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AunHoTauus. Ilocmanoexa npodnemsl. Ilporecc ruaparanny 3aBUCAT OT MHOTHX (PAKTOPOB M OJHHM W3 HHX
ABJIICTCS BOJOTHMIICOBOE OTHOILIEHHE, 3aBHCAILIEE OT YAENbHOH IHOBEPXHOCTH (TPaHYJIOMETPUYECKOTO COCTaBa), C
YBEIMYECHUEM KOTOPOH HM3MEHSETCSI CKOPOCTh PAaCTBOPEHMSI M, COOTBETCTBEHHO, CTENEHb KOHLEHTPALUH pPacTBOpa.
[ocnennsis BaMseT Ha oOpa3oBaHME LEHTPOB KPUCTALIM3ALMHM M CTPYKTYpy HEpBOHAYaJIbHOTO Kapkaca. V3MmeHss
MTOBEPXHOCTHYIO SHEPTHI0 KPHCTAJUIOB M KOHIIEHTPAIMIO PAcTBOPOB C ITOMOIIbIO MOBEPXHOCTHO-aKTHBHBIX BEILIECTB
(ITAB), MOXHO N3MEHATH CKOPOCTH (hopMHUpOBaHUs Kapkaca. Ilens cmamuu - uiccienoBaHne BIMSIHAS MOIU(PHUKATOPOB
B BHJE TIOBEPXHOCTHO-aKTHBHBIX BemiecTB (IIAB) Ha ocHOBHBIE (hM3HKO-MEXaHHMYECKHE CBOHCTBA T'MIICOBBIX CHCTEM U
3aTBEpPAEBIIEH CTPYKTYphL. Bb1600. CBs3bIBasi y4aCTKH TEIJIOBBIICICHUS ¢ KOHIEHTpAIMEH pacTBopa, GOpMUPOBAHUEM
KapKaca ¥ IPOYHOCTBIO, MOXKHO IIPEIIIOJIOKNTD, YTO (POPMHUPOBAHUE KapKaca WAET IPH IOBBILIEHHOH KOHLEHTPALUH
pacTBopa M BBICOKOM CKOpPOCTH TeIUIoBBIAeneHus. Bropoit ywacrok (0,25-1,00 wac), BeposTHO, OTHOCHTCA K
00pa30BaHMI0O KOHTAKTOB MEXJIy CPOCTKaMH M 3alOoJHEHHI0 OonblinX mycToT. Hanbosiee MHTEpECHBIM SIBIISIETCS
Tpetuit yuactox(1,00-2,00 uaca). Tak, mpuMeHEeHME TOHKOMOJOTOIO THIICA YCKOpSIET Mpolecc T'MIApaTalyu, HO
BBE/ICHHE 3HAYUTEIHHOTO KOJIMYECTBA TOHKOMOJIOTOW JO0ABKM B COCTAB OOBIYHOTO THIICA CTPOMTEIBHOIO BEIET K
CHIDKEHHIO CKOpOCTH ruiparanuu. ®opmMupoBaHHe HOBOOOpa30BaHMH Iocie 00pa3oBaHMs Kapkaca, B 3aMKHYTOM
MIPOCTPAHCTBE BEJET K IMOBBIICHUIO BHYTPEHHUX HANPSHKEHUH M CHIKEHHIO IPOYHOCTHU 3aTBEPAEBILIEH CTPYKTYPBI, 4TO
MTOJTBEP>KAAIOT PE3YJIbTAThl MEXaHUUECKHUX HUCIIBITAHHH.
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AHoTaniss. Iocmanoseka npoéremu.llpouec rigparanii 3aaexuTh Big 6Gararbox (GakTopiB i OguH i3 HHX -
BOJIOTIIICOBE BiTHOIICHHS, SIKE 3AJIE)KHUTH BiJl MUTOMOI ITOBEPXHi (TPaHYIOMETPHUYHOTO CKIALy), Y pa3i 30UIbIIEHHS SIKOT
3MIHIOETHCS IBUAKICTH PO3YMHEHHS 1 BiNOBITHO CTYMiHb KOHIEHTpAIil po3uuHy. OCTaHHS BIUTMBAE Ha (hopMyBaHHSA
LIEHTPIB KpHUCTaNi3amii Ta CTPYKTypH NEepBiCHOTO KapKaca. 3MiHIOIOUH IIOBEPXHEBY €HEPrif0 KPHUCTAIIB i KOHIIEHTPAIII0
PO3YMHIB 32 JONOMOIOI0 MOBepXHEeBO-akTUBHUX pedoBuH ([TAP), MoxkHa 3MIHMTH MIBUAKICTH (POPMYyBaHHs Kapkaca.
Mema cmammi - 1OCIiKSHHS BIUIMBY MOJIU(IKaTOPIB y BUIIISI MOBEpXHEBO-akTHBHUX pedoBuH (ITAP) Ha ocHOBHI
(i3uKO-MeXaHI4uHI BJIACTHBOCTI TINCOBUX CHCTEM 1 3aTBEpAIOl CTPYKTYpU. Bucnoeok. 3B's3yroudl IUISHKA
TEIUIOBU/IUICHHST 3 KOHIGHTpAIi€l0 pO3uMHy, (OpMYyBaHHSM Kapkaca Ta MILIHICTIO, MOXXHa IIPUITyCTHTH, IIO
(opMyBaHHS Kapkaca BiJIOyBaeThCs 3a MiJBHIICHOT KOHIICHTPAIll PO3YMHY 1 BHCOKOI IIBHIKOCTI TEIUIOBUILJICHHS.
Hpyra ningaka (0,25-1,00 ronuna), WMOBIpHO, HAJEXKHUTh JO YTBOPEHHS KOHTAKTIB MK HOBOYTBOPEHHSMH 1
3allOBHEHHSIM BEJMKHX ITycToT. Halinikasima tpers nursaka (1,00-2,00 roxunan). Tak, 3acTocyBaHHS TOHKOMEJIEHOTO
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TiTICcy TPUCKOPIOE TpOIIeC Timpararlii, ajie BBEACHHS 3HAYHOI KUTBKOCTI TOHKOMEJIEHOI J00aBKH B CKIIaAi 3BUYAHOTO
rincy OyZIiBeNbHOTO 3HIDKYE IIBUAKICTH riApaTamii. dopmMyBaHHS HOBOYTBOPEHBb IICNII YTBOPEHHS Kapkaca, B
3aMKHYTOMY MPOCTOPI BHKIMKA€ 10 MiABHINEHHA BHYTPIIIHIX HANpyXeHb 1 3HIWKEHHS MIIHOCTI 3aTBEpALIoi
CTPYKTYPH, IO MiATBEPAKYIOTh PE3yIbTaTH MEXaHIYHUX BUIIPOOYBaHb.

KiwuoBi cioBa: cincosi cucmemuy 2incogi 6'socyui; 3ameepoina cmpykmypa, 2iopamayis, Mooupikamopu, nosepxHeso-
akmueﬁipeqoeunu

HYDRATION OF GYPSUM SYSTEMS
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Summary. Problem statement. Hydration process depends on a number of factors including water-to-gypsum
ratio that depends on the specific surface area (granulometric composition). Increasing the specific surface area results
in the varied dissolution rate, and thus,the solution concentration. The latter affects the initial framework structure and
the formation of crystallization nuclei. Modifying the surface energy of crystals and solution concentrations with
surfactants can change the rate of framework formation. Purpose. The research of the impact of modifiers in the form of
surfactants on the main physical and mechanical properties of gypsum systems and the hardened structure. Conclusion.
Considering heat release regions along with the solution concentration, framework formation and strength, it can be
assumed that the framework formation occurs with an increased solution concentration and high heat generation rate.
The second region (0.25-1.00 hour) probably refers to forming contacts between splices and filling large voids. The
third region (1.00-2.00 hour) is of the utmost interest. Thus, using finely ground gypsum catalyzes the hydration
process, though adding a large amount of finely grained additive into the ordinary building gypsum composition leads
to a lower hydration rate. The formation of newgrowths after the framework is formed in a confined space results in
higher internal stresses and a lower strength of the hardened structure, which has been proved by the results of the
mechanical tests.

Keywords: gypsum systems; gypsum binders,; hardened structure; hydration; modifiers; surfactants

AKTyaJbHOCTh mpo0JemMbl. KoHEUHbIM  TeXHONOrMueckod cTopoHbl. Croga MOXKHO
MPOAYKTOM MHUHEPAIbHBIX BSDKYILUX SBISIETCS ~ OTHECTH IIMPOKO paccMaTpHUBAaEMBble CIIOCOOBI
3aTBEpAEBIIAs CTPYKTypa C OIPEACICHHBIMA  W3MEHEHUS  MHMHEPAJOTHYECKOrO0  COCTaBa
CBOMCTBaMHM, IOJlydaeMas IOCIE€ TUApPAaTalMd  BDKYIIMX  BEIIECTB, IOJYYEHHBIX  IOCIE
WCXOJHBIX MaTepuajoB. Bechb mpormecc W TEIOBOH 00pabOTKH, — BBEACHHEM Pa3IMIHBIX
nepedyeHb (akTOpOB, BIUSIONIMX, HA CBOMCTBa  J00ABOK, YTO  3HAYUTEIBHO  YNpOLIAeT

MHHEPAJIBHBIX BKYLUIMX MOXHO INPEACTaBUTh  TEXHOJOTHMIO  npousBoacTBa.  Ho,  mpm

CJIEAYIOUIMM 00pa3oM: ChIPbEBBIE MaTepHabl —  YBEJIMYEHUM KOJIMYECTBA KOMIIOHEHTOB Oosee

TerioBass oOpaboTKa — MpOLECChl THApATallMd  JIBYX, MEXaHHW3M  Ipolecca  THuapaTaluu

— 3aTBEpJEBIIas CTPYKTypa. YCIIOXKHSIETCS u CTaHOBHTCS
PaccmarpuBas TEXHOJIOTHYECKYIO LIENOYKY,  TPYIHOYIIPABIISEMBIM.

MOXKHO OTMETUTh Ba)XKHOCTb KaXKIOTO HTara. To ecrb BrOopoil  3Tam  (mpouecc

Ho ocobeHHO BiMsAIONIMM Ha KOHEUHBIA  THIpaTanuu) 0ojee CIOKHBIN, TaK KaK 3aBUCHT

MPOAYKT W SIBJISIOIIMNCA YNPAaBIAEMBbIM €CTh  OT IEPBOHAYAIBHOIO COCTaBa BSIKYIIMX U C

IIPOLIECC TUAPATALIMY. TOYKM  3pEHUs  MpPEACTaBIEHUS  CAMOI0
[lepBBiii 3Tanm, MO3BOJISAIOMIMK TMOJY4YUTh  MEXaHU3Ma, HO TMO3BOJISIET  PEryJIupoBaTh

MUHEpPAJIbHBIE BSOKYIIME  BEIIECTBA  C  KOHEYHYIO CTPYKTypy B Ooyiee IIHPOKUX

ONpEJIETICHHBIM MHUHEPAJIOTHYECKUM COCTaBOM,  Ipeaenax.

JOBOJIBHO  CJOXHBIM B HCIOJHEHUU C
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OcHoBo#l Bcex Moau(dUKAIUNA THICOBBIX
CUCTEM SIBJIICTCS IBYBOJHBIN TUIIC — MUHEPAT,
COJIEp KAl IEeCTUBAIICHTHBIE aTOMBI CEpHI,
HaxoJSIIHUECs B TETPAIIPUUECKOM OKPYKEHUU
WOHOB KHCJIOpPOJIa M OOpasylomue TpYIIbl
[SO4]2'. B kpucrammax CaSO4-2H,0 umerorcs

cion, o0Opa3oBaHHBIE, C OJHOM CTOpPOHBI,
+

womamu  Ca” W GUIDKHEM  CyIb(haTHBIM

TETPa’ApoM, a C JApPYroil - ¢ JalbHUM

CyNb(haTHBIM TETPASAPOM.

VYyuurbiBas KOOPAMHALMOHHOE YMCIO HMOHA
Ca™, paBHOoe 8 [1], uTO Kaxkmas CBsI3b HMOHA
KanbplMg paBHa 1/8 ero BanmeHTHOCTH. BHyTpHm
cinost Ca** u SO42' HMMEIOTCS IPOYHBIE CBSA3H, HO
B TEPIECHIUKYJSAPHOM HAIMpaBICHUU K CIOSM
MOJIEKYJI BOJIBI CBSI3U clladee.

Y mByrumpatra CaSO4-2H,O  Bechma
COBEepIIeHHAasl CMaiHOCTh MO iockoctu (010)
u npoxoauT Mexay ciosimu H,O---H,0. Takxke
HMMEETCs CHAHOCTh MO IPYTUM HarpaBICHUSIM:
coepuieHHast o (111) u HecoBepieHHas 1O
(100) [2].

Hapymenue sHepreTuueckoro paBHOBECHS
NPUBOIMT K paspeiBy cBsseil moHoB Ca’’ m
SO42' C MOJEKyJaMd BOJbl U YIAJICHHUIO
nocnenHux [3; 4].

B 3aBucumoctu OT ycClnoBui HapylieHUs
paBHOBECHS pa3ianyaroT CIeyIOoIIHe
MOM(UKAIINH CEPHOKAIBIIMEBON COJIU: abda-
nonyBoaHblii rumnc  a-CaSO4-0,5H,0, Oera-
nosyBoaHbld turnc B-CaSO04-0,5H,0, ambsda-
pactBopuMblii  aHruaputr  a-CaSQO,, Oeta-
pacTBOPUMBIH AQHTUAPUT 3-CaSOsq,
HepacTBopuMbIi aHruaput CaSOy [5; 6].

OCHOBHBIMU TPEUMYIIECTBAMHU THIICOBBIX
BSDKYIIUX SIBJISETCA 3HAYUTENbHAs MPOYHOCTHh
W3/1eNni, OBICTPOTA CXBATHIBAHUS U TBEPJCHUSA,
4TO MO3BOJISIET MOJTy4UTh BBICOKYIO
obopaumBaemMocTh obOopynoBanus. Ho Ooree
IIMPOKOE HCIOJIb30BAHNE TUIICOBBIX BSDKYIIMX
00yCIJIOBJIEHO UX HU3KOW BOJIOCTOMKOCTBIO.

Huskme »HepreTnueckue 3aTpaThl Ha
MOJTyYE€HUE THUIICOBBIX BSIKYIIUX, OCOOCHHO
HU3KOOOKUTOBBIX, BBIHYKIAIOT
uccienoBaTesiell BO3BpalllaTbCs BHOBb U BHOBb
K TPOBEIEHUIO padOT MO TMOBBIIICHUIO HX

BOJOCTOMKOCTH 51 MIPOYHOCTHBIX
XapaKTEPUCTHK.

Ananau3 nyoaukanmii. Kax Opu10 ckazaHo
BBIIIE, MEPBBIH  INyTh —  W3MEHEHHUE
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TEXHOJIOTHYECKUX TapaMeTPOB MPHU O0XKHTEe 3a
CUeT M3MEHEHUA TEMIIEPATyphl, BPEMEHU
o0xura, naBJICHHs, CpeAbl T. N. C IICJIBIO
MOy YEHUS OIPEJEIICHHON CTPYKTYpPBEI
KPUCTAJUIOB M, COOTBETCTBEHHO, CBOMCTB
BH)KYH_II/IX BCIICCTB, ITO3BOJIAIOIIINUX I10CJIC
rugpatainuu noiayduth cucteMy CaSOg4---H,O

YCTOMYHUBOU BO BJI&YKHBIX YCIOBUAX
AKCIUTyaTalliH IOBOJBHO CIIOKHBIM.

O. I1. Muennos-Ilerpocsn rpouecce
KpUCTAJUIOrpaPUIECKOI MEPECTPONKHU

pelIeTKH JBYTUApaTa TUIlCa B TMOIYTUAPAT U
auruaput (CaSO4 2H,O — CaS04:0,5H,0 —
CaSQO4) mpencraBuil B BHAEC H3MEHEHHS
YIAKOBKHA CTPYKTYpPhI HECTHOAEMBIX MIapOB

(puc. 1) [2].

) 8 - ~ -
e Ay ey &
o St i A
Yo @@ @ f3h Lo
y O %r v
G G i 3:/‘ (7
YeYeve i Sy o |
@_w Qa*@z'rr"-r." C}.a (E @5 \./;‘a' (T J

Puc. 1. Ynaxosxa cmpyxmypuoi:

a — CaSO, -2H,0; 6 — CaS0, 0,5 H,0; ¢ — CaS0O,

Hapymienne sHepreTH4ecKoro paBHOBECHS
OPUBOIUT K YJAJICHUIO BOABI M YIUIOTHEHHUIO
CTPYKTYPBI, UTO TOJTBEPKIAACTCS AJAHHBIMH T10
napameTpaMm dJeMEHTapHbIX sdeek [2] 40.
[Tocne neruaparamuu CaSO4-2H,0 yacTs BoabBI
OCTaeTCsl B TMOJIOM KaHaje MEXAY CIOSMU Ca**
SO42' Ca-SO4-Ca u ynepKwBaeTcs 3a Cuer
OPUJIETAIOIIEr0 K HeW HOHA Kalbliud, HOHA
kuciaopona rpymmsl SO4”. OHa  Kak OBl
MOJIIEP>KUBACT COXpaHEHHE KPHUCTAIJIO-
XHUMHYCCKHX CBS3CH.

O06e3BoXKHUBaHUE SIBJISICTCS ¢bazoBbIM
npespamieHieM  0e3nudpy3noHHOrO0  THIIA,
COTMPOBOXKAAOIIMMCS KpUCTaIIorpaduueckoit
NIEPECTPOMKOM  3a  CYeT CABUIra  CIIOEB
Ca-SO4-Ca BHOJB COBEPILIEHHON IUIOCKOCTU
cnaiitnoctu (010).

DnemMeHTapHas s4elika MoJyruapara rurnca

CaS04'0,5H,0 NMeEET KOOPIMHAIINIO
KPUCTAULIOXUMHUYECKUX CBs3eH, Kak W Yy
IBYBOJHOTO THIICA, HO B  HECKOJBKO

HCKa’>XCHHOM BH/C.
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[Ipu nepecTpoiike B aHTUJIPUT AKTUBHOCTH

CHMXKAETCA 32  CYET  YMNOPSAJOUYECHHOCTH
KOOPJMHAILIMOHHOTO OKpYyXeHus [7].
DHepreTU4ecKue pacyeTsl pereTox

Moau(UKAIMI HMEIOT CIEIyIOIINe 3HAYEHUS:
N, CaS0O42H,0 = 2 300 x/[x/mMomb;
N, CaSOs -0,5H,O0 = 2 505 x/[x/mMomb;
N, CaSO4= 2 638 x/]»x/Mo0b.

CnenoBatenbHO, y1aJeHHE BOJbI TPUBOAUT
K YBEIMYEHUIO DHEPIHMHU KPUCTAIHUYECKON
pelIeTKr, KOTOpas B 3HAYUTEIBLHOW Mepe
ompenenseT (QUIUYECKUE U  XUMUYECKUE
CBOWMCTBA KpHCTaIa: MPOYHOCTh, TBEPIOCTH,
IJIOTHOCTh,  PacTBOPSAEMOCTb, XHMHUYECKYIO
aKTUBHOCTH [8&].

TakuM 00pa3oM, MepBBIA MyTh MOTYYCHHS
CTPYKTYpBl KPHCTAJUIOB TpPH OOXHIe - 3TO
W3MEHEHUE yCIOBUH HHEPreTHYECKOTO
npouecca yJIajJ€HHUs] XHUMUYECKOW CBA3aHHOU
BOJIBL.

PaccmaTpuBas ~ CTpyKTypy  pa3iIU9IHBIX
Moau(dUKaIMii  TUIca, BUIUM  CIOXHOCTh
TEXHOJIOTHYECKOTO IMpoIliecca Mponu3BoCcTBa. B
JAHHOM  HAmNpaBICHUU MOXHO  BBIACIUTH
OCHOBHBIC MOJH(HKAITIHM TUTICOBBIX BSDKYIIIHX,
HCIOJIb3YEMBIX B CTPOUTEIEHOM
npousBojicTBe: & -CaS04-0,5H,0 — & ambda-
Moaudukarus, 3-CaS04-0,5H,0 -
B - ™Momudwkamus TMOIYBOJAHOTO THUIICA U
anruaput CaSOy,

CrnemxyeT OTMETHTh, 4YTO 3HAYHUTEIHHOTO
nporpecca 371eCh He Ha0JII01aeTcsl.

Bropoe HampaBieHue wucCCIEIOBaHUM
yMEHBIIIEHHE PAaCTBOPUMOCTH B BOJE Cylb(dara
Kbl 3a CYET MPUMCHCHHS Pa3IMYHBIX
N00aBOK MPU THAPATAIMH THIICOBBIX BSDKYIIMX
[9-14]. B  nmamHOM  ciywyae ~— cuUcTeMa
YCIIOXKHSETCA, M B TMpollecce TUIpaTalun
0o0pa3yroTCsi HOBBIC COCIUHEHHUS THIICA C
BEIIIECTBAMH, BXOJSIIMMHU B COCTaB J00aBOK.
Hampumep, rUTNICONUIAKOBEIE, THIICOIIEMEHTHBIC
BSDKyIIME  BemiecTBa.  [IpakTudecku  3TO
CO3/IaHWEe  MHOTOKOMITOHCHTHBIX  BSDKYIIUX
MarepuaioB [15; 16], To ectb ymnpaBieHue
CTPYKTypOl Ha CyOMHKpPOKPHCTAUTMYECKOM
YpOBHE, HO  3TO  TPOUCXOAUT  MPH
3HAYUTEIIBHOM KOJIMYECTBE JIOTIOJTHUTEIBHBIX
KOMIIOHEHTOB, YTO YCJOXHSET CHCTEMYy B
MpoILIecCce TUAPATAITHH.
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PaccmarpuBas TUTICOBEIC CUCTEMBI
d-CaSO40,5H20, B-CaSO45H20,
CaSQg4,0TMEUAaEM, YTO NPOILECC THApPATAIUU
BSDKYILIUX BEHIECTB PE3KO OTIMYACTCS AaXe B
OJIHOW mapTuh OOpa30BaHHEM 3apOAbIIIEH
JIBYTHApaTa M 3aBUCUT OT THPECHIIICHUS
pactBopa. Uem OoJbIle IMEpECHINIEH PacTBOD,
TEM BBIIIIE CKOPOCTh 0Opa30BaHUS 32O IbIIICH.

Kak BugHO M3 puCyHKa 2, CIEIAHHOTO Ha
CKAaHHMPYIOIIEM 3JIEKTPOHHOM  MHUKPOCKOIIE,
KpUCTAJUTBl JIBYTHApAaTa B OCHOBHOM HMEIOT
pazmep 10-15 mMxm.

Puc. 2. Dnexmponnas muxpoghomoepapus nosepxnocmu
eunca 6e3 0obasxu(*x1000)

Hromnpuatele KprCTaIbl 00pa3yroT OJOKH,

cpocimigecss B JBOMHUKOBOM  IOJIOKEHMHU.
Opuenranus u pasmep KPHCTAJLIOB
OTPaHUYMBAIOTCS pasmepamu OJIOKOB.
dopMHUpOBaHHE CTPYKTYphl B KaMHE —

pe3ynbTar AeMcTBHs 3aKOHA T€OMETPHUYECKOIO

orbopa pactymux kpucrawioB [17; 18].
[ToBepxHOCT,  00pa30BaBIIETOCS — 3apOJbIIIA
IBYTHIpATa OINpENeNseT HalpaBlICHUE WX
pocra.

Omnpenensiomum Al TPOYHOCTU SIBIISCTCS
BO3HHUKHOBEHHUE MPOCTPAaHCTBEHHOU
CTPYKTYpBI, TO €CTh CpacTaHHE OTICIbHBIX
KpHUCTAJJIOB B CITOIITHOM Kapkac.
Mukpodororpaduu  TOBEPXHOCTH  CKOJIa

TUTICOBOM OTIAMBKM (puc. 3) TIOKa3bIBAIOT
pacnpe/eneHne KPUCTaIOB U OJIOKOB.
DOHeprusi  KpUCTAUIMYECKOM  PELIEeTKH
3aBUCUT OT JJIEMEHTAapHOU SYEHKH, PaJUyCOB
WOHOB, WX 3apsaa, dddexra monaspuszanuu u
KOOPAWHAIIMOHHBIX qrce. Omna B
3HAYUTENIbHOM Mepe onpenensier Gu3ndeckue u
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XHMHYECKHE CBOMCTBA Kpucrtajuia: IIpO4YHOCTb,

TBEPAOCTb, IIJIOTHOCTb, pPacTBOPUMOCTb,
CIIOCOOHOCTh ~ BCTyHmaTb B XHMHYECKHE
peakiuu.

Puc. 3. Dnexmponnas muxpogpomozpaghusi nosepxnocmu
ckona euncogoeo oopasya(*3 500)

DNeKTpOBaJCHTHBIC W HMOHHBIE
(2JIEKTPOCTATUYECKUE) CBSI3U XapaKTEPHBI TEM,
YTO 3apsibl HEUTPaNU3YIOTCS 3a MpeleaaMu
reTeporeHHON pereTku. CBOOOAHBIX CHII HET.
HNneanbHO WMOHHOM CBSI3M MPAKTUYECKU HE

osBaeT (kpome MgO). Cpema uacto
BO30yXkmaeT  pemerky.  MHIynupoBaHHBIN
UNOJLHEIA MOMEHT:

p=zed=4&E,

I/l Z — YUCJIO 3JIEMEHTAPHBIX 3aps0B;

e, d — paccTOsIHHE MEXy Pa3HOMMEHHBIMU
3apsaamu;

E - HanpsHKE€HHOCTH 3JIEKTPUIECKOTO OIS,

& - K03hHUIMEHT TaCCUBHOM MOJISIpU3AIUN
(10% em™).

CriocoGHOCTh JTaHHOTO HMOHA MPUTITHUBATH
MPOTUBOTIONOKHO 3apsDKEHHBIE HMOHBI, 4YTO
COOTBETCTBYET MOJIAPU3YIOUIEH cuje HOHA B
pelIeTKe, XapakTepu3yercs: KOAPPHUIUEHTOM p.
B tabnune 1 nmpuBeneHsl 3HaYCHUA d, [, p I
HEKOTOPBIX HOHOB.

st ynoOcTBa pacyeToB MOYHO
WCIONIb30BaTh TaONMWIly 3HAYeHWH WOHHBIX
pamuycos (A) mo Tonsaummvuary-Ionunry [19],
benosy u bokuto [14; 20] nna x. 4. = 6. Ilpu
JIPYTHX K. 4. monpaBku: = 8-(+3 %); k. 4. = 12-
(+12 %); x. 4. = 4-(-6 %).

OObpazoBaHue CTPYKTYphl TBEPACIOIIETO
THIICOBOTO BSDKYIIETO MPOTEKAeT B JIBE CTAJAUU
[21]. Ha mepBoii dopmupyercss Kapkac
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KPUCTAJUIM3aLIMOHHOMN CTPYKTYPBI c
BO3HUKHOBEHHEM KOHTAaKTOB CPACTaHUSA MEKIY
KpUCTAJUIMKaMA  HOBOOOpa3oBaHW#, a Ha
BTOPOM  IPOHUCXOIUT oOpacraHue  yxe
HMEIOIIETOCS Kapkaca, T. e. pocT
COCTAaBIISIOIIHUX ero KPHUCTAJUIUKOB.
[IpoucxoauT Kak pocT MPOYHOCTU CTPYKTYPBHI,
TaK U YMEHBIICHUE €€ 3a CYeT IMOSABJICHUSA
BHYTPEHHUX PACTATUBAIOIIMX HANPSKCHUH,
BO3HUKAIOIINX B pe3yibTaTe pocrta
KPHUCTAJJIOB.

[Ipo4yHOCTH CTPYKTYphl B 3HAYUTEIBHOU
CTCIICHU OIpEIEIISIETCS BEJINYNHOU "
KUHETUKON TpEChIIIeHUs] B JKUIAKOH (aze
TBEPACIOLIECH CYCIEH3UH, TaKXE 3aBUCUT OT

pPAacTBOPHMOCTH  HMCXOJHOTO  BSOKYIIETO |
CYMMapHOHl  CKOPOCTH €r0  PacTBOPEHHUSL.
bnaronpusitTHble  ycioBUs Ui pocTa
KPHUCTAJLIOB MPH (POPMHUPOBAHUH KapKaca U ero
3aIMOJTHEHUH CIIOCOOCTBYIOT pocty
HAaNpsSOKEHWH W CHIDKAIOT ~ TPOYHOCTH
CTPYKTYDBI. Haob6opor, 4em Ooree

ONarompusTHB YCIOBUS JUII BO3HUKHOBEHUS
HOBBIX 3apOJIbILIeH KPUCTAJUIMKOB U KOHTAKTOB
MEXIy HHMH, TEM MEHbBIIE HaNpsHKCHHE.
[lepBoe BO3MOKHO NMPH MEHBIIEM MPECHILICHUN
U CyMMapHOW CKOPOCTH pEaklM{, a BTOPOE —
OpU  BBICOKOM MPECHILICHMH U  OoJbliel
CKOPOCTH pacTBOPEHUSI.

OnHako ciexyeT OTMETUTh, YTO CIHUILKOM
CUJIBHOE U3MEJIbUYCHHE KPUCTAJIJIMKOB,
COCTABIIAIOLIUX CTPYKTYpPY, IPUBOJIUT TaKXKe K
CHIDKEHHIO ee TmpouyHocTu. [losromy uist

JOCTHKECHUS HauOOoIbIIeH IIPOYHOCTHU
CTPYKTYPBbI HEOOXOTUMBI ONTUMAJIbHBIE
yCIOBUSL ~ THUIpaTalud,  OOECIeurBaroIIne

BO3HUKHOBEHHUE KPHUCTAJUIOB HOBOOOpa30BaHUI
JIOCTATOYHOM BEIMYMHBI NPU MHUHHMMAJIbHBIX

HaANPSDKEHUSX, COTPOBOKIAIOIINX
dbopmupoBanue u pa3BUTHE
KPUCTAJUIU3ALMOHHOM CTPYKTYPBHI.
Teopernueckue pa3paboTku u
SKCIIEPUMEHTAJIbHBIE UCCIIEIOBaHUS
MOCJIETHUX JIET MOKAa3aJld, YTO BO3ZHUKHOBEHUE
KPUCTAJUIM3ALMOHHON  CTPYKTYpbl ~ MOXET

IIPOMCXOANTHh IPHU BBHINOJIHEHUH CIEOYIOIINX
yCinoBUil. Bo-nepBbIX, 4YacTULBl AMCIEPCHON
Gda3pl MOMKHBI HAXOAWUTHCS HA JOCTAaTOYHO
MaJIOM PacCTOSIHUU /1, IPU KOTOPOM BO3MOXKHO
00pa3oBaHUe KPUCTAIU3ALUOHHBIX KOHTAKTOB
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Mexay Humu (puc. 4 a). Bo-BTOphIX,
KOHIIEHTpAIlMsl PACTBOPEHHOTO BEIIECTBA B
JTUCTIEPCHOW cpene  JOoKHA OBITh  OoJIbIe

pPacTBOPUMOCTH THApATA, T. €. CHCTEMa JO0JDKHA
OBITh MeTacTaOUIBLHOM [22].

Tabruya 1
H3meHeHuepa3mepa UOHA 6 3asucumocmu om muna noiapuzayuu
ITaccuBHas AKTUBHAsA Couna TaccnpHas AKTHUBHAsA Crna
nomlpmau HOJ'I}IpI/IBaI_II/ISI I/IOH HOJ'ISIpI/BaLII/I}I
I/IOHLI HpI/ITfDKeHI/IH, HOJ'IHpI/ISaLII/IH HpI/ITSDKCHI/Iﬂ,
WS NOHOB, HOHOB, bl . HOHOB,
. p HOHOB, 0, p
a, B B
Li 0,06 1,7 1,19 Ba* 2,08 1,4 1,4
Na* 0,19 1,0 1,18 Ti** 0,27 9.8 1,41
K* 0,91 0,6 1,14 Al 0,07 9,2 1,44
Be* 0,03 16,0 1,42 Si** 0,04 26,0 1,42
Mg* 0,11 33 1,26 o* 3,1 1,1 1,26
Ca** 0,57 1,8 1,19 F" 0,91 0,6
Sr** 1,38 1,2 1,17 cl- 3,06 0,3
2
Ina Ina 4p (1—-x
, 5 h=0,55, 4 ( *} +£.u
\ N Ino Ino kT Inoa
_.-”
,;"" pre rae: 8, — MEXKMOJICKYISIPHOE PACCTOSHHE;
I T ROy 0 — CTENeHb TMPECHIIIEHUsS pacTBOpa
'I——.~ 1 oo d - (o= c/cy);
f-’“ \\_ —r— 0 — CTENEHb MPECHINICHUSA, P KOTOPOH
/ X s h\ BO3MOJKHO BO3HUKHOBEHHUE JBYXMEPHBIX

/ . \ 4 \

4

Puc. 4. Cxema mexanuzma cpacmaHtust Kpucmaiioe:
a—npu h <36,, 6—h > 39,

Ecim pa>0, TO KaruoH NOJSAPU3YET
aHuMoH; npu pa<(0 KaTUOH MOJSIPU3YETCS
AHUOHOM, IIPU PaBEHCTBE MOJISIPU3ALIUN PK = pa
CBA3b HUMeeT Ooyiee HMOHHBIH XapakTep
KOBaJICHTHAsl CBSA3b OTCYTCTBYET, HAIpUMED, B
MgO cuibl NPUTSHKEHUS OJMHAKOBBI U MMEET
MECTO IOJIHAsE HeUTpanu3anus. B aTom ciaydae
— IIOYTH WJeabHasi MOHHAs CBA3b.

Uem BbIlIE NPECHILIEHUE pacTBOpa, TEM
0OJIbIIIE MOXKET OBITh PACCTOSIHUE MEXITY
cpacTaloUMMUCA 4YacTUI[aMU TujpaTta, IpHU
KOTOPOM BO3MOKHO o0Opa3oBaHue
KPUCTAJUIM3aLlUOHHON CTPYKTYphl. PaccrosiHue
MEXKIy dYacTHIaMH A, oOecrednBaromee
¢dbopmupoBaHue KpUCTAJUTM3AMOHHBIX
koHTakTOB o A. ®. Tlonaky [23], paBHo:

47

3apoAapIlIe pocTa (a*~1 ,5);
@ — sHeprus oTpsiBa (¢ = 25°6);

X — Kod(pdumueHT (GUINKO-XUMHUIECKOM
HEOJHOPOJHOCTH.
[TonsiTne (hUBUKO-XUMHYECKOU

HeoaHopoaHocTu BBeneHo A. @. [lomakom st
XapaKTEPUCTUKUA  CPOJICTBA  OOpa3yIOMIUXCS
3apOJIbIIIeH U TOIJIOKKH, KOTOPask MOKET OBITh
KOJMYECTBEHHO OIlcHEHa KOd()PHUIIMEHTOM X.
Bennunna x nzmensiercs B npegenax ot 0 go 2.
3naueHne x=0 COOTBETCTBYET HJICHTUYHOCTH
HOBOOOpa3zoBaHUs W MOIOKKU. [lpu x =2
MEXIYy 3apOJbIIIeM W TOJJIOKKOW HHUKAKUX
CBs3e HE BO3HHMKACT U (PU3UKO-XUMHUYECKAs
HEOJHOPOTHOCTh JIOCTUTAeT CBOETO
MaKCHMAaJIbHOT'O 3HAUCHUS.

I[Ipy  rugpatanuMu  JOBYBOJIHBIA  THIIC,
BBIJICIAACH u3 pacTBopa, dbopmupyer
KOJUIOUTHO-JTUCTIEPCHYI0 MacCy B BHJIE TeJsl.
Kpucrannel aByruapara CBsi3aHBl  CIAOBIMU
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BaH-JIep-BaabCOBBIMH CHJIAaMU MOJIEKYJISIPHOTO
CHOCIIIICHUA.

Ha nmepBoMm stame (kpucramumsaiuu) Teib
NEepeKpUCTAIU3yeTcss B Oojiee  KpYIIHBIC
KpUCTAJJIBl. 3aTeM HJET MX CpacTaHUE MEXKIY
coboii M o0pa3oBaHME KPUCTAUITMYECKUX
CPOCTKOB. [Tpouecc XapaKTepusyeTcs
TBEPJCHUEM CHCTEMBI U POCTOM €€ MPOYHOCTH.

HccnemoBanusi 1mokaseiBatoT [24] d4TO
pasMep yacTui, oOpa3oBaBIIMXCA 4epe3
pacTBOp, COCTaBIISIET NMPUMEPHO 2,5 HM, TOrna
KaK YacTWIla, POXKJIECHHAs Ha TMOBEPXHOCTH

TBepAOH ¢a3pl, WMeeT pasmep B 2 pasza
MEHBIIUN.
PesyabTaTrel  uccaenoBanuii. IIponecc

THJpaTaly 3aBUCUT OT MHOTMX (DakTopoB U
oMM u3 HuX sBisercs B/ orHomeHwe,
3aBUCSIIEE  OT  YAEIbHOW  IOBEPXHOCTHU
(rpaHyI0METPUUYECKOTO COCTaBa), c
YBEJIMUEHUEM KOTOPOM HM3MEHSETCS CKOPOCTh
pacTBOpEHUS U, COOTBETCTBEHHO, CTENEHb
KOHLEHTPALlUU pacTBoOpa. A MOCIEHsSA BIUAET
Ha 0Opa3oBaHHWE LEHTPOB KPHUCTALIM3AIHNUA U
CTPYKTYypy I€pBOHAYaJIbHOIO KapKaca.

[IpoBeneHHbIE HaMu UCCIIEIOBaHUS
BIMSHUS pa3Mepa YacTULl Ha OCHOBHBIE
CBOMCTBA THIICOBBIX CHCTEM M 3aTBEpAECBIIECH
CTPYKTYPBbI ITOKa3aal 3aBUCUMOCTb CTPYKTYDBI,
CTENEHU IPECHIIIEHUS OT Pa3MEPOB UCXOIHOTO
BSDKYLIETO BelecTa [25; 26].

IIpn HCCIIEI0BAHUY HCIIOJIb30BAIIN
OOBIUHBIN THIIC cTpouTenbHbI ['5-H-2 u rumnc
CTpOUTENbHBIM  TOHKOMONOTHIH ['5-H-3 ¢
YAEIBbHOW MOBEPXHOCTHIO 4 250 eM/r 1 4 650
cM/T. W3menss COOTHOIIICHUE THIIC
TOHKOMOJIOTBI / THIC OOBIYHBIA, H3MEHSUIN
IpaHyJIOMETpUYECKUl  cocTaB  (yAEJbHYIO
MIOBEPXHOCTh). Pe3ynbpTaTel NpuBENcHBI B
Tabnuile 2 ¥ Ha PUCYHKE 5.

MoHO  DIpPENNoJIOXKWTH,  4YTO  JUIA
o0Opa30BaHMs IPOYHOI'O KapKaca 3aTBEpIeBLICH
CTPYKTYpBbI clenyer HCII0JIb30BATh
3HAQUYUTEJIBHOE IIPECHILIEHUE pPAacTBOpa WU
YBEJIIMUUTH TBEPAYIO IOBEPXHOCTbD.

OcoOennocT (popMHPOBaHUS LEHTPOB
kpucramamzanuu asyruapara CaSO42H,0
COCTOMT B TOM, 4YTO IPOLECC HPOUCXOAUT B

YCIAOBUSIX, KOIJIa CTEMEHb  IEPECHIICHHS
pacTBOopa ObIcTpo MeHseTcs [26]. W ecnm B
Hayale  OH  JOCTHTaeT  3HAYUTEIbHOU

BCJIMYMHBI, TO B KOHIIE NPHUOMIKAETCS K
eauHuIle. B coOTBEeTCTBMM C 3TUM poOCT
KPHUCTAJUIOB MPOMCXOAUT B aABe craauu. [Ipm
BBICOKOM  CTENEHHM  TEPECHILEHUs]  poCT
KPUCTAJUIOB ~ HPOXOJUT B  KHHETHYECKOU
o0iacTi, Tak Kak OOpa3yloTCs JBYXMEpHBIE
3apoapiu (mo donbemepy) [20].

Tabruya 2
Bnusauue epanynomempuueckozo cocmaea na
dusuko-mexanuueckue ceolicmea ZUNCOGHIX CUCHEM
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Cpoku | IIpouynocTs,
Cocrasn CXB., MHH MlIla
I'5/T'5T B/T T, R, R,
I'5-H-2 0,57 1,47 | 3,41
I'5-H-3
14- | 20-
o 0
80% +20% | 0,60 00 00 1,20 | 3,00
14- | 20-
o )
85% +15% | 0,58 05 10 1,64 | 3,85
15- | 21-
o 0
90 % +10% | 0,58 30 50 1,60 | 3,62
12- | 18-
0 o
95%+5% | 0,57 30 40 1,54 | 3,81
40
. Z=ss
b ===

— A%+ 15%

= iyl +5ika(0,4)

40

60 80

Bpema

Puc. 5. Brusnue yoenvHou nogepxnocmu Ha
memnepamypy meepoeroujeli cmecu

Ilo Mepe YMEHBILIEHUS CTENIEHU
NEepechIlleHnss  00pa3oBaHUE  JBYMEPHBIX
3apOJbIIIEH CTAaHOBUTCA HHEPreTUUECKH HeE
BBITOJHBIM. CKOpOCTP pOCTa  KPUCTAJIOB
3aBUCUT  OT  JAuQdy3un  pacTBOpUMOH
KUJKOCTH.

Pa3Butue cTpyKTYypbl TBEpACHHS MpU
KPUCTAJUIM3alUN JIBYBOJHOTO THIICA MPOXOIUT
TaKkK€ B HECKOJbKO drtanoB. Ha mnepsom
dopMupyercss Kapkac KpPUCTAJUIM3AIMOHHOMN
CTPYKTYpbI U BO3HHMKAIOT KOHTAKThl CpacTaHUs
MEXIy KpucTamiamu HoBou ¢asel. Ha BTOpOom
poct kpucramioB. W Tperuin aramn
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3alojlHeHHEe OO0BEMOB WM BO3HHUKHOBCHHE
HaIpsHKEHU! [26]. Konen npoiiecca
THIpaTalii  3aBepuiaetcss  (HOpMUPOBAHHEM

CTPYKTYPBI C COOTBETCTBYIOLIUMH CBOWCTBAMM.

Puc. 6. ®omoepagus a u mukpogpomoepagus 6
KPUCMANI08, NOJYYEHHBIX MEMOOOM 6CHPEUHO2O
svipawgusarus Ha ocnose CaCl,, Na,SO,, 2H,0

B cooTBeTCcTBMM C INOCTAaBJICHHOH IIEJIBIO
MIpOrpaMMOM  HCCIIEJOBAaHUN  IIpeLyCMaTpH-
BAJIOCh OIpPEIEIECHUE CTPYKTYpPbl THIICOBOTO
BSDKYILETO, (bopmupyromeics pu
MUHUMAJIbHOM BIIMSHUU JIpYyTUX (HaKTOPOB.
Hns 3TOTO HCIIOJIb30BAaHA METOINKA
BCTPEYHOTO BBIPAIMBAHMS KPUCTAILUIOB Ha
ocHoBe pactBopoB CaCl,, Na,SO,4 u H,O.

PaccmatpuBas hopmy KpHUCTAJUIOB,
00pa30BaHHBIX pacTBOpoOM,
CaClz + NaQSO4 + 2H20 —>

CaS04:2H,0 + 2NaCl, MOXHO OTMETHTbH, UYTO
KOKIBIA KPHUCTANT UMEET BHJl TOHKUX HHTOK,
KOTOphle  (OPMHUPYIOT  MPOCTPAHCTBEHHYIO
CTPYKTYpY BaTooOpa3Horo Buaa (puc. 6)

Ha ¢otorpaduu paznuyarorcss Tpu cios.
HwxHuii, OTHOCUTENBHO IUJIOTHBIN, CPEIHUN B
BHUJIE XBOMHOrO Jieca, C KOTOPOrO pacTyT
BEPTUKAIBHO KPHUCTAJUIBI BBICOTOM 25-30 MM.
BeposTHo, porecc (hopmooOpazoBaHus
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3aBUCUT OT  KOHILIEHTpAallUd  HaydaJdbHBIX
KOMIIOHEHTOB U TPOXOAUT TPU CTAIAUH. ITO U
BbIpaXkaeT  COPMUPOBAHHYIO  CTPYKTYpY.
XapakTepHO, YTO KpPHCTaUl TPEJCTABIISET
HUTEOOpa3HyI0 OCHOBY (pHUC. 6 @), U3 KOTOpOH
PaCTyT UTOJIbYATHIC KPUCTAILIBL.

MukpocTpyKkTypa THUICOBBIX 00pa3loB,
M3TOTOBJIEHHEIX 0€3 100aBOK, BOJIOKHHUCTAS, CO
3HAYUTENbHBIM KoJndecTBOM 1op. OueHb
XOpOILIO  BHAHO, UYTO POCT  KPHUCTAIOB
npoucxoaut no rpausm (010) ¢ sueprueit 240
MK/ M.

Tabruya 3
Pe3ynomamul uccnedoanuii 1uAHUA YOENbHOU
noGepXHOCMU HA MEPMOOUHAMUKY RpOyecca
2uopamayuu

Bpewms, Tennossinenenue, mW/g
Jac I'5-H-2 | I'5-H-3 | I'5-H-2(80 %)
0,25 25,00 30,10 28,00
0,50 20,00 16,80 18,75
0,75 10,20 8,56 8,10
1,00 4,80 4,00 4,50
1,25 4.30 3,43 4,05
1,50 2,52 2,10 3,40
1,75 1,54 1,50 2,30
2,00 0,50 0,25 1,20
TepMoguHamuka mpolecca THApPATALUU
IIOATBEPKIAAET BIUSIHUEC KOHIIEHTpaLuu
pactBopa Ha mporiecc TUApATAINA
MHUHEpPaJIbHBIX BSDKYIIIUX BCIIIECTB "

dbopMupoBaHUEe 3aTBEpPAEBIICH CTPYKTYpHI C
oTpesieIeHHBIMU CBOMCTBaMHU (pHC. 6).
TepMoauHaMuyeckue KpHUBbIE MUMEIOT TPH
XapaKTEePHBIX ydJacTKa: nepuos
BO3PACTAIOIIEr0 TEIUIOBBIICNICHUS — IPUMEPHO
COOTBETCTBYIOIIMI  BPEMEHU  TBEPICHUS,
BTOPOl ~ y4acTOK  MOXHO  OTHECTH K
3aMOJIHEHUIO HOBOOOPA30BaHUSAMHU  OOJBIINX
MyCTOT, a TPETUH COOTBETCTBYET, IO BCEH

BEPOSATHOCTH,  3HAYUTEIBHOMY  CHWXEHUIO
KOHIIEHTpallMld  pacTBOpa M  3aIOJHEHUIO
HOBOOOpA30BaHUSIMU Y4aCTKOB MEJIKHUX
00BEMOB.

Pe3ynprarsl HCCIICIOBAHNHI BIIMSIHUS
YIAEIbHOM TOBEPXHOCTH Ha TEPMOJIUHAMUKY
npoiecca rUApaTaluu MIPUBEJICHBI B
Tabmie 3.

BoiBoabI. Cas3bIBas Y4acTKU

TEIUIOBBIIETICHUS] C KOHIIEHTpaIueil pacTBopa,
dopMHpoBaHHEM Kapkaca U IMPOYHOCTHIO,
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MOXXHO TMPEANON0KUTh, YTO (POPMUPOBAHHE  TOHKOMOJOTOTO THIICA YCKOPSIeT MpoIliecc
Kapkaca uaeT npu MOBBIIICHHOW  TWApaTaldd, HO BBEICHHE 3HAYUTEIHLHOTO
KOHIEHTPALMK PacTBOpa U BBICOKOW CKOPOCTHM  KOJUYECTBA TOHKOMOJOTOM 100aBKM B COCTaB
TEIUIOBbIIeTICHNs. VI3MEHSIsI TOBEPXHOCTHYIO  OOBIYHOTO THUIICA CTPOUTEIHHOTO BEACT K
SHEPrUI0  KPUCTAIIOB M  KOHIEHTPAIMIO  CHIDKEHHUIO CKOPOCTH THApATAIIH.

pacTBOpPOB €  TMOMOIINBID  TTOBEPXHOCTHO- dopmupoBaHue HOBOOOPA30BaHHI MOCIE
aktuBHBIX BeriecTB ([TAB), MOXkHO M3MEHATH  OOpa3oBaHUSA Kapkaca B 3aMKHYTOM
CKOPOCTh JOPMUPOBAHUS KapKaca. MIPOCTPAHCTBE BEJIET K MTOBBIIIEHUIO

Bropoit  ywactox  (0,25-1,00  4yac), BHYTpEHHUX HaNpPsHKCHUH W  CHIDKCHHIO

BEpPOATHO,  OTHOCUTCS K  OOpa3oBaHHMIO  MPOYHOCTH 3aTBEPACBIICH CTPYKTYpHl, 4YTO
KOHTaKTOB MEXJy CpPOCTKAMM M 3aIIOJHEHUIO  TMOATBEPKAAIOT PE3YyJIbTaThl MEXaHUYECKUX
OOJIBIINX MYCTOT. ucnbiTanuit [27-33].

Haunbonee WHTEpECHBIM SIBISICTCS TPETHUH
yuactok  (1,00-2,00 4aca). Ilpumenenue
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