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Y cmammi nposedeno awnaniz icmyiouoi CHic00UUCHOI MeEXHIKU OJi 3UMOB020
VMPUMAHHSL A8MOMOOIIbHUX 00pie Ma MICbKUX 8yauyb. 3anponoHO6AHO WIHEKOBUIl
CHI2004UCHUK, AKUIl 3a0e3neuumsb UOANICHHS. CHI2Y 3 NPOI3HOT YACMUHY, 3A8AHMANCEHHS
11020 8 Ky308U A8MOMOOINIE MA GUGE3EHHS 30 MeXNCI DOPOU.

The article analyzes the existing snow removal equipment for winter maintenance
of highways and city streets. An auger snowplow is proposed to ensure snow removal from
the roadway, loading it into car bodies and taking it off the road.

During operation, highways are subjected to constant loads and exposed to
atmospheric influences. Weather conditions and destructive transport actions worsen the
operational properties of the road as an engineering structure while reducing the
efficiency and safety of road traffic.

The most important factors in the winter period that affect the safety of road traffic
and the speed of movement of vehicles are the slipperiness of the surface and snow
accumulation (when snow accumulates on the roadway). These factors lead to a decrease
in the coefficient of adhesion of car tires to the road surface and an increase in the
probability of skidding. As a result, the braking distance increases, traffic becomes more
difficult, and the probability of traffic accidents increases.

The winter maintenance of highways includes a set of works performed by road
organizations with the aim of ensuring safe and uninterrupted traffic in winter, in
particular, snow removal, combating slippery conditions, and clearing roads.

Winter road maintenance is an expensive process, as it is quite often difficult to
predict weather conditions.

Road cleaning measures affect their service life and safety. Therefore, the proper
execution of works and the use of modern equipment for winter road maintenance is an
urgent task today.
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For full mechanization during winter road maintenance, we use a wide range of
equipment. These are snow plows, snow loaders, ice scrapers, and sand throwers.
Snowplows are rarely used on country roads, mainly where the ability of snowplows to
throw snow a considerable distance from the roadway is limited or completely excluded.
They are also used to clear snow drifts from roadsides. Snow plows are mainly used on
road sections in populated areas.

The purpose of this scientific article is the analysis and comparison of existing snow
removal equipment for winter maintenance of highways and city streets, and the
development of an auger snow plow for maintenance of roads in the winter period, namely,
the removal of snow cover from the carriageway.

Today, snow plows are manufactured by many companies around the world and are
available for various types of vehicles. They are available with manual, electric, and
hydraulic drives. They have different sizes and designs.

Kniouoei crosa: agmomobinena dopoea, cHico3aHeceHHs, CIU3bKICMb, CHIZ00YUCHA
MexHiKa, 3UMo8e YMPUMAHHSL.

Keywords: road, snow drift, slipperiness, snow removal equipment, winter
maintenance.

Beryn. Ilix wac excroryaTamii aBTOMOOLTBHI JOPOTH 3a3HAIOTH MOCTIHHIX
HaBaHTaXXCHb Ta MiIJAIOTECS aTMOCepHUM BIUTHBaM. [1oroaHi yMOBH, pyiHIBHI
Jii TpaHCHopTy — 1ie Ti (aKTOPH, SIKi NOTIPINYIOTh EKCIUTyaTaliifHi BIaCTHBOCTI
ABTOMOOUIBHOI JOPOTH SIK 1HXKEHEPHOI CIOPYAM, IPH LBOMY 3HHXKYIOUH
e(eKTUBHICTh Ta OE3MeKy JOPOKHBOTO PYXY.

HaiiBaxxiuBinmmu QakropaMd B 3MMOBHUiIl Tepioj, siKi BIUIMBAIOTH Ha
0e3reKy TOPOKHBOTO PyXy Ta MIBHUIKICTH MEPECYBaHHs TPAHCIOPTHUX 3aCO0IB
SIBIISTFOTBCS CITU3BKICTh IOKPUTTS Ta CHIrO3aHECEHHsI (KOJIH HAKOTIMIYETHCS CHIT
Ha Tpoi3Hii wactuHi). daHi pakTopm NpU3BOAATH A0 3MEHIIEHHS KoedilieHTa
3UCIUICHHS aBTOMOOUTBPHUX INIWH 13 JOPOXHIM IOKPUTTSM Ta IIiABHIICHHS
HMOBIpHOCTI 3aHOCY. B pesynbrari pocre rajapMiBHHH IUIAX, YCKIAIHIOETHCS
PYX, i IBUIYETHCSA HIMOBIPHICT BUHUKHEHHS JOPOXHBO-TPAHCIIOPTHUX IIPUTOI.

Jlo 3uMOBOTrO yTpUMaHHS aBTOMOOUIBHUX JOPIT BITHOCHTBHCS KOMILIEKC
poOiT, SIKi BUKOHYIOTBCSI JOPOXHIMH OpTraHi3allisMH 3 METOI0 3a0e3NedeHHs
6e3megHoro Ta 6e3nepedifHOro pyxXy TPAHCIOPTY B3UMKY, 30KpeMa IpHONPaHHS
CHiTy, 60poTE0a 31 CITU3BKICTIO Ta PO3YHIICHHS AOPIT.

3UMOBE YyTpUMaHHS AOPIT € JOPOTOBAPTICHUM MPOIECOM, OCKUTLKH TOCHTh
4acTO Mepe0aYNTH MOTOHI YMOBH CKJITHO.

3axo/u, HaMpaBJieHi Ha PO3YHUINEHHS aBTOMOOUIBHUX JIOPIr, BIUIMBAIOTH HA
TEpMiH iX ciryxOu Ta 6e3neky. ToMmy HanexxHEe BUKOHaHHS POOIT Ta 3aCTOCYBaHHS
Cy4acHOI TEXHIKM JUIi 3UMOBOIO YTPHUMaHHS JOPII € aKTyaJbHOI0 3aJavyelo
CHOTO/ICHHSI.

Anamiz pociimkenn. I[lepmia MammHa JJIsl OYHMINCHHS CHIry Oyna
nobynoBana ['epoeprom @piom B 80-x pokax XIX cromitrs. Tak sk B HIll HE
OyJI0 OBUTYHA, TO JUIsi pOOOTH HEOOXiMHO OYJIO MOCTIHHO KPYTHUTH PYUKY, sSKa
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MpUeAHAHA 10 Bajla CHIrOOYMCHHKA. MaliHa 3MiTana CHIr BChOTO Ha MiBTOpa
MeTpa B CTOPOHY, B 3B’SI3Ky 3 4YMM He Halyjla IIMPOKOTO 3acTOCYBaHHS B
TOIIIIHIA ABCTpilchKii immepii [1].

[epmmmu TIY)KHUMH CHITOOYMCHHMKaMH OyJIM KiHHI AepeB’siHi IUTYXHI
CHITOOYHMCHUKHU. [3 TIOSBOIO aBTOMOOUISA 1HXCHEPH-BHHAXITHUKH TOCTIHHO
HaMarajiwucs iX BIOCKOHAINTH, SIK pe3yJbTaT OyJIo 3aaTeHTOBaHO HOBHH IIpHIIal
B 1940-x poxkax [2].

3 THX mip mpoHnuro 6arato 4acy, a TOMy HaKOIMYUBCS BEIHKHHA JTOCBiX
BHPOOHMIITBA Ta EKCIUTyaTallii JaHWX KOHCTPYKIIiH.

Ha cphoromHimHili JOeHb CHITOOYHMCHUKHA BHPOOJSIOTHCA OaraTbma
KOMITaHisSIMHA IT0 BCHOMY CBITYy Ta JOCTYITHI JUIsl PI3HUX BHIIB TPaHCHOPTHHUX
3aco0iB. BoHn OyBaroTh 3 PyYHHM, CNEKTPUIHAM Ta TiAPABIIYHUM MIPHBOIOM.
MaroTb pi3Hi po3MipH Ta KOHCTPYKIII.

IMocTaHoBKa MeTH i 3axa4 AocaimKeHb. MeTOIO JaHOT HAYKOBOI CTAaTTi €
aHaJli3 Ta NOPIBHSAHHS iICHYI0YOT CHITOOYMCHOT TEXHIKH JUIsl 3MMOBOTO YTPUMAaHHS
ABTOMOOLIBHUX JIOPIT Ta MICBKUX BYJIHIb, PO3pO0OKa ITHEKOBOTO CHITOOYHCHUKA
JUIsl YTPUMaHHSI aBTOMOOUIBHUX JIOPIr Y 3UMOBHH Tepiojl, a came NMpUOMpaHHS
CHITOBOT'O TIOKPUBY 3 POi3HOT YaCTHHH.

Buxusian ocnoBHoro Marepiasy. /{ist moBHoi MexaHi3auii i1 4ac 3MMOBOTO
YTPUMaHHS JIOPIr MH BHKOPHCTOBYEMO INHUPOKHH CHEKTp TexHiku. lle
CHITOOYMCHUKH, CHITOHAaBaHTA)XyBadi, CKpeOKWM I OUMIICHHS JBOLY Ta
MiCKOPO3KUIadi.

IImyxHi cHiroouncHUKH (puc. 1) MOKHA PO3AUINTH HA OIHOJOMATEBI, SKi
BiIKHIAIOTH CHIT 3 OJHOTO OOKY, i ABOJIOTATEBI, SIKi MOXYTh BIIKHIATH CHIT 3
onHOro abo 3 000x OO0KiB. Jleski MapKu CHITOOYMCHHUKIB MAalOTh OJWH abo JBa
0iyHux BinBanu (kpuia). CHITOOYMCHUKHM MOHTYIOTBCS Ha Iaci TPAHCIIOPTHUX
3ac00iB a00 paMax TPaKTOpiB.

[TepeBarn aBTOMOOUIBHUX IUIY)KHMX CHIFOOYMCHHUKIB MOJSATAIOTh Y
HACTYIMHOMY: 3aBJSKH BiTHOCHO BHUCOKIii poO0Uiif IIBUAKOCTI CHIT BiAKUAAE€THCS
Ha 3HAYHy BiACTaHb (10 5-8 M), a CHIrOBHH Baj, IO YTBOPIOETHCS IICHA
IIPOXOJPKEHHS CHIFOOUHCHHUKA, Ma€ MKy (hopMy; BUCOKa MOOUIbHICTD JI03BOJISIE
IIBUJIKO MEPEMIIIaTH CHITOOYHCHUKHU 3 OJHOTO MiCIld POOOTH Ha iHINE; MiCHs
JIEMOHTaXy CHITOOYHCHHKA aBTOMOOLIb MO’KHA BUKOPHCTOBYBATH 32 NIEPBICHUM
MIPU3HAYCHHSIM.

Jlo mepeBar TpaKTOPHHUX CHIFOOYHMCHHKIB BiJHOCSTHCS: BOHH MOXYTb
MIPAIfOBaTH B CKJIAJHHUX CHITOBHX yMOBAaX; TPaKTOp MO>KHa BHKOPHUCTOBYBAaTH
JUTS 1HIIWX 3aBJAaHb IICIIA IEMOHTAXy CHITOOUYHCHHKA.

IIpomucnoBicTh  BUpPOOMSiE TIYroBi  CHITOOYWCHHKH, SIKi  MOXHA
BCTaHOBJIFOBATH Ha aBTOMOOJI Ta TPAKTOPH.
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Puc. 1. IInyXHuii CHITOOYHCHUK

PoTOpHI CHITOOYNCHUKH 3a3BHYAil CKIAIAIOTHCS i3 TBOX POOOYHX OpTraHiB,
OJIWH i3 SKUX 3pi3a€ CHITOBHH MMOKPUB, MOJAIOYH HOTO B EHTPAIbHY YaCTHHY
MAaIlMHHA, a IHIIMKA 3aXOINII0E CHIr 1 Biakumae #Horo BOIk. OpjHak, 1
CHITOOYHCHUKH HE Ay)Xe MOIyJSApHI Yepe3 HU3bKY NPONYKTUBHICTH, BHUCOKE
C€HEePTrOCIOKUBAHHS, CKIATHY KOHCTPYKIIIO pOO0YOro Oprany i Maixy JalbHICTh
BIJIKUIaHHS CHITY. POTOpHI CHIFOOYHMCHHMKH 3aJIC)KHO Bijl THITy poO0u0i CeKiii
MOUISIOTBECSA HA IITHEKOBO-pOTOpHI (puc. 2), dpesepHo-poTopHi (puc. 3) i
TLUTY>KHO-POTOPHI (pHC. 4).

HaiinommpeHiimmuM CHIrOOYMCHUKOM € IITHEKOPOTOPHHUII CHITOOYHMCHHK
(puc. 2), sikuii Mae 1Ba ab0 TPU IIHEKHU JUIS 3pi3aHHs CHITY.

A

Puc. 2.

G e A B S
[ITHeko-poTOpHMI CHITOOYHCHHUK

Xoua 11i CHITOOYHCHUKH KOHCTPYKTHUBHO IIPOCTI 1 Ha/liliHI B €KCIUTyaTalii,
BOHH HE TiIXOASTH JJIs 3pi3aHHs BaXKKUX CHITOBHX IUIACTIB YINIIBHEHOTO CHITY.
®pe3epHO-POTOPHI CHITOOYMCHHUKH - II€ TUIM CHITOOYMCHUX MAIIHH, SKAN
3abe3nedye KOMOIHOBaHUI METOJ BUAAIEHHS CHIry. BoHu 00’enHyroTh y co0i
(bpesepHuii 1 pOTOPHUIT NPUHLIUIIH POOOTH.
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Puc. 3.

®Ope3epHO-POTOPHUI CHITOOUYHCHHUK

[I1yXHO-POTOPHI CHITOOYHMCHUKH — II€ THII CHITOOYMCHUX MAIIWH, SKi
MOETHYIOTh Yy co0i JBa OCHOBHHX METOIW OYHIICHHS BiJ CHITY: IUTYTYBaHHA i
POTOpHE BUIAJICHHS.

b el
Puc. 4. IIny>XxHO-pOTOPHUH CHITOOUYNCHUK

Kowm6inaris mmyra ta potopa J03BOJISIE HE JIMIIE 30MpaTH CHIT, a i IpiOHNTH
HOro, MOJIErIIyI0YH MPOLEC OUYHIIEHHS.

3 Meroro 3a0e3MedyeHHs CHIFOOYMINEHHS B 3MMOBHMH Iepioag HaMu
3aMPOIIOHOBAHO IITHEKOBHIA CHITOOYHCHUK, IKMI CKJIAIAETHCS 3 3a0ipHOT HACAAKH
Ta TPaHCTIOPTYI04Yoro Tpybomporoay (puc. 5).

Bu3HaualbHUMHU ~ KPHUTEpISAIMH il Yac IPOEKTYBaHHS  LIHEKOBUX
CHITOOYHCHHUKIB MAlOTh CTATH IX HaLIMHICTH Ta 3a0e3leUYeHHs €KOJOTIYHOCTI B
MpoIieCi BUKOHAHHS poOiT. JIJis 3amporOHOBAHOIO IIHEKOBOTO CHIMOOYHMCHHKA
(puc. 5) moTpiOHO 3HATM WOro parmioHaabHI TCOMETPHYHI 1 KiHEMaTHYHI
napameTpu.

Bu3HAaYMMO OCHOBHI IIapaMeTPH MEXaHi3MiB ITHEKOBOTO CHIrOOYHMCHHUKA.

Jl7st IIHEKOBOTO CHIrOOYHCHUKA BUHOMPAEMO BHXIHI MAPaMETPHU, BUXOASIN
3 iHpopMauii npo BiIOMI CHITOOUMCHHUKH, B SIKUX POOOYMM OPraHOM BHCTYIIAE
LITHEK, 30KpeMa:

- TiaMeTp BHUTKIB I'BUHTIB D = d, =d, =0,45m;
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- KPOK 'BHHTA TPaHCIOpTyro4oro tpydonposoay P = 0,45 ;

- KyT BIIXWJICHHA OCi MEXaHi3My BiJl BEpTHKaIi TPaHCIOPTYIOUOTO
Tpy6onposoay oo =30°, ta o0 =0°;

- TiaMeTp Baja d, =0,1m;
- yacTota 060pOTiB rBUHTa N =18x671;

- 00’eMHa Maca CHIry j = 0, 45m:/ > (MOXKe 3MiHIOBATHUCS, 3aJI€KHO BiJl
BOJIOTOCTI CHITY);

- KOe(iL[iEHT 3aI0BHIOBAHOCTI poOOYOro npocTopy K =1;
- KoedilieHT TepTs cHiry 3 koxkyxoMm L =0,55;

- IPUHMAEMO [IOBXKUHY TPAHCIIOPTYIOUOro TpyOOnpoBoay L, = 6.z -

6
L,

du 2\ | i
S - 5 d> s \
S1 P — 7

8

>

W
2 R

Puc. 5. Cxema IIHEKOBOTO CHITOOYMCHHKA: | - 3aXHMCHA PEIIiTKa; 2 - PETYJIATOP
xony; 3 -3abipHa uyactuna; 4,5 - TpaHCIOpPTYIOUMiT TPyOONIPOBI; 6 - MPUBO;
7 - marpy0OoK [uis Boau; 8 - maTpyOoK [UIsl CHITY

IIpoayKTUBHICTE NTHEKOBOTO CHITOOYHCHUKA BU3HAYAETHCS IO (HOPMYIT 3a
MIPOAYKTUBHICTIO TPAHCIIOPTYIOUOTO TPYOOIIPOBOMY:

_ 2
Q=47-D*.K,-n-P-y-K_,
TYT D - JiaMeTp IIHEKa, M;

K, - Koe(illi€HT 3aTIOBHIOBAHOCTI,

@

n - 9acTOTa 00EpTAaHHS LIHEKA, XB™L;
P - KPOK BHTKIB, M;
Y - 06’eMHa Maca cHiry, T/m>;
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K, - KoebillieHT, 10 BpaxoBye BILUIMB KyTa Haxuily Bici IBUHTA [0
TOPHM30HTY Ha HOro NpoayKTHBHICTS (3a ymoBu oo = 30", K =0,72).

Q =47-0,45%-1-18-0,45-0,450-0,72 = 24,98m/ 200 -
KpyTHH1i1 MOMEHT Ha Bally ITHEKA PO3PAaXOBYEMO 3a CITIIBBITHOIICHHIM:

1,=0,5-D,, t19(B+93)-F,, @
TYT Dcep =0,6D ;
/3 - KyT Haxully IIHEKa 0 TOPH30HTY, B rpajgycax;
P 0,45
7-D,, 314-0,6-0,45
B = arctg0,5308 = 287,
0 - KyT TepTs CHIry 3 IIHEKOM;
tgd=p, & =arctg0,72 =36";
M - KoedillEHT TepTst CHITY 13 KOXKYXOM.

=0,5308,

F. - ocboBa CcuIIa, sIKa Ji€ Ha IIHEK, H.
a

F,=q-L-(sina+pu-cosa), 3)
1yt (| - Bara cuiry Ha 1m noBxuHK TpyGOnpoBoy, H /e ;
L, - AOBXHHA TPAHCIIOPTYKOYOTrO TPyOOIPOBOAY, I ;

¢ - KyT Haxwiy oci ITHeKa, Tpajl.
Bara cHiry 0yne:

q=250-7-(D*—-d?)-K,-K, 7. @
TYT d-zxiaMeTp Bala, gs.

q=250-3,14-(0,45° —1?).0,72-1-0,450 =51,50 H /

Toxi: F, =51,50-6-(sin30" +0,72-c0s30" ) = 347,17H
ITo dhopmymi (7.2):
T,=0,5-(0,6-0,45)-347,17-tg64° =96,09H - .

[ITHekoBHMI CHITOOYMCHMH HPUCTPIH BCTAHOBIIIOETHCS Ha TpPakTop abo
aBTroMoOinb. Ilig yac pyxy NpHCTPOIO IIap CHITYy pO3pi3aeThesi 3aXHCHOIO
pewritkoro 1 i morpamisie 10 3a0ipHOT HACaAKH, 1€ CTUCKAETHCS 10 00’ €My, 110
MOXE IIPOWTH dYepe3 CIYeHHS HEpPyXOMOro KOpIyca TpPaHCIIOPTYIOUOTro
TpyGOMpOBOLy, POGOYMM OpPraHOM SKOr0 TEX € mHeK. Moro koedimieHT
3amoBHEHHsT ToBMHeH Oytm piBHuM K,;=1. TlepemimieHHss cHiry y
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TPAHCIOPTYIOYOMY  TPYOOIPOBOII  CYNPOBOIDKYETBCS HOTO  CTHCKaHHIM
LIIHEKOBUM POOOYMM OpraHOM i3 3MEHIIEHHSM KpPOKY BUTKIB. B mopanbiiomy
TPaHCIIOPTOBAHUI CHII' MOTpaIuUIiE B Ky30B arperaToBaHol MallMHH Ta
BUBO3UTHCA.

[lix wac HOpMaTbHOT POOOTH CHIrOOYMCHHKA MIBUAKICTH OOEPTaHHS IIHEKa
OB’ sI3aHa 31 IIBUKICTIO pyXy MamyHK. [I0piBHIOIOYH MPOTYKTUBHICTH OKPEMHUX
BY3JIiB, MO’KHa BCTAQHOBHUTH, IO IOCTyNajbHa IIBHAKICTH CHIFOOYHCHHUKA 3
NEBHIM TEOMETPHYHUM PO3MIpOM, NEBHOIO KYTOBOIO MIBHAKICTIO INHEKA Ta
MIEBHOIO MIUJIBHICTIO CHITY 3aJEXHUTH Bijl IMOIEPEYHOTO IIepepi3y CHIrOBOTO
MIOKPUBY, IO TpuOHpaeThess. ToMmy mis 3abe3nedeHHs e(eKTUBHOCTI poOoTH
CHITOOYHCHUKIB B PI3HHX YMOBaX TPAaHCMICi XOMOBOI YaCTHHU MAIIMHH
MIOBMHHA IUIaBHO 3MIiHIOBAaTH CBOIO pOOOYy MIBHIKICTH B 3HAUHOMY Jiana3oHi.
LIporo MoxHa OCSITH 33 paXyHOK BUKOPUCTaHHS TYpOOMYydTH.

BucHoBKkH. BaxnuBuM 3aBIaHHSM IPH PO3UHUILEHHI aBTOMOOUIBHUX JIOPIT
BiJl CHITOBHX 3aMETiB € NpPaBWIbHUH BHUOIp CHITOOYMCHOI TEXHIKH, SKa
BUKOPHCTOBYIOTHCS HA CHOTOJHILIIHIN JIeHb. ['0JI0BHOIO BIIMIHHICTIO IITHEKOBOTO
CHIFOOYMCHUKA, SKUI 3alpOIIOHOBAHWM B CTaTTi, BiJ IHIIMX € IIHEKOBHU
pobounii opraH, BUKOHaHHWH 13 3MIHHMM KPOKOM BHTKIB, IO 3a0€3MEYHTh
MIPECOBYBaHHS CHITYy Ta 3MEHIIEHHs Horo B 00’eMi. Take KOHCTpYKTHBHE
pilleHHS  MO3BOJsI€  30UMBIIATH MPOAYKTHUBHICTE TPUCTPOIO,  JIO3BOIISE
3a0€3MEeYUTH MIPOCTOTY TEXHITHOTO OOCITyTOBYBaHHS Ta YIIPABIIHHS.
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