse applications owing to their capacity to offer abundant visual
data for analysis and decision-making purposes. Visual sensor networks have a wide range of
applications that extend across multiple areas. VSNs are employed in the domain of surveillance and
security to oversee public spaces, structures, and vital infrastructure [14]. They provide immediate
identification of irregularities, monitoring of objects or persons, and maintenance of public safety.
Visual sensor networks can be utilized in the field of traffic management to efficiently capture and
analyze traffic patterns, monitor congestion levels, and optimize transportation systems [15]. Visual
sensor networks provide a potent method for capturing and interpreting visual data from their
surroundings. Due to their capacity to incorporate several sensors and offer a holistic perspective of
scenes or occurrences, VSNs have become invaluable instruments in diverse applications, spanning
from surveillance and traffic control to environmental monitoring and healthcare. The future is
predicted to bring more improvements to visual sensor networks through achievements in sensor
technologies and data processing techniques, resulting in enhanced capabilities and expanded

applications [16].

IV. Image processing by using python

Image processing is one significant field where Python is utilized frequently. Python's powerful
libraries and packages, such as PIL (Python Imaging Library) and OpenCV (Open Computer Vision
Library), allow developers to tackle a wide range of image-related tasks with efficiency. Image
processing includes object detection, image segmentation, image enhancement, image filtering, and
other critical operations. There are several functions and methods available in Python to effectively
do these tasks. For instance, the OpenCV library offers several image processing features. Developers
can leverage tools like edge detection, resizing, color space conversion, and thresholding to customize
photographs to their specifications. Another well-liked choice for Python image processing tasks is
PIL. Among PIL's numerous capabilities is the ability to edit photos by cropping, rotating, resizing, and
applying filters. Additionally, this library allows developers to work with a range of image file types,
such as JPEG, PNG, BMP, and others. Furthermore, because of its versatility and ease of use, Python
is a wonderful choice for beginners who want to learn more about image processing. Its extensive

documentation and sizable development community facilitate the understanding and use of image
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processing techniques. Python's strong library and intuitive interface let developers tackle complex
image processing tasks with ease [17].

V. Algorithm

Fig. 1 shows the proposed algorithm for converting surveillance cameras into a visual sensor
network for fire detection.

 E— s A ( h
DVR or NVR s  Computer Fire:
Device detection
- J ~— _jl
 SEEE— )
Firefighting Coordinate Detect Fire
Center of Fire
\. — — N—

Fig. 1. Proposed algorithm for converting surveillance cameras into a visual sensor network for fire detection

Most surveillance screens typically display a set of video clips coming from cameras installed in
monitored areas. Each video clip is labeled to indicate the camera transmitting it. Fig. 2 illustrates an
example of a surveillance screen in a building.

Initially, the coordinates of the areas being monitored by the camera, as well as the viewing angle
and distance, must be determined and stored on the computer running the fire detection software. A

DVR or NVR device is connected to the computer to transmit the surveillance video. The computer
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Fig. 2. Is an example of a surveillance screen in a building
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Firefighting center

Fig. 3. Depicts the communication network connecting the monitoring stations to the fire control center

hosting the fire detection software should have high specifications for video analysis and real-time fire
detection. The YOLOVS5 software was used for fire detection due to its speed, accuracy, and ease of
use. The first method allows for direct input of the video into the fire detection software. The second
method involves capturing screen images from the surveillance screen at specified time intervals, such
as every 10 seconds, and analyzing them. This method is useful when the computer specifications are
not high.

A communication network is created between the monitoring points and the fire control center
using WebRTC technology. This network exchanges data and notifications between monitoring points
and the fire control center, allowing rapid and effective intervention in fighting fires. Fig. 3 depicts a
communication network between monitoring stations and the fire control center.

Alarms from fire monitoring stations will be transmitted to the fire control center via WebRTC
technology. The image of the fire taken from the monitoring screen, together with the location
coordinates, are sent right away to the fire control center so they can take the appropriate action when a
fire breaks out inside the monitoring center's field of view. Using WebRTC technology, the firefighting
center may also view a live broadcast of the fire location.

VI. Experimental results

To achieve our goals for this project, we utilized a wide range of applications and technology.
Yolov5 and the Google Colaboratory were two of these. One way to mimic a monitoring platform is
with a web page written in JavaScript. We carried out three repetitions of the suggested procedure to
guarantee the accuracy of our system evaluation. Additionally, we tested the trained model using input

data that included a collection of photos and video clips with fire and smoke to confirm its efficacy.
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Fig. 4. Image of the input video to the fire detection system

The first experiment involved simulating a video as a live input to the fire detection program.
The video contains a group of nine video clips, one of which shows a fire and the other smoke. Fig. 4
illustrates the input video image of the fire detection system.

The results of the experiment show the identification of the fire and smoke areas in the video. The
images containing the fire and smoke are cropped to be sent along with the coordinates of the location
to the fire control center. Fig. 5 and 6 illustrate the output of the fire detection program.

The time taken to analyze 10 seconds was 90 seconds, and this time is very long. To reduce
processing time, an image was taken every 10 seconds of the monitoring screen. The image was
processed, and fire and smoke were successfully detected in the image. The time taken to analyze the
image was 3 seconds, and this time is considered acceptable compared to the video processing time.
The experiment was repeated to detect fires and smoke in videos and photos using Google Colab with
a GPU processor. Fires and smoke were detected in real-time videos and images. Table 1 shows the
processing time using the PC and Google Colaboratory.

The YOLOVS program has been modified to be able to send an alarm to the firefighting center
when a fire occurs. The fire monitoring system was simulated via a web page based on WebRTC
technology. Through the monitoring page, observers can know the location of the fire on the map and

a live video of the fire location. An example of the fire monitoring system is depicted in Fig. 7.

VII. Conclusion

Using deep learning technology to transform the city's surveillance cameras into a visual sensor
network is a practical and unique approach. This method allows videos to be automatically and
correctly analyzed and significant information extracted. Furthermore, significant cost savings are

realized because existing CCTV infrastructure is used rather than establishing a new sensor network.
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Fig. 6. Pictures that will be sent to the firefighting center

Table 1. The processing time using the PC and Google Colab

Input Type Processing Time by Using the Pc | Processing Time by Using the Google Colaboratory
Video 90 second Real Time
Image 3 second Real Time

This method improves the city's ability to harness monitoring data and increase citizen safety and
convenience. The use of Yolov5 technology in this context marks a significant advancement in the field

of efficiently and effectively transforming security cameras into visual sensor networks.
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Fig. 7. Fire monitoring system
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