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AHoTanis. B po6oTi npoBezeHo aHai3 NpUYMHU BUHUKHEHHS AedopMalliii Ha 3aIUIaBHUX IiISTHKAX.
Po3BuTok nedopmMariiiHuX MpOIECIB MOYMHAETHCS 3 3aTOILUICHHS 3aIllIaBU BOJOKO, CYMPOBOIKYEThCS 301/1b-
LICHHSIM CepeAHbOl MIBUAKICTh OTOKY, NP AKiH BiAOYBa€TbCS PO3MHB POCIUHHOTO MIApy, OKHU HE BiaOy-
JEeTHCS 3MUTTSIM pyclia 3 3amiaBoro. JlocmiKeHHsI TOKa3yIoTh, IO cepeIHs HEPO3MHUBHA MIBUIKICTb, sIKa ¢o-
PMYETBCSI PYCIIOBHM TIOTOKOM MICJIS 3aKiHYCHHS PO3MHUBY ITiIMOCTOBOTO PyCiia, 3JICKUTh BiJ TITHOWHA T10-
TOKY, IiaMeTpiB YaCTOK HAHOCIB, HEOHOPIAHOCTI CKIaAy IPYHTIB, TUTOMA BUTPATH Ta TypOYJIICHTHOTO CTaHy
3aIUTaBHOTO MOTOKY. Y aBTOPIB OKPEMHUX 3aJIeKHOCTEH HE iCHY€ €IMHOTO MiAXOAY 10 BU3HAYCHHS YMOB Ipa-
HAYHOI pIBHOBArd YaCTOK IPYHTY 1 HEPO3ZMHUBHUX MIBUIKOCTEH, 1110 iM BiMTOBINAIOTh. SIK IIPaBHIIO, HEPO3MH-
BHA IIBUIKICTH BIAIMOBIZIA€ CEpeAHiN MBHUIKOCTI MOTOKY, MPHU SAKiil YaCTKH Ha JHI YK€ HE TEPEMIIIYIOThCS.
Jnist BU3HaYCHHS MIBUAKOCTI, IPHU SIKil BiIOYBa€eThCs BKe Oe3MepepBHUN BiIPUB OKPEMHUX YaCTOK Ha JIH1, BH-
KOPUCTOBYIOTH IlepexigHi Koe(illieHTH, a B IKOCTI XapaKTEPUCTUKH KPYITHOCTI CyMillli HEOJAHOPITHUX HAHOCIB
PEKOMEHIy€EThCS TIPUIMaTH cepeaHhO3BaXEHUH niamMeTp. HaBeneHnii aHami3 mokasye, 1o Ha CbOTOJTHI BiJCY-
THill €IUHMUN TAXiA 10 BpaxyBaHHs BILUIMBY HEOAHOPITHOCTI IPYHTY Ha BEMUMHY HEPO3SMHUBHOI IIBUAKOCTI,
a 3ampoIOHOBAHI MiAXOAM IOA0 BU3HAYECHHS NedopMalliil Ha 3amiaBaX HE BPaXxOBYIOTb PO3IOILIT POCIMHHO-
CTi B IIOTOLL.

Kuo4oBi cji0Ba: MOCTOBHII TIepexil, HEPO3MUBHA MIBUIKICTh, 3aIUIABHUNA TOTIK, PO3MHBH Ha 3aIlia-
Bax.

Beryn. B niepion BecHSHUX MaBOAKIB BUHHUKAE HeOe3IeKka BUBEICHHS 3 J1aly MOCTOBHUX TIEPEXOIIB 32
PaxyHOK pycCJIOBHX AedopMamiif Ta pO3BUTKY SIM PO3MHBY Ha 3aIIaBHUX IUISHKaxX. [locuienuii BHHOC YacTH-
HOK IPYHTY — pPO3MHB Ha OfHIH 3 AUISTHOK, B pycii abo Ha 3amuiasi, ado opa3y Ha 000X AUISHKaX, 00yMOBJIe-
HU 3017bIIEHHAM BUTPAT BOAW Ta BiANOBIIHUM 3pOCTaHHIM IIBUIKOCTEH Tediidl. PO3MKBY Ha WX YacTUHAX
OTBOPY MOCTY BiI0OyBarOThCS 3 Pi3HUX MPUYHH. [IpOrHO3 TJIMOMH y PYyCJIi HiC/IsS PO3MHUBY BU3HAYAIOTS 3a PiB-
HSHHSM OajaHCy IPHHOCY — BUHOCY HaHOCIB. Ha 3ammaBHUX MiITHKAX, HIiCHIS IEPEKPUTTS YaCTUHU 3aIlIaB 110
LIMPHHI HACHTMIAMH MiAXOAIB, i MpoLEecH BiAOyBalOTHCS 38 PaxXyHOK TEPUTOPIaJIbHOTO MEPEpO3NOIily BOA-
HOT'O MOTOKY. BennunHa po3MHBY B TAKOMY BHIIQJIKY 3aJI€KUTH BiJ| CIIIBBIIHOIICHHS IIBUIKOCTI 3aIJIABHOTO
ITOTOKY JI0 HEPO3MHUBHOI IIIBUAKOCTI JJISl IPYHTIB, IO CKIIAAIOTh ITIO JiUTSHKY.

Mera i meTonu. Pycnodopmyrodi ¢akTopu Ta TpaHCIOPT HAHOCIB, IO BigOyBarOTHCS B PyCIi Ta Ha
3aIuIaBi PiuoK AETAIBHO PO3MIIIHYTO B poOoTi [1], 1m0 n03BosIse poananizyBatu AedopMalliifHi mporecu Ha
WX JUSTHKaX. BU3HAYEHHS TiIpaBIivHOl ITOPCTKOCTI 3aIlJIaBH 3aIPOIIOHOBAHO B PO0OTi [2], A€ 3aTOTUIeHUH
BOJIOIO 00’€M POCIMHHOCTI MIPUUMAETHCS 32 XapaKTepHU y3arajibHeHui mapametp. [Ipouec Buxoxy pycio-
BOTO TIOTOKY Ha 3aIliaBy, MPOaHali30BaHuil B poOOTi [3], MOIiIEHO HA ABa MEPiojH, SKi BiAMOBIAHO XapaKTe-
PH3YIOTBCS 3MEHIIEHHSM IMIBUIKOCTI ITiJ] BILTMBOM POCIMHHOTO TIOKPHUBY Ta B3aEMOII€I0 33 PaXyHOK MOCTIiMH-
HOTO OOMIHY €HEPTi€l0 MK PYCJIOBUM Ta 3aIUIABHUM MOTOKaMH. A (OpMyBaHHS IOJISI MYTHOCTI 3a PaxyHOK
O0OMiHYy M pyCIIOM i 3alulaBor0 — Ha Tpu (a3u: JOHACHYEHHS, TPaHCIOPTYBaHH:, ocinaHHi. Hanocwu, mo
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OCIJIM 3 4acOM Ha 3aIljiaBi, y pe3yabTaTi MiIBUIIECHHS PiBHS BOAM a00 pyHHYBaHHS pidKoi0 O€peroBoro 3aria-
BHOTO yCTYITy TOBEPTAIOThHCS Ha3a ] y PiuKy. AJie 4iTKO BUSHAYUTH Pi3HUITIO MiXK 3BOPOTHUMHU 1 HE3BOPOTHUMH
nedopmMallisiMi Ha 3aIljIaBl Bakue, HIXK Y PyCIli, OCKUIBKM OOMiH HaHOCAaMH MDK 3aIlJIaBOIO 1 PyCIIOM MOJXKE
OyTH sIK YpiBHOBaXEHUM, TaK 1 HaBMaku. EneMeHTH penbedy 3amiaBd MOXKYTh HE BIAMOBIAATH CYIacHOMY
pexxumy piuku. KpymHi ¢pakuii y BUIIsIi OKpEMHUX HEBEIUKUX CKYITUCHb BUSBISIFOTHCS Ha MMOBEPXHI 3arliaB
B OKPEMUX MICIISIX, 1€ i1 9ac TIOBSHI BUHUKAIOTh MiCIIEBi 3HAYHI MBUAKOCTI Teuii. JpiOHi dpakiiii, 3aHeceHi
Ha 3aIJIaBy Y MMaBOJIOK B 3BAKEHOMY CTaHI MIEPEHOCATRCS Y TNIMO 3aIllIaBU Ta IOKPUBAIOTH JIOHHI HAHOCH.

BpaxoByroun oco0nmmuBOCTI eopManiiHuX MPOLECiB, 0 MOXKYTh PO3BUBATHUCS Ha 3aIUIaBax, METOHO
JaHOi POOOTH € IPOBEACHHS aHAIIi3y METO/IB BU3HAUYCHHS HEPO3MUBHHUX IIIBHIKOCTEH NP BU3HAYCHHI BEITH-
YHUHHM PO3MHUBIB Ha 3aIIaBHUX AUISHKAX. 3a7a4ua MPOBEACHHS JOCTIIKEHb: BCTAHOBUTH (PYHKIII€IO IKUX BEJIH-
YHUH € CePEIHS HEPO3MUBHA MIBUAKICTH, 0 (POPMYETHCS PYCIOBUM TTOTOKOM ITiCJIA 3aKiHUESHHS PO3MUBY TTijI-
MOCTOBOTO pycia.

Pe3yabTaTu i nosicienHs. Ilpu po3paxyaky pedopmartiii He0OXiTHO BpaXxOBYBATH Pi3HI MPUINHH 1X-
HBOT'O BUHUKHECHHSI [Tl PYCJIOBHX 1 3aIUTaBHUX AUTTHOK. [IIBHIKOCTI Ha 3aIuIaBHIN JUISHIN 3HAYHO MEHIIT HiXK
B pyCIIi uepe3 MEHIIy BUTPATYy, 3aIllIaBU MAIOTh 3HAYHWUH POCIMHHUN IMOKPUB, Pi3HITHCS T'€OJIOTIYHA Ta Te0-
MeTpu4Ha OyJ10BH pyciia i 3ariaBu. Po3MuB pycen BilOyBaeThbes 4epe3 NOPYIICHHS 0aJaHCy HAHOCIB, PO3MUB
3aIlJIaBHUX JUISHOK BiZIOYBA€THCS MPH MIEPEBHIICHHI HEPO3MHUBHOI IIBUAKOCTI HaJ MIBUAKICTh B MOTOLI. Po3-
BHUTOK JIe(hOpMAIiTHUX MPOIECIB MOYUHAETHCS 3 3aTOIUICHHS 3aILIaBU BOJIOIO, CYIIPOBOKYETHCS 301IbIIICH-
HSIM CEPEIIHBOI IBHUJIKICTh TTOTOKY, SIKa CTa€ JOCTATHBOIO ISl TOTO, MO0 PO3MUBATH POCIMHHUI 1Iap Ta BU-
MUBATH POCIMHH. A KOJM HWKHI [IAPH OMHHATHCS OTOJICHUMH, PO3MHUB Oyjie TPUBATH iHTCHCUBHIIIIE, IIBUJI-
KICTh 3pOCTATUME ITOKU HE BIAOYAETHCS 3UTTAM Pyciia 3 3aiiaBoto. ToMy IIMOMHY MOTOKY Ha 3aruiaBi miciist
PO3MUBY BU3HAYAIOTH 32 (pOpMyII0I0
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ﬁH — CTEMiHb CTUCHEHHS 3aIIABHOTO MOTOKY,

B . — mumpuna onopu, M;
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A — BinHOCHA mMpuHa omopu, A=5B,,, / [, , 1, — mOBXHUHA IPOIBOTY MOCTY, M.

np
JlocmimkeHHs TOKa3yoTh, IO CEPElHS HEPO3MHUBHA IIBUAKICTbD, KA (DOPMYETHCS PYCIOBUM ITOTOKOM
MICJIS 3aKIHYCHHS PO3MHUBY IIIMOCTOBOTO PycCiia, € PYHKIII€I0 HACTYITHUX BEIIMYMH:

U, = £ 020 010, D, 0,8, T, ... M), 2)

e pg — FyCTHHA YaCTKH HAHOCIB, 10 CKIIAI0Th PYCIIO Ta 3aILaBy, O = 2650 Kr/m?;

P, —ryctuna ooy, P; = 1000 kr/m’;

h — TIMOVHA TIOTOKY, M;

D — niaMeTpu 4acTKH HaHOCIB, M.

@ — KOeIITiEHT, SKUH BpaXxOBY€E HEOAHOPITHICTh CKIAAy IPYHTIB;

S= 9 — MYTHICTb MIOTOKY (BiAHOCHHUI1 BMiCT HaHOCIB Y TIOTOLI1);
Qs — TMTOMA BUTpPATa HAHOCIB;

(O — uToMa BUTpaTa BOJIH;

T — mapaMeTp, AKHI XapaKTepu3ye TypOyICHTHICTb OTOKY;

M — iHUI BeTMYUHM.
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VY aBTOpiB OKpeMux (opmyn He OylIO €JUHOTO MiAXOXy A0 BH3HAUYEHHS YMOB IPaHHUYHOI piBHOBaru
YacTOK IPYHTY 1 HEPO3MHUBHHUX LIBHIKOCTEH, o iM BigmosigaoTs. B.C. KHopo3 [4] y cBoix mocmimax 3a He-
PO3MUBHY IIBUAKICTD MPUHHAB CEPEAHIO BETUINHY 3 IBOX IIBHAKOCTEH, SIKi BIIITOBINAIOTH ITEPIITAM TIEPEMi-
MIEHHSAM 9aCcTOK 1 iX MACOBOMY PYXOBi ITO BCil IMITUPHHI JIOTKA!

U,..
e 131 L 3)
gD D>

VY dopmyni (4) B.H. ['onyapoBa Hepo3MHBHA IIBUIKICTH BiANOBIAA€ CEPEHIN MIBUIKOCTI TIOTOKY, IPH
SIKIF 9aCTKH Ha JHI YK€ He epeMimyoThes. s mepexomy 1o iX Tak 3BaHO1 3pUBaI0Y0] MIBUIKOCTI, PH SIKIN
BigOyBa€eThCsI BxKe Oe3MepepBHUA BIIPUB OKPEMHUX YaCTOK Ha JHI, BiH pekoMeHaye koediuient 1,4. opmyna
B.H. l'onuaposa [5, 6]:

U 8,8h
Heposm
—=0,951g—/—. 4
veb D
"I [lamos [7] 3a HeposmuBHy mBuaKicTs U, TpHiiMae cepeHIo MBUAKICTb, IPH AKiH MounMHa-
. . . . . . Uuepom
€ThCS PyX HaHOCIB. Kpim TOro, BiH BBOJUTH MOHATTS HUKHBOI IPAHUYHOI INBUIKOCTI IOTOKY U,y = 12
b
, IpU AAKi# MPUIUHSAETHCS PyX HAHOCIB, i BEPXHLOI IPAHUYHOT IBUAKOCTI Uy =1,3U,, ., IpH AKil nounHa-
€ThCSI MACOBUI PyX HAHOCIB!
U h\e
Hepo3M
—=147 — | . (%)
\ gD D

B nocninax A.M. Myxameznosa [8] 3a HepO3MHBHY IIBHIKICTh NPUIHATO 11 3HAUEHHS, SIKE BiANOBiAa€E
PYXOBI JIUITIE OKPEMHUX YaCTOK IT0 BCIM OBXHUHI JI0TKa, a B nociinax b.I. Ctymennaamnkosa [9], — ske Bifmo-
BiJJa€ IPUIIMHEHHIO PYXY HAHOCIB MICIs 3MHUBY JESKOTO HECTIHKOTO IIapy YaCTOK IPYHTY:

U 0,25
Hepo3M _ 1’1 5 i ‘ (6)
\eD D

B.H. I'onuapos [6, 10, 11] B siIKOCTi XapaKTEPUCTUKH KPYIMHOCTI CyMillli HEOJHOPITHIX HAHOCIB PEKO-
MEHJIy€ IpUMaTi CepeHBO3BAKEHNH iaMeTp. BIUTHB jke cTyNeHI0 HeOJHOPIAHOCTI IPYHTY Ha HEPO3MHUBHY
MIBUIKICTH B paHHIH cBoiit po6oTi [11] B.H. 'orgapoB mporonye BpaxoByBaTH KOe(iIli€HTOM HEOTHOPITHO-
CcTi

; (7

ne Deep — cepeTHbO3BKEHUH T1aMeTp YacTOK;

Dyax — AlaMeTp HaAWOTBIIMX YaCTOK B CYMIIITI,

1 pO3paxyHOK HEPO3MUBHOI MIBUIKOCTI JIsl HEOTHOPITHUX IPYHTIB BUKOHYBATH 332 HACTYITHOIO (popmy-
JI010:

U o =3:90°20°%(D,,, +0,0014)"" . ®)

Heposm

I'.I. Tpodumos [12] 3a MaTepianaMu HATYPHHUX CIIOCTEPEKEHb BCTAHOBHB, 10 MOKJIUBI BUITaJKOBI Bi-
IXUIEHHS Doy IPU3BOIATH IO TOTO, IO 3HAYEHHS MIBUIKOCTEH 3a Gopmynoro (8) Buxonsats B 1,5-2 pasu
MEHIITUMU, HIX B TIHCHOCTI. Taky po301’KHICT BiH ITOSICHIOBAB OLTBIIIOI0 HEOTHOPIAHICTIO IPUPOIHUX IPYHTIB
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y TIOPIBHAHHI 3 THMH, 5IKi BUIPOOOBYBAINCH B 1aboparopii, i BBaXkae OUIbII NPaBUILHUM KOEQiliEHT HEOA-
HOPIAHOCTI MPUIMATH y BUTJISIAL HACTYITHOTO BiJTHOILICHHS:

D,

cep
¢ = , €))
D‘)O

ne Doy — miaMeTp 9acToK, SKui Binmosizae 90% 3a KpUBOIO TPAaHYJIOMETPUYHOTO CKIIAy.

V cBoix Ginbui poboTax [6, 10] B.H. ['onuapoB BiAMOBHBCS Bi ypaxyBaHHs HEOAHOPITHOCTI IPYHTY 3a
JOTIOMOT010 KoedillieHTy ¢. BBakaroum, 1o mpu 3MilIaHOMY CKJIafi TPYHTY BHCOTa BHCTYIIIB HIOPCTKOCTI
BH3HAYAETHCA HE CEPEOHIMH, a HAlOIIBII KPYITHUMHU YacTKaMu Ds, yacTKa sIKuX ckiagae 5%, BiH BBiB y 3Ha-
MeHHUK Jorapudma Gopmyiu (4) 3amicts D, KpymHICTh Ds, IOAat04H ii B HACTYITHOMY BUTJISII:

. 83h
Ulzepos.w = 0995 gDcep lgD_’ (10)
5

ne Ds — cepeaniil po3mip HaWOIBII KPYIHUX YaCTOK, SIKI CKIIaAaroTh 5% y cymimi.

L.I. JIesi [13] B sikOoCTi cepesHBOTO PO3MIpY, SIKMUI BU3HAYAB KPYIHICTH HEOAHOPIAHUX IPYHTIB, IPOMO-
HyBaB MPUHMAaTH TaKOXK Dcep. BIITUB k€ CTyTIeHI0 HEOTHOPIAHOCTI CyMillli Ha HEPO3MHUBHY IIBHIKICTH Bpaxo-
BYBAB SIK BBEACHH:M Y Jiorapudm popmymu 111 HEpO3MUBHOT MIBUIKOCTI 3aMIiCTh CEPEIHBOTO PO3MIPY YaCTOK
D.ep Ginbin KpymnHOTO Hiamerpy Doy, TaK i BpaxyBaHHAM KoedillieHTy HeoqHOpiaHOCTI ¢. Moro pospaxyHkosa
dhopmyna s HEOTHOPIIHHUX TPYHTIB Ma€ TaKUH BUTIIS:

U =14,/gD, ., 0" lgi)z—h, (11)

Heposm
90

ne 9= Dcep / Dimax, T0OTO 32 pexomennaitissmu B.H. 'oruaposa [11].

V cBoiii po6oTi K.B. I'pumianiu [ 14] npomoHyBaB 3a XapakTepUCTUKY KPYTTHOCTI HEOAHOPITHUX IPYHTIB
NpuiMaTh He cepelHbO3BaAXKEHUH miamMeTp De.p, a MeniaHaui Dso, axkuid Bianosinae 50% 3a KpUBOIO TpaHyJI0-
METPUYHOIO CKJIagy. B sikocTi po3paxyHKoBOI (hopMyIn HEPO3MUBHUX MIBUJIKOCTEH I HEOJHOPITHUX IPY-
HTiB HUM Oyna pekoMmeHnoBaHa Gopmyna LI JIeBi B HacTynmHOMY BHUIIISLI:

nq 12h
Uuepo3,w = 1’3 gDSO(D lgD_’ (12)

90

ne 9= Dso / Dop;
n=0,2 3a B.H. 'oauaposum i n=0, 3a L.I. JIesi.
I1.B. €riazapos [15] popmyny HEpO3ZMHUBHOI MBUIKOCTI MPEACTABUB B HACTYITHOMY 3arajJbHOMY BH-

TIISAAL:
[2
Uuepumt =4 anSLgD z ’ (13)
o o
_Ps —Pr . . . .
e dg =—"——— — BiJHOCHA IIiIbHICTh YaCTOK;

L
fo— KOEdIIiEHT OTTOpY PYXJIUBOTO pyciia B yMOBaX I'PaHUIHOI CTIMKOCTI HAHOCIB:

0,06 D
fo=——F——, (14)

D
C, lg 19—
x 18 D

7

ne @ — xoedilieHT GopMH 3epeH;
Cp — KoeIIIEAT OMOPY YACTKH, 3aJICIKUTh Bl (POPMHU YACTKH Ta YMOB ii pyXy;
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D, — po3mip BUCTYMIiB MIOPCTKOCTI.

Tax sk 111 HEOAHOPIAHUX IPYHTIB Dsp< D, TO HEpO3MUBHA IIBUAKICTh AJISl UX IPYHTIB 32 PEKOMEH-
nartissmu 1.B. €riazapoBa oTpuMy€eThCs O1TBIIO0, HIX IS OMHOPITHUX IPYHTIB.

B.®. TonmMmaza [16] Takox BBa)kaB, [0 HEPO3IMHUBHI MIBUAKOCTI TSI HEOTHOPIAHUX TPYHTIB 301IBIITY-
IOTBCS1, BBOJISTYM B PO3PaXyHKOBY (hopMyiTy KoeillieHT HEOAHOPIAHOCT] Y BUIIIAI:

p=|——| . (15)

Crniparounch Ha psJ eKCIIePUMEHTANBHUX AOCIIKEHb MPOIECy PO3MUBY Ha MOJIEINI 1a00OpaToOpHOI pi-
YKH 3 MOCTOBHUM IiepexozoM, B.SI. CaBenko B cBoiii poOoTi [17] pekoMeHIy€e ISl BU3HAYCHHS HEPO3MHUBHOI
MIBUIKOCTI BUKOpHCTOBYBaTH oTpuMani B.C. KHopo3om Bupasu. Lle dopmynu, ki BIANOBIIAIOTH TPHOM Bi-
JOMHUM BUIAJKaM TiPaBIiYHOTO OMOPY NpH TypOyJIEeHTHOMY PycCi piIMHH: AJIsl aBTOMOJENbHOI 00JIacTi, e
OTIip JHA TTOTOKY HE 3aJICKUTH BT B SI3KOCT1 BOAM; JUTS TIEPEXiIHOT 00JIACTI, [IE OIip 3aJICKUTH Bifl IMTOPCTKOCTI
JTHA Ta BiJ B’SI3KOCTI BOAM; M1 00NACTi TIaAKOCTIHHOTO OTIOPY, A€ OIip IHA HE 3aJCKHUTh BiJl MOPCTKOCTI
JHA.

Jnst aBToMoAenbHIN obnacti, mpu D>1,5 MM, hopmyra mae BUTIISI:

12h

UHEpO.’s’M = 173 V gh lg A_ s (16)

ne A, , 3rigHo pexomenaauiii [17], ciix npuiiMatu piBHil JiamMeTpy 4acTok, 3abe3nedeHomy Ha 90%,

t00T0 A, = D,,.

VY nepexinHiii obnacri, mpu 1,5>D>0,25 mm,

U =32D%% 1g7’75h—5,5D . (17)

Hepo3m

B obnacTi riragkocTiHHOTO onopy, pu D<0,25 mwm,

90D 0,05 h 0,125

neposm .
VAP +7.5

TakuM 9MHOM 3HaYCHHS HEPO3MHUBHOI IIBUAKOCTI 0OYMOBJIEHE HE TLIBKU INTMOMHOIO TIOTOKY, a 3aJe-
JKUTH BiJl hpakiiii 4aCTOK MPUIOHHOTO IPYHTY Ha 3aIlIaBi.

BucHoBku Ta pexkomenaauii. [ eomopdomerpryHa OymoBa 3amiaBHUX AUISTHOK XapaKTePU3YETHCS Ha-
SIBHICTIO 3HAYHOT POCIMHHOCTI Pi3HOT'O TTOXOKEHHS, KDYITHUMHU (PPaKLisIMH IPYHTY, TOKPHTUMH HaMYJIKaM{
BiJI TIOTIEpEAHIX TIOBEHIB Ta MABOJIKIB 1 CYTTEBO T€HETHYHOIO HECXOXKICTIO 3 pyciamMu. HaBemeHn KOpOTKUN
o podiT MOKasye, 0 Ha ChbOTOHI BIICYTHIM €IMHUI MiIXi[ [0 BpaXyBaHHS BILTUBY HEOJHOPIAHOCTI IPY-
HTY Ha BEJIMYUHY HEPO3MHUBHOI IIBUIKOCTI, IO CBITYUTH MPO CKIAIHICTh OLIHKU KPUTEPit0 TPAaHUYHOI CTiii-
KOCTI HEOTHOPITHOT 32 KPYIHICTIO CYMIIIli 9aCTOK, sIKi CKJIaIaf0Th PYCIIO Ta 3aIUIaBy. 3allpOIIOHOBAHI ITiIX0I1
1010 BU3HAUYCHHS nedopmMariiii Ha 3amiaBax He BpaxOBYIOTh PO3MOJIUT POCIHMHHOCTI B MOTOIII, IO B KiHIIE-
BOMY pe3yJIbTaTi He JO3BOJISIE BU3HAUYNTH pealbHUN PO3MOAL IBUAKICHOI CTPYKTYpH Ta BiAMOBIIHI apame-
TPH PO3MHUBIB.

U (18)
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METHODS FOR DETERMINING NON-WASHING OUT VELOCITIES IN THE
CALCULATION OF DEFORMATIONS IN THE MELTING ZONES

Tsynka Anatolii, State Enterprise «M.P. Shulgin State Road Research Institute State Enterprise», first
deputy director, anatoliy.tsynka@gmail.com, +38097 737 98 43, http://orcid.org/0000-0002-0357-2325

Abstract. The analysis of the causes of deformations in the flood plains was carried out. The
development of deformation processes begins with flooding with water, and is accompanied by an increase in
the average flow rate at which the vegetation layer is eroded until the channel merges with the floodplain.
Studies show that the average non-washing out velocity is formed by a channel stream after the end of the
erosion of the underbed, depends on the depth of flow, the diameter of the sediment particles, the heterogeneity
of soil composition, the specific cost and the turbulent state of the floodplain flow. The authors of individual
dependencies do not have a uniform approach to determining the conditions of the maximum equilibrium of
soil particles and the non-washing out velocities corresponding to them. In general, the non-washing out
velocity corresponds to an average flow rate at which particles on the bottom are no longer moved. Transition
coefficients are used to determine the rate at which individual particles are already continuously separated at
the bottom, a weighted average diameter is recommended as a characteristic of the heterogeneous sediment
mixture. The above analysis shows that there is currently no uniform approach to considering the non-washing
out velocity impact of soil heterogeneity, and the proposed approaches to the delineation of deformations on
grasslands do not take into account the distribution of vegetation in the stream.

Key words: bridge crossing, indelible speed, floodplain flow, floodplain erosion

11



ABTOMOBUIBHI JIOPOT'U I JOPOXXHE BYAIBHULITBO. BUII. 105.2019
AUTOMOBILE ROADS AND ROAD CONSTRUCTION. Iss. 105.2019

References

18. Kondrat'yev, N.Ye., Popov, 1.V., Snishchenko, B.F. (1982) Osnovy gidromorfologicheskoy teorii
ruslovogo protsessa. - L.:Gidrometeoizdat, 272 p.

19. Simonov, V.V. (1984) Model' pripoverkhnostnogo turbulentnogo potoka pri nalichii
pronitsayemykh prepyatstviy // Fizika pogranichnogo sloya. - Trudy GGO, vol. 483. p.22-35.

20. Slavinska O. S., Babich, Y.D. (2010), Theoretical bases for the development of deformations on
flood plains in the area affected by bridge crossings / Roads and road construction, vol. 78, p. 3 — 8. http://pub-
lications.ntu.edu.ua/avtodorogi_i_stroitelstvo/78/003-008.pdf

21. Knoroz, B.C. (1958) Velocities for unrelated soils and its determinants. VNIIG news., t. 59.

22. Honcharov, V.N. (1962) Dynamics of Channel Flows. - M.: Hydrometeorological Produces. Mos-
kow department, 374 p.

23. Honcharov, V.N. (1954) Fundamentals of flow dynamics. Hydrometeorological Produces, L.

24. Shamov, V.I. (1952) Formula for determining limit speed and bottom sediment flow. Writings of
the GGI, vol. 36.

25. Mukhamedov, A.M., Irmukhamedov, X.A., Kayumov, O.A. (1968) On the assessment of the dilu-
tion capacity of the flow. Works of SANIIRI, vol. 117.

26. Studenichnikov, B.I. (1964) Diluting the Flow and Methods of Channel Calculations. Publishing
House. Construction Literature. M.

27. Honcharov, V.N. (1962) Dynamic in channel flows. — L.: Hydrometeorological Produces. 376 p.

28. Honcharov, V.N. (1938) Sediment movement. ONTI, Main Edition of Construction Literature, M.-

L.

29. Trophimov, H.I. (1956) «About the inexhaustible velocity for sandy soils». Hydrotechnical Con-
struction, Ne 1.

30. Levi, L.I. (1957) Dynamic in flows of streams. Gosenergo publishing. M.-L.

31. Grishanin, K.V. (1972) Channel process theory. - M.: Transport, 216 p.

32. Egiazarov, V. (1968) Mountain Channel and Mud Process. Classification and Calculation. Collec-
tion. «Mudflows and Mountain Channel Processes». AS Arm. SSR Publishing House, Yerevan.

33. Talmaza, V.F., Kroshkin, A.N. (1968) Hydromorphometric characteristics of mountain rivers. Izd-
vo «Kyrgyzstany», Frunze.

34. Savenko, V.Y. (1995) Mathematical models and methods for calculating quasi-beam-free flows. -
K.: Technology, 184 p.

12



ABTOMOBUJIBHI JOPOI'M I IOPOXXHE BYIBHULITBO. Buil. 105. 2019
AUTOMOBILE ROADS AND ROAD CONSTRUCTION. Iss. 105.2019

KJIACHU®PIKAIIS TEXHOJOI'TH TAPYOI'O PECAUKJIIIHIY JOPOXKHBOI'O
ACPAJIBTOBETOHY METOJAMM “IN PLACE”

CLASSIFICATION OF TECHNOLOGIES OF HOT RECYCLING OF ASPHALT
CONCRETE BY “IN PLACE” METHODS

Casenko B’siuecaaB SIkoBu4, HarionansHuid TpaHCIOPTHHUMA YHIBEpCUTET, T0K-
TOp TEXHIYHUX HAYK, Ipodecop, 3aBiayrounii Kapeapor TPaHCIOPTHOrO Oy IiB-
HUIITBA Ta yIpaBliHHA MaiiHOM, svil310@ukr.net, +38050 657 20 08,

https://orcid.org/0000-0001-8174-7728

Inasim Cepriii IBanoBuy, /{epxaBHe mianpreMcTBO «JlepkaBHAN TOPOXKHIH Ha-
ykoBo-gocainaui inctutyT imeni MLI1. Wlynerina (A1 «depxxnopHAD»), 3aBixy-
Ba4y BiJAUTy HOPMAaTUBHO-TEXHOJIOTIYHOTO 3a0e3Me4eHHs IOPOXKHIX POOiT,
vtdr@ukr.net, +38067 943 25 33, https://orcid.org/0000-0002-3001-8012

Tepemenko Tersna AnatoaiiBHa, JlepkaBHe mianpueMcTBO «JlepkaBHHMA 10-
poXxHiii HaykoBo-mochimHuit iHcTuTyT imMeni M.IL. Hlymerima (AI1 «epx-
nopH/I»), kanauaar xiMivHUX HayK, IPOBiTHUI HAYKOBHUH CIIIBPOOITHUK BiZILTY
HOPMATHBHO-TEXHOJIOTIYHOTO  3a0e3MeYeHHs  JOpOXKHIX  poOiT, chemis-
try@dorndi.org.ua.

https://orcid.org/0000-0001-7584-9031

b

AmnoTanisi. TeXHOJIOTIT raps4oro pecaMKiIiHry JOpPOXKHBOro achaibToO0eTOHy MeTodamu “in place’
BITHOCATBCSA 10 €(PEKTHBHMX METOMIB YCYHCHHS Ae(eKTiB ac(haibTOOCTOHHOrO MOKPUTTS HA TIHMOUHY 0
60 MM Ta JO3BOJISIIOTH 3a0e3mevyBaT NOTPIOHMIA TeXHIKO-eKCIUTyaTaliiHui CTaH MOKPUTTS a TaKOX IiJIBU-
LIUTH CTPOK CIYKOM HEKOPCTKUX IOPOXKHIX OAATIB 3a MiHIMaJIbHUX BUTpAT MaTepiaiiB Ta obcsry pooir, 3
MiHIMaJIbHUMU OOMEKEHHAMH PyXy. Y CTATTI BUKOHAHO OTJIST TEXHOJIOTIH Tapsiuoro pecakiinry acgaibTo-
OeToHy MeTofaMH “in place”, a TaKOX MPOAHATI30BAHO OCOOIMBOCTI Ta MIEPEBark TAKUX METO/IB BiIMIOBITHO
70 ix knacuikanii. Po3risiHyTo OCHOBHI MOJIOKEHHS Tapsiuoro pecalkimiHry acaibToO0eTOHy METOAaMu “in
place”, a Takox TUTaHHS 3a0€3MMEUEHHS TKOCTI MaTepialliB Ta PoOOiT.

Kurouogi ciioBa: achanbTo0eTOHHE OKPUTTS, pEreHepallist, rapsiunii pecalkiinr achaabTo0eTOHY,
MeToaH “in place”, knacudikaris raps4oro pecalkiiHry acanbrodeTony Metoaamu “in place”
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Beryn

ABTOMOOTBHI IOPOTH MAIOTh BOXKJIMBE CTPATETIYHE Ta COIiaIbHO-CKOHOMIUHE 3HAYCHHS JIJIS CTAJIOTO
pO3BHUTKY jAepkaBu. CTaH Mepeki aBTOMOOUTEHHX IIOPIr XapaKTepu3ye 3arajlbHUH EKOHOMIYHHHA pPiBEHb
KpaiH! Ta MEePCIEeKTUBH HOTO MOAANBIIOT0 3pocTaHHs. PO3BHHEHE HJOPOXKHE TOCTIOAAPCTBO A€ MOXKITUBOCTI
3[CIIEBICHHS BaHTAKHUX Ta MAaCaKUPCHKUX MEepEeBEe3eHb, IMiBUILEHHS O€3MEKN Ta MBUAKOCTI pyXy. Ympo-
JIOBXK OCTAaHHIX JECATHUPIY BAHTAKOIIIHOMHICTH aBTOMOOITIB 30UIBIINIACE MPAKTUYHO Y JBa pasd Ta,
BIJITTOBITHO, TTiIBUIIMIINCS PO3PaXyHKOBI HaBAaHTAKCHHsI. 3HAYHY KUIBKICTH aBTOMOOIIBLHUX OPIr YKpaiHu
Oyo moOynoBaHo noHax 40 pokiB TOMy, 1 3 yciel Mepexi CydacHMM BUMOTaM BiAMOBiAArOTh e 2 % JOpir.

Ilopsin 3 umm, icHye mpoOiieMa HECBOE€YaCHOrO BHUKOHAHHS PEMOHTIB — Y 3B’S3KY 3 OOMEXEHUM
¢inancyBanHsM Onm3pk0 90 % aBTOMOOINBHHX JOPIT 3arajJbHOTO KOPWUCTYBAHHS HE PEMOHTYIOTHCS
cBO€YacHO. Biarak aBTOMOOIMBHI Toporu 3araqbHOro KopuctyBaHHs (169,6 Tuc. kM) He BiANOBiAaIOTH CY-
YaCHUM BUMOTaM sk 3a MiIHIcTIO (39,2%) Tax i 3a piBHicTio (51,1%) [1].

B ymoBax HejocTaTHROTO (hiHAHCYBaHHSI JUIsI IPUBEICHHS TPAHCTIOPTHO-CKILTYaTAIlIHHUX MOKa3HHUKIB
ITOKPHUTTIB HEKOPCTKHUX IOPOXKHIX OJATIB aBTOMOOITBLHUX IOPIT IO MOTPiOHOTO PIiBHS HA IEBHOMY €Talli
eKCIUTyaTalii HaiiKpale MiIX0AuTh rapssuuid pecalkiiHr achanbTo0eToHy MeTolioM «in place» (Puc. 1).
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Pucynok 1 — 3anexHicTs eeKTUBHOCTI METO/IB pereHepalii JOpoKHIX OB BiJ CTaHy Ta TPUBAJIOCTI
eKcIuTyaTarii
Figure 1 — Dependence of efficiency of methods of rehabilitation of road pavements on the condition and du-
ration of operation

TexHoJI0TIi raps/uoro pecailkimnry achanbTo0eTOHY MeTonaMu “in place” (aHr1oMOBHUH TepMiH “Hot
In-Place Recycling”) no3Boisitorh €(heKTUBHO yCyBaTh JeeKTH ac(albTOOSTOHHOTO MOKPHUTTS, TakKi SIK:
KOJIIMHICTD Ta iHII HEPiBHOCTI, TPIIIMHYBaTiCTh, BUCTYNAaHHS OITYyMy Ta BHUKPHIIYBaHHS KaM’ SIHUX Ma-
TepialiiB, a TAKOX JT03BOJIAIOTH KOPUI'YBAaTH HPOQIiIh MOKPHUTTA Ta MiABUINYBATH MIOPCTKICTH MOBEPXHI [2].
PoGotn 3a TEXHOJIOTISIMU TapsSIOT0 PECANKIIIHTY METOoJaMH “in place” BUKOHYIOTBCS Y CTHCII CTPOKH, 3
MiHIMaJTbHUMH OOMEXEHHIMH PyXY, L0 J03BOJISE aanTyBaTH Li TEXHOJOTII I pereHepauii acanstode-
TOHHUX TTOKPHUTTIB Y HaceneHnx myHKTax [3]. CyTTeBOIO MepeBarol0 TEXHOJIOTIH rapsaoro pecakiary Ja0-
POKHBOTO acGhanbTo0ETOHY, Y MOPIBHAHHI 3 TEXHOJOTISIMH XOJIOAHOIO PECAMKIIIHTY, € 30€peKEeHHS CTpa-
TET1YHO BaXKIIMBOI CUPOBHHU — OiTymy [4]. TTopsin 3 MM, METOAM rapsyoro pecakIinry “in place” 3abesre-
YyIOTh [IOBHE BUKOPUCTAHHSA MaTepialiiB icHyr0uoro acaabToOeTOHHOTO MOKPUTTS [5].

BianoBigHO 10 BUKIAACHOTO BHINE, Y CTATTI BUKOHAHO OTJISIT TEXHOJIOTIH rapsvoro pecallkiIiHTy ac-
(dhanpToOCeTOHY MeToHaMH “in place”, a TaKOX MPOAHATI30BAHO OCOOJIMBOCTI Ta MEpeBaru TaKUX METOJIIB BiJi-
MOBITHO J10 TX Kiacudikarti.

OCHOBHI TTOJIOKCHHS TEXHOJIOT1# rapsIoro pecaikiinry achaabTo0eToHy MeTonamu “in place”

Tapstanii pecallKJIiHT MEeTOAaMHu “‘in place” IPU3HAYAIOTH IS pereHepallii BEpXHbOTO Mmapy acgaib-
TOOETOHHOTO MOKPUTTS 3 YCYHEHHSM AC(EKTIB MepeBaXKHO HA MHOUHY Bix 20 MM 110 50 MM 3a MakCHMallb-
HOTO 3HaueHHA y 80 MM.
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[Iponec rapsadoro pecailkimiHry MeToAaMu “in place” ckiamaeTses 3i CTaAiid po3irpiBaHHs MIapy IO-
KPHUTTS, PUXJICHHS PO3IrpiToro mapy, MEeXaHiqyHOI HepepoOKH po3puXJIeHOI acanbTOOCTOHHOI cymimmi 3i
3MiHOIO 200 0e3 3MiHM CKJIamy, YKJIaJaHHS 1 YIOIIIbHEHHS 0€3 BUHECEHHS OYIb-SAKOi 3 IUX TEXHOJOTIIHHX
orepariiii 3a Mexi T0pOoKHBOI IIITHKHU. [0 00cary poOiT BKIIIOYAIOTh OOCTEIKEHHS CTaHy JOPOIKHBOIO OATY,
aHaji3 i BUNpoOyBaHHs MaTepialliB, OTPUMAHHUX i3 3pa3KiB-KepHiB ac(aJbTOOETOHHOTO IIOKPHUTTS Ta, 33 HE0O-
X1THOCTI, miAOIp cKiany acGalbTOOETOHHUX CyMillIeH.

Metoau Tapsiaoro pecarkimHry “in place” 3aCTOCOBYIOTH IPH BUKOHAHHI POOIT 3 PEMOHTY 1 BIIHOB-
JIeHHs acPanbTOOETOHHUX MOKPUTTIB TOPOXKHIX KOHCTPYKLIH, CTPOK CITy>KOH sSIKuX He mepeBuirye 10 pokis i
CTaH SKHUX OLIHIOETHCA SIK «3a10BiIbHMI» (Puc. 1), 32 yMOB CTPYKTYpHOI LiJTICHOCTI HHKYE PO3TAIIOBAHUX
mapiB JOPOKHBOTO OJIATY.

Po60TH BUKOHYIOTB 3 3aCTOCYBaHHIM KOMIUIEKCY MAIIMH ISl TAPsY0ro PECAHKITIHTY, 16 OCHOBHUMHU
€ caMoXigHu# acdanbpTopo3irpiBau iHppavepBOHOTO ONMPOMiHIOBAHHS MAHEIBHOTO THITY (U1 MOTIEPEIHBOTO
pO3IrpiBy), pecaikiiep, KOTKH — BiOpamiitHuil 1 Ha THEBMAaTHIHUX IHHaX. CXeMy po3TallyBaHHS OCHOBHHX
onepaniiinux OJI0KiB pecaiikiepa HaBeaeHo Ha Puc. 2!,

2 5

Ymoeni nosnaxu: 1 — moct ynpapiiHHS; 2 — IBUTYH IPUBOAY; 3 — EMKOCTI [UIS Ta3y;
4 — no3yBanbHUI OyHKEp; 5 — 6aK U3eIBHOTO NanuBa; 6 — 6ak s Oitymy; 7, 10 — TpaHcHopTep;
8 — npuitmanbHuii OyHKep A1 acaibToOCTOHHOT cyMilli; 9 — maHes i iHGpauepBOHOTO PO3IrpiBY MOKPHUTTS,
11 — ppesepnuii 6apaban; /2 — Bigsai; /3 — kamepa MO3A0BXHBOTO ABOXBAJIBLIEBOTO 3MilIyBaya MPUMYCO-
BOI [ii; /4 — nepmmii po3NOAUTFUNH IIHEK; /5 — BUIIaKyBallbHA TUINTA; /6 — IPYTUil pO3MOALIBUN LITHEK;
17 — TpamOyBaibHKI OpyC Ta BUIJIaKyBajabHA IIUTA

Pucynok 2 — Cxema posramyBaHHs OCHOBHHX oNepauiiHux OJ0KiB pecaiikiepa
Figure 2 — The layout scheme of the main operating blocks of the recycler

[oxpuTts po3irpiBaroTs 10 TemmnepaTypu He Buie Hix 180 °C (nepeBaxno (140+170) °C), mo 3a6e3-
nedye HeoOXiTHy MHONHY puxJieHHS ac]aabToOeTOHY 3a AOTOMOIOI0 (pe3epyBalbHOro arperaty. Makcu-
MaJibHa TOBIIMHA IIapy PereHepoBaHoro achaabToOETOHY CTaHOBUTH 60 MM IIPH 3aCTOCYBAaHHI OJIHOTO KOM-
TUIEKTY 00NaHaHHA Uil iHppadepBoHOTrO po3irpiBanHs i 80 MM MpH 3acTOCYBaHHI ABOX KOMIUIEKTIB TaKOTO
o0aTHaHHSL.

Pospuxiennii acanbToOETOH 3MILIyeThCS 3 PETCHEPYIOUOI0 J00aBKOK?, Ky MOJAIOThH Oe3moce-
peaHbO Ha (pe3epyBalIbHUI arperar, Ta, SIKII0 MOTPeOy€eThCs 3MiHa CKJIaay CyMillli, 3 HOBUM OITyMOM 1 MiHe-
paJILHUMHU MaTepiajgaMu.

Ilpn BukoHaHHI pPOOIT 03 3MIHH CKIaay IEepEeMINTyBaHHS PO3PHUXJICHOTO ac(aabTOOCTOHY
3MIMCHIOEThCS (hpe3epyBaIbHUM arperatoM; CTajis YKJIaJAaHHsS CyMilm BiacyTHs. [Ipu BHKOHaHHI poOiT 3i

! HaBenmeno na mpukiam pecaiiknepa “Wirtgen 45007

2 IIpoayKT Ha OCHOBI BaXKKHX HADTOBHX ONMB, 260 {HIIOrO CKIaxy, BBEACHHS SKOTO 3a0e3MeUye BiXHOBICHHS
BIIACTHUBOCTEN JOPOKHIX ac(haibTOOCTOHIB MEPEBAXHO MUISIXOM 3MiHH TPYIIOBOTO CKJIaay OITyMy 3a paxyHOK IiJBH-
MIEHHSI BiTHOCHOTO BMICTy MaJbTCHOBUX CKJIQMOBUX. HasBHICTh IHIIMX TEXHIYHUX €(PEKTiB BU3HAYAETHCS CKIIAJIOM JIO-
0aBku. J103BOJISIETECS BUKOPUCTOBYBATH B SIKOCTI T0OABKH OITYM 3 BUCOKMM 3HAUCHHSM ITOKa3HHUKA TICHETpaIlii.
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3MIHOI0 CKJIady TepeMilllyBaHHs 3OiMCHIOIOTH 3a JOMOMOTrOI0 3MillyBada NMPUMYCOBOi Aii B CKiIaai pe-
caiiknepa. PerenepoBany cymim (PI'C) yknanaioTs, BUpiBHIOIOTh 3 TOTPUMAaHHIM BUMOT LI0A0 Ipodio mo-
BEPXHI Ta YIIJIbHIOOTE. [lonepeaHe yIiIbHEHHs 3A1IHCHIOIOTH 3a JTOIOMOTOI0 YIIIBHIOBAILHOTO Opyca B
CKJIaJi pecaikiiepa i KOTKa Ha MTHEBMAaTHIHUX MHHAX. [loganpire ymiisHeHHS 3IIHCHIOIOTE 3 3aCTOCYBaHHIM
BiOpamniitHoro kotka. [lonepente yuiinpHeHHs: Mae OyTH 3aBEpLICHUM 3a TEMIEpaTypu He HIDKYiH Hixk 105°
C.

IToTpi6HI 3HaUEHHS TeMIrepaTyp 3a0e31edyIoOTh BiATIOBITHOIO TEMIIEPATYPOIO PO3IrpiBaHHS ITOKPUTTS,
SKY PeryJOI0Th IUIIXOM ITOCIiZOBHOI 3MiHH:

—  BiAcTaHi MK NMaHEISIMU PO3ITPiBY 1 MOBEPXHEIO TIOKPHUTTS;

—  IIBHIKOCTI PYXY;

— THCKY B ra30Bili CHCTEMi NAJIHUKIB HarpiBAIbHUX TTaHENCH.

MeTtoau raps4oro pecailKiminry “in place” 103BOJSAIOTH BUMPABISATH HONEPEYHUH MOXHUI MOKPUTTS Ha
BeHYHHY JI0 £ 1,5 %o, 17151 3a0e31eueHHs OITBIINX 3HAUCHD MOTPIOHO BUKOHYBATH IOMEPETHE XONI0IHE (hpe-
3epyBaHHA.

MeToau rapsiaoro pecailkiinry “in place” He 3aCTOCOBYIOTD, SIKIIO:

- BigOynacs 3Ha4Ha 3MiHa BIaCTHBOCTEW OITYMHOTO B’sKYYOTO B IOKPUTTI B POLIEC] eKcIuTyaTamii
(TIpUIAHSTO OIIHIOBATH 32 3HIKCHHIM ITOKa3HUKA ITEHETpaIlii);

- CIOCTepiraeTbcs 3Ha4YHA Bapiallisi TOBIIMHU ac(aabToOETOHHOTO HOKPHUTTS B3JOBXK AUISTHKH POOIT;

-y NMOKPUTTI HasBHUH OyIb-SKWH 3 MaTepialiiB 3 Mepesiky: TyMOBa KpUXTa, IMOJIiMEepHi 100aBKH,
I€OTEKCTUIIb.

3a pe3yabTaTaMu 00CTeIKEHb CTaHy ITOKPUTTS 1 BUIIPOOYBaHb MaTepialy 3pa3KiB-KepHiB acganbrode-
TOHY BUOMPAIOTh OJIMH 3 YOTHPHOX METOIB rapsuoro pecaiKiminry “in place”, sk oMCaHo HWKYE.

Kracudikaliis TeXHOJIOTIH rapss4oro pecailkimury achaibTo0eTOHy MeToAaMu “in place’’1a ocolu-
BOCTI METO/IIB

Merton “Reshape”

Merton “Reshape” (iH1a Ha3Ba — MeTOA “Reform”) 3acTOCOBYIOTH IJ1sl yCYHEHHS Ie(eKTiB acanbTo-
OCTOHHOTO TOKPUTTS TIEpEeBaKHO Ha TuOuHY (20 — 25) MM 31 3MiHOIO, 32 HEOOXITHOCTI, TTOTIEPEYHOTO TIPO-
¢imo, 6e3 3MiHH CKIIaAy ac(aibTOOCTOHHOI CyMillli, Y 3B 513Ky 3 UMM LIEH METOJ MOKe OyTH OXapakTepH30-
BaHO SIK METOJI BiIHOBIICHHS ac(PagbTOOETOHHOTO MIOKPUTTS.

[Ipu BuKOHaHHI pOOIT 332 UM METOJIOM PEKOMEHIOBAHO 3aCTOCYBaHHS PEreHEPy0Y0i 100aBKH B Ki-
JIBKOCTI, IO 3a0e3medye 30epeKeHHS TeMIepaTypy po3M SKIICHHs a00 TTOKa3HHUKa TeHeTpallii 3 TOTpUMaH-
HSIM YCiX MOKa3HUKIB AKOCTI OiTyMy y MeXax JaHOi MapKu. 3aCTOCYBaHHS PErCHEPYIOUMX JOOABOK y BHIIA/-
Kax, KOJM BJIACTHBOCTI BTOPUHHOTO OiTyMy® BiJIOBiNalOTh HOPMATUBHMM BMMOTAM, € IPEBCHTUBHUM 3aXO0-
JIOM, OCKUJTEKH B TIPOIIECi PO3IrpiBaHHS IMMOKPUTTS BiOYBA€ETHCS 3MiHA BIIACTHBOCTEH OiTyMy.

BinHoBnenHst acaabTOOETOHHOTO MOKPUTTSI METOAOM “‘Reshape” 3 HaCTYIHHMM YKIAJaHHSIM LIapy
HOBOT ac(hanbTOOETOHHOT CyMillli € e)EeKTHBHUM LUIIXOM 3aro0iraHHsl YTBOPEHHIO BiOOpaXeHHUX TPIiLIHH.
Bucoka epeKTHBHICTh TAaKOTO BUAY PEMOHTY IOCSTAEThCS IPU YKIAAaHHI Tapsdoro mapy HOBOI CyMilll Ha
cBiXKOYKIanenni rapsanii map PI'C, y nBa mpoxonu.

Merton “Repave”

MeTo/13aCTOCOBYIOTH JIJIs1 YCYHEHHs Ae(eKTiB ac(haabToOETOHHOTO TOKPUTTS IIEPEBaXKHO HA TIIMOUHY
Bix 25 MM 1o 50 MM 6e3 3MiHU CKIaay CyMIIlli 3 OTHOYACHUM YKJIAJaHHSAM IIapy 3HOCY 1 YITUIFHEHHSIM JBOX
1IapiB B OJIMH MPOXiJ 3 KOPUTYBAaHHSM, 32 HEOOX1IHOCTI, monepeyHoro npodimo nokputrtsi. Meron “Repave”
MPU3HAYAIOTh, KOJIU 3aCTOCYBaHHS METOY “Reshape” He 3a0e3meuye HaJCKHUN CTaH MOKPUTTS a00 ynamTy-
BaHHsI OKPEMOTr'0 HOBOTO LIapy € HEOLIIbHUM.

[Ipu BukoHaHHI poOIT 32 METOAOM “Repave” g yKIaAaHHs 1 BUPIBHIOBaHHS IIapy HOBOI ac(anbTo-
0eTOHHOI CyMillli BUKOPUCTOBYIOTh AOAATKOBI PO3MOIINGYMNA ITHEK 1 BUPIBHIOBAJIBHUU Opyc y CKmani pe-
caiikiepa.

PuxieHHs i nepemiiryBaHHs ac(haibTOOCTOHHOT CYMIIII ITICHIs pO3IrpiBaHHSA BUKOHYIOTH 3a JOIIOMO-
roro ¢pe3epyBabHOTO arperaTy. Po3noinenuii map po3puxiieHoi, 00po0IIeHOT pereHepyroUor0 J00aBKOIO i
niepemimanoi PI'C BUpiBHIOIOTE OpycoM 1 Ha BUPIBHSHIN MMOBEPXHI 3a TOMOMOTOI0 JOJATKOBOTO ITHEKY
PO3HOAIIAIOTE HOBY ac(hanbTOOETOHHY CyMill IUIs MIapy 3HOCY. YKIIaJaHHS [Iapy 3HOCY 311HCHIOIOTH 32 TEeM-
nepaTypu pereHeposanoro mapy He Hmwk4de Hix 105 °C. [licng posnoaisieHHss oOuBa IIapy MONEPEIHBO
VIIUTBHIOIOTH 33 JOMIOMOTOIO BiOPOIUIUTH 1 YKOUYIOTh KOTKOM Ha MTHEBMAaTUYHUX LIMHAX 1 BIOpaliiHUM KOT-
KOM.

3 Bity™m y ckiazi acanbToGETOHY iCHYIOUOTO TOKPHTTS.
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Merton “Remix”

MeTo/1 3aCTOCOBYIOTH Il YCYHEHHS Ie(peKTiB acaibToOCTOHHOTO OKPUTTS Ha TIuoOuHI 10 S0 MM
31 3MIHOIO CKJIAy CYMIIIi.

Ckag cyMmiri 3MiHIOIOTh IIJITXOM JI0IaBaHHs HOBUX MiHEpaILHUX MaTepialiB, 0iTyMy abo HOBOI ac-
(anbTo0eTOHHOT CyMiIIi 0 pO3PUXIICHOr0 ac(aabToOEeTOHY iCHYI0UOTO MOKpUTTA. HOBI MaTepianu 10o1atoTh
3 METOI0 KOMIICHCAITil BTpaT MaTepially IOKPHUTTS BHACIIIOK 3HOCY Ta 3 METOIO KOPUTYBAHHS CKJIAITy CYMIIIi
Y BUTIQJKY HEBIIIOBIAHOCTI BUMOTaM YAHHUX HOPMAaTHBHUX JTOKYMEHTIB.

[Ipu xomMmeHcarii BTpaT MaTepiany HOKPUTTS KUIBKICTh HOBHX MatepiajiiB 0OMEXYIOTh BETUYHHOIO
ouXx BTpaT. BigHocHUWl ymicT HOBHX MarepiaiiB 3a HEOOXiTHOCTI MOXKe OyTH MiABHILEHHUN MUISXOM TOIe-
PEAHBOrO (ppe3epyBaHHsS 1 YACTKOBOTO BHAAJCHHS ICHYI0YOro ac(haabTOOCTOHHOIO MOKPHUTTS Ha PO3pPaxyH-
KOBY TJIHOUHY.

PozirpiBanHs 1 puxieHHs achanbTOOCTOHY BUKOHYIOTD BiAMIOBITHO /10 OCHOBHHUX MOJIOKEHB; 3aJIEKHO
Bix oOpaHOoro Merony miacTudikaiii acaibroO0eTOHHOT CyMill Ha (pe3epyBaibHUE OapadaH dyepe3 dop-
CYHKY JI03aTOpa IMOJIal0Th pereHepyrody 100aBKy ado posirpituii 0itym. Ilicias o0poOku 100aBKOKO/0iTYyMOM
Ta MepeMIlIyBaHHs CyMill 32 JOIOMOTOIO BiIBaTy MOJAIOTh A0 3MillyBavya nmpuMycoBoi aii. [Ticis nepemimry-
BaHHs PI'C BUBaHTaXyeThCs A0 PO3MOIIIBYOTO UTHEKY 1 pO3MOALISAETHCS Ha MPOTPIiTid iHppadepBOHOIO Ma-
Hemmio 3 (Puc. 2) moepxui mokputTs. Temneparypa PI'C y po3nominsdoMy ITHEKY ITOBHHHA CTaHOBHTH 120
°C. Po3nonineHuii map ymiabHIOIOTh 32 JOIIOMOT0I0 BiOPOIUIMTH 1 YKOUYIOTH BiOpalliifHIM KOTKOM 1 KOTKOM
Ha MHEBMATUYHUX [IMHAX.

TexHONMOTIYHY CXeMy BUKOHAHHS pOOIT METOAOM “Remix” HaBeIEeHO HA PHC. 3.
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TOE&HHA, M | 500 | 200
(Hamp ok noTory TS
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1. Oupmiyerra mogpwyrra me: | 3. Posirpis aeea acdamsTo GeTOMHOr0 MOEPHTTA acdambTop 03irpiE avanes (2).
THE AMBHO-MEEE O Mannt | 4. T ap Aol pecafEmHT acdansTo DeToy IOKDETT 0P 0KEBOTD 0JATY 3 5ACT0 CYEBAHEAM pentkcepa (3).

Haiimenypanna | HO (1) 3. Vinimeeerr nrapy FIC canoxifeem MTa koAb KOTEOR Macok (8-13) T 74 nHcTs mpoxogis mo ooy crmigy (4).
npouecie 2. BeraHoRmeHHA THMHAco | 6. OcTaToue yinimeHerra niapy PTC sibparifinm xoTkon kombiHoEaH0i gif tacom 518 120 10 T 78 SOTHPEH TP 0X0J T0
BOTO OTOR ORHEHHA MiCITE OFHOMY CIHAY (7).

BHEOHAHET pofir Ta sHakd
OPTAMES AL A0f 03HE 0T
P

Pucynoxk 3 — TexHosorigdHa cxeMa BUKOHAHHS poOiT 3 perenepartii achaabToOSTOHHOTO MTOKPUTTS 332 TEXHO-
JIOTI€I0 TAPSIOT0 PECANKIIIHTY METOJIOM “‘Remix”

Figure 3 — Technological scheme for performing works on the rehabilitationof asphalt concrete pavement by
hot recycling technology by the method "Remix”

Merton “Remix Plus”

MeToza 3aCTOCOBYIOTH JJ1s1 yCyHEeHHs Ae(eKTiB achalbTOOETOHHOTO OKPHUTTS HA IIIMOUHY BiJ 25 MM
10 50 MM 31 3MIHOIO CKJIay CyMillli, 3 OJJHOYACHUM HAaHECEHHSIM IIapy HOBOI ac(aibTOOSTOHHOI cyMilmi i
YIIUIbHEHHSIM JBOX LIAPiB B OJMH MpoXia. TOBIIKHA Mapy HOBOro acdaibTo0eTOHY (HaKJIaJHHIA II1ap) CTaHO-
BUTH BiZ 25 MM 10 60 MM. MiHimManbHa cymapHa ToBumHa mapy PI'C ta HaknagHoro mapy ctaHoBuTh 70 MM
[6].

Merton “Remix Plus” mpu3Ha4aroTh Y BUMAAKY, KOJHM 3aCTOCYBaHHS IHIIUX METOMIB rapsdoro pe-
calikIiHry “in place” He n03BOIIsE 3a0€3NEUNTH HAJICKHUM CTaH TIOKPHUTTSI.

[Ipu BukoHaHHI pOOIT BUKOPUCTOBYIOTh AOAATKOBHI KOMILICKT 00NagHAHHS B CKIIAAl pecankiepa.
PosirpiBanHs 1 puxiieHHs acGhanbToO0eTOHY, BATOTOBJICHHS, BUBAaHTaXXeHH 1 po3noaiieHHs PI'C BUKOHYIOTh
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BiJNIOBITHO IO OCHOBHUX TOJIOKeHb; TemiiepaTypa PI'C y Banuky nepen nepummM po3noAiIbuuM ITHEKOM I0-
BHMHHA cTaHOBUTHU He HIkue Hix 120 © C. Posnoxineny PI'C BupiBHIOIOTE OpycoM 1 Ha BUPIBHSHIN MOBEpXHi
PO3MOIUISIIOTh HOBY ac(aibTOOCTOHHY CYMIII 3a TEMIIEPATyPH HIXKHBOTO I1apy He Hux4e Hixk 105 °C. [Ticus
PO3MOIiIeHHsT 00MBa IIapH YIMIJIBHIOIOTH 3a JOMOMOTOK BIOPOIUIUTH 1 YKOUYIOTh BiOpamiiHAM KOTKOM i
KOTKOM Ha THeBMATHYHUX IIIMHAX.

TexHomOTIYHY CXeMy BUKOHAHHS poOiT MeTofoM “Remix Plus” naBeneHo Ha Puc. 4.
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IHBATEHO-MEFE0M0 Manm- | 4. Posirpisarem acd ameToBeTOMHOrO TOKPHTTA acd A TOP OSMpIE atTanm (2).

Hadisenysanns | HOE (1) 5. Tapandi pe cafFmeT acdameTof e TOMY MORPHTTA 0P 0KED OT0 OFATY 3 34CTOCYE SHETM pebtkcepa (3).

npomecin | 2, Beranobnenns xompHoi | 6. Viimsmersa nrapy PTC canosdqems miaggob b Mesm KoTEGM Macoro (3-13) T5a mmicTs npoxoais mo ogeongy ey (4)
crpyHe (3a Heofugaoct) | 7. OcTarowme yrnimeserrm mapy PT'C sifpaniirens koo kombirmosarol gi macoro sig 8 1 o 10 754 H0THpH Ip oxoi 0 ofH1onay cmigy ()

Pucynoxk 4 — TexHosorigHa cxeMa BUKOHAHHS poOiT 3 perenepartii achaabToOSTOHHOTO MOKPUTTS 332 TEXHO-
JIOTI€10 Tapsiu0ro pecakiinry MetonoM “Remix Plus”

Figure 4 — Technological scheme for performing works on the rehabilitationof asphalt concrete pavement by
hot recycling technology by the method “Remix Plus”

3abe3neueHHs SKOCTI MaTepialiiB Ta poOiT MpH pereHepaii achanbToOOETOHHOTO TOKPUTTS METOAaMHU
rapsaoro pecankiminry “in place”

11100 3a0e3meunTH MOTPIOHY SAKICTH MaTepiaiB Ta PoOiT, HEOOXIAHO HOTPUMYBATHUCS BUMOT SK Ha
eTari nmpoektyBanHs ckinaxy PI'C, Tak Ha erami BnamTyBaHHS HOKPUTTS. ToMy HEOOXiIHO YIOCKOHAIIOBATH
TEXHOJIOTIYHUH Mpolec 1 MPOBOJUTH KOHTPOJIb IIPU HOro BUKOHAHHI. Benuke 3HaueHHsA Mae KylbTypa BUIO-
TOBJICHHSI BHXITHOTO MaTepiayly, BUXOISYN 3 IHOTO IMOTPIOHO OHOBIIOBATH Ta MOACPHIZYBATH 3acTapisie
oOnamHaHH [7].

[ligroroBdi poOOTH CKIANAIOTHCA 3 OTOPOKEHHS MICIsl BUKOHAHHS POOIT, 3HATTS PO3MITKH, BUIA-
JIEHHSI CTOPOHHIX MPEAMETIB Ta OUMINEHHS TOKPUTTS. Ha AUISIHKAX 3 pO3BHHYTOO CITKOIO TPIlTUH HEOOX1THO
JOAAaTKOBO YIIUIBHUTH HE3B  I3HUM IIap OCHOBH 3 OIIEPEAHIM BUAAJICHHAM 1uapy acdansrodetony. Ha nimsa-
Kax 3 TPIIIMHOYTBOPEHHSM 32 MOTPEOU BUKOHYIOTh T€PMETH3ALII0 TPIIIUMH HA TIIMONHY, IO TIEPEBULIYE TIIH-
OMHY pecallkiTiHTy. 3a MoTpeOr BUKOHYIOTh XOJNOAHE (ppe3epyBaHHS 3 BUAAICHHAM YaCTHHH MaTepiary s
JOCSATHEHHsI IIPOEKTHOI TOBLIMHHU. IIOKpUTTS OYMINAIOTH BiA NIy Ta OpyAy MOJMBAJIBHO-MUMHUMM Ta
OYMCHUMH MalllMHAMH 1 BCTaHOBIIOIOTH KOMipHY cTpyHY. [lepen poOoToro 3amoBHIOIOTE po00Ui EMKOCTI pe-
caifkiiepa i BCTaHOBJIOIOTH PoO0Ui OpraHd B po0oYe MOJOKEHHS 3TiTHO 3 iHCTpyKUisMH. Jlo cucTeM aBTOMa-
TUYHOT'O KOHTPOJIIO BBOJATH AaHI LIOA0 BUTpPAT MaTepiaidy, IIIMOMHU Ta MIMPUHU PUXJICHHS Ta YIIIbHEHHS,
HAJIAIITOBYIOTh AATYMKH MOJIa4i MaTepiaiiB Ta HAJAIITOBYIOTh CUCTEMH 3a0e3meyeHHs piBHOCTI. HarpiBanpHi
€JIEMEHTH HaJAlITOBYIOTh HA HEOOXiIHY IIMPHHY Ta BIACTaHb B OKPUTTH [8§, 9].

[Ipu BUKOHaHHI pOOIT METOIAMH TapsSUOT0 PECAUKITIHTY “in place” 3MiACHIOIOTh BX1THHMA, OTIeparii-
HUU Ta IPUAMaTbHANR KOHTPOJE. Pe3ynbTaT peecTpyIOTh Y BUKOHABYIH TOKYMEHTAITII.

Ha erami BXiZHOTO KOHTpPOJIIO MEPEBIpsIIOTH BiANOBIAHICTH MapTik JOPOKHBO-OYNiBEIBHUX Ma-
TepiajgiB BUMOTaM HOPMaTHBHUX TOKYMEHTIB.

[Tix gac omepallifHOTO Ta MPHUHUMAIBHOTO KOHTPOJIIO IMEPEBIPAIOTH SIKICTh MaTepiajiB Ta pooiT, reo-
METPHUYHI apaMeTpH 1apy, 0 BIAIITOBYETHCS.

[upuHy mapy BUMIpIOIOTh MipHOIO CTPIYKOI0, TOBIIUHY HEYIIIIbHEHOTO MIapy — MPOMipaMH IIyTIOM;
PIBHICTH TIOBEPXHI IMEPEBIPSAIOTH 32 IOITOMOTOI0 METAJIEBOI PEHKH JTOBXKHUHOIO 3 M Ha BifCTaHi 1 M BiJ KOXKHOI
KpaiKu B I1’SITH KOHTPOJIBHUX TOYKAaX, PO3TAallIOBaHUX Ha BifacTaHi 0,5 M olHa 10 OIHOI Ta Bij KiHLIB PEeHKH.
[omepeynunii MOXMJI KOHTPOIIOIOTH PEHKOIO 3 PiBHEM.
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Onnopianicts PI'C KOHTpOIIOIOTH Bi3yanbHO — CyMilll Mae OyTH OIHOPiAHOIO, 0€3 3TYCTKIB B SIKY-
40oro Ta HeoOpoOIeHnX rpyaok Marepiany. BunpoOysanns PI'C 3nilicHIOIOTH Ui MaTepiainy, OTpUMaHOro
MIPOTSATOM OJHIET 3MiHH y TIPOIIEC] pecalKIIiHTy achaabTOOSTOHHOTO MMOKPUTTS OJHAKOBOTO cKiamy. [1lmsxom
pPEeTEIRHOTO TIEPEMINTYBAHHS TOYKOBHUX MPOO TOTYIOTH 00'e€HaHy Mpo0y. [l mpuroTyBaHHs BimOHparoTh HE
MeHIe Hixk 4oTupu ToukoBi mpodu PI'C. Toukosi mpoou PI'C BixOupatoTs i3 3MilryBaua pecaiikiepa Ha OHIH

a00 CyMDKHHMX 3aXBaTKax.

[Ipu BunpoOyBanHsx PI'C Bu3Ha4alOTh CKJIaJa CyMIllll, TPaHyJIOMETPUYHHUN CKJIaa MIHEPaabHOI Ya-
CTHHH, a TAKOXK TEMIIEPATypy PO3M SKIICHHS 1 IIOKAa3HUK IIEHETpallii 01TyMy.

[Tpu BuNpoOyBaHHSAX KEPHIB BU3HAYAIOTh TOBIIMHY Mapy ac(harbToOSTOHHOTO MOKPUTTS, BOAOHACH-
YEeHHS PEreHEPOBAHOTO achanbToOCTOHY Ta 3ueruieHHs mapiB. [Ipu BunpoOyBaHHIX nepe)OPMOBaHHX 3pa3-
KiB pereHepoBaHOro ac(haibTo0CTOHY BU3HAYAOTh IPAHUITIO MIIHOCTI IPHU CTHCKY 3a TeMmepatypu 0 °C, 20
°C 150 °C, Ta koediieHT yIiTbHEHHS.

KoHTpoib sKOCTI MaTepiajiiB Ta poOIT MPH BUKOHAHHI Tapsiuoro pecakiiury acGaibToO0eTOHy METO-
namu “in place” 3aiiicHIOTH BiamosimHo mo Tabm. 1.

Tabmuus 1 — ITapameTpr KOHTPOIIO SIKOCTI MaTepianiB Ta poOiT IpH BUKOHAHHI rapsvyoro pecaikiii-
Hry acansTo0eTOHy MeToaamu “in place”
Table 1 — Parameters of quality control of materials and works during the execution of hot recycling
of asphalt concrete by “in-place” methods

[Tapamerp, 110 KOH-

[epionn4HICTH KOHTPOIIO; MicCIE

JonycTuMi BigXunu

T€HEPOBAHOTO i
HaAKJIaHOTO Iapy —
MetoJ “Remix Plus”)

BuMiproBaHHsg Ha 100 M

TPOITFOETHCSI BHMIpiB Ta/a00 BUNPOOYBaHb
BucoTHi BigMiTKH He MEHIIIe HIX omre | He 6inpme mixk 10 % pe3ynpTaTiB — BIIXHIH Y
BuMiptoBaHHs Ha 100 M MexKax
+ 20 MM, pemira +£10 MM
upunra mapy (pe- | He MEHIIE HIX onue | He 6inmpmre mixk 10 % pe3ynpTaTiB — BIAXWIN B

0ik 3MenmeHHs g0 50 MM, pemra — Mmiayc 10
MM

ToBmuMHa pereHepo-
BaHOTO MIapy

He MeHmIe Hix Ha KoxHUX 3000 M?
y TPHOX TOYKaX: IO CMY3i HaKary
Ta Ha BifcTaHi > 1,0 M Big Kpailku
MMOKPHTTS

3a TOBIIMHH LIAPY 0 5 CM BKJIFOYHO: HE OLIbIIIe
HiX 10 % BigxwiiB y Oik 3MEHITICHHS B MeXaX
20 % toBuMHY, pemta — 10 10 %. 3a ToBIIMHK
mapy moHax 5 cm: He Oimpme HiX 10 %
BiAXWIIB y OiK 3MeHIIeHHs B Mexax 10 % ToB-
IIWHM, pemmTa — 10 5%. CepenHe 3HaUEHHS TOB-
IIIMHYA — HE MEHIIIE HIJK TPOEKTHE 3HAUCHHSI.

MOBEPXHi

BuMiptoBaHHs Ha 100 M

ToBmuHa Haknan- | He menmre Hixk Ha koxaux 9000 M2 | Te came
HOTO IIapy y TPHOX TOYKaX: IO CMY3i HaKary
Ta Ha BifcTaHi > 1,0 M Big Kpailku
MTOKPHTTS
[Tonepeunnii moxwui | He MEHIIE HIX onue | He 6inpme mixk 10 % pe3ynpratiB BUMIipiB MO-

KYTh MaTH BIIXWJ BiJl IPOCKTHUX 3HAYCHB Y
Mexax: Bi MiHyC 5 %o 10 mtoc 15 %o, permra £+
5%o

Temmeparypa PI'C;
TeMIeparypa To-
BEpXHI, 110
pPO3ITPIBAETHCS; TEM-
neparypa TOBEpXHI,
Ha SKy BKJIQJA€ThCA
nmap

ITocTiiiHO

Bigxumu He TOMyCKalOThCS
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Kinens tadm. 1
End of tabl. 1

[TapamerTp, 1110 KOHT-
POJIIOETHCS

[epioan4HiCTH KOHTPOIIO; Mi-
CIIe BUMIpiB Ta/a00 BUIIPOOY-
BaHb

JonycTuMi BigxXunu

SIKicTb yurinpHeHHS

Y TphOX TOUYKax MOMEPEUHOTO
mpodiaro depe3 kKoxHHX 100 M
T10 OCi TIOporH 1 Ha BizxcTaHi > 1,0
M BiJl KpaKu OKPUTTS

Koedimient ymiinenenas Ky, mae Oytu He
meniie Hik 0,99. Bigxunu no 0,97 BKIIOYHO J10-
MycKaroThCs He Oumpmie HiX st 10 % pesynb-
TaTiB, a MaJIUX JIISHKAX 10 3 KM — He OiNIbIe of-
HOTO BHUMAJKY, pelliTa — HE HWXKYE 32 HOpMa-
THBHE 3HAYEHHS

Crximan i dizuxo-me-
XaHIYHl BJIACTHUBOCTI

He MeHImIe HiX TpH KepHH OAWMH
pa3 3a 3MiHy, Ta Ha KOXHiI

Bigxumu Bim MpoeKkTHOI MOKyMeHTarlii (HopMma-
TUBHUX BUMOT) HE JIOTYCKAIOThHCS

IOUISHHIN 3 OJHAKOBUM CKIJIaJIOM
PI'C, 3a oOnHakoBHX TEXHO-
joriuHux  mpoueciB.  Bingbip
KEpHIB 3/IHICHIOIOTh HA BiJICTaHi
>1,0 M BiJx KpaKu TTIOKPHUTTSI, HE
panime HiK dyepe3 1 mo0y micis
YIIIbHEHHSL.

pereHepoBaHUX  ac-
(hampTOOCTOHIB

Bigxunmu Bix HOpMAaTUBHHUX BHMOT HE JIOITyCKa-
FOTBCSL.

34eruIeHHs mapiB He menmie HiXXK TpH KEpHH Ha

koxHi 3000 M? HOKPHUTTS

BucHoBku Ta pekomengauii

TexHoorii rapsiuoro pecalKiIiHry TJ0pOKHBOI0 achanbToO0eTOHY METOAAMH “in place” BITHOCITHCS
110 €(pEKTUBHUX METOIIB YCYHEHHS Te(eKTiB ac(habToOeTOHHOTO MOKPHUTTS Ha TIHONHY 10 60 MM Ta JT03BO-
JSIIOTH 3a0e31euyBaTH MOTPIOHUH TEXHIKO-€KCIUTyaTalliiHUI CTaH MOKPUTTS a TAKOXK MiJABUILIUTH CTPOK CITy-
XKOU HEKOPCTKHUX IOPOXKHIX OJSTiB 32 MiHIMaJbHUX BUTPAT MarTepiaiiB Ta oOcsry poOiT, 3 MiHIMaIbHUMHU
0OMEXKCHHSAMH PYyXY.

CyTTEBOIO TEPEBAarol0 TEXHOJOTIH rapsayoro pecaKIiHTy AOPOKHBOTO achanbToOeTOHY € 30epe-
KEHHS CTPATETIYHO BaKIMBOI CUpPOBHHU — OiTymy. [lopsia 3 1uM, METOIM Tapsidoro pecailKimiHry “in place”
3a0e3MeYyI0Th IOBHE BUKOPUCTAaHHS ac(haabTOOCTOHY ICHYIHOUOTO MOKPHUTTS IPU HOro pereHeparrii.

Bucoka skicth MatepianiB Ta poOiT IpH BUKOHAHHI Tapsyoro pecalkimiHry acaibTOOSTOHY METO-
naMu “in place” 3a0e3neduyeTbes SIK Ha eTami NpoekTyBaHHs ckiany PI'C, Tak Ha eTami BIamTyBaHHS HOK-
PUTTS, Y 3B 3Ky 3 UMM HEOOXIIHO yIOCKOHAIIOBATH TEXHOJIOTIYHHIH ITPOIIEC, OHOBIIOBATH Ta MOACPHI3yBaTH
o0JiaiHaHHSL.
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Introduction

Hot recycling of road asphalt concrete plays a significant role as a resource-preserving technology to
save raw bitumen. Technologies of hot recycling of asphalt concrete could be performed by so-called “in
place” method (Hot in-place Recycling, HIR) realized by hot recycler with infrared heater in complex with
other road technique. Rehabilitation of asphalt pavement by HIR allows to correct surface distresses not caused
by structural inadequacy and could be done at short time, at minimum restriction of trafficking.

This article reviews various methods of HIR and analyzes their classification-related performance.

Basics of hot asphalt concrete recycling technologies by in-place methods.

As reviewed in this article, the process of hot in-place recycling consists of the stages of heating the
coating layer, milling the heated layer, mechanical processing of the milled asphalt concrete with or without
changing its composition, laying and sealing without taking any of these technological operations outside the
rehabilitated road section.

Classification and features of hot recycling technologies for asphalt concrete by in-place methods

The four methods reviewed were classified as those are performed with and without changing the
composition of asphalt concrete. The methods without changing of asphalt concrete composition, method “Re-
shape” and method “Repave”, are used to eliminate defects of asphalt pavement preferably to a depth of (20 -
25) mm. More complicated methods of hot in-place recycling with changing of composition of asphalt con-
crete, methods “Remix” and “Remix Plus”, are used to eliminate defects of asphalt pavement at a depth up to
50 mm. New materials should be added to compensate for the loss of asphalt concrete and to adjust the com-
position of the asphalt concrete to the standard requirements in the case of a non-compliance. Among the
reviewed methods, methods “Repave” and “Remix Plus” are performed with simultaneous laying of two layers:
a recycled layer and a new asphalt concrete layer with compaction of two layers in one passage.

Quality assurance of materials and works for rehabilitation of asphalt pavement by hot in-place recy-
cling methods

The high quality of materials and works by hot in-place recycling of asphalt concrete is ensured both
at the stage of design of composition of a recycled asphalt concrete and at the stage of road works, which
necessitates improvement of technological process and modernization of equipment.

Conclusions and Recommendations
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Hot in-place recycling of asphalt concrete are effective technology for rehabilitation of asphalt con-
crete pavement to a depth of up to 60 mm and allows to provide the required technical and operational condition
of wearing asphalt concrete layer and to increase the service life of flexible road pavement with minimal ma-
terial costs and with minimal traffic restrictions.

A significant advantage of hot in-place recycling of asphalt concrete is the conservation of strategically
important raw materials - bitumen. In addition, hot in-place recycling techniques ensure that existing asphalt
concrete is fully utilized during the rehabilitation process.

Key words: asphalt pavement, rehabilitation, hot asphalt concrete recycling, “in-place” methods, clas-
sification of hot in-place recycling methods
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Summary. The work examines the development and increase of efficiency of use of urban territories
in the preparation of planning projects and land use documentation. Of the analysis of modern condition of
legal and methodological support of the processes of research territorial Fund of Ukrainian cities and compare
its use with foreign countries. Analyzed and mapped the approaches to the creation of design projects for
solving problems in the field of territorial development of cities. The analysis of the current state of legal and
methodological support of the processes of development of territorial Fund of cities of Ukraine.

Key words: cadaster, land management, urban agglomeration, urban planning, land use and develop-
ment.

Introduction. The growth of urban territory is affected by migration, which is characterized by two
main directions. In fact, one migration stream comes to the city from the outside, and another migration stream
is sent from the central parts of the city to the periphery. One of the consequences of the second wave of
migration may be the emergence of low-rise buildings on land previously used for agricultural purposes. This
process is called urban agglomeration. However, this does not mean that such, spontaneously occurring low-
rise construction, more or less integrated into the environment, arises beyond the limits of state control. Such
processes are carefully planned, provide for control over the expansion of territories and the development of
infrastructure, inherent in most European countries.

The aim of this article is to study the foreign experience of state regulation of the design and implemen-
tation of small-scale development projects and urban development projects in such territories, where objects
of land ownership are presented in a separate form.

To achieve this goal in the work set the following tasks:

- to study the theoretical foundations of the planning of the territory;

- to identify the role of small planning projects in the development of urban areas;

- to analyze the policy in the field of land relations of European and domestic cities;

- to analyze the land relations in modern conditions;

- to consider the foreign experience of increasing the efficiency of the use of urban areas;

- on the basis of the analysis carried out to develop a concept for the creation of design solutions for the
rational planning and use of urban areas.

Materials and Methods. In many countries, many studies were conducted analyzing the development
of suburban areas in terms of planning and the prospects for their practical implementation [1-3]. Such large-
scale expansion of territories can be managed by coordinated efforts, implemented jointly by municipalities,
developers, authorities, financiers, etc., and this process can be based on national standards. The study of the
implementation of these processes can be carried out on an example of agreements, formal plans of different
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levels. Projects of the organization of the territory of land shares (shares) are developed in accordance with the
Law of Ukraine "On the procedure for the allocation of land plots to the owners of land shares (shares)" dated
June 5, 2003, No. 899-1V and Methodological recommendations regarding the procedure for the transfer of
land parcels (share) in kind from the lands of collective ownership to the members of the KSP, the order of the
State Committee of Ukraine for Land Resources, the Ministry of Agriculture and Food of Ukraine, the Ukrain-
ian Academy of Agrarian Sciences of 04.06.1996, No. 471/172/48.

Land management projects for the regulation of the territory of settlements are developed on the basis
of Article 53 of the Law of Ukraine "On Land Management", in line with the drafting of the plan of land and
economic arrangement of the settlement, the order of the Ministry of Construction and Architecture and the
State Land Committee of Ukraine dated September 24, 1993 No. 158/61.

Land-use work projects are made for the implementation of measures provided for schemes of use and
protection of land, land management projects [1 - 3].

Work projects related to construction and earthworks are made in accordance with the State Construc-
tion Standards of Ukraine (DBN), the Procedure for Conservation of Land (Order of the State Committee of
Ukraine for Land No. 175 dated 17.10.2002).

The technical documentation on land management regarding the establishment of the boundaries of the
land plot in kind (on the ground) is developed in accordance with Art. 55 of the Law of Ukraine "On Land
Management" in compliance with the requirements of normative acts on topographical and geodetic activities
and Instructions on the procedure for the compilation, issue, registration and storage of state acts on the right
of ownership of a land plot and the right to permanent use of land and land lease agreements.

The technical documentation on land management regarding the drawing up of documents certifying
the right to land is developed in accordance with Art. 56 of the Law of Ukraine "On Land Management" and
Instructions on the procedure for the compilation, issue, registration and storage of state acts for the right to
own land and the right to permanent use of land, land lease agreements (Order of the State Committee of
Ukraine for Land Resources of Ukraine of May 04, 1999 No. 43 as amended). Special thematic maps and
atlases on land use and their use shall be drawn up in accordance with the Law of Ukraine "On Land Manage-
ment", taking into account the provisions of the Law of Ukraine "On Topographic and Geodetic and Carto-
graphic Activity" on the basis of surveys according to the Procedure for the Implementation of Natural-Agri-
cultural, Ecological, Anti-erosion and Other Species zoning (zonation) of land, approved by the Resolution of
the Cabinet of Ministers of Ukraine dated May 26, 2004 No. 681 and Methodical recommendations for the
implementation of erosion zoning (zoning lands), approved by the order of the State Committee of Ukraine of
28.12.2004 number 420 [1-4].

Results and Discussion. In this article, the study of foreign experience of state regulation of designing
and implementation of small-scale development projects and urban development projects in such territories,
where objects of land ownership are presented in a separate form, are being studied. This study can be carried
out by comparing construction processes in the example of four countries. The first two countries considered
have a large and extensive experience of private construction on fragmented land plots, while the other two
countries are in the process of transition from centralized regulation to a market economy, one of which is in
the European Union, and the other is a candidate for membership. European Union [4-9].

The first two countries analyzed are England and Sweden. England is a country with a discrete design
system oriented to a landowner or developer who must submit a detailed construction plan to obtain the so-
called design permit. Local authorities (hereinafter - the municipality) or grant the right to design according to
the submitted documents, which represents the right to continue the design according to the necessary condi-
tions, or refuses to design. Among all the UK territories, it was decided to focus on England in order not to
delve into the study of the various legislative options on which the design and construction procedures are
based in accordance with the various jurisdictions of the United Kingdom. Of particular relevance to the choice
of this country comes in the period of its exit from the EU.

On the example of Sweden, you can study the design system in which the municipalities require a strict,
detailed plan for the right to design, and also imposes obligations on landowners. This preliminary plan con-
tains additional regulatory requirements for the various parts of the project.

Two countries in the transition period are Macedonia and Poland. Both countries have a common his-
tory of development in a planned economy, in both countries rural territory could belong to private individuals.
Nevertheless, the processes of design and construction until 1989 did not concentrate on dispersed construction
activities outside of urban areas. Currently, the conditions for designing and implementing the project are
gradually changing due to the new political situation, as well as the improvement of the economic situation for
some groups of people.
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A comparative study is difficult to carry out without posing a task. We will analyze the approaches used
to plan the territories based on the selection of the most important criteria within the existing standards, in-
cluding planning for the main construction processes: design, implementation of the project and management
of the object. These processes, taking into account such criteria, can be attributed to any country, including
Ukraine [5]. However, there are different ways of designing, implementing a project, and managing an object.

The most difficult from a legislative point of view is the planning and construction process [6] in small
residential areas, with a host of owners and large conglomerates on the periphery. In this case, small companies
and private individuals carry out construction. These projects, mostly of an individual nature, are, nevertheless,
under the control of the municipalities. Therefore, developers should carry out the design and construction of
the territory in strict accordance with the current legislation [7].

At this micro level of construction, a detailed plan is a joint product of technical, ecological, and eco-
nomic processes that meet the most sought after land use needs, and fully complies with construction standards.
Determine this aspect in more detail in order to understand how the formal construction project is implemented
in practice, how the design of territories is carried out in accordance with the conditions of the local infrastruc-
ture. Let's also address the issues of long-term management of local infrastructure objects.

In order to show the process of project implementation, the following is a fragment of the conditional
map. This card is used to more clearly identify elements of the analysis of the construction process in the
countries under study. The basic assumption is that in a rural area where the land is owned by different small-
holders (for example, five owners), it is necessary to create a number of land plots to which new roads, water
pipes and sewage pipes will fit, and other necessary infrastructure. Part of the land will be used for green
plantations and for the construction of a children's playground. All land parcels will be easily accessible, thanks
to a specially created system of roads, which will be equipped with a properly designed infrastructure for water,
sewage, various types of cables. Note that, for example, in Poland, this infrastructure is not located under-
ground, but laid along the land.

A large plot on the left side of the drawing will be used in accordance with the example described. Parts
of the existing property will be distributed to the public green space, for the construction of a children's play-
ground and roads. To the right of the map are three land plots. The first one will be used for two construction
sites and road construction. The other two plots will remain in the same form, but they will be changed by
redevelopment (changing the boundaries along existing land holdings) [4].

Thus, a designated number of construction sites will be located in the allocated area for the construction
of houses, and part of this zone will be used to create public roads and build local infrastructure in suitable
places, as well as to create a green space. Next, part of the lines of property boundaries must be redefined. As
a result, we are dealing with a combination of several processes of reorganization of land: crushing, redistri-
bution, allocation of land for road construction, creation of public space and other necessary local infrastruc-
ture. These activities are considered through the prism of their interaction in the design and construction ac-
cording to a hypothetical building scheme (Fig. 1).

Figure 1 — An example of detailed design and implementation of a project in a small area
Pucynoxk 1 — IIpukiag netansHOro NpOEKTYBaHHS Ta peaizalii MPOeKTy Ha HEBEIUKil TepuTopii

Before describing the differences in each of the countries presented, give a brief description of the
relevant design systems. This is especially true in connection with the fact that the English system is quite
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different from the others. This system is characterized mainly by the fact that it determines the possible bound-
ary of the territory, but the landowner or developer must submit proposals for the development project. It is
important to note that in England there is planning at the national level.

The Documentation on the Basis of Project Policy 2012 (abbreviated as NPPF) is the main regulatory
document for local authorities. In England, there is no state master plan for land use, as it has been developed
in most other European states, although in England there are specially designated lands for which it is very
unlikely to be approved for design, they are strictly controlled. In England there are documents that regulate
land use planning, they operate locally. In England, in some areas, project control is strictly limited, but they
do not belong to the objects of study in this paper. The nominal procedure for any applicant is to conduct a
number of basic inspections prior to applying for design to determine whether it is possible to obtain a generic
development permit (short for GPDO), and most importantly - to find out if other Applications for prior au-
thorization in accordance with the norms of city and state planning since 1995 - General Packet Development.
It is important to find out whether the territory of the foreseen building is not covered by the law on conserva-
tion, or there are orders to preserve trees at the site of the construction site. Such information is available
through the Local Planning Authority (LPA). If the site of the selected construction site does not contain any
of the above restrictions, then you can contact the authorities (LPA) according to the procedure described.
Landowner or developer can then apply for construction of buildings and infrastructure on a territory suitable
for construction work. The application should contain all possible design information, even if several persons
own the construction site at the time of submission of the application. If the applicant receives an application
from the LPA, the application is considered approved, although it may be necessary to agree on several criteria
before obtaining full approval. As soon as the permit is received, no other documents are required, but all
facilities and infrastructure must comply with existing building legislation. In this regard, the English system
is more oriented towards developers involved in large-scale development of territories, and separate private
land owners may find it rather difficult to obtain individual building permits.

Unlike England, a general construction plan is needed for a lower level of design coordination in Mac-
edonia and Poland. This condition does not apply to Sweden, where the government provides a degree of
freedom in terms of developing and adopting detailed projects. The answer to the proposal for the development
of the territory here may be obtained faster than in countries with mandatory general plans of development.
Urban development may be adapted to local needs, which were not identified when a general plan was adopted.
In this respect, there is some similarity to the English approach.

Conclusions and Recommendations. Thus, the role of general plans for the development of territories
in most continental European countries is to serve as the basis for the formation of local detailed plans; A
similar National Planning Policy Framework is implemented in England, but on a more situational basis. In
this case, it is possible to fully reflect the prospects for the development of urban areas on the general master
plan, or, as in England, through the adoption and strict implementation of the local land use plan (Local Land
Use Plan). Similarly, it is possible to develop small areas, as is done in Sweden, even in the absence of the
necessary data on the master plan.

The following tasks were solved in the work:

- the theoretical bases of the planning of the territory are studied;

- the role of small planning projects in the development of the territories of cities was explored;

- analyzed the policy in the field of land relations of European and domestic cities;

- analysis of land relations in modern conditions;

- foreign experience of improving the use of urban areas is considered;

- on the basis of the conducted analysis the concept of creation of design decisions on rational planning
and use of urban areas has been developed.

Successful implementation of the measures envisaged by this article will significantly improve the de-
sign planning decisions of Ukrainian cities and will provide the opportunity for their development and growth
of investment flows.

The main results obtained in the development of this article are the implementation of elements of the
study of the effectiveness of planning the territories of Ukrainian cities. Thus, the goals set in the article are
achieved.
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AHoTtanis. B po0oti nocmimkeni NTUTaHHS PO3BUTKY Ta MiABUIIECHHS e()eKTUBHOCTI BUKOPUCTAHHS Mi-
CHKHX TEPUTOPIH MPH CKIIATaHHI IUTAHYBAJTLHUX MPOEKTIB Ta MPOEKTIB 3eMJIEBIIOPSITHOI MOKyMeHTarii. I1po-
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NALYSIS OF SPATIAL VISIBILITY ON THE ROADS ON THE BASIS OF
VISIBILITY COEFFICIENTS

AHAJII3 ITPOCTOPOBOI BUIUMOCTI HA ABTOMOBLIBHUX JJOPOT'AX
HA OCHOBI KOE®IIIEHTIB BUINMOCTI
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Bets Svitlana Oleksandrovna, National Transport University, Omelyanovich Pavlenko
St. 1, Kiev, Ukraine 01010, graduate student of road design, surveying and land manage-
ment, e-mail: svetuk2009@ukr.net, Ten. +380677182879, Number ORCID: orcid.org/0000-
0002-3855-3490.

Summary. The approach for estimating spatial visibility and improving the methods for determining
visibility on roads is proposed. The main factors influencing visibility and methods for determining the visi-
bility in the plan and profile are considered. The analysis of these methods has been carried out and deficiencies
that can be solved by considering the visibility in space have been identified.

One of the conditions of road safety is visibility in plan, longitudinal profile and space. The analysis of
spatial visibility based on the coefficients of visibility offered in the article enables to identify areas of the road
with insufficient visibility due to the simultaneous combination of geometric elements of the road in plan and
profile. This method provides the most accurate results with minimal time consuming inputs for definition
coordinates (X, y, z ). This method can be used in the design of roads, the analysis of conditions for safe traffic
of cars, as well as in solving the need for partial or complete reconstruction of the road.

The results of the research can be implemented in design institutes and road maintenance services to
determine the transport and operational status and to resolve reconstruction issues.

Keywords: road, spatial visibility, visibility schedule, graph of coefficients of visibility.

Introduction (Betyn).

Visibility on the road is an essential indicator of its transport and operational qualities and traffic safety.

Visibility is the maximum distance from which the driver can clearly identify the limits of the elements
of the road and the placement of traffic participants, enabling the driver to orientate while driving, a choose
safe speed and distance and carry out safe maneuver.

The main factors influencing the distance visibility on the road are: the arrangement of the road strip,
the geometric characteristics of the longitudinal and transverse profile, the speed of the vehicle, the range and
efficiency of lighting by light means in vehicles, meteorological conditions, etc. One of the main factors is the
geometric characteristics of the road and the speed of vehicles.

Materials and methods (Marepianu Ta meroau). The article used methods of mathematical model-
ing, the relationship between the parameters of the road and visibility, experimental research to determine the
range of spatial visibility.

Results and Discussion (Pe3yjbTaTu i mosicHeHHs).

Classic methods allow you to check the visibility of the oncoming vehicle separately:

- In the conditions of the horizontal curve must ensure the mutual visibility of two oncoming vehicle at
a distance of two brake tracks:

Ssafeviz. = Ssafe1r T Ssafez (1)

where S, fe yiz— Visibility distance, m;

Ssafe1,Ssay — the size of the braking way of the oncoming vehicles, m.

Visibility is considered secured, if there is no obstacle in the driver's field of view in each direction.

On curves with small radii of sufficient visibility can be provided by way cutting slopes, felling of trees
and shrubs, demolition of fences and buildings on the inside side the visibility curve. A graphic method is
usually used to determine the boundary of visibility within the curve zone. If the trajectory of the vehicle's
motion is divided into segments that are equal to the distance of visibility, by drawing a straight line connecting

28



ABTOMOBUIBHI JIJOPOT'U I JOPOXKHE BYJIIBHULITBO. BuIl. 105. 2019
AUTOMOBILE ROADS AND ROAD CONSTRUCTION. Iss. 105.2019

the ends of the range of the visibility distance along the curve, then the curve (parabola), carried out through
the points of intersection of the direct rays from the inside of the curve, will be the boundary of visibility [1].
The area inside this curve, called the visibility area, must be cleared from obstacles that obstruct visibility.

- Visibility for stopping a car in front of an obstacle is considered assured if the driver is able to see him
the road and the surrounding situation in front of at some distance, sufficient for braking the car, or bypass
obstacles on the road.

In order to ensure traffic safety, the driver of a car must see the road and the surrounding situation on
the road in front of him.

The estimated distance of visibility of the road surface is determined, based on the possibility of a com-
plete stop of the car before the obstacle [2]

W KW
S= 3,6 + 254-(p+i) lo (2)

where V, - estimated speed of movement for a vehicle, km / h;

K, - coefficient taking into account the effectiveness of the brake action (for cars and trucks are taken
equal 1,2-1,3);

¢ - coefficient of longitudinal grip on the net cover (take 0,4);

i - longitudinal slope of the road;

10 - stock for safety (take 5-10 m).

- The side visibility is provided when the vehicle which moving in the transverse direction notable at
such a distance that enables the driver to adequately assess the situation and braking in time without collision.

The main condition of the accident-free crossing of the other traffic flows in the same level is the mutual
visibility of vehicles approaching the intersection (adjoining) from the transverse direction.

The distance at which the transversal vehicle must be seen should be sufficient to enable the driver to
adequately assess the situation and braking in time without collision [3]:

2
S = (t1+t2)Vesy |, Vssu (3)
3,6 254¢

where § — estimated distance of visibility of road surface;

t; — estimated time of the driver's reaction (2,5 s);

t, — time required to complete the vehicle maneuver;

Vgso, — estimated speed on the road section, km / h;

¢ — coefficient of longitudinal adhesion of the car wheel with coating - 0,3;

Visibility is considered to be secured if none of the elements of the terrain located within the field of
vision concentration of the drivers at a distance Sg;4, from each direction does not overlap the visibility of the
transverse transport.

- In the presence of a convex vertical curve in the longitudinal profile.

The limitation of the visibility of the oncoming vehicle in the longitudinal profile depends on the mag-
nitude of the difference between the mark of the travel section on the vertex of the convex vertical curve (the
points of the fracture of the ascent and descent) and the mark of the travel part of the distance from the summit
[4], in accordance Sgqre1 and Sgqfer -

Hp—Hgy <12 or Hy — Hgy < 1,2 ()

where Hg - mark the surface of the travel section on the vertex of the convex vertical curve, or the
point of the turning point lift - descent;

Hg, —a mark the surface along the axis of the travel part at a distance Sgqfe1 , m;

Hg, — a mark the surface along the axis of the travel part at a distance Sgqf¢ , m;

The greatest safety of movement is provided at a distance of not less than 700 m. If the visibility of the
oncoming vehicle in the longitudinal profile is less than 300-350 m, and in the plan - 250 m, the safety of the
vehicle from the condition of braking before the obstacle is not ensured [1].

- In the presence of a convex vertical curve in the longitudiale.
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The visibility conditions of the vertical curves significantly deteriorate at night. On convex curves, the
headlights shine above the road surface, and on concave curve, the headlights lights the road only near the car.
Therefore, the minimum radius of concave curves is calculated from the condition of visibility at night [5]:

SZ
 2:(hg+Ssing)

)

Ry

where hg, - distance from the surface of the travel part to the vehicle headlights (take 0,7 m);

o - angle of diffusion of headlights (take 3°)

In addition, when move a concave curve on the car operates a centrifugal force, which presses it to the
travel part.

All these visibility checks do not give unambiguous results when combining the horizontal and vertical
elements of the road on a particular site.

Spatial visibility combines visibility into plan and profile at the same time. This is necessary to detect
visibility in areas where there is a combination of curves or inclination in the profile and plan at the same time.
This is done using the method of "cones" [6].

This method can have a graphical and analytical expression.

In graphical form, the method is used in this way. To begin with, you need to create a spatial model of
terrain and road. This can be done using the Civil 3D software and functions to load coordinates and to create
a terrain model with GoogleEarth software. For a more precise definition of visibility, it is necessary that in
the model of the terrain, besides the relief, there are still objects that can create obstacles for visibility: build-
ings, trees, bushes, road signs, etc. At the driver's level of vision, the cone of the concentration distribution of
the driver's vision is set. Its direction depends on the position of the spatial vector, which consists of the sum
of the horizontal and vertical vectors of vision. The cone moves along with the vehicle's movement along the
spatial model of the road. Thus, you can visually estimate the boundary of visibility - everything that is placed
in the middle of the cone falls into the visibility zone.

In an analytical form, this method is described by the equation of the cone in space.

(x =202+ (y = y2)* + (2 — 2)* = d* - tg?6°

G =x)(x—x) + (V2 =YD —y2) + (22 —21)(z—2,) =0 (6)

X=Xy Y=V _Z—Z
m n 1

This cone is set at the level of the driver's vision, where the cone base is at the maximum visibility
distance for this speed. The direction of the installation of the cone is determined by the spatial vector [7],
which is described as follows: Let's represent the road in the form of the hodograph of the vector-function,
which represents the set of vectors coming out of a fixed point in space and varying depending on the scalar
argument. For the scalar argument we adopt the widespreadfactor in road practice - the length of the horizontal
laying of the road. Having defined the vector-function, we have the opportunity to study its properties, and
hence the properties of the road axis, by the methods of differential geometry.

Depending on the character locality and the road, the step of displacement of the cone is determined. If

the terrain is hilly and the track has many angles of rotation, the step should be smaller (10 - 20 m), If the
terrain is plain, the step may be slightly larger and amount to 25-50 m.
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k — step of displacement of the cone of spatial visibility
Figure 1 — Placement of cones
Pucynok 1 — Po3mimieHHst KoHyciB

By determining step of displacement of the cone , you can build a visibility chart. The actual visibility
range is defined as follows. Using the methods of gathering information (GPS technology, satellite maps, laser
scanning of terrain), three-dimensional coordinates are defined, which are the source data for building a three-
dimensional model of the road and terrain. With the help of computer programs, a spatial model of a road with
three-dimensional coordinates along the road axis and the edge of the travel section is being constructed. On
the traffic lane a cone of visibility is established, the characteristics of which depend on the speed of vehicles.
At the intersection of the lateral face of the cone with the edge of the travel section a point is determined which
has three-dimensional coordinates (X, y, z), the difference between the coordinates of the vertex of the cone
and the point found will give the range of visibility (fig. 2).

h A (Xa,ya,Za)

Figure 2 — Determination of visibility range
Pucynok 2 — Bu3zHadueHHs 1aabHOCTI BUAMMOCTI

According to this data, a graph of visibility of the road is constructed in the forward and reverse direc-

tions. Where the axis of abscissa is set aside distance along the route, axis the ordinates - the distance of visi-
bility at the corresponding point on the road.
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Figure 3 — Schedule of visibility in the forward direction
Pucynoxk 1 — I'padik BUANMOCTI B IPSIMOMY HAIIPSIMKY
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Figure 4 — Schedule of visibility in the opposite direction
Pucynoxk 4 — I'padik BUAUMOCTI B 3BOPOTHOMY HAIIPSIMKY

400

L,m

This graph describes the visibility range at any point in the road plot. Depending on the category of the
road and the speed of movement, the permissible range of visibility is determined on the plot under study.

On the basis of definite admissible and real visibility, construct a graph of visibility coefficients in the

forward and reverse directions.

K, = — 9)

Sperm

where S— the value of actual visibility at any point on the road section, m;
Sperm — permissible visibility on the road section, m.
Actual visibility is determined by the method of cones by the three-dimensional coordinates shown in
Fig.2. The permissible visibility on the section of the road depends on the speed and is taken in accordance
with the DBN V.2.3-5:2017 [8] Tabxn. 5.7.
If the value of the coefficient is greater than 1.0, then visibility is considered to be secured.

On the basis of the graphs of the coefficients of visibility, it is possible to estimate the areas where vis-
ibility is not provided and to analyze them in more detail. The analysis shows where visibility is not provided
—in a horizontal or vertical plane. After analyzing charts, measures are taken to improve the visibility condi-
tions. Depending on the analysis of the charts, the following steps can be taken to improve the visibility con-
ditions:

1. Limitation the speed of vehicles in areas with insufficient visibility.
2. Increase the radius of horizontal curves.
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3. Reduce longitudinal slope.
4. Designing a longitudinal profile - a block with two transition curves.
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Figure 5 — The graph of the coefficients appears in the forward direction
Pucynok 5 — I'padik xoedinieHTiB BUAUMOCTIB NPSIMOMY HaIIPSIMKY
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Figure 6 — The graph of the coefficients appears in the opposite direction
Pucynok 6 — I'pagik xoedilieHTiB BUAUMOCTI B 3BOPOTHOMY HANPSMKY

Results and Discussion (BucHOBKY Ta NMOsSICHEHHST).

The article contains new approaches of determining the spatial visibility on the road. The result of the
work is the development of a method for analyzing spatial visibility based on visibility coefficients and devel-
oping measures to increase it.

This technique can be used in the analysis of conditions of safe traffic of vehicles, as well as in the
feasibility studies of the need for highway reconstruction.
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AHAJII3 MTPOCTOPOBOI BUJITUMOCTI HA ABTOMOBLIbHUX JOPOT'AX
HA OCHOBI KOE®IIIEHTIB BUINMOCTI

Beru CeiTiiana OunexcaHapiBHa, acmipaHT kadeapu IpoeKTyBaHHs A0PIr, reoesii, kaprorpadii ta 3emiey-
cTpoto, HamionansHuii TpancnopTHU#l yHiBepcuteT, Bynuis OMenbsaHoBuya - nasieHko 1, Kuis, YkpaiHa,
01010,e-mail: svetuk2009@ukr.net, Ten. +380677182879, Number ORCID: orcid.org/0000-0002-3855-3490.

AnoTtanis (Summary). 3arpornoHOBaHO MiIXij, MO0 OIIHKK MPOCTOPOBOI BHIUMOCTI Ta YAOCKOHA-
JICHHSI METO/IiB BU3HAYECHHS BUAMMOCTI Ha aBTOMOOUIBHUX A0porax. Po3risHyTo ocHOBHI (hakTopH, SIKi BILJIH-
BAIOTh Ha BUAUMICTE (0OJIaIITYBaHHS IPHIOPOKHEOT CMyTH, TEOMETPHUIHI XapaKTEPUCTHKH ITO3IOBXKHLOTO Ta
MOMEPEYHOT0 NPpOo(diIIo, MBUAKICTE PyXy TPaHCIOPTHOTO 3aco0y, JalbHICTh Ta €(EKTHBHICTH OCBITICHHS
CBITJIOBUMH 3ac00aMH Ha aBTOMOOUISIX, METEOPOJIOTIYHI YMOBH Ta iH.) Ta METOAM BHU3HAYCHHS BUAMMOCTI B
miaHi 1 mpodimi. [IpoBenenunit aHaimi3 MUX METOAIB. PO3riIssHyTO BU3HAYEHHS BiJICTaHI BUIUMOCTI Ha TOPH30H-
TaIbHUX Ta BEPTUKATBHUX (YBITHYTHX Ta OMYKJINX) KPUBUX. B pe3ynbpTaTi aHami3y BUABICHI HEIONIKH, SIKi
MO>KHA BUPILIUTH, PO3TIIAAAI0YN BUJUMICTh B IPOCTOPI.

OnnuM i3 hakTopiB 3abe3nedeHHs Oe3neKknu JOPOKHBOTO PyXY € JOCTaTHS BUIUMICTD Y IUIaHi, HO30B-
KHBOMY TIpodiri Ta TpocTopi. 3ampONOHOBAHMMA y CTATTI aHaNi3 IPOCTOPOBOI BHUAMMOCTI HA OCHOBI
KOoe(illi€HTIB BUIUMOCTI JJa€ MOXJIMBICTh BHSBUTU JUISHKA aBTOMOOLUILHOI JOPOTH 3 HEIOCTATHHOK) BH-
JUMICTIO 32 PaXyHOK OZHOYACHOTO MO€IHAHHS T'€OMETPUYHUX €JIEMEHTIB JOporu B IwiaHi i mpodini. Takuit
ITi X171 3a0e31meuye MaKCUMaIbHO TOYHI Pe3yJIbTaTH MPU MiHIMAIBHUX BUTPATaX 9acy Ha OTPUMAHHS BUX1THIX
IaHuX (KOOPIWHAT X, Y, Z) BUKOPUCTOBYIOUH CYIYTHUKOBI TEXHOJIOTII Ta Ha3€MHI TEXHOJIOT11 JIa3€PHOTO CKa-
HyBaHHs. J[aHUI METOA MOKe BUKOPHUCTOBYBATHUCS IMPU MPOEKTYBaHHI aBTOMOOUILHHMX JOPIT, aHaMmi3i yMOB
0e3IMeYHOro PyXy aBTOMOOLTIB, a TaKOXK MPH BUPIIICHHI HEOOX1THOCTI YaCTKOBOI 200 IMOBHOI PEKOHCTPYKIIii
aBTOMOOLTEHOT TOPOTH.

PesynpTati mociigKeHHs MOXKYTh OyTH BOPOBAKEHH] Y IPOCKTHUX IHCTUTYTaX Ta eKCILTyaTalliiHIX
cIry>k0ax Iopir [UIsi BU3HAUYEHHsI TPAaHCIIOPTHO-EKCILTyaTalifHOTO CTaHy 1 BUPILICHHS MUTaHb PEKOHCTPYKIII.

Kuarwuogi cioa (Keywords): aBroMo0iapHA TOpora, IPOCTOPOBA BUAMMICTH, T'padik BHIMMOCTI,
rpagik KoedilieHTiB BUIUMOCTI.
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Amnorauisi. Po3pobnena cydacHa mapamirma o0poOKH eKOJIOTIYHUX JTaHMX, KA 0a3yeThcs Ha Hemapa-
METPUYHUX METOJIaX CTATUCTUKH.

Hageneni icToTHi mepeBaru 3anponoHOBaHOI HapalirMu.

Kuio4oBi ci1oBa: exoJIorivyHi gaHi, 00poOKa JaHUX, YacOBI MAPOXIMIYHI PIU, HeapaMeTPUIHUN Me-
TOJ CTATHCTHKH.

Beryn

3BUYAHO TIPH aHaJi31 Oyab-IKOi €KOJIOTIUHOI iH(pOopMaIlii BHKOPUCTOBYIOTh apaMETPHUIHI METOIN
00p0oOKM TaHUX.

[Ipu 3acToCyBaHHI TaKMX CTATUCTUYHUX METOJIB HEOOXIIHUM € BUKOHAHHS CIiAyI0unX yMoB [1]:

-pO3MO/TIICHHS TaHUX MIOBUHHO Oy TH OJIM3BKUM JIO OJTHOTO 13 IIKPOKO BiIOMHUX PO3IMOALICHB (Ha IMpak-
THIII 3aCTOCOBYIOTH MTEPEBAKHO HOPMATBLHUN 3aKOH PO3MOIIICHHS);

-BHOipKa MOBMHHA OyTH 3Ha4YHOIO (He MeHII Hix 30 crocTepekeHb);

-BCl JJaHi — TUIBKY iHTEpBaJIbHI Ta Oe3MEepEeBHi.

Ha cyqacHoMy piBHI HOCTIIKEHb BUXiTHI TaHi PO3TIIAIAIOTH ITEPEBAXKHO 13 TIO3MIIIN YaCOBUX PSIIB.

3acTOCOBYIOUH HOPMaJbHE PO3IMOAIICHHS, THM CaMUM IPUHMAIOTh 32 OCHOBY TIOBHY BHITaKOBICTh
MpOIIeCy CIIAKyBaHHS TaHUX.

AJie iIrHOpYIOUYH MOPSAOK CIiAKYBaHHS, TUM CAMUM HE BPaXOBYIOTh (DAKTOp CE30HHOCTI Ta 1HII Bax-
JINB1 TIPOSIBM TAKOT'O TUITYy JAHUX, SK MPUPOIHUN YacOBHH psj (HASBHICTH aHOMAJIBHUX 3HAYEHBb Ta Pi3HOTO
pony BUOpPOCiB, Ta iHIIE).

HesBaxarouu Ha 0€37114 KpUTUYHUX 3ayBa)KCHb BITHOCHO 3aCTOCYBaHHS MApaMETPUYHUX METO/IB, CY-
gacHa mapajirMa oOpoOKH Ta aHali3a eKOJIOTIYHNX JaHUX HE PO3pobIIeHa.

Jns amekBaTHOI 0OPOOKHM BUXITHUX JaHHX JOIIILHO BHKOPHCTOBYBATH HETIapaMeTpHIHI MeToau [2].
B craTTi HaBeZeHI OCHOBH Cy4acHOi MapaiirMu 0OpOOKH €KOJOTTYHUX JaHUX, SKa 0a3yeThbcs MEpPeBaKHO Ha
HermapaMeTpUYHUX METOAAaX CTaTUCTHKH.

Buxigni nani
ExomnoriuHi npouecu 3aJexHo BiJ THITY 3aJad XapaKTepU3yIOTh 3a IOMIOMOT0 Pi3HUX YaCOBUX PSIIiB.
PosrnsiHeMo y JaHOMY BUNAAKY 4acOBi T1APOXIMiUHI PSAH.
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s BUKOHAHHS pO3paxyHKiB Oy BUKOpHCTaHi AaHi mo piuui [ecna (ctBop c. JliTkn) 3a mepiox 3
1995 1o 2010 pik BkIHOYHO (0O€3 MPOITYCKiB). 3 METOO CITPOIICHHS 00YHCIICHh 3HAYCHHS JaHUX 3a 29 JIF0TOT0
BHCOKOCHHX POKIB 13 PO3TIITHYTHX PSITiB BUKITFOUAITHCS.

JlaHi SBISIOTH COOO0I0 KOHIEHTPAITii PEYOBHH, SKi BUPAXKAIOTh B M2/ (M/OM’) aB0 mre/n (MKke/oMm’).

Sk Bigomo, 30ip Ta onepaTrBHa 00poOKa rigpoxiMidnoi iHGopMalii y “pydyHOMY peskuMi” MOXKE BU-
KOHYBAaTHUCh IIEPEBa’KHO OJJUH pa3 Ha 100Y.

Ha mizmcrasi Takoi iHopmartii gaii 3HaXOAATh CEPeAHBLOMICSIYHI, 00 “ICTHHHI" ITOKa3HUKHU.

3BicHO, 110 30ip iH(popMaLii MOKINBO BUKOHYBATH TaKOK OJMH Pa3 3a CE30H.

OpHak Ipu TaKOMY TPaHHYHO piAKOMY 3a00pi pidyKOBOI BOAN MaeMO 3HaYHY BTpATy KOpUCHOI iHpOp-
Marii. ¥ 11s0My 3B’ 3Ky NIEBHUN ONTHUMYM JOCITAETHCS TIPH 300pi iHhOopMaIIii oiH pa3 Ha MicsIb (MOXKIIIBO
y JOBIJIbHI IHI LIBOTO Mics1s). Y pe3ylbTarti Takoro 300py iHdopMalii oaepKyIoTh Tak 3BaHi “KBa3icepenIHbO-
MICSTUHI” T1APOXiMiYHI MOKA3HUKH.

IIpoBeneHe MOPIBHAHHS “ICTUHHHUX Ta “KBa3iCepeIHbOMICSIUHUX" IMOKA3HHUKIB IS IUX Ta 0aratbox
IHIIMX BOAHHX 00’ €KTIB AaJI0 MOKJIMBICTh BCTAHOBUTH, IO PI3HUIA M)XK HUMH 3BHUaitHO He nepesuirye 10%
... 20% (cepenne 3naueHHs 15%).

I'moGansHOT BTpaTH TOYHOCTI PO3PaxyHKiB MPH IIbOMY HE CIIOCTepiraeTbes. B Tol e yac mpoBoguTH
BIJTIOBIHI aHAJII3U CTAJIO LIBUILIE Ta JELIEBIIE.

Ha puc. 1a naBenenwmii rpadik psa “xkBasicepeAHbOMICAYHNX (Al cCepeTHbOMICSIYHHX ) KOHLIEHTpa-
il aMMOHIHHUX 10HIB, Ha puc. 10 — rpadik psAaa cepeAHPOMICIYHUX KOHIIEHTPALiil KUCHIO, IO PO3YNHEHUI
y piYKOBi#t BOI.

3acTocyBaHHsl MeTOIB HelapaMETPHYHOI CTATHCTUKH NPH aHAJI3i NPHPOAHUX YACOBHX PAIIB.

3BUYAlHO BHXIi/HI JJaHI aHANI3YIOTh i3 MO3UIIIH TPUPOIHUX YACOBHUX DPSIIiB, SKi MPOSBISIOTH OHO-
JacCHO BJIACTUBOCTI SIK JETEPMIHOBAHOCTI, TaK YACTKOBO TAKOX 1 BJACTHBOCTI BHITaKOBOCTI [3].

To0To 13 MPaKTHIHOT TOYKH 30py MIPUPOIHI YACOBI PIIN HE € PATAMHU IeTEPMiHOBAHUMH, ajie, B TO Ke
4ac, BOHU HE OYAyTh 1 MOBHICTIO BUMAIKOBUMU.

Ha cyuacHomy piBHI 3HaHb NPUIHATO PO3MIISAATH TaKi PAOH K “PAOM HEBH3HAYCHI”. AHANI3YIOUN
BUIXIJHI JIaHi i3 TaKWX TIO3WIIH, THM CAMHM JOMYCKAIOTh 3aCTOCYBAHHS JIO ITUX PSAIB CICIIAIbHUX METOIIB
JIOCIIIHKEHHS.

Jins anexBaTHOT 00pOOKHM TaHUX y ILOMY BHNAJKY BUKOPHCTOBYIOTH HEIapaMeTPUUHI METOIH CTaTH-
CTHUKH.

Sk BiOMO, OJ1HA 13 TOJIOBHUX II€peBar HelapaMeTpUYHUX METOJIB MOJIArae y TOMY, 1110 BCTAHOBIIIO-
BaTH 3aKOH (3aKOHM) PO3MOAIICHHS BUXIIHUX AaHUX HE HOTPiOHO.

IcHye ogHOCTAMIWHMHN T IX11, 33 TOTIOMOT'OFO SIKOT'O MOYKJTBE BUKOPHUCTAHHS MPUKTUIHO BCIX METO/IIB
HEemapaMeTPUYHOI CTATHCTHKY 13 €IMHUX MO3MUIIi — METOI HeapaMeTpUIHOro OyTcrpena [4].

Binpw Toro, e eAMHUI METOA, 10 AO3BOJISIE BUKOPUCTAHHS BiIHOCHO HE3HAYHUX MOIUQIKALiN mpu
MpOBeNEHHI OyAb-SIKOTO CTaTHCTHYHOTO TecTa. TakuM YMHOM, BUKOHAHHS HemapaMeTPUYHUX JOCITiHKEHb
MOKJIMBO IIPOBOJUTH 32 €AMHOIO 3arajibHOI0 CXEMOIO!

Mertoa HemmapaMeTpUIHOTO OyTCTpera JT03BOJISE JIETKO BUKOHYBATH CKJIAHI YHUCIIOBI TOCITIIKEHHS,
OJIEPKYIOUH NIPU [IbOMY HE TiJIbKM 3HAYCHHS NIEBHOI CTATHCTUKH, aJie TAKOK 3HAXOJUTH Pi3Hi JOBipUi iHTEp-
BaJIM: JUI KBAHTHJIS OYIb-SIKOTO PIBHS, IS KOE(ILIEHTIB PI3HOTO THITY PETrPeCiid, pi3HOr0 BUAY KOPPEIISLii
Ta iH.

SK110 € HeoOXiAHICTh, MOXKIIMBE OACP)KAaHHA 3HaUCHHA “‘p-value” 6e3 3acToCyBaHHS CleLiaIbHUX Ma-
TeMaTUYHUX QYHKIH (SIK 1Ie Ma€ Miclie Y BUMaJKy 3aCTOCYBAaHHS MapaMEeTPHYHUX METOIIB).

AHaJjli3 Ha HOpMaJIbHICTh PO3MOAIICHHS TIAPOXIMIYHUX JaHUX.

[epeBipsiiach MOTOIKEHICTh TIAPOXIMIYHUX JAHUX 13 HOPMAJIBHUM PO3MOIIICHHSM.

BukopucTtoByBanuch cepegHboMIcsuHI AaHi 3a 20-piyHME mepion A KPYMHOI PiBHUHHOI piuKH
VYkpainu (p. [ecHa).

3riguHo [1], xpurepiit [llamipo — Yijika € o1HUM 13 HAWOLIBII €PEKTUBHUX KPUTEPIIB MEPEBIPKH HOP-
MaJIBHOCT] PO3MOIICHHS BETHMYUH. Y JOCHIIKEHH]I Y Teplry uepry OyB BUKOPUCTaHUI 1ei KpUTpiil Ta 3Ha-
yeHHsa p=0.05(p=5%).

Sk mokazanu pe3yibTaTH, TUIBKM OJUH IOKa3HUK 13 15 JOCHIKyBaHHUX MOXJIMBO BBa)KaTH HOp-
MaJbHO PO3MOJIICHUM (KUCEHB, ITI0 PO3YMHECHUN Y BOJII).

Beci iHIIi TOKa3HUKK HOPMAJILHOMY PO3MOAUICHHIO HE ITiAJISTalH.

3Bakaro4u Ha Te, 110 HaBEICHUH BHIIIC aHAaJIi3 Ha HOPMaJIbHOCTH Oy7e SBHO HEJAOCTaTHIM, OyJia 3HAYHO
i IBHIIIEHA KIJTbKICTh BiAIOBIIHHUX TeCTiB [1, 5].

BukopuctoByBanu kpurepii acumetpii, Konmmoroposa — CmipHoBa Ta inmi (nopsaka 10 kpurepiis).
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[Ipu npomy oaepxainu nMogiOHI pe3yabTaTy.
SIKI10 MpUAHATH TaKy aHAJIOTIIO 1 IS IHIITMX BOJHUX 00’ €KTIB, 11 MOXKe OyTH JIOCTaTHHO MEPEKOHIIH-
BHM y3arajbHEHHSM, 1110 Ma€ 0€3MM0CePEIHIO MPAKTUYHY HIHHICTb.
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Pucynoxk 1 — I'padik psina cepeIHbOMICSUHUX KOHIICHTPALIM aMOHIMHUX 10HIB (@) Ta KHCHIO,
10 PO3YMHEHUH Yy pidKoBiit Boi (0).
Figure 1 - Graph of a number of average monthly concentrations of ammonium ions (a) and oxygen
dissolved in river water (b).
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Po3rnsHeMo aJieKBaTHICTh MOJIOKEHHS, 1110 TIAPOXIMIYHUNA YACOBUH PST 3QJICKUTEH BIJI IMOTIEPEIHIX
CKJIAJIOBHUX IILOT'O Psiia.

JlocrmimKeHHs] BAKOHYBAJIKCH 3a J0IMOMOI'0K0 aBTOKOppesiiaol Gyukii psga (ACF).

3 mi€ro METOXO JIB1 KOMIT psTy 3CyBaNKCh HA 1;2;3; ... TOUKH Py BiTHOCHO OJIHA Bifl iHIIIOI, OTPUMY-
BalOYM TaKUM YMHOM Tak 3BaHuil LAG.

Jani nyis Ko’kHOTO 3CYBY BU3HAUai M KoeilieHT Koppesuii. Maioun J0CTaTHIO KUTBKICTh TOYOK, 110
BiAMOBI M KOe(Dili€eHTY KOPPETAIii MPH IEBHOMY 3HAUCHHI 3CYBY, 3’ €IHYBaJIH TOYKH Bipi3KaMH IPSIMHUX,
onepxkyroun ocratouHo rpadik ACF (muB. puc.2a ta puc 20). Sk BugHO, pu 3HaueHHsIX LAG, 1m0 qopiBHIoe
OJTHOMY — JIBYM MIiCSIIsSIM, “TIafiHHs” Ha Tpadikax i HITpaTHUX 10HIB Ta KUCHIO BITHOCHO HEBEITHUKE, TOOTO
30epiraloThCs JOCTATHHO BHCOKI 3HAUCHHS KoedilieHTa Koppesiii. ToMy MOKIMBO TOBOPUTH, IO JJIS IIUX
PANIB iCHYE B3a€MO3B’ 30K IIEBHOI YaCTUHU pPsifia i3 MONEPEeIHIMH 3HAYCHHIMH IbOTO psiaa. ToOTo maHi He
MO>KHA BBaXXKaTH HE3aJEKHUMHU Yy IboMY ceHci. [1{oo aMoHIHUX Ta HITPUTHHUX 10HIB, TO TaKi B3a€EMO3B’SI3KU
y s/l BUpaXXeHi 3Ha4HO ciadie.

VY nmocmimkeni 0yB BUKopucTanuii piBeHb 3HauymocTi 0,05(5%), 1m0 € 3BU4aifHUM 3HAYSHHAM Y Tij-
poximii. Tomy xoedinientu koppensuii, 6inpii no Moayto Hix 0,15, po3rnsganuck sSK 3HaUyIi.

AJe, SIK BiIOMO, Taka KJIacHYHO BHUKOHAaHA aBTOKOppesilisi Oa3zyeTbcsl Ha JiHIHHIA Koppemsmii
[Tipcona, o mpuIryckae HopMaiabHE PO3IMOAUICHHS JaHUX [6].

Tomy peanizarito aprokoppessiiinoi pyukiuii psay (ACF) Bu3Hauaam TakoX i3 3aCTOCYBaHHSM He-
napameTpuyHuX Koppensuiit Kennenna ra Cripmena [4].

IIpu nopiBHsAHHI rpadikis, 1110 OyJIH OAepKaHi 13 BUKOPUCTAHHSIM METOJa HemapaMeTPUIHOI Koppe-
JLIil, 13 rpadikamMu “KIacHUHOT” KOPPEJISLil 3’ ICYyBajIOCh, 110 3arajbHui BuI rpadikiB Ta BiAMOBIAHI CTATH-
CTHKH 3MiHIOBAINCH MAJIO (3HAYHO MEHIE, HXK MU MPUITYCKaJIH).

VY npoMy 3B’S3KY OILHKA 3aJIKHOCTI pSAAY BiJ HOTO MEBHOI KOMEPEeaHbOI CKIal0BO1 3a JOMOMOTOI0
MeTOoAa HemapaMeTPUIHOI KOPPEIISIIIii Ta “KITaCHIHUM METOIOM MOXKYTh OYTH PIBHO3HAYHO BUKOPHUCTAaHI TIPH
TAPOXiMIYHHUX po3paxyHKax. [Ipy mpoMy “Kiaacu4Huil” METOA OLIHKK (YHKLIl MOBHHEH OYTH MOMEPEIHBO
pETeNbHO MepeBipeHnit, 0cOOIMBO MPH HASBHOCTI aHOMAJILHUX 3HAUYEHb y BUXITHUX JAHHX.

BpaxoByrouw, 110 TigpoxiMiyHi JaHi SBISIOTh COO0I0 MPUPOAHI YACOBI PSIM, POTIISTHEMO Aajli TaKy
BaKJIMBY X BIACTHBICTb SIK CE30HHICTD. J{J151 IIhOTO BUKOPUCTAEMO TUCKPETHE MepeTBOpeHHs Dyp’e.

®Dyp’e — CIEKTPU NOTYKHOCTI JEIKHUX TiAPOXIMIYHHUX JaHUX HAaBEACHI BiAMOBIAHO Ha puc. 3a Ta pHuc.

36.

SIk mokasye Halll IOCBiJ aHalli3a TaKUX JaHuX, rpadik Dyp’e — criekTpa cTae OijIbIl OYEBUIHUM, SKIIO
10 TOPU3OHTAJBHIM Bici BiIKiIagaT HoMep rapMoHiku. [IpuiiMatoun piBeHb 3Ha9yn10cTi 5% Ta 3aCTOCOBYIOUH
METOI HEMapaMeTPUIHOro OyTCTpena, 3HaX0UuMO 3Hadyli rapmoHiku 11 [NHS ], [NO5 1, [NO3 ] ta [0,].

Tax, s [NO3 '] ta [0O,] BusBnsiemo Tpu Taki rapmoniku. s [NO3 | ne 6yzne 17-ta, 20-ta Ta 40-Ba
rapMOHIKH, L0 BiAMOBiJa€ Mepioy KOJTUBAHb
240/17 = 14,1 (micaus),
240/20 = 12 (micsauin),
240/40 =~ 6 (MicauiB).

s [0, ] e BignosigHO 16-Ta, 32-a Ta 48-a TapMOHIKH, 1110 BIAMOBIA€ IEPiOAY KOJUBAHb
192/16 = 12 (micsauin),
192/32 = 6 (micaiiiB),
192/48 =~ 4 (micaui).

VY nanomy Bunaaky 240 ta 192 — noBxuHa BiAMOBIIHUX PAAIB (Y MICSLAX).

Sk BumHO, 12 — MicsiuHA Ta 6 — MiCSYHA MTEPIOAUYHICTD BIIMIYAEThCS Y 000X BHIAAKaX.

Kpim toro, nis [0, ] dikcyeTcs viTka 4 — Mics9HA IEPIOAUIHICTD.

Jins [NH ] Ta [NO3 | 3Hauymix rapMoHik gocTatHbo 6arato: mist [NHs™] Oyzme 9, a ms [NO>| — 6
3HAYYILiX FApMOHIK.

IIpu 11bOMy BiiMiYaeMO HAsIBHICTH KOJTMBAHb 13 mepiomoM 12 micsis (1 pik).

VY psni [NO; | BuAingeMo TakoX KOJIMBAHHSA 13 TEpiofgoM 6 Ta 4 MicsIi.

TakuM YMHOM, YacOBi TiAPOXIMIUHI PSAN MOKYTH “pO3PI3HATH CE30HU KaJICHAAPHOTO POKY, IO y3-
TOJDKY€ETHCS 13 HAIIMMH TTOTIEPEIHIMH TOCIiHKeHAIMU[ 7].
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Pucynoxk 2 — I'padik kiaacuuHoi aBTokopesniiHol GyHkiii rigpoximiuaoro psaaa (ACF) mis aMmoHiitHuX i0-
HiB (2) Ta KUCHIO, 110 PO3YMHEHHH Y piuKoBii Boi (0).
Figure 2 - Graph of the classical autocorrelation function of the hydrochemical series (ACF) for ammonium
ions (a) and oxygen dissolved in river water (b).
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-3 | FFT SPECTRUM FOR RIVER-I-NH4-1991-2010-MONTH.DATA
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Pucynok 3 — @yp’e — cneKTpy NOTYKHOCTI TIPOXiMIYHOTO Psiia aMOHIMHUX 10HIB (@) Ta KUCHIO, 10 PO3YH-
HEHHH Yy piuKoBiii Bofi (0).
Figure 3 - Fourier - power spectra of the hydrochemical series of ammonium ions (a) and oxygen dissolved
in river water (b).
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Jaii po3rissHeMO 3MiHU Y MOBEIIHII TIAPOXIMIYHHUX PSJIIB BOPOIOBXK KOKHOTO Micsns. IS mboro
BHOEPEMO i3 psijia CEPEeTHHOMICIIHHX TiAPOXiIMIYHHX MTOKA3HUKIB BCi 3HaUeHHS 3a 20-pivHMiA IEpio, 110 Bij-
MOBIAAIOTH CIYHIO.

Taxum yrHOM, Oymemo mMatu BUOIpKY i3 20 Todok. Jlarmi 3HaX0quMO CepemHe i3 WX JaHUX Ta OJep-
KYEMO OZHE YUCIIO (OJHY TOUKY).

Bukonaemo Taky oreparlito BiAIOBIIHO IS JIFOTHX, OCPE3HEH, ... IUCTONAIIB Ta TpyaHEH. Y pe3yiib-
TaTl MaeMo 12 TOYOK, TOOTO IO OJHIN TOYII JJISI KOYKHOTO MICSILIS.

Sk BiZOMO, y METEOpoJIOTii iCHy€e Take MOHATTA SIK “‘cepelHe Oarartopidyne ~, abo “mMeTeoHOpMa”.

BpaxoBytoun, 1m0 y MeTeoposorii OiIbIIiCTh YaCOBUX PALIB MiAMOPSIIKOBYETHCA 3aKOHY HOPMAab-
HOT'O PO3MOIIICHHS, BAKOPUCTAHHS 3HAYCHHS “‘CepeHBOr0 apu(hMETHUIHOr0” Oy/Ie IIJIKOM JOIYCTHUME.

B Toi1 e Jac riipoxiMidHi JaHi, HAaBAKW, MalOTh CTATUCTUYHI PO3MOAUICHHS, SIK1 TOCUTh JaJIeKi Bif
HOPMAaJIBHOTO.

V 11p0My 3B’ SI3KY TOHATTS “‘MeTeOHOpMA™ IS TIAPOXIMIYHIX YaCOBHUX PSIiB IOBHHHE 0a3yBaTHCh HE
Ha “‘cepeHbOMY apr(PMETHUHOMY, a Ha 3HAYCHHI MEIiaHU.

SIK110 Bee K TaKH BUKOPUCTATH 3HAYCHHS ‘CEPEeIHbOr0 apuMETHIHOT0”, BIIMIHHICTh HE Oye Haly-
BaTH KaTaCTPO(idHOTO XapaKTepy.

3rigHo puc. 4a Ta 40, y JTaHOMY pa3i CIIOCTEPIrae€ThCs iICTOTHA 3aJISKHICTD “‘CepeTHBOT0 3HAUCHHS (Y
JTAHOMY BHITAJIKy I1¢ ME/IiaHa) B MICAISI POKY.

Crig BpaxyBaTH, 1110 3HAYCHHS OKPEMUX MOKA3HUKIB MOXYTh 3MIHIOBATHCh Y TIPOJIOBXK POKY Y JEKi-
JbKa pasiB (iHoai Maibke Ha opsinok!). Hanpukmaz, anst HitpaTtHuX i0HIB [N O3 | MaKCHMyM 3Ha4€Hb CIIOCTE-
piraemo y moromy (01151 4,5 me/n), a MiHIMyM — HanpukiHii TpaeHst (0,6 me/1). ToOTO KOHIIEHTPALIisA PEUOBHUHU
3a MeH mepio 3MiHIOBaIach Maike y 8 pasiB.

Sxuo Haganmi OyneMo MaTH y I[bOMY BUITJIKy HAJUTHIITKOBY KOHIICHTPAI[IF0 PEYOBHUH (32 TpaBEHb
-4epPBEHb), MOJKHO BBaXKATH, III0 PEKUM BOJTHOTO 00’ €KTa 3MIHIOETHCS y TIpIIHA OiK.

JlocmimkeHHs, HaBeICH] y CTaTTi, CYMPOBOKYBAINCH TAKOXK BU3HAUCHHSAM JIOBIPYHX 1HTEPBAJIiB, 400
3HAYEHHIMH p-value, a00 TOTO UM 1HIIOTO Pa3oM.

BucHoBku

1. TlokazaHa HECIIPOMOXKHICTh KJIIACHYHOI apagirMu oOpoOKH rigpoxiMidnoi iHopmarlii, sika 0azyeTbest
Ha TapaMETPUIHUX METO/IaX CTATUCTHKH.

2. T'igpoximiuHi gaHi ci1ijg 000B’I3KOBO PO3TJISLAATH 13 MO3UIIH IPUPOJHUX YacOBUX psAAiB. [Ipu 1ipomy
JUTS TIAPOXIMIYHKX PSJIIB BKpai BaXKJIMBUM € MOPSIOK CIIIKYBaHHS JaHUX (y OLIBIIOCTI BUMIAAKIB — 38 YaCOM).
ToOTo OKpeMi CKIIaJI0Bi TAKUX PsI/IiB HE MOYKHA PO3TIISAAATH SK TTOBHICTIO HE3aIEKHI OJTUH BiJl OJTHOTO.

[TeBHi cKIIaMOBI TIAPOXIMIYHUX PSIIB 3aJIEKATh O€3MOCEPEAHBO Bifl MONIEPEIHIX CKIAIOBUX psiaa (cro-
CTepiraeThcs 3Ha9YHA aBTOKOppensais). Ilo-cyTi, e 03Hadae, MO € IEBHUH 3aKOH, SKUH I MPAKTHIHUX 3a-
CTOCYBaHb MOXKJIMBO BBaXKAaTH JICTCPMIHOBAHUM, 1 Ha 0a3i sSIKOTO IO MOMEPEIHIM 3HAaYeHHSIM MOXe OyTH BCTa-
HOBJICHE KOHKPETHE 3Ha4UeHH psAAy. ToOTo riapoxiMidHi yacoBi psiau € Oinblie a0o MEHIIE TPOTHO30BaHIMU,
IO € HAJI3BUYAHO BAKIMBHUM TIPH 1X TPAKTHYHOMY 3aCTOCYBaHHI.

3. T'igpoximidHi JaHi MOKYTh OyTH aJeKBaTHO OTFCAHI JIUIIIE ITPH YMOBI BUKOPUCTAHHSI HETTapaMeTPHY-
HUX METOJIB CTaTUCTHKH, OCKUIbKH Yy OULTBIIOCTI CBOIHM Taki JaHi HE MiJAKOPIOIOTHCS 3aKOHY HOPMAaJIbHOTO
posmnoauteHHs. Takoxk, K OyJ0 BCTAaHOBJICHO €KCIEPHMEHTAIhHO, TIAPOXiIMIUHI JaHI MPOSBITIOTH HECTa-
IIOHAPHICTH 1 IO BiTHOMICHHIO 10 6araThOX IHIITHUX 3aKOHIB PO3TOIiIICHHS.

4. Ha mpoTuBary oKpeMuM iHIUBiAyalbHUM IMapaMETPUYHUM METOJaM OYB 3aCTOCOBaHUI yHiBEepCallb-
HUHM MiAXiA MpU NPOBENEHHI CTATUCTHYHMX JOCTIDKeHb Ha 0a3l BUKOPHUCTAHHS HEMapaMeTpHUYHOro OyT-
cTperna. 3’BUIach MOXKIIUBICTD IIPOBEIEHHS CTATUCTUYHUX JTOCIIHKEHD 33 €UHOI0 METOIUKOIO0, TPAKTUIHO
13 BUKOPUCTaHHIM OJHi€1 yHiBEpCaNbHOI MPOLIETYPH.

5. Sk moka3zanu MpoBeJeHI JOCIIHKCHHS, 3aCTOCYBAaHHS HETIAPaMETPUIHOTO MiIXOTy JI03BOJIIE Y TOMY
YUCIT PO3PI3HATH CE30HHU Ta 3MiHH Y TIOBEIIHIII T1APOXIMITHAX YACOBHUX PAJIIB YIIPOIOBK KAICHIAPHOTO POKY.

6. OneprkaHi y pi3HI POKM BUCHOBKH OO0 HAMIHHOCTI 3aCTOCYBaHHS BUKIIIOYHO TapaMETPUIHOTO TTiJI-
X0y NP POBEACHHI €KOJIOT1YHUX JOCHTIHKEHb HOTPeOYIOTh BCEO1YHOTO KPUTUYHOTO aHAIIi3Y Ta IEPECMOTPY
3acTapinoi mapaairMu.
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I METEONORMA FOR RIVER-I-NO3-1991-2010-MONTH.DATA
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Figure 4 - Median value for nitrate ions (a) and oxygen dissolved in river water (b).
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JTOCJII)KEHHSI 3AKOHOMIPHOCTEM 3BOJIOKEHHSI JOPOKHbOI KOHCTPYKIIII TA
METO/Y MOTr'0 PETYJIIOBAHHA

RESEARCH OF PATTERNS OF ROAD CONSTRUCTION WETTING AND METHODS OF ITS
REGULATION

By0eaa Aunapiii BoroguMupoBuY, KaHAUIAT TEXHIYHUX HayK, AomeHT, Ha-
[IIOHAJILHUI TPAaHCIOPTHUH YHIBEPCHTET, JOLEHT Kadeapu TpaHCIOPTHOIO
OyIiBHUIITBA Ta yNpaBIiHHA MaitHOM, e-mail: bubelaandrey@ukr.net, Tem.:
+380505535594, Ykpaina, 01010, Kuis, Byn. OmensHosuua—Ilapnenka 1,

http://orcid.org/0000-0002-5619-003X.

Anotanis. [lepeBaxkHa OiBIIICTh JOPOKHIX MOKPUTTIB € BOJONPOHUKHUMH BHACIIAOK CTapiHHS Ma-
TepiajiB, HASSBHOCTI TPIIIMH Ta MiKPOTpimuH. HakommdeHHS BOJIOTH Y HIDKHIX IIapax MTOPOKHBOTO OJIATY Ta
po0ouiii 30H1 3eMJITHOTO TI0JI0THA B pE3yJIbTaTi 3HAYHOT KiJIbKOCTI 3MMOBHUX OMAJiB Ta IUTFOCOBUX TEMIIEPaTyp;
MOTPAIUISIHHS BOJIOTH BiA AOIIy 4yepe3 Ae(eKTH MOKPUTTA, HE CIUIAaHOBaHI y30i44s, pO3ALTIOBAIILHY CMYTY;
BIITHUCKAHHS BOJH 3 HIDKHIX IIapiB IPH PO3TaBaHHI KOHCTPYKIIiI BECHOIO Ta 0araTo iHIIMX (aKkTOPiB CYTTEBO
BIUTMBAIOTH HAa TPAHCIIOPTHO-EKCIUTYaTaIliiHAN CTaH aBTOMOOITBLHOT TIOPOTH 1 MPU3BOIATE O BTPATH i1 HECY-
40i 31aTHOCTI. TOMy, TIpu po3poOIIi MPUHIUIIIB i METOAIB MPOSKTYBAHHS CTIMKUX Ta eKOHOMIYHHUX JOPOXKHIX
KOHCTPYKITili HEOOXiTHO OIIHIOBATH IHTCHCUBHICTh Ta 3aKOHOMIPHICTh 3MiHU BOJTHO-TEIIJIOBOTO PEKUMY.

B yMoBax HECTIpHUATINBOTO BOIHO-TEILIOBOTO PEKUMY BUHUKAE TTOTpeda y BIAITYBAHHI JPEHAXKIB Mi-
JIKOTO 3aKJIaJIaHHs, K1 3HAXOASAThCS B 30HI IPOMEP3aHHs 1 MpU3HAYCHi 17151 3a0€31IeYeHHS BOJ0B11BOTY (TIpUH-
LIUI OCYIIEHHsT) 200 PO3MILICHHS B HUX (PUHIIMIT TOTJIMHAHHS) BCi€l BOAM, sIKa HAAXOJUTD 10 OCHOBH MPOi-
3HOT YaCTHHH B PO3PaxXyHKOBHUH MePiofl, a TAKOXK 3a0e3MedeHHs MaKCHMAIIBHOTO 3aXUCTY 3€MIISTHOTO TTOJIOTHA
BiJI TIEpE3BOJIOKECHHS MTOBEPXHEBOIO BOJOI0. [Ipy MpOeKTYBaHHI MPEeHAXIB MIJIKOTO 3aKJIagaHHsA HEOOXigHO,
00 CyMapHWUiA MPUTOK BOJIOTH BiJl Pi3HUX JKEPEN 3BOJIOKCHHS HE MIEPEBUIIYBaB CyMapHOi KUTBKOCTI BOJIOTH,
sIKa BIIBOAUTHCS, 1110 00YMOBITIOE tehopMalliiHy 3aTHICTh, MIITHICTb i JOBIOBIYHICTh JJOPOXKHBOI KOHCTPYK-
mii.

Kuaro4ogi ciioBa: aBToM0o0iTBHA TOpOTa, TPAHCIOPTHO-SKCILTyaTalliiHUH CTaH, JPEeHAX MIUIKOTO 3aKJia-
JTaHHSI, BOJHO-TETUIOBUH PEXKHUM.

Beryn. ABromMoOinsHa T0pora € CKIa HAM JIHIHHO-TIPOTSDKHAM 00’ €KTOM, SIKAH CKIIaAa€Thes 31 3HAY-
HOi KITBKOCTI KOHCTPYKTHBHHUX €JIEMEHTIB. BiAmoBimanbHICTh 1 BaKIUBICTH iX 0€3BiAMOBHOI poOOTH
OB’ s13aHi 3 Oe3MMocepeIHIM BINTHBOM Ha 0e31eky pyxy. OcoOIMBO BOKIUBUM € 3a0€3M€UCHHS TPAaHCIIOPTHO-
eKCIUTyaTaIifHOTO CTaHy THUX €JIEMCHTIB, 3 SKUMH BiIOYBAETHCS O€3MOCepeaHIil KOHTAKT TPAHCIIOPTHHX 3a-
c00iB — 116 MOKPUTTA JOPOKHBOTO OJATY, Y3014 Ta 3eMIsiHe TOJIOTHO. Ha 3a3HayeHi eneMeHTH YUHATH BIUIUB
MOrOJHO-KJIiMaTHYHI (hakTOpH (3MiHA TeMIIEpaTypH, BIUIMB OMaJiB, BUBITPIOBAHHS Ta iH.), COHSYHA pajialis,
HaBaHTaXXEHHS BiJl PyXOMOTO CKIIa/1y, 3aX0JIH 3 EKCIUTyaTaIlifHOTO YTPUMAaHHS, SKi BU3HAYAIOTh BOJIHO-TEII-
noBuit pexkuM (BTP) nopoxubsoi koncTpykii. [lpy OymiBHUITBI, pEKOHCTPYKIII UM KamiTalbHOMY PEMOHTI
Jopir B ymoBax HecnpustauBoro BTP, BuHukae morpeba y BIalITyBaHHI CHCTEM PETYJIIOBAHHS BOJIOTOCTI
JIOPO’KHBOTO OJSTY Ta POOOUYOI 30HU 3EMJITHOTO IMOJIOTHA. I3 Ii€0 METOI0 BIIAMTOBYIOTH APCHAXKI MIJTKOTO
3aKJIaJdaHHs, SKi MpU3HaYeH] I 3a0e31eYeHHs BOAOBIIBOY BCi€l BOMH, IO HAIXOIUTH B JKEPEN 3BOJIO-
xeHHs1. OCHOBHOIO YMOBOIO IPY NIPOEKTYBaHHI JpeHaxiB Minkoro 3aknaganns (JJM3) € Bu3HaueHHS OCHOB-
HUX JDKEPEIT 3BOJIOKCHHSI, iX 00CAT Ta iIHTCHCUBHICTb.

OcHoBHa yacTuHa. [[peHakHi KOHCTPYKII1 Ha aBTOMOOLIBHUX IOPOraX BIAIITOBYIOTHCS I 3a0e31ie-
YEeHHS CTIMKOCTI 3eMJISTHOTO MTOJIOTHA T4 MAaKCHMAIBHOTO 3aXKCTY BiJl IEPE3BOJIOKEHHS! OCHOBHU JIOPOKHBOTO
OJSTy TIOBEPXHEBUMH Ta MiI3eMHUMHU BoaaMmu [1]. Boaa min MOKpUTTS MPOCOYYETHCA MUIIXOM KaIllIIPHOTO
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MiAHATTS Ta Yepe3 MOPH 1 TPIIIMHYU MOKPUTTS, OSABY AKHUX 1 PO3MOJIIT MO TUIOIIUHI MTepeAdadunTH 3a3/1aeriab
HEMOXIUBO. ToMy ApeHa)kHa KOHCTPYKIiSl TOBUHHA 3a0€3IIeYNTH aKyMYJIIOBaHHS 1 BiIBiA BOAM 3 OyIb-KOI
TOYKHU TIOKPHUTTS O€3 TepepuBaHHs PyXy, B JIFOOUI epio1 Ta pO3MOBCIOIXKYBATHCS 110 HU3Y OKPHUTTS HA TMO-
BHY Horo mmpuHy. Ha qanmii MOMEHT BiJICYTHI BOJIOHETIPOHUKHI IIOKPUTTS, SIKi 3a0€3MedyIOTh JOCTATHIO BO-
JOCTIHKiCTh Ha HeoOXiaHuH yac. Came TOMY MPOEKTYBaHHs JPEHAKHOI CUCTEMH MOTPiOHO NependayaTu pu
OYIiBHHIITBI SIK )KOPCTKHX, TAK 1 HEXKOPCTKUX THITIB TIOKPUTTSI.

[Ipu OymiBHHITBI AOPIT HEOOXiMHO BpaXxOBYBAaTH PiBEHb IPYHTOBHX BOJ 1 IPUTOK BOIHU BiJ YCIX Bi0-
MUX JKepe 3BoJIoKeHHS. [lepeBakHO MpH KOHCTPYIOBAaHHI JpEeHa)Ky BPaxOBYIOTh BiABEJICHHS BOIH, sSIKa Ha-
IXOIUTh B KOHCTPYKTHBHI IIapH JOPOKHBOTO OJSTY BiJl BIUIMBY IPYHTOBUX BOJ Ta BHACIIIOK BECHSIHOTO BO-
JIOTOHAKOITUYEHHS, HE BPaXxOBYIOUHM BILIUB 1HQLIBTPAIIHHOT BOJIOTH. AJe MIC/s I€TAIbHOTO BUBUCHHS BUIIA-
JKiB 1 IPUYMH pyHHYBaHHs MOKPUTTIB BiJl EPE3BOIOKEHHS 1H(IIBTpaniiHO0 BOJOI0 Oy10 3p00JIeHO BUCHO-
BKH TIPO Te, IO APCHA)XKHA CHCTEeMa OBMHHA BIIAIITOBYBATUCH 3aBX/AU, KPIM OCOOJMBHX BHIAJKIB, HAaIlpH-
KJIaJl, TIpy OY/IIBHUIITBI TIOKPUTTS B MMOCYIIIMBUX paiiOHAX 3 HE3HAYHOIO KUTBKICTIO OTIAIiB.

IcHyroui MeToM HE TOBHICTIO BPAaxOBYIOTh IO YCIX MOXKIIMBHX JDKEPET 3BOJIOKCHHS, OCOOIMBOCTI
KJIiMaTy perioHy MpoXOoDKEHHs IOPOTH, PEXKUMH PyXY PiAMHHU y MOPUCTOMY CEPEAIOBHILI APEHYIOUOTO IPO-
HIapKy TOLIO.

PospaxyHok ocHOBHUX napameTpiB JIM3 BHKOHY€EThCS Ha OCHOBI 3arajlbHOrO MUTOMOTO HaJUIHIIKY
BOJM, KA HAIXOIUTh y HAUOINbII HECHPUATIWBUN MEPioN BiA YCIX MOXIMBUX JKEpEN 3BOJIOKCHHS
(puc.1). Ll BenuurHA i € OCHOBHUM MapaMeTPOM, KU XapaKTepu3ye BOAHO-TEIUIOBUN pexkuM. Bona
3aJICKUTH K BiJl YMOB 3BOJIOKCHHS y TOIEPENHIN TEpio, TaK i Bi 3MiHH TeMIIEpaTypH IMOBITPs, KOHC-
TPYKUIii, pEKUMIB BUIIaJIHHS ONaiB, IIBUAKOCTI PO3TaBaHHSA KOHCTPYKTHBHUX IIApiB Ta 1H.

1 1

Pucynok 1 — OcHoBHi mkepena 3BoioxkeHnHs JK: / —armocdepHi onaay; 2 — 6iuHe IpUTiKaHHS; 3 — iH(LIb-
TparliiiHa Bojia; 4 — mapornoaiOHa Bojia; J — IUTIBKOBA BOJA; 6 — KAMISIPHE ITiTHATTSI.
Figure 1 — The main sources of humidification: 1 - precipitation; 2 - lateral inflow; 3 - infiltration water; 4 -
vaporous water; 5 - membrane water; 6 - capillary rise.

st Toro mo0 YHUKHYTH TPUBAJIOTO MEPE3BONIOKEHHS KOHCTPYKTUBHHX IIApiB HOKPHUTTS Ta OCHOB,
noTpiOHO 3am00IrTM aKyMyJIIOBaHHS B HUX BEJIMKOI KUIBKOCTI BUIbHOT Boau. i poOOTH JOPOKHBOI KOHC-

TPYKIIii y CIPUATINBUAX YMOBAxX BOJIHO-TCIIOBOTO PEKUMY HEOOXIITHO, MO0 CyMapHHA MPUTOK BOJIOTH BiJ
pi3HUX mKepen 380a0xkeHHs () Q) He IepeBUIYBaB CyMapHOi KiJIBKOCTI BOJIOTH, 1110 Bigsomuthes (Y 1) [2]:

LQ <Xl (M

Bupas (1) moxxe OyTr TakoX 3allUCaHO B HACTYITHOMY BHTJISIAL:

Qch]) + QPos + QKan = IBI/II'I + Ich]) + I3M + IBHC + Iﬂpa (2)

e Qru¢ — BEAMYNHA HAIXODKEHHS 1H(DUIBTPALIHHOT BOIOTH B OCHOBY JIOPOKHBOIO OJIATY BiJl aTMOC-
(depHuX omajiB yepe3 y301uus, MOKPUTTS MPOI3HOI YaCTHHHU, PO3IiTIOBAIIBHY CMYTY;
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Qpos — 00’€M BOIM, 11O 3BUIBHSAETHCS MPH PO3TABaHHI IPYHTY MiJl MPOi3HOI0 YACTHHOIO Ta y3014usMH
(BIATHCKAETHCS 13 HIDKHIX IIapiB 3eMJITHOTO TOJIOTHA Y BECHSIHUIM Iepion);

Qxan — KUTBKICTh KaIISIPHOT BOJIOTH,

gy — 00CAT BOJIU, SIKA BUIIAPOBYETHCS;

l1yg — 00CAT BOIM, 110 MIPUIIAJAE HA TIOTIEPEYHY IHOUIBTPALLO 3 MPOCOUYBAHHAM Yepe3 y301uus;

I3y, — 00cAr BOaM, 110 TIPUMAJae HAa MPOCOYYBAHHS B IPYHTOBY OCHOBY 1 Ha 3MOUYBaHHS APEHAXHOTO
Hiapy;

Igyc — 0OCAT BOIHU, SIKWM BUCTYIIA€ HA TIOBEPXHIO TTOKPUTTS Yepe3 TPILNTHHU 1 IIIBH;

Iyp — 00cAT BOMM, KU BIIBOAUTHCS IPEHAXKHOIO CHCTEMOIO.

Buxonsuu 3 Bupa3sy (2) MOKHA BU3HAYUTH KiIBKICTh BOJH, SIKY BiBOJUTH IPCHAXKHA CUCTEMA:

I,le = (Qch]) + QP03 + QKan) - (IBpm + IIHQ) + I3M + IBHC) (3)

[Tpu aHani3i NpUTOKY BOJH, SIKMI IMPOHUKAE B KOHCTPYKTUBHI IIapH, OCHOBHA yBara MOBHHHA OyTH Ha-
MIpaBJICHA HA BUSBIICHHS JDKEPEII, SIKi MAIOTh CYTTEBE 3HAYCHHS, 1 OIL[IHKY KUTLKOCTI BipOT1THOTO HaIXO/KCHHS
BOAM. Y 3aJIeKHOCTI BiJI HOTMOJHMX YMOB Ta KOHCTPYKIIIT MONEPEYHOI0 MPOMiIi0 aBTOMOOLIBHOT TOPOTH ASAKI
13 nofauKiB Bupasy (1) MoKyTh OyTH BiAICYTHI. B MuHYsIOMY OYII0 IPUAHSTO BBAXKATH, 11O Qyyqy € HE CYTTEBUM
JDKEPEIIOM HAJXOJKCHHSI BOJU B 3€MIISIHE TOJIOTHO JIOPOTH, ajie CIIOCTEPEIKEHHS MPOTATOM ocTaHHiX 30-35
POKIB JI03BOJIAOTH 3pOOUTH BUCHOBKH TIPO T€, IO (4, TOOTO MOBEPXHEBA IHPLIBTPALLIS, YacTO OyBa€e roso-
BHUM, SIKIIIO HE €IMHAM JDKEPEIIOM MIPUTOKY BOJU B TIOKPHTTSL.

J1i1st THX BUMAZIKIB, KOJIM TIOBEPXHEBA IHPUILTPALiS Qg € EAMHAM JUKEPEIOM HAXODKEHHS BOIU, OC-
HOBHa (pOopMyJia MOKe OYTH 3amrcaHa HACTYITHUM YHHOM:

QIHCI) <I Ip (4)

JlaHuit BUpa3 roBOPUTH PO TE, IO MOXKITUBICTh BIJIBOIY BOJIY 32 JIOTIOMOT'OIO JIPEHAKHOI CUCTEMH I10-
BUHHA OyTH piBHOIO ab0 OiiblIe 00’eMy BOAH, SIKUH NPOCOUYETHCA B KOHCTPYKTHUBHI LIapy TOKPHUTTS 32 pa-
XYHOK MOBEPXHEBOI 1H(LIbTpalii. Jlanui BUpa3 3aCTOCOBYETHCSA IS BUNIAJIKIB, KOJIM 00°€MH Igyy, lug, [3u Ta
Igyc TOCTAaTHHO MaJIi 1 10 yBaru He MPUHMAIOTECS, IO 3YCTPIYA€EThCS Ty)KEe 9acTo.

PospaxyHkoBa BUTpaTa BOAM IIPH NMPOCKTYBaHHI 3a3BUYal BU3HAYAETHCA 3 JACTKUM KOoe(DiIlieHTOM 3a-
nacy (C). Toni Bupa3 (1) HaOyBae TakoTO BUIIISAY:

CXe<sXxl, )

a Bupa3 (4) npuiiMe HaCTYITHUIA BUTIISIL:

CY Qe < X1pp (6)

Jiist Toro, 100 PO3yMHO BpaxyBaTH HETOUHICTD 1 BIICTYIH BiJ peanbHOI OLIHKY psina (akTopiB i moka-
3HHUKIB, SIKI BIUTMBAIOTh Ha 1H(UIBTPALIiO 1 BiABII BOAM 3 MOKPHUTTS, JOMYCKAIOTh, 10 KOE(DIIi€HT 3amacy Io-
BHHEH OyTH piBHMI 4 200 5.

VY THX BUNaIKax, KOJM MOKPUTTS HE MAa€ OCTaTHbO-€()EKTUBHOI APEHAXKHOI CUCTEMH, BOJIA, SIKa Ha-
XOAWTH, MOKE HAKOMUYIYBATHUCS y BEJHUKiH KiJIBKOCTI B KOHCTPYKTUBHUX LIapax Ta TPUMATH CHCTEMY B Haj-
3BHYANHO TTEPE3BOI0KEHOMY CTaHi IMMPOTATOM JOBTOTO CTPOKY. 3a Iel Jac BiOYBa€ThCS BITHOCHO HEBEIHMKA
BTpaTa BOJIM 4epe3 MOBEPXHEBE BUIIAPOBYBAHHA gy, TOMY, el (hakTop MaTHMe HMOBIpHO HECyTTEBE 3HA-
YeHHS B 3arajikHOMy BOAHOMY Oananci. Jleska KUTbKiCTh BOIH [g,. MOYXKE BUXOIUTH Yepe3 LIBH 1 TPILIMHU B
MOKPUTTAX i BILIMBOM Pi3HUX (akTopiB [3]. Boxa, kpiM TOro, mpoco4yeThCsl JOHU3Y B IPYHTOBY OCHOBY
I3, aj1€ BILIUB 11bOT0 (haKTopa B OLIBIIOCTI BUMAAKIB TAKOK HECYTTEBHH.

VY 6inb1oCTi BUNAAKIB BUKOPUCTOBYIOTH MillIaHi IPYHTH, SIKi € JOCHTh IPOHUKHUMH, aJieé BOHU HE 3aB-
I MaloTh HEOOXiIHY JpeHa)KHY 3AaTHICTb, 0COONMBO B 3MMOBHH nepio. Boaa, mo norpamnuia B KOHCTPY-
KTHBHI IIApH ITOKPUTTS 1 B BEpXHI IIapH TPYHTOBOI OCHOBH, MO’KE TP BiITaBaHHI HABECHI BUKIIMKATH BaXKKI
ymkopkeHHs. [IpoGiiema monsrae B ToMy, 110 BiIBEACHHS BOAN 3 TOKPHUTTS € MOBUILHUM IIPOLIECOM.

Binomo, mo 6araTo MarepiaiiB, sIKi 4aCTO BUKOPUCTOBYIOTBCS B JOPOXKHIX KOHCTPYKIISIX, MalOTh KOe-
¢inientn dinpTpanii B aiana3oHi Big 1 10 5 M/100y, 1110 TOBOPHUTH PO HEBUCOKY APCHAXKHY 31aTHICTh TAKHX
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mapiB. [Ipu HasBHOCTI MaTepiaiiB 3 KoeginieHToM QinpTpaii 6inbie 5 M/000y MocTae MUTaHHS Y CIIPOMOXK-
HOCTi APEHaXXHOI CUCTEMH BiIBECTH BCIO BOAY, SIKA IHTEHCHUBHO HAaJIXOAUTH 0 AOPOKHBOI KOHCTpyKuii. He-
3HAYHI IMONIEPEUHI YXUIIU APEHAKHUX MAPIB YCKJIATHIOIOTh BUTAICHHS BOJIU 3 HUX. J[peHakHY 3MaTHICTH T10-
BEpXHI MOJKHA 3HAYHO ITiBUTITUTH, BUKOPHUCTOBYIOUH MaTepiall 3 HaA3BUYaifHO BUCOKOIO BOJIOIIPOHUKHICTIO.
BinBeneHHs Boau 3 ApEHAKHUX INAPIB, SIKi MAIOTh HEBEJIMKUN yXWII, 3a3BUYAll YCKIIATHCHHUN 4Yepe3 Majuid
TiApaBIIiYHAN YXWI 1 HE3HAYHY TOBIIUHY Iapy, 0 BPaXOBYETHCS TIPH CKIAAaHHI CXEMH MPUILINBY 1 BiJBeE-
JICHHS BOJIH.

Pucynok 2 — Pyx moToky npu BiABOAI MOBEPXHEBOI iH(IIBTpaLiiiHOT BOIM 3 MOKPUTTA: | — IpeHakHa
TpaHIIes 3 Pi3HUX MaTepiajliB-HAIOBHIOBAUIB; 2 — MIPECHAKHUN Iap; 3 —Iapu TOPOKHBOTO OJATY; 4 — y3-
Oiyds; 5 — BimKpWTa KaHaBa.

Figure 2 — The flow movement during the surface infiltration water removal from the pavement: 1 -
drainage trench of different filler materials; 2 - drainage layer; 3 - layers of road pavement; 4 - roadside; 5 -
open trench.

Sk mpaBuio, pu po3paxyHkax JIM3 0CHOBHHM JKEPEIIOM 3BOJIOKCHHS BBAXKAETHCS BOJIOTA, SIKa 3Bi-
JTBHAETHCSA TIPH PO3TaBaHHI IPYHTY ITiJ TIPOI3HOI0 YACTHHOIO Ta y30i4dsiMu (BIATHCKAETHCA 13 HIDKHIX IIIapiB
3eMJISIHOTO TIOJIOTHA y BecHAHUI niepion). [Ipote, BpaxoBytoun Toii (hakT, 110 JOPOKHI OIATH aBTOMOOITEHIX
JOPIr Ta KOHCTPYKILIi y3014 He 3a0€3MedyI0Th IOBHOI BOJAOHETIPOHUKHOCTI, KIJIBKICTD iH(1IbTpauiifHOT BOJIOTH
BiJl aTMOC(EPHHUX OIMaJiB MOXKE IMEPEBHUILYBATH KiJbKICTh BOJIOTH BiJl 3MMOBOI'0 BOJIOrOHAaKONMUUeHHs [4]. 3
OTJISIY Ha IIe, CTOITh MUTAHHS BU3HAYCHHS PO3PAXyHKOBOTO (HAMOIIBII HECTIPUATIIMBOTO) ITEPIOTy 1HAUBIMY-
QJIBHO JIJISI KOYKHOTO PETIOHY 3 YpaxXyBaHHSAM PEKUMY BHIIJJaHHS OMAJliB Ta TEMIIEPATYPHUX KOJIHBAHb.

3araipHUI TUTOMHAN HAJUTHIIIOK BOJIU Y TAKOMY BUMAJKY Oyze CKIaJaTHCS 13 CYMH MATOMUX HaJ[JTHIII-
KiB Bij iH(QLIbTpallil, BU3HAUYCHUX 32 PE3yJIbTaTaMu 0araToOpidyHUX CIOCTEPEKEHb, Ta 3arajbHOI KiJIBKOCTI BO-
JIOTH, sIKa BUBIJIBHUIIACS MPOTATOM IMEPIOAY PO3TaBaHHS KOHCTPYKIIii, PO3ILJICHOT HAa TPUBAIICTh MEPiOAY po-
3TaBaHHs J0 TIUOWHU, PIBHOI TaKii, 3 K0T BOJIa MOXE BiITUCKATUCS HA TTIOBEPXHIO.

BucHoBok. Y BITUM3HSHIN HOpMAaTHBHIHM 0a31 Ta HAYKOBIH JIiTEpaTypi HEAOCTATHLO YBaru MPUIIIICHO
MUTaHHSIM TOYHOT'O BU3HAYCHHS BETMYMHU HAIXOKEHHS BOJIOTH JIO JOPOKHBOI KOHCTPYKIIIT BiJ] pi3HUX JIXKe-
PeJt 3BOJIOKEHHS IIPOTATOM POKY Ta PO3PaXyHKY TOBIIWHH APEHYIOUOT0 IIapy 3 ypaxyBaHHIM OCOOIMBOCTEH
PYXy BOJIU Y TIOPUCTOMY CEPEIOBHIII MMPH HASABHOCTI iH(iNbTparii. BignoBimHo A0 1[bOro 3Ha4HA KiJIbKICTh
pyliHyBaHb Ta Ae(QopMalliii, IKi BAHUKAIOTh Ha aBTOMOOUIBHUX JOpOrax 3arajibHOr0 KOPUCTYBaHHS YKpaiHu,
MoB’s13aH1 came 3 He3a0e3MeueHHAM CIIPUATINBOTO BOJHO-TEIUIOBOTO PEXKUMY poOOTH KoHCTpyKuii. ITixBu-
MIEHHS TOYHOCTI pO3paxyHKiB MpH MpoekTyBaHHI JIM3 macth 3Mory mpu3HadaTH OOIPYHTOBAHI IapaMeTpu
KOHCTPYKIIii, 3aII00ITTH MTePEe3BOI0KEHHIO Ta PYHHYBAHHIO JOPOKHBOI KOHCTPYKIIIT Y HECTIPHUSITINBHMA TIEPi0T
3 TOYKH 30py BOJHO-TEIUIOBOTO PEKUMY, IIOAOBXKUTH CTPOK CIYXKOM aBTOMOOIBHOI JOPOTH, 3MEHIIUTH BH-
TpaTH Ha 1l PEMOHT Ta eKCIUTyaTalliiiHe yTPUMAaHHS.
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Abstract. The vast majority of road surfaces are waterproof due to ageing materials, cracks and micro-
cracks. The accumulation of moisture in the lower layers of road clothing and in the working zone of the
earthen fabric as a result of the high amount of winter precipitation and the positive temperatures; the fall of
moisture from rain through defects in the surface rather than the planned shoulders, the stripe; The pressure of
water from the lower layers during the melting of the structure in spring and many other factors have a signif-
icant influence on the transport and operation of the road and result in the loss of its carrying capacity.

Therefore, in developing the principles and methods for designing sustainable and economical road
structures, it is necessary to assess the intensity and regularity of changes in the water and thermal regime.
Under adverse water-thermal conditions, shallow drainage is required, which is located in a frozen zone and
is intended for drainage (the principle of drainage) or siting therein (the principle of absorption) All the water
that enters the base of the carriageway during the reference period, as well as the maximum protection of the
earthen fabric from wetting by surface water. In the design of shallow drains, the total flow of water from the
various sources of moisture must not exceed the total amount of moisture to be extracted, which makes road
construction resistant, durable and durable.

Keywords: highway, transport maintenance condition, drainage of small mortgages, water-thermal re-
gime.
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AHoTauisi. Y cTaTTi BAKOHAHO aHAI3 iICHYIOUOTO JIOCBITYy PO3PaXyHKY JOPOKHIX KOHCTPYKIIiH apMo-
BaHUX reoIpaTKaMHy Ta JONOBHEHO BIACHUMH €KCTIEPUMEHTATBHUMHE JTOCIIIKCHHSIMH 110 BU3HAUYEHHIO €EeKTy
apMyBaHHS JOPOXHIX KOHCTPYKLIH.

O0'exT HOCTIHKEHHS] — apMOBaHi Ta HeapMOBaHI KOHCTPYKIIii TOPOKHBOTO OATY MEPEXiTHOTO THITY.

MeTa pob0TH — BU3HAUYEHHS BIUIMBY apMYBaHHS KOHCTPYKLiH TOPOKHBOTO OAATY NEPEXiTHOTO TUILY
JKOPCTKUMHU TreorpaTKaMy Ha HECHY 3[aTHICTh Ta il OXHOPIAHICTD.

MeTo 10CTiIKEHHS — I0Ib0B1 BUIIPOOYBaHHS HECYYOi 3aTHOCTI IUHAMIYHUM METOIOM, CTATUCTHY-
HU aHalli3 OTPUMAaHHX JAHHX.

CraTTs € y3araJpHEHHSM JOBTOTPUBAJIMX AOCIHIIKEHb HECHOI 3[JaTHOCTI KOHCTPYKIII TOPOKHBOTO
OJIATY TEPEXITHOTO THITY, 3 36PHUCTHMH IapaMd OCHOBH, aPMOBAHUMH reorpaTkamMu. J{OCHiKeHHsT BUKO-
HyBaJuch B nepion 3 2014 mo 2017 poku Ta OXOIUTIOIOTH SK €Tany OyaiBHMIITBA Tak 1 €KCIUTyaTallii, B po-
3paxyHKOBH Nepio]l HAKOMMYEHHS BOJIOTH Ta B NIEPioJ] OCYIICHHS.

PesynpTratu cTaTTi MOXYTh OYTH YHPOBaIKEHI PU MPOEKTYBaHHI Ta PO3paxyHKax TOPOXKHIX OJSTiB
MpY apMYBaHHI JKOPCTKAMH I'€OTPATKAMH.

[IporHo3Hi npumyIIeHHs MIOA0 PO3BUTKY 00'€KTa MOCITIHKEHHS — PO3MIMPEHHS EKCIIEPUMEHTAIBHOT
0a3u 3 ypaxyBaHHSIM Pi3HUX METOAUK BUNPOOYBaHb, Pi3HUX apMYyIOUHX MaTepiajiB Ta B pi3HUX OyAiBEITBLHUX
YMOBax.

Kiro4oBi ¢jioBa: KOHCTPYKIIIS TOPOKHBOTO OJIATY, MOAYJIb MPYKHOCTI, HATIHHICTh, TEOTPATKH, ap-
MYBaHHSL.

Beryn. CtatTs € y3araabHEHHSIM JTOBTOTPHUBAIIAX TOCIIIKEHb HECHOT 3IaTHOCTI KOHCTPYKITIT JOPOXK-
Hporo omary (KJIO) mepexigHoro Tumy, 3 3€pHUCTHMH IIapaMH OCHOBH, apMOBaHMMHU reorpatkamu. [lo-
CITiJPKEHHSI BUKOHYBaJKCh B niepion 3 2014 mo 2017 poku Ta OXOIUTIOIOTH SK €TaIy OyAiBHULTBA TaK 1 eKCILTY-
aTarlii, B po3paxyHKOBHI Tepio HAKOTIMYEHHS BOJIOTH Ta B IIEP10 OCYIICHHS.
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Kipy (J. P. Giroud) Ta Xan (JieHan), 2004[1-2], po3pobuim MeTOA pO3paxyHKy TOBIIMHHU 3€PHHCTUX
LIapiB HEXKOPCTKUX AOPOKHIX OJSTIB, SIKUI BPaxoBY€e BIUIMB T€OTPAaTOK HA HECHY 3/aTHICTh KOHCTPYKIIIH.

MeToa yIOCKOHAJICHHH 3 ypaxyBaHHSIM IOMNEPEAHIX MeToliB, po3podiaeHux JKipy i Hotipait (L.
Noiray), 1981 [3], ta Xipy Ta in., 1985 [4], 3 BUKOPHCTaHHAM OCTaHHIX JaHUX ITOJILOBUX 1 JJA0OPATOPHHUX
nocmimpkens. XKupy 1 Hoiipait [3] po3poOunu emmipiuyuHe pilieHHs A7l 1opir 0e3 MOKpUTTs Oe3 apMyBaHHS 3
BUKOPHCTaHHAM JaHUX MMOJIbOBUX BUIPOOYBaHb Ta KIJIbKICHOT OI[iHKY €()eKTUBHOCTI Bij ITiACHICHHS I'eorpat-
kamu. PimreHHs Oyj10 3aCHOBAHO Ha MEXI PIBHOBardW 3a TEOPIEI HECHOI 3AaTHOCTI 3 MoaM(ikalli€ro, 1mod
BpaxyBaTH BIUIMB Ha HaIpy)KEHHS 32 PaxyHOK MeMOpaHHOTO edekTy. Teoperuuna nocranoBka JKipy-XaHa
BPaxoBY€ PO3IOJIiT HANIPY>KEHb, MILIHICTh MaTepiajly Iapy OCHOBH, 3aKJIMHIOBaHHS 3€PHUCTOTO MaTepiany B
reorpaTIli Ta XOPCTKICTh TEOTPaTKH B IUIAHI K JOMATOK IO YMOB, PO3TISHYTHX B MOTEPEIHIX MeToaax (iH-
TEHCHUBHICTb PYXy TPaHCIOpPTY, HABAHTAXKCHHS Ha KOJECO, TUCK B IIMHAX, MTUTOME 34CIUICHHS IPYHTY, TIIH-
OuHa KOJii Ta BIUIUB apMyIOYHX T€OCHHTETHYHHX MaTepialiB Ha PEKUM BiIMOBH AOPIr MEPEXiAHOTO THITY
(6€3 MOHOITHOTO TTOKPHUTTS)).

®dopmyia 111 HeOOXiAHOT TOBIIMHM IIaPy OCHOBH:

1.5
0.868 + (0.661 —1.006J2)(?—J log N 2
]? m-z :
h= . - —1|r
[1+0.204(r, —1)] 2

T

\
I'|v,f.CBR,,

\’ % 1—0.997{
, (1)

ne (0.661-1.006 J°)> 0; h — HeoOXiHA TOBIIMHA APy OCHOBHU (MoiM a0 M); J — MOAY/Ib CTiHKOCTi B MeT-
pruHEX oauHULAX (N-M / rpangyc); P — HaBaHTa)keHHA Ha KoJieco (pyHTiB abo kH); » — paxiyc BiZOUTKY LIMHA
(mroiiMiB a00 M); N — KIIBKICTh IPUKJIAICHHS HABAHTAXKEHHS; Rp— CIIBBITHOIICHHS MOIYIIB - Ep. / Ege = 3.28
“CBRy."? / CBRyy < 5; Ep— MOLYIb IPYKHOCTI Iapy ocHOBH (psi a60 MPa)); Es; — MOITyJ/Ib IPY’KHOCTI IPYHTY
(psi abo MIla); CBRp. — xamipopHilicbKe YHCIO HECHOI 3IaTHOCTI 3epHHCTHUX MaTepianiB; CBR—
KaJiOpHIHCHKE YHCIIO HECHOT 3AaTHOCTI IPYHTY; fi— Koe(illieHT ITMOWHY KOJTii; § — MAaKCUMallbHa IOIyCTUMa
rmOuHa Koumii (aroiiMiB abo M); N— KoedillieHT HeCHOI 3AaTHOCTI: 3,14 11 HeapMoOBaHMX IOpir, 5,14 s
JOPOXKHIX MOKPUTTIB MOCHIICHUX T€OTEKCTUIBHUMH MaTepianamu, 5,71 11 ZOpOKHIX MOKPUTTIB HOCHIICHUX
reorpaTkaMu; f.— KoedillieHT, mo BiqHocuThes 10 CBR rpyHTY 1u1st 3USTUICHHS P BiICYTHOCTI IPEHYBaHHS,
c— 4,3 psi (30 kI1a).

TormuHa TIapy MaTepialy OCHOBH BH3HAYA€THCS Ha OCHOBI TEOpli HECHOI 3MaTHOCTI 3 METOIO 3a-
noOiranHs 30i7bIICHHS TTMOMHM KOJii, IO MEpeBUIIye 3aJaHuil KpuTepidl mpauesnaTHocTi. Jledopmaris
IPYHTY 3QJICKUTh BiJl HAIIPY>KEHH, 110 BAHUKAIOTh HA MEX1 OCHOBA-IPYHT 1 301JIbIIICHHS TJIMOMHU KOJIi. SIK
(dhyHKIIT HATIPY>KEHb y HIOKHIN YaCTHHI OCHOBI 1 HECHOT 34aTHOCTI IPYHTY 3€MJITHOTO TIOJI0THA. BIINB criamy
Ta IHTEHCUBHOCTI PYXY, BIACTHBOCTI MaTepiall [Iapy OCHOBH Ta BIACTHBOCTI T€OIPATKU BUPAXKEH] yepe3 ABa
Ba)KJTUBI MapaMeTpu: Koe(illieHT MPUBEICHHS HECHOI 3AaTHOCTI (M) Ta KyT PO3NOALTY HAIPYXEeHHS ().

KoedilieHT npuBeeHH HECHOT 31aTHOCTI BU3HAYA€E PiBEHb MPUBEACHOT HECHOT 31aTHOCTI, sIKa 3aJIe-
UTB BiJ IPOTUHY y BEPXHil YaCTUHI IPYHTOBOI OCHOBH, KOJIM OCaJKa TIOBEPXHi IOCATAE JO3BOJICHOI TITUOMHU
kouii. KyT po3noainy Hampy:KeHHsI BU3HAYa€ 31aTHICTh MaTepialy apy OCHOBH TEPEpO3NOIiIATH HaBaHTa-
JKEHHS BiJ] TPAHCIIOPTHOTO MOTOKY. EdekT Tpadiky i reorpaTok BINIMBA€E Ha MIBUIKICT 3MiHHM KyTa PO3MOALTY
HaIpYy>KCHHS, OCKUIBKH CTaH JTOPOTH IMEPEXiTHOTO THITY MOTiPUTYyETHCS TIPH MTOBTOPHOMY HaBaHTaKCHHI, 110
BpaxoBaHO y (OPMYIi PO3PAXYHKY.

BractuBocTi Matepiandy mapy OCHOBH PO3TIISAAIOTHCS aHAJOTIYHO 3 MOTEepPeIHIMHA MeToaaMHu. Ma-
Tepiaj mapy OCHOBH XapaKTepusyeThes ioro Kamidoprilicekum ancioM HecHoI 3maTtHOCTI CBR BHKOpHCTO-
Byroun niarpamy AASHTO ans chiiBBigHOIIEHHS 3 MOIYJeM Npyx)HocTi IpyHTY (AASHTO, 1993).

[pyHT 3eMJITHOTO MOJIOTHA BBAKAETHCSI HACHICHUM BOJIOIO Ta MA€ HE3HAYHY JIPEHYIOTY 3/IaTHICTh ITi]|
gac pyxXy HaBaHTaXEHHS. Y (HOpMyJi IJis IPOSKTYBaHHS, CIIBBIIHOIIEHHS MK MOAYJIEM IPY>KHOCTI IIapy
OCHOBH JIO TPYHTY OOMEKEHe 110 5.

[IpumyckaeTbesd, 0 HECHPaBHICTh AOPIT BUKJIMKAaHA HE3BOPOTHUMH AedopMallisiMd IpHu 3CyBi abo
HaJMIpHOIO AedopMalii€to IpyHTy. MeTo NpOSKTYBaHHS IPYHTY€ETHCS Ha TUITOBIH IIMOMHI KOJIIi Ha TOBEPXHI
3 mroitma (75 MM), sIKa € KpUTEPieEM eKCILIyaTaliiiHoi skocti. e 103BosIss€e mpuiMaTu I aHali3y TIIMOUHY
koii Bix 2 10 4 aroiimiB (50 1 100 mm).
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BracTuBocTi TeorpaTku 1oB’s3aHi 3 i 37]aTHICTIO B3aEMOJIISTH 3 MaTEPiaJioM IIapy OCHOBH Ta 3a0e3-
neunTy 3akiauHoBaHHSA. Ha ocHoBi mocnimkenns Kinni (Kinney, T. C) ta Konina (Collin, J. G., ) 31 criBaBTO-
pamu, 1996 [5], MOIyJIb JKOPCTKOCTI TPATKH XapaKTEPU3Y€ETHCS, SIK 3AIEKHICTh 3 BUMIPSHOIO XapaKTEPUCTH-
KOI0 KOJIIMHOCTI Ha JoporaXx. Moayib TPYKHOCTI TIPH PO3TATY OTPHUMYIOTHh IHIISTXOM O€3IOCEPEeIHBOTO
BHUMIPIOBaHHS TAHCTEHCA KyTa HaXWIy Y TUIOLIMHI Yy TOYLI epeTuHy rpadiky s 3aganoi BiiHOCHOI Aedop-
Marii (CiYHIHA MOAYJh TIPYXKHOCTI). Lle € mpsaMoro XapaKTepHUCTUKOIO JKOPCTKOCTI B TUIOTHHI 1 XapaKTepHu3ye
CTIHKICTB pebep 1 By3IiB reorpaTkid. Meroz OyB BiakaniOpoBaHWi, BAKOPUCTOBYIOUH JTaHI IS YKOPCTKOT TBO-
OCHOI TeorpaTku 3 MoaysieM npyxnocti 0,32 ta 0,65 H-m/rpan. Y mMeTozi mpoeKTyBaHHS MOAYIb >KOPCTKOCTI
MOJKE BapiloBaTHCS BiJ HyJs IO MakCHMajbHOTO 3HAYECHHS Ha OCHOBI JaHUX, II0 BUKOPHUCTOBYIOTHCS IPHU
KamOpyBaHHi.

KoedinienTn HecHOT 30aTHOCTI U1 HEAPMOBAaHUX JOPIT 0€3 HOKPHTTS, K BiIOMO 3MIHIOETBCS Bij 2,8
1o 3,3. XKipy Ta Xan (2004a) npuiiHsnu 3Ha4eHHs KoedimieHTa piBHUM 3,14 (TOOTO, T), IO € BEIMYMHOIO
MIPY>KHOT MEXI JJISI HACHICHOT'O HEIPEHYIOYOT0 IPYHTY JUTSI IPOCTUX AedopMaliiil i 0CeCUMETPUIHAX YMOB 1
HYJIbOBOTO 1HTEPBAIy HANpPY>KCHHS 3CYyBY. SIK 0OTOBOpPIOBayOCs paHilie, 3aKIWHIOBAaHHS 1 OJIOKYBaHHS Ha
MEX1 apiB, 10 MiICKIICHI Te0PaTKOI0 IPOTUCTOITh O1YHOMY pyXy Ta BUIIMPAHHS IPYHTY 1 CTBOPIOE JOAATKOBI
BHYTPILIHI HAIpYXEHHS MPH 3CyBi. TeopeTnyHe 3HaueHHs KiHIIEBOTO KoedilieHTa HeCHOT 3AaTHOCTI AJIs oce-
CUMETPUYHHUX YMOB Ta MaKCHMallbHOMY BHYTPIIIIHbOMY 3CYBHOMY HampyskeHHi 5,71 (to0to 37/2) i npuii-
MAa€ETHCS TSl TEOrpaTKH JOPOTH MepexXiqHoro Tuly. s BUnaaKy, KOy map OCHOBH PO3ILIEHUI IreOTeKCTH-
neMm i Hemae B3aemoii, Xipy ta Xan npuitasanu 3HaueHHs 5,14 (To0To, w + 2), Ak OyJ0 croyaTky 3amponoHo-
BaHo JKipy i Hoiipaii (1981), 1110 € KiHIIeBUM KOehII[IEHTOM HECHOI 3MaTHOCTI I IPOCTOl yMOBH Aedopmarrii
Ta HyJIOBOMY 3CYBHOMY Hampy>K€HHI Ha M€Xi OCHOBH Ta IPYHTY 3€MJITHOTO ITOJIOTHA.

TakuM 4YMHOM, apMyBaHHS rpaTKaMH 3a JaHUM METOJIOM J03BOJIsi€ 301MBIINTH HECHY 3IaTHICTH B
5,71/3.14= 1,8 pa3u npu apMyBaHHi reorpaTkamu, ta B 5,14/3,15=1,6 pa3u ipu BUKOPHCTAaHHI T€OTEKCTUIIIB.

Merta i meToau. Ha croroaninmHii 1eHp B HAIIINA KpaiHi BiICYTHI METOIH PO3PaXyHKy KOHCTPYKITIH
JOPOXKHBOTO OJISITY IEPEXiTHOTO TUILY, 3 3PHUCTHMH IIapaMH OCHOBH, apMOBaHUMU reorparkamu. OAHI€I0 3
KITIOUOBHX 3aJa4 MPU PO3PaxyHKy TOPOKHIX OJATIB Ha eTali MPOeKTyBaHHs Ta 3a0e3MedeHHs X 0e3B1AMOBHOT
pOOOTH TPOTATOM MPOEKTHOTO CTPOKY EKCIUTyaTallli € 3a0e3leueHHs X HaIIHHOCTI Ta MOBroBidHOCTI. [Ipn
po3paxynky KJIO 3a npy>xHUM IpOTHHOM HaiiHICTh 200 IMOBIpHICTS 11 0€3B1IMOBHOI POOOTH BH3HAYAETHCS
3a popmynamu 2-5 [6-8]:

H= R(t, Nyun)=1 - F(t, Nyun)=P(t, Nsun<T), 2

ne R(t) — imoBipHICTH 0e3BiaMOBHOI podoth;T — BekTop 3Ha4ueHb (T, T2...Ty) KpUTEpIiB rPaHUIHOTO CTaHY
KOHCTPYKITii;F (¢, Noum) — iMOBiIpHICTh Buxoay KJIO i3 magy B MOMEHT 4acy ¢, a00 mpy BEJIMYHUHI CyMapHOTO
MIPUKJTAJICHHS] HABAHTAXKEHHS Nyym; P — iMOBipHiCcTE BimmoBu K/1O.

ImoBipHicTs Buxomy KJ1O i3 nagy F 101iTsHO pO3paxoByBaTH HE JIUIIE 3aIaI0YHCh TPOSKTHUM CTPO-
KOM €KCIDTyaTallii z, a 1 OKpeMO BpaxOBYIOUH CYMapHY KiIbKIiCTh MPUKIIAICHHS HABAHTAKCHHS Ny, 110 Xa-
PaKTEPUCTUKY AOUIJIEHO PO3TIISIATH, SIK IMOBIPHICTh HACTAHHS HECIPHUATIMBOI MTOMI1 IIPOTATOM PO3PAXyHKO-
BOTO CTPOKY eKcrutyataitii . CyMapHy KUTbKICTh MPUKIIAJICHHS HABAHTAXCHHS Ny, BAXKKO MPOTHO3yBATH Ha
PO3paxyHKOBHH TEPMiH €KCIUTyaTallii, OCKUIBKY BOHA 3aJIC)KUTH Bijl 0araThox (paKkTOPiB, B YHUCII SKUX € 1 €KO-
HOMIYHI YMOBH cepenoBuIia. TakuM 9MHOM, HAIIHHICTE KOHCTPYKITIT HOIIIFHO 3a]aBaTH Ta pO3Pax0oBYyBaTH
OKpPEMO 3a MPUHHATAMU KPUTEPisIMHU.

[Ipu HOpMaNBHUX 3aKOHAX PO3MOAITY «MILIHOCTI» Ta «HANPYKCHHSD HATIHHICTh KOHCTPYKLIT JOPOXK-
HBOT'O OJISITY BUPAKAEThCS uepe3 KoedilieHT HaaiiHocTi [8]:

K.=0,5 + F(p), (€))

ne F(f) — nopmoBana ¢ynkuis Jlamnaca; f — XxapakTepucTika O€3MeKy, MPH PO3paxyHKy 3a Npy>KHUM MPOTHU-
HOM [1];

E3al"—El'IOT -
p=—mlmm_ a0 f=——dl 4)

I
2 2 2 K2 2
A SEsar+SEn0Tp 1ICE3au‘ KM+CE1‘I0Tp

ne Esq. — 3aranbHuil MOyJIb IPY>KHOCTI KOHCTpYKLii, MIla, sikuii 3a1eXuTh BiJl TOBIIMHHM IIAPIB /;, M, iX dak-
TUYHOTO MOAys npyxHocTi E;, MIa ta giametpy BinOutky nuesmatuka D, M [9]; Euomp — HOTPiOHUN MOIYITTH
MIPY>KHOCTI KOHCTpyKIii, MIla, skuii 3aeKUTh BiJl PO3PaxyHKOBOTO HABAHTAKCHHS Ta CyMapHOI KUJTBKOCTI
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HPUKJIAJAECHHA HAaBAaHTAXKCHHS Nyum [9]; Sk 1 SEnomp — CEpENHBOKBAAPATUYHI BIIXUWIECHHS PO3PaXyHKOBOIO
(axTryHOTrO) TA BiAMOBIIHO MOTPIOHOTO MOAYIS NPY>KHOCTI WAapy HOpoxHBOro o1sTy, MIla; Crse 1 Crnomp —
KoeQilieHTH Bapiallil po3paxyHKOBOro ((pakTHYHOr0) Ta BIAMOBIAHO HMOTPIOHOTO MOMYJS MPYXKHOCTI IIapy
TIOPOSKHBOTO OAATY; Kjr — KOediIli€HT 3aracy MiITHOCTI:

KM: E3ae /Enomp . (5)

J1y1s OLIIHKM 3arajIbHOTO MOYJIS IIPYKHOCTI BUKOpUCTOBYEThes (hopmysia BBH B.2.3.218-186 [9] abo
E. Bap0epa:

-1
]1/2 ’ (6)

Ey/E;—1
[1+4(h/D)?(E1/E2)?/3

Esar = El

ne D — miameTp BiIOUTKY Kojieca po3paxyHKOBOTO aBTOMOOLT, cM; E;, E> — MOy MPY>KHOCTI 3€PHUCTOTO
rapy i OCHOBH BiJIOBiTHO.
[oTpiOHMIT MOIYIb MPYKHOCTI BU3HAYAETHCS 32 (POPMYJIIOLO:

Erm'rp = (a ' 11’1(2 N) - b) (7)
ne: a=42,843, b=315,68 tpu Q=115 H; a=42,843, b=1350,21 npn 0=100 kH; a=42,843, b=409.4 pn O=

60 xH.
3 ypaxyBaHHAM KOC(IIIEHTY apMyBaHHS 3€PHHCTOTO APy M€OCHHTETUKOIO:

EapM = kapM " Ey (8)
f — XapakTepucTrKa 0€3MeKH, IIPU PO3PAXyHKY 3a MPYKHUM IPOTHHOM [4];

Esar(k_apm)—E Km(kapw)—1
— 3ar noTp a6o ,8 — apM

I
\/55331_ (k_apM)+S§mTp \/C§3ar (k_apm)-K% (k_apM)+Cf:mTp

©)

TakuM YMHOM, HAAIHHICTh KOHCTPYKUIT JOPOKHBOTO OJSTY MEPEXiTHOTO THITY 32 KPUTEPIEM 3arab-
HOT'O0 MOJYJS MPYKHOCTI Ha TMOBEPXHi WAapy Fsq., 3aM€XKHUTh BiA (HaKTHUHOTO 3HAUYEHHS MOIYJS MPY:KHOCTI
1Iapy OCHOBH apMOBAHOI T€OCHHTETUYHHM MaTepialioM, a TAKOXK BIUIMBY apMYIOYOro Marepiany Ha 3MiHy
CepeTHbOKBAIPaTUUHOTO BinxuieHHs Sg a0o koedimieHTa Bapianii Cr apMOBAaHOTO 1Iapy.

1 npakTHYHOTO BUKOPUCTAaHHSI HABEJCHUX 3aJISKHOCTEH HEOOXITHO EKCIIEPUMEHTAIbHO BU3HAYUTH
KoeirieHTr apMyBaHHS Ta 3MiHY OJTHOPITHOCTI IIIapy OCHOBU apMOBAHO1 T€OCHHTETHKAMH.

Pesyabrarn i mosichenHsi. ExcriepuMenTabHe BU3HAYCHHS KOCQIIIEHTIB apMyBaHHS 3I1HCHIOBA-
nock B niepion 3 2014 mo 2017 poxu npu OyiBHUITBI KOHCTPYKILII JOPOKHBOTO OAATY MEPEXiAHOTO THITY AJIS
3a0€e3nedYeHHSI MPOI3Ty MICIIEBOTO TPAHCIIOPTY Yepe3 AUITHKY, IO MTPOXOIUTh YACTKOBO IT0 TPYHTOBIH OCHOBI
B CTaHI NPHUPOJHOTO 3aJSTaHHS, IO MTOCTYIIOBO MEPEXOIUTh B YaCTKOBO 3a00JIOYCHI MUISHKH, a TaKOX 3
HaMHBHUM MicKoM mOTYxHicTIO 0,7 — 1,5 M B ocHOBI noBepx Topdy notyxHicTio 3,0 - 6,0 M. OCHOBHI 3aB-
JaHHS JAOCIiIKEHb: MOLIAPOBO BIICTEKUTH CTaH IIAPiB JOPOXKHBOTO OIATY, iX poOOTY B IPOLIECi eKcITyaTa-
1ii, cTBOpUTH poO0ouy MeTOAUKY [10] MiATOTOBKH /10 BUIPOOYBaHb, iX IPOBEACHHS Ta BAKOHATH BiAMOBIAHHUH
aHaJIi3 pe3yabTarTiB.

O0’exT HocmipKeHb po3TamoByBascs B ¢. [Imotn, OOyxiBcbkoro p-Hy, KuiBcskoi obmacri, puc. 1,
YMOBHO PO3IiJICHO Ha TPU AULTHKHU: AUISTHKA 1 — MPOXOAWTH 110 IEPUMETPY ITYYHOTO 03€pa, B OCHOBI CIa0Ki
TOp(sIHI IPYHTH, IITYYHO HAMUTHH IICOK Ta OYyIiBEIbHE CMITTS, QUISHKA 2 — MPOJISTae B MEKax COCHOBOTO
HacaHKEeHHSI, Ha TTAX01 10 JUIAHKY | mepexoauTh B CIYCK € B OCHOBI IPYHTH Y CTaHi IPUPOIHOTO 3aJITaHHS
— CYIUIMHOK JICTKHMH MTATYBAaTHH, TUITHKA 3 — CIIOJTyYa€e B 001 c1abKy 3a00JI09€HY OCHOBY, OyIiBEITLHE CMITTSI,
HaMWBHUH MiCOK Ta IPYHTH y CTaHi IPUPOJTHOTO 3aJISTAHHSI.
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Pucynok 1 — ITnan 06’ exty gocmimkens y 2014-2017 p.p., KuiBcbka 06i1., O0yXiBehkuii p-H, c. [motu
(50°1029.7"N 30°42'37.3"E)
Figure 1 — A plan of research object in 2014-2017, Kyiv region, Obuchivskiy district, Pliyty
(50°1029.7"N 30°42'37.3"E)

VY Tabin. 1 HaBeneHO TEXHIYHI XapaKTepPUCTHKH XKopcTkoi rpatki GG1, 1m0 3acToCOBYBanach B SIKOCTI
KOHCTPYKTHUBHOTO €JIEMEHTY KOHCTPYKIi1 JOPOKHBOTO oAsry, Ta rpatku GG2 mist mopiBHsAHHA. [lopiBHAHHS
3aJIeKHOCT] «HAMPYKEHHS — NeopMaltis» JUisi HUX HaBeJeHO Ha puc. 2.

Komnc is1 JIOPOXKHBOTO OJIATY TIEPEXIHOTO THITY BIAIITOBaHA HA JTOCTIIHUX JISTHKAX:

- mebinb ¢p.20-40 MM 110 crTOCO0Y 3aKIIMHKY BaYKKHUM KaTKOM — h =

22 cMm;

- xopctka reorparka GG1 (ta6un. 1);

T e e sy, - YWIJIbHEHUH IPyHT 3EMJISHOTO MOJIOTHA — MiCOK I[pi6HO3E?pHI/ICTI/IfI

W/////// 3 XapaKTEPUCTUKAMU: IIIBHICTL Y=16,5 KH/M?, KyT BHYTPIlIHBOTO
A TepTs =24°, nutome 3ueruieHHs c¢=1 klla, Moynb npy>kHOCTI

E.,=30 - 45 MIla.

Tabmums 1 — TexHivHI XapaKTepUCTHKH KOpcTKUX Tpatok GG1 ta GG2
Table 1 — Technical characteristics of rigid grids GG1 and GG2

YMoBHE ITO3HAUEHHS GGl GG2

doto

JIBOOCHI €CTPYA0BaHi dKOPCTKI

Tun TKaHi THYYKi T€OTrpaTKu
TeorpaTku

Martepian PP PET 3 PVC-nnokputTsim

Mesxa MIITHOCTI Ha PO3PHB, B3IOBXK/TIOTIC- 40/40 60/60

pek, kH/m

MinHicTh ipH BHIOBXKEHHI 2%

B310BXk/TIoniepek kKH/m 15/15 11,5/10

MirnHicTh pu BUAOBXKEHHI 5% 30/30 19/16

B3JI0BK/TIonIepek KH/m

BinHoCcHE BHJIOBXKEHHS IIPH PO3PHBI, 1/11 12,512

B3I0BX/TIOTIEPEK Yo

Monysb npy>KHOCTI IPH BUAOBXKEHH1 2%,

750/750 575/500
B3JI0BK/TIonIepek KH/m

- o
Monyb Tpy>KHOCTI IPH BUIOBXKEHHI 5%, 600/600 380/320
B310BK/monepek KH/m
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PucyHok 2 — 3asiekHOCTI MIIIHOCTI TP PO3TATY BiJl BIIHOCHOTO BUIOBXKEHHSI )KOPCTKUX reorpatok GG1 Ta

GQG2
Figure 2 — Dependence of tensile strength on relative elongation of geogrids GG1 and GG2

VY xozi BUnpoOyBaHb BUKOPHCTOBYBABCS HpWIIaL Al BA3HAYCHHS TUHAMIYHOTO MOAYJISL MIPY>KHOCTI
FWD INSPECTOR 3-ro ta 4-ro nokomninss (puc. 3-4), mio 1ano MOKJIHMBICTh OTPUMYBAaTH BUOIPKH JaHHX
HEOOXIJHOTO 00’ €My B YMOBax 00OMEKEHOTO0 "acy (3rijiHo Metouku [ 10]). BumiproBaHHS BUKOHYBaIHCH ITOE-
TaIHO TOYMHAIOYM 3 BUMIPIOBAHb HAa MOBEPXHI IIapy OCHOBH 3€MJITHOTO MOJIOTHAa O€3MOCepeHbo Mepen
OyZmiBHUITBOM, a TAKOXK Ha IOBEPXHI LIapy YUIUTFHEHOTO MIEOHIO MIiCIs BIAIITYBAaHHS Ta B MPOLECi eKCILTya-
Tarii B pi3Hi NMepioid — Mepioid HAKOTIMYCHHS BOJIOTH Ta TEpioi MpocuxaHHsI. MeTouKor nepeadadeHo
TPH YMOBHI €Tarnu pooiT:

1. Ertan minanyBaHHS — MiATOTOBKA J0 BUIIPOOYBaHb 13 BU3HAYECHHSIM CIIOCO0Y Ta BCTAHOBIICHHSIM
00’emy BUTIpoOyBansb 3a [10];

2. ETan BunpoOyBaHb — MpOBEICHHS BUITPOOYBaHb 3T1THO MIEPIIIOTO eTaly;

3. Etan cratrctudnoi 06poOka Ta aHai3y pe3ysbTaTiB — OTPUMaHi pe3yabTaTH BHIPOOYBaHb

CTaTUCTUYHO OOPOOIISIOTHCS, BU3HAYAIOTHCS TIapaMeTpH PO3MOALTY Ta PaKTUUHI 3HAYEHHsI HECHOI 37]aTHOCTI
Ha MOBEPXHAX BUIPOOYBaHb.

PucyHok 3 — [IpoBesieHHs BUTPOOYBaHb [0 BUMIPIOBAHHIO THHAMIYHOTO MOJYJIS IPY’KHOCTI
(minstaka 1, INSPECTOR 3)
Figure 3 — Dynamic elasticity modulus measurements (site 1, INSPECTOR 3)
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Pucynox 4 — [lanopama BumpoOyBaHb Ha 3-1 JiISHIT
Figure 4 — Panorama of tests on the 3rd site

VY nporeci BkazaHUX BUMPOOYBaHb METOIMKA MPOUIIIIA MTPAKTUYHY arpoOallito Ta MoKe BUKOPHCTO-
BYBATHUChH MIPHU TJIAaHYBaHHI Ta 3iiiCHEHHI BUIPOOYBaHb HA OCHOBI 1HIINX IHCTPYMEHTAJIbHUX 3ac00iB.Pe3ynb-
TaTH BUMIPIOBaHb 3a()iKCOBAHO B HACTYMHUX JOKYMEHTaX:

Akt Ne 1-14 Big 10.10.2014 p. — mocmimxyBanmch AistHKA 1 ta 2 micmst sramTyBaras KJO;

AxT Ne 2-15 Big 01.08.2015 p. — minsaKa 2 TOBTOPHO Ta AUISIHKA 3 Tipu ciopykeHHi K/[O;

Axt Ne 3-17 Bix 20.04.2017 p. — moBTOpHiI BUNPOOYBaHHA Ha AUISHKaX 2 Ta 3 B MEpio BECHIHOTO
aKyMYyJTFOBAHHS BOJIOTH B IIIapax OCHOBH (3a y4acTio imk. Hikomaliuyka A.B).

Pe3ynpraTti CTaTUCTHYHOT 0OPOOKH OTpUMaHUX BUOIPOK BUMIpPIOBAaHb IO POKAM HABEJCHO B TaOI. 2.

Ha puc. 5 HaBeneHo mpuKian pos3nofilly 3HauYeHb BUMIPSHOTO MOIYNS MPYKHOCTI 1O JOBXKHHI
IUISTHKYA BUNPOOYBAHHS BITHOCHO MOTO CEPEIHBOrO 3HAYECHHS.

Tabauis 2 — Y3aransHeHHS pe3ybTaTiB BUIPOOYBaHb 1o AuissHkam 1-3 y 2014-2017 pokax
Table 2 — Test results generalization by sites 1-3, 2014-2017

Ne mingHknA TToxazuuk 10.2014 08.2015 04.2017
T10 TIOKPUTTIO | HA OCHOBI | T10 TIOKPUTTIO | I10 TIOKPUTTIO
Hinsaka 1 Cepenne 229,7 MIla - - -
Crt. BiOXWieHHs 44,16 - - -
Koed. Bapiamii 19,2 % - - -
Hinsnka 2 Cepenne 212,6 MIla - 210 MIla 199 MIla |
Cr. Bigxunenus | 28,97 - 63,6 474
Koed. Bapiamii 13,6 % - 30,2 % 23,.8% 1
Jinsaka 3 Cepenne - 49 MIla 72,8 MIla 216 MIla
CT. BIIXUICHHS - 22,95 18,3 32,1
Koed. Bapiamii - 46,8 % 25,1 % 14,9 %

Apmyrounii eeKT NposIBISETHCS TUIBKH Yepe3 Aesakui nepioa exciuryaTauii KO npu 3aknnHioBaHHI
3epeH MIEeOCHIO Y BiUKax reorpaTKH i BKIIOUEHHi ii B po0oTy.
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Pucynok 5 — 3mina 3arajgpHOr0 MOIyJIsl IPYKHOCTI Ta OTO MOJIITOH YacToT () 1 MUIbHICTE po3noaity (0)
Figure 5 — Change and frequency of overall elasticity modulus (a) and its distribution density (b)

KitouoBa ifest craTTi, mpu aHami3i Tabi. 2, 1oOpe MpOCTeXKYEThCS Ha TUIAHKAX 2 1 3, SIKUM XapaKTepHi
BUIIII TTOKA3HUKU HECHOI 3[JaTHOCTI MPU BUCOKi HEOAHOPIAHOCTI B Mepio MiHIMaJIbHOI KiJIbBKOCTI BOJIOTH B
OCHOBI KOHCTPYKIIi Ta 3HMXEHHS TOKA3HHWKIB HECHOI 3MaTHOCTI Ha (poHI 30IIBIICHHS OTHOPITHOCTI iX
PO3IOAUTY B BECHSHUN TIEPio]T HAKOITMICHHS BOJIOTH.

3aranbHUKA MOJYJb MPYKHOCTI HEAPMOBAHOTO LIAPY IIEOHIO MO CIOCO0Y 3aKIMHKU 3 MOJYJIEM HIapy
250 MIla cranosuts 148,7 MI]a.

[Insxom pirmeHHs TpaHCIeHAeHTHOTO piBHAHHS (10) 3HAMAEHO, IO IS JOCATHEHHS 3arajJbHOTO MO-
IyJs IpYy>KHOCTI apMoBaHOi KOHCTpyKuii 209 MIla, sik BcTaHOBIIEHO 3a pe3yabTaTaMi BUIPOOyBaHb, MOAYIb
apMOBaHOTO IIapy meOHro noBuHeH cranoBuTH 700 MITa. 30ibIIeHHS 3aralIbHOTO MOJTYJIS IPYKHOCTI apMO-
BaHOT KOHCTPYKIIT y MOPiBHSHHI 13 HeapMoBaHO0 ctaHOBUTE 209 MIla/148,7 MIla=1.41 pa3u.

PesynpraTtu BUnipoOyBaHb BKa3ylOTh HA BIUTUB MIPUPOTHOI Ta MITYYHOT OCHOBU Ha pOOOTY MPOIIAPKY
13 )KOPCTKOI IpaTKU Ta 3arajbHy HeCydy 3[4aTHICTh KOHCTPYKILIi — IPUPOJHI CTPYKTYPHI 3B’SI3KM OCHOBHU Ha
JOPYTii TUISHII Jar0Th OUIBIITY OJHOPIAHICTS HECHOI 3aTHOCTI OCHOBH, MPH IIbOMY INTYYHO BJIAIlITOBaHA OC-
HOBa Ha OOJOTHUCTHX I'PYHTAX A€ OLIBIIE MOXKINBOCTEH JJISI PO3KPUTTS BIACTHBOCTEH KOPCTKOI TPATKH.

_ . )
E
h4~(1 - —g]
X
105 = 0.1 ——"—2|x
root| 209 — s X Epin -Epax | = 468.766
2-atan
3 X 3 X
3TE 2 e 2h4- 5 E
0.71- -2 atan| 135 — € |, X £
L X D Eg n | , (10)

KoedimieHT 301IbIIEHHS HECHOT 3JaTHOCTI IIe0SHIO 10 CIIOCO0Y 3aKIMHKH IPU apMyBaHH1 )KOPCTKOIO
rpaTkoro cTaHoBHUTE 468,8MIla /250MIla = 1,88.

Ha ocHOBi oTpumaHuMX pe3ynbTaTiB BHMIpIOBaHb HECHOI 3aTHOCTI 3AIHCHEHO MOPIBHIHHS
KoeQIlieHTIB 3amacy MiHOCTI, K, pUC. 6a, i1 apMOBaHOI Ta HeapMOBaHOI KOHCTpyKii. KoedirieHT 3amacy
MILHOCTI XapakTepu3ye 0€3BiIMOBHICTh POOOTH MPH 3a/1aHiil IHTEHCUBHOCTI IPUKIIAJCHHS HaBaHTaKEHb, 110
niaTBepukye nociimkenss XKipy [1]. Oxnak, metonuka Xipy [1] He BpaxoBye Bapialio po3noaily 3Ha4eHb
HECHOT 3[JaTHOCTI, 110 € HE MEHIII BYKIIMBUM (aKTOPOM IPH apMyBaHHI KOHCTpyKLii. Ha puc. 60 HaBeneHO
MOpiBHIHHS KoeDillieHTIB HAiiHOCTI, K, JUT1 HeapMOBaHUX KOHCTPYKIii mpu Bapiatii 25,1 % Ta apmoBaHol
npu Bapiauii 25,1% Ta 15%.
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Pucynok 6 — [TopiBHsHHS 3MiHH KOe(Dilli€HTY 3amacy MIITHOCTI (a) Ta Koe(IllieHTy HaJiHHOCTI apMO-
BaHOI Ta HEAPMOBAHOI KOHCTPYKIIIi BiJ] 3a7aHOi CyMapHOi IHTEHCUBHOCTI TIPHUKJIAICHHS HABAHTAKECHHS TIPH
Pi3HHUX Bapialisx po3MOAiTY 3HaUYeHb HECHOT 31aTHOCTI
Figure 6 — Comparison of changes in strength factor (a) and of reliability factor (b) for reinforced and
non-reinforced pavement at a certain traffic intensity

OOuBa MOKa3HUKH XapaKTepU3YyIOTh O€3BiIMOBHICTh POOOTH MpH 3aJaHii IHTEHCHMBHOCTI IPUKIIa-
JICHHSI HABaHTa)KEeHb, OJHAK, KOe(III€HT HAAIMHOCTI, Ha BIIMIHY BiJ KOe(]iIlieHTa 3amacy Mil[HOCTI, BpaXOBy€
HE JIMIIE PO3PaxyHKOBI 3HAYEHHSI HECHOI 3aTHOCTI, a i Bapialiro iX po3noaindy. 3 puc. 7 BUIHO, IO eeKT
MIpY apMyBaHHi, SIKUH 3011bLIYE OTHOPIAHICTh HECHOI 3MaTHOCTI KOHCTPYKIii THM CaMHM MiBHUILYE ii pecypc
B IEPCIIEKTHBI POCTY IHTEHCUBHOCTI TIPHUKIIAICHHS HABAaHTA)XKCHbD.

BucHoBku Ta pekoMeHamii. Y pe3ynbTaTi JOCTiIKEHb MiATBEPIKEHO e(heKT apMyBaHHS OIMyOJIiKO-
Banui XKipy [1], Ta HE MEHIII Ba)KJINBUM € BCTAHOBJICHHs (DAKTY i ABUIICHHS OJHOPITHOCTI HECHOT 31aTHOCTI
KOHCTpyKIlii. Takuii edexkt 100pe MPOCTEIKYETHCS MPH 3HUKCHHI HECHOI 31aTHOCTI IPYHTOBOI OCHOBH KOH-
CTPYKLIi B MEPioJl BECHIHOTO HAKOIMYCHHS BOJIOTH, 1HIIUMH CIIOBAMU apMyBaHHS HiBEJIIOE BILUTUB HEOIHO-
piaHOCTI TPYHTOBOI (PUPOIHBLOT) OCHOBH HA 3arajibHy OJHOPIJHICT KOHCTPYKIII.

He 3Bakaroum Ha pi3HI JUISTHKA Ta POKHW 1X BIIAMITYBAHHS IS OJHOTHITHHX YMOB 1 OJHAKOBif KOH-
CTpYKLii OTpuMaHo cxoxi pe3ynpTatu. Koedinient apMmyBanHns ais xopcetkoi reorpatku GG1 orpumaHo Ha
piBHi 1,41... 1,88, m0 103BoJIsI€ HOTO PEKOMEHIYBATH B PO3PaxXyHKaX apMOBAHUX KOHCTPYKLINA. ApMyounii
e(eKT MPOSIBIIAETHCS TIABKU uepe3 Aeskuil nmepioj ekcruryataiiii KJIO npu 3akinHIOBaHHI 3€peH IIEOCHIO Y
BiYKaX reOrpaTKy 1 BKIITOUCHHI ii B po0OOTy.

s BCix BUMAIKiB 3aCTOCYBAaHHS TEOCHHTETUYHUX MaTepialiB CIIOCTEPIracThCs 3HAUHE 3MEHIICHHS
HEOJTHOPIAHOCTI, KoedimieHT Bapiamii 3menmyetbes 3 21,7 ... 35,5% mo 10... 12%. 3aBnsaku 30iIbIICHHIO
OHOPIAHOCTI PO3PAXYHKOBI 3HAUEHHS MOIYJIS TIPY>KHOCTI 3pocTaroTs B 1,11... 2,24 pa3n.

Ha ocHOBI IbOTO CTae MOXKIIMBUM BHU3HAYaTH Ha SIKMX THUIIAX IPYHTIB OCHOBH SIKi TUIH T€OCHHTETHY-
HUX MaTepiajiiB MaloTh OUTbIMi KoeillieHT apMyBaHHA Ta € O1IbII e()eKTUBHUMHU.

Heo6xigHO MPOJOBKUTH AOCTIKEHHS apMYyIO4OT0 BIUTUBY T'PATOK 3 YpaxyBaHHSM TOBIIMHH IIapy,
MOJYJIA IPY>KHOCTI IPYHTY OCHOBH Ta BETMYNHU HABAHTAXECHHS JUIA MIEPEBIPKHA TEOPETHUIHOI MOJIETI.
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Summury. Existing experience of unpaved road constructions reinforcement by geogrids described in article,
which amended by own practical experience of reinforcement usage in unpaved road constructions.

Object of the study — reinforced and non-reinforced unpaved road constructions.

Purpose of the study — to determine influence of unpaved constructions reinforcement by rigid geogrids on
overall bearing capacity and its deviation.

Method of the study — field bearing capacity dynamic tests, statistic data analysis

The article is a long-term study generalization of an unpaved road constructions, with grained layers, which
were reinforced by rigid geogrids. The study was carried out between 2014 and 2017 and covers both the
construction and operation stages, in the period of moisture accumulation and during the drainage period.
The results of the study could be used at design and calculation for reinforced road constructions by rigid
geogrids.

Forecast assumptions about the object of study — the expansion of the experimental base, taking into account
different test methods, different reinforcing materials and in different construction conditions.

Key words: road construction, elasticity modulus, reliability, geogrids, reinforcement.
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METHOD OF ASSESSMENT OF NON-RIGID PAVEMENT RESISTANCE TO RUT
FORMATION USING FINITE ELEMENT METHOD

METOJ OOIHKH CTIﬁIfOCTI HHOKPUTTA HEXKOPCTKOI'O JOPOXHBOI'O OJAIY
A0 YTBOPEHHA KOJIII 3A PAXYHOK METOAY CKIHHEHHUX EJIEMEHTIB

Garkusha Mykola Vasilovich, National Transport University, Omelyanovich
Pavlenko St. 1, Kiev, Ukraine 01010, assistant, e-mail: nicolas89@bigmir.net,
ten. +380966287905

Abstract. The article shows the calculation of stress-strain state of asphalt pavement by finite element
method using Ansys software system.

The object of the research is the displacements in the pavement design.

The aim of the research is to determine the resistance to rutting of asphalt concrete pavement of non-
rigid road base.

Insufficient resistance of asphalt concrete pavement of roads and streets to rutting with the formation of
shearing, shoving, rutting significantly reduces both the strength of the entire pavement design, and especially
the level of traffic safety due to the effect of aqua-planing in places of stagnant water and winter slipperiness.

The results of the calculations make it possible theoretically to determine the rutting of asphalt concrete
pavement based on a given number of vehicle passes and asphalt concrete pavement temperature.

Keywords: stress-strain state, rutting resistance, asphalt concrete pavement, residual strains.

Formulation of the problem. In recent years, one of the most common defects occurring in asphalt
concrete pavement and reducing its service life is rutting.

Insufficient resistance of asphalt concrete pavement of roads and streets to rutting with the formation of
shearing, shoving, rutting significantly reduces both the strength of the entire pavement design, and especially
the level of traffic safety due to the effect of aqua-planing in places of stagnant water and winter slipperiness.

The rut formation significantly impairs the flatness of pavement, traffic comfort and adversely affects
traffic safety, leads to rapid vehicle wear, increased fuel consumption, environmental degradation and in-
creased cost of transportation.

When maintaining highways, rutting is one of the most dangerous types of deformation and destruction
that significantly impair traffic safety [1]. According to the existing rules of repair and maintenance to high-
ways of general use in Ukraine, the rutting on the maintained roadways is inadmissible, and the one that has
emerged is subject to urgent liquidation [2].

The repair of rutting and other types of damages caused by their emerging require an additional increase
in cost by an average of 200%. Therefore, due to the widespread and large volume of asphalt concrete pave-
ments construction, as well as the significant unnecessary costs as a result of premature rutting, the issue of
ensuring pavement resistance to rutting is relevant enough.

Thus, the simulation of the stress-strained state of non-rigid road base under a single load action by the
finite element method is relevant for predicting rut formation of the pavement, taking into account the
combined effect of the high temperature and the action of vehicles.
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Research and publications analysis. The results of studies [3, 4] indicate that plastic deformations of
asphalt concrete pavement are related to the number of load cycles, loading time, axle load, asphalt concrete
properties, natural and climatic conditions.

The non-rigid pavement design sustains various types of static and dynamic impact from the loading of
wheeled road transport, which leads to reversible and irreversible strain, the nature and magnitude of which
define the service life [2, 4] of the highway.

The following studies [3, 5] consider in detail the issue of the occurrence of road construction deflec-
tions from road transport. Vertical deformations lead to the occurrence of stresses that penetrate the road struc-
ture to a considerable depth. The results of the study indicate that the stresses that have arisen on the surface
of the pavement are determined, other conditions being equal, by the sum of the normal forces transmitted to
the horizontal surface of the pavement by pneumatic wheels of a stationary motor vehicle.

The purpose of this article is to carry out the simulation of the stress-strain state of non-rigid road base
by the finite element method for predicting residual strains.

Main part. To determine the displacements in the asphalt concrete pavement, in accordance with the
design model and non-rigid pavement structures (Tables 1, 2), we performed the study of asphalt concrete
pavement by the finite element method, according to the methodology given in the dependencies [6, 7], using
Ansys software package.

We have carried out the simulation of the stress-strain state of these designs caused by the action of a
stamp (circle with a radius of 16 cm) under pressure of 1 MPa, using finite element method in an axisymmetric
and three-dimensional arrangement under different boundary conditions.

The non-rigid pavement designs with thicknesses of layers (for calculations we have selected the designs
tested on the annular stand of DP «Dorcentry), at different values of modules of elasticity at temperatures: +10
°C;+40°C;+50°C;+60°C is shown in the Tables 1, 2.

Axisymmetrical arrangement

The assumption of the symmetry of loading and boundary conditions allows us to consider this problem
in an axisymmetrical arrangement. For this purpose, a circular cylinder with a diameter of 3 m, the center of
the upper face of which sustains the pressure of 1 MPa, distributed in the middle of a circle with a radius of 16
cm (Fig. 1, 2). This arrangement allows you to simplify the simulation and reduce the number of finite ele-
ments.

Table 1 — The layer thicknesses of design No. 1 and their mechanical properties, depending on the
temperature
Tabmwmst 1 — ToBmruHa mapiB KOHCTPYKITi Nel Ta iX MeXaHIUHI BITACTHBOCTI 3aJISKHO BiJl TEMIIEpaTypH

Layer of Name Thickness Modules of elasticity / Poisson’s ratio
design h, cm +10 +40 +50 +60

Dense asphalt concrete, fine-
grained type B, grade I on bitumen

1 modified by polymer BMP 60 / 5 4500/0,3 | 690/0,35| 380/0,41| 360/0,43
90-52
Dense asphalt concrete, coarse-

2 grained type B, grade [ on bitumen 10 3200/0,3 | 550/0,35| 350/0,41| 320/0,43
BND 60/90

3 | Porous asphalt concrete, coarse- 10 2000 /03 | 460/035| 410/0,41| 340/0,43
grained, grade I.

4 Macadam 20-40 mm 20 350/0,27 | 350/0,27| 350/0,27| 350/0,27

5 Sand 20 100/0,3 100/0,3] 100/0,3| 100/0,3

6 Subgrade soils — silt loam 235 77 /0,35 77/035| 77/0,35| 77/0,35
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Table 2 — The layer thicknesses of design No. 2 and their mechanical properties, depending on temper-

ature

Tabmums 2 — ToBnmHA MiapiB KOHCTPYKIT Ne2 Ta X MeXaHI4HI BIACTUBOCTI 3aJIe)KHO BiJI TEMIIEpaTypu

Layer of Name Thickness, Modules of elasticity / Poisson’s ratio
design h, cm +10 +40 +50 +60
SMA-20 with bitumen, modified by
1 the polymer BMP 60/90-52 5 3500/0,3| 600/0,35| 360/0,41| 330/0,43
Dense asphalt concrete, coarse-
, | grained (maximum grain size of 8 3200/0,3| 550/0,35 350/041| 320/0,43
mineral grains up to 20 mm), type
A, grade I with bitumen BND 60/90
Porous asphalt concrete, coarse-
grained, grade L.
3 fine-grained (maximum grain size 8 2000/0,3| 460/0,35| 410/0,41| 340/0,43
of mineral grains up to 40 mm) of
grade |
Macadam-sand mixture C7, rein-
4 forced with cement M60 15 800/0,28| 800/0,28 800/0,28/ 800/0,28
5 Macadam-sand mixture C5 18 260/03| 260/03| 260/03| 260/03
6 Sand 20 100/0,3| 100/0,3| 100/0,3| 100/0,3
7 Subgrade soils — loam 226 77/035| 77/035| 77/035| 77/0,35

b)

Figure 1 — The pattern of the half model. (a - design No. 1, b - design No. 2)
Pucynok 1 — BizepyHok nonoBuHHOI Mofeii. (a - mpoekT Nel, 6 - mpoekT Ne2)
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Figure 2 — Cross sections of the rotational bodies corresponding to the models (a - design No. 1,

b - design No. 2) with axisymmetric examination

Pucynok 2 — IToniepeuni nepepi3u TiI 00epTaHHs, MO BiAMOBIIAIOTH MOJIENSIM (2 - KOHCTPYKIIist Nel,
0 - KoHCTpYKIis No2) 3 0ceCHMETPUIHUM AOCITI IKEHHIM

The results of maximum displacements under the stamp for the given structures, depending on the tem-
perature and boundary conditions with axisymmetric consideration of the problem, are given in Tables 3, 4.

Table 3 — Maximum displacements under the stamp for design No. 1, depending on the temperature and
boundary conditions for axisymmetric consideration of the problem, mm
Tabmunsg 3 — MakcumalbHi IIepeMileHHs i IITaMIIOM JJis1 KOHCTpYKIii Nel 3anexHo Bij TeMrepa-
TYpH Ta TPAHUYHUX YMOB IS OCICHMETPUIHOTO PO3MIIAAY 3a1a4i, MM

. iy Temperature, °C
Variants of boundary conditions 10 40 50 50
1) Complete prohibition of movement on the lateral surface 0,3674 | 0,8066 | 0,9369 | 0,9778
2) Slipping along the side surface permitted 0,511 0,9184 1,044 1,084
3) Moving points of the lateral surface permitted 0,6992 1,103 1,226 1,265

Table 4 — Maximum displacements under the stamp for design No. 2, depending on the temperature and

boundary conditions under axisymmetric consideration of the problem, mm

Tabauis 4 — MakcuMalbHI TIepeMIIIeHHS ITiJ] IITaMIIOM JIIsl KOHCTPYKIiT Ne2 3ajexHo BijJ Temrepa-
TYpH Ta TPAaHUYHHUX YMOB TIPU OCICUMETPUYHOMY PO3IIIsii 3a/1a4i, MM

. . Temperature, °C
Variants of boundary conditions 10 40 50 50
1) Complete prohibition of movement on the lateral surface 0,3472 0,7017 0,7936 | 0,8265
2) Slipping along the side surface permitted 0,4938 | 0,8213 | 0,9091 | 0,9409
3) Moving points of the lateral surface allowed 0,6739 1,001 1,087 1,118

Three-dimensional arrangement. Symmetric loading and boundary conditions
The assumption about the symmetry of loading and boundary conditions allows us to consider this task

in a three-dimensional arrangement. For this purpose, a prism is isolated from the design, the center of the
upper face of which sustains the pressure of 1 MPa, distributed in the middle of the circle with a radius of 16
cm. For the consideration of such a model, we will use the quarter of the model (Fig. 3).
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aa) 6b)

Figure 3 — The scheme of the quarter of the model (a - design No. 1, b - design No. 2)
Pucynok 3 — Cxema uBepTi Mogeii (a - kKoHCcTpyKis Nel, 6 - koHCTpyKIIist Ne2)

The results of maximum displacements under the stamp for the given structures depending on the
temperature and boundary conditions in the three-dimensional consideration of the problem are given in Tables
5, 6.

Table 5 — Maximum displacements under the stamp for design No. 1, depending on the temperature and
boundary conditions, mm. Three-dimensional arrangement. Symmetric loading and boundary conditions

Tabaums 5 — MakcuMalbHI TIepeMIIeHHs ITiJ] IITaMIIOM JIIsl KOHCTpYKIii Nel 3aiexHo Bij Temrepa-
TYpH Ta TPaHUYHHUX YMOB, MM. TpuBHMipHa KoMIo3uIlisl. CUMETpUYHE HABAaHTXKECHHS Ta TPAHUYHI YMOBHU

. .. Temperature, °C

Variant of boundary conditions 10 0 50 50
1) Complete prohibition of movement on the lateral surface 0,3798 | 0,8145 | 0,9433 0,9831
2) Slipping along the side surface permitted 0,4860 | 0,8942 | 1,0190 | 1,0580
3) Moving points of the lateral surface permitted 0,6427 1,0440 1,1660 1,2050

Table 6 — Maximum displacements under the stamp for design No. 2, depending on the temperature and

boundary conditions, mm. Three-dimensional arrangement. Symmetric loading and boundary conditions
Tabmunsg 6 — MakcumalbHi ITepeMileHHs i IITaMIIOM JJis1 KOHCTPYKIIii No2 3ajie:kHO BiJ| TeMIiepa-
TypH Ta TPaHUYHUX YMOB, MM. TpuBUMipHa KOMITO3uIlisl. CHMETpHUYHE HAaBAHTAXKEHHS Ta TPaHUYHI YMOBU

. .. Temperature, "C

Variant of boundary conditions 10 m 50 50
1) Complete prohibition of movement on the lateral surface 0,3589 | 0,7108 | 0,8022 0,8342
2) Slipping along the side surface permitted 0,4674 | 0,7969 | 0,8848 | 0,9160
3) Moving points of the lateral surface permitted 0,6184 | 0,9445 1,0310 1,0610

Three-dimensional arrangement. Unsymmetric loading and boundary conditions

The assumption of asymmetry of loading and boundary conditions allows us to consider this problem in a
three-dimensional arrangement. For this purpose a prism is selected from the construction, the face of which
sustains the pressure of 1 Mpa, distributed in the middle of a circle with a radius of 16 cm (Fig. 4).
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Figure 4 — The scheme of the half model (a - design No. 1, b - design No. 2)
Pucynok 4 — Cxema HaniBMozedi (a - koHCTpyKiis Nel, 6 - koHCTpyKItist No2)

For this model we consider the variants of the boundary conditions: the total prohibition of displace-
ments on the lateral surface; slipping along the side surface permitted; slipping along the inner lateral surface
and moving of the points of the outer lateral surface permitted; there are no restrictions on the lateral surface.
The results of maximum displacements under the stamp for the given structures, depending on the temperature
and boundary conditions with non-emermatic load of the problem, are given in Tables 7, 8.

Table 7 — Maximum displacements under the stamp for design No. 1, depending on the temperature and
boundary conditions, mm. Three-dimensional arrangement. Unsymmetric loading and boundary conditions

Tabaums 7 — MakcuMalbHI TIEpeMIIeHHS ITiJ] IITaMIIOM JIIsl KOHCTpYKIii Nel 3aiexHo Bij Temrepa-
TYpH Ta TpaHUYHHUX YMOB, MM. TpuBHMipHa Kommo3uilis. HecumeTpuuHe HaBaHTa)KECHHS Ta TPAHHMYHI YMOBHU
Temperature, °C

Variant of boundary conditions 10 40 50 60

Slgrg;?plete prohibition of movement on the lateral 0.3609 0,7928 0,9214 0,9608

2) Slipping along the side surface permitted 0,4981 0,9012 1,0250 1,0630

3) Slipping along the inner lateral surface and moving
the points of the outer lateral surface permitted

4) There are no restrictions on the side surface 0,6758 1,0700 1,1920 1,2290

0,5480 0,9610 1,0880 1,1270

Table 8 — Maximum displacements under the stamp for design No. 2, depending on the temperature and
boundary conditions, mm. Three-dimensional arrangement. Unsymmetric loading and boundary conditions

Tabmuns 8§ — MakcumalbHi ITepeMileHHs i IITaMIIOM JJIs1 KOHCTPYKIIii No2 3ajie:kHO BiJ| TeMIiepa-
TYpH Ta TPaHUYHHUX YMOB, MM. TpuBHMipHa Kommno3uilisi. HecumeTpuuHe HaBaHTa)KECHHS Ta TPAaHHMYHI YMOBHU
Temperature, °C

Variant of boundary conditions 10 40 50 60
Slgr?a(;glplete prohibition of movement on the lateral 0.3425 0.6908 0.7822 0.8139
2) Slipping along the side surface permitted 0,4798 0,8058 0,8935 0,9241

3) Slipping along the inner lateral surface and moving
the points of the outer lateral surface permitted 0,5264 0,8606 0,9500 0,9810

4) There are no restrictions on the side surface 0,6514 0,9716 1,0570 1,0870

Determination of residual strains of asphalt concrete pavement. A significant disadvantage of the
Ukrainian normative documents on the road base design, in particular DCN B.2.3-218-186 [8], is the lack of
sections on predicting the condition of road base during its service life. The end of the estimated service life is
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not associated with the amount of destruction. Put simply, it is not known what the average depth of the rut
will be.

Vertical residual strain of compression ¢, is found by the empirical formula (1), obtained in the
laboratory during testing of asphalt concretes, depending on the temperature 7 and the number of previous
loads N. In this test repeated loads were carried out without side limitation, and then, the coefficients were
updated according to the field data [9]:

&
ha/a(taT(t)):(g_p:/Bﬂ'al'T'az'/Brz'N'az'ﬂr3 (1

r

where g, - accumulated residual vertical strain from N loaded at temperature 7 (F);
& - is the vertical strain at this point, calculated from the theory of elasticity and dependent on the
parameters of the axes of the layer system.

As a result of the laboratory study of repeated loads of asphalt concrete, we obtain the following
expression (2):

&

c 9 1,734
Zr 107315 .(_ Te+ 32j . 03994 @)
P 5

The correct setting of boundary conditions for models of such designs is a complicated task. The deformation
of a model with a boundary-free lateral surface can be the upper limit of the deformations of the real structure, and
the lower limit is the deformation of the model with a rigidly restrained lateral surface. As the calculations have
shown, the difference between them in some cases can reach 50%, so the deformation of the model with an "inter-
mediate state" of the boundary conditions is taken for the evaluation of structural deformation.

Under axisymmetrical arrangement it was possible to achieve numerical convergence of strains with grids
condensed up to 16080 elements, while reaching numerical convergence with a relative error of 1% in the three-
dimensional arrangement required 1006000 elements, and further condensation of the grid encountered significant
difficulties in the calculation.

The analysis of the results has shown that for the elastic strains estimation axisymmetrical arrangement is
enough, whereas in the calculation of strength it is necessary to use the three-dimensional arrangement and the
boundary conditions as close to the real ones as possible, since the boundary conditions and the position of the load
essentially affect the redistribution of the tensile stresses zones, and not so much the size of strains.

On the basis of the obtained results, it can be concluded that the maximum displacements, and hence the
rutting of the asphalt concrete pavement of non-rigid road base, occurs in design No. 1, in which reinforced
layers were not applied. The results of the study indicate that the rutting in asphalt concrete layers in the
structure with reinforced materials is up to 56% less than in the analogous but without the use of reinforced
materials. Depending on the conditions of the boundary state, the rutting of pavement design increases to 28%.
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METO/ OIIHKA CTIMKOCTI MOKPUTTS HEXKOPCTKOI'O JOPOXKHBOI'O OJIATY 10
YTBOPEHHS KOJIII 3A PAXYHOK METOJAY CKIHYEHHUX EJIEMEHTIB

I'apkyma Mukosaa BacunboBud, HammoHaasHUI TpaHCTIOPTHUM YHIBEpcHTET, Byi1. OmensHopn4a [TaBienka
1, Kuis, Ykpaina 01010, acuctenrt, e-mail: nicolas89@bigmir.net, Tea. +380966287905

AHoTauisi. B cTarTi HaBeneHa po3paxyHOK Hampy:KeHO-ae(hopMOBaHOro CTaHy ac(halabTOOCTOHHOTO
HOKPHUTTS METOJIOM CKIHUCHHUX €JIEMEHTIB 13 3aCTOCYBaHHIM IIPOrPAMHOTO KOMIUIEKCY Ansys.

HenocraThs cTilikicTh acganbToOETOHHOTO HOKPHUTTSI aBTOMOOUIBHHX JIOPIT 1 BYJHUIb 10 KONIKHOCTI 3
YTBOPEHHSIM 3CYBiB, HAIIMBIB, KOJIiH CYTTEBO 3HMXKYE K MIIJHICTh BCi€l KOHCTPYKLIi JOPOKHBOTO OJATY, TaK
1 0cOOMBO piBEHBb OE3MEKHU PYXY 3a PaXyHOK CTBOPEHHS e€()EKTy aKBaIlIaHyBaHHS B MICIIX 3aCTOIO BOIH Ta
3MMOBO1 CITU3BKOCTI.

PesynpTaTti mpoBeAeHNX PO3PaxyHKiB AAIOTh MOKIIMBICTh TEOPETUYHO BU3HAYUTH KOO acganbTode-
TOHHOT'O ITOKPHUTTS B 3aJIEXKHOCTI BiJl 33JaHOT KIJIBKOCTI ITPOXOiB aBTOMOO1JIs Ta TeMIIepaTypH acdaibTode-
TOHHOTO MOKPHTTS.

KirouoBi cioBa: Hanpy)eHO-IeQOpPMOBAHUHN CTaH, KOJIECTIHKICTD, acaabTOOETOHHE MOKPUTTS, 3a-
JIATITKOBI e opmarii
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CONTRACTION STRESS IN CEMENT-CONCRETE AND OTHER CEMENTED LAYERS OF
ROAD CLOTHING FOR SETTING AND HARDENING
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AnoTtanisi. CTaTTs IpHUCBSIYICHA HATIPYKESHHSIM YCaIKH, III0 BUHUKAIOTH B IIEMEHTOOECTOHHOMY a00 iH-
MIOMY IIEMEHTOBMICHOMY IIIapi TOPOKHBOTO OJATY 3 KPHCTAJI3AMIHOI0 CTPYKTYPOIO TIPU TY>KaBiHHI Ta TBe-
painHi. HaBeieHO OCHOBHI MIPUYMHM YTBOPEHHS TPIIMH B IEMEHTOBMICHHX MaTepianax. Ha ocHOBI TeopeTn-
YHOTO PINICHHS BHUBEICHO MaTEMAaTHYHY 3aJICKHICTh, KA MOJIEIIOE Ta JTA€ MOXKIIUBICTD OLIIHUTH PO3ITOJILT
HaIpy>KEeHb yCaJIKH, III0 BUHUKAIOTH B IIEMEHTOOETOHHOMY 200 1HIIIOMY IIEMEHTOBMICHOMY IIIapi JOPOKHBEOTO
OIITY TpH TyKaBiHHI Ta TBepHiHHI. TeopeTnyHe pileHHs 0a3yeTbcs Ha TEOPii NPY>KHOCTI 1 BpaxOBYy€e HACTY-
MHI mapameTpu: MacooOMiH (BOISHHM map, pigka ¢aza BoAu), IKUil pOpMYy€eThCs i BIUIMBOM BTPAT BOJIOTH
Ha MeKax IIapy 1 BUKJIMKA€ HEPIBHOMIPHHI PO3IOIiI BOJIOTOCTI IO TOBIIKHI IIapy; KOe]ILiEHT BOJIOTOIPO-
BiJHOCTIi, MOZYJb MIPYKHOCTI, KOe(ILliEHT ycaaKH, sIKi BiJOOpakaloTh CTPYKTYPY 1 XapaKTEPUCTHUKH MaTepi-
aly; a TaKOX 4ac JOTIISILY 1 Mipy >kosio0neHHs. MareMaTr4Ha 3a1eXHICTh JO3BOJISE BU3HAYUTH HAIIPYKEHHS
BiJI yCaJIK¥ B IIEMEHTOOCTOHHUX Ta 1HINUX IIEMEHTOBMICHHUX Iapax JOPOKHBOTO OJIATY Y BUIAAKAX 13 MOXK-
JIUBICTIO KOpoOJeHHs Ta 6¢3. OTpuMaHe PIlIeHHS JO3BOJIMTHh YTOYHUTH PO3PAXYHKH JOBTOBIYHOCTI IIEMEHTO-
0eToHHOTO 200 1HIIOTO IEMEHTOBMICHOTO MIApy TIOPOKHBOTO OJSTY 3 KPUCTAIZAMIHHOK CTPYKTYPOIO.
Kuro4oBi cjioBa: BOJIOrOMPOBIIHICTD, TOPOXKHIN 0T, KOS(DILIEHT ycaaKku, MacOOOMIiH, Mipa JK0JI00-
JICHHSI, HATIPYKEHHS yCaJIKH, TEOPETUYHE PIllICHHS, IIEMEHTOBMICHUH map.
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Beryn. 3a ocranniMu manumu MinictepctBa [HbpacTpykTypn YkpaiHu Ha JIOJIO JOPIT 3arajibHOTO
KOPHCTYBaHHS 3 IEMEHTOOETOHY MpHITagae MEeHII Hix 3 % BiJ 3arajibHOI KITBKOCTI JOPIT, MO KiTBKICHO CTa-
HOBUTH 2900 kM [1]. He 3Baskaroum Ha Mally TPOTSKHICTH IIEMEHTOOCTOHHUX JTOPIT HUHIMITHIM «TPEHIOM)
CTa€ MPUXMIBHICTD CaMe 10 TAKOT'O THUITY TIOKPHUTTS, 10 OCOOIUBO aKTyaJIbHO ISl iBACHHUX PETiOHIB HAIIOl
neprkaBu. KpiM 11eMeHTOOETOHY B OKPHUTTI 1 MIapax TOPOKHBOTO OSTY BUKOPUCTOBYIOTHCS 1HIII MaTepiaiu
3 KPUCTATI3AIIHHOIO CTPYKTYporo [2-7]: mebeHeBi, mebeHeBo-IiIaHi, TpaBiitHO-TIiaHi (1 HaBITaKM) MaTepi-
aly, 1O YKPiIUIeHI HEOPraHIYHUMH B SDKYUMMH, TICHI OETOHM Ta iHII. Maro4u psill TEXHIKO-€KOHOMIYHHX
nepesar, Mapy 3 IeMEHTOOETOHY Ta 1HIIMX LEMEHTOBMICHUX MaTepiajiB KpUCTalli3aliiiHOI CTPYKTYpH B Ha-
CJI1IOK T IBUTIIEHOT KOPCTKOCTI CXWJIBHI IO TPIIIMHOYTBOPEHHS, IO 3HIKYE iX MIITHICTD 1 JJOBTOBIYHICTH BITi-
JoMy.

Mera i meToau. TpilinHU B IEMEHTOBMICHUX MaTepialax MOXYTh BUHUKATH yepe3 pi3Hi pakropu [2,
4, 8-16]: pizHUI KOE(IIi€HTIB TIHIHHOTO TEPMIYHOTO PO3MTUPECHHS; TCIUIOBUIAUICHHS IEMECHTY; BHYTPIIIIHI
HaTpy>KeHHS B CTPYKTYpP1 IEMEHTHOTO KaMeHS YH B 30HI KOHTAKTY «IIEMEHTHHHA KaMiHb — 3a[TOBHIOBAW»; HE
HaJIC)KHUHN JOTJISAA 32 BIAIITOBAHUM LIapOM; IIOCTIHHMIA TETI0 1 MacooOMiH (BoAsHUH map, piaka ¢aza Boam),
10 BUKJIMKA€E HEPIBHOMIPHUI PO3MOIiI TEMIIEpaTypH 1 BOJIOTOCTI MO TOBIIWHI; ycaKa Mg A€o Gi3uKo-XiMi-
YHUX MPOIIECIB IPH TBEPIiHHI IIEMEHTHOTO KaMeH!0; edopmariii BiJl TpaHCIIOPTHUX HAaBAHTAXKCHb.

Jist po3paxyHKy IEMEHTOOETOHHHX IIapiB TOPOKHBOTO OJATY Ha TPIIIMHOCTIMKICTH a00 SIK 3aIHCcaHo
B I'BH B.2.3-37641918-557:2016 «/lopoxHiii oasr s»xopcTkuii» [17] — «6.1.3 Po3paxyHOK MOHOIITHOTO Tie-
MEHTOOETOHHOTO ITOKPUTTS», HEOOX1THO 3HATH BEIMYUHY HAIIPYXKEHB Bif A1l BHIIE TIepepaxoBaHuX (HaKTOPiB.
BusnaunT HanpykKeHHs B IEMEHTOOETOHHHUX IIapax BiJl TPAHCTIOPTHUX HABaHTAXKEHb 1 Mepenary TeMIepa-
Typ MoxkHa 3a 'bH B.2.3-37641918-557:2016 «/lopoxHiii onmsar skopcTkuii» [17], mpu oMy po3paxyHOK
HaIpy>KeHb BiJl yCaJKH B MOMEHT TYKaBiHHSI Ta TBEPAIHHS HE BPaXOBYETHCS B3araji, 0 MOXE CBIAYUTH TIPO
BIICYTHICTBh TAKOTO PO3paxyHKy. OMHAK, K ITOKa3ye MPAaKTHKA Ty’Ke YaCTO HANPY>KCHHS BiJ YCaIKH B IIeMe-
HTOOETOHHHUX Ta IHIINX HEMEHTOBMICHHX IIapax AOPOKHBOTO OAATY 3 KPHCTATI3A[IHOIO CTPYKTYPOIO 10Cs-
raroTh BEJIMYMHHU HATIPYKEHHS BiJ Jii TpaHCHOPTY i mepenany temnepatyp. CaMe TOMy BHHUKIIA MTOTpeda y
BH3HAYCHHI HAIPYXEHb B IIEMEHTOBMICHUX Marepiajax 3 KpHUCTaTi3allifHOIO CTPYKTYPOIO Ha CTamii TyKa-
BiHHSA JI0 JOCATHEHHS «TPAJUIIAHUX» 28 1i0.

Pe3ysbTaTu i nosicnenHs. s eTaqpsHOrO IPOLECY AOCHIIKEHHS yCaaKi IEMEHTOBMICHUX MaTepi-
aJiB 3 KPUCTATI3aMIMHOIO0 CTPYKTYPOIO BETUYMHY yCaIKH AUIATH HAa YaCTHHY, III0 00YMOBJICHA BUTIApPOBYBaH-
HSIM BOJIOTH 1 YaCTHHY 00YMOBJICHY Iporiecamu TBepaiHH [ 14, 16]. s cripoteHHs po3paxyHKiB 00’ €THAEMO
ITi TIPOIIECH B OJIUH.

[Ipu HEpiBHOMIPHOMY PO3MOALTI BOJIOTH W(z,t) 110 TOBIIMHI /1 IIEMEHTOBMICHOTO MaTepiany 3 KpuCTa-
J3aIifHOI0 CTPYKTYPOIO B HhOMY BHHHKAIOTH MPYKHI HATIPYTH Oy (z, W), IO OMHCYIOTHCS (OPMYIIOIO:

g \ 2-a-cy "2\,

o (W) =T W(z,t)—%-'[W(z,t)dz— : j W(z,t)-

h
PE E—Z dz (1)

ne, ow (z, W) — npyxHi Hanpyxenns, MI1a;
Z — MIOTOYHA KOOP/IMHATA TI0 TOBIIWHI Mapy, M;
¢ — 4ac oISy, TOx;
h — TOBIIMHA T1APY, M;
Cx — KOeIIIEHT MIpH KOJOOJICHHS;
o — Koe(ilieHT ycalKu, sIKHA XapaKTepu3ye 3MEHILIEHHS JTiHIHHOTO pOo3Mipy 3pa3Ka Mpy BUAAICHHI 3 HHOTO
1 % Bonory;
E — momyne nipyxxuOCTi, MIla;
1 — xoedinient Ilyaccona;
W (z,t) — QyHKUiS pO3MOIiTy BOJIOTH MO TOBIIMHI IIapy LEMEHTOOETOHY.
®opmyma (1.1) anamoriuna gopmymi akazn. C. I1. Tumomenko [18] mis BU3HAYSHHS TeMIIEpaTypHUX
HaIpyr B OETOHHUX HOKPUTTSX, TUILKH 3aMiCTh PO3PaXyHKOBOI (DYHKIIIT PO3MOIiICHHS TeMIIEPaTypH IO TOB-
LIMHI TOKPHUTTS 200 Iapy JOPOKHBOTO OJSATY BUKOPHCTOBYETHCS (DYHKIIISI PO3MOILTY BOJIOTH.
[Tone BomorocTi EMEHTOOETOHHOTO 200 1HIIOrO EMEHTOBMICHOTO APy TOPOKHBOTO OZSTY 3 KPUC-
TaTi3alifHOI0 CTPYKTYPOIO (OPMYETHCS i II€I0 BUIIAPOBYBAHHS BOIM 3a PaxXyHOK TEMIIEpaTypH 1 BITpY,
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(i3MKO-XIMIYHHUX MPOLECIB TiAparTamii i riApomisy BOAM 3 LEMEHTOM, a TaKOX MOKJIMBOIO BTPATOIO BOIH 3
LEMEHTOOETOHHOI CyMillll Yepe3 HIK4Ye PO3TalIOBaHUH map abo IPyHT 3eMIITHOTO TONIOTHA [9]:

w© 2 _a -t~(7r~n)2

z-t-(m—m 2h u 2 . Tn-z
W(z,t)zg—m~t+2#~ [m—m1~(—l) ] l-e * sin——+ W, 2)
h TN -, h
ne: m — KoeiIieHT iIHTeHCUBHOCTI 3MiHHM BOJIOTH Ha BEPXHIH ITOBEPXHI APy LIEMEHTOOCTOHY BiJ TEM-

nepaTypy Ta MBHIKOCTI BITPY, %/Tox;
mi — KOeIIieHT IHTEHCUBHOCTI 3MiHH BOJIOTH Ha HWKHIM MOBEPXHI Mapy HMEMEHTOOETOHY, %0/TOx;
— xoe(]ilieHT BOJIOrONPOBiIHOCTI, M%/TOX;
W — moyaTKoBa BOJIOTICTh, %.
Jst Bupasy (2) rpaHUYHAMU YMOBaMH CIYT'YIOTh HACTYIIHI PiBHSHHS:

W(z,0) = Wy = const; W(0,t) =Wy,—m - t; W(ht)= Wy-m - t 3)
[MigcraBnsatoun piBHSHHEA (2) 10 piBHsHHSA (1), QYHKIIS PO3NOALTY BOJIOTH MO TOBIIMHI APy HEMEH-

TOOETOHY CTa€ MigiHTerpaJbHUM Bupa3oM. st Apyroi ckiiagoBoi BUpa3y y KBaapaTHUX Ay)KKax piBHSHHS (1)
(GYHKLIS pO3NOALTY BOJIOTH MO TOBIIMHI IIApy MPUAME BUTIISA:

_[W(Z t)dz w _[zdz m-t- IdZ+W J‘dz+iL-

n=1 7T -a,
7“1“””)2 h
jsm z—m-e J-sm 2 dz - m, - (=1)" Ism a’z+m1 (-D"-
h
_at(zn)”  h TNz
e -jsin—dz (&)
0 h

[TigiaTerpanbHa GYHKLIS CHHYyCca MAaTUME BUTIISIA:

h

:_h-COS(ﬂ-I’l)+ h :h—h-cos(ﬂ-n) 5)

wT-n T-n T-n

mT-n-z
N . h- cos(hJ
i 7% o -
) h

T-n

Jnst TpeThoi CKIaJ0BOI BUpaA3y y KBaJApaTHUX AYKKax piBHSHHA (1) QyHKIiS po3monidy BOJOTH MO
TOBILUHI Iapy NpUIMe BUTIISLI:

W t-(m-m) h*>-m-t h*-W-n & h’
- + +

h
W(z,t —d = ’
! (z.0)- 4 2 2 n:lﬁ3-n3~a1
m-(h—h- cos(7r m)_ M h—hecos(zon) 1’
T-n :
hheoln) e B heostan) ©
wTn ! w-n
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h 2 _ t. B2 . 2 £ 2
—1-jW(z,t)~zdz=—h ! (;n m1)+m tzh —anh —z 32 il X
g — 3.0t

m-h-(h-sin(n-7)—n-7h-cos(x-n)) -tz
g -m-e
h-(h-sin(n-7)—n-z-h-cos(x-n)) . h-(h-sin(z-n)—n-m-h-cos(x-n))
) il —my - (=1)"- n? .zl +
a»t-(/z-n)z .
n T h-(h-sin(z-n)—n-7-h-cos(x-n
ety I sinGem) e hecos(a ) -

n -7

BpaxoByroun TUTEKH TEPITY 1 IPYTy CKJIAIOBI BHPa3y y KBaIpaTHUX Ay>KKaxX piBHAHHA (1) MOXKHA BU-
3HAYUTH HANPYKEHHS 7151 BUIBHOTO KPalo CepeIMHM TUINTH, sIKa He Moke kopoOuTucs. [Ipu BpaxyBaHHI BCix
TPbOX CKJIaJIOBUX BHpa3y y KBaJIpaTHHUX Ay>KKax piBHAHHSA (1) MOXKHA BU3HAYUTHU HANPY>KEHHS s BUTBHOTO
Kparo Cepe/IHY TUTUTH, sIKa MOYXKE KOPOOUTHCS.

[MigcraBmsaroun hopmynu (4 - 7) B (1), 63 BpaxyBaHHS TPEeThOi CKIaJ0BOI BHpa3y y KBaApaTHUX TyXK-
Kax, MOKEMO BU3HAYUTU HANpPY>KEHHS BiJ yCaJKH B HEMEHTOOCTOHHMX Ta IHIIMX HEMEHTOBMICHHUX IIapax
TIOPO’KHBOTO OATY TIPH TY>KaBiHHI Ta TBEPIiHHI 0€3 MOKIIMBOCTI KOPOOUTHUCS:

o,(z W)=a'E't'(m_m1)~[i—05j+ i 2-h°a-E-(m+m)
o 1-u h , n=13,5.. 71'3'1’13-611'(1—/1)

. TRn-Z 2 -7%[;72”) o 2-h*-a-E —7'1'[5;") 2-m  2-m
sin————-———¢ + > = e : + +

h Ton s T -n3~a1~(1—,u)' Tn  men
2 2. hrq-E-(m— Cren _atten®
+ > . 03! (m = m, sin 22 e (®)
n=2,46. & N a1'(1_,u) h

[TincraBnsroun popmyu (4-7) B (1) MokeMO BU3HAYNTH HAIIPYKEHHS BiJl yCaIKH B IIEMEHTOOSTOHHIX
Ta IHIIMX [IEMEHTOBMICHHUX IIapax JOPOKHBOTO OJTY MPH TYKaBiHHI Ta TBEPAiHHI 3 MOXKIHUBICTIO KOPOOH-
THUCS:

o (z W)ZOt-E-z‘-(m—m1 ~(£—05]+ i 2-h2-a-E-(m+ml).
, h , n=135.. 773‘”3'511‘(1_,”)

x . 2 . . - al 't.(”.”)z . .
oI 2 }Jr 5 2-h*-a-E i ‘{2 m, 2 m1}+
4

33 "€
=1,3,5. 7 N -a1~(l—,u) T-n wT-n
ayten)? 12'(1—Cx)'(z_zj'a'E

N Z“’: 2-h*-a-E-(m-m, Ton-z 2 3
et A ma (1= p) h (1-u)
h* -t (m—m1)+ i h { m }+ i ht
12 s, ont ey \mon) AT o0 a
2 2 9 t-(zn)* 2 ln 2 1/1 7‘11"'(”"7)2
m m.e 2 3 -m, - (=1) 4 -m, - (=1) o 2 )
T-n T-n T-n T-n

Sxmo B popmyii (9) Cx mOpiBHIOE OTUHMLI, TO IIE O3HAYAE BIICYTHICTH KOPOOJICHHS B LIEMEHTOOCTOH-
HOMY a0o0 IHIITOMY IIEMEHTOBMICHOMY IIIapi JOPOKHBOTO OJATY 1 hopmyia (9) aBTOMaTHIHO ITEPETBOPIOETHCS

B (hopmyy (8).
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Pe3ysbTaTu i nosiciennsi. Ha oCHOBI TEOpETHYHOTO PILLICHHS MOKHA PO3PaX0OBYBATH HAIIPY>KEHHS Bil
yCaJKu, [0 BUHUKAIOTh B LIEMEHTOOETOHHOMY a00 iHIIOMY LIEMEHTOBMICHOMY IIapi AOPOKHBOTO OJSITY 3
KPHCTAJII3aMIHOI0 CTPYKTYPOIO MPH TYXKaBiHHI Ta TBEPiHHI. PirmenHs 6a3yeTses Ha Teopil MPy>KHOCTI 1 Bpa-
XOBY€E HACTYITHI ITapaMeTpu: MacooOMiH (BOASHUH map, piaka ¢asza Boau), AKUl HOPMYETHCS i BILTUBOM
BTpPAT BOJIOTH Ha MEKax IIapy 1 BUKIMKAE HEPIBHOMIPHHHA PO3IOALI BOJIOTOCTI MO TOBIIMHI MIapy; KOe(illieHT
BOJIOTOTIPOBITHOCTI, MOIIYJIb MPY>KHOCTI, KOS(DIMIEAT YCaaKH, SIKi BiIOOPaKaIOTh CTPYKTYPY 1 XapaKTEPHC-
THKHA MaTepiajly; a TaKoXK 4ac JOMIALY 1 Mipy *ojo0ieHHs. OTpuMani 3ai1exHOCTI (8, 9) 103BOJIAIOTH Po3pa-
XyBaTH Halpy>KeHHS BiJ ycaaku Ha Oyab-aKii TIHOWHI mapy 1 B Oyab-sIKHii MOMEHT Yacy IOTJISILY 32 LUM
[IapoM, a B TIOAAJIBIIOMY J03BOJISITh YTOUYHUTH PO3PaXyHKH JOBTOBIYHOCTI EMEHTOOETOHHOIO 200 1HIIOrO
IIEMEHTOBMICHOTO ITIApy TOPOXKHBOTO OJIATY 3 KPUCTAJI3AMIHOIO CTPYKTYPOIO.
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Summary: The article is devoted to shrinkage stresses arising in cement concrete or other cement-containing
layer of road clothing with crystallization structure during curing and hardening. The main reasons for the
formation of cracks in cement-containing materials are given. Based on the theoretical solution, a mathematical
dependence is derived that simulates and allows to estimate the distribution of shrinkage stresses occurring in
cement concrete or other cement-containing layer of road wear during curing and curing. The theoretical so-
lution is based on the theory of elasticity and takes into account the following parameters: mass transfer (water
vapor, liquid phase of water), which is formed under the influence of moisture losses at the boundaries of the
layer and causes an uneven distribution of humidity across the thickness of the layer; moisture coefficient,
modulus of elasticity, shrinkage coefficient, which reflect the structure and characteristics of the material; as
well as care time and guttering. Mathematical dependence allows to determine the shrinkage stress in cement
concrete and other cement-containing layers of road clothing in cases with or without possibility of warping.
The obtained solution will allow to clarify the durability calculations of cement concrete or other cement-
containing layer of road clothing with crystallization structure.

Key words: moisture conductivity, road clothing, contraction coefficient, mass transfer, measure of warping,
contraction stress, theoretical solution, cemented layer.
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AHoTamisi. Y CTaTTi MOKa3aHi eKCIIEPUMEHTAbHI TOCIIPKEHHS OCTOHIB, 1110 MICTITh Cy4acHi cyrie-
priacTUgIKaTOPH 1 EMEHTH, SKi MalOTh BUCOKY MIITHICTh B paHHI TepMiHH TBepIiHHA. Y BiIli 3 110 MIITHICTh
OeTOHIB BiAMOBIIa€ He MeHIll, HiX 70 % Bia MimHOCTI y Bit 28 110, a B Biwi 7 110 — OinbIne 80 %. Lli 3amex-
HOCTI IIBUJIKOCTI HA0OPY MILTHOCTI OE€TOHaMHU BCTaHOBJICHI /Ui OETOHIB pi3HOI JierkoykinaaanbHocTi. [Toka-
3aHO, III0 Ha MiACTaBi BCTAHOBIICHUX 3aJICKHOCTEH MOYATOK EKCINTyaTaiii OCTOHIB HAa CyJaCHHUX MaTrepiaax
MOe OyTH po3IT0YaTo paHilie, Hi>K BOHH JOCSITHYTH BiKy 28 mi0.

Kuro4oBi cjioBa: J0poXxHIM IEMEHTOOSTOH, MIIHICTh, IIPECOBAHNUN OCTOH, YKOUEHHUI OETOH, TBEp-
JHHSA

Cran nuranHs. ®axiBiIM, 1110 PALOIOTh B 00JACTI JOPOKHBOI0 Oy IIBHUIITBA 1 3aiiMarOThCs BJIa-
IITYBaHHSAM MOKPUTTIB 1 OCHOB 13 IIEMEHTHOTO OETOHY BiZJOMO, IO 3TiHO 3 HOPMATHBHUMHU JOKYMEHTAMU
pi3HUX KpaiH, MapOYHY MIlHiCTh OETOHIB BU3HAUAIOTh Y Billi 28 1i0. ToMy NpHitHATO BBaXKaTH, 1110 BiIKPUBATH
PyX IO LEMEHTOOCTOHHOMY MOKPHUTTIO (200 MepeKpuBaTH OCTOHHY OCHOBY ILIAPOM IIOKPUTTS) MOXKIHBO
TUTBKH gepe3 28 mi0. BianosiaHo, 11e 3HAUTIUIO BiMoOpaKeHHS B HOPMAaTHBHHX JOKYMEHTAX, a TAKOX B IPOE-
KTHIH TOKyMeHTalii, aKi IitoTh cborofHi. [Ipu ctBopenHi npoektiB Bukonanus pooit (I1BP) i kanengapHoro
IUIaHy, HAIIPHUKIIA/l, II0YaTOK POOOTH OYAiBEIbHOrO IMOTOKY IIOJ0 BIAIITYBaHHSA OCTOHHOI'O IOKPUTTS 110 Oe-
TOHHIN OCHOBI 3pYIIICHO Ha JBA-YOTHPHU THXKHI BiJl 3aBEpPIICHHS YKIaAaHHSI OCHOBHU. lle 3HAYHO TOIOBXKYE
TepMiHU OyAiBHUITBA 00'€KTiB 1 cripusie GOpMyBaHHIO YABICHHS PO Te, 10 OyAIBHUITBO MIAPiB JOPOKHBOTO
OJATY 13 LIEMEHTOOETOHY — IIy’Ke TpuBasla npouenypa. Hacmpasni ug aymka Oyna BiJHOCHO HMPUHHSTHOIO
30...40 pokiB ToMy. [JI1 BUTOTOBJICHHS JOPOXKHIX, MOCTOBHX 1 a€pOJAPOMHHUX OCTOHIB B IIEH MEPiO 3aCTOCO-
BYBaJIM 100ABKH, SIKi MalOTh HU3bKY IUIACTH(IKYIOUY 34aTHICTh, THITY JirHocynbponaTiB TexHiyaux (JICT) i
ix Moau¢ikoBaHUX Pi3HOBUAIB. OCKUTBKY LI TNIACTU(IKATOPH CIIOBIUILHIOBAIN CXOIUTIOBAHHS 1 TBEPIHHS 11e-
MEHTIB, TO KiHETHKA Ha0Opy MIITHOCTI O€TOHIB BIAMOBIIaIa EMITIPUIHO BUBEICHOT 3aKOHOMIPHOCTI: Ha 3 00y
npuponHoro TBepAiHHSA 6eroH MaB 30...40 % Bim mapounoi mirHOCTI Ha 3 700y, 50...60 % — Ha 7 MO0y,
80...90 % — na 14 abo 21 noOy. binbm edekTuBHi cynepmiactudikaTopH, sKi 3'SIBUIMCA Mi3HilIE, (B TOMY
YHCIi BiTOMHH 1 KOHKypeHTocTipoMoxHHUK C-3 1 oro aHanoru) Kijibka NPUCKOPHIIN HPOLIECH CTPYKTYPOYT-
BOpPEHHS B 0€TOHAX 1 MIBUIKICTh HAOOPY MIIHOCTI, O/THAK, HE € IPHHLIUITOBIM: MIIHICTh Ha 3 100y —40...45 %,
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Ha 7 100y — 10 70 % i 11 %k 80...90 % — Ha 14...21 no0y npupoaHoro TBepAiHHs. Kpim Toro, Taki cyneprac-
tudikatopu (CII) B 70-x i HaBiTh 80-X poKax MUHYJIOrO CTOMITTS Oynu AediuuTHi, a IX BUTpaTa i BapTiCTh
Oyna BimuyTHO Buie Toro x JICT. Beenenns noBiTpoBTATYBaIbHUX 100aBok (IIBJ]) B 6eTOHM TpaHCIIOPTHOTO
MIPU3HAYCHHS, SIKE OYJI0 pEKOMEHIOBAHO HOPMATHBHO-TEXHITHOIO TIOKYMEHTAIIIEI0, CIIPUSIIO IEIKOMY YITOBI-
JILHEHHSI IBHUKOCTI TBEPIiHHS, a HAWTOJOBHIIIE, — MPU3BOUIIO JIO 3HKCHHS MIIIHOCTI OeToHiB. Tomy B
MIPaKTHIl OyMiBHUIITBA TOKPHUTTIB AOPIT 3 IIEMEHTOOESTOHHUM ITOKPUTTSIM, OCOOJIMBO SKi YKIaTaIOTHCS 32 J0-
ITIOMOTO0I0 3ac00iB Majiol MeXaHi3allii, X Hamarajucs He 3aCTOCOBYBATH, B TOMY YHCHI, Yepe3 iX AedilmuT i
BHCOKY BapTIiCTb.

Jdpyrum 3a 3Ha4nMIcCTIO (aKTOpOM, SIKUI BIUIMBAa€E HA KIHETUKY HaOOpy MIIHOCTI OETOHIB, € SIKICTh
neMmenty. Y nepiox 1o 2000 poKy, KO OYaiocs MepeoCHAIIEHHS IIEMEHTHHX 3aBOiB YKpaiHu Ha CydacHe
o0yiaiHaHHsI, HAa IEMEHTHHX 3aBOJIaX BUPOOJISUIM, B OCHOBHOMY, IIEMEHTH (32 Cy4acHOIO Kiacu(ikali€io) THITY
I II/A-I, T 1/B-11, a Taxosxx LITILL ITI/A, 3a3Buuait mapku 400. HicTokminkepHux 1iemMenTiB tumry [11] 1
MIPaKTUYHO HE O0YJ10, TAKOXK sK 1 ieMeHTiB Mapok 500 1 550. A myis BUTOTOBIICHHS IIEMEHTOOSTOHHIX TTOKPHT-
TiB B YKpaiHi 3acTOCOBYIOTEH rieMeHTH Mapok 500 1 550. Taxi 11ieMeHTH, 110 MiCTSTh B CBOEMY CKJIaJi MEJICHUN
I1aK, 3a3BUYAil MaJIU 3HIKEHY aKTUBHICTb 1 4aCTO He Bi/NOBiNaIM 3aAeKIapoBaHoi Maplli. [X nuToma nose-
pxus He nepesuiyBana 310...330 M%/kr, a HOpMaJIbHA I'YCTOTAa LEMEHTHOrO Ticta Oyna He Bumie 26 %. Lle
00YMOBITIOBAJIO YIOBLUTHHEHI TEPMIHH CXOIUTIOBAHHS IIEMEHTHOTO TiCTa 1 HU3bKY IMIBUAKICTH TBEPIAIHHS O€TO-
HIB Ha OCHOBI TaKHX [IEMEHTIB.

Kpim Toro, BuMoram cTaHAapTiB He BiJIOBiAaja SKiCTb 3alIOBHIOBAYiB, 0COOIMBO KPYITHUX, 30KpEMa,
3a rpaHyJOMETpIi€r0, 32 HOPMOIO 3€PEH 1 BMICTOM IMUITYBaTHX 1 IIIMHUCTUX YacTUHOK [1 — 4]. JpiOHuii 3amoB-
HIOBaY (KBapIIOBI MICKK) TAaKOK OYJIH HU3BKOT sikoCTi. | X0ua Bike B cepenuni 80-X pokiB Oynu omy0JIiKoBaHi
PEKOMEHIAIIIT 00 3aCTOCYBaHHS BiJICIBY KaMEHEAPOOIHHS JIsi BUTOTOBJICHHS JJOPOXKHIX IIEMEHTHHUX OETO-
HiB, 3 METOIO TOINIICHHS SAKOCTI ApiOHOTO 3amoBHIOBaYa, ckiuaneHi CorozmopHII, BizmciBu B TexHOMOTIT O€-
TOHY He 3acTocoByBajiu [S5]. [l 1iboro Oyiu i 00'€KTUBHI MPUYMHM, HAIPUKIAL, T€, [0 LIEMECHTOOCTOHHI
3aBOJIH, HA SKUX BUTOTOBJISUTA OCTOHHI CyMIIIT, Majay He OiNIbIIe 3-X BUTPpAaTHUX OYHKEpIB, 110 HE TO3BOJISLIIO
BBOJIUTH B CyMilli KpiM IBOX (pakuiil meOeHro 1 micky me i BifciBu apobaenns. Ta i sxicTh BiaciBy Oymna
JOCUTH HU3BKA.

Bynu # iHIIi npUYHMHY, 0 MEPEIKOPKAIOTh IBUAKOMY HA0Opy MITHOCTI O€TOHAMH: MOraHa SIKiCTh
3MilTyBayiB (4aCTO BUKOPUCTOBYBAJIM TpaBiTalliiiHi 3MilllyBadi), HOpyIIEHHs, a00 HaBiTh 3HEBAry, ONepalli-
SIMH T10 JIOTJISITY 38 TBEPAIFOUMM MOHOJIITHUM OC€TOHOM, ITOTAaHH Mig0ip CKIaaiB OCTOHY Ta iH.

Bce nie Oymo npudauHaMU, SKi 9acTO HE JO3BOJILTH 3a0€3MEYUTH MAPOIHY MIITHICTH 1 1HII €KCITyaTa-
LifHI XapaKTepUCTHKH OCTOHIB HaBITh y Billl 28 Ai0. 3BiCH LiIKOM OOTPYHTOBaHI PilLICHHS PO HEOOXiJHICTh
BUTPHUMYBAHHS TBEPIIFOYOT0 MOHOIITHOTO IIEMEHTOOETOHY IIpoTsAToM 28 mi0, TepIr, HiXK HOro IepeKpPUBaAIOTh
IIIapoM MOKPUTTS (SIKIIIO IIe — OCHOBA) a00 paHiIle, HiXK HOTo MOYHYTh €KCILTyaTyBaTH (SIKITO 1€ — TOKPHUTTSI).

AkTyanbHicTs mpodiaemu. CroroHi aAns OyAiBHALTBA Ta PEMOHTY EMEHTOOETOHHUX IMMOKPHTTIB 1
OCHOB B YKpaiHi MU MaeMO CydacHi XiMiuHi 1 MiHepaabHI J0OaBKH HOBOTO ITOKOJIHHS, 8 TAKOX CIEIliadbHI
PEMOHTHI CyMillli, B SKHUX BXXK€ 3aKJIafcHI HEoOX1THI KOMIUIEKCH 100aBokK [6 — 8]. B mepry gepry, — 11e cyrie-
prtacTuikaTopu Ha OCHOBI KapOOKCHIIATIB 1 aKpUIIaTiB, 10 3a0€3MevyI0Th 3MEHIIEHHS KIJIBKOCTI BOAU 3a-
MinryBanHs Ha 30...40 % (3BuuaiiHi cynepruiacTugikaTopH J03BOJISIOTH 3HU3UTH BUTpaTy Boau Ha 20...25 %)
JO3BOJISIIOTH 3/1IHCHIOBATH OCTOHYBaHHS B IIMPOKOMY 1HTEPBaNl TEMIIEPATYP 3a PaXyHOK MMOJi()yHKI[IOHAb-
HOCTi CBOTO CKJIay.

CyuacHi HeMEHTHI 3aBOJIM Y KpaiHU BHITyCKaIOTh [IEMEHTH HOPMOBAHOTO MiHEPaJILHOTO CKIIaIy, 3 pe-
TyJTOBAHOIO TOHKICTIO TIOMEITY 1 TepMIHAMH TYXKaBJICHHS, SKi, B OLIBIIOCTI CBOIH, i/1eaTbHO IMiIXOIATE JIS
BUTOTOBJICHHS] MOHOJIITHUX IIEMEHTOOETOHHHX IMMOKPUTTIB. 3HAYHO 3pocia akTuBHicTh neMenTi [1L] II/A-1,
[T 1I/B-1 mapxu 400 (Bona mocsirae 42...45 MIla). 3'sBunocs gocuts Oarato uementiB I111 I akTuBHIiCTIO
52...55 MIla i muromoro nosepxHero 370...430 m*/kr. Bucoka SKiCTh IIUX LIEMEHTIB J03BOJIMIIA 3a0€3IICUUTH
MOYAaTOK CTPOKY TY>KaBJICHHS IIEMEHTHOTO TiCTa HE paHilie 2 TOauH, a KiHeIb — 4 1 OibIe TOAUHH, 1110 1€
MO>KJIMBICTh BUKOHATH BCI TEXHOJIOTI4HI OMepalii 3 BUTOTOBJICHHS, TPAaHCIIOPTYBaHHSA, YKIaJaHHS 1 YIIiib-
HEHHs OETOHHOI CYMIIIl O MOMEHTY TY>KaBJICHHs. Y IIi IIEMEHTH IIPH TTOMEII MOKYTh BBOJIUTH MiHEpaIbHI
Ta XIMigHI J00aBKH, SKi CIPUAIOTH 3MiHI Pi3HUX BJIACTHBOCTEH B'SDKYUHX.

KamenenpoOunbHi mianpueMcTBa Y KpaiHu Ha BACOKOSIKICHOMY 00JIafHaHHI BUPOOJISIOTH B OLTBIIOCTI
cBOi meOiHb KyOOBHIHOI 200 MOMIMNIIeHoi (OpMH 3€peH, B IKOMY MPAKTHYHO BiACYTHI NHIYBaTi YaCTHHKH.
[Ticku nyst 6€TOHIB 3aCTOCOBYIOTH, B OCHOBHOMY, KBapIIOBI, 3 PIBHOMIPHOIO TPAHYJIOMETPIEI0 1 MOAYIEM KPY-
nHocTi He Hk4e 1,7. [TosBa B Ykpaini LIb3 3 4 BurpatHumMu OyHKEepaMy JO3BOJISIE IIMPOKO 3aCTOCOBYBATH
BiJICIBM KaMEHeAPOOiHHS 1S 30araueHHs APIOHMX 1 IyxKe APIOHUX KBAPIIOBUX ITiCKIB.
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Cy4acHi MeToIu TiI00py CKIIaay OCTOHIB JO3BOJSIOTH CTBOPUTH OSTOHHU 3 BUCOKOIO INUIBHICTIO, SKi
3 ypaxyBaHHSM 3aCTOCOBYBAaHHX JI00ABOK i BUCOKOI SIKOCTI 3alIOBHIOBaUiB, 3a0€3MEUyIOTh BUCOKY IIBHJIKICTh
Habopy MIITHOCTI 0€3 BUHUKHEHHS B 0€TOHI BHYTPINTHIX HANPYKeHb. TOMY aKTyaJlbHUM € TIEPETIIs i AX0Iy
10 IIEMEHTHOTO OETOHY, SK JI0 MaTepianry, eKCIUTyaTallito sIKOTO MOYKHA TTOYWHATH He paHime 28 mib.

MarepiaJu, 1110 32CTOCOBYBAJIHM y PO0OTi. Y JOCTIPKEHHSIX 3aCTOCOBYBAIM MaTepiaym: meMeHT 11
1-500 H BanakieeBChKOro EeMEHTHOTO 3aBoay, miedinb ¢p. 5-10 mm kap'epis [loaTaBcbkol 0071., MCOK KBap-
nosui 3 Mkp = 1,7, Kpemenuynpkuit, nopt HosomasmiBcek. I[Inmactudikyroun nodasku ¢ipmu MC-
Bauchemie: mnomikapOokcmnatr Fk59, menamindopmansaerin Fk88, moandikoBanmii mirnocynsgpoHaT
Centrament N9.

ExcnepumenTtanbhi gocaimkenns. [y nociiukeHHs KiHETUKH HaOOpy MilHOCTI OeTOHIB B J1a0o0-
paTopii popmyBanu 3pasku 3 6eTony cknany: 11 - 350 kr/m>, IT - 600 kr/m3, Is.10 - 1300 xr/m°. BunpoGyBanus
3pa3KiB MPOBOAWIH Ha 3, 7, 28 100y mpupoaHoro TBepaiHas (Tadm. 1, 2).

Tabmuus 1 — Kinetnka HaOopy MiIHOCTI 3pa3KiB OETOHIB po3MipoM 7X7X7 cM
Table 1 — Kinetics of concrete samples measuring 7x7x7 cm strength gain

MilHiCTh PU CTUCKY Y Billi, 1i0.,
Bun ta KUIBKICTE 100OaBKH B/1] OK, cMm Rer, MITa
3 7 28
6e3 mobaBKH 0,46 2,0 20,7 30,2 36,5
Fk59 — 0,6 % Big my 0,37 2,5 34,0 46,1 55,4
Fk88 — 0,7 % Bim my 0,40 2,0 30,0 40,2 50,1
Centrament N9 — 0,5 % Big my 0,42 1,5 27,5 37,1 44 8

Ta6mmst 2 — Kinetnka Habopy MIITHOCTI 3pa3KiB O€TOHIB po3MipoM 4x4x16 cM
Table 2 — Kinetics of concrete samples size 4x4x16 cm strength gain

MInHICTh PH 3THHI Y MinHICTh IPH CTUCKY Y Billi,
Bua Ta KUIBKiCTE 1OOABKH BiL, mi0., Ry, MIla 1i0., Rer, MITa
3 7 28 3 7 28
0e3 100aBKH 4,2 5,3 6.8 21,5 28.9 37,9
Fk59 — 0,6 % Big my 7,1 8,4 9,8 36,2 50,1 55,8
Fk88 — 0,7 % Big my 6,5 7,3 8,7 32,0 453 52,1
Centrament N9 — 0,5 % Big m, 6,0 7,3 8,4 26,9 38,6 46,4

AmHani3 JaHux TabJaunb MoKa3ye, o 0eTOHH 3 cynepiuiacTrdikaTopaMy Ha OCHOBI MoTikapOoKcHia-
TiB 1 MenaMiH(OpMaNbIETiTHUX 3'€AHaHb BXKe Ha 3 100y TBEPAIHHA MAlOTh MIIHICTh MPHU CTUCKY Bix 60 %
(tabmn. 1) no 65 % (Tabu. 2) Bix MmapouHoi. Tpoxu HIXKYE pe3yTbTaTH sl OETOHIB 3 JOOABKOIO JITHOCYIb(O-
HaTiB (58...61 % Bix Mapku). AOCOIIOTHI 3HaUYEHHS MIIIHOCTI IIPH CTHUCKY OETOHIB 3 cymnepIuiacTudikaTopaMmu
Fk59 i1 Fk88 nepesuriytors 30 MIla. HeznauHo Hrbk4e MILHICTh Y OCTOHIB 3 J00OABKOIO JITHOCY/Ib(POHATY
Centrament N9. Jlo 7 xi0 TBepaiHHS MIIHICTh MPH CTUCKY BCix OeToHiB mepeBumrye 80 % Bix MapodHOTl i
Habmkaetses 10 90 %. Lle o3Hauae, mo 6eToHU 3 cymnepiutacTidikaropaMu MOKHA €KCILTyaTyBaTH, IPaKTH-
YHO, BXKE Ha 7 100y.

I1e GibIIl BUCOKI IMOKA3HUKH MIIIHOCTI OETOHIB Ha PO3TAT IpH 3ruHi (Tadi. 2). Ha 3 100y MilHICTh
OeToHIB 3 cynepruractugikaTropaMu CTaHOBHUTE 72...75 % Bix MapouHoi, a Ha 7 o0y gocsarae 87 % Bi MapKy.
3rigHo 3 airourMu B YKpaiHi cTaHgapTaMu, HaNpHKIaA, Ha TUIMTH MOKPUTTIB, TPOTyapHY IUIMTKY Ta iH., Oe-
TOHHI BHPOOH JIJIs1 TPAHCTIOPTHOT'O OYAIBHUIITBA, BUPOOH MOXKHA €KCILTyaTyBaTH MPHU JOCITHCHHI HUIMH MiIl-
HocTi He MeHIe Hix 70 % Bix mapounoi. JlabopaTopHHii eKCIIEpIMEHT TI0Ka3aB, 110 OETOHH Ha IMX MaTtepia-
Jax MOXKYTb €KCIUTyaTyBaTHcs depe3 3...7 1i0 TBepAiHHS.

YV noansImmx TOCHTIHKEHHIX 3aCTOCOBYBAIH IIEMEHTH 1HIIIAX 3aBOMIB YKpaiHu: Y TOCHTIIKEHHIX BH-
KOPHUCTOBYBAJIA IIEMEHTH HACTYITHUX TUIIB Ta BUpoOHuKiB: emeHt [11] I-500-H (CEM 1 52,5N) BupoOHHUITTBA
«Bomunab-Lement» @inii [1AT «ikeprodd Liement Ykpaina»; a rakxe nement [ II/A-111-500 (CEM II/A-
S 42,5N) BupobnuurBa «Bonunb-Liement» ®inii ITAT «ikeprodd Llement Ykpaina». Lli nementa manu
BEJIMKY TOHKICTh TIOMEITy, TOMY 1X HOpMasbHa rycrora craHoBwia 31 % 6e3 106aBok i 27...28 % 3 cymneprnia-
crudikaropamu. [luroma noBepxHs HUX HeMeHTiB Oyna 360...410 M?/kr, mo Bulle, Hixk y HeMeHTy baakie-
€BCHKOro 3aBoAy (330...350 M?/kr). 3anoBHIOBaYi i XiMiuHi TOGABKY 3AIMIIAINCS TUM XK€, IO i B pa3i HEMEHTY
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BanakneeBcbkoro 3aBoay. 3MiHIOBaIH CKJIa OCTOHY, 301IBIIYIOYH MaKCUMAIbHY KPYIHICTh 3€pEeH 3aIl0BHIO-
Baya: LeMeHT - 350 kr/M>, micok - 620 xr/m°, mebinp ¢p.5-10 Mm - 660 xr/m°, mebdins ¢Gp.10-20 MM - 660
kr/M>. Pe3ynpTaTn 10CHiIkeHb npecTaBieHi B Tao. 3, 4.

IIpoBeneHi TOCITiKEHHS [TOKA3ajIM, 110 IPH BUKOPHCTaHHI ieMeHTiB koMmaHii Jikeprodd Llement
VYkpaina Bxe Ha 3 100y MPUPOJHOTO TBEPAIHHS OETOHM HaBITH 0€3 JOOABOK CyNepIIacTU(IKATOPiB MAIOTh
MirHicTh Oinbire 30 MITa, o cranoBuTs 76...78 % Bijg MapouHoi MillHOCTI. BBeieHHs cynepruiactugikaTtopis
JIO3BOJISIE TPOXH 3HU3WUTH IIBHUIKICTh HAOOPyY MIITHOCTI — 710 63...68 % Big Mapku st 6eToHiB Ha memeHTi [11]
[-500-H (CEM 1 52,5N) i mo 70 % Bing mapku 11 6etoniB Ha uementi 111 II/A-I1I- 500 (CEM II/AS 42,5N).
o 7 ni6 tBepainHs OeToHU O0e3 00aBOK MarOTh MIIHICTH 89...91 % Bim Mapo4yHOi MIlTHOCTI, & OETOHU 3 J0-
0aBKaM¥ — /IO MEHII OKa3HUKHU 77...82 % Big Mapku. /lemo MeHI moKa3HUKH MIIIHICTh I0JI0 MapOYHOI
y OETOHIB 3 cymnepIuiacTidikaropamMu B MOPiBHSAHHI 3 OeToHaMu 0e3 100aBOK MOKHA MOSCHUTH OLTBII yIIOpsi-
JTIKOBAHOIO CTPYKTYPOIO B MEPIIOMY BHUIAJKY. A OUIBII HU3bKI MIIHICHI BIACTUBOCTI OeTOHIB Ha rieMeHTi [11]
II/A-II-500 1osSICHIOFOTHCSI TIPIIIOK0 CYMICHICTIO IIUX CYHEePIUIacTU(IKATOPIB 3 IUM LIEMEHTOM B ITOPIBHSHHI 3
memenTom I1IT I-500-H.

Tabmuus 3 — Kinetnka Habopy minHocti 6eToHiB Ha nemenTi [11] I-500-H
Table 3 — Kinetics of concrete on cement I I-500-H strength gain

Bt noGaski MinHICTh IPH CTUCKY ¥ Billi, 1i0., Rer, MITa

3 7 28
0e3 mobaBKu 33,6 40,2 44,0
MOJTiIKapOOKCHUIATH 459 55,6 67,5
JITHOCY/Ib(OHATH 39,0 47,4 59,0
MenaMindopMasbaeriau 41,6 52,4 66,4

Tabmuns 4 — Kinetuka Habopy MinHOCTI OeToHIB Ha iemenTi [11] II/A-I1-500
Table 4 — Kinetics of concrete on cement ITL II/A-I11-500 strength gain

Bix noGaskit MIinHICTh PU CTUCKY Y Bili, 1i0., Rer, MIla
3 7 28
0e3 100aBKH 32,1 36,9 41,3
MOJIIKapOOKCHUIIATH 40,9 48.4 58,7
JITHOCYTH(OHATH 34,7 39,3 49,1
MenaMiadopmahaeriaun 36,9 41,0 53,4

[Ipotsirom octanHix 15 pokiB Ha kadeapi TABMiX XHAIY (XA/I) B pamkax AOroBopiB mpo Hay-
KOBO-TE€XHIUHE CYNPOBOKEHHS Pi3HUX 00'€KTiB OyAiBHHUIITBA OYJIM BUKOHAHI HATYPHI JOCIIIPKEHHS KIHETUKH
Ha0Opy MIITHOCTI OETOHAMH Ha 3pa3Kax, BUITMILTHUX 13 MOKPUTTS aBToMOOUTbHEX mopir (KuiB-Kosens, Xap-
kiB-KpacHorpan) i aepoapomiB (B M.M. XapkiB, JIbBiB, Oneca). OTpuMani Ha IpaKTHII PE3yJIbTaTH OKA3aIH,
10 MBHUAKICTH HA0OPY MIITHOCTI O€TOHAMM Ha CydacHUX IIEMEHTaX 1 3 CyJaCHUMH CynepIuiacTudikaTopaMu
HE 3aJICKMTh BiJl BUTPATH LIEMEHTY, KM BapitoBasca B Mexkax 380...420 kr/mM>, 1 He 3aleXkuTh Bijl 3aBOLY-
BHUpOOHMKA LIeMeHTY. MilHicTh OeTOHIB 3 100aBKaMu MenaMiH(opMabAerianx abo moaikapOOKCHIATHUX CY-
nepractudikatopiB gocsrae 30...40 MIla (65...70 % Bix mapouHoi mimHOCTi) 10 3 110 i 40...46 MIla
(83...88 % Big mapkun) no 7 ni6 TBepanenHs npu temnepatypi + 20...30 °C. [Ipu upomy 3a0e3redeHi i HaBiTh
MIEPEBUIICHI TPOCKTHI MOKa3HUKH 32 MOPO30CTIHKICTIO 1 BOJIOTIOTIMHAHHAM 200 BOJAOHEIPOHUKHICTIO ITMX
OeToHiB.

Sk mpuKkam MOYKHA HABECTH CUTYaIliio B XapKiBChkoMy aeponopTy. [Ipu miarotosmi no €BPO 2012
OCTaHHS JiISHKA PYJIHOBOI MOPIKKHM — Bipaxk OyB yKJIaaeHuH 3a 9 MHIB 10 mocanky jitaka boiar 737. Komun
MOCTAJIO MUTAHHS PO MOKIIMBICTH MPOIYCKY JiTaka mo wiil ainsHoi P, To Oynm mpoBeaeHi BUMipIOBaHHS
MiHOCTI 6eToHY P/l HepyiHIBHUM METOIOM, a TAKOK MIITHOCTI JIAOOpAaTOPHUX 3pa3KiB BUTOTOBJICHUX 3 TOTO
K OeToHy. B pesynbrari Oyim oTprMaHi 0THAKOBI pe3yIbTaTH MIITHOCTI IpH cTHCKY — 36,5 Mlla, mo craHo-
B0 91 % Big MapoyHOi MiHOCTI OETOHY.

o cTocyeThCst peMOHTY OETOHY IOKPHUTTIB. Y ACSKUX CKIIAJIAcs HOMHUIIKOBA AyMKa IIOJ0 CKIIaJIHOCTI
PEMOHTY MOKPUTTIB, a TAKOXK PO Te, IO PEMOHT POOJIATh TPUBAJIHIA Yac, BiH Hee()eKTHBHUI, pyiHYBaHHS
OetoHy TpuBae. HaiiuacTiie mpo 1ie ToBOpsATH JIOIH, SKi 0€3I0cepeIHb0 He OyayBalli 1 HE pEMOHTYBaIU Oe-
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TOHHI TIOKPUTTS. 3BUYaifHO, peMOHT Oyze Hee)eKTUBHHM, IKIO0 HOBUI OETOH YKJIAAalOTh HA 3pYHHOBAaHY OC-
HoBy. ll{o MoxHa «IpUKIEITH» 0 MyXKOi, 3pyiHOBaHOI, TpimuHyBaToi moBepxHi? CyTTEBO, 1 pEMOHTHUI
map OyJe MBHUIKO 3pYHHOBAHUH, a ACCTPYKIIisl OTOHY Iifie raubme. Kpim Toro, OLIbIIicTh pEMOHTHHX CKJTa-
IiB, depe3 iX 3MaTHICTh MBUAKO HAOHPATH MIIHICTh, MAIOTh 3HAYHO OUTBIIUH MOJYINIb MPY>KHOCTI 1 3HATHO
HIKYY 1e()OpMaTUBHICTD, B IOPiBHSHHI 3 0ETOHOM, II0 PEMOHTY€EThCS. Lle MpU3BOAUTE 10 TOTO, 110 PEMOH-
THHAW CKJIaJ MPAIIOE caM I10 c00i, a OETOH, IO PEMOHTYETHCS — caM 10 ¢o0i. B pe3ynpTaTi peMOHTHHI 11ap
BIJIIIIAPOBYETHCS Bii PEMOHTOBAHOTO HMOKPUTTS. AJie 3a KOPJOHOM OETOHHI MOKPUTTS PEMOHTYIOTh OaraTo
JEeCATUIIITh 3 HE3MIHHUM ycIixoM. Lle Mo)kKHa TTOSICHUTH MTPaBUIBHUM BUOOPOM PEMOHTHOTO CKJIaAy i TEXHO-
Jorii peMoHTY. Y KOXKHOMY KOHKPETHOMY BHUITaJKy HE0OXiJHO BUOMPATH CBiil CKIaj, B 3aJ€XKHOCTI Bl TOB-
ITUHU PEMOHTHOTO ITIapy, IO YKJIATA€ThCA, 1 TEXHOJIOTIT HOoro HaHeceHHs. Halikpari pe3yasTaTi ga€ TeXHO-
JIOTis1, BIATIOBIHO A0 SIKOI, BUPi3at0Th 3pyHHOBaHU map OETOHY [0 ILITBHOTO, HE 3pYHHOBAHOrO mapy (3a-
3BHYaii He MEHIIIE 5...6 cM, a Kpallle — OiJIbIIe), MICHIs IHOTO HAHOCATH aAre3iiiHe MOKPUTTA 1 OTIM YKIaAaloTh
PEMOHTHHH CKJIaf. 32 KOPJOHOM TaKi PEMOHTHI JIIJITHKH 3aITyCKAIOTh B KCILTyaTaIliio yepe3 6 1 OLTbIIe roIHH.
Amte 3a 11eit gac 6eToH BcTurae Habpatu MirHICTE 25...30 MIla, skxa BBaXKa€ThCsl JOCTATHLOIO TSI BiIKPUTTS
pyxy. Lle crocyeThcs K MOKPUTTIB aBTOJOPIT, TaK 1 a8pOIPOMIB.

o cTocyeThCst KOPCTKUX, YKOUCHUX OETOHIB, 30KpeMa OETOHIB OCHOBH, TO MOYKHA BiJI3HAYUTH, 10
i 6eToHN HAOMPaIOTh MIITHICTh 3HAYHO MIBUIIE, HIXK Ti, IO YIIUILHIOIOTE BiOpariero. Brepimne gocmimai mi-
JISTHKH 3 TaKUX OETOHIB (came OETOHIB, a HE CyMillle, YKPIIUIEHHUX BDKYYHM) BIAILITOBYBAJIHM B psAi oOnacTel
VYkpainu, B ToMy umncii i B KuiBebkill, mounHaoun 3 cepeanu 80-x poKiB MUHYJIOTO cTomiTTs. Lo poboty
TIPOBOIMIIM 32 3aBAaHHSAM MiHiCTepCTBa JOPOXKHBOTO OymiBHUIITBA YKpainu crmisHo XAl 1 depxmopH/IL
Benukuit qocBix OyIiBHAIITBA OCHOB 1 TIOKPHUTTIB MEPEXITHOTO THIY 3 KOPCTKHX OCTOHHHMX CYMIIIEH, 110
VIIUTBHIOIOTECS YKOUyBaHHIM, HakonuueHnid Ha kadeapi TABMiX XHAIY. Lli nokpurts i ocHOBH, Oynu
ykianeHi B epiofn 3 1986 mo 1995 p.p. B pi3HHUX perioHax Ykpainw, B Tomy guci B KpumMcrbkiii, KipoBorpan-
CBhKill, XapKiBchKiid, JKutoMupchKiit oomactax. [ani mocmimkeHHs Oyim MpoaoBKeH] MPH BIIAMITYBaHHI OC-
HOBH i3 IIICHOTO OETOHY IpW PEKOHCTPYKLii aeponopTiB B M. Xapkosi, JIbBoBi, Ozeci B 2008...2012 p.p. dns
KOHTPOJIIO MIIIHOCTI TaKuX OETOHIB 3 MOKPUTTIB i OCHOB BiOMpany KepHH, siKi BUIPOOyBaiu B 1abopaTopii
kadenapu TJIBMiX. [TapanensHo 3 OETOHIB MUX K€ CKIAAIB B JabopaTopii BUTOTOBIISUIA 3pa3KH, sSKi YIIIiIb-
HIOBAJIM NIPECYBAHHAM 1 TAaKOX MiggaBanu BUMIpoOyBaHHsAM (Tab. 5). Y cknagax 6eTOHY 3MiHIOBald BUTpaTa
uementy I II/A-III-500 i Thck mpecyBaHHS.

Tabmwst 5 — MinHICTh TPEeCOBaHUX OCTOHIB
Table 5 — Strength of pressed concrete

Butparu nementy, | Miunicts y Bill, 1i0., Rer, Kr/em?
Ne ckmany | Tuck npecyBanns, MIla /e 7 28
1 120 49,6 68,1
2 30 MIla 160 74,5 100,5
3 200 90,7 126,0
1 120 63,7 82,4
2 45 Mlla 160 95,0 113,7
3 200 98,1 149,7
1 120 64,5 93,8
2 60 MIla 160 93,7 120,6
3 200 126,4 165,0

Amnari3 pe3ynbraTiB B TabJ. 5 mokasye, mio A0 7 Ai0 TBepIiHHs OETOHHM, YIIUTbHEHI IpecyBaHHAM Ha-
ouparotp 72...78 % Bin MapouHoi mMinHOCTI. Llel piBeHb MIIHOCTI He 3aJIeXKHUTh BiJ] TUCKY MPeCcyBaHHs 1 BU-
TpaTH MEMEHTY, 1110 CBITYHTH MPO TE, 110, IPX 3HAYHO MEHIIINA BUTPATI BOIU B KOPCTKUX OCTOHHUX CyMiIax
B MTOPIBHSHHI 3 PyXOMUMH, TOAATOK THCKY MTPU3BOIUTE JI0 IIBHUAKOTO 3POCTAHHS MIITHOCTI OETOHIB.

Jlns Takux O6€TOHIB po3pOoOJICHI criemianbHi XiMiuHI 00aBKku. B qanomMy BUManKy, s TOJTIMIICHHS
BJIACTHBOCTEH IIpecoBaHMX OETOHIB, Oyiin BUKOpUCTaHi 100aBku Murasan BWA 14 i Techniflow 12 (Ta6u1. 6).
[Ipu BUTOTOBIICHHI 3pa3KiB 3aCTOCOBYBAJIH LIEMEHT 31 3HKeHO0 Mapkoio tumy [111 II/A-111-400 BupoOHUIITBa
«Bomunup-Lement» ®inii IIAT «/ikeprodpd Llement Ykpaina». Burpatu uementy Oynu 3HIKeHI 10 120
kr/M. J{Jist BUTOTOBIIEHHS 3pa3KiB Oy NPUIMHATI peabHi CKIaIu, AKi yKIAJald B OCHOBY JOPOXKHBOTO OJISTY
JUTSL TIOAAJIBIIOTO TIEPEKPUTTS MIapaMu ac(hambToOETOHHOTO MOKPUTTSI.

AHani3 Ta0i. 6 mokasye, 110, He3aJICKHO BiJl HASIBHOCTI JJOOABOK B CKIIAJl MICHOTO MPECOBAHOTO Oe-
TOHY, HOTo MIIHICTB 10 7 Ai0 ctaHOBUTE 89...93 % Bixm MapouyHoi MiITHOCTI. BBeeHHS 3a3HaYCHHUX JOOABOK
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JI03BOJIA€ 301BIIMTH MIIIHICTh TAKUX O€TOHIB Ha 6...12 %, 1 NIABUINKATH IX NIIBHICTE Ha 4 %, 1110 IO3UTHUBHO
MMO3HAYAETHCS HA EKCIUTyaTAI[IHUX BJIACTUBOCTSAX TAaKUX OCTOHIB.

Tabmuis 6 — Brume no6aBok Murasan BWA 14 1 Techniflow 12 Ha B1acTHBOCTI IPECOBaHUX IMTICHUX
OeTOHIB

Table 6 — The influence of additives Murasan BWA 14 and Techniflow 12 on the properties of pressed
lean concrete

) . MinnicTs y Bit, ai0.,
Ne 3/m Bup Ta xinekicth 1o6aBku, % Big my HIUH)HIC;F b, Rer, KT/CM?
p Kr/M 7 28
1 be3 nobasok 2145 56,8 60,8
2 Murasan BWA 14 — 0,3 % Big my 2225 62,3 68,3
3 Murasan BWA 14 — 0,6 % Big my 2207 60,1 65,2
4 Techniflow 12 — 0,3 % Big my 2232 594 64,8
5 Techniflow 12 — 0,6 % Big my 2233 55,6 62,5

[IpoBeneHi napaienbHO HATYPHI JOCTIHKEHHS KepHiB (Tadi. 7), ki OyJin BUITWISHI 13 0ETOHY OCHOBH
aBTOMOOGIIEHOT I0pOTH, BUroTOBJIEHOr0 Ha neMenTi [T 1I/A-1I1-500 (ripu iioro Butpari 120 kr/m*) nokasanu,
0 TIPYU MapOYHid MIIIHOCTI OeToHy Ha piBHi 9...10 MIla dakTruHa MinHICTs O€TOHIB y Billi 3 Ai0 gocsrae
80 % Bix mapkw, y Bimi 7 1i0 — 88 %.

Tabmurst 7 — BnacTuBOCTI yKOUeHHX OCTOHIB
Table 7 — Properties of hardened concrete

. LLinBHICTB, Miunicts y Bini, 1i6., Rer, kr/cm?
Ne cinany p Kr/M> 3 7 28
1 2365 71,97 78,98 90,77
2375 80,71 86,01 97,74

Oco0MMBO BaXKIIMBHUM € T€, 0 ()aKTUYHA IIUIBHICTh OETOHHMX 3pa3KiB BiAMOBia€ pPO3paxyHKOBIH
ITITFHOCTI CKITATY.

BucHoBKkH.

1. ITokazaHo, 110 3aCTOCYBaHHS CY4acHHX CYNEpIUIacTU(IKaTOPiB 1 LIEMEHTIB BITYM3HSIHOTO BUPOO-
HUIITBA JIO3BOJISIE 320€3MEYNTH BIACTHBOCTI MIITHOCTI OeToHIB Ha piBHI 70...75 % Big Mapo4yHOI MIlHOCTI ¥
Bimi 3 1i6 i 10 80...90 % y Bimi 7 mi0.

2. BcranoBneHo, 1o AaHi, OTpUMaHi Ipy BUNPoOyBaHHI T1abOpaTOpPHUX 3pa3KiB, MiATBEPIKYIOTHCS
MIPSIMAMU BHTIPOOYBAaHHSMH 3pa3KiB, BUMIJISHUX 13 OCTOHHUX TIOKPHUTTIB 200 OCHOB.

3. BumieBnkiiazeHe J03BOJISIE CKa3aTH, 0 eKCIUTyaTyBaTH MOKPHUTTS a00 OCHOBY 3 OETOHY Ha CydJac-
HUX MaTepiajax MOXKJIMBO BXKe uepe3 7 Ai0 IpUpOIHOrO TBEPIiHHS.
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Abstract. The article shows experimental studies of concrete containing modern superplasticizers and
cements, which have high strength in the early stages of hardening. At the age of 3 days, the strength of con-
crete corresponds to no less than 70% of the strength at the age of 28 days, and at the age of 7 days - more than
80%. These dependences of the rate of hardening with concrete are set for concrete mixtures of different work-
ability. It is shown that, based on the established dependences, the start of concrete operation on modern ma-
terials can be started earlier than they reach the age of 28 days.
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