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PE3YJbTATBI HCCJAEJOBAHUI ®U3NKO-MEXAHUYECKHUX CBOMCTB
TAMIIOHA’)KHOI'O TEPMOIIVIACTHYHOI'O KOMIIO3UITMOHHOI'O MATEPHAJIA
HA OCHOBE HOJIMDTUJIEHTEPE®TAJIATA

Lemo pabomwvl sensiemcs ycmaHosienue 3aKOHOMEPHOCMU UBMEHEHUsL CBOUCE MAMNOHANCHOO
MePpMONIACMUYUHO20 KOMHOZUYUOHHO2O Mamepuaia om e20 cocmasd, 000CHO8aHue u paspabomka
peKomMeHOayull No  U320MOGNEHUIO THEPMONIACMUYHO20 KOMNOZUYUOHHO20 MAMepuanra Ha OCHO8e
6MOPULHO20 NOIUIMULEHMepepmanrama.

Hlocmaesnenuvie 3a0auu pewianico KOMUIAEKCHLIM MEMOOOM UCCIe008AHUs, GKIIOYAIOWUM AHATU3 U
0000WeH1e TumepamypHuIX U NAMEHMHbIX UCHOYHUKOG, NPOSEOEHUE IKCNEPUMEHMATLHBIX UCCIE008AHU.
Obpabomka 9IKCNEPUMEHMANbHBIX OAHHBIX Hpogodunace Ha I[IOBM ¢ ucnonvzosanuem memooos
MAmemMamuieckol CMamucmuky. IKCNepUMEeHmanbHble UCCIe006aHUS GbINOJHEHbL C UCHONb306AHUEM
NOA0dCEHUI 0bWell MeopuU HAYYHO20 IKCNEPUMEHTNA U THEOPUU CIYHAUHBIX NPOYECCOs.

Ilpusedenvl  pesynbmamuvl  UCCIEO08AHUA  PUIUKO-MEXAHUHECKUX — CBOUCME  MAMNOHANACHO0
MEPMONIACIMUYHO20 KOMNOSUYUOHHO20 MAMeEpUand Ha OcHoge noaudmunenmepepmanama. Onpedenenvi
Mexanuueckue — C60UCMEA  NOIUSMUIeHmepedmanama U  noaudsmuleHmepegpmarama ¢ dodaskamu
HanoaHumenel, NOMUGUHUIXAOpUOA U noaudmunena. /Jlana oyenka emusHus 000A6OK HA  CBOUCMEA
MAMNOHANCHO20 MEPMONIACMUYHO20 KOMNO3UYUOHHO20 MAMEPUANa Ha OCHO8e NONUdMUIeHmepedmaniama.
ObocHosana onmumanvbHas peyenmypa mamMnoHa}CHO20 MEPMONIACTUYHO0 KOMNOZUYUOHHO20 MAMepuad.

Bnepevie obocnosana u O00KA3aHA 603MOJICHOCMb NPUMEHEHUs 0N U30NAYUU NONOUWAIOUUX
20pU30HMOE OYPOGLIX CKBANCUH @ KAYECMEEe MAMNOHAICHOZ0 MEPMONIACMUYHOS0 MAMepuana Obimoguix
0mXx0006 Ha 0CHOGe NoaudIMuUIeHmepedhmanama.

Ha ocnosanuu npogedennvix uccnedosanutl Qu3uKo-mexaHuieckux ceotucms noKa3ana 603MONICHOCHIb
NpUMEHEHUS. 6 CKEANCUHHBIX YCTIOBUAX MAMNOHANCHO20 MEPMONAACMUYHO20 KOMKOSUYUOHHO20 Mamepuaia
Ha ocHoge noaudsmunenmepepmanrama. (OOOCHOBAH COCMAS  MAMNOHAJICHO20 — MEPMONIACMUYHO2O
KOMKO3UYUOHHO20 ~MAmMepuala Ha OCHO8e noausmuienmepepmanama. Paspabomana mexnonocus
U320MOBNEHUA MAMROHAICHO20 MEPMONIACHMUYHO20 KOMROZUYUOHHO20 MAmMepuana.

Pesynomamuvl  ucciredosanuii mawiiu npakmuueckoe npumenenue npu: paspabomre MexHOA0UU
U320MOGACHUS ~ MEPMONIACMUYHO20  MAMNOHANCHO20  KOMNOSUYUOHHO20 — MAmepuanda;,  paspadomke
MEXHON02UYU USOTAYUU NOTOWAIOWUX 20PUSOHTNOG, PA3PAOOMKE MEXHONI0SUUECKO20 PeNaMeHma U30aAYuu
nO2N0WarowWux 20PU30HMOE, ONbIMHO-NPOMBIUAEHHOM GHEOPEHUU MEXHOI02UY U0TAYUU NOTOUAIOUJUX
20pU30HMOE MEPMONAACHUYHBIMU MAMINOHAICHLIMU KOMNOZUYUOHHBIMU MAMEPUATAMU.

KiroueBble cj10Ba: Oypenue cK8adcu, NO2Iowarouuti 20pu30Hm, MamnoHaXdCHble MAmepua.bl.
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PA3MEJI 1. [IOPOJOPA3PYIIAFOIIHH MHCTPYMEHT U3 CBEPXTBEPIBIX MATEPUAJIOB
U TEXHOJIOI'"A ETO [IPUMEHEHNUA

[Iponiecc OypeHust CKBaXXMH CBSI3aH C T€OJOTHYECKUMHE OCIOXHEeHUsIMU. Hanbomnee gacTeiMu
BUJAMHU OCJIO)KHEHHUH, HapylIaloIIUX TEXHOJOIHI0 OypoBBIX paboT, SBISETCS IOIJIONICHHE
OYpOBBIX U TAMIIOHAXXHBIX PACTBOPOB.

Exxeronnpie 3aTtpaThl Ha OOpbOy C OCIOXKHEHUSIMU coOCTaBisitoT or 8 % 1o 16 %
KaneHgapHoro Bpemenu Oypenuss u ot 5% g0 10% ¢unancoBeix cpeacts [1]. Tlpu stom,
MaTepHabHbIe PacXobl HE MOJBEPraloTCsl CTPOrOMY yueTy. BBINONHEHHBIM aHaln3 NpUMEHEHUs
TEXHOJIOTHI OOPHOBI C MOTTIOMIEHUSIMHU MTOKA3BIBAET, UTO UX IPPEKTUBHOCTH B CPETHEM COCTABIISICT
30 %. 3aTpathl BpeMeHH B 001ieM OajtaHce Ha OypeHue Bo3pacrtaioT 10 18-23 % [1, 2].

D10 O0OYCIIOBICHO TEM, 4YTO JUIsl JIMKBUAAIMH TIOTJIOMICHUS TPOMBIBOYHON KUIKOCTU
MPUMEHSIIOTCS HEOCTaTOYHO 3(PEeKTHUBHBIE TAMIIOHAXKHBIE MaTepHalIbl, KOTOPbIE TOTOBSTCS Ha
BOJIHOM OCHOBE C BBEJICHHBIM B €r0 COCTaB MUHEPAJIOBSKYIIIUX I CHHTETUYECKUX BEIIECTB.

OCHOBHBIMU HEJIOCTaTKaMH STUX MATEPHUAJIOB SABISAETCA TO, YTO OHH 00JIaJar0T OOJBIION
YyBCTBUTEIBHOCTBIO K pa30OaBieHuto Bojaoil. Ilpy TamMmOHHMpPOBaHMM pPACTBOPHI  JIETKO
MEePEMEIINBAIOTCS C MPOMBIBOYHOM KMJIKOCTHIO M IUIACTOBBIMHU BOJIaMU, OCOOEHHO MpU HATUYHH
MEXIIJIACTOBOTO TepeTekanus. [IpoucxomuT pa3yOoKMBaHWE, CEAMMEHTALWS TaMIOHAXKHBIX
pacTBOpPOB, YTO BEJET K TMOBBLIIICHHWI0O BPEMEHHM CXBaThIBaHMS, PACTEKaHWIO HA 3HAYUTENIbHBIC
paccTossHUA OT CKBa)XHMHBI, M KakK CIIEJCTBUE BEIET K Iepepacxojly TaMIIOHAXHBIX CMeEceil,
HEe0OXOJIMMOCTH TOBTOPEHMS ONepaluil 1Mo TaMIOHHpOBaHUIO. Ha mpakTHke, MpU JTUKBUIALUU
MOTJIOMICHUS TTPOMBIBOYHON KHUIKOCTH PACXOAYIOTCSI TOHHBI, IECSITKUA TOHH 1IeMeHTa [3].

HmeroT ompeeneHHblii HMHTEpeC TaMIIOHAKHBIE PacTBOPHI HA OCHOBE TEPMOILIACTUYHBIX,
HEepa3yOOKMBAaEMBIX IUIACTOBBIMH BOJAaMH MaTE€pHaiOB C HHU3KOH TEMIEpaTypoil IUIaBJICHUS,
pacruiaB KOTOPBIX MOXKET JIETKO MPOHMKATh B KaHAJbI MOTJIOMICHHUS MPOMBIBOYHOMN >KUIKOCTH H
TBEPJETh TaM.

K HacrosimeMy BpeMeHHU U3 TEPMOILIACTHYHBIX MAaTEPHUATIOB MPUMEHSIINCH CMECH Ha OCHOBE
outyma [4], cepbl [5] ¥ CHHTETHYECKHUX TEPMOIUIACTOB (TIOIMATUIICH, MTOHIIPONHICH) [6]. Pu3nko-
MEXaHHYECKHe CBOMCTBA ATHX BEIIECTB JOCTATOYHO XOPOIIO MU3BECTHHI M MOJPOOHO OCBEIICHHI B
JTUTEPATyPHBIX MUCTOYHUKAX. V3 MOJTOKUTENBHBIX CBOMCTB, YTO CIMOCOOCTBYET UX MPUMEHEHHUIO B
KauecTBE TAMIIOHAKHOTO MaTepuaia, clieyeT OTMETUTh TaKue, Kak Hepa3yO0oKMBaeMOCTh BOJION U
HEpacTBOPUMOCTh B HEeW. VX muiaBieHre NPOUCXOAUT MPU CPaBHUTEIHLHO HEBBICOKOW TeMIlepaType,
U OHU HE TEPAIOT CBOMX CBOMCTB IOCJIE€ MOBTOPHBIX LMKJIOB IUIABICHUS U 3aCThIBAHUSA. OTH
MaTepHalbl SBISIIOTCS JOCTaTOYHO JAOJTOBEYHBIM T'HMAPOU3OJSLMOHHBIM MaTEpHUaioM, KOTOpPbHIE
HMMEECIOT BBICOKYIO aHTUKOPPO3UMHYIO CTOUKOCTh B arPECCUBHBIX CPEJIax.

Ho npumeHeHne 3TUX MaTepHalioB OIPaHUYE€HO U UX HEJAOCTAaTKU pacCMOTPEHBI B paboTax,
orny0IMKOBaHHBIX paHee [7].

Jns  kapAMHANBHOTO pelleHHs MPOOJIEeMbl H3O0JALMU  TMOIVIOMIAIOIINX TOPU30HTOB
HE0OXO0IMMO HCIIOJIb30BaTh MOCJICAHNUE TOCTIKEHUS (PyHIAMEHTAIBHBIX HAYK, HATH HE TOJIBKO 11O
MyTU U3BECTHBIX, TPAAUIIMOHHBIX TEXHOJIOTHIl, HO U HAXOAUTh MPUHUUIINAILHO HOBBIE PEIICHHUS.
[TooTOMYy HCKIIOYUTENIFHO Ba)KHOE 3HAYCHHE HMeeT MpoliemMa pa3paboTKH HETPaTUIIMOHHBIX
TEXHOJIOTUI HW30JSIUN MOTJIOUIAIONIMX TOPU30HTOB C HCIOJIb30BaHHEM Oosee 3 EKTUBHBIX
TaMIOHAKHBIX MAaTEPUATIOB.

B HammonanpHOM TeXHHUYECKOM YyHUBepcuTeTe «J/lHempoBckas MOMUTEXHUKa», Ha
MIPOTSDKEHUM Psifia JIeT BeAyTCsl paboThl MO pa3paboTKe HETPAOHIIMOHHBIX TEXHOJIOTHI JTUKBUAIINN
TIOTJIOIIEHUI MPOMBIBOYHOM KHUIKOCTU. PaHee ObUIM BBIMOIHEHBI PabOTHI PE3yNbTaThl KOTOPHIX
npuBeneHsl B [3]. Ha coBpemeHHOM »3Tame 3Tu pabOTHl TMOJYUWIM JalibHEHIIee pa3BUTHE, B
pe3yibTaTe KOTOPOro pa3paboTaHbl: KOHIEMIMS YHUCIECHHOro MojenupoBaHus [8] W Mojenb
Mpolecca TaMIOHUPOBAHUS TOIJIOUIAIONIETO TOPU30HTA TEPMOIUIACTUYHBIMH MaTepuanamu [9];
KPUOT€HHAsl TEXHOJOTHS M30JIALMU TOTJIOMIAIOIIUX TOPU30HTOB C MPUMEHEHUEM TPaTUIIMOHHBIX
TaMIOHaXHbIX MarepuanoB [10]; pa3zpaGorana Maremarnyeckas Mojaenb [11] u mpousBeneHO
YUCJICHHOE MOACIMPOBAHNE KPUOTEHHON TEXHOJIOTHUH U30JISIIIMU TIOTJIOIAOIIEro ropu3onTa [12, 13].
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Brienenue HepenIeHHbIX paHee JacTeil 00meil mpoOaeMbl, KOTOPBIM MOCBSIIASTCS JaHHAS
CTaThsi— pa3paboTKa TEXHOJOTMM M30JISIUN TOIVIOMIAIOMIMX TOPU30HTOB OCHOBAaHHBIX Ha
MIPUMEHEHUH HepazyOO0KUBaeMbIX, MHEPTHBIX K BO3ACHCTBUIO BOJ MaTEPHUAJIOB.

Wnes paboThl, 3aKiI04aercss B NPUMEHEHUM WHEPTHBIX, TEPMOILIACTUYHBIX OBITOBBIX
OTXOJI0B, HEpa3yOOKMBAa€MbIMM IIJIACTOBBIMM BOJAMM C HM3KOM TeMIepaTypoil IUIaBIIECHHUS,
pacIulaB KOTOPBIX, IPOHUKAs B KAHAJIBI IIOTJIOUICHHS IPOMBIBOYHON JKUJKOCTH, 3aTBEPAEBACT TaM,
00pa3ysi MalI00ObEMHYIO, HAJCKHYIO, HEPOHULIAEMYIO M30JISIIIMOHHYIO 000JI0OUKY BOKpPYT CTBOJIA
OypOBOI CKBaYKHUHBI.

Ienbo padoTbl  SBISIETCS  YCTAHOBJIEHME 3aKOHOMEPHOCTH M3MEHEHMsI CBOWCTB
TaMIIOHAKHOTO TE€PMOIJIACTUYHOIO KOMIIO3MIIMOHHOTO MaTepHaja OT €r0 COCTaBa M M Ha JTOU
OCHOBE, OOOCHOBaHME W pa3padOTKa PEKOMEHJAIMH I0 H3TOTOBICHUIO TEPMOIUIACTUYHOTO
KOMIIO3UILIMOHHOTO MaTepualla Ha OCHOBE BTOPUYHOIO MOJIMATUIIeHTepedTanara.

O0ocHOBaHHMe NPUMEHEHNS U ONIMCAHNE BLIOPAHHON AaBTOPOM METOANKH

B ocHoBy pabotei, koropas BeimonHseTcs B HTY «J/lHempoBckass TOJUTEXHUKAY,
MOCTaBJICHA 3aj[adya YCOBEPIIEHCTBOBAHUS CIOCO0a TaMIIOHMPOBAHUS MPOHUIAEMBIX TOPU30HTOB
OypOBBIX CKB@)XHH, B KOTOPOM IPUMEHEHHE NPUHLHUIHAIBHO HOBOTO TaMIIOHAXXHOI'O
TEpMOILIaCTUYHOr0 Komno3uiuonHoro wmatepuana (TIIKM), ¢ mexaHmdyeckMMH CBOMCTBaMH
TOpHOI MOpoabl, oOecredrBaeT MOBBIIIEHUE HAJEKHOCTH H3OJIALMOHHBIX paboT, YylydlleHHe
YCJIOBHM TpyJa M CYIIECTBEHHOE COKpPAIlCHHE MATEPHANIBHBIX 3aTpaT Ha TAMIOHMPOBAaHUE 30H
OCJIO)KHEHUH.

JlaGopaTopHbIE HCCIEIOBaHUS TPOBOIIINCH B JaOOpaTOpHsIX Kadeap TEeXHUKH pPa3BEIKU
MIIU (TPMIIN) u ctpoutennctBa, reotexHuku u reomexannku (CI'T) HamumonamsHOro ropHOro
YHUBEPCHUTETA.

O6bexkToM 1a00paTOPHBIX HCCIIeJOBaHUN SIBIISETCS TIIKM Ha OCHOBE
nommaTiiieHTepedTanata [19Ta ¢ gobaBkamu HamomHUTENeH M TUacTHGHUKATOpoB. McxomHbiMu
MaTepHuallaMu [yl IPOBEACHUS JJAOOPATOPHBIX UCCIIEIOBAHUM SABIISIOTCS:

- BropuuHbIi [19T;

- rpaBul;

— BTOPUYHAsI MUHEPAJIbHAS BaTa.

N3i10:xeHHEe OCHOBHOI'0 MAaTEPHAJIa HCCIEA0BAHUSA

IIpuroroBnenne TIIKM 3akimrouaercss B HarpeBe, IUIABICHHM M IIEPEMEIIMBAHUM 10
MIOJTy4EeHHUsI OJTHOPOJIHONM Macchl ero koMnoHeHToB. Ilocie yero pacmiiaB ¢popMoBajcs B €eMKOCTH,
IIpeAHa3HaYEHHBIE IS IIPOBEICHUS COOTBETCTBYIOIIUX HCCIIEIOBAHUM.

Mexanuueckue ceovicmea TIIKM. C uenpto ontumuzanuu (00OCHOBaHHSA) PEIENTYPHI
TIIKM aBTOpaMu 00OOIIEHHBI Pe3yIbTaThl UCCIEN0BAaHUN MPOYHOCTHBIX XapakrepucTuk TIIKM.
Pesynbratsl npencranieHsl B Ta0. 1.

N3 Tabn. 1 crnenyer, 4ro HamiIydlllue MeXaHWYECKHE (IIPOYHOCTHBIE) CBOWCTBA HMMEET
TIIKM c rpaBueM, KpynHocTb KoToporo He npesbimaer 0,5 mMm. Tak no cpasrHenuto ¢ TIIKM, c
IPaBUEM KPYITHOCTBIO:

Tabnuua 1. CpaBHeHHe NPpoYHOCTHBIX XapakTepucTuk TIIKM

Oexy | AOcor,
Penenrypa MCfK[a MITa FACcoe, Y0
TammoHa)KHBIH KaMEHb Ha IIEMEHTHOM OCHOBE C TPaBUEM,
cootHomenue 1:1, B Bozpacte 10 cyr. 10 1 0
I1DT + I'pasuii: Cootnomrenue 1:1; d <0,5mm 52,60 | 5,26 | +426,00
I12T + I'pasuii: CootHomenue 1:2; d <0,5 mm 4410 | 4,41 | +341,00
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Ooy | AOcor,
Penentypa MC1>'K[a MIIa FAOcoe, Y0
[19T + I'paBuii: Cootnomenue 1:3; d <0,5 MM 33,00 | 3,30 | +230,00
[T+ I'pauii: Cootnomenue 1:4; d <0,5 mm 20,60 | 2,06 | +106,00
[1DT+ I'paBuii : Coornomenue 1:1; d=0,5...1,0 mm 36,00 | 3,60 | +260,00
[T+ I'paBuii : CoorHomenue 1:2; d=0,5...1,0 Mmm 25,80 | 2,58 | +158,00
[IOT+ I'paswmii : CootHomenwne 1:3; d=0,5...1,0 Mmm 25,10 | 2,51 | +151,00
[T+ I'paBuii: CootHomrenue 1:4; d=0,5...1,0 mm 18,90 |1,89 | +89,00
I1OT + I'paBuii: CootHomenue 1:1; d=1,0...3,0 MM 20,70 | 2,07 | +107,00
I1OT+ I'paBuii: Cootnommenue 1:2; d=1,0...3,0 mm 24,00 | 2,40 | +140,00
IIOT + I'pauii: Cootnommenue 1:3; d=1,0...3,0 Mmm 17,70 | 1,77 | +77,00
[10T + I'paswuii: Cootnomenue 1:4; d=1,0...3,0 mm 9,20 0,92 |8,00
[19T + I'pasuii: Coornomenue 1:1; d=3,0...5,0 Mmm 18,90 | 1,89 +89,00
[19T + I'paswuii: CoorHomenue 1:2; d=3,0...5,0 Mmm 15,30 | 1,53 +53,00
19T+ I'papwmii: CootHomenwue 1:3; d=3,0...5,0 Mmm 9,40 | 0,94 -6,00
[19T+ I'pauii: Cootnommenwue 1:4; d=3,0...5,0 Mmm 4,70 0,47 -53,00
II3T + MuuBata: CootHomenue 10:0,5 19,70 | 1,97 | +197,00
IIDT+ Munsara: Cootrnomenue 10:1 11,60 | 1,16 | +16,00
IIDT+ Muusara: CoorHomenue 10:2 12,10 | 1,21 +21,00
I9T+Munsarta+I paBumii: Coorromenne 10:0,5:1; d <0,5 mm 14,80 | 1,48 +48,00
I9T+Mwunsarta+I'paBwmii: Coorromenne 10:0,5:5; d <0,5 mm 18,00 | 1,80 +80,00
I9T+Munsarta+I'paBwmii: Coorromenne 10:0,5:10; d <0,5 MM 34,90 | 3,49 | +249,00
'I9T+Munsara+I 'paBuii: Cootnomenue 10:0,5:20; d <0,5mm 1790 | 1,79 +79,00
IDT+Munsarta+I paBuii: Coornomenune 10:1:1; d<0,5 mm 19,20 | 1,92 +92,00
"I9T+Munsara+I paBuii: Coorromenwne 10:1:5; d<0,5 mm 16,40 | 1,64 +64,00
"I9T+Munsara+I paswmii: Coorromenne 10:1:10; d<0,5 mm 20,20 | 2,02 | +102,00
I9T+Munsara+I'paswmii: Coorromenne 10:1:20; d<0,5 mm 20,30 | 2,03 | +103,00

- 0,5-1,0 MM npeBbImaeT Ha 32% Mpu COOTHOIIEHUU KoMIOHEeHTOB 1:1 u 8% nipu 1:4;

- 1-3 mm npeBsbimaet Ha 61% npu cooTHoEeHNH KOMITOHEHTOB 1:1 u 56% npu 1:4;

- 3-5 MM npeBbimaet Ha 64% npu COOTHOIEHUH KOMIOHEHTOB 1:1 u 77% npu 1:4.

[lo TexHOMOrMYECKUM COOOpa)KeHUsM, B JajJbHEMIIEM aBTOPbl OTKA3alMCh OT
UCIOJb30BaHUS KOMOMHUPOBAHHBIX HamonHuTesned. MccnempoBanus ObuUIM  MPOJODKEHBI €
KpYIHOCTBIO rpaBusi Menee 0,5 M.

C uenbto onpeaeneHus peoJoruuecKux xapakrtepucTuk pacmiaBa TIIKM Obuin mpoBeieHb
UCCIIEZIOBAHUSI €r0 PAacTeKaeMOCTH B 3aBUCHUMOCTH OT TEMIEpaTypbl HarpeBa IOBEPXHOCTU
71a00paTOPHOrO CTONMKA. Pe3ynbTaThl OIpeneieHuss TeMIepaTypbl HarpeBa JiabopaTopHOIo
CTOJIMKA IIPUBEJICHBI B TA0JI. 2.

Kak cnemyer m3 Tabn. 2, mpu ynajJeHHH OT LIEHTPA TEIUIOBOIO MCTOYHHUKA, HMPOUCXOIUT
CHIDKEHHME TeMIlepaTypsl HarpeBa nosepxHocTH. [lpu temnepatype B nentpe 300 °C temneparypa
¢dazoBoro nepexona TIIKM naxomutcs Ha ynanenun 16 cm. CootBerctBeHHo mipu 350 °C — 18 cm
1 400 °C — npumepHO Ha paccTosiHuU 20 cM.
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Tabmuua 2. TemnepaTtypa HarpeBa NOBEPXHOCTH Ja00PaTOPHOTO CTOJHKA

Ha paccrostauu ot Temnepartypa B IIEeHTpaJIbHOM YacTH J1a0OpaTOPHOTo cTouka, °C
LIEHTpa, CM 300 350 400
12 270 290 320
16 245 270 290
20 220 225 240

Pesynbratel uccnenoBanusi pactekaeMoctu paciuiaa TIIKM  npuenenst B Tabm. 3. U3
KOTOpOM ClIelyeT, 4YTO MOJA JACHCTBUEM CHJI TpaBUTALMK, HE 3aBUCHUMO OT KOHIICHTpPALUU
HanoJIHUTENSI M BspKymiero, pacmia TIIKM, no gocTmxkeHus temmnepaTypbl AECTPYKLIUH, MOMKET
YAAJIUTBCS OT CTEHKU CKBa)KMHBI Ha paccTostHue OT 8 cM A0 16 cM. [Ipu noBeilieHnH TeMnepaTypsl
HarpeBa 1o 350 °C, 400 °C, »53T0 paccTosiHMEe MOXET yBeauuuThbes Ha 1,2—1,4 paza npu
cootHowmeHuto rpasus k [19T 1:1 u nHa 1,5-1,75 pa3a npu cootHomenun 1:2.

Tabnuna 3. Pacrekaemocts paciiaBa TIHKM

Temnepatypa HarpeBa paciuiasa, °C
Obpasen 300 350 400
I1OT + I'pasuii: Konnentparums 1:1; d <0,5mMm 16 19 22
I19T + I'paBuii: Konnenrpanus 1:2; d <0,5 mm 11,2 19 22
I10T + I'paswuii: Konnentparus 1:3; d <0,5 mm 10 14 16
I19T + I'paBmii: Konnenrpanus 1:4; d <0,5 mm 8 12 14

[IpencraBisieT MHTEPEC COOTBETCTBUE PACCTOSHUS TeMIEpaTyphl (a3zoBoro mnepexona
TIIKM oT paccTossHUS pacTeKaeMOCTH ero pacruiaBa. M3 tabm. 2 cieayer, 4To Temrmeparypa
dazosoro nepexona TIIKM Tpu Harpese INeHTpaIbHON 4acTH TabopaTopHOTo cTonuka 10: 300°C
HaxonuTcst Ha pacctossann 16 cMm; 350 °C Ha pacctosanm 18 cMm; 400 °C — 20 cm. Kak cnenyet u3
tabn. 3 TIIKM c¢ cootnomenueM rpaBust 1:1 u 1:2 x [IDTa umeroT peosoruueckue CBOWCTBA,
JI0OCTaTOYHBIE, YTOOBI pacTeubcs Ha PAacCTOSHHE paBHOE M O0jiee PaCCTOSHUIO COOTBETCTBYIOIIE
¢dazoBomy mnepexoxy TIIKM. Ilpu yBenudenun cootHomenus rpasusi k [I19Ty, pacruias TIIKM
oJ JCHCTBUEM CHJI TPaBUTAIIMU YAAIWJICSA OT IEHTpa JIabOpaTOPHOTO CTOJAa Ha paccrosiHue 50—
80%, KOTOpOEe COOTBETCTBYET YNAJICHHUIO OT IIEHTpa JIabOpaTOPHOTO CTOJNA IO TOYKU, B KOTOPOWM
TeMIeparypa OyIeT paBHa TemnepaTtype ¢dazoBoro nepexona [19Ta.

Takum oOpa3om, HCXOAs U3 PE3yIbTaTOB wHcclenoBanuii pactepkaemoct TIIKM,
MIPUBEICHHBIX B Ta0J. 2, MOKHO YTBEP)KIaTh, YTO TEMIIEpAaTypa HarpeBa KOHTAKTHOW MOBEPXHOCTU
HEe sBIsETCS (DAKTOPOM OTPaHWYMBAIONIMM PACTEKAEMOCTh, MMOJ JEHCTBHEM CHJI TpaBUTAIHH,
pacmiaBa TIIKM. Tak e MOXHO yTBEp’KJ1aTh, YTO Ha peojornuyeckue cBoiictBa pacrmiaa TIIKM
CYLIECTBEHHO BJIMSIET COOTHOIIEHUE €I0 KOMIIOHEHTOB.

IIponuyaemocms mamnoHaMdcHo20 KamHs — OJHA U3 OCHOBHBIX €ro XapakTepucTHk. J{is
UCCIIEI0OBaHUM NMPUMEHSIIUCH 00pa3Lbl IMHAPpUYECKON Gopmbl, ruamerpoM 40 MM 1 anuHou 70
MM. [lpeaBapurenbHOE HACHIIIEHHE TPOMBIBOYHON S>KUAKOCTh HE MPOBOAWIOCH. B KauecTBe
MIPOMBIBOYHOM JKUIKOCTH TMPUMEHsUIACh TexHUYeckas Boja. OOpaslbl BBIICPKUBAINCH IO
nasienrem 20 Mlla 24 yaca. Pe3ynbpTaThl uccieqoBaHui NpUBEACHBI B Ta0. 4.
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Ta6muna 4. llponnaemocts o0pa3uos TIIKM 3a 24 y npu nepenane nasjienusi 20 MIla

Macca obpasua
IIponnnaemocTs
Obpa3zen IIPY HACBIIIEHUH, T 3
obpasma, cM
o ocJie
[10T + I'paswuii: Konnentparus 1:1; d <0,5 mm 147,79 148,10 OTtcyTcTBYET
[1OT + I'paswuii: Konnentparus 1:2; d <0,5 mm 154,83 154,94 OTtcyTcTBYET
[1OT + I'paswuii: Kornentparus 1:3; d <0,5 mm 160,10 160,43 OTtcyTcTBYET
[19T + I'paBwuii: Konnenrpanus 1:4; d <0,5 mm 162,75 162,91 OtcyrcTBYyeT

UccnenoBanus obpasnos TIIKM, nokazamu, 4To MX HPOHUIAEMOCTh IpPHU TEMIIEparype
oxpyxatomeii cpens +22°C n masnenun 20 MITa 0TCyTCTBYET.

Abpasusnocmo TIIKM onpenensinack B 1adbopatopuu kadeapsl TexHukH pazsenku MITN. B
KayecTBe abpa3MBHOro marepuaia npumensuics uamenbyeHHbli TIIKM kpymnocthio 1,0—1,5 mwm.
Kosddurnment abpa3uBHOCTH YCTaHABIMBAJICS IO TOTEpEe MacChl CBUHIOBOM apobu Ne 5.
Pe3ynbTathl Hccae10BaHUN PUBEACHBI B Ta0. 5.

Tabnuua 5. Pe3yabTarsl ucciienoBanus adpazusHoctu TIIKM

Macca apobwu, r
Obpasen Jo nocie Kagp
[19T + I'pasmii: Konnenrpanus 1:1; d <0,5 mm 15,81 1,99
[19T + I'paswuii: Kornenrparms 1:2; d <0,5 mm 16 15,63 2,37
I19T + I'pasmii: Konnenrpanus 1:3; d <0,5 mm 15,44 2,56
[19T + I'pasuii: Konnentpamus 1:4; d <0,5 mm 15,40 2,60

N3 Ttabn. 5 cmemyer, uro TIIKM cormacHo kiaccupuKamuy TOPHBIX TOPOJ IO
aObpa3MBHOCTH, OTHOCUTCSI K BeChMa aOpa3vWBHBIM U OYEHb a0pa3BHBIM MaTepHUaaM.

Hemupaemocmv mamnonacxcnoeo xamua w3 TIIKM, kak u B mOpeaplaylieM cliydae,
omnpenensiack JUisi KOMIo3uTta, cocrosimero u3 [19Ta u rpaBus, kpynHocteio Menee 0,5 mMm, ¢
KoHIeHTpauueit: 1:1; 1:2; 1:3; 1:4.

B xagecTBe mpoTOTHIIAa UCTIONB30BAJICS TAMIIOHAXHBI KaMEHb B Bo3pacTe Oomee 28 CyTOK,
MPUTOTOBJIEHHBIM Ha OCHOBE IleMeHTa Mapku M-400 ¢ BBeZileHHEM B Kaue€CTBE HAMIOJHUTENS TPaBUs
KpyNHOCTBIO MeHee 0,5 MM, B COOTHOLIEHUH K cyxoMy nemeHty: 1:1; 1:2; 1:3; 1:4. BononemeHnTHoe
oTHomeHne coctaBmio 0,4.

Hctupanue mpoWCXOMuUo BO BIaXHOH (0OBOIHEHHOI) cpene. B kadecTBe aOpa3swBHOTO
MaTepuaia UCIoIb30BajICs KBAPIUEBbIA MECOK, KpynmHOocThio OT 0,25...0,50 mm.

[Tpu 3TOM, OJTHOBPEMEHHO WCTHpPaHWE (B OJMHAKOBBIX YCIOBHSIX) MPOUCXOIUIO 00pa3IioB
6a30Boro u pa3zpadaTeiBaeMOro coctaBoB. OOpa3ibl UMENH OAMHAKOBOE COJIEPKaHUE HATIOTHUTEIIS.
Pe3ynbrathl HcclieoBaHUs HMCTUPAEMOCTH MaTEpHAJIOB MTPUBEICHO B Ta0J. 6 1 Ha puc. 1.

VYBenuueHue Macchl M CHUIKCHHE IPOYHOCTHBIX CBOMCTB OOpa3loB — MPOTOTHUIIOB
OOBSICHSICTCSl YBEIMYCHUEM COJICP)KAHUS HAIOJHUTENSI MPH CHIDKCHUHM KOJHYECTBA BSIKYIICTO
BEIIECTBA B TAMIIOHA)KHOM KaMHE.

HemanoBakHbIM 00CTOSITEIILCTBOM SIBIISIETCS TOT (DakT, 4ro 1o ucreueHuto 1000 o6oporon
JUCKa U3HOC TAMIIOHAXKHOTO KaMHS Ha IIEMEHTHON ocHoBe coctaBui Oonee 80%, Toraa Kak U3HOC
TammnoHakHoro kamast u3 TIIKM He npeBbicun 2%.
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Tabnuua 6. YcpeaHeHHbIe pe3yJIbTaThl 3aMepPOB HCTHPAHHUS 00pa3L0B

= =
= -
X N <
= o — < © =

S gé M~ o s .| 23 e

o) IS = MO = =
| 8| SE| 84| 89 = S
=| 22| 8E| 28| & aiey =

ﬁm = Q= E 2 Log 5 =
O6pasen oxs| 85| &8 =5 ° S E e
S E EE LOE =g=" o 2 = % =
22|l ¢2| JE| 88| 2| £ & =
M| A5 82| &°| 25| 2E| E
= = m S = 38 =2 S
5 = o)
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[aa} N4

LlemenT+nemncoxk. Konuentpauus ] ]
1:1. B/II=0,4 50,0 264,1 | 346 | 869 | 9,18

[I9T + I'paBuit. Konuenrpanus 1:2. 500 | 4950 | 2302 | 2350 18 0 | i
d <0,5 mm

[lemenT+memncox. Konnentpanms ] ]
1:2. B/II=0,4 50,0 2665 | 562 | 789 | 84
LlemenT+nemncox. Konnentpanus ) ]
1:3. B/II=0,4 50,0 2724 | 21,3 | 922 | 10,0

LlemenT+nerncoxk: Konnentpanus

1:4. B/1I=0,4 50,0 - | 2780 | 318 | 886 | 98 -

I[Ippu 5TOM C yBenWuYeHHWEM KOHLEHTpAlUWUW HANoJHUTENs u3HOococTorkocTh TIIKM
YBEITUUHBACTCA.

W3 t1abn. 6 u puc. 1 cmexyer, 4to monydeHHbIH Ha ocHOBe [IDT TamMmoHakKHBIH KaMEHBb
COOTBETCTBYET HAWMBBHICIIEH KaTEropuu 10 McTHpaeMocTH TosepxHocTH (0,7 r/cM? KOHTaKTHOI
MMOBEPXHOCTH ), M HA TIOPSAOK MTPEBOCXOIUT TAMIIOHAKHBIN KaMEHb Ha IIEMEHTHOM OCHOBE.

Puc. 1. O5pd3l4bl MAaAMNOHAINCHO20 KAMHS NOCJIE UX UCMUPAHUA HA cmenoe
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Takum 00pazom, A7l JIMKBUJAIMM TOTJIOMICHUS TPOMBIBOUYHON JKHJIKOCTH PEKOMEHIYeTCs
npumenenne TIIKM Ha ocHoBe monumdTUieHTepedTanaTa ¢ IpaHyJIUPOBAHHBIM HAIMOJHUTENEM,
kpynHocTh MeHee 0,5 MM. O6001meHHbIe U3NKO-MeXaHn4YecKkue cBoicTBa npeiaraemoro TIIKM
MPUBEJICHO B Ta0JI. 7.

Tabnuma 7. O6001menHbIe Pu3nko-MexaHuveckue cBoiicrea TIIKM

<
: 5
™ 0)“ Q [a]
= s = — o
S| 85 | 2| & = | EE 2
2 S ¥ > . = o = o
< v = < 8 = o) = == H oo
5 & o V= o T s = 8 5 @ Qs
Q & O 0 O o = g oS e 5
S e | E52| EZ S =5 | 23 z
S| 58 | 3| & 52 | 3& S
5 = T = = 3) = 7 S S
= 2 X s o
= © a g
=
[19T + I'paBwuii.
KoHnnentparnus 1620 52,6 246 16-18 19,8 2,0 OTCYTCTBYET
1:1. d <0,5 mm
BriBoanl

Ha ocHOBaHMM TpOBENEHHBIX HCCIECIOBAHWUN (DU3MKO-MEXaHHMYECKHUX CBOMCTB IOKa3aHa
BO3MOXXHOCTb IIPUMEHEHMSI B CKB&)XMHHBIX YCIOBHMSX TAaMIIOHAXHOIO TEPMOIUIACTUYHOTO
KOMKO3UIIMOHHOTO ~MaTepuaja Ha OCHOBe monmdTwieHTtepedramata. OOOCHOBaH —COCTaB
TaMIIOHAKHOT'O TE€PMOILIACTUYHOTO KOMKO3HIIMOHHOTO MaTepuana Ha OCHOBE
nonmdTHIIeHTepedTanata. K nMpuMeHeHNI0 B CKBaXXMHHBIX YCIOBHAX pexomenayercs TIIKM nHa
OCHOBE MOJHMATWIIEHTepe(dTasaTa C BBEJECHHEM B €ro COCTaB TI'PAaHYIMPOBAHO HAMOJIHHUTENS C
KpynHocTh MeHee 0,5 MM.

Memorw pobomu € 6CMAHOBAEHHA 3AKOHOMIDHOCHMI 3MIHU G1ACMUBOCMEN MAMNOHANCHOZO0
MEPMONTIACMUYHO20 KOMRO3UYILIHO20 Mamepiany 8I0 1o2o CcKuady, OOIPYHMY8aHHs 1 po3podKa
PEKOMEHOAYIU N0 8USOMOBIEHHIO MEPMONAACMUYHO20 KOMNOSUYIIHO20 MAMEPIANy HA OCHOBI GMOPUHHOZO
noniemunenmepepmanamy.

Ilocmaeneni 3a80anusa BUPIULYBATUCA KOMNAEKCHUM MEMOOOM OOCHIONCEHHS, WO BKIHUAE AHANI3 |
V3a2aNbHEHHA NIMepamypHux i NameHmHux odxcepes, NPOBeOeHHs eKCNEPUMEHMANbHUX O00CNi0NHCEHb.
Obpobxa excnepumenmanvHux oanux nposoounacs na IIEOM 3 euxopucmanusam memooie mamemamuiHoi
cmamucmuku. Excnepumenmanvhi 00CnioxiceHHs 8UKOHAHI 3 BUKOPUCTHAHHAM NOJONCEHb 3a2albHOI meopii
HAYKOB020 eKCnepumMeHmy i meopii 6unaokosux npoyecis.

Hagedeno pesynomamu  Oocniodcenns — Qi3uko-Mexaniunux 61acmusocmel  MmamnoHaNCHO20
MepPMONIACMUYHO20 KOMNO3UYIIHO20 Mamepiany Ha OCHO8I noiiemuienmepegpmanamy. Busnaueno
MeXaniyHi  enacmueocmi  nojiiemuieHmepedmanamy 1 noxiemuieHmepedpmanramy 3 00Oa8KaMu
HANOBHIOBAYIB, NONIGIHIIXIOPUOY ma noaiemuneHy. Jlana oyinka 6niugy 000a80K HA 6AACHUBOCHI
MAMNOHANCHO20 MEPMONIACMULHO20 KOMNOSUYIUHO20 MAMEPIANy HA OCHOGI noliemuieHmepepmanamy.
OOTpyHmo8ano onmuMaibHa peyenmypa mamnoHA}CHO20 MEePMONIACMUYHO20 KOMNOUYILUHO20 MAmMepiay.

Bnepwe ob6mpynmosano i 006e0eHO MONCIUBICMb 3ACMOCY8AHH OAs  130AYIl NOAUHAIOYUX
20pU30HmMie OYPOBUX CB8EPONOBUH 6 AKOCHI MAMNOHANCHO20 MEPMONIACMUYHO20 Mamepiany nooymosux
8i0X00i8 HA OCHO8I noliemuieHmepehmanamy.

Ha niocmasi npogedenux oocniodcenv (izuko-mexanivhux 61acmusocmell NOKA3aHA MONCIUBICID
3ACMOCY8AHHS 8 CBEPOIOBUHHUX YMOBAX MAMHOHANICHO20 MEPMONIACIUYHO20 KOMIOZUYIIHO20 Mamepiany
Ha ocHosi noniemuienmepepmanamy. OOIPYHMOBAHO CKIAO MAMIOHANCHOZO MEPMONIACMULHOZO0
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KOMRO3UYIIHO20 Mamepiany Ha OCHOGI noniemuienmepedmanamy. Pospobreno mexnonoeii eucomosieHms
MAMNOHANCHO20 MEPMONIACMUYHOZ0 KOMAOZUYITIHO20 MAMEPIANy.

Pesynemamu  docniosceny  3Hatiuny  npakmuyHe 3ACMOCY8AHHA NpPU. po3pooyi mMexHonozii
BUCOMOBNICHHSI MEPMONIACIMUYHOZ0 MAMNOHAICHO20 KOMNOUYIUHO20 Mamepiany, po3podyi mexHonoeii
30yl NOGAUHAIOYUX 2OPU3OHMIB, PO3POOYI MEXHON02IUHO20 pe2lamMenmy 304Yii NO2TUHAIOYUX
20pU30HmMiG; OOCHIOHO-NPOMUCTIOBOMY BNPOBAONCEHHI MEXHON02I 30AYil NOSTUHAIOYUX 2OPUBOHMIG
MEPMONIACMUYHUMY MAMNOHANCHUMU KOMHOZUYIUHUMU MAMEPIanamu.

Knwowuogi cnosa: 6ypinns c6eponogut, no2auHayuli 20pu3onm, MmamnoHAN CHI Mamepianu.

A. Sudakov, Yu. Kuzin, D. Sudakova
RESULTS OF INVESTIGATIONS OF PHYSICO-MECHANICAL PROPERTIES OF
TAMPONOVIC THERMOPLASTIC COMPOSITE MATERIAL BASED ON POLYETHYLENE
TEREPHTHALATE

The work aims to establish the regularity of the changes in the properties of a plugging
thermoplastic composite material from its composition and, on this basis, the justification and development
of recommendations for the manufacture of a thermoplastic composite material based on secondary
polyethylene terephthalate.

The set tasks were solved by a complex research method, including analysis and generalization of
literary and patent sources, carrying out experimental studies. The processing of experimental data was
carried out on a PC using mathematical statistics. Preliminary studies were performed using the provisions
of the general theory of scientific experiment and the method of random processes.

The results of a study of the physico-mechanical properties of a plugging thermoplastic composite
material based on polyethylene terephthalate are presented. The mechanical properties of polyethylene
terephthalate and polyethylene terephthalate with additives of fillers, polyvinylchloride, and polyethylene are
determined. The effect of additives on the properties of a plugging thermoplastic composite material based on
polyethylene terephthalate is evaluated. The optimal formulation of a plugging thermoplastic composite is
substantiated.

For the first time, it was proved and proved the possibility of using boreholes for isolation of
absorbing horizons as a plugging thermoplastic material of household waste based on polyethylene
terephthalate.

By the carried out researches of physical and mechanical properties, it is shown that it is possible to
apply a thermoplastic caking material based on polyethylene terephthalate in well conditions. The compaosition
of a plugging thermoplastic comconductive material based on polyethylene terephthalate is substantiated. The
technology of production of plugging thermoplastic composite material has been developed.

The results of the analysis have found practical application in the development of the technology for
manufacturing thermoplastic backfilling composite material; the development of technology to isolate
absorbing horizons; the development of technical regulations for the isolation of absorbing horizons; pilot-
industrial implementation of the technology of insulation of absorbing horizons with thermoplastic
backfilling composite materials.

Keywords: well drilling, absorbing horizon, plugging materials.
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