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8.2 Hcnosb30BaHMe NPOMBILLIEHHBIX OTX0J0B B CTPOUTENbHON HHIYCTPHH
3¢ PexTUBHBII c1I0c00 cOepekeHUsi MPUPOIHBIX PECYPCOB

CoryiacHO TOCJIEIHUM JaHHBIM 3KOJIOrOB, YKpauHa Juaupyetr B EBpore 1o
KOJIMYECTBY HAKOTUICHHS 0TX010B. [TokazaTenn oOpa3oBaHus M HAKOILJICHUSI OTXOOB
B YKpauHe CBHJIETEIbCTBYIOT 00 yIrpoXKaromieil HKOJIOTHYEeCKON CUTyaluu B
rocynapctBe. Ilo ngaHHbIM MUHHUCTEPCTBA SKOJOTMU M MPHUPOJTHBIX PECYpPCOB
VYKpavHbl, B Halllell CTpaHE HAKOIUIEHO OKO0JIO 35-36 MJIpA. TOHH OTXOJ0B, KOTOPBIE
npUOIU3UTENIBHO 3aHUMAIOT 7% Tepputopuu. M3 atux 35-36 Mipa. ToHH okojo 2,6
MJIpA. TOHH SIBJIIIOTCS BBICOKOTOKCUYHBIMU OTX0AaMu. CTOUT OTMETUTh, YTO Ha
KaXJ0ro YKpauHIa ceiiyac mpuxoautcs Oosnee 750 ToHH oTXxono0B. ExeromaHo B
VYkpaune obpazyercs ot 670 1o 770 MIH. TOHH, IPU 3TOM yTHIU3HpYyeTCs juib 30%
MPOMBITTUICHHBIX B 4% OBITOBBIX OTX0/10B [468-472].

[IpompblliIeHHBIE OTXObI M OBITOBBIE OTXO/bI ABJISIIOTCS OAHUMHU U3 Hambosee
BECOMBIX (DAKTOPOB 3arpsi3HEHHSI OKPYKAIOMIEH CpeIbl M HETaTUBHOTO BIIWSHHUS
(aKkTHUYEeCKM Ha BCE €ro KOMIOHEHThl. MHpuiIbTpauus XpaHWIMIL 3aXOpOHEHUS
OBITOBBIX M TEXHOTCHHBIX MPOMBIIUIEHHBIX OTXOJIOB, TOPEHHUS TEPPUKOHOB,
nelieo0pa3oBaHusi, Apyrue (GaxTopsl, OOYCIOBIMBAIOIIME MUTPALUI0 TOKCHYHBIX
BELIECTB, MPUBOJIAT K 3arpsI3HEHUIO MOJ3EMHBIX U MOBEPXHOCTHBIX BOJ, YXYIIICHHUE
COCTOSIHUSI aTMOC(DEpHOTO BO3TyXa, 36MEIIbHBIX pecypcoB u T.1. [473-476].

bynymue  mepcnmekTMBBI  pa3BUTHS  OPEANPUATANA  TPOMBIIUICHHOCTH
CTPOUTEIBHBIX MAaTEPUATIOB HAXOASATCS HA CTaAUU KOPEHHOW MEPEOIEHKU B CBS3H C
OCTPhIM Je(UIIUTOM DSHEPreTHUecKux pecypcoB. s pemeHus mnpodieM 1o
CHUKEHUIO CE0ECTOMMOCTH KOHEYHOW MPOIYKUHUU CTPOUTETHCTBA U COKPAIECHUIO
pPacxoJI0B ChIpbsl, TOIJIMBHO-DHEPreTUUYECKUX M APYIHMX PecypcoB, ocobas poJib
OTBOAMUTCSL PACIIMPEHUIO HCIOJIb30BaHUSA, KaK IPOMBIIUICHHBIX OTXOJO0B, TaK W
ObITOBBIX [477-479].

[Ipobnemam oOpa3oBaHus W PAIMOHAIBHOTO HCIOIL30BAHUS OTXOJOB, Kak
COCTaBJISIIOLIEH pecypcocOepekeHrsT U DKOJIOTM3AlMU TPOU3BOJICTBA, MOCBAIIEHO
MHOTO HayyHbIX paboT. OaHAKO HEIOCTATOYHOCTh WCCIEOBAHUNA JAaHHOU

npo0JIeMaTUKU, BBI3BIBAET psJ MpoOsieM B chepe UCIOIb30BaHUS MPOMBIIIICHHBIX U

519



SCIENTIFIC FOUNDATIONS OF SOLVING ENGINEERING TASKS AND PROBLEMS

TBepAbIX OBITOBBIX 0TX0A0B (TBO) u 00ycnoBiuBaeT HEOOXOAMMOCTh JATbHEUIIINX
UCCJIEIOBAHUN B 3TOM HaIpaBJICHUH.

B "Jlabopatopuu pecypcocOeperaromumx TeEXHOIOTHA U ClIeUalbHbIX 0€TOHOB"
BunHuikoro HarumoHanapbHOTO TexHUueckoro yHupepcuteta (BHTY) mpoBoastcs
HCCIIEIOBaHMSI [0 KOMIUIEKCHOM niepepaboTke PochoruncoBux 0TX0/10B, 30J1bI-yHOCA,
KpacHOTO OOKCHTOBOTO M METAUTMYECKUX IIIEMOB, a TAKXKE TBEPHABIX OBITOBBIX
oTx0/10B. Llenbio JaHHBIX MCCIEAOBAHUN SBISIETCA pa3padOTKa HOBOM OE30TXOIHOM
TEXHOJIOTUU NEepepabOTKU MPOMBIIUIEHHBIX OTXOJO0B C MOCIEAYIOIIUM MOJy4eHUEM
3 (PEKTUBHOIO MAJOKIMHKEPHOTO BSDKYIIETO U CTPOUTENBHBIX MaTepUasoB
CHEIUaIbHOTO HA3HAYEHUS.

3agaya NOpUPOCTa MPOUYHOCTH CTPOUTEIBHBIX M3JETUNA MOXKET pelIaThCs
3¢ (PEeKTUBHBIMU  TPAJAMIIMOHHBIMU TEXHOJOTUYECKHMMHM TpHUeMaMu - 3a CYET
MCIIOJTH30BAaHUSI KOMIUIEKCHBIX XUMHUYECKHX M aKTUBHBIX MUHEPaIbHBIX 100aBoK. Ho
€CJIM UCIIOJIb30BAaHUE B COCTaBE CHIPHEBBIX CMECEH AaKTUBHBIX MPUPOJHBIX
MUHEpaIbHBIX J00ABOK MOTPEOyET JOMOTHUTENbHBIX 3aTpaT Ha UX MPOU3BOJICTBO, TO
12 TemnoBbIX ANAEKTPUUYECKUX CTAHIUW, SKCIUTyaTUPYEMbIX B YKpaWHE €XKETOIHO
HampaBisitoTcs B OoTBajbl 10 MiH. TOHH 3o0ibl-yHOoca (3Y). VYienbHbI Bec
HCTIOJBb30BAaHUS TaKOTO ChIPbSi TEXHOTE€HHOI'O IPOMCXOXKJICHHUS OTE€UYECTBEHHBIMU
MPEANPUATHSIMHI CTPOUTEIBHBIX MAaTEPUAJIOB B 5-8 pa3 MeHbINE, YeM B 3apyOeKHBIX
cTpanax [478,480].

3oJ1a-yHOCa - 3TO TOHKOAMCIEPCHBIA MaTEpHaJl, COCTOSLIMI, KaK MPAaBUIIO C
yacTul] pasmepamu OT 10au MUKpoHa 10 0,14 mMm.. OCHOBHBIM KOMMIOHEHTOM 3Y
ABJISIETCS] CTEKJIOBU/IHASI aJIIOMOCHIIMKAaTHAs (aza, kotopasi conepxkut 40-65 % Bceit
MacChl, €€ 4acCTHUIIbI UMEIOT I1apooOpasHyto popmy ¢ pazmepamu 10 100 mxm [481].

B pabGorax [482-483] aBTOpaMH yCTaHOBJIEHO, YTO OCHOBHBIE COCTABJISIOIIUE
30161 - S102, Al203 HaxoasTcs MPEeUMMYIIECTBEHHO B BHJIE CTEKJIOBUAHBIX (a3. B
pe3yabTaTe MPOBEAECHHBIX UCCICIOBAHUM OBIO YCTAHOBJIEHO, YTO aKTUBHOCTH 30JIbI
BO3pACTAET C YBEJIIMYECHUEM COJIEPHKAHUS CTEKIOBUAHBIX (a3.

OnHuM U3 NEepCHEKTUBHBIX UCCIEN0BaTeNbCKUX HampaieHuii BHTY sBisercs

dAKTHUBall¥sg 30JIO0IIJIaAKOBBIX OTXOJOB, JIA H&HBHGﬁHI@FO HNX HCIIOJb30BAHUA B
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IPOU3BOJICTBE CTPOMUTENIbHBIX MaTepuaiioB. Ha Haml B3risia, XuMu4uecKkas akTUBALIMS
30JIbI-yHOCA KHUCJBIMU OCTaTKamMu ¢ocdorurca Uiy HIEJIOYHOW Cpeloll KpacHOro
[IlaMa €cTh HauMEHEe SHEProeMKo, >PQPEeKTUBHON U SKOJIOTHUECKH YHCTOM
TEXHOJIOTHEN nepepaboTKH MPOMBIIIJIEHHBIX OTXO/I0B.

KoMmmuiekcHbIE  METOJT MEXaHO-XMMUYECKOM akTuBaluu 30Jbl-yHoca (3VY)
MpeJIoiaraeT pa3pylieHue MOBEPXHOCTH CTEKJIOBUIHONW OOOJOYKHM YaCTHUI] MyTEM
UCIIOJIb30BAHUSI OCTATKOB KHUCJOT ¢ (hocorurca uim ee pacCTBOPEHUEM B LIEITOYHOM
Cpele KpacHbIX IIJIAaMOB C OJTHOBPEMEHHBIM IEepeMellBaHueM cmecu. [IpuMenenue
MEXaHUYECKOTO TMepeMelInBaHus 30JI0IUIaMOBOM U 30i10(]ocdoruncoBoit cmeceit
crocoOcTByeT OoJiee rmoaHo aktupaiuu 3Y [484-485].

®docdoruricoBbie OTXOBI SBISIOTCS TOOOYHBIM MPOJIYKTOM IMPU TPOU3BOJICTBE
dhochopHOI KUCIOTHI SKCTPAKIIMOHHBIM CITOCOO0M. XUMHUYECKHI cocTaB Gocdorurca
Bunnunkoro 1O "Xumnpom "caenyrouuii : CaO 7,42—-12,8%; SO3 2,41-6,25%; F
3,55-5,81%; P205 14,49-21,18%; P3 13,21-15,78% ; H20 9,76-16,07%, octaTok
COJISTHOM KHUCJIOTHI - 6,66— 17,7% [486].

HuddepenunanpHo-Tepmudeckue ananu3bl (J{TA) 1eMeHTHOro KaMHSI C pa3HbIM
KOJIMYECTBOM 30JIbI, OOBIYHOM M 00pabOTaHHOW KHCIBIMU cTOKamu docdorurca, a
TaK)ke€ KOHTPOJIBHOrO 00pa3iia 6e3 J00aBKU 30JbI-yHOC MMOKa3bIBAIOT, YTO Ha KPUBBIX
JNATA  3adpukcupoBaHbl  Takue  TepMuueckue  3(G(EKTb:  pa3aABOCHHBIM
sHpoTepMudeckuil apdekT B untepBasie remmneparyp 100-120 °C ¢ MmakcuMyMamu npu
105-150 u 180 °C, yka3pIBarouyii Ha yaaaeHue aJcopOIMOHHON BOIBI U3 THIPATHBIX
HOBOOOpa3zoBaHuil. Pe3kuit aa103PdexT ¢ makcumymom npu 500-520 °C cBsizaH
neruapatanuend ruapokcuaa kanbiuss - Ca(OH)2. Pa3MbIThIil 3K30TepMUUYECKUN
sbpdpexr mpu  880-905°C  cBUAETENHCTBYET O HAJUYUM  HHU3KOOCHOBHBIX
TUAPOCUIMKATOB KajblUsl, CKOPEe BCEro THIpOCHIMKaTHOro rens. B oOpasmax c
aKTUBUpPOBaHHON 3050i1 Ha kpuBod JITA wmoxHO yBuAeTh Oosiee TITyOOKUM
sHA0d(pdexT, yemM y obpasia ¢ HE aKTUBUPOBAHHOW 30JI0M, ITOITBEPIKIAFOIIIHIA
HaJIM4YKEe 3HAYUTENbHO OOJBIIEr0 KOJIMYECTBA TUAPATHBIX HOBOOOPA30BaHUIA.

PentrenogazoBbie HcCIeAOBaHUSA LIEMEHTHBIX U 30JIOLEMEHTHOTO 00pa3loB

(puc. 1) yka3pIBalOT Ha HAJIMYUME B MX COCTABE HETMAPATOBAHUX KIMHKEPHBIX
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MuHepasioB C3S - TUHUU ¢ MEXKIUIOCKOCTHBIMM paccTostHusIME d / n = 3,02; 2,77; 2,75
2,18;1,76; 1,45 A ; C2S - muauu ¢ d / n = 2,77, 2,18; 1,97 1,76; 1,45 A; Ca (OH)2 -
muauu ¢ d / n = 4,90; 3,10; 2,62 1,92 A; CaCO03 - muanu ¢ d / n = 1,82 A; kBapma -
auaun d / n = 3,34 A. Kpome Toro, oTMe4aroTCs JUHUU, XapaKTePHbIE JJIsS TUIPATHBIX

HOBOOOpAa30BaHUM - HU3KOOCHOBHBIX ruapocuiankaroB kanpuus (CSH) - d / n = 3,08
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Puc. 1. PeHTreHorpamMmbl OMBITHBIX 00pa3IoB: 1 - 1eMeHTHBIN oOpaselr; 2 - 1eMEHTHBIN
obpazer; ¢ gobaBkoit 30% He aktuBupoBaHHOU 3VY; 3 - HeMeHTHBIH oOpasen ¢ mobaskoit 30%

XUMHYECKH aKTUBHUPOBAaHHOU 3VY.

B 3ononemeHTHBIX 00pa3nax ¢ J00aBKOW aKTUBU3UPOBAHHOM 301kl (00Opaser 3)
TTOSIBIISTIOTCS KOMILICKCHEIC ATFOMUHUN-KENEe30TUIPOCYIH(POCOoIepIKaIINe
COCTMHEHUS KAJTBIIHSI, 111 KOTOPBIX XapakTepHbl munauu ¢ d / n=2,45; 3,07; 4,22; 7,62
A. Hanuume Takux HOBOOOpPAa30BaHMI B COCTaBE 30JIOLIEMEHTHBIX 00pa3I[0B MOXKHO
OOBSICHUTH TEM, YTO BO BPEMs XMMHUYECKON akTuBauuu 3Y 00pa3yroTcs Cyiab(haTsl
aMOMUHHUSA U kene3a. Penrrenorpammel u JITA noaTBepK1at0T HAIMYKME TAKUX COJICH
¥ BO3MOXKHOCTh MX Y4acCTHs B Mpolieccax TBEPACHUS BSDKYILETO.

KpacHbiii 00kcHUTOBBIH 1I1aM 0071a1a€T TOCTATOYHO BHICOKOM IIETIOYHON CPEION.
[TosToMy HCIONB30BaHUE KPACHBIX MIJIAMOB JIJII XUMHUUYECKON akTHBaUKM 3Y Takke
MIPUBOJNT K Pa3pyIICHUIO CTEKI000pa3HOM TOBEPXHOCTH 30JI0MIAMOBEIX OTXO/I0B, UYTO
JTA€T BO3MOXHOCTb SKOHOMHUTH BBICOKO?HEPrOEMKHUN KOMIIOHEHT CTPOUTEIbHON
cMecu — IieMeHT. ABTtopamu B pabotax [483-485] nokazaHo, 4yTo a00aBiICHHUE

OOKCHUTOBOIO oiamMa B COCTaB 30JI0LIEMEHTHOM CMECH oOecreynBaeT
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MHTEHCU(DUKAIUIO MPOIECCOB HOBOOOPa30BaHMN MHHEPaIbHO-(PA30BOr0 COCTaBa U
o0ecreyrnBaeT SKOHOMUIO MUHEPAIBHOTO BSXKYILETO.

B pa6ote [487] noBeneHo, 9TO OCHOBHBIM HAIPaBICHUEM yTHIIU3AINHN KPACHOTO
[uIamMa Ipyu MPOU3BOJICTBE CTPOUTEIBHBIX MATEPHAIIOB SIBJISIETCS €I0 UCITOIb30BAHUE
B KauecTBe Moauduimpyromend 100aBKU K 30J0IEMEHTHOMY BSIKYIIEMY, BBEIACHHE
OOKCHUTOBOTO IJJaMa CYIIECTBEHHO BIMSIET Ha W3MEHEHHE HOBOOOpA30BaHHIA
30JIOEMEHTOrO KaMHS.

Heo6xoammo yunuThIBaTh, MPOMBINIIICHHBIE OTXOIBI MOTYT IIMPOKO MPUMEHSTHCS
JUIsl TIOJIyYEHHSI CHEUUATBHBIX CTPOUTENbHBIX MarepuanoB [488]. K cnenuaibHbIM
MarepuaiaM paszpadoTanHbiM Y BHTY MOXXHO OTHECTH KOMITO3MITMOHHBIN OETOH C
3aIIUTHBIMU CBOMCTBAMHM OT 3JIEKTPOMArHUTHBIX W3IydeHHil [489], cTaTtmueckoro
anektpudyectBa [490], aHOAHBIE 3a3eMJIMTENICNIM IS 3aIIUThl  MOJA3E€MHBIX
MHXEHEPHBIX cOOpykeHui [491].

B paborax [492-493] monarBepx)aeHO, YTO MpUMEHEHUE biaTena-m suencTow,
BAPUOTPONHOM W TUIOTHOM CTPYKTYpPbl [JaeT BO3MOXKHOCTb CHHU3UTHh YPOBEHb
ANEKTPOMArHUTHBIX U3JIYYEHUH, & SYEHCTBIA 3JIEKTPOIPOBOAHBIN KOMIIO3ULIMOHHBIN
METalaHaChIIEHHbI  OeTOH  siBhsieTcs  A(PPEKTUBHBIM  PaTMONOTIONIAIOIIUM
MarepuajioM. B KadecTBe SIEKTPONMPOBOAHOTO KOMIIOHEHTA IE€JIECO00pa3HO
WCIOJB30BaTh METAJUIMYECKUI IIJIaM [IAPUKOMOIIMITHUKOBOIO IMPOU3BOICTBA.
Takoii muTam He MOJISKUT JajbHEenIel mepepadoTke, TaK Kak Ha CBOCH MOBEPXHOCTH
COJICPKUT OOJBIIIOE KOJIMYECTBO OXJIAKIAIOMIEH JKUIKOCTH, KOTOpas COCTOUT W3
sMyJibcuu Macia [494].

B cratee [495] ycTaHOBIIEHO, YTO MEHSAS BHUJ DSJIEKTPUUECKOIO TOKa, €ro
BEIIMYMHY U JJIUTEIBHOCTh MPOTEKAHUS MOXXHO YIPABIATH (PU3UKO-XUMUYECKUMHU
npolieccaM BO BpeMsl TBEPACHUSI KOMIIO3UIIMOHHOTO METaJIONPOBOJIHOIO OeToHa, a
CIE€OBATEIbHO, U DJJIEKTPUUYECKUMHU XapakTepucTukamMu bitena B HYXHOM
HarpaBJICHUU.

B  paGorax [495-496] oOocHoBaHa  11€71€CO00OPAa3HOCT,  MPUMEHECHHS
MEJIKOJIUCIIEPCHBIX ~MOpOIKOB muiamMoB crtanu IIX-15 g u3rotoBieHust

CIIEIMAIBHOTO 3aITUTHOTO MOKPBITHS. B padote [497] mpeayioxkeHo UCTI0Ib30BaTh JIs
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O0pBOBI € 3apsiiaMHi CTATUYECKOTO AJIEKTPUUECTBA OKPHITUE C AIEKTPOIPOBOISILIETO
0eTOHa, TEXHOJIOTUS U3TOTOBJIEHHS] KOTOPOT'O JIOBOJIBLHO IIPOCTA U HE TPEOYET T0POTUX
MaTepHalOB M CHEIHAIBHOTO O0OpYAOBaHMs. YCTAaHOBIICHO, YTO ISl TIOTYyYCHHUS
AHTUCTATUYECKOTO MOKPBITHSA, COOTBETCTBYIOILIETO TpeOOBAHUSIM
AIEKTPONPOBOTHOCTH, (PUBUKO-MEXAaHUYECKUM W OCTETUYCCKUM TPEeOOBAHUSIM,
HEO0OXOAMMO U3TOTABINBATH OKPHITHS HA KPYITHOM JUAJICKTPUYECKOM HAIIOJTHUTEIIE.

ABTOpHI B paboTe [498] moarBepkaaroT, yTo baTen-M MOXeT MCIOJIb30BaThCS
JUTS1 U3TOTOBJICHUS SJIEKTPOINPOBOISIINX SJIEMEHTOB (AHOJHBIX 3a3€MJIUTEINEN) CUCTEM
AHTUKOPPO3MOHHOM KAaTOJHOM 3alIUThl TOJ3EMHBIX WH)XEHEPHBIX CceTed, a
dbopMHUpOBaHNE TAaKUX U3AEIUNA HEOOXOAUMO MPOBOAUTH UCTIOIB3YSl OJJHOBPEMEHHOE
BO3/ICIICTBHE HA TMPUTOTOBJIECHHYIO CMECh JJIEKTPOMArHUTHOTO M MEXaHUUYECKOTO
crnocoba. PopMHpoBaHUE U3JAEIMN TaKUM CIOCOOOM OOECHeurBaeT YIIydllIeHHE
(OUBUKO-MEXaHUYECKUX U JJIEKTPOQU3UIECKUX CBOWCTB DJEMEHTOB aHOJHBIX
3a3€MJINTEIIEN.

B pe3ynbpTaTe npoBeIeHHBIX aHATTMTUYECKUX UCCIIEIOBAHNN YCTAaHOBJICHO:

- MOPOU3BOJCTBO CTPOUTEIBHBIX MaTEPUAIOB OTHOCHUTCS K YHCIy HauOoiee
MaTEPUAIOEMKHX OTpACi€d TMPOMBIILIEHHOCTH, HWCIOJIb30BAHUS MPOMBIIIEHHBIX
OTXOJIOB B KA4YECTBE CHIPhs MPU M3TOTOBICHUHM CTPOUTEIBbHBIX MATEpUAIOB MOMKET
OBITH UCITOJIH30BAHO JIJIS1 CYIIECTBEHHOT'O CHIYKEHUS TEMITOB MCUYEPITAHMSI IIPUPOTHBIX
PECYpCOB;

- TMPOMBIIUIEHHBIE OTXOJIbl YCHEIIHO MOXHO HKCIOJIb30BaTh ISl CO3JaHUS

6C3KJII/IHK€pHOFO BsAXKYIICTO U MAaTCpPUAJIOB CIICHUAJIBHOI'O HA3HAYCHMU .
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