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VJIK 621.79

NCCIEJOBAHUE ITPOYHOCTHU CBAPHOI'O COEAUHEHUA
ITPU CBAPKE AIIOMHWHHUEBOI'O CINIABA METOAOM
TPEHUSA C HEPEMEIHINBAHUEM

Cyxopaoa Anexceit Eecenvesuu,
mazucmpanm, /[BOY, Braousocmok, Poccus,
Honyykuiit Koncmanmun Anexcanoposud,
mazucmpanm, /[BOY, Braousocmok, Poccus,
Cmauyenko Bnaoumup Hukonaeeuu,

0oxkm. mexH. Hayk, npogeccop /[BDY, PO
e-mail: vladsta@mail.ru

Almomauuﬂ. B cmamuve I’ZPQOCMCZSJZGHbl OaHHble NO anamuszy mexnoJjocuu
npoyecca ceapkKu Memooom mperusl ¢ nepemetuearnuem. Baowcnvim anemenmom
DMO20 UCCIe008AHUS ABISACICS onpeOereHue npodYHocmu C8ApHOcO coeduHeHuﬂ,
Komopas onpedeﬂﬂemCﬂ MemMoOOM MEeXaHU4eCcKUx UCNbIMAaHull Ha pacmidicerue.

IIpeocmasnenuvl pe3ynrbmamsl usmMepeHull U pacuemos, ypasHeHue pecpeccuu.

Knrwoueswvie cnoesa: mexHojlocusd, ceapKu mpeHuem cC nepemeumiusanuem,
mexHoJjiocuvecKkue napamvempbul, npo4YHocms, mampuya NJIAHUPOBAHUA,

pes3yibmanivl UCH bIMAHUI.

INVESTIGATION OF THE STRENGTH OF A WELDING CONNECTION
IN THE WELDING OF THE ALUMINUM ALLOY BY THE FRICTION
METHOD WITH MIXING

Alexey E. Sukhorada,

Master of Arts, FEFU, Vladivostok, Russia,
Konstantin A. Polutsky,

Master of Arts, FEFU, Vladivostok, Russia,
Vladimir N. Statsenko,

Doct. Tech. Sci., Professor of FEFU, RF
E-mail: vladsta@mail.ru

Abstract. The article presents data on the analysis of the technology of the
welding process by friction with mixing. An important element of this study is the
determination of the strength of the welded joint, which is determined by the
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method of mechanical tensile testing. The results of measurements and
calculations, the regression equation are presented.

Keywords: technology, friction stir welding, technological parameters,
strength, planning matrix, test results.

CBapka Tpenuem c mnepememuBanueM (CTII) sBiseTcss OTHOCHUTENBHO
HOBBIM  METOJOM TIOJIyYEHUS HEPa3bE€MHBIX COCIMHEHUN  MaTepHaloB,
3amarenToBana B 1991 rogy TheWeldinglnstitute (TWI), BenukoOpuranus [1].
NutencuBHOE U3y4eHUe JaHHOTO nporecca, HaIpaBJICHHOE Ha
COBEPILIEHCTBOBAHUE TEXHOJOTUM U O00OPYIOBaHHUSA, TMO3BOJIMUIO BHEJIPUTH
JAHHBIN crioco0 3a py0exoM B IPOU3BOICTBO BHICOKOTEXHOJIOTMYHBIX U3IEIUI B
TaKuX OTPaCisAX KAaK BaroHO-, CyJ0-, aBUACTPOEHUE W MHOruX Apyrux. CBapka
TPEHUEM C NIEPEMEIINBAHUEM OTHOCUTCS K MPOLECCAaM COETMHEHHS] MaTEPUAJIOB B
TBEpAOM (a3e U M03TOMY JIMIIEHA HEAOCTATKOB, CBSI3aHHBIX C PACIUIABICHUEM H
WCIIAPEHUEM MeTajuia.

TexHo10THSA CBAPKU TPEHUEM C NepeMelIuBAHUEM U METOIUKA
HCCJIeOBAHNS

CBapka BemeTcsi BpAalAIOIIUMCS  METAUIMYECKUM  HEpPacXxo1yeMbIM
uHcTpyMeHTOM [2, 3]. MHCTpYyMEHT mpeacTaBisieT coOOW CTep:KeHb ¢ OypToM
(3amieynkoM) auamerpoM D, M3 KOTOPOTro BBICTYMAeT MHH AWaMeTpoM On. u
mmHou |,. Tlpu cBapke OoCch MHCTpYMEHTa HAKJIOHEHA Ha Yrojl ¢ OTHOCUTEIHHO
HOpMaJid. MTHCTpYMEHT, BpalllasiCh C 4aCTOTOW v, TIOTPYKAETCA B CBAPUBACMBII
METa/Ul Ha OMNpee/icHHYI0 ryOouHy | M mepememaercs BIOJb CThIKA JeTaiei
(yriom «Brmepen») co CKOpocThio cBapku V.. Ilpu 3ToM 3amiedyuk 3aiiuiinaet
MECTO CBapKu OT BO3JIEUCTBHUSI OKpYXKarlleW cpensl. B pe3ynprare Harpesa oOT
TPEHUS U IPUJIOKEHHOTO JIaBJICHUS OT CUJIbI P, MeTait o OypToM NEpEexXoIuT B
pa3MATYE€HHOE TIACTU(UIMPOBAHHOE COCTOSTHUE. 3a CYeT IepeMELIMBAHUS
MIaCTU(PUIIMPOBAHHOTO METalllla C TMOMOIIBI0 OypTa W TPWIOKEHHS K HEMY

JaBJICHUS 3a UHCTPYMEHTOM 00pa3yeTcsi CBApHOM LIOB.



B Hammx sKcrnepMMEHTaNbHBIX HUCCIIEIOBAHMIX HCIOJIb30BaJICS padbouuit
WHCTPYMEHT, BBITIOJHEHHBIH W3 HMHCTPYMEHTAIbHOW OBICTPOPEXKYIICH CTaju
P6MS5. CBapka npousBoIuTCS Ha yHUBEpcanbHO-Gpe3epHoM ctanke Opti MT100,
B KOTOPOM CKOPOCTh CBAapKH peryiupyercs B auamna3zoHe oT 24 mo 402 mm/MuH,
yacTtoTa BpauieHus: nuuctpyMmenta ot 40 mo 1660 06/MuH, TOBOPOTHAsI TOJIOBKA
oOecrieunBaeT BEIOOP yToJI HAaKJIOHA MHCTpyMeHTa B uamna3one ot 0 go 90° [4].

B Hacrosimiee BpeMs MPOBOAMUTCS SKCIEPUMEHTAIBHOE HCCIECI0BAHUE
3aBUCUMOCTH CBOWCTB CBApHOIO COEIUHEHUSI OT CIEAYIOIINX HE3aBUCHUMBbIX
¢bakTopoB:

- CKOpPOCTh MOJIa4M (CKOPOCTh CBapKu) V., MM/MUH;

- CKOPOCTh BpallleHUsI HHCTpyMeHTa N, 00/MUH;

- YTOJI HAaKJIOHA UHCTPYMEHTA O, TPal.

Jlnst kaxkioro u3 3TuX (HakTOpoB BHIOpaHBl OCHOBHOM, BEPXHUHN M HIDKHHMA
YPOBHH, pacCUMTaHbl HHTEPBAJbLI BapbupoBanus (Tabi. 1).

[Tocne xoaupoBaHus 3THX (PAKTOPOB MOJYYEHBI KOJUPOBAHHBIE 3HAYCHUS
KaX0T0 akTopa B BUE +1 NI BEpXHETO YPOBHS U -1 JIsl HIDKHETO YPOBHSI.

B Hactosimieit paboTe HCHONB30BAHO IUIAHUPOBAHUE B BHUJAEC IMOJHOIO
daktopHoro skcriepumenta ([1PIJ) ¢ Tpemsa dakropamu U IBYMS YPOBHIMHU C
OOLIMM KOJIMYECTBOM SKCIIEPUMEHTOB PaBHBIM 8.

Jlst MOBBIIICHUS OIHOPOIAHOCTH OIICHOK TUCTIEPCUI u
BOCIIPOU3BOJAMMOCTH 3KCIIEPUMEHTOB Ka)KIblil PEKUM MOBTOPSIICS TPU paza ¢
OINPEIEICHUEM CPEAHET0 apu(PMETHUECKOr0 U pacyeTa CPeIHEro KBapPaTHUYHOTO
OTKJIOHEHMsI. To ecTh oOllee KOJMYECTBO 3KCIEPUMEHTOB cocTaBisio 24. s
CHUKEHHSI CUCTEMATUYECKOW MOTPEIIHOCTU NPH IJIAHUPOBAHUM SKCIEPUMEHTOB
OblJ1a pOBEJIeHa PaHAOMM3alUs MOCIEI0BATEILHOCTH TPOBEICHUS OIBITOB, T.€.
MOCJIEIOBATEILHOCTh MPOBEJACHUS OMBITOB ObLIAa COCTaBJIEHa IO 3aKOHY
CIIy4alHbIX YUCEIL.

ITocne 00paOOTKM TOJYYEHHBIX pe3yJbTaTOB [6] OBUIO MOJYy4EHO

ypaBHEHHE PErpecCHr, KOTOPOE HMEEeT CBOOOIHBIN Kod(duimeHt by, Tpu



JUHEHHBIX K03 duimerTa by, b,, bz, koadduimenTs 1BOHHOrO B3aMOACHCTBHS

D12, D23 1 by3, a Takke KO3DPHUIIEEHT TpOiTHOTO B3aumMoACHCTBYS D)3
y =178,77+5,04x, —3,52X, —5,21X; +1,55% X, — 0,26X X; — 0,37X,X; — 0,81X, X, X;.
[Tocne cocTaBneHus MaTpulbl IUIAHUPOBAHUA (Tabs. 2) OBLIM MPOBEICHBI
sKcriepuMeHThl. McmbiTanus 00pasnoB Ha paspeiB mpousBogwich no ['OCT
1497-84 [5] Ha yHHBepCaJbHOW HUCHBITATEIbHON MammHe ¢Gupmbl Shimadzu

cepun AGS-X 100kN, mnpenHa3HaueHHOW IS IPOBEACHUS MEXaHHYECKHX

HUCIILITAaHUN pas3JIMdHBIX MATCpUuaJIoOB, B TOM HYHCIC MCTAJJIOB, APCBCCHUHEI,

IIJIACTUKOB.
Tabnuya 1
YpoBHU BapbUpOBaHUS (PaKTOPOB
HaunmMeHnoBanue O6o3HaueHue HuTepBabl YpoBHM BapbHPOBAHUS
(dakTopoB (dakTopoB BapbUpOBaHUs *| -1 0 +1
CKOpOCTb o1a4H, V., 9 24 33 42
MM/MUH
Hactora BparieHus n 405 850 | 1255 | 1660
WHCTpYMEHTa, 00/MUH
YTroa HaKIIoOHA o 05 1 15 2
HHCTPYMEHTA, TPpaj
Tabnuya 2
Marpuua riaHupoBaHus
No —
X1 X2 X3 X1 X2 X2 X3 X1 X3 X1 X2 X3 y
/o
1 + + + + + Y1
2 - + - - - V2
3 + - + - - + - 3
4 - - + ; ; + Va
5 + - - - - Vs
6 - - - - + V6
7 + - - - - V7
8 - - - + + - V8

Cratuctuyeckass o0paboTKa TMOJY4YeHHOTO YpaBHEHHUS IIPOBEACHA IO

CIICAYHOIIUM ITOKA3aTCIISIM.




1) Ilposepku 00HOpoOHOCMU OUChEPCUll U 80CHPOU3BOOUMOCTU ONbBLINOS.
Ota mpoBepKa IMpoBeJcHa ¢ MOMOIIBbI0 pacdera KputTepus KoxpeHa, KOTOPBIH
MOKA3bIBACT, KAKYIO JIOJIO B OOIIEH CyMMe TUCIEPCUI 3aHUMaeT MaKCUMaJIbHas
u3 Hux. [lo HAmKMM JTaHHBIM pacueTHOE 3HauYeHHE Kputepus KoxpeHa cocTaBHIIO
G, =0,5, a mpu crenensx cBooons!l f; =2 u f, =8 ero taGmmuHoe 3HaueHue
Gra6:=0,516. Tak kak G,< Gyu65, TO MOKHO CHEIATH BBIBOJ, YTO JHUCIIEPCHU
OJTHOPOJTHBI, & SKCIIEPUMEHTBI BOCITPONU3BOIUMBI.

2) [Iposepru cmamucmuyeckol 3HauuUMOCmu KO3 @OuUyuenmos ypasHeHus..
Orta mpoBepka Ipom3BeaeHa Mo KpuTepuio CThIOJICHTA, pAacUCTHOE 3HAUYCHHUC
KOTOPOTO  ONpeNIessieTcss KaK  COOTHOINCHWE  3HAYCHHWS  KaXJJIoro U3
KO3 (PUIIMCHTOB ypaBHCHHMS Ha CpCJHEE KBaJpPaTUYHOC OTKIOHCHHE OT
reHepalpHOi aucrepcun BocrpousBogumoctu ty =|bjl/o. 3arem »>Tu 3HaueHuns
CPaBHHMBAIOTCS C TAaOJMYHBIM 3HAYeHHEM Kputepusi CThIOJACHTA, KOTOPBIH IpH
crenenu cBoooabl f=16 paseH t,,5,=2,12.

CTaTUCTHYCCKH HE 3HAYMMBIMHM OKa3aduCh KOA(GUIMEHTHI Dip, Dr3, D13,
D1p3, Tak kak a1 9TUX KO3(DGHUIUEHTOB 1, < t6, 3TH KO3(DGDHUIUEHTHI
HCKITIOYAOTCS.

3) Ilposepxu modenu na adexsamuocms. ITa MPOBEPKa MPOU3BEACHA IO
BEJIMYMHAM OTKJIOHEHHS MEXIY OKCICPHMMCHTAIBHBIMUA pPE3yJIbTaTaMH M
3HAUCHUSMH, pPACCUYUTAHHBIMH II0 ypaBHEHHIO  perpeccun. IIpoBepka
IIPOU3BOIUTCS C MOMOIIBIO pacueTHOro Kputepus duiepa, KOTOPBIH I HATUX
IAaHHBIX OKa3aiics paBHbM F,=0.

BrruncnenHoe 3Hauenue F, cpaBHuBaeTcs ¢ TaOIMYHBIM 3HAUYECHUEM

kputepusi duiiepa, KOTOPBIM s cTteneHed cBodoabr f,, =1 u f, =16 Oyzger

FTa6H = 3, T.C. Fp <F

a6n+. 1AK KaK BBIYMCJIICHHOE 3HAYEHUE KPUTEPHUS MEHBIIE
TaOJIMYHOTO, TO MOJTYYEHHOE YPaBHEHUE PErPEeCcCUu aJeKBaTHO.
[Tocne packogupoBku (HAKTOPOB X;, X U X3 YpaBHEHUE pPETPECCUu

IPUHUMACT BU



y =186,76+0,56-V_, —0,008-n—-10,42-«

Ilonmy4yeHHOE ypaBHEHHE IIO3BOJISICT PACCUUTATh 3HAYCHUS IPOYHOCTH B
3aJJaHHOM JMalla30He W3MEHEHMS BXOIHBIX (DAaKTOPOB — CKOPOCTH CBApKH V.,
CKOPOCTH BpalleHUs] MHCTPYMEHTA N U yIJla HAKJIOHA UHCTPYMEHTA 0.

Ha puc. 1 mpencraBiern rpaduk 3aBUCUMOCTH MPOYHOCTH CBApHOTO
COCIUHEHUSI OT CKOPOCTHM CBAapKM M CKOPOCTH BpAIIECHUS WHCTPYMEHTA IIpU
NOCTOSIHHOM yTJI€ HAaKJIOHAa MHCTpyMeHTa 2°. Ilo 3TMM 3aBUCHUMOCTSIM MOKHO

BBI6paTI> PCXKHUM C HanOoJIee BEICOKUM ITOKa3aTelIeM IMPOYHOCTH.

185,00 n=850
// ~1000
"2 n=1200
180,00 - "4 n=-1400
T |4 n=1600
- 175,00 — __'T:i f_____.-..--"“_._--"'"'}
& 170,00 —
____.-—f___,_.—-—"
16500 |
160,00
155,00

24 26 28 30 32 34 36 38 40 42

VB, MM/MUH

Puc.1. 3aBUCUMOCTH TPOYHOCTH OT CKOPOCTH CBAPKHU U CKOPOCTHU BPALIEHUS
MHCTPYMEHTA MPU MOCTOSSHHOM yTJIe 2°
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Abstract. The article deals with the process of forming a functional control
scheme for a machine building enterprise. During the formation of the scheme, we
analyzed the material, financial and information flows, and determined the
functions of their transformation. We have constructed a functional diagram of
the management of a machine-building enterprise with an integrating link in the
form of a planning function.

Keywords: production planning, functional scheme, production
management

BBenenue

[IpoOGnema ynpaBieHUs NPEANPUITHEM HE HOBA, HA ATy TEMY MyOIUKYETCS
OOJBIIIOE KOJIMYECTBO cTared, MoHorpaduil. M, Tem He MeHee, dTa TeMma
NpOJOKAET OBITh AaKTyaJdbHOM, YTO CBSI3aHO KakK C pa3BUTUEM CaMHX
MPEINPUITUNA, TAK U C MOCTOSTHHBIM W3MEHEHUEM BHEIIHEW CPEJbl, B KOTOPOH
onn ¢ynkuuonupywT. Hampumep, B CoBerckom Coroze Obl1 HapaboTaH
OTPOMHBIN ONBIT YNPABJICHUS MNPEANPUATUSIMU U IEJIBIMA OTpACIsMH, Oblia
pa3paboTaHa IIJIaHOBasi CHUCTEMa BEJCHUS XO35ICTBA B TOCYAapCTBEHHBIX
Macmtabax. OnHaKo, 3Ta cUcCTeMa ObUla paccudTaHa Ha COIMATUCTUYECKHUE
MPUHIUINBI YIPABJICHUS TOCYIapCTBOM, C OJHOW CTOPOHBI, U Ha MaCCOBBIH
XapakTep MPOU3BOJICTBA, C IPYTOM.

B coBpemeHHOM MUpe M3MEHUIAch Cpela B CTOPOHY, TaK Ha3bIBAEMOW,
PBIHOYHOM SKOHOMHUKH, HMMEIOIIEH Apyrue MNPUHIUIBI (PYHKIIMOHUPOBAHUS H
3aKOHbl ~ ToBeneHus. KpoMe  Toro, pa3BUTHE  MAIIMHOCTPOUTEIHLHOIO
MIPOU3BOJICTBA, COBEPIICHCTBOBAHUE TEXHOJOTUNA M3TOTOBJICHUS TIPUBEIIA K
HACHIIIIEHNIO 00IecTBa HeoOxoaumon mpoaykmnuei. [ToaTtomy obmecTBo crajo
MOAXOJIUTh U30UPATEHbHO K MIPUOOPETEHUIO HOBBIX MPOJYKTOB, UTO MPUBOIUT K
HEOOXOJIMMOCTH YMEHBIIICHUSI TApTUN U3TOTOBJEHUS OIWHAKOBOM MPOIYKIIHH,
MOCTOSIHHBIX Pa3pa0O0TOK HOBBIX BUJIOB, & YaCTO M BBIITOJIHCHUE WHIUBUTYaIbHbI
3aKa30B.

N3menenne mOTpeOHOCTEM BHEIMIHEW Cpeabl CO3JAJI0  TEHJCHIIHIO

CMCIICHUS XapaKTEpa MPOU3BOJACTBA B CTOPOHY MGJ’IKOCCpHﬁHOFO n CAUMHUYHOI'O
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TUIOB. YTPaBJICHUE NPEINPUITUEM B TAKUX YCIOBUSIX CYLIECTBEHHO OTIMYAETCS
OT TIUIAHOBOM TOCYJapCTBEHHOM CHCTEMBl M  YOpPaBICHUS  MacCOBBIM
IIPOU3BOJICTBOM.

Jnia pa3paboTku 3(PPEeKTUBHON CHCTEMBbI YNpaBICHUS NPEAIPUATUIMU
TpeOyIOTCSI ~ HOBBIE  MOAXOJbI, C  Y4YeTOM  H3MEHHBIIUXCS  YCIIOBUH
¢yHKIMOHMpOBaHUA. B crartbe mpennaraercs MoaxoJ K pa3paboOTKe CHUCTEMBI
yIpaBiIeHUs, OCHOBAHHBIM Ha aHanu3e (QYHKIIMHA, BBIMOIHIEMBIX B IPOIECCE
pa®oThl mpeanpusaTHs, W (GOPMUPOBAHHUM CXEMBbl B3aHUMOJCHCTBUS BCEX
CTPYKTYPHBIX HOJPA3/ACICHUI.

Cxema npeo0Opa3oBaHus IOTOKOB

OCHOBHOH LI€JIBIO JTF0O0r0 MPOU3BOICTBEHHOTO MPEANPUSITHS, B TOM YHUCIIE
Y MalIMHOCTPOUTENBHOTO, ABJISETCS BBITYCK MPOAYKIUU. ONucaHue MpoTeKaHus
MIPOIIECCOB, COMPOBOXKIAIONINX BBIMYCK MPOIYKIIMU MOXHO OCYIIECTBUTH Ha
OCHOBE  CX€Mbl  MpeoOpa3oBaHMsl  MaT€pUAIbHbIX,  (UHAHCOBBIX U
UH()OPMAIIMOHHBIX TOTOKOB. XapakTEpHO, 4YTO JII0Oble MpeoOpa3oBaHUS
MaTepUaIbHBIX TTOTOKOB MPOUCXOAAT TOJIBKO B COOTBETCTBHH C CYIIECTBYIOITUMHU

3aKOHAMHU, MPEJCTABISIOMUMU HHPOPMAITMOHHBIE TOTOKH (puc.1).

lpoyecc
npeobpa3osaHusi :>

P

m2

Puc. 1. Cxema npeoOpa3oBaHusi TOTOKOB

Onucanue 3aKOHOB M TIPOIIECCOB IMpeoOpa3zoBaHus HauOosee ya00HO
npeactaBiiaTh B Buie (yHkiuil. Ha puc.]l mnokasaHo kak B pe3yJlibTare

B3aMMO/JICHCTBUSL IByX MaTEpPUATbHBIX MOTOKOB Pp; U P, mosBisieTcs TpeTHil
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npeo0pa3oBaHHbI MOTOK P, Mpu 3TOM mpolecc Tpeodpa3zoBaHus MOAUYUHSIETCS
3aKOHaM, HOCUTEJIEM KOTOPBIX SIBJISAETCS MHPOPMAIIMOHHBIN MOTOK Pjn, KOTOPHIiA
MO>KeT OBITH omrcaH HeKoTopoi dyHkmumeii fj [1].

B cymiectBytomeM MaTepuaibHOM MHUPE BBIITYCK MPOAYKIIUU MIPEAIIONIATacT
npeoOpa3oBaHWe OJHOTO BHAA MaTepHayioB B JApyrod. WHBIME clioBaMH,
MPOU3BOJICTBO pean3yeT (YHKIIMIO MpeoOpa3zoBaHUsi OJHOTO MaTEpPHAIBHOIO

MOTOKA B JIpyrou (puc. 2).

me

Pme
fi — =

npoussodcmeo

Puc. 2. Cxema npeoOpa3oBaHusi MATEPHAILHOTO MTOTOKA

Ha puc. 1 BXxomgHO# MaTepuaiabHBIN MOTOK 0003HAauYeH PmM;, BbIXOIHON —
Pm,, ¢byakums, peanmsyromias mnpeoOpa3oBaHue MmoTokoB, f;. IIpeoOpazoBanue
MOTOKa MOJKHO 3aIcaTh B BHJIE cieayromei Gopmyisl: 12 Pm;—Pm,.

BxoaHol MaTepranbHBIN TOTOK MPECTaBIIICT Ipeodpa3yemMble B Ipoliecce
IIPOM3BOACTBA MaTEPUAJIbl, KOMIUICKTYIOIIUE, KOTOPBIE ITPUHITO HA3BIBATH ChHIPHE
M MaTrepualibl. BBIXOJHOW MaTepUANIbHBIM TOTOK NPEACTABISET MPOIYKIUIO
MPEANPUITUS B BUJIE U3JICIIHM.

JleaTenbHOCTh MPEANPUATHS HAlPaBJIeHA HA M3TOTOBICHUE MPOAYKIHUU C
HEIbI0  peaju3aluud €€  TOKylareao W MOJy4eHUur0  (UHAHCOBOTO
Bo3HarpaxaeHus. [lomyueHHOe BO3HArpakJaeHne pacxoayeTcs Ha MPUOOpeTeHHE
HOBOW MapTHUU ChIPbSI U MATEPUAIOB ISl HU3TOTOBJICHUS CIECAYIOIIMX BHUIOB
nponaykiuu. Takum o0pa3oMm, TMOSBISIOTCS — JOTOJHUTENbHBIC  (YHKIIUH,
o0ecreunBaoIIre peaan3alrio OCHOBHON (YHKIIUM U3TOTOBIIEHUS TpoayKuun. K

TakuM (QYHKIUAM oTHOcsATCs: f, — QyHKIMS mpojaxku (peau3aum) IpoayKIUH,
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f; — dynkuus pacnpenenenus (GUHAHCOBOro BO3HarpaxkaeHws, f, — GyHKus
nproOpeTEeHUs ChIPbs U MaTepuasos (puc. 3).

Ha puc.3 maTepuanbHbIil TOTOK N300paKeH TBOMHOM JTMHUEH CO CTPEIKOH,
(GUHAHCOBBIM TMOTOK — IYHKTUpPHOM juHUeW. Peammzamus  QyHKIumi,
u300pakeHHbIX Ha cxeme (puc. 3), mpeamonaraer mpeoOpa3zoBaHHE
MaTepUalbHBIX W (PUHAHCOBBIX MOTOKOB. Tak, B pe3ylbTare peaau3aluu
¢ynkuuu f,, HEeKOTOpas YacTh MPOU3BEACHHON MPOIYKIMU OYyAET MpoaaHa, U 3a
Hee Oyje mosydeHo (puHaHCcoBOe Bo3Harpaxkaenue: f,: Pm,— Pd;. Beimonnenue
¢ynkumn f; mpeamonaraer BbIIEICHHWE HEKOTOPOW YacTH (PUHAHCOBOTO
BO3HArPaXKICHUS Ha MPUOOpETeHHE ChIphbs 1 MaTepuanos: f3: Pd; —»Pd,. ®ynkus
f4 B iporiecce 3aKynKu CHIPhSl U MaTepPHAIIOB IIpeodpa3yeT (PUHAHCOBBIN MOTOK B

MaTepuaabHbIi: f4:Pd, »>Pm;.

ﬁ P dz f-'?
3aKynka - ———— = pacnpedeneHue

Mamepuanos ¢buHaHcos

1
P [ P

1

P 1

maz
fi /2
I:D=- peanusayus I:L>~

npouseodcmeo npodykyuu

Puc. 3. Cxema npeoOpa3oBaHust MaTepHATBHBIX M (PMHAHCOBBIX TTOTOKOB

Takum  oOpa3om, peanuszanusi ONHCAHHBIX  (PYHKIUNA  TIO3BOJISET
copMUpOBaTh LHUKI MPeoOpa30BaHUS MAaTEPUAIBHBIX U (PHHAHCOBBIX MOTOKOB
MaITUHOCTPOUTEIIBHOTO MPEATPUSITHSL.

DopmupoBanue GyHKIUN

OnucanHble BbIIIe (PYHKIIMH MOTYT BBITIOHITH PE0Opa30BaHuUs TOTOKOB B

COOTBETCTBUHM C HEKOTOPHIMH 3aKOHAMH WJIM TpaBWwiIamMu TipeoOpazoBanus. [lo
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CBOEW CYTH 3aKOHBI U IpaBWa MpeoOpa3oBaHUs SABISAIOTCS MUH()OPMALlMOHHBIMU
coctaBistonMu. Takum oOpa3om, s onpeaeneHus u Gpopmanuzanuu QyHKIIH
HE0O0XO0MMBbI HH()OPMALIMOHHBIE TTOTOKH, 3a/IaI0IUE 3aKOHBI, IPaBUIa U YCIOBUS
IIPOBEJCHUS peoOpa30BaHUil.

Jns peanmuzaruu GyHKnuu f; MPOM3BOACTBA MPOMYKIMH HEOOXOIMMO
3HaTh, 4YTO IPOU3BOJUTH, KaK, CKOJIBKO M Korja. Peanm3anus ocTanbHbBIX
byHKIMI Takke TpeOyeT OTBETOB HAa aHAJOTHUYHBIE BOIPOCHI, MHBIMH CJIOBAMHU
(hopMUPOBaHHUS OTIPECIICHHBIX TTapaMeTpoB (puc. 4).

dopmHupoBaHUE OIHMCAaHHBIX Ha puc.4 apaMeTpoB IS
MAIIMHOCTPOUTEILHOTO  TPEANpPUATHS  MOAPA3yMEBACT  HCIOJIb30BAHHE
KOHCTPYKTOPCKOM,  TEXHOJIOTMUYECKOM H  KOMMEpPYECKOW  HH(pOpMaIuu.
Konctpykropckas uHpopMmanusi, IMpeacTaBiIeHHass B  BUAE  KOMIUIEKTa
JIOKYMEHTAIlUH, COACPKHUT YEePTEKH, CHEIU(PUKAINU, BEIOMOCTH MOKYIHBIX H
T.4. Takas uHpopMalusi MO3BOJISET OTBETUTh HAa BOIPOCHI YTO MPOU3BOJIUTH U
YTO 3aKyNHUTh, TaK KaK COAEPKHUT CBEIEHHUS O COCTaBe, CTPYKType H3JCIHUH,

MCPEUHC ITOKYIIACMBbIX KOMINICKTYIOIINX.

YUMo npouU3800UNb
umo npooamaw
Kaxnpou3e00uns
f,: f, 14 cxorvkonpooame
CKOIbKO NP OU3600UND

K020a npooamo
K020a npou3600uns

Ymo 3aKynumo
CKOILKO (PUHAHCOB 8bLOCIUMb f, 11 ckonbko 3akynumo
K020a 8bLOeUMb K020a 3aKynums

Puc. 4. ITapameTtpsl popmupoBanusi GyHKUIUN

Texnonornyeckas nHpOpMaIKs, B CBOIO OYEPEIb, MO3BOJISET OTBETUTH Ha
BOMPOCHl KAaK TMPOM3BOAWTH M YTO 3aKyNUTh, TIOCKOJIBKY  COJEPIKHUT
TEXHOJIOTUYECKHE TIPOIECChl W3TOTOBIICHUS W3JCIUA, HOPMBI HEOOXOIUMBIX
maTtepuanoB. Kommepueckas cmyxba B mMpolecce 3aKIIOUeHHs I0roBopa ¢
3aKa3uuKOM (OPMHPYET OTBETHI HA BOIMPOCHI CKOJIBKO H3AEITUN HEOOXO0IUMO

IMPOU3BECTH, CKOJIBKO U KOrla IpodaThb.
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Takum 00pa3oMm, 4acTh HapaMeTpoOB s peaiu3anuu QyHKiui (puc. 4)
ONPEAEHACTCS  KOHCTPYKTOPCKOM,  TEXHOJOTMYECKOM W KOMMEPYECKOU
uHpopMmarmert. OIHAKO OCTAaeTCs JOCTATOYHO OOJNBIION 00bEM MapameTpoB,
CBS3aHHBIX C peanu3anued (yHKIUNA BO BPEMEHHU: KOT/a MPOU3BOAMTH, KOIJa
3aKymarh, KOT/Aa BBIACIATH (uHAHCHL. Peanmmsammsi 3TMX (yHKIHWA CBs3aHa C
IJIAaHUPOBAHUEM Pa0OTHI MOIpa3 ICICHUH.

®opmupoBaHue QyHKIHUN MIAHUPOBAHUS

CrnoxuBIIasicsi pakTuKa pabOThl OTEUECTBEHHBIX MAITHHOCTPOUTEIHHBIX
NOpeANnpuATAA  Tpeanonaraer  o00COOJEHHOE  MPUYEM  CaMOCTOSITEIBHOE
IUIAaHUPOBAaHHE PabOThl Kaxaoro mnonpasneneHus. Hampumep, ¢uHaHCcOBas
ciryk0a ucxojia u3 GUHAHCOBOTO TMOJIOKEHHUS TPEANPUATHS ONPEILISIET, KOrua u
CKOJIBKO BBIJICIUTH CPEICTB HAa 3aKYIKy MaTepHalioB, a BpeMEHaAMHU U Ha KaKue
MaTepualibl BBIJCIUThL CPEACTBA (UCXOAS U3 CYMMBI, YKa3aHHOU B cuete). Ciryx0a
MaTepHaTbHO-TEXHUYECKOTO CHAOXKEHUSI OIpEAeNiaeT, KOrja, YTO U CKOJIbKO
3aKyNMHUTh UCXOJS W3 YCTAHOBJICHHBIX B3aMMOOTHOIICHWW C TIOCTABIIMKAMHU W
yCIOBUM MOCTaBKUM. B  pesynbraTe peanu3anuss (QYHKIUU TPOU3BOJICTBA
CTAaHOBHUTCS TMPOOJIEMATHUYHON, HE CMOTpPS Ha TNOTpayeHHble (HUHAHCOBBIC
CpEeJICTBA, 3aKYIUICHHbIE MaTEPHUAJIbl, 3aKJIFOUEHHBIE I0rOBOPA C MOKYMATEISMHU.

[Io MHEHMIO aBTOPOB, PEIIUTHh MPOOJIEMY MOKET OpTaHM3aIUs €IUHON
GyHKIUM TUTAHUPOBAHUA, OOBEAMHSIONIEH Bce WH(OOPMAIMOHHBIE TOTOKU

NPEANPUSITHSI, COTJIACYIOIEH uX (pHc. 5).

4 fs o f1 f5
paspabomka =1 paspabomka 3aKymnKa - ———-- pacnpedeneHue
KOHCMpyKuuu mexHonoseuu Mamepuanos puHaHcos
1
1
1
1
f: f: f f:
chopmuposarue - I::> peanusayus |:>
nnaHuposaHue .
Jakasa P npoussodcmeo npodykyuu

Puc. 5. ®yHKIIMOHAIbHAS CXEMa MPEATPUATHUS
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Ha puc. 5 crutomHoi nuHuer 06o3HaueHbl HHGOpMallMOHHbIE TOTOKK. Ha
ocHOBaHMU WHpopMamu (GopMUpyeMOl KOHCTPYKTOpckod (dyHkmms fs),
texHonoruueckoit (¢pynkums fg) m xommepueckoit (pynkuus f;) cmyxOGamu
peanusyercs (QyHKIMS IUTaHUpOBaHUS fg. YuuThIBas, 4YTo mHpH peaau3alvu
GYHKIIUM TJIAaHUPOBAHUS arperupyeTcss Bcsi HeoOxoaumas IUisi MPOM3BOJICTBA
uHdopmarusi, GopMHUpPYyeETCs COracoBaHHOE UH(POPMAITMOHHOE SIPO.

Pa3zpaborannbpie TakuM 00Opa3oM MapameTpsl Uid peanu3auud (yHKIUH,
BBITIOJHACMBIX TIpH  TpomsBojcTBe mnpoxykmwm fi, f, f3, 4, mo3Bomar
chopmupoBath A(PEKTUBHBIE M COIVIACOBAaHHBIE CO BCEMH CIIy)KOaMu
YIPaBISIOIINE BO3IEUCTBHUA.

3akiouenue

Hcxons w3 93TOro, 3ajaya MOCTpOEHUs Haubonee >PPEKTUBHOM
(YHKIIMOHATBPHOW  MOJENH  yNpaBICHHS MPEANPUATAEM  3aKJII0YaeTcs B
(GbOpMHpPOBAaHUU CHUCTEMBI B3aUMOCBS3aHHBIX HEMPOTUBOPEUUBBIX (PYHKIUH
HEOOXOUMBIX JJIsl TIOMy4YeHHUs TpedyeMoro pes3yibTara, MEXaHH3MOB U
UHCTPYMEHTOB MX peanu3anuu [Omuoka! UCTOYHHK CCHIJIKM He HalIeH., 4, 5,
5].

[Toctpoenne (GYyHKIMOHATBHOM CXEMBI IS TPEANPHUSITHS  SIBISETCA
ocHOBOM (opmupoBanusi 3HPEKTUBHON CHUCTEMBI YIPABJICHUS, YUUTHIBAIOIICH
BCE OCOOCHHOCTM €ro  JAESTEeNIbHOCTH, MPOTEKAIOIIHUX  MPOLECCOB U
B3aMMOJICUCTBUS CTPYKTYPHBIX TojpasfenaeHuil. Pa3paboTraHHass Ha OCHOBE
(GYHKIIMOHATBHOM  CXEMbl  COBOKYIMHOCTh  OM3HEC-TIPOIIECCOB  TTO3BOJIHT
NPEANPUATAIO TIOAHITHCS Ha HOBBIA YPOBEHBb, IOBBICUB d(PPEKTUBHOCTH

IIPONU3BOACTBA U KOHKypeHTOCHOCO6HOCTI> MNPCAIIPUATHUS B LIICTIOM.
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PA3PABOTKA IIYMO3AIIUTHBIX MEPOITPUATHM JJIsI
CEJIMTEBHOM TEPPUTOPUU

Kopuaxa Anamonuii Bhaoumuposuu
acnupanm undxicernepuou wkoavl J[BOY, PD, 2. Braousocmok
e-mail: anatoliy korchaka informbox@mail.ru

Annomayun. Paccmompena npobrema aKycmuyecko20 3a2psA3HeHUs.
cenumeOHOU meppumopuu 20pooda Braoueocmoka. Ilpedcmasnensvt pesyrbmamoi
UCCcne0o8anuss ceemenma ceaumeOHou meppumopuu 2. Braousocmoka Ha
npeomem COOMBEMCMEUs  OCUCMBYIOWUM — CAHUMAPHLIM —~ HOPMAM — WYMA.
Buiasnenvr npegviuienus oonycmumvix ypoeuel wyma u npeosiodceHvl mMepvl no
VAVYUEHUIO — aKyCmMU4yeckou  oOCMAHO8KU  HA  3A0AHHOU — Meppumopuil.
Ilpeocmasnenvl  pezynibmamsl  pacuemos — 2eoMempuyeckux — napamempos
WYMO3AWUMHBIX IKPAHO8 U pPACCUUMAHA IPEHEeKMUHOCMb CHUNCEHUS YPOBHS
uwiyma 8 cyyae npumeHenusi maxKux 9KpaHos Ha UcCie008aHHOL MepPUmMopuu.

Knwueswvie cnoea: wiym; uwiymogoe 3azpsaznenue;, MpaAHCHOPMHBLIU UWYM,

UCMOYHUK Wwyma, WyMOSGWMI’I’ZHbZIZ IKPAH.

DEVELOPMENT THE NOISE PROTECTION MEASURES FOR
RESIDENTIAL AREAS

Anatoliy V. Korchaka
post-graduate School of Engineering FEFU, Russia,Vladivostok
e-mail: anatoliy _korchaka_informbox@mail.ru

Abstract. The problem of noise pollution of the residential area of
Vladivostok is considered. The results of the study of the segment of the
residential area of Vladivostok for compliance with the current sanitary noise
standards are presented.

The exceeding of permissible noise levels were identified and the measures
for improve the acoustic environment in a given territory are proposed. The
results of calculations of the geometric parameters of noise-shielding screens are
presented and the efficiency of noise reduction is calculated in the case of using
such screens on the investigated territory.

Keywords: noise; noise pollution; traffic noise; noise source; noise barrier.
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BBenenue

HlymoBOoe 3arps3HEHHE SIBISETCS OJHOM U3 HamboJee aKTyalbHbBIX
npobsieM COBpeMEHHBIX TopozoB. [lannas mpoOiema He 00oIIa CTOPOHON U
ropon Bnamuoctok. B cBa3u co cneuuduueckum penbedom, OOIBIION
IJIOTHOCTBIO 3aCTPOMKH M OTPOMHBIM KOJIMYECTBOM aBTOMOOMJIBHOTO TPAHCIIOPTA
CTOUT HauboJiee OCTPO.

B Hacrosmee BpeMs, MOHUTOPHUHI IIYMOBOH OOCTAaHOBKM HE BBI3bIBAET
3HAUUTENBHBIX 3aTpydHeHud. CyliecTByeT psii HOPMATHUBHBIX JOKYMEHTOB,
OJIHO3HAYHO PETJIaMEHTUPYIOIIUX MPOLECC HMHCTPYMEHTAIBHOTO KOHTPOJIS
ypOBHEH ITyma U 00pabOTKH MOJYYEHHBIX JJAHHBIX.

Bmecte ¢ TeMm, pa3paboTka Mep IO CHHXXEHHMIO YPOBHS IIyMOBOTO
3arpsiI3HEHUS Ha CENUTEOHBIX TEPPUTOPUAX CBSI3aHA C MHOXKECTBOM CJIOKHOCTEH.
B Oosbleil creneH OHU OOYCIIOBIEHBI MajbiM KOJWYECTBOM COBPEMEHHBIX
TEXHUYECKUX MCTOYHUKOB MH(OpMallMU, OTCYTCTBUEM B Halllel CTpaHE €IMHOU
METOJMKM  pacyeTa TEOMETPUYECKHMX M  aKyCTHYECKHX  [apaMeTpoB
IIYMO3AIIUTHBIX ~ COOPYKE€HHMH,  OTCYTCTBUEM  YCTOSIBIIEHCS  CHUCTEMBI
KJaCCU(pUKALMU  LIYMO3ALIUTHBIX  COOPYKEHUH,  OTCYTCTBUEM  €IMHOU
HOPMATUBHOU JTOKYMEHTAIUH.

HNccnenoBanue akycTUYeCKOM 00CTAHOBKU

C uenbio BBIABICHUS 30H IMOBBIIIEHHOTO LIYMOBOTO BO3AEUCTBHS OBLIO
BBINIOJIHEHO HCCJIEJOBAHUE CETMEHTAa TEPPUTOPUU JKUIIOM 3aCTpOMKH T.
BnanuBoctoka no npocnekty 100-netuss BnaguBoctoka B paiione qomoB No78-
136. TeppuTopusi IMEET HEOJHOPOIHBIN penbed, B CBSI3U C YeM, pa3lieiieHa Ha 5
Y4aCTKOB, B 3aBUCHUMOCTH OT IIOJIOXKCHMUS 31aHUM KUJIOM 3aCTPOUKHU
OTHOCHUTEJIBHO YPOBHS MPOE3KENU YaCTH aBTOJLOPOTH.

OCHOBHBIM MCTOYHUKOM IIyMa Ha UCCJIEIOBAHHOW TEPPUTOPUU SIBIIAETCS
aBTOMOOWJIBHBIM TpPaHCHOPT, MO3TOMY, HM3MEPSEMbIH MIYM KiIacCUPHUIHUPYETCS

KaK HETIOCTOSIHHBIN, KoJIeOmonuiics Bo BpeMeHu. HopmupyembiMu mapameTpamu
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SBIJIIIOTCS. SKBUBAJICHTHBIE MO HEPIuH Loy (1BA) u MakcumanbHble Lpa (1BA)

YPOBHH 3BYKa.

%3 omd)|

[}

————————————— =

[Jpocrexm 100-nemus Bnadubocmoka

Puc. 1 [1Inan-cxema TeppuTopun ¢ 0003HAUCHUEM YYaCTKOB MPOBEACHUS
W3MEpPECHUH

XapaKTepI/ICTI/IKPI HCCICOOBAHHBIX Y4aCTKOB u YCPCAHCHHBIC

AMIIMPUYECKUE 3HAYEHUSI YPOBHEW 3ByKa CBEJICHBI B Tabaumy 1.

Tabnuya 1
XapakTepUCTUKa YYaCTKOB
Pacnonoxenue Cpennuit ypoBeHb 3ByKa,
Ne [IpoTsKeHHOCTH 1BA
AcTKA yuacTKa, M OTHOCHTEJIBHO YPOBHSI
ya ’ MPOE3kKEN YacTu Limax Leg

1 300 Ha onmHom ypoBHe 69.2 66

2 240 THa2-5M 70 67.6

3 700 lHA2-5M™ 61 59

4 700 THa3-7TMm 65.7 63.6

5 300 THal-3 M 68.8 66.7

ITocTanoBKa 3a1aun

B pe3ynbrare OIeHKH MOJIyYEHHBIX JaHHBIX B COOTBETCTBUU [1], oueBMIHO
IPEBBIIIEHUE JOIMYCTUMOIO JKBHBAJICHTHOTO ypoBHA Imyma (Leg, IBA) Ha
BenuuuHy oT 4 10 13 nbA.

HecooTBeTcTBUE caHUTapHBIM HOpMaM (PAKTHUUECKOTO YPOBHS IlIyMa Ha
BBIJICJICHHBIX ~ YYacTKax, OMNpeAessieT HEOOXOAUMOCTh TPHHATHS Mep 1O

YIYUYIIEHUIO aKyCTUYE€CKON 00CTaHOBKH.
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CornacHo nUTEepaTypHbIM JIaHHBIM, HaubOojee >PQGEKTHUBHBIM CPEICTBOM
CHIKEHHUSI IITyMa Ha CETMTEOHBIX TEPPUTOPUSIX COBPEMEHHBIX TOPOJIOB SIBJISIOTCS
OTpaXKarole-TOTJIOMAOIINE [IIYMO3alIUTHBIE AKPaHbl, pPa3MElIaeMble MEXKIY
MCTOYHUKAMU IIyMa U 00bEKTaMU 3allUThI OT HETO.

B oOmem ciydae, akycTuueckue 3KpaHbl obOecrednBaioT 3()(eKTHBHOE
CHIDKEHHE IIIyMa Ha ypoBeHb OT 5 10 25 abA [2, 3, 4], uro B momHOH Mepe
YIOBJIETBOPSIET YCIOBUSIM.

N3 cyniecTByOmMMX KOHCTPYKIMM, HanOojee MOAXOAST ISl TOPOJCKHUX
YCJIOBUM KpaHbI B BUJI€ BEPTUKAIIBHOM CTEHKH [5, . 11].

B kadecTBe METOOMKH pacyeTa TIE€OMETPHUYECKMX U aKyCTHYECKUX

napaMeTpoB UCHOJIb30BaH cTaHaapt ['ocynapcrBeHHol komnanuu «ABTOJOP»

[6].

I'eomeTpuyeckue mapaMeTpsl M 0KMAaeMast aKyCTHYECKAS
3(pPeKTHBHOCTH IIYMO3AIUTHBIX IKPAHOB

Hcxons u3 TpedyeMoro CHMXKEHMS IIyMa, JIJs KaXJO0ro y4JacTka 3ajlaHa
TpeOyemasi akycTuueckas >QQEeKTUBHOCTh 3KpaHOB. Ha ocHoBaHMM 3a7aHHOM
3¢ (PEeKTUBHOCTH, TPOU3BEAEH pacueT OoxuaaeMod  >PQPEKTUBHOCTH U
r€OMETPUYECKUX MTapaMETPOB OTPAXKAIOLIE-TIOTJIOMAEMBIX 3KPaHOB, I KaXA0r0
ydacTKa MCCIEeI0BaHHOM Tepputopun. [lodmydyeHHble 3Ha4YeHUs, CBEIECHBI B
Tadauy 2.

[Ipu pacuerax axycTuyeckol 3(p(PEeKTUBHOCTH HIYMO3AIIMTHBIX SKPaHOB
PAacCMOTpPEHBI PACUETHBIE CEUYEHHUS, COCAMHSIONIME pACYETHYI) TOUYKY H
aKyCTUYECKUI HEHTP UCTOYHUKA LIyMa.

PacyeTHble TOUKM A KaKJOrO y4yacTKa BBIOpPAaHBI B JIBYX MeETpax oOT
dacaga caMoro OJM3KOro K aBTOJOpPOre 3JaHUs, Ha YPOBHE CEPEIMHbl OKOH
HIEPBOTO U MOCJIECTHEro dTaxkei [/]. YpOoBeHb cepeqrHbI OKOH MEPBOr0 3Taxa

IIPHUHAT PaBHBIM 3M. IlonoxxeHue AKYCTHYCCKOIr'o NneHTpa HMCTOYHHKA IIyMa
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HA3HAYCHO Ha BBICOTE IM HaJ ypOBHEM IPOE3KEH YacTH, Ha OCH HauboJiee
yIaJICHHOW OT pacueTHOW TOYKH ITOJIOCHI ABMXKEHHUS [6, ¢. 53].

C menpro o0ecrieYeHrs JOCTOBEPHOCTH PE3yJIbTaTOB, HAaUOOJIee MOIHOTO
ydeTa OCOOCHHOCTeH penbeda, s y4acTKOB MPOTSKEHHOCTBIO Oosiee 300 m

pacueT Npou3BOJIEH B TPEX TOUKAX.

Tabnuya 2
Pacuernbie IMapaMCTpPbI SKPAHOB
. TpeOyemas Pacuernas
Ne yuactia 3¢ deKTUBHOCTD, TBA 3P PeKTUBHOCTD, TBA Beicora, M| Hlumwia, M

11 12.3 4

1 164
10.3 10.6 4
13 13.2 4

2 387
12 12 4
4 8.2 3
3.6 4.7 3
4 7.8 3

3 548
3.3 5 3
4 7.5 3
3.3 3.9 3
9 9 4.5
6.8 2 4.5
9 9 4.5

4 548
7.5 4.3 4.5
9 11.9 4.5
7.8 2.8 4.5
12 13.2 4.5

5 387
9 3.4 4.5
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AHaJu3 pe3yJbTaToB

Ha ocHoBanuu pe3ysbTaToB HCCAEAOBAHUS U MPOBEAECHHBIX TEOPETUUECKUX
pacyeToB, MOXHO CJeJlaThb BBIBOJ O TOM, 4YTO TpeOyeMoe CHUKECHHE
aKyCTHYECKOTO IIymMa Ha ydacTtkax Nel-3 MoeT ObITh IOCTUTHYTO MOCPEICTBOM
WCIOJIb30BaHUS AKYCTHYECKHX 3KPAHOB OTPAXKAOMIC-MOTJIONIAONIEr0 TUIA C
yKa3aHHBIMH B TaOIuIE 2 MapaMeTpamu.

B cooTBeTrcTBHE C NAHHBIMM, MOJYYEHHBIMH JUISI YYaCTKOB TEPPUTOPUU
No4, NeS, cHmxkeHuE ypOBHS IIyMa JI0 JOMYCTUMBIX 3HAY€HUM, MOCPEICTBOM
YCTAHOBKM IIYMO3AIIWTHBIX 3KPAaHOB C YKa3aHHBIMU XapaKTEPUCTHKAMH,
HeocTUKUMO. [ToBbillIeHNE 3HAUEHUH aKyCTUYECKOU 2(P(HEKTUBHOCTH BO3MOYKHO
JUIIb 32 CYET YBEJIMYEHUS BBICOTHI COOpY:KEHUH. COBEPIIEHHO OYEBHIHO, YTO
YBEJIMYECHHE T€OMETPUUYECKUX Pa3MEPOB BEJET K PsAy HEraTUBHBIX (DaKTOPOB,
TAKAX KAaK YBEJIMYEHHE 30HBI CBETOBOM TEHHU, YBEIWYCHHE HArPyX’aemou
TUIOMIAM, CIIOXKHOCTH B MOHTa)X€ W OOCIYyXKMBaHUU B Pa3HOE BpeMs roja, He
ACTETUYHBIN BHEIIHUM BUJI. YUUTHIBAs NIEpEUUCIICHHBIE (DAKTOPHI, BHICOTY IKpaHa
B 4.5 MeTpa CleAyeT CUUTaTh KPUTHUECKOMU, [T 3aJJaHHBIX YCIOBHIA.

Kak Ob110 ckazaHo Bbiie, 3QGEKTUBHOCTh OTPAKAIOIIE-TIOTIONIAIONIETO
IIyMO3AIIUTHOTO COOPYXKEHHS, TEOPETUUECKHU, JEKUT B auamnazoHe S5-25 nbA,
OJIHAKO, B PE3yJbTAaTe€ pacuera, B CEMHU pPACUYETHBIX TOUYKa, I(PH(PEKTUBHOCTH
coctaBuiia MeHee 5 1BA.

B xome pacdera npuHATO AOMYIIEHWE O TOM, YTO OJKpaH SBIACTCS
HEIMPEPHIBHBIM. B peanbHbIX YCIOBUSX, HENMPEPHIBHOCTH JKpaHa OOECHEYUTH
Helb3d. Hannuue TeXHONOrn4ecKnX NpOEeMOB M Pa3pblBOB HA MEPEKPECTKAX
(mepecedyeHUsAxX) TMpUBEACT K CHIDKCHHIO aKyCTHYecKod 3ddeKkTuBHOCTH

COOPY>KEHHUSI.
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BBenenue

JInss MalmMHOCTPOUTENBHBIX NPEANPUATHN BAXHEUIIYIO POJIb HWUIPaAET
MOATOTOBKA TMPOM3BOJACTBA, KOTOpas TMpH3BaHa oOOECHeUYUTh MaTepHUaibHO,
WH(MOPMAIIMOHHO W OpraHU3alMOHHO Mpolecc Mpou3BojaAcTBa. OCHOBHBIMU
AJEMEHTAMH IOATOTOBKM IPOM3BOJCTBA  SABJSIOTCS  KOHCTPYKTOpPCKas U

TCXHOJOIN4YCCKas IIOATrOTOBKA, OIIPCACIAOmMMUE HE TOJIBKO 4YTO M KadK
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IIPOU3BOJIUTh, HO U OCHOBHBIE NTapaMEeTPbl U3rOTaBIMBAEMON NPOIYKILIHH, T.€. €€
KaueCcTBO, CEOECTOMMOCTh M KOHKYPEHTOCITOCOOHOCTS [1].

KadecTBO BBINOIHEHUSI KOHCTPYKTOPCKUX padOT, NOJHOTA U KOPPEKTHOCTh
opopMJIEHUSI  KOHCTPYKTOPCKOM  JOKyMEHTaluu  (COOJI0OJIeHue  YCJIOBHS
uHpOpMAIlMOHHAE ~ HEOOXOAMMOCTH M JOCTaTOYHOCTH)  OMPEICINISIOT
3¢ (HEKTUBHOCTD NanbHENIIEH paboThl, CBA3aHHYIO C MOATOTOBKOM MPOU3BOJICTBA
Y U3rOTOBJICHUEM MPOAYKIHH. B CBA3M C BO3pacTarOUIEn CI0KHOCTHIO U3AEIUN U
y)KeCTOUeHueM TpeOOBaHMU HE TOJIBKO K CaMOMl  KOHCTPYKTOPCKOM
JOKYMEHTAllMM, HO M K €& XpaHEHWIO, IIOMCKY HYXHBIX JOKYMEHTOB,
TUPAXXUPOBAHUIO, OTPAHUYEHUIO JOCTYyNa U T.JI., UHBIMU CIIOBAMH K YNPABIICHUIO
KOHCTPYKTOPCKHUM JI0OKyMeHTooOopoToMm [1, 2, 3].

B npomnuioM croneTuM, KOIZa YEpPTEXH, COCTABILIOLIME OCHOBY
TEXHUYECKON JOKYMEHTAllMM, BBINOJHSJIUCh BpPYYHYHO Ha KyJbMaHE Ha
IIPOU3BOJCTBEHHBIX MPEANPUATHIX U B KOHCTPYKTOPCKUX OIOpPO CYIIECTBOBAIU
cHeluaibHble CIYy:KObl XpaHEHUS M CONPOBOXKIEHUS STOM JOKYMEHTAIHH.
[upokoe pacmpocTpaHeHne HHPOPMALIMOHHBIX TEXHOJOTUNA U nosBieHne CAD-
CUCTEM, IMOPOAWIO HpoOsieMy HEOOXOJUMOCTU ONEPATUBHOTO U KOPPEKTHOIO
OTCIIEKUBAaHUSA OBICTPOPACTYIIUX OOBEMOB KOHCTPYKTOPCKOW JTOKYMEHTalUU B
BUJIe (haiiyIoB pa3IMUHbBIX TUTIOB [4].

B konue 1980-x rogoB, korga OTYETJIMBO CTaJId MPOSIBISATHCS MPU3HAKU
«ImoTepu YIPABISIEMOCTH BO3paCTaIOLUM OTOKOM CJIOHO
CTPYKTYPHUPOBAHHBIX KOHCTPYKTOPCKHX JIOKYMEHTOB, BO3HMKIM IiepBble EDM
(Engineering Data Management), a 3ateMm PDM (Product Data Management)-
cuctembl [4]. CreayroluM 3TanoM pPa3BUTHS CUCTEM YIPABICHUS TEXHUYECKUM
nokymeHToobopotom cramu PLM (Product Lifecycle Management)-cuctemsi,
KOTOpble OOecnedywsii XpaHEHHWe U yhOpaBieHue (aillaMu JOKYMEHTOB,
NOAJIEPKKY CIEHUAIN3UPOBAHHBIX JIOKYMEHTOB, XapaKTEpU3YIOLIUX COCTaB U
CTPYKTYpPY JIEMEHTOB W3JENUH, YIIpaBJICHUE YPOBHSIMHU, BEPCUSIMU U PEBU3USMU

JTOKYMEHTOB, a TAK)KE UX ONEPATUBHYIO BU3yanu3zauuio [2, 4, 5].
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Takas  QyHkuuonampHoCTh PLM-cucteM  1o3BOJIIET UM OBICTPO
oOpammarbcs K CTaHAAPTHBIM AJIEMEHTaM, CTPYKTypaM crienuukanuu u ¢aitnam
JUIs. TIOBTOPHOTO HCIIOJIB30BaHUs, U JIEPUBAIIMU, OJHOBPEMEHHO CHUKas PUCK
WCIIOJIb30BaHUsl HEIMPABWIIbHBIX BEPCUM JHM3allHA W YBEIMYMBAas MOBTOPHOE
WCITOJIb30BaHUE CYIIECTBYIomEed uHpopmaiuu o mpoaykre. Tem cambim PLM
CUCTEMBl TO3BOJIIIOT PEAIN30BATh KOMIUIEKCHBIA MOAXOJ KO BCEM acCIeKTaM
WH()OPMAITMOHHON KM3HMA TPOJIYKTAa C MOMEHTA €r0 CO3/IaHWs, W3TOTOBJICHWSI,
pa3BepThIBAaHUS M OOCIYyKMBaHUS, a TAaKXE OpraHu3alMell ero BbIBOJA U3
SKCIUIyaTal[ii ¥ OKOHYATEIBHOIO yaaneHus [2, 4, 6].

B  Hacrosmienn = cratbeé  pacCMOTPEHO  COCTOSIHUE€  OpTraHU3alvu
KOHCTPYKTOpPCKOro JokymMeHTooOopoTa B OAO «/lanbpbIOTEXIIEHTP», KOTOPOE
3aHUMAETCS MPOU3BOJICTBOM U PEMOHTOM TEXHOJOTUYECKOTO 000PYIOBAHUS IS
pbiOOIIepepadaThIBAIONICH MPOMBIIIIICHHOCTH, M MIPEAJIOKEHO PacCMOTPETh
ucnoias3oBanue PLM-cucteMbl Ha 3TOM MPEANPUATUHN ISl OPTaHU3ALUNA CUCTEMBI

€r0 yIpaBJICHHUS.
Opranu3zanus KOHCTPYKTOPCKOI0 JOKYMEHT0000p0TAa HA NPeANPUSATUN

MoxHO OTMETHTh, 4TO Osiaromapsi 3GGEKTUBHON TMOJUTHUKE HBIHEIIHETO
PYKOBOJICTBAa Ha MPEANpHUATHU CcHOpMUpOBaHA OpraHM3allMOHHAS CTPYKTYpa,
NO3BOJISIIOIASL  CO3JaTh M PEaqu30BaTh IUPKYISALUI0 HHPOPMAIIMOHHBIX U
MaTepUalbHbIX IOTOKOB, OPraHMU3YIOLIUX HCIOJHEHHWE HEOOXOIMMBIX OH3HEC-
npoueccoB. s obecrieueHrs NPOU3BOACTBA HEOOXOIMMOM HH(poOpmalueil B
OpPraHU3allMOHHOW CTPYKType MPEaNpHUsITHs HMEETCs] KOHCTPYKTOPCKOe Oopo
(Kb), 6ropo TexHonorunueckor mnoxaroroBku mnpousBoactBa (BTIIII), a Takxke
wiaHoBo-gucnerdepckoe  Otopo  (I1JIB), oOecneunBaromiee IIaHUPOBAHUE
IIPOU3BOJICTBEHHBIX 3aKa30B.

C mHavama 2014 r. HA OpeAnpPUATHM YCHEHUIHO JKCIUTyaTUPYETCS
UHTETPUPOBAHHAS CHCTEMa VYIPABIEHUS pecypcaMH MPEANpHUSATHS, UTO

IMMO3BOJIMJIO OPraHU30BaTh YCTKUC TCXHOJOIMYCCKHE ITOTOKH IIPpHU IMIPOU3BOIACTBC
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€AUHUYHOM M MEJKOCEPUHHOM MNPOAYKIMM M KakK pe3yJabTaT NOBBICUTH
POU3BOAUTENLHOCTD TPY/Ia OCHOBHBIX pab0YMX, CHU3UThH PACX0J MAaTEPHAIIOB OT
5% 110 15% ¥ MOBBICUTH KaYECTBO BBIITyCKaeMbIX H3aemuil [3].

B kadectBe ocHOBHOW 1mIaTdopMbl UCHoOJIb30oBaniach cucrema 1C:
VYrupasnenne mnpousBoactBeHHbIM npeanpusitueM (1C:YIII) Bepcum 8.2. Jlns
BBOJIa, KOPPEKTUPOBKU U KOHTPOJS SJIEKTPOHHOU CTPYKTYyphl uznenuit (DCH)
ucnons3oBanbl  uMmetomecss B 1C:VIII uHCTpyMeHTHl, (HOpMUPOBAHUA
cnpaBounnka «Homenkiarypa» u «KoHctpykrop cnenmbpukanuity [3]. Takum
o0pa3oM, 4acTUYHO oOecreurBaeTCsl HeNpepbiBHAS HMH(DOpMAIMOHHAS IIETOYKa
OT DBJEKTPOHHOW CTPYKTYphl M3IENHs [0 IUIAHUPOBAHUS KaXJOW JeTalne-
orepaiuu Ha paboueM MecTe.

Opnako Bompockl obOecrieyeHus] MOJIHOW, KOPPEKTHOM M KauyeCTBEHHOU
KOHCTPYKTOPCKOW JOKYMEHTAIME Ha MPEANpPUSTHS PElaloTcs B ONEPATHBHOM
nopsnke. Ilpm 3TOM cymiecTByroniass OpraHu3alys XpaHEHUS W HW3MEHEHHUS
KOHCTpyKTOpckoi nokymeHtauuu (KJ[) mpeanonaraer ucnosib3oBaHue cinadbo
CTPYKTYPUPOBAHHOIO  IPOCTPAHCTBA HA  BBIJCJICHHBIX  3alIOMUHAIOIIMX
YCTPOMCTBAaX KOMIBIOTEPHOW CETH NpeAnpusTus. VHBIMH CIOBaMHU, KaxKIblid
KOHCTPYKTOp OIpeaensieT rjae, Kak W MoJ KaKUMU UMeHaMH (0003HAYEHUSMM )
COXpaHsTh (albl paboYuX BEPCU U TOTOBBIX IOKYMEHTOB.

[TooToMy B KadyecTBE OCHOBHOW CHUCTEMBbl XpaHEHHS U OOMeHa
uH(popManued Ha NPEaNpUsITHU CYIIECTBYET apXUB OyMa)KHbIX JIOKYMEHTOB U
AIIEKTPOHHBIE KOIMWM XPaHATCS Ha OTBEACHHBIX MalKaX Ha CEepBEpe WM Ha
KOMITBIOTEPAX HWCIOJHUTENICH WM B TOPSAIKE, ONPEAEIIEMOM HCIOIHUTEISIMHU.
Kakoii-nnbo cucrteMbl 3JEKTPOHHOTO YIpPABJICHUS, XpaHEHUsT U OOMeHa
KOHCTPYKTOpPCKOW WH(pOpMAIMEl HE CYIIEeCTBYET. YUHTHIBAs CYIICCTBEHHBIC
NOTEpU BPEMEHHM Ha MOMCK, KOPPEKTUPOBKY M COTJIACOBAHUE MPHU MOATOTOBKE U
U3MEHEHUN OyMa)KHOW MOKYMEHTAIlMU, MOXKHO CKa3aTh, YTO Ha MPEANPHUATHAN

MMEIOTCS pe3epBbI JabHENIIEro noBbIIeHUS 3D (HEKTUBHOCTH pabOTHI.
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I aToro mpepyaraercss pacCMOTPETh MCIoJib3oBaHue PLM cucrembr Ha
npeanpuatun = OAO  «/lanbpplOTEXUEHTP» Uil  OpraHU3alMd  CHUCTEMBI

yIpaBJIEHUSI KOHCTPYKTOPCKUM TOKYMEHTOOOOPOTOM.
Ouenka 00bemoB usmMenenuii KJI Ha npeanpusituu

[Io OmBITHO BKCHEPTHHIM JAaHHBIM, IIOJYYEHHBIM B XOJ€ OIpoca
PYKOBOAMTENEH KOHCTPYKTOPCKHX OIOpO M TJIaBHBIX KOHCTPYKTOPOB, KaKIbId
roJl TOJABKO B XOJ€ pa3pabOTKU U3AEIUA U KOMIUIEKCOB KOPPEKTHUPOBKE
noasepraercs 60-90 MpoLEeHTOB KOHCTPYKTOPCKOW AokymeHTanuu. Ilpu 3ToM
TPYAOEMKOCTb KOPPEKTHUPOBOK COCTABIISIET B CpeAHEM NopsaKa 50 MpoueHToB oT
UCXOJHOM TpyaoeMkocTH (popmupoBanus K/I.

KonuyectBa neranmeii u COOpOYHBIX E€IWHUIL, BXOJALIUX B HU3ACIHUA,
BBIITyCKaEMbIE TPENpUsiTHEM, COCTABIAIOT 1 766 1 35 887 COOTBETCTBEHHO.

Ecnu npussaTh, 4TO CcpeaHssi TPYAOEMKOCTb pa3pabOTKU COOpOYHOM
€IVHULBI COCTABISIET 8 HOPMO-YacOB, a AE€Talu — 3 HOpMO-4aca, TO MCXOIs U3
UTOTOBBIX JAHHBIX, CyMMapHas TpPYIOE€MKOCTb [JIsi pa3padOTKH COOPOUYHBIX
enuanIl coctaBuT 14 128 HOpmo-uacoB, nertaneit - 107 661 HOpMoO-4yac, 4To B
oOmem coctaBut nopsyka 121 790 nopmo-4acos.

Hcxonst U3 3TOro, MOXHO MPUMEPHO ONPENETUTh OOIIYI0 TPYAOEMKOCTh
W3MEHEHU, KoTopass coctaBuT npumepHo 60000 HopMo-uacoB st
paccMaTpUBAEMBIX YCIOBUU.

A I COOTBETCTBEHHO CPAaBHUTEIBHOM OLIEHKM TOOBOM TPYIOEMKOCTH,
HY>KHOU 11 ipoBeneHus nsMenennd KJ1 npu BHenpenuu u He BHeaApeHuu PLM-
CUCTEMBI, MPOBOAWIM €€ W3MEHEHHS Psii MAIWH C PA3IUYHON TPYAOEMKOCTBIO
pa3paborku nox unrterpaiueit ¢ PLM-cucremoit PLM Search.

[Tpu 3TOM NOTYYHIIUCH CJIEYIOIINE MOJOKUTEIbHBIE PE3YIbTATHI:

- TPYIOEMKOCTh MpoBeneHust 1 u3aMeHenus 1,9 HopMmo-yaca Jjisi cOOpOYHBIX
equnuil, a 0,8 HOpMO-4aca JJis IeTajeu;

- MPOLIEHT BO3MOXHBIX OomMO0K 1% mist cOopounbix exunuiy, a 0,5% nms
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neTajei.

[Ipu sTOM CcymMmapHasi TPYAOEMKOCTh KOPPEKTUPOBKH KOHCTPYKTOPCKOM
JOKYMEHTAIIMN COOPOYHBIX EAMHHI] COCTaBUT 3 355 HOpMO-4yacoB, a aeranei -
28 710 HOpMO-4YacoB, YTO B CyMMe COCTaBUT Topsiaka 32 065 HOpMO-4acoB.

Takum oOpaszom, mnpumenenue cucteMbl PLM Search oGecrneunt
COKpAIllEHUE TPYAOEMKOCTH, CBSI3aHHOM C KOPPEKTUPOBKOM KOHCTPYKTOPCKOU
JOKYMEHTAITMH TIOYTH B 2 pa3a.

B mporecce KOHCTPYKTOPCKOW MOATOTOBKH y KOHCTPYKTOpa MOSBISIOTCS
Takue OIMUOKH, Kak JAyOJupOBaHME WJIM TOBTOPHBIA BBOJ JaHHBIX,
HECOOTBETCTBHUE JCUCTBYIOIIUM CTaHIapTaM, HECBOEBPEMEHHOE OMOBEIICHHE 00
U3MEHEHUSX U T.J.

[Mpu wucnons3oBanuu PLM Search koHCTpyKTOpbI pabOTalOT ¢ eIUHOU
0a30i JaHHBIX TOKYMEHTOB WM W3JEIHHA, HCHOIB3YIOT €IUHYI0 0a3zy IaHHBIX
CTaHAAPTHBIX W3JEIMH M MaTepuasioB W T.J. Takod MOAXOJ HCKIIIOYAET
HEU30eKHbIE OMIMOKHM, BO3HHUKAIONIME MPH HEOOXOAMMOCTH MapasijIeIbHOTO
BeZIeHUs 0a3 JaHHBIX U PyYHOTO BBOAA MH(POPMALIUU.

Kak mokaszaHo BbIIlIe, KOJIMYECTBO TAKUX BO3MOXHBIX OIIMOOK CHUMXKAETCS
st coopounbix eauauI Ha 1% u 0,5%, mns neraneii Ha 3% u 2%.

Pazymeercs, 4Tto npuBeneHHBIE CPEIHECTATUCTUUECKUE 3HAUYCHUS 3aBUCST
OT pa3HbIX (PaKTOPOB M MOTYT H3MEHSTHCS B KOHKPETHBIX ciydasx. OIHaKko B
nemom BHenpenue PLM Search oGecrneunBaeT 3HAYUTENBHYHO YKOHOMHUYECKYIO

MOJIb3Y U YJIY4IIaeT KaueCTBO KOHCTPYKTOPCKOM MOATOTOBKH.
3aKJIroueHue

Takum oOpasom, BHeapenne PLM Search seasiercs akryanbHOW 3amadeit
COBEpIICHCTBOBAHUSI CHCTEMbI YIPABICHUS TEXHUUYECKUM JIOKyMEHTOOOOPOTOM
JUTSL OCYIIECTBJICHUS CTPATETUU Pa3BUTHS.

Bosmoxxnoctu PLM Search mo3BossifOT JONONHUTH CHUCTEMY MOAY/ISIMH

paciipenust GpyHkuuoHana. OnHa U3 TaKUX BO3MOXXHOCTEH 3aKIJIFOUaeTCsl B TOM,
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gyto cuctema PLM Search rorosa k uHTErpanuu ¢ Jr0ObIMU HHOOPMAIITMOHHBIMU
CUCTEMaMU TPEAIPHUATHS. YK€ pealn30BaH MOY/b Mepeadd KOHCTPYKTOPCKO-
TexHosiornyeckux nanHbix B ERP-cuctemy 1C:VIIIL

[TorTomy BHenpenue cucrteMbl PLM Search npunecer nanpHelinyro

YKOHOMHYECKYIO 3P(PEKTUBHOCTH B YIIPABICHUN IPOU3BOICTBOM MPEATNPHUATHUSI.
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V]IK 621.791

AHAJIN3 KOHHEHTPAIIUU U MOP®OJIOI'HA ADPO30JIEM,
IHOJYYAEMBIX ITPH DJIEKTPOAYI'OBOU CBAPKE

Ban Ihnghn

maeucmpanm [B®Y, KHP

Cmauyenko Bnaoumup Hukonaeeuu,
0oxkm. mexH. Hayk, npogeccop /[BOY, PO
e-mail: vladsta@mail.ru

Annomayuna. B cmamve npeocmasnenvi  OanHble N0  AHAAU3Y
KOHYyeHmpayuu u mopgonozuu (pazmepos u Gopmvl) meepovix aspo3onel,
obpasyrowuxcsa npu 21eKmpooy208blX C8APOYHbIX pabomax. B usmepenusx
UCNONB308AHA CMAHOAPMHASL MemOoOuKa omoopa npoo na guremp muna ADPA c
NpUMEHeHUueM pPYy4HO20 AChUpamopa, 8eco8ol AHAIU3 KOHYEHmMpayuu aspo3o.ell
NPOU3BOOUNICS C NOMOWBIO AHATUMUYECKUX 8ECO8 C MOUYHOCMbIO UBMEPEHUL 00
0,1 me. Ananuz mopghonozuu Memaiiudeckol 4acmu a’po3oaeti nPou3Bo00UICs Ha
onmuyeckom Mukpockone ¢ mounocmoito 10-30 mMKkm, ananuz nememaniiudeckou
yacmu a’po3oneli Npou3eooUmcs HA MUKPOCKOne ¢ MOYHOCmbio 1-3 MKM.
Pesynomamer ananuza npedcmasnensvt 8 mabauuHom euoe.

Kniueevie cnosa: Mopgonocus, ronyenmpayus, pazmepwl, @opma,

CeApovHble AIpPO30]lU, MUKPOCKON, AHAJIUMuU4YeCKue 6ecobl.

ANALYSIS OF CONCENTRATION AND MORPHOLOGY OF
AEROSOLS GENERATED BY ARC WELDING

Wang Pengfei ,

master’s degree student of FEFU, KNR

Vladimir N. Statsenko,

doctor of technical science, professor, FEFU, Russia, Vladivostok
e-mail: vladsta@mail.ru

Abstract. The article presents the koncentracija analysis data and
morphology (size and shape) of solid aerosols generated during arc welding. The
dimensions of the used standard methodology for sampling on filter type AFA
using manual aspirator, weight analysis of the concentration of aerosols
produced by using the analytical balance with a precision of measurements to 0.1
mg. Analysis of the morphology of the metal part of the aerosols produced by

33


mailto:vladsta@mail.ru
mailto:vladsta@mail.ru

optical microscope with a precision of 10-30 um, analysis of non-metallic parts of
the aerosols produced by microscope with an accuracy of 1-3 um. The results of
the analysis are presented in tabular form.

Keywords: morphology, concentration, size, shape and welding aerosols,
microscope, analytical scales.

Kak u3BecTHO, B mpouecce CBapKHU CYyIIECTBYET HECKOJbKO BPEIHBIX IS
3I0pOBbsl  JItOJIe  (DU3UKO-XMMHYECKUX (DAKTOPOB: TbUIb, Ta3bl, CHUIBHOE
n3nydenne U Terio [1]. Cpemn mpodeccrnoHaabHBIX 3a00JIEBaHUI CBApPITUKOB
BBICOKA JI0Ji1 OpOHXOJIETOYHBIX, BBI3BAHHBIX BO3JCHCTBUEM CBApOYHOIO
a’po30is. OTO — [HEBMOKOHHMO3, KOTOPBIM BBIABISIETCS Yy CBAapLIUMKOB,
MpopabOTaBIIMX B CBAPOYHBIX Iiexax Oosee 15 5eT, U XpOHUYECKUN OPOHXUT,
BO3HUKAIOIIUHI yKe uepe3 5 neT padboTsl B podeccuu crapiuka [2].

B rpynmy pucka BO3HHUKHOBEHHUs MNpPOPEecCHOHANbHBIX 3a00JIeBaHUN
NOMAJaeT KaKJbli CBapIIMK cO cTaxeM paborel Oonee 10 njer, gaxke ecnu
CBapIIMK paboTaeT B mpenesiax JOMYCTUMBIX KOHIIEHTPAIMA BPEIHBIX BEIIECTB.
Kpome 3Toro, y HuX BBICOK PUCK CEPIEUHO-COCYAUCTBIX 3a00JIeBaHMil [3].

CBapouHbIil a3p030Jb MPEACTABISIET COOOH COBOKYNMHOCTb MeEIbYalIINX
4acTUll, 0Opa30BaBIIMXCS B pe3ysbTaTe KOHACHCAIMM MapOB PacCIUIaBICHHOIO
METaJlIa, IJIAKA U MOKPBITUA SJIEKTPOAOB [2].

MarepuaJjbl 1 METOAbI

Lenpto Hacrosmed pabOThl SBISETCS HW3YYEHUE KOHLEHTpAlUuu U
Mopdonorun (pa3mMepoB U (OpMbI) a’po30JieH, BBIIEISIOUMXCA B BO3AYX MpPH
3JIEKTPOIYTOBBIX CBAPOYHBIX paboTax.

Jlns orOopa yacTull TBEPABIX a’p030Jied UCIOIb30BAIUCH (QUILTPHI TUIA
ADA, (ADA-BII-10) B KOTOpBIX HCIMONB3yeTCS (QUIBTPYIOIIMK MaTepHal U3
PAaBHOMEPHOIO CJIOsI yJIBTPATOHKMX BOJIOKOH W3 IMOJHMMEPOB Ha MapieBOl
nomnoxkke win 6e3 Hee (bunstp [lerpsnona). ns kpemtenus ¢unstpoB ADA
npu 0TOOpEe MPOOBI ra3a WCIHONB3YIOT AJJIOHXK, KOTOPBIM MPEACTaBISIET COOOM

BOPOHKY, B ITUPOKOM YAaCTH KOTOPOH pa3meniaeTcs U Kpenutcs: GuibTp [4].
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OT6op 3arpsi3HEHHOro BO3Ayxa 4epe3 GUIbTP OCYIIECTBISETCS C
MOMOIIBIO aCIHUPATOpPa, KOTOPBIA 3a OJUH IUKJI CXKATHs MPOIYCKaeT dYepes
bunsTp 100 Mt Bozayxa. B mporecce orbopa mpod mpom3Boamiock S0 KauykoB
acuparopa, T.e. uepe3 QuiIbTp IpoIyCKaaoch 5 1 BO3ayXa.

W3mepenue mMacchl YUCTHIX M ¢ OTOOpaHHOM Mpo0oil aspo3oieit GuIbTPOB
MPOU3BOAMIIOCH C TOMOIIBIO AHAJTUTHYECKUX BECOB, TOUYHOCTh H3MEPEHHM -
0,0001 r.

Pacuet uncroro Beca mpoObl a3po30Jieii MPOU3BOIUICS KaK pa3HUIA BECOB
bunbTpa ¢ npoboit u unucroro ¢unsrpa. KoHreHTpauuo a’po3oneil B Bo3ayxe
OTIpeEeNsIach M0 3aBUCUMOCTHU

Cro=(M1-Mo)/G,,, , Mr/M>
Gios=V*N, M°.
rae My, My- Bec puiibTpa ¢ mpoOoi a’po30€il U YUCTOTO, MT;

Gyps - KOJIMYECTBO BO3TyXa, IPOKAUCHHOTO Yepes QHUIBTD, M;

N - KOTMYECTBO KAYKOB acTIUPaTOpa;

V, =0,1*10°, M° - 06beM OHOrO KadKa acupaTopa.

Bce pesynbTaThl U3MEPEHHI U pacyeToB BHOCITCS B Tabnuity (Tad:.1).

Jns wu3MmepeHuss pa3MepoB H  (QOPMBI  adpO30J€H  MCIOIB30BANICA
ontuueckuii mukpockon Mapku Nikon ECLIPSE MA200, npu makcuMaibHOM
€ro YBEJIMYEHUM Ha 3KpaH MOHHUTOpA BBIBOAWIACH JHMHEHHas mikaina 200 M.
Takke st Oosiee TOUHBIX M3MepeHui npumensuicss mukpockon OLYMPUS, ero
YBEJIMYEHHE MO3BOJISIIO YBUACTh U U3MEPUTH YACTHUIBI pa3MepoM 110 1 MKM, Tipu
3TOM Ha 3TUX MHKPOCKOMaxX M300pakeHHe BBIBOJAUIIOCH HA MOHUTOP, HA KOTOPOM
BO3MOYKHO OBUIO MPOU3BOAUTH M3MEPEHUsI U (PUKCUPOBATH U300pPAKEHUSI B BHUJIC
daitmos .pnd u .tif.

[Tocne wm3MepeHHs pa3MepOB BBIUUCISUIOCH CpelHEE apu(pMETHIECKOe

3HAYEHWE  3TOM  BEJIMYUHBI,  CpEOHEE  KBAJAPATHYHOE  OTKJIOHEHHE,
XapaKTepu3ylolee pa3opoc pa3MepoB OTHOCHUTEIIBHO CpeIHEro
apuPpMETHIECKOTO.
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OT160p mpo6 ¢ noMoIIblo PUIBTPa, AJIOHKA U aCIUpaTopa MPOU3BOAUIICS
Ha cTeHze Ha ypoBHe 500 MM HaJg MECTOM CBAapKH — B 30HE BJBIXaHUs adpPO30JIeH

cBapimkoM (puc.l). ITpu 3ToM BeHTUISAIMSA BO3AyXa ObUIa OTKIIFOYEHA.

acnuparop

AepxaTenb
50 cm

INSKTPpO4

MCTOUHME

Puc. 1. Cxema ctenpaa ayist orbopa npoo
Pe3yabTaThl 1 00CyKIEHHE

OKCIEpUMEHTBl ¢ OTOOpOM TMpoO Ha aHalu3 MPOU3BOAWINCH C
OT€UeCTBEHHbIMU dJekTpogamu Ttuna YOHUM13/55 u MP-3C, a Takxke c
UMIIOPTHBIMU AniekTposamu J38, J421 (mpoussoacteo KHP), KST-309L, KK-50N,
CR-13, E6103/S LF (mpoumsBomctBo Kopeiickoii PecnyOommku), OK46
(mpousBozactso IlIBerun), OMNI-46 (mpousBoacto CIIA).

Pe3ynbrathl 3MepeHuii U pacueToB KOHIIEHTPALMU adpo30Jieil B BO3IyXe
HaJ MECTOM CBapIIMKa MPECTaBIECHbI B Ta0M. 1.

AHanu3 3TUX TaHHBIX MMOKA3bIBACT CIEAYIONIEe.

1. HanGospiie BBIICTACHUS adpP0O30JIeH MPOUCXOIUT Y AJICKTPOJIOB MapKH
OK46 (800 mr/m®) 1 KK-50N (640 mr/n’).

2. HaumensbIme BbIICTIEHUS a’pO30JI€H MPOUCXOIUT Y DJICKTPOJIOB MApKH

KK-50N (60 mr/m®) 1 KST (80 mr/nm®).
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3HayeHus B quamazone 120 - 420 MI/ME.

3.V ocTrambHBIX QJICKTPOAOB KOHLOCHTpAaIus aBPOBOHGﬁ COCTaBJIACT

Tabnuya 1
PesynbTatsl n13MEpEHUN U paCYETOB KOHICHTPALMU a3p0O30JIEH
OneKTpo/ibl OUIBTPHI
O6wem |Konnenrpanus
Kon-Bo
0 U U CAUKOB Macca, r
mapka |I, A };"’ é” Tox

n Mo ms Am | n| M | oM | mrvd

1 ([YOHM13/55/80| 70 | 23 | = 50 10,0429(0,0435|0,0006| 5 |0,005| 0,12 | 120
2 MP-3C |110| 70 | 23 | ~ 50 10,0429(0,0436|0,0007| 5 |0,005| 0,14 | 140
3 KST 90| 70 | 23 | = 50 10,0429(0,0431{0,0004| 5 |0,005| 0,08 80
4| KK-50N |100| 70 | 23 | = 50 10,0429(0,0446|0,0032| 5 |0,005| 0,64 | 640
5 J421 100| 70 | 23 | = 50 10,0429(0,0441/0,0012| 5 |0,005| 0,24 | 240
6| OMNI46 |75| 70 | 23 | = 50 10,0429(0,0448|0,0019| 5 |0,005| 0,38 | 380
7 OK46 100| 70 | 23 | = 50 10,0429(0,0469|0,0040| 5 |0,005| 0,80 | 800
8 CR-13 |100| 70 | 23 | = 50 10,0429(0,0442|0,0013| 5 |0,005| 0,26 | 260
9 |[E6103/SLF|90| 70 | 23 | = 50 10,0429(0,0445|0,0016| 5 |0,005| 0,32 | 320
10| E6103J38 |90 | 70 | 23 | = 50 1]0,0429(0,0450|0,0021| 5 |0,005| 0,42 | 420
11| KK-50N |100| 70 | 23 | = 50 10,0429(0,0432|0,0003| 5 |0,005| 0,06 60

4, CpaBHCHI/IC OTHUX MJaHHBIX C MPCACIbHO-AOIYCTHUMBLIMHU 3HAYCHUSAMH B

paboueii 3oHe (IIHK,;) mokaspiBaer, uro mo HerokcuyHoil meum (IIJK,, =6,0

Mr/M°) BEIGPOCHI CBAPOYHBIX adPO30JIeii MPEBBIIIAIOT IMAK,; B 10-13 pa3 mus

AJIEKTPOJIOB C HAMMEHBITUMH BbleeHUAMU U B 100-130 pa3 miist 371€KTpOJIOB C

HauOOIBIIMMH BBIACIICHUAMM.
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5. Ilo Hanbosee TOKCUYHBIM COCTABJISIIOIIMM a3po3oieit (mo Mn u MnO,
111K, =0,3 mr/m, o Ni u oxucu Ni MK, =0,5 mr/M, o Mo ITIK,;=2,0 Mr/m®
u T.1.) npesbiuenue IIJIK,, mpu cBapodYHBIX DIEKTPOAYTOBBIX PadOTaX PE3KO
YBEIUYHUBACTCSI.

Ananu3z Mmopdosioruu a3po30Jiei MOKa3bIBAET CIIEIYIOIIEE.

B pesynapTaTe ONTHYECKHX UCCIEIOBAHMA (PUIBTPOB, COJEPIKAIIUX
a’p030JM, ObUIO BBISABIEHO, YTO a3P0O30JIM COAEPH AT METAJUIMYECKHE YaCTULIBI C
pasmepamu 100-350 MKkM (OHU UMEIOT XapaKTEPHBIH METATUYECKUN OTOJIECK) H
HEMETAJUIMYECKUE YaCTUIIbI, KOTOpPbIE HMEIOT TEMHO-KOPUYHEBBIA IIBET, U B
OCHOBHOM HMEIOT MPAaBWIBHYIO cepuuecKyro (opmy H pa3Mepsl 5-25 MKM.
AHaJIN3 METAJUIMYECKUX M HEMETAJUIMYECKUX YaCTHI] MPOU3BOAMIICS HAa Pa3HbBIX
MHUKPOCKOTIaX.

Pe3ynbprartel u3MepeHnii 1 pacyeToOB pasMEpPOB a3PO30JIEM B BO3IYyXE HAJ
MECTOM CBapIlMKa MpeICTaBlIeHbl B Ta0I. 2 1 3.

AHanu3 3TUX aHHBIX MMOKA3bIBAET CIEIYIOUIEE:

1. Metaymnueckue 4YacTHIbI MOTYT HOpHOOpeTaTh YUCTO C(HEpUUECKYIO
dbopmy, a Takxke (HopMy B BHJI€ HETIPABWILHOTO dunconsia. B tabmn. 3 npuBeaeHsl
CpeIHUE 3HAUYCHUS ATUX Pa3MEPOB.

2. Y anextponoB mapok MP-3C, KST, KK-50N, J421 u OMNI-46 cpennue
pasMepsbl METAUTMYECKUX dYacTHI] cocTaBisitor 170-214 MKM, IS OCTalIbHBIX
ANEKTPOAOB O3TH pa3Mmepbl coctaBimsui 126-165 mxm. Ilpu stom pazdpoc
pe3yNbTaTOB (CpeaHee KBAJAPAaTUYHOE OTKJIOHEHHUE) OTHOCHUTEIBHO CPEIHETO
apuMeTryecKoro sl 3TUX JaHHBIX cocTaBisieT 25-30 %.

3. Ilns Bcex SIEKTPONOB CpeAHHE pa3Mepbl HEMETaUIMUECKUX YaCTHI]
COCTaBJISIIOT /,5-14 MKM, Tipu 3TOM Pa3z0opOC PEe3yJIbTATOB (CPEAHEE KBAIPATUIHOE
OTKJIOHEHHE) OTHOCHUTEIBHO CPEIHEr0o apuMETHUYECKOro Il ATUX JTaHHBIX

cocrasiisieT 30-40 %.
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Tabnuya 2
Pe3ynbpTaThl H3MEPEHUH M paCYETOB pa3MEPOB HEMETAJUTMYECCKUX adpP030JIeh

Ne punbTpa (Mapka 31eKTpo/a)

Ne
ACTI- 1 2 3 4 5 6 7 8 9 10 11
BT
MP- | KST- | KK- OMNI- CR- | E6103/ YOHHU | KK-
3C | 309L | 50N Ja2l 46 OK46 13 S LF 138 13/55 | 50N

1 117 | 101 | 81 | 71 12.4 96 | 150 | 193 | 6.0 | 150 | 3.7

2 139 | 61 | 59 | 51 6.1 54 | 116 | 209 | 52 | 117 | 3.7

3 7.1 42 | 89 | 6.7 7.3 4.3 9.0 104 | 6.4 | 209 | 24

4 103 | 44 | 71 | 55 11.0 3.8 9.2 8.6 44 | 130 | 23

1 16.8 | 103 | 6.4 | 256 9.5 111 | 144 | 100 |103| 190 |14.3

2 10.7 | 86 | 48 | 145 4.8 74 | 116 6.0 |109| 203 |154

3 9.0 6.7 | 42 | 113 4.6 8.5 5.2 70 243 217 | 7.3

4 100 | 83 | 46 | 9.0 8.7 118 | 7.3 4.1 95| 100 | 9.2

1 11.0 | 155 | 84 | 16.0 8.0 10.0 | 13.2 78 |143| 117 |1138

2 121 | 68 | 46 | 8.1 5.8 158 | 105 8.9 98 | 117 | 64

3 102 | 227 | 118 | 58 9.2 217 | 79 119 | 73 | 159 | 9.6

4 6.1 92 | 6.7 | 59 4.2 118 | 6.1 123 | 6.1 | 115 |10.6

1 178 | 49 |133] 101 9.1 110 | 9.8 22.7 |10.2| 134 |29.6

2 125 | 7.2 |10.4 | 10.7 8.1 115 | 114 6.4 58 | 11.2 | 9.3

3 139 | 63 | 47 | 122 8.7 139 | 154 | 139 | 71 | 101 |179

4 145 | 50 | 52 | 101 3.7 84 | 115 7.2 6.9 76 [39.0

117 | 85 | 7.2 | 10.2 7.6 104 | 106 | 11.1 | 9.0 | 141 |11.7

x|

o 3.2 47 | 28 | 5.2 2.5 4.5 3.1 5.5 4.8 4.3 4.3

4. B ogHom ombite ¢ anekTpogom mMapku KK-50N npousBenaensl namepenus

BBIOpOCa a’po3oJieit Ha pacctosiHud 0,5 M 11O TOPU3OHTAIM M HA TOU JKE€ BBICOTE OT

39



neHTrpa MeECTa CBApKH. PC?:YJ'II)T&TBI 9THUX I/ISMCpeHI/Iﬁ IIOKa3aJii, 4YTO
MCTAJNIMYCCKUX YaCTHIL[ B 3TOM MCCTC HCT, a PasMCPbl HCMCTAJUNIMICCKUX YaCTHUIT
COIIOCTAaBUMEI C pasMCpaMM 4aCTHUI[ OKOJIO MCCTa CBAPKHU, KOHIOCHTpAUS NX HUIKC
TOYHOCTHU HSMGPGHHﬁ.

Tabnuya 3
Pe3ynbraTel N3MEpEHNI U pACUYETOB Pa3MEPOB METAIUTMYECKHUX a3PO30JIeN

Ne punpTpa (Mapka 3neKTpoaa)
e 1 2 3 4 5 6 7 8 9 10 | 1
qacTtu-

bl

MP-3C gOSS;rL KK-50N | 3421 ongé\u- OK46 | CR-13 ESGT_OFy 138 312};? N
1 200 | 170 | 360 | 195 | 240 | 225 | 140 | 120 | 130 | 180 | -
2 205 | 170 | 225 | 190 | 200 | 140 | 190 | 140 | 110 | 150 | -
3 180 | 150 | 200 | 300 | 200 | 160 | 170 | 130 | 140 | 100 | -—
4 240 | 130 | 225 | 200 | 210 | 250 | 250 | 120 | 130 | 90 | —
5 150 | 100 | 300 | 175 | 180 | 200 | 90 | 80 | 190 | 150 | -—
1 225 | 130 | 225 | 350 | 190 | 200 | 140 | 225 | 250 | 200 | -
2 215 | 255 | 150 | 190 | 350 | 170 | 140 | 225 | 140 | 110 | -
3 190 | 275 | 100 | 205 | 275 | 170 | 245 | 200 | 200 | 180 | -—
4 240 | 150 | 130 | 140 | 180 | 160 | 200 | 220 | 160 | 80 | -
5 230 | 140 | 200 | 90 | 140 | 200 | 200 | 220 | 240 | 140 | —
1 140 | 150 | 220 | 200 | 170 | 140 | 140 | 180 | 160 | 125 | -—
2 200 | 170 | 250 | 180 | 180 | 190 | 130 | 225 | 170 | 70 | —
3 170 | 200 | 120 | 290 | 200 | 140 | 180 | 145 | 200 | 100 | -—
4 110 | 120 | 130 | 160 | 160 | 200 | 90 | 140 | 120 | 105 | -—
5 35 | 250 | 210 | 250 | 250 | 170 | 180 | 80 | 80 | 120 | -
X | 2003 [170.7] 2030 |207.7| 2143 | 181.0 | 1657 | 1633 | 1613 | 1267 | -
- 508 | 523 | 702 | 659 | 565 | 322 | 479 | 532 | 476 | 390 | —
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Abstract. The graphene oxide coated with sol-gel and molecularly
imprinted sol-gel were prepared by one-pot synthesis from phenyltriethoxysilane
and tetramethoxysilane and successfully used in electrochemical determination of
tryptophan and 5-aminosalicylic acid. Coating of silica organic-inorganic
composite on the graphene oxide leads to the increasement on oxidation peak
currents of tryptophan and 5-aminosalicylic acid due to the increment of
adsorption amount. Also, due to kinetic limitaion, there are likely to appear two
calibration segments in the calibration curves for the determination of tryptophan
and —aminosalicylic acid.

Keywords: sol-gel, one-pot synthesis

Sol—gel process provides a convenient way to prepare the biosensor
due to the attractive properties of sol-gel materials such as simplicity of
preparation, tunable porosity, low temperature encapsulation, chemical
inertness, optical transparency, negligible swelling and mechanical stability
[1, 2].

Graphene oxide has not only the properties of graphene such as the
unique nanostructure, large surface area, unprecedented electronic

conductivity, special physical and chemical properties, but also some other
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properties different from graphene, such as hydrophilicity, dispersibility in
water and other solvents, multiple oxygen moieties, film forming capability
and controllable electronic properties [3, 4].

Molecular imprinting technology is considered as useful methods for
the recognition and separation of the various substances [5-7]. The
preparation of molecularly imprinting polymers (MIPs) for electrochemical
sensors or biosensors have considerable application prospects and important
research significance [8, 9].

Some groups have already synthesized composite materials based on
the desirable merging of GO, which make it possible to increase the
selectivity, sensitivity and improve the binding kinetic properties [10-12].
The functional silica sol-gel produced on the GO has been successfully
utilized in the electrochemical determination of paracetamol [3], hydrogen
peroxide and glucose [13] and 2, 4-dinitrophenol [14].

Experimental

Two kinds of graphene oxide (purity>99%), phenyltriethoxysilane
(PTEOS) and tetramethoxysilane (TMOS), 5-aminosalicylic acid, tryptophan
were used without further treatment. In addition, the other reagents were used for
the preparation of buffer solution and the adjustment of pH. All agueous solutions
were prepared with the ultra-pure water purified by water purification system.

The LK2010 Electrochemical Workstation was used for differential pulse
voltammetry (DPV). A conventional three-electrode system was used with a glass
carbon electrode (GCE, ® = 4 mm) as the working electrode, a saturated calomel
electrode (SCE) as the reference electrode and a platinum wire as the counter
electrode, respectively. The FTIR spectra were recorded on a NICOLET 6700
FTIR spectrophotometer.

The stock solution of tryptophan (Trp) was dissolved in 0.1 mol-L™*
phosphate buffer solution (PBS) every day and was diluted into the corresponding

concentration by 0.1 mol-L™ PBS at the various pH.
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The stock solution of 5-aminosalicylic acid (5-ASA) was prepared in 0.04
mol-L™ Britton-Robinson buffer solution (BRS, pH=2.0), which was stable for a
week at room temperature and was diluted into the corresponding concentration
by 0.04 mol-L™ BRS with the various pH.

In the synthesis of graphene oxide covered with sol-gel (GO/SiO,) for
tryptophan, the 20 mg of graphene oxide was ultra-sonically dispersed in 30 mL
of ultra-pure water. Then, pH of the dispersion was adjusted to around 9.3 by
adding NH3-H,O (25 wt. %), followed by sequentially adding 60 uL of PTEOS
and 85 uL of TMOS while stirring. The polymerization reaction was carried out at
room temperature under stirring 36 h.

In the synthesis of graphene oxide covered with molecular imprinted sol-
gel for 5-ASA, the 20 mg of graphene oxide was ultrasonically dispersed in 20
mL of water. Then, pH of the dispersion was adjusted to around 9.3 by adding
NH;-H,O (25 wt. %), followed by adding 60 pL of PTEOS and 20 puL of TMOS
while stirring. After stirring 2h, the 10 mL of 10 mmol-L™" 5-ASA solution (pH
9.3 adjusted by NH3-H,0) was added to the reacting system, in which the 5-ASA
acts as template molecule. The polymerization reaction was carried out at room
temperature under stirring for 24 h.

For both synthesises, the resulting product mixtures were centrifuged for 15
min at 11,000 rpm and at room temperature. The products were washed with
anhydrous ethanol and water for 3 times, respectively, and dried in room
temperature.

Glass carbon electrodes modified with GO/SiO2 (GO/SiO2/GCE) and
GO/MIP (GO/MIP/GCE) were prepared as the following; 20 mg of GO/SiO2 and
5 mg of GO/MIP were ultrasonically dispersed into ultra-pure water (20 mL), and
the 10 uL of the GO/Si02 and GO/MIP suspension were transferred onto a clean
GCE surface and dried for 10 min under an infrared lamp, respectively.

The modified glass carbon electrodes were dipped into sample solutions

during a period of adsorption, and then transferred to the supporting electrolytes
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to scan for determinations. Differential pulse voltammetry experiments were
performed in 0.1 mol-L™ PBS (pH = 7.0) for Trp and in 0.04 mol-L™* BRS (pH
=2.0) for 5-ASA.

The measuring conditions of DPV were as the following; equilibrium period
of 2s, step potential of 5 mV, pulse amplitude of 25mV, pulse width of 10 ms,
pulse period of 50ms, potential ranges from 0.4 to 1.2 V vs. SCE for Trp and from
0.3t0 0.7 V vs. SCE for 5-ASA. .

Results and Discussion

Figure 1 shows the FTIR spectroscopy of GO and GO/SiO,, GO and
GO/MIP, respectively. The fact that the typical carbonyl group peak at 1731 and
1227 cm™', and 1726 and 1224 cm ' became very weak also shows that the
carbonyl groups of GO were converted to C-O-Si by reacting with organosilane
[3, 15]. The existence and expansion of peak at 1618 cm™ and 1621 cm™ is
suggested by the C=C stretching vibrations in the benzene rings. Compared with
a sharp peak at around 1065 cm™ and 1052 cm™ in GO, the GO/SiO, and
GO/MIP showed an expanded band from 1100 to 1065 c¢cm 'and 1145 to 1017
cm™', respectively, which explain the C-C stretching vibrations in the benzene
rings and the Si—O-Si symmetric vibrations because of the existence of an
extensive silicate network on the surface of GO. The sharp peak at 1399 cm™* and
1428 cm™' are characteristic to benzene ring bounded with Si at PTEOS [16]. In
conclusion, the FTIR spectra confirmed the successful synthesis of GO/SiO, and
GO/MIP from PTEOS and TMOS in our conditions.

In Figure 2, the difference in response of bare and modified electrodes is
obviously shown. The DPVs at GO/GCE and GO/SiO,/GCE, the DPVs at
GO/GCE and GO/MIP/GCE show the considerable adsorption of Trp on the
GO/SiO, and 5-ASA on the GO/MIP.
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Fig. 1. FTIR spectra of the GO/SIO, (A) and GO/MIP (B)
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Fig. 2 DPV curves of different electrodes for Trp after adsorbing for 4 min
in 0.1 mmol-L™" Trp solution (A) and 5-ASA after adsorbing for 5 min in 0.1
mmol-L™ 5-ASA solution (pH=4.0) (B) (1: GCE, 2: GO/GCE, 3: GO/SiO,/GCE
or GO/MIP/GCE).
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These results show that the n-rt interaction between GO and aromatic ring
of Trp and 5-ASA plays an important role and hydrogen bonds form in the
adsorption of Trp and 5-ASA. Also, the high peaks at GO/SiO,-modified
electrode and GO/MIP-modified electrode show that the formation of silica on
the GO surface is more effective to the adsorption of Trp and 5-ASA.

Figure 3 and 4 show the calibration curves for Trp and 5-ASA using
differential pulse voltammetry. In the determination of Trp, the oxidation peak
current of Trp was linearized on the concentration of tryptophan in the range from
5.0x107° to 2.0x10* mol-L™ (r* = 0.998) by the equation of I(nA)=(95.71 + 1.73)
C (mmol-L™) + (4.74 + 0.19) and from 5.0x107" to 5.0x10~° mol-L™ (r*=0.985)
by the equation of I(pA) = (175.09 + 8.15)C(mmol-L™") + (0.41+0.04), with a
detection limit of 4.95x10™" mol-L™* (S/N = 3).
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Fig. 3. Relationship between peak current and Trp concentration.
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As shown in Fig. 4. the oxidation peak current of 5-ASA is linear with the
concentration of 5-ASA in the range from 20 to 120 umol-L™ (r* = 0.9987) by the
equation of I (nA) = (0.2187 + 0.0038) C(umol-L™) + (3.8351 + 0.2329) and from
2 to 20 pmol-L™ (r* = 0.9955) by the equation of I (pA) = (0.3919 + 0.013)
C(umol-L™) + (0.0335 + 0.0471), with a detection limit of 0.97 pmol-L™ (S/N =
3).
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Fig. 4 Calibration curve (A) and DPV curves (B) of 5-ASA at
GO/MIP/GCE.

In Fig. 3 and 4, there are two calibration segments related to two
concentration ranges and two sensitivities, restively. For Trp, the slopes of the
first and the second segments are (175.09 =+ 8.15) pA-L-mmol™, (95.71 = 1.73)
nA-L-mmol™, respectively and for 5-ASA, are (0.2187 + 0.0038) pA-L-pmol™,
(0.3919 + 0.0013) pA-L-umol™, respectively. The difference in the sensitivities of
the both curves is likely to be due to kinetic limitations [17].
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POSTERIORI ERROR ESTIMATES OF TWO-GRID FINITE VOLUME
ELEMENT METHOD FOR SECOND-ORDER QUASI-LINEAR
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Abstract: In this paper, we are concerned with the two-grid finite volume
element methods to the second-order quasi-linear parabolic problems.

Two-grid finite volume element methods are based on two linear
conforming finite element spaces on one coarse grid and one fine grid.

Here, it is proved that the coarse grid can be much coarser than the fine
grid.
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With the proposed techniques, solving the nonlinear problems is reduced to
solving a linear problem on the fine space.

Convergence estimates are derived to justify the efficiency of the proposed
two-grid algorithms.

Keywords: two-grid finite volume element method, second order quasi-
linear parabolic problem, second order partial differential equation

1. Introduction

The finite volume element methods (FVEMS) are a discretization technique
for the partial differential equations arising from physical conservation laws
including mass, energy.

The finite volume element methods are the special cases of generalized
difference methods [1-6].

The finite volume element methods discretize the integral form of
conservation law of differential equation by choosing linear or bilinear finite
element space as trial space.

They have the simplicity of finite difference methods and the accuracy of
finite element methods and have been widely used in computational fluid
mechanics because they keep the conservation law of mass or energy.

Cai and Steve Mccormic [1] had presented finite volume element method
for diffusion equations on composite grids and provided the error estimates which
were relatively complicated.

Afterwards, they gave simple theoretical analysis for diffusion equations on
general triangulations.

However, it was constrained to special choosing of control volumes.

Li Qian and his colleagues [7, 8] also had a lot of contributions to the
studies of finite volume element methods. Plexousakis and Zouraris [9] derived a
class of high order finite volume element methods for solving one dimensional

elliptic equation. Cai, Douglas and Park [10] constructed a high order finite
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volume element method by mixed variational principle. They presented a ways to
derive high order finite volume element method over rectangular meshes.

Mishev [11] has considered the FVEM in the linear conforming finite
element space and has established the error estimate in the H*'-norm.

Wu and Li [12] have obtained the H' superconvergence and LP error
estimates between the solution of the FVEM and that of the finite element
method.

Li [13] has considered the finite volume element method for a nonlinear
elliptic problem and obtained the error estimate in the H*norm.

Xu [14-16] has studied the two-grid finite element method based on two
finite element spaces on one coarse and one fine grid for non-symmetric and
nonlinear elliptic problems.

Late on, Xu, Zhou [17] for eigenvalue problems, Axelsson and Layton [18]
for nonlinear elliptic problems, Dawson, Wheeler and Woodward [19] for finite
difference scheme for nonlinear parabolic equations, Layton and Lenferink [20]
and Utnes [21] for Navier-Stokes equations, Marion and Xu [22] for evolution
equations have considered the two grid method.

C.J. Bi and V. Ginting [23] have studied two grid finite volume element
discretization techniques for the non-selfadjoint and definite linear elliptic
problems and the nonlinear elliptic problems based on two linear conforming

finite element spaces v,, and Vv, with grid sizeH and h (H >>h).

In this paper, we consider two-grid finite volume element method for two-
dimensional quasi-linear parabolic equation based on two linear conforming finite
element spaces with coarse grid and dense grid.

The rest of the article is organized as follows: In Section 2, we describe the
FVEM for the quasi-linear parabolic equation and algorithm of two-grid finite
volume element scheme. Section 3 contains the error analysis by two-grid finite

volume element method for quasi-linear parabolic equation.
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2. Two grid finite volume element scheme

We consider the initial-boundary value problem of quasi-linear parabolic

equations
(Z—l:—div(a(x,t,u)Vu) = f(x,tu), (xt)eQx(0,T], (1.1)
u(x,t) =0, (x,t) e Q% (0,T], (1.2)
u(x,0) =u,(x), XxXeQ (1.3)

where Q< R?Is a bounded-closed, convex domain.

We assume that «(x,t,u), f(xt,u) are smooth functions on Qx(0,T]xR and
equations (1.1) - (1.3) have the only unique solution u e H;(©2) on the Qx(0,T].

Writing the variational equations of equations (1.1) — (1.3),

ig—l:vdx+i(a(x,t,u)Vu)Vvdx: i f (x,t,u)vdx, weHN(Q).

The weak formulation of (1.1) — (1.3) is

(Zt—u,v)+a(u;u,v):(f(x,t,u),v), vveH,(Q), (1.4)
where (-, -) denotes the L*(Q)—inner product and the bilinear a(-, ) is defined by

a(u, v) :J'(a(x,t,u)Vu)'Vvdx, vu,veH:(Q) and a(w;u,v) = (a(x,t,w)Vu, Vv).

Let T, be a quasi — uniform triangulation of Q with h=max{h, }, where h,
is the diameter of the element triangle k T, .

We consider a finite element discretization of (1.4) in the standard

conforming finite element space Vv, of piecewise linear functions, defined on the

triangulation T, ,
V, ={v|veC(Q), v| islinear, v|;,=0, VkeT}.

In order to describe the FVEM for solving equation (1.1) — (1.3), we

construct a dual partition T, based upon the original triangulation T, whose

elements are called the control volumes.
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We construct the control volume as follows; Let z, be the barycenter of
K eT,. We connect z, with line segments to the midpoints of the edges of K, thus
partitioning K into three quadrilaterals K,,z ez, (K), where z, (K) are the set of

vertices of K.

Then with each vertex zez, = | JZ,(K) we associate a control volumew,,

Ke,
which consists of the union of the subregions K,, sharing the vertex z. Thus we
obtain a group of control volumes covering the domain<, which is called the dual
partition T, of the triangulationT, .

We denote the set of interior vertices of z, by z?.

We call the partition T, regular or quasi-uniform, if there exists a positive
constant C >0 such that C™h? <meas(w,) <Ch?, vw, €T, .

We formulate the FVEM for the equation (1.1) — (1.3) as follows.

Given the vertex zez,, integrating equation (1.1) — (1.3) over the

associated control volume w, and applying Green’s formula, we obtain

.[(Z_ltjdx+ I(a(x,t,u)Vu)' nds = J. f(x,t,u)dx, (15)

W, W,

where N denotes the unit outer-normal vector on ow,.
The semi-discrete FVE approximation solution of (1.1) — (1.3) is defined as

au, (xt)eV, (0<t<T), such that

ou
v{#dmé{h(a(x,t,uh)wh)-nds:v{f(x,t,uh)dx. (1.6)

Now the interpolation operator 11; :Vv, —V, is defined by

H;Vh = th (2)x,. (1-7)

ZeZﬁ
where V" ={v| ve L*(Q), V|, isconstant forallw, €T,;Vv|, =0, if ze6Q} and

7, Is the characteristic function of the control volume w,.

The semi-discrete FVEM (1.6) can be rewritten in a variational form
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ou « . .
(#, vy ) +a, (U uy, Ty ) = (F(xtuy ), TTvy)

(1.8)
Uy, (x,0) = Uy, (X)
where for any u,,v,, w, €V, the bilinear form a, (-;-11,) is defined by
a, (Wy; Uy, H;Vh) = _ZJ j(a("wh)vuh) : nH;vhds =
ZeZh(’;\NZ (1.9)
== >V, (2) [(@(x.t,w,)Vu,)-nds

Next we partition off the interval (0, T] in order to derive full discrete FVE
scheme.

Let - be the time step size. t“ =kz and u, (t,) = u/.

Writing the full discrete FVE scheme for equation (1.1) — (1.3),

(B, TV + 8, (Ugug, TTvy) = (Ot u0), Thvy), vy eV,

; (1.10)
Uy, = Uy, (X)), XeQ

uf —ust

T

where o.uf =

We shall present the two-grid finite volume element algorithm for the
equation (1.10) based on two finite element spaces.

The two-grid method is to reduce the quasi-linear problem on a fine grid into
a linear problem by solving a quasi-linear problem on a coarse grid.

Let T, and T, be two quasi-uniform triangulations of & with two different
mesh size H, h(H >h).

T, T, will be called the coarse grid, the fine grid, respectively.

V,,V, are the corresponding finite element spaces.

The two-grid finite volume element algorithm of the equation (1.10) is as
follows.

(D) Find u¥ eV, (k =12,..) such that

By TV ) + @y (ugus TV = FOOGE u) TRV, v eV,

. (1.11)
Uy = Ugy (X)), XeQ

on the coarse grid T,, .
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(2) Find uf eV, (k =1, 2....) such that

(@, TTvy) + @, (U ug TTve) = £t ug), TTvy), vy eV, (1.12)

u = U, (), XeQ
on the fine grid T,.
This approximate solution u/ is called the approximate solution of the two-

grid finite volume element method of equations (1.1) — (1.3).

3. Error analysis of approximate solution

In this section, we shall present the error estimate for the two-grid finite
volume element method.

To describe error estimates, we first define some discrete norms on Vv, .

|uh| = Uy, Up)on » Uy, Uy)ey = D meas(Vi)u, u, = (ITu,, ITu,)

X €Zp

il = 3 D meas(V) (W, —uy)/dy)*, Jugy, =y, +Hual \Iluhll\i = Uy, Thuy)

Xi€Zy Xj€Zy

(2.1)
We introduce the following bilinear forms

a(w,;u,,v,) = I(a(wh)Vuh)-Vvhdx, a, (W, Uy, Vv,) = J'(a(wh)Vuh)-Vvhdx,

a, (Wh; Uy, H;Vh) = _z _[(a("wh)vuh) ) nH;VhdS’
zeN;ow,
e (Wh;uh’H;Vh) = _Z I(a("wh)vuh) ) nH;VhdS’

ZENz(?WZ

where a(w,)|, = ) is the distance between x, and

ja( w,)dx and d; =d(x, x;

(K)

For u, we H(Q) we assume that a, (w; u, TT;u) > C,|ul; .
Lemma 1. For any arbitrary u,,v, €V, , we have

ah(uh;uh’vh)_ah(uh;uh7H;Vh) =
=> I(a(x,t,uh)Vuh + B(x,t,u,))-n(v, —TT;v, )ds — (2.2)

KeT, ok

- > [(a(xtu)Vu, + B t,u,)) - (v, T, )dx

KeT, K
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Proof. Using the formula of Green,

> (div(e(x,t,u,)Vu,, v,) = Zj.div(a(x,t,uh)Vuh)vhdx =

keTy keT k
= Zj(a(x,t,uh)Vuh) -nv,ds—a, (u,;u,,v,)
keT ok
Moreover
Z(div(a(xitfuh)vuh)’H;Vh):z Z (div(a(xit’uh)vuh)'H;Vh)kmwxl =
keT, keT xjezy,
=> [(a(xtu)vu) - nvds— > [((@(x.t,u,)Vu,)-niTv,ds =
keT gk Xj€Zy a,\,xj
=> [(a(xt,u)Vu,) - niTv,ds —a, (u,; uy, TV, )
keT ak

From two expressions above

ah(uh;uhlvh)_ah(uh;uhinzvh)=
= zj(a(x,t,uh)wh) n(v, —TTv, )ds — zj(a(x,t,uh)wh).(vh —IT,v, )dx’

keT, ok keT, k

The following lemma is proved in [3].

Lemma 2. For any arbitrary u, €V, , there exist a positive constant C,,C,

such that

Coltnly , <[usfl, < Cilunly,,
ColJuall, <l < C:fJusll (2.3)

C0||uh||1,h < ||“h||1 < C1||uh||1,h

Lemma 3. For any arbitrary u, €V, , there exist a positive constant C,,C,

such that

T u, | <CJlu
[T < C.Ju | ey, (2.9)
a, (W, Uy, T, ) > C2||uh”1

Proof.

From inequality HH’;uhHZS(H;uh,H;uh)zZuhiuhi-meas(wi), the  first

X eNp

inequality is established.

The second inequality is established from the given condition.

Let p, :H?*(Q) —V, be operator defined by equation

59



a,(w,u—p,u,ITv,) =0, Wy, €V,.
We call elliptic projection of ue H*(Q)NH;(Q) operator p, :H*(Q) -V, .
Now we give the error of the approximate solution of the finite volume
element method for the equations (1.1) — (1.3).
Theorem 1. Let u and uf be the solution of equation (1.1) — (1.3) and
(1.10), respectively.
Assume that f(x,t,u) satisfies the inequality
[f(xt,w)— f(xt,v)| <Clw-V, Yw,veR.
Then, there exist a positive constant C such that
Hu,‘j —ukH < C (Jug —Ugy |+ h?[u|, + hzuu"H3 +THUtka) : (2.5)
Proof. By ellipse projection operator p,
Uy —U* = Uy — pu) +(pu* —u) =& +7" (2.6)
From the equation (1.10) and the elliptic operator p,,
(0, IIv, ) +a, (uf; £, T v,) =
= (8, pyU", TV, ) = (F (-, uy), T, ) +a, (uy s U, TTy,,) =
= (3, Pu*, TLV,) = (F (-, up), Ty, ) +[a, (uy; U, TTy,) —a, (' u*, Ty, )] -
—a,(u;u My, =
= (3, PU* = U TV ) +[(F (-, u*) = (-, ug), Ty, ] -
—[a, (u;u*, v, ) —a, (U*; u*, TV, )].
v, €V,
Choosing v, = &*,
(08" T (&) +a, (uy; &, TT,&") =
= (3, pyu" —uf T ) +[(F (-, u") = £, up), TTLE)]+
—[a, (uy; U, T1E") —a, (u'; U TTE9)]
By Lemma 3,
(- £ < (0P — U THE)+ICT (U = £ Ul TN +
—[a, (uy; u*, TIE") —a, (U u*, TTEN)]

Rewriting,
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L S E S @ Ul T (E 6+
FLOFCLUS) = (LU0, T + )]+
~[a, (Ul U, T (€4 + £49)) —a, (¥ U, T (65 + &)
Then
S e < oop —ui e+ £+
Hreou ) = FEu e+ £+ el |+ -+ £ <
< (foupu —u+F ¢ou) = £ 6]+ o]+ - + 7
(2.7)
By Lemma 2
S -1 = Qoupt - u et 6wy = 6w e - et )
Rewriting,
%d\ka—Hf“H) < (fouput —uf+[(FCou) = T u]+edfet| + [ Dy
Using |[(f (-, u*)— ¢, u)| < c (& + [ a1
¢ =l + e(orppu —ut]+e, (ka |+l - (2.8)

k-1

From (2.8) [¢* H<

o ~u .
Then

) [1+c, k K
Ll R e YN

e B b LR @9
Note that r =1 then = -1 (“sz]ns(lﬂzf)N{N +CZT]N.
N 1-c,7 1—C21 1-c,7 1-c,7 N -c,T
N

N
Therefore, ! -1, N +c,T —e% <o (N > n).
1-c,r N —-c,T

By the (2.9) we have
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< el X doup el (2.10)
=L

In the (2.10)
L T e T 1 T i )
7] = enlu, (211)
Hat p,u* — ut"H < rHut'ihH
From (2.11)
¥ = € luo —uonl|+ eh?|us |, + ch?u], + =], > (2.12)
Combining (2.6) — (2.12), we have
o =< o = ]+ [t —u] <
< Clt o el ], <

< C (|lug — Ugp |+ g, + hzuuku3 + rHut';hH)

Next, we give the error of the approximate solution of the two-grid finite
volume element scheme (1.11) - (1.12) for the equations (1.1) — (1.3).
Theorem 2. Let u and u! be the solution (1.1) — (1.3) and (1.11) — (1.12),

respectively.

Then for h, H sufficiently small , there exists a positive constant ¢ such that
Huk - uﬁj”l <c((h+H Z)HUEHZ + r”ughu) (2.13)

Proof. By the equation (1.11) — (1.12) and the elliptic projection operator
Ph
8, o (U Uy — P, TV, ) =L, o (U Uy, TV, ) —a, (uy s pu, TTv, )]+

+[a, (Uy; Pau", TV, ) —a, o (U5 pau’, TIV, )] =

=[a, . (ug;uy, TTv,) =&, (ug U, Ty, )]+
+[a, (Up; pou*, TV, ) —a, o (ufy 5 pau’, TIV, )] =

= (,up TThv,) = (F (U ) TV, ) = (Ugy, TV, ) + (£ (-, u®), Ty, ) +
+[ay (Uy; Pau’, TIV, ) =@, o (U5 pau’, TI, )] =

= (8Uy —Ugy, TV, ) + (F (L u") = F(,u), T, ) +
+[a, (Up; Pou", TV, ) —a, o (U5 pau”, TIV, )] =

:Q1+Q2+Q3
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‘Ql‘ = ‘(aturl: _utk,h’ H;Vh)‘ < HatUE _uthH'HH:VhH < CZ'HU::hH : HVhH

Q[ =[(F (- u*) = F(ouly), TV <[(F (L u*) = £, uly), T (v,)) +
(F Cou) = £Couf), T, =TTV )| +[(FC U = £ (L ul), T (,v,) T (T,v,))] <

<cH |, v, [, +cH Huk —uf Hl-thHl +c(h+ H)Huk —uf Hl -C <cH?|v, |,

Q[ = fan (U pyu’, €)=ay, (uss pout, T3, =

=-> J‘ U )VPU“)-n I ds+ ) I(a(- LUK VP, U*) NI v, ds <
7, 7w,
sZZ:JV' -, ul ) Vpu*)-n Ihv,ds < cluf —uf| T A
soffuy -u]+ H“ -l Al < et + HE]
Therefore

a, . (U uf = pu, Ty, ) < c(fuughu-un;\/hu +H?2 -Hn;vhu+ (h? +H Z)HU;H2 -Hn;vh“ <
< el ], + H2 -, + (0 + HAu ]| v,

Choosing v, =u/ — p,u*, from expression above

k k|[? K.k K (K k
cHuh - p,u Hl <a, (U uy —pu’, II (up — put)) <

<c(H®+(h*+H 2)Huﬁ”z + r”ut‘;hu) : Huﬁ -~ phukH
Then |Jux — pu¥|| < c(H? + (h? + H?)|ug| +7]ug )

Therefore
Huk —ur'le < Huk -~ phu“Hl +H pu* — uﬁ”l <ch -Hu“”2 +c(H*+(h*+H Z)HUEHZ + rHutth) <
<c((h+H)|us], +Juli)

Conclusion

In this paper, we have studied present a full discrete scheme and algorithm
of the two — grid finite volume element method for a quasi - linear parabolic
equation.

We have estimated the error of the approximate solution by the two — grid

finite volume element method.
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Annomayun. Hanouacmuyvl mMsA2K020 mMemania u ux cnidagvl, 0COOEHHO,
HAHOYACMUYbl MeOU MONCHO UCNOIb308AMb 8 Kayecmae 000a80K K CMA30UHOMY
macny.  bwvuio  Ookazano,  umo  oHu  obnadarom  NPeBoOCXOOHLIMU
NPOMUBOUZHOCHBIMU U NPOMUBO3AOUPHBIMU coticmeamu. Hx mpubonocuueckoe
noseoenue U MexaHusm ObLiU U3Y4eHbl U PACCMOMPEHbL 860 MHO2UX pabomax. B
9MOU cmamve ONUCAHbL IKCNEPUMEHMbBL UCNLIMAHUS HA U3HOC HOBEPXHOCHIU
MpenUsi CMAIbHbIX WAPO8 8 CMA30YHOM Macie 0e3 u ¢ 000asieHuem HaHOYaACmuy
MeOu U paccmMomper MexaHusma nogedeHUs: HaHO4acmuy meou Ha NO8ePXHOCHU
MpeHus.

Kntouusvie cnosa. namouacmuya meou, cMaszouHas 000aéKd, cmeneHs

U3sHoca, ucnvlmaHusl, mpeHus
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Abstract. Nanoparticles is the soft metal, their alloys, especially copper
nanoparticles can be used as additives to lubricating oil, it has been proven that
they have excellent antiwear, extreme pressure properties and their tribological
behavior, its mechanism have been studied and considered in many works. This
article describes the process of the wear experiment on the friction surface of
steel balls in lubricating oil without / with the addition of copper nanoparticles
and consideration of the mechanism of behavior of copper nanoparticles on the
friction surface.

Key words: copper nanoparticle, lubricant additive, wear rate, test, friction

B nmocnenHue HECKOJNBKO JIET, HAHOYACTHUIIBI METAUIOB BBI3BIBAIOT
3HAYUTEJILHBIN UHTEPEC B CUJIY CBOMX YHUKAIBHBIX (PU3UYECKUX U XUMUYECKHUX
cBorictB [1, 2]. Brmaromapsi 3amedaTelIbHbIM TPHOOJOTHUECKUM CBOWCTBAM
Hanoyactul; Cu, BMecTe ¢ Xopomied (yHKIHEH CaMOBOCCTAHOBIICHHUS K
W3HOIIEHHOW MOBEPXHOCTH, OHU KEJIATeNbHbI KaK MPEBOCXOJAHBIA KaHAUJAT IS
TPAJUIIUOHHBIX IPUCATO0K K CMa30YHBIM MacjaM.

1 DKcnepuMEeHT UCTILITAHUA

WcnibiTanust Ha UCTUPaHUE TTOBEPXHOCTH IIAPOB B CMAa30YHOM MacJjie MapKu
APl SJ/ CF 10W-30 06e3 m ¢ jgo0aBKaMH HAHOYACTHII MEIH IPOBEICHBI Ha
u3menbunteabHoM ammapate FRITSCH (Vario-Planetary Mill) ¢ HenmoaBukHBIM
KopmycoM — 6apabaHoM, MepearonMu ABHKEHHUE 11apaM B 6apabane.

Hcnonp30Banbl mapsel ctanu 45, a TBepaoCTh noBepxHocty mapoB — HRCa
24,5, ckopoctu BpameHus — 400 06/MUH, BpeMs UCTIBITAaHUS — 2 4.

JloGaBaeHBI HAHOYACTUIILI MEeIH, COOTBETCTBeHHO, OT 0,1 T 10 1,0 r B 100 T.
Mmacina (ot 0,1 mac.% no 1,0 mac.%).

1.1 MaTtepuanbi

— Hanouactuiet meau (10r)

— Cranbable mapuku (O= 42vmm-4m., O= 22mm-4m., Q= 12mMm-511.,
Teepaocts: HRCr= 24,5)

— Cmo0304HO€ Macio (5kr)

— Tonyon(2n) u aueton (1)
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— Mammna a1 ucneitanus Ha uznoc: FRITSCH (Vario — planetary Mill)

1.2 Metoasbl

JIist TipoBeeHHWS SKCIEpPUMEHTa B JBa CTalIbHBIX OapabaHa BIIMBAIOT
cmazky 1o 100 r u knagyT ctanbHbIe Imapsl 1o 13 mryk. B omHom Oapabane
CMa3049HO€ Maciio 0e3 HAHOYACTHUI[ MEAHW, a B JAPYIrOM — CMAa304HOE Macio ¢
n00aBJICHUEM HAHOYACTHI] MEJIH.

bapaGanbsl  ycTaHaBnuBaroTcsi B MaluMHy. Bpems  mpoBeaeHus
AKCIEPUMEHTA COCTaBJISIET 2 4Yaca, B TEUEHUE KOTOPOTrO MalluHa paboTaeT 1Mo
ONpEJICICHHOW TMporpamme. B mporiecce NpoBeleHUs SKCIEPUMEHTa U3-3a
JTWHAMUYECKOT0 TPEHUS IIapOB APYT C APYIOM B pe3ysibTaTe U3HOCA MPOUCXOAUT
yMEHbIIIEHUE UX Macchl. [lociie OKOHYaHMS 3KCIIEpUMEHTA IIapbl OYHUIIAIOTCS
TOJIYOJIOM WJIM all€TOHOM UM B3BEUIMBAIOTCSA HA 3JIEKTPOHHBIX BECAX.

Takum o00pa3om, pacueT crteneHu wu3zHoca C, MOXXHO BBINOJHSITH IO
bopmye

C,=100-Y /X - 100 (%) (1)
rae X —wmacca oopasua nepes paboTou,

Y —macca o6pa3sia nociie paboThl.

IIpoBeneHo cpaBHEHHE HM3HOCA TMOBEPXHOCTH IIAPOB B Maciax 0e3 U C
n00aBJIeHMEM HaHOYacTull Meau. M3MepeHa, COOTBETCTBEHHO, Macca IIIapoB
nepea/mocie MUCHbITAaHUS B TEUEHHWE 2 Y. M TOJYYEeHBl IMOTEPH MAaCChl TIPH
WCIIOJB30BAaHUM Macia ¢ Jio0aBjieHHWeM W 0e3 J100aBiIeHUs HAHOYACTHUI[ MEIU
(Tabmuma 1).

Takum 00pa3oM BeIUKCIIEHA CTENIEHh U3HOCA TIPH PA3HBIX KOHIIEHTPAIIMSIX.

2 PesyabTaThl M 00CyKACHUE

2.1 Pe3yabTaTthl

Pe3ynbTaThl HMCOBITAaHUS HAa UCTUpPAHHWE B CMa304YHBIX Maciiax 0e3 u ¢
no0aBKaMH HAHOYACTHUI[ MEIU MMOKa3aHkl B Tadmumax 1 u 2.

N3 Tabnuibl 1 BUIHO, UTO 1O Mepe YBEIUYCHUS KOHIICHTPAIIMH HAHOYACTHII

MCIH YMCHBIIACTCA CTCIICHD U3HOCA ITOBEPXHOCTHU TPCHHUS.

68



Tabnuya 1.

Pe3ynbraTr ucnbiTaHys HA UICTUPAHUE B CPEAEC CMA304HOIO Macia
0,3 04 0,5

KoHnenrpanuu oe3 0,1 0,2

m00aBokK, %
Macca nepen | 1126,25 1126,42 | 1125,13 | 1122,51 1121,55 1120,92

o0pasua, r = 15485 | 112513 | 1124.06 | 112155 | 112074 | 112019
Crenenb n3Hoca, % 0,124 0,11 0,095 0,085 0,072 0,065
Tabnuya 2.

Pe3ynbTaT ucnpITaHus HA UICTUPAHUE B CPElE CMA304YHOI0O Macia
0,6 0,7 0,8 0,9 1,0

Konnentpanuu

m00aBokK, %
Macca nepes 1055,52 1054,79 1054,05 1053,29 1052,51

obpasua, r rocJje 1054,79 1054,05 1053,29 1052,51 1051,70
Crenenn n3Hoca, % 0,069 0,070 0,072 0,074 0,077

OI[HEIKO B Ta6J'II/ILI€ 2 IIOKa3aHO, YTO KOHOCHTpAOUd HaHO-MCIH

YBCIIMYMBACTCA, HO CKOPOCTb H3HOCA HC YMCHBLIONACTCA, a IIOCTCIICHHO

YBCIIMYHNBACTCA.
Ha PpHucC. 1 IMpCaACTaBJICH I‘pa(i)I/IK HU3MCHCHH BCJIIMYHMHBI H3HOCA B

3aBUCUMOCTH OT IIPOLCHTHOT'O COACPIKAHUA I[O6aBKI/I HaHO-MEIU B CMAa3Ke.

CTENEHE HIHOCA

0,09 1

0,08

0,07 1
0,06

Gez 01 02 03 04 05 06 07 08 0% 10 0

KOHITeHTPALA o0 aEoK

Puc. 1. I'paduk nmponopiuii ”3HOCOB IPH Pa3HBIX KOHIIEHTpaLMsIX HaHO-CU
B CMa3Ke
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Ha rpaduxke (puc.1) BugHO, 4TO BEIMUMHA U3HOCA TPUHUMAET HAUMEHbIIIEE
3Ha4YeHue npu ucnonb3oBanuu 0,5 % nob6aBku HaHO-MeIU B paboueii cMa3Ke.

Pesynbrathl, TmoONydeHHbIE B OKCIEPUMEHTaX  JaHHOW  paboThl,
MOATBEPXKIAIOT YTO OJHUM U3 A(P(DEKTUBHBIX CIIOCOOOB CHWXXEHHS MOTEPh HA
TPeHHE M TOBBIIICHUS] W3HOCOCTOMKOCTH TPUOOCUCTEM SIBIISIETCS J0OaBlICHHUE
HAHOYACTHUIl MEJTM B CMAa30YHOE Maclio.

2.2 O0cy:kaeHune pe3yibTaToOB

Hanowactnma meam — MATKMM MeETaul, Y HEE HHU3KOE COINPOTUBIICHHE
CABUTY, CJIEJIOBATEIbHO, XOPOILIUN XapaKTep CKOJbKEHHUS, HU3Kasg TOYKa
IUTaBJICHUS U XOPOIIasl TEIUIONPOBOJHOCTh, TO3TOMY OHAa CUMTAETCS XOPOILIUM
CMa304HBIM MaTepuanoM [4—6].

Jlasxe Ha IJ1agKoN MOBEPXHOCTH TPEHHUS, MpU HAOIIOJECHUH B MUKPOCKOI
CYILLECTBYIOT MHOI'O 3a/IMPOB, TPEILLMH U TOP.

IIpn BBeOEHHMM CMA304YHOIO Macia, COJEp)Kallero HAHOYaCTULBl MEIH,
MEXAY KOHTAKTUPYIOIMIMMU CTaJIbHBIMHU MTOBEPXHOCTAMHU, IPOUCXOIAT MPOLECCHI,
NPUBOJSIINE K HAHOCTPYKTYPHBIM NPEBPALIECHUSAM CJI0€B. B naHHOM ciydae
MOXXHO PpPAacCMOTPETh, YTO MAacCIO SABJISETCS JIMUIb CPEACTBOM JIOCTaBKH
HAHOYACTHUIl MEJIU K MECTY COTPSKEHUS JeTaeH.

Jlo6aBku (HAHOYACTHUIIBI MEIM) TPOSBISIOT CBOE JICMCTBHE B IpoIliecce
TPEHUSI COIPSIKEHUN JeTajieil TOJBKO IPU COOTBETCTBYIOIIMX HAarpy3ke H
Temriepatype. Torna BbIAENMBIIMECS YacTUIBI MEAW 00JIaJaloT MOBBIILIEHHOM
PHEprue ¥ aKTUBHO B3aMMOJIEUCTBYET C TOJJIOKKOW UM  00pasyroT
aJICOPOLIMOHHBIE U XEMOCOPOLMOHHBIE HAHOCTPYKTYpPHBIE 3alllMTHBIE CIOU C
MEHBIIUM CONPOTUBIEHUEM CABUTY, YEM METANINYECKHAE TOBEPXHOCTH.

YMeHbIIEHHE pa3Mepa 4YacTULl MPUBOAMT K KX PABHOMEPHOMY
pacmpesieieHdI0 B 30HE (PPUKIMOHHOTO KOHTakTa, Oojee »hPekTuBHOMY
(U3UKO-XUMHUYECKOMY B3aUMOJICUCTBHIO C MIOBEPXHOCTAME TpeHHUsI [7].

HaHowacTuipl Meau  JIErKO MPOHMKAIOT B Makpo-, MHUKpPO- U

HAaHOHEPOBHOCTH, TpEUIUHbI, TOpbl, AG(EKTUBHO 3amoNHSIS HUX, TOrna
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IIPOUCXOIUAT MOAU(PUIIUPOBAHHE NOBEPXHOCTH U oOpa3oBaHue
HAaHOCTPYKTYPHOTO TIOKpBITUS ¢ (pparmentamu ot 3 mo 700 HM, 00namarommMu
MOBBIMICHHONW  TUTACTUYHOCTBIO [8], 3a cyeT dYero W  TOBBIMAIOTCS
TPUOOTEXHUYECKUE XaPAKTEPUCTUKH TPUOOKOHTAKTA.

brnvskuii pasmepHbIid (pakKTOp aTOMHOTO U KOBAJECHTHOTO PAJNYCOB MEIH U
JKee3a JaeT BO3MOYKHOCTh CO3/IaHMs CIUIABOB C B3aMMHOW PAacTBOPUMOCTBIO
aToMOB kene3a U meau. CrenoBaTelbHO, B3aMMHAsi PaCTBOPUMOCTb, B CBOIO
ouepenb, 00ecreyMBaeT  BO3MOXHOCTh  CO3JIaHMS  TPYILIEWCS  Mapsbl,
UCTOJIBb3YIoNIeH 3P PeKT MepcrneKTUBHOTO CaMOBOCCTAHOBUTEIHLHOTO CMa304HOIO
MaTrepuraa.

[Iyrem poGaBieHuss HAHOYACTUII MEIW K CMa304YHOMY MAaCIy MOKHO
YMEHBIINTh TPEHUE W UCTUPAHUE, MOBBICUTH MOIIHOCTh JBUTATENs, YMEHBIINUTD
3arpsI3HEHUE BO3/lyXa U YBEIIMUYUThH PECYPC JBUTATES.

BoiBOABI

Cnenanbl SKCTIEpUMEHTAIBLHBIEC UCIIBITAHUS HA U3HOC MOBEPXHOCTH TPEHUS
MyTEM MCIOJIb30BaHMSI IAPOB ISl MOJIIUITHUKOB U U3MEJIbUUTEIILHOTO alapara
FRITSCH.

ITonTBepkaeHO, 4yTO MpU AOOABJICHUU HAHOYACTHUI[ MEAM K CMa304YHOMY
Macily CHHUXAETCs WCTUPAaHUE TMOBEPXHOCTH TPEHUS, a TaKXKe BIHUSHUE
HAHOYACTUIl MEIW Ha YMEHBIIEHUE HWCTUPAHHUS YBEJIMYMBAETCS IO MEpE
YBEJIMYEHUS] X KOHIEHTPALUM B CMAa304YHOM Macje. A KOJWYECTBO HAHOUYACTHII
Menu ayudie Beero Ha 0,5 %.

Ilyrem noGaBieHHUs] HAHOYACTHI[ MEIM K CMa304YHOMY Macily MOXHO

YIJIUHUTD JOJITOBCUHOCTD ABUT'ATCIIAA BHYTPCHHCIO CIOpaHuUsd.
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Abstract: This article is devoted to the methodology of the study for
producing nanoparticles of copper liquid recovery method, which detected the
selection of the optimal conditions, optimal conditions

Key words: nanoparticle copper, liquid recovery method, optimal
conditions, orthogonal test

1. Meroauka wucCCAeI0BAHUN [JI MOJYYEHHS HAHOYACTHUIl MeIH
“KHJIKHM BOCCTAHOBHUTEJIbLHBIM METOJI0M

Kuaknil BOCCTAaHOBHUTENBHBIA METOJ JJISl MOJYyYEHUS HAHOYACTHUL] MEIH
ABJISICTCS. METOJOM, MOJYYAOIIUM HAHOYACTHIbI ITYTEM BOCCTAHOBIICHHUS MOHA
JIByXBaJECHTHOM Me€IM Ha MeEJb C HYJIEBOM BAJCHTHOCTHIO C TOMOUIBIO
BOCCTAHOBUTEJS U YIIPABJICHUS apaMETPAMU TEXHOJIOTMYECKOTO MPOILIECCa.

B o0miem Bujie ypaBHEHHE peakIiMu B HOHHON (hOpMe MOXKHO 3aIHcaTh:

2Cu® + H,PO, + 2H,0 = 2Cu| + H,PO, + 4H" (1)

CKOpOCTh peakuy BOCCTAHOBJICHHS MOHA MEIU OYEHb OBICTpasi, O3TOMY
oOpa3zoBaHHe 3apojiplllia KPUCTAIa TOJIy4aeTCs HEPOBHBIM B CHCTEME PEaKIIHH,
YTO  YCIIOXKHSAET TOJIydeHHE HAHOYACTHUIIBI MEAM C  HEOOXOJIUMBIMU
PaBHOMEpPHBIMH pa3MepaMH. Ty TpoOJeMy MOXHO PEHIUTh C MOMOUIBIO
KOMILIEKCOOOpa3oBaTeysi, KOTOPHIH TMO3BOJSET YMEHBIIATh CKOPOCTh PEaKIuU
BOCCTAHOBJICHUA. B TaHHOM 3KCIIEpUMEHTE MCMOJIb30BaIM TPUJIOH-b B KauecTBe
KOMILIEKCO0Opa3oBaTes.

HanouwacTtuipl Meau, moJIydeHHBIE B PE3YJIbTATE PEAKIIMA BOCCTAHOBIICHUS
MOHA MEJH, CYHIECTBYIOT B BOJHOM PacTBOpE, MOITOMY JJIsi UX cOOpa JOJKHBI
HCIIOJIB30BaTh YIBTPANEHTPU(DYTY, TPH ITOM BO3HHUKACT SBJICHHE arperaiuu
HAHOYACTHUIl MEIU M3-3a CUJIbHOM LIEHTPOOEKHON CHUJIbI, YTO TAKKE YCJIOXKHSET
MOJIy4eHUE HAHOYACTHUI] C HEOOXOIMMBIMU pa3Mepamu.

JI7 M3roToBJIEHUS HAHOYACTHI] CaMbIM Ba)KHBIM MPOILECC — CAEPKUBATH
arperanyi HAHOYACTUI[ W POCT HAHOKpUCTALIOB. J[jis 3TOro HeoOXoauMo

MCIOJIB30BaTh JUCIIEPTATOP U YIPABJIATH PAMOHAIBHO MPOLIECCOM PEAKIINH.
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Jlns cbopa HaHOUYACTHI] MeAW Oe3 yibTpaleHTpudyru n00aBlieH JETy4nid
OpPraHUYECKUH PaCTBOPHUTENb, YAEIbHBIH BEC KOTOPOTO MEHbBINE BOJBL. ITO
MO3BOJIWJIO  TOJIYYUTh HAHOYACTUIBI MEOUM PaBHOMEPHOTO pa3Mepa u
MPEIOTBPATUTh UX arperaiuio U OKUCICHHE.

B nanHOM sKCTIepuMeHTe MCTONb30BaH AoAemiIcyabdar Hatpus (SDS) B
KauecTBe Jucrepraropa M OCEH3MH B KauyecTBEe JIETy4yero OpraHuyecKoro
pacTBOPHUTEIISI.

Eciu noGaBute Gensun u SDS k pactBopy peakmuu, SDS mokpbiBaeT
MOBEPXHOCTh HAHOYACTHUI] ME/IU U MPEJOTBPAIIAET UX KOHTAKT U arperamuio Apyr
C IpyT'OM 1 TIO3BOJISIET, YTOOBI HAHOYACTHUIIHI METU MPUCOCTUHSIIUCH K OCH3UHY.

[locne peakuuu BOCCTaHOBIEHHUS Ojarofaps pa3HUIE B YACIbHOM BeEce
pacTBOp peakLuu pasjensercd Ha JBE 4YacTH: BEpXHUM OEH3MH, 3aXBaTHBIIUN
HAHOYACTHUIIBI MEIN, 1 HUKHUI BOJHBIA pacTBOP.

Ecnu ¢ noMomnipio JenuTenbHON BOPOHKH BBIIETUTh OCH3UH, 3aXBaTUBIINN
HAHOYACTHIIBl MEIW, U CYIINTh B BaKyyMHOM CYIIWJIBHOM IIKade, TO OeH3HMH
YIETYYUTCS C TOTYYCHHEM OCTaTKOB TOJIBKO HAHOYACTHI] METH.

Taxum 00pa3oM MOKHO MOJIYYUTh HAHOYACTUIIBI MEIU O€3 UCIIOJIb30BAHUS
yIbTpaleHTPUyTH, CJIEAOBATEIbHO, YACTHIIBI 3allMIICHBl OT arperamud |
OKHCJICHUSI.

2. [lpouecc IkcnepuMeHTa

Cuaygana pactsopensl 0,84 r SDS u 0,84 r EJITA B 256 mi pactBope CuSO,
(0,0715 M) u npoBeneHa kanmudpoBka Ha pPH=1.5 ¢ momoripio H,SOy,

Takum oOpa3om, moaydeH pactBop A (pucyHOK 1).

B kauectBe pactBopa b ucnons3zoBano 24 mu NaH,PO, (1,032 M).
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Puc. 1. PactBop nepen HavamoM peakinu BOCCTAaHOBIICHUS

[Tpu nepemermBanuu pactopa A (120 06/muH), B Hero mobasien 20 M
6ensuH mipu Temmeparype 55 °C.

K monyduennomy pactBopy 100aBI€H CO CKOPOCTHIO 8 MJI/MUH pacTBop b.

Uepe3z 20-30 MHHYT LBET BCEro pacTBOpa IMOCTENEHHO HW3MEHUJIICA OT
CHHETO JI0 3€JICHOT0, ITOTOM JI0 MypIypHOTO (puc 2, 3, 4).

JlaHHBI 1BET pacTBOpa IIOKa3bIBA€T IOJIyY€HHWE HAHOYACTUI[ MEIU B
pe3ysibTaTe peakliMi BOCCTAaHOBJICHMUS.

B naHHOW mnpakTHKe, 4YTOOBl HAaWTH NPaBUIBHBIA PEXUM PpEaKIUU
BOCCTAHOBJICHMsI HOHA MeJU, J00aBjeH pacTBOp b K pacTBopy A mpu KOMHATHOU

TeMIepaType 1 MOBHIIIEHA TOCTEIIEHHO TeMIepaTypa Bes pactBopa 10 55 °C.
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Puc. 3. PactBop B nojioxxkenuu peakiuu npu 50°C
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Puc. 4. PacTBop B moJIoKEHUU COBEpILIeHUs peakuuu npu 50-55° C

Ha pucyHke 5 moka3aHel U3MEHEHUsI LIBETa PacTBOPA B XOJ€ IMOIYYECHUS
HAaHOYACTHI] MEJIH.

Kak BunnoO, uepe3 20-30 MUHYT BET pacTBOpa MOCTENEHHO U3MEHUIICA OT
CUHETO JI0 3€JIEHOr0, TOTOM J0 ITyPILypHOTO.

OT0 U3MEHEHHE [IBETa 03HAYAET, UTO YKe 0(hOPMIIIMCH HAHOYACTHIIBI MU
B PacTBOpE.

IIpn KOMHAaTHOHM TeMIlepaType BBIKJIIFOYEHA MEPEMEIIAIKa, IOTOM PacTBOP
pa3zznenuTcs Ha 2 cios: BepXHUM OCH3MH (3aXBaTUBLIMI HAHOYACTUIBI MEIH) U
HUKHUHN BOJHBIA pacTBOp (PUCYHOK 6).

Bepxuuit 6eH3uH ouuieH 3 pa3za AUCTUUTMPOBAHHON BOJIOW C MOMOIIBIO
JEIUTEIBbHOM BOPOHKM M BBICYLIIEH B BakyyMHoM mkade. Korma OeH3uH

YIACTYHYWIICA, OCTAOTCA TOJIBKO HAHOYACTHUIIBI MCIU.
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Takum 006pazom, 6€3 UCII0JIL30BAHUS YIBTPAICHTPU(PYTH MOXKHO MOJTYUUTh

HaHOYAaCTHIIbI MCIH, KOTOPBIC 3alIMIICHBI OT arperaivn U OKUCJICHUA.

-

Puc. 5. I3meHeHue 1iBeTa pacTBOpa B XOJ€ MOTYYEHUS] HAHOYACTHI] MEJIH.

Ha pucynke 6 moka3zaH BepxHUM O€H3MH, OYHUIICHHBIM 3 pasa
JUCTUWIJTMPOBAHHOM BOJOM C MOMOIIBIO JAECIUTENBHONM BOPOHKHM M OCTATOYHBIE
PacTBOPBI.

3. AHaJIU3 NPOAYKTA peakunu

[Tposenen ananm3 myrtem pentrenorpammbl D8 ADVANCE (Bruker,
['epmanust, 2003).

W3 peHTreHorpamMmsl clieyeT, 4YTo MpoayKT peakiuu coctout u3 Cu (50
%) 1 CuO (50 %). ITo popmyne Ileppepa (Scherrer formula) [4]

d- 0.94-1
[ -cosé

)
(rme A — jMHA BOJIHBI W3MyudeHus, 0 — yron paccesHus, B — dusnueckoe

-
YIIMPEHUE JIMHUA HA PEHTIEHOTpaMMme f3 =g > @ ~ MpuHA IU(PPAKITIOHHOTO
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MaKCHMMyMa Ha IIOJOBHHE €T0 BBICOTBI) IMoJiyd€Ha BCIIMYMHA pasMEpa YaCTHUIbI B

cpeaHeM 28 HM.

L
¥ 4

017.02.09 12:40

T

Puc. 6. Paznenennsliii pacTBop Ha 2 ciosi (BEpXHUN — OPraHUYECKUIl pacTBOD,
HUKHUUN — BOJTHBIN pacTBOD)

BunHo, 4To mpu MojiydeHWH HAHOYACTHIl MEIU METOAOM XHAKO(a3HOTO
BOCCTAHOBJICHHMSI BO3MOKHO BBIJICJICHHE HAHOYAcTUI] O€3 HCIOIb30BaHUS
yIbTPaeHTPUYTH, YTO TO3BOJIUTH yICHIEBUTH IPOMU3BOJACTBO HAHOYACTHUI] MEH
B KaueCTBE JI00aBKU K CMa304HOMY Maciy.

BriBoabI

1. [Iyrem  noGaBinenuss  Tpunon-b  (EJATA) B  KkauectBe
KOMIUIEKCOOOpa3oBaTeyis B CHCTEMY pEaklMd BOCCTAHOBJIEHHS HOHAa MeEau
peryaupyercs CKOpOCTh PEeaKIUH, CIET0BATENbHO, MOJIYYEHbl HAHOYACTHUIIBI MEIU
C PAaBHOMEPHBIMH pa3MeEpamu.

2. Ilyrem no6apneHus OEH3MHA B KAUE€CTBE OPraHMUECKOT0 paCTBOPUTEINS B
CUCTEMY pEaKUUU BBINOJIHEH cOOp IIOJyYEHHBIX HAHOUYacTUL] Meau 0e3

WCITIOJIb30BAHUS yIIbTPAIEHTPU(YTH.
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6 (Cu-HaHo4acTUUbl)
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2-Theta - Scale

s (c ) - File: 6 (Cu .raw - Type: 2Th/Th locked - Start: 10.000 ° - End: 90.000 ° - Step: 0.020 ° - Step time: 0.6 s - Temp.: 25 °C (Room) - Time Started: 1493255424 s - 2-Theta: 10.000 ° - Theta: 5.000
Operations: Smooth 0.150 | Import

[)00-004-0836 (*) - Copper, syn - Cu - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 3.61500 - b 3.61500 - ¢ 3.61500 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fm-3m (225) - 4 - 47.2416 - F8= 89(0.0112,8)

[#]00-005-0667 (¥) - Cuprite, syn - Cu2+10 - Y: 50.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 4.26960 - b 4.26960 - ¢ 4.26960 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - Pn-3m (224) - 2 - 77.8326 - F13= 56(0.0117,20)

e

Puc. 6. Pe3ynbraT rpanynioMeTprun HAaHOYACTHUL] METU

3. IlomydyeHpl HAHOYACTUIBI MEAM C CPEAHBIMM pasMepaMH 28 HM

)KI/II[KO(i)aSHBIM BOCCTAaHOBHTCJIIBHBIM MCTOJ0OM.
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