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HPEAUCJIOBHUE

VYyeOHoe nocobue «Matepuansl U KOHCTPYHUPOBAHUE 3AUIUTHBIX MOKPBITHID)
IIPEIHa3HAYEHO IS CTYIEHTOB CTPOUTENBHBIX CIENUAIBHOCTEN BY30B.

MHOro4MCciIeHHOCTh M Pa3HOIUIAHOBOCTb PAa3JENIOB KYPCOB CTPOMTEIBHBIX
MaTepuasoB HE JaeT BO3MOXXHOCTM HX IMOJHOTO YIJIyOJIEHHOTO OCBOCHHUA.
Brinenenue u 1eTaibHOE PAaCCMOTPEHUE OTIEIBHBIX PA3€JI0B HA OCHOBE NEPENOBBIX
JOCTHKEHUN HAYKU U TEXHUKH MO3BOJISIET 03HAKOMUTD CTYJIEHTOB C MHOTOOOpa3uemM
npobsieM ux pa3BuTuss. OTHOBPEMEHHO MPUBUBAIOTCS HABBIKM CAMOCTOSTEIBHOTO
HaxXOXJEHUs IyTEeH pEelEeHUus BO3ZHUKAKOUIMX TPYAHOCTEM Kak IIPOU3BOACTBA
CTPOUTENIbHBIX MaTE€pUaloB, TAaK M MX JKCIUIyaTallud. DTO OCOOEHHO Ba)XKHO IpPH
paboTre 1O MHOrOoypoBHEBOM cucreMe oOyueHus. Ilocne wu3yueHus OCHOB
CTPOUTENIbHBIX MATE€pUaloOB 10 HporpaMMe OakaJaBpoB, BTOPOH YpOBEHb,
COOTBETCTBYIOIIIMM IOATOTOBKE MAarucTpoB, IPEAYCMAaTPUBAET HMEHHO TaKoe
HaIlpaBJICHUE.

NHXeHEepBI-CTPOUTENH, TPOCKTUPOBILMKHN U IPOU3BOJICTBEHHUKH JOJKHBI Y4H-
TBIBATh  pa3pylICHHE CTPOUTEIBHBIX MATEPUAIOB IIPU  IPOCKTUPOBAHUU
KOHCTPYKLUMH 3JaHUM U COOpYyKeHUH. X COXpaHHOCTh IO3BOJSET HE TOJIBKO
YMEHBIIUTh OO0BEMBI MPUPOAOPA3PYLIUTENBHBIX pabOT MO pa3pabOTKE HOBBIX
KapbepOB, COKPATUTh 3HAYUTEIIbHBIC DJHEPIeTHYECKUE, TPYAOBBIC 3aTpaTbl Ha
CTPOUTENBCTBO HOBBIX 3aHMI, HO U CO3/1a€T JYUIIyIO CpeAy OOUTaHMS YETIOBEKY, B
KOTOPOM YMEHBUIEHBI BPEIHBIE BO3JECUCTBHS, COIPOBOXKIAIOIIKME pa3pyLICHUS U
PEMOHT CTPOUTENBHBIX CcoopykeHuil. Oco00 BaxXHOW MPOOIEMON SBISETCS
CHIKEHME TEIJIONOTEPD 3JaHUN U COOPYKEHHUM.

3alIUTHBIE TOKPBITUS HA OCHOBE CTPOUTENIbHBIX MAaTEPUAJIOB IPEACTABIEHBI HE
TOJILKO KaK CyMMa PacCIIMPSAIOLINXCA 3HAHUM O KaXXJOM MaTepuale, HO U KaK KOM-
MJIEKC OOIINX MOJIOKEHHM, IPUHIIUIIOB, 3aKOHOB, MOHATHI O MaTepHanax Kak B KOH-
KpPETHOM, TaKk U aOCTPaKTHO-IOTUYECKOI popMmax.

B yue6HOM 1ocoOMM UCOIB30BaHbI PE3yIbTaThl UCCIIEIOBAHU, BHITOJTHEHHBIC
I1.I"'KomM0X0BBbIM, N.A.PpiObeBbIM, A ILIToXHUHBIM, B.B.IIpokxodresoii,
C.B.MakcumoBbiM, JI.A.TTononckum, b.A.I'puropseBbim, B.b. 3BepeBbim.

[Ipeaucnosue, BBeneHue Hanucanbl C.B. MakcumoBbiM. IlepBas, BTOpas u
mectas raaBbl Hanucanbl [LI. KomoxoBeim um C.B. MakcumoBbiM. TpeTss,
yeTBepTad U nsAtas masbl Hanucanbsl C.B. MakcuMoBsiM U B.b. 3BepeBbiM.

ABTOpBI  BBIp@XKalT TIIy0OKyl0 OJIaroJapHOCTh KOJUIEKTHBY  Kadeapbl
IIPOU3BOJACTBO CTPOMUTENBHBIX KOHCTPYKIMH (CapaTOBCKOIO TOCYAAapCTBEHHOTO
TEXHUUYECKOI'O YHHUBEpPCUTETA, PYKOBOAMMOMY J-POM TEXH. HAyK, Hpodeccopom
Npamenko FO.I'., u 3aB. kapeapoil CTPOUTENbHBIX MaTEpPUANIOB, I-py TEXH. HayK,
npogeccopy benropoackoil rocyaapcTBEHHON  TEXHOJOTMYECKOM — aKaJAeMHU
JlecoBuky B.C. 3a neHHbIE 3amedaHusi, CACJIAHHBIE UMHU IIPU PELIEH3UPOBaHUU
PYKOIIUCH.



BBEJAEHUWE

TexHuyeckuit mporpecc B CTPOUTENHCTBE CYIIECTBEHHBIM 00pa30oM 3aBUCHUT OT
YPOBHSI Pa3BUTHUS NPEANPUATHI MTPOMBILIJIEHHOCTH CTPOUTENBHBIX MATEPUATIOB, OT
MX OCHAIIEHHOCTH COBPEMEHHOW TEXHOJIOTHEH, MO3BOJISIONIEN YyTKO PEarupoBaTh
Ha BO3pacTaolre TpeOOBaHUS CTPOUTEILHOTO MPOU3BOJICTBA, CPEAN KOTOPHIX JOJI-
TOBEYHOCTbH COOPYKEHUH, U3IEJINA U MAaTEPUAJIOB 3aHUMAET BEAYILEE MECTO.

H3meHeHne CBOMCTB MaTepuaioB BO BPEMEHH HOCHUT HEOOpPATUMBIM XapaKTep
M 3aBUCUT OT OKCIUIyaTallMOHHBIX HArpy30K M B3aWMOJEWUCTBHS CO CpEIoM.
Bo3neiicTBus arpecCMBHOM cpeapl NPUBOIAT K CYIIECTBEHHBIM H3MEHEHUSAM
ne(pOpMallMOHHO-IIPOYHOCTHBIX CBOMCTB MaTepuajoB. AKTYaJbHOCTb IMpPOOJIEMBI
NEPCIIEKTUBHOTO Pa3BUTHs 3allUTHBIX MOKPBITUH NOTpeOoBajga OOOCHOBATH Pl
HAy4YHBIX IIOJIOKEHUH 110 BBIABMIKCHUIO TEIUIONPOBOJHOCTA Kak IIEJIEBOU
ycraHoBkd. Co31aHMe W NPUMEHEHUE HOBBIX BHUJOB TEIUIOM3OJSALHUOHHBIX
MaTepUaOB,  COBEPIICHCTBOBAHWE  TEIUIOBOM  M30JLIMUM  OrPAKIAIOIIMX
KOHCTPYKLUMH HEU30€KHO NPHUBOJAT K COKpALEHUIO pacxoja TOIIMBA Ha
OTOIUIEHHE 3/JaHMM M TOBBIIIEHHIO KoMmMdopTa B momelleHusax. llpumeHnenue
3(Q(EKTUBHBIX AKYCTUYECKUX MaTepHalioB, OJM3KUX 10 CBOEH CTPYKType H
METOJAM IIOJY4YEHHUs K TEIUIOM30JSIUOHHBIM MaTepHUallaM, MOBBILIAET KYJIbTYPY
CTPOUTENBCTBA, KOM(POPTHOCTh KU3HEHHBbIX YyciaoBuil. (CoBeplIEeHCTBOBaHUE
TEXHOJIOTMM TUIAPOU3OSALMOHHBIX M OTHEYIOPHBIX MaTEpHAIOB YBEJINYUBACT
AKCIUTyaTallMOHHbIE CBOWCTBA KOHCTPYKLMHI M MPOJOHKUTEIBHOCTh UX NPHUMEHE-
HUSL.

IIpencraBineHbl COBpEMEHHBIE KOHLEMLUU MPOYHOCTH U JAe(OPMATUBHOCTU
MaTepHUaoB, NEHCTBUS JO0ABOK M AEMI(PUPYIOUIMX KOMIIOHEHTOB B CTPYKTYpe
CTPOUTENBHBIX MAaTEPUATIOB.

Hacrosiiee yueOHOoe mocobue mpu3BaHO O3HAKOMUTH CTYIEHTOB CTPOUTEIIb-
HBIX CIIEHUAIbHOCTEN BBICIIMX YU€OHBIX 3aBEACHUN C HAYKON O CTPOUTENbHBIX Ma-
TepHUajax, uX TeIUIO, 3ByKEe, TUAPO U OTHE3ALIUTHBIX CBOMCTBAX.

[Ipennaraemoe yuebHOe mocodbue «MaTepuanbl 1151 KOHCTPYUPOBAHUS 3aAIIHT-
HbIX TOKPBITHI» pa3[eNeH0 Ha TPU CAMOCTOSATEIBHBIX M B3aUMOCBS3aHHBIX
pasnena. IlepBpil pa3zmen IOCBSIIEH M3JIOKEHUI0 OCHOBHBIX TEOPETUYECKUX
MOJIOKEHUW HAYKU O CTPOUTENBHBIX MaTepHUaiax, IPUHUMUIIAX U 3aKOHOMEPHOCTSIX,
JNEUCTBYIOIIMX B JTOM HAyKe, KA4YECTBEHHBIX XapaKTEPUCTHKAX, METOAax
OTpesieNieHrs] KayecTBa MaTepHaylioB M WX 3()(PEKTUBHOCTH U JIPYTHUX BOMpOCax,
OTHOCSIIMXCS KO BCEM MarepuajiaM U M3AenusM. BTOpol OCHOBHOM pa3lesl KHUTH
COJIEPKUT HAy4YHbIE U NMPAKTUYECKUE CBEICHHS O MPUPOAHBIX U HMCKYCCTBEHHBIX
CTpOUTENBbHBIX MaTepuanax. [Ipu 3tom yaensercs ocoboe BHUMAHHUE K BOCIIPUATHIO
MaTepHaJaMHU JKCILIyaTallMOHHBIX HArpy30K B 3[aHUAX U COOpPYXKeHUsAX. Tperni
paszzen paccMaTpuBaeT IIPUMEHEHHE CTPOUTEIBHBIX MAaTE€pUalIOB B 3alUTHBIX
HOKPBITUSIX, HOPMAaTHBHbIE TpPeOOBaHUS IPU HUX YCTPONCTBE M HalpaBICHUS
COBEPILIECHCTBOBAHUS.



PA3IEJI HEPBBIN. HAYYHBIE OCHOBBI 3ALLIUTHBIX
IMOKPBITUM

I'nmasa 1. HauanbHble cBegeHust 0 matepuajax 1.1.

HCKOTOpLIe HCXOAHbIC ITIOHATUSA

BemiectBa, cocTaBisitonyie MaTepuaibl U Tella COCTOST, KaK U3BECTHO, U3 MO-
JIEKyJ - HAMMEHBIINX YaCTHI] JAaHHOTO BEIIECTBA, COXPAHSIONIUX €ro cocTtaB. Mo-
JIEKYJIbI, B CBOKO OY€PE/ib, COCTOSIT U3 HANMEHBIIINX YaCTHII, HA3bIBAEMbIX aTOMaMHU.
ATOMBI 1 MOJIEKYJIBI HAXOSTCS B OSCIIPEPHIBHOM JBMKCHHUU TTOJJOOHO caMoil MaTe-
puu. ATOMBI pa3IUYAIOTCS MEXAY COOON MO Macce, CIOCOOHOCTH COETUHSTHCS C
IPYTUMH aTOMaMH, a TaKKe HEKOTOPHIMH KAaYeCTBCHHBIMH XapaKTePUCTUKAMH,
UMEHYEMBbIMU XUMHUYECKUMH CBOKWCTBaMU. OHU OCTAIOTCS SJICKTPUUECKH HEUTpaIb-
HBIMH, HO B IICHTPE aTOMa HAXOAUTCA SIAPO, B KOTOPOM COCPEAOTAYMBACTCS OCHOB-
Hasi Macca aToma. SIIpo HeceT MOJOXKUTENbHBIN AIEKTPUISCKUI 3apsij, TOrna Kak
OKPYKAIOIINE €T0 IEKTPOHBI HECYT OTPUIIATEIBHBIC 3apsIIbl U BPAIIAIOTCS BOKPYT
sipa 1Mo TeM WM UHBIM OpOUTaM.

OmnpeneneHHbId BHJI aTOMOB C OJWHAKOBBIM XHMHYECKHUM CBOMCTBOM
Ha3bIBACTCS XUMUYECKUM 3JIeMeHTOM. OHU MOTYT OBITh KaKk CBOOOJHBIMH, TaK U
COeIMHEHHBIMH B MoJekynax. [locnenHue, B CBOIO ouepe/b, MOTYT 00pa30BBIBAThH
NPOCTHIC BEIIECTBA (METaUIbl M METaJUIOUbI), €CITH MX MOJICKYJBl COCTOSIT W3
OJTHOTO
XUMHYECKOTO JJIEMEHTAa, U CJIOXKHBIE BEIIECTBA, €CIM MX MOJEKYJbl COCTOST U3
aTOMOB  pPa3HBIX XUMHYECKHX JJeMeHTOB. (pemu  CIOXKHBIX  BEIIECTB,
BCTPEYAIOIIUXCSI
npu 00pa30BaHUH CTPOUTEIHHBIX MATEPHAIIOB, 0COOCHHO PACIIPOCTPAHEHBI OKCHIBI
(MOJIEKYJIBI COCTOSIT M3 aTOMOB KHCJIOpPOJa M aTOMOB JPYroro 3JEMEHTa),
OCHOBaHMsI (MOJIEKYJBl COCTOST M3 AarOMOB MeTala W CBSI3aHHBIX C HHM
THJIPOKCHITBHBIX
rpynn OH), kucioTel (B MOJEKynax COAEPIKATCS aTOMBbI BOJOPOJA, CIIOCOOHBIC
3aMeMIaThCsl ATOMAMH METAJIOB) U COJIM (MOJIEKYJIBI COCTOSIT M3 aTOMOB METAJIJIOB
1
KHCJIOTHBIX OCTAaTKOB).

PaznuyHble aTOMBI M MX CKOIUICHHSI O] BIUSHUEM JEHCTBUS PAa3TMYHBIX TH-
MIOB CBSI3€H - MOHHBIX, KOBAJICHTHBIX, MOJIECKYJISIPHBIX, BOJOPOIHBIX ¥ METaJLTHYe-
CKHUX - 00pa3yoT pa3inyHble MaTepuaibl. Hanbonee pacnpocTpaHeHHBIMHA SIBIISIOT-
Csl MOJICKYJISIpHBIE CBSI3H, UMEHYEMbIE TaKKe CBsi3siMU BaH-nep-Baansca. OHu cpas-
HUTEIIHO CJIa0ble, BOZHUKAIOT TIPH HHU3KOM YpPOBHE JHEpruu. Becbma TUIIUYHON
XUMHUYECKOU CBS3BIO SIBISICTCS MOHHAS, a TAaKKe€ OYEHBb IMUPOKO TPEICTABICHBI B
MaTepuajax CBS3U KOBAJICHTHbBIC. BeMMUMHBI SHEPTUH TUX CBsI3ed BeChbMa 3HAYH-
TEJbHBIE, 0COOCHHO B CPAaBHEHUH C YHEPTHEH BaH-/I€P-BaalbCOBOM CBsI3U. bombImm
3HaYEHUEM SHEPTUU OTINYACTCS M METAUTMYECKasl CBSI3b, XapaKTepHast JJIs MeTall-
JTMYECKUX MaTepuasoB. B mpupojie MarepuansoB BaXXHYIO POJIb UTPAET BOJOPOTHAS
CBSI3b, XOTS OHA MIMEET OTHOCUTENHHO CIIA0YI0 SHEPTHIO.

CrnemyeT OTMETUTh, YTO B YHUCTOM BHJIE ITH ISITh PA3HOBUIHOCTEH (THIIOB)



CBsI3€M BCTpEUaroTCs PENKO, MOCKOJIbKY MPAKTUYECKU BCETJa Hajaraercs JBa TUIa
CBSI3HM WK OoJiee, XOTsI OOBIYHO M MPEBATUPYET 0 HA U3 HUX. CTPYyKTypa BbIpakaeT
croco0 0O0bEeTUHEHUSI aTOMOB, COCTABIIAIOIIMX JAaHHBIM MaTepuai, Wid aHcamOib
aTOMOB, a TaKXke MOJIeKyJd. B pesynbraTe Takux oObequHeHUi oOpasyercs OO
YHOpSAOYEHHAs! CTPYKTYypa KpUCTalIa, TMOO HEeYNmopsAA0UeHHas: CTPYKTypa amopd-
HOTO Tenia. BO3MOKHBI OTKJIOHEHHSI OT 3TUX KpalHUX HI€aJIbHBIX TUIIOB CTPYKTYpP B
pealIbHBIX MaTepuaiax ¢ HaJuuueM Je(EeKTOB U HECOBEPILEHCTB KaK B PACIOJIONKE-
HHUH YaCTHUL, TaK U B CBA3AX MEXKIAY HUMHU.

1.2. Knmaccudukanus MaTepuaioB 3alIUTHBIX TTOKPHITUN

Kanaccupuxanus Tenjion30asaiMOHHbIX MaTepuaioB. OyHKIIMOHAIBHOE HA-
3HAYEHHE TETJIOU3O0JISILIMOHHBIX MATEPUATIOB - YCTPOUCTBO TEIIOBOW M3OJISIIIUU OT-
paXAArOUIMX KOHCTPYKIMHI 3IaHUI U COOPY>KEHU, TEXHOJIOTMYECKOH armapaTyphl,
TEIJIOBBIX U XOJOJAUIBHBIX YCTAHOBOK U Pa3IMYHBIX TPYOOIPOBOIOB.

Tennon3oaMOHHbIE U aKyCTHYECKHE MaTepuasbl KIACCUDUIMPYIOT MO He-
CKOJIbKMM OCHOBHBIM MpPU3HAKaM: BUY UCXOAHOTO ChIPbs, BHEIIIHEMY BU]Y, CTPYK-
Type, CPeIHEN IMIOTHOCTHU, CKUMAEMOCTH, TEIUIONPOBOJIHOCTH, CTOPAEMOCTH, KO-
3¢ PUIMEHTY 3ByKONOTIIOIEHUS, TPOAYBAEMOCTH, MOAYJIIO YIPYTOCTH.

[To BUAY MCXOTHOTO CHIPbS BCE TEIJIOM3OJISILIMOHHBIE MaTepHalbl MOJpa3jie-
JSI0T Ha JiBe OOJIbIIIME TPYNIbI: HEOpraHuyeckue u opranndeckue. K neopranuue-
CKMM MaTepuajgaM OTHOCST MUHEPAIbHYIO U CTEKJISTHHYIO BaTy, IEHOCTEKIIO, SYeHu-
CThle O€TOHBI, BCIYYEHHBI TEPJIUT W BEPMUKYJIUT, TEIIOU3OIAIUOHHYIO
KepaMuKy, acOecTtocoiepikaliue TeIJOU30JSAMOHHBIE MAacChl U HM3JCINus.
Opranu4yecKuMU MaTepualaMd CYHMTAIOT MaTepualbl HAa OCHOBE JPEBECHHBHI,
pa3nMuYHbIX cTeOnel pacteHud (Topda, JbHA, KaMblllla, COJOMBI), a TaKXKe
ra3oHamnojHeHHble IuiacTMacchl. CymiecTByeT emie rpynmna MaTepuasos,
M3TOTOBJICHHBIX M3 CMECH OPraHMYEeCKOTO M HEOPraHMYECKOTO ChIPbs, HAIpHUMEp
¢ubponut, momydaembli M3 JpeBeCHOW miepcTH W uemeHTa. [Ipeobmamanue
OpPraHUYECKOW WM HEOPraHMYECKOW YacTH SIBISETCS OCHOBAHUEM IS OTHECEHUS
MAaTEPUAIIOB K OJHOW U3 TPYMIL.

[To cTpykType TEIIOM30ISMOHHBIE MaTEPHAbl MOAPA3IAEISIIOT Ha BOJIOKHH-
CTBIE, SIYEUCThIE U 3€PHUCTHIE.

Io cpemHeil IIIOTHOCTU B CYXOM COCTOSIHHHM, KI/M, TEIUIOH30/IAIIHMOHHBIE Ma-
TEpUAaIbl MOAPA3ACIAIOT HA TPYIIIBI U Mapku: 1 rpyrmmna - 0co0o Jierkue MaTepHabl
(OJI), umeromue mapku 15, 25, 35, 50, 75 u 100; 2 rpynna - nerkue (JI) - 125, 150,
175, 200, 225, 250, 300, 350; 3 rpynna - tsoxensie (T ) - 400, 450, 500 u 600. Ma-
TEpUAIbl C IPOMEKYTOUHBIM 3HAYEHUEM CPEIHEN MIIOTHOCTU OTHOCAT K ONmxkaii-
el OoJIbIIe MapKe.

[To TemmonpoBOAHOCTH TEIIONPOBOAHBIE MATEPUAIIBI IEJAT HA KJIACCHI: MaJo-
tertonpoBoAnbie [A, mo 0.058 Bt/(M-°C)]; cpemneremnonpoBoaubie [0.058
0.116 B1/(M°-C)] u noBbiieHHOM TemionpoBogHocty [X = 0.116 ... 0.18 Bt/(Mm-
°C)]. Ans noapasjaeneHusi Ha KJIACChl 3HAYEHMsI TEIUIONPOBOJAHOCTA MaTEpUATIOB
onpenendtoT npu temneparype 25 °C.



9
[To ’KeCTKOCTH TETJION30JISAIINOHHBIC U3EIHSI TOAPA3ACTISIOT Ha BUABI, HCXOIS
13 OTHOCHUTENIBHOU JedhopMallvK CKaTUs MO yACIbHON Harpy3kou (Taosm. 1.1).

Tabmnuia
1.1 Krnaccudukanus u3nennii mo »,KeCcTKOCTH
Bum vrnenmii OtHocurenwHoe cacatue. % hu o Harnvike. MTla
0.02 0.04 0.1
Msrkue 6omee 30 or 6 10 |10 10 o 10
[Tonyxectkue 30
Kectkue 1106
IToBbIILIEHHOM KECT-
koctu TBEpabIE

[To BO3ropaemMocTu TEIUIOM3OJSILIMOHHBIE MaTepuaibl MOAPA3ACISIOT Ha TPU
IpyNIbl: HECTOpaeMble, TPYAHOCTOpaeMble U CTOpaeMbIe.

Kaaccupukanus akycTHYeCKHMX MaTepuaoB. [I[puMeHeHne aKkyCTU4eCKUX
MaTEpHUaoB MPU3BAHO CO3/1aBaTh KOMQPOPTHBIC yCIOBHUS B MOMEIICHUSX, CHUXKAs
BpEIHOE BO3/ICHCTBHUE IIIyMa Ha OpraHU3M YeJIOBEKa.

B ocHoBe kiaccudukanuy JIexXUT (yHKIHOHATPHOE HA3HAYCHHE ITHX MarTe-
pHUAaNOB: a) 3BYKOIOTJIOMmAaronue (B KOHCTPYKIUAX OOJUIIOBOK BHYTPEHHUX MOME-
IMICHWA U JUTsI OTACIBHBIX 3BYKOIIOTJIOTUTENICH); 0) 3ByKOH30IMpYIomue (B MHOTO-
CJIOMHBIX OTPAKIAIONTNX KOHCTPYKIIHSIX).

3BYKOIOTJIOMIAONIME MAaTEPHANIbl KJIACCU(DUIUPYIOT MO CIEAYIOIIMM OCHOB-
HBIM MIPU3HAKAM: JK€CTKOCTH, 3P PEKTUBHOCTH, CTPYKTYPE U BO3TOPAEMOCTH.

[To »ecTKOCTH 3TH MaTepuaibl MOAPA3ACIAIOT Ha MSATKUE, MOITYKECTKHE, Ke-
CTKHE U TBEP/IbIC.

[To cTpyKTypHBIM MTPU3HAKAM 3BYKOIOTJIOMIAIOIINE MAaTEPUAIIBI TOAPA3ACTSIOT
Ha TIOPUCTO- BOJIOKHUCTHIE, TOPUCTO-STUYEUCTHIC (U3 TYCHCTOr0 OETOHA U TIEPIINTA) U
MOPHUCTO- TyOYaThie (MIEHOIIACThI, PE3UHBI).

[To Bo3ropaemMocTu OHHM paccMaTPHUBAIOTCS KaK HECTOpaeMble, TPYIHOCTOpae-
MBI€ U CTOpaeMbIC.

[To > dexTuBHOCTH 3BYKOMOTIOUIaeMble MaTepHallbl MOAPA3ACIAIOT HA TPU
KJjacca B 3aBHCHUMOCTHU oT BEJIMYMHBI cpeaHeapuPpMETHIECKOTo
peBepOepanronHoro ko3¢ dunmenta a: 1-it kiacc - a ceime 0.8; 2-i kmace - a oT
0.8 mo 0.4; 3-i ximacc -a ot 0.4 no 0.2.

[To cTpykType 3BYKOM3OJAIMOHHBIE MaTepUalbl MOIPA3ACIAIOT Ha MOPUCTO-
BOJIOKHHCTBIE, TIOPUCTO-TyOUaThIE.

Kinaccudgukanusi OrHeynmopHbIX MaTepHaJioB. B OCHOBE OrHEYNOPHBIX
MaTEpHUaJIOB JISKAT: XUMHUKO-MUHEPAJIbHBIA COCTaB, OTHEYIOPHOCTh, MOPUCTOCTH,
TepMHuuecKast o0paboTKa.

[To XuMUKO-MUHEPATLHOMY COCTAaBY MAaTE€pPHAIIBI ICTIST HAa TUIIBI: KPEMHE3EMHU-
CTBIC, ATFOMOCHIIMKATHBIC (HU3KO-, CPEHE- U BHICOKOTJIMHO3EMHUCTHIC ), MarHe3u-



aJNbHbIE, MAaTHE3UaJTbHOU3BECTKOBbIE, MAarHE3UATbHOIINHEIUIHbIC, MarHE3HAIbHO-
CHJIMKaTHbIE, YIIIEPOJUCThIE, KapOUIKpEMHHUEBbIE, IUPKOHUCTHIE, OKHCHBIE U HEKH-
CIIOPOJHBIE.

[lo orHeynmopHocTH Marepuaibl pa3iMyarOT Ha orHeynopssie (ot 1580 mo
1770°C), Bwicokoorneynopubie (1770 mo 2000 °C) u BbICHIMII OTHEYNOPHOCTH
(cBpimre 2000 °C); mo MOPUCTOCTH - HA 0CO00 IUIOTHBIE (C OTKPBHITON MOPUCTOCTHIO
10 3 %), BeicokoruioTHbIe (cBbImIe 3 10 10 %) 1 nanee BIJIOTH A0 JIETKOBECHBIX (OT
45 no 85 %) u ynabTpasierkoBecHbIX (CBbIIE 85 %); Mo TepMuUecKoit oOpaboTKe -
000xKEHHBIE, 0€300KUTOBBIE, TOPSAYETIPECOBAHHBIE U TJIABJICHOJIUTHBIE.

Kaaccupuxanus ruapou3onsifuOHHbIX MATEPUAI0B. | HApOn30IsIMOHHbIE
MaTepHuabl MpeHa3HAYeHbI ISl 3alUThl KOHCTPYKIMM OT JEHCTBUN arpecCUBHBIX
CpeJl OHU KJIACCU(PUIUPYIOTCS IO HA3HAYEHUIO, PUPOJIE UX OCHOBBI, TEXHOJIOTHYE-
CKHM OCOOEHHOCTSIM.

[To Ha3HAYEHUIO TUAPOU3ZOJIALIMOHHBIE MAaTEPUANbl TTOAPA3ICIIAIOTCS HA aHTH-
(buUIBTpAIIMOHHBIE, aHTUKOPPO3UOHHBIE U TEPMETUZUPYIOIIHE.

[To npupozae ux OCHOBBI - Ha ac(haabTOBbIE, MUHEPAJIbHBIE, MIJIACTMACCOBBIE U
METaNInYECKHeE.

[To TeXHOJIOrMYECKUM OCOOEHHOCTSIM - Ha BSKYIIHME, CMECH C MUHEPAIbHBIMU
HAIMOJIHUTEISIMU U HA IITYYHbIE MaTEpHAJIbI.

AcdanbToBBIMU THAPOU3OISAIMOHHBIMU MaTepUajiaMyd Ha3bIBAIOT MaTepUabl
Ha OCHOBE CMEIICHHSI OUTYMOB U OUTYMHHO3HBIX BEIIECTB C MUHEPATLHBIMH.

MunepanbHble THAPOU3OIAIMOHHBIE MaTEPUANIbl MPUTOTABINBAIOT HA OCHOBE
Pa3TMYHBIX [IEMEHTOB, NIJIAKOB U TJIMH, UX MPUMEHSIOT JUIsl OKPACKU U IMTYKaTyPKH
COOPYKEHUM, JIsI MACCUBHBIX HOKPBITHM.

Metannuueckue ruApOoU30SILIHOHHBIE MaTepUANIbl MPEACTABISIOT COOOMN JHC-
Thl U3 JATYHU, MEJH, AIFOMUHUS, HEPKABEIOUICH CTalu, MPUMEHsIeMbIe JIJIsl MOHTH-
pyeMo# THAPOU3O0JIALUUA U YIJIOTHEHUs Ne()OpMAaIlMOHHBIX IIBOB. AJIIOMUHEBAsA U
MeaHas poJbra UCIONb3YeTCs AJI YCUIICHUS! PYJIOHHBIX MaTEPHUAJIOB.

[ImacTmMaccoBble TUAPOU3OISILIMOHHBIE MATEPHUAIIBI - 3TO UCKYCCTBEHHBIE MaTe-
pHAaIbl U3 TUIACTUYECKUX MACC, MIPUTOTABIMBAEMBIX HA OCHOBE MOJIMMEPHBIX BSIKY-
IIMX, UX CMECe C MHUHEpaJbHBIMU HAIMOJHUTEISIMU U PA3TMYHBIMHU JT00aBKaMHU.
Haubonbiiee npuMeneHnue Ui TUAPOU3OIISINN HAILTA OKPACKH HAa OCHOBE 3IOK-
CUIHBIX, TOJUA(DUPHBIX U (PEHOJIBHBIX CMOJ, IITYKATYPKH Ha OCHOBE TUIEHKHU U JIUC-
Thl U3 TIOJIUATUJIEHA U TIOJIMBUHWIXJIOPU/IA, KayUyKOBbIE T€PMETHKHU.

1.3. CTpykTypa CTPOUTEJIbHBIX MATEPHUAJIOB

[Ton cTpykTypoil, WM BHYTPEHHHM CTPOCHUEM CTPOUTENIBHBIX MATEPHUANIOB,
KaK U Jpyrux (pU3n4ecKux Tej, TOHUMAIOT MPOCTPAHCTBEHHOE PACIIONOXKEHUE Yac-
THUL Pa3HOM CTENEHU AUCIEPCHOCTH (M3MENBUYEHHOCTH) C COBOKYITHOCTBIO YCTONYH-
BbIX B3aMMHBIX CBSI3€d U MOPSAKOM CIEIUIEHHS X MeXIy coboil. Kpome Toro, B
NOHSATHE CTPYKTYPbI BXOAUT PACIOJIOKEHUE TIOP, KAUJUISIPOB, TOBEPXHOCTEN



paznena (a3, MUKPOTPEIINH U IPYTUX CTPYKTYPHBIX 351eMeHTOB. [log MuUkpocTpyk-
TypOU IMOAPa3yMEBAIOTCS PACIOJIOKEHHUE, B3AaNMOOTHOILLIEHUE U B3aWMOCBSA3b pas-
JIMYHBIX 10 pa3Mepy aTOMOB, HOHOB M MOJIEKYJI, U3 COBOKYITHOCTH KOTOPBIX CJIara-
IOTCS pa3jMyYHbIE BEIIECTBA B TBEPJOM, XUAKOM M Ta3000pa3HOM COCTOSHUSIX.
ATOMHO-MOJIEKYJISIPHOE CTPOEHHUE OMNPEAEISIIOT MaKPOCKOMUYECKUE OCOOEHHOCTH
Marepuasia. Ha MakpoCKONMMYECKOM YPOBHE YCTAaHABJIMBAIOTCA B TOM WJIM HHOMU
MEpe YCTOMYMBOE pACIOJIOKEHHE, B3aUMOCBA3b MW  IMOPSANOK  CUCIUICHHS
MaKpOMOJIEKYJI, MHIIEIUI, KPUCTAJIIOB, KPUCTAIUIMUYECKHX OOJIOMKOB M CPOCTKOB,
aMOp(HBIX CPABHUTEIBHO KPYIMHBIX YACTHII, COCTABIISIONINX MaTEPHUAaIbl, a TAaKKe
COOTHOULIEHUSI KOMIIOHEHTOB.

OcHoBHOM (hOpMOI TPABMIIBHOTO PACTIONOXKEHUS MUKPOUACTHUL] B IPOCTPAHCT-
BE SABJISIETCS] KpUCTAJUIMUECKas pemerka. Kaxxqomy TUIly CBs3M COOTBETCTBYET CBOM
XapaKTEPHBIM TUIl KPUCTANIMYECKON PEIIETKH, a IMEHHO: MOHHAs PEIIEeTKA; MOJIe-
KyJIIpHas, WM MOJIIPU3ALMOHHAsA, pelieTka, (OpMHUPYIOIIAsAcS C MOMOIIBIO CHII
Ban-nep-Baanbca; aToOMHast ¢ pe3K0O BBIPaKEHHOU B PEIIETKE KOBAJIEHTHOM CBSA3bIO;
METaJIJINYECKasi; peleTka ¢ BOJOPOAHBIMU CBsA3SIMU. OCOOEHHOCTBIO TBEPJBIX TEIl
ABJISIETCS. B3aUMOCBSA3b, WM KOppENsiuus, II0JOKEHUM COCEIHUX AaTOMOB C
OMMKHUM U JaJbHUM IMOpsAKaMu. B KpUCTAIIMUECKMX pelieTkax AajJlbHUN
HOPSJIOK paclpocTpaHseTcss Ha Oojbluve o0JacTH, a ONMKHUN MOPSAOK - Ha
OKpPY)KEHHE [aHHOro aroMa. Bce Tena ¢ KpUCTAIIMYECKOM PEIIETKOM HMET
OPaBWIbHYIO (OPMY KPHUCTAJUIOB, XOTS pEajJbHbIE KPUCTAUIBI OOBIYHO HMEIOT
OTKJIOHEHHSI OT UACATBHOU T€OMETPUIECKON CTPYKTYPBI.

TBepabie BemecTBa, He 00 AI0NNE KPUCTAIUIMUECKON CTPYKTYpPOIl, OTHOCST-
cs Kk amoppHbM. K caMbIM pacnpOoCTpaHEHHBIM MPEACTaBUTENAM aMOP(HBIX Ted
OTHOCSTCS cTekna. becnopsimouHoe pacnonaokeHne aTOMOB U MOJIEKYJT B aMOP(HBIX
Tenax YCJIOKHAET U3y4YEeHHE MX CTPYKTypbl. O HEN HEpPEAKO CYIAT MO0 HEKOTOPBIM
KOCBEHHBIM ToKazaressiM. Tak, HampuMep, amop(HbIe BEIIeCTBAa MPU HArpPEBaHHUH
CIOCOOHBI TUIABUTHCS MOCTENEHHO, HE UMEsI ONPEIeJICHHOW TEMIIEpaTyphl IJIaBje-
HUSA; OHM 00JaAaroT M30TPOMHOCTBIO, T.€. OJJMHAKOBBIMU CBOMCTBAMM BO BCEX Ha-
MPABJICHUAX. YTOPSIOYEHHOCTh PACHOJIOKEHHUSI YacTHUIl MOXKET HaOII0AaThCs
(HampuMep, y CTEKOJI) TOJIbKO B HEOOJBIINX 3JIEMEHTaX o0bema (ONMKHHN Topsi-
J0K). B 3TuX 30HaX CTpyKTypa MUMEHYETCs KaK KpUCTAJUIUTHAS: MEXIYy KpUCTaJlia-
MU, 3aHUMAIOIIUMHA MUKPOOOBEMBI, HAXOATCS MMPOCIONKHU MOJTHOCTHI0 aMOP(PHOTO
BELIECTBA.

VY TBEpIBIX TEJI UMEIOTCS 3HAYNMBIE NIPU3HAKA UX KPUCTAJUIMYHOCTH: OIIpese-
JICHHAsl TEMIIEPATypa IUIABJICHUS - IIEPEX0JA UX B XKUAKOE COCTOSIHUE ; OIIPEIEIICH-
Hasi reoMmeTrpuyeckas Qopma KpUCTaIOB, KOTOpas OCTAETCs XapaKTEepPHOM s
JAHHOTO BELIECTBA; aHU30TPONUS, T.€. HEONMHAKOBOCTb CBOMCTB B Pa3JIMYHbIX Ha-
npasiieHUsAX. TemnoBoil 3 (peKT KpucTaniu3alunuy - OCHOBHON KpUTepuil aToro ¢a-
30BOr0 IPEBPALIEHUS.

Kpucrannuueckoe 1 aMoppHOE CTpOCHHE HEPEIKO MOXKET OBITh MPUCYILE Of-
HOMY M TOMY € BEILECTBY, HAIIPUMEP KPUCTAIUIMYECKUI KBapL (KPUCTOOAIUT) U



KBapLEBOE CTEKJIO0 UMEIOT 00muil xumudeckuit coctaB SiO,. OQHO U TO K€ KpH-
CTAJUIMYECKOE  BEIIECTBO  MOXXET HAaXOAWTbCSI B pasNUYHBIX  (opmax
(MoguduUKaMIX) CyIIeCTBOBAHUS KPHUCTAUIOB, YTO M3BECTHO MOJ HAa3BaHHEM IIO-
aumopdusma. [TonuMopu3M BeI3bIBACT U3MEHEHHE CBOMCTB MPU COXPAHEHHUH IO-
CTOSIHHBIM COCTaBa BEILECTBA, YTO JIMIIHUNA pa3 YKa3bIBa€T HAa BAXKHYIO POJIb CTPYK-
Typ B CTAaHOBJICHUU KadecTBa MaTepuaiioB. Tak, Harpumep, aiMas u rpaur, siBis-
ACh KPUCTATMYECKUMHU MOIUGUKALMIMHI yriepoja, 00JagatoT pe3Ko pa3IuyHOM
TBEPAOCTHIO: aliMa3 MPUMEHSETCS MPU OYPEHUU MPOYHBIX TOPHBIX MOPO, rpadurT -
MSATOK Y UCIIOJB3YETCS KaK CMa3Ka WM JUIA CTepXkKHS KapaHjaawa. J[pyroi npumep -
KpUCTAJUIMUECKUE MOJU(UKALNM Keye3a, MOoTyJaroluecs Ipu ero HarpeBaHuu u
OXJIQXX/ICHUH: TIPU BBICOKOTEMIIEpaTypHOU (hopMe KPHUCTAJUIOB KEJIe30 CIOCOOHO
CPaBHUTEIIBHO MHOI'O PACTBOPSATH yIJIEpOAa, TOT/Ia KaK TP HU3KOTEMIIEPATypPHOU -
YIJIEpOJ IPAaKTUUYECKU HEPACTBOPUM, a MPU OXJIAKICHUU KEJIE3a U3 PACTBOPEHHOTO
COCTOSIHUS YIJIEPOJ MEPEXOAUT B MEXaHUUECKYIO IPUMECH.

CrpykTypa HE OCTaeTCs HEM3MEHHOM, «3acThIBIIEN». B mpocTpaHCcTBE U BO
BPEMEHM OHA HENPEPHIBHO IIPETEPIEBAET HM3MEHEHUA. JTOMY, B YaCTHOCTH,
CIIOCOOCTBYET MOCTOSIHHOE JABUKEHUE 3JIEMEHTApPHBIX YacTHUIl, aTOMOB, MOJIEKY,
B3aMMOJICMCTBUE MaTepHaa C OKPYKarollehn Cpeaon.

MUKpPOCTPYKTYypa ¥ €€ UBMEHEHHS U3yYalOTCA C MOMOILIBIO ONTHYECKUX METO-
JIOB, DJIEKTPOHHOM MUKPOCKONUU, AUPPepeHIInaIbHO-TEPMUYECKOTO aHaIu3a,
pentreHorpaduu u p. B 3aBUCMMOCTH OT XapakTepa CBs3eil KOHTaKTUPYEMBIX Yac-
TULl OJTHOPOJIHBIE MUKPOCTPYKTYPbI pa3ieIl0T Ha KOAryJasi{UOHHbIE, KOHJAEHCALIH-
OHHBIE U KPUCTAJUIN3ALIMOHHBIE.

KoaryasinmoHHBIMHM Ha3bIBAIOT CTPYKTYPHI, B 00pa30BaHUM KOTOPBIX y4yacT-
BYIOT CPaBHHUTENBHO CJIa0bIe CUIIBI MOJIEKYJIIPHOTO B3aUMOACHCTBHS MEXY 4aCTH-
LAMU - BaH-JI€P-BaajbCOBBIE CUJIbl CLEIUIEHUS, JECHCTBYIOIIHME YEpe3 MPOCIOUKHU
XKuaKou cpenbl. KoHaeHCAanMOHHBIMM HA3bIBAIOTCS CTPYKTYPbI, BO3HUKAIOIIUE ITPU
HEIMOCPEICTBEHHOM B3aWMOJEHCTBUH YacCTHUL, WU MOJ BIMSHUEM XUMHYECKUX CO-
€AMHEHUN B COOTBETCTBUU C BaJEHTHOCTBHIO KOHTAKTUPYIOIIMX ATOMOB, WU IOA
BJIMSIHUEM MOHHBIX U KOBAJICHTHBIX CBsizeil. KpucTanam3aumoHHbIMU (WK KPH-
CTANJIMYeCKMMM) Ha3bIBAIOT CTPYKTYPHI, 00pa30BaBLINECS MTyTEM BBIKPUCTAIIN30-
BBIBAaHUS TBEPIOH (a3l U3 pacijiaBa WM PacTBOpa U MOCIEIYIOIIEro MPsiMOTo cpa-
CTaHUSI OT/ICJIbHBIX KPUCTAJIOB B IPOYHBIN X arperat, B TOM YUCJIE MO BIUSHUEM
xuMuueckux cpszeil. [1.A.Pebunaep, BriepBbie pa3aeauBIINK MUKPOCTPYKTYPhI Ha
TU TPU Pa3HOBUJIHOCTH, OTMEYall BO3MOXKHBIM M Jake Oojee TUNUYHBIM oOpa-
30BaHUE CMEIIAHHBIX CTPYKTYpP KaK COBOKYITHOCTHU JBYX WJIM TPEX OJHOPOAHBIX, Ha-
MIPUMEP KPUCTAININ3ALHUOHHO-KOATYJISILMOHHOM U Ap. [Ipu onpeaeneHHbIX yeaoBUsaX
MOKET OBITh CAMOIIPOU3BOJIBHBIN (CIIOHTAHHBIN) MEPEX0]] C PA3IUYHON CKOPOCTHIO
KOAryJIsIMUOHHOW CTPYKTYPhI B KOHAEHCAIIMOHHO-KPUCTAIIM3aMOHHY0 1 Ap. C pe-
albHBIM XapaKTEPOM MHUKPOCTPYKTYpP CBSI3aHbl B M3BECTHOW MEpE NPEACTABIICHUS
00 WX KayeCTBEHHBIX XapaKTepuCTUKax. Tak, Hampumep, Mpu KOoaryJsiHOHHBIX
CTPYKTypax IOYTH Bcerja HaOMoJaeTcss MOHUKEHHAs IPOYHOCTh BEIIECTBA,
CIIOCOOHOCTh



K TUKCOTPOITHOMY BOCCTAHOBJIEHHIO CTPYKTYpBI, pa3pyLIEHHOW MO BIMSIHUEM Me-
XaHUYECKOI0 BO3AEHCTBUsI, HanpuMmep BUOpupoBaHus. KoHAEHCAllMOHHBIE U OCO-
OCHHO KPUCTAJIM3ALMOHHBIE CTPYKTYphl IPUAAIOT BELIECTBY MOBBIILIEHHYIO MIPOY-
HOCTb, XpPYIKOCTb, JIUILIAIOT €r0 THKCOTPOITHOCTH.

OmnpeneneHHbli 00beM, MHOT 1A 3HAUUTEIIbHBIM, B MUKPOCTPYKTYPE 3aHUMAIOT
3aMKHYTBIE U COOOIIAIOIINECS ITOPHI WK T€ U IPYTHE BMECTE.

B MuKpoCTpyKTypax MOTYT BCTpeUYaThCsl KpOME IOp APYTrue BUIbl HEIUIOTHO-
creil. Cpeau HUX Je(eKThl KPUCTAUIMYECKON PEIIETKH B BUJIE TaK HA3bIBAEMBbIX Ba-
KaHCHM, BBI3BAHHBIX «HCIIAPEHUEM)» aTOMa U3 y3ja PELIETKU; B BUJAE JUCIOLUPO-
BaHHBIX aTOMOB, T.€. [IEPEMEIICHHBIX B MEX/I0Y3JIMH KPUCTAININYECKON PEIIETKH; B
BUJIE TPUMECEN KPUCTAJUIMYECKON PEIIETKH CO 3HAYUTEIbHBIM MCKaKEHUEM Kaue-
CTBa BELIECTBA MO CPABHEHHUIO C YUCTBIMU M CBEPXUYHUCTHIMHU BemiecTBaMu. Ocobo
OTAaCHBIMU SIBISIOTCS Ne(EKTHl B BUJIE MUKPOTPEIINH, CIIOCOOHBIX MO Harpy3KaMu
pacTu ¢ NepeXo0M B MAKPOTPEUIMHY MM MArUCTPaIbHYIO TPEIIMHY, OXBAaThIBAO-
IYI0 MAaKpOOOBEMBbI KPUCTAIITMYECKUX arperaToB U TeJl.

Kpome BsbxyIiero BemecTsa MUKpPO JUCIIEPCHON CTPYKTYPOU 00J1aJat0T TaKkxKe
IPUIIOBEPXHOCTHBIE CIOU WJIM KOHTAKTHBIE 30HBI B MaTe€pHUale, OTACISIIOUIUE BIKY-
M€ BEIIECTBA OT IOBEPXHOCTH JIPYrOro KOMIIOHEHTA, HAIIPUMEP 3€PEH 3aII0JTHUTE-
as1. CocTaB M CTPYKTYpa TOHKMX KOHTaKTHBIX CJIIOEB (MOHO- M MOJMMOJIEKYJISIPHBIX )
OTJIMYAIOTCA OT OCHOBHOI'O BSDKYLIEro BemecTBa. OTinyaercs OT Apyrux oObeMOB
MaTepual U Ka4eCTBO 3TUX CIIOEB, TaK KaK OHO 3aBUCUT OT MOTPaHUYHBIX 1e()EKTOB
CTPYKTYpPbl, IPOYHOCTH CLEIUICHUSI KOHTAKTUPYEMBIX BEIIECTB W IPOYEro, XOTs
pasauyue B Ka4eCTBE MPUIIOBEPXHOCTHOI'O CJIOSI M OCTAJIbHOTO 00beMa BSIKYLIETO
BELIECTBA SIBJIETCSA HE CKAYKOOOPa3HbIM, a JOBOJIBHO IIABHBIM.

«YKJagKa» MHUKPOUYACTHUIL] IPOUCXOJUT KOMIAKTHO, T.€. KaKk Obl C Yy4eTOM
IpUHLIMIA HanboJiee TUIOTHOW YIaKOBKU. DTOT MPUHIIUI XapaKTEPU3YETCsl TEM, UTO
B KPUCTAJUIMYECKUX TeJaxX IPU YKIIAJKE aTOMOB, HOHOB WJIM MOJIEKYJI B KpHUCTaJLIe
BO3HUKAET HAUMEHbILEE OCTATOYHOE CBOOOJHOE MPOCTpaHCTBO. OQHAKO TaKoH
IPUHLMI IPUMEHUM HE KO BCEM BUJaM KPUCTAJIOB, TaK KaK IPH IJIOTHOM YIIaKOB-
K€ MOXET BO3HMKHYTh MEHbIIAs yCTOMYMBOCTh PABHOBECHSI, YTO, HAIIPUMEp, HE B
MaJIof CTENEHH 3aBUCUT OT HAIPaBJIEHUS BaJICHTHOCTEN KOHTAKTUPYEMBIX YaCTHULL.

MaxkpocTpykTypa pa3iuyuMa HEBOOPYKEHHBIM TnazoM. s Haubonee pac-
IPOCTPAHEHHBIX CTPOUTEJIBHBIX MaTE€pUaIOB OHA 00pa30oBaHa COBMELIEHUEM MHK-
POCTPYKTYpBl BSDKYLIErO BELIECTBA U IOJU3EPHUCTBIX WM MHBIX BHJIOB
(BOJIOKHUCTBIX, MJIACTUHYATHIX, YIVIOBAThIX U T.II.) TpyOOAMCIEPCHBIX YaCTHUILl 3a-
MOJIHUTEIS, a TaKXKEe B HEH COACPNKUTCS KaNMWULIPHO-TIOpPOBas 4acTb. B Oosbimoi
rpymme 0co0o JIETKUX OETOHOB (YEUCTHIX OETOHOB) MaKpOAUCIIEPCHBIE MOPHI B BU-
7€ 3aMKHYTBIX SU€eK SBISIOTCA Kak Obl CBOEOOpa3HOW pPa3HOBHIHOCTHIO
«3aNOJIHUTEIIS.

[TonoO6HO MIOTHON, KOMITAKTHOW YMAKOBKE YaCTHYEK B MUKPOCTPYKTYpE Bsi-
KYIIUX BEIIECTB, TPyO03EepHUCTHIE 3aMIOJHUTEIHN MOJOUPAIOT C HAUMEHBIIINM 00be-
MOM MEX 3€pHOBBIX ITyCTOT, YTO MO3BOJISIET SKOHOMUTH HA PACXOJ€ BXKYILErO Be-



niectBa. C 3TOM LENbIO 3€PHUCTHIE 3AMOJHUTENMN MPEABAPUTEIBHO PA3JEsAOT Ha
bpakuu o pazMepam, ¢ T€M YTOOBI 3aTeM MPOOHBIM MOAOOPOM WM PacuyeToM
HAWTH cofiepKaHue Kaxaou (pakiuy IpH MJIOTHON UX CMECH.

Ecnu kpynHble 4acTUlbl, HAPUMED, MEOHS WK TpaBUsi B TaKOW Mepe cOm-
JKE€HBI, YTO KOHTAaKTUPYIOT HEMOCPEACTBEHHO APYr C IPYIOM WM Ye€pe3 TOHKHE
OPOCIOWKH  BSDKyIIETo, TO  c(GOpMHUpOBABIIAsICS  CTPYKTypa  Ha3bIBAETCS
Konmaxkmuou. Ecnu uMmeercss pa3[geineHHe 4YacTUL IIPOCIOWKAMM  BSKYLIETO
BEILECTBA 3HAYUTEIBHO YCPEIHEHHON TOJIIMHBL, TO MAaKpPOCTPYKTYpPYy IPHUHATO
MMEHOBATb HOPPUpPOEoil.

B nepBoM nmpuOamKeHUM OLEHUTh BUJL CTPYKTYPhl MOKHO MO KO3(PPUIUEHTY
ynakoBku. [loa ko3 (uLreHTOM yIakoBKH MOHUMAKOT OTHOILLIEHUE MPOEKIUU pac-
CTOSIHUS MEXKIY COCEHMMHU KPYIHBIMU 3€pHaMU (4acTULAMHU) HA MJIOCKOCTh K UX
auaMeTpam:

K, =(L-d)/d

rae K, - koapdumment ynakoBku; L - mpoekiust pacCTOSHHAS MEXTy IIEHTPAMHU CO-
ceaHux 3epeH (yactui); d - Auamerp yactuil (3epeH), Uil KOTOPHIX BBIUMCIIAECTCS
3TOT K03 (PUIIMEHT, a €CJIM YacTHUIlbl (3epHa) pa3HOTo AuaMmerpa (pasmepa), To d =
1] + 1, T/IE I'| U T - pAIUYyChl COCETHUX YaCTHII.

[TonmoxxutenpHbIC 3HAYCHHS KOIPPHUITMEHTA YITAKOBKH XapaKTepU3yIOT MopQu-
POBYIO CTPYKTYpY, a OTpHUIATeNbHbIE - KoHTakTHyI0. [Ipm K=0 nabmromaercs
CONPUKOCHOBEHHUE YaCTHUI[ APYT C APyrom 0Oe3 3aleruieHus, T.e. 0e3 3axoaa OgHOU
qacTuibl 3a Apyryto. [lpm MakcMManbHOW TUIOTHOW  yNMaKOBKE  YaCTHII
mapooOpa3Hoil GopMbl U OJHOTO JIUAMETpPa C KOJIU4YeCcTBOM uX 74% 1o o0bemy
K03 (UIMEHT yIakoBKH paBeH - 0.1. YBenndeHne KoIMuecTBa 4YacTUIl B MaTepurae
(Hampumep, MIEOHS) TPHUBOIUT K AaTbHEHIIEMY YBEIUYCHHIO OTpPUIIATEIHHOU
BEJIMYMUHBI KO3PPUIIMEHTA YIAKOBKH, T.€. K OOJbIIEMYy 3alEIUICHUIO WU 3aX0Jy
meOeHOK ApYT 3a Japyra, 4TO XapaKTepHO IJIs KOHTAKTHOW CTpyKTypbl. Ho Ha
BennunHy K BIMSET HE TONBKO KOJIMYECTBO, HO M pa3Mep KPYMHOOOIOMOYHBIX
gactuil. YeM KpymHee 3epHa, TeM MEHBIIEee KOJIMYECTBO IEOHS TpeOyeTcs s
TOTO0, YTOOBI KOI(DPHUITMEHT YIAKOBKH OKA3aJICsl OTPUIATEIILHON BETMUNHOM.

CTpyKTypHBIE XapaKTEPUCTUKH MOJTyIaeMOro MaTepurasa, HalpuMep TOIIIHUHBI
TUTICHOK CPEIbl, COJIEPKaHNe TIOp U UX pa3Mephl U APYTroe, U3MEHSIOTCS TIPH Pa3HbIX
TEXHOJIOTUsAX. Tak, MAaKpOCTPYKTypa MPECCOBAHHBIX U3EIHIA OTINIACTCS OT IMOJIY-
YaeMbIX MPHU JUTHEBOW TEXHOJOTHUU M3 OJWHAKOBBIX IO KA4eCTBY KOMIIOHEHTOB;
MUKPOCTPYKTYpa BSOKYIIEH 9acTH U3MIEIHNH MOCIe TBEPACHUS B OOBIYHBIX YCIOBHIX
Ha BO3JyX€ OTIMYAETCS OT 0OpasyIoIIeiics MpU TBEPJCHUU B YCIOBUSAX TMOBHIIICH-
HBIX JABJICHUN U TEMIIEpaTyp U T.II.



1.4. CTpyKkTypHasi MEXaHUKA, €€ COCTABHbIE YACTH

OcHOBBI MaTepuaIoOBeIeHUsl JOKHBI 0a3HpOBaThCs, MO KpailHeW Mepe, Ha
CTBIKE TpeX (QyHIAMEHTAIbHBIX HAYK - PU3NYECKON U KOJUTOMAHOU XUMUH, HU3UKU
TBEpPJIOTO Tella U MEXaHUKHU TBepAoro aedopmupyemoro Tena. IIockosibKy CTpou-
TeJIbHbIE MaTepHalibl - CIOXKHbIE, HEOJHOPOJHBIE U TeTepodasHble MaTepHalbl,
o0ecreueHne HaJIeKHOTO M COBPEMEHHOTO YIPAaBJIEHHUS MX KadyecTBOM-3ajaya C
MHOTMMH HEU3BECTHBIMU. UTOOBI periaMeHTUpOBaTh TEXHOJIOTHYECKHUE OMEepalUU
MIPOM3BOJICTBA  CTPOUTEIBHBIX  MaTEpUajoB C  3aJaHHBIMM  CBOMCTBAMH,
COIMOCTAaBIIATh COBPEMEHHBIE MPEJCTABICHUS O (PU3MKE U MEXaHUKE MPOIECCOB
CTPYKTYpOOOpa30-BaHUsl, O paclpele]eHUd BHYTPEHHUX HANpsDKEHUH U
nedopMaliii, MEXaHHU3ME pPa3BUTHUS TPEIIMH B CTPYKTYpE Ha €€ Ppa3IudHbIX
YPOBHSX, TOJKEH OBITh €OUHBIA TOJAXO0J Ha OCHOBE (DHU3HUKO-XUMHUYECKOM
MEXaHUKH.

Mukpockonnueckuii ypoBeHb yCTaHaBIMBAET (ha30BbIN COCTaB HOBOOOpa30Ba-
HUM, pa3MepPbI U paclpeeeHHsl Op, PACKPbIBAET B3aUMOCBSA3b MEXKAY AePeKTaMu
CTPYKTYPBbI COCTABJISIFOLIMX KOMIIOHEHTOB MaTepuaja ¢ y4eTOM X XMMHUU MOBEPX-
HOCTH.

@opMHUpPOBAaHUE CTPYKTYPbl MATEPUAIOB C BBICOKMMH TEXHOJOTMYECKUMU
CBOMCTBaMH JIOJKHO 0a3upoBaThCsl HA AUCKPETHON TEOPUHU YIPYTOCTH, CIIOCOOHOM
OTpa)kaTh B3aMMOJEHCTBHE KAK CBS3YIOIIMX YacCTUL, KPUCTAILUIOTHIPATOB, TaK U
BJIMSTHUE CHUCTEMBI, paHTa Mop, a Takxke (PazoBOro cocTaBa 3amoJIHUTEINS.

[IpenmymiecTBa CTPYKTYPBI CBA3YIOIIMX C BBICOKOW YAEIBHOM ITOBEPXHOCTHIO
HOBOOOpA30BaHUI COCTOAT B TOM, YTO B HEW CrIaXHBAIOTCS (Pa3Ma3bIBAIOTCS)
TUMBI YCJIOBHBIX MHKPOTPEIINH, YMEHBIIAIOTCS HMX pa3MeEPbl U CHUKAETCS
KOHIIEHTpauusl HanpspkeHud. CBs3b MEXIy KPYNHBIMH KPHUCTAJIAMH IO TOYKaM
KOHTaKTa TMOJ00Ha TaKoW MUKPOTPEIIMHE, KOTOpas COIMVIACHO KPUTEPUIO
['puddurca, mpusener k OoJbllied KOHUEHTpPALMKU HANPSIKEHUH B CTPYKTYpeE
MOHOJIUTA.

[TopoBas ctpykTypa hopmupyercs OT MOMEHTa 3aTBOPEHHS BOJOW 0 KaMHe-
o0pa3oBaHUs MaTEpPHUAJIOB U 3aKAHUMBAETCS B TE€UECHUE JJIUTEIBLHOIO BPEMEHU DKC-
rryaranuu. [1o BenuymHe U MPOUCX0KACHUIO MOPbI, HATPUMEP HEMEHTHOTO KaAMHS,
MOAPA3AEISIOTCS:

* MIOPHI TeJIsl, CPEIHUI paANyC OKOJIO 2 HM - 10 28 %;
* IPOMEXYTOYHBIE, B T. 4. KOHTPAKI[MOHHBIE - C PaInyCOM OKOJIO 25-50 HM;
* KanuJuIsipHbIe opbl ¢ paauycom 200-1500 HM.

Hamnpasnenue peryaupoBaHusl MOPUCTOCTH BKJIIOYAET CHHXKEHUE CPEAHETrO U
HauOOJIBIIIET0 Pa3MEPOB MOP K BAPUAHTY OJJHOPAHTOBOM MOPHUCTOCTHU, T.€. IPUHITUI
COJIMKEHHUS TIOP TI0 pa3MePaM CMEXHBIX PAHTOB.

OcoOblii MHTEpEC MPUHAMIEKUT CUCTEME U pa3MepaM Mop B MOPUCTOM 3aroJi-
HUTEJIE.

AOCOJIIOTHOE 3HAaUYE€HHE YCJIOBHO 3aMKHYTBIX MOP Kepam3uTa OOJbIIE, YEM Y
LIEMEHTHOI'0 PacTBOpa B CTPYKType Kepam3uToOeTOoHa: Mo o0bemy B 2-4 pasa, 1o
KOJIMYECTBY B 6-8 pa3, o y/1eJbHON MOBEPXHOCTH B 2-3 pa3a. B HCKyCCTBEHHBIX



rpaHyiax 3amojHuTeNel comepxkutcs or 58 mo 91% razosoit dasel, oT 8 10 33%
amop¢Hoii u oT 3 A0 15 kpuctanmuueckoi has.

JIyst ByJIKQHOTE@HHBIX TIOPUCTHIX 3aMOJTHATEIIEH XapakTepHa MUKPOHEOTHOPOI-
HOCTB CTPYKTYPHI:

* XUMUYECKasi, BbI3BAHHAS JINKBALIMOHHBIMU SIBIICHUSIMU;

* CTPYKTypHasi, 00pa3oBaBIIasiCA C BbIJCICHUEM YINOPSJOUYECHHBIX MUKPO30H B
cTekiodase;

* (¢usnUeckas, BbI3BaHHAS MHUKPOTIOPOBBIM IMPOCTPAHCTBOM, HAPYIIAFOIINM
CIUTONITHOCTH KaMHS.

MuKkpocKonuueckuil ypoBeHb MaTEpHUAJIOB JOJKEH BKJIIOYATh U KPUCTAIIIOXH-
MUYECKHE CBOMCTBA BOJIbI, KAK MATPUYHON OCHOBBI CBs3yIOIIEro. B Oonbioi mepe
ATO Kacaercsl (PU3MYECKU aICOPOIIMOHHO CBS3aHHOU (TICEBIOTBEPAON) BOJIbI, a HE
CBOOOJIHOM, U TeM Oojee XUMUYECKH CBSI3aHHOW. AJICOPOIIMOHHAs BOJa MOApa3/ie-
JSeTCSs Ha UEONUTHYIO (BHYTpH(DA30BYyI0), BOJY KOJJIOMAOB, BXOJSIIYIO B
CTPYKTYPY CBS3YIOIIETO T'elisl, U TUTPOCKOMUYECKYIO.

Cpenusig sHeprus cBsizu ucnapsieMoil Bojpl o nanHbIM [layspca Tem Godblie,
YeM HUKE MOPUCTOCTh CBS3yrONMX. [I[pyu MUHUMaNbHON MOPUCTOCTH IIEMEHTHOTO
rens (28%) cpenHsst dHEprus CBA3M HCMAPSIEMOM BOABI COCTaBUT OKoyio 3600
KaJI/MOJIb. DHEpPrus CBS3M HUCIapseMOW BOJBI B MEPBOM aJCOPOLIMOHHOM CIIO€
(Mmonoco#) cocrapisieT 8000 kaj/mMoJIb.

CrobojsiHas (ucmapsieMasi) BoJia IpeACcTaBIsieT co0oi otnenbHyo (asy. Heko-
TOpas dYacThb 3TOM BOABI yAepXKHUBaeTcs (usuueckoir aacopOuuel (BaH-aep-
BaallbCOBBIE CUJIBI). ECIM OTHOCHTENbHAS BIQXKHOCTH JIOCTaTOYHA BBICOKA, HEKOTO-
past 9acTh BOJIBI MOXKET YAEPKUBATHCS 3a CUET CHJI THAPOCTATHUYECKOTO JACHCTBUSA,
00yCJIOBJIEHHOTO KaTUJUIAPHBIMU SIBIICHUSIMHU.

Bona, mo coBpeMeHHBIM MPEACTABICHUSIM, - TPEXMEpHas CETKAa U3 MOJICKYI,
COCTMHEHHBIX BOJOPOIHBIMU CBs3siMU. Kaxkiass MoieKyna MOKeT 00pa30BBIBATh 10
YEeTBIPEX BOJIOPOJIHBIX CBSI3€H, HAMPABICHHBIX MPUOIN3UTEIHLHO K BEPIIMHAM TIpa-
BUJIBHOTO TeTpajjapa. JTa CeTKa CYyIIECTBYET BO BCEM HMHTEpBaje TeMIepaTyp U
JABJICHUH, B KOTOPOM BOJIa HAXOAUTCS B KUAKOM coctosiuuu. Ha puc. 1.1 u 1.2
MIPEICTABICHBI CTPOCHHUE MOJIEKYJIbI BOJIbI M PA3HBIC TUIIBI BOJAOPOTHBIX CBS3EH.
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Puc.1.1. CTpoeHue MONEKyYNbI BOZBI Puc.1.2. PasHble THIIBI BOXOPOOHLIX CBA3€il B
auMepax BOABbI



AKTUBHOCTbH BOJIbI B CHJIy Pa3IM4YHBbIX (PaKTOpoB: Ne(PEeKTOB TpaHUYHOM MO-
BEPXHOCTH, TEMIIEPATypbl, AABICHUS, HAJIUYMs B HEH HIIEKTPOJUTOB, T'a30BBIX
BKJIIOUEHUH, MpUMEcel, BIMUSIONMX HAa OPUEHTALMIO BOJOPOJHBIX CBSI3€M M HX
SHEPrui0, U3MEHSETCA B Mamna3oHe ot 2.6 1o 388.46 kkan/Moiab. Mosekyia BoIbl

0 0
paauycoMm 1 ... 38 A (1 A =10 cm)cocTaBisieT BCEro AeCATYIO J0J0 pa3Mepa YacTHUIl
TBEPIOM (pa3bl IIEMEHTHOTO Telisl, UMEET CTPYKTYpY TETpasapa ¢ yrioMm Me-
0
xay cesazsimu O-H 109 rpaaycos. lnuna cBszu O...H paBua 1.8 A, paccrosnue
o
O...0 paBHO 2.82 A. B IByX CBA34X OHa MOET BBICTYIIaTh B KAYECTBE JIOHOPA, U B
JIBYX - B Ka4€CTBE aKIENTOpa MPOTOHA, T.€. y4aCTBOBaTh B YETHIPEX BOJOPOIHBIX
CBA3SIX.

Ecnu pasorHate MoJjekysibl BOJBI /10 BBICOKMX CKOpPOCTEH, YBEIUYUTCS €€
sHeprus. Jis akTUBalUM BOJIBI TPUMEHUMBI OOIIKME 3aKOHbI TEPMOJUHAMUKH, OT-
paxkarolue YHEPreTUYeCcKue N3MEHEHHS €€ BHYTPEHHEHW SHEepruu.

[Ipuposia HECTIIONTHOCTH IIEMEHTHBIX MaTepHalioB OIpejesieHa caMuM (hu3u-
KO-XMMHYECKHM MPOLECCOM THApATaluu 1ieMeHTa. [[03ToOMy B 1IEMEHTHOM KaMHE
yK€ Ha paHHEH CTaJlul CTPYKTYpOOOpa30BaHUS PA3BUBAIOTCS JBA PA3JIMUHbBIX B3au-
MO3aBHUCHUMBIX TIporecca - nedopmupoBanue u paspyiienue. KomuuectBo u pasme-
Pl KPUCTAIUIMYECKUX OOpa30BaHUM - STTPUHTHUTA M MOPTIAHANTA, UX B3aUMOJICH-
CTBHE C KOJJIOMTHOW MAacCCOM TeJsl ONPENeIIIIOT XapakTep GopMUPOBAHUS U pa3py-
HIEHUSI CTPYKTYPbI, IPOYHOCTh U YIPYrOCTh LIEMEHTHOro KaMHs. He Tonbko BUJ
BHYTPEHHUX CBsi3el (a3 HOBOOOpa30BaHUM SBISETCS BaXKHBIM (PAaKTOPOM B 3HaYe-
HUW MOJYJSI YIPYTOCTH, HO Y TUIOTHOCTH HOBOOOPA30BaHUS UMEET JJIsi HETO OO0JIb-
moe 3Hayenue (tadun. 1.1). CymecTBeHHa poiib HOBOOOpa3oBaHUi B GU3HKE U MeXa-
HUKE pa3pylieHus. YIPYTOBSI3KUE U CIOUCThIE 00pa30BaHUs B CTPYKTYpE LIEMEHT-
HBIX MaTEpUaJOB YMEHBIIAIOT JIOKAJIbHbIE HANPSKEHHUS M TacAT SHEPrui0 pocTa
TPEUIUH.

Tabmura 1.1

XapakTepucTuKa IPOYHOCTH ¥ MOJYJIS YIPYTocTH (a3 HOBOoOpa3oBaHU I

B IIEMEHTHOM KaMHe

da3za Pazmep, IIpounocts, MlIa JAnHamMu4deckui

HOBOOOpa30BaHUs MKM MOJIyJIb YIIPYTOCTH,
- ckatue |pactsokenue |Mlla

DTTPHHTHT 50-1000 - 70 75 10™

[TopTaanauT 500 -200 | 320 - - 15+ 10

C-S-H 700

a) HU3KOOCHOBHBIH 10-10000 5-6-10"

0)BBICOKOOCHOBHBII 04 1500 - 8-9+10%

YpoBeHb MaKpOCTPYKTYPBI ONPEEIIseT MPUHIHUIIBI KOHCTPYUPOBaHUS OETOHA
U KEPaMUKH KaK KOMITO3UIIMOHHBIX MaTEePHUAJIOB, XapaKTEPU3YIOIIUXCSI OTHOCUTEIIb-
HBIM COJIep>KaHUEM KOMIIOHEHTOB, UX CBOMCTBAMHU U OJIHOPOJHOCTBIO pacipe/ere-



Husl. J[aHHBIN ypOBEHb CTPYKTYPHOM MEXaHUKH CIOCOOEH MHTErPajbHO OTPa’KaTh
dbopMupoBaHHE CTPYKTYpHl C 3aJaHHBIMHU CBONCTBAaMH, Pa3BUTHE M TOPMOXKEHHUE
TPEILMH 32 CYET B3aUMOICHCTBHUS OTAETbHBIX (Da3 M BKIIOUEHUI, BHI3bIBAEMBIX KaK
JIOKQJIbHBIMU BHYTPEHHUMM HANPSIKEHUSIMHU, TaK U MPUJIAraéMbIMU BHEIIHUMU CH-
JAMH.

Tperps cocTaBHAst 4aCTh CTPYKTYPHOW MEXAHUKH - 3TO MOBEPXHOCTH pa3jeia.
['panuna pasnena a3 - 370 061acTh NpUpo bl POPMUPOBAHUS TPOYHOCTH TBEPOTO
TeJa BKIJIIOYAET KOJUIOMJHO-XMMUYECKHE SIBJICHUS U CBS3aHHBIC C HMUMM IIOBEPX-
HOCTHBIE SIBJICHUS U 3(Q(EKTHI: IIEKTPOCTATUUYECKUI MOTEHLUAN; aAcopOLuIo, Jie-
copOLMo 1 xemocopouuoo, Tup@y3uro U 0CMOC; THIPOIUTHUECKOE BO3CICTBHUE
IIPU pa3pyLIECHUN CBS3EH.

[IpyHIMIIATIBHO BayKHOE 3HAYECHHE NIPUHAIIEKUT MEXAHUKO-IHEPTreTUYECKUM
II0KAa3aTeJsIM Ha IpaHule KOHTaKTa. K HUM OTHOCATCS INIOTHOCTb SHEPTUU KOT'€31H,
JUDJIEKTPUYECKUE CBOWCTBA KUAKOM (Pa3pl, MOJSIPHOCTh MOJIEKYJ BOABI U MOBEPX-
HOCTHU TBepAOH (ha3bl, MexX(PazHOE HATSIKEHUE, BKIHOYAsI pACKIMHUBAIOLIUN 3P PeKT

Hepsiruna (puc. 1.3).
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Puc. 1.3. Bo3nukHOBEeHUE CTPYKTYPHOMU CUJIOBOU COCTaBJISIIOLIEN
PACKJIMHUBAIOUIETO JIaBJICHUS B MIPOCIOMKAX KUIKOCTH MEXKTY YaCTUIIAMH:
a - MOJIOKEHUE YaCTHIL 10 NEPEKPHITUSI TPAHUYHBIX CIOEB TOIIIMHON «Z,
0 - ToCJIe IePEKPHITUS TPAHNIHBIX CIIOEB

JI1sl IEMEHTHBIX U TIIMHUCTBIX AUCIEPCUM BIMSHUE TOBEPXHOCTHBIX SIBJICHUI
OKa3bIBaeTcs npepanupyromuM. C npupoaoi MOAJIOKKH, ¢ IIIOTHOCTBIO BOJIBI IS
a7IcOpOLIMOHHOTO CIOST KUAKOM (a3bl CBI3aHO 00pa30BaHUE JABOWHOTO JIEKTPUYE-
ckoro ciod - n3era noreHuuana (Z.I1.). JI.II. BelpaxkaeT ypoBeHb 3JIEKTPUUYECKHUX
3apsAJI0B U KYJIOHOBCKOTO B3aUMOJEHCTBHS MEX]y YaCTULIAMH TBEPJOIl IOBEPXHO-
ctu. JItoboe MexaHndyeckoe BO3MyIIEHUE (IepeMeLInBaHIe U IPYroe) BeJleT K repe-
pacrlpeeieHnI0 IeKTPOKMHETUYECKUX CBOMCTB aucrepcHoi (daswl. I[Ipoucxoaut
NEPECTPOKKA OPUEHTALIMOHHON YIIOPSAA0YEHHOCTH MOJIEKYJI BOJBI.

Onucanue npouecca paspylieHUs] KOMIIO3UIMOHHBIX MAaTEpUAIOB C MO3ULIHH
CTPYKTYPHOM MEXaHHUKH NIPEACTABIECHO B Taduue 1.2.



Tabnura

1.2 Onmcanne nporecca pa3pvIileHus ¢ IMO3UIMNA CTPYKTYPHONU MEXAHUKHU

OeToHa
Yrto onpeneiser VYpoBeHb paccMOTPEB 1us (macmraOHbI YD dEKT)
paspynicHue MuxkpocTpyKTypa u MakpoctpykTypa u

MMOBEPXHOCTH pa3eia
LHEMEHTUPVIOMMX (a3

IMOBCPXHOCTL pa3aciia
CHCTCMBI HCMCHTHBII;'I KaMCHb

du3uka paspyleHus

ATOMHO-MOJIEKYJIIPHbBIE
xap pasmep
HOBOOOpa30BaHUM,
BHYTpPEHHEE TPEHHUE,
TETI0€ UK U pOCTa

aAKTEPHUCTUKH, CTPOCHHE,
COCTaB W IUNIOTHOCTh W BHUJIbI
nedexroB, laccomepenoc,
ckopocTtH nepopma-)CTH BOJIH
HANPSHKEHUN aKTUBALIHS

Mexanuka pa3pyleHus

[Tona HanpsKeHUi,
BBI3bIBACMbBIC
HOBOOOpPa30BaHUSIMH,
Mopamu, TpeluuHaMH,
COEJMHEHHE TIOp U JIe-
dbexToB
PacknunuBaroniee

JloxanbHbIE HAPSKEHUS OT
3aIOJIHUTEIIS, MAKPOTIOp U
TPEIIMH, B3aUMOJCUCTBUE
TPEIIMH U TIOp

MOJIEKYJT BOJIBI,
TETJIOBBIICJICHUE aTOPbI
HanpsDKEeHHH, KJIacC TPEIUH

Kpurepuit pazpymenus

OnHOOCHOE, IBYXOCHOE
1 OC OTIPEEIISIONTNE
CBSI3b MEXX TCUCHUS U

XbEMHOE HANPS)KEHHBIE
COCTOSIHUSA, 1Y HAPSIKCHUEM
IJTACTUYECKOTO HIPSHKEHUEM

Kpurepuit npounoctu

YcraHaBaIMBaeTCs C
Y4€TOM T'OBA3KUC,

BUJIa IepopMalinii: yrpyrue,
YIpy-<ue.

CTpyKTypHBIE THUIIBI
paspylmeHus

Xpyn

KW, BI3KHM

Mopdonorus moBepx-
HOCTH pa3pylIeHUs

CryneHbKku cKoJa,
rJajiKas r pylieHue

FOBEPXHOCTh CKOJIa U OTPHIBA,
pa3-u3jioMm, 36pHOTPAHUYHBIN

B mocnieiHue rob! 171s MOBBIICHUS AT €3MOHHON MPOYHOCTH Ha KOHTAKTE I10-
BEPXHOCTH CBS3YIOIIEE - MOPUCTHINA 3aNIOJIHUTEIh TPUMEHSIETCSI MOIU(PUITUPOBAHUE
MOBEPXHOCTH 32 CUET CIEIUATLHON MPOMUTKY 3aMIOJIHATEIIS PACTBOPAMU COJIEH, CO-
JepKaIUMK KaTHOHBI ATFOMUHUS, MapTaHIla, HUKEJS U JIp.

[Ipu paccMOTpeHUN M3ETNI HA OCHOBE CHIIMKATOB N€(PEKTHI CTPYKTYPHI Clie-
yeT ToIpa3ienisaTh Ha ABa poaa. JledexTsr mepBoro poaa - okpyribie 1eEeKThl TH-
na mop, AedeKThl BTOPOTO poOJa - OCTPOKOHEUYHBIE Ne(EKThI THIIA TPEIIHH.
Bo3moxxkno coBmemnienue aedeKToB, HaApuMep, mopa ¢ TpenuHoi. [Topsr MOKHO
paccMaTpuBaTh KaK KOHIICHTPATH HANPSDKEHUH MPU YCIOBUH, YTO PACCTOSHUE Me-
XKy TOpaMu HE MEHEE NIBYX JMAMETPOB, T.K. B MPOTUBHOM CIydae Ha JOKATHHOM
HAIPSKEHHOM COCTOSIHUH CKa3bIBaeTcs 3P(EKT B3aUMOJEHCTBUSI, KOTOPHIA MOXKET
BBEIPOBHSTH HAIIPSIKEHUE MEXKIY ITOPAMHU.

JledexThl BTOPOro pojaa B BHJAE€ MUKPOTPEIIUH MPUCYTCTBYIOT B OETOHE 0
MPWIOKEHUS BHEITHUX HArPY30K.

B nocnennue robl 00bIIOe pa3BUTHE MOTYyUnIIa MEXaHUKA XPYIIKOTO paspy-
meHus, 6epymas Hadasio ot padot ['puddurca, OpoBana, pBuHa u 3aHUMAarOIIas-
Csl I3y4eHUEM TIpoIlecca pa3pyieHus. beToHbI U KepamMuKa SBISIOTCS HEOTHOPO-



HBIMU MaTepuajaMy U TIOJHOCTHIO TIEPEHOCUTh Ha HUX MEXaHUKY XPYIKOTO pa3py-
IIIEHUS HE TIPEICTABISIETCS BO3MOKHBIM. HO BMecTe ¢ TeM MHOTHE 3aKOHOMEPHOCTH
OCTAIOTCSl CTIPABEIJIUBBIMU MPU UX PACCMOTPEHHUM KaK JBYXKOMIIOHCHTHBIX MaTe-
pHAJIOB OTAEIHFHO HAa YPOBHE MATPHIILI M 3aIMOJTHUTENS C YU€TOM BIUSHHS KOHTAKT-
HOM 30HBI.

JIJ1st pocTa TpemuH XapakTepHO MPEUMYIIECTBEHHOE Pa3BUTHE OJHOM, Hanbo-
nee omacHou TpentuHbl. Ha neopmatuBHbIe CBOWICTBA MaTepualia OKa3bIBACT BIIHSI-
HUE HE TOJLKO HanboJiee onmacHas TpelrHa, HO U 0011ee KOJIMYECTBO U OpUCHTAIUS
BCEX TpeIIUH. PacripocTpaneHue TpEeIH B XPyIKOM HJIM KBa3UXPYIKOM TeJIe B yC-
JIOBUSX JIOKAJbHOW CHMMETPUHU HACTyIaeT TOT/a, KOrJa HHTEHCUBHOCTh HampsiKe-
HUN y BEPIIMHBI TPEIIUHBI JOCTUTAET CBOET0 KPUTUUECKOTO 3HAUEHUSI.

[Ipy MpoYHOCTH W MOJyJI€ YIPYTOCTH 3aMOJHUTENS, MPEBBIIIAOIIUX JaHHbIS
MOKa3aTeld y CBS3YIOIIETO, MPOYHOCTh MaTepualia OMpeessieTcs B OCHOBHOM
MPOYHOCTHIO CBA3YIOIIEro. MICTHHHAS MPOYHOCTH 3alOJIHUTENECH B MaTepHuase BbI-
1€, YeM MPHU UCTBITaHUU ApoOiaeHueM. OOBACHIETCS 3TO UX OOJIBIIMM O00OBEMHBIM
CKaTHEM MO CPaBHEHUIO C PACTBOPOM.

[Ipy KOHCTPYMpOBaHWM M M3TOTOBJIEHUM MAaTEpPHAJIOB CJIEAyeT TMOoJIy4aTh
HOBBIE THUIIBI CTPYKTYpPBI, 00JIaatolIye Jy4IIMMU CBOMCTBAMHU IO CPaBHEHHUIO CO
CBOMCTBAMHU OTIEIBHBIX COCTaBIISIIONIMX KOMIIOHEHTOB. TakoW HeaaguTHUBHBIN
3h(PeKT MOKHO MPEICTABUTH B BUJE CXEMbI, B KOTOPOH 0003HAYMM IIEMEHTHBII
pacTBOp Kak KOMIIOHEHT A, a 3alOJHUTETh yOpyroctu - B. JIjist Takux KOMIO3UTOB
tunuuHa opmyna: A + B = C, rae C He sBasieTcs anredpanyeckoit cymmoit A u B.
DTa KOHIENIUS I MaTepHalioBeIcHus He HOBa. U Tem He MeHee, MPUHSB €€ 3a
OCHOBY Ha MAaKpOYPOBHE CTPYKTYPHOU MEXaHWKH, TOSABISICTCS HAJIEKHOCTh
YIpaBJICHUS KAa4€CTBOM MaTepualia ¢ €ro MoJe3HbBIMU TEXHUIECKUMH CBOMCTBAMU U
HenocTaTkaMu. MHade TOBOps, HOBBIM MaTepual CMOXKET YHAcleIoBaTh OT
HCXOJHBIX COCTABJISIIOIIMX COYETAHHE IIOJIE3HBIX CBOMCTB M HEJOCTAaTKOB
MatepuaioB A U B ¢ BO3BMOKHOCTBIO TUKBUAAIINHU ONPEIEICHHBIX HEAOCTATKOB 3a
CYeT BBEIICHUSI JOTOJHUTEIHLHOTO KOMIIOHEHTA. TaKk CO3/1aeTCs CTPOTO HAYIHBIHA
MIPUHITUATI KOHCTPYUPOBAHUS KOMITO3UTHBIX MaTEPHAJIOB.

1.5. loAroBe4HOCTH U3/1eJIUIl U COOPYKEHU I

KomnekcHOM XapaKTepUCTUKOW KAadyeCcTBA MATEPHUAJIOB SIBISAETCS JOJITOBEY-
HOCTb - CHOCOOHOCTh COIMPOTUBIISATHCS BHEIIHUM M BHYTPEHHUM (PaKkTopaM B TeUe-
HUE BO3MOXHO 00Jiee JIUTEIbHOr0 BpeMeHU. O TONTOBEYHOCTH CYIAT MO MPOJI0J-
KUTEIBHOCTH U3MEHEHUS 10 KPUTHUYECKUX IPEIEIOB IIPOYHOCTH, YIPYIOCTH WIH
Apyrux cBoicTB. C 3TON LEenb0 00pa3ibl WM U3/AEIUs MOABEPraloT B 1abopaTop-
HBIX WJIM HaTYPHBIX (IKCIUIyaTallMOHHBIX) YCIOBUAX BO3ICHCTBUIO KOMIUIEKCA Me-
XaHUYECKHUX, (PU3NYECKUX, XUMUYECKUX U JPYTruX (PakTopoB, peasbHO BO3AEHCT-
BYIOLIUX Ha KOHCTpyKLuIo. [locime pacueTHOro neproga BpeMEHU JCHCTBUS KOM-
wiekca (akTOpoB, WIM OIPEAEIEHHOrO IMKJIa MCHBITAHUN, YCTAHABIMBAIOT
CTEIIEHb



W3MEHEHUS NTEPBOHAYAIbHBIX YHCIIOBBIX 3HAYEHUI CBOMCTB U CPABHUBAIOT C JIOIYC-
TUMOM BEJIMYMHOU UX U3MEHECHUS.

O 10JIrOBEYHOCTH MOKA CYAAT MO OTKJIOHEHUSIM B CTPYKTYpE Marepuaia, XoTs
NEPBONPUYMHON H3MEHEHHUS CBOWCTB OOBIYHO CIIY>)KMT HapyLICHHE MHKpPO- WU
MaKpOCTPYKTYPBbI, OTKJIOHEHUE OOIIEeH CTPYKTYPhI OT ONTUMAJIbHOIA.

[Tpu u3ydeHun CTpyKTyp OOBIYHO BBIOUpAIOT Hanbosiee 3HauuMble (KIIOUYEBBIC)
XapaKkTepUCTUKU. KOIMYECTBEHHON OLIEHKOM CTPYKTYpP 3aHUMAETCS CTEPEOJIOTHS.
Ee Meroapl MO3BOJISIIOT MO TIUIOCKOCTHBIM MHUKPO(QOTOCHUMKAM WM JIPYTUM
JAHHBIM CTPYKTYPHOI'O aHaliu3a OMNpeAessiTh 00bEMHOE COJEpKaHUE H3y4daeMbIX
CTPYKTYPHBIX JJIEMEHTOB: pa3Mep M OO0BeM TMOp; BHYTPEHHIOK YJIEIbHYIO
MOBEPXHOCTh TBEPI0H (ha3bl; pa3Mep TBEPABIX YACTHUII, TOJIIMHY MPOCIOEK KUIKON
Cpedbl; COOTHOIIEHHE O00BEMOB KPUCTALINUYECKONW M amMop(HOI (CTEKIOBUIHOMN)
qyacTeil B BSHKYILEM; OJJHOPOJHOCTh PACTIONI0KEHUS YACTUI] B OOBEME.

OCHOBHBIE, WJIK KIIIOUYEBBIC, XapaAKTEPUCTUKU CBOMCTB M CTPYKTYPbl UMEIOT,
KaK YK€ 0TMEYaoCh, KPUTUUYECKHE YPOBHH, MEPEX0]I 32 MPEEIbl KOTOPHIX COMPsI-
’KEH CO CPABHUTEIHLHO MHTEHCHUBHBIM pa3pylIeHUEM MaTepuia Ui CPOUYHBIM Karu-
TaJbHBIM PEMOHTOM KOHCTpYKIUU. [Ipy BHIOOpE KPUTUUECKUX YPOBHEN KITHOUYEBBIX
noKasaTesieil CBOMCTB OPUEHTUPYIOTCS Ha TpeOOBaHMS IEUCTBYIOIIMX CTAHIAPTOB U
CTPOUTEIBHBIX HOPM. B HUX yKa3aHbl YUCIIOBBIE NMOKA3aTEIN TEXHUUYECKUX CBONCTB
MaTtepuana 1 JOIyCTUMbIE ITPEAEIIBl UX U3MEHEHHS.

Cpeay TUMUYHBIX HKCIUTYyaTAllMOHHBIX (PAKTOPOB, OKA3BIBAIOIIUX HETATUBHOE
BJIMSIHUE HA COCTOSIHHE CTPOMTENIbHBIX KOHCTPYKLMI U MaTe€pUaioB, MOXKHO BblJe-
JUTh MexaHnuyeckue - BO3IEHCTBHE BHEUIHUX HArpy30K pa3jiu4yHOW BEIUYHMHBI U
WHTEHCUBHOCTH CTaTUYECKOI0 U JMHAMUYECKOIO XapaKTePa, a TAKKE COOCTBEHHOIO
BECa W3JEIUI; memnepamypHvle - BO3IAECHCTBUS YCTOMYMBOM TEMIIEpAaTypbl U €€
KOJICOaHU; 8030VUHYI0 U 2A308Y10 Cpedy ¢ COACPKAHUEM B HEW YTIIEKHCIIOTO rasa,
napa, IblId, U APYruX MPUMECEH; 600HYI0 cpedy C IUPOKUMU IIPEIeIaMU €€ arpec-
CUBHOCTH; KUCTIOMbl, Wel0YU, CONeBble pacmEopbl PA3HBIX KOHIIEHTPALMI U IpyTue
KUJKUE CpeIbl, HAmpUMep pacTUTENbHBIE Macia, HePTenpOAYKTHl H T.IL.;
KaumMamuieckue, K KOTOPbIM KPOME YHOMSIHYTBIX BBIIIE (PaKTOPOB OTHOCSITCS TaK-
YK€ COJIHEYHas pajualus, BETep, BIAXHOCTh BO3IYyXa; BO3JECHCTBHUE HEKOTOPBIX
JOPYTUX BO3MOXHBIX @usuueckux Gaxkmopos - DIEKTPUYECKOTO NOJsS U TOKa,
U3JTy4YEHHs], MATHUTHOTO MOJIS H. T. 11

PaccmoTpuM mpo6ieMbl JTIOJITOBEYHOCTH CTPOUTENBHBIX MaTEpPUalOB Ha MpPH-
Mepe HauboJiee pacnpoCTPAaHEHHBIX U MOJIBEPraeMbIX BHEUTHUM BO3/ICHCTBUSM Ke-
J1€300€TOHHBIX U3IETUH.

B cTpouTenbHON NpakTHKE BCE CIydyan KOPPO3UOHHOTO MOBPEKICHHUS KEIE30-
OCTOHHBIX KOHCTPYKLMM MO MpU3HAKAM pa3pyIlICHUs pa3/eisioT Ha JIBE TPYIIbI:
pa3pylIeHus, CBA3aHHbIE C KOppo3uel OETOHA, U pa3pyIlIeHHUs], BbI3bIBAEMbIE KOPPO-
3ueil apmatypsl B 6eToHe. Uucio cpej, arpecCUBHBIX MO OTHOLIEHUIO K OETOHY U
apmartype, BeCbMa BEJUKO.



JlaHHbIe MH)KEHEPHBIX MCCIIEIOBAHMM MOKA3bIBAIOT, YTO OETOHHBIE U JKEJE30-
OETOHHBIE KOHCTPYKIIMM MOTYT IPUHTH B aBapuitHoe coctosinue B TeueHue 10-15
net u panblie. Tak, A.@. [logak ONUCHIBAET MOJHOE KOPPO3UOHHOE PA3PYILICHUE
dbyHIaMEHTHOM OaJIK 3a MIECTh JIET IKCIUTyaTallud B PE3yJibTaTe MPOJIUBOB KUCIOT
Ha YCOJBCKOM XHMHYECKOM 3aBOJIE, BCIEICTBUE YETO HA CTEHE 1€Xa MOSBUIINCH
BEPTUKAJIbHBIE TPEIIMHBI, YTO IPUBEIIO 3JaHHUE B aBapuitHoe cocTosinne. B.M. Mo-
CKBHUH NMPUBOJIUT (aKT pa3pylICHUs HA XUMHYECKOM 3aBOjie OETOHHBIX (PyH/IaMEH-
TOB MOJ anmnapaTypoil (IojJ HacocamMH NEPEeKayMBAIONIMMHU KHUCIOTY), HE BBIIEp-
KaBIIUX J1a’K€ PACUETHBIA CPOK CITYKOBbI, paBHBII 6 MecsIam.

BosbIIMHCTBO K€ pa3pylIeHHH KeIe300€ TOHHBIX KOHCTPYKIMK 3JaHUM IeUCT-
BYIOLLMX IMPEANPUITHI 4aCTO MPOUCXOIUT B PE3yJIbTaTe KOPPO3UU apMaTyphbl, 10C-
turaronieit mocie 20-25 neTt 3KCcITyaTallid KOHCTPYKIIUMKA BO BIQXKHBIX MTOMEIIECHH-
ax 50 % nns pabounx crepxkueit u 100 % - 17151 XoMyTOB.

[Ipu oOGcnenoBanuu OHOTO U3 11eX0B KabapAnMHCKOTO KpaxMaabHOTO 3aBO/Ia,
Mapuiickoro 1eiI0I03H0-0yMaxHoro komOuHata yepe3 11 neT skcruryaTanuu xe-
7e300eTOHHbIE OajKu MOKPBITUS MMENIU MPOJOJIbHBIE TPEIuHbl mupuHoi 10-15
MM. [Ipu BCKpBITHM pacTpECKaBIIErocs 3alllUTHOTO CJ0A OOHApYXHJIOCh, YTO
apmaTypa MOKpbITa CJIIOEM PXKABUYMHBI TOJNIIUHON 10 8 MM. XOMYTHI MPOPKABEIH
MIOJIHOCTBIO, & MPOAOJIbHBIE CTEPKHU CHJIBHO YMEHBIIWIUCH B quamerpe (1o 60 %)
U OTCTalOT OT OeToHa. B Hambonee cuimpbHO pa3pylIeHHBIX Oalikax OOHa)KEHHAs
pabouas apmatypa umena cedernue 13 u 9 Mmm BMecTo npoekTHbIX 24 1 20 MM.

MHOro4YuCcIeHHbIE SKCIEPUMEHTANIBHBIE U TEOPETUUECKUE HUCCIEJOBAHUS TH-
MUYHBIX KOPPO3UOHHBIX MPOIECCOB U CTOMKOCTH IIEMEHTHBIX O€TOHOB MO3BOJIUIH
00BEIMHUTD OT/ACNIbHBIC CIIy4au KOPPO3UH B PA3TUUHBIX Cpe/lax Mo OOIIMM MpU3Ha-
KaM MexaHu3Ma Kopposuu. [1o oOuenpuHaTol MeXayHapoJIHON KiaccH(pUKAIIH,
npemoeHHon B.M. MOCKBUHBIM, KOPPO3UOHHOE BO3JCUCTBUE KUIKON CPEIBI HA
OETOH MOJPa3AENAIOT Ha TP OCHOBHBIX BUJIa. K mepBOMY BHY OTHOCST MPOIECCHI
KOPPO3UH, BOZHUKAIOIIUE O] JEHCTBUEM BOJ C MAJIOM HKECTKOCTBIO, KOT/1a COCTaB-
HbIE YaCTWU LIEMEHTHOI'O KaMHSl PAaCTBOPSIOTCA U YHOCATCS NPOTEKAIOLIEH BOJIOW.
OcobOeHHOE pa3BUTHE ATH MPOLECCHl MOJYyYalOT NpU (PUIBTPALUU BOJbBI CKBO3b
TOJIY OETOHA.

Koppo3usi BToOporo Buga oObeIuHSET MPOLECCHI, KOTOPHIE Pa3BUBAIOTCA B
OeToHE MpHU JACUCTBUU BOJ, COAEPKALIUX XMMHUUYECKHE BEIIECTBA, BCTYIAOIINE B
OOMEHHBIE pEAKIIMU C COCTAaBHBIMM YAaCTAMH I[IEMEHTHOTO KaMmHs. I[IpomyKThbl
peakiuu JuOO0 JIErKO PaCTBOPUMBI U YHOCATCS BOJOM, MO0 BBIACNSIOTCS B BUJE
aMmop(QHOii, He oOnagaroen BsHKyIIEH ClIOCOOHOCThIO MacChl HAa MecTe peakiuu. K
ATOMY BHJY OTHOCST IpPOLIECCHI, BOZHUKAIOIINE B OCTOHE MpU ACHCTBHHM KHCIOT,
MarHe3nallbHbIX COJIEN U Jp.

Koppo3us Tperbero Buaa o0beAMHSIET BCE NPOLECCH KOPPO3UH, TTPU Pa3BU-
TUU KOTOPBIX B Opax, KAMWIIISIPAX U APYTUX MyCTOTaX O€TOHA MPOUCXOAUT HAKOII-
JEHUE MaJOpacTBOPUMBIX COJIEM; KpUCTAUIM3AlUs TOCIECIHUX  BBI3bIBAET
BO3HUKHOBEHHME 3HAUUTEJbHBIX YCWIMA B CTEHKAX, OrPAHUYMBAIOLIUX POCT
KPUCTAJUTMYECKUX



CPOCTKOB, M KaK CJEACTBUE - Pa3pyIlIeHUE CTPYKTYPHBIX IeMeHToB 6eToHa. K 3To-
MY BUY MOKHO OTHECTH KOPPO3HIO TIPH ISUCTBUH CYIh(HaTOB, T pa3pyiieHue oe-
TOHA BBI3BIBAETCS POCTOM KPHUCTAJIJIOB TUIICA U CYJIb(OATTFOMIUHATA KaJIbITH.

B ecrtecTBeHHBIX YCIIOBUSX, Kak TMPaBWIO, OJHOBPEMEHHO HAOIIOAACTCS
KOpPpO3usi HECKOJIBKHUX BUJIOB, HO MPeo0iagaeT OObIYHO KAKOW-TNO0 OJWH BUJ H
BCET/1a MOXHO MPOCIEAUTh U YYECTh POJIb BTOPOCTENEHHBIX JJIsl IAHHOTO CIydast
BHUJIOB KOPPO3UH.

B xnaccudukauum koppo3uu OeToHa B Tra3oBOW cpele, MNPEeIOKEHHON
C.H.AnekceeBbIM, TakKe pa3iauyarorcss Tpu Bunad. [[pUHIMIIHAIBHOrO pa3inyus
MEXKy KOPPO3HEN B BOJHOW U Ta30BOM CPEAE HET, HO B KAXJAOM CIIy4ae €CTh CBOU
XapakTepHble 0COOEHHOCTH.

B ciyyae ra3zoBoii KOppO3WM arpecCHBHBIE MO OTHOLIEHHID K LIEMEHTHOMY
KaMHIO O€TOHA rasbl, IPOHUKAsl B €r0 TOJIIY MO OTKPBITHIM KaHaiaMm, TpEeluHaM U
OPYTMM  HEIUIOTHOCTSM, TOTJIOIIAIOTCS  BOJOM, YAaCTUYHO  3aIlOJHSIOLIEH
Kanwuisippl, M €€ aJCOpOLUMOHHBIMU IJIEHKaMH, o00pa3ys OOBIKHOBEHHYIO
arpecCUBHYIO >KUJKOCTb. PacTBOp ra3oB B JKHUIKOCTSIX TWIPEACTaBISET COOOMU
UCTUHHBIN pacTBOp. KoHIleHTpalus pacTBOpeHHOH (a3bl, Kak MpaBUIIO, HEBBICOKA,
TaK 4YTO 3TU PACTBOPHI MOXHO OTHECTH K pa30aBlIEHHbIM. XapaKTepHO, YTO
OPOAYKThl Ta30BOM KOPPO3MM OCTAIOTCS HA MECTE PEaKUUU, a HE BBIHOCATCS
HapyXKy, 4TO MOKET MMPUBECTH K YIJIOTHECHUIO OETOHA.

Ha noBepxHocTr 6€TOHA 1O/ BO3JACHCTBHEM arpeCCUBHOM CPEbl Yepe3 HEeKO-
TOpO€ BpeMsi o0pa3yeTcsi CJIOW MPOIAYKTOB KOPPO3HH, B KOTOPOM MOXKET OBIThH
BBIJIEJIEHO HECKOJbKO 30H. B.M. MOCKBMH Ha OCHOBAaHHMHM HCCJIEIOBAaHUN
B3aMMOJICHCTBUSL OETOHA C MOPCKOW BOJOH, COAepr allel MarHe3ualbHbIE COJH
(MgCl,, MgSO4)ipeasioxui paccMaTpUBaTh MOCIEA0BATEIBHOCTD PACIPEAEICHUS
30H pa3pylieHus: 0eToHa B MOPSIKE, MpeacTaBieHHOM Ha puc. 1.4. Obmas cxema
B3aUMOJICHCTBUS OE€TOHA C KUCIBIMHU Ta3aMH, BBI3BIBAIOIIUMU «HEUTPATH3AIIUION
o6etona (puc. 1.5), npennoxxkena C.H. AnexceeBpM, Tie TOA «HEUTpaTU3AIHCII»
0eTOHAa TOHMMAIOT HEMPEPHIBHBIA BO BPEMEHH MPOIIECC MMPOHUKAHMS B HETO HOHOB
rasa.

B tabnune 1.3 npuBeeHa OpUEHTUPOBOYHAS OIICHKA BO3JICUCTBUS arpecCHB-
HBIX CpeJl Ha He3aU[UIIeHHbIe OETOHHBIE U JKeIe300€TOHHbIE KOHCTPYKIIUH.

Ta0mura 1.3.
Bo3snelicTBue arpecCuBHBIX cpejl Ha OETOHHbIE KOHCTPYKITUU
CreneHb ['my6una pazpymienust |CpenHerooBas moTeps HecyIiei
arpeCCUBHOCTH |TTOBEPXHOCTHOTI'O CJIOS, |[CITIOCOOHOCTH MPH IKCILTyaTalUuH
cpeabl MM/TOJ KOHCTPYKITUH, %
IMOA3E€MHBIX HECYIIUX U
OTPaXKIAFOIINX
ciabas o 0.4 3 5
cpenHsis 04..12 5 10
CHJILHAS 1.2 8 15
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Puc.1.4. Cxema passutus koppo3un OeroHa B Puc.1.5. CxemMa B3auMOOEHCTBHA Oe-
MOpPCKOH BOfe: 1 — 30Ha BBINENAYMBAHHA TOHA C KHCABLIMH rasamu: 1 — cloif,
(xopposus I Buna), 2 — 30Ha CynbhaTHOM KOPpPO-  HelTpanuzosaHHblil razamu SO2, HCI,
3uu (III Bupma); 3 — uacTh 30HbI CynbhaTHOM KOp- Cly; 2 — KapOGOHH3HPOBAHHBIA Tra3oM
posuu ¢ npeobnajaomum BiusHueM 06pasoBa- CO,; 3 — HOpManbHbIH GeTOH

HUA TUnca; 4 — 30Ha MarHe3MajibHOH KOpPO3UH

(II Bupa); 5 — xapbOHU3UPOBAHHBIIT CIO

BrnusiHue arpeccuBHBIX Cpell Ha OETOH OLIEHHWBAIOT 10 BHEIIHEMY BUIY OETOH-
HBIX 00pa3lloB, BEIWYMHE JUHEHHON AedopManuu, moTepe Mo mMacce, N3MEHEHHIO
NPOYHOCTH MPHU CKATHH, U3rHOE WK PaCTsHKCHHUH, TITyOMHE KOPPO3UOHHBIX pa3py-
NICHW, N3MEHEHHUIO TMHAMUYECKOTO MOIYJIS YIPYTOCTH, N3MEHEHHIO KOHIICHTpA-
IIUU OJTHOTO W3 KOMIIOHEHTOB, BCTYITUBIINX BO B3aUMOJICHCTBUE H T.1.

3a KpUTEepUil CTOMKOCTH MPHU OIICHKE BIUSHUS arpeCCUBHBIX CPe]l IO BHEIIIHE-
My BUIY TPUHUMAIOT MPOJOJKUTEIIEHOCTh MEPUO/Ia 10 MOSBICHUS PU3HAKOB BU-
3yaJIbHO OIICHMBAEMBIX pa3pylieHuil OeToHa. /[ OlleHKHN CTeneHn KOPPO3HOHHOTO
paspyuieHus: 00pa3IoB MOXKET OBITh UCIIOJIb30BaHA MATHOAITBFHAS cucTeMa. banmmom
«5» XapaKkTepusyeTcsl OTIMYHOE COCTOSTHHE 00pasioB, 0€3 W3MEHEHHsI BHEITHETO
BUa, 0aiioM «1» - MoTHOE pa3pylIeHue.

MeTo M3MEHEeHHS TUHEHHBIX AeopMaliuii 0ETOHHBIX 00pa3loB, HAXOASIINX-
Csl B arpeCCUBHBIX PACTBOPAX, XapaAKTEPU3YET KOPPO3HIO OETOHA B YCIOBUAX, KOTAa
O] BIMSIHUEM arpeCCUBHBIX PACTBOPOB O0OPa3ylOTCS HOBBIE COCAMHEHUS, 00BEMBI
KOTOPBIX OOJBIIIE CyMMBbI 00BEMOB HCXOAHBIX BEIIECTB, UTO COMPOBOXKIACTCS yBE-
audeHneM oo0beMa 00pasioB. [[puHATO cUMTaTh, YTO €CJIM BEIMYWHA PACIITUPECHUS
0o0pa3ioB uepe3 mecth MecsueB npesbimaet 0.05 %, a uepes rox 0.1 %, 3T0 CBU-
JIETENBCTBYET O JIECTPYKTUBHBIX IIPOIIECCaX, MPUBOASIINX K pa3pyIICHUIO.

B ocHoBe MeTo/ma u3MEHEHUsT TPOYHOCTH MPU CKATUU, U3THOE U PACTSHKCHUU
JSKUT TOHUMaHue (pakTa KOppO3WU KakK MPOIECcca CHIDKCHHS TPOYHOCTH OETOHA.
Omnpenensst 4epe3 3aaHHBIC MPOMEXYTKH BPEMEHH MPOYHOCTH 0Opas3IoB, HAXO-
JUBIITUXCSI B arPECCUBHOM cpefie, M 00pasIoB, TBEPACIONINX B HEUTPAIBHOU CpeIe,



MOJIy4arOT KPUBBIE U3MEHEHUSI MPOYHOCTH BO BPEMEHH, IO KOTOPHIM OPHUEHTUPO-
BOYHO CY/ST O CTENEHU Pa3BUTHUS KOppo3uu. KonmmuecTBEHHBIM MMOKa3aTeIeM KOp-
po3uu sBiseTcst ko3 dunmeHT crorkoctr K, mpencrapistoniuii co00i OTHOIEHUE
MPOYHOCTH O0pPa3IoB, HAXOJIUBIINXCS B PACTBOPE, K MPOYHOCTH OOPA3IIOB, TBEP-
JIEBIITUX TOT K€ CPOK B BOJIC.

Meton ompeneneHusi MOTEPU MAcChl OETOHHBIX OOPA3IOB 3a OMPEACICHHBIN
MPOMEXKYTOK BPEMEHHU OIICHUBAET BO3JICUCTBUE OPraHUYECKUX KUCIOT HA IEMEHT-
HBI KaMEHb.

Jl1st uccneioBaHMs XapaKTepa U3MEHEHHUs BO BPEMEHH 3al[UTHBIX CBOMCTB I1e-
MEHTHBIX OE€TOHOB PA3JMYHBIX MO MPOYHOCTU MOJ JEUCTBHEM KHUCIBIX T'a30B HC-
MOJIb3YIOT Ka4eCTBEHHYI0 METOIUKY - OINpejelieHne TiyOuHbl HelTpamu3auuu Oe-
TOHA MYTEM MEePUOANYECKON 00pabOTKH CBEXUX CKOJIOB 00pa3ioB 1%-HbIM criup-
TOBBIM pacTBOpoM (enondranenna. [locne HaHeceHUsT UHANKATOPA U3MEPSIOT JIH-
HEUKOM paccTosiHUE OT MOBEPXHOCTU 00pasiia 10 TPaHUIIbl IPKO OKPAIIEHHOM 30HbI
B HaIlpaBJIEHUH, HOPMAJILHOM K TOBEPXHOCTHU. MI3MepeHHas BelnunHa ecTh riyOuHa
HeWTpanu3anuu OeToHa.

N3meHenue pacnpeneneHus KOHIIEHTPAIMU [IEMEHTHOTO KaMHsl B o0beMe Oe-
TOHA 10 rIyOrHe 00pasiia U BO BpeMEeHH YUuThIBaeTcst AudpepeHinalbHbIMU ypaB-
HEHUSMHU MEepEMEILCHUS arpeCCUBHOTO ()POHTA, OCHOBAHHBIMU Ha MEPBOM U BTOPOM
3aKoHax Puka.

Cpeau orpoMHOT0 KOJMYECTBa J1a00PaTOPHBIX METO/IOB UCCIIEIOBAHUS KOPPO-
3ur 0ETOHA, 0 MHEHUIO OOJBIIIMHCTBA CTIEIUATNCTOB, HAUOO0JIEEe PaIMOHATHHBIMH
SBJISIFOTCSL METOJbI, OCHOBAaHHBIC HA OMNpPEICICHUU Tpeaesia MPOYHOCTU. OTH
METO/bl YYUTHIBAIOT BIUSHUE JIBYX BUIOB KOPPO3WH: PACTBOPECHHE COCIUHCHHM,
COCTABJISIFONIUX IIEMEHT, M BO3HUKHOBEHHE HOBOOOpA30BaHUW C OOJBIIUM
00BeMOM, YeM 00BEM MCXOIHBIX MPOAYKTOB. O0a mporiecca BhI3BIBAIOT U3MEHEHUE
IIPOYHOCTHBIX ITOKA3aTENEH.



I'maBa 2. CBoiicTBa 3aIIMTHBIX MOKPBITHIA

2.1. [lonsATHS 0 MEXaHUYECKUX, (PU3NIECKUX, XUMHYECKHUX,
APXHUTEKTYPHO-XYA0KEeCTBEHHBIX CBOMCTBAX MATEPUAJIOB

3aluTHBIEC TOKPHITUS U3 CTPOUTENIbHBIX MaTE€pUalIOB B MPOIECCE IKCIUTyaTa-
IIUU COXPAHSIIOT U3/ACIUS U COOPYKEHHUS OT MEXAaHUUECKUX, PUINIECKUX U XUMUYE-
CKUX BO3JE€HUCTBUM.

[Tpu BBIOOpE MaTepuana 3alIUTHBIX MOKPBITUI YYUTHIBAIOT €r0 CIIOCOOHOCTH
COIIPOTHUBIISATHCS PEAIbHBIM BO3ICUCTBUAM 0€3 HapyIICHHs CIIOIIHOCTH, CBOMCTB U
pasmepoB. HeoOxoaumo  OIHOBPEMEHHO  YYUTHIBATH  COINPOTHUBISEMOCTb
MaTEpUaJIOB MEXaHMYECKUM Harpy3kam, CTOMKOCTb K BO3ACHCTBHIO OKHIa€MbIX
¢busznueckux (Hampumep, TEeMIEpaTrypbl M €€ KojeOaHui, B OCOOCHHOCTH MpHU
nepexoqe uyepe3 O °C, BoIHOU cpenbl U Jp.) U XUMHUECKUX (KHUCIIOTHI, IIEJIOYH,
COJIEBBIE PACTBOPHI U JIp.) (aKTOPOB.

CBoiicTBaMM HAa3bIBAIOT CIIOCOOHOCTh MAaTEPHUAIOB OMNPENIEICHHBIM 00pa3omM
pearupoBaTh Ha BO3JIEHCTBHUE OTAECIbHBIX UM COBOKYIMHBIX BHEIIHUX WJIM BHYTPEH-
HUX (akTOpoB. PaKTUUECKUE TTOKA3ATENIN STUX CBOMCTB, BbIpAXKEHHBIE B TPUHATHIX
YUCJIOBBIX  3HAYEHUSX, [O3BOJSIIOT  OIEHUWBATh  KAue€CTBO  CTPOUTEIBHBIX
MaTepHuaoB.

MexaHnnyeckue cBOMCTBA OTPAXKAIOT CIIOCOOHOCTDH TEN (MaTEpPHAIIOB) COIPO-
TUBJIATHCSI CUJIOBBIM (OT MEXAHUYECKHX HArpy3oK), TEIUIOBBIM, YCAJOUYHBIM WU
JIPYTUM HampsDKEHUsIM 0€3 HapyIleHUs YCTaHOBUBIIEHCS CTPYKTYphl. MexaHuue-
CKHE€ CBOWCTBA pa3/IeNIAIOTCS HA dehopmayuonnvle U RPOUHOCHLHbLE.

JedopmanmoHHble CBOMCTBA XapaKTepU3yIOT CIIOCOOHOCTh MaTepuala K u3me-
HEHUIO (OPMBI WJIM pa3MEPOB 0€3 OTKIIOHEHUW B BEJIMYHMHE €ro Macchl. | 1aBHEM-
e BUABI AeopMaiuil - pacTsHKEHUE, CKaTue, CABUT, KpyueHue u u3rud. Bee oHn
MOTYT OBITH OOPAaTUMBIMH U HEOOPATUMBIMH, WJIK OCTaTOUYHBIMH. OOpaTUMBbIE MOJ-
HOCTBIO MCYE3aI0T MPU MPEKPAILEHUU JEeHCTBUS Ha MaTepuan (paKTopoB, UX BHI3bI-
Baroiux. HeoOparumele nedopmariuu, Ha3bIBaeMble, KPOME TOTO, IIIACTHYECKUMH,
HAKaIlJIMBAIOTCS B IEPUOJ IEHCTBUSA 3TUX (PAKTOPOB; MOCIIE UX CHATHUS nedopmariu
coxpansitorcsi. OO6paTtuMmblie AeQopMaluy, UCUYE3aI0N[Ie MIHOBEHHO U MOJIHOCTHIO,
HA3bIBAIOTCS YNIPYTUMH, & €CIIU B T€UEHHE HEKOTOPOTO BPEMEHH, TO - SIACTHYHBI-
MHU.

Ha xapakrtep u BennuuHy AepopMaiuii BIUSET HE TOJBKO BEJIMYUHA HArpyXe-
HUS, HO ¥ CKOPOCTh MPHJIOKEHHS HATpYy3KH, a TakKe TeMiieparypa marepuana. Kak
OpaBWJIO, C TOBBIIIEHHUEM CKOPOCTH Je(hOpPMHpPOBAHUS U  TOHMKEHUEM
TEeMIIepaTypbl MaTepuaia aeQopMalli MO CBOEMY XapaKTepy HpUOIUKAIOTCA K
YIPYTrOMIacTUYEe-CKUM, YMEHBIIASCh IO A0COMIOTHON BEIUYMHE.

[Tnactuueckue nedopmanuu, MEAIEHHO HapacTalolme 0e3 YBeTUYeHHs Ha-
NpsSOKEHUs, XapaKTepu3ylT TeKyudecTb martepuana. llmactuueckas nedopmanus,
MeJIJIEHHO HapacTalollasi B TEUeHHUE JJIMTEIbHOTO BPEMEHU 1101 BIMSHUEM CHIIOBBIX
(bakTOpOB, HE CLIOCOOHBIX BBI3BATh OCTATOUYHYIO Ae(OPMAIIUIO 32 OOBIYHBIE TIEPHO-



Il HAOJIIOJICHUH, Ha3bIBaeTCs deghopmayueit noazyuecmu, a npoLecc TaAKOro Je-
(GopMHUpOBaHUS - ROAZYUECMbIO NI Kpunom. JeopMaiioHHbIE CBOMCTBA CTPOU-
TEJIbHBIX MAaTEPUAJIOB, KaK U JIPYTUX TeJl, 00YCIaBIMBAIOTCS EPUOIOM, HIIH BpEMeE-
HEM penakcauuu. Penakcanuen Ha3bIBaeTCA MPOLECC CAMOIPOU3BOIBHOIO MACHUS
BHYTPEHHHMX HANpsDKEHUW B MaTepuane, CBA3AHHBIX C  MOJIEKYJIIPHBIM
NepeMeIleHneM MpU YCJIOBHH, YTO HayalbHas BeJIMYMHA JAepOopManuu OCTaeTcs
HEU3MEHHOM, HanpuMep 3apUKCUPOBAHHON KECTKUMU CBSA3SIMH.

K apyromy Ba:)KHOMY MEXaHMYECKOMY CBOMCTBY OTHOCHUTCS HPOYHOCHIb, T.C.
CIIOCOOHOCTh MaTE€pPHAJIOB B ONPEAEICHHBIX YCIOBUAX U IPEJENax, HE Pa3pyllasch,
COIIPOTUBIIATHCA BHYTPEHHUM HANPsDKEHUAM U JiepopmanusM, BOZHUKAIOIIUM 101
BIIMSIHUEM MEXAHWYECKUX, TEIUIOBBIX U IPYTUX HANpPsOKEHUU. TUNUYHBIMY IPOYHO-
CTHBIMHM XapaKTEPUCTHUKaMU SBISIOTCS MPEIea YIPYrOCTH, IPEAEN TEKy4eCTH H
penesl NPOYHOCTH IIPU BO3JECUCTBUU CKUMAKOUIUX, PACTATUBAIOIIUX WM JPYTUX
BUJI0B ycwinid. IIpeneny ynpyroctu COOTBETCTBYET HAIpsSDKEHHE Marepuana MpH
MaKCHMaJIbHOM BETMUYMHE YIPYToH AepopManuy; Ipeaeiny TEKyUeCTH - IOCTOSHHOE
HaNpsDKEHUE MIPU HapacTaHUU IUIACTMYECKOH AeopMaluy; Mpeaesy MNpoYHOCTH -
MaKCHMaJbHOE HaIIpsDKEHHE B MOMEHT pa3pyllieHus Mmatepuana (puc.2.1).
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Puc 2.1. luarpamMma G — € npH pacTsDkeHuH (O, - npeaen ynpyroctd, MIla; o, - npeaen Texyde-
cth, MIla; o, - npenen npounoctu, MIla; E - monyns ynpyrocty, umi Monyne IOnra,
YHCIIEHHO paBHbIH 0y/&;, MIla; &, - OTHOCHTeNbHAA ynpyras nedopMariis)

BenuuuHbl Monaynsi yIpyrocTd M MPOYHOCTH MOKHO OIPENENsATh HEpa3py-
HIAIOUIMMHU METOJaMU, MPU KOTOPBIX UCTBITYEMBIN 00pasel] ocTaeTcsi Hepa3pylleH-
HBIM, B OTJIMYHE OT TOTO, KaK 3TO MPOUCXOIUT, HAPUMEP, TIPU UCTIBITAHUH €TO0 TI0]T
npeccom. Cpeau HepaspylIarolMX METOJOB - YJIbTPAa3BYKOBBIE, paJlOMETpUYe-
CKHE, yIApHBIE U JIP.

JIOMOTHUTETPHBIMU XapPAaKTEPUCTUKAMU MEXaHUYECKUX CBOMCTB TPH OIEHKE
KauyecTBa MaTepUalOB MOTYT CIYXUTb MEEpOOCHb, UCHMUPAEMOCb W YOApHAs
8A3KOCMb.



TBeproCcTh BbIpa)kaeT CIIOCOOHOCTh MaTepuasa COMPOTUBIATHCA MPOHUKHOBE-
HUIO B HEro 0oJjiee TBEpIBIX TeJ, HAPUMEP MPU BIABIUBAHUU CTAJIBHOTO IIapUKa
WIN KOHYCa, lIapanaHuil pe3lioM, CBEPJICHUH, YAapax MOJOTKA, IyJI€BOM BBICTpEIE
U 1p. DT YCJIOBHSI UCTIBITAHUS JAIOT 3HAUEHUS TBEPAOCTHU MO0 TOJIBKO KaUeCTBEH-
HBIE, HAIIPUMeEp MO CIeAy IaparnaHus, JU00 TaKKe U KOJIMYECTBEHHBIE - TI0 TIIyOuHe
WIH TJIOMIAAH OTIEYaTKa C yU€TOM MPUIOKEHHOM HArPy3KH.

O TBepAOCTH HEPEIKO TaKXKe CYAAT MO MOTepe Macchl oOpa3laMu IpH UCIBI-
TaHUU Ha METAJUIMYECKUX Kpyrax B IPUCYTCTBUU aOpa3UBHBIX MOPOILIKOB.

VY napHas BA3KOCTb XapaKTepU3yeT CIIOCOOHOCTh MaTepuayla CONPOTUBIATHCA
COCPEAOTOUYEHHBIM YJJapHBIM Harpy3kaMm U ONpeersieTcsl KOJIMYeCTBOM paboThl, 3a-
TpauMBaeMOM Ha M3J0M 00pas3na B (PMKCUPOBAHHOM C IOMOIIBIO HACEUKH MECTE.
PabGora, oTHeceHHas K IUIOIIAAM TIONEpeYHHKa oOpasla, XapaKTepu3yeT
€IMHUYHYIO YyJIapHyl0 paboTy Ha U3JI0M, Ha3blBAEMYIO YAEIbHOW yIapHOH
BA3KOCThbIO. OHA MMEET MPAaKTHUUECKOE 3HAUEHUE IPU OLIEHKE KayecTBa METAJUIOB,
acOeCTOLIEMEHTHBIX U KEPAMUYECKUX U3AETIUH.

CrpoutenbHble MaTEpUabl 00Ja1aI0T KOMIUIEKCOM (U3UYECKUX CEOICME.

K ¢u3nueckum oTHOCATCS CBOMCTBA, BBIPAXKAIOIIME CIIOCOOHOCTh MaTepua-JioB
pearupoBaTh Ha BO3/ieicTBHE (PU3NUECKUX (PAKTOPOB - TPABUTALIMOHHBIX, T.€. OCHO-
BaHHBIX Ha 3aKOHE 3€MHOr0 MPUTSDKEHMs, TEIUIOBBIX, BOJHOW Cpe.pl,
aKyCTHUUYECKUX, DJEKTPUUECKUX, M3My4eHUs (SACpHOTO, PEHTI€HOBCKOTO U p.) U
T.11. Huke paccMoTpeHbl HeKOoTopbie (U3MUecKre CBONCTBA MaTepUaIOB.

CpenHsisi IJIOTHOCTh XapaKTEPU3yeT MAacCy €IMHHUIBI MaTepuana B €CTecCT-
BEHHOM COCTOSIHMM (BMECTE ¢ Topamu). JTa BaxkHas pU3NUYECKas XapaKTepUCTUKA
OTIpeeIseTCs MyTeM JEJCHUS Macchl m o0paslia Ha ero 00BEM V( U BBIPAXKAETCS
3aBUCUMOCTBIO:

Po=M / Vo, T/CM>, KT/M> (2.1)

s TouHOro wu3MepeHus o0beMa YJIO00HO MNPUHMMATh OOpasibl IPaBUIBHOM
T€OMETPUUYECKONU (POPMBI, XOTSI UMEIOTCS HECIIOXKHBIE TTPUEMbI U3MEPEHUS 00bheMa
o0pa3noB 1 HenpaBuIbHOU GopMbl. [1pu BIakHBIX 00pasiax OTMEYaeTCsl BeTUINHA
YX BJIQ&XKHOCTH, IPU KOTOPOU ONPEAEIISIACh CPEAHSS IIOTHOCTb.

CpeHIor0 TUIOTHOCTh PHIXJIBIX MAaTEPUATIOB, HATPUMED TIeCKa, MeOHs, TpaBus,
HAa3bIBAIOT HACHINHOU NJ10MHOCMbI0. B €€ BeIMUnHEe OTPaXKaeTCs BIUSHUE HE TOJb-
KO IIOP B KXJOM 3€pPHE WM KyCKE, HO U MEK3E€PHOBBIX ITYCTOT B PHIXJIOHACHIITHOM
o0BeMe Marepuana.

HcTuHHAS MJIOTHOCTH - Macca €AMHUIEI 00beMa OJTHOPOHOTO MaTrepuasa B
a0COJIOTHO TIJIOTHOM COCTOSIHWH, T.€. 0€3 yueTa mop, TPEIINH WA JPYTUX MOJI0C-
TeW, IPUCYIINX MaTepuany B €ro oObIMHOM coCTOsiHMU. Omnpenensiercss Kak OTHO-
IIIEHWE MAcChl M MaTepuralia, BHIPaKCHHOW B rpaMMax WM KUJIOTpaMMax, K 00beMy
V €r0 B a0COJIFOTHO IJIOTHOM COCTOSIHUM:

p=m /v, rlem’, kr/m’ (2.2)



Benuunna p, kak mpaBuiio, 6oJbIe py (CpeaHel MIOTHOCTH), TaK KaK MOJaB-
JSIOILEE KOJIUYECTBO MAaTEPHAIIOB COAEPKUT MOPBI, TPEILIUHBI, KABEPHBI.

IMopucTocTs - cTENeHb 3anoJHeHNs: 00beMa MaTepraia opaMu; ONpeAes-toT
€€ C MOMOMUIBIO0 BBIYUCIIEHUS TTO (hopMyIe:

I=[(p - p)100]/ p, % (2.3)

Ecnu TpeOyeTcst BHIACHUTD, SIBJSIOTCS JIM IOPHI 3aMKHYTHIMH WJIM CKBO3HBIMU,
KaK pacrnpejieseHbl OHM B 00beMe MaTepuaia 1o CBOMM pa3MepaM, Kakoe UMeeTcs
peaabHOEe COOTHOUIEHUE MOP Pa3HbIX AUAMETPOB, TOTAA MPOU3BOISAT JOTOJHUTEIb-
HbIE UCCJIEIOBAHMS C IPUMEHEHUEM CIIELIMAIBHBIX METO/IOB: PTYTHOM IOPOMETPHH,
COpPOIIMOHHOTO, KAaWJUIIPHOTO BCACHIBAHUS U JIP.

[Tpu BO3ACMCTBUM CTATHUECKUX WU HUKINYECKUX TETUIOBBIX (PAKTOPOB MaTe-
puan XapakTEpHU3yeTCsl TEIIONPOBOAHOCTBIO, TEINIOEMKOCTBIO, TEMIIEPATYPE - yC-
TOMYUBOCTBIO, OTHEYIIOPHOCTBIO U JPYTMMH CBOMCTBAMMU.

TennonpoBoAHOCTH - CIOCOOHOCTH MaTepHalia IPOBOAUTH YEPE3 CBOIO TOJIIILY
TEIJIOBOM MOTOK, BOZHUKAIOIINK MO/ BIMSHUEM PAa3HOCTH TEMIIEpATyp Ha MOBEPX-
HOCTSIX, OTPAaHUYMBAIOIINX MaTEpHal. JTO CBOMCTBO XapaKTEpU3yeTCs TEIUIONpPO-
BOJHOCTBIO A,, KOTOpas MOKa3bIBAET KOJIMYECTBO TEIUIOTHI, KOTOPOE MPOXOIHUT
Yepes3 CTEHKy TONIMHOW 1 M ¥ ruomanbio | M° IpH mepernaje TeMmIeparyp Ha
IIPOTUBOINOJIOKHBIX TOBEPXHOCTAX B 1°C B Teuenue 1 4.

B kauecTtBe nmpUMepoB ClE€AyeT OTMETHUTh, YTO I'PAHUT MMEET TEIIONPOBOA-
HocTh 3.2 ... 3.5 B1/(M-K), a kupnuu kepamudeckuii - 0.80 ... 0.85 B1/(Mm-K).

TennoeMkocTh XapakTepu3yeT CIOCOOHOCTh MaTepHalia aKKyMyJIHpPOBaTh Te-
IJIOTY MPU HAarpeBaHuU. TermIoeMKOCTb OLIEHUBAETCS C TOMOILBIO TaK Ha3bIBAEMOMU
yAEIbHON TEIUIOEMKOCTH, KOTOpasi MOKa3blBAET KOJUYECTBO TEIUIOTHI, HEOOXOAM-
Moe aisi HarpeBaHus 1 kr marepuana Ha 1°C. YaenpHyto TemioemMkocts C nHaue
Ha3bIBAIOT KOA(P(ULIHEHTOM TETJIOEMKOCTH.

C=Q/m(t; - ty), (2.4)

rae Q - KOJMYeCTBO TEIJIOTHI, 3aTPAaYeHHOE Ha HarpeBaHue marepuana, /[x; m -
Macca marepuana, Kr; (t; - t;) - pa3HOCTh TeMIlepaTyp Marepuaina A0 U IOoCcJe Ha-
rpesa, °C. Ee pasmepnocts - JIx/(krK).

Kosbdumuent temoeMkocTi Boasl paet 4.2 « 10° Jlx/(kr - °C). Ctpouresb-
HBbIE MaTepHalibl B CyXOM COCTOSTHUU MUMEIOT 0oJiee HU3KUE 3HAUEHUS 3TOT0 KO3(-
duIMenHTa, HampUMep: KaMeHHbIe MaTepuaisi - ot 0.75 « 10° 10 0.94 « 10°, necHsle
MaTepHaisl - ot 2.42 « 10° 10 2.75 « 10° Ix/(xr - °C), crans 0.50 « 10° Tx/(kr - °C).

OrHecToiiKoCTh XapaKTEPU3yeT CIIOCOOHOCTh CTPOUTEIHHBIX MAaTEPHUAJIOB BhI-
Jep>KuBaTh 03 pa3pylieHUs] ACHCTBHS BBICOKMX TEMIEPATyp B TEUEHUE CPaBHH-
TEJIBbHO KOPOTKOTO MPOMEKYTKa BpeMeHH (moxapa). B 3aBUCMMOCTH OT CTENEHU OT-
HECTOMKOCTH CTPOUTEIbHBIE MaTepUaibl PA3ACISIIOT HA Heczopaemble, mpPyoOHOC20-
paemble U czopaemble. Hecropaembie MaTepuasbl B YCIOBHUSIX BBICOKMX TEMIIEPATYP



HE MOABEP>KEHBI BOCIUIAMEHEHUIO, TJIICHUIO WM oOyrauBaHuio. IIpu 3ToM HekoTo-
pble MaTepHasibl OYTH HE AePOPMUPYIOTCS (KUPIHY, Yepenuia), Ipyrue MOryT
CWIBHO  JedopMupoBaThcsl  (CTanb) WM  Pa3pylIaTbCsi, PaCTPECKUBATHCS
(MpupoaHBIE KAMHH, HAIPUMEP TPAHUT), 0COOCHHO MPU OJJHOBPEMEHHOM BO3EHCT-
BUU BOJIbl, IPUMEHSAEMON MPU TYLIEHUU MOXkKapoB. TpyaHOCropaemble MaTeprabl
MO/l BO3JCHCTBUEM BBICOKMX TEMIIEpATyp TJICIOT M OOYINIMBAKOTCA, HO NpHU
YAQJIEHUH OTHS MPOLECCHl TIAEHUS WIM OOYIVIMBaHUS MOJHOCTBIO IMPEKPAIIAKOTCS.
Cpenu Takoro poja mMaTepuasoB HAXOAATCS (PUOPOJIUT, TUIPOU30J, ac(PalbTOBBIM
o6etoH u np. Cropaemple MaTrepuayibl BOCIUIAMEHSIOTCS M TOPSAT WIM TICIOT IOA
BO3/ICIICTBUEM OTHSI WJIM BBICOKOW TEMIEpaTypbl, IPUUYEM TOPEHUE WU TICHUE
IPOJOJDKAETCS TAKXKE MOCIE YAAJIEHUsI UCTOYHMKA OrHs. Cpeny HUX - IpeBECUHa,
BOIJIOK, OUTYMBI, CMOJIBL U JP.

Ecnu ucrounuk Beicokoi Temnepatypsl (Boimie 1580°C) neiicTByeT Ha MaTepu-
aJl B TEYEHME JJIUTEIBHOIO BPEMEHHU (CONPUKOCHOBEHHUE C IeyaMu, TpyOamHu, Ha-
IpeBaTeIbHbIMUA KOTJIAMM U T.II. ), @ MaT€pUaJl COXpaHIET HEOOXOAUMbIE TEXHUYE-
CKHE€ CBOWCTBA U HE Pa3MArdaercs, TO €ro OTHOCAT K OrHEYyNOpHbIM. OTHEYyNOpHBI-
MU SIBJISIIOTCS LIAMOT, JUHAC, MATHE3UTOBBIN KUPIUY U IpyrHUe MaTepuabl, IpUMe-
HsiEMBbI€ JJIs1 BHYTpEHHEW (QyTepoBKHU (OOJUIIOBKH) METAJUTYPTUYECKUX U TPOMBIIII-
JICHHBIX IIEYEH.

Matepuanbl, CHOCOOHBIE ATUTENBHOE BPEMSI BHIACPKUBATH BO3ICHCTBHE BBICO-
kux temreparyp (1o 1000°C) 6e3 moTepu WK TOJBKO C YaCTUYHOW MOTEPEN mpoU-
HOCTH, OTHOCSIT K apOCTOMKUM, HallpuUMep >KapOCTOMKHI OETOH, KepaMHUYECKUN
KUPIIMY, OTHEYIIOPHbIE MAaTEPUAJIBI.

TemMnepaTypocToiKOCTh I TEPMOCTOMKOCTD - CIIOCOOHOCTH BBIJIEPKUBATH
Yepe10BaHME (LIMKJIbI) PE3KUX TEIUIOBBIX U3MEHEHUI, HEPEJIKO C MEPEXOJAOM OT BbI-
COKHUX IOJOKUTEIBHBIX K HU3KUM OTPHULATENbHBIM TEMIIEpaTypaM. DTO CBOMCTBO
MaTepuaiga 3aBUCUT OT CTENEHU €ro OJHOPOJHOCTH M OT CHOCOOHOCTH KaXKIOTO
KOMITOHEHTAa K TEIUIOBBIM pactiupenusm. [locaennss xapakrepusyercs Ko3phuiu-
€HTOM TEIUIOBOTO PACIIUPEHHS - JUHEWHBIM WM 00beMHBIM. JIMHEWHbINH K03 du-
[IMEHT MOKa3bIBaeT y/UIMHEHHE 1 M MaTepuaina npu HarpeBanuu ero Ha 1 °C, a 00b-
eMHbIII XapaKTepHu3yeT yBelndeHne oobeMa | M’ MaTepuana MpH HAPEBAHHH €ro
Ha | °C. Jlna ueMeHTHOro O€TOHAa JHUHEWHBIH KOIPPUIMEHT TEIIOBOrO
pacumpenus pasen (10 ... 14) « 10", anst ApeBecHHbI BAOTH BOIOKOH (3 ... 5) + 10"°.

OTHolIeHNe MaTeprana K CTATUYECKUM WIH HUKJIMYECKUM BO3JEHCTBUSIM BO-
Ibl  WIM  Tapa  XapaKTepu3yeTcsl  BEJIMYMHAMU  BOJONOIVIOUIAEMOCTH,
TUTPOCKONTMYHOCTH, BOAOIIPOHUILIAEMOCTH, TAPONPOHUIIAEMOCTH, BOJTOCTOUKOCTH.

BopomnorsomaeMocTb - CIOCOOHOCTh MaTepHaa BIOUTHIBATH U YIEPKUBATH
Boay. IIpouiecc BuUThIBaHMS BOJBI B MOPBI HA3bIBAETCSI BOJOIMOIVIOIICHUEM U B Ja-
OOpaTOpPHBIX YCIOBMSIX MPOXOAUT IPU HOPMAJIBHOM arMochepHoM AaBieHuu. O0-
pa3zel NOCTENEHHO NOTPYKatoT B BOJY U €r0 MOJHOI0 BOAOIOTJIOEHUS JOCTUT AT
MyTEM KUMSYECHUS B BOJE, eciid Temiepatypa 100°C He BIMsieT Ha COCTaB U CTPYK-



Typy Matepuana. OOpasiisl BRIICPKUBAIOT B BOJIC B TEUCHUE OMPEICIEHHOTO CPOKa
WIA 10 MTOCTOSTHHOM MacCChI.
Bennuuna Bogonornonaemoctu (%) onpenensercs o Macce:

B= (Mz- M]) ‘100 /M1
2.5
)

WJIU 110 00beMy
B() =(M2-M1)/V,
(2.6
)

rae M; - macca 0 BojpomnoriouieHusi; M, - macca mocie BOJOMOIJIOMICHHS; V -
o0beM o0pasia.

BomonornomaemMocts MEHbBIIE TOPUCTOCTH, TaK Kak HE BCE TIOPHI
3aIOJHSIOTCS BOJIOM U YAEPKHUBAIOT €€.

CxonHas BeIWYMHA 6000HACHLIU4AEMOCHIU OTIPENEISIETCS] TIOCTIe HACBIIICHUS
Marepuana (oOpasua) Bogou noxa gasiaenuem 0.2 ... 0.3 MIla unm 0.1 MlIIa npu yc-
JIOBUHW, YTO B TMOpax ObUI TPEABAPUTEIBHO CO3JaH BaKyyM C IIOMOIIBIO
CHEIMAIBHOTO BaKyyM-Hacoca. Bogonaceimaemocts  Bcerma  Qouiblie
BOJOTIOTJIONIAEMOCTH, TaK KaKk TpPH TPUHYJATETLHOM TMPONUTHIBAHUU TIOJ
JABJICHUEM 3allOJIHSIOTCS HE TOJbKO Oojiee KpymHble, HO U TOHKHE IOPbI U
KanWUIsipbl, HEJOCTYITHbBIE BOJAE MPU OOBIYHOM MPOIIECCE BOIOMOTIIOMICHHUS.

I'MrpockonM4YHOCTBLIO HA3bIBAETCS CITIOCOOHOCTH MaTepHUasa MorjionaTh Biary
U3 BJIQXHOTO BO3JyXa WM Mapora3oBoil cMecu. CTeneHb MOTJIONIIEHUs] BOABI WU
apoB, KOTOPbIE YaCTMYHO KOHJEHCHUPYIOTCS B MOpax M Kanuulspax Marepuala,
3aBUCUT OT OTHOCUTENBHOM BIAXHOCTH M TeMIEpaTyphl BO3AyXa, MaplHalbHOTO
naBieHuss cmecu. C yBeJIMYEHHUEM OTHOCUTEIBHOM BIAXKHOCTH M CO CHUXKEHHUEM
TEeMIIepaTyphl BO3yXa TUTPOCKOMUYHOCTH MOBBIIIAETCS.

3a XapaKkTepUCTUKY TUTPOCKOMUYHOCTH MPUHSTA BEJIMUYUHA OTHOIICHHS MacChl
MOTJIOIIEHHOW BJIark IPU OTHOCUTEIBHOM BiaskHOCTH Bo3yxa 100 % u temmnepary-
pe +20 °C k macce cyxoro Marepuana.

Baaroornaveii Ha3pIBalOT CIIOCOOHOCTH MaTepualia OTIABaTh BIAry B OKpPY-
xarolnyto cpeny. OHa u3MepsieTcs KOJIMYeCTBOM BO/JIbI, KOTOPOE MaTepuai TepseT B
CyTKA TpPU OTHOCHUTENIBHOW BIaxXHOCTH Bo3ayxa 60 % wu temmneparype +20°C.
Brnara, Haxomsmiascs B TOHKHX MMOpax W Kamwulsapax, YIS KUBAETCS IPOYHO,
0COOCHHO aA-COpPOLIMOHHO-IIJICHOYHAs! BJlara, 4TO CIOCOOCTBYET YCKOPEHHOMY
MEePEABMIKEHUIO TIOTJIONIAEMOM BOABI TIO COOOMIAIONIUMCS TIOpaM B Marepuale.
Ecnu mexmy BIaXHOCTBIO OKPYIKAIOIIEH Cpe/ibl BO3yXa U BIAXXHOCTHIO MaTepuaia
YCTaHABIMBACTCS PABHOBECHE, TO OTCYTCTBYIOT TUTPOCKOIMYHOCTh U BJIAr00T/Aaua,
a COCTOSIHHME MPUHATO UMEHOBATh BO3AYIITHO-CYXHM.

BoponponunaemocTs - ciocoOHOCTh MaTepualia MPOMycKaTh BOAY MO J1aB-
JeHueM. XapaKTePUCTUKON BOJOMPOHUIIAEMOCTH CIY>KUT KOJIWYECTBO BOJBI, MPO-
mremmee B | gac depes 1 cM” TOBEPXHOCTH MaTEpHAIa IPH 3aIaHHOM JaBJICHIU BO-
11, IHOTIa OHA TaKKe XapaKTepu3yeTcsl IEPHOIOM BPEMEHH, IO HCTEUCHUH KOTO-



POro MmosBJIAIOTCA IICPBLIC IIPU3HAKH ITPOCAYMBAHUA BOABI 11O OIIPCACIICHHBIM daB-



JeHueM  uepe3  oOpasell uUCObITyeMoro marepuana. JlaBieHue  BOJBI
yCTaHaBIIMBAETCS CTAaHAAPTOM B 3aBUCMMOCTH OT BHJIa MaTepuara.

[Tapo- ® Tra30mpoOHMIIAEMOCTh OIICHMBAIOTCS C TOMOIIBIO  OCOOBIX
K03 (HULIUEHTOB, CXOIHBIX MEXIy c000i. OHM paBHBI KOJIUYECTBY BOASHOIO Mapa
(w1 BO3ayXxa), KOTOpPOE MPOXOAUT Yepe3 CIOM MaTepuajia TOJIIUHOM 1 M,
Iomaabo 1 M’ B Teuenue 1 u npu pazHocTu aasieHuit 10 Ila.

BoaocToiKkocTh - CTOCOOHOCTH MaTepuaia COXpaHsITh B TOW WM WHOU Mepe
CBOM [IPOYHOCTHBIE CBOMCTBA IIPH YBJIAKHEHNU. YUCIOBOI XapakTEpUCTUKON BOJIO-
CTOMKOCTH CIIy’)KUT OTHOILIEHHE IIpejieaa MPOYHOCTH IIPU CKATUM MaTepuasa B Ha-
CBILICHHOM BOJIOM COCTOSIHMM K MPEJENy IPOYHOCTH MPHU CKATUU B CYXOM COCTOSI-
HUU. DTO OTHOLIEHHUE MPUHATO Ha3blBaTh Ko3(puimenToM pasmsardenus. K Bojo-
CTOMKHM OTHOCSTCSI MaTepHualibl, KO3 (PUIMEHT pa3MsArdeHus KOTopbix 0obiie 0.8,
HaIpUMep IpaHuT, OETOH U JAp. DTU MaTepuagbl MOXXHO IMPUMEHSTh B CBIPBIX
MecTax 0e3 CeUaIbHBIX MEp MO 3aIUTE UX OT yBJIAXKHEHUS.

B KecTKMX yCIOBMSIX HaXOAMUTCS TOT MaTepuai, KOTOPBIM YBIAXHIETCS MpPU
pEe3KUX TeMIEpaTypHbIX Nepenanax. Boaa, mornomieHHas MarepualoM, 0COOEHHO
IIOpaMU B IOBEPXHOCTHOM CJIOE, 3aMEP3AET IIPU MIEPEXOIE YEPE3 HYJIEBYIO TEMIIEPA-
Typy ¢ pacmupenueM Ha 8.5 %. Kpucrannuzauus npia B mopax U OTTalBaHUE BBbI-
3bIBAIOT BHYTPEHHUE HAIPSKEHUS, IPUBOAALIME K 00Opa30BaHUIO0 MUKPO- U MaKpoO-
TpemnH. CrnocoOHOCTh MaTepuaia, HACBHIIIEHHOTO BOJIOH, BBIACPKUBATH MHOIO-
KpaTHOE MONEPEMEHHOE 3aMOpPaKMBAaHUE U OTTaWBaHUE 0€3 3HAYMTENIbHBIX TEXHH-
YECKUX MOBPEXKACHUNA M YXYIIICHHUS CBOWCTB HA3bIBAETCS MOPO30CTOMKOCTBIO.
OObIYHO 3aMOpaKMBaHKE 00PA310B, HACKHIIIEHHBIX BOJIOM, MPOU3BOIUTCS B CIICLHU-
aJIbHBIX MOPO3WJIBHBIX KaMepax Mpu TemrepaType Boitie -17°C, a oTTanBaHue opra-
HU3YETCs B BOJIE, UMEIOIIEH KOMHATHYIO TeMiiepaTypy. [IpogomKkuTensHOCTh OJHO-
ro 1MKJIa COCTaBIJISIET OAHU CYTKU. MHorue marepuaisl BolaepkuBatoT oT 200 g0
300 uuknoB u Gonee. MOryT MpUMEHSTHCS M YCKOPEHHBIE METO/IbI HCTIBITAHUS Ha
MOPO30CTOMKOCTh WJIM COXPAHHOCTh B COJIEBBIX PAacTBOpAaX MpPU HYEpEeAyIOLIEHCs
KPUCTAJNTU3allMU COJIM B MIOpax Marepuana. B OTHOIIEHHH HEKOTOPBIX MaTepuasoB,
HaIpUMep IPUPOJHOTO KAMHSI, 0 MOPO30CTOMKOCTH CyIAT IO BeNUYHHE KO3 Puim-
eHTa pasmsrueHus. [IpuHsATO cunTaTh, 4TO eciau KOA(OUIHUEHT pa3MArdeHus He
Huke 0.9, To naHHBIA MaTepual o0iasaeT JOCTaTOYHON MOPO30CTOMKOCTBIO.

K ¢usnyeckum cBOICTBaAM OTHOCSITCS TAKXKE 36YKONO2N0U{AEMOCH ., NO2TI0-
uwaemocms A0epHbIX u3yueHuil u PEHmM2EeHO6CKUX ayuyeil,
INEKMPOnpPoeoonocms, ceemonponuyaemocmy. C TOMOIIBIO  MCHBITAHUMN
COOTBETCTBYIOIIMX 00pa3li0B MaTepHasa ONPeIEsOTCS YNCIOBbIE XapaKTEPUCTUKU
3TUX CBOMCTB. OHU CPABHUBAIOTCS C IOIYCTUMBIMU HOPMaMH.

Jlnst Gonee MOTHOW OIEHKH KayecTBa MaTepUaOB M3Y4YalOT TaKKe XuUMuUue-
cKue ceoiicmea. JTa TPyIIa CBOMCTB BbIPAXaeT CIOCOOHOCTh U CTENEHb aKTUBHO-
CTH MaTepHajla K XMMUYECKOMY B3aMMOJICHCTBUIO C peareHTaMH BHEIIHEN CpeJibl U,
KpOME TOT'0, CIIOCOOHOCTh COXPaHATh MOCTOSHHBIM COCTAB U CTPYKTYpy MaTepuaia
B YCJIOBUSIX HHEPTHON OKpYXaroulei cpeabl. boJIbIIMHCTBO CTPOUTEIBHBIX MaTe-



pPHAJIOB MPOSBIIIOT AaKTUBHOCTD IIPU B3aUMOJEHUCTBUU C KUCIOTAMM, 1IEJI0YaMH, ar-
PECCUBHBIMM Ta3aMu U IpyruMu cpeaamu. [loctenennoe unu ObICTpoe WU3MEHEHHE
CTPYKTYpPBI U €€ pa3pylLI€HUE 10 BIMSHAEM arpeCCUBHBIX XUMUYECKHUX U DIJIEKTPO-
XMMHMYECKHUX IIPOLECCOB B MaTEpUAJIC HA3bIBAIOT KOPPO3UEH. DTOT BOIIPOC paccMar-
pPUBAJICS IPU U3YYEHHUH OJATOBEYHOCTHU U3EIIMU U COOPYKEHUM.
K apxumexkmypno-xyooscecmeennovim ceoiicmeam OTHOCAT: OJIeCK -
CIOCOOHOCTH HAIPABJIEHHO OTPa)KaTh CBETOBOM MOTOK; TEKCTYPA - PUCYHOK
IPUPOJHOTO MaTepuaa, BIpaXKaroluii Ha €ro MOBEPXHOCTH
XapaKTEepHYIO CTPYKTYPY, OCOOEHHOCTH CTPOECHHUS;

(paxrTypa - BUIUMOE CTpOeHHE NOBEpXHOCTH Marepuana (u3nenus). [lo xapakrepy
MOBEPXHOCTU MaTepuaja pa3inyaroT ABE rpynnsl (GakTyp: pesbedHbie
Y TJIAJIKHE;

nBer - OCO3HAHHOE 3PUTENIBHOE OLIYIIEHHE, BBI3BIBAEMOE B PE3YNbTATE ACUCT-
BUs IIOTOKOB 3JIEKTPOMAarHUTHOIO M3JyYEHHUs B JHMANA30HE BUIUMOM
yacTu crekrpa. L[BeToBas xapakTepucTuka HE0OXoauMa Ui OLIEHKU
MaTepuana C 1eJbl0 o0ecneyeHnss KoMmpopTa U I[BETOBOW rapMOHUU
OTIEIIKH.

IIpo3payHoCTh - CBOMCTBO MaTepHalia MPOITyCKaTh CBET, HE N3MEHSS HAPAB-
JIEHUE €r0 pacnpocTpaHeHus. [lokasaTenb yd4uThIBaIOT IPU UCIIOJIb30BAHUU T10JIN-
MEPHBIX MaTE€pPUaJIOB B 30HE CBETOBBIX Jyuel. Onpenensaercs Kak

Tap =T/ Loy

(2.7)

rae [’ - ”HTEHCUBHOCTD CBETA, IPOLIEALIETO BBIXOJAHYIO MOBEPXHOCTD; l( - MHTEH-
CHUBHOCTB CBETA, ITAIAIOLIEr0 Ha IIPOTUBOIOJIOKHYIO IOBEPXHOCTh MAaTEpUAIA.

DTOT MoKa3arenb Ha3bIBaeTCs KO3(PPHUIIMEHTOM MPO3PAYHOCTH.

PanuanmoHHas CTOMKOCTb - CBOMCTBO Marepuasa NpOTUBOCTOATh BO3ACHCT-
BUI0 WHTEHCUBHBIX IIOTOKOB PAaJMOAKTUBHOIO W3JIYYEHUs, W3MEHSIOIIETO €ro
CTPYKTypy U cBoiicTBa. [loka3atenp y4uTBHIBAIOT MPU BHIOOPE KOHCTPYKIIMOHHBIX
MaTepHUaoB, pabOTAIOIIUX B 30HE MOHU3UPYIOUIMX U3MYyYEHUH I 0OecredeHus
HAJIC)KHOCTH 3aLUTHI OT HUX.

CBeTonpoHNIAaeMoCTh (UM IPOCBEYNBAEMOCTb) - CBOMCTBO MaTepuaa mnpo-
nmycKaTh NpAMON U paccessHHbIN cBeT. [loka3zaTens HEOOXOANM MpHU pacueTe OcBe-
HICHHOCTH MOMEIEHUH. DTOT MOoKa3aTellb XapakTepusyercss Kod(p(UIUEHTOM CBe-
TOIIPOHUIIAEMOCTH U KOJIMYECTBEHHO ONPENEIISIETCS KaK

n=1/1, (2.8)

rae | - moJHbBIA CBETOBOM MOTOK, BBIXOSIIIUMNA U3 CIIOS MaTtepuaia BO BCEX HAIPaB-
JICHUSX; ) - CBETOBOM MOTOK, NAJA0IIMKA HA MaTepHUal.

CBeTOCTOMKOCTh - CBOWMCTBO Marepuajga COXpaHATh CBOM IBET IIOJ
JeiCTBHEM CBETOBBIX Jydell. [loka3aTenp y4uTHIBAIOT MPU BHIOOPE CBETOCTOMKUX
MMUTMEHTOB B MOKPBITUU U CBI3YIOIIUX B KOMITO3ULIUSX.



H3meHeHne TMHEMHBIX pa3MepOB HA3bIBACTCSI OTHOCUTEIBHON JedopMaliuend u
ONpEIENACTCS KaK

e=100A1/1, (2.9

rae Al - abcomrotHas nedopmarus, cM; | - mepBoHaYaIBHBIN pa3mMep 00pasiia, CM.

DJIACTHYHOCTD - CBOMCTBO MaTepuraja BeIICPKUBATh 0€3 MOBPEKACHUS U3THO
u3 TUIocKocTH. [lokazarens HEOOXOAMM ISl OIEHKU JKCIUTyaTAIl[MOHHBIX CBOMCTB
JTAKOKPACOYHBIX MOKPHITHH. KOJTM4ecTBeHHO OlleHWBaeTCs B MUJUTUMETPAX IO MU-
HUMAJIBHOMY AMAMETPY METATMYECKUX CTEPXKHEH, BOKPYT KOTOPBIX MPOUCXOIUT
U3ruo.

JehopMupyeMoOCTh - CBOMCTBO TBEPBIX MaTepHajoB U3MEHATH CBOIO (hopMy
(JIuHE#HBIE pa3Mephbl) UM 00BEM IO JSHCTBUEM BHEITHENW HArpy3KH, a TakXe co0-
CTBEHHOW MacCChl, TEMIEPATYPHI U APYTUX (PAKTOPOB.

2.2. OCHOBHBIE CTPYKTYPHO-MEeXaHMYECKHE H JHepreTH4ecKue NPUHIUIBI,
AeMiGupoBaHue 3JIEeMEHTOB CTPYKTYPbI MaTepuasia

B mpouecce gopmupoBaHHs AUCHEPCHBIX CHCTEM, COCTABJISIOUIMX OCHOBY
CBOMCTB CHMJIMKATHBIX MAaT€PUAIOB, HEOOXOANUMO YUUTHIBATh, YTO KaXJAOMY MUKPO-
¥ MaKpOCKOIMYECKOMY COCTOSIHUIO OTBEYAET CBOM IHEPreTUUECKHUI YPOBEHb.

®duszuka pazpyuieHus: TBEpAOro Tejaa OTPakaeT MPEXJIe BCET0 NUHAMUYECKUE
3¢ (deKThl KOJUIEKTUBHBIX BO30YKJIEHUN TBEpAOW M KHUAKOW ¢a3. Teopus KoIIeK-
TUBHBIX B3aUMOJICHCTBUI B TBEPACIOIIEH CIOKHOM JKU3HECTIOCOOHON CUCTEME Oc-
HOBaHa Ha MPEJICTABICHUSIX O 3aBUCHMBIX U HE3aBUCUMBIX JIPYT OT Apyra QuyKTya-
UsIX MI0THOCTU. DU3KKa pa3pyleHus TBEPAbIX Tel BKIOYAeT B ce0sl 1Ba B3aMO-
CBSI3aHHBIX MPOIECCa: BOSHUKHOBEHUE B YIPYrOM KOHTUHUYME 3apOJIBIIIEBBIX Tpe-
IIMH W HAaKOIUIEHHE MX B 30HE Pa3pyLICHUs 10 KPUTHUYECKOW KOHUEHTpAIUH, MPH
KOTOpOH Teno paspymaercs. @usnueckas CyTh MEXaHM3Ma TPEIIUH MOXKET ObITh
pa3nuyHON, HampuUMep, HaKayka SHEPrHH M3 OKPY)KAIOLIEH cpelbl B pa3pylliaro-
myrocst (GIyKTyaluio MIOTHOCTH, TaK Ha3bIBaeMbli nunatoH 1o XKypkoBy. Cornac-
HO COBPEMEHHBIM IPEACTaBICHUAM (PIyKTyallMu B TBEPIOM Tele CBSI3aHbI C IMPO-
1eccaMu BO30YKJACHHUS, CTOJKHOBEHUsI (OTOHOB (C (poTroHamu, nedekramu Kpu-
CTAJUIMYECKOW PELIETKH, IPaHUIeil MOBEPXHOCTH U 1p.). POTOH - KBa3MyacTHUIA U
CYIIECTBYET JIUIIb KaK 3JIEMEHT BO30YK/IEHUS B TBEPAOM TeJIe.

KBasuuacTtuma - oqHo u3 GyHIaMEHTaJIbHBIX MPEJICTaBICHUH, JIeKaIlee B 0C-
HOBE COBpEMEHHOW KBAHTOBOW TEOPHH TBepAOTro Teia. [Ipu aTom crnexyer akueHTH-
poBaTh BHUMaHUE Ha TO, YTO (UIYKTyallud B TBEPAOM Teje - 3PPEeKT KOJICKTUB-
HBIM. B HEM ydacTByeT rpymnmna atroMoB, co3faBasi (UIyKTyallMd SHEPTrHU U OYaru
Oecropsiika. OTH MPOIECChl BO3HUKAIOT CAMOIIPOU3BOJIBHO M CYIIECTBYIOT MpHU
TEMIEPATYpe BbIlIEe a0COMIOTHOTO HyJA. [[unaToH HE TOMBKO Ooyar JOKaJbHOTO pa3-
pYLIEHUS, HO ¥ OJJHOBPEMEHHO SIBJISICTCS] TOYCUHBIM HCTOYHUKOM JHCIOKAIIH.



PaccMoTpuM 1aHHBIE IO U3MEHEHHIO YAEIbHOW MMOBEPXHOCTH SHEPTUU Pa3py-
HICHUsSI HEKOTOPBIX MOJMKPUCTAINTHNYECKUX MaTepuanoB (Tadin.2.1). Kak usBectHo,
MOBEPXHOCTHASI SHEPIUS SIBISETCS MEPOM MPOYHOCTHU Ha pa3pbIB TBEPABIX Teu. [Tpu-
BEJICHHBIC JIaHHBIC B OMpPEACNIEHHON Mepe OoTpaxaroT (pU3UKy pa3pylleHHs B 3ep-
KaJIbHOM OTPaXCHUHU YCJIOBUN (OPMUPOBAHUS MPOUYHOCTH STUX MATEPHUAIIOB, T.C.
UX F€HE3UC.

Tabmuma
2.1 Y nenpHas HOBEPXHOCTHAS SHEPTUS PA3PYIIEHUS] HEKOTOPBIX
NOJMKPUCTAININYECKUX MAaTEPHAJIOB

Bujg marepuana VienbpHas NoBepXHOCTHAS dHeprust, JK/M-
I'panut 31

Knunkep noprinanamneMeHTa 12-22

MgO 20-40

Al,05 18-46

Crexiio 4

HckyccTBeHHBIE KEPAMUYECKHE MAaTepUaibl MOIYYAIOTCS METOJIOM TepMHYe-
CKOW 00pabOTKM Pa3IUIHOTO MUHEPATHHOTO CBHIPhS M TEXHOTCHHBIX MOOOYHBIX
NPOJAYKTaX MPOMBIIIJICHHOCTH. BbineneHrne XUMHUYECKH CBS3aHHOW BOJBI TIPH
JeTUIpaTaui 00yCIIaBIMBaeT MOPU3AIMIO MEPIUTA U BEpMHUKYyIuTa. [y mepaura
XapaKTepHbl 3aMKHYThIe CQEepHuecKrne ¢ KaNmWUISIPHBIE TOpPBI, KOTOpHIC
00pa30BaMCh 3a CYET MAPOB BOJIbI. BEpMUKYIHUT - CIIOUCTBIN TTAKET YePEAYIOIIUXCSI
MHOTOTBICSYHBIX TUIACTHHOK, OOpPa30BaBIIMXCS HA HECOBEPIICHHBIX IUIOCKOCTSX
CHAWHOCTH TPUPOAHBIX citof (Ouoturta, doronuta). Da3oBbld COCTaB B
npeodiagaroneM BUAe IS MEepiauTa - OCTEKIOBAHHBIE KHCIbIE aTOMOCHIIUKATHI,
KBapll, TOJIEBBIC MITATHI, TH-POKCEHBI.

BcnydeHnHble MIacTHYHBIE TIWHBI (KEPAM3UT) - OJMH M3 HAauOoJee MOMyJIsp-
HBIX BHUJIOB MOPHUCTHIX 3amoHUTeNeH. KauyecTBo BCIyuynBaHUs TIACTUYHBIX KAOJIH-
HOBBIX T'JIMH, KaK CIIOMCTHIX, JCHTOYHBIX THAPOCUINKATOB, BEICOKOE. PazMep mop Bo
BCITyYEHHBIX TJIMHAX BO3PACTAET MPSMO MPOMOPIHUOHAIBHO KPYITHOCTH rpanyt. [1o-
pBI, KaK MPaBWIO, 3aMKHYTHIC, cepuueckue. Menkue (pakium kepam3urta o0Ja-
JAI0T HanOOJIBIIIMM BOJIOTIOTIIONIEHUEM M BRICOKOW MOPO30CTOMKOCTRIO (Ta0i1.2.2).

Tabmura 2.2
Bomonormiomenne u MOpO30CTOMKOCTh KEPAM3UTOBOTO MTECKA,
IIEMEHTHOT'0 KaMH$ Y TJIMHSHOTO KUPIUYa

Bun marepuana [Mopuctoc |Boronornomen |O6nem nop, Mopo3ocTon
T ue 3a 1 yac, % |3amOJIHEHHBIX KOCTb IpPH -
raree 0/ |TIO OOBEMY BOJOH, 0T 001ero|50°C

Kepam3uToBsrit 65.5 3.5 5.4 35

necok Llementueiii | 38.0 36.0 94.7 19

kameHb Kuprnny 27.7 21.0 75.8 21

TIIMHSAHBIA 80.9 27.5 34.0 28

SAdeucTriii 0eTOH




Omnpexensromnias pojib B MEXaHU3ME pa3pyIIeHUs] MaTepUaoB TUTAa OETOHA U
KEpaMUKHU MPUHAMICKUT aAr€3MOHHOW M KOT€3MOHHOM MPOYHOCTH CBsA3yrommx. C
TOYKHU 3PEHUS pACIPOCTPAHEHHUS TPEIIUHBI B XPYIIKOM TEJI€ MEXaHU3M pa3pyILICHUS
CUJIMKATHBIX MaTepUalioB MOXKHO MPEACTaBUTH B cleaytoieM Buae. Kak Tosbko
TpElIMHA HAYMHAET PaCIpOCTPAHATHCS, CKOPOCTh IOJIBOJIA JABWKYIIEHCA €€
SHEPTUHM TPEBOCXOJUT CKOPOCTh €€ TMoTpebsieHust (auccumanuu) B Gopme
MOBEPXHOCTHOW DHEPTUM W dHEpruu JedopMupoBaHUs (B clydae MOCTOSHHOM
Harpy3ku). OTOT H30BITOK MOMKET MEePEeUTH B KMHETUYECKYIO JHEPTUI0 4YacTeid,
CMEUIAEMbIX TIPU MPOJABMKEHUU TPEUIMHBI, W PACIPOCTPAHEHUE TPEIIUHBI
yckopsieTcsi. PacMoTpuM cxemy YypOoBHEW BO3MOXHBIX pa3pylIeHUN, KOTOpas
MoKa3zaHa Ha puc. 2.2.
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Puc. 2.2. Cxema ypoBHEH BO3MOXKHBIX pa3pylleHHii B pealbHOM TBEPAOM Tele

[Ipu 3TOM CcrienyeT npeacTaBiIsITh MaTepUabl TUIIa OETOHOB U KEPAMHUKHU B BU-
7€ OHOPOJHOW U XPYINKOM TUIACTHHBI, HAXOMSIIENUCS MO/ BIUSHUEM PABHOMEPHO
pacTArUBaIOIIMX HanpsiKeHun (puc.2.3).

CornacHo TeOpuu pacrnpOCTPaHEHHs] TPEIIUH B BI3KOYNPYTUX Cpeaax, TUIa
CUJIMKATHBIX MaTEpPHUaIOB, Pa3BUTUE TPEIIUHBI MTPEJIaracTcs MOJAEIUPOBATh KaK CO-
BOKYMHOCTH 351eMeHTOB Doiirta (puc.2.4). Kaxablii U3 371EMEHTOB UCIIBITHIBAET MO/
HaIpsDKEHUEM ompeeneHHyo aedopmarnuio. Korga gedopmariuis mepBoro i1eMeH-
Ta, COOTBETCTBYIOIIETO MaJIOH 00JIACTH B BEPIIWHE TPEIIWH, TOCTUTHET KpUTHUYE-
CKOT'O 3HAaYCHMsI, 00JIaCTh pa3pymiaeTcs, JyIMHA TPEIIMHBI BO3PACTAET, HAMPSHKEHUE
nepepacnpesiensieTcs Ha COCEIHHME 3JIEMEHTHI, MOCJIE Yero MpoLecC MOBTOPSETCS
CHOBA U CHOBA.



TpemuHbl pacpocTpaHIOTCA IPEUMYIIIECTBEHHO BJI0JIb 30HBI MEHBLIEH TIO0T-
HOCTH B MEPHEHAUKYJSIPHOM HAMNpaBI€HUU BO3ZHUKIINX MHUHUMAJIbHBIX HaIpsKe-
HUH, TO €CTh BJI0JIb 00pa3ia (BA0JIb BOJIOKOH) U MEXAY (azaMu IIEMEHTHOT'O KaMH,
MHOTJIa Pa3pylIasi UX OTPHIBOM HJIM CKOJIBKEHHUEM CTYIEHbKaMU cpe3a. ITO TUIINY-
HbI€ MIOBEPXHOCTHU BSA3KOTO pa3pylIeHUs. TpaekTopusi pa3BUTHUS MPOJOJIBHBIX Tpe-
[IMH OTHOCUTEIHHO MPSMOJIMHEWHA WIH C TeHACHIINEH BETBICHUSI.

CKopocTb, ¢ KOTOpOH OyIeT YMEHBbIIAThCsl BHYTPUCTPYKTYpHAs 3araceHHas
yrapyras SHEprus Mpu CHJIOBOM HATPYKEHUH, PEATU3yeTcsi CIOCOOHOCTBIO CTPYKTY-
PBI K 1eMII(UPOBAHUIO U €€ pa3pyLICHHIO.



PyKkoBOCTBYSICh M3I0KEHHBIMH BBIIIIE OCHOBAMHU U TOJIOKEHUSMHU CTPYKTYP-
HOM MEXaHUKH CHUJIMKATHBIX MaTepUajoB, MPEICTABISAETCS BO3MOXKHBIM, B 3aBUCH-
MOCTH OT YPOBHSI CTPYKTYPHBIX (pa3, ux AePEeKTOB (BKIIOUAS MOPHI U KAUIUISAPHI), C
y4eTOM MOBEPXHOCTH pa3jelia, KIacCU(pUIUpPOBAaTh 00pa3oBaHHE TPELIUH MO HUX
pa3mMepam.

CyOMukpoTpemMHbl. VX 1irHa COOTBETCTBYET pa3Mepy LEMEHTHOTO Tejs,
00pa30BaBIINXCA THAPOCUIUKATOB Kaiblius. PasmMep 3Toro kiacca TpemiyH u Je-
dexros 10 -10" M.

Muxporpemunbl. [[mrHa TpeniuHel 0oJiblle, YeM B MEPBOM CiIy4ae, a BbI3-
BaHHAs €10 KOHUEHTpAIUsl HAMPSHKEHUN OOJIbIe KOHIEHTPAMU HAIMPSKEHUMN, BbI-
3BaHHOU nedexTamu, T.e. CcyOMuKpoTpemunamMu. Mx pazmep onpenensieTcs: BEpXHei
rpaHuIledl pajanyca MUKPOIOpP, KAMWULIPHBIX MOpP LIEMEHTHOTO KaMHsl, LIEeMEHTH-
pylOmMMHU pazaMu KPUCTAUIMYECKON CTPYKTYphI - MOPTIAHAUTA U KOMILJIEKCAMHU
ruapocyibdoantomodeppura. Kinacc 3Toro poga TpemH MOXHO XapaKTepU30BaTh
pasmepom B mpegenax 107 — 10° M. O coorBercTByeT amuHe rpudOHTCOBCKHX
TPEIIHH.

MaxkpoTpemuHnbl. VX 1jiMHa COOTBETCTBYET pa3MepaM KPYIHbBIX KPUCTAIIIOB
ATTPUHTUTA, KPYITHOCTU 3€PEH MEJIKOTO 3alOJIHUTENS, MAKPOTIOP U OTAEIbHBIX BU-
JIOB TEXHOJIOTHYECKUX ePekToB B OeToHe. Kiacc 3Tux TpeuiuH onpeaenuTcs pas-
mepom B mpezenax 107 -5 « 107 m u Goee.

[Ipy  B3aMMOAECHCTBMM MHOTOKOMIIOHEHTHBIX  COCTaBISIONIMX  OeToHa
CO3/aeTCAd CTPYKTypa C OINpeneleHHbIMU 3aKOHOMEpPHOCTSIMHU. B mporecce ee
GopMUpOBaHHUS  KaXAOMY CTPYKTYPHOMY  YPOBHIO  COOTBETCTBYET  CBOM
DHEPTeTHUECKU Kputepuil. B 3TOM acmekre O0COOEHHO BaXHO OICHUTH
BO3MOXHOCTh TOPMOXKEHHSI pPOCTa TPEHIMHBI dYepe3 JUCKPETHYI0 CHCTEMY
aemnupoBaHus B CTpyKType. Ousnyeckas Mpupoaa 3aTyXaHHsl YIPYrod SHEpruu
HeonHo3HayHa. OHa MOXKET OBITh BBI3BaHA IMPOIIECCAMM, MPOUCXOMAIIMMHU KaK B
TBepAOH (aze HOBOOOpa30BaHUIl IIEMEHTHOTO KaMHs, TaK WU B pe3yJbTaTe
TEPMOYTPYTOil penakcanuu Ha rpanuie ¢a3 u 3anoaHuTenei, quddysuen KuaKon
¢da3pl, T.. ee BI3KUM IEPEMEIIEHHEM B  MOPOBOM  IPOCTPAHCTBE,
WHUIMUPOBAHHBIMU  TIEPEMEHHBIMU  HANpPsKEHUSMU  Tpolecca  CTPYKTY-
pooOpa3zoBaHUsL.

B 1abn. 2.3 npuBeneHa kiaccudukanus 100aBOK aAeMI(DUPOBAHUS C YUYETOM
(GU3MYECKOT0 COCTOSIHUS U MEXaHU3Ma UX JelcTBus. B npeioxenHoln kinaccudu-
Kaluu J00aBOK, C yUeTOM BEChbMa HIMPOKOTO JUara3oHa PEryIupyeMbIX CBOMCTB
0eToHa, B OCHOBE 3aJI05K€HO (PU3UUYECKOEe, arperaTHOe COCTOSHHE W MEXaHM3M HX
neucteus. Bee atu 106aBku qeMnupoBaHus UMEIOT MOAYIIb 1eQOpMaIIMK CYIIECT-
BEHHO HUXE, YeM Y IIEMEHTHOTO KaMHs, pacTBOpa U OETOHA.



Tabmura 2.3

Knaccudukanms gemndupyronmx 100aBoK 6eToHa

Perynupyemsie 'pym Ybl X 100aBOK
CROWCTRA 66TOHa TRENTBIU KUTTKUEC BORIIVXOBORIICKAKIITU
[Ipounocts nipu cxatuu, | Kepamsur, Bonopactsopu |CHB,JI-
U3ruode, pacTsHKEHUN IIIJTAKH, 307151, Mble cModabl C- [1,JICTM,I'K)K-94, C-
[IpenenbHas ITYHTU3UT, 89, 12T'-1, 3+JICT,I'K)XK-10,11,
PACTSHKUMOCTD Y JlapHas |arjolopuT, TOrI-1, BPII. |OI1-6,CIIJ,CIO,
BSI3KOCTh BCITYYEHHBIN [Tomumepnsie |CynbhaHoi,
TpemuHoCTONKOCTh BEPMHUKYJIUT, JTUCIIEPCHUU. HUTpadeH U ap
BriHOCIUBOCTH BCITYYECHHBIN Bopanas
Mopo030CTONKOCTh nepiauT, GTopaH- |AUCIEPCHUS
Co1ecTOMKOCTh TUIPUT, acOeCcT, |naTeKkca.
BoaoHenpoHUIIaeMOCTh |pe3uHOBAas CycneHsuu
Ycanounsie KpOIIIKa, KpEMHEOp-
nedopmManuu JPEBECHBIC TaHUYECKUX

OITWJIKH, TOpenas |KUIKOCTEM,

[TockoabKy TpelIMHA €CTh NEMEHT CTPYKTYPhl MaTepuana, KOHCTPYKLUHUHU, TO
eil mpucCyIIy BIOJHE ONpPEACNICHHBIE PEryIrpyeMble MapaMeTpsl AeMI(pupoBaHus,
oOecreurBarouIne 300y MIaCTUYECKOn epopMaluy B pouecce pa3BUTHS TPEILKH,
YTO UCKJIIOYAET XPYIKOE pa3pyllieHre 0eToHa, aBapuiHOE COCTOSIHUE KOHCTPYKIUN
Ha €ro OCHOBE..

2.3. lepeKThI B CTPYKTYpPE IEMEHTHBIX M KEPAMHYECKUX
MaTepuajioB, TeOPpeTHYECKHE KOHIENIMHA UX MPOYHOCTH

[Ipo4HOCTH TBEPABIX TEJ B 3HAUUTEIHHON MEPE ONpPENENIeTCs BUIOM U KOJIU-
4yecTBOM Je(dEeKTOB B CTPYKType MmaTepuana. B peanbHbIX MaTepuanax HUMeeTcs
OOJIBIIIOE YMCIIO PA3JIMYHOrO POJa MHUKPO- U MakpoAe€PEKTOB, pa3BUTUE KOTOPHIX
NPUBOAMT K paspyiieHuto tena. CylmecTByeT paznuyHas kiaccudukanus 1eQeKToB
B 3aBUCUMOCTH OT pacCMaTPUMBAEMOTr0 YPOBHS UX HUEpAPXUYECKOM CTpyKTyphl. [Ipu
pacCMOTpPEHUU MaTEepHalOB C 3€pHUCTOM jAucnepcHo (a3oil - MaTpuisl
(cBs3yrOIIEe) M BKIIFOUEHUN (3arlOJIHUTENEH) - HauOosbllee MpU3HAHUE TOJIYYUIIO0
paszoenenue doeghekmoe na 0ea pooa. JlehekTbl nepsozo pooa - OKpyribie N1ePEKThI
TUINA TOp U ACPEKTbl 6MOPO20 pPoOa - OCTPOKOHEUHbIE Ne(EKThl THUMA TPEIIHH.
Bo3mosxHO coBMeleHre aeheKToB, HanpuMep, opa ¢ TPEIIMHOM.

[Tonw3ysack knaccudukanuent, npuasaton .M. I'opuakoBeiM, M.M. KaTtanHbiM
u b.I'. CkpamTaeBbIM, U paciipocTpaHssl €€ KaK Ha IIEMEHTHBIE, TaK U Ha Kepamuye-
CKHME€ MaTepHalibl, 1e(EKThl IEPBOr0 poja pa3feianuM Ha TPU BUJIA: YIBTPAMHUKPOIIO-
psI ¢ pasmepamu 10 100 ¢ 107'° m; mukporopst pasmepom (100 - 1000) « 10" w;
MaKpoIops! pasmepom Goiee 1000 + 10" m.

Amnanus, npoBeaeHHbii FO.B.3aiileBsiM mokasai, 4To pa3audue B pacrpesere-
HUU HaIPSKEHUN Y OTBEPCTUN pa3NTuYHON KOH(PUTYpallU, OTHOCSIIUXCA K Te(eK-



TaM NEPBOTO poja (TPEYroNbHUK, IPSIMOYTOJbHUK, OBAJl U Jp.), HE OYEHb CYILECT-
BEHHBI U NTO3TOMY OTBEPCTHS CIy4ailHOW (POPMBI MOKHO 3aMEHUTD JUTUIITUYECKHU-
MU OTBEPCTHUSIMHU.

dopmupoBaHUe MOJOCTEN U KAMUUISIPOB MPOUCXOAUT C COXpaHEHHUEM OOBEK-
TUBHOM 3aKOHOMEPHOCTHU - MUHUMYMAa ITIOBEPXHOCTHOW YHEPIUH, COOTBETCTBYIOIIEH
KpPYTOBBIM OY€pTaHUAM MTOBEpXHOCTEN. MccneqoBanust HOPUCTOCTU EMEHTHBIX Ma-
TEPHUAJIOB MOKA3BIBAIOT, YTO KOAI(PPHUIIMEHT HEPABHOMEPHOCTH MOP B OOJIBIIUHCTBE
cinydaeB cocraBiuseT 1.15 - 1.40.

JledexThl B CTPYKType MaTepHaJIOB C NOPUCTHIMU 3aIIOJIHUTEISIMU UMEIOT Me-
CTO KaK y MATpHIbl, TaK U BKIIOUYECHHU. Marepuasnsl CTEHOK IOP MX IPOYHOCTH U
JpYyrue CBOWCTBA B MAaTPULE M BKIIOUCHHSX pa3nuuHbl. PaccMoTpuM, Kakoe ke
BJIIMSIHUE OKa3bIBalOT 00a KOMIIOHEHTA CTPYKTYphl Ha cBoiicTBa Marepuana. Cyiue-
CTBYIOT TEOPETUYECKHE KOHIIEMIMU O 3aBUCUMOCTH IIPOYHOCTH MAaTepHUasoB ¢ 3ep-
HUCTOW JUCIIEpCHON (a30il OT 0OBEMHOIO COJAEPKaHUS U CBOMCTB KOMIIOHEHTOB.
OHM MOCBSLIEHBI BBISIBICHUIO OCHOBHBIX 3aKOHOMEPHOCTEN (POPMUPOBAHUS CTPYK-
Typbl Marepuasa, aHaJIu3y BIUSHHS CBOMCTB M COACP’KAHUS KOMIIOHEHTOB Ha €0
npouHocTh. C.B.MakcuMOBBIM MOKa3aHO, YTO KEPAMUUYECKUE MATEPUAIbI C ITOBbI-
HIEHHBIM COJIEP’)KAaHUEM OTOLIUTENIEH MOKHO paccMaTpuBaTh M0 aHAJIOIMU ¢ OETOo-
HaMHU Ha IOPUCTBIX 3amoJHUTEAX. [IpennokeHHblid psl 3aBUCUMOCTEN ISl Olpe-
JICJICHUS IPOYHOCTH OETOHOB M KEPAMUKU HA MOPUCTHIX 3aMOJHUTENAX U OTOIIUTE-
JSIX MOKHO PA3AENHUTh HA TPU TPYIIIBL.

K mepBoii rpyrmie MOXXHO OTHECTH HamOoJiee MPOCThIE 3aBUCUMOCTH, B KOTO-
pBIX IPOYHOCTh MaTepHalia 3aBHUCUT OT CBOWCTB KOMIIOHEHTOB H HX
OTHOCUTEJIBHOTO COoAepKaHusl. TUIUYHBIM MPEACTABUTEIEM 3TOM IPYMIbI SBISIETCS
3aBucuMocTh FO.E.KopHunoBuua:

e (2.10)

rae RI - MPOYHOCTh PACTBOPHOM COCTaBiAOwIEl; R2 - mpoYyHOCTH KpymHOro 3a-
HOJIHUTEINS; ( - 00bEMHasi KOHLEHTPALMS 3aII0JTHUTEIS NN OTOLIUTEISL.

Bo BTOpyI0 rpymnimy BXOAAT GOPMYIIbI, OMUCHIBAIOIINE MPOYHOCTh MaTepUaia B
3aBHCHMOCTH OT J1e(hOpMaTHUBHBIX CBOMCTB KOMIOHEHTOB. HanbombIiee npusHanue
cpenu Hux noiydwna ¢opmyna A.M.BaranoBa, KOTOpbIN BbIAENSET ABE 00JIaCTH
paspyuienus. Tak B mepBoil 00JacTH Mpeaen NPOYHOCTH UM PEKOMEHYeTCs OIpe-
JEJATh BBIPAKECHHUEM:

e 2.11)

rae Eb - Mogyns nedopmarinm maTepuaia mpu CkaTUU B MOMEHT Pa3pyIICHUS; €, -
npeneabHas CKUMaeMOCTh CKEJIeTa; €, * - MpeeNIbHAs PaCTSDKUMOCTh CKENeTa;
v - ko3¢ durment [lyaccona.



Paspymienue matepuana B 3Toil 06sactu OyAeT HaYMHATHCS C pacTBOpa.

[Tocne Toro xak BeJIMYMHA MOIMEPEYHBIX AedopMaluii MaTepuana JOCTUTHET
BEJIMYMHBI, PABHOW MPEAEIBHON paCTSHKUMOCTH 3aII0JIHUTENS UM OTOLLIUTENS, yBe-
JUYEHUE MpeAeNbHbIX AedopMalnii MaTepuana npekparurcs. Paspyiienue B 3Toit
o0acTi HaYMHAETCs C 3aMOJHUTENA Wi otomutens. [Ipegen npouyHoctu MaTepua-
Ja MOXKET OBITh OMPE/IEICH BhIPAKEHUEM:

e (2.12)

rze Sy2 - NpeAesibHas pacTsHKUMOCTD 3alI0JIHUTENS MM OTOLIUTEIS.

Tpetbs rpymnmna o0benuHAET GOPMYIIbI, YIUTHIBAIOIINE POYHOCTH KOMIIOHEH-
TOB, UX 00BEMHOE cojiepkaHue U aedopMaTuBHbIE CBOWCTBA. [Ipu 3TOM B 3aBUCH-
MOCTH  OT HMCXOAHBIX TMO3MIMA  BO3MOXHO  HCIIOJNB30BaHHE  (POPMYJIBI
b.I'.CkpaMraeBa, y4uThIBAIOLIEH Hayalo pa3pylICHHs MaTepHajia ¢ PacTBOPHOMU
4acTH:

R =R.[l + (Ey/E;-1)-0],
(2.13

)
rae E; ¥ E; - MOJIYJIM YIIPYTOCTH 3aIllOJIHUTENSA U pacTBOpa
unu ¢ 3anoguurens y C.E.®peiidensaa:

R= Rz-[l + (El/Ez-l)- (p]
(2.14
)

[TopucThle 3aMOIHUTENN NEPEPACTIPEAEIAIOT HANPSHKEHUS B MaTepuaiax, BO3-
HUKaroume oiaroaaps pa3iMuHbIM MOAYJISIM YIPYTOCTH CBSI3YIOIIETO U 3alIOJTHUTE-
ner. 9To no3BoJsieT, no AaHHbIM JL.IL.OpenTiauxep, CylecTBEHHO CHUXKATh PE3YJib-
tupyroue HanpspbkeHus. [.M.I'opuakoB u M.A.IBaHOB B CBSI3U C 3TUM CUUTAIOT CO-
OTHOILIEHUE MOJYJIEN YIPYTOCTH CBA3YIOLIEr0 MaTepralia v 3aloJHUATEINS OJHOU U3
XapaKTePUCTUK CTPYKTYPbl CUIIMKATHBIX MATEPHUAIOB.

[TopucThle 3amoOIHUTENN Pa3rpyKAOT HANPSIKEHUS B MaTepUase, BO3HUKAIO-
Y€ OT BHEIIHEW Harpy3kd. HampspkeHus B 3alOJIHUTENSIX MPEBOCXOASAT CPEIHUE
1o Marepuaity. KoHTakTHas 30Ha 3aM0IHUTENEH, ITepearoias HalpsHKeHUs OT pac-
TBOpPA HA 3aIIOJTHUTEIIH, OKA3bIBAET ONPEACISAIONIES BIUSIHUE HA CBOMCTBA MaTepra-
na. HanpsikeHus B KOHTAaKTHOM 30HE MOAPA3ACISIOTCS HAa TAHTCHTAJIbHBIEC U PaJlH-
anpHbIe. OOpa3oBaHNE KOHTAKTHOM 30HBI, OTJIMYAOIICHCS OOJBIIEH MIIOTHOCTHIO U
ne(hOpMaTUBHOCTHIO TI0O CPABHEHUIO C PACTBOPHOM COCTABIISIONICH, MOBBIIIAET pe-
3YJIBTUPYIOLIYI0 MPOYHOCTh MaTepuana. OOecrieueHre MOBBIIEHHOW MJIOTHOCTH
KOHTAaKTHOW 30HBI IOPUCTHIX 3aMOJIHUTENIEN, OYEBUIHO, MOXKET JOCTUTATHCS CO3/a-
HUEM ONTUMAJIBHBIX YCIOBUN BOJOMUTPAIMOHHBIX MPOIECCOB B IIEpHoT (hopMupo-
BaHMs CTPYKTYPhI, OOPa30BaHMEM HOBBIX COCAMHEHUN B MPOIIECCE TBEPACHUS U
CIICKaHUS CBA3YIOIINX.



2.4. OcHOBHBbIE MOHSATHSA 0 TeIIoNepeaave, COCTOSTHUE TEOPUH
TenJ10(U3UKH CTPOUTEIBLHBIX MAaTePUAIOB

[lepenaya TENIOTHL, MPOUCXOIAIIAS] B TBEPABIX TEJIaX, HEOJHO3HAYHA U OIpe-
JENSAeTCs CYIIECTBYIOUIMMH IS KaX0M U3 HUX 3aKOHOMEPHOCTSIMH.

Tennonepenayeil Ha3bIBAIOT TEMIOOOMEH MEXAY ABYMS TEIUIOHOCUTEISIMU Ye-
pe3 pa3IeSIIOUIYI0 UX TBEPAYIO CTEHKY WJIA 4€pe3 MOBEPXHOCTh pas3Aeia MExKIY
HHUMMU.

Kon4ecTBO TEmnoThl, MEPEAAHHOE 4YE€pPE3 M30TEPMHUUYECKYHD MOBEPXHOCTH B
CAVHUILY BPEMEHU, HA3BIBAIOT TEIJIOBBIM MOTOKOM M m3MepstoT B Bt ([x/c). Un-
TEHCUBHOCTh TEIUIOBOI'O MOTOKA MPSIMO MPOIMOPLUHOHATIBHA PA3HOCTH TEMIIEPATYP
HAa HAarpeTod W XOJIOAHOM IOBEPXHOCTAX, T.€. TEMIEPATYpHOMY TPagUCHTY,
KOTOPBIA SIBJIIETCS BEKTOPOM M HMMEET IOJIOKUTEIbHBIA 3HAK MPU BO3PACTAHUU
TEMITIEPATYPHL.

TemnepatypHbIid TPAJIUEHT €CTh HE YTO MHOE, KaK MPEIeSI OTHOLICHUS U3MEHE-
HUSI TeMmnepaTypbl At K pacCTOSHUIO MEXAY M30TepMaMu MO HOpMalu An mpu
YCJIOBHH, YTO

An—» 0, T.¢
lim[‘” ‘ﬂm »0=" =grad t. (2.15)
Arr P 7

OT0 BhIpaKEHUE CIPABEITIUBO AJIS CTAIIMOHAPHOTO TEIJIOBOTO PEKUMA.

TennoBo MOTOK, OTHECEHHBIM K €IMHUIIE MIOBEPXHOCTH TeJla, 4epe3 KOTOpoe
OCYUIECTBIISIETCS MTPOIIECC TEIUIONEpPEaur, Ha3bIBAIOT MOBEPXHOCTHOM MIIOTHOCTHIO
TeroBoro notoka g = Q/F, Br/M’. Benuunua g - BeKTOp, HAIIPaBICHHE KOTOPOTO
MPOTUBOIOJIOKHO HAMpPaBJICHUIO TEMIIEPATYpPHOTO T'PAJUEHTa, TaK KakK TeruioBas
HHEPTHUsI CAMOCTOATENILHO pacipeiensieTcs TOJIbKO B CTOPOHY yObIBaHMS TemIepa-
TYpBI.

OCHOBHOHM 3aKOH TEIJIONMPOBOAHOCTH chopmyaupoBaH Dypwe: niomHocmo

Men108020 NOMOKA NPONOPYUOHANbHA 2PAOUEHMY MeMNepamypbl

(2.16)
c

rae A, - MHOXHUTENIb IMPONOPLUOHAIBHOCTH, XapaKTEPHU3YIOIUN CIIOCOOHOCTb
BellecTBa (MaTepuaa) NpOBOAUTh TEIUIOTY, T.€. €r0 TEMIONPOBOAHOCTb.

N3 ypaBHeHus (2.16), koTopoe SIBISETCS MaTEMaTUYECKUM BBIPAXKEHHEM OC-
HOBHOT'O 3aKOHA PaclpOCTPaHEHMs TEIJIOTHI IyTEM TEIIONPOBOAHOCTH (3aKOH Dy-
pBe), cieayer, 9yTo TertonpoBoaHoCcTs A, BT/(M-K) nnu B1/(M-°C), onpenensieT uH-
TEHCHUBHOCTH TEIIOBOTO MOTOKA, IPOXO/IAIIEro depe3 1 M> MOBEPXHOCTH MPH TEM-
neparypaoM rpaauente 1 K/m (1°C/m), T.e. ipu pa3HOCTH TeMIepaTyp Ha Topsiuei
Y XOJIOJTHOW CTOpOHAax MaTepuaia tonmuHoi Im B 1K.

[lepeHOoC  TEmIOTHl  TEIJIONPOBOJHOCTBIO  XapaKTEpPeH Il  BEIECTB
(MaTepuasioB), HAXOASIINXCS B JTIOOOM arperaTHOM cocTossHuH. OH UMEET MECTO B



CIUIOLIHOM cpefie, T.€. MPU HEMOCPEACTBEHHOM CONPUKOCHOBEHUU TEJl WM YacCTHI]
OJIHOTO TeJia, UMEIOLIUX Pa3IMuHyI0 TeMiiepaTypy. B oliiem xe Buje Teronepe-



HOC MPEJCTABISIET COOON CIOXKHBIN TeMTOPU3NYECKUN MPoLIecC, B KOTOPOM MOXKHO
BBIICJINTh KPOME TEIUIONPOBOJIHOCTHU €IIE J1BA AIEMEHTAPHBIX BHUJIA NEpEHOCA TEIl-
JIOTBI: KOHBEKILIMIO U TEIIOBOE U3IIyUYEHHE.

KonBekumei Ha3bIBalOT MEPEHOC TEIUIOTHI B KUJIKOCTSX, Ia3aX WM ChITYyYUX
cpelnax MOTOKAaMH BELIECTBA. DTOT BHJI TEINIOOOMEHA CBOMCTBEHEH JBHXKYIIUMCS
KUIAKOCTAM Min ra3aM. [Ipu 3ToM pa3nnyaroT 1Ba BUJa KOHBEKLUHU: €CTECTBEHHYIO,
IIPU KOTOPOW MPOUCXOJUT CaMOIPOHU3BOJIBHOE MEPEMEIINBAHUE YACTEH JKUJIKOCTH
WJIM Ta3a C pa3IM4HON TEMIIEPATYpOil, U BBIHYKICHHYIO, KOTJa JBHKECHUE YACTHUII
BBI3bIBAETCS BHEUIHUMHU BO3ACHCTBUAMH (MPUHYIUTEILHOM TE€pPEMEIIMBAHUEM,
IPOJTYBKOH U T.II.).

NHTeHCMBHOCTh KOHBEKTUBHOTO TEIJIOOOMEHA (TETUIONEePEeHOCa) XapaKTepusy-
ercsi Kod(QGUUHUEHTOM TemonepeAauyn a, ompeaenseMbiM 1o Gdopmyse

Hrrotona:
(2.17)

rie F - moBepXHOCTh TeriooOMeHa.

3HaYeHUs1 o W, CJeJA0BaTeIbHO, WHTCHCHBHOCTh TEINIOOOMEHA 3aBHUCAT OT
MHOYECTBA ITapaMeTPOB 3TOTO Mpoliecca: GOpMbI, pa3MepOB B TEMIIEPATyPbl KOHCT-
PYKIIUH, CKOPOCTH JBUYKCHUS, TEMIIEPATYPhl M (PU3NUECKHX CBOMCTB (BA3KOCTH, Te-
IUIOEMKOCTH, IJIOTHOCTH | T.J.) Ta30B WM KUJKOCTEH U psla IPyrux GakTopoB.

OnHaKo NpH MPOYUX PABHBIX YCIOBUSAX a 3aBHCHT TJIABHBIM 00pa30M OT yCJIO-
BUH JIBWKEHUs cpeibl. [109TOMy 3HaYeHHE KOHBEKTHBHOT'O TEIIOOOMEHA B Orpak-
JAFOIIUX CTPOUTEIBHBIX KOHCTPYKIUSIX U TEIUIOU30JIAIMOHHBIX MaTephaiax orpe-
JCIIIeTCS pa3MePOM BO3IYIIHBIX TMOJOCTEH | IO, & TAK)KE CTCIICHBIO CBSI3aHHOCTH
ATUX MOJOCTEH U MOP MEXKTY COOOH.

TennoBBIM M3JIyYeHHEM Ha3bIBAIOT IEPEHOC TEILIOTHI B BHUAC JJICKTpPOMAr-
HUTHBIX BOJIH C JTBOMHBIM B3aMMHBIM IPEBPAICHUEM: TEIUIOBOH YHEPTHH B JIyUH-
CTYIO Ha IMIOBEPXHOCTH TeJIa, U3JTydJaloero TEIUIOTY, U JIYIUCTON SHEPTUU B TEILIO-
BYIO Ha IMOBEPXHOCTH TeJjia, IMOTJIOMIAIONIETO JIYIHCTYIO TeIUIOTY. DTOT BUJ TEILIO-
nepeiadyu BO3MOJKEH JIMIIb B Ta3000pa3HON CpeJie WM B BAKyyMe.

Jlomto TertooOMeHa Ty4enCITyCKaH|ueM OTIPEIENIoT 1o hopmMyIie:

e (2.18)

IZI€ €, - IPUBEJCHHAs CTENIEHb YEPHOTHI TEJ, MEXY KOTOPBIMU IIPOUCXOIUT JTyUH-
cTiit Temnoobmen; Co - K03DDUIMEHT H3TydeH s YEPHOTO TeNa, PaBHbIH 5.7BT/(M°
« °C*; Tl u T, - TeMIepaTyphl MOBEPXHOCTEH, MEKIY KOTOPHIMU IPOMCXOIUT Tell-
J00OMEH.

B nannoit popmyne Hanbonee 3HaAUMMON BETUYMHON SBIISAIOTCS TEMIIEPATYPHI,
KOTOpbIE HAXOAATCA B YETBEPTOH crenenu. CiaenoBaTenbHO, IyYUCThIN TEMI000MeH
pemaronM 00pa3oM 3aBUCUT OT TEMIIEPATYPBI MaTepuasa Wid, BEpHEE, OT Pa3HO-



CTH TEMIEpaTyp MEXAY H3JIyYarollel TEIIOTy MOBEPXHOCThIO M MOBEPXHOCTHIO,
MOJIOIIAONIEH TEIUIOTY.

Ecnu paccMoTpeTh 37€MEHTapHYI0 OPY B KAKOM-TO TEILTOM30JISIIUOHHOM Ma-
Tepuaye, 3al0JIHEHHYIO BO3AYXOM WM ra3oM, TO ONHPAsCh HA 3aKOHOMEPHOCT,
BbIpaXeHHYIO (opmynoi (2.18), MOXHO caenaTh cieayroliee 3akiouyeHue. Yem
OoJbllle TUaMeTp MOPhI, TEM OOJBIIIE pa3HUIIA TEMIIEPATYphl MEXKIy OoJjiee U MeHee
HarpeThIMH €€ MOBEPXHOCTSIMU, TE€M, CIIE€A0BAaTEIbHO, 00Jee MHTEHCUBEH TEII000-
MEH U3Ty4EHHEM.

C npyroii cTOpoHbl, aHaJIU3 (POPMYJIBI ITO3BOJISIET CAETIATh 3aKJIFOUEHUE O TOM,
4YTO MPU NOBBILIEHUU CTENIEHU HArpeToCTH Tesa (MpU MOBBILIEHUHM TEMIIEPAaTypbl
AKCIUTyaTallMy MaTepuaa) nepeaaya TemaoThl U3Ty4YeHUEM BO3PACTAET.

ITpakThKa Mokas3pIBaeT, YTO ATOT BUJ TEILIONEPEAaud UMEET CYLIECTBEHHOE, a
MHOTJa ¥ NIPEBAIMPYIOILEE 3HAUEHNUE TOJIBKO MPU U30JISILUU [TPOMBIIIIEHHOT0 000-
pyZoBaHus, T.€. IPU BBICOKUX TemmepaTypax. Cieayer 3aMeTuTh, 4TO dJIeMEHTap-
HbIE€ BH/IbI TETJIOOOMEHA HE 000CO0JIEHBI U B YMCTOM BUJE B 33Ja4ax CTPOUTEIbHOM
Tero(u3nKu He BeTpevaroTcs. Kak mpaBuiio, B CTPOUTENBHBIX KOHCTPYKLIMSX OJI-
HOBPEMEHHO HMEIOT MECTO BCE BHJIbl TEIIOOOMEHA, MO3TOMY KOJMYECTBEHHAs
OLIEHKa BKJa/la K&KJOro U3 HUX B OOLIYIO TEIUIONEpeaady 3aTpyIHEHA.

Tennon3oAMOHHbIE MaTepUalibl JOJKHBI XapaKTepU30BaThCs BBICOKOW 00-
1I€l MOPUCTOCTHIO, TAK KAK BO3/AYX, 3aIOJHSOIINNA TOPHI - IJIOXOM MPOBOAHUK Te-
IUIOTHI, 1 HE UMEThH CIUIOIIHOIO KapKaca U3 OCHOBHOro marepuana. C apyroi cro-
POHBI, JJIsl CHWYKEHUSI KOHBEKTUBHOTO TIEPEHOCA TETIOTHl HEOOXOAMMO CTPEMUTHCS
K MAKCUMaJIbHO BO3MOYKHOMY YMEHBIIEHUIO Pa3MEPOB MOP U XOJ0B, COCIUHSIOIINX
3T Nopsl. [Ipu 3TOM TEMIOU30IAIUOHHBIE MATEPUAIIBI TOJDKHBI ObITh 3aIHUIIECHBI
OT YBJIQXXHEHHUs, XOPOILIO MPOTHUBOCTOATH MPOLIECCAM THUEHUS, 3aMOPAKUBAHUS U
OTTaWBaHUS, T.€. XapaKTEPU30BATHCS BHICOKMMH SKCILUTyaTalMOHHBIMH ITOKA3aTesI-
MU.

PemaromuMu  nokas3aTesisiMM  SKCIUTyaTallMOHHBIX CBOMCTB  TEILIOM30JIs-
[IUOHHBIX MATEPUAJIOB SIBISIOTCSA: TEPMHUYECKass CTOMKOCTh - CIIOCOOHOCTh MaTe-
puana BbIIECPKMBAaTh MHOTOKPAaTHOE NONEPEMEHHOE HarpeBaHUWE U OXJIAXKJICHHUE,
TEMIEPATYPOCTOMKOCTh - CIIOCOOHOCTh MaTepuaja AJUTEIbHOE BPEMs BBIICPKU-
BaTh BO3/JEHCTBUE BBICOKOW TEMIIEPATypbl; OTHEYHNOPHOCTh - CIIOCOOHOCTh MaTe-
puana BbLAEPKUBATh, HE PACIUIABIAACh (HE pa3Msrdasich), BO3JAEHCTBUE BBICOKHUX
TEMIEPATYP; KOPPO3UOHHASI CTOMKOCTh - COCOOHOCTh MaTepHuayla MPOTUBOCTOSTh
arpecCUBHBIM CPEAAM U T.II.

I[To unciy cnoeB KOHCTPYKIMU MOAPA3AEIAIOT Ha OAHOCIOWHBIE 1 MHOT'OCIION-
Hble. OHAKO C MO3ULIMI TEIIOPU3UKN MPAKTUUECKU BCE CTPOUTEIbHBIE OIpax-
JIAtolI1e KOHCTPYKIIMK U TeM OoJiee OrpakJIeHUsl BBICOKOTEMIIEPATYPHOI'O TEXHOJIO-
TMYECKOro 00OpylOBaHUS M TPyOOIPOBOJOB CIENYET CUUTATh MHOTOCIONHBIMM.
Hanpumep, ogHocolHbIe (II0 CTPOUTENBHON HOMEHKIIATYype) CTEHOBBIE ITAHEIHU U3
KEpaM3UTO- UM ra300eToHa (PaKTUUECKHU COCTOAT U3 TPEX CIOEB: HAPYKHOTO (ax-



TYPHOTO CJI05, CJIOSl OCHOBHOI'O MaTepHalia U BHYTPEHHETO OTAEIOUHOro ciios. Ten-
JOTPOBOAHOCTH KaXJAO0T0 U3 ATUX CIOEB Pa3INYHA.

[To hopme orpaxnaroniue KOHCTPYKIUHU MOAPA3IEISIIOT HA MIOCKUE, IUIHH/I-
pudeckue (TpyOOIpOBO/IbI) U MIAPOBBIE CTEHKH (€EMKOCTH IS XPaHEHUS COKMXKEHHO-
ro rasa, BOJbI U JIp.).

TenonpoBOAHOCTH OTPAKAAINMX KOHCTPYKIMH. TermionpoBOHOCTh pa3-
JUYHBIX KOHCTPYKUUN C YOBIETBOPUTEIbHON TOYHOCTHIO MOKHO OMUCATH €AMHON
bopMmyIIoii:

Q = AF,At/ 5, (2.19)

rae Fy - pacueTHas noBepXHOCTbH TeENa;

A/ O - TepMUYECKOE CONPOTUBIICHUE UITM COMIPOTUBIICHUE TEILIONepeiaye.

B pacuerax npuHHMaeTcs, 4YTO TEMIIEpAaTypa MOBEPXHOCTEN TeIa BO BCEX TOY-
Kax OJIMHAKOBa WM HE3HAYUTEIbHO OoTiInYaeTcs. Ecnu ske Temmeparypa Ha HOBEpX-
HOCTH U3MEHSETCS PE3KO, TO HEOOXOAMMBI CIIOKHBIC PACUETHI WM IKCIICPUMEH-
TaJIbHOE OIPEAEIICHHE TEILIONPOBOIHOCTH.

TeroBble MOTEPU KOHCTPYKIMH M3 OAMHAKOBBIX MAaTE€pUAJIOB 3aBUCAT MPHU
IPOYUX PABHBIX YCIOBUAX OT (DOPMBI KOHCTPYKIIMH, TaK KaK OHa MpPeonpeaesseT
IUIOIA/b TOBEPXHOCTHU Teruionepenaun. [1oaToMmy HauMeHbllMe OTepU XapakTep-
HBI JUIsl BOTHYTHIX IMOBEPXHOCTEH, HAMOOJIbIIME - JJIS BBIMYKJIBIX; JIJIs1 TUIOCKOU
CTEHKHM MOKa3aTeIbHbI MPOMEXYTOUHBIE 3HaUeHUs (puc.2.5).

Puc. 2.5. Biusaue ¢QopMel Tenmnouzonupyomei KOHCTPYKLMH Ha TEIUIONOTEPH: 1 - BOTHyTas
CTeHKa, 2 - TIOCKasA CTEHKA, 3 - BBIMYKJas CTEHKA; 4 - HIHIHHAPHYECKAasA CTeHKA

JJist pacyeToB TEIIONEPEaur Yepe3 TEIIION30IISIIIUIO TOPSYEro 000pyI0BaHUS
HE00X0AMMO 3HATh KO3 (UIIMEHTHI TEIJIONEepeIayl Ha ropsiuei U X0JI0JHON CTOPO-
HaX CTEHKH (a; U ay). C yuyeTroM 3TuxX K03(P(UIIMEHTOB MOTOK TEIIOTHI, MepeiaBae-
MBIl Uepe3 CTeHKY, ONTUCHIBAETCS YpaBHEHUEM:



! -
B Tay+o/ivila, M7 XA (2:20)

re K - KoaphuuueHT Teraonepeaayu, 3aBUCAIINNA OT TONIIMHBI CTEHKH, €€ TeTIO-
MPOBOAHOCTHU U KO3(P(HUIIMEHTOB TETUIOOTAaYH.

Benuuuny, o6paTHYIO K, HA3bIBAIOT MOJIHBIM TEPMUUYECKUM COMPOTHUBIICHUEM
Teronepenaun R

(2.21)
KOTOpas 3a74aeTcs pu R=1/K = Vo, + 8/A + l/a;, TPOCKTHPOBaHHU
OTPaXJICHUM.
[Tpu pacuere OTPAXKAAIOIIMNX

KOHCTPYKIIMHM 3JaHUI YUUTHIBAIOT MOTOJIHBIC YCIOBUS JAHHONW MECTHOCTH, KOTOPHIE
npuBegeHsl B CHullax mist Bcex kimmatudeckux pailoHoB. Ha ocHoBe »Tux
MoKa3zaTejaeld pPAaCCUMTHIBAIOT COIPOTHUBJICHHUE TEIUIONEPEAaye Orpa)JarolInux
KOHCTPYKIIUA RO, KOTOpOE€ JOJKHO OBITh HE MEHee TpedyemMoro RoTp,
YCTAHABIIMBAEMOTO CAaHUTAPHO-TUTMCHUYECKUMHU YCIOBUSIMU W ONPENCIIEMOrO
3KOHOMHYECKUM PacueTOM Ro’X. TpeOyemoe conpoTuBIeHUE TEIIONEepeade:

R.™ = n(ty - ta) / (At"ota) , (2.22)

rae n - Ko3hPUIMEHT, 3aBUCAIIUNA OT MECTOMNOJIOKEHUSI HAPYKHOM MOBEPXHOCTU
KOHCTpYKIUU (n3meHsiercs ot 0.4 11 CTeH, OTAENSIONUX OTaIIMBaeMble MOMeEIlIe-
HUs, 10 1.0 1715 Hapy>KHBIX CTEH);

tg - pacueTHas HOpMHUpyeMas TeMIIepaTypa BHYTPH OMEIICHHUS;

ty - pacueTHas 3UMHSIA TeMIEpaTypa HAPYKHOTO BO3yXa;

Aty - HOpMUpYEMbIH TeMIIEpaTypHbIN Mepenaj MexIay TeMIeparypamu BHYT-

PEHHEro BO3/yXa U CTEHO;

a,, - KO3 PuIMeHT Tersonepeayd BHYyTPEHHEN MOBEPXHOCTH OTPaXKIACHUS.

Tonmuuy orpaxJeHuil OnpeaessioT UCXOs U3 PacYeTHOTO COMPOTUBIICHUS
KOHCTPYKIIMU R U TENI0npoBOAHOCTH MaTepuaa:

SR\ (2.23)

Ecnu u3BectHbl 3HaueHust R u A,, TO JIeTKO OpUEHTUPOBOYHO PACCUUTATH TOJ-
IMHY TEIUIOM3OJSLMOHHOTO CJI0SI M MaTepUaIOEMKOCTh  OTPa)KJICHHU C
Pa3TMYHBIMU BUJAMU TETIION30JISINH (Ta0m.2.4).

ComnpoTuBieHUE TEIIONEpeaaye OrpakIaloNIUX KOHCTPYKIIMN C yYETOM 3KO-
HOMHUYECKHX YCIIOBHI ONMPEAesIoT 1o opMmyIie:

R, = (B + B, + T3) / Kurp (2.24)

rac BK - YACJIBbHOC KAaIINTAJIbHOC BJIOXKCHHC B YCTPOﬁCTBO TGHJIOCHa6)K€HI/I$I; b>



- FOJAOBLIC YJCIBbHBIC OKCINTYATaAllMOHHBIC 3aTPAThl HA OTOIIJICHUC,



T3 - HOpMATHUBHBIN CPOK OKYIIAEMOCTH AOTOJHUTENIBHBIX KAaUTaI0BI0KeHUI; Korp
- cTOMMOCTB | M’ OIHOCTOMHO OTpaKIAIOIIEN KOHCTPYKIIUU WJIU TEIJIOU30-
JSILMOHHOTO CJI0S1 MHOT'OCJIOWHOW KOHCTPYKIIUH.
Tabnuna 2.4
TosmpHa 1 MAaTEPUATIOEMKOCTD CTEHBI XKUJIOTO JOMa U3 Pa3IMYHbIX
CTpOUTENbHBIX MaTepuaioB (R = 1,5 r.YbsiHOBCK)

Marepnai cTeHsl TemnonpoBoaHocTs, |Tommuua |Macca 1m”

B1/(M-°C) CTE€HbL, M  |CTCHBI, KT
Kupnnunas knaaka 0.77 0.99 1920
Kepamzuroberon ['azo6eTon 0.41 0.53 570
(pe;=600xr/M’) Amiomusmesast |0.21 0.3 180
KOHCTPYKLUSA C 0.041 0.075 60
NEHOMOJINYPETAHOM

U3 popmysl (2.24) cremyer, uto s COXpAaHEHHs MOCTOSHEBIM Ro™™ yopo-
’KaHUe TeIIOM30JSIMOHHOI0 MaTepuaia JOKHO ObITh MPONOPIUOHAIBHO CHUXKE-
HUIO TeIIonpoBoaHOCTH. Hanpumep, ecinu CpaBHUTH YACIbHYIO CTOUMOCTh (UOpo-
muta 8y, = A Ky = 0.098 » 18.5 = 1.6 ¢ ynenpHON CTOUMOCTBIO IEHOMOIUCTUPOIIA,
paBHoit 0.041 « 30 = 1.2, TO MOXHO yOEIUTHCA, YTO B JAHHOM CIIydae JOCTUTAeTCs
SBHOE CHUKEHUE YJIIbHON CTOMMOCTH, HECMOTPS Ha 00Jie€ BBICOKYIO CTOMMOCTS |
M° TocnesiHero. M3 3Toro cieiyer, 4To HeOGXOMMMO CTPEMHTBCS K IPOH3BOICTBY
MaTEpHaJIOB C MOHWKEHHOMN TEIUIONPOBOAHOCTHIO.

Ha nepBom sTane mpu pacuere TemunepaTryp U TEIUIO3AIUMTHBIX ITOKA3aTelei
KOHCTPYKLHN OCHOBHBIM M PEIIAIOLIUM (PAKTOPOM SIBISETCS TEIIIOOOMEHHBIN MTPO-
necc.

Teopus TernoycroiunBoctu O.E.BiacoBa nokasaia onmmO04YHOCTh OLICHKH Te-
IUI0YCTOMYMBOCTU OIPAKIEHUS TOJBKO MO BEIUYMHE TEMIOEMKOCTH U OblIa MOJIO-
’KEHA B OCHOBY COBPEMEHHOTO TEIUIOTEXHUYECKOTO pacyeTa OrpaKJaroINUX KOHCT-
PYKUH.

K.®.®okunbIM pa3zpaboTaHbl METO/IBI KOHCTPYHUPOBAHUS OTPaXKIAIOIINUX KOH-
CTPYKLHUH C y4€TOM MX TEIUIOTEXHUYECKUX CBOMCTB, CIIOCOO pacuera TeMIiepaTyp-
HBIX MOJIEW NPHU CTALMOHAPHOM M HECTALIMOHAPHOM TEIUIONEpenadye METOIO0M KO-
HEUYHBIX Pa3HOCTEH. BBINOIHEHBI PacyeThl BJIAKHOCTHOTO PEXMMA OTPAKIAFOLIUX
KOHCTPYKLIMIA TP yBIXHEHUHU >KUIKOH M MapooOpa3HOM cpenoil, mpeioxeHa
METOJIMKA ONPEAEIIEHUS PACUECTHBIX 3UMHUX TEMIIEPATYP HAPYKHOTO BO3AYXa.

@.B.YukoB uccnenoBan TEIIOOOMEH OTpakJAIOUIUX KOHCTPYKLIMHA KPYIHO-
[IAHEJIbHBIX 34aHuK. VIM maHel pemenus AByMEPHBIX 3a1ad CTALMOHAPHOM TEILIO-
MIPOBOJHOCTH, pa3pabOTaH METO/I pacueTa MPUBEIEHHOTO COMIPOTUBIICHUS TEIIONEe-
penaye Hapy>KHbIX CTEHOBBIX MaHEJEH CI0XKHOU KOH(UTypauu.

B.M.MnbuHCKME €O31aJ1 OCHOBY CTPOMTENBHON KIMMATOJOTUH U KIUMAaTH4E-
CKOro paiionupoBaHnus Teppuropuu ctpad CHI'.



b.H.BorocnoBckuii pazpaboTan METOAMKY KOMIUIEKCHOTO PacyeTa TeIIOBOTO
peXrMa MOMEIIEHUH, KOTOPbI paccMaTpUBaiICsS COBMECTHO C BO3AYIIHBIM M J1aj
BO3MO’KHOCTh y4eTa pa3iIMyHbIX ()aKTOPOB HA pelleHue MpoOIeMbl CO3IaHUS OINTH-
MaJIbHOTO MUKPOKJIIMATa MOMEIEeHU.

Teopust ternonpoBogHOCTH U Teopus cymku A.B.JIpikoBa mocmy uiau ocHo-
BOM 171 peuieHus BOIPOCOB TEIJIONEpEeJaud C YYeTOM BCEro KOMIUIEKCa
IPOIIECCOB, MPOUCXOMAUIMX B oOrpaxkiaeHusx. OH OJHMM W3 TEPBBIX 00paTUI
BHUMAaHHE, YTO YJIYYLICHHE OSKCIUTyaTAlMOHHBIX XapaKTEPUCTUK OrPa)JaroIInX
KOHCTPYKIIMIA HENOCPEICTBEHHO CBA3aHO C YYE€TOM BHJA MaTepHuaia, ero
CTPYKTYPBHI, (ha30BOTO COCTaBa.

M3MeHeHre TeIIONpPOBOJIHOCTH CTPOUTENBHBIX MAaTepUaioB MPOUCXOAUT
BCJIEICTBHE TOTO, UTO BCSKUN CTPOUTEIHHBIA MaTepuaia COCTOUT U3 OCHOBHOTO Be-
IIECTBA - OCHOBHI M BO3/yXa, COAEpIKAILErocs B Mopax mMarepuaina. TernaonpoBo/i-
HOCTb BO3/JyXa MMEET OYeHb HE3HAYUTENIbHYIO, IO CPABHEHUIO C TEIUIOMPOBOIHO-
CTbIO OCHOBHOT'O BEILIECTBAa MaTepHalia, BEJIMYHUHY, 3aBUCAIIYIO TJaBHBIM 00pa3om
oT pazmepoB u ¢hopmsel iop, Hanpumep 0.021 B1/m-°C mpu pasmepe nop oxoio 0.1
MM 110 0.027 B1/m-°C npu pazmepe nop okono 2 MMm. Koadduuuent remmaonpoBo/i-
HOCTH CaMOro MaTepuaja paBeH HEKOTOPOW CpelHel BenuuuHe A, Mexay A,
OCHOBHOTO BeIlleCTBa MaTepuana W X, BO3AyXa, CoJepkaierocs B mopax. Uem
MEHBIIIE MOp B MaTepuajne, TeM OoJbiie KO3(PPUIMEHT TEIIONPOBOJIHOCTH H
HA00OPOT.

OnHako enquHON AJI BCEX MAaTepHAJIOB 3aBUCUMOCTH MEX]y TEIIONPOBOIHO-
CTBbIO MaTepuasia M €ro MIOTHOCTHIO HE CYIIECTBYET, T.K. Ha BeIHMUUHY K03 Puiu-
eHTa TEIUIONPOBOJHOCTH OKAa3bIBAET BIHMSHHE KPOME MOPUCTOCTH TAaKXe pazMepbl
Hop M CTPYKTYphl Matepuaia. [Ipu ogunakoBoil mopucroctu BennuuHa /I (cpeaHee)
Oyzer Tem Oosbliie, 4eM KpyIHee opbl MaTepuaa, Tak Kak ¢ yBeJIHMUYeHHUEM pa3Me-
pa mop noBsIaeTcsd KOAPGUIMEHT TEIIONPOBOJHOCTH BO3/1yXa, 3aKJIOUYEHHOTO B
nopax. Kpome toro, umeer 3Hauenue, OyAyT M TOPBI 3aMKHYTHI WJIM COOOIIA0-
muecs. [Ipu cooOmraromuxces mopax B Marepuaige MOTYT BO3HUKATh KOHBEKIIMOH-
HbI€ ITOTOKU BO3JlyXa, YTO MPUBOAUT K YBEIHMUEHHUIO €r0 KOAPPHUIMEHTa TEIIONPO-
BoHOCTU. CTpemIIeHHEe M3TOTOBUTH M3 OMPEAEIEHHOI'O MCXOIHOTO CBIPbS TEILIO-
M30JISILMOHHBIN MaTepHal, o0Jiajjarolnii Bce MEHbIIEH IUIOTHOCThIO, HEU30exKHO
NPUBOAMT K YBEJIMUEHUIO pa3zMepa Mop MeKIy TBEpAbIMU COCTaBHBIMU yacTsiMu. Ho
B KPYIHBIX MOpaxX UMEET MECTO OOJIbIIasi pa3HOCTh TEMIEPATYP CTEHOK MOp, YEM B
MEJIKOTIOPUCTBIX MaTepHaax, 3TO e BJICYET, B CBOIO OYEPE/b, HA YBEIHUUCHHUE Y-
YUCTOTO TETUIOOOMEHA B TIOpax.

Bmecte ¢ TeMm, BIusHHE MOPUCTOCTH HENB3sl pacCMAaTpUBaTh OTACIBHO 0e3
B3aMMOCBS3H C BJIQXKHOCTBIO MaTepuanoB. [lepenaua Temia yepes moaocTu, coaep-
Kalllue CMeCh BO3[yXa, BOJBI M BOJSHBIX MMapOB, MOXKET OCYIIECTBIATHCS pa3iny-
HBIMH TyTSIMH: BCJIEJCTBHUE TMPOBOJAUMOCTH BO3AyXa, NyTeM KOHBEKIIHH,
BCJIEICTBHE MTPOBOJUMOCTH BOBI, TyTeM AU(PGy3UuU MapoB BOABI B BO3AYXE.

[lepenaya Temnna BCieaCTBUE TPOBOAMMOCTH BOABI UMEET MECTO B TOM CIIyvae,
KOTI'/la coJiep KaHKe BOJbI B MaTEpHalie TOCTaTOYHO BEITUKO, TaK YTO BO3/IyX B HEKO-



TOPBIX MOJIOCTSIX, B YaCTHOCTH B KaMUJUISIPAX, YACTHYHO WJIU MOJHOCTHIO 3aMellaeT-
csi Bogon. KoadduuueHnt remnonpoBogHocTH BoIbl yBenuuuBaeTcs oT 0.568 no
0.66 B1/mM-°C nipu noBbiiennu temneparypsl ot 0 1o 100 °C.

C moBbIlIeHHEM TeMIlepaTypbl KO3()(PHUIIMEHT TEMIONPOBOIHOCTH BO3pACTAET
TeM OOJbIlle, YeM MEHBIIE IIOTHOCTh MaTepuaina. MiMeer MecTo yBeTUUYEeHHE Tell-
JIOTIPOBOJTHOCTH OCHOBBI. OTMEUYEHO, UTO C YBEIMUYECHHUEM TeMIIepaTyphl TEIIONpPO-
BOJHOCTh KPUCTAJUTMYECKUX TEJl MOHIKAETCS, a TEIUIONPOBOAHOCTh CTEKIO00pas3-
HBIX - MOBBIIIAETCA, IPUYEM HMHTEPECEH MEepexo] 3Tux 3aBucumocted uepes 0°C.
Jlia cTekiioo0pa3HbIX MaTEPUAIOB OH XapaKTEPU3YyeTCs IUIABHBIM MIEPEXOA0M, IOY-
TU TPSIMOJIMHENHONW 3aBUCUMOCTBIO, JUIsl KPUCTAUIMYECKUX HAOMIOAAETCs PE3KUil
NOJBEM TEIUIONPOBOAHOCTH, a 3aTeM cnaj. CienoBaTenbHO, HAIMYUE aMOPQHOI
COCTABJISIIOLIEH B IEMEHTHOM KaMHE U 3aIlOJIHUTENE OYAET OKa3bIBaTh OJaronpusT-
HOE BJIMSIHUE HA TEIUIOTEXHUYECKUE CBOICTBA MaTEpUAsIOB P IKCIUTyaTalluu B yC-
JIOBUSIX OTPULIATENBHBIX TEMIIEPATYD.

CornacHo O.E.BnacoBy, M3MeHEHHE TEIUIONPOBOJHOCTH C IMOBBIIIEHUEM HX
TEMIIEPATYPHI IPOUCXOJUT B PE3YJIbTATE YBEINUEHUSI TETJIONPOBOIHOCTH.

MHTEHCUBHOCTh BJIAKHOCTHBIX HNPHUPALIEHUI B LEJIOM YBEIUYMBAETCS C
YMEHBILIEHUEM IUIOTHOCTH CUJIIMKATHBIX MaTEpUaJIOB.

JIuHeHON 3aBHCHUMOCTH TEIUIONPOBOJHOCTH C YBEJIIMYEHUEM BIIAXKHOCTU HET,
HECMOTpS Ha MPSAMOE pasandne Ko3(p(UINEHTOB TEIJIONPOBOIHOCTH BOBI U BO3/Y-
xa. Ha copOunonHo# cTanuu nmpupameHus TeIonpoOBOAHOCTH HECKOIBKO OObIIIe,
4yeM Ha CBepXcOpOIMOHHON. OOBsCHEHUE STOMY MOXKHO HAaWTH M3 aHAIM3a aHOMa-
auii BoAbl. TemnonpoBOAHOCTh CTPYKTYPHUPOBAHHOM aJCcOpPOLIMOHHOM BOJIBI MPH
Temmepatype 25 - 30 °C mouru B 40 pa3s Gomsiue (35 BT/M>-rpaj) TerIonpoBoIHO-
CTH BOJbI B OOBIYHOM COCTOSIHUU. DTO CBUIETENIHCTBYET O JTOMUHUPYIOLIEM BIIHS-
HUU COPOIMOHHOMN BJIarM HA TEIJIONPOBOIHOCTH MaTepuaia. OTcioia O4eBHIHA aK-
TyaJbHOCTb MOBBIIIEHUS TOYHOCTH OMpENeJCHUS] COPOIMOHHON BIAKHOCTH IS
POTHO3UPOBAHUS PABHOBECHOTO BJIAroCOJEp:KaHUsS MaTepuana B OTOMHUTENbHBIH
HEPHOJ,.

2.5. Teoperuyeckune NpUHIUNBI (POPMHUPOBAHUS ONITUHMAJIBHOI MOPHCTOM
CTPYKTYPBbI TEIIOM30JAIHOHHBIX MATEPHUAJIOB

Ontumuzaiusi BOJOKHUCTOW CTPYKTypbl maTepuanoB. I[lopucrocts Termo-
M30JIAIIMOHHBIX BOJOKHUCTBIX MAaT€pUAJIOB CKJIAJIBIBAETCS U3 MEXKBOJIOKHHUCTOM TO-
PUCTOCTH ¥ IOPUCTOCTU CaMUX BOJIOKOH. [loaBisitoiiee KOJTUYECTBO BOJIOKHUCTBIX
TEIJION30JISIIIUOHHBIX ~MaTepUajoB MPOU3BOAUTCS U3 BOJIOKOH, MOPHUCTOCTb
KOTOPBIX paBHA HYJIIO (MUHEPAJIbHBIX, CTEKJISIHHBIX, MYJJTUTOKPEMHE3EMUCTBHIX).
[IoaTOMy TOPUMEHUTETBHO K HHUM OINEPUPYIOT TMOHSITHEM MEXBOJIOKHUCTOM
nopuctoctd. Ilopsl B Marepuanax C BOJIOKHHCTOW CTPYKTYpOH HUMEIOT
HEoNnpeaeNeHHyl0 (opMy U TPEACTABISIIOT COOOM COOOIIAIOUIYIOCS CHUCTEMY
BO3IYIIHBIX TIOJIOCTEHN, B KOTOPOM 3aMKHYTYIO MOPBI OTCYTCTBYIOT.



TennonpoBOAHOCTh TAKUX MAaTe€pUajIoB BO MHOTOM 3aBHUCHUT OT pa3Mepa Iop,
ONPENENAOMIEr0 BKJIAaJ KOHBEKTMBHOIO IE€PEHOCAa TEIUIOThL. Y MEHBIIEHUE
pa3MepOoB MOP JOCTUTAKOT MPOCTHIM IPUEMOM - CHHIKEHHEM JINaMeTpPa BOJIOKOH, T.€.
YBEJIMYEHUEM HX B eAMHMIE oObema Marepuana. Kpome TOro, ueMm TOHbIIE
BOJIOKHO, TEM MEHbIIIE IUIONIa/lb KOHTAKTa MEXKy BOJIOKHAMU U TeM OOJbIle 3TUX
KOHTaKTOB, YTO MOBBIIIAET CONPOTUBIIEHUE MAaTeprasa nepeaade TEMmIOThI.

CeueHue BOJIOKOH JOJKHO OBITH KPYTJBbIM, TaK KaKk B 3TOM Cilydae, BO - Tep-
BbIX, YMEHBIIAETCS Macca TBepAoH (pa3bl B equHuLEe 00bEMa MaTepuaia U, BO - BTO-
PBIX, CTAHOBUTCS MEHBIIE IUIONIaJb KOHTAKTOB MEXIY BOJOKHAMM, YTO CHUXKAET
TEIIONPOBOJHOCTD Y€pe3 BOJIOKHA.

ITo Temnopu3znyeckuM xapakTepUCTUKAM ONTUMaIbHA HEPOBHAs (pbIXJias) Mo-
BEPXHOCTb BOJIOKOH, TaK KaK IPU 3TOM elle OoJbllle YMEHbIIAETCs MIIOAaAb KOH-
TAaKTOB MEXKJy BOJOKHaMH. OJHAKO IIPU 3TOM CHUXKAETCS IPOYHOCTH U YIPYrOCTh
BOJIOKOH, YBEJIMYMBAETCS PACXO/] CBA3YIOIIETO.

Taxum o0pa3om, onTUMaIbHBI BOJIOKHA KPYTJIOT0 CEYEHUS C INIOTHOM IJIaJKOM
IOBEPXHOCTHIO, 0€3 PE3KOro nepenajaa AuamMeTpa o BCel ux JUIMHe.

OnTuMuszanus MaTepualoB C 3€PHUCTOM CTpyKTypoul. Ilopucrocts Mmarte-
pHAJIOB C 3€pHUCTOM (Pa30il CKJIAAbIBAETCS U3 BHYTPUMEK3EPHOBOM IMOPHUCTOCTH
rpaHysl U o0pa3yrouieicss MOpUCTOCTH pacTBopa. BHyTpu3epHOBas MOpUCTOCTD, B
OOJIBIIMHCTBE CIY4YaeB XapaKTEPU3YIOMIAsCS SYEHCTON CTPYKTYpOil, MOXKET OBbITh
3aKpBITON (IpaHyibl EHOMOIUCTUPOSA, KEPAM3UTA) U OTKPBITON (IIEpIUT, BEPMU-
Kymut). OO0beM  MEX3epHOBOM  MYCTOTHOCTH, 3aHHMaeMOH  pacTBOPOM,
OTIpeIeNIAETCS TPAHYIOMETPHUUECKUM COCTaBOM U (DOpPMOM 3€peH U HE 3aBUCHUT OT
ux pasmepa. Uem OJHOpOJHEE IO pa3MepaM 3€pHa, TEM BBIIIE MEX3EPHOBas
mycTOTHOCTh. [lonmu@pakimoHHbIE 3epHUCTBIE MaTeprajbl XapaKTepU3yrTCs Ooee
MJIOTHOW YMaKOBKOW M, CJIEAOBATEIIBHO, OOJBITION HACHIITHON MIJIOTHOCTHIO.

OCHOBHBIMU MapaMeTPaMH CTPYKTYpPbl MAaTEpUAJIOB C MOPUCTHIMU 3AIIOJHHUTE-
JSIMU SIBJISIFOTCS: MEK3EPHOBAs IyCTOTHOCTD 3aIIOJIHUTENIEH, TOJIIIMHA OMOHOJINYU-
BAIOIMX MX TIUICHOK, cojAepxaHue Bo3aymHoW ¢a3pl (puc.2.5). Hamm B
JANbHEMIIEM B OCHOBHOM pPacCMaTPUBAIOTCA IJIOTHBIE YHAKOBKHU 3aIllOJIHHUTENEH
(puc.2.6).

IIpy MIOTHOM TeKCarOHAIIBHOW YIIaKOBKE MIOPUCTHIE 3aIIOHUTENN Pa3HbIX pas-
MEPOB HAaXOJATCS B YCIOBUSAX COIPUKOCHOBEHMSI, TPEAEIBHBIN 00bEM 3aHUMAEMBbII
UMU COCTaBUT:

V= [(IA:3/ 6) / (2 - 22 - 153/ 2)] - 100 = 74.05 %. (2.27)

IIpr ycnoBuM TIOKpBITHS NOPUCTBIX 3AIOJHUTENEM TOHKOM IIJIEHKOM,
oOpasyromield mociae KamMHeoOpa3oBaHUS KOHTAaKTHYHO 30HY, UX OOBEM MOXKHO
ONPENETUTh N0 3aBUCUMOCTSIM:

Vi=0.74 - [ /(s + 8] - 100, (2.28)

riae /I3 - nmameTp 3anosHATENeH; Oy - TOMIIMHA KOHTAKTHOW 30HBI 3aITOTHUTEIS.



Puc. 2.5. Brasl CTPYKTYD METEPHANOE HA OCHOBE MOPHCTRIX 3ANOAHHTeNed: a) Nnaparmas sep-
HHCTAR ucnepcnan (Gasa, OMOHOMHYEHHAR HEMOPHIOBAHHEIM CBATYIOWHM, §) TO Xe
NOPHIOBAHHEIM; B) KOHTAKTHAR 3CPHMCTAR AMCNEPCHAR (ala, OMOHONHYEHHAR HETIOPH-
30BAHHEIM CERIVIOLIMM, I') TO Xe NOPHIOBAHHBIM

Puc. 2.6. Ynopano4xan yNakoska WAPOB PA3NHYHOND THAMETPA:
1, 2, 3 - 3epua nepeoil, eropoil, Tpetseil gpaxuuil



OO1ast TONIMIMHA KOHTAKTHOW 30HBI B O€TOHAX HA MOPUCTHIX 3aMOTHUTENAX U
LEMEHTHOM CBs3ytonieM kosebaercs ot 30 1o 60 Mkm.

[TomuoucnepcHsbI XapakTeP NOPUCTHIX 3aNI0JIHUTENEH YBEIUYUBAET YACIbHbIN
00BEM 3aIOIHUTENCH, CHIKAET MEX3EpPHOBYIO IMyCTOTHOCTh. B citydae naeanbHOro
pacnpeaeneHus TpaHyJl 3alOJHUTENEN M0 CXEME YETBIPEXMEPHOM T'e€KCaroHajaIbHOU
pELIETKH, 3aHUMAEMbIH UMH 00BbEM COCTaBUT:

Vi= 0812 . [J" /(1" + 5] . 100, (2.29)

rae JI3" - MakcuMabHBIN JUaMeTp 3al0IHUTEIEH.

[lo anamoruu cC 3amojiHEHUEM oObeMa TMOPUCTHIMU  3aMOJHUTEISIMHU
PacCMOTPHUM 3aMOJTHEHHUE MMOPUCTHIX 3AMOJHUTENICH U MEX3EPHOBOrO IMTPOCTPAHCTBA
IIEMEHTHOTO KaMHS MOpaMHu pas3InyHbIX pa3MepoB. MaKkcUMaIbHBIM 00BEM, 3aHU-
MA€MBbI{ MMOPAMU B 3AIIOJHUTENSAX U B IEMEHTHOM KaMHE, COCTaBUT COOTBETCTBEH-
HO:

M= 0.812 - V;[/I3/(Mos+ Sers)l - 100 §2.30

.= 0.812 - Vs [Musc/ (Mo + Scrns)]’ - 100,

rae .3 u Ji.. - COOTBETCTBEHHO IOPHI B 3aIIOJIHUTENE M IIEMEHTHOM KaMHE;
§¢r.3 " SCT.UK - TONIIMHA CTEHOK IIOP B 3allOJHMTENE M LEMEHTHOM KaMHe; Y., -
00bEM IIEMEHTHOTO KaMHsI;, Y., 1- V3.

[110THOCTH KOHTAKTHOM 30HBI HEMEHTHOI'O KAMHS M KOPKOBOM YaCTH 3aII0JIHU-
TeJIe UMEIOT TOJIIUHBI 10 45 MKM. BOKpyr rpaHyI1 3anoJHUTENER B IpoLEcCe MpH-
TOTOBJICHUS O0Opa3yroTcsi 0OMa3KH, TOJIIMHA KOTOPBIX YBEIMYHMBAETCS C POCTOM
I'paHyJl, CHU’)KEHHEM UX HACBIIMHOW INIOTHOCTH, YMEHBIIEHUEM OKPYIJIOCTH U MOBBI-
HIeHUeM mepoxoBatocTu. Kak yxe oTMeuanoch, onTHMalbHas BEJIMYMHA 3€PEH 3a-
nosHUTENeH BTOpoil (dpakuuu coctaisier 0.226 oT ee auameTpa. ITO MO3BOJSIET
00pa30BbIBaTh MJIOTHBIE YIIAKOBKHA CMECH 3aIOJHUTENIEH, TyCTOTHOCTh KOTOPBIX 110
nanubiM [1.U.boxenoBa Bcerna Oynet menbliie 21 % (puc. 2.6). Ilpu atom coznaer-
Csl TUIOTHAsl yIaKOBKa 3aIIOJIHUTEJICH, B CBA3U C YEM IIOPUCTOCTh MaTepuana onpe-
JIEJII€TCd B OCHOBHOM HACBIIHBIMU IIJIOTHOCTSIMU MCHOJIb3YyEMBIX (PpAaKIUI 3a10JI-
HUTEJIEH.

MakcumanbHble 3HAYEHMS IMOPUCTOCTH MATEPHUAIOB HA MUHEPAIBHBIX BSDKY-
IIMX C HauOoJee PacIpOCTPAHEHHON YETBIPEXMEPHOU PEIIETKON MPU HAIUYUU T1e-
pPEropoAoK MEXAy IOpaMH MOTYT JOCTUTaTh 73.8 %, Ipu 5TOM MUHUMAaJIbHAs Cpel-
HSISl TIOTHOCTh MATEPHANOB COCTABHUT 590 Kr/m.

®opMupoBaHUEe ONTHMAJIBHOM TYEUCTOH CTPYKTYPbI MaTepuaioB. O01mas
HOPUCTOCTh MAaTepHUalla C SYEUCTON CTPYKTYpOi 00pa3yeTcst U3 siueucTo MopucTo-
cTH (MaKpONOPUCTOCTHM) U TOPUCTOCTH MEXKIOPOBBIX IEPEropooK (MHUKpO-
nopucroct). O0BEM STUEUCTON OPUCTOCTHU ONPEAEINIAETCA MPOCTPAHCTBEHHBIM



pacnoyIoKeHUeM Nop (MX YIMaKOBKOMW), paclpeesieHUeM Mop M0 pa3MepaM, MaKCH-
MaJIbHBIM U CPETHUM Pa3MEPOM TOp, UX POPMOii, TOMIIMHON MEKIOPOBBINA MEPEro-
ponok. Hanbonpiiee 3HaueHne mopucTocTu npu chepudeckoi popme mop noctura-
€TCsl B YCIIOBUSIX T€OMETPUYECKU MPABUIBHON UX YKIAAKU (YHAaKOBKH), K KOTOPOU
oTHOCATCS KyOmdeckas (52.4 %) u rekcoronanpHas (74.05 %). B atom cinyuae mu-
HUMAJIbHASL CPEIHSS [UTOTHOCTh TOTHMMEPHBIX MATePHanoB cOCTaBUT 330 Kr/M°, a
MUHEpaJIbHbIX 735 KI/M’, T.€. OHa 3HAYNTEIHHO BBILIIE JNOIyCTUMOM JJIsI TEIUION30-
JSIUOHHBIX U aKyCTUYECKUX MaTEpHUAJIOB.

[ToBbIlIEHHAs! TOPUCTOCTh AOCTUTAETCA CO3JaHUEM TOHKHUX M IPOUYHBIX IEpe-
TOPOJIOK M MOJIMJUCIEPCHOIO XapakTepa pacHpelneieHus MOp B IOJIMMEPHBIX
(meHomIacThl) ¥ HEOPraHMYeCKuX (ra300eToH, MIEHOCTEKII0) MaTepraiax.

MakcruManbHble 3HAUEHHSI TOPUCTOCTH STYEUCTBIX OETOHOB COCTABIIAIOT 92 %,
TIPU 3TOM HX CPEJIHsAS IIOTHOCTb paBHa 200 KI/M’. DTO JOCTHIraeTcs NpHUMEHEHHEM
BBICOKOJIMCIIEPCHOTO CBIPbsl, HEKOTOPBIM YBEJIMYEHUEM CPENHENW KPYIHOCTH 0P U
YaCTUYHOM caMOIPOU3BOJIBHON fedopManei op B MHOTOIPaHHUKH.

JUig  TEemIOu30JIALIMOHHBIX MaTepUalloB W W3/AEIUN HICAIbHON SIBISETCS
HOpUCTasi CTPYKTypa C 3aMKHYTHIMU siueKaMu. TEXHOIOIrMYECKUMU MapaMeTpaMu
HEoOXoIMMO Jo0OuBaTbcsA, 4TOObI B IPOLIECCE M3TOTOBICHUS W3ACIUNA HE
IPOUCXOUIIO Pa3pbIBOB B CTEHKAX IOP.
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PA3EJI BTOPOI. CTPOUTEJBHBIE MATEPUAJIBI U KX
INPUMEHEHMUE B 3AIIIUTHBIX ITIOKPBITHUAX

I'naBa 3. Ilpupoanbie cTpouTebHbIe MaTepuaabl 3.1.

JlecHbIe MOpPoOabI

JlpeBecuHa, uMes BOJOKHHCTOE CTpoeHue M Oonblryro nopuctocts (30 -
80%), o0nasaeT OrpOMHON BHYTPEHHEN MOBEPXHOCTHIO, KOTOPast JIETKO COPOUpYET
BOJSIHBIE TIOPBI U3 BO3AYyXa, €€ ruapockonnyHocTh paBHa 30 %. [Ipumenenue npe-
BECHHBI BO BJIQXKHBIX YCIOBUAX TPeOYyeT yCTPOUCTBA TMAPOU30JIALIMOHHBIX TOKPbI-
Tul. TerION30/ISILIMOHHbIE U AKyCTUYECKUE MaTepHallbl U3 APEBECUHBI UMEIOT Te-
mwionpoBogHocTh 0.17 - 0.35 Bt/(M - °C) u k03(pPHUIIMEHT 3BYKOIMOTIOMIEHUS B
3aBUCUMOCTH OT 4YacTOThl 3BYKOBbIX BOJH 0.15 - 0.92. [IpeBecuHa roprouuii
Marepuai, XapakTepU3yIOIUNCcS MPaKTUYECKH OJWHAKOBBIMH TEMIIEpaTypPHBIMU
nokasaressiMu BocramensieMoctu 238 - 255 °C, tpeOyeT 3aluTHBIX OTHECTOMKHIX
IIOKPBITHN. /[epeBO COCTOMT M3 KOPHEBOW CHUCTEMBI, CTBOJIA U KPOHBI. /[peBecuHa
MMEET CJIOHUCTO-BOJIOKHUCTYIO CTPYKTYpPY, T.€. aHU30TPONMHOE cTpoeHue. CTBOI
coctasisieT 70 - 90 % ot Bcero o0néMa aepena (puc.3.1, 3.2).

1 , 2
, X 3
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Puc. 3.1. OcHOBHBIE pa3pe3bl CTBOJIA; Puc. 3.2. Topuesoii pa3pes cTBoua:
1 - TOpLEBOif; 2 - paMANIbHBIIL, 3 - TAHPeHIIH- 1 - xopa; 2 - ny6; 3 - kamOuid; 4 - 3a6010HE;
aJIbHBIH 5 - appo; 6 - cepaAneBHHa

CtBON cOCTOUT U3 KOpBI, TyOa, KaMOusi, ApeBeCUHbI U cepAleBuHbl. Kopa co-
CTOUT U3 KOPKH H Jiy0a. JIyd mpoBOAUT MUTATENbHbIE BEIIECTBA OT KPOHBI B CTBOJI
u kopuu. Kopa coctasmsier ot 6 10 25 % o0bEma nepesa.

KamOuii, pacmosnioxxeHHbIN MO JTyOOM TOHKHM KOJBIEBOM CIOW KUBBIX KIlE-
TOK, CIIOCOOHBIX K JEJNEHUI0O M poCTy; Ooybllas MX 4YacTh OTKIAIbIBAECTCA B
CTOPOHY APEBECUHBI, MEHBIIIAS - B CTOPOHY JiyOa. J[peBecuHa sBIJISIETCSI OCHOBHOM
YacThlO CTBOJIA M HAXOJAUTCA MOJ KaMOuanbHbIM cioeM. Ilo Hell moaHumaeTcs
BOJIa U3 KOPHEN B KPOHY.



CepaueBrnHa - TPUMEPHO B LEHTPE CTBOJIA BJIOJIb €T0 OCHU SIBJISIETCS PBIXJION
IIEPBUYHON MAJIONPOYHON TKAHBIO.

[Topoabl npeBeCUHBI, UMEIOIIUE AAPO, HA3BIBAKOTCS A0posbimu. K HUM OTHO-
CSITCSL U3 XBOMHBIX MOPO/] - COCHA, JINCTBEHHUIIA, KEJP U Ap.; U3 JUCTBEHHBIX -1YO0,
ACeHb, B3 U ap. [lopossl, HE UMeOIIKE Aapa, UMEIOT PAa3BUTYIO NMepUPEpHITHYIO
4acTh - 3a00JIOHb W HA3bIBAIOTCS 3abodanuvimu. bepé3a, nuna, ki€H, rpad u
ApyTUe SBISAIOTCA 3a00JI0HHBIMU TTOpoAamMu. Paznnyatot emé ogny pa3HOBUIHOCTD
IOPOJl - chenoodpesecHbvle, KOTOPbIE UMEIOT CIIENYI0 APEBECUHY B LIEHTPAIBHOU
4acTu cTBoJia (0osee cyxyro, 4eMm ocTayibHas). K HUM oTHOCATCS €7b, UXTa, OYK,
OCHHA U JIp.

Y XBOHHBIX MOPOJ MPUCYTCTBYIOT CMOJISiHbIE X01bl. OHU OBIBAIOT BEPTUKAIb-
HBIMH U TOPU30HTAJIbHBIMH, COOOIAIOIIUMUCS APYT ¢ ApyroM. CMoJa MoBbIIIaeT
CTOMKOCTh APEBECUHBI IPOTUB THUEHUS.

JIpeBecrHa COCTOUT W3 TOJMYHBIX CI0E€B. KaXKAplil rOAWYHBIA CIOM MOpen-
CTaBJICH paHHEW (BeceHHel) U nmo3AaHel (JieTHeil) apeBecuHoil. PaHHsst qpeBecuHa
o0Opa3yeTcs BECHOU U B Hayaje JeTa, IO3AHsA - JETOM M B Havaje oceHu. Uepeny-
ACh, PAHHSSA U TO3JHSAS IPEBECUHA CO3/Ial0T CIIOUCTOCTh B CTPOCHUH JepeBa. Jler-
HsIs JPEeBECHHA ABIIETCS OOJee MIIOTHON, YeM BECEHHSIA.

JlepeBo COCTOUT U3 Pa3HOIO pOJia KIETOK M TKaHEW. bosblias 4acTh KIETOK
BBITSIHYTA BJIOJIb CTBOJIA, MEHBILIAS - B IOIIEPEYHOM HAIPABJIECHUU.

Knetku knaccudunupyror no ¢popme u HazHaueHuto. [lo popme paznuuaror
BBITSIHYTBIE B JIJIMHY (apaJUIeabHO OCH CTBOJIA) MPO3EHXUMHBIE KIETKUA U KIETKU
KpYIJOW WJIM MHOTOTPaHHON (OpMBI, BCE TPaHU KOTOPHIX MPUMEPHO DPABHBI
MEX1y CO00M - MTapEHXUMHBIE KIETKH.

[Tonepeunsie pa3mepsl 6onpiuHCTBa KiIeToK oT 0.01 1o 0.1 mm, anuna 0.5 -
10 mM. ¥V xpynHbIx cocynoB auametp coctasisieT 0.3 - 0.4 MM, a 1JIMHA B OTAENb-
HBIX CITy4dasx JOCTHUraer 2 - 3 MMm.

[To Ha3HA4YeHUIO Pa3IMYalOT KJIETKH MPOBOJSAIIME (OHU COCTABISIOT IPOBO-
JSIYIO TKaHb); OMOPHBIE WM MEXaHUYECKHE (COCTABIIAIOT MEXaHUYECKYIO TKaHb),
3amacaroniue, o0pa3oBaTeIbHbIC, PACIOJIOKEHHBIE B CIIO€ KaMOUs, aCCUMUIISIHU-
OHHBIE - B JINCTBE U XBO€ (YCBaMBAIOT YIJIEKHCIIOTY BO3/yXa B Iporecce GOTOCHH-
T€3a), IOKPOBHBIE - B KOPKE JIEpEBA.

B XBOMHBIX OpoAax poJib IPOBOAAIIMX KIETOK UIPAIOT TPAXEHUAbI BECEHHEN
JPEBECUHBI, OITIOPHBIX - TPAXEUbI JIETHEN APEBECUHBI.

B nMcTBEHHBIX MOPOJAX MPOBOIAILIMMH SIBISIOTCS COCYABI - KPYIIHBIE KIETKU
C TOHKUMHU CTEHKaMH U OOJIBIION BHYTPEHHEH MOJOCThIO, OKPYTJION B CEUCHHUH, U
OMNOPHBIMU - JPEBECHBIE BOJIOKHA, KJIETKH C YTOJIIEHHBIMU CTEHKaMU U Y3KOU
BHYTPEHHEW MOJIOCTHIO.

3amacaroniye KJIeTKH, MapeHXUMHbBIE HaXOATCS B JIyOe U CepAILIeBUHHBIX JTy-
Yyax KakK y XBOWHBIX, TaK U Y JIUCTBEHHBIX ITOPO/I.



Kaxpnas knetka umeer 000104Ky (CTEHKY), IPEBECUHA PACTYIIETO JIepeBa Co-
JEPKUT KUBBIE U OTMEPIIIUE KIETKU. B KUBBIX KJIETKAX COACPKUTCS MPOTOILIACT
(masma u sapo). C pocTom aepeBa MPOTOINIACT B HEKOTOPBIX KJIETKaX BBICHIXAET,
a kietku otrmuparoT. CpyOsieHHas] JpEeBECHHA COCTOUT M3 OMEPTBEBIIUX KIIETOK,
T.€. KJIIETOYHBIX 000JI0UEK.

O00J109KH KIETOK MPpUMEPHO Ha 99 % COCTOSAT U3 OpraHUYECKUX COCTMHCHUI
(mo macce), rmaBHEHIIUM U3 KOTOPBIX siBiisieTcst neuttono3a (CoHwOS),, rae o -
cTeneHb nonumepuszanuu. Kpome 1esmiono3sl B KIETOYHBIX 000JI0YKaX CONepKaT-
Csl IUTHUH U Jp. JIpeBecHbIMU MOpOJAaMH, MPUMEHSEMbIMU B CTPOUTENILCTBE, SIB-
JSIOTCS. XBOMHBIE M JIMCTBEHHBbIE. XBOWHBIE MOPOJIBI: COCHA, €Jb, JIMCTBEHHUIIA,
nuxTta, keap. [IpuBen€HHBIA MOPSAOK COOTBETCTBYET MX 3HAYUMOCTH U 00BEMaM
IPUMEHEHUS.

CocHa - sapoBas nopoja, UMerolas cMoJisiHble X0/1bl. CoCHa UMEET HEBBICO-
KYIO CPEIHIOIO TUIOTHOCTh M CPAaBHUTEIBHO BBICOKYIO MIPOUYHOCTh, HAIPUMEDP TIpe-
JIeJ1 IPOYHOCTH TIPU CHKATHUM BIOJIb BOJIOKOH 0K0J10 50 MIIa. [Ipumensiercs B Bue
OpéBeH ¥ MNWJIOMATEpPUANOB [JIsl TUIOTHUYHBIX W OOJBIIMHCTBA CTOJIAPHBIX
U3JIeTTUi, IPOU3BOACTBA (haHEepPHI.

Enb - cnenoapeBecHas mopojaa, UMEET HE3HAUUTEIBLHOE KOJIMYECTBO CMOJIS-
HBIX XO0JIOB, MEHEE CTOMKA MPOTHUB 3arHUBAHUS, YeM cocHa. CpeliHsIsl INIOTHOCTh U
MIPOYHOCTH €] HECKOJIBKO HUXE, YEM Y COCHBI. BeiieicTBrE MOBBIIIEHHON Cy4KO-
BAaTOCTH TPYAHO oOpabarpiBaercs. Enb MpUMEHSIOT KakK CHIPhE B IEIITFOJIO3HO-
OYMa)KHOW TTPOMBIIIIIICHHOCTH.

JIucTBeHHUIIA - SApOBas MOPOJAA, UMEIOIIAsl MEJIKWE HEMHOTOYHUCIICHHbIC
CMOJISTHBIE XOJIbI, 00Ja1aeT BBICOKOW MJIOTHOCTHIO, CTOMKOCTBIO TIPOTHUB 3arHUBA-
HUS ¥ IPOYHOCTHIO. [10o hu3mKO-MexaHWYECKHM CBONCTBAM OHA MIPEBOCXOIUT BCE
XBOMHbIE TOPObl. [IIUpOKO MpuMeEHsieTCsl B TUAPOTEXHUYECKOM CTPOUTENBCTBE U
MOCTOCTPOEHHUH.

[TuxTa - cnenoapeBecHas MOpoja ¢ MUPOKUMU TOJUYHBIMU CIOSAMU, HE UME-
€T CMOJIIHBIX XOJI0OB; MEHEE CTOMKas MPOTHUB 3arHMBAHUS U MEHEe MpOYHasi, 4yeM
cocHa. [lo ¢pu3nko-MexaHM4YeCKUM CBOMCTBaM OJIM3KA K €11, TPUMEHSAETCS HapaB-
HE C HEW.

Kenp - sapoBasi mopojia, UMeeT CMOJISIHbIE XOJIbI; 10 (PU3UKO-MEXaHUYECKUM
CBOMCTBaM OH IpuOIMKaeTca K cocHe. Keap umeer Msrkyo, JI€Erkyto, JIerkooopa-
OaTbiBaeMylo apeBecuny. [Ipumensierca B BUI€ KPYIJIbIX JECOMATEPUAIIOB, B IIPO-
U3BOJICTBE (paHEpBI U AP.

W3 rpynmbl TMCTBEHHBIX KOJIBIIECOCYAUCTHIX TOPOJ HAMOOIBIITUM IPUMEHE-
HUEM B CTPOUTEIILCTBE MOJB3YIOTCS 1y0, ICEHb, BS3.

Jly0 - snpoBast mopoia, UMEeT IMHUPOKKUE U y3KUE CEPIIICBUHHBIC JIyYH, OTIIHU-
YaeTcsl KpacCUBOU TEKCTYpOou v iBeTOM. OTIMYAETCS BBICOKON CTOMKOCTHIO TPOTUB
THUEHUS, TPOYHOCTHIO (IIPU CHKATHH BJIOJIb BOJIOKOH 0K0J10 60 MIIa) 1 BI3KOCTBIO.



[IpuMeHseTcsl Kak OTJEIOYHbIA MaTepuai, a TaKKe B THIPOTEXHHUYECKOM CTPOU-
TEJIbCTBE.

Slcenn - siapoOBas MOpoja, Mo TEKCType HAIOMUHAET Ay0, UIMEET TOJBKO y3KHe
cepaueBuHHbIE JIyud. [1o CTOMKOCTH IPOTHUB THUEHHS U POYHOCTH HECKOJIBKO YC-
Tynaet ayOy. [IpuMensercs kak OTIAeIOUYHbIN MaTepua.

B3 - anposast nopoaa, UMeEET IUIOTHYIO, BSI3KYI0, TBEPAYIO U IIPOYHYIO JIpe-
Becuny. [1o pu3nko-mexaHnueckum CBOMCTBaM ycrymaet ay0y. [lpumensiercs npu
MPOU3BOJICTBE (haHEephl, MEOEIH.

W3 rpynmnel paccessHHOCOCYIUCTHIX HauboJblee MPUMEHEHNE UMEIOT MATKHE
- Oepéza, ocuHa, OJibXa, JIMa; TBEPbIE - OyK, Tpad, KIEH.

bepésa - 3a0ononHas mopoja. J[peBecrnHa MMeEET BBHICOKHWE CPEIHIOI TIJIOT-
HOCTb, HO HU3KYI0 CTOMKOCTb MPOTUB 3arHuBanus. [I[puMensieTcs s npou3BOACT-
Ba (haHephl, MapKeTa, OTAEIOYHBIX PaldOT.

OcuHa - crieniogpeBecHast mopoja ¢ MSTKOW IPEBECUHON, MaJIO CTOMKOCTBIO
MPOTUB 3arHUBAHUA, IO IPOYHOCTH yCTynaeT Oepése.

Onpxa - 3a06070HHAS TTOPOJIA C JETKOW APEBECUHOM, MAJIOCTOMKAS POTUB 3a-
THUBAHUSL.

Jlumia - 3a0010HHAs TTOPOJIA ¢ JIETKON APEBECUHOM, MAJIOCTOMKasi IPOTUB 3a-
rHuBaHus. Mcnonb3yloT OCHHY, JUIY, OJbXY IIPU U3TOTOBJICHUHN Mebenu, (paHepsl,
Taphl.

byk - cnenonpesecHas nopoxaa. MiMeer mioTHy10, BBICOKOIPOYHYIO, HO MaJIO-
CTOMKYIO TPOTUB 3arHUBAHMUSI IPEBECHHY, IO CBOMCTBaM 0Jin30K K 1yOy. [Ipume-'
HsIeTCA JJIs1 IPOU3BOICTBA MeOen, apkeTa, (haHepsl.

I'pab - 3abononnas mopona. [IpeBecuna Tsokénas, 001amaeT MOBBIITICHHBIMU
NOKa3aTeJIIMU CBOMCTB 1O CpaBHEHUIO ¢ IyooM. [Ipu BhIChIXaHUU JpeBecHHa 3Ha-
YUTEJIBHO pacTpecKuBaeTcsa U kopooutcs. [Ipumensercs st Tex ke uesneu, 4To u
OyK.

Knén - 3abomonnas mopona. JlpeBecuHa IuiOTHas, TsokENast, (HU3HKO-
MEXaHUYEeCKHUE CBOMCTBA BhIlIe, ueM y AyOa. [Ipumensercs nmns npousBojacTBa (a-
HEpPBI U KaK OT/EIIOYHBIN MaTepUall.

CaoiicTBa apeBecuHbl. CBOICTBA JPEBECUHBI MOAPA3EIAIOTCS Ha (u3nye-
ckue U Mmexanudeckue. K oCHOBHBIM (PM3MYECKHUM CBOMCTBAM JPEBECHUHBI OTHOCST
BiaxkHocTh (W), ycyliky, pa30dyxaHue, UCTUHHYIO IJIOTHOCTb, CPEIHIOI IIOT-
HOCTb, TOPUCTOCTh, TEMJIONPOBOAHOCTD U AP.

B npeBecuHe conepkuTcs Biara TpEX TUIMOB: CBA3aHHAS WA TUTPOCKOIMUYE-
CKasl; CBOOOIHAS UJTU KaMWIJIISIpHAs; XUMUYECKH CBSI3aHHAS.

BraxxHOCTB, COOTBETCTBYIOIIAS IPEAETBHOMY CONECP/KAHUIO CBA3aHHOM BIIArA
IPU MTOJIHOM OTCYTCTBUU CBOOOJIHOM BIaru, Ha3bIBAECTCS NPEOe1oOM 2UZPOCKONUY-
HOCMU OpegecuHbl UIU MOUKoU HacvlujeHus 60n0kon. KoneOaHus 3HaUYCHUM
npejesia TMrPOCKOMMYHOCTH HEOOJIBIINE U B CPEJTHEM JaHHOE 3HAYEHUE MPUHUMA-
ercs paBHbIM 30 %.



[Io creneHn BIaXKHOCTU NPEBECHUHY pa3AeisitoT Ha Mokpyro, W = 100 %,
cBexecpyonennyto - W = 35 - 100 %, BoznymHo-cyxyto - W = 15 - 20 %, koMm-
HaTHO-cyxyto W = 8 -13 %, abcomtoTHO-cyxyto - W - 0 %.

VYceyiika u paz0yxaHue IpeBECHUHBI MPOUCXOIAT MPU U3MEHEHHH €€ BIaXKHO-
ctd. Paznuyaror nuHelHy0 U 00bEMHYIO yCYyIIKY. JIMHEHHYIO0 YCYIIKY Onpees-
0T MOTNEPEK BOJOKOH B JIBYX HAaIlPaBJICHUSX - TAHT€HIUAJIBHOM U PAIHAIIBHOM.

VYeyuiky BAOJAL  BOJIOKOH (NMPOAOJBHYIO) BBHIY €€ HE3HAYUTEIbHOM
BEJINYMHBI HE ONPEEIISIOT.

JIuneliHas ycyuka BeluuciseTcs no popmynam, %o:

JUISl TAHTEHIIMAJIBHOTO HaIpaBiieHus -y, = [(a - ao) / a] * 100;

(3.1

JUTS paguanbHOTO HampasieHus - v, = [(b - bo) / b] < 100, (3.2)

rae a u b - pazmMepsl 00pasiia B €CTECTBEHHOM COCTOSIHUM COOTBETCTBEHHO B TaH-
TEHIMAIIBHOM U paJiaibHOM HaIpPaBJICHUSX;
ao u bo - pa3Mepsl 00pasiia B TeX K€ HANpPaBJICHUSIX B A0COIIOTHO CYXOM CO-
CTOSIHUH.
OO0BEMHYIO YCYIIKY BBIYMCISIIOT B TPOIEHTax 0e3 ydéra MPOIOIBHOM
YCYIIKH 110 IPUOIMKEHHON (hopMmyIie:

Y, = [(ab-ayb,)/ab]-100
(3.3
)

BcneacTBue BOJOKHUCTOTO CTPOCHHUS! APEBECHHA MMEET Pa3HYyH0 YCYIIKY B
Pa3IMYHBIX HAMPaBJICHUAX. Y CYIIKa B PaJlajbHOM HAIpPaBJICHUU COCTaBIsET 3-6
%, B TAHT€HIIMATIBHOM B MIOJITOpa-/iBa pasza 0oJIbIle, YeM B paJHuaIbHOM.

OO0béMHas ycymika coctapisieT B cpenneM 12-15 %. Ycymka u pazdbyxaHue
MIPOUCXOJAT B MIpEAEIax THIPOCKONMYHOCTH: B MHTEpBaie BiaxkHOCTH 0-30 %.

HcTuHHAas MIIOTHOCTH IPEBECHOTO BEIIECTBA BCEX MOPOJI MPUMEPHO OJAMHAKO-
Ba 1 coctaBisier 1.54 r/cm’.

Cpennssi IOTHOCTh JIPEBECHUHBI U3MEHSIETCS B IIUMPOKUX mpeaenax oT 380
(cubupckas muxta) 10 1110 kr/M° (sapo GucTamky).

CpenHioo I0THOCTh JPEBECUHBI C JaHHOM BIQXXHOCTHIO IEPECUUTHIBAIOT HA
IUIOTHOCTh TPU CTaHAAPTHOW BIIAXKHOCTU 12, COOTBETCTBYIOIIEH KOMHATHO-
CYXOMY COCTOSIHHIO IPEBECHHBI (I/CM’);

S015 = Sou[l + 0.01-(1 - r)(12 - W)],
(3.4
)



rae Son - cpeHss IOTHOCTh 00pasiia apeBecuHbl npu BiaaxHocTd W = 12 %; Soy,
- CpeIHSs IIOTHOCTH BJIAXKHOTO oOpasiia mpu BiaxkHocTu W %);
Iy - KodphunmeHT o0bEMHON YCYIIKH, KOTOPBIM IMOKAa3bIBA€T, HA CKOJIBKO
MPOIIEHTOB U3MEHETCS 00BEM 00pa3iia Mpu U3MEHEHUH BIaXXHOCTH Ha 1 %;
W - BIIQXXHOCTH UCIIBITBIBaEMOro oopasia, %.



TennonpoBoAHOCTh APEBECUHBI BCIEICTBHE €€ BBICOKOM IOPUCTOCTH HEBEIIN-
Ka, HO BJI0JIb BOJIOKOH OHA 3HAYUTENbHO Ooublile, ueM nonepék. Tak, Hanpumep, y
COCHBI TETUIOITPOBOTHOCTH B B0JIb BOJIOKOH paBHa 0.35 Bt/(M-°C), a momepéx Bo-
aokoH 0.17 Bt/(M-°C). Ona Taxke BblllIe B paJilaJbHOM HANpPaBICHUH, YEM B TaH-
TrE€HIUAJIbHOM.

MexaHn4yecKkue CBOMCTBA IPEBECHHBI XapaKTEPU3YIOTCS MPEAEIAMHU TPOYHO-
CTH TIPH CO)KaTUH, PACTSKEHUHU, CTATUIECKOM M3TrH0E M CKaJIbIBAHUU.

[Ipenen mpoyHOCTH JApeBECUHBI (C BIA)KHOCTbIO W B MOMEHT HMCIBITAHUSA)
Npu CxaTuu BIOAL BOJIOKOH (Rc5Ky) ompenensioT Ha cTaHAapTHBIX oOpaslax
(mpsiMmoyToabHBIX TTpu3Max ceuenueM 20 Ha 20 MM 1 JyiHO#M 30 MM) U pacCUUTHI-
BaIOT 1Mo (hopmyre:

RCJIKy = P, / ab, (3.5)

riae P, -- MakcuMalibHas paspymiaromiasi Harpyska, H; a,
b - pa3mMepbl MOTIEPEUHOTO CEUSHUS, M.

[Tpenen MpOYHOCTH TPH CKATHH TIOMEPEK BOJIOKOH 3HAYMTEIHHO MEHBIIES
(10-30 %) ot npenena NPOYHOCTH MPU CHKATUU BAOJb BOJOKOH.

HauGompimmm siBiisieTes peies IpOYHOCTH IPH PaCTsHKCHHUH BJIOJIb BOJIOKOH,
B 2-3 pasa BbIIlie, YeM TIPU CKATUH BIIOJIH BOJOKOH. [Ipenen mpouHnocTu npu cra-
THYECKOM M3ruoe Rys, ApeBecHHBI (C BIAKHOCTBIO W) B MOMEHT HMCIIBITAHUS OII-
penensitoT Ha oOpasmax-6anoukax pasmepamu 20x20 u mmuoN 300 MM TIpu BO3-
JICHCTBUH JIBYX CHMMETPUYHO PACIIOJIOKCHHBIX CHJI M BBIYUCIISIOT 110 (hopMyJIe:

Rigzy = PmaX - 1/ (bh?), (3.6)

rae Poax - paspymaromas cuna, Mlla;
1 - paccTostHue Mex Iy onopamu (TIpos€T obpasma-oanku), M; b
U h - mupuHa 1 BeICOTa OaJIKH, M.
[IpoyHOCTH IpEeBECHHBI IPU CKAIBIBAHUH BAOJIb BOJIOKOH HEBEJUKA U COCTAB-
aset npumepHo 12-25 % ot npenena npoYHOCTH MPU CHKATUU BJIOJIb BOJOKOH.
[IpoyHOCTH ApeBECHMHBI NPUBOAMTCS K CTAaHIAPTHOM BiaxxHOCTH 12 % 1o
dbopmyre:
Ri; =Ry[l +a(W - 12)],
(3.7
)

rae Rn - npeaen npounoctu npu BiaaxkHoctu 12, MlIa;

R, - mpenen npounoctu nipu BiaxxkHoctu W, Mlla;

W - BIa)XHOCTB UCIIBITYEMOM APEBECHHBI, Y0,

a - TOMPAaBOYHBIN KO3 (GUIIMEHT Ha BIAXXHOCTb, KOTOPHIM MOKa3bIBAaET, Ha-
CKOJIbKO U3MEHSIETCSl IPOYHOCTh APEBECUHBI IPU U3MEHEHUHU BIIaKHOCTH Ha 1% (B
npeaenax BiaaxHocTu oT 0 10 30 %).



s cocHbl k03 puieHT a npu cxatuu 1 u3ruode pasex 0.04, T.e. maTepuan
TepsieT 4 % NPOYHOCTH NPU YBEIMYEHHUH BIAKHOCTH Beero Ha 1 %.

XKécTtkocTh IpeBecHHBI U CIOCOOHOCTH Ae(hOPMUPOBATHCS MO HArpPy3KOU Xa-
PaKTEepPU3yIOTCSI MOIYJIEM YIIPYTOCTH:

E=R/S, (3.8)

rae R - npenen npounoctu apesecunbl, Mlla;
8 - oTHOCUTENbHAS nedopmaliusi, MM/M.

Moaynu ynpyrocTy NpH CKaTUU U PACTSHKEHUH BJIOJIb BOJOKOH OJMHAKOBBI
u y coctbl coctaBisiorT 12300 MIla. [ledpopMaTUBHOCTh B HANpaBiICHUH BIOJb
BOJIOKOH JIPEBECHHBI CPABHUTEIBLHO HU3KAs.

[Ipu cpaBHUTENBHO BBICOKUX MOKA3ATENSX NPOYHOCTHBIX CBOMCTB JIPEBECHHA
oOnanaet HeOOIbIION TBEPAOCTHIO. CTaTnyeckas TBEPAOCTh YUCICHHO paBHA Ha-
rpy3ke, He0OOXOIMMOH 7Sl BAABIMBAHMS B 00pa3el] IpeBECUHbI OJOBUHKHA METa-
JMYECKOTO IIapuKa paguycoM 5.64 MM Ha TIyOMHY paauyca Imapuka (TOoraa Iio-
maab OoTrnevyaTrka paBHa | CMz). TBEPAOCTH COCHBI, €M, MUXThI COCTaBIsET 35 -
50MlIIa, a 6onee TBEpABIX TIOPOS - 1y0, Oepésa, sicens - 50-100 MIla.

3aBUCUMOCTb CBOMCTB APEBECUHBI OT €€ cocTaBa U CTPYKTyphl. CTpykTypa
JPEBECHHBI B IEPBOM MPHUOIMKEHUH MPEACTABIAECT COO0H KOHCTPYKIIMOHHOE CO-
YeTaHUE UEJUIIOJIO3bl C JIMTHUHOM. JIpeBECHbIE LIEJUIIOJI03HbBIE BOJIOKHA HMEIOT
CIUPAIBHYIO CTPYKTYPY U coJepkar npumepHo 65-70 % kpucramindeckoit u 25-
35 % amop¢dHO# (reMUuLEeIII0N03HO0M) YacTH, MPUUYEM Y XBOMHBIX MOPOJ amopd-
HOM YacCTH MEHbIIIE, Y JINCTBEHHBIX OpoJ Oounble - 28-35 %.

JIMTHUH - TPUPOIHBINA MOIUMED, IPEACTABIAET COO0I BHICOKOMOJIEKYISIPHYIO
apOMATHYECKYIO YaCTh, KOJIMYECTBO KOTOPOU B IPEBECUHE XBOMHBIX OPOJ A0 28-
30 %, a B npeBecuHe TUCTBEHHBIX MOpos 18-24 %. BonokHa 1emtrono3sr o0aaaa-
10T BBICOKOW MTPOYHOCTHIO HA Pa3phIB, HO JIETKO U3TUOAIOTCA.

JIUrHUH O0BENMHSET UX B €AMHOE ILIEJIOE C MOMOIIbI0 BOJOPOJHBIX U BaH-
J€p-BaJbCOBBIX CHJI CBA3M M KOI€3UH, IOITOMY B COBOKYIIHOCTH JpeBECHHa
COCTOUT U3 MaTPUYHON IMPOCTPAHCTBEHHOM CETKU JIMTHUHA U KPUCTAIIIMYECKOIO
BOJIOKHHUCTOT'O HAIOJIHUTENS B BUJE LIEJIFOIO3bI.

Takum 00pa3oM, ApeBECUHA - BBICOKOKPUCTAININYECKOE BEIIECTBO, UMEIOILIEE
(GbopMy TPOJOJIBHBIX CIIUPATbHBIX BOJIOKOH, KOTOpPbIE B JIEIOBOM JIPEBECHHE BBI-
MOJIHSAIOT POJIb CBOEOOPA3ZHOTO «apMHPYIOIIET0)» KOMIIOHEHTA.

CtpykTypa ApeBECHHBI XOPOILIO BUIHA HA MUKPOCHHMKE, TOJIy4EHHOM aMe-
pukanckuM yu€HbiM J. Kemu (puc. 3.3). TéMHas nmosjoca - JTUrHUH, MEHEe TEMHAs
- CTEHKa LEJUTIOJIO3HOM KIIETKU U CBETJIast 00JIACTh - MOJIOCTh KIETKH.

[Tono6HO UCKYCCTBEHHBIM KOHTJIOMEpaTaM JPEBECHHA COAEPIKUT KAHILISPhI
Y TOPBI PA3IUYHbIX pa3MepoB. Eciau B KpPYIHBIX KamWUIpax U MOpPax HEBEJIHMKA
yAelbHAs IUIONaJb BHYTPEHHEH NOBEPXHOCTH, COCTAaBJssA, HAlpuUMeEp, y €l
OKOJIO



0.2 M /r, TO y MenbUallliuX MOp OHA OYEHb OOJIbIIAs, HAPUMED, Y €1 MPU Jua-
metpax xammuwsipos 10-F0"® - 10-10"” em (ot 10 10 100 A) ynenpHast IIOMAab HX

2
MOBEpXHOCTHU cocTapisieT a0 300 m/r.
Takoe paznuure KanuuiIpoB OTPAXKAETCS HA XapaKTepe KOHTAKTa UX C BOJIOM.

Puc. 3.3. DnexrponHas mukpodororpadus cpesa ocunsl (11000 x mo 3.Kemnu)

KpynHble kKanumisipel MOTYT 3aIOJIHATCS BOJIOW, KOTOpas BIUSIET HA COCTOS-
HUE JIPEBECUHBI U €€ KaUeCTBO, KaK CTPOUTEIBHOTO MaTepraiia. ITa Biara CpaBHU-
TEIHHO JIETKO TIPOXOANUT B KAMWJUISPHI M TTOPHI, 0COOCHHO MTPU KOHTAKTE JIEPEBA C
BOJIOM, 3aIIOJIHSET MOJIOCTH M MOKET cocTaBiATh 10 100-200 % k macce abCcomioT-
HO CyXOH JPEBECHHBI, HO OHA CPABHUTEIHHO TAKKE JIETKO M OBICTPO YIAISIETCS U3
HUX TpH cylike. TOHKHE NOPbl U KaNMWJUISAPhI 3aMO0JHSIOTCS HE TOJIBKO MPU KOHTAK-
T€ C BOJIOWM, HO U B YCIIOBUSIX BJIQXKHOTO BO3/yXa B CBA3U C TUTPOCKOMUYHOCTHIO
JIPEBECUHBI U 0 3aKOHAM KaNWJUISIPHBIX COCyA0B. ['Urpockonuueckas Bjiara cop-
OupyeTcs Ha CTEHKAaX KJIETOK, YACTUYHO IMEPEXOJUT B KOJUIOUIHO-CBS3AHHYIO C
BEILIECTBOM JIEPEBA.

[IpenenbHOE HACHILIEHUE IPEBECUHBI TUTPOCKOMUYECKOM BJIArOM COCTABIISET
25-35 % (B cpeanem 30 %) Kk Macce aOCOJIOTHO CyXOW TPEBECHUHBI, HA3bIBAEMOE
MOUKOU HaCbleHUuA 6010KOH. HachllieHne TMIPOCKONIMYECKON BIArod 10 3TOU
npeleibHOM TOYKM COMPOBOXKAAETCS HAOyXaHHWEM JPEBECHUHbI, H3MEHEHHEM
(yxynumeHueM) e€ GU3MYEeCKUX U MEXaHUYECKUX CBOWMCTB. Y BEJIUYEHHUE BJIAr IO-
cie 30 % e€ comepkaHUs HAa CBOMCTBAX APEBECUHBI IOUTH HE OTPAYKAETCS; HE YBE-
JUYUBAETCS U 00bEM e€ 3a cuéT HabyxaHus.

[Ipu cymike apeBecHHBI OBICTPO yIaIsSETCs CBOOOAHAS Bilara U3 KPYITHBIX Ka-
NUJUISIPOB U TIOP, HO TPYAHO UCIAPSAETCS TUTPOCKONMUYECKAS OT TOUYKU HACBIIEHUS
BOJIOKOH, MPUYEM O0BEM JPEBECHUHBI YMEHbIIIAETCS 32 CUET YCYIIKHU U YIUIOTHEHUS
KJIETOYHBIX 000s104eK. OCOOEHHO TPYAHO yAaNIAI0TCs nociennue 4-6 % rurpocko-



MAYECKOW BJIArW, TaK KaK OHA OPUEHTHPOBAHHO 3aKperuieHa (ajgcopOupoBaHa) B
MOHOCJIO€ MOJIEKYJIaMU EJUTI0I03bl. BO3ZHMKAIOT BOJOPOIHBIE CBSI3U MEXKAY TUI-
POKCHIIAaMU TIEJUTIONIO3BI W BOJOM, TOTJa KaK ApyTasi, OOJbIas 4acTh TUTPOCKOTIH-
yeckoil Biaru (20-25 %) HaxoauTcs Mo BIUSIHUEM KanWJUIipHOM KoHeHcanuu. C
npubImKeHneM npu cyuike k temmneparype 105 °C macca apeBecHHBI COXpaHSET
MOCTOSIHHOE 3HA4Y€HHUE, YTO U MPUHUMAETCA 32 a0COJIIOTHO CyXO€ COCTOSIHHUE Jpe-
BecuHbl. DakTHUeCKu 0K0JI0 1 % TUrpOCKONMUYECKOW Biard B aOCOJIOTHO CyXOu
JPEBECUHE COXPAHSIETCS, HO 32 CYET OTHOCUTEIBLHO MPOUYHBIX BOAOPOAHBIX CBS3EH
OHA HE CHMXKAaeT €€ Ka4eCTBEHHBIX ITOKa3aTesiel. JlanpHeliee MoBbIIIEeHUE TEMIIE-
paTyphl BbI3bIBaET Oosiee WM MeHee TITyOOKOoe pa3jioKeHHE LEJUII0JIO3bI - JeCT-
PYKIIMIO, OCOOCHHO B MPUCYTCTBUHU BO31yXa W Biaru. [Ipm ymepeHHOM Harpese
(120-180 °C) uzmensieTcs BET IEUTFOI03bI, CHIKAETCS €€ MPOYHOCTh, a Mpu 00-
nee BbIcokou Temmeparype (230-240 °C) npoTekaroT XUMUYECKUE PEaKIuu C U3-
MEHEHHUEM 3JIEMEHTAPHOr0 CcOCTaBa Leiuttoi03bl. CtpykTypa nepexoaut k 300 °C
U3 KpUCTAINTMYECKON B aMOp(HYI0, a IPH JTajJbHENHIIEM MOBBIIIEHUH TEMIIEPATYPhI
oOpazyeTcs 1EeJUTI0I03HbIN YTIoJb U KUIKUE MPOAYKTHI pacnaja (YKCycHas KUCIIO-
Ta, alleTOH, (opMaNbAECTUI U JIp.).

Martepuanbl M u3aeaust U3 JApeBecuHbl. OHU Pa3JENSAIOTCd HA HECKOJIBKO
TpyNI: JIeCOMAaTepUabl, MONIy4aeMble MyTEM MEXaHH4YEeCKOW 00pabOTKH JepeBa;
MOAU(UIIMPOBAHHAs JPEeBECHHA, 00paboTaHHAs CHHTETUYECKUMHU CMOJIaMHU, Tpec-
COBaHHAas, MIACTU(UIIMPOBAHHASI aAMMHUAKOM U JIp.; APEBECHBbIC u3Aenus: ¢gaHepa,
CTOJISIPHBIE TUIUTBI, IPEBECHO-CTPYKEUHBIE U APEBECHO-BOJIOKHUCTHIE TUIUTHI, Jpe-
BECHO-CJIOUCTHIE IIACTUKU U JIP.

JlecomaTepuanbl OApa3ACISIOTCS HA KpyTJble, TUICHBIC, TyIIeHbIe, dhpe3e-
POBaHHBIE (CTPOTaHHbIE), KOJIOThIE U TOOOYHBIE MPOAYKTHI: OMWIKH, CTPYKKH, LIE-
1a, IpeBecHasi MyKa.

Kpyrnbsie necomarepuarnsl, T.€. CTBOJIbI TOBAJIEHHOTO JIepeBa, OUUIIEHHBIE OT
cyubeB. [1o TonmmHe Kpyribie JiecoMaTepyuaibl MOIPA3ACISIIOT Ha KPYIHbIE Jua-
MeTpom Oosiee 26 cM, cpeanue - oT 14 no 24 cm, menkue - ot 6 1o 13 cm. B 3aBu-
CUMOCTH OT Ka4eCTBa JIPEBECUHBI (HATTMYMS TIOPOKOB) U TEPEKTOB KPYTJIbIC JIECO-
MaTepHalbl ACNIATCS Ha YEThIpe copTa.

[MunomaTepuanbl moapa3aestoTcs Ha OPYCKH, IIACTUHBI, YETBEPTUHBI, JTOC-
KU 1 TopObUTL. Bpycku umerot Tonmuny Mmesee 100 Mmm u mupuny He 6oJiee JBOM-
HOU TonmuHbl. bpychs uMeroT Tonuuy U mupuny 6osiee 100 MM; JOCKU UMEIOT
tonmuHy MeHee 100 MM 1 mupuHy OoJiee ABOMHON TOMIIMHBL. J{MHa q0COK OT 1
10 6.5 M. MakcumalibHasi IIMpUHA JOCOK M OpycheB 250 MM, y OpyckoB - 200 mm.
[TunomaTtepuanbl XBOMHBIX W JMCTBEHHBIX IMOPOJ JEJISATCS COOTBETCTBEHHO Ha
ISITh U TPU COPTOB.

DTO MOTOHAXKHBIE U3/IENUS: TUIMHTYCHI, TajTeNH, KAPHU3bI, TOPYUYHH, CTOJSP-
HbI€ TUIMTHI, COCTOSIME U3 Y3KHUX PEEK M HAKJIEEHHOI'0 Ha HUX C 00EUX CTOPOH
IIMOHA; IITYYHBIA MAPKET, NAPKETHBIE MIUTHI, CTOJISPHO-CTPOUTEIbHBIC U3IECIHS -
OKOHHBIC H JIBEPHBIE OJIOKH, IEPETOPOIKY U TIAHEN 3aHUH.



JpeBecHO-CTPY>KEUHbIE ITUTHI - UCKYCCTBEHHBIM CTPOUTEIBHBIN KOHTJIOME-
paT B (hopMe TUIUT, U3TOTOBIISIEMBIN TOPSIYUM MPECCOBAHUEM U3 CMECH U3MEJIbUECH-
HOU JAPEBECHOM CTPYNKKU C MOJTUMEPHBIMHU BELIECTBAMM, BBHIMOIHSIIOIUMU (PYHK-
MU CBA3YIOIIETO KOMIOHEHTa. B kauecTBe CBA3YIOLIErOo MPUMEHSIOT TEPMOPEaAK-
TUBHbBIE CMOJIbI: MOYEBUHO-(DOpMabAETruiHble, peHomopopMalbIeruaHble U JIp.
JIist yaydiieHusi CBOMCTB IUIMT B HUX BBOJAT ruapododusyromue (rnapaduHoBas
AMYJIbCUS), AaHTHUCENTUpYIoLMe U Jipyrue nodasku. [lo cpeaneit miuoTHoCTH Jipe-
BECHO-CTPYKEUHBIE TUIUTHI MOoApa3aesatoT Ha nérkue (250 - 400 KI/M), MOy TSI~
kéisie (400 - 800 xr/m’), Tsokénsie (800 - 1200 kr/m’). KosddurmenT Teriomnpo-
BogHOCTH KT cocTaBisieT oT 0.046 mo 0.093 B1/(m-K).

JIpeBeCHO-BOJIOKHUCTHIE TUTUTHI U3TOTaBIMBAIOT U3 OTXOAOB JIPEBECUHBI ITy-
TEM UX U3MENIbUCHUS B pyOUIFHON MallliHEe U pacliernyieHus B nepudparope B BO-
JoKHUCTYIO Maccy. K nmpeBecHol Macce H00aBISIOTCS YaydInaronue, HarmpuMmep
ruapocoOusupyomue (napapuHoBast SMYJIbCHs) WM AaHTHCENTUPYIOIIKE Belle-
CTBa, U U3 HEE€ OTIIMBAIOTCS IUIUTHI. MIX mpeccyloT U cyliar mpu TemmepaTrype 10
180 °C. JIpeBeCHO-BOJOKHUCTBIE ITUIMTHI MOAPA3AEISIOT HAa CBEPXTBEPABIE, TBEP-
Able, MONYTBEPIbIE U MATKHE. TBEPABIC MIUTHl UMEIOT CPEIHIOI IUIOTHOCTh U
MIPOYHOCTh HA M3TMO COOTBETCTBEHHO HE MeHee 850 kr/M° 1 3.5-4 MITa. Msirkue
TUTUTH UMEIOT CPEAHIOIO MJIOTHOCTh U TEIUIONPOBOJHOCTh COOTBETCTBEHHO HE 00-
nee 150-300 kr/v® 1 0.064-0.1 Br/(M-K).

OUOPOIUT U3rOTABIMBAECTCS HA OCHOBE HEOPTraHUYECKUX BSIKYIIUX BEIIECTB
(MopTIaHAlleMEeHTa, MarHe3uadbHbIX BSKYIIMX) C MPUMEHEHUEM B KauecTBE 3a-
NOJIHAIONIETO (apMUPYIOIIEro) KOMIIOHEHTAa JpEeBECHOW MmepcTH. JlpeBecHas
HIEpCTh MPEIBAPUTENHLHO MOABEPTaeTCs «KMUHEPAIU3AIUNY, T.€. 00pabOTKEe XUMHU-
YECKUMH BeIeCTBAMU (XJIOPUCTHIM KaJbIMEM, >KHJIKUM CTEKJIOM, CEPHOKHCIIBIM
MIMHO3EMOM | 11p.). [lnuTel popmyroT noxa nasinenuem 0.5 MIla.

OtdopmoBaHHbIE TIUTHI MOJIBEPTalOT TEIIOBOM 00pabOTKe B TEUEHHE CYTOK
npu temnepatype 30-35 °C. 3areM uzaenus cymar 0 BJIQXHOCTH, HE MPEBbI-
matomen 20 %.

ApOonuT mpencraBisgeT coOO CMeCh LEMEHTa, JPEBECHOTO 3arOJIHUTEIS,
XUMUYECKHX 100aBOK M Bojbl. [lo cBoel CTpyKType OH MpeACTaBisieT pa3HOBU/I-
HOCTb JIErkoro 6eroHa. CpenHss MIOTHOCTh TEIUIOU30JISILIMOHHOTO M KOHCTPYKIIHU-
OHHOTO apOOJINTa COOTBETCTBEHHO cocTaBisieT 10 500 kr/m® u 500 - 800 xr/m.
Mapxku Termmon3osiuonHoro apoonuta M5; M10; M15. Mapku KOHCTPYKITHOH-
Horo ap6onuta M25; M35; M50.

B kauecTBe TEIIOM3OSIIMOHHBIX U3/I€TMIl HA OCHOBE JIPEBECUHBI N3BECTHBI
TOp(SHBIE TUTUTHI, BOMJIOYHBIC MATEPUAIIBI U JIP.

Ilopoxku apeBecuHbI, 321UTA €€ OT THUEHUS, TOPAKEHNS HACEKOMBIMHU M
Bo3ropanus. [lopoku npeBecuHbl IeISIT HA ACBATH TPYII: CYYKU, TPEUIUHBI, MO-
poku (pOpMBI CTBOJIA, TOPOKU CTPOEHUS IPEBECUHBI, XUMUYECKHUE OKPACKH, TPHO-
HBIE TOPAXKEHUS, TOBPEXKICHNS HACEKOMBIMU, THOPOIHBIE BKIIOUEHUS U 1e(DEKTHI,

nedopmarnuu.



Cy4kH - )KMBBIE M OTMEPIIINE, 3aKPBIThIE U 3apOCIINE, 3aTHUBIINE MPEICTaB-
JISTFOT OO0 YacTh BETBEH, 3aKIIIOUEHHBIE B IPEBECHHE.

K xuMuueckuMm Okpackam OTHOCSTCS KEINTH3HA, OpAHXKEBas OKpacka, yep-
HUJILHBIC TIATHA, TyOUIbHBIC TOTEKHU. Bee 3TH pa3sHOBUIHOCTH OKPACKU MPOHUKA-
0T Ha TIIyOuHy 1-5 MM, HO MaJlo BIMSIIOT Ha (PU3UKO-MEXaHMYECKHE CBOMCTBA
IPEBECUHBI, YXY/IIlIasi B OCHOBHOM TOJIbKO BHEITHUI BUJ MUJIOMAaTEPUATIOB.

['puOHbIE OKpacku (THUJIM) TOPAXKaOT OTMUPAIOIIYIO U MEPTBYIO JIPEBECHUHY.
OTH OKpAaCKH Pa3BUBAIOTCA 3a CUET COAEPKMMOI'O0 OTMHUPAOIIMX KIETOK U Majo
3aTparuBalOT KJIETOYHbIE CTEHKH, TO3TOMY (PU3MKO-MEXaHUYECKUE CBOWMCTBA Jpe-
BECUHBI YXYAIIAIOTCA HE3HAYUTEIBHO.

I'aunm u3 pactymiero nepepa (nécrpas, Oenas u Oypas) o0pa3yroTcs 1Mo BO3-
nerctBueM rpu0oB. ['HUIM pa3BUBaAIOTCS MOCTENEHHO S0 MOSBICHUS MSTKOW THU-
nu. 'HUIIas ApeBecrHa NOYTH MOJHOCTBIO TEPSET CBOM MEXAHUYECKUE CBOMCTBA.

['Hunm MEPTBOU APEBECHHBI ABISIOTCS OJHUM M3 CAMBIX OMACHBIX MOPOKOB.
IIpu sTOM 00pa3yrOTCsl TOMOBOIIAXTHBIC T'PUOBI, MJIEHOYHBIN, OCJBINA, IIaXTHBIN
WIM TJIACTUHYATBIA JOMOBOM rpub. JIpeBecuHa CTAHOBUTCS HE TOJIBKO HEMPUTO-
HOM JUIsl IPUMEHEHUS, HO U OIIACHOU VISl OKPY>KAIOIIUX MATEPHUAIOB.

Bogocioi - y4acTOK ApEBECHHBI, CHJIBHO IMPONUTAHHBIM BOJOH, PacroJIo-
YKEHHBI Ha MECTE siApa, CIEI0N APEBECHUHBI, JOKHOTO S/Ipa WX PaJuaIbHON IIST-
HucTocTu. Kak mpaBuio, BOJOCION CBSI3aH ¢ OYaraMy THUJIN.

['pubHBIE SAPOBHIC TSATHA U TOJOCHI - U3MEHEHHSI OKPACKH B 30HE SJIpa, BBI-
3pIBaEMbIC TPHOAMU B PACTYIIEM JIepEBe, HAOMIOAAIOTCS Ha TOPIAX ¥ TMPOIOTHHOM
paspbiBe. ITOT NOPOK HE3HAYUTEIHHO BIUAECT HA MEXaHUYECKUE CBOMCTRA.

3HaYUTENbHOE BIUSHUE HA CHUKEHHUE KAaueCTBA JPEBECUHBI OKA3bIBAIOT TpE-
mMHbL. TpelrHbl TOAPA3AESIOTCS HA METUKOBBIE, MOPO3HbIE U JIp. OHU 00pa3y-
FOTCS IPU pacKayke AEpPEBA BETPOM U IIPU PE3KOU CMEHE TEMIEPATYPHI.

[Topoku dopmbr cTBosa. COKUHHOCTH - 3HAYUTEIHHOE YMEHBINIEHUE Ua-
METpa CTBOJIA OT KOMJISI K BeplinHe. KpuBH3HA CTBOJIA - HCKPUBJICHUE IO JJINHE
CTBOJIA. 3aKOMEJIUCTOCTh - PE3KOE YBEINYEHUE TUAMETPA KOMJIEBOM YaCTH.

[Topoku cTpoeHus JpeBECUHbI: HAKJIOH BOJIOKOH (KOCOCIION) (BOJIOKHA pacIo-
JararTcsi He MapajliebHO OCH CTBOJIa, @ BUHTOOOpPA3HO, MO CIHPaU), KPEHb
(pe3koe  yToJIIEHWE TO3JHEH 30Hbl TOJAMYHBIX CJIOEB), CBEJIMBATOCTH
(HempaBWJIBHOCTb B CTPOCHUU JAPEBECUHBI).

Kpome 3TOro moBpexaeHUsIMH APEBECHHBI CIEAYET CUUTATh MOBPEKICHHS
HAaCEKOMbIMU (YEPBOTOUYMHA), TPEIIUHbI YCYIIKU, MOKOPOOJIEHHOCTh, MEXaHUYe-
CKHE TIOBPEKICHHUS.

Cymka apeBecHHBI PEeIHA3HAYECHA JHS YMEHBIIEHUS BO3MOKHOCTH THUEHUS
Y TOBBILICHUSI TPOYHOCTH. Pa3nuyaroT €CTECTBEHHYI0 U MCKYCCTBEHHYIO CYLIKY.
EcrecTBeHHas Cyiika Npou3BOAUTCA HAa OTKPBITOM BO3AYyX€, MOl HABECAMU WJIU B
3aKPBITHIX MIOMEIIEHUSX, C TEM YTOOBI MaTEepHa MPUHSLIT BO3IYIIHO-CYX0€ COCTOS-
Hue (15-20 %). Takas cymika AIATCS HEOETU U Jaxe Mecsubl. McKkyccTBeHHas
CyIIKA OCYIIECTBIIETCA B TCUCHUE HECKOJIBKUX THEN WUJIM YacOB.



Kamepnas cymnika mpou3BOAUTCS B CYHIMJIKAX MEPUOJAMYECKOrO WM HEmpe-
PBIBHOTO JIEUCTBHUSI B TEYEHUE HECKOJBKUX CYTOK. TEmIOHOCUTENEM CIIyX HUT Ha-
PETHIN BO3/lyX, NIap WJIK IBIMOBBIE Ta3bl ¢ TeMnepaTypoit 70-80 °C. Taxxke npous-
BOAMTCS CYIIKA IPEBECUHBI B AJIEKTPUUYECKOM 110JI€ BHICOKON YacTOTHI.

JpeBecuHa ObICTPO U pABHOMEPHO MPOTPEBACTCS MEKIY JIEKTPOJAaMU U BbI-
cymmBaetrcs B 10-20 pa3 ObicTpee, 4eM Mpu kaMepHoU cymike. Ho 3ToT Bua cymiku
TpebyeT Oonblioro pacxoja sJekTposHepruu. Cylika B SKUIKUX Cpenax,
HanpuMep B BaHHaX ¢ netpojatyMoM npu temmnepatype 130-140 °C. 3a HeCKOJIbKO
4acoB BJIara B JIPEBECHHE MPEBPALIACTCS B Map U YJAISAETCS; IPU 3TOM MaTepua
HE pacTpeckuBaeTcs U He kopoourcsa. Cylika B meTposiaTyMe ACIIeBIe KaMepHOH
CYILKH.

JUIst 320U Thl OT THUEHHS U TOPAKEHHS] HACEKOMBIMH MPUMEHSIOTCS XUMHYE-
CKHE BELIECTBA - aHTUCENTUKU. OHU AENATCS HAa BOAOPACTBOPUMBIE U HEPACTBO-
pUMBIE B BOJIE.

K BomopacTBOpHMBIM aHTHCENTUKAaM OTHOCSTCS: ¢TopucThiii Hatpuii NaF,
npuMeHsieTcst B pactBopax 3-4 % koHueHTpauuu. IIpy cCONPUKOCHOBEHHH C U3-
BECTKOBBIMH, [IEMEHTHBIMHU U TMIICOBBIMUA MAaTEpHUAIaMU OH TEPSET CBOM TOKCHYE-
ckue cBoiictBa. Kpemuedropucteiii Hatpuit Na,SiFs - Oenblii min cepblil mopo-
IIOK, TMPUMEHSETCS COBMECTHO € ()TOPUCTHIM HATPUEM WM KaJIbLIEGHHUPOBAHHOU
comoii. Kpemuedropucterii ammouut (NHy)SiFg - Oenbrii mopomiok, moBwImaeT
OTHECTOMKOCTb JPEBECHHBI, HO BBI3BIBAET CIa0Yyl0 KOPPO3UI0 METajlia, BBICOKO-
tokcuueH. [Ipenaparer XXI] - cMech O0OpHON KUCTOTHI U OYpBI, XOPOIIIO PAaCTBO-
psieTcs B BoJie, AJIs JIIOJIel MPaKTUUeCKU O€3BpEIeH.

[Tpenapater XXII (cMmech xnopuctoro nuHka U xpomnuka) 1 MXXI (cmech
XJIOPUCTOTO IIUHKA, XPOMITMKA U MEHOTO KyIOpoca) TPYAHO BHIMBIBAIOTCS BOJIOH,
HO OKpAalIMBAIOT JIPEBECUHY B KENTO-3€JEHBIN 1IBET U BBI3BIBAIOT KOPPO3UIO Me-
TaJJIOB.

K HepacTBOpMMBIM B BOJI€ OTHOCSITCSI MAacCISIHbIE U OPraHUKOPACTBOPUMBIE
AHTUCENTUKU. MacIsiHple aHTHUCENTUKU: aHTPaLlEHOBOE, KPEO30TOBOE, CIAHIIEBOE
macia. OHM HEe PacTBOPSIOTCS B BOJIE, HE BBI3BIBAIOT KOPPO3HUIO METasia, HO OK-
palmMBaloT JIpeBecuHy B Oypblil 11BeT. [IpuMeHstoTCs A NPONUTKU 1A, J1eTa-
JIeil MOCTOB, CBaii, IEPEBSIHHBIX HAJABOJIHBIX KOHCTPYKIIUH.

K opranukopacTBOpMMBIM aHTHUCENTUKAM OTHOCSITCS pacTBOPHI MEHTAXJIOP-
¢denona u HapTeHaTa Meau B JETKUX HedrenpoaykTax. OHM OKPAIIMBAIOT APEBE-
CMHY B  3€N€HbI  LBET, 3aTPpyAHSIIOT €€  CKIECUBaHUE,  SBISIIOTCSA
BBICOKOTOKCUYHBIMH aHTUCENTUKAMM.

[IpuMeHsIOT Takke aHTUCENTHYECKHE MAacThl, U3rOTaBIUBaeMble U3 (HTOPHU-
CTOrO HaTpusd, CBI3YIOIIETr0 BemlecTBa (OWTyma, TIUHBI, KUIKOTO CTEKIa U
APYTUX) U HAMIOJIHUTENS (HarpuMep, TOp(HSHOTO MOPOIIKA).

[IponuTKy aHTHCENTUKAMH MPOU3BOAST MOBEPXHOCTHONU 00pabOTKOM, B ropsi-
4e-XO0JIOJHBIX BaHHAX M MOJI JaBJICHUEM B aBTOKIaBaX. [loBepxHOCTHYIO 00paboT-
Ky JIeJal0T KUCTSAMH WIM KPacKoIyJlabTOM 2-3 pa3a. B ropsiue-XojaoIHbIX BaHHAX
MIPOU3BOAUTCS MOCIE0BATENIbHOE MOTpykeHue B ropsuyro (90-95 °C), a 3aTtem B



xosiofHyt0 (20-30 °C) Banubl. CHavana u3 Mop APEBECHUHBI YIAlseTcsl BO3AYX, a
MOTOM B TOpax oOpa3yercs BakyyM. [Ipu o0paboTke B aBTOKIIaBax CHauyan€a co3ja-
€Tcs BaKyyM, a 3aTeéM aBTOKJAaB HACBIIIACTCS TOPSYMM AaHTHCENTUKOM C
naBienueM 0.6-1.5 MlIla.

J5is 60pbOBI ¢ HACEKOMBIMH HCHOJB3YIOT SIIOBUTHIE BEIIECTBA, yOUBAIOIINE
uXx. JlpeBecuHy ONnpbrICKUBAIOT, 00Ma3bIBAIOT, IPOMUTHIBAIOT MOPOIIKAMU U OKYpH-
BalOT razaMu. MO>XHO MCHOJb30BaTh MACISHUCTbIE U OPraHUKOPACTBOPUMBIC aH-
TUCEITUKH, a TAK)Ke CcreluaibHbIe: XJI0po¢dOoC, MOPOIIOK U MACTY.

JJist 321U Thl OT BO3TOpaHus JPEBECHHY OKPAIIMBAIOT OrHE3alUTHBIMU Kpac-
KaMH ¥ TPOMUTHIBAIOT CIEIMATbHBIMUA BEIIECTBAMU - AHTUIIUPEHAMH, KOTOPHIE
00pa3yroT MO0 OIJIABJIEHHYIO MJIEHKY HA TOBEPXHOCTHU, JTUOO BBIJAECISIOT HETOPIO-
yue ra3pl. K anTunupenaMm otHocsTcs Oypa, XJIOPUCThIM aMMOHUH, GochOpHOKHUC-
JIbIA HATPUM U AMMOHHUM, CEPHOKUCIIBI aMMOHHUH.

3.2. IToponoodOpa3yronme MUHEPAJIbI

[IpuponHbie MUHEpABI HAXOASTCS B OCHOBHOM B TBEPAOM COCTOSIHUM W
MMEIOT IPEUMYIIIECTBEHHO KPUCTAIUIMYECKOE CTpOeHUE. Pexe OHM BCTpeyaroTcs B
BUJI€ aMOP(HBIX BEIIECTB.

Musnepaibl 00J1aJ1at0T PSIZIOM XapaKTEPHBIX CBOMCTB, OKa3bIBAIOIIUX OOJIBIIIOE
BIIMSHUE Ha TEXHUUYECKHUE CBOMCTBA MOPOJ, CPEIU KOTOPBIX CleAyeT 0co00 BhIje-
JIUTh MEEPOOCMb, CRAUHOCH b, U3TIOM, OJ1€CK, OKPACKY W HIOMHOCHb. ITU CBOM-
CTBa 3aBUCST OT CTPOEHMS U MPOUYHOCTH CBSI3EH B KPUCTAIUIMYECKON PEIIETKE.

TBépaocTh XapakTepuzyeT IMOBEPXHOCTHYIO JHEpruro MuHepana. OnHa
OILICHUBAETCA MO MmKale Mooca, KOTOpass COCTOMT W3 JECSITH MHUHEpAJIOB,
pPACTOJIOKEHHBIX B MOPSJKE BO3pPACTAHUS MX TBEPIOCTHU: TaJIbK, THIIC, KaJbIIUT,
¢daroopuT, anmaTuT, MOJIEBOM IITAT, KBapIl, TOMa3, KOPYHA U anmas. OnpeaencHue
TBEPIOCTH TPOU3BOIAUTCS MPOOON HA IapariaHbe U BBIPAKACTCS TMOPSIKOBBHIM
YUCJIOM COOTBETCTBYIOIIETO 3TajJOHA B IIKaJE, OCTABISIOLIECTO LAPAIMHKY HA
ucnbITyeMOM  oOpasiie. bonee TOYHYHO OIEHKY TBEPAOCTH  MOJy4aroT
CHEIUAaTbHBIMU  CKIIEpOMETpUYEeCKUMU mnpubopamu. [lokaszarens TBEpIOCTH
Marepuaia UMeeT OOJBIIIOe MPAKTUYECKOE 3HAUCHHE, TaK KaK KOCBEHHO TTO3BOJISIET
CYAUTh O MEXaHUYECKUX CBOMCTBAX MPUPOJTHOTO KAMHSI.

CnaiiHoCTh TIPOSIBIISETCS B BHJIE CIIOCOOHOCTH MHUHEPAJIOB PacKabIBaThCs B
onpenenEHHbIX HANPABICHUSIX C 00pa30BaHUEM TIIAJIKMX 3€PKATBHBIX MOBEPXHO-
CTEH - IUIOCKOCTEN CIanHOCTU. MUHEpansl UMEIOT Pa3jIMyHyI0 CHAaHHOCTH: OJHHU
JIETKO PACHICIUIAIOTCS HAa TOHYAWIIME IJIACTUHKU B OJHOM WJIM HECKOJIBKMX Ha-
MPABIICHUSX, Y IPYTUX OHA MPOSABISIETCA IJIOXO WJIM COBCEM OTCyTCTBYyeT. Craii-
HOCTh BMECTE C MMOKa3aTeJIeM TBEPAOCTH MTOMOTAET MPEABAPUTEIBLHON OLIEHKE Me-
XaHUYECKUX CBOVMCTB MPUPOJHBIX MAaTEPHUATIOB.

N30m sBisgeTCA XapaKTEPUCTUKOW HEPOBHOM MOBEPXHOCTU PACKOJIA MUHE-
pana, MPOIIEeAIEro He Mo HanmpaBiIeHUsM craiHocTu. Cpeu pa3HooOpa3HBIX BU-



67
JIOB H3JI0Ma BBIJEIAIOTCS POBHBIM, CTYNIEHYAThIM, HEPOBHBIN, PAKOBUCTBIM, 3aHO-
3UCTBIN, 3eMJINCTBIA. OHU MO3BOJISIIOT HE TOJBKO JTUArHOCTHUPOBATH, HO U OLICHH-
BAaTh CBOMCTBA MUHEPAJIOB.

Oxkpacka - BaXHbII TUAarHOCTUYECKUU MpuU3HAK MuUHepanoB. Okpacka o0y-
CJIOBJIEHA NPUCYTCTBUEM KPACAILIMX 3JIEMEHTOB B COCTaBE MUHEPAJIA, B YACTHOCTH
Cr, Ma, Fe u ap.

Baeck BO3HUKAET B pe3ynbTaTe OTPAKEHUS CBETOBBIX JIy4E€U OT TIOBEPXHOCTH
MHHEpPAJIA U UMEET BAXKHOE TUArHOCTUYECKOE 3HAYCHHE.

BemectBa ¢ HeGOMBIINM MOKa3aTeNIeM NPETOMIICHUS (HaIpUMEp CEpHUCTHIE
MUHEpaJIbl) 0OBIYHO HEMPO3PAYHBI U XapaKTEPUIYIOTCS METAJUIMYECKUM OJIECKOM.

IlnoTHOCTHL (MCTHUHHAS) KOJIEOTETCS y MUHEPAJIOB OT 3HAYEHUN MEHEE €Jlv-
HuUllbl (030keput) 10 20 u Bble (OCMUCTBIA UpuAnii). OHA 3aBUCUT OT XUMUYE-
CKOT'0 COCTaBa U CTPYKTYpPbI, aTOMHOW MAacChl 3JIEMEHTOB, UX HOHHBIX PaJInyCOB U
BajieHTHOCTH. Hamboubiee pacripocTpaHeHue B MPUPOJIe UMEIOT MUHEPAJIbI C Ma-
110ii (0T 2 110 4 r/cM’) WIOTHOCTHIO.

CunMKaThl SBISIIOTCS COJSIMHM Pa3IMYHBIX KPEMHHUEBBIX KUCHOT. OIHAKO 1JId
HUX OoJiee XapaKTEPHBIM SIBISETCS HE XMMUYECKHIM COCTaB, a OCOOEHHOCTH KpH-
CTaJUIMYECKOTO0 CTPOCHHS C HAIMYMEM HMOHHOM KpUCTAIIMYECKOW pemérku. Oc-
HOBHOW CTPYKTYPHOM €IWUHMIEN 3TOM PEMIETKU SABJIACTCS KPEMHEKHUCIOPOIHBIN
terpa’ap (3FO/] pazmepsl KOTOPOTo MOYTH BCETAA CTPOTO MOCTOSTHHEI (puc.3.4).

2- .
Q-0 ; e-si
Puc. 3.4. KpeMHEKUCIOPOAHBIH TETPA3Ip
[ToneBwie mMIMaThl O XUMUYECKOMY COCTaBY MPECTABIISIOT CO00M KapKacHbBIC

AITIOMOCHUJIMKATbl KaJlksA, HaTpHia, KaJdbOUA HW pasgCiIAlOTCd Ha HATPHCEBO-
KaJIbIIUCBBIC (HHaFI/IOKJIaSBI) H KaJIMCBO-HATPHUCBLIC ITIOJICBLIC IIIIATEI. OnHu uMerT



CBETJIYIO OKPAacCKy, CTEKJSTHHBIH OJIECK, BBICOKYIO TBEPAOCTH (6...6.5) mo mkaie
Mooca, cOBepHIEHHYIO CIIAHOCTh B JIBYX HAIPaBJIEHUSAX U IUIOTHOCTH OT 2.5 10
2.7 (r/em’). Hanbomee pacpocTpaHEHHBIME TTOIEBBIMH IIITATAMH SBIISFOTCS OIH3-
KM€ TI0 CTPOCHHIO U CBOMCTBAM, OJJUHAKOBBIE MO COCTaBY MUKPOKIIUH U OPTOKJIA3
K (ASi;0g), ornuuarommecs MexKIy co00if MHTEHCHBHOCTBIO PO30BOM OKPACKH.
Ha moBepxuoctu 3emiu, oA Bausiauem O,, CO,, H,O u apyrux, nocteneHHo BbI-
BETPHUBAIOTCS M MPEBPAIIAIOTCS B TIIMHHUCTBIE MHUHepasibl. OHU HCMIOIB3YIOTCS B
CTEKOJIbHOM, KEpPaMHMYECKOM IPOMBILIJIEHHOCTH. BBICOKOCOPTHBIE  3aJIEKU
MOJIEBBIX MMaToB uMetoTcs B Cubupu, Kapenuu, na Ypaire.

[Tnaruoknasel - w3oMopdHbie cMecn MmuHepanoB anbbuta Na (AlSi;0g) u
anoptuta Ca (AlSi30g). Tak, npu cojepKaHWU B COCTaBe Iuiardokiasa ot 0 1o
30% aHOpTHTA OH SABJIIETCS KUCJIBIM IUIaruokiaazoM, ot 30 no 60% - cpeagHuM, ot
60 mo 100% - ocHoBHbIM. Ilmarmokmazam xapakTepeH Oenblii WM CepoBaTo-
Oenblii, peske cepblil U YEPHBIN 1IBETA, CTEKIISTHHBIN OJIECK C MPU3MAaIMel B CHHUX U
3€JIEHOBAThIX TOHax. OTIMYArOTCS BBICOKOM TBEPAOCTHIO (6...6.5), XpYNKOCTHIO U
IUIOTHOCTBIO B mpefenax 2.61...2.76 r/cm’, coBepiieHHO# cnaitHocTbi0. OHE Heyc-
TOMYMBBI K XUMUYECKOMY BBIBETPUBAHUIO U MEPEXOAT B TIUHUCTHIE MUHEPAJIBI.
[TpumeHstOTCS B KauecTBE 0C000 IIEHHOTO JEKOPATUBHOIO M OOJUIIOBOYHOTO Ma-
tepuana (Jlabpamop). Ux mecTopoxaeHus: U3BECTHBI HAa Y paje.

K ugmciny kapkacHbIX amoMOCHIHKaToB oTHOocuTcs Hedemun Na [AlSiCy],
BXOJALINI B HE(ETMHOBBIE CUEHUTHI, HE(ETUHUTH U ApP. DTO OECLBETHBIN WIIH
cepoBaTo-0eNblii MUHEpall ¢ pa3HOOOpa3HBIMU OTTEHKaMH, TBEPJAOCTH - 5 ... 6,
IIOTHOCTH - 2.6 T/cM, HECOBEPIICHHAsl CIAWHOCTb, HEPOBHBIM WJIM PAaKOBUCTBIN
u3noM. B pe3ynbrare XMMHUYECKOTO BBIBETPUBAHUS MPEBPAINAETCS B TNIMHUCTHIN
MuHepal (kaoauHuT). Mcnonb3yeTcst mpu mpou3BOJICTBE LIEMEHTA, CTEKIa; U3 OT-
XOJIOB MOIY4arOT TJIMHO3EM, COAY, YIbTpaMapuH U JAp. MecTOpOXKACHUs ITHX IO-
pox n3BecTHbI Ha Konbckom nosyoctpoBe (XuOuHBI).

K nenTounsiM cunukaram (am¢pudoIaM) OTHOCUTCS POTOBasi OOMaHKa.

HNmeer clOXHYIO XUMHYECKYIO (opMmydy, OKpalieHa B TEMHO-OyphIe,
3enéHbple M YEPHBIE L[BETA C IIEIKOBUCTHIM WM CTEKJISHHBIM OneckoMm. Mmeer
BBICOKYIO TBEPHOCTH OT 5.5 10 6 M mioTHOCTH B mpemenax 3.1 ... 3.36 r/em’,
XapaKTepU3yeTCsd COBEPIICHHOW CIIAMHOCTBIO W 3aHO3UCTBIM M3JIOMOM. EE
HaubOoJee U3BECTHBIE MECTOPOXKICHHUS HAXOATCS Ha Ypae.

Asrurt - MaraesuanbHo-xenesuctoiii cumukat Ca (Mg, Fe, Al)[(S1, Al,)Og]-
OTHOCHUTCS K IIENOYeYHbIM cuiiukataM. OOBIYHO OKpallIeH B TEMHO-3€TIEHBIN, YEp-
HO-OYypBbIif UM YEPHBIN LIBET CO CTEKIISTHHBIM OJIECKOM.

VMeeT TBEPAOCTD 5...6 U IUIOTHOCTH B mpefenax 3.2 ... 3.6 T/cM’, COBEpIICH-
HYIO CITAMHOCTB, TOBBIIEHHBIE BI3KOCTh U ITPOYHOCTh. BeTpeuaercs Ha Ypane.

Myckosur - 6emas cmoma KAIL(OH),[A1Si130,0]. meer mepaamyTpoBbiit
OJIeCK, BECbMa COBEPIICHHYIO CIIAiHOCTh B OJHOM HAaINpaBJIeHUH, OJarogaps uemy
JIETKO pacUIeTUIAeTCS Ha TOHKHE W MPO3payvHble YIPyTHue JUCTOUYKH, HEBBICOKYIO
TBEPHOCTS (2 ... 3) M IIOTHOCTH B mpeaeiax 2.8 ... 3.1 r/em’. XUMUUECKH CTOCK,



MIPU BBIBETPUBAHUU MEPEXOIUT B POCCHITU 0€3 3aMeTHOTO n3MeHeHus. Mcmomb3y-
€TCS KaK DJICKTPOM3OJSIITMOHHBIA MaTepHall, MOCHITIOYHBINA, TMPU W3TOTOBIICHUH
KPOBEILHBIX MaTepUaJiOB, OTHEYOPHBIX KPACOK, KepaMUUECKUX u3aenii. MecTto-
poxknenust HaxosaTcs Ha Kombckom momyoctpose, Ypaie u B Cubupu.

Buorur - uépuas win Oyporo nsera caoga K (Mg, Fe)3 [Si;A10,9] [OH,
F],. Umeer neGomnpmiyto TBEPAOCTH (2...3), BeCbMa COBEPIICHHYIO CHAWHOCTH B
OJIHOM HAaIlpaBJIE€HUH, JIETKO PACUICIUISETCS Ha TOHYAMIIKMe yNpyrue IMiIacTUHKH.
XUMHUYECKH HE CTOEK. MeCTOpOXKIeHUsI U3BECTHHI B 3a0alikaibe U Ha Ypaie.

[uapocnroasr - CAIOAOMOMO0HBIE MHHEPAJBI, COACPKAIIAE 3HAYUTEITHHOE
KOJIMYECTBO CBsi3aHHBIX MoJiekyd H,O Mexy cloucTeiMu maketaMu. ['uapocito-
JIbI TIPEJICTABIISIIOT COOO0M pe3yIbTaT BHIBETPUBAHUS MYCKOBUTA, OMOTUTA U JPYTUX
MUHEPAJIOB IPYIIIbI CIIOJI U PAaCCMATPUBAIOTCS KaK MPOMEKYTOUHBIE COEAMHEHUS
MEXAY CIIOJaMU U TJIMHUCTHIMU MUHEpaJIaMH CJIOMCTOU CTPYKTYphl. Cpeau 3Tux
MUHEpaIoB HauOoJbIlIee MPAKTUUECKOE 3HAUEHHE UMEET BEPMUKYIUT 30JI0TUCTO-
ro win kopuuHeBoro nsera (Mg, Fe,+, Pes+)3 (OH), [(Al, 81),0,0] 4H,0. On
uMeeT Hu3Kyko TBEpAocTh (1 ... 1.5) i miotHoCTS (2.4 ... 2.7 T/CM’), COBEPIICHHYIO
CHAaHOCTh M CIIOCOOEH pa3/ieNiAThCsl HA TOHKME TMOKHE HEeyNnpyrue IUTACTHHKU.
[Ipu npokanuBanuu, B uHTepBasie remmeparyp ot 900 no 1100 °C, ero mosexysip-
Has BOJa MpeBpaliaeTcs B nap ¢ oOpa3oBaHHeM BHYTpeHHero napieHus. O6pazo-
BaHHE BO3AYUIHBIX MPOCIOEK COMPOBOXKIAETCS yBeaudeHueM oobéma (B 15 ... 25
pa3) U YMEHbIICHHEM ero cpeareii miotHoctd 10 100 ... 300 Ko/’

BepMuKyIUT - XOpOIIUH TETUIOU30ISIUOHHBIN U 3BYKOU30JISIIIUOHHBIN MaTe-
puai. MecropoxaeHust uMeroTcsa Ha KosibCkoM nmosyocTpoBe, Ypaie.

K rpymnme BTOpUYHBIX CTIOMCTBIX CUIITMKATOB OTHOCSITCS TAJIBK, acOecT, Kaomu-
HUT U MOHTMOPWIJIOHHT.

Tanpk Mg3[Si140,0][OH], o6pa3yeTcs npu u3MeHEHUH MarHe3HAIbHBIX CHIIN-
KaToB W amoMocwimkaToB. OkparieH B Oembiid, OJeaHO-3€IEHBIA I[BET, WUMEET
CTEKJITHHBIA OJECK C TepJaMyTPOBBIM OTJIMBOM, OYEHb HH3KYIO TBEPIOCTH
(menbie 1), maotHocth (2.7 ... 2.8 F/CM3), BEChMa COBEPIIEHHYIO CIIAMHOCTH U
JIETKO PacCHISIUISETCS Ha TIaJKUe HEYNPYTHe IIACTUHKH, )KUPEH Ha OmIymb. [Ipu-
MEHSETCS B IPOU3BOJICTBE TUIACTMACC, MACT, TJIa3ypeil, KHCIOTOYMOPHBIX U3ICIUN.
MecTopoKaeHus U3BECTHHI Ha Y pale.

AcOecT - UMeeT HECKOJIbKO Pa3HOBHUJIHOCTEN, HO HauOOJbIIee MPUMEHEHHE
nMeet xpusoTui-acoect Mgq[Si,0,0][OH]s. s acOecra xapakTepHa mapayieib-
HO-TOHKOBOJIOKHHCTAsI CTPYKTYpa C JJIMHOW BOJIOKOH, KOJIEOTIOMIEHCS OT AECATHIX
noisieid Musuumetpa 10 20 ... 25 mm, a uHorzaa 1o 50 ... 150 mm. OH umeer 3ene-
HOBATO->KENTHIN, a B PACIyIIEHHOM COCTOSIHUM CHEXXHO-OEJbIN 1[BET, HEBBHICOKYIO
TBEPAOCTH (2 ... 3) U CIIOCOOEH PACIIETUIATHCS HA MPOYHbIE BOJOKOHIIA TOJIIIMHON
Menblie 0.0001 mm.

Otnuyaercss BBICOKOM OTHECTOMKOCTBIO M IIEIOYEYNOPHOCTHIO, IIJIIOXO
IPOBOJIUT TEIUIOTY W DJIEKTPUUECTBO. MecTOpOXK/IeHHs] W3BECTHBI Ha Ypale, B
3abaiikanre, CasgHax.



Kaomuaut Al[S1,05][OH]4 siBsieTcs T71aBHBIM MUHEPAIOM MHOTHX TJIHWHHU-
CThIX ITOpoA. VIMeeT COBEPIICHHYIO CIAalHOCTb, JIETKYIO PaCUIEIIIEMOCTh Ha TOH-
KHE HEYNpyTHe YellyiKu, BeCbMa HU3KYIO TBEPIOCTH (MeHbIIE 1) U HEBBICOKYIO
IIOTHOCTB - OKOJIO 2.6 r/cM’. B IPHpO/IEe OH BCTPEYaeTCs B BHAE PHIXJIBIX Helyii-
YaThIX WM MJIOTHBIX TOHKO3EPHUCTBIX arperaTon 0€oro 1BeTa ¢ pa3InyHbIMU OT-
TEHKaMHU 1 MaToOBbIM OjieckoM. OOpa3zyercst MyTEM BbIBETPUBAHUS AIFOMOCHIINKA-
TOB (MOJIEBBIX HINATOB, CIOJ U Ap.). OCHOBHBIM MOTpEeOUTENEM SIBISETCSA Kepa-
MHYECKasi IPOMBIIUIEHHOCTh, IPUMEHSAETCS IPU MPOU3BOJICTBE IJIACTMACC, IMYJIb-
raTopoB, KpacuTeseu u 1.1. MecTopoIeHHs paciipocTpaHeHsl Ha Ypaie, B [loa-
MOCKOBBE.

MOHTMOPHJIZIOHUT OTJIMYAETCS HETOCTOSSHHBIM XUMHUYECKUM COCTaBOM, KOTO-
peiii onuckiBaerca dopmynoit (Al, Mg), (OH), [Si4040], H,O u 3aBucur ot co-
nepkaHusi BoJbl B atMochepe. MiMeeT MOABMKHYIO KPUCTAJUIMUECKYIO PEHIETKY,
BCJIE/ICTBUE YETO MPUOOPETAET CIIOCOOHOCTh K CHIIBHOMY HaOyXaHUIO B IPUCYTCT-
BUHU BOJIBI (10 3 pa3), a IpyU Harpe€BaHWM K 3HAYUTEIbHOM ycaake. MimeeT He3HAUu-
TENBbHYIO TBEPAOCTH (MeHbILE 1), Oeyto OKpacky ¢ pa3sHOOOpa3HBIMU OTTEHKAMH,
MaTOBBIA OJIECK, COBEPILIEHHYIO CIMAaWHOCTb, HEMOCTOSHHYIO IUIOTHOCTb M KHUP-
HOCTb. B 4uCTOM BHE HCHONB3yeTCs Kak afcopOeHT (0TOenuBaTeNb), HAIOJIHU-
TE€Jb, SMYJIBIaTOP B PE3MHOBOM, IIACTMACCOBOM, KEPAMHYECKOM IPOU3BOJICTBAX.
BricokokauecTBEHHbIE MECTOPOKACHHS HaxoasaTcsa Ha KaBkase.

OKcuapl SBISIIOTCS COEAUMHEHUSIMU METAJUIOB M METAILUIOUJOB C KHUCIOPOIOM.
Haubonee pacrpocTpaH€HHBIM MHHEPAIOM 3TOr0 Kiacca saBisieTcss kBapu SiO,,
BCTpPEYAIOUIUICS B BUJIE TPEX IIaBHBIX MOJIU(UKaLMii: anb(a-KBapil, TPUJIUMUT U
Kpuctobanut. OCHOBOM €ro KpUCTAIUIMYECKON CTPYKTYpPBI SBIISIOTCS KPEMHEKHUC-
JIOPOAHBIE TETPA3APbI, KOTOPbIE 00PA3yIOT MPOUYHYIO PEHIETKY KapKacHOTO THUIIA.
Haubonee uzydeHHBIM sBiIsieTCs aib(da-KBapl] Uiu npocto kBapil. OH ycToWuMB
npu temmeparype numxe 573 °C.

Tpuagumut ycroiiuuB B TemmeparypHom uHTepBasie oT 870 mo 1470 °C, a
KpuctoOanut - npu temneparype Huxke 1713 °C. CpoiicTBa 3TUX MOAUGUKALIHAMI
3aBUCAT OT HEIUIOTHOW YNMAaKOBKH HOHOB KHCJIOPOJa B KPEMHEKHUCIOPOIHBIX
kapkacax. IIpy ogHOM M TOM 3Ke cmocoOe CLEMJIEeHUS KPEMHEKHCIOPOIHBIX
TETPa3ApoOB JpPYyr C JPYroM 4Yepe3 HMX BEPIIMHBI MEXAY HHUMH MOSBISIOTCS
MyCTOThI, KOTOpbIE B HHU3KOTEMIIEPaTYpHOM KBapie oO0OJajalT MalbIMU
pa3Mepami, a B BBICOKOTEMIIEPATYPHBIX, 00JI€€ PBIXJIO OCTPOSHHBIX TPUIUMUTE U
KpuctoOanute, ouu kpymnHee. [loatomy anbda-kBapil 3HAUUTENBHO MIIOTHEE (2.65),
yeM TpuaumutT (2.30) u kpuctobanur (2.27 r/em’). B NPSIMOM 3aBUCUMOCTH OT
CTPOCHUSI HAXONATCA M ONTHYECKUE CBOWCTBA. KBaplm XHWMHYECKM CTOMKHMI
MUHEpa.

Hcnonp3yeTcsi B CTEKJIIHHON U KEpaMUYECKON MPOMBIIIIEHHOCTH, KaK 00JIH-
[IOBOYHBIM, a0Opa3uBHBI MaTepuan. MecTopokIeHHUs W3BECTHBI Ha Yparie,
[Tamupe u B 3abaiikanbe.

B npupone gacto BcTpedaetcss aMmopdHbIi KpeMHe3éM - onaa SiQ, ¢ nH,0.
Conepsxanne Boabl B HEM Konebsercs oT 1 10 5 %. B unctom Bune on 6ecrBeTeH,



HO MPHU HATUYHUH MPUMECE MpUOOpeTaeT pa3nuyHble OTTEHKH; UMEET CTEeKJISH-
HBIH, a y IOPUCTHIX PA3HOBUAHOCTEN MATOBBIN OJiecK, HU3KYIO TIOTHOCTH (1.9 ...
2.5 r/eM’) m cpeaHioro TBEPHOCTB (5 ... 5.5). CpaBHHTEIBHO JIETKO PACTBOPSIETCS B
nienoyax, Hanpumep B KOH, HO B kuciorax He pasznaraerca. MecTopoIeHus
pacnpoctpanensl B Cpennem [loBomkbe, Ha Ypaiie u 1p.

W3 rpynmbl OKCHAOB M THIPOOKCHAOB XKejle3a MNPAaKTUYECKOE 3HAUEHUE
UMEIOT KPHUCTAJUIMYECKU TeMaTUT U aMOp(HBIA JTUMOHMT. ['eMaTuT (KpacHbIN
xene3nsak) Fe,O; comepxkur no 50...65% xeneza. MimeeT momymeTaiuyecKuid
6IIeCK, BBICOKHE IUIOTHOCTS (5...5.2 T/cM’), TBEPAOCTB (5.5...6), HEPOBHBIH H3IOM;
XpYINok. ['eMaTuT - XuMH4YECKH CTOMKHI MUHEPAJL, SIBJISETCS LIEHHBIM CBIPBEM IS
NOJIyYEHHsSI 4yryHa, cTaid. Mcmonp3yercss B KadyecTBE NMUIMEHTAa B KpAacKaXx.
N3BecTHBl MecTOpOXKJeHUd B pailoHe Kypckoil MarHMTHOM aHoOMaluu, Ha
CesepnoM Ypaie. Jlumonut (Oypsiit xene3nsik) Fe,O3 ¢ nH,0, rae b 6mm3ok k
L.5.

NmeeT clnoxHbIM U IEPEMEHHBIN COCTaB C BKIOUEHUEM THAPOOKCUIOB JKEJle-
3a ¥ TJIMHUCTBIX MUHEPAIOB. TBEPIOCTh U MIIOTHOCTh U3MEHSIOTCS COOTBETCTBEH-
HO B mpeenax 1...4u3.3...4 r/cm’. SIBisieTcst CHIPHEM U IPOM3BOACTBA YYTyHA U
CTaJld pU coAepxkanuu xemnesza 10 35...40%.

KpynHbie MeCcTOpOXKIEeHNS N3BECTHBI HA Ypase u KepueHCKOM MoayocTpoBe.

KapOonaTs! sSBISIOTCS COMSIMU YroJbHOM KHCIIOTHI. Hanbomnee pacnpocrpane-
HBI KaJbIUT, MarHe3UT, J0JOMUT U HUTPUT. Kansiutr CaCQO3 - kpuctammyeckui
MUHEpaJl poMO03IPUUECKOM, MIACTHHYATON (POPMBI, OECIBETHBIM MU MOJIOYHO-
0eJIol OKpacKu, CO CTEKIISTHHBIM OJIECKOM, HU3KOU TBEPIOCTHIO (3) U MJIOTHOCTHIO
(2.6...2.8 T/cM’), C COBEPILICHHOMN CMAMHOCTBIO IO TPEM HAMPABICHUSM M POBHBIM
uznomoM. Kanbuut cnabo pacTBOpuM B BOJE, HO MO/ BIMSIHUEM YTJIEKHCIOTHI Te-
pexonut B bukapoonar kanenus: CaCO3 + H,0 + CO, = Ca(HCO3),, KoTOpbIi
pactBopsieTcsi B Bojie B 100 pa3 serue, uem caM KaibIuT. KaJlbIUT JIeTKO pacmo-
3HAETCS MO PEaKINH «BCKUIMAHUS» O] ICUCTBUEM pa30aBICHHON COJISIHOM KUCIIO-
ThI, KOTOpas BbI3bIBACTCSI OYPHBIM BBIJEICHUEM YTICKUCIIOTO rasa.

YcnoBusa 00pa3oBaHus CBSI3aHbl C HAKOTUIEHUEM U3BECTHSKOBBIX HIIOB.

MecToposxaeHus: pa3IMuHbIX BUOB KaJbIUTa, & TAK &Ke Pa3HOOOpPA3HBIX Kap-
OOHATHBIX MOpoJ (Mesa, MpaMopoB) Berpevatorcs B Kapenuu u Ha Ypane. OHu
SABJISIFOTCS] LIEHHBIM MOJIEIOYHBIM MATEPHUAJIOM, CBIPbEM ISl IPOU3BOACTBA IIEMEH-
Ta, U3BECTH, OTHEYTIOPOB.

Maruesut (MgCO;) no cTpykrype u (popmMe KpUCTAIIOB CXOJIE€H C KaJbIHU-
TOM, HO pacrpocTpanéH pexe. OkpailleH B O€Jblil LIBET € >KEeJITOBATHIM UIIU CEpPO-
BaTbIM OTTEHKOM, UMEET CTEKJISIHHBIN OJecK, CpeaHIo TBEPAOCTD 4...4.5 U HEBBI-
COKYIO IUIOTHOCTH 2.9 ... 3.0 r/cv’. B oTimuue ot kanpuuTa npu Bosaeiictsun HCI
pEeaKIMy BCKUMaHUsl He OOHAPYKUBAET.

OO6pasyeTrcst o1 BIMSAHUEM TOPSYUX MarHe3uajgbHbIX PACTBOPOB HAa M3BECT-
HSKM U TPU BBIBETPMBAHUM MAarHe3UalbHBIX CHJIMKATOB (CEepHeHTHHOB). B
IPUPOJIE BCTPEUAETCS] B BUJE CIUIONIHBIX MPaMOPOBUIHBIX (KPUCTAIUIMYECKUX) U
IJIOTHBIX



(amopdHBIX) Macc, KOTOPbIe UMEIOT OOJIBIIIOE MPOMBIIIJIEHHOE 3HAYEHUE, 0COOEH-
HO MPHU NMPOU3BOJICTBE BHICOKOOTHEYTIOPHBIX M3IEIUN.

Honomut [(Ca, Mg)CO;3] no cTpykType cXojJeH ¢ KambuuToMm. OKpalieH B
OemNblii UM CepOBATO-KENTHIN IBET CO CTEKJISTHHBIM OJIECKOM, UMEET CPEIHIOI0
tBEpIOCTE (3.5 ... 4), HeBBICOKYIO wIOTHOCTE (1.8 ... 2.9 r/cM’), COBEpIICHHYIO
CHaHOCTh M CTyneHuyarbli wu3iaoMm. Bcekumaer ¢ xonognoi HCI1 Tonbko B
MOPOLIKE.

Hatput Na,C03;-10H,0 - OecuiBeTHBINM UM OKPAIICHHBIN B OEJbIM IIBET MHU-
HEpaJI CO CTEKJITHHBIM OJieCKOM, HeOobion TBEpAOCTHIO (1 ... 1.5), MIOTHOCTHIO
(1.4 ... 1.5 t/em’) u HecoBepmenHoii craitnoctsio. C HCI o6HapyxuBaeT GypHyIo
peakuuio Bckunanus. [Ipu HarpeBaHuu pacTBopsieTcsi B COOCTBEHHOM KpUCTaIU-
3anOHHOM BoJie. OH 00pa3yeTcsi B COJSHBIX 03€pax, OOTraThIX HATPHEM, MPH U3-
obiTke pactBopéHHOro CQO,. [IpuMensieTcss mpu NMpoU3BOACTBE CTEKJa, B METaj-
aypruu. ComoBbie MECTOPOXKIEHHS paciipocTpaHeHsl B Boctounoit Cubupu.

Cynbdatsl - conu cepHOi KUCIOTHL. B cTpouTenbcTBe U3 3TOM TPYMIBI MUHE-
PaJoOB HUCHOJB3YIOTCS aHTUJIPUT, TUIIC, OAPUT U MUPAOUITUT.

AHTUIPUT WMMEET 3E€pPHUCTBIM BHUJ, T0IyOOBaTO-O€NbI LBET, CTEKISHHBIN
6IIeCK, HEBBICOKYIO TBEPAOCTD (3 ... 3.5), IIOTHOCTH OKOJIO 3 I/CM’, COBEPIICHHYIO
CHalHOCTh M JINCTOBOM M3JIOM. JIerko MpUCOeAMHSET BOAY, MEPEXOIs B THUIIC C
yBenuueHueMm B 00béme 10 30%.

['unc CaS04-2H,0 - KpuCTATUYECKA MUHEPAJT, IMEET OCTIBIN IBET, MATYIO
tBEpHOCTH (1.5 ... 2), HU3KYIO IUIOTHOCTB (2.3 I/cM’), BEChMa COBEpPILICHHYIO CIIaii-
HOCTb U JINCTOBOM U3JIOM, OTJIUYAETCS XPYIKOCTHIO.

PactBopuM B Bojie (0/IHa 4acTh TUIICA HA JBE YaCTU BOJbl). B reHeTHueckomM
OTHOLIEHUU OTHOCHUTCS K TUIIMYHBIM XUMUYECKUM OCaJIKaM U 00pa3yeTcsi B BbICHI-
XaoUUX Y4acTKax MOps.

baput (Tsxéneiit mmnar) BaSO4 umeet TabautyaTyo Gopmy KpUCTaIoOB, 00-
pasyeT rpy003epHUCTbIE TUIOTHBIE MAcChl OEJIOr0 U Ceporo I[BETa CO CTEKIJISTHHBIM
0J1eCKOM, HEBBICOKOH TBEPAOCTHIO (2.5 ... 3.5), coBEpIIEHHO CITallHOCTHIO, HEPOB-
HbIM m370MOM. OTimdaercss ciaaObIM MPOMYCKaHWEM aKTHBHBIX JIydel (ramma-
Jy4YH, pEHTT€HOBCKHUE U JIPYTUE), BCIEACTBUE YETO UCIOIb3YETCS A IPOU3BOICT-
Ba clienuaIbHbIX 6eToHOB. OOpa3yeTcs BbINaJACHUEM U3 BOAHBIX pacTBOpoB. [Ipu-
MEHSETCS I MPOU3BOJICTBA CHELUUATBHBIX CTEKOJI, KEPAMUYECKUX IMAJIEH, Iia-
CTMAccC, BBICOKOCOPTHBIX KpacoK. MecTopoKIeHrs UMEIOTCS Ha Y paiie, AnTae.

Mupabuiutr Na,S04,-10H,O coxaepxkut cBbiie 55 % KpUCTATU3ALMOHHON
BoAbl. OOpa3zyeT OeclBETHBIC U MPO3PAUYHbIE XPYNKUE KPUCTAIIIBI C TBEPIOCTHIO
(1.5 ... 2) u wiotHOCTHIO (1.48 r/em’) ¢ COBEpUIEHHOW cniaifHOCThI0. JIerko pacTBo-
psieTcs B BOJE, HO TaK K€ JIErKO €€ OTHAET B YCIOBUAX CYXOU Cpefibl, MPEBPAIASICh
B 0e3BOAHBIA Oenblii MOpOIIOK. SIBIAETCS MHUHEpAJIOM XHMHUYECKOrO TI'eHe3uca
(3anuB Kapa-boras-T"on). [Ipu B3aumoaeiicteuu ¢ HC1 He oOHapy>kuBaeT peakiuu
«BCKHITAHMS», YEM U OTIMYAETCS OT IMOXO0KEW Ha HETO COJIbI, a IIPU TEMIIEpAType



32 °C pactBoOpsieTcs B COOCTBEHHOM KpHCTaNIM3allMOHHON Bojie. VMcnonb3yercs B
CTEKOJIbHOM ¥ XUMUYECKOW MPOMBIIIJIEHHOCTH (COJa, KPACKHU U JIp.).

Mecropoxaenus n3BectHbl B Kapa-borasz-I'one (Kacnuit).

CynbhuThl SBISIIOTCS COSAMHEHUSIMU CEPBI C JAPYTUMH 3JIEMEHTaMHU, B TOM
YHCIIE C KEIE30M.

[Tuput FeS,, BcTpewaercss B BHIie XOpOIIO OOpPa30BaHHBIX KPUCTAJUIOB H
OOJBIINX 3EPHUCTHIX CKOIUICHUH - KOMYeAaHHBIX 3anexeil. MMeer 3o0moTHCTO-
KENTHIN BT, METAJUTMYECKUN OJIECK, OTJINYAETCS BBICOKOH TBEPIAOCTHIO (6 ...
6.5), cpeaHeil mIOTHOCTBIO (4.9 ... 5.2 T/CM’) M HECOBEPIICHHOH CHAiHOCTBIO.
Jlerko rugponusyercs ¢ 00pa3oBaHUEM THIPOOKCUIOB U CEPHON KHUCIIOTHI, KOTO-
pasi cnocoOCTBYET OBICTPOMY pa3pylleHUI0 nopoa. [TupuToBbie pyabl SABISIIOTCS
CBIPbEM JJIs1 IPOU3BOJICTBA CEPHOU KHUCIOTHI, TPUUEM MOOOUYHBIM MPOIYKT ITOTO
IPOU3BOJACTBA, MUPUTOBBIE OTapPKU, MUCIOJIb3YIOTCS B TEXHOJIOTHU MPOU3BOJICTBA
NOPTIAHIEMEHTA, a TaK ke JJIs MOTyYEHUS.

KunoBaps HgS, xpynkuii MuHepan KpacHOTO I[BETA C CHUJIbHBIM MOJyMeTall-
JIMYECKUM 6IIeCKOM, TBEPAOCTBIO (2 ... 2.5), mioTHOCTHIO (8.09 ... 8.2 T/cM’), He
IPOBOJUT AnekTpuuecTBa. [IpuMeHsieTcst s U3roTOBJICHHS KPAcOK, HO TJIABHBIM
o0pa3oM Jj1s moJTydeHust pTyTH. MecTtoposkieHust u3BecTHbI B 3anagHoit Cubupu.

3.3. 'opHble MOPOaBI

["opHBIe TOPOABI SIBISIFOTCS IJIOTHBIMH UJTH PHIXJIBIMU arperataMu pa3indHbIX
MUHEPAJIOB WK 00JIOMKOB KaKMX-IH00 NMOpo. I'opHbIE TOPO/IbI OTINYAIOT 3HAYU-
TenbHblE KosnebaHus nopucrtoctd ot 0.1 % y marMaTtmdyeckux TOpPHBIX MOPOJ
(rpanuTt) 10 80 - 85 % y ocamoOYHBIX TOPHBIX NOPOJ (IUATOMUTHI, TPEMEIbI, ONO-
KH), BojomnorjioiieHue Kotopeix pocturaioT 100 %. Marmatuueckue ropHbi€ MO-
ponbl Orarojapsi UX apXUTEKTYPHOU BBIPA3UTENBHOCTH U THUIPOU3OJISIUOHHBIM
CBOMCTBAaM HCHOJIb3YIOTCA ISl BHEIIIHEW U BHYTPEHHEN OTICJIKU 34AHUM.

Ocano4Hbie TOPOABI SABJISIOTCS CHIPHEM ISl TOTYUYESHHSI )KUPOCTOMKUX TEII0-
M30JSIIIMOHHBIX MaTepuanoB ¢ kodddumuentom tertonpoogHoctu 0.087 - 0.52
B1/(M-°C) u temneparypoit npumenenus 1o 600 °C (acbectocoaepxaiue), 850 -
900 °C (Ha ocHOBe quaTomuTa, Tpemnena). [Ipyu n3rotoBiaeHnn akyCTUYECKUX MaTe-
puanoB KOd()PUIMEHT HX 3BYKONOIJIOMIEHUS B 3aBUCHMOCTH OT YacTOTHI
3BYKOBBIX BOJIH OynyT cocTaBiath 0.1 - 0. 84.

I'opHBbIE TOPOBI NMEIOT OTHOCHUTENIBHO TOCTOSIHHBIA MUHEPAJIbHBINA COCTAB U
cnenupuyeckoe BHYTPEHHEE CTPOCHHE, OINpeeNieMOe CTPYKTYPHBIMU H
TEKCTypHBIMH ocoOeHHOocTsAMU. [log CTpyKTypoil NOHMMAOT COBOKYITHOCTb
OCOOEHHOCTEH CTPOEHMSI MOPOJbI, KOTOpbIE OOYCIIOBIEHBI CTENEHBIO €€ KpH-
CTAJZIMYHOCTH, (POPMOI U pazMepamu 3€PEH, a TaKKE COOTHOIIEHUEM COCTAaBHBIX
yacTed  MHUHEpPaJbHBIX  KOMIIOHEHTOB. TekcTypa K€  XapaKTepu3yercs
COBOKYITHOCTBbIO IIPU3HAKOB, ONPEICISIEMbIX B3aUMHBIM DACIOJIOKEHUEM U
ONpeeNAeMbIX B3aUMHBIM pPAacIOJOKEHUEM U pacHpelleICeHUEM COCTaBHbIX
qacTen



OpO/bI B 3aHUMaeMOM €10 00béMe. OHa 0TOOpakaeT 0COOEHHOCTH €€ BHEIIHETO
00JIHMKa: CIIOUCTOCTh, CIAHIIEBATOCTb, IOPUCTOCTh, MACCUBHOCTb, IEKOPATUBHOCTD.
[Topoab! MOTYT OBITH MOHOMUHEPATBHBIMH, T.€. COCTOATH U3 3EPEH OJJHOTO MUHE-
pana, ¥ MOJTUMUHEPATHLHBIMH, KOTIa TPOU3O0IIIO CPACTAHUE ABYX MM HECKOIBKHUX
MUHEPAJIOB, PA3IMYHBIX 10 XUMUYECKOMY COCTaBY M CBOMCTBAM.

Bce nopoabl 1o MpOUCXO0KIAECHUIO MOAPA3AESIOTC HA mpuy munda. Mazmamu-
yeckue (NepBUYHBIE), OOpa30BaHUE KOTOPHIX CBSI3@HO C OCTHIBAHHMEM MAarmbl
(CHJIMKATHOTO pacIiaBa CJIOKHOTO COCTAaBa) B PA3IMYHBIX TEPMOJUHAMUYECKHUX
YCIIOBUSIX 36MHOM KOpBI, ONPEIENsieMbIX COBOKYITHOCTBIO BO3JIEUCTBUSI BBICOKUX
TEMIIepaTyphl U AaBJICHUS, a TaK e KOHLEHTpAlUe MUHEPAIbHBIX KOMIIOHEHTOB,
coJiepKalIuxcsl B paciljiaBe; ocadounsle (BTOPUUHBIE) TOPOJIbl, CHOPMUPOBAHHBIE
Ha TTOBEPXHOCTU 3€MIJIU, B YCIOBUAX HU3KON TeMIeparypbl U aTMOCHEpPHOro /1aB-
neHusi. OHU SBJSIOTCS PE3yJIbTaTOM HAKOIUICHUS MPOIYKTOB pa3pylIEHUs IPYTHUX,
paHee oOpa3OBaHHBIX MOPOJ, BBINAJECHUS PA3TUYHBIX XUMUUYECKUX 00pa3oBaHUM
U3 BOJIHOM Cpe/ibl U HAKOTUICHUS POYKTOB )KU3HEEATETbHOCTH PACTUTENIbHBIX U
’KUBOTHBIX OPTraHW3MOB Ha CYIIE U B BOJIE; Memamopguueckue (M3MEHEHHBIE) TTO-
poabl, 00pa30BaBUIMECS U3 OCAJOYHBIX U MAarMaTH4e€CKUX MOPOJ MYTEM IMOIHOTO
WM YaCTUYHOTO UX MpeoOpa3oBaHUsl MOJ BIUSHUEM BBICOKMX TEMIIEPATYPhl U
JABJICHUS, TOPSAYUX MUHEPAITU30BAHHBIX PACTBOPOB U PACKAIEHHBIX T'a30B.

Marmatuueckue nopoasl. [Iporecc ux o6pa3oBaHusi COCTOUT B MOCTEMEH-

HOM KPUCTAJUTU3AI[MH MarMbl C MOCJIEIOBATEIbHBIM BBIJICIICHHEM TBEPIBIX MHUHE-
paJIbHBIX KOMIIOHEHTOB MpU €€ OCTBHIBAHWU 0 TOJHOTO Iepexoia B TBEPIOE
COCTOSIHHE.
B 3aBucuMocTH OT yclioBui 00pa30BaHHs MarMaTHYECKUE MOPOABI Pa3IessaiOTCs
Ha 21yOunHble (UHTPY3UBHBIC), uznuewueca (3bOy3uBHBIC) U HOIY2IYOUHHDbBIE
(runabuccanphble). ['myOnHHBIE TOPOIBI 00pa3yrOTCs Ha OONBIINX TTyOMHAX B yC-
JIOBUSIX BBICOKMX TEMIIEPATypPhl U JIaBIICHUSI, MEJJICHHOTO ¥ PABHOMEPHOTO OCTHI-
BaHus Marmbl. OHO 3aBepiuaercss (OPMUPOBAHUEM PA3HOBUAHOCTEH C MOJHOKPH-
CTAJUJIMYECKOU CTPYKTYPOH, MACCUBHOW TEKCTYPOW M PABHOMEPHBIM pacIpeaese-
HUEM MHUHEPaJIbHBIX COCTABHBIX YacTel B Macce MOPOAbl, TIOObIE yUaCTKA KOTOPOit
OJIMHAKOBBI IO COCTaBY U CTPYKType (puc.3.5). M3nuBmmecs nopobl MOSBISIIOTCS
Ha TOBEPXHOCTH 3€MJIM B YCJIOBHUSX HHU3KOM TeMmmeparypbl U aTMoc(epHOro
JABJIEHUs TIPU OBICTPOM OTJaye TEIJIOTHl U OBICTPOM BBIIEIEHUU Ta3000pa3HbIX
BEILECTB U3 JIaBbl C 00pa30BaHUEM B HEMl MHOTOYHUCIIEHHBIX MOP, COXPAHSIOIINXCS
U 1mocie 3aTBepAeBaHud. [103TOMy OHU OTIMYAIOTCS HEMOJHOKPHUCTATUIMYECKOM
CTPYKTYpOii ¢ oOuiueM aMop@HOro cTekia, HeOAHOPOIHON TEKCTYpOU U depeo-
BaHMEM B €€ 00bEME YYaCTKOB C HEOJUHAKOBBIMH COCTABOM M CTPYKTYpoH (puc.
3.6). IlomyrmyOuHHBIE TOPOIBI 00PA3yIOTCS HA HEKOTOPOU TITyOMHE OT MOBEPXHO-
CTH 3€MJIM MPU U3MEHSIOEMCS PEXKUME MOHMKEHUS TEMIIEPATyphl, B Pe3yJibTaTe
4Yero U3 Marmbl BBIACISIIOTCS Pa3HOPAa3MEpPHbIE KPUCTAILIIbI OJHOTO U TOTO K€ MHU-
HepaJa: KpyIHble, 00pa30BaBIIMECs B IEPBYIO, U MEJIKUE, MOSBUBIINECS BO



BTOpYI0  (a3pl Kpuctammuzauud. CTPyKTypel 3THX MOPOJ  OTJIMYAIOTCA
Pa3HO3EPHU-CTOCTHIO M Ha3bIBAIOTCS MOP(PUPOBUTHBIMH.

B 3aBucMMOCTH OT KOJTMYECTBEHHOT'O CO/ICPKAHUS KpeMHe3éMa BCe MarMartu-
YECKHUE MOPOJIbI PA3AEISIIOTCSA: HA YJIbTPAKUCIbIE - CBbIIE 75 %; KHUCIbIE - OT 65
10 75 %; cpennue - ot 52 10 65 %; ocHoBHBIE - 0T 40 10 52 % U yIBTPAOCHOBHBIE
- meHee 40 % kpemHe3éma. C yMEHBIIEHHEM €ro COJEpKaHUS BO3PACTAET
IUIOTHOCTh M TEMHEET OKpacka MarMaTHYeCKHX MOPOJ, TaK KaKk B UX COCTaBe yBe-
JUYUBACTCS KOJMUYECTBO 0OJiee TSKEINbIX )KeJIe3UCTO-MarHe3ualbHbIX CHIINKATOB.
[maBHeMIIMMN MUHEpalaMyd MarMaTU4ecKUX IOpPOJ SIBISIOTCS KBapll, MOJIEBbIC
IINATHI, TNIATMOKIIa3bl, HE(ETNH, CIIOJIbI, aBTUT, poroBas oOMaHka u Ap. Kanuessie

Puc.3.5. IlonHokpucTanmmueckas CTpyKTypa Puc.3.6. HenonnokpucTanueckas
ry6uHHBIX opox (rpaHut); Or — opToKiIas; (mopgupoBast) CTPyKTypa H3MHBLIKXCA OPOX
Pz — nnaruornas; g — ksapu; b — 6uorur (anb6uroBbiif nopgup): Ab — anbGuT B CKpEI-

TO3EPHHCTOH OCHOBHOM Macce Mopox

TIOJICBBIC TITIATHI U KHUCIIBIE TUIATHOKIIA3bl, KBAPIl U CIIFOIBI BCTPEUAIOTCS TIPEUMY-
IIECTBEHHO B KUCJBIX TOPOJIax; CpeIHUE TUIarHOKJIa3hl U poroBas oOMaHKa - B
CpeIHUX, & OCHOBHBIE TUIATMOKIIa3bl U aBIUT - B OCHOBHBIX MOpoax. GopMmeI 3aiie-
TaHWsI MAarMaTHYECKUX MOPOJ] pa3HOOOpa3Hbl. | TyOMHHBIC MOPOIBI 3aJIETAIOT B BH-
ne 6aTommMToB - OrpoMHBIX (10 160000 KM”) MAaCCHBOB HEMPABUIBHONH (hOPMBIL;
IITOKOB - MAaCCUBOB M30METPUIHON (POPMBI, OTINYAIOIINXCS OT 0ATOJIUTOB MEHb-
muma (1o 100 kM%) pasMepaMu; JTaKKOINTOB - TPUGOOOPA3HBIX TEIl, COCTHHSIO-
MIMXCS TIOJBOISIIIUMY KaHAJTaMH ¢ 09araMyd MarMbl U JKWJ - IITUTOOOPa3HBIX TE,
00pa30BaHHBIX BHEAPEHUEM MarMbl B TPEUTUHBI TOPOA. TUIMUYHBIMU (OpMaMU U3-
JMBIIMXCS TIOPOJI SBIISIFOTCS TIOTOKH, TTIOKPOBBI U Kyrosa (koHychl). [loToku mpe-
CTaBJIAIOT COOOM TUIOCKHE Tella, BHITSIHYTHIC B HAMPABICHUH JIBUKCHUS JKUTKUX
naB. [IOKpoBBI B OTJIMUKE OT MOTOKOB MMEIOT PABHOBEIHMKHUE NJIUHY W HIMPUHY U
00pa3yrTCs MPU MACCOBBIX TPEIIMHHBIX M3IUSHUAX JIaB Ha OOJIBIIUX TIIOMIAISIX.
Kynona npeactaBisroT coboii KoHycooOpa3Hble MacChl U3MUBIINXCS TOPOJ, TIPH-
YPOUYCHHBIX K MECTY MIOBEPXHOCTHOTO M3JTHSTHHSL.

Iayounnbie mopoabl. OHU UMEIOT BBICOKHE TIOKA3aTENN MTPOYHOCTH, CPEIHEH
TUIOTHOCTH, HE3HAYUTEIIbHYIO TIOPUCTOCTh. M3 3TOM Tpymmbl paccMaTpuBaOTCS



TPAaHWUTHI, CUCHHUTHI, JUOPUTHI, TAOOPO, MEPUIOTUTHI U MUPOKCEHUTHI, PACIIOJO-
KEHHBIE B IPUBEAEHHOM TIOPAJIKE TI0O MEPE YMEHBIIICHUS B HUX KpeMHe3EMa.

I'panuThbl - TIUPOKO pacHpoCTpaHEHHBIE B MPUPOJIE KUCIBIE TOPOIBI, CO-
nepxkamque 65 ... 75 % SiC>2. B ux coctaB BXOAST KaJdUEBbIA MOJIEBOM IIMaT
(opTOKNa3, MUKPOKJIMH) WIM KHCIbIN IJIaruokias B konuuectse oT 40 no 60 %,
kBapu oT 20 1o 40% u TeMHOLBETHBIE MUHEpaJbl (OUOTHUT, poroBasi OOMaHKa) oT 5
10 20 %, KOTOpblEe COOOIIAIOT CBETIO-CEPYIO, MICO-KPACHYIO OKpPACKY 3THM IIO-
ponam. I[Ipu GosblIoM KOJTMYECTBE KBapla rpaHUThI TPHUOOPETAIOT BBICOKHE TBEP-
JOCTh U XPYIKOCTbh, @ C YBETUYECHUEM COJEPKAHUS POTOBOM OOMAHKHU CTAHOBATCS
0oJiee BA3KMMU, OJIHAKO JIErye BHIBETPUBAIOTCS, OCOOCHHO MPU HAJTUYMH TPEIIHH.
JIJist HUX XapakTepHbI 3€pHUCTAsI CTPYKTYypa U MAacCUBHAs TEKCTypa. Menko3epHu-
CThI€ PA3HOBUJAHOCTU OTJIMYAIOTCS 00JI€€ BBICOKUMU TJIOTHOCTBHIO U TPOYHOCTHIO U
MEHbIIIE TTOIBEPKEHBI ITpolieccaM BhIBETpUBaHuU. [Ipeaen mpouHocTy npu c:kaThuu
y HuX kojeonetcs ot 100 mo 250 MlIla, To xe, npu pactsikeHuu, ot 2 1o 7.5 Mlla.
[LI0THOCTH TPaHUTOB COCTABiseT 2.65 r/cM’, a cpemssisi IIOTHOCTH 2.6 ... 3.0
r/cM’. OHH SIBIISIOTCS MATONIOPUCTBIMU TIOPOJAMH C cofeprkaHueM mop ot 1 1o 1.5
%; OTIMYAIOTCS BBICOKUMH MOPO30CTOMKOCTBIO M CONPOTHUBIISIEMOCTBIO HC-
TUPAHUIO; CPABHUTENIBHO JIETKO MOJJAIOTCS MEXaHUYeCKou o0paboTke (pasjelke
Ha U3eNus, NTU(OBAHUIO U TTOJIUPOBKE), XOTS MOCIEAHEE C TIOBBIINICHUEM COJIEP-
KAHUS CITIOJBI 3aTpyaHsieTcs. [ paHUTBI HEJOCTATOYHO OTHECTOUKU: TIPH HarpeBa-
Huu 10 900 °C 1 BbIlIE OHU PE3KO CHUKAIOT MPOYHOCTH B CBSI3U C MOTUMOP(GHBIMH
MpeBpaIieHusIMA  KBapa. ['paHUTBl HAXOJAT CaMO€ IMUPOKOE MPUMEHEHUE B
CTPOUTEILCTBE, OCOOEHHO KaK OTJEJIOYHbIN MaTepual. KpymHbie MeCTOpOXKISHUS
ux u3BectHbl Ha KonbckoMm nomyoctpose, B Kapenuu, Ha Ypane, Antae u Kaskase.

CueHUTBI - cpegHue Mmopojbl, coaepxamue 10 65 % SiCh. B otnuuue ot
IPaHUTOB, B HUX OTCYTCTBYET CBOOOMHBIN kBapi. CueHuTsl coaepxatr 1o 50 ...
70% KUCIBIX MOJEBBIX IINATOB (Yalle OPTOKIAa3) U OK0JIO 25% LBETHBIX MUHEpPa-
70B (poroBasi oOMaHka, 6notut). M3-3a OTCYTCTBUS KBapIiia OHH SIBISIOTCS OoJiee
MATKUMU U, OJJHOBPEMEHHO, 00Jiee BI3KUMU MMOPOJTAMH BCIIEACTBUE 3HAUNTEIIHHO-
T'0 COZIEP>KaHMs POrOBOM OOMaHKH.

CHeHHTBI OKpalleHbl OOBIYHO B CBETJIbIE CEPhIEC, PO30BATHIC UIIM 3€JIEHOBATHIC
TOHA, UMEIOT CPEAHE3EPHUCTYIO CTPYKTYPY U MACCUBHYIO OJTHOPOJAHYIO TEKCTYDPY.
Nx npenen npoyHoctu npu cxkatuu cocrasisier 150 ... 180 MlIla, a cpensss
ILUIOTHOCTS - 2.6 ... 2.8 r/cM’. B CBSI3H C OTCYTCTBHEM KBapLia OHH 00pabaThIBAIOT-
Csl U MOJIUPYIOTCS Jiydllle rpaHuTOB. CHEHUTHI BCTPEUAIOTCS PEXE, YTO CHUKAET
UX 3HAYEHHUE KaK CTPOUTEIHLHOTO KaMHSI.

JAnoputhl spistorcs cpeaaumu (62...65 % SiCb) nopogamMu, COCTOSIIUMH U3
CpeIHMX IUIaruokia3oB (10 75 %) u porosoit oOManku (25 %), HapsiAy ¢ KOTOPO
MOTYT MPUCYTCTBOBAaTh aBTUT, OMOTUT. OKpacka AMOPUTOB TEMHO-CEpasi, TEMHO-
3enéHas 10 4epHOThl. OHU XapaKTEPU3YIOTCS MOTHOKPUCTATNIMYECKON paBHOMED-
HO-3€PHUCTON CTPYKTYpPOM M MACCHUBHOU TEKCTYPOHM, BBICOKOW MPOYHOCTHIO NPHU
cxatuu (180...250 MIla), 60ab1IMMH TUIOTHOCTBIO U CPETHEH MIIOTHOCTHIO (10 2.9



F/CM3), MOBBIIIEHHOW YJIAPHON BSI3KOCTBIO M JOCTATOYHOW YCTOMYUBOCTBHIO K BbI-
BETPUBAHMIO, XOPOILEH MOIUPYEMOCTHIO0. DTH CBOMCTBA MO3BOJISIOT UCIOIb30BATh
JTUOPUTHI B KAUYECTBE MaTepHalIOB, MPOTUBOACHCTBYIOIIUX Pa3INYHBIM BHOpaIU-
OHHBIM BO3JIEUCTBUAM (TIOJMOPHBIE KAMHH, (PYHIAMEHTBI MOCTOBBIX COOPYKEHUM
U T.]1.), @ TAKXKE MPUMEHATH KaK [IEHHbIN I€KOPaTUBHBIN MaTepuail. MecTopoxie-
HUs 3THX IIOPOJ CPABHUTENIBHO PEJIKU U U3BECTHBI HA Y paie, KaBkase.

I'ab0po - ocHoBHBIE TIOpOALI, coaepxaimue oT 40 no 52 % SiO,. M3 Hux
HamboJee pachpOCTPaHEHHBIMHU SIBIISIOTCS MAaCCHUBHBIE MOJHOKPHUCTAJUIMYECKHE
MOPOJIBI CEPOro, TEMHO-CEPOr0 U TEMHO-3EJIEHOTO IIBETOB, CJI0KEHHBIE IPUMEPHO
PaBHBIMHU KOJIMYECTBAMU OCHOBHOTO IUIArMOKJIa3a U auasuiara (pasHOBUIHOCTH aB-
ruta). PazHoBUIHOCTH rabOpO, COCTOSIINE MOYTH U3 OJTHOTO OCHOBHOI'O TUIArMOK-
na3a Jlabpanopa (6osee 85%), Ha3pIBAIOTCA JTAOPOJOPUTAMH, UMEIOIIUMU CEPYIO U
YEPHYIO OKPACKy C KpAaCHUBBIMH TEpEIMBAMU B CHHUX W 3€JEHBIX TOHAX 3a CUET
upu3aluu (OTPa’KeHUsI CBETOBBIX Jyuyel OT BHYTPEHHHUX IUIOCKOCTEH CIaiiHOCTU
ATOr0 MHUHEpasia) U OJarojapsi TOMy SIBJISIOTCS LIEHHBIM JAEKOPATUBHBIM U 00JIH-
OBOYHBIM MaTepuasioM. ['ab0po - Tsk€nble MOPOAbl C MOYTH OJAMHAKOBBIMU HC-
THHHO# TUIOTHOCTBIO U CPEHEH IIOTHOCTBIO OKOJIO 3.1 T/CM’, MPOYHOCTHIO TIPH
cxatuu 200 ... 280 MIIa, oTnuyarommecss BLICOKOW BSI3KOCThIO, KOTOpasi 3aTpy/-
HseT UX 00paboTKy. MecTtopoxkaeHus rabopo muUpoKo pacrnpoctpaneHbl Ha Koiib-
CKOM TostyocTpoBe, B Kapenuu u T.1.

IlepuaOTUTHI 1 MMPOKCEHUTHI - YIBTPAOCHOBHBIE OECITOJIEBOIIINATHBIE MOJI-
HOKPHUCTAJUIMYECKHUE MOPoJibl, coaepxkamue meHee 40 % SiO, u cxogHpie 0 CBO-
UM cBoicTBaM. [10CTOSSHHBIMU MUHEPAIBHBIMU KOMIOHEHTAMHU MEPUIOTUTOB SIB-
nsitotest onuBuH (30 ... 70 %), aBTUT U TUMIEPCTEH, a MUPOKCEHUTHI COCTOSAT MMOUYTH
HEIUKOM U3 nociegHnX. O6e mopoabl 4acTo CoMEpKaT MPUMECH PYAHBIX MUHEpa-
JIOB, HOBBIMIAIOMIAX HX CPEIHION MIOTHOCTH (3.0...3.4 T/cm’). OTIHYar0OTCs KpyIl-
HO- M CPEOHE3EpPHUCTOM CTPYKTypOM M MAacCHUBHOM TEKCTypou. Bbicokas
TBEPAOCTh ATHX MOPOJA 3aTPyAHSIET pa3pabOTKy MECTOPOXKICHHM, a BBICOKas
BA3KOCTh OCJIOKHSIET UX OOpabOTKy, BCIEACTBUE YEr0 OHU TMPUMEHSIOTCA B
KayecTBE MaTEepHaOB 0COOOr0 Ha3HAYEHHS B CIIELUATIbHBIX THAPOTEXHUUYECKUX U
JIPYTUX COOPYKEHUSX, JUIsl YCTPOWCTBA BHYTPEHHUX HMHTEPHEPOB IPa)KAaHCKHUX
31aHUH, a TAK)KE KaK MOJEIIOYHBIN U XyI0KECTBEHHbI MATEPHUAIIBI.

N3auBmuecs: mopoabl. OHU SIBISIIOTCA aHAJIOTaMH TIIyOMHHBIX MO COCTAaBY,
HO CHJIBHO OTJMYAIOTCA OT HUX IO CTPYKTYPHBIM U TE€KCTYPHBIM OCOOEHHOCTSIM.
Hanuurie moimHOKpUCTAIIIMYECKON U CTEKJIOBATON CTPYKTYp, a TaKXKe HEMacCHUB-
HOM, 4aCTO MOPUCTON TEKCTYpbl HEOIATONPUATHO OTPAKAETCS HA CTOMKOCTH MX K
BBIBETPUBAHUIO U CTAOMJIBHOCTU MPOYHOCTHBIX MokKazarened. OIHAKO Cpelld HUX
O0OHapyKMBAETCS HEMAJIO MPOYHBIX U IUIOTHBIX PA3HOBUAHOCTEH, IIMPOKO MIPUME-
HSIEMBIX B CTPOMUTENBCTBE. V3 UX YKclia paccMaTpuBalOTCs KBapiieBble NOp(Uphl U
JIUTIApUTHI; OeckBapIieBbie TOPGUPHI (OPTOPHUTHI) U TPAXUTHI, TOpGHUPUTA U aHJIE-
3UTHI; 1Uabda3bl U 0a3alnbThl, PACIOI0KEHHBIE B MPUBEIEHHOM IMOPSJIKE MO TOMY
K€ MPU3HAKY YMEHBIIECHUSI KpEMHE3EMA, UTO U B TPyIIE TIIyOMHHBIX TOPO/I.



KBapuesbie nopgupsbl 4 JJTUNAPUTHI - U3JIUBIIMECS aHATIOTU TPAHUTOB.

KBapueBbie moppupsl OTHOCSATCS K IPEBHUM, a JUMAPUTHI - K HOBOBYJIKAHU-
yeckuM mnopojaM. OT rpaHUTOB OHU OTIUYAIOTCS MOPPUPOBOI CTPYKTYpOU C Ha-
JUYUEM B MEJIKO3EPHUCTOM WIJIM CTEKJIOBATOW Macce MOpPOAbl BKPAIJIEHHUKOB -
KPYIHBIX KPHUCTAJUIOB KMCJIOTO MOJIEBOTO IIATa U pexe kBapua. L{BeTHble cunmka-
ThI HAOJIIOAAIOTCS B BUJIE MEJIKUX YElIyeK OMOTHTA HJIM TOHKUX UTOJIOYEK POrOBOM
oOmanku. KBapruieBbie moppupbl OKpaiieHsl B KpaCHOBATO-Oypble TOHA U SIBISIOTCS
IUIOTHBIMH TTOPOJAMHE CO CPeHEil MIOTHOCTHIO 2.4 ... 2.6 r/em. [Ipeaes mpodHO-
CTH IpH cKaTuu u3MeHsiercst y Hux ot 130 mo 180 MIla. Jlunaputs! - 6omee i€r-
KHE€ U MOPUCTHIE MO0 CPABHEHUIO C KBapILeBBIMU Nop(drpaMu mopoabl Oenoro, CBET-
JI0-CEepOTOo 1[BETA, COAeprKalMe HEOObIINE BKPATUICHHUS KUCIOTO MOJIEBOIO IIINaTa
U CPEHEro IUIArMoKia3a, a TaKKe MOBBIIIEHHOE KOJWYECTBO HEPACKPUCTAILIN30-
BAaHHOI'O BYJKAaHMYECKOTO CTeKJsa. J|eKopaTUBHBIA BHUJI U CIIOCOOHOCTH MOJUPO-
BAThCS MO3BOJISIIOT IPUMEHATh HEKOTOPBIE PA3HOBUIHOCTH JIMIIAPUTOB HapaBHE C
IpaHUTAMH JJI1 OTIEIOYHBIX paboT. MecTOpOoXAEeHHsS ITHX MOPOJ UMEIOTCS Ha
Kagkaze, Ypare.

BeckBapueBbie moppupbl (OpTOYUTHI) U TPAXUTHI SBISIOTCS COOTBETCTBEH-
HO JIPEBHUMH M MOJIOJBIMU M3JIMBIIUMKCS aHAJIOTaMU CUEHUTOB. Y OpTO(HIOB
CUJIBHO U3MEHEH MUHEPAIbHBIN COCTAB C MOSIBJIEHUEM B HEM BTOPUYHBIX MUHEpA-
JIOB: KaOJIMHUTA, KAPOOHATOB, XJIOPUTOB U T.J., KOTOPbIEC YIUIOTHSIOT MOPOJY, 3a-
NOJIHSAA €€ MYCTOTHI, U CIIOCOOCTBYIOT 00pa30BaHUIO0 BTOPUYHON MUKPO3EPHUCTON
CTpYKTYyphl. beckBapiieBbie MOPPUPHI OKpaIlIeHbl B CEPOBATO-3€NIEHBIN MM Kpac-
HOBATO-OyphId 1[BeTa. TpaxuThl - MOPUCTHIE M CUIIBHO HIEPOXOBATHIE MOPOIBI Oe-
JIOM, CEPOH, JKEITOBATON OKPACKH C SICHO BBIPAXKEHHOU MOPPUPOBOM CTPYKTYPOM.
Cpexssist WIOTHOCTH OT 1.6 10 2.6 r/em’. IIpemen npounocta ot 60 1o 70 MITa. Mx
UCIIOJIB3YIOT I M3TOTOBJIEHUs OyTa, HIEOHS, KaK KHCIOTOYIOPHBIA MaTepHuall.
KpacuBbie pa3HOBHAHOCTH OPTOGUPOB MPUMEHSIOTCS ISl OTAEJIOYHBIX padboT
(anratickue opTO(GUTHI). ITU TMOPOJHI XOPOIIO MOAIAOTCSI 00pabOTKe, HO HE TO-
JUPYIOTCS U ObICTpO ucTHparoTcs. Vx mectopoxaeHus u3BecTHbl Ha KaBkaze
(ITsturopck), Ypane, Anrae u ap.

IHopdupursl M aHAE3UTHI - TUIATHOKIA30BbIE U3JIUBIINECS AHAIOTH JUOPH-
TOB, COOTBETCTBEHHO JIPEBHE- U HOBOBYJIKAHMYECKOTO Bo3pacTa. OTIMYar0TCs 1o-
pHUCTON TeKcTypoi u moppupodoit CTpyKTypo# ¢ BKpaIyIeHHUKaMHU TIarHOKJIa30B
wii poroBoid oOMaHkH. [ToppupuTel OTIUUAIOTCS MOBBIIMIEHHON BBHIBETPUBAEMO-
CThIO M HaJJMYMEM BTOPUYHBIX CHIIMKATOB - CEPULIUTA, XJIOPUTA U Ap. AHAE3UTHI -
MEHEee BBIBETPHUBIIHMECS CEphIE, )KEITOBATO-CEPbIE UM OypOBaThi€ MOPUCTHIE MO-
PO, CIIOKEHHBIE ABTUTOM MJIM POroBOM OOMAaHKOW M CPEIHHMM ILJIarMOKJIa30M-
annesunom. lIpenen mpoyHocTu npu cxxkaTum y HUX u3Mmensiercs ot 140 mo 250
MITIa. ITnotHOCTH OpOZ cocTaBisiet 2.7 ... 3.1 r/em’. OGe HOPOIBI HCIOIB3YIOTCS
KaK JOPOXHBIA KaMEHb; MOPHUCTHIE JIETKUE PA3HOBUIHOCTU AHAE3UTOB UIYT Ha
W3TOTOBJICHHE CTEHOBOI'O MaTepuaia, U3 IJIOTHBIX K€ aHIE3UTOB MOJy4aroT K-



CJIOTOCTOMKHKE MaTepHralibl. MeCTOPOKIEHUS ATUX MOPO/ IIMPOKO PACIpOCTpaHe-
Hbl Ha KaBkaze, Ypane, Antae u B Boctounoit Cubupu.

JAnada3bl U 023aJbThI - U3JIMBIIHECS APEBHE- U HOBOBYJIKAHUYECKHUE aHAJIO-
v rabopo, OTIIMYAIOIIMECS] OT HETO CBOMMH CTPYKTYPHBIMU M TEKCTYPHBIMH OCO-
oenHocTsiMu. /lnaba3bl UMEIOT CKPBITOKPUCTANIMYECKYIO CTPYKTYPY, C 3aIlojHe-
HUEM MPOMEKYTKOB MEXKIY IUIarHoKIa3aMi MEJIKO3EpHUCTON aBIMTOBOW MacCOM.
OnHu OKpalIeHbl B 3eJIEHBIE U 3€JIEHOBATO-Cepble TOHA. B cBsi3U ¢ 00NbIIUM COaEp-
KAHUEM >KEJIe3UCTO-MarHe3ualbHbIX CUJIMKATOB OHU OTIMYAIOTCSA 3HAYUTEIHHOU
BA3KOCTBIO, BBICOKMM IpeAeaoM NpoyHOCTH npu cxatuu oT 300 mo 450 MIla u
cpeHeit mioTHOCTBIO 2.7 ... 2.9 r/em’. MMeroT cpeHne TBEPIOCTh U 06pabaThi-
BAa€MOCTb, XOPOILIO MOJIUPYKOTCS.

bazanbThl MaKpOCKONMHMYECKH TPEICTABIAIOT CO00N UYEPHYIO TUIOTHYIO
3aCTHIBIIYIO JIaBY, HAXOJISALIYIOCS B CKPBITOKPUCTAINIMYECKOM WM aMOP(PHOM CO-
CTOSHUU. B HUX 4acTO BCTpeyaroTCsi pa3IuvHbIEe BKIIOUYEHUS (KCEHOJUTHI), CHU-
xKarouie ux kadecTBo. OHM SIBISIIOTCS TBEPABIMU U OJHOBPEMEHHO XPYHKUMHU
TPYAHOOOpabaThIBAEMBIMU TOPOJAMHU; WX MPOUYHOCTH BAPBUPYETCS B IIUPOKHUX
npenenax ot HO no 500 MIla u B cBsi3u ¢ OOJBIINM COJAEPKaHUEM CTEKIIa MOKET
PE3KO Mafath; IIOTHOCT cocTasisieT 3.1 ... 3.3 r/cM °, a CpeaHsis IIOTHOCTb -3.0
... 3.3 r/em’. HanGoee 1eHHBIMH CUMTAIOTCS CBEKHE MEIKO3EPHHICTHIC 6a3aiIbThI,
HE COJEpXallue CTeKJIa M OJUBHHA. ba3anbThl SABISIIOTCA XOPOIIMMHU KH-
CJIOTOYMOPHBIMH U AJIEKTPOU3OJIALIMOHHBIMUA MaTepUaiaMy U BBICOKO LIEHSTCS KaK
CBIpbE JJI1 KAMEHHOTO JIUThA. JIUTON KaMeHb 0a3albTUH MCIOJIb3YeTCs ISl MOTy-
YEHUS OTJICTIOUHBIX U3ENHM, TPYO, XMMUYECKOHN anmnaparyphbl, OTIMYAIOIIUXCS KU-
CJIOTOYNOPHOCTBIO, BBICOKOM MpouHOCThIO (10 800 MIIa) U 10NroBEYHOCTHIO.
Junaba3sl u 6a3ansThl J00bIBatoTCs B Kapenuu, 3abalikanse, Ypane, KaBkase.

Cpenu M3MUBIIMXCS TOPOJ 3aMETHOE MECTO 3aHUMAIOT BYJIKAHUYECKHE
cTéKJIa: mouTh O€3BOJHBIA aMOp(PHBIN YEPHBIM WM KpacHO-OypbhId 0OCHIMaH;
MEJIKOMTOPUCTBIA CBETIO-CEPhI MM KOPUYHEBBIM MEPIUT C COJAEpKAHUEM [0
3...4% BOJBI; 3eI€HOBATHIN MM OYpBIM CMOJISIHOW KaMeHb (MEeXIITEHH) KpucTa-
JUTHOTO CTPOEHMS C OOJBIIMM KOJIMYECTBOM BOJbI. M3 BynkaHHYECKHX CTEKOI
MOJTY4YarOT BCIYYEHHBIN MEPIUT - JErKUM U MopucThii Matepuas. Ocoboit pa3Ho-
BUJIHOCTBIO BYJIKAHUYECKUX CTEKOJI SABJSETCS MemM3a, 00pa3oBaBIIascs MpU ObICT-
POM OCTBIBAHUU CPEAHMX U KUCIBIX JIaB HA TIOBEPXHOCTH BOJABI WIIM BIAXKHON MOY-
Bbl. CpeaHsis IUIOTHOCTh HaxomuTcsi B mpexenax 0.300 ... 0.900 r /em’. Ipexen
npoyHocTy npu cxkatuu 1.5 ... 6.0 MIIa. Mcnone3yroTcst ByJIKaHUYECKHE CTEKIA
KaK 3allOoJIHUTENHN B OETOHAX M TUApaBiInYeckue 100aBku B ieMeHTax. K BynkaHo-
T€HHBIM MOPOJaM OTHOCAT PhIXJIbI€ BYJKaHUYECKUE METUIbl M CLIEMEHTUPOBAHHBIC
BYJIKAHMYECKHE Ty(Pbl, Ty(DOBBIC JIaBbI.

Ocanounbie mopoabl. OcagouHble TOPOBI SBISIOTCS TIIaBHBIM ChIPbEM MPO-
MBIIUIEHHOCTH, B HUX coaepxxutcs npuMmepHo 70 % rnmH, okono 20 % neckoB u
necyaHukoB, 5% kapbonatoB. Ha momio rumca u apyrux MHUHEpANOB OCTaETCs
npumMepHo 5%.



[To ycnoBusiM 00pa3oBaHus 0CaJOUYHbIE OPOJIbI AETSATCS HA TPU FPYIIBL: 00-
JIOMOYHbIE, XUMHUYECKHE U OpPraHOoreHHble. MeXay HHUMH CYLIECTBYIOT MEpPEXO/I-
HbI€ PA3HOBUHOCTH CMEIIAHHOTO TeHEe3HUCa.

[Topoast 0610MOYHOTO (MEXaHUYECKOTO) MPOUCXOKICHUS SIBISIFOTCS IPOIYK-
TaM{ MEXaHHYECKOTO Pa3pyIIEeHUsS KAaKUX-THOO MATEPUHCKUX TOPOJ U CIOKEHBI
MIPEUMYIIECTBEHHO O0JOMKAMU YCTOWYMBBIX K BBIBETPHUBAHUIO MUHEPAJIOB U TIO-
pon. OHM pa3fensioTcs Mo KPymHOCTH 0OJOMKOB Ha Tpy0000I0MOYHEIE, CPEIHE-
00soMOuHbIe (ITeCUaHbIe), METKOOOJIOMOYHBIC (TBIJIEBATHIE) U TOHKOOOJIOMOYHBIE
(rmuHUCTHIC). Cpeu HUX TOJIBKO TIIMHHUCTBIC TTOPOIBI SIBIISIFOTCS MIPOITYKTAMU XH-
MHUYECKOTO Pa3JI0KEHUS] MAaTEPUHCKUX MOPOJ, OCTATIbHBIE KE MOPOAblI CIOKEHBI
00JIOMKaMH, HE TOJBEPTIIMMHUCS CYHUIECTBEHHOMY BbIBETpUBaHUIO. HezaBucumo
OT pa3MepoB YacTUI] OOJOMOYHBIE TMOPOABI MOTYT OBITh PBIXJIBIMUA WM
CIEMEHTUPOBAHHBIMHU.

K ppixieiM rpy0000710MOUHBIM TOPOJAM OTHOCATCS PA3HOBUJIHOCTHU C OKa-
TaHHOM M yryoBatoi (opmoii, 00pa3oBaBUIMECS B Pe3yJIbTaTe HAKOIUICHUS KpPYII-
HbIX 00J10MKOB. Cpeir HUX BbIJIEIAIOTCA 00g0MKH pazmepom 1000 ... 100 mm, Ha-
3bIBa€Mbl€ BaJlyHamu (CKaTaHHbIe) wiu riabloamu (yriosateie); 100 ... 10 mm -
raibkoi (ckataHHble) uiau 1ieOHeM (yrioBateie), 10 ... 1 MM - rpaBuem
(CKaTaHHBIC) WJIK IPECBOM (YTJIOBATHIE).

CuemeHTUpOBaHHBIE 00JIOMOYHBIE TOPOABLI 00OPA30BATUCH MYTEM IIEMEHTA-
MU PBIXJIBIX MOPOJ Pa3IMYHBIMM XMMHUUYECKUMHU BenlecTBaMu. Hambonee mpou-
HBIM SIBIIICTCS KPEMHE3EMUCTBIA IIEMEHT (BTOPUYHBIN KBapll, OMaji, XalIleaoH),
MEHEE MPOYHBI KEJIC3UCTHIN (TUMOHUT), KApOOHATHBIN (KAJIBIUT); MAJION IIEMEH-
TUPYIOLIEH CIIOCOOHOCTHIO OTINYAETCS MIMHUCTBIN 1IEMEHT.

HaulGonpiiee npuMeHeHNE B TPOMBITTUICHHOCTH CTPOUTEIBHBIX MAaTEPHUATIOB
HaIUTA TJIMHUCTBIE MOPOJIBI, COCTOSAIME O0JIee YeM HAIMOJIOBUHY W3 MEIbYanIIImX
(menee 0.01 ... 0.001 mm) yenryeoOpa3HbIX YAaCTHUI] TIMHUCTHIX MUHEPAJIOB, CPEIU
KOTOpBIX HE MeHee 25 % umerot pasmepsl meHee 0.001 mMm.

['muupl 00pa3yloTcs TMPU BBIBETPUBAHWU TOJICBOIIIATOBBIX W HEKOTOPHIX
JIPYTUX CUJIMKATHBIX TIOPOJ U COCTOSIT MIPEUMYIIIECTBEHHO U3 TTIMHUCTHIX MUHEPA-
JIOB THUIA KAOJMHWTA, MOHTMOPWUIOHHTA W THAPOCIION C MPUMEChIO KBapIia,
CITFO/IbI, BTOPUYHOTO KAJIBINTA, ONlaia U ApP. BONBIIMHCTBO TJIMH SBJISIFOTCS TIOJIN-
MUHEPATbHBIMHU, OJJTHAKO CPEAN HUX UMEIOTCS HanboJjee IMeHHbIE MOHOMUHEPAh-
HbI€: KaOJIMHUTOBBIE U MOHTMOPHUJUUIOHUTOBBIE Pa3HOBUIHOCTH. [ 1aBHBIM (aKTO-
POM IpU MPUMEHEHUU TJIIMH B CTPOUTEILCTBE U MPOU3BOJICTBE CTPOUTEIHHBIX Ma-
TEPHUAJIOB ABJISIIOTCSA UX MUHEPaAIbHBIN cocTaB. [loTuMuHepanbHbIe TIMHBI SBISIOT-
Csl CBIPbEM JIJISl TIPOU3BOICTBA KUPIUYHO-UYEPENUYHBIX U3JIeNui, rpyOoi KepaMu-
KU, TJIMHO3EMAa, OTHEYTOPOB U T.I.

KaonuHUTOBBIE TIIMHBI CJIOKEHBI B OCHOBHOM KAOJIMHUTOM U CPABHUTEILHO
CBOOOJIHBI OT pUMeced OKCUIOB kene3a. OHU MpeICTaBIAIOT co00il Oesbie TOH-
KO3EpHUCTHIE, KUPHBIE HA OUIYIb, MAJIOIUIACTUYHbBIE TTOPOJIbI, SBIISIIOLUIUECS MPO-
JTyKTaMu pa3jiokeHus! (TUIpOau3a) aJlOMOCUIMKATOB JUCCOIMUPOBAHHON BOIOM,



coziepxkarieit cBo00IHbIe HOHBI BoJopoaa u pactBopéunytro CC>2. [Ipomecc
KAOJMHU3AIMH TI0JIEBBIX IIIITATOB CXEMAaTUYECKH MPEICTABIISACTCS B CICTYIOIIEM
BUJIC:

€

KaonuHUTOBBIE TTIMHBI SBISIOTCS KOHTUHEHTAIBHBIMU OTJIOKECHHUSIMU U 00pa-
3YIOTCSl B YCJIOBHUSX KHCJIOW cpenbl. OHU HUCHONB3YIOTCA B TPOU3BOJCTBE
dapdopo-dassHCOBBIX ~ W3meNuiA,  IIeMeHTa,  ImamMoTa.  MeCTOpOXKICHUS
KAOJMHUTOBBIX TJIMH HaXOsATCs Ha Ypane, B Cubupu u 1p.

MOHTMOPUJITIOHUTOBBIE TJIMHBI TOSIBIISIIOTCA MPHU Pa3JI0KEHUU BYJIKaHUYE-
CKHX IETUIOB B 1IeN04YHOU cpene. Cpen HUX BBIACISIOTCS CHIIBHO HaOyXarolue B
BOJIE HATPOBBIE IIMHBI C MpeodiiaanueM katruoHa Na Haj katuoHamu Ca, Mg u
K1 u nepazOyxaromue kanblueBble - ¢ npeodnaganueM Ca Hajx kathoHamu Na U
Mg. K nepBbIM OTHOCATCSI OEHTOHUTHI U (IOPUIUHBI, TOPOABI OEJNON, CEpOBaTO-
0eJol, po30BOM U IPYTOM OKPACKU, XapaKTEPHOU 0COOEHHOCTHIO KOTOPBIX SIBIISIET-
Csl CHJIbHOE HaOyxaHue MpU YBIAKHEHUH C YBeJIMYeHueM o0bEéMa MpUMEpPHO B 16
pa3 u OoJiee M BBICOKas aICOPOIIMOHHAS CIIOCOOHOCTh. BOJIBIIMHCTBO 3TUX TIMH
o0JagaeT pe3Ko BhIPAKEHHON IUIACTUYHOCTBIO MPHU 3aTBOPEHUU BOJOM, COXpaHss
P BBICBIXaHUU MPUAAHHYIO UM (POpMY, a Mocje 00kKura 00pa3yroT KaMHEBUIHbIE
Macchl. C yBeIMYEHHEM B INIMHAX MEXaHUYECKUX MPUMECEH MIaCTUYHOCTh UX ObI-
CTPO CHUXKaeTcsi. MOHTMOPWIJIOHUTOBBIE TJIMHBI MPUMEHAIOTCA KAK 3aMeyaTellb-
HbI€ aJICOPOEHTHI, TaK KaK 00JaJar0T BHICOKOW MOTJIOTUTENIbHONW CHOCOOHOCTBIO.
KpyIHBIX MECTOPOKIEHUN MOHTMOPWUIOHHWTOBBIX I'JIMH Ha Teppuropun Poccun
HET.

[Topoabl XMMUUYECKOTO MPOUCXOXKACHUS (XEMOT€HHbIE) 00pa30BAINChH B pe-
3yJbTaTe BBIMAJACHUS U3 UCTUHHBIX U KOJUIOUIHBIX BOJIHBIX PACTBOPOB PA3IMUHBIX
BelecTB. BaxkHoe 3HAUEHNE UMEIOT CI1a00pacCTBOPUMEBIE M TIOJIBM)KHBIC COETUHE-
Hus kKapOooratoB Ca u Mg, a TakKe JEerKOpacTBOPUMBIE CEPHOKHCIIBIE U TaJUIOW/I-
HbIE€ COCIMHEHUS - TUIIChl U aHTHAPUTHI, OCAXKIAIOIIUECS TPU UCTIAPEHUU MepeHa-
CBIIIIEHHBIX PACTBOPOB B 3aMKHYTBIX MOPCKHUX OacceiiHax min 03&pax, K KOTOPHIM
OTHOCSITCA OTJIOKEHMSI TUIOTHBIX W HOJIUTOBBIX HM3BECTHAKOB M H3BECTKOBBIX
Ty(OB, MarHe3uTa.

K kapOoHaTHBIM MOPOJAM OTHOCATCS MUKPO3EPHHCTHIC (a(aHUTOBBIC) W3-
BECTHSIKH, 4 TAKKE€ MOHOMHUHEPAJIbHBIE TOPO/JIbl, CJI0KEHHBIE KAIBIUTOM, C 3€PHU-
CTOW WJIA KPUCTAJUIMYECKOU CTPYKTYPOU, TOPUCTOM UIIM KABEPHO3HOM TEKCTYPOMU;
B 3aBUCHUMOCTH OT TE€KCTYPbI CPEIHSS IUIOTHOCTh U3BECTHIKOB U3MEHSETCS B IIpe-
nenax 2.6 ... 1.0 /e’ MecTopoXA€HUSI U3BECTHSIKOB U3BECTHBI B IIEHTPAIBHOMN
yactu Poccun, Ha KaBka3ze.

Marse3uTsl SBIIOTCA CBETIOOKPAIIEHHBIMU IMOPOAAMHU, COCTOSIIUMU U3 MHU-
Hepaja MarHe3uTa. [[po4HOCTh M TJIOTHOCTh MX BBIIIE, YEM Y U3BECTHAKOB, HO B
MIPUPOJE OHU BCTPEYAIOTCS peke. MarHe3uTsl SBIISIIOTCS CBIPbEM JJIS TPOU3BOJICT-



Ba OTHEYMOPHBIX U3JETUN, a CKPHITOKPUCTAIUIMYECKHE PA3HOBUHOCTHU C ILIOTHO-
cteio 2.9 .. 3.0 r/cM’ - IS WM3TOTOBNCHHS MHHEPATBHBIX BSDKYIINX
(KayCTMYECKOr0 MarHe3uTa) U M3JENHi Ha UX OCHOBE. MEeCTOpOXKIEHUSI MarHe3u-
TOB HaxojsATcs Ha FOxxHoMm Ypaie u Jlansnem Bocrtoke.

CynbdaTtabie mOpoabl. [ TaBHBIMU TIPEACTABUTENSIMU UX SBIISIIOTCS THIIC U aH-
rugpuT. OHU SBISAIOTCS MOHOMHUHEPAIbHBIMU MOPOJIaMHU 3€PHUCTOKPUCTAIINYE-
CKOM CTPYKTYpBbI, CII0KEHHBIMH MUHEpajIaMu OJHOMMEHHOTO Ha3BaHUs C HEOOJIb-
IIMMHU IPUMECSMHU TJIMHBI, TECKA U OPTaHUYECKHUX BEIIECTB.

AHruIpUTHl O0OJEE IUIOTHBIE MOPOJBI MO CPABHEHHIO C TUIICOM. [[MOTHOCTH
cyabdarabix mopox 2.2 ... 2.9 r/em’, mpouHocTs Ha cxatue 60 ... 80 MIIa. [urc u
AHTUIPUT CIIY’KAT CHIPEM JIJISI IPOU3BOACTBA BSIKYILIMX.

MecTopoxaenus ux usBectHol Ha Cpenneit Bonre, KaBkaze u bamkupum.

ITopoabl OPraHOreHHOro NPoMcxosieAeHusi 00Pa30BAIUCH IPU HEMTOCPEICT-
BEHHOM WJIM KOCBEHHOM YYaCTUHM OpPraHu3MoB. Ui 3THUX MOPOJ XapaKTEpPHBI
1EJIbHO-PAKOBUHHBIE M OPraHOT€HHO-JETPUTOBBIE CTPYKTYPHI, COCTOSIIUE U3 00-
JIOMKOB PakoOBUH. M3 3TOW TpymIbl paccMaTpPUBAKOTCA MOPOJBI KPEMHUCTOTO U
KapOOHATHOTO COCTABOB.

KpemHucTtoie mopoasl CI0KEHBI ONAJIOM, MUHEPAIaMU TPYIIIbI Xallea0Ha U
ocaioyHbIM KBapieM. OHM 00pa3yroTcsi B XOJIOIHBIX MOPSIX, PEXe B 03EPHBIX BO-
JI0eMax MpU YYaCTHUM OPraHU3MOB, KOHILIEHTPUPYIOIIMX B CBOMX CKEJETax Ormall.
['1aBHBIMU TIPEACTABUTENSIMU TIJIACTOBBIX MOPOJ SIBISIOTCS IUATOMUTHI, TPEIIEIbI,
OTIOKH H SAMIMBI. /[[HaTOMUTHI - O€IbIe UK JKEITOBATHIE PHIXJIBIE MOPOJIBI, COCTOSI-
e U3 METbYahIInX CIab0CIeMEHTUPOBAHHBIX KPEMHUCTHIX CKOPJIYIIOK HATO-
muta. Tpenensl - CBETI0OKPAIIEHHBIE PHIXJIbIE, JETKUE U MTOPUCTHIE OMAJIOBBIE TO-
ponpbl. [1o pu3nKo-XxMMHUUECKUM CBOMCTBAM OHU OJM3KH MEXTY COOOM: BHICOKOIIO-
prcThl (cpemmsis miotHocTh 0.40 ... 1.3 T/cM’), OTHEYNOPHBI, KHCIOTOYIIOPHEI,
MJI0XO MPOBOJAT 3BYK M TEIUIOTY, OTIUYAIOTCS OOJIBITUM BOJOTOTJIONIEHUEM, UC-
MOJIB3YIOTCSL KaK aJCOPOCHTHI, HW3OJSIUOHHBIE, (UIBTPYIOMUE, NUTH(YIOIIHNE
CTpOUTENbHBIE MaTepualibl. MectopoxkaeHus umerotcs B [loBomkse. Onoku npen-
CTaBJISIOT COOOM CIIEMEHTUPOBAHHBIE KPEMHHCTHIM BEIIIECTBOM TPETIEIIbI UJIH JAHa-
ToMuThL. ILT0THOCTH OmOK Koxebmercs ot 0.2 1o 1.2 r/em’. OHE HMEIOT HH3KHUIA
MpeJiel MPOYHOCTH TIpU cxkaTuu - 1 ... 3 Mlla, Mmanyro cpeHIOI0 TIJIOTHOCTS - 1.2 ...
1.5 r/em’. Kak mpaBuio, HeMOpO30CTOHKH. [IpHMEHSIOTCS B Ka4ecTBE CTEHOBOTO
Martepuaa, 3arnojHUTeNeH B JIETKUX OeTOHaX, JOPOKHOTO MaTepuana, ChIpbs IS
MOJIy4eHUs] OeNIbIX BSKYIIMX BEHIECTB M pas3linyHbIX J00aBok. KpymHble wme-
CTOPOXKAEHMS OMOK HaxonasTca B paitoHax Cpeaneid 1 Huxueit Bonru, Ha Yparne.
SAmMbI ClI0KEHBl MUKPO3EPHUCTHIM XaniegoHoM SiCb U OTan4aroTcs mojaocyaTon
TEMHO-KPACHOM, KEJITOBATO-3EJICHOBATON WJIM YEPHOU OKPACKOM. ABIAIOTCA OUYECHB
TBEPABIMH, KPEIKUMHU OJHOPOIHBIMU TOHKO3E€PHUCTBIMHU MOPOJAAMHU U UCIIOJIb3Y-
IOTCSl B KAYECTBE MPOYHOTO AEKOPATUBHOTO M MOJAEIOYHOro Marepuana. OHH 1mu-
poko pacnpocTtpaHeHbl Ha Ypane, Taub-1llane. Kpemuu BcTpedaroTcs B pa3zHoo0-
Pa3HbIX BMELIAOIIMX NOPOJAX B BUJIE IIACTOB, JINH3, KEIBAKOB U COCTOSAT U3



oralia v xajilleJioHa, MHOTIa ¢ MpuMechio kBapua. Hauboiee pacnpocTpaHEHHBIMU
ABJISIFOTCS. OTHOPOJHBIE, OUEHBb TBEPBIE MUKPO3EPHUCTHIE, YACTO MOJIOCYATHIE, Ce-
pOro, KpaCHOBaToOro, YEPHOTo UBETAa KpeMHU. OHU UCITOIb3YIOTCS UCKIIFOUUTEIBHO
KaK aOpa3uBHbBIA MaTepual.

KapOGoHnaTHbie mOpoibl OPraHOT€HHOTO T'€HE3UCa CIO0KEHbI MPEUMYIIECTBEH-
HO KaJIbLIUTOM C IPUMECSIMU KPEMHE3EMa, IIIMHUCTBIX U MECYaHbIX YaCTHUL, OKCHU-
noB xkenesa u ap. [lupoko pacnpocTpaHeHbl OpraHOT€HHbIE N3BECTHSIKH, 00pa3o-
BAaHHBIE MTyTEM HAKOIUICHHS MPOAYKTOB KU3HEIESITEIbHOCTH PACTUTEIIBHBIX U KU-
BOTHBIX OPraHU3MOB Ha JTHE MEIKOBOJIHBIX TEIUIBIX MOPEN: paKyIIEYHUKH, KOpall-
JIOBBbIE M3BECTHSKU, MeJl. OpraHOreHHbIE U3BECTHSIKH 3aJI€Tal0T IUIACTAMH 3HAYU-
TEJIbHOW MOIIIHOCTH B HECKOJIBKO JIECSATKOB METPOB. [ TaBHBIMU UX CTPYKTypamu
ABJISIFOTCSL 1I€JIbHOPAKOBUHHAS, OPraHOr€HHO-AeTpUTOBasl. [1o TeKkcTypHOMY IpH-
3HAKy BBIJEISIOTCS IUIOTHBIE, MEJIKO- U KPYMHOMOPHUCTBIC, a TAKKE KaBEPHO3HBIC
Pa3HOBHJIHOCTU. PacrpocTpaHeHHe OPraHOI€HHBIX M3BECTHSKOB IOBCEMECTHO: B
Cubupu, Ypane. Pa3HOBUAHOCTSAMU OpraHOTEHHBIX M3BECTHAKOB SBIIAIOTCS paKy-
HIEYHUKH, MeJl. Men paccmaTpuBaeTcsi Kak MHUKPO3EpHHUCTas1, C1a00CIIeMEHTHPO-
BaHHasl MsTKas MMOpoja, CIOKEHHass MeIbUalllIMMH YacTUIIAMU CKEJIEeTOB KapOo-
HATHBIX BOJIOPOCIIEH M OJIHOKJIETOYHBIX >KMBOTHBIX. BCieacTBue manou mpovyHO-
CTU M€JI BBITOJAHO UCIOJIb30BAaTh B IEMEHTHOW NMPOMBINIEHHOCTH. OH PUMEHSET-
Csl 1S TTOJTYYEHUs YUCTON Oenoil M3BECTH, B IPOU3BOACTBE CTEKIIA, YIJIEKUCIOTHI,
KaK aKTHMBHBIM HAIOJHUTENb IUIACTMACC, PE3MHOBBIX u3aenuid. CpenHsis IUIOT-
HOCTb M3BECTHSKOB KoneGnercst oT 1.2 10 3.1 r/cM’, a IPOYHOCTH MPH CHKATHU OT
10 no 200 MITIa. CpeaHssi IIOTHOCTh PaKyIIEYUHUKOB U3MEHsIETCs B npeaenax 1.0
... 1.7 r/eM’, a mpounocts mpu cxatuu oT 10 1o 60 MITa. MectopoxaeHus Mena
umerorcs B Cpennem [loBoimkbe, Kypckoit, Boponexckoii, benroposackoit o6:ac-
TAX.

CMmelianHble TOPOJIbI MPECTABISAIOT CO00M cMecHu KapOOHATHBIX W TJIMHU-
CTBIX ITOPOJI, K KOTOPBIM OTHOCATCS I0JIOMUTHI U Meprenu. JJonomMuraMu Ha3bIBa-
FOTCS ITIOPOJIbI, COCTOSAIINE IPEUMYIIIECTBEHHO U3 MUHEpaja JOJIOMHUTA, B KOTOPOM
coaepxkurcs 10 45.8 % marnezuta. MakpoCKOIUYECKH OHHM NTOXO0KHU HA W3BECTHS-
KM U ONO3HAIOTCA MO peakiuu BcKunaHus Toiabko ¢ nogorpero HC1 wnm ¢ xo-
J0HOM - B mopoike. OkpaiieHsl B Oebli, Cepbli, KENTHIN 1[BEeTa. 3aIeKH J0JI0-
MHUTOBOM TTOPOIbI HaxoasTCsl HAa Bepxueit Bonre, Bo Bragumupckoit o6nactu. [{s
JIOJIOMUTOB XapaKTEpPHbl CaxapoBUJHASI, 3E€PHUCTAsl, IUJIOTHAs CTPYKTYphl U
pa3zHoOOpa3HbIe, OT IJIOTHOM /10 MTOPUCTOM (KAaBEPHO3HOM) M 4aCTO TPEUIMHOBATOM,
TEKCTYphL. [IT0THBIE TOJIOMHUTHI XapaKTEPU3YOTCS CPEAHEN TUIOTHOCTBIO OT 2.7 10
2.9 r/cM’ ¥ mpenenoM MpPOYHOCTH MPH CXKATHH B HHTepBane ot 60 10 150 MIlla.
MecTopoxaeHus: JOJIOMUTOB M3BECTHBI B MockoBckoW obnactu, [loBomkbe, Ha
VYpare.

Meprenu coaepxkart ot 25 10 75 % CaCO3 u ABISIOTCSA NEPEXOTHBIMU MEXKIY
KapOOHATHBIMH U TJIMHUCTBIMU TIopoaamu. [Ipu comepxanuu 25 ... 50 % rauHb B
COCTaBE€ M3BECTHSIKOB 00Pa3yl0TCsi COOCTBEHHO MEPreiiu, KOTOPHIE C MOBBIIIEHUEM



10 50 ... 75 % nepexondT B IIIMHUCTBIE MEPIeld, a P MOCIEAYIOIIEM €€ yBEu-
YEHUM TPEBPAIAOTCS B M3BECTKOBHUCTHIE TNIMHBI. B cocTaBe mepreseil BMECTO
KaJIBLIUTa MOTYT HAXOAMUTBHCSA JOJIOMUT M KPEMHE3EM, 00pasysl, COOTBETCTBEHHO
JIOJIOMUTOBBIE U KPEMHE3EMUCTBIE Mepreiau. Mepreinu - TOHKO3EPHUCTHIE, OJHO-
POAHBIE MO CTPYKTYpPE, KENTHIE, CEpPbIE, HEYCTONYUBBIE K XUMUYECKOMY BBIBETPH-
BaHUIO MOPOABI ¢ (PU3MKO-XUMUYECKUMH CBOMCTBAMHU, 3aBUCALIUMU OT COJEpKa-
HUS TJIMHBI.

CpeaHsist IIOTHOCTH UX coctasmsier 1900 ... 2500 kr/M’, a mpeel IPOYHOCTH
npu cxaruu - 60 MIIa. Onu ObicTpo quarnoctupyrores ¢ nmomoiso HC1 - 6ypHo
BCKUIAIOT ¢ 00pa3oBaHMEM HA MOBEPXHOCTH MOPOIbI TPSA3HOIO MTHA, YETO HE
HaOJII0AaeTCsl MPU aHAJIOTMYHOM peaKkIMu y M3BECTHAKOB. Meprenu SBISIOTCS
JTYYIIUM ChIPbEM ISl TPOU3BOJICTBA IIEMEHTOB. VX MECTOPOKIEHUSI IIUPOKO pac-
IpPOCTpPaHEHkI B pesesiax Pycckoil paBHUHBI.

AnnutoBble (ATFOMUHUEBBIE) MOPOABI COCTOST MPEUMYIIIECTBEHHO U3 THJIPO-
keunoB Al, wacto ¢ 6onbpuM conepxanueM okcuaoB Fe. K Hum oTHoCcsATCA OOK-
CUTBI, COCTOSIIINE B OCHOBHOM W3 THIPOKCUIOB aTIOMHHHS C MPUMECHIO Oraja,
TJIMHUCTBIX MUHEPaIoB. YuCThie pa3HOBUIHOCTH OOKCUTOB conaepxat A0 63...75%
rmHo3éMa U 110 25 ... 35 % Bombl. Okpacka WX MOXKET OBITh O€JI0i, OXpPUCTO-
XKENTON, OYypOil B 3aBUCUMOCTH OT COJACpPKaHMsI OKCUIOB >kene3a. B cTpykTypHO-
TEKCTYPHOM OTHOIIEHWH OHH MOTYT OBITh MHUKPO3EPHUCTHIMU TBEPIBIMHU WITU
PBIXJIBIMA Pa3HOBUJHOCTSAMHU, MTOXO0KUMHU Ha IJIMHY. BOKCUTHI SBISIOTCS pyaamMu
Ha Al, UCTIOJIB3YIOTCS JJISI TIOJIYYEHUSI TJIMHO3EMHUCTBIX LIEMEHTOB, OrHEYIOPHBIX
MaTepHuanaoB, aacopOeHTOB U Ap. KpyrnHble MeCTOpOXKACHHUS HX HMEIOTCS Ha
VYpaine, B Jlenunrpaackoit odi1acTu.

MeTamop¢pryeckue BTOpUYHBIE OPOAbl. DTH BTOPUYHbBIE TOPOJIbI 00pa3o-
BAJIUCh MO/ BO3JCUCTBUEM BBICOKHMX TEMIIEPATYPhl U JIABJICHUSA, XUMHUUYECKU aK-
TUBHBIX Ta3000pa3HBIX BEIIECTB U TOPSYUX PACTBOPOB, ITUPKYIUPYIONINX B MOPO-
nax. Bo3aeiicTBuio 3THX (PaKTOPOB, OCOOEHHO MPOSBISIOUINXCA MPU TEKTOHUYE-
CKHX Ipolieccax, MOABEPratoTCs KaKk MarMaTUYECKHE, OCaJOYHbIE, TAK U PAHEE Me-
TaMOp(U30BaHHBIE TTOPOIbI. Pe3yIbTaTOM TaKOTO BO3JACUCTBUS SBISETCS M3MEHE-
HUE CTPYKTYPHBIX M TEKCTYPHBIX CBOMCTB, @ MHOT/IA U XMMHYECKOr0 COCTaBa Io-
poa. MuHepanbHbIi COCTaB METaMOP(PUUECKUX MOPOJ CXOJIEH C COCTABOM MaTe-
PUHCKHUX TOPOJA, HO HapsiAy ¢ MEPBUYHBIMU MUHEpajaMHu: KBaplLEM, IMOJIEBbIMU
mnartamu, aMmdubdonamu, CiIr0aMu - MOSBIISIOTCS BTOPUYHBIE, XapaKTEPHbIE TOJb-
KO JUIsl METaMOP(PUYECKUX MOPOJI, - TPAHAThI, XJOPUTHI, CEPNEHTUH U Ap. OHHU
UMEIOT KPUCTAITMYECKU-3€PHUCTYIO (KPUCTAII00IaCTOBYIO) CTPYKTYPY C BBITSHY-
TOi (popMoOit yacTull U pazHOOOpa3Hbie BUJIbI TeKCTYp. Hanbonee THIMYHBIMU SIB-
JSI0TCS CaHIEBaTas C MapajulelIbHbIM PacCIOCHUEM B OJHOM HAIpaBIICHUU 4Ye-
IIyHYaThIX, JIMCTOBATHIX, IJIACTUHYATHIX MUHEPAJIOB; MoJiocaTas (THelcoBast) ¢ Jiu-
HEHMHBIM PaCIONIOKEHUEM YEPEIYIOUIUXCS MOJIOC Pa3IMYHOIO0 MUHEPAIBHOIO CO-
CTaBa, a TAKKE MACCHBHAsl TEKCTypa, Pa3BUBAIOIIASICS MPHU MEPEKPUCTAIUIN3ALUN
OJIHOPOJIHBIX TIEPBUYHBIX OPOJ] O€3 UBMEHEHUs pacnoiokeHus: ux 3épeH. opmel



3aJieraHdsd METaMOP(PUUYECKUX MOPOJ COOTBETCTBYIOT (hopMaM 3ajieraHusl MaTe-
PUHCKUX MarMaTU4ecKux M ocanouHbIX mopol. K Hanbonee pacnpocTpaHEHHBIM
MeTaMOp(QUYECKUM TOPOJaM OTHOCSATCS THEHMCHI, KPUCTAIIMYECKUE CIIaHLIbI,
KBapLMTBI 1 MPaMOpBI.

I'Helichl - CBETJIOOKpALIEHHBIE CEpble, KPACHOBATHIE U JIPYTUX OTTEHKOB
KPUCTAINTNYECKU-3€PHUCTBIE  MOPOJbI, oOpasyrommecss TMpu MeTamoppusMe
KHCIIBIX MarMaTH4eCKUX M ocafoyHbiX mnopoa. Cpeau HHUX pas3dyaroT
OpPTOTHEHCHI, TOSIBUBIIMECS W3 TPAHUTHBIX WM KHUCIBIX TOP(UPOBBIX, U
naparHeicel - Ipu MEeTaMOpPHU3Me OCAJOYHBIX MOPOJ: aPKO30BBIX MECYAHHKOB,
PBIXJIBIX CKOIUIEHWW KBapiia, IMOJEBOTo Iumara, ciatoj U Jp. OpTOrHeicsl Mo
MUHEpaJIbHOMY COCTaBY CXOJHBI C TPaHUTAMU, HO OTJIMYAIOTCA OT HUX CJIOMCTOU
WM 1oJiocatoil TekcTypoil. CpenHsia MIOTHOCTh UX cocrtasisier 2400 ... 2800
KI/M’, a HauOONBIIMI mpefe] HPOYHOCTH MPH CKATHM (NEPIEHIHKY/PHO
cinouctoct) u3Mensiercs or 100 o 200 MIla u yMeHbIaeTcs B mapajiebHOM
HaIpaBJIECHUU MPUMEPHO B JiBa pa3a. OHU UCHONB3YIOTCA B BUJE OOJMIIOBOYHBIX
IUTUT, JJI KAaJKd (yHJaMEHTOB, B Ka4€CTBE MOCTUIILHOTO U OyTOBOTO KamHS U
ap. Ux mecropoxknenus usBectHsl B Kapenuu, Ha KonbCkoM MOIyoCcTpoBe,
Boctounoii Cubupu, KaBkase.

Kpucrannudeckne cjaanubl. [ TUHUCTBIE CIAaHIBI 00pa3yrOTCs U3 TJIUMH MPU
c1aboM BIMSIHUM MeTaMOop(u3Ma, a ¢ JAJbHEUIINM €ro YCUJIEHUEM IPeTeprieBacT
MOJIHYIO TIEPEKPUCTAIIM3AIMIO U MEPEXOJAT B PUILIUTHI - TEMHO-CEPbIE U Kpac-
HOBATbI€ TOHKOCJIAHLIEBBIE TOPOJIbI, COCTOSIIIME U3 BTOPUUYHBIX KBapla, CEPULUTA
u xyuoputa. OHM OTIMYAIOTCS CIOCOOHOCTHIO PACKaJIBIBATHCSI HA POBHBIE TOHKHE
IUTACTUHKH U, 00Ja/as JOCTaTOYHOM IIOTHOCTHIO, B3KOCTHIO, TBEPIOCTHIO U BO-
JIOCTOMKOCTBIO, MCIOJIB3YIOTCSI KaK MECTHBIM KpPOBEJNBbHBIM Marepuan. OuuInThI
UMEIOT npenen npoyHoctd npu cxkarud 50 ... 240 Mlla, miaoTHOCTE - OKOJIO
2.7r/ew’. TIpu fanbHEHIIIEM MOBBIIICHAN AABICHHS H TEMIIEPATYPhI (DHILIHTHI IIpe-
00pa3yroTcs B Ipyrue pa3HOBUAHOCTHU CJIAHIIEB: CIIOASHBIC, XJIOPUTOBBIE, TABKO-
Bole u T.a. Oco0oe MecTo 3aHMMAalOT IIYHTMTOBBIE CIAHIBI - JIPEBHUE
(oxeMOpuiickue) MeTaMoppU30BaHHbIE OCAAOYHBIE MOPOABI INIOTHON CTPYKTYPHI,
CJIOKEHHBIE IIYHIMTOBBIM BellecTBOM. OHM OKpaleHbl B TEMHO-CEPBI, HHOTAA
4EPHBIH IBET, OTIHYAIOTCS CpeIHel mIoTHOCTEI0 2700 ... 2900 Kr/M’, TPOYHOCTBIO
npu cxaruu 140 ... 300 MIla. Oco60 EeHHBIM CBOMCTBOM 3THUX MTOPOJT SBIISETCS UX
CIIOCOOHOCThH MPEBPAIATHCS B JIETKUM MOPUCTHIN 3aMIOJIHUTENb - IIYHTHU3UTO-BBIN
rpaBuil. [Ipu sToM Hamnbornee aKTUBHOE W IOJHOE BCIYYMBAaHUE MpHU OOKHUTe
MPOSIBJISIETCS Y IIMHTUTOBBIX MOPOJI, coaepxkaumx 1.2 ... 5 % uryHrutoBoro Bele-
CTBa ¢ yacTulamu pasmepom okosio 0.02 MKM, paBHOMEPHO pacnpeeiaEéHHOro B
KBapII-IJIarHoKIa3-XJIOPUTOBOM cUIIMKaTHOM Macce. OCOOEHHOCThIO IIYHTH3UTO-
BOIO TpaBus SABISIETCS HAJIMYME CTEKJIOBATOM CTPYKTYPhl M MCKIIOYUTEIbHAsS
WHEPTHOCTH 110 OTHOIIEHUIO KO BCEM arpeccuBHbIM cpeniaM. LIlyHruToBsie ciaHiibl
MPUMEHSIOTCS B KAU€CTBE ChIPhS JAJI MOTYUYEHUs IIYHTU3UTOBOTO I'PaBUsl, YEPHOTO
LIEMEHTa, KPacok, J0OABOK MPU M3rOTOBJIEHUU CHIIMKATHOTO KUPMHYA, IITYYHBIX
IUTUT J1J151 TIOJIOB, TJIMHTYCOB, a TAK)Ke KaK JEKOPAaTUBHBIN U CKYJIBITYPHBIN MaTe-



puansl. llyHruroBsle cinaHipl qoObBatoTcs B Kapenuu. Paznuunbie pa3HOBUIHO-
CTH JIPYTUX KPUCTANIMYECKHUX CJIAHIIEB BCTPEUYAIOTCS BO MHOTMX palioHax Ypaia,
Cubupun, Kaskasa.

KBapuutel o0pa3yroTcst myTéM MeTaMop(pHu3aliy KBaplEBBIX MECKOB U TeC-
YaHUKOB T0J1 BIMSHUEM JIaBJIEHUSI U BBICOKUX TEMIIEPATyp. DTO OYEHB IJIOTHBIE U
TBEPABIE MEJIKO- U CPEHE3EPHUCTHIE Oenble, )KENThIE, CEPhIE U KPAaCHOBATHIE TO-
pOABI C MACCUBHOM WM cilaHlEeBoM TekcTtypoil. Hapsiay ¢ kBapuem (10 95 ... 99 %)
OHM MOTYT COJEPKATh PAa3IUYHbIC MPUMECH: CIIOJbI, T€MATUTA, XJIOPUJIOB U JP.
KBapuuThl morofoycToiurBble W MPOYHbIE MOPOJBI: Mpeaesl MPOYHOCTU UX CO-
crasisier 100 ... 400 Mlla, a cpennsia mioTHocTh u3Mensiercss ot 2800 go 3000
kr/M>. OHH OTIMYAIOTCS CIAOBIM CIEIUICHHEM C BSDKYIIMMH, OOJNBIION XPYIIKO-
CTBIO U TPYJHOOOPaOaThIBAEMOCTHIO; UMEIOT BHICOKYIO OTHEYIIOPHOCTbD, KUCIIOTO-U
MIEI0YECTOMKOCTh M MPUMEHSIIOTCA TJIaBHBIM 00pa3oM B IMPOU3BOACTBE JMHAcA, a
TaK)Ke Kak a0pa3uBHBIN, KHCIOTO- U MIETOUECTONKHUI MaTtepuaisl. Kpacusbie pas-
HOBUIHOCTH KBApPILIMTOB SIBJISIOTCS MPEKPACHBIM JIEKOPATUBHBIM M OOJIUIIOBOYHBIM
MaTepuanioM. Pa3HOBUAHOCTH CO 3HAUYMUTENIbHBIM cojiepxkanueM (0onee 40 %) xe-
JI€3UCThIX MUHEPAJIOB SABJSIOTCS pynamu Ha xene3o (KpuBopoxwe, Kypckas mar-
HUTHas aHoMalus). MecTopoxaeHus: KBapuuToB u3BecTHhl B Kapenuu, Jlenun-
rpajackoi oomactu, Kpupopoxbse, KMA, Ha Anrtae u ap.

Mpamopsl 00pa3yroTCs IpU MEPEKPUCTAIUIN3ZALNNA U3BECTHIKOB U IOJIOMUTOB
MO/ BIMSIHUEM TUHAMOTEPMAIbHOIO MeTaMOp(pu3Ma ¢ mpeodiiaaHueM TeMIepa-
TypHOTO (pakTopa. Haiie Bcero OHU MOSBISAIOTCA HA KOHTAKTE KapOOHATHBIX MOPO/T
C MHTPY3USIMHU U MPEICTaBISIOT CO00M paBHOMEPHO-3€PHHUCTHIE MACCHUBHBIE WITU
CJIOMCTBIE TIOPO/IbI, OKpPAIICHHbIE B pa3HOOOpa3HbIe 1BETA OT CBETJIBIX 0 YEPHBIX C
pPa3IMYHBIMU OTTEHKAMH B 3aBHCUMOCTH OT COAEpKaHHs NpuMeceil. | maBHbIMU
MOPOA000Pa3YIOUIMMU MUHEPAJIaMU ABIISIOTCS KAJbIUT (JIETKO BCKUMAIOLINE Mpa-
Mopsl oT HC1) 1 1070MUT (IJI0XO BCKUMAKOUIME MPAMOPBI) C BO3MOXKHBIMH IPHU-
MeCAMH, B TOM uucie kBapua. OcOOEHHO BPEIHOW MPUMECHIO SIBISETCSA MUPUT,
JIETKO pa3jaramimiics Ha Bo3ayxe ¢ oopazoBannem H,SOy4 u cHIBbHO yXy/IIaio-
il pU3MKO-MexaHU4YeCcKrue CBOMCTBA Mpamopa M ero okpacky. CpeaHsisi miot-
HOCTb MPaMopoB Omm3ka K 2600 ... 2800 Kr/M°, a Ipeaen MPOYHOCTH MPH CIKATHH
nocturaet 100 ... 120 MlIla. [J0o10OMUTOBBII MpamMoOp 3HAYUTEIBHO MPOYHEE U
TBEpPKE KaIbIIMTOBOr0. Mpamopbl xopouio oOpadaThiBalOTCA - MWISTCS, NUTHQY-
I0TCA U MOJUPYIOTCS, HO €J1a00 COMPOTHUBIISIOTCS BHIBETPUBAHUIO, OCOOECHHO BIIMS-
HUIO arpecCUBHOI BOJIbI, COJAEpX alIel pPaCTBOPEHHYIO YIJIEKUCIOTY. Mpamopbl
MIUPOKO MPUMEHSIIOTCS [l BHYTPEHHUX OTIIEJIOYHBIX paboT, a B BUJE KPOIIKH -
IpU MPUTOTOBJIEHUU I[BETHBIX HITYKATYpPOK, OOJIMIIOBOYHOTO JIEKOPATUBHOTO Oe-
ToHa. MecTopoxaeHus: Mpamopa Haxonarcs B Kapenuu, Ypane, Cudupu, KaBkaze

u Jp.
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3.4. PacnpocTpaHEeHHOCTH 3JIEMEHTOB B 3eMHOI KOpe

X03541CTBEHHAsl JESATEIIbHOCTh UEJIOBEKA TECHO CBSI3aHA C MCIOJIb30BAaHUEM
OPUPOAHBIX OOTaTCTB, B TOM YHCIE 3aJEraloluMX B HEIpax 3€MHOM KOpBI.
[ToaTOMy MOJIE3HO HAMOMHHUTH HEKOTOPHIE OOIIME CBEIEHUS O 3eMHOU KOpeE.

TonuHa 3eMHOM KOpBI B TOPHBIX paiioHax gocturaer 50-70 kM 1 majgaer 1o
5-10 kM B OKeaHe. BoJIBIIMHCTBO I'€0JIOrOB MPUHUMAIOT CPEIHIOK TOJIIUHY 3€M-
HOH Kopbl B 16 kM. C U3BECTHOM 10JIEH TOCTOBEPHOCTH MOKHO CUHUTATh, YTO HAU-
6osee pacnpocTpaneHnblie 3neMeHTsl O, Si, u Al coctaistoT o macce 82.58 %, a
MepBhIe TI0 pacnpocTpaneHHocTH, 12 sanementos - O, Si, Al, Fe, Ca, Mg, Na, K, H,
Cl, Ti, C - 99.29 %. CnenoBarenbHO, Ha OO OCTATBLHBIX 3JIEMEHTOB MPUXOIATCS
T0J1bKO 0.71%.

[IpumepHoe coaepxkanue Hauboiee paclpoCTPaHEHHBIX MUHEPAIOB (B % Mo
Macce) B 36MHOM KOp€ TaKOBO:

KBapii, onan, xanueaoH u ap. pasHoBUIHOCTH S10, 12.0
['munBI 1.5
Mera - 1 OpTOCUIMKATHI 15.0
[ToneBbie mImMaThl 54.0
Ciroel 3.0
Jlomomur 1.0
Kanpiur 1.5
Munepaibl, coaepIKaIue xKene3o 3.0

Ocanouynble TMOPOABI SBIAIOTCS TJABHBIM CHIPHEM MPOMBILIICHHOCTH
(Tabmn.3.1), B Hux conepxkurcsa npumepHo 70 % rnuH, okono 20 % - meckoB U mnec-
YaHHUKOB, 5 % - KapOOHATOB.

TabGmuna 3.1.
ConepxaHue OKCUJIOB B 36MHOU KOpe M OPOAYKTAX
MPOMBIILICHHOTO Mpon3BoacTBa (mo A.E.@epcMmany)
Oxcunsl Marmatuueckue OcanouHble [IpoaykTsI
noposl, % nopoasl, % MIPOMBIIIIJICHHOTO
MIPOU3BO/ICTBA
Si0, 59.12 58.53 63.0
Al,0; 15.34 13.07 12.0
F6203 3.08 3.37
FeO 380 6.88 2.0 5.37 9.0
CaO 5.16 5.44
Na,0 3.84 1.10
MgO 349 15.62 2.51 11.86 13.0
K,O 3.13 2.81
H,0 1.15 428
CO0, 4.94 3.0




W3BecTHa pojb BOJBI U YIJIEKHCIOTHI B MPOILIECCaX MHHEPAIO00pa30BaHUA.
Ecnu B u3BEpKEHHBIX MOpPOJAx cojaep:kaHue Bojabl coctoBiser 1.15 %, a CO,
MIPAaKTHUYECKU OTCYTCTBYET, TO B OCaJOUYHBIX Mopojax cojaepxanue H,O nmospima-
erca 10 4.2 % , a CO, - no 4.94 %. Cneagyer noA4epKHYTh, 4YTO Ha | MoOJeKyLy
CO, B 0calouHbIX MOPOAAX NPUXOAUTCS 2.44 MOJIEKYJIbI BOABL, BEJIUKA €€ POJIb B
re0JIOTMYECKUX MPOLECCAX BBIBETPUBAHUS, KOTOPBIE YT IPU OTHOCUTEIBHO HU3-
KHX TEMIIepaTypax.

B npou3BoACTBE CTPOUTENBHBIX MAaTEPUAIOB M U3JEINI JaBHO UCIOJIb3YETCs
00paboTKa UCXOAHOTO ChIPhs MPH BhICOKUX TemIieparypax (800 - 2000 °C) u Hop-
MaJbHOM aTMOc(epHOM AaBieHUH. TOJIbKO aBTOKJIABHAS TEXHOJIOI'USI UCTIOIb3YET
oTHOcuTenbHO HU3KKUE TemmepaTypsl (100-300 °C) mpu NOBBIIIEHHBIX JTaBICHUIX
naporazoBoi cpebl. IMEHHO Takue yCJIOBHsI OY€Hb 4acTO MMEIOT MECTO B BEpX-
HUX CJIOSIX 3€MHOM KOPBI, I/I€ UIYT HMHTEHCUBHbIE IIPOLIeCChl 00pa30BaHus 0caa0y-
HBIX U METaMOP(GUYECKUX TOPHBIX MOPO/I.

O6pazoBaHre MUHEPAJIOB U FOPHBIX MOPOJ B 36MHOW KOPE HJET B IIMPOKOM
JMana3oHe TeMIeparyp u naBiieHuid. U3BecTHO, uTo Ha Kaxabie 100 M Temnepary-
pa yBenmuuuBaercs Ha 1 °C, Ha rmyoune 100 km temneparypa mocturaer 1100 -
1300 °C. OO0 yBenuYeHUU AABJICHUS MO MEpE YIIyOJICHUS NArOT MpeJACTaBICHUE
cleyIolue JaHHbIe:

I'my®uHa, KM IHaBjyieHue, Milla
100 3100. 0

600 21300. 0

600 68000. 0

3600 230000. 0

6370 350000. 0

BemecTBo B TBEpJOM COCTOSIHUM COXpaHseT (opMy U 00bEM, YTO TO3BOJISET
LIMPOKO HUCIOJIB30BATh €r0 IJIs1 MHKEHEPHBIX LieJel. BemecTBo B KUIKOM COCTOSI-
HUU COXpaHSET TOJBKO 00BbEM; C MOHMKEHHUEM TEeMIIepaTyphl, YIOPSIOYEHHOCTD
€ro CTPOEHMS YBEJIIMYMBAETCS, a C NOBBILICHUEM TEMIEPATYPHI - YMEHbBILAETCS, U
KHUJKOCTb MPUOINKACTCS K Ta3000pa3HOMY COCTOSIHUIO. Y BEIleCTBa B Ta3000pas3-
HOM COCTOSIHMH YIPYTOoCTh (DOPMBI OTCYTCTBYET, a YIPYrOoCTh 00beMa UMEET OJ-
HOCTOPOHHUI XapakTep (COMPOTUBIEHUE TOJIBKO CKATHUIO).

JIJi TEeXHOJOTUU CTPOUTENbHBIX MaTEepHaOB 0cO00€ 3HaUYEHUE UMEET TBEp-
JI0€ COCTOSIHUE BelllecTBa. TBepAbIe TeIa NPUHATO JEIUTh Ha KPUCTANINYECKUE U
amop(Hbie. Bce kpucTanibsl UMEIOT YIOPAI0UEHHOE CTPOCHHE - KPUCTATIINYECKYTO
pewieTky. [Ipy 0AMHAKOBOM XMMHUYECKOM COCTaBE KpUCTAJUIbl 00J1aat0T MEHbILIEH
sHeprueit, dyem amopdubie Tenma. DuU3HUECKUE CBOWCTBA KPHUCTALIOB MOTYT
MEHATBCS B PA3NIMYHBIX HANpPAaBIEHUSAX (AHU30TPOINHUS), UYTO OOYCIOBIIECHO
CTPOEHUEM KPUCTAUIMUECKON PELLETKH.



AMop@dHbIe BelecTBa HE UMEIOT OPraHN30BaHHON CTPYKTYpbl. OHH, Kak Ipa-
BUJIO, M30TPOMHBI U 00Jamar0T M30BITKOM CBOOOAHOW »Hepruu. BemectBa B
aMOp(HOM COCTOSIHUH, KaK MEHEE yCTONYMBbBIC, IPU COOTBETCTBYIOIIUX YCIOBUSIX
NepeXoT B KPUCTAUIMYECKHE C BBIJCIEHHEM TEIUia, MPOLEcC Nepexoja u3
aMop(HOTO COCTOSIHUS B KpucTandeckoe HeoOpaTum. [lomyunts amopdHoe Be-
HIECTBO U3 KPUCTAUIMYECKOTO yJIAaeTcs TOJbKO B KauyecTBE MOOOYHOrO MPOJIyKTa
XUMHYECKUX TpoleccoB, Hampumep mpu obe3BoxkuBanuun Al (OH)3 wm
Ca(OH),, 1u60 B pe3yipTare MpeeibHO TOHKOTO M3MEJIbUCHMS, KOTra pa3Mephl
3epeH  gocTHraroT mopsiika 10" CM M MeHbIme, VIeIbHAs IIOBEPXHOCTB
xapakrepusyercs BeamduHOH 500-1000 wm’/r. K oToif orpomHON BHemHeit
MOBEPXHOCTU CJEAyeT A00aBUTh BHYTPEHHIOW (TPEIIMHBI, KaBEPHbI M T.II.).
[IpakTUuecku JOCTUTHYTh TAaKOro JAMCIEPTrUPOBAHUS UYPE3BBIUAWHO TPYIHO, TaK
KaK [IOCJI€ OMNpEJEJICHHOT0 YpPOBHSI CO3AAlOTCA OJaronpusTHBIE YCIOBUS JIs
pa3BUTHS 0OpATHBIX MpolieccoB (00pa3zoBaHus (PIIOKYJ, pEKPUCTAIUIU3ALIUM U JP.).
Yupyrocts napa amopdusix (a3 0osblie ynpyrocTu napa Kpuctaandeckux ¢as
aHAJIOTMYHOTO COCTaBa, YTO OMNpPEAENIIeT UX HEYCTOMYMBOCTH M OO0YCIaBIMBAET
BO3MO>KHOCTh MEpPEeX0Jia B KPUCTAUIMUECKOE COCTOSIHUE. TEeXHUYECKUM CUHTE3
HOBOOOpa3oBaHWl TpeOyeT MEHBIIUX DJHEpro3arpaT MpU HUCIOJIb30BAHUU
UCXOJIHBIX ~KOMIIOHEHTOB aMOp(HOro, CTEKJIOO00OpPa3HOrO0 CTPOCHUS  WIIU
TOHKOU3MEJBYEHHBIX KPUCTATNINYECKUX.

Kpucraminueckoe cOCTOSIHUE SIBIAETCS CIEACTBUEM NEPUOJUYHOCTH MOJISA
KPUCTAJUIMYECKON PELIETKU M PACIPEACIICHHS] AIEKTPOHHOU TUIOTHOCTH B 00bEMeE
KpUCTaJlja. Y CTOWYUBBIE CTPYKTYpHbIE (DOPMBI MOTUUHSIOTCS TPEOOBAHUSIM MU-
HUMYyMa CBOOOJIHOM SHEPTUH, SHEPTeTUYEeCKass MPOYHOCTh KpUCTA/lIa XapaKTepu-
3yeTcsl JHEpPruedl pemeTkd (MOHHBIA KpPUCTAJUI) WM SHEpPrueid aroMu3aiuu
(aTOMHBII KpUCTaIT), MEXaHNYeCKasi MPOYHOCTh - YJAENbHONH CBOOOJAHON MOBEPX-
HOCTHOM DHEpruei.

CrpoeHune KpUCTANIMYECKON PEIIETKH CBSI3aHO C XUMUYECKUM COCTaBOM Be-
niecTBa. Uem mpoiie XMMUYECKHl COCTaB, TEM BbILIE CUMMETPHS KpUCTAILIOB. 50
% snemeHTOB U 70 % OMHAPHBIX COENMHEHUN 00pa3yloT KyOUYecKrue KpUCTasibl,
75 - 85 % coeMHEHHI C YETBIPbMSI-IISITHIO ATOMaMH B MOJIEKYJIE OOpa3yroT Mpu3-
MaTUYECKHe U pOMOUYECKHE KPUCTALIbl. POACTBEHHBIE IO CTPOCHUIO MOJIEKYJIBI
KPUCTAJUTM3YIOTCS B CXOHBIX KPUCTAUIMYECKUX (popMax.

B y3nax kpUCTaIIMYECKON pelIeTKU HaXOJUTCS OJIHA dJIEMEHTapHas sueiika.
Omna npeacrapisier coOOOM HaMMEHbIIUN 00BEM, KOTOPBIM MOXHO BBIJEIHUTH, IIPU-
4eM B 3TOM 00bEME COXPaHSIOTCS BCE CBOMCTBA KpucTauia. PaccTrosiHue mMexmy
y3J1aMU - 3JIEMEHTAPHBIMU STYeIKaMHU - B KpUCTaJlIaX u3MepsieTcs: B anrcrpemax (1

A = 10~* cm). OGBIUHBIIH KPUCTAIIT COCTOUT U3 IPOCTHIX, IIOTHO YIOXKEHHbIX OI0-
koB pasmepoM 10" - 10~° cm. PeanbHbIil KPHCTAIT OTIHYAETCS OT MACATBHOTO.
[lo psiay mpu4MH B HEM BO3HUKAIOT JA€(EKThI «IpyOOro» CTpoeHus (TPELIrHbI, UC-
KPUBJIEHUS, IPUMECU MOCTOPOHHUX BEIIECTB) Pa3MEPOM B HECKOJBKO JIECSITKOB
aHTCTpeM U Je(EeKThI KTOHKON» CTPYKTYPHI, €CIIA BHYTPh PEIISTKH BOWIET MEHbB-



MU Wiy OOJIBIINN TIOCTOPOHHUHN WMOH. B maeanbHOM KpuCTaie pacrooKeHHE
MOHOB, aTOMOB, MOJIEKYJ B Yy3JlaX MPOCTPAHCTBEHHOW PEUIETKU XapaKTEPHO IS
KOHKPETHOTO MHUHEpasa, T.e. SBJISETCS €ro KauyeCTBEHHON XapaKTepUCTUKOM.
[TpoyHOCTP MEANBHOTO KPUCTAIIJIA OYEHB BEJIMKA - JECSITKU THICAY MeTanackaiei.
[TpoyHOCTD e peanbHBIX KPUCTAIJIOB MHOTO HIKe. Tak, Hanboisee pacmpocTpa-
HEHHBIE CTPOUTENIbHBIE MaTepraibl UMErT NpoyHocTh 1.0 - 300.0 MITa. [Toatomy
I0JIE3HO TaK OPraHU30BaTh TEXHOJIOIMYECKHUI IpoLecc, YTOObl 00ECIeUYnTh MOIy-
YeHHE KPUCTAJUIMYECKUX NPOAYKTOB C HamOojee MCKaXEHHbIMU pelieTkamu. B
YACTHOCTH, U3BECTHO, UYTO, YEM KpPYIHEE KPUCTAILI, TeM O0Jiee BEPOATHO BO3HHK-
HOBEHME pa3inuHbIX Ae¢ektoB. Ha puc. 3.7 nmokazaHo U3MEHEHUE TPOYHOCTH MO-
HOKpPHCTAJUIa B 3aBUCUMOCTH OT ILJIOLIAJM MONEpPEYHOro cedyeHus. bonee ycroii-
YUBBI CTPYKTYPBI, B KOTOPBIX OO€CIeueHa IUIOTHEMIIAs yIaKOBKAa U UMEETCSI Bbl-
TOJJTHOE YMCJIO U HaIlpaBJIEHUE CBSI3EH.

B 3aBUCHMOCTH OT OCOOEHHOCTEH CHJIMKATHBIX KPUCTAJIOB Pas3jInyaroT pe-
HIETKU: MOHHBIE, KOBAJICHTHBIE, MOJIEKYJIIPHBIE; IIMPOKO PACIPpOCTPaHEHBI PELLET-
KU IIPOMEKYTOUYHBIX QOpM.

3aMeTUM, YTO TEXHOJIOTMS MUHEPAJIbHBIX CTPOUTENIBHBIX MAaTEpUAIOB B U3-
BECTHOM Me€pe MMHUTHPYET IPOLECCHI, MPOUCXOAAIINE B HEAPAX 3E€MHOU KOPBHI.
Oronb - nepBas NpUPOAHAS] CTUXUS, KOTOPOU YEeJIOBEK JaBHO HAYUMJICS YIIPABIAThH
U KOTOPYIO OH SHEPTUYHO IKCILTYyaTUPYET 7151 OBITOBBIX U MPOMBIIIJICHHBIX LIETIEH.
Tak, OCHOBHBIM CIIOCOOOM MIPOM3BOJCTBA CTPOUTEIBHBIX MATEPUAJIOB SIBISETCS
OTHEBas - TeMIepaTypHas oopadoTka (Tabnuma 3.2.).

Rpacr, MI]Ia

700

600

500

400

300

200 |+

100 P&

0
0.002 0.010 0.016 0.024  S,mM*

Puc.3.7. IIpO4HOCTE MOHOKPHCTAJLIA B 3aBUCHMOCTH OT IUTOIIAAH NOTIEPEYHOrO CEYESHH



B metannmypruu B mogaBisionieM OOJIBITMHCTBE CIy4aeB MPOIECC BENETCS B
BOCCTAHOBUTEILHON aTMoc(epe Mpu BBHICOKUX TEMIIepaTypax, 00eCrednBarOIINX
pacruiaBjIeHUE MPOAYKTOB C MOCIEAYIONIEH TEPMUIECKONH 00pabOTKOM OXJIaXkICH-
HOTO MeTajula (3aKajika, OTITYCK, IEMEHTAus W T.I.) I (PUKcanuu 3aJaHHBIX
CBOWCTB.

Tabmuma 3.2.
Knaccudukamms MmunepanbHbIX 00pa3oBaHU

I'pynmel bIX MUHEpAIbHBIX |['pyIbI X 00pa3oBaHUM O
[IPUDOJTa Jlenny MHHEDAJbIII A.B. HexopouieBy
Temneparypnsrii | Texnonornueckue |Temneparypubiii | Texnosornueckue
uHTepsai, °C  |yCJIOBHs unTepsa, °C YCIIOBHS

Boasr mano Tepmuueckue
1000 u Bbimie 600|Bopa pHCYTCTBY- |BbILIC 900-1000 I[THEBMOTOIHTO-

€T B 3HAUUTEIbHBIX TEPMHUYECKHE
- 1000 konuaectBax Boza |000-900 (1000) [TaeBMOTOIMTO-

UTPAET Cy- TUAPOTEPMAlbHbIE
375 - 600 HmKE  |mectennyto pois [200-375 (600) HIDKE |['unpoTepmanbHble

To xe
375 200

TexHonoruss MUHEPAIbHBIX CTPOUTEIBHBIX MATEPUAIOB IPUMEHSIET: BHICOKHE
TeMIlepaTypbl, 00eCTeurnBarOLIUe MOTHOE WK YaCTUYHOE PACIUIABICHUE U HU3KHE
TEMIIepaTyphl BIJIOTh 10 HOPMAJIbHBIX; BAKyyM, aTMOC(EPHOE U BBHICOKOE JaBiie-
HUE; BOCCTAHOBUTEIBHYIO, OKUCIUTENbHYIO U HEUTpaJIbHYI0 aTMOCheEpy.



I'naBa 4. UcKkyccTBeHHBbIE CTPOUTEIbHbIE MATEPUAJIBI
4.1. TexHoJiorust

TexHosorust (0T rpey. Hayka 0 MacTEepPCTBE) - COBOKYITHOCTh METOJI0B 00Opa-
OOTKHM, U3TOTOBJIEHUS, U3MEHEHUE COCTOSIHUS, CBOMCTB, (DOPMBI ChIpbS, MaTepuasa
win noygdadpukaTa B MpoIecce MPOU3BOACTBA MPOTYKIUH.

W3BecTHBI pa3nuyHbIE TEXHOJOTHH: XMMHUYECKass TEXHOJOTUS M3y4aeT Mpo-
L[ECCHI, BEAYIINE K U3MEHEHUIO XUMUYECKOTO COCTaBa MCXOAHOTO CHIPhS U MOTY-
YeHHe HOBOTO MPOYKTa, 00JaAar0IIer0 HY>KHBIMU XUMUYECKUMHU U (PU3HUECKUMHU
CBOMCTBaMH; TEXHOJOTHYECKHE IMPOLECCHl MEXaHMYEeCKOW O0O0pabOTKM CBsI3aHBI
TJIaBHBIM 00pa3oM ¢ M3MeHEHHEM (OPMBI; TEXHOJIOTHMYECKHUE MPOLECChl COOPKH
MPUBOJAT K OTHOCUTEIIbHOMY M3MEHEHHIO TOJIOKEHUS JIeTale WiIn LEebIX Y3JIO0B,
HEOOXOIMMOMY JI CO3JaHMs OoJiee CIOKHOM cHUCTeMbl (MAlllMHBI, anmaparsl,
COOPYKEHUS ).

CrnenyeT moAYEpKHYTh B3aUMOCBS3b MEXaHHUUECKHUX, (PU3UUECKUX U XUMHUYE-
CKUX crioco00B 00paboTku. Tak, HampuMep, TOHKOE U3MEIbUCHHUE U MOBHIIICHHUE
TEMIEPATYPHI CIIOCOOCTBYIOT YCKOpPEHHUIO MporieccoB. CyIecTBYIOT XUMHUECKHE
OpUEMBI, 00JIEryarolue MEXaHH4eCcKyt0 00paboTKy (Tak, P CMauyMBaHUU BOJOU
U3BECTU-KUIIEIKH MOJYy4aroT TOHKUI MOPOILIOK M3BECTU-MYIIOHKH). TexHoyorus
COOpKHU TaKKe€ IIMPOKO UCHOJB3YET TOCTHXKEHHSI U XUMUYECKOM, 1 MEXaHUYECKOU
00paboTKH (CBapKy, CKIICMBAHUE).

CoBepllIeHCTBOBAaHUE U IIPOIPECCUBHOE Pa3BUTHE JIHOOOW OTpaciiv NpOMBIII-
JIEHHOCTH TpeOyeT 0OCTOATENbHBIX 3HAaHUHM B IOIPaHUYHBIX oOsacTsax. bosee Toro,
BO3HUKHOBEHHE TaKMX HayK, KaK (pu3nueckas XUMHMsI, XuMudeckas pusuka, pusm-
KO-XMMHUYECKasi MEXaHHWKa U JPYrHe, TECHO CBSI3aHO C Pa3BUTUEM TEXHOJIOTHU
Pa3IMYHbIX IPOU3BOJICTB.

HenpepbiBHOE HaydHOE pa3BUTUE TEXHOJIOTUHU SABIISETCS MOILHBIM CPEJICTBOM
YBEJIMYEHUS IPOU3BOJAUTEIBHOCTU Tpyia U 0osiee 3(h(PEeKTUBHOrO MCIIOJIb30BAHUS
IPUPOJIHBIX OOTaTCTB.

IIpon3BOACTBO CTPOUTEIBHBIX MATEPUAIOB U W3JEIUN CIEAYET OTHECTH K
XUMHYECKOU TexHoJoruu. OHO onmupaeTcsi B 3HAYUTEIIbHON Mepe Ha XUMUIO TBEp-
IBIX TEJl - HAy4YHOE HaMpaBJIeHUE, 3apOAUBIIEECs B Hadalle TEKYIEro CTOJIETHSI.

B pa3Butun m1000i1 oTpaciu mpou3BOJCTBA, U B YACTHOCTH XUMHYECKON TEX-
HOJIOTUH, MOKHO BBIJICIUTH TPH dTara.

1-ii Tam - 3apokJIeHne HOBOM TEXHOJIOTUU, KOTJa U3BECTHBI OTACIbHbIE OT-
PBIBOYHBIC JAHHBIE, MaJI0O HAYYHBIX CBEJCHUI U MHOTO TaK Ha3bIBAEMBIX CEKPETOB
npousBojcTBa. Ha mepBom 3Tarne pa3BUTHS NPEIbIBISIOTCS CTpOrue TpeOoBaHUs
K CBIPBIO U PeXXUMaM ero 00pabOoTKH, U BCe K€, KaK MPaBUII0, MPOIYKIUS HEe 00J1a-
JaeT BBICOKMM KauecTBOM. COBpEeMEHHBI YpOBEHb 3HAHHUI TO3BOJISET, U
JOBOJIHO 4YacTO, MUHOBATh NEPBBIA 3Tal, OJHAKO HCKIIOYUTH €Tr0 MOJHOCTHIO
HEBO3MOKHO.



[IpruMepoM MOKET CIYy>KUTh Pa3BUTHE ABTOKJIABHOW TE€XHOJOTHUHM, MIIACTHYECKUX
Mmacc.

2-# JTal - cUCTeMaTH3alys U HaydHast 00pa0oTKa MPOU3BOACTBEHHOTO OTBITA
U pe3yNbTaToB HccienoBannii. Co3at0TCs MpaBuiia BHIOOPA CHIPhS, TOATOTOBKH H
00pabOTKM CHIPHEBOM CMECH. Y CTaHABIIMBACTCS 3aBUCHMOCTh KadyeCcTBa MPOAYKTa
OT €ro OCHOBHOTO COCTaBa W INIaBHEWIIMX npumeceid. CUcTeMaTU3UpyrOTCs pe-
3yibTaThl HAOMIOACHUH 32 (PU3NYECKUMHU U XUMUYECKUMHU IPOLIECCAMU, TPOUCXO-
JSIIUMU B CHIPBEBOM IIKUXTE Mpu 00paboTke. PazpabaThiBaloTcs TEXHUYECKUE YC-
JIOBUS ¥ TpeOOBaHUSI HA CTaHJIAPTHYIO NPOAYyKIuto. CBe€HUH 10CTaTOYHO, YTOOBI
OpraHM30BaTh MPOU3BOJCTBO B IOCYJAPCTBEHHOM MaciluTade, HO HEJOCTaTOYHO,
YTOOBI CO3HATEIBHO PEryJIMPOBaTh B HY’)KHOM HaIpaBJI€HUU Ka4e€CTBO MPOAYKIIUH.
[Ipu 3ameHe cbIpbsi HEOOXOIUMO MPOBEICHHUE IKCIIEPUMEHTOB.

3-ii ATan pa3BUTHUS TEXHOJIOTUU - HAYYHOE YNpaBJIeHUE NPOU3BOJCTBOM. U3-
BECTHbl OCHOBHBIE 3aKOHOMEPHOCTH TEXHOJIOTMH, YTO IO3BOJISIET PETYJIUPOBATH
KaueCTBO MPOIYKIHMH, UCIOJb30BATh PA3JIMYHbIE BU/bI CHIPbS U MEHATH TEXHOJO-
TUYECKUE PEXKUMBI C YUETOM MIPUMEHSEMOTO ChIPbSl M KA4€CTBA MTPOAYKIUH.

['maBHOM 3amayell MHXKEHEpaA-TEXHOJIOTa SBJSIETCA CO3JaHUE YCIIOBUM, oOec-
NEYMBAIOLINX MAaKCHUMAaJIbHYIO HNPOU3BOJIUTEIBHOCTh TPY/d, IJIA YETO OH JIOJHKEH
BJIAJICTh METOJMKOM pacyeTa MaTepHalbHbIX, SJHEPreTUYECKUX 3aTpaT, KUHETHYe-
CKHUX U JIPYTUX TEXHOJIOTMYECKUX MOKa3aTeIel, yMeTh pa3padaTbiBaTh TEXHOJIOTH-
YECKUE CXEMbI; COCTABJSATh M MPABWIBHO OILICHUBATH TEXHUKO-3KOHOMUYECKHUE
pacyeThl; MpeIycMaTPUBATh MEPOIPHUATHS, 00SCIICUNBAIOIINE OXPaHy TPYy/Ia U He-
00X0IMMbI€ CAHUTAPHO-TEXHUYECKHUE YCIOBUS TPOU3BOJICTBA.

TexHnuko-skoHOMHYECKass 3PPEKTUBHOCTh TEXHOJOTUYECKOTO IMpoliecca Xa-
paKTEpU3yeTCs CIEIYIOIIUMU TOKa3aTEIsIMHU:

1. I'naBHblE:

a) pacxoJl ChIPbsl U SHEPTUU HA €IUHUILY MPOIYKIHH, MOJHOTA UCIOIb30Ba-
HUS IPUPOTHBIX OOTATCTB;

0) KauecTBO U CTAOMIBHOCTH MPOAYKLIUU;

B) UHTEHCUBHOCTH IIPOIIECCOB.
2.IlpousBoHbIE:

I') TPYJ103aTpaThl U MPOU3BOJIUTEILHOCTh allapaTyphl;

1) 3aTpaThl HA OpraHU3aIUIO TPOU3BOJICTBA;

€) ce0eCTOMMOCTb MPOTYKIIUH.

Ecnu npu 3¢ pexTUBHBIX TIaBHBIX MOKA3aTENsX OKa3bIBaeTCs HEA( HEKTUB-
HBIM XOTs Obl OJIUH U3 MIPOU3BOHBIX, TO TPUUMHBI MPEXKIE BCETO HYKHO UCKATh B
anmnapaTypHoM O(QOpMIIEHUH, PEeKUMAX U OpraHU3alMK MPOU3BOJICTBA B IIEJIOM.
Ho, ecu HeappekTUBHBI «a», «O» U «B», TO HY>)KHO CTaBUTh BOIIPOC O 1€JECO00-
Pa3HOCTH JaNbHENIIETO CYIIECTBOBAHUS TAKOW TEXHOJIOTHUH.

[Ipon3BOANTENBLHOCTD TPY/Ja U anmnapaToB TECHO CBs3aHbL. J€JI0 HE TOIBKO B
o0beMe M KauecTBe MPOIYKIHUH, OYEHb BaXKHO, KAKUMH CPEJICTBAMHU OHU JIOCTUTa-
I0TCS, KAKOBBI YCJIOBUS TPYJa, MaTEpHAJIbHbIE 3aTPaThl OOIIECTBa B 1IeJI0M. Takoi



MOAXOJ  3aCTaBisieT HAac  MEHSATh  OTHOLIEHHWE K  YCTAaHOBUBILKMCS
TEXHOJOTHYECKUM CXEMaM U anrmaparam.

OKOHOMHYHOCThH 00YCIIaBIUBAETCS HE TOJIBKO TEXHOJIOTHUYECKUM MPOIIECCOM,
HO M KOHBIOHKTYPHBIMH YCJOBHSMH CTpPaHbl, a MHOTJAQ OTIECJIBHOIO PETHOHA.
Bonbiioe 3HaueHne UMEIOT MECTHBIE IIEHBl Ha TOIJIMBO, 3JIEKTPOIHEPTHIO, CTPOH-
TeJbHBIE MaT€pPHUAIIbI, YCIOBUS TPAHCIIOPTA MPOAYKIIMU U IPYTHe, KOTOPBIE Ompe-
JENAIOT ce0EeCTOMMOCTh M KalHUTalbHbIE 3aTpaThl. MIH)KEeHep MOKEH YMETh BbI-
OpaThb B KOHKPETHBIX YCIOBUSIX Hanbosee 3p(HEeKTUBHYIO TEXHOJIOTHIO, TPABUIHHO
anmnapatypHo ee o¢GOpMHUTb, aBTOMATU3UPOBATH U OOECHEYUTh CAHUTAPHO-
TEXHUYECKUE YCIOBHS, UCKITIOUYAIOIINE 3arps3HEHUE BO3/1yXa, BOJbI U TEPPUTOPUH
oTOpocamMu IPOU3BOCTBA.

['naBHbBIE 3a/1a41 COBPEMEHHON XUMUYECKON TEXHOJIOTUH:

* MaKCUMaJIbHO 3KOHOMHO€ HCII0JIb30BaHHE MMPUPOJHBIX OOTaTCTB;

* CHHTE3 BEIIECTB MMyTeM XUMHUCCKUX MPEBPAIEHUN CHIPbHS;

* nepepabOTKa HOBOT'O BEIIECTBA B KOHEUHBIN MacCOBBIN MPOAYKT;

* pa3paloTKa anmnaparoB-aBTOMaTOB, 00€CIEeUNBAIOIIUX MMPU BHICOKHX TEXHU-
KO-DKOHOMHUYECKHX MMOKa3aTeNsiX He0OX0UMbIE CAHUTAPHO-TUTUEHUYECKHE YCIIO-
BUsI pab0OyYMX U )KUBYILETO B paillOHE 3aBO/Ia HACEIICHHUS.

TexHonmoruyeckas cxema MpoOU3BOJICTBA MUHEPAJIbHBIX CTPOUTENIbHBIX MaTe-
puanoB 1 u3aenuil (0e3 yueta TpaHCIIOPTHBIX OMEPAINil) BKIIOYAET:

1. 1o6b1uy chipbs. OnpeneneHue 3amacoB, OLEHKY KauecTBa U CTa0MILHOCTH
HCXOJIHOTO ChIPbs, BEIOOP crioco0a A00bIUH.

2. [loaroToBky cbipbsi. ObOoraimieHne, U3MeNbUCHHUE, CYIIKY U YBIAKHEHHE, a
TaK)Ke JPYTUe OIepalu, KOTOpble MPUBOAAT ChIPbE B CTAHJAPTHOE JIJISl TAHHOTO
TEXHOJOTHYECKOTO MPOIIEcca COCTOSHHUE.

3. IIpuroroBieHue celppeBOi cmecu. Pacuer cocraBa (onpenesieHHue COOTHO-
HICHUS] HMCXOAHBIX KOMIIOHEHTOB), OIpEAEJICHUE YCIOBUN MepeMEIINBaHUS
(MOKpBII WM CyXOi cIOCOOBI MOJATOTOBKU CHIPHEBOM CMECH U T.J.), BEIOOp amma-
paTypbl, o0ecrieunBaromiei TpedyemMbie TEXHOIOTHUYECKUE XapaKTEPUCTUKH.

4. IloaroroBky k peaktopy. PopMoBaHue, MpeABAPUTEIHHOE BHIACPKUBAHNE
B OINpENETICHHBIX YCIOBUSAX IO peakTopa (HarpeBaHUE, OXJaKJIEHHUE, CyIIKa, yB-
JQKHEHUE U T.I1.).

Hanpumep, TeXHOJIOTHIO MOATOTOBKUA CMECE K O0XKHIY ONPEAENIOT MeUu:
maxTHas (1me0eHb, OKATHIINH, OPUKETHI), BpalIaromasics (MOPOIIOK WM IIjiaMm).
Texnonoruto GOPMOBKHU TaKKe ONpPEIEsIeT CIOCOO MOATOTOBKH IIUXTHI: MOKPBIi
- IUThE, CyXOl MOPOINIOK - IPECCOBAHUE U T.J.

[ToAroTOBKOM K peakToOpy SIBISIOTCSA ONEpaluu:

* BBIJIEPKKHU TEepe]] MPOoLIecCCOM (HarpuMep, Kene300€TOHHBIX U3EH nepe
TUAPOTEpMaTbHON 00padoTKOM);

*TIpUIaHUS U3CIINI0 HEOOXOAUMBIX (POPMBI, pa3MEPOB, BIAKHOCTH.

5. O6paboTKy B peakTope (Ieuu, aBTOKJIABe, MPONApOYHON KaMepe) MpH OIl-
TUMaJIbHBIX TEMIIEPaType, JaBICHUHU, BIAKHOCTH.



6. Otnenky u copTupoBky. [Ipuaanue npoaykTy TOBapHOTO BUA.
7. Xpanenue npoaykra. OnpeneneHue yCIoBUl pekruMa XpaHEeHUs Ha CKIIaie
3aBojia. ['padpuk BpeMeHnu, reMieparyp, BIaXKHOCTH.

4.2. Heopranuueckue BsOKYIIME U MaTEpUAIIbI

Ha ocHOBe HEOpPraHMYECKUX BSIKYIIUMX BEIIECTB (LIEMEHTOB, CUJIMKATOB U
TJIMH) TPUTOTABIMBAIOT MUHEPAJIbHbIE TUAPOU3OJISLIUOHHBIE MATEPUAIIBI.

Tennou30A1MOHHbIE MATEPUATIBI U3 STYEUCTHIX OETOHOB UMEIOT MMOPUCTOCTb,
KO3 PUIMEHT TEMIONPOBOAHOCTH U TEMIEPATypbl TPUMEHEHHUSI COOTBETCTBEHHO
85-92 %, 0.058 - 0.081 B1/(M-°C) 1 400 - 700 °C.

AKycTHUYeCcKHEe MaTepualibl 001a1at0T KO3 GUIIMEHTOM 3BYKOMOTJIOMICHUS B
3aBUCUMOCTH OT 4aCTOTHI 3BYKOBBIX BOJH - (.08 - 0.76.

* CpIpbeBOil 02301 JUIsl TPOU3BOJCTBA HEOPTaHUYECKUX BSDKYLIUX BEIECTB
SBJISIFOTCSL TOPHBIE TOPOJBI U MOOOYHBIE MPOAYKTHI IpOMbIIUIEHHOCTH. Cpenu
TOPHBIX MOPOJ ISl ATUX IIEJIeH UCTIONB3YIOT CyIb(aTHBIE - TUIIC U AaHTUJPUT; Kap-
OOHATHBIE - U3BECTHSK, MEJI, U3BECTKOBBIE TY(PbI, paKylIIEYHUK, MPaMOp, JOJIOMHU-
ThbI, TOJIOMUTU3UPOBAHHBIE M3BECTHSKW, MAarHe3WUT; MEPIeJIUCThbIE - U3BECTKOBBIC
Mepreiiv; allOMOCHIIMKATHBIE - HE(PEIUHBI, [JIMHbI, [TIMHUCTBIE CIAHLIbI; BHICOKO-
IJIMHO3EMHUCTOE ChIPhE - OOKCUTBI, KOPYHIBI U Ap.; KPEMHE3EMHUCTbIE TOPHBIE MO~
pOABI - KBapIEBbIM MECOK, BYJIKaHUYECKUH menen (MyliojaHa), JUaTOMUT, Tpe-
e, onoxa.

Cpenu nmoOOYHBIX MPOAYKTOB HAXOAST NMPUMEHEHHE LUIAKW METaJLTypruye-
CKHE U 30JIbl, KOTOPBIE JENATCS HA OCHOBHBIE U KHCIIBIE, UYTO OMPENENAETCA UX MO-
JTyJIEM OCHOBHOCTH:

M, = CaO + MgO / SiO, + A1,0; 4.1)

YV ocHOBHBIX ITAKOB My>1; y kucisix - M<I.

Bo3nymuble Bsukymue BemiecTBa. ChlpbeM Jisi MPOU3BOJICTBA THUIICOBBIX
BSDKYIIMX BEILIECTB CIY>KAT CyJib(aTHbIE TOPHbIE TOPOJIbI, COAECPIKAIME MUHEPAT
nByBoaHbI rurnc CaSC, ¢ 2H,0. IIpu temneparype ot 110 no 180 °C npupoaublii
TUIIC CTAHOBUTCS MOJYyBOAHBIM runcoM - CaSCy » O.5H,0.

OcoOEHHOCTBIO THUIICOBBIX BSIKYIIUX BEIIECTB SIBISETCS MX KOPOTKUU CPOK
cxBaThiBaHus. VX HCMOab30BaHKe O0YCIABIMBAETCS OTHOCUTENBHON BIAKHOCTBIO
BO3/lyxa He Oosee 60%, Tak Kak yBJIaXKHEHHE TMIICOBOTO M3ENHS CBS3aHO C IO-
HUKEHUEM MPOYHOCTU U POCTOM IJIACTUYECKUX Aedopmaiinii. I3BecTHBI cCIOCOOBI
MOBBIIICHUS] BOJOCTOMKOCTH TUIICA U U3, HapuMep J00aBIeHUEM CUHTETH-
YECKUX CMOJI, TPOMUTKON THAPOGOOHBIMH BEIIECTBAMHU, MHTEHCUBHBIM YIIOTHE-
HueM npu hopmupoBanuu. OcobeHHO A3 PEKTUBHBIM CIIOCOOOM MOBBIIIIEHUS BO-



JIOCTOMKOCTH SIBJISIETCS MEPEXOJ] K CMEIIAHHBIM BSDKYIIMM BEIIECTBAM HAa OCHOBE
TUIICA.

ChIpbeM [J1s1 TPOU3BOJICTBA BO3IYIIIHON M3BECTH CITY’KaT MJIOTHBIE H3BECTHSI-
KU, paKyIIeYHUKHU, MeJ, TOJIOMUTHU3NPOBAHHBIE U3BECTHIKHU MIPHU YCIOBUHU, YTO CO-
JIep>)KaHUE TIMHUCTBIX MpuMeceld B HUX He npeBblmiaeT 6 %. Chpipbe 00XKHUIarOT
npu temneparype 1000 ... 1200 °C no noaHoro yjnaneHus yriekuciioro rasa.

Ecnn koMOBYI0 M3BECTh U3MEIBUUTD, IOTYUUTCS MOJIOTas HerameHas. bonee
pacrpocTpaHeHa B CTPOUTENbCTBE U3BECTh rallieHas, MmojydaeMasi yTeM 3aTBope-
HHUS BOJIOW HETallleHOW U3BECTH.

["amienne M3BECTU MPOU3BOAUTCS B MYIIEHKY WJIM B U3BECTKOBOE TecTo. [Ipu
pacxone BoAbsl 1 1 Ha 1 Kr M3BECTH KOMOBAasl M3BECTH IMpPEBpAIlaeTCsl B TOHKUUN
PBIXJIBII MTOPOIIOK CO 3HAYUTEIbHBIM YBEIIMUEHUEM B 00bEME; MIPU PACXO0]I€ BOJIbI
2 ...3 1 Ha | Kr U3BECTH MOIYYAETCs U3BECTKOBOE TECTO, YTO TAKKE COMPOBOXKIA-
€TCsl yBEJINUEHUEM B 00BEME.

Bo3aymiHyio u3BeCTb MPUMEHSIOT JJIs IPUTOTOBJICHUS KJIaJ0YHBIX U OTJe-
JIOYHBIX PACTBOPOB, OETOHHBIX U3EJIHUM, CUTMKATHOTO KUpIUYa U T.1.

ChIpbeM 711 MarHe3UalbHBIX BSDKYLIUX BelIECTB ciykUT mMarie3ut MgC O,
u noinomut CaCO3 » MgCO,.

O6xur mar"esuta mnpousBojautcs npu temmeparype 750...800°C (Bo Bpa-
maromuxcs neyax 10 1000°C) go nonnoro pasnoxenns MgC O, na MgO u CO,
c ynaieHueMm yriekucioro rasza. Ilocme momona MgO mnpexacraBnser coboi
BO3/IYIITHOE BSDKYILIEE BEIIECTBO, HA3bIBAEMOE «KAYCTHUECKHUM (KTYUYHUM, €IKHM)
MarHe3uTOM», OHO UMEET Ipeaes npouyHocTy npu cxaruu 40...60 MIla.

OOxur nonoMuTa NPOU3BOIAT Npu Oojiee HHU3KUX TeMmIeparypax B
unrepae 650...750°C, Tak Kak MpU MOBBIIICHUU TEMIIEPATYPhI 00KUTAa HAUNHAET
pasnaratecsi 1 CaCO3 ¢ obpa3oBanueM m3BecTd. Pa3iokeHHWe MPOUCXOAWT TIO
peaKLMu:

CaMg(CO3); -» MgO + CaCO3 + CO, * MgO + CaCO; (4.2)

[lony4yeHHBIM MaTEpUal HA3bIBAIOT KAYCTUYECKUM JOJIOMMUTOM, KOTOPBIN U3-
3a uHepTHOM pumecu CaCO3 He UMEET BBICOKOM MPOYHOCTH - MapKa HE IPEBBI-
mraer 100...300 (krc/cm?).

OCO0OEHHOCThIO MPUMEHEHHS MAarHe3UajbHBIX BSKYIIUX BEILECTB SIBIISAETCS
3aTBOPEHUE MX BOJHBIMU pacTBOpaMu MarHesuanbHbix coneit MgCl, m MgSO4,
IIPUYEM HAYyalo CXBATHIBAHMS HACTynaeT He no3aHee 20 MUHYT, a KOHEI - He
no3aHee 6 4acoB.

Marse3nanbHble BSOKYIIME BELIECTBA UMEIOT XOPOIIee CLEIUICHUE C OpraHu-
YECKUMHU 3aIlOJIHUTEISIMU: APEBECHBIMU ONMMIIKAMHU (KCUJIOJIUTHI), APEBECHOM 1Iep-
CThI0 (PUOPOIUTHI).

PactBopumoe (xuakoe) crekso. [ns mpou3BOACTBa pacTBOPUMOIO CTEKJIa
CBIPBEM CIIY’KaT B OCHOBHOM YMCTBI KBAapLEBBIM IIECOK U KaJbLUHUPOBAHHAas
coza



Ka,CO3 uiu ceprokucnsiii HaTpuii Na,SO4, 3HaUUTENBHO peke BTOPBIM KOMIIO-
HeHToM saBisgercs noram K,CO3.

TmiarenbHO NEPEMENIAHHYIO CHIPHEBYIO CMECH PACIUIABIIAIOT B CTEKJIOBAPEH-
HbIX neyax npu remneparype 1300...1400°C, a 3aTeM coaep>KMMO€ BBITPYXKalOT B
BaroHeTKHU. [Ipy OBICTPOM OXJaKICHUH OHA TBEPACET M PACKATBIBAETCS HA KYCKH,
UMEHYEMbIC CHUIIMKAT-TJIBIOON. Jlydie BCEro pacTBOPATh CUIIUKAT-TJIBIOY B aBTO-
kiaBax npu gasienuu 0.6 ... 0.7 Mlla u remnepatype 150 °C, npeBpaias ee B cu-
POMO0GPa3HYI0 KUAKOCTH WIOTHOCTEI0 1300 ... 1500 kr/m’. COCTaB HONy4aeMbIX
IIEJIOYHBIX CUJIMKATOB BhIpaxaercs ¢popmynamu: HaTpueBoro Na,O nSiQ,, kanue-
Boro K,O nSiO,, rae o - Moaysb &KHUJIKOTO CTEKJIa, paBHBIM COOTBETCTBEHHO 2.6 ...
3.5; 3 ... 4. Moaynb MOKa3bIBaE€T, BO CKOJBKO pa3 B IpaMM-MOJIEKYJIE HIEJIOYHOTO
CHWJIMKaTa O0OJIbIIE KpEMHE3eMa, YeM OKCH/IAa IEJI0YHOTO MeTalia.

Kunkoe (pacTBOpUMOE) CTEKJIO MPUMEHSIIOT ISl MPOU3BOJCTBA KUCIOTO-
YIOPHBIX [IEMEHTOB, KAPOYIMOPHBIX OETOHOB, CUJIMKATHBIX KPACOK U 00OMa30K, JJIs
MPONMUTKYU (CUIIMKATHU3AIMU) TPYHTOBBIX OCHOBaHUH.

I'mapaBianyeckne BsiKylIue BellecTBa. [ MApaBinvecKue BsDKYIUE Bellle-
CTBa MOTYT OBITh MCMOJB30BAHbl KaK B CYXUX (BO3/YIIHBIX), TAK U BO BIJIAXKHBIX
yciioBusiX. BriepBble ruipaBinyecke BXKYIIME BEUIECTBA MPUMEHWIN PUMIISHE B
1 Beke HaIieil 3psl IJIs1 COOPY>KEHUI BOJOMPOBO/IA; OHU CMEIIMBAIM BO3AYIIHYIO
CTPOUTEIBHYIO U3BECTh C BYJKAHMYECKUM IEIJIOM, MYII[0JIaHON (HECKOJbKO HC-
KOKEHHOE UTAIBIHCKOE HA3BaHUE TI0 HANMEHOBaHUIO MecTeuka [lymiryonu BOmm3u
Puma).

I'mapasanyeckass usBecTb. ChIpbeM I MPOU3BOJCTBA TUAPABIMYECKOM
M3BECTHU CIIy’KaT MEPreJIMCThIE W3BECTHAKUA C COJAEPKAHUEM B HUX TIJIMHBI H
necyaHslx npumecei ot 6 10 20%.

Cripbe o0xuraetcs npu temmepatype 900...1100°C. ITpu o6xure oopasyercs
HE TOJIKO CBOOOJHAs M3BECTh, HO U €€ XMMHYECKHE COCTUHEHHUS C OKCHUAAMHU
riHbl: cunukatel 2Ca0Si0,, amromunate 2Ca0A1,03, depputst 2Ca0 ¢ Fe, 03
KaJIbIUSI.

['unpaBnuyeckast U3BeCTh 00J1aJJa€T HEBBICOKOM MPOYHOCTHIO, MPOYHOCTD MPU
cxatuu cocrasisieT 2...5 Mlla.

XapaKkTepUCTUKON ChIPbSI U TOTOBOTO BSDKYIIETO BEILECTBA CIY>KUT TMpaB-
JIMYECKHM, UM OCHOBHOW MOJYJIb:

m= Si02 / A1203 + Fe203 (43)
s TuApaBIMYECKOM U3BECTH OCHOBHOM MOTYJIb MOYKET KOJIeOaThCs B Ipe
nenax ot 1.7 10 9.0. Y Bo3ayIIHOM U3BECTH THAPABINYECKUN MOIYJb OosbIie 9.0.
HopraanauemeHT. ChIpbeM 7151 MPOU3BOJICTBA CIYKAT U3BECTHSK U TJIMHA.
MoryT ucnoJyib30BaThCsl MEpreib, TOMEHHBIN 1IJIaK, OTIOKa U Jp.
TpeboBanre K XUMUYECKOMY COCTaBY CBIPhS JIJISl TIONYYCHHS KIMHKEpa - HE

JOTTyCKaeT OOJBIINX KOJICOAHWH B COJIEPYKAHUU YEThIPEX TJIABHBIX OKCHI0B. Co-
nepxkanue okcuaoB (%): Ca0 - 63...67, SiO, - 20...24, A1,0; - 4...9, Fe,0; - 2..4.



[Ipu pacuere coctaBa ChIPbsl HCIOIb3YETCSA OCHOBHOM, WJIM THAPABINYECKUI MO-
NyJib, YKa3aHHBIN BBIIIE, a TAK)KE CUJIMKATHBIA (KPEMHE3EMUCTHIN), %o:

n = Si0, / (A1,0; + Fe,0;) (4.4)
WJIM aJTIOMUHATHBIN (UJTU TJIIMHO3€):

P = A1,0;/ Fe,0; (4.MHCTBIIS)

NX 4ucnoBble 3HAUYCHUA NOJKHBI HaXOAUThCS B mpenenax: T = 1.9..2.4;
n=1.7...3.5;p=1.0...2.5.

[Ipon3BOACTBO MOPTIAHAUEMEHTA COCTOMT W3 HIPUTOTOBJIEHUS CHIPHEBOM
CMeCH, 00KHra 3TOM CMECH 10 CIEKaHUs B KIMHKEp, CKJIAJUPOBAHMS KIHMHKEPA,
MOMOJIa KJIMHKEPA COBMECTHO C THIICOM, MUHEPaJIbHBIMU U APYTUMHU JOOABKaMH.

Jl5is u3ydeHus KUHETUKHU KIMHKepoOpa3oBaHUsI HAMOONBIIUN UHTEPEC Mpe-
CTaBIAIOT ckopocTu pactBopeHus Ca0, 2Ca0 » Si0, u 3Ca0 - SiO,, T.e. TeX Mu-
HEPaJIOB, KOTOPHIE B3aUMOJCHCTBYIOT MIPH 00XKHUTe IIEMEHTHOT'O KIIMHKEpa.

Toponoseim H.A. u PymsiauiesiM [1.D. pazpaboTtan MeTo uccnea0BaHus KH-
HETUKU PACTBOPEHHMSI KIIMHKEPHBIX MUHEPATIOB B KHUAKOH (ha3e MOpTIaHILEMEHT-
HOTO KJIMHKepa. st ucciaenoBaHusi pEKOMEHIYETCSl UCTIOIb30BATh BHICOKOTEMIIE-
paTypHbIi MUKpockor. [Ipu 3ToM Ha mioNIaAKy packienaHHOW 4acTH MIATUHOBO-
ro HarpeBaTelis HAHOCUTCS TOHKHUH CIIOM M3MENbUYEHHOr0 U TIIATEIBHO Nepeme-
[IAHHOTO TMOPOIIKAa, COCTaBIECHHOTO W3 YIJIEKHUCIOro Kajblvs, KBapla, OKHCH
AJIOMUHUSI, OKUCH JK€JIe3a B TAKOM COOTHOILIEHHH, KOTOPOE B MepecyeTe Ha Mpo-
KaJICHHOE BEILIECTBO JAaeT BAJIOBBIA XMMUYECKUM COCTaB, COOTBETCTBYIOIINI Hame-
YEHHOMY XMMHUYECKOMY COCTaBY pacIlulaBa.

3ateM oOpaszelr HarpeBaeTcs o Temmnepatypbl 1350 °C u oxmaxmaeTcs 10
KOMHATHOM Temmnepatypsl (puc.4.1,a). Ha moBepXHOCTh 3aCTHIBIIETO paciiaBa Ha-
HOCSITCSL 4acTUIbl (3€pHO) MHHEpasia, pPACTBOPEHHE KOTOPOTO H3Yy4yaeTcs
(puc.4.1,6). Pazmep 3epHa mpeaBapuUTENIbHO U3MEPSUIICS MOJ MUKPOCKOINOM. Tem-
nepaTypy NpPUrOTOBJIEHHOIO TaKMM oOpa3oM oOpasma ObicTpo (B TeueHue 1 c.)
MOJAHUMAIOT J10 33/1aHHOM, ¥ 36pHO HauumHaeT pacTBopsTcs (puc.4.1,8B). Beiaepxkky
oOpasua npu 3aJaHHOM TeMIepaType MpoAO0HKaIOT 10 MOJTHOTO PACTBOPEHHUS 3€p-
Ha (puc.4.1,r), mpu 3TOM CEeKyHAOMEpPOM (DUKCUPYIOT MPOAOHKUTEIBHOCTh pac-
TBOPEHUS.

OOGXUT CBIPHEBOM CMECH - LIEHTPAJbHBIN 3Tal TEXHOJIOTMU IiemMeHTa. Hau-
BbICcIIas TeMiiepaTypa ooxura (1450°C) nocturaercs B 30He cnekanus. [Ipu atom
obOpa3yeTtcst pacmiaB B konuuectBe 20...30% oObema obOxuraemoit cmecu. B mpu-
CYTCTBUU KHUAKOU (pa3pl MpoUCXOAUT OOJee MOTHOE HACHIIIEHUE CHIIMKATa Kallb-
LM U3BECTBIO U 00pa3zyercsa TpexkaiblueBblil cuiankar 3Ca0 ¢ Si0Q, (CasSiO,) -
ocHoBHOe coenuHenue. [lo byrry u TumaiueBy, cHauana oOpa3yroTcsi TETpadAphI
Si 0,, KOTOpbIE IOTOM COSAMHAIOTCS ¢ HoHaMu Ca’’, 06pasys KPHCTAITHYECKYIO
pEIIETKY TpeXKaabIIMeBOro cunukara. OctaabHble COeAMHEHUS 00pa3yoTCs



panee (nByxkanblueBblii cunukaT Ca,SQy,, TpexKalblIMEBBIA aTIOMOCHIMKAT
Ca3A1,04 u yeThipexkanbiiueBbiid amoMmodepput CayAl,Fe,Oq).

Puc.4.1. PacTBopeHHe 3epHa OKMCH KalbLuA B XHAKOH (ase eMEHTHOro KinHKepa, x130
a — xuzkas ¢aza kinMHKepa npu oObIYHOM Temmnepatype; 6 — obpasen xuakoii dasel
KJIMHKEPA ¢ HAHECEHHBIM HA HEro 3epPHOM OKMCH Kanblus, Temrepatypa 1000 °C; B —
kunkas ¢asa ¢ pacTBOPAIOLIMMCA B Heil 36pHOM OKMCH KajbLMsA NPH TEMIIEpaType
1350 °C; r — OKHMCb KanbLHs, pacCTBOPHMBLIAACS B PacIUIaBe MONHOCTHIO IPH TeMIepa-
Type 1350 °C.
1 — peniepHbIE KPUCTAJUIBL, 2 — 36PHO OKHCH KaJIbLIHs.

CocraB kimHKepa, %

Ca;SiOs (kpaTko C3S)...uvveeeeieennee. 45...60
Ca,Si0Oy (kpaTko C,S)...uvveeereennee. 20...30
Ca;A1,04 (kpaTko C3A)...cccceeeeenee. 4...14

Ca,;Al2Fe,0io (kpatko C4,AF).......... 10...18

AKTUBHOCTBIO MOPTJIAHIIEMEHTA HAa3bIBAIOT MOKA3aTelNb Mpeiesia MPOYHOCTH,
MOJIy4aeMblii MIPU UCTIBITAHUHM HA OCEBOE CXKATHE MOJIOBUHOK 0Opas3loB Oajouek
pasmepamu 4 X 4 x 16 cM, U3rOTOBJIEHHBIX U3 LIEMEHTHOTO pacTBopa cocrana 1:3
(mo macce) u B/I] = 0.4, B Bo3pacTte 28 CyTOK TBEpJICHHUS.

Ha akTMBHOCTH MOPTIAHALIEMEHTA 3HAYUTEIHHOE BIIMSHUE OKA3bIBAET TOH-
kocTh momoia 2500...3000 cm?/r. [Tpu moMoiIe ¢ HeHTPOOESKHBIM CEapaTopoM,



BO3BpALIAIOIINM KPYITHbIE 3€PHA HA JIOMOJ, MOKHO JJOCTUTHYTh TOHKOCTH ITOMOJIa
C yZIeNBbHOI TOBEPXHOCTBIO 10 4000...5000 cm™/r.

Bce noMeHHBIE UTAKW B TOM WM MHOW CTENEHH 00JIaaeT CIIOCOOHOCTRIO K
THIPaBINYECKOMY TBEPJCHHUIO, HO 3Ta CIIOCOOHOCTh Y OOJBIIMHCTBA IIJIAKOB Ha-
XOJIUTCSL B CKPBITOM COCTOSIHUU. M criofib30BaHKE IIUIAKOB JIJIs1 MPOM3BOCTBA I1LJ1a-
KOBBIX [IEMEHTOB OCHOBAHO Ha MPUMEHEHHH Psifia METOJIOB aKTUBAIIUU UX TUIPaB-
JINYECKUX CBOKCTB.

CymiecTByeT 1Mo KpaifHeil Mepe JBa MyTH aKTUBALMK BSKYIIUX CBOMCTB J10-
MEHHBIX IITAKOB: 00pabOTKa OCTBHIBIIMX TOHKOM3MEJIbYEHHBIX IIJIAKOB U IIJAKOB
B OTHEHHO-KUJIKOM COCTOSIHUU.

ToponoBsiM H.A. n PymsanueBsim [1.D. mokazaHa BO3MOXKHOCTh MOJTYYEHUS
U3 OTHEHHO-’KUJIKUX JIOMEHHBIX IIIJIJAKOB IJIABJIEHOTO MOPTJIAHILIEMEHTHOTO KJIUH-
kepa oboramenuem CaO u Fe, 03 (puc.5.2). bbuto cienaHo HECKOJbKO CIeayHo-
UM BeIBOJIOB. [Tpu o0oraiennn orueHHo-kuakoro nuiaka CaO Heobxoaumo J1o-
BECTU €ro XMMHUYECKHM COCTaB J0 COCTaBa MOPTJIAHJLEMEHTHOTO KJIMHKEpa |
obecneunth Temmnepatypy HarpeBanus 1700 - 1800 °C. Benenue ¢propucroro Ha-
TPUSl B ILJAKU CYIIECTBEHHO YBEIMYMBAET CKPBIThIE TMJIPABIMYECKHUE CBOMCTBA
1UIaKOB, UMEIOIMX B cBoeM cocTaBe 2Ca0 ¢ Si0,, 1 CHIKAaEeT TeMineparypy IjiaB-
neHust Bcex muiakoB. NaF B jaHHOM ciydae siBIsieTCs IJIaBHEM - aKTUBU3ATOPOM.
JHoOaBka 1% mnopTiaHaneMeHTa K LUIAKOBBIM pacIulaBaM Iepes T'paHyJsLueit
MOBBIIIAET aKTUBHOCTH IIEMEHTOB U3 3TUX 1u1akoB Ha 20 - 30%.

N3menenne Gpu3nko-MexaHUUECKUX CBOMCTB KIIMHKEPA 3HAYNTEIHHO 3aBUCUT
OT TeMIEPATyphl €ro MOJYyYEHHUS, YTO CBSI3aHO C MPOUCXOISAIIMMU CTPYKTYPHBIMU
m3MeHeHussMu B HeMm  (puc.4.2).  JIeCTBUTENBbHO, COTJACHO JAHHBIM
neTporpaduueckoro aHanusa, pu HarpeBaHUM 3aBOACKOT0 KiuHKepa 10 1720 °C
Hapsy ¢ HE3HAUYNUTETHLHBIM YBEITMYCHUEM KOTMYECTBA KUIKOU (Da3bl HAOII0JaeTCs
nocreneHHoe ykpynHenue 10 60-80 mxm kpucramoB 2Ca0 ¢ SiO, u 3Ca0O -
SiO;, ¥ 3TH KpUCTAIbl NPUHUMAIOT NMPABUIBHYIO, XapaKTEPHYIO JIJIsl TAHHBIX MU-
HepasioB popMy (KpyTMHbIE 3epHa OenuTa U KpyIMHbIE IIACTUHKY 3JIUTa, puc.4.2, a).

YKpylnHEeHUEe KPUCTAJUIOB M YBEJIMYECHUE YCTOMUMBOCTH UX KPUCTAIINYECKOU
pEIIETKH 3a cueT 0oJiee COBEPIICHHONW KPUCTAUTU3ALNUU - €IUHCTBEHHO BO3MOXK-
Hbl€ TMPUYMHBI CHW)KEHUS THAPABIWYECKOW AKTHUBHOCTH PACILIABJIEHHOTO IIPH
1720°C knunkepa (puc. 4.2,6).

C 1720 °C naumHaeTcsl pa3yKpynHEHHE KpUCTaIoB O6enuTta, a npu 1800 °C
TO K€ CaMOe MPOUCXOJUT U C aUuTOM. Tak, B KIIMHKEpe, MOJIy4YeHHOM IJIaBJIEHUEM
npu 1820 °C u OBICTPO OXJAXKIESHHOM, HAOJIOAAETCS MEIKOKPHUCTAIMYECKas
CTPYKTYypa, IpeAcTaBisonias coooit ToHkue JiiuHHbe iacTuHku 3Ca0 © SiO, u
MEXly HUMHU - O4€Hb MeJIKue oKkpyTiibie kpuctauiuku 3Ca0 ¢ SiO, (puc. 4.2,8).

Takol xapakTep KpUCTa/IM3alMu OOYCIABIMBAET MOBBIIICHHYIO THAPABIIU-
YECKYIO0 aKTUBHOCTh. [loITBEpKIEHNEM ATOMY CIY>KUT TO, YTO MpHU OoJiee MeJJIeH-
HOM OXJIXKJICHUH MPOUCXOIUT YKPYITHEHUE KPUCTAIIOB ajuTa 1 OenuTa



(puc.4.2,r), KOTOpO€ CONMPOBOKIAETCA CHUKEHHEM T'MIPaBINYECKON aKTUBHOCTH
TJIABJIGHHOTO KJIMHKEpA.

Puc. 4.2. PacninabneHHbIi KIMHKeED 3aBOAa MM.BOPOBCKOro B OTPak€eHHOM CBETE:
a — 1720 °C, rpanynsiums mokpas; 6 — 1720 °C, oxnaxxaenue ¢ turaem; B — 1820 °C,
rpadynsuus Mokpas; r — 1820 °C, oxnaxxaeHue TOHKHM CIOEM

bricTpoTBepaeoNIrie U BBHICOKOMPOYHBIE 1IEMEHThI M3TOTABIMBAIOT U3 TIIA-
TEJIbHO MOJOOPAaHHBIX ChIpbeBbIX MaTepuanioB. Coaepxxanue C;S B BT momkHO
owiTe HE MeHee 50%, a B BIII] - ae menee 60%. K OvicTpoTBEpACIONIEMY TOPT-
JaHATIEMEHTY MOXKHO 700aBiATh He 60mee 10% aKTUBHBIX MUHEPATBHBIX JOOABOK
(unu He Oonee 15% rpanynupoBaHHBIX JOMEHHBIX u1akoB). B BIIL] no6aBok BBO-
asT He 6onee 5%.

AJIMHUTOBBIH HeMeHT. ChIpbeM JIS €r0 MPOU3BOJICTBA SABJISIOTCS CMECh U3-
BECTHSKA, TIMHUCTOTO KOMIIOHEHTA U T0OABKU PacTBOPA XJIOPUCTOTO KaJIbLUA.

JIns mosiydeHusl KJIMHKEpPa ChIPhEBYIO CMECh OOXKHMIalOT MPHU TeMIIepaType
1050...1150°C  (Bmecto  1450...1500°C  mpu  mOAyYEeHHM  KJIMHKEpa
noptiananemMenTa). [IpenmyinecTsa JaHHOTO BHUAA LIEMEHTAa CBS3aHbl C HU3KUM
pacxozioM ToruuBa (Ha 15...20%) u yBelMueHHON CKOPOCThI0O HAOOpa MPOYHOCTH.
HenocraTtku -noHmxkeHHass MOPO30CTOMKOCTh, KOPPO3UPOBAHUE B HEM apMaTyphl.



Cyabdarocroiiknii mnopriaananeMent. He pomxeH coaepxarb MHu-
HEpaJIbHBIX J00aBOK, CHIIKAIOIIUX MOPO30CTOMKOCTh OETOHOB Ha €ro OCHOBE.
Nmeer cTpOro yCTaHOBIEHHBIM XMMHUYECKHMH COCTAaB, B NPOLEHTAx: TPEX-
KanbieBoro cuinnkara C38 - He 6omee 50, TpexkanbiimeBoro amomuHaTa C3A -He
oomnee 5, a cymma C3A u C+AF - ue Boimie 22. [Ipumensiercss B 6eToHax, pabo-
TAIONINX B YCIOBUSX CyIb()ATHON Cpebl, TPEOYIOMIMX MOBHIIIIEHHON MOPO30CTOM-
KOCTH.

IHnacTupuUUPOBAHHBIA MNOPTJAHALEMEHT - TPOAYKT TOHKOIO W3-
MEJIbYEeHHS MOPTIAHALIEMEHTHOTO KIMHKEpa ¢ ABYBOAHBIM TUrcoM (3 ... 5 %) u c
noGasienreM npu nomosie okono 0.25% cynbdurHo-apoxxesont 6paxku CJIb.
O1u 100aBKHU, acOpOUPYSICh HA MOBEPXHOCTH YACTHUII LIEMEHTA, MOBBIIIAIOT CMa-
YMBAEMOCTh I[IEMEHTa BOJIOM, HE MPEMATCTBYS WX B3auMozeicTBuio. JloOaBku
YMEHBIIAIOT TPEHUE MEXKY 3€pHAMH LIEMEHTa B OETOHHBIX CMECSAX U MEXKIY 3ep-
HaMH 3aII0JHUTENS, YTO MO3BOJSET YMEHBIIUTh pacxoa uemeHta Ha S ... 10 %.

I'mapogo0HbIH MOPTJAHANEMEHT - TPOJYKT TOHKOTO MU3MEJIbYEHUS MOPT-
JaHALIEMEHTHOTO KJIMHKepa ¢ ABYBOAHBIM TruricoMm (3 ... 5 %) u ¢ nmobaBieHrem
npu nomose 0.1 ... 0.2 % ruapodoObu3upoBaHHBIX 10OABOK - MbUIOHA(]TA, CUHTE-
TUYECKHUX >KUPHBIX KUCIOT, acHA0ja U Ap. DTU YaCTHUIIbI, aICOPOUPYSCh HA TO-
BEPXHOCTH 3€pEH IIeMEeHTa, 00pa3yloT TOHYAMIIKe BOJOOTTAIKUBAIOIINE TICHKH,
yYMEHbBIIAIOUIME CMAYUBAEMOCTh 1IEMEHTa BOIoW. B pesynbraTte ruapodoOHbIe 1ie-
MEHTBI MOTYT JUIMTEIIbHOE BpeMs TPeObIBATh HA BO3/IyX€E C TOBBIIICHHON BJIaXKHO-
CThIO 0€3 MOTEpPH CBOEH aKTUBHOCTH.

[Ipu mepemMenmBaHuy MEIOCTHOCTh THAPOGHOOHON TUICHKH HAPYIAETCs, TO0-
CJIe Yero LEMEHT OeCHpemsITCTBEHHO B3auMOJEUCTBYET ¢ Bojaoi. OcTarommuecs B
Tesie 6eToHa 10OAaBKHU yIy4IIalOT €ro Ka4ecTBO, HAlpUMep MOBBIIIAasi MOPO30CTOM-
KOCTh, COIPOTUBIIIEMOCTh arpeccuBHOM cpeze. [lmacTuduupoBanHblil U TUIPO-
(G oOHBIN MOPTIIAHAIIEMEHTA TPUMEHSIIOT HApaBHE C OOBIYHBIM MOPTIIAHIIIEMEHTOM
JUISl HA3EMHBIX U TOABOJHBIX KOHCTPYKIIHIA.

Beavblii u uBeTHBIE MOPTIaHAIeMeHTbl. ChIpbeM /JIs MPOU3BOJICTBA OETI0TO
MOPTIAHIIEMEHTA CITY)KaT YUCThIE U3BECTHAKHU U Oenbie THHBL. ChIPhEBYIO CMECh
o0xuraror Ha 0€330JbHOM (ra30BOM) TOIUIMBE. J[Js TIOBBIMIEHHS OEIHU3HBI
KJIMHKEP OOKUTAIOT B BOCCTAHOBUTEIBHOU CpeJie U OTOENMBAIOT MyTEM OBICTPOTO
OXJaXJAeHUs BoAoW. benmbrii memeHT momkeH conepxarh Fe, Oz He Oonee
0.35...0.5%.

[{BeTHBIC IEMEHTHI MOTYYAIOT ITyTEM COBMECTHOTO TIOMOJIa KIIMHKEpa 06e10ro
NOPTJIAHALIEMEHTA CO IIEJIOYECTOMKUMH U CBETOCTOMKMMH MUrmMeHTamu. Ilo cro-
coOy I[1..boxeHoBa MOKHO MOJTy4YaTh LIBETHbIE KIMHKEPHI, 100aBIss K CHIPhEBOM
cmecu 0.05 ... 0.1 % coeguHeHuit XxpoMa, Maprasiia, KoodaibTa u ap.

I'nuno3emuctolii nemeHt. [IpencraBnser cob6oii OBICTPOTBEPACIONIEE U BbI-
COKOIPOYHOE TUAPABINYECKOE BSDKYILIEE BELIECTBO. Ero MoOgydarT IyTeM
TOHKOT'O ITOMOJIa KIIMHKEPA, MOJYYEHHOT'0 00’KUIOM ChIPbEBOM cMecH U3 OOKCUTOB
1 u3BecTHIKOB 110 taBienus (mpu 1400 °C) wnum cnekanus (npu 1300 °C).



XUMHUYECKUHN COCTAB CHIPbA JIsl TTTMHO3EMHUCTOIO 1IEMEHTA, BBIPAXKEHHBIN B
okcuaax, B npoueHtax: Al,0; - 30...50; CaO - 35...45; SiO; - 5...15; Fe,O3 -5...
15. Ilocne o6kura rnoxy4yaeTcs riiaBHbIM 00pa3oM OJTHOKAJIBLIMEBBIN alFOMUHAT
Ca0O « A1,03 miam CaAl,04 wHeOoabmoe koaudyectBo CaO ¢ 2A1,03
unu Ca, ¢ SiAlOj;. B kinuHkepe npeo0iagaloT HU3KOOCHOBHbBIE aTFOMUHATHI
KaJbIUA.

Takoit coctaB 00ycinaBIMBaeT OBICTPOE TBEPACHHUE, BEICOKYIO TPOYHOCTD, K-
30TEPMHUI0O M XHUMHUYECKYI0 CTOMKOCTh. TeMmmeparypa Mpu €ro TBEpPJICHUU HE
noskHa npeBbimaTh 25°C. TermioBblIeeHUe TITMHO3EMUCTOTO LIEMEHTA TPUMEPHO
B 1,5 paza BeImie, 4eM y MOPTIAHALIEMEHTA, MOATOMY €T0 YA0OHO MPUMEHSTh B
3UMHHUX yclioBUsX. Hauano cxBaThIBaHMS TOKHO HACTyNaTh HE paHee 45 MUHYT,
a KOHEI] CXBaThIBaHUS - HE TT03/IHee 12 yacos.

Pa3HOBUAHOCTBIO TIMHO3EMHUCTOIO IIEMEHTA SIBJISIETCS BBICOKOTJIMHO3EMHU-
cteiii uemeHt (BI'), oOxuraemseiit ipu 1500°C. ConepxkaHue B HEM TIMHO3EMa
A1,03 no 72...75%, a CaO - Bcero 22...25%. OH uMeeT BbICOKYIO OTHEYIIOPHOCTh
oxoiio 1750°C u ucnonb3yercs i1 U3rOTOBIEHUS (yTEPOBOYHBIX MATEPHUATIOB.

CMemanHble HeMeHThI. K CMEIIaHHbIM IIEMEHTaM OTHOCSITCS BSDKYILUE Be-
IIECTBA, KOTOPBIE MOIYYalOT MyTeM OObEIMHEHHS] HEOPTaHUYECKUX BSIKYIIUX Be-
mecTB (Kak BO3YIIHBIX, TaK M THAPABIMYECKUX) C aKTUBHBIMU MUHEPAIbHBIMU
no6aBkamu B kosmuectBe 20 ... 40 % oT Macchl lIeMeHTa U JBYBOJHOIO THIca (710
3... 5%).

K kHCIIbIM aKTUBHBIM MHUHEPAIBbHBIM J100aBKaM OTHOCSITCS: AMATOMMT, Tpe-
nes, OMoKa, BYJIKaHUYECKUH Ternes, IOMEHHbIE U TOIUIMBHBIC LTaKu, HedeTnHo-
BB muiaM u np. OHM coxaepkat amopdHbI KpemHe3eM SiQ, Wiu TIMHO3EM
A1,03, KOTOpBIE BCTYNAIOT B PEAKIUIO CO CBOOOAHOM M3BECTHIO, BHIACISAIONICHCS
IpU TBEPACHUM MOPTIAHIAIEMEHTA, U CBSI3bIBAIOT €€ B HU3KOOCHOBHBIE THAPOCH-
mukatel m Ca0SiO; n H,O unu ruapoantoThl KaJIbIus.

VYyuthiBasi 0COOCHHOCTHU MYIIIOJAHOBOTO MOPTIAHIAIIEMEHTA, PEKOMEH TyeTCs
NPUMEHSTH €0 JJisl MOJIBOJHBIX U MOJ3EMHBIX YaCTel THIPOTEXHUUECKUX COOPY-
YKEHHM, 111 MACCUBHBIX COOPYKEHHM B JIETHEE BPEMS TOJ1A.

IHlnakonopraanaueMeHT. Ero moaydarOT MOyTéM COBMECTHOTIO IIOMOJIA
KJIIMHKEepa MOPTJIAHAIIEMEHTa, JOOABKU THUICAa U JOMEHHOrO IPaHyJIMPOBAHHOTO
nutaka B konuuectse 21 ... 80 % oT macchl eMeHTa. JTOT LEMEHT BBIITYCKAETCs
Tpex mapok: 300, 400 u 500, oH nMeeT Hayaao CXBATHIBAHMS HE paHee 45 MUHYT U
He no3nHee 10 yacoB, T.€. OH HECKOJIbKO MEJJICHHEE CXBAThIBA€TCSl U TBEPJICET,
4eM OOBIYHBIN TopTiaHAIeMeHT. Kpome TOro, OH MeHee 3K30TepMUYEH, UMEET
MEHBIIIYI0 0CaJIKy U HaOyxaHue, OOJBIIYI0 CTOMKOCTh B MPECHBIX U CYIb(aTHBIX
BOJAX.

Pacmupsiomuecst neMeHTbl. OOBIYHBIC IIEMEHTHI TAFOT, KaK MPABHIIO, YCaI-
Ky IIpU TBEPJACHUU U HE MOT'YT 00€CHEYUTh BOJOHETIPOHUIIAEMOCTH TIPHU 3aI0JIHE-
HUU IIBOB, TUJIPOU3OJISIIIUN TYHHENEH, CTBOJIOB IAXT U APYruX padorax. Jis aTux
nesnei coznaroTes 0e3ycaaounble WK paciupsonmecs (pacmupenne 0.2 ... 1 %)
LEMEHTHI.



BPIl - BogoHenpoHHUIIaeMblii PACIIMPSAIOMIUNACA U OBICTPOTBEPACIOIIMIMA 11e-
MEHT COCTOHT M3 COBMECTHO M3MeIb4eHHBIX 70...76% TIMHO3EMHUCTOrO IEMEHTA,
20...25% nonyBogHoro runca u 10...11% BBICOKOOCHOBHOTO THApPOATIOMUHATA
Kanblus. Pacmupsitoiiiee BO31eCTBUE OKA3bIBAET 00Pa3YIONIMIICS PU PEAKIUIX C
BoJi0M MuHepas 3TTpuHrut 3Ca0 ¢ A1,03 » 3CaSQ, * 3H,0. O10T UeMEHT UMeeT
Hayajao CXBaThIBaHWUS HE paHee 4 MUHYT, KOHEI| CXBaTbIBaHHS - HE mo3gHee 12
MUHYT. MOXHO 3aMeIITUTh €ro cxBaTbiBanue nobaBkamu CJIb, ykcycHOM Kucio-
ThI, Oypsl U aAp. O umeet npounocth 50 MIla yepes 28 cyTok, XOTs yke yepes3 6
4acoB TBepJIeHUsI HaOupaeT nmpoyHocTh 7.5 MlIla. OTianyaercs MOHMXEHHONH MOPO-
30CTOMKOCTBIO U IPUMEHSIETCS TOIBKO MPHU MOJ0KUTEIBHBIX TEMIIEpATypax.

I['TPL] - rUnCOraIMHO3EMUCTBIN PACIIUPAOMIMKACS LIEMEHT MOJIYYarOT MYTEM
COBMECTHOTO MOMOJIa BBICOKOTJIMHO3eMHUCTOro kiauHkepa (70 %) u npupoaHoro
nsyBoaHoro rumca (30 %), yeM co37al0TCs YCIOBHUS IS KPUCTAIIU3ALMU
ATTPUHTUTA.

PIIL] - pacmmpsronmics MOPTIAHALEMEHT ITOIYYalOT IIyTEM COBMECTHOTO
OMoOJIa MOPTJIAHALIEMEHTHOTO anuTOBOro KinHkepa (60 ... 65 %), rImHOo3eMHUCTO-
ro kinuHkepa (5 ... 7 %), asyBoanoro runca (7 ... 10 %), akTuBHOI MUHEpaIbHOU
no6asku (20 ...25%).

Hanpsiratrouuii ieMeHT npeaHa3HauyeH JJisl U3TOTOBJICHUS CIIEIUATbHBIX Tak
HA3bIBAEMBIX MPETHANPSIKEHHBIX jKeNe300eTOHHbIX u3aenuid. Ero momyuator co-
BMECTHBIM ITOMOJIOM 65 ... 75 % nopTiaaHALEMEHTHOTO KIIMHKepa, 13 ... 20 % riu-
HO3eMUCTOro 1nemenTa u 6 ... 10 % aByBoJIHOTO rUmca.

Pacumpsitoripecs: HeMEHTHI MOIYYar0T TAKXKE U C APYTUMH PACIIUPSIIOIIUMU-
csi nobaBkamu. Tak, Hampumep, LIEMEHTHI ¢ O€3BOJIHBIM CyJb(oaTrOMUHATOM
kasblus C3A3C8 usrorasnuBaroT U npumeHs0T B CLIA u Snonumn.

N3BecTKOBO-IMYyHII0JIAHOBBIN LEeMeHT. Ero mnogy4aroT COBMECTHBIM MOMO-
aom 15...30% BO3myIIHOW HW3BECTH C AKTUBHBIMH MUHEPATbHBIMHU JTOOABKaAMHU.
Kpome Toro, B 3TOT ieMeHT BBOJAT A0 5% nByBoaHOro rumca. Ilpu 3aTBopeHHH
TaKOro0 LIEMEHTA BOJOM MPOUCXOJUT XUMHUECKOE B3aUMOICHCTBUE MEXy aKTHB-
HBIM KPEMHE3EMOM H U3BECTHIO:

m CaO + SiO, + n H,O =m CaO ¢ SiO, * n H,0 (4.6)

OOpa3yromuiicss TUAPOCUIUKAT Kalblus OOECIeUnBACT THAPABINYECKUEC
CBOMCTBA BspKyIero. Mapku ero: M25, M50, MI100 u MI50.

M3BeCTKOBO-IIINIAKOBBIH IIEMEHT MOTY4Yal0T COBMECTHBIM ITOMOJIOM JJOMEHHBIX
IpaHyJIMPOBAHHBIX IIIJIAKOB C BO3AYIIIHOM TalleHo# U HerameHoi u3BecThio (10 ...
30 %) u runcom (10 5 %). Ero mapku: M50, M100, M150, u M200.

M3BeCTKOBO-TTYIIIIOTAHOBEIN U M3BECTKOBO-IIIJIAKOBBIM IIEMEHT MPUMEHSIOT B
0eToHaX HU3KUX MAPOK IS TTOIBOJHBIX M MOJ3EMHBIX COOPYKEHUH, a TAKXKE B U3-
JIENUSX C TeTUIOBIAXKHOCTHON 00paboTKOM.



IN'unconiemenTHO-myIIIOIaHOBOE Bspkylee BemectBo (I'LII'1B) momyuarot
cmemenuem S0 ... 75 % nomyBoaHoro rumnca, 15 ... 20 % noprnananementa u 10 ...
25 % akTUBHOW MUHEpaJIbHOMN 100aBKHU B BUJIE JUATOMUTA, TPEIEsa, OMOKH U JIp.

OTO rUAPABIMYECKOE BXKYIIEE BEUIECTBO OBbLIO pa3paboTaHO U MPEIIOKEHO
A.B .BomkeHcKuM.

Kak npaBuio, cmemmuBaHue MNOPTIAHALEMEHTa C OOJIBIIUM KOJIHMYECTBOM
TUIICa HE PEKOMEHIYETCsl, TaK KaK 00pa3yIoluecs BhICOKOCYIb(aTHBIE BUJIbI TH/I-
pocyib(hOoaTIOMUHATOB KalbIUsl MPU KPUCTAJUIM3ALMK 3HAUYUTENIHHO YBEJIMYMBa-
I0TCS B 00BbEME U MOTYT BbI3BAaTh TPEIIMHBI B 3aTBEPACBIIEM KOHTJIOMEpATE.

Ho npu BBeneHMM akTHBHOM MHUHEpPAIbHOM JT00aBKH, CBS3BIBAIOIICH YacTh
CBOOOJIHOM M3BECTU B THUAPOCUIIMKATHI KaJbIUs, 00pa3ylOTCsi HU3KOOCHOBHBIE
TUAPOCYIb(POATIOMUHATHI 0€3 3HAYUTENBHOTO YBEIMYEHHS B 00BEME.

KucnotoynopHslii IeMEHT MOTYYaOT CMEIIUBAHUEM WJIM COBMECTHBIM ITOMO-
JIOM KBapIIEBOTO MeCcKa M KpeMHE(PTOPUCTOTO HATPHS (KaTaau3aTopa U yCKOPUTEIS
TBepJieHUs1) B cooTHoueHn 10:1, 3aTBOPSIOT UX BOJHBIM PACTBOPOM KHJKOTO
crexna. CuaukatHbli Moaynb crekia 2.6 ... 3.0. BmecTo KBapueBoro necka mc-
MOJIB3YIOT MOPOLIKK MapliajyiuTa, aHjae3uTta, nuabdasza, kBapuura u Jp. PactBop
CTEKJIa SIBIISICTCS KUJKOU Cpeloil 3aTBOPEHUS] KUCJIOTOYNMOPHOTo liemMeHTa. Pac-
TBOP HPUTOTOBJISIOT IIOTHOCTHIO 1.3 ... 1.4 B kommuecTtBe 25 ... 30 % oT Maccel
recka.

B BogHOI cpee u c1aOOKOHIICHTPUPOBAHHONW KUCIION Cpeie TaKUe IIEMEHTHI
HEYCTOWYMBBI, BEIMBIBAIOTCS (DTOPUI HATPUS U CBOOOIHBIN CUIUKAT HATpHs. [[ms
MOJTHOTO BBIJICTICHUS KPEMHE3eMa B BHJIC TeJsl KDEMHUEBOW KHCIIOTHI HaJl0 o0Opa-
00TaTh TBEPCIOIINN KHCIOTOYIOPHBIN OETOH MUHEPATbHON KUCIOTOM.

B pesynbrare peakunun

2HC1 + Na,SiO; + H,0 = 2NaCl + Si(OH),  (4.7)

MIPOUCXOIUT 00E3BOKMBaHNE OETOHA.

Ilnakomenounbie BsKyue Bemecrsa. M.A.Matsees, FO.M.byTT ycTano-
BUJIM OJaronpusiTHOE BO3JECMCTBUE KUIKOIO HATPUEBOTO CTEKJIa HA TBEPACHHE
JOMEHHBIX T'PaHYJIMPOBaHHbIX HITAaKoB. [locnenyronme nccnenoBanusa B.JI. [my-
XOBCKOTO C COTPYIHHMKAaMH IOKAa3aJIh, YTO CUJIBHOE AKTUBU3HMPYIOILIEE BIUSIHUE
OKa3bIBAIOT BOJHBIE PACTBOPHI €IKOM LIEIOYH U APYTUX COCAMHEHHM IIETOYHBIX
MeTaiioB. [I[enouHble KOMITIOHEHTHI BBOJSAT B COCTAB LIEMEHTA B KOJIMYECTBE J ...
15 % ot Macchl 11aKa B nepecuere Ha cyxoe BeulecTBo. lllnakomenounsie 0ero-
HbI MO>KHO MCIOJIB30BaTh JJI U3TOTOBJIEHUS COOPHBIX OETOHHBIX U )KeJie300€TOH-
HBIX U3JEJIUNI, & TAKXKE B TUAPOTEXHUUYECKOM U IOPOKHOM CTPOUTENIBCTBE.

Bsokyuue, monyTHble POAYKTHI, MPOLIEAIINE BRICOKOTEMIIEPATYPHYIO 00pa-
00TKy, SIBISIIOTCA CHJIMKATHBIMU MarepuaiamMu. OHU 00J1aJaloT XUMHUYECKOU, B
TOM YMCJIE TUAPABINYECKON AKTUBHOCTBIO, KOTOPAask U3MEHSETCS B 3HAYNTEIIbHBIX
npenenax. JUIsi OLEHKM XUMHYECKOM AKTUBHOCTH CHJIMKATHBIX MaTEpHUasoB,
IpeJIo-



JKEHO HCIIOJIb30BaTh PA3JIMYHBIE IOKA3aTENM, MOJYyYHMBIIME HA3BAHUE MOIYJICH.
Bce npemiokeHHbple MO MOXKHO Pa3JeInuTh HA TPU IPYIIIILI.

B nepsoii rpynne MoayJied IpoLeHTHOE COAEPKaHNE CYMMbI OJJHUX OKCUIOB
JIETIMTCS Ha MPOLIEHTHOE COAEP/KAHUE CYMMBI IPYTUX OKCHUIOB. [Ipu 3TOM HE yum-
TBIBAIOTCSA COCIMHEHUSA, B KOTOPBIX OHM HAXOJATCS, U MOCJIEN0BATEIBHOCTD MPO-
UCXOMIAIINX MEXITY HUMU peakiuii. HanbompIiee pacpocTpaHeHUe Cpeid MOTY-
Jed HJTOW TPYNNbl NOJYYWIM MOIYJIM OCHOBHOCTM W AaKTHMBHOCTH, PaBHBIE
COOTBETCTBEHHO

(CaO0 + MgO) / (SiO, + A1,05) u A1,0; / SiO,. (4.8)

HecooTBeTcTBHE XMMHYECKOW aKTUBHOCTH MAaTEPHUAJIOB, MOJYYEHHBIX HA OC-
HOBE IepBOM rpynnbl Moayier ormedaer I[IL.M.boxenoB. IlpuumHOM 3TOrO
SBJISIETCSI OTCYTCTBUE MATEMAaTHYECKON M XMMHUYECKOHN JIOTUKU B (GOpMyJIax 3TUX
MOJIYJIEH.

Bropas rpynna  moayied — pacCUMTBHIBAETCS O  MOJIEKYJISPHBIM
COOTHOLIEHUSIM OKCHJIOB C YYETOM XMUMHUYECKOTO B3aUMOAEHUCTBUSA. JTO MOIYJIH
Termaiiepa, M.Xepona u K.JIopaunaoca. OHu B MaTeMaTU4€CKOM U XUMHUYECKOM
CMBICJIE OKa3aJIuChb MJAJEKHMMU OT COBEpIIEHCTBA. Tak, HampuMep, BIMUSHHUE
conepkanusi Al1,03 B HUX 1O OTHOUIEHWIO K MOJIYJSIM II€PBOM T'PYMIBI
YMEHBIIIEHO, HO MPOAO0JKAET BXOAUTh B YUCIUTEID CO 3HAKOM ILIIOC.

Tperpsa rpynna Moaysien, B KOTOPYO BXoaaT Moayib Jle-Illarense, crenenu
Hacelienus Kroms, FOura u koo dunrenT Hacwienus Kunaa, Bo3HUKIA B MPO-
1ecce pa3paboTKU METOJIa pacyeTa IEMEHTHOU IIKUXThI 10 XUMHYECKOMY COCTaBY.
Onnako TONBKO KO3(PuIMeHT HachimeHuss KuHaa yduThIBaeT mocieaoBaTesb-
HOCTb PEaKIui, MPOUCXOASIIUX MPU O0XKHre MOPTIAHIIEMEHTHOTO KIMHKEpa.
IIpakTHYECKUI ONBIT MOATBEPAWII KOPPEKTHOCTb TEOPETHUUYECKHUX IOJIOKEHUN
dbopmynbl Kunzaa, yTo U onpenenuiio ee MpoKoe NIPUMEHEHHE B LIEMEHTHOM IpO-
U3BOJACTBE. B KauecTBe HEIOCTAaTKa JAHHOW 3aBUCHUMOCTH MOXHO OTMETUTH OPH-
EHTalNI0 TOJIbKO Ha coaepxkanue CaQ, uckmoueHue ydera conepxkanuii MgQO,
R,0 u npyrux oxcunoB. Kpome Toro, kosdduument naceimenuss Kunga ve naet
BU3yaJIbHOTO IPEJCTABIEHUS O COCTABE CUJIMKATOB KaJbLUs.

Koaddumuent ocHoBHOcTH, TipemioxeHHbiil [1.11.boxkxeHoBbIM, aHamornyeH
koa¢p¢punrenty Kunna, HO yuyuThIBaeT Haiauuue JIOOOro OKHCIIa U €ro MECTO B
dopmyne. Koapdurnmentsr naceimenus Kuana u ocHoBHoct [1.U. BoxxenoBbIM
IIPEJCTABIIEHBI COOTBETCTBEHHO HUXKE:

K = Ca0 = (165 41,0, +035-Fe,0,+07-50)) (4.9)
2.8-8i0,
Ko - (Ca0 +0.93-Mg0) - (055 - ALO, +0.35- F,0, +0.7- SO, (4.10)

0.93- SiO,



HccnenoBanust mocneaHUX JET MOATBEPAUIH MOJIE3HOCTh UCIIOJIb30BAHMSI KO-
3¢ ¢uLMeHTa OCHOBHOCTH B Ka4eCTBE XMMHUYECKOW XapaKTEPUCTHKHU TOIMYTHHIX
npoayKToB. 3BECTHO, UTO BSXKYIIME CBOICTBA MHOTAA MPOSBISIOTCS YK€ MPH KO-
s¢uLeHTe OCHOBHOCTH, paBHOM 1, M ycunuBaroTcs mo Mepe pocta. Comnocras-
JeHre KO3(PPUIUEHTOB OCHOBHOCTH TPAAUIIMOHHBIX CTPOUTEIHHBIX MAaTEPHUAJIOB,
BKJIIOUasl BSXKYILME BEIIECTBA, HCKYCCTBEHHbIE KEPaMUUECKHUE TOPUCTHIE 3ar0THU-
TEJH, TIOMYTHBIE MPOAYKTHI MPOMBIIUIEHHOCTH, MO3BOJISIET YTBEPKAATh CIEIyIO-
mee. Eciu koadduimenT 0cHOBHOCTH MaTepHalioB He MPEBBIIIAET 1, U B Ipolecce
UX THIpaTalyuy He OKUAAeTcs 00pa3oBaHusl OOJIBIIONO KOJINYECTBA MOHOATIOMU-
HATOB, EPPUTOB U CyIb(HATOB KaJbIH, TO BSKYIIMMU CBOWCTBAMH JaHHBIX Ma-
TEpUaJIOB B MPOLIECCE T'HIPABINYECKOTO TBEPJACHHUS MOKHO IpeHebpeys. [Ipu ko-
3 durrienTe 0OCHOBHOCTH 10 1.6 M BO3MOXKHOCTH B MPOIIECCE TUAPABIMYECKOTO
TBepJieHUs] 00pa30BaTh JOCTATOYHOE KOJIMYECTBO COEAMHEHUH KalblUs, CIEIyeT
YUUTBIBATh BSOKYIIME CBOMCTBA JaHHBIX MaTepuasoB. CHIIMKATHBIE MaTepHalbl,
uMeromye Ko3QpQUIMEHT OCHOBHOCTH BhIle 1.6, 0071a1al0T THAPABINYECKON aK-
TUBHOCTBIO U TeM 0oJjiee BBHICOKOH, YeM BBIIIE 3HAYEHHE ITOro KOd(PQHUIMEHTA.
Onu MOTyT TBepAeTh 6€3 100aBICHUS HICKYCCTBEHHBIX THIPABINYECKUX BSHKYILIUX.

4.3. PacTBOpbI 1 0€TOHBI HA OCHOBE HEOPraHUYECKHUX BSZKYIIUX
BelleCTB

PactBopbl 1 GETOHBI HA OCHOBE HEOPTAHWYECKHUX BSDKYIIUX BEIIECTB CITy)KaT
JUIS. U3TOTOBJICHUSI HECYIIUX M OTPaKJTAIOIIMX KOHCTPYKIMH 3aHUN U COOpYKe-
HUM. B KauecTBe TEIIOU3O0JISIITMOHHBIX U OTHEYIOPHBIX MaTepHUAIOB pacCMaTpu-
BaIOTCA SYCHCThIE OCTOHBI U OETOHBI Ha MOPUCTHIX 3amoHUTENsIX. Hanbomee a¢-
(EeKTUBHBIMU U3 KOTOPBIX SBIISIOTCS MEPIUTO- U BEPMUKYJIUTOLIEMEHTHBIC O€TOHBI
¢ K03 (HUIMEHTOM TETUIONPOBOTHOCTH M TEMIIEPATYPOd TPUMEHEHHSI COOTBETCT-
BeHHO 0.065 - 0.081, 0.08 - 0.1 B1/(M-°C) 1 600, 1100 °C.

Jliist pacTBOPOB ¥ OETOHOB MPUMEHSIOTCS TIOYTH BCE PA3HOBHUIHOCTH HEOPTa-
HUYECKHUX BSDKYIIUX, KOTOPBhIE OBLIM OMHCAHBI BBINIE, COOTBETCTBEHHO Y€MY OHU
pa3eNsloTCs Ha LIEMEHTHBIE, TUIICOBBIE, CUJIMKATHBIC, IIUIAKOBBIE, CHEIUANIbHbIC
(Ha docdarHple, MarHe3WAbHBIE U Jpyrue BsoKymue). JUis HUX TpUMEHSIOTCS
TaKXe BCE PA3HOBUIHOCTHU 3aMOJHUTEIICH, B COOTBETCTBUU C YEM OHU PA3AEISAIOT-
Csl Ha IJIOTHBIE, TOPUCTHIE, CIEIUATIbHBIC.

OnHuM U3 MokasaTeneil 3aIaHHbIX CBOMCTB SIBIISIETCS CPEAHSS MIIOTHOCTh Ma-
Tepuana. BenmnuuHa cpemHel TUIOTHOCTH OETOHA 3aBUCHUT OT Pa3HOBUIHOCTH 3a-
TIOJTHUTEIISA, @ OTYACTH 00YCIIOBJICHA TOPUCTOCTHIO IIEMEHTHOTO KaMHsl. Oco00 Ts-
JKeJTbIe CO CpemHeil MIOTHOCTHIO CBBIuTe 2500 KI/M® MOMYHaioT IPH 3aMOMHATESX
B BHJIC JKEJIE3HOM py/bl, OapuTa, Yyr'yHHOTO CKpara, 00pe3KOB CTajau WM YyTryHa
u T.1. Tsoxensie - cpeaHeit mioTHocThio 10 2500 KT/M° MOJTy4aroT IPUMEHEHUEM B
HUX B KaueCTBE 3aIOJHUTENS IEOHS U3 TJIOTHBIX TOPHBIX MOPO/I: TPAHUTOB, THA-
0a3a, mecuanuka u p. B nerkux - cpeaneit miotHocthio 10 1800 KI/M° HCIIONb-



3YIOT MPUPOJHBIN WM UCKYCCTBEHHBIN JIETKUI 3aMOJHUTENb, B TOM YHUCJIE MEM3Y,
Ty}, kepamsur, arnonoput U aAp. Ocobo mnerkue pacTBOpsl U OETOHBI
(TEIIOM30SIIIMOHHbIE) CO CPEIHEH IIOTHOCTBIO MeHee 500 Kr/M® XapaKTepU3yIOT-
csl TeM, 9TO (DYHKIIMH CBOCOOPA3HOTO 3aIOIHUTEINS B HUX MEpPEJaHbl BO3IYITHBIM
WJIA Ta30BbIM STYCHKAM.

[Tpu HanbonpIel KPymHOCTH 3anoaHUTeNS 10 10 MM - GETOHBI MEIKO3EPHHU-
cThle, 6osee 10 MM - KPYITHO3EPHUCTHIE.

B 3aBHCcHMOCTH OT MPOU3BOJICTBEHHOTO HA3HAYEHHUS PACTBOPHI U OETOHBI pa3-
JEJSIIOT Ha KOHCHMPYKYUOHHbIE, TIPEHA3ZHAUYCHHbIE ISl U3TOTOBJICHHUS apMHUPO-
BaHHBIX M HEAPMHUPOBAHHBIX BHYTPEHHUX U HAPYKHBIX KOHCTPYKUMUA MPOMBIII-
JICHHBIX U TPAKJAHCKUX 3[JaHUN (KOJIOHHBI, OAJIKH, TJIUTHI, TAHENIU U Ap.); TUIPO-
TEXHUYECKUE - JIJISl CTPOUTENHCTBA MIOTHH, ILTI030B, OOJIUIIOBKM KaHAJIOB U JIPY-
IUX TUAPOTEXHUUECKUX COOPYKEHUM; 00pOs#cHbLE - 111 CTPOUTETHCTBA JOPOKHBIX
U a3pOJIPOMHBIX OCHOBAaHWUM M TOKPBITHI; cneyuanvhuvle - NI UCTIOIb30BAHUS
IIPU YCTPOMCTBE KAPOYMOPHBIX MOKPHITUH, KUCTIOTOYIOPHBIX U3JEIUHI U T.I1.

Jlnst olleHKH KadecTBa pacTBOpPOB U 0eToHOB B Poccuu ucnomnb3yercs [OCT
2801-81 «PactBopbl crTpoutenbHblie. OOmue TexHudeckue yciuoBus», ['OCT
25192-82 «Knaccudukarusa u obmue TexHUYeckue TpedoBaHus 0eToHOB». Oc-
HOBHBIM TIOKAa3aTeJIeM KauyecTBa OCTOHOB SIBJISICTCS MPEAes IPOYHOCTH MPHU OJTHO-
OCHOM CXaTUHU 00pasia-kyda ¢ pedpom 15 cMm ¢ pazmeneHueM Mx Ha Kiaccol B,
WIN TIpefie] MPOYHOCTH TPHU CKATHHM IUIMHAPUYECKUX OO0pas3IoB pazMepamu
15x30 cm ¢ pa3zaenenueM 6eToHOB Ha kiacchl C.

Bcero npeaycMoTpeHO KIacCOB MO MPOYHOCTH HA CXKATHE MPU UCIBITAHUU
kyooB 15x15x15 - 19 (ot B1 no B60), npu ucnbitanun mumuaapoB 15x30 - 19 (ot
C08 mo C55).

Hawnbonee pacmpocTpaHEHHBIMU B 3alIUTHBIX TOKPBITUSX, OCOOCHHO B
OTPaXKJAIOIINX CTEHOBBIX, SIBIIIIOTCS MaTe€pUalibl U U3/ICNIHNS HA OCHOBE MOPUCTHIX
3aII0JIHUTENIEN.

B nmpou3BoACTBE CTEHOBBIX M3/ENUNA I'Of OT I'oJla YBEIUYMBaeTCa pa3HooOpa-
3Ue NPUMEHSIEMBbIX OPUCTHIX 3anojgHuTeNe. Mcnoib30BaHre HOBBIX BUIOB ChIPbS
Y TIOMYTHBIX MPOJIYKTOB B MPOMBIIUIEHHOCTH 3HAYUTEIHHO PACIIUPUIIO HOMEHKIIA-
Typy 3anojHuTeneil. B mocneaHue roipl B CBSA3M C SHEPTETUUECKUM KPU3UCOM OC-
HOBHOM YKJIOH JI€TIA€TCsl Ha MOIYTHBIE MPOAYKTbl IPOMBIIIUIEHHOCTH, YIyUYIIEHUE
UX CBOWCTB U paclIMpeHHre 00JIacTh MPUMEHEHHUs. 3aMeHa YacTu MPUPOIHBIX Ma-
TE€pPHUAJIOB HA MOMYTHBIE MPOAYKTHI TPOMBILIIEHHOCTH MO3BOJISIET CHUXKATh dHEPre-
TUYECKHE 3aTPAThl, MOBBIIATH TPOU3BOAUTEIBHOCTD TEXHOJIOTMUYECKUX JIMHUM, Ka-
YECTBO MPOIYKIIUU.

HecmoTtps Ha Gosbiioe pazHooOpasre MOPUCTHIX 3aMOJTHUTENICH UM MIPUCYIIH
HEKOTOpble 00IIMe CBOMCTBA, OKa3bIBAIOLIME HAUOOJbIIEE BIUSHUE HA (POPMUPO-
BaHUE CTPYKTYphl OETOHA M MEXaHU3M ero paspyuieHusi. K sTum cpoiictBam MOXk-
HO OTHECTH: BBICOKYIO PEAKIIMOHHYIO CIIOCOOHOCTh, Han0oJiee CHIIbHO MPOSBIISIO-
nrytocsi B GOpMUPOBAHUN KOHTAKTHOW 30HbI, BHYTPU3EPHOBYIO MIOPUCTOCT,



BIIUSIIOIIYIO KaK Ha PEOJOTUYECKHE CBOMCTBA CMECH, TaK U Ha Bech Ipoiiecc (op-
MUPOBaHUS CTPYKTYpPbl PACTBOPHON COCTaBJISIIOIIECH Marepuala, Hanuuue nedex-
TOB HE TOJBKO B BUJIE MTOP, HO U B BUJIE MUKPO- U MakpoTpemrH. OOLUIHOCTh BaX-
HEHUIIUX CBOWCTB MOPHUCTHIX 3AMOJHUTENICH TO3BOJMIIA YCTAHOBUTH OCHOBHBIE
MPUHIMIIBI YIIPABIEHUS CTPYKTYpOoOoOpa30BaHMEM MaTEPHAIOB Ha UX OCHOBE.

Kepam3uToBbIl rpaBuil 10 XapakTepy pa3pyILICHHUs] OTHOCUTCS K XPYIIKUM Ma-
TepuanamM. Pa3pyliieHus: npu OpUIOKEHUU HAarpy30K MPOUCXOJUT BCIEICTBUE TO-
SABJICHUS U PA3BUTHS TPEUIMH U3-3a KOHIEHTPALMU HANPSHKEHUN y TIOp U PAKOBUH
WJIU Pa3BUTHS TPEIIHMH, PUCYTCTBYIOIINX B MaTepuanax /10 NPUIOKEHUS HArpy3-
k. Hanuuue HayaabHBIX TPEIIMH B KEPAM3HUTE CYIIECTBEHHO CKa3bIBAETCS Ha
IpoYHOCTH O€TOHAa, HaXOSIIETOCS B BJIAXKHOM M OCOOEHHO BOJOHACHIIIEHHOM
COCTOSIHUHU. J[JI1 MOPUCTHIX 3aMOJHUTENCH XapAKTEPHO CHUXKEHUE MPOYHOCTU BO
BJI&YKHOM COCTOSIHUHU.

Ha npodHOCTHBIE U TEMIOU30ISIIMOHHBIE CBOMCTBA 3aMIOJTHUTENSI OKa3bIBAIOT
BIIMSIHUE KAK MUKPO- U MAKPOTPEIIUHBI, TAK U XapaKTEp MOPOBOIO CTPOCHHUS sA/Ipa
Y OKHCIIEHHOU 30HHKI. VcciienoBanus TaHHBIX (PaKTOPOB MOKA3AIN, YTO ISl TPAHYJT
XapakTepHbl B 0OCHOBHOM nopbl auameTpoM oT 0.01 no 0.1 mm. KonuuectBo nop
pasmepoMm meHee 0.01 mm konebrnercst ot 3 1o 20 %. Ilopel kpynHee 0.1 MM ume-
I0T €IUHUYHBIN xapaktep. Ha psay ¢ ykasaHHBIMM [OpamMu BCTPEUYAIOTCS
«KaBEepHO3HbIE» (TIyOMHOM M auameTpoM 10 1.5 MM), a Takke IIEIeBUIHBIC
(mupuno#t 1o 1 mMm), nepecekaroiue 6osiee V4 muomanu Becex rpanyi. Cpensss
IIMpHUHA Meperopoaok crekinodaszel 5-15 mxm. [Hlupuna oxucnenHoi 30861 0.06 - 1
MM, JJISl HE€ XapaKTepHbI HEPOBHbIE «SI3bIKOOOPA3HBIE» OUEPTAHMUS.

XUMHUYECKUN COCTaB U CTPYKTYPHI MOMYTHBIX POYKTOB, IPOLIEAIINX BbICO-
KOTEMIIEpaTypHYI0 00pabOTKY - JOMEHHBIX M TOIUIMBHBIX ILIIAKOB, OMPEIEISIOT
COCTaBOM pyabl, (PJIOCOB, BUJAOM MPUMEHIEMOTO TOIUIMBA U BBIIUIABIISIEMOTO Y-
ryHa. ['maBusie coctapistomue - CaQ, SiCb, Ai,Cb, MgO, cymma KOTOPBIX 4acTo
nocturaet 95-98 %.

[[InakoBasi meM3a, UMEIOIIAasi HU3KUE MPOUYHOCTHBIEC MMOKA3ATENH, XapaKTepu-
3yeTcsi BbiIcOkUM (Oosiee 20 %) conmepxanueM KpynHbix nop(1-2 mm) u naxe ka-
BEpPH CO CpelHUM auaMmeTrpoMm Oosee 3 MM. OCHOBHOMH k€ O0OBEM COCTABISIOT
nopsl pazmepom Menee 0.3 mm. TpymTHOCTH COBMENICHUS TPEOOBAHUN MOTyUCHHUS
NUUJAKOBOM TE€M3bl C BO3MOXKHO MEHBIIEHM HACBIMHOM TIUIOTHOCTBK) IIPHU
MOBBIIIEHHOW MNPOYHOCTH MO3BOJSIIOT TOKA BBINTYCKATh IIUIAKOBYIO MEM3Y B
WHTEpBaJe MapoK Mo HachlHOM ioTHOCTH 600-800 1 npounocTtu 75-100.

[{enTpanpHOM Hay4dHO-HCCIenoBaTenbckon naboparopueit (LIHWJI) I'maBmu-
MELKCTPOs. MPEIJIOKEH PACUETHO-IKCIEPUMEHTAIBHBIN METO/ BEJIMYMHBI TEILIO-
MPOBOJHOCTH IUTAKOBOU MeM3bl B Kycke (puc.4.3). OH OCHOBaH Ha MpeACTaBICHUU
HUIAKOBOM MEM3bI KaK TPEXKOMIIOHEHTHOM CUCTEMbI, BKIIOUAOIIAN KPUCTAIIINYe-
ckyto (a3zy, crexnodasy u nmopsl. 3HaueHUsI KOIPOUIMESHTOB TETUIONPOBOHOCTH
KPUCTAITTMYECKOW U CTEKI000pa3HOM (a3 IUIAKOBOM MEeM3bl, YCTaHOB JIEHHBIC
AKCIIEPUMEHTAIIBHO, COCTABIISIIOT COOTBeTCTBEHHO 1,19 BT/(M-K) 1 0.65 B1/(M-K).



JIns OpueHTUPOBAaHHOM OLIEHKH TEINIONPOBOAHOCTH IIJIAKOBOM MEM3bI B KyC-
ke [IHWJI I'maBnuneuxctposi paspaborana Homorpamma (puc.4.3). Homorpamma
COCTABJIEHA C YCJIOBHUEM, YTO CPEAHUMN TUAMETP MOP LIJAKOBOW MEM3bI HE IPEBBI-
maeT 2 MM. TOYHOCTh OmnpeieseHUs TEMIONPOBOAHOCTH C MOMOUIBIO JAHHOM HO-
MorpamMmbl - 10 %. Ha HOMorpamMme OTMEYEHBI pe3yJbTaThl HMCCIIEIOBAHMIM
C.B.MakcuMoBa 10 ONpeeIeHUI0 TEIJIONPOBOJHOCTH IIJAKOBOW MEM3bI, TPOBE-
nennbix uMm B IIHWJI I'naBnunenxcrpos.
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Puc.4.3. BnusHue crexnodasbl ¥ IUIOTHOCTH HAa TETUIONPOBOAHOCTD LIJIAKOBOM NEM3HI

VYayuiieHue kayecTBa MOPUCTHIX 3AMOJIHUTENEH MyTEeM MOBBIIMICHUS CTENEHU X
OJIHOPOJHOCTH IO HACBIMTHOM MJIOTHOCTH ¥ MPOYHOCTH MOKHO JIOCTUYb Cerapalu-
eit. Cenapaiiysi 3anoJHUTENEH M0 CpeAHel MIIOTHOCTU MO3BOJISIET MOJy4aTh Oojee
OJIHOPOJIHBIM MO CBOMCTBAM «TsDKEJIbIN» 00OranieHHbIN 3anoaHuTens. Cenapaius
PSIIOBOTO 3alOIHUTENS C TPAaHHIEH pasneneHus cpeaneil mmotHoctd 0.95 r/em’
MO3BOJISIET 3HAYUTENIHO YIYUIIUTh XapAKTEPUCTUKU «TSKEIOr0» 00O0ralieHHOTO
3anonaHuTens. Tak, kKordUIMeHT Bapuauuu cpel Hell MIOTHOCTH CHIXKAeTCs B
1.5-2 paza. [Ipu 3TOM NPOYHOCTH B LUIUHIPE BO3pACTaeT B cpenHeM B 1.5 pasa, a
K03 GUIIMEHT BapHalliy MPOYHOCTH 3epeH ymeHbIaercs B 1.6-1.8 paza. Koaddu-
IHUEHT BapuUallii BOJOMOTJIOUICHUSI 3€peH cHukaeTca B 1.2-1.3 paza. B uenom
OLICHUBATh OJHOPOIHOCTH I'PaHyJ 3aMOJIHUTEINS CIEIYEeT MO NpeleIbHOMY KO-
¢bunuenty Bapuanuu. Jns kepamsuta, Hanpumep, Kod((PUIMEHT Bapualuu He
JokeH npesbimats 20 %.

MHWJI T'naBaumneukcTposi pEKOMEHAYET MNPOBOAUTH TEIIOTEXHUYECKYIO
KJIaccu(PUKaIMIO MaTEPUAIOB Ha OCHOBE IIJIaKa, IIUIAKOBOW MEM3bI U 3016l B COOT-
BETCTBUU C JuarpaMmmoit (puc.4.4).
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Puc. 4.4. Termorexnuseckan knaccupukais MATEDHANOR HA OCHOBE [fIAKA, WNAKOBOH
TIEMIBI M 3018

BBenenne mopucroro marepuaia MoBbIMIaeT Ae(OpMaTHUBHBIE CBOMCTBA Iie-
MEHTHBIX MatepuasioB. Co31aHue TUIOTHBIX YIAKOBOK MOPHUCTHIX 3alOJHUTENEH B
MaTepUaiax yBEIMYMBAECT ITOT MOKA3aTENb A0 MAKCMMAaJIbHO BO3MOKHBIX 3HAue-
HHU. POCT IIJIOTHOCTH M MPOYHOCTH KOHTAKTHBIX 30H 3aMOJIHUTENICH C IEMEHTHBIM
KaMHEM U YEePETKOM T03BOJISIET JOOMBATHCS JKEJIaeMbIX pe3yJbTaToB. Peanm3anus
BBILIEU3JIO)KEHHOIO CBA3aHA C TPYJHOCTSIMU CHUKEHUS BOJOIOTIIOUICHUS MTOPHUC-
THIX 3aIlOJIHUTENEH, paccioeHus cmeceid. MakcumoBbiM  C.B. mnokazaHo, 4YTO
YMEHBILICHUE BOJIOCOJIEP/KAHNSI U UHTEHCUBHOCTH BOJOMUTPALIMOHHBIX MTPOLIECCOB
MEXy TTOPUCTHIMU 3aMOTHUTEISIMU U PACTBOPHOM COCTABIISIFOIIEH SBIISIETCS 0CO00
BA)XHBIM HAIPABJICHUEM TEXHOJIOTHYECKUX BO3ACUCTBUM. /(151 MOIIydeHUsSI BBHICOKO
HACBIIIEHHBIX MOPUCTHIMU 3anojHUTENIMU cMmeceir MakcumoBeiM C.B. mpunsara
MOJICJIb COOTHOIIECHUS (pakiuii, pazpaboTaHHAs HA OCHOBAaHWUU PEKOMEHIAIINMA
[1.1. bosxeHoBa IS TUTOTHBIX 3amOJIHATENEH. TOMMIWHBI 00Ma3Ku KPYITHBIX U MeJ-
KuX (pakiuii MOPHUCTHIX 3aMOJHUTENIEH YBETUINBAIOTCS TI0 CPABHEHHIO C TUIOTHBI-
MU 3anojHuTeaIMHu cootBeTcTBEHHO ¢ 0.1-0.3 MM u 0.05-0.15 MM no 1-1.5 Mmm n
0.1-0.5 mMm. B ¢BsI3U C MOBBIIIEHUEM TOJIIMHBI 0OMa30K MOPUCTHIX 3aMOJHUTEIICH
OTPAaHUYEHHOCTBIO UX MEJTKHUX (pakiuii peKOMEHIYETCs MPU Mo00Pe UX MIOTHBIX
YIAKOBOK MCKJIIOYATh OJIHY MOCJIEAYIONIYIO (PpaKIIHIO, a HE JIBE, KaK Y IJIOTHBIX.



4.4. Kepamnueckne MaTepuaJibl U U3/1eJIUs

Kepamuyeckummn wu3znenusmu (o KuHIy) NOpUHATO Ha3bIBaTh TaKue
U3JIENHsI, KOTOpbIE MOJNYy4aloTcsl B pe3ylibTaTe OOpabOTKH MPEUMYIIECTBEHHO
[JIMHUCTBIX U JIPYTUX CUJIMKATHBIX MAaTEPHUATIOB B TAKOM MOCIEA0BATEILHOCTHU: 1)
U3MEJIbYEHHUE U CMEIIMBAHUE STUX MAaTEPUAIOB B OPOIIKOOOpA3HbIE INTACTUYHBIE
WM TEKy4ne Macchl; 2) 00KHUT OT(OPMOBAHHBIX, OTIIPECCOBAHHBIX WU OTIUTHIX
U3 3TUX Macc uzaenuil npu remneparypax ot 900 go 1700 °C a nHOrAa U BBILIE.

O¢ddexTuBHBIE KEpAMUYECKUE TETNIOM30JIALIMOHHBIE U OTHEYITOPHBIE TUATO-
MUTOBBIE, AJTIOMOCHIIMKATHBIE, KOPYHJAOBBIE MaTEpUaIbl UMEIOT KOAP(PUIIUEHT Te-
IUIONPOBOAHOCTH W TeMmIepaTypy npumeHeHust coorBeTcTBeHHO 0.087 - 0.119,
0.15-0.52u0.51 - 1.3 Br/(M-°C) 1 850 - 900, 1150 - 1250 u 1400 -1600 °C.

YBenuueHue cojep)kaHue orHeynopHeix okcuaoB (Al,03, BeO, ZnO, MgO)
B KEPAMHUYECKUX MaTepHaliax COCOOCTBYET MOBBIIICHUIO TEMIIEPATyphl MPUMEHE-
Hug 10 2000 °C u BEILIE.

Ha mHOTrMe kepamuyeckue U3Jeius B IpoLecce X U3roTOBJIEHUSI HAHOCUTCS
TOHKHUH CJIOM JIETKOIUIABKOTO CTEKJIA, KOTOPBIA HOCUT HA3BAHUE 21aA3)PU.

MuHepanoruyeckuii cocTaB INIMH BechbMa pazHooOpaseH. [loMrumo kaonuHuTa

U JIPYTUX BOJHBIX QJIIOMOCHJIMKATOB, POJCTBEHHBIX €MY, BAXKHEUIIMMH B TJIMHAX
SBJISIFOTCS €1Ie CJIETYIOIINE MUHEPAIbI:
1) xBap11 B Bujie recka OoJblel Wik MEHbIIEH KPYIMHOCTH; 2) Co/1a; 3) MoJieBoM
mmart; 4) yrJIeKUCIbId Kadbllui; 5) YIISKUCIIbIA MarHuii; 6) OKUCIIBI JKene3a v T.11.
[Ipu 3HAYUTENHLHOM BO3PACTAHUM MEPEUUCICHHBIX BBIIIE COCTABISIOMIUX TJIUHBI
MOTYT NEPEUTH B TIIMHUCTHIE IECKU, MEPIeIH U T.11.

Ta uiam uHas cTeneHb MIACTUYHOCTH IJIMH 3aBUCUT OT LIEJIOTO psijia MPUYUH, K
KOTOPBIM CJIETyeT OTHECTHU: a) MUHEPAJIOTHUYECKHIl COCTaB TJIMHBI;, 0) pa3mep yac-
THUI[ TJIMHUCTOTO BEIIECTBA U MpHUMECEH; B) GOpMYy M XapakTep MOBEPXHOCTH OT-
JEIBbHBIX 3€PEH; I') KOJWYECTBO BOJBI B TNIMHSHOM TECTE; 1) COIAEpKaHUE B 3TOU
BOJIE PACTBOPEHHBIX COJIEN U T.II.

[To cTpykTypHOMY IPU3HAKY BCE U3IENMS PA3AEISIIOT HA ABE TPYMIIbL: IOPUC-
Thl€ U IJIOTHBIE. K MMOPUCTBHIM yCIIOBHO OTHOCATCS T€ W3JEHUsA, KOTOPbIE MOKa3bl-
BalOT BOJIOMOTJIONIEHHUE CBBIIE 5 % MO Macce: KUY OOBIKHOBEHHBIN, Uepenulia,
IpeHakHbIe TPYOb! U Ap. [IMOTHRIME TPUHUMAIOT U3ENHS C BOJOTOTIIOMICHUEM
MeHblIe 5 % MO Macce, U OHU MNPAKTUYECKH BOJOHENPOHUIIAEMBI, HAIPUMED,
TUTUTKY JUTSI TI0J1a, KaHATTM3AIMOHHBIC TPYObI, KHCIOTOYIIOPHBIN KUPITUY U TUTATKH,
CaHUTAPHBIN (PastHC, JTOPOKHBIN KUPIHY.

[To TemnepaType niaBiIeHUs KEpAMHUUECKUE U3/IETUS U UCXOAHbIE TIMHBI Pa3-
JETISII0TCSL Ha JIerKoIiaBkue (¢ TemmepaTypoi miasneHus Huxe 1350 °C), tyro-
raBkue temnepaTtypoi miasienus 1350 - 1580 °C) u orueymnopnsbie (cBbiie 1580
°C). U3penust u cbIpbe BBICIIEH OrHEYIOPHOCTH UMEIOT TEMIIEPATYpy IJIaBJICHUS B
unrepsaiie 2000 - 4000 °C.



3BepeBbiM B.b. ompeneneHbl 3aBUCUMOCTH 71l ONPEACIICHUSI TEMIEPaTyphl
o0nra kepaMmuyeckux usaenuid. OH OCHOBBIBAJICA Ha MPUOJIMIKEHHOM IpaBUIIE
Puxrtepa, rnacdiiero, 4To OKCHJIbI IIJIABHS BIUSIOT HA TeMIIEpaTypy ILUIABJICHUS
[JIMHBI, TOHWXKAsl 3Ty TEMIIEPATYPy COOTBETCTBEHHO MX MOJISIPHBIM MaccaMm. Tak,
nericteue 40 MmaccoBbix yacteit MgO oauMHAaKOBO C EUCTBUEM 56 MAcCOBBIX Yac-
ter CaO u T.1I.

OTnuuuTtenbHas 0COOEHHOCTh BCEX KEPaMHUECKUX HM3JEIUMN U MaTepuasoB
COCTOUT B MX CPaBHUTEIBHO BBICOKOW MPOYHOCTH, HO Majloil 1eOPMATUBHOCTH.
XPpYNKOCTh OTHOCHUTCSI K OTPUUATEIBHBIM CBONCTBAM CTPOUTEIBHOU KEPaAMHUKH.
Kepamuueckue uznenusi 00J1aat0T BHICOKOH XUMUYECKON CTOMKOCTBIO.

K u3nenusm u marepuanaM CTpOUTEIBHON KEPAMHUKH OTHOCSATCS: CTEHOBBIE -
KUPIUY KEPAMUUYECKUH PsIIOBOM MOJHOTENbIM OOBIKHOBEHHBIN, KHPIIUY KEpamMuyie-
CKHI psAJIOBOM MyCTOTENbIN, OJIOKH MMyCTOTENbIE, KPYITHOPA3MEPHbIE TTAaHEIH, TaHe-
JM U3 Kupnuya; (hacaaHble U3/IeNus, B TOM YHClie KUPIUY U KAMHHU JIMLIEBbBIC, T1JTU-
Thl KPYIHOpPa3MEpHbIEC U IUIMTKH, KOBPOBAasi KEpAMUKA; U3JEIUS JUIsl BHYTPEHHEH
OOJIMIIOBKM CTEH - IUIMTKHU, (DACOHHBIE JeTanu (KapHU3bl, YTOJKH); TUIUTKU JIS
MIOJIOB; W3MIETUS JIJIsl TIePEKPhITUH (OaNKH, TUTUTHI); KPOBEIIbHBIC U3/CIUS - Yepe-
MULA; CAHUTAPHO-TEXHUYECKUE HW3JENHS - BaHHBI, YHUTA3bl, YMbIBAIbHUKH; J0-
POKHBIE - TOPOKHBIM KUPIHUY; U3ACIHS JUISl IOJ3EMHBIX KOMMYHUKAIIUN - KaHa-
JU3AIMOHHBIC U JAPCHAXKHBIE TPYOBI, OTHEYIOPHBIC HM3ICNHs, MPUMCHIEMBIC IS
(byTepoBKH Meuel U JPYruX TEIJIOBBIX arperaTtoB; TEIJIOW3OJISIIIMOHHBIC MaTepHa-
Jbl - KEPaM3UT, arjIONOpPUT U Jp.; XMMHUYECKHU CTOMKas KepamuKa - KUPNUY U
TUTUTKA JUTIsT PyTEPOBKU XUMHYECKOM amnmapaTypahl.

Kupnuu 1 xamMHU KepaMUUueCKre U3rOTaBIMBAIOT U3 IJIMH, a TAK)KE JUATOMU-
TOB, JIECCOB M MPOMBIIIIEHHBIX 0TX0A0B. Kupnnu nmeer pasmepst 250 x 120 x 65
MM, Kupnu4d ytoimeHHbld 250x120x88 MM, Kupnoud MOIYJIBHBIX pPa3MEPOB
288x138x63 Mm. KamMHu BBIIYCKAalOTCS CO  CIEAYIOUIMMU pa3MEpaMH:
250x120x138;288x138x138;250x250x138; 250x250x120;250x200x80 MM.

[To cpenHell MIOTHOCTH KUPIUY U KaMHH MOJPa3JEsSIOTCS Ha TPU TPYIIIbL:
a)3pdeKTUBHbIE, CpeHsS IOTHOCTh KUPIUYA U KaMHEH He JO0JKHA MPEBBIILIATH
cootBerctBeHHO 1400 1 1450 kr/m’; 6) ycinoBHO 3 (EKTHBHBIE, CPEIHSS [UIOT-
HOCTB m3zenuii coctaimsier 1450-1600 Kkr/M’; B) KepaMHYECKHUil KUPIINY CO CPE-
Heil IIoTHOCTHIO Goee 1600 K/’

Kupnnu un kamun umerotr Mmapku no npounoctu: 300, 250, 200, 175, 150, 125,
100, 75, mo mopo3zocTtoiikoctu Mp315, Mp325, Mp335 u Mp350.

OOMUIIOBOYHBIE TUIMTKA MMEIOT TOMMUHY 5 U 6 MM u pasmepsl 100x100;
150x150; 150x75; 150x25 Mm; Tonuuuy 6 u 8 MM 1 pasmepsl 200x100; 200x150;
200x200 mm.

['muHsiHas yepenuila 10AroBeYHa, HEAOPOTa, JeKOpaTUBHA. Yepenuiia BbIyc-
KaeTcsl CJIEeIYIOUMX TUIOB: Ma30Basi ITaAMIIOBaHHAsl, Ta30Bas JICHTOUHAs, TUIOCKAs
JIEHTOYHAs, BOJIHHUCTAs JIEHTOYHAs, S - oOpa3Has JICHTOYHAas U KOHbKOBas. JIeH-
TOYHYIO YEPEMUIy U3rOTABIMBAIOT TUIACTHYECKUM (POPMOBAHUEM HA JIEHTOYHBIX



IIpeCccax CO CHEUHUATBHBIM MYHAIITYKOM, @ [ITAMIIOBAHHYIO [Ta30BYIO - TOJIYCYXHUM
MIPECCOBAHUEM.

CaHUTapHO-TEXHUYECKHUE U3/CNUs U3TOTaBIMBAIOT U3 OCIOXKIYIIMXCS TJIHH.
W3nenus u3 dasHca UMEIOT MOPUCTHINA YyepeHOK ¢ BopomorionieHueM 10-12% u
npenesaoM NpOYHOCTH MpH cxatuu okojio 100 Mlla, u3 nomydapdopa coorBerct-
BeHHO 0.2-0.5% u o 500 MlITa.

TexHoI0rMu KpyNmHOpasMepHbIX KepaMHU4YecKMX u3AeJuu. B Hacrosmee
BpEMs OCYILECTBIISIETCSI MACCOBOE TPOU3BOACTBO MEJKO - U CPEIHEPA3ZMEPHBIX KE-
paMUYECKUX W3JCNIU: KUpIuYa U MyCTOTENbIX KaMHel. BmecTe ¢ Tem u3BeCTHO,
YTO paHee (HayaJlo BeKa) U3TOTABIMBAIMCH CPEAHEPAZMEPHBIE 3JIEMEHTHI MOKPbHI-
tuil. OHu hopmoBanuch Mo 0eToHHOM TexHosoruu. [Iporpecc B o6nacTu HeMeHT-
HBIX U3/EJIUNA MPUOCTAHOBUI pabOThl B AaHHOM HampasieHUH. OIHAKO MOMbBITKH
Pa3IMYHBIM 00pa30M yBEJIMUUTH Pa3Mepbl U3JIETUN KaK C UCTIOIb30BAHUEM MEJIKO-
pa3MepHBIX KEPAMUYECKUX U3EIIHNMA, TaK U Ha OCHOBE BHICOKOOTOIIEHHBIX TJIMHS-
HBIX MaccC MPOI0HKAIUCH.

Kupnuu - MenkomrydHoe u3zienue, Mmo3ToMy IMpoIecC BO3BEIEHUS CTEH U3
HEro OY€Hb TPYJOEMOK, BBINOIHSAETCS BPYUHYIO, TaK KaK IUIOXO MOJAJIAeTCs MeXa-
Hu3auu. JIOTHYHBIM pelieHrneM 3TOM MPoOJIEeMbI IBUJIOCH MMPOU3BOJICTBO KPYITHO-
pa3sMEpHBIX U3IEIUN Ha ero OcHOBE. B cepeaune XX B Ipu BO3BEACHUN KUPIINY-
HBIX CTEH CTaJId MPUMEHSIETCS BUOPOKUPIIUYHBIC TaHeau. BriepBbie n3rotopneHue
KUPIUYHBIX TTaHesel 0puto ocBoeHo B llIBelinapuu B Havane 50 -x romos. Bekope
OHM CTaJM MPUMEHSTBCS U B IpYrux crpaHax 3anagHoi EBponsl: @panuuu, Ura-
muu, Ucnanun, [lIBenuu. K HemocTtaTkam cienyeT OTHECTH HEOOXOIUMOCTh YBe-
JUYEHUS apMUPOBAHUS COOPYKEHUM, HCXOAsI U3 TPAHCIOPTHBIX M MOHTAKHBIX Ha-
rpy30K. OTCyTCTBHE SKOHOMHUYECKOU 11€1eCO000pa3HOCTH MPHUOCTAHOBUIIO PabOThHI
B JIaHHOM HAIpaBJICHHUH, a B JaJbHEHIIEM CTPOUTENbHAs MHIYCTPUS OT 3TOTO
oToLLIA.

B BpICOKOpa3BUTHIX CTpaHaX Havyajal U3TOTOBJICHHE KPYIHOPA3MEPHBIX Kepa-
MUYECKUX U3EIUNA METOAOM SKCTpY3uH. Beaymiue ¢pupmel - mpouszBoauTenu 06o-
pynoBanus mia npousBoiactBa kupnuua (Kemnep, Cepuk, Axkemak, Mopanno,
XeHaye u ap.) pa3paboTaid KOHCTPYKIMU JEHTOYHBIX MPECCOB, MO3BOJISIIOIINX
AKCTPY3UOHHO (POPMOBATh KpyMHOpa3MEpHbIE KepaMuueckue uzzaenus. JlaHHbie
(bupMBI pelniy 3aa4i CHUKEHUSI HEPaBHOMEPHBIX YyCaI0UHBIX Jedopmanuii Ma-
TEpPHUAJIOB KPYIHOPa3MEPHON KepaMHUKH MPU CYIIKHU U 00xure. Bo ®@pannuu nosy-
YEHBbI MYCTOTEJIbIE KepaMuieckue 3aeMeHThl pazmepamu 2600 x 600 x 3000 MM ¢
7-9 pAnaMu y3KHX MYCTOT, B I'epMaHuU - MyCTOTEIbIE KEPAMUUYECKHUE AJIEMEHTHI
«Plankensiegel» amunHoit 2700-3600, mmupunoit 600-1200 u TommmHOM 50-300 MM
¢ cozepxanreM myctot okosno 50%, nmpoyHoCThIO npu cxatuu 2.5-3 MIla. Anosn-
ckas pupma «Otsukachemicco» pazpaborana TEXHOJOTHIO OOJUIIOBOYHBIX IMaHEe-
nen pazmepom 3000 x 600 x 25 mm [4].

B nauvane 80-x ronoB B Cankrt-IlerepOypre mo mocTaHOBICHUIO MPABUTEILCT-
Ba ObLIO CO3/1aHO HAYYHO-TIPOEKTHO-CTpoutesibHoe o0beaunenue /HITCO/



«Kepamuka». OcunoBuoit 3amaueit HIICO sBisutach pa3paboTka TEXHOJOTHH MPO-
M3BOJICTBA OTE€YECTBEHHBIX KPYMHOPA3MEPHBIX U3aeaui. OJIHAKO B CBA3U C OTCYT-
CTBHEM pa3pabOTOK MO CHIKCHUIO HEPAaBHOMEPHBIX yCAJOYHBIX nedopManmii Ma-
TEPHUAJIOB MPH CYIIKE M 00KUTE YCTPAHUTh AePEKTHI U3EINi HE yaaI0ch. MHOTO-
JeTHUE HeOe3yCTeNIHbIe TIOTBITKU PENIEHUs BOIIPOCOB M3TOTOBJICHUS KPYITHOPA3-
MepHbIX Kepamuueckux uzaenuil ¢ npusiedyeHneM [HHMMCK um. Kyuepenko,
CIIOTACY wm psnma apyrux OpraHU3alMil MOKa HE 3aBEPIIMIUCH PE3yIbTaTamH,
JOCTATOYHBIMU ISl Hayajia MacCOBOrO MPOU3BOJICTBA.

3HAYUTEIbHBIE MATEPUATIOEMKOCTh U DHEPTOEMKOCTh ITPOU3BOJCTB KPYITHO-
pPa3MEpHBIX KEPAMUYECKUX U3JIETUN MO TEXHOJIOTHSAM 3amajHbIX (pUpM B mocie-
HUE TOJIbl MPUBEJIU K CHIDKEHUIO UX 3P(HEKTUBHOCTH.

HameTuncs oTTok K IpOU3BOJICTBY KUPIINYA U KEPAMUYECKUX KAMHEN.

JIpyruM HampaBJIE€HHUEM MOJIyYEHUs KPYMHOPA3MEPHBIX KEPAMUYECKUX U37E-
T ABIISIETCS NMPSMOE M3TOTOBJIEHHWE MX HAa OCHOBE NMPUMEHEHUS 3JIEMEHTOB Oe-
TOHHOU TexHosoruu. [lepBrie kepamuueckue 0JJ0KU OB U3TOTOBJICHBI IOLIEHTOM
CII6BI'ACY Tkauenko S.H. B 1960 r. ma 1-m kupnuyHom 3aBojie T. CaHKT-
[TerepOypra. B 1961 r. Ha ogHOM U3 3aBOJOB I'. MOCKBBI H3TOTOBJICHBI KEpaMHUe-
ckue uzaenus pazmepom 3000 x 1100 x 400 mMm cpenneit miotHocThio 1300-1500
KO/M® H npo4HocThi0 5.5-12 MIla. Ot paboThl HE MOJYYWJIM JaJbHEUIIETO
Pa3BUTHUS M3-32 HEBO3MOXKHOCTH YCTPAaHEHHUs OOJIBIIIOTO KOJIMYECTBA TPEIINH Ha
MOBEPXHOCTHU W3JAENUS, BOBHUKAIONIUX BCJIEACTBUE HEPABHOMEPHBIX YCAJIOK IMpHU
Cylike W OOXwure. B TMOTYNPOMBINIIEHHBIX YCIOBUSX BBICYIIUTh U O0XEYb
yAaJI0Ch JUIIb 010KkK ¢ MakcuManbHBIM pazMepoM 800 x 400 x 400 mwm [4].

B Kpacnomapckom ¢ununane BHUM Montaxcnencrpos [Ipoxora B.T. paz-
paboTas TEXHOJIOTHIO U3TOTOBJICHHS KPYITHOPA3MEPHBIX KEPAMUUECKUX U3CITHH C
MIPUMEHEHHEM BHOPAIIMOHHOTO METO/a YIIJIOTHEHHSI BRICOKOOTOIICHHBIX KepaMu-
yeckux macc. OHa mo3BoJiuiIa Ha 6a3e UCIOIb30BaHUs JIETKOIUIABKUX TJIMH B Kade-
CTBE CBSI3KM U PA3HOr0 pojia MOPHUCTHIX 3aMOJHUTENEeH (Kepam3uTa, arjiornopura,
Tya u ap.) modaydaTb KpynHopasMmepHbie uzaenus. OHu ObuIH JIeTKH, YJOOHBI B
MOHTaX€e, HO UMEeJIM HU3KYI0 IPOYHOCTH - 3.5 ... 6 MI]a.

Co3aaHue MIOTHBIX YITAKOBOK MOPUCTHIX 3aMOJIHUTENEH, OTOMIAIOIINX CMECH,
MIPUMEHEHHE CITOCOO0B CHMKEHUS BOJ0CO e KaHus, 0€3BUOPAITMOHHBIX CTIOCOOOB
dbopmoBaHusl, BaKyyMa Ha CTaAUsAX CYIIKU U 00xwura no3sonmwio C.B.MakcumoBy
NOJIYYUTh KPYIHOPA3MEpPHbIE KEPAMHUUECKHUE H3IEIUS IMOBBIILICHHOTO KadeCcTBa.
[JIOTHOCTH M3TOTOBJIEHHBIX K€paMUYeCcKux u3aenui kinaccos Bl O-B 15 u B3.5-
B5 cocrapisna coorBeTcTBeHHO 1000-1100 kr/Mm’. Viconp30BaHme JIBYXCJIOWHOTO
Je-KOpUpOBaHUsS TI0 pa3paboTaHHONM coBMecTHO b.A. I'puropseBbiM, A.Il
BacunbiM, A. IlapBecoM TEXHOJIOTMM TIO3BOJIMJIO NPOBECTH IJIa3ypOBaHUE
uznenuit. Ilpu sTomM mopucrocTh rinazypu cHuxeHa B 1.5 - 1.8 paza, Genuszna
NOKPBITUA MOBbINIeHa Ha 5 - 7 %.



4.5. CTek/IsiHHbIE H ApYrHe IJIABJeHble MATEPHAJIBI M U3/1eJIUsl

3HayeHHe CTEKJISIHHBIX M3/eJuil B cTpouTebeTBe. B Erunte u Mecormno-
TamMuu ymenu aenath crekio noutu 6000 ner Hazan. B konne XIX u B Hauane XX
B. py4HbIE METO/bI (HOPMOBAHUSI U3ICTUIN CTATU 3aMEHATHCSA MaIMHHBIMU. B 1870
r. OblJIa MOCTpOEHa CTeKJIOBapeHHas neyb CuMeHca, B KOTOPOH MPOUCXOIUIT He-
IPEPBIBHBIN MPOLIeCC BapKU U BHIPAOOTKH CTEKIIA.

B coBpeMEeHHOM CTPOUTENBCTBE pacIupuiIach 00JacTh MPUMEHEHUS U3EIUN
u3 creksia. KOHCTPYKTUBHO-CTPOUTEIBHBIE AJIEMEHTHI - CTEKJIOOIOKH, CTEKIIONPO-
GUIUIUT ¥ CTEKJIONAKEThl - ABISIIOTCA 3(PQPEKTUBHBIM CBETONPO3PAUYHBIM CTPOU-
TEJIbHBIM MAaTEpPHAIOM JIJIS HAPYKHUX U BHYTPEHHUX OTPAXKIEHUN B JKUIIbIX, 00-
HIECTBEHHBIX M MPOMBIIUICHHBIX 3JaHUAX. TerIon30auOHHbIE MUHEpaIbHAas Ba-
Ta U STYEUCTOE CTEKJIO MUMEIOT KO3(PIUIUEHT TEIIONPOBOJIHOCTH U TEMIEPATYPY
npuMeHeHus cooTBeTcTBeHHO 0.042 - 0.105 u 0.055 - 0.125 B1/(M-°C), 400 u 400 -
600 °C. XapocToiikoe MyJZIMTOKPEMHEZEMUCTOE BOJIOKHO SIBJIIETCA OCHOBOM Py-
JIOHHBIX MaTepHUaJIOB CO CJIECIYIOUIMMHU CBOMCTBAMHU: CpPEeAHssl MIOTHOCTH - 130
Kr/M’, KOO GUIUEHT TeIUIONPOBOIHOCTH IPH cpeHeii Temmeparype 600 °C - 0.22
B1/(M-°C), Temneparypa npumenenus - 1150 °C. OcoeH 3¢ pekTuBHBINA c1OCO0
MOJIyYeHUS MOJMPOBAHHOTO CTEKJIA MyTeM (OPMOBAHUSI HEMPEPHIBHOM JICHTHI Ha
pacruiaBe Metasuia. To Jajio BO3MOXKHOCTh OTKA3aThCsl OT HEMPOU3BOICTBEHHOTO

criocoba MOJIy4eHUs MOPU30BAHHOTO CTEKJIa METOJIOM MEXaHWYECKOW IUIn-
¢oBkM M TONMPOBKM. Ha MOTOUHBIX JNHMHUAX BBIMTYCKAIOT O€30MACHOE CTEKJIO
(MHOrOCJIOWHOE U 3aKajieHHOE). CBEpXIPOYHOE JTUCTOBOE CTEKIIO MOJIYYArOT XUMH-
yeckoil 00paboTkoii ero nosepxHocted. OHO mpuMepHO B 20 pa3 mpoyHee 0ObIY-
HOTO M B HECKOJIBKO pa3 MpOYHee 3aKanieHHOro. CTeKIsHHbIE TPYObl, UCIIOb3Yye-
MbI€ B3aME€H TPyOONpPOBOJOB M3 IIBETHBIX METAJUIOB, HIMPOKO MPUMEHSIOTCS Ha
MPEANPUATUAX TUIIEBOW U XUMUYECKOU IPOMBIIIIIEHHOCTH. KOBpOBBIE CTEKIOMO-
3aMYHbIE UIUTKH U3 LBETHOIO TIIYIIEHOI'O CTEKJIAa MCHOJIB3YIOT I OOJMIIOBKU
CTEH >KUJIBIX U OOIEeCTBEHHBIX 3Aauuil. HapsaHblil BUA rOCTUHUIIAM, 3AAHHUIM ajI-
MUHUCTPATUBHOTO U OOIIECTBEHHOT'O Ha3HAYEHUS MPUJAIOT CTEHOBbIE MaHEeNH, 00-
JIMIIOBAHHBIE [IBETHBIM CTEKJIOM-CTEMATUTOM U MapOIUTOM.

B BozpacTarommx macmrtabax TpUMEHSIETCS BOJTHHCTOE M JHCTOBOE CTPOH-
TEIbHOE CTEKJIO, a TAaKXK€ JBEPU U3 3aKAJICHHOTO KPYMHOTa0apUTHOIO CTEKJIa U
AIFOMUHUS.

Pa3paboTrano 1 OCBOEHO BIEpBbIE MPOU3BOACTBO MPO(UILHOTO CTEKJIa KO-
pobuaToro cedeHus (CTEKOpa), HaXOAIIEr0 Bce OOJblliee NMPUMEHEHHE B3aMEH
JIBOMHOTO OCTEKJIEHUSI TPoeMOB. OCBOCHO IPOU3BOACTBO LIBETHOTO ApPMUPOBAHHO-
ro NpopuILHOTO CTEKJIa - 0osiee 0€30MaCHOTO U OTHECTOMKOTO.

OcBoO€H BBIITYCK HOBBIX MAaTEPHAJIOB - I[BETHOI'O MPOKATHOrO CTEKJIa, MO3a-
WYHBIX TUIMTOK PACIIMPEHHOM raMMBbI LIBETOB, ApXUTEKTYPHO-CTPOUTEIHLHOTO CTEK-
Ja «METeNua» U ¢ MeTAIUTMYECKUMH IJIEHKaMU, [IBETHOTO TPUILJIEKCa.



Ha ocHoBe cTekJia mOy4YeHbI MIUTHI, UMEIOIINE OIJIABICHHYIO OKPAIICHHYIO
B Pa3JIMYHBIE 1IBETA MMOBEPXHOCTh, UMUTHUPYIOIIYIO TPAHUT U MPAMOpP C JUIEBOU
CTOPOHBI U HIEPOXOBATYIO THUIbHYIO CTOPOHY, YTO MOBBIIIAET UX CLEIICHUE CO
HITYKaTyPHBIM CJIO€M IIEMEHTHOTO PacTBOpa.

BcnenuBaHueM CTEKIIa MOJIy4aroT MEHOCTEKIIO, XOPOIIO MOAAAIOIIUICS TeX-
HOJIOTUYECKON 00paboTke Marepuan (MUIUTCS, pexeTcs, cBepautcs). M3 crexna
BBIPAOATHIBAIOTCS DJIACTUYHBIE MPOYHBIC HUTH, U3 KOTOPBIX U3TOTABINBAIOT TKAHM,
BBICOKOKAY€CTBEHHBIE TEIJIOU30JIAIIMOHHBIE MAaTEpHaIbl, 2 B COUCTAaHUU C TIOJIUME-
paMH - CTEKJIOIJIACTUKHW, HaNpHUMEpP, CTEKJIOBOJOKHUCTHIM aHU30TPOIHBIN MaTe-
puanax CBAM, BOJIHUCTHIN CTEKJIOIUIACTHK. B mocieaHee BpeMs CHHTE3UPOBaHbI
CTEKJIa C U30MpaTeIbHBIM CBETOMPONYCKAHUEM JIJIsl BCEX JAUAIa30HOB JIJIUH BOJIH -
oT ynbTpaduosieToBoil 10 MH(MpaKpacHOW 00JaCTH, BBIITYCKAIOT CTEKJIa OOJBIION
MJIOTHOCTH JIJIsl 3alllUThl OT HEUTPOHOB M PEHTIEHOBCKUX Jiydeul. [Ipubmamxaercs
BpeMsi, KOT/la, PEIIUB 3a/1ady JaJIbHEHIIEro YIPOUYHEHHUs CTeKja, U3 HEero OyayT
CO3/1aBaTh KOHCTPYKIIMH, a U3 CTEKJISSHHBIX HUTEH - HAJEKHYIO apMaTypy s Oe-
ToHa. OTHAKO CTEKJIO MMEET U HEKOTOPhIE€ HEOCTATKH, KOTOPhIE OIPAHUYUBAIOT
MPUMEHEHHE €ro B Ka4eCTBE KOHCTPYKIIMOHHOTO MaTepHaia: XpyrnKoCTb, HEBBICO-
KO€ COMPOTHUBJICHUE U3TUOAONIUM U YAAPHBIM BO3JICHUCTBUSIM, YYBCTBUTEIBHOCTD
K PE3KUM U3MEHEHHSIM TeMIepaTyphl.

CoctaB u crpoenne cTékoJ. CTEékna SBISIOTCS HEOPTaHUYCCKUMH aMopd-
HBIMU TEPMOIUIACTUYHBIMHA MaTepHaTaMH, 00JIaalONUMHA PSIAOM CHEU(PUIeCKUX
cBoiicTB. [lo cCBOEMy CTpOEHHIO M COCTAaBY OHH MPEICTABISIOT COOOM CIIOXKHBIC
CUCTEMBbI TUIAa UCTUHHOTO 3aTBEPEBILETO PACTBOPA U3 HEOMPEAEIECHHBIX XUMUYE-
CKHX COEJMHEHUIN KUCIOTHBIX U OCHOBHBIX OKCUJOB. MIMeeTcst yCIOBHOE JiefieHHe
OKCHUJIOB, BXOJISAIIUX B CTEKJIO, Ha CTEKJIIooOpazoBaTenn U MoaudukaTopsl. Tak,
Harpumep, okcuasl Si0,, B,03, P,Os oTHOCITCS K CTEKI000pa3yIOIIHUM, TOCKOIb-
KY KaXKJIbId U3 HUX B YUCTOM BHUJIE MOXET CAMOCTOSITEILHO 00pa3oBaTh CTEKJIIO; B
yacTHocTH, npu 100 % -HOM copepkaHuu KpeMHe3ema Si0, MOXHO MOJIy4aTh
KBapIeBOE CTEKJIO, KOTOpOe 00amaeT Hanboiee BEICOKON TeMIepaTypon pa3Msr-
yerust (1250 °C). Tak Ha3pIBaeTCs TeMreparypa, Ipu KOTOPOH aOCOJFOTHAs BSI3-
kocTh crexna cocrasmser 107...10° ITa « c. BBeneHHeM Pa3IHUHBIX JOOABOYHBIX
OKCHUJIOB-MOJU(UKATOPOB CYIIECTBEHHO TOHIKAIOT TEMIEpaTypy pa3MsArdeHus
CTEKJIa U MPUJIAIOT He0OX0AMMBbIe CBOMCTBa cTekiy. Cpeau HUX miejaounbie -Na,0,
K,0, menouno-zemensubie - CaO, BaO, MgO, a takke PbO, A1,03, Sbh,03,
ZnO u np. Eciu rinaBHYHO CTEKI000pa3ymOIIyH0 YacTh TEXHUYECKUX CTEKOJI
cocTaBiisieT kpemHeszeMm Si0,, Toraa crekia MMEHYIOT CUJIMKaTHBIMU. B 3aBHCHUMO-
CTH OT COJIep>KaHUs J0OABOYHBIX OKCHIOB JAPYryue CTEKIa UMEHYIOT alFOMOCHIIH-
KaTHBIMHU, OOPOCHUIIMKATHBIMHU, OOPOATIOMOCIIIIKATHEIMUA, OOpO(TOpaTtOMOCHIIH-
KaTHBIMH, amtoModochatHeiMu U T.I. ColepKaHHE TJIABHOTO KHCJOTO OKCHA
SiO, B 0OBIUHBIX CTEKJIaX cocTaBigeT 56 ... 75 % 1o macce, OKCHIOB IIEJIOYHBIX
MetasioB 13 ... 15 %, okcu0B menoYHo-3eMeNbHbIX MeTallioB 10 ... 15 % (B He-



KOTOpBIX cTekiax 110 25 %). [logbopoM XMMHUECKOIro cocTaBa CTEKJIA Ipelomnpe-
JEJIAI0T CMECh OKCUIOB, Ha3bIBAEMYIO IIUXTOM.

HIuxTy mpUroTaBIMBAIOT M3 Pa3jIMYHBIX CHIPHEBBIX MaTEpUAJIOB, COAEpXKa-
IIUX HE0OXoauMble OKCUIbl. K HUM OTHOCATCS KBapLEBbIN MIECOK, COJIa U CYJlb-
(daT HaTpus, MOTall, U3BECTHSAK WM MEJ, JO0JIOMUT, NErMATUT, KAOJIHH, MOJIEBOU
mmnart 1 ap. BBogsTCcs B cocTaBbl B MajiblX KOJMYECTBAX CTEKJIIHHBIN 00Mi, Kpacu-
Tenu (OKCHIBI M€, XpoMa, KoOajlbTa, MapraHua 1 Jp), OCBETUTENIN (TPUOKCUA
MBILIbSIKA, CUIIUTPa U 11p). IlepeMeninBanue n3MeIb4eHHBIX KOMIIOHEHTOB B CTPO-
ro OTJ03UPOBAHHBIX KOJIMYECTBAX COIJIACHO pacyeTaM MPOHU3BOIAT B CMECUTENSX
O0apabaHHOTO WM Tapeap4yaToro THUMa. ['OTOBYIO IIMXTY 3arpy:kKai0T B BaHHYIO
nevyb-0acceiiH, CIOKEHHYIO U3 OTHEYNMOPHBIX OpycheB. bacceiHbl OoyblIINX BaH-
HbIX neyed Bmeniarot 10 2500 T creknomaccel. Ctekiaomacca - IIaCTUYHBIN pac-
IJIaB MIUXTHI, 00pa3yromuxcs npu temneparypax csoime 1000°C.

[Ipu HarpeBanuu mwuxThl 70 TemrepaTypsl 1100 ... 1150 °C npoucxoasir xu-
MUYECKHE MPOIECChl CHIMKATOOOpa30BaHUA, a MPHU JajdbHEHUIIEM MOBBIIICHUH
TEMIEPAaTypbl - cTekinooOpa3oBanus. llluxTta mnpeBpamaeTcss B OJHOPOIHYIO
(TOMOT€HHYI0) CTEKJIIOMACCy, HO CO 3HAUUTEJIBbHBIM COJAEP)KAHUEM B HEW Ia30BbIX
Brmtouennit (HO, CO, u 1p.). OcBeTieHue u ganbHENIas roMoreHu3anus CTeK-
JIOMacchl OCyHIecTBIAOTCA pu Temnepatypax 1500 ... 1600 °C ¢ nepeBoaom e€ B
COCTOSIHUE MOJABIKHOCTH (C BsizkocThio mopsiaka 10 Ila ¢ ¢), kotopoe obnerdaer
ynaigeHue razoBoi ¢asbl. Ilocnennmii stanm Bapku CTeKiIa - OXJAXACHUE, WIH
cTyaka crekiomacchl. OOBIYHO MPOU3BOAUTCA CPABHUTEIBHO OBICTPOE OXJIAXK/Ie-
HUE PaCIUIaBICHHOIO BELIECTBA, YTO COMPOBOXKJIAETCS U OBICTPHIM BO3PACTAHHUEM
€ro BA3KOCTH. MOJIEKyYJIbl U aTOMBI BEILIECTBA HE yCIEBAIOT 00pa30BaTh 3apO/bIIIN
KPUCTAIIMYECKON (a3bl M KPUCTAIMYECKYIO pemieTky. OHU OCTaroTCsl 3aKper-
JIEHHBIMU B T€X CIy4ailHbIX MOJIO)KEHUSX, B KOTOPBIX UX 3aCTaJI0 PE3KOE MOBbIIIE-
HUE BS3KOCTHU. [IOHATHO, YTO 4YeM MeAJIEHHEEe MPOUCXOANUT OXJIAKIEHUE CTEKIIO-
Macchl, TeM 0OJIbIIast BEPOATHOCTh MEPEX0JIa €€ B KpUcTamuinueckoe cocrosinue. C
YBEJIIMYEHUEM TEMIIEPATYPbI CUHTE3a HOBBIX CUJIMKATHBIX COCUHEHUHN U JUIUTEb-
HOCTH BBIJEPKKU IPU HEN HAOJI0JAeTCs IOCTEIIEHHOE CHUKEHNUE CTENIEHU MUKPO-
HEOJTHOPOJHOCTHU CTEKJIA, MOBBIIIEHUE YHEPIUU aKTUBALMU 00pa30BaHUs LIEHTPOB
KPUCTAJIIM3ALUU U YCTOWYMBOCTH CTEKJI000pPA3HOIO COCTOAHMs. Uem BbllIe CKO-
POCTh OXJIAXKACHHS CTEKIOMACChI, TeM 00Jiee BBICOKON TEMIEPAType COOTBETCTBY-
€T «3aMOPOKEHHOE» COCTOSTHUE CTPYKTYPBHI.

[IpakTuuecku GpopmMoBKa CTEKa, OTOOPAHHOTO U3 ME€YH, MOKET MPOU3BOAUT-
Csl IpHU BA3KOCTH ero B npeaenax He meHee 100 Ila ¢ ¢ (ecau BA3KOCTh HUXKE, TO
CTeKJoMacca CIUIIKOM kuakas). K koHiy (opMOBKHU BSI3KOCTh CTEKJA JOXOAMT
m0 10° Tla » ¢. V pasiamuHbIX CTEKON XapaKTep 3aBHCHMOCTH BS3KOCTH 2| OT
TeMIiepaTypsl t° paznudeH (puc.4.5). O4eBUAHO, YTO CTEKIIO JIerde sl 00paboTKH,
€CJIM XapakTep U3MEHEHUS €ro BSI3KOCTU C TEMIIEPATypOH COOTBETCTBYET KPUBOM
1, korma BbBICOKash BA3KOCTh OOECHEUMBAETCA MPU CPABHUTEIHHO MEIJICHHOM
OXJIAXJACHUH; TpyAHee - npu KpuBod 2. CTekia C MOJOrod 3aBUCUMOCTBIO r|(?)
Ha3bIBAKOTCS



JUIMHHBIMH, & C KPYTOU - KOPOTKUMH. CTeKJIa IIEeI0YHbIE HE TOJBKO JIETKOTLIAB-
kue, Ho u nnuHHbIe. BBenenne Ca0O, Mg, AbO3 nepeBoAUT 1IEI0YHbIE CTEKIIA B
Oonee kopoTkue. ['0OTOBBIC CTEKJISHHBIC W3MIETUS YACTO TOJBEPTalOTCs OTKHTY,
T.€. HarpeBy 10 JOCTAaTOYHO BBICOKOW TEMIEpaTyphbl (TeMIepaTypbl OTKHIA) C
MOCJHEAYIONUM MEJICHHBIM OXJaxaeHueM. OTKUTOM CHUMAIOTCSI BHYTPEHHHE
TEMITIEpaTypHbIE HAMPSDKEHHS B OT(OPMOBAHHOM MaTepualie, YTO MPEIOTBpAIIacT
TPEMM-HOOOPA30BaHNE B U3/ICIHSIX.
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Puc.4.5. Xapakrep 3aBUCHMMOCTD BA3KOCTH CTEKJIOMAacCChl OT TEMIIEPATYPhI:
1 — crexioMacca JIMHHAN, 2 — KOpOTKas

ITpu HEOOXOAUMOCTH CTEKJIO MOXKET ObITh CHOBA HarpeTo M PacIIaBIEHO C
nprOOpPETEeHNEM MTEPBOHAYAIBHBIX CBOMCTB CTEKIIOMACCHI U C TEPePOPMOBKOM U3-
JIEeTIUs; CIEA0BATENBHO, TOT MAaT€pUall OTHOCUTCS K IPYyMNIE TEPMOILIACTUYHBIX. B
npolecce MPOU3BOJICTBA CTEKIAa U OCOOCHHO Ha CTAUU €r0 OXJIaXKJIEHUS BO3HH-
KaeT Takas CTPYKTypa, KOTOpas MOXKET ObITh OXapaKkTEepH30BaHa Kak MPOMEKYTOU-
Hasi MEXIy MOJIHOM OecrnopsI0YHOCTHIO YACTHUI[ KUIKOTO paciulaBa M IMOJHOU
YHOPSIAOYEHHOCTBIO YaCTHI] BEIECTBA B KPUCTAJUIMYECKOM COCTOsHUU. Heopranu-
YECKUE CTEKJIa - 3TO MO CYHIECTBY CyOMUKpPOTE€TEpOreHHbIE CUCTEMBI, UTO MO3BO-
JA€T IO OJHOW M3 TUIIOTE3 pacCMaTpUBaTh UX CTPYKTYpPY KaK CKOIUIE-HHUE MUK-
POKPHUCTAIUNINYECKUX, & TOUHEE - KPUCTAJUIMTHBIX 00Opa3oBaHuii pasmepom oT 10

1o 300 A.

CornacHo JIpyroi TUIOTE3€ B CTPYKTYPE CTEKJIa UMEeTCsl HelpephiBHas Oec-
MOpsiI0OUHAsl IPOCTPAHCTBEHHAs ceTKa (TpexmepHas). B ee y3max pacnosio:KeHbl
MOHBI, aTOMbI WJIM TPYIIHUPOBKUA aTOMOB. Tak, B KBapILEBBIX CTEKJIAX, COCTOAIINX,
KaK OTMEYaJIOCh BBIIIE, U3 OJHOTO YUCTOTO OKCHJJAa KPEeMHUs, HOHBI Si pacmoJio-
’KEHBI B IIEHTPE TETPAdIPOB, B yIiax KOTOPhIX pasmelieHbl noHsl O. [Ipu coenu-
HEHHHM KPEMHEKUCIOPOAHBIX TeTpa’apoB SiQ4 Mexay coOoil (uepe3 OJuH KHUCIIO-
poa) BepIIMHAMH 00pa3yeTcsl HelpephIBHASI MPOCTPAHCTBEHHAS CETKa, MJIM KapKac



crekaa (puc.4.6). B mpoMexxyTkax Mexay TeTpa’aApaMH MOTYT pacnoJiaraTbCs HO-
HBI METAJJIOB ((JIIOCOB), KOTJa B IMIMXTY OBLIM BBEJEHBI APYyTrUe OKCHUbI, KaK, Ha-
IpUMEP, B CUJIMKATHBIX CTEKIaX. Torga BO3HUKAOT HE TOJIBKO KOBAJIEHTHBIE, KaK
B KBapLEBBbIX CTEKJIAX, HO U JOMOJHUTEIbHbIE HOHHBIE CBSI3H, KOTOPbIE YACTUYHO
pa3o0IAlOT TETPadApPhl, YMEHBIIAIOT KOJWYECTBO U CHUJIY MOMNEPEUYHBIX CBA3EH
(puc. 4.7). K ToMy € HOHHBIE CBS3U OTJIMYAIOTCS OT KOBAJEHTHBIX CPABHUTEIIHHO
MaJIoi HampaBJIeHHOCTHIO. [0 BiausiHMEM 3THX (AKTOPOB 3HAYUTEIHHO YMEHbIIIA-
€TCsl CTAOMIIBHOCTb, XapaKTepHasi JUIsl CTPYKTYPbI CTEKJIO00PA3HBIX YUCTBIX OKCH-
JI0B, TIOHMKAETCSI TEMIIEpaTypa IJIaBJICHUs, JIErye NpeloTBPALLAETCs KPUCTAIIHU-
3anud. [lonoaHUTENbHbIE HOHBI METAJJIOB JIEHCTBYIOT KaK CBOEOOpa3HbIE pa3kKu-
kutenu. BeceMa Benuka B CTpYKType poJib kuciopoaa. Kak ormeueHo, oHa cocto-
UT B CO3/IaHUU CTAOUJIbHBIX CBA3EH (KOBAJIEHTHBIX) C HEOOIBIIMMU MHOI'OBAJICHT-
HBIMM MOHAMH KpeMHus, 6opa, pochopa win 1pyrux snemeHToB. MimeHHo coenu-
HEHUS KMCJIOPOAA C MOHAMU THX 3JIEMEHTOB 00pa3yIoT CTPYKTYpy TeTpajipa Win
JPYroro HU3KOKOOPJAMHATHOTO MHOTOTPaHHUKA KaK CTPYKTYPHOI'O 3JIEMEHTa He-
IPEPHIBHOM MPOCTPAHCTBEHHOM CETKU CTEKOJI. BCAKOE CHIMKATHOE CTEKIIO MOYXKHO
paccMaTpuBaTh KaKk COBOKYINHOCTb PA3JIMYHBIX IO COCTaBY M CTPOEHHUIO KpEMHe-
KHUCIIOPOJHBIX KOMILJIEKCOB.
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Puc. 4.6. HoHHbIE CBS3H B MOJIEKYJIax Puc.4.7. HoHHbIE CBA3H B IPUCYTCTBHH
KBapLIEBOro CTeKJa ¢moca (Na)

CornacHo rurnorese 0 MOJUMEPHOM CTPOEHUM CTEKOJI CTPYKTYPHBIE KapKacChl
paccMaTpUBAIOTCA KaK HEOPTraHMYECKHE TMOJIMMEpHl ¢ XapaKTePHBIM CTPOCHUEM
BBICOKOMOJICKYJISIPHBIX COCAMHEHHUM C MPEUMYIIECTBEHHO KOBaJCGHTHBIMH CBSI3S-
Mu. CBOE0OOpa3HbI XapaKTep CTPOCHUS HEOPTaHUUECKHUX CTEKOJI, B YaCTHOCTH CH-
JUKATHBIX, HAan0oJIee IIMPOKO HCIOJb3yeMbIX B CTPOUTEILCTBE, B 3HAUUTEILHOU
Mepe MpeonpeesseT uX CBOUCTRA.

CrexyisiHHBbIE MaTepUaJIb] U u3eanst. OKOHHOE JIMCTOBOE CTEKJIO ITPE/HA-
3HAYEHO JJISI OCTEKJICHHUS] CBETOBBIX MPOEMOB KHUJIbIX, IPOMBIIIIIICHHBIX U 00IIECT-
BEHHBIX 31aHWi. OHO BBIMYCKAETCS TOMMHON 2; 2.5; 3; 4.5; 6 mM. Pazmepsl suc-



ToB 00b14HO B mpenenax 500 x 400 go 1600 x 2200 mm. CTeki0 BBITyCKalOT Oec-
L[BETHBIM, XOTsI BO3MOJKEH CJ1a0bIil 3eJIeHOBATHIIN WIIM TOJy0OBaThI OTTEHOK, €CIH
MIPU 3TOM HE CHUKAETCS IOMYCTUMAasi CBETOMPOIYCKHAs CIIOCOOHOCTh CTEKIIA.

Crexi10 JTHCTOBOE y30p4aToe MMEET [0 BCEM MOBEPXHOCTU HAa OJHOW WIIN
000MX CTOpPOHAX YETKHIl penbe(HbI y30p U U3rOTaBIMBAETCS CIIOCOOOM Hempe-
PBIBHOTO MpOKaTa. ¥Y30p4aTroe CTEKJIO MOXKET ObITh O€CLBETHBIM M LIBETHBIM, OK-
pAallleHHBIM B Macce WM MOCPEICTBOM HAaHECEHHS HA €ro MOBEPXHOCTh MJICHOK OK-
CUJIOB pa3InYHbIX MeTaioB. OHO pacceuBaeT MaJarolIuii Ha HETO CBET, IOATOMY
€ro NPUMEHSIOT B MTOMEIIECHUAX, TJIe€ HEOOX0IUMO PAaBHOMEPHOE U MSTKOE OCBE-
IIEHUE: JUIS OCTEKJICHHUsI OKOHHBIX U JBEPHBIX IPOEMOB, BHYTPEHHUX NEPETOPOIOK
3JITaHUH, KPBITHIX BEpaH, MEOeIu U T.1.

Crexki10 apMHpOBaHHOE JIMCTOBOE MMEET BHYTPH JIMCTA NapajuIeIbHO €ro
INOBEPXHOCTAM  METAJUIMYECKYI0O CETKY M M3rOTaBIMBAETCS  CHOCOOOM
HenpepelBHOro  npokara.  Ilpumensercs  mist ocrekieHus — (oHapei
OPOMBIIIJIEHHBIX W OOIIECTBEHHBIX 37aHUi, JIECTHUYHBIX KJIETOK, OKOHHBIX
NEPEIeTOB, JBEPHBIX (DUIEHOK, YCTPOMCTBA NEPEropoAoK. ApMHpOBaHHE
YBEJINYMBAET NPOYHOCTh CTEKJIA U HE MO3BOJISET EMY pacChlllaThCs IPU yaapax u
Hokape.

LIBeTHOEe apMHMPOBaHHOE CTEKJIO MCIOJIB3YIOT IJI OTPaXACHUN OAJKOHOB,
JOJKUM, TUQTOBBIX IIAXT, YCTPOICTBA JEKOPATUBHBIX CBETONPO3pAUYHBIX I1ado-
HOB, TIIEPEropoJIOK B  CaHATOpPHUAX, [MAHCHMOHATaX, Ha  MOPEINPHUATHIX
OOIIIECTBEHHOTO MUTAHUS U TOPTOBIIH.

CoJiHIIe- ¥ TENJI03AIUMTHOE CTEKJIO U3TOTaBIMBAIOT U3 CTEKJIOMACCHI, B KO-
TOPYIO BBOJAST OKCU/IBI KOOAIbTA, HUKEIS U JKeje3a WK IMyTeM a’po30JIbHOM 00pa-
OOTKM MOBEPXHOCTH CTEKJIa paCTBOPAMHU IPHU €0 BHITATUBAHUU Ha CIIELUAIbHBIX
MamrHax. B 3aBUCHMOCTH OT cocTaBa pacTBOPOB U YCIOBUN 0OpaOOTKH MOXKHO
MOJIyYUTh CTEKJAa C HEOJAMHAKOBOM CTETEHbIO MPOMYCKaHUS U OTPAXKEHUS B paz-
JUYHBIX 4acTAX crekTpa. OHO MpUMEHSETCS ISl OCTEKJIEHUSI MYy3€€eB, BHICTaBOY-
HBIX 3aJI0B M CPEJICTB TPAHCIIOPTA, C II€JIbI0 YMEHBIIEHUSI COTHEUHOM U TEIJIOBOU
paguanuu.

Butpacua - crekio, o6nanaromiee cnocoOOHOCThIO pacceuBaTh CBET MO BCEMY
nomenieHno. OHO HE OKa3bIBAET CIICTIAIIETO ACHCTBHUS U HE BBI3BIBACT YTOMIICHUS
YeJI0BeKa.

YBHoOJIEBOE CTEKJI0 U3TOTaBINBAIOT U3 CTEKOJIBHON MIMXTHl C MUHUMAIbHBIM
COJIep’)KaHUEM NpUMecel OKCHJIOB JKele3a, TUTaHa U Xpoma. Takoe CTEKJIO Mpo-
nyckaeT He MeHee 25 % ynpTpadHoJIeTOBbIX JIy4eld U UCHOJB3YETCS AJIs OCTEKIIe-
HUS B JIEUEOHBIX, JETCKUX YUPEKACHUSIX, OpAaHKEPEAX U T.II.

IlosimpoBaHHOE CTEKJIO TONY4arOT MyTeM NIIUGOBKU U  MOJUPOBKHU
JMCTOBOTO CTEKJIA MOCJIE €ro BBITATMBAHUS U IPOKATa U MPU HAJTUYUU Pa3IUYHbIX
IIOPOKOB TOBEPXHOCTU (BOJHUCTOCTH, MOJOCHOCTH, PUQIECHUS) U HETOYHOU
reOMEeTpUYecKod (QopMbl  (pa3HOTOJUIMHHOCTh, KpuUBM3HA U J1p.). HoBbIM
IPOrPECCUBHBIM CIIOCOOOM SIBIISIETCS TEpMHUUECKast mosnpoBKa. [Ipu 3Tom criocobe
CTEKJIOMAacca U3 BAHHOMU MEYM MOCTYIAET B Y3KUN U MEJIKUH JIOTOK U CIIMBAETCS U3
HEero B pabouyro



BaHHY C PACIUIaBIICHHBIM METAJUIOM. PacTekasich 1O €ro moBEPXHOCTAM, CTEKIIO-
Macca o0pasyer CJI0od paBHOMEPHOU TOJIIMHBI (OKOJIO 7 MM), U3 KOTOPOIO 3aTeM
OTTSATUBAETCS IJIOCKAsl JIEHThl. HU>KHSASA MOBEPXHOCTH JIEHTHI MOJUPYETCA 3a CYET
KOHTAKTa C pPACIUIABIEHHBIM METAIUIOM. B Hauane BaHHBI MOAIEPKUBAETCS TEMIIE-
patypa 900 ... 1000 °C. ITpoxoas B0Jib BaHHBI, CTEKJIOMACCA MOCTEIIEHHO OXJIAX-
naetcs 10 600 ... 650 °C, a 3areM JeHTa NOCTYIAET B [1€Yb OTHKUIra, IPU BBIXOAE U3
KOTOpPOM OHA pa3pe3aeTcs Ha JIUCTHI.

BurpuHHOE CTEKJIO MMEET BBICOKYIO IMPOYHOCTh - MPEAEN MPOYHOCTH MPH
cxarun gocturaet 1200 MIla. OHO MOKeT ObITh IJIOCKUM U THYTBIM, TOJIMPOBAH-
HBIM U HETOJIUPOBAHHBIM.

Crexno BUTPUHHOE MOJUPOBAHHOE MPUMEHSIETCA JI OCTEKJICHHS BUTPUH,
BUTPAXKE U OKOH OOIIECTBEHHBIX 3AaHUU. JIMCTBHI BBIMYCKAIOTCS CTaHAAPTHBIX
pa3MepoB TOMHMHON 6 ... 12 MM. CTEKII0 BUTPUHHOE HENOJIUPOBAHHOE TOJILUHON
5 ... 6 MM NIpUMEHSIETCS JIJIs1 3aMOJTHEHHS] CBETOBBIX MPOEMOB OTPAXKIAIOIIUX KOH-
CTPYKILMU 3JaHUN U COOPYKEHHUM PA3JIMYHOTO HA3HAUYEHUS.

MHoroc/10fiHOe U 3aKaJIeHHOE CTEeKJI0. MHOIroCI0iHOE CTEKIIO COCTOUT U3
HECKOJIbKUX JINCTOB CTEKJIA, MPOYHO CKJICECHHBIX MEXIy COOON MpOo3payHOM diia-
CTUYHOM mpokiagkoi. Hanbonbiee pacnpocTpaneHre MoIydnsio CTEKIIO MIOCKOe
0e30macHOe TPEXCIOWHOE Ha MOJUBUHWIOYTUPOJIHHON IJIEHKE (TPUILIEKC), TOJTY-
YEHHOE CKJICMKOW JABYX JIMCTOB CTEKJIa C TMOJUBUHWIOYTUPOJIBHOM IJIEHKOMN
Mexay HUMU. [Ipu pacTpeckuBaHWM OHO HE JTa€T OCKOJKOB M IMPEJHA3HAYAETCS
JUIS. OCTEKJICHHS HA36MHOI'O0 TPAHCIOPTA, TPAKTOPOB U CEIIbCKOXO35SMCTBEHHBIX
MAlIlVH, SKCIUTyaTUPYEMBIX B PA3JIMYHBIX KIMMATUYECKUX YCIOBUSIX.

CrekJ10 IJI0CKOoe 3aKajleHHoe Bblllyckaercs B Buae JmctoB 600 x 1200 mwm,
1o otaeabHbIM 3akazaMm - 1800 x 3000 MM U yJIOBIETBOPSET CIEIYIOMIUM TpeOo-
BaHUSM: MpeJIeSl TPOUYHOCTH MpH U3ruode - He Menee 122.5 Mlla; npu tommuue 6
MM JIOJDKHO BBIJIEPKMBATh, HE pa3pylIasich, yJap CBOOOJHOIO MaJarolIero mapa
Maccor 0.8 Kr ¢ BBICOTBI HE MeHEE 1.2 M; TEPMOCTOMKOCTh JOJKHA COOTBETCTBO-
BaTh pazHoctu temneparyp 120 ... 275 °C. BbICOKOKa4€CTBEHHOE JIMCTOBOE TOJIH-
POBaHHOE CTEKJIO OOJBIINUX pa3MepoB ToimuHon 10 ... 20 MM, MOJABEprHyTOE 3a-
KQJIKE, MCIOJb3YIOT Il HW3TOTOBIICHUS BXOAHBIX HAPYXKHBIX JIBEPEH,
NEPEropoI0K, MOTOIKOB.

Bioku cTek/siHHBbIE MYCTOTeNbIe NMPEJICTaBIAI0T COO0M repMEeTHYECKU 3a-
KPBITBIE TOJIbIE CTEKJISHHBIE KOPOOKH C TJIAJKUMH HAPYXHBIMU U PEOPUCTHIMU
BHYTPEHHHMU MMOBEPXHOCTAMU. BIIOKM UMEIOT KBaAPAaTHYIO WU NPSMOYTOJbHYIO
dbopmy pazmepamu 10 244 x 244 x 98 mm. Mx macca B 3aBUCMMOCTH OT pa3MepoB
kojebnercs ot 2.8 ... 4.3 xr. OrpaxaeHus U3 CTEKI00JOKOB 00J1a/lal0T BHICOKOM
OTHECTOMKOCTBIO M 3BYKOM3OJSILIMOHHOW CIOCOOHOCTBIO, JTOJITOBEYHBI U TUTHE-
HUYHBI. MIX yCIEIHO MPUMEHSIOT TAKKE B LIEXAX C arPECCUBHON CPENION.

CrekaonpopuanT NpeacTaBisieT cOO0N NITMHHOMEPHBIE AJIEMEHThI, UMEO-
e B C€YeHUU pa3zHooOpasHblii npoduns. Haubosnbiiee npuMeHeHne B CTPOU-
TEIbCTBE UMEET CTEKJIONPOQPIINUT MBEJUIEPHOTO U KOPOOUATOTO CeYEHUS JITMHOM



COOTBETCTBEHHO A0 5 u A0 7 M. llupuna uzmensiercst ot 250 go 300 MM y miBen-
nepHoro ctekyonpodunuta u ot 250 10 500 mm y kopobGuaToro. Macca 1 M cTek-
jonpoduauTa KopoodyaToro - 8.5 ... 9 Kr, mBeepHoro - 4 ... 4.5 Kr.

CrekJjionakeTsbl TPEICTABISAIOT co00W nBa (wim OoJiee) TIIOCKUX CTEKIa
(OKOHHOT'0, BATPUHHOTO, apMUPOBAHHOTO, Y30p4YaTOro U Jp.), COEAMHEHHBIX MEX-
1y co00ii Mo MepUMETpy TaK, UTO MEXKAY HUMU 00pa3yeTcst 3aMKHYTas MPOCIIOiKa,
3alOJIHEHHas CyXUM BO3AyXoM. Paccrosanue mexay crexiamu - 9 ... 20 mm. CTek-
JIOTIaKeThl 00Jiee TMPOYHBI TT0 CPABHEHHUIO C OCTEKJICHUEM OOBIYHBIMU JTBOWHBIMHU
neperyieTaMu U MpeoTBpaIIaloT MpoMep3aHe U 3anoTeBanrne okoH. OHU OBIBAIOT
KJICCHBIMU, MAasHBIMU, CBAPHBIMU. [Ipy OCTEKJIEHHH CTEKIONAKeTaMU YIPOIIAETCs
KOHCTPYKIIMSI OKOHHBIX IPOEMOB, YBEJIMYMBAETCS CBETOBAas IUIOWMIA/lb H
CHIDKAIOTCSI TEIUIOMOTEpPH, OHU O00JIaJaloT JOCTATOYHON 3BYKOM3OIHMPYIOIIEH
CIIOCOOHOCTBIO.

CrexJIsiHHBIE IBEPH - JIMCTHl 3aKaJEHHOTO cTeksa Tojaumuuon 10 ... 20 MM
(CTEKJI0 MOXET OBITh MOJUPOBAHHBIM U HEMOJIUPOBAHHBIM). CTEKIISTHHBIC ITOJIOTHA
BBITTYCKAIOT OECI[BETHHIMU TPO3PAYHBIMHU, a TAKXKE I[BETHHIMU U OECIIBETHBIMH
CBETOPACCEUBAIOIIUMU C y30pUYaTON I KOBAHOW MOBEPXHOCTHIO.

CrekJ10ke/1e300e TOHHbIe KOHCTPYKIMH B 3aBUCUMOCTH OT HECylleil cro-
COOHOCTH, CBETO- U 3BYKOU3OJISIUU U APYTUX CBOMCTB MOJPa3EAIOTCS Ha CTEHO-
BbI€, KOHCTPYKIIMH MOKPBITUHA, CBOJAOB U KYIOJOB. B 3TUX KOHCTPYKIUSAX HECYLIEH
YacThlO SIBJIAETCS >KEJIE300€TOHHBIM KapKac, a CTEKJISIHHbIE JeTajad 3arOJIHSIOT
CBETOBOE MPOCTPAHCTBO KapKaca.

I[IuTKN 00, 1MII0BOYHBIE KOBPOBO-MO3aUYHbIEe H KOBPbI U3 HUX MPUMEHSI-
I0TCS JUIsl HAPY>KHOW M BHYTPEHHEW OOJIMIIOBKHU 37aHUM, MU3rOTOBIEHUS JEKOpa-
TUBHO-XYJI0’)KECTBEHHBIX MaHHO. [ITUTKK MOTYT ObITh HEMPO3PAUHBIMHU, C IIIAJIKOU
iy pudICHON, TUCTOBON WIIN OJIECTAIECH MOBEPXHOCTHIO.

KoBpoBO-M03anyHble TUIMTKU BBITYCKAIOTCS TAKXKE HAKJICEHHBIMU JHUIIEBON
MOBEPXHOCTHIO HA Oymary B BUJI€ OTJIETbHBIX KOBPOB U3 OJHOTO (ITpocToi HaOOD)
uau 0oJiee IIBETOB (CI0XKHBIN HAOOD).

CrekJ/isiIHHbIE IMAJIUMPOBAHHbIE NMJIMTKH H3TOTaBIMBAIOT U3 OECLIBETHOTO
JIMCTOBOTO CTEKJIa, MOKPHITOTO TOHKUM CJI0€M 3MAJIEBOT0 IUIUKEPA, OCIE YEro Uux
O00XHUTAIOT A0 TEeMIIepaTyphl OIIaBieHus »Mand. [lo BHENTHEMY BHIY 3Maldpo-
BAHHBIE CTEKJISIHHbIC TUIMTKHU MOYTH HE OTIMYAIOTCS OT Kepamuueckux. Mx mpe-
MMYIIECTBO MO CPABHEHUIO C KEPAMUUYECKUMHU TUIMTKAMU 3aKII0YAETCs B IPOCTOTE
MPOU3BOJICTBA U MEHBIIEH CTOUMOCTH. DMAIUPOBAHHBIE TUIUTKH BBITYCKAIOT B OC-
HOBHOM pazmepamu 150 x 150 u 150 x 70 MM, TOMIIMHOMN - 4 ... 5 MM MOJIOYHO-
0enoro, *eNToro, 3eJI€HOr0 U CUHETO IIBETOB.

Map060auT - yTOJNIIEHHOE IOCKOE TIIYIIEHOE CTEKJIO OT YEPHOTO JI0 3€JIEHO-
TO I[BeTa C OJICCTAIMNUMH TIEPEITUBAIONTUMUCS BKPAILICHUSIMH TTPEUMYIIECTBEHHO C
MOJIMPOBAHHOW MOBEPXHOCTHIO, BHITYCKAEMOE B BUJE IJIUTOK PA3IUYHBIX pa3Me-
pos, Hampumep 200 x 200; 200 x 300; 500 x 500 MM unau B BuIe OOJUIIOBOYHBIX
auctoB pazMepoB a0 1000 x 3000 mm. TosmuHa MIMTOK U JIUCTOB - 6 ... 7 (MHOT 1A
1o 15 mm). JlunieBas cropoHa map6inta MOKET OBITh TJIAJKOM, KOBAHHOM,



pudIeHON WM MEJIKOY30p4aTol, ThulbHasA - pudaeHas. Ero mpumenstor ans o6-
JMIIOBKH HAPYKHBIX U BHYTPEHHUX CTCH.

CTeMaJIMT - 3aKaJIEHHOE SYMAIIMPOBAHHOE CTEKJIO MOKPHITO C OJHON CTOPOHBI
AMAaJIeBON KPAaCKOW U MOJBEPTHYTO TEPMOOOPAOOTKE C LENbI0 YIPOUHEHHUS CTEKIIa
Y 3aKpeIIeHUs] KPacKH Ha €ro MoBepXHOCTH. CTEMaIUT NPUMEHSIETCS AJIs1 HapyK-
HOW U BHYTPEHHEH OTAENKU CTEH U MeperopoAok 3nanuii. Cremanurom o0IMIIOBa-
HBI, HarpuMep, B MockBe roctuHuIbl Aspodiora u «Hanuonansy, ObiBIICE 3/1a-
Hue COB.

BosiHuCTOE JIMCTOBOE CTEKI0 MOXXET ObITh aPMUPOBAHHBIM U HEAPMHUPOBaH-
HBIM, OTJIMYAETCS OOJIBIION JKECTKOCTBIO U IPOYHOCTHIO, TPUMEHSETCS IS OCTEK-
JIeHUs KpbIlL, OHApEeN U MeperopooK, U3roTaBINBAETCS METOIOM IpoKaTa rod-
PUPYIOIIMMU BaJIbIIAMH.

LIBeTHOE JTHCTOBOE CTEKJIO MOJIYYAIOT ITyTEM BBEICHUS KpacuTeNell B CTEK-
JIOMaccy WM HAaHECEHHUs B MPOLIECCe U3TOTOBIICHUS HA OECIIBETHYIO CTEKIOMACCY
[IBETHOTO cJosl. MIX MpUMEHSIOT I MU3rOTOBJICHUS! CUTHAJIBHBIX CTEKOJI U BUTpaA-
e, JeKOPaTUBHOTO OCTEKJICHUS OKOH.

Butpaxu - XymoxkecTBeHHO O(OPMIICHHOE IUIOCKOE HIIM THYTO€ CTEKIIO.
[IpuMeHsIOT 111 JEKOPUPOBAHUSI CBETOBBIX MPOEMOB. BuUTpaku M3roraBimBaroT
U3 3epKaIbHOT0, BATPUHHOTO, LIBETHOT'O, Y30PYaTOT0 U APYTUX BUIOB CTEKOJL

CManbThI - MEJIKHE KyCOUKH LBETHOro cTekna (0T 1 10 2 cM’), IpUMEHSIOT
IUISL CO3/IaHUs PA3IMYHBIX MO3AaUYHBIX KAPTHH WM AaHHO. Pa3nyaroT cManbThl U3
TIIYIIEHHOTO LIBETHOTO CTEKJa, 30JI0ThIe U cepeOpeHHble. Mo3anuHble KapTUHBI U
MAaHHO U3 CMAJIBThI YKPAIIAIOT CTAHIIMM MOCKOBCKOTO METPO U APYTUE 3JaHUsl.

TpyObl cTeknsIHHBIE U (PACOHHBIE YACTU K HUM IPEIHA3HAYAIOTCA JIJIsl HAIop-
HBIX, O€3HAMIOPHBIX U BaKyyMHBIX TPYOOIIPOBOIOB, UCIIOJIB3YEMBIX I TPAHCIIOP-
TUPOBAHUS arpPEeCCUBHBIX JKUIKOCTEH M ra3oB (3a UCKIIOYEHHEM IJIaBUKOBOM KU-
CJIOTHI), MMUAIIEBBIX MPOTYKTOB, BOABI U APYTUX MaTEPUAIOB IIPH TEMIIEPATypE OT -
50 no + 120 °C. Hapyxusrit auametp tpy6o mo 220 mm, qimuHa ot 1500 mo 3000
MM. OTHU TpyOBbl XOPOIIO COMPOTHUBIISIIOTCS KOPPO3WH, 3HAUUTENBHO JEUIeBIE U
HSKOHOMHUYHEE METANIMYECKUX TpyO, NpO3payHbl, TUTHMEHWYHBI W HAXOIAT
pUMEHEHHE KaK B CTPOUTENBCTBE, TaK M IPYTHX OONACTAX HAPOJHOTO XO3SHCTBA.
[Ipu MoHTaxe TpPyOOIPOBOAOB CTEKISIHHbIE TPYObl COEAMHSAIOTCA C TOMOIIBIO
CHeMaJIbHBIX PE3UMHOBBIX, INIACTMACCOBBIX WM METAUIMYECKUX MY(T WU MyTeM
CKJIEMBAHUS CIIEUAIbHBIMU KilessMu. K HefocTaTkaMm CTEKIISIHHBIX TpyO ciemyer
OTHECTH HMX 3HAYUTEIbHYIO XPYIKOCTb, MAJO€ CONPOTUBICHHWE W3THOAIONUM U
yIapHBIM BO3JCHCTBHSIM.

CrekoKpucTAINYECKHE MaTepuabl (cuTaabl). Kpucramiel B cTekie -
ATO MHOPOJHbIE BKIIOYEHHS, KOTOPbIE YXYIIAIOT BHEUTHUHA BU, CHUKAIOT MeXa-
HUYECKYIO IIPOYHOCTh U TEPMOCTOMKOCTH cTeka. OJHAKO MOXKHO 3aKPHCTAIITU30-
BBIBATh CTEKJIO TAKUM 00pa3oM, UTO CBOMCTBA €ro 3HaYUTENbHO yiay4iarbes. s
ATOr0 HYXKHO, YTOOBI OHO 3aKPHCTAUIM30BAIOCH BO BCe 00BEME U MPUOOPENo of-
HOPOAHYIO, IUJIOTHYI0 MEJIKOKPUCTAJUIMYECKYIO CTPYKTYpY C TPOCIOHKaMH
CTEKJIO-



BUJHOM (pa3pl MexAy KpucTaaMu. TOJIIMHA CTEKIOBUIHBIX MPOCIOEK OKOJIO 1
MKM. YTOOBI MOTyYUTh MEIKHE, PABHOMEPHO BBIJCIAIOMINECA O BCEMY OObEMY
CTEKJIOMACChl KpPUCTAJUIbI, B MPOLIECCEe KPUCTAJUIM3ALUU CO3JAI0T YCIOBHS IS
pacnpeeNneHns B Macce CTeKIa MHOYKECTBA MUKPOCKOIIMYECKUX 3apOJIbIIIeH KpH-
CTAJUTM3ALUU, KOTOPBIMU CIYXaT JT00aBKU - KaTalu3aTOPhl OJaropoaHbIX MeTall-
joB - Ag, Pt, Au, Pd u npyrue, okcuast [V rpymnmsl nepuonnyeckoit cucrems! Ti01,
SnOi, ZnO, u npyrue, NeTy4ne KaTaau3aTopsl - XJop, GTop, cynbhuaHas cepa u
JIpyrue, Wid Mejbvaillliie KamnedabKyd APYrHX paciulaBoB, HE CMEIIMBAIOIIMXCS C
OCHOBHBIM cTeksIoM. OOpa3oBaHUE IIEHTPOB KPHUCTALIU3ALMHU MPOUCXOJIUT Ha
nepBoi cTyneHu TepMoodpadoTku. [Ipu ganbHeieM NOBBIIEHUHA TEMIIEPATYPbI
TepMOOOpaObOTKH (BTOpasi CTYINEHb KPHUCTAIM3AIMK) BBIJIEISETCS OCHOBHAs
Kpucraunueckass aza. Poct kpucTaiioB, X pa3Mepbl U MOCIEI0BATEIbHOCTh
BBIJICJICHUS] KPUCTAJUIMUECKUX (a3 Ha BTOPOW CTYNEHU KPUCTAJUIM3ALUU PEryJiu-
PYIOT TEMIIEPATYPOU U BPEMEHEM BBIICPIKKH.

[To cBoeit CTpyKType CUTAIIBI - TUITMYHbIE MUKPOKOHIJIOMEPATHI C COAEpIKa-
HUEM KpHUCTaTM4YecKon (aszel 10 95 %, 4TO MpHUAAET UM BBICOKHE TIOKA3aTeNId Me-
XaHUYECKUX CBOMCTB U CTOMKOCTH K TEMIIEPATypHbIM BO3AeHCTBUSIM. OHU UMEIOT
CPEIHION IUIOTHOCTB 2.5 ... 2.6 r/cM’, Ipeen MPOYHOCTH MPU CKATHH - 10 600
MlIIa, ipu usrude - 1o 250 Mlla, Temneparypy pasmsraenus 1000 ... 1350°C, ux
TBEPJOCTH OOJIbIIIE CTEKIA.

[IpuMEHSIOT B CTPOUTENHCTBE, TPUOOPE- U MAITUHOCTPOEHUH, NIl PyTEepOB-
KW MEJIbHHII, IOTKOB CHIMTYYUX MaTEPHAJIOB.

CrexnoBara u uzgenuss u3 He€. COCTaBIAIONMIME IIMXTHI JUISl CTEKJISTHHOTO
BOJIOKHA: KBapIlEBbIM MECOK, cOJa WM Cynb(aa HaTpuUs, MOJEBOI IIMAaT, MOTAlll,
MOTYT OBITh MEJI, IOJIOMHT, KAOJUHUT, CTCKIISTHHBIA 00i 1 ap. J{ns xaxmgoro cro-
coba pacmiaBa moadupaercs onpeneneHHas muxta. CTEKIOBOJIOKHO M3TOTABIIH-
BalOT B OCHOBHOM TpeMs crocoO0amMu: (PUIIbepHBIM, TYThEBBIM U INTAOMKOBBIM.
CymHocTh (UIBEPHOTO CIoco0a COCTOUT B TOM, YTO M3 pacijiaBa CTEKIa 4Yepes
otBepcTHs (PUIbephl) B TUIATHHOBOW TUIACTUHE BBHITATUBAIOTCS TOHKWE HUTH, KO-
TOpbIE, OXJIAXKIASCh, 3aTBEPACBAIOT U HAMAaThIBAIOTCSA Ha OBICTPO BpallaroIIUNCA
6apaban. [Ipu 3TOM crioco0e Mony4aroT ATUHHBIE HUTH, KOTOPBHIE PUMEHSIOT JJIsI
BBIPA0OTKH CTEKJIOTKAHEW, CTEKJIOMJIACTUKOB M TUIPOU3OJSIMOHHBIX H3ACIUH,
WHOTJA JIJIs1 U3TOTOBJICHUS TETJIOU30SIUOHHBIX U3/IETUH.

JlyTheBBIif CIMOCOO JaeT CTEKIOBOJIOKHO auamerpom 10 ... 13 Mkm
HeOouboi amuHbl (5 ... 50 cM), nojlydyaemMoe MyTeM paclblUICHUs] CTEKISTHHOTO
paciiaBa CTpyel mapa WiM cxartoro Bozayxa noxa nasiaenwem 0.5 ... 1 Mlla.

ConeprxaHrie HEBOJIOKHUCTBIX BKIIFOUEHHUH (KOPOJIBKOB) - 3 ... 5 % 1o macce.

[IITaOuKOBBIM COCOO MOTYyYEHHUS CTEKJIOBOJOKHA 3aKJIIOYAeTCs B TOM, YTO
CTEKJISIHHBIE MAJIOYKHU (IUTA0OMKH) MOJOTPEBAIOT IO PACIUIABJICHUS CIEIMATIbHBIMU
ropesikaMu, MpUYeM Karig CTEKIa, Majias BHU3, TSAHET 32 cO00Ml CTEKJISTHHBIE BO-
JIOKHA, KOTOpPbIE HAMATBHIBAIOTCS HA Bpalllaloiuxcs 6apadaH.



CrexisiHHas BaTa OTJIWYAETCS OT MUHEPAJIbHOU OOJIbIIeH XUMUUECKON CTOM-
KOCThI0, KOA()PUIIUEHT TEIUIONPOBOJHOCTH Y HUX MPUMEPHO oauHakoB. OHa HE
TOPUT, HE TJIEET, CPEIHSSI TUIOTHOCTh CTEKJIOBATHI B PHIXJIOM cocTossHUU 130 Kr/m .

JI1si Tenaon30IsMd M3 CTEKISHHOW BaThl M3rOTABJIMBAIOT MAaThl, I1OJIOCHI,
IJTATBI, CKOPJIYTIBI.

Marepuajbl U U3eJHUs U3 NIJIAKOBBIX pacmiaBoB. CTpouTeIbHbIE MaTe-
pUabl, B KOTOPBIX MJIOTHBIM 3aMIOJHUTENb IIIaKa WM APYTUX OTHEYIIOPHBIX MaTe-
pHUaoB CIIEMEHTHPOBAH NUIAKOBBIM paciiaBoM. Pa3HOCTh MeXy TeMIieparypamMu
IUTABJICHUS 3AMOJHAIOMIUN U BSOKYUIMM YacTsMH J0KHA ObITh He MeHee 70...90
°C.

[I[lnakoBbIii pactuiaB (ropsiyasi TEXHOJIOTHS) WM LIJJAKOBOE TECTO B BUJIE BBI-
COKOJIMCIIEPCHOTO IIJIAKOBOTO MOPOIIKA ¢ BOAOU (XOJOAHAS TEXHOJIOTUSI) CMENIH-
BAIOTCA B PACUETHBIX KOJIMYECTBAX C 3aMOJIHUTEIEM MOBBIIIEHHOW OTHEYITOPHOCTH
(xepam3ut, Tepmo3uT). [Ipu ropsiaeir TexHomornu HGOpMUPOBAHUE CTPYKTYPHI Ma-
Tepuaia MpOUCXOANT B Tporiecce ocThiBanus. [Ipu XonomHON TexHOMOTHE 0T(OP-
MOBaHHOE M3CJINA 00KUTACTCS IO TEMIIEpATyphl CIIEKaHUs, TPU KOTOpOr Hanbo-
Jiee JIErKOIJIABKME KOMITOHEHTHI HIJTAKOBOW CBA3KHU MEPEXOISIT B )KUIKOE COCTOS-
HHE, a 3aTeM H3JCINS OXJIAKIAIOT.

C moMoIipi0 Ta3000pa3HOr0 CEPOBOIOPOIA, 0OPA3yIONMIETOCs MPU Pa3IoKe-
HUU CYJb(PUIOB, a TAKXKE Ta30B, 00pa3yIOIIMXCS B JOMEHHOW MEYH TpHU TUIaBKE,
MapOB BOJIbI TPOM3BOAT BCIIYYMBAHUE CTEKJIOBUAHOM BsDKYyIeW yactu. [lomydae-
MBI 3aII0JIHUTENIb UMEHYETCS IUIAKOBOW MIEM30M.

HInakocuraaisl. [II1akocuTamibl MOIy4arOT MyTEM KaTalW3allMOHHOW KpH-
CTaJlJIM3alMM CTEeKJIa Ha OCHOBE 1uIakoB. OH coctout u3 60 ... 70 % kpucramiiusa-
nrnoHHou ¢a3el U 30 ... 40 % crexnoBuaHON. CTENEeHbh KPUCTALIA3AIUN IIJIAKOCH-
TAJJIOB TOJIAETCA HANPABICHHOMY PETYJIMPOBAHUIO BBEJICHUEM KaTaIU3aTOPOB
kpuctaummzanuu - THO3, CaFi u P20s u TepmoobpabdoTkoii. Pazmep kpucranion
nutakocutaiioB < 0.5 ... 1 mxm. CtekyoBuaHas (aza 3amoHsIeT MPOCTONKUA MEX-
Iy KPUCTAJIJIAMU U LIEMEHTUPYET UX MEXITY COOOM.

[Ipou3BOACTBO NIJTAKOCUTAIIOB COCTOUT M3 TPEX ATAIOB: 1) Bapku cTekia u3
IIUXT, COJACPKAIIMX KaTaIu3aTOPhl KPUCTAIIU3AIUY; 2) (opMOBaHUS U3IETUNA 11O
CTEKOJIbHOM TeXHOJIOTUH; 3) TEpMUUECKON 00pabOTKH OT(POPMOBAHHBIX U3/ICTUI B
nevyax-KpucTajiu3aTopax Jjisl MOTyYEeHHUS] METKOKPUCTATIMYECKOU CTPYKTYPHI.

[[InakocuTamibpl 001a1al0T BEICOKON MEXaHWYECKOW MPOYHOCTHIO, TTOBBIIICH-
HOM XUMHYECKOM M TEPMUYECKOM CTOMKOCTBIO, BBICOKOW H3HOCOCTOMKOCTBIO.
[Ipenen npoyHocT npu cxxatuu nutakocutawioB 500 ... 800 MIla, npeaen npou-

HOCTU mpu cratudeckom wusrude - 80 ... 130 MlIla, cpennsis MIOTHOCTH -

3 .
2600...2800 kr/m”. OHu npoyHee, 601ee U3HOCE- U TEPMOKHUCIOTOCTONKHY, YeM Ke-
pamuka.

[InakocuTauibl TPUMEHSIOTCS B KaueCTBE KOHCTPYKIIMOHHOTO MaTepHaa,
JUTS M3/ICTIN CAaHUTAPHO-TEXHUYECKOTO Ha3HA4YCHHS, (PyTEpOBKM pa3IMYHBIX Ka-
Mep, MyTENPOBOJIOB, KeJI000B, pabOTAOIIUX Ha UCTUPAHHUE.



OcCBOEHO TMPOU3BOJICTBO TNEHOIUIAKOCUTAIUIOB CO CpeIHEN IUIOTHOCTHIO
300...600 kr/m’, ROK - 110 14 MITa.

KamenHnoe autbe M MaTepuajibl Ha ero ocHoBe. KameHHble uznenus
(Opyckw, TIUTHI, TPYOBI, keno0a 1 Jp.) MOIyYaroT MyTeM pacIuIaBiIEHUs MpeIBa-
PUTEIBHO MOATOTOBICHHOM MIMXTHI U3 TOPHBIX MOPOJ U COOTBETCTBYIOUIUX 00a-
BOK K HUM, OTJIMBKH paciuiaBa B (OpMbI, KPUCTAIITU3ALMH U3JIETUS, OT)KUIa U OX-
JAXAEHUS €ro.

ChIpbeM 1711 MX TPOU3BOACTBA CIIy>)KAT TEMHOOKpPAIIEHHbIE MarMaTU4eCKUE
nopoabl: Anaba3, 6a3anbT U CBETIOOKPALICHHBIE OCAJO0YHbIE MOPOJBI: JOJIOMHT,
Mel M KBapleBble mecku. llenecooOpa3Ho MpUMEHATH OTXOIbI MpHU pa3zpaboTke
ropusix nopon. Haubonee mpuronHsl ropHsie mopoabl ¢ coxepxkanuem SiQ, 10
42...47 %. I1pu 6onbuieM koaudectse SiO, MOBBIIAETCS BA3KOCTh paciijiaBa, CHH-
KAIOTCS JIMTHEBbIE KAUECTBA M yXyAIIAaeTcs KpucTamwmsanus. [lmarnoknassl no-
BBIIIAIOT KPUCTAITM3ALMOHHYIO CIOCOOHOCTD pacIijiaBa, HO MOBBIIIAIOT TEMIEPa-
Typy 1iaBieHusi. OJIMBUHBI U TUPOKCEHBI YIy4IIalOT JUTHEBbIE KaueCcTBAa Mare-
puana, HO yBEJIUYUBAIOT XPYNKOCTh U3/CJIUI U MOBBIIAIOT TEMIIEpaTypy I1aBje-
Hus. [[1s moHWKEHUs TeMneparypsl IJIABJIEHUS B IIUXTY BBOASATCS (prrocyromme
BelecTBa (I1aBMKOBBIA mmaT 3 %); 171 YCKOPEHHsI MPOLECCOB KPUCTATUIM3ALUN
IPU OXJIAXKIECHUU PACIlIaBa - TYTOIUIABKUE MaTepHalibl: MarHe3UT, XPOMUT U XPO-
MUTHYIO PYJly, I€ACTBYIOIINE KaK LIEHTPbl KPUCTAJUIM3ALUU (3aTPaBKHU); 17151 0TOE-
JUBAHUS paciuiaBa BBOAAT okcu IuHKa B konudectse 0.8 %. Ilepen 3arpyskoil B
neyb ChIPhEBbIE MaTEepUabl U3MENbYAIOT, MPOCEUBAIOT U J03UPYIOT B HEOOXO M-
MOM COOTHOIICHUHU.

JI1s1 IIaBKU MIMXTHI TPUMEHSIIOT 1IaXTHBIC, BAHHBIE, BpAlIAOIINECs. U BJIEK-
Tpuueckue neuu. Pacmias nonyuaerca npu temneparype 1400... 1500 °C. I1pu He-
PEPHIBHON OTIMBKE U3/IENIUNA PACIUIaBIICHHBIA MaTepuall MOCTYNaeT B KOMUIbHU-
KM, B KOTOPBIX CO3JAETCs 3amac OJHOPOAHOM Macchl ¢ Temneparypoi 1180 ... 1250
°C. OxnaxJieHue pacruiaBa rnepej pa3iuBKod B popMbl HEOOXOIUMO 11Jisi 00pa3o-
BaHUS HaJIeXKallell CTPYKTYpbl HU3ACIUA M CHIDKEHHUS YCAaJIOYHBIX Je(EeKTOB
(TpeuruH, pakoBuH). Jlanee pacmiiaB BbUIMBAETCS B 3€MJISIHbIE, METAJUTMYECKUE WU
cunukaTHbele Gopmbl, mogorpetsie 10 600 ... 700 °C, u MOCTENEHHO OXJIaXKTACTCH.
3areM u3AenUs MOABEPTAOTCS OTXKUTY (MEUICHHOMY OXJIKICHHIO) OOBIYHO B
TYHHEJIBHBIX MJIM KaMepHbIX nevyax rnpu remneparype 800 ... 900 °C. Omxur cno-
COOCTBYET MOBBIMICHUIO Ne()OPMATUBHOCTH, YHUUTOKECHUIO TEeMIEPaTypHbIX Ha-
MPSKEHUH, CBSI3aHHBIX C OXJIAKJICHUEM U KpUCTAIM3aluei.

[locTenenHoe MOHM)KEHHE TEMIIEpaTyphl OJaronpusITCTBYET BbINAJACHUIO
KpUCTalTMyeckoil ¢a3pl U3 paciiaBa. BBeleHHbIE B CBHIPBEBYIO CMECh
MUHEPAJIN3aTOPbl CIIOCOOCTBYIOT YCKOPEHHUIO MPOIEcca KPUCTAUIU3AINH, TyTeM
peryJiMpoBaHUsl  TEMIIEPATYpPhl  YIPABIAIOT  CTEMNEHbIO  KPUCTALUIMYHOCTU
KaMHENMUTHBIX u3fenui. [lpu oxmaxaeHun 0a3adbTOBBIX PACIUIABOB IPHU
temneparype 1250 °C HauuHaeTCsl BBIICJIICHHE MENbYANIINX OKTa3ApUUYECKUX
KPUCTAJUIOB MAarHeTUTa, 4YTO MPUBOAUT K OCBETJICHHIO MPUJIETAIOIIMX YYACTKOB
OCHOBHOM CTEKJIOBUIHON Macchl. [Ipn



1200 °C BblIenArOTCA OTAEIbHBIC, €IUHUYHbIE KPUCTAJUIMKHU MOJIEBOrO IIaTa
tuna marunokiaza. Okono 1150 °C pe3ko yBeIWYMBAETCA YUCIO LIEHTPOB
KpUCTAJUIM3ALUA TIJIaTMOKJIa3a M BO3HUKAET TOHKOKPUCTAJUIMYECKAs CETKa
MEJIbYAWIINX KPUCTALUIMKOB IUIarnokinasa. Ilpu nanpHeWmen CHMKEHUHU
temnepatypbl (1100 °C) mnapamienbHO € MOPOJOJDKAIOIIMMCS —BbIJEICHUEM
MarHe3uTa U IJIaruokiia3a HAYMHAIOT BhIJEISATHCS KPUCTAIIIbI MUPOKCEHA.

Kamuenutabie uznenus (TpyObl, TUIMTKA U JIP.) UIMEIOT OJTHOPOIHYIO MEJKO-
KpUCTAJUIMYECKYIO CTPYKTYpY. IIpenen npounoctu npu cxxatuu ux 250 -400 Ml1a,
OHH UMEIOT BBICOKYIO TBEPAOCTh, MOPO30- U KUCIOTOCTONKOCTh, UYTO OOYCIIOBIEHO
uX GOIbLIOi mIOTHOCTBIO (2900 ... 3000 Kr/M’) M Masoif HOPHCTOCTBIO HE Golee
1.0 ... 1.5 %. VcTtupaeMocTh u3aenuii ©3 KaMEHHOTro Auadasa, rpaHUTa COCTABIISAET
0.7 r/eM’, uto B 2 ... 5 pa3 MeHblie, yeM Gasanbta. M3/ienns 13 KAMEHHOTO JIUThS
HaxoJAT MpUMEHEHHE IJsi (yTEepOBKM OYHKEPOB, TPaBUJIBHBIX BaHH, IJIUTOK
TI0JIOB B 1I€XaX C arpeCCUBHBIMU CPEJIAMHU.

4.6. Oprannveckue BsKyLIMe BeleCTBa 1 MaTepPHAJIbI

Oprannuyeckue BSDKYIHME BEIECTBA Pa3leNisiioT Ha TPU OCHOBHbBIE TPYIIIBI:
OUTYMBI IPUPOJHBIE U HEPTSAHBIC; IETTH KAMEHHOYTOJIbHBIE, ClIaHLIeBbIe, TOp(DsI-
HbIE u JIPEBECHBIE; MOJIUMEPbI MOJINMEPU3AIMOHHBIE u
MOJIMKPUCTAIUTU3AIIMOHHBIE.

«Acdanec» - 1Mo - TPEUECKU 3HAYUT HAJACKHBINA, BEUHBIN, & CIIOBO «OUTYyMY
MIPOUCXOIUT OT CAHCKPUTCKOTO «TBUTYMEH», 0003HAYAIOIIETO CMOJTy. ITO CaMble
JIPEBHUE CTPOUTENBHBIE MAaTEPUAJIbl U3 U3BECTHBIX YeaoBeYeCTBY. OHU OTIMYAIOT-
CA TIOPA3UTENIbHOM JOJITOBEYHOCTBIO: Tak, Hampumep, B r. Moxenmxko-/apo
(ITakucran) mo cux mop oOJMIIOBKA OacceiiHa, BBIIOTHEHHAs U3 acdaiabTa MATh
THICSY JIET TOMY Hazaa, a B Cupun - rugpon3oysnuu TyHHenen mon Edpatom u
BHUCSYUX cafoB ABopa CemupaMuibl, OCyIIeCTBIEHHbIE elIE B 14 Beke 10 H.3.

Tennon3onasuoHHbIE MATEpUalIbl HA OCHOBE OPraHUYECKUX BSKYIIUX U Tep-
JUTOBBIX, BEPMUKYJIUTOBBIX 3aMmoJTHUTENCH UMEIOT Kod(puImeHT
TEIJIONPOBOJHOCTH U TEMIIEPATypPy MPUMEHEHHS COOTBETCTBEHHO OT -200 g0 +60
°C.

TeMnepatypbl BOCIUIAMEHEHUSI MAaTEPUATIOB HA OCHOBE OPraHUYECKUX BSIKY-
mux 285 - 351 °C, MuHMMabHas TeEMIepaTypa coMoBOCIIramMeHeHus 368 -397
°C.

Heoprannueckum BsKYIIMM MPUCYIIH CIIETYIONINE O0ITUE TPU3HAKY:

1. XuMHUeCKUH COCTaB MX MPEACTABICH OPraHUYECKUMHU COEAMHEHUSIMU -
MPOJIYKTaMH XUMUYECKOU MepepadoTKu MPUPOTHOTO UM CUHTETHUYECKOTO ChIPbSL.

2. 3ajgaHHas KOHCUCTEHIIUS JOCTUTAETCs HarpeBaHUEM, PACTBOPEHHUEM.

3. MeroT Xopoliyro aAre3uto K 3ar0JIHUTEIISM.

4. SBnsitorest ruaAPOPOOHBIMU U TPUAAIOT BOAOOTTAIKMBAIOIINE CBOMCTBA.

5. Xopol110o pacTBOPSIIOTCA B OPraHUYECKUX PACTBOPUTEIAX: OeH30J1e, OEH3U-
HE, KEPOCUHE, 32 HEKOTOPHIM UCKIIIOUEHHEM, KOTJIa TOJIbKO Ha0yXaroT.

6. 3MeHs10T cBOM CBOMCTBA MO/ BO3ACHCTBUEM KHUCIOPOAA BO3AYXa, YJbT-



padUOIETOBBIX JIyUeH, MOBBIIIIEHUS TEMIIEPATYPHI.

7. ClocOOHBI TOPETh, HEKOTOPBIE M3 HUX TOKCUYHBI.

burymsl HedTsanble. CocTaB, CTPYKTypa M CBOWCTBA. DJIEMEHTAPHBIN COCTaB
HedTsHBIX OMTYMOB (% 10 Macce): yriaepona - 70...80, Bogopona - 10...15, cepsr
- 2...9, xucnopona - 1...5 u azora - 0...2. I ucciaeaoBanusa ux pasicisiioT HA :
Macja, CMOJIbI, achabTeHbl, ac(haaTbTOTCHOBBIC KHCIOTHI U UX aHTHIPUTHI.

Macna - cMech HUMKIMYECKHUX YIJIEBOJOPOAOB C IJIOTHOCTHIO MeHee 1 u Mo-
nexyssipaoi Maccoit 300...500. KonnuectBo macen cocrasisier 45...60%.

CMoJIBI - BSI3KOIUIACTUYECKHUE BEIIECTBA C MJIOTHOCTHIO OKOJIO 1 M MOJIEeKy-
asipHoit Maccoit 10 1000. OHu mpuga0T OUTyMaMm OOJIBIIYIO TATYYECTh U JaCTHY-
HocTh. CoziepkaHue cMOoJI B OuTymMax HaxoauTtcs B npenenax 15...30%.

AcdanbTeHsl - TBEp/IbI€, BEIIECTBA C MIIOTHOCTBIO BhIIIE 1 U MOJIEKYJISIPHOM
maccoit 1000...5000. Conepxxkanue achaqbTEHOB OIMpPEIEIseT €ro BBICOKHE BSI3-
KOCTb U TEMIIEpaTypHYyI0 ycToHYuBOCTh. OO1ee coaepkanue achalbTeHOB B Ou-
TyMax HaxoauTcs B nipenenax 5...30%.

Baxxneimmu cBoiicTBaMU OUTYMOB, XapaKTEPU3YIOIIMMHU UX KAYECTBO, SIB-
JISIFOTCSL BSI3KOCTh, COMPOTUBIIEHUE BHYTPEHHUX CJI0€B OUTyMa MEPEMEIICHHUIO OT-
HOCHUTEJBHO JIpYT Apyra. s XxapakTepUCTUKU BSI3KOCTH, TOYHEE BETUYUHBI, 00-
paTHOM BSI3KOCTHU, T.€. TEKYYECTH OUTYMOB, MPUHUMAETCS YCIOBHBIN MOKa3aTeNb -
rIIyOrHa TTPOHUKAHUS UTIIBI B OUTyM (meHeTparus). [ myOuHy pOHUKAHUS UTIIBI
OTIPEIETISIOT Ha MPUOOpE - TIEHETPOMETPE MPHU CUCTBUU HA WIIYy TPy3a MacCOU
100 r B Teuenue Sc npu temneparype 25°C wim 0°C npu rpyse 200 r B reuenue 60
c. Ilenerparusi OMTYyMOB BBIpakaeTcsl B eauHuIax (rpamycax), paBHbix 0.1 MM
MPOHUKAHUSI UTJIbI B OUTYM.

[11aCTUYHOCTD YCIOBHO XapaKTEPU3YETCS PACTSHKUMOCTBIO (JIyKTHIIb-

HOCTBIO)

- CIIOCOOHOCTBIO BBITATUBATHCS B TOHKHME HUTHU MO JAEUCTBUEM BHEIIHUX MOCTO-
SHHBIX CWJ. PacTsSHKMMOCTH OMpenensioT Ha CIeNUaTbHOM MPUOOpe - TYKTHIIO-
METpe TpH CKOpocTH aedopmaruu obOpasia OUTyMa B BHIE «BOCHMEPKI
5cm/muH, Temneparypax ucnbitanus 25 u 0°C. [lokazaTenem pacTSKUMOCTH CITy-
JKUT JIJTMHA HUTU B MOMEHT pa3pbiBa 00paslia, BIpaXKEHHAS B CAHTUMETPAX.

TemmepaTypa pa3MsardeHust onpeaenseTcss Ha mpuodope «KombIo U mapy» («K
u 1I»). Temnepatypa pazmardenus OuTyma, BeIpakeHHast B rpagycax Llembcus,
COOTBETCTBYET TEMIIepaType BOASHON OaHM B cTakaHe MpHOOpa B MOMEHT, KOTJa
OUTYyM, UMEIOLTUIICS B JTaTyHHOM Kouiblie (auametp 16.0 mm), nepopmupysces nox
BO3JICICTBHEM METAJUIMYECKOr0 IIApHUKa Maccor 3.5 T' U NMOCTENEHHOr0 Harpesa
BOJIbI CO CKOPOCThIO 5°C B MUHYTY, KOCHETCS HUKHEW MOJIKK NOACTaBKU. HikHss
MIOJIKA MOJICTABKU HaXOAUTCA OT KOJbla Ha paccTosiHuu 25 mMm. Temmeparypa pas-
MSTYeHHs] OUTYMOB KojeoseTcs B penenax ot 20 qo 95 °C.

TemmnepaTypy XpymnKkocTu OuTyma ompenensitor Ha npudbope @panca. burym
HAHOCSIT TOHKMM CJIOEM Ha JIATYHHYIO IJIACTUHKY, KOTOpas BMECTe C OUTyMOM
MOKET OXJIAXKIAThCA M M3rubOaThcs. 3a TeMIeparypy XpPyNKOCTH MPUHUMAIOT TY
TEeMIIepaTypy, PU KOTOPO Ha TOHKOM M3rH0aeMoM cjioe OuTyma oOpasyeTcs



nepBasi TpeuHa. TeMreparypa XpynKkoCTH, HallpuMep, JOPOKHBIX OUTYMOB MO-
xeT ObITh oT -20 10 +5 °C.

TemnepaTypa BCIBIIIKY - TEMIIEpaTypa, TP KOTOPOH mapbl, 0Opa3yrouuecs
IpH JIaBJICHUH OUTYyMa B OTKPBITOM THUTJIE, BOCIJIAMEHSIOTCS TIPU MOJTHECEHHOM
wiamMeHu. Temmeparypy BCHBIIIKK ONPEAENAIOT Ha CTaHaapTHoOM mpubope. OHa
o0braHO BoITe 200 °C.

@OpaKIHOHHBIN COCTaB KUIKUX OUTYMOB ONPEACNAIOT MyTeM NEPETOHKHU HC-
OBITYEMOT0 MaTepuaja B CTaHAAPTHOM Kosle ¢ XonoauibHUKOM. Tak, Hampumep,
P MIEPETOHKE KUJKUX OUTYMOB, TYCTEIOIIUX CO CPEAHEN CKOPOCTHIO, OTOUPAIOT
dbpakiuu, kunsimue B uatepBaie temmeparyp 145, 215 u 300 °C 1 ux KOJIM4ECTBO
BBIPAXKAIOT B MPOLIEHTAX 10 Macce OT NepBOHAYATBHON HABECKH.

Bsizkue npupogHbie OUTYMBI MOTYYalOT IMyTEM U3BJICUEHUS UX U3 U3BECTHS-
KOB, JIOJIOMUTOB M TIECYAaHUKOB, MPONMUTAHHBIX UMU. [Ipu Kunsiuenun Boabl OUTYyM
pa3msryaercs, OTAENAETCs OT MOPOJIbl U BCIUIBIBAET HA MMOBEPXHOCTb.

B kauecTBe MPUPOIHBIX KUJIKHUX OUTYMOB B CTPOUTEIHCTBE MCIOJIb3YIOTCS
TSKEJIbIE, BHICOKOCMOJIMCTBIE HE(PTH.

Jlert KaMEHHOYTOJIbHbBIE, CIAHIEBbIC, TOP(PSHBIE U JAPEBECHBIC MOJIYyYAIOT
nyTeMm cyxol (6e3 1ocTyra Bo3Aayxa) NEPErOHKH COOTBETCTBYIOIIMX TBEPJIbIX TOII-
JuB. JIJisl CTPOUTEIBHBIX 1I€JIed U MPOMBIIUIEHHOCTH CTPOUTENIbHBIX MaTEpPHAIOB
MPUMEHSIOTCS JET'TH OTOTHAHHbBIE, MOIyYaloluecs 1nocjae oroopa U3 ChIpbIX Jer-
TeH JIETY4YHX BEILECTB, UM COCTABIICHHBIEC, H3TOTOBISIEMbIE CMEIICHHUEM TOPSIUYEro
MECKa C aHTPALIEHOBBIM MACJIOM WJIH KUJKUM JETTEBBIM MaTepUaIOM.

Hedtp Ha 3aBogax nmoasepraercs GpakMOHHON MEPErOHKE C LEIbI0 MOTyde-
HUSl CBETJIBIX MPOAYKTOB (O€H3MHA, JUTPOMHA, KEPOCHHA), CMA30YHbIX Macel U
Ipyrux BUIOB HedTenpoaykToB. HedTsHble ocTaTku mociie 0TOOpa JIETKUX IO
macce gppakiuii (TyIpoH, KPEKHUHT) UCIIONIb3YIOTCA JUISl MTOTy4eHHs OUTyMa.

[Tonmumepamu Ha3BIBAIOT BHICOKOMOJIEKYJISIPHBIE BEIIECTBA, MOJIEKYJBI KOTO-
PBIX COCTOSIT U3 OTPOMHOIO KOJMYECTBA CTPYKTYPHBIX 3BEHBEB, B3aUMOJIEUCT-
BYIOIIUX APYT C IPYTOM MOCPEICTBOM KOBAJICHTHBIX CBA3€H C 00pa30BaHHEM MaK-
POMOJIEKYI.

[To cocTaBy OCHOBHOHM LIEMM MaKpOMOJIEKYJ MOJMMEPHI Pa3AesiioT Ha TPU
TPYIIIBL:

1. KapOouenHbie MoIMMepsbl - MAKPOMOJIEKYJISIPHBIE 1IEMU TOJIUMEPa COCTOSIT
JIUIIb U3 ATOMOB YIJIepoja:

[ | I |
—(I'.‘—(if‘—f_f—:’_l".‘—

2. 'etepolienHble MOIMMEPHI, B COCTAB IIeTIel KOTOPBIX BXOISAT KPOME aTOMOB
yIJIepo/ia eIe aTOMbl KUCIIOPOAa WK CePbI, a30Ta, (hocdopa u T.I.:
e
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3. aﬂeMeHTOOpFaHI/I‘ICCKI/IG MMOJUMEPBLI, B OCHOBHBLIC LCIIM KOTOPBIX MOI'YT
BXOJAHUTb aTOMbI KPEMHMUA, aJIIOMUHHAA, TUTAaHA U APYTUX 3JICMCHTOB Kp@MHHﬁOpFa-

- Si—-O-§-"
i f
HUYECKUE COEMHEHHUS TUTIA:
UMEIOIINE KPEMHUNKHUCIOPOIHBIE, CHIIOKCAHOBBIE CBSI3U.
MakpoMoeKyJibl MOTYT HMMETh JIMHEHHOE, Pa3BETBICHHOE WJIM CETYaTOe
(TpexMepHOe) CTpPOSHHUE, UYTO OMpeaAessaeT GU3NKO-MEXaHUIECKUE M XUMUYECKHE
CBOWCTBA NOJIMMEPOB.

MakpoMOJIeKyJIbl IUHEHHOTO CTPOEHUS BBITSIHYTHI B BUJIE LIENIEH B KOTOPBIX
aTOMbI MOHOMEPA CBA3aHbl XMMUYECKUMH CBSI3IMH. Pa3BETBIECHHbIE MaKpOMOJIe-
KyJbl XapaKTE€pHbl HATMYUEM MOHOMEPHBIX 3BEHbEB, OTBETBICHHBIX OT OCHOBHOM
uenu nonumepa. Cetdarbie (TpEXMEPHBIE) CTPYKTYPBl MAKPOMOJIEKYJ XapaKTepu-
3YIOTCSI TEM, YTO 00pa3yroTCs OOBIYHO «CIIMBKOI» OTJAEIbHBIX TUHEHHBIX WIIN pa3-
BETBJICHHBIX IIeTieil moauMmepa (puc.4.8, a, 0, B).

[Tonumepsl ¢ MaKpOMOJIEKYJIAMH JIMHEWMHOTO WJIM Pa3BETBIEHHOIO CTPOCHMS
IJIaBATCS MPU HArpEBaHUHM C U3MEHEHHEM CBOICTB M PACTBOPSIIOTCS B COOTBETCT-
BYIOLIEM OPraHMYE€CKOM PACTBOPUTENE, @ IPU OXJIAXJACHUU OHU BHOBb 3aTBEp/e-
BaloT. Takue MmoiaMMepsl, ClIOCOOHBIE MHOTOKPATHO pa3MArdyaThbCs NPy HarpeBaHUH
M 3aTBEpAEBaTh NPU  OXJAXKACHUH, HA3bIBAIOTCS  TEPMOILIACTUYHBIMU
(TepmoruiacTsl). HanmpoTuBs, molmMepsbl ¢ MaKpoMOJIEKyJIaMu TPEXMEPHOI'O CTpoe-
HUS UMEIOT MOBBIIICHHYI YCTOWYMBOCTh K TEPMUYECKUM M MEXAHUYECKHUM BO3-
JEHUCTBUSIM, HE PACTBOPSIIOTCS B PACTBOPUTENAX, a UL HaOyxatoT. Takue mosu-
MEpbl HE MOT'YT 00paTHUMO pa3MAryaThCs MPU MOBTOPHOM HArpeBaHUU U HOCST Ha-
3BaHUE TEPMOPEAKTUBHBIX MOJIUMEPOB (PEAKTOILIACTHI).

a) ' 6) aaoOO B)
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Puc. 4.8. C'rpoe_l___me MakpOMOJIEKYN IOJIMMEPOB



Puc. 4.8. CtpoeHne MakpoOMOJIEKYJI TOJIUMEPOB

B 3aBHCHMOCTH OT METOHAIIOIYYCHUS IMOJUMEPhI IMOAPA3ACISIOTCS Ha
NOIU-MEPU3AUUOHHBIE, NOJTUKOHOEHCAUUOHHbIE W  MOOUPUUUPOBAHHDLE
MIPUPOTHBIC TIOJTUMEPHI.

[Tonumepu3arOHHBIE TOJMMEPHI MTOIYYaoT B MPOLECCE MONMMEPU3ALUN
MOHOMEDPOB  BCJEACTBUE PACKPBITUSA KpaTHBIX CBS3€M HEHACBIIICHHBIX
YIJIEBOAOPOAOB U COECIUHEHHMsI IEMEHTApPHBIX 3BEHHEB MOHOMEpPA B JUIMHHBIE
nenu [lockonpKy Ipu peakuuy MONMMEPU3ALUNA aTOMbI U UX IPYHNIIUPOBKU HE
OTILIEIUIAIOTCS, TOOOYHBIE NMPOAYKTHI HE 0Opa3yroTCs, a XUMUYECKUH COCTaB
MOHOMEPA U MOJIMMEPA OJUHAKOB.

ITonmKkoHIEHCAMOHHBIE TOJIMMEPHI MOJIYYalOT B MPOLECCE PEaKLUU ITOJIH-
KOHJICHCALlUX JIBYX WJIM HECKOJIBKMX HU3KOMOJIEKYJISIPHBIX BemecTs. [Ipu aToit pe-
aKLMU Hapsily C OCHOBHBIM IIPOYKTOM MOJIMKOHJEHCAIMN 00pa3yroTcs NoOOYHbIE
coelMHeHus (BoJa, CIIMPTHI U APYTHE), a XUMUUYECKHUI COCTaB MOJIMMEpPa OTINYa-
€TCS1 OT XUMHYECKOI'0 COCTaBa UCXOAHBIX ITPOJYKTOB ITOJIUKOHICHCALINN.

MonuduurpoBaHHbIE MOIUMEPHI MOIYYAKOT U3 MPUPOJHBIX BHICOKOMOJIEKY-
JSIPHBIX BEIIECTB (LIEJUII0I03a, Ka3€UH, KayuyyKH) MyTEM UX XUMHUYECKOH MOAUPU-
KallMM JUIsl U3MEHEHHs UX IepBOHAYaJIbHBIX CBOMCTB B 3aJaHHOM HaIIPaBIICHUU.
OTH NOJMMEPBI HE HAXOAT IHUPOKOI0 IPUMEHEHHUS B CTPOUTEIILCTBE BCIEICTBUE
UX HEJJOCTaTOYHOM BO J10- U aTMOC(EPOCTONKOCTH.

JUIst IpOU3BOACTBA IOJIMMEPOB OCHOBHBIM CBIPHEM CIIy’)Ka MOHOMEPHI, T.€.
BEIIECTBA, CIIOCOOHBIE COEAMHATHCS APYT C APYrom, oopasys noiaumepsl. MoHo-
MEpBI MOIYYaroT MyTeEM NepepadOTKU MPUPOIHBIX U HEPTAHBIX ra30B, KAMEHHOTO
Y75, aMMHaKa, YTIAEKUCIOTHl U APYTUX MOJO0OHBIX BelecTB. BricokoMonekymsip-
HBIE COCMHEHMS XapaKTEPU3yIOTCs HE TOJBKO CTPYKTYpOM MOJEKYJ, HO MU MOJIEe-
KYyJISIpHOM Maccou nonmmepa. K BBICOKOMOJIEKYISPHBIM COCIMHEHUSM OTHOCSTCS
OOBIYHO TOJUMEPBI C MOJIEKYJISIpHOM Maccoil cBbiiie 5000; momumepsl ¢ Oomee
HHA3KOW MOJIEKYJISIPHOM MacCOW Ha3bIBAKOT onuzoaumepamu. 11o mepe ysennueHus
MOJIEKYJIIPHOM MAaCCBHI IOJMMEPA PaCTBOPUMOCTD €r0 B OPTaHUYECKUX PACTBOPH-
TEJSAX CHWXKACTCS, HECKOJIBKO CHUKAETCS AJIACTUYHOCTH, OAHAKO MPOYHOCTH 3HA-
YUTEJIBHO BO3PACTAET.

CBolicTBa MHOTMX IIOJMMEPOB HEPA3PHIBHO CBSA3AaHBI C BEJIIMYMHON MOJIEKY-
JSIPHOM MacChl U MEKMOJCKYJSPHBIX CUJI, KOTOpPbIE ciabee OOBIYHBIX BaJICHTHBIX
cBsizeil. [lpu yBenmuyeHHH MOJIEKYJISIPHOM Macchl MoJMMepa cyMMapHbIi 3¢ dexT
MEKMOJIEKYJISIPHBIX CHJI CTAHOBUTCS OLLYTUMBIM, ITOCKOJIBKY UX UCTOYHUKOM SIB-
J€TCs KaXIAbIM aTOM. B 3TOM CBsI3M BO3pacTaromas poJjib MEKMOJIEKYJIIPHBIX CHJI
IIPY TIOBBIIIEHUN MOJIEKYJSIPHONW MAacChl KAYECTBEHHO OTJIMYAET IOJUMEPHI OT
HU3KOMOJIEKYJISIPHBIX COCAUHEHUN.

Ha cBolicTBa MonMMeEPOB 3HAYUTEIIBHOE BIUSHAE OKa3bIBalOT U BOJOPOJIHBIE
CBSA3H, KOIJJa BOJOPO/ HEMIOCPEACTBEHHO CBsA3aH ¢ KuciaopoaoM i azorom (OH,
NH,, u ap.). BogopoaHas cBsi3b XOTa U ciabee KOBaJCHTHBIX CBS3€H, HO BCE XKe
IPOYHEE MEKMOJIEKYJISIPHBIX CUJI MPUTSHKEHUSI U IPEICTaBISIET Kak Obl BTOPYIO



BAJIECHTHOCTBH BOAOPO/AA.

[TonuMepbl XapakTEpU3YIOTCS CIEAYIOIIMMU CBOWCTBAMU: TEPMHUUYECKUE
(TemmepaTtypa pa3MsIryeHus U TEIJIOCTOMKOCTh, TEMIIEpATypa CTEKIOBAHUS U Te-
KY4EeCTH), MEXaHU4YeCKHe (MPOYHOCTh, NePOopMaTUBHAS YCTOMYMBOCTh U MOBEPX-
HOCTHAs TBEPIOCTh), XUMUUIECKHE (ATMOCHEPOCTOMKOCTh M IECTPYKIIHS).

Temnepatypy pasmsrdeHus onpeneisiror no merony Kpemep-CapHoBa Ha
cnenuaibHoM npubope. 3a TemnepaTtypy pasmsrdenus no Kpemep-CapHoBy mpu-
HUMAIOT TEeMIlepaTypy TJIMIEpUHAa B CTakaHe Npudopa, MpU KOTOPOW PTYTh,
HAXOJIACh B CTEKJISIHHOM TPyOKe Ha clioe Mmojaumepa, noja AecTBUeM COOCTBEHHOM
Macchl M HarpeBa TJIMIIEpMHA MPOHUKHET uepe3 pa3MArdYeHHbId oOpazen u
KOCHETCS JTHA CTaKaHa.

TennocTokoCcTh onpenensoT Ha npudopax Maprtenca u Buka. Temnocroii-
KocTh 110 Buka Beipakaetcs temmeparypoit (°C), mpu KOTOPO#l MIOCKUN HAaKOHEY-
HUK CTEPYKHS IPUOOpa MIOmanpio 1 MM’, HArPY/KEHHbIH CTAHAAPTHBIM IPy30oM |
WM 5 KT, BHEJpSETCS B 00pasel mojiuMepa Ha riiyouHy 1 mwm.

K BakHEWIIMM MOJKMMEpPU3AIMOHHBIM MOJUMEpPaM (TEPMOILIACTHI) CIEIYET
OTHECTH TOJIUATUJIEH, TOJUIPONUIICH, MOJUU300yTHIICH, MOJUBUHWIXJIOPHU, 10-
muctupodt u ap. [onmustunen [-CH2-CH2-|n - npoayKT NOJUMEPU3ALINMI STUJICHA.
Brinyckaercst uiiv B BUzi€ TpaHys pasmepom 3...4 MM, win Oesoro nopoiuka. Mc-
XOJIHBIM MAaTE€pUaJIOM SIBIIICTCS Ta3000pa3HbIi ATHICH, MOTYYaeMbIi TIPU TEPMH-
yeckoil oOpaboTke Hedru. [lonmmdTunen nmpumeHsieTcs Uisi MPOU3BOICTBA TPYO,
MJICHOK, Tapbl M CAHTEXHUYECKOTO 000PYy10BaHUSI.

[Tomuctupon [-CH2-CHCOHs-ln - TBepaplii NPOAYKT MOJUMEPHU3ALUAU
ctuposia. Ero BhIMycKalOT B BUJE MPO3pPAUYHBIX JIMCTOB, TpaHyi. MakpomoJiekyia
MMEET NOJIMINUCIIEPCHYIO Pa3BETBICHHYIO CTPYKTypy. CTHpOn cOAEepKUTCS B
HEKOTOPBIX (paKIHsIX KAMEHHOYTOJIBHOW CMOJTBI HUTH BhIpabaThiBaeTCs u3 O€H30I1a
1 stuieHa. CTUPOIT JIErKo MOJMMEpU3yeTcs MoJ AEHCTBUEM COJHEYHOIO CBETA U
noBbllieHHOU Temmepatypsl (80°C).

biiounbIid moMMCTHPONT UMEET BBICOKYIO npodyHocTh (80...HO MIla) n Bono-
cToiikocTh. MonekynspHas macca ero or 50000 mo 300000, mnotHocts 1.04 ...
1.66 r/cm’, Temmonposoarocts 0.10 ... 0.15 Br/(M-°C).

[IpuMeHSIOT AJIS U3TOTOBJICHUS THUAPOU3OJSIUOHHBIX TUIEHOK, OOJIMIIOBOY-
HBIX ITUTOK, TEMJIOU30JIAIIMOHHBIX MAaTEPHAIIOB, BOJAOIPOBOIHBIX TPYO U JIp.

Cpenu TNOJMKPUCTATU3ALMOHHBIX TMOJUMEPOB (PEaKTOIIACThl) Hauboliee
3HAYUMBIMU SBJISIOTCSL (eHON(pOpMaTIbIETUAHBIE, KapOaMuIHbIe, MOYEBUHODOP-
MaJibJAEeTUJIHbIE, STIOKCUAHBIC, KPEMHUHOPTraHUYECKHE.

®enondopMambAeTUIHbIE MOIUMEPHI MOIYYAIOT MyTEM MOJUKOHACHCAIIUU
denona ¢ popmanpaerngom. enon CsHsOH npencrapisieT co0oii 6eciiBETHbIC
KPUCTAJUIbl UTOJIBYATOTO THUIA C XaPAKTEPHBIM CHUIIbHBIM 3anaxoM. OH TOKCHUYEH, a
U MOMAIaHUK HAa KOKY BbI3bIBAET 0KOTH.

@opManpaerua - ra3 ¢ yayuumBbiM 3anaxom, 40 %-Hbli pacTBOp €ro B BOJIE
Ha3bIBAIOT (POPMATUHOM.

denondopmaabAETHIHBIE TOTUMEPHI UCTIOIB3YIOTCS 71l TPOU3BOJICTBA KIle-
€B, JAPEBECHO-CTPY>KEUHBIX, BOJOKHUCTBIX M CJIOUCTBIX IUIUT, TUIACTHUKOB, BOJO-



CTOWKOM (haHephl, MUHEPATIOBATHBIX M CTEKJIOBATHBIX MaTOB, CIUPTOBBIX JIAKOB.

Kpemunitoprannueckue nojuMepsl. MakpoOMOJIEKYIIbI COCTOST U3 YEPEAYIO-
LIMXCS aTOMOB KPEMHMS M KUCJIOPOJa, a yIiepod BXOAMT JIMIIb B COCTaB I'PYIII,
oOpamJsroux rinasHyro nens CH3.
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IpHUIaeT CBOWCTBA, MPUCYILME CUJIMKATHBIM MaTepuasiaM (IIPOYHOCTb, TBEPIOCTD,
TEIJIOCTOMKOCTh), a YII€BOAOPOAUCTHIX paaukanoB CH3 - opranudeckuM mosu-
Mepam (3JaCTUYHOCTD U JIp.).

Ha ocHOBe opraHnyeckux BsSDKYIIMX BEUIECTB, TaK ke, KaK 1 HA OCHOBE HEOp-
TaHUYECKHUX, U3TOTaBIMBAIOT U MPUMEHSIOT pacTBOpPbl U O0eToHbl. OHU B 3HAYM-
TEJIbHOMN CTENEHM MPEJHA3ZHAUYEHBI I 3aIUTHI CTPOUTENBHBIX U3JAEIUI U COOpY-
XKEHUI OT arpeccUBHOM cpeqpl. OCHOBHOE KOJIUYECTBO PACTBOPOB U OETOHOB Ha
OpPraHMYECKHUX BSDKYIIMX BELIECTBaX M3TOTABIMBAIOT C MPUMEHEHHEM OUTYMOB.
JlaHHBIE MaTepHUaJIbl HALLLJIM CBOE NPUMEHEHUE I TUAPOU30JISLHUNA COOPYKEHUH U
ycTpoiictBa nopor. Hanbonee N3BECTHBIM U MPUMEHSEMBIM B CTPOUTEILCTBE Ma-
TepuanoM siBisieTcss acanpbrodberoH. B PO MHornMu uccrnenoBarensiMu BeIyTCs
pabOoThI 110 MOBBILIEHUIO SKCIUTYaTallMOHHBIX CBOMCTB ac(anbTOOETOHA.

[TpoGnema omnpeneneHuss ¥ HOPMUPOBAHUSL HKCIUTyaTal[MOHHBIX CBOMCTB ac-
(danbTOOETOHA aKTyallbHA HE TOJIbKO JUIst PD, HO U Ju1s1 MHOTHX CTpaH, U B HEKOTO-
PBIX U3 HUX YK€ BBEJICHBI B ICHCTBUE HOBBIE CTaHJAPTHI, B KOTOPBIX METOJBI OII-
peaeneHus HKCITyaTalluOHHbIX CBOWCTB OCHOBAaHBI Ha JIAOOPATOPHOM KOIMPOBa-
HUU peajibHBIX YCIOBUM paboThl ac(hanbToOETOHA B TOKPBITHSAX.

Tak, caBuroyctounBocTs B cranaaprax Opannuu u OUHISIHINA HOPMUPO-
BaHa B BHJI€ INIyOMHBI KOJIEH, BBIAABICHHON B ac(aibTOOCTOHHOHN IUINTE MHOTO-
KPaTHO IOBTOPSIOIIMMHUCS BO3BPATHO-IIOCTYIIATEIBHBIMU MPOXOJaMH ITHEBMATH-
4EeCKOIo KoJjeca.

B HoBOM crangapre CIIA TpemMHOCTOMKOCTE HOPMHUPOBAHA ITOKA3aTENIEM
YCTaJIOCTHON MPOYHOCTU MPU MHOTOKPATHO MOBTOPSIOLIEMCS U3ruoe Oanku.

[lepBas mombiTka B PO Obuta cnenana B 1995 rony FO.E. Huxonbckum u
JI.C.I'ybauem, pa3pabOTaBIIMMU PETHOHAIbHBIE TEXHUYECKHE YCIOBUS Ha ac(ab-
T00eTOH 1151 JIeHuHTpaacKoil 0651acTH, B KOTOPBIX HOPMHUPOBAHBI MOKA3aTEIN HE
(bu3MKO-MEeXaHMYECKNX, a IKCIUTyaTaIl[MOHHBIX CBOMCTB. B HUX cIBHUroycToiuu-
BOCTh HOPMHUPOBAHA [MOKA3aTEISIMU COITPOTHUBIICHUS CABUTY, TPEIIUHOCTOMKOCTD -
OTHOLIEHUEM IPEEIIA MPOYHOCTH MIPU PACKOJIE K MOJYJIIO YIIPYTOCTH.

TpenmHoCTONKOCTh, T.€. COMPOTUBISEMOCTh achaibTOOETOHA TeMIepaTyp-
HBIM PaCTSATUBAIOIIMM HAIPSKEHHUSIM, MOXET ObITh oOecrneueHa MPUMEHEHHEM
BO3MOXHO MEHEe BSI3KUX OWUTYMOB, Ie(OpPMATHUBHOCTH KOTOPBIX COXpPaHAETCA
Jaxe



MIPU OYEHb HU3KUX TEMIEPATYpax M, CIEIA0BATEIbHO, IPOYHOCTh ac(anbToOeTOHA
MOET OBITh CPABHUTEIHHO HEOOIBIIION.

JlepopMaTUBHOCTH acdanbToOeTOHA MPU HU3KUX TEMIIEPATypax MOXKET ObITh
MOBBIIIIEHA TAK)KE M MPUMEHEHHEM OMTyMa, MOAU(DUIIMPOBAHHOTO MOJIMMEPHBIMU
n00aBKaMH.

AHanu3 METOJI0B, MPEATIOKEHHBIX JJIs OTIPEAeNICHUs TPEUMHOCTONKOCTH, MO-
Ka3bIBA€T, YTO COMPOTHUBIICHUE PACTSLKEHUIO MPHU PACKOJIE MOKET OBITh 0a30BBIM
METOOM.

HopmupyeMmbIMi TOKa3aTeasiMH 3KCILTyaTallMOHHBIX CBOMCTB CJEIyeT pac-
CMaTpHUBaTh: MOKA3aTEIN CABUTOYCTOWYMBOCTH JIJIsl TOPOT Pa3HBIX KaTeropuil; mo-
KazaTeNy TPEIIMHOCTOMKOCTU ISl PAa3UYHbIX KIMMAaTHYECKUX PETMOHOB; KOA(-
(UIHMEHT BOJIOCTOMKOCTH; TOKa3aTeNb OJHOPOJHOCTH CMECH.



PA3JEJI TPETHHU. YCTPOMCTBO 3AIIIMTHBIX HOKPBITUN

I'maBa S. 3amMTHBIE MOKPBITHSI HA OCHOBE MPUPOAHBIX U
HCKYCCTBEHHbIX MATEPHAJIOB

5.1. Tenyion30/1I{HOHHBIE U AKYCTHYECKHE MAaTepHaJIbl
U U3/1e U

Tennon30naMOHHBIME HA3bIBAIOT CTPOUTENIbHBIE MaTepHalibl, KOTOpble 00a-
JA0T Majol TEeIJIONPOBOJHOCTBIO M IpPEJHA3HAYEHBI I TEIUIOBOW HM3OJSLUU
CTPOUTENBHBIX KOHCTPYKITUA KUJTBIX, MIPOU3BOJICTBEHHBIX u
CEIbCKOXO035IMCTBEHHBIX 3/1aHUH, ITIOBEPXHOCTEN IIPOU3BOICTBEHHOTO
000pYIOBAaHUS U arperaToB.

OTu Marepualibl UMEIOT HEOOJIBIIYIO CPEIHIOI IJIOTHOCTH - HE BbIime 600
KI/M®, 9TO JOCTHTAETCs C MOMOIIBIO MOBBIIICHNS HX TOPHCTOCTH.

B cTpouTenbcTBe TEmIoBas U30JIALUS MO3BOSET YMEHBIIUTD TONIIUHY OIpax-
JAOIIUX KOHCTPYKLMM (CTE€H, KPOBJIH), CHUKATh PACX0J OCHOBHBIX CTPOUTEIbHBIX
MaTepuanoB (Kupnuda, OeToHa, APEBECHUHBI), 00Jer4yaTh KOHCTPYKLUUNA U CHHXKATb
UX CTOUMOCTb, YMEHBIIATh PACXO0J TOIUIMBA B 3KCIUTyaTallMOHHBIA nepuoa. B Tex-
HOJIOTUYECKOM U YHEPreTHUECKOM 000PYIOBAHUH TEIIJIOBAsI M30JIALINUS CHUXKAET T10-
TEpHU TEIJIOTHI, oOecrneunBaeT HEOOXOAUMBIN TEXHOJIOTHMYECKUA PEXHUM, CHUXKAET
yIETIbHBIA pacxo TOIUIMBA Ha €AUHUILY TIPOIYKITHH.

[To ocHOBHOM TemIOPU3NYECKON XapaKTEPUCTUKE (TETIONPOBOAHOCTH ) TEILIO-
W30JSIUMOHHBIE MaTepHaJIbl JEJIAT Ha TPHU Kiacca: A - MaJOTEIUIONpOBOJHbIE, b-
CPEIHETEIIONPOBOIHBIE, B - MOBBIIEHHONW TEMIONPOBOAHOCTH. Kiaccel otinnya-
I0TCSl BEJIMYMHOM TEIUIONPOBOJIHOCTH MaTepuaia, 8 MMEHHO: IIPU CPEIHEN TeMIiepa-
Type 25 °C matepuainbl kiacca A uMeroT TerionpoBoaHocTh A0 0.06BT/(m-°C), b -
ot 0.06 10 0.115 B1/(M- °C), B- 01 0.115 10 0.175 B1/(M-°C).

CaMbIM XapaKkTepHBIM MMPU3HAKOM TEIUIOM30JISIIIUOHHBIX MATEPUANIOB SIBIISIETCS
UX BBICOKasl MOPUCTOCTb, MMOCKOJBKY BO3/1yX B IOPax MMEET MEHBIIYIO TEIJIONPO-
BOJHOCTb, YEM OKPYKAIOIIEE €ro BEUIECTBO B KOHJIECHCHUPOBAHHOM COCTOSIHUU
(tB€poM mim xujakom). [Ipu Benuunne nop 0.1 - 2.0 MM BO31yX B HUX UMEET TeEI-
JompoBoAHOCTH, paBHYIO 0.023 - 0.030 B1/(M-°C). IlopucToCcTh TEMIOU30JIAIMOH-
HBIX MaTepHaIoB cocTaBisieT 10 90%, a TOHKOE CTEKJIOBOJOKHO UMEET MOPUCTOCTh
710 99.5 %. KoHCTpyKIIMOHHBIC MaTepHUalIbl, TAKUE KaK TSKEJBIA IIEMEHTHBIN OETOH
UMEIOT MOPUCTOCTH 10 9 ... 15 %, rpanur, mpamop - 0.2 ... 0.8 , kepaMmuueckuii

kupnud - 25 ... 35 %, crane - 0, apeBecuna - 10 70 %. [IocKOJIBKY MOPUCTOCTDH HE-
MOCPEJCTBEHHO BIIMSIET HA BEIMUUHY CPEAHEN IIOTHOCTU, OOBIYHO TETIOU30JISIIHU-
OHHBIE MaTepHUallbl pa3IuyaroT HE MO MOPUCTOCTH, a MO cpeiHel mioTHocTu. Ux ne-
JST HA TPU TPYIIBL: 0CO00 JIETKHe, UMEIOINE MapKy MO CpeHEed TUIOTHOCTH (B
KI/M 3) B cyxoM coctostHuu 15, 25, 35, 50, 75 u 100 nerkue - 125, 150, 175, 200,
225,300 u 350, Tsoxénsre 400, 450, 500 u 600.



[To crmocoOHOCTH K CKUMAEMOCTH TOJT HATPY3KOM TEIIOM30JISIIMOHHBIE MaTe-
puaibl 1eaAT Ha Tpu BuAa: Markue (M), umeromue cxxumaemMocTts cBbiie 30 % nox
yaensHoit Harpyskoit 2 « 10° Ila, momyxéctkue (ITK) - cooTBeTcTBeHHO - 6...30 %,
xectkue (K) - no 6 %, noBblieHHON k€cTKOCTU - A0 10 % moxn ynenbHOU Ha-
rpyskoii 10° [Ta u tBepbie - 10 10 % mox ynenbHO# Harpyskoit FOkITa.

[To popme MaTepuasioB pa3inuyaroT ITY4YHbIE (TUIUTHI, OJOKU, KUPIUY, LIUIUH-
Jpbl, CETMEHTHI), PYJIOHHBIE (MAThI, MOJOCHI, KAPTOH), ITHYPOBBIE (LIHYPHI KI'yTHI)
Y CBIIIyYue MaTepHaibl (MUHEPAIOBATHASI CMECh, BCITYUYEHHBIN MIEPJIMT U 1. ).

Heopranuveckue, opraHu4ecKkue M MNOJHMMEpPHbIC TEIJIOM30JISIIHOHHbIC
maTepuabl. K rnaBHedIMM HCKYCCTBEHHBIM CTIOCO0aM MOPHU3AMU MaTEPHATIOB C
NPUAAHUEM UM TEIUIO3AIIUTHBIX CBOMCTB OTHOCSITCS CIIEAYIOLIHE:

Crnioco0 razoo0pa3oBaHusi OCHOBaH Ha BBEJCHHUU B CHIPHEBYIO CMECh KOMIIO-
HEHTOB, KOTOPbIE€ CIIOCOOHBI BBI3BATh XUMUYECKHE PEAKLIUU C BBIJCICHUEM B OOJIb-
IIMX KOJIMYEeCTBaX ra3oBoi (a3bl. ['a3bl, cTpeMsCh BHINTH U3 TBEPACIOIIEH IIACTH-
YeCKOM Macchl, 00pa3yloT MOPHUCTYIO CTPYKTYpy MaTtepuana - ra3o00eToHa, ra3ocu-
JIMKAaTa, SYEUCTOr0 CTEKJIA, Fa30HANOJHEHHOM IIaCTMACChI U Jp.

B kadecTBe XMMHYECKHX Ta3000pa3oBaTenieil MCHOJB3YIOTCS aJlOMUHUEBAs
nyJpa U TEXHUYECKas MEPEKHCh BoAopoAa (Mepruaposib). AIOMUHHAEBAs Myapa B
pe3ysbTaTe peakluy ¢ TUAPOKCHUIOM KaJIbLIUs CIOCOOCTBYET BBIIETICHUIO OOJIBIIOTO
KoJinuecTBa MojiekyisipHoro sogopoaa 3Ca(OH), + 2A1 + 6H,0 = 3Ca0 » A1,03
* 6H,0 + 3H,. [lepruaposp Jerko paznaraercs B MEIOYHON Cpeie ¢ 00pa3oBaHUEM
monekyisipaoro kucnopoaa 2H,O0 -» 2H,0 +0,. B o0oux ciayyasx BCIyduBaeTCs
LEMEHTHOE TECTO.

AHaJIOTUYHBIM ITyTEM B PacCIUIaBICHHBIE CTEKJIA U CMOJIbI BBOJIATCS PEAreHTHhI,
cnocoOcTBytomue oopazoBanuio razoB CO,, N, u ap. [lpu mpousBoacTBe meHO-
CTEKJIa ra3000pa30BaTeNsIMU CIIyKaT U3BECTHSIK, aHTPALIUT.

Crnioco0 neHooOpa3oBaHusi OCHOBAH Ha BBEJICHUH B BOY 3aTBOPEHHUS BKYILIUX
neHoo0pa3HbIX BemecTB. CTabUIN3UpOBaHHBIE MY3bIPHKU MIEHBI MPEACTABISIIOT CO-
00l BO3IyIIIHBIE MTOPHI TEHOOETOHA, TIEHOCUIINKATa, IEHOKepaMuKu U 1p. B xadect-
B€ CTAOMIIN3aTOPOB TEHBI C MOBBIIICHUEM UX CTOMKOCTH 10 MOMEHTA OTBEpI€BaHUS
BSDKYILETO MCIIOJIB3YETCSl CTOJSIPHBIM KJIEH, CEPHOKHUCIBIM TJIMHO3EM, CMOJIBI U .
[TenooOpa3oBaTensiMu CIIy>KaT COJU JKUPHBIX KUCJIOT: HATPUEBHIEC U KAaJIMEBbIC MBbI-
Jla; MBUTBHBIA KOPEHBb M M3BJIEKAEMbBI M3 HErO CAlOHWH; KJIeeKaHU(OIHHBIN MEHO-
oOpa3oBaTelib, MOJy4YaeMblid U3 KaHU(OIHHOTO MbLIA (COJIb AOMETUHOBON KUCIIOTHI
CiyH3;9COOH ); amomocynbpoHapTEHOBBIN MEHOOOpa30BaTeNb, MOTyYaeMbId U3
KEPOCMHOBOIO KOHTaKTa W CEPHOKHUCIOrO TIJIIMHO3€MA; T'MAPOIM30BaHHASI KPOBb
(I'K), nonmyuaemasi mytem 00pabOTKH OTXOAOB MSICOKOMOWHATOB MO CXEME TEXHH-
4yecKask KpOBb + €KUM HATP. + KEJIE3HBIM KynOpOC + XJIOPUCTHI aMMOHMM.

Crioco0 MOBBIIMIEHHOTO BOAO3aTBOPEHUSI COCTOUT B MPUMEHEHUHU OOJIBIIOrO
KOJIMYECTBA BOJIbI MPU M3TOTOBJICHUN (DPOPMOBOUYHBIX Macc (HampUMep, U3 Tpernena,
JMAaTOMUTA) U MOCIAEAYIOIIETO €€ HCHapEeHHs C COXPAaHEHUEM TTOP NP BBICYIIINBA-



HUU. DTOT CIOCOO MPUMEHSIETCSl MPU MTPOU3BOACTBE JIPEBECHO-BOJIOKHUCTBIX TUIMT,
TOPPSAHBIX, ACOECTOTPENENbHBIX U IPYTUX MaTEPHUAJIOB.

Cnoco6 BcrydyMBaHUsI HEKOTOPBIX TOPHBIX MOPOJ U IUIAKOB MPU HarpeBaHUU
70 BBICOKMX TEMIEpATyp 3aKJI0YaeTcs B BBIJICJICHUM Ta30B WM BOJSHBIX MapoB
TJIaBHBIM 00Pa30M B CBS3H C OTACJICHHUEM XUMHUYECKHU CBA3aHHOM BOJIbI MJIU LIEOTUT-
HOi1 Bozibl. [Ipu criocobe BCyuynBaHUs ChIPhEM CITYKaT MEPIUT U 0OCUANAH, BEPMHU-
KYJIUT, HEKOTOPbIE pa3HOBUHOCTH TJIMH, B OCOOEHHOCTHU COJIep Kalllfe JerKoriaB-
Kyto 3akuch xkenesa (FeO).

Cnoco6 pacmyiieHus 3aKI04aeTcsl B U3TOTOBICHUU U3 CPABHUTENBHO TUIOTHO-
IO MUHEPAJIBHOTO ChIPhs BOJOKHUCTOIO MaTepHalia B BUjie 6ecpOpMEHHOM MacChI C
BO3MOKHBIM TOCTIEAYIOUIUM NpuaaHueM ei ¢popmbl uzaenuii. Haubomnsiiee pacmo-
CTpaHEHHE MOJIyYnJIO MTPOU3BOICTBO MUHEPATIHLHOM BAaThI, CTEKJIIHHOM BaThl U U3e-
JIU W3 HUX.

K rpynmne HeopraHnuecKkux TEIIOM30JALUOHHBIX MaTePHAIOB OTHOCSITCS: MU-
HepaJibHasl U CTEKJISIHHASI BaTa W M3JENUS U3 HUX; SYEHCTOE CTEKIIO (IMIEHOCTEKIIO);
nerkue O0€TOHBI C MPUMEHEHHEM BCIYYEHHBIX TEPINTAa U BEPIIUKYJIUTA; STYCHCTHIC
TETJION30JIIIIMOHHBIC OETOHBI; acOECTOBBIE M aCOECTOCOIEPIKAIINE MATEPHAITBI; Ke-
paMUYECKUE TETUIOM30JISLMOHHBIE M3JIEIHs U OTHEYNOpHBIE JerkoBechl. OTINYU-
TEIbHOW OCOOEHHOCTHIO HEOPraHWYECKUX MaTepUajoB SABIAETCA WX JOCTaTOYHAs
OTHECTOMKOCTb, Majiasi TUTPOCKOMUYHOCTb, HEMOABEPKEHHOCTh 3arHUBAHUIO, HU3-
Kasi TeTJIONPOBOIHOCTb.

Oprannueckue TEIIOU30JIALMOHHbIE MaTEpUalbl U3TOTOBIISIIOT C MPUMEHEHU-
€M PacCTUTEIBHOTO ChIPbsl U OTXOA0B (TOOOYHBIX MPOAYKTOB) JIECHOTO U CEIBCKOTO
x03s11icTBa. K OCHOBHBIM TETIOM30JSIMOHHBIM MaTepHraliaM ¢ IPUMEHEHUEM PACTH-
TEIBHOTO ChIPhS OTHOCSTCS JIPEBECHO-CTPYKEUHBIE, APEBECHO-BOJOKHUCTHIE, PUO-
pOJIUT, apOOJIUT, KAMBIIIHUT, TOP(SHbIE, BOMIOYHBIE.

Tennon3oasMOHHbIE MaTepuaibl HA OCHOBE MMOJMMEPOB XapaKTepU3YIOTCS
3HAUYUTENbHOM JIETKOCTHIO, MAJION TEIMJIOMPOBOAHOCTHIO U JOCTATOUYHON MEXaHHUYe-
CKOM MpOoYHOCThIO. OCOOBI MHTEPEC MPECTABISIOT «3AJIMBOYHBIE)» MEHO- U MOPO-
IUIaCThl HA OCHOBE (peHO0JI0(DOPMAIbACTUIHBIX U OJNYPETAHOBBIX NOJIUMEpPOB. O0-
pa3oBaHMUE TEIUIOU30JUPYIOMIEH MPOCIONKH MEHO- UM MOPOIUIACTa HEMOCPEACT-
BEHHO MPU U3TOTOBJICHUH CTEHOBBIX MaHEINI 3HAYUTENHHO YIPOILIAET U yIeIIeBIIs-
€T MPOU3BOJICTBO padoT.

["a3onanonHeHHbIE TOTUMEPHBIE MaTepUabl (IEHOIJIACTHI) - 3TO MOJTUMEPHBIE
KOMITO3UTHI, HATIOJHEHHBIE TA30M, COJIEPKAHHE KOTOPOTO MOKET COCTaBIAThH OT 10
10 90 %. JIns mporHo3upoBanus (pacyeTa) CBOWCTB MEHOIJIACTOB HEOOXOMMO pac-
CMaTpUBaTh B KauyecTBE AUCHEPCHOM (a3pl He ra3, a momumep. C y4yeToM Takoro
MO/X0/1a Jierye OyJeT pacCUMThIBaTh MEHOMIACTHL. JTO HANpaBlIeHUE - pa3paboTka
HAIMOJIHEHHBIX IMEHOIUIACTOB - MPUOOPETAET CaMOCTOSITENIbHOE 3HAYCHHE MpU HC-
MOJIb30BAHUU B CTPOUTEIHCTBE.

K Hepoctatkam 3TUX MaTEpHANIOB CIEyeT OTHECTU CPABHUTEIBLHO HU3KYIO Te-
MJIOCTOMKOCTh U TOPIOYECTh OOJIBITMHCTBA MOJMMEPHBIX MaTEPHAJIOB.



HaubGonee >QQpeKkTUBHBIM NPEICTABUTENEM Ta30HANOJHEHHBIX MOJIUMEPHBIX
MaTepuagoB sl OBICTPOBO3BOJMMBIX MAJO3TaXHBIX IOCTPOEK U3 JIETKOTO
KUpIKYa, B KOHCTPYKLIUAX COOPHO-Pa300PHBIX U MEPEABMKHBIX TOMOB, B HABECHBIX
M HECYUIMX COHJBHWY-NAHENAX ABIsIETCS nNoJucTHposi. (OCHOBHBIE CBOMCTBA
nonuctupona mapok I[ICB -A , IICB, TICB- C, npegHa3Hau€HHbIX ISl TIOJIy4YEHUS
OecrpeccoBbIM METOJIOM, BCIIEHMBaHMEM B (QopMmax U3JIEIMM pa3iIuyuHOM
KOHQUTrypaluM M JeTajJed C BBICOKMMHM 3BYKO- M TEIIOU30JIUPYIOLIUMU
CBOMCTBaMH, IIpeicTaBiIeHbl B Tabuuue S.1.

Tabmura
5.1 Hekotoosle cBoiicTBa [ICB
IToxazarenu Mapka nosmuctupoJsia
IICB-A IICB TICB-C
Conepxxanue crtupona, % 0.25 (I rpynma) |0.25 (I rpynma)
I1I0THOCTD, KI/M 0.2520 ...30-60 0.30 (11 rpymma) |0.30 (II rpymma)
Temneparypa skcmyara- |70 ...0.250.11 |20 ...30 20...30
Ui MUHUManbHast, °C 0.035...0.0442 |-60 -60
MakcumaiibHbie paboydast 70 70 ... 00.22 0.1
temmneparypa, °C Cxatue, 0.13...0.250.11 |...0.3
MIla Uzru6, MIla ..0.15 0.035 ... 0.0442
TemnonpoBoOAHOCTS, 0.035 ... 0.0442
BT1/(M-K)

Mapka IICB-A - npegHa3HaueHa Ui W3TOTOBJIEHUS PA3IUYHBIX JETaNEH;
[ICB - i U3roTOBIEHUS TEIIO- U 3ByKOM3OJSIUMOHHBIX ILJIUT, YIIAKOBKH, TEXHU-
YeCKUX U3JeNNi M TOBapoB HapoaHoro morpebnenus; mapka [ICB-C - ansa usro-
TOBJIEHUSI TEXHUYECKHX H3IEIHM, TEIIO- U 3ByKOU3OJSIIUOHHBIX IUIUT, CaMO3aTy-
XaroUuX.

CreHoBble KpynmHOpa3MepHble u3aeausi. Oxkono 85 % BbITycKa KpynHOpas3-
MEpHBIX CTEHOBBIX H3JETUI COCTABIAIOT JIETKOOETOHHBIE, M3TOTOBJICHHBIE C HC-
MOJIb30BAHUEM HCKYCCTBEHHBIX MMOPHUCTBIX 3aIOIHUTENEH W MOPTIAHALEMEHTHOTO
CBA3YIOLIET0. B orpaHMYeHHBIX KOJMYECTBAX B Psiie pErMOHOB Poccuu BhIITyCKarOT-
Csl KpyITHOpa3MepHbIe STYeucThie u3aenus. [ [poMblieHHbIe TPOU3BOACTBA KPYITHO-
pa3MepHbIX KepaMuyeckux u3nenuid B crpasax CHI' moka oTcyTCTBYIOT.

Heo0XxoauMoCTh CHUKEHHUS 3aTpaT Ha MPOU3BOJICTBO U3/EIIHIA, TOBBIIEHUS UX
TEIJION30JIILIMOHHBIX CBOMCTB, pa3MEPOB, JOJIOBEYHOCTH BBIHYKJIA€T NOCTOSHHO
COBEPIICHCTBOBATh MAaTEPHUAJIbl, KOHCTPYKIIMHM, TEXHOJIOIMU U3roTtoBieHus. Croun-
MOCTb IaHeJIel HapyKHUX CTEH cocTaBisieT 23 % oO1eil CToMMOCTH BO3BOJIMMOTO
3J1aHUs, a YAEJIbHBII pacxo/ cTaau U OeTOHAa Ha UX U3TOTOBJIEHUE - COOTBETCTBEHHO
25 % u 28 %. B obuiem OanaHce TEIUIOBBIX NOTEPh Ha JIOJII0 HAPYKHBIX CTE€H MpPH-
xonutcsa 74 - 84 %.



CpaBuenue 3Q(GEeKTUBHOCTH OJHOCIOWHBIX MaHEICH C YIy4IIeHHBIMH TEeTIOo-
3AIUTHBIMH XapAaKTePUCTHKAMH ILIOTHOCTBIO 10 1000 KI/M’ U TPEeXCIOHHBIX MaHe-
Jeit ¢ 9pPEeKTUBHBIM YTEIUTUTENEM TOKAa3bIBAET, YTO MOCJIEIHNE BBIUTPHIBAIOT HE
TOJIBKO IO TETUIOU30JISIIMOHHOM crtocoOHOCTH (Tab. 5.2), HO U 60Jiee IKOHOMUYHBI

(o0 MpUBEICHHBIM 3aTpaTaM).

Tabmnuia

5.2 TeXHHKO-3KOHOMHYECKHE TTOKA3aTe/IN MMaHelel Hapy)KHUX CTEH
2 o
(Ha 1M~ 0OIIEN TITOIIAJIN)

Koncrpykrusnsiil [Tonmun |[Conpotus- |TpynoeMkoct [['ogoBoii |DHeprosarpar
BAPUAHT MAaHEIU |a, MM JICHUE b C YUETOM  |pacXoOl  |bI C YICTOM
TEIIONEpe- |KCIUIyaTalld (TOIUIMBA  |COMPSIKEHHBIX
nade, M>-  |u Ha 000r- |oTpaciei
°C/Brt pEB 31a-
HUS
yell.-aH KT KTI" YCJIOBH.
YCJIOBH. |TOILIMBA
OnHocnonHas
KepaM3UTOOECTOHH
ai Ha IIOPU3OBAH- 35 350 10,766 0.947 (5 5 5.54 3531.5 |1725 1429
HOM KBapIl€BOM
necke I11;1200 4.68
(3Tanon)
To xe Ha kepam- |3 1.189 29.5 1347
3UTOBOM TIECKE
11;1000 300 1.603 25 853

OnHocIoiiHAs U3
STYEUCTOr0 OETOHA
I1;600
TpexcnonHas u3
TSDKEJIOT0 OeTOHA
C THOKUMMU CBSI3S-
MU 1 3G PeKTrB-
HBIM
YTEILTUTEIIEM U3
MTOJTUCTHPOJIb-
HBIX TUIAT

W X0Tsl U3roToBJIEHHE OJHOCIONHBIX MaHeNed Ha 3aBOJaX CTPOUTENIbHOW HH-
nyctpuu Ha 12 % MeHee TpyJI0eMKo, C YIETOM TPyA03aTpat Ha T00bIYy, 00paboTKy
U TPAHCIIOPT MaTepHaoB (LIEMEHTA U 3aMOJIHUTENECH), COOPYKEHHE TOMOIHUTEb-
HBIX SHEPTreTUYECKUX OOBEKTOB (OOKUT 3arOJIHHUTENEH), a TakKe OTOIJICHUE 3/1a-
HUW, CyMMapHbI€ 3aTpaThl TPYJla HA TPOU3BOACTBO TPEXCIOMHBIX MaHENeH HapyK-
HBIX CTEH CYIIECTBEHHO HIDKE.

CpenHee MoNOKEHUE MO0 TEXHUKO-3KOHOMHUYECKHUM MOKa3aTeNIsIM MEXAY OJIHO-
CJIOWHBIMU U TPEXCIONHBIMU MaHEISIMU, TBEPACIOIIMMU MPH TETUIOBIAKHOCTHON



00paboTKe, 3aHUMAIOT SYEUCTHIE OTHOCIOWHBIC MMaHENH, TBEPACIONINEe IPU THIPO-
TepMHUHAIbHOI 00paboTke. C pa3BUTHEM MAIIMHOCTPOEHUS B CTPOUTEIBbHON UHAIY-
cTpuu 3Q(HEKTUBHOCTH UX MMPOU3BOJICTBA MOBBICUTCA.

Haubonee nepcrneKTUBHONW KOHCTPYKIMEH SIBISETCA TPEXCIOWHAS MaHeIb Ha-
PYXHOM CTEHBI C THOKMMH CBS3SIMH U 3P deKkTuBHbIM yTemnuTeneM. [llupokoe npu-
MEHEHHUE TAaKUX MaHeJel B OTEUECTBEHHOW MpaKTUKE CACp>KMBAeTCsA U3-3a AePu-
UTHOCTHU U 10POTOBU3HBI 3((HEKTHUBHBIX TETIJIOU30JSALMOHHBIX U3/I€TUH, HAPUMED
IUTUT MEHOMOJIUCTUPOa. MUHEPAIIOBAaTHBIN YTEIIUTENb HETOCTATOYHO YKECTOK M
U3-32 BBICOKOTO BOJIOTIOTJIONICHHS TPEOYET NOMOJHUTENBHON THIPOU3OISIUH, YTO
JIeJIaeT €ro MaJONPUTOJHBIM JIJIsl U3TOTOBJIEHUS TPEXCIOMHBIX MaHene. OTcyTer-
BYIOT II0Ka B HEOOXOJIMMBIX KOJIMYECTBAX HEP)KAaBEIOIINE, MaJOKOPO3HOHHBIE
CTaJlY, a TaKXKe OOBIYHBIC CTAJIU C AHTUKOPPO3UOHHBIM MOKPBITHEM, HEOOXOIUMBIE
JUISL U3TOTOBJIEHUSI THOKUX CBA3EH.

Brinyckaemble B HacTOsIILIEE BPEMsI B OCHOBHOM TPEXCJIOWHBIE MAHENH C CO-
€IMHUTEIbHBIMUA peOpaMu UMEIOT Oonblline HepocTaTKu. Hamnuue skecTkoi cBsizu
MEX/1y HapyKHbIM U BHYTPEHHUM CJIOEM IPUBOJIUT K KOHLIEHTPALUU HAIPSKEHUM
B MECTax NPHUMBIKAHUSI COECIUHUTENBHBIX pedep Mpu KOJEOAHMSIX TeMIlepaTryp U
Tpe-MHOOOpa3oBaHuio. OTKIOHEHUS B pa3Mepax IUIUT YTEIUIMTENs, UX
ne(OpMaTUB-HOCTh HE MO3BOJISIOT BbIAEPKUBATh IPOEKTHYIO TOJIUHY pedep, uTo
BBI3bIBAET OT-ChIPEBAHUE BHYTPEHHEN MOBEPXHOCTHU CTEHBI.

B cuity BBIIEOTMEUEHHBIX IPUYMH BBIITYCK TPEXCIOMHBIX MaHeNel HapyKHBIX
CTEH B HACTOSIIEE BPEMS CAEPKHUBAETCS, B TO BpeMsl Kak B cTpaHax EBpombl oiis
CIIOUCTBIX TaHeNed B O0IIeM KOJIWYECTBE KPYMHOIMAHEIbHBIX CTEH JOCTUTAET, B
npouentax: Hopseruu - 100, Benrpuu - 95, IOrocnasuu - 94, Ounisiaauu u Py-
MbiHUH - 90, [lIBeunu - 78, Aurnuu - 75 u @panuuu - 70. B cBs3u ¢ 3HEpreTuye-
CKHM KPHU3UCOM MHOTHE CTpaHbl 3anaJHoi EBpombl CMOIIM OTHOCUTENBHO MPOCTO
32 CUET YTOJIIEHUS CJIO0SI YTEIUIUTENSI B TPEXCIONHBIX KOHCTPYKLHMSX MMAaHENEH Cy-
IIECTBEHHO MTOBBICUTh TEPMUYECKOE CONIPOTHUBIICHHE HApYX HbIX cTeH. Hanpumep, B
[IIBenuu B KpyIMHOMAHENBHBIX JOMax NOCTPOUKH 60-X TOJ0B TEPMHUYECKOE COIPO-
THBIeHHE cOCTaBHO 1.48 - 2.16 M * °C/BT, a k 80-M rogaM OHO GbLIO YBEIIMYECHO
110 3.44 M » °C/BT, T0 ecTb BO3pocio B 1.6 pasa.

AKyCTHYECKHEe MAaTepHaJIbl U U3AeJuA. AKYyCTUUECKMMH Ha3bIBAIOTCS MaTe-
pHaibl, CIOCOOHBIE YMEHbBIIIATh YHEPTHIO 3BYKOBOU BOJIHBI, CHUYKATh YPOBEHb I'POM-
KOCTH BHYTPEHHETO MJIM BHEUIHETO 3BYKa.

3BYK - 3TO BOCTIPUATHE YXOM YIPYTHMX MEXaHUUYECKUX KOJIeOaHH 1 BOJH, BO3-
HUKAIOILKX B CPeJe MO/ BIMSHUEM NPUHYAUTEIbHBIX BO3AeHCTBUI. HacTOThI KoJle-
OaHuii, BepakaeMble B repuax ('), MoryTt ObITh HU3KMMHU, CPEAHUMHU U BBICOKMMH,
YTO 00YCJIOBJICHO YHUCIIOM KoJieOaHu# B 1 ¢: mpu HU3KOM 4acTOTHOCTH - 16 ... 50 T'11,
cpeaaue 500 ... 2000 ', Beicokue - 2000 ... 15000 I'm u Beicmme (1 I'm = 1
KoseOaHue B ¢). KonnuecTBo sHEpruu, nepeHoCUMOon 3ByKOBOM BOJIHOM 3a 1 ¢ yepe3
niomanky B 1 cM’, mepneHIuKy/ISpHYIO HAMPABICHUIO JBHKCHUS BOJHbI, HA3bIBA-
FOT CHJIOHN 3ByKa M BEIPAXaloT B BaTTax Ha 1 cM” (B1/cm®). Uenoeueckoe yxo Boe-



NPUHUMAET 3BYK JIMIIb MPU €ro CUJIe HE HUXKE HEKOTOPOH MUHUMAaIbHOU
BEJIMYMHBI, HA3BIBAEMOW MOPOTOM CIBIIIMMOCTU. [lopor CABIIMMOCTH pa3nudyeH
JUTSl HU3KHX, CPETHUX W BBICOKUX 4acTOT. Hanbosiee 9yBCTBUTEIBHO YETIOBEYECKOE
yXo0 K konebaHusiM ¢ yactoramu B obmactu 1000 ... 3000 I'u, xorma mopor
CIIBIIIMMOCTH JOCTHraeT MHTeHCHBHOCTH 3Byka mo 10~'® Br/ecm’. Bosesbie
OIIYIICHMS B yX€ BO3HHKAIOT mpu mopore 10" Br/cm’, Ha3biBacMOM GOJIEBBIM
noporom, GonsmuM B 10'* pas mo cume 3Byka, 4em mpH HOPOre CIIBIIIMMOCTH.
[TocnenHo0 cuily 3ByKa MPUHUMAIOT KaK HYJIEBOM YPOBEHb. 3a peasibHbI YPOBEHb
IPOMKOCTH TIOJIaraloT BEJIUYHMHY, MNPOMOPLHOHAIBHYIO JIOrapu(pMy OTHOILICHHUS
CWJIbl JAHHOTO 3BYKa K CHJIE 3ByKa Ha HYJIEBOM YpPOBHE, BhIpaxkaeMyto B Oenax (b)
unu neuubdenax (nb). Hanpumep, menot - 10 ab, Tuxwuii pasrosop - 40 nb, ynuma c
HOpMaJbHBIM JBH>KeHUEM - 60 1b, a ¢ mymHbIM - 70 1b, Tpy30B0Oi1 aBTOMOOHIIH - 90
nb, aBuannonnsiii motop - 120 nb, 6onesoit mopor 140 nb.

Bb16op akycTHYeCKHX MaTEepHaloB OCHOBAH Ha UX Pa3IMYHON CIOCOOHOCTH K
3aJiepKaHuto (MOTJIONIEHUIO) 3BYKOBOM BOJIHBI. CKOPOCTH 3BYyKa B BO3AYyXE MPUOIIU-
3uTenbHO paBHa 340 M/c, B Boje - 1450 m/c, a B TBepbIX Teax eIl BBIIIE: B KUP-
muyHol kiaake - 2000 m/c, B 6etone - 4000 m/c, metame - ceoime S000 m/c. Ha
MyTH BO3YIIHOTO MEPEHOCAa 3BYKa YCTAHABIMBAIOTCS MpErpajabl U3 3BYKOIOTJO-
HIAOIINX MAaTEPHUATIOB U KOHCTPYKIUI. C yBETUUEHUEM MACChl OTPAXKJICHUS yIIy4-
[IaeTCA MOIJIOLIEHHE 3BYKa, TAK KaK MAaCCUBHOE OTPaXK/ICHUE TPYAHEE MEPEBECTU B
u3ru0HoOe KojiebaHue MO BIMSHUEM BOJIHOBOTO 3BYKOBOTO AaBieHus. Ho ¢ yBemu-
YEHHUEM MAacChl OTPAXJICHUSI IPUPOCT 3BYKOBOU M3OJSLHUKU MPOUCXOIUT MEIJICHHO.
Tak, Hanpumep, eciu npu macce neperopojku 100 Kr 3ByKOU30JSILUSI COCTaBISET
40 b, To mpu macce 200 kr - 44 nb, npu macce 300 kr - 48 ab. [lns nanbHe#mero
CHUKEHUS ITyMa MOTpeOyeTcsl yCTpauBaTh JTUOO OYEHBb TSHKEIIBIE OJHOPOIHBIE OT-
paxkaeHus, MO0 3aMEHATh UX OTPAXKICHUSIMHU U3 JBYX CTEHOK CO CIUJIOIIHBIMU BO3-
JTYIIHBIMA TIpOciioiikamMu (0€3 JKECTKUX CBSI3eH MEXITy CTEHKaMH), EPEXOIUTh K
CJIOMCTBIM KOHCTPYKIIHSIM.

Jl1st 6opBOBI C IIYMOM M NMEPEHOCOM 3BYKA MCIOIb3YIOT 3BYKOIOIIIONIAIONINE
(aKTMBHO NOTJIOMIAOIINE 3BYK) U 3BYKOU3OJSILIMOHHBIE (CHU)KAIOIINE YPOBEHb LIY-
Ma) MaTepHaIbl.

[lo xapakTepy MOrJOIIEHUs 3ByKa MaTtepuasa pa3AesisitoT Ha OPUCThIE, MEM-
Opannble U nieppopupoBanHbie. Haubosee pacpocTpaHEHHBIMU SBISIIOTCS IOPHUC-
Thle. 3BYKOBAsi SHEPIusl MOIVIOUIAETCS B 3TUX Marepuaiax B OCHOBHOM 3a CYET Tpe-
HUS YacTHI] BO3AyXa B MOpax M Kanmwjuisipax, BECbMa Pa3BUTHIX U PA3IUYHBIX T10
quameTpy. C TOBBIILIEHUEM MOPUCTOCTH YBEJIMYMBAETCS 3BYKOIOIJIOIIEHUE, XOTS
UMeeTCs HEKOTOPBIH npeaen nopuctoctu (okosio 80 %), BbIllle KOTOPOro 3BYKOMO-
TJIONIEHUE HE BO3pACTaeT M Ja)Ke MMEETCsS TEHJICHLIMSI K €ro CHIDKeHHI0. BaxkeH
Takxe pasmep nuamerpa nop. [Ipu Maneix pazmepax nop NpOHUKHOBEHUE 3BYKOBOM
SHEPTUHU B TOJIIY MaTepHalia 3aTPyAHEHO, a 3BYKOIMOIJIOIIEHNE OKa3bIBAETCSl HE3HA-
qUTeNbHBIM. ONITUMATBHBIM MOKET OBITh PUHAT AuaMmeTp mop 10 1 mm. [Ipu mem-
OpaHHOM THUIIe MaTepraja CUJia 3ByKa CHUKACTCS BCIAEACTBUE 3aTPAThl SHEPTUHU Ha



BBIHYXJICHHOE KOJie0aHHE JOCTATOYHO MACCHUBHBIX M KECTKUX MeMOpaH (ILIUTHI,
(danepHbIe JTUCTHI, TUIOTHBIN KapTOH, HEKOTOpble TKaHu). [lepdopupoBannbie naHe-
I W JpYyrue MaTepuanbl UMEIOT OTBEPCTHS, B KOTOPBIX 3aJE€PKUBAETCA BO3AYX,
CO3JAI0IMI TOPMO3 Ha IyTH BO3AYLIHOTO MEPEHOCA 3BYKA, YTO CO3JAET JIYYILHA
3¢ (}HEKT 3BYKOMOTIIONIECHUS.

YucnoByro BEIMUMUHY MOTJIONIEHHUS 3ByKa OLIEHUBAIOT KOA(P(ULIUEHTOM, KOTO-
PBIM IOKA3bIBAET JOJIKO IHEPTUH 3BYKOBOM BOJIHBI, ITOIJIOMAEMON 1 M IIOBEPXHOCTH
MaTepualia B OTKPBITOM MPOEME.

O PeKTUBHBIMU CUMTAIOTCS aKyCTUYECKHUE TUIMTHl HA OCHOBE CUHTETUYECKUX
CBS3YIOLIUX M C IPUMEHEHUEM B HUX BOJIOKHUCTBIX 3AIIOJHUTENIEH - CTEKISTHHOW U
MUHEpaJIbHOW BaThl. Haxondtr nmpuMeHeHue IIIMThHI U3 JIETKMX OETOHOB Ha OCHOBE
HEOPraHWYECKUX BSDKYIIMX U C NPUMEHEHUEM NEM3bl, KEPAM3HUTa, BCIyYEHHOTO
NEepJIMTa WM BEPMUKYJINUTA: IIUTH U3 (PuOponuTa, ApeBECHO-BOJOKHUCTHIE, JIpe-
BECHO-CTPYXE€UYHbIE€ TUIMTBI H T.I.; HAa OCHOBE SYEUCTOr0 OETOHA-IIUTHI
«CuitakHop».

Boicokoit 3¢(heKTUBHOCTBIO OTJIMYAIOTCS MIIUTH «AKMHUTPaH» U «AKMUHUT»
cpenueil wIOTHOCTBIO 350 ... 400 Kr/M’, a TakKe THICOBBIC HepHOPUPOBAHHEIC
IUTUTHI (C HECKBO3HOM nepdopatieil) 1j1si MoIBECHBIX MOTOJKOB.

«AKMHUTpaH» HW3rOTABIMBAIOT W3 MHUHEPAJIbHOM WM CTEKISIHHOM BaThbl
(TpaHyIMpPOBAaHHOI) Ha CBSI3KE U3 CMECH KpaxMmaia, OEHTOHUTA U KapOOKCHIMETHUII-
HEJUTION03bl. B «AKMUHUTE» BMECTO OEHTOHHMTA UCIOJB3YETCS] KAOJIWH, TUTOHOH (
CMECh CEPHOKHCIIOTO 0apusi U CEPHOKHCIOTO IMHKA KaK MUTMEHTUpYIomias 100aB-
Ka) U MOJIMBUHUJIALIETATHAS AIMYJIbCHSL.

[1uThl «AKMHUTpan» U «AKMUHUTY UMEIOT KO3(P(UIIMEHT 3BYKOTOTJIOIIECHHUS B
uatepsaiue 200 ... 2000 I'm ot 0.4 no 0.8. Ilepdopanus mIuT yBennuruBaeT 3ByKOIO-
rinomaemocts Ha 10 ... 20 % npu yactorax 200 ... 1000 I'1.

3BYKOM30JISLIHOHHBIC MATEPUAJIbI. 3BYKOU30JISLIUOHHBIE MaTEPUAIIbI IPUME-
HSIOT JJIS U30JSIUUU MOMEIIEHUH OT paclpOCTPaHEHUsI MAaTEPHAIBHOIO (YAapHOTO)
nepeHoca 3ByKa. B oTiiMuMe OT 3BYKONOIVIOLIAIOIIMX 3TH MaTEpHANIbl OCTAKOTCS
IPAaKTUYECKH B CKPBITOM OT B30pa COCTOSIHUM B BUJE MPOKJIAJA0YHBIX CIOEB B KOH-
CTpyKuusAx. VX momemniaroT oObIYHO B KOHCTPYKLMSX BHYTPEHHUX CTEH M MEXIY-
ATAXKHBIX MEPEKPHITUIN 3aHui. ["alleHnIo 3ByKa U IIymMa ClocOOCTBYIOT IPOCIOUKH
U3 MTHOPOJAHOrO MaTepuaia B BUAE 3€PHUCTBIX 3aCHINOK, BOJOKHUCTBIX U MOPUCTHIX
IUTUT WIK B BUJI€ BO3AYIIHBIX CIUIONIHBIX MPOCIOEK. BaxkHO, 4TOOBI OTCYTCTBOBAIH
KECTKHUE CBSI3U MEXKIY CTCHKAMU, Pa3JIeJICHHBIMU IIPOCIOMKAMHU, TAK KaK OHU TOTAa
KOJIEOJIIOTCS KaK OJIHO 11es10€ U 3G (EKT raiieHus 3ByKa He TPOUCXOIUT.

BaxHO# XapakTepuCTUKON KaueCTBA MPOKIIAJI0YHOIO MaTepuaia siBJIsIeTCs XKe-
CTKOCTb, OIpeaessieMasl JMHAMUYECKUM MoAyJieM yrpyroctu. [lo Bennunne moayis
YOPYTOCTHU Pa3InyaroT TPU KJlacca 3BYKOU3O0JSIMUMOHHBIX MaTepuanos: I - no 1
MlIla, II -or 1 no 5 MIIau III - ot 5 1o 15 MIlIa.



Jlpyroit XxapakTepuCTHKOM siBisieTcs 1e(opMaTUBHOCTh, IO KOTOPOW U3EIHe
pa3aensIoTcs Ha MSTKUE, KOTJla OTHOCUTENbHAs nedopmarus 6omaee 15 %, momyxe-
CTKHE, €CJIM OHa B Iipeenax - 5 ... 15 %, xectkue - menee 5%.

OOmast oleHKa 3 1 YU CIHOCOOHOCTH IIPOU3BOIMUTCA ITYTEM BbI
fmad on . R=10lg~,rme 1 - p a y

T

qHCIIeHus o popmyre KO3 (HULIMEHT TPOHUIIAEMOCTH.

5.2. Otaeno4Hble 3alIUTHBIE MATEPHAJIbI

JlakoKpacOYHBIMHM Ha3bIBAIOT MPUPOJHBIE WJIM CHUHTETHUYECKHE MAaTepUalbl,
HAHOCHMBIE B KUIKOM COCTOSTHUU Ha MOBEPXHOCTDb M3/ETUS TOHKUM CIIOEM B 00pa-
3YIOLLKE MOCIE OTBEPAECBAHUS OKPOBHBIE TUNIEHKU. [IOKpBITHE M3IETUI NI KOHCT-
PYKUUI JIAKOKPACOYHBIMUA MaT€pHalaMH IPOU3BOAUTCS C LENbIO 3aIIUTBI UX OT
BPEIHOTO BO3ACHCTBHUS aTMocdepbl, apa U ra3oB, NPEJOXPAHEHUS] OT KOPPO3UH,
3arHUBaHUs M BO3ropaHus. JIakokpacouHble MaTEpHAIIbI IIUPOKO UCIOIB3YIOT TaK-
K€ B LIETSAX MOBBIIICHUS XYJ0KECTBEHHO-APXUTEKTYPHOU BBIPA3UTENBHOCTH (paca-
JIOB M BHYTPEHHHUX MTOMEUIEHUH KUIBIX U MPOMBIIUICHHBIX 3JaHUN.

K nakokpacoyHbIM MarepuanamM OTHOCAT: TFOTOBBIE KPAaCOYHBIE BELIECTBA,
npenHa3HauYeHHbIe Ui 00pa30BaHUsl HEMIPO3PAUYHOTO U 3AIIMTHOTO MOKPHITHS JaH-
HOT'O KOJIEpa; CBS3YIOLIME BEIECTBA, HAMOJHUTEIN, MUTMEHTBI U KPACUTENH, CITy-
JKaIIue I U3rOTOBJIEHUS KPaCOYHBIX BEILIECTB; JIAKH, IPUMEHSIEMBIE I OTAEJI0Y-
HOT'O MPO3PAavyHOrO MOKPOBHOTO CJIOS; 3MaJIM M BCIOMOTaTEIbHbIE MaTepUaibl -
LINAKJIEBKU U TPYHTOBKH, PACTBOPUTENH U PA3KUKUTENHU JJAKOB U KPACOK, IIACTH-
(uKaTOpbl U OTBEPIAUTENH MOJIMMEPHBIX COCTABOB M HEKOTOPHIE CIICLMAIBHBIE J0-
0aBKH, HAPUMEP CUKKATHBBHI.

Casi3yrolye BEIIECTBA, SBISSICH HEOOXOAMMBIM KOMIIOHEHTOM B KPaCOUYHBIX
COCTaBaX, CUEIUISIOT YaCTHLbl MUIMEHTAa M HAIOJHUTENIS W 00pa3yloT MPOYHYIO
TJICHKY (coil) Ha 0OpabaThiBaeMON MOBEPXHOCTU. CBA3YIOUIMMH BEIIECTBAMU MO-
ryT ObITh: OJM(BI B MAaCISHBIX KpacKkax; MOJUMEPHI - B TOJTUMEPHBIX KpacKax, Jia-
KaX M SMaJIX; Kay4yKHU - B KAy4yKOBBIX KpacKax; KJI€H - B KJIEEBbIX KpacKax; HEop-
raHUYECKUE BSHKYLIUE - B LIEMEHTHBIX, U3BECTKOBBIX M CHJIMKATHBIX KpacKax.

Onudsl ABASIOTCS OCHOBHBIM CBSI3YIOIIUM JJIsi IPUTOTOBICHUS MACIISIHBIX Kpa-
COUYHBIX BemiecTB. OHU MOTYT OBITh HAaTypaJbHBIMU, MOJYHATYypaIbHBIMUA U UCKYC-
CTBEHHBIMU (CUHTETUYECKUMHU ).

Harypanbsubie onmudubl - mpoaykTsl Harpesa 10 160 ... 270 °C («Bapku») pacTu-
TEJIbHBIX BBICBIXAIOIINX Macell (JIBHSHOr0, KOHOIUIIHOTO, TYHTOBOTO).

B nensax yckopeHusi BbICBIXaHUS OMU(BI B MPOIECCe BapKU Maced B HUX JI0-
0aBIIAIOT CUKKATHBHI - COJM OKCHJIOB CBHHIIA, MapraHia, KooaabTa WIA PacTBOPHI
OPYTUX METAJUIMYECKUX COJIEH JKMPHBIX KUCJIOT B OPraHUYECKHX PACTBOPUTEIISX.
[Inenka, mosy4yaemasi MoCj€ BBICBIXAHUS MOJMMEPHOTO Macia - HaTypajJbHON OJu-
¢n1, comepxkut 100 % macna ¥ OTIMYAETCS MOBBILIEHHON BOJAOCTOMKOCTHIO, 3Ja-
CTUYHOCTBIO, TJISTHIIEBUTOCTHIO U aTMOC(PEPOCTOUKOCTHIO.



[lonmynatypanpHble WM YNJIOTHEHHBIE ONU(MBI - BSI3KHE MPOIYKTHI «BAPKU»
(mpu Temnepatype noaumepusanuu 300 °C) HEKOTOPBIX MOIYBBICHIXAIOUIUX U
HEBBICHIXAIOIIUX PACTUTEIBHBIX MACEN: MOACOJHEYHOT O, COEBOTO MJIM XJIOMKOBOTO.
Kpome Ttoro, ymnoTHeHue Maced MNpU TMOJYyYEHHU TaKUX OJu( JOCTUTAETCS
OKHCJIUTEJIBHOW MOJMMEPU3aLMEN, IIyTEM MPOIYBaHMS YEPE3 CIOW Maciia BO31yXa,
Harperoro 1o 150 °C. IlonydeHHble BA3KHE, MOJIMMEPU3OBAHHBIE Macia
paz0aBIAIOT 10 KUAKOM KOHCUCTEHUMM OPraHMYECKUMHU PpPaCTBOPUTEISIMH,
cojiep:kaHue KOTopbIx nocturaet 45 %.

HckyccTBeHHBIE 0JU(BI IPEACTABIAIOT INIEHKOOOPA3yIOLIUE BEIECTBA, MOJIY-
yaeMble U3 HENUILEBBIX NPOAYKTOB. Hanbospliee npuMEHEHUH MOIYYWINA AJIKHU[-
Hble onudbl: rudTanesas, neuragdranenas, cocrosdmme u3 50% ankuaHONH OCHOBBI
1 50% yaiitciupura, onnda CUHTO0BAs U o1K(a KapOOHOJIb.

Jljig OLleHKH KauecTBa (HaTypalbHbIX U MOJIYHATYpalbHbBIX) OJU( ONPEAEIIsOT
UX BSI3KOCTb, LIBET, OTCTOW U IPO3PAYHOCTh, KOJIMYECTBO CUKKAaTUBA U paCTBOPUTE-
7151, BpeMSs1 BBICBIXaHUS, 3JJaCTUUHOCTb IJIEHKU Ha U3THO.

JlakamMu Ha3bIBalOT PACTBOPHI Macell, MPUPOJHBIX UM CUHTETHUYECKHUX IOJIH-
MEpPOB, OUTYMOB U T.II. B OPraHUYECKUX PACTBOPUTENAX. JIaku, HAHECEHHbIE Ha 00-
pabaTbIBaEMyl0 MOBEPXHOCTb, MOCIE OTBEPXKACHUS (BBICBIXaHUS) 00pa3yroT Ipo-
3pavyHyo, JOCTATOYHO MPOYHYIO IUIEHKY, XOPOLIO CLEIUISIONLYIOCs ¢ 00paboTaHHOU
IOBEPXHOCTHIO.

Jlaku pensTcs Ha CBETJIbIE (MACISHBIE WJIM MAacCisSHO-CMOJISIHBIE) M YEpHBIE
(OutymHBIe, TeKoBbIe). M3 1akoB, moslyyaeMbIX Ha OCHOBE MOJIMKOHIEHCAHIITMOHHBIX
MOJINMEPOB, HAUOOJIbIIEE PACIIPOCTPAHEHUE UMEIOT aJIKUIHBIE JIAKH, HA OCHOBE T10-
JUMEPU3AIIMOHHBIX TTOJTUMEPOB - MEPXJIOPBUHUIIOBBIE JIAKU; Ha OCHOBE 3(upa 1e-
JIIOJI03bI - HUTPOJIAKHU.

B 3aBucuMOCTH OT IJIEHKOOOPA3yIOIIUX BEIIECTB M PACTBOPUTENIEH MOMXKHO
BBIJICJINTh AJKUJIHBIE U MAaCISHO-AJIKUAHbIE Jaku. OHU pa3lenstoTcs Ha >KUPHBIE,
conepxarntue 6omnee 60 % macna, cpenaue ot 40 10 45 %, TolTUE U CBEPXTOITHUE -35
% w™acna. bonee >XMpHBIE JTaKU HCIOJNB3YIOT OOBIYHO JUIsI HAPYKHOM OTIENKH,
TOILME TPUMEHSIIOT JIJIsl MPOU3BOJICTBA BHYTPEHHUX PaboT.

Cunrernueckue, 0e3MaclIHbIE JIAKH - PACTBOPHI CUHTETHUECKHX MOJIMMEPOB B
OpraHMuYeckux pactBopurensx. Hanbonbliee pacnpocTpaHeHre TOMyYMiIn Taugra-
J€Bbl€, MOUYEBHHO-MEJIAMUHO(POPMabAECTUAHBIE, TEPXJIOPBUHUIOBBIE, MOJUAKPU-
JIOBBIE JIAKHU.

CrnupToBBI€ JIAKH U TOJIUTYPHI MOTYYAIOT U3 MPUPOJHBIX HIIM CHHTETUYECKUX
IIOJIMMEPOB MYTEM HX PACTBOPEHHUsS B STWJIOBOM CIIMPTE WJIM CMECH CIMPTa C ApYy-
MMM JIETKUMU PaCTBOPUTEISIMHU.

CrnupTOBBI€ JIAKH IPUMEHSIOT AJIs1 HOKPBITUS AEPEBIHHBIX JeTaJIeH U U31ETul,
a MOJUTYPY JUIsl OKOHYATEJIbHOM OTHAEIKU JIAKUPOBAHHOM MOBEPXHOCTH JEpeBa U
IpUJIaHus €l pOBHOTO OJecka.

HuTpouenmtono3nsie Jaku (HUTPOJIAKH) - PaCTBOPHI I(PUPOLEIUTIONO3HBIX T0-
JUMEPOB B OPraHMYECKUX PACTBOPUTENAX C J00ABICHHEM IUIaCTU()UKATOPOB.
Takue



Jaku OBICTPO (YTBEPKTAIOTCS (BBICHIXAIOT) M 00Pa3yrOT OJECTAIIYI0 MPOYHYIO
IJICHKY.

JIns1 KpacOYHBIX BEWIECTB Y MPUKICUKU OTAECIOYHBIX MAaTEPHUATIOB ITPUMEHSIOT-
cst ker. OOBIYHO UCTIOIB3YIOTCS )KUBOTHBIC, PACTUTEIbHBIE, UCKYCCTBEHHBIC H TIO-
JMMEpPHBIE KiIeH. JKUBOTHBIE KIIEU - ME3APOBBIN, KOCTHBIN, KA3EMHOBBIM, MMOJYYatOT
COOTBETCTBEHHO U3 KOMKHBIX TOKPOBOB KUBOTHBIX, UX 00€3)KUPEHHBIX KOCTEH, AeH-
CTBHSI OPTaHUYECKHUX KUCJIOT Ha CHATOE MOJIOKO.

Kien uckyccTBeHHBIE MPENCTaBIAIOT COOON PacTBOPHI MOIUMDUIIMPOBAHHBIX
MIPUPOJHBIX TMOJUMEPOB B BOJE. B BOJHO-KIIEEBBIX KPAaCOYHBIX COCTABAX Yallle
BCET0 OHU UCIOJIB3YIOTCS B BUJI€ KAPOOKCUIMETUIIIIEIUTIONO3bI M METHIILIEIUTKIIIO3BI.

Krnen pacturenvHbIe - JEKCTPUHBI MONYYalOT B pe3yJibTaTe 00pabOTKH Kpax-
MaJla KUCJIOTOW win HarpeBanueMm ero mpu 150 ... 200 °C.

Kiien cuHTeTHUECKHE - TOTUMEPHBIE CHHTETUYECKUE MPOYKThI, 001aatoue
BBICOKOH Kilesien (aAre3uOHHOM) CIOCOOHOCTBIO. DTHU KIIEU MUCTOJIB3YIOTCS B BUJIE
AMYJIbCUM UJIW BOJHBIX U CIUPTOBBIX PACTBOPOB.

[TonuBuHMIANETaTHAA JUCTIEPCHUS - MPOIYKT MOJUMEPU3ALUU B BOJIHOU Cpelie
B IIPUCYTCTBUU MHUIIUUPYIOLIIUX U APYTUX KOMIIOHEHTOB.

YHuBepcanbHblll Kilek «byctunat-M»y» - Genasi, cMeTaHooOpa3Hasi Macca, u3-
TrOTOBJIICHHAs Ha OCHOBE IOJMBUHUJIALETATHOW nucnepcun. OH NpeacTaBiisieT
co0Oi BOJIHYIO JHMCHEPCHIO JIaTEKCa, MEJa, HaTPUUKApOOKCUMETUIIIEIUIION03bl U
TOBApEHHOM COJIU.

PactBopuTenu u paz0aBUTENM - )KUIKUE CPE/bI, B KOTOPBIX PACTBOPAEMOE Be-
IIECTBO PABHOMEPHO paCHPEEIIIETCS B BUAE MOJIEKYJ U HOHOB.

OHU HE BCTYyNarT B XMMHUYECKOE B3aMMOJICHCTBUE C PACTBOPSIEMBIM BEILIECT-
BOM M JOJDKHBI OBITh JOCTATOYHO JIETYYHWMH, JIETKO MCHAPSITHCSA TPHU BBICHIXaHHUH
pactBopa. HambomsItiee pacnpocTpaneHre MOMYYHIN CKATIHIAP, YaUT-CIIUPUT, alle-
TOH.

Ckunugap - cinabokpalieHHas >KUJIKOCTb, MPOJAYKT AECTPYKTHUBHOM (6e3 moc-
Tyna BO3/lyXa) MEPEroHKH CMOJUCTOW APEBECHUHBI (IPEBECHBIM CKUMUAAP) WU
Pa3rOHKU CMOJIbI XBOMHBIX JIEPEBbEB ((KUBOTHBIN ckunuaap). Cxkunuaap sBISETCS
PacCTBOPUTEIIEM CPEIHEN aKTUBHOCTH U MPUMEHSIETCS JJIs Pa3BEACHUS MACIAHBIX,
ATKUAHBIX U APYTHUX JIAKOKPACOYHBIX COCTABOB, OH JIETKO BOCIJIAMEHSAETCS U B3PbI-
BOOITAaCEH.

YalT-cnupuT - clierka OKpaIleHHAas KHJIKOCTh, MPOAYKT MEPETOHKH HE(TH,
cpenHsis (pakmus MEXIy TSOKEITBIM OCH3UHOM U TPAKTOPHBIM KepocuHoM. OH TpH-
MEHSIETCS U1l PAaCTBOPEHUS MACISHBIX KPAaCOK M JIAKOB, & TAKXe ISl CMbIBA paHeEe
HAHECEHHBIX 3aTBEPJAEBIIMX IUICHOK. PacTBopsromme CBOWCTBA YaWT-CIIMPUTA
HUKE, YEM Y CKHUIIUAApa.

TexHudeckuii aneToH - OeclBeTHas, Mpo3pavHasi, JErKOJIeTyqas KUIKOCTh C
XapaKTepHbIM 3alaxOM, CMELIMBAETCSA C BOJAOW M CIMPTOM B PA3JIMYHBIX OTHOLIE-
HUSIX. ALIETOH TMOJY4YarOT IPU CYXOM NEPErOHKE APEBECHUHBI WM CUHTETUYECKUM
MyTEM.



[IMrMEHTHl ¥ HAIMOJIHUTENH - TOHKOJWCIIEPTHBIE LBETHHIE MOPOILUKH, HEpac-
TBOPUMBIE B TJICHKOOOPA3YIOIIMX BEIIECTBAX MM OPraHUYECKUX PACTBOPHUTEIX,
HO CIIOCOOHBIE PABHOMEPHO CMEMIMBATHCS ¢ HUMU. OT pa3HOBUAHOCTH MTUTMEHTA U
HAITOJIHUTEIS 3aBUCAT LBET (KOJIEp) JIAKOKPACOYHOI'O IMOKPBITHS, €ro JI0JrOBeY-
HOCTb, YCTOMUMBOCTH MPOTUB aTMOC(EPHBIX (AKTOPOB, arpeCCUBHBIX CpPEeld U TO-
BBILIEHHBIX TEMIIEPATYP.

bnarogaps cnocoOHOCTH M30MpaTEeNbHO OTPa)KaTh JIy4d JHEBHOTO CBETA IMHUT-
MEHTBI 00JIaJJal0T Pa3IMYHbIM I[BETOM. Tak, HallpuMep, MUIMEHTHI, IOYTH MOJHO-
CThIO OTpPaXalIlUe CBET, KaxXyTcs OenbIMH M, HAIOpOTUB, MHMIMEHTHI,
IOTJIOIIAIOIINE CBETOBBIE JIYy4YH, NPUIAIOT KPACOYHOMY COCTaBYy YEPHBIM LIBET.
IIurmeHTsl OBIBAIOT HEOPraHMYECKUE M OPraHWYeCKHUe, HCKYCCTBEHHbIE WU
IPUPOJHBIE.

HcKyccTBEHHBIE HEOPraHMYECKHME MHUIMEHTBI IIOJYyY4arT B PE3ysbTare
CJIOKHBIX XUMHUYECKHUX MPOLECCOB. Takue MUIMEHTBI COCTOST IIOYTH ITOJTHOCTHIO U3
OKCHJIOB U CoJIel MeTaJlIoB (Oennia, KpOHbl, yIbTpaMapuH, J1a3ypb MajsipHasi).

IIpupoHBIE TUIMEHTHI, XOTS U YCTYNAIOT UCKYCCTBEHHBIM I10 IPKOCTH U Ha-
CBIILIEHHOCTHU KOJIEpa, OAHAKO 3HAYUTENIBHO JICIIEBIIE 110 CTOUMOCTH. VX momyyaror
B pe3ysbTare nepepaboTKu pya U IUIMH, COAEPKAIIMX 3HAUUTEIbHOW KOJINYECTBO
pUMecel OKCUOB JKese3a (JKEIE3HbIM CypUK, MeJl, MyMUs, 0Xpa).

[IurMeHThI XapakTepu3yrTCsl XUMHUYECKUM COCTABOM, YKPBIBUCTOCTBIO, IIOT-
HOCTbBIO, MaclIOEMKOCTbBIO, KpacsIel CioCOOHOCTHIO, TUCIIEPCHOCTHIO, CBETOCTOM-
KOCTBIO, aTMOC()EPOCTONKOCTHI0, XUMUYECKOH CTOMKOCTHIO, OTHECTOMKOCTHIO W
CTOMKOCTBIO MPOTUB KOPPO3UH. XUMHUUYECKUN COCTaB 0OYCIIAaBIMBAET I[BET, KOPPO-
3UOHHYK0 U XMMHUYECKYI0 YCTOMYMBOCTb, TEPMOCTOUKOCTb U JP. Y KPBIBUCTOCTbH -
CIIOCOOHOCTh KpacKu (M3TOTOBJIEHHOW Ha onre U MUTMEHTE) 3aKphIBaTh EPBOHA-
YaJbHBIA IBET NMPU PABHOMEPHOM HAHECEHUM €€ HAa MOBEPXHOCTb. Y KPBIBUCTOCTh
XapaKTEPU3YIOT KOJUYECTBOM MMUTMEHTA (B I') HA | M OKpalmnBaeMoil TOBEPXHOCTH.
Kpacsimast cmioco6HOCTh (MHTEHCUBHOCTD 1IBETA) - CBOMCTBO MUTMEHTA MEepPEaBaTh
CBOI1 IIBET B cMecHU ¢ OeIbIMU, YEPHBIMU WM CHHUMH TUTMEHTaMu. MacioeMKOCTh
- COCOOHOCTh MUTMEHTA yNIEP>KUBATh OMpeAeeHHOE Koau4uecTBO Macia. OHa Xxa-
pakTepHu3yeTcs KoJIndecTBoM macia (B % Mo macce), KOTopoe Heo0Xoaumo a0ba-
BUTh K NHATMEHTY Ul IOJy4YE€HMs] KpAacOYHOW macThl. /[MCIIEpCHOCTH - TOHKOCTH
IIOMOJIa YAaCTUIL] IUTMEHTA. YeM MEHBIIE YaCTULBI, TEM BBIIIE €0 YKPBIBUCTOCTh U
Kpacsiasi ciocoOHOCTh. Pa3Mephl yacTHIl MUIMEHTa HE JOJKHBI MPEBHIIATH TOJI-
IIMHY IUIEHKU KPACOYHOT'O MOKPBITHS BO U30€KaHUU IIEPOXOBATOCTEH U HEPOBHO-
cTeu.

[TurmMeHTHI TPYNIUPYIOTCS 1O LBETY: Oelble, YepHbIe, KpaCHbIE U KOPUUHEBHIE,
JKENThIC, CHHUE U 3€IICHBIE.

benpie mUrMeHTHI MOTYT OBITh HCKYCCTBEHHBIE U MPpUpOAHbIE. U3 HCKyCcCTBEH-
HBIX O€NbIX TUTMEHTOB, [I0JIy4a€MbIX IIyTEM XMMHUYECKON NepepaboTKu MUHEpaJIb-
HOTO CBIPbs, LIMPOKO HUCIIOIb3YIOT IIUHKOBBIC, CBUHILIOBBIE, TATAHOBBIC U CEPHUCTHIC
oenuna.



Men kak TUTMEHT W HANOJHUTENh WCTOJIB3YIOT IS pa30eIMBaHUS I[BETHBIX
KpacouHbIX BenlecTB. OH NPUMEHSETCS TaK>Ke JJIsl U3TOTOBJICHUS KIEEBbIX U CUJIU-
KaTHBIX KPacoK.

W3BecTh BO3myIIHAS MPUMEHSETCS Ui TTo0enku ¢GacaaoB MPOMBINIJICHHBIX H
IPAKIAHCKUX 30AHUAMN.

YepHble MATMEHTHI: Ca)ka ra3oBasi, HE(TSHAs, MEPEKUCh MapraHiia U TOHKO
MOJIOTBIN Tpadur.

KpacHple 1 KOpUYHEBBIE TUTMEHTBI: MYMHsI HICKYCCTBEHHAsA U MPUPOJIHAS, CY-
PYK >KEJIE3HbIN, KPOH KPACHBIN, CYPUK CBUHIIOBBIN.

KenTpie TUTMEHTHI: KPOHBI Pa3IUYHBIX OTTEHKOB (OT JIAMOHHOIO JI0 OpaHke-
BO-KPAcCHOTO) U OXPBHI.

CHHue NUTMEHTHI: YIbTPAMAPHUH U JIa3ypb MalspHas. 3€JIEHBIC TUTMEHTHI: OK-
CUJ XpOMa, 3€JI€Hb IUHKOBAsI, 3€JIEHb CBUHIIOBAs, XPOMOBAs.

[{uuakoBBIe Oemmta - okcu IuHKa ZnO ¢ HEOOIBIINM KOJIMYECTBOM ITPUMECEH.
ConeprxaHue OKCHJIa IIMHKA JOJDKHO ObITh He MeHee 92 %, MIoTHOCTH -5.6 F/CM3,
ykpbiBUcTOCTh - 100 ...ITO /M , OHHM CBETOCTOMKH, HE SIJIOBUTHI, HEBBICOKAS
aTMOC(HEepOCTOMKOCTD.

CBUHIIOBBIE OelMiIa IO XUMUYECKOMY COCTaBY INPEJCTaBISIOT COOOW OCHOB-
Hy10 yriekuciyto coib cBuHa 2PBCO3 PB(OH)2. OHu yKpBIBUCTHI, aTMOC(HEpO-
CTOMKH, HO TOKCUYHBI.

TutaHoBble Oenuiia MO XUMUYECKOMY COCTaBy - Auokcu] tutana TiC”. OHu
SIBJISIFOTCS JTyYIITUMU U3 CYIIECTBYIOIIUX O, UX YKPBIBUCTOCTH cocTaBisieT S0 ...
70 /™ , InoTHOCTE 4.24 ... 3.84 r/em’. TUTaHOBBIE GeNuIa 00IANAIOT BBICOKOM
CTOMKOCTBIO K BO3JCHCTBUIO aTMOC(epbl, KHUCIOT, MIEIOYeld U TIOBBIIMICHHBIX
TeMrepaTyp, OHU HE TOKCUYHBI.

[lepexucy mapranma (MnCb) B TOHKOM3MEIBYEHHOM COCTOSHHM 0Opasyer
YEPHBIA MUTMEHT CO 3HAYUTEIILHON KPOIOIIEH CIIOCOOHOCThIO. MyMus IpupoHAas -
TOHKOU3MEJIbYEHHBIN MOPOIIOK TJIMHBI, OKPAIIIEHHBI OKCUIOM JKejie3a B KPaCHbIC
ToHa. CypHK CBUHIIOBBIN - OpaH>KEBbIN WM KPaCHBIN MOPOILIOK, MPEACTABIAT COO0H
CBHUHIIOBYIO COJIb OPTOCBHUHIIOBON KHUCIOThI PB3;04, TOKCHYHBIN, TSKEIbIN
(1oTHOCTB 8.3 ... 9.2 r/cM’) THTMEHT.

VYibrpamapuH - amtomocunukat Hatpusi Na4Al;Si;S,0q,, conepxamuii cepy B
KOJIJIOUAHOM COCTOSIHUH, ITOJyYArOT ITyTEM OTKUI'a KAOJMHA C COJ0M U CEPOM.

Jlazypp - xene3Has coib xkenaesuctocuHepoaucton kuciotel Fed|Fe(CN6)|3,
CBETOCTOMKWU MUTMEHT, OJTHAKO pa3pylIacTcs MOJ BO3JCHUCTBHEM LIEIOYEHN U IO-
ATOMY HE NPUMEHSIETCA ISl MOKPACOK MO IITYKAaTypKE M LIEMEHTHBIM PAaCTBOPAM.
Oxkcug xpoma Cr,0, yCTONYMB K BO3JCUCTBHUIO LIENOYEH, KUCIOT U MOBBIIIEHHBIX
temnepartyp. [lonyuyaroT HarpeBaHnem xpoMHuka K,Cr,O7 ¢ BoccTaHOBUTENEM.



5.3. IlosimMepHBIe CTPOUTEIbHbIE MATEPHAJIBI M U3/1eJIUs

[TonumepHble MaTepHrabl (MJIACTMACCHI, KOMIIO3UTHI, MIJIACTUKH) - 3TO KOMIIO-
3UIMUA ONPECICHHOTO COCTaBa, MOJIydYaeMble U3 MOHOMEPOB, OJUTOMEPOB, MOJIHU-
MEpOB C BBEJICHUEM NIPH UX U3TOTOBJICHHUH JIMOO B TIporiecce GOpMOBAHUS U3ACIUS
Pa3IMYHBIX KOMIIOHEHTOB (MHIPEIMEHTOB) JUIsl II€JICHANPABICHHOTO MPUIAHUS
CBOMCTB KaK MaTtepuaily, Tak U U3JEJIUI0 U3 HETO.

B nonumepHsbiil MaTepuan MOTYT BXOJUTh OJHOBPEMEHHO WJIM B Pa3IUYHOM
COUETaHUU: cea3ylouiee (MoIUMEpHasi MaTpULla), HANOAHUM eNU, RAACMUPUKAmo-
pbl, cmaodunuzamopsl, Kpacumenu, cuiuearoujue azenmol (OTBEPAUTENN), CIPYK-
mypooopazoeameinu, nopooopazosamenu, CMa3Ku, AHMURUPEHbl, AHMUCMAMU-
KU, AHMUMUKDPOOHblEe azeHmbl U JIPyrue KOMIIOHEHTHI, MpUJA0IINUe crienuduye-
CKHE CBOMCTBA KOMITO3UIIMH B IIEJIOM.

Casizyrollee B MJIACTUUECKOM Macce WM MOJIMMEpPHAasi MaTpHIla B MOJTUMEPHOM
MaTtepuaie (M31eI1u) yAepKUBAET BCE UHTPEIMEHThl KOMIIO3UILIUKA B (JOpME U pa3-
Mepax, MOJyYEHHBIX Mocie ee nepepadoTku. CBI3yronuM (MOJTUMEPHOI MaTpUIIei)
MOTYT OBITh WHJUBHUAYaJIbHbIE MONUMEpPHL. [IOMMMO OCHOBHOTO KOMIIOHEHTA CBSI-
3YIOILIET0 - MOHOMEpA, Yalle OJUroMepa, MOJMMEepa WM MX COYETaHHUS - B HETO
BBOJISIT Pa3IUYHbIE OPTaHUYECKUE COSAMHEHUS, U3MEHSIoIME (MOAUPUIUPYIOIIHE)
CBOMCTBAa KOMIIOHEHTOB CBSI3YIOILIETO HA CTAIMM U3TOTOBJICHUS MTOJIMMEPHOTO MaTe-
puasa Wid Mpu ero nepepadboTke B U3AEIUS.

MoauduunupoBanue OpoBOJAT TUO0 0€3 XMMUYECKUX MPEBPALIEHUN OCHOBHO-
ro nojuMepa MmyTeM U3MEHEHUs! YCIOBHM MPOM3BOJCTBA MOJMMEPHOIO Marepuana
WM BBEICHUEM MaJlbIX KOJIMYECTB HEMOJMMEPHBIX BEIIECTB (CTPYKTYpHAs MOJU-
dukarus), MO0 B pe3yibTaTe XUMHUYECKHX PEAKIUi, KaKk Ha CTaJud CUHTE3a
(comonuMepu3aiusi, NOJIMMEPU3AIMOHHOE HAMOIHEHHUE U JIp.), TaK U IMyTeM XHUMHU-
YECKUX TMPEBpAILEHUIl YK€ CHHTE3UPOBAHHBIX OJUIOMEPOB H  MOJIMUMEPOB
(xumuueckast MoauuKaIus).

Hamonautenu - 3T0 TBEpAbBIE, )KUAKKE, Ta3000pa3HbIe OPTaHUYECKUE U HEOP-
raHWYECKHE BEIIECTBA, BBOJMMBIE B MOHOMEp, OJIUTOMEP WU MOJHUMEP C LEJIbIO
CHIKEHUSI CTOMMOCTHU U3JICNIUSI C OJHOBPEMEHHBIM YIYUYIIEHUEM 3KCILTyaTalliOH-
HBIX TTAPaMETPOB TIACTHYECKUX MACC, BEAYIIUX K PACIIMPEHHUIO 00IacTeil ux mpu-
MeHeHHs. XUMUYeCcKasi mpupoja, Gu3ndeckoe cTpoeHue u hopma HaroJIHUTEIS OTl-
pEIEesIOT MEXaHUYECKUE, BJIEKTPUUECKUE U XUMUYECKUE CBOMCTBA MOJMMEPOB, a
TaKX€ HMX BO J0-, TEPMO- WU TEIUIOCTOMKOCTh. HamonHutenu B 3HAYUTEIBHOU
CTENEHU BJIMSIOT M HAa TEXHOJIOTMYECKUU MpOoLiecC MPOU3BOJACTBA IUIACTHUECKOM
MaccChl, U Ha CIIOCOOHOCTH €€ MepepadoTKu B U3IETHS.

Hanonuurtenu B 3aBUCMMOCTH OT XMMUYECKON MPUPOJLI U AKTUBHOCTHU IO-
BEPXHOCTH Pa3JIEIOT Ha OPraHUYECKHEe U HEOpPraHUYeCKue, MPUpPOJAHbIE U CUHTE-
TUYECKHE, AKTUBHbIC U HEAKTUBHBIC, 4 B 3aBUCUMOCTU OT (POPMBI U CTPYKTYPHI - HA
NOPOIIKOOOpa3HbI€ (JUCTIEPCHBIE), BOJOKHUCTHIE U JINCTOBBIE.



B mpousBoacTBE MONMMEPHBIX KOMIO3UIIMOHHBIX MAaTE€pUANIOB HamOOJbIIEe
NPUMEHEHHE HaXO/IAT MOPOIIKOOOpa3HbIE HAIOJHUTENIN PAa3InYHBIX (GOopM: KyOuue-
CKOIl - TMOJIEBOM INMAT, KaJbLMTHI; CPEPUUECKON - MCKYCCTBEHHBIE MUKPOCHEPHI,
cTeKioc(hepsl; UroIbUaTON - ApeBecHas MyKa, CHJIMKAT KalblUsl; YelIyH4yaTtou -
TaNbK, rpaduT, KAaOJIUH, THAPOOKUCH AIFOMUHHUS; B BUJE MapaljiesienuIe/a - mojie-
BOI IMaT, OKCUJbl KpEMHHUs, Oapusi, COUETaHUE KOTOPBIX MEXKIY COOOW MOXKET
OBITH CAMBbIM Pa3HOOOPA3HBIM.

M3 BOJIOKHUCTBIX HAIlOJIHUTENEH IUPOKOE PACIIPOCTPAHEHHE MTOJYUUIIN XJIOII-
KOBBIE OUYEChl, KOPOTKHE LIEJUIFOJIO3HBIE, aCOECTOBbIE, CTEKIISIHHbIE, @ TAK)KE yIJe-
poziHbIE, OOPHBIE, METAJNINYECKUE BOJIOKHA.

W3 5UCTOBBIX HANOJIHUTENEH MPUMEHSIOT OyMmary, pasjiuyHble TKaHU
(crexsioxyonuaToOymMakHble, 00pO-, OPraHOTKAHU U Jp.), JIEHThI, HAIIPUMED, U3 Me-
TaJNINYECKOUN (POIIBIH.

[TnactudukaTopsl - 3T0 MPOIYKTHI (BEIIECTBA), BBOJAUMBIE B MOHOMED, OJIUTO-
MEp WIM NOJIMMEP C LIEJbI0 MOBBIIIECHUS 3JIACTUYHOCTH M IUIACTUYHOCTH, a TAKKE
o0Jier4yeHus: TUCIeprupoBaHusl B KOMIIO3ULIMU CBhITYyYUX KOMIIOHEHTOB, HaIlpUMeED,
HOPOIIKOOOpa3HbIX HanoaHuTenel. [lnactudukaropsl HOHWKAIOT TEMIEPATYPY I1€-
pepaboOTKU U MOTYT NpUJaBaTh MaTepUaly TaKMe CBOWCTBA, KAK CBETO-, TEPMO- U
MOPO30CTOMKOCTb, HE TOPIOYECTD.

N3BectHO cBhimie 500 HanMEeHOBaHUH TIACTU(DUKATOPOB, TPUMEHSIETCS OKOJIO
100. BaxxuedmmMu U3 HUX SBISAIOTCA 3PUPHI anupaTUIECKUX WIH apOMATHYECKUX
KHUCIIOT U anu(aTudecKux CupToB, F3GUpPHI raukoiei u s3¢gupst GpocdopHoit Kucio-
ThI, STOKCUIUPOBAHHBIE COEUHEHUS, XJIOPUPOBAHHBIE COCTUHEHNUS U JIP.

Crabuiu3atopsl (aHTHOKCHAAHTHI, TEPMO-, CBETOCTAOMIN3AaTOpPbI, MPOTUBO-
YTOMHTEIIN) - BEIIECTBA, MOBBIMIAIOIINE YCTOMYMBOCTH MOHOMEPOB, OJINTOMEPOB
WA TIOTUMEPOB K JIEHCTBUIO KUCIOPOa, OCOOEHHO MPHU MOBHIIICHHBIX TEMIIepaTy-
pax B yCIIOBHUSIX MPOU3BOJCTBA, MEPEepabOTKU M XPAaHEHUsS - IKCIUTyaTalluu MOJH-
MEpHBIX MAaTepUaNoB. Pa3nuyaroT OKpammBaronme 0 HEOKPAINBAIOIINE aHTHOKCH-
JAHTBI, CPeId KOTOPHIX HauOoJbllee MPUMEHEHHE HAXOAST HEO30H, HOHOKC, Jua-
dben, ankodeHsl u ap.

CummBarouiye areHTbl (OTBEPAWUTENIM, BYJIKAHM3YIOIIME AreHThl) - BEIIECTBA,
CO3Zarolye B IOJMMEPHON MATPHUILIE KOMIIO3UIIMOHHOIO MaTepUaia Ha OIpeIeIICH-
HOM CTaJuM €ro NpOU3BOJACTBA, YallE BCEro MPU U3TOTOBICHUM HU3ZCIIHS, XUMUAYe-
CKHE CBSI3U MEKIYy MAaKpPOMOJIEKYJIAMH C LIEJIBIO IOBBIIIEHUS IIPOYHOCTH, TEIUIO- U
XUMCTOMKOCTH U APYTMX CBOWCTB. Y CIIOBHO CIIMBAIOIINE ar€HThI pa3IeisaioT Ha OT-
BEPAUTENN JUIs IUIACTUYECKUX MAcC M BYJIKAHM3YIOIIME areHThl Ui KaydykoB. K
OTBEPAMUTENSAM OTHOCAT adu(paTUYECKUE U apOMATUUYECKHE aMUHBI, HU3KOMOJIEKY-
JSIPHBIC MTOJIMAMUABI, AHTUAPUIBI KUCIIOT, OJUU301HAHATHI, T€KCAaMETUIICHTETPAa-
MUH, aJIKOKCUCUJIaHbl, AKTUBHBIE PAaCTBOPUTENHN - QpypPypos u (ypuaoBsIil COUPT,
CTUPOJ U Ap.; K BYJKaHU3UPYIOLIUM areHTaMm - cepy, OpraHU4eCKHe AU- U IMOJIU-
Cyiab(QuUIbl, OPraHNYECKNUE MEPEKUCH, TUAMUHBI, IPOU3BOJIHBIE XMHOHA, aKUII(e-
HOJIO(OpMaJIbACTUIHBIE CMOJIBI, TUU30I[MaHAThI, OKHCIIBI METAJUIOB U JIP.



CtpykTypooOpa3oBaTelisiMi Ha3bIBAIOT BEIIECTBA, BBOJUMEIC B TMOJMMEPHbBIC
MAaTEPUAIIbl IS MOJYYEHHS [TOJIMMEPHON MATPUILIbI C ONPEAEIEHHON CTpyKTypou. K
TaKUM BEIIECTBAM OTHOCATCSI TOHKOJMCIIEPCHBIE MOPOIIKHA OKUCIOB, HUTPUIOB Me-
TaJIOB, KapOUJIbI, COJIM OPTAaHUYECKUX KUCIIOT, IOBEPXHOCTHO-aKTUBHBIE BEIECTBA
(ITAB), BBogumbie B konunuecTBe 0.1 ...1.0 % oT maccel monumepa. BeimonaHss posb
LIEHTPOB KpUCTAUIM3allMM U (WJM) MOHWXKAas MOBEPXHOCTHOE HATSIXKEHUE Ha
rpanwuiie ¢as, 3Tu J00aBKU CIIOCOOCTBYIOT YIYUIICHUIO TPOYHOCTHBIX, XUMUYECKHIX
U IPYTUX CBOMCTB MOJIMMEPHBIX MaTEPUATIOB.

Cwmazku (napadusbl, BOCKa, cT€apaThl) IPEAOXPAHSIIOT OT MPUIUIAHUS MTOJH-
Mepa K MOBEPXHOCTAM (POpMyIOLIeEro o00py10BaHusl, ClIOCOOCTBYsSI TUCIIEPTrUpOBa-
HUIO UHTPEIUEHTOB B MaTEpHUae.

Antucratuku (pasnuunele rpynnsl [IAB, no6asisiembie B konuuectse 10 1%
OT Macchl MOJIUMEpPA) MPEeAOTBPALIAIOT BOZHUKHOBEHNE M HAKOIJICHUE CTaTUCTHYE-
CKOT'0 JIEKTPUYECTBA HA U3JIEIINASX U3 MTOJTUMEPHBIX MAaTEPUAIIOB.

AHTUNUpEHbl (TalIOTeHOCOEpIKaIlle COEAUHEHHUs, MPOu3BoJHbIE (ocdopa,
COCIMHEHUS! CYPbMbl, U30IIMAHATHI) CHUXKAIOT TOPIOYECTh MaTepuasa, 3aTpyaHss
BOCIJIAMEHEHUE U PACTIPOCTPAHECHUE TUIIAMEHH.

[TopooOpazoBaTeny - BCIEHUBAIOIINE BEUIECTBA, UCIOJIb3yeMble sl 00pa3o-
BaHMS B TOJMMEpPE WM MOJUMEPHOM MaTepuaje 3aMKHYTBIX, HE COOOIIAIOIIMXCS
(TEHOIIACT) WM COOOMAIUXCA (TIOPOTUIACT) MEXKTY COOOM TOp, YTO BEJET K Cy-
IIECTBEHHOMY CHUXEHHIO IIJIOTHOCTU MaTepuara.

[TopoobOpazoBaTensiMu MOTYT OBITh OPTAHUYECKUE U HEOPTAHUIECKUE, KUTKHIEC
Y TBEp/IbIE BEILIECTBA, pasjaraioniuecs rnpu HarpeBanuu c BoiaeneaueM CO,, NH,,
N,, mu6o Bo3ayxa, N,, CO,, NH,, H, B Bue ra30B, BBOIUMBIX B KOMITO3HUITUIO TIOT
JABJICHUEM; JIETKOKHUIISIIIME, HO HE pas3jararoliie Npu HarpeBaHUU >KHUJIKOCTHU
(METHJIEHXJIOpU/[, MEKTaH, TeKTaH U Jip.) u BogopactBopuMsble coiu (KC1, NaCl u
1p.), BBIMbIBaEMbI€ U3 U3aeus (Ppu3ndeckue mnopooopa3oBaTenn).

AHTHCENTHKHU (70JIM MPOIEHTa OpraHnYecKuX coenuHenuit Sn, As, Hg, 6po-
MHPOBAHHBIX CAIMIIMIAMUJIOB, MEPKAINITAHOB) B MOJUMEPHOM MaTrepuale 3aTpy-
HSIOT NOSIBJICHUE U PACIIPOCTPAHEHUE MUKPOOPTaHU3MOB.

Kpacurenu (oprannueckue u HEOpraHMYECKHUE MUTMEHTHI) BBOJASITCS B MOJIU-
MEpHbIE MaTepuallbl JJi MPUJAHUS UM I[BETa U TOBAPHOTO BUJA U JOJKHBI 001a-
JIaTh BBICOKOW CTENEHBIO AUCIIEPCHOCTH, CBETO-, TEPMO- U aTMOC(PEPOCTONKOCTHIO,
CTOMKOCTBIO K BO3JIEHCTBUIO arpeCCUBHBIX cpell (KUCIIOT, IIeJIoYeil U Ap.) U OTCYT-
CTBHEM CKJIIOHHOCTH K MUTPALlUH Ha TOBEPXHOCTh U3JICIIHSL.

[TonuMepHbIe CTPOUTENBHBIE MAaTEPUAIBI - 3TO Yallleé BCETO MHOTOKOMIIOHEHT-
HbIE CUCTEMbI, OCHOBHBIM OTJIMYUTEIbHBIM IPU3HAKOM KOTOPBIX ABISETCA BUJ CBS-
3yrouiero - nonumepa. OqHako B ONPEACIIEHHBIX YCIOBUAX HCIOJb3YIOTCA TAK Ha-
3bIBAEMbIE TOMOIIOJIMMEPHBIE MAaTEPUAIBI - TOJIUMEPHI, HE COAEPIKAIINE KAKUX-TTNO0
MOAUGPUIMPYIOMINX U APYTUX 100aBOK. [lepedyeHs 3Tux mMarepuanoB v 00JaCTU UX
MCIIOJIb30BaHUs I0BOJIbHO 3HAYUTEIbHBI.



[Tpu mompITKax KJIaCCU(PUITUPOBATH CYMIECTBYIOMIUNA MAaCCUB MOJTUMEPHBIX Ma-
TE€pPUAJIOB BCETJa BOSHUKAIOT TPYAHOCTH, CBA3aHHBIE C MTOJIMBAPUAHTHOCTBIO UX CO-
CTaBa M CTPYKTYPHI U OTCIOJ]a MPAaKTHUECKH HEOTPaHUYECHHBIM HaOOpOM - codeTa-
HUEM CBOMCTB KOHEUHBIX MPOJIYKTOB U U3JICJIUNA U3 HUX.

Ha mpakTuke u B TuTepaType MUCIOJIb3YETCSl HECKOIBKO CIIOCOOOB pa3ieneHus
MOJIMMEPHBIX MaTE€pPUAIIOB, OCHOBY KOTOPBIX COCTABJISIIOT:

npoucxodicoeHue - NPUPOAHbIE, UCKYCCTBEHHbIE, CHHTETUYECKHE;

MexXaHu3mM cunme3sa - NOJMMEpPU3allMOHHbIE, TOJIMKOHACHCAlMOHHBIE;

cnocob cunmesa - CyClieH3MOHHbBIE, SMYJIbCUOHHBIE, OJIOUHBIE MJIK MACCOBBIE;

nogeodenue npu 8030€eliCMBUU BbICOKUX MeMnepamyp - TEPMOIUIACTBI,
PEaKTONIaCThI;

Xumuyeckoe cmpoenie - OpraHnYecKre U HEOPraHMYECKUEe UM KapOollenHbIe,
reTEPOLIENHBIE, IIEMEHTOOPTAHUYECKUE U HEOPTAHUYECKUE;

KOHEeUHblll NpOOYKM - OTUTOMEPBL, TOJIUMEPHI, TUIACTUYECKUE MACCHI U T10-
JMMEpHBbIE MaTEPUAIIbL,

8eNUUUHA 0ePOPMAYUOHHBIX XAPAKMEPUCMUK - FKECTKUE, TTOTYKECTKUE, MITKHUE
Y DJIaCTUYHBIE;

001acmob npumeHenusl - TAK Ha3bIBA€MbIE IOTPEOUTENBCKUAE PAIBI - CAMBII
HIUPOKUHN CHEKTP AJIs KiaccupUKaIuu.

[Ipu BBIOOpE MOJMMEPHBIX MATEPUATIOB, 3ALTUIIAIONIUX U3ACIUS U KOHCTPYK-
MW OT BO3JCHUCTBUS DPA3IMYHBIX (DAKTOPOB IKCILIyaTallMM M arpecCUBHBIX Cpell
(momuMepHBIE TTOKPHITHS ), HEOOXOIUMO YUUTHIBATh XUMUYECKYIO CTOUKOCTH TTOJIH-
Mepa, €ro TepMOCTa0MIbHOCTh, MPUPOAY 3aUIUILAEMOl MOBEPXHOCTH, CLEIUIsIE-
MOCTb (Qr€3HI0) NOKPBITHS C 3alHUIIAEMON TOBEPXHOCTHIO U HEKOTOPHIE APYTHE.

JIisi OpUEHTUPOBOYHOTO BBIOOpA CIIEMYET MOJB30BATHCS CIPABOYHBIMU JAH-
HbIMU. OTHaKO HEOOXOAMMO TTOMHUTD, YTO OOJIBIIICH YaCThIO OTH JTAHHBIC OCHOBHI-
BAaIOTCS HA OTHOCHUTEIBHO KPAaTKOBPEMEHHBIX, J1a0OpPaTOPHBIX HCIBITAHUSAX B
YUCTBIX MHJUBUIAYAIbHBIX cpefax. Ha mpakTuke yclaoBUS 3KCIUTyaTallUH U CPEJIbI
CIOXHbIE. B 3TOM CBSI3U PEKOMEHAYETCS MPOBOJAUTH MPOBEPOUHBIC HCIBITAHUS
MOJIMMEPHOT0 MOKPBITUSL B MOJIENIBHBIX U TPOU3BOJICTBEHHBIX YCIOBUSIX.

JI71st yCKOpEHHOTO BBIOOpA BUAA WM TPYIITBI TIOJIMMEPHOTO TIOKPBITUS IS 3a-
UIUTHI CTPOUTEIIBHBIX U APYTUX U3JETUN U KOHCTPYKIIMH MOKHO BOCHOJIb30BaThCS
YIPOLIEHHON AMarpaMMOi, IPeICTaBICHHON Ha puc.S.1.

HckyccTBEHHBIE TOJMMEPHBIE MATEPUAIIBI U U3AEIUS MOJIY4aroT U3 IJIaCTHYe-
ckux macc. Kpome nonmmMepa (CBSI3yrOLIEro) MiIacTMacchl MOTYT COJIEpkaTh HaIoJ-
HUTEIM U MAacTUPUKATOPHI, KPACUTEIHU, CTAOMIN3AaTOPhl U JIPyrue CHeluaIbHbIe
n00aBku (OTBEpAUTENM, TTOpooOpa3oBaTesid, cMa3blBaroliue BemiecTBa). llepBoii
MIPOMBIIIUICHHOM TIJITacTMAaccoil ObUT 00HMT, MOJydeHHBIH emie B 1843 r. Bylka-
HU3AalUEN HATYypaJbHOTO Kaydyka cepor. B Hauane XX B. Ha4aTO MPOU3BOACTBO
MJIACTUYECKUX MacC Ha OCHOBE (PeHO0I0(OpMaIbIETUIHBIX TOJTUMEPOB.



OnHMM M3 LEHHBIX CBOWCTB IUIACTMACC SIBJISETCS MX HEOONbIIAs CpeaHss
IUIOTHOCTb, HaXOAsIIasicst 1jisi OOJIbLION TpyHmbl MOPOIIKOB B mpeaenax 15...400
3
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Puc.5.1. [luarpamma 3pHeKTHBHOCTH 3aLIUTHI U3AENHd H KOHCTPYKLUI NMONHMEPHBIMH TOKpPbI-
tusaMu (HK — HatypanbHbiit kaydyk; CKH — kay4yk cuHTeTHueckuii n3onpeHossiii; CK]I
— kay4yk 6yramueHoBblif; CKC — kayuyk 6yrapuercruponbhbiit; CK3II — xaydyk aTH-
neanponuneHosslit; CK® — kaydyk ¢ropoconepxamuii; BK — Oyrnnkayqyk, XCIIO —
XJIOPCYNbGHPOBAHHLIN MONHITUIIEH)

BonapmmHCTBO TUTacTMacce (0COOEHHO C JIMCTOBBIMHU HAIOJHHUTEIISIMH) 001a/1a-
IOT BBICOKUMHM MEXaHUYECKUMH CBOMCTBaMU. OHU XOPOIIO COMPOTHUBIISIIOTCS CHKU-
MAIOIIUM, U3THOAFOIINM, UCTUPAIOIINM U yIapHBIM BO3aeliCcTBHUsAM. Tak, Hampumep,
npeaesl NPOYHOCTH MPHU PACTKEHHHM cTekioTekcronuta gocruraer 280 Mlla, a
CTEKJIOBOJIOKHUCTOTO aHu3zoTponHoro marepuaina (CBAMa) 450 ... 900 Mlla;
mpeaes MPOYHOCTH OOJIBITUHCTBA IIACTMACC C MOPOITKOOOPAa3HBIMU M BOJIOKHH-
CTBIMH HAIOJHUTENISIMU cocTaBiisieT pu cxatuu 120.0 ... 160.0 MIla, a npu uzrude
40.0 ... 60.0 MIla u 6osee. Kpome TOr0, OHM XapaKTepU3yOTCS BHICOKUM KOA(Pu-
IIUEHTOM KOHCTPYKTUBHOTO KadecTsa (1.0 ... 2.0).

[TonoxuTenbHOM XapaKTEPUCTUKON TUIACTMACC ABJISIETCS UX Mallas TeIUIoNpo-
BOJHOCTb M BOJIONOTJIONIEHHE. TermIonpoBOJHOCTh U3IEIUIN U3 MJIACTMACC COCTaB-



asiet 0.25 ... 0.70 B1/(M-°C), a y mopucteix matepuanoB Bcero aumib 0.03 Bt/(M-
°C), T.e. mpubmmkaercs K TermionpoBogHocTr Bo3ayxa 0.023 Bt1/(M-°C).
[InacTmaccel U U34Sl HA UX OCHOBE UMEIOT BBICOKYI0 XUMUYECKYIO CTOMKOCTD K
BO3JEHCTBUIO PACTBOPOB KUCIIOT, II€JI0YEH, OPraHMUYE€CKUX PACTBOPUTEIICH.

K momoxuTenpbHbIM CBOMCTBAM IIACTMACC CIIEAYET OTHECTH MX CIIOCOOHOCTH
MPOKPAIUBATCA HA BCIO TOJIIUHY U3AEIUS U JIETKO MOJJaBAThCs TEXHOJIOTUUECKOM
00paboTKe - CBEPIUTHCS, OOTAYMBATHCS U CBAPUBATHCS B CTPYE rOpsiYero BO3AyXa.
OTtaenbHbIE BUBI MJIACTMACC 00J1aJal0T BBICOKOW MPO3pPAaYHOCTHIO, KOTOpasi HaXo-
IUTCS B Tipenenax 85 ... 94 oTHOCUTENBHO MPO3PaYHOCTH anmasa, puHsaToun 3a 100.
OcoOble 1eKopaTHUBHBIE CBOMCTBA M3/ENIMIA U3 TUIACTMAcC: IiajKas, He TpeOyromas
MOJIMPOBKH MOBEPXHOCTh, YETKO BBIPAKEHHBINA KOJIEP - BBITOAHO OTIMYAIOT 3TU U3-
JIeNHsl OT JPYTUX OTAEIOYHBIX MaT€pPUaIOB.

BwmecTe ¢ TeM OHU UMEIOT psAJl HEAOCTATKOB. Tak, CylIeCTBEHHBIMU HEIOCTaT-
KaMM IUTacTMAaccC SIBJISIOTCS Majiasi IOBEPXHOCTHAsI TBEPJOCTh, HU3KAsl TEILIOCTOM-
KOCTb, TOPIOYECTh, TOKCUYHOCTD, MOBBIIIEHHAS MOJI3Y4YeCTh, Majas JOJTOBEYHOCTD,
U3MeHeHue QU3NKO-MEXaHUYECKUX CBONCTB BO BPEMEHHU.

[Tox Bo3nEWiCTBHEM pa3TUYHBIX AKTUBHBIX (DaKTOPOB U MPU BHICOKOM JJIs JIaH-
HOTO MaTepuaia TeMIrepaType MOryT pa3BUBAThCA B MOJIMMEPE MPOLECCH OKUCIIe-
HUSI U IECTPYKIUU C Pa3pbIBOM MAKPOMOJEKYJ MO JIJIMHE LIENH, OTPHIBOM OTIENb-
HBIX WJIHM TPYIN aTOMOB OT €€ 3B€HbEB. Tak, HampuMep, MO/ BIUSIHUEM O30HA BO3-
HUKAIOT (YHKIIMOHAJIBHBIE TPYMIIBI - THAPOKCHIIBI, KapOOKCHIbl. OHU SIBISIOTCS
CBOEOOpA3HBIMU MPEIBECTHUKAMHA XUMUYECKOU JECTPYKITUH:

-CH; - CH.R - CH; - CH.R-

moa BIIMAHHUEM O30HA BO3HUKACT

- CH; - CH - CH; - CH.R-

OOH

B peakuusix AeCTpyKUHMH NOJUMEPOB XAPAKTEPHBIM SBIISIETCS] CHUKEHUE MOJIE-
KYJISIPHOM MaccChl M BbIACJICHHE JIETYYHX MPOAYKTOB. MI3MEHEHHS NOJIMMEPOB CBS-
3aHbI C BJIUSHHUEM CBETOBOIO OOJYYEHUs, HAPUMEP, AKTUBHOW YaCTU COJIHEYHOU
pammammy (amuHa Boits 30 - 36 + 10"*M), neiicTBHEM ymbTpadHOIeTOBBIX Jyueii, mo-
BBIIIEHHBIX TEMIEPATYP, MEXAHUYECKUX HANPSIKEHUN, BOJOMNOIJIOLIEHUEM IpPH
JUTUTEITBHOM KOHTAKTE C BOJIOM.

JIeCTpyKTUBHBIE SIBJIEHUS pPAacCMOTPEHbl HWXKE B OTHOLIEHUM psAOa Tep-
MOIUIATUYHBIX U TEPMOPEAKTUBHBIX MOJUMEPOB.

[TonuaTUNIEH HECTOEK K JACHCTBHIO OKUCIMUTENEH NMPU MOBBILIEHHBIX TEMIIEPA-
Typax. Bogonornomnienue Hadbmtonaercs B cpeae [IAB. Paspymienus marepuana Ha-
OJIFOIAIOTCS MOJT AEUCTBUEM aKTUBHOW YacTH COJIHEYHOW paJiualiiy, MOHU3UPYIO-
niero uznydenus. [1onmn300yTuIeH CToek K JeHCTBUIO MUHEPAIbHBIX KUCIOT, KOH-



LEHTPUPOBAHHBIX €AKUX ILesoueid. OqHaKo Mo BIUSHUEM apOMaTHYECKUX U XJIO-
PUPOBAHHBIX YIJIEBOJOPOJIOB OH CPABHUTEIBHO JIETKO PACTBOPSAETCS C MOTEPEN HC-
XOJHBIX (PU3UKO-MEXaHUYECKUX CBOMCTB.

[ToNMBUHUIXIJIOPUI U €r0 COMOJUMMEPHI C BUHWIALIETATOM XapaKTEePU3YIOTCS
BBICOKOW CTOMKOCTBIO K KHCIIBIM U HIEIOYHBIM cpeAaM. TpyObl U3 MOTMBUHUIXJIO-
pUaa yCIEIHO UCIOJb3YIOT JUIsl TPAHCIIOPTUPOBAHUS arpeCCUBHBIX KHIKOCTEN MpU
temmneparype oT -15 go +60 °C. Ho u 3ToT nonumep, a TakKe HOJIUCTUPOJI C €r0 Bbl-
COKOM CIOCOOHOCTBIO COXPaHSTh TBEPAOCTh NPHU TMOBBIIIEHUU TEMIIEPATYypPhI
(temniepatypa miasneHus 230 °C), He NPOSBIISIOT CTOMKOCTH MPU COTHEYHOM 00JTy-
YEHUU U OBICTPO CTAPEIOT, HAOUPAIOT XPYIIKOCTb.

[TonusgupHbie TOIUMEPHl HMMEIOT BBICOKYI0 CTOMKOCTh K OOJBIIMHCTBY
KHCJIOT 000 KoHIeHTpanuu 10 temnepatypbl 80 °C, k cynbdaraM, XJIOpUIaM,
cnupTam, HepTenpoaykraM. Ho oHM moaBep>KeHbl KOPPO3MOHHOMY BO3EHCTBUIO
a30THOM, YKCYCHOM M MypaBbUHOW KHUCIOT. OHM HE MPOSBISAIOT JOCTATOYHOM
CTOMKOCTH K €JJKUM IEJI0YaM.

OnokcuaHble U PypaHOBBIE MOJIUMEPHI HE OTJIMYAIOTCS BHICOKONH XUMHUUYECKOM
CTOMKOCTBIO K BO3JCHCTBUIO CUIJIBHBIX OKUCIIUTEIEH.

CpaBHHTENIBHO OOLIUM CIIOCOOOM TOPMOKEHHMS MPU BO3JAEHCTBUM CBETA U 00-
JTy4YEHUN SBISETCS BBEJICHHE XMMHYECKUX PEareHTOB, CIOCOOHBIX MOTJIOIIAThH
ynbTpaduoieToBbie U Apyrue aydu. K Takum peareHTam OTHOCATCS, HApUMeEp, IS
cTaOUM3aluy TOJMATUICHA M HEKOTOPBIX IPYTHX IMOJUMEpPOB OEH30TpHa3o,
TUHYBHH, XJIOPUCTBII MapraHen u Jp.

Hpyroit croco0 cTabuian3anuu CTPYKTYpPbI MOJIMMEPOB, MPUMEHIEMBIX B T1O-
KPBITHUSIX, - BBEICHUE CBETOOTPAKAIOIIMX T100aBOK, HAIPUMED, AITFOMUHUEBON My~
pel. B mommmeps! st cTabmimM3anid BBOMST TaKKE aHTUOKCHIIBI, HATIOJHUTEIH,
0co0bIe Pa3HOBUAHOCTU CTAOUIN3AaTOPOB U IPYTUE T00ABKH.

IIpyn HU3roTOBIEHWH IUIACTMACC U CTPOUTEIBHBIX MAaTE€pUaoB (M3AENuil) W3
HUX OCYILECTBISIOTCS MOATOTOBUTEIbHBIE PA0OTHI IO AKTUBAIMU COCTABIIAIOIINX,
JO3UPOBAaHUE KOMIIOHEHTOB M HX IEPEMEIINBAHUE B CMECHUTENIbHBIX alaparax,
(dopMoBaHuE U3ENNI METOJAaMH BaJlblleBaHUA (Ha KajaHApax), TOPSUEro Mmpecco-
BaHMSI, JINThA MOJ] JABICHUEM, SKCTPY3HH U JIp.

BasnblieBanue Ha KanaHapax - TEXHOJIOTHYECKUN mepeses, Mpu KOTOPOM pas-
MSr4eHHasi KOMIO3UIUs POPMYETCS B 3a30p€ MEK/y BpAIllalOIIMMUCS BaJIKaMU Ka-
JaHAPOB, 00Pa3yIOUMMU JICHTY W3/eJUs, TOIINHY U IIUPUHY KOTOPOI MOXKHO pe-
ryaupoBaTh. Takas TEXHOJIOTHS MPUMEHSETCS s 00paOOTKU MOIMBUHUIXIOPU-
HBIX IJJACTMACC IIPU U3TOTOBJICHUH IIJICHOK, PYJIOHHBIX MAaTEPHAJIOB JUIsl MOJIA.

DKCTpy3Husl - MpoLece, MPU KOTOPOM 3aJaHHBIN NpoduIib U3ASIUSIM TIPUAAETCS
POJIaBJIMBAHUEM Pa3MITUY€HHON MCXOAHOM IutacTMacchl uepe3 GopMooOpaszyroliee
YCTPOMCTBO - AKCTPY3UOHHYIO T0JIOBKY. C MOMOIIBIO TaKUX HTHEKOBBIX IKCTPY3U-
OHHBIX MAIIIUH M3TOTABIMBAIOT MOTOHAKHBIC M3ICNHS, TPYObI, INIEHKH, JIMHOJICYM
JUTSl IOJ1a U JIp.



Ha ocHOBe 3TUX M HEKOTOPBIX APYruX (BaKyyM-(pOpMUPOBAHMs, HATBUICHUS)
TEXHOJIOTMYECKUX ONEPALMIl Pa3BUBAETCS MPOU3BOJICTBO CTPOUTENIBHBIX MaTepua-
JIOB ¥ U3/1€JIMM U3 IJIaCTMACC.

[IpeccoBaHue - U3TOTOBIIEHNE U3/IETUI B METAJUTMUECKHUX Mpecc-Ppopmax. Ma-
Tepual (Impecc-mopoIIoK), 3aMoJIHUBIINNA (opMy, O JEHCTBUEM TEIUIOTHI U JaB-
JICHHsI IPEBPAIAeTCs B TOTOBOE U3/IE€TUE 33JaHHON KOH(UTYpaIHH.

ChIpbeM ISl U3TOTOBJICHMS JIMHOJIEyMa, KPOME CBA3YIOIIETO MOJIMBUHUIXJIIO-
puUIa, CIy>KaT HAMIOJIHUTENN: TaJbK, OapuT, MeJ ruApoPoOU3UPOBAHHBIN, JpeBECHas
MyKa U JApyrue, miacTu(UKaTopbl TUOKTUGTATUT U J00aBkU. JlJis OKpalIuBaHUs
JMHOJIEyMa IPUMEHSIOT MyMUIO, CYPHK KEJIE3HBIH, JINTONOH, YIbTPaMapyH, 3€JIEHb
XPOMOBYIO.

[ToAMHUBUHUIXIOPUIHBINA JIMHOJIEYM MPOU3BOAAT HA TKAHEBOU U TEIJIOU30JIs-
HAOHHOW ocHoBe. Ilpu TpUMEHEHWH BCIEHEHHOrO  MOJHMBUHWIXJIOPHUAA
MPUMEHSIOTCS TKaHU U3 CTEKJIOXO0JICTA U acOecTa.

bonee >pheKTUBHBIMU CUHTETUYECKUMH TMOKPHITUSIMH B3aMEH JIMHOJIEYMOB
ABJISIFOTCS. KOBPOBBIE OKPBITUSA. /(151 MPUTrOTOBIEHUSI KOBPOBBIX MOKPBITHI OTIEIIb-
HbI€ TOJIOTHUIIIA MaTepualia CKIEUBAIOT WM CBApPUBAIOT B KOBPHI HEOOXOIUMBIX
pa3MepoB.

BopcoBoe pyJIOHHOE MTOKPBITHE U3 CUHTETUYECKUX BOJIOKOH M3TOTOBJISIIOT Ha-
HECEHHWEM CHHTETHYECKOr0 BOPCA B JEKTPUYECKOM I0JIE HA Pa3JINYHbIE MMOJOCHO-
Bbl. KOBpOBOE MOKPBITHE BBIITYCKAIOT B PyJIOHAX JUIMHOW HE MeHee 12 M, IUpUHON
1.1; 1.2 m 1.3 M ipu TOJIIMHE HE MEHEE 5 MM.

@DEHOMUTOBBIE, PE3UHOBBIE IUIMTKH, JPEBECHO-CTPYXKEUYHBIE, JIPEBECHO-
BOJIOKHUCTBIE TUINTHI, CAHUTAPHO-TEXHUUYECKOE 000pyAOBaHNE B BUJAE BaHH, YMBbI-
BaJIbHUKOB, PAKOBHUH U JIPYTH€ U3rOTABIMBAIOT IPECCOBAHUEM.

Otnenoynble M3JENUS - BIArocTorkue ooou, «M3omieny», «lleHomaen»,
«JImakpyctut», «TekcomneH»  HW3roTaBAMBAIOT  HAMNBUIEHUEM, IPOMAa3HBIM
CII0COO0M, BaJIbIIOBO-KaJIaHIPOBBIM.

CocTaBbl, B KOTOpPBI€ BXOJAST HAIOJHUTEIH, MIACTH(PUKATOPHI, KPACUTEIH U
pasiuyHble J00AaBKM HAHOCATCS Ha OYMa)KHYIO WJIM TKaHHYIO OCHOBY. B kauecTBe
TUAPOU3OJISIIMOHHBIX MOJMMEPHBIX MATEPHUAIIOB CIEAYET PACCMATPUBATH MOJIUU30-
OYTUJICHOBYIO TUICHKY - PYJOHHBIM MaTepuall, MoJy4aeMblid U3 MOJUU300yTHIICHO-
BOT'0 KayyyKa, ra30Boi caxu u rpadgura. CMelmMBaHueM noJmu3o0yTuieHa, HeQsi-
HOTo OuTyMa M acOecTa MOJy4yaroT MaTepual, U3 KOTOPOro Ha KajlaHJapaxX U3roTas-
JIMBAIOT TUAPOU3OISALUOHHBIN MaTEpUal.

Cwmech, cocrosiasi U3 pe3uHOBOM KPOIIKK, OMTyMa, KyMapOHOBOTO MOJIUMEPA,
HaIoJHUTEN (acOeCT) W aHTpaIleHOBOI0 Macjia (aHTHCTATHK), MPEACTaBIseT Mac-
TUKY U30JISIHAOHHYIO.



5.4. I'napou30aIMOHHBIE MATEPHUAJIbI

IIpupoanblie moJiMMepHbIe CTPOUTEIbHbIE MaTepHuaJbl. [IpuponHbiMu mo-
JUMEPHBIMU CTPOUTEIBHBIMUA MaTepuajaMH SBIAIOTCS B MEPBYIO o4Yepeb OUTyM U
cmouia. [To 1aHHBIM packomnok yctaHoBieHo, 4to 4500 - 5000 net Ha3aa NpUpOIHBIA
OUTYyM M CMOJY HCIIOJNB30BAIM B KAaueCTBE BSDKYIIUX U THUIPOU3OJISIUOHHBIX
MaTEpUAJIOB MPU CTPOUTENBCTBE ErUIETCKUX U BaBUJIOHCKUX COOPYKEHUH, U30JIs-
[IUU KaHAJIOB U BOJOCTOKOB, (DyHAaMEHTOB IBOPIIOB M XpaMoB. CieayeT OTMETHUTH,
YTO MPUPOJHBIN OUTYM 0 CHX MOp SIBJISIETCA OJHUM M3 HauOosee HaJeKHbIX TH]I-
POM30JIILIMOHHBIX MaTepuaioB. BBICOKOKaUECTBEHHBIE JIAKM, MACTUKH, KPacku U
SMaJI U3TOTOBIISIIOT C NMPUMEHEHUEM 3Toro Marepuana. OgHako B ropasno 00Jib-
KX MaciITadax Juisi THAPOU3O0IIALIMY B HAIlle BPEMs UCIIOJIb3YIOTCSl UICKYCCTBEHHbIE
outymsbl (M3 HETH) U AErTeBble BsOKyIIME BenlecTBa. CepbE3HBIM «KOHKYPEHTOM
OUTymMaM U MacTUKaM SIBUWICS THIPOU3OJISLUOHHBIN MaTepHall, oJy4yaeMblil Ha oc-
HOBE CMHTETHUUYECKHX CMOJ U NoJnMepoB. 1o kauecTBy OH IpeBOCXOAUT OUTYMBI U
NETrTH, U MOATOMY MOJIMMEPHI IIUPOKO MCHOJIB3YIOT B THAPOU3OJISIMOHHBIX IJ1acT-
maccax.

ITo Buy NpUMEHSAEMOTrO CBSI3YIOIIETO THAPOU30JILIMOHHBIE MaTepUabl Kilac-
cupuiupyror Ha  OUTyMHBIE, JIETTEBBIE, OWTYMHO-JETTEBbIE, OUTYMHO-
NOJIMMEPHBIE, OUTYMHO-PE3UHOBBIE U JP.

[To mpu3Haky PU3NYECKOTO COCTOSIHUS U BHEIITHETO BH1a THAPOU30IISIIUOHHbBIE
MaTepUaibl Pa3fesiaioT Ha PYJIOHHBIE U JHCTOBbIE MaTe€pPHAIIbl, IITYYHBIC HU3CINUA,
MacCTHKH, ACThl U SMYJIbCHH, TAKOKpACOUHbIe MaTepuaibl. Kaxkaas u3 3Tux pasHo-
BUJHOCTEH HMEET CBOM crenuduueckrue OCOOCHHOCTH B COCTaBe, CTPYKType U
CBOMCTBaX.

I'uapoun3oJisiiuoOHHbIC PYJIOHHBbIE, JUCTOBbIE U IITYYHbIe MaTepuaibl. Py-
JIOHHBIMH THJIPOM3OJSIIMOHHBIMUA MaTepHallaMU SBIAIOTCS pyOepoun, pydepoun
HaIUIaBIIsieMbIll, mep(OopupoBaHHBIN pyOepoun, CTEKIOpyOepoua, METalIou307,
TOJIb TOKPOBHBIHN, TUAPOU30II, U301, OpU30J1, OUTYMHO-TIOTUMEPHBIN MaTepua.

PyOepoun n3roraBnuBaeTcs myTeM MPOMUTKHA KapTOHA MSATKUM HE(TSIHBIM OH-
TYMOM C TIOCTIEAYIOLIUM TOKPBITHEM C OJHON WJIH JIBYX CTOPOH TYTOILJIaBKUM OUTY-
MOM U MUHEPAIbHOMN MOCHIIKOM.

Jlnia ynydiieHus KadecTBa pyoepouaa B OUTYM MOKPOBHOTO CJI0S HHOT/IA BBO-
JISIT HATIOJHUTENb B BUE TOHKOAMCIIEPCHOTO MOPOIIKA (M3BECTHSAK, TOJTOMHT, TAJIbK
u ap.). C 1enpto NOBBILIEHNUS aTMOCHEPOCTOMKOCTH pybdepona, NpeaoTBpaIleHHs
CJIMIIaHUs PYJOHA W NPUJAHUS MOBEPXHOCTH NEKOPATHMBHOIO BHEIIHErO BHJA Ha
JMLEBYIO IOBEPXHOCTh HAHOCAT MUHEPAJIbHYIO NOCHINIKY. B KauecTBe MOCKINKYU Hc-
H0JIB3YIOT U3MEIbUYEHHBIE MUHEPAIbHbIE MATEPUATIBL: CIIOAY, TAJIBK, aCOECT U Ap.

[To  HazHaueHuto  pyOepouJ  MOAPA3NEISAOT  HAa  MOJAKIAAOYHBIN
(TMapon30ISIIMOHHBIN) U KpOBeIbHBIA. B Mapkax pybepouna neppas 0yksa P o3Ha-
qyaeT «pyoepoun», BTopele OykBbl - I1 u K - nogknanodynslii M KpoBeIbHBIA Ma-
Tepuai 1, HakoHel, TpeTbu OykBbl K, IT 1 U - yka3piBatoT Ha pa3HOBUIHOCTH I10-



CBINIKW: KPYIMHO3EPHUCTAs], MbUIEBUJHAs WM Yenlyihyatas. B 3aBHCMMOCTH OT
macchl 1 M kapToHa (B T) ero aenst Ha Mapki: A-350, A-420 u B-350, B-420. Uem
BBIIIIE MapKa KapTOHA, TEM BBIILIE €r0 IPOYHOCTh U APYTUE MOKA3ATEIN.

PyGepou BbIyCKarOT B pyJIOHAX MO IIUPHUHE MOJOTHA KPOBEIBHOTO KapTOHA

I n
1000, 1025 u 1050 MM ¢ mitomaasto nosotHuma pysinona 10.0+0.5 m nimm 20.0 m .

PyGepoun HamnaBiseMblit H3rOTOBJISIOT IMyTEM IPOMUTKUA KPOBEIHHOTO KapTo-
Ha HePTEeOUTYMOM MaJioil BSI3KOCTH C MOCJEAYIOIUIMM HaHECEHHUEM C 00EUX CTOPOH
CJIOEB MAaCTHKH, COCTOSIIENH U3 OMTyMa C MUHEPAJIbHBIM HAMOJIHUTEIEM U TIaCTH-
dbukaTopoM (LIMIMHAPOBOE MACJIO U JIp.).

B otnuume ot 00bIYHOTO, HAIIABIIAEMBIA PyOEpOU UMEET C HUKHENH CTOPOHBI
YBEJIMUECHHYIO TOJNIIMHY MOKPOBHOM Macchl. Tak, eciau B 0ObIYHOM pyOepouze Ko-
JIMYECTBO MOKPOBHOM Macchl paBHO 0koio 200 ... 300 r/M’, TO B HAIUIABIAEMOM -
1000 ... 2000 r/m” u Goxee. Takoii pyGepou He IPUKICHBAIOT K OCHOBAHHIO C IIO-
MOUIBIO CIIEIMATIBbHBIX MACTUK, a YKJIAJbIBAIOT MMYTEM HAIUIABJIECHUS HHMXKHETO I1O-
KPOBHOTO CJIOSl TOpeiKaMH (ropsiuvii croco0) wiM IutacTU(UKALMEd 3TOro cios
PaCTBOPHUTEIIEM.

[lepdhopupoBannslii pyObepou B OTIWYUE OT OOBIYHOTO UMEET B KaPTOHE OT-
BepcTus guamerpom 20 mm (nepdopanus), pacrnoaoKeHHbIE B IIaXMaTHOM MOPSIKE
Ha pacctosinuu 100 mm npyr ot apyra. KpoBiu ¢ ero npuMeHEHUEM «IbIIIAT», TaK
KAaK Ha UX MTOBEPXHOCTH HE BO3HUKAET B3yTUH OT JABJICHUS Iapa CHU3Y, a IIPH Je-
(dopManusax OCHOBaHUs HE HAOII0JaeTCs pa3pbIBOB KPOBEIHLHOTO KOBPA.

Creknopybepon Moay4yaloT HAHECEHUEM Ha CTEKJIOBOJOKHHUCTYIO OCHOBY OM-
TYMHOT'O BSDKYIIETO BEIIECTBA C BYX CTOpoH. [IpenmymiectBoM cTekiaopyOepona
M0 CPABHEHUIO C OOBIYHBIM SIBJSIETCS OOJIbIIAS TPOYHOCTh U IOJITOBEYHOCTb.

CTekopyOepor 1 BHITYCKAIOT B BHAE PYJIOHOB C ILIOMAAbI0 monotHa 10.0 M
Tpex mMapok: C-Pk - Ctexnopybepousi KpoBeIbHON C KPYIMHON MOCHINKOM Ha Julie-
BOl cTopoHe, C-Pu - KpoBeNbHBIN MaTepHUaJl C YEIIyHYaTON MOCHIIKON Ha JINLIEBOU
ctopone u, HakoHel, C-Pm - CtexnopyOepou ruipon30IaLUOHHBIA ¢ METKON WU
MBUICBUIHOW MUHEPAIBHOMU MMOCBHIIIKOM C ABYX CTOPOH.

Mertainon3on mpeacTaBiasieT co00il THIPOU3OISIMOHHBIA MaTepHall, moayJae-
MBIl Ha OCHOBE OTOXK)KEHHOW aFOMUHUEBON (POJIbIH, MOKPHITOM C 00EMX CTOPOH
He(TAHBIM OUTYyMOM. METanIon30J U0 BBITYCKAIOT B BUJE JIEHT IIUPUHOMN 10
600 mm nipu Tommmae Gosbru ot 0.2 10 0.5 MM u nmuHEe JeHTH 10 20M.

Tosb KpOBENBHBINA MOKPOBHBIM M3TOTOBJISIOT MYTEM MHPOMHUTKH KPOBEIBHOIO
KApTOHA KaMEHHOYTOJBHBIM WJIM CIAHUEBBIM JETTEM C MOCIEAYIOLIEH MECOYHOU
WJIA KPYITHO3EPHUCTOU MOCHIITKOM.

I'uapounson - 6ecnoKpOBHBINA TUAPOU3O0JIAIIMOHHBIA MaTepua, U3roTOBISEMbIH
NyTeM MPOMUTKUA acOECTOBOrO WM acOeCTOLEUIIONIO3HOTO KapToHa HEQTSIHBIM
outymoMm c Temreparypoit pazmsraenus mo «K u Ly e auxe 50 °C.

I'mapon3on oTIMYAETCS 3HAYUTEIBHON THUJIOCTOMKOCTBIO U JOJTOBEYHOCTHIO.
N3011 - ruaApOn30IsIUMOHHBIA MaTEPHUAI, MOJTYYaEMbIi TyTEM IPOKATHIBAHUS CMECU



PE3NHOOUTYMHOTO CBSA3YIOLIEr0, U3MENbUYEHHOTO acOECTOBOrO BOJIOKHA, aHTHUCEI-
TUKa, TacTudukaTopa u Ipyrux 1o0aBok. TommuHa n3zona B pyiaone + 0.2 mwm.

Bbpu301 - U30JIALMOHHBIA MaTepuai Mo CTPYKTYPE CXOJIEH C U30JI0M.

OTnuuuTensHON 0COOEHHOCTHIO OpH30JI1a SBISETCS MOBBIIICHHAS CTOWKOCTD K
BOJI€ U HEKOTOPBIM arpeCCUBHBIM CpEaM.

bUTyMHO-IOJIMMEPHBIM MaTEpHUANl - BBICOKOKAYECTBEHHBI T'MIPOU30JISALMOH-
HBII MaTepHal, TOJIy4aeMbIii CMEIIMBAaHUEM He(PTIHOTO OMTYMa, MOTMU300yTHUIICHA
1 (heHOoT0POPMATTLIETUIHOTO TIOJIMMEpa C TTOCIICIYIONIEH MUHEPATHHOM MOCHITTKOH.
Ero BbIITyCKalOT TpeX MapoK B pyJioHaxX ¢ mupuHoM nojgotHa 800 ... 1000 mM nipu
tonmuHe 1 ... 1.5 MM 1 o011ieit miioniaapio mojioTHa pysiona 10 M.

W3 IUCTOBBIX M IITYYHBIX U3ACIHUA C OPraHUYECKUMH BSDKYIIMMHU HamOoJliee
HIMPOKOE MPUMEHEHUE MOJYYHJIA TUIPOU3OJISIIMOHHBIE TUIUTHI U KPOBEJIbHbIE OU-
TYMHBI€ JIUCTHI.

[1AUTHI TUAPOU3OIALUOHHBIE MOTYT ObITh APMUPOBAHHBIE U HEAPMUPOBAHHBIE.
HeapMmupoBaHHbIE MIIUTHI U3TOTABINBAIOT IPECCOBAHUEM TOPSIY€ MACTHKHU WJIU ac-
dbanbTo0eTOHHOW Macchl (OMTYM, MUHEPAJIBHBIM TOPOIIOK, 3alOJHUTEIN) B
u3jenue 3aaanabix pazmepon (100 x 60 x 2 cm).

ApMUpPOBaHHBIE IJIUTHl MOJYYAIOT IMyTeM IMpeccoBaHus achaabTOOETOHHOM
MacChl COBMECTHO C MPEABAPUTEIBHO MOKPHITON OUTYMOM CTEKJIOTKAHBIO UK Me-
TAJUTMYECKOU CETKON. ApMUPOBaHHBIC IUIUTHI UMEIOT pazMepsl (200 - 120) x (75 -
120) x (2 - 4) cm. OHM MOTYT IPUMEHSTHCS KaK JUIs ac(paqbTOBBIX OKPBITHH, TaK U
JUTSI OKJIEEUHOUW THAPOU3OJISIINN U 3aOTHEHUS 1e()OPMAIMOHHBIX IITBOB.

['uaponu30Is1MOHHBIE APMUPOBAHHBIE MAaThl U3TOTOBJISIOT HA OCHOBE CTEKJIO-
TKaHH, MPEIBAPUTEIHLHO MPOMUTAHHONW OUTYMOM, C TOCIEIYIOIINM TOKPBITUEM C
00eHnx CTOPOH CII0EM OMTyMa WIIM TUIPOU3OJIIIMOHHOW MAacTHKU. B 3aBucHUMOCTH
OT BHUJa MPONUTOYHOrO MaTepuaia U MOKPOBHOTO CIOSl TAKKE MaThl Pa3/eNaioOT Ha
OOBIYHBIC U C TOBBIIIEHHOW TETUIOCTOMKOCTHIO0. X TpOU3BOAST B BHUJIE TUIUT JIJTHU-
HOi1 3 ... 10M, mmpuHO# 10 1 M npu TonmuHe Mata 4 ... 6 MM. ApMUpPOBaHHbIE Ma-
ThI IPUMEHSIIOTCSI B OCHOBHOM JIJI1 YCTPOMCTBA OKJIEEUHOUN THIPOU30JISIIUY.

[Muapon30asaIMoOHHbIE KAMHH MOTYT OBITh MOJTYY€HBI IyTeM MPOMUTKH IITY4-
HBIX U3JIEJNI U3 TTIOPUCTHIX MATEPUATIOB OUTYMOM, JIETTEM M APYTHUMH THAPODHOOH-
3YIOIIIMMU OpraHUYEeCKMMH BellecTBamu. Jlerde aApyrux moiaydaTrh KUPOUYU
(TTIMHSIHBIN WM CWJIMKATHBIN), TponuTanHble outymom npu 180 ... 200 °C Ha riy-
ouny 10 ... 20 mm. ['mapodoOHbIM razoacdanbT - TEMIOTHUAPOU3OISIITUOHHBINA MaTe-
pHUaj U3roTOBJISIIOT U3 OMTYMOM3BECTKOBOW macThl ¢ pobasineHueM 10 ... 50 % mno
Macce MopTJaHIEMEHTa U ra3000pa3oBaTes (aJIOMUHUEBOM MYIPHI).

KpoBenbHble OUTYMHBIE JIUCTHI U3TOTOBIISIIOT MyTEM MPOIMUTKHU TUIOTHOM Kap-
TOHHOI OCHOBBI OMTYMOM M HaHECEHMs TOKPOBHOTO cJiosi. [lokpoBHBII ci10#i cocTo-
UT U3 TyromiaBkoro ouryma c 30 % nanonautens. Temneparypa pa3MsrdyeHus mnpo-
nutouHoro 6utyma no «K u III» nmomkna ObiTh HEe MeHee 60 °C. B cooTBeTCTBUU C
maccoit 1 M’ kapToHa (B T) JIMCTBI BBIIYCKAIOT ABYX Mapok: JIB-500 u JIB-650 c
KPYIHO3EPHUCTON LIBETHOM MOCKITIKOM.



MacTuku M TepMETH3UPYIOIIME Marepuanibl. MacTUkamMu Ha3bIBalOT MaTe-
puaibl, NOJy4aeMble CMEUIEHUEM OpPraHUYECKHUX BSDKYIIUX BELIECTB C TOHKOIMC-
MEPCHBIMU HATIOJHUTENIAMU U 100aBKaMH, 00JIa1al0IIMMU KIIESIIeH CTOCOOHOCTHIO.
MacTrKN NPUMEHSIIOT JUISl PUKJIEVKN OTAEIOYHBIX MaTEPUANIOB K CTEHaM, JJIs Ha-
KJIEMKA MaTEPUAIOB NOKPBITUH MTOJIOB U APYTUX LETEN.

[To Buay BSOKYIIErOo MAacTUKH Pa3AeisioT HA OUTyMHBIC, NErTeBbIE, JEKTEOH-
TYMHBIE, OUTYMHO-PE3HUHOBbBIE, OUTYMHO-TIOJUMEPHBIE U TyApokaMmoBbie. [1o ycio-
BUSIM IIPUMEHEHUS MAaCTUKH PA3JCISIOT HA TOPSAYHUE U XOJIOIHBIE.

['opsiurie MacTUKM KCMOJB3YIOT C MPEABAPUTENBHBIM noaorpesoM no 130 ...
150 °C nns rugpokamoBbIX W AerteBbix U 160 ... 180 °C - myusi OUTYMHBIX.
XO0J0AHBIE IPUMEHSIOT MPU TEMIIEPATYPE OKPYKAOIIETO BO3AYyXa WM IPU HE3HA-
YUTENbHOM NoAorpeBe. HanonuurensiMu ciay>kaT u3MelbYeHHbIE BOJIOKHA acOecTa,
MUHEPAIBHOM BaThl, TOHKOMOJIOTBIE U3BECTHSKHU, MEJ, TOJTOMUT, TaJbK, 30JIbL.

B 3aBucMMOCTH OT yCJIOBUH DKCIUTyaTallMy TOPSYMM MACTUKaM IPEABSABISIOT
onpeJieNIEHHbIE TEXHUYECKUE TPeOOBaHUSI 110 TEIJI0- U TPEIIMHOCTONKOCTH.

TennoCcTOUKOCTh OLIEHUBAIOT MPEAECITbHON TEMIIEPATYPOH, IMPU KOTOPOU CIIOU
MAaCTHKH TOJIIMHON B 2 MM, CKJICUBAIOIIEH JBE MOJIOCKU NEPraMUHA, HE BBITEKAET
U3 CNOSl CKJIEHKHU MpH BBIIECPKUBAHUM OOpa3loB B TeueHUe 5 4 moj yrioMm 45°.
TpemnHOCTONKOCTh XapaKTEPU3YIOT AUAMETPOM CTEPAKHS, IPU CTUOAHUU KOTOPOTO
CJIOM MacTUKHU B | MM, HAaHECEHHBINH Ha MOJOCKY IepraMmuHa, He 00pa3yeT TpeluH
pu Temneparype ucneitanus 18 + 2 °C.

X0JI0AHbIE MACTUKH MPEICTABISIOT COOOW CMECH OPraHMYECKHX BSDKYIIHMX C
HATMOJHUTEISIMH, Pa3KIKUTEISIMH U Jo0aBKamu (miactudukaropamu). B kauectse
paz0aBuTeneld (paz3xKUKUTENCH) M1 MOJYYEHUS] XOJOAHBIX MACTHK MPUMEHSIOT
pa3iIMyYHbIE OpraHWYecKHWe BEIIeCTBAa: OCEH3WH, JUTPOMH, KEPOCHH (JIeTyuue
PacTBOPUTENHN), COTIPOBOE MACIO, Ma3yT, HEPTH (HEIEeTy4Yne pacCTBOPUTEIIN).

X0JI0AHbIE MACTUKU MOAPA3JETSAIOT Ha OUTYMHBIE, PE3UHOOUTYMHBIE, TH]IPO-
KaMOBBIE M MOJUMEpHBIE. [[pUrOTOBIAIOT UX MyTEM CMELIMBAHHS KOMIIOHEHTOB B
CMECHUTEISIX € MPOIeJIIepHOM Memankou. [losmMmepHbple MacTUKH NTOTY4YarOT BBEE-
HUEM B U3BECTHBIE CMECH MOJIMMEPHBIX T100aBOK.

I'epmeTnsupyromuye MaTepuaibl (FEPMETUKH) U3TOTOBISIOT JUISl 3a1EJIKH TEM-
MepaTypHBIX IIBOB, CTHIKOB NIAHEJEH, 3JIEMEHTOB TYHHEJIEH, PE3EPBYapOB.

'epMmerusupyromue W YIUIOTHAIONIME MaTepuaibl MOryT ObITh B BHUJE
BYJIKAHU3UPYIOIIUXCS MACT, MACTUK WM 3JACTHUYHBIX NPOKIaAoK. OHU JTOJKHBI
OBITH BJIOI'O-U FA30HENPOHUIIAEMBI, TETJIO- 1 MOPO30CTOMKUMH, XOPOILIO COXPaHATh
NIEPBOHAYAJIBHBIE CBOMCTBA BO BPEMEHH.

K mmactTuuHO-BA3KUM TepMeTHKaM Ha OpraHuydeckoil (OUTyMHOI) OCHOBE OT-
HOCHUTCSI pe3nHoOuTyMHas Mactuka «M3om I'-M» 1 yninoTHsfo1e MacTUKH MapoK
YM-50, YM-60 (OykBBI B MapKkax MacTUK YKa3bIBalOT Ha PA3HOBUIHOCTh MACTHKH -
YIUIOTHSIIOIIAst MacTUKa», a HU(PPbl COOTBETCTBYIOT MUHUMAJIBHON TeMrmeparype
UX MCMOJIb30BaHus B rpaaycax Llenbcus).



Brenenue mactuk (YM u «M30m ['-M») B cThIKe IBOB TPOU3BOAUTCS OOBIYHO
METOJIOM LIITPULIEBAHNUS C IIOMOIIBIO CKATOI'0 BO31yXa.

Hapsny ¢ B3KOIIACTUUHBIMU MaTepraiaMy UCIOIb3YIOT U 3JaCTUYHbBIE TTPO-
KJIQJIK¥, TIOPUCTHIE UM MOHOJUTHBIE )KTYThI 3aJJaHHON KOH(UTYpAIHH U Pa3MEpOB.
N3 nopucThIX 3aCTUYHBIX NPOKIAA0K YaCTO MPUMEHSIOT MOPOU30a U repHuT. [1o-
POM30JT TIOJIYYAIOT U3 Ta30HAMOHUTEIIBHOW PE3UHBI, MOAU(PUIIUPOBAHHON HEPTS-
HBIMU  JUCTWLIITOpaMA ¢ (OPMHPOBAaHMEM Ha JICHTOYHOM TMIpecce W
ByJIKaHu3auuen npu remneparype 150 ... 160 °C.

Js1st Toro, yToObI MOPOU30J IPOSIBUI T€PMETU3UPYIOIINE CBOMCTBA, €0 Mpe/-
BapuTeIbHO 00kuMaroT Ha 15 ... 50 % oT nepBoHayanbHOrO 0ObEMa U B 00KATOM
COCTOSIHUM YCTAaHAaBIIMBAIOT B 3a/eibIBacMbli OB. [lopon3oi He TepseT anacTuy-
HOCTh B MHTEpPBAJIe Temrieparyp ot -80 go +50 °C.

['epHUT - MOPUCTHIN IACTUYHBIA MaTepHuas MPEACTaBISIET COOOM TrepMeTH3H-
PYIOILLYI0 OPOKIaAKYy € ra3o- U BOJOHENPOHUIIAEMON IUIEHKOW Ha MOBEPXHOCTH.
DTOT TEpPMETUK HW3TOTABIMBAIOT HA OCHOBE NOJMXJIOPU3OMPEHOBOTO KaydykKa
(HampuTa) B BUJE MPOKIaAoK JyuHOW 3 M u quameTtpom 20, 40, 60 mm. OH coxpa-
HSIET CBOM CBOMCTBA B MHTepBae Temnepatyp oT -40 no +70 °C. Ilepen yctaHOBKOM
B CTBIKM T€PHUT MOABEPraeTcs npeasapurensuomy odxkatuio 10 30...40%.



I'masa 6. Knaccupukanusi 3alilUTHBIX NOKPBITHI, HOPMATHBHbIE
TpeOOBaHMsI, HATIPABJICHHUS COBEPIICHCTBOBAHUS

6.1. Haznauenue, kiaccuurkanus 32U THBIX MOKPLITHH

3alUTHBIE TOKPHITUS NMPEAHA3HAUYEHBI JUUISl MOBBILIEHUS CPOKA CIYXKOBbI, IKC-
IJTyaTallMOHHBIX CBOMCTB, apXUTEKTYPHOU BBIPA3UTEIBHOCTH CTPOUTENIbHBIX H3/E-
Ui 1 coopykeHui. OHU BBITOIHSIOT THAPOU30ISIUOHHBIE, TEMJION30JIALIMOHHBIE U
OTZIeTIOYHbIC (VYHKITHH.

3alIHUTHBIE TOKPBITHS HAHOCATCS, YCTAaHABIMBAIOTCS B IPOLECCE N3TOTOBJICHUS
KOHCTPYKIMI B 3aBOACKUX YCJIOBHSX, IIPU CTPOUTEIBCTBE 34aHUN U COOPYKECHHM
Ha CTPOUTEIIBHOM IUIOLIAKE.

PaboTbl 1O yCTpONCTBY 3aIMTHBIX MOKPBITUH JENATCS Ha COOCTBEHHO-3a-
IIUTHBIC U 3aIIUTHO-MOHTAXHBIE.

CoOCTBEHHO-3alIUTHBIE 3aKI0YAIOTCS B YCTPONUCTBE MOKPHITHIM Ha MOBEPXHO-
CTH KOHCTPYKUUH U 000opyaoBaHus. K HUM OTHOCSTCS THAPOU3OISALUOHHBIE, TEII-
JIOU30JIALIMOHHBIE, OT/IECJIOYHBIE.

3alUTHO-MOHTAKHBIE 3aKJII0YAIOTCS B COOPKE 3JIEMEHTOB 3[JaHUM U COOpYKe-
HUM, OJHOBPEMEHHO UIPAIOIINUX KOHCTPYKTHBHYIO POJIb U BBIIOJIHSKOUIUX OAHY U3
(YHKIMI 3aIUTHBIX NOKPBITHI. K HUM OTHOCSTCS M3rOTOBIEHHE U MOHTaX KOM-
IUIEKCHBIX U3JIEJIUI U COOPYKEHUM, HAIIpUMED, IIJIUT NEPEKPBITUS C IIPEABAPUTENb-
HO HAaHECEHHBIMH TEIUIOM3OJSLHUOHHBIMUA U THIPOU3OJILIMOHHBIMH CIIOSMH, YCT-
POMCTBO MOJBECHBIX MMOTOJIKOB U3 KOHCTPYKTHBHBIX, JEKOPATUBHO-aKyCTHYECKUX U
CBETOPACCEUBAIOIINX TUIUT, MOHTaX (hacaTHbIX TaHEEeH C MOJHOW 3aBOJACKON OT-
JEIIKOM.

OObIYHbIEC MMOKPBITHS BBIMOJHSIOT IPU CTPOUTEIBCTBE 3aHUN (COOPYKEHHIN)
BCEX THUIIOB; CIIEIMATbHbBIC - TTIABHBIM 00Pa30M B 3/1aHUAX MIPOU3BOJICTBEHHOIO Ha-
3HAYEHMS; JEKOPATUBHBIE - B IPAXXAAHCKUX M INPOMBINUICHHBIX 3JaHUAX | Kiacca,
IIPU CTPOUTEIBCTBE U PEKOHCTPYKLMU YHUKAIbHBIX 3IaHUI U COOPYKEHUU.

ITo xapakTepy HCHOJB3YyEMOI0 MaTepuaia 3alllUTHbIE OKPBITHS JEISAT HA He-
CKOJIBKO BUJIOB, KQXKJBIM U3 KOTOPBIX MPUMEHSIOT JUIs 31aHUM ONPENEIICHHON Ipy-
el (rpynmsl A, b, B, I).

31aHus rpynmnsl A - KWJble JOMa, IIKOJIbl, CAHATOPUH, CHOPTUBHBIE TOMEILIE-
HUS , JIETCKUE Ca/bl U SICIIH, JIEYEOHO-NIPOPUIAKTUIECKUE YUPEKACHMUSL.

3nanus rpynnsl b - aIMHHHCTPAaTHBHBIE YYPEKICHHUS, IPOAOBOJIBCTBECHHBIC
Mara3uHbl, OOIIENIUT U €r0 CKIIAIbI.

3nanus rpynnsl B - mara3uHbl NpOMTOBapHbIE, 3pEIUIIHbIE MPEANPUITHS,
MOYTHI, OMOINOTEKH, yUeOHBIE 3aBEICHMUS.

3nanus rpynnsl [ - mpoMBbILUICHHBIE TPEATPUITH, OaHU, TPaYeUHbIE.

Bb160p MaTepranaoB MOKPBITUN ONpEEseTcs] Ha3HAU€HUEM 3JJaHUM U COopy-
KEHUH, BUAOM 00pa3ylolUX €ro KOHCTPYKLMH, YCIOBUSMHU dKciulyatauuu. [lpu
STOM YYUTBHIBAIOT HE TOJBKO (PU3UUECKYIO JIOJITOBEYHOCTh MOKPBITUM, HO U CPOKH
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MOpaJbHOTO  CTapeHusi, yaoOCTBa  OKCIUTyaTallid, YCJIOBHUS ~ CaHUTapHO-
TUTHEHUYECKOTO COJEPKaHUS.

KadecTBO 3aMTHBIX MOKPBHITUM 3aBUCUT OT Kjlacca 31aHusa. Hanpumep, B xKu-
JBIX JI0Max MEepPBOro Kiacca MPUMEHSIOT BBICOKOKAUYE€CTBEHHYIO OTIIEIKY, BTOPOTO
KJlacca - ylIydlleHHY0. B yHUKaIbHBIX 3JaHUIX, KPOME BBICOKOKAYECTBEHHOU OT-
JICJIKK,  BBIMOJHSIOT  JOMNOJHUTEIbHBIE JIEKOPAaTHUBHBIE M  apXUTEKTYpHO-
XyZOKeCTBeHHble paboThl. B kauecTBe mnpuMepa, IITyKaTypKka CHIIY3THBIX
pucyHkoB (crpadduto).

B xunbIx 1omMax J0JTOBEYHOCTh MOKPBITHH TOJKHA OBITh OJM3Ka K CPOKaM UX
MoOpanbHOTO ctapeHusi. CaHUTapHO-TUTHEHUYECKUEe TPEOOBAHUS K MOKPBITHIM SIB-
JSIFOTCSL OJHUMU U3 TJIABHBIX: JOJKHBI OBITh HETOKCHYHBIMH, 00J1a1aTh BHICOKUMU
3BYKO-, TEILJI0-, TUPOU3OJISIIUOHHBIMU CBOMCTBAMH.

[ToBpiieHHBIE TPeOOBaHUS MPEABIBIAIOT K MOKPHITUSAM TMOJOB ( B OTAEIBHBIX
CJIy4asiX CTeH U MOTOJKOB), OHU JOJKHBI:

* 00mamaTh OAKTEPHUIIMAHBIMH CBOWCTBAMH - B psific TTOMEIICHUN OOJIBHMII,

MOJIMKJIMHUK, JJabopaTopuid, 0aHb, MaBaTeNbHbIX 0acCelHOB, JETCKUX ca-
JIOB, SICIICH;

* OBITh HEMBUILHBIMH, HETBEPABIMHU, 3BYKOMOTJIOMIAIONINMH M TEIUIBIMH - KO-
3¢ GUIMEHT TeIUIOyCBOCHHUS He JOJDKeH mpesbimarh 7 kB1/(M>-K), B mome-
HICHUSIX JOIIKOJBHBIX YUYPEXKACHHUM, 0OBEKTOB 3paBOOXPAHEHHUS, IIKOJIb-
HBIX KJIaccax;

* 0071a/1aTh CIIOCOOHOCTBIO HE HAKOIUIATD 3aPsiibl CTATUYECKOTO AJIEKTPUUECT-
Ba - B XUPYPrUUE€CKUX, peaHUMallMOHHBIX OTAENICHUAX OONbHMUII, B Jlabopa-
TOpUSX, 1IeXaX He(pTera3oBoil 1 XUMUUYECKOUN MPOMBIIIIEHHOCTH;

* HE MPOIYCKaTh PaJMOAKTUBHbBIC U3ITyUYEHHUS CBBIIIE YCTAHOBICHHBIX HOPM -B
MOMEILEHUAX C PEHTTE€HOBCKOM, paJuoTepaneBTUUECKON anmnapaTypou;

* OBITb HECKOJI3KUMU (KO3(PPHUIIMEHT TpeHHs] WX MOKPOBHOTO CJIOS JOJKEH
ObITh He HUXE (0.35) - B CIOPTUBHBIX 3alaX, IPAueYHbIX, OaHIX, AYIIEBBIX,
IUIaBaTEIbHBIX OacceiHax;

* 00J1a1aTh NOBBILIEHHBIMU aKyCTHUECKMMM CBOMCTBAMH - JUIsl YMEHbILIECHUS
T'YJIKOCTH B PaJMO- U TEJECTYAUSIX, Ay TUTOPUAX U YUTAIBHBIX 3aJ1ax;

* o0orauaTh 3ByK M COXpaHITh €ECTECTBEHHOE 3ByYaHUE B KUHOKOHILIEPTHBIX U
TeaTpaJbHBIX 3ajax; 0aHKax, OTACJICHUAX CBS3H, yHUBEpMarax, pecTopaHax,
Kade.

[Ipu BO3aEHCTBUYU Ha MOJIbl 3HAYUTEIBHBIX CTATUYECKUX U JTUHAMUYECKUX Ha-
IPY30K MPUMEHSIOT MOKPBITUS U3 TUIUT TPAHUTA, CHEHUTA, TUOPUTA U IPYTUX TBEP-
JBIX €CTECTBEHHBIX MOPOJ] KAMHSI.

[Ipy [1OMOTHUTENBHBIX TEMIEPATYPHBIX BO3JEHUCTBUAX [JISI BEPXHETO
MOKPBITUSL TIOJIOB HCIONB3YIOT Juaba3, 0as3anbT, JHUTHIE IUIUTHI M3 HUX H
[IJIAKOCUTAILI.

[Ipu MOBBIIIIEHHBIX MEXAHUUYECKHUX HArpy3Kax Ie’1eco00pa3Ho MPUMEHSTh CTa-
1e0eTOHHBIE TOKPBITHUS, B KOTOPBIX 3aMOJIHUTENIEM CIYXKUT CTaJbHAs CTPYKKa.



6.2. HopmaTuBHbBIe TPeOOBaHUS NIPH YCTPOHCTBE 3aIIMTHBIX
NOKPbITHI

PaboTbl M0 HAaHECEHMIO 3aUTUTHBIX MOKPBITHI ClIeyeT BBIIOIHATH IPHU TEMIIE-
paType OKpY’Karolllero BO3yXa 1 3allUIIAaeMbIX IOBEPXHOCTEN He HIxke, °C:

10 °C- nns 1aKOKpacOYHBIX 3aIMTHBIX TOKPBITUM U3 COCTABOB, IPUTOTOBJICH-
HBIX HAa OCHOBE MPUPOAHBIX CMOJI; MACTUYHBIX U IIIMAKIEBOYHBIX OKPBITHI U3 CH-
JIMKATHBIX COCTaBOB; OKJIECUHBIX 3AIIMTHBIX TMOKPHITHI C TPUMEHEHHEM OUTYMHBIX
PYJOHHBIX MaTepUajOB, MOJUU300YTHICHOBBIX IJIACTHH, MACTUH «byTuimkop-C»,
AyONMUpPOBAaHHOTO TMOJIMATHIICHA; OOJIUIIOBOYHBIX U (PYyTEPOBOUYHBIX TMOKPBHITHHA C
MPUMEHEHHEM  KHCJIOTOYIMOPHBIX CHJMKATHBIX 3aMa30K M MAacTUK TUIa
«bATYMHHOIIBY;

15 °C - mig 1aKOKpacOYHBIX apMUPOBAHHBIX U HEAPMHUPOBAHHBIX CIUIOLIHBIX
IOKPBITHI M3 COCTAaBOB, IIPUTOTOBJICHHBIX HA OCHOBE CHHTETUYECKHX CMOJI; Mac-
TUYHBIX [TOKPBITUN U TEPMETUKOB U3 COCTABOB Ha OCHOBE CUHTETUYECKHUX KAyIyKOB
U HAaupUTa; MOKPBITUN U3 JUCTOBBIX MOJUMEPHBIX MAaTEPUAIOB; OOIMIIOBOYHBIX U
(yTepoBOYHBIX NOKPBITUH C TPUMEHEHHEM 3aMa30K TUOa «Ap3aMuT,
«DypaHKOp», a TaKXKe MOIUIPUPHBIX, IMOKCUAHBIX CMOJ U CMOJI C 3MOKCHIHBIMU
no0aBKaMU; 17151 HOKPBITUI U3 NOIMMEPOETOHA U MOJIUMEPLIEMEHTHBIX 00Ma30K;

25 °C - nns nokpsiTHil U3 cocrana «llonany.

Otnenounble pabOThI, 32 UCKIIIOUEHUEM OTIENKHU (pacasoB, JOIKHBI BBIIIOJ-
HATBCA NPHU MOJOKUTEIBHON TEMIIEpaType OKPYKAIOIIEH CPEIbl U OTAEIbIBAEMBIX
noBepxHoctel He Hke 10 °C u BnaxHocTH Bo3ayxa He 6omee 60 %. Takyro Temme-
paTypy B IOMEILIEHUU HEOOXOJUMO MOAJEPKUBATh KPYTJIOCYTOUHO, HE MEHEE YEM
3a 2 CyTOK J0 Hauyazna u 12 cyTok mociie OKOH4aHus paboT, a st 000MHBIX padoT -
70 cjauld 00BEKTa B HKCILITyaTalUIO.

BHyTpeHHUE NOBEPXHOCTH KAMEHHBIX U KUPIUYHBIX CTEH, BO3BEEHHBIX METO-
JIOM 3aMOpa)XMBaHHUsI, CIIETYET OLUTYKAaTypUBaTh NOCJIE OTTAUBAHUS KJIAJKHU C BHYT-
pEHHEIl CTOPOHBI HE MEHEE YeM Ha IMOJIOBUHY TONIIMHBI CTeHbI. [1IBbI 00nMIOBKH
KJIaJIKH1 CJIEAYET 3alO0JHATh MOCJIE 3aTBEPAEBAaHNS KIAJKU U Harpy>XEHUs €€ HE Me-
Hee ueM Ha 80% OT NpOEKTHOIA.

IIpr ycTpOMCTBE OIHOCIOMHBIX TOKPBITUM WX IOBEPXHOCTH CIELYET
pa3paBHMBATh Cpa3y »K€ IIOCJIE HAHECEHHs pacTBOpa, B Cilydyae IPUMEHEHHUS
3aTHPOYHBIX MALIUH - ITOCJIE €r0 CXBAThIBAHUS.

VYAy4ynieHHYI0 ¥ BBICOKOKAYECTBEHHYIO HITYKATYpPKy CJIEIYET BBIIOJIHATH IO
MasikaM, TOJIIIMHA KOTOPBIX OJDKHA ObITh paBHA TOJIIMHE MTYKATYPHOTO TOKPHI-
TUS1 6€3 HAKPHIBOYHOTO CJIOS.

IIpn ycTporicTBE MHOTOCIOMHOTO IITYKAaTyPHOTO IMTOKPBITHS KaXKAbIM CIIOU He-
00X0JIMMO HAaHOCHUTBH IOCJIE CXBAThIBAHUS MPEABIAYIIErO (HAKPBIBOYHBIN CIION - TI0-
Clle CXBaTbIBaHUsl pacTBOpa). Pa3paBHUBaHUE TIpyHTA CIEAYET BBIIOJHATH J0
HayaJla CXBaTbIBaHUs pacTBOPA.



IIpu oTnenke MOBEPXHOCTEN NEKOPATUBHBIMU ITACTAMHM U TEPPAZUTOBBIMH CO-
CTaBaMH Ka)/bli CIIOH MHOTOCJIOMHBIX 1€KOPATUBHBIX MOKPBITUN HEOOXOIUMO BBI-
HOJIHATH IIOCIIE OTBEPAECBAHUS IPEABIIYILEro, 0€3 IMIU(POBKUA TOBEPXHOCTH.

OCHOBHBIE TEXHUYECKHE TPEOOBAHMSI ITPU MTPOU3BOACTBE PAOOT 3aKIHOYAIOTCS
B HEOOXOAMMOCTU TPOXOXKJIEHUS IUTYKAaTYpHBIX pacTBOPOB 4YEPE3 CETKY C
pa3Mepami siueeK: U1 0OpbI3ra U rpyHTa - 3 MM, JJIs1 HAKPBIBOYHOTO €J10s - 1.5 MM;
IIOJIBU’KHOCTH PacTBOPOB - 5 MM; pacciaauBaeMoCTH - He 6oiee 15 %.

[Ipou3BoacTBO MaSIpHBIX paboT Ha (pacagax cieAyeT BHIMOIHATH C MpeaoxXpa-
HEHMEM HAHECEHHBIX COCTaBOB OT IIPSAMOIO BO3JEHMCTBHUSA COJHEUHBIX Jydeu. [lpu
IIOSIBJICHUY IIATEH HA OKPAIINBAEMON MOBEPXHOCTH CIEAYET CMBITh KPACKY, 3aIpyH-
TOBATh MIOBEPXHOCTh U OKPACUTH 3aHOBO.

[Ipu mpousBoACTBE MAIAPHBIX PabOT CIUIOIIHOE INMATIEBAHUE MOBEPXHOCTU
CJIEAYET BBINOJIHATH TOJBKO MPU BEICOKOKAYECTBEHHOM OKPACKe, a YIIyYIIEHHOH -T10
METAJITY U IEPEBY.

HInaTneBKy U3 MajoycaJOYHbIX COCTAaBOB C MOJUMEPHBIMU J00aBKaMHU HEOO0-
XOJUMO pa3paBHUBATH Cpa3y K€ MOCJIE€ HAHECEHUS CO HUIU(POBAHHEM OTIEIbHBIX
Y4aCTKOB; IPU HAHECEHHWM JPYTMX BHUJIOB IIIAKIEBOYHBIX COCTABOB IOBEPXHOCTH
MIMATAEBKH CIEAYET OTHUIM(OBBIBATH MOCJE €€ BHIChIXaHUSI.

OrpyHTOBKa MOBEPXHOCTEN OJKHA MPOU3BOIUTHCS MEPEN OKPACKON Maysp-
HbIMHU COCTaBaMH, KpoMe KpeMHHMOprannyeckux. OTpyHTOBKY HEOOXOJIHMMO BbI-
HOJIHATH CIJIOIIHBIM PAaBHOMEPHBIM CJIOEM 0€3 MPOIYCKOB U pa3pbIBOB. Bricoxias
IPYHTOBKA JIOJDKHA MMETh IIPOYHOE CLEIICHHE C OCHOBAaHHUEM, HE OTCIAaUBaTHCS
IIPU PACTSKEHUU, HA NIPUJIOKEHHOM K HEM TaMIIOHE HE JIOJDKHO OCTaBaThCS CIIEA0B
BsDKy11ero. OKpacky cieyeT NPOU3BOIMTH I10CIIE BBICBIXaHUS TPYHTOBKH.

MassipHble cOCTaBbl HEOOXOJUMO HAHOCHUTH CIUIOIIHBIM ciioeM. HaHeceHue
K2)KJIOTO OKPaCOYHOI'0 COCTaBa JOJDKHO HAYMHATBHCS IOCIE IOJHOTO BBICBIXaHUS
npensiaymero. dueinesanyre WK TOPLEBAHUE KPACOYHOI'O COCTaBa CIEAyeT Ipo-
U3BOJIUTH 10 CBEKEHAHECEHHOMY OKPaCOYHOMY COCTaBY.

IIpn ycTpoicTBE 3BYKOM3OJSLHH CHITYYMM 3BYKOHW3OJILIMOHHBIA MaTepual
J0JDKEH OBITh 0€3 opraHndeckux npumecei. [IpuMeHsATh 3aChIIKU U3 MBUIEBUIHBIX
MaTepHualoB 3anpemaercs. KpynmHocTh chlllydero 38yKOM30JHOHHOTO MaTepuaa,
HarpumMmep, npu yctporctse mojos 0.15-10 mm.

6.3. Terion30JIIMOHHBIE, OTAEJIOYHBIE U CIIEIHAJIbHbIE
NOKPBITUS

[IpuBeiIeHHOE CONMPOTHUBIIEHHUE TEIIONEPEIaye OrpaXkIAr0IINX COOPYKEHUN U
KOHCTPYKUMWA  ClelyeT MpPUHUMATh B COOTBETCTBHM C  3aJaHUEM Ha
MPOEKTHUPOBAHUE, HO HE MeHee TpeOyeMbIX 3HAU€HUMU, OMpenesieMbIX HCXOMAS U3
CaHUTAPHO-TUTHEHUYECKHUX, KOM(POPTHBIX YCIOBHI U SHEProcOepeKEHHUS.

I'panyco-cytkn oronutensHoro nepuoga (I'COII) ciaexgyer ompenensts no

bopmyne



Icoii =(t|;‘ - tor. nep) Zn'r.nepa

rje tg - BHyTpeHHss TeMiepatypa, °C; tor.,ep, Z-0T.Iep - cpeanss Temmneparypa, °C
U TMPOAOKUTENBHOCTh, CYTKH MEPHOJA CO CPEIAHEH CYTOYHOW TemmepaTrypoi
BO31yxa paBHoi § °C.

[Ipn ycTponcTBE TENMION30IAUNY U3 )KECTKUX U3JIEIINM, YKIIaIbIBAEMbIX HACY-
X0, TOJKEH ObITh 0OecreueH 3a30p He Ooiiee 2 MM MeXAY U3JEIUSIMU U U30JIUpYye-
MOU IMOBEPXHOCTBIO.

YTennauTenb Npu yCTPOUCTBE TEIJIOM3OJISILIMU U3 IIUT JOJDKEH YKIIAJIbIBAThCS
Ha OCHOBAaHMWE IUIOTHO APYT K JAPYrY U UMETh OAWHAKOBYIO TOJIIMHY B KaXKIOM
cloe.

[Ipu ycTpoiicTBE TETUIOM30JSALUNA B HECKOJIBKO CJIOEB IIBBI IUIUT HEOOXOIUMO
ycTpauBaTh Bpa30exky. LlluprHa MIBOB MEXAYy TEIIOM3OJSLUMUOHHBIMU IUIUTAMU
IpH YKJIaJIKe HaCyX0 He Ooiiee 2 MM.

Tennon3oasUOHHbIE ChITyYHe MaTepuajibl Nepea YKIaJAKON TOJKHBI ObITh
paccopTupoBaHbl Mo (pakiusaM. Temmon3oasauu HeoOX0JMMO YCTpauBaTh o Ma-
SYHBIM peKaM MoJI0cCaMU IUPUHON 3-4 M ¢ YKIIaIKOM ChIITydero yTerumrens oosiee
MeJIKUX (ppakiuil B HIXKHEM ciioe. KpymHOCTh ChIMyYero Teraou30sIIIMOHHOTO Ma-
tepuana - 0.15-10 Mm. MakcumanbHasi TONIIMHA CJIOS ChIMyYel TeIIOU30s1uu -60
MM. [Ipu ycTpolicTBE TENMIOU30MSALUNN U3 TUIMT U CHITYYUX MATEPUATIOB BIAXKHOCTh
OCHOBaHUM HE JOJDKHA IIPEBBIINIATH COOTBETCTBEHHO 4 M 5 %. MakcumaibHble
OTKJIOHEHUS TOJIIMHBI U30JSUHU OT mpoekTHOU 10 %, kordduLrenTa ymioTHEHUS
5%.

tykaTypHble pacTBOPHI MOAPA3IAEISAIOTCA HA OTIAEJIOYHBIE M CIELHAIIBHBIE.
PacTBOpbI OOBIYHBIX IITYKATYPOK COCTOSIT U3 BSKYIIMX - LIEMEHTA, U3BECTH, THIICA,
a TakKe rnecka u Bojbl. [IpexycMarpuBaercst yCTpoOMCTBO TpeX IUTYKAaTypHBIX CIIOEB
- OOpBI3T, TPYHT M HAKpbhIBKAa. MaKCUMaIbHO JOMYCTUMAas BIAKHOCTh MEPBHUYHBIX
MMOBEPXHOCTEN MOA WTYKATYpKy 8 %. MakcuMaabHO JOMYCTUMAs TOJIILMHA HENpe-
PBIBHOTO CIIOSI IITYKAaTYpPKU COCTABIISIET 2 MM, a TpyHTa 5 MmM. Haunbonbiuit pasmep
3epeH MeCKa B IITYKAaTYpHBIX pAacTBOpax [Jsi OJHOCIOWHBIX MOKPHITUHA 1.5 MwMm.
MakcumanbHasi TOJIMHA HEMPEPBIBHOTO CJIOS IITYKATYPKU JEKOPATUBHOIO MOKPHI-
TUS C PUMEHEHUEM TE€PPa3UTOBBIX COCTaBOB 12 mMm. JlekopaTMBHas HITyKaTypKa
COCTOUT M3 3-X CJIOEB: I'PYHT, OATOTOBUTEIBHBIN CIOW M HAKPBIBOYHBIM JAEKOpa-
THUBHBIN. MakCUManbHO JIOMYCTUMbIE OTKJIIOHEHHS OT BEPTUKAIN OLITYKATYPEHHBIX
CTEH IPHU BBICOKOKAYECTBEHHOM mTykKaTypke | MM Ha 1 M, HO He Ooznee 5 MM Ha
BCIO BBICOTY ITOMEILICHUSI.

CrnenuanbHble MOKPBITUS MOAPA3ACISAIOTCS Ha aKyCTUYECKHUE, THAPOU30JIALIM-
OHHBIE, PEHTT€HO3aLUTHBIE U JIP.

JIns akyCTUYECKUX ITYKAaTypOK IPUMEHSIIOT JIETKHE PACTBOPBI CPETHEN MIIOT-
HOCTBIO 600 ... 1200 Kr/M’. 3BYKOM3OISIIMOHHBIE CBOICTBA IITYKATYPKAM IIPHAAIOT
HaKpbIBOYHBIE CJIOM TOIUIMHOM 10 MM M3 pacTBOpPOB C JIETKUMH 3aMOJHUTEISIMU.
Takue cmoM HAHOCAT MO CBIPOMY, CJErKa OKpEINIIEMY TIPYHTY M3 LIEMEHTHO-
necyaHoro pactBopa coctana 1: 3.5 ... 4 ¢ no6asinenuem 10 % usBectu.



['uapou30ISMOHHYI0 ITYKAaTypKy Ha OCHOBE LIEMEHTAa MPUMEHSIOT ISl yCT-
pOMCTBA M PEMOHTA THAPOU3OJISAIUN TOIBAJIOB B YCIOBUSX PaOOThI TMOKPHITUS Ha
OTPBIB MPH TUAPOCTATHUECKOM Hamope 10 8 M. PactBopsl ans ruapodoOHoif mTy-
KaTypKH COJAepXaT KpeMHUUOpraHudeckyr no0aBky. Bos3moxna 00paboTka
nokpeiTusl Tunpodobuszaropom. Ilpu BwIOOpe THIpOPOOH3aTOpa HEOOXOIUMO
YUYUTHIBATh XUMHUYECKUM COCTaB BSDKYILIETO. Hanpuwmep, pu
MOJIMATUITHAPOCUIIOKCAHE H THICOBOW IITyKaTypke TuapodoOHbiii 3¢ dexT
MPAKTUYECKH OTCYTCTBYET, a TP LIEMEHTHOM - UMEETCS.

XonoaHele acanbTOBble MACTUKH MPUMEHSIOT JJIsl YCTPOWCTBAa U PEMOHTA
TUAPOU3OJISIIMY TTOJIBAJIOB B YCIOBHUSX paOOThI THIPOU3OISIITUOHHOTO TTOKPBITHS Ha
OTPBIB NPH BHEIIHEM T'HIPOCTATUYECKOM Harope 10 15M.

Xonoaueie achaabTOBbIE MACTUKU ISl THUIPOU3OIISIITUOHHON IITYKATypKH CO-
CTOSIT U3 CMECHU OMTYMHOM 3MYJIbCMOHHOM MACThl ¢ MUHEPAIBHBIM MOPOIIKOOOPa3-
HBIM HaIOJIHUTEIIEM.

PactBopbl myis GapUTOBBIX PEHTTCHO3AIMUTHBIX IMTYKATYPOK - 3TO TSHKEIIBIE
pacTBOPHI MIOTHOCTBIO Bhime 2200 Kr/M°, HPUMEHSEMbIC Ul OIITYKATYpPUBAHHS
CTEH Y MOTOJKOB PEHTT€HOBCKUX KaOWHETOB.

BepTtukanbHble OTIEIOYHBIE MOKPHITHS BBIOJHSIIOTCS HA OCHOBE MAJIIPHBIX
coctaBoB. [Ipon3BocTBO MalsipHBIX paboT Ha (acagax cieayeT BBHINOIHATh C Ipe-
JIOXPAHEHNEM HAHECEHHBIX COCTABOB OT MPSMOTrO BO3JEMCTBUS COJIHEUHBIX JTyUYECH.
[Ipu npou3BOACTBE MaJISIPHBIX PadOT CILIONIIHOE HINATIeBaHUE TOBEPXHOCTHU CIEIY-
€T BBIIIOJIHATH TOJBKO IPU BBICOKOKAYECTBEHHON OKPACKE, a YIAYYUIEHHOH - 110 Me-
Taity u aepeBy. lllmarneBky U3 coOCTaBOB ¢ MOJIMMEPHBIMU 100aBKaMy HEOOXOIUMO
pa3paBHUBATH Cpa3y *Ke MOCJie HAHECEHHsI CO NUTU(OBAHUEM OTACIBHBIX YYaCTKOB;
[IPU HAHECEHUHU JIPYTHX BUIOB IIMATIEBOYHBIX COCTABOB MOBEPXHOCTH IIMATIEBKHU
cienyer oTHUM(GOBBIBATH NOCIE €€ BhIchIXaHus. HaneceHne Kaxoro oKkpaco4Horo
COCTaBa JOJDKHO HAYMHATHCA MOCIE ITOJIHOTO BBICBIXaHUSA Npeablayero. Jonycru-
MBbIE MECTHBIE HEPOBHOCTH MOBEPXHOCTU MPU YCTPOMCTBE MAJSPHBIX COCTABOB HE
JIOIDKHBI TIPEBBIMATE | MM H X JOJDKHO OBITh He Goiee AByX Ha 4 M’ ITOBEPXHOCTHL.
J{ns HaBeAeHU TJSHIIA BBIMOJHSIOT PACTYIIEBKY KUCTBIO C MATKUM YIPYTMM BOp-
coM - (ueiineBanue. [y mpuIaHus MOBEPXHOCTH PABHOMEPHOM MM MSTHUCTOU
3epHUCTOCTU TPOU3BOJAT €€ O0O0pabdOTKy KHUCTHIO-TOPIOBKON (MM IIETKOM-
TOPIOBKOW) - TopieBanue. DieillleBanre WM TOPLEBAHUE KPACOYHOTO COCTaBa
CJeAYyEeT MPOU3BOAUTH 10 CBEXKEYIOKEHHOMY OKPACOYHOMY COCTaBY.

BeprukanbHbie OT/IEIOUHbBIE OKPHITUS BBITOJHAIOTCS C TIPUMEHEHHUEM 000EB.
KieeBoli cocTaB mpu OrpyHTOBKE IMOBEPXHOCTH IMOJ OOOM JOJKEH HAHOCHUTCS
CIUIOLIHBIM PaBHOMEPHBIM CJI0€M 0€3 MPOMYCKOB M MOTEKOB U BBIAEPKUBATHCS 10
HayaJia 3arycreBaHus. JlOMOJIHUTEIBHBIN CIION KIIESIENd IPOCIONKH CIIEAYET HaHO-
CUTh MO NEPUMETPY OKOHHBIX M JBEPHBIX MPOEMOB, IO KOHTYPY U B yIJIaX OT/IEJIbI-
BAEMOMW MOBEPXHOCTH MOJIOCOM KUPUHOM 75-80 MM B MOMEHT Hayaja 3aryCTeBaHUs
OCHOBHOTO CJIOA.



[Tpu oxneiike ocHOBaHUI Oymaroil OTEeIbHBIMU MOJOCAMU WIIM JINCTAMU pac-
CTOSTHUE MEXIYy HUMU JOHKHO ObITh 10-12 MmM. MakcuMansHO TOMycTHMAsT BIaK-
HOCTb OETOHHBIX MOBEPXHOCTEH Mpu okielike obosmu 8 %o.

[Tpuxneiiky moaoTHUI OyMaxHBIX 000€B CIEIyeT BBINOIHSITH MOCe UX Haly-
XaHUS U IPONUTKHU KJIEEBBIM COCTABOM.

OGou mIOTHOCTBIO 10 100 r/M° HEOOGXOAMMO HAKICHBATh BHAXJIECTKY, @ 6onee
- BIPUTBIK. OTCTYIUICHHUS] KPOMOK 000€B, KJICEHHBIX BIPUTHIK, HE TOJDKHBI MTPEBBI-
mats 0.5 Mm.

ITpu mpoun3BocTBE 00OMHBIX PabOT MOMEIIEHUS 10 MOJIHOW MPOCYUIKH 000€B
HEOOXOJIMMO NIPENOXPaHATh OT CKBO3HSKOB M INPSIMOTO BO3JACHCTBUS COJIHEYHBIX
Jy4el ¢ yCTAaHOBJICHHEM IOCTOSHHOIO BJIIAJKHOCTHOTO peXuMa. MakCHUMalIbHO J0-
IIyCTUMOE OTKJIOHEHHE MOJOTHUI] 000€B OT BEPTUKAJIM - 5 MM Ha BCIO BBICOTY I1O-
MELIEHUS.

JUIst OTAENKN BEPTUKAIBHBIX MOBEPXHOCTEW HCIIOJIB3YIOTCS KaMEHHBIE H37e-
ausi. 'opu30oHTaNbHbIE KOMIIEHCAIIMOHHBIE 1IBBI IIPU HAPYXKHOM OOJMIIOBKE U3 Ha-
TYypaJIbHOTO KaMHsI PacIioJIararoTCs yepe3 KaKaple 2 3Ta)ka IPU pacueTHBIX HaIps-
KeHusx B cteHe 10 1 Mlla u uepe3 1 aTaxk mpu OONbLINX HANPSKECHUSIX.

ITpu 061M1I0BKE NOIMPOBAHHBIMU INIMTAMU IIPEJIEIBHO JOIYCTUMBIE OTKJIOHE-
HUS OT BEPTUKAIM - 2 MM Ha 1 M. MakcuMallbHbIE HEPOBHOCTH HAPY>KHOW ITOBEPX-
HOCTH, OOJUIIOBAaHHOW KEPaMUUYECKOM TUIMTKOW, TPU KOHTPOJIE JBYXMETPOBOM peii-
KOW - 3 MM.

6.4. Bonou3o/isililHOHHbIE OKPBHITUA

["opu30HTaNBHBIE BOJOU3OJISILIMOHHBIE TOKPBITUS BXOAST B IIEPBYIO OYEPEID B
KOHCTPYKLHWU ITOJIOB U KPOBJIH.

['uapON30JISIIUOHHBIN CIIOM SIBJISIETCS. OAHUM M3 BaXKHEUIIUX 3JIEMEHTOB IIO-
KPBITUI: IPEAOTBPAILAET IPOHUKHOBEHHUE MIOYBEHHBIX, T0K/IEBBIX, CTOUYHBIX BO/I.

M30m11IMOHHBIE U KPOBEJbHBIE pa0OThI JOMYCKAeTCsl BBINONHATH OT +60 10
munyc 30 °C okpysxkaromiei cpebl (IPOU3BOACTBO padOT C MPUMEHEHUEM TOPSUnX
MacCTUK - IIPH TEMIIEpAType OKPY’KaoIIEero Bo3ayxa He Huxke munyc 20 °C, ¢ npu-
MEHEHUEM COCTABOB Ha BOJHOW OCHOBE 0€3 MPOTUBOMOPO3HBIX J0OABOK HE HUXKE 5
°C). 3MMHMMH CYUTAIOTCS YCIOBHSI POU3BOACTBA PAOOT MPU CPEIHECYTOUHON TEM-
neparype Huxke +5 °C u munumanbHol cyTouHoi Huxke O °C. X010 HbIE MACTUKHU
B 3UMHEE BpeMs HaHocsATcs npu temreparypax oT +5 °C go O °C. MuHuMabHas
TeMIeparypa CTSKKU U3 achaabToBON cMecH B 3uMHee Bpems +170 °C.

M3011IMOHHBIE TOKPBITUS CIEAYET BBINOIHSTH MOCIE IPOBEPKU MPABUIBHO-
CTH BBIIOJIHEHHSI COOTBETCTBYIOIIETO HMXKEJIEKALIErO 3JIEMEHTA C COCTABICHUEM
aKTa OCBHJIETEIbCTBOBAHUS CKPBITBHIX padoT.

M30m11IMOHHBIE COCTaBbl U MaTEpHUaJIbl JOJKHBI HAHOCUTHCSA CIUIOLIHBIMU U
PaBHOMEPHBIMU CJIOSIMU WA OJTHUM CJI0€M 0€3 IPOITyCKOB M HaIlIbIBOB. KaxkbIii



CJIOM HEOOXOUMO YCTPauBaTh MO OTBEPACBIIEH MOBEPXHOCTH MPEABIAYIIETO C pa3-
PaBHUBAaHHEM HAHECEHHBIX COCTABOB, 3a UCKIFOUEHUEM OKPACOYHBIX.

[ToaroroBka OCHOBAHUN M HWKEJICKAIIUX AJIEMEHTOB HM30JSLUU COCTOUT U3
o0ecnbUIMBaHMS, BEIPABHUBAHUS CTSIKKU U OTPYHTOBKE TOBEPXHOCTH.

BripaBHuBaroiye CTsHKKA (M3 IIEMEHTHO-TIECYaHBIX, TUIICOBBIX, THIICONECYa-
HBIX pacTBOPOB M ac(anbTOOETOHHBIX CMeCel) ClelyeT YCTpauBaTh 3axBaTKaMu
HIMPUHOM 2-3 M MO HAMPABJISIIOIIUM C PA3paBHUBAHUEM U YIJIOTHEHUEM MTOBEPXHO-
ctu. g ycrpoiicTBa OETOHHBIX MOACTUIIAIONIMX CIIOEB MPUMEHSIETCS BAKYYMHUPO-
BaHME. [[poIOIKUTENBHOCTh TEXHOJIOTHYECKOrO uKIIa cocrasuser 1.0 ... 1.5 mu-
HYT Ha 1 cM TonmuHbl. MakCuManbHO JOMYyCTUMAas TOJIIMHA OJHOTO CJIOS [IEMEHT-
HO-TIECYAHOT'0 PACTBOPA CTSHKKUA KPOBIU - 75 MM. MaKkCUMAaJIbHO IOIYCTUMBIE TIPO-
CBEThI MEXJy KOHTPOJIbHOW JIBYXMETPOBOM PEMKOM M OETOHHBIM MOJCTUIIAIOLIUM
CJIOE€M TOJ OKJIECYHYIO THAPOU3ONALUUIO - 5 MM. ['MOApOM30IALHS MOXKET BBIOJ-
HATHCS U3 PAacCTBOPOB C HMCIOJIb30BAHUEM BOJIOHEIPOHUILIAEMBIX PACIIMPSIOIIAXCA
HeMEHTOB. 1Ipu 3TOM yBIIa)KHEHME OCYIIECTBISETCS Yepe3 | yac nocie HaHECEHUs U
yepe3 3 yaca B TeueHue | cyrok. CTSKKH MMOJOB MOTYT M3rOTaBIMBATHCA C PUME-
HEHUEM THUIICOBOTO CBs3ymoIiero. Tpedyemasi MOABUKHOCTh CMECH ISl CAMOHUBE-
JUPYIOIIUX TUIICOBBIX CTSKEK MoJioB (1Mo Bucko3umeTpy Cyrtrarna) - 280-380 mm.
JIBUKEHHE N0 CTSHKKE AOMYCKAETCs MOCcie NpUoOpeTeHUsl MPOYHOCTH Ha cxkarue 1.5
MIla. MakcumanbHasi KpymHOCTh LICOHS AJii OETOHHBIX MOKPBHITUN MoioB - 0.6
TOJIIIIMHEI TOKPBITHSI, HO HE OoJiee 15 MmMm. B momenienusx co cpeaneld MHTEHCUBHO-
CTBIO BO3JICHCTBUS Ha OETOHHBIN MOJI KUAKOCTEH CIeAyeT MpelycMaTpuBaTh YKIOH
1-2 %. Jlns 3amuThl OSTOHHBIX MMOBEPXHOCTEH IMOJIOB MHOTJA UX MPOMUTHIBAIOT
BOJHBIMHU PACTBOPAMH KPEMHE(PTOPHUCTOBOAOPOTHON KUCIOTHI. DTOT METO/ Ha3bI-
BaOT ¢uroaTupoBanueM. DmroaTUpoBaHUE OCTOHHBIX TMOKPBITHHA IOJOB JTOHKHO
npousBoauTcs yepes 10 cyTok mocine ykinaaku O6ETOHHON CMECH.

OrpyHTOBKa MOBEPXHOCTEHN Mepe/l HAHECEHUEM MPUKIECUBAIOIIUX U U30JISIIHU-
OHHBIX COCTABOB JIOJDKHA OBITH BBHITIOJHEHA CIUIONTHOW 0€3 MPOMYCKOB U Pa3pHIBOB.
OrpyHTOBKY CTSI’KE€K, BBIMOJHEHHBIX W3 IIEMEHTHO-IECUYAHBIX PACTBOPOB, CIEAYET
BBINIOJHATH HE MO3JHEE YeM depe3 4 yaca Mmocie uX yKIaJgKu, IPUMEHsIS [PYHTOBKH
Ha MEJJICHHO UCIHAPSIOUIUXCA PACTBOPUTENSX (32 UCKITIOUCHUEM CTSKEK C YKIIOHOM
NOBEpPXHOCTU OoJiee 5 %, Korja OrpyHTOBKY CJIEAYET BBIMOJIHATH MOCIE UX OTBEp-
JIeBaHUs).

I'pyHTOBKA HOJKHA UMETH NMPOYHOE CLEIJIEHNE C OCHOBAaHUEM, HA MPUIIOKEH-
HOM K HEW TaMIIOHE HE JOJKHO OCTABaTHCS CIEAOB BSKYIIEro. 110 BIaXHbIM OCHO-
BAHUSM JIONYCKAeTCd HAHOCUTh TOJIbKO TPYHTOBKH WJIM M30JIAIMOHHBIE COCTAaBbI Ha
BOJHOM OCHOBE, €CJIM Bjlara, BBICTYNAIOIIAsl HA TIOBEPXHOCTH, HE HAPYIIAET LIEJIOCT-
HOCTH IUJICHKH MOKpbITHS. [IpenenbHO AomycTuMas BIaXHOCTh OCTOHHBIX M Iie-
MEHTHO-IIECYaHBIX OCHOBAHUM O] KPOBIIIO paBHa 5 %.

TospHa TPYHTOBKHU ISl KPOBENb U3 HAIUIABISEMbIX MaTepuanoB 0.7 MM, To-
psuei OUTYMHOM MacTHUKH IIPU HAKJICHKE PYJIOHHOTO KOBpa - 2 MM, X0JIOJTHOM Mae-



tuku - 0.8 MMm. TemnepaTypa npu yCTpOHCTBE TOPSYMX OUTYMHBIX U AETTEBBIX Mac-
THK COCTaBJIAeT cooTBETCTBEHHO 160 1 130 °C.

TpeOGyemast TONIIKMHA OJHOTO CJIOSl U30JISIUH, BEITOJTHEHHOM M3 XOJIOAHOM ac-
¢banbTOBON MacTUKH, 7 MM, KPOBIU MOJHUMEPHBIX COCTaBOB Tumna « Kpoemut» u
«Benta» - 1 mm.

PynonHsle M30JS1MOHHBIE MaTe€pHaNIbl MPH MPOU3BOJCTBE PabOT B OTpHIIA-
TeNbHBIX TEMIEPATYpax HE0OX0AUMO B TeueHue 20 4acoB OTOTpeTh A0 TeMIepaTy-
pel He MeHee 15 °C, mepeMoTaTh U JOCTaBUTh K MECTY YKJIAJIKHU B YTEIJICHHOU Tape.
[lonoTHHIIA pYJIOHHBIX MATEpUAJIOB IPHU YCTPOMCTBE KpOBEIb JOJDKHBI Ha-
KJIaJIbIBaThCSA:

* B HAIIPaBJICHUAX OT IMOHMKECHHBIX yYYaCTKOB K ITOBBIIIEHHBIM C PaCIIOJIOXKE-

HUEM IOJIOTHUIL IO JUIMHE IEPIEHIUKYJSIPHO CTOKY BOABI IPU YKIOHAX
Kpbiill 10 15%;

* B HaIllpaBJICHUH CTOKA - NP YKJIOHaX KpsIil 6omee 15%.

[Ipu HakelKe MOJOTHUINA U30JILIMKA KPOBIIX JOJDKHBI YKIIAbIBATHCS B HAXJIE-
ctky Ha 100 MM ( 70 MM 110 IIMpPUHE NOJOTHMIL HUKHUX CJIOE€B KPOBJIM KPBIII C YK-
JoHOM Oosee 1.5 ©).

TeMmmepaTypHO-ycaJO4HbIE BBl B CTSKKAX U CTBIKM MEKIY TUIMTAMH MTOKPHI-
TUH HEOOXOIUMO MEPEKPBIBATH M0JI0CAMHU PYJOHHOIO MaTepuaia mupuHou 1o 150
MM U IIPUKJIEUBATH C OAHOW CTOPOHBI 1IBA.

6.5. Pa3BuTHe TeOpUHU U NMPAKTHKHU 3aAIMTHBIX NOKPBHITHI

Bbuoaerpaganms cTpouTeJIbHBIX MATEPHAJIOB, 10JITOBEYHOCTH HEMEHTHOI'O
kamMHdA. [lo mepe ObICTpOro pa3BUTUS UUBUIIM3ALMU CO3JaeTcsi TexHocdepa,
CBOMMH MacHITa0aMd M MOIIHOCTBIO OKa3bIBaIOIasi BCE€ OOJbIliee BIMUSAHHUE Ha
ouocepy. OT0 IPUBOIUT K HAPYIIEHUIO SKOCUCTEM, CIOKUBILUXCS B pPe3yJbTaTe
HBOJIIOLIMM OPTaHUYECKOTO U HEOPTraHMYECKOr0 MUpa B T€UCHHE JECSATKOB U COTEH
MUJJIMOHOB JIET, YTO, €CTECTBEHHO, HE MOXKET HE OTPa3uThCi Ha HOPMAIBLHOM
pa3BUTUU TIpencTaBuTenei Gpropsl u GayHsl, B ToM yucie Ha Bujae Homo Sapiens.

B mocnennue roapl, ocoOeHHO mocie aBapuu Ha UYepHOOBUILCKOW aTOMHOM
AIIEKTPOCTAHIINH, MTOSBUJIOCH MHOTO MyOJIMKAMi O BO3JIEHCTBUU TOKCUHOB Ha pas-
JMYHBIE BUJABI PACTEHUN U JKUBOTHBIX, pa3padaThIBAIOTCS METObI UCCIEIOBAHUS
PETHOHOB M OTJENbHBIX MOCEIKOB ¥ TOPOJOB HA HATMYME TSIKEIBIX METAJUIOB U T.JI.
Y CTaHOBNIEHO, YTO pa3jMyYHbIE BUbI MOYB M PACTEHUN 3HAUUTEIHHO OTIUYAIOTCS
0 €MKOCTH TOIJIOMICHUSI 3arpsi3HuTeNe. B kauecTBe HHAUKATOPOB ISl U3YUCHHS
CTETIEHH BPEIHOTO BO3JCHCTBUS OTAEIbHBIX 00BEKTOB MPEAaraeTcs UCIOIb30BaTh
I[BETHI OYBaHYMKOB, BOJIOCHI YEJIOBEKA U T.I.

Baxxnoe mpakTuueckoe 3HaYeHHE AJi1 KOJIWYECTBEHHOW OLIEHKH OHnojerpaja-
LIUY KOMIIO3UTOB UMEET YCTAaHOBJIEHUE TPAHULbI IPOJBUKEHUS arpECCUBHON CPEJIbI
U XapakTepa U3MEHEHUs (PU3HKO-MEXaHUYECKUX CBOMCTB Ha IOBEPXHOCTU MaTepua-
na. C 3Toi LEbI0 B OCAEAHUE I0/1bl ObUIH BBIIIOJHEHBI SKCIIEPUMEHTAJIBHBIE HC-



cienoBaHMs. Pe3ynbTaThl MOKa3ajid, 4YTO THUIICOBBIE U  TUIICOUEMEHTHO-
MYLI0JAHOBbIE KOMIIO3UTHI, a TAK)KE LIEMEHTHbIE MaTEpHallbl HA HANPSIraeMOM Iie-
MEHTE MPHU BO3JCHCTBUM MUKPOCKOMMYECKUX TPUOOB UMEIOT T€TEPOTEeHHBIN XapakK-
Tep Ierpaganuu. Y KOMIO3UTOB Ha MOPTIaHALIEMEHTe OnoIerpagaus IpoTeKaeT ¢
oOpa3oBaHMEM Ha TMOBEPXHOCTH OOpPa3OB MaJOPACTBOPUMBIX MPOIYKTOB
KOpPpO3UH, O00JIaaloIIUX HU3KOM MPOYHOCTHIO. JlerpajanmoHHbBIE MPOLIECCHl B
MOJIMMEPHBIX KOMIIO3UTaX B YCJIOBHUSAX BO3JEUCTBUS MHUKPOCKOIMHMYECKUX TpUOOB
MOKHO OTHECTH K IIpOLIEccaM, MPOTEKAIOLIUM 0 AUP(HYy3MOHHOMY MEXAHU3MY.

YenoBek OONBIIYIO YAaCTh CBOEH KU3HU IPOBOAUT B CPEIE CTPOUTENIBHBIX Ma-
Tepuanos. lIpencrasisercs, 4T0 OMHON U3 BaXKHEUIIMX XapaKTEPUCTUK CTPOUTEIIb-
HBIX MaTepHaioB SIBJISETCS BIUSHUE HA CUCTEMY YeJIOBEK-MaTepHual-cpena oOura-
HUSA. DTO OCOOEHHO aKTyaJIbHO JJI1 TEXHOXUMUYECKUX aHOMAJIUi, KAKOBBIMU SIBIISI-
I0TCS KpylHble ropoaa. BwiOop MarepuasioB Uisi CTPOMTENBCTBA B PETHMOHE
KPYIHBIX  OOBEKTOB-3arps3HUTENIEH  JIOJDKEH  NPOU3BOAUTBCS € YYETOM
BO3MOKHOCTH CO3/IaHMsI HEIUTAaTHBIX CUTyallMd M aKKyMyJDILMM DJIEMEHTaMu
3MaHUM M COOPYKEHHMM TOKCHUYHBIX BemecTts. CoO BpPEMEHEM CTPOUTEIIBHBIE
MaTepuanbl C BBICOKOM €MKOCTBIO IIOTJIOIIEHUS MOTYT CO3JaTh CHJIBHBIN
AHTPOIIOI€HHBIM IIPECCUHI, IPU KOTOPOM TEMIIBl DSBOJIOLHMOHHOM aJanTalyu
YeJIOBEKa  CYIIECTBEHHO OTCTAaHYT OT BCE  YCKOPAIOIIMXCS  W3MEHEHUM
HKOJIOTMYECKON CPEAbI CO BCEMU BBITEKAIOIIMMU U3 3TOTO MOCIEICTBUIMMU.

XapakTtep BIMSHHS MaTE€pUAlIOB Ha YEJIOBEKA 3aBHUCUT HE TOJBKO OT HX
cocTaBa M CTPOEHUS (YeM ONpeAessieTcsl €MKOCThb MOIJIOLIEHHs), HO U OT
U3MEHEHUN DJIEK-pOMarHuTHbIX wu3nydeHud ConHua u - apyrux OoOBEKTOB
Bcenennoii; or (QyHKIMOHUPOBAHMS TEOJIOTMUECKONW cpeabl  (TaTdopmsl,
T€OCHUHKIIMHAIN, MOABI)KHBIX YYaCTKOB 3E€MHOM KOpbI, TTyOMHHBIX pPa3IOMOB H
T.J.).

Haubonee pacnpocTpaHeHHBIMU MaTepHaIaMU SIBISIOTCS IIeMeHTHbIE. BaxkHoi
XapaKTEPUCTUKON LEMEHTHBIX MAaTEPUAIIOB ABIISIETCS] IOPUCTOCTD.

['uppocraTuyeckoe JaBieHHE Ha Yxe C(OOPMUPOBABIIMICSA IIEMEHTHBIN
KAMEHb BEAET K CYILIECTBEHHOMY YMEHBIIEHUIO €r0 NOPUCTOCTU U K 3aMETHOMY (B
HECKOJIBKO Pa3) NOBBIIIEHUIO TPOYHOCTH MOIYJISI YIIPYTOCTH.

JI0JIrOBEYHOCTh LIEMEHTHBIX MAaTE€pUajOB IIPU COBMECTHOM BO3JEHCTBUM Ha
HUX JaBJIEHUM U TeMmmepaTypbl npu yMepeHHbIX (> 373 K) u nmoBbiieHHBIX (> 573
K) Temmniepatypax umeer BUI:

o TnexP (Uq] -/ KT), (62)

IZie T - JOJATOBEYHOCTD; K - NOoCcTOsiHHAsA bonbimana; TO, Uy - noctosiHHbie; T -
TEMIEPATYPA.

OHeprus akTuBaUuu UQ XapaKTepu3yeT MEeXaHu3M paspyuieHusi. OHa sBiseTcs
CTPYKTYPHO HEUYBCTBUTEIbHON KOHCTAHTOM Ka)J10r0 MaTeprasa, YACJIEHHO COBMa-
JAOIIEN C DHEPTUEN €ro MEXATOMHOIO B3aUMOJEHUCTBUSA. B cHily 3TOro n3MeHeHus
UQ yKa3bIBaeT HA U3MEHEHHE MEXaHU3Ma Pa3pyILLICHHUS.



Jlns nemenTHBIX MaTepuanoB npu T > 573 K Benuuuna Uy = 420 x/[>x/Moib,
YTO XOPOIIO COBMHaaaeT ¢ aHeprueit paspoiba Si - O - Si cBszeit B SiC>2. [1pu 6oiiee
HU3KUX 3HadYeHusx T BeauurHa UQ CKaykooOpa3HO mnajaeT no 3HadeHus 105
kJ>k/MOJIb.

Pe3koe ymeHblieHuE BETUYMHBI UQ OOBSCHSETCS YHYACTUEM BOJbI B THAPOIIH-
TUYECKOM MexaHu3Mme pa3pbiBa Si - O cBsazeil. B obmactu temnepatyp ot 373 1o
573 K mnpuBeneHHas BbIIIE 3aBUCUMOCTb HE BBINOJHAETCA. TeMieparypHo-
BPEMEHHAs1 3aBUCUMOCTh HOCUT ONTUMAJIBHBIN XapakTep: ¢ pocToM T WM yMEHb-
HIEHUEM CKOPOCTHU Harpy>KeHUsl IPOYHOCTh YBEIUYMBACTCS.

OneHKy KOppO3UiTHOM CTOMKOCTH U JIOJITOBEYHOCTH IIEMEHTHBIX KOHCTPYKIIMI
C IOCTATOYHON TOYHOCTBHIO MOKHO OMPEAEIISITh 10 MATEMAaTUUYECKUM MOJIEIISIM KOp-
PO3UUHBIX TIPoIIecCOB, pazpadboTranHbM npod. A.D.Ilomakom u ero mkosnoit. Bomo-
POAHBIN TOKa3aTelb, ONPEACISIONINI KOPPO3UOHHBIE MPOLIECCHl MO MaTeMaTH4e-
ckuMm mojzensaMm A.@.Ilosaka, HEOJHO3HAYHO MOKA3bIBAET CTEIEHb KOPPO3UOHHOMN
AKTUBHOCTHU KUCIBIX cpeld. B cBsa3u ¢ atum noa pykosoactsom I1.I.Komoxosa pas-
paboTaH METOJi, OCHOBaHHBIH Ha KCMOJIb30BAaHUU YHUBEPCAJIBHOTO MapaMmerpa -
«arpeccUBHOCTHY. [[aHHBIN mapaMeTp uMeeT pa3MepHOCTh CKOPOCTH (MM/TO), KaK
9TO MPUHSITO B MPAKTUKE MPOTUBOKOPPO3UOHHOM 3alTUTHI METALIOB ( TITyOWHHBIN
MoKa3aTesib KOPPO3Un).

Tepmo3amuTHbBIC U TENJIOU30JIAMOHHbIC MaTepHaJbl. Paznuunblie oTpaciu
HapOJIHOTO XO035HCTBA UCIBITHIBAIOT OCTPYIO HEOOXOAMMOCTh B (DyTEpOBOUYHBIX OT-
HEYMOPHBIX MaTepHaliax, BecbMa ACPUUUTHBIX U3-3a UCIOJIb30BAHUS JIOPOTOCTOSI-
mero ceipbs. Jpyras npobiema - o0ecrieueHrue TOJIrOBEYHOCTH, TO €CTh COXpaHe-
HUS NIEPBOHAYAIBHOTO UX KAa4€CTBA B YCJIOBUSAX BBICOKUX TEMIEPATYp U COUETAHUSA
stux ¢akropoB. MccienoBanuss Camapckoil CTpOUTETBHON akaJeMHH MO3BOIHIN
pa3zpaboTaTh crnocod moadopa KOMIO3ULIUUA TEPMO3AIIUTHBIX MaTEPUATIOB, UCTIOIb-
30BaHUSI MOHOJIUTHBIX (DYyTEPOBOK B BHJE >KapOCTOMKHX OeToHOB. BbiOop >kapo-
CTOMKHUX CBA3YIOIIMX W 3alOJHUTEIEH MPOU3BOAUTCS UCXOJA U3 YCIOBUH CITykKObI
(byTepoBOK, TO €CTh C YU4E€TOM arpecCUBHOCTU cpebl. [1o100p xapocTolKoi KOMITO-
3UIMK (IEMEHTHBI KaMeHb, pacTBOpP, OETOH) ClielyeT MPOU3BOAUTh 10 MUHUMAJIb-
HOM BEJIMYMHE BJIEKTPONPOBOJHOCTH IMPHU BBICOKUX TemIleparypax. Onrumusanus
CBS3YIOIIMX  OCYHIECTBIIAETCS C  MOMOIIBIO  PAa3jIMYHBIX  OTHEYIIOPHBIX
TOHKOMOJIOTBHIX J100aBOK. Llenbio MpoeKkTUpoBaHUs COCTaBa MOXKET ObITh BbIOpaHa
AIIEKTPONPOBOAHOCTh KaK OMpEAeNAomuid (HakTop, OT KOTOPOTO 3aBUCAT JPYrue
CBOMCTBA: MPOYHOCTh B HAarpe€TOM COCTOSIHUM, TE€PMOCTOMKOCTb, TEMIIEpaTypHas
nedopmarus Mo Harpy3Kon, XUMUIEeCKast CTORKOCTb.

KoncTpynpoBanue BbICOKOTEMIIEPATYPHBIX YCTPOKWCTB HEPA3PBIBHO CBSI3aHO C
CO3/TaHMEM HOBBIX MAaTE€pPUATIOB, K KOTOPBIM OTHOCSITCSI CTOMKHE K TepMOygapam Io-
KpBbITHSI, BBITIOJHEHHbIC HA MOJUIOKKAX W3 XKAPOCTOMKUX CIUIaBOB. B HacTosiiee
BpeMsl IIUPOKO PACIPOCTPAHEHBI MOKPHITUS HA OCHOBE KPEMHUMOPraHUYECKUX MO-
JMMEPOB, HATTOJIHEHHBIX MOPOIIKAMU TYTOIUIaBKUX MatepuainioB. OIHAKO TaKue IMo-
KPBITHSI HE 00JIaAat0T TOCTATOYHON ajre3unei, ooecrneynBaroieil CTONKOCTh B Yeo-



BHUSIX MHOTOKPAaTHBIX TEPMOYAAPOB CO CKOPOCThIO noabeMa temiepatypsl 1000 °C
/c u Beie. C 1enbio noBbIIeHus aare3un [leH3eHcKuM HHKEHEPHO-CTPOUTEIbHBIM
YHUBEPCUTETOM PEKOMEHAYETCS BBOAUTH B IMOJMMEPBI KOMIUIEKCHYIO JTOOAaBKY -
stunareroarnerar (Co HoO3) unu quanerunmeran (CsHgO,). b dext moBeimenus
aare3un oOecreynBaeTcs 0O0pa30BaHMEM KOMIUIEKCHBIX XEJIaTHBIX COEIWHEHUH,
BO3HUKAIOMIMX IPU B3aUMOJEHCTBUU 100aBKU C METAJUIMYECKOM MOJIOKKOM. Xena-
TOOOpPA30BaHKUE XapaKTEPHO JUIIb Ui METAIJIOB C MEPEMEHHON BaJIEHTHOCTHIO (
JKelle3a, HUKeIsl, TUTaHa, XpoMa, MOJIMOieHa U JPYTUX ), KOTOPbIE BXOJAT B COCTaB
AKApOCTOMKHUX CIUIABOB. X€IAaTHBIE COEUHEHMS, IPOUYHO CBS3bIBAsICh C aTOMaMH Me-
TaJljia 3a c4eT o0pa30BaHUsl OKCUJIHBIX CBS3€M, CBOMMM OpPraHMYECKUMH pajuKaia-
MU B3aUMOJEHMCTBYIOT ¢ MoJieKynaMu nosnMepa. [lo cymiectBy oHu oOpasyror Oy-
(pepHy0 30HY, 00eCneUMBaIOIIYIO TOBBIILIEHUE a/ITE3UH.

®opMUpOBaHHUE MOKPBITUS MPOUCXOAUT CIERyrOIUM obOpa3zoM. IlonumepHas
ChIpbEBasi CMECh HAHOCUTCS Ha MOBEPXHOCTh MeTaiia. B mponecce o6xkura nucxos-
HOT'O MOKPBITHS MPU TEPMOYyAape B pabOuuX YCIOBUAX NPUMEHEHHs yCTpOMCTBa
(HarpuMmep, B MOMEHT ITycKa ra30BOM TypOMHBI) IPOUCXOIUT BBITOPaHUE €ro opra-
HUYECKOM 4acTH U 00pa30BaHHWE MATPUUYHOI'O JKECTKOrO Kapkaca U3 OKCUIOB, Kap-
OMJI0B U HUTPUIOB KpeMHUS. B CBOIO ouepenb 4acTULbl OKCUJOB KPEMHHUS U aJto-
MUHHSI, BXOJSIIHNE B COCTaB CMECH MOPOIIKOB HAMOJIHUTENS, B3aUMOJIECUCTBYIOT C
MaTPUYHBIM KapKacoOM M, CIEKasCh C HUM, 00pa3ylOT 3€pHUCTBIA CHUIMKATHBIA U
ATIOMOCWJIMKATHBIA KEPAMHUYECKUNA MaTEPHUa.

B pesynprare uccnenosanuii HUW BsKymux BemecTB M MaTEpUaAIOB UMEHU
B.JI. I'myXOBCKOT0 IMOJIy4€HBbI Kapo- U TEIIOU30IALMOHHBIE MAaTEPHUAJIBI ITyTEM Ha-
MPaBJICHHOTO (HOPMHUPOBAHUS 3aJaHHOTO (a30BOro cocTaBa HOBOOOpasoBaHuii. Ma-
TEpUaJbl MPEACTABIAIOT COOO0M aMOMOCHINKATHBIE KOMITO3UIIMKM HA OCHOBE BBICO-
KOMOJYJIbHBIX HATPUEBBIX PACTBOPUMBIX CTEKOJ M IIMHO3EMOCOJEPHKAIIETO KOM-
MOHEHTA. TepMO3alUTHBIE MOKPBITUS HAHOCITCS KaK HAa METaJUl, TaK U Ha KEpamu-
YECKYI0 MOAI0KKY. OCOOEHHOCTBIO 3TUX MaTEPHAIIOB SIBIIIETCS TO, YTO MOCIIE HAHE-
CEHUs KOMITO3UIIMU Ha TOJJIOKKY U TepMooOpaboTku mpu Ttemmepatype 500....800
°C mIpoHCXOUT BCIIyYMBAaHUE MOKPBITHS C yBenrudyeHrueMm oobema B 15...20 pas. Ilo-
JTy4eHHbIH MaTepuan s4eUucTO-COTOBOM CTPYKTYphl XapaKTepU3yeTCs I1aJIKOW Ha-
PYKHOI MOBEPXHOCTHI0. MonupUIMpoBaHUE ATFOMOCUIMKATHBIX KOMIIO3ULIUN pa3-
JMYHBIMH THAPATCOJIEPKALMMU HAMIOJIHUTESIMU CIIOCOOCTBYET PACIIUPEHUIO JUa-
na3oHa MCMOJIb30BAaHUS JAHHBIX MOKPBITHH. V3MEHsIs MUHEpaTOrn4ecKuil cocTaB
UCXOIHBIX KOMIIOHEHTOB, BO3MOXXHO BapbUpOBAaTh BEJIWYMHOW Kod(PuireHTa
BCITYYMBaHUsA OT K,=15 10 k,;=30 u xoadunuenta rernonpopognocta A,=0.2 ... 0.4
BTY(m-K).

Cankt-IleTepOyprckuM MHXKEHEPHO-CTPOUTENBHBIM YHUBEPCUTETOM pa3pabdo-
TaH COCTaB OTHEYIOPHOI'O MOKPBITHUS JIs1 METAIUIMYECKUX KOHCTPYKLIHM, TJIABHBIMU
KOMIIOHEHTaMH KOTOPOT'O SBJISIOTCS NOPTIAHALEMEHT U BEpMUKYJIUT. LlenocTHOCTD
HOKPBITUS IIPU MOXKape, aHTUKOPPO3UOHHBIE CBOWMCTBA, HaJJIeXkKalllee CLEIIEHUE C
OCHOBaHHEM O0ECIEeYMBAIOTCSl BBEACHMEM J00aBOK. Marepuasl NpeicTaBiIsieT
coboi



CYXYI0 CMECH, 3aTBOPSEMYIO0 BOJOM Iepes NnpumMeHeHueMm. Hanecenue Moxer ocy-
MIECTBIIATHCS MEXaHUYECKUM HAOPBI3TOM WJIH BPYYHYIO.

VapsHoBckuM — TexHmueckuM u  Cankrt-lIletepOyprckuM — WHXEHEPHO-
CTPOUTETLHBIM YHUBEPCUTETAMH pa3padoTaHa TEXHOJIOTHS MOJyUYEHUs KPyITHOPa3-
MEPHBIX KEPAMUYECKUX TETUIOU30JISIIMOHHBIX U3/enuii. OHa OCHOBaHA Ha UCIOJIb-
30BaHUU IUIOTHBIX YIIAKOBOK IMOPUCTHIX 3aMOJHUTEICH B COCTABaX CMECEU, CIIOCO-
OOB CHWXEHHUS BOJIOTIOTJIONICHHS 3alOJHUTENEH, cocTaBa cMeced, MPUMEHCHHUH
0e3BHOpaIMOHHBIX CTIOCO00B (DOPMOBAHUS MBS, UX CYIIKA M O0XHUTa B DJICK-
TPUYECKUX MeYaX, UCI0JIb30BAHUU BaKyyMa.

Jlns 3amuThl apeBecunbl oT orast B HUMIBM um. B.JI. I'myxoBckoro pa3zpabo-
TaHO OTHE3aIUTHOE MOKPHITUE HA OCHOBE ILEJIOYHOTO aJTOMOCHUJIMKATHOTO CBS-
3YIOIIETO ¥ TEPMOCTONKOTr0 MHHEPAIBHOTO HamoJHUTEs. PazpaboTaHHbBIN cocTaB
MOKPBITUSL XAPAKTEPU3YETCS CICAYIOUMMHU MapaMeTpaMH: YCIOBHOW BSI3KOCTHIO
cs3yromero nmo B3 246 32 ... 40 c, xuszHecnmocoOHOCThIO 24 4daca,
BOJIOCTOMKOCTBIO0, OTHECTOMKOCTHIO 1100 °C u BBICOKOW aare3uend K APEBECUHE.
CocTaB HE TOKCUYEH MPU HAHECEHUU U SKCILTyaTalluu.

[TokpsiTHEe 00J1alaeT MOBBIINIEHHOW OTHECTOMKOCTBIO, HU3KOW Marepuayie- u
SHEPrO€MKOCThI0, HE TOKCUYHO MO CPABHEHUIO C TPAJUIIMOHHO HCIOJIb3YEMbIM
dbochaTHBIM TOKPBITHEM.

3aciy’)KUBaeT BHUMAaHUS TETUIOU3O0JISIIIMOHHBIA MaTeprall Ha OCHOBE 0azaibTo-
BOT'0 BOJIOKHA U IIEJIOYHOTO ATFOMOCHJIMKATHOI'O CBS3YIOIIEr0, OJTYUYE€HHBIN 10 HO-
BOMY crioco0y. Marepuai mojydaroT METOJIOM BaKyyMHOUM IKCTPY3UHU C IIPUMEHE-
HUEM «BaKyyMHOTO y/Iapay, 3aKJII0YArOIIETOCs B TONIEPEMEHHBIX TEPMETU3AINH 00-
pasia U CHATUMU 3TOW BaKyyMHOM 3alUThl. JIJaHHBIM METOJOM II0Jy4EHbI, HAPSALY C
AKECTKUMHU IO BUY U3JETUSIMH, MIATKUE U TIOIY>KECTKHE, B TO BpEMs Kak Ha Tpaju-
IUOHHBIX MUHEPATBHBIX CBA3YIOIIMX BO3MOXXHO MOJIYYEHHUE TOJIBKO U3/ETUMN MTOBbI-
IIEHHOMW K€CTKOCTHU U TBEP/IbIX.

B cpaBHeHUU ¢ aHAJIOTUYHBIMU TETUIOU30JISIITUOHHBIMU U3JIETUSIMHU HA OPTraHu-
YECKHUX CBSBYIOIIMX pa3pabOTaHHBIN MaTepuall UMEET CISAYIONMNUE TPEUMYIIECTBA:
JIOJITOBEYCH, HE TOKCHYEH, HE TOPIOY, MOXKET HMCIOJB30BaThCsl B 00JIE€ IITMPOKOM
unTepBaiie - oT MuHyc 40 °C no 800 °C, umeet 6oJiee HU3KYIO CTOUMOCTb.

I'mppounsonsiuonHbie NOKPbITH. [lpy Ha3HaueHMH KOMMO3WUIMKA A
3aIIUTHBIX TIOKPBITHH CTPOUTETHHBIX KOHCTPYKIHH HEOOXOAMMO HE TOJIBKO
obecneunBaTh CTOMKOCTh MaTepualia B Cpejie dKCIUTyaTallii, HO U TapaHTUPOBATh
€ro TPELIMHO-CTOMKOCTh. M3BECTHO, YTO TPEUIMHBI Pa3BUBAIOTCA B CTPYKTYPHO
HEOJHOPOJHOM Cpejie C OCTAaTOUYHBIMM MHUKPO- W MakpomnoyisiMu aedopmarnuii u
HanpspkeHud. MUK-porosisi ocTaToYHbIX Aedopmaruii GOpMUPYIOTCS Ha YPOBHE
CTPYKTYPHOM HEOJTHOPOJHOCTH U OMPEACINISIOT ABMKEHUE (GPOHTA pa3BUBAIOIICHCS
TpeHIMHbBI W €€ MHUKpOTpaeKkToputo. Makpomoysi oCTaTOYHBIX Jedopmaruii u
HanpsHKEHUN OMNMPENENAOTCS COCTAaBOM, YCJIOBUSMHU TMOJYYEHHUS W TBEPACHUS
Marepuala, a TakkKe reOMETPUUYECKUMH OCOOCHHOCTSMH H3ACIHS U OMPEACIISIIOT
o01111e HaTpaBJICHUs Pa3BUTHUS TpelIHbL. [10ATOMY NpH MPOEKTUPOBAHUHU COCTABOB
KOMITO3UITUM JIJISI 3aIMTHBIX



MOKPBITUN HEOOXOANMO YUUTHIBATH BIMSAHUE MUKPO- U MaKPOHAIPSKEHHOT'O OCTa-
TOYHOTO COCTOSIHMS Ha TPEUIMHOCTOMKOCTh MaTepuraina nokpbITuidi. Knesckum Hayu-
HO-TIPOM3BOICTBEHHBIM OOBEAMHEHHUEM IO Pa3pabOTKe U ONTUMHU3ALUU TIPOU3BO/I-
CTBa MOJUMEPHBIX KoMmno3uuuii «30tex» coznana ¢pacaanas kpacka «[Iunmax».

Boimyckaetcst monumepHasi acagnas kpacka «lluHmak» 1isi AeKOpaTUBHOMN
OTJIEJIKHU M 3aIIUTHI OTPAKIAIOUINX KOHCTPYKIIMM 31aHUI U COOPYKEHUI 13 OeTOHa,
kupnuya u nepesa. Kpacka o0magaeT BBICOKON aAre3sueil U MoBbIIEHHON TPEIUHO-
CTOMKOCTBIO, YTO 3HAYUTEIBHO NIPOJIEBAECT CPOKHU €€ IKCIUTyaTalluy. PaninoHanpHOE
COYETAaHME JBYX ITOJIMMEPOB, BXOJALIUX B COCTAB KPACKH, BBITOAHO OTJIMYAOT €€ 110
JOJITOBEYHOCTH M CBETOCTOMKOCTH OT BBIITYCKAE€MBIX B HACTOSLIEE BPEMS B CTPAHAX
CHI u 3a py0OexxoM.

@OpMHUPOBAHHUE MOJUMEPHBIX IIOKPBITUM HAa OCHOBE BOJHBIX JUCIEPCUH
(JTaTeKCOB) MPOUCXOJUT B PE3yJIbTAaTE UCHAPEHMS BOJbI, IPUBOASILETO K BO3pacTa-
HUI0 OOBEMHOI'O COAEpX aHUS IOJIMMEpa, CKIEHBAHUIO €ro Mo0ysd C YacTULaMu
MUHEPAJIbHOIO HAIOJHUTENSA. BOPOHEKCKUM HMHIKEHEPHO-CTPOUTEIIBbHBIM YHUBEP-
CUTETOM BBIIIOJIHEHBI PabOThl MO BBEACHHUIO B COCTaB HAINOJHEHHBIX AMCIEPCUIN
CTPYKTYypOOOPa3ymIKUX TUKCOTPOIHBIX J0OABOK B BUJE PAaCTBOPOB aKpUIIOCOIEP-
KallUX CUHTETHUYECKUX 3aryctutenieid. D()(PEeKTUBHOCTh X MPUMEHEHHUS 3aK/IH04a-
€TCsl B MPEMATCTBOBAHUM OCEJaHUsl IPpyOOANCIEPCHOTO HANIOJHUTENS U CTEKaHUIO
KOMIIO3MLIMU TP HAHECEHUH €€ PACIbUICHHEM Ha OTIEJIbIBAEMbIE IOBEPXHOCTH, a
TaK)Ke MO3BOJISIET MOBBICUTH aTMOC(EPOCTONKOCTH OTAEIOYHBIX MOKPBITHIA.

Pa3paboTanHble OTIENOYHBIE COCTABBI MPEACTABISIIOT CO0O0M MacToo0pa3HbIe
KOMITO3UILIMU TPYOOUCIIEPCHBIX HAMOJHUTENEH W MUTMEHTOB B 3aryIEHHBIX BOJ-
HBIX JUCIEPCHUSX IUIEHKOOOpa3yroluX KapOOCHITakaTHBIX JaTeKcoB. B kauecTBe
rpyOOANCIIEPCHBIX HAMOIHUTENEH UCTIONB3YEeTCsI CMECh (PPAKIIMOHHOTO KBapIIE€BOTO
Y BCILYYEHHOT'O NEPIUTOBOIO (KEpaM3UTOBOI0) MECKA MM APOOJIEHBIE OTXOAbI Ke-
paMHYECKOro Mpou3BOJICTBa ¢ pazmepom 3epeH 0.315 ... 2.5 mm. BBegenue B coctaB
KOMITO3UIIMN MOPUCTHIX HAMOJIHUTENECH MO3BOJSET YIydIIUuTh (PakTypy U obdecre-
YUTh BBICOKYIHD CTOMKOCTh K BO3JECHCTBUIO IMKIMYECKHX TEMIEPaTypHO-
BIIQKHOCTHBIX (pakTOpoB (Oosiee 150 MUKIIOB MOMEPEMEHHOTO YBIIAXXHEHUS - BBICY-
muBaHus U Oosiee 100 HMKIOB MOMEPEMEHHOTO 3aMOPAXUBAHUS - OTTAMBAHUS),
Ha/Ie’)KHO 3alUIIA0T CTEHOBOM MaTepuai OT yBJIaXXHEHUS (BOJLOHEIPOHUIAE-MOCTh
NpU MOACOCE HE NPEBBIMACT 3.5 Kr/M’), MMEIOT BBICOKHE a/re3MOHHBIE CBOMCTBA
(mpouHocTh cuermienuss He MeHee 1.5 MIIa) u uperoctoitkocth (6osee 300 yacos
yIbTPaHOIETOBOTO O0TyUCHHUS).

B nocnennee Bpems pazpadboTtanbl 3pPeKTUBHBIE THAPOU30IAUOHHBIE MACTH-
KA Ha OCHOBE I'OCCHUIIOJIOBON CMOJIBI U 3JeKTpoTepModochopHoro nuiaka. B xaye-
CTBE MHIPEIUEHTOB CMECEH JUIsl THIPOU3OJIILIUOHHBIX MACTUK IIPUHATHI pETHOHAIb-
Hbl€ UICTOYHUKHU CBIPbSl B BUJI€ OTXOJIOB NepepabOTKU XJIOMKOBOI'O Maciyia U Mpou3-
BO/ICTBA (POCPOPHBIX YIOOpEeHUIl. A UMEHHO: TOCCUIOJIOBAsl CMOJIA, PEACTABIISAIO-
11ast Co00i CMECh TPUTIINLIEPUAOB, )KUPHBIX KMCIOT, KpACAIIMX BELIECTB U MIPOIyK-



TOB MOJUMEPHU3ALMNHN U DIEKTPOTEPMOPOCHOPHBIN MIJIAK, COCTOSIIUNA B OCHOBHOM
U3 CTEKJIA MCEeBJAOBOJOKHUCTOrO cocTtana (S5...95 %).

MOCKOBCKUM TOCYAapCTBEHHBIM apXUTEKTYPHO-CTPOUTEIBHBIM YHUBEPCUTE-
TOM pa3paboTaHbl KPEeMHUHOpPraHUYECKHUE MOKPHITUS Ha OCHOBE coequHeHun 136-
323 (1) u 136-323 (2), BbIITyCKaEMbIX XUMHYECKON MPOMBIIIUIEHHOCTRIO Poccuu, a
CBOMCTBA HE OTJIMYAIOTCS OT TPATUIIMOHHOM, HO nedunutHom 136-41.

Kpemuuitopranuyeckoe mOKpbITUE UMEET Psil IPEUMYIIECTB, CPEAN KOTOPBIX
JUJISl KOHCTPYKIUN CYIIECTBEHHO BAXKHO MOBBIIIEHUE MOPO30CTOMKOCTH, TPEIIHMHO-
CTOMKOCTH 3alIUIaeMoro OETOHA, yIydIlIEeHWE €ro TeIUIO3al[UTHBIX CBOWCTB 3a
CYET YMEHBIIICHUSI CE30HHBIX BJIATOHAKOIJICHUN U PabOThl OTPAXKICHUS B PEKHUME
CYIIIKH, YMEHBILICHUE TPA3EYACPKAHUS U MMOKAPOOTACHOCTH.

Pa3paboTka 10ITOBEYHBIX 3aIUTHBIX MOKPHITUN MOKET OBITh peai30BaHa Iy-
TE€M HCKJIIOUEHHS] U3 COCTaBa MOKPBITHI OPraHUYECKUX CBA3YIOLIMX, CKIOHHBIX K
CTapCHHUIO M YYBCTBUTEIBHBIX K aTMOc(epHBIM BO3aeHCTBHsIM. Pa3paboTaHHbIE
HUMBM nm. B.JI. ['myx0BCKOro cOCTaBbl THAPOU30JIALMOHHBIX MACTUK HA OCHOBE
HIEJIOYHOr0 AIFOMOCUIMKATHOTO CBA3YIOLIETO XapaKTePU3YIOTCS BBICOKUMH IMPOY-
HOCTHBIMH U aAT€3MOHHBIMHA CBOMCTBAMU, TEPMUUYECKON U KOPPO3ZUOHHOM yCTOWYH-
BOCTbIO, Ta30- W BOJOHENPOHUIAEMOCThbIO. [IpoyHOCTH MaTepuania COCTaBISET
20...50 MITa, aarezuonnas npouyrocts 1...8 Mlla, Bogonenponumaemocts 60iee 3.0
MIIa, mopo3zocTtoitkocTh 50 ...300 HUKIIOB.

IokpbITHS AJIM SAAEPHOM, PAJUALMOHHON U IKOJIOTHYeCKOM 0€30IaACHOCTH.
3amuTHBIE CBOMCTBA OETOHA-KOHCEpBaHTa OOECNEYMBAIOTCS (POPMHPOBAHHEM B
CTPYKTYPE CHUCTEMBI JIBIPOYHBIX MHUKPOIEHTPOB KaK JIOBYIIEK PaJHUOHYKIUIOB U
(GUIBTPOB MPOAYKTOB PAMOJIN3a BOIbI, HCKIIOYAIOIIUX BO3MOXHOCTh 00pa30oBaHus
«TpeMyUero» rasza - OrnacHOro UCTOYHMKA paspylieHus 6etona. Hayynas konien-
1Sl KOHCTPYUPOBAHUS COCTOUT B 00€CTIEUEHUH MPOYHOM, TOJTOBEYHOM ra30Henpo-
HUIIaeMOM U BOJOHENPOHHUIIAEMOW MAaTPHUIIbI OETOHA.

TexHonorusi MPOU3BOJCTBA 3alUTHOTO OeToHa, paspabortanHas [letepOypr-
CKUM TOCYJIapCTBEHHBIM YHUBEPCUTETOM IMyTeH COOOIIEHUS, BKIIOYAET: MPUMEHe-
HUE CpeaHEeaNIOMUHATHOrO nopTianauemMenta mapku 400-500; BBeaeHue nucriepc-
HOT'O HAMOJHUTENS IEMEHTA U 3aMOoJHUTENs OeTOHA (TecKa U 1e0Hs) OAMHAKOBOIO
MIPOUCXOKACHUS 110 XUMHUU TTOBEPXHOCTU U (PU3UKE TBEPAOTO TEJIA; UCIIOTH30BAHNE
KOMIUIEKCHBIX ~ 100aBok [IAB (mumactudukatropel ©u  BO3IyXOBOBJIEKAIOIIHEC
n00aBKH).

CtpykTypa O€TOHA MO TJIOTHOCTH 00ECIIEUNBACTCS HEMPEPHIBHO JUCKPETHBIM
COOTHOIIIEHUEM MPEJEIbHBIX Pa3MEPOB 3€PEH HAMOJHUTENS U 3aMOJHUTENICH Kak
MOOWIM3AIMOHHBIX YHEPTETHUYECKUX OaphepoB IKPAHUPYIONIETO JCUCTBUS OT pa-
JMAIAA, CTTIOCOOHBIX K abcopuuu ¥ auddy3un MPOAYKTOB PATUO0IA3a BOABI WU K
XUMHYECKOMY B3aUMOJICUCTBUIO C HUMH KaK aKTUBHBIMU 3JIEMEHTaMU TBEPACIOLIEH
CUCTEMBI.

TBepaenue O6etona moj BozaehcTBueM pamuanuu Co-60 mpu WHTETpPATHLHOU
no3e oosyuenuss 3000 M,,,, Xapaktepusyercs paJdallMOHHBIM yIpPOYHEHUEM B 1.5
pasa OTHOCUTEIBHO O€TOHAa HOPMAJILHOTO TBEPACHUS, BEICOKOH Ta30MPOHUIIAEMO-



cTBIO - 3.8 r/em’ (Ha MOPSIZIOK BBINIE KOHTPOJIBHOTO COCTAaBa) U BOJIOHENPOHHUIIAE-
MocThio 10 atMm.

DKoyiornyeckas cuTyanus, 00yCclIOBIE€HHAs HAKOIJIECHUEM PaJlMOAKTUBHBIX OT-
x0710B (PAO) B psne peruonos ctpan CHI', BbiiBUraeT npodiemMy ux 3KOJIOTHYECKU
0e30macHOM JIOKAM3aIliy B YKCIIO TIEPBOOYEPEAHBIX TOCYIAPCTBEHHBIX 3a7a4. B
HUNBM um. B.J1. I'myxoBckoro npoBeaeHb! pabOTHI IO OTBEPKIECHUIO KUIKUX OT-
XOJIOB C BBICOKUM COJEP>KaHUEM COJIEH LIETOYHBIX 3JIEMEHTOB, K KOTOPBIM OTHO-
carcs xkuakue PAO peakropsl Tunna BBOP u PEMK.

JIist uMMOOUIN3aluK PaIMOAKTUBHBIX MPOJYKTOB MEpepabOTKU B BOJIOYCTOM-
YUBbIE MaTEpPHUAIbl, TPUTOJHBIE JJI SKOJOTUYECKH O€30IaCHOTO 3aXOPOHEHUS, pa3-
paboTaHbl CIOCOOBI UX OTBEPXKICHHS B CHHTETUUYECKHME MUHEpaIbHbIE MaTEpUAIbI,
B KOTOPBIX IIEJIOYHBIE PAJAMOHYKIUIBI SIBISIOTCS XUMHYECKUMHU CBSI3aHHBIMU B
COCTaBe LEOJUTONONOOHBIX HOBOOOpazoBaHuil. Bo Bcex »3Tux Marepuanax
pOoILIECCh OTBEPKJICHUS MOJICTIUPYIOT MPUPOIHBIE MPOILIECCHI
MUHEpaI000pa3oBaHus C BKJIIOYEHHEM B 3TH HOBOOOPA30BAHMS IIEJIOYHBIX
METaJIOB.

Pa3paboTanHbie TEXHOJOTUM OTBEpKAeHUS kuakux PAO 1o cpaBHEHHUIO C UC-
M0JIb3yeMbIMH B HacTosiliee BpeMs (OMTyMHUpPOBaHUE, IIEMEHTUPOBAHUE U OCTEKJIIO-
BbIBaHKE) 00JAAAI0OT PSIIOM IPEUMYIECTB: 00Jiee BHICOKOM CTENEHbIO CBA3BIBAHUS
HIEJIOYHBIX PAAUOAKTUBHBIX 37eMEeHTOB Cs-137 mpu BBICOKOM COJICHAMNOJHEHUH,
MOBBIICHHBIMH (PU3UKO-MEXaHUUECKUMU TIOKA3aTEIIMH, YSHEPTETHUCCKUMHU U KO-
HOMHUYECKUMHU MOKa3aTEISIMH.

C pa3BuUTHEM aTOMHON SHEPre€TUKU U YBEJIMYECHUEM YHWCIA MPEANpPUSITUN, B
TEXHOJIOTUYECKUX MPOIIECCaX KOTOPBIX UCHOIb3YETCSl PaIMOAKTUBHBIE BEIIECTBA U
Pa3HO00pa3HbIe HCTOYHUKY HOHU3UPYIOINX U3TydeHnid, B Poccuu pacter skomoru-
YecKasi OMacHOCTh. B CBSI3M ¢ 3TUM HEOOXOIUMO CO3/IaHUE PA3TMYHBIX 3AIUTHBIX
9KpPaHOB, 0ACCEWHOB, KOHTEHHEPOB, PE3EPBYAPOB ISl PaOOTHI, COIEpKAHUS, TPAHC-
MOPTUPOBAHUS U 3aXOPOHEHUSI PAIMOAKTUBHBIX BEIIECTB U OTXO/I0B.

Marue3uanbHble TOPHBIE TOPOJbl U MOMYTHBIE MPOAYKTHl TOPHOPYIHON MPO-
MBIIUJIEHHOCTH UMEIOT MOHMKEHHYIO MPOHUIIAEMOCTh OT BO3JCUCTBHUS ramMma- u
HEHUTPOHHOTO M3IydeHus. MaccoBble Ko3(pPuIMEeHTs ociaabieHuss ramma-
u3ydeHuit ymenpinatorest Ha 1.5 ... 3.0 %; TonmmHa cinosi NoJIOBUHHOIO ocialle-
Husl cHmxkaerca Ha 15 ... 30 % Mo cpaBHEHMIO C TJIMHOM, PaAaHUTOM, 0A3aIBTOM.
JInuHa BBIBEJICHUSI HEUTPOHOB JIJIA ucclienyemMbix MatepuainoB Ha 10 ... 20 % meHb-
11e, 4eM y OOBIUHBIX (HEMarHe3uajabHbIX) TOPHBIX MOPO/. beTOHbI Ha 3aMOTHUTENIX
U3 MarHe3uajabHOTO ChIPbSl OTJIMYAOTCS MOBBIIIEHHON MIOTHOCTHIO (2900 ... 3200
KI/M’) ¥ MIMEIOT TOJIIHHY CJIOS OJOBHHHOTO OCIA0IeHNs raMMa-H3IydeHns 6.3 ...
6.4 cM, uto Ha 14 ... 18 % HmKke OOBIYHBIX OETOHOB, M YCTYIAIOT JUIIL OETOHAM C
n100aBKOM XpoMma.

JIist OTBEpXKACHUSI PAIMOAKTUBHBIX OTXOJI0B CPEIHET0 U HU3KOI'O YPOBHS aK-
TUBHOCTU JIOCTATOYHO IIUPOKO MPUMEHSIETCS METOJ| LIeMEHTHUpoBaHus. B To ke
BpEMsi MaTepuasbl Ha OCHOBE IIEMEHTA MOTYT ObITh MCIIOIB30BaHbI JJI U3TOTOBJIE-



HUsI KOHTEWHEPOB JUJI XPaHEHHS OTXOJO0B, a TAKXKE IIPU COOPYKEHNH XPaHUJIUIL pa-
JVOAKTUBHBIX OTXOJIOB.

Crek100eToH SABISETCS MAaTEPUATIOM, KOTOPBIN MMO3BOJISIET BAPHHUPOBAHUEM CO-
CTaBa MOJy4YaThb KOMIIO3HMIIMM C BBICOKUMHU (PU3MKO-MEXaHUYECKUMHU U (PHU3UKO-
XUMHYECKUMH XapAaKTEPUCTUKAMHU: MPOYHOCTHIO, CONPOTUBIIIEMOCTBIO YAAPY, Tpe-
HIMHOCTOMKOCTBIO, aTMOC(EpPe- U MOPO30CTOUKOCThIO, OTHECTOMKOCTBIO, KOPPO3H-
OHHOM CTOWKOCTBIO, THAPOU3OJSIUMOHHBIMM U PSJAOM JPYTUX CHENUAIBbHBIX
CBOMCTB. Vcrionp30BaHuEe 3TUX KOMIIO3UIIMK B KAYECTBE MEPBUYHOIO WIJIM BTOPUY-
HOTO MHXKEHEPHBIX 0apbhepoB C 1ENbI0 MPEJOTBPAILICHHS BBIX0J1a PAIUOHYKIHIOB B
OKPYXKAIOIIYI0 Cpeay 0OyCIIaBIMBAET UHTEPEC K HUM.

AHTH(PPUKUIMOHHBIE, JeMII(pUpYyOIIMe MaTepuasabl. B HacTodiiee BpemMs B
MHUPOBOU MPAKTUKE MTUPOKO TPUMEHSIOTCS TPUHLUIIBI H30JISIUNA YaCTEN KOHCTPYK-
UAA Jpyr OT JApyra C LEIbK PETYJIUMPOBAHHUS B HHUX YCHIHMA OT BPEMEHHBIX
Harpy3ok. Bo MHOrux coopyXeHusix QPUKIMOHHOE COEAMHEHUE HIIEMEHTOB
SBJISIETCSI HEOOXOIUMBIM U HCTOJIB3YETCS TPATUIMOHHO, HAIPUMEP, CKOJIb3SIIUE
OMOpHBIE YacTU B MoOcCTax. s COOpyX E€HHi, MOABEPKEHHBIX IKCTPEMaIbHbIM
JTUHAMUYECKUM Harpy3kax, ppUKIHUOHHBIE AJIE€MEHThI TIPUMEHSIOTCS CPABHUTEIBHO
HEJAaBHO B 3JIeMEHTax cercMon3onsauuu. OCHOBHBIMU MpobieMaMu GPUKIIMOHHBIX
AJIEMEHTOB SBISAETCA OOECMeYeHHe UX yCTONYMBOW pabOThI MPU HE3HAUUTEIHHBIX
Harpy3kax M UHUKIMYECKUX HArpyKEHUAX, H3HOC Tpymuxcsa mnap. Hosein
GPUKIIMOHHBIA KOMITO3UIIMOHHBIM HEMOJMMEPHBIN MaTepHall MpeICTaBIseT co0oit
TOHKYI0 TKaHb M3 YIJIEPOAHBIX BOJIOKOH, IIPONMTAHHYK  CIIELUAJIbHBIM
rpaduToCcOAEpPKAIMMUM COCTaBOM. TOJIIIMHA TKaHW COCTaBisgeTr okoyso 0,5 mwm,

ko3 uLreHT TpeHus TKaHu mo crtanu cocraBiaser 0.03 ... 0.07, To ecTtb He
ycTynaeT TpaJulIMOHHO TMPUMEHAEMBIM  (PPUKIIMOHHBIM  JJIEMEHTaM W3
¢dTopomiacra.

B kauecTBe OMOPHBIX JIEMEHTOB B CEICMOCTONKOM CTPOUTENHCTBE A (HEKTHB-
Hbl CUHTETHYEecKHe Marepuaybl. CylIeCTBYIOIIUNA OMBbIT NPUMEHEHUS! CUHTETHUYE-
CKMX ONOPHBIX YaCTEW JJIsI yCTPOMCTBA CUCTEM CEUCMOU3OISILNHU U CEUCMOTAllICHUS
aBTOJOPOKHBIX MOCTOB MOKAa3aJl XapaKTEPUCTUKH OTIOPHBIX YaCTEW U3 PE3UHBI U U3
MOJINypETaHA.

BBeneHne B MojgMMepHbIE KOMIIO3UIIUM, HAIPUMEP, HAa OCHOBE AMOKCUIHBIX
CMOJI, HU3KOMOJYJIbHBIX 3alOJHUTENEeH OKa3bIBaeT OJIArONPHUSTHOE BIUSHHE Ha
neMmidupyroie cBoicTBa. B KauecTBe HU3KOMOIYJIBHBIX HAIMOIHUTENEH MOTYT
NPUMEHATHCS AUATOMMUT, IIJIaK, rpaduT, pe3uHoBas Kpoika. OnTUManbHOE KOJU-
yecTBO HamnoiHutenen coctasiseT 10 ... 20 %. [Ipu 3ameHe yacTu BBICOKOMOMYJIb-
HBIX 3alOJIHUTENed (MOJOTHIA KBaplUEBbIM IUIaK, Auabda3) Ha HU3KOMOJYJIbHbBIE
nemidupyromue cBoiictBa Bo3pactaioT Ha 30 ... 50 %, craruueckasi MPOYHOCTH
MIPAKTUYECKU HE MEHSETCH.

Martepuanbl Ha OCHOBE IMOJIMYpPETaHa U HU3KOMOYJIbHBIX HAIIOJHUTEIEH 1IeJIe-
co0Opa3HbI MPU MPOEKTUPOBAHUU U CTPOUTETHCTBE OMOPHBIX YAaCTE MOCTOB, OIMOP
CEHCMOM30IMPOBAHHBIX 3JaHUM, HJIEMEHTOB IPOTUBOYAAPHBIX YCTPOWCTB Ha
MOCTax U MPUYAJIbHBIX COOPYKEHUSIX.



AKTyanbHOI TpoOJIEMOM, CTOSIIEN EPe] COBPEMEHHBIM CTPOUTEIBCTBOM, SIB-
nsieTcst pazpaboTka 3(H(PEKTUBHBIX MaTEpHAIOB U KOHCTPYKIIMM, 00JIaJaloninx Ha-
pSAAy C BBICOKUMHU (DPU3HKO-MEXAaHUYECKUMHU MOBBIIICHHBIMU JeMI(UPYIOMUMU
CBOMCTBaMH JJISI CECMOU3O0JISILMY 3JaHUN U COOPYKEHHM, a TAKKE JIJI1 YCTPOUCTBA
BUOporacsamux (yHIaMEHTOB MOJ 3JaHUS M TEXHOJOTH4Yeckoe obopynoBaHue. B
HUMBM um. B.J[.I'myX0BCKOTO MOJYy4eHBI COCTaBBI AEMII(UPYIONTUX MATEPHUATIOB
Ha OCHOBE IIUTAKOILIEIOYHBIX BSKYIIUX, KOTOpble 00mamaroT B 1.5 ... 2 pa3a Ooub-
el neMnupyrome cnocoOHOCTIO, YeM MOPTIaHAIIEMEHThI U 0eToHbI. [{emmdu-
pYIOLIME CBOMCTBA NUIAKOLIEIOYHBIX KOMITO3UIMK H3MEHSIOTCS B 3HAYUTEIBHBIX
MHTEpBAJIAX NIPU BBEJICHUE B NUIAKOILIEIOYHBIE BSHKYILME BOAOPACTBOPUMBIX IOJIU-
MEpOB: NoJiuBUHWIOALeTaTHON smynibeun ([IBA), naTekca u ap.



Cnmcoxk qureparypa

1. boxenos I1.11. KoMIiekCHOE HCTIOIB30BAHNE MUHEPAIBHOIO ChIPbS U
JKOJIOTHSI.

2.

3.

9.

- M.: U3n-8o0 ACB, 1994. - 264 c.

['opnoB FO.I1. TexHoIOrUs TEION30JIAIIMOHHBIX U aKyCTUYECKUX MAaTEpUAIOB
u u3aenui. - M.: Beicin.mk., 1989. - 384 c.

Komoxos IL.T"., I'peiznioB B.C. CTpykTypHas MeXaHHKa U TETUIO()U3UKA JIETKOTO
oetona. - Bonorga: M3a-Bo Bonoros. Hayd. nentpa, 1992. - 321 c.

. MakcumoB C.B. KepamoOeronnsie uzaenus. - Caparos: U3n-so Capar. yH-Ta,

1994.-152c.

. HoBukos B.V. IlonmuMepHbie maTepuaiibl 11 crpoutenberBa: ClipaBOYHUK. -

M.: Beicir.mxk., 1995.-448 c.

. [Tonecko A.M. PaboTocrmocoOHOCTh KeIe300€ TOHHBIX KOHCTPYKITUH, TIOIBEP-

xeHHbIX Koppo3uu/ CII6. roc. apxut.-crpourt. yu-T. - CII0., 1996. -182 c.

. PpiObeB U.A. OOmuii Kypc CTpOUTENbHBIX MaTepuanoB. - M. :Beicmr. mik., 1987.

- 584 c.

. CHulI 3.04.01-87 «30JsIIUOHHBIE U OTJEIOYHbIC MOKPHITUSIY. - M.: CTpoiius-

nat, 1990.-56 c.
Topomnos H.A. Xumus cuinukaToB u okuciioB: M30pannsie Tpyasl. - JI.: M3a-Bo
«Hayxkay, Jlenunrpan, ota., 1974. -440 c.

10. I'pymman P.I1. CnpaBoynuk Termionzonuposiuka. -JI.:Crponnsznar, 1980. -

184c.

11. ITonuenko C.H. CripaBOYHHK O TUAPOU3OIISIIUU coopykeHui. -JI.: Ctpoitus-

nat, 1975.-232 c.

12. TTokposckuit B.M. I'mapousonsuuonnsie padoTsl. -M.: Ctpoiinzaar, 1985. -

320c.

13. baparoB A.H. IloxapHast onacHOCTh CTPOUTEIBHBIX MaTepuanoB. -M.: Ctpoii-

n3gat, 1988. -380 c.

Y4eOHOE n3ganue

MAKCHMOB Cepreit BanentnHoBu4
KOMOXOB ITaBen I'puropbeBud
3BEPEB Bukrop bopucosuu

MATEPHAJIbBI JJIA
KOHCTPYUPOBAHUA 3AHIUTHBIX
HOKPBITUH

Penaxtop H.A.EBnokumoBa

JInniersusa JIP Ne0716188 OM 01.04.98. Iloanucano B neyars

10.08.2000. ®opmat 60x84/16. bymara nucyas. Yci. ned. a. 10, 47.
Vu. - u3na. 1. 10,10. Tupax 1000 >x3. 3aka3z IOBB

N3narenbcTBO Acconnaiuy CTpOUTENbHBIX By30B 126337, MockBa,
SApocnaBckoe m1., 26 Tumorpadus YnlI'TY, 432027, YabsHoBck, CeB.
Beneir,32.



