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BU3BHAYEHHA 3A/IEZKHOCTI IHTEHCHBHOCTI BO/IOBI/IBE/IEHHA
B/l KOHCTPYKTUHBHHX XAPAKTEPUCTHK
IIOINEPEYHHUX J/IPEHAKIB MIVIKOI'O 3AKJIA/TAHHA

Anomauisn

Beryn. Ilpu mpoekTyBaHHI ApPEHAXKHMX CHCTEM MUIKOTO 3aKjiaJaHHs Ta BiAMOBITHOTO
yhnepemkeHHs JeopMaliii 10poKHbOTO HOKPHUTTS, BaXKJIMBO 3HATH HE TIJIbKY Yac, 3a SKUH BOAA HAAXOIUTh
B JIOPOXKHIO KOHCTPYKIIIIO, ajie i yac, HeOOXiJHUI JJIs 11 BIIBEICHHS 3 1IapiB OCHOBH JIOPOXKHBOTO OJISTY
IiCJIsl NPUIMHEHHS! TPUTOKY. OCOOIMBOro 3HaYEHHsI Lie HaOyBae JJisi BUMAKy NOBEpXHEBO1 iH(IIbTpaLii
TIpH BUTaJIaHHI aTMOCc(hepHUX oraiB. Boma 3axommoe HaiiipiOHIIT YaCTKH, SKi HAKOITMYYIOTHCS Y MICITSIX
YTHYTUX BEPTHKATbHUX KPUBHX, & TAKOXK HA TIEPEXO/Ii 3 BHIMOK B HACHII.

[IpobGnemaruka. Y miBHIUHUX palioHax YKpaiHu, e IPOMEp3aHHs NOUIMPIOETHCS HAa MOMHY 10
1 M, IpeHakHy CHUCTEMY CIIif IPOEKTYBaTH TaK, 1100 BUKIIOYUTH 3aMEp3aHHS BOAU B JAPECHYBAJIHLHOMY
mapi. Jms mporo HeoOxigHO, mo0 dYac moOiraHHsS BOAM IO APEHYBAIHHOMY Iapy HE IMEepPEBUIIYBaB
JornyctuMe 3HadeHHs. OcoONMBO Ba)KITMBO BUKIIIOYMTH 3aMEP3aHHs BOIM B MEPEXiJHI Mepiofn Ta mpu
BiJUIM31 3 TUIIOCOBOIO TEMIIEPATypOIO MOBITPS BACHD 1 3 MiHYCOBOIO BHOYI, Y MOE€IHAHHI 3 BUIAIiHHIM
orajiB a0 TAaHEHHSM CHITY i 1p0y. [Ipu MoBiTEHOMY BOIOBIABEIEHH] ITUKJIIYHI KOJIMBAHHS TEMIIEpaTypH
MOKYTb IIPU3BECTH JI0 YTBOPEHHS BEJIMKOT KUIBKOCTI JIiH3 JIbOY. [IMTaHHS 111010 JTOCIIIKCHHS PEKUMIB
pOOOTH JpeHa)KHOT KOHCTPYKLil Ta BH3HA4YCHHS ii KOHCTPYKTHBHHX IMapaMeTpiB HOCSTH PO3Pi3HEHUI
xapakrep. OZHUM i3 LUIAXiB BUPILIEHHS i€l akTyaabHOI NPOOIEMH € MPOBEICHHSI eKCIIEPUMEHTAIbHUX
JOCITIKEHb, SIKI MAKCHMAJTLHO BiATIOBITAIOTh HATYPHUM YMOBAM.

Mera. Metoto 1i€i poOOTH € BH3HAYCHHS 3aJIGKHOCTI IHTEHCHUBHOCTI BOJIOBIJIBEJICHHS BIiJ
KOHCTPYKTUBHHUX XapaKTEPUCTUK MONEPEYHHX IPEHaKiB MUIKOrO 3aKjaJaHHsS Ha OCHOBI HPOBEICHUX
EKCIIEPUMEHTAJIbHUX JOCIIKEHb.

Marepianu Ta Metony. Ha excriepuMeHTa bHIl YCTaHOBII JOPOKHBOT KOHCTPYKIIIT B HABYAIIbHO-
HayKOBiil jaboparopii kadenpu TpaHcmopTHOro OyAiBHHIITBA Ta yHpaBiliHHS MaiiHOM HamioHaiabHOTO
TPAHCIIOPTHOTO YHIBEPCHTETY OyJI0 TPOBEACHO pia JOCIHiIKeHh pOOOTH APEHAKHUX KOHCTPYKIIN
MIJIKOTO 3aKJIafJaHHs 3 PI3HUMH MarepiajlaMH-HalOBHIOBaYaMH. 3 METOI0 ampoodariii mpoBeneHnX
eKCIIePUMEHTANIbHUX JIOCIIPKeHb, MPOBEACHO NOPIBHAHHS 3 aHAIITHYHUM METOAOM, BH3HAUCHO
MiHIMaJIbHE T4 MAKCHUMaJIbHE 3HAYCHHS KUJTbKOCTI BOJIH, SIKa BUTIKAE 3 IPCHAKY.

Pesynpratu. Ilig gac mociimkeHs Ha JabOpaTOpHii ycTaHOBI Oy710 BH3HAYEHO IHTEHCHBHICTH
BOJIOBIZIBEJICHHSI JIPCHAXKHOI KOHCTPYKIT 3 PI3HUMHU MaTepialaMHi-HAIIOBHIOBaYaMHU. 3a pe3yJbraraMu
BHMIpiB MIPOAHATI30BaHO BIUIUB KOHCTPYKTHBHHUX €JIEMEHTIB Ta XapaKTEPHCTHUK IONEPEYHHUX IPEHAXKIB
Minkoro 3aknmananas (JIM3) Ha iHTEHCHBHICTH iX poOOTH 3 BiaBeneHHS Boxu. OTpHMaHO TpaHWYHI
3HAYEHHS IHTCHCHBHOCTI BOMOBIABEACHHS KOXHOI 3 JPCHAXHUX KOHCTPYKIiH. IHTEHCHBHICTH
BOJIOBIIBE/ICHHS IPCHAKHOI KOHCTPYKLIi 3 HAIIOBHIOBAYEM 13 KPYITHO3EPHUCTOTO TicKy 3 Tpyboto [1BX
OUIBII BiJMOBiNa€ PO3PaXyHKOBUM MIiHIMAIBPHUM T'PaHUYHUM 3HAUCHHSM, a JIPEHAXXHOI KOHCTPYKITT
3 MeOEHEBUM SIIPOM — PO3PaXyHKOBHUM MaKCHMaJIbHUM. BimHOCHI BIAXWICHHS 3HAYCHb CEPEIHIX
IHTCHCUBHOCTEH BOJIOBIABE/ICHHS IToniepeunux JIM3 Bij rpaHMYHUX, OTPUMAHUX aHATITHYHUM METOJIOM.
Po3xomxeHHsT pe3yabTaTiB eKCIIEpUMEHTAIBHUX JOCHIKeHb 13 TPAaHMYHMMH 3HAUCHHSMH IOB’S3aHO
3 THM, III0 aHAJITHYHUI METO]| HE JOCTaTHHO BPaxOBY€ KOHCTPYKTHUBHI ocoOmuBocti IM3 Ta pexxnmu
BOJIOBIIBE/ICHHS 3 IPCHAKHUX MPOPI3CH.
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BucnoBku. Ha OCHOBI aHaJNITHYHOTO MiIXOMy, BU3HAYEHO TPAHWYHI 3HAUYEHHS IHTEHCHBHOCTI
BofoBiaBeneHHs 3 JIM3. JIpeHakHa KOHCTPYKIIis, B SIKil MaTepialloM-HaIIOBHIOBAauEM € KPYITHO3EPHUCTHIA
micok 3 Tpyboro IIBX Oinpm BiamoBinae MiHIMaJIBHUM TIPaHUYHUM 3HAYEHHSIM 1HTEHCHBHOCTI
BOJIOBIIBEZICHHS, a IPEHAKHA KOHCTPYKIIiS 3 TIEOCHEBUM SIPOM — MaKCUMaJILHUM.

[TopiBHAIBHUI aHAJ3 PE3yJbTATIB EKCIEPUMEHTAIBHUX JOCI/DKECHb IOJ0 IHTCHCUBHOCTI
BOJIOBIIBEJICHHSI JIPCHAXXHUMH TPAHIICSAMU 3 TPAHUYHUMU 3HAYCHHSMU, BU3HAYCHUMU 33 aHATITHYHUM
METOZIOM, TTOKa3aB CyTT€BI BiIHOCHI BiAXWiIeHHS B Mexax Bix 34 % mo 40 %. [lns monepeunnx JIM3
BOKJIMBUM TIApaMETPOM, IIIOJI0 IHTCHCUBHOCTI BOOBIIBEACHHS € HE TUTHKU BIACTaHh MK JIPECHAKHUMHU
MPOPi3sIMHU, a [ BIIACTHBOCTI MaTepiaiB-HAMOBHIOBAYIB, sIKi HE B IOBHIH Mipi BpaXOBYIOThCS aHAI THYHUM
ITi/TXOZIOM TIPH TIPOEKTYBaHHI IPEHAXXHUX KOHCTPYKITIH.

Knwuosi cnosa: npeHax MINKOTO 3aKIaJaHHA, JApeHakHAa TpyOa, JpeHyBaJbHUH mIap,
IHTCHCUBHICTh BOJIOBIJIBEJICHHS, IIIEOCHEBE SIPO.

Beryn

[Ipy mpoekTyBaHHI JPEHa)KHUX CUCTEM MUIKOTO 3aKjaJaHHsS Ta BiAMOBIAHOTO yIHepeIKEeHHs
nedopMariii Topo>KHFOTO OKPHUTTS Ba*KJIMBO 3HATH HE TUIBKHM Yac, 3a SIKMH BOJAa HAAXOAUTH B IOPOXKHIO
koHCTpyKIio (IK), ane 1 yac, HeoOXimHMM I 11 BIABEICHHS 3 IMIApiB OCHOBH AOPOXHBOTO 01Ty ([10)
MiCJIsE NPUIIMHEHHSI TpUTOKY. OCcOOIMBOTO 3HaYEHH:I 11e HaOyBae Jisl BUTIAIKy [TOBEPXHEBOT iH(IIbTpaii
Ipy BUNaJaHHI aTMocepHux onaaiB. Ha mifsHKax 3 MO3MOBKHIM MOXWJIOM OUTBIINM 3a TIONEpEUHHN
(y BuiMKax, HyJbOBHX BIMIiTKaX, HEBHUCOKHX HACHIIaX) BUIbHA BOAA PYXA€ThCSA Yy JPEHYBAILHOMY
mapi B3IOBXK Joporu. Boma 3axorumioe HaiapiOHINI YacTKH, SKI HAKOMHYYIOTHCS Y MICISX YTHYTHX
BEPTUKAJILHUX KPUBHUX, & TAKOXK Ha TIepexo/li 3 BATMOK B HACHIL.

VY niBHIYHHX palioHax YKpaiHu, Je mpoMep3aHHs HOIMIHPIOETHCS Ha UOuHY 10 1 M [ 1], apeHakHy
CHCTEMY CJIiJ] IPOCKTYBATH TaK, 0O BUKIIOUUTH 3aMEP3aHHs BOJH B JIpeHYBaJIbHOMY Miapi. /s nporo
HEOOXiJTHO, 11100 4yac Jo0iraHHs BOIU MO JPEHYBAJHLHOMY IIApy HE MEPEBHIYBAB JOIMYCTHMY MEXKY.
Oco0:11MBO BaXJIMBO BUKJIIOYMTH 3aMEpP3aHHS BOAHM B MEpEXifHi Mepiofu Ta NpH BiUIN31 3 IUIIOCOBOIO
TEeMITepaTyporo TOBITPS BACHD 1 3 MIHYCOBOIO BHOYI, y TTOETHAHHI 3 BHITAIIHHIM OTaAiB a00 TaHCHHIM
cHiry 1 bo/y. [Ipyu MOBUILHOMY BOJIOBIIBE/ICHHI IIUKJIIUHI KOJMBAHHS TEMIIEPATypyd MOXKYTh MPU3BECTH
JI0 YTBOPEHHSI BEJTMKOI KITBKOCTI JIiH3 JILOAY.

3 MeToro 3armo0iranHsl HAKOMMYEHHIO BOJIOTH Y Imapax ocHoBu J[O, y poOodiil 30HI 3eMJISTHOTO
nmostotHa (3I1) BIAMTOBYIOTH ApeHaXKI MUIKOTO 3akmamanHs ([IM3), pexkuMm poOOTH SIKUX AOCIITUTH
IOyXe ckinaaHo. [IuTaHHs 100 TOCTiIKEHHS PEeXKUMIB pOOOTH APEHAXKHOT KOHCTPYKIIT Ta BU3HAYCHHS
il KOHCTPYKTMBHHMX IMapaMeTpiB HOCATh po3pi3HeHMH Xapaktep. OZHUM 13 LUIAXIB BHUPIMICHHS €]
aKTyaJIbHOT TIPOOJIEMH € TIPOBEICHHS EKCIIEPUMEHTATBHIX JOCIIKCHB, TKi MAKCUMaJILHO BiAIIOBINAIOThH
HaTypHHM YMOBaM.

Baromoro mpu4MHOIO TOTIpPIIEHHS CTaHy aBTOMOOUIBHOI noporu € gomosa Boxa [2]. Ilix yac
OIIa/1iB YaCTHHA BOJY BiJIBOIUTHCS HA MOBEPXHIO MOKPHUTTS, a YACTUHA ii IPOCOUYETHCS B ILIAPU OCHOBH.
[IpocoueHHs BOIH 3aJICKHUTD, SIK BiI IHTCHCUBHOCTI OTIAIiB, TAK 1 BiJ] €KCIUTyaTali{HOTO CTaHy JJOPOKHBEOTO
MOKPUTTS Ta y30i4. BomoBigBeneHHs — 1ie mpolec BUAAJICHHS Ta KOHTPOIIO HAIJIUIIKIB BOIH, SIK Ha
MOBEPXHI, TaK 1 B LIapax OCHOBH, 32 PaxXyHOK IPaBHJIBHO CIIPOCKTOBAHOIO Ta BiamToBaHoro JAM3, mo
JeTaIBHO OTUCAHO Yy poOoTi [2].

OCHOBHOIO MIPUYUHOIO aBapiil Ha JOporax € HABAHTAXKCHHS BiJI TPAHCIIOPTHHUX 3aCO0IB, BILIUB
KIIIMaTHYHUX (AaKTOPiB 1 HEHaJIe:)KHA POOOTa APeHyBaIbHUX IapiB. HasBHICTH BoAM HA AOPO3i € IPUUNHOIO
MOCJTa0NIeHHS] HECHOI 3/TATHOCTI, HACIHIIKOM YOTO € PO3TPICKyBaHHS MOBEPXHI MOKPUTTS, IO B JIECATKA
pasiB 301IbIIIye BUTPATH HA YTPUMAHHS JOporH [3].

BaxnuBicte pobotu [IM3, Hachmiiku iX TOraHoro BOJIOBIIBEIEHHS, CYTTE€BO BIUIMBAIOTH Ha
0e3neKy JOPOKHBOIO PyXy Ta Ha MIKPEMOHTHI CTPOKH, LIO JAETAJILHO PO3MIIHYTO B poborax [4, 5].
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AHami3 MpencTaBIeHUX TOCITIKEHL OOYMOBIIOE HEOOXIAHICTH OOTPYHTYBAaHHS METOIIB Ta ITiIXOMIB
LIO/I0 1HAMBITYaIbHOTO MPOEKTYBAaHHS KOHCTpYKLil JIM3.

Meroro  miei po0OOTH € BHW3HAYCHHS 3aJIGKHOCTI IHTEHCHBHOCTI BOJOBIJIIBEJCHHS Bij
KOHCTPYKTUBHHX XapaKTEPUCTHK MOMCPEYHHUX APCHAXKIB MITKOTO 3aKjIadaHHSI Ha OCHOBI IPOBEICHUX
CKCIIEPUMEHTAIILHUX JIOCIIKEHb.

Jlist mocsirHeHHSI MOCTaBIeHOT METH HEOOX1THO OyJI0 BUPINIMTHU TaKi 3aj1adi:

— OTpUMAaTH pIBHSHHS IHTCHCHBHOCTI BOJIOBIJIBEJICHHS B 3aJIC)KHOCTI BiJl BIJCTaHI Mix
JPSHAKHUMH TIPOPI3SIMU;

— OTpHUMAaTH T'PaHWYHI 3HAYECHHS KUILKOCTI BOJI, 10 BUTIKA€E 3 IPOPi3i HA OAMHULIIO ii JOBKUHU
3a aHAINTUYHHAM I1IX0I0M;

— TMPOBECTH MOPIBHSIBHUI aHAJI3 Pe3yIbTaTIB EKCIIEPUMEHTAILHUX JIOCIIPKEHB 3 TPAHHYHUMHU
3HAYEeHHSIMH NOKA3HHUKIB, I[0JI0 KiJIBKOCTI BO/IH, sIKa BUTIKAE 3 IPOPi3i.

OcHoBHA YacTHHA

[ToTik Bozu, 10 IPOCOYYETHCS BHU3 Yepe3 MOPHUCTI IIapH TIOPOKHBOTO OASTY B IPOHUKHI IPYHTH
3I1, a TakoXX TIOTIK BOIH, IO PYXAETHCS B TOPU3OHTAIHHOMY HANPSMKY UYepe3 IPeHYBaJIbHI MIApH i
y30144si MiAMOPSIKOBYETHCS OCHOBHMM 3aKoHaM TrijpojuHaMikd. OIliHKa IHTEHCHBHOCTI OCYIICHHS,
BU3HAYCHHS 4Yacy, HEOOXiJHOTO AJIsl BiBEJCHHS BOAM 3 KOHCTPYKTUBHHX mapiB O TpyHTYIOTbCA Ha
CHIBBITHOIIEHHAX, OTpUMaHuX 3a dopmynoro Japci [6]. Ane aHamiTHYHI PO3B'SI3KH MIOA0 BU3HAYCHHS
KOHCTPYKTUBHHX MapaMeTpiB IPEHAKHOT CHCTEMH HE 3aBXK/I1 3a0€3MeUyI0Th IOCTATHIN 30ir pe3ybTaTiB.
3aJIexHOCTI, SIKi 3aIPOMIOHOBAHI JJIsl CTPOKY BOJIOBIJIBEACHHS B POOOTI [6] MpU3HAUYCHI M1 TIOB3JIOBKHIX
JAM3.

[Tonepeuni JIM3 mopiBHSIHO 3 TTOB3OBKHIMH IIPAITIOIOTH B IHIIIOMY PeXKHUMI BOmoBinBeAcHH. Lle
MOB’s13aHO 3 TX KOHCTPYKTHBHUMH ocoOnuBocTsimu. Kpusa nenpecii B mo3nosxkHix IM3 dopmyeTbes B
JpeHyBaJIbLHOMY IIapi B orepeuHoMy npodiii Joporu. Y cBOIo uepry, Kpusa aenpecii nonepeunux JJM3
(hopMyeThCS TAaKOXK B JIPEHYBAIBHOMY IIapi, ajie B MOB3JOBXHHOMY HAIMPSIMKY JOPOTH, TOOTO B3AOBXK il
oci. BifcTanp Mixk MOB3/IOBKHIMH JIpeHAMH TIOB’si3aHa 3 MapaMeTpaMy MOMepeyHOro NpoQisito T0porH,
a BiJICTaHb MK TIONEPEUYHUMHU IPEHAMHM 3aJICKUTh BiJ KUIBKOCTI BOAM, L0 HAAXOIUTH Y IpEeHYBaJIbHUN
1rap Ha oy M2,

VY BHiMKax, HyJbOBHX BiIMITKaX 1 HI3bKUX HACHTIAX ITOTIEPEYHI ITPOPI3i BIAMITOBYIOTh HA ITUPUHY
Mpoi3HOT YacTuHU. JlJis BiBEICHHS 3 HUX BOJU BUKOPHUCTOBYIOTH MMO3JI0OBXKHIO JIPEHY 3 OJIHOTO Kparo
poi3HOi yacTUHU ab0 BUBOAATH HA YKIC 3 KOXKHOI Ppopi3i. JKI1o Bucora Hacuily Oiiblia BiJ TOBIIMHU
[0, Toxai BMamToBYIOTh HACKPi3HI MpOpi3i, 3rigHo BuMor [7, 8].

3a miaxo10M, 3apONOHOBaHNM Y po6oTi [9], 3aranbna Butpara Q Ha sl [ =/, + [, cTaHOBUT!

0=0+0, (1)

ne Q, — BHUTpaTa BOIM Ha 3/IMBHIN YaCTUHM [IJIAHKH TOBKUHOK / ;
Q, — BHUTpaTa BOIM Ha Mi/IIPHIK YaCTUHI JUISHKA JOBKHHOIO /,.

2
0 :w )
1
_ k(b (hmax _L2 )2 3
Qz—Ta 3)
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ne Ll,z === >

h_ . — MakcumaibHa IHOMHA (GLIBTPALIAHOTO MOTOKY, M;
| — TO3/I0BXKHIM MOXHUJI POT3HOT YaCTHHU;

k¢ — koedinieHT ¢inprpauii, M/no0y;

/ | — JOBXKHMHA Ha 3JIMBHIN YaCTUHI IUISHKH, M;

12 — JIOBKWHA Ha MIAMPHIA YaCTUHI TUISTHKH, M.

3a po3paxyHKOBY cxeMy B po0oTi [9] nmpuiiHsiTa piBHICT IPUTOKY BOJH B JPEHYBAIbHUI 1Iap Ta
1 BUTpaTH MIPH MaKCUMAaJTbHINM TITHOWHI (QiTBTPAIlifHOTO ITOTOKY, SIKa CIIPaBEIINBA JIUIIE IPH YCTAJICHOMY
pexuMmi pyxy Boau. Bigcrans / Mk ApeHaXHUMH MPOPI3sIMHA BU3HAYAIOTH 13 BpaXyBaHHIM PO3PaXyHKOBOTO
ITMTOMOTO HA/UTMIIKY BOxH O, M*/1100y 3 M? TOBEPXHi Ta MAaKCUMaJIbHOT NTMOMHHU (DLIBTPaIifHOTO MOTOKY

h_ .M
1 1 2vh
= By | —— +—— | = 4)
Y=o v+ 2oL
2 ! (2)
l. 2
I y*=| =
. ! @
max = b 5
» 5)
e y — 0e3po3MipHa BEIMUNHA, 110 JOPIBHIOE:
q
r=P% (©6)
kd)
e ¢ — KiUIbKIiCTh BOJIH, SIKa HaJXOIUTh Y IPEHYBaIbHUI IIap Ha 1ol 1m2, M*/100y Ha M>.

[TepeTBOpuMO Bupa3 (5), 3 ypaxyBaHHsIM (6):

2 24
T %)
_ i’

UYepes BiJicTaHh MK JAPEHAKHUMHU HPOPI3SIMU MOXKJIMBO BU3HAYUTH IHTCHCHUBHICTh BiJIBEICHHS
Bonu. Bupas (7) nmepeTBopuMO B KBajjpaTHE PiBHSHHS Ta OTPUMAEMO:

2 kit 8
412q——q(12i2+8h2)+12‘1’—l:0. 5)
k, 16

3TiIHO 3 PO3B’SI3aHHAM KBaJAPATHOTO PIBHSHHS, BU3HAYAEMO KUTBKICTh HAIXOHKCHHS BOIH:
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_ I%i* +8h* i4h\/12i2 +4h? K )
= .

q max, min 8[ 2

KinbkicTe BOAM, sika BHUTIKA€ 3 MPOPi3i HA OJAMHUINO I JOBXKHHH, MOKHA OTPUMATH 3TiJIHO
peKoMeHaalii, HaBeJeHUX y poOoTi [9], Ha OCHOBI CIIPOLICHOT 3aJIEKHOCTI:

0, =qlb, (10)
e b — noBxwHA TIPOPI3i, M.

VY HaBuanbHO-HAYKOBiM Jaboparopii kadenpw TpaHCIOPTHOTO OyAIBHMIITBA Ta YIpaBIiHHS
MaiiHoM HamioHanbHOrO TPaHCHOPTHOTO YHIBEPCUTETY Ha JIabOpaTOpHi yCTaHOBLI JOPOKHBOI
KOHCTPYKIIi Oyll0 TPOBENEHO psi eKCIEPUMEHTANbHAX JIOCHI/DKeHb 13 BHU3HAYCHHS I1apameTpiB
BomoBinBeneHHs momnepednux JIM3. Bymo BuMipsHO 00’€M BiABEIEHOI BOAM 3 TpaHIiei Ta dac il
BiJBENICHHS Ha Pi3HUX KOHCTPYKLisx JIM3 3a pizHux ymos. [lapameTpu ycTaHOBKH, 0COONUBICTH POOOTH
KOHCTPYKIIii Ta pe3ysIbTaTh BUMiproBaHb HaBezeHi B [10, 11]. Takum grHOM, OymM OTprUMaHi 3aJI€KHOCTI
JUIST IHTEHCHBHOCTI BONOBIABEACHHS 3 PI3HUX NIPEHAXHUX KOHCTPYKINiH. Pe3ymbraTél moCIiKeHb
pOOOTH IpeHaKHUX KOHCTPYKIiH HaBeleHi B Ta0m. 1 1 Tabu. 2, 3a IHTEHCHBHOCTI 3IMBOBHX OMafiB 5 %
3abesredeHocTi [1].

Taonuysa 1
Pe3ynomamu 0ocniocens pooomu wiedenesozo openysanvHozo wiapy 3 nonepeunumu /IM3
[Ticns Toro, K MOTIK .
[lotik copmoBanuit po3dopmyBaBcs 3aranbuui
(y KparinHax) | MOKa3HHK
HanosHtoBau Tpanmiei JIM3 : : IHTEeHCHBHOCTI
IHTGI:ICI/IBHICTB IHTCI-.ICI/IBHICTB BOJOBiBEIEHHS],
BOJIOBI/IBEJICHHS, BOJIOBi/IBEJICHHS, /1106y
M>/100y M>/100y
K oo 0,476 3 0,016 0 0,074 1
PYITHO3EPHUCTHH TICOK, 0.613 3 0.016 0 0,093 9
TpyOa [IBX
0,606 9 0,032 0 0,109 4
e 0,598 5 - 0,598 5
ebeHeBe s1po N
(bp. 10-20 M i 20-40 wr) 0,491 7 0,491 7
1,336 0 - 1,336 0
Taonuuyn 2

Pezynomamu 0ocnioicens pooomu niuganozo OpeHysanbHozo wapy (cepeonbo3epHucmuil
nicok) 3 nonepeunumu /M3

[Ticas Toro, sIK MOTIK 3araJbHUH MOKA3HUK
HamosutoBau tpantmei JIM3 po3(’popMy.Bchsl S KPaHHHHaX) IHTEHCHBIOCTI
IHTeHCHBHICTE BOIOBIIBEICHHS, BOJIOBiIBENEHHS,
M/ 106y M3/ 100y
K oo 6 0,003 8 0,003 8
PYITHO3EPHUCTHI ITICOK, TPyOa 0.001 9 0,0019
[IBX

0,002 6 0,002 6
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I3 MeToro ampobarrii MPOBENCHUX EKCIEPUMEHTAIBHHUX JOCIIHKEHD, TTPOBEIEMO TTOPIBHSIHHS 3a
AHATITHYHUM METOJIOM, BU3HAUMMO MIiHIMaJbHE Ta MaKCUMaJIbHE 3HaueHHs 3a popmysnamu (9) ta (10),
LIOI0 KIUJIBKOCTI BOAH, sIKa BHUTiKae 3 mpopisi. s xoHcTpykuii monepeunoro M3 3 apeHyBagbHUM
meOCHEBUM IIIapoM Oyl TIPHHHATI Taki BUMOTH: KoedimieHT (impTparii kcp = (150—200) m/mo0y,
MakCHMajibHa MMOuHa (insrpaniiinoro moroky A = (0,01—0,02) m. Binnosimno, mis apyroi
KOHCTPYKLIT, 3 MIAHAM APeHyBaNbHUM mapom: k, = (4—5) m/noly, h = (0,10—0,15) m.

[TopiBHSUTBHHI aHANI3 PO3PAaXyHKOBHX Ta EKCHEPHMEHTAIBHHUX JTAaHUX HaBeACHWH Ha rpadikax
puc. 1 ta puc. 2.

. 1,3500 1,3360
=
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(5]
5 1,1500
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=
g 0,9500
=
o)
m
E& 07500
o)
g X 0,5985
82 05500 0,4917
o
& 0,4189
R 0,3500
:
o 0,1500 0,0741 0,0939 0,1094
& I ——— ———— L
& RS s e 0,0611
-0,0500 1 2 . 3
. [peHakHa Ipopish 3 Tpyooro IIBX BuuiproBarms
JlpeHakHa IPOPi3b 3 IeOEHEBIM AIPOM
I'paHHYHE 3HAYEHHS iHTEHCHBHOCTI BOJOBIIBEIEHHS B IPEHAKHUX MPOPI3AX, max
e====]"paHIYHE 3HAYCHHS IHTeHCUBHOCTI BOJIOBIIBEI€HHS B JpEHAKHIX IPOPI3LX, min
Pucynox 1 — llopiBHSHHS 3Hau€Hb CKCIICPUMECHTAIBHUX JOCII/KCHh 1HTEHCHUBHOCTI

BOILOBi,Z[BeILeHHH 3 PO3paxyHKOBHUMHU 34 aHAIIITHIHUM METOIOM

IHTEeHCHBHICTH BOJIOBI/IBEJICHHS IPSHAYKHOT KOHCTPYKIIIT 3 HAIOBHIOBAYEM 13 KPYITHO3EPHUCTOTO
micky 3 TpyOoto IIBX Oinpmn BigmoBinae po3paxyHKOBHM MiHIMadbHUM TPAaHWMYHUM 3HAYCHHSIM, a
JIPEHAKHOT KOHCTPYKIIT 3 TIIeOCHEBUM SAPOM — PO3PAXyHKOBUM MaKCHMaJTbHUM. BiTHOCHI BiIXUICHHS
3HAYCHb CEPEHIX IHTCHCHBHOCTEH BOMOBIABEIEHHS monepeunux JIM3 Big rpaHUYHHMX, OTPUMAaHUX
aHAJIITHYHUM METOJIOM, HaBEACHI B Ta0m. 3.

Taonuun 3
BionocHi gioxunenns cepeonix 3nauenv iHmMeHCUGHOCHI 60006i06€0eHHA
nonepeunux /[M3 6i0 cpanuunux
JpenyBansHUi map Lle6ins dp. 2040 Mmm Cep eﬂH;?ngHHCTHH
HanosHiosay Tpanmei Tpy0a I[1BX, oO6cumnana Hle§eHeBe SIIPO Tpy6a I1BX, o0cunana
KPYIHO3EPHUCTUM (bpakis 10-20 mm Ta KpYIHO3EpHUCTUM
nonepeyHoro JIM3 . .
TiCKOM 20-40 mMm) TCKOM
BignocHi ;)uxnneHH;{, 34 40 35
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= J[penakHa Ipopiskb 3 Tpy6oro IIBX BumiproBanHst
I'paHIyHe 3HAUeHHs IHTEHCHBHOCTI BOJOBLIBEIeHHS B IPEHAKHIX MIPOPI3sIX, min
T'pannyHe 3HAYEHHs IHTEHCHBHOCTI BOJOBIIBEEHHS B IPEHAKHIX MIPOPI3sIX, max
Pucynox 2 — llopiBHAHHSA 3Hau€Hb EKCIIEPUMEHTAIBHUX JOCTI/DKEHh 1HTEHCHUBHOCTI

BOJIOBIIBEJICHHS 3 PO3PAXYHKOBUMU 32 aHATITUIHIM METOIOM

Po30ikHICTh pe3ynbTaTiB  eKCIEPUMEHTAIBHUX JOCTI/DKEHh 3 TPAaHHYHUMH 3HAYCHHSIMHU
IOB’sI3aHO 3 THM, III0 AHATITHYHUI METO]] He IOCTAaTHHOIO MIpOI0 BPaXOBY€ KOHCTPYKTHBHI 0COOIMBOCTI
JIM3 Ta pexuMu BOJIOBIIBEACHHS 3 APECHAKHUX MPOPi3ei.

BucnoBku

1. 3a aHamiTUYHUM TIOXOAOM, Yy pE3yJabTaTi MEepeTBOPEHb, OyJI0 OTPHUMAHO pPiBHSIHHS
IHTEHCHBHOCTI BOJOBIJBEJCHHS 3 JIpEHaXHOI TpaHIIel yepe3 mapaMeTp BiACTaHI MiX APCHAXKHUMH
npopizsiMu 3rigHo 3 [9], 3 ypaxyBaHHAM KUIBKOCTI BOIM, IO HAIXOAWTh y ApPEHYBAJIbHUH IIap Ha
wronty 1 m?%.

2. Bu3HayeHO TrpaHWYHI 3HAUCHHS IHTCHCHBHOCTI BOJIOBIJBEICHHS 3 JIPCHAXKHOI TpOpi3i 3
ypaxyBaHHSM TakKMX NapamerpiB nomnepeunux /IM3, sk koediuieHT Qinprpanii ApeHyBaIbHOTO APy,
MOB3JIOBXKHIN MOXWJ AUTSIHKH JOPOTH, JAOBKUHA Mpopisi. peHa)kHa KOHCTPYKIIs, B SKid Marepiajaom-
HAIOBHIOBAYEM € KPYITHO3EPHUCTHH Micok 3 TpybOoro [1BX OinbuI BiAmoBigae MiHIMaIbHUM IPaHHYHUM
3HAUEHHAM 1HTEHCHBHOCTI BOJOBIJBEJCHHS, a JAPCHAXHA KOHCTPYKLis 3 IMeOEHEBUM SAPOM —
MaKCHMaJbHUM.

3. TopiBHsIBHMI aHANI3 PE3YIBTATIB €KCIIEPUMEHTAIBHHUX JTOCHIKCHb 1010 IHTEHCHUBHOCTI
BOJOBIJIBE/ICHHS APCHAXHUMH TPAHLICSIMHU 3 TPAHUYHUMH 3HAYCHHSMH, BUZHAYCHUMH 33 aHAJTITHYHUM
METOZIOM, ITOKa3aB CyTTEBI BIIHOCHI BiXwieHHs B Mexax Bif 34 % no 40 %. [us nonepeunux M3
Ba)XJIMBHUM MapaMeTPOM, II0JI0 IHTEHCHUBHOCTI BOIOBIIBEICHHSI € HE TIJIbKM BiACTaHb MK JPEHAKHUMHU
MPOPi3sIMH, a e BIACTHBOCTI MaTepiaiB-HaMOBHIOBAYIB, sIKi HE B IOBHIH Mipi BpaXOBYIOThCS aHAI THYHUM
iAX0I0M TPH MPOEKTYBaHHI APCHAKHUX KOHCTPYKIIH.
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DETERMINATION OF THE RELATIONSHIP BETWEEN THE RATE OF DIVERSION
AND THE DESIGN CHARACTERISTICS OF SHALLOW CROSS-DRAINAGE

Abstract

Introduction. When designing shallow drainage systems and the corresponding prevention of
deformation of the road surface, it is important to know not only the time when water enters the road
structure, but also the time needed to remove it from the base of the road clothing after the stop of the
influx. This is particularly important in the case of surface infiltration during precipitation. The water
captures the tiniest particles that accumulate at the places of concave vertical curves, as well as at the
transition from the grooves to the mound.
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Problem Statement. In the northern regions of Ukraine, where freezing extends to a depth of up
to 1 m, the drainage system should be designed to prevent freezing of water in the drainage layer. For
this purpose, it is necessary that the time when the water reaches the drainage layer does not exceed
the allowable value. It is particularly important to ensure that water does not freeze during transition
periods and thaw with a positive temperature during the day and at a negative night, when combined
with precipitation or melting of snow and ice. With slow drainage, cyclic temperature variations can
produce large amounts of ice lenses. The question of the study of the working conditions of the drainage
system and its design parameters is scattered. One way to address this pressing problem is to carry out
experimental studies that are most appropriate to the field conditions.

Purpose. The aim of this work is to determine the relationship between the water drainage intensity
and the structural characteristics of shallow cross-sectional drains on the basis of experimental studies.

Materials and methods. For the pilot installation of a road structure in the Scientific Laboratory of
the Department of Transport Construction and Property Management of the National Transport University
has conducted research on the operation of shallow drainage structures with various fillers. In order to
validate the experimental studies carried out, a comparison with the analytical method has been made,
and a minimum and maximum value has been defined for the quantity of water flowing from the aperture.

Results. During the laboratory tests, the drainage intensity of the drainage structure with various
filling materials was determined. On the basis of the results of the measurements, the influence of structural
elements and characteristics of shallow transverse drains on the intensity of their water discharge work
was analyzed. The limit values for the water discharge intensity of each of the drainage structures are
obtained. The drainage intensity of the drainage structure with the filler coarse sand with the PVC tube is
more in line with the calculated minimum threshold, and the drainage structure with the chipping kernel
is more in line with the calculated maximum. Relative deviations of the mean discharge intensity of the
transverse DMZ limits obtained by the analytical method. The difference in the results of the experimental
studies with limit values is due to the fact that the analytical method does not sufficiently take into account
the design features of the DMZ and drainage regimes.

Conclusions. Based on an analytical approach, limit values have been defined for the intensity of
drainage. Drainage structure in which coarse sand with PVC tube is the filling material more meets the
minimum water discharge threshold and the drainage structure with chipping kernel is the maximum.

A comparison of the results of the pilot studies on drainage intensity of drainage ditches with
analytical limit values showed significant relative deviations ranging from 34% to 40%. For cross-
sectional DMZ, an important parameter in the intensity of water drainage is not only the distance between
the drainage slots, but also the properties of the filling materials, which are not fully considered in the
analytical approach when designing drainage structures.

Keywords: shallow drainage, drainage pipe, drainage layer, water discharge rate, chip core.
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