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AHHOTanusa. AkmyasasHocmb, B HacTosLee BpeMs oco6oe 3HaYeHUe IpUobpeTaeT palioHaJIbHOE U 9KOHOMHOE UCII0JIb30-
BaHHe HePTEeNPOAYKTOB. ITO OTHOCUTCS, B TOM YHUCJIe, U KO BCEM MU3BECTHBIM BHJaM Maces. OTpabGoTaHHbIe Mac/a, onaja-
I0lllMe B OKPYXaIoOIyl0 MPUPOJHYIO CpeAy, JUIIb YaCTUYHO 00e3BPeXMBAIOTCS B pe3ysbTaTe eCTeCTBEHHBIX MPOIECCOB.
Bosiblllasi UX 4YacTb SIBJISIETCS MUCTOYHUKOM 3arpsi3HEHHs N0YB, BOJAHBIX 00'bEKTOB U aTMOCHEepHOro BO3/yXa, MPUBOAS K
HapylIEeHHIO BOCIPOU3BOJCTBA NTHUL, PbI6, MJIEKONUTAIOIINX, OKa3blBasi BpeJHOE BO3/eHCTBUE Ha yesioBeKa. TakuM obpa-
30M, [IOBCEMECTHAs MpobyeMa c60pa U YyTUAU3AIUU OTPAOGOTAaHHBIX HEQTENPOAYKTOB SIBJISETCS aKTyaJlbHOW, peHTabes b-
HOW M HAaYKOEMKOU 06/1aCThI0, TaK KaK MPU NMPaBUIbHON OpraHU3allH Mpolecca pereHepalud CTOUMOCTb BOCCTAHOBJIEH-
HbIX Maces1 Ha 40-70 % HuKe CTOMMOCTH CBEXHUX MaceJsl IPY NMPaKTHUYECKH OJJMHAKOBOM uX KayecTBe. Iess. Llesb paGoTel
3aKJII0YAeTCs B COBEPLIEHCTBOBAHUU TEXHOJIOTUH YTUJIM3ALUKU OTPAGOTAaHHBIX HeQTENPOJYKTOB B YCJOBHUSIX CEBEPHBIX
TEPPUTOPUHN JIJIs1 JOCTHKEHUS KO- U 3HeproappekTuBHOCTH. OTpaGoTaHHbIE MacJa MOC/e 3Tana pereHepanuu MOTyT UC-
M0JIb30BAThCS 110 NPSIMOMY Ha3HAYEHHIO — BO3BPALAThCS B CUCTEMbI CMa3KH 060pyoBaHus, 3TO A0 70-80 % OT UCXOJHOTO
KOJIMYecTBa o6pasymollerocss oTpaboTaHHoro mMacja. OcraBlieecsi, <HEBOCCTAaHOBJIEHHOe», B kosndecTBe 20-30 % - oxu-
raTbCsi B BUJie BOJOTOIUVIMBHOW CMeCH Ha NPeANpPUATHUAX, 000PYAOBaHHBIX KOTJIAMU Ha JKUJKOM TOIIMBe. MMerowmuxcs B
JINTEPATYPHBIX UCTOYHUKAX CBEJEHUH HeJOCTATOYHO IS co3JaHus 3PPeKTUBHONW CHUCTEMbI YTHIU3ALUH OTPAOOTAHHbIX
MaceJs ¥ JJpyrux HeTenpoAyKTOB OCOGEHHO B YCIOBUAX LUPKYMIOJAPHBIX TeppuTOpui. Tpebyerca auddepeHnnpoBaH-
HBIM MoAXoJ K mpo6sieMe ¢ y4eTOM OCOGEHHOCTEH KJIMMATa, YAaJIeHHOCTH apKTHYEeCKUX TEePPUTOPHUH OT TPAHCIOPTHBIX
MHOPACTPYKTYpP C 0653aTeNbHbIM COBJIIOJIEHNEM PErJIaMeHTOB 3aLUThl OKpyxatwliei cpesbl. Memodsl. KaBuTanoHHas
TexHoJIoTHs (3¢ deKThl KaBUTALMH) U MeTo r1y6oko o6ydenus: LSTM (Long Short-Term Memory) s 06pa60oTKH OTX0/I0B
YTJIEBOZIOPO/IOB Ha NpUMepe UHAYCTpHUaabHOro Macjaa W30 U, COOTBETCTBEHHO, MOJIeJITMPOBAHMEe MUTPALUU NOJIJIIOTAHTOB
OT NPOMBILIJIEHHBIX 00'BEKTOB B OTKPBITBIX NPHUPOJHBIX BOJHBIX HCTOYHUKAX. Pe3y/1bmamel U 8618006l [losyyeHHbIe pe-
3yJIBTAThl FOBOPAT O TOM, YTO KOMIJIEKCHOE HCIOJIb30BAaHUE ChIPbs — 3TO pe3y/bTaT HanboJiee MOJTHOr0, IKOHOMUYECKH U
3KO0JIOTUYECKH ONPABJAHHOTO HCII0/Ib30BaHHUsI BCEX I0JIE3HBIX KOMIIOHEHTOB, CO/IEPKAIUXCsI B ChIpbe, a TAaKXKe B 0TX0JaX
npou3Bo/cTBa. JITo6ble yraeBoAOPOAHbIE OTXO/IbI MOXKHO PacCMAaTPUBATh B KaueCTBE BTOPHUYHBIX MaTepHaIbHBIX PECYPCOB,
KOTOpBbIE AOIMYCTUMO HCIOJb30BAaTh B X03SMCTBEHHBIX L[€JIAX, YACTUYHO WJIHM IOJHOCTBIO 3aMellasl TpaJgUlOHHbIE BHU/IbI
MaTepHaTbHO-ChIPbEBBIX U TOIIMBHO-3HEPTeTHYECKUX PECypCoB, IVIAaBHOHM 1[eHHOCTbI0 KOTOPBIX SIBJISIETCS UX MOCTOSIHHAsA
BOCIPOM3BOAUMOCTb B IPOU3BO/ICTBEHHOM CEKTOpE.

KiioueBble cjioBa: HedTecoepKaliye OTXO/bl, YTUIU3AlUs, KaBUTAMOHHOE BO3/eHCTBUE, 3HEPreTHYeCKHe Pecypchl,
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Abstract. Relevance. Currently, the rational and economical use of petroleum products is of particular importance. This ap-
plies, among other things, to all known types of oils. Waste oils entering the natural environment are only partially neutral-
ized as a result of natural processes. Most of them are a source of pollution of soils, water bodies and atmospheric air, leading
to disruption of the reproduction of birds, fish, mammals, and having a harmful effect on humans. Thus, the widespread prob-
lem of collecting and recycling waste petroleum products is a relevant, cost-effective and knowledge-intensive area; since
with the correct organization of regeneration, the cost of recovered oils is 40-70% lower than the cost of fresh oils with al-
most the same quality. Aim. To improve the technology of recycling spent petroleum products in the conditions of the north-
ern territories in order to achieve eco- and energy efficiency. After the regeneration stage, used oils can be used for their in-
tended purpose - returned to equipment lubrication systems, this is up to 70-80% of the original amount of waste oil gener-
ated. The remaining, “unrecovered” amount of 20-30% is burned in the form of a water-fuel mixture at enterprises equipped
with liquid fuel boilers. The information available in the literature is insufficient to create an effective system for the disposal
of used oils and other petroleum products, especially in the circumpolar territories. A differentiated approach to the problem
is required, taking into account the peculiarities of the climate, the remoteness of the Arctic territories from the transport
infrastructure, with mandatory compliance with environmental standards. Methods. Cavitation technology (i. e. cavitation
effects) and the LSTM (Long Short-Term Memory) deep learning method for processing hydrocarbon waste using the exam-
ple of industrial oil W30 and, accordingly, modeling the migration of pollutants from industrial objects in open natural water
sources. Results and conclusions. The results obtained indicate that the integrated use of raw materials is the result of the
most complete, economically and environmentally justified application of all advantageous components contained in raw
materials, as well as in production waste. Any hydrocarbon waste can be considered as secondary material resources that can
be used for economic purposes, partially or completely replacing traditional types of material, raw materials and fuel and
energy resources, the main value of which is their constant reproducibility in the production sector.
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BBegeHne B pecnyOmuke Yamyprtus, Omckoii obnactu, Au-
Exeromno B Poccum motpebmsiercst mopsiika  TaiickoM M [IpuMOpCKOM Kpae BeayTCs IMOMCK U Iepe-
1,85 MutH T Macen, Ipu 3TOM COOMpaeTCs BCErO OKOJO  IOBOPBI C IOTEHIMAJIbHBIMU ITAPTHEPAMH IepepaboT-
500 TeIc. CornmacHo aeicTByrolieMy BpeMeHHOMY MO- — YHKaMHU.
JIOXKEHUI0 00 opraHu3anuu cOopa W parMOHAIBHOTO KonuuecTBeHHbIe MOKazaTenu cOopa OTpaboTaH-
WCTIONB30BAaHMSA OTPAaOOTaHHBIX HE(TENPOIYKTOB BEJIM-  HBIX Macell OT 0OBEMOB MOTPEOSIEMOr0 HUCXOIHOTO
YHMHA CPEeJIHEro MOKa3aTelsi HopMaTuBa cOopa Mo OTpa-  CMA304YHOTO Marepuaia Mo cyobektam P®D ckiampiBa-
6otanHeIM MaciaM coctaBisieT 0,5. To ecTb OoT rogoBO-  torcst Tak (%):
T'0 KOJIMYECTBA MOTPEOJICHHUsT COOp JIOJDKEH COCTAaBJIATh HenTpanbhsiii — 150,8;
925 ThIC. T OTpaboraHHOro Mmacna. CyliecTBylOnme B [Ipuomxkckuii — 108,8;
CTpaHe JieralbHbIe MOIIHOCTH MO yTHIM3aluH [ 1] roToBbI VYpanbckuii — 102,1;
eXKeroJHo TepepabarbiBaTh okosio 100 T, a 3HAUYWT, HE Cubupckuii — 70,4;
YUYTEHHBIMU ocTaroTcs mopsiaka 400 T HeTenpoayKTOB. CeBepo-3anaanblii — 58,5;
OtpaboTtanHble HEPTSIHBIE Maciia U CMa304YHbIE Ma- FOxHbIi — 56,3;
TepHuabl, He BOBJICUCHHBIE B MPOIECC yTUIU3ALUU [2], JlanpHeBOCTOUHBIH — 29, 1.
IIormagarT B HE3aKOHHBINA O60pOT TOINIMBHBIX ITPOAYK- Ty K€ BEJIMYHHY c60pa’ HO OTHOCHUTEJIBHO cq)ep

TOB, KOTOpBIC, ABISICH NPCUMYIICCTBCHHO OTXOAAMU  oO{pa3oBaHHs OTPAOOTAHHBIX Macel MOXHO IpeIcTa-
3-ro kjacca OIMaCHOCTH, CIKUTAIOTCS, 3arpA3HASA OKPY- BUTH TaK (%)

JKAIOIIYI0 cpely OCCKOHTPOIBHBIMH BBEIODOCAMH OTIac- POMBILLIEHHOCTH — 290,6;
HBIX [POJIYKTOB ropeHus [3]. e (usuyeckue yuma — 68,5;
[To manHBIM HcTOYHMKA [4] Oojiee ONaronoily4yHble cTpouTenseTBo — 47,8;
CHUTyalluH ¢ 0TpabOTaHHBEIMM HE(TENPOAYKTAMU CKIIA- ¢  apTOMOGHIBHBIA Tpancnopt — 37,3;
ABIBAIOTCA. e cenbcKoe X03siicTBO — 35,1;
e B eBporeiickoi yactu ctpanbl (Bomoroackas, Kyp- o apmmst — 13,1;
ckasi, CmoseHckast, CapaToBckas 06:1aCTH, pecyd- o 5/ Tpancropt — 8,8;
nuka Kowmu, pecrybnnka Tarapcran u mp.), Tie o duor— 5,4;
OCYIIECTBISICTCS COOp M HAKOTUICHHE MaceT; e apuanus —4,4;
* Kpacrosipckom u KpacHomapckom kpae, Boiro- o ppoyee — 65,3;
rpazckoii, Mpkyrckoi, Tomckoi, Hosocubupckoit OKosloruuecky 0e30IacHOE HCIOIb30BAaHUE OTpa-
1 AMypCKOit 061aCTsIX — COOp M yTHIIH3ALIHS. OOTaHHBIX CMAa30YHBIX MATEPUAJIOB TPEIIONAraeT HX
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nepepaboTKy ¢ TOJY4YeHHEM TOBapHBIX MPOAYKTOB
€aMoro pa3IMYyHOr0 Ha3HAYeHUs (TOIUIMB, Maced, Tuia-
ctnuabix cMa3zok, COTC, KoHCepBAIMOHHBIX MaTepHa-
noB u ap.) [5]. CoBpeMeHHOE cOCTOsSIHME Bompoca 0e3-
OITaCHOM yTuiansaguu CTAJIKUBACTCA C TPYAHOCTAMU U
B TEOPUH, U HA MPAKTUKE [6].

BoccraHoBieHHOE TOIUIMBO HE YCTYHAaeT KadeCTBY
TIEPBUYHO HW3TOTOBJIICHHOTO, B OTpabOTaHHOM Maclie
JIOJISL CONeprKaHMS LICHHBIX YTIIEBOIOPOIOB TOCTATOTHO
BbIcOKa [7]. M3 0TpabOTOK yAalIsAlOTCS MEXaHUYECKUE
MPUMECH, TPOIYKTHl OKUCICHUS, a TIyOMHAa OYHCTKH
JlaeT MaKCUMaJIbHBIM BBIX01 Oa30Boro macia [8].

OnTuManbHBIA METOJ YTWIM3AIMH JIOJDKEH Ccoue-
TaTh B ce0e CICIYIOIINE XapaKTePUCTHUKH:
® BBICOKOE KQUeCTBO OUHCTKH;
9KOHOMUYHOCTH TEXHOJIOTUH;

BO3MOXKHOCTB MepepaboTKH MaKCUMAIIbHOTO 00be-
Ma 0TpabOTaHHOT'O Maclia;
MUHHMAJIHO  BO3MOXKHAs
mpoliecca;

MaKCHMalbHasi aBTOMATH3aIHsI TIPON3BOICTBCHHBIX
oneparuii;

0e30MacHOCTh IS YeIIOBeKa W OKpY’KaloIIel cpe-
JBI;

MOTYyYEeHHUE BTOPHYHOTO CHIPHS, BOCTPEOOBAHHOTO
Ha pbIHKeE [9].

OtpaboTaHHbIE Maciia IIOCIE 3Tama pereHeparuu
MOTYT HCIIOJB30BaThCS IO MPSIMOMY HA3HAUCHHIO —
BO3BpAaIllaThCsl B CUCTEMBI CMa3KH 00OPYIOBaHUS, 3TO
70 75—80 % OT MCXOTHOTO KOJIMYECTBA 00pa3yIOIIero-
cs1 OTpabOTAaHHOTO Maclia, OCTABIIEECs, KHEBOCCTAHOB-
JieHHoe», B konudectBe 20-25 % — CHKUTaTHCS B BUJIE
BOJIOTOIUTMBHOM CMECH Ha TPEANPHUITHAX, 000PYJI0-
BaHHBIX KOTJIAMH Ha JKHIIKOM ToIUIHBe. [lelicTByIomue
TpeboBanus PocnpupogHanzopa Mo MPeKpalieHuto
OECILICNBHOTO CKUTAaHUSI OTPaOOTAaHHBIX Macesl CTaBST
3a7ady MOJYYEHUs W3 OTPaOOTaHHBIX WHIYCTPHANb-
HBIX Macell IByX BHIOB TOBAPHOTO MPOAYKTA: HCXOJ-
HOT'0 MacJjia U TOTUIMBA.

Crierududeckre CBOWCTBA BOJOTOIUIMBHOM CMecH
ONPEAETSAIOTCS CBOMCTBAMHU COCTABISIONIMX CHUCTEMbI
KUAKOCTb—KHUIKOCTH [10]. YrmeBomoponcoaepxaiiue
otxoasl [11] xapakTepu3yroTcs TMOBBIMICHHON BSI3KO-
CThI0, HAUIMYMEM KPYIHBIX ¥ aOpa3suBHBIX YaCTHIL AHUC-
nepcHOil as3bl, CKIOHHOW K O0Opa30BaHHUIO OCAAKOB
[12], 1 psnoM Apyrux OTKIOHEHHH OT CTaHIAPTHBIX
TOIDIHMB, TPETATCTBYIOMINX HCIIOIB30BAHUIO STHX TOTI-
JIUB BMECTO TOIUIMBHOTO MasyTa 0e3 CreruaibHOi 00-
pabotkwu [13].

Kapurarmmonnas oopadotka [14], criocodcTByroIIas
aKTHBAIMK XUAKUX cpen [15], n3MeHsromas cBoicTBa
U  HWHTCHCH(HUIUPYIOMAS XUMHKO-TEXHOJOTHICCKIE
MIPOIIECCHI, MOKET MMPUMEHATHCS KaK HEITOCPEICTBEHHO
K OTpabOTaHHBIM WHAYCTPUAIBHBIM MacjlaM C LEJbI0
YIy4IIeHUS HUX (U3UKO-XUMHYCCKUX XapaKTEPHCTUK
[16] ¥ X BOMOTOIUIMBHBIM CMECSM JUISI CO3JaHUS

IPOJOJDKUTCIBHOCTD
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YCTOMYMBBIX 3MyJIbCHi [17], Tak U K BoJE, U3MEHSIS ee
(PM3UKO-XUMHUYECKOE COCTOSHHE.

Lenbro pa®OThI OBIJIO OLICHUTH BIIHMSHHE KABUTAIIH-
OHHOTO BO3/ICHCTBUSI Ha CBOICTBA OTPAOOTAHHBIX HMH-
JTYCTPHAJIBHBIX Macesl U UX BO3MOXKHBIH BO3BpPAT B XO-
3SICTBEHHYIO JEATENIbHOCTh MPEANPUITUH, a TaKxke
BOJIBI U €€ CTPYKTYPHBIX U3MEHEHUH JI0 U TOCIIE 3aMO-
po3ku s 3(pPEeKTUBHOTO MCHOIB30BAaHMS MPU CO3/a-
HUM BOJOTOIUIMBHBIX BMYJIBCUH NIl CKUTAHHS B Ma-
JIBIX KOTEJIBHBIX pailoHoB KpaiiHero cesepa.

Martepuasibl U METO/bI

B skcnepumente ucciieoBajgach aKTHBHPOBAHHAsS
BOJIa JI0 ¥ TIOCJIE€ 3aMOPaKMBaHUS, a TAKKe TPH TPOOKI
nHAycTpranbHoro macia W30:
e HCXOIHOE MaTpPUYHOE Macio — mpoda Ne 1;
0TpaboTaHHOE Macio — mpobda Ne 2;
0TpabOTaHHOE MAacClI0 TOCJIe KaBUTALMOHHOTO BO3-
nerictBus — mpoObt Ne 3a u 30.
JBenanuats npod Bojbl, Kaxaas no 500 mi, mos-
BEPIJIMCh KaBUTAIMOHHOW 00paboTKe: Bpemsi 00padoT-
ku 1, 3, 5 u 10 MuH, CKOPOCTH BpallleHUsI KaBUTATOpa B
Ka)XJIOM ciaydae cocTaBisuio 5, 10 u 15 Teic. 06opoToB
B MUH. ClieJIoM 32 KaXJbIM BO3JICHCTBHEM Mpoda aHa-
JTH3UPOBANACH 110 BEIMYUHE BOJOPOIHOTO IMTOKA3aTeIIs
pH, ynenbHoit anexkrponpoBogHoctu (Y III), Temmnepa-
Type. Ilocne moouepenHoN pa3MOpO3KU Yy HCClEqye-
MBIX 00pa3OB U3MEPSUIACH CICAYIOINE TapaMeTpPhI:
JUISL BOJIBI — BOJIOPOJIHBIN Tokaszarens pH, VYOII,
COJIECOJIepKAHNE, KECTKOCTh, MIETOYHOCTh U TEM-
neparypa;
JUIsE OTPpabOTaHHOTO Macliia — BOJOPOJIHBIN MoKa3a-
TEJb, BSI3KOCTh U KOA(PPHUIIUCHT PUIBTPALIUH.
HccnenoBanusi TPOBOAMINCH C HCTOJNB30BAHUEM
CIIEAYIOIEro 00OpYAOBaHUS: TEPMOMETp JlabopaTop-
ueiit TJI-4, pH-metp/monomerp UTAH, xongykTOMeTp
MAPK 603, Buckozumerp BIDKT-1, ¢umbtpanuon-
Helid anmapatr YO®T, mopo3unbHast kamepa buproca.
s ompesienieHusl KECTKOCTH BOJIbI HCIIOIB30BAINCH
MYV 08-47/234, menounoctn MY 08-47/232. Kasura-
[UOHHAsT 00pabOTKa BHINONHIAIACE HA YCTaHOBKAxX
JIByX THUIIOB: YJIbTPa3BYKOBOM T€HEpaTope M CylepKa-
BUTAIIMOHHOM MHKcepe Mapka Silverston SL.

Pabota ¢ orpaboTaHHBIM MaciOM IPOBOAMIACH B
JIBa Tara:
1) anms MCXOMHOTO W OTPa0OTAaHHOTO Macia ObLIH
OTIPEIIeNICHBI TTapaMeTpPhl BI3KOCTH, 3HaueHue pH u
K03 uIueHTs! PUIbTpaIY;
0oTpabOTaHHOE Maclio, MPENCTaBICHHOE MPOOor No
2, TIOJBEPIVIM KABUTAIIMOHHON 00paboTKe AByMs
croco0aMu: yiabpTpa3ByKoBoi, MOIHOCTHIO 400 I,
U B CYNEPKABUTAIIMOHHOM MHUKCEpE MpU YHCIC
00opoToB potopa 7600 00/MHH, ¢ TIOCIEIYFOIIAM
omnpeiesieHueM  3asBICHHBIX  paHee  (PU3MKO-
XMMHYECKHX XapaKTEepUCTHK. Bpems 00paboTku
COCTaBHIIO, COOTBETCTBEHHO: 5, 7, 10 1 15 MuH.
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Pe3y/IbTaThl HCCIE€JOBAHUS U X 06CYKAeHHE

3HaYCHUS MMOKa3aTeNNel M aHATU3UPYEMBIX JTaHHBIX
[0 aKTHBHPOBAHHOW BOJE NpeJCTaBieHbl B Tabiu. 1.
['padudeckyro 3aBUCHMOCTH TOJYYCHHBIX YHCIIOBBIX
3HAYCHUI MapaMeTpOB aKTHBHPOBAHHOW BOJBI IIOCIE
3aMOPO3KHU MOKHO yBUJIETh Ha puc. 1.

[Ipu paboTte ar0OBIC BHIBI CMa30YHBIX MaTEPUATOB
COIIPHUKACAIOTCSl ¢ METAJUTaMHU, ITOIBEPIalOTCs BO3ICH-
CTBHIO TEMIIEpaTypbl, JABJICHUs, KHCIOPOAa BO3/yXa,
MHUHEPAJIBHBIX TIPUMEce W Ipyrux (axToOpoB, IMOJ
BIMSIHUEM KOTOPBIX C TCUYCHUEM BPEMEHHU IIPOMCXOIUT

HW3MEHEHHE CBOWCTB Macja, Ha3bhIBAEMOE CTapeHHEM
(Tabn. 2) [13].

KaButanuonnas o0paboTka OTpaOOTaHHBIX WMHAY-
CTPHAJIBHBIX Macell CI0COOCTBOBaJa M3MEHEHHI0 HX
(PU3UKO-XUMHYIECKUX CBOWMCTB: BSA3KOCTH, BEIMYHMHBI
BOJIOPOJTHOTO TIOKa3aTelisi, MUHEPAJIbHOTO COCTaBa, 4To
HO/ATBEPIKAACTCS CIEAYIOLIMME Pe3yJIbTaTaMH.

ITokazarenn BS3KOCTH  3asABICHHBIX  00pa3IoOB
(Tabm. 3) MCXOMHOTO W OTPaOOTAHHOTO Macesl ObLIN
omnpeneneHs! mo ¢popmyie (1) mo 'OCT 33-2016:

v=_Cr,, )

2,2
rae C — MOCTOSIHHAsI BUCKO3UMETPa, MM~ /C”; fe, — Cpeji-
Heapu(METHUECKOE 3HAYCHNE BpeMeHH 00paboTKH, C.

Benuuuna BpamieHus poTopa cylnepkaBUTaLlMOHHOTO MUKCEpa

a) 5000 o6/mMuH 6) 10000 o6/muH B) 15000 06/Mun
9 9 ?
8,5 W 8.5 / 8,5 —/—‘
8 o 8 8
== e
e 7.5 .—_——r—_"‘_—-.—. 7.5 .—'——\‘—\‘___——. %‘ 7.5 ————
7 7 7
6.5 6,5 6.5
1 3 5 10 1 3 5 10 i 1 3 5 10
Bpewmst BosueficTsis, MuH Bpems Bo3ieicTBIs, MitH BpeMmst BO3AeiiCTBHSL, MHH
E o g5 60 .,’_/__—. E 60 '—_—'/.___o
o g 50 3 50
E 50 = £
= g 40 s 40
=40 : =
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Fig. 1. Dependences of physical and chemical parameters of water on cavitation treatment time: —e— cavitated water after

defrost; —e— cavitated water before freezing
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Ta6auya 1. Pesysbmambl usmepeHuli

Table 1. Measurement results
060poTHI, Bpewms, yal 060opoThI, Bpewms, yaIn
N2 npo6bl ThIC./MUH MUH. H (MAPK 603) £oC N2 npo6bl TBIC./MUH MUH. H (MAPK 603) £oC
Sample no. Turnovers, Time, p UEP ’ Sample no. Turnovers, Time, P UEP ’
ths/min min. (MARK 603) ths/min min. (MARK 603)
1 15 1 8,7 114 30,5 7 15 5 9,4 116 27,5
2 10 1 8,1 121 24 8 10 5 9,4 125 25
3 5 1 8,2 131 22,5 9 5 5 8,7 128 24
4 15 3 91 134 29 10 15 10 10 152 28
5 10 3 9,3 130 24,5 11 10 10 10,2 129 25
6 5 3 9,3 111 23 12 5 10 9,3 133 24
coJiecosiepkanue - MmeHee 1 rp/am3 salt content - less than 1 g/dm3
111eJIOYHOCTD — He MeHee 0,5 Mr-akB/am3 alkalinity - not less than 0.5 mg-eq/dms3
JKeCTKOCTb - 0-4 Mr-skB/am3 hardness - 0-4 mg-eq/dm3
Ta6auya 2. Xapakmepucmuxka macea mapku W30
Table 2. Characteristics of W30 oils
BsaskocTs, v Kucnorthoe TemnepaTtypa [l1oTHOCTB IpHU JdJ1eMeHTapHbIN coCcTaB, Mac. %
O6paser (11BETHOCTb) (40 °C), mm2/c yucao, KOH/r 3acTbiBaHus, °C 20 °C, kr/m3 Elemental composition, wt %
Sample (color) Viscosity, v Acid number, Solidification Density at 20°C, C H N S 0
(40°C), mm?/s KOH/g temperature, °C kg/m3
A 1 2 3 4 5 6 7 8
MaTpuyHOe Macjio
(cBeTn0-x)eM1TOE) 3,0250 9 -15,2 865 859 | 15,7 | 0,10 | 0,20 | 0,10
Matrix oil (light yellow)
OTpaGoTaHHOE Macyo
(TeMHO-KOpUYHEBOE) 3,2667 12 -11,9 905 87,4 | 11,2 | 0,31 | 0,41 | 2,65
Used oil (dark brown)

Ta6auya 3. 3HaueHus 8513KOCMU mecmupyeMblx 06pa3yos

Table 3. Viscosity values of the tested samples
Bpewmsi o6pa- | Cpexnneapudmeruueckass | [locrossHHast BUCKO3U- | KuHeMaTHueckast BI3KOCTb, V
Homep /2 ) o Knacc Ba3kocTH 1o
DOBEL 60TKH, C BeJIMYMHA 00paboTKH, C MeTpa, MM2/c MMZ/c npu t=23,8 °C 1SO 3448
Sanr: le no Processing Arithmetic mean value of | Viscometer constant, Kinematic viscosity, v Viscosity class to 1SO 3448
P ) time, s processing, s mm?/s? mm?/s at t=23,8 °C i
31,33
Ne 1 31,30 31,17 3,0250
30,87 3
’7 0,09705 (vep=2,88-3,52 mM2/c)
33,79 (Ver=2.88-3.52 mm?/s)
Ne 2 33,34 33,66 3,2667
33,86
Bennuunna BOJOPOAHOTO IMOKa3aTeisA 3TUX KE 00- 485.62
pasIoB COCTABUIIA! =——=29,9.
16,24

e mpoba Ne I pH=8,85;
e qpoba Ne 2 pH=9,71.

Koaddunuent ¢punbrpanun macna K Haxoaures mo
¢dopmyie (2) mo FOCT 19006-73:

™

K==, 2

1

~

rJe t; — BpeMsi (HIBTPALAN MEPBHIX ABYX CM° MAcla;
t, — BpeMs QUIBTPAINH MTOCTICTHUX IBYX CM~ Maca.

Hauansnble ABa ¢cM™ Macya B mepBoit mpoOe (puiib-
TpoBanuch B Teuenue 15,19 c, mocneanue — B TeueHue
62,56 ¢, 1. e. ko3 dumenT GuwIbTpanuu 1Mo Gopmy-
ne (2) paseH 4,12. J{nst BTopoit npoOb:
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YBenmuuenue k03hGULInEeHTOB QUIBTpAaUK B OTpa-
6oTanHOM Macie Gosee 4eM B 7 pa3 CBHJCTEIBCTBYET
0 IMPUCYTCTBUU TSDKEJBIX 3arpsA3HUTENEl, TakuxX Kak
CMOJIUCTBIE BELIECTBA, MEXaHHUUECKUE TPUMECH U TIp.

[Hainee, orpaboTanHoe Macio mpoOsl Ne 2 mojBepr-
T KaBUTAIIMOHHOW 00paboOTKe Ha JABYX THIIAX yCTaHO-
BOK: YJIBTPA3BYKOBOM M THApOAMHAMHUYECKOM. Jlis
JaTbHEHIIEro HCCIEA0BaHUs MOIYyUMINn CEpUH Mpod ¢
pe3yibTaTaMid B 3aBHCHMOCTH OT THIA YCTAaHOBKU

(Tabmn. 4).
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Ta6auya 4. [losyueHHble pe3yabmambsl mecmupyembix 06pa3yo8

Table 4. Obtained results of tested samples
Tun kaBUTaL M-
OHHOI'0 BO3/€eH- VIbTPa3ByKoBOik CyHEpKaBI/ITa.LU/IG:')HHbII/I
CTBUA . Supercavitation
Ultrasonic
Type of
cavitation impact
Bpens, MiH 5 7 10 15 5 7 10 15
Time, min
Bpemsiucreue- | ;v | x| o | x|z |o|lo|s|lo|ln|lv|lalon|od| v || n|2|lo|lw|loln]|o
[ (=) — n [ee] — n o)} (==} (= O (o)} (=) o O O (== [a\] n (o)} < O (=) [
Hug, S|f|f|d ||| |s|ad|d|s|s|S | N|g|S|s|la|s|S|S|s|
Expirationtime,s | ¥ | ¥ | T | F | S| F| | F| ¥ | F|F|F| || F| ¥ [T |||~
tep, € (S) 43,98 48,16 48,87 48,88 47,02 47,96 48,96 49,17
C, MM2/c?
mm?/s? 0,09705
v, MM2/c (npu
t=23,8°C)
4,2683 4,6730 4,7428 4,7438 4,5633 4,6545 4,7515 4,7719
v, mm?/s (at
t=23,8 °C)
pH 8,20 7,92 7,80 7,63 8,21 8,06 7,70 7,47
5 kuacc Bsizkoctu 1o 1SO 3448 (vep=4,14-5,06 mm2/c)
Viscosity class 5 according to ISO 3448 (vp=4.14-5.06 mm?/s)
PeBynBTaTLI ucciI€goBaHuA TOBOPAT O TOM, 4YTO Ne 1, 2, A€ B IIEPBOM cClIyd4a€ MacCJIO COOCPKHUT IIPpHU-

Mpolecc KaBUTAIMH MO3BOJIAET MOJHATH KIAacC BSA3KO-
cti orpabotaHHOro Macia ¢ 3 0 5 (puc. 2), To ecTh
OHO CTaHOBWTCS TyIle, IUIOTHEE, a CJIENOBATEIBHO,
YBEIMYHMBAIOTCS MaKCUMaJbHbIE Harpy3KH, IpH KOTO-
PBIX Macja COXPaHSIOT CBOU CBOMcTBa. I'padmueckoe
CpaBHEHHE TIOJYYEHHBIX Pe3yJIbTaTOB MOXKHO YBHJICTH
Ha puc. 2, 3.

48
4.6
14
42

38
36
34
32 ®

ie

Kunemarnueckas Ba3KoCTh, MM2/C
L J

®

28

10 12 14

Bpemi KaBHIAUHOHOIO BOACHIBUA, MHH
@ YIbIPa3BYKOBA KaBHTALHA THIPOIHHAMHYECKAS KaBHTAIHS

@ HCXOHOS MATPHUOE MACTO @ otrpadoaHHOE MACIO

—— JIuHcitHag (AcX0IHOC MAaTpHUOC Macno) —— JIHHciiHad (0TpadoaHHOC MacTo)
Puc. 2. (pasHeHue nokasamesell 843K0CMuU MacAa — Uucxoo-
HO20, 0mpabomaHHO20 U nocjae KasumayuoHHO20
so3delicmaus
Fig. 2.  Comparison of oil viscosity indicators - original, used

and after cavitation exposure

Kpome TOro, BenmumHa BOJOPOAHOTO IOKa3aTels
Hp06, MOABCPriINXCs KaBUTALIUU, HAXOJAUTCA B JUara-
30He 6-8 (puc. 3), 4TO SABISETCS ONTHMAJbHBIM JaXKe
JUTSL ICXOHBIX MaTPUUHBIX Macell. B oTiuuue ot npod
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CaJlKd, a BO BTOPOM 3aKHCJICH B IpOIECcCe DKCILTyarTa-
IIUU 000PYAOBAHUS.

[Nomyuennple manHble W HAOMIOAEHWS 3a (QIIBTpa-
el ipo6 Ne 1, 2 (tabmn. 3) maroT MOHUMaHUE O HAIH-
YUH B OTPAOOTAHHOM Maclie 0CAJIKa, COACPIKAIICTO MH-
HepaJbHBIC TIPAMECH, CBUHEII, MPOIYKTH U3HOCA JeTa-
nelt 000pyIoBaHUsA U T. . Y OTPabOTaHHOrO Macia Io-
CJie KaBUTAIIMOHHON 00paboTKK BU3yallbHO HAOIIO1aeT-
cs1 o dexT BrIMaNeHUs OCajJKa W TPHUCYTCTBHS 3alaxa
cepsl yke crmyctst 10 MUHYT OT Hayajia BO3JCHCTBHSL.

10

<
=1
e sss 3 ¥ yIbIPa3ByKOBOE
9 521 ’ 5 Bo3MIelicTBHE
= g M THAPOTHAMHYECKAS
a 8 8.2 § KaBHTAIHUSA
747 E‘ HCXOnHbI 0Gpazen
7 7.63 g
a D'['pﬂ60TﬂHHOC Macio
) &
1 P :
4
BpeMs KaBHTAl[HOHHOH 00paboTKH:
1 - Smun 2-7 MHH
3-10 Maa 4 -15 mMun
Puc. 3. Pesysbmamol onpedeseHust 8eAu4UHbl 8000POOHO20
nokazamenas pH
Fig. 3.  Results of determining the pH value

Takum oOpa3oM, Mojyyas MOBBIIICHHBIH Kiacc
Bsi3kocTH 110 ISO 3448 BOCCTAHOBIEHHOIO Macia, U ¢
Y4eTOM HaJMUHs 0cajiKa B TeCTHpyeMoM obOpasiie [18],
ObUIO HAaWJEHO ONTHMAaJbHOE COOTHOLIEHHE TOIydae-
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MOTO TOJIE3HOTO MPOJYKTa MOCe KaBUTAMOHHOMW 00-
pabotku: 70-80 % wuaeT Ha TOBTOPHOE UCIIOJIH30BAHNE
B XO3SMCTBEHHON ACATCIBHOCTH, OCTaBIIAsICS OIS B
komuecte 20—30 % yriieBoIOpOIHOrO Ocaika MOXKET
OBITH OTHpABIEHA HA CXKUTAHHWE, NPH 00sA3aTCIHHOM
YCJIOBUH CO3/IaHMsI KaBUTAIIMOHHO 00pabotanHoi BTC
¢ coaepkanuem Bozbl 10 10—15 % [19].

3akiioyeHne

D¢ dexTuBHOCTD yTUIM3AIMH OTPAOOTAHHBIX Maces
U JIpyrux He(TenpoayKkToB B ycioBusx Kpaitnero Ce-
BEpa MOXKET OBITh JOCTHTHYTA C YYETOM KOMIUIEKCHO-
ro MOJAXO0/a 3a CYET UCIHONIb30BaHUsA 3(P(HEKTOB TUAPO-
JTMHAMHYECKOTO BO3JACHCTBHSI.

[omy4enHble pe3ynbTaThl JAIOT IPABO YTBEPKAATh,
9TO Pa3MOPOKCHHAsSI aKTHBHPOBAHHAS BOJIA COXPAHSET
CBOU NPHOOPETEHHBIE (PU3UKO-XUMHUIECKUEC CBOUCTBA.
[lepeBoa kaBUTAIIMOHHO 0OpPaOOTaHHOW BOJBI B TBEP-
JIO€ arperaTHOE COCTOSIHUE JIeTIaeT BO3MOXHEIM €€ JI0-

CTaBKy Ha yjaJeHHble paccTtosiHus. Ee ectecTBeHHOE
3aMep3aHie B palilOHaX ¢ HU3KUMHU TeMIlepaTypamMu He
OyJeT HOCUTH (haTabHOTO XapakTepa, W OHA MOXET
HCIOJNL30BATECA  JJIS  CO3JAHUS  BOJOTOIUIMBHBIX
OMYJIbCHIA Ha TPEANPUATHSIX, pAOOTAIOIINX HA KHUJIKOM
TOITJIUBE.

KommnekcHoe notpediieHre pecypcoB — 3TO pe3yJib-
TaT HanOOJIeEe MOJHOTO, SKOHOMHYECKH M DKOJIOIHUCCKH
OIPaBJIAHHOTO HCIOJIB30BAHMS BCEX IMOJIE3HBIX KOMIIO-
HEHTOB, COJIEPXKAIUXCS B ChIPhE, & TAKKE B OTXOZaX
npomsBozacTBa [20]. JlroOble yriieBoJOPOAHBIE OTXObI
MOYKHO PaccMaTpHUBaTh B KAYECTBE BTOPUYHBIX MaTEPH-
ANBHBIX PECYPCOB, KOTOPBIC JOMYCTHMO HCIIOJIb30BATh B
XOSHﬁCTBeHHBIX OeIsaX, 4aCTUYHO HWJIM ITIOJITHOCTBIO 3a-
MeIasi TPaIUIIMOHHBIC BUJIbI MaTEPUATTLHO-CHIPHEBBIX U
TOIJIMBHO-PHEPIrEeTUYECKUX PECYPCOB, TIIABHOW IECHHO-
CThIO KOTOPBIX SIBIIIETCSI MX TMOCTOSIHHAST BOCIIPOM3BO-
JUMOCTH B HpOI/I?)BOI[CTBeHHOM CeKTOpe.
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