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Anomauin. /[locniodceno eniug 0006asox cynepniacmughixamopis-nonikapooxcuiamie ma ix
KOMNJIEKCHUX 000A80K 3 NPUCKOPIOBAYAMU — eNeKMPONimamu ma OUcCnepciclo 2iopocunikamis
Kanvyilo Ha paHHio MiyHicmo OemoHy 3anizobemonHux wnai. Bcmanoenenmo, wo 3acmocysanms
cynepniacmughikamopis-noaikapooxcuiamis 0ae 3mMo2y nioGUWUMY PAHHIO MIYHICMb OEMOHY Nicisa
MenoB8oN02iCHOI 00pOOKU, npome KONCHY 000A6KY HeOOXIOHO nepesipsmu HA CYMICHICMb i3
3acmocoéanum yemenmom. Ix xomniexchi 3 npuckoproéauamu 006a6KU 6 YMOEAX NPUPOOHO20
meepoinHsa 3abe3neuyroms NiOBUWEHH DAHHBLOI MIYHOCMI OemoHy, npome O0esaAKi 3 HUX, Wo
APUCKOPIOIOMb NPUPOOHE MEEPOIHHS, MOJCYymb 3HU3umu miynicmo nicis TBO i maioms nepeo
3acmocyeanuam nepesgipsmucs. 1lpogedeHo enekmpoHHO-MIKPOCKONTUHI 00CTIONCeHH CMPYKMypu
YeMeHMHO20 KAMeHI0 3 000a8Kamul, 6CMAHOBIEHO, Wo 000a8Ka auule NOIKapOOKCUIamy matixce He
3MiHIOE cmpykmypy npooykmie ciopamayii. Komnnexcni 0obasku npuzeooams 00 YMEOPEHHS.
000amxo60i Kinbkocmi kpucmanoeiopamie AFm- ma/abo AFt-¢has. Pospobaeno cxemy pozeumy
npoyecy myxncasieHHs i no4amxoeoi cmaoii meepoints yemenmy 6e3 000asok abo 3 dobaskamu, 3a
00NOMO20I0  AKUX  GCMAHOBNEHUUl  eKCNePUMEHMATbHUMU — OOCHIONCEHHAMU — HAUOLIbUUL
NPUCKOPIOIOYULL egheKm KOMNIEeKCHOI 000asKu Noaikapookcuiamy ma Oucnepcii 2iopocunikamis
KAIbYito NOACHEHO MUM, WO YACMUHKU Oucnepcii 30ibuyloms NIOWY HNOBEPXOHb, HA AKUX
8i00y6aemuvcs Kpucmanizayis (KonoeHcayis) npooykmis ciopamayii yemenmy, ma 3abe3neyyoms
OinbUL WBUOKE 3aNOBHEHHS HUMU NPOWLAPKIE MidC YACMUHKAMU YeMeHmy (MIHepaibHux 000a8ok,
3ano6n108a4ie) 3 YMEOPEeHHAM AAHYIONHCKIB 3 eJleKmpocemepo2eHHUMU Koumakmamu. B pe3yromami
HOMEHYIOOUHAMIYHUX MA MIKDOCKONIYHUX OOCTIONCEHb 8CIMAHOBIEHO, WO 000A8KU Y Q0CTIONHCEHUX
003V8AHHAX He CHPUYUHAIOMb KOPO3IUHO20 8NAUY HA cmanegdy apmamypy. [JocsaeHymo eeruyunu
nepedamoyroi miynocmi 32 Mlla ons wnan uepes 24 200 meepOiHHs 3a MALONPOSPIBHUM PENCUMOM

36ipunk HaykoBux mpaub YkpAY3T, 2021, Bun. 197
44



36ipHuK HAayKOBUX Mpalnb YKPaiHCHKOTO0 1eP:KaBHOT0 YHiBEPCUTETY 3aJi3HUYHOT0 TPAHCHIOPTY

i uepe3 2 006u npupooHo2co meepoinHs. 3anponoHOBAHO POPMYNY eKOHOMIYHOI epeKmusHoCmi
BUKOPUCMAHHSA 000ABOK OJi5l 3HUINCEHHS eHep2OEMHOCIIE 8UPOOHUYMBA 3A1I300eMOHHUX WNAJL.

Knrouoei cnosa: 3anizobemonna winana, OemoH, paHHs MiyHicmb, XIMIYHI ma MiHepalbHi
006a8KuU.

Abstract. The influence of superplasticizers-polycarboxylates and their complex additives with
accelerants - electrolytes and dispersion of calcium hydroxylates on the early strength of concrete
for concrete of concrete sleepers has been studied. It was found that the use of superplasticizers-
polycarboxylates can improve the early strength of the concrete after heat treatment, but each
additive must be checked for consistency with the cement used. Approx Complex additives with
accelerators in conditions of natural hardening ensure an increase in the early strength of concrete,
but some of them, which accelerate natural hardening, can reduce the strength after WWTP and must
be checked before use. Electron-microscopic examinations of the structure of cement stone with
additives were carried out and it was found that the additive of only policarboxylate does not change
the structure of hydration products. Complex additives lead to formation of additional number of
crystalline hydrates of AFm- and/or AFt-phases. The scheme of development of the cement hardening
process and the initial stage of cement hardening without or with additives has been developed. By
means of which the highest accelerating effect of the complex addition of polycarboxylate and
calcium hydroxylate dispersions was established by experimental investigations, Dispersion particles
increase surface area where crystallization (condensation) of cement hydration products takes place
and ensures faster filling of spaces between cement particles (mineral additives) with them, fillers)
with establishment of lances with electro-heterogeneous contacts. As a result of potentiodynamic and
microscopic investigations it was established that the tested additives in the dosages do not cause
corrosion effect on the steel reinforcement bars. Transmission strength values of 32 MPa for sleepers
after 24 years of hardening under low-heat regime and after 2 days of natural hardening have been
achieved. The formula for economic efficiency of using additives to reduce the energy intensity of
production of concrete sleepers has been proposed.

Keywords: reinforced concrete sleeper, concrete, early strength, chemical and mineral
additives.

Beryn.  Cramom  wa  01.01.2021 «CTapOKOCTSIHTUHIBCHKUN 3aBOJ] 3aJ11300€TOH-

pO3rOpHyTa  JOBXHHA  KOJNIM  3ai3HUIb
3arajlbHOTO0 KOPUCTYBaHHS B YKpaiHi csraia
27062,3 xm, 3 akux 23902,0 kM ykiajgeHO Ha
3aI11300€TOHHUX IIIMAajax, SKUX HaApaXOBYEThCS
44304,8 Tuc. mr. OcCKIIBKM MacoBa 3aMiHa
JEPEB'THUX man 3aI1i300€ TOHHUMU
3aBepmieHa me y 1990-x pp. 1 HOBI ImManu
BUPOOJISIFOTBCSL ~ JIMIE  JUIS  KaliTaJbHOTO
PEMOHTY KOJIIA BHCOKMX KaTeropid, ix
BUPOOHUIITBO  CHOTOJAHI  3JIHCHIOETBCS B
MEHIUX o0csArax, HiK MPOEKTHa MOTYXHICTh
HAsSBHUX 3aBOJIiB. HUHI mmanu BUPOOISIOTHCS
nepeBaxHo Tphoma mignpuemctBamu: [IpAT
«['HIBaHCBKHMI  3aBOJ  CHEI3aT300€TOHY»
(I'uniBancekmit 3C36), [IpAT «KopocteHchkuii
3aBOA 3aI11300€ TOHHUX Ty
(Kopocrencbkuit 33BI111) Ta dimiero

Hux mmam AT «Ykpszamzuaus». o 2010-x
POKIB 3HauHa KUIBKICTh IITIAJI BUPOOIISIIACH 111e
i BAT «KpemeHuyrpkuii 3aBoj 3a1i300€TOH-
Hux mwnam (Kpemenuynpkuii 33b111).

Mnanu  BUPOONSAIOTH  apMOBAaHUMU
nakeTamMu i3 44 mT. MonepeHLO HAMPYKEHOTO
BHCOKOMIITHOTO JPOTY I3 MM 1 3 OETOHY KJ1acy
C32/40. Burparu nementy ao 2010-x pokis
nepesunryBai 400 Kr Ha MeTp KyOI4HHIA.
[manu hopmyroTh BIOpamiiHUM CIIOCOOOM Y
cwioBuX GopMax, Ha sIKi Mepe]l 3alIOBHEHHSIM
OCTOHHOIO CYMIIIIIIO HATATYIOTh apMaTypHUN
nakeT. HaitOinpin BupoOHUKH — ['HiBaHCHKUI
3C3Bb, Kopocrencbknii 33BI1,
Kpemenuynpkuit 33BII — 3actocoByroTs 10-
MicHI popmu (2 paay 1o 5 mman y JTOBXKHUHY).
Uepes HasIBHICTH €JIEMEHTIB
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HeraitHOTO po3manyOneHHs —  miadgparMm-
MEPETOPOJIOK MK TOPIIMUA CYMDKHHUX IITIaI,
MyCTOTOYTBOPIOBAUIB OTBOPIB JJIsI 3aKJIATHUX
O6onTiB (y mmay sl PEHKOBUX CKpIMJIEHBb
KJIEMHO-0OJTOBOTO THITY) IIMaIu (POPMYIOTh 13
JKOpPCTKUX  OeToHHWUX  cymimeid.  Tomy
BUKOPUCTAHHS TUIACTU(IKYIOUUX T00aBOK IS
BUPOOHMIITBA IMajd  HIKOJX He  OyIlo
aktyansHuM, a JICTY b B.2.6-57:2008
«Mmamu 3a11300€ TOHHI MOTIEPETHHO
HampyKeHl A 3a’mi3Huib Komii 1520 mwm.
TexHiyHi yMOBH» Ta HOTO MOMEPEAHUKUA —
BigmoBigHi I'OCTu HaBITE HE HO3BOJLIN
3aCTOCOBYBATH XiMIuHI JJOOABKH.

Jnst 3abesnedenHs oOepTaHHs (opm
I MAJAI0Th TEIJIOBOJIOTICHIN 00pooii
(TBO) — mpomaproBanuto. [Jo 1990-2000-x
pokiB ii Temneparypa csarana 80 i HaBith 90 °C,
110 3a0e3nevyBasio JOCATHEHHs MepeaaToYHOl
mirHocTi 32 MIla uepe3 8—10 roxun. ¥ 2000-x
POKIB Yy 3B'SI3KY 3 PI3KUM 3J0POKECHHSIM
€HEeproHociiB co0iBapTICTh AT TAKOXK PI3KO
30uTkmmiIack, 1 3 2010-x pokiB TemrepaTypa
nponapioBaHHs Oyna 3HmwkeHa g0 40-50 °C
3aBISIKH 301JbIIEHHI0 AKTHUBHOCTI IIEMEHTIB,
NPUTTUHEHHIO JBO3MIHHO1 pobory,
YIOCKOHAJICHHIO MyCTOTOYTBOPIOBaYiB a0o0 iX
3aMiHI 3aKJaIHUMHU aHKepamMu (y IIman Jajs
PEHKOBHX CKpITJIEHb aHKEepHOTO TUITy). [IpoTte
yepe3 Mojaajbllie 3J0pPOKEHHS EHEProHOCIiB
3HIDKCHHS TeMmriepaTtypu 1 TpuBaiocti TBO
3anumanoch akryanbHuM. 3 2010-x  pokiB
MMOYMHAETHCS 3aCTOCYBaHHS XIMIYHHUX JI00aBOK,
NEPEBAKHO cynepriacTuikaTopis-
MOJTIKapOOKCHIIATIB, 110 Pa30M 3 TiABUIICHHSIM
AKTUBHOCTI IIEMEHTY JIO3BOJHJIO 3HHU3UTH
BUTpaTH lLemeHTy MeHme 400 kxr Ha MeTp
kyOiunmii. Y HoBomy JICTVY b B.2.6-209:2016
«Hmamu 3a11300€ TOHHI MOTNIEPETHBO
HanpyKeHi Juig 3aii3Hump komii 1520 1 1435
MM. TexHiuHI yMOBH» 3aCTOCYBaHHsS J00aBOK
BXKE JonmyckaeTbes. [IpoTe moBHOT BIIMOBH Bij
TBO noci He pocsrayTto. Jlo 3acTocyBaHHS
n00aBOK  —  TPUCKOPIOBAYiB  TBEPIiHHS
3aJIMIIAETHCS JyXke 00epekHE CTaBICHHS Yepe3
KOpO3iiHMI BIUIMB Ha apMaTypy OUIbIIOCTI
€JeKTPOJIITIB 'y paszl TNepeno3yBaHHs, iX
3actocoByBanHs y JCTY b B.2.6-209:2016

oOMexyeThesi. ToMy MOIIYK HOBUX JT0OABOK —
MPUCKOPIOBAYiB TBEPAIHHS, TPHAATHHUX JUIS
OETOHY AN, € aKTyaJIbHUM 3aBJIaHHSIM.

Bu3znauennss MetH i  3aBIaHHA
aocailzkeHHss.  MeTta  OCHIKCHHS — —
OOTpYHTYBaHHSI BHUPOOHHUIITBA TIOMEPETHBO
Hamlpy>KeHUX  3aJi300€TOHHUX  INMamx 3

MPUPOTHUM TBEPJIIHHIM OETOHY 3a paxyHOK
3aCTOCYBaHHA J00ABOK CymnepriacTu(ikaTopis
1 TPUCKOPIOBAUiB TBEPIIHHS — HEEJIEKTPOJIITIB.

3aBIaHHs  JOCHIUKEHB: AaHATITHYHUAN
OTJISIT JTIITEPATYPHUX JAaHUX PO MOMKIHBOCTI
iIBUIIICHHS] PAHHBOT MIITHOCT1 OETOHY 3a
paxyHOK XIMIYHHUX Ta MiHEpaJbHUX J00aBOK;
MOIIIYKOB1 JOCTIPKEHHS 3 BUSHAUEHHS BILTUBY
00aBOK Ha paHHIO MIIHICTh OETOHY Ta BHOIP
N00aBOK; EKCIePUMEHTANbHI  JOCIIIKEeHHS
3JIEKHOCTI paHHBOT MIITHOCTI O€TOHY BiJl
BMICTY  OOpaHHXJ00aBOK; €JIEKTPOHHO-
MIKPOCKOITIYHI JOCTIPKEHHS BIUTUBY J100aBOK
Ha  CTPYKTYypy  LIEMEHTHOTO  KaMEHIO;
MOTEHII0TMHAMIYHI Ta MIKPOCKOITIYH1

JOCTIPKEHHS BIUTMBY XIMiYHUX 100aBOK Ha
KOPO3iI0 CTaNeBOi apMaTypH.

AHani3 mnomepeaHiX AOCTiIXKeHb i
nyoaikaniii. J{ocnmimpkeHHs, CHOpsSMOBaHI Ha
YAOCKOHAJICHHSI TEXHOJIOT1l 3a/1i300€TOHHUX
mman, mnpoBoawituck B YkpAY3T mix
kepiBauirBoM O. I1. Muennosa-Ilerpocsina 3
1960-x pokiB. [1]. Jo 1990-x pokiB i
JOCITIKEHHS Oyiy MpUCBsUeH] iHTeHcHuikarii
TBEpIiHHSA OETOHY, MiJBUIIEHHIO SKOCTI Ta
noBropiyHocti mmain. 3 1960-x  pokiB
MPOBOAMIINCH JOCTIPKEHHST 3 TPUCKOPCHHS
TBEP/IIHHS OETOHY IITaj PI3HUMH CTIOCOOaMH,
y T. 4. KOMIUIEKCHIMH XIMIYHUMU J100aBKaMH,
110 MICTHITN macTudikaTopu Ta
NPUCKOpPIOBaui TBepAiHHA [2] 3 pi3HUMH
KOMITOHEHTAMH X JI0 TAKUX «EK30TUYHHX, K
XJIOPHUJT aMOHIIO, aMiHOOITOBAa  KHUCJOTa,
oKcajaT amoHiro [3].

L{i poboTH y3roKyBajKCh 3 PO3BUTKOM
BITUM3HSHOI Ta CBITOBOI HayKh B Tallysi
O0eroHo3HaBCcTBa [4—6] Ta iH. B. b. PaTiHOoBHM
Oyna po3po0OsieHa MPOAYKTUBHA Kiacuikallis
n00aBoK y 6etonu [4] Ha woTupu Kiacu: 112 —
COJII-EJICKTPOJIITH, 10 € B OCHOBHOMY
MPUCKOPIOBaYaMH TY>KaBJICHHS 1 TBEPIiHHS
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(momaTkoBO mojineHi Ha 5 rpym, puc. 1), 3 —
MiHEpaIbHI T0OABKH — KPHUCTAIIIYHI 3aTPaBKH,
JUCTICPCHI YaCTUHKU SIKUX € TiIKIaIKaMH IS
KpHUCTaJi3alii MpoayKTiB TimpaTalli (Takox

3MaTHI TPUCKOPIOBAaTH TBEpAiHHA), 4 —
nmoBepxHeBO-akTUBHI peuoBuHu (ITAP), mo €
IUTACTU(IKYIOUUMH  Ta  BOJOPEIYKYIOUHUMH
00aBKaMU.

JAobaeku-npuckoposadi TeepgiHHa BeToHy
{poz4uKHI coni cMABHKUX KMCNOT)

I

1. OoBGaBekw, WO BNAMBAIOTE
Ha po3uMHHIicTE C;51a (.5,
ane He BCTYNaoTh 3 HAMMH
¥ XimiuHy pearuito
1

2. fobaeku, U0, pEaryoul 3 LeMeHToM,

YTEOPH HOTh BaXKOPO3YMHHI CNONYHM
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Macl, NaNO;, CaCly, Ca(NOsks,
R O4 BLL, Ca(NOs) FeCly, Fey(SOs), KoCO3, NazC0s, Cacly, Ca(NOs),,
) Na2504 ) Ab{504) NaF NaNO,
—fE—" " "
¢ \ f B rmanvx W s e— _"I .«"_- =i e
MigenwyoTe KiNBHOCTAX ( | : 1 | BEpYTL YYaCTh B PEAKLT S |
PO3IHMHHICTE T35 SHWHYIOTE 3nmyoTe pH | NigsnwyoTe pH YTEOPEHHAM no,u,t_aiﬁhux
Ta C;5 pO3YMHHICTE T35 pigkoi dasu | pigkol dasu cofen-rigpatie,
T8 35 BeToHy kel BeToHy Hanpuinag
| | | 2Ca0"CalNO;)2*10H,0 |

Puc. 1. Knacudixauis B. b. PatinoBa 106aBoK coJei-eJIeKTpOiTIB — IPHUCKOPIOBAaYiB TBEPIIHHS

VYV 1980-x pp. AyXe akTyaJlbHOIO CTaja
npoOjeMa HEJOCTaTHhOI TPINTUHOCTIHKOCTI
miman, sKi MacoBO  HE  BUTPUMYBAIU
CTaHIaPTHOTO BHITPOOYBaHHS Ha
TPITUHOCTINKICTh a00 3a3HaBaju yTBOPEHHS
MOJIOBXKHIX TPIIIUH HA KIHIEBUX JIISHKAX BiJl
MOMEPEAHBOT0  HANPYKCHHS  apMaTypHOTO
apoty [7]. AnHamoriyHa mpoOiieMa BHHHKIIA i
M Yac  BUPOOHHUIITBA  3aTi300€TOHHHX
MOTIEPEIHHO HAMPYKEHUX OMOp KOHTAKTHOI
Mepexi [8], 3113006 TOHHUX TJTAT
0e30a77aCTHOTO MOCTOBOI'O IOJIOTHA [9].

A. M. Ilnyrinum 31 crmiBpoOiTHUKaMH OyI0
3'5ICOBaHO, M0  TPINMHOCTIMKICTh I
3aJIOKUTh BIJl XapakTepy CTPYKTYpu O€TOHY,
(hopmatizoBaHOTO yepes MMOKAa3HUKH
Koe(iIlieHTIB PO3CYHEHHsI 3€peH IIeOeHo
[[IEMEHTHO-MIIIIAHUM PO3YHHOM O, Ta 3E€peH
MiCKY IEMEHTHUM TicToM (kameHem) pu [10, 11].
Ili xoediieHTH XapaKTEepU3YIOTh CTYIIHb
3aIOBHEHHS MPOCTOPY MIX 3epHaMH HICOCHIO
Ta TICKy IIEMEHTHO-TIIAaHUM PO3YHMHOM Ta
LIEMEHTHUM KaMEHEM BIIIIOBIIHO:
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B
V n + llf + 8
a = ynp — plcm p[cm p
W
Vnyc ﬂ . Hycm
w
pHaC
ne  Vimp, Vie — 00'€eM II€MEHTHO-IIIIAHOTO

PO3YMHY Ta IEMEHTHOTO TiCTa BIATMOBIAHO B
3 3

1 m” 6etony, M5 Viye™, Viy" — 00'eM mycToT

BIJIIOBITHO Y IIEOEHI Ta MICKY, 10 MICTUTHCS B

1 ™M OeroHy, y BHXIIHOMY (IIPHPOJIHO

HACHUITHOMY) CTaHi, M3; 1], 11, 1], B — Butparta

BIIOBEIHO IICOCHIQ, HICKY, JIEMEHTY T BOJU
Ha 1M betotty, Kkt po "p  wip T4 Bodt
1CT 1CT 1CT

ICTUHHA TYCTHHA MIEe0EH0, MCKY, IIEMEHTY Ta

tomr = 2,1 (1+du/dw)’ — 1,1;

ne dw, dn, dy— cepeHiii po3mip 3epeH medeHIo
Ta MiCKY 1 YaCTUHOK [IEMEHTY BiJIOBITHO, M.

Y pa3si AOTpUMAHHA Oonr 1 Honr
320€3Meuyr0ThCsl TAKOK MaKCHMalbHI TOKa3-
HUKH BOJOHETPOHUKHOCTI OETOHY Ta WHOro
MIITHOCTI, Y T. 4. Y paHHI TEpMiHU TBEPIIHHS.

Y 2000-x pp. y 3B'S3Ky 31 3HAYHUM
3JI0pPO’KEHHSIM €HEPropecypciB, 0COOIMBO rasy,
HA/ITO aKTyaJbHOIO CTa€ MpoljemMa CKOpOUYECH-
HS TETUTIOBOJIOTICHOT 00pOOKH IImalt 6e3 MIKoau
JUTSL TXHBOT SIKOCT1, 30KpeMa TPIIMHOCTIMKOCTI.
A. M. IInyriaum, A. A. Tlnyriaum,
O. B. PomanenkoM Ta iH. OyJ0 BHKOHAHO
nociijkenns [13—17], 3a pe3yabTataMu SIKUX
BJIaJIOCh PO3POOHTH CKJIaau O€TOHY, IO 3a0e3-
nevyBaliyd 3HAuHI 3HIDKEHHS TeMIepaTypu i
TPUBAJIOCTI TETUIOBOJIOTICHOT 00poOKH [18—19].
[ligBuIleHHsT pPaHHBOI MIIHOCTI B IBOMY
BUMAAKy Oyno 3a0e3leueHo CIOIYyYeHHSIM
ONTUMAIBHOTO CKJIAAy OETOHY 3 Olonr 1 Honr 3
yYBEJIEHHAM J100aBOK cynepruiactudikaropa
cynbonadptandpinpopmansaeriny  C-3 i
MPUCKOPIOBAYIB TBEPIHHS XJIOPUY Ta HITpATy
KambIlito. Byno ekcnepuMeHTaIbHO TOBENCHO,
0 MaKCMMajbHE 30UIBIIEHHS  PaHHbBOI
MIITHOCTI 3a0e3MeueHo came CIIOJIYYCHHSIM
XJIOpUITY Ta HITpaTy KaJIBIIIIO y
CHiBBiIHOIICHHI OJM3bKO 1:1.

B

v ot

!vl = = picm p ,
Vnyc IZ . Hycn

Hac

(1)

T'YCTHHA BOJM BiAMOBITHO, KI/M; Prac™, Prac” —
HacCWIIHa TyCTHMHAa IIEOEHI0 Ta  MICKY
BimmosinHo, kr/m’; ITyc™, ITyc" — mycTOTHICTH
eOCeHIO Ta MICKY BIMOBITHO.

A. M. IlnyriauMm, O. A. KaniHiHuM Ta iH.
BIAJOCh  Maibke,  YCYHYTH . IpoOiemy
HEJOCTaTHBOI ~ TPIMMHOCTIHKOCTI  NUISIXOM
3a0e3neueHHs] ONTHUMaJbHUX 3HA4YeHb IUX
KO€(ILI€HTIB Olonr 1 Monr [11, 12]:
Homr = 2,1 (1+du/dn)’ — 1,1, (2)

OCKUIbKH HITpAT 1, OCOOJUBO, XJIOPHU
KQJIBIII0O MOXYTh CIPUYUHUTH KOPO3IMHHMA
BIUIMB Ha apMaTypy, OCOOJIMBO TMONEPEAHbO
Halpy>XeHy 13 BHCOKOMIIIHOTO JpOTy 3
HU3bKOBYTJICHEBOI CTali, MOXJIHMBICTb TaKOTO
BIULIUBY  Oyla  peTenbHO nepeBipeHa
A. A. Ilnyriaum, P. ®@. PynoBoto Ta iH. [20]. ¥
pe3yabTaTi TEOPETHYHHUX Ta CKCTIEPUMEHTAIIb-
HUX JOCTiPKeHb Oylo TOBEIeHO, MO0 Yy pasi
MOMIPHOTO CYMapHOTO BMICTY XJIOPHAY Ta
HITpaTy Kajblito He Oinmbme 1 % Big macu
[IEMEHTY BOHU HE CIIPHUYUHSIOTH KOPO3iiHOTO
BIUIMBY Ha 3a3HaueHy apMarypy yepes XimiuHe
3B'I3yBaHHS y  TIAPOXJIOpATIOMIHATH  Ta
ripoHiTpoamoMiHaTH Kanblito. [Ipore y
HayKOBOI i BUPOOHHUYOT CIJTLHOTH
3aJMIIWIOCH JY)Ke OOepeXHE CTaBJICHHS [0
3aCTOCYBaHHsI TPUCKOPIOBAdiB TBEPJIHHS —
€JIEKTPOJIITIB yepe3 iX KOpOo3iiiHWi BIJIMB Ha
apMaTypy y pasi Tmepemo3yBaHHs, 1 iX
3acTocoByBaHHsI y po3pobneHomy YiplY3T
JCTY b B.2.6-209:2016 He Oyno 103BOJICHE.
ToMy mOmIyK HOBUX MUISXIB MiJBUIICHHS
paHHBOI MIIHOCTI OETOHY, y T. 4. I0OABOK —
MPUCKOPIOBAUiB TBEPAIHHSA, NPUAATHUX IS

OeToHy  mman,  JOTenep  3alUIIAETHCS
aKTyallbHUM 3aBlIaHHsM. Tak, y po6oti [21]
came TUTS OeToHy 3113006 TOHHUX
i IPEHKOBHX OCHOB MIPOTIOHYETHCS
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KOMIUIEKCHUH  TIAXiA, SKAW TOJsArae y
peTenbHOMY MMi100pi €pEKTHBHUX Ta CYyMICHUX
MK COOOK BHCOKOAKTHBHOTO IIEMEHTY 1
M00aBKM TOJIKapOOKCHUIaTy Ta «Majorapo-
HarpiBHOi Ta/abo ©0e3  MpomaproBaIbHOI»
texHouorii. [Ipore mepemaroyna MIIHICTh 3a
«0e3mponapoBaIbHOIO» TEXHOJOTIEID 33 8—
10 romun He pocsraetbea. Y [22, 23]
MPOMOHYETHCS OTPUMYBATH BHUCOKY paHHIO
MIIHICTh TIEMEHTY 1, BIAMOBIAHO, OETOHY,
3aBASIKH  CTBOPEHOMY  BHCOKOAKTUBHOMY
«MYJBTUMOJAITLHOMY» TEMEHTY, SKHH KpiM
KJIIHKEpa MICTUTh MiHepallbHi JT0OaBKU TPHOX
piI3HMX BHJIB — JOMEHHHH TpaHIIUIAK,
MyIIOJIaHy Ta BalHsAK. Bucoka paHHS MIIHICTb
JOCATAEThCS, HA HANly JIYMKY, 3aBISKH
YTBOPEHHIO OUIBIIOI KIIBKOCTI €JeKTporere-
POTeHHHMX KOHTakTiB. [IpoTe paHHS MIIHICTH
BU3HAYA€ThCS Yy Billl 2 100M, a JOCATHYTa
BeIMYMHA  MIITHOCTI d4epe3 24 TOIUHH,
OUYEBHUJTHO, HE € JOCTATHHOIO IS IITIAI.
[IpuckoproBauaMu-HeeNeKTPOIITAMU, 5K
Oynmo BusHaueHo B. b. Parinoum [4], €
MiHepanbHi J0OaBKU — KPUCTAJIiYHI 3aTPaBKH.
Takoro Moxke Oyt MeTakaoiH [24], mpoTe BiH
YBOAMTHCA Ui 3amoOiraHHs — BHYTPILIHIN
KOpo3ii OETOHY BiJl B3a€EMO/IIT JIYTiB IIEMEHTY 3
aKTUBHUM KpEMHE3eMOM 3aIllOBHIOBaYiB 1 0e3
JOJJATKOBOTO JHCIIEPTYBaHHS HE TIIBKU HE
MiJBUIIYE, & HABITh 3HIKYE PAHHIO MIIHICTH
OeToHy. Y [24] nmponoHyeThCs Taka 100aBKa, sIK
HAHOAMCIIEPCHUH CyIb(OANIOMIHAT KaJbIIilo,
sKa OTPUMYETHCS TNUIIXOM I1HTEHCHBHOTO
AaKTUBYIOUOTO 3MIIIyBaHHS TiAPOKCHAY Ta
AJTIOMIHATY KaJIBLIFO 1 CHUILHO 3
MOJIIKApOOKCHIIATOM ~ 3a0e3ledyye  BHUCOKY
panHt0 MirHIcTh. [IInpoKi TUTiAHI TOCTIKeHHS
3 TIPUCKOPEHHS TBEPMAIHHS MOPTIAHIIEMEHTY
Ta OETOHY OCTaHHIMH POKaMHU MPOBOJSATHCS Y
JIbBIBCHKIM TIONITEXHIII MiJg KEPiBHUIITBOM
M. A. Canunpkoro [22, 23, 25, 26]. Y poboTtax
[25, 26] 3a  paxyHOK  3aCTOCYBaHHS
KOMIIUIEKCHUX J00aBOK, IO CKJIaZaloThcd 13
noJjikapOoKcHiary, HAHOJMCIIEPCHOI
MiHEpaIbHOT n00aBKH (kpemHE3EMY,
METaKaoNiHy), CcyiabhaTy HaTpilo (JIy>KHOTO
aKTUBATOpa), BIAIIOCH OTPHUMATH B YMOBax
NPUPOJHOTO TBEPIAIHHS PAHHIO MIIHICTH 0

52 MlIla. Ilpore i ©OeroHu po3podIIeHi
MEePEBAYKHO JIJIT MOHOJIITHOTO OYy/IBHHIITBA, 1X
paHHS MILHICTh BU3HAYAETHCA Y Billi 2 1060H, a
(dakTHYHa  MINHICTH 4Yepe3 24 TOJIUHH
TBEpAIHHS HE BU3HAYAETHCS I, OYEBUIHO, €
HEJI0CTaTHBOIO IS IITIal.

AHani3 puHKY 100aBOK IOKa3aB, 110 Ha
HBbOMY 3'SBWJIMCH JI0OaBKH, Hampukiaa Master
X-Seed 100 BupoOnunTea BASF, mo e
«CYCTIEH31€10 aKTUBHUX HAHOYACTHUHOK... JUIS
MPUCKOPEHHS TpoLeCy TiIparaiii Ha paHHIX
Tepminax  (6-12  romuH)».  PerioHanpHi
npencraBHuku Kommanii BASF He BonmoniroTh
iH(pOopMaIIiero Ipo CKIaa «CYCIEeH311», TpoTe y
[24, 26] msxoM (Pi3uKo-XiMIYHUX JOCTIKEHB
BCTQHOBJIGHO, WI0 BOHAa € JIUCIEPCI€I0
TIIPOCUITIKATIB Kalbllif0, HA SIKIi BKa3yBaB
B. b. ParinoB. Omxke, 11 NOJAIBIINX
JOCHIUKeHb  sIK  J100aBKYy  MPHUCKOpPIOBay-
HeenekTpoit obOpaHo Master X-Seed 100.
[IpoTe ocraHHIMH poKamMH y BUPOOHMIITBI Ta
yTpUMaHHI1 IITaJT BUHUKIIN HOBI TPOOIeMH, 1110
BUMAraloTh ypaxyBaHHS IiJl 4ac JOCIiIKEHb
YTBOPEHHSI TPILIUH, TIOB’Si3aHE€ 3 HOBUMHU
¢dakTopamMH, TaKMMH SK 3MiHAa KOHCTPYKIIii
CKpIIJIEeHHS Ha aHkepHe [27, 28], 3MiHa SKOCTI
IIEMEHTy 1 3allOBHIOBAYiB, M0  YacTO
00yMOBIIIO€ YTBOPEHHS Y IINajiax MPOCTOPOBOL
CITKM TpINIMH BHACTIAOK B3a€EMOJIl IyTiB
LIEMEHTY 3 KPEMHE3eMOM DEaKI[ifHO 3/1aTHUX
3anoBHIOBauiB [29]. [lns ycyHEeHHs TpillMH y
[28] 3ampomoHOBaHO MiJBUIIUTH Ki1ac OETOHY
mman 3 C32/40 ngo C40/50, mpore 06e3
iIBUIIICHHS TTePEeIaTOYHOI MIITHOCTI.

Takum  ymHOM, pobOOuy  TIHmOTE3y
JOCIIUKEHb MOXHa C(HOPMYITIOBATH TaKUM
YUHOM: MaKCHUMaJbHE IIiJIBUILIEHHS PaHHbBOT
MIIHOCTI O€TOHY MOXIIMBE y pa3i 3acTocy-
BaHHA OETOHY ONTHUMAJIbHOTO CKJIaAy 3 KOM-
IUICKCHOIO J100aBKOW cymepruiactudikaTopa
MOJTIKapOOKCWIIaTy 1 TMPHUCKOpIOBada, IO HE
CIPUYHHSIE KOPO31HHOTO BIUIMBY Ha apMarypy, -
quCTiepcii  TIAPOCHITIKATIB  KalbIiI0 5K
KPUCTANIYHOI ~ 3aTpaBKd IS IIBUAKOTO
YTBOPEHHS KPUCTAJIOT1IPATIB.

OCHOBHA YaCTHHA NOCJIiIKEeHHS

Mamepianu i memoou excnepumeHmano-
Hux oocniodicerb. T1ONIyKOBI JOCTIKEHHS
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BIUTMBY J00ABOK Ha BJIACTHBOCTI OCETOHY
smiicHioBanM Ha [IpAT «['HiBaHCHKMI 3aBOJ
CHeIn3aiiz00eTOHy» Ha 3aBOJCHKHX CKJIaJgax
oetony wimacy C32/40 13 craHZapTHHUX
MaTepiaiB, 0 3aCTOCOBYIOThCS /IS MACOBOTO
BUPOOHMIITBA 3a1i300eToHHNX 1mai [30].

Jis  eKCIepUMEHTAbHUX  JOCTIKEeHb
BIUTMBY J00ABOK Ha BJIACTHBOCTI OCETOHY
3actocoByBanu: noptiaanauement [1L [-500H
JACTY b B.2.7-46:2010 (T1L]) Bonmuub-lLlemenT

(ITpAT «/lixeprod Llement Ykpainan); micok
kBaproBuii ayxe apioamii JICTY b B.2.7-32-95;
mebiHb rpaHiTHUN cymimni ¢paxmiii 5-20 mm
JACTY b B.2.7-75-98; BOJlY MUTHY
Bojonposinny JACTY 7525:2014; ximiuyHi Ta
MiHepaJdbHI J100aBKHM, HaBeAeHl y Tabm. 1,
JO3yBaHHS  SKUX  BHU3HAYalU  3TiTHO 3
pEeKOMEeHalisIMi ~ BUPOOHUKIB.  Jl03yBaHHS
CaCl> ta Ca(NOs); npuiinsinu 3rigHo 3 [ 13, 14].

Taommms 1
Jlo6aBkH B OETOH, 3aCTOCOBAHI JJIs1 €KCIIEPUMEHTATBHUX JIOCI1KEHb
Mapka 'HmyBaHH.H’
Hazga 2 ITo3na- Mac. % Bif
Tun nodaBku a0bo xiMiyHa BupobHuk
n00aBKHA YeHHS BUTpATH
bopmymna
[EMEHTY
K-17 Mictim Mictim 0,8
C E.Fix-AB.27 Apxbyn Apxbyn 0,7
(biyKnailz)nn_aCTH- [Tomi- Plastidor 2 Extra | lopoHik Plastidor 0,4
aTop kapookcunat | ViscoCrete-1030 | Sika ViscoCrete
Anionna [IAP Master Glenium
u
ACE-430 BASF IK 1
HpHCI?OpIOBan i(;(;pl/ili CaCly [MignpuemcTBa
TBEDIIHHA — BT XimiHOT XHK 1 (0,5+0,5)
coul- Hirpar .
. . Ca(NO3)> MIPOMUCIIOBOCTI
EJIEKTPOIIITH KaJbI[i0
AKTHBHa Hucnepcis Master
MiHEpaJibHa TI/IPOCHITIKATIB X-Seed 100 BASF I'CK 2;6,48...7,3
no0aBka KaJbI[i0

Cknanu GeToHy I eKCIIePUMEHTATBHUX
JNOCTIDKCHb ~ TPU3HAYall 32  METOIHMKOIO
YxpAY3T [12, 31] i3 3a0e3nedeHHIM
BU3HAYCHUX 3a (opMynorw (2) onTUMabHHUX
BEJIMYMH KOE(]III€HTIB PO3CYHEHHS 3€peH
KpYITHOTO Ta ApiOHOTO 3alOBHIOBAYiB
Qorr=1,12, Honr=1,79 BiamoBigHO. BiacTuBocTi
OCTOHY BHM3HAYaJId Ha 3pa3Kax-Kybax 3 po3-
mipom pebpa 100 mm 3rigno 3 ACTY b B.2.7-
170:2008, ICTY b B.2.7-214:2009.

EnexTpoHHO-MIKPOCKOMIYHI JAOCIHIHKEH-
Ha MopdoJiorii Ta eIeKTPOHHO-30HI0BUIA
MiKpOaHaJli3 JIOKJIbHOTO €JIEMEHTHOTO CKJIay
[IEMEHTHOTO KaMeHIO 3 n00aBKaMH
BUKOHYBAJIM Ha iX BIJKOJIAaX 3a JIOTIOMOTOIO
CKaHYBaJIBHOTO €JIEKTPOHHOT'O MIiKpOCKOTIa

JEOL JSM-6390LV 3 eneproamcrepciitHum
cektpomerpoM AZtechEnergy X-max" 50
(Anownisn). 3iOMKy IIPOBOAMIIN 3a
MPUCKOPIOBAILHOT HaNpyTH 15 kB.
Kopo3iiinuii BrumB 6eToHy 3 100aBKamMu
Ha  CTaJleBy  apMmarypy  JIOCIiIKyBalu
MOTEHI[I0JUHAMIYHIM Ta OIITHUKO-
MIKPOCKOITIYHMM  METOJIaMH Ha  3pa3Kax-
npu3Max po3mipom 160x40x40 MM, B SIKUX IO
LHEHTpaJIbHIA  TMO3J0BXKHIM  Oci  CHUMeTpii
PO3TaIllOBAaHO CTAJEBUH CTEPKEHb J1aMETPOM
3 MM i noBxkuHoO0 120 MM. CTepikHi, y T. 4. iXHI
TOpII, Tepe/ 3aKIaJeHHIM Y 3pa3Ku-TPU3MHU
Oyl 3auMileHl HaXJauHUM TarnepoM Ta
3HEXHUPEH1 alleTOHOM. 3pa3ku-npu3Mu
BUTOTOBJISUIM 13 IIEMEHTHO-MIIAHOTO PO3YHHY
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cknany 1:1,53 3 B/I] 0,56 (po3unHHOT YacTUHH
O0eToHy). BuroroBineHo worupu cepii mo Tpu
3pa3Kku B KOXHil: | — KOHTpobHI 6€3 106aBOK
(6/m); 2 — 3 nobaBkoro 1 % Master Glenium
ACE 430 (CII); 3 — 3 nobaBkamu 1 % Master
Glenium ACE 430 1 2 % Master X-Seed100
(CITI+I'CK); 4 — 3 nmob6aBkamu 1 % Master
Glenium ACE 430, 0,5 % CaCl2 ta 0,5 %
Ca(NO3); (CIT+XHK).

TTorenuioguaaMiuHi JIOCIIJDKEHHS
3IMCHIOBAJIM 32 CXEMOI0, HaBEJICHOIO Ha pHC. 2
3rigHo 3 [32] Ta 3 ypaxyBaHHSM BUMOT [22] 3a
JIOTIOMOTOF0 TaKMX TMpUJIaAiB Ta 00JIaJHAHHS:
HNOTEHIIOCTaT 3 JIIala30HOM PETyIbOBAHUX
Hanpyru B Mexax He Mmenme 5—-1000 mMB Tta
CUJIM CTpyMy B Mexax He meHIie 1-1000 MxA;
TEPMOMETP 3 Jlalma30HOM BHUMIPIOBaHb ¥
mexax He w™enme 10-30 °C; enekrpon
MOPIBHSHHS XJIOpPCPiOHMIA HaCUYEHU;
JOTIOMI>KHUM €JIEKTPOJ — CTaJeBUN CTEP>KEHb
niaMeTpoMm 5—6 MM, noBkuHOIO 120—-150 MwM;
MOCY/IMHA 3 EJIEKTPOI3OJIIIIHHOTO MaTepiany
(ckma) 3 BHYTpIIIHIM JiaMeTpOM HE MeEHIIe
70 MM 1 BucoTOrO 160—200 MM; €IEKTPOTI TUYHHIA
KJII04 — CKJIsIHa TpyOKa aiameTpoM 3—5 MM 3
KpaHOM, 3allOBHEHa HACHYEHUM pPO3YHHOM
XJIOPUCTOTO KaJIilo.

o
ltn

e

\4

Puc. 2. Enektpuyna cxema 3HATTA
MOTEHIIOANHAMIYHUX MOJISIPU3AIHHAX
KPHUBHX: / — €JIEKTPO/ MTOPiBHSHHS;

2 — eNeKTPOITHYHUH KITI0Y; 3 — 3pa3ok;
4 — NTOTIOMIXKHHM €JIeKTPO; 5 — MIKpoam-
nepMeTp; 6 — MOTEHIIoCTaT

EnexTpoxiMiuyHi BUMIpIOBaHHS IpOBe-
JIEHO TICJS JOCATHEHHSI O€TOHOM MPOEKTHOL
MIIHOCTI yepe3 28 mi0 i uyepe3 6 MICAIIIB.

BumiproBanHs ~ 3fificHIOBaJIM  Ha  TPbOX
napajenbHUX 3paskax. 3pa3kd OETOHy 3
apMaTypol0 10 TOYaTKy  BHMIpPIOBaHHS
HACHYYBaJM  IMHTHOK  BOJAOK  IIIIXOM

KUM'ATIHHS 1poTsiroM 3 ron. Ilepen moyatkom
BUMIPOOYBaHHS 3 OJHOTO TOpPILS 3pa3Ka-
0aJlOUKHd  CKOJIOBAIM  OETOH, OrOJIIOIOYH
apMatypHuid crtepkeHb Ha 20 mMm +10 Mwm.
BuMiproBaHHsS CHIIM CTPYMYy B MiKpOaMIiepax
BUKOHYBAJIU B 3pa3ky uepe3 60+5 XBUIUH
TicJIsl BMUKaHHS MOTEHIiocTara (puc. 2), micis
40ro 3HIMAJIU aAHOJIHY YaCTHHY
MONSAPU3ALINHOI KPUBOI TpPU TMPOXOPKEHHI
Jiana3oHy BiJ TOTEHIIiaNTy, 1[0 BCTaHOBUBCH,
no mmoc 1000 mV nporsrom 60 XBHIMH.
I'yctuny ctpymy i, MKA/cM,” MpU KOKHOMY
¢bikcoBaHOMY 3HaYCHHI MOTEHIIATY 3HAXOHIIN
3a opMmyIioro:

I1=1/S, 3)

ne I — cuna ctpymy, MKA; S — miomia po6odoi
MIOBEPXHI eJIEKTpoa (CTepKH:), oM.

[Tmomy poGodoi mMOBEpXHI CTaJIEBOTO
CTEpIKHS, IO CTHKAETHCS 3 GETOHOM, S, M7,
pO3paxoByBajH 3a (HOPMYIIOLO:

S = nDI+nD*/4, 4)

ne D — jpiaMeTp CTajJeBOro CTEPIKHS, CM;
[ — TOBXWHA CTAJEBOTO CTEPXKHSI, IO
3aHypeHul y OETOH, CM.

Kpurepii omiHky 3aXuCHOI i1 OETOHY 10
CTaJIeBO1 apMaTypu MPUHHATO BIAMOBITHO [0
[32, 33].

OnTHKO-MIKPOCKOMIYHI JIOCIIJDKEHHS
KOpPO3IMHOTO BIUIMBY J00ABOK Ha CTaJeBYy
apMaTrypy 3IiHCHIOBANIH TMICII BUTPUMYBAaHHS
3pa3KiB MPOTATOM | pOKY y IepeMiHHOMY PiBHi
BOJIY 3a cepeIHbOpiuHOi Temneparypu 16 °C ta
3BIJIbHEHHS TOBEpPXHI apMaTypu Bia OeToHY.
[ToBepxHIO apMaTypu BHBYAIH 32 JOMOMOTOO
OiHOKynmsapHOTO  Mikpockona MbBC-2  3a
30inbIeHHsS X7; x12,5; X25; x50; x88, 3HIMKH
MOBEPXHI  OTPUMYBAIM 332  JIOMOMOIOIO
uppoBoi KamMepu 3 PO3IUIBHOIO 3aTHICTIO
68 M.
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Pe3ynomamu eKCnepUMEeHMAanbHUX
docniodcenb ma ix obeosopenns. Ilonrykosi
JOCITIJUKeHHST BHUKOHaHI Ha [ HiBaHCBKOMY
3aBoi CIer3ari300eToHy. Busuaueno
MII[HICTh Ha CTUCK O€TOHY 3 Jo0aBKaMu
cynepriactudikaropamMu  MoIiKapOOKCHIaT-
HOTO THUIY pI3HUX BHPOOHUKIB, JOCITHYTY
MICIIST TETJIOBOJIOTICHOT 00po0KH (uepe3 24 roa
micis (opMyBaHHs). 3pa3Kud BHUTOTOBILIM 13
PIBHOPYXOMHX CyMIiIIeH, TeMIeparypa
i30TepmiuHOi BUTpuUMKHU ckianama 40-50 °C.
BcTaHoBeHO, 1110 3aCTOCYBaHHS CYIEPILUIACTH-
¢ikaTopiB nozsonmio 3am3uTH B/ 3 0,272 no
0,236 (Micrtim), 0,222 (Apxbym), 0,25 (Plastidor)
Ta MIABUIIATY MIHICTE 3 44 MIla no 48,1 MIla
(ma 9,3 %, Mictim), 54,3 Mlla (na 23,5 %,
Apxbyn), 55,4 Mlla (na 25,9 %, Plastidor).
3actocyBanHs VisoCrete MiIBHIICHHS MIITHO-
CT1 He 3a0e3Me4nsIo, 0 MOXKe CBIAYUTH MO ii
HECYMICHICTD 13 3aCTOCOBAaHUM IIEMEHTOM.

OTxe, B  pe3yapTari  IOIIYKOBHX
JOCHTIJKEHb BCTAHOBJICHO, III0 3aCTOCYBAaHHS
TUTBKH cymnepracTugikaTopiB
MOJIIKApOOKCUIIATHOTO ~ TUIY  J1a€  3MOTY
MIJBUIIATA PaHHIO MIIHICTE OETOHY TiCIs
TeIuIoBOJIOTicHOT 00poOku 3a 40-50 °C Ha 9,3—
25,9 % B OCHOBHOMY 3a PaxyHOK 3HW)XCHHS
B/11. IIpore koxHY m00aBKYy HEOOXiIHO

c0 f»MMa

50

40

30

20

10

10

15

MEepPEBIPATH HA CYMICHICTh 13 3aCTOCOBAaHUM
IIEMEHTOM.

JloCITiPKeHO KIHETHKY Ha0Opy MIIHOCTI
Ha CTHCK TiJ] 4ac MPHUPOJHOTO TBEPAIHHS 3a
temmeparypu 18-20 °C Gerony 3 robaBkamu, y
T. 4. KOMIUIeKCHUMHU. OTpuMaHi KiHETHYHI
KpUBI HaBEJEHO Ha puUC. 3, BEIUYUHU
JOCSITHYTOT MIITHOCTI TICJS TEIJIOBOJIOTICHOT
o0poOku, a Takox micns 1, 7 Ta 28 nib
MPUPOTHOTO TBEPIIHHS HABEACHO HA pucC. 4 1 B
Taodu. 2.

I3 puc. 3, 4 1 Tabn. 2 BUIIKBAE, IO
JOCTIKYBaHI KOMIUIEKCHI TOOABKHM HE TUIBKU
HE M1 IBAIIAIN MILHICTE TiCIIs
TEIUIOBOJIOTICHOT  00poOKM B OyAb-SKHX
CIIOJTyYEHHSIX, aje il 3Hu3uM ii Ha 8,2—41,4 %.
HaBnaku, 3a mnpupoaHOro TBEpAiHHA BCi
JOCII/DKEHl J00aBKM Ta 1X  CIOJy4YeHHS
OOYMOBHJIM TIi/JBUIICHHS MIITHOCTI O€TOHY B
Oynp-siki i Tepminu. HaitOinpiry MirHIiCTh y
paHHIH TepMiH  NPUPOJHOTO  TBEPIIHHS
(1 mo6a) 20,8 MIla 31 36iabIICHHSM MIITHOCTI
BITHOCHO KOHTpoJto Ha 49,6 % 3abe3neunso
CIIOJTYYCHHS cynepriactudikaropa-
noJiikapOoOKcHIaTy 3 TMCTIEPCIEI0
TiApOCHITIKATIB  KanbIlito. Take croaydeHHs
N00aBOK 3a0e3Meumio MiABUINECHHS MIIIHOCTI
BITHOCHO OeToHy 0e3 100aBok Ha 49,6 %.

——6/n

MK
—@—K+ICK
—@— MK+XHK

—@—[K+ICK+XHK

t, ni6

20 25 30

Puc. 3. Kinetuka Habopy MimiHOCTI 6€TOHY 0€3 100aBOK 0/11
1 3 mobaskamu [1K, [TK+I'CK, I[TK+XHK, I[TK+T'CK+XHK
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fon, Lll‘lg TBOA4S5; 1 goba f1, MMa npup.; 1 poba

22,4 22,1
20,8
16,6
13.9 15,1 I 15,2
6/n MNK

19,8

6/ MK MK+XHK  MK+TCK  CMI+TCK+XHK MK+XHK  TIK4MCK  MK+TCK+XHK
8 K
f7, Mna npup.; 7 46 28, MMa npwp.; 28 Ai6

54,8 55,1 >7/4 55,3
43,6
42,1
34,6 35,5
31,5
] I I I
© Q N N Q RN & & & &

Puc. 4. Jliarpamu mitrtHOCTI 6€TOHY 3 J0OaBKaMU TTiCIIsl TPOTaprOBaHHs (@)
imicns 1 (6), 7 (6) Ta 28 (2) 116 MpUPOTHOTO TBEPIHHS

Tabmurs 2
MinHicTh Ha cTHCK OeToHY 0e3 100aBoK 1 3 mobaBkamu micis TBO, a takox 1, 7128 116
MPUPOTHOTO TBEPAIHHS

Miticrs na crucr / Ml | TIAHICHIA MILHOCT] 1 G siziocio
Cnony4eHHs - - - - -
micis ICIIst IPUPOIHOTO micist HICIISl TPUPOIHOTO TBEPIiHHS,
A100aBoK TBO TBEPAiHHS, T10 TBO nio

45 °C 1 7 28 45 °C 1 7 28
o/ 244 | 13,9 | 28,7 | 43,6
TTK 224 | 16,6 | 31,5 | 54,8 -8,2 +19,4 +9,8 +25,7
IMK+I'CK 22,1 | 20,8 | 355 | 57,4 -9,4 +49,6 +23,7 +31,7
IMK+XHK 19,8 | 15,1 | 34,6 | 55,1 -18,9 +8,6 +20,6 +26,4
[K+T'CK+XHK 143 | 152 | 42,1 | 553 -41,4 +9.,4 +46,7 +26,8

BukoHaHo  eneKTpOHHO-MIKPOCKOMIYHI 6e3 100aBok (0/1, puc. 5, a) 3 106aBKOIO CyTep-
JOCIIIJDKEHHS ~ IIEMEHTHOTO  KaMEHI 3 mnactudikaTopa-nmomkapookcmwiary — Master
nobaBkamu. Ha puc. 5 HaBeIeHO €NEeKTPOHHO- Glenium ACE-430 (IIK, puc. 5, 6), 3 xomn-
MIKPOCKOTIIYHI 3HIMKHU IIEMEHTHOTO KaMEHIO JIEKCHUMU J00aBKaMu cyrepruiacTudikaTopa-
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MOJTIKapOOKCHIIATy i MPUCKOPIOBaYa-
enektpomita ([IK+XHK, puc. 5, 6) 1
cynepruiactugikaropa-rnoyiikapOoKcuiaTy —Ta
npuckoproBaua TBepAiHHsA Master X-Seed 100
(ITK+T'CK, pwuc. 5, 2). 3a HeBeIMKUX 301IbIIICHb
x50—-100 (;1iBi 3HIMKH) CTPYKTypa IIEMEHTHOTO
KaMEHIO Maihke He PO3PI3HIETHCS. 3a BETUKHUX
301bmeHs x5000—-10000 (1ienTpanbHi Ta mpasi
3HIMKH) CTpPYKTypa MpOAYKTIB riapaTamii
BIIPI3HSETBCSA,  30KpeMa y  MPOAYKTax
rigpaTarii BCiX 3pa3KiB HasBHI SIK TeJIemoiOHi
YTBOPEHHS TiJIPOCHIIIKATIB KaJbI[il0, TaK 1
KpUCTAJOTiIpaT, 3 SKUX B YCIX 3pa3Kkax
CIIOCTEPIratoThCs JUIIe reKcaroHaabHi
TUTACTUHKH MOPTIAHTUTY. 3 THIIHIX
KPUCTAJIOT1IPaTiB JIUIIE B IIEMEHTHOMY KaMeHI1
6e3 1o6aBok 13 nobdaskoro 1K npornsgaroTbes
OKpeMi  KyOiuHI  KpUCTald  aJFOMIHATIB
KaJbIlio, a B IEMEHTHOMY KaMeHi 0e3 100aBOK,
3 nob6aBkamu [1K i1 [TK+I'CK cnocrepiratoTbes
rojxyacti Kpuctamu Afi-pasm — eTpUHrITY,
MPUYOMY Y 3pa3zkax 0e3 100aBOK 1 3 T00aBKOIO
IIK iXxHs 1OBXKMHA HE MEPEBUILYE 2 MKM, a y
3pazkax 3 [IK+I'CK pocsirae 5-7 MKM.
Kpucraniuni yrBopenns y 3paskax [NIK+XHK
BIJIPI3HSIOTBCST BiJ 3a3HAYEHUX BHINE 1 €,
0ueBUIHO, AFm-(})a3010, yTBOPEHOIO 32 y4acTIO
HE TITBKH Cynab(dary, a i XJOpUIy Ta HITpATy
Kanbliro. Lle miaTBepIKyeThCsS pe3yinbTaTaMH
€JICKTPOHHO-30HI0BOTO MIKpOaHaJizy
JOKaJbHOTO  E€JIEMEHTHOTO  CKJIady, SIKUH
nmokazaB y 3paskax 3 gob6aBkamm [TK+XHK
HE3HAUYHy  KUIBKICTH  XJIOPY, OYEBHUJHO,
3B’s13aHOTO 11i€t0 AFm-dazoro. Takum drHOM,
3a pe3ysIbTaTaMH eNEeKTPOHHO-MIKPOCKOIIIYHUX
JIOCJTIJDKEHb MOXHa 3pOOHMTH BHUCHOBOK, IO
nobaska gume CII wmaibxke He 3MiHIOE
CTPYKTYPY MPOAYKTIB Tifparaiii. KommiekcHi
no0aBKM  TPHU3BOJATH /10  YTBOPEHHS
JIOMATKOBOT ~ KITBKOCTI  KPUCTAJIOT1IPATiB:
[NK+XHK — AFm-¢a3u, 110 MiCTUTh XJIOPU Ta
HiTpat Kaneiio, a [IK+I'CK — AFt-dasu
eTPUHTITY 3 OUIbII JOBIMMH KpHUCTaJaMH
JOBKHUHOIO 1O 5—7 MKM.

Taxi pe3ynbTaTH €JIEKTPOHHO-
MIKPOCKOITIYHUX  JIOCHI/DKEHb  JIO3BOJIHIIA
MOSICHUTH  MEXaHi3M  BIUIMBY  JI00aBKHU

JTUCTIEPCHUX T1APOCUITIKATIB KaJbIII0 Ha

paHHIO MIIHICTh 32 JIOTIOMOTOK  CXEM,
HaBeJIeHMX Ha puc. 6. Ha cxemax puc. 6, a, 6
0auuMO TMPOMIAPOK MK JBOMa YaCTUHKAMH
IIEMEHTY, 30KpeMa (pparMeHTIB iX MOBEPXOHb
GiS 1 (BS, sk onmpady michs 3aMilllyBaHHS
3anoBHeH1 BoAow0 abo pozunHom ITAP (T1K) y
Boi. LleMeHTHe TicTO TpU IbOMY MepedyBae y
MJIACTUYHOMY cTaHi. Ha modaTtkoBuX cTamisix
rigparamii (3§ (1 C34) pO3YMHSETBCA Ta
YTBOPIOE TEPECHUUYCHUI PO3YMH  BiJTHOCHO
noptaanauty CH Ta TiAPOCHITIKATIB KaJbIlito
C>SH, siKi KpUCTami3yrOThCs (KOHICHCYIOTHCS)
moOMu3y TOBEPXOHb YACTUHOK IIEMEHTY
(MiHEepaslbHMX  J10OABOK, 3arOBHIOBAYIB,
puc. 6, g, 2). bes 3acrocyBanns qucnepcii ['CK,
HE3BAKAIOYM HA Te, IO MDK HIPOAYKTaMHU
rigpararmii i IIOBEPXHEIO YaCTUHOK
YTBOPIOIOTHCSI €NIEKTPOreTepOreHHl KOHTAaKTH,
MpolIapKK MDK HHMH 1€ TIeBHUH 4Yac
3aJIUIIAIOTHCS  HE3allOBHEHUMH IPOIYKTaMU
rijpaTarii, MOTIM HEUIUTPHO 3allOBHECHUMH
(puc. 6, ), TOMy TJIaCTUYHICTh BTPAYa€EThCS, &
MIIHICTh HAOyBa€ThbCsA TOBiUIBHINIE. B oMy
BUIAJIKy TIPUCKOPEHHS TBEPIHHS JOCATAETHCS
3aCTOCYBaHHAM CymepruiacTudikaTopiB, sKi
JI03BOJIIIOTh 3HU3UTU BUTPATy BOJHU, a OTXKE,

3pOOMTH  MEHIIOK  TEPBUHHY  TOBIIMHY
IpOIIapKiB, CKOPOTHBIIM  4Yac Ha  IX
3alIOBHEHHS,  IPUCKOPIOBAYiB-EJIEKTPOJIITIB,

SIK1 MIPUCKOPIOIOTH XIMI4YHI peaxiiii,
3a0e3neuyroTh OUIBII MBUAKY KOArymsiito abo
BIUIMBAIOTh 32  IHIIMMH  MeXaHI3MaMH
knacudikamii B. b. ParinoBa (puc. 1). VY
BUIIAJKy 3aCTOCYBaHHs J0OaBKH JuCIEpcii
TAPOCHITIKATIB KaJIBIIIF0 BOHH PO3MOIUTSIOTHCS
no o00’eMy MpOUIApPKIB 1 BIIrparOTh poOJb
KPUCTAIIYHUX 3aTpaBOK — LIEHTPIB
kpuctamzanii 3a B. b. PariHoBuM, Ha SKHX, K
1 Ha moBepxHAX (2§ 4YaCTHHOK IIEMEHTY,
yTBOpIOIOThCs Kpuctanu CH 1 BXEe Ha HUX,
KoHJIeHCyeThes Tenib C2.SH (puc. 6, 2). 3aBasku
bOMY  TOpoOIIapku  Habarato  IIBHU[IIE
3aMOBHIOIOTHCST MPOAYKTAMH Tiapararii, sKi
YTBOPIOIOTh MIK YaCTHHKaMHU JIAHIIOKKH 3
€JIEKTPOreTEPOreHHNMH KOHTaKTaMu (puc. 6, e).
3acTocyBaHHS OJTHOYACHO 3 I'CK
cyneprutactTugikatopiB 1 IPUCKOPIOBaYiB-
€JIEKTPOJIITIB Ma€ IMABUIIUTH €(PEKT
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MIPUCKOPEHHS. OrTxe, BCTaHOBJICHUH
eKCIIepUMEHTAIbHUMU JOCHIKEHHSAMU
HaNOUIBIINN TPUCKOPIOIOYHH e(eKT T00aBKH
IIK+T'CK mnosiCHIOETbCA THM, IO YaCTHHKH
I'CK 3011b11yI0Th IOy TOBEPXOHB, HA SIKUX
B1IOYBA€EThCS KpUCTaizalis (KOHIACHCAITis)

00pm 0001 "3g'contr. | © 15kv | x7,500

X200  100pm 0002 3ng‘f(i

MPOIYKTIB rigpararii IIEMEHTY, Ta
3a0€3MeuyloTh OUTBIN IIBHAKE 3allOBHEHHS
HUMHU TPONIAPKIB MK YaCTUHKAMH ILIEMEHTY
(MiHEepasibHMX 700aBOK, 3arloOBHIOBAdiB) 3
YTBOPEHHSIM JIAHIFOXKKIB 3  EJIEKTPOTeTepo-
FeHHUMU KOHTAKTaMH.

L. 3g contr.

15KV X5000  5pm 0009 3gACX

Puc. 5. EnekTpoHHO-MIKpOCKOTMIYHI 3HIMKH BiJIKOJIIB IEMEHTHOTO KaMeHI0 0e3 100aBok 0/1 (a)
i 3 no6aBkamu I1K (6), [TK+XHK (), [IK+I'CK (2). 30iibmenHs Big x50 mo x10000
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Puc. 6. Cxema po3BHTKY MpoLeCy Ty>KaBJICHHS 1 I0YAaTKOBOI CTail TBEpAIHHS IEMEHTY 0e3

no6aBok abo 3 qobaskamu 1K, ITIK+XHK (a, 6, 0) 1 3 nobaskamu [IK+I'CK (6, 2, e):
a, 0 — cTaH o/ipasy IMiCJIsl 3aMIITyBaHHS BOJIOIO; 8, 2 — YTBOPEHHS MEPIINX MPOAYKTIB TiapaTarii
no0IM3y MOBEPXOHb YACTMHOK IIEMEHTY Ta J00aBKHM TUCIIEPCHUX TiAPOCUITIKATIB KaJbIIilo;
0, e — ToJAJIbIIIe YTBOPEHHSI MPOAYKTIB TizmpaTallii B 00’emi. C3S, C2S — KIIIHKEpHI MiHEpan
nemenrty; IIK — moGaBka-momikap6okcunat; ['CK — moGaBka nucrepcHUX TiAPOCHITIKATIB
Kanblito; CH — xpucramorigpatd noptinaauty; CoSH — TigpoCHIIKaTHHHA Telb;
AF't — xpucrtanorinpatu AFt-das3u erpunriry (ta/abo AFm-da3u s [TIK+XHK)

Kopo3ziiinuii BB 1006aBOK Ha CTaleBY (monApu3aifHUX KPHUBHX) Yy KOOpPJMHATAX:
apMaTypy JAOCIHIPKEHO UIISXOM MOTEHIOIH- IYCTHHA CTPYMy i, MKA/CM® ,— TOTEHIial
HaMIYHUAX BUMIPIOBaHb. Pesynbratn pobouoro enekrpona £, MmB, HaBeaeHi Ha puc. 7
JOCTIPKeHHST Y BUIIISITI TpadikiB i B Tabu. 3. Sk BUAHO i3 puc. 7, 3a OTEHIlIaTy
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300 MB (macuueHuii KaTOMEITbHHUH €JIEKTPO]T)
TYCTHHA CTPYMY SIK JIJISl KOHTPOJIBHUX 3pa3KiB
6e3 n06aBok, Tak i Ans OeToHy 3 j00aBKamu
micnst 28 mi0 Ta 6 MICAIIB TBEPIIHHS HE
nepesuirye 10 MKA/CMZ, 10 CBIAYUTH TPO TE,
0 apMarypHa CTallb B YCIX BHITaJKax
3aJIMIIAETHCS B TacCUBHOMY cTaHi. s GeTony
3 KOMILUIEKCHOIO JTOOABKOIO CyrepriiacTugi-

Katopa mojikapOokcunaty Master Glenium
ACE-430 Tta  gucmepcii  TiApOCHITIKATIB
kasbiiro Master X-Seed 100, cynsun 3a MiHi-
MaJbHUMH KYTOM HaxXwily MOJSpU3aLiiHUX
KpPUBHUX Ta BEJINYMHAMU T'YyCTUHHU CcTpyMYy (3; 2;
52; 34 MxA/cMm?), crioctepiraeTbes HaiiMeHIa
KOpo3iifHa HeOe3rneKka, HaBiTh MEHIIA, HiXK IS
O0eToHy 0e3 100aBOK.

Taomuws 3

I'yctuHa cTpyMy CTiKaHHS 3 apMaTypH y O€TOHi 3 100aBKaMu

['ycTHHA CTPYMY, MKA/CM®, 33 HAKJIA[CHOTO
noTeHIiany, B, y Biti 6eTony
JoGaBku 300 900
28 nib 6 Mic. 28 nib 6 Mic.
o/n 5 4 53 60
IK 4,5 2 52 39
INK+XHK 4,5 2 66 48
I[MK+I'CK 3 2 52 34
PesynpraTt  CBITJIOBOI  MIKPOCKOITI{ BHCYHYTE TPHUIYIIEHHS TMPO MaKCHUMaJIbHE

KOPO3IHHOTO BIUIMBY OCTOHY 3 J0OaBKaMH y
BUTJIS/II 3HIMKIB OBEPXHI apMaTypu HaBeJeHi
Ha puc. 8. Y IJIOMYy BOHHM MiATBEPIKYIOTH
BHUCHOBKH TOTEHIIIOMHAMIYHUX BHUMIipIOBAHb.
Ha apmarypi, 1o excronyBaiachk y 0eToHi 0e3
nob6aBok (puc. 8, a), cmimiB KoOposii He
BUSIBJICHO 30BCIM, y OeToHi 3 go0aBkoro [IK
(puc. 8, 6) crmocrepiraeTbCs Jieb BUAUMUN
aumie 31 3HAYHUM  30UTbIIEHHSIM — X88
KOPUYHIOBAaTUH HAJIT MPOAYKTIB PiBHOMIpHOL
kopo3ii. Ha apmatypi, 1o excrmoHyBajiach y
O0eroni 3 pobOaBkamu ITK+XHK i1 IIK+T'CK,
HaJIT TPOAYKTIB KOpO3il BHUIUMHUU Kpalle,
KOpo3is HepiBHOMIpHA (puc. &, g, 2).

OTxe, BCTAaHOBJCHO, IO JOCHIIKEHI
N00aBKM HE CHPUYHUHSIOTH  KOPO31MHOTO
BIUIMBY Ha apMaTypHy CTajib, OCOOJHMBO
[MIK+T'CK, 3a sikoi rycTHHA CTpyMy CTIKaHHS 3
apMarypu B O€TOH 3a HaKJIaJICHOTO TTOTEHITIaTy
0,9 B, 3menmyetscs 3 60 mo 34 MKA/CMZ, TOOTO
Ha (60-34)x100/60 = 54 %.

Pesynbratn €KCTIEpUMEHTATbHIX
JOCIIJKEHb Y CYKYIHOCTI MiATBEPAUIIH

MIJIBUINICHHS] PaHHBOT MIITHOCTI OE€TOHY y pasi
3aCTOCYBaHHS OETOHY ONTUMAIBHOTO CKIATy 3
KOMILUIEKCHOIO 100aBKOIO
cyneprutactugikaropa MoiikapOOKcunary i
IPUCKOpIOBaya, 110 HE CTIPHYMHSE
KOpPO3i{HOTO BIUIMBY HA apMatypy, - JUCTIepCii

TIAPOCHITIKATIB  KaNBI[I0 SK KPUCTaIIIHOL
3aTpaBKH JJISL IMIBHUAKOI'O YTBOPCHHA
KPHUCTAJIOT1IpaTiB. [Ipote BEITUYUHU

nepenatounoi MinHocti 32 MIla mns mman
yepe3 24 TONWHM TBEPAIHHS JIOCATTH HE
Baanock (puc. 3, 4). [i orpumanns Ge3
MiABUIIEHHS TEMIEPaTypH MOXJIMBO depes3

2  nmobu, omKe, IS TapTid  man,
3a)OpMOBaHHX y nepeABUXiaH1 Ta
nepeAcBiITKoBi  aHi. Jns  maprid  mman,
3a)OpMOBaHMX Yy 3BUYAHI poOoui JHI,
po3manyONeHHsT SKUX 3IIHCHIOETBCS — depe3
24 roguHU, Mae 3aCTOCOBYBATUCH
MQJIONPOTPIBHUNA  pEXKHUM  TBEPHAIHHSA  3a

TeMreparyp i3otepmiuaoi Butpumku 40-50 °C.
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Puc. 7. llonsipusamuiiini KpUBi CTaleBUX CTEPXKHIB y OETOHI 3 100aBKaMu
micist 28 1116 (a) Ta 6 MicsiB (0) TBEpAIHHS
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Puc. 8. Cran apmatypHOTro ApOTY MiCJIs BUTPUMYBAHHS IPOTATOM | pOKy B IEpEMIHHOMY piBHI
BOJIM 3pa3KiB OeToHy 0e3 100aBok 0/1 (a) i 3 nodaBkamu I1K (6), [TIK+XHK (), [IK+I'CK (2).
CBiTi10Ba MIKpOCKOIIis, 301IbIIeHHS X25 (J1iBOpyY), X88 (1IpaBopy4)
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BucHoBku. BcTaHOBIIEHO, IITO0 KOMIIJIEK-
cHi go6aBku I1K 1 mpuckoproBadiB TBepIIHHS —
€JIEKTPOJITIB (XJIOPUAY Ta HITPATy KaJbLIO
XHK) Ta/abo nucmepcii  TiApOCHITIKATIB
kanpiiito ['CK B yMoBax mpupomgHOTo
TBEPiHHS 3a0€3MeUyI0Th MiABUIIICHHS PAaHHBOT
MIITHOCTI OeToHy. MakcumanbHe 301TbIICHHS
MIIIHOCTI BiJHOCHO KoOHTpoimo Ha 50 %
3abe3neunna nobdaska [IK+I'CK. IIpore mesxi
KOMIUIEKCHI ~ 700aBKH, 1[0 MPUCKOPIOIOTH
OPUPOJHE  TBEPIIHHSA, MOXYTh 3HU3ZHUTH
MminHicTh micis TBO Ha 8—41 % 1 MaroTh niepen
3aCTOCYBaHHSAM NEPEBIPATUCE.

3a pe3yabTaraMu €JIEKTPOHHO-
MIKPOCKOITIYHUX JOCIIPKEHb BCTAHOBJICHO,
mo no6aBka smme I[IK wmaibke He 3MiHIOE
CTPYKTYPY MPOAYKTIB Tifpararii. KommiekcHi
n00aBKM  TPU3BOASATH 7O  YTBOPEHHS
JIOMATKOBOT ~ KITBKOCTI  KPUCTAJIOT1IPaTiB:
[NK+XHK — AFm-¢a3u, 110 MiCTUTh XJIOpUI Ta
Hitpat Kaneiito, a [IK+I'CK — AFt-dasu
eTPUHTITY 3 OUIbII JOBIMMHU KpHUCTaJlaMH
JTOBXUHOIO 10 5—7 MKM. Po3poGieHo cxemy
PO3BUTKY TPOIIECY TYXKABJICHHS 1 MOYAaTKOBOT
cTajii TBepJIHHS IIeMeHTy 0e3 100aBoK abo 3
nooaskamu IIK, TIK+XHK, IIK+I'CK, 3a

JIOTTIOMOTOF0 SKHX BCTaHOBJICHU I
€KCIIePUMEHTATLHUMU JOCTPKEHHSIMU
HaWOTBIIHI MIPUCKOPIOBAJILHUMA edexT
mobasku IIK+I'CK moscHeHO THM, IO
YaCTUHKH I'CK  30inbmyroTh TIJIOTITY
IIOBEPXOHb, Ha SAKUX BiOyBa€eThCS
KpucTamizamiss  (KOHACHcAIisl)  MPOAYKTIB

rigpaTarii eMeHTy, i 3a0e3meuyroTh OLTbII

IIBUJIKE 3allOBHCHHS] HUMHU TMPOIIAPKIB MIXK
YaCTUHKAMH IIEMEHTY (MiHEpaJbHUX J00aBOK,
3allOBHIOBAYiB) 3 YTBOPEHHSM JIAHIIOXKKIB 3
€JIEKTPOTreTepOreHHUMH KOHTaKTaMHU.

Y pe3ynbTari MOTCHI[IOJUHAMIYHHUX Ta
MIKPOCKOITIYHMX JOCIHIKEHb BCTAHOBJICHO,
mo npob6aBka I[IK Ta komruiekcHi g00aBKH
[MK+XHK 1 TIIK+I'CK 'y p#ochimkeHux
JO3yBaHHSAX HE CHPUYUHSIOTH KOPO3iHHOTO
BIUIUBY Ha CTaJeBy apmarypy, OCOOJIUBO
[MIK+T'CK, 3 sKOI0 TycTHHA CTPYMY CTiKaHHS 3
apMaTypu B OETOH 3a HAaKJIaJICHOTO TTOTEHITIATy
0,9 B 3MeHmyerbcsi BiIHOCHO OeToHY 0e3
no6aBok 3 60 mo 34 MKA/CMZ, T00TO Ha 54 %.

Pesynbratu eKCIIepUMEHTaIbHUX
JOCHIUKEHb Y  CYKYIHOCTI  MiATBEPAMIN
BUCYHYT€ TPUIYIIEHHS MpPO MaKCHUMalbHe
MIJIBUIIICHHS] PAHHBOT MIIHOCTI OETOHY y pasi
3aCTOCYBaHHS O0E€TOHY ONTHUMAJIbHOTO CKIAdy 3
KOMIUICKCHOIO J00aBKOIO cymepruiactudika-
TOpa-MoJIiKapOOKCUIaTy 1 PUCKOPIOBaya, 1o
HE CIOPHUYMHSAE KOPO3IMHOTO BIUIUBY Ha
apMmartypy, - IUcrepcii TiApOCHIIIKaTIB KaJbIliio
SK KPUCTAIIYHOI 3aTpaBKU JUISl IIBUIKOTO
YTBOPECHHS KpUCTAJIO-TiIpaTiB. [Tpote
BEJTMYMHU TIepeaaToyHoi MirtHocTi 32 MlIla mst
mmani yepe3 24 ToauHN TPUPOTHOTO TBEPIIHHS
JIOCATTH HE BJAJOCh. Ii OTPUMAHHS MOKIUBO
yepe3 2 1obu, oTxe, Uil mapTiil mman, 3adop-
MOBaHHMX Yy TMEPEeIBHUXITHI Ta MEpPeICBIATKOBI
a1, JIis mapTid mman, po3nanyOiaeHHs SKUX
3MIUCHIOETBCA — 4Yepe3 24  TOAWHH, Ma€
3aCTOCOBYBAaTUCh  MAJIOMPOTPIBHUM  pexKUM
TBepAiHHA 3a Temmepatyp 40-50 °C.
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