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BBEJAEHUE

IIpu oOTKpBITOM pa3pabOTKe IMOJE3HBIX HCKOMaeMbIX OJHOM U3 3ajaad
TE€O0’KOJIOTUU SIBIISIETCSl 3alllUTa TPOJYKTUBHOM MNPUPOJAHOM Cpelbl, a TaK Ke
SKOCUCTEMbl B pailOHE MeECTOpOXKJIeHUsA.  [IpupoaHO-TEXHUUYECKONH cHCTEeMa
TOPHOT'O TMPEANPHUATHS TMPEACTABISIET COO0H IPOTUBOJACHCTBUE SKOJOTHYECKUX
OTPAHUYEHUN M CBOWCTB MPUMEHSIEMBIX TOPHBIX TEXHOJIOTHWW. PanuroHaibHBIM
HaMpaBJICHUEM CHI)KEHUSI IKOJOTMYECKON HArpy3Ku FOPHBIX OPEATPUITHI MOKET
CTaTh MWCHOJIb30BAHUE TSKEIBIX HEPTAHBIX OCTAaTKOB NpH OOECTHbUIMBAHUMU.
be3oTxo/1Hasi KOHIIENIMs COBMECTHOTO M OECKOH(IMKTHOTO Pa3BUTHUSI TEXHO- U
ouochepsl 0OCHOBaHA Ha MPHUHIUIIAX 3G (MEKTUBHOCTH JJI1 HAPOJIHOTO XO3SIMCTBA U
yCTpaHEHUs MPUYUH IKOJIOTUYECKOU OMACHOCTH.

JluccepTanysi TOCBSIEHA HAyYHO-NIPUKIAJHBIM, TEXHOJOTHYECKUM U
OpraHU3allMOHHO-TEXHUYECKMM BOINPOCAM  Pa3BUTHS TEOPUM U  TPAKTUKHU
o0ecTbUIMBaHUS KapbhePHBIX aBTOMOOMIBHBIX JIOPOT, TEXHOTEHHBIX O0Opa30BaHUMN
(IBUIAIIMX OTBAJOB TOPHBIX TIOPOJ, XBOCTOXPAHWIMIN) C HCIOJB30BAHHEM
OMYJILCUOHHBIX OPTaHMYECKUX CBSBYIOINIUX — NPOPUIAKTUUECKUX DMYJIbCUM,
MOJIy4aeMbIX U3 TsDKENIbIX HedTsaHbIX ocTaTkoB (THO).

B kadecTBe HE(TSIHBIX OCTATKOB JJIA IOJYYCHHUS CBS3YIOIMIHMX BEIIECCTB U
SMYJILCUA M3  HHUX  HCMOJB30BaHbl TaKUE  KPYNMHOTOHHAKHBIE  BSI3KHE
He(DTENPOAYKTHI, KaK ac(haabThl MPOIMAHOBOHN jeacdaabTU3ANH, MPSIMOTOHHBIE
KPEKHUHT-OCTaTKU U APYTUe OCTaTOUYHbIE HEMTENPOIYKThI, MPUMEHEHUE KOTOPBIX
KOMILUIEKCHO pelIaeT Npo0aeMy 3KOJIOTHH MTPOU3BOACTBA HAPOJHOTO XO35HUCTBA.

AKTyalbHOCTh  PadoThl. [lpu  OTKpHITOM  pa3paboTKe  TOJIE3HBIX
MCKOMAEMbIX OJIHOW W3 3aJad T'e0IKOJOTHU SBIAETCS 3alluTa MPOJAYKTUBHOU
MIPUPOJTHOM Cpellbl U BCEHW SKOCHUCTEMBI B parloHE MeCTOpoxiaeHus. lIpuposHo-

TEXHUYECKas CHCTeMa TOPHOTO TMpEANpUsATUS BKIOYaeT B ce0s (pakTOpsI



MPOTUBOACHCTBUSL HKOJOTMUYECKUX OTrPAHUYECHUN U MPUMEHSIEMBIX TOPHBIX
TEXHOJIOTUH.

Nutencudukanms 1006194 U iepepadOoTKH MUHEPAIHHOTO CHIPhS CBsI3aHA CO
3HAUYUTEJILHBIM 3arpsi3HEHUEM OKpY>Kalollel cpejbl. DKCIUTyaTalusi MOPOIHBIX
OTBAJIOB M KapbepHBIX aBTOJOPOr SBISIETCS OJHUM W3 MPOU3BOJICTBEHHBIX
MIPOIIECCOB TEXHOJOTUM OTKPBITOW pa3paboTku. IIpu 5TOM BBIHOC MEJIKHX
MUHEPAJIBHBIX YACTHUI] C UX TOBEPXHOCTH MPUBOJUT K MOBBIIICHUIO 3aMbIICHHOCTH
BO3JlyXa W 3arps3HEHUIO MPUIIETAIONICH TEPPUTOPUH. 3aTPaThl, HEOOXOAUMBIE /IS
KOMIIEHCAllUM HAHOCHMMOTO TIpU O3TOM yiiepOa, MOryT OBITh HACTOJBKO
3HAYUTEILHBIMU, YTO CHIDKAIOT () PEKTUBHOCTD OTKPHITHIX TOPHBIX PAOOT.

PanimonanbHbIM = HaNpaBICHUEM CHIDKEHUS SKOJIOTMYECKOW Harpy3Ku
TOPHBIX MPEANPUATUN MOXKET CTAaTh UCMOJb30BAHUE TSAXKEIBIX HEPTIHBIX OCTATKOB
pu obecnbUIMBaHUU. be30TX01HAs KOHIIETIINS COBMECTHOTO M OECKOH (PIMKTHOTO
pa3BUTHSl TeXHO- W Ouochepbl OCHOBaHa Ha NpHUHIMMNAX IPHEKTUBHOCTH IS
HApOJHOTO XO3AWCTBA U YCTPAHCHHM TPUYUH SKOJOTMYECKONW OIMAaCHOCTH.
[IpodumnakTuyeckas SMyJbCHsl, MOJTYYEHHAs W3 THKEIbIX HE(QTAHBIX OCTAaTKOB
(THO), cootrBercTByeT 3THUM TpeOOBaHUAM, U €€ NPUMEHEHUE MOXET CTaTh
2 PeKTHBHON TEXHOJIOTHEH 00CCIIBUTMBAHUS.

Crenenn pa3padoranHocTu TeMbl. [Io pe3ynbTaTaM IpOBEAEHHBIX paHeEe
paboT  BBISIBIICHBl  3aKOHOMEPHOCTU  MHTEHCH(UKAIMK  TbUIeOOpa3oBaHUs
OTKPBITBIX TOPHBIX PadOT, Pa3IUYHbBIE MOIXOJbl K CHUKEHUIO MbLICOOpa30BaHUS
CpeACTBaMM ThbUICTIOaBIeHUs. M3yueHbl mapaMeTpbl 00pa3yromerocsi mbUIEBOTO
nuieiida oT JBMKEHHUS KaphepHOTO aBTOTPAHCIIOPTa U MOBEPXHOCTHBIE CBOWMCTBA
TOPHBIX TIOPOJ TpPHU BO3ACHUCTBUM HAa HUX CPEACTB ISl MbUICHOIABICHUSI.
Hawnbomnee mmpokoro npakTUUeCKOTO MPUMEHEHHS Halllla TEXHOJOTHSI OPOIICHUS
Bojoi, IIAB, naTekcoB W JUCIEPCHBIX MaTEpPUATIOB HAa OCHOBE BOJIbI (IIECHBI,
SMYJIbCUHU), OJHAKO  ATH MATEpHANIbl OTJIMYAIOTCS OrPAaHUYEHHBIM CPOKOM
AKCILTyaTallMi B CHJIYy CBOMX BOJOPACTBOPUMBIX CBOMCTB.

N3BecTHO TMpUMEHEHUE HEPACTBOPUMBIX IMBUIECBSI3YIONIUX, KOTOPHIE

CITOCOOHBI CKJICUBATH JaCcTUIblI TOPHBIX IIOPOA MW IHIPOYHO YIACPKHUBATL HX OT
S)



BO3JICICTBHUSL KOJIECHOTO TPAHCIOPTa M aTMOC(EpPHBIX SBICHUHN, HaIpUMeEp
OUTYyMbl WIH «YHUBEpCUH-A». OJIHaKO B CHUJIy CBOHUX BA3KO-TEMIIEPATYpPHBIX
CBOMCTB, OHU TpeOYIOT TNPUMEHEHHE CICHUATU3UPOBAHHON TEXHUKH WM
JIOPOTOCTOSIIIIMX PACTBOPUTEIICH WA T0OABOK, UTO MOXKET ObITh HEMPUEMIIEMO J1JIS
HYKOHOMUKHU U IKOJOTUU OTKPBITHIX TOPHBIX PadoOT.

HecMoTpsi Ha Oombiioil 00beM M JOCTUTHYTHIE YCIIEXW HCCIEAOBaHUM,
npobiieMa O00€CTbUIMBAHUSA KapbepHBIX aBTOJOPOT M TEXHOTEHHBIX MAaCCHUB
OCTAETCs AKTYAJIBHOM.

Hear padoThl: TOBBILIEHHE CpPOKa OOECHBUIMBAHUS TMOBEPXHOCTH
KApbEpPHBIX  ABTOJAOPOr M  TEXHOTCHHBIX MAacCHUBOB i  oOecreueHus
HKOJIOTUYECKOM 0€30IaCHOCTU OKPY>KaOIEH CPe/Ibl.

Nnes paborbl 3akioyaeTcss B HCHOJIb30BAHMHM  MPOQPMIAKTUYECKUX
samyiabcuil u3 THO 3a cuét ux Gu3MKO-TEXHUYECKUX U aAr€3MOHHBIX CBOWCTB.

OO0beKT nccjie0BaHus — NBUAIIAS TOBEPXHOCTh KAPhEPHBIX aBTOJOPOT U
TE€XHOT€HHBIX MACCHBOB.

IIpenmeTroM wucc/ie0BaHMA SBISIOTCA Mpo(UIaKTUYECKass SMYJIbCUS Ha
OCHOBE TSDKEJIBIX HE(PTAHBIX OCTAaTKOB [JIi TEXHOJOTMU OOECHbUTMBAHUS
KapbEPHBIX aBTOAOPOT U TEXHOTEHHBIX MAaCCHUBOB.

3agaum uccjaeI0BaAHMII:

1. [IpousBecTr aHAIN3 TEXHOJOTUN U CPEICTB OOECHBIIMBAHUS KAPbEPHBIX
aBTOJOPOT ¥ TEXHOT'€HHBIX MAaCCUBOB.

2. O00CHOBaTh METOJIMKY OLEHKH 3aKpEIJICHUS MbUISIIIUX MOBEPXHOCTEH
NPOPUIAKTUYECKUMHU CBS3YIOIIMMH W 3MYJbCHUSIMH Ha UX OCHOBE, [aTh
HKOJIOTUYECKYIO OLIEHKY NPUMEHSIEMOM TEXHOJIOTHH.

3. Pazpaborath MaTeMaTUYECKYIO MOJIEb OTIPEICIICHUS THIIA
HE(TECBAZYIOUIETO BEUIECTBA — TSHKEJIOro HE(PTSIHOrO OCTaTKa M €ro mapaMmerphl,
KOTOpPBIE yIOBJIETBOPSIOT TPEOYEMbIM YCIOBUSM IbLICTIOIaBICHUSI.

4. Pazpabotathb TEXHOJIOTHIO PUTOTOBJICHHUS u HaHECEHUs

HpO(I)I/IJ'IaKTI/I‘-IeCKI/IX BMYJ'H:CI/Iﬁ pIn) b 0o0ecnbUIMBAHUS KapbCPHBLIX aBTOAOPOI U



TEXHOTEHHBIX MAaCCHUBOB M MPOM3BECTH SKOHOMHUYECKYIO OICHKY MPETOKEHHBIX
pEeLIEHUN.

Conep:xkaHue JqUCCEPTAIMH COOTBETCTBYET OO0JACTSIM UCCIEIOBaHUMN
nacrnopta HayuyHou crnenuanbHocTH 25.00.36 — I'eoskosioruss (B TOpHO-
nepepadaThiBalolIei TPOMBIIUIEHHOCTH): 1. 3.5. «Teopust U MeToAbl CO3AaHUS
HKOJIOTUYECKU O€30MacHbIX TEXHOJIOTHM, MalllhH, 000pYy/IOBaHUS M MaTEPUAJIOB,
MOATOTOBKM W TIOBBIMICHHS] KAa4eCTBA MPOIYKIIUU, YTHIIM3AIUU U TIEPepabOTKU
MPOMBIIIUICHHBIX ~ OTXOZOB TMpPHU pa3pabOTKe MPUPOJHBIX W TEXHOTCHHBIX
MECTOPOXKICHUN M 00OTAIICHUN TBEPABIX MOJE3HBIX HCKOITACMBIX).

MeToabl HCCJIeIOBAHUA:

— JKCHEPUMEHTAIbHBIE Pa0OTHhl B JIAOOPATOPHBIX M TMOJIYIPOMBIITUICHHBIX
YCIIOBHSIX;

— CHCTEMHBIM aHaJU3 HAYYHBIX PE3yJbTAaTOB M OIbITA MPUTOTOBIICHUS,
AMYJIbCUOHHBIX CBSI3YIOUIUX, 3aKPEIUICHUS MBbUISIIUX TOBEPXHOCTEH;

— OTBITHO-TIPOMBIIIJICHHBIC UCTIHITAHUS;

— TEXHUKO-DKOHOMUYECKHUE PACUETHI.

HayuHble moJ10:keHnsi, BLIHOCUMbIE HA 3aIUTY:

1. TexHonoruss 3akperyieHUusT TMBUISIIMX TOBEPXHOCTEH  KapbepHBIX
aBTOJOPOT U TEXHOTCHHBIX MAaCCHBOB NPO(PHIAKTHUYECKUMHU CBS3YIONIUMU |
OIMYJBCUSIMU Ha OCHOBE TSKENBIX HEPTIHBIX OCTATKOB MO3BOJIIET 00CCTICUUTh WX
00eCIbUIMBAaHUE 32 CUET CMAYMBAHMS MBIJIEBATHIX YACTHUIl TUCIIEPCUOHHON (Da3oii
OMYJbCHUH W OOCECIEYCHUS HX aAre3MOHHOTO B3aMMOJICHCTBHUS CO CMOJHCTO-
acanbreHoBeiMU BemecTBamu THO.

2. OmnpeneneHue (UUKO-MEXAHUYECKUX MapaMeTpoB (TPOYHOCTh W
BOJIOHACKIIIICHUE) U OIEHKAa JKoJiorudeckoi OezomacHoctu (Merony UK-
CIIEKTPOCKOTIMM BOJHBIX BBITSKEK) 00pa3IOB-BRIPYOOK MBUISAIIEH MOBEPXHOCTH
uwim  1a00paTopHBIX  0Opa3IOB-OpPUKETOB  OpPraHOMHHEPATBLHOM  CMecH,
COCTABJICHHOM W3 MaTepuaya MOKPBITHS U CBS3YIOUIETO, MO3BOJISIIOT 00OCHOBATH

paIMOHAIBHBIN PACX0]] MPOPIITAKTHIECKUX IMYJIIbCHI, 00ECIIEYNTh HEOOXOANMbIC



CTPOUTEbHBIC, DKCIUTyaTallUOHHBIE CBOWCTBA M JKOJOTUYECKYIO OE€30MacHOCTh
TUTs TUIpOChepsl.

3. Metonuka ompenesieHus BA3KOCTH CBS3YIOIIETO U J3€Ta-NMOTEHIHAJIA
SMYJILCUM Ha €ro OCHOBE TMO3BOJSIET TMOAOOpaTh palMOHAJIbHBIA  THII
He(TECBA3YIOLIETO — TSHKEJIOTO HEPTSIHOrO OCTaTKa, TEXHOJIOTHUIO 00€CTIbIIIMBAHUS
C YYETOM TpPYHIIOBOTO YIJIEBOJOPOJHOIO COCTaBa, Kiacca W JAUCHEPCHOCTH
MOJTY9aeMbIX MPO(UIAKTHUECKUX IMYIBCUNA U pacCunuTaTh KOAPOUIIMESHT aare3uu
K MaTepuaiaM, COCTaBJISIONINM MbUISIIIYI0 TOBEPXHOCTb.

Hay4ynasi HoBU3Ha padoThI:

1. TIlpemnmoxena  kiaccupukanus  TEXHOJOTHH  oOecHbUIMBaHUS,
MO3BOJIAIOIIAA HA CTaJdd MPOEKTHPOBAHUS MPUMEHSTh YTOYHEHHBIA THII
oOecrnbUIMBaHUS B 3aBUCUMOCTH OT KOHKPETHBIX YCIOBHM MPUMEHEHUS U
WHTEHCUBHOCTH TBLIEOOpa30BaHUSI.

2. Pa3zpaborana maremaTuyeckasi MOJEIb, MMO3BOJIAIONIAS ONPEIACIUTh THI
HEe(TECBA3YIOLWIEr0 — TSHKEJIOro HEPTAHOTO OCTaTKa, MapaMeTpbl KOTOPOTO
YIOBIIETBOPSIIOT TPEOYEMBIM YCIOBHUSIM IMBUICTIOIABIICHUS.

3. OOocHOBaHa MeETOJWKa oOmpeaesieHuss (HU3UKO-TEXHUUYECKUX CBOMCTB
MOBEPXHOCTH KAPbEPHBIX ABTOJOPOT U TEXHOTEHHBIX MACCHUBOB, 00ECTBIICHHBIX
MPO(PHIAKTUIECKON AMYIJIbCHE, Ha OCHOBE YCTAHOBJICHHBIX 3aKOHOMEPHOCTEH
W3MEHEHUS] TPOYHOCTH U BOJOHACHIINICHUS 0Opa3loB TmbuleH (OpUKETOB U3
OpTraHOMHUHEPAIILHON CMECH).

IIpakTHyeckoe 3HaYeHHe PadOThI COCTOUT B pa3pabOTKE TEXHOJIOTMH U
TEXHOJIOTUYECKHUX MapaMEeTPOB 3aKPEIUICHUs MBUISAIINX TOBEPXHOCTEN KaphepHBIX
aBTOJOPOT U TEXHOTCHHBIX MACCHBOB MPOMOUIAKTUUECKUMH HMYIbCUSIMHU U3
TSDKEJIBIX HE(TSIHBIX OCTATKOB JIJIs 0OPHOBI C 3arpsS3HEHUEM OKPY>KAIOIIEH CPEIbl.

/loCTOBEPHOCTH HAYYHBIX MOJI0KEHUI, BBIBOAOB M Pe3yJbTATOB
MOATBEP)KIACTCS CXOAUMOCTBHIO PACUETHBIX JAOOpaTOPHBIX TOKa3aTeled ¢
pe3ynbTaTaMu HaOJIIOICHHS Ha OTNIBITHBIX YYaCTKaX B MPOMBIIIICHHBIX YCIOBUSAX
0000IIeHNEeM  TEOPETHYECKHMX W DJKCIEPUMEHTAIBHBIX  HCCIICOBAHUMH,

BBIINIOJIHCHHBIX aBTOPOM B KadC€CTBE OTBCTCTBCHHOI'O MCIIOJHHUTCIIA B IICPUO[
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20112019 rr. B YpanbCKOM TOCYJapCTBEHHOM YHHUBEPCHUTETE MyTE COOOILICHHUS
(20112013 rr.); YdumckoMm HedTssHOM TexHHYecKoM yHUBepcuteT (2013-2016
IT.); YpaabCKOM rocyaapCTBEHHOM ropHoM yHuBepcutete (2016-2019 rr.).

JInyHbI BKJIAA AaBTOPa COCTOMT B TMPOBEICHUM TEOPETUUECKUX
UCCJICIOBAHUM, MaTeMaTU4YECKOTO MOJCIUPOBAHUS M IKCIEPUMEHTAIBHBIX
UCCJIEIOBAHUM, pa3pabOTKE METOAMKMA ONEHKH  3aKpPEIJICHUs  MbUISIIMX
MOBEPXHOCTEH MPOPIIIAKTUICCKUMHU CBSI3YIONTUMHU U SMYJIBCUSIMUA HAa MX OCHOBE,
o0paboTke, OOOOIIEHUH ¢ TEXHUKO-DKOHOMHUYECKOW OIEHKE MOJYYCHHBIX
pE3yNbTATOB.

AnpobGanusi padorbl. Pe3ynpTarsl MCCIEIOBAaHUNA MO TEME AUCCEPTALUU
OBLIIN MPEICTABIICHBI HA MEXIYHAPOIHBIX U PETMOHAIBHBIX HAYYHO-TIPAKTUYECKUX
KOH(epeHUuax u popymax, B TOM YHUCIIE:

— MEXIyHapOIHas KOH(pepeHIus «HHOBaIMH B JTOPOKHOM
CTpOUTEILCTBE: 3OPEKTUBHOCTD U Ka4eCcTBO. Y panbckuid DenepanbHbIil OKPYT», T.
Exarepun0Oypr 2011; 2012; 2014-2017 rr.

— III ClIeLMaIU3UpPOBaHHAs BBICTaBKa-KOH(pEPEHITUS DKOJIOTHSl.
VYmpasnenue orxonamu. B[ KOCK «Poccus», r. ExatepunOypr, 2012 r.

— IV mexpernoHanbHOW  KOH(pEpeHUUH  «AKTyaJdbHble  MPOOJIEMBI
PETHOHATBHOTO JOPOKHOTO CTPOUTENLCTBAY T. Ya, 2013 1.

— [2-5 MeXAyHapoJHas HayYHO-TEXHUYECKass KOH(pEpeHIUs «AKTyaIbHbIC
mpoOIeMbl COBPEMEHHOW HAyKW, TEXHUKHM U 0Opa3oBaHus, mocBsiieHHas 80-
neturo MITY nm. I'"'11. HocoBay, r. Marauroropck 2014 r.

Peanuzanus pa6otbl. B pe3ynbpTaTe MoaynpOMBIIIIIEHHOTO 3KCIIEPUMEHTA
M0 O0ECHbUIMBAHUIO KAPbEPHBIX MOABE3AHBIX aBTOAOPOr BOIKOBCKOro pyaHUKa
OAO «CpsaTorop» mnoJiydeHa CIOpaBKa O BHEAPEHUM MO MOBBIIICHUIO
3 PEKTHBHOCTH 00CCIIBUIMBAHNS.

Iyonukanuu 1o Teme nuccepranuu omy0iaukoBaHo 18 Hay4dHBIX paloT, B

TOM 4YHCII€ B JBYX PELUEH3UPYEMBIX HAYYHBIX JKypHAJIaX W U3JaHMIX,



pexomennoBanHbix BAK P®. Wzmawet 2  wmoHorpaduu, mnomyden 1
naTeHT.CTPyKTYypa u 00bM padoThbl.

JluccepTanysi COCTOMT U3 BBEACHHUS, 4 IJIaB U 3aKJIIOUEHUS, N3JI0)KEHHBIX Ha
147 cTpaHuIlaX MalIMHOIMMCHOIO TEKCTa, COAEPKHUT 44 pucyHka, 33 Tabauubl

CITMCOK MCIT0JIb30BAaHHBIX HCTOUYHUKOB 13 124 HauMEeHOBaHMI.
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I'NTABA 1 AHAJIM3 CYHWECTBYIOIIUX CIIOCOBOB
SAKPEIIVIEHUA HbIJIAIIUX MOBEPXHOCTEM
KAPBEPHbBIX ABTOJOPOI', YI'OJIbHbBIX TEPPUKOHOB U
TEXHOI'EHHBIX MACCHUBOB

1.1 IlocTaHOBKA BONPOCA U €0 AKTYaJIbHOCTh

Nutencudukanmss mporeccoB A0OBIYM U TepepaboOTKH MHHEPaTbHOTO
CHIpbsl, XapaKTEepHasl Il COBPEMEHHOI'O pa3BUTHS TOPHOTO MPOU3BOICTBA,
CBsi3aHA C BECbMa 3HAYMTEIBHBIM 3arpsi3HCHUEM OKPYXKAIoUIeH Cpeibl, B
YaCTHOCTH, aTMOoc(epHOro Bo3ayxa meuisio [1-3, 5-6, 10-11, 17, 31, 43, 52, 54,
58-59, 61, 67, 70-71, 76, 81, 99, 100, 114, 115, 120, 123]. HanOobiumii BKIa1 B
3arpsi3HeHHe aTMOc(hepbl BBIOpOCAMU MBI BHOCAT HEOPTraHU30BaHHBIC OTKPBITHIC
HUCTOYHUKHU TBUICBBIJICICHUSI, OCHOBHBIMM M3 KOTOPBIX SIBJSIOTCS KapbepHBIC
JIOPOTH M TIBUIAIINE IMOBEPXHOCTH TEXHOTEHHBIX MACCHBOB (Ha JIOJIO IOCIEIHUX
npuxoautcs 80 % mnwimeBbAeneHus). B HacTosmee BpeMs Toibko B Poccunm
M3BJICUCHO W3 HEAP M HAXOJIWTCSA B OTBAIAX M XBOCTOXpaHwMIax okoso 500
MIIpJ. M° TOPHBIX MOPOJI X OTXOI0B IEPEpPabOTKH MOJIE3HBIX HCKOMAEMBIX.

TexHOTeHHBIE MACCHUBBI XapaKTEPU3YIOTCA OOJBIIMMH TUIOIIAAMH U
HApYIIEHHON TIOBEPXHOCTHIO, HAa KOTOPOW TMOJ BO3JCHCTBHEM aTMOC(HEPHBIX
YCJIOBUM TIPOUCXOMAT MPOIIECCHI MbuieoOpa3oBanus (B CyTku ¢ 1 ra oTr 2 1o 5 1
MBUTH), CIIOCOOCTBYIOIIUE PACTIPOCTPAHEHUIO MBUIM Ha Oojbliue paccrosHus. [1o
nanabiM - uccnenoBanuii  YHU, BamHWM HIT ycranomeno [27], yTto mpwu
MIPUBHECEHHOM KOJIMUECTBE MbUIM OoJjiee 58 kr B mecsil Ha 1 ra, HaOmromaeTcs
3 PeKT yrHeTeHUs >XKU3HEACSITEIHLHOCTH OOJBIIMHCTBA PACTEHUM U >KMUBOTHBIX

ATOTO panoHa.
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[Ipi1eHre 30/10IIJIAKOOTBAJIOB BO3HUKAET BCIEJICTBUE HECOBEPIICHCTBA
MPOCKTHBIX PEIICHUN, HapYIICHHs MPaBWJI JKCILTyaTalldd, HECBOEBPEMEHHOTO
OPUHATUS MEP K PEKYJbTHBAIMU (KOHCEpBAIMU) OTpaOOTaHHBIX IUIOMIAEH U
OTCYTCTBHE JOJDKHBIX TexHojoruit [52, 59, 84, 108, 116].

Bbixonl W3 CIOXKUBIIErocs IMOJOXEHUS HEOOXOJUMO HaXOJUTh MyTeM
pa3pabOTKu HAa TOPHOJOOBIBAIOIIEM U TepepadaThIBAIOIIEM MPEANPUITHN HOBBIX
CIIOCOOOB TBIJICMIOIABIICHUS, TaK KaK MO KOJIMYECTBY BhIOPACHIBAEMBIX BEIIECTB B
OKPYKAIOIIYI0 CpEeAy IbUIb SBJISIETCA OCHOBHBIM 3arpsi3HUTENEM, Hapsay C
okcusioM yriepozaa. IlbimeBoil a’po30ib OT aBTOMOOWJISE BHYTPU MBUJIEBOTO

nieiida npeacrasieH Ha pucynke 1.1.
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Pucynok 1.1 — I[1b1eB0i#1 @3p030J1b OT aBTOMOOUIISE BHYTPHU MBIJIEBOTO

uuteiida mo npod. I1. JI. OnapkoBy [27]

JIMCIepCHOCTh BUTAIOLIEW MHMHEPAIBbHOM TMBUIM YPE3BBIYANHO BBICOKA!
90-98 % mnpuTMHOK MMEIOT pazmep MeHee 10 MKM, SIBJISIFOTCS TMOTEHIMAIBHO
MMHEBMOKOHHMO300MIaCHBIMM ~ M3-3a  OOJBIIOTO  COJIEp’KaHUsI ~ CBOOOJHOIO
KpeMHe3eMa (KBapIUTOB), KOJIu4uecTBO KoToporo nocturaetr 40 % u Ooiee.

YpoBeHb 3ambIJICHHOCTH BO3JAyXa Mo uHe nuiedda ymenbmaerca ot 0,8 (Ha
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paccrosaun 10 10 M 3a gBmxymumca aromoOmnem) o 0,02 kr/m® B koHue
nurerida. JJmuHa meuieBoro nuieida gqocruraer 100 m [1-3, 27].

B pamkax HacTosiiero wuccienoBaHUs paccMaTpUBallach KapbepHas
aBronopora Boinkosckoro pynauka OAO «Cesitorop», r. Huxuuit Tarwum,

KOTOpas MpeCTaBJICHA HAa pUCYHKE 1.2.

Pucynox 1.2 — I1euteBoii meti) kapbepHOW aBTOJOPOTH

Bosnkosckoro pynanka OAO «Carorop», r. Huxkuunil Tarun

CaHuTapHO-TUTMEHUYECKass OlLEHKa aTMoc(epsl HaJa TPYHTOBBIMH H
KapbepHBIMU aBTOJIOPOTAMU CBUJETEIICTBYET O HEOOXOIUMOCTH pa3pabOTKH U
BHEAPCHHUS COBPEMEHHBIX OOCCHBUINBAIOMIUNX TEXHOJOTHH W TPUMEHCHUS
3pHeKkTUBHBIX TPODUIAKTUUECKUX CPEJCTB HA MOKPHITUIX TaKUX JOPOT.

CymiecTByroIie CrnocoObl MPEOTBPAIICHUS MHIJICHUS OCHOBAaHBI JTUOO Ha
3aKPEIJICHUH THUBSIIIAX TOBEPXHOCTEH C TMOMOIIBI0 AIKOJOTUYECKH BPEIHBIX
XUMHYECKHUX BEIIECTB, JTMOO HA MPOBEICHUN ONOJIOTUYECKON PEKYIbTUBALIUU.

Jlns OoprOBI C MBUICBBIICICHUEM Ha JIOpOTaX, OCOOCHHO B pailoHax C
KAapKUM KJIMMaTOM H OTHOCHTEIbHO HH3KOW BIaXHOCTBIO BO3/yXa,
IPUMEHSFOTCS bypdyponaHUIMHOBEIE, KapObamuaodopmanbIeruaHbIe,

kapoamuHopypdypoadopmansaeruaasie, GpenonbopmanbaeruiHbie, MOYEBUHO-

13



dbopmanbaeruaHbIe, KyMapOHOUHACHOBBIE U moymddupHble cmonbl [10, 31, 100,
106]. OntumainbHasi HOpMa pacxoja CMOJ MPH YKPeIIeHHH TPyHToB 2—4 % oT
ero macchl. ['1aBHbIe HEIOCTATKU NMPU NPUMEHEHHH CUHTETUUYECKUX CMOJ —
OYE€Hb BBICOKAs CTOUMOCTh U TOKCUYHOCTh HEKOTOPHIX PEareHTOB (AHWIMH U Jp.),
HECIOCOOHOCTh YJIaBJIMBAaTh BHOBH OOpa3yIONIYIOCS MbUIb MPU UCTUPAHUM T10-
KPBITUI ¥ U3MEJIbYEHUN MPOCHINH MO/ KOJIECaMU TPaHCIOpTa.

N3BecTHhl OMONOTMYECKHME METOABl OOpHOBI C  MBUICOOpPA30BAHUEM.
Hanmpumep, myTeM HCMONb30BaHUs roccumojioBoii cmosiel [10, 11], koTopas
NpEACTaBIIeT COOOM XJIOMKOBBIM TyJIpOoH (MaloBsI3Kas KUIAKOCTb TEMHO-
KOPUYHEBOTO IIBETa, MIOTHOCTHIO 0,87 Kr/n®) WM BOXHOM >MyNbCHEH M3 HETO,
0osee yIOBIETBOPUTEIBHON C TEXHUKO-3KOHOMHUYECKON TOUKHM 3peHus. OmHako,
€€ PECypChl CBSI3aHbI C TEXHOJIOTHEH BHIPAOOTKHU XJIOMKA U, C Y4ETOM MOTPEOHOCTH
B T€0PKOJIOTUH, SBJISIOTCS AEPUIMTHOM.

XUMUYECKHE CpEJICTBA MbUICTIOAABICHUS CBS3bIBAIOT YACTHUIBI JIFOOBIX
MaTepuasoB, MPEeIOTBPAIIAlOT 00pa30BaHKUE U MOMAJaHUE THUIA B BO3AYX, 00pa3ys
Ha MOBEPXHOCTH IPyHTA WM CBIITyYEro MaTepuasa TBepAy0 KOPKY WU IUICHKY.

PernmaMeHTUpOBaHHBIM  MOAXOJ  MOKPBIX CHOCOOOB  OOECIBITUBAHUS
npeaycMaTpuBaeT NPUMEHEHHE BOJbI, OPTaHUYECKUX MaTepuanoB (KUIKUX
outymoB Mapok MI', CI', OUTYyMHBIX SMyJIbCHUH, JIUTHOCYIh()AHATOB, CYJIb(UTHOTO
IEJIOKA), TUTPOCKOMMYECKUX MATEPHAIOB (KAJIBLUNA XJIOPUCTBIM, TEXHUYECKas
MOBapeHHasi  COJib), CHEIHUAIbHBIX OHOJOTUYECKHX J00aBOK, a  TaKxKe
HeTenpoaykToB «YHUBepcuH JI, ¥Y» u Hekoropeix npyrux [1-4, 73, 61, 90, 101].

[Ipy  OTKpBITBIX TOPHBIX pabOTax MbUICMIONABICHUE OCYIIECTBIACTCS
peIBapUTEIbHON MPOMUTKONM TOPHOTO MacCHUBa, MOJJIEKALIETO  B3PBIBY
Y DKCKaBallMU KUAKOCThIO Yepe3 CKBaXHHbI auameTpoM 100—160 mwm, mypdsl u
O0po37pl; TMOJMWUBKOW  BHYTPUKAPBEPHBIX JOPOT BOJOM UM 00pabOTKOM
TUTPOCKOMTMYECKUMHU  COJIAIMH,  Cylb(aTHO-CIUPTOBOM  Oapmoil, He(ThIO,
outymamu, NponuTkod YHuBepcuHOM. CpeacTBo 0OpabOTKH MOKPBITUS JOPOT
BBIOMpAETCS] B 3aBUCUMOCTH OT BPEMEHH rojia W KIMMAaTHYECKUX ycioBuid. Jlis

NBUICTIOAABJICHUSA IIPpH pa60Te POTOPHBIX JOKCKABATOPOB IIPUMCHACTCA CHCTEMA
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MBUJIEOTCOCA M OCAXAEHUS IbUIM C MOMOIIBIO OPOLICHUS WIM B CHEHHATBHBIX
MbIJICOCATUTEIISIX.

[Ipu opomreHun pacxod BoAbl  JocTuraeTr Jngo 12 j/mMuH. Bbicokas
3G (HEKTUBHOCTH THUICTIONABICHUSI JOCTUTACTCS HCIIOJIh30BAHUEM TICHBI CpEIHEH
KPaTHOCTH.

Ha xappepax ¢ = XKeIe3HOJOPOKHBIM  TPAHCHIOPTOM  ITIBLICIIOJABJICHUE
OCYIIECTBIISIETCA THAPOMOHUTOPAMU HUIIH HacocaMu, YCTaHABIIMBA€MbIMU
Ha TuiaTgopMmax.

Hecmotpst Ha 0onbIIOM 00BEM U JHOCTUTHYTHIE YCIIEXH UCCIIECIOBAHUM, J10
HACTOSAIETO BPEMEHHU KOMILJIEKCHOTO YKOJIOTUUECKU O€30M1acHOT0 U OMOJIOTMYECKU

IIPOAYKTHUBHOI'O MCTOJa 00eCIbUTMBAHUS HE CYHIICCTBYCT.

1.2 CymecrByomme TeXHOJIOTHA O0pbObI € NbLIEOOPA30OBAHUEM
HAa KapbepHBLIX aBTOAOPOrax, YroJibHbIX TEPPUKOHAX M TEXHOTE€HHBIX

MacCCHBax

Tpagumonueie cpenctBa (Boga u BogHblie pacTBopsl [IAB) mo cBoum
(GU3MKO-XMMUYECKUM CBOMCTBAM 3a4acTyl0 HE MpeJHa3HA4YeHBbl CIEIUalbHO
JJ1sE OOPHOBI € MBLIBIO.

Haubonee >3 dexkTrBHBIN croco0, Mpeaynpexaaronmil NOCTYIJIEHUE MU
B BO3IYyX, TaK Kak OOpOTbCS CO B3BELIEHHON MbUIbIO 3HAUUTENBHO OoJiee
HHEProeMKO U TPYyJ03aTpaTHO, YeM MpPEeAyNpeauTh €€ MoIbeM B Bo3nyX. Kpome
TOTO, 3TOT CIIOCO0 YMEHBIIIAET U MbUICOTIOKEHNUE B BHIPAOOTKAX.

[IpoGnema OGOpHOBI C THUIBIO B TEXHOJOTHMM MOXHO pa3OUTh Ha TpH
OCHOBHBIX HampaBieHus. [lpuieynaBiauBaTeny MpeaHa3HAYEHBI i1 OOpPHOBI C
NBUIBI0 B MECTax ee 0o0pa3oBaHUs B TEXHOJIOIMYECKOM IIpoliecce, CBS3aHbl B
MIEPBYI0 OYEPEb CO CBOMCTBAMH CaMHX IOPOJ M TEXHOJIOTMEW BO3JCUCTBUS HA

HUX. BEHTUISIIMOHHBIE CHUCTEMbI OTJIMYAKOTCA OT HBIJIGDYJIaBJIPIBaTCJIeﬁ TEM, 4YTO
15



HampaBlieHbl Ha OOpbOy C MbBUIBIO B pabodyeil 30He, TJe MPOMCXOAUT MPOIECC

NbLIE0OPa30BaHUS.

[ Cnoco0bl NpopuIaKTHKH NbLI1€00OPA30BaAHUSA }

o ~. ~

IIs1neys10BUTEIH BenTniassunMoHHbIE OobecnblLiUBaHue
CHCTEMBbI

Pucynok 1.3 — Knaccudukanus npuMeHsIeMbIX B TEXHOJIOTUU CIOCOOOB

IIBbIICTIOAABJICHUA

OHU UMEIOT OOJIBIIYIO IUIOMIaAb BO3AECUCTBUS (1IeX MPOU3BOACTBA PaboT) U
B3aUMOJECUCTBYIOT CO CBOMCTBAMM IbUIEH B BO3AYLIHOM NOTOKE. TpeTud Tum —
oOecnbuiBaHue. TexHonorus, npeaHa3HadyeHa [Jsi OOphObl C TMBUIBIO TIPH
OTKPBITHIX paboTax WM Ha OOJBIIMX IUIOIIAAAX BO3AcHCTBUS. TexHOJOTHS
oOecIbUIMBaHUSl HAIpaBjeHA HAa W3MEHEHHE CBOMCTB TMbUICH OT BO3/IEHCTBUS
aTMOC(EPHBIX SIBJICHUI (HampuMep, BETPOBOM IPO3HH).

IIbliey1aBauBaTeJIM —  CPEACTBAa  NbUICHOAABICHUS  (Hampumep,
BOJIOBO3/IYIIIHBIC 2KEKTOPBI) CIEIHAIbHBIC YCTPOWCTBA IS OTCOCA MBUIA H
MMPOHUKAIOUIETO OPOILICHUs, C TMojade BoAbl noja nasieHuem 1,5-2 Mlla B
atMocepy padoueli 30HBI. [IpUMEHSAIOTCS B clydasx, Korja padodas 30Ha, e
oOpasyeTrcsi MbUIb MOXET OBbITh OrpaHUY€Ha KOPOOOM WM UMEET MECTO CTPOro
ompeJiesieHHas: TOYKa MblieoOpa3oBaHus (pexyinas kopoHka). [IeuieynaBnuBaTenu
pacrpoCTpaHeHbl B TE€OTEXHOJOTMH WM TPU MEPEeBaJIKEe M TPaHCIOPTUPOBAHUU
CBIITyYMX MaTepHalioB KOHBeiepamu (yriist) — MOpCKUe mopThl (pucyHok 1.3).

JIyist paGoThI MBLICYIABIMBAIOIINX CUCTEM MOXXET MPUMEHATHCS KaK BOJA U
BojopacTBopumbie [IAB, Tak u choenuanbHble O0ECHBUIMBAIOIINE COCTaBbI
(Hanmpumep, mnpodumakTrueckas smyibcus [1D [85-86]). Xopomo wu3BecTeH
Croco0 THUIEMIOMABIICHHSI 33 CUET MEHBI CPETHEH U BHICOKOW KPATHOCTH, KOTOpas

obOpa3yeTrcs ¢ MOMOINBIO MMeHooOpa3oBareaeii pasnuunbix Tunos [33, 67-68, 97,
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108]. IMpu mogadye MEHbI B TOYKY pa3pyIICHUS] MACCHUBA YMEHBIIIAIOTCS JIOCTYII
BO3[yXxa K OdYary mbUIcoOpa3oBaHusi M BO3MOXKHOCThH IMOMAJaHUsl MbUIEBATHIX

4yacTHI] B aTMOc(epy BbIpaOOTKHU.

Pucynok 1.4 — Pabora nputeynasiuBaromieii cuctemsl “Dust-a-Side”

(meHooOpa3zoBaTenb) Ha yroinbHOM TepmuHaie FOAP, Adpuka:
a — pabota hopCcyHOUHOT0 000PYI0BAHUS; O — YTOJIb TOCTYTAET 10

TpaHCHIOPTEPY; 6 — pabOTa MbUICYIaBIMBAIOIICH CUCTEMBI

Jlist oO6paszoBanus TieHbl puMeHstoTcs nenorereparopst 1117, III'B-B, BII,
VIIH-2 u gp. Ilpm mnpousBojacTBe MOA3EMHBIX TOpPHBIX TopoAd (OypeHuu

IIITypOB U CKBa)KI/IH) NBUICTIOAABJICHUEC OCYIICCTBIIACTCA HO)I&‘-ICIZ BOJAbI HMJIH

MBUICTIOAABIIONTUX BEIIECTB B 32001 IIMTypa WM CKBXXHUHBI (pUCYHOK 1.4).

Pucynok 1.5 — IIbineynaButenu pa3inuHbIX TUMOB:
a — MOOWIIbHASI TOKIeBAJIbHASI MAIlIMHA; O — TyMaHO-o0pa3oBarens (FOG

Cannon); ¢ — paboTa MbLICYJIOBUTEIIS IPU TIEPEBAJIKE CHIMTyYNX MAaTECPUATIOB
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[Ipu B3phIBHEIX  pabOTax WCHONB3YIOT BHYTPEHHIOIO W BHENIHIOKO
BOJSHYIO 3a001iKy. [Ipu B3pbIBe Boga 1moa OOJNBIIMM MaBJICHUEM BHEAPSCTCS B
MacCHB M CMa4yMBaeT ero. [[js mogaBieHus IbUTM B MOMEHT B3pbIBa IPUMEHSIOTCS
TyMaHOOOPa30BaTEIM Pa3IUIHBIX TUIIOB M HAIMOJIHEHHBIC BOJAOU MOJUITUICHOBBIC
MEIIKH, TOJIBEIICHHbIE B BBIPAOOTKE, KOTOPHIE B3PHIBAIOTCS OJHOBPEMEHHO C
B3pbIBOM MaccuBa. TOHKOAMCIIEPTUPOBAHHAS BOJIa TPU 3TOM OCAXK/IAET MbLIb.

[TenooOpaszoBarenu HMCHOJNB3YIOTCS B TEXHOJOTUH  IOKAPOTYIICHHUS.
[MaBHBIM WX TPEUMYIIECTBOM SBJSIETCS MPEIOTBPAIICHUS] MOCTYILICHUS
atMoc(epHOro BO3JyXa B 30HY, TIAe oOpasyercs mbUIbL. OpHako padoTa
MeHO00pa3oBaTebel cBsizana ¢ 6oybiuM pacxoaom [TAB.

Tymano- u meHHO- 00pa3oBaTeld CIOXKHBI B OOCTY)KMBAaHHHM, a WUX
00OCHOBaHME CBSI3aHO C KamUTaJIbHBIMH 3aTpaTaMH Ha  OPTraHU3aIUIo
mpousBojicTBa paboT. [IpumMeHeHue npuieynaBiIuBaTeIeH OrPaHUYEHO YCIOBUSIMU
UX TPUMEHEHUS U MPAKTUYECKH HE BIMSICT HA TBUICBBIICICHUE OT BETPOBOM
DPO3WH TIPU OTKPHITHIX IMPOU3BOJCTBAX pPadOT, Ha OTKPBHITHIX CKJIAIax W TIPH
OTKPBITOM TPAHCIIOPTUPOBKE CHITyUUX MATEPHUAIIOB.

I'mapomynbunpoBanue (ruapomoceB) — TPEACTaBIsAeT Cco0OM mpen-
OTBpAIllEHWE SPO3MU TIOUBBl 3a CUET CTA0WIM3alMK Tepe] PEeKyJIbTUBAIUEH
TPYHTOB TIyTEM CO3JaHUS PACTUTEIIBHOTO TOKpOBa U3 TpPaBbl M JIPyrou
pacTUTENbHOCTU. [IpUMeHSeTCS TpU pPEKyJbTUBAIMH 3€MElb W TEXHOTCHHBIX
maccuBoB [17, 84, 100, 107, 116]. Ha moBepXHOCTb HApYIICHHBIX 3€MEIb —
mrabeneli  MOPOTHBIX OTBAJIOB, OTKOCOB IOCTOSIHHBIX aBTOJOPOT HAHOCHUTCS
CMEIIaHHas ¢ BOKYIIUM pa3KIKeHHas Mysbua. Kak mpaBuiio, cocTaB BKIIOUYACT B
cebs1 OymaxHbie monydadpukatsl (OymMakHbIe BOJIOKHA), KOMIIOCT OT TPUOOB WIIH
JIPEBECHOW KOPBI, PACTUTEIBHBIA T'yApOH (TOCHITOIOBAs CMOJIA), CHHTETHYCCKUE
noyimMepsl (HarpuMmep, akpuioBbie [IAB). B cmecs moryT moGaBisiteesi ceMeHa

TpaB, yI0OpeHus, KpacsIire BerecTBa.
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Pucynok 1.6 TexHosOrust rHAPOMYIBYMPOBAHUS MIEPE] PEKYIbTUBALIACH:

@ — MyJib4a Ha OCHOBE LIEJUTIOJI03bI; O — THAPOMYJIbYUPOBAHUE OTKOCOB

ABTOAOPOT; 6 — CO3JJaHHUC PACTUTCIIBHOTO CJI0A Ha ITOBCPXHOCTH ITOPOJHOI'O OTBAaJIa

Ilocne HaHeceHHMs CcOCTaBa Ha IIOBEPXHOCTb CKJIEUBAHHUE  IIBUIM
o0ecreynBaeT pacTUTENbHBIC WU CHHTETUYECKUE CMOJIBI B TEUCHUH MeEcsIa, a 3a
TEM Ha HEW MpopacTaeT pPACTUTEIBbHOCTb, KOTOpas YAEpPXKUBAET IOBEPXHOCTH
Pa3BUTON KOPHEBOW cHCTEMOM. TEXHOIOTUS TUAPOMYJIBUNPOBAHUS 3AKIOYACTCS B
HAHECEHNWU Ha MbUISIIYI0 MOBEPXHOCTh CMEIIAHHON C BOAOW MyJb4ud B (opme
AMYJIBCUH WU CYCIIEH3UH, JINOO MEePEMEIIMBAaHUEM C TPYHTOM KYJIbTUBATOPOM.

MoryT npuMeHSThCA a3pOIUIaHbl U CIENUATN3UPOBAHHBIE MOTHONPUBOAHBIE
2—4-ocHple aBTOMOOWIM (B T. 9. COWICHEHHBIE) ISl THUAPOMYJIbYHUPOBAHUS,
KOTOpbIE OCHAILAIOTCS CMECUTENIIMU U 000OpyAOBaHHWEM Uil pa30OpbI3rUBaHUs
COCTaBOB: MOIIHOW BOASHOM INYIIKOM, BEHTWISATOPOM WM JTOXKACBaJIbHOU
YCTaHOBKOM, a TAKXK€E [HUPOKUM LUIAHTOM, KOTOPBIN IIPOCTO AEPHKAT B pPyKax.

OTIUYUTENBHBIME ~ OCOOCHHOCTSIMH  TEXHOJIOTMH  THUAPOMYJIbYHPOBAHUS
SBJISIIOTCS TIPOCTOTAa HAHECEHMS, MPOJOJDKUTENBHBIM CPOK CIyXO0bl — g0 18
MECALIEB WIH BIUIOTH 10 HECKOJBKHX JIET MIPU YCIOBUU OTCYTCTBHUSI BO3JIEUCTBUS
Ha PAaCTUTEIBbHBIN CJIOM U OTCYTCTBUE IPO3UU MOACTHIAOIINX CIOEB.

K HegoctaTkaM MOKHO OTHECTH OTHOCUTEIBHO BBICOKYK) CTOMMOCTH
KBaJIpaTHOTO METpa MOKPHITHA U crneuuduueckue yciaoBus npumeHeHus. K Hum
oTHOCATCSI. OTKOCHI UCKYCCTBEHHBIX COOPY>KEHUM HA BTOPOM CE30H IKCIUTyaTalluu
JUISL  TOPEJOTBPAILECHUS  SPO3UBHBIX  SBJICHHM  IOCJIE  HAHECEHUS  CIIOSL.

OTtpaboTaHHble OTBAJIbI B KOTOpBIE YK€ HE OyAyT MOCTYINAaTh HOBbIE MaTepUabl,
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MOCJIONHO YIUIOTHSIEMbIE KaTKaMH HACBIIIM M OTCHIIaHHBIE (HAIpUMEp, TPABUEM)
MOBEPXHOCTHBIE ciou. llenecooOpa3sHO MPOBOAUTH pPabOThl MO TEXHOJIOTUHU
TUAPOMYJIBYMPOBAHNSA HEMOCPEICTBEHHO INEpPEl PEKYJIbTUBALMEN HAPYIICHHBIX
3eMeEb.

BeHTHISINMOHHBIE CHCTEMbI KAK CPeACTBA NbLICNOIABJICHUS

JIns ycTpaHEHHUsI TbUIEM M BPEAHBIX BEIIECTB M3 BO3JyXa IPUMEHSETCS
BEHTWISILIMOHHOE ~ o0opynoBaHue. BeHTwnsuus momoraer  co3faBaTh U
KOHTPOJIMPOBaTh aTMoc(epy B pabodeil 30HE MO MOKa3aTeiasiM — JOIyCTUMOMN
KOHIICHTPAIlUM BPEIHBIX NPUMECEH, MOAACPKAHUS ITOCTOSSHHOM TEMIIEPATYPHI,
OTHOCHUTEJNBHOU BIAKHOCTH, CKOPOCTH IBHKEHUS BO3yXa.

Bentunsanuonnele  cucreMbl A OoppObl ¢ NBUIEOOpa3OBaHUEM
IPUMEHSIOTCSI KOTJa HWCTOYHHUK IBbUIEBBIACICHUSI MOXET OBITh JIOKaIU30BaH B
OTPaHUYECHHOM IIPOCTPAHCTBE.

O¢d(PeKTUBHOCTh CUCTEM  €CTECTBEHHOW BEHTWISILIMM  3aBHCUT  OT
NepeMEHHBIX (PaKTOPOB (TeMMepaTypbl BO3AyXa, HAIIPABICHUSI U CKOPOCTU BETPA),
II0OTOMY OHH HE MOTYT CUMTATHCS HAJICKHBIMU.

Arnmnaparsl ICKyCCTBEHHOW BEHTWISILIMA MOTYT IOJABaTh U YIAJIATh BO3AYX
B TpeOyeMbIX KOJMYECTBaX M3 JIOKAJIbHBIX 30H IOMELIEHUS HE3aBUCUMO OT
M3MEHSIOIIMXCS YCIOBUM OKpysKarouien cpeasl. Ho 3aTpaTel 351eKTposHEprun Ha
uX paboTy MOTYT ObITh OOJBIIUMU.

ObecnbuiuBaHNEe ABTOMOOMIIBHBIX J0POr ¢ TPYHTOBBIMHU NMOKPBITUAMU
CllelyeT pacCMaTpuBaTh KaK YaCTHBIM M BPEMEHHBIM Clly4al HUX YJIyYIIEHHUS.
Knaccudukaruss  CymecTByOmMX  CHOCOO0B  OOECHBUIMBAHUSA — KapbepPHBIX
aBTOJIOPOT MpeJicTaBleHa Ha pucyHke 1.6.

TexHonoruu oOECHbIIMBAHUS KapbepPHBIX aBTOJIOPOT, TEXHOTEHHBIX
MAaCCHUBOB M MHBIX OOBEKTOB CTPOUTEIbHON MOXKHO pa3eIuTh HA TPU THUIIA:

1) Mexanu4eckoe yAaJIeHue IIBLTN CMBIBaHUEM, CIAyBAaHUEM,
3aCaChlBAHMEM U BAKyyMHBIE YCTPOWCTBA; YIAJIEHHUE CJIOA IMbIIU U MPOLYKTOB
IIOBEPXHOCTHOI'O M3HOCA TIperfepaMy, MEXaHUYECKUMM IIETKAaMU U JPYTHMU

MallMHaMH1 1 MCXaHHU3MaMU.
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Knaccudukarmonubie

ObecnbLINBaHUE ABTO0POT

IIPU3HAKA
MexaHu4yeckoe HOBerHOCTHaS[ CMmelieHue
YAAJECHHUE NbIJIN o0padoTKa MaTrepuajioB
Tlo CHOC06y cayB CMBIB IETKH BOJA COJIN LHEeMEHT ouTym ITAB
00paboTKu
PaCTBOpI/IMLIC Opra}mqecmle FHFPOCKOHI/I'{QCKHC
B BOJC CBAI3VIOILIME COJIN
Hanocstcsa |
CII0CO0OM DJjacTu4HOE Teepmoe nokpeiTHE CaCl; MyCl; KCl Kapuaaur
MMOKPBITH
OpOLIEHHs — OKPbITHe
He(PTH Ma3yT JaTeKc CMOJIBI 3MYJIbCHU CHHTeTHYeCcKHue opranuyeckue IIAB
CMOJIBI

Pucynox 1.7 — CyiiecTByIOIIMe TEXHOJOTHH 00ECIIBIIIMBAHUS KapbePHBIX

aBTOJIOPOT MO c0cO0y 00pPadOTKH U MPUMEHSIEMBIM peareHTam

2) CMelieHHEe MaTepUAIOB

MOKPBITUSL €

BSOKYIIUMU MW KIICAIINMHU

no0aBKaMM C LEJIbI0 00pa30BaHMsl BEPXHUX KOHCTPYKTHBHBIX CJIOEB MOKPBITHS

C HOBBIMH, 00J1e€ BLICOKMMH OKCILIyaTallMOHHBIMH Ka4CCTBaMH.

3) [NoBepxHOCTHAasE 0OpabOTKAa WM MPOIMUTKA IYTEM pacIpeaeicHUs o

IMOKPLITUIO CBA3BIBAIOIINX, KIICAIIUX MATCPHUATIOB U XUMHUYCCKUX PCAIrCHTOB.

MexaHu4eckoe YOAJICHHUC IIbIJIM HC IIPCAOTBpAIIacT WHTCHCHUBHBIA H3HOC

MOKPBITHS U, HE YCTPAHAET OCHOBHOM MCTOYHUK MbUIEOOPA30BAHUS.

[Ipu o00paboTke TPYHTOB CMEIICHHEM HauOOJbIIEe PACTPOCTPAHEHUE

MOJYyYUJIO HWCIOJIb30BaHWE B KaueCTBE BSIKYIIETO OWUTYMHOrO MaTepuaa,
PUMEHSIEMOI'0 B Pa3KM)KEHHOM BHJIC WM B BHJE BOJHBIX 3Mynbcuii [4, 8-9, 18—
22, 35, 38, 56, 64, 69, 78, 79, 82, 118]. CmemieHue €ro ¢ TPyHTOM MOXKET
MPOU3BOJIUTHECS B 3aBUCUMOCTH OT TPHUMEHSEMBIX MapoK OWTymMa Kak Ha
noporax (X0JIOJIHbIE CMECH), TaK U Ha YCTAHOBKAX CMEIICHUS (TOPSYUE CMECH).
Henocratkamu paHHOro crnoco0a SBJISIETCS  CJIOKHOCTh TEXHOJOTMYECKOH

00pabOTKH M JOPOTOBU3HA OUTYMHBIX MaTEpPHAJIOB.
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[IpuMeHsiemasi TEXHOJOTHSl YKPEIUIEHUS TPyHTa IIEMEHTOM JOBOJBHO
CIIO’KHAS ¥ TIPEIyCMAaTPUBAET MPOBEACHNUE Psia TOATOTOBUTEIBHBIX MEPOIPUATHI
[8, 19, 64, 104-105]. K HemocTaTKaM IIEMEHTOTPYHTa OTHOCUTCS 3HAYMTEIIbHBIN
U3HOC TPU JBHKCHUHM aBTOMOOWJICH, W CBS3BIBAHHS TBLIH, TOCTYMAKOMEH OT
MPOCHITICH TIPU TPAHCTIOPTUPOBKE TOPHOM MACCHI, HE TIPOUCXO/IHUT.

HenocraTkoMm yKperuieHus TPyHTa U3BECTBIO SBIISCTCS TO, YTO M3BECTh IPU
B3aMMOJICHCTBUN C TIWHUCTBIMH TOHKOJMCIIEPCHBIMH YacTUIAMH TpHOOpeTaeT
CBOMCTBA THJIPABIMYECKOTO BSDKYIIETO W TBEpPAECET HamOoJiee HHTEHCHUBHO
TOJIbKO BO BJIQXKHBIX yCJIOBHX [8, 99].

[ToMuMO MUHEPATBHBIX M OPTAaHUYECKUX BSIKYIIUX MATEPHATIOB YCICITHO
UCITOJIB3YIOT 32 PpyOeKOM M y Hac JJIsi 0OCCTBUIMBAHUS W YKPEIUICHHSI TPYHTOB
pasznuyHble colid U JurHocynbhoHatel [22, 56, 90, 100]. IIpu sTomM mopokHOE
MOJIOTHO TIPEABAPUTENBHO PA3PBIXJISIETCS CAMOXOJHBIM IpeiIepoM Ha TIIyOUHY
10-15 cm. PaspeixnenHas Macca crpebaeTcss B JBE TpsAbl, a 3aTeM
pasMenbyaeTcs CHelUalbHBIM PHIXJIMTENIEM Ha KYCKH pa3MepoM A0 5 cM, Toclie
uero 006pabaThIBAETCSA CONBIO MM JHTHOCYIb(poTamMu u3 pacdera 1-1,5 kr/md,
TPYHT TMEPEMEIIMBACTCA CMECHUTEIIEM W OpOoIIaeTcs BOJOW. YKaTKa IMOJIOTHA
JIOPOTH TIPOM3BOAMUTCS KAaTKaMHM WM JBWXKYIIUMCS aBTOTpaHcroptoMm. Cpok
neiicTBus kosebnercs or 5 10 12 cyTok.

JIJ1sl TOBEpXHOCTHOM 0O0paOOTKH MOKPHITHS aBTOJOPOT B HACTOSIIEE BPEMS
Ha OTEYECTBCHHBIX M 3apyOCKHBIX Kaphepax IMHPOKO MPUMEHSETCS IOJIUBKA
BOJIOM 3HAYMTEIBLHO CHIDKAIONMAs 3albUICHHOCTh Bo3ayxa. OmaHako mnpwH
TeMmneparype Bozayxa 6osiee 25 °C 1 OTHOCUTENBHOU BiaxxHOCTH MeHee 50 %
yepe3 20 MUHYT TOCIIE TMOJIMBKHU Blara UCHapseTcsl U 3albUICHHOCTh BO3yXa Ha

A0pore MMpeBhIACT MPCACIbHO, JOITYCTUMBIC KOHICHTPAIINN.

1.3 Ananu3 pu3nvecKux siBJICHUIN B CUCTEME «aIre3UB-Cy0CTPaT»

[Ipu npobrmeHMM W W3MENbYEHWHW MHUHEPAIOB 00pa3yeTcs HapyIIeHHAS

MMOBCPXHOCTL CO CHCHI/I(I)I/I‘IGCKI/IMI/I IMOBCPXHOCTHBIMHU CBOMCTBAMM C MHO>KECTBOM
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MOp W aKTUBHBIX IIEHTPOB. AJre3uwss Ha TMOBEPXHOCTH pasaena a3 TBepaoe
BEILIECTBO-KUIKOCTh PACCMATPUBACTCA KaK MCKYCCTBEHHOE SIBJICHHE, COCTOSIIEE
U3 YETBIPEX MOCIEA0BATENBHBIX MpoleccoB. CMaunBaHue, MPYU KOTOPOM OCHOBHOM
JBIDKYIIEH CUJION SIBJISIIOTCSI CUJIBI TPaBUTALIMM U MOBEPXHOCTHOTO HATSIKECHMS.
3ateM UIET MpolEecC aAcopOlMH, MPU KOTOPOM, 3a CYET JalbHOJECUCTBYIOIIUX
Ban-nep-BaanbcoBeix  cun (T.e.  MEXMOJEKYJISIPHOTO  B3aUMOJEHCTBUSA)
MPOUCXOJUT CONMXKEHUE MOJIEKYJI aJre3rBa C aKTUBHBIMH LIEHTPAMH MOJIJIOXKKHU.
3atrem moja gnedctBueM KynoHOBCKMX cull W 1MOJA JEHCTBUEM CBOOOJIHOM
M30UPATEIIBHOU aICOPOITMU MTPOUCXOUT MUTPALIUSI MOJICKYJT KJICSIIIErO BEIIEeCTBA
B MOPOBOM CTPYKTYype M KamWJUIIPHBIX Mopax cyOctpata. M HakoHen, Kak
MpaBUJIO, B TEYCHUHU BCETO JAIBHEUINIET0 CPOKa KU3HU MPOUCXOTUT XEMOCOPOIIHS
c oOpa3oBaHMEM HOBOTO BEIlleCTBA Ha MOBEpXHOCTH paznena ¢a3. Ilpoueccs
CTapeHUs1 are3uBa TaK K€ MOTYT OKa3blBaTh BJIMSHHUE HA JAHHOM 3Tame. JTOT
MOAXOJ] YCHEUIHO HCIOJb3YETCSd HAy4yHOW IIKOJIOW mocienoBaTteneii CroHseBa
3aruaynsl McxakoBuua B TeueHuu nocienuux 40 jer, U Mbl HaAXOJUM HOBBIE
KOHCTPYKTUBHBIE TOATBEPKIACHUS B TEXHOJIOTHHU B TEYEHUHU MTOCIETHUX S JIET.

BaxubpiM  miporieccoM  popMHUpOBaHUSL  CTPYKTYPHl  MPOPUIAKTUUECKUX
MBUIECBSI3YIONIUX SIBJISIETCSI CBOMCTBO CKJICMBAaHUE aJre3wBa (CBS3YIOIIETO) U
cyOctpara (mbinei) [36, 41-42, 44, 51-52]. B GonbIIMHCTBE ClTyyaeB aJire3uBbI HE
OTBEYAIOT HEOOXOAUMBIM TPeOOBaHUSAM, a oOpadaThIiBaeMblii CyOCTpaT 3a4acTylo
HEJIOCTATOYHO TIOATOTOBJEH K B3aWUMOJICUCTBUIO C BSDKYIIUM  KIE€EM. OTO
OTPULIATEJILHO BIIMSET HA MPOYHOCTh AJN€3MOHHOTO KOHTaKTa U 3(PHEKTUBHOTO
3aKperIeHUs MBUIAIINX TOBEPXHOCTEN B TEOTEXHOIOTHSIX.

B cucremax «aaresmB — cyOcTpaT» K MBUICCBS3YIONIUM M MHUHEPAIbHBIM
HAIMOJHUTENSAM TMPUMEHSIM MOAU(PUKAIIMIO C HCIOJb30BAHUEM TOJUMEPOB U
[TAB, 4TO MO3BOJISIET ONTUMHU3UPOBATH UX OCHOBHBIE TEXHOJOTUYECKUE CBOWCTBA
B  HANpaBJCHUU  TMOBBIIICHUS  QAT€3MOHHON  AKTHUBHOCTH, CTPYKTYpHO-
MEXaHUUYECKOM MPOYHOCTH U TepMocTaduibHocTH [41,71].

Moaudukanusi MOBEpXHOCTHO-aKTUBHBIMH BEIIECTBAMHU B TIEPBYIO OUYEPEIb

OKa3bIBACT BJIMSIHUC HA aArC3MOHHYIO CIIOCOOHOCTH INbIJICCBA3ZYIOIINX COCTAaBOB. C
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nomompbo  Momudpukaruu [IAB  u3meHsercs XapakTep W THN  YKIAIKA
MakKpOMOJEKYyl B  KOHJCHCHpOBaHHOW  (a3e  aare3uBOB, CHOCOOCTBYS
HaIpaBJICHHOMY PpEryJUpPOBAaHUIO TIPOLECCOB  CTPYKTypOOOpa3oBaHUS IS
nosiydyeHus: 0Oojiee YCTOMYMBBIX HAAMOJEKYJISPHBIX CTPYKTYp B IUICHKaX U
MOBBIIICHUS AKTUBHOCTHU BSDKYIIUX 1O OTHOIIEHUIO MUHEPATIbHBIM 3aIIOJTHUTEIISIM.
AHanuM3 Hay4yHbIX M TEXHOJOTMYECKUX HCCIEJOBAaHUN OTEUYECTBEHHBIX U
3apyOEKHBIX YUYEHBIX IO BONPOCAM CKIIEMBAaHUS, aAre€3Uu U CTPYKTYPHUPOBAaHHUS B
CHCTEME aJIre3MB-CyOCTpaT MPEICTAaBJICH B aBTOPCKKUX padoTax [52-57, 71].

Moavdukanuss NbUIECBA3YIOMMX MOXKET OCYIIECTBISATHCS BBOJAOM B
UCXOJHBIN aJIre3uB IMOBEPXHOCTHO-aKTUBHBIX BEUIECTB, MOJUMEPOB, a TaKKe
IIaCTU(UKATOPOB, CIIOCOOHBIX COBMECTHO H3MEHATh (PU3UKO-XUMUYECKUE U
CTPYKTYPHO-PEOJIOTHYECKHE CBOMCTBA CBS3YIOLIUX M, COOTBETCTBEHHO, OPIraHO-
MHUHEPAJIBHBIX CMECEN B 3aJITaHHOM HAaIPaBJICHUU MbUIECBSA3bIBAHUS U 3aKPEIUICHUS
IIOBEPXHOCTH.

CyuiecTBeHHYI0 pojib B ToAOOpe MNPOPUIAKTUUECKUX MbUICCBA3YIOIIUX
BEUIECTB 3aHMMAaeT UX KOMIIOHEHTHbI coctaB. [lpum BbIOOpe anresuBa U3
HE(PTAHBIX OCTAaTKOB CTPEMHIACH TMOJYYUTh CBs3ylollee C 00Jiee BBICOKUM
COJEP’)KaHUEM TOBEPXHOCTHO-aKTUBHBIX, CMOJMCTO-ac(allbTEHOBBIX BEILECTB
(CAB). Takumu npoAyKTaMHd HaMU TpeMIaraiuch K NPUMEHEHHUIO ac(haibThl
IpoLeccoB AeacQaibTU3alMU U MNPOAYKTHl MX OKHUCICHHUS U 3MYJIbIMPOBAHUS.
[ToaToMy BBINIOJIHEHBI HCCIENOBAHUS CHOCOOOB TMOJYYEHHS IbUIECBSI3YIOIINX
BEILIECTB C MCIOJb30BaHUEM Bsi3kux OutymoB Ha ocHoBe AIIJ[ (bH 70/30, BH
90/10) m KOMMAayHIHBIX OKHCJIEHHBIX OUTYMOB u3 ac(anbTa MNPONAaHOBOU
neachanpTuzanuu [47, 49].

B3aumopeiicTBue B cUCTEME «aJre3MB-cyoCTpar» TMpU MNPOPUIAKTUKE
nbpICO0pa30BaHMsl  OLEHUBACTCS  CIEAYIOUIUMH  OCHOBHBIMU  (DU3MUYECKUMU
napametpamu [8, 12, 27, 36, 71]: agre3usi, aacopOmus, npuaiunaHue, CMauuBaHUE.

AJIre3usi — 3TO NPWIKUIMAHKUE IBYX PA3HOPOJHBIX JKUJKUX WU TBEPIBIX TEI C
00pa30BaHMEM JIOCTATOYHO MPOYHBIX CHJI CLUEIUICHUS. SIBJICHNE CLETIIICHHUS MEXTY

ABYMs IIPUBCACHHBIMU B KOHTAKT IMOBCPXHOCTAMU PA3JIUUYHBIX I10 CBOEH IIpHUpoacC
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MaTEepUaAIOB MOXKET XapaKTEePU30BaTHCA CHEIUPUISCKUMH aJCOPOIIMOHHBIMU
B3aMMOJICUCTBUAMU. PazmnyaioT cOOCTBEHHO aaCOPOIMOHHYIO CHITY CIEIJICHHS
MEXIy aare3uBoM U cyOcTparoM (UCTUHHAasi ajre3vs) U 3aleljieHue —
IIPOHUKHOBEHUE aJIFe3MBa B TOPHI M TPEIIMHBI CyOCTpaTa W yAEp>KaHHE B HHUX
3aTBEPJICBILIETO Kiied Oyiarofapss MEXaHMYECKOMY 3aKIIMHUBAHUIO (MEXaHHUYecKas
aares3us).

CMayuBaHHMe TIPEICTaBIsACT COO0OM (QU3NUECKOE paCTeKaHUE >KUIKOTO
ajre3rBa IO TBEPAOW TOBEPXHOCTH MHMHEPAIBbHOM dYacTuilbl (cyOcTpara)
Omaromapsi IEUCTBUIO CHJI TIPUTSHKCHUS MEXKIYy MOJICKYJIaMH JKHUIKOW M TBEPIOH
da3 (cun aacopbuuu Mexay HumH). COrjIacHO COBPEMEHHBIX MPECTABICHUN O
MOJICKYJISIDHON ~ cTpyKType nojaumepoB [110], K KOTOpbIM OTHOCATCS H
OpraHUYECKHUE MbIIECBI3YIOMINE: OUTYMHBIE, MOTUMEpPHO-OuTYyMHBIE [34, 82, 109],
WX CMauuMBaHHE pACCMaTPUBAETCAd KaK OPUEHTHUPOBAHHOE pacipeesieHue
MaKpOMOJIEKYJT TIOJIMMepa Ha TBEPJION MOBEPXHOCTH C 0Opa30BaHUEM CIUIOLIHOTO
MJIOTHO YIAKOBAHHOTO BBICOKOMOJICKYJIIPHOTO TMTOBEPXHOCTHOTO CJIOS Ha TPAHMIIC
pasnena (das.

Ilpununanue — 3TO MOCJEAYIOMAs CTYIEHb, OMpeensieMas BI3KOCThIO H
KOT'€3MOHHOW TPOYHOCTHIO OPTaHUYECKOTO CBS3YIOIIETO BEIIECTBA B TBEPACIOIIEM
cocTosiHUU. [IJ1s1 MPaKTUYECKOTO KOJIMYECTBEHHOTO OINPEACIICHUS] CMAaYMBAEMOCTH
KUIKAM  CBS3YIOIIMM  YacTHI[ TBEPAOTO Tela IMONB3YIOTCS 3HAYCHUEM
MOBEPXHOCTHOTO HATSDKEHHUS M KpaeBoro yriia cmauyuBanus. [loBepxHOCTHOE
HaTSHKECHUE OTIPEIEIACTCS HaIPSHKEHHOCTHIO HEKOMITCHCHUPOBAHHBIX
MEXMOJICKYJIIPHBIX CHJI B MeX(}a3HOM TIOBEPXHOCTHOM CJIO€ Ha Kparo
CMaYMBaHUAI.

KpaeBoii yroa cmaumBanusi (0) mMeer Takoe e BaKHOE 3HAUCHHC B
CUCTEME «aJre3uB — CyOCTpaT», KaKk TMOBEPXHOCTHOE HATHKEHHE, TaK Kak
BBIPQKAET DHEPTUI0 B3aMMOJICUCTBHS BEIIECTB Ha TOBEPXHOCTH paszaena (das.
Ecau 6 = 0°, To cmaunBanue nosiHoe (uaeanbHoe). [1pu 6 ot 0 1o 90° cmaunBaHue
nosoxkutenbHoe (aare3uss s¢ddextuBna). Ecnmm 6 > 90° TO cmauuBanue

3aTpyJHEHO, aaresust K cyocrpaty Oyner mana, a mpu 6 = 180° cMauuBaHue u
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aare3us OTCYTCTBYIOT. KpaeBoil yroia cMmauyvBaHUsST MOXHO II€JICHANPABICHHO
YBEIIMYUTh TPEABAPUTEIBLHBIM H3MEHEHUEM (DU3NYECKUX CBOWCTB CBS3YIOIIETO
(ruracTuduKanuen, SMyJIbrupoBaHUEM, Pa30TPEBOM).

Ancopouus. CMaunBaHuE caMo IO ceOe ellle HE JTAeT OCHOBaHUS CYJIUTh O
MPOYHOCTH B3aUMOJICHCTBUS KJI€s W MOMJIOXKKUA. BakHO 3HaTh MHTEHCUBHOCTH
CBs3€H Ha MOBEPXHOCTH paszzena AByX (a3, rie MpOUCXOJUT cMmaduBaHue. B
3aBUCHUMOCTH OT TOTO, COINPOBOXJAECTCS JM CMauWBaHUE OJHOBPEMEHHBIM
MPOILIECCOM YHCTO XHUMHUYECKHX WIH (DU3NYECKUX B3aUMOJCHCTBUUA MEKIY
MOJIEKYJIaMUd TBEPAOW U KUJAKOM (pa3, JOCTUTAETCAd Ta WM HHAS TPOYHOCTH
anresun [7, 28, 36, 71]. 3mecr B IEpBYHO OYepelb OTBETCTBEHHOCTh HECYT
pas3iuyHbIe aJCOPOIMOHHBIC CHJIBI OT HanboJiee aKTUBHBIX KOBAJICHTHBIX CBSI3EH
1o 6onee ciaabbIx — BaH-Jep-BaalibcoBbixX [13, 36, 88].

Ha azacopOmuto aare3nBa 3HAYMTENBHO BJIMSET aKTUBHOCTH CyOcTparta,
HHEPreTUYecKuii (akTop KOTOPOM BIIUSET B CBOIO O4YEpE]h Ha YIOPSAOYCHUE
MOJIMMEPHBIX 1IEeTel B MOBEPXHOCTHOM ciioe. [Ipu 3TOM IMJIOTHOCTh YHNaKOBKU U
rHOKOCTh ITOTO CJIOSi OOYCIIOBJICHBI HE TOJHKO BEJIMYMHOM B3aMMOJICUCTBHS Ha
rpa"uie paszaena ¢gas, HO U NPUPOJON caMOro B3aumojeucTsus [7, 25, 26, 37].
[Tocnennee o0OCTOATENHCTBO YKa3bIBAC€T HA XapaKTep BO3MOXKHBIX CBSI3EH,
ONPENENAIOIMX CTENEeHb YMOPAIOYEHHOCTH MAaKpPOMOJIEKYJ B IOBEPXHOCTHOM
CJIO€, HA OPUEHTAIMI0 MAKPOMOJIEKYJI K CyOCTpary.

AncopOuuOHHBIE CBA3M. BO3MOXHO OJHOBPEMEHHOE CYILECTBOBAHUE
HECKOJIbKUX THUIIOB aJCOPOIIMOHHBIX B3auMoaercTBuil. OgHako cuntaetcs [13, 26,
36], uro MakcuMalbHBIM A(QPeKT U Haubojee BBITOJHOEC DSHEPrEeTUUYECKOE
COCTOSIHUE XapaKTEPHO I aaCOpOIMOHHOM CBSI3U, MOJYYCHHOW B PE3yibTaTe
YUCTO XUMUYECKUX PEAKITUN MEXKY BSDKYIIUM U CyOCTpaTOM.

JlucnepCrOHHbBIE MEXMOJICKYJISIPHBIE CHJIBI HE y4acTBYIOT B 0Opa3OBaHHUH
CTaOWJIBHBIX XMMHYECKUX COCIWHEHUW, HO OHU OOYCJIOBJIIMBAIOT arperamuro
OTJIEJIBHBIX MOJIEKYJ C O0Opa30BaHMEM TBEPJON WM KUAKOW (a3pl U MOITOMY
BECbMa XapaKTEpHbl JJIsI aJre3UBOB, TaK KaK BO MHOTOM OIPEIETSIOT HUX

IMOBEPXHOCTHOC HATAKCHHUC, BA3KOCTb, CMCHIMBACMOCTD. MG}KMOJ'IGKYJI}IPHBIC —
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BaH-JICP-BAQIbCOBBIC CHJIBI, — JICUCTBYIOT IOCJI€ TIOJIHOTO HACHIIIEHUS OCHOBHBIX
BAJICHTHOCTEM.

CBeneHusl 0 XapakTepe W MPOYHOCTH CBS3EM, Y4YacCTBYIOLIUMX B aicopo-
IMOHHBIX BO3JCHCTBUAX M OOCCIECUYMBAIONINX TMOTYyYEHUE BBICOKOW MPOYHOCTU B
aJIr€3MOHHBIX COCIMHEHUSX pa3paboTaHbl mIKooN akanemuka I1. A. PeOunnepa
[88,109], uznokeHsl B NpUKIAAHBIX HAYYHO-TEXHHYCCKUX padorax [7-8, 12, 25—
30, 35-37, 4046, 50-52, 87] u MOTyT OBITH OOOOIIICHBI CIICAYIOIIUM 00pa30M:

— 9(pPeKTUBHOCTD MBUIECBSI3YIONIUX MPHU MCIIOIH30BAHUN B T€OTEXHOIOTHUSIX
MOXET ObITh oOecrneueHa (PU3NKO-XUMUYECKUMU MPOLIECCaMU, MPOTEKAIOIMMH Ha
rpaHuIie paszaeia ¢a3 B CHCTEME «aare3uB-cyocTpary;

— TMPOYHOCTh  QAre3HMOHHOTO IBa OO0yclnaBiauBaeTcsd  (U3UUECKOM
azcopOuuen, xeMocopOIrel; 3aKIMHUBAaHUEM WJIM UX KOMOUHAIUEH;

— KOTe3WOHHAas TMPOYHOCTh aJAre3WBOB, KaK [MPaBUJIO, OIPEACISIeTCs
XUMUYECKUMU CBSI3IMH BHYTPU MaKpOMOJIEKYJ (BBICOKOMOJIEKYJISIPHBIX BEIIECTB,
MoJIMMEpPOB). B HEKOTOpBIX ciaydasx — BOJOPOAHBIMH W BaH-IEP-BaabCOBBIMU
CUJIaMU;

— TPOYHBIE CBSI3M MEXKIYy aIre3uBOM H TIOPUCTBIM  CcyOcTpaTom
(MUHEpaTbHON TMBUTbIO) BO3HUKAIOT HE TOJIBKO B pe3yibTaTe (Quanyeckon
ajcoponuu U xemocopOLuu, HO U B pe3yibTaTe AUG Y3Ur HU3KOMOJIEKYJISIPHBIX
KOMITOHEHTOB aJIr€31MBa B IMOPHI M TPEIIWHBI TBEPAOH MOBEPXHOCTH MO BIHSHUEM
TeMIlepaTyphl, AaBieHus U Apyrux Qakropos. [Ipu sTom 00pasyroTcst TJIaBHBIM
oOpa3oM BaH-/IEp-BaajlbCOBBIC CBS3UM. BO3MOXHO 3aKJIMHUBAHHWE aJre3WBa
(MexaHuyecKas aaresus).

YcranosneHo [26, 36], 4TO YUCIIO TOUEK KOHTAKTa MEXAY aAre3uBOM U CyO-
CTPAaTOM OYE€Hb Majlo, XOTS aJire3usi B OOJILITMHCTBE CIIyYacB JIOCTATOYHO BEIIHMKA.
OTO OOBSICHSETCS TeM, YTO B MECTaX KOHTAKTa B3aUMOJICHCTBUSA aJre3WBa W

cyOcTpaTa XapaKkTepu3yITCsl O4eHb BHICOKUMU 3HAUYECHUSIMU SHEPTHH CBSI3CH.
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1.4 TexHosioru4ecKkre OCHOBBI IPOU3BOICTBA U PUMEHEHUs OMTYMHBIX
IMYJIbCHH VISl 00eCHbIIMBAHUSL KAPbEPHBIX aBTOJOPOI M TeXHOTE€HHBIX

MacCCMBOB

Omynvcuss TPENCTaBIsieT COOOH MHUKpPOTETEPOTEHHYIO JIUCIIEPCHOHHYIO
CHCTEMY, COCTOSIIYIO U3 JIBYX HECMEIIMBAIOIINXCS Xuakocteit [4, 18, 12, 22, 73].
Opna w3 HUX (M3MENbYEHHAs, cojepXalias OUTYM WU TMOJUMEPHO-OUTYMHOE
BSDKYIIlEE) sIBIAETCS aucnepcHor (azoi. Jlpyras — IUCTIEpCHOHHOW Cpeiow,
COCTOSILLIEH M3 BOJBI C PA3JIMYHBIMU PEATCHTAMU: IMOBEPXHOCTHO-AKTUBHBIMU
BemectBamu (ITAB), kucnoroit, usmensromeit pPH BoHOM cpeipl. OMynbrarop Ha
ocHoBe [IAB cimyxut mjig TOro 4TOOBl KamelbKd Pa3HOPOJIHON KUIKOCTH HE
CIIMBAIUCh MEX]y CO0O0M, a Ha00OpOT, OTTAIIKMBAIUCH OJlarojapsi CO3AaHHUIO Ha
IpaHUIIe pa3jiesa sKUJIKUX (Pa3 ABOMHOTO IJIEKTPUUECKOTO CIIOS.

buTyMHbBIE 3MYJIBCUU OTHOCSTCS K 3MYJIBCUSIM HPAMO20 MUnd, «Macio B
BOJIC», B KOTOPBIX OUTYM pacrpejiesiieH B BoaHo# ¢ase [35, 45, 72, 98 ]. B ciayuae
AMYJILIUPOBAHUS TOJUMEPHO-OUTYMHOTO BSKYIIETO WM BBEJICHUS TMOJMMEpa B
COCTaB JMYJbCUU TIPU €€ MPHUTOTOBJICHUH OSMYJIbCUU HA3BIBAIOT OUTYMHO-
nojauMepHbiMu [22, 98].

[To xapakTepy B3auMMOJCHCTBUSI C MUHEPAIbHBIMU MaTepUAIAMH AMYJIbCUU
MOAPA3IAEIAIOT HAa KIACCHI:

— OBICTpOpacIaaroIIecs (anmonaktuBHbie:  OBA-1,  OBIIA-1;
katnonubie: OBK-1, OBIIK-1); cpennepacnagatouuecs: (aHnoHakTuBHbIE: DBA-2,
OBITA-2; katnonnsie: DBK-2, OBIIK-2);

— MEIJICHHOPACHaJarolueECs (aHMOHAKTUBHBIE: OBbA-3, OBIIA-3;
katuoHHsie: DBK-3, OBIIK-3). XapakrepHoe pacrpeeneHue YacTull o pa3mepam
B OMTYMHOW SMYyJIbCHU TpejcTaBieHO Ha pucyHke 1.8. Kammum oObidHO mMeEroT
auametrp 1-20 MxM. JIMCIEpCHOCTh M TpaHyJIOMETpUsS — BaXKHbIE IOKA3aTENH
sMylbcud. WX BeaMYMHA ONpeAeNsieT: CKOpOCTh pachaja; BA3KOCTh U

CTaOMIBLHOCTH OMYJIbCHH, YCTOI‘/’I‘{I/IBOCTB IIpHU XpaHCHHUHU U IICPCKAYKCE.

28



1 2 4 6 10 20 40 MKm

Pucynox 1.8 — Pacnipegenenne yactui, OMTYMHOMN 3MYJILCUU IO pa3Mepam

CkopocTh pacrnaza OMTYMHBIX dMYJIbCUN XapaKTEPU3YETCsS BO3MOMXKHOCTHIO
CMEIIVBaHUs ux c MUHEPATIbHBIMU MaTepuagaMu Pa3JIMYHOTO
rpanyjioMmerpuueckoro coctaBa. Ilpu stom knaccel OBK-1(OBIIK-1), 9BK-
2(OBIIK-2), 3BK-3(9bIIK-3) cooTBEeTCTBYIOT OBICTPOW, CpelIHEW W MEHJICHHON
ckopoctu pacnaga. OO0nacTb NPUMEHEHUS SMYJIbCHH Pa3IMYHBIX KIACCOB

npuBeneHa B Tabnumie 1.1.

Tabnuua 1.1 - O6macTe NPUMEHEHUS SMYJIbCUI Pa3IMYHBIX KJIACCOB

Kiacc
OUTYMHOU O06s1acTh NPUMEHEHHUS
IMYJIbCUU

Y CTpoicTBO MOBEPXHOCTHOM 00pabOTKH;

OBK-1  |sMOYHBIN PEMOHT JOPOKHBIX MOKPHITUH;

MOJATPYHTOBKA

Y CTpoicTBO MOBEPXHOCTHOM 00pabOTKH;

YCTPOWUCTBO OCHOBAHHMM JTOPOXKHBIX KOHCTPYKIIUH CHOCOOOM
ObK-2  mponutky;

MPUTOTOBJICHHE YEPHOTO MIEOHS W TIOPUCTHIX MICOCHOYHBIX
CMeceH JUIsl YCTPOMCTBA OCHOBAHUU JIOPOKHBIX OJIEK]
[IpUroToBIIEHNE TIIIOTHBIX 3MYJIBCUOHHO-MUHEPAIBHBIX CMECEU
JUIS1 yCTPOWCTBA MOKPBITUH U CJIOEB U3HOCA,

OBK-3  |ykpemieHHe OTKOCOB 3€MJISTHOTO MOJIOTHA;

IIPUTOTOBJICHUE TPYHTOBBIX CMECE;

00ecTbUITMBAaHUE TPYHTOBBIX J1I0POT
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OOpa3oBanue OuTyMHOH OSMyJabcuu. Ilpu smynbrupoBanuu OUTYM
pacnajaeTcs Ha Kaluii. DTOMY HPOLECCY MPEMATCTBYIOT BHYTPEHHSS KOre3us U
BA3KOCTh OWTyMa, a Takke [IOBEPXHOCTHOE HATSIKEHHE, OKAa3bIBAIOIEe
CONPOTHUBJIEHUE NpPU OOpa30BAHMHM HOBOW MOBEPXHOCTH pasjaena. Kamimm umeror
TEHJEHIIMIO K TMOBTOPHOMY OOBbEeIMHEHMIO (KoajecueHiuus). Jljis moiydeHus: B
AMYJIbCUM HEOONBIIHUX IO pa3Mepy YacTUI[ HEOOXOAMMO HE TOJBKO MPHIOKHUTh
MEXaHUYECKYIO SHEPTHIO, HO U IPEIOTBPATUTh UX MOCIEAYIOIIYI0 KOAIECICHIIHIO.
Pa3Mep vacTui B 3MyJIbCUU 3aBUCUT OT CKOPOCTH Bpall€HUs POTOpPa KOJUIOUIHOW
MEJIBHUIIBI, 3a30pa MEXKJYy pOTOPOM U CTaTOPOM, BPEMEHM HAXOXKIACHUS B
MEJIbHUIIE, KOHIIEHTpAlMh J3MYJIbCUH, THUMA »SMYyJbraTopa Hu TeMIIEpaTypbl
MPOIIECCA IMYJIBIUPOBAHUS.

YMeHblIeHHEe BA3KOCTH OMTyMa IMPHU MPOU3BOJCTBE AMYJIbCUU JTOCTUTACTCS
3a cueT Temmeparypsl Harpesa. [lepen mogadeil B MEJIbHUIYY OUTYM HarpeBaroT J10
110-160 °C nmo Tex mop, moka BSI3KocTh OuTyma He cHu3uTCA 10 S00 cCt wim
meHee. Bognas dasza narpeBaercs q0 30—70 °C myis pacTBOpEHHUS dMYJIBraTOpOB
(ITAB).

Poub 3myJbraropoB. B sMmysnbcuu miomags NOBEPXHOCTH pa3zesia MEXIY
KUAKUMHA ~ (azaMu  3HAUUTENBHO YyBenuuuBaerca. Jlis co3maHus — Takow
NOBEPXHOCTH paszesna TpedyeTcs: 00/IbII0e SJHEPTETUYECKOE BO3IEHCTBUE, KOTOPOE
MOXeT ObITh CHUXKEHO abcopOuuei smynbraropa. [locie dopmupoBaHus Kameib
OuTymMa HEOOXOIMMO OOeCIeunTh MX craduiu3aruio. KoajgecleHus BO3HHUKAET
MOCJIE OYEHb IUIOTHOTO TMpUJIEraHus Kameiab OuTyma Jpyr K Jpyry (ux
GITOKyISAUH).

OMynbpratop, ajcopOMpOBaHHBIA Ha TOBEPXHOCTH Kareilb, 00eCIeunBacT
ANEKTPUUECKUI Oapbep Mexay KamisiMu (pUCYHOK 1.9), 4To mpemsiTCTBYyeT HX
TecHOMY cOmmKkeHnto. DIOKyIAmus W KOAJeCHEHIUS BO3HUKAIOT TaKXkKe TMpU
KOHTaKT€ OWTYMHBIX Kamellb C MUHEPAJbHBIMU MaTepuajaMu TpU pachaje

9MYJbCHH U 3aTBCPACBAHNU BAXKYIICTO.
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Pucynok 1.9 — Cxembl rio0ys1 qucnepcHon gasbl ¢ 000J109KaMu
U3 a7IcCOPOMPOBAHHBIX HOHOB BOJOPACTBOPUMOIO IMYJIBIaTopa:

a — KaTHOHAKTUBHOI'O, 0 — aHMOHAKTUBHOT'O

XumMuyeckasi Mpupoaa >3MYJbratopoB. Mojekyna sMmyjibratopa HUMeEET
JMOPWIbHYIO (IPUTATHUBAIOIIAS MACIIO) U TUIPOPIIbHYIO (IPUTATHUBAIOIIAS BOJTY )
gacTh. TuUMUYHAs MOJEKysia SMyJbraTopa UMeeT THAPO(DUIBHYIO «TOJIOBHYIO»

rpymnmny u ruapopoOHbIi (JTHOGUIBHBIH) «XBOCT» (pucyHOK 1.10).

e “'\‘I

I L _
nunodMneHBIA XBOCT ruapouneHAR ronoaKa KOKTPHOK
R (#mp) N+ (CH,), Gl
R (snp) NH, + CH,CH,CH,NH, + 20k
A (HonundpeHwn) L 0 —CH,CH,0 CH,CH.O0—H OTCYTCTBYET
R (Tannogoe macno) —— COO Ma+
R (nurxun) S0, Ma+

Pucynok 1.10 — Tunuunbsle noBepXHOCTHO-akTUBHBIE BeniecTBa (IIAB)

B POJIM SMYJIbraTOPOB OUTYMHBIX SMYJIbCUI
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Ha mnoBepxnoctu paznena ruapodoOHas 4YacTb MOJEKYJbl 3MYJIbraropa
OpUEHTHPYETCS TI0 HAaNpaBJICHHIO K OMTYMHOHW (a3e, a rosioBHas (3apsuKeHHas)
rpynna — K BoAHoOM. B ocHOBe cTtabunu3zanuu aucrnepcHoi (as3bl B AUCIIEPCUOHHOM
Cpele JIeXKHUT 3JCKTPOHHAs MPUpOoJa B3auMOAEUCTBUA (a3, CTaOMIM3MPOBAHHBIX
MOJIEKYJIAMH 3MYJIbraToOpa Ha TIpaHMIe paszfena. BakHoe sABJIEHHE IIPU 3TOM —
VMOHM3aLMs SMYJIbraTopa B IUCIIEPCUOHHON BOJHOM Cpele.

IIpouecc pacnmaga OMTYMHOW OJMyiabcuMH. JUI1 BBINOJHEHUS POJIH
BSDKYILEro OUTYMHBIE SMYJIbCUM JOJDKHBI ObITh BO3BpAIEHbI B MEPBOHAYAIBHOE
COCTOsIHUE K OUTYyMHOM muieHKe. CKOpOCTh pacrnaja U 3aTBEpACBaHUS 3aBUCUT OT
AKTUBHOCTU OMYJIbCUM, AaKTUBHOCTM KaMEHHOIO MaTrepuansa W  yCIOBUHI
OKpYXKaroILlEel Cpeibl — TEMIEPATYPHI U BIAXXKHOCTH. KamMeHHbIe MaTepuanbl UMEIOT
XapaKTEepHbI MOBEPXHOCTHBIA 3apsAx B 3aBUCUMOCTH OT pH W Tula MuHepania.
KucnotHele kaMeHHblE MaTepuaibl C OOJBIIMM COJEPKAHUEM KPEMHHUSI UMEIOT
OTPULIATEIBHBIN 3aps], B TO BPEMs KAK IIEIOYHbIE MAaTEPUAJIbI TUIIA U3BECTHSAKA —
MOJIOKUTENbHBIN 3apsi. KaTHOHOBBIE SMYJIbCHM OBICTPEE PEArHpPYIOT C KUCIBIMU
nopoxaMu. Pacman sMmynbCcuM  IIPEACTAaBISAET CIIOXKHBIM IPOLIECC, XapakTep
KOTOPOTO JI0 KOHIIA He u3y4yeH. HekoTopele pakTopsl pacnana SMyJIbCHH.

AxcopOuusi 3MyJbraTopa Ha IOBEPXHOCTH KAMEHHOr0 MaTepHaJia.
CBOOOJHBI HMOH 5SMyJbraTopa MpU KOHTAKT€ OHMYJIbCUU C MHUHEpPaIbHBIM
MaTepuanoM ObICTPO aacopOUpyeTCs Ha TOBEPXHOCTH KAMEHHOTO MaTepHalia, pu
9TOM IIPOUCXOJUT KOAIECLEHIUS dMYJIbCUHU. B TO e BpeMs MOXKET YMEHBIIUTHCS
WM 1K€ W3MEHUTHCS 3aps] KaMEHHOro Marepuana, 4YTO 3aMEIUIMT pacraj
OMYJIbCHUHU.

Ilepememienue kamejab JSMYJbCHM K IOBEPXHOCTH KAMEHHOIO
martepuaja. Kamnu Outyma, umeronue HEOOJbIIONW 3apsll, MEepeMellaloTcs K
IIOBEPXHOCTH KaMEHHOTO Marepuaja C HPOTHUBOIOJOXKHBIM 3apsaoM. YacTuisl,
KOHIIEHTPUPYACh Ha TOBEPXHOCTH, OOBEIUHSIIOTCS, YTO MPUBOAUT K (PIIOKYJISALINH,
KOAJIECLICHIIMU U PACIIPOCTPAHEHHUIO 110 TOBEPXHOCTH.

N3menenne pH. OCHOBHbIE KAMEHHBIE MaTEpPUAJIbl HEUTPATU3YIOT KUCIOTY

B KATHOHHBIX SMYJIbCUAX, ITOBBIIIAIOT pH )41 ,Z[CCT36I/IJ'II/I?>I/Ipy}OT OMYJIbCHIO.
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Hcnapenue Boabl. [lpu ucnapeHuu BOJBI M3 SMYJIbCUU YBEIHMUMBAETCS
KOHIIEHTpAIUs Kareyb OUTyMa, 9TO MPUBOANUT K KOAJECICHIIMH U 3aTBEPICBAHUIO
TOHKUX IJICHOK BSDKYIIIETO HA TTIOBEPXHOCTH MHUHEPAIBHOTO HATIOTHUTETIS.

DOMyIIbCUU UCTIOJIB3YIOT B KAUECTBE MPEBEHTUBHBIX Mep MpU MPOPUITAKTHKE
U3HOCAa BEPXHETO CJIOS JOPOXKHOTO TOKPBITHS W JaKe B  KauecTBe
CaMOCTOSITENTFHOTO CBSI3YIOIIETO JUISI aBTOJOPOT HEBBICOKOW WHTCHCUBHOCTH
JIBKEHUS.

Tem He MeHee, Teopus SMYJIBCUOHHBIX BSKYLIUX U CBA3YIOLIUX BEUIECTB /10
CHUX IOp 3HAYUTEIBHO OTCTaeT OT NPAaKTHKH. [IpuUroToBIeHWE HMYIBCHH H
MaTepuajoB HAa MX OCHOBE, HCIOJh30BAaHHE W KOHTPOJb WX KadyecTBa IOKa eIle
OCTaeTCs HIMIUPUYECKON 00JacThi0. B yacTHOCTH, MOKa3aTeNny KauecTBa AIMYJIbCUU
IpU XpPaHEHUU OMNPEIEISATCS BEChbMa TPYAOEMKUMH W HETOYHBIMH CTHOcO0aMHu,
HalpuMep, @O OCTaTKy BsDKYIIEro Ha CTaHJApTHOM CHUTE cpa3y Ioclie
NPUTOTOBIICHHMSI, 3aTeM Ha 7 CyTKH, 3aTeM Ha 31 cytku [4, 22, 98].

C 1enbro BCECTOPOHHETO aHaIM3a CBOMCTB MPOPUIAKTUYECKUX SMYJIbCUI U
YCTaHOBJIEHUSI pallMOHAJIBHBIX MOJIXO0/I0B IPUMEHEHUS B T€03KOJIOTUH, MPEJIOKEH
MOJIXO0J] BHEAPEHUSI OOCCIBIIMBAHUS B KOHKPETHBIX T'€OTEXHUYECKUX YCIOBHUAX

(pucynok 1.11). PaccmatpuBaniuch ycioBHs TOpHOTO Tpenrnpusitus BomkoBckuit

pyaHuk, r. Hroxkaui Tarui.

U3yuyeHue cocTaBa Mony4yeHue BpuketuposaHue MpombilwNeHHbIN
UCXOAHbBIX npodunakTUYECcKo nbinei c 3KCNEPUMEHT No
MmaTepuanos 3MyNbCUMU 3amynbcuen obecnbiMBaHUIO

Pucynox 1.11 — Meroanka uccienoBanusi TEXHOJIOTHH OOSCIBUTMBAHUS B

KOHKPCTHBIX YCIOBHAX I'OPHOTO MMPCAIIPHUATHA

1. U3yyeHnue cocTaBa HCXOJHBIX MaTEpUAIOB — IMbUIEH TOPHBIX MOPOJ,

HAHOCOB AHTPONOTeHHOTO reHe3uca (301bl TOLI, yronbHas IbUIb).
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2. Bribop MBUIECBA3YIOLIETO 1o aJAre3MOHHBIM CBOMCTBaM
YAOBJIETBOPSIOIIETO MTOPOBOM CTPYKTYpE cyOcTpara. [Tonyuenue
npOPHIAKTUYECKON SMYIBCUU U OLICHKA €€ CBOMCTB.

3. OnpeneneHue paroHaILHOTO pacxoa NPoPHIaKTUIECKON IMYIBCUU 110
MPOYHOCTH U BOJOCTOMKOCTH Ha OpPUKETHPOBAHHBIX 00pa3lax CMECH IMbUIEH ¢
AMYJIbCUEH.

4. ITpOMBIIICHHBIA 3KCIIEPUMEHT MO OOECHUIMBAHUIO M COMOCTABUTEIbHAS
OLICHKAa TEXHUKO-3KOHOMHUYECKHMX TOKA3aTEJIE TEXHOJOIMM B CPAaBHEHUM C

00€eCIIBbUTMBAHUEM BOIOM.

1.5 BriBoanl no riaase 1

1. IlpoBeneH aHanmM3 CYIIECTBYIONIUX CIOCOOOB 3aKpPEIUICHUS MbUIAIIUX
MOBEPXHOCTEN Ha OTKPBITHIX TOPHBIX padoTax. [IpoduiakTika nmeuieodpa3oBaHms
JUISL 9TUX OOBEKTOB C HCIOJIH30BAHUEM TMBUIECBSZYIONIMX BEIIECTB OCTACTCA
AKTYQJIbHOM C TEXHOJOTUYECKON TOUKH 3PEHUS.

2. Ilokazana 53¢ (}eKTUBHOCT, NPUMEHEHHS] OPraHUYECKHX CBA3YIOMIMX
BEILIECTB HA OCHOBE KPYMHOTOHHAXKHBIX MPOAYKTOB HedTenepepaboTKu, KOTOpbhIE
1€J1eCO00pa3HO MPUMEHSTh B AMYJbCUPOBAHHOM BHJE, YTO /1a€T SKOHOMHUIO B
pacxofe CBSIZYIOLIErOo BEIIECTBA. TE€XHOJNOTMYHOCTh NpoLecca HaHECEHUs
OMYJIbCUM JUTSl TIBUICTIONIABIICHUS 3aKJIIOYAeTCsl B €€ HAHECEHWH XOJIOJIHBIM
CIIOCOOOM.

3. Ilpu uCMOJIB30BAaHUU TSDKENBIX HEPTIHBIX OCTATKOB O00ECTICUMBAIOTCS
TaKhe CBOMCTBA CBS3YIONIMX, KaK aJre3us K MHUHEPAIbHOMY Marepuaty,
KOT€3MOHHAs TPOYHOCTh CJIOS, BSA3KO-TUIACTHYHBIE CBOWCTBA, CTAaOMJIBHOCTH
pa3pyIieHus ciosi OT aTMOCHEPHBIX SBJICHUH.

4. Iloka3zaHbl BO3MOKHBIC TEXHOJOTHH TMPUTOTOBJICHUS M HAHECEHUS
AMYJIbCUOHHBIX HEPTIHBIX CBI3YIONIMX MPU 00ECTIBIIIMBAHUN KapbEePHBIX IOPOTH U

IIpHu 3aKPCILICHUU HOBerHOCTeﬁ TCXHOI'CHHBIX MaCCHBOB
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I''TABA 2 XAPAKTEPUCTHUKA UCXOJJIHBIX OBBEKTOB,
METOIbI UCCIIEJOBAHHUA  [BUIECBA3ZYIOIIUX B
I'EO2KOJIOI'NAN

2.1 XapakTepuCTHKA UCXOHbIX 00bEKTOB UCCJIEI0BAHMS

B Poccum wu 3a pyOexoM MpakTHUYECKHM HE  M3rOTaBIMBAIOTCS
IBUIECBA3YIONINE, CIICIUATBHO MTPpeIHAa3HaYeHHBIC JIJIs1 00ECIIbUINBAHUS aBTOOPOT
B Kapbepax M 3aKpEIJICHUs TEXHOreHHbIX MaccuBoB. C 1enbio pa3paboTKu
COBpEeMEHHBIX dA()(PEKTUBHBIX U TEXHOJOTUYHBIX  MBUICCBA3YIOMUX  OBLIH
MPOBEJCHBl HCCIIEOBAHUSA YCIOBUI TMPUMEHEHHs TMHUICCBA3YIOMINX BEIIECTB
Pa3IMYHOTO MPOUCXOXKACHUS U ONPEAEIEHbl UX SKCILTyaTallMOHHbIE CBOMCTBA IS
MPAKTHYECKOTO UCTIOIH30BAHUS HA OTKPBITHIX TOPHBIX paboTax.

BriGop 00bEeKTOB wHCCienOBaHUS OOYCJIOBJIEH TIOCTaBIEHHON 3aadeit
pa3paboTku ((HEKTUBHBIX M IKOHOMUYHBIX THUICCBI3YIOMIMX ISl 3aKPEIUICHHUS
OBUTSIINX TOBEPXHOCTEN KaphepHBIX aBTOJIOPOT, MOPOJHBIX XBOCTOXPAHWIUIIH U
TEXHOT€HHBIX OTBajJoOB. B kauecTBe OOBEKTOB HCCIEIOBAHUS PACCMATPUBAIUCH:
3aKpeIUIsieMble  MBUIAIIME TOBEPXHOCTH B TEOTEXHOJOTUAX, MHUHEpaIbHbIC
IbLJIEBAThIE YACTHUIIBI KapbepHOIO TPYHTA, TEXHOTEHHBIX OOpa3OBaHUM, a TaKkKe
OpraHUYEeCKHUe MbIIECBA3YIONINE MaTepralibl. B kauecTBe OCHOBHBIX OpraHHMYECKUX
MBUIECBSAZYIONIMX JJIs1  00ECHBUTMBAHUS PACCMATPUBAIUCh KPYIMTHOTOHHAXKHBIC
octatku OT miepepadotku Hedtn Ha HII3, B mepByro odepear — acdanbThl
npornanoBoii  neachanbruzanuu  (AIIl), coxmepkarme OOJBIIOE KOJIUYESCTBO
aNTe3MOHHOAKTUBHBIX  CMOJIUCTO-ac()aTbTCHOBBIX  BEIIECTB. | E€XHOJOTHUS
00ECIIbIIMBAHUS XapaKTepU3yeTcs OONBIIMMU YAETbHBIMU OObEMaMH M Mayoi
ce0eCTOMMOCTBIO TOPHBIX paboT. Tspkenvle HePTsIHBIE OCTaTKU (B TOM YHUCIE

AITJ]) — Hanbosiee TOCTYITHBIE MBIJIECBI3YIONINE B HAPOTHOM XO3SHUCTBE.

35



Jlisg  ueneHampaBIeHHOTO H3MEHEHHs] (U3UYECKUX CBOWMCTB TIpyHTa Ha
OBUTSAIICH TOBEPXHOCTH H3YYAIUCh (PU3UKO-TEXHUYECKHE U TEXHOJOTHUYECKHE
CBOMCTBA IIBUIECBA3YIOIIMX BEILIECTB, PACCMATPUBAIACH CUCTEMA «AATE€3UB —

cyocTpaT.

2.1.1 CoctaB u CcBOHCTBa TMbUJIEH TOPHBIX TIOPOA U TEXHOTECHHBIX
oOpa30BaHUM.

dopma U TOBEPXHOCTh 3€PEH PYTHOTO CBHIPhS (B T. Y. TPYHTA) OMPEACISIIOTCS
MUHEPAJIOTUYECKUM U XMMHUYECKUM COCTaBOM U B OOJIBIIECH CTENEHU 3aBUCHUT OT
YCIIOBUUM JT0OBIYM, TPAHCIIOPTUPOBKU M TMPEABAPUTEIILHON TMOATOTOBKU PYJIHBIX
MaTepHAaJIOB K TEXHOJIOTMYECKO niepepadotke [6, 42, 87]. Pyabl, TpyHTHI COCTOSIT U3
JacTUIlhI (3epeH) pazHout popmet [8, 43, 70—71]: MHOTOTpaHHUKH, C(PEPHI, TUTACTHHKH
WIA Pa3BETBICHHbIC JCHIPUTHL. [[1s1 MPOYHOCTH TPYHTOBOM IMOBEPXHOCTH
pelIarolIel SBIsSeTCS CyMMapHas TUIONIa b KOHTAKTOB 3€pPEH, KoTopasi Oy/eT caMoit
OoNbLIOW B ciayyae MHOTOrpaHHMKOB. HexenarenbHa (opma pa3BeTBICHHBIX
JICHJIPUTOB, TaK KaK MEXKy STUMH 3€pHAMH 00pa3yroTCs TOJIBKO TOUEYHBIE KOHTAKThI
Y BO3HUKAIOT KAMWJUISIPHI OOJIBIINX TUAMETPOB.

[ToBepXHOCTh YacTHUI] MaTEPUAIOB HEOOXOAUMO OIEHUBATH C TOUKU 3PEHUS UX

IIEPOXOBATOCTH ¥ MPUPOJIbI YacTHIl (PUCYHOK 2.1).

L B el

Pucynok 2.1 — Mozenb KOHTaKTa B IByX pEaJIbHbIX MOBEPXHOCTSX:

a — B OTCYTCTBHH IIJICHKHU BOJbI; O—B MMPUCYTCTBUU IIJICHKHW BOAbI

3epHa ¢ 1IEpOXOBATON U MOPUCTON MOBEPXHOCTHIO (PUCYHOK 2.1, @) yiy4IiaroT
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CMauMBaE€MOCTh YaCTHIIBI aAT€3MBOM U CIIOCOOHBI «B3aWMO3AKIMHHUBATHCS)
(pucyHok 2.1, 6), 4YTO TOBBINAET KAMWUISIPHOCTh, BBI3BIBAECT YBEIHUYEHUE
BJIQXHOCTU PYIOHBIX MaTEepUalioB M, KaK CJEICTBUE, PACCTOSHUE MEXIY
MJIOCKOCTSIMU B3aUMOJICHCTBYIOIMX yacTull [36, 42, 87].

B pesynpTaTe 3TOro yMEHbIIAETCS CUja B3aMMOJCHCTBHUS TOBEPXHOCTEH.
Bopa B nepByro odepesb 3anoaHsIET MIEPOXOBATOCTH HA TOBEPXHOCTH, BCIIE/ICTBUE
4ero mpsIMOE B3aUMOJCHUCTBUE TOBEPXHOCTEHM 3aMEHSETCS B3aMMOJICHICTBHEM
aJICOPOIIMOHHBIX TOHKMX IUICHOK BOAbl. OTiMyne MEXITy MOBEPXHOCTSIMU
pa3IMYHBIX MAaTepUaJOB HEOOXOAMMO HCKaTh M B XapaKTepe 3JIEMEHTapHbIX
«CTpPOUTENbHBIX 4YacTul». llonsipHas MOBEPXHOCTh BO30YXKIAET BOKPYr cels
ANIEKTPUYECKOE T0JI€ U O€3 BHEIIHETO BMEIIATENbCTBA. DTy MOBEPXHOCTh O0Pa3yrOT
VIOHBL, MTOJISIPHBIE MOJIEKYJTbI WJTM TPYIIIbI, KOTOphIE 00JIaat0T TAKUMHU K€ CBOMCTBaMH,
KaK MOHBI, MOJICKYJIbI WM TPYIIIbI, MONAaBIIKEe B cpepy UX BIUSHUSA, U MOTYT
ancopoupoBathcs [42, 87-88].

PacnonioxeHue  MOJOXKHUTENbHBIX M OTPULATENbHBIX  HOHOB  Ha
MOBEPXHOCTH TMOP TBepAOH (ha3bl MOXKET ObITh TOMOTEeHHBIM (PHCYHOK 2.2, a)

WJIA TeTePOTCHHBIM (PUCYHOK 2.2, 6).

a 6

l— —

Pucynok 2.2 — Pacnipenenenue MOHOB Ha TOBEPXHOCTH TBEPAOH (ha3bi:
a — TOMOTEHHOE; 6 — TETEPOreHHOE; 8 — 3apPsKEHHASI OTPUIIATEIIEHO

IMOBCPXHOCTD I'N'TMHUCTBIX COCTABJIAIOIINX

TOHKO3EpHUCTBIE MAaTepHalibl COJEPKAT 3€pHA C PA3HBIM 3apSIOM
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MIOBEPXHOCTHOI'O CJIOSl. B MOBEpXHOCTHOM CJI0€ OKCHAOB JKeJjie3a mpeoliagaer
MOJIOKUTENBHBIN 3apsia (PUCYHOK 2.2, 6), TOTAa KaK MOBEPXHOCTU TIIMHUCTHIX
coctaistomux SiO;, Al,O3 (pucyHok 2.2, 8) 3apsykeHbl OTPHUIIATEIIBHO.

Nonbl nonsipHON MOBEPXHOCTU UMEIOT 3HAUUTEIBHYIO CUITYy MPUTSKEHUS U
Ha OTHOCHUTEJIbHO OoJbiuX (B 1,5—2 pasza mpeBbIIIAIONIMX TOCTOSHHYIO PEIIETKY)
paccrosHusx [26, 87-88]. D10 0003HAYaeT, YTO T'PYNIHPOBKA MOJICKYJ WU
MOHOB MOET BO3HUKHYTh U Ha PACCTOSIHUAX, OOJIbIIIE pajuyca HOHOB.

MuHepalloru4ecKkuii CocTaB PyJIHOrO MaTepuaia 3aBUCUT OT JUCIIEPCHOCTU
Pyl W CTENEHU €€ U3MEJIbYEHHUs B Ipoliecce A00bIUM, TJIAaBHBIM O0pa3oM Ha
conepxxanue ppakuu < 0,05 mm. CBoiicTBa cocTaBa pyIHOM MbLIM CYIIECTBEHHO
3aBUCAT OT JOJW HU3MEIBbYEHHOIO0 Marepuajia WIA TIMHHUCTBIX KOMIIOHEHTOB C
KOJUIOMJHBIMHM CBOMCTBaMH MaTepHuana. boiee TOHKOe U3MENbUEHUE HE COACPKUT
TNIMHUCTYK0 COCTAaBISIONIYI0, a MaTepHall KPYIMHO3EPHHUCTBIM MPU OJIUHAKOBOM
KOJIMYECTBE JINMOHUTA CONEPKUT 15 % TIIMHUCTBIX COCTABIISIOLIUX.

Huxe kpaTko mpUBEIEHBI CTPYKTYPHI CICAYIONINX MUHEPAJIOB.

Marnerunt (Fe3O,) mMeeT CI0KHOE KPHCTAIIUYECKOE CTPOCHHE C
pemeTKOM Tuna mnuHeau. [[OBEepXHOCTHBIM NMOTEHIMAl MArHeTUTa B JTHUCTHII-
JUPOBAHHOM Boje nocTturaet Toabko 1 MB. [Tockonbky 3iieKTpuUecKuil 3apsn
MOBEPXHOCTH MAarHETUTa SIBJISIETCS HEOOJBIINM, BOKPYT €ro 3epeH oOpasyeTcs
ToHkas ruapocdepa. [LIOTHOCTH amcopOUpPOBAHHON BOAHOM TJIGHKH MOYTH
BJIBOE OOJIbIIIE€ TUIOTHOCTH OKPY>KAIOIIECH BOIBI.

CTpykTypy reMaTura COCTaBIISIOT TP YIIIIbI Fe,0s,
pacmoJyio’)keHHble B BEpIIMHAX JBYX pOMOO3ApoB, 0O0pa3yrIUX OOIIYIO
AJIEMEHTapHyI0 pemerky. HekoMrneHCHpOBaHHBIE HMOHBI KHCJIOpPOAA PEAKO
NPUCYTCTBYIOT Ha TIOBEPXHOCTSIX 3€peH TIeMaTuTa, U  BO3MOXXHOCTh
oOpa3oBaHUs BOJOPOJHOM CBSI3M ¢ KaTHOHAMU KUAKOU (ha3bl HE3HAUUTEIbHA.
3aps MOBEPXHOCTU IFeMaTUTA MOJIOKUTEIICH.

Cugepur KpUCTANIM3YETCSd B TPUTOHAIbHOM cuHroHuu. Kuciopon B
pemeTke cuaepura Haxomurcs B gopme noHa C(O:*. HekoMIeHCHPOBaHHBIE

4ATOMbl KHCJIOpOAa Ha IMOBCPXHOCTHU pOM603,IIpOB BCTPCYAIOTCA PEAKO. I[J'ISI
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aJCOPOIMM  AHWOHHBIX  IOJHMAJICKTPOJMTOB  MOAXOMSIIMMH  SIBJISIOTCS
CBA3BIBAIONIME LEHTPHl F€%". B IMCTMIUIMPOBAaHHOI BOJE CHICPUT HMEET
MMOJIOKUTENbHBINA MOTECHIINAI 6,5 MB.

JIMMOHHMT, SABJISIOMMICS KOJJIOUIHBIM HMJIM KPHUITOKPHCTAJLIHNYCCKHIM,
COJCPXHUT Ha CBOCH TIOBEPXHOCTH 3HAYMTEIBHOE KOJUYECTBO HEKOMIICH-
CHUPOBAHHBIX DJIEKTPOOTPUIIATEIIBHBIX aTOMOB KHCJIOPOJa, KOTOPhIE y4aCTBYIOT
B 00pa30BaHWU BOJHOHN CBSI3HM. BaXKHBI KOJJIOHTHAS CTPYKTYpa y JUMOHHTA U €€
XapaKTepPUCTHKA — BETMUMHA YJICITBbHON TIOBEPXHOCTH, KOTOpAsk BEJIHKA.

PyaHble MHHepPaJbl — IPOAYKTHI, BEIBETPUBAHUS, COACPKAT 3HAUNTEIIBHOE
KOJIMYECTBO KOJIOMJTHBIX KOMITOHCHTOB THAPOOKCHJIOB eie3a. KoimduecTBo
aJIcOopOMPOBAHHON MMM BOJIBI CO BPEMEHEM TTOCTETICHHO YMEHBINIASTCS, U TIOCTIE €€
IOJTHOTO  yAaJleHUusT  oOpa3yroTcss  O€3BOJHBIC  AHTHIPHTHI,  IOTEPSBIINE
KOJUTOWJIHBIC CBOWCTBA. B MTMMOHHMTE MHOTO aacOpOMPOBAHHOHN BOJBI, M TIOITOMY
OH COJICPXKHT OOJIBIIIOE KOJMYECTBO KOJUTOMAHBIX THIPOOKCHIHBIX KOMIIOHCHTOB.
XapakTepHBIM CBOWCTBOM MHMHEPAIbHBIX KOJUIOMIOB JKelie3a SBIACTCS HX
CTIIOCOOHOCTh pPErHApaTHPOBATH, T. €. CIIOCOOHOCTh BOCIPHHHMATH YAAJICHHYIO
BOy. MHUIIE/UTBI THpATa OKCHJIA XKeJie3a UMEIOT TOJIOKUTEIBHBIN 3apsiI.

K xareropum OKHCICHHBIX HHUKEJICBBIX MECTOPOXKICHHUH, CBSI3aHHBIX C
JpeBHEH KOPOW BBIBETPUBAHHUS CEPIICHTUHUTOB, MOXHO OTHECTH clieAyromiue [26]:

1. MecTopoXACHHs, XapaKTePU3YIOIIMECS HOHTPOHUTOBBIM IMPOQHUICM.
HuxkenbcoaepskaliuMu SBISIOTCS HOHTPOHHUT Fe;03 -2S10; - 2H,0, cepnientun MQs3
[OH]4Si205, rapHUCPUT Ni4(Si40lo) : [OH] : 4H20, HCITYHUT (NIMg)g [OH]4 Si205,
rugporetut Fe [OH] O nH,0, mxeddepesut (MgNi)4 [(SiA)4010] [OH]4 - 4H-O.
Kobaner mnpeacraBinen acbomanom [(CoNi)OMNO, - nH,O], mncuaoMeraHom
BaMn--Mng:--O16 [OH]4 1 npyruMu MUHEpaJIaMHu.

2. MecTopoXIeHHUs, BO3HHKIIHNE B 30HEC KOHTAaKTOB CEPIICHTUHHUTOB C
Mpamopamu. HukeneBble CHIMKATHl MPEACTABIICHBI CICIYIONIMMH MHHEpaJIaMu:
TapHUEPUTOM, HOHTPOHUTOM Fe;032S510,2H,0, pepaunckutoM (NiMQ)s(SisOno)
(OH)s, nenyurom, tanbkom Mgz (OH), - Sis O1o, kepormutoM Mgs [Si4O19] [OH]4 -

4H,0, auturoputom Mgs [SisO10] [OH]s u mp.
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JlucnepcHble KeIE30pyAHBIE MaTepHaIbl OTHOCATCS K THUAPOGUILHBIM
CHUCTEMaM, ISl KOTOPBIX XapaKTepHO HHTCHCHUBHOE B3aUMOJCHCTBHE C BOJOM.
Cucrema <« IHMCHEPCHOE JKENE30pyIHOE Chiphe (CyOcTpar)» — Boaa (aare3uB)
CTPEMHUTCS CHH3UTh CBOIO DHEPTUI0 IyTEM YMEHBIIECHUS TOBEPXHOCTHOTO
HATSOKEHMS Ha TpaHuIle pasnena (a3 uin CTeneHu JUCIePCHOCTH.

IloBepxHocTh, KBapua Oorata KHUCIOPOAHBIMHU IIeHTpamH. BBumy ero
BBICOKOTO TOJISIPHOTO XapaKTepa Ha MOBEPXHOCTH BO3HUKACT WHTEHCHUBHOE TOJIC
pe3unyalibHUX CHJI, KOTOPO€ B BOJIHOM Cpelie MPUBOAUT K aacOpOIUU MOJEKYII
BOJIbl. KBapil B AMCTWINTMPOBAHHOW BOJIE UMEET OTPULIATEIBbHBIN MOBEPXHOCTHBIN
noreHman 35 mB.

KomnomHukoBasi mMbulh MIAXTHOM IUIABKM OKUCIEHHBIX HHUKEIEBBIX Py
(tabmumpr 2.1-2.3) — sxene3o-kBapue-rHUCTEIA (Fey03, FesO4, SiOy A410s)
cyOcTpaT — HOBBIM HAHOMPOAYKT pa3paboTaH MOJA HAyYHBIM PYKOBOJCTBOM

B. 4. KOHIKapOBa C COTPpYOAHHUKAMHU U IIPCAHA3HAYCH IJIA PCUCIITYPbI MACTHUKH.

Tabnuua 2.1 — I'panynoMeTpuuecKuii COCTaB MIAXTHO-TIEYHOM MBUTH

ITeu1e CuToBoii cocTaB, % CpenHeB3BelIeHHBIH
+1,0 | -1,0+0,52 | -0,52+0,315 | -0,315+0,16 | -0,16 | pa3mep YacTHIL], MM
Ckpy06epnast | 16,8 14,4 26,7 25,3 16,8 0,32
[{uknoHHas 1,8 2,1 13,5 39,6 41,8 0,215
Tabauna 2.2 — TexHuUeCKHii aHaaInu3 MbIJICH AaXTHRIX Ieuel, %
IToka3zarenu Ckpy0b6epHast I{uknoHHas I'azoxoHas
Braxnocts 0,68 0,89 0,34
3o0ma * 91,5 86,9 93,1
Opranunueckas macca 8,42 12,66 7,04
CocTaB OPraHM4eCKO MaccChl:
yTIepoJ 87,8 90,92 90,6
BOJIOPOJI 3,8 2,53 2,7
a3oT 0,3 0,55 0,4
KHCJIOPOJT 0,4 1,66 0,2
cepa 7,7 9,34 6,1

* Bpixon TBepmoro ocrarka npu coxuranuu e (TOCT COB 493-77). Kokc

KaMEHHOYTOJIbHBIN. Onpeenenre 301bHOCTH C)KUTaHUEM Ha BO3JyXe.
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Tabnmna 2.3 — XuMHYECKUM cocTaB mbliei, %

[Tb116 Ni CO | Fewu |SIO; | Al,O3 | CaO | MgO
Ckpy0b6epHast 1,80 (0,067 [17,31 |35,0 6,3 10,5 | 9,4
[{ukoHHas 1,97 (0,063 |17,59 |38,0(7,0 53 |10,0

[{ukioHHAs THLIL MO KIacCHU(PHUKAIMKA YaCTUI[ MeEJbue CKpyOOepHOi.
Cpeanuit pazmep yacTuil HUUKIOHHOHN mbuH 0,215 MM, ckpyO66epuoit — 0,32 MM, a
BbIX0/1 (ppakuuu meHee 0,16 MM cooTBeTcTBeHHO 41,8 11 16,8 %.

['maBHbIM pakTOpOM, ONPEAETSIONIUM MEXaHUYECKYI0 MPOYHOCTH CHIPOTO
PYIHOTO TPYHTOBOT'O MOKPBITUSA, sIBIETCS pasmep 3epHa. [lo teopum Pymmnda
[10] mpouyHOCTH CBIPOrO KycKa NpH PACTSHKEHHHU OOPATHO MPOMOPIMOHAIBHO
3aBUCUT OT pa3Mepa 3€pHa, T. €. YMEHBIICHHE Pa3Mepa 3epeH CIUIAeMOCTh
PYAHOTO ChIPbSI BEAET K TOBBIIMIEHUIO MPOYHOCTH JIOPOKHOTO TOKPBITHS.
[IpoyHOCTH TEM BBIIIE, YeM OOJbIIIE KOHTAKTOB MEXAY OTJCIbHBIMUA YaCTHUIIAMHU.
Yucio KOHTAKTOB YBEJIIMUUBAETCA C YMEHBIIICHUEM pa3Mepa YacTHIl.

3HavYeHUE AIEKTPOKMHETUYECKOTO MOTEHI[MAla MULIEILJT BIIMAET HA BEJIMUYUHY
cuil  aare3ud. MUHHMaAJIbHOMY  DJICKTPOKMHEMATHYECKOMY  IMOTEHIHUAIY
COOTBETCTBYIOT MAaKCUMAJIbHBIE CUJIbI a/IT€3UH.

IIpencraBieHHbIe MUHEPAJIbHbIC NIbLIEBBIC HaIOJTHUTEN JUISt
MBUIECBSA3BIBAHUS SIBJISIFOTCS. TUIMHWYHBIMU TBIJIEBATHIMM MHUHEpaTaMU KapbepHBIX
aBTOJIOPOT M TEXHOTEHHBIX MACCHUBOB B 30HE TATOTCHHS TOPHBIX Pa3paboOTOK |

METAJUTYPTrUYECKUX MPEANPUATHI Y paiia.

2.2 Br100p OPraHNU4YecKMX  MNbLICCBA3YIOLIMX, o00oCHOBaHuUe

UX IPUMCHCHHUSA B I'€COIKOJJIOI'IHA OTKPLITHIX N'OPHBIX paﬁoT

PaCHpOCTpaHeHHBIMI/I OpPraHN4YCCKMMU  BsKYHIMMH, HCIIOJIb3YCMBIMHU B

Ka4CeCTBC CBA3SYIOIIMX BCHICCTB, ABJIAIOTCSA BBICOKOMOJICKYJISAPHBIC COCIHMHCHUSA
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(momumepsl). DTH BEIIECTBA MPEACTABISAIOT COOOM OCOOBIN KIacC OpTraHWYECKUX
COCIMHEHUM, O0O0JIalalonuii PSJOM TaKMX BaXXHBIX CBOWMCTB, KaK BBbICOKas
IUIACTUYHOCTh U DJACTUYHOCTb,  CIOCOOHOCTh K MPOAOKUTEIIbHBIM
nuHamMudeckuM nedopmartusm [110].

butyMbl ¥ WX KOMIIO3UIIMU TaKXKe OTHOCATCS K HePTenoIuMEpHbIM
BBICOKOMOJIEKYJIIPHBIM MaTepuasiam [15-16, 21, 38, 82, 91]. JloctaTouHO BBICOKAS
MEXaHWUYeCKass NPOYHOCTh OWUTYMOB TIpU OTBEPKICHWW JA€T BO3MOXKHOCTH
MPOSIBJISITH UX DKCIUTyaTallMOHHBIE CBOMCTBA M KaK TUIWYHO BSI3KUW MaTepuai, u
kak ympyroe teno [21, 38, 82-83]. MoXHO BBIICIHTH TPU TEXHOJIOTHUSCKHUX
cnocoba mnpu paboTe € BA3KUMU OUTYMHBIMH MaTepuajaMu: pa3KUKEHUE,
HarpeBaHue, sMyabruposanue [4, 22, 35, 53-55].

[TockoJsibKy HaMH TMpeJjiaracTcsi IepeBO OPraHUUYECKOTO MBLUIECBA3YIOIIETO
B Haubojee TEXHOJOTUYHBIM JMYJIbIUPOBAHHBIA BUA (A7 «XOJOJHOW»
TEXHOJIOTUM  OOECHbUIMBAHUS), PACCMOTPUM OCOOCHHOCTH  HCIOJIb30BaHUSA
OMTYMHBIX BSKYIIIMX B OMYJIUPOBAHHOM KUJIEKOTEKYYEM COCTOSTHUMU.

OCHOBHBIM TEXHOJIOTHYECKUM TPUEMOM TP paboTe ¢ OpraHuYeCKUMHU
BSDKYIIMMH MaTeprajlaMi OUTYMHOTO THIIA SIBJISIETCS UX HArpeB /10 ONpeeIeHHON
temriepaTypbl. OcCOObIM NPU3HAKOM IEPEXO0JI0B M3 OJHOTO COCTOSHUS B JPYToe€,
OTIMYAIONTUM OUTYMHBIC aATe3WBBI OT JIPYTUX BEIIECTB, SIBISIETCS OTCYTCTBHE
OTPENICNICHHBIX TEMIIEpaTypHBIX TOUeK Tmepexona. Bmecto Touek i HUX
XapakTepeH TeMIepaTypHbI HHTEpBa Nepexoaa. ITH TeMIepaTypHbIC N3MEHEHUS
UIyT HE CKAuKOM, a HENMpepbIBHO. BenuunHa TeMreparypHOro MHTEpBajia M €ro
MOJIO’KEHHE Ha TeMIEepaTypHOH IIKaJie 3aBUCSAT OT CTPOEHHUS CBSI3YIOIIETO U psjia
HE TEPMOJUHAMHYECKHX (PAaKTOPOB, TAKUX, KaK CKOPOCTb MEXaHHUYECKOTO BO3-
JNEUCTBUS, CKOPOCTh HArpeBaHUsS WIM OXJIAXICHUS. XapakTepHbie (Ha30BbIC
COCTOSIHUS CBSI3YIOIIEr0 OMTYMHOTO THITA MIPEACTABICHBI HA PUCYHKE 2.3.

[TeiecBszytomue Ha HE(QTAHOM OCHOBE, Kak TEPMOILIACTHYECKUE
M30TPOIHbBIE MOJMMEPHlI B PA3IUYHBIX CTAIUAX TEXHOJOTMYECKOro TMpoliecca B
3aBUCHUMOCTH OT BEJIMYMH MEXAHUYECKUX M TEMIIEPATYPHBIX BO3JIEUCTBUI

XapaKTCPU3YIOTCA COOTBCTCTBYIOIIMMHA (1)I/ISI/IIICCKI/IMI/I nmapamMeTpamMu: JJIA
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CTEKJI0O00pa3HOro — JTO TeMIlepaTypa pa3MmsirdeHus, neHeTpauus (TiiyonHa
MPOHUKHOBEHUS WIJIbI TPU PaA3IMYHBIX TEMIlepaTypax) U PacTIKUMOCTD;
BBICOKORJIACTUYHOTO — TeMIIepaTypa IJIaBJICHUSI U BA3KOTEKYyUero — Temreparypa

MPEeNIbHO Pa3pyUICHHON CTPYKTYPHI.

CTeknosaHme BeicokoanacTuuHoe BazkoTekyuee
EbHYA0eHHO— BbIHYRASHHO—
3 NACTHYHOE NA3ACTHYHDOE
T Ten Tem Th Tt Tun

Pucynok 2.3 — ®a3oBbie COCTOSIHUSI OUTYMHOTO CBS3YIOIIETO TIPH
o0paTuMOM (PU3UYECKOM CTEKJIOBAaHUU B 3aBUCUMOCTH OT TEMIIEPATYPhI:
Typ — xpynkoctu; T, () — cTekI0BaHus (pa3msirdenus); Ty — miiaBiaeHus;

T: — Tekyuectu; Ty, — HaUaJIa XUMUYECKUX ITPEBPALICHUAN

B »sTOlt cBsi3M, mpoOJIEMHBIMU SIBISIFOTCS  MPOLIECCHl TPAHCIOPTHPOBKHU,
XpaHeHWe, TMOJOTPEeB U MPUMEHEHHE OPTaHWYeCKHX BSIKYIIUX, TpeOyrolme
OONBIIMX HHEPreTUYECKUX M KalUTAIbHBIX 3aTpaT u3-3a HEIPPEKTHUBHOIO
nojgorpesa (Tpyda B TpyOe), TpyIHOCTEH ero 00e3BOKMBAHMS, 3aKOKCOBBIBAHUS
pykaBoB. Haxonen ymepd OT 0TX0A0B — oOTpabOTaHHBbIE Macja, OTXOISIINE
JBIMOBBIC Ta3bl U JP., 3aTPSAZHSIONINE OKPYKAIOIIYIO CPEy.

JInsg  pemieHWs  BBIIICYKAa3aHHBIX  MPOOJIEM  TPEACTAaBIACT HHTEPEC
UCIIOJIb30BaHUE CIIOCOOHOCTH OPraHMYECKUX BSKYIIUX 00pa30BBIBATH IMYJIBCUU C
BOJIOM, MO3BOJIAIOIINE YMEHBIIUTH PAaCcXOdbl HA TEXHOJOTMUYECKHUE OIEPAIlNU.
CymecTBytonue crnocoObl MOJYYEHHs TaKuUX OSMYJIbCHUA OCHOBAaHBI  Ha

WCIIOJb30BaHUN MEXAaHUYECKHUX JUCIIEPraTopoB, YJIbTPA3BYKOBBIX YCTaHOBOK,
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KaBUTALMOHHBIX allaparoB, a TaKKe METOJOB 0apOOTHPOBAHUS Yepe3 BSKYIIEE
C)KaToro BO3/yXa, apa u Jp.

Hay4yHO-TeXHOJIOrM4eCKHEe OCHOBBI NPOLIECCOB APOOJIECHUS OPraHUYECKHUX
BSOKYIIMX B OTEUECTBEHHOW Hayke OBUIM 3aliokeHbl B pabotax Pebunnepa,
HuknmmHoit B 50-X IT. IpONUIOTO BEKa M 3TH IPEJCTaBICHUS HE IpPETepresn
CYILLECTBEHHBIX HM3MeHeHuH. C Ipyro CTOPOHBI, Ha pa3BUTEE AAHHOW OTPaCiH
NOBJIMSJIO allllapaTHOE MCIOJHEHUE YCTPOMCTB JUJIsi MOATOTOBKUA THAPO- U
ra30JJMHaMUYECKOM IIPe0Opa30BaHUs OPraHUUECKUX BSKYIIHX.

[Ipy mnonyyeHUr 5SMYJIbCUM KOHCTPYKLMS M MOIIHOCTh MNPUMEHIEMOU
YCTAaHOBKH, @ TaKXe BpEMs JUCIEPIHPOBAaHUS CYIIECTBEHHO BIMSIOT Ha €€
I'PaHYJIOMETPUIO W JIHUCIIEPCHOCTb. UYeM HHTEHCHBHEE IIEPEMEIIMBAHUAE, TEM
MeNbue IMOIY4aroTCsl Kalld TUCHEPCHOM (ha3bl, OT Yero CYIIECTBEHHO 3aBHCHUT
YCTOWYMBOCTb  3MYyJIbCUHM. V3BeCTHbIE B HAcCTOSIIEE BpEMS  IPUHIMUIIBI

sMmynbrupoBanus [35] mpencrarieHsl Ha pucyHke 2.4,

3My]'|bCI/IOHHbIe YCTaHOBKU

l
I |

MexaHnyeckue gucnepratopbl AkycTudeckue gucnepratopsbl

nekTpo- 'mapo-

["lomoreHusatopsbl Mewwanku 9neKTpo Apo

MexaHu4eckme AvHaMmunyeckune
PoTtopHoro MnyHxepHoro Mbeso- MarnuTto-
TMna TMna anekTpuyeckme CTPUKLMOHHbIE
Mponen- -
JlonacTtHble P TypOuHHbIE LLIHekoBbIE Wrexo
nepHble nonacTtHble

Pucynok 2.4 — Knaccudukaiusi yCTaHOBOK JUIsl IPUTOTOBIICHUS SMYJIbCHI
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Heo0xoaumo y4uThIBaTh, YTO TEMIIEpATypa 3MYJIbIHPOBAHHOIO BSIKYILErO
CHIKaeTCs (BSI3KOCTh MOBBIIIACTCS) TIPU BBEJACHUH BOAHOM (Da3bl, KOTOpas Bceraa
uMeeT Oosiee HU3KYIO pabouyro TeMIeparypy. OTO OCOOCHHO BaKHO, KOTJa
IIPUMEHSIETCSL OPTAaHUYECKHE BSKYIIME C BBICOKMM Iokasaresnem Kulll.

[IpuMmeHeHUss pa3NUYHBIX METONOB  3MYJbCMPOBAHUS  OPTAHUYECKHUX
BSDKYIIUX TMPEACTABIACT HMHTEPEC IPU IMOJIYYEHUH 5SMYJbCHOHHBIX BSIKYIIHUX
MaTepuaioB Uil OOECHbUIMBAHUSA KAPBEPHBIX AaBTOJOPOr M TEXHOTE€HHBIX

MaCCHBOB.

2.3 HccrenoBaHue CTPYKTYPHO-MEXAHMYECKHX CBOWMCTB M BA3KOCTH
OpPraHN4YecKux NbLIECBA3YOIINX c (N 180 NMPUTrOTOBJICHUS

NPOPUIAKTUYCCKUX IMYJIbCHH JJIA T€0IKOJIOT UM

B 3aBHCHMOCTH OT CTPYKTYpbl M KadeCTBEHHOIO COCTaBa OPraHUYECKOU
MacChl CBS3YIOIIMX MOTYT OBITh IIOJy4€Hbl 0OJiee WM MEHEe YCTOWYUBBHIE
IMYJIbCUU HA Pa3TUYHON He(DTSIHONU OCHOBE.

IIpy HCcrnoONB30BaHWM JAMCHEpPraTopa CTAHAAPTHOIO THIIA, BSI3KOCTb
OpPraHUYECKUX CBS3YIOLIMX B OOJBIIEH CTENEHH IMOKAa3bIBAET, Ha CKOJBKO OoJee
KayeCTBEHHbIMU Y  YCTOMUMBBIMHM MOTYT OBITh  MOJYYEHBl  SMYJIbCHUHU.
Opranuueckue CBSI3YIOIIME MEHbIIEH TUHAMUYECKON BSI3KOCTH JIerye MOJIal0TCs
SMYJIBTMPOBAaHUIO W OSMYJbCUUM W3 HHUX, KaKk TMpaBWio, SBISIOTCA Ooliee
YCTOMYMBBIMU JUCTIEPCHBIMUA cucTeMamMH. K TakuMm mNpeanodyTuTesbHbIM IS
AMYJIbTUPOBAHUS HePpTeMaTeprallaM Mbl OTHOCHM TsDKeNble He(TSHbIE OCTATKU
(THO) u1 npoayKThl UX OKHCIUTEIHLHON CTAOUITU3AIINH.

Ilonyyenne OUTYMHBIX BSIAKYIIMX Uil TEXHOJOTHM O00eCHbIIMBAHUA
KapbepPHbIX AaBTOAOPOT U3 THAMKEJIbIX HePTAHBIX 0CTATKOB

[Ipu npuroToBieHnU OUTYMHBIX 3MYJIbCHI B psae pabot [16, 21, 35, 82, 83]

JaHa OICHKa CTCIICHW KaueCTBa pPa3IMYHBIX OPraHUuYCCKUX CBA3YIOIIUX. B
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3aBUCUMOCTH OT CTPYKTYpbl M TPYNIOBOIO YII€BOAOPOJHOIO  COCTaBa
OpPraHUYECKUX CBA3YIOUIUX MOTYT OBITH MOJTY4YeHBI O0Jiee MM MEHEE yCTONYNBBIC
smyibcud. Ilpy  HMcnonp30BaHMM — gucnepraropa  OJHOIO — THIIA  BA3KOCTH
OpPraHUYECKUX CBS3YIOIIMX B OOJBIIEH CTENEHHW MOKAa3bIBAET, HA CKOJBKO Oolee
KayeCTBEHbIMU W3 HHUX MOTYT OBIThb MOJY4Y€HBbl BSMyJibcud. OpraHuyeckue
CBA3YIOIIME  MEHbIIEH  JWHAMHYECKOW  BA3KOCTM  JIeTYe  IOAJAOTCSA
OMYJIBTUPOBAHHUIO, M OMYIJIbCUUM U3 HHUX, KaK TWPaBHIO, SBIAIOTCS Ooliee
YCTOWYMBBIMU JUCIIEPCHBIMA CHCTEMAMHM.

[Ipn mosyyeHMM OUTYMHBIX BSDKYIIMX JUIsi OOECTIBUIMBAHUS KapbepHBIX
aBTOJIOPOT HAaMOOJIBIIUM UHTEPEC MPEJCTABIACT BSXKYIlee, 00anaroniee, C OJJHON
CTOPOHBI, BBICOKMMH aJIr€3MOHHBIMH CBOKWCTBAMH, KOTOPBIE ITO3BOJISIIOT ITOBBICUTh
WX KJeSUIMe CBOMCTBA, C APYroll — HEOOXOAMMBIE BA3KO-IIACTHYHBIE CBOMCTBA
JUIsl 00€CTIeYeHHs] CMauyMBaHUsl TOHKOJUCIIEPCHBIX YaCTHI] — IbLICH.

Ha cranum npurotoBieHHs: OMTYMHBIX BSDKYIIMX BO3MOKHO YBEIMUYEHUE
aJIr€3MOHHBIX CBOMCTB MYTEM YBEIMYECHHS TITyOUHBI OKUCIEHUS — MOBBILIEHUEM
COJIEpKaHUsl TSDKENBIX apoOMaTHUECKUX YIJIEBOJOPOJOB M acdanbTeHoB. OgHAKO
IIPU JOCTHKEHUU UX KPUTUYECKOW KOHIIEHTPALUU MPOAYKT TepSeT HEOOXOIUMBbIE
BA3KO-TIJIACTUUECKUE CBOMCTBA U, C Y4YE€TOM HEOOXOJUMOCTH JallbHEHIINX
IIPOLIECCOB  AMYJBIUPOBAHUS, MOXKET CTaTb HENPUTOAHBIM Uil LEJed
oOecnbuiBanus. Jlns sTtoro HeoOXxoaumo ObUIO pa3pabdoTaTh M HCCIEAOBATH
Ccoco0 NPUTOTOBJICHUSI OUTYMHBIX BSDKYIIMX METOJIOM OKHCIICHHUS TSDKEIBIX
HEe(TAHBIX OCTATKOB C PErYJIMPOBAHUEM T'PYIIIOBOTO YIJIEBOJIOPOJHOTO COCTaBa U
BSA3KO-TUTACTUYHBIX CBOWCTB MPOJYKTOB.

PaccMOTpeHBI CTPYKTYpHO-TPYIIIOBBIE COCTABBI BSKYILMX, MOJIYYEHHBIX W3
ITYIpOHa M OCTAaTOYHBIX MPOJYKTOB MPOMU3BOACTBA Macel U3 TYAPOHOB —
ac¢aabTOB MpornaHoBoil neachanpruzanuu (achanst, AILJ).

CyIHOCTh SKCIIEPUMEHTA 3aKII04aeTCs B ONPEACIICHUN ChIPhEBOI 0a3bl s
IPOU3BOACTBA OUTYMHOIO BSDKYLIETO, YAOBJIETBOPSIOLIETO  OIpPENEICHHBIM
YCIOBUSIM TNPUMEHEHUS, W OOOCHOBAaHMUM TEXHOJOTHMH TMOJYYEHHUS ITOTrO

CBA3YIOLICTO Ha IIPOU3BOJCTBC.
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Ha pucynke 2.5 mnpexacraBieH 1a0OpaTOPHBIA OKUCIUTENBHBIM KYO,
MCIIOJIb30BABIIUICS JJIs1 MPOTPAMMBI OKUCIICHHUS TSKEIBIX HEPTSIHBIX OCTATKOB C
[EeNbI0  OTPa0OTKM  pEeXHMa OKHCICHHS M  ONPEACTCHUS TEXHHYECKUX

XAPaKTCPUCTHUK ITOJTYHAOIUXCS ITPOAYKTOB.

Pucynok 2.5 — JIaGopaTopHbIil OKUCIUTENbHBIN KYO:
1 — MIUCTUIUTSIIIMOHHBIN Ta3; 2 — KOPIyC peakTopa; 3 — portamerp; 4 — 6apdorep;

5 — nmonorpes; 6 — kapMaH rpaJyCHUKa; / — CBA3YIOIIEE B peaKTOpe

CTpyKTypHO-TPYIIIOBOM COCTaB TYJIPOHA M BSDKYIIUX, TIOJYUYCHHBIX HA €T0
OCHOBE METOJIOM OKHCIICHUS HE(PTIHOTO CHIPhS, IPUBEACH B TabuIe 2.4.

Pe3ynbTaThl MCClemoBaHUS TMpOIECCa OKHUCIUTEIBHOW TOJUKOHIACHCAITUN
TSDKEJIBIX HEPTSHBIX OCTATKOB PA3HOTO MCXOJHOTO TeHesuca: ryapoHoB u AllJ],
MOKAa3aJId, YTO KA4eCTBO BSOKYIIMX B 3HAYUTEIBLHON CTEIICHW 3aBHUCHUT OT CHIPBS
OKHUCJIeHHUS. B cuily mpom3BOJCTBEHHBIX MPOIECCOB MPHU TOJYYCHUH MAaCIECHOU
MPOIYKIIMU, ac(anbT MOXKET OBITh ¢ TeMnepaTrypoi pasmsruenus ot 35 go 50 °C,
YTO CYIIECTBEHHO BIIMSET HA BEIOOP TEXHOJIOTHYCCKUX TporieccoB nomyderwus [1C.

Oxkucnenue mnpoBoauioch mpu temneparype 260 °C, pacxom Bo3ayxa
cocTaBiisl 12 n/MuH. oOwed NPOJODKUTENbHOCTRI0O 12 4. Kaxaeie 2 u
mpoBOJMIICS OTOOp mpoO ™  ONpeAclieHHe TEeMIepaTypbl  pa3MATYCHUS.
DKCnepuMEeHT ObUT OCTAaHOBJICH MPHU JOCTIKEHUEM TEMIIepaTyphl pa3MsATYCHUS

npoxaykra 65 °C.
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Tabmuua 2.4 — CBOMCTBa W CTPYKTYPHO-TPYIIIIOBOM COCTaB TyJpOHA H

6I/ITYMHBIX BsDKYIIHX, ITOJTYYCHHBIX U3 HCT'O IIPU OKUCIICHUH

Ne| HaumeHoBanue nokasartenei I'OCT, |T'ympon | AILI
ASTM ABT 2 | 36/30
1| T, °C, no Kulll 11506-73 38 42
2 | IInoTHOCTB, KI/M> 3900-85 1008 1010
3 | S obmas, % 4294-03 2,74 2,34
4 11 120 °C, mlla-c 2919 358,0 | 367,5
5 | mapadunsl, % 17789-72 1,62 0,86
6 ['pynmoBoii yrieBogopoAaHbii cocTas, % (Macc.)
napapuHO-HAPTEHOBBIE I'posHUN | 11,76 6,94
MOHOAPOMAaTHYECKHE (JETKHE) —//— 14,87 | 15,09
OnmUKINIecKue (CpeaHue) —//— 19,87 | 23,57
MOJIMIUKINYECKHUE (TSHKEIbIC) —//— 38,42 | 34,97
O€H30JIbHBIE CMOJIBI —//— 14,85 19,08
COUPTOOEH30IbHBIE CMOJIBI —//— — —
ac(harbTeHBI bamtH1U 8,93 5,85

MHTEHCMBHOCTh OKHCJICHHUS B IICPBLIC YaChbl Ob1a He BwIcOKOH. Ilo-

BUIUMOMY, MMEET MECTO HHAYKIIMOHHBIM IEPHOJ, MPU KOTOPOM IPOUCXOIUT

KOHJICHCAITUsl apoMaTHdecKuX (pakmuii 06e3

CYIICCTBCHHOI'O  HAKOILICHHUA

CMOJTMCTO-ac(haJIbTEHOBBIX BEIIESCTB (PUCYHOK 2.6).

Acdanbt 36/30

o

60
55 //
50

=——Knll

Temnepatypa pasmsaryeHus, °C

T T T
0 2 4 6

8

T
10 12

I'Ipop,omKMTen bHOCTb OKUCIEHUA, Y

Pucynok 2.6 — 3aBucumocTts Temmnepatypsl pazmsrdenus (7, Kulll, °C)

OT MPOJOJDKUTENBHOCTH okuciaeHus (4) s Acdansra 36/30 (ITHOC)
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[locne mnATH 4YacoB OKHUCJIEHHS MPOUCXOJUT CKAay€K TeMIIepaTyphl
pa3MsTryeHus, YTO MOKET TOBOPUTH O (Da30BOM Mepexoie U Hayajae MHTEHCUBHOIO
HAKOIUICHHUSI CMOJIMCTO-ac(albTeHOBBIX BElIEeCTB. B nanbHelieM cKOpocTh pocTa
TEMIIepaTyphl pa3MsATYCHUS 3aMeJISIETCS.

JUisi IpoAyKTOB, MpeAHa3HAYEHHBIX AJI1 OOECHbUIMBAHUA, 1EJIECO00pa3HO
YCTaHOBUTH TAKOH PEXUM MOJyUEHHUs, IPU KOTOPOM cojiep:kaHue ac(aibTeHOB
ObUIO OBl Ha TMPUEMIIEMOM YPOBHE, MHTEHCHUBHOCTb IPOM3BOJCTBA Oblla Kak
MO>XHO 0oJiee BBICOKOH, M TpPU A3TOM HMEI MECTO 3amac M0 TeMIeparype
pa3MsryeHusl.

HccnenoBanne BA3KO-IUIACTHUYHBIX CBOMCTB HedTecBs3yomux. beuin
UCCJIEIOBAHBl CTPYKTYPHO-MEXAHUYECKUE CBOMCTBA OPraHUYECKUX BSKYIIMX
CJIEYIOIMX OPTaHUYECKUX MaTepuajoB: ac(aibT MpONaHOBOH jAeachanbTu3alun
rynpona (AIIl) ¢ Temmepatypoit pasmsiruenuss nmo Kulll 38 °C, (AII[ 38);
okucnenusld AIIJl no temneparypsl pasmsruenus no Kulll 43 °C, (AILJ 43);
Kommayng Kulll 53 °C; crtpoutensnbiii 6utym7 BH 70/30 ¢ Ttemmepartypoit
pasmsruenus o Kulll 70 °C.

[Io »KcEepUMEHTaIbHBIM JaHHBIM, TOJYYEHHBIM C HCIOJIb30BAHUEM
Brcko3umeTpa PB-8 cuctembl BonopoBuua, onpeneneHa JuHaMUYECKas BS3KOCTh
(M) opranuyeckux mMaTepuasioB B mHTepBaje Temieparyp 80—190 °C moka3aHbl B

tabmure 2.5.

Ta6muma 2.5 — JImHamuyeckast BI3KOCTh OPraHUYSCKUX MaTEPHAIOB

Haunwme- JlnHamudeckast BA3KOCTh NpU Temneparypax, °C

HoBaHue | 80 | 90 100| 110 | 120|125 |130|135|140| 145|150| 160| 170| 180 190
AITI 38 70 16 49131 282624

AlIlJl 43 81,2 24,3 4513732128

Komnaynn 132 31 119,1 |78 6,7 |58 4,4

BH 70/30 161 170 27 7,5 16,7

HO B}ISKOCTHO-TeMl'IepaTypHBIM AJaHHBIM MCTOAOM KOHCYUHBLIX paSHOCTeﬁ
dn
onpez[eneHa nepBaﬂ dt u BTOpa}I HpOI/ISBOI[Ha}I BA3KOCTHU CBSISyIOHII/IX I10
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d?n
TeMIeparype ﬁ (YCKOpEeHHE U3MEHEHUS BI3KOCTH CBS3YIOIINX ) (PHCYHOK 2.7).

0,5

[
a
—

[
[N}

[
]

cBsA3ytowmx, cM?/ °C

[
—
!

yCKOpeHI/Ie N3MEHEHNA BA3KOCTU

/\

90 110 130 150 170 190
Temnepatypa cBasytowmx, °C

PrcyHnok 2.7 — 3aBUCUMOCTD YCKOPEHHUS U3MEHEHHUSI BA3KOCTH CBSI3YIOLINX
OT UX TEMIIEPATYPHI:

1— AIIJ 38; 2 — AIIJ] 43; 3 — Kommaynn; 4 — 6utym BH 70/30

DKCTpeMyMbl (YHKIIMH XapaKTePU3YIOT IMepexo]l He(DTSIHBIX TUCTIEPCHBIX
CHUCTEM U3 BBIHYXJICHHO-TIJJACTUYECKOTO COCTOSHHUSI B COCTOSTHUE ITOJTHOCTBIO
paspyuieHHou cTpykTyphl. Cpennue 3Hauenus temmneparyp (t,) naHHoro ¢azoBoro
nepexoaa TeKY4YeCTH BSDKYIUMX U JUHAMUYCCKON BSI3KOCTH (1)) B YCIOBHOW TOYKE
dazoBoro mepexona. B Tabmuie 2.6 mpeacTaBieHbl PEOJOTUYECKHE CBOWMCTBA

ChIPbA U OPTAHUYCCKUX BSIKYIIUX.
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Tabnuma 2.6 — Peonoruueckre CBONCTBA CHIPhS U OPTaHUUECKHUX BSIKYILITUX

N | Hammenosame Temmeparypa |Temmeparypa| JuHamuueckas BI3KOCTb
BYIIEro pasMATUYCHHSI | TEKYYeCTH IpU TEMITepaType
o Kulll, °C (t), °C TeKy4decTH (1), cll
1 |AIIJ 38 (TIIC-2) 38 125 310
2 |AIlJ] 43 (TIC-1) 43 135 450
3 |KommayHn 53 130 780
4 |burym BH 70/30 70 160 900

JIs yCTAHOBJIGHHMSI B3aMMOCBSI3M MEXAY JAUHAMUYECKON BSI3KOCTHIO U
TEMIIEPATYpPON HarpeBa BSDKYLIETO C YYETOM €ro TEMIIEpaTypbl Pa3MsTYeHHs MO
Kulll moctpoen rpaduk 3aBUCUMOCTH B JIOrapu(PMUYECKUX KOOpPJIMHATAX

(pucyHok 2.8).
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0,5
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OcHOBHOM OcCHOBHOM OCHOBHOM

JIBoitHOM orapudm Bsizkoctu, cll

Jlorapudm oTHOIICHUS TEMIIEpaTypbl Harpepa K TeMIlepaType
pPasMAT4CHUS CBA3YIOIICTO, °K
lgT-1gTp

Pucynox 2.8 — Jlorapudmudeckasi BA3KOCTHO-TEMITEpaTypHast
XapaKTEPUCTHKA OPTAaHUYCCKUX BSIKYIITUX:

1— ATIJT 38; 2 — ATIJT 43; 3 — komnaynn; 4 — 6utym BH 70/30

I[J'IH OKHCJICHHBIX BSDKYIIIUX YPAaBHCHUC PErpeCCUU UMCCT BHU/:
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Tp
+2,03 2.1)

lglgn=10,65-lg| —
g1gn 9 T

rI€ T — AMHaMH4YecKas BA3KOCTh BSDKYIIMX IIpU Temmeparype, [1a-c;
T, — Temneparypa pasmsardenus no merony «Kosnsno u Ilapy, °K;

T — remniepatypa ucnbitanus, °K.

Manas nucnepcusi 3KCIEPUMEHTAIBHBIX TOYEK TO3BOJSIET JOCTATOYHO
TOYHO JUIsI TEXHUYECKON XapaKTEpUCTHKU OINPENEIUTh BSI3KOCTh BSIKYIIUX IO
TOYKE pasMmsiryeHus B TtemneparypHoir obmactu 90-150 °C. C yderom
MOTPEIIHOCTA PEOJOTUUECKUX u3MepeHuid (= 2 %), MOXHO TOBOpPUTH 00
YAOBJIETBOPUTENBHON CXOUMOCTH PACUETHBIX U SKCIIEPUMEHTAIBHBIX JTaHHbIX.

Kaxy1iyrocsi sHEpruio0 KOre3u pacCUUTHIBAIM MO ypaBHEHUIO DpaHKes-
Oiipunra (2.5) sl Te4eHUs BSI3KUX KUIAKOCTEH [24] ¢ UCNOIB30BAHUEM JTAHHBIX
skcriepuMenTa. [lokazaHa 3aBHCHMOCTh BS3KOCTU OT OOpaTHOW TeMmIepaTyphl B

COOTBETCTBHUM C YPABHEHUEM:

= .ex(v’(j 22
N=MNo pRT’ (2.2)

rae Vi — Kaxyuascs SHeprus Kore3uu, K [>x/MoJb;
No— HPEI3KCIOHEHINAIBHBII MHOKHUTEIIb;
R — yHuBepcanbHas razoBasi OCTOssHHAs, paBHas 8,13 [/Moib rpa.

[Tony4yeHHbIC KpUBBIC JIEKBATHO OMUCHIBAIOTCS ypaBHEHHEM (2.1).

[To ypaBHEHMSIM perpeccuu onpeesieHa Kaxyiascs sHeprus kore3uu (Vi) u
MPEAIKCIOHECHIIMAIBHBIA MHOXKHUTEIb JUIsl OPTaHUYECKUX BSDKYILMX B MHTEpBaIax
temriepatyp ot 80 °C no temmnepatypsl TekydecTH (i) u oT t; 10 190 °C (Tabnuia
2.7). Ha pucynke 2.9 npejcraBiicHa BA3KOCTHO-TEMIIEpATypHas XapaKTePUCTHKA

OPTaHUYCCKUX BsKYIIUX.
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Tabnmuna 2.7 — CrTpyKTypHO-MEXaHUYECKHE MapaMeTpbl OpPraHUYECKHX

BSDKYIITUX
ITapamMeTpsl ypaBHCHUS PETPECCUU
Ne | HaumeHoBanue 80 °C 1ot t 10 190 °C
BAKYIICTO Mo, 101t | Vi, k/bx/Monb | no 107° |V, kJlx/Mob
1 |AII/ 38 3 75,8 30 23,0
2 |AIIJ] 43 4 77,0 9 28,3
3 |Kommaynn 5 78,0 0,4 40,0
4  |burym BH| 40 76,5 0,2 45,6
70/30

H] 42 @3 +4

[nHammnyeckasa BsA3KOCTb, [1a - 4

=

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.4 29

O6paTHas Temnepatypa ceasytowiero, 1000 °K

PucyHok 2.9 — BA3KOCTHO-TEMIIEpAaTypHast XapaKTEPUCTUKA OPTAHUYECKHUX

Bsokymux: 1 — ATIJI 38; 2 — ATIJI 43; 3 — komnayna; 4 — 6utym BH 70/30

JIuteparypusie nannsie [21, 35, 38, 92, 109] noaTBEpK1at0T MOCTETIEHHBIN,
MHOTOCTaJIUIHBIN TIepex0 HeDTIHBIX JUCTIEPCHBIX CUCTEM OT OMHTaMOBCKOTO K
HBIOTOHOBCKOMY TeueHHt0. Hanbomnee cuiibHOE CHMYKEHNE KOTE€3UH MTPUHUMAIOT 32
YCJIIOBHOE Pa3pyLIEHUE BBICOKOATIACTUYHOTO COCTOSTHUS.

DOHeprusi Kore3ww B WHTepBaiie a0 U, s acdambra mpomaHOBOMA

neacanpTU3auu, MPOAYKTOB ero okucieHus u outyma BH 70/30 Onuska k

3HaueHuto 76 kJ/[x/monb. B Komnaynpae (oOpaserr Ne 3) sHeprusi KOre3uu BbIIIe
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npu MeHbllel Temneparype pasmsardenus no Kulll, stot dakt orpakaer npupoxay
CUJI JAUCIEPCUOHHOTO B3aMMOJEUCTBUSA MEXAY CTPYKTYPHBIMHU JJIEMEHTAMHU IIPU
BA3KOM TE€UEHUM PACCMOTPEHHBIX BEIIECTB. B BBICOKOAIACTUYHOM COCTOSHHUU B
OKHCIIEHHBIX TPOMBIIUICHHBIX OUTYMax W BSDKYIIMX, MOJy4eHHbIX u3 All/],
npeobsagatoT OoJiee ciiabble OpUEHTAIIMOHHBIE B3aMMOJEHCTBHSI 110 CPABHEHUIO C
OKHCJIEHHBIMHM KOMIIayHJaMH Ha OCHOBE ac(ajibTa IMPOoNaHoOBOM aeachanpTu3auuu
U TEKOBOIO JUCTWIUIATA, JUIsI KOTOPBIX XapakTepHbl 0OoJee  CHIIbHbBIE
OHEPreTUYECKHUE B3aUMOJECUCTBHUS I10JIMAPOMATUYECKUX IUIACTHH.

B KMIOKOTEKydeM COCTOSHUM KaKylIasiCsl DHEPIHUsl KOTE€3UM OKHCIEHHBIX

BAXKYIIUX JIMHEHMHO TOBBIIIACTCS C YBCIIMYCHUCM TCMIICPATYPBI Pa3MATUCHUA I10

Kulll:

V, =08t -6, (2.3)

rae t, — Temneparypa pasmsardeHus Bsokyuero, °C.

Pesynbrarel HMcclenOBaHM MOKas3ajdd, 4YTO JJIsi OKUCIHEHHBbIX Al
BBITMIOJHAIOTCS  OOIIME 3aKOHOMEPHOCTH BS3KOTO TEUEHUS, XapaKTepHble s
IpYyrux acaibTeHCOAEPKAIUX HEPTAHBIX JUCTIEPCHBIX CUCTEM.

[To nomydyennbiM ypaBHeHUsM (2.1) u (2.3) MOXHO C JOCTATOYHOMN
TOYHOCTBIO OLICHMBATh JUHAMUYECKYIO BSI3KOCTb M HSHEPIUI0 BA3KOIO TEUYEHUS
OKHUCJIEHHBIX BSDKYIIHX IO UX TEMIIEPATYPE pa3MATYCHHUS.

Temneparypa TekydecTH OKHCIEHHOro kommnayHnaa Huwxke Ha 10-20 °C mo
CPAaBHEHUIO C TEMIEPATYpPOd TEKYYECTH BSDKYLIUX, ONM3KUMH IO TEeMIEepaType
pasmsiruenuss o Kulll, 4yTto yka3plBaeT Ha CHWKEHUE TEMIEpaTypbl HarpeBa
OpraHMYEeCKOro  NBUIECBS3YIONIETO0  MPU  MNPUTOTOBIEHUUM  AMYJIbCHOHHBIX

HpO(l)I/I.HaTKI/IqCCKI/IX CpE€aCTB MU OKOHOMMIO 3aTpat IIPU UX IMMPOU3BOACTBE.
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2.4 MeToanka moJiy4yeHus 4 MeTo/Ibl MPOMbIIILIEHHOH OIEHKH Ka4ecTBa

HpO(l)I/IJIaKTH‘IeCKI/IX 3MyJILCHﬁ B I'€03KO0JIOI'nH

OMyJIbCUOHHBIE BSDKYIIME MPEJCTABISAIOT CO0OM  IIIEHKOOOpAa3yIomIHii
Marepuall, OJHOPOAHYI0 MAaJOBA3KYIO >XHAKOCTh TEMHO-KOPHUYHEBOTO IIBETA,
COCTOSILYI0 M3 HE(PTSHOIO CBA3YIOIIETO0 M BOJHOTO pacTBOpa IMOBEPXHOCTHO-
aKTUBHBIX  BelIeCTB  (dMynbratopa). llpuyem, SMyJIbCHOHHBIE — Karliu
CTaOWJIM3UPYIOTCS ~ AMYJbraTOpoM Mocie HX OOpa30BaHHS B COOTBETCTBUHU C
OTIpENEeNCHHBIMUA  3aKOHOMEPHOCTSIMU ~ SMynbrupoBanust [22, 35, 37]. B
3aBUCHUMOCTH OT TOIO, KAaKOBAa OJJICKTPOKMHETHYECKAs IIPUpPOAA  KOHKPETHO
UCCIICyeMOT0 AMYJIbraTopa, Mbl MOXKEM IOYYHTh pa3Hble THUIBI SMyiibenid (M\B,
B\M), u naxe pas3Hble BHUIBI JUCICPCHON CUCTEMBI (3MYJIBCHH, TACTHI, TICHBI) Ha
OJTHOM U TOM K€ BSIKYILEM.

ONBITHO-IPOMBILIJIEHHBIE TTAPTUHN YTIJIEBOJOPOJAHBIX SMYJIBCHUN MOJyYEHBI HA
OUTYMHO-IMYyIbCHOHHOM ycTaHoBKe (BDY) mnepuomuyeckoro Tuma eudcTBUS
mapku  «JIa[lPOM  JI» npousBonctBa «J/laBuanm Mexanuk» Ha  0aze
«Ypanxummiact-AMaopy», T. Hwkuuii Tarwn. [IpunnunuansHas cxema OUTYMHO-

IMYJbCUOHHOM YCTaHOBKH Mpe/cTaBlieHa Ha pucyHke 2.10.

BoaHaA ¢gasa BUTyMHan eMKOCTb

Lnpkynarop B¢ J Lvpkynatop BE

Oucneprarop

l 3Mynbcud

Pucynok 2.10 — IlpuniunuanbHas TEXHOJIOTHYECKas cXxema

OUTYMHO-IMYJIECUOHHOW YCTAaHOBKH
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Pazorperoe yrineBogopomHoe cBs3yroriee (y.B.C.) CIMBAIOT B «OUTYMHYIO»
€MKOCTh M Pa3orpeBaloT J0 TeMIIepaTyphl, 00ecreunBaroieil CBOOOAHYIO Mogauy
CBS3YIOLLIEro B AUCIIEPTaTop.

B momorperyto 1m0  temmeparypbl  45-47 °C  NOAKUCIECHHYIO
KOHIICHTpUpOoBaHHO# cosHoit kucioroit (HCI) Bomnyro «dasy» (B.d.) BBoaHUTCS
OMYJIBIATOP COTJIACHO NMPUHATOU perenTtype. BoaHbli pacTBOp MEPEMEINBAETCS C
MOMOIIBIO UPKYJISIIMOHHOTO HAacoca B TEYEHUE 5 MUH, MOCJE Yero orompaercs
npoba Ha PH, mokazaTenu KOTOPOH JOJDKHBI HAXOAUTHCS B Tipenenax 1,9-2 4.

B xadecTBe KATHOHOAKTUBHOTO 3MYJIbraTopa sl IPUTOTOBJICHUS OMBITHBIX
MapTUi YrJIeBOAOPOIHBIX 3MYJIbCHI UCTIOIB30BaIHN AMyIbraTop mapku «AMJIOP-
OM», TV 0257-007-35475596-98 ¢ wm3m. 1, 2, 3 mpoumsBomctea OO0
«Ypanxumiuiact-Amaop», r. Huxuanit Taru.

Konnentpanus consaoit kuciaorel (HCI) ompenensercs B cOOTBETCTBHH C
nyHKTOM 3 (moanyHKT «B») BCH 115-75 «IIpurotoBnenne 10pOoKHBIX IMYIbCUID)
pH-meTpom mapku M160MU nis onpeneneHuss BOAOPOIHOTO TOKa3aTessi BOIHOM
¢da3el amynbcuu (pH) ¢ Tounocthio He Hke 0,01 emuuunbl. TexHONIOTHYECKUE

XapaKTEPUCTUKHU MOTYUYEHHBIX yTIECBOJAOPOIHBIX AMYIIbCUM MTPUBEJCHBI B TAOIHUIIE

2.8.

Tabnuua 2.8 — XapakTepUCTUKU TOTYYEHHBIX YTIIEBOJIOPOJHBIX SMYIIbCHIA

(y.B.C. — yriieBoJIopojioe cBs3ytoiiee; B.h. — BoaHas (asza)

.o pH Temneparypa
Ne Ton (TY) CocraB smynbcuit, % BOHO oC. Pacxox, 1/4
SMyTIpratopa y.B.C. | B.]. |3mymnbrarop (b;‘j;’ y.B.c. | B.®0. | y.B.C. | B.Ob.
1 | AMJIOP-OM | 57 40 2 2,29 146,7 | 45,5 | 310 | 200
2 | AMJIOP-ODM | 57 40 2 2,29 1420 | 47,7 | 310 | 200

B paMKax SKCIICPUMCHTA 110 IIOJYUYCHHIO OSMYJIIbCHOHHOTIO 6pI/IKeTHOFO
CBA3BYIOHICTO TIIPOBCACHA IIOATOTOBKA HCXOIHBIX CBA3YIOIOUX, OIPCACICH HX
paHI/IOHaJIBHBII\/II CcocCTaB, OIPCACIICHO HCO6XOI[I/IMO€ COACPIKAHUC OMYJIBIaTOPOB U

BCIIOMOTaTeNbHBIX KOMIIOHEHTOB. YCTAHOBJIEH PEKUM HACOCHOTO O0OpYyIOBaHUS
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JUI TIOJIYYEHHS] ONTHUMAJIbHOW KOHUCHTPAUMUA OSMYJIbCUA W TEMIIEPATYPHBIN
pEXKUM, HEOOXOIMMBIM M JOCTATOYHBIN ISl PACTBOPEHUSI KOMIIOHEHTOB BOJIHOM
(ba3bl U YIOBICTBOPUTEIHLHON BSI3KOCTH HEDTECBAZYIOIIUX.

TexkyuecTb — BenuuMHa, oOpaTHasi BA3KOCTU. [Ipu TeueHHH 3MYIIbCUU, B
3aBUCUMOCTH OT T'PaHyJOMETPUUYECKOIO0 COCTaBa AMYJbCUHU, €€ TEeMIEpPaTpybl U
KOHIICHTPAIIMK, MOXET TPOSBISITECS aAHOMAJIMS BSI3KOCTH JMYJIBCHUHM. 34
HEOOJIBIITUM HCKIIOYCHUEM YeM MEHBIIE TPaHyJIOMETPUUECKUN COCTaB | BHIIIE €€
TeMrepaTrypa, TeM MEHBIIIe aHOMaJIUs BS3KOCTH. Ee HeoOX0aUMO YYUTHIBATh MPHU
CMEIIIEHUHA C METAIUTYPTUYECKUM CBIPHEM, MOCKOJBKY B COCTaB IIMXThl BXOJWT
MbIJICBaTHIC u TOHKOJUCIIEPCHBIC YaCTHIIBI, CMauyMBaHUEC KOTOPBIX
3aTPYAHUTEIBHO.

Kpurepruem panmoHanbHOM YCTOWYHMBOCTH dMYJIBCHM — YCTOMYHMBOCTH IIPH
MMPOU3BOJCTBE, TPAHCHOPTUPOBAHUU M XPAHECHUM SIBIISIETCS TEPMOJIUHAMHYECKOE

ypaBHEHHUE:

/i€ Cg, Cx — KOHILIEHTpaIUsl OMTYyMHOU (ha3bl U BOJAHOU (pa3bl, 107U e]1;

{6, 1z — TemMmepaTypa OuTYMHOM 1 BOHOH a3kl cooTBeTCTBeHHO, °C.

CymHocTh nponecca 3aKiI4aeTcsl B OJJHOBPEMEHHOM pa3orpeBe OUTYMHOTO
ces3ytomero 6osee 140 °C um BomHoro pactBopa IIAB mo 50 °C, a 3atem
CMELIEHUE HX B COOTBETCTBHM C IMPHUHATHIM COOTHOLIEHWEM. B 3Toil CBsA3M
TEMIEpaTypa 3MYJIbCHH Ha BBIXOJE W3 YCTAaHOBKH MOXET COCTABUTh OOJIbIIE
TEMIIepaTypbl KWIIEHHUSI BOJbI, YTO TPHUBEAET K €€ He3aMeIJTUTEIbHOMY
PaCCIIOEHHUIO.

Ha pucynke 2.11 nokazana nabopaTopHas S MyJIbCHOHHas ycTaHOBKa [{aBuan
JIATIPOM 800 «Ypamxumrmact-AMaop» W 00pas3ilbl AKCIEPUMEHTAIBHBIX

IMYJIBCHUI 17151 OPUKETUPOBAHUS.
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Pucynok 2.11 — JIaGopatopHasi SMyJIbCHOHHAS YyCTaHOBKA
Hasuan JIATIPOM 800 «Ypanxummiact-Amaop». O0pasibl

OKCIICPUMCHTAJIbHBIX 3MYJIBCI/Iﬁ JIIsA 6pI/IKeTI/IpOBaHI/I5[

KpurepueM kayecTBa 53MYJbCHUH SBISIETCA €€ OJHOPOAHOCTh. s
UCHOJIB3YIOIINXCA B TEXHUKE OUTYMHBIX 3MYJIbCHHM 3TOT MapaMeTp BBIPAXKEH B
KOHTpOJIE ocTaTKa Ha cute ¢ ceTkoit Ne 014 (muamerp otBepctust B cBety — 140
MKM) Ha IE€pBbI€, CE€IbMble, a 3aTeM Ha TpuauaTele CyTKU. OZHOPOJHOCTH —
KOMILJIEKCHBIA ~ (paKTOp OIIEHKM KayecTBa IIOKA3bIBAET, HACKOJBKO JaHHas
AMYJIbCUSI YCTOWYMBA BO BPEMEHH, KakoBa (B CpeIHEM) CIIOCOOHOCTh CMauyMBaTh
TOHKOJMUCIIEPCHBIN 3alOJHUTENb, MPOKAYMBAEMOCTb JAHHOM 3MYJBCHH YEpe3
(bopCcyHKH U IIp.

Cyl1iecTByeT ONOJHUTENbHBIN MOKa3aTelb OUTYMHBIX 3MYJIbCUH — UHIEKC
pacmana (MP). Ilpm momomm HHAEKCa pacnaja ONPEEsoT OOUH M3 TpeX
YCIIOBHBIX KJIACCOB 3MYJIbCUU. CYITHOCTh 3aKJII0YAETCS B CMELIEHUH AMYJIbCHH CO
CTPOrO ONPEIEIEHHBIM  MHMHEPAJbHBIM 3aIlOJIHUTENEM C Hanepén 3aJaHHOU
MOPUCTOCTHIO.

B o01ieMm citydae pedb UAET O HEMPEPHIBHOM IPaHyJIOMETPUUYECKOM COCTaBe
YacTHUIl C Ype3BblYalHO OOJBIION IUIOIMIAJbI0 TOBEPXHOCTH CMELIAHHOTO
MUHEPAJIOrM4eCKOT0 COCTaBa C KAMWUISPHBIMH MOPaMU U TIIYXUMHU ITyCTOTaMHU.
Jlns  ompeneneHuss OKOHYATEIBHOIO COOTHOIIEHHS KOMIIOHEHTOB, THUIOB U
KOHLIEHTpalUi CBA3YIOIIUX BEUIECTB C HAIEpEN 3aJaHHOW CKOPOCTBIO pacmana
HEOOXOJUMO [JOMOJHUTEIBHOE HCCleN0oBaHUuE Mo Ja3era-noteHuuany IIAB-

AMYJIbraTopa.
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JUis  JaHHOTO  WCCIIENOBaHUS NPUHATA METOJOJIOTHUS  OMpEICNICHHUs
KOX(UIIMEHTA aJAre3urd MOJENbHBIX BEIIECTB B MOPOBOW CTPYKType cyOcTpaTa, B
COOTBETCBUH C KOTOPOM OIpPEJIEICHbl PAIIMOHANILHBIE CHIPHEBbIE KOMIIOHEHTHI JIJIS
noJTydeHus: 00Jiee MOHOIMCIIEPCHBIX 3MYJIbCHOHHBIX CBSI3YIOIIUX C ONTUMATbHBIM
KO?(UIIMEHTOM aJre3UH MO OTHOLIEHUIO K UCXOAHOW METAJUTyprHUECKOU IUXTE.

[TopsiakoBeie HOMEpaA dMYJIbCUH B Tabsuie 2.9. COOTBETCTBYIOT CBSI3YIOIIUM
Bemectsam u3 THO:

[1C-2 — xpexunr ocrarok (K.O.) ¢ ycranoBku TK-3;

[IC-1 — npommponaykt acdanbro-miponanoBoi neachanbruzamuu (AIL)

TyJIpOHA ¢ yCTaHOBKU MacieHoro 0moxka I[1/1 36/1.

Tabnuma 2.9 — KaduecTBeHHBbIE TOKA3aTeIN YTIIEBOAOPOIHBIX IMYIbCUIA

No Tun Tp mo Kulll | OcraTok Ha VYciioBHas BA3KOCTb, Xpanenue
CBSA3Yy- | CBSI3yIO-ILIETO, cuTe CEK C IMaMeTpOM AMYJIbCHH,
IOLLETO °C Ne 014, % TPYOKH, MM: (cyT) mo ocraTtky Ha

cute Ne 014, %:

3 4 5 7 cyT. 30 cyr.
1| IIC-1 38 0,03 11,82 | 7,86 3,5 0,06 0,21
2 | IIC-2 53,5 0,14 23,46 | 15,48 | 5,98 0,23 0,7

N3 npuBeneHHBIX AaHHBIX B Tabnuie 2.9 crnenaH BbIBOJ O Oojee BBICOKOI
OJTHOPOJTHOCTH TPO(UIAKTUYECKOW 3MYJIbCHHM, B CPAaBHEHUU C aHAJIOTUYHBIMU
JOPOKHBIMH OUTYMHBIMH 3MYJIbCUSIMU. BSI3KOCTh MONYYEHHBIX 3MYJIbCUN, B
OTJIMYME OT AHAJIOTMYHBIX JAOPOKHBIX OUTYMHBIX 3MYJIBCHUH, OCTATOYHA, YTOOBI
NEPEKaYMBATh UX O] JaBJICHUEM.

[locne ancopbuum IIAB-smynbraropa Ha MOBEPXHOCTH cyOcTpata
JIOCTUTAETCS €ro 0OBOJIAKWBAHUE YTJIEBOAOPOIHBIM CBSA3YIOIIUM M 00pa3oBaHUE B
MOBEPXHOCTHOM CJIO€ MEXK]Ty aKTUBHBIMH BHICOKOMOJIEKYJISIPHBIMUA COESAMHEHUSIMU
CBA3YIOIIETO, a Takke MarepuajioM cyOcTpaTa HOBOrO BellecTBa —

XEMOCOPOIIMOHHBIX COSAUHESHUM THIIA MBIIL.
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JlanpHeHMii UK aare3sud yriaeBOJOPOAHBIX CBS3YIOIIMX B OOJBIION
CTEIIEHW 3aBUCUT OT MUIPAlMUA OTIECIBbHBIX €r0 KOMIIOHEHTOB B ITIOPOBOM
CTPYKType cyOCTpaTa Uili UX MpeBpalieHul, CBI3aHHBIX CO CTAPECHUEM.

['panynomeTpruyecknii COCTAaB TMOJYYEHHBIX SMYJIbCUWA JJISI TEXHOJOTUU
oOecnbUIMBaHUsl — NPOMUIAKTUUECKUX dMYIJIbCUI — OMpe/iesieH B COOTBETCTBUU C
meToaukoii Akzonobel. Pactipenesnenne yacTui QUCIiepCHOR (Ga3bl IMYJIbCHE IS

oOecbIITMBAaHUS MPEACTABICHO HA pUCyHKe 2.12.

20

10

4
2 |
1 IIIlI-.-l.-.
5 6

05 2 3
Pasmep 9acTHIL, MEM

CopepixaHne K odueMy o6beMy, %

Pucynok 2.12 — Pacnipeenenue 4acTuIl AUCTepcHOM (a3bl SIMYIbCUM 115

00eCbLINBAHUSA

Omynbceuu u3 Tsxenbix Hedrsabix octatkoB HII3, TIC-1 otnmyarorcsa 6oee
BBICOKOH  OJHOPOJHOCTHIO, 0o0Jiee MOHOAMCIEPCHBIM TI'PAHYJIOMETPUYECKUM
COCTaBOM U TMpU MeHblIeM coaepxxanuu [IAB-smynbratopoB obecrneunBaroT
Oonee  yAOBIETBOPUTEIBHOE  CMEUIEHWE C  PYIHBIMHM  MHUHEpaJbHBIMU
3aIMOJIHUTEIISIMU, IPUHITHIMU B Ka4€CTBE UCXOIHBIX JTaHHBIX.

B uactHOCTH, 3TO MILTIOCTpUpYETCsS B JABa pa3a 0ojiee MEIKUM DPasMEPOM
YaCcTHIl JUCTIEPCHOM (Pa3bl B SKCIEPUMEHTATbHBIX 3MYJIbCUAX — 2 MKM MPOTHUB 4—5

MKM B aHAJIOTUYHBIX JOPOKHBIX 6I/ITYMHBIX 9MYJIbCHSIX.
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Oro  olecrieunBaer  0Oojee  BBICOKYIO  CMAuMBAa€MOCTb  PYIHBIX
TOHKOJIMCIIEPCHBIX 3aIIOJHHUTENICH W OJHOPOTHOCTh PACHPEAETICHUS CBA3YIOIIETO

I10 O6’I)€My IIUXTHI IIPpU UX CMCIIICHUH.

2.5 Pa3paboTka MeTOOMUKH W HCCJIEeI0BAHHE JJIEKTPOKHHETHYECKHUX

CBOJCTB HpO(l)I/IJIaKTI/I‘IeCKI/IX 3MyJILCI/II71 nmpu o0ecnbLIMBAHUM

B paspmene mpencrtaBieHbl HMCCIEAOBaHUS O00pas3loB  pa3pabOTaHHBIX
npoduiaktTuaeckux mnbuiecBsizyromux BemniecTB (IIC) nmns ucnonb3oBaHUs B
OTKPBITOU Y CTPOUTENBHON F€OTEXHOJIOTHH IO aBTOPCKOW METOIAUKE OINPENECICHUS
UX DJIEKTPOKUHETHUECKUX CBOHMCTB [50].

BnepBbie anekTpokuHeTHYECKas MPUPOAa dMYJIbCUN TTOKa3aHa M Pa3BUTa B
CBSI3M C JIEMYJIbTHpOBaHUEM HE(DTSIHBIX IMYIbCUN TIpH 100brde HedTH. [Ipr s3TOM
ObLTM pa3paboTaHbl TIEPBbIE METOJUKHU HCCIICOBAHUS SMYJIbCHII 0OpaTHOTO TUMA
(«Boma B Maciney). [Ipu mpomyckaHUM MOCTOSTHHOTO 3JIEKTPUYECKOTO TOKa 4epe3
OMYJbCUIO,  HACTyMnaja  KOAJIECUEHIMS  KamleleKk  BOJbI,  HaOogaeMas
dorosnmementamu [7]. C MmOMOIIBIO MHUKPOCKOINA HAOIIOAAIN, YTO KaIleIbKh
OMYJIBCHHA B DJICKTPHYECKOM TOJie AhOPMHUPYIOTCS W TPYNIHUPYIOTCS B IICTIH,
pacriojararonecs rnapajiieabHO CHJIOBBIM JUHUSAM. B 3MylbcHsSX THIA «BOJA B
Maciie» (B/M) koanectieHIMs HacTynaeT, KOoT/la KareJbKy, 00pa3yIolue IernovkKy,
MPUXOAAT B COMPUKOCHOBEHHE. DTH MMM MPOBOAAT TOK M OTTAIKUBAIOTCS APYT OT
Apyra.

B smynecusax tuna «macino B Boje» (M/B) koanecuieHIMs HE HACTyIaeT.
[Ipu 3apspkeHMHM KOHIEHCATOpa, COACPIKAIIETO TaKyl SMYJIbCHUIO, JHEPTHUs
pacxoayercss HE TOJBKO Ha MOJSPHU3ANUI0 JUAJICKTPUUECKOW Cpelbl, HO M Ha
MEXaHMUYECKYI paboTy, a MMEHHO Ha Jaedopmalyio KarejeKk M Ha H3MEHEHUe

pacnpejeiieHus aucrepcHoi $as3pl B o0beme Bemectsa [37, 50].
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Hanbonee mupoko >IEKTpOKMHETHYECKash MPUpPOAA SMYJIbCUU pa3BUTA B
CBS3M C JIEMYJIbIHPOBAaHHEM HEPTIHBIX OMYJIbCHH MNpuU J00bIYe HEPTH.
Pa3paboTanbl METOAMKM UCCIENOBaHUS OSMYyJIbCcUl oOpaTHoro tuma. Ilpu
MPOMYCKAHUM TOCTOSIHHOTO WJIM TIEPEMEHHOIO TOKa 4YEepe3 SMYJIbCHI0 MOXKET
HACTYITUTh KOAJIECIICHITUS KaIleJIeK BOJIbl, HaOmoaacMas gporoanemenTamu |7, 50].

C mnoMompl0 MHUKpPOCKONA OBLJIO BHUAHO, YTO KamelbKd HMYJIbCUHU B
IEKTPUYECKOM  Tosie  AehOpMHPYIOTCS W TPYNNHUPYIOTCS B IIEIH,
pacronararomuecs napaueibHO CUJIOBBIM JIMHUAM. B smynbcusx tuna «Boaa B
Macne» (B/M) koanecueHursa HacCTynaeT, KOrja KanejibKu, 00pa3yromye enoukKy,
MPUXOJST B COMPUKOCHOBEHHUE. ITHU LIETH MPOBOJIST TOK U OTTAIKUBAIOTCS JIPYT OT
npyra. B smynbcusix tuna «Macno B Boge» (M/B) koanecuieHiysi He HacTyIaeT.
[Ipu 3apskeHUH KOHAEHCATOPa, COJEPKAIIETO AMYJIbCUIO, SHEPTHUSl PACXOyeTCs
HE TOJBKO Ha MOJISIPU3ALMIO JUAJIEKTPUYECKON Cpelbl, HO U Ha MEXaHUYECKYIO
paboTy, a UMEHHO Ha Jedopmaluio KamejleKk U Ha M3MEHEHHE paclpelleleHUs
nucrepcHoi dassl B 00beme [7, 37, 50].

3anmaueit uccienoBaHusl ObUIO YCTAHOBJICHHE KOJUYECTBEHHOTO IMOKA3aTelsl
ANIEKTPOKMHETUYECKON TPUPOJbI, Haubojiee 00001meHHO U 0ojee TOYHO
YKa3bIBAIOIIETO HA KAa4eCTBO OWUTYMHBIX U  YIVIEBOJOPOJHBIX HMYJIbCUH,
XapaKTepU3yrIIero napaMeTpbl AMYJIbCUI npu ux MOJTyYEHHH,
TPAHCIIOPTUPOBAHUU, XPAHEHUH U UCIOJIb30BaHUU. bblia nNpemyioxkeHa MeToauKa
UCCIICIOBAHUS DJIEKTPUUYECKUX CBOMCTB, aHAJIOTWYHAs METOAMKE HCCIEeI0BaHUs
JUCIICPCHBIX ~ MaTepHaAioOB B  KOJUIOMIHBIX  pacTBopax [88].  JIBoriHoi

AIEKTPUYECKUH CIIOM TpaHyJl dMYJIbLCUM IPEACTABIIEH HA pUCYHKE 2.13.
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Pucynok 2.13 — JIBOWHOW 3J€KTPUUECKUI CIOU IpaHys SMYJIbCHU:
( — OOIIMI MOTEHIMAT CUCTEMBI; (Os — MOTEHIIMA YIOPSIAOUCHHOTO

ciost; & — noreHuuan AugGy3Horo cios

IIpu ¢opMupoBaHuM HEPTAHBIX BSMYJIbCHI OCHOBHBIM (PAKTOpPOM UX
YCTOMYMBOCTU  SIBJSIETCS  JBOMHOM  anekTpuueckuit cior  ([ID2C) xamenb
aucriepcHor (a3bl B AUCIEPCHOHHON Cpeje, MOJHBIM  MOTEHIMAl KOTOpOH
claraercs M3 aAcOpOUMOHHOrO ToOTeHIHana ((PopMUpPYEeMbIi MOJEKYJIaMH
sMyJsbraTopa) u noteHnuana auddysHoro crnos (popMHpyeMBI  CHCTEMOU
POTUBOUOHOB).

O6mmit morenman ¢ JI2C cHmKaeTcs Mo Mepe ynajaeHus OT MOBEPXHOCTH
Kalid, Mpu4YeM B aJCOPOLIMOHHOM clio€ HaOJI0JIaeTcs JIMHEMHOE CHUXKEHHUE .
Hapymienne JIMHEHHOW 3aBUCHUMOCTH IPOUCXOAUT HA TIPaHULE MEXKIY
ancopOuoHHOM U IU((Y3HBIM CIIOSIMH TPOTHBOMOHOB. B muddysnom croe

MNOoTCHOMalI (@ CHHXKACTCA II0 OKCIIOHCHTC. HpSIMBIX MCTOJ0OB H3MCPCHHA
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MOTEHIIUAJIOB HA TPaHUIIE aJICOPOIMOHHOTO CJIOSl HE CYIIECTBYET, OJHAKO MOKHO
U3MEPUTH JIPYTYIO OJU3KYI0 BEIUYHUHY — BJIECKTPOKMHETUYECKHI MOTEeHIHaNn &
(m3era-motenuuan) [/, 50]. JI3era-moTeHIMaT MOYKHO ONPEICTUTh KaK MOTEHIIHAI
TPaHMIBI CKOJIBKECHUS (a3 mpu WX OTHOCHUTEIHLHOM JBIIKEHWHW BO BHEITHEM
AIIEKTPUYECKOM TIOJIC.

Jlns  ompeneneHus JA3eTa-MOTEHIMAJIa HaMu pa3paboTaHa MeETOIUKa
ONpENENICHUs] CWJI  B3aUMOJICMCTBUS  JIBOMHOTO AIEKTPUUYECKOTO  CJIOS
rpyOOAMCIIEPCHON  CHUCTEMBI, OOYyCIaBIMBAIONMIMX  CTENECHb arperaiud u
CEIUMEHTAIIMU AMYJIbCUOHHBIX  BSIKYIIHX, a TaKXe CKOpOCTh pacmaja
JUCIIEPCHOW CUCTEMBI IMPU KOHTaKTe ¢ cyOcTparoM. CyIIHOCTh pa3paboTaHHOU
METOJIMKM OCHOBAaHAa Ha OMPEACICHUM CKOPOCTH JBWKEHUS 3apsSHKEHHBIX T'paHyl
nucrepcHod  (Ga3bl  OTHOCUTEIBHO JIUCIEPCHOHHOM Cpefbl BO  BHEIIHEM
AIEKTPUYECKOM TIOJIE.

OnbiTHAas yCTaHOBKA BKJIIOYAET MCTOYHUK IIOCTOSIHHOTO TOKa, OJIOK
U3MEPUTEIbHBIX  YCTPOMCTB,  OMPEACISAIONMN  AJEKTPUUECKUE  MapameTphbl
CUCTEMBI, U paboumii opran yctaHoBku — U-00pa3Hyio TpyOKy, IMOKa3aHHYIO Ha
pucyske 2.14.

[Ipr MpPOXOXIEHWHM JJIEKTPUUYSCKOTO TOKa uepe3 JABYX(a3HYI CHCTEMY,
COCTOSIIIYIO W3 3apsDKCHHBIX TPaHyJl SMYJIbcuM M AUG(y3HOTO ClIosi pacTtBopa
ITAB, BcneicTBrE pa3HOCTH MTOTEHIIMATIOB MPOUCXOIUT OTHOCUTEIIBHOE CMEIICHUE
da3 u TmepeMelleHre CUCTEeMBbl I0 TpaHulle pasnaena (as. [ns mabmomeHus u
M3MEPEHUS ATOTO SIBJICHUSI Mbl BOCIIOJIH30BAJIUCH METOJIOM JIBUKEHUS TTOBUKHON
rpanuiel  ['enbMmronbia-Cmonyxockoro [/,  50], mnpuHSB HEOOXOIUMBbIC
JOTYIIEHUS, CBI3aHHBIC C TPYOOIMCIIEPCHBIMHU CHCTEMaMHU.

B ocnoBanuu U-o6pa3Hoii TpyOKkH moMeraercst sMyibcus. Ha moBepXHOCTh
OMYJbCUM HAJIUTA KOHTAKTHAs >KHUJIKOCTb, KOTOpas SBISICTCS IUCTIEPCHOHHOU
Cpenor SMYJIbCUM WM HMMEET OJWHAKOBYIO C HEH BJIEKTPONPOBOJHOCTH. B
KOHTAKTHYIO JKMJKOCTh TOTPY>KEHBI 3JICKTPOJBI C 3amacoM Xoja IOJABWKHON

TrPaHULIBI.
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Ha snexTpoasl nogatoT HampspkeHue. Uepe3 HEKOTOpOe BpeMs MOABMXKHAS
TpaHWIIA yCTAHOBHT HOBBIA YypOoBeHb B KojeHe U-o0pasHoil TpyOKH
IPOTHBOIOJIOKHOTO 3HAaKa 3apsfa IpaHys dMYJIbCHH, KaK MOKa3aHO Ha PUCYHKE
2.14. CnenoBarenbHO, B HAIIeM CIy4dae YacCTHUIbl SMYJIbCUU 3apsHKCHBI
NOJIOKHUTEIBHO, TaK KaK I[IOJBMKHAS TpaAHHUIA TMOBBIIIAETCS B AHOJHOM

IPOCTPAHCTBE.

Pucynox 2.14 — PaGouwnii opran yCTaHOBKHU JIs ONIPEACIICHUS
ANEKTPOKMHETUYECKOT0 OTEHIIMAJIA AIMYJIbCUH METOJOM 3JIEKTpodopesa:
@ — X0/ SKCTIEPUMEHTA; 6 — SMYJIBCHUS U3 JIEBOT'O KOJICHA MMOJTHUMAETCS B

aHOJHOM TIPOCTPAHCTBE (TIPABOE KOJICHO)

3Has BENUYMHY CMEIICHUS YPOBHS S 3a OMNPENEICHHBIM MPOMEKYTOK
BpeMeHU {, MOXHO SKCHEPUMEHTAIbHO PACCUUTATh CKOPOCTh JJeKTpodopesa:
V = S/t, M/c. C mpyroii cTOpOHBI, CKOPOCTh ABMKCHHUS YaCTHI] JUCIIEPCHOM (ha3bl B
JJEKTPUYECKOM TMOJIE II0 BBIPAKEHUID JIMHEWHOW CKOPOCTH  KUIAKOCTH

I'enpMromnpia-CMoIIyXOBCKOTO paBHa!

v =@’ (2.5)
KM

rae  V — CKOpOCTh ABMIKEHMS 3apsHKEHHBIX YacTHIL, M/C;

€ — OTHOCUTCJIbHAA AUIJICKTPHUYICCKAsA IMPOHULIACMOCTDb CPCbI;
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€0 — IUDNIEKTPUYECKas IIPOHULIAeMOCTh, H/B?;

H — HanpsHyKeHHOCTh AIEKTPUIECKOTO TOJIs (TpaaueHT moTeHrana), B/m;

§ — n3era-noteHIman, B;

K — koadpdunment, 3apucsumii ot popmer yactull (K = 2/3 — mst chepuue-
CKHUX YacTHIl, K = 1 1151 UITUHIPHUECKUX );

N — BA3KOCTH cpennl, H-c/M2.

Kax BuiHO U3 ypaBHEHUS, CKOPOCTH IIEKTpodope3a TeM OOJIBITIE, YeM BBIIIE
JIUBJIEKTpUYECKas TPOHUIIAEMOCTb CPEbI, HAMPSKEHHOCTh 3JIEKTPUUECKOTO TOJI,
BEJIMUMHA E-TIOTEHIMana (T. €. 3apsii 4YacTHUIl) U YeM MEHBIIE BSI3KOCTh CPEJIbl, a
TaKXe 3aBUCUT OT ()OPMBbI YACTHII.

3aKIIIOUUTENIPHOE YPAaBHEHUE, MO3BOJSIONICE PACCUUTATh BEIWYUHY J33Ta-

MNOTCHIOMAaJIa UMCCT BBIPAKCHUC!

gV (2.6)

B pesynbrare 3KCIepuMEHTOB, B OTJIMYUE OT aHAJOTUYHBIX SKCIIEPUMEHTOB
JUITL  KAYeCTBEHHO  CBUJICTCIBCTBYIONIMX O  SBJICHUU  3JeKTpodopesa
(27IEKTPOOCMOCA), OCHOBAHHBIX Ha MPOMYCKAHUU DJIECKTPUUECKOTO TOKAa MEXIY
HETOIBM)KHBIMH DJICKTPOJaMU B BaHHE ¢ aMmyibcueid [50], mo maHHON MeToauke
MoJy4aeM MOTEHIIMAI 3apsSKEHHBIX TPaHYJ dMYJIbCUU, BBIPAXKEHHBIM B BOJIbTaX U
onpeaenaeHHbI ¢ TouHOCThIO 10 0,01 B, Menee uem 3a 15 MuH.

Pe3ynbTaThl COMOCTaBUTEIHLHOTO aHAIM3a TTOKa3aHbl B Tadsmiie 2.10.

B pamkax skcrneprMeHTa MOJYYEHBI JaHHBIE M COIMOCTABIICHBI MOKAa3aTeln
n3eTa-notreHuana (&-moTteHnuana) s CIACAYIOIIMX JIUCTIEPCHBIX CHCTEM
OMYJBTUPOBAHHBIX BSOKYIIMX M TSDKETBIX HEPTSIHBIX OCTAaTKOB: OSMYJIbCHH
nopoxkueie mo ['OCT P 52128-2003 — ObK-1, ObK-2, OBK-3; omnbiTHBIC
YTJIEBOJIOPOIHBIE AMYJILCUHU, pa3pabOTaHHbIE U MPUTOTOBIEHHBIE HA ocHOBe THO

—TK-57/2, I1A-36 1/1, BH 50/3, M-100/1.
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Tabmuma 2.10 — Benmmunnbl E-MOTEHITMATIOB HCCIIETyEMbIX 00pa3oB™

CocraB smynbcuu, % VYcnosuas | OctaTok pH H3zera-
HaumenoBanue | Yrimesomo- | HCL |DMyiab- | BSI3KOCTh, | Ha cuTe | OOKOBOHM | MOTeHLUMAal
obpasua poaHoe raTrop c Ne 014, r| xuaxoctu &, MB
CBA3YIO-
niee
ObK-1 95 025 04 15 0,3 1,97 67,11
OBbK-2, 57 57 04| 06 12 0,3 1,98 78,8
OBK-2, 55 55 03] 05 10,3 0,08 2 77,9
ObK-3, 57 o7 0,54 1 11,2 0,2 2,01 79,4
OBK-3, 60 60 0,7 1 10,7 0,2 2,34 81
TK-3, 57 S7 1,2 2 7,2 0,12 2,2 115,1
BKKO, 60 60 0,7 1 12 0,1 2,29 79,51
I1]136/1, 51 51 1,13| 2 H.J. 0,06 2,14 166,32
I1]136/1, 57 o7 0,7 15 12 0,09 2,15 84,3
I1/136/1, 60 60 0,7 1 11,8 0,14 2,29 82,9
I1]1 36/1, 60 60 0,36 | 0,5 11,9 0,9 1,8 69,81
BbH 50 (x4) 53 0,7 15 9 0,76 2,15 86,3
M-100, 50 50 0,35| 0,5 4,75 0,02 2,13 71,2
M-100, 70 70 0,36 | 0,5 11,2 0,15 1,8 68,14
[Tpumeuanne. DOBK osmynscus Ourymnas katumonHas ['OCT 52128-2003; TK-3 —
KPEKUHI OCTaToK Tepmuueckoro kpekuHra; BKKO — kpekuHr ocTaTok BakyyMHOU

KOHIEHTpaluu KpekuHr ocratka; 1] — achanbT nmponanoBoit neacdansruzanmu; bH — 6utym
CTPOUTENbHBIN HePTIHON

Benuuuna E-noTeHIMana no3BoJISIET CyIuTh 00 YCTOMYMBOCTH AIMYJIbCUU U
CTEIEHU €€ pacmaja Mpu KOHTAKTE C CyOCTpaToM, MOCKOJBKY MOCJIEIHEE 3aBUCUT
OT €ro BEJINYUHBI.

Kak BHIHO, MOJydeHHbIE JaHHBbIE, C OJHOW CTOPOHBI, MOJTBEPKAAIOT
pacrnpeziesieHue 1Mo KaueCTBY MEXy COOOM 3MYNbCHI pa3HbIX MapoK, C JIpyrou —
CIIy’KaT HHCTPYMEHTOM JIJI1 ONTUMHU3ALMK COCTaBA UCCIEA0BAaHHBIX 00Pa3IIoB.

[Ipu mUpoKOM paccCMOTPEHUH JAHHON METOJUKH, MOKHO PEKOMEHAO0BATH B
JaNbHEHIIEM 3aMEHy TpPYAOEMKHX, MAaJOTOYHBIX METOAOB MCCIIEIOBAaHUSA
OUTYMHBIX W YIJIEBOJIOPOJHBIX 3MYJIbCUN M3 TSDKENbIX HE(PTSIHBIX OCTATKOB Ha
O0onee TouHbIe (IO &-MOTEHIMANY) W TOATOTOBUTH Ha 0a3e CTaTHCTHYECKOTO
Matepuasia 00OOIIEHHYI0 KJIacCU(UKALMI JMYJIbCUH B COOTBETCTBUHM C

IIOKa3aTCJICM CHJIbI ,ZIBOfIHOI“O QJICKTPHUYICCKOT'O CJI0A.
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2.6 BeiBoabI o riiase 2

B pesynbrare NpoBEAEHHBIX HMCCIENOBAHUNA OBUIM CHEJIAHbI CIEAYIOIINE
BBIBOJIBL:

1. Onpenenensl 3pPeKTUBHBIC MBUIECBSA3YIONINE BEIIECTBA JISl 3aKPETUICHHUS
NBUIAIIMX MOBEPXHOCTEN KapbEPHBIX ABTOJIOPOr, MOPOJHBIX XBOCTOXPAHWIHIL U
TEXHOT'€HHBIX OTBAJIOB — OpraHM4eCKue He(hTeCBA3YIOIIHE.

2. HccrnemoBaHbl TEXHUYECKHE CBOICTBA MW ONpEIETeHbl TpeOOBaHUS,
NpeabaBIsiEMble K NBUIECBS3YIOUIMM  BEIIECTBAM  —  OpPraHUYECKUM
He(TECBI3YIOUTUM.

3. PazpaboTaHa TEXHOJIOTHUS MOIYYEHHUS IMYJIbCUOHHBIX MBUIECBI3YIOLIUX HA
OCHOBE OpraHMYECKHX He(TECBA3YIOLIUX pa3InyHOro cocraBa. OG0CHOBaH BBHIOOD
palMOHAIbHBIX HEPTECBAZYIOUUX 10 UX FPYNIIOBOMY YIJIEBOJOPOJIHOMY COCTaBY,
(U3UKO-XMMHUYECKUM CBOMCTBAM M HAa OCHOBE TEXHUYECKUX CBOWCTB MOJy4aeMbIX
Y3 HUX OMYJIbCHM.

4. ITpoBeaeHbl 1abOpaTOPHBIE IKCIIEPUMEHTHI U MPEJICTABICHBI PE3yJIbTAaTh
UCCJIEIOBAaHUM AMYJIbCUOHHBIX HEPTECBAZYIOUINX, OCHOBHbIE padoune peLenTypsl
Y METOMKH OLIEHKH UX KauecTBa.

5. Pa3zpabotana u anpoOupoBaHa B SKCIEPUMEHTAIILHOM PEXKUME METOJIUKA
UCCIIEIOBAaHUM  DJIEKTPOKMHETHUUECKUX CBONCTB SMYJIbCUOHHBIX OUTYMHBIX
BSDKYIIMX M TSOKETBIX HEPTAHBIX OCTATKOB, MPEAHA3HAYEHHBIX IJISI JIOPOKHOTO
CTPOUTEIHCTBA U OOECIIBUITMBAHUS TPYHTOBBIX aBTOMOOMIIBHBIX JOPOT.

6. [lomydeHbl gaHHBIE MO A3€Ta-MOTEHIMATY HCCIIEJOBAHHBIX OOpPAa3IOB C
HEeIbl0  KJacCU(UKAIMM U  COMOCTaBJIECHUS HMYJIbIMPOBAHHBIX HEPTIHBIX

npoaykroB (bH/I, THO).
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I'/TABA 3 PE3YJIBTATBI NCCIUIEJOBAHUA
MMPOPUITAKTUYECKHUX IMYJIbCUM IIPU
OBECIIBIVIMBAHUH KAPBEPHbIX ABTOIOPOI' n
TEXHOI'EHHBIX MACCHUBOB

CymecTByeT mpobiieMa ONepaTHBHON CPaBHUTEIHLHOW OLIEHKH TMPOYHOCTH
TpyHTa TPHU IEICHANPABICHHOM W3MEHEHUHU €ro (M3MKO-TEXHHUUYECKHUX CBOMCTB.
OcobeHHo ocTpo 3Ta mnpoOiemMa CTOUT I[P NPUMEHEHWHM MHHEPaIbHBIX U
OpPraHMYECKUX BSOKYIIMX NIl YKPEIUJICHUS, YIPOYHEHUSI TPYHTA WM CBSI3bIBAHUS
€ro ¢ TeMH WJIA UHBIMU LEJSIMHU, HAlIPUMEpP MPHU 3aKPETUICHUH OTKOCOB, MBUISIIINX
NOBEPXHOCTEH TEXHOTEHHBIX OTBAJIOB, XBOCTOXPAHWJIMUI U NMPU 0OECHBUIMBAHUU
KapbepHBIX aBTomopor [7, 11, 51].

B Hactosimieit paboTe mnpemsioxkeH M anpoOupoBaHAa Ha psiieé TOPHO-
METAJTyPIrUYECKUX OOBEKTOB METOJ OLEHKH (PU3UKO-MEXaHWYECKOW MPOYHOCTU
TPYHTOB, PYIOHBIX MaT€pUATOB W MEJIKO3EPHHUCTHIX TEXHOTCHHBIX 00pa3oBaHUM
(LU1amMoB, 301, METAJUIyprUYecKUX IMblIeH) ¢ HCHOJIb30BaHUEM criocola
NPECCOBAHUSI TPH PA3IWYHBIX JABICHUSAX C TOCIEAYIOUIUM OTpeelieHuEM
MPOYHOCTHBIX XapaKTEPUCTUK OpukeToB. OCOOEHHOCTH METO/a 3aKIII0UaeTcsl B
TOM, 4YTO B OTJIMYME OT CpeAHMX M OONBIIMX JABICHUHA MPECCOBaHUS,
npumeHsieMbix panee [87, 105], ucnomesidyrorcs mameie — a0 5,0-5,5 Mlla,
KOTOpBIE MOJICIUPYIOT YCIIOBUSI B3aWMOJEWUCTBUSA BSKYIIUX C MHHEPAIbHBIM
MaTepraJioM TpHU MajbIX HArpy3kax MpPU CBS3BIBAHUM M YKPEIUICHWH TPYHTA,
TEXHOTCHHBIX 00pa3oBaHui. OTiMyMe 3aKIOYaeTcsl TaKkke M B TOM, YTO
UCIIONIb3yeTCsl Manasi mpecc-popma pabounm mauamerpom 2,0-2,5 mm. JlaHHBIN
METO/] TIO3BOJISIET ONEPATUBHO, HA MECTE TIPOM3BOCTBA PAOOT MU MPU KOHTPOJIE
Ka4yeCTBa 3aKPEIUICHHBIX TPYHTOB M MBUIAIIUX MTOBEPXHOCTEH ONPEEIUTh CTENIEHb
KOT€3MOHHOTO YNPOYHEHUS TPyHTa M BBHIOpaTh HauOosiee MOAXOIAIINE IS

JaHHBIX 00BEKTOB U YCJ'IOBI/Iﬁ IMPUMCHCHUS BAXKYIIUC MAaTCPUAJIbl U UX JO3UPOBKH.
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I'eosnornyeckne CTPYKTypbl, a TaK K€ KAapbEpHBIE IOPOTH, CIIOKEHHBIC
IIOPOJIOM WJIM HAHOCAMHM AHTPONOI€HHOIO0 TEHE3HCA PA3IUYaAlOTCs IO CBOEMY
COCTaBy (XMMHUYECKOMY, TpaHyJOMETpUUECKOMY) U cBoicTBamu ((pusuko-
MEXaHUYECKUMH, (UIbTPALMOHHBIMHU, COPOLIMOHHBIM, aJr€3HOHHBIM) OT (POHOBBIX
nopox, ux BMmemarommx. CBOWCTBA WX  IOBEPXHOCTH  ONPEAENSIETCSA
MPEUMYLIECTBEHHO TEXHOT€HHBbIMH TIpouieccaMu. [Ipomeccbl TEXHOTEHHOTO
BO3JCUCTBHAS Ha TOPHBIE NOPOABI M MAacCCHUBBI YacTO CONPOBOXKIAIOTCA HX
npobiieHueM U u3MeibueHueM. llpu 3ToM 00pa3yloTcsi MENIKOAUCIEPCHBIE
YacCTULBI PAa3IMYHON (POPMBI, KOTOPBIE XapaKTEPU3YIOTCS YPE3BbIYAHHO OOJIBIION
IUIOLIAABI0 U HAPYIIEHHOW MOBEPXHOCThIO. B naHHON paboTe paccmaTpuBaeTcs
BApUAHT CKJICUBAHUA ITUX Pa300IEHHBIX YaCTHI], U3MEHEHUSI UX TTOBEPXHOCTHBIX
CBOMCTB UM OLIEHKU (PU3HKO-MEXAHUYECKHX CBOMCTB aJr€3MOHHOTO KOHTAKTa MPHU
00paboTKe pa3IuYHBIMU, UCIIOJIb3YEMBIMHU B OTPACIIH, CBS3YIOIIUMH.

B cBs3u ¢ TeM, 4TO CBA3YIOIIME BEIIECTBA UCIOIB3YIOTCS Ul YKPEIUICHUSA
COEJIMHUTEIBHBIX CIIOEB JOPOXKHBIX OJIEXK[, OOECHbUIMBAHUS W 3aKPETUICHUS
OBUISIIIMX TOBEPXHOCTEH, IUIAHUPYETCsl OTOMpaTh AaHAJIUTHYECKYI0 HpoOy
MaTepHaoB, COCTABIAIONIYI0 OOBEKT BO3ACHCTBUS — TMOBEPXHOCTh OTKOCA
TEXHOTCHHOTO MAacCuBa, BEPXHUU CJIOM JOPOKHOW OAECKIbl KapbEepHOU
aBTOJOPOTH, TMPOOBI W3 00beMa HAHOCOB TEPPUKOHOB U  TOPOJHBIX
xBocroxpanwmuil. [Ipoba mnpocenBaeTcs ©W OO0BEAUHSACTCS C  Pa3IUYHBIM
COJIEP’KaHUEM TIBIJIECBA3YIOIINX BEIECTB, OPUKETUPYETCS B CIIEUAIBHON Ipecc-
dopme (d=25 mMm) mpu HHM3KOM JaBieHHH mpeccoBaHus (MeHee 4,5 MIla) u
UCIIBITBIBAETCSI HA BOJOCTOMKOCTh M IPU OJHOOCHOM CKaThuM. B pe3ynbrarte
UCCIIeIOBaHMsI OyAeT YCTaHOBJIEH ONTHUMAJbHBIA TUII CBSI3YIOIIETO, a TaK K€ €ro
1eJeCO00pa3HbIi pacxoa MO KPUTEPUSM JOCTATOYHOW KOTE€3MOHHOM MPOYHOCTH
pU CKJIECUBAHWU YACTHUI[ U YJIOBIETBOPUTEIHLHON aTMOC(HEPHON CTOHKOCTH TIO

OCTaTOYHOMY O0BEMY TIOP.
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3.1 HccaenoBanue (HU3NKO-MEXaHMYECKUX CBOMCTB 00eCHblIeHHbIX

HOBerHOCTeﬁ KapbEePHBIX aBTOAOPOT U TEXHOTCHHbBIX MaCCUBOB

B OCHOBY HAY4YHBIX W MCTOAUMYCCKHUX OCHOB HCCICOAOBAHUA ITPOLCCCOB
HU3MCHCHUA CTPOUTCIIBHBIX CBOMCTB T'PYHTOB IIpH 00eCIbUTMBAaHUH HOBerHOCTeﬁ
TOPHBIX TIIOPOJd W TCXHOI'CHHBIX MACCHUBOB IIOJIOKCHA JUCIICPCHAs TCOPUA
aKaJCMHKa IT. A. P€61/IH,Z[Cpa CKJICUBAaHUS MHUHCPAJIBHBIX MAaTCPpUATIOB U az[cop6u1/m
Ha HX TIIOBCPXHOCTH KIICAININMX BCIICCTB — OPraHMYCCKHUX IbIJICCBA3ZYIOIIUX,

00€eCIeynBaOIINX HOBBIE CBOMCTBA OPIraHO-MUHEPAIBHON JUCTIEPCHON CUCTEME.

3.1.1  HUccnenoBanue  (U3UKO-MEXAHMYECKUX  CBOMCTB  METOJIOM
OpUKETHUPOBAHHUS U aHAJIN3a IPOYHOCTU OPUKETOB

Y 10BIETBOPUTENBHBIE (pU3UKO-TEXHUYECKUE u CTPOUTENBHO-
TEXHOJIOTHYECKHUE CBOMCTBA YKPEIUISIEMOr0 TPYHTA B TEOTEXHOJIOTMH JTOCTUTAIOTCS
3a CUeT LEeJICHAIIPaBICHHOTO NPeoOpa3oBaHus U YIy4llIeHHUs B3aUMOJEUCTBUS Ha
MOBEPXHOCTH pazfena (a3: MOBEPXHOCTb MHHEPANBHBIX YacTULl — IJIEHKA
OpPraHU4ECKOT0 MBUIECBI3YIOLIETO.

HedrecBsizyromue Marepuanabl CIOCOOHBI  COCNUHSTH — Pa300IICHHBIC
TBEp/AblE MaTepuanbl (YriiepoaucThie, MUHEpaJbHbIC, PYAHBIE) U COXPAHATh UX
NPOYHBIH KOHTAaKT B YCJAOBHUSAX BHEINHUX BosaciictBuii [26, 42, 71]. Ouu
NPOSIBJISIIOT Cce0sl M KaK TUNWUYHO BSI3KMM Marepuan, U Kak YIpyroe Telo.
HauGonblee pacrnpocTpaHeHrue MOJYyYUIIM TEPMOIUIACTHUYECKUE OUTYMBbI, TIEKH U
CMOJIBI HE(TSIHOTO M KaMEHHOYTOJBHOTO MPOMCXOXIeHus. B oreuecTBeHHOMU
NPAaKTUKE OHM MIMPOKO TMPUMEHSIOTCS B JOPOXKHOM U  TPOMBIIIICHHOM
CTPOUTEIBCTBE, TPU MOTYUSHUH IMYJILCHOHHBIX CBsI3ytonmx [22, 73].

Jna uccnenoBanus 3¢ (HEKTUBHOCTH AMYIbCUOHHBIX MBUIECBI3YIOMNX K TEM
WIM UHBIM MUHEpAJIbHBIM WM YTJIEPOAMCTBIM MaTepuajaMm, MpUHSATAa METOAMKA
OLIEHKH TPOYHOCTH OPHKETOB, COCTABIEHHBIX M3 MbUIeH (dpakuus —3 MM) U

NPO(PHUIAKTUYECKOTO CBSA3YIOIIETO.
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I[Ipy nOpeccoBaHMM TOMOTEHHU3UPOBAHHOM CMECH  CBA3YIOLIETO C
HAITOJIHUTEJIEM COBMEIIAIOTCS JBE omepanuu: (GOPMOBAHHE, TO €CTh IMOIYYCHUE
OpUKETOB OMpeneNeHHON (OpMbI U pa3MepoB, U COOCTBEHHO NPECCOBAHUS —
VIUIOTHEHUE MACChl U CKJIECHMBAHHUE €€ 3€pEH MOJl JCHCTBUEM BHEIIHErO YCHJIIUA.
Caszylolue MaTepuayibl 00eCleYnBalOT IUIACTUYECKYIO JedopMaliiio Macchl |
HecyT (PyHKIMIO Kiesiero BemniecTBa. [macTHyHOCTh 00YCIOBJIE€HA BHYTPEHHUM
CTPOCHHEM CBSI3YIOIIErO, €ro KOTe3MOHHBIMU  CBOMCTBAMH, TpPEHUEM 3E€pPEH
YTJIEPOAUCTBIX HAMOJHUTEIICH.

Ha mnpoyHOCTh KIJIEEBOTO IIIBa BJIMSET TOJIIMHA TUICHKUA CBSI3YIOIIETO,
anre3vs K HAIMOJIHUTENI0, CTPYKTYPHO-MEXaHUUYECKUE CBOMCTBA CBSI3YIOIIETO B
aJICOPOIIMOHHO-COJIbBATHOM ~CJIOE Ha TpaHuile C HanojgHuteraem. [loaTomy
KOMIIPECCUOHHBIE CBOMCTBA MACChl U KQ4€CTBO MOJYUYEHHBIX OPUKETOB (B MEPBYIO
ouepeib, UX MEXaHUYeCKasi MPOYHOCTh) 3aBUCUT OT BUJA U PACX0Jia CBA3YIOIIETO,
TEeMIIepaTyphbl U JIaBJICHUs MPECCOBAHUS, TPAHYJIOMETPHUUECKOTO COCTaBa, (hOpPMbI
3epeH M aJCOPOIIMOHHBIX CBOMCTB HamoJHuTeNs [26, 87].

[Ipu  cMemienun  HePTSAHBIE  CBS3YIONIME  OOpa3ylOT  TpaHUYHBIC
a7ICOpOIIMOHHO-COJIbBATHBIC CJIOW Ha MOBEPXHOCTU TBEPAOU (ha3bl yriaepoaAUCThIX
MarepuasioB. YcraHoBiieHO [26, 109], 4ro TommmHA MOBEPXHOCTHOTO CIIOS B
outymax mensiercss oT 5 g0 10 mxM. CuuTaercsi, 4TO B TOTPAHUYHOM CIIOE:
HAIOJHUTEIb — CBS3YIOIIET0 MPOUCXOAUT U3MEHEHHUE COOTHOIICHUSI TPYIIMOBBIX
YTIE€BOJAOPOJIHBIX KOMIIOHEHTOB B CTOPOHY YBEJIMYECHHS CMOJIUCTO-ac(haaIbTEHOBOM
4acTH B pe3yJibTaTe COPOIMH TOBEPXHOCTHO-aKTUBHBIX BBICOKOMOJICKYIISIPHBIX
KOMIIOHEHTOB — B TEPBYK0 OYepelb, TIeTePOaKTUBHBIX CMOJ, a TaKke
WHOUIBTPAIMU W KANWUIIPHOTO OTCOCAa MACJICHOW 4YacTh B TOPHI U TPEIIUHBI
HaIOJTHUTEJIS.

Tak dopmupyercsi CTpyKTypHUpPOBaHHBIM TMOBEPXHOCTHBIA CJIOH HEPTSIHBIX
CBS3YIOIMX MaTEPHAJIOB, WMEIONUH  OOJIBIIYI0  BS3KOCTh, TEMIIEPATypPy
pa3MsryeHus 1o CpaBHEHHUIO ¢ 00bEMHBIM clloeM cBsizyromero. [Ipu miuactuueckoit
CBIpOM Macchl OpHKETOB B S4YEHKax TMpecca JOCTUTACTCS COMDKEHUE W

aYTOFG?)I/IOHHHﬁ KOHTaKT a,Z[COP6III/IOHHO-COJIBBaTHI>IX CJIOCB YaCTHII HAITOJIHUTEIIA,
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KOTOPBIM, HapsAy C MEXaHWYECKHMM 3aKIMHUBAHUEM YaCTHI], NPUBOAUT K
MOJTyYEHHUIO BBICOKOTPOUHBIX YTJIEPOJOHATIONHEHHBIX CHCTEM — OpHKETOB [26,
51]. Kpome Toro, ympodeHue OpUKETOB TaKK€ IPOMCXOJUT B pPE3yJbTaTe
OXJIKJICHUS OPUKETOB 3a CUET CTEKJIOBAHUS CBA3YIOIIUX BEIIECCTB.

JUis neneit sKcrepuMeHTa 1o OpUKETUPOBAHUIO ObUIM OTOOPaHbl pa3IUYHbIE
IPYHTBl U TOHKOJWCIIEPCHBIE MaTepHajbl, 3aKiaJblBacMble B OTBaJbl. B xone
OKCIIEPUMEHTa ObUIM OTpabOTaHbl (PU3UKO-MEXaHUYECKUE XapaKTEPUCTUKU
OpUKETOB — NMPOYHOCTHh HAa OJHOOCHOE CKaTue, Pcx B 3aBUCHMOCTH OT pacxoja
CBSI3YIOILIETO.

Ha pucynke 3.1 npeacraBieH (OpMOBOYHBIN Tpecc (a) U MOITYYEHHBIE

OpHKETHPOBAaHHBIC 00PA3IIBI MBUICH CO CBA3YIONMIUM (6).

Pucynok 3.1 — ®opmoBounsiii npecc O3 BYXUH, YIHUU (a),

MOJIyYCHHBIC OPUKETHPOBAHHBIC 0OPA3IIbI MBLICH CO CBI3YIOINM (6)

I[JIH BbIABJICHUA 3aBUCHUMOCTH IIPOYHOCTH 6pI/IKeTOB OT pacxo/ia BSKYIIUX U
ONpCACIICHUA  ONTHUMAJIbHBIX  PACXOAHBLIX  HWHTCPBAJIOB IIPOBOAMWIIN  CCpUHU
9KCIICPUMCEHTOB I10 Hapa60TKC X UCIIBITAHUTIO 6pI/IKCTOB Ha CXKXaTuc, IOJIYUCHHBIX B

npecc-popme auamerpom d=2,5 cm.
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BBINIONHEHO TpU CEpUM AKCIIEPUMEHTOB. Pe3ylbTaTtbl 3KCHEPUMEHTOB
npecTaBiIeHbl Ha pUCcyHKe 3.2. B kaduecTBe paboyeil MMXThI UCTIOIh30BAIN CMEChH
JOMEHHOIO0 IUIAaMa, ACIHMPALMOHHOM NbUIM M pyAHOro koHueHrpara. CocraB
muxThl, % Macc.: 40 TOMEHHOTO IIaMa €CTECTBEHHOU BiaxkHOCTH, 40 — pyaHOTO

KOHICHTpPATa, 20 — acCliMpaliliOHHAasA IIbLIb.

a
@
{

o

0 2 4 6 8 10 12 %o mace.

Pucynoxk 3.2 — 3aBUCMMOCTbh IPOYHOCTH MTPU OJHOOCHOM CKaTUH
OpUKETHUPOBAHHBIX 00PA3IOB MbLIEH C PA3IMYHBIMU CBS3YIOIIUMHU
B 3aBUCHUMOCTH OT UX pacxoja B % macc:
1 — MuHEpanpHOE BsKYIEe (IIEMEHT U OEHTOHUT); 2 — OPraHUYECKOe

BsDKyIIEe (MPOPUITAKTHYECKAS SMYJIbCHS); 3 — KOMIUIEKCHOE BSIKYIIEE

Hapabotky mpowusBoauiu Ha THApaBIndeckoM mpecce OmbITHOro 3aBona
«BYXWH», ucnbiTaHus Ha NPOYHOCTh — HA aBTOMATHYECKOM JIabOpaTOPHOM
npecce aopoxkHou maboparopun «YpanlopHUW», r. ExarepunOypr. JlaBineHue
npeccoBanus coctaBisuio 4,5-5,5 MIla, BeiiepkKa Mpu JaBIECHUH MIPECCOBAHUS —
5 c. bpuxersi u3 mpecc-popMbl H3BIEKAIM MEXaHUYECKUM CIOCOOOM, st
MPEIOTBPAICHUST 3aKIMHUBAHUA Tpecc-hopMa cMasbiBaiach HHIYCTPHATBHBIM

MacCJIOM.
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B mepBoii cepun B HMIMXTY 3aJaHHOTO COCTaBa A00aBIsUIM MUHEpPAIbHOE
BSUKyIlEe — LIEMEHT. Bo BTOpOl cepuu B AHAJOTMYHYIO IIMXTY J00aBIISsIIN
OpraHu4ecKoe CBs3yrollee (IKCIepuMEHTaIbHYI0 aMybcuto u3 THO).

B Ttperbeli cepum OMBITOB, B MUXTYy C 3a(UKCHPOBAHHBIM PacXOIOM
MUHEpaldbHOrO BspKymIero (2,5 % wacc.) A00aBisiM pa3IU4yHOE KOJIMYECTBO
IMyJibcuM. Pe3ynbTaThl SKCIIEPUMEHTOB IMOKA3alH, YTO MPOYHOCTh OPUKETOB M3
[JIAMOBO-PYJHONW INUXTHl 0€3 CBA3YIOLIEro IOCJIE CYIIKA B €CTECTBEHHBIX
yCIIOBUSIX B TeueHue 2-x cyT. (48 u) konebnercs or 4 mo 5,5 MIlla. Onnako
MPOYHOCTh TaKUX OPUKETOB Ha cOpachiBaHHME (XPYMKOCTh) JIOCTATOYHO HU3KA U
coctasisieT 10 50 u 6osee % (o Beixoxy (ppakuuu menee 10 mm). [lpuyem npu
CKaTUM OpHUKEThl 03 CBS3YIONIEr0 pa3pylialoTCs MTHOBEHHO U JO MEJIKUX
COCTaBHBIX D3JIEMEHTOB (IIMXThI), CBSI3HOCTh U IUIACTUYHOCTH TAaKUX OpPUKETOB
OTCYTCTBYET.

[Ipu noGaBnenuu neMeHta (kpuBasi 1) MPOYHOCTH OPUKETOB Ha CHKaTHE
noBbImanacek 10 7,8—8,0 Mlla. Oco6eHHO 3aMETHBIN POCT MPOYHOCTH HAOIIOIATICS
npu HavdaiabHOM AobaBneHuun: 2% — 6,6 MIla, 5 % — 7,45 MIla. 910 mo3BOJUIO
pEeKOMEH0BaTh B 0a30BbIM cocTaB go0aBieHue He Oosiee 3% leMeHTa, Tak Kak 1o
psay TpPUYMH HEOoOXO0JUMO OBUIO OTpPaHUYUTh COJECPNKAHUE MHHEPATLHOTO
BSDKYILET0O MUHUMAJIbHO BO3MOXKHBIMU pacxoAamu. [I[pUHAT B CAeAyIONIUX CEpUiX
OMBITOB 3apUKCUPOBAHHBIN pacxon nemeHTa 2,5 %. bpukeTsl Ha MUHEpPaIbLHOM
BSDKYIIEM Pa3pylIaiUCh JIOMKO (TPEUIMHOBATO) IO OETOHHOMY MPUHIIUAITY
paspyuieHusi. Beixoq menoun npu cOpacklBaHMM Takxke BBICOK (Oosiee 10 %), 3a
CUeT JIOMKOCTH KpaeB M packoje OpukeToB npu mnajaeHuu. CBS3HOCTH Oojiee
BBICOKasl, YeM Y OpUKETOB 0€3 CBSI3YIOIIETO.

[Ipu noGaBneHWHU OpPraHUYECKOW CBSI3KM (OMyJbcUM O€3 I1IeMEeHTa) B
UCXOJIHYIO IIUXTY OPUKETHI MOJydaauCch 00Jiee TUTACTHYHBIC, JIeTYe W3BJIEKAIUCH
u3 mpecc-GhopMbl (C MEHbBIIIEM YCWJIMEM BblIaBiuBaHus). [[pouyHOCTh Ha cxxaTHe
(kpuBas 2) UMEET 3KCTpEeMyM MpHU Majbix pacxonax 2—4 %, B nanmpHenieM —
najaeT HWXKE [EePBOHAYAIIBHOTO 3HA4YeHUs. bBpUKEeThl CTAaHOBATCS MSATKO-

IUIACTUYHBIMU U TPU CKaTUM cMUHAaroTcs (0e3 paspaina). [IpouyHocTs omyckaercs
75



meHee 2—1,5 MIla. Bpuketsl ¢ GoibIIuM cozaepx)aHueM sMyibeuu (Oosee 7 %)
IJIOXO TMOJCHIXAlOT MPU €CTECTBEHHOM BIIAXKHOCTH W TEMIIEpaType BO3ayxa
pabouero nomMenieHus 3a 2 CyTok.

[IpoyHoCTh OpHUKETOB M3 WIUXThl C OPraHUYECKUM SMYJIbCUOHHBIM
CBs3yIOIIMM Ha ypoBHe Oonee 5,0 MIla 3adukcupoBana npu pacxoaax 6omuee 2,0
o 4,0 % wmacc. Ilpy 3TOM KOJMYECTBO OPraHUYECKOW CBSI3KM B OpHKeTe
cocTaBisio mpumepHo ot 1,25 go 2,5 % macc. OpHako, «3elieHas» MPOYHOCTh
AMYJIbCUOHHBIX OpPUKETOB CYIIIECTBEHHO BBINI€ B CPAaBHEHHHM C OpUKETaMH Ha
MUHEPAJILHOM BSIKYIIIEM.

B TpeThell cepun ONBITOB B HIUMXTY C 3a(pUKCUPOBAHHBIM COACPKAHUEM
MUHEpaIbHOTO BSDKYyIIETO (IleMeHTa) B KojudecTBe 2,5 % Macc. 100aBisum
OpPraHUYEeCKOE€ 3MYJIbCMOHHOE CBs3ylollee B KomudectBe 10 12 %. Taxxke
3a(UKCUPOBAH AKCTPEMYM, MOBBIMAIOIINNA MPOYHOCTh OpUKETa TPHU HEOOIBIINX
pacxojiax opraHu4eckoro cpsizyromiero (10 3,5 %), 3aTeM MPOYHOCTh HA CHKATHE
MoHOTOHHO Tazaet 10 3,1 Mlla u oOecneunBaercs, MO-BUIUMOMY KOMIIJIEKCHOM
CBS3KOM  (IIEMEHT-dMYINIbCHsI), a TakKe BaH-JACP-BAJIbCOBCKUMHU  CHUJIAMU
MPUTSHKEHUS YaCTHUIl ITUXThI B TOHKUX IJIGHKAX BSDKYIIUX MaTepuaioB. B nanHoM
cilydae MpUEMIJIEMBbIM TI0 TIPOYHOCTH Ha CXKATHUE U XPYNKOCTh (M0 MPOYHOCTH HA
cOpacblBaHW€) MOXXHO OTMETUTb HWHTEpPBaJl  PacXoOJOB  OPraHUYECKOTO
AMYJIBCHOHHOTO CBSI3yIOLIETO 2—6 % Macc. Ha JaHHBIM THUM LIAXTHl U MPUHATHINA
pacxo/l MUHEPAIBHOTO BSIKYIIETO.

Pacxon MuHepanbHON M OpraHUYecKOd (3MYJIbCHOHHOM) CBSI3KM JOJIKEH
HaXOJIUThCS B MpeJeax:

— MuHepaibHOe Bshkymiee (umemeHt) 2-3% (we Oomee 5). Cpemnuit
MPOEKTHBINA PACX0]1 HAa OTBITHBIE UCIIBITAHUSI MOKET OBITh 3aj71aH B kKoyinuecTBe 3 %
Macc.;

— opraHuyeckoe cssyromee (OMynbcusi Ha ocHoBe AllNl, 55-60 % mo
opranudeckomy marepuany) — 3—7 % macc. Cpeanuil pacxon, odecrieunBaronui

IMPOYHOCTHBIC CBOMCTBA 6pI/IKeTOB, IUIACTUYHOCTh MAacChl MOJKET OBITH IIPHUHAT B

76



konuuectBe 5 % wmacc. Temneparypa pasmsiruenuss ucxojgoHoro AIIJ[ moimkxHa
cocTaBysATh He MeHee 42 °C mo MeToay KoubIo u map (Kulll).

[IpoekTHas MPOYHOCTh OPUKETOB HA MUHEPAIBHOM BSDKYILEM JIOCTUTAeTCs B
YCTaHOBJICHHbIE Pa3pabOTUYMKaMHU BpPEMEHHBIE CpPOKH, OIHAKO, KaK BHUIHO U3
rpaduka, NPOEKTHAs IPOYHOCTb OpPUKETOB HA OPraHUYECKOM BSIKYILEM
nocruraercs ObicTpee. Bee mpeacTaBieHHbIE pelenTyphl 00J1aJatoT J0CTaTOUYHOM
gm0 5 Mila,

IMPOYHOCTBIO — YTO YKa3bIBACT Ha BO3MOKHOCTHL OIIBITHO-

MPOMBIIJICHHOTO  BHEAPEHMsS  JaHHbIX  peuentyp. Ilpm  onTtumanbHBIX
COOTHOIICHUSIX TPOYHOCTh HA KOMIUIEKCHOM CBS3YIOIIEM JIOCTUTAeTCAd 10
3aganHbiXx 5 MIla. Cootnomenne I + 2 % I + 7 % O MOXHO cuMTaTh
ONTUMAJbHBIM i1 NPOEKTUpPOBaHUs. JIJisl MOBBIMIEHUS MPOYHOCTH HA CHKATHE
MOXHO Takke 100aBisaTh xkujkoe ctekio (CB) B komuuectse 3 %.

B nmabopatopHbix ycIOBUAX OBUIM MPUTOTOBJICHBI OOCCHBUIMBAIOIINE
AMyJIbCHOHHBIE cocTaBbl Ha ocHoBe THO, AIIJ[, KO B comocraBieHun c
TOpOKHBIMA OUTYMHBIMH d3MyibcusiMu (I'OCT 52128).

Pe3ynbTaThl ~ COMOCTAaBUTENBHOIO  aHAdW3a  KATHOHHBIX  MPAMBIX
KOHIICHTPpUPOBAHHBIX (60 % KOHIIEHTpaIUs CBSA3YIOIIETO) IMYJILCUI EPBOTO poJia

npejcTaBiieHbl B Tadauie 3.1.

Tabmuua 3.1 — ®usznueckre CBOWCTBA AMYJIbCUOHHBIX MPOYUIAKTHUECKUX

CpEAaACTB U3 TAKCIIBIX HC(l)T)IHBIX OCTaTKOB

HaumenoBanue | Kucnoe | Bsskocts pu | YcnoBHas | OQHOPOIHOCTH | Y CTOMYMBOCTh
SMYJIbCHUOHHOTO YHUCIIO0 20 °C o BSI3KOCTh | II0 OCTaTKy Ha pu
cBs3yromero | pactBopa | Buckozumetpy | mpu 20 °C, | cute Ne 014, % | xpaneHun™
BOJHOM BY, rpan c
¢aszsl, pH
AII]] 2,34 6 11,2 0,3 0,4
KO 2,29 8 12,0 0,5 0,7
BHJ1 90/130 2,29 11 11,9 0,9 1,2
[Ipumeuanue: * — ompenenennas mo octarky Ha cute Ne 014 mocne

xpaHeHus B TeueHue 30 cyT.
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B pesynbrare mporpamMmbl SKCIIEPUMEHTOB IO MOTYYEHUIO dMYJIbCHOHHBIX
npo(UIAKTUYECKUX CPEACTB OBUTM TOJMYYEHBl SMYJIbCUU ISl AJTUTEIBHOTO
xpanenust (6onmee 30 cyT.) W XOJOJAHOIO HAHECEHUS Ha IMOBEPXHOCTH
00pabaThIBa€MOT0 MOKPHITHS caMmoTeKoMm 10 +5 °C.

B pe3ynbTare 71a60paTOPHBIX UCCJIeIOBAHUIM AMYJIbCUOHHBIX
NPOPHUIAKTUYECKUX CPEICTB YCTAHOBIICHO, YTO B OTJIMUUE OT OUTYMOB, SMYJIbCHU
Ha ocHoBe AIIJ] oGmamarorT mydineil OAHOPOJHOCTBIO M YCTOMYMBOCTBIO TPHU
TPaHCIOPTUPOBAHUU U XPAHEHHUH, OTIpeiesisieMas M0 OCTAaTKy Ha CUTE AUAMETPOM
0,014 mm.

Bs13K0CTh 3MYJIbCMOHHBIX MBUIECBSA3YIOLIUX HE CYIIECTBEHHO OTIMYAETCS OT
OUTYMHBIX OSMYJIbCUH, TOCKOJbKY OHHM TPUTOTOBJIEHBI Ha 00OpPYJIOBAHHUU
PELYCMOTPEHHBIX JUIsl JUCHIEPTUPOBAHUS OUTYMOB, OJHAKO BIOJHE OCTAaTOYHA
JUIS HAHECEHUSI AMYJIbCUM CaMOTeKOM — B mpezaenax 9-15 ¢ ucrteuenuss 50 mu
smynbeuu pu 20 °C.

Ha navanbHOM 3Tane cMadyMBaHMs, HEMOCPEICTBEHHO MOCIE MEPONPUITHIMA
1Mo OOECHbUIMBAHUIO MPSAMONW HOHHOW 3MYJBCHUU TEPBOTO POJA, TUCIIEPCHOHHAS
cpena (BOJIHBIA pacTBOP MOHOTEHHOTrO 3MmyJibraropa u ITAB) cmaunBaet yactuiibl
NBUIA, W, 32 CUET PabOThl ASMYJIbraTopa, MO3BOJISIET JOMUTHCS pPacHpeeIeHUs
IPaHyJI MbUIECBSA3YIOIIETO.

[IpoucxoauT pacmax BSMyJIbCUM C  BBIJIEJIEHUEM  CBS3YIOLIEIO0  Ha
MOBEPXHOCTHU YaCTHIl MbLIM. HaunHaeTcs BTOpo# sTan cMaurBaHUSl ¥ CKIICUBAHUS
YacTHI[ MbUIM 3a CYET ONTHUMAJIbHOTO XMMHYECKOTO COCTaBa CBS3YIOIIETO C
PaBHBIM COOTHOIIEHHEM MOJUIUKINYECKUX apOMAaTHUYECKHX YTIJIEBOAOPOIOB U
CyMMBI cMOJI 1 acdanbTeHoB. [TokazaHo, 4TO HaMIy4IIero TUAPOGHOOH3UPYIOIIETO
JEUCTBUS, OMPEICTICHHOTO M0 CTENEHH BOJOHACHIIIEHUS, MOKHO JOCTUYD 32 CUET
MPUMEHEHUSI SMYJIBCHOHHOTO TBUIECBA3YIOMIETO MpUroToBieHHOTO u3 AllJ]

(pucynok 3.3).
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Pucynok 3.3 — 3aBUCHUMOCTB pacxo/ia 3MYJIbCHOHHOTO CBSI3YIOIIETO OT
BOJIOHACBIIIEHUS 30JIbI YHOCA IS JOPOKHBIX dMyJibenit ObK-2 n amynscuit AILJL:

1 — durymuas smynbcusa ObK-2; 2 — smynbcust AT/

Texnonorus o00ecHBIIMBAHUA  SMYJIBCHOHHBIMUA  MPOQPHIAKTHYECKUMU
cpenctBamu u3 THO otnuvaercs OT pacHpOCTpaHEHHBIX KaphepaMH METOHAAMH
00eCIbIIMBAHUS 110 CIEIYIOIIUM MTOKa3aTeNsIM:

— JIONTOBPEMEHHBIN 3P PeKT;

— YIy4YIIEHHBIE JIETIPECCOPHBIE CBOMCTBA TOKpHITHS (Oonee HHU3Kas
TeMIlepaTypa XpynKocTH) Hke MUHYC 25 °C;

— OTCYTCTBHUE TOKapHOH OMAaCHOCTH;

— BBICOKME  JKCIUTyaTallMOHHBIE  CBOICTBa  IUIGHOYHOIO  MOKPBITHSA
(37aCTHYHOCTD, TMPOYHOCTh, COTMPOTHBIICHWE BO3JCHCTBUIO YIBTPadUOIECTOBBIX
styHei);

— BO3MOXHOCTb 0O€CIbUIMBaHUS 0oJiee BHICOKOM HAYallbHOM BIIaKHOCTHU
oOpabaTeIiBaeMoro marepuaa (BiaaxHocTh 9 % u 6oee);

— HAHECEHUWE METOJOM OpoIleHHs 0€3 HUCHOJb30BaHUSA  CII0KHOTO
(bopCcyHOUHOTO 000PYTOBAHUS

K HEOAOCTAaTKaM MOXHO OTHECTH:
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— TJIMHHCTHIC U MTePEYBIAKHCHHBIC MaTepUAIBl HE TMOIAXOMST ISl TAHHOTO
BHJ1a 00pabOTKH;

— MOJYJIb YIIPYTOCTH YKPEIUICHHBIX MAaTEPUAIIOB OCTACTCs 0€3 M3MCHEHUS U
00eCIeYrBaeTCs TOJIBKO MPUHATONW KOHCTPYKIIMEH aBTOI0POTH.

HenomycTuMo BBOAWTH AMYJBCHIO, B.T.4. PaKIKESHHYIO, B CyXOH
MaTepuall, BBHJIY OINACHOCTH TPEKICBPEMEHHOrO pacnaaa (CBOpauyuBaHMS)

OUTYMHOM 3MYJIbCUU HAa aKTUBHOM MOBEPXHOCTU CYXOI'O IPYHTA.

3.1.2 OmnpeneneHue TEPMUYECKOW CTOMKOCTH MBUIECBSA3YIOIMIUX MPHU
TepMOOOpPaOOTKE OPUKETOB

B crnengyromein cepuM ONBITOB HMCCIEAOBAIM TEPMHYECKYIO IPOYHOCTH
OpPHUKETOB C LIETIBIO ONPEAEIECHUS] YCTOMUNBOCTH MBUIECBA3YIOIINX K CTAPEHUIO.

Bce HedTsaHBIE CBS3yOIIME B JKUJKOTEKYYEM COCTOSHHMHM O0JIalar0T
XOpoLIe cMayuBaromlel W aAre3uOHHOM CIIOCOOHOCTBhIO K  YIIIEPOIAUCTBIM
HAIOJHUTEIISIM, TIOBEPXHOCTh KOTOPBIX HE J€3aKTHBUPOBAHA, XOTS B 3aBUCUMOCTH
OT BHJIa U COCTaBa CBS3YIOUIMX MapaMeTpbl CMAaYMBAHUS W aJre€3UU CBA3YIOIIHMX
MOTYT U3MEHSTHCS B IIMPOKUX Mpeaenax. Ha mpoyHocTh aAre3uoHHOro KOHTaKTa
3epeH MO0 aJCcOpOLIMOHHO-COIBBATHOMY CIIOIO BJIMSET TOJUIMHA C(HOPMUPOBAHHOU
wienku. Kak ykaseiBan akagemuk [I. A. PeOunpaep, aare3uBbl, Haxondmiuecs B
TOHKUX coAx (0T 1 mo 30 MKM), KOHTaKTUPYIOIIHUX C TBEPAOW MOBEPXHOCTHIO,
pruoOpeTaIoT «ocoboe MJIEHOYHOE COCTOSIHUE» OpPUEHTHUPOBAHHBIX
HaJIMOJICKYJISIPHBIX CTPYKTYp [88, 108—109].

YMeHbllIeHHe TONIIMWHBI TJIEHKW aJre3uBa BbI3BIBAET IMOBBIIIEHUE CHUII
aare3uu. [IosToMy npH MOATOTOBKE «3€JIEHOI» MAcChl U MPECCOBAHUU CTPEMSTCS
co3JaTh TakHWe YCJIOBHUS (TEMIEpPaTypHbIM PEXKHUMOM, PACXOJO0M CBSA3YIOIIETO,
JaBJICHUEM IIPECCOBAHUS M JpYrMMH (akTopamu), 4YTOObI TOJNIIUHA TJICHKU
CBSA3YIOIIETO OblIa MAKCUMAaJbHO MPHUOJMAKEHA K KPUTUYECKOM TpaHHIle

aI[COp6HI/IOHHO-COJ'IBBaTHOFO CJI041. HpI/ICYTCTBI/Ie B 6pI/IK€Te 00BEMHOTO CJIOS
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CBA3YIOILET0, MMEIOIIEr0, KaK MpPaBWIIO, HU3KYIO KOTE3HMI0, PE3KO CHUXKAET €ro
IIPOYHOCTH, a TAK)KE BBI3BIBACT 3aJIUIIAHKE sTYeeK OPUKETHOTO Tipecca [26, 42].
OnTtumalnibHasi MPOYHOCTh NOJychHepUuecKuX 00pa3loB OpPUKETOB IbLIU
(pucyHok 3.4) yKa3pIBaeT Ha TO MUHUMAJbHOE KOJIWYECTBO BSKYILETO BEIIECTBA,
HEOO0XOMMOE U TOCTATOUYHOE AJIsl MOKPBITUS OUTYMHBIMH ITUIEHKAMH JIOCTATOYHOMN
yIE€IbHONU MOBEPXHOCTU YJIBTPAIUCIEPCHBIX YaCTUIL IbUIM, HO HE MOJpPa3yMeBaeT

CO3JaHM: IINICHOYHOTO ITOKPBITUA HAa ITOBCPXHOCTU IMbUIAIIUX OTBAJIOB.

Pucynox 3.4 — ITonycdepuueckre oOpasiipl 11l HCIIBITAHUS HA

OAHOOCHOC CXKaTHuc

Mecto mpoBeneHuss pabOThI:  JIaOOPATOpHsT  MUPOMETAIUTYPTHUECKUX
npousBoacts [IIIM. OO6opynosanue: nsnekrponeus I[IBK, maboparopubie
TUAPABINYECKUA TPECC, PHIYQKHBIA MEXaHW3M HCHBITAaHUS OpPUKETOB Ha
IPOYHOCTH, JJICKTPOIECYb BEICOKOTeMITepaTypHas miaBuibHast (I1J1-3).

B kauecTtBe cBs3yronmx ucnoias3oBanu cBssytoiiee OBK-2 (comepikanue
cyxux BemectB — 98 %), a Takke naurHocyiboHar «CoJIMKaMCKHID,
OTOOpPaHHBIN U3 PACXOTHON eMKOCTH 1iexa OpuketupoBanus (L1b).

HMcxogHas BIa)XHOCTh IUXTHI cocTaBuia 9,95 %.

WcnbiTaHue roToBbIX OPUKETOB MPOBOAWIM METOJIOM COpOca Ha CTAJIbHYIO

IUINTY C BBICOTHIL 1,5 M 1 Ha pasgaBJIMBAHUC ITPH IMOMOIIU PBIYa)KHOI'0 MCXaHHW3MaA.
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OmnpeneneHue  KOJMYECTBO COpPOCOB Opukera cuMTaeTcss 0e3 pa3pyLIEHHOIO
Opukera. Pe3ynbTaThl HMCHBITAHWN Ppa3JIMYHBIX CBS3YIOIIUMX MPU ONPEIEICHUU
CpeIHEl MPOYHOCTU M MPOYHOCTU Ha CxaThe 00pa3LoB-OpUKETOB NMPUBEICHBI B

tabnure 3.2.

Tabmuua 3.2 — Pe3ynbTarbl HCMBITAHUN PaA3IMYHBIX CBS3YIOLUIUX TIPU

OTIPEJICIICHUH CPEIHEN MPOYHOCTH U TTPOYHOCTH HA CyKaTHe 00pas3oB-OpUKEeTOB

BiaxxHocTh Cpennsist [Ipounocts
HanmeHoBaHME MCTIBITAHHBIX . Brnaxknocth
UCXOJIHOM MPOYHOCTh Ha CXKaTue,
Ne OpHKeTOB o Opukera, %
HIUXTHI, % Ha cOpoc, pa3 KI/OpUK.
8 % cBsazyromiero JbK-2
1 (xoGanxa 50/50) 9,95 2,75 16 34,65
2 | 4 % cBasyromero ObK-2 9.95 285 12 43.34
(1o6aBKa 1ocie CymKH) ’ ’ ’
8 % cBs3yrOLIEro
3 JICT (70/30) 9,95 1,98 2 22,03
8 % cBs3yIOLIEro
4 JICT (50/50) 9,95 1,39 5 31,05
8 % cBs3yIOLIErO
5 | JICT (50/50), cymka 9,95 3,81 19 22,63
10 2,5 %
6 | 6 % casyromero ObK-2 995 163 13 2318
(1o6aBKa 1moce CyIKH) ’ ’ ’
7 | 6 % cBasyromero ObK-2 995 359 29 36.78
(o6aBKa nepes CymKoin) ’ ’ ’

BpuKkeTs N3roTaBIMBAIMCH IO HECKOJIEKUM BapHaHTaM.

1. Ces3yromee DBK-2, pacxon cBszyromero 8 %, 100aBiasian B IBE CTaauu
o 50 % ot ob1Iero pacxoja CBI3yoIIero, cymmim 1o 1,5 %.

2. Ceszyromee ObK-2, pacxon ces3ytoiero 4 %, 700aBIsUIM B OJHY CTaJIUIO
MOCJIEe CYIIKU KOHIIEHTpaTta, cymmid 10 1,5 %.

3. Cesyromiee aurHocyibpoHar «CoJNIMKaAMCKHI», PacxoJl CBSI3YIOMIETO
8 %, nobasmnsu B aBe craauu: 70 % oT o011ero pacxojia CBA3YIOIIETro /10 CYIIKU U

30% ot o01ero pacxoja CBSA3YIOIIETO MOCie CYIKH, cymumin 1o 1,5 %.
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4. Caszyrouiee qurHocynb(onat «ConukaMcKuil», pacxo cBazymomero 8%,
n00aBsiu B JiBe ctaguu 1o 50 % oT 00111ero pacxojia CBSA3YIOIIEro, CYIIUIN 10
1,5%.

5. Ceaytomiee aurHocyiabPoHatr «COTUKAMCKHIT», pacxoj CBSA3YIOLIETO §
%, nobapisimu B ABe ctaauu nmo 50 % ot o01iero pacxoja CBA3YIOIIET0, CYIIUIH
1o 2,5 %.

6. Csyromee DbK-2, pacxox cBszytromero 6 %, mo0aBisiiv B OAHY CTAIUIO
1ocJie CyIIKU KOHIIEHTpaTa cymuiu 10 4 %.

7. Ceszyroiiee IbK-2, pacxop ces3ytoiero 6 %, 700aBIsUIM B OJHY CTaJIUIO
nepe] CyIKoil KOHIeHTparta, cyuwiu a0 4 %.

8. Pe3ynbTarthl COMOCTABUTEIBHBIX HCIBITAHUN ONBITHBIX AMYJIbCUH U3
TSOKENBIX HEe(TAHBIX OCTAaTKOB B CPaBHEHHM C YacTO HCIOJIB3yEeMBIM PEarcHTOM

IIpu 00eCIIbUIMBAaHUH — JII/IFHOCYJIB(l)aHaTOM, NpCcaACTaBJICHBI HA PUCYHKC 3.5.

40
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MpoYHOCTL Ha CXKaTue, Kr/bpuket
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4 6
e IMyAbcuA THO === JTurHocynbdaHat

8
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Pucynok 3.5 — ConocTaBUTENbHBIE UCTIBITAHUS ONBITHBIX SMYJIbCUN
U3 TSOKENbIX HE(TIHBIX OCTATKOB U JIMTHOCYJIb(aHaTa

Mapku JICT B 3aBUCUMOCTH OT UX COAEPKAHUS

W3 nmpuBeneHHBIX JaHHBIX BUJIHO, YTO MPU COJAEPKaHUU CBs3yroiiero 6 %,
oOpa3ubi-OpukeTsl HA THO nMeroT 60JbIIyI0 TPOUYHOCTh TPU OJJTHOOCHOM CXKaTHH,

TOrga, Kak Ha JII/IFHOCYBq)aHaTe OHH UMCIOT HU3KYIO ITPOYHOCTb.
(o]



B tabnuue 3.3 npeacraBieHbl PU3NKO-MEXaHUUECKUE UCTIBITAHUS OPUKETOB,
MPUTOTOBJICHHBIX Ha 3MYJIbCHOHHBIX MBLIECBAZYIOUIMX M3 TSHKENIbIX HE(TIHBIX
octaTkoB: Actanbpra mponaHoBoit neacdansruzamun (AIT/l), Kpekunr-ocrarkos

(KO), crpoutensHOoro 6utyma mapku bH 50/50.

Ta6muma 3.3 —  Dusuko-MexaHWYECKHE  HCHBITAaHUS  OPUKETOB,

IMPUTOTOBJICHHBIX Ha SMYJIbCUOHHBIX IIBIJICCBA3YIOIMIUX

No Hanveriosariie ATI]T KO BH 50/50
IOKa3aTeIs

1 | daBnenue

MIPECCOBAHUs, aTM 250 250 250 250 250 250
2 | Macca mIuxThl, T 65 60 60 70 60 60
3 | Conmeprxanue

BSDKYIIIETO, MJT 13 10 12 16 14 12
4 | Beicota OpukeTa, MM 29,8 26,3 26,0 28,6 28,0 29,6
5 | duamerp Opukera, MM 52 52 52 52 52 52
6 | Ycunue npu

craBinuBanuu, Pmax, H 343 410 422 414 370 263
7 | IlpenenbHas MpOYHOCTH

npu cxkatuu, R, MIla 0,16 0,19 0,19 0,19 0,17 0,12
8 | YaenvHas nedopmanus

(ycanka), €, % 3,59 4,62 4,78 6,49 2,03 3,48

\BpHKeThl Ha AKCIEPUMEHTAJIBHBIX BBICOKOTUIACTUYHBIX CBS3YIONIUX W3
THO (AIT m KO) He ycTymaroT MmO HOPOYHOCTH OpHKETaM M3 CTPOUTEIBHOTO

ouTyma.

3.2 Jkoj0rHYecKasi OLEHKA BJIUSIHUA NPOPUIAKTHYECKOI IMYJIHLCUH U3

THIKREJIbIX He(l)TﬂHI)IX OCTAaTKOB HAa OPraHUY€CKO€ 3aIPpA3HCHUEC BOJ

YunuthiBas ) qTo B TCXHOJIOTHU 00eCIIBIJIMBAHHUS IIaHUPYETCA

HCIIOJIB30BaHHC HpO(l)I/IJIaKTI/I‘IeCKI/IX BMYJIBCI/Iﬁ U3 TAKCIIBIX HG(lJT?IHBIX OCTAaTKOB,
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HEoOXOJMMa  OIIEHKa BO3MOXXHBIX  MAacIITabOB  SMHUCCHU  OPTraHUYECKHX
MOJUTIOTAHTOB B OKPYKAIOIIYIO CPELy.

C aT0i1 1eNbl0 MPOU3BEACHa OLIEHKA COJIEP>KAHMSI M COCTaBa OPraHUYeCKUX
COCIMHCHWIA B CO3/aBAaEMBIX NPOMUIAKTHUCCKUX OJMYIbCUSIX M WX BOJTHBIX
BHITSDKKax B jabopatopuu ['oproro uncturyta YpO PAH B 1. [lepwms.

Jlist nenedt sKcriepuMeHTa ObLUTM MPUTOTOBJIEHBI OPUKETHI W3 IbLIEBATOM
IIMXTHI — KEJIE3HO-PYAHbIN KOHIeHTpaT arioMepanuonusiii CTO 00186826-026-
2015, oToOpaHHBIM Ha MPOU3BOJICTBE. TEXHUYECKUE XAPAKTEPUCTUKU MPUBEICHBI
B Tabnuie 3.4. KoHLEHTpAT MpeicTaBIseT COO0M CyXO0il MOPOILIOK YEPHOTO 1IBETA

HACBIMTHAS IJIOTHOCTD 2,75 Kr/aM°.

Tabmuua 3.4 — TexHUYECKHME XapaKTEPUCTUKH  KEJIE3HO-PYAHOTO

KoHIleHTpaTa arnmomepanuonHoro CTO 00186826-026-2015

HaumeHnoBaHue nokasatess Hopwma

mo CTO
MaccoBas nons xenesa, % 66,3
JlonycTumMoe OTKJIIOHEHHUE 110 MacCOBOM JI0J1e kKeJesa, % -0,3
Maccosag gous Biaru, % 10,0
JlommycTumoe OTKJIIOHEHUE 110 MaCCOBOM JI0JI€ BJIaru, %o +0,5
MaccoBas 10J1s IBYOKUCH KpeMHUs, % 6,9
OTKJIOHEHHE IO MACCOBOM J0JI€ IBYOKUCH KpeMHUsI, %o +0,5

B kauectBe cCBs3ylolIero BemiecTBAa B OpuUKeTax ObLIO BBIOpAHO
npodunaktudyeckoe cpssyromee [IC-1 ¢ Temneparypoit pasmsruenus 48 °C
(tabmuma 3.5), momydeHHOE W3 TsKEIoro HedTsHOro ocrtatka — acdanbra
npornaHoBod naeacanbruzanuu B npouecce IIJI 36/1, mpousBoactBa OOO

«Jlyxoin-Hmwxkeropognedreoprcuntes», CTO 05747181-016-2012.
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Tabmuma 3.5 — TexHuyeckue XapakTEPUCTUKH MNPOPHIAKTUYECKOTO

cs3ytomero [1C-1

HanMeHoBaHue nokazaTess 3naueHue | Meros uCTbITaHUS
Temneparypa pa3msraenus, °C 48 I'OCT 11506
TemnepaTypa BCOBIIIKA B 3aKpbITOM TUTJIE, °C 220 I'OCT 6356

[Muxta Obla O0OBEOWHEHA CO CBA3YIOMIMM U CIPECCOBaHa B
LMIMHAPHYECKUX (opMax IpU JaBieHUM npeccoBanust 400 Krc/cm? mo mMeTomy
I'OCT 12801-98 nns wucHbBITaHUS MHHEPATBHOTO TOPOIIKA € OUTYMOM.
[Tomy4yenHsie oOpa3ibl — MOHOJUTHI (IIMJIMHIPUYECKUE OPUKETHI) MPUTOTOBJICHBI
JIJISl UCTIBITAHUM BOJIHBIX BBITSIKEK.

Jl1st aHanmu3a Ha OPTaHUYECKOEe 3arpsi3HEHUE BOJI MCIIOJIb30BAIUCH 4 MPOObBI
MOHOJIMTOB (OPUKETOB) JOPOKHOTO TOKPBITUSI, COCTaBJICHHBIX W3 TMbLJIECBATON
IIUXTHI U MPO(YUIAKTUYECKON IMYITBLCUH.

WccnenoBanbl ciaeayromue mpoosl:

| — monomut Ne 1, macca 259,32 r, mnomans nosepxuoctu 102,05 cm?;

I’ — monomut Ne 1 (macca 259,32 r), u3MenbYeHHBIN 10 YaCTHI[ Pa3MEepOM
3x3 MMm;

Il — moHOmuTEI Ne 2 m Ne 3, oOmieii maccoit 541,77 T um miomanbpio
nosepxHocTH 541,77 cm?;

l11 — monomuT Ne 4, macca 538,1 r, mnomaas noepxuocTu 164,85 cm?.

[TogoOHasi rpynmupoBKa oOpa3lioB 00ECIEUMBAECT HIUPOKYIO JTHUCIIEPCHUIO
IJIONIAIM TOBEPXHOCTH, T.€. TO3BOJISIET OLEHHUTH JAHANa3OoH PacTBOPUMOCTHU
OpraHUYECKUX COCIMHEHUHN MPU Pa3IUYHON TUIOIA M KOHTAKTa C BOJOM.

OCHOBHBIMM TIOKA3aTEISIMU, UCIOIb3YEMBIMH JJISI OLIEHKH OPTraHUYECKOTO
3arps3HEHUsI Npo0, SABIISIIOTCS:

— outymong XBA — cymMma OpraHM4eCKHUX COCIUHEHUMN, WU3BICKAEMBIX W3
po6 xjaopodopMoM;

— Hedrenponykrel (HII) — cymmapHoe coxaepkaHnue B Mpodax

yraeBojopoaos (I'OCT 17.1.4.01-80).
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Omnpenenenve conxepkaHus HedTENpoAyKToB ocyuiecTBisiioch MK-
doromerpuyeckum metonom (ITHJ & 16.1:2.2.22-98, P/ 52.24.476-2007) Ha
xoHueHTparomepe UKH-025 (amxuuii npenen uyscreurensHoctd 0,02 mr/amd).

CTpyKTYpHO-TPYIIIOBOM COCTaB OMTYyMOUIOB HccieaoBaics meroaom MK-
cnekrpockonun  (MKC) na WK-®ypbe crekrpomerpe Frontier  ¢upmsl

«PerkinElmer Inc» (pucynok 3.6).
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Pucynox. 3.6 — UK-cnexktp XbA o06pasima Opukera, M3MEIbUE€HHOTO 710

gactuil pazmepom 3x3 MM (tipoda I7)

UccnenoBanne apobneHHol mnpoObl I° mokazano, dYro cojepkaHue
outymonna XBA coctaBnser 97,532 r/kr, HII — 17,429 r/kr, T.e. nobaBieHue
IMYJIBCUM U3 TSHKENBIX HEPTIHBIX OCTaTKOB [1C-1 mpuBOAUT K BEICOKOMY YPOBHIO
OpPTraHUYECKOTO 3arps3HEHUs] 00Pa3yIOIIMXCsl MOHOJUTOB. {11 cpaBHEHUS MOYKHO
OTMETUTh, YTO MPOOBI TOYBO-TPYHTOB CUHMTAIOTCS HE3arpsi3HCHHBIMU IpHU

conepxannu XbA menee 10 r/kr, HIT — menee 1 r/kr.
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[To nannubiM UK C (pucynok 3.6) xsopohopMeHHBbI OUTyMOU MPEICTaBICH
B OCHOBHOM alu(aTUYECKUMH ¢ apOMATUYECKUMHU YIIJIEBOJAOPOJAMHU, TpHU
MOJIYMHEHHOM COJIEP>KaHUH Pa3HOOOPA3HBIX KUCIOPOACOAEPKAIIUX COSTUHEHUN.

Hanvume WMHTEHCHBHOM  TOJOCHI  mornomenus npu 1458 cm™,
0OyCJIOBJIEHHON neQopMalMOHHBIM KoyieOaHusaM  MeTuiieHoBbIX Tpynn CHo,
CBUJIETEIILCTBYET O MpeoOIaaHuu COCAUHEHUN C TOJHUMETHUICHOBBIMU
nenoykaMmu. Takyke MPHUCYTCTBHEM B 00pasie anu(aTuyecKux YriIeBOJOPOIOB
OOBACHAETCS HAMYKE CIIa00M Moockl norsouenus mpu 720 cm™ (CHy).

Bropas 10 MHTEHCHBHOCTM II0joca moriomenus mpu 1376 cm?
COOTBETCTBYET JAC(POPMALMOHHBIM KOJEOAHHUSM KOHIIEBBIX METUJIBHBIX TpYII
CHjs. IIupokas monoca moryomnieHuss B auanazone 1200-1000 cM?t ¢ JIIBYMS
makcumymamu npu 1087 cm? um 1013 cm?! xapakrepHa IS BaJEHTHBIX
acUMMETpUYHbIX KoneOaHui cBsizel C—O—C mnpocThiX 3GUPOB U aleraie u
Kojebanuii cBszeit O—H cnuptoB U (eHonoB. B 3Toi ke o0macTH HMMEIOTCS
cialble TOJIOCHI MOTJIOIIEHHS] KapOOHUIIbHBIE COEIUHEHUS (KETOHBI, allbJETHIbl,
KapOOHOBBIE  KHUCJOTBI M CJIOXHBIE A(QUPBI), MPUCYTCTBUE  KOTOPBIX
IOATBEPKAAETCA ILIL tipH 1736 cm™L,

[Mupokas cnabas monoca mnorjomenus mpu 1600 cm -1 cBs3aHa c
BaJICHTHBIMU  KOJI€OaHUAMU apOMaTHYeCKOro KOJbLA M  CKEJIETHBIMU
KOJIeOaHUSIMU aNM(aTUYECKUX COCTUHEHUHN C JJIMHHBIMUA CUCTEMaMU COMPSHKEHUS
NBOMHBIX cBszeil. IlmockocTHeie nedopmanmoHHbIE KOJIEOAHUSI STUX CTPYKTYP
nabmonarorcs mpu 870 cml. TetepoapoMaruyecKre CTPYKTYPbl HMEIOT MOJIOCY
nornomenus mpu $00 cm™,

HMHTEHCUBHOCTD MPOSIBICHUS MOJIOCHI MOMIOMICHUS KapOOHMIBHOM TpYTIIbI
C=0 (1720 cm™) BecbMa He3HAUUTENLHAS U YCTYNAET HHTEHCHMBHOCTH METHIILHOM
Y METHJIEHOBOM TPYTII, YTO OTPakaeT HU3KYIO CTENEHb OKUCIECHHOCTH OUTyMOU/IA:
ko3 dunuent okucienHoctu K,=11723/11460 = 0,1.

OneHka MacmTaboB Mepexo/ia OPraHMueCKUX COCIMHEHU B BOAHYIO CpEy
IpPOBOJAMIACH IIYTEM HCCIEJOBAaHUS COCTaBa BOJ, KOHTAKTUPYIOIIUX C

u3yyaeMbIMH oOpa3uamu B Teuenue 1 cyt. CooTHOIIEHUE opoaa — IUCTUILIAT 1:5
o]e}



no Becy. [locne u3yueHus JaHHBIX BOJHBIX BBITSKEK MPOOBI ObUIM B ATOM K€
COOTHOILIECHWH BHOBB 3aJIUTHl JWCTUULITOM M OCTaBJIIEHBI Ha 7 CyT., IIOCIE
KOTOPBIX BHOBb AHAJIIM3UPOBAJICSA COCTaB BOJHBIX BBITSIKEK.

Cnegyer dro pacTBOPUMOCTh  OPraHMYECKUMX COEIMHEHUNA  BEChbMa
HE3HAUWTEIbHAs, YTO 3aTPYJHSJIO M3YyYEHHE COCTaBa BOJOPACTBOPEHHOM
OpraHuKH (HemocTaToyHOoe KoyindecTBO XDBA mpuBeno K HEOOXOOUMOCTU €ro
oObenuHeHUs: I Bcex 1po0). Pe3ynmpTaThl NPOBEACHHBIX HCCIEIOBAHUN

MpUBEICHBI B TabmuIe 3.6.

Tabmuma 3.6 — Pe3ynpTaThl aHAIMTUYECKWX HWCCIACAOBAHWN BOJHBIX

BBITAXKCK MOHOJIMTOB

Macca Munepa- XBA, HII,
No Ne o6Gpasma poOHI, pH namzamsi, | Mmr/ome mr/am®
r Mr/am°
Boouvie svimsoicku, konmakm nopoda — 6oda 1 cymku
1 | I (moHomuT Ne 1) 259,32 6,32 4 0,89 <0,02
2 | I’ (npobGmennas mpoba Ne 1) 259,32 6,70 28 0,89 <0,02
3 | Il (moHOMMTEI NeNe 2, 3) 541,77 6,29 4 0,80 0,02
4 | Il (moHOIHT Ne 4) 538,1 6,30 4 0,93 <0,02
Boouvie svimsoicku, Konmakm nopooa — 800a 7 Cymox
5 | I’(mpoGsiennas mpoba Ne 1) 259,32 6,81 25 0,54 <0,02
6 | Il (moHOIMTEI NeNe 2, 3) 541,77 6,97 4 0,61 -
7 | Il (MmoroMUT Ne 4) 538,1 6,95 3 0,61 -
KaK BUIHO U3 HpHBeI[eHHBIX JaHHBIX, COI[ep)KaHI/IC B HpI/IFOTOBﬂeHHBIX
MOHOJINTax BOJOPACTBOPUMBIX COJ’ICI\KJI BEChbMa HC3HAUUTCIIBHO — O6Hlaﬂ

MUHEPAIN3aLMsl BOIHBIX BBITSKEK HE IpeBblmana 25-28 mr/am® (MakcUMaubHEIE
3HA4YCHUS JUIs pa3apoOeHHBIX TIPO0).

Ilepexox  OpraHM4eCKMX COCAMHEHMM B  BOJHYIO Cpelay  TaKxke
XapaKTepu3yeTcss HU3KUMHU 3HAUYCHUSMU: coaepkanne XBA B BOJHBIX BBITSIKKAX
nocie 1 cyr. konrakra xonebnerca B npenenax 0,80-0,93 mr/am3, mpuuem stH
KOHIICHTpAllMU HE 3aBUCAT OT Beca M IUIOIIAJM MOBEPXHOCTH HCCIEIOBAHHBIX
npo0. Emie Oosiee HU3KOE COACp)KAaHUE B BOJHBIX BBITSDKKAX OTMEYACTCS IS
He(TenpoayKTOB — He npesbimaet 0,02 mMr/am3.

Ha pucynke 3.7 npencrasnen MK-cnektp XBA BOIHBIX BBITSKEK.
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Pucynok 3.7 — UK-cnexktp XBA BOIHBIX BBITSIKEK B TEUCHUE:!

@ — KOHTakKT | CcyT.; 6 — KOHTaKT 7 CyT.

VYBenuueHne BpeMEHM KOHTAaKTa Boja — mopoja A0 7 CYT. HE IPHUBEIO K
YBEIMYCHHIO TIEpeXoa OPTraHNYeCKUX COSIMHEHUN B BOJHYIO (a3y: coiepKaHue
XBA causunocs 10 0,54-0,61 mr/nm®, nedrenponykros — menee 0,02 mr/ame.

I[To pganueiMm HMKC XBA CyTOYHBIX W HEIEIbHBIX BOJHBIX BBITIKEK

KaueCTBEHHBI COCTaB aKBAOMTYMOHIOB 3a ATOT MEPUOJ HE M3MEHUJICS (PUCYHOK
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3.10).  HK-cmexkTpbl  XapakTepus3ylOTCS  3HAUUTENBbHBIM  COJEP>KaHUEM
KHUCTIOPOJICO/IEPXKAINX COCTUHEHU — HMHTEHCHBHAS IOJOCa TMOTJIOMICHUS MpU
1740 cm™?, ykaspiBaer Ha NMpUCYTCTBUE KapOOHMIBHBIX CTPYKTYp. B umHTEpBae
1300-1000 cm? («>dupnas momoca») BBEIPHCOBHIBAETCS OOMIMPHBIA «TOpO» ¢
makcuMymamu mpu 1024 cm?, 1098 cml, 1168 cm?, 1260 cm?l,  uro
CBUJETEIBCTBYET O NMPUCYTCTBUU B aKBAOUTYMOUJE MPOCTHIX 3(PUPOB, aleTaleH,
COMPTOB U (DEHOJOB C pa3HBIMH CTPYKTypaMHu VYTIJIEBOJOPOAHOIO CKeleTa
(amupaTHyecKUMM M LUKJIWYECKUMH, B TOM YHUCJIE€ apOMATUYECKUMHU U
TeTEePOLUUKINYECKUMH ).

[Monockl nornomenus MeTuineHoBbIX (1740 cM™ u 720 cM?) 1 MeTUIBHBIX
(1377 em) rpynn anmdaTnueckux yriepoaHbIX IENOYEK UMEKOT 3HAYMTEIHHO
MEHBIIYI0O HMHTEHCHBHOCTb, IO CpPaBHEHUIO ¢ OWUTYMOUZOM TOPOJ, HYTO
NOJTBEPXKJAET  HE3HAUMUTEIbHBbIE  MacIiTadbl IEpexojia  YIJIEBOJOPOJIHBIX
COEMHEHUH B BOJHYIO (a3zy. He nckitoueHo, YTO OHM MOTYT OBbITh CBSI3aHBI C
yTIACPOAHBIMU CKeJIeTaMu reTepOCOeTMHEHNUH, B TOM qrclie
kuciaoponconepxkaumx.  CopepkaHue  KHCIOPOJICOAEPKALIUX  COEIUHEHUMN
npeobnagaeT Haj YrIeBOJOPOAHBIMU CTPYKTYpaMu: KOd(D(GUIIMEHT OKHCIEHHOCTH
K»=11723/11460 = 1,1-1,3.

[IpuBeneHHbIE AAaHHBIE CBUICTENBCTBYIOT, YTO MpPH KOHTAKTE MOPOJBI C
BOJION MPOMCXOJUT PACTBOPEHHUE MOJIAPHBIX KUCIOPOJCOIEPIKAIINX COSAMHEHUH,
B TO BpeMs KaK HEMOJISIPHBbIE YIJIEBOAOPOIbI YIEP>KUBAIOTCSI B MUHEPAIBHOU
MaTpHuIIe.

Takum obpa3zom, pe3yIbTaThl TIPOBEJICHHBIX WCCIICTOBaHHMA
CBUCTEILCTBYIOT, YTO J00ABJIICHUE dMYJIbCUM U3 TSKEIbIX HEPTSIHBIX OCTATKOB
OPUBOAUT K (OPMUPOBAHHUIO OpPraHO-MUHEPAIBHOM cMecH, oOsajaroien
ruipopoOHBIMU  CBOMCTBAMH. ITO  ONpelesieT HU3KYI0 PacTBOPUMOCTD
YIJEBOJOPOAHBIX COEIMHEHHWH B Boje. DBelenaunBanue aTMochepHbIMU
OCaJKaMU TIOBEPXHOCTEW, MPUTOTOBJIEHHBIX C HCIIOJIb30BAHUEM OSMYJIbCUN U3
TSOKENBIX HE(TSIHBIX OCTAaTKOB, HE CO3/ae€T Yrpo3bl CBEPXHOPMATHBHOIO

OpraHUYeCcKOTro 3arpsi3HeHUs TUAPOCHEpPHI.
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3.3 JlabopaTopHble HMCCIeAOBAHUS MO OLEeHKe 3(PeKTHBHOCTH INbLIe
CBA3YIOIIMX METOAOM ONpedejeHHs] 3MHCCUHM NbLIEBATBHIX YaCTHULl HpPH

00eCIBLLINBAHUM

B nmaGopaTopHBIX YCIOBHUSX OBLIM MPOBEACHBI OINBITHBIE SKCIIEPUMEHTHI TI0
3aIIATe CHIMTyYUX HEPYIHBIX U YTOJBHBIX IMOBEPXHOCTEH METOJIOM OPOIICHUS C
HEIbI0 OTPEEICHUSI YMUCCUU TBIJIEBATHIX YacTHUI] Mpu obOecnbuiMBaHuU. Jlis
IeJei AKCIEePUMEHTa, PAIMOHAIBHBIC PACXO0dbl NPO(HMIAKTHYCCKUX SMYIbCUI
YCTaHOBJICHBI 110 SKCTPpEeMyMy Tpaduka 3aBUCHMOCTH MPEASTHHON MPOYHOCTH TPH
OJTHOOCHOM CXaTuH cepuueckux oOpasloB NbUM ((ppakius MUHYC 3 MM) OT
COJIEP>KaHUS TBIJIECBI3YIOIIETO.

Ha pucynke 3.8 mpezacraBieH J1a0OpaTOpHBIA KOMILUIEKC OIPEACICHUS
BETPOBOM 3PO3UHU, HEOOXOAUMOTO Il CO3/IaHUs DJIACTUYHOr0, HEPACTBOPUMOTO
BOJIOM TMBUIECBAZYIOLIETO KOBpa, IPOBEACHBI JIA0OpAaTOPHBIC HCCIEIOBAHUS
pacmaza SMyJIbCHII Ha TMOBEPXHOCTH PA3JIMYHBIX TMBUIAIIMX MAaTEepUajoB 0

O6pa30BaHI/I$I CINIOIIHOI'O CBA3HOI'0 KOBPHKA.

Pucynox 3.8 — JIaGopatopHbIii KOMIUIEKC MPU TPOBEICHUN UCTIBITAHUI

CIyBa YTOJIbHOU IbLIN:
a — oOImuiA BU KOMILIEKCa; 6 — cXxeMa JabopaTOpHOTO KOMILICKCA;

8 — O6p330BaHI/Ie IBUICCBA3ZYIOIICTO KOBpa IIOCJIC paciiaga SMYyJIbCUA
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[TpoToTHN a3poaMHAMUYECKON TPYObI 1a00PATOPHH UCCIICIOBAHUS TBEPIBIX
ceiryunx marepuasioB TUNRA Associates, Herokacn (CIIIA) [53] 6bu1 mopabotan
C YY4ETOM YCJIOBHI HACTOSIIETO HCCiIenoBaHus. [IpHHIINIT MCCIeI0BAHNS OCHOBAH
Ha OMNpEIEJICHHH MACChl IbUIM, OOpa3yloIIelcss MPH BETPOBOH HSPO3HUH  C
IOBEPXHOCTH 00pa3la OT BO3ICHCTBHMS IMOTOKAa BO3Ayxa B TedeHume 8 4. Ilpwm
JOCTHKEHUH CKOPOCTH BETpa HaJ IMOBEPXHOCTHIO yrist 20 M/C, COIMOCTaBUMOM C
JBHKEHHEM BaroHa (72 KM/4), HAaUMHACTCS HHTEHCUBHAS ITOTEPS MacChl oOpasiia.

[IpoBeaeHHBIE COMOCTABUTEIbHBIE UCCIICIOBAHMS IIATH pPEeareHTOB (Tadiuia
3.7) mokasaau, 4TO NMPHUMEHEHHEC BCEX PEAarcHTOB CYIIECTBEHHO CHIKAET CIYB
nblId. [IbUTecBA3yIOIMe, IPEACTaBIsSIOT COO0H CHHTETHYECKHE CMOJIBI, JaTEeKCHI,
OWTyMHBIE MaTepHalbl, OTXOAbl JIECHOW IPOMBIIIICHHOCTH, HAHOCHMEIC
HambUIGHHEM  C  pacXoJ0M,  YCTaHOBJIEHHBIMH [0  PEKOMEHIYEMBIM

IMPOU3BOAUTCIIIMU TCXHUYCCKUMH YCIIOBUAMM.

Tabmuua 3.7 — Pe3ynbraThl McCiIe0BaHUS UHTEHCUBHOTO (72 KM/4) clyBa

erJ’IBHOfI IIbIJIM B 3aBUCHUMOCTHU OT HAHCCCHHBIX O6€CHBIJ'H/IB21IOI_HI/IX pE€arcHToOB

Pearent u ero no3upoBka, % Bpewms, | Cnys | Temneparypa, | BnaxHocts,
q MBIIH, °C %
r

PacTtBOp nmarekca, 3 % 8 8,11 27 55
Opranuueckue conu, 4 % 8 16,14 28 55
Boga, 3 % 8 46,2 23 76
[IpodunakTuueckas smynbcus, S % 8 8,66 27 50
Oprannueckue [1AB, 6 % 8 13,47 28 55
be3 o6paboTku I mun. | 115 25 52

[Ipumenenne JrOOBIX OOECHBUIMBAIOIIMX MAaTEPUAJIOB  CYIIECTBEHHO
CHIKAET MOTEPIO YIJIf, a TAKKE CHUKAET MBUIEBYI0 HArpy3Ky Ha OKPYXKaOIIYIO
cpeny. Tak, cayB mbUIM, OINpenensieMblid B TIpaMMax, i HEoOpaOOTaHHOTO
oOpasma coctaBui 115 r3a 1 MuH., B ciaydae 00pabOTaHHOW MTOBEPXHOCTH — MEHEE
50 r 3a 8 4, Mpu NPOYMX PABHBIX YCIOBUAX UCCICAOBAHUS.

MakcuMalIbHBIM PA30BBIM CIYyB IMBUIEBBIX YAaCTHUL] C IOBEPXHOCTU YIJIS

MOKET OBITh OINpeE/C/IeH Ha OCHOBE YIENbHOH cayBaemoctu (Tabimna 3.8).
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3HaueHUe YI[GHBHOﬁ CAyBAaCcMOCTH COOTBCTCTBYCT MAKCUMAJIIBHOMY 3HAYCHUIO

BBIHOCA IIBIJICBBIX YaCTHUII OJIA I[aHHOﬁ CKOpPOCTH BETpA.

Tabmuma 3.8 — YnuenbHBIN CAYB YacTHIl YIS C MOBEPXHOCTH MaTepHalia

(Bo3mymiHO-cyxoit Mmatepuan — Kysnenkuii yross CC) [11]

CkopocTh BeTpa, M/C 2 3 5 7 10 15
Y nenbHbI cryB M, F/(MZC) - 0,0013 | 0,05 0,93 | 2,97 24,4

BenenctBre BETpOBOrO BO3ACHCTBUS IOTEpPs YIJIsA CBsA3aHa C IOTEPEH
yacTul MeHee | MM. Y IeNIbHBINA CIyB YTOJIBHOM IIBUIM B 3ABUCHMOCTH OT CKOPOCTH

BETpa HaJ| €ro MOBEPXHOCTHIO MOKa3aH Ha pucyHke 3.9.

45

35 ‘/
30 /

. /

20 /

15 -

YpoBEHb YHOCa YroNbHOM NbiM
no cpasHenmio © 20 km/fu, %

D T T T
0 20 40 860 a0 100 120 140

CKOpOCTb BETPA HAA, NOBEPXHOCTBHD YIAA, KM/U

Pucynok 3.9 — YaenbHbIii CIyB yroJIbHOM MBUIH B 3aBUCUIMOCTH

OT CKOPOCTH BE€TPaA HaJ €Iro IMMOBEPXHOCTBIO

Jlns  3akperuieHusT 4YacTUI] MeHee | MM HEoOXOAMMO TpPUMEHEHHE
00eCIIBUTMBAIONIUX PEAareHTOB U d(P(HEKTHUBHBIX METOJIOB HAHECEHHUSI PEareHTOB Ha
MBUISAIIYIO TIOBEPXHOCTh. VX BBIOOP MOJKEH OCYIIECTBISATHCS HA OCHOBE TEXHUKO-
HKOHOMHYECKOT0 0OOCHOBAHMUSI.

Ha pacxon smynbcuii Ha MpakTUKe BIMAET TEMIEpaTypa aTMOC(HEPHOTO
BO3/lyXa, CKOPOCTh BEeTpa, BIAXKHOCTb oOpabaTbiBaeMoro marepuana. Jlus

ABTOAOPOr' CYHICCTBCHHOC BJIMSAHHUC OKa3bIBACT MHTCHCUBHOCTHL W COCTaB
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JIBUKCHUSI — BpEeMsl 3aKpbITUS ABMKCHHUS HEOOXOAUMOE Ha pacmaj smyibcun. Kak
IPaBUJIO, OHO COCTABJISIET OT MOJIy4aca 10 HECKOJIBKUX YacoB.

[lenecooOpa3Ho UCTIOIB30BAHUE CHIEIIUATBHBIX MPO(QUIAKTUUECKIX BEIIECTB
Ha OcHOBe TskenblXx HepTsHblx ocTtatkoB (THO), mnpumenseMbix B
AMYJBTUPOBAHHOM BHUJE B XOJOJHOM COCTOSIHMM. JlHCTiepcHOHHOM cpenoi
YTIEBOAOPOAHBIX AMYJIbCUM TPO(DUIAKTHUECKUX CPENICTB SBJSIETCS BoJHAsA ¢asza,
nucrnepcHoi ¢Gazoil — Kamim HEePTSIHOrO CMOIHMCTO-ac(alibTEHOBOTO BEIIECTBA
(CAB). Ilocne pacniana smynscuu u3z CAB dbopmupyeTcst 3alUTHBINA CIOH B BUE

AOJITOBPEMCHHOI'O INICHOYHOI'O ITIOKPBITHA.

3.4 Pe3yJ1bTaTLI HCCJIeaA0BaAHUA anresnonnoﬁ AKTHBHOCTH

INbIJICCBA3YIOINMUX IIPHA 00eCnblIIMBAHUU

C 1uenpl0 W3y4YECHHS] BO3MOXXHOCTH CKJICMBAaHWSA YaCTUIl TBUIA U
ONpeNeieHUus] CUJI C KOTOPOHM OHU OyIyT yAepKUBaThCs TMOJ JEHCTBUEM
aTMOC(EpHBIX SIBICGHUM ¥ OT BIUSHHUS TIOJBI)KHOTO COCTaBa, H3ydalach
aJre3MOHHAasl AaKTUBHOCTh AKTUBHBIX I[EHTPOB IUCKPETHBIX YACTHI[ TBUIA IO
OTHOIICHHUIO K KJICSIIIIMM BEIIECTBAM TSDKEIIBIX HE(PTSIHBIX OCTATKOB — OUTYMOB.

Anre3voHHas aKTUBHOCTb B aJCOPOIIMOHHBIX CHUCTEMax IMbUIECBS3YIOIICE
(aare3uB) — MUHEPAJIBHBINA TPYHT (CyOCTpaT) UCCAEIOBAIN MO0 METOJIUKE U TIOJT
PYKOBOJCTBOM 1.X.H., mpodeccopa B. K. Kongparosa [40-41].

B kadectBe 00pasmoB mbUIeH MUHEPAIBHOTO Matepuaia — cyOcTpara
UCTIOJIb30BAJTU MTPOOBI KBapIla, MIAPTAIICKOTO TPAHOAUOPHUTA B OOTIaHOBUYECKOTO
U3BECTHSKA. XUMUYECKUM COCTAaB 00pa3I0OB MpeacTaBieH B Tabymiie 3.9.

Pesynbratel  ompeneneHus  K03GOUIIMEHTOB  aATre3uH  CTPYKTYpPHO-

IPYIIIOBBIX COCTABJISIIONIUX OMTyMa K TOPHBIM mopojaam B Tabnuiie 3.10.
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Tabmuma 3.9 — XuMmuueckuii coctaB 00pa3ioB rOpHBIX mopo, % macc

["'opHbIe TOPOIHL, KBapn [Tapramckunii N3BecTHsIK
UMCOCTaB, %o: IPaHOJAUOPUT (bormanoBuy)

Si0; 98,37 59,49 0,56
AbOs - 16,70 -

CaO - 6,27 58,50
MgO - 3,42 1,03
Na, O - 3,90 -

K0 - 1,66 -
Fe O3 - 2,91 -

FeO - 3,92 -

CO; - - 39,90

Tabmuua 3.10 — Pesynbrarel onpeaenenus kodddunuentor aaresnu (K)

CTPYKTYPHO-TPYIIOBBIX COCTABJISIONINX MMBUIECBI3YIOIINAX

Kamennbie
MaTcpUaJibl KHHy RAC KHAy KA KM KCM
(cyOctpar)
Ksap 1070 | 1786 | 1724 | 2264 | 1427 | 1,920
. 1,364
[llapramickuii rparuT 1961 | 2025 | 2566 | 1580 | 2,268
bornanosmeckuii 1740 | 1992 | 2233 | 2819 | 1930 | 2,409
N3BCCTHIAK

[Ipumedanue. CTpyKTypHO-TPYNIOBbIE COCTABIISIIOIINE KOMIOHEHTHI IbLIECBA3YIOIINX:
nHy — napadpuHOHa(TEHOBBIE  YITIEBONOPOMABI; Ac — alndaTHUYecKue COEIUHEHHS;
nAy — TOJMIMKINYECKHE apoOMaTHYeCKUe YIIEeBOAOPOIbI; A — achaiabTeHBl; M — Maclia;
Cm — CMOJIBI.

O6myro axaresuto (koaddumment anaresun Kic) THUIECBI3YIONMETO K
KOHKPETHOMY KaMEHHOMY MaTepHajly MPEIOKEHO PAaCCUMTHIBATH MO (HopmyJie
aJJICTABHOCTH  KOY(PPHUIIMECHTOB  CPYKTYPHO-TPYIIIIOBBIX  COCTABJISIOIINX

OPTraHNYCCKOT0 CBA3YIOIICTO:

Knc=Xm Km+ Xew - Kew+ Xa- Ka, (3.1)
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rae  Xwm, Xcw, Xa — COAEpKAHUE CTPYKTYPHO-TPYNIIOBBIX KOMIIOHEHTOB: MACEJI,
CMOJI ¥ ac(haJIbTEHOB B OPraHUYECKOM TBUIECBI3YIOMIEM, JTOJH €]1;

Ky, Kew, Ka — k03 dUITMEHTH aare3ur macej, cMoJI U ac(aibTeHOB,
BXOJISIIIIAE B COCTAB MBLUICCBSI3YIOMIETO.

Hanpumep, koapdunuent aaresun AIl/] onpeneneHHoro cocrapa (Tadbmuia

3.11) k mapTanckoMy KapbepHOMY IpaHOAHAPUTY COCTABUT IO paCUeTy:

KAHI[:XM' KM+XCM'KCM+XA'KA; (32)
Kanp=(67,5- 1,58 +23,3- 2,27 +9,2-2,57) /100 = 1,83,

ko3 unment aarezuu I1C-1 u3 crabunusupoBannoro AIlJ] coctaBur:

Knca=Xu- Km+ Xey Koy T Xa - Ka, (3.3)
Knca=(01,7-158+ 355 - 2,27 +12,8-2,57) /100 = 1,95.

Takum o0pa3oM, aare3moHHas akTUBHOCTH IIC-1 BBIIIE 1O CpaBHEHUIO C
AIl]l ma 6,5 %.

{1 mOBBIILICHUS aJre3uu cieayeTr yBeauduBaTh B coctaBe IIC-1, nmo
OTIPE/ICIICHHBIX MpeesioB (10 YCIOBUIO TEKYYECTH), COASpKaHHUE aJre3MOHHO-
aKTUBHBIX ~ CMOJ, Aac(aJbT€HOB U  MOJHUIMKINYECKUX  apOMaTUUYECKUX
YIJIEBOJOPOJOB Macell. ITO JIOCTUTaeTCsl OKUCIUTENbHOU ctabunu3arnuein AIlJl u
KOMMAayHAUPOBAHUEM CO CMOJIUCTBIMH (KPEKMHTOBBIMU, KaMEHHOYTOJIbHBIMH)
MPOAYKTAMH.

AHanuTHYeCcKUE HCCIICIOBAHHUS CTapeHUs outryma MMO3BOJISTFOT
MPENOJIOKUTh, UTO HU3Kas aJAre3MOHHAas aKTUBHOCTH YIJIEBOJOPOJIOB C MaJIOH
Maccoi TO3BOJISIET TUM BEIIECTBAM 3aMOJHAThL B ME30IOpax MHUHEpaIbHBIX
3epeH HeOOJbIMX O0BEMOB M TaM 3aKPEIUIATHCS Ha JJEKTPOHHOU CTPYKTYpe
MPOTHUBOMOJIOKHOTO 3HaKa MOPOBOM MOBEPXHOCTH. 3aTeM OWMTYMHas IUICHKa Ha

MOBEPXHOCTH 3€pPHA IMOKPHIBAET €ro MOPOBYIO CTPYKTypy U B Ipolecce

97



3aKJIMHUBAHUA YACPKMUBACTCA Ha IMOBCPXHOCTH MHUHCPAJIBHOI'O MaTcpuajia IIpH

00eCcbUIMBaHUHT IIBIIAIITNX HOBCpXHOCTeﬁ.

3.5 Pe3yabtarbl HcCIeI0BAHUS TSLKEJIbIX He(QTAHBIX OCTATKOB MPH
NOJyYeHUM  NPOPWIAKTHYECKHX  CBA3YOIIMX I  o0ecnbLIMBAHMA

KapbEepPHLbIX aBTOAOPOT N TEXHOTCHHBIX MaCCUBOB

AHaiM3 BTOPUYHBIX PECYpPCOB — OCTAaTOYHBIX HEPTENPOIYKTOB IIO
OCHOBHBIM TEXHOJIOTHYECKUM TIpolieccaM HedTe-nepepadbaThiBaONINX 3aBOJIOB
(HIT3) mo3BomsieT chopMHPOBATH CHIPHEBYIO 0a3zy BSIKYIIMX IS TPOU3BOJICTBA
MacTtuk. C pa3BUTHEM IMPOIIECCOB YIIIYOJICHUS TepepadoTku HehTH — TIyOOKOH
BAKYYMHOUN TII€PErOHKH, BAaKyyMHOW KOHUEHTPAlUH NPSIMOTOHHBIX KpPEKHHI-
OCTaTKOB, Jeac(hanbTU3allMi TyAPOHOB pecypc MPOU3BOACTBA BKYIIMX U
HEe(DTEeKOKCOBOTrO  HamoJiHUTeNss Oymer Bo3pactatb. B Poccum  cambim
pacnpoCTpaHEHHbIM METOJOM TIOJydeHHs] OUTYMOB SBIIsieTCS OKuciieHue. Bce
noObIBaeMble HE(PTH  SBISIOTCS MaJOCMOJUCTHIMH  WJIM  CMOJIUCTBIMHU, C
cojiep)KaHreM achaabTeHO-CMOJIUCTHIX BEIIECTB, COOTBETCTBEHHO OT 1 10 10 % u
ot 10 mo 20 % wm npenHa3HAaYEHBI, B IEPBYIO OYEPEb, ISl MOTYYEHUS MOTOPHBIX
TOIUIMB W Macell. BpicokocmonucThie (TspKenble) HehTH ¢  coaepKaHueM
ac(anbTeHO-CMOJIMCTHIX BemecTB oT 23 no 40 % wnaubosiee TPUTOIHBI IS
MIPOU3BOJICTBA OUTYMOB, HO MaJIOA(D(PEKTUBHBI 1)1 TOJIYYEHUS MOTOPHBIX TOILIUB.

OCHOBHBIM CBIPHEM [IJII NPUTOTOBJIEHUS MBUIECBA3YIOUIUX HMCIOJIb30BAJIU:
r'yJIpoHbI, achanbThl npornanoBoi aeachanbruzanuu (AllJ]) — Tsokénbie HedTSIHBIC
OCTaTKH aTMOC(EpHO-BAaKyYyMHOW TIEPETOHKM HEPTH, a TaKKe — TEKOBBIN

JUCTUIUIAT KOKCOXUMITPOU3BOICTBA (11 KOMITayHAUpOBaHwsl ), Tabsmia 3.11.
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Tabmuma 3.11 —  XapakTepucTHKa ChIpbs JUII  HPHUTOTOBJICHHUS

MBUIECBA3YIOLINX
) Conepxanne
Tp mo Kulll, ESSTTB Hefblzzﬂ(y 30JIBl, CepBHl,
Ne| HammenoBanue BHa BSXKYILETO °C, TOCT 20 noy;O (’jTO’ %, 1o %, 1o
11506-73 | P 5 | '3iooe, | TOCT | TOCT
R 5889-67 | 8606-72
1 I'ynpon 3anagHo-cuOupckon 29 995 88,0 0,05 2,41
HedtH
g | ActamT nponaosoi 34 1010 87,6 0,07 2,38
neachanbTuzanuu ryapona, AITJ]
[TexoBBIi TUCTUILIAT O0KUTA
3 sexrpoos HosD3a (I1I) 11 1238 90,4 0,24 0,62

B rynmpone, mnomydaeMoM Tipu aTMoc(epHO-BAKYyMHOUM TIE€pEroHKeE,
COJICPKUTCSL  €Ill€ 3HAYUTEIbHOE KOJMYECTBO MACHSHBIX (pakuuii, u Jyis
MOJYYEHUSI TSDKENBIX OCTAaTOUHBIX Macesl MPOU3BOIAT yhajieHue acgalbTeHO-
CMOJIMCTBIX BEIIeCTB 00padoTKoM (neachanbTuzamnueii) rypoHa mpormaHoM.

Texnonornuyeckue cxemol nonyuenus [1C na pucynkax 3.10-3.11.

[Ipu >TOM OTAENSIOT HEPACTBOPUMBIE B MPOIAHE CMOJHUCTO-ac(halbTEeHOBBIC
BemecTBa. JlJisi modydeHusi CTPOUTENBHBIX U JOPOXKHBIX OUTyMOB B Poccuu B
KaueCTBE OCHOBHOTO CBIPbSI HMCIOJIB3YETCA TYAPOH. BUTYyMBbI, MOJydeHHBIE W3
T'YJIPOHOB, UMEIOT HU3KOE COoJIepKaHue acPaibTeHO-CMOIUCTON YacTH.

[Ipu neacdanbTrzaniu TPOMAHOM B 3aBUCMMOCTH OT COCTaBa T'yJIpoHa U
ycioBui mporuecca nonaydaroT oT 30 1o 70 % mo macce acdaabTeHO-CMOJIUCTHIX
BEILIECTB, MPEICTABICHHBIMH B OCHOBHOM apOMAaTHYECKUMHU YIJIEBOJAOPOJIAMH.
AIIJ] aBnsieTcst OTXOA0M B ITPOU3BOACTBE OCTATOUHBIX Macell. B HacTosiiee Bpems
AIIJl ucnonb3yl0T B Ka4eCTBE IMEUYHOr0 TOIUIMBA, IPEABAPUTEIHLHO CMEIIAB €0 C

OCH3WHOBBIMU (QPAKITUSIMH, YTO SKOHOMUYECKU HEIETIECO00Pa3HO.
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IIponeccol neachanprrzamuu ryapodos Ha HIT3 yrieBoaopOIHBIMA PACTBOPUTEISIMU

A. JleachasipTusanys nporaHoM

—>  neacoanpTmsar (Macnsuble (PPAKIINH)

I'y/IpOH IT y
yap (neac (I)a.]]_;[BTI/I S AlN AcdanbT IporranoBoit peachanbTH3amy -
- 5 - >
A I OCHOBHOE CBIPhE JIJISl TOTYYCHHUS BSDKYIIETO
IIPOIIAHOM)

(KOMITIOHEHT KOMIayHHBIX OUTYMOB)

B. Yriybnennas neacdajibTusanus Iponano0yranoBon dpakuuei

———> neachanbruzat (B mepepaboTky)
IIB/1
(npomaHn -
ryapon 6y’l'aHOBaH AHBJ—I 5
neachanbTh- Ac(hanbTo-CMOIHUCTHIN KOHIIEHTPAT —
—_ —>
3a1us) KOMIIOHEHT Bspkytiero (bpuketnn),
KOMITayHTHBIX OMTYMOB

B. I'nybokas neacdansrusamms 0easuaom (JlodeH-mporecce)

ryApon Job6eH-

——» jgeacdanbTH3ar (Ha BTOPUYHYIO IEPEPabOTKY)

AcdaasTut (Monomoxk. 80% achanbereHoB) —

—_— —————— AKTUBHBII KOMIIOHEHT

nporecc

THIPOU3OJSIIIHOHHBIX U
AHTUKOPPO3HOHHBIX MACTHK,
achanbTOOETOHHBIX CMECEN

Pucynox 3.10 — BapuaHTbl mpou3BoICTBEHHBIX cxeM mporieccoB HII3 mis

MOJIy4eHUS] TPO(PHUIAKTUYECKUX CBS3YIOIINUX

HeacdanpTuzamnus < T'yxpon > [TpounzBoacTBO
IIPOIIaHOM ouryma
A
A 4 A 4 A 4
MacJiio Acdanbt mpomaHoBoi burym
neacdanbruzanuu (ATTJT)

Pucynok 3.11 — [IpunnuunuansHast cxema npousBojactsa outyma uz THO

100



AIIJI, B oTiMume OT OCTAaTOYHBIX U OKUCICHHBIX OMTYMOB M3 OJHOW U TOM
ke HepTH, COMEPKUT MEHBIIE TBEPABIX nmapaduHOB. TemriepaTypa pa3sMsITrdeHus,

IUNIOTHOCTb, KOKCYCMOCTb H COACPKAHUC CCPBI B AHI[ BBIIIC TAaKOBBIX IJIA

WCXOJIHOTO TyapoHa (Tabnuma 3.12).

Ta6muma 3.12 — XapakTeprucTuka TOBapHBIX OUTYMOB

Ne | HanMenosamme TeMHepaTyp? TIIOTHOCTE HeHeoTpaumI npu | JlyKTWIIBHOCTB,

BEIE BAKYIIETO pa3msaryenus, °C, 20 o/ 25 °C, en. o cMm, o 'OCT
no FOCT 11506-73 | P > I'OCT 11501-73 11505-75

1 |butym BH/]
40/60 59 1009 45 58,6

2 | burym BH 70/30 72 1012 37 3,2

3 |butym BH 90/10 91 1017 28 1,2
MzBectHo [20-21], dro mPOW3BOACTBO BS3KUX OHWTYMOB  MOXHO

OCYILECTBJISITH U3 OCTAaTKOB Mpoiiecca Aeachanbruzanuu ryjapona (AllJl), Tadbnuna
3.13.

Tabnuna 3.13 — [lokazarenu kadyectBa Outryma uz AllJ]

Ne HanMeHoBaHue nokasareneit Hopma Paxririecknue
JTAaHHBIE

1 I'ny6una npoHrkHOBeHUs! Uriiel ripu 25 °C , 0,1MMm 21-40 24

2 Temrieparypa pa3MsraeHus Mo KoJply u mapy, °C 70-80 73,0

3 Pactsoxumocts mipu 25 °C , cM, HE MEHEe 3,0 3,5

4 PactBopuMocTsb, % HEe MeHee 99,5 99,5

5 V3MeHeHne Macchl TIocie HarpeBa, %, He Ooliee 0,5 0,5

6 Temnepatypa Bcubliky, °C , HE HHXKE 240 240

7 MaccoBasi 101151 BOJIbI ClIeIbl CJIebl

Copepxanne napauHOHAPTEHOBBIX U JIETKUX apOMAaTHYECKUX COCTUHEHU
MeHbIIe, a cMOoJl U acdanbTeHOB Bhilie B AIlJ] mo cpaBHeHUIO ¢ coaepxKaHUEM
ITHX KOMIIOHCHTOB B HCXOIHOM TynpoHe [44]. 13 ATIJ] MOXKHO MOTyYUTh OUTYMBI
JUISL IPOU3BOJICTBA MACTUK MPEBOCXOASIINE IO PUIUKO-MEXaHUUECKUM CBOMCTBaM
OUTYMBI U3 TYJIPOHOB.

HccenenoBanns B3aMMONEUCTBHSA BSDKYIIMX C TBEPABIMH MaTe€pUaIaMH

OCYILECTBIISIIOTCS.  C  HMCIIOJIb30BAHUEM COBPEMEHHBIX METOJIOB.
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XpomaTorpaduyeckoro, JIOMUUUCIICHTHOTO aHaJIN30B, uH(ppaKpacHOit
cuekTpockonuu u np. IlokazaHo, dYro mpu OOBEAMHEHUH MHHEPATHHBIX
MaTepuajgoB ¢ OUTyMOM, HapsAy C COpPOLMOHHBIMHU IPOLIECCAMU, UMEET MECTO
KanuigpHas (QUIbTpalus BsDKYIIET0O W €ro KOMIIOHEHTOB BHYTPh 3€peH
MUHEPAIBHOTO Marepuana. VHTEHCMBHOCTh 3TOrO IpPOLIECCa 3aBHCHUT IJIABHBIM
o0pa3oM OT XapakTepa MOPUCTOCTH MUHEPAIBHOIO Marepuasa (HArOJHUTENS) U
CMAYMBAIOIIEH CITOCOOHOCTH (MU THAPOGOOHOCTH) BIKYIIETO.

OT0 B3aUMOJIEUCTBUE 3aBUCUT TaKXKE€ OT CBOICTB OPTaHUYECKUX BSDKYIIHX.
Haubonee  akTHUBHBIMH  SIBISIOTCS ~ BBICOKOMOJIEKYNSIPHBIE  COCIUHEHUS,
CoJIep KaIlie aKTUBHBIE (DYHKIIMOHAJIbHBIE TPYIIHL. B cocTaBe 6uTyMa CMOIUCTO-
acanbreHoBele BemiectBa (CAB) sBusitoTcss Hambojee akTUBHbIE, U MEHEE
aKTUBHBIE Macla, CIEI0BAaTEIbHO, JJIA TOJYYEHHS] MAaCTUYHOTO BSDKYLIETO C
yJIy4IIEHHBIMU aJIF€3UOHHBIMU CIIOCOOHOCTSIMU HEOOXOJIMMO MOJYYUTh COCTaB C
MOBBIIEHHBIM cojepkanneM CAB.

[ToaToMy B HacTosiei paboTe HEOOXOAMMO PaCCMOTPETh BO3MOXKHOCTD
IPUMEHEHHUS] B Ka4eCTBE KOMIAYHJIOB BSKYLIMX BEIIECTB KOMIIOHEHTOB ac(alibT
npornaHoBod  geacdanpTuzauuu  TyapoHoB  (AIIJ]) W TsKenabIX MEKOBBIX
JUCTWJUISITOB M KaMEHHOYTOJBbHBIX apOMATUYECKUX COEIMHEHUN (CMOJIHCTBIX

BEIIECTB) COJIEpKAIIMX MOBbIIIIEHHOE KoanuecTBo CAB.

3.6 Texnuyeckue TpeOOBaHMS K NMPOPMIAKTHYECKHUM IMYJILCHUAM M3

THIKEJIbIX He(l)TﬂHI)IX 0CTaTKOB

[Mpodpunaktuyeckas smynbcus ([19) u3 TsOKEABIX HEPTIHBIX OCTATKOB
JIOJDKHA COOTBETCTBOBATh TPEOOBAHUSM HACTOSIIMX BHOBH pa3pabOTaHHBIX
«Texunueckux ycnouit» [85-86]. IIpodunakTrueckas 3MynbCcHs MPEACTABIISIET
co00if  MpsAMYI0 KAaTHOHHYIO 3MYJbCHIO TIEPBOIO  poJa Ha  OCHOBE

[IpodunakTuyeckoro CBSI3YIOILIETO (TIC-1). [Tokazarenu CBOMCTB
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npoduIaKkTH4eckon 3Myabcuu [ID MOMKHBI COOTBETCTBOBATh TPEOOBAHUSIM,
yKa3zaHHbIM B Tabmuie 3.14. B xauecTBe SMynbraTopoB JJisi KATHOHHBIX dMYJIbCUIA
— IIAB Tuna amMHHOB, JIMaMUHOB, MOJIMAMUHOB M YETBEPTUYHBIX AMMOHMEBBIX
coneit. IIAB  gomkHbl  OTBedaTh  TpeOOBaHUSM, YCTAHOBJICHHBIM B
COOTBETCTBYIOIIEH HOPMATUBHOW JJOKYMEHTALUU.

ITokxazarenu CBOWCTB BSKYILETO, U3BICUEHHOTO U3 IMYJIBCHH, 10 METOUKE,
npusegaeHHon B 'OCT P 55128-2003 u B 'OCT P 55420-2013, HE AOMKHBI
OTJIMYATHCS OT CBOICTB UCXOJIHOTO BSKYIIEro Oosiee ueM Ha 5%.

burtymHbie 151 NPOPHIAKTUYECKUE OMYJIbCUU cornacHo ['OCT
12.1.007 otHOCSITCST K 4-My KIAcCy OMACHOCTH, SBISIOTCS MAaJIOOMAaCHBIMH
BEUIECTBAMM I10 CTENEHU BO3JCWUCTBUS HA OpraHu3M 4YeJlOoBeKa. OMYJIbCUU

no 'OCT 12.1.044 otHOCATCA K TPYAHOTOPIOYUM KUJAKOCTAM (Tabnuua 3.14).

Tabmuua 3.14 — TlpomblluieHHas XapaKTepUCTUKA MTPO(HUIAKTHUIECKOM

smynbcuu [19

3HaueHue MnokKas3aresns A Merton
HaumenoBanue nokasarens MapKu HCTIBITAHUS
b C M
1 Onpenenennie yCTOMYMBOCTH MPH I'OCT 52128
MepeMENIMBAHUN C MUHEPATbHBIMHU
MaTtepuagamu *: + + +
IIOPUCTOrO 3€PHOBOIO COCTaBa - - +

IIJIOTHOT'O 3CPHOBOI'O COCTaBa

2 CoJnepxkanue ocTaTouHOro Bspkymero, % | 50-70 50-60 55-60 | I'OCT 52128

3 YcnosHas Ba3kocts npu 20 °C, ¢ 10-60 10-25 15-25 I'OCT 52128
4 CuenyieHue ¢ MUHEPAJIbHBIMU 5 5 4 I'OCT 52128
MaTepuaiamu, 6aju1, He MeHee

5 Ocratok Ha cute Ne 014 %, He Gonee 0,25 0,25 0,25 I'OCT 52128
6 YCTOMYMBOCTD MPU XPAaHEHUH T10 I'OCT 52128
octratky Ha cute Ne 014, %, He Ooiee 0,3 0,3 0,3

yepes 7 CyTOK 0,5 0,5 0,5

yepes 30 cyTok

7 Y CTOMYUBOCTD IIpU HE JI0JDKHBI pacagaThCs Ha I'OCT 52128
TPAaHCIIOPTUPOBAHUHT BOJIY Y BSDKYIIIEE

* CMCIIUBACTCA; «-» HC CMCIIUBACTCs

I[JISI IPUIrOTOBJICHWA BOAHLIX PAaCTBOPOB OMYJIbIaTOPOB JId KAaTHOHHBIX

AMYJIBCHUI UCTIONB3YIOT KUCHO0ThI: consnyto mo 'OCT 857, ykcychyto — mo 'OCT
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6968 nmu oprodochopayro — mo 'OCT 10678, xmopucterii kaneiuii mo 'OCT
450. Boxa a1 NpUTOTOBJICHUS BOJHBIX PAacTBOPOB 3MYJIBraTOPOB TOJKHA OBITH
KECTKOCTU He Ooiiee 6 Mr-sks/n. OrnpezaesieHHe AOMOIHUTENBHBIX IOKa3aTeleu
KayecTBa MPOPUIAKTHUIECKON dMYIbCUU (akynbTaTUBHO BbInodHseTcs mo ['OCT
55420-2013, TpeboBanus npecTaBieHbl B Tadauie 3.15.

Tabmuma 3.15 —

JlononHuTeNbHBIE TpeOOBaHUS, TMPEABABISAEMbIE K

npoQHIIaKTHIECKUM IMYIbcusM 113

3HaueHHE MMOKa3aTe/s ISt Meron
HaumenoBanue mmokasareist MapKu HCIIBITAHUS
b C M
1 Wnpekc pacnazna npu UCIIOJIb30BAHUH: Iroct
recka KBapIieBoro 60-200 | 201-260 >260 55422
KBapIla MBIJICBHIHOTO 20-50 51-80 >80
2 CopepxaHue OCTaTOYHOTO BSXKYILEro, %o 50-70 50-65 55-65 T'OCT
55427
3 Ocratoxk Ha cute Ne 014 %, He OoJiee 0,25 0,25 0,25 T'OCT
55428
4 VYcnoHas BA3KOCTh Tipu 40 °C, ¢, He Goinee 60 40 40 IoCT
55421
5 YcToiunBOCTh MpU XPAaHEHHUH 110 OCTATKY 0,3 0,3 0,3 T'OCT
na cute Ne 014, %, ne 6onee 55424
6 YCTOWUYHUBOCTD K PACCIOCHUIO, TPU I'oCT
XpaHEHUH JI0 7 CYTOK: 55423
Meton A, %, He Gonee 5 5 5
Meton b, %, ne Oonee 10 7 5
7 Anresus K MUHEpallbHOMY Matepuaiy, %, 75 75 75 I'oCT
HE MEHee 55426

PaboTel ¢ mpuMeHeHHEM OUTYMHBIX IMYJIbCUM JTOJDKHBI MPOU3BOJUTHCS C
cobmoeHueM TpeboBaHui noxkapHoi 6e3onacHoctu no 'OCT 12.1.004. butymsl
U TPO(HIIAKTUYECKUE CBS3YIOIINE SIBISIIOTCS MAaJIOOTTACHBIMU BEIIECTBAMHM T10
CTEIIEHW  BO3JICUCTBUS  Ha cornacHo 'OCT

OpraHu3m YCJIOBCKA n

12.1.007 otHOCATCS K 4-MYy KJaccCy OMacHOCTH.
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3.7 BeiBoABI IO rJ1aBe 3

1. PesynbraThl J1a0OpaTOPHBIX W MOJYIPOMBIIUIEHHBIX HCCIEIOBaHUN
MOKa3bIBAIOT BBICOKYIO A()(PEKTUBHOCTh NMPUMEHEHHS AMYJIbCHUM U3 TIKEIbIX
He(QTAHBIX OTXOJAOB [UIA TPEAOTBPAICHUS YHOCA MEJIKUX YacTUIl C
MOBEPXHOCTH OTBAJIOB, M MCKIIOYAET 3arps3HeHue aTtMochepbl U TOYBHI B

paiioHe OTBAJIOB.

2. Ilpn oOecnbUTMBaHUN KapbhEPHBIX TPYHTOBBIX aBTOJOPOT, TEXHOJIOTHS
smyinbcud u3 THO oxupmaercd OTIMYUTENbHBIE JCHPECCOPHBIE KA4eCTBA,
BBICOKOW  TOXapHOW  0€30MacCHOCThIO, OTCYTCTBYIOIIUM  pa3pylIaronuM
dbakTopoM IS IIMHHOW PE3UHBl KaphEPHOTO TPAHCIOPTA, BBICOKOMU
MPOU3BOJUTEIHLHOCThIO PAa0OT MO OOECHBUIMBAHUIO U JIOJTOBPEMEHHBIM

3¢ PexToM (3ammTa OT NbUICHUS MPOCHINEH).

3. HaubGonee mnNepCHeKTUBHBIM M aKTyalbHBIM pEIICHHEM TPOOIEMbI
CHW)KCHHUSI TIBUICBOM HArpy3KH Ha OKPYKAWOIIYI0 Cpeay TpH J00bUe W
nepepadoTKe MHUHEPATBLHOTO ChIPhSl SBISETCS COBEPIICHCTBOBAHUE CIIOCOOOB
3aKpETUICHUS] TBUISIIAX TOBEPXHOCTEH TEXHOTEHHBIX MAacCHUBOB, T.K. OHH
SIBJISFOTCS OCHOBHBIMU UCTOYHHKAMU 3arpSI3HEHMUS.

4. OnpeneneHbl HOPMBI pacxojia mpodriakTudeckux amyiascuit uz THO s
00pabOTKY MBLIAIINX MTOBEPXHOCTEH.

5. OmpeneneHa HU3Kash PacTBOPUMOCTH YTIEBOJOPOJHBIX COCIUHECHHHA B
BOJIC. BrlmemaunBanme aTMOC(EPHBIMU ocaJKaMu MTOBEPXHOCTEH,
MIPUTOTOBJICHHBIX C MCIOJIB30BAHIEM IMYJIbCHIA U3 TSHKEIBIX HE()TSIHBIX OCTATKOB,
HE CO3JaCT YIpO3bl CBEPXHOPMATHBHOTO  OPTaHUYECKOTO  3arps3HEHUS

ruapocdepsl.
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I'/TABA 4 PA3PABOTKA TEXHOJOI'MA
IHPUTI'OTOBJIEHUA n HAHECEHUS
MNPOPUIAKTUYECKOM IMYJIbCHUH IS
OBECIIBIVIMUBAHUA KAPBEPHBIX ABTOIOPOI' n
TEXHOI'EHHBIX MACCHUBOB

4.1 Pa3padoTka TeXHOJOTHM TOJYYeHHs MNPOPUIAKTHYECKOTO
CBSI3YIOIIEr0 W3 TSLKEJIbIX He(PTIAHBIX OCTATKOB HedTenepepadaTbiBaIOIIUX

3aB0J10B

B ocHOBY nporiecca 3a10KeH0 HEMpephIBHOE OKKclieHne ouryma mapku bH
60/90, momy4eHHOro W3 CMecH TyApoHa W  acdaibTa  MPOMAHOBOM
neachanbTU3alMK, KUCIOPOJOM Bo3ayxa a0 Hedprtebutyma mapku BbH 70/30.
VYcraHoBKa COCTOMT M3 TPyOUaTOro BEPTUKAIBLHOTO PEAKTOpa, HUCHAPUTEN,
cKpyOOepa (BomooTnmenuTens), (opkamMepHOW MasyTHOW meun (pucyHok 4.1).
TpyOuateiii peakTop cocTouT U3 16 Tpydo auamerpom 156 mm muHOM 12150 MM
(KaXk1ast) 1 COEIMHEHHBIX MEXKIy COO0M JBOMHUKAMU (KOJIEHAMM).

OxwucnuTenpHas YCTaHOBKA YKOMILIEKTOBAaHA CIEIYIONIUMUA KOHTPOJIBHO-
W3MEPUTETFHBIMU TIPHOOPAMH: TOTCHIIMOMETPOM, YKa3bIBAIOIIUM KOHTPOJILHBIE
TeMITepaTypbl He()TeOUTyMa M BBIXOJAIINX Ta30B; MOIUIABKOBBIMHU PETYJIATOPAMHU
YPOBHSI B ICTIApUTEJIe; MAHOMETPAMH JIaBJICHUS BO3Ayxa Ha (JOpKaMEPHYIO MEUb.

Cripbe ¢ Temneparypoit HarpeBa 80—90 °C u3 6urymuoro xpanwunuima Ne 1,
Ne 2 nacocamu JIC-3A (3 mtykun) nonaercsa Ha cbipbeBoil Hacoc HITH-3 u nanee
HarpaBisieTcss B TpyOuaThiii peaktop. OTHOBPEMEHHO B PEAKTOp TOJAETCS
OKHUCJICHHBIH TPOAYKT (perupkynar) ¢ Temmepatypoit 200-245 °C, koropsbrit
HarHeTaeTcsl IUPKyIanuoHHBIM HacocoMm [IJIIT 60/25 ¢ cweippeM B 3MEEBHK

peaktopa uepe3 auapparMoBbiii cMmecuTenb. [ opraHuzanuMM - Ipoiiecca
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OKHUCJICHHSI B TPyOuaTOM 3MEEBHKE peakTopa uepe3 AuadparMOBBIA CMECUTENb
MOJAETCs CXKAThIM BO3AYX IMOJI aBieHUEM 6,5—7,5 aTM. B 3aJJaHHOM KOJMYECTBE B

3aBHCHUMOCTH OT TeMIeparypbl He(pTeOuTyma, BCTYMAIOLIETO B PEAKIUI0 C

BO3YXOM.
,\1&\
-
= NP

v —— s — s

— —y— o

MOBNT

—
r
=
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Pucynok 4.1 — TexHosnoruueckasi cxema 1 000py0BaHHE MPOU3BOJICTBA
POGUIAKTHIECKOTO CBSA3YIOIIETO B TPyOYaTOM PEaKTOpe:
1 — xpanwnuiie CeIpbs; 2 — TONKA; 3 — OKUCITUTEIBHBINA TPYOUaThIN
peakTop; 4 — cMecuTelNb; 5 — ucmapuTenb; 6 — ckpyooep; 7, 8, 9 — mopurHeBbIe
Hacochl; 10 — kommpeccop; 11, 12 — miecrepeHyaTbie HACOCHI;

a, 0, 8, 2, 0 — TEpMOIIAPbI

Peakuyst oxuciIeHHsI TPOUCXOAUT B 3MEEBUKE PEAKTOpPA U 3aKaHYMBAETCS B
TpyOOIIPOBOJIE HA BXOJI€ B CHIApUTENb. B McnapuTene npoucxoauT pas3ieicHue Ha
apora3oByl0 M KUAKOCTHYIO (a3bl. LlTyliep BXoaa OKHCIEHHOTO B HCHAPUTENh
BpE€3aH TaHI€HUMAJIbHO. [IpOyKThl OKMCIIEHNS, BBIMA U3 ITYyLEPa, MOCTYIAOT B
CHUPAJIbHBIN KeJ00, MO KOTOPOMY CTEKAalOT B HUIKHIOIO YacThb MCIApUTENS.
CrimpalibHBIH k€100 IpeIyCMOTPEH JIJIsl pABHOMEPHOT'O MCHIAPEHUs MapoBOH (ha3bl
U3 KUAKOCTH (IIPOIYKTa OKHCICHMS) U MOJBOAA XKUAKON (a3bl K TOUKE BBHIBOJA
rOTOBOTO MpOAyKTa. B BepxHel yacTu ucrnapuTens NpeaycCMOTPEH 30HT-0TOOMHUK

AJI1 TIPCAOTBPAIICHUS YHOCA OKHMCJICHHOI'O IIPOAYKTA B KallCJIbHOM COCTOSHHUN U
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3aIUTHI IJIEMA OT UHTEHCUBHOTO OTJIOXKEHUS KOKCA.

[TapoBas (¢aza, cocrosimas 3 MapoB HEPTENPOIYKTOB, TMPOIYKTOB
OKHCJICHHSI M HE IpOpearupoBaBIIETO Bo3ayxa ¢ Temmeparypor 160-220 °C
BBIBOAMUTCS MO IINIEMOBBIM TpyOaM B cKpyOOep-BogooTaenutensb. [lomaueit
BOJSHOTO  OpOIICHHS B  CKpyOOep  JocTUraercs KOHJIEHCAllMs  IapoB
He(DTETPOAYKTa:  CONSIPOBOM  (Ppakiuu, PEaKIMUOHHOW  BOXBI, KOTOpBIE
cOpachIBaloTCs B KaHanu3anuoo. He ckoHeHCHpoBaBIIMECs ra3bl cOPachIBatOTCS B
aTMocQepy 1o HIIEMOBOM TpyOe.

['otoBbIil OuTyM M3 ucnaputens napobiM HacocoMm 4IIT orkaumBaercs B
€MKOCTh TOBAPHOW MPOAYKIMU. KOIMYECTBO ChIpbS M BO3/yXa, MOJABAEMOTO Ha
OKHUCJIEHHUE, PETYJIUPYETCS B 3aBUCUMOCTH OT KauecTBa OMTymMa B UCHIApPUTEIIE.

Oxucnenue 6utyma bBH 60/90 mpoBoauTcs B pexxume, MpeACTaBICHHOM B
tabmuue 4.1. O6cnenoBanue pabOThl OKUCIUTEIBHOW YCTAHOBKHU IMOKAa3aJio, YTO
dakTH-uyecKku TemIeparypa OKUCIEHUs nojajaepxuBaiack Ha ypoBHe 200—230 °C,
pacxoj BO3lyXa HEONpaBIaHHO Beauk — 10 750 m%/4 (230 mM%/4 na 1 T Guryma).
CBexee ChIpb€ BBOJUTCS HAa YCTAHOBKY HE B PEAKTOpP, a B HCHAPHUTEINb, T.C.
CMEIIMBAETCA C PEUUPKYIATOPOM. ['OTOBBIM MOPOAYKT OKHUCIEHUS MOJIAETCS B

emkoctu (20 T).

Ta6numna 4.1— Oxucnenne ATl mpoBoAMTCS TIPH CIEAYIOMIEM PEKUME

Ne HaumenoBanue Hpenerr
oT ()
1 | [Ipou3BOANUTENBHOCTh YCTAHOBKH, T/4 5 8
2 | KonmuecTBo BO3/IyXa, MOJIABAEMOTO B PEAKTOP, M°/d 550 750
3 | Temneparypa cbipbs, °C 70 100
4 | TemnepaTypa ABIMOBBIX Ir'a30B, °C 400
5 | Temneparypa Ha BeIXoJe U3 peakTopa, °C 220 250
6 | Temneparypa napora3zoBoii ¢a3bl BBepXy ucnapurens, °C 120 220
7 | Temneparypa 6utyma B HU3Yy uctapureis, °C 220 250
8 | YpoBeHb B ucnapuTeie, HOpMaJlbHbIH
9 | JlaBnenne MazyTa nepes GOPCYHKOI Tedn, Kre/cM> 0,5 2,0
10 | Jlanenue Bo3ayxa Tepest AMaGparMoBEIM CMECHTENEM, KIC/CM2., 6,5 75
11 | JaBneHue napa Ha yCTAaHOBKE, aTM. 5 Beime

Oxucnenne Outryma npu Temmeparype 200 °C mpuBOAUT K HEMNOJHOMY
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MPOTEKAHUIO PEAKIMU, HAKOIUICHUIO KHUCJIOpOJa B HCHApUTENe, a BCIEICTBUE
ATOTO — K TOBBIIICHHUIO TTOKapo- M B3pbiBoomacHocTu. [Ipu Temmeparype 200 °C
CKOPOCTb Tiepexoa cMoJd B ac(alibTeHbI BBIIIE CKOPOCTH OOpa30BaHUS CMOJ U3
Macel W Cojep)KaHWe CMOJ B OWTyMe CWiIbHO TagaeT. [losTomy aare3smoHHBIC
CBOICTBa OMTYMOB yxynmatorcs. KoynmuecTBo Bo3ayxa, B 00CiIeyeMblid IEPHUO/I,
B JIBa pa3a MPEBbIIIAT PacXoj] HOPMbI BO3/1yXa MO CPABHEHHUIO HA OKUCIUTEIHLHOMN
ycranoBke KpacHomapckoro HIT3 (80-120 m*u ma 1 T ceipes). Ilomaua
W3JIMIIIHETO BO3JyXa HAa OKHUCJEHUE MPUBOAMUT, KPOME YBEIWYEHHUS TOXKApO- U
B3PBIBOOITACHOCTH, TAKXKE K YCUJICHHOMY 00pa30BaHUIO MIEHBI B CUCTEME.

[Ipu 5TOM CKOpOCTh OKHUCJIEHHS CHIKaercs. [lpu mneHooOpazoBaHUM
MPOUCXOJUT OTOJIEHHE CTEHOK TpyO0 peakTopa  ra3oo0pa3HbIM CJIOEM, a
CIIEIOBATEILHO B YCIIOBHSAX KOHTaKTa ¢ pacKaleHHO# crenkoi Tpyo (400 °C)

OMTYM 3aKOKCOBBIBAETCS M HAPYLIAETCS TEXHOJOTUYECKUM PEKUM.

4.2 TIpou3BoacTBO NPOPUIAKTHYECKHUX IMYJILCHIA I 00ecTbIIMBAHNUS

KapbEePHbIX aBTOAOPOTI U TEXHOTICHHbBIX MaCCUBOB

[TpousBonctBo Ilpodunakruueckoit smynbcun (I19) ocymectBusieTcs Ha
ouTyMHO-3MyJbcroHHOM Tpou3BojacTBe (BJII). B nacrosmuit moment, BOII
IIMPOKO PACOPOCTPAHEHbl B OTpPACiId aBTOJOPOKHOIO CTPOUTENbCTBA —
JOPOXKHO-CTPOUTEIbHBIX npennpusatusx. bBOIl BkmoyaeT B cebs OUTyMHOE
X034HCTBO, OCHAILICHHOE CTAaHIMEH HaluBa OUTyMa, HACOCHOTO OO0OpPYIOBaHMS,
E€MKOCTH PEIUPKYISIHUA MPOAYKTOB, €EMKOCTH BPEMEHHOTO XpaHEHHs OuTyma,
napoBble pydOamku (Tpyda B TpydOe), 000py/IOBaHHE MACISIHOTO HJIM Ta30BOTO
oborpeBa. OMyiabCHOHHBIN 0510k BOII cocTOUT U3 MATH €MKOCTEeH KOMITIOHEHTOB,
CMECUTENBHOIO0  000pylnoOBaHUsA, paboyero opraHa — MEJbHHUIBI WU

JUCIiepraTopa, eMKOCTe XpaHeHHs] TOTOBOW MPOIYKIIMKU U 000pYAOBaHUS Jis €€
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HaJlMBa W TPAHCIOPTHUPOBAHUS, TPYOONPOBOIOB, HACOCOB M JO3UPYIOIIETO
o0opynoBanus. [[OMOJHUTEIBHO 3MYJIbCHOHHBIA OJOK MOXET OBITH OCHAIICH
o0orpeBaTeIbHbIM 000pYJ0BAaHUEM, OXJIAXKIAIOIIMMH YCTPOHCTBAMU, CUCTEMaMU
HKCTPEHHOTO CIMBAa KOMIIOHEHTOB, MOIOIIUM OOOPYIOBaHUEM [JISl YIyUIICHHS
MPOU3BOAUTEIBHOCTH M  TOBBIUICHHWS  KAadyecTBA TOTOBOM  MPOAYKIIHH.
[IpuHiunuanbHas cxeMa Npou3BOJACTBa MpoduiakTuyeckod smynbeuu (I19) us
npodmraktTuaeckoro cs3yromiero (I1C-1) ¢ ykazanmeM cxeM MOIKITIOUYEHUS
MpeACTaBIIeHbl HAa pUcyHKe 4.2. TexHonornueckui uKII 1o npousBoAcTBy [0 Ha
BbOII npenycmarpuBaetr HakomieHue [1C-1, moaroroBka ChlpbeBbIX KOMIIOHEHTOB,
npou3BoacTBO [0, omeHka kadectBa mpoaykuuu, HakorieHune [ID m ee oTmyck

NOTpeOUTENIO.

npwnﬂm THECKOE
amyaRTATOR BOIA MAE mnactmdurarop ceasviomee (IIC-1)

O XPAHFLTHDT &
o npodinaKTireckod
aMvascHi (T13)

| y Illl Y

N

Pucynok 4.2 — Texnonoruueckasi cxema npou3BOJICTBA MPOPUITAKTUYECKON

9MYJIbCHH B 3aBOJICKUX YCIIOBUAX

[Tpodunaktudeckoe ceszyriee (I1C-1) moctymaer Ha OUTYMHOE XO3SIHICTBO
BOII aBronanuBoM. [Ipoucxoaut paszorpes [1C-1 no paboueit Temmnepatypsi (140—
160 °C — cTporo ompeneeHHbl PElenTypoi) MyTeM PEHUpPKYJSIIMA B paboueit
emkocti 00bemHBIM HacocoMm (baii-macc). Hacoc moxker ObITh 00OpyIOBaH

C€TYaThIM (I)I/IJIBTpOM II0 KOTOpOMY MOXHO MPCABAPUTCIBHO OLCHUTDH
110



IPUTOAHOCTh CBA3YIOIIErO MEPEN €ro OTHPABKOM B MENBHUILY. DTO MOJE3HO IS
OTrpaHUYEHMs OCTYIUIEHUH MOCTOPOHHUX MEXAHMUYECKUX BKIIOYEHUN B pabOuHii
OpraH MEJIbHUIIBI.

[lepen wHauamom paboOTHI, paszorpersie A0 pabouel TemmepaTypsl U
CMEIIAaHHbIE B IOATOTOBUTEIBHON EMKOCTH KOMIIOHEHTHI, CMEIIIMBAIOTCS C BOJIOM.
Kunkocte HazpiBatoT BoaHas ¢aza (BD) uiu MbUIBHBIA pacTBOp WIH, IO
MIPEEMCTBEHHOCTH OT (PpaHITy3CKUX pa3paboTYMKoB, Kynax. B TpybomnpoBoae BD
WJIU HENIOCPEACTBEHHO B €MKOCTH BXD KOHTpOIMpPYETCs KUCIIOE YUCIIO pH-MeTpoMm.
s IlpodunakTnyeckon 3MyJIbCUU, 3HAYEHUE MOYKET BapbUPOBATHCS B Mpeaenax
ot 1,8 10 2,2 en. st KUCIbIX (KaTHOHO-aKTUBHBIX) M OT 7 10 8 €/I. 1JIsI OCHOBHBIX
(aHMOHO-aKTHUBHBIX ) TOBEPXHOCTHO-aKTUBHBIX BemlecTB (IIAB) — smymnbsraropos.

Bogurcsa smynerarop. Ilpu cmemennn ¢ BO mpoucxoauT MHTEHCUBHOE
neHooOpazoBaHue. ['OBOPIAT O XMMHUYECKOM peakuu MeEXAy SMYJIbraTopoM H
ITAB ¢ o0pa3oBaHueM NpoOAyKTa PEaKIUH — BOJHOTO pacTBOpa OpraHU4ecKou
cosid. B 3aBUCHMOCTH OT THIIAa NPUMEHSEMOTO 3MYJIbraTopa, OT TEeMIEPaTypbl
CMECH, WHTEHCHUBHOCTH TMEpPEMENINBaHUs, MbBUIBHBIM pacTBOp OyneT o0yanath
JOCTATOYHBIMM ~TEXHUYECKMMH CBOWCTBAMHM MPU SMYJbIHPOBaHUU  (B.T.U.
ANEKTPOKMHETUYECKUMU). pH MBUIBHOTO pPAacTBOpPA M3MEHAETCS W MPUXOJHUT B
paMKH HEUTpaIbHOW KHUCIOTHOCTH — 5—6 en. MHorma Ha JaHHOM JTame B
MBUIBHBIM PacTBOpP, TaK K€ BBOIAT BOJOPACTBOPUMBIE MOJMMEPBI — JIATEKCHI.
3apuKCHpOBaB KUCJIOE YHCIO MBUIBHOIO pacTBOpa, €ro TeMIepaTypy U pacxoj
(mampumep, 300 1/MUH) €ro HAMpaBiAIOT B MEIIAIKY (MEIbHUILY, AUCTIEPTaTop).
OTKpBIBAIOT KPaH BBIMYCKA U3 MEIIATIKH.

MBUIBHBIN PACTBOP JIOMOJHUTEIBHO MPOYUINACT (OT OCTATKOB MPEABITyIICH
pelenTypbl) M HarpeBaeT BpAILAOLIMECs] YacTH W CTEHKU pabodeil eMKoCTH
MEIIAJIKU. Y JOCTOBEPUBIIUCH, YTO MBUIBHBIA PACTBOP BBIXOJIWUT PABHOMEPHO, a
Harpy3ka (Kak WpaBWiO, OINpeaenseMas aMIepMeTpOM) Ha OCH JBUTaTels,
NPUBOJSILETO B JABMKEHUE POTOP AUCIEPraropa UMEET HOpMaibHOE (I BOJbI)

SHAYCHHUC, OTKPBIBAIOT KpaH IOoJa4u CBA3YIOLICTO. B CJI€ACTBUHU TOIroO, 4TO IC-1
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uMeeT OOJIBITYIO BSI3KOCTh (B CPAaBHEHHH C BOJION) HArpy3Ka Ha aMIIEPMETPE PE3KO
BBIPACTACT, a IBET JKHJIKOCTH MEHSETCA C Oenoro (MpLIbHAS TIEHA) JO0 CBETIIO-
KopuuHeBoro. OTOuparoT odpasell MoIy4YeHHON SMYIIbCUH.

KoHmeHTparus CBA3ymIIEero B AMYJIbCUU OKa3bIBaeT KIIOUYEBOE BIMSHUEC HA
KauyeCTBO OSMYJIbCHUU, OJHAKO PETYJIHPOBATh €€ B MPOIECCE MPOMBIIUICHHOTO
NPOW3BOJCTBA OMYJIbCUU HE TPEIACTABISICTCS BO3MOXHBIM. KoHIIEHTparus
IpeCTaBIsieT coO0M Hamepes 3aJaHHYI0 XapaKTePUCTHKY, YCTAHOBICHHYIO MPHU
pa3paboTke  peuentypsl ASMylibcud B Jiaboparopuu.  KoHTponupoBathb
KOHIICHTPAITUIO CBSI3YIOIIETO MOYKHO JIMIIb YCTAaHOBUB TpeOyeMble 3HAUCHUS
pacxomoMepoB Ha HACOCHOM OOOpYyIOBAaHMM U OILIEHWBAaTh TMPAaBUIBLHOCTD
(HaIe’)KHOCTh) paboOTHl 00OPYIOBAHUS OMpENENsisi KOHIEHTPAIUIO IMOTYyYECHHOU
MPOIYKIIMA. B CBSI3M ¢ 3TUM, B TEXHOJIOTHH MPUHATA METOIOJOTHS TIIATESIHLHOTO
KOHTPOJIsI BOJHOM (pa3bl U COJEp>KaHUE dIMYJIbraTopa.

Ecnu KuakocTh MMeeT paBHOMEPHBIM KOPUYHEBBINM I[BET, HET PACCIOCHUS,
KOpUYHEBas TIeHa o0O0pa3yeTcs JUIh Ha CTEHKAaX COCyla, HET TOCTOPOHHHX
BKJIFOYCHHI, 3TO O3HA4YaeT, 4YTO COJACp)KaHWE HMyJbraropa HEOOXOIUMOE U
JI0OCTaTOYHOE, & IMYJIBCHUS YOBJICTBOPUTEIbHA JIJISl MPOU3BOACTBA (pUCYHOK 4.3).
Wznuninee neHooOpa3oBaHWe TOBOPUT O TOM, UTO ISl BEIOpAHHOM pelenTyphl U

peXrMa Mpor3BOACTBA COAEPKAHUE AIMYJIbIaTOpa CIUIIKOM BEJIHUKO.

PucyHnok 4.3 — BusyasnbHblil OllepaTUBHBIN KOHTPOJIb KAYECTBA IMYJIbCUN

pu oTo6ope mpod Ha npousBoacTBe BOII
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Paccrmoenne sMynbcuu Ha CBS3YIOIIEE W BOMY TOBOPUT O TOM, HYTO
perentypa momoOpana HeBepHo. OOpasyromascs Ha TOBEPXHOCTH IMYIbCUU
KOpKa TOBOPUT O HAJUYUHU MOCTOPOHHUX BKIIIOUEHUU M O CIMUIIKOM BBICOKOMN
TEMIIepaType SMYJIbCHHM Ha BBHIMyCKe. B TedeHWME HECKOJbKHX MHUHYT, TpHU
OCTBHIBAHUM M HCHApEeHUH BOJHOM (Da3bl, a Tak ke B pe3ysbTaTe YJIETy4YHBaHUS
BOJSTHOTO Tapa M3 Iy3BIPHKOB BO3AYyXa, YPOBEHb dMYJIbCUM MOHMkaeTcs. [locne
ATOTO MOXHO TIOMECTHTHh AMYJbCHIO B 3aKPBITYI0 Tapy (Tak, 4TOOBl YpPOBEHH
IMYJbCUM OBUT KaK MOXHO OJM)KE K OCHOBAaHHUIO MPOOKH) U MPEANPUHUMATh
NpUEMOYHBI  KOHTPOJAh WM TACHOPTHU3AIMI0 TAapTHH Ha COOTBETCTBHE
TEXHUYCCKUM yCIIOBUSIM.

Ha Brimmycke u3 Memanku 1eaecoo0pa3Ho yCTaHaABIUBATh TEXHOJIOTUYECKHIMA
XOJIOJUIIBHUK, COCTOAIUM H3 TpyO OOJbIION NpOoTSKEHHOCTH. TemmepaTypa
MOkeT ObITh cHikeHa ¢ 80-90 mo 60—70 °C. D10 MO3BONUT CTAOUIU3UPOBATH
KaueCcTBO MO 00beMy MPOU3BOJIUMOMN IMYIBCUU MIPU HAKOILIEHUU IMYIHLCHOHHOTO
XpaHWIWIA, YTO CYIIECTBEHHO TIPOJUICBACT CPOK XPAaHCHHUS IMYJIbCHUHU.
[Tpodumnaktuueckass smynscus I[1D paspaborana ¢ ydeToM OOCTOSITEIHCTB,
CBA3aHHBIX C TMpoOJieMaMH  TPOW3BOACTBA, BPEMEHHOTO  XpaHEHUS U
TPaHCIIOPTUPOBAHUS SMYJIBCUH U 00ecreunBaeT 00Jiee TEXHOJOTUYHBIE CBONCTBA
MIpU €€ MIPOU3BO/ICTBE.

DOMybCHUS TOTOBA K OTIPABKE MOTPEOUTEITIO.

OMyJIbCUM — JHUCIEPCHBIE CHUCTEMBI M OHHU CKJIOHHBI K pacnaiy
(paccioennto) mo cBoed mpupone. llenecooOpa3HO NPUMEHSTH SMYJIbLCUIO HE
nmo3JHee 4eM uepe3 2—3 aHsA mocie ee mpousBojcTBa. CyliecTByeT OOJIbIIOE
KOJIMYECTBO PA3IMYHBIX J00ABOK W TEXHOJOTUYECKUX pEIICHU (Hampumep,
YCTaHOBKA JIOMACTHOW MEIIAJKA B EMKOCTSAX XPAaHCHUS M TPAHCIIOPTUPOBAHUS
OMYJIbCUM U UX TOJOTPEB) KOTOPBIE MPOMJISAIOT O3TH CPOKHU. I[lOCKOIBKY,
npodmraktuaeckoe cBs3ywomee [IC-1  paspabareiBanoch CHEUAIBHO IS
AMYJIbTUPOBAHUS, TEXHUYECKUMH YCIOBHSIMHU TpaBwil dkcmiyataiuu (119)

PeyCMOTPEHO OoJiee JNOsIbHbIE CPOKU XPAHEHUS U TPAHCTIOPTUPOBAHHUSL.
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[lenecooOpa3Ho OpraHuM3oBaTh BPEMEHHOE XpPaHEHUE OMYJIbCHH Y
norpedbutens. [lockonbky MO TEXHOJOTMH TpEeIyCcMaTpUBaeTCs pazOaBicHHE e
Bofoi (mo koHmeHTpauuu 20 %), Takas €MKOCTb MOKET OBITh 3alpaBiieHa
KOHIIGHTPUPOBAHHOW TpodrutakTuaeckol smynbcueit 10 (manpumep, 74 %) u
HAIOJIHATBCS 1O  Mepe  HEeoOXOAUMOCTH. IJTo  obecreunBaer  OoJiee
YIOBIIETBOPUTENIbHBIE TEXHUKO-dDKOHOMUYECKHE Tokazarenu [ID 3a cuer
UCKJTIIOYCHHS] HEOOXOJAMMOCTH TPAaHCIOPTHUPOBAHUS OOJBIIOTO KOJIMYECTBA BOJIbI
ot B3Il B anpec moTpedurers.

B cnenmanu3upoBaHHONW €MKOCTH BPEMEHHOTO XPaHEHHS (JIOMOJHUTEIBHO
00OpYJOBaHHOM MEIIATKOM W YCTPOMCTBOM KOHTPOJS TEMIEpaTyphl) ¥y
NOTpeOuTENs] ~ KOHIICHTPUPOBAaHHAs  NpodUIaKTHUECKass OSMYJIbCUS  MOKET
HaxoauTcsi Oonee 50 CyTok 0e€3 CyIIECTBEHHOTO YXYAIICHUS KauyecTBa, MpHU
YCIIOBUM COOJIOJICHUSI PEKOMEHJIYEMBIX TMPaBWJI XpaHEHUs. ODTO MO3BOJISET
o0ecreyuTh KpYIJIOroJIMYHyl0 OecriepeOoiiHyto  paboTy MO  TEXHOJIOTHH

NPUMEHEHUS TPOPHUIAKTUUECKON SMYIbCUU J1s1 00€CTIBIITMBAHUS.

4.3 TexHoJiorus o0ecnbLINBAHNS KapbepHbIX aBTOA0OPOT

HpO(l)I/I.]IaKTH‘-IeCKI/IMI/I IMYJIBCUAIMH

B HacTosmiee BpeMsi MpOEKTHl OpraHU3allui 0O0ECIBIITUBAHUS KapbhePHBIX
aBTOJOPOT COCTaBJSIOT METOJAAaMU BapHaHTHOTO MpoekTupoBaHus [lpu sToM,
4aCcTO HEBO3MOKHO PacCMOTPETh BCE 1IelIecO00pa3Hble BapUaHThl OpraHu3aluu
paboT 1o O0O0ecHbUIMBAHUIO JISI pPACCMATPUBAEMbIX YCIOBUM M BBIOpaTh
NEUCTBUTENBHO JIYYIIUMH, UYTO SBJISETCS CEPbE3HBIM OaphbepoM Ha MYyTH
UHTEHCU(UKALNU 00eCTIBUIMBAHUS B T€OTEXHOJIOTHH.

ObecnblnBaHme KapbepHBIX aBTOAOPOT XapaxkTepusyercs
UCIIOJb30BaHUEM MNapKa MallMH U MEXaHM3MOB, aBTOTPAHCIOPTHBIX CPEACTB,

nepepaboTkoil OonbIIOTO 00bEMa MaTepualia COCTABJISIOLIETO TMOKPHITHE
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KapbepHbIX aBTomopor. Crnemuduka oOecHbUTMBAHUS TPU  OTKPBHITOU
pa3pabOTKe IMOJIE3HBIX MCKOMAEMBIX CBS3aHA C KIMMATUYECKHUMHU YCIOBUSIMH
(ocamku, po3a BETPOB, MHTCHCHUBHOCTh COJIHCUHOW paaHalliH), JTHHEHHBIM
pacmoyoX)eHueM OOBEKTOB oOOecnbUIMBaHUSI (MOJABE3JIHbIE aBTOJIOPOTH),
napaMeTpamMu TOPHBIX BBIPAOOTOK (PYKOBOJSIIMK ¥ TPOJIOIBHBINA YKJIOH
KapbepHBIX  aBTOJOPOT), TUIAHUPYEMOW  WHTEHCUBHOCTBHIO  JIBHIKEHUS,
Harpy3koi Ha OCh, TSATOBBIMH YCHJIMSIMH TIPH TPOTAaHUHM C MeECTa, CpPEeIaHEH
MaKCHUMaJIbHON CKOPOCTBIO JIBUKEHHUSI.

HOI)H,Z[OK IIPOBCACHUA Da6OT 110 00eCIBIJIMBAHUIO KapbCpPHBIX aBTOAOPOT.

OGecnpimuBaHue  TpPU  CTPOUTENBCTBE  KapbepPHBIX  ABTOJIOPOT
OCYLIECTBJISIOT Ha OCHOBE MPEABAPUTEIBbHO pa3pabOTaHHOTO MPOEKTa
IPOM3BOJICTBA pabOT B cOOTBeTCTBUU ¢ TpeboBanusmu BCH 193-81 [14].

B 3aBucumoct oT TpeOyemMoro TemIia YCTPOMCTBAa KapbepHBIX
aBTOJIOPOr C YYETOM HEOOXOJMMBIM CPOKOM TIBIJICTIONABICHUSI B JIaHHOU
KJIMMATUYECKO 30HE, a Takke oOecredeHUs] CTPOUTEIbCTBA BEPXHUX CIIOEB
KapbepHBIX aBTOJOPOT B 33aJaHHOM O0OBEME BBIOMPAIOT TUM M TpeOyeMbIX
pacxoa 00eCHBIIUBAIONIETO0 COCTaBa, YKIAJOYHBIX U YIUIOTHSIOMIMX MAIIWH.
st paGoTHI TPAHCTIOPTHBIX CPEJCTB M BEAYIIEH MAaIIWHBI TEXHOJIOTUUYECKOTO
MOTOKa pa3padaThiBaloT TpaduK X paboThl B TCUCHUE CMEHBI U Ha BECh CPOK
MPOU3BOJICTBA pabOT O 00ECTIBLIMBAHUIO.

dakTUUECKUI pacxo] OOECHBUIMBAIONIETO COCTaBa, a TaKXe YHCIO
IPOXOJ0B YIUJIOTHSIOMMUX MAIIMH MO OJHOMY CJEAYy OMPEACSIOT OMBITHBIM
IIYTEM C COCTABJICHUEM aKTa.

[lepen wavamoM 10 O0OECHBUIMBAHUIO KAaphEePHBIX aBTOJOPOT TMPHU
CTPOHUTENBCTBE TPOBEPSAIOT TOTOBHOCTH TMOABE3NOB K MeCTy pabor,
HCIIPABHOCTh W TOTOBHOCTh K pabOTe YKJIQAYMKOB U YIUIOTHSIONIUX MAIIWH, a
TaK e BCIIOMOTaTeIbHOTO MHCTpyMeHTa. [lepen obecnbuiuBaHNMEM MPOBOJST
pa30uBKy (QpoHTa paboT, 0OECHEeYUBAIOIIYI0 COOJNIOJCHUE TIOMEPEUHBIX |
MPOJOJBHBIX YKJIOHOB, BOJIOOTBOJHBIX KaHaB M BOJOMPOINYCKHBIX TPyO u

JJOTKOB.
110



[Ipu npoBeneHuu paboT Mo 00ECIBUTMBHAHUIO KaPbEPHBIX U MOIBE3THBIX
aBTOJOPOT II€JeCO00pa3HO yCTaHABIMBATH BPEMEHHBIE TOPOKHBIC 3HAKH,
yKa3bIBAIOIIUE IOJOCH 00pabaThiBa€MbIX MPOE3KUX YacTEed U HaIpaBiICHUE
JIBUKEHUS.

Haunbonee 3KOHOMUYHBIM BapUaHTOM CYUTAETCS KOMILIEKT MAaIIWH, TAe
BeaAyIas MallirHa — aBToOrpeiaep. OnHaxo, NpUMEHEHHE
CIeMaIN3UPOBAHHBIX YKJIQJYUKOB, IPYHTOCMECHTEIbHBIX MallIuH
3HAUUTEJIbHO  TMOBBIIIAET POBHOCTh  YCTPAWBAEMbIX  MOKPBITHH,  UTO
oOyclaBiMBaeT MPEANOYTUTEIBHOE WX NPUMEHEHHE, OCOOEHHO  Ha
MOCTOSIHHBIX aBTOAOPOTaxX.

YCTpOUCTBO KapbepHOUW aBTOAOPOTH NPEAYCMOTPEHO IIOCIOWHO C
IPOJIUBOM MNPODPUIAKTUUECKOW 3MYJIBCHM MO KaXKAOMY CJO0I0. ABTOrpeiaep
pa3paBHUBAET U INIAHUPYET CMECH 3a HECKOJIBKO ITPOXOJ0B 10 OJTHOMY CIIEly B
OJTHOM HAIPABICHUM TIO YEITHOYHOM cxeme mpouszBoautenbHocThio 4000
M?/cMeny. CMech YILUIOTHSIOT JOPOXHBIM CaMOXOIHBIM KaTKOM (HampuMep,
IYV-29 NHEBMOKOIECHBINH) MPOU3BOAUTENLHOCTEIO 2600 M%/cMeHy, yKaTKy
BEAYT YEJIHOYHBIMU NOXOJaMHU HauyMHas OT OpPOBKM 3EMJITHOTO IOJIOTHA C
NOCTENEHHBIM TNepeMelieHneM K cepeanne. OOecnbUIMBaHUE OCYLIECTBIISIOT
M0 CBEXEYJIOKEHHOMY MOKpBITUIO aBToryapoHatopom JC-53A (IC-39b)
NPOU3BOJIUTEIBLHOCTHIO 14 T/cMeny.

ITepemenienue BIaru MHTEHCUBHO IIpoTekaet npu temreparype ot 0 go 3°C.
[Tpu Oosiee HUBKUX TeMIlepaTypax BoOJa 3aMep3aer, 00pa3ys JeAsHbIe TPOCIONKH,
KOTOpbIE Pa3/IBUTAIOT TPYHTOBBIE YACTUIIBI M BBI3BIBAIOT MOJAHATHE (IyYeHHUE)
TpyHTa, TPUBOMASAIICE K BBITYUYMBAHHUIO MOKPHITUS. XapaKTEPUCTHKOW 3UMHETO
BJIATOHAKOIUIEHUST B TpyHTE CHyKUT Kodduiment nyudenus (K;), koropsiit
BBIPQXACT OTHOIIEHHWE BBICOTHI MOAHITHS MOBEPXHOCTH MOKPHITUS K TIIyOHHE
npoMep3anus. [lpu  OmarompusTHBIX THAPOTEONIOTHMYECKUX  ycioBuax Ky
coctasisiet 2...3 % , a npu HeOIAronpUsATHHIX (YPOBEHb IPYHTOBBIX BOJ OJM30K K
MOBEPXHOCTU TPyHTA) MOXKeT NOCTUTHYTh 15...20 % . [lepBoHauanbHBIN MpHU3HAK

IMIy4YHH - IIOABJICHUC CCTKH MCEJIKUX TPCIIWH U BJIAXKHBIX IIATCH HA IIOKPBLITHH.
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OOecnpuiMBaHME KapbepHBIX AaBTOJIOPOr CIENYET paccMaTpuBaTh Kak
BAPUAHT BPEMEHHOI0 WX YJIy4YllI€HHs. B 3aBUCMMOCTH OT BHEUIHHUX YCJIOBUU
(aTMOC(epHBIX SABJIEHUIN) — TEMIIEPATYPhI OKPYKAIOLIEr0 BO3/yXa, BIAXKHOCTU
U CKOPOCTH BE€Tpa, B 3aBUCUMOCTM OT TEXHOJOTHHM IPOU3BOJACTBA pabOT —
Ha3HAYECHUsI JOPOTM M KOHCTPYKIMHU JOPOKHOI'O IIOKPBITUS, HAKOHEL, OT
(U3UKO-XUMUYECKUX, (UBUKO-TEXHUUYECKUX U  CTPOUTEIBHBIX CBOICTB
TPYHTOB, COCTABIAIOIIUX HOKPBITHE KapbEepHBIX AaBTOJOPOr, MOXET OBITh

ompejeseHa MOArpynna TEXHOJIOTHH 00ecbIMBAaHUSA (PUCYHOK 4.4).

[ TexHosorusi 00eCNbLINBAHUSA ]

IIpu cTpouTenbcTBE IIpu pemonTe 1 ObecnbLIUBaHME
KapbepHbIX IKCITyaTALMHU BpPeMEHHBIX aBTO/10POT

Pucynoxk 4.4 — Iloarpynnbl TEXHOJOTUU 00ECIIBIIIUBAHUS KaPhEPHBIX

ABTOAOPOT B 3aBUCMMOCTH OT UX HABHAYCHUA U I'’COTCXHOJOTHYCCKUX yCHOBI/Iﬁ

[Ipu cTpouTeNbCTBE KapbhEPHBIX aBTOJOPOT I€1eCO00pa3HO MPOBOIUTH
00paboOTKy ¥ YKpEeIUICHHE CJIOEB JOPOXKHOW ojexabl. Ilpu pemoHTe U
IKCITyaTallid KapbepHBIX aBTOJOPOT MPOUCXOJUT U3MEHEHHUE TEXHOJIOTUU
00CCIBITMBAHMS B CHITY HEOOXOIUMOCTH MPOPUIUPOBAHUS U MOICHITIKA HOBBIX
MaTepuagoB. BpeMmMeHHBIC aBTOMOPOTH MpeaHA3HAYCHBI JUIS DKCILTyaTaluu

OFpaHquHHBIﬁ nepunoa BpEMCHHU, B CBA3U C 4YCM, UMCCT MCCTO o0JierueHHas

TEXHOJOTUS OOeCHbIIMBaHUA — 0€3 TPUMEHEHHS CIeIUaTu3uPOBAHHON
TEXHUKHU.
[Ipu MPOEKTUPOBAHUU KapbepHBIX aBTOJIOPOT TEXHOJIOTHS

00CCIBIINBAHUS HE BIIMSICT Ha paCUYCTHBIC ITapaMETpbl aBTOAOPOI M HaA ee

KaTCropHulo. He Bnusiet Ha TOJINUHY OKPBITUA, MATCPHUATIOCMKOCTD TOPOKHBIX
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KOHCTpYKIMK. He BiMsAeT Ha NPOYHOCTH JOPOKHBIX KOHCTPYKLUMH M Ha
HECYIIYIO CITOCOOHOCTh TPYHTOB.

UccnegoBanust Moayssi yOpyrocTd JOPOXHBIX MOKPBITHH, OIpeaesieHus
CIBHUTAIOIIUX HAMPSOHKCHUM B TPyHTaX C y4eTOM  O00paOOTaHHBIX Pa3IMYHBIMU
NBUIECBS3YIONUMU BEIIECTBAMU  (MMIIUJAHCHBI METOJ), TOKa3alid, 4YTO B
3aBUCUMOCTH oT IPUMEHSIEMOM TEXHOJIOTUU o0ecTbUIMBaHUS u
CBEPXHOPMATUBHOM HArpy3Kd OT KaphepHOTO MOABMXKHOTO COCTaBa, KOJUYECTBO
IBUIECBA3YIOLIETO, BHOCUMOTO B  CTPYKTYpY JOPOXHOW  OJEXKIbl  IpHU
00eCTIBITMBAHUH MPAKTUYECKU HE BIIMSCT HA 3T KPUTEPHUH.

Ha ocHOBaHMU MPOBENEHHBIX OMBITHBIX PabOT MO BHEAPEHUIO TEXHOJIOTHUHU
oOecnbplIMBaHUS OBLJIO 3aMEUYEHO, 4YTO PYKOBOASIIMNA TPOAOJIbHBIA  YKJIOH
oOpabaTblBaeMOl JOPOTM HE BIUSET Ha S(PPEKTUBHOCTH MBUIECBA3YIOIIETO
BeulectBa [13. B cBs3u ¢ TeMm, uyTo mpoduiIakTUYECKOe CBA3YIOLlee Mpu
O0ECIBIIMBAHUN KAapbEpHBIX aBTONOPOr 0OecrneuyuBaeT JJIUTENbHBI  CpPOK
JKCIUTyaTaliM  (He MEHee Tojyrojga TMpud  COOJIIOJACHUU  TEXHOJIOTHH),
1eJeco00pa3HO MPOBOJIUTH pabOTHI MO OOECTBUIMBAHUIO B JOXIJIMBBIN MEPHOJ
(mampumep, BecHoi). Ilpu sToM, obecrieunBaeTCsl 3HAUUTEIHbHA SKOHOMHUS BOJIBI
(o 70% mo o0Bemy), BpeMEHH M TpyjAo3aTpaT Ha IPOBEJACHHE padoOT IIo
00eCIbUTMBAHUIO.

OO0ecnbUIMBAHNE BPEMEHHBIX (3a00MHBIX) AaBTOIOPOT.

Takue goporu OTAUYAIOTCS OTCYTCTBHEM CIEIMAJIBbHO MOJATOTOBICHHBIX
CJIOCB JIOPOXKHOW OJEKJbl. VX NPOTSKEHHOCTh, MHTCHCHUBHOCTH, CKOPOCTH
JIBVKEHHS W CPOK HX CIY)KOBI OYEeHb Mallbl W 3aBUCIT OT TEXHOJIOTUH
MPOBOJIMMBIX Ha Hel paboT. OIHAKO MMEHHO OHH SIBJISIOTCS HAWOOIbIINM
UCTOYHUKOM  IbLJICOOpa3oBaHUs, IOTOMY 4YTO OHH  HaxoJaTcs B
HETOCPEACTBEHHON OnmM30cTH K BhIpaboTkam. [Ibuih Ha HHUX oOcakmaeTcs H3
NBIJIEBOTO mIiel(a OT MPOU3BOAMMBIX pabor B BeIpaboTke. [lokpwiTue,
CIIO’)KEHHOE U3 UMEIOIIUXCS MaTEepPUaJOB CKJIOHHO K MHTCHCUBHOMY TMBIJICHUIO

M3-3a HAJIMYMs OOJILIIOTO YHCJIa MBIJIEBATHIX 4aCTHIl B IOPOJC.
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Texnonorus oOecnbUIMBAaHUS BPEMEHHBIX JOPOT MpeaycMaTpUBaeT
TOJABKO  OpPOIICHHE TOBEPXHOCTU TMOKPHITUS  pa30aBleHHON  (BOAOI)
npodunakruyeckoi smynbcueit 119 no xonuentpauuu 20-30 % c pacxomom
0,25-0,5 n/m? 3a ogun npoxox. IIpu 5TOM, IPOUCXOIUT HATUIAHHE GOIBIIOrO
KOJIMYECTBA MbLJIEBATHIX YAaCTHUIl HA KAXKIYIO KAILIIO CBA3YIOIIETr0, B pe3yJibTaTe
4Yero, MbUJIEBAThIe YaCTHUIBl YKPYMHSIOTCS U YK€ HE MOTYT OBITh YHECEHBI
BO3yIITHBIM TOTOKOM M3 MOKPHITHUS.

s peanuzanuu 3TON TEXHOJOTUH HE TpeOyeTcs CielUalbHbIX MAIIUH U
MEXaHU3MOB, a pa30aBlIEeHHAss 3MYJbCHUS XOPOIIO MPOKAYMBAETCA U OBICTPO
OCaXJaeTCs Ha MOBEPXHOCTH MOKPBITUA. DTOTO JOJIAKHO OBITH JOCTATOYHO, C
OJIHOW CTOPOHBI, YTOOBI HCKIIOYUTH IMbLICOOpa3oBaHNE Ha 0O0pabOTaHHOM
y4aCTKE aBTOJOPOTH Ha BECh CPOK €€ CiIyXObl — oT 3 MecsueB 10 1 roxga, c
JIpYroil CTOPOHBI NMPOBECTH PabOThl €IUHOBPEMEHHO C MEPONPUATUIMHU IO
YCTPOMCTBY BPEMEHHON aBTOAOPOTH, €€ NPOPUIMPOBAHUIO M HAPE3KU
BOJOCTOKA aBTOTpPEUaCpaMu.

OOGecnpUIMBaHNUE KapbCPHBIX M ITOABC3AHBIX aBTOAOPOT.

KapbepHble ¥ ObEe31HbIE aBTOIOPOTH OTIIMYAIOTCS MPOI0JIKUTEILHBIM
CPOKOM CIyXObl — 0ojJee OJHOr0 Trojla, B CBA3M C YEM, TEXHOJIOTHUS
obecnbimuBanus (yKpEIJIEHUE) MPOE3KeHd YacTH aBTOJOPOTU OCYIIECTBISIOT
npu ee Bo3BeAeHUU. [l peanuszanuu paboT MO TEXHOJIOTHUU 00ECIbIIMBAHUS
npoQHIAKTUYECKON dIMYIBCUEHN MPU CTPOUTENIHLCTBE KaphEPHBIX aBTOJIOPOT HE
TpeOyeTcs cnenuain3upoOBaHHBIX MAIKH.

YKDGHHGHI/IC I'PYHTA IIPHU CTPOUTCIABCTBEC KAPbECPHBIX aBTOAOPOT.

[Ipu cTpoUTEABCTBE KapbEPHBIX AaBTOJOPOr MO METOAY YKpEIJIeHUs
IPYHTa OCYIIECTBISETCS pacnpenesneHue (pa3iuB) MOpoPUIaKTUYECKOM
AMYJIBCUU TOCIONHO TMOCJ€ YKAaTKU W YIUIOTHEHUS CJOS KaTKaMHu. OTO
MO3BOJISIET MOBBICUTH CLIETTHBIE CBOMCTBA CIIOEB JOPOXKHBIX OJEXKI, MPOJIUTH
CPOK CIIyXObl II€OCHOUHBIX OCHOBAHHMHI M 00ECNeunuTh JIpeHaKHble CBOICTBA

AaXXC IIPpU UCITOJIB30BaHWHU NIBLIJICBATO-TJIMHUCTBIX I'PYHTOB.
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Hcnonb3yeTcss U3BECTHSAKHU, NECUAHUKN WJIA JPYTU€ CKaJbHbIE MOPOJBI,
nmojydyaemble OOBIYHO TpPH BEACHUU BCKPBIMIHBIX paboT. Ha 3emusiHOM
MOJIOTHE, COOPYXaeMbiM B BHJE HACHIIM, BBIEMKHU HWIJIM HYJIEBOT'O MECTa,
YCTPauBAETCS JOPOKHOE OCHOBAHUE U MPOJUBAETCS KOHLIEHTpUpoBaHHas [10 ¢
pacxogom 0,5-0,8 1/M?> Ha BCIO IIMPHMHY C NEPEKPBITHEM CIIEa, BKJIIOYAs
00OUYMHBI.

[locie BbICBIXaHHS AMyJibcuu (mpuMepHo uepe3 10—-15 wmwuH.)
HPOUCXOJUT OTChIIIKA HUIKHETO CJIOS JOPOKHOI'O MOKPBITUS, Hape3Ka Mpouis
aBTOJAOpOTHU (aBTOTpeiepoM WU OYyJIbI03€pOM), YKATKa KaTKOM U TPOJIUB
KOHIeHTpupoBaHHOU [1D. BepxHuil cioil nociie Hape3ku Npoduisi, yKaTku U
YIUIOTHEHUs CPEAHUM WM TSDKENBIM KaTKOM mpoJsmBaeTca 11D ¢ pacxomom
0,5-0,8 n/mM?. B KadecTBE BEPXHEr0 CIIOS MOKET MCIOJb30BAaThCA OTCEB
OpoOJieHHs, IPU 3TOM PacXo] 3MYJbCHM JOJKeH ObITh yBenuyeH ao 0,8-1
/M2,

JIns MCKIIIOYEHUs HAPYLIEHHWsI YKPEIUIEHHOTO CJIOSi OCHOBAHHUA KOJEcaMu
aBTOCaAaMOCBAJIOB, OTCBINKY IOCIEIYIOLIUX CIIOEB CIEIYET BECTH C «IOJOBBDY,
HAJ[BUTas ¥ pa3paBHUBAs CIOU OyJb103€pOM.

B Tabnune 4.2 mpeacraBieHbl MallMHBl U MEXaHU3Mbl Ha MPOBEACHUE
paboT MO YKPEIUICHUI0 TpPpyHTAa NPODWIAKTUYECKONW HOMYJIbCUEH TMpH
CTPOUTENILCTBE KAPbEPHOUN aBTOAOPOTH.

OOGecnpUIMBaHNUE IIpU COACPKAaHMU KapbEPHON aBTOJOPOTH.

O6vem paboT B yacTu o0OeCHbUIMBAHUSA CBSi3aH C JKCIUTyaTanueu
JNENCTBYIOIMX KapbEPHBIX U MOABE3IHBIA aBTOIOPOT. B mepByro ouepenb 310
CBSI3aHHO C HauOOJIbIIEH MPOTSKEHHOCThIO (B OTIMYME OT CTOSIIMXCS U
BPEMEHHBIX aBTOJIOPOT) U, COOTBETCTBEHHO, 00beMaMu MPOU3BOAUMBIX paloOT.

Ha pucynke 4.5 mpencraBieHa cxema TpOBEIEHUS paldOT  TIo

00eCIbUTMBAHUIO TIPH TUIAHOBO-TIPEAYIIPEAUTEILHBIX PEMOHTHBIX paboTax.
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Tabnuma 4.2 — MamuHBl U MEXaHW3MbI JJISI TPOBEIEHUS paboT 1o

YKPEIUICHUIO TPYHTa NPO(UIAKTUYECKON IMYIbCUEH

MarmuHsl 1
KomnuectBo Omnepartiyst TEXHOJIOTMYECKOTO IIpoLecca
MEXaHHU3MbI
ABTOrpeiiepsl 1 [loaroToBKa BEPXHETO CJIOS 3EMIISTHOTO
WU Tpeuaep [TOJIOTHA, IEPEMENTMBAHNE MAaTEPUATIOB,
[PULICTTHON pa3paBHUBAHHE CMECH, MPOPIINPOBAHNE
[MOKPBITHS
HopoxHas ¢pesa 1 Pa3zMenpueHne U IEPEMENTMBAHNE CIIOS
[TOKPBITHS UJIM OCHOBAHUS
ABTOMOOUIH- Onpenensitores I pancnopTupoBKa IpyHTa ONTUMAIIBHOTO
CaMOCBaJIbI II0 pacyeTy (COCTaBa U3 KapbepoB HA 3€MJITHOE IIOJIOTHO,
[MOBO3KA TPABUHHOTO WIH ILIEOEHOUYHOTO
MaTepraia
KaTtku moTtopHbIE 1 YIUIOTHEHHE 3€MIITHOTO I10JI0THA, CMECEH,
WJTA TIPULCTTHBIC MOKPBITUN
bynsnosep 1 Pa3paBHHBaHNE U NIAHUPOBAHUE
ONTUMAJIbHON CMECH, 111€0Hs, TPaBUs
Tpakrop 2 byKCHMpOBKa NPUIENTHBIX MEXaHU3MOB
ITonmnBo-MoeuHas 1 [TonuBka 113 cinoeB 1OpPOKHON 0K ABI
MaIlIuHa
DKcKaBaTop 1 Pa3paboTka rpyHTa B Kapbepe
OJTHOKOBIIOBBIN
! 4 J
\ L \
v 7’ — e s I
il |
/I
e XX ,
[~—Ycmpoucmen rpynmosors nonpsie Yompouemeo OCHOSOWY R

Pucynox 4.5 — Cxema npoBeieHus: paboT 1o 00€CIBITUBAHUIO TIPU TIJIAHOBO-

npeaynpeauTeNbHbIX PEMOHTHBIX padoTax:

1 — GpoBKa 3eMJISHOTO TMOJIOTHA; 2 — aBTOTYJPOHATOD; 3 — OyIba03ep;

4 — KI0BeT; 5 — BAJIBIIOBHIN KAaTOK; 6 — aBTOrpeiaep
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Ha BbIpOBHEHHBIN CIIOW MaTepUalioB CHavasla pa3OpbI3rUBAOT BOJAA C IENbIO
NPUBEICHUS B COOTBETCTBHE MPOLEHTHOTO COJEpKaHUS BOABL, KaK 3TO
OMMCBHIBACTCA HIKE i1 MEXAHW3MOB THIA «PACHBbUIATENIb-CMecHUTENb». [locne
HOBOI'O pa3paBHHUBAaHHUS C IOMOUIBIO AaBTOrpeiepa BBOAMUTCA 3MYJIbraTrop, U
MaTepuaj TepeMellIMBaeTcs HECKOJbko pa3. Eciu 310 HeobOxommmo, omnepanus
MOKET MOBTOPUTHCS | uim 2 pasza, yTOObl MPUUTH K TMOJTHOMY JIO3HPOBAHUIO,
MIOCJIE YETO aBTOTPENAEP OCYIIECTBISIET OKOHYATEIBHOE Pa3paBHUBAHKE U IJIAHU-
POBKY IMOBEPXHOCTEM.

[TogoOHbIN BUA MOBEPXHOCTHON 00pabOTKH KapbepHOM JOPOTH MOAXOIHT
TOJIBKO JIJISl AOPOT €O CJIa0bIM JBM)KEHHEM TpaHcrnopTa. llpumeHnsiemas TexHuka:
JMCKOBBIE TUIYTH, POTAIMOHHBIE, TOJIMBOYHBIE MALIMHbBI, @ TAKXKE aBTOTpEUaEp.

[locne mnIaHUPOBKH MOBEPXHOCTH ABTOIPEUAEPOM  pacrlpenensieTcs
aMyJibcusi Ha o0OpabaTbiBaeMyl0 I[IOBEPXHOCTh MYTEM pa3iuBa, a 3aTeM
MEepEMEIINBAHUS  PACTIBUIUTENIEM-CMECUTENIEM; TIPU  HEO0OXOJUMOCTH, ISt
MOJYYEHHUS JKeJIaeMOU JT03MPOBKH, JaHHAS ONepalus JOJKHA ObITh MOBTOPEHA;
MyTE€M HEMOCPEACTBEHHOI'O0 BBOJA B MEIIAIKY PACHbUIMTENS-CMECUTENS Yepe3
pEryJIupyeMbld HACOC CO CIHEOsIed aBTOMAaTUYECKOM CHUCTEMOM, pacxoj
KOTOPOTO 3aBUCUT OT CKOPOCTH NEpPEABHKEHMSA. B 3TOM ciydae nmucrepHa c
OMYJIBCUEH HEMOCPEICTBEHHO CBS3aHA C PACHbUIMTEIEM-CMECUTEIEM U
paboTaeT U NepeMeIaeTcs C paCIbUIMTENIEM CMECUTENIEM.

Adpo3onibHas Togada  NPO(PUIAKTHYECKOW HMYJIbCHUM OCHOBaHAa Ha
NPUHIUMIE LUEHTPOOEKHOTO PACHBUICHUS >KUJIKOCTA C MOMOUIBIO CHEIUATbHBIX
(bopcyHOK, KOTOpbIE padOTAIOT 3a CYET HAMOpa HAcOCa, MOAAIOIIET0 IMYIbCHUIO.

B cocraB moprama a’po3osbHON mMoAauu MPOGUIAKTUYECKOW SMYIIbCHH
BXOJIST: LIEHTPOOEKHBIM HACOC MJisi MOJAYM BOJbI, HACOC-A03aTOp AJIA IMOAadu
nporIakTHIeCKO AMynbcuu, (GopcyHkn (3—4 1mT.), TpyOUaThlii TOpTanm s
kperieHus: gopcyHok muamerpom 40-50 mm. Ha pucynke 4.6 mpencrabiieHa

KOHCTPYKIUSL a’3p030JbHON (POPCYHKH 11t MPOPUITAKTUUECKON IMYIIBCUMU.
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5

Pucynok 4.6 — KoHCTpyKIus a3po3016H0N (HOPCYHKHU TS
NPOPHIAKTUYECKON SMYIIbCUU:
1 — kopmyc; 2 — comio; 3 — TAaHTeHIIMAIBHBIN KaHaT; 4 — MITYIEp;

5 — KOHTpraiika; 6 — TpyoKa mojauu sMyJIbCUH

KoncTpykuuss ¢GopcyHKM Uil MOAAYU  NPOPHIAKTUYECKON 3SMYJIbCUU
IpeaycCMaTpuBaeT €€ TOHKOAUCIEPCHOE pACIpEAeeHHe KOHYCOOOpa3HbIM
(dakenoM Ha MOBEPXHOCTH YTJIsl, MOKpPbBIBas MOJOCY IMpoxoja MmupuHOH 10 0,8 M
JUis TpUroTOBIEHHUS M TMOJAaYM NPO(UIAKTHYECKOW 3MYyJIbCHUU K (POpPCYHKaM
MOXXET OBITh  HCIOJIb30BAaH ILIEHTPOOEXKHO-BUXpeBOM Hacoc Ttuma BK
IPOM3BOJAMTENLHOCTEIO 2-3 M3/4 ¢ HAmopoM OO0 3 aTM. B COYETAHHH C

peryaupyeMbIiM HacocoM-mao3aTopom tuna HJI-160-250 /4.

4.4 OnbITHO-POMBINLIEHHbIE HMCOBITAHUA 10 00eCNbLIMBAHUIO
KapbepHBLIX U NMOAbE3AHBIX aBTOAOPOr BoukoBckoro mecropoxiaenus OAO

«CBaTorop» (r. Husxnuii Taruo)

B 2015 r. na AB3 OO0 «Cnyx6a acdansTupoBaHus U OJaroycTponcTBay
r. Bepxuss [lbimima nmpousBeZeH BBITYCK ONBITHOW MAPTUU MPOQPUIAKTUYECKON
AMYJIBCUH U3 TKENBIX HE(PTAHBIX ocTaTKOB mpou3BoacTBa OO0 «["azmpomuedTh

- CM», 1. Omck — acdanpra npomaHoBoi neachanbTuzaruu I17] 36/1.
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Boimymennas npodunaktudeckas smynbcus (IIDA) cooTBeTcTByeT cocTaBy

(Tabmmma 4.3).

Tabnuua 4.3 — CoctaB ONBITHON MPOPHIAKTUIECKON IMYIbCUU

HanmeHnoBaHnune KOMIOHEHTa Coneprxanue,
%
AIlJ] 36/1, OO0 «I"asnpomuedTh-CM», r. OMCK 55
Omynsrarop AMJIOP-OM, OOO «Ypanxumiiact-AmMaopy, 0,4
r. Huwxuani Tarun
Kucnora consanas 36 %, 'OCT 3118-67 0,25
Bona 44,35

[Tonbop coctaBa mNPOGUIAKTUYECKON OSMYIbCHH OCYIIECTBIIICA HA
nJabopaTopHoil aMyNbcHuOHHOM ycTaHoBKe («/laBuan-JIAIIPOM») na marepuaibHO
texanueckoit 6aze OO0 «Ypanxummiact-Amaopy», r. Hikuanii Tarum.

I[IA B komumyecTBe 4 T TpaHCHOPTHUPOBATACh B 000OTpPEBAEMOM
aBrorynponatope JIC-39b Ha MecTto mpoBeAeHHMS ~ HIKCIEPUMEHTa [0
00ecCnbUTMBAHUIO C TOCJENYIONe pa3nuBkon (pucyHOK 4.7). JlambHOCTh BO3KHU

cocrasmwia 140 km.

Pucynok 4.7 — Hanecenue npoduiakTHYECKOM SMYITbCUH

asTorynponaropom J[C-39b
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Ha momeHT skcnepuMenTa moabe3Has aBTojopora BoakoBckoro pyHuKa,
I/ TUTAaHUPOBAJICS IKCIIEPUMEHT, HAaXOIWJIach B JKCIUTyatanuu. [losTomy OBLIO
OPUHATO pelieHre HaHocuTh [IDA momocamu ¢ TeM, 4TOOBI OHa YycleBaja
PaBHOMEPHO TOJCOXHYTh.

KoHcTpykius JOpOXKHOW OAEKIbI MOIABE3THBIX aBTOAOPOr COCTOsJIA U3
111e0CHOYHO-TPABUHHOTO OCHOBAHUS M MECYAHOTO MOKPBLITHS (OTCEB APOOIEHUs).
B cuny Toro, 4to B AHM TpPOBEICHUS SKCIEPHMEHTAa IUIA OOWIBHBIC TOXKIH,
HE00X0IMMOE yBIAXKHEHHE nepe]] pa3inuBoM [IDA it paBHOMEPHOTO HAaHECEHUS
U pacrajia SMyJIbCUH HE BBITOTHSIIH.

Cpenuee BpeMms pacnaga [I9A Ha mokpeiTuu coctaBuio ot 10 1o 20 MuH.
Oxpykaromiass ~ TeMmrepaTrypa BO3JyXa B  TEUEHHHM OKCIEpPUMEHTa  TIO0
obecmpUIMBaHWI0 W3MeHsUTach B mpemenax oT +10 mo +20 °C. Ilocme
IUTAHUPOBAHUST U BBIPABHUBAHUS MNPOGUIIS aBTOJAOPOTH HAHOCHIA SMYIJIBCHIO C
BBICOKUM PacxojoM — 10 1 1 Ha M? (pucyHok 4.8 — cipasa) u 0,5 1 Ha M2 (PHCYHOK
4.8 — cnesa). KonnentpupoBaHHbIM cocTaBoM [IDA BEITIOMHEHO 00€CTIBIIMBAHUE
1o 2000 m?> mombesmHol aBTomoporw. Temmneparypa IIDA mnpu HaHeceHMH Ha

nokpeitue cocrasmiia 60 °C.

Pucynoxk 4.8 — O6paboTka npu pacxogax NpoPpuIaKTUYECKON IMYIbCUU:

0,5 1/M? — cnesa; 1 n/mM%— cnpasa
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Ha cnenyromem »3Tame SKCHEpUMEHTA aBTOIYJIPOHATOP  3alpaBHIICA
TEXHUYECKOM BOJOM, TMpeIHa3HaYeHHOW /i OOeCHbUIUBAHUS  KapbhePHBIX
aBTOOPOr BONKOBCKOTO pyJHHKA MO TEKYIIEW TEXHOJOTWHM HAa CTAaHLIMM HAJIMBA
BO/Abl. BO3MOXHOCTH pa3z0aBieHHs] AMYIbCHU BOJOW HEOOXOAWMO IPOBEPATH
KKl pa3 Mpu CMEHE MCTOYHMKA BOJOCHAOKeHMs. PacyeTHass KOHIIEHTpauus
ATIIJI B 60ukax JIC 39b coctaBuna menee 30 %.

Pa30aBneHHy0 NpPOPUIAKTHUECKYIO SMYJIbCHUI0O HAHOCWIM Ha MOKPBITUS
NOIBE3/IHBIX KaPBEPHBIX aBTOJOPOT U aBTOAOPOT HAa TEPPUTOPHUU PYAOYIIPABICHUS
¢ pacxomoM gm0 1 1 Ha M?. TemnepaTypa paszbasnenHoit II1DA cocrasuna 20 °C.
Beimonueno obecnpummBanne  6omee 4000 M? TOOBE3AHBIX U KAPHEPHBIX
aBTOJIOPOT.

HccnenoBanbl  COMOCTaBUTENbHBIE TEXHUKO-3KOHOMUYECKHE IOKAa3aTEIH
MEPONPUITUIA 10 OOECHBUIMBAHUIO KaphEPHBIX aBTOAOPOI C Pa3IUYHBIMU
peareHTaMu. Pe3ynbTaThl HcciieI0BaHUs MPEACTaBIIECHBI B TabuLe 4.4.

Hannsie npusenensl st Il u IV 10poXHO-KIMMAaTHYECKUX 30H C
WHTEHCUBHOCTBIO JIBUOKEHUS OKOJIO 300 aBTOMOOMIIEH B CYTKH,
POJOJKATEIBHOCTh  OOECIBUIMBAIOIIEIO  JEMCTBUS  JaHa TOCie MepBOM
oOpaboTku. B kayecTBE  COMOCTAaBUTENBHBIX  TEXHOJIOTWHA  BBIOpaHbI
o0ecbIIMBAIOLINE MaTepHaIbl HAa BOJHOW OCHOBE, HAHOCHMbIE THEBMOHAOPBI3TOM
WIM CaMOTEKOM, B CBSI3M C Y€M, HOPMbBI pacxoja MNpEeJCTaBIEHbl MPU MPOUUX
PaBHBIX YCJIOBHSIX — PAa3JIMB IBUIECBI3YIOUIETO PearcHTa MOJMBOYHON MAalIMHOW
(ITM-130 unu IC-39b) caMoTekoM Ha OBEPXHOCThH MOKPBITHS.

HauGonpmum sddextom npu O00pbO€ ¢ NBUICHHEM HMEET IMYJIbCHUS
(konmenTpanuerr 57 %), KoTopas oOecneuyMBaeT yMEHBIICHHWE H3HOCA
NOKPBITHS, YMEHBIIAET KANWJUISIPHOE TMOAHSTHE BOJIbI, CBS3BIBAET BHOBH
NOCTYIAKIIME MaTepuaybl (IPOCBHINN), CHHXAET YPOBEHb 3arps3HEHUs
aTMoc(epbl, yIydyllaeT YCJIOBHUS JBH)KEHUS aBTOMOOMJIBHOTO TpaHCIOpTa U

CaHUTAPHO-TUTUCHHUYCCKOI'O COCTOSAHUA npunera}omeﬁ TCPPUTOPHUH.
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Ta6Jmua 44 - CpaBHHTCJIBHLIC TCXHUKO-3KOHOMHWYCCKHUEC II0KA3aTC/IN

TEXHOJIOTHU 00ECIBIINBAHMS HOKpI)ITI/Iﬁ ABTOHOPOT € PA3JIMYHBIMU PCAICHTAMU

HaumenoBanue Hopma Cpoxk Pacxon Lena, OOuas
00eCIbUTMBAIOIIETO COCTaBa | pacxoja, | oOecmbUIMBa | B CYTKH, | py0./1 | CTOMMOCTb,
n/m? JOIIETO 71 cyT.\m? py6.- cyT. \ M
JIeHCTBHS,
CYT.
Bona 2,0 0,2 10,0 0,024 0,24
XTIOpUCTBIN KambIUit 2,1 20 0,105 15 1,58
(BOJIHBIN PABCTBOD)
Tex. cHILBUHUTOBAA COJIb 3,3 15 0,22 7,0 1,54
(BOIHBIN pacTBOP)
TexHUUYeCKast TOBapeHHas 3,0 15 0,20 8,0 1,60
coib (30%)
JluarnocynbgaHat 15 20 0,075 18 1,35
(JICT, 50%)
JlurHomop (BOAHBIN pacTBOP) 1,2 40 0,03 21 0,63
Cynbdutabi memnok (10 %) 50 20 0,25 3,6 0,9
Opranunueckue [TAB 1,0 40 0,025 18,25 0,46
(BOHBIN pacTBOp)
Jlatekc (BomHBIN pacTBOP) 2,0 15 0,14 3,5 0,5
Kunkue Gutymsl 0,9 45 0,02 19 0,38
Cripbie HEDTH 1,0 45 0,022 23 0,51
[TpodunakTudeckas SMynbCcUs 0,5 30 0,016 14 0,22
[Ipumeuanue: * — opraHuuyeckue marepuaibl (KUIKHE OWUTYMBI U CbIpble He(TH)

MNPUMCHAIOT IIPU UX PA3KUKCHUN (COJ'ISIp, JANU3CIIBHOC TOHJ'II/IBO), O6CCH€‘II/IB3IOH_ICM BA3KOCTH I1O

CTaH/IapTHOMY BHCKO3UMETPY He Ooee 25 c.

AHanu3upys pe3yJIbTaThl UCCIIeI0BaHUS AMYIbCUOHHBIX
npopUIAKTUUYECKUX MBUIECBI3YIOLUINX, MOXKHO CAENaTh CIEAYIOIINE BHIBOBI:

1. TryGuMHa MPONUTAHHOTO CJIOS NPU HAHECEHHH dMyJbcuu 1 1 Ha 1 M2
mwiomanu cyocrpata pgocturaet 30 MM, UYTO BIOJHE JOCTaTOYHO Jif
00pa3oBaHUs KOPKH;

2. Jlocturaercs 5SKOHOMHYECKUN dG(eKT CHUXKEHHs 3aTpar mpu
oOecnbUIMBaHUU BOJIOM B Kapbepax U MpU 0O0CCHbUIMBAHUM MBUISAIIUX OTBAJIOB
pU UX 00€3BPEKUBAHUY NEpe] PEKYIbTHUBALIUEH.

3. [I[pumenenune  SMynbCHM  MMEET  OrpaHUYEHUE 1O  TMPUYUHE

HCOOIMYCTUMOCTHU ee nmomnagaHvsa B IPOAYKIOHWIO — MUKPOKaAJILIIUT.
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[IemmecBs3yromas smynbcuss [IC-1  cmxaer o6mue (uHAHCOBBIE
3aTpatbl Ha 00pabOTKy B CpaBHEHHMH C OOECHbUIMBAHMEM BOJOM 3a cuer
JUIUTENILHOTO BpeMeHU obecmblauBaromero aeicteus. Koneca aBrorpancmopra
JBWKYIIETOCS. 10 CBEXKEMY OOCCIBUIGHHOMY IOKPBITHIO  OCTAlOTCS  HE
3arpsSA3HEHHBIMA  OT MPO(PUIAKTHUECKOM HOMYJIbCHHM, OJHAKO CYHIECTBYET
HEOOXOIMMOCTh 3aKPBITUS JIBIKCHHS IO I0JIOCAM CO CBEXHM IOKPBITHEM 0
HoJTydJaca JJIsl paBHOMEPHOTO pacraja MbUIECBS3YIONIET0 Ha MMOBEPXHOCTH JIOPOTH

(pucyHok 4.9).

1

|

Pucynoxk 4.9 — YcranoBneHHbIN (haKT OTCYTCTBUS 3arps3HEHUS IIIMHHON
PE3UHBI aBTOTPAHCTIOPTA OT MPOPHIAKTHIECKON IMYITBCUU U IMYIBCUOHHO-

MHHEPAJIbHOW CMECH, HAHECEHHOMN Ha MOBEPXHOCTh KAPbEPHOU 1OPOTH

4.5 TexHUK0-I3KOHOMHMYECKOE 000CHOBaHMe NpUMeHeHus!

NpPoPUIAKTHYECCKOM IMYJIbCHU B F€0IKOJIOTMH

Pa3paborana penentypa M NpUHIMOHAIBHAS TEXHOJOTMYECKas CXema

NOJIy4eHUs TPOQUIAKTUUECKOU SMYJIbCUH U3 TPOPHIAKTUYECKOTO CBSA3YIOILIETO.
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[MpodmmakTuueckoe cpszytomee (IIC-1) cymecTBeHHO OTIWUYAETCS OT
OUTYMOB cojepkaHueM ac(anbTEeHOB, a COAEPKaAHUE TAKEIBIX apOMATHIECKUX
KOMIIOHEHTOB MaceJl IMO3BOJIIET FOBOPUTH O BBICOKOW CTENEHHM MENTU3AlUU
achanbreroB. [lpu monydeHHHM 3MYyIbCUH 3TO MO3BOJUT OOecmeuuTh Ooiee
BBICOKYIO  OJHOPOJHOCTb  AMYJbCHOHHBIX MNPOQUIAKTUYECKUX  CPEJACTB,
MPUTOTOBJICHHBIX HA UX OCHOBE.

B naGopaTtopHbIX yCHOBUSX OBUIM TPUTOTOBJICHBI MPOQPUIAKTUUECKUE
smynbcun Ha ocHoBe IIC B comocTaBieHHMH C JOPOXKHBIMU OUTYMHBIMU
amyabcusmu (I'OCT 52128).

B pe3ymprare  mporpaMMbl  SKCIEPUMEHTOB MO  MOJYYECHHIO
AMYJIBCUOHHBIX NPOPUIAKTUYECKUX CPEICTB OBLIM IMOJYy4YEHBl IMYJIbCUU IS
nnuTenbHoro xpaHeHust (6omee 30 CyT.) W XOJOJHOTO HAHECEHUS Ha
MOBEPXHOCTh 00pabaThIBAEMOI0 MOKPBITUS caMoTekoM g0 +5 °C (Ttabmuia

4.5).

Tabnuna 4.5 — Pe3ynbTaThl COMOCTAaBUTEIBLHOTO aHalU3a KAaTUOHHBIX
NPSMBIX KOHIIEHTPUPOBAHHBIX (60 % KOHIIEHTpaIuUs CBA3YIOUIET0) dMYJIbCUM

IIEpBOTO poJIa

HanmenoBanune Kucnoe Bszkocte npu VYcnoHas | OgHOPOAHOCTH | YCTOMYHBOCT
SMYJIBCHOHHOT'O 4HCII0 20 °C o BSI3KOCTh 10 OCTaTKy Ha b [IpU
CBSA3YIONIETO pactBopa | Buckozumerpy | mpu 20 °C, | cute Ne 014, % XpaHeHuu*
BOJIHOM BY, rpan c
¢azsl, pH

[1C-1 2,34 6 11,2 0,3 0,4
[1C-2 2,29 8 12,0 0,5 0,7
BHJI 90/130 2,29 11 11,9 0,9 1,2

[Ipumeuanue: * — onpezaeneHHas 0 OCTaTKy Ha CUTE Mociie XpaHeHust B TedeHuu 30 cyT.

B pesynmprare = mabopaTOpHBIX  HMCCIENOBAaHUA  OMYJbCUOHHBIX

NpoPUIaKTUIECKUX CPEACTB YCTAHOBJICHO, 4YTO B OTJIMYME OT OUTYMOB,

sMmyJibcun Ha ocHoBe IIC oOmagaroT Jy4mied  OJHOPOJHOCTBIO U

YCTOMYUBOCTBIO MNPU TPAHCIOPTUPOBAHUHU M XPAHEHUH, OmIpenessieMas Io

octatky Ha cute auamerpoMm 0,014 mm.
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BsizkocTs amynbcuonHbIX [IC HE CyIIeCTBEHHO OTIANYAETCA OT OUTYMHBIX
AMYJIbCHH, MTOCKOJIBKY OHU IPUTOTOBJICHBI Ha 000pyI0BaHUU
NPEIYyCMOTPEHHBIX  JJIsI  JAUCHEPrupoBaHUs OUTYMOB, OJHAKO BIIOJIHE
JOCTaTOYHA [JI1 HAHECEHHS 3MYJIbCUHM CAMOTEKOM — B mpexaenax 9-15 c¢
ucteuenus 50 mu smynscun npu 20 °C.

Ha HavanpHOM »3Tame cMmaduMBaHHUS JUCIEPCHOHHAs cpefa (BOIHBIN
pacTBOp HOHOreHHOro »smynbratropa u I[IAB) cmauuBaeT MuHEpalbHbBIE
YaCTHULBI U, 32 cUeT pabOThl IMYJIbIaTOpa, MO3BOJSAET JOOUTHCSA pacIpeaeICHUS
rpanyn [IC. IIpoucxomuT pacmag 3MyJIbCUH C BBIACICHUEM CBS3YIOLIETO Ha
NOBEPXHOCTU 4YacTUl nbuUid. HauynHaercs BTOpPOM 3Talm CMauyuBaHUSA H
CKJICMBAHUS YACTHUI[ NBUIM 3@ CYET ONTUMAIBHOIO XMMHYECKOIO COCTaBa
CBSI3YIOIIEI0 C pPaBHBIM COOTHOLIEHHEM MOJUIUKINYECKUX aApPOMATUUYECKUX
YIJIEBOJOPOJIOB U CYMMBbI CMOJ M acanbTeHoB. B tabnuue 4.6 npencrasieHa
XapaKTePUCTUKA PEKOMEHAYEMBIX MNPOPHIAKTUYECKUX OSMYJIbCUN Pa3InYHOrO
COCTaBa.

OxoHoMuueckuit AhHEKT OT MpUMEHEHUs NPOPUIAKTUUECKOW SMYIbCUU
Ul 00eCTbUIMBAaHUSA KapbepHBIX aBTOJOPOI M  TEXHOTEHHBIX MAacCCHBOB

onpenensercs mo ¢opmyie (4.1):

5=(3,-3,)S-C (4.1)

rae O — skoHomudeckuit 3 dexT, pyo.;

2

31 — 3arpaTbl Ha coiepkaHue | M° MOBEPXHOCTH MO JEUCTBYIOLIEH

TEXHOJIOTUH TBUICTIOIABIICHUS B CYTKHU (BOAOM), pyO./CyT.;

3, — 3arparhl Ha cojepkaHMe | M? TOBEPXHOCTM IO TEXHOJIOTIHH
oOecbIITMBAaHUS NPOPUITAKTUUECKOM 3MyJIbcUel B CyTKH, pyO0./CyT.;

S — 1mom@aae ydYacTKa TEXHOTEHHOTO MAacCHBa, HYKIAIOMIETOCsS B

00€eCIbUIUBAHUS, M,

130



C — KonuyecTBO JHEH B TOAYy, Korzma TpeOyloTcs MepOnpUsTHs 110

00EeCIIBIITUBAHUIO, CYT.

Tabmuua 4.6 — XapakTepucTuka PEKOMEHIYEMBIX MPOQUIAKTHUECKUX

3MYHBCHﬁ Pa3INIHOro CoCTaBa

3HaueHue nokasaresns 1Jis MeTton
HaumenoBanue nokasaresst MapKu UCIBITaHUS
b C M
OrnpeneneHyne yCTOMUUBOCTH NIPU IocCt
IIEPEMEIMBAHNN C MUHEPAIbHBIMU P 52128
MaTtepuanamu *:
IIOPUCTOI0 3€PHOBOIO COCTaBa + + +
IJIOTHOTO 3€PHOBOTO COCTaBa - - +
ConeprxaHue 0CTaTOYHOIO BSLKYHIETO, %o IocCt
50-70 | 50-60 | 55-60 P 52128
Ycnosnas Bsaskocts ipu 20 °C, ¢ 10-60 | 10-25 | 15-25 IoCT
P 52128
CuemieHne ¢ MUHEpaJIbHBIMU MaTepUaIaMU, IocCTt
0OaJu1, HE MeHee 5 5 4 P 52128
Ocratok Ha cute Ne 014 %, ne 6onee 0,25 0,25 0,25 I'oCT
P 52128
Y CTONYMBOCTh NPH XPAHEHHUH 110 OCTATKy HA IoCTt
cute Ne 014, %, He 6oitee P 52128
gepe3 7 CyT. 0,3 0,3 0,3
yepe3 30 cyT. 0,5 0,5 0,5
Y CTONYMBOCTB IIPHU TPAHCIOPTUPOBAHNN HE JIOJKHBI pacnaaarbes Ha IrocTt
BOJlY U BSDKYILEE P 52128

[Ipumeuanue: * «+» CMEUIMBAETCS; «-» HE CMEIINBAETCS.

OxoHOMUYECKHH 3(P(DEKT OT MNPUMEHEHHUS TEXHOJOTUM OOeCIbLINBAHUS
OTBaJIa CKaJIbHBIX MOPOJI BoJIKOBCKOrO pyaAHKMKA coCTaBuII 8,8 MITH. py0./To.

JIsis OLIEHKH KOHOMHUYECKOW 3((PEKTUBHOCTH OpraHU3allMi MPOU3BOJCTBA
IIPOBEJICH pacyeT PEHTA0ENIbHOCTH Pa3IUUYHbBIX dMYJIbCUM, KOTOPBII MOKa3al, 4To C
peHTabeIbHBIM

HanboJjiee SIBJISFOTCS

I1C-1 u

DKOHOMUYECKOM  TOYKH  3pEHUSA

porITaKTHIECKUE OIMYJILCUU MIPUTOTOBJICHHBIC Ha
OBICTpOpacnaaroIIrecs: SMYJIbCUH, IPUTOTOBJICHHBIE Ha OuTyme. B tabnuue 4.7
JlaHa PEHTA0ETHLHOCTh MPOJAXK UCCIEAYEMBIX IMYITbCUH.
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Ta6nuna 4.7 — PeHTabenbHOCTh MPOIaK UCCIICIOBAHHBIX AMYIIBCUN

HaumenoBanue | CebecTOMMOCTh Ilena 1 T Ha [Tpubste Ha 1 T, | PeHTabGenpHOCTD,
OMYIbCUU 1 T, pyo. pBIHKE, PYO. pyo. %
OBK-1 (57 %) 8937,8 11500 2562,2 28,6
OBK-2 (57 %) 9295,5 11500 2204,5 23,7
OBK-3 (57 %) 12448 12500 52 0,4
I1C-1 (57 %) 89454 11500 2554,6 28,6

B kadecTBe COMOCTABUTENBHBIX TEXHOJIOTMM BBIOpAHBI OOECHBUIMBAIOIINE
MaTepuasbl Ha BOJHOW OCHOBE, HAHOCHMbIE THEBMOHAOPHI3TOM HIIM CAaMOTEKOM, B
CBS3M C YE€M, HOPMBI pacxoia MpeICTaBICHbl MPU MPOYUX PABHBIX YCIOBUAX —
pa3MB MBUIECBA3YIOUIEr0 peareHTa nonuBouHo mMamuHou [IM-130 wmu JJC-39b
CaMOTEKOM Ha MOBEPXHOCTh MOKPBITHS.

AHanuzupys pe3yJIbTaTh COIIOCTABUTEJIIBHOTO UCCIIEI0BAHUS
AMYJIBCHOHHBIX MPOQUIAKTHYECKUX MBUIECBI3YIOUIUX, TOPOKHBIX AMYIbCHI U
JUTHOCYJIb(POHATA MOKHO CAENATh CIEAYIOIINE BBIBOBI:

1. I'ny6MHAa NPONMTAHHOTO CJIOS NMPU HAHECEHWH dMylbcuu 1 1 Ha 1 M2
njnomaau cyocrtpara pgocturaer 30 MM, YTO BHOJHE JOCTAaTOYHO ISt
0o0pa3oBaHUs KOPKH.

2 Jocrturaercs OSKOHOMUYECKUM dSPGEKT CHIKEHUS 3aTpar MpH
oOecnbUIMBAaHUU BOAOM B Kapbepax U MpU 00eCHbUIMBAHUU MBUISAIIUX OTBAJOB
npHu ux o0e3BpEKUBAHUU NTEPE] PEKYJIbTHBALIKEH.

3. TlokpeiTHe  aBTOOOPOr  OOECHBUIEHHBIX C  HUCIOJb30BAHUEM
npo(UIAKTUYECKUX CPEJCTB OTIMYAETCS OBICTPHIMU CPOKaMU (POPMUPOBAHUS,
OTCYTCTBUEM 3arpsi3HEHHS LIMHHOW pPE3WHBI aBTOTPAHCHOPTA, CTOMKOCTBIO K
aTMOC(EepHbIM sABJEHUSIM (B.T.4. aTMoc(depHble OCaAKH), AOJTOBPEMEHHBIM

apdexTom.
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4.6 BuiBoabI o riase 4

1. Pe3ynpTaThl 71a00OpPaTOPHBIX M  IOJYHNPOMBILUIEHHBIX HCCIEJOBAaHUN
NOKa3bIBAIOT  BBICOKYIO AI(P(EKTUBHOCTh NPUMEHEHMsS] NPOPUIAKTHUYECKON
AMYJIBCHH I NMPEJOTBPAILECHNS YHOCA MEJIKHMX YacTHUI[ C TIOBEPXHOCTH OTBAJIOB,
OKUJAETCA CHUKCHHE 3arpsi3HEHHS aTMOc(epsl U MOYBHI B pailoHe OTBAJIOB.

2. ObecnbUIMBaHUE KapbepHBIX IPYHTOBBIX aBTOAOPOI MPOPHIAKTUYECKOM
SMyJibcuel (B CpaBHEHMHM C 0a30BOM TEXHOJIOTHEH MBUICTIONABICHUS BOIOM)
OTJINYAETCSl YIYYLICHHBIM JEINPECCOPHBIM KAa4eCTBOM IOKPBITHS, BBICOKOU
IPOU3BOAUTENBHOCTBIO pabOT 10 0OECHBIIMBAHUIO U JOJITOBPEMEHHBIM 3P (HEKTOM
— 3aIUTa OT NBLJIECHUS IPOCHIIEH.

3. Haubonee mepcHeKTUBHBIM © aAKTyaJlbHBIM pEHICHHEM MPOOJIEMBI
CHIW)KEHHMSI TMbUIEBOM Harpy3kd Ha OKPYXKAWIIYyI0 Cpely 0pu J00blde H
nepepaboTKe MMHEPAIbHOTO CBIPbsl SIBJISETCS COBEPIICHCTBOBAHUE CIOCOOOB
3aKpEIUIEHNs TMBUIAIIMX TMOBEPXHOCTEM TEXHOTEHHBIX MAacCUBOB, T.K. OHHU
ABJISIIOTCS] OCHOBHBIMHU MCTOYHUKAMMU 3arpsA3HEHUS.

4. KonnentpupoBanubie amynbcunn  u3  AllJl, BKKO wu KO
KOHIIEHTpaILuen oT 51 bi (o) 69 % MEIJICHHOpACaJarounecs,
cpeaHepacnajarouecs U ObICTpOpacnaaroIuecs sIBISIOTCS YCTONYUBBIMU.

5. BsazkocTek amynbeuu npu temneparype 25 °C B npenenax 5-12 ¢, uto
MPEBBIIIAET BA3KOCTh BOABI B 2—-5 pa3 M HUXKE BA3KOCTH YHuUBepcuHa-JI B 1,5
pasa, OJIHaKO BIIOJHE JOCTATOYHO, YTOOBI HAHOCUTH IMYJILCUIO CAMOTEKOM;

6. Haiinen pexxuM npuMeHeHus! npoUIakTUYeCKON 3MYIbCUU IPUKOTOPOM
OpUKETUPOBAHWE  MHUHEPATBHOM  MHUXThl  (FPyHTa  KapbepHOM  JOpPOTH)
oOecrieynBaeT OOJIBIIYI0 MPOYHOCTh IO CPABHEHUIO C TPaJAULMOHHBIMHU
CBA3YIOLIMMHU peareHramu, B ToM uucie JICT.

7. IToxpbiTHE OOECHBIICHHBIX aBTOJOPOT MPO(UIAKTUYECKONW SMYIbCUEH

oTiuyaeTcsi OBICTPHIMU CPOKaMu (OPMUPOBAHUS, OTCYTCTBUEM 3arpsi3HEHUS
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IIMHHOW PE3WHBI aBTOTPAHCIIOPTA, CTOMKOCTBIO K aTMOC(EpPHBIM SBICHUSM
(arMocdepHbIe 0CaIKH), JOATOBPEMEHHBIM 3P PEKTOM.

8. ocTuraercs 3KOHOMHUYECKHH S(PPEKT OT CHIWKEHHS MPHUBEICHHBIX
3aTpaT Ha OOCCHBUIMBAHWHN KAPhEPHBIX JOPOT MPOMHIAKTHICCKON dMYIIbCUCH
0 CpaBHEHHIO C 0a30BBIMH crocobamMu (BOJAOW Y HWHBIMH HW3BECTHBIMH

peareHTaMH).
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SAK/IIOYEHHUE

Ha ocHOBe TE€OpETMYECKHX M DKCIEPUMEHTAIBHBIX HMCCIIEIOBAHUN pEIICHA
BaKHAsl HAYYHO-TEXHUYECKas 3ajada OOeCHbUIMBAHUS KaphEPHBIX aBTOAOPOT U
TEXHOTEHHBIX MAaCCHUBOB TNPOMUIAKTHUECKUMHU OSMYJIbCHUSAMU M3  TSHKEIBIX
HEe(TAHBIX OCTAaTKOB, HMEIOIIAsl CYIIECTBEHHOE 3HAYEHUE JUIsi T'€OIKOJIOTHUHU.
OCHOBHBIE pe3yIbTaThl JUCCEPTALIMHU COCTOST B CIEIYIOLIEM:

1. BbImoOTHEHHBIH aHaAN3 CYIIECTBYIOIIMX TEXHOJOIMH 00€CIbUIMBAHUS
aBTOMOOWJIBHBIX JOPOr M TEXHOTE€HHBIX MACCHMBOB IIOKa3all, 4YTO pa3padoTka
HOBBIX 3((PEKTUBHBIX CIOCOOOB OOpPHOBI C MBLIEOOPA30BAHUEM Ha MOBEPXHOCTH
KapbEPHBIX aBTOAOPOT U TEXHOINEHHBIX MAaCCUBOB SBIISIETCS aKTyaJIbHOM 3a/1a4yeil.

2. Ilpennmoxena  kimaccupukanus  TEXHOJOTUM  OOECHBUIMBAHUS,
NO3BOJISIIONIAS HA CTAaJMM NPOCKTHUPOBAHHUA IPUMEHATH YTOYHEHHBIA THUII
oOeCHbIIMBAaHUSI B 3aBUCUMOCTU OT KOHKPETHBIX YCJIOBUN MPUMEHEHHUS WU
MHTEHCUBHOCTH TbLIEOOPAa30BaHUS.

3. Pagpaborana  MmaremaTHueckass ~ MOJENb  ONpPENEICHHUS  TUIA
He(TECBA3YIOLIErO BEIIECTBA — TSAXKEIOr0 HEPTIHOTO OCTaTKa U €ro mnapameTpsl,
KOTOpPBIE YIOBJIETBOPSIOT TPEOYEMbIM YCIOBUSM IbLICIIOIaBICHUS.

4. OOocHOBaHAa METOJMKA OMpeaeiaeHuss (U3NKO-TEXHUYECKHX CBOWCTB
MOBEPXHOCTU KAPbEPHBIX ABTOJAOPOT U TEXHOTEHHBIX MAaCCHUBOB, 00ECIBUICHHBIX
npo(UIaAKTUYECKOW 3MYJbCHEH, HAa OCHOBE YCTAaHOBJIEHHBIX 3aKOHOMEPHOCTEH
W3MEHEHUS] TPOYHOCTH U BOJOHACHIIMICHUS O0Opa3loB TbUleH (OpUKETOB U3
OpraHOMHUHEPAJILHON CMECH).

5. OOecnbpUIMBaHUE MBUBALIIMX TMOBEPXHOCTEM  MPO(UIAKTHYECKUMHU
AMYJIbCUSIMU OOECIIEYMBAETCA CKJICMBAHUEM YacTHUI[ IbUIM MEXIYy cO00M M HX
ylep KaHUeM TOJ BIUSHUEM aBTOTPAHCIIOPTA U aTMOC(HEPHBIX SIBJICHUM B TEUCHHE
IPOJOJKATEIBHOIO BpeMeHU. OXUIAeTCsl, YTO NMPOYHOCTh KJIEEBOW KOMIIO3ULUU

OyZeT COXpaHsAThCS HE MEHEee TPeX JIeT.
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6. Paspaboranpl TpoUIAKTHUECKHE OMYJIbCHH HAa OCHOBE TSKEIBIX
HedTsaapix  octatkoB HII3  (achanmsT mnpomanoBoit geacdanmpThU3amum) C
yIIY4IIEHHBIMUA TIOKA3aTeNISIMHA JUCTIEPCHOCTU (MEHee 2,5 MKM), OJHOPOIHOCTHIO
(octatok Ha cute Ne 0,014 menee 0,1 Mm) 1 K03hPUITUEHTOM AATE3UH K PYIHBIM H
HepyaHbiM Matepuaigam (ot 1,8 mo 2,0), uyTo obecrneynBacT TEXHOJIOTHYHOCTH
NPUMEHEHHST B TEOTEXHOJOTHH W TMPOAYKTUBHOCTh TMPHU OOSCHBUTMBAHUU
MUKPOJIUCTIEPCHBIX MBLICH.

7. BBINOTHEHO TEXHUKO-?KOHOMHUYECKOE OOOCHOBAaHUE TEXHOJIOTHH
NPUMEHEHUs NPOPMIAKTHUECKON OMYIbCUU TPH OOCCHBIIMBAHUH, TOTy4YeH
NOTECHIMATBHBIA JKOHOMHYECKH dh(deKT s oTBajlia CKalIbHBIX MOPOJ

BonkoBckoro pyanuka B pazmepe 8,8 MitH pyoO.
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