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JOCIIIZKEHHSA BIIVIMBY EHEPTI'O3BEPITAJIBHUX
JOMIIIIOK HA ITOKA3HUK 3YEIIJIIOBAHOCTI BITYMY
3 MIHEPAJIbBHOIO ITOBEPXHEIO

Knanwk B. K., Terepa B. C.
XapkiBcbKHUil HAlIOHAJIbHUI ABTOMOOIJILHO-10POKHIN YHiBepCUTET

Anomauin. Jlocniooceno ennus enepeosbepicanvhux oomiuwox Evotherm ma Lowtherm na aoeesiiini
61ACMUBOCTI 8 S13K020 00POIHCHBO20 Oimymy. [lopieHAnbHULl aHaNi3 a02e3iUHUX IACMUBOCTEl GUXIO-
HO20 Oimymy ma 6imymy 3 enepeo3bepicarbHumMu OOMiKamu, a makooic 3 kamionnow I1AP 30iticuio-
84U 30 NOKAZHUKOM 34ENTI08AHOCMI NII6KU OIMYMY 3 NOBEPXHEIO 3ePeH ePAHIMHO20 WebeHIo, NOKA3-
HUKOM 34en08aHOCMI NAIBKU OIMYMY 3 HOGEPXHEIO CKIAHUX NAACUN [ NOKAZHUKOM A02e3iUHOI akmu-
6HOCMI MOOUPIKOBAH020 domiwkamu Oimymy. Busnaueno, wjo 000aéanHs 00 00POANCHbO2O OImMymy
eHepe030epicanbHuX OOMIWOK CHpUsE NoKpawjeHuio tozo adesitinux eracmugocmei. Ceped 0oci-
OJICEHUX eHepeo30epiealbHUX OOMIUOK Oiibule 3HAYEeHHS NOKA3HUKA 34enNI08aHOCmi Oimymy 3 MiHe-
PATbHUMU NOGEPXHAMU MA NOKA3HUKA adeze3itinoi akmuernocmi eiacmuee oomiuyi Evotherm. 3asna-
YeHO, WO HAUDLIbULY 8eIUYUHY NOKA3HUKA A02e3iliHoi akmueHocmi Oimym 3 kamionoakmuenorw I1AP
Wetfix mae 6imym 3 00CHIOHCYBAHUMU eHEPEO30ePieaNbHUMU OOMIUKAMU.

Knrouoei cnosa: aemomobinoha 0opoea, 00podxcHitl 0052, wap NOKpUmms, 006208i4HiCIb, achanb-
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MiHepa]leOiO NOBEPXHEIO.

Beryn

B ymoBax 301bllIcHHS] HaBaHTaXCHb HA BICh
TPAHCIIOPTHUX 3aC00iB 710 ac(haibTOOCTOHHHUX
1I1apiB y HEXOPCTKUX JOPOXKHIX OfIATax aBTOMO-
OLIBHUX JIOPIT BHCYBAIOTH MiJIBUIICHI BHUMOTH,
30KpeMa JI0 TXHBOI MIITHOCTI Ta KOJIIECTIHKOCTI.
VY mporeci ekcrutyaraiiii aBToOMOOUILHOT JOPOTH
acanbToOETOHHE TTOKPHUTTS IOPOKHBOTO OJISTY
TaKOX CIpuiiMae pyWHIBHUI BIIMB BOAHM SIK OJ-
HOTO 13 OCHOBHUX (DaKTOPiB 30BHIIIHBOTO Cepe-
JIOBHIIIA.

3a gocTaTHbOl MIIHOCTI Ta KOJIECTIMKOCTI
ac(hanapTOOCTOHIB Yy IIapax JOPOXKHLOIO OISTY
JI0 HUX BHUCYBA€ThCS TAKOXK BHUMOTaA IIOAO ITijI-
BHINIEHOT TPWBaJOi BOMOCTIMKOCTI B YMOBax

eKCIUTyaTalliiHOr0 YTPUMAaHHS JTOPOXKHIX OJISTIB.

OueBuHO, MO 32 BHCOKOI TPHBAJIOI BOMOCTIM-
KOCTi ac@arbTOOCTOHHUM IapaM JIOPOKHBOTO
omsary Oylie TaKOoXK BJIACTHBA ITiIBHINEHA MOPO-
30CTIHKICTh, OCKIIBKH MK MMM ITOKA3HHKAMH

ICHY€ TICBHA KOPEJISILIisL.

3abe3neyeHHs] BUICOKUX TTOKA3HUKIB TPUBAJIO]
BOJIOCTIMKOCTI ac(aibTOOCTOHIB y IIapax Jo-
POXKHBOTO OJISITY TOCATAETHCS 38 YMOBU BUKOPH-
CTaHHS JIOPOXKHIX OITYMIB ITiJIBUIIECHOT aare3ii-
HOi aKTUBHOCTI Yy CHiBBiJIHOIICHHI J0 TIOBEPXHI
MIHEpaJIbHUX CKJIQJHUKIB achanbTro0eTOHHOT
CyMiIIIi.

CTBOpEHHS YMOB JIJIsi MIIHOTO 3uUeIUIeHHs Oi-
TYMHHX IUTIBOK 13 TIOBEPXHEI0 MiHEpaJIbHUX 3€-
PEH € BaXXJIMBOIO TEPEIYMOBOIO 3a0e3MedeHHs
acGanbTo0ETOHY B MIapi MOKPHUTTS JTOPOKHBOTO
OJIAITY TIJABUILEHOI JIOBrOBIYHOCTI 3a KPUTEPiEM
TPHUBAJIOT BOAOCTIHKOCTI.

Henocratast ajiresiiiHa akTHUBHICTH JIOPOXK-
HBOTO OITyMy IIIOZO IOBEPXHI MiHEpaIbHUX
CKJIQJIHUKIB ac(hambTo0eTOHHOI CyMIIIi € mpeBa-
JIFOIOUOI0 MIPUIHHOIO MEPeTIacHOTO PyHHYBaHHS
ac(haapTo0ETOHY B IIapi HMOKPHUTTSA IiJ] BIUINBOM
BoJiory. [104aTKOBOIO 03HAKOK PYHHYBaHHS ac-
($anbTOOETOHHOTO TIOKPHUTTS Miji BIUIMBOM TPH-

BaJIOl i1 BOAY Ta MEXAHIYHUX HABAHTAXKEHD BIJI
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TPAHCHOPTHUX 3ac00iB € BHIJIYIIYBaHHS 3 HOTO
MIOBEPXHI OKPEMHX 3epeH MiHEPaJIbHOTO MaTepi-
ay, IO 3 9acOM MPHU3BOIUTH 0 YTBOPEHHS JIO-
KaJbHUX BUOOTH.

Anani3 myonikauniit

Bimomo [1], 1110 BIacTUBOCTI TOPOKHBOTO Oi-
TYMY SIK CKJIaJIHUKa ac(haibToOeTOHHOT CyMili €
MPEBAIOIOYMMU B 3a0€3ICYCHHI JIOBrOBIYHOCTI
ac¢anbToOO0ETOHHOTO MIapy MOKPHTTS, BJIAIITO-
BaHOTO 3 i BUKOpUCTaHHSIM. ToMy 3Ha4Ha KiJib-
KICTh JOCIIHUIIEKMX POOIT HAmNpaBiIeHa Ha PO-
3po0JeHHsT CMOCcOOIB MOKPAIEHHS BIACTHBOC-
Tel NopoxkHiX O0iTyMiB [2—8]. OnuH i3 OCHOBHHX
HaNpsMiB JOCHIPKEHb TIPUCBIYCHUH YIOCKOHA-
JICHHIO TEXHOJIOTii MPUTOTYBaHHS JOPOXHIX Oi-
TYMIB CIIOCOOOM pETYJIIOBaHHS CKIIaay Ta Biac-
TUBOCTEH BUX1IHOI CUPOBHHH Ta TEXHOJIOTIYHHX
PEKUMIB, KA TPAAHUILIHHO peani3yeThecs Ha Had-
TOMEPEpOOHUX 3aBOAaX. IHIIMI HAmpsiM TOCIi-
JOKCHb TPUCBSIUEHUI TEXHOJIOTI TMOKpalleHHs
SIKOCTI TOTOBHUX JOPOXKHIX OITYMIiB J0aBaHHSIM
JI0 TXHBOTO CKJIQJy PEYOBUH Pi3HOTO (PYHKIIO-
HAJILHOTO MPU3HAYCHHS, 0 pealli3yeThes mepe-
BO)XHO Ha ac(hanbToOETOHHMX 3aBofax abo cre-
1iaai30BaHUX OITYMHHUX 0a3ax.

Bimomo Takox [9], 110 TpuBaja BOAOCTIH-
KicTh ac(aibToO0eTOHy 3aJeKUTh BiJl 0COOIH-
BOCTEH MpoIeciB B3aeMojii OiTyMy 3 TOBEpX-
HEI0 MiHEpaJIbHUX CKJIaJIHUKIB Pi3HOI qucrepc-
HOCTI Ta reHe3ucy. [lij yac mpuroTyBaHHs ac-
¢danbTobeTOHHOT CcyMilll Ha MeXi Hoaity ¢a3
OiTyM-MiHEepalbHHI  Marepian  BigOyBalOThCs
npolecu 3MOYyBaHHS OITYMOM TOBEpXHI MiHe-
paNIbHUX CKJIAJHHKIB Ta afcopOiii monekyn Oi-
TyMy Ha aKTHBHHUX LIEHTpax MiHepaJbHOi MoBe-
pxHi. TexHOMOTi€I0 MPHUTOTYBaHHS acganbrode-
TOHHOI cyMiln nependadeHo, Mo JAOPOXKHIN Oi-
TYM TOBHICTIO 3MOYY€E TIOBEPXHIO MiHEPaJbHUX
CKJIQJIHUKIB 1 3aBJSIKH aJICOPOLIIHUM TpoIiecam
bopMye CyIiIbHY CTPYKTYypOBaHy IUTIBKY Ha
3epHax KaM’ siHUX Marepianmi. [Iporiecu 3mody-
BaHHA W ajcopOii € roloBHUMU JUTsl  3a0e3rie-
YEeHHs NPWINIAHHS TUTIBKH OITyMY JIO TIOBEPXHI
MiHEpaJIbHUX CKJIQJIHUKIB ac}ambro0eToHHOT

CyMIiIIIi.

Cepen AOMILIOK, SKI MOKPALIYIOTh HPWIIN-
naHHsA OiTyMy /0 TOBEpXHi MiHEpaJbHUX CKJIa-
JHUKIB ac(anbTOOCTOHHOI CyMili, a OTke, 1
TpHUBajJy BOAOCTIMKICTH acganbToOeTOHIB, Ha
CBOTOIHI HaKOiINbIIEe PO3MOBCIOIKEHI MOBEPX-
HeBo-akTuBHI pedoBuHH ([TAP). B Vkpaini nns
BJIALITYBaHHS MIAPiB IMOKPUTTSA HEXKOPCTKOTO
JOPOXKHBOTO OfATY TPAAMIINHO 3aCTOCOBYIOThH
acanpToOCTOHHI CyMmimi 13 MiHepaJbHUMH
CKJIagHUKaMu (Kam’sHI Marepiaiu 13 KHUCIUX
ripcbkux nopim). Sk BiloMo, camMe Ha MOBEPXHI
MiHEpaJIbHUX MarepianiB i3 KHCIHX TipCBKUX
nopij OiITyMHa IUTiBKAa Ma€ MEHIITUH OIip Bijma-
POBYBabHIN [ii BOAM, SIK MOPIBHATH 3 MiHepa-
JLHUMH MarepiajiaMu i3 KapOOHaTHHX (OCHOB-
HuX) ripcbkux mopin. [lig 9ac mocCiiKeHb BU-
3Ha4eHO [9], 1m0 KaM’sTHUM Marepiajiam i3 Kuc-
JUX TIPCBKHUX TOpiA BJacTUBa Oiibla IUIOma
HETaTHBHO 3apsypkeHoi moBepxHi. Tomy s
301IBIICHHS] MIIHOCTI 3UeTieHHsT OiTyMHOT TwTi-
BKH 3 iXHBOIO TIOBEPXHEIO 0 CKIaay OiTymy
nonarote ITAP xarionsnoi aii. 31 30UIbLIEHHAM
MIITHOCTI 34eruIeHHsI OiTYMHOT TUTIBKH 3 TIOBEPX-
HEI0 MiHEpaJIbHOIO Marepially 30UTbIIY€EThCS
omip OITYMHOI IUIBKM BiJIIApOBYBaJIbHIN  mii
BOJIH.

Iicas nmomaBaHHS 10 OITyMy KaTiOHOAKTHB-
Hoi ITAP #oro moBepxHeBUI HATAT 3MEHIIYETh-
csl, OCKUIbKY moBepxHeBuid HaTar [TAP menmmii
3a HaTAr OiTyMy. Y pEUOBHHH 3 MEHIIHUM IOBeE-
pxueBuM Hatsarom (ITAP) B3aemonis Mix moite-
KyJIaMH 3aBKId MEHIIA 32 B3a€EMOIII0 MiX MO-
JeKyJaMu 11 po3urHHHKA (0ITYM), TOMY 3aBISIKH
KiHETHYHIM €Heprii TeIIOBOr0 PyXy BOHH BH-
HITOBXYIOThCA 13 00’ eMy OiTyMy Ha Horo moep-
xHto. [lpuramanna monexkynam [TAP 3narHicTh
HaKOMIMYYBaTHUCh y MTOBEPXHEBOMY MIapi OiTymy
MPU3BOJUTH JI0 3MEHIICHHS CHJI MIXKMOJIEKYJIs-
PHOI B3a€MO/Iii, 1110 MMO3HAYAETHCS HA 3MEHIIICHHI
MOBEPXHEBOTO HATATY OITYyMy Ta CHpHUSE TMOK-
PAIlEHHIO MPOIECiB PO3TIKAHHS i 3MOYyBaHHS
HUM TIOBEPXHI MiHEpANbHUX CKJIAJHUKIB acda-
JBTOOCTOHHOI CyMinni. 3MOYYBaHHS KHCJIOI Mi-
HEpaIbHOI MOBEPXHi OITYMOM CYIIPOBOIXKYETHCS
¢bi3nuHO0 ajcopOIliero Ha Hil Mosekyn TTAP i
oitymy. dizmuna ancopOrisi BigOyBaeThes 3a-
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BISKK (izmuHUM cuiam B3aemomii [10]. Hassai
Ha TIOBEPXHI MiHEpaJbHHUX CKJIAJHHUKIB aKTHBHI
LHEHTPH YTBOPIOIOTH CHJIOBE IIOJIE, SIKE CIPHSIE
ancop6buii monekyn [TAP i GiTymy.
[IpoTsiroM OCTaHHIX AECATHIITH CTBOPEHI
TAaKOXK aMiHOBMILIYBaJbHI  eHepro3oepiraibHi
JOMIIIKH, SIKi 32 MEXaHi3MOM BIUIMBY Ha OiTyMm
noxiOHi Ha ITAP. Enepro30epiranbai ToMiIKu
3a CBOIM (YHKIIOHAJbHUM HpPU3HAYCHHSIM 3a-
0e3MeuyroTh 3HWKEHHS TEXHOJOTIYHUX TeMIle-
paryp MpUTOTYBaHHS W YIIUTBHEHHS ac(anbTo-
0eTOHHUX cyMilleil. 3a HasBHOCTI eHepro3oepi-
TaJIbHUX 1 MOBEPXHEBO-aKTHBHUX PEUOBUH Pi3-
HUX BUPOOHUKIB Ha PHHKY MOIM(]IKYBaIbHUX
JOMIIIOK MOJJIMBO OYIKYBaTH W Ppi3HYy iXHIO
e(eKTHBHICTh IIOJI0 BIUIMBY Ha aAre3idHy aKkTH-
BHICTh KIiHLIEBOTO NMPOAYKTY. ToMy Ha erami BH-
0opy MoAM]IKYyBaJILHUX JIOMIIIOK 1O OiTyMy
BaXUIMBO 3MIMCHUTH  TMOPIBHAIbHUMA aHaJI3
iXHBOT 3MaTHOCTI 301IBIIYBATH TOKA3HUK 34ell-
JIIOBAHOCTI IUTIBOK OiTyMy 3 MiHEpaJbHOIO IIO-
BepxHero. Ha choromHi YvHHI JIep)kaBHI CTaH[a-
PTU 1IONO METONIB BUIPOOYBaHb 3a0€3MEUYIOThH
MOXKJIUBICTh BH3HAUCHHS MOKa3HHMKA 3UCTUTIOBA-
HOCTI TUTiBKH OiTyMy SIK 3 TOBEpXHEIO 3€peH
KpPYIIHOTO 3amoBHIoBaua (mebento) [11], Tak i 3

IMMOBEPXHCIO CKIAHUX ITJIACTUH abo x IJIaCTHUH,

BUpI3aHUX 3 KaM’STHOro Marepiaiy, 3rigHo 3 [12].

3a BEJIMYMHOIO BHU3HAYEHOTO MOKAa3HWKA 3uell-
JIIOBAHOCTI IUTIBKH OITYMy 3 MiHEpaJbHOIO TO-
BEPXHEI0 MOXJIMBO CIPOTHO3YBaTH TPHUBATY
BOJIOCTIHMKICTh ac(hanbToOETOHY Ha eTarli MPoeK-
TyBaHHS HOTr0 CKJIaLy.

Merta Ta mocranoBka 3ajgayi

HonaBanHs 10 OiTyMy aAre3ilHOl JAOMIIIKH
SK HOBOTO CKJIQJJHHKa 3JIIHCHIOETHCS 3 METOIO
MOKpAIlleHHS Tpollecy MNPWIHIAHHA OiTyMHO{
TUTIBKH  JIO TIOBEPXHI MiHEpaJbHUX CKIIQJHUKIB
ac(haapToOCTOHHOI CyMillli, a OTXKe, 1 IMiJBHUILCH-
HSl TPUBAJIOT BOJOCTIHKOCTI T MOPO30CTIHKOCTI
ac(anpro0eToHy. 3a (PYyHKI[IOHAJBHUM IIPU3HA-
YEeHHSIM eHepro30epirajibHa JIOMINIKa JI0 0ITyMy
TPaJUIIHHO Mae 3a0e3neuyBaTy 3HIKSHHS TeX-
HOJIOTIYHHX TeMIIEpaTyp MPUTOTYBaHHS achalib-
TOOETOHHOI CYMIIlli Ta MOKpAIyBaTH ii YIIUIb-

HEHICTh MiJ] Yac BIAIITYBaHHS APy AOPOKHBO-
ro oxsry. [Ipote Ha crorogHi BIUIMB eHepro3oe-
piraJbHUX JOMIIIOK Ha ajare3idiHy aKTUBHICTh
JIOPOXKHIX OITYMIB 3aJIMIIAETHCS HEAOCTATHHO
BUBUEHHM. HasBHICTh Ha PUHKY €Heprosoepi-
ralbHUX JOMIIIOK, IO Peati3yloThcs MpencTaB-
HUKaMH Pi3HUX BUPOOHUKIB, YCKIAJHIOE BHOIp
cepell HUX HaiOiIbil eEeKTHBHOI HE TITBKU 3a
MOKAa3HUKOM EHEpProoIIagHOCTi, aie i 3a TmoKa-
3HUKOM 3YEIIIOBAHOCTI 3 TIOBEPXHEI0 MiHepa-
JHHOTO Marepiany Ta MOKa3HWUKOM aAre3iiHol
aKTUBHOCTI.

MeTor0 poOOTH € TOPIBHSUIIBHI J0CHiHKEHHS
3gatHOcTi KarionHuX [1AP ta eneproszbepiraib-
HUX JIOMIIIOK MOKpAIlyBaTH aAre3iiiHi BIacTH-
BOCTI JIOPOXKHIX OITYMiB.

Buksax ocHOBHOTo MaTepianry

ExcnepuMeHTaIbHI  TOCIIDKEHHS  3/1IHCHIO-
BaJi 3 BUKOPUCTAHHIM Ha(TOBOTO JOPOKHBOTO
oitymy mapku BHJI 70/100 (ocHOBHi BIacTuBO-
cTi OiTymy HaBegneHi B Ta0m. 1). ITig wac mocii-
JOKeHb OynyM BHKOPHCTaHI eHepro3oepiraibHi
nomimika Evotherm i Lowtherm. [[is mopiBHs-
JIBHUX JOCII/PKEHb BUKOPHUCTOBYBAJIM TaKOXK
KaTIOHOAKTHBHY afire3iiHy momimky Wetfix.
KoHuieHTpalis A0CTiDKyBaHUX JOMIIIOK Oysa
BUOpaHa 3TiJIHO 3 TEXHOJOTTYHUMHU PEKOMEH/1a-
misMu IXHiX BHpOOHHKiB, a came: 0,3 % I[IAP
Wetfix Ta 0,4 % eneprozoepiraibHUX JOMIIIOK
Evotherm i Lowtherm Bin macu 6itymy. Monu-
¢ikamito 0iTyMy 3a JOIaBaHHS JIOCIIKYBaHUX
JIOMIIIIOK  3IHCHIOBAJIM TEPEMIIIyBaHHIM 3a
temneparypu 150 °C. Ananiz aare3iiHux Biac-
TUBOCTEH BUXIJHOIO OiTyMy Ta OIiTyMy 3 JOCIi-
JOKYBAaHUMH JIOMIIIKAMHU 3IHCHIOBAIM 3a TIOKa-
3HHUKOM 34YCIUTFOBAHOCTI IUTIBKK OITyMy 3 TOBEp-
XHEI0 3epeH Ie0CHI0, a TaKOK 3a MOKa3HUKOM
34EIUIFOBAHOCTI IUTIBKH OITyMy 3 ITOBEPXHEIO
CKJISIHUX TUIACTUH 1 MOKA3HUKOM aAre3iiHol ak-
TUBHOCTI JIOCHipKyBaHuX OitymiB 3 ITAP Ta
eHepro30epiralbHIMA  JIOMIIIKAMH Y IXHBOMY
ckiagi. TTokasHUK aAresiiHol akTUBHOCTI MO-
nu(IiKOBaHUX OITyMiB BU3HAUaIM PO3PAXYHKOM
SIK CHIBBIJHOIIEHHS BEJIMYMHU 301IbIIEHHS II0-

Ka3HHMKa 34YCIUTIOBAHOCTI OITyMy 3 IOBEPXHEIO
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CKJITHUX TUIACTHH 10 KoHIeHTparii [TAP B fioro
ckJai, 3rigao 3 [13].

dotodikcamis 3aralbHOTO BUIISAY 3pa3KiB
miclisl BU3HAYEHHS MOKAa3HWKA 3YETIIOBAHOCTI
0iTyMy 3 MMOBEPXHEIO TPAHITHUX 3€pPEH LIEOCHIO
3a meronoM [11] HaBenmena wHa puc. 1. Ilig gac
Bi3yaJIbHOTO aHali3y (Ha SKiCHOMY DiBHi) MOKa-
3HMKa 3YEIUTIOBAHOCTI IUIIBOK BUXITHOTO ¥ MoO-
Iu(ikoBaHUX OITYMIB 3 MOBEPXHEIO 3€peH Ipa-
HITHOTO IeOCHIO OYyJI0 BH3HAYCHO, IO JOCITi-
JOKYBaHI JTOMIIIKM MOKPAIYIOTh iXHIi omip Bi-
JIIapoByBasbHIM 1ii Bogu. Halimenmwmii mokas-
HUK 34YCIUTIOBAHOCTI 3 TMOBEPXHEI0 TPaHITHOTO
me0eHI0 MpUTaMaHHUKA BUXiTHOMY OiTymy Oe3
JIOMIIIIOK.
MOPIBHSUTEHOTO

Pesynbrati  Bi3yanbHOTrO

aHasizy JO3BOJISAIOTH KOHCTAaTyBaTH, IO CEpel

JOCITIDKYBAaHUX MOAU(DIKYBaIbHUX  JOMIIIOK
HallMEHIIWH omip IJIBKH OiTyMy BigIIapoByBa-
mpHI il Bogu 3a0esredye eHeprosoepirajibHa
nomimka Lowtherm (0,4 % Big macu 6itymy), a
HaOinpmMii — eHepro30epirajgbHa JIOMIIIKa
Evotherm 3a ananoriuHoi KOHIEHTpawii y ckia-
ni 6itymy. bitym 3 0,3 % karionoaktuBHoi [TIAP
Wetfix 3a moka3HHMKOM ONOpPY BiAIIapOBYBajb-
Hil nii Bogu HaOmkaeThest no oitymy 3 0,4 %
eHepro30epiranbHoi gomimku Evotherm. Hemo-
CTaTHLO BHCOKa ajaresis OiTymy 3 eHepro3oepi-
raipHO0 AoMimkoro Lowtherm, sik mopiBHATH
3 eHepro30epiranpHOIO JoMimkow Evotherm,
MOXIIMBO TIOB’s3aHA 3 PI3HUM BMICTOM Y LIUX

JIOMIIIIKAaX aMIHHOT'O CKJIa{HUKA.

Tabmur 1 — BractiBoCTi BUXITHOTO OiTYyMY Ta OITYyMY 3 TOCIHIIKYBAaHUMH JOMiITKAMH

BractuBocri 6itymiB
Hasga Ta Temmnepa-
. . . . [Toxa3HHK 34ernTio-
Ne  |BMmicT nomimok y| [Tenerparis 3a Typa JyKTHUITBHICTD BAHOCTL Bir s | TMoxasmk amre-
oiTymi TeMIIEpaTypu pO3M’sIK- 3a TeMIepa- My o . e
25 °C au'! CHHS Typu 25 °C, om MTOBEPXHEIO CKIISA- | 31i{HOT aKTUBHOCTI
’ oC ’ ’ HHX IUTacTUH, %
1 BHJI 70/100 73 47 > 100 12,3 -
BH/T 70/100+
2 0.4 % Evotherm 71 47 >100 89,8 193,8
BH/T 70/100+
3 104 %Lowtherm|  °! 46,3 >100 36,5 60.5
BH/J, 70/100+
4 0.3 % Wetfix 76 46,1 >100 95,1 276,0

Puc. 1. 3aranpHuii BUIISA 3pa3KiB TPaHiTHOTO ieOeHo miciis BUnpoOyBanHs 1 (Buxiguuii 6itym BHJ|
70/100), 2 (6itym 3 0,4 % Lowtherm), 3 (06itym 3 0,3 % Wetfix), 4 (Gitym 3 0,4 % Evotherm)
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dotodikcamis 3aralbHOTO BUIISAY 3pa3KiB
miclisi BHU3HAYEHHS IIOKAa3HUWKA 3YETIIOBAHOCTI
BUXITHOTO 0iTyMy Ta MonaudikoBaHHX OiTyMiB
13 IOBEPXHEIO CKIISIHUX TUIACTHH 32 METOIOM [ 12]
HaBeJIcHa Ha puc. 2.

ZTEE

p-
e
=

[
E
L

[_-l_

Puc. 2. 3aranpauii BUDIISL 3pa3KiB MiCIst BUTIPO-
oysanus 1 — (Buximamii 6itym7 BH/L 70/100),
2 — (b6itym 3 0,3 % Wetfix), 3 — (6itym 3 0,4 %
Evotherm), 4 — (6itym 3 0,4 % Lowtherm)

Pesynbrati aHamizy MOKa3HUKIB 34eILIIOBA-
HOCTI OiTyMy 3 IOBEPXHEIO CKJITHUX IIJIACTHH Ha
KUTBKICHOMY PiBHI 3aHeceHi B Tabimiio 1. AHa-
73 OTPUMAHUX PE3YJbTaTiB EKCIePUMEHTAIIb-
HUX JOCHIpKeHb (puc. 2 1 Tabmn. 1) cBiguuTh Ipo
30UIBIICHHS TTOKA3HUKA 3YEIIFOBAHOCTI IUTIBKH
0iTyMy 3 MMOBEPXHEI0 CKJISIHUX TJIACTUH 3aBJISKU
nonaBanHio [TAP Ta eHepros0epiradbHUX —J0-
MIIIOK JI0 HOT0 CKJIaay, 10 J00Pe y3roKyEThCS
3 pe3y/bTaTaMH aHajli3y 34eIIIOBaHOCTI OITyMy
3 TIOBEPXHEIO 3€PEH IIEOCHIO.

3rigHO 3 UM, HaMEHIIHUH OMip TUTIBKHU Oi-
TyMy BiJIIApOBYBaJIbHIM il BOIM Ha MOBEPXHI
CKJISIHUX IUTACTHH BIACTUBHU BUXiTHOMY OiTyMy
(myoma MOBEpXHi CKISHUX IUIACTHH, HIO 3alU-
HIA€ThCS BKPUTOIO OITyMOM Ticiisi BUNpoOyBaH-
HS, CTaHOBUTH Bchoro 12,3 %). 3a Bmicty B
ckiaai BuxigHoro Oitymy 0,3 % KaTiOHOAKTHB-
Hoi TTAP Wetfix mokasHuK 34eruiroBaHOCTI Oi-
TyMy 3 TIOBEPXHEIO CKJISTHUX IUIACTHH € MaKCH-
MaJILHHM 1 CTaHOBHTH 95,1 %.

I3 1BOX JOCHIKYBaHUX €HEPro30epiraibHUX
JIOMIIIIOK HAWOUIBIINI MOKA3HUK 3YEILIIOBAHOC-
Ti OiTyMy 3 MOBEpXHEIO CKIISHHUX IJIACTHH 3a-
oesneuye gomimka Evotherm (89,8 %). bitym 3
€0 JOMIIIKOIO 33 TIOKa3HUKOM 34eTUTFOBAHOCTI
0iTyMy 3 TIOBEpXHEIO CKIISTHUX IUIaCTHH Tepe-
BUIIYE B 2,5 pa3u OiTyM 3 aHAJIOTIYHOIO KOHIIE-
HTpatieto gomimku Lowtherm.

[NopiBHsTBHMIA aHANI3 OTPUMAHUX PeE3ybTa-
TIB JOCII/PKEHHS BKa3ye Ha Te, IO JOJaBaHHS
no ckmany Oitymy 0,3 % ITAP Wetfix, 0,4 %
eHepro3bepiransHoi qomimku Evotherm i 0,4 %
eHepro3bepiranpHoi gomimkun Lowtherm 3a6e3-
nedye 30UIbIICHHS TMOKa3HMKA 3YEIUIFOBAHOCTI
0iTyMy 3 TIOBEPXHEIO CKIISHUX TUIACTHH, BiAIO-
BijHO, ¥ 7,7 pa3a, 7,3 pa3a i 3,0 pa3a, sk nopis-
HATH 3 BUXIJHUM OiTyMOM 0€3 JOCIIIKYBaHUX
JIOMIIIIOK.

3rigHo 3 HaBeaeHMMH B TaOm. 1 manummu,
HANOIBIINI MOKAa3HUK aAre3ifiHoi aKTHBHOCTI
OiTymy 3a0e3neuye karionoakTuBHa [TAP Wetfix,
a HaliMmeHmMH — eHepro30epirajgbHa JIOMIIIKa
Lowtherm.

Cepen 1BOX JOCHIPKEHUX €Hepro3oepiralib-
HUX JIOMIIIOK 3a ITIOKa3HUKOM aAre3iiiHOoi akTHB-
HocTi fmoOmimka Evotherm mepesuiye mpomimni-
ky Lowtherm y 3,2 pa3a.

BucHoBkn
OCHOBHHMHU CTaHJAPTH30BAHUMHU KpPUTEPisi-
MU BUOOpPY €(EKTHBHUX MMOBEPXHEBO-aKTHBHUX
PEUYOBHH SIK JIOMIIIIOK JIO JIOPOXHIX OITYMIB €
MOKA3HUKU 3YETUTIOBAHOCTI TUTIBKH OiTyMy, MO-
mudikoBanoro [TAP, 3 moBepxHE0 MiHEpaIbHUX
MaTepiaiiB Ta aAre3iHol akTUBHOCTI. Ekcre-

PUMEHTAIBHO JOBEICHO, IO JIOMABaHHSI O
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CKJIaay JOPOXKHBOTO OiTyMy momimku Wetfix sik
kaTioHoakTHBHOI [TAP 3a0e3neuye mokpameHHs
MOKa3HUKA HOr0 3YEIIIOBAHOCTI SIK 3 MOBEpPX-
HEI0 TPaHITHOrO MIEOCHIO, TaK i 3 MOBEPXHEIO
CKJISIHUX TUIACTHH.

JonaBaHHs 10 JOPOKHBOTO OITYMy €Hepros-
oepiranbHoi gomimku Evotherm abo Lowtherm
TAKOK CHpUSE TOKpAIIEHHIO HOro aje3iitHux
BinactuBocTel. Cepen eHepro3depiralbHUX JgO-
MIIIOK Oijibllle 3HAYEeHHS MOKA3HUKA 3UeTUTIOBa-
HOCTi OiTyMy 3 MiHEpaJIbHUMH MOBEPXHSIMHU Ta
MOKa3HUKA aJre3iiHOT aKTUBHOCTI 3a0e3redye
nomimika Evotherm.

[lix yac ekcrnepuMEHTANBHUX AOCHIHKEHb
BU3HAYCHO, IO 33 BEJIMYMHOIO MIOKA3HUKA ajre-
3iHHOI aKTHBHOCTI OiTyM 3 KaTiOHOAKTUBHOIO
IMTAP Wetfix y 1,42 paza mepeBuinye OiTym 3
eHepro30epiraibHO0 AoMimkor Evotherm Tta y
4,5 pa3u OiTyM 3 eHepro30epirajbHOI0 JAOMIIII-
koto Lowtherm.

3a UM caMHM TIOKa3HHKOM eHeprosoepira-
npHa Jomimka Evotherm mepeBuinye nomimky
Lowtherm y 3,2 pa3a. Pi3Huii piBeHb aare3iiHoi
aKTUBHOCTI HasBHMX Ha PUHKY eHepro30epira-
JHHUX JIOMIIIOK BUMara€ BpaxOBYBaHHsS i€l
00CTaBHHHM Ha eTali MPOEKTYyBaHHS CKJaly ac-
(hanbTOOCTOHHMX CyMillled 3 METO 3abe3re-
YEHHSI MiJBUIIICHUX MMOKA3HUKIB TPUBAJIOI BOJIO-
cTilikocTi ac(hanbTo0eTOHY B IIapax JAOPOKHbBO-
TO OJIAITY.

OueBuIHO, WO 32 HEJOCTATHRO BHCOKOTO
MOKa3HUKA 3YETUTIOBAHOCTI JIOPOKHBOTO OiTyMY,
MOJU(IKOBAHOTO CHEPro30epirajbHOK  JIOMIIll-
KOI0, 3 TIOBEPXHEI0 MiHEepalbHUX CKIIQJHUKIB
ac(haapToOCTOHHOI CyMillli 10 HOro CKIIaxy Jo-
[UIBHO JIOAAaTKOBO JO/IaBaTH KaTiOHOAKTHUBHY
ITAP. Uum Buia ajaresifiHa akTUBHICTh €HEPro-
30epirajbHOT JOMIIIKA, TUM MEHIIY KiIBKICTh
ITAP HeoOxiaHO momaBaTh A0 OITyMy.

3a ymoBHM 3a0e3medeHHs eHepro30epiralb-
HOIO0 JIOMIIIKOK JOCTAaTHBOI aare3iiiHol aKTUB-
HOCTI BUXJIHOMY 0iTyMy KarionHy [TAP moxna
HE 3aCTOCOBYBATH, SKIIO IOKa3HWK TPHUBAJIO]
BOJIOCTIMKOCTI ac¢anbTo0eTOHy Ha HOro OCHOBI
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Research on the influence of energy-saving addi-
tives on the adhesion index of bitumen to mineral
surface

Problem. In the conditions of increasing vehicle axle
loads, increased requirements are imposed on as-
phalt concrete layers in non-rigid road surfaces of
highways, mainly to their strength and rutting resis-
tance. During the operation of a highway, the asphalt
concrete pavement of the road surface also perceives
the destructive effect of water as one of the main en-
vironmental factors. With sufficient strength and rut-
ting resistance of asphalt concretes in the road sur-

face layers, they are also required to have increased
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long-term water resistance in the conditions of oper-
ational maintenance of road surfaces. It is obvious
that with high long-term water resistance, asphalt
concrete layers of the road surface will also have
increased frost resistance, since there is a certain
correlation between these indicators. Goal. Compar-
ative studies of the ability of cationic surfactants and
energy-saving additives to improve the adhesion
properties of road bitumens. Methodology. For the
studies, the energy-saving additives Evotherm and
Lowtherm were used. For comparative studies, the
cationic adhesive additive Wetfix was also used. The
concentration of the studied additives was taken in
accordance with the technological recommendations
of their manufacturers, namely, 0.3 % of the surfac-
tant Wetfix and 0.4 % of the energy-saving additives
Evotherm and Lowtherm by weight of bitumen. Mod-
ification of bitumen by adding the studied additives
was carried out by mixing at a temperature of 150 °
C. The assessment of the adhesive properties of the
original bitumen and bitumen with the studied addi-
tives was carried out by the adhesion index of the
bitumen film to the surface of the crushed stone
grains, as well as by the adhesion index of the bitu-
men film to the surface of glass plates and the adhe-
sion activity index of the studied bitumens with sur-
factants and energy-saving additives in their compo-
sition. The adhesion activity index of modified bitu-
mens was determined by calculation as the ratio of
the increase in the adhesion index of bitumen to the
surface of glass plates to the concentration of surfac-
tant in its composition, according to. Result. The
quantitative evaluation of the adhesion of bitumen to
the surface of glass plates is given in Table 1. The
analysis of the obtained experimental results (Fig. 2
and Table 1) indicates an increase in the adhesion of
the bitumen film to the surface of glass plates due to
the addition of surfactants and energy-saving addi-
tives to its composition, which agrees well with the
results of the evaluation of the adhesion of bitumen to
the surface of crushed stone grains. From the data
presented, it can be seen that the lowest resistance of
the bitumen film to the peeling action of water on the

surface of glass plates is inherent in the original bi-

tumen (the surface area of the glass plates remaining
covered with bitumen after the test is only 12.3 %).
Originality. It has been experimentally confirmed
that adding the Wetfix additive, as a cationic surfac-
tant, to the composition of road bitumen improves its
adhesion index, both to the surface of granite rubble
and to the surface of glass plates. Adding the energy-
saving additive Evotherm or Lowtherm to road bitu-
men also helps to improve its adhesion properties.
Practical value. The higher the adhesive activity of
the energy-saving additive, the smaller the amount of
surfactant that needs to be added to the bitumen.
Provided that the energy-saving additive provides
sufficient adhesive activity to the original bitumen,
the cationic surfactant may not be used if the long-
term water resistance of the asphalt concrete based
on it meets the requirements of current standards.

Key words: highway, road surface, coating layer,
durability, asphalt concrete, long-term water resis-
tance, petroleum road bitumen, surfactant, energy-
saving additive, adhesion, adhesive activity, adhesion

index of bitumen to mineral surface.

Valeriy Zhdaniuk, Honored Worker of Science and
Technology of Ukraine, Doctor of Technical
Sciences, Professor, Department of Road Construc-
tion and Operation,

ORCID: https://orcid.org/0000-0003-0420-7036,

vk.zhdanuk@gmail.com,

Vladyslav Tetera, PhD student, Department of Road
Construction and Operation
ORCID: https://orcid.org/0000-0001-5008-6410,

vl1470@ukr.net,

Kharkov National Automobile and Highway
University, 25, Yaroslava Mudrogo str., Kharkiv,
61002, Ukraine.

Cmamms naditiuna 0o pedaxyii / Received:
09.01.2026.

Ipuiinama 0o opyky nicis peyensysanns / Revised
and Accepted: 18.01.2026.

Hama nyb6nixayii cmammi / Published: 11.05.2026.



mailto:vk.zhdanuk@gmail.com
https://orcid.org/0000-0001-5008-6410
mailto:vl1470@ukr.net

