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[puio:xenue 8. Pe3ynpraTsl H3MEpEeHNH BETUUMHBI KO PHUINEHTa CUETUICHUS
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MpunoxeHune 1. Ctatucrmnyeckas obpaboTka
pe3ynbTaToB BbIYUCIIUTESIbHbLIX 3KCNEPUMEHTOB

B cootBercTBHMM ¢ crarHcTHdeckas o00pabOTKa BBIYMCIUTEIBHBIX
SKCIEPUMEHTOB OCYILIECTBIISIIACH B CACAYIONICH MOCIEeI0BATEIBHOCTH:

1. Pesynbrarsl pacyeTa rpynnydpoBainuch B 1 pa3psaaoB. KonnuecTtBo
Pa3psa0B ONpenesuioch mo Gpopmye:

n=1+32xIgN, (I1.1.1.)

rae N — 5, Komu4ecTBO 00padaThIBAEMbIX 3HAUCHUH.

2. Onpenensiach ONBITHAS YaCTOTa (ml.* ) momaiaHus cay4yanHoi
BEITMIMHBI B Pa3psIbL.

3. Onpenensuiack onbiTHas yactocts (P) mo popmyre:

P =—. (IL.1.2.)

4. Io pe3ynpTaTaM pacueToB MOCTPOCHA TUCTOTPaMMa.

5.Ha ocHOBe BH3yalbHOrO aHalM3a THUCTOTPAMMBI BBIJIBHIAETCS
TUIIOTE3a O MPUHAICKHOCTH CIyYaliHON BETMYMHBI K OIPEJICICHHOMY 3aKOHY
pacnpeeneHusl.

6. Beruncisurachk cTaTUCTHIECKAS AUCTIEPCHS 110 GopMyIIe:

1 —\2
D(X)=Z(Xi—X) <P, (I.1.3.)
i=1
roe X, — cioydaifHas BCJII/I‘H/IHa;Y — cpellHee 3HaUeHHUe CIydyailHOU

BCIIMYMHBI; Pz — OIIbITHAas 4aCTHOCTbD.

7. HecmemieHHass OIGHKa CpPEIHET0 KBaapaTHUECKOTO OTKIOHCHHS
ompezensuiach mo Gopmyie:

o(x)= [ n jxD(X). (IL1.4.)

n-—1

8. Onpenensiack TeOpeTHYECKasi 4acToTa (771;) MONaJaHus CIIydaiHON

BEJINYMHBI B PA3PS/IbL.
9. IlpoBepka MPaBUIBHOCTH MPUHATON THUMOTE3bI OCYIIECCTRISAIACH IO
KPUTEPHSM COTTIacus «Xu-KBaapar» ITupcona:
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p=glionl, (ILLS)
> 15.
P(y?:7)>P(17) (1.1.6.)
n PoMaHOBCKOTO:
2
£ "7 3, (I.1.7.)

*
rae m; — ONbITHasA 4acTOTa IONAJaHUsA B paspsx; 1, — TCOPETUICCKas JacToTa

MOMAJaHus B Paspsiibl; T — YHCIO CTEleHed CBOOOIH; P(IY ) — 3HAYECHHUE

BEPOSITHOCTH 3aKoHa [TupcoHa.

10. 3aTeM  BBIYMCIUIACh  BEJIMYMHA  JIOBEPHUTEIBHOTO  HHTEpBala
pa3bpoca cpemHero 3HAa4YEHHs, OTBEYAIOIIETO JIOBEPUTEIBHOM BEPOSITHOCTH
P=85 %, 90 %, 95 % 1o dhopmyire:

I, :{A/I(kx) _5<M(x) —5<M(Z) +0 } (IL1.8.)

rac M(tc) — BC€JIMYHMHaA MaTCMaTH4YCCKOIo OXHWIAHWA; 5 — IapameTp,

BBIUMCIICHHBIH 10 (hopmyue:

o=oxargd,. (IL.1.9.)
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MpunoxeHue 2. PparMeHT XXypHana BusyaribHOU
OLIeHKN COCTOSIHUA AOPOXKHOWN oAeXAabl Ha
aBToOMoOunNLHOU aopore |l TexHN4YecKoun Kateropmm

Ta6auna I1.2.1. ®parment xxypHaia BU3yadbHOH OLEHKH COCTOSIHUS JOPOKHOM
OJIeXK bl Ha aBTOMOOMIBHOM fopore Il TexHnueckoil kareropuu

I1.2.1. lentelé. II techninés kategorijos automobiliy kelio ruozo vizualaus kelio
dangos biiklés 2010 m. vertinimo Zurnalo fragmentas

Table I1.2.1. Fragment from the log of visual assessment of the pavement on the
road of the II-nd technical category in 2010

Meeto Paccro- Pack- bann yuactka Ha 3 Cpenuuit
Bun SIHUE nosioce BrkeHns | CpenHuit bast
HCIIBI- pBITHE
o nie- MEXITY Tpe- Oat OJIHOTHII- IIpumedanne
MK+ (exTa | Tpemu- —— mpaBasi | JieBas ydacTka HOTO
HaMH, M ydacTka
1 2 3 4 5 6 7 8 9
IIpo-
HOJb- YuyacTrok
Hast HaxOJHUTCS B
Tpe- 3 1-4 OTJIHYHOM
TIK I1MHA COCTOSIHUH.
15+65 |mnuHON [Tonepeunsie
no IIK 35— 4.8 4.8 4.8 TPELIUHBI
16+00 [40 m MOSIBUIIUCH
[Tome- TOJIBKO Ha
peumple| o 1-6 YKPEHUTEIbHON
Tpe- roJsioce
IIHAHEI
K one- Ilonepeunsie
16+00 €UHEBIC 4,61 TPCILHHBL Ha
P 25-30 | 1-5 48 4.8 4.8 BCIO LINPHHY
no I[IK  [Tpe- .
npoexei
16+20 |muHBI
YacTu
ITorme- IIpononbHbie
pednbie| o 3 =5 45 45 45 HM3BUIIUCTHIC
Tpenu TPEUIMHBI U
IK HBI HeOOoJIbIIas
16+20 CEeTKa TPELIHH.
IIpo-
o IIK OTb- Ha nmoxpritin
16+45 Hbte _ 1-3 45 45 45 10 JIEBOM
CTOpOHE
Tpe- .
Tpoe3xKen
H{UHBI
YACTH — CJICJIbI
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3aJIMBKU
HOTIEPEYHBIX
TpPELIMH
ouTymMoM
Ilonepeunsie
MK |Mone- ;I;ZII?;HH
16+45 ~|pewmbie| 5 10 | 3 45 45 45 BCTpedaroTes
no [IK  [Tpe-
HeOoJIbIIe
16+85  |muHBE
HPOOJIbHbIC
TPEIIUHBI
IIK ITone-
16485 lpeumtbie| 35 50 | 13 | 45 | 45 45
qo IIK  |Tpe- Crenpl 3aTUBKU
17420  |umHBI ourymom
IK Ilome- HOTIEPEYHBIX
17420 |peunsie 15 1-3 45 45 45 TPELIUH
o IIK  [Tpemu
17435 |uBI
ITone-
PPl 10-15 | 1.3 | 39 | 4 40
TK pI/IHLI
17435 [0
1o IIK Hf;b_ Koner BeieMKn.
18400 e |3 ] 33 | 37 35 Hamrine
6oubIIOTO
Tpe-
KOJINYECTBa
LIMHBI
MEJTKIX
Ilome-
H3BUIIHCTHIX,
PEUHbIC 1020 1-6 3,5 3,5 3,5 MPOAOJIEHBIX U
Tpe-
TIK AHBL TOIIEPEYHBIX
18400 (2 Tpemun
no [IK Hf;b__
19400 e - 1.3 | 35 | 35 3,5
Tpe-
IIUHBI
Ilome-
‘T’g:f*“e 10-15 | 3-8 | 40 | 40 4,0 Hasaio kpuEoii
LIMHBI
I[IK 21 |IIpo- SImounbIi
J0JTb- PEMOHT 1O
HBIE - 1-3 4,0 4,0 4,0 4,0 cepeanHe
Tpe- poesKen
LIMHBI 4acTH
IIK Kpym- Hammune
21420 |nas B 515 40 40 40 SIMOYHOT'O
no I[IK  [mome- pEMOHTa C
21430 |peunas JIEBOI CTOPOHBI
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Tpe-
HIMHA,
1138
He-
00JIb-
Ioro
BBIKpa-
IKMBa-
HUS

bonb-
mast
mnpo-
IOJbHA
s1 U3BHU-
JIMCTas
Tpe-
HHHA
10—

12 M

4,0

4,0

4,0

He-
00JIb-
e
H3BU-
TIK JIMCThIC
21430 |tpe-

no [TIK  |muHET
21440 |mmmHOK
o
0,5m
10-
12m

1-3

4,0

4,0

4,0

IIpo-
JI0NITO-
BaTbIi
K cpes
21410 |PPEH
B BHUJIE

MIPSIMO-
yToJb-
HHKOB

4,0

4,0

4,0

npoe3xei
YacTH; KapThbl
peMoHTa
TOBTOPSIIO-
uecs yepes
20 M, 3aTeM
paccrosinue
MEXIY HUMH
COKpaIaercst
mo 1,5-3,0m

CrneBa
npoesxen
YacTH
SIMOYHBIA
PEMOHT

Men-
KHue
mnpo-
TIK T0JIb-
21475 |HBIE

1o IIK  |Tpe-
22+20  |muHBL
TUTAHOM
0,3—
0,6 M

1-2

4,5

4,5

4,5

4,37

IIpoesxas
YacTh HE HMECT
e eKToB,
TeMIeparyp-
HBIX TPELIUH
HeT
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Bei6o- _ _ 43 47 45 Han tpy6oit
uHa HeOOoIbIIast

TIK Craenpl Tpocajka,

22+20 |BbIKpa- 3 3 43 47 45 CIIeIbI
nIMBa- SIMOYHOT'O
HHS peMoHTa
Ilone-

PEHMC! 3040 | 35 | 45 | 45 45

Tpe-

LIMHBI

3ameHa

cros - - 45 45 45

TIOKpEKI- Ilonepeunsie
THS TPELIMHBI,
IIpo- peaKue, cieapl
JI0JITO- SMOYHOTO

K BaThbli peMOHTa; fasiee

22425 |PEE - 40 | 40 4,0 1O Hpasott

o TIK | PHAe cTopone -

204+80 |MPAMO- poesxkeit
YroJib- 4acTH
HHKa HPOOIrOBa-
IIpo- TBIH cpe3
JI0J1b- (bpe3oii; yepes
e — ] 1110 | 45 | 45 45 0
Tpe-

LIMHA

40 m

Kaptet

peMOH- - - 4,0 4,0 4,0

Ta

He-

6011~

e - - 4,1 4,5 4,3

BEIOO-

HHBI VYuyacrtok 3a
IIpo- MIOBOPOTOM;
JI0JIb- Halnu4yne
HbIC HOTIEPEYHBIX
Tpe- TpPELIUH Ha

IK .

20485 |LWMHBL 4,37 YKPEIHUTENbHON
Ha ToJIoce ¢
yKpe- - 220 | 4.1 45 43 fpaBou
H- CTOPOHBI 110
TeJlb- Xony
HOM JIBUKEHHUS
noJioce
TUTMHOM
15—

30 m
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Tpo- Hanmune
TIK Z0J1b- MIPOJObHBIX
HbIC TPELLIHH C
ii‘ﬁi pe 1-5 4.3 4.3 43 npasoit
LMHBI CTOPOHBI
2320 ZITHHOI npoesxen
053 wm qacTu
VY4acTok Haj
Tpo- TpyOoii.
IK JI0J1b- TpononbHas
23420 |Has 1070 45 45 45 TpelluHa B
zo TK-jrpe- MecTrax
23425 |mmHa COTIPSDKCHUS
(onua) acdanbro-
OeroHa
He-
60b-
TIK e Berpewatorest
- penxue
;2[2-;%? Eg?n,- - 4.8 48 4.8 TIPOJIOJIbHbIE
24+00 (Hble TPEILHHbL
Tpe- MaJsoi AIHHBI
IIAHbI
Bclile(m:— ComnpsokeHne
IIII/IBIi)i- MEJTKO3EPHHC-
TOTO U
12_141100 16{1(/)I§$e- - 4.1 4.0 4,05 KpYIHO3ep-
MU HHCTOTO
acr- actanbTo-
?::MH OeroHa
Cruenpl
. - 41 | 40 4,05 4,67
IMBa-
HUSI
IK Bri6o-
24420 |unHa
ryou- - 4.1 3.9 40
HOH
1,0- Yuacrok Haj
2’5 cM TpyOoii.
dﬂ Bl Ilonepeunsix
o TPEIIUH HET
. - 40 | 41 4,05
IMBa-
TK IH{“"
24425 |2
6011B-
Hme 5-60 3,9 4,1 4,0
BEIOO-
WHBI HA
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paccro-
SHUH
50 m
JpYT OT
apyra

Tlome-
peuHble
Tpe-
HUHBI

1-6

1,3

4,0

4,0

4,0

TIK

24430
o IIK
24+85

IIpo-
JIOJTb-
HbIE
Tpe-
IIHAHEI
TUTAHOM
0,4—
1,0 M

1-3

4,5

4,5

4,5

TIK

24+85
1o TIK
25400

Tlome-
peuHble
Tpe-
HUHBI

25-30

1-3

4,8

4,8

4,8

B Hekoropsix
MecTax IISITHa
outyma,
HCIIOJIb3YEMOT O
JUISL 3aTUBKH
TpPEIUH

HeGonbiue
MPOAOJILHBIE
TPEUINHBL, B
OCHOBHOM, C
JIEBOW CTOPOHBL
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MpunoxeHue 3. PekomeHaauum no peMoHTy U
3KcnnyaTayuMoHHOMY cofiepXXaHUK aBTOMOOUNbHbIX
aopor ¢ achanbTo6eTOHHLIMU NOKPbLITUAMMU CO
LWSIaKkoBbIMU MaTepuanamu
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MHUHUCTEPCTBO OBPA3OBAHMUSI U HAYKH, MOJIOJAEKH U CITOPTA
YKPAUHBI
HAIIMOHAJIbHBIV ABUAITUOHHBIA YHUBEPCUTET
HuceTuTyT asponoproB

03680 r. Kues, npocnekt Kocmonasra Komapoga, | Ten/axc (044)406-72-89, (044) 497-80-Z
e-mail: nau.edu.ua

PEKOMEHJALIMU

[10 PEMOHTY U DKCIIIYATALIMOHHOMY COAEP>XKAHUIO
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CopepxaHue

OO0111e N0JI0KEHHS
KanuransHbli peMOHT

Texymuii peMOHT
OKCIUTyaTallHOHHOE COIEpKaHUE

el NS
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1 OBLUME NOJTIOXKEHUA

1.1 Hacrosimue pexomeHauuu MpeaHa3HaueHbl JJIsl OpraHu3alui,
BBITIOHSIOMKX paboTBl MO PEMOHTY M OSKCIUTyaTallHOHHOMY COAEp KaHUIO
ABTOMOOMIIBHBIX AOPOT OOIIETO MOJIB30BAHUS Y KDAHHBI.

1.2 Hacrosimume pexoMeHAanuu HCIOJIB3YIOTCA NpPU PEMOHTE U
9KCIUTYaTaIl[HOHHOM COJIEpP’KaHUU aBTOMOOWIBHBIX AOPOT OOINEro MoJb30BaHUA
YkpauHel ¢ acQanbTOOCTOHHBIMH TOKPHITHAMU H3 acaiprobeToHa O
IIJIAKOBBIMH MaTepUATIAMHU.

1.3 Pexomenmanum  HampaBlieHBI Ha oOeclledeHHE OCHOBHBIX
TPAHCTIOPTHO-IKCILUTYaTallMOHHBIX MTOKa3aTeleld aBTOMOOUIFHON JOPOTH TaKHX,
KaK MPOYHOCTh JOPOKHOM ONEXKIbl, POBHOCTH IOKPHITHA U BEIHMYUHA
ko duIMeHTa clerieHHus B IIEPHOJT BCETO CPOKA CIYKOBI JOPOKHON OJICHJTBI.

1.4 Jns COXpaHEHUS u NoJJep KaHus TPaHCTIOPTHO-
9KCIUTyaTallMOHHOTO COCTOSIHUSI JOPOTM B TEUEHHWH BCETO CPOKa IKCILTyaTallUuH
Ha YpoBHE, 00eCIeYnBaonIeM YCTaHOBJICHHBIC Ul JaHHOW KaTeropuH TOPOTH
TpeOOBaHMS K TOTPEOUTEIILCKUM CBOMCTBAM HEOOXOIWMO  IIPOBOIUTH
clemyrolire BHAB padOT: KaNWTalIbHBIA PEMOHT, TEKYIIMH pPEMOHT H
9KCIUTyaTallHOHHOE COACPKAHUE.

1.5 K moTpeOuTeNnbcKUM  CBOWCTBaM  JIOPOTH, Ha KOTOpEIE
HETIOCPEICTBEHHO BIIHSAIOT MPOYHOCTh TOPOKHOM OJIEK/IBI, POBHOCTH MOKPBITHS
U BelMYrMHA KOI(QQUIMEHTa CLEIJICHHS, OTHOCAT: OOECIEUYEHHYIO CKOPOCTb,
HETPEPHIBHOCTH, 0€30MaCHOCTh M YAOOCTBO IBIKEHHSA, JOMYCTHMYIO OCEBYIO
Harpy3Ky U Tpy30M0IbEMHOCTS TPAHCTIOPTHBIX CPECTB.

1.6 TpeOyeMblil BUII pEMOHTA, COCTaB M O0BEMBI PabOT MO0 PEMOHTY
KOKIOH aBTOMOOWIBHOW JOPOTM W Yy4yacTKa JIOPOTHM YCTAaHABIMBAIOT HAa
OCHOBAaHWH PE3yJbTATOB JUATHOCTHKH U OIEHKH UX (DAKTUYECKOTO COCTOSHHUSI,
WHXEHEPHBIX M3BICKAHWH, UCTIBITAHUN M 00CIIeIOBAaHUHN, BEIOMOCTEH nedekToB
U APYTHX JOKYMEHTOB, COJACPIKAIINX OLUEHKY (DAKTUUYECKOTO COCTOSIHUSI AOPOT B
00BEMeE, TTO3BOJISIOIIEM COTIOCTABUTH 3TO COCTOSIHAE C KPUTEPHUAMU Ha3HAYCHHS
COOTBETCTBYIOIIETO BHJIA PEMOHTA.

1.7 Jis aBTOMOOMIJIBHBIX IOpPOT € ac(aabTOOETOHHBIM MOKPBITHEM
u3 acanpToOeTOHa CO IUTAaKOBBIMH MaTepHalaMy H3-3a CTAOMIBHBIX U BHICOKUX
TPAHCTIOPTHO-IKCIUTYaTallHOHHBIX ~ TIOKa3aTeled B  TMEpPUOJ  JIUTENbHOU
9KCIUTyaTallid BUABI PEMOHTOB M CPOKH MX MPOBEIEHHSA OYAYT OTIMYATHCS IO
CPaBHEHHMIO C ABTOMOOWJIBHBIMH JOPOTraMH, Ha KOTOPBIX B BEPXHHUX CIIOSX
TOKPBITUSL  yIOXEH ac(hanbToOETOH C  UCIIOJNIb30BAHUEM  TPaMIIMOHHBIX
MaTepraoB.
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2 KAMUTANbHbIA PEMOHT

2.1 Ilon xamuTadpbHBIM PEMOHTOM aBTOMOOWMIJIBHON  ITOPOTH
MoJIpa3yMeBaeTcsi KOMIUIEKC paboT, MpH KOTOPOM IPOHM3BOIUTCS TIOJHOE
BOCCTAHOBJICHHE W TOBBINICHHE PabOTOCIIOCOOHOCTH ITOPOKHOW OJSKIBI H
TTOKPBITHSL.

2.2 3amavya  KamWTadbHOTO  PEMOHTa COCTOUT B ITOJTHOM
BOCCTAHOBJICHUW W TIOBBIIICHUW TPAHCIOPTHO-3KCIUTYaTallAOHHOTO COCTOSHHS
JIOPOTH 710 YPOBHS, MO3BOJISIFOIIETO OOECIEYUTh HOPMATHBHBIE TPEOOBAaHUS B
MIEPHUOJ IO OYEPETHOTO KATUTAIFHOTO PEMOHTA IIPU WHTEHCUBHOCTH JIBHKEHHS,
COOTBETCTBYIOIIEH pacyeTHOM NI JaHHOW KaTEropuu JOPOTH.

2.3 Kputndeckum  Juisi  Ha3HAYSHWS  KamUTaILHOTO  PEMOHTA
SBIISIETCSl TAaKO€ TPAHCIIOPTHO-IKCIUTYaTallUOHHOE COCTOSHHUE JOpPOTH, IMpH
KOTOPOM  TPOYHOCTH JOPOXKHOW  OAEXKABl CHU3WIACH [JI0 TPEAeNbHO
JOMMyCTUMOTO ~ 3HaueHWs. Cpoku MEKAy KaluTalbHBIMH  PEMOHTaMH
ABTOMOOWIBHBIX JIOPOT C ac(asbTOOCTOHHBIMUA TIOKPBITUSMHU CO IUIAKOBBIMH
MaTeprataMy M3-3a2 BO3MOXXHON PEKOHCTPYKIIMH JOPOXKHBIX OAEKH, CBA3AHHOM
C UW3MEHEHHEeM TEXHHYECKOH KaTeropuu JOpPOrH HeoOXOJuMO Ha3Ha4yaTh
TaKUMH, KaK Ui aBTOMOOWIBHEIX JIOPOT ¢ ac(hambTOOCTOHHBIMU MOKPHITHSIMH
u3 acdanbTo0eTOHA U3 TPAIUIIMOHHBIX MaTEPHAJIOB C YI€TOM WHTCHCHBHOCTH
JIBIDKEHHSI TPAHCIIOPTHOTO TMOTOKA, THIA JOPOKHOW OJEX[bI, K0oddduipenTa
HaJE&KHOCTU U JOPOKHO-KIMMAaTH4YecKo# 30HbI B cooTBeTcTBUU ¢ BBH T'.1-218-
182-2006 «Knaccudukamus pabOT MO pEMOHTAM aABTOMOOWIBHBIX IOPOT
0O0IIIeT0 MOTb30BAHUS».

24 KaTEerOpHH JOPOTH HEOOXOIUMO Ha3HAa4yaTh TaKUMH, KakK JUIs
aBTOMOOWJILHBIX ~ JIOpor ¢ ac(anbTOOCTOHHBIMH  TOKPBITUSAMH U3
achanbTOO0CTOHA W3 TPAIUIMOHHBIX MATEPUAIIOB C YYETOM HHTCHCUBHOCTH
JIBIDKEHHSI TPAHCIIOPTHOTO TOTOKA, THIA JOPOKHOW OJEXK[bI, K0ddduimenTa
HaJE&KHOCTU U JOPOXKHO-KIMMAaTH4YecKOi 30Hb1 B cooTBeTcTBUU ¢ BBH T'.1-218-
182-2006 «Knaccubpukammst pabOT MO pPEMOHTaM aBTOMOOWIIBHBIX JIOPOT
0O0IIIero MOTb30BAHUS».

2.5 Koadduruenr Hane:xxHOCTH OmpeAenseTcs Kak OTHOIICHUE
MPOTSHKEHHOCTH TPOYHBIX YYaCTKOB C ac()aabTOOCTOHHBIMU IOKPBHITUSIMHU U3
achanbTOOCTOHA W3 MUIAKOBBIX MATEPUAIIOB K OOMmEeH NPOTSHKEHHOCTH
aBTOMOOWILHOM TOpOrd. PaGOTHI 10 KaNmUTaIEHOMY PEMOHTY HAa3HAYAIOTCS MPH
ko punmente HagéxxHoctr Hiwke 0,85.

2.6 IIpu xanmuTaTEHOM PEMOHTE IMPEyCMAaTPHUBACTCS:

- yCHJIeHHE JOPOXKHBIX OAEXKI W HWCHpPABICHHE TNPOJOIBHBIX U
MOTIEPEYHBIX HEPOBHOCTEIH;

- yKJIaJIKa JOTIOJIHUTENFHBIX CI0EB OCHOBAHUS U TIOKPBITHS;
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- yCTpOHCTBO OoJiee  COBEPIICHHBIX THUIIOB MOKPBITHA €
UCIIOJIb30BaHUEM CYILECTBYIOIIUX JOPOKHBIX 01K B KAUECTBE OCHOBAHMS;

- yIIUPEHHE AOPOXKHOHW ONEKIbl 1O HOPM, COOTBETCTBYIOLIUX
KaTeropuii peMOHTHPYEMOI TOPOTH U T.1.

3 TEKYLUMUA PEMOHT

3.1 Texymuii peMOHT aBTOMOOMIJIBHBIX JOPOT BKJIIOUAET KOMIUIEKC
pabor WO  BOCHPOM3BOACTBY €€  MEpPBOHAYAIBHBIX  TPAaHCIOPTHO-
9KCIUTyaTallMOHHBIX  XapaKTEPUCTHK, INpPU  KOTOPOM  IIPOU3BOAUTCS

BOCCTaHOBJICHHUE HM3HOCA TOKPBITHSA, YIYYIIEHHE €ro POBHOCTH, YCTpaHEHUE
BCEX OCTATOYHBIX Je(opMaIuii 1 MOBpExACHUH TOPOKHOTO MTOKPHITHUSL.

3.2 Cpok cuayx0pl acdanprobeToHHOro mokpeitus (T, wu3
achanbTOO0ETOHA W3 NUIAKOBBIX MAaTEpHaiOB HEOOXOJWMO OIICHUBATh HE II0
BennunHe ko3 duirenTa cueruieHrus (OHa cTaOWIbHA B MEPHOM AKCILTyaTaIl|H
Y UMEET BBICOKOE 3HAUCHUE), a TI0 BEJIMYMHE U3HOCA TIOBEPXHOCTH TIOKPBITUS H
CHIDKCHHUSI MOZYJS YIPYTOCTH IOPOXKHOW OAeknmbl Oojee dem Ha 25 % otr
3HAYCHWH, TIOJNlyYCHHBIX HA  OCHOBE JIMAarHOCTUYECKUX  HCIBITAHUH.
BoccranoBnenne cnmost  acambTOOCTOHHOTO  TMOKPBITUS W3 IIIAKOBBIX
MaTepHasoB Ielieco00pa3HO Ha3HAYATh MPH YMEHBIIICHUH TOJIIUHBI CII0s Oolee
geM Ha 30% OT mepBOHAYATIEHOH (MPOCKTHOW) BETHIMHEI.

33 HopMBI MEXpEMOHTHBIX CPOKOB CIIYObl ac(aibTOOSTOHHBIX
MOKPBITHIA U3 achanbToO0eTOHA CO MUTakoBEIME MaTepuanamu (T,) Ha qoporax ¢
KallUTaJTbHBIMA W OOJICTYCHHBIMH JOPOXXKHBIMH OJICKIaMH H3-32 BBICOKHX
MoKa3aTeJiell POBHOCTU M BEITUYUHBI KOA((DUITUCHTA CIICTUICHUS YBEIHUYCHBI 10
CpPaBHECHHI0O C acQaJbTOOCTOHHBIMH MOKPHITHSIMH W3 achanbTOOCTOHA U3
TPaJUIIMOHHBIX MaTepuanoB. HOpPMBI MEXKPEMOHTHBIX CpPOKOB  CIYXOBI
achanbTOOCTOHHBIX  TOKPHITUH M3  acanbTOOCTOHA €O  [UIAKOBBIMH
MaTepuanaMu TpeicTaBieHbl B TabOn. I[1.3.1. u 3aBUCAT OT WHTCHCHBHOCTH
JIBMDKEHHSI TPAHCTIOPTHBIX CPEJICTB.

34 Jln  BOCCTaHOBIEHWS  HW3HONICHHBIX  BEPXHHUX  CJIOEB
ac(hanbTOOCTOHHBIX TIOKPBITUH CO NIIAKOBBIMU MaTepHaIaMH HeIlelecoo0pa3Ho
UCIIOJIB30BaTh  CIMOcO0  yCTpoiicTBa TOBEPXHOCTHOH oOpabotku. bonee
1eNecoo0pa3Ho BOCCTAHABIMBATh M3HOIICHHBIN CIIOH CIOCO0aMU U METOJIAMH,
00eCIevnBaONUMU IOBTOPHOE UCIIOIB30BAHUE MaTepHalla CTaApOro MOKPHITHSL.
OTO TO3BOJUT TOJIYYUTH TIOKPHITUE C TEPBOHAYAILHBIMA TPAHCIIOPTHO-
9KCIUTyaTallMOHHBIMH ~ CBOMCTBaMH, TMpHCYIUMH  ac(hanbToOCTOHaM €O
[IJJAKOBBIMH MaTepHaIaMu.
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Ta6auna I1.3.1. MexxpeMOHTHBIE CPOKH CITY>KOBI ac(hanbToOETOHHBIX
HOKpBITHI 13 achanbToOeTOHA CO MITAKOBBIMU MaTepHATaMH JJIs
aBToMOOMITBHEIX opor 11 u 111 7opoKHO-KIMMaTHIECKUX 30H

HMHuTeHCcuBHOCTE ABMKEHUS 110 HanboJiee Hopmbl MeXpEeMOHTHBIX CPOKOB
3arpy’KeHHOH T0JI0CE, aBT./CYTKU CITYKOBI TOPOXKHBIX MOKPEITHIA (T))
o 200 11
ot 200 mo 2000 9
ot 2000 mo 4000 7
ot 4000 mo 6000 6
> 6000 5
3.5 Jlns pemoHTa acgalbTOOSTOHHBIX TOKPBITHIA CO ILTAKOBBIMHU

MaTepuajaMi PEKOMEHIYETCS MCIIOJIb30BaTh Hanmbojaee dPQPEKTUBHBIC H
SKOHOMUYECKH BBITOJHBIC TEXHOJIOTMH, OCHOBAHHBIE Ha  IPHUHIIUIAX
pereHepanyu (BOCCTAaHOBICHUE YTPauyeHHBIX CBOMCTB), B cooTBeTcTBUM € [I-I'.1-
218-113:2009 «TexHuueckne MpaBujia PEMOHTA B COJCPKaHUS aBTOMOOMIBHBIX
JIOpOT  OOWIET0 TOJB30BaHUA YKpPaWHB». OTa TEXHOJOTHS II0O3BOJISET
BOCCTAHOBUTH TOJIIUHY H3HOUICHHOTO CJIOS, €r0 POBHOCTh U CIUIOLIHOCTH
(ycTpaHseT TPENIHEI), a TAKKE IMO3BOJISET YCHITUBATE JOPOKHYIO OJICKITY.

3.6 Perenepaiuio BepxHero cinosi achalbToOCTOHHOTO OKPBITUS CO
[UIAKOBBIMH ~ MaTepualiaMd  PEKOMEHAYEeTCS  BBINOJIHATH  CIIOCOOaMu
TepMONIPOWIMPOBAHUS, TMPH KOTOPBIX HEOOXOIUMO JIOOABISATH HOBYIO
achanbTOOCTOHHYI0 CMECh, C LIEJIbI0 BO3MEIICHHS HM3HOIICHHOIO CJIOS H
COXpaHEHUs TMPOYHOCTHBIX KadeCcTB TNOKphiTHa. K TakuM crocobam
TEPMONPOMWIMPOBAHUS MOXHO OTHECTH TOMOTEHH3AIMI0, VKIAIKy H
CMEIIICHHE.

3.7 IIpu mpoBemeHnM AAaHHOTO BHIA PabOT CIEAyeT HCIOJBb30BaTh
OUTYMBI TIOHMXXCHHOW BSI3KOCTH 10 CPaBHCHUIO C PEKOMEHJOBAHHOM IS
JaHHoM kimuMatudeckoil 30HbL. Tak must I u I gopokHO-KIMMATHUYECKUX 30H
JKeJaTelbHO ucnoib3oBarh outym bHJI 90/130.

3.8 JomyckaeTcsi BOCCTAaHOBJICHHE CJIOSI TOKPBITUS HAa OTICIbHBIX
ydacTKax MyTEM YKIAIKH HOBOH acgalbTOOSTOHHOW CMECH CO IUIAKOBBIMH
MaTepuaaMH IOCIe CHATUS CTaporo acdaibTo0eTOHA METOIOM (pe3epOoBaHMUS.
TeXHOIOTHS TAKOTO PEMOHTA HE OTINYACTCS OT TPATUITHOHHOM.

4 SKCMNYATAUMOHHOE COAOEP>XXAHUE OOPOI

4.1 OKCIUTyaTalliOHHOE COACpKAHHUE JOPOT BKIIFOYAET KOMILICKC
MEPOMNPUATHH, BBITIONHSIEMBIX B TEUCHHWH BCETO rojaa (C y4eToM ce30Ha) IO
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CHUCTEMAaTHYECKOMY VYXOIy 3a JOPOroi, Mo MNpopUIaKTHKE U YCTPaHEHHIO
MOCTOSTHHO  BO3HWKAIONMIMX MENKHUX TIOBPEXKIEHUH, 10 OpraHM3allid H
obecrieueHnI0 HETPEPHIBHOCTH M 0€30ITaCHOCTH IBIDKCHUS.

4.2 OcHOBHBIM ~ 1epeKTOM  acQambTOOCTOHHBIX MOKPBITHH CO
[JTAKOBBIMHA MaTepuaiaMu SBIISIOTCS TPEIUHBIL. B mporecce
SKCIUTYaTallHOHHOTO COZAEpKaHWSA HEOOXOAWMO B 00s3aTENTFHOM TOPSIKE
OCYILIECTBIIATH 3aJIUBKY TPELIMH MACTHKON MU BSI3KUM OMTYMOM IIPH MEPEXOe
OT JIETHETO K 3UMHEMY MEPUOY IKCILTyaTallUH.

4.3 PaGoTel 1O OKCIUTyaTallMOHHOMY COJEPXKAHUIO JOPOT C
ac(arbTOOCTOHHBIMU TOKPBITHSAMH CO MUIAKOBHIMH MaTepUalaMH B BECCHHUH,
JIETHUI 1 OCEHHUH TIePHOAbl HAIPaBJICHBI HA yCTPaHEHNE METIKUX MOBPEKACHUM
B BUIC BEIOOWH U TPEIIUH.

4.4 B cBia3u ¢ TeM, YTO BEPOATHOCTH OOpa30OBaHMS 3HMHEH
CKOJIB3KOCTH B BHJIE€ CTEKJIOBUAHOTO JIbJa Ha ac(arbTOOETOHHBIX MOKPHITUSAX CO
IIJJAKOBBIMM MarepuanamMd Ha 15% MeHblne, 4eM Ha acgalbTOOETOHHBIX
MOKPBITUSX U3 ac(hanbToOeTOHA U3 TPAJAUIIMOHHBIX MaTepHaloB, OOIIHN pacXoj
CONMM 3a OAMH 3WMHHHA NEpHOJ ISl JOPOKHO-IKCIUTyaTallMOHHBIX CITYkKO
PEKOMEHIYETCSl pAaCCUUTHIBATE IO POPMYJIE:

Qlurar) = 085X BXLx Y g, , (M.3.1)

i=1

rie B — mmpuna o6pabarsiBaeMoro yuactka, M; L — aiuHa 06pabaThIBAEMOTO
y4acTKa, M; 71 — KOJIM4eCTBO 00pabOTOK 3a 3UMHUIA IIEPHOJ; ¢, — HOpMA

pacxona mpOTHUBOTOJIOJIETHOTO MaTepuaia, /M.

4.5 IIpu GopbOe CO CTEKIOBUAHBIM JIbAOM Ha ac(halbTOOCTOHHBIX
MOKPBITHSX W3  MEJIKO3EPHHCTOrO0  achanbToOETOHA €O  MIJTAKOBBIMH
MaTepualiaMi U3-32 MOBBINICHHOM uX 1epoxoBaTtoctu (cBeime 0,3 MMm)
BO3MOYKHO TIPUMEHEHHS XJIOPHCTOTO KaJbIIUSA M XJIOPUCTOTO MAarHus, 4TO HE
MPHUBEIET K PE3KOMY CHHKCHHIO KOG (DUIIUCHTA CUCIUICHHUS.
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MpunoxeHune 4. OueHKa AMHAMUKN U3MEHEHUS
TPaHCNOPTHO-3KCNJyaTaUMOHHbIX NOKa3aTesien

Jns mpoBepKH COOTBETCTBHUS MOIYYEHHBIX MaTEMaTUYECKUX MOjeneh
npoueccy wusMeHeHus TOII, mpoBeneHa oleHKAa HX aJCKBATHOCTH, YTO
MpPEACTaBIsIET COOON BBIYMCIICHWE OIMMOKHM ampokcumaruu. Jlimst  atoro
OTpECIISIIMCH ONBITHBIC 3HaUCHUs KpuTepus uiiepa mo Gopmyie:

m él(f‘ i )2

52 {Y}saa - n —1
Fonwumn = e — — 11.4.1.
Sz {y} léluzl(yl” - yl)2 ’ ( )
n(m —-1)

rae yj, — TCOPCTHYCCKOC 3HAYCHHUC HCCICAYCMOro IIapaMeTpa; y;, — ONBITHOC

3HAYCHUC uccjieayeMoro Iapamerpa; y; — CpEOHCC 3HAYCHHC OIBITHOIO

napaMmeTpa; [ — 9ucio Ko3QQPUIMECHTOB B YPaBHEHUU PETPECHHU; 1 — TMIOPSIKOBOE
YHCJIO OIBITA; m — KOJIUYECTBO OIBITOB.

BerunciieHHble 3HAYEHHUSA CPABHUBAINCH C TEOPETHYECKUMHU (Fleop ),
B3SATBIMH TIPH 3aJaHHOM YPOBHE 3HAYNMOCTH.

VYcnoBusi  aneKBaTHOCTU MaTEMaTHUYECKOW MOJIEIH  ONpeNeisuioch
COOTHOILIEHUEM:

Fonblmu. < Fmeop. ’ (H42)

ITokazaTenem 3HaUMMOCTH sBIsieTCs KpuTepuil CTbIOJEHTA, OMBITHOE
3HAYEHHUE KOTPOTO (Z,0ims.) OTPEACISIIOCH 1O (POPMYIIE:

t _B, n
ONbIMH. S{y} >

rae B; — pacueTHoe 3HauYeHHME ypaBHEHHs perpeccud; S{y/ — cTaHmapHoe
OTKJIOHEHHE.

VYcnoBust Ui BBIACHCHHS BOMPOCAa O CTATHUYSCKOH 3HAYUMOCTH
k03 durmenToB perpeccunt B; MMeeT BUL:

(I1.4.3.)

>t —KO3(pUIIUECHT 3HAYUMMOCTH;

meop.

t
N Loy, — KOO OUIIMEHT 3HAYMMOCTH.

meop.

(I1.4.4.)
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Cratucthueckas OIICHKa 3HAaueHUS KO3(PPUIMEHTOB perpeccuu
MoKasana, 4To IJs BceX KOA(P(UIIMEHTOB TMOIYYCHHBIX YPABHEHUH 1y,
HPEBBIIIAET 0, COOTBETCTBEHHO OHH €CTh 3HAUUMBIMHU.

ITonyyeHHsie TeopeTHUECKHE 3HAUYCHMSI AMHAMHUKUA U3MeHeHus TOII
ABTOMOOMIILHBIX JIOPOT C TIOKPBITHAMH U3 ac(albTOOETOHA CO IUIAKOBBIMU
MaTepHayiaMi OBUIH COTIOCTABIICHBI C JAHHBIMH JHHAMHKA W3MeHEeHHA TOII
ABTOMOOWIBHBIX JIOPOT C MOKPBITUSAMH U3 ac(ambTOOCTOHA M3 TPAAHIIMOHHBIX
MaTepUaoB.

B xadectBe OAHMX W3 WMCXOAHBIX MHAHHBIX IS TPOTHO3HPOBAHHS
m3MmeHeHus TOIl ucronp3oBanack nHpOpMAIUs 00 MHTCHCHBHOCTH JBMKCHIUS
MpHUBEICHHAS K pacueTHOMY aBTOMOOWIIO Tpymibl A u Harpy3ke H-30, kotopas
paccunThIBajach B COOTBETCTBHH C JaHHBIMH 00 MHTEHCHBHOCTH ABIKECHHUS Ha
y49acTKe aBTOMOOWIBHOM moporn Il TexHmueckodt kateropum «llomgbe3mgHas
aBTOMOOMJIBHAsT Jopora K mpou3BoAcTBeHHOH ©Oaze OO0 «/lopoxHoe
CTPOUTENBCTBO «ANbTKOM» B JloHeukoil obmactu, momydeHHbIMH B Ciyx0Oe
aBTOMOOWMIIBLHEIX mopor B Jlorenkoit obmactu (cM. puc. 11.4.1).

200

175

150

125 —_—

100

leEC,HEI—H{Eﬂ HHTEHCHEHOCTE
TEIHCHIA, aBT/CVT
%)

1 2 3 A 5
T oo SHCIUTY 2 TALTHI
1l - K TPY20EOMY ABETOM OO MPVIED A
2 - xwHarpyare H-30
Puc. I1.4.1. I'paduk npuBeAeHHON MHTCHCUBHOCTH JBIIKCHHS aBTOMOOWICH Ha
aBTOMOOWIBLHOH JTopore K npou3BoacTBeHHOH 6aze OO0 «JloposkHOE CTPOUTEIHCTBO
«AnBTKOM» B JlOHELKOH 001acTu
I1.4.1 pav. Automobiliy judéjimo privaziuojamuoju keliu prie UAB ,,Keliy
statyba Altkom* intensyvumo grafikas

Fig. I1.4.1. Graph of traffic volume of vehicles on the road to production basis of ‘Road
Construction Altcom’ in Donetsk region

MN3meHeHMue MPOYHOCTHU ,CIOpO)KHOIz oaexabl

I[J'ISI TCOPCTUYCCKOI'O OINMMCAaHHUAd W NPOrHO3UPOBAHUA BO BPCMCHU
nmpouoecca M3MCHCHHA IMPOYHOCTH JOPOKHBIX OACKI Ha OIBITHOM YYacTe C
IMOKPBITUAMHU U3 MCJIIKO3CPHUCTBIX U KPYMHO3CPHUCTBIX aC(l)aJ'H:TO6CTOHOB (¢{0)
HNUITAaKOBBIMHU MaTCpualaMd 1O Ppe3ysibTaTaM OIIBITHO-OKCICPUMCHTAJIbHBIX
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UCCIIEIOBAHNN TMOJy4yeHbl MaTEMaTHMYECKME MOJEIN B BHIE YypaBHEHHUU
perpecum.

CooTBeTCTBUE IOJIYYCHHBIX MAaTeMaTHYECKHX MOZEJeH SIBICHHIO,
KOTOpOe H3ydaercsi, ompeAensuioch 1o kpurepuo @ummepa mo Qopmynam
(I1.4.1) u (I1.4.2).

JUis  MCKIIOYeHMs U3 MaTreMaTU4ecKOd MOJeld BTOPOCTENEHHbBIX
¢akropoB o ¢opmynam (I1.4.3) u (I[1.4.4) Obula mpoBeaeHa CTaTHCTHYECKAs
OLIEHKA 3HAYUMOCTH KOX(Q(HUIMUEHTOB YpaBHEHHH PETPECCHd MO KPUTEPHIO
CrbrozeHTa.

JUis  KOHCTPYKLMM  JOPOXKHBIX  OJEXA C  IOKPBITUSIMH U3
MEJIKO3EPHUCTBIX ac(haabToOOETOHOB CO MIIAKOBBIMH MaTepHalaMd ypaBHEHHE
perpeccu, ONUCHIBAIOIIEEe U3MEHEHUE MOAYJIS YIPYIOCTH BO BPEMEHH, UMEET
BUJL:

E =10,54t3 -115,791% + 428,55t -80,05

m/l3

(I1.4.5.)
R’ = 0,89,

T/Ie { — pa3Hble MOMEHTHI BPEMEHH.

A KOHCTPYKUMH  JOPOXHBIX  OJCKA C  TOKPBITUSIMU U3
KPYIMHO3EPHUCTHIX ac(aibTOOETOHOB CO NUIAKOBBIMUA MaTepUalaMU ypaBHEHHE
perpeccuu, ONMMCHIBAOIIEE N3MEHEHNE MOTYIISl YIIPYTOCTH, UMEET BH/I:

E_, =4667t7-52,15t2206,72¢+111,98:

< (T1.4.6.)

R?=091,

rie t — pa3Hble MOMEHTHI BPEMEHHU.
PerpeccuonHasi 3aBUCUMOCTb 3HAUYEHUH MOJYJsSl YIPYTOCTH JOPOXKHOMN
OJICXIBI OT BpEMEHU ¢ TIPEJCTaBlicHa B BUJE Tpaduka Ha puc. [1.4.2.

ITo pesymbraTam MOJENMPOBAaHUS IMHAMUKH HM3MCHCHUS MOIYIS YIPYTOCTH
JOPOXKHBIX OJICKA C TOKPBITHSMH W3 TPAJAMIUOHHBIX KPYITHO3EPHHUCTHIX
ac(arbTOOCTOHOB, a TaKXKE YYUTHIBAs CBS3b MEXKIYy COCTOSHHUEM JOPOXKHOM
OJIeXk/IBI U KOO(PQPUIIMEHTOM €€ TPOYHOCTH OBLI MPOBEACH MPOTHO3 COCTOSHHS
MOKPBITHSI aBTOMOOWJIBHOM JTIOPOTH 3a MATh JIET JKCIUTyaTallud C TIOMOIIBIO
OaJUTEHOM OIICHKH MpECTaBICHHBIN Ha puc. [1.4.3.

AHanW3 TOJYYCHHBIX pE3yJNbTAaTOB IMOKAa3bIBACT, YTO IPOYHOCTH
JIOPOXKHBIX OJISK]T C KOHCTPYKTUBHBIMH CJIOSMU W3 IUIAKOBBIX MUHEpPAaIbHBIX
MaTepHrajoB BO3PACTaeT 3a CUET Pa3BUTH XEMOCOPOIMOHHBIX MPOIECCOB B
camoM acanbToOETOHE CO NIIAKOBHIMH MaTepHalaMHd, a TaKKe YINPOYHCHHUS
IIJIAKOBOW OCHOBHI BCIIEACTBUU MPOIIECCOB THPATAIUH.
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Top secnnyatanu
& CpenHee 9KCIIEPUMEHTABLHOE 3HAYECHHE IS TOPOXKHBIX OEK C TOKPHITHEM U3
MEJKO3EPHUCTHIX ac(haabTO0ETOHOB U3 [IJIAKOBLIX MATEPHAIIOB
* CpenHee 9KCIIEPUMEHTABLHOE 3HAYCHHE IS TOPOXKHBIX OEK C TOKPHITHEM U3

KPYITHO3EPHHUCTHIX ac(haabTOOETOHOB U3 NIIAKOBBIX MATCPHATIOB
——  TeopeTnueckue 3HaYSHUs IJIs1 JOPOKHBIX OAEK] C IOKPBITUIMU U3
MEJIKO3EPHUCTHIX ac(pabTOOCTOHOB U3 IIIJTAKOBBIX MaTCPHUATIOB
Teoperuueckue 3HaUCHUS AJIs1 JOPOKHBIX OJEXK]] C MOKPBITUSIMU U3
KPYITHO3EPHHUCTHIX ac(haabTOOETOHOB U3 MIJIAKOBBIX MaTEPHATIOB

Puc. I1.4.2. I'paduk u3MeHEHNS MOy yIPYTOCTH JOPOKHBIX OAEXK] HA TIOKPBITHSIX U3
KPYITHO3EPHHUCTHX, MEIIKO3EPHUCTHIX ac(haabTOOCTOHOB CO IIITAKOBBIMH MaTepHaaMu
I1.4.2 pav. Stambiagridziy ir smulkiagriidZiy asfalto dangy su §lakais tamprumo
modulio kitimo grafikas
Fig. I1.4.2. Graph of road pavements elasticity modulus on fine and coarse bituminous
concrete surfacing produced using slag materials
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© 35

2007 2008 2009 2010 2011

Top secIayaTaHE

——  ABTOMOOHILHEIE DOPOTH C HOKPLHTHEM H2 TPATHIHOHHOTO MENKOIEPHHECTOrG
achaneTobeToHa

Puc. I1.4.3. I'paduk AMHAMUKY U3MEHCHHS COCTOSIHUSI aBTOMOOMIBHBIX JTOPOT C
MOKPBITUSIMH U3 TPAJULUOHHBIX MEJIKO3EPHHUCTHIX ac(hanbToOeTOHOB IPOBEAECHHBIH C
MIOMOIIIBI0 OAJIITBHON OLIEHKH
I1.4.3 pav. Automobiliy keliy baklés vertinimas (balais), esant tradicinéms
smulkiagriidéms asfalto kelio dangoms
Fig. I1.4.3. Graph of change dynamics of motor roads with the surfacing of fine
traditional bituminous concrete conducted using scoring evaluation
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N3meHeHMe POBHOCTU NOKPbLITUSA

Jis ommcaHWs TPOLECCOB W3MEHEHUS POBHOCTH  aBTOMOOMIIBHBIX
JIOPOT  C  TOKPBITUSAMH W3  MEJIKO3CPHUCTBIX M  KPYITHO3EPHUCTHIX
achanbTOOCTOHOB CO IIUIAKOBBIMH ~ MaTepuallaMd M TPOTHO3UPOBAHHS
U3MEHEHUS JTHX TNPOIECCOB BO BPEMEHH [0 pE3yJIbTaTaM  OIBITHO-
AKCIICPUMEHTAIBHBIX HCCICIOBAHUA TOMYYCHBl MAaTEeMaTHUECKUE MOJCITU B
BUJC YpaBHCHUN pPErpeccuu. YpaBHCHHS TIOJNyY4eHBI Ui 3HAYCHUH,
MPUBEACHHBIX K MoKasarelsiM mpubdopa [IKPC-2V.

Jiss  aBTOMOOWJIBHBIX JIOPOT C MOKPBITUSIMH W3 MEJIKO3EPHUCTHIX
ac(hanbTOOCTOHOB CO IUIAKOBEIMH MAaTepUAlaMU YPaBHCHHUE PErPECCHH,
OTMCHIBAIOIIEE N3MEHEHHE POBHOCTH BO BPEMEHH S UMEET BHI:

S.,,, =0.35:7-4,66t%+23,32t+255,24"

M/

(11.4.7.)
R> =0,83,

rie t — pa3Hble MOMEHTHI BPEMEHHU.

Jns aBTOMOOMJIBHBIX JOPOT C TIOKPHITUSAMH M3 KPYITHO3EPHHUCTHIX
ac(hanbTOOCTOHOB CO IIIJIAKOBHIMU MaTepHallaMH YpaBHEHUE PETPECCHH UMEET
BUJI:

S =—-0,7813 +4,27t%2 +19,681+ 266,29
x/3 (IT.4.8.)

R =0,85,

TZi€ ¢ — pa3Hble MOMEHTBI BPEMEHH.

Pe3ynprarel nMHAMUKKM  M3MEHEHHMs pPOBHOCTHM  TOKPBITHH U3
MEJIKO3EPHUCTBIX  ac(aJbTOOCTOHOB W3  TPAAMIMOHHBIX  MaTepHaloB
IpeJIcTaBiIeHbl Ha puc. [1.4.4.

AHanu3 TONY4YEHHBIX pE3ylbTaTOB IOKa3bIBa€T, YTO POBHOCTH
IOKPBITUM Ha OCHOBE MEJIKO3EPHUCTOTO ac(anbToOeTOHa €O I[UIAKOBBIMU
MaTepHajJaMu YXyALIAeTCsl MEHEe WMHTEHCHBHO II0 CPaBHEHHIO C POBHOCTBHIO
NOKPBITUH M3 MEJKO3epHUCTOro  acanbroOeToHa W3  TPaAMLUOHHBIX
MatepuaioB. IIpu 3ToM nocnie TpeTbero roja KCIUTyaTallud Ha MOKPBITUAX U3
MEJIKO3EpPHUCTOTrO ac(anbToOeTOHa CO NMUIAKOBBIMH MaTepHaJaMH IPOUCXOAUT
cTa0MiIM3anysi POBHOCTH. XapaKTep H3MEHEHUS POBHOCTH MOKPHITHH W3
KPYITHO3EPHUCTOT0 acgaibToOEeTOHA CO NUIAKOBBIMU MaTepHaiaMu COMOCTaBUM
C W3MEHCHMAMH POBHOCTM [UIi TOKpBITMH u3 acdaiabToOeTOHA U3
TpPaJUIIMOHHBIX MaTEPHAIIOB.
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Cpeanee sKCIIEpUMEHTAILHOE 3HAUECHHUE TSl JOPOKHBIX OJEXK]I C MOKPHITUEM U3

MEJIKO3EPHUCTHIX ac(PabTOOCTOHOB M3 IUTAKOBBIX MaTEPHUAIOB

Cpeanee SKCIIEpUMEHTAILHOE 3HAUEHHUE AJISl JOPOKHBIX OJEXK]I C MOKPHITHEM U3

KPYITHO3EPHHUCTOTO ac(harbTOOCTOHA U3 IITAKOBBIX MaTEPHUATIOB

—  Teopernueckne 3HAUSHUS TS JOPOKHBIX OAEK C TIOKPHITHEM U3
MEITKO3EPHUCTHIX ac(PalbTOOCTOHOB M3 TPAIUIIOHHBIX MAaTCPHATIOB

— Teoperuueckue 3HAYCHHUS IS TOPOKHBIX OJIEXK]T C TIOKPBITHEM H3

MEIIKO3EPHUCTBIX U KPYIMTHO3EPHUCTHIX ac(paTbTOOCTOHOB M3 IIIAKOBBIX

MaTepHaioB

-

*

Puc. I1.4.4. I'paduk u3MeHEeHNST POBHOCTH HOKPBITHH U3 MEIIKO3EPHUCTBHIX,
KPYIHO3EPHUCTHIX ac(halbTOOETOHOB CO IIAKOBBIMU MaTepHallaMH M MEJIKO3EPHHUCTBIX
ac(aabToOETOHOB U3 TPAJUIMOHHBIX MaTEPHAIOB
I1.4.4 pav. StambiagridzZiy ir smulkiagriidZiy asfalto dangy su Slakais bei
smulkiagriidZiy tradiciniy asfalto dangy tamprumo moduliai
Fig. I1.4.4. Graph of evenness change of fine and coarse bituminous concrete surfacing
using slag and fine bituminous concrete produced of traditional materials

N3meHeHue koadpcpuumeHTa cuenneHms

C uenpio OMUCAaHWS W TIPOTHO3UPOBAHHUS BO BPEMEHH TIpoliecca
u3MeHeHus: kod(QduIMeHTa  CIEIUIeHUST Kak Ha  ONBITHOM  y4YacTKe
ABTOMOOWJIBLHOW  JIOPOTHM C  TOKPBITUSIMH W3  MEJIKO3CPHUCTOTO |
KpPYMHO3epHUCTOTO ac(haapbToOETOHAa CO NMIIAKOBBIMH MaTepHaliaMH IO JTaHHBIM
OTIBITHO-OKCIIEPUMEHTANBHBIX ~ WCCIEOBAHUNA  TONYYeHBl MaTeMaTHYeCKHe
MOJICNIY B BUJIC YPABHEHUM PErPECCUN.

Jlnst  aBTOMOOWJIBHBIX JIOPOT C TIOKPBITUSMH U3 MEIKO3EPHHUCTOTO
achanbTOO0ETOHA CO NIIAKOBHIMUA MaTepHallaMH ypaBHEHHE PErpecCHd HMEeT
BUTI:
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kc . =-0,00417%2+0,0467+ 0,329
y(m/3)

(I1.4.9)
R*=0,9,
Thaet — pa3HHe MOMCHTBI BpeMeHI/I.

Jns aBTOMOOWJIBHBIX JOPOT C TOKPBITUSAMH W3 KPYIMHO3EPHUCTHIX
aC(l)aJ'H:TO6€TOHOB CO IIJIAKOBBIMHU MaTepI/IaJ'IaMI/I ypaBHeHI/IC perpeccm/l UMCEECT
BU:

k =-0,004273 +0,0485¢t2 -0,17t+ 0,696
cy (x/3)
(I1.4.10.)
R’ =0,87,
Thaet— pa3HHe MOMCHTBI BpeMeHI/I.
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F Y Cpeanee sKCIIepUMEHTAIBHOE 3HAUECHUE JIJIS1 TOPOKHBIX OACIK] C MOKPHITHEM
U3 MEITKO3CPHUCTHIX ac(ParbTOOCTOHOB U3 MUIAKOBBIX MAaTCPUAIOB

—¢— CpelnHee dKCIEPUMEHTAIBHOC 3HAYCHHE LISl TOPOXKHBIX OAEHK C HOKPBITHEM
13 KPYITHO3EPHUCTHIX ac(habTOOSCTOHOB M3 IITAKOBBIX MATEPHAIOB
Teoperndeckue 3HAYCHHUA IJIS1 TOPOKHBIX OJICXK]T C TIOKPBITHEM H3
MEIIKO3EPHUCTHIX acPabTOOCTOHOB M3 TPAIUIIOHHBIX MAaTEPHATIOB
Teoperndeckne 3HAYCHHUA IJIS1 TOPOKHBIX OJICXK]T C TIOKPBITHEM 3
MEIIKO3EePHUCTHIX U KPYIMTHO3EPHUCTHIX ac(paIbTOOCTOHOB M3 IIIAKOBBIX
MaTepHUaioB

Puc. I1.4.5. I'paduk usmenenns kodadpduireHTa cuerieHnus: Ha TOKPHITHSIX U3
MEJIKO3EPHUCTHIX, KPYITHO3EPHHUCTHIX ac(haibTOOETOHOB CO IIUIAKOBBIMU MaTepHalaMH U
MEJIKO3EpHUCTHIX ac(haabTOOCTOHOB C HCIIOIb30BaHUEM TPAIUIMOHHBIX MaTepPHaIoB
I1.4.5 pav. Stambiagridziy ir smulkiagriidZiy asfalto dangy su §lakais bei
smulkiagriidZiy tradiciniy asfalto dangy sukibimo koeficientai
Fig. I1.4.5. Graph of friction coefficient change on the surfacing of fine and coarse
bituminous concrete using slag and fine bituminous concrete using traditional materials
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PerpeccuonHast 3aBHCHMOCTH W3MEHEHUS KO3(DQUIMEHTa CICTUICHHS
ITHEBMATHYECKOI IIAHBI aBTOMOOMIIA c MEJIKO3EPHUCTHIMHU "
KPYIMHO3EPHUCTBIMUA  ac(abTOOCTOHHBIMH  TOKPBITUSAMH  CO  IIUIAKOBBIMH
MaTepuasaMy OT BPEMESHH NPe/ICTaBIIeHa B BUe Tpaduka Ha puc. [1.4.5.

AHanM3  MONYYEeHHBIX  JAaHHBIX  IIOKAa3bIBa€T, YTO  BEJHYMHA
K03 GUIMEHTA CLECIUICHNS Ha MOKPHITHAX U3 ac(haabTOOCTOHA CO HUIAKOBBIMH
MaTepUaTaMy OCTAETCS IOCTATOYHO BHICOKOH B IMEPBBIC MATH JIET SKCILTyaTaIl|H.
[Tpu 3TOM HaOIFOAETCS TCHACHIMS K CTA0MIN3auU KO3 PUIIMESHTA CIICTLICHUS
B auanaszone 0,45-0,52.
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MpunoxeHue 5. PesynbTaTbl MOAeNupoBaHUA
CKOpPOCTU ABUXEHUS TPAHCMOPTHbLIX MOTOKOB Ha
aBTOMOOMUNbHbIX Aoporax ¢ achanbTo6eTOHHbLIMMU
NOKPbLITUAMU CO LWSAKOBbIMU U TPAAULUMOHHbLIMU
mMaTepuanamum

WccnepoBaHMe CKOPOCTU ABUMXKEHUA TPAHCMOPTHbLIX NOTOKOB Ha
y4yacTkax AOpOr C MenKo3epHUCTbIM acanbTo6eTOHHbLIM
NOKPbITUEM CO LUNIAKOBLIMU MaTepuanamm

['ucrorpammbel  pacmpenesneHuss 3HAYEHUH  CKOPOCTH  JABHIKCHHUS
TPaHCIOPTHOI'O IOTOKa mpexacraBieHbl Ha puc. I1.5.1. Anamu3 rucrorpamm
MO3BOJIICT BBLABUHYTH THIIOTE3y O TOM, YTO CIyd4aiiHas BEJIMYMHA, KOTOpas
UCCIeAyeTcsl, M MATH JIET OKCIUTyaTallud aBTOMOOWIIBHOW  JTOpOTH
pacrpenenseTcs o I0Ka3aTeJIbHOMY 3aKOHY.

[IpoBepka IpaBUIBHOCTU BBIABUHYTOM THIIOTE3bl IPOBOAMIACH IO
KPUTEPHIO COoTJlacusi «XH-KBagpaT» [lupcona m PomanoBckoro mo gopmynam,
npuBeaeHHbIM B [Ipunoxenuu 1. PesymbraTel cTaTHCTHYECKOH 0OpaboTKH
IIOKA3aJIi, YTO BBIABUHYTAS IMIIOTE3a HE OTKJIOHSETCS IIPU YPOBHE 3HAYUMOCTH
o =0,1 u pacnpeneneHne CKOPOCTH ABMIKEHUS OMUCHIBAETCS 3aBUCUMOCTBIO:

F)=pee MY oL, M7 (IL5.1.)

Tie i — IapaMeTp 3aKkoHa; M (X) — MATeMaTHYECKOe OXKUIAHHUE.

Pesynpratel  craTHCTHYECKOW  O0paOOTKM W3MEHEHHS CKOpPOCTH
JIBUKCHHST TPAHCIIOPTHOTO TOTOKAa HAa MEJKO3EPHHUCTHIX ac(hambTOOCTOHHBIX
MOKPBITHSX CO IMITAKOBBIMU MaTepualiaMu IpuBeeHsl B Ta0u. 11.5.1.

AHanu3 TONy4YEeHHBIX JAHHBIX ITOKa3bIBA€T, YTO CPENHSAS CKOPOCTh
JIBUKCHHST TPAHCIIOPTHBIX CPEJCTB, B TEPBBIM TOJ SKCIUTyaTallMHd, WUMEET
MEHBIIICE 3HAYCHUE, YEM B ITOCIICYIOIINE TOJIBI.

ITo TeopernyeckuM 3akoHaM pacupenencHus (cm. puc. I1.5.1) OvmH
MOCTPOCHBI  KYMYJISITUBHBIE KPUBBIC HM3MCHCHHS CKOPOCTH  JIBUKCHHUS
TPAHCIIOPTHOTO TMOTOKAa B TCUEHHWM IIATH JIET JKCIUTyaTal[i aBTOMOOWIIEHOM
nmoporu puc. 11.5.2.
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Tadanna I1.5.1. PesynbTaTsl craTucTHYecKO 00pabOTKM TaHHBIX CKOPOCTEH IBYKEHUS
TPaHCIIOPTHOTO TIOTOKAa HA MEJKO3EPHUCTBIX ac(anbTOOCTOHHBIX IOKPBITHAX CO

IIJIAKOBBIMH MaT€pHajiaMu

I1.5.1 lentelé. Transporto srauto judé¢jimo smulkiagriide asfalto su $lakais danga greiciy
statistiniy duomeny apdorojimas
Table II.5.1. Results of statistical data processing on traffic flow speed on the
pavements of fine bituminous concrete produced of slag materials

. CKOpOCTh IBIKEHHSI TPAHCTIOPTHOTO MOTOKA
§ E Cpen- JloBepuTenbHBIH HHTEPBA pa3dpoca
; g 3akoH [Tapa- Hee CpPEIHETO 3HAYCHUS ISt

8 g| PacHpencICHUA MCETPBI  (3HAYC- JIOBEPHUTENBHOM BEPOSATHOCTH
3aKOHa HUC 0,85 0,90 0,95

2007 IMokazarenpubii | ©«=0,0135 739 | 63,5-84,3 | 62,0-85,8 | 59,8-88,0

2008 IMokazarenpubrid | 4=0,0126 | 79,5 | 67,4-91,5 | 65,7-93,3 | 63,1-95,9

2009 ITokazaTenpHBIH £4=0,0126 79,5 67,4-91,5 | 65,7-93,3 | 63,1-95,9

2010 IToxa3aTenbHBIN £4=0,0126 79,5 67,4-91,5 | 65,7-93,3 | 63,1-95,9

2011 IMokazarenpubrid | 4=0,0126 | 79,3 | 67,1-91,5 | 65,4-93,2 | 62,8-95,9

030

Yactoma
°

0.30.

Yactora
o

CropocTs, 1w/

n CxopocTs, KM/4

YacToTa
cooes
5EGRY

Ty 50 60 70 80 20 100
CropocTs, 1/a

Puc. I1.5.1. T'ucTorpaMmsl 1 3aKOHBI pacrpeeIeHUs] CKOPOCTH JABHKECHHS
TPaHCIIOPTHOTO TIOTOKA HA MOKPBITUSAX U3 MEIKO3EPHHUCTOTO achanbToOeTOHa CO
IIJIAKOBBIMH MaTeprallaMHt: a)IJIst IepBoro; 0) 11t BTOPOTO; B) JUISL TPETHETO; T) JUIS
YETBEPTOT0; 1) IS ISITOTO TO/1a SKCILTyaTalluH
I1.5.1 pav. Transporto srauto judéjimo greic¢io smulkiagrude asfalto su $lakais danga

histogramos ir skirstiniai kelio eksploatacijos metais:
a) pirmaisiais; b) antraisiais; c) treCiaisiais; d) ketvirtaisiais; e) penktaisiais
Fig. I1.5.1. Histograms and laws of traffic flow velocity distributions on the surfacing of
fine and coarse bituminous concrete produced of slag materials: a) for the first year; b)
for the second year; c) for the third year; d) for the fourth year; e) for the fifth year of

operation
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Puc. I1.5.2. KymynsaTHBHBIE KPUBBIC H3MEHEHUSI CKOPOCTH JIBM)KEHHSI TPAHCIIOPTHOTO
HOTOKA B TEUCHUH IIATH JIET SKCIUTyaTalluy aBTOMOOMIIBHOM JOPOTH ¢ MOKPBHITHAMH H3
MEJIKO3epHUCTOT0 ac(anbToOETOHa CO IUIAKOBBIMH MaTepHalaMH
I1.5.2 pav. Transporto srauto judéjimo smulkiagriide asfalto su Slakais danga greicio
kitimas skirtingais kelio eksploatacijos metais
Fig. I1.5.2. Cumulative curves of traffic flow speed change during five years of
operation of the road with fine bituminous concrete surfacing produced of slag materials

WccnepoBaHMe CKOPOCTU ABUMXKEHUA TPAHCMOPTHbLIX NOTOKOB Ha
y4yacTKax AOpOr ¢ NOKPbITUAMU U3 KPYNHO3E€PHUCTOro
accpanbTo6eTOHA CO WAaKOBbLIMUM MaTepuanamm

l'ucrorpammel  pacnpesencHuss CKOPOCTH JBIKCHHSI TPaHCIOPTHBIX
CPEJIICTB Ha KPYMHO3EPHHUCTHIX ac(haTbTOOETOHHBIX MOKPHITHAX CO IUIAKOBBIMH
MaTepuanaMu IpeacTasieHsl Ha puc. [1.5.3.

Pesynpratel  craTHCTHUECKOW ~ 0OpaOOTKM  CKOPOCTH  JABHIKCHHUS
TPAHCTIOPTHOTO TMOTOKAa Ha KPYMHO3EPHHUCTHIX ac(allbTOOETOHHBIX MOKPBITHSIX
CO MIJTJAaKOBBEIMHU MaTepruajaMu IpUBeIeHEI B Tabm. 11.5.2.

AHanu3 TOJIyYCHHBIX JAHHBIX TIOKa3bIBACT, YTO CPEIHES 3HAYCHUE
CKOPOCTU JABWKCHHUS TPAHCIOPTHOTO MOTOKA 3a TSATh JIET HU3MEHSAETCA OT
79,7 xmM/gac 1o 65,7 km/4ac. AHamu3 pPe3yNbTaTOB pacueTa IO Iporpamme
REGION mnoxka3piBaeT, 4TO HanOOJbIlIee BIUSHUE HA WU3MEHEHHE CKOPOCTH
OKa3bIBAeT YacTHBI Kodpdurment K° p.c, OTBEYAIOIIUH 32 U3MEHEHUE POBHOCTH
npoedked  YacTH.  BiHsHWE — OCTambHBIX  YacTHBIX  Kod(dduimeHTOB
00ecreYeHHOCTH ~ pacyeTHOM  CKOPOCTH ~ HA  pe3yslbTaThl  pacdera
HE3HAUUTEIbHBIC.
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Tadanna I1.5.2. Pe3ynbTatsl craTucTHYecKOW 00pabOTKM TaHHBIX CKOPOCTEH IBYKEHUS
TPaHCIIOPTHOTO MOTOKAa Ha MOKPBITHAX W3 KPYHMHO3EPHHCTOTO acasbTOOETOHA CO
IIJTAKOBBIMH MaTepUaIaMu

I1.5.2 lentele. Statistiniy duomeny apdorojimo greitis eismo srauto apie Siurksc¢iavilniy
asfaltbetonio virSeliy su $lakas medziagy

Table II.5.2. Results of statistical data processing on traffic flow speed on the
pavements of coarse bituminous concrete produced of slag materials

< CKOpOCTh IBMKCHHSI TPAHCIIOPTHOTO TTOTOKA
55 Cpen- JloBepuTeNbHBIN HHTEPBAT pa3dpoca
= 3aKkoH IMapa- Hee CPEIHEro 3HaYCHUs U1t
E § pacipeaciCHNA METPBL  |3pqye- JIOBEPHUTENBHOI BEPOSATHOCTH
= 3aKOHA | pye 0,85 0,90 0,95
2007 IMokazarenpubii | ©«=0,0125 79,7 | 67,7-91,6 | 66,0934 | 64,3-959
2008 ITokazarenmpubnid | 4=0,0127 | 78,5 | 65,8-91,1 | 63,9-93,0 | 61,2-95,7
2009 ITokazaTenpHBIH £=0,0135 73,9 63,5-84,3 | 62,0-85,8 | 59,8-88.,0
2010 IToxa3aTenbHBIN £4=0,0136 73,7 63,1-84,2 | 61,6-85,7 | 59,3-88.0
2011 ITokazarenpubiii | u«=0,0152 65,7 | 56,5-74,9 | 55,2-76,3 | 53,2-78,2
a) r)
B 8 =T |
6)40 50 WCKOP(;:TB: K‘\lig 20 100 }1)40 50 2Kopoc;§’> K‘MIHSO %0
e -
& —Wﬁé g J
o cwpemes S -
=TT

CKOPOCTB. KM/<

Puc. I1.5.3. 'ucTorpaMMbl ¥ 3aKOHBI paclipeIeieHIs] CKOPOCTH JIBHKCHUS
TPaHCIIOPTHOT'O IOTOKA Ha MOKPBITHAX U3 KPYITHO3EPHUCTOTO ac(haabToOETOHA CO
[IUTAKOBBIMHU MaTepHaIaMHU: &) JIJIs TIEpBOTO; O) AJIT BTOPOTO; B) JUISl TPETHETO; T) JIIsS
YETBEPTOTO; 1) AJISI ISITOTO TO/1a SKCILTyaTalluH
I1.5.3 pav. Transporto srauto judéjimo greicio stalbiagriide griide asfalto su $lakais
danga histogramos ir skirstiniai kelio eksploatacijos metais:

a) pirmaisiais; b) antraisiais; c) tre€iaisiais; d) ketvirtaisiais; e) penktaisiais
Fig. I1.5.3. Histograms and laws of traffic flow velocity distribution on the surfacing of
coarse bituminous concrete produced of slag materials: a) for the first, and b) for the
second, and c) for the third, and d) for the fourth, and e) for the fifth year of operation
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B cooTBeTCTBUM C TEOPETUUECKUMH 3aKOHAMHU pacIipeaesieHus (CM. puc.
I1.5.3) ObUIM TOCTPOCHBI KYMYJISTHBHBIC KPHUBBIC W3MCHECHHSI CKOPOCTH
IBWKCHHUS TPAaHCIOPTHOTO TIIOTOKA B TEUYEHHWH IIITH JIET DKCIDTyaTalliH
aBTOMOOMIBEHOH noporu puc. [1.5.4.

1,00
0.90 2—4 ronbl

0,80 \ // /
0,70 lron (| \ // /
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g 0,50 //
= 0,40 7/ A\
0.30 // // 5rox
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0,00
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CKOpPOCTE, KM/uac

Puc. I1.5.4. KymynsaTHBHBIE KpUBBIC H3MEHEHHSI CKOPOCTH JIBH)KEHHSI TPAHCIIOPTHOTO
MOTOKA B TEYCHUH IISATH JIET SKCILTyaTalli aBTOMOOMIIEHOM TOPOTH C OKPBITUSIMH M3
KPYITHO3EPHHUCTHIX ac(habTOOETOHOB CO INIAKOBBIMU MaTepHAIaMH
I1.5.4 pav. Transporto srauto judéjimo stambiagriide asfalto su §lakais danga greicio
kitimas skirtingais kelio eksploatacijos metais
Fig. I1.5.4. Cumulative curves of traffic flow speed change during five years of
operation of the road with coarse bituminous concrete surfacing produced of slag
material

MccnepgoBaHue CKOPOCTU ABMXEHUSI TPAHCMOPTHLIX NOTOKOB Ha
yyacTKax AOpor C NOKPbITUEM U3 TPAAULIMOHHOIO MeNKO3eHUCTOro
accanbTOo6EeTOHA

I'ucrorpammel pacnpeneneHns cKopocTel npeacTasiaeHsl Ha puc. [1.5.5.
AHanmu3 THCTOTpaMM TO3BOJISIET BBIABUHYTH THIIOTE€3Y O TOM, YTO CiIydaiHas
BEJIMUMHA, KOTOpas pacCMaTpHUBAETCS, PACIpeneNsaeTcss MO IMOKa3aTeIbHOMY
3akoHy. llpoBepka MpaBMIBLHOCTH BBIIBUHYTOH THIIOTE3bl MPOBOIWIACH IIO
¢dbopmynamu, npuBeneHHbIM B llpunokeHnn 1 mo KpuUTEepHsM corjacusi «XH-
kBaapat» [Iupcona u PomanoBckoro nmpu ypoBHe 3HaguMocta 0=0,1.

Pe3ynbTathl cratucTHUECKOM 00paboTKH MpuBeAeHBI B Ta0I. 11.5.3.
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Tadanna I1.5.3. Pe3ynbTaTsl craTucTHYeCKOW 00pabOTKM TaHHBIX CKOPOCTEH IBYKEHUS
TPaHCIIOPTHOTO TIOTOKa Ha ac(aabTOOCTOHHOM TIOKPBITHM W3  TPAAHUIHOHHOTO
MEJIKO3EPHUCTOTO acharbToOeToHa

I1.5.3 lentele. Transporto srauto judéjimo smulkiagriide tradicine asfalto danga greiciy
statistiniy duomeny apdorojimas

Table I1.5.3. Results of statistical data processing on traffic flow speed on the
pavements produced of traditional fine bituminous concrete

CKOPOCTP IBIDKEHHS TPAaHCIIOPTHOT'O MOTOKA

U =

S =1 Cpen- JloBepuTenbHBIM HHTEPBAI pazdpoca

; g 3akoH [Tapa- Hee CpPEIHEro 3HAYECHUS IS

8 g| PacHpencICHUA MCTpPBl  |3HAYe- JIOBEPHUTENBHOM BEPOSATHOCTH
3aKOHa HUC 0,85 0,90 0,95

2007 Iokazarenpubiii | ©=0,0126 79,3 67,1-91,5 | 65,4-93,2 | 62,8-95,9

2008 | ITokaszarempHbrii | ©=0,0126 | 79,1 | 66,9-91,4 | 65,1-93,2 | 62,4-95,8

2009 ITokazaTenpHBIH £=0,0135 73,9 63,5-84,3 | 62,0-85,8 | 59,8-88,0

2010 IToxa3aTenbHBIN £4=0,0145 69,2 61,5-77,0 | 60,4-78,1 | 58,7-79,8

2011 ITokazatenspubiii | «=0,0146 68,7 | 60,6-76,8 | 59,5-78,0 | 57,7-79,8

a) )
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Puc. I1.5.5. T'ucrorpaMMsl 1 3aKOHBI paclpeaesieHUs] CKOPOCTU ABHKECHHUS
TPaHCIIOPTHOTO TIOTOKA Ha MOKPBITHAX U3 TPAJUIUOHHOTO MEJIKO3EPHHUCTOTO
achanpToOeTOHA: a) IS IEPBOTO; 0) ISt BTOPOTO; B) JUIS TPETHETO; T') ISl 4ETBEPTOTO;
) AJIsL TIITOTO TOfIa SKCILTyaTaluu
I1.5.6 pav. Transporto srauto judéjimo greicio smulkiagriide tradicine asfalto danga
histogramos ir skirstiniai kelio eksploatacijos metais:

a) pirmaisiais; b) antraisiais; c) treCiaisiais; d) ketvirtaisiais; e) penktaisiais
Fig. I1.5.6. Histograms and laws of traffic flow velocity distribution on the surfacing of
traditional fine bituminous concrete: a) for the first, b) for the second, c) for the third, d)
for the fourth, e) for the fifth year of operation
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Puc. I1.5.6. KymynaTuBHbIE KPUBBIC H3MEHEHHSI CKOPOCTH JIBH)KEHHSI TPAHCTIOPTHOTO
MOTOKA B TEUCHUH MATH JIET SKCIUTyaTallil aBTOMOOMIIBHOM OPOTU Ha MOKPBITHH U3
MEIIKO3EPHUCTOTO ac(aabToOETOHA U3 TPAANUIIMOHHBIX MaTEPHAJIOB
I1.5.6 pav. Transporto srauto judéjimo smulkiagriide tradicine asfalto danga greicio
kitimas skirtingais kelio eksploatacijos metais
Fig. I1.5.6. Cumulative curves of traffic flow speed change during five years of
operation of the road with fine bituminous concrete surfacing produced of traditional
materials

CpenHsisi CKOPOCTh JABHXKEHUSI TPAHCIOPTHOTO IMOTOKA M3MEHSETCS OT
79,3 xM/gac go 68,7 xkM/gac. Ilpm ATOM aHAIM3 pPacyETOB MOKA3bIBACT, UTO
OCHOBHOC BIIUSHUEC Ha YMCHBIICHHE CKOPOCTH JIBMKCHHS OKa3bIBAET Kak
YXYAIICHUE POBHOCTH MPOE3XKEH YacTW, TaKk W CHIDKeHHE Ko3(hdunuenTa
CICIJICHUSI BCJICACTBUU INDTH(QOBKM KAaMEHHOTO MaTepHualia Ioj JieHcTBUEM
JBYOKYIIMXCS] TPAHCTIOPTHBIX CPEZCTB.

B cooTBeTcTBHMU C TEOPETHYECCKMMU 3aKOHAMHU pacmpesesieHus (puc.
I1.5.5) ObUIM TOCTPOCHBI KYMYJISTHBHBIC KPHUBBIC W3MECHECHHS CKOPOCTH
TPAHCTIOPTHOTO TOTOKAa B TEUEHHWH IIATH JIET DKCIUTyaTallill aBTOMOOWIBHOM
JIOpOTrH, MpeAcTaBleHHbIe Ha puc. [1.5.6.

Koadduument 3arpykeHHoctn aBToMOOMIBHOH goporu (z=0,28),
pacuuTa 1mo dhopmye:

<= ’ (I1.5.2.)
Py
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rie N, — QakTuueckas 4YacoBas WHTCHCHBHOCTH JIBUXKCHHS, aBT/4ac;
P, — bakTryeckas MpoIyckHasi CHOCOOHOCTb, aBT/4ac.

@akTuueckas IpPOIyCKHas CHOCOOHOCTH (Py) ompexensnach IO
METOJIUKE C YYETOM BHJIa TPAHCIIOPTHBIX CPEJCTB B MOTOKE M KO3 PHIIMEHTOB
MIPUBEICHUSI.
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MpunoxeHune 6. PeaynbTaTbl MOAeNnMpoBaHUA
npoueccoB 06pa3oBaHNUSA 3UMHEUN CKOJIb3KOCTHU

OnpepaeneHne CKOPOCTU U3MEHEHUSA TemnepaTypbl Bo3ayxa B
nepuvoa BO3MOXHOro o6pa3oBaHusi 3SMMHEN CKOJIb3KOCTHU

Oo6paborana uH(OpMAIUSA M0 JAHHBIM METEOCTAHLUH 3a 15 3uMHUX
ce30HOB. [Ipu cratucTrueckoit 00pabOTKe TUHAMHUKHN W3MEHEHUS TEMIIEPaTyphI
BO3/yXa BEIOOPKA BKJIFOYAJIA CIACTYIOIIYI0 HHPOPMAIIHIO:

— Jlaty (4uMciio, Mecdll, roj) Hayajla ¥ OKOHYaHUS BO3MOXXHOTO

ciry4ast 00pa30BaHMsI 3UMHEH CKOJB3KOCTH;

- BUJ] 3UMHEH CKOJIB3KOCTH;

- TeMIiepatypy Bo3ayxa (3a 9, 6, 3 "acoB mo oOpa3oBaHUS

3UMHEHN CKOJIB3KOCTH U B MOMEHT ¢ 00pa30BaHMUs).
l'ucrorpamMmel pacripenieneHus TeMiepaTyphbl Bo3ayXa Mmpu 00pa3oBaHUH
roJIOJIe/Ia U CHeXHOTO HaKaTa MpeIcTaBiIeHbl Ha puc. [1.6.1.
Pacripenenenne Temmeparypbl BO3IyXa OMMCHIBAETCS 3aBUCHMOCTHIO:

n n—le— 1" x"

fX)=nu x (I1.6.1.)

>

rie n, (4 — IapaMeTpsl 3aKkoHa BeiOymra.

PesynpraTthl cTaTUCTHUYECKOW O0OpaOOTKM W3MEHEHHS] TeMIIEPaTyphl
BO3/lyXa NpU OOpa30BaHMHU TOJIONea M CHEKHOTO HakaTa IPHUBEICHHI B
taou. 11.6.2.

MowmeHT 00pa30oBaHus TOJI0JIEa OIMUCHIBASTCS 3aBHCHMOCTRIO (11.6.2.).

Pesynprathl cratucTHYecKod 0OpabOTKM HW3MEHEHHUsS TeMIIepaTyphl
BO3/yXa pu 00pa3oBaHKUHU ToJiojiesia npuBeaeHs! B Tabn. [1.6.1.

I'ucrorpammel pacripenieneHus TeMrepaTypsl Bo3ayXxa Mpu 00pa3oBaHUH
roJioyiesia mpeacTaBiieHsl Ha puc. 11.6.3.

Temmepatypa Bozayxa 3a 3, 6 u 9 vacoB 10 oOpa3oBaHHs ToJojena
OTMCBIBAETCS 3aBUCHMOCTHIO:

(x—M*(x))
Fly= L, 202, (I1.6.2.)

o~N2rm

IJIe G — CTAaHIapPTHOE OTKJIOHCHHUE.
[TocTpoeHbI KyMyJIATUBHBIC KPHUBBIC H3MEHEHHS TEMIIEPATYphl BO3IyXa
IS TOJIOJIe1a, KOTOphIe IpecTaBiIeHbI Ha puc. [1.6.4.
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Puc. I1.6.1. I'ucTorpamMmsl pactpeneiacHus TEMIIEPaTypbl BO3yXa MPH TOJI0JIeIe U
CHE’KHOM Hakate
I1.6.1 pav. Oro temperatiiros pasiskirstymo histograma esant plikledZiui ir sniego
sluoksniui kelyje
Fig. I1.6.1. Histograms of air temperature distribution at icy conditions of road and
rolled snow conditions of road
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Temmnepatypa Bo3ayxa, °C
1 —3a 9 gacos; 2 —3a 6 gacoB; 3 — 3a 3 yaca; 4 — B MOMEHT 00pa30oBaHUsI.

YactoTa

Puc. I1.6.2. KymynaTuBHBIE KpPHBbIC H3MEHEHHUS TEMIIEPATYPHI BO3AYyXa IIPU TOJIONIEAE U
CHE’KHOM Hakate
I1.6.2 pav. Oro temperatiiros pokycio kreivés esant plikledZiui ir sniego sluoksniui
kelyje
Fig. 11.6.2. Cumulative curves of air temperature change at icy and rolled snow
conditions of road
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Puc. I1.6.4. KymynaTiBHBIE KPUBBIE H3MEHEHHS TEMIIEPaTyphbl BO3AyXa IIPH TOJIONeAe
I1.6.4 pav. Oro temperatiiros pokycio kreivés esant plikledZiui kelyje
Fig. I1.6.4. Cumulative curves of air temperature change at icy conditions of road
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Puc. I1.6.3. ['ucTorpaMmsl pacripeaeneHus TeMIepaTypsl BO3IyXa IIpH ToJiojie e
I1.6.3 pav. Oro temperatiiros histogramos esant plikledZiui kelyje
Fig. I1.6.3. Histograms of air temperature distribution of at icy conditions of road
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Tadanmna I1.6.1. PesynbraTsl craTHcTHYeckod 0OpaOOTKM NaHHBIX 00 W3MEHEHHWH
TeMIlepaTypbl BO3/AyXa IPH OOpa3oBaHWM pa3HBIX BUIOB 3UMHEH CKOJIB3KOCTH Ha
JOPOXKHBIX TTOKPBITUSIX

I1.6.1 lentelé. Oro temperattiros poky¢iy, esant plikledZiui ir sniego sluoksniui kelyje,
statistiniy duomeny apdorojima

Table I1.6.1. Results of statistical data processing on air temperature changes during
formation of different kinds of slippery conditions in winter on road surfaces

B Bpewms no Uucnossle 3Ha4eHus napamerpa, °C
HI;TE Hayaja 3aKom Hapa- C JloBepuTenbHbIA HHTEpBa
st obpaso- © P pea paszbpoca cpeHero 3HauCHHUs
HEl o pacmpe- METpPbI Hee IS 1086 .
PHUTENBHOM
CKOJIb- JICTICHUS 3aKoHa 3HaYe-
SKOCTH CKOJIb- e BEPOSITHOCTH
3KOCTH 0,85 0,90 0,95
Beii. r1 45 341|354 | 37
3a 9 yacoB 2,47 - - -
Oynma | p=-0,26 154 | -141 | -120
, Beii- n=145 st B B
Uneitu | 3a 6 yacos 6via — 027 -2,35 - -
CHEX- Y == 132 | +-117 | 094
HBIA Beii- =136 —2:97 —3:1 1 —3:33
Hakar 3a 3 yacoB -2,00 - - -
Oynna | p=-030 ~1,03 | 090 | -0.69
B MOMEHT Beii- n=1.25 —2:37 —2:49 —2:68
obpaszo- Gvia = 037 -1,50 - - -
BaHHA Y == -063 | -051 | -032
= 0,30 0,20 0,05
3a 9 gacos Hop- . X =101 1,01 =+ =+ -
MATBHRI | 9=0,29 1,72 1,82 1,97
e 0,46 0,40 0,31
3a 6 yacos Mai]?gl;lﬁ X =088 0,88 + +
Tono- 0=0,82 1,30 1,36 +145
nex = 0,14 0,09 0,02
3a 3 yaca Hop- . X =047 0,47 + + -+
MAIDHRI | 0=0,61 080 | 085 0,92
B MOMEHT Beii- n=1.43 —0:71 -0,73 —0:77
o6paso- Gvia - 017 0,53 - -
BanuA Y #== -036 | +-033 | -029

IIpu oOpa3zoBaHmm TOJONENAa ¥ CHEXXHOTO Hakara W3MEHEHHE
TeMmneparypsl Boznyxa Ty :
— JUIsl HI>KHEH TPaHuULbl TOBEPUTEIBHOTO HHTEPBAa:

T, =0,0010¢>+0,00397% —0,23421-2,6691;
(11.6.3.)
R =087,
Taet — Pa3HbIC MOMCHTBI BPCMCHHU.
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— AJId CPpEAHCTO 3HAYCHUA:

T, =0,000373 +0,0061t> —0,1853r-1,4969 :

(I1.6.4.)
R’ = 0,85,
Taet — Pa3HbBIC MOMCHTBI BPCMCHU;
— JIJIsl BEpXHEW IpaHullbl IOBEPUTEIIBHOTO MHTEpBaa:
T, =-0,0005¢3+0,00997> -0,14617—0,3146;
(I1.6.5.)
R’ =087,
Thaet— Ppa3HbI€ MOMCHTEI BPECMCHU
IIpu rononene n3MeHeHue TeMneparypsl Bozayxa 7 :
— JJIs1 HI/DKHCﬁ rpaHulbl JOBECPUTCIBHOTO MHTCPBAJIA:
T, =-0,00017¢>—-0,0255t> +0,3345t-0,789;
(I1.6.6.)
R’ =083,
Taet — Pa3HbIC MOMCHTBI BPCMCHU;
— U1 CPEQHETO 3HAYCHUS:
T, =0,001373-0,0407¢%2 +0,43341r—-0,5535
(I1.6.7.)
R’ =0,77,
Taet — Ppa3HbI€ MOMECHTEI BPECMCHU
— JJIs1 BerHeﬁ rpaHulbl JOBECPUTCIBHOI'O MHTCPBAJIA:
T, =0,0027¢3 -0,05612 +0,532r—-0,318;
(T1.6.8.)

R*=03,

€ ¢ — pa3HbIC MOMCHTBI BpEMCHH.

Pacnpe,qenel-me MUHMManbHOMN TeMmnepartypbl Bo3ayxa U CKOpPoCTHU
ee NOHMNXeHus

T'uctorpamma pacnpeneneHuss HEpexoJ0B TEMIEpaTypbl BO3AyXa 3a
15 3UMHUX CE30HOB MO MecsAlaM C OKTSAOpsS MO ampeib, MpeICcTaBiIeHa Ha
puc. I1.6.5.

I'mcTorpamma pacupeneieHius] MHHHMAJIBHON TeMIlepaTyphl BO3TyXa
npejacrasieHa Ha puc. [1.6.6.
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0,4+

03Y

Yactora 0,24

0,14

X XI X1 I I I v

Mecsubt

Puc. I1.6.5. 'ncTorpamMma moBTOPSIEMOCTH TIepeXojia TeMIepaTypsl Bozayxa depes3 0 °C
I1.6.5 pav. Oro temperatiiros svyravimo apie 0 °C temperatiiroje pasikartojimo
histograma
Fig. I1.6.5. Histogram of frequency of temperature transition over 0 ° C

0,4+

0,34

Yacrora 0,24

0,14

MuHnMasbHas TeMIepaTypa Bo3ayxa

Puc. I1.6.6. 'uctorpamMma 1 3aKoH pacnpeiesieHHss MUHUMaJIbHON TeMIIepaTyphl
BO3IYyXa
I1.6.6 pav. Minimalios oro temperatiiros histograma
Fig. I1.6.6. Histogram and the law of minimum air temperature distribution



IMTPUJIOXKEHUA 219
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TemneparypHblil rpajiueHT

Puc. I1.6.7. T'ucTorpaMma 1 3aKOH pacrpeiesICHHs] TEMIIEPATyPHOTO TPAIUEHTa IIPH
00pazoBaHUM 3UMHEH CKOJIB3KOCTH
I1.6.7 pav. Oro temperatiiros gradiento histograma susidarant slidumui kelyje
Fig. I1.6.7. Histogram and the law of temperature gradient distribution at winter
slipperiness formation

Tadnuma I1.6.2. Pesynprarht

TeMIrepaTypsl Bo3ayxa depes 0 °C
I1.6.2 lentelé. Oro temperatiiros svyravimo apie 0 °C temperatiiroje statistiniy duomeny

CTAaTUCTHUYECKOH OO0pabOTKM IaHHBIX Tepexoja

apdorojimas
Table I1.6.2. Results of statistical data processing on transition of air temperature
over 0°C
CKOPOCTh JBMXKEHHSI TPAaHCIOPTHOTO MOTOKA
. | 3akon _
Hccnenyemprii acipere [Tapa-meTpsl, . _He€IOBepI/IT€HLHLII/I HHTEpBaI pazdpoca cpeaHery
rapamerp P J'IerI/IH 3aKOHa ;{I; ‘-Izé-HI/I 3HA4YEHUs ATl JOBEPUTEIbHOI BEPOATHOCTH
0,85 0,90 0,95
MunumanbHast Moxasa-
TeMIieparypa . | u=0,423 | -2,37 |-1,16+-3,57 | -0,99+-3,75 0,73 +-4,01
TEIBHBIHA
BO3AyXa
Temnepa- TTokaza-
TYPHBIN L | p=2,04 0,49 0,17-+0,81 0,13+0,85 |0,06+0,92
TENBHBIA
TpajiueHT
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OnpegeneHne TemnepaTypHoOro pexmma acdanbTo6eTOHHbIX
NOKPbITUN

OO0paboraB ngaHHbIe MeTeocTaHIUU JloHenK 3a 15 3UMHHX CE30HOB,
ObLTa TIpoBeJicHa paboTa B CIEAYIOIIEH MOCIeJ0BATEILHOCTH:

—  BBIABJICHBI CITydad Iepexo/1a TeMIiepaTypsl Bozayxa uepes 0 °C;

—  pacuMTaHO BpeMs, Ha MPOTSHKEHUHM KOTOPOTO TEMIIEpaTypa BO3ayxa
obu1a oTpunarensHast (7, <0 °C);

— paccudTaH rpaJueHT TeMneparypsl Bo3ayxa (A47,) u o HeMy Bpems,
Ha TPOTSHKEHUHN KOTOPOTO TEMIEpaTypa MOKPBITUS OCTAETCA MOJIOKUTEIBHOM;

—  OmpeJeieHa BO3MOXHOCTh O0Opa30BaHUs 3UMHEH CKOJB3KOCTH Ha
Pa3HBIX THIIAX JOPOXKHBIX MTOKPBITHH;

— paccuMTaHa 4YacToTa O0pa3oBaHUS 3UMHEH CKOJB3KOCTH JUIS
ac(hanbTOOCTOHHOTO  TIOKPBITUS €  TPAAWIMOHHBIMU ¥ [UIAKOBBEIMH
MaTepuanaMy, KoTopas npeacTasieHa Ha puc. 11.6.8.

B Ha acdanbTo6eTOHHOM OKPBITHH CO [UTAKOBBIMU
MaTepHantaMu

Hacrora, % B Ha acanbTo6ETOHHOM TTOKPBITHH U3
TPaJMIMOHHBIX MaTepPUaJIOB

Puc. I1.6.8. /TuarpamMma 4acToThl cirydaeB 00pa3oBaHus 3MMHEH CKOJIB3KOCTH Ha Pa3HbIX
TUnax acaabToOCTOHHBIX MOKPHITUH MPHU TIEPEX0/Ie TEMIIEPATyPhI BO3ayXa OT
TIOJIOKUTEIBHBIX 3HAUYCHUH K OTPHLIATEIbHBIM
I1.6.8 pav. Slydimo susidarymo keliuose su jvairiomis asfalto dangomis ir oro
temperatlirai svyruojant nuo teigiamy iki neigiamy reik§miy daZniy diagrama
Fig. I1.6.8. Diagram of winter slipperiness formation occurrence at different types of
asphalt concrete pavements at the transition of air temperature from positive to negative
values

AHanmu3  nuarpaMMbl  TIOKa3blBaeT, 4YTO  KOJMYECTBO  CIIy4yacB
00pa3oBaHMs CKOJB3KOCTH Ha MOKPBITHIX U3 ac(aabTOOETOHOB CO MUIAKOBBIMU
MaTepuanamMu Ha 15 % MeHbIle, 4eM Ha TOKPBITHSIX M3 TPaJAUIHNOHHBIX
MaTepUaNIOB. DTO MPOUCXOUT MU3-32 OOJBIION TEIUIOBOW WHEPIIUU TTOKPBITUH C
UCTIONb30BaHNeM ac(halbTOOCTOHA CO IIIJTAKOBHIMU MaTepHallaMd, B CpPaBHCHUH
C TIOKPBITHSMH U3 ac(hanbTOOCTOHOB W3 TPAJWIMOHHBIX MarepuanoB. [Ipu
nepexofe TeMIEpaTypbl BO3IyXa OT MOJOXHUTEIbHBIX  3HAYCHUH K
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OTPUIIATEILHBIM TOKPBITUS, YCTPOCHHBIC U3 ac(ambTOOETOHA CO IUIAKOBHIMH
MaTepuanamu B 15 % cnydaeB, HE yCIIEBAIOT OCTHITh M TEMIIEpaTypa MOKPBITHS
OCTaeTcsi TOJOXHUTEIBHOW, HYTO M TpEeAOoTBpamiaeT oOpa3oBaHME Ha HUX
CTEKJIOBUIHOTO JIbAA.
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MpunoxeHue 7. PeaynbTaTbl U3AMEepPEeHUN N OLleHKa

poBHOCTM acthanbTo6eTOHHOro NOKPbLITUS CO

wakoBbiIMU MaTepuanamMmm

Ta6uauna I1.7.1. Pe3synbraTel n3MepeHuil v OleHKa POBHOCTH
ac(anbTOOETOHHOT'O TIOKPBITHS CO IIIJJAKOBBIMU MaTepHalaMH
I1.7.1. lentelé. Asfalto dangy su $laku lygumo matavimy rezultatai ir vertinimas
Table I1.7.1. Results of measurements and evaluation of smoothness of asphalt
pavements produced using slag materials

Mecrto pacnionoxeHus: | BemuunHa MakcHMaabHHX % ot o0111eTO Orenka
yJacTKa MIPOCBETOB IO/ PEUKOIA, yypca PE3yIbTATOB,
ot [IK... mo TIK MM HU3MEpEeHui oan
2007 rox
oTr 0105 98,5
gﬁ 2:88 or'5 110 10 15 5
6omprre 10 0
or 0 105 98.0
gf: 52:%% or'5 110 10 2,0 5
6omprre 10 0
or 0105 98,0
Eﬁ ;(7):88 or'5 110 10 2,0 5
6ompire 10 0
or 0105 98,0
Eﬁ ;z:gg or'5 110 10 2,0 5
6omprre 10 0
2008 ron
TIK 0+00 or0 g0 5 98,5
K 2+00 or 5 10 10 1,5 5
6ombire 10 0
TIK 4+00 or 0 105 98,5 5
TIK 7400 or 5 mo 10 1,5
6ombire 10 0
TIK 8+00 or 0 105 98,5 5
IK 12+00 or 5 10 10 1,5
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6ompire 10 0
TIK 17+00 ot 0 10 5 99.0 5
K 21+00 ot 5 10 10 1,0
6ompire 10 0
1 2 3 4
TIK 21+00 ot 0 10 5 97,0 4
K 23+00 or 5 10 10 3,0
6ombire 10 0
IIK 23+00 ot 0 mo 5 97,5 4
TIK 25+00 or 5 1o 10 2,5
6ombire 10 0
2009 rox
TIK 0+00 or0 oo 5 98,5 5
K 2+00 ot 5 10 10 1,5
6ombire 10 0
TIK 4+00 or0 oo 5 98,5 5
K 7+00 ot 5 10 10 1,5
6ombire 10 0
TIK 8+00 or0 g0 5 98,5 5
IIK 12+00 ot 5 10 10 1,5
6ombire 10 0
or0mo5 99,0
gﬁ 1‘61:88 or'5 110 10 1,0 5
6ombire 10 0
or0mo5 97,0
gﬁ ;:gg or'5 210 10 3.0 4
6ombire 10 0
or0mo5 97,5
gﬁ ;g:gg or'5 210 10 25 4
6ombire 10 0
2010 rox
or0mo5 98,5
EE g:gg or'5 10 10 1.5 5
6omprre 10 0
or0mo5 98,5
gi ‘7‘:88 or5 10 10 1.5 5
6oubiire 10 0
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or 0o 5 98,5
TIK 8+00 ot 5 10 10 1,5
TIK 12400 T2 20 ’
6oupmre 10 0
11K 14200 or0mo5 98,5
+
K 16400 ot 5 1o 10 1,5
ooubiie 10 0
Bux 0 mo 5 94,5
TIK 21+00 o5 10 10 55
[TK 23+00 AREL ’
6oubiie 10 0
TIK 23400 or0mo5 94,3
+
TTK 25+00 ot 5 o 10 5,7
6oubiie 10 0
2011 rox
K 0400 or0mo5 98,5
+
TTK 2400 or 5 mo 10 1,5
oounbre 10 0
K 4400 or0mo5 98,5
+
TTK 7+00 or 5 mo 10 1,5
oounbre 10 0
K 8400 or0go5 98,0
+
K 12400 or 5 mo 10 2,0
oounbre 10 0
MK 14400 or0go5 98,0
+
K 16400 or 5 mo 10 2,0
oounbre 10 0
K 21400 or0go5 93,5
+
TTK 23400 or 5 mo 10 6,5
oounbre 10 0
K 23400 or0go5 93,5
+
TTK 25+00 or 5 mo 10 6,7
oounbre 10 0
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MpunoxeHue 8. PeaynbTaTbl U3AMepeHUn BeSIMYUHDI
ko3acpchmumeHTa cuenneHus NOKpPbITUA Ha ONbITHOM
y4yacTtke aBToMmo6unbHoun aoporu |l TexHnyeckowm
KaTeropum

Tabauua I1.8.1. Pe3ynpTaTel u3MepeHuit BETHIUHBI KO3PHUIINECHTA CIICTUICHIS
MOKPBITHUS HA ONBITHOM Y4acTKe aBTOMOOMIIbHOU noporu 11 TexHrmueckoi
KaTeroOpuu

I1.8.1. lentelé. II techninés kategorijos automobiliy kelio ruoZo dangos sukibimo
koeficiento dydZio matavimy rezultatai

Table I1.8.1. Results of measurements of friction coefficient of pavement on the
test section of the road of the II-nd technical category

3HaueHue K0P PUIMEHTA CUCIUICHHUS 110 HATIPABICHHIO Cpennee
JIBHKCHHUS 3Haue-
Mecto B TIPSIMOM B 00paTHOM HHAC
H3MepeHHs Koopu-
[IK+... tenTa
i 5 S f euere-
HUS
y4acTka
MEJIKO3EPHUCTBII ACOAJIbTOBETOH
Yepes 3 gus nocne yxuaaxu (2006 rox)
1K 0+00 0,30 0,30 0,30 0,29
ITK 3+00 0,29 0,30 0,31 0,33
TIK 7+00 0,32 0,33 0,38 0,45
ITK 9+00 0,30 0,27 0,34 0,32 0,34
K 12+00 0,31 0,29 0,35 0,36
K 15+00 0,32 0,33 0,45 0,42
K 18+00 0,31 0,29 0,30 0,30
Yepes 10 nueit nocne yxiaaku (2006 rox)
K 19+00 0,37 0,39 0,37 0,38 037
K 20+00 0,33 0,37 0,35 0,36 ’
2007 rox
TIK 3+00 0,40 0,41 0,40 0,39
ITK 9+00 0,38 0,42 0,41 0,44 041
IK 15+00 0,41 0,44 0,39 0,40 '
K 19+00 0,41 0,44 0,40 0,41
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2008 rox
IK 1+00 0,42 0,43 0,40 0,41
1K 2+00 0,42 0,43 0,41 0,42
IK 2+50 0,43 0,44 0,42 0,43
1K 3+00 0,42 0,44 0,43 0,41
IK 7+00 0,45 0,45 0,45 0,44 043
1K 9+00 0,40 0,42 0,41 0,42
ITK 11+00 0,46 0,45 0,46 0,47
TIK 14400 0,46 0,45 0,49 0,48
1 2 3 4 5 6
2009 rox
ITK 1+50 0,43 0,44 0,42 0,43
TIK 2+00 0,43 0,43 0,43 0,43
ITK 2+50 0,45 0,45 0,44 0,45
TIK 3+00 0,44 0,45 0,45 0,44 0.45
ITK 7+00 0,47 0,47 0,47 0,47 ’
TIK 9+00 0,43 0,44 0,43 0,44
IIK 11+00 0,50 0,50 0,50 0,50
[K 14+00 0,49 0,48 0,51 0,50
2010 rox
ITK 1+50 0,43 0,42 0,43 0,44
TIK 2+00 0,44 0,43 0,43 0,44
ITK 2+50 0,46 0,45 0,45 0,46
1K 3+00 0,45 0,46 0,45 0,45
ITK 7+00 0,48 0,47 0,48 0,47 0,46
TIK 9+00 0,44 0,44 0,44 0,45
IK 11+00 0,51 0,50 0,50 0,51
[K 14+00 0,51 0,50 0,51 0,50
2010 rox
IIK 10+00 0,54 0,52 0,53 0,52
IIK 12+00 0,53 0,52 0,53 0,53
[K 15+00 0,52 0,52 0,51 0,52 0,52
[K 18+00 0,52 0,53 0,51 0,51
[K 20+00 0,52 0,51 0,52 0,51
KPYITHO3EPHUCTBIA ACOAJIBTOBEH
Vuyacrok ¢ ITIK 20+00 mo TTIK 25+00
Yepes 1 mecsan nocne yxiaaxu (2006 rox)
IIK 21+00 0,58 0,55 0,56 0,58
[K 22+00 0,55 0,57 0,58 0,59 0,57
IIK 23+00 0,58 0,58 0,58 0,57
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IIK 24+00 0,58 0,56 0,56 0,55
[K 25+00 0,55 0,57 0,58 0,55
2007 rox
IIK 21+00 0,50 0,50 0,51 0,50
IIK 22+00 0,52 0,50 0,50 0,51
TIK 23+00 0,51 0,52 0,51 0,51 0,51
TIK 24+00 0,51 0,52 0,51 0,51
[K 25+00 0,50 0,50 0,52 0,50
1 2 3 4 5 6
2008 rox
IIK 21+00 0,51 0,52 0,50 0,51
IIK 22+00 0,52 0,50 0,52 0,51
TIK 23+00 0,51 0,51 0,50 0,52 0,51
IIK 24+00 0,51 0,50 0,51 0,52
[K 25+00 0,50 0,50 0,51 0,50
2009 rox
IIK 21+00 0,53 0,53 0,53 0,54
T1K 22+00 0,52 0,51 0,50 0,51
[K 23+00 0,52 0,52 0,53 0,52 0,52
IIK 24+00 0,51 0,51 0,52 0,53
IIK 25+00 0,52 0,52 0,53 0,52
2010 rox
IIK 21+00 0,55 0,54 0,54 0,53
IIK 22+00 0,50 0,51 0,50 0,52 0.53
[K 23+00 0,52 0,53 0,52 0,52 ’
IIK 24+00 0,53 0,53 0,53 0,54

IMpumeuanue. f1 — neBas nomoca Hakara, (1,0 M OT ocu mpoesxeil yactu); f2 — npasas
moJioca Hakata (2,6 M OT OCH Ipoe3Keit yacTH).






TTPUJIOXEHUA 231

MpunoxeHune 9. Cornacme coaBTOpOB Hay4HbIX
nyonukaumm

MOKSLO PUBLIKACIJOS BENDRAAUTORIAUS SUTIKIMAS
COITTACHE COABTOPA HAYYHOH ITYB/IIHKALIHH

A3, Olegas Prentkovskis, publikacijos — Use of steel slags in automobile road construction —
bendraautorius, pripazistu Katerynos Krayushkinos autorinj indélj bendroje publikacijoje ir
nepriestarauju, kad bendraautorius publikacijoje skelbtg medZiaga jo autorinio indélio ribose teikty savo
mokslo daktaro disertacijoje — Asfalto dangy su Slakais savybiy jtaka automobiliy transporte ir
keliy eksploataciniams rodikliams,

51, Oaer IpenTrkoBekuii, coasrop Hayusoil myGuukamny — Use of steel slags in automobile road
construction — NPH3HAK ¥ NOATBepk a0 apTopeknii Brian Exarepunnt Kpawomkuuoil B nayunyio
nyGAMKALMIO H HE BO3pakalo, 4TOOB! COABTOP HCMOB30BAJ MATEPHATL COBMECTHOH nybaukauuu B

cBoel JiccepTaldl  IOKTOpa Hayk — Bansinne cBoiicTB atd)aJll:'l(lGETDllllblK lIDICpblTllﬁ co
HUIAKOBBIMH MATEPHAJIAMH HA TPAHCNOPTHO-IKCILIYATAUHOHHLIE MOKA3ATCINR ABTOMOOHIBHBIX
Jopor.

Olegas Prentkovskis / Onee [Tpenmxoscruii <

2177
(parasas / noonuct)

2013 m. balandzio 15 d./ 15 anpenn 2013 2.

MOKSLO PUBLIKACIJOS BENDRAAUTORIAUS SUTIKIMAS
COITTACHE COABTOPA HAYYHOH HNYB/IHKAIHH

AS. Raimundas Junevitius. publikacijos — Use of steel slags in automobile road construction —
bendraautorius, pripazistu Katerynos Krayushkinos autorinj indélj bendroje publikacijoje ir
nepriestarauju, kad bendraautorius publikacijoje skelbta medZiaga jo autorinio indélio ribose teikty savo
mokslo daktaro disertacijoje — Asfalto dangy su $lakais savybiy jtaka automobiliy transperto ir
keliy eksploataciniams rodikliams.

51, Paiimynaac FOnaBH4Ioe, coasTop HaydHo# mydnukauun — Use of steel slags in automobile road
construction — MPA3HAIO W NOATBEPk/AK0 aBTopekHii BKman Exarepnnel Kpaomkunoit B nayunyio
MyOIHMKAIMEO M HE BO3pakalo, 4ToObl COABTOP MCHONB30BAN MaTepHANBI COBMECTHOM myGauKainu B
CBOEH JMCCEpTAlMH JOKTOpa Hayk — BuansiHHe CBOMCTB ac(aabToOeTOHHBLIX HOKPHLITHI O
ULIAKOBBLIMA MATEPHAJAMH HA T[ PTHO-IKCILTYa 1€ MOKA3ATE]TH ABTOMOGHALHBIX
JOpOT.

Raimundas Junevigius / Pativynoac IOuasusioc

7 noonuce)

2013 m. balandzio 15 d. / 15 anpeas 2013 2.
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MOKSLO PUBLIKACIJOS BENDRAAUTORIAUS SUTIKIMAS
COIJIACUE COABTOPA HAYYHOW NMYBJIMKAIIUA

A8, Tatpsina Xumepuk, publikacijos - [lesiki ocofmmBocTi BHKOPHCTAHHS XJODHIIB NpH
3MMOBOMY yTpuMaHHi aBToMoGiaeHMX Jopir - bendraautorius, pripazistu Katerynos
Krayushkinos autorinj indélj bendroje publikacijoje ir nepriestarauju, kad bendraautorius
publikacijoje skelbtq medziaga jo autorinio indélio ribose teikty savo mokslo daktaro
disertacijoje — Asfalto dangy su Slakais savybiy jtaka automobiliy transport ir keliy
eksploataciniams rodikliams.

A, Tarbsina XuMepHK, coaBTop HayuHoil nyGinkanun - Jlesiki ocobauBoceTi BHKOpHCTanHs
XJOPWIIB NMPH 3MMOBOMY YTPHMAHHI aBTOMOOLIBHMX JOPIr - TPH3HAIO U MOTBEPIKIAIO
au‘mpcxm“l BKJIaa EKHTCPHHL] KpaIO[IIKHHOﬁ B HAYUHYIO nyﬁnmcaumo H HC BO3paxaro, 4TO0BI
COaBl‘Op HCMOJIb30BaT MaTcpHalbl COBMECTHOH l'[yﬁﬂVIKﬁLll/ﬂ’I B CBOCH }_UflCCSp'lﬂLll/]H JOKTOpa
HayK — Bimsinue cBoiicTB ﬂCII)aJIl:TOGeT()HHb]X ﬂDKprTHﬁ CO HIIAKOBBLIMH MaTepHa/laMu
HA TPAHCHOPTHO-IKCIIYATAHOHHBIE II0KA3aTeJIH ABTOMOOMJILHBIX aopor.

Taresina Xumepnk / Tamesna Xumepux a
2
vl teE

(paraSas / noonitce)

2013 m. kolo 29 d. / 29 mapra 2013 r.

MOKSLO PUBLIKACIJOS BENDRAAUTORIAUS SUTIKIMAS
COIJIACHE COABTOPA HAVUHO TTYBJUKAIIAU

AS, Tarbsina Xumepuk, publikacijos - ITizBumenns TpaHcnopTHO-eKCIUIyaTALIIHOTO cTany
JOPIr MJISIXOM BHKOPHCTAHHS Cy4acHHX MaTepiajiB - bendraautorius, pripazistu Katerynos
Krayushkinos autorinj indélj bendroje publikacijoje ir nepriestarauju, kad bendraautorius
publikacijoje skelbta medZiaga jo autorinio indélio ribose teikty savo mokslo daktaro
disertacijoje — Asfalto dangy su Slakais savybiy jtaka automobiliy transport ir keliy
eksploataciniams rodikliams.

S, Taresna Xwumepuk, coaBrop HayuHoi myOankaimu - IlizBmmenns TpasenmopTHo-
CKCILIY ATALIIHOIO CTAHY JOPIr HISIXOM BHKOPHCTAHHS CYYACHHX MATEPIAIIB - IPU3HAIO 1
noaTeepar0 apropekuit Biia] Exatepunbr Kpaomkunoii B nayunyio nyOankaiuio u He
BO3paXalo, 4TOObI COABTOP MCIIOIB30BAI MAaTEpHAIbl COBMECTHOH myOIMKalMM B CBOCH
JIMccepTaliy  JIOKTopa Hayk — BJausinue cBoiicTB  acdaabTo0eTOHHLIX MOKPLITHI €O
HIJJAKOBBIMH MaTrepuajaMH Ha TPAHCHOPTHO-)KCILIYATAlHOHHbIE noKasare/im
ABTOMOOMIBLHBIX aopor.

Tareana Xumepux / Tamvsna Xumepux

V//MS £

Sas [ noonuce)

2013 m. kolo 29 d. / 29 mapta 2013 1.
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MOKSLO PUBLIKACIJOS BENDRAAUTORIAUS SUTIKIMAS
COIJIACUE COABTOPA HAYYHOM ITYBJHUKAIIN

AS, Tarbsana Xumepuk, publikacijos - TloBbImeHne TPEMHHOCTOMKOCTH M IIEPOXOBATOCTH
JAOPOKHBIX MOKPBITHII IIyTeM HCIOJL30BAHASA OHTYMHO-NOJIMMEPHBIX KOMIIO3HIH -
bendraautorius, pripazistu Katerynos Krayushkinos autorini indéli bendroje publikacijoje ir
nepriestarauju, kad bendraautorius publikacijoje skelbta medZiaga jo autorinio indélio ribose
teikty savo mokslo daktaro disertacijoje — Asfalto dangy su $lakais savybiy jtaka automobiliy
transport ir keliy eksploataciniams rodikliams.

S, Tarbsima XuMepHK, COaBTOP Hay4HOI myOiukaiuy - IloBblmenne TPemHHOCTOMKOCTH U
MEPOXOBATOCTH IOPOKHBIX MOKPBITHH NYTeM HCIOJAL30OBAHHS OHTYMHO-HOJHMEPHBIX
KOMIO3MIH - [PH3HAIO M MOATBEPKAaio aBropeknid Bikiaan Exarepuner Kpaomkmnoi s
Hay4HYIO NyOJIMKAIHIO B HE BO3pPakKaro, 4TOOBI COABTOP HCMOMB30BAT MaTepHalbl COBMECTHOI
NyONMMKAMKM B CBOEH JMCCepTallii J0KTOpa HayK — Bumsinme cBoiicTB acPaibro0eTOHHBIX
NOKPBLITHIE €O IIJIAKOBBIMH  MATEPHAJIAMH  HA  TPAHCHOPTHO-IKCIUIyaTANIHOHHBIE
MOKA3aTe/ I ABTOMOOH/ILHBIX I0pOT.

Tarpana Xumepuk / Tamvana Xumepux '/7/ i

(paradas / noonuce) -

2013 m. kolo 29 d. / 29 mapra 2013 1.

MOKSLO PUBLIKACIJOS BENDRAAUTORIAUS SUTIKIMAS
COT'JIACUE COABTOPA HAVYHOM NYBJINKALINA

A3, Tarbsma Xumepuk, publikacijos - ba3aabToBo/I0KOHHI ciT4acTi npomapku s
MiICHJIEHHs NPOT3HOT YacTHHM i y30iu - bendraautorius, pripazistu Katerynos Krayushkinos
autorinj indélj bendroje publikacijoje ir nepriestarauju, kad bendraautorius publikacijoje skelbta
medziaga jo autorinio indélio ribose teikty savo mokslo daktaro disertacijoje — Asfalto dangy su
Slakais savybiy jtaka automobiliy transport ir keliy eksploataciniams rodikliams.

S, Tarbama XHMepHK, COaBTOp HAayyHOH mNyOnukanud -  Ba3ajabToBOJIOKOHHI ciTuacTi
NPOIAPKH /L5 MiICHIICHHS MPOI3HOT YACTHHM 1 y30i4 - IPH3HAIO ¥ [OATBEPXK/IaI0 aBTOPCKHIT
BKa1a1 Exarepunsr Kpawomkunoii B Hayunyio nyGiHKanmio H He BO3paxkaio, 4To0bl COaBTOp
HCTIONB30BA MaTepHasibl COBMECTHOH ITyONMKAlMH B CBOEH JMccepTallMu JIOKTOpa HayK —
Buausinue cBoiicTB aCl‘l)ilJ'leOﬁeTl)HHle I'lOlC]’)l:lTldﬁ €0 NUIAKOBBIMH MAaTepHaIaMH Ha
TPAHCIIOPTHO-IKCILIYATAIIHOHHEIC IIOKA3ATE/IH ABTOMOOH/ILHBIX Aopor.

Tarpana Xumepuk / Tamoana Xumepux /ﬁ
el ~

(paragas / noonuce)

2013 m. kolo 29 d. /29 mapra 2013 .
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MOKSLO PUBLIKACIJOS BENDRAAUTORIAUS SUTIKIMAS
COTJIACUE COABTOPA HAYYHOU NYBJIMKALINHA

A3, Bagum Koxkymko, publikacijos - Jlesiki 0co0;1HBOCTI BHKOPHCTAHHS XJOPHIIB NpH
3UMOBOMY yTpHUMaHHi aBTomMoOiabHHX popir - bendraautorius, pripazistu Katerynos
Krayushkinos autorinj indélj bendroje publikacijoje ir neprieStarauju, kad bendraautorius
publikacijoje skelbtqg medZiaga jo autorinio indélio ribose teikty savo mokslo daktaro
disertacijoje — Asfalto dangy su Slakais savybiy jtaka automobiliy transport ir keliy
eksploataciniams rodikliams.

51, Bapgam Koskymxo, coasrop HayuHoit nmyOmukannn - [leski ocobmBoeri BHKOpHCTAHHS
XJOPUIIB NIPH 3H Y yTp Hi aBT LIbHUX J0pir - NpH3HAIO W MOITBEPIKIIAID
aBTopekuil BKaa Exarepuabl KpawmkaHoil B HAYYHYIO MyOIHKALIHIO H He BO3pakKao, 4To0b!
COABTOP HCIONBL30BAJ MaTepuajbl COBMECTHOH NMyOJMKAIMM B CBOEH JMCCepTaluM JIOKTOpa
Hayk — Binsine cBoiicTB acdaabTO0eTOHHBIX NOKPBITHII €O NUIAKOBBIMH MAaTePHAJIAMU
HAa TPAHCIIOPTHO-IKCILIYATAIHOHHBLIC NOKA3aTEJIH aBToMO()HJ’Ib]IBlX Jaopor.

Bayum Kokyuko / Baoum Koocyuiro

J’ (para3as / nodnuco)

2013 m. kolo 28 d. / 28 mapra 2013 .

MOKSLO PUBLIKACIJOS BENDRAAUTORIAUS SUTIKIMAS
COTJIACHE COABTOPA HAYYHOM ITYBJINKALIMHA

AS, Bukrop Pesa, publikacijos - IlijgBHINEHHS TPAHCIIOPTHO-EKCILTYATANIITHOIO CTAHY J0Dir
IUIAIXOM  BHKOPHCTAHHSI CYMacHMX MmatepiaxiB - bendraautorius, pripazistu Katerynos
Krayushkinos autorinj indélj bendroje publikacijoje ir nepriestarauju, kad bendraautorius
publikacijoje skelbta medZiaga jo autorinio indélio ribose teikty savo mokslo daktaro
disertacijoje — Asfalto dangy su Slakais savybiy jtaka automobiliy transport ir keliy
eksploataciniams rodikliams.

S, Buxrtop Pema, coarop wHayunoif mnyGiukanum - IligBumienns: TpaHCHOPTHO-
CKCIUIYATALIIHO0 CTAHY 0PI HIUISIXOM BHKOPHCTAHHS CYMaCHUX MaTepia/iB - MPU3HAIO i
TOATBEPIK/Ial0 aBTopekiil Bkian Exatepunsl Kparomkunoii B Hayynyro nyOiaMKaiuio u He
BO3paXkaro, 4ToObI COABTOP HCIONB30BA MATEPHANbI COBMECTHOH INyOIHKAIMM B CBOCH
JIMCCEpPTALMM  JIOKTOpa Hayk — Bumsinne cBoiictB acdaabTo0eTOHHBIX NOKPBLITHI CO
UUIAKOBBIMH  MATEPHAJIAMH  HA  TPAHCHOPTHO-YKCIIYATALMOHHBIE  NOKA3ATE/IH
ABTOMOOHJILHBIX 10POT.

Bukrop Pea / Bukmop Pesa j
.

(paradgd’/ noonuce)

2013 m. kolo 29 d./ 29 mapra 2013 r.
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MOKSLO PUBLIKACIJOS BENDRAAUTORIAUS SUTIKIMAS
COI'JTACUE COABTOPA HAYYHOM ITYBJIUKALIMN

AS, Basepmii Bpipomkemceknii, publikacijos - IloBplmieHne TpemMHOCTORKOCTH U
MIEPOXOBATOCTH JOPOKHBIX NOKPBITHII IIyTeM HCHOIb30BAHMS OMTYMHO-TIOJMMEPHBIX
Kommnozuuu - bendraautorius, pripazistu Katerynos Krayushkinos autorini indelj bendroje
publikacijoje ir neprietarauju, kad bendraautorius publikacijoje skelbtqg medZziaga jo autorinio
ind¢lio ribose teikty savo mokslo daktaro disertacijoje — Asfalto dangy su $lakais savybiy jtaka
automobiliy transport ir keliy eksploataciniams rodikliams.

S, Baaepmii  Boipo:kemckmii, coaBrop Hayunoif myOmukanmu o - HoBprmenne
Tpclll“HOcTOﬁKOf]'“ H IIEPOXOBATOCTH JOPOKHBIX HOKpbl'l'l/li/‘l nyremM HCHoJb30BaHHHA
GHTYMHO-IIOJIMMEPHBIX KOMIIO3HIH - TIPH3HAIO W IHOATBEPIKIA0 aBTOPCKHH  BKJAj

Exarepunsl Kpawmkunoii B HayuHyio myONHKalMIo W HE BO3paxaio, 4TOOBI coaBTOp
HCIIOJIB30BaJl MaTcpHualibl COBMCCTHOﬁ l'[y6J'”/IKaIU/H’I B CBOEf;I Jucceprani JOKTOpa Hayk
Bausinue cBoiicTB achadbTOOETOHHBIX MOKPBITHH €0 ILJIAKOBBIMH MATEPHAIAMH HA
TPAHCIOPTHO-)KCILTYATAIIHOHHBIE MOKA3ATEIN ABTOMOOHILHBIX 10POT.

Banepmii Bripoxemckuit / Banepuit Betpoicemcruil

(paraSas / nodnieco)

2013 m. kolo 28 d. / 28 mapra 2013 .

MOKSLO PUBLIKACIJOS BENDRAAUTORIAUS SUTIKIMAS
COTJIACUE COABTOPA HAYYHOWM IMTYBJIUKAIIMH

A3, Banepmii Boiposkemckmii, publikacijos - Ilosepxmesi o6poGkm 3 apmoBaHmx
uementoberonnux cymimedi Thmy HPCM - bendraautorius, pripaZistu Katerynos
Krayushkinos autorinj indéli bendroje publikacijoje ir neprieStarauju, kad bendraautorius
publikacijoje skelbta medziaga jo autorinio indélio ribose teikty savo mokslo daktaro
disertacijoje — Asfalto dangy su $lakais savybiy jtaka automobiliy transport ir keliy
eksploataciniams rodikliams.

51, Banepuii BbIposkeMckmii, coaBTop HayuHoil myGimkanmu - IloBepxmeri obpobkm 3
apMoBaHHX nemeHToberonHux cymimeii THny HPCM - npu3Haio ¥ noATBepik/1ato aBTOPCKHii
Bi1a)l Exarepunbl KpalominHoii B HaydHYyIO ITyOJIMKaIHIO H HE BO3pakalo, YToObI COABTOP
UCHOJIL30BAI MATEPHAIbl COBMECTHOI ITyONMKAaNMM B CBOCH AMCCEPTALMM JOKTOpA HAaykK
Bimsinne cBoiicTB acaabTOOETOHHBIX NMOKPBITHI €0 NIIAKOBBIMH MATCPHAIAMH HA
TPAHCIOPTHO-IKCILIYATAIHOHHBIE 0KA3ATEIH ABTOMOGHILHBIX J0POT.

Banepuit Boipoxemckuii / Barepuit Boipooicemcruit /%

(parasas / noomuce)

2013 m. kolo 28 d. / 28 mapra 2013 r.
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MOKSLO PUBLIKACIJOS BENDRAAUTORIAUS SUTIKIMAS
COT'JIACHE COABTOPA HAYUHOM IMYBJIUKAIIAN

AS, Banepuii Beipo:kemekmii, publikacijos - Jdesiki ocofamBocti BHKOPHCTAHHS XJIODH/IIB
[pH 3MMOBOMY YTPHMAaHHI aBTOMOOLIBHHX jgopir - bendraautorius, pripazistu Katerynos
Krayushkinos autorin{ indéli bendroje publikacijoje ir neprieStarauju, kad bendraautorius
publikacijoje skelbta medZiaga jo autorinio indélio ribose teikty savo mokslo daktaro
disertacijoje — Asfalto dangy su §lakais savybiy jtaka automobiliy transport ir keliy
cksploataciniams rodikliams.

S, Banepuii Boipoxemckmii, coasrop Hayusolt nyOmukanum - Jlesiki ocobimBocti
BHKOPHCTAHHSI XJOPHIAIB NPH 3HMOBOMY YTPHMAaHHI aBTOMOGIILHMX JOpir - npH3Haio M
noATBepiIa0 aBTopckuii Bkian Exarepunsr Kpalomkunoil B HayuHylo nmyGiukanuio n He
BO3pAXKAIO, YTOOBI COABTOP MCIOIB30BAN MATECPUAIbl COBMECTHOH myOuiuKaluu B CBOEH
JIACCepTallMKM  JIOKTOpa Hayk — Bumsimve cBoiierB acdaabToGeTOHHBLIX HOKPLITHI €O
IUIAKOBLIMH  MATEPHAJAMM  HA  TPAHCHOPTHO-IKCILIYATAMOHHBIE  MOKA3ATE/H
ABTOMOOMIBHBIX Aopor.
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MOKSLO PUBLIKACIJOS BENDRAAUTORIAUS SUTIKIMAS
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A3, Andrii Bieliatynskyi, publikacijos — Use of steel slags in automobile road construction —
bendraautorius, pripazistu Katerynos Krayushkinos autorinj indélj bendroje publikacijoje ir
neprieStarauju, kad bendraautorius publikacijoje skelbta medZiaga jo autorinio indélio ribose teikty savo
mokslo daktaro disertacijoje — Asfalto dangy su Slakais savybiy jtaka automobiliy transporto ir
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S, Auapeii Beasitbinekuii, coaBrop nayunoii my6imkamun — Use of steel slags in automobile road
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AS, Andrii Bieliatynskyi, publikacijos - Heeaenopanue TpaHCHOPTHO-IKCILIYATALMOHHBIX
nokasaTejeil JOPOKHBIX HMOKPBLITHI U3 achagibTodeToHA H3 NUIAKOBBLIX MaTEPHATIOB B
3umHHii mepuos - bendraautorius, pripaZistu Katerynos Krayushkinos autorinj indelj bendroje
publikacijoje ir nepriestarauju, kad bendraautorius publikacijoje skelbta medZiaga jo autorinio
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Kpawomkina K.B.

BU3HAYEHHSA EKCMNNYATALINHOIO
CTAHY NOBEPXOHD, NPU3HAYEHUX
ana pyxy niwoxoais

B MicTax MinIOXiHi IOBEPXHI 32fiMa0Th 3HAYHI TEPHTOPIi 1 CKITANAIOTECA
3 TPOTYapiB, MiMOXiTHUX 1 BETOCHMENHHX JOPLXOK.

[o0BHHMM eKCILTYaTaiHHUM NOKa3HAKOM [OBEPXOHb, IPH3HAYCHHX VLA
pyXy MimOXONiB € MOPCTKICTD, AKa 3abeanedye 3YEIUIEHHS 3 NiOMBOIO
BIyTTS JIIOJMHH | THM CaMUM 6eanexy Ta KOMQOPTHICTH PYXY.

3abeamneueHHs WOPCTKOCT HanpoTA3i BCHOIO HOPMATHBHOTO CTPOKY
cnyxOH CKlajHa 3ajaia, BHpIlIEHHA SKOi 3aNeKHUTH Bix BHOOpY patulio-
HaIBHOI KOHCTPYKUIT TOpOXHBOTO OIATY TpOTYapiB, NiMOXiAHWX Ta BEJIO-
CHIeHUX [OPDKOK, Ta MaTepiany 3 SKOoro BOHM BHIOTOBJICHI.

Hait6inpm po3rmoBCIODKEHHM marepiasioM s BIAIITYBaHHIA mimo-
XiJHMX MIOBEPXOHb B MICTaX 6yB achanbTOBHHA 6eTOH, AKHil BHKOPHCTOBY-
paBcs Ha 90 % TepHTOPIi.

AJte B HAI Hac MOCTYNOBO 301MbLIyIOTECA oOCArH ynauTyBaHHs Tpo-
TyapiB 3 GETOHHHX TIHT mapxu PEM pi3Hoi GopMH T2 KOITBOPY-

ViJ1anaHHs IUTAT Ha NepIIAH NOTIAL Ma€ CBOi nepeBart B NOpiBHAHHI 3
acanbro6eTOHOM — 1iC eCTEeTHUHUI 30BHIMHIA BATIIAL, GiMibIL EKONOTTYHO
yHCTHI CTOCiO YKiIajiaHHs 1 PEMOHTY, MO/IMBICTb BTOPHHHOTO BHKOpH-
craHHd i T. iHm. Asie BiAMOBIAHICTH MIHT MapKH ®EM ymoBam Be3nexH
pyXy MHMOXOMiB HE BHBYHIIACK.

MerTa nanoi poOOTH NojiArae y BCTAHOBJEHH] MOPCTKOCTL MIKT OEM,
yKJTafieHHX Ha TpOTYyapi 1o By CiguHeBOro NOBCTaHHS B 3aNeXHOCTI BiAl
MOrOIHUX YMOB.

ABTOpPaMH NpH npoBeeHHI AOCTiIKEHb BH3HAYaBCA koepilieHT
suervtenns T ®EM ciporo Ta 4epBOHOIO KOJIbOPIB, IO BUTOTOBJIAIOTECA
aa 3Bl im. C.KoBanbchbkol Ta Gynu yKJIajieHi BOCEHH 1998 poxy.

BuMipiOBaHHA TIPOBOIMIHCE 32 JOTIOMOFOI0 MasTHHKOBOTO MPHJIANY
trimy MII-3. [liis BU3HaUEHHA JMHAMIKH 3MIH ILIOPCTKOCTI [UTHT ®EM nepiui
BuMipioBaHHs Oy TpoBeieHi B CidHi micsui 2000 p. (nepumii eTarn).

[Iaprn ®EM yknananuce 6e3 ypaxyBaHHd suxigHoro koediuieHTa
jyervieHHs. BpaxoByiouu T€, O B JiIOYHX HOPMATHBHHX JIOKYMEHTAX i 4
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Pesynrrarn pamipobanns koedinicnra
s9eniicHdR 1T ®EM (nepmwii evan)

MICBKHX nop‘ir Ta BYIMi [ 1] BLACYTHIH mokasHHK koedilieHTa 34eruiens [0}
Aud TPOTyapiB, y gaoix BHMIPaX aBTOPH MOPiBHIOBATH OTPHMaHI 3HAaYEHHS 3
TOKa3HHKOM KOe(DILIEHTa 34eTUIeHH s 111 TIOKDHTTIB aBTOMOOLTLHHX 10pir [

Ha nepmomy erani Bumipiosanns KoeQillieHTa 3uerUieHns HPOBOAMA
Ha rintax OEM 3 pisuuM cranom NIOBEPXHI, a CaMe: MOKpa Bij| BigTaBa

Tabauys |

o}

Tnn i cTan nokpuTTa

/n (P
TloBepxus MOKpa Bix BixTaBaHHS CHIry <0,2

) 1 S

! Iosepxua BxpuTa MOKDHM TICKOM TOBIHHOIO <<0,2
1—2 MM

} [loeepxus BipuTa MOKPHM 1iCKOM TOBILMHOIO 0,3
B | 3epno

I Hoaepxnﬂ BHTEPTa 110 CyXoro cTaHy, € MOKpHii 0,28
THCOK

) HosepxHa 3 Hamepannm nvogoM 0,2

) Hosepxua nocunana ceixuM nickom <<0,2

7 1 H .
TlosepxHs npotepra FaHYIpKOIO 10 Maibxe cyxoro <<0,2
CTaHy

3 AcdansTobeton ApibHO3epHUCTHi 0,4

Pesynstarn samiposanas xoedimicaTa
39ennenus nanT ®EM (apyraii eranm)

Tabauyn 2

Ne i
e Tau i cTan nOKpHTTH Q
| IoBepxns Mokpa Bix BiaTaBanns CHIry <0,2
2 IMosepxns BxpuTa MOKDHM CHIiroM TOBIHROIO 0,5 <<0,2
MM
3 Hosepxns BkpuTa MoKpHM YUIUTbBHEHUM MICKOM 0,28
4 ToBepxus Mokpa Bix BixTaBaHHs CHIry 0,30
5 TToBepxns 3 Hamep3num nbooM 0.2
6 IoBepxus nocknana ceixuM nickom <<O,2
7 HNosepxus nporepra TFaHYIPKOKO 10 Maiixe CyXoro <<0,2
CTaHy
TloBepxHs BUMHTa Bij Opyay 0.2

Asmomobinsui dopozu i dopodxcue Gyoisnuymeo, 2001, sun. 62

2).
HCH

HHA

CHITY, BKPHTa MOKPHM CHIrOM, HAMEP3JIHii 1601, TOCHIIAHA CBIKHM ITICKOM,
BMTEPTa raHYIPKOIO, al1€ 3 HAABHICTIO MOKPOTO MICKY , BATEPTA FAHYiPKOO
J10 MaiiXe CYXOro CTaHy.

Ananiz Tabn. 1, BHABHB, 110 MOKA3HMK 34ervicHHs 1wMT OEM, sxi mocni-
IDKYBAMCh, 3HAYHO MEHILINK HOPMATHBHOTO 1 3HAXOOUThCH B Mexax 0,2—0.3.

Heske miBHOIEHHS @ cnocTepiraeTbca Ha wiutax OEM, BKpHTHX
MOKpHM nickom 0,2—0,28, m1o nepeBHnIye 3HaYCHHA HA [UIATAX, BHTEPTHX
raHYipKOIO JI0 Maike cyxoro craHy, < 0,2. Ajie NpH 3MEHNIEHH] TOBIIHHH
wapy MicKy MpHOIH3HO KO ORXHOrO 3epHa BUHHKAE €EKT IPOKOYYBaHHS
MIX MOBEPXHEIO MPHJIANY i NOBEPXHEK (JIHTH, IO NPH3BOAHTEL A0
3HWKEHHA (.

s Mokpoi nosepxHi mIHT ®EM ciporo i 4epBoHOro KoNkopiB ¢ <
0,2, mo 3061raeThea 3 3HaUYCHHSM MOKa3HHKA 34ETUICHHA Ha MOBEPXHI, sKa
BKpHTa MOKpPHM nickoM. To6To BNiTKY Bil nolly IJIMTH € TAKHMH X
Hebe3NeUHNUMH IS PyXy MIIOXOMiB, K i 3UMOIO Bill CHITY.

Honibue 3naueHHs ¢ < 0,2 OTpHMaHe Ha MOBEPXHi 3 HAMEPIIHM JILOIIOM,
ane Hebesneka, AKy CTBOPIOE JIbOJOBA MOBEPXHS A PYXy MiMIOXOMIB,
MiABHILYEThCA B [eKiNbKa pas3iB.

HagiTh MOBepXHA MUIHT, BUTEPTa FAHYiPKOIO JI0 MaiiXXe CyXOro CTaHy,
Mac 3HaYHO MEHMY WopcTKicTh @ < 0,2 HiX TpaaMUiiiHKi MaTepian —
acamsTobeToH ¢ = 0,4,

Hpyruii eTan BHMipIOBaHb NMPOBOAMIM 4epe3 pik, y ciuni 2001 p.
PezynbTatn pocuiaiB HaBeneHi B Tabm. 2.

3 Tabn. 2 BHAHO, M0 3HAYEHHSA MOKA3HHKA 3YEIUICHHS 3 YaCOM 3HAYHO
HE 3MIHHIOCA, TOOTO IUIHTH € JOCTAaTHBO KJIIMATHYHO-3HOCOCTIHKHMH.

3HayeHHsA @ OinbOle Ha MIMTaX YepBOHOrO KOAbopy. IligBHIIKHIOCH
3HAYEHHA () HA IUIMTAaX, MO BHTEPTI FAHYIPKOIO 10 MaiXXe CyXOro CTaHy.

Jins BUSIBJICHHS IUBXIB I ABHIICHHS MOPCTKOCTI IwinT ®EM apropamu
Oynu npoBeNieH] TaKOX BUMIPH ¢ Ha CTHKaX IMT. He3anexHo Bix koabopy
wikT ¢ = 0,3—0,35.

Lle miaTBepIKy€E NPHITYLIEHHS aBTOPIB, IO 30LILMMTH UIOPCTKICTD IUTHT
MO)XHa 332 PaXyHOK HaHECEHHs pH(IeHH BH3HaYeHOi (OPMH Ta PO3MIpY.

Jlireparypa: P
1. Texniyni mpaBUNa PEMOHTY Ta yTPHMaHHA MICBKHX BYMHILb Ta Aopir.- Jepx. Komirer
YxpaitH no XHTI0BO-KOMyHUIEHOMY rocnoaapctsy.-Kuis, 1995.
2. JICTY 3587—97. be3ngka DopoXXHBOro pyxy. ABTOMOGLUIBHI JOpOTH, BYNHI Ta
3a013HMYHI nepeizau. BuMoruw ao ekcnnyarauiiiHoro ctany. JlepkaBuuit cTanmapr
Yxpainn. — Kuis, 1997,
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Abstract. Building and, especially, reconstruction and repairs of highways, call for the development of stone ma-
terials manufacturing industry. Increasing need for stone materials may be satisfied by a wide use of industrial waste
and secondary resources. In road building, slag of ferrous and nonferrous metallurgy is one of the most popular wastes
which are increasingly widespread with every year. Such slag is a valuable raw material for preparation of macadam
materials and mineral binders serving as a base for asphalt concrete mixtures and manufacturing of cement emulsions,
which are widely used in road paving. The research focused on the use of different types of slag in road construction
in Ukraine. Possibilities of using crushed rock and sand as recrement slag of different production for preparation of
asphalt concrete and cement mixtures to be used for road-base was studied, as well as the use of slag materials for con-
struction of lower category roads. In the given work, the opportunity to recycle electric furnace steel-smelting slag for

preparation of asphalt concrete mixtures was defined.

Keywords: automobile road, construction, slag, asphalt concrete, mixture.

1. Introduction

As a constituent part of the national infrastructure,
transport has to satisfy human and economic needs in
terms of freight transportation and passenger carriage.
The transport sector is the underpinning element of sup-
ply chains of all industries. Transport services are used
by all economic and non-productive activity sectors
without any exception.

Development of the transport system is a positive
factor for social and economic development of a coun-
try. Presently, economic development is hardly possible
without an efficient transport system (providing both lo-
cal and international services). Elements of the transport
system and their interaction are described by Sivilevicius
(2011).

Sustainable functionality of the transport system
is not possible without the following three key compo-
nents:

» traffic (or freight) participants;

» vehicles;

» transport infrastructure (roads and terminals).

Trafhc safety largely depends on vehicles, traffic
participants and road infrastructure (Lazda, Smirnovs
2011; Wang et al. 2011; Darguzis et al. 2011; Sapragonas,
Makaras 2011; Zarin$ 2011; Kersys et al. 2011; Saprago-
nas, Darguzis 2011; Discetti 2010; Cerniauskas et al.
2010; Haritonovs et al. 2010; Prentkovskis et al. 2010;
Antov et al. 2009; Sokolovskij et al. 2007; Pecelitnas,
Prentkovskis 2006; Ibitoye et al. 2006, etc.).

As mentioned above, the transport system is in-
conceivable without a properly developed road network
(DellAcqua, Russo 2011; Miandoabchi, Farahani 2011;
Sohn 2011; Gintalas 2010; Santos et al. 2010; Jia et al.
2009, etc.) with high-quality coverings (Sivilevicius et al.
2011; Sivilevicius 2011; Sivilevicius, Vislavic¢ius 2008,
etc.), which deteriorate over time and must be main-
tained using properly selected technologies and materi-
als (Cygas et al. 2011; Mudinis et al. 2009; Sivilevicius,
Sukevidius 2007, etc.).

Building and, especially, reconstruction and repairs
of highways call for the development of stone materials
manufacturing industry.

Copyright © 2012 Vilnius Gediminas Technical University (VGTU) Press Technika
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Increasing need for stone materials may be satis-
fied by a wide use of industrial waste and secondary re-
sources. In road building, slag of ferrous and nonferrous
metallurgy is one of the most popular wastes which are
increasingly widespread with every year.

Accumulation of a considerable quantity of second-
ary materials in the form of slag and the necessity to
utilise this slag resulted in a number of works seeking
for possibilities to use such slag for road construction.

Due to certain properties (chemical, mineralogical
structure and frost resistance), slag is a valuable raw ma-
terial for preparation of macadam materials and mineral
binders serving as a base for asphalt concrete mixtures
and manufacturing of cement emulsions, which are
widely used in road paving.

As cement, crushed materials and mineral pow-
der require considerable material and energy resources
at production, use of slag as replacement material will
result in considerable reduction in fuel, electric power
and manpower costs. In general, the cost price of road-
building materials manufactured from slag is 2 times
lower in comparison to similar products manufactured
from natural rock materials.

Thus, the necessity and urgency for slag recycling
in the area of road construction involving considerable
materials consumption is beyond question.

2. Literature Review

The problem of utilising (or using) steel (or other metal)
slag as an aggregate in asphalt mixtures or for road con-
struction has been investigated by researchers of various
countries for many years now. A survey of some papers,
dealing with the mentioned problem directly or in-di-
rectly, is provided below.

A research carried out in the USA by Hunt and
Boyle (2000) described that in 1994, steel slag test and
control sections were constructed in Oregon to evalu-
ate the use of steel slag in hot mix asphalt concrete
(HMAC). The research covers the construction and five-
year performance of a pavement constructed with 30%
steel slag. Asphalt concrete can be produced and the
pavement constructed readily when crushed steel slag is
used as a portion of the aggregate. If the unit cost of steel
slag modified mixes is the same as conventional dense
graded mixes, overall project costs may increase because
of the decrease in coverage by the heavier steel slag mix.
For the test section of HMAC constructed with 30%
steel slag, the coverage was 15% less than a conventional
‘B" mix. Reported increased resistance to rutting and im-
proved skid resistance was not measured during the five
years the pavements have been monitored. The differ-
ences between the two sections may not be measurable
because only 30% steel slag was used in the test mix and
the slag was finer than the conventional %- to %-inch
(12.7+6.3 mm) material it replaced. To date, both the
control and test sections are performing satisfactorily.

Another research carried out in Turkey by
Ahmedzade and Sengoz (2009) presents the impact of
steel slag as a coarse aggregate on the properties of hot

mix asphalt. Four different asphalt mixtures contain-
ing two types of asphalt cement (AC-5 and AC-10) and
coarse aggregate (limestone and steel slag) were used to
prepare Marshall specimens and to determine the op-
timum bitumen content. Mechanical properties of all
mixtures were evaluated by Marshall stability, indirect
tensile stiffness modulus, creep stiffness, and indirect
tensile strength tests. The electrical sensitivity of the
specimens was also investigated in accordance with
ASTM D257-91. It was observed that steel slag used as
a coarse aggregate improved the mechanical properties
of asphalt mixtures. Moreover, volume resistivity values
demonstrated that the electrical conductivity of steel slag
mixtures was better than that of limestone mixtures.

A research carried out by a group of Slovenian and
Croatian scientists (Sofili¢ et al. 2011) aimed to explore
the feasibility of utilising steel slag as aggregates iff as-
phalt mixtures. Characterisation of electric arc furnace
slag was carried out through examination of its physi-
cal and chemical properties with a special emphasis on
chemical and structural characteristics. Optical micros-
copy, x-ray diffraction, scanning electron microscopy,
energy dispersive spectrometry and y-spectrometric
analysis were employed to study the texture, morphology
and composition of steel slag. Volume properties of steel
slag were also evaluated as compared to those of natural
aggregates. For this purpose, the specimens of electric
arc furnace slag were taken from the regular produc-
tion processes in Croatian steel mill. The results which
were obtained by testing geometric, physical-mechanic
properties, as well as the properties of duration on the
specimen of electric furnace steel slag of Croatian steel
mill, when compared to steel slag properties of other
steel producers (steel mills in Slovenia) and with prop-
erties of natural aggregates, have satisfied the conditions
for manufacturing mixtures of the tested steel slag and
natural stone, which can be used in asphalt production.
In comparison to the natural aggregates, which are used
in asphalt mixtures on highways and roads with heavy
traffic, the examined steel slag has equally good physi-
cal and mechanical properties, while it is significantly
better when it comes to resistance to polishing. Special
attention has been given to the free CaO and free MgO,
which can cause volume instability, thus limiting the use
of steel slag in road construction.

A research carried out by Jordanian researchers (Asi
et al. 2007) was intended to study the effectiveness of
using steel slag aggregate in improving the engineering
properties of locally produced asphalt concrete mixtures.
There are three major steel-manufacturing factories in
Jordan. All of their by-product - steel slag - is dumped
randomly in open areas, causing many environmental
hazards. The research started by evaluating the toxicity
and chemical as well as physical properties of the steel
slag. Then 0%, 25%, 50%, 75%, and 100% of the lime-
stone coarse aggregate in the asphalt concrete mixtures
was replaced by the steel slag aggregate. The effectiveness
of the steel slag aggregate was judged by the improve-
ment in indirect tensile strength, resilient modulus, rut-
ting resistance, fatigue life, creep modulus, and stripping
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istance of the asphalt concrete samples. It was found
¢ replacing up to 75% of the limestone coarse aggre-
Fgate by SSA improved the mechanical properties of the
Kgbhalt concrete mixtures. The results also showed that
ahe 25% replacement was the optimal replacement level.
gde  In a research, which was carried out by American
k-emtd Australian researchers (Wang et al. 2011), air-cooled
B- pckel slag was evaluated for highway construction ap-
ﬁnﬂons as an aggregate in hot-mix asphalt. The air-
£ tholed nickel slag is a liquid co-product of nickel pro-
: fimction that is solidified under ambient conditions. The
¥ Mboratory evaluation programme, which was carried
E-out to determine the characteristics of the air-cooled
k- mickel slag, included testing of physical and mechani-
; tal properties, petrographic examinations, and hot-mix
g #sphalt mixture designs. Accelerated laboratory test-
i ing was completed on the mixtures by using an asphalt
E ent analyser to assess their performance charac-
f teristics. Additional testing included autoclave disrup-
- tlon tests for free lime and free magnesia, chemical and
. mineralogical analyses, polished stone value, and aggre-
i gate abrasion value. This study indicated that suitably
Focessed nickel slag was environmentally, mineralogi-
F qally, and physically stable. From the accelerated labora-
P tory testing that was completed, it was concluded that
... thie air-cooled nickel slag was suitable for use as coarse
¢ and fine aggregates in hot-mix asphalt. The research also
% presents the use of nickel slag in highway construction.
) A research carried out by Omani scientists (Has-
 san, Al-Jabri 2011) reports a laboratory study investigat-
f  ing the use of granulated copper slag as a fine aggregate
b in hot-mix asphalt concrete. Marshall-mix design was
i performed on different blends of aggregate containing
E up to 40% copper slag. The dynamic modulus E* test,
" a8 a primary material property input in the Mechanis-
tic-Empirical Pavement Design Guide (ME-PDG), was
conducted at different frequencies (0.1 to 16 Hz) and
temperatures (25 to 60°C). E* master curves and shift
factors were developed for the control and slag mixes.
The developed curves were compared with the Witczak
predictive E* model for Levels 2 and 3 of the ME-PDG.
The results indicated strength reduction as slag con-
tent increases in the mixtures compared to the control
mixture. The developed master curves and shift factors
were compared with the Witczak predictive model. The
results of stripping potential evaluated by the indirect
tensile strength indicated a reduction in strength, but
the tensile-strength ratio was superior to that of the con-
trol mixture. The results indicated a good potential for
using copper slag as an aggregate in asphalt mixtures
and provided the essential material characterisation for
using the material in the ME-PDG method.
Summarising, steel slag aggregate is a 100% recy-
cled and engineered product with a great potential as
replacement to naturally occurring aggregates in road
construction projects due to its physical and chemical
properties. Most projects involving steel slag aggregate
were incorporating this aggregate type in lower qual-
ity applications such as road-base rather than wearing
course. However, steel slag aggregate was reported to
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exhibit higher porosity, superior adhesion with binder
due to its surface structure and chemical content, and
favourable shapes. Pore continuity in steel slag aggregate
may improve water permeability in asphalt mixtures and
improve skid resistance and aquaplaning, while the su-
perior adhesion with bitumen may address the problem
of stripping and moisture related damage on pavement.
These characteristics may improve the performance of
asphalt mixtures and road safety level. Carried out stud-
ies also suggested that asphalt mixtures incorporating
steel slag aggregate may also improve rutting and crack-
ing resistance. From the economic point of view, utili-
sation of steel slag as road construction aggregate may
reduce the cost of extracting and processing naturally
occurring aggregates. The steel industry may also reduce
costs for treatment and disposing of a vast number of
steel slag stockpiles. With increasing pavement lifespan,
the maintenance cost might also reduce, thus providing
more funds for other development projects. On its im-
pact at preserving the environment, utilisation of steel
slag aggregate in various ways may directly reduce both
the dependence on naturally occurring aggregate and
the number of raw material-extracting projects. On the
other hand, incorporating steel slag in road construc-
tion projects may reduce areas required for landfilling
(Li et al. 2012; Takahashi et al. 2011; Schram 2011; Hari-
tonovs et al. 2010; Deniz et al. 2010; Shen et al. 2009;
Shatnawi ef al. 2008; Chaurand et al. 2007; Wu et al.
2007; Yeremin 2000; Kandhal, Hoffman 1997). /

3. Experience of Ukraine
and the Research by Authors

In the previous century, the Draft State National Pro-
gram on slag recycling to be applied in road construc-
tion was developed in Ukraine.

Since then, slag wastes have been actively used in
other industry branches; however the road construc-
tion sector had practically no access to these materials.
Nowadays, the use of slag materials in road construction
and road repair is gaining urgency again.

During the recent years, metallurgical and phos-
phoric slag has been increasingly used in road construc-
tion. Metallurgical slag is usually classified into ferrous
(black) and nonferrous slag. Ferrous metallurgical slag is
classified into blast-furnace, steel-smelting and ferroal-
loy types.

The slag structure is the principal factor defining
properties of slag, depending on the chemical com-
pound and the cooling mode.

In blast furnace, the crystallised part of slag is pre-
sented by more than twenty minerals, with their density
exceeding 3 g/cm’.

Electric steel-smelting slag has a dense micro-por-
phyric structure, and basically consists of silicates with
admixtures of other minerals. Nonferrous metallurgical
slag has a vitreous crystallised structure. Phosphoric
slag is of a light grey colour. The slag mass is completely
crystallised.

The research focused on the use of different types
of slag in road construction in Ukraine.
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javing analysed the data given in Tables 1 and 2,
Y come to a conclusion, that for research pur-
JpDasic electric steel-smelting slag (SiO, < 28.3%,
31 with a surface specific for igneous rocks, as well
petstant chemical compound, is agreeable. Neither
pducts or metal granules nor other impurity
23 were revealed. As a whole, the chemical com-
dectnc steel-smelting slag is similar to natural
B stone materials of basaltic type. According to
factor (K = 1.84), the material corresponds
Pt-st grade, except for MnO content (5.6%) that is
inificar yincreased.

- --~ to the Departmental Building Rules
¥ V.2.3-218-189:2005, electric steel-smelting slag
faested for the research represents a mixture of
gee-grained crushed material and is considered as
material, which can be used in road construc-
40 arrangement of road pavement reinforced with
, inorganic (cement and lime) and organic (bitu-
) binders.

~3 At the use of electric steel-smelting slag with a high
Mipenting capacity and ability to create a monolithic
aerproof basis at compaction and humidifying, ce-
Bt and lime react as activators.

:  Physical and mechanical properties of crushed
aterial produced from electric steel-smelting slag are
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Fig. 3. Quality factor of slags by grades, according to the
Ukrainian Standard GOST 3476-74
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presented in Table 3. For comparison, parallel trials of
granite crushed material, taken from the Klesivsky Quar-
ry (Ukraine) were executed.

Having analysed the data presented in Table 3, we
may come to a conclusion, that physical and mechani-
cal properties (strength, crushability and water absorp-
tion) of crushed material produced from recrement slag
are higher, than the ones of granite, and they meet the
requirements of the Ukrainian Standard DSTU B V.2.7-
74-98, which means that this material can be used for
arrangement of pavement layers and for road-base man-
ufacturing.

It is known that binding properties of slag pro-
duced by metallurgical plants are characterised and de-
fined using the following indicators:

» hydraulicity - strength at compression of samples
produced by tamping the mix of crushed slag and
water;

« resistance to disintegration of slag mix samples in
water;

» swelling of slag (mineral) powder;

e hardening time.

Definition of these indicators was carried out and

the research results are presented in Table 4.

Having analysed the data presented in Table 4, we
may come to a conclusion, that electric steel-smelting
slag has sufficient binding properties, which will prolong
working life and enhance strength of constructive layers
of road pavements when applied.

Table 4. Binding properties of electric steel-smelting slag

Indicators Test results
Strength at compression [MPa] 8.5
Resistance to disintegration [%)]
Silicate steel-smelting slag 0.9
Ferrous steel-smelting slag 1.8
Swelling [%], not less than 58

Hardening time (the beginning

of hardening), in minutes 14

Table 3. Physical and mechanical characteristics of crushed material produced from electric steel-smelting slag

Crushed material produced Granite crushed material

Average density [g/cm?]
Bulk density [kg/m"]

Porosity [%] o

Water absorption [%]

Grade according to frost resistance

‘Grade according to crushablllty

Hardness in 10-point scale [pomts]
Grade according to abradablllty

. Strength at compression in the cylinder [MPa]

from electric steel-smelting slag (Klesivsky Quarry)
3.45 4.20

- 384 o 435
1800.00 o © 1850.00 -
- 540 o "~ 7.50 -
- 210 - 3.40 )

High, F150  High, F 150
- M 1200 - M 1000 o

— _ —

High, ST-1 High, ST-1

Content of lamellar (hearth bottom) and needle-shaped grain

7.40 5.40

Cube-shaped group, 12 Cube-shaped group, 15 -

Clay content in clots
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Due to the fact that crushed material and mineral 100
powder produced from slag will be used for prepara- 90

.‘"I'i"’""";

tion of asphalt concrete mixtures, the research of organic 80 Sotesiess IS
binder (bitumen) adhesion properties was carried out. 70 EEEEEEEEEEEEE 7 7
The research results are presented in Table 5. 60 KRB
According to Table 5, it is obvious that high adhe- %30 KOS /
sion of a binder film is retained not at all crushed mate- ;‘g §E§E§E§E§E§E§ /
rial surfaces (5 points). 20 R,
It should also be noted that in case of granite 10 : '. Z
crushed material, the indicator of adhesion is lower. O
The proce dure of definin g physi cal and mechanical DSTU 8 v.2.7-121-2003 Electric furnace steelmaking slag
properties of mineral powder produced from slag was Ed grains smaller than 0.071 grains smaller than 1.25
carried out according to the Ukrainian Standard DSTU Fig. 4. Content of particles [% of mass] according to the
B V.2.7-121-2003. Ukrainian Standard DSTU B V.2.7-119-2003
The research results are presented in Table 6 and Fig 4. .
According to the Ukrainian Standard DSTU B
V.2.7-121-2003, mineral powder produced from electric e crushed material produced from slag, mineral
steel-smelting slag meets the requirements for powders powder produced from electric steel-smelting slag
of 1-st grade, as not activated. (2-nd grade).
Then, the research on physical and mechanical The research results are presented in Table 7 and
properties of asphalt concrete of types ‘A’ and ‘B, of as- Fig. 5.
phalt concrete (1-st grade and 2-nd grade) mixture was The research results proved that the asphalt con-
conducted: crete mixture with its mineral part produced from slag
"« includes the entire mineral part of slag material is characterised by higher strength indicators but lower
(1-st grade); water saturation and swelling quality indicators.

Table 5. Definition of cohesion ability of the surface of crushed material produced from slag with bitumen binder
(bitumen grade - BND 90/130)

Properties Mass Mass of slag grain [g] Properties of bitumen ﬂrface film ofiock
of sli)g grain of slag Crushed Including Integrity of film Assessment of
surface graln  material with binder ilm  binder, [%] Integrity degree of binder film cohesion ability
8] binder film  after test of mass
Binder film remained on the
‘Thoroughly crushed material surface over Satisfactory
vitreous 104.2 106.5 106.0 48.5 50%, in some places the thickness (3 points)
reduced
50% of surface ~ Binder film remained oﬁhe _Satisfactory
is vitreous °6.3 >8.2 273 9.5 crushed material surface over 50% (3 points)
Rough, partially Binder film remained on the Perfectly
vitreous 84.5 58.4 88.0 81.0 surface of crushed material (5 points) B
Thoroughly Binder film partially disintegrated Perfectly
rough 5.6 459 5.8 96.5 from the crushed material surface (5 points)

Table 6. Physical and mechanical properties of mineral powder produced from electric steel-smelting slag

indicat Requirements according to the Ukrainian Results

niCaion Standard DSTU B V.2.7-121-2003 obtained
Content of particles [% of mass], not less than
grains smaller than 0.071 mm 70 89
grains smaller than 1.25 mm 100 100
Porosity at compaction of 40 MPa, [% of volume], not more than 35.0 264
Swelling of samples produced of powder and bitumen mix

2.5 1.8

[% of volume], not more than
Bitumen content indicator[g], not more than 65.0 59._0_
Moisture content [% of mass], not more than 1.0 0.8
Density [g/cm”] - 2.74
Water repellency factor — 0.96

Quantity of argillaceous admixture [%], not more than 5.0 4.9
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8. L Fig. 5. Changes in compressive strength limit of asphalt
F *"- concrete of 1-st grade and 2-nd grade, depending on
temperature

i According to the results of the research, the ma-
) terial may be recommended for preparation of asphalt
¥ concrete mixtures to be laid into the base courses of

highways of the 1-st and 2-nd categories and for top lay-
ers of local roads of the 3-rd and 4-th categories.

5. Conclusions

1. The research showed that the electric furnace steel
~ slag can be used as crushed rock aggregate and min-
eral powder in road structures for preparation of
asphalt mixture. Sufficiently high hydraulic activity
allows recommending its use as an inorganic binder
with addition of portland cement and lime.

2.Crushed slag, compared with crushed granite, ensures
better performance indicators pertaining to road
structure layers. For this reason, increase in service
life (especially during the first five years) is observed.
Thus, due to the use of electric furnace steel slag,
durability of road structures can be increased, their

cost - significantly reduced, and the construction sea-
son - extended.

~ References

Ahmedzade, P; Sengoz, B. 2009. Evaluation of steel slag coarse

aggregate in hot mix asphalt concrete, Journal of Hazardous
Materials 165(1-3): 300-305.

http://dx.doi.org/10.1016/j.jhazmat.2008.09.105

g
2 = -
Asphalt concrete mixture < S E
- W — 28 8
¢ T8 7 S
g °E 2%
E z® L£ER
il -st grade 2.44 14.2
8-nd grade 2.39 16.1
wequirements according to the Ukrainian 15+19

Table 7. Physical and mechanical properties of asphalt concrete of the I and II compound

135
Strength limit at compression
E B : [MIE{], at temperatures 5
Z : R~ -3 &
= 3 — L
o S o0 B o o O
@ S £ 3 O 7 7 = =
8 %S =92 & gy S . & G
S £48 £88 €88 Ys§ 5%
= N OE BRESdS Qed &S = @
2.8 0.3 0.9 3.8 9.6 (.98
3.1 0.5 0.6 3.2 10.8 0.92
1.5+3.5 0.5 1.2 2.5 12.0 0.9

Antov, D.; Abel, K;; Siirje, P; Rouk, H.; Réivas, T. 2009. Speed
reduction effects of urban roundabouts, The Baltic Journal
of Road and Bridge Engineering 4(1): 22-26.
http://dx.doi.org/10.3846/1822-427X.2009.4.22-26

Asi, 1. M.; Qasrawi, H. Y,; Shalabi, E 1. 2007. Use of steel slag

aggregate in asphalt concrete mixes, Canadian Journal of
Civil Engineering 34(8): 902-911.
http://dx.doi.org/10.1139/107-025

Chaurand, P; Rose, J.; Briois, V,; Olivi, L.: Hazemann, J.-L.;
Proux, O.; Domas, ].; Bottero J.-Y. 2007. Environmental
impacts of steel slag reused in road construction: A crys-
tallographic and molecular (XANES) approach, Journal of
Hazardous Materials 139(3): 537-542.
http://dx.doi.org/10.1016/j.jhazmat.2006.02.060

Cristoforou, Z.; Cohen, S.; Karlaftis, M. G. 2010. Vehicle oc-
cupant injury severity on highways: an empirical investiga-
tion, Accident Analysis and Prevention 42(6): 1606-1620.
http://dx.doi.org/10.1016/j.aap.2010.03.019

Cerniauskas, E.; KerSys, A.; LukoSevicius, V.. Sapragonas, J.
2010. Investigation of anti-intrusion beams in vehicle side
doors, Mechanika (6): 11-16.

Cygas, D.; Mutinis, D.; Sivilevi¢ius, H.; Abukauskas, N. 2011.
Dependence of the recycled asphalt mixture physical and
mechanical properties on the grade and amount of reju-
venating bitumen, The Baltic Journal of Road and Bridge
Engineering 6(2): 124-134.
http://dx.doi.org/10.3846/bjrbe.2011.17

Darguzis, A.; Sapragonas, J.; Pilkauskas, K. 2011. Dynamic
processes of a vehicle moving over step-shaped obstacles,
Journal of Vibroengineering 13(3): 536-543.

DellAcqua, G.; Russo, E. 2011, Safety performance functions
for low-volume roads, The Baltic Journal of Road and
Bridge Engineering 6(4): 225-234.
http://dx.doi.org/10.3846/bjrbe.2011.29

Deniz, D.; Tutumluer, E.; Popovics, J. S. 2010. Evaluation of expan-
sive characteristics of reclaimed asphalt pavement and virgin
aggregate used as base materials, Transportation Research
Record 2167: 10-17. http://dx.doi.org/10.3141/2167-02

Discetti, P. 2010. Experimental analysis on hairpin curves, The
Baltic Journal of Road and Bridge Engineering 5(3): 148~
155. http://dx.doi.org/10.3846/bjrbe.2010.21

DSTU B V.2.7-74-98. Krupni zapovniuvachi pryrodni, z vid-
chodiv promyslovosti, shtuchni dlia budivel'nych materialiy
vyrobiv, konstrukcij i robit (in Ukrainian).

DSTU B V.2.7-121-2003. Poroshok mineral'nyj dlia asfaltobe-
tonnych sumishej. Tehnichni umovi (in Ukrainian).




136 K. Krayushkina et al. Use of steel slags in automobile road construction

DSTU B V.2.7-119-2003. Sumishi asfal'tobetonni i asfaltobeton
dorozhnij ta aerodromnyj. Tehnichni umovi (in Ukrainian).

Gintalas, V. 2010. Possibilities for the improvement of the qual-
ity of design solutions in the gravel road reconstruction
projects, The Baltic Journal of Road and Bridge Engineering
5(3): 177-184. http://dx.doi.org/10.3846/bjrbe.2010.25

GOST 3476-74. Shlaki domenni i elektrotermofosforni
granulovani dlia vyrobnyc’tva cementu (in Ukrainian).

Haritonovs, V.; Smirnovs, J.; Naudzuns, J. 2010. Prediction of
rutting formation in asphalt concrete pavement, The Baltic
Journal of Road and Bridge Engineering 5(1): 38-42.
http://dx.doi.org/10.3846/bjrbe.2010.05

Hassan, H. F; Al-Jabri, K. 2011. Laboratory evaluation of hot-
mix asphalt concrete containing copper slag aggregate,
Journal of Materials in Civil Engineering 23(6): 879-885.
http://dx.doi.org/10.1061/(ASCE)MT.1943-5533.0000246

Hunt, L.; Boyle, G. E. 2000. Steel Slag in Hot Mix Asphait Con-
crete. Final Report State Research Project #511. Oregon
Department of Transportation. USA. 19 p. Available from
Internet: http://www.oregon.gov/ODOT/TD/TP_RES/
docs/Reports/SteelSlagHotMix.pdf ?ga=t

Ibitoye, A. B.; Hamouda, A. M. S.; Wong, S. V,; Radin, R. S.
2006. Simulation of motorcyclist’s kinematics during im-
pact with W-beam guardrail, Advances in Engineering Soft-
ware 37(1): 56-61.
http://dx.doi.org/10.1016/j.advengsoft.2004.12.002

Jia, P; Kato, H.; Hayashi, Y. 2009. Network impact evaluation
of the introduction of road and rail to a transport corridor
for developing cities, International Journal of Urban Sci-
ences 13(1): 81-101.
http://dx.doi.org/10.1080/12265934.2009.9693647

Kandhal, P. S.; Hoffman, G. L. 1997. Evaluation of steel slag
fine aggregate in hot-mix asphalt mixtures, Transportation
Research Record 1583: 28-36.
http://dx.doi.org/10.3141/1583-04

Ker3ys, A.; Pakalnis, A.; Luko$evicius, V. 2011. Investigation of
occupant fatalities and injuries during the impact of vehi-
cle and road safety barrier, The Baltic Journal of Road and
Bridge Engineering 6(1): 5-11.
http://dx.doi.org/10.3846/bjrbe.2011.01

Lazda, Z.; Smirnovs, J. 2011. Impact of permitted driving speed
on the design of urban street network in Latvia, The Bai-
tic Journal of Road and Bridge Engineering 6(4): 283-288.
http://dx.doi.org/10.3846/bjrbe.2011.36

Li, W,; Sun, P; Zhang, C. 2012. Laboratory test study on as-
phalt concrete with steel slag aggregates, Applied Mechanics
and Materials 152-154: 117-120.
http://dx.doi.org/10.4028/www.scientific.net/ AMM.152-
154.117

Miandoabchi, E.; Farahani, R. Z. 2011. Optimizing reserve ca-
pacity of urban road networks in a discrete network design
problem, Advances in Engineering Software 42(12): 1041-
1050. http://dx.doi.org/10.1016/j.advengsoft.2011.07.005

Mucinis, D.; Sivilevi¢ius, H.; Oginskas, R. 2009. Factors deter-
mining the inhomogeneity of reclaimed asphalt pavement
and estimation of its components content variation parame-
ters, The Baltic Journal of Road and Bridge Engineering 4(2):
69-79. http://dx.doi.org/10.3846/1822-427X.2009.4.69-79

Pelelitinas, R.; Prentkovskis, O. 2006. Influence of shock-ab-
sorber parameters on vehicle vibrations during braking,
Solid State Phenomena 113: 235-240.
http://dx.doi.org/10.4028/www.scientific.net/SSP.113.235

Prentkovskis, O.; Beljatynskij, A.; Juodvalkiené, E.; Prentkovs-
kiené, R. 2010. A study of the deflections of metal road

guardrail post, The Baltic Journal of Road and Bridge Engi-
neering 5(2): 104-109.
http://dx.doi.org/10.3846/bjrbe.2010.15

Santos, B. F.; Antunes, A. P; Miller, E. ]. 2010. Interurban road
network planning model with accessibility and robustness
objectives, Transportation Planning and Technology 33(3):
297-313. http://dx.doi.org/10.1080/03081061003732375

Sapragonas, J.; Darguzis, A. 2011. Model of radial deforma-
tions of protector of vehicle tire, Mechanika 17(1): 21-29.
http://dx.doi.org/10.5755/j01.mech.17.1.199

Sapragonas, J.; Makaras, R. 2011. Investigation of movement of
the off-road vehicles under roadless conditions, Journal of
Vibroengineering 13(2): 334-341.

Sivilevi¢ius, H. 2011. Application of expert evaluation method
to determine the importance of operating asphalt mixing
plant quality criteria and rank correlation, The Baltic Jour-
nal of Road and Bridge Engineering 6(1): 48-58.
http://dx.doi.org/10.3846/bjrbe.2011.07

Sivilevi¢ius, H.; Podvezko, V.; Vakriniené, S. 2011. The use of
constrained and unconstrained optimization models in
gradation design of hot mix asphalt mixture, Construction
and Building Materials 25(1): 115-122.
http://dx.doi.org/10.1016/j.conbuildmat.2010.06.050

Sivilevi¢ius, H.; Sukevi¢ius, S. 2007. Dynamics of vehicle loads
on the asphalt pavement of european roads which cross
Lithuania, The Baltic Journal of Road and Bridge Engineer-
ing 2(4): 147-154.

Sivilevi¢ius, H.; Vislavi¢ius, K. 2008. Stochastic simulation of
the influence of variation of mineral material grading and
dose weight on the homogeneity of hot-mix asphalt, Con-
struction and Building Materials 22(9): 2007-2014.
http://dx.doi.org/10.1016/j.conbuildmat.2007.07.001

Schram, S. 2011. Specifications for aggregate frictional quali-
ties in flexible pavements, Transportation Research Record
2209: 18-25. http://dx.doi.org/10.3141/2209-03

Shatnawi, A. S.; Abdel-Jaber, M. S.; Abdel-Jaber, M. S.; Rama-
dan, K. Z. 2008. Effect of Jordanian steel blast furnace slag
on asphalt concrete hot mixes, Jordan Journal of Civil En-
gineering 2(3): 197-207.

Shen, D.-H.; Wu, C.-M.; Du, J.-C. 2009. Laboratory investiga-
tion of basic oxygen furnace slag for substitution of aggre-
gate in porous asphalt mixture, Construction and Building
Materials 23(1): 453-461.
http://dx.doi.org/10.1016/j.conbuildmat.2007.11.001

Sofili¢, T.; Mladenovi¢, A.; Sofili¢, U. 2011. Defining of EAF
steel slag application possibilities in asphalt mixture pro-
duction, Journal of Environmental Engineering and Land-
scape Management 19(2): 148-157.
http://dx.doi.org/10.3846/16486897.2011.580910

Sohn, K. 2011. Multi-objective optimization of a road diet net-
work design, Transportation Research Part A: Policy and
Practice 45(6): 499-511.
http://dx.doi.org/10.1016/j.tra.2011.03.005

Sokolovskij, E.; Prentkovskis, O.; Pecelitinas, R.; Kinderyteé-
Poskiené, J. 2007. Investigation of automobile wheel impact
on the road border, The Baltic Journal of Road and Bridge
Engineering 2(3): 119-123.

Takahashi, E; Shimaoka, T.; Gardner, K.; Kida, A. 2011. Size-
dependent enrichment of waste slag aggregate fragments
abraded from asphalt concrete, Journal of Hazardous Ma-
terials 194: 209-215.
http://dx.doi.org/10.1016/j.jhazmat.2011.07.086







VIHHOBALININ B CTPOVTENBLCTBE

UCTUHA HE NEXKMT HA NOBEPXHOCTH

HoBble reocuHTETYECKME MaTtepuanbl N 10p0XHOro CTponuTenbCrsa

® YBeAUULHIE CPOKOB CNYKDbI AOPOKHBIX KOEgTPYKLMH
o CHinxenne 00pasoBanig KonenHocTn
* Cokpauienne 00bero8 MCNONL30BAHUA MATeANOB, CPOKOB W 3aTPAT HA CTPOMTENBCTBO AOPOT

KAHBAJNAH 7 AMPONAT
FeononotHo leopeweTtka

® [lepBuyHbIA NONMNPONMNEH M BLICOKAS CTORKOCTL MATEPUAN0B
* (oBperMeHHoe 000DY0BAHHE 1 BLICOKOE KayecTBo

® [ibKie CxeMbl COTPYAHKHYECTRE

® [eXHIUECKOE CONPOBOXACHIE

susapb [ 2013




WCCNENOBAHUA

WCCNENOBAHWA

NPUMEHEHUE TPEXMEPHbIX FEOPELLETOK
A9 CTABMIN3ALNIN NEPEYBNRXHEHHDIX

TPYHTOB HA YKPAWUHE

Mpo6nemoii crabunu3aymm u cTolKOCTH NPMPOANDIX CKIOHOB
M OTKOCOB MCKYCCTREHHDLIX coopyxeHuil yxe Gonee cra ner
3aHMMAIOTCS YYeHbIe Bo BCEM MMpE, B TOM YMC/IE CneLManucThl
Hay4HO-HCCNEA0BATENLCKMX M NPOEXTHLIX opraHu3anuil Yxpaunbl.

- OHu npepnaraior pasnuunble cnocobbl, Kacaioluecs fopMbl
M Pa3MelLeHUs NOTEHLMaNbHON NOBEPXHOCTH CKOMbKEHU,
pa3pabarbiBaloT METORbI CTaBuAM3 ALK CABHIOONACHMIX YHACTKOB,
BHERpAIoT AthihexTuBHbIe MaTepHanbl, cNOCOGHbIE YNy LINTD
npoYHOCTHbIE CBOHCTBA FPYHTOBLIX coOpYMEHNH.

peau 60MbLWIOrO KONW4YecTea
MaTepuanoB, KOTopbie no-
BbIWAT NPOYHOCTL MPYHTO-
BbIX COOPYXEHWA, OOHUM W3
Cambix NEpCneKTUBHLIX CHU-
TaeTCsA reoTekCcTWNb, B YaCTHOCTWU Tpex-
MEpHble reopeleTkn. AKTyanbHOCTb
NPUMEHEHUS apMUPYIOLLIUX NPOCNOEK U3
reoTkaHen B naHHoW obnacTtu 06ycnos-
NeHa 3HAYUTENbHbIM  YMEHLWEHUEM
06beMOB 3eMNAHbIX paboT ¥ CTOMMOCTU
cTpouTenscTea. Kpome Toro, nosiens-
€TCA BO3MOXHOCTbL 60nee WWMpoKo Wc-
nonbL30BaTb MECTHbie MaTepuarnbl Npy
BO3BEAEHWA HaCcbINK 3EMNAHOrO NONOT-
Ha8 aBTOMOGWUIMBHLIX AOPOr U YBENNHUATL

pacHeTHbIA CPOK 3KCnayaTauun Oopox-
HOW KOHCTPYKUWW B LIENOM.

O6beMHbie rEeopeLleTkKn NPEeKpacHo
CNpaBnAIOTCA C TAKUMW (DYHKLMAMU, Kak
nonepeyHoe apMUpoOBaHWUE BLICOKUX Ha-
Chined Ha cnabblix U NepeyBnaxXHeHHbIX
rpyHTax W nNoBbILLEHWE O6LEeH YCTONuYN-
BOCTM OTKOCOB. [EOCWMHTETWKA TaKoro
TUNA OKa3biBAET BLICOKOE CONPOTUBNE-
HWE NPWU PacTAXEHWW, NPY 3TOM 6biBaIOT
3afecTBOBAHLI NpUMbIKAIOWMWE K NO-
TEeHUWanLHO HecTOWKOW 0651aCTU 30HbI
rpyHTOBOrO Maccwea, YTo Cnoco6CTBYET
OrpaHU4eHuNI0 CABUroBLIX gecgopmalni.

Y706bI yCMNELWHO BLINOMHUTL 3Ty
3sgady, Heo6xogMMO ONTUMArNbHLIM

06pa3aoM  pasMECTUTb  TPEXMEpPHYI0
reopeweTky B rpyHTE, 06ECneYus wx

= cuenneHue, 410, B CBOIO o4epedb, Tpe-

6yeT ToYHOro pacuera.

Mockonbky rpyHTOBLIE COOPYXEHUS
pa6oTaloT Ha cxaTue B B—15 pa3 nyy-
We, YeM Ha PaAcTAXEHUE, YKNaaka nio-
60oro BMAa reoTeKCTWNbHLIX MaTepua-
NOB B HUXHIOK 4aCTb OTKOCA, TO BCTb

- B 30HY NaCCUBHOro COCTORHWA, 3HA4U-

TeNbHO YMEHbLIAeT apMUPYIOWKNA ad-
gekT. U3-3a aToro He NnpeacTasNaeTcs
BO3MOXHbIM B NONHOM MEPE UCNONL30-
BaTb WX pacYeTHbIE CBOWCTBA.

Aranua cneuwanbHOM NUTEpaTypbl
NoKasbLIBaeT, YTO Ha CEroAHAWHUA
[EHb He CYLLecTBYET Hay4HO 0GOCHO-
BAHHOrOD METoAda, KOTOpbIA NOMOr 6bl
onpeaennTb  payunoHanbHoe MecTo
NpOCNOEK U3 reoTEKCTUNS B NOTEHUU-
anbHO HECTOMKOW 06MacTy FpyHTOBOro
maccupa. B pnaHHOM cnyyae Heo6xo-
AMMO y4UTbIBATL CBOACTBA FPYHTOB U
(hU3UKO-MEXAHUHECKNE XapaKTepUCTU-
KW reocuHTeTuku. BoamoxrnocTe npu-
MEHEHWS TOr0 UMW WHOro MaTepuana
[ONXHAa NOATBEPXAATLCA pacyeTamu,
W, KOHEe4YHO, 6e3 ckpynyne3Hbix Uccne-
L0BaHWA 34ecb 060ATUCE TPYAHO.

B HacToswen pa6oTe npuBegeH npu-
Mep UCNONb30BaHWA TPEXMEPHON XECT-
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ko reopeweTku Tensar mapku TX gns
yKpenneHus 3eMnaHoro nonoTHa Ha
Y48CTKE CO CnNaBHbIMY rPyHTamMy B NoR-
Me peku TalleHak npv CTpoOWTENbCTBE
aBTOMOGUNBLHOW poporu B 06xof ropoaa
MenuTonons 3anopoxckoi o6nacTu.

OnbiTbl NPOBOAUNUCE B NabopaTopum
CEeKTOpa JOPOXHO-CTPOUTESNbHBLIX MaTe-
pvanos locynapcTBEHHONO OOPOXHOrO
Hay4HO-UCCNEe[OBaTENLCKOr0 UHCTUTY-
Ta um. M.MN. Wynbruda (Kues). Pacuer
Heob6Xx0auMOCTU U LieNecoo6pa3HocTy
NPUMEHEHWUA TPEXMEPHbIX XECTKUX pe-
weTok Tensar mapku TX 6bin BbINONHEH
cneunanuctamu M «focpopHUW» no
MEeTofly KPYrnouvuMHAPUYECKUX fo-
BEPXHOCTEN CKOSIbXEHUS C Y4ETOM
CEUCMUYECKUX ABNEHUA,

B xope naGopaTopHbIX WCMbITAHWRA
rPyHTOB YCTAHOBMEHO, 4TO B OCHOBE
3EeMNAHOr0 MOMOTHA 38MerawT FNHb
nerkve nblnesaTble, TEKYYENNACTUYHbIE
W MAFKOMNacTU4HbIE, C NPUMECAMU Op-
raHuyeckux sewiecTs (oo rny6uHbl 1,7—
2.3 M). Huxke no pa3peay — CyrnyMHOK
TAXENbIA NbINEBATHIA, TYTONNACTUYHBIA,
YpoBEHb rpYHTOBLIX BOJ HA MOMEHT OT-
6opa o6pa3yos coctasnan 0,0-0,1 m.

Pesynstatei  uccnenoBaHun npo6bi
rpyHTa nNpuveefeHbl B Tabn. 1.

B cBa3u c Hanuuvem cnaboro nepe-
YBMaXHEHHOrO FPpyHTa 3EMsHOro no-
NOTHAa NPEQNAaraeTcs Takas KOHCTPYKLWUS
(puc. 1): Ha XECTKylo TPEXOCHyH reo-
pewetky Ternsar OTCbINAETCH CMOW LEGHS
TonumHon 30 cm; 3aTeM — Criow necka
40 cM. OopoxHas 0aexaa — Mo NpoexTy.

XapaxkTtepucTuku reopewetok Tensar
mapku TX npeacTaBneHb! B Tabn. 2.

Heo6x00uMMo OTMETUTL, YTO:

B XXECTKOCTb MPpU BPaLIEHVA B NNaHe
n3amepeHa B cooteeTcTeuu ¢ U.S. Army
Corps of Engineers Methodology for
measurement of Torsional Rigidity
(Kinmey, T.C. Aperture Stability
Modulus rev 3.1.2000);

B XECTKOCTb NpW Ha4anbHon aedop-
Mauvvy ONpeAeneHa B COOTBETCTBMM C
ISO 10319:1996;

B YCTOW4UBOCTb K NOTEpE NPOYHOCTU
WNK CTpYKTYpHOW LIENOCTHOCTW NpWU no-
MafaHnM B 8rpecCYBHYID XUMWUHECKYIO
cpegy — no EN 12960, ISO 13434 :
1999 (7.3};

B YCTOAYMBOCTb K NOTEPE MPOYHOCTW
VW CTPYKTYPHOR LIENOCTHOCTU NPy Npsi-
MOM BO3[EACTBMW yNbTPacMoNEeTOBOrO
uany4exus B TeveHue 500 4acos — no
EN 12224, IS0 13434: 1999 (7.2);

B YCTOAYMBOCTb K NOTEPE NPOYHOCTU
WK CTPYKTYPHOW LIENOCTHOCTA NpU Me-
XaHUHEeCKOM BO3AENCTBUWA B npouecce
YKNagKku ¢ UHEpTHbIM MaTepUarnom, Ko-

[l coporu. Siheaps/2013

Tabnuya 1
Pesynstars nceneponannii fhuznuecxux caoics rpynta s noime pexn Tauenax

H_asaa_mk rpyma

RHCNSPCHDIE
FPYHTOL
fpynna
conatLIe
Bng
ITIMHACTBIE
Paznosnpgrocts
o, [TIAHA TEKYMONNACTAYHEN, NEPOYBIaXHEHHBS

Puc. 1. KoRCTpyKUMA 3EMARHOro NOROTHA:
1 — ecrecTBeHHblil rpyHT; 2 — reopeuweTka MECTKan TpexocHan; 3 — cnoil
we6nn 30 cm; 4 — cnoii necxa 40 cm (I(‘ = 1-5 m/ecyr.) ; 5 — TENO Hacbink;

6 — popomuan opgexpa

hpuna pynoxa
(nanepeyHan)

[Onwis pynoxa
(nponanaHas}

Puc. 2. [eoMeTPMUECKME XAPAKTEPMCTUNN
reopewerxu Tensar

TOpbLIA KnaccuguuMpyeTCca Kak dpak-
LUNOHWUPOBAHHLIK Lie6eHb, — no BS
8006 : 1995;

W OTHOWEHWE MUHUMANLHOMD U Mak-
CMManbLHOro 3HBYEHWUA XECTKOCTU Cpe-
Abl BCEX HANpaBneHWA Harpysku onpe-
AeneHo ¢ obecneveHHOCTbI0 95%.

leopeiueTka U3roToBneHa B CODTBET-
CTBUWM C CACTEMOA, KOTOpasi OTBE4aeT
Tpe6oBaHuam BS EN ISO 9001:2008.
OHa BbINONHEHA U3 NEpPOPUPOBAHHOID
nucTa nonNunponuWneHa, KoTopblA aanee
pacTArMBaeTCA B BbICOKOTEMAEpPATYp-
HOW Kamepe TakK, YT06bt NOMy4YeHHbIE
pe6pa UMENN BLICOKYIO CTENEHb MONE-
KYNSApPHOM OpraHAsauuW, YTO pacnpe-
aensetca » Ha y3en. leomeTpuyeckne
XapaKTepucTukM reopeweTtku Tensar
npuBoaNATCS Ha puc. 2.

Ha o0cHOBaHWM WCXOMHbLIX [AHHbLIX
(tabn. 3) coctaBneHa pacHeTHas cxe-
ma (puc. 3). leopeweTka Tensar map-
kn TX 6bina pasMelleHa B OCHOBAHUW
AOPOXHOrO NOMOTHE  ONTUMANbLHBLIM
o6pasomM. CooTBeTcTBylowme MoKa3sa-
Tenu ceepneHs! B Tabn. 4. lNoseneHue
recTeKCcTUNLHOrD MaTepuana B rpyHTE
MOXHO OLEHWTb NO PECHETHLIM Nnapa-
MeTpaM, NpefcTaBNEHHbIM B Tabn. 5.
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Tabnuya 2
Du3uxo-MoxXaNNyECKNS XapaxTBpNCTHNN reopewerox Tensar mapun TX

Tabnuya 3
Hexogusie ganusie gns paciera

0 = yoKOpe!MB CaBORHOrD | |ICXOWBIE ARG
nafexws {rpasutaLpionHos) IA&,s'OJO[

0o3;

Tabnuya 4

\ |
Koatsumenr ’
| s3aumopen- ’[ Dukcauus §

] 5 |
Tun TMETHA i fnuna, ! Mokpby-

RUETKH
PEUIBTHA P ! M | Tne, %
Y, M

Tabnuya 5§
Pacyernsie napamerps: mecruod rpexocuol reopewerxy Tansar mapxu X s rpynre

Koaidsmuyuent
BIAWMOAEACTBAA
N0 CMEWEHUIO,

I
Jucrpanonfyun 1 flospexnpe- I Bnusuue L
# ROBEpUE NPO- HUA NP | OKPYKAIOWENR ’
w3soncey, |, | moutaxe, f, | cpepst f,

PapuanbHbId MDAYAL ;
ynpyrocru/neopmanun, !
uH/m npu 0,5% (min) &

————— leopewerxa
XECTKBS TPEXOCHAA

3. Cyrnuox

4. Uijsbemy

1. [nwHa TekyennacTU4Hag

2. CyrnuHOK TYronnacTuyHeiA

O4eBWAHO, 4TO XEBCTKAs TPEXOCHas
reopeweTka NofHOCTLI COOTBETCTBY-
€T Tpe60BaHUAM K apMUPYILLUM Co-
fM U MOXET BbITb UCNONL30BaHA ANA
YKpPERMEHWA cNaboro rpyHTa B nNowme
peku TaweHak. Mo okoH4aHWKU nccne-
[0BaHWA 6biN coeNaHbl crneaylowue
BbIBOAb!:

1. MposeneHHoe o6cnegosaHwe cna-

- 6070 rpyHTa aBTOMDGWBLHOW AOPOrM

ob6xoga ropoga Menutonona (noima
pekn TaweHak) v BbiNONHEHWE HEO6X0-
OAMbIX pacyeToB NOKa3ano, 4TO Hau-
6onee NOAXOAALLMM MaTepuanom ans
YKpPENMEHWA SBSETCH NPOCTPaHCTBEH-
Has XEeCcTKan TpexocHad reopeweTtka
(Hanpumep, reopeLueTka Tensar Mapku
X 170).

2. PacueTt nogreepaun Heo6xo4u-
MOCTb NPUMEHEHUS reopeLiLeTku Tensar
TX 170 ansa ykpennexwus cnaboro rpyH-
Ta Npw yCTPOMCTBE 3EMNAHOro N0NOTHA
Ha 3TOM y4acTKe.

3. [puBeaeHHble hU3NKO-MeExaHK-
Yeckue CBOWCTBAa reopeluetku Tensar
mapku TX 170 cBuOeTENLCTBYIOT, YTO
3TO MaTepuan C BbiCOKUMWU 3HaYeHUs-
MW NPOYHOCTM W MOAYNS| ynpyrocTtw,
TO ecTb OH GYAET BblOEepXuBaTb Ha-
TPY3Ky OT rpPYHTOBbLIX COOPYXEHWA, He
fonyckas ocafoK, OMON3HeR U Apyrux
nedopmaumin.

4. [eopeweTkn XecTKue TpexoCHble
AOCTATOYHO LLUMPOKO WMCNONbL3YIOTCH Ha
noporax YkpauHbl U NON0XUTENLHO CE6R
33pEKOMEHA0BANK NPU YKNapKe B pas-
NWYHBIX CNOAX JOPOXHbLIX KOHCTPYKUUA,

E.B. Kpawownxuna,

3asefyouas cexToioM
AOPOXNO-CTPONTEIbNLIX MATEPNANOoB
I «locaopHii»

AA. benarsincuuil, 4.1.1., npotheccop,
3a8. xagheapoil pexoNcTpyxyun
aaponopros  astogopor Haynonansworo
asuaynonnoro yuusepcurera (Kues)
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T. 10. XuMepukK, KaHA.TE€XH.HayK,
K. B. Kparowkina

BA3AJIbTOBOJIOKOHHI CITYATI ITPOIIAPKHA
JJIA INIACAJIEHHSA ITPOI3HOI YACTHHHA
I Y3514 ABTOMOBLIBHUX JOPII'

BHKOpHCTaHHS T€OCHHTETHYHUX PYJIOHHHX CITYAaCTHX IpOLIApPKIB — HOBHH
HampsMOK y BITYM3HSHIN Ta 3apyOixkHIH NMPaKTHUIl JOPOXXHHOro OyniBHHLITBA.

B Hamr yac B YKpaiHi BUIIYCKAIOTHCSA 1 BAKOPUCTOBYIOTHCS B IIapax JOPOKHb-
Oro OASIY CITKH BITYM3HAHOIO BHPOOHHIITBa — CKJI0BOJOKOHHI Mapku (HIIC) 1 6a-
3an6T0BOJIOKOHHI (BB) Ta “HATELIT” Bupo6HHUTBA HiMEeU4HHH.

BpaxoByroun 6€3MexHy CHpOBHHHY 0a3y TipChbKHX IOPIiJ, IO € BUXIJHHUM Ma-
TepiaioM Ui OTpHUMaHHA Oa3aIbTOBUX BOJIOKOH, KOMIUIEKC LIHHHX €KCILTya-
TaliHHUX XapaKTEPUCTHUK BUPOOIB Ta KOMIIO3UTIB Ha iX OCHOB1 MOXKHA CTBEPJIKYBaTH
OpO MEPCHEKTHBHICTh Ta €KOHOMIYHICTh iX BHKOPHCTAHHSA SK apMYIOIOYHX HpO-
IIApKiB MPH PEMOHTAaX ICHYIOYMX Ta OYIIBHHLTBI HOBHX aBTOMOOUIBHHX AOpIr Yk-
paiHu.

€ nBa crocoOM apMyBaHHS JOPOXXKHIX KOHCTPYKILIH — OCHOBH 1 6e3mocepen-
HbO MTOKPHTTSI.

[Ipn apmyBaHHI OCHOBH 0a3aJIbTOBOJIOKOHHY CITKY YKJIaJalOTh Ha KOHTaKTI
mebeHeBOro mapy 3 rpyHTOM 3eMJISHOTO MOJIOTHA ab0 MiCYaHHM MiACTUIILHHM IlIa-
poM. B KoHTaKTHIi 30HI CUCTEMH “IE€OIHb-MIACTUILHUN TPYHT’ CITKA CIPUAE 3HH-
’KEHHIO pO3paXyHKOBUX aKTUBHUX 3CYBHHX HANpYT B IPYHTI 1 MABHILEHHIO MILIHOCTI
JOPO>XXKHIX KOHCTPYKLIH 32 KPUTEPIEM 3CYBY.

Kpim TOro, 3aiiCHIOETbCS MIACUIEHHS JOPOXXHBOTO OJAATY 1 MONEPENKYETHC
JIEpeMIILEHHS MaTepiaiB KOHTAKTYIOYHX IIapiB.

EdexT apMyBaHHS MpOSABISETbCS 3aBAAKH CYMICHOI poOOTH CITKHM 3 HHCKpET-
HUM MaTepiajioM OCHOBH, IO 3a0e3MeYy€eThCS iX 3UCTICHHAM.

BukopHCTaHHS CITOK Ul apMyBaHHS 3€pPHUCTHX IIAPiB HAHOLIBLI JOLLILHO B
TaKUX THIIaX KOHCTPYKLIiH AOPOXKHBOTO OJATY:

® YAOCKOHAJICHMX IOJIETIIEHUX, IO MiACTHISIOTHCS MilIAaHUMHU TPYHTaMH;
* YIOCKOHAIEHUX KaliTATbHUX, IO MACTHIAIOTHCS MIIaHUMH FPYyHTaMH;

® YAOCKOHAJICHHX MOJIETIIEHUX, IO MIACTHIIAIOTECS CYIJIMHKAaMH Ta IIMHAMH
3 po3paxyHKOBOIO BOJIOricTio Oinbil sik 0,85 W, (W, — Bosoricte Ha rpa-
HHLI Teyii;
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® NEPEeXiTHUX, IO MIACTHIAIOTHCA OYIb-IKUMH I'pYHTaMH 3 OyJIb-SIKOIO pO3-
PaxyHKOBOIO BOJIOTICTIO.

JlopoxXHi osArd 3 3epHUCTOI0 OCHOBOIO, APMAOBAHOKO CITKOIO, BJIALUITOBYIOTh
3riJHO HOPMATHBHHUX JOKYMEHTIB, ajie HEOOXIOHO BPaxOBYBaTH AESAKI OCOOJIHBOCT,
TIIOB’s13aH1 3 PO3TATyBaHHAM 1 3aKPIiIUIEHHAM 0a3a1bTOBOJIOKOHHOT apMYIO4O0i CITKH Ta
BiJICUIIKM Ha MIOBEPXHIO HIe6eHro.

YnalmryBaHHs apMOBaHOI 3€PHUCTOI OCHOBH BKJIIOYAE CITIAYIOYi €TAIH:
* IUIaHyBaHHSA Ta YMIUIBHEHHS MIACTHJIAIOYOTO TPYHTY 3E€MJISTHOTO IIOJIOTHA
ab0 101aTKOBOTO IIapy OCHOBH;

* YKJIa[aHHsA [0JOTEH PYJIOHHOTO CiTYAaTOro MaTtepiaiy Ta iX 3’ €IHaHHS;

* yNalTyBaHHA 3€PHUCTOI OCHOBH B OXMH ab0 JBa LIapH.

[TonioTHa apMOBAaHOI CITKM YKJIaJalOTh Ha MiJCTHIAIOYUH T'PYHT B3IOBX abo
BIIOTIEpEK 3EMIISHOTO IIOJIOTHA 3 IIEPEKPHBOM, BEJTUYHHA sikoro 7-10 cM.

VYKIajaHHs CITKM Ha MIACTUIAIOYHNA TPYHT BiIOYBa€ThCS MOCIIIOBHO 3 PO3K-

JalaHHAM PYJIOHIB BiJ KpaiB JOPOXXHBOTO OIATY i PO3PIBHIOBAHHAM IS 3ar100iraHHA
IIOSIBH 3MOPIIOK. '

[Tpu apMyBaHHiI MOKPUTTIB 06a3aIbTOBOJIOKOHHY CITKY YKJIa[IalOTh Ha MiJrOTOB-
JieHy OCHOBY a0 BHpiBHIOIOYHH map. IcHyro4i HEpIBHOCTI HEOOXITHO OYHUCTHTH Bif
CMITTS, 3pi3aTH a0 3aNIOBHUTHU CyMILIIIIO HA 6ITYMHOMY B’ SDKY4OMY.

SIKIIO Ha NMOBEPXHI OCHOBHM € IMONEPEYHi TPIIUHY HIMPHHOKO OLTbII AK 3 MM i
MOBXIOBXXHI IIMPHHOKO OUIBII SIK 5 MM, TO iX NPOYMILAIOTH i 3aNIOBHIOIOTH IiICYaHUM
achanbT06eTOHOM ab0 OITYMHOIO MacTHKOIO.

Jlnsa 3abe3neyeHHs 34EIUIEHHS mapiB HEOOX1AHO nepe] yKIaJaHHSAM CITKU Ha- |

HECTH MIATPYHTOBKY PiAKUM OITYMOM Y KiIbKOCTI He MeHII 0,5 Kr/m.

ApMyro4a CiTKa pO3KJIaIa€ThCs piBHO, 6€3 XBHIb. OnUH KiHels ii pikcyeTbes
3a JOMOMOTOKO I'BI3JKIB JOBXHHOIO 50 MM.

YiinsHeHHs apMOBaHOro ac¢anbTo6€TOHY MOBHHHO BHKOHYBAaTHUCH 3a JOIO-
MOTOIO JIETKOTO YU CEPENHBOro KaTkiB ab0 KaTkaMu Ha ryMoBHX HmHHaX. OCHOBHe
YILiTbHEHHS BUKOHYETHCS 33 JOIMIOMOTOI0 BaXKKOTO JBOXBAJILLIBOBOTO KaTKa.

ApmyBanHsa y30id4 He noTpebye ocoOMMBOCTEN 1 MOXE BHUKOHYBATHUCH 3a TeEX-
HOJIOTI€10, 110 HaBeJEHa BHILE.

JlocmiHi JUISHKH BUKOPUCTaHHs 0a3ajbTOBOJIOKOHHMX apMYIOYHX IPOILAPKiB
NpH KamiTAILHOMY Ta MOMTOYHOMY PEMOHTAaX, BUKOHaHi B M.KueBi Ta B M.bepaunuesi
MOKAa3aJIu JOLUIBHICTh iX BUKOPUCTAHHS.

BUCHOBKH
1.BUKOpHCTaHHS apMyIOYMX CITOK NP PEMOHTax Ta OyIiBHHULTBI JOPOXHIX
oIATiB 3 HIEOEHEBUMH IIapaMH JO3BOJISE 3MEHIIUTH BUTPATH ILEOEHIO, CKOPOTHUTH
obcAry nepeBe3eHb NOPOKHBO-OYMiBETBHHX MaTepianiB, 3HHU3UTH TPAHCIOPTHI BUT-
paTH, CTpOKH OyMiBHHLTBA, MIJBUIIM €KCILTyaTallifiHy HaAIHHICTh JOPOXHIX KOHCT-
PYKUii 1 B3arajgi MIHATH TPAHCIOPTHO-€KCIUTyaTalliiiri XapaKTEpUCTUKH aBTO-
MOOLIBHHX AOPIT Ha BUIIHKH PIBEHbD.
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IKOI0 PO3- 2.BukopucTanHs 6a3ajbTOBOJIOKOHHHMX CITYaTHX HPOLIAPKiB IUis apMyBaHHS
acanbTOOETOHHUX MOKPHTTIB JO3BOJIUTH PIBHOMIPDHO NEPEPONOAUIMTH HANpyTrH

ETOBYIOTE B TPAHCTIOPTHUX HABAHTAXEHB, 3aTPHMATH POSMOBCIO/DKEHHA TPIMH 1 [1ABUILUTH

6nusocri, JIOBrOBIYHICTH ITOKPHUTTS.

[ CITKH Ta 3. YKnanaHHs apMyO4MX NpoLiapkiB B y30i4usx aBTOMOOLIBHHX gopir Oyne
CTIPUATH [TiABUILEHHIO MIHOCTI Ta AepOPMATHBHOCTI iX KOHCTPYKLIH 1 HO3BOJIMTDH
3HU3UTH KiNbKicTh Ta TsokkicTh JTII, 1m0 BMHUKAIOTh 3 NPUYMHH HE3a[OBUILHOTO

: CTaHy y30iu.

NOJIOTHa

5. ExoHOMi4HI po3paXyHKH CBiA4AaTh, 10 yJAIITyBaHH: 0a3a1bTOBONIOKOHHUX
apMyIOUMX [pPOIIAPKIB IIPH I[POBEREHHI PEMOHTIB OOpIr HE MNPHU3BOAATH IO
30iNbLIEHHS BUTPAT B NIOPIBHAHHI 3 ICHYIOYOIO TEXHOJIOTIEI.

A,

 VIIK 625.7

3

. O. llasmok, €. B. Isanina, O. I. Bynax,
C. 1. Annpees, JI. JI. Pubinpkuii, M. O. ®enopis

YAOCKOHAJIEHHS CIIOCOBIB 1 3ACOBIB BUMIPIOBAHHS
IHOKA3HUKIB TPAHCIIOPTHO-EKIIVIYATAIHIMHHUX AKOCTEHA
JAOPOXHIX IIOKPUTTIB

OCHOBHHMH TPaHCMOPTHO-EKCIUTyaTal[IHHUMH TMOKa3HHKaMH JOPOXHIX IIOK-
PUTTIB € MILHICTb, PIBHICTh Ta 34iNHI AKOCTi. [IpM HenmpaBWIBHIA YK HECBO€YACHIN
MIIHIII LHX [TOKa3HHUKIB CIiJ O4IKyBaTH 301NbIUEHHA PyHHYBaHb HOPOXKHBOIO OJATY
8 3pOCTaHHs aBapiHOCTI Ha aBTOMOOINBHHUX AOporax. AKTyalibHICTh BHMIpIOBaHb
PCTaHHIM 4acoM 3pocia i y 3B a3Ky 3 TuM, o YJIAI MBC VYkpainu 3a MaTepianamu
Hajiizy aBapifHOCTI 3 NPHUYHMH HE33[OBUILHOIO CTaHy JOPIT 1 BUXOASYHU 3 A110YOTro
ony “IIpo mopoxHifi pyx”, Aano BKa3iBKy CBOiM MigpO34iJiaM CIUIBHO i3
WUMMHM OpraHaMu aHaiizyBatu marepianu J{TII, ckoeHux yepe3 He3aAOBLIbHI [0-
0’HI YMOBH 3 METOIO BHSABJICHHS O3HaK 3JIOYHHY, BIAMOBIZAILHICTh 3a KMl mepe-
BaueHo 4. 5 crarTi 215 KpuMiHaisHOrO Komekcy YkpaiHd ([OPYIIEHHS MPaBHIL,
OPM, CTAHAAPTIB, IO CTOCYIOThCs 3abe3neueHHs 6e3nekH NJOPOXKHBOIo pyxy, OCOo-
iMH, BIAMOBiJAJILHUMHU 33 PEMOHT IUIAXIiB) 1 peaNi3oByBaTH Ili MaTepiajiid y Cymo-
nopsaky (10 5 pokiB no36aBICHHA BOJI).
Jo TenepiiHBOro 4acy po3poOieHO 3HayHy KUIBKICTh TMPHIANIBIIA BHMIPHO-
MHS TPAHCIIOPTHO-EKCIUTYaTallifHUX TMOKa3HHKIB, ajleé BOHU HE 3HAHILUIH HIMPOKOrO
ROPHUCTAHHS Ha MPAKTHLI 3 IPUYHH HEJOCTAaTHHOI TOYHOCTI BUIPOOYBAHHS CBIIYaTh,
pema, npo Te, WO pe3yAbTATH BHUMIPIOBaHb KoedillieHTa 3YeIICHHS HpHIaJaMH
KPC-2 MOXYTh Bifpi3HSTUCA Maibke y 2 pasu [1]; BIIHOCHI BiIXHJIEHHS IMOKa3aHb
HHX [IPHIAJiB IS BUMIPIOBaHHSA pIBHOCTI MOXYTh gocsratd 1800 % [2].

)
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yacy t. XapakTepHCTHKH
Ti(t-1) i penakcauii R(t-1)
punx matepianis. [lpo ue
fFynosati Ha puc. 2 Ta 3, 3
B JAIEKHOCTI BLL 4acy

CTaHy B’SA3KOIIPYXHOrO
K POIBMTOK TMIUXOUY MO
oro b.C. PanoBcbkHM Ta

3a OTPMMaHHMH BHILE

BiIpi3HAIOTLCA MiXK CO0OIO
i MpYyXHUMH CTaIMMH
X Ha puC. 2 1 3. 3HauYeHHs
mers W abo nedopmaliii €
cknanosux. Ilpu usomy
OBOMY €Talli pO3B’A3aHHA

£€=¢ BH3HAUEHHX 34

PIN
iHXEHEPHOT ~ METOJMKH,
MAKCHMAIbHUX aeopMaLtiii
uinpHocTi cknanae 1,82, a

y paTunK npH excriefMMeHTi
moto. Kpim TOro, Koiieco
nuuuTH GelnocepenHbo B
sRiHIAMU NOOYA0BaHi KPHBI,
gi 3 cM Bin Kpaio TPilLHHK.
HAOBOTO €KCIIEPHMEHTIB
aedopmallisx Ans ABOX

1 OTpUMaHi 3a JOTIOMOTOH)
aRJIcHb T PO3B A3AHO pAl
8‘ 13KONPYXKHI  BJIACTUBOCTI
B Ginbluiii Mipi Ha LOPOXHI
OMY 1LIAPI.

BucHoBKHM:

TpoaHanizoBaHO BILUIMB OCHOBHMX [1apaMETPiB IOPOXHiX OUAriB,
JIMGHHH MPOHHKHEHHS TPIlLMHK B APYroMYy 3BEPXY 1Uapi AOPOXKHLOIO OAATY
Ha HanpyXEeHHO-1e(OPMOBaHHIA CTaH J10POXHBOT KOHCTPYKLLi.

YK 625.7./8.
© 2003p.
T.IO.Xumepuk’, K.B. l(palouua'na’ . B.I1.Pega’
ITiaBHIIEeHHS TPAHCIIOPTHO-EKCIJIyaTaUiHHOIo CTaHy aopir
NLJIIXOM BHKOPHCTAHHS Cy4acHHX MaTepiaJis.

EQEeKTHBHICTL NEpEBE3EHHS BAHTAXIB Ta NaCaXHPIB 3HAYHOKO MIipOIO
JWIEKHTb BiJl YMOB eKciulyaTauii aBTOMOGUILHMX JOpir Ta iXHBOro
TPaHCIIOPTHO-EKCILTYaTaUiHHOrO CTaHy.

Y TpUMaHHs aBTOMOOIIbHUX aopir y 3a10BUIbLHOMY
eKCIUIyaTaliiiHOMy CTaHi B yMOBaXx 0OMeXeHOro (iHaHCYBaHH AOPOXHbLOI
rany3i Ta MOCTIHHO 3POCTAKOYMX HABAHTAXEHb Bl TPAHCIOPTHHX NOTOKIB
CTAJI0 CKJIAZHO [1pobieMoto.

BoaHouac nocTynosa iHTerpauis Ykpainn B €Bponeicbkui coio3,
16iNbIIEHHS MIXKHAPOAHUX 3B’S3KIB 1 TOProBUX KOHTAKTiB BHCYBalOTbh BCE
JpOCTalOUi BUMOTH 10 AKOCTi AOPir, iXHiX TPaHCTIOPTHO-EKCIIlyaTalliHHHX
XapaKTepPUCTHK.

Jlns pospo6kH paiioHaIbHAX METOLIB YTPHMaHHS Ta PEMOHTY AOpir
HeoBXisHe KOMIUIEKCHE JOCIIDKEHHS MPOLIECiB B3aCMOil BCIX €1EMEHTIB, 110
CKNaJaI0Th J10POXKHBLO-TPAHCIIOPTHY CHCTEMY, B SKii BaXJIMBA POJib HAIEKHTD
JOpOXHbLO-ByAiBENIbHUM MaTepianam.

SIKicTh 1IPOT3HOT YACTHHM ABTOMOGUILHHX JIOPIT 3aJIeXHTh Bill AykKe
GaraTboX  YMHHMKIB, alle  HAHBANUIMBIIMMH €  (i3MKO-MEXaHiuHi
XapaKTEPUCTHKM MaTepiatiB Ta TexHosoris OyniBHUUTBA. TOMY NOLYK HOBHX
MaTepiaiis i BAOCKOHAJIEHHS TEXHOJIOTiH € TAKUMH aKTYaIbHHM.

HaiinowMpeHikili  THN NOKPHUTTA Ha asTOMOOUIbLHMX A0pOrax
BUCOKHX  KaTeropii ~ achajbTOOETOHHE, OTXE MNIABMIIEHHA  HOro
TPILUMHOCTIKOCT], 3CYyBOCTIHKOCTI Ta MILIHOCTI € NEPLIOYEPTrOBHM 3ABAAHHAM.

JlocBi CyMDKHMX rany3eH 3acBiadye€, 110 3HAa4YHO MOKPAWMHTH
(i3MKO-MeXaHiuHi BIACTHBOCTI PI3HHX MaTepialiB MOXIIHBO LLIAXOM iX
apMyBaHHA. ’

ApMYyBaHHSi BHKOPHCTOBYETbCA CIPAMOBaHE 3  3aCTOCYBAHHAM
ciTyacTHX a0 CyUiIBHNX aPMYIOUHX NPOLIAPKIB Ta ANCIHEPCHE (XaOTHYHE).

' JlepxaBHHii 10POXHI HayKoBO-10C/TiaHui iHCTHTYT iM. M.T1.lynbrina
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[Mounnatouu 3 80-x POKIB MHHYJIOrO CTONITTA y 3apyOiKHHX KpaiHax
BCE LUMpIUE BHKOPHCTOBYETHCH ApMYBaHHA IOPOXHIX IIOKPHTTIB Pi3HHMH
CITKaMH: [OJIMEPHUMH, CKJIOBOJIOKHHCTHMH, CTajJbHUMH Towo. Take
APMYBAHHA 3HAYHO TOKPAULye TPILLMHOCTIMKICTL Ta 3CYBOCTIHKICTB, @ OTXKE 1
AOBIOBIYHICTb ZOPOXHIX MOKPUTTIB.

OcTtanHiMH pokaMHu B YKpaiHi Takox 30UIbIIYCTbCA BHKOPHCTAHHSA B
PI3HHX  KOHCTPYKTHBHMX  1Apax JOPOXKHIX  KOHCTPYKUIH  apMyrouHx
TPOLLAPKIB BITYH3IHAHOTO 1 3apy6ixHOrO BHPoOHULTBA — Lie 6a3alibToBa CiTKa
mapku [TCBIT-]1, Hatelit, Polifelt Ta inuui.

Sk noka3ana fpaKTHKa, apMYBAaHHSA CITKAMM Mac LULIHIL pAL nepeBar:
3HAYHO IMIABHLLYC TPILMHOCTIHKICTL MOKPUTTIB, 3arobirac rnosajiblioMy
PO3KPHTTIO ICHYOUHX TPILIHH, OKPALLY€ ONip 3CYBHUM jJedopmauism Toruo.

Ane oOMexeHe (IHAHCYBAHHA HE J103BOJAC PO3WHPHTH OOCATH
3aCTOCYBaHHA APMYIOUMX NpowwapkiB. Sk ajabTepHaTHBA CIPAMOBAHOMY
apmyBanHio B JlepxaopHJI nposomuanchk pobotH 3 po3podkn TexHonorii
JMCMEPCHOTO  (XAOTHYHOrO)  apMYBaHHA  LIJIAXOM  BBEAEHHA 10
achanbTOOETOHHOT CYMilli Pi3HOMAHITHHX BOJIOKOH.

Haiibinbly nouiMpese jMcriepcHe  apMyBaHHA  acdanbToOETOHY
UDISXOM BBEIEHHS a30ecTOBHX, HEHIOHOBHMX, MOJIAMIAHUX, LUEJIONO3HHX,
CKJISHMX Ta IHIIMX BOJIOKOH.

BosoKHa, 110 BHKOPHCTOBYIOTHCH [UIS JIMCTIEPCHOIO apMyBaHHSA
achanbrobeToHy MOBHHHI MaTH Takl BracTuBocTi {1]:

- crifikicTb y yaci 10 aii Bucokux Temnepatyp (nowan 200° C);

- BHCOKY MILHICTb Ha PO3PHUB;

- CTIHKICTb 10 arpeCHBHUX PEHOBHH;

- BOJIOTOCTIMKICTb;

- 3[IATHICTb JIETKO TEPEMilllyBaTHCh 3 IHIWMMH KOMIIOHEHTAMH cymiui 6e3
YTBOPEHHS TPYIOK.

Ha nymky aBTopiB, l1€ OJHICIO HEOOXIHOK YMOBOI 3aCTOCYBAHHA
JMCIIEPCHOrO apMyBaHHA € JOCTATHA ajire3is  BOJIOKOH MipH BlacMmonil 3
GITyMOM.

Jomimka  BojlokoH y  achanbToOeTOHHY — CyMill  TpHAAE
achanbToOETOHY MiABHUIEHY 3CYBOCTIHKICTb, MOKpAllye [UIACTHYHICTb 1IpH
MIHYCOBHX TeMIiepaTypax.

®dyHkuii  BOJOKHA, AK  peryjisropa B’A3KOCTI 1 apMyo4Oro
HArMoBHIOBa4a OITYMIB, 3a/1€XaTb, FOJOBHMM YHHOM, Bid JiaMETPY i JTOBXKHHH
BOJIOKOH, @ TAKOX KIJILKOCTI BOJIOKHA, 10JIaHOr0 0 6iTyMy. OnTHMalbHUMH
BOJIOKHAMH JUIS apMYBaHHS BBaXAlOThCA BOJIOKHA, WO MalTb aiametp 4.6
MKM 1 noBxuHy 2..3 MM [2]. ToHwi BOJMOKHA JIErKO NaMalOThCA, LLO
NPU3BOAHTL /IO CTBOPEHHSA [yX€ KOPOTKMX BIApPI3KIB, sKi Maibke He
BILIMBAIOTL Ha B’A3kicTs OityMy. ToMy pekoMeHAycTbCs 3acTOCOBYBAaTH
BOJIOKHA BInbLIOT JOBXHHH, Hixk 2...3 MM, 3 THM, 110G Nicis pyHHYBaHHS NpH
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Ta6auysl TopiBHSIbLHI BIIACTUBOCTI BOJIIOKOH

BazaabroBe Dolanit AS
BOJTOKHO

Moka3luukH

llommma BOJTOKOH. MM

JliaMeTp BONOKHA, MKM

KinbKicTh HCBOMTOKHHCTHX JIOMIILIOK, %

HIiNBHICTS, ricM’ 2,65 1.18
CTifikicTh J10 i1 BHCOKHX TemepaTyp. °C 700 200
(KOpOTKOYACHO)
BosocTifKicTh n00pa nobpa
CrilikicTb J10 i1 KHCTOT : no6pa nobpa
TirpockoniuHicTh, % ) J0 | 102
Mexaniuna MitHicTb, HiMm 4100 330..413
Mosaynas npyxHocTi, MIla 120 -
TTonoBxkeHHs npH po3pHBi, % 5 14...20

[epeMilllyBaHHi,  OTPMMYBATH  NOBXKHMHY  BOJIOKOH,  JIOCTATHIO /A
3abe3nedyeHHs O4iKyBAaHOTO 3POCTAHHA B'A3KOCTI  B’SXKYHOrO. BonokHa
BEJMKOTO iamMeTpy 10TpebyloTh 30ibLIEHHS X BHTpaT, a JOBri  —
BHKJIMKAIOTh TPYJIHOLL 1PH 3MilyBaHHi.

Y uiit po6OTI MOBa i€ NPO AMCIIEPCHE apMYBaHHA acanbroberoHy
6a3aibTOBHMI BOJIOKHAMH SK OJHY 3 aibTepHATHB, 1O 103BOnHna 6
MOKPALUHTH BIACTHBOCTI i ekcryarauliiHi _ XapaKTepHCTHKH
achanbTOGETOHHHX MOKPHTTIB IIPH HE3HAYHOMY 301IbLIEHH1 TXHbqi' BApTOCTI.

To-niepiue, 623anbTOBI BOJIOKHA € BITYH3HAHHM MaTteplaiom, a ro-
ApyTe. caMe BOHH BOJOAIIOTH HEOOXiAHMMH XapaKTEPHUCTHKAMH, 3ralaHHMHU
BHLUIE.

3a icHylouol0 B YKpaiHi TEXHOJIOTICH) BHPOOHHLTBA 6a3anbTOBHX
Ge3nepepBHMX  BOJIOKOH YTBOPIOKOTBCS  BIAXOAM — TOTOBLIEHT BOJIOKHA
niamerpom 100..250 MkM i j10BkHHOW 2.3 MM. IxHi (1)i3l1K0-MeX?HIHHl
BnactHBocTi HaeeaeHi B Tabn.l. 1li BonokHa Oy BHKOPHCTAHI U1
NPUroTyBaHHs acharbTOBETOHHOT CyMili.

AchanbToGeToHHI  CyMiwi roTyBanMCh Ta BHNpOOOBYBaNMChH 32
CTaHAAPTHMMM  METONaMM  BIANOBIAHO 110 IFOCT 9128-84 “CmecH
acdanbTOGETOHHBIE  OPOXKHBIE,  AJROAPOMHbIE M gctbaano6eT0H:
Texunueckue ycnosus» 1a JCTY b B.2.7-89-99 *“ Marepiajili Ha OCHOBI
OpraHivHMX B’SOKYHHX 111 IOPOXKHLOTO i a€POAPOMHOTO 6y 1IBHULITBAY.

PesynbTath  J0ChikeHp  (i3MKO-MEXaHIUHMX BJIACTHBOCTEH
ac¢ansrobeToHY 3 6a3a1bTOBUMH BOJIOKHAMH HaseleH1 B Tabn. 2.
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Ins BinHocHOi oninku PE3yIIbTATIB  BUNPOOYBaHHA Ga3atbToBMX ] P

BOJIOKOH  aHasioriuHi BUNPOOYBaHHs 3poGiteni i g acdanbtobeToHis, g E e = o lgls RIR|2 ig
PMOBAHUX AKPUIOBUMM BOsokHaMM Dolanit AS. Lleii Matepian  yxe n0cuTh BE Z s |S|e 1711 9=
UHPOKO  BUKOPUCTOBYETLCA NpPH Gy AiBHULTBI AOPOXHIX  MOKPHUTTiB é % § z
€BPONEHCHKUX KpaiHax, 30Kpema B ABCTpii 1pi 6yniBHULTBI aBTOMOOGINbHOT 2 %2
aoporu Innthal Autobahn y 1994p.. y 1997p. — Getonnoro mocty Deggendorf, g
Y 1998p.. B Ascrpii acdanbToGeToHHa Ccymiw i3 JOMIllIKaMH 13 nonaHiTy g is s
BHKODHCTOBYBalaCh AN GYNIBHULTBA MiChbKHX By/iuub, a B bapapii 6yno £E3 o el B Sl 2 g
YKIaACHO B LbOMY X poui 2500 T ananoriunoi cymiui [1]. OchosHi dizuko- EEE - g é
MEXaHi4HI BIaCTUBOCTI NONAHITY HAaBEAEHO y Taby. | . 52k : g
Pesynvratn  nocnigkens diluko-MexaHiuMMx  BaacTHBOCTEI] _ % 2
acdaibTo6eTOHY 3 N0NAHITOBMMH BOJIOKHAMH HaBEAEHO y Tabn.2. - w o 131 23 g E
! AHani3 1anux 1abn. 2 cBizuuTh, w0 PiznKo-MexaHiuni BracTusocti '5 e = N el B §.§
| achanbTo6eToHy 3HaUHO TONINIIYIOTLCS MPH BBEAEHH] AMCTIEPCHO apMyrounx g 3
| Aomiwok. OcobnuBo ciia 3BEPHYTH yBary Ha 3HAYHE NiABMILEHHA MiLHOCTI E I - o g= HEZ % E
| achanbTO6ETOHyY Ha CTHCHEHHS npu Temnepatypi +50 °C, uo cBigumute 1npo = é = - g g
/ 10OpHii CTIPOTUB yTBOPEHHIO KOMiiHOCTI Ha JIOPOXKHIX MOKPUTTAX y Kapky c- £
norogy. Toii dakT, wo miumicTs Ha cTHCHeHHS npu 0°C ne 3pocTae abo E alolew| ®2
HaBIiTh MOXe NIOHNXKYBATHCh (0co6suBo ue BiaMiyveHO ¥y 3paikax 3 gonaitom), g |’ y po g g wletel A §
OTIOCCPE/IKOBAHO  CBIAYMTL TIPO  NOCTATHIO TPIMMHOCTIHKICTh ZIOPOXHIX = = €8
w TIOKPUTTIB 3 Takux acanbTobeToHiB. ; 2
Kpawi peynbtath  otpumano IpM  NUCNIEpCHOMY  apMyBaHHi g - o | =lm alzlm gg
) achanbTobETOHHOT  CyMiwi  BoNOKHAMM RONAHITY. Asle, BpaxoByoum 21¢ ERS = P I I Sl=lel e
‘ CMiBBiAHOMIEHHS AKICTb-LIiHA, MOXHa CTBEP/OKYBATH, 110  BiTYM3IHSAHI g == g =
6a3anbTOBi NPiIGHOBONOKHUCT] Matepianu MoXyTb 6yTh YCHIUIHO BUKOpHCTaHI K X g5
‘ And MiABMINEHHS 3CYBOCTIMKOCTI | TpilMHOCTIHKOCT] achanbroGeToHHMX 2l gE - O g SlElZ| 28
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Buchoskn

l.ApMyBauus  acdanbroberonnoro MOKPHTTA 1 iHWKMX wapiB
IOOPOXKHIX KOHCTPYKLiH — pe NEPCNEKTUBHHI HaNpAMOK, AKMH 103BOIMTH
3Ha4HO NiABULUNMTH TPaHCNOPTHO-EKCNyaTalliiHi BJIaCTUBOCTI
aBTOMOGI/ILHUX n0PpIr. '

2. 3acTocyBanHs cnpamoBaHoro a6o JMCNIEPCHOTO  apMyBaHHS
MOBHHHO BHPIlLYBATHCh B KOXHOMY KOHKPETHOMY BHIIajIKy.

3. Bitunsusni 6a3anbToBi BosiokHa NPUNATHI U1S NiABHILEHHS 3CYBO-
Ta  TPILUMHOCTIHKOCTI  1OpOXHiX NOKPHTTIB, TOMY Ppo6GOTH 3 BHBuYEHHS
ONTHMANbLHUX napaMeTpiB  AMCHEPCHOrO apMyBaHHA  acanbToGeTOHHHX
cyMilieit HeobxiaHo NPOLOBKYBATH.

. Casenko B.fl., Kacbkis B.I, Apremenxo K.E. JucnepcHe
apMyBaHHA achanbToGeToHy — anbTepHaTHBa 3aCTOCYBaHHIO MOAUGIKOBaHMX
Gitymis/ ABTOMOGiNbHI AOpOrH i nopoxHe Gy niBHULTBO. — 2001 . — Bun. 62. -
C.53-56

2. Bupoxemcbkuii B.K., Xumepuk T.10., Kpawowxkina K.B. Hucnepcro
apMoBaHuit acanbTo6eTOH — N0BroBiYHMi Marepiai [uis pyxy TPaHCNopTy Ta
miwoxoniB  /  ABTOMLIAXOBHK Ykpaiuu.  Okpemuii BHNYCK. Bicuuk
UentpanbHoro HaykoBoro ueHTpy TpaHcnopTHoi Akanemii Ykpainu. — 2001.
-Bun.4 - C.101-103.
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fuRnsenocts crape-
#YS pabotai Ha npo-

DTHEHUH KaTKaMH,

6naropapsa BbICOKO# TeMmepaType CMECH NP YKJAajKe JOCTHraeT-
€5l XOpoLLas MPHKUBAEMOCTb JIHTOrO achansTa K peMOHTHPYEMO#H
nioBepXHOCTH. KpoMe rnepeyncaeHHbIX TIpeHMyLIecTB, HeoOXoau-
MO 100aBHTh, 4TO NPH PEMOHTE BHIGOHH He TPEOYETCS BLIMONHATD
NOJArPYHTOBKY OUTYMOM.

B CTb 1257-2001 Hapsgy co cMecAMH H3 HOBBIX Cblpbe-
BbIX MaTepHa10B PACCMATPHBAKOTCA CMECH C UCTIONB30OBAHMEM ac-
danbtrobeTonnoro noma. Ilonyuaemas cmeck Ha 30 mpoueHTOB
JlenieByie cMecei, NPUroTOBAEHHLIX HAa acdanbTo6eTOHHBIX 3aBO-
J1aX M3 HOBBIX CbIpbeBbIX KOMIOHEHTOB.

Jpyrum npuHUHNUaneHo BaXHbIM 3aeMenToB CTh 1257-
2001 sBasercs BO3MOXHOCTL MCIObL30BaTh B I[PHIOTOBJEHHH
cmeced cambii pacnpocTpaHeHHbIH AopoxHBIA 6WTyM Mapku BH
90/130.

Jns npUroToBlieHHs, TPaHCIIOPTUPOBKH H YKNALKH JIUTOrO
acdaibTa LIMpOKOe MpUMEHEeHKe Hallina MamuHa PI-2500 JIM. K
HacTOsALIEMY BPEMEHHM TaKMX MalldH BbiNylieHo okono 100 eau-

HULL.

VIIK 625.7./8 3
MOBBIUEHUE TPEIUHHOCTORKOCTH U

IHEPOXOBATOCTH JOPOXHBIX IIOKPHITUHA ITYTEM
HCIIO0JIb30OBAHHA BUTYMHO-IIOJIMMEPHBIX
KOMIIO3UUHHN

B.K. BoipoxxeMckuii, kaua. TexH. Hayk, E.B. KpatouikuHa, cT. Ha-
yd.. corp., T.}O. XviMepuk, kaHa. TexH. Hayk, 'ocaopHHUH,
r. Kues, YxpanHa

B Hacrosiee BpeMs acanbToOeTOHHBIE TTOKPBITHS MPAKTH-
YeCKH HEe HMMEKT albTepHAaTUBLI NMPH YCTPOHCTBE AOPOXHBIX
ojlex HexecTkoro Tuna. Cpok cayxOs! ropsyero acansrobeto-
Ha, IPUMEHAEMOrO 111 yCTPOACTBA NOKPBITUH Ha aBTOMOGHIBHBIX
JOporax B YCNOBHAX COBPEMEHHOTO aBTOMOOHIBLHOIO ABMXKEHHS
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JIOJDKeH cocTaBiATh 12-15 seT. OnHako OMNbIT MPOBEAECHHA pe-
MOHTHBIX paboT Ha aBTOHOpOrax YKpauHbl CBUAETEJILCTBYET, HTO
pd HOPMaTHBHOM CPOKe JKCIllyaTalMd peabHIMTUPOBAHHOW aB-
TOAOPOTH 15 jieT, TpewHHbl U ApyrHe aedekTbl Ha NOBEPXHOCTH
acanbTOOETOHHOrO MOKPBITHA, B CHIIY TEX MM HMHBIX MPHYHH
BO3HHKAIOT Y)K€ Ha NPOTAXKEHUH MEPBOro-BTOPOro roja 3Kcniya-
tauuu. CTapeHHe OUTYMHBIX BSXKYILMX B cocTaBe acdanbTobeToHa
M MX HecTabWIIbHBIHA TPYNNOBO#H cocTas elle Honee HHTEHCHULY-
pyeT BO3HHKAWOLIME AECTPYKTHBHblE MPOLECCH!, YTO NPUBOAUT K
npeXxJeBpeMeHHOH noTepe aBTOMOOHIILHOM fl0poroi ee skcmiya-
TALMOHHBIX CBOHCTB M HEOOXOAWMOCTH IIPOBEIECHHUS PEMOHTHBIX
pabot [1].

MHOroYHCIEHHBIE MCCIIEIOBAHUA, TPOBOAUMBIE B obnacTu
aKcIUTyaTaluy achanbToOeTOHHBIX MOKPBITHH, CBUAETENLCTBYIOT,
4YTO Ha HauallbHOM 3Tare, OCHOBHLIM pa3pylialolIMM (pakTopom
ABJIAETCA BO3JeicTBHe BOAbL. [IpoHKKas B Opbl MaTepHana, B TOM
YyHcie ¥ B MYCTOThI MONEKYNApHOH pewleTku 6uTyma, Boja OT-
cnavBaeT aacopOUpOBaHHblE MUIEHKH BSXKYLLETO OT MOBEPXHOCTH
KAMEHHOro MaTepHaia, NpPOUCXOAUT rHApaTauus o6beMHOro Ou-
TyMa M pa3spyLieHHe MONSPHbIX CBA3eiH B CTPyKType acdanstobe-
ToHa. Takue AeCTPYKTHUBHbIE MPOLECCH], @ TAKXKE BO3ACHCTBHE KO-
JieC TPaHCTIOPTHBIX CPeACTB, 0OyCNaBAWBAET HAYaNo IUenyLieHHs
M BbIHOCA W3 MOBEPXHOCTHOTO cliod acthaibToOETOHA MENIKHX dac-
THLl MaTEpHaNIa, YTO NPUBOAUT K 3HAYMTEbHOH HHTEHCHHUKALIKH
NPOLIECCOB pa3pyLUEHHA MOKPLITHA. TakHe MpOoUecchl MPOTEKAOT
TeM MHTEHCHBHEE, YeM HWX€ BOMAOCTOMKOCTb MPH JJIMTEILHOM
BOJOHAChILIEHH! achanbTo6eTOHA, BbIUIE NMOPHUCTOCTh, A TAKXKE
OoNbile WHTEHCHMBHOCTb [ABH)KEHHS TpaHCIIOpPTa M YBIOXHEHHE
MIOBEPXHOCTH MOKpPbITHA [2].

B oceHHmil nepuoj roja NpoOUCXOAUT POCT Barocojepxa-
HUS MaTepyalla, 3HaYuTeNbHOE KOJIHYECTBO MEPEXO0B TeMmiepa-
Typbl Hepe3 0°C, XapaKkTepHbIX Ul Y KpauHbl, PUBOAMT K yBEJH-
YEHHIO JECTPYKTHBHOIO BO3JeHCTBUS MOP03a Ha CJIOH MOKPBITHS.
DTo cnocobcTBYeT 00pa3oBaHMIO W Pa3BMTHIO TPEILHH, YTO 3HA-
YUTENBHO CHHXAET JKCIIYyaTaUMOHHYKD HaAEXKHOCTh aBTOMO-

6UILHOM OOpOTH, T.e. NMPOHMKHOBEHHE Biark B HIDKeNexauue
CJI0M JIOPOXHBIX OIEX MPUBOJHT K UX pasyMIOTHEHHIO H OTEPE
Hecyue# crioco6HocTH [3].

BhinonHeHHe paboT M0 TeKylleMy PEMOHTY H CONEPKAHUIO
ABTOMOOH/IbHON JOpOrd TPaauLHOHHBIMH criocobamMd B HacTos-
lee BpeMs HE0CTAaTO4HO. ¢ eKTHBHOCTb HX JOCTATOUHO HU3Ka,
[OCKO/BKY 1103BOJISIET NHKBHAHPOBATH BHU3YalbHO ornpeAenseMble
AedeKThl (TPELUHHBL, BuIOOMHBI U T.O.), T.€. TOrAa, Koria neQeKT
MOKpbITHS 3HAYMTENbHO PA3BUICA U npyMeHseMbie TEXHOJOTHH
npoM3BOACTBA PaGoT He 0beCne HBaAKOT yBeM4eHHA JONroBeHo-
CTH PEMOHTHPYEMBIX YHACTKOB [4].

Taxum 06pas’oM, AIA 3aMeneHus NpoueccoB paspylieHHs
achanbToOE TOHHBIX MOKPBITUH Heo6X0AMMO paspabarbiBaTh HO-
BbIe TEXHOJOTHH C UCTIONb30BaHUEM MPOrPECCHBHBIX MaTepHaos.

B TI'ocaopHVH 6bi1¥ npoBeACHDI naboparopHbie M HaTyp-
Hble MCMIbITAHKA MaTepHana «[in3om», KOTOpbiil MpeHa3Ha4eH AA
06paboTKH NOBEPXHOCTH achansToOETOHHBIX n?Kpblruﬁ.

Matepuan «Jlu30/1» NpeicTaBiseT c060# OJHOKOMITOHEHT-
HYIO MHKPOOHMTYMOIOIMMEPHYIO KOMTIO3HMLIMIO, YEPHOTO 1IBETA, HA
OCHOBE TTO/IUMEpa MOJIMITHIIEHA C XapaKTepHbIM 3anaxom.

DU3MKO-MEXaHNYeCKHe CBOWCTBA MaTepHaia «Jlu3om» npH-
BedeHbl B Tabmuue 1.

AKTMBHA# ra3oBas COCTaB/AKOLIas B COCTABE «Jln3ona» npu
HaHEeCeHMH HA MOBEPXHOCTb CYLIECTBYIOLIETO acanbTo- MIH Lie-
MEHTOBGETOHHOrO MOKPBITHS MPOHHKAeT B 1OpbI HA rnyGuHy MpH-
MepHO 4 CM, BCTYNaeT B XUMHHYCCKOC s3aumozeiicTBHE C 6H'I‘yMOM:
o6pasys MONMUMEPHO-GHTYMHYIO MICHKY, KOTOpast XapaKTepH3yeT:
s [U1aCTHYHO-YNPYTMMH CBOHCTBaMH. B Kka4ecTBE HAMOHHTES B
cocTaBe KOMMO3MUMH «J{M30/» HCMOMb3yeTCs 6azansToBas Kpoul-

Ka.




DU3UKO-MEXaHUYECKHE XaPAKTEPUCTHKH 06pa3LioB MaTepHaia

Tabnuna |

«JAn301»

VsmeHeHnue CBORCTB acdanbToBETOHHOH CMECH MPH H

Matepuana «Jinzonn

Tabnuua 2
aHEeCEHHH

HaumenoBanue nokasareneii

]
PesynbTartsl HccnenoBaHuit |

Nel (6e3 Ha-
MONHHUTENA)

Ne2 (c 6a-
3a1IbTOBOM
KpOLKOif)

Ajresus (mpununatue)

4,0

Temnepatypa pasmsaruenus, 'C

54,0

TemnepaTypa XpynkocTh, "C

-6,0

Bopoxenponunaemocts, %

0,0

CTOHKOCTB K JeHCTBUIO arpecCHBHBIX
cpell, %o nocse KUNAYEHHA B TEUEHHH
3-x yacoB

2NaOH (1nenoun)

0,5H,S04 (kucnora)

99.8
85,8

99,7
85,0

[Ipenen npo4HoO-
Bo- CTH TPH CKATHH,
[10- MI1a, npu Temme-
Ha- patype

KoadduuueHt

Koadpnuu-
€HT MOp030-
CTORKOCTH
noc:;e 25
LIAKJIOB

o

o | 20° | 50°
% | 0C

C C

Hau-
Bouno-
CTOR-
KOCTH

B
5%
NaCl

B

2,25 33 12,2 | 5.4 | 2,8

0,98

0,83

2,25 24 11,5 | 4,8 | 2,3

Hcneitanus B kamepe HCKYCCTBEHHO-
ro knuMara B TeueHuu 600 vacos (5
JieT paboTbl MaTepyalla B HaTypHbIX

YCJIOBUSAX IKCIITyaTaluu)

BrigepxuBaet 6e3 BHELIHHUX
H3MEHEHHIA, Ha NOBEPXHOCTH
HET TPELHMH, BbIKpalll¥Ba-

HHH

Jns  M3yv4eHUs BIMAHHSA

«JIn3ona»

Ha MU3MCHCHUE

CBOHCTB acabTo6eTOHHON cMecH ObUIH 3adopMoBanbl 06pasiibl
acdansroberona (Tun b Il Mapka) W npoBseneHbl HcnbiTaHus. Pe-

3yJbTaThl MPpHBCICHBI B Tabnuile 2.

((HPBOJI» 6511 HaHeceH ¢ NOMOLLEBIO PE€3HHOBOrO Inartens,

TOJILUMHOM cnos 1,0-1,5 Mm.

H3yyenue cuenHbix Ka4yecTB MOKPBHITHH MPOBOAMIOCH C
NOMOLUBIO MassTHHKOBOrO npubopa MI1-3 Ha OnBITHBIX y4acTkax ¢
HaHeceHHeM «JIu3ona» u 6e3 HaHeceHus. Pe3ynbTaTsl HCIIBITAHMI

npHBeAeHs! B Tabuule 3.

0,99

0,95

2,25 28 |[108] 42| 19

0,99

0,92

Tlpumeyvanue.

Nel — cocrap 6e3 «/ln3ona», ITAIOHHBIC obpasisl; )
No2 — coctas ¢ «Jluzonom» C 6a3ansTOBOH xgpomxou,
Ne3 — coctas ¢ «Jlu30n0M» 6e3 6a3aIbTOBON KPOLIKH.

'//"\v

4] 200

400 600 800

l Bpomn
Puc. 1 U3meHeHue CBOWCTB acqxanmofi'er
Ta. Ne 1 — 97a/IOHHBIA acdansTobeTon; Ne

BO# Kpourkoi; Ne3 — cocTaB € «Jluzonom»

-

OHA B KAMEpe ucxycc'mm KITHME
2 — cocras ¢ «Jlxsonom» ¢ GesansTo-
6e3 GazansTOBOH KPOIIKR.




oo Tabnuua 3
Y’ (] Clll.lel'lﬂbg Ka4yeCTB MPpH HAHECEHUU ((I[PBOH&))
opora Kunes-Yon.| Jopora -

Haumenosanue le6enouno- llxlderz)lkosgp:e:c?:; 1 oo
Mmatepuana MaCTHYHBIH ac- acganbtoberon
dansToberon

Mok- Cyxas | Mok- Cyxan Mok- | Cyxas

pas o- past roBepx- pas no-
no- BEPX-~ no- HOCTB no- BEpX-

BEPX- HOCTb | Bepx- BEPX-

HOCTb HOCTh HOCTb

TIOBEPXHOCTH -
TpoTyap

HOCTEL

Ne uamepenus 1 2 3 4 5 6

TTokpeiTHe Ge3 0,36 0,33 0,38 0,36 0.49

HAHCCCHHA o0

«duzon»  Ges 0,36 0,39 0,40
6a3anbTOBOIA ’ 040 o4 0

KPOLLKH
«dmwon» ¢ 6a- | 0,40 0,41 0.4 6 |
lmom ] 47 0,48 0,53 0,56

KPOILKOH

TIpum :

Ta? ; el:‘anue. 1 ¥ 3 — U3MEPEHHA IPOBOAKANCH MO KOJiee ABHKEHHS Tpaxcnop-

" é M 4 — H3MCPEHAUS NPOBOAKNHCL MEXY KOJIEAMH JBHXKEHHS TPAHCIIOpTa; S
- H3IMCPEHHA NPOBOAUIIHCH HA YHAaCTKaX NEWEXOIHON IOBEPXHOCTH ’

AHanu3upys JaHHblE TaBNHLBI 3 OYEBUIHO, YTO NOKpbI-
THE C MaTepuanoM «Jluson» Gonee wepoxosatoe, T.e. 6yaeT obec-
NEYHUBATh yBelH4eHHE KOI(dHLMEHTa CLENIEHNS C KOJIeCOM aB-
TOMOOMIIA ¥ NOAOLUBO NELIEX0/a.

HAns BbIABNEHHS BO3IMOXHOIO BIMAHUS «J[M30/Ma» Ha
npouecchl cTapeHus acdanbrobetoHa o6pa3ibl HCOLITLIBATHCH B
KaMepe UCKYCCTBEHHOrO KJIMMaTa THIa “Feutron” , rae 120 yacos
MCMBITaHUH NPHPABHHUBAETCA K | rofly sKkCnyaTaluu NOKpPBITHS

Ilocne 120, 360 u 600 yacos onpenensnach npO‘lHO(;Tb

npu cxathu npu + 20°C Pesynr i
. TaThbl MCIIBITaHHH NpHBE
PHCYHKe 1. prpesien 18

BbiBOABI:
TMpoBeneHHbie 1aGOPaTOPHBIE W HATypHbIE MCCACNOBAHUA M0~
Kasanu, 4To ob6paboTka acdanbTOOETOHA MaTepHanoM «Jiu-
301» YBEJMUYMBAET €r0 BOJAO- H MOPO30YCTOHYHMBOCTb, TPEILH-
HOCTOMKOCTb, @ TAKXe CMocoOCTBYET 3aMEUICHUIO NPOLECCOB
crapeHus 6UTyMa B COCTaBe acanbTobeToHa.
Marepuan «Jl430/1» MOXHO KCTONB30BATH /1 EPMETH3ALNH
HeOOJIBIIMX TPELUrH, CETKH TPEINH, npodMIaKTHUECKOE Me-
POMPHATHE M IR 3aME/TIEHHs NpoLecca Leny e us,
M3MeHeHHe NPOYHOCTH 06paboTaHHBIX acanbTOOETOHHBIX
06pa3slioB MO CPABHEHUIO C KOHTPOJIBHLIMH CBHJIETENBCTBYIOT,
yTO MaTepHan «J[U30/1» OKa3blBaET CYIECTBEHHOE BIHAHUE Ha
fIPOYHOCTHBIE XAPAKTEPUCTHKH MOKPBITHA. Mocne o6paboTku
NPOYHOCTH OOPa3LOB HA CKATHE CHWXKETCH, HO HAXOAMTCA B
npeaenax HopMaTHBHBIX TpeGOBaHHH.. DT0 CBHAETENBCTBYET O
pocte neopMaTHBHOCTH acanbTo6€TOHa, 4TO MOATBEPXKIA-
eTcs WCMbITaHHAMHU 06pasloB NpH 0°C. Tpounocts 06pabo-
TAHHBIX 06PA3LOB TAKKE HUXKE KOHTPONBHbIX, 4TO CBMACTENR-
cTBYeT 00 yBENIHYEHUH TPELHHOCTOHKOCTH achansTobeTOHA.
VBeNMUMBAETCH BOJOCTOMKOCT 06paboTaHHBIX 00pa3los, O
YeM CBHMETENHLCTBYIOT MCTBITAHHS MPH JUIMTEILHOM BOAOHA-
coineHuu (0,81<0,96).
Bo3pacraeT k03¢@HuUHEHT MOPO30CTORKOCTH 06paboTaHHbIX
06pa3ioB. DTO XOPOLIO MPOC/IEXUBACTCA TPH BbIAEPXKHBaHHH
o6pasuos B pacteope NaCl (0,83<0,95).
VicrbiTanus o6pasiioB B kaMepe HCKYCCTBEHHOTO lnMata TH-
na «Feutron» CBMAETENLCTBYIOT, YTO MPOLIECCH CTAPEHHA ob-
paboTaxHblX 00pa3sUOB 3aMEANAOTCA, YTO NOATBEPKIACTCA
CHH)KEHHEM MpHpallleHHA TPOYHOCTH 06pa3suoB NPH CKATHH.
TakuMm o6pazoM MOXHO yTBEPXAaTb, 4TO B VYkpauHe BICpBbiC
6bL1 anpoBHUpoBaH HOBBIA COBpEMEHHBIH rraponsonsuuontnll
MarepHai ans CILIOILIHOTO HAHECEHHA HA CyLUIECTBYIOWICE llo- 5
KPBITHE C LENLIO NOBBILICHUA IEPOXOBATOCTH K ROSTOBCMS:
CTH [10pOT # TPOTYapoB. [10 CpaBHEHHIO C nosepxxocTHO#H 05~
paboTKOH MCrONbL30BAHNE «Jlu30na» yBEIHIHBACT nfonrosed-




HOCTL MOKPLITHH Ha 20-30 % ¢ yny4quieHHeM TpaHCNOPTHO-
3KCNyaTalMOHHBIX Moka3sareneil Ha 30-35%.

IMocnenyroue MccnenoBaHus HampaBieHbl Ha pa3paboTKy
CHeLHaNbHOH TEXHHKH MO3BOJIAIOLIEH TOYHO OTAO3MPOBATH
Heob6Xx01MMOe KONHMYECTBO MaTepHana (IIeHKa TONUHHON A0 2
MM) M TMpOM3BECTH ero pacrnpepeleHHe Ha HeoOXOmUMOVi
TUTOLIAMH.
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YK 625.7
OCOBEHHOCTH NPOEKT
TPAHCIIOPTHOM PA3BS
«HEITOJIHBI# KJIEBEPH

M .K. SlueBuy, KaH. TEXH. HayK,
r. Munck, benapy

[To cuTyalu Ha MECTHOCTH Wi
TEHCUBHOCTH IBWKEHHUS Ha TPAHCMOPTHO
CTBOBATh OTHENbHbIE JIEBOTIOBOPOTHLIE Q
nenust (JINIO) n npaBonoBOPOTHLIE COEN
(nnoy.

Ha pucyHke | npeacrasieH ciyy
4 oTCYTCTBYIOT. X poNb BBLITIONHAIOT H
Hble coenuHuTenbHble oTBeTBIeHus (HIT
1S TOBOPOTA Harpaso aBToMobuns 4 (p
MOBOPOTHbIE COEJWHHUTENBHbIE OTBETBIIG
3HAaYCHHbIE JUTS MOBOPOTA HAIEBO aBTOM(
MpaBONOBOPOTHOTO COEAMHHTENLHOTO O
2) coctouT u3 npamoit KE u nepexoaHo

JlnvHa nepexoaHo# KpuBOH L HasHa
paanycoM R kpyroBo# KpHBOK Jnol.
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INIOBEPXHEBI OFPOBKH 3 APMOBAHUX HEMEHTOBETOHHUX
CYMIIUEHN TUITY HPCM

B.K. BupoxeMmcbkuii, K.T.H., 3aCT. AHP. 3 HAYKOBOi po6oTH,
K.B. Kpalomkina, cT. HayK. cniBpo6., lepxaopHAI

Anomayia. Onucano HoGUtI mun monkowiapoeo20 noxpumms. Bnepwe 6 Yxpaini 3anpo-
NOHOBAHO YAAUIMYBAHHA MOHKO20 GEMOHHOZ0 WAPY HA HEXCOPCMKOMY NOKpummi, sKe @
0aHOMy 8UNAOKY CRYIHCUMb OCHO80I0 I, Npu yboMy, 8i06YBAEMbCA NOKPAUYEHHA 3YINHUX
anacmueocmeti icHyrouozo acgarsmobemonnozo nokpumms. HJucnepcue apmysanns 3a
PAXYHOK 88€0€HHS 80/I0KOH NiOGUWUmMb MiyHicmb, 3cysocmiixicme i do62o8iyHicms dopo-

HNCHLO2O NROKPUMMA.

Kniwouosi cnosa: monxowapose noxpumms, 6emonna cymiu, ¢ibpa.

Beryn

BaMika PO3BHTKY aBTOMOOLIBHOIO TpPaHCTOPTY
IO KOXEH PiK 3MiACHIOETBCA NPHPICT iHTEHCH-

OCTi pyXy, MiIBHULIEHHA HAaBaHTAXEHHA Ha BicCb i
bHOT MaCH TPaHCMOPTHHX 3acobiB.

; AxtyanbHicts pospo6ok HPCM-nokpuTTs

NpHIBOAWThL [0 HIBHAKOTO pYHHYBaHHS MaTepia-
HOKPHTTA | JOPOXHBLOIO OAATY B LIJIOMY, 3aMiCTh
PMATUBHKX 16 —~ 18 poOKiB, MOKPUTTA NPaIIOIOThH
~ 4 pokd. OCKiNIbKM HaW6isbII MOIIMPEHUM Mare-

oM € achansTOBUA GETOH, TO MEpPCNEKTHBHHUMH
pspobkaMu € Ti, IO MiABHIIYIOTh HOro HaZilHICTb,
OPCTKICTB | JOBIOBI4HICTS.

e wworo B JlepxkaopH/Il mposoasatecs pobotu B
XINEKOX HAMpAMKaX, TOJIOBHHM 3 SKHX € MOKpa-
ReHHA TPaHCTOPTHO-EKCIUTyaTalliiHUX XapakTepHc-
X MOKPUTTA 3a PaxyHOK YJalITYBaHHA Ha iCHYIO-
oMy acanbTOGETOHHOMY MOKPHMTTI TOHKOTO lieMe-
Po6EeTOHHOTO Mapy 3 NMOKPALICHOK IOPCTKICTIO i
IHiCTIO.

Heo6XiAHO BiIMITHTH, 11O LA TEXHOJOris po3pobas-

ic1 B YKpaiHi Breplie i NpOBOAMTHLCSA 3rifHO i3
aBIaHHAM MiXKHapo#HO! mporpamH «EkoHOMiuHa
OiHKa JOBrOBiYHHX HOPOXHIX TNOKPHTTIBY, SKY
gomoe ueHTp «Organisation for Economic Co-
operation and Development (OECD)», Joint Trans-
port Research Centre y ®pannii. 3 2005 poky Jlepx-
popH/II Gepe yuacts y ckiagi pobouoi rpynu Bin
YxpaiHu B wiit nporpami.

MixHapoaHa Hassa Takoro mokpurta HPCM (High
Performance Cementitious Materials) — BucokoMilHe
HKOLIapOBe  O€TOHHE  TMOKPUTTA  TOBLIMHOKO
$9 MM, apMoBaHe METANEBHMH, nojiMepHUMH abo
fasanbToBMME GiGpaMH IOBXHHOIO He Ginblue 5 MM.
IlinBuIlEHHA 34YiMTHUX BAACTHBOCTEH OOYMOB/IIOETH-

Cf HaHECEHHAM Ha GETOHHY TOBEPXHIO KaM’SHOro
Matepiaty ¢pakuicio 3 — 5 MM.

Hdocninkenns HPCM-nokpuTTst

3rifHO 3 3aBAaHHAMH MiXKHapOAHOI mNpOTpaMHu,
HPCM-nokpUTTs NOKpaLLyioTh (pPHKUilHI BAacTH-
BOCTI iCHYIOUHX ac¢hanbTOOSETOHHHX TOKPHTTIB, 3a-
6e3neuyroTh X JOBroBiYHICTH i Mpale3faTHICTb.

JocnikeHHs, 110 BHKOHYBaJHCh, 6yIH NoOJAiUIEHI Ha
KibKa eTaniB:

1. 36ip iHdopmawii MPO MOXIIHBICTb YNaIUTyBaHHA
XOPCTKOr0 6ETOHHOTO TOHKOLIAPOBOTO MOKPHTTA Ha
HEXOPCTKY OCHOBY, AKOIO CIYXHThb iCHyloue acda-
JIbTOOETOHHE NOKPHTTL.

2. Bubip cxnanoBux KOMNOHEHTIB 6E€TOHHOrO mMo-
KpuTTH, T06TO DibpH, KaM’ssHOTO MaTtepiany i Gesno-
cepelHbO BU3HAYEHHA ONTHMAILHOIO CKNaay 6eToH-
HOT cyMili.

3. llpoBeneHHs n1aGoOpaTOPHHUX - NOCHTIKEHb [LIOAO
BH3HAYEHHs (i3HKO-MeXaHIYHHUX BJacTHBOCTEH mixi-
6paHoi 6eToHHOT cyMillti.

4. Po3pobka TexHosorii HAaHECEHHA Ha iCHyloue ac-
¢danbT06ETOHHE MOKPHTTA.

5. Cxnan GeTOHHOT CyMillli Takuii: LIEMEHT, KBapLO-
BHI MW, CynepriacTH¢iKaTOp Y BUIIAAI MOPOLIKY
(tuny nonikap6okcuny) i Bopa. Ilpu BuGopi ¢iGpu
IS QMCMEPCHOrO apMYyBaHHA 33 OCHOBY 4JIE€HAaMH
pobouoi rpynu 6ynH B3aTi ¢ibpu Mertanesi d = 0,2
MM, J0BXKHHOIO 10 13 MM; Ta PVA-¢ibpu 4 = 0,33
MM Ta JOBXKHHOIO 10 15 MM.

PesynbTaTn n1abopaTOpHUX HOCHiX€EHb, MPOBEAEHUX
y ®panuii y na6oparopii LCPC, HaBeaeHi B Tabn. 1.




Ta6nuus 1 BiaacTuBocTi 6eToHHOi cyMimi3 1 %
craneBux $ibp, 1 % PVA-¢i6p Ta BEXigHOT
HeapMoBaHoi cyMilli

1% 1%
Haﬂme};yl;al:;{x nokKa- Hezs:(i);aua raseony PY A-
$i6p | ¢i6p
Ocanka, oM 16,0 14,0 | 11,5
Bwicr nycror, % 6,3 5,8 4,2
MilHicts Ha cTrck, MIla 138 172 210
MIiLHICTB Ha 3rHH 24,9 23,5 | 28,5
Moy npyxHocri, MI Ta - 42,5 | 485

Pe3ynbTaTH NpoBefeHUX NOCHiMKEHb MMOKa3alH, LI0
3HaueHHA 3 PVA-(ibpami He nocTynaloThes CKIamy
GeToHHOT cyMmilni 3 MetaneBuMH (ibpamu, a 3a Miu-
HicTIO € aemo 36inbLIeHHMH. Takum YHHOM, PVA-
BOJIOKHa MOXKHa 6y/0 peKOMEHIyBaTH Uld MOAAIb-
KX NOrNUGIEeHUX NOCTiHKEHb.

Hi nocnimkeHHs BKJIOYanH BUNPoOYBaHHA MOpO30-
CTifKOCTi, BTOMJIIOBAHOCTI, OTIOpY CTHpaHHA Ta KO-
Ji€yTBOPEHHA.

Bunpo6byBanus Mopo3ocTiiikocTti mpoBoawucs Jlat-
cbkuM JopoxHiM iHcTUTyTOM DRI 32 LlBeacekuM
MeToloM SS 137244,

3pasku repMeTH3yBand i i3omoBaiM 3 ycix GOkiB,
KpiM 30BHIIUHBOI MOBEpPXHi, Aka Gyne BHNpoGoByBa-
THChb. 3 % po3unH NaCl TOBIIHHOIO 3 MM yKnagaiH
Ha Mep3JTy MOBEPXHIO i YCTaHORIIIOBAJIH B XOJIOAKIb-
Hy YCTaHOBKY, A€ 3pa3KH BHTPHMYBAJIHMCh NIPH TEM-
neparypi Bin +20 °C po —20 °C i 3HoB j0 + 20 °C
MpOTAroM 24 rofuH.

Luknis 3aMOpoKyBaHHA-BiATalOBaHHA B3araiui 6yno
112. BunpoOysaHHA MOKa3aiH, LIO BiAlIApYBaHHA
HeMae, TOOTO Marepian € MOPO3OCTIHKHM i PH3HKY
BHKPHIlYBaHHA 1We6GiHOK He icHye. JlochmimkeHHs Ha
MOPO30CTilfKiCTh IPOBOJWIHCH 3 AOAABaHHAM Pi3HOL
kutekocTi $ibp Bix 1 mo 3 %.

[Ticns npoBeaeHHX AOCHimkeHb 6yn0 BU3HAUEHO, IO
3HaueHHA MOPO30CTIMKOCTI BHILE y CKIaAiB 3 A0Aa-
BaHHAM PV A-BONOKOH i 36imbutytoThes i3 36inbIIeH-
HAM LHMKJIIB 3aMOpOXYBaHHS-BiATalOBaHHSA, HiX Y
cknafiB 3 BBeEHHAM MeTalteBux ¢ibp. OnTHManeHa
KutbKicTh PV A-BosiokoH — 3 %.

Burnpo6yBaHHA Ha BTOMJIIOBAHICTb NPOBOAWIHCH B
HiMeuuuni 8 BASTi. [ina Toro, o6 BunpoGyBaTH

JOCTaTHHO TOHKMH 11ap 3HOCY Ha OMip BEJHKIN Kilb-
KOCTi BifIXHJIEeHb, 110 MOBTOPIOIOThCA, B NabopaTopi-
X KpaiH-yuyacHHUb Oyna 1poBefieHa cepis BHNpoOy-
BaHb Ha 3TMH.

Mera a0CHiMKeHHs —~ BU3HAYHTH LINBHICTh MaTepi-
aimy, ocoGIMBOCTI NOBEAIHKH BOJIOKOH Pi3HOTO MOXO-
[DKEHHs Ha Ailo BeIHKO] KUIbKOCTI LIMKJIIYHOro Hapa-
HTAXEHHA.

TyT nposoaunock NMOPiBHAHHA Ail ABOX THMIB (ibp
cranepux T7a PVA. BunpoGyBaHHA BHKOHYBAAHCh 3
J00aBaHHAM Y cyMill ¢ibp y kinbkocTi 2 % Ha 3pas-
Kax — 6Ganoukax 3 posmipamu 10 x 50 x 1000 MM 3
3aBJaHUM NPOTHHOM MMOCEPEAHHi, BETHIHHOIO 1 MM,
lle BinxwieHHs npuGau3HO BimoOpaxye cepenHii
NpOTHH, 1o Bin6yBaeThcsA NpH Npoi3gi aBTOMOOLTIB
no Aopo3i, 30UTbieHHH y 3 pa3H.

Pe3ynbTaTH NPEACTAaBNEH] Y BUIIAAI 3Ha4eHb €KBi-
B&JIEHTHOrO MOZYJS NPYXKHOCTI AK pyHKUil KiibKOC-
Ti UMKIIYHOTO HABaHTAXKEHHf, IO TPHKIAJAETHCA,
BuxigHu#i Momynb npyxHocTi Ha 28 JeHb CKJIajac
HPCM 3 2 % MmeTtanesux BosiokoH — 38 MIla; HPCM
32 % 3 PVA — 36 MIla. [IpyuoMy 3MEHIUEHHA MO-
AyJs OpyXHOCTi BinfyBa€eTheca miciis Mepuoro Miib-
HOHy TnporuHiB, y craneBux ¢ibp ue BHPAXEHO
6inb1, Hix y PVA.

3MeHLIEHHS MOyl NPYKHOCTi MpH3BEAE A0 YTBO-
PEHHN MiKpOTDIillMH, ane nojanblli cTabGinbHi 3Ha-
YeHHs CBigyaTh, 110 3HAYHOrO MOFIPUIEHHA MOAYJIA
TPYXHOCTI He BiabyBa€ThCs, TOOGTO PO3BUTKY TPilLHH
i noJanbIIOro pyHHyBaHHA TEX He BiAOyBaeThCA.

He3Baxaroud Ha HMXui 3HaueHHs 3 PVA-
BOJIOKHaMH, MOXHa CTBEP)KYBaTH, WO 0OHaABa THITH
BOJIOKOH MO)KHAa pEKOMEHIYBaTH U1 3aCTOCYBaHHs B
cyMimi.

OuiHka onopy 3HoCY GeTOHHOro MOKpHTTA 3 (ibpa-
MH pi3Horo nmoxomkeHHs Gyno nposeaeHa B ClUA,
Turner Fair bank Highway Research Centre. [Jlns
OLIIHKH OMOpY 3HOCY MOBEPXHi | CTHpaHHA MiA BILIM-
BOM pyXy TpaHcnopry Oyno mpoBeseHe BHMpoOy-
BaHHA Ha yTBOPEHHA KOJNIHHOCTI Mif pyxoM Kojeca
NpH 3alaHAX TeMNepaTypi i KyTi NOBOpPOTY KoJeca.
JUis nopiBHAHHA BHKOPHCTOBYBIHCH 3pa3kH 6e3
BBEJECHHA QibpH.

Bunpo6GyBaHHA Ha KONiHHICTh HaHGinbL Bigo6Gpaxae
Ti JAMHaMi9Hi HaBaHTa)XXE€HHA, IO BHHHMKAIOTb Mil
PYXOM TpaHCMOPTY, i Ja€ MOXJMBICTb 3amHcaTH
Oyab-AKi 3MiHH P€OMETPHYHHX XapaKTEPHCTHK IOBE-
pxHi. BunpoGyBaHHA TPOBOAWIN NMPH TeMIeparypi
30BHilIHLOrO cepefoBHila +20 °C, 3 HaBaHTaXXEHHAM
0,6 MITa. KinpkicTs nukiais — 1000.

PesynbraT BHIpoOyBaHb MOKa3aiH, 110 Y 6ETOHHHX
MIOKPHTTIB 3HHXXEHHA MacH BimOyBa€Thcs MeEHWI iH-
TEHCHMBHO, Hi)K Y KOHTPOJNbHUX ac(aibTOGETOHHHX
3pasKiB, 110 MOACHIOETLCA BBeAEHHAM ¢ibpu. IIpak-
THYHO OJHAKOBMI 3HOC y CKJaji 3 AOAaBaHHAM Me-
TaneBux i PVA-BonokoH. lle me pa3 miATBEpIKYE,
110 i THMH BOJIOKOH NPH/IaTHI AN BUKOPHCTAHHA.

IMpu ynawryBanii HPCM B cBixoykiazneHy 6e TOHHY
cymiw 3 ¢pibpaMu ynanaioTh e6iHKH Ha NOJOBHHY
iX TOBLIMHHM i MPHUKOUYIOTh METANEBHM LHIIHAPOM
(nerkuM KOTKOM).



x TuniB $i6p

Tabnuug 2 Pe3yabTaTH J0CTiDKEHDb, TpoBeneHuX B JepxaopHI

(OHYBAJIHCh 3
2 % Ha 3pas- Crap 6eToHHOI cyMilui 3 ¢i6paMHu pi3HOro NOXOMKEHHA
x 1000 MM 3 JanHA 10Ka3HHKIB Buxiana cy- 3 meTaneBumi §ib- 3 PVA- 3 6a3anLTOBHMH
yrHOIO 1 MM. Miul pamu ¢ibpamu ¢dibpamu
(ye cepenHiit b ma cruck, MIla
 apToMo0LNiB ‘TREpIiHAA
; 8,0 8,5 9,0 9,8
11,2 11,8 11,9 12,5
JHayeHbL €KBi- 28,8 29,1 30,2 31,3
IKUiT Ki1bKOC- 31,6 32,6 31,8 33,2
MKIANAEThCA. 37,0 38,0 39,0 39,9
JeHb CK1afa€ 41,3 42,5 42,6 43,0
Mila; HPCM HA PO3TAT NpH po3-
l::ﬁg?: ine- i, DY pyRHisHoMY 2,86 2.9 3,1 334
lic BHP2XXECHO PEHaHuS, Yo 5,3 3,8 3,6 2,8
MporixnnBicTs, MITa 5,5 6,0 7,0 8,0
geie 10 YTBO- ‘mu::pomﬁmo-
TaGinbHi 3Ha- ; 0,81 0,97 0,98 0,98
IEHHA MOIyJIA 0,74 0,94 0,96 0,95
*Bm';{c?'m“" 0,68 0,86 0,91 0,92
yBaETBCH. .
PVA ui B JepxnopH/Il npoBomwnucs mpoci- KpaLIEeHHAM TPaHCNOPTHO-€KCIUTyaTalifiHHX moKas-
g 3 -

3 po3pobKH NOBroBi4HOro 6€TOHHOro TOH-
BOr0 NOKPHTTA TOBWHMHOW 10 MM. 3 BHKODH-
PVA-¢i6p, cranesux ¢ibp i HanTOHKHX
Josix ¢i6p, orpumanux npu nepepobui 6asa-
i ripchbkoi MOpOJM, ULIAXOM TEPMIHHOrO IUTa-
| ipu Temnepatypi 6iu3bko 800 °C. Crian
pl cymiini 6yB Takuii: uemeHT Mapku M-400;
s BiaciBy npo6nenns; webiHb rpaHiTHHIA; BO-
JOLCMEHTHE criBBiaHOMEHHA 0,5.

0 00HIBa THITH
acTOCYBaHHA B

uTTR 3 Qibpa-
neta B CLUA,
h Centre. ins
AHHA NiA BIUTH-
leHe BMIPOOY-
PYXOM Koneca
B0pPOTY KOJlEca.
b 3pa3kH 6e3

-
JOCAIKYBAIHCh 32 METONMKaMK i HOPMaTH-
JAOKyMeHTaMH, L0 JiloTb B YkpaiHi, Ha

POSTAT IpH po3KOJt, Mopo3ocTikkicTe (100,
800 LHKNiB 3aMOPOXYBAHHSA Ta BiJITAIOBAHHA Y
hosquni NaCl), BomoHENPOHHKHICTL Ta BOAONO-

bl BijoOpaxkae g, PesynbTaTH foChimkeHb HaBeleHi B
JHHHKAIOTb ] 2.

3iCTh  3aMHCaTH 3
TEPHCTHK NOBE- 5
M TeMIepaTypi
faBaHTAKEHHAM

:

BucHoBkH
MIeHI IOCIHDKEHHS [TOKa3alu:

i Bnepiie 6yB anpobopaHuii HOBHH cy4ac-
pian A1 CYLUIbHOrO HaHECEHHs Ha iCHylo-
BEDHTTA 3 METOK 30LILLIEHHA WOPCTKOCTI i n0-
pBOCTi nopir i TpoTtyapiB. Y nopiBHAHHI 3 mo-
fweBolo 0Opobxoro BukopuctaHds HPCM 36ins-
| BOBFOBIUHICTh NOKPHTTIB Ha 20 — 30 % 3 no-

mo y GeTOHHHX
ETHCS. MEHIL iH-
)anbT06eTOHHHX
M di6pu. Ilpak- -
I0IABAHHAM Me- .
3 MiATBEPIKYE,
MKOPHCTaHHSI.

naneHy 6ETOHHY .
KH Ha NOJIOBHHY
BUM LWITIHIPOM

59

HHKiIB Ha 30 - 35 %.

TakuM unHoM, HPCM € HOBHit THI TOHKOLIAPOBOTO
HOKPHTTA, OCKiIbKH JKOPCTKMH wWap ToBLHHOW 10
MM YKJIaJa€ThCA Ha HEXOPCTKY OCHOBY i NPH LbOMY
BiAOYBa€TLCA MOXpALIEHHA 34iNHHX BIACTHBOCTEMH
icHylo4oro acgansrobeToHHOro NOkpuTTa y Oyab-
SIKY TNOpY POKY.

Cknax 6etonHoi cymiwti HPCM 3 BBeneHHsaM 6Ga3a-
JILTOBHX BOJIOKOH TIOKa3aB HaHBHILI pe3yNbTaTH NMpH
NMPOBEAEHHI CTAHAAPTHHX BHUNPOOYBaHb, HeOOXiAHO
nposecTH 6inbll NorHGIeHI BUNpoOyBaHHA.

JucnepcHe apMyBaHHA 3a paxyHOK BBEACHHA PVA
a60 6a3anLTOBHX BOJOKOH MiJBHLUHTL MilHICTh,
3CYBOCTifiKiCTh | JOBrOBiYHICTb JOPOXHLOTO NO-
KPMTTA.

JUta YkpaiH BHKODHCTaHHA 6a3ajlbTOBHX BOJIOKOH €
6inbul NEPCNEKTHBHHM HATNpaBNEHHAM, Hik PVA Ta
MeTalleBi BOJIOKHA, TOMY 10 Haula KpaiHa Ma€ Haii-
6itbi pongoBuia 6azansTy Y BCbOMY CBiTi, TOMY
e HanpAMOK € BikaBUM i HEOOXiAHUM.

Penensenr:
XHALLY.

B.K. XnaHiok,

npogecop, A.T.H.,

CratTa Hagiiiuuna no penakuii 8 cepnus 2006 p.
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NESAKI OCOBJIMBOCTI BUKOPUCTAHHS XJIOPUAIB I1PU 3UMOBOMY
YTPUMAHHI ABTOMOBLJIBHUX JOPII

Bupoxemcokuii B.K.
HepacoopH/I

Koxymko B.B.

11 ,, Kuiecvkuti obroopynp ™

Kpaomkina K.B.
HepacoopH/[I
Ximepuk T.1O.
HeporcoopH/[I

3 xiMiuHMX 3aco6iB, AKi HAa ZaHWi Yac OibLI BCHOIO PO3MOBCIOKEHI [Uid GOPOTHOM 3 3MMOBOIO
CITM3BKICTIO, HAaMGIIbII BUTIIHAMHM 3 €KOHOMIYHOT TOYKH 30pYy € XJIOPUCTL COJII METAJIIB: XJIOPUCTHH
HaTpiit (NaCl — nmosapeHna cins), xaopuctuii kayblii (CaCl2) i xnopucTuit MarHin (MgCl2).

Jlin uMx cojel 3acHOBaHa Ha TOMYy, LIO TeMIepaTypa 3amep3aHHs IX BOAHHX PO3YKUHIB HHXXUE
TemriepaTypu 3aMep3aHHs Boad. [Ipu posnoxini coni Ha IOBEPXHI JBbO/JISHOIO 1HAapy INOYHHAETHCA
YTBOPEHHS MJ1IBOK PO3CO/Y HABKOIO KPUCTANIB COJI, 1 JILA MOCTYIIOBO TaHe. leMnepaTypa 3aMep3aHHs
BOAHMX PO3YMHIB PiAKHX conel HEOAHAKOBa, B 3B’A3Ky 3 UMM pi3Ha i ,,M7IaBKa 3aTHICTb  COJIEH, AKI
BUKODHCTOBYIOTbCS 11 60poThOU 3 oxkeneanuero. [1id ,,MIaBKOIO 3ATHICTIO” PO3YMIIOTE KUTBKICTH
6Oy, AKMH Moske OyTH pO3MIaBJIEHHI OAHIEIO BaroBOX OJIMHHLEIO cofl. Buxoasuu 3 MIPKYBaHHS
MOCTYMHOCTI (MOMUIMBOCTI OJEPIKAHHS) Ta BapTOCTi, IS OOPOTLOU 3 OXKEJNEAUULIO YacTIIIE BChOTO
BUKOPUCTOBYIOTh XJIODUCTHHM HaTpilf Ta XJOpUMCTHI Kanblii. lemneparypu 3amep3aHHs BOJHHX
PO3YMHIB LIUX COJIeH, BIAMOBLAHO, MiHyC 21,2 °C Tta miHyc 55 "C. TlopiBHSHHS IJ1aBKOI 3JaTHOCTI LIMX
MaTepiaiiB CBiUMTh, LWIO TPH TEMIEPaTypi HaBKOJIMLIHBOrO CEpEeJOBHLUA Buile MIHYC 12,7 °C
JIOpEYHO BUKOPHCTOBYBATH XJIOPHUCTHH HaTpiil, a rpu OUIbLI HHU3BKHX TEMIIEpaTypax — XJIOPHUCTHH

KaJIbLI .

O7iHaK MpH UboMy Tpeba BpaXOBYBATH LIBUAKICTD BILUIMBY Ha Jli[ XJIOPUCTOrO KAIBIIIO Ta XJOPHCTOrO
HaTpil0, TAK K BOHA HeojgHakoBa. CrOYaTKy B JIiJ NMPOHHMKAIOTb KPUCTAIM XJIOPHUCTOrO KalbLIIO, 2
NOTIM IUBMJIKO MOYMHAE CBOIO Ait0 xyopucTui Hatpiit [1,2]. IllBMAKICTE NPOHUKHEHHS KPHUCTAB
(puc.l) 3a1eXUTb HE TIBKKM BiJ XIMI4HOrO CKJIaQy COMi, a ¥ BIA po3Mipy Il KPHCTAIIB, @ TaKOX -
TemnepaTypu aTMochepHoro nositps. 11lo6 3abe3neynty skomora OLTbIIMHA BIUIMB COJi Ha J11 NPH
Pi3HUX TEMIIEPATYPaX HABKOJIMUIHLOTO CEPEJOBHILA, JO1IIbHO BHKOPHCTOBYBATH CyMILI XJIOPHUCTOrO
KaIBLIit0 Ta XJopucroro Hatpito. B CIIIA, Hanpukiaja, Taka CyMiml FrOTyeTbCA B nponopiui 2:1.

Cinb MOXHa . BAKOPMCTOBYBATH B YMCTOMY BMI/ALi (XiMiyHHMH cnocid OOpoThOHM 3 3HMMOBOIO
CJIM3BKICTIO) Ta B cyMiwi 3 dpakuiiiHUMH Marepianamu (BiAciB Bi APOONEHHS KaMEHIO 3 PO3MIPOM
3epeH 10 3 MM, ITICOK — XIMiko-QpHKLiHHUI crioci6), 1o 3HA4YHO MIJABHLIYIOTh KOS(MIIEHT 34ETUICHHS
aBTOMOOIJIbHUX LLHH 3 JOPOIOL0.
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Temneparypa, rpag C

I —NaCl; 2-CaCl,

Pucynok 1 - Ilnagxa 30amuicme xaopucmux coneu

CYMilll Kpallle 3aKpiIUTFOETBCA Ha MOBEPXHI JILOAY, CIIPHAE HOro BUAAIEHHIO 3 TIOKPUTTA JOPOTH,
Ha OpHKUIAHOrO Marepiany 3abe3neyyloTh MiIABMILNEHHA LIOPCTKOCTI noBepxHl. LIBWIAKICTB
DPRHKHEHHS XJIOPUCTHX CoJieil y JI1 B 3aJIEXKHOCT] Bl HOPM BHUTpaT HaBeAEHO Ha PHC.2.
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Tepminun Bzaemoaii ( roanH )

wmpuxoea ninis — kpugi ona NaCl;
cyyinona ninisa — ona CaCl’
Temnepamypa eunpobysans — 10 °C.
1—702/m°:2—402/m°: 3—202/M" — NaCl;
4-702/m°; 540 2/m°; 620 2/m” — CaCl,

Pucynok 2 — Illsuoxicms npoHUKHEHHA XI10PUCMUX CONleU 8 10 8 3AIeHCHOCI
810 HOpM gumpam
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IcHytOTb i iHIII criocobu JTiKBiAaLIl 3MMOBOI CTM3bKOCTI 13 3aCTOCYBaHHAM IHLIMX MaTeplajliB, TaKHX
K KaiHiT, 6il0odiT TBepAUil T2 PO3UMH TOLIO, ajlé BOHH MEHLI PO3NOBCIODKEHI, TOMY B JaHid poboT

MH He NPUALIIEMO IM yBary.

OcTaHHIM 4YacoM BeJHKAa yBara MNPUAUIACTECA YHCTUM XJIopHaaM aias OopoTbOM 3 3HMOBOK
cim3bkicTio. Tinbku B KuiBchbkiit 06:1acTi MM MaeMO 24 OAMHHLI CONIEPO3MOAUIBYOrO OOIalHaHHA s
apToMOOi1iB , Scania”, ,MA3”, M3KT, I'A3, KPA3. B ocHoBHOMY Li¢ OOJagHaHHs HIMEUbKHX

kommaHiit Schmidt, Superweizer, Pitsch. Ctanom Ha 01.02.2007p. Bxke noOynoBaHO oAMH (Ha Oa3l

dinii ,,bposapceke JEY” III , KuiBcekuii obnmopynp”) ckiaj g 30epiraHHs YHCTHX XJIOpHAIB 3.
BY3JIOM NPHroTyBaHHsA po3conis [4, 5]. B 2007-2008 pp. niaHyeTbes 3akynka e 15 KomnneKTiB}

3 apTOMOOIISAMU  oBnaaHaHHs ,,Schmidt” Ta OymiBHUUTBO 15 criaaiB aias 30epiraHHi 4YMCTHX
XJIOPMIIB 3 MAJIOO MeXaHi3aLli€ro (CHCTEMOK TPaHCIIOPTePiB, rpefidepoM, 103aTOpaMH, OyHKEepaMmH).

XapkiBCbKMM HaL[iOHAJILHHM aBTOMOOLIBHO-ZOpOXKHIM yHiBepcuTeToM (XHAJLY), YKpatHChbKHM
IEP)KaBHUM BHUPOOHHYO-TEXHOJOMIYHHM MIANPUEMCTBOM ,, YKPAOPTEXHOIONIA  Ta JlepKaBHUM
OPOKHIM HayKoBO-gocaigauM  iHctuTytoM im. lllynerina (JdepxnopHII) po3spobrent ,,CauHi
npaBWiIa 3MMOBOrO yTpMMaHHs aBToMoOuibHuX nopir” (ILIN.1-218-118:2005), sk1 3aTBepaKeHo
HakazoM JlepkasHoi  cayx6u  aBTomoOinbHMX  gopir  VYkpainm  (Ykpastomop)  Ne 525
Bia 15.11.2005 p. {6]. B HMX BH3Ha4e€HO OCHOBHI BHMOTH LIOAO TEXHOJIOrIH Ta opraHizalll poOiIT 3
3MMOBOIO YTPHMaHHs JOpPIr, OXOPOHH JOBKUIIA Ta BUMOTH Oe3nexu miJ 4ac 3MMOBOrO yTPUMAHHS

aBTOMOOINBHUX JOpIr, a TAKOX HABEJAEHO BMMOLH IO TNPOTHOXEICOHMX MatepiamB ((ppakumiiHUX,

XiIMIUHMX) Ta ycepeJHEHI HOPMH PO3MOALIEHHS YACTUX XJIOPHAIB (K1 Bl1oOpaxeH1 B TadJ1. 7.7 LbOro

noxyMeHTy). Lli HOpMM HaBegeHO i1 B ,,MeTOAMYHMX BKasiBKax 3 oOpraHisauii eKCILTYaTaLlMHOro
yTpPUMaHHS MaricTpaJbHUX J0pir B 3umoBuX yMoBax” (MB 218-03449261-419:2005) [7].

Tabauus 1- Ycepeoueni nopmu po3noodiiry wucmux x10puoia

Ilvxrkuu cHiz
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Wyrna mabn. |

I Cm:)fcuo-fzbodﬁuuu Hakam | ~ IIyxkuu cuie

Ycepedﬂem Hopmu pomoc)weumz YUCMUX XJIOPUOIE, 2/M°, 3a 810 €MHOI meMnepamypu

| agrrwocgéegnoeo nogimps_ | _
e : ~ PN
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.
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| . |

Mimia 1. Hopmu posnooiny mexuiynoi coni eéxkasano y ckaadi I1CC (aonycxaembm 3aCMOCy68aHHA
mexniynoi coni y cknaoi 3 IICC i 3a memnepamyporo 6io 0 0o minyc 10 °C). Mpuxnao po3paxyuxy
nopmu eumpam [1CC nagederno y oooamky B.

} ,

a 2. [Ipouepx o3nauac, wo 3a maxkoi memnepamypu NOGIMPA 3ACMOCOBYBAMU BKA3AHY XIMIYHY
peuosuHy 3a60POHAEMbCA.

a 3. JlyckonoOibnuu xaopucmuu xaneyiu OOYINLHO 3acmocogyeamu 3a memnepamypu Hosimps
. : : 0
8i0 minyc 15 0o minyc 35°C.

/

Mimka 4. Hopmu po3paxogano Ons moswjuHu wiapy 100y — 1 MM, CHIJICHO-TbOOAHOZO Hakamy — 1cwM,
NYXKo20 CHIcy — 2 cM.

TabaHLi B 3aJ1€3KHOCTI BiJ TEMNEpaTypH HABKOJIMIIHBOTO CEPEeAOBHUINA 1 XapakTepy NOKPOBY
IKHEOTO TOKPHUTTS (ITyXKHH CHIF, CHDKHO-JIbOASHUH Hakar abo /11[) HaBEIEeHO BUTPATH
facToro Hatpiro (TexHiunoi coni) Bix 10 1o 70 r/M’. OnHak He BPaXOBAHO aKTUBHICTB XJIOPUCTOrO
Bo 200 BMICTY B Hil XJIOpUA-iOHiB, a po3paxyHoK HaBeaeHo Ha 100 % ix BMiCTY.
yGakT BUKJIMKAE TPYOHOILNI B IHTAHHAX MPUrOTYBaHHA IIUIAHO-CONSHUX CyMiliedl noTpidHUX

RexTpalliif, criMcaHHs X MiC7I9 BUKOHAHHA pOOIT, a TaKOX MpH MPHHHATTI pOOIT 3aMOBHHKOM B
3EMOBOI eKCIUTyaTal aBTOMOOUILHHUX JOPIT.

By 1T , Kuiscbkuii obnpopynp” 3sepHyBcs ao HdepxaopH/L imen: MUILIynerina 3 nuraHHAM
efICHHA  JOCJIDKEHP 110 BHU3HAYEHHIO BJIACTUBOCTEH  TEXHIYHOl COJIl  BHPOOHHMLTBA
p'remcinb SIKAH NMPOBIB L1 JOC/IIIKEHHS B Heplou B 2006 poutl, 3riiHO AKKUX BMICT XJIODUI-
BB B coni ctaHOBUB 77,22 %.

*ne, B CBOIO Yepry, FOBOPHTh MPO Te, 1UO IPHA [PUroTYBaHHI MIAHO-COJIIHKMX CyMiuied 6 %
rneHTpaui'i MM NOBHHHI J103yBaTH XJOPHAIB Ha 22,78 % (Big 6 %) Ounslue, To0TO 7,7 % (BaroBux)
OTpPHMMaHHs HeoOXiaHO1 MaBkoi 34aTHOCTI (pHc.l) 1, BIAMOBIAHO, HA CTUIBKH X MEHILE
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bpukuiiiHoro Matepiany — micky. Abo, qIMME cioBaMy: o6 mocarty 100 % aKTHBHOCTI XJIOpHI-
ioHiR B 6 % MillaHO-CONAHIM cyMili, HeobXiaHo B3gTH 7,7 Yo (BaroBMX) XJIOPUAIB (TEXHIYHOI COM) 3
aKTHBHICTIO (260 BMicTOM XjIopUn-ioHiB) — 77,22 Y. A MpH BUKOPHCTAHHI UMCTOT coli st GOpOTHOH
2 3MOBOIO CIIM3BKICTIO — HO3yBaTH ii Ha 1kB.M. Ha 22,78 % Oublie Bi BEJUYMH, 1O HABEJICHO B
ycepeAHEHHX HOpMaX pO3MOAUICHHS YHCTHX XJIOpHMAIB, /8 JOCATHEHHS HEOOXIAHOrO MJaBH/IBHOIO
C AL 0 : .
edbexty. Hanpuwuian, (tabnnus 1), npu Temneparypi 0+(-5)"C, HopMa pO3IOALTY XJIOPH/IB CTAHOBHTE
’ . . . 0 . .y ‘ 7 .
20 r/m>. Tlpu BmicTi x0pua-ioHiB 77,22 % B TEXHIUHIM COJl, HOPMA NOBHHHA oytH 24,6 r/M” 1 T.A.

Heo6xinHO BiAMITHTM TaKoX, L0 y BHMPOOHWYUX YMOBax IIpH MPUroTyBaHHI T11aHO-COITHHUX
cyMilleit pi3HUX KOHLIEHTPALl#H (6%,12%,25%) NOBHHHI BUTPUMYBATHCh TOYHI AO3YBAHHA XJIOPH/IB
Ta nicky. Jlag Uporo, Ha Hawl IONIAL, HeOOXiJIHO BHpIUIYBaTHM TMTaHHS BIPOBAa/DKCHHA Y
BUPOOHMLTBO ClELianbHUX [03aTOPIB Y KOXHOMY BUpOOHHYOMY MiAPO3aLil, Ha KOXKHOMY CKJIa/l
[IPOTHOXE/IENHHX MaTepiajiB, abo roTyBaTH CyMillli LIEHTPali30BaHO, B MICLUAX, 1€ [CHYIOTb TaKl
03aTOPH | PO3BO3UTH iX Ha IPHIOPOXKHI GydepHi CKIaiM aBTOTPAHCIIOPTOM. AJi€ IS« LBOTO
HeOGXIIHO BUPILLIMTH P OpraHi3alidHHX, Q1HAHCOBUX Ta €KOHOMIUHHUX MMUTAHb.

[Ipy BMKOPUCTAHHI YHCTHX XJIOPMIIB AJjif 3MMOBOrO yTpUMAaHHA ABTOLOPIr, COJIEPO3KMAAIBHE
obnamnansds Schmidt, Superweizer, Pitsch go3Bosig€ 1o3yBaTH XJOPUAM 3 TOUHICTIO 0 | I, TOMY
100612 JHAHHS YM TTepeobIagHaHHs X COIEPO3KH/IadIB HE MAE CEHCY .

JIng BUM3HAYEHHA 4ACTHH XJIODHAIB Ta MICKY B o6’emi mimano-consiHoi cymimi I ,, KHiBCHKHA
o6nmopynp” cninbHo 3 Ciyx6010 aBTOMOOLIBHHX nopir y KuiBcbkiii o6nacTi BH3HA4MBCH
3 IPUKI1aIaMH €JIEMEHTAPHOTO PO3paxyHKY, gKi MM HABOAMMO /T8 KepiBHHIITBAa B poOOTI B IHIUHX

001aCTARX.

1. Hopma po3noaily XJOpPHAIB 3 ypaxXyBaHHAM (GaKTHYHOI AKTHBHOCTI (BMICTY
XJIOpH/I-10HIB).

[Ipumitka: Hopmu BuTpar TexHiugoi coni Ha 1 M 0OpoGKHM TIOKpUTTS JOpPIr  NIPUMHAMAETHCS
B 3a/1€KHOCTI BiJ TEMIEPaTypH aTMOCGHEPHOro NOBITPs, 3T1AHO Tabn..7.7 T1L.T". 1-218-118:2005.

1. BMicT XJIOpHI-iOHIB B TeXHiuHiH com (3a pesynpTaTamu 71a0opaTOPHUX  AOCTIDKEHD
(BunpoOyBaHb) — 77,22 Yo;

2. HeakTHUBHUH 3aJTHLIOK:
100 % — 77,22 % = 22,78 %;

3. KoebiuieHT 36inblUeHHSs HOPM BHTPaT TEXHIMHOI coni Ha 1M 3 ypaxyBaHHAM (PaKTH4HOI
akTUBHOCTI K = 1,2278,

4.3 naunx 1abia..7.7:
— MYXKHH CHIT;
— TeMrepaTypa arMochepHoro nositps 0-(-3) °C;
— HOPMH PO3MOITY XJIOPUAIB 3 YpaXyBaHHAM (PaKTHIHOL AKTUBHOCTI XJIOPU/IB:

10 /M2 X 12278 = 12,28 r/™°
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Bmﬂaqeuﬂﬂ YACTHH XJOPHAIB Ta micKy B 00’€Mi MIlIaHO-COJIAHOI cyMiLui
ia 100 M° HHIAHO-COSIHOT CyMilLi).

06’emua Bara nimaHo-consgHol cymiuri (3a pe3ynsrataMu J1abopaTOpHUX BUNpo6yBaHs) — 1,34 T/M°;
06’emua Bara niicky (3a pe3ysbTatamMu J1abopaTOpHHX BUNpoOyBaHb) — 1,35 T/M”;

E,

PMiCT COJIl B MILLAHO-COJIAHIN CyMiuli (3a pe3yJbTaTaMH J1ab0paTOpHUX BHIIPOOYBaHb) — 6 %.

03QaX!ﬂOK

Pm]oo M TICC:

100 M’ x 1,34 /M = 134 T;
pua coni B 100 M’ [1CC:
F 134 x 0,06 = 8,04 T;
Fara micky B 100 m° [ICC:
134 71- 8,04 1t=125961;
bﬁ’eM micky B 100 m” TICC:
125,96 T: 1,35 T/M° = 93,30 M°

!_ a.

epaTypa:

MM.T'yce. bopsba co ckoab3kocThiO oOneaeHenslx jgopor. M3a. MunucrepcTsa
v

: KOMMyHabHOro Xo3gicTBa PCOCP, 1959. - C. 77-84

3de66 cColepXKaHUe aBTOMOOHJILHBIX AOpor, moj pex. A.T.U., npogeccopa A.K./[roHiHa, M.:
- 1 paHcLopt”, 1983. - 315 c.

glexHiuHl nMpaBWa PEMOHTY 1 YTPUMaHHS aBTOMOOUIBHHX JOPIr 3arajlbHOrO0 KOPHCTYBaHHS
¥ kpaily, nia kepiBH. A.A. Pubanbuerko, K.: 1997. C. 66-81, 119-120.

B.B. Koxyuiko, B.I1. Koxymko, O.B. Xpanane. [eski TeopeTH4HI Ta NpaKTH4YHI acreKTH
POPOTEOU 3 3MMOBOK CIM3BKICTIO MpPH €KCIUTyaTallHHOMY YTpHMaHHI aBTOMOOUIBHHMX AOPIT.

fHayxoso-TexHiunuit 36ipuuk HTY ,,ABToMO6inEHI JoporH i gopoxkHe 6ymiBaunTeo”, K.: 2003,
. 66. - C. 50-53.

®.B. Koxymko, B.I1. Kox(ymlco O.B. Xpananb BnpoBamkeHHs HOBUX TEXHOJIOTIH 1 TEXHIKH MTPH
ju OBOMY YTPHMMaHH! aBTOMOOUIBHMX JOPIr — OCHOBHMH (aktop 3abesrneueHHd Oesrneku

flopoxkHpOro pyxy. HaykxoBo-rexHiunui 301pHHk HTY ,,ABTOMOOIIBHI AOpPOTHM 1 IOpPOXKHE
Pynisuunrso”, K.: 2003, Bun. 67. — C. 31-34.

AUHI1 [IpaBUIa 3UMOBOrO YTPUMAaHHSA aBTOMOOUIbHUX aopir, [1.17.1-218-118:2005

METONMUHI BKa3IBKM 3 OpraHisaiii excIuTyaTaluifHOro yTpPMMaHHA MariCTpajbHUX JOpir
B 3MOBHX yMoBax, M.B.218-03449261-419:2005. — 36 c.

53



AEPXXABHA CNTY>XBA ABTOMOBI/TbHUX ZJOPIT YKPAIHU
. | (YKPABTOZI0P) .
AEPXABHUW IOPOXHIN HAYKOBO-AOCAHUN IHCTUTYT
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[MIIBUIIEHHS MIITHOCTI TA JOBI'OBIYHOCTI
BETOHHUX ILIMT I ®IT'YPHUX EJEMEHTIB MOCTIHHS

Kparomkina K.B.

B JepxxnopH/II npoBOAWIKCA JOCTIKEHHS, CIIpAMOBaHI Ha MiABMILEHHS MILHOCTI, AOBrOBI4YHOCTI T4
LIOPCTKOCTI MoBepXHi 6eToHHUX ruMT. OOHKMM i3 iX BUAIB € QirypHi eneMeHTH MocTiHHA (PEM) Ui
TPOTYapiB, IUIOLL, MilIOXIAHMX JOpikOK Ta iH. IloBepxHs PEM npw 3BOJOXKEHHI, BUMIAJaHHI CHIY
ab0 OJslefileHiHHI HE Ma€ HaJIe)KHOro OMOpY KOB3aHHIO MiAOLIB B3YTTA IMIIOXOAIB. [ BHKIIIOUSHHSA
LEOr0 HeXOMiKy TMoTpibHo BHKOPHCTOBYBaTH ®EM 3 BucTynmHUMH pudamu. IIpy uboMy 3poCcTaroTh
BUMOTH 100 MIUHOCTI Ta QOBIOBIYHOCTI 6€TOHY, OCKIJIbKH MOPIBHSHO 3 BHIIaJKaMH 3aCTOCYBaHHA
eJIEMEHTIB 3 INTOCKUMH MOBEPXHAMH HaBAaHTAXKEHHA HAa BUCTYIIH 3HAYHO 3POCTAE.

IcHye psaa cnoco6iB MigBHILEHHS MILIHOCTI 1 AOBIOBIYHOCTI OE€TOHY WIJISXOM MOKpalll@HHA KanuisipHo-

MOPOBOi CTPYKTYPH Ta 3HMKEHHs Ae(EeKTHOCTI CyMilli 32 paXyHOK 3arOBHEHHS MiKPOTPIilMH i TOp
B’SDKYYUMH peuyoBMHAMH. J1d LbOro Ha roBepxHi GETOHY YTBOPIOIOTH 3aXHMCHI LIaPH HA OCHOBI
B SOKY4MX MarepiajliB (Hanpukiaja, MoJiMEpPHHX), 3JIHCHIOIOTh NMPOCOYEHHS NOBEPXHI (HANpHKIAL,
BOJHUMH €MYJIBCIAMH PI3HHX Macesl, CHHTETHYHUMH CMOJIaMH).

OIMH 13 CyyYyacHMX HAalpsMKIB ITiABHMILEHHS €KCIUTyaTaUulMHUX TIOKA3HHUKIB [IOBEPXOHb MOJATae
B 3aCTOCYBaHHI KOMIIO3HLIIHUX MaTepialiB Ha OCHOBI OETOHY.

Mo>XHa BHIITUTH 3 TUNM KOMIO3HIIWHHMX CYMILUEH: JUCIICPCHO TBEPAiOUl, apMOBaH! BOJOKHAMH
(h16pamu); 3MiLIHEH] MIHEpAIBHUMHU MaTeplajiaMu (ppakuicto 0-5 MM.

Haitbinbil TEXHOMOINYHMMH Ta €KOHOMIYHMMHM € CyMillli, apMOBaHi BoJlokHaMu (¢iOpamu), ki 1p4

BBEJEHHI X40THYHO PO3NOIINAOTECS B OETOHHIM CyMilli 1 YTBOPIOWOTH MILHMH MaTtepian -
TTUCTIEPCHO-apMOBAHMI LEMEHTOOETOH.

Ha mexasiuHi BJIACTHBOCTI IMCIIEPCHO-apMOBAHUX CyMillled 3Ha4YHO BIUIMBAE B3a€MOMIA LIEMEHTY
3 BOJIOKHOM, JIOBXKHHA BOJIOKHA, KOH(Irypallis, Ipupoa Ta KOHIEHTpaLis B CYMIILI.

JUis apMyBaHHA LEMEHTOOETOHHOI cyMiunt Oyno BurpoOyBaHO BOJIOKHA PI3HOI IIPUPOAM 3 PI3HHMH
b13UKO-MEXaHIYHMMHU BJIaCTHBOCTAMH (Tab:1. 1).

Tabnuya 1 — Buou sorokon ma ix Qhizuxo-mexarniuni 61acmueocmi

r

| Di3UK0-MEXAHIYHI B1ACMUBOCMI eozrgxo;g
Mamepian eonoxown I'ycmuna, Mooy . Miynicmo ﬂeq-bop Ma- Losoicuna,
o]0} | TPYOCHOCTL, | Ha pOspus, Yis npu "
Milla Mlla | po3pusi, %o
I .-_______._T____-__._...-_—__q.-_—__—.—_ NU—— N
Cranb 7,0 200 2,8 3,5 4
_g_mo_BoncmHo (ny)KHOCTiﬁKE_)_ 2,6 80 2.4 2.5 ! 4
bazasibTOBE BOJIOKHO TOBLUMHOIO
0,017 mm (rpy6e) ! 4,4 900 | 45 2,1 4
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BazansToBe Bl
0,009 mMm (1O

Azbect
[Toninpomnines

TToniamin

3a JaHUMU T
0a3anbLToBI

BJIACTHBOCTI -
KHCJIOT), a H(
TPILHUHH B O
OyB NPUHHATI

CraHaapTHi [
MOPO30CTIHKC
cepTU(]IKOBaE
HAepxaopH/il
BOJIOKOH. Pe3:

OnruMasibHa
6a3a/1bTOBHX
BOJIOKOH CTal
MOPO30CTIHAKC
BonoHenpoH:
3paskax. CtH
Ha konpi [le#

3 aHaizy jal
OTpUMATH LE!

PazoM 3 BHCC
CyMillied cj,
CepeOBHILA,

OT1xe, MOXHE
1IeMeHTo0eTO

BILIMBATH HA
eJIEMEHTIB M(

TPOTYapis Ta

Ilopanbuua p
OETOHHUX BY]




ROBrOBIYHOCTI Ta
HHA (DEM) ans
BUTAJJaHHI CHITY
s BUKTIOUEHHS

BOMY 3pOCTaIOTh
{H 3aCTOCYBaHHSA

IHHA KamigpHo-
POTPILUMH 1 TOp
JapH Ha OCHOBI
HI (Harpuxiag,

DXOHb [OJISATACE

aHl BOJJOKHaAMM

PaMH), K1 TIpH

W Marepiai —

f0/111 LIEMEHTY

OIH 3 PI3HHUMH

o Dizuxo-mexaniymi mécmueocmi gonroxon
T T T
Mamepian eonokon I'yemuna, Mooyue . Miynicme | [T e‘?’)"P ma Hoeorcuna,
| o/t 10° | RPYXCHOCMI, | Ha PO3pus, yist npu A

i L Mlla Mlilq __| po3pusi, % " o
bazasibTOBE BOJTOKHO TOBILLHHOIO |
0,009 MM (TOHKE) 3,6 600 3,8 1,9 | 4
A . —_— z 1 o
AzlecT 3 I 2,6 164 3.1 2,3 | 4
[loninponinex 0,9 5,0 2.9 1,0 4
-t e ——— o
[Tontamizg ) 1,5 2,6 2.6 . 4

3a naHuMH Tabn. 1 BHAHO, MO HaHGLMbIUI MiUHICTE HAa PO3PMB Ta MOXY/b MPYXKHOCTI MAFOTh
OazaneTOBI  BOJIOKHA. BpaxoByiouu Te, mo 6asaseT Mae ¥ iHmI NO3UTHBHI ¢13UKO-MEXaH1YHI
BITACTUBOCT! — XIMIYHY CTIHKICTb, MOPO3OCTIHKICTh, CTiHKiCTH A0 arpecHBHHX cepeqoBHin (JTyr i
KHCJIOT), a HOro BOJIOKHA, BBeA€Hi y GeTOHHI BUpOGH, MalOTh YHiKaJbHY BIACTHBICTL 3’€HYBAaTH

TPILUIMHHA B OETOHI 1 TAKUM YHHOM OOMEXYBATH 1X PO3LIMPEHHS i PO3MOBCIOMKEHHS, Lek Marepian
OyB NpUHHATHN 0N NOAAIBIINX JOCITiIKEHb.

CranaapTH1 JOCHIKeHHA (i3UKO-MEXaHiYHMX BIACTUBOCTEN, BU3HAYEHHS aTMOC(EPOCTIRKOCTI Ta
MOPO3OCTIHKOCTI ~ 3pa3KiB LEMEHTOOETOHY 3 0a3aibTOBMUMH BOIOKHAMH MPOBOAMIHCH B
cepru@ikoBaniii y cucremi YkpCEIIPO naboparopii Bimminy >XOpPCTKMX MOPOXKHIX OHATiB
AepxaopH/Il. Sk eranoHHMH 3pa3’ok BHKOPUCTOBYB&IM LEMEHTOGETOHHY cyMiml 6e3 HoqaBaHHs
BOJIOKOH. Pe3ynbraTH JocmkeHb HaBENEHO B TaOmui 2.

OnTuMaibHa KOHUEHTpauis BOJOKOH Y CyMilax BH3HA4Yalach €KCMEPHMMEHTATbHO. J1s rpyomx
bazanbTOBMX BOJIOKOH BOHa cTaHoBHiIA 2,8 %, ans ToHkuX — 4,4 % Bim Macu uemeHty. J[oBxkHHa
BOJJOKOH CTaHOBW/JA 3 MM. YUIUIGHEHHS 3pa3KiB NMPOBOAMIOCH BiOporipecyBaHHAM. JIOCHipKEHHS
MOpPO30CTIHKOCTI BIAOYBa/IOCH MpH Temnepartypi +-20+-5 i BiaraBauHsa y Boai i 5 % po3uuni NaCl.
BonoHEeNpPOHMKHICTh BH3Ha4anach 3a CTAHZAPTHOK METOAWKOIO IO MOSBH “MOKpOi [uisiMu” Ha

spaskax. CTyvpaHHS BH3HAYaloCh B cM nics 840 obeptiB Ha kpysi ,,JIKI — 37, minnicTh Ha yaap
Ha konpi [lefipxa.

3 aHam3y JaHUX, HaBeJEHWX B Tabauui 2, BUAHO, LIO AOMILIKU 06a3adbTOBHMX BOJOKOH NO3BOJSIOTH
OTPMMATH LIeMEHTOOETOHHI BUpOOH MiABUIIEHOT MILIHOCT, I'YCTMHH Ta MOPO3OCTIHKOCTI

PazoM 3 BMCOKHMH (i3UKO-MEXAHIYHHMH XapaKTEPUCTHKAMH IS JAMCIIEPCHO-APMOBAHUX OETOHHHX

Cymimied ¢ BIAMITMTH LIBMAKE 3POCTAaHHSA MILHOCTI HE3QIeXHO Bifl TEMIIEpPaTypH i BOJIOrOCT]
CEpPENOBHILA, HU3bKY aICOPOLiI0 O BOAM.

Omke, MOXXHa 3pOOMTH BUCHOBOK IIPO Te, LIO AOMIlUKK 623a/16TOBUX BONOKOH JO3BONAIOTh OTPUMATH
HEMEHTOOETOHHI BUPOOU MIABUILEHOI MIIIHOCTI, TYCTHHH Ta MOPO3OCTIMKOCTI, 10 MO3UTHBHO Gye
BILIMBATH Ha 1X NOBroBiYHICTh. [Ipu mpoMy 3abesnedyeTbcs MOXIIMBICTD BHPOOHMIITBA (BirypHUX
e1eMEHTIB MOCTIHHS (DEM) 3 BuCTYNHUMM pudaMu AN TiABHMIIEHHS 34illHUX SKOCTelt MOBEPXOHD

- TPOTYapiB Ta TiMIOXiTHUX JOPDKOK.

loganvuia podota OyzAe TnpamoBana Ra NOINMONEHE BUBYEHHS CTPYKTYPM AMCIEPCHO apMOBAHMX

beTonHKX BUpoGiB Ta ®EM i po3pobKy TeXHOJIOTI1 X BUTOTOBJIEHHS i yAalITyBaHHA.
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Tabnauus 2 — OcHosHi ghizuxo-mexaniuni enacmusocmi OUCNEPCHO-APMOBAHO20 YeMEHMODEeMOHY

«benasrogoprnporpec». 76 C.

2. BupoxeMmcokuit B.K. /IlucnepcHo-apmoBaHuit achaibTOOETOH — JOBIOBIYHUM MaTeplall .1 pyXy
TPAaHCIOPTY 1 MILIOXOAIB. ABTOLUIAXOBHUK YKpaiHH. BICHHK LEHTPaTbHOIO HAayKOBOI'O LEHTPY

TpaHcrnopTHOt akaaeMii Ykpainu Ne 4. 2001. - C.101-103.

3. babkos B.D., Morunernu B.H., Hexpacos B.U. PexoHCTpyKiIHS aBTOMOOWIBHBIX Aopor. — M.

Tpancnopr, 1987. — 264 c.

4. BepeHoxko B.A. HoBeie MaTepuanbl B JOpoXKHOM CTpouTeabCTBE. MUHCK YII «TexHOmpUHTY,

2004. - 169 c.
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| . Buducymimen |
' Oournuys 3 0ooasannam 3 0ooasanHHAM
IToxaznuxu BUMIDIO- . 2pybo2o MOHKO020

| eanHA Buxiona bazanbmoeoo Oa3IbMo8o2o

| o gonoknHa 1 bB gonrokHa 1bB |
['ycTHHAa Kr/M’ 2200 | 2400 l 2600

- 1 i : e S—

[IopucTICTE %o 2,0 1,0 1,3 '
BMicT Bos1OKHa % - 2,8 4,4
MiuHicTs Ha cTHCK, R, Mlla 540 68,0 62,0
MILHICTb Ha PO3TAT |
(ocboBe po3TArHEeHHs) Ry, Ml]a 6,0 14,0 12,0
BOoaOHENnpOHUKIIUBICT, |
nicis 28 aid MlIIa 0,8 0,3 04
MILHICTE NIpH yaapi 3,2 2,98
CtupaHHsa nicas obepris 840 CM 0,02 0,09 0,11
Koed1ieHT MOpO30CTIHKOCTI
micag 200 uukiiB y Boai K, | 0,95 1,00 1,0
Jireparypa
1. Sdpomxko B.H. Hoas texHomorus peMOHTa LEMEHTOOETOHHBIX IIOKpUTUh. — HIIO

VIK 624.012:6

Sx sigomo [l,
PO3TALLIOBAHHX 3
I [eMeHTHHH K&J
BEJTUKY KiHbKiCTEJ;
pigkomy cTaHi. |
arperaTHUX Crar
BUP@XEHUMH He
pe3y/bTaTi BHIp
[EHTPAIbHIM CT

nehopMaLisiMH &

dopma alarpay
CI11BB1JHOLLIEHH:
MiIaHuM po3y
criocody 00pof
XapakrTepy Has
Tak, HaIlpHKIE

YHACJLJJOK HYOT
HaOTDKAETHCA
IIIBHUAKOCTI] 3aB!




YK 625.7/.8

BMKOPUCTAHHA BIOBAIbHUX LUNAKIB PI3HUX BUPOBHULUTB
B OOPOXHbLOMY bYAIBHUUTBI

Beastuncbkuii A.Q.

Hayionanonuu agiayitinuii yHisepcumem

Kpawomkina K.B.

Hepoicasnuti doposicHiti naykoso-oocnionul incmumym imeni M.I1. Illynezina

ByniBHHLTBO i, 0OCOOJIHBO, PEKOHCTPYKIif Ta PEMOHTH aBTOMOGIIBHHX AOpIT NOTpe6yrOTh PO3BUTKY
TIPOMMCIIOBOCTI BUPOOHHIITBa KaM’sSHMX MaTepiaiiB. 3pocTanbHy noTpeby B KaM’sHHX MaTepiajax
MOXKHa 3aOBUIBHHTH 32 PaxyHOK LIMPOKOTO BHKOPHCTaHHS BiIXOHiB INPOMHCIOBOCTI 1 BTOPHHHHX
pecypciB. OfHMM 3 Ha#Oinbll BiZOMHMX BiOXOAiB, SKHH 3 KOXHHM POKOM 3HAaXOAWMThb BCe Oimblue
PO3MOBCIOKEHHS B IOPOXXHBOMY Oy IiBHHLITBI, € LUTAKH YOPHOI | KOJIbOPOBOI MeTaTyprii.

V 3B’aA3Ky i3 3HaUHUM HaKONHYEHHSM BeJHMKOI KinbKOCTi MoOi4HOro mMaTepiany y BHIVIAAI LNAKIB i
HeoOXIiZIHICTIO iX YTHi3auii BHHMKIAa HeOOXiHICTH NMpOBEAEHHA POGIT B HAmNpAMKY BH3HAYEHHS
MOXUIHBOCTI BHKOPHCTaHHA LIMX LIJIaKiB y TPaHCNOPTHOMY Gy IiBHHUTBI.

3a cBOIMH XapaKkTePHCTHUKAMH (XiMIYHHH, MiHEpPAIOTiYHHH CKJIaJ, MOPO3OCTIHKICTb) IIAKH € LIHHOO
CHPOBHHOIO Ul NMPHUroTyBaHHA LIEOEHEBHX MaTepialiB Ta MiHEpaIbHUX B’A3HHX, Ha OCHOBI AKHX
BHIOTOBJIAIOTH HEMEHTO- Ta acanbTo6eTOHHI CyMiLlli AJI9 BIALITYBaHHS JOPOXHIX MOKPHTTIB.

3amiHa LI1aKOM LIEMEHTY, He6GeHI0 | MiHepaJIbHOro MOPOLIKY, Ha BUPOGHHIITBO AKHX BHTPAuyacThCs
3Ha4yHa KiNbKICTb MaTepiajlbHHX Ta €HEPreTHYHUX PecypciB, CYMPOBOMKYETHCA PI3KHM 3HXKEHHIM
BHTpAT MajiMBa, €JIEKTPOEHEPTil Ta TPYJOBHX pecypciB. B3araii, co6iBapTiCTh LUTAKOBHX JOPOXKHBO-
OyniBenbHUX MaTepialliB B 2 pa3u HuxK4Ye CO0IBAPTOCT] aHATIOTYHO1 POAYKILii i3 MPUPOAHUX TipCHKHX
nopia.

Takum 4yHHOM, HEOOXIAHICTH 1 aKTyaJlbHICTb BHKOPHCTaHHS LUIAKiB B JOPOXKHIH raysi,
IO XapaKTepU3YEThCA 3HAUHOIO MATEPIATIOEMHICTIO, HE BUKJIHKA€E CYMHIBY.

B munynomy 6yB po3pobneHui NpoekT Aep>kaBHOI MporpamMy 3 yTHii3auil IJIAKIB B JOPOXHBOMY
OyniBuuuTBi. TloTiM ITAaKK MOYanW aKTHBHO BMKOPHCTOBYBATH B IHILMX Taly3siX, 1 JOPOXHHKH
NpakTHYHO HE OTPUMYBAIH Lied MaTepian. Ane 3apa3 3HOB Halyina akTyanbHOCTI HeOOXiAHICTh
3aCTOCYBaHHS LIUTaKiB npd OyAiBHHUTBI i peMOHTaX.

B ocTanHi poku B 10poxHBOMY OyiBHHUTBI Bce Giflblie pO3NOBCIOMKEHHS MaOTh METANYPriiHi Ta
docdopui uutaku. MeTamypriiiHi NOAINAIOTECA Ha LUIAKKH YOPHOT | KONbopoBoi Mertamyprii. lnaku
YOpHOI MeTayprii 6yBaloTh JOMEHHI, CTAlIEIUIaBUIBHI | PepocmnnasHi.

l'onoBHHUM dakTOpoM, WO BH3HAYa€ BIACTHBOCTI LUIAKY € HOTO CTPYKTYpa, SIKa 3aleXHTh
BiJl XiMi4HOTO CKJIajly WINAKY i peXXHMY OXOJIOHKEHHS.

B nomeHHMX ulakaX KpHMCTaniyHa 4YacTHHAa MpelCTaBleHa Ginbll sK ABaAUATBMA MiHepanaMH
i3 rycTUHOIO Ginbin Ak 3 r/cMm’.

EnekTpocTanernnasunbHi LIakM MaloTh IiNbHY MikponopdipoBy — CTPYKTYypY 1 CKJIafaroThes,
B OCHOBHOMY, i3 CHJIIKATIB 3 JOJaTKaMH iHINMX MiHepais.

lInaky KonbOPOBOi MeTayprii MaroTh CKJIOBUAHY KPHCTANIYHY CTPYKTYPY.

DocgopHi LTakK CBITIO-CipOro Kospsopy. LIlnakoBa Maca NOBHICTIO KPHCTali30BaHa.
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MPOEHULITB

pir noTpeby1oTh PO3BHUTKY
/B KaM’SHUX MaTepianax
HCTIOBOCTI | BTOPHHHHX
M 3HaxonMTh BCe Ginbliie
ol MeTanyprii.

piaTy y BHIIAMI LUMakiB i
HanpsAMKY BH3HAYEHHA

o

iffKicTh) LLNAKK € WiHHOKO
IB’43HHX, Ha OCHOBI SIKHMX
JPOKHIX MOKPHTTIB.

MIITBO AKHX BHUTPA4aeTbCs

bCA PI3KUM 3HHXKEHHSM
OTH LILIAKOBHX JOPOXKHBO-
NIiT i3 IPUPOIHMX TipCHKHX
B8 B nopoxuiii  ramysi,

*H

7

L) .
i 101aKiB B JOPOXXHHOMY
X ramysix, i JOPOXHHKH

IYaNbHOCTI HEOOXITHICTD
y R

MalOTh METaTYpriiHi Ta

poBoi MeTaitypril. 1lLiaxu
D pa, SKa 3AICHKHTHL
JBANLATEMA MiHEpalaMH

' py i CKIamaroTbed,

l30BaHa.

JB HepxnopH/II npoBoanaHuch poOOTH 3 BHKOPHCTaHHS ITaKiB PI3HHX BUAIB BHPOOHHLTB B JOPOXKHIH
i.

i

e

BCTAHOBJIEHO MOMUIMBICTh BHKOPHCTaHHA LIeOeHIO 1 MicKy i3 HUIAKiB PI3HUX BHUPOOHHUTB TMpPH
PHTOTYBaHHI acabTo- i IEMEHTOOETOHHHX CyMilliel U1 YJIAlITYBaHHS OCHOB JOPOXKHIX OLATIB,
B8 I0pir HKYMX KaTeropid ynaiityBaHHs NOKPHTTIB i3 1IJAKOBUX MaTepiasiB.

-

-

B faHiii poOOTI BCTAHOBNEHO MOXUIMBICTh BHUKOPHCTaHHS €NEeKTPOCTAIEIUIaBHIBHUX LIJIaKiB
BiBanbHUX [UIS IPUTOTYBaHHA acanbTOOETOHHUX CyMillei.

e

JOCITiDKEHHS NPOBOAHIMCH MO TaKHX HaNpsMKax:
1

1{. Bca MiHepanbHa yacTHHa CyMmilli yna 3aMiHeHa Ha IWIaKOBUH MaTepian, To6To webinb ¢p. 5-15,
BuciBKM ¢p. 0-5, MiHepalibHUI NOPOIIOK;

2. lllebinb i BUCIBKH i3 rpaHITHOTO MaTepiany, MiHepaJIbHUH MOPOLLOK — LINAKOBUH.

 HocnimkeHHs NpoBOAWIMCH 3 achanbrobeToHoM THN «b» gk HaWHOUIBWI MOLIMpPeHMM  Iyis
y1aluTyBaHHS BEPXHBOTO 1apy nokpurTa popir I-1I kareropii.

JocnimkeHHs MPOBOAWINCH 33 TAKOKO CXEMOIO:

l — BM3HaueHHA (i3UKO-MEeXaHIYHMX BIAaCTHBOCTEH Ta XIMiYHOIO CKjaay eeKTpoCTalena-BUIbHOro

1IUIaKy, K LIeOEHI0, TaK | MiHEpaIbHOTO MOPOLIKY.
- agresii 1o 6iTymy;
- (i3UKO-MeXaHI4YHHMX BIAaCTHBOCTEH acthaibTobeTOHY.

ExcrepuMeHTaIBHI JOCHIDKEHHS.

Tabnuya 1 — Ximiunuil ck1ao enexmpocmaneniasuibHo20 WiaKy

XiMmiynuit cknan, % Mognyns
Ha3pa marepiany ] OCHOBHOCTI,
Si0, | ALO; | CaO | MgO MnO | FeO S M,
EnekTpocTanernnaBunbHui
uaKk — LWiTBHUA ApibHo- | 28,3 12,0 31,0 9.0 5,6 13,4 0,7 1,1
3EPHHCTHH CIPOro KOJILOPY

3a gaHUMH XiIMIYHOrO CKJIafly pO3paxoOBYIOTh MOLYJb OCHOBHOCTI (M,), Moayns akTHBHOCTI (M,) Ta
koediuieHT akocti (K), 1110 XapaKkTepH3yIOTh rigpaBiiuHy aKTHBHICTb LLIAKY.

_ Ca0+MgO _ 31,0+90

0o . - = 0,99% 5
SiO, + 41,0, 283+120
p < ALOL 120 o
Si0, 283
K= CaO + AlL,0, + MgO 53,87 19,

Sio, +Ti0, 283

. B zanexxHocTi BiA KOe(diLiEHTY SKOCTI 1 BMICTY CHONYK LIJIaKd TOAIIAIOTBCS Ha TPH COPTH

srigno OCT 3476.74.
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PUPOBHULITB

PPIr MOTPeOyIOTh PO3BUTKY
iy B KaM’siHuX Matepianax
DMHCIIOBOCTI | BTOPHHHHUX
DM 3HaXoauTh BCe Ginblie
poi MeTasyprii.

ppiany y BUrAni wnakis i
B HanpsAMKy BHM3HAYeHHS:
;.

KTiMKICTB) ILUTAKH € LiIHHO
B’A3HHX, HA OCHOBI SKHX
QPOXKHIX NMOKPHTTIB.

piirso sxux euTpasaeThes
WETLCS Pi3KUM 3HHXKEHHAM
¥CTh 1LTAKOBHX JOPOXHBO-
I i3 IPUPOIHKMX IipChKUX

KiB B JOpPOXHiA ranysi,

.

[l I1aKiB B JOPOXHLOMY
X ray3sx, i JOPOXHHKH
[TyalbHOCTI HeOOXiJAHICTh

L]

I MalOTb METaTypridHi Ta,
POBO] Metanyprii. [lnaku
PYKTYpa, fKa 3ale}HThb

HABARUATbMA MiHEpanaMH

D pY 1 CKJIaaaloThes,

jpisopana.

R MepxnopH/II npoBoauanck po60TH 3 BHKOPHCTAHHS LIAKIB Pi3HHX BUAIB BUPOOHHUTB B JOPOXKHIi

; ITY3i.
PBCTaHOBNEHO MOMNUIMBICTD BHKOPMCTaHHS WweGEHI0 i MiCKy i3 wakis pisHMX BHPOGHHUTB TpH
HrmyBaHHi achanbTo- i LEMEHTOGETOHHUX CyMillel LIS YIalTyBaHHS OCHOB JOPOXKHIX OMIATIB,

§ /14 JOpir HHKYMX KaTeropii ynaluTyBaHHs MOKPHUTTIB i3 IJIAKOBHX MaTepiaiB.

® IaHili pobOTI BCTAHOBIEHO MOMUIMBICTE BUKOPHCTAHHS €JIEKTPOCTANEIUIABHIBHUX IHJIAKIB
'?' BANBHUX JUIS IPUTOTYBaHHA achanbToOETOHHUX CyMiLleH.

JoCTTiIDKEHHA NPOBOAHIIUCE 110 TAKMX HaNpAMKax:

1. Bca miHepanbHa yacTHHa cymiwi Oyna 3amMiHeHa Ha LIUTaKOBHH MaTepiai, To6To webinp ¢p. 5-15,
F BUCiBKH ¢p. 0-5, MiHEpalbHHH NOPOIHOK;

2. llleGiHb i BUCIBKH i3 rpaHiTHOTO MaTepiajly, MiHepaJIbHHI MOPOLIOK — IITAKOBHH.

HocnimkeHHs npoBoawiuck 3 acdanbrobeTroHoM THN «B» Ak HaHGinB MOLIMPEHHM A
yJIalUTYBaHHSA BEPXHBOrO 1apy MOKpHTTA gopir I-1I kareropii.

| Joc/iDkeHHs MPOBOMIMCH 3a TAKOIO CXEMOIO:

- BH3Ha4Y€HHA (i3HKO-MEXaHIYHWX BJACTHBOCTEH Ta XiMIUYHOro CKjiamy eneKTpocTasernia-BUIbHOIo
lLTaKy, SK Le6eHIO, Tak | MiHepaabHOro MOPOLLKY.

- agresii no GiTymy;
- ¢i3uKo-MexaHiuHHX BIacTHBOCTEH achaibTobeTOHY.

ExcriepumeHTanbHi JOCTiIHKEHHS.

Tabnuya 1 — Ximiunuii cknao enekmpocmaneniasuwibHo20 WlaKy

Ximiynuit cknag, % Monyns
Hazpa matepiany ] OCHOBHOCTI,
SIOZ Aleg CaO MgO MnO FeO S 1\/1o
EnexrpocTasieryiaBuibHU#M
IUiak — WIIBHUA Apibro- | 283 12,0 31,0 9,0 5,6 13,4 0,7 1,1
3epPHUCTHH CipOro KonLopy

3a gaHUMH XIMIYHOIO CKJIaly pO3paxOBYIOTb MOJYJb OCHOBHOCTI (M,), Moaynes akTHBHOCTI (M,) Ta
xoeditieHT akocTi (K), 110 XxapakTepu3yioTh riapaBiyHy akKTHBHICTD LUNAKY.

_ CaO+MgO  310+90

0 = = =0,99%;
Si0, + A1,O0, 283+12,0
M, = Al.203 _120 —042;
Si0, 283

X = CaO + Al,O0, + MgO 53,87

= =19.
Si0, + TiO, 283

| B 3anexxHocTi Big Koe®illieHTy SKOCTi I BMICTY CHOJyK LUJIAKH MOAINAIOTBCS Ha TPU COPTH
 3rigHo TOCT 3476.74.
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Tabnuyn 2

Coprt
IToka3HuKH
1 2 3
KoediuieHT akocTi, He MeHlIe 1,65 1,45 1,2
Bwmicrt Al,O;, He Mene, % 8,0 7,0 He HopMyeThes
MgO, ne 6inbrre, % 15,0 15,0 15,0
TiO,, He 6inpre, % 4.0 4.0 4,0
MnO, He 6inbiie, % 2,0 40 40

AHanisylouu JaHi, HaBeaeHi B Tab. 2, MOXKHa 3po0HTH BHCHOBOK, INO VIS NMPOBEAECHHA NOCIIKEHb
NPHAHATO eNEKTPOCTANIEIUIaBHIbHUI LU1ak ocHOBHHH (S10,<52%, M,>1) 3 moBepxHe, Ky MaioTh
ripcbki BUBepKeHi NMOPOAM, i MOCTiMHMIT XiMiyHuH cknan. [Ipomyktis posnaigy, rpady/l MeTaly Ta
iHWHX TOMILIOK He BUSBJIEHO.

B uinoMy, 3a XiMiYHHM CKIQIOM €JN€KTPOCTANEIUIaBWIbHHHA 1uak O/JM3bKHH A0 TNPHPOOHUX
edy3MBHHX KaM’ SHHX MaTepialiB THITy 6a3anbTy.

3a koediuieHTOM AKOCTI BiqHOCHTBC 10 1 copTy, OKpiM KinbkocTi MnO, mo nemo 36inbmeHa.

3rinio BEH B.2.3-218-189-2005 enekTpocTanennaBWibHHII LUIaK, NMepelaHWil a1s XOCHLMKEHD,
aBnse coboro 1ebeHeBy KpYMHO3EPHUCTY CyMill i OCHOBHMI Martepian, AkHH Moxe OyTH
PEKOMEHIOBaHHIi TS BJIAIUTYBaHHS OCHOBH JOPOXKHIX OZAriB, YKPiraeHHX HEOPraHiYHUMH B’ A3HUMH
(ueMeHT, BarHO) Ta OpraHiYHUMH B’I3HUMH (6iTyM).

[Ipu BHKOPHUCTaHHI €JIEKTPOCTANEIUIABWIBHHX LIAKIB, SKi XapaKTepH3YIOTbCS LEMEHTYBAILHOIO
3MaTHICTIO, a MPH YLIUIbHEHH] | 3BOJIOXKEHHI BOAOIO MiCIs UEMEHTauii YTBOPIOIOTH MOHOJITHY
BOZOCTIHKY OCHOBY, LIEMEHT Ta BAITHO BUCTYTAIOTh Y poJli aKTHBATOPIB.

Pi3zHKo-MexaHiyHi XAapPAKTCPUCTHKH CJIEKTPOCTANICIUIABH/IBHOIO  ULJIAKOBOI'O me6emo HaBCOCHO

BTabn. 3. Jlns nOpiBHAHHA NapajienbHO IPOBOAWIMCH IOCHIMKEHHA TpaHITHOro ImebeH:o
KneciBcekoro kap’epy.

Tabnuun 3 — Dizuxo-mexaniyni xapakmepucmuxu e1eKmpocmanen1aéwIbHo20 WaKo8020 webenio

HaliMeHyBaHHS NOKa3HHUKIB Lllebine wnakosu N I_I_le6.1 Hb rpaum'rm’m
€NIeKTPOCTalIETIaBHI bHHUI (KneciBcpkuii kap'ep)

Jlificna rycTuHa, r/cm’ 3,45 42
CepenHs rycTHHa, r/em’ 3,84 435
Hacunna rycTtuHa, Kr/m® 1800,0 1850,0
[opucricts, % 5,4 7,5
BononornuHaHus, % 2,1 3,4
Mapxka 3a MOpPO3OCTIHKICTIO Bucoka F 150 Bucoka F 150 ‘
Mapxa 3a 1po6HILHICTIO M 1200 M 1000 JSOPHCTOBYBATHCS

) rosii no opraHiyHON
TeepaicTe 3a AecaTHOaNBHOIO LIKATIOH, 7 - . Al
6am 6- - Sy IBTATH JOCTIUN
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finey> mabn. 3

. 1le6inb 1akoBHii 1l{e6iHp rpaHiTHUMH
3 HaitmMeHyBaHHA NIOKa3HHKIB . . ,
eJIeKTpOCTaNeIIaBUIbHUH (Kneciscokuit kap'ep)
1,2 'Mapka 32 CTHPaHHICTIO Bucoxa CT-1 Bucoxa CT-1
He Hopmyetbes | icTb mpu CTHCKaHHI y uWIiHAPI, 74 54
] .” b b
15,0 !
Bmict 3e UHYaTol (nemagHol
: 4,0 MICT 3CpeH TITACTHHHATO (newaznsoi) KyGoeuana rpynna, 12 KyGosuana rpynna, 15
8 ror4acToi GopMu
4,0 B

8 IPOBENICHHA NOCNiKEHD
3 MOBEPXHeI0, 9Ky MaloTh
Snaxy, rpaHysl MeTaly Ta

M.
¥

PONM3EKMA 10 TNPHUPOAHMX

o o 36UTbLIEHa.

penaHnii 118 AOCiIKEHb,
Bpian, skuii mMoke OyTH

HEOPraHidHUMH B’ A3HHMH
9

BYIOTECA LEMEHTYBAJILHOIO

Il yTBODIOIOTE MOHOJITHY

bBOr0  ImedeHI0 HaBeleHo
4 .
rpaHiTHoro 1ue6eHio

PO WIAKOB020 WebeHIO

lle6inb rpaniTHHMit
6. (Kuecisebkuit kap'ep)

4,2

’ 4,35

1850,0

75

34

Bucoka F 150

M 1000

BMICT IVIHHH B TpyAKax -

AHanisytoui naHi, HaBegeHi B Tabn. 3, MOXKHa CTBEp/DKYBATH, 110 (Pi3HKO-MEXAHIYHI XapaKTepHCTHKH
ilHiCTh, APOCHIBHICTh, BOAOMNOITIMHAHHA) Yy LUIAKOBOro LIEO6EHIO BHINE, HiXK Yy TPaHITHOrO i
pnosizarote Bumoram JACTY b B.2.7-74-98, 10610 ueit MaTepian mMoxe 6YTH BUKOPHUCTAHHH U1

RNAIUTYBaHHS LIAPIB TOKPUTTA Ta OCHOBH JOPOXHIX OJATIB.

BifoMO, IO HUIAKM METATYPrilHUX 3aBOMAIB XapaKTEPU3YIOTbCS B'A3HUMH BJIACTHBOCTAMH, SKi
BH3HAYAIOTLCA 32 TAKHMH MOKa3HHKaMH:

v

|~ TipaBaiYHOI0 aKTHBHICTIO — TOOTO MIUHICTIO NPH CTHCKY 3pa3KiB, BUTOTOBJIEHUX TpaMOyBaHHIM

cyMilli 1po6JIeHoro 1U1aKky 3 BOAOIO;
~  CTilKiCTIO NpOTH po3najay Y BOAI 3pa3KiB LLJIAKOBOT CyMmilLi;
~— HabyXaHHAM LUWIaKOBOTO (MiHEPATbHOTO) MOPOUIKY;

~ CTPOKaMH Ty)KaBiHHS.

Byno npoBeieHe BU3HaUeHHS LUMX MOKa3HUKIB, | pe3y/IbTaTH JOCHIUKEHb HaBeAeHO B Taba. 4.

Tabauuyn 4 — B’azni enacmugocmi enexmpocmaneniaguibHo20 WaaKy

1

‘ [Toka3zunkmu PesynbTati BUnpobyBaHL

f MiugnicTs npu cTucky, Mlla 8,5

§ CrifikicTs npoTtu posnaxy, % CinikarHoro 0,9
3anisucroro 1,8
58

14

i
| HabyxaHns, %, He MeH1e

f CTpokd Ty)KaBiHHS, TOYATOK, XB.

AHam3yloun faHi Tabn. 4, Mo)kHa 3poOMTH BHCHOBOK, IO €NEKTPOCTAIENJIaBUIBHHH LIjaK Mae
foCTaTHI  B'A3HI BJAaCTHBOCTI, WO Oyde CHPUATH JOBrOBIYHOCTI Ta 30iJblUeHId MIOHOCTI
KOHCTPYKTHBHHX LLAPIB JIOPOXKHIX OZATIB 3 HOro 3aCTOCYBaHHAM.

Y 3B'S3Ky 3 THUM, IO UUTaKOBHi 1webiHb Ta wINakoBUH MiHepanbHHil mopouiok Oyae
BHKOPHCTOBYBATHUCH [/ NPHUroTyBaHHA acalbTOOETOHHHX CyMilllel, NPOBOAHINCH AOCIiIKEHHA
garesii 10 OpraHiyHoro B’ 43HOro — OiTyMy.

Pe3ynbTaTH NOCHTIPKEHD HaBeleHO B Tabu. 5.
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Tabnuun 5 — Buznauenns axocmi 3uenieHHA NOBEPXHI WIAKOB020 wjebeHIo 3 BimyMHUM 6 A3HUM

6imym mapru FH]T 90/130

Maca 3epHa winaxy, Xapakrepucrika MiiBky 6iTyMy
Xapaxre- r Ha noBepXxHi uie6eHio _
Maca 3 Ouinka
pHUCTHKA . .
noBepxHi 3epHa meGenio | WUBKOIO 36€pexeHHs ) . AKOCTI
WAaky, T | 5 pnigkoro | B A3HOTO|  TUNBKAH CTYNiHb 30€pEKCHOCTI | 3yenen
3€peH LaKy B’ S3HOTO micas | B’A3HOIO, TUTIBKH B’ A3HOTO
BUIIpO- | % 3a Macolo
OyBaHHSs
Llinkom IIniska B’s3HOro mouan| 3azoBiTBH|
CKJIyBaTa 104,20 106,50 106,00 48,5 50% 36epernace Ha| (Tpu 6anH
MOBepxHi 1ebeHro, TIpH
YoMy TOBILHHA i
MICLISMH 3MEHLIeHa .
50 % noBepx- [Iniska B’#3HOTO IOHaz | 3aA0Bi/bH
Hi CKJTyBaTa 56,3 58,2 57,9 49,5 50% 36epernace Ha| (TpH OamH
NoBepXHi LebeHto
lopcrka, ITniska B’s3Horo 36epi-| BimminHo
4acTKOBO 84,50 88,4 88,0 81,00 rajace Ha rmoBepxHi| (m’ATh
CKJlyBarTa 1ie6eHIo 6aJ'llB)
L{iskoM IlniBka B’si3HOro 4act-| BiaMinHO
HIOpCTKA 45,6 459 45,8 96,5 KOBO BiAOKpeMuiacs Bin| (I'ATh
MOBEPXHI 1edeHIo 6asis)

3a paHuMH Taba. S O4eBHMAHO, WO HE HAa BCiX MOBEPXHAX LIEOEHIO criocTepirajiacs BHCOKAa afaresi
nniBkH B’s13Horo (5 6asiB).

Heo6xinHo BiaAMITHTH, 110 3 rpaHiTHUM webeHeM NOKa3HUK aare3ii HIKYMH.

BcranoBneHHs ¢i3HKO-MeXaHIYHHX BIaCTHBOCTEH LIJJAKOBOTO MiHEPaIbHOrO MOPOLUKY MPOBOAMIH

srigro JJCTY b B.2.7-121-2003.

Pesynbraty nocmimkeHs HaBeaeHi B Tabun. 6.

Tabnuun 6 — dizuxo-mexaniyni €1aCMUBOCMI MiHEPAILHO20 NOPOWKY 3 eeKMPOCMANeniasuIbHOX

waaxy

HaliMmeHyBaHH% NOKa3HHKIB

JOCTY b B.2.7-121-2003

Bumoru

Otpumani
pe3ynbTaTi

BMmicT yacTHHOK, % 3a Macolo,

- api6Hiwe 0,071 Mm 70 89
- npibuiue 1,25 MM 100 100
Iopucricts npu yuiineHeHHi 40 MIla, % 3a 06’eMoM, 35 26,4
He Oliblie

HaOpskanHs 3paskiB i3 cymiuli nopouky 3 6itymoM, % 25 1,8

3a 00’eMOM, He Oinbure

[TokasHuk 6iTyMOeMHOCTI, T, He Ginblie
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berto 3 Oimymuum 6 a3HuM Beys, mabn. 6

ki : £ HaiiMeHyBaHHs NOKa3HHKIB Bumoru Orpumati
puiiBicH Gitymy y ACTY BB.2.7-121-2003 | pesynsratu
mebeHio p—— -
. Ouinka JROOTICTb, % 32 MACOIO, He Oisiblile 1,0 0.8
L . AKOCTI Ha, r/cMm’ - 2,74
r‘:'- 363PC)KCHOCT1 3Y4erJieH
e B S3HOTO peditieHT rixpogobHocTiOCT - 0,96
] ILKICTh ITTIHHHCTHX JOMillok, %, He Oinbiie 5,0 4.9
B’93H0r0 noHaj| 3aaoBincHEE
- Soepersiact  Ha| (Tpu Ganifilyy, JCTY b B.2.7-121-2003 MiHepalbHHH MOPOIUOK 13 €JeKTPOCTAJEIUIaBHIBHOTO LIIAKY

Bi ebeHio, NpH
i » TOBILMHA il
§ 3MEHILECHA

moBifae BUMOraM 10 MOPOLIKY | MApKH «HEaKTHBOBAHHI».

iM Oy MpoBeJeHi AociiKeHHs (i3MKo-MeXaHiYyHMX BiacTHBOCTeH acdansrobeToHy THN «b»
ianis [ a 11

f'w’si3H0r0 noHaa | 3apoBine
jpdPeperiiace Ha| (Tpu Oany
i iebenro

BCS MiHEpaJIbHA YaCTHHA i3 LIUIAKOBOrO MaTepiainy;

k. IJIaKOBH 11eOiHb, MiHepabHHH MOPOLUOK i3 €JIEKTPOCTAIEILIABUILHOTO HIJIaKy.

‘B’s3H0ro 36epi-| BimmiHHO

. Ha ToBepxHi| (m'aTh, [ESYIBTaTH JOCIIKeHb HaBeIeHO B Ta0u. 7.

2 6anis)
B8 3000 uact- Binminaolpbauus 7 — @izuxo-mexaniuni enacmusocmi acharmobemony I i Il ckraois
er6M wiaci Bi (6n ATH & o I'pannud MigHocTi '
i meGerio aJiB) Z 22 Z E% 52 npH cTucky, MIla, s
o § £ <= g = £ = 5 3a TeMnepartypu s g
Cknapg 27s |'F § =8 X8 | Eg B EES
" . . o = A =
Y0(:'1'3])1[‘21J'121Cﬂ BHCOKa aares ac(anbTo6eTOHY E = é‘ t:x?g ; % ; é g \8 50 °C, 20 OC, 0°C, -? §
‘ - o~
; § = 2 g Ex s © T HE He He R 2
%, &) /M MeHwe | MeHwe | Ginblue
¢
EBHOIO [TOPOLUKY [IPOBOAKJIHC 1 2,44 14,2 2,8 0,3 0,9 3,8 9,6 0,98
b I 2,39 16,1 3.1 0,5 0,6 32 10,8 0.92
. OpMaTHBHI BUMOTH
Fieo 15-19 1 1,5-3,5 0,5 1,2 2,5 12,0 0.9
JCTY 5 B.2.7-119-2003 | i T ’ ’ ’ ’ ’

3 eneKkmpocmanegiaguibHo.

BYJIBTaTH JOCJI/DKEHb MOKa3aiy, 1o ckaaf achanbTobeToHy, A€ MiHepalbHa YacTHHA CKJIaieHa i3
BAKOBOIO  MaTepiany, XapaKTepu3yeTbCs BHIIAMH [MOKa3HMKAMH MIUHOCTI 1  3HWXKEHEMH
ROHACUUEHHS | HaOpAKaHHSA.

MO OTpumaﬁi
2.7-121-2003 | pe3ynbrati

 pe€3ysibTaTaMH TPOBEACHHX IIOCJ'IiIDKeHL OYCBHJHO, LIO MaTepia.n MOXHa pE€KOMEHAYBaTv s

70 &89 roTysanHi acanbToOeTOHHAX CyMilleHd, WO YKIafaloThes B HWXKHI LIApH Ha MaricTpaibHHX

200 100 porax I-1I kareropii i BepxHi wapu micuesux aopir 111-IV kareropii.

35 26,4
" JCHOBKH

0.3 1,8  IlpoBeneHi nOCNiIKEHHsS MaTepialy MMOKa3ai, IO €NeKTPOCTAIEIIaBHILHHI BIBANLHHI LAk
B MOX€E BUKOPHCTOBYBATHCh B JJOPOXHIX KOHCTPYKUifX K I€6IHb Ta MiHEepaibHHi MOPOLLOK VIS
y PHroTyBaHHA acaabToGETOHHOT CyMillli.

5.0 59,0
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2. JloctaTHbO BHCOKa TripaBjliyHa AKTHBHICTb JO3BOJIAE PEKOMEHJYBaTH HOro BHKOPHCTAHHS
K HEOPraHIYHOTO B’A3HOTO 3 JOAABAHHAM MOPTAaHALEMEHTY Ta BallHa.

3. llnaxoBuii me6iHb B MOpIBHAHHI 3 TpaHiTHHM 3abe3medye Kpaili eKCIUTyaTalliifHi MOKa3sHH
mapaM JOpOXHIX KOHCTPYKLi#, 36UIbLIyIOYHCE 3 TepMiHOM Ciyx0OH (ocob6iHBO B mepll
’STh POKIB).

4. 3aBAsSKH BHKOPHCTaHHIO €JIEKTPOCTAIEIUTaBHJIBHOTO LUIAKY MOXKHA 306LTBLIMTH JAOBrOBIYHIC
JOPOXKHIX KOHCTPYKILiH, 3HaYHO 3MEHLIWTH BapTiCTh i MOJOBXHTH OyliBENbHHI CE30H.

5. IlpoBeneHi nocnimkeHHs (i3MKO-MEXaHIYHHX BJIAacCTHBOCTEH acanbTOOETOHY Ha LIJIAKOBO
uieOeHi i3 eNneKTPOCTANEIUIaBHIBHOIO HUIAKY [OKa3ajM MOXMUIMBICTE | JOUIBHICTE HOIY
3aCTOCYBaHHS.

6. HasauicTb mop y uinakoBomy wmebeHi npusBoauTh A0 BHOiIpkoBOI nHdY3ii KOMIOHEHTIB OiTyMy
B IIMOHHY 3epeH, Lo 3a6e3reyye BUCOKe 34ETUIEHHS LLTaKy 3 GiTyMoM.

7. EnexTpocTajleruaBUIbHHI LIUTaK MOXXHA PEKOMEHYBAaTH 10 BHKOPHCTAaHHSA [U1st

~  BJIALITYBaHHA OCHOBH JOPOHiX oasariB Ha aoporax I -IV kateropiii Ha 3aMiHy BUCOKOMILIHOT
¢pakuiiHoro webeH:o;

— NpUroTyBaHHsA actanbToberoHHHX cymilled (ais aopir I-1II kaTeropiit BepXHbOro i HHIKHBOTO
LIapiB [IPH ABOXIIAPOBOMY MOKPHTTI i Aopir I kateropii HHKHBOTO Wapy MOKPHUTTA);

— BJIALUTYBaHHA TOHKOLIApPOBHX MOKPHTTiB Ha noporax HI-V kareropiii Ha 3aMiHy 11e6GeHeBoro
iapy, noBepxHeBoi 06pobku Ha noporax II kareropii;

~ BNAIUTYBAaHHS BHPIBHIOBAJIBHIO LIapy JNOPOXKHBOTO OAATY NPH peKOHCTpYKUil 1 KamiTajbHOMY
PEMOHTI J0pIrT;

— TPH AMKOBOMY PEMOHTI — [1 MPHIOTYBAHHS LITaKO-OpPraHO-MiHEPAJIbHHX CyMilleH;
~ YJalUTYBaHHA YAOCKOHaNeHHX y36i4 Ta X pEMOHTIB.
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BTHEO  HH3bK3, TOMY MiKBimyloThcH BI3yalbHO BH3HaYeHi JepexTu
BHGOIHH Ta T.IL), T.c. TOZRI, KOJIH AedeKT OKPHTTA 3HAYHO PO3BHBCH Ta

jaBi TeXHONOrI] BHKOHaHHA pobiT He 3abe3neuyots noCTaTHBO AKOCTi

o po6it (4], Takum YHHOM, 118 30iNblneHHs AOBromigynoCT]

o ro Pemonry . JrroBaHyx ninsmox‘ Ta yTIOBL'ILHeHH}I npouecig PYARYyBanms

roni m; Tomy NiKBigyioTs ey Biy, a’;ipemmﬁ Yac Heaom}_;zz"aﬂﬂl "T°"°6fm=nof DOCTOHHHMX  MOKPHTTIB  Heo6XximHo PO3pobIsATE  HOBI TeXHOJOrii 3

2 “OTH edbexr g, HO BH3Nageq; - B
386e3neqy10n P!

Gektupyic,, - Zopg -~ L
HITH 3nay, Hl ﬂetben-m( i % i o, BHHAM OPOTPECHBHUX Marepiams,
a P’ ) PO3Bupcq D1ty .. :

Ta OCTaTRHL0; AKocrj BHKop, "ox Ta 3ac BHOOj

yront , o PoSir (4] Bani TeXHonorj; amcona;:: ), wepaaopHII Gynu npone;(emvna6opa'ropm Ta HaTypHi BP.I]'Ip.Of)_yBaHHg
Ho:llmnne Uecip o ﬂoﬂroaiq;,ocﬁ * PG BK-1, mo npuskavennii Rt 00pobku  roBepxHi ICHYI0YMX
1 Te, a . ]
’"’0-'101‘1131;;17«,;,,,0.“"m ARHY achamroger, S DeMOMT OBy, DGETOHHHX NOKPHTTIB,
! PXAOPHII 6ymg e POTPCCHBIgy pr . MOKye7is REOGizg oK ian  BK-] 6
» Wo TPHIRaYC g o POBCIeR NaBoparen . TCPianip, © PO3POGEy pian -1 ABIJE  COOOI0  OHOKOMIIOHEHT
J10

HY 6i1‘yM0nonimepHy
NOIMMEpY  moneTHAeHy 3
10 IOKPHTTA Npy TeMaeparypi
0JI04HOMY CTaHi i 3anoBpige

0, YOpHOro KOIBOpY, Ha OcHORi
BpHM 3amaxoM, o HaROCHTECK Ha NIOBEpXH
" BOTO CCPEAOBHIIA He Hikde +10 °C p x
ppimyHy.

[SHTHBHICTE [[(LOTO Marepiany Ha BiAMiHY Bix MacTHK BH
0 aKTHBHOMY CKJIAZIOBOMY KOMIIOHEHTi B cxnanmi b
BPXHIO iCHYIOHOTO acdamsto- abo UEMEHTO6ETOHHOT O

b8

) ABTAETHCH B ToMy,

K-1 npu Hameceng;j

HOKpUTTS Matepian
B IIOpH Ha FIIHGHHY mpuGHsHO 4 CM, BCTynae B XiMiuny B33aEMOZTii0 3

YTBOpIOIOYH noximep-GiryMuy IIiBKY, sKa XapaKTepH3yeTpey
O-NIPYXKHIMH BNaCTHBOCTAMM, Hna minsumenns WOPCTKOCTI NomepxHi,
b 3a6eancuenns HOpMaTHBHOTO  koegiuieRTy 349€IUIEHHA, B  ykocTi
moBaya y ckimazni mporo Matepiany BHKODHCTOBY€ThCA Ha3anbToRa KPHXTa,
JAIHKO-MEXaHIYHI BIaCTHBOCTI Matepiany BK-1 naBepeni s Tabamui 1.

WEKH

" Tabnung |

Pisnko-mMexauiygi XapaKTEPHCTHKH 3pasKiB Marepiany

WEMYBaHHS NMOKAZHHKIE Pesyabratn nocnipkens \’
g Nel(Ges Ne2 (3 Gasamrosor
1 HallOBHIOBAYa) KPHXTO0)
(opusinanms) 4,0 4,0

BPATYPa pO3MSKIIEHH S, "C 54,0 56,0

®paTypa Kprxkocti, °C -6,0 7,0

: enposunknicrs, % 0,0 0,0

R TR ——

B " ™ 38070%enmy ORI, % michs Kin’sTiHpg .
6ir 5 oM 3-x rogun
Aopory TPamuis "OPOQHOrO Pemo y ot
000z g Tenepermy;j; y,, Hi;icr::;’; ;B;Ouoﬁmfnof (§4n}zlp:l)cnom) 998 997
. CKTHBRICTS
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HeMae Tping, ——— H, Ha TORep, 1 2 3 4 5 6
0,36 0,33 0,38 0,36 0,49 0,50
b 0,36 0,39 0,40 0,40 0,49 0,54
I Ha ai 1 OBOI KPHXTH
SMiny BJIaCTHROCTE;; 0,40 0,41 0,47 0,48 0,53 0,56
acanrober, STeH ac OBOIO ’ ’ ’ , ’ ’
. 0 o

armisysoun NaHi Tabmuui 3 oveBMIHO, WO MOKPHTTA 3 MaTepianoM BK-1
| mopcTke | Gyne 3abesneuyBaT 36inbiueHHs KoedilicHTa 3YEMNICHHA 3
TPH Criciy, M1, Jid — M aBTOMOGLIA # MMIZOLBOIO MilOX0/a.

3a TeMNteparypy "y CHOBKH: . . .
i micg 25 2 . Tlposeneni maboparophi T HaTypHi noc'num'emmv NoKa3anu, 1o
. : achaneTobeTony Marepianom bBK-1 36inbmye #oro Bomo- Ta
Boxocri TpHBA. UHKnip DCTIKICTL, TPIMHHOCTIHKICTh, a8 TAKOXK CHPHAE YNOBINLHEHHIO NpPOLECIB

JIof ‘ s GiTyMy y cxnai achansTobeTony.

. Marepian BK-1 MOXIHBO 3aCTOCOBYBATH I TepMETH3aNii HCBEIMKHX
H, CITKH TpIIHH, AK NpoQHIaKTHIHMIL 3axil JJs YyNOBUILHEHHS HPOLECY

~ €Knan 6e3 BK- | P—
Cknan 3 BK-] 3 6asansropo, o ac

3 -¢ ot e |
KIan 3 BK-1 geq b6a3anropo; Kpﬂ;::{o ’

CniHCcOX BHKOPHCTAHHUX JuKepen

pueprk T.10., Kyuma MM, MacTiki 11 pa3sMeTkH J0Opor. ABTONOPOXHHK
gpaHHLL. — 1987, ¢.27-28.

hpuGacs H.H. [ToBepXHOCTHO-aKTHBHbIE BELIECTBA B IPOH3BOACTRE BDKYILHX
Igepranos. — Anma-Ata: Hayka, 1980, -336 c.

facim: AH., Kyuenxko BHM. TlomumepbuTymMHBIC KpOBenbHLIE H
NPOH30/BILHOHHBIE MaTepHathl, — JI.: Ctpoiinanar, 1983.-133 c.

pMeprx T.10., Konmnrvuenko H.H., I'onuaperko E.K. O Texso0ruu Tekyniero
MOHTa yCOBEPUIEHCTBORARHMLIX MOKPHITHH NPH MOHIDKEHHON TeMIEpaType.
iB-Yorr IPOMTEILCTBO H 3KCILTyaTalis aBTOMOOMWIBHBIX JOPOT H MOCTOB. MHHCK,

f{;ﬁnmepﬂ"cmﬁ noBepxHs - 98 r., c.149-154.
achamsroteror CPanbroberoy Tpotyap AHHOTAUKA
Mo M3NoMeRre paGoT MO TEKyIIEMy PEMOHTY H COACPKAaHWIO aBTOMOGHJBHOM AOpOrH
oBepx noBepxy Kpa Cyxa Cyxa MOHHLIMH  CIOCOGaMH B TellepeIDHEE BpeMs HEAOCTaTOMHO. EddexTuBHOCTE HX
HY N nosepx TORepxH FOUHO HH3IKa, NTOITOMY JIMKBHIHDYIOTCH BH3YalbHO ONpeneiieHHbC NeQeKTsl (TPEINIHD,
HA q Itosepx JEL), T. ¢. Torna, KOra AeEKT TOKPHTHA 3HAYHTENLHO PA3BHICA M INPHMEHAEMBIC
HI 0 BRIONHCANA paGoT He O6ECTEeYHBAIOT AOCTATOMHOTO KAaY€CTBA BHIIOJHEHHBIX

{4]. ¢

T.RHM oﬁpa30M, DA YBEIHYEHHA OOJNTOBEYHOCTH OTPEMOHTHPOBAHHWIX YYaC1KOB H
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HACHA IMTAPKOBA CKY.JI

»

CTaTTi #ineTbes Tpo e Y]
MOi) CKYMeITypH. 'onosaMM wg
K8 COPHHHATTS  HABKONMITHBOTO
PYHYBAHHSAM, CKONOTIEI0, TepHTOpI
KImiouoBi  criopa: apXiTeKTypa,
IMUIHBOrO CCPEfORMMIA, CTHITE.

Hlepiox inmg XIX - 092
THOTO Nporpecy, mepenoMm y g
1 GinocoderkuMu Teuismu, €
frerrsi Tak i B KynbTypi y uin
MiCTHYHI TEeHIEHIT, ki B CBO
HITHHX, 6araTonoBepXoBmx ¢
PisHOMY pearyBanu Ha Kyp
moBrmli. Hanpuxnax, sinommii
8-1959), Binkngas inci ypGasis
ProBu i cTBOpeHmAM XMapoYoci
JOHI0 JIIO/IHHH 3 HABKONHIIHIM @
" i mpeacrasus tdopMy 1M
DIHTBCA  3€MENbHAa  JiTAHKa.
TEKTYPOIO i nipupozoio. Ha ioro §
BOHIIHE MHTTA MOHHN — Tic
JRAB BULIH, KOTEMkKi 3 0BOB'S3KOB
jcamu, ranepesmu, canamu. Ized 1
Biamkis. Tomy He Bunamkoso &
ko, a came — MHCTENTBO NaH
Or0 MONHTY Ha ecTeTHYHEe
ropiit. Jlioau nowamu creopioss
TBIOUVCh NI0  XYHZOXHHKIB-3ai
Ppatusroro mMucreraa,
Komu wue innmsinyanuue
By kool TEPUTOPIT KHTI0ROTO
PMiters BilIzepkamioe cmak
ReHHs DO Kpacy. [Ipukpacamm
Bno-napkosa CKYNIBIITYpa, Ccajto
‘:'am,ni 6apensedu, BHPo6H 3 M

B 260 neper i Take iHuwe. Dagy
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[inte- NCCJIEJOBAHHUE TPAHCIIOPTHO-3KCILIYATAIIMOHHbIX IIOKA3ATEJIEHA
ir?rllztﬂ- JTOPOXXHBIX NOKPHITUHU U3 ACPAJIBTOBETOHA
o N3 HIJIAKOBBIX MATEPIAJIOB B 3SMMHUMU ITEPUO
men.] E K 1 A TR N ae 2
4%id= KaTCpHHA palOIMIKHHA , HAPECH DCIATHBIHCKHH
_ Kacgpeopa pexoHcmpykyuu asponopmos u asmomobunbHbix 0opoz, Hncmumym as3ponopmos,
? Hayuonanvonulii asuayuonnsii ynueepcumem, np-m Kocmonaema Komaposea, 1, 03680 Kues, Yxpauna
iterak- 1 . 24 4 .. .
news% . nouma: ' ekrayushkina@yandex.ru; “beljatynskij@mail.ru
‘ AHHoTaLUMS. OQHON W3 BOKHBIX NMPOOJEM HA COBPEMEHHOM 3Tane PasBHUTUA YKPaHHbLI €CTh MOBLILICHAC 3PHEKTUBHOCTH
meal OYHKIIMOHHPOBAHUA ABTOMOOMIIBHBIX NOPOF, YBEIUYCHHC HX MPOMYCKHOM CNOCOGHOCTH M 00ECNEUCHUS TPAHCIOPTHO-
.php?- SKCILTYaTal|HOHHBIX XapAaKTEPUCTHK B CIIOXKHBIA 3UMHHMA MIEPHO.
+ B ocHoBe (pOPMHPOBAHHA TPAHCIIOPTHO-IKCILTyaTAIMOHHEIX XapaKTEPUCTHK aBTOMOOMJIBHBIX JIOPOr OCHOBHaA POJIb IpH-
2 kOvo HAIUTEXHT acGanbTOGETOHHBIM TIOKPBITHAM, KOTOPBIE 3alMLIAIOT JOPOXHYIO KOHCTPYKIHMIO OT HEIMOCPEACTBCHHOTO BIMAKHA
NPUPOAHO-KTAMATHIECKHX (GaKTOPOB, 06ECTICUMBAIOT CKOPOCTH ABMKCHHS 32 CHET POBHOCTH M LICPOXOBATOCTH [IPOE3KEH
i 4aCTH, COKPAIAIOT TIOTEPH B IKOHOMHKE IOCYAApCTBA OT CHHIKECHHS CKOPOCTH IBHXCHHS TPAHCIIOPTHBIX CPCACTE, nepepbl-
r Bela- BOB B IBHXKCHUH M yBenrueHus xonnuecTsa JATIL
D12 ko- Takum 00pazoM, s yCTpoicTBa acanbTOOETOHHBIX NMOKPHITHA HEOOXOIUMO TIPHMEHATL COCTaBJIAIOIIME MATCPHAIILI, KO-
{ TOpble 0DECIICUMBAIOT IKCITYATAMOHHYIO HAXCKHOCTH aBTOMOOMIIBHBIX OPOr B 3UMHHIA 11epuoA. 1akMMH MaTepHalaMH
N SBJISIOTCS LIJJAKM, KOTOPSIE NPEANIaraoTcsl MCI0JIb30BaTh Kak MHHEPAIBHYIO COCTAB/IOIIYIO achanbToOCTOHHONM CMECH, UTO
Naujojt obecrieyuT noBblleHue k03pdUIMEHTa CLEIUICHHS JXKEC NMPH HANWMYHH HCTaTUBHBIX 3HMHHX SIBJICHHH, CHU3UT CTOMMOCTD
| NMPUIOTOBJICHUS CMECH U YCTPOMCTBA NOKPHITHA, IPHBEICT K cTaOUIBLHBIM TPAHCIIOPTHO-IKCILUTYaTAHOHHBIM XapaKTCPHCTH-
pmenis. KaM Ha [IPOTSXKEHHH BCETO CPOKa CIIyObI TOpOTH.
ct/ ros- [Toapo6Hee o npuMeHeHrH achanbTOOETOHA ¢ HCMOIB30BAHHEM NITAKOBLIX MATCPHATOB A MOBLIICHHAA Ka4€CTBa JBHXKe-
' HMA TPAHCIIOPTA B 3MMHHIA NEPHUOL SKCILTyaTalluK U OAIET peub B CTATHE.
uomeny KaioueBbie CJ10Ba: aBTOMOOHIbLHAsA aopora, achanbToOETOH, LIIAKOBBIC MaTepHalibl, 3MMHES COACPXKAHHUE, TPAHCTIOPTHO-
>, FKCILTYATAlHOHHBIE XapaKTEPUCTUKH, 3UMHSS CKOJb3KOCTb.
CTaHa M
| -02-12- " aAKTYaJIbHOCTL TEMbI noprt... 2010).
' | V4UTBLIBASI TAKOE PACIIPeaC/ICHUE H MTOJOXKUTEITBHBIC
?mecxoﬁ ABTOMOOWIbLHBIE TOPOTH — BaXKHAasi COCTaBJIAIOMIAA CBOMCTBa TMPHUCYIIHE ITOMY MATCpUaTy OCHOBHOC BHH-
uFsienio TPAaHCIIOPTHOM cHCTeMbl YKpaWHbl. OHH o6ECIICUHBAIOT  MaHHe Y4eHbIX VYKpaWHbl YAENAeTCs pa3paboTKam,
f COLMATBHO-YKOHOMHYECKOE Pa3sBUTHC CTpaHbl, €€ HHTE- HAITpaBJICHHLIM Ha ITOBBINICHHE Kau€CTBA M JOJITOBCYHO-

o [PalMI0O B MEXIYHApOJHOE COOOmIECTBO H, Camo¢e IaB-  CTH acabTOOETOHHBIX TOKPHITHH, 0COGEHHO B HeOIa-
:nlél::im: . HOe, OCYILECTBJIAIOT IIEPEBO3KY IPYy30B H NACCAXKHPOB rONpPUATHBLIA 3UMHHHA NEPHOA IKCILTYaTallHH.

J HauOosiee JOCTYIHBIM I HIMPOKOro Kpyra 1noJib30BaTe- Bonpimoe BHAMAHUE YACISETCA CHHXKCHHIO CTOUMO-

el aBToMOoOWILHBIM TpaHcriopToM (FOxHoBCckui 2004).
CeTs aBTOMOOWILHBIX JAOPOr B YKpPaHHE COCTABISACT

okono 200,0 Teic. kM. 98,0 % UMEIOT TBEPAOC NOKPHITHE.

[IpoTsAKEHHOCTb AOPOr TrOCYAapCTBCHHOrO 3HAYCHHA

 coctapiisgeTr okono 17,0 teic. kM. OCHOBHBIM THUIIOM IIO-

KpHITHA — sBisercs acdanbTobeToHHOe — okono 90 %

| POTSHKEHHOCTH TOCYAApCTBEHHBIX mopor U 10 % — ue-

MentobeTorHOEe mokpbiTe (KOxHoBckuit 2004; TpaHc-

CTH ycTpoiicTBa ac(anibTOOETOHHBIX NMOKPHITUH 3@ CYET
pacIIMPEHHs ACCOPTUMEHTA MAaTe€pUAIOB IS MPHIOTOB-
nenns acdanprobeToHHOM cMmecH. llIMpokomacmTaOHbie
MCCIICIOBAHUS ITPOBOJAATCA B 00JIaCTH MOMCKA MaTepHa-
JIOB, KOTOPBIE€ CIIOCOOCTBYIOT MOBBINIEHHIO TPAHCIIOPTHO-
SKCILTYaTAlMOHHEIE XapaKTEPUCTHK ac(anbTOOETOHHBIX
NOKPHITHH, 6€30MacHOCTH IBIKEHUA aBTOTPAHCIOPTa,
cHwxenuto konudecTna JITI1 Ha noporax.

® Vilniaus Geaimincn_technTkos uﬁiversietas

hitpeidykla.vgtu. i
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Haubonee noaxoasmuMy MaTepHajaMu s pellle-
HUSA 3THX 337a4 ABJISAIOTCA IUIAKH — MaTepHaibl C IUIOT-
HOKPHCTATTHYECKOH CTPYKTYPOH H IOBEPXHOCTBH), KOTO-
PYI0O HMEIOT pa3apoOJIEHHbIE FOPHBLIE HM3BEPIKEHHbLIE ITO-
poas!l (Tynaes et al. 1986; KpaBueHko et al. 1989; Tomno-
puies 1983).

[IpoyHOCTEL Ha pa3zgaBIUBaHUE LIUIAKOB 3HAYUTEIBHO
MPEBbIMAECT MMPOYHOCTL MTYOHHHBIX (MHTPY3UBHBIX) IIO-
PO THIIa FPAHUTOB.

lllepoxoBaTOoCTh NMOBEPXHOCTH ILIAKOB, TAKXKE 3Ha-
YUTEJIBHO BBINIEC, YEM Y MPAHUTOB, 3a CYET YE€ro IoBbiNIa-
eTCA KOO(P(PHIIMEHT CUEIUIEHHA Kojeca aBToMoOMIA C
OBEPXHOCTBIO ac¢aibTOOETOHHOrO IOKPBITHA H3 ac-
¢anbTobeTOHA M3 NUIAKOBLIX MATEPHAIIOB B 3MIMHHIA II€-
PHOJ IKCILUTYaTaLHH.

bonpmoe KOJIMYECTBO HUIAKOB HAa TEPPUTOPHU
YKpauHbl U BBICOKHE (PHUIMKO-MEXAaHHUECKHE CBOHCTBA
NOATBEPXKAAIOT HEOOXOAMMOCTh MX YTHJIH3ALMH OCODOEH-
HO B TAaKOH MaTcpHAJIOEMKOM OTpacjiM KakK [AOPOXKHOE
CTPOHTEILCTBO.

XoTa He0oOX0AUMO OTMETHTL, UTQ B IMOCJIEHAHUE I'0-
JAbl NOABWIACH TEHACHIMSA K PACIIMPEHHUIO MPOTAXKEHHO-
CTH A0OPOT ¢ LUEMEHTOOETOHHBIM NOKPHITHEM.

Pemienne npobiemMbl

B HacTosfIllee BpEMs IIPH CTPOHUTEIBCTBE, PEKOH-
CTPYKLIMM M PEMOHTAaX aBTOMOOWIBHBIX JOPOT YBEIIUYM-
BAIOTCSA 00BEMBI HCIIOJIH30BAHHMA MECTHBIX CTPOHTEJILHBIX
MaTEpHAJIOB, B TOM 4HUCJIE U MOOOYHBIX IMPOAYKTOB YEP-
HOH M LBETHON METAUTYPruM — HUIAKOB. OHH HUCIIONIB3Y-
IOTCS BO BCEX CJIOAX HAOPOXHBIX KOHCTPYKIIHHA, H B TOM
YKCJIe, KaK MUHEpalbHbI# 3aMONHUTENb A1 achanibTobe-
TOHHBIX CMeced MNpH YCTpoicTBe achaibTOOETOHHBIX
MOKPBITHHA HA ABTOMOOHJIBHBIX AOPOraX BCEX KaTErOpHiA.

AchanbToOETOH ¢ MCMNOJIB30BAHAEM ILIAKOBBIX Ma-
TEPHAIOB — 3TO HCKYCCTBEHHBLIH CTPOMTEJIbHBIA MATEPH-
aJl, KOTOPBIA ITpeacTaBAsAET COOON CMECh pa3HbIX BH/OB
METALUTYPIrH4E€CKUX IIJIAKOB M OUTyMa, ITPOM3BEACHHBIN
IIPH OMPEOEIEHHBIX TEXHOJIOTHYECKMX PEXKUMAX, YCTPO-
€HHbIH H YIUIOTHEHHBIH B BEPXHEM CJIO€ JOPOXHOH
onex bl — NMOKPLITUH (Tynaes et al. 1986).

B pe3yibrare ImpoOBEACHHBIX MCCICIOBAHNH ONpPEac-
JIEHO, YTO M3 BCEro pasHooOpa3us YCPHOM M UBETHOM
METALTYpruyM Haubolee NPHUroAHLIMHA IS AOPOXHOTO
CTPOMUTENLCTBA SBJIAIOTCA OOMEHHBIC LILUIAKH, KOTOPbLIEC B
MEHBIICH CTENEHH CKJIIOHHLI K Pa3/INYHbBIM BHAAM pacna-
1a (I'ezeHuBedt 1956; BCH 38-98 1998).

KayectBO achanbToO€TOHA M3 IIUIAKOBLEIX MAaTepHa-
JIOB ONpEAeJIAeTCs B INEPBYIO OYEPEAb COOTBETCTBHEM
TPAHCIIOPTHO-3KCIUTYAaTAUMOHHBIX [IOKA3aTened aOpOXK-
HOH OJEXIbl UX HOPMATHBHLIM 3HAUEHHUAM Ha IMPOTIXKE-
HUHM BCEro cpoka ciayxObl. Ho 3Toro tsxeno 1ocTuib, H
0COOEHHO, B YCNOBUAX ACHCTBUA HA JOPOTY CIOXKHBIX H
OMNMAaCHBIX MOrOAHBIX SIBJICHUHN.

Hanbonee HebnaronpuATHEIMHA MO TOTOJHBLIM YCJIO-
BHAM SBJISETCA 3UMHUU TEPHOA, A KOTOPOro Xapak-
TEPHLI CIIOXKHBIE YCIOBHA [IBHXCHUA aBTOTPAHCIIOPTa
BbI3BAHHLIC BBINMAJACHUEM [JO0XKOA, CHEromnajaa, METEJCH,
roJIONIEAHBIX ABJICHUH, TYMAHOB, CWILHOIO BeTpa. Kpome
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TOr0, 3UMHHH IIEPHOMA AB/BIETCA HANCIOXHEHIIHM C TO%-
KH 3peHHs ydeTta (pakTOpOB, KOTOPBIE BJIHAKOT HA YCIIO-
BYsl IBHOKCHMS.

OCHOBHBIMH TPAHCHIOPTHO-IKCILTyaTallHOHHBLIMH {
[TOKA3aTE/IAMH, KOTOPBIC XapaKTEPH3YIOT JOJTIOBEYHOCTS
JOPOXHBIX MOKPLITHH U COOTBETCTBUE UX COBPEMECHHAIM !
TpeOOBaHUAM ABUKEHHUA TPAHCIIOPTA €CTh:

— IIPpOHYHOCTD ,IIOpO)KHOFI OLCKADI,
— POBHOCTD ITOBCPXHOCTH ITIOKPBITHA,

— IIEPOXOBAaTOCTh IIOKPLITHA M  KOI(DHHULMEHT. |
CUEILICHUA Kojieca aBToMoOWns ¢ MokpeiTHeM (II-I.1-
218-113:2009).

OTH MOKa3aTelIn CTajlXl OCHOBOH i pa3paboTkH
«I1paBusi 3MMHETO COAECPXKAHUSA aBTOMOOWIbHBIX AOPOD»,
KOTOpBIE JEHCTBYIOT Ha TEPPHUTOPUH YKPaHMHBI H Pa3pe
O0otansl ¢ ydqactueM coTpyaHukoB ['ocanopHHUH (CO
45.2-00018112-037:2009).

Takum o00pa3oM, YyCTAHOBJIEHO, YTO TPAaHCIIOPTHO-
3KCIUTyaTaLMOHHBIE TOKA3aTejd aBTOMOOMJIBHBIX IOPOr !
B 3UMHHH NEPHOL B 3HAYUTEIbHOW CTENEHH 3aBUCAT OT
MOrOIHO-KJIMMATHYECKHX (paKTOPOB, KOTOPLIE BIIMSIOT HA
COCTOSAHHE MNOKDPBITHA, CLEHHBIE KayecTBa, POBHOCTD,
HIUPHHY NPOE3KEH YacTH, BUAUMOCTD, a TAKXKE IMOLMO-
HaJIbHOE COCTOSHHE BOAUTENSA. UMEHHO B 3UMHHH TEpH-
O MPpH HeONAroNPUATHBIX MOTOAHLIX YCJIOBHUAX AOPOX-
HOE€ TOKPBITHE MOXET OBITh MOKPBIM, WJIH TMOKPHITO 10
BCEH €ro NpOTSXXEHHOCTH WIH Ha OTACJHBHBLIX Yy4YacTKax
pa3HBIMHM BHJAMH 3MMHEH CKOJB3KOCTH. IlepeueHs dak-
TOPOB, BJIHMAIOMMX HAa TPAHCHIOPTHO-IKCILTYaTal(HOHHOE
NOKPHITHE B 3MMHMUH IIEpHOJ, NPUBEAEH B Tabaulge 1. |

Kpome Toro, 'ocaopHHUHU n XHALY paspabortana
noapoOHas KinacCH(UKaLMA BUIOB 3UMHEN CKOJIb3KOCTH,
KOTOpas pa3iM4daeTCad M0 BHEIIHWM IpU3HaKaM, Puznye-
CKHM CBOMCTBaM, yCJOBHSAM (POPMHUPOBAHHMA, a TAKXKE B
3aBUCHMOCTH OT TemIiepatypbl NOKpeiTHA (COY 435.2-
00018112-037:2009).

MOKpPBIM NOKPBITHE MOXET ObITh NpPH OTTEHEJH,
BbINAJACHHH XHIKHX OCAAKOB, BO BPEMs BbINIAACHHUS CHE-
ra IpM INOJIOXKHUTEIIBHON TeMmneparype. 1IpH HCnonb30Ba-
HHAHN IPOTHBOrOJIOJNIEAHBIX MAaTEpHAJIOB WIH PacTBOPOB,
MOKPBIM ITOKPBLITHE MOXET OBITh U MPH OTPHLATENLHOHK
TEMIIEPATYPE.

[Ipn poxasix Majo MHTEHCUBHOCTH, BO BpeMA TY-
MaHOB, HPH MOBLINICHHOM BJIAXXHOCTH BO3QyXa YBJIaXHE-
HHE IMMPOE3XKEN YacTH BO3MOXKHO 32 CUET NMPOHUKHOBCHHA
BOJIbl B Mate€pHajl JOPOXHOIO MOKpuITUS. Bo Bpems 10-
XIEA ¢ AOCTATOYHO BHICOKOH MHTECHCHUBHOCTBIO M TIPH
TassHUM CHEra Ha MOKPBLITHHM TMOABIAECTCHA CJIOH CTEKalo-
e BoJbl. Ha HEPOBHBIX MOKPBITUAX BOAA CKAILIUBACTCA
B NOHMXXEHHBIX MECTAX: B KOJICAX HaKaTa, B BbiOOHHaX. B
3TOM ClIy4ae pe3KO CHHXKACTCA aAre3MOHHAas COCTaBI-
IOmas CWiIbl TPEHMS, CHHXAETCH KOAI(PPHULHUCHT CLEILIe-
HHA KOJIECA C JOPOTOMN. '

3HAYCHHE BEIHYUHBI KOIPPHIUMEHTA CLEIUIEHUS B
3aBHCHMOCTH OT THIIAa NMPOE3XKEH YacCTH IPUBECACHLI B
Tabuuue 2.

Kak BMIAHO W3 OaHHBIX Tabauunl 2, HaubosbieH
OCTAaTOYHOH MHWKPOUIEPOXOBATOCTHIO M COOTBETCTBEHHO
Haubonee MHUHUMAJIbHBIM 3HAYEHHEM KOIP(DHLHEHTE

CLEIUICHHA XapaKTepHM3YIOTCA 1eOeHOYHOE TOKPbITHE
BLIMTOJJHEHHOE W3 I'PAHUTHOrO eOHA.
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Ta6bauna 1. [Iepeuens GaxTopoB, BAMAIOIIMX Ha TPAHCIIOPTHO-3KCIUTYATALIHOHHOE ITOKPBHITUE B 3UMHHIA MEPHOA

PaxTOoph, RINAOBINE N3 TPARCROPTNO - IKCILTVATAHNONNOE COCTORNNMNE ABTOMOSNILALIX JOPOr B SHMNUI RepHol

[

IoroaMo-KINMATHYECKME L Aopoxnbie J [ Y posenn cojepmanun
’ 1 | | ’
| | TlpozoaswureasrocTh n ITocTonnnbie Tleperennnie
¥aCTOTa OTICMEIH napaMeTpl napaxeTpn Mepw no ooproe o
——d ' CHEATBDMM SAHOCAMN
(pery IXpHOCTE M TeXHO0.10IMA|
—-—| Meteopoaorsuecsne [Ipnaopoxatax curvaumn TerL1o bmsirzecsme 1 QrIExo- ICHErOOYHUCTEN, CHErOSaIIHT-
' (-1eCOmOIOCH K X MeXaHMYeCcKIe CBORCTE [bie HaCaMICHHE, IIMTHI 1 3p. )
KOMCTPVEIIHA) MATEPHATOB
— OoaxnocTd |
4’! Ten noxpaTnx Texmeparypa poxpuTHA [Ipormsoroaoixeannie
| Cxnopocts nHanpanienme | MEPOTIPMATHX (XMMMHeCckHe,
BeTpa FRIHOMHNE, MeX AHMI eCKne
KoHCTpVIQIMA 20pOAMOH PozHOCTD MOXPHTH JpVINeE METOIN VIATEMNX
0JeA B JIb3a)

AtrmocdepHoe JasTeHme ‘

[ eoMeTpHMecKHe pasMeph
nonepedAoro npodrs

OrHOCHTEIbHAA RIAKHOCTE

BOIYXa

AI IIpozoasumA nmpodrs

Tesmepatyvpa BO3IVXA ]

—i Hanparsrenne tpaccn }

Haraue, sna, arperatioe
COCTOAHME, HHTEHCHBHOCTE
——1 M KOIHYECTBO OC2IKOB

{303, METLEIh, CHETONAT,
Ty MaH)

Tabauna 2. BeanuuHa ko3dPUIMEHTA CUCTUICHNAS B 3aBUCHMO-
CTH OT COCTOSHHA MPOCIKEH YaCTH

Ko3dbduuueHT clieIJIEcHHS Ha NOKPBITUAX

ActhansTobe-
TOHHOC C MC-
M0JL30BaHUEM
IIIJIAKOB
0,7-0,8
0,4-0,5

CocCTOSHHUE
JOPOMKHOIO
NOKPBITHS

AchansTo0e-

[Iebe-

TOHHOC H-
TPl HOYHOC

LHHOHHOC

Cyxoe
Mokpoe
lloxkperToe
MOKPBIM
CHETOM
llokpsrToe
CHEXHBIM
"HAKaTOM
Obnexne-
HEBLIECE

0,2-0,3

0,15-0,3

0,08-0,15 0,08-0,15

B o01eM BHAEC 3aKOHOMEPHOCTE U3MEHEHUS LIEPO-
XOBATOCTH TIOKPBITHA MOXET OBITh MPEACTABJICHA B BUJIE:!

R(t)=axe—bN, +c,

rae R(t) — cpeaHss BbICOTa MAKpOILIEPOXOBATOCTH, MM;
N, — KOJNIMYECTBO NMPOE3KAEMbIX aBTOMOOMIEH; &, b, C —-
K03 PUIHEHTEI, KOTOPBIE 3aBUCAT OT pa3Mepa IIEeOCHOK,
TBEPAOCTH NMOKPHITHA B COCTaBa TPAHCIIOPTHOrO MOTOKA.
KpoMe TOro, B 3MMHMH MHEPHOA Ha TPAHCIIOPTHO-
IKCILUTYAaTAHMOHHOE COCTOSAHUE AOPOT BIHAIOT CHETONaIbl
H METENIH, CIOCOOHBbIE CO3/aBaTb HAa ABTOMOOWIBLHOM
IOpOre CHEXHbIC OTJIOXKEHUsA. C HAKOIUIEHMEM CHEra Ha

CriermHnie Ka4eCTBA B
WEePOXOEATOCTh MOKPHTHA

ParTHYecKid MIMPHHA
PO esAeH ACTH H 000U MHBI

Cocroxnse moxpNtTEx

1 00O

HutencHBHOCTE B COCTZB

185

JEMACHHA 3BTOMOONTIER

[IOKPBITUH YMECHBIIAETCA MPONYCKHass CIOCOOHOCTb HO-
POTH BCJICICTBUM YMEHBIICHUA CKOPOCTH JABHXKCHMA
aBTOMOOMIICLI#i, KOTOPBIC 3aBUCAT KaK OT JUHAMMHUYECCKHX
CBOMCTB aBTOMOOMJIEH, TAK M OT COOTHOIICHHS CHII
CHCIUIEHAA H COIPOTHBJICHUS KAau€HHIO B 3aBUCHMOCTH
OT TOJII[HHBI CHETOBOrO MOKPOBA HAa IPOE3XKEH UacTH.
3aBUCUMOCTb CKOPOCTH JBMDKEHMA aBTOMOOWIEH OT
TOJILIMHbL CJOS PBIXJIOrQ0 CHera Ha acaabTOOECTOHHBIX
HOKPBITHAX C KCIIOJIb30BAaHUEM 1ILIAKOB MPEACTaB/IEHA Ha
PUCYHKE 1.
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TommmHa oA PBIXIOI O CHETA., CM

Puc. 1. 3aBHCUMOCTE CKOPOCTH JABHXCHHA aBTOMOOHIIA OT
TOJILIUHBI CJIOSA PHIXJIOrO CHEra
| — JIerkoBbie aBTOMOOMIIH; 2 — JIETKHUE IPY3OBUKH;
3 — I'py30BHKH
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JIOCTaTOYHO CHOXHBIE YCIIOBHA A JBHKCHUS
TPAaHCNIOPTA CO3JAOTCA NMPH 00pa3OBaHWHM HAa MOKPBLITHH
IPA3HOTO CHEra, KOTOPbIH 4aCTO OCTACTCH Ha MOKPHITHM
M3-3a €ro0 HECBOCBPEMEHHOrO YJalleHHA. ABapHHHOCTDL
Ha TaKHX y4aCTKaX YBEJIMYMBACTCA ONPH O0OTOHE OT IOMNa-
JaHUs IPA3HOIO CHETa Ha CTEKJIO aBTOMOOMI.

bonee xynmee ycnosus OBMXEHMS aBTOMOOWIEIH
HaOMIOAAIOTCA TIPH CHEXHOM HaKarTe. MakcuMaibHY10
ONacHOCTb MPEACTABIAIOT CO00# CHEXHBIN HAKaT B BHJIE
OTACJIBbHBIX NMATEH Ha MOBEPXHOCTH AOPOTH, MOCKOJBKY
HCPaBHOMEPHOCTb €ro pacCIpeNeeHUA IO IOKPBITHIO
MPUBOJUT K TOTEPE CLEMHBIX Ka4E€CTB, KaK BAOJL JOPO-
', TaK U N0 IIAPHHE, YTO HEraTUBHO BJIMSAECT HA CTOM-
KOCTb aBTOMOOWJIS MPH TOPMOXKEHU.

Takum o6pa3om B pesynbTaTe MPOBENEHHBIX HCCIIE-
JIOBAaHUH MOXHO C/ENaTh CIEAYIOIIUE BHIBOIBI.

1. s NOBBIICHHS] TPaHCIOPTHO-IKCILTYyaTALHMOH-
HOI'0 COCTOAHMS aBTOMOOWIBHEIX JOPOT B 3UMHHI NEPH-
Oll HEOOXOOMMO NMPOM3BOAMTH PAIIHYHBIE KOHCTPYKTHB-
HBIC U TCXHOJIOTHYECKHE MEPOIIPHSATHSI.

JInTeparypa

2. CTPOUTENBECTBO KOHCTPYKLIMM JJOPOXKHOM OnEK
C TIOHMDKCHHBIM PHCKOM O00pa3oBaHUS CKOJIB3KOCTH !
CYET ONTHMHU3ALUMN TEIUTOPU3INIECKHX CBOMCTB MaTEPE
JIOB KOHCTPYKTHBHBIX CJIIOEB IPHBEIET K CHUXCHHIO 0f
pPa3soBaHus BCEX BUAOB 3UMHEMN CKOJIB3KOCTH.

3. YCTpOHCTBO NOKPBLITHI € NMPOTHBOTOJIOEHEL
CBOHMCTBAMH, a TaK)X€ NOKPHITHI C MOBBIIIEHHOH MIep
XOBAaTOCTBIO ¢ MCNOJIb30BaHUEM acGaibTOOETOHA ¢ I
KOBBIMM MaTE€pHalaMH IOBBICUT KO3(PQHLIHEHT Clie
HUA KOJIECa aBTOMOOMISA C MMOKPBITHEM. _

4. O6paboTka MNOKPHITHH KPEMHHHOPraHMYECKHM]
BEILECTBAMM, KOTOPbIE HMEIOT rUAPO(GoOHbIE CBOMCTRA |
YKIaaKkoi acgaibTOOGETOHHBIX MOKPBITUH € pPa3HbM
IIPOTHBOrOJIOJIETHLIMH noﬁamcanen Oynetr cnocobcTse
BaTh MOBBIIICHHIO KQYECTBA 3UMHET0 COJIEPKAHHUSA AOPO
CHIDKCHHIO KOJIMYECTBAa MCIIOJIb3YyEMOM CHEroyOopodnc
TEXHHMKH, JKOHOMUIHOCTH MIPOBOIMMBIX MEpOTIpHATHH,

Bce BblmenepeyucIeHHOE CBHAETENBCTBYET O TC
4TO COJCPXKAHHIO IOPOI B 3UMHHIA TIEPHO 3KCILTyaTaIlH
HEOOXOAUMO YACIATh ITOBLIIIEHHOE BHHMAHHE .
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VK 93.080.20 AT.H., npodecop A.O. Bensathinckuii,
HaumonansHelit aBraumonnsrii YHHBepCHTET, I. Kues,
Kparouwrkuna E.B.,

HII «TocnopHUM», r. Kues

HCHOJb30BAHHAE OTBAJBHBIX HLTAKOB PA3HBIX
ITPOM3BOJCTB B JOPOXKHOM CTPOHUTEJILCTBE

Paccrompenst  ocobennocmu  ucnoavsosanus OMSANbHBLIX  ULIGKOB  Pa3HbIX  8UOVE
npou3godcme & O00poNCHOM cmpoumenscmge. Hccnedosanor xuvuueckuii cocmag u duzuxo-
MEXAHUNECKUE COlicmea  MeKmpocmaieniasuisHozo u OMBATBHOCO wlaKa, €20 eAusHue Ha
adzesuro K opzanusecKomy BANCYIeMy ~ bumyAty, npusedensi ceoiicmsa MUHEPANbHO20 nopotuxa
U3 IEKMPpOCMArenIasUILHO20 WIaKa U 20pAYe2o MeakosepHucmozo acparbmobemona ¢ ezo
ucnoszoeanues. Cdenan v1800 0 mom, ymo INEKMpOoCmanentasunbHbli UGk Moxcem Guime
ucnonblosan Kax webens u vmunepanbrolli nopowoK On8 npuzomoenrenus acghansmobemonnor
CMecu, Komopasn obnadaem  noeviuenHoii npoutocmeio  u  donzoseunocmoro,  agnsemcs
SKOHOMULHBIM U MEXHONO2UYHBIM MAMEPUANOM.

Knioueswie cnosa: asmomobursnan dopoza, npouzsodcmeo, cmpoumenscmeo, Guauxo-
Mexanuyeckue ceolicmea, uuiaxu.

Crpoutensctso, u 0COGEHHO, PEKOHCTPYKUUA M PEMOHTBI aBTOMOOHIBLHBIX
A0por  TPeOYIOT pPa3BHUTHA NPOMBILINEHHOCTH Mo NPOH3BOACTBY KaMEHHBIX
MaTepHaloB. PacTymyo norpe6HOCTs B KaMeHHBIX MaTepHanax MOXHO
YAOBNIETBOPHTL 32 CYET WIMPOKOTO HCMOJb30BAHMS OTXO/J0B NPOMBILIIEHHOCTH M
BTOPHYHBIX pecypcoB. OHHM M3 HAHGONEE HIBECTHDBIX OTXO/I0B, KOTOPbIi C KaXKIbIM
TOMOM HaxomuT BCe Gonbliee pacnpocTpaneHue B JIOPOXHOM CTPOHTENLCTBE €CTh
LUNTaKH YCPHOH H UBETHON METALTYPriy.

B CBATH CO 3HaYMTENbHBIM HakomIeHHEM Gonbuwioro konuyectsa no6ouroro
MaTepHana B BHAC LITAKOB H HEOGXOAMMOCTBIO HX YTHIH3aUHH, BO3HHWKNA
He0BGX0MMMOCTL npoBeaeHus pabor B HanpaBnenuu OMpPEACNEHHUS BO3MOKHOCTH
UCTIOJIL30BAHHS ITHX 1111aKOB B TPAHCMIOPTHOM CTPOHUTENDLCTBE.

Tlo cBonm xapaktepuctnkam (xMMHYeCKHi, MUHepanornueckuit €oCTaB,
MOpO3OCTOHKOCTE) WINAKH SBAAIOTCH  LEHHBIM CbIDbEM /IS MPHTOTOBJICHHA
IIeGEHOUHBIX MaTepHATOB M MHHEPAIIBHLIX  BSKYIUHX, Ha OCHOBE KOTOPHIX
H3rOTABNHBAIOT LIEMEHTO- H achanbTOBETOHHBIE CMECH Iis YCTPOIACTBA J1OPOKHBIX
MOKPBITHIA.

3amena winakom ueMenTa, mebus u MHHEPAJILHOTO MOPOMLIKa, Ha IPOU3BOACTBO
KOTODBIX PacXOAYETCA 3HAYMTENBLHOE KOIHYECTBO MaTEPHAJIbHBIX H JHEPre THYECKHX
PECYPCOB COMPOBOXAAETCH PEIKUM CHHIKEHHEM 3aTpaT TOMJIHBA, 3JEKTPOIHEPIUH U
TPYAOBbIX pecypcoB. Booblue, ce6ecTOMMOCTL MITaKOBLIX JIOPOKHO-CTPOUTENBHBIX
MATEPHANIOB B 2 pa3a HHxe ceBeCTOMMOCTH AHAIOrUYHOI NPONYKUHH N3 NIPHPOIHBIX
TOPHBIX MOpPO1.

11
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Taxum 00pa3oM, HeOOXOAHMOCTb H aKTYallbHOCTb vucnonbaoaamm LIUIAaKOB B
JOPOXKHIH OTpaci, YTO XapaKTEpPHU3YETCA 3HAYMTENLHOM MaTepHaHOCMKO(;TMO, HE
BHI3bIBAET COMHEHHH. B nocneadue roasl B JOPOXHOM CTPOMTENLCTBE Bee Oonblee
paclpoCTpaHEeHHE  MONYYHIM  METAUIyPrHYECKHE M ) tocdopHble xlu;aku.
Mertatypruyecke JeasSTcs Ha UIJIAKK 4YepHOH M uBeTHOH Metamnyprud. llnaku
yepHOit METAILTYPrHH GLIBAIOT IOMEHHbIE, CTaJ'leHJ'laBHJ'IbeIf: H deppocruiaBHble.

OcHOBHbIM (aKTOpOM, KOTOpbIH OMNpenenseT CBOWCTBA IUNAaKa €CTh €ro
CTPYKTYpa, KOTOpas 3aBHCHT OT XHMHYECKOrO0 COCTaBa 1UIAKA H  PEXKHMA
oxsnaxjaeHHs. B TOMEHHbIX IN1aKaX KpUCTATHYECKAS qac-r}x; npeacrasieHa 6oJee 4eM
JBAILATBIO MHHEPAJIaMH C MNIOTHOCTHIO 6onee yeM 3 r/cm’.

docdopHpie maku cBetno-ceporo usera. [lInakoBas Macca MNOMHOCTBIO
KPHCTAIM3HPOBaHHas. ABTOPOM MPOBOJMIIHCL PabOThI MO HCMONL3OBAHHIO ILTAKOB
Pa3’HbIX BHIOB MPOH3BOJCTB B IOPOXHOH OTPaciH.

YcTaHOBNEHA BO3MOXHOCTh HCIONB30BaHUA WEOHA H MecKa U3 LLIAKOB Eaanblx
TMPOH3BOACTB MPH MNPOU3BOACTBE acajbTO- M LEMEHTOOETOHHBIX vCMCCeH,u s
YCTPOHCTBA OCHOB JDOPOXHBIX ONEXKA, a [UI AOPOT HH3ILMX KAaTEropHH ycTpoicTBa
MOKPBLITHH H3 LJIAKOBBIX MaTepHalioB. B faHHOM paboTe ycTaHOBIEHa BO3MOXHOCTh
HCIOJb30BaHHUA JIEKTPOCTANEMIABHIIBHBIX LIJTAKOB OTBATbHBIX, AJIS MPHTOTOBIEHHS

acHanbTOOCTOHHBIX CMECEHH.
¢ Tabnuua 1.
XHMHYECKHIt COCTAB 3IEKTPOCTANICIIaBHIBHOTO LIJIaKa
HasBauue matepuana XuMHyeckHit coctas, %
SiO | AlLO Mg | Mn
Ca0 0
2 3 9]

Moayns
OCHOBHO
cTH, M,

AnekTpocTanenaaswibHbii
LUTRK - noTHLIA | 28 3| 12,0 | 31,0
MeJIKO3EPHHCTBIH Ceporo UBeTa

1,1
9,0 |5,6 4

12
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Puc. | XumMHyeckui coctas CICKTPOCTAICIIABHIIBHOIO LilJTaka
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Tlo namHeIM xuMMyeckoro cocrasa PactHTLIBAIOT MOAYJL OCHOBHOCTH (M,)
)

MOk akTHBHOCTH (M,) u Ko3dbHUHEHT KavecTBa (K), koTopbie xapaktepusyior
FHIPABIMYECKYIO aKTHBHOCTD ILJIAKa.

CaO + MgO 31.0+9,0

M, = = = 0,99%
$i0y + Al,0;  28,3+12,0

41,03 12,0

2 ’
My=—23 - _om
5i0, 28,3

‘o Ca0 + Aly05 + MgO 53,87
= : = 1,9
§i0y +Ti0y 28,3

B 3aBucuMocTH ot koadduumenTa kauecTsa 1 BK/TIOYEHHS COCAMHEHHI ILIaKH
pasaensoTca Ha TpU copTta cornacko T'OCT 3476.74.

Tabnuua 2.
Tpu copra wnakos cornacio FOCT 3476.74
Ioxkasarenu

Copr
] 2
Koapuument kauectsa, He Menbue 1,65 1,45
BrxiitoueHue Al;O; He MeHbIne, % 8,0 7,0
MgO, He 6onpie, % 15,0 15,0
TiO,, He 6o1bime, % 40 4,0
MnO, ue 6onbiue, % 2,0 4,0

B AI2O3

0 Mgo
oTio2

amMno

1 copr 2 copr 3copr

Puc. 2 Cocras winaka B 3aBHcuMocTH oT BIUHOYEHHS COEAMHEHMIT

Micmobydyearna ma mepumopiansre niaHy8anHa 13

B 1e10M N0 XHMHYECKOMY COCTaBY 3JIEKTPOCTANEILTaBHIbHBIH Llak GiH3KHH K
‘IpHPONHbIM 3Qy3HBHbIM KaMEHHBIM MaTepHanaM Thna Gasanbta. Ilo koadduumeHTy
Xa4ecTBa OTHOCHTCA k 1 copry, xpome konuyectBa MnO, KOTOpOe HECKOJIBKO

yBelIH4EHO.

1,7

Puc. 3. 3aBHCHMOCTD COpTa LILIAKOB OT KOEQHLIHEHTA KaYeCTBA
coraacko FOCT 3476.74

Ilpy  HCMONB30BaHHH  JIEKTPOCTANEIVIABHIBHBIX ~ ILIAKOB,  KOTOpBIE
XapaKTEepPH3YIOTCS LIEMEHTHpYIoIEeH cnocoOGHOCTbIO, a MNpPH  YIUIOTHEHHH H
YBIaKHEHHH BOAOH mnoOcne LEMEHTAlHH CO3JAI0T MOHOJHTHYIO BOJOCTOHKYIO
OCHOBY LIEMCHT H H3BECTb BBICTYIIAIOT B POJIH aKTHBaTOPOB.

DH3HKO-MEXaHHYECKHE XapaKTEPUCTHKH 3JIEKTPOCTAJIEIUIaBHIIBHOTO
nuiaxoBoro meGHs npuBeAeHs! B Tabn. 3. Jng cpaBHEHHS [apaluIe/ibHO MPOBOAMINCE
HcceneaoBaHus rpaHuTHoro mebus Knecosckoro kapbepa.

AHanu3upys JaHHbIe MPHBEACHHbIE B Talll. 3 MOXHO YTBEPX/IaTh, YTO QPUIHKO-
MEXaHHYECKHE XapaKTEPHCTHKH (MPOYHOCTb, APOOWIBHOCTb, BOAOMOIJIOLIEHHE) Y
HUIAKOBOro LIeOHA BBILIE YEM y TPAHMTHOTO M oTBeyaroT Tpebomanusm ['CTY B
B.2.7-74-98, TO ecTb 3TOT MaTepHan MOXeT GbITh HCMONB30BaH JUIS yCTPOHCTBA
CJIOEB MOKPBITHUA Y OCHOBBI IOPOXKHBIX OJEXKA.

Tabnuna 3
DH3HKO-MEXaHHYECKHE XAPAKTEPHCTHKH 3NIEKTPOCTAIENIABUIBHOTO LIIJJAKOBOTO
mebHA.
Lile6exs nu1akoBhii 1lle6eHb rpaHUTHLIH
INEKTPOCTANCILTABHIbHbIH (KaecoBckuii kapbep)
! 2 3
IUIOTHOCTh, 3,45 42

Hanmenosanue nokasateneit

|
DefictButennras
/e’

Cpennss noTHOCTS, r/cM”

3,84

4,35

HachinHas nnoTHOCTD, KI/M°

1800,0

1850,0

Iopucrocts, %

54

7.5

Bozonornomenne, %

2,1

34

Ka 110 MOPO3OCTOHKOCTH ¢

Bericokas F 150

Bricokas F 150

Mapka no apo6uibHOCTH

M 1200

M 1000

Teepoocts no jmecatH6annbHOM
Kane, 6amib

6-7
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[ 1 2 3 ]
Mapka no nerupaemoctu Bricokas CT-1 Beicokas CT-]
[pouHocTH npu  cxkatun s 7.4 5,4
unanHape, Mlla

Hannuue 3sepen nnacruvuaroii u
HIoAb4acToi PopMbl

Hanuyme rauun B rpyakax - -

Ky6osuanas rpynna, 12 Ky6osuanas rpynna, 15

Beito nposeneno onpemenemme noxasateneit u Pe3y/bTaThl HCC/IEA0BaHMI
TIpHBE/IEHDI B Ta61. 4.

AHamM3WPYs  JaHHble  Tabn. 4 moxHO CAenaTb  BBIBOA, YTO
SICKTPOCTANENIABHIILHBIN LIJIaK HMEET AOCTATOYHbIE BSOKYLUHE CBOHCTBA, YTO GyaeT
CMOCOGCTBOBATH I0TOBEYHOCTH U YBENTHYEHHOI NPOYHOCTH KOHCTPYKTHBHBIX CJI0EB
JIOPOXHBIX OJEXKA C €r0 UCTIONBL30BAHNEM.

Ta6nuua 4

Bsxyume coiictsa 3JICKTPOCTANIENIIABUIILHOIO LI1aKa
IMokasarenun Pe3ynuTaTsl ucnisitanmii
Ipoutocts npn CKaTuu, MITa 8,5
CroiixocTs npoTHB pacnana, % CunnkatHoro 0,9
XKesesuoro 1,8
HabGyxauue, %, ne Menbie 58
Cpoku CXBATbIBAHU, Ha4alo, XB. 14

B cBs3u ¢ Tem, uTo wnakosblif webens 11aKOBBIA MHHEPAIbHBIN TIOPOLIOK
6yayr wucnonn3opathcs s TIPHIOTOBACHUA  acanbToGETOHHBIX  cMecei,
TIPOBORHIIHCL HCCIIENOBAHMSA AATE3UH K OPraHHUECKOMY BSXKYLIEMY — BUTYMY.

PesynbTathl uccnenosauuii NpHUBEAEHBI B Tab. S.

Tabnuua S
Onpenenenne kauecTsa cuennenus TIOBEPXHOCTH L1IJIAKOBOTO 11e6Hs ¢
GHTYMHBIM BSKYIIIHUM — Outym mMapku BHJT 90/130.

XapaKTepHCTHKA IIEHKH 6uTy-Ma B
« Macca 3epua mnaka, r ]
P Ha MOBEPXHOCTH L1e6HA B o=
= (5
5Eo g LlleGens | C nnen- Coxpane- z %
28s I C MJIeH- KO¥ BAXY- | HHe nteH- | CreneHs =
&2E 8 o o s =
g x 3 a o | KOH ero f10c- | K1 BAXy- COXPaHHOCTH g
S8 é § 5 BAXKy- 7€ ucnbl- | Liero, % no | nieHKH BAKyLIero g°
G
x 23 = 5 |wero TaHUA Macce Qo
1 2 3 4 5 6 7
TTnexxa saxyue-ro
Boxnee 50 %
Yaosne-
TMonHocTeiO COXpaHHJIaCh Ha
1042 TBOPHTEL
CTeK/IOBHA- 0 106,50 106,00 48,5 [IOBEPXHOCTH o (rpu
Has eOHs, 1pu ueM ee
w - 11p 6anna)
TOJILIHHA MECTaMH
YMEHblIIEHa
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[ 2 3 4 5 6 7
IneHxa BAXKyUIErO Y nornerso
50% Gonee 50 %
nosepxroctd | 563 | 582 519 49.5 COXPaHHNACh Ha PHTENbHO
CTCKJIOBH/IHASK TOBEPXHOCTH WebHA | (Tpu 6aina)
lepoxosaras IMnenxa BAXywEro Otanuno
.,,:;m,o ' 84,50 | 88,4 88,0 81,00 COXPaHHIaCh Ha (us1s
CTEK/IOBHIHAR TIOBEPXHOCTH weGHA Gasu108B)
- Tlienxa sskymero OTnyuo
YaCTHYHO OTUEIAH~ )
ﬂonuocz::]_lou 45,6 459 45.8 96,5 J1ach OT NOBEpX- (nats
sepoxo HOCTH 1ie0eH o Gaios)

ITo naHHbIM TaGMHLB! 5 BHAHO, YTO HEe HA BCEX MOBEPXHOCTAX WIECHs BHICOKASA
aare3us IUIEHKH Bsxymiero (5 6annos).

Heo6x0aHMO OTMETHTB, YTO € TPAHHTHLIM LeGHEM NOKa3aTeNb aare3nt HHXe.

OnpenencHue QH3IMKO-MEXAHHYECKHX CBOHCTB ILJIAKOBOTO MMHEPATLHOTO
nopouika nposoguaHch cornacHo I'CTY B B.2.7-121-2003. Pe3synbtator

MCCIIEI0BaHH# IpHBeAEHL! B Tab1. 6.

' Tabauua 6

®uU3NKO-MEXaHHYECKHE CBOMCTBAa MHHEPAJILHOTO OPOLIKA
M3 JMEKTPOCTAIEIIABUIBHOTO ILIAKa

HameHoBanue nokasareneii TpeboBauns [CTY b TMony4yeHHble
' B.2.7-121-2003 PE3YJILTATHI
Conepxanue uactuu, % no mMacce, He
MeEHbLIE 70 89
- Menbye 0,071 mm 100 100
-4 - wMembye 1,25 MM

HNopuctocts npu ynnotsenun 40 MITa, | 35 26,4
% no o6wbeMy, He 60bLIe
Habyxanue 06pa3uos u3 cmecu 2,5 1,8
nopouika ¢ GUTyMoM, % 1o o6seMy, He
Gonslue
Tlokazarens 6uTyMOeMKOCTH, T, He 65,0 59,0

" | onbue
BiiaxHocTs, % no macce, He 6oblie 1,0 0,8
TnoTHOCTS, r/cm’ - 2,74
Koadduunent ruapopobrocti - 0,96
Konuuectso rnunuctrix yacruu, %, ve, | 5,0 49
Gonbiie

Cornacho TICTY E B.2.7-121-2003  MuHepanbHBIf  MOPOLIOK W3

SMEKTPOCTANENIABHILHOIO LI1aKa COOTBETCTBYET TPeGOBAHUAM K NOpOIIKyY | Mapku
HEAKTUBHPOBAHHBIIA.
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IlotomM 6buH NMpOBEAEHBI HCCNEN0BaHHUA (I)HSHKO-MCXBHH‘{CCKHX CBOHCTB

acpanbrobetona Tun «B» coctasos I Ta II. I — pes MHHEpaNIbHas 4acTh U3 LLIaKOBOro

martepHana; Il-wnakosbii meGens, MHHEPATBHBIH MOPOIIOK M3 3NEKTpOCTane-
N1aBHLHOTO Wiaka. PesynbTatel necneaosanmii HaseneHs! B Ta6. 7.

Pesynetatel mccnenosamuii noxasanm, urto cocras acdansrobeToHa, rae
MHHEpANbHAA YaCTh COCTOMT M3 ULTAKOBOTO MaTepuaia XapaKTepH3yeTCs BHICIIHMH
TNOKA3ATENAMH MPOYHOCTH H OHHKEHHBIMH BOJOHACHILICHUS H HabyxaHus.

ITo pesynbtatam nposenennbix ueenenoBanuit OYEBHAHO, YTO MATEPHAN MOXHO
PEKOMCHIOBATE  [UIA  MPHrOTOBNEHHS  acdanbTOGETOHHBIX CMECEH, KOTOpEIe
YKNA/IbIBAIOTCA B HHXHHE CIOH HAa MAarHCTPabHBIX Aoporax I —II kareropuit u
BEpXHHE CIoM MeCTHBIX Aopor I1I-1V kateropuii.

Ta6nuua 7
Du3nko-MexaHHYeckHe CBOHCTRA acdamstoberona I i I cocrapos
ITopuc- | Bogo- I'panuua npoyHoctu Koot
Cpen- TOCTh Ha- HHe % | TPH CKaTHH, MIla, npu du
A -
HA | MHHepa- | Chbllle- o TEMIepaType UHeHT
NI0T- | JNBHOTO | Hue, 50°C, [20°C, | 0°C,
o o6bemy, BOZO-
HOCTB, | KOCTAKa, | % no He He He

3 o HE CTOliKO
r/cm % no o0nem MEHb- | MEHb-

6onpe CTH
obbemy y e uie uie

2 3 4 5 6 7 8 9

Hab6yxa-
Coctas

acta-
JIbTO-
6etoHa

I
11
Hopma-
THBHbIE
Tpebo-
BaHHs
corna-
CHO
Ircry
B
B.2.7-
119-
2003
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~4 1 cocTan
-1l cocTas
——I'CTY 5.B.2.7-119-2003

50 rp., we menb e

20 rp., He MENb e 0 rp., we Bosis e

Yemnepatypa, rp

Puc.4. HiaMeHeHHA TIDaHHL NPOYHOCTH NpPH CkaTWH acarsToberona | m II cocrasos
3ABHCHMO OT TEMIIEPATYPh!

BbIBO/IbI

1. IIpoBeneHtble HCCNIEIOBRHHS MarepHana TOKa3anH, 4TO
WIEKTPOCTANEIUIABUIIbHBIH OTBANbHBIA LIIaK MOXET HCIMONBL3OBATHCA B JOPOXKHBIX
KOHCTPYKUHAX KaK LieOEHh W MHHEPAIbHBIA MOPOWIOK JUIA I[PHCOTOBJIEHHSA
achanbTobeTOHHOH cMecH. JIOCTaTOYHO BHICOKAs THAPABIHMYECKAS AKTHBHOCTH
BO3BOJINET PEKOMEHAOBATh €r0 HCMONb30BAHHE KaK HEOPraHHYECKOro BSKYLIErO C
AobaBneHHEM MOPTIAHALEMEHTA M H3BECTH.

2. lilnakoBelit mie6eHb B CPAaBHEHHH C TPaHHTHLIM 00ECIEYHBAET TyylIHE
IXCIUTyaTaLHOHHBIC IOKA3aTE/NH CJIOSAM JOPOXHBIX KOHCTpYKkumi. Ilpuuem,
YBeNnHUMBAACH CO CPOKOM CiyxObl (ocobeHHO B mepBbie naTs JeT). TakuM obpazom,
Snaronaps MCNONB30BAHHMIO INEKTPOCTANENABHILHOTO LINTAKA MOXKHO YBETHIHTH
AONTOBEYHOCTh AOPOXKHHX KOHCTPYKLMH, 3HAYHTEILHO YMEHBIIMTh CTOHMOCTh H
OPOAJIKTH CTPOMTEIBHBIN CE30H.
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AHoTauin

Y craTTi HaBegeHi ocobGuMBOCTi BHKODUCTAaHHA BilBaibHHX LIIAKIB pPi3HHX
BHIB IHPOGHHULTB B OPOXHLOMY OyniBHuuTBi. JlocnimkeHi XiMiuHMit ckian Ta
disuko-MexaHiuHi BracTHBOCTI €/IEKTPOCTANIENIABHILHOTO | BilBAJILHONO LLIAKY,
HOro BIIMB Ha aAresino A0 OpraHivyHOro BAXYYOro — 6iTyMy, HaBeJCHI BNACTHBOCTI
MiHEPANIBHOTO MOpOWIKY 3 C/ICKTPOCTANEINIABHIIBHOTO  LIIAKY T& Trapa4yoro
ApiGHO3epHHCTOrO acdansToGeTony 3 Horo BUKOPHCTaHHAM. 3pobieHuii BHCHOBOK
MpO T, L0 ENEKTPOCTANENIABUILHHUH LITAK MOXE 6yTH BUKOPHCTAHHIL AK MEGiHDL Ta
MiHEpaNbHUil NOpoLIoK A TNIPHTOTYBaHHA acansTOGETOHHOT CyMiLli, sKa BONOTie

3611bUIEHOI0 MILIHICTIO Ta JOBrOBIYHICTIO, ABIAETLCH EKOHOMIYHHM i TEXHONOTIYHUM
Marepianom.

Abstract

The paper describes the features of different types of recrement slag usage in
road construction industry. Chemical composition and physical properties of elecric
furnace steelmaking and recrement slag and its effect on adhesion of organic binder —
that is bitumen - were investigated; the properties of the mineral fine of electric
furnace steelmaking slag and fine hot asphalt with regard to its use were shown. It is
concluded that electric furnace steelmaking slag can be used as crushed stone and
mineral fine for the preparation of asphalt concrete mix of higher strength and

durability. It can be regarded as an economical and technologically advanced
material.
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k.1.H. biprokos JI.C.,

HauioHanbHHKi# iHCTUTYT CTpaTerityHUX AoCHiakeHb, M. KHiB,
A.T.H., npodecop 3acnaBcbkuit B.A., Cimnapenko AL,
KuiBchkHit HatioHanbHU yHiBepcuTeT imMeHi Tapaca llleByenka

V]IK 519.8

TUIAHYBAHHS 3AXO/IIB 3 YCYHEHHSI ABAPIHHO-HEBE3NEYHHX
JIISTHOK HA ABTOMOBLIBHHUX JOPOI'AX

: flpedcmaeneno opmarvry nocmanosky 3adavi minimizayii pusuxie ATI1, sxa
Moxce Bymu 6uKopuCmana npu nAaxysanni 3axo0ie 3 Memolo YCYHeRHR inyudenmis
Ha asapiiino-nebesneunux dinanxax asmodopiz. .

Knwuoei cnroea: asapiiinicms, pusux, 3axo0u i3 IMEHUENHA agapiunocmi.

AKTYyanbHicTh NpobieMaTHKH. Aeapiduicm.b Ha aBTOMOGinbl;IOMy. Tpaﬂfngpri,
uepe3s ‘SHaWHi JIIOACBKI KEPTBM Ta MaTepianbHi BTPAaTH, € OAHIEH0 i3 HaHGmH'.U
AKTYAIILHHX 33/1a4, KOJIH PO3I/IAJAIOTECA MHTAHHA 3a6e3neyeHHs 6e3ne'xu y4acHuKiB
AopoxHboro pyxy. 3a ngaHnmu JlepxaBHoro AreHTCTE aBTOMOGI.'T.l'bHHX Jopir
Yxpaiun Ha noyatok 2012 poky 3adikcoBaHo 242 Micus KOHUEHTpaLii JIO.pO)l'(HBO-
Tpancnoptuux npuroa (ATII) [1], wo npussenx nf) c.paTaanux HAaCMiAKIB Ta
IHAYHHX MaTepianbHux 30uTKiB. Tinbku 3a mepiue miBpis 2012 poky cranocs
89530 ATII, wo Ha 9,3 % 6insiue, Hix 3a aHanoriuydauii nepiox 2011 poky. B umx
HTII 3arunyno 2006 ta tpasmoBaHo 15233 ocobu [2], wo Ginbiue Ha 12,3 % Ta :7,9
% BimnosinHo. To6To B cepeausomy 3a 00y Ha aBTOAOpOrax Hawoi KpaiHu
BTpadaloth xHTTA 10-11 0ci6, npuyomy KoxeH TperTiit 3aru6nu.ii y J;Tl'l - Mojoaa
mopuHa BikoM 10 29 pokiB [3). L{i HeraTHBHI CTaTHCTHYHI JaHi BH3Ha‘lflIOTB
aKTYANbHICTh po3po6KM HOBHX MiAXOAiB Ta Hayxoao-oﬁrpy.u'roaauux Mozteneit Ti
METOAIB PHM3MK MEHEIKMEHTY [Ia 3MeHweHHs Kimbkocti OTI1 Ta MiHiMizawil
TAOKKOCTI Ta aTanbHOCTI iX HACTiAKIB. ' _ '

Cepen 3axoni i3 nigBuiieHHs 6e3mekH pyXy MOXKHA BHAUIMTH 1Bi OCHOBHi
TPYIIH. OpraHi3auiifHo - TeXHiYHi Ta 3aX0AM MOB’A3aHi 3 moacbkuM dakTopom. Jlo
liépmnx BiJHOCATLCA: HaUioHansHi BHUMorM Jo0 Gesneku AOPOXHEOTO  pyXY,
TIOKPAIICHHS CTaHy AOPOXHBOTO MOKPHUTTA Ta OCBITJIEHHA JOPIr, GylllBHHLITB(.).
AOMATKOBHX CMYT, TEPEXPECTh =~ Ta MEPEXOMiB, PO3IBUTOK  MPHAOPOXKHBO
inbpactpyxTypu nns BiamoumHky BoZiiB Ta nacaxmpin. Ho npyl:ux: K(?Hrp?nb 3a
AOIPHMAHHAM TEXHIYHMX HOPM TPRHCMOPTHHX 3acobiB (Ha.rxe)xﬂu.u TEeXHIYHHUH CTaH
TPAHCTIOPTY), AOTPHUMAHHAM ﬁopM BiacHoi Ge3neku Boxid (pemem. u6e3'r.1e1.<u, LIOJIOM
T8 iHle), perynoBaHHs NOBEAIHKH BOAIIB Ta BAMOTH 110 ix npodeciitHoi miarotosku,
BHMOTH /10 yacy ynpasniHHA TPAHCIIOPTHHMHM 3ac06aMH BOAISIMH BETHKOBAHTXHHX
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