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MATEMATHYHA MOJEJb ITPOIECY B3AEMOI{
KPOKYIOUOI'O KPAHY 3 IPYHTOM

B pobomi poszasaHyma memoduka Cui08020 pO3PAXYHKY MeXaHi3My nepemiujeHHs KpOKYI4UX KpaHie.
IIpedcmassena mamemamuyvHa mModeab 83aEmMO0ii KpOKYIO4020 KpaHy 3 I'PYHMOM nid 4ac KpoKy8aHHs 20pU30OHMANbHOK
naowadkor, a makoixic nio Yac KpoKysaHHs Ha nidliom. B cmammi 6y/10 eusedeHo gpopmyau nepepaxyHKy 015 3a2a/16HO20
sunadky, esaxcail4u, W0 KpOKYYull KpaH KPOKYeE no yxusay. JlaHa memooduka Moxce 8UKOpUCMO8y8amucb 8 X00i
NpoeKmMy8aHHs HOBUX KPOKYIOHUX MAWUH.

Katouosi cnoea: mamemamuyHa Modenb, KpOKYIOHUL KPAH, MEXAHI3M KPOKYBAHHS, peakyis rpyHmy.
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MATHEMATICAL MODEL OF THE INTERACTION PROCESS CURRENT CRANE WITH GROUND

Walking cranes are used for construction work. Crawling walking equipment is indispensable for working on weak soils. Large
supporting surfaces provide a small specific pressure, and the soil softening ensures uniform distribution of pressure under the support
surface of the skis. However, the stepper motor has its disadvantages, such as low speed travel, a large mass of walking cranes, inadequate
construction of resistance elements of the skier and stepping mechanism and others, led to the emergence of scientific research. However,
despite a large number of studies, there are a number of unresolved issues that are of interest to engineering practice. One of such issues is
the interaction of the supporting surface of the skis with the soil. The paper considers the method of force calculation of the mechanism of
movement of stepping cocks. The mathematical model of the interaction of the stepping crane with the soil, when walking on a horizontal
platform, as well as on stepping on the rise, is presented. In the article, the conversion formulas were derived for the general case, considering
that the stepping crane is sloping. This technique can be used in the design of new walking machines. The purpose of this work is to construct
a model of the process of interaction of the stepping crane with the soil. Insufficient study of the soil properties and the process of their
destruction, and the complete lack of knowledge of the patterns of the process of forming and moving the prisms of drawing under the base
of the stepping crane, does not allow to determine by calculation, for different conditions of the step, the value and the point of application of
the reaction R. For the same reasons it is impossible by calculation to determine the horizontal force of the resistance of the movement of the
stepping crane T. When deciding the question of an experimental study of the laws characterizing the process of stepping and its power side,
one should also bear in mind the impossibility of a direct measurement of the quantities A, R and T. The only practically possible way of
determining these quantities is to calculate their values NS NB and ap, through the quantities, and, which it is possible to measure
experimentally.

Key words: mathematical model, stepping crane, mechanism of stepping, reaction of soil.

MocranoBka mpodsemu. Kpokyrodi KpaHM BHKOPHCTOBYIOTbCS sl OyaiBesbHHX pobitT. Kpokyroue
X070Be OoONagHaHHS HEe3aMiHHE JJIsi poOOTH Ha ciabKuX I'pyHTaX. Benmki omopHi moBepxHi 3a0e3nedyroTh MajIui
MUTOMHUHA THCK, a MOJATJIMBICTh IPYHTIB 3a0e3Meuye piBHOMIPHICTh PO3MOALTY THCKY MiJ OTOPHOIO MOBEPXHEIO
mk. [t Bubopy KOHCTPYKTHUBHHX MapaMeTpiB MEXaHi3My KpOKYBaHHS , Oyja po3poOiieHa MaTeMaTHudHa MOIEITh
IpoIecy B3a€MOJIT KPOKYIOUOTO KPaHy 3 IPYHTOM.

AHaJti3 ocTaHHIX JociiKeHb. B TenepiniHiil yac JOCHiIKeHHS IPoLecy B3aeMOIT KPOKYIOUOi MAIIMHU 3
rpyatom  BeayTh €.C. Bpickin, B.B. Uepuumos, A.B ManoneroB [1, 2], ogHak ais KpPOKYIOUMX KpaHIB
3a[pONIOHOBaHA HMMH MOJeNb IOTpedye NOOIpamioBaHHS. BHBUEHHSAM NIHMTAaHHA BIUIMBY KOHCTPYKLIi OHOpHOI
MOBEPXHI JIMK Ha TPOIeC 34CIICHHS 3 rpyHToM 3aiimamucs H.3. I'apmam i FO.I. Bepexnuit [3], ane ix poboTu
3aCHOBaHI Ha JOCII/KEHHsI TUIBKH OJHIET (OpMH OMOPHHX €IEMEHTIB JIFK KPOKYIOUOTO PYIIis, iHII KOHCTPYKIIT 1
KOH(]Iryparfisi ONOPHUX EIEMEHTIB PO3MIAHYTI He Oyyiu. OaHaK, HE3BAKAIOYM HA BEJHMKY KUIBKICTH JOCIIIKCHb,
BUHHUKA€E psll HEBUPILICHUX NMHTAaHb, BUPIMICHHS SKUX Ma€ iHTepec Ui iHXEHEpHOI mpakTHkd. OIHHUM 3 TaKuX
MIUTaHb € B3a€MO/isI OTIOPHOI MOBEPXHI JIMKI 3 IPYHTOM.

Meroro nanoi poGoTH € moOy0Ba MOJIEN MPOIIECY B3aEMO/IiT KPOKYIOUOTO KpaHy 3 IPYHTOM.

Bukiaan ocHoBHOro martepiaiy. [IpuitHATa B JaHWH 4Yac METOIUKA CHIIOBOTO PO3PaxXyHKY MEXaHI3MY
TIepeCcyBaHHS KPOKYIOUMX KpPaHiB BUXOIHUTD 3 HACTYITHUX OCHOBHHX YMOBHHUX ITOJIOKEHB (puc. 1):

1. Kyt nigiiomy 6a3u npu KpOKyBaHHI BU3HAYA€ThCS TUIbKM KOHCTPYKTHBHHMH IIapaMeTpaMy MalluHH i
KyTOM IIOBOPOTY BaJly KPUBOIIMIIA MEXaHI3My KPOKYBaHHS.

2. BeprukanpHa peaxiis IpyHTY Ha 0a3y R BBakaeTbcs MPUKIAICHOIO Oe3mocepeqHbO Ha KpoMili 0a3u
(Touka «2»).

3. Cuna omopy nepecyBaHHIO KPOKYIOYOTO KpaHa BU3HAYAETHCS 3a popmynoo T = f5 - R .

4. Po3paxyHOK BeJIEThCA 3 YMOBH, 10 KPOKYBAHHS MOXIINBE (BiICYTHE MPOOYKCOBYBAHHS JIFIK), SKIIO
B
f J N > f 6 R B
Ie N8 cuna, ancenso piBHA THCKY JIMK Ha IPYHT.

[Ipn Takiii po3paxyHKOBIH cXeMi BEIMYMHH peakiii N Bi R me sanexars Bix BracTMBOCTCH IPYHTY,
OCKUIBKY OJJHO3HAYHO BU3HAYAIOTHCS NOCTIHHUMHU KOHCTPYKTHBHUMH IapaMeTpaMy MalliHH.

[Tpn kpokyBaHHI IO rOpHU3OHTANILHOMY Maiinanyuky (f=0) 3 ymoBu piBHOBaru cui (puc. 1) npuxiiazeHux
JI0 KPOKYIOUOT0 KpaHy Ma€eMo:
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D My =R(1+2)-0l1=0,
5 (1)
> ¥Y=N"+R-0=0,
h
=—0, 2
ll + 12
/
11 +l2
ne Q — Bara KpoKyro4oro KpaHy.
Hanpamok
HpPOKYBaHHA
lf—
Puc. 1. Cxema piBHOBAaru cHJj1 KPOKYI040ro KpaHy 1o ropu3oHTaIbHOMY Maiiianuuky (p=0)
3uaveHHs ruieveit {41 [; MOKHA BU3HAYUTH 3 pHC. 1, & TAKUM YHHOM
lh=(k+x,+y.tana)cosa,
Iy =(r—x,—y.tana)cos a.
Tax s 3HaUeHKE KyTa o HE epeBuirye ~ 4. MokHa npuiinatu cos® 1, Toni:
H=k+x,+y.sina, “
Iy ®r—x,—y.sina, 5)
ne T — pajiyc OMOPHOI IUIONUHA 0a3H;
X — Y — KOOPIWHATH LEHTPY TSDKIHHSA KPOKYIOUOTO KPaHY;
K- BIZICTaHb BiJl IEHTPY KyJHOBOI OMOPH JIFKi 10 OCi KPOKYIOUOTO KpaHy.
[MixcraBumo 3uauenns [, il;3(4)1(5) B (2)i(3), orpumyemo
k+x,+y.sina
_ ctVe ) (6)
k+r
r=X,—Y.Sina
NB "X TV NG 7)
k+r

VY dopmynax (6) i (7) mapamerpu O, X., ¥, 1 T OCTIHHI IS i€l KOHCTPYKIii KPOKYIOUOTO KpaHy, a k 1 a
BU3HAYAIOTHCS KyTOM IOBOPOTY Bally KPUBOIIHUIIA MEXaHI3My KPOKYBaHHS 1 pO3MipaMH YOTHPbOXJIaHHHKA. OTXKe,

3HAYEHHA peakmii R i N B sanexats Tinbku Bin KyTa TIOBOPOTY Baily KpuBommmna. CocTepexeHHs i JOCBiJ, MPOTe,
MOKa3ylTh, 110 TakKa ifeaizallis po3paxyHKOBOI CXeMH Ipy0O CHOTBODIOE AIHCHY KapTHHY, L0 XapaKTepU3ye
npolec KpPOKyBaHHs 1 po3monin cuil. B mponeci kpokyBaHHs BinOyBaeTbesi (pUc. 2) BTUCKYBaHHS KPOMKH 0a3zu B
IPYHT Ha JIesiKy TNIMOUHY J5 3 YTBOPEHHSM OINOPHOIO MalJIaH4MKa ¢, 1 Mg 0a3010 Ha JOBXKHHI 0, YTBOPIOETHCS
npu3Ma BOJIOYiHHS IPYHTY, 3pi3aHOTO KPOMKOIO ITpU NepeMillleHHi 0a3u y HanpsiMi Kpoky. Cuinn peakuii IpyHTy Ha
0a3y pO3NOAUISAIOTECS MO YCii MTOBEpXHI KOHTaKTy 0a3u 3 IpyHTOM. PiBHOJiiHA LMX po3nofineHux cui R Oyne
MIpUKIIaJeHa B Touli " 2" Ha MesKiidl BiCTaHI BiJl KPOMKH 0a3u A, 3aJIe)KHOMY BiJl BIACTUBOCTEH IPYHTY, BETUINHU
peaxiii R i KyTa Haxwmry 0a3u 1o MaiiTaHINKA ¢,
Kyt a,, Oyzae Bu3HayaTucs He TIABKM KOHCTPYKTHUBHUMH PO3MipaMH KPOKYIOUOTO KpaHa i KyTOM IIOBOPOTY
BaJly KPHBOIIINIIA, a I BETMYMHAMHA BIABICHHS B IPYHT KPOMKH 0a3H ;5 1 JTHXK J,.
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HanpAMOK
KPOKYBaHHA

Puc. 2. Cxema piBHOBAaru cuj1 KpOKyH4oro KpaHy NpH BTHCKYBAHHI KPOMKH 0a3M B IDYHT Ha JesiKY IJIMOMHY J;

Takum yrHOM. SIKIIIO0 BUXOAWTH 3 peaIbHUX YMOB KPOKYBaHHS (puC. 2):
D> M =R(l1+l)-0I=0,
Sy=N%+Rr-0=0,

He
h=k+x.+y.sina,,, ®)
Iy m¥r =X, —Yesinay,, 9
Tomy
k+x.+y.sina

R= C C ni ) 10
k+r—-A Q (10)

B T—Xe—Yycsinay,
N® = , 11
k+r—A 0 (b

3 ¢dopmyn (10) i (11) BUXOAUTH, IO BENUYMHH peakiin R i N B sanexars Bin Bracrusocreit IPYHTY, 1O
SIKOMY TIepPECYBAIOThCS KPOKYIOUi KpaHH, 1 IPU IIbOMY, OCKIJIBKU ¥ Oy/Ib-sIKMX YMOBaX 3HadeHHs A>(, mificHuil THCK
Ha 0a3y R Oyne 3aBxau Oiblle BeIMYMHH, BU3HAUYBAaHOIO PO3PaxXyHKOM 3a (hopmyioro (6), BEpTUKAIBHUN THCK Ha

JIVDKI N8B — menme BEJIMYMHH, BU3HAYYBAHOIO PO3paxyHKOM 3a (opmyoro (7).

HenocTtatHs BHBYEHICTH BIACTHBOCTEH IPYHTIB 1 mpomecy ix pyWHYBaHHA i MOBHA HE BHBYCHICTH
3aKOHOMIpHOCTEH mporiecy (HOpMyBaHHS 1 MEpeMIlIeHHS TMPU3MH BOJIOYIHHS ImiJ 0a30(0 KPOKYHOUOrO KpaHy HeE
JIO3BOJISIE PO3PAXYHKOBUM MUISXOM BH3HAYHTH U Pi3HUX YMOB KpPOKYBaHHS, BEIWYMHU 1 TOYKY MPUKIAJCHHSI
peakuii R.

3 TUX XK€ MNPUYMH HEMOXIMBO PO3PAXYHKOBHUM IUISXOM BH3HAYUTH TOPHU3OHTAJIBHY CHIIYy OIOpPY
MepecyBaHHs KPOKYIOUOro KpaHy 7.

[Tpn BupilIeHHI MUTaHHS PO EKCIIEPUMEHTANIbHE TOCHTIPKEHHSI 3aKOHOMIPHOCTEH, 1110 XapaKTepH3yIOTh
MpoIleC KPOKYBaHHS 1 HOrOo CHJIOBY CTOpPOHY, CJiJi MaTH Ha YyBa3i TaKOX HEMOXIIUBICTh 3IHCHEHHS
Oe3nocepeIHHOr0 BUMIpY BenuuuH A, R 1 7. €auHMNA NPaKTHYHO MOMJIMBHH IUISX BU3HAUCHHS IMX BEIHMYUH

[oJIsra€ B OOYMCIICHHI iX 3HAYE€Hb Yepe3 BCIMIMHU Nr , NB 1 Cpns SIK1 OpeACTABIAETBCA MOKINBUM BI/IMipHTI/I

eKCIIepUMEHTAILHUM I[UIIXOM. BuBezaemMo (opMynu mepepaxyHKy IJisi 3arajbHOrO BHIAAKY, BBaXKalO4d, IO
KPOKYIOUHMH KpaH KpoKye 1o yxmiy. [Ipn kpokyBaHHI Ha mifgiom ( KyT migiiomy Mmailinanunka f) 3 Maj. 3 3anuiemMo
YMOBH PIBHOBAru:

> My =-OnI=0r[ye +(h +1y )sinay, |+ R(h +1) =0, (12)
Sy=NE+R-0=0, (13)
Sx=r+0r-N"=0, (14)
e
OnN =Q-cos =0,
Or =0-sinpf,
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a3HaueHHs /] 1 /p Bu3HawaroThCA 3a popmynamiu (8) u (9).
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Puc. 3. Cxema piBHOBaru cuj1 KpoKyo4oro Kpany npu KpoKyBaHHi Ha mifiiom ( KyT migiiomy mMaiitanuuka f§)

3 ymog (13) i (14) 3naxoaumo
R=0-N?, (15)
T=K'=Qsng. (16)
a 3 piBasiHHA (12)
R= Q(M+sinﬁ-sinanﬂ),
ll + 12
Yu npuiiMarouu, mwo sin B - sinay,,; = 0,
I+ y.sin
11 + 12
IMicns migcranoBky B 1ell Bupa3 3HaueHsb Lyl [; 3 popmyin (8) 1 (9) Ta 3Hauenns R 3 (15) 3Haxoaumo:
k+x,+ yo(sinf +sina,, )

A=(k+2)- a7
NB
|
Q
3HadyeHHs KoedimieHTy onopy pyxXy 6a3u BU3HAYUTHCS IO (GOPMYIIi:
r .
T N -Qsin
fo=t N —Qoinp (18)
R O-N
a KoeiLi€HT 34ETUICHHS JINXK 3 IPYHTOM:
NF
Jo=—% (19)
/) NB

3 dpopmyn (15), (16), (17), (18) i (19) BugHO, MO TpPUBEAEH], MO A BHIAAKy KPOKYBaHHS HA MIiHOM,
CTpaBe/UTUBI 1 IPU KPOKYBAHHI BHU3 110 YXUITY, SIKIIO 3HAYCHHS KyTa B B IIbOMY BUIA/IKy BBAXKATH HETATUBHUM.

PosrnsiHeMO MeToJ eKCIIepUMEHTAbHOTO BUMIPY BEpTHKaIbHOT N B TOPU30HTAIBHOIO N T cun, mo
JUIOTH 3 OOKY IPYHTY Ha JIMXKI MEXaHi3My KPOKYBaHHSL.

Beprukanpna peakuis IpyHTy Ha ki (puc. 4) € po3MONUICHOIO CHIIOK, PIBHOAINMHA SIKii NB y pasi
PIBHOBaru JrKi IIOBUHHA MPOXOAUTH Yepe3 IIEHTP KyJIbOBOI OMOPU HOTHM MEXaHi3My KpoKyBaHHs (Touka O,).
lopu3oHTaNbHA CHJIA 3YCTUICHHS JIFK 3 IPYHTOM € TaKOXK PO3IMOIIICHO MO YCii OMOpHil MOBEPXHI JMX

cuioro. PiHosiiiHa cu 3uerwiennss N/ nexuth B miommi KOHTAKTY OCHOBH JIMXK 3 IPYHTOM.
Ilepenecenns 1miei cmmMm B IEHTP KyJdhOBOI OMOPH HOTH HA3WBa€ TIOSBY  JIOJATKOBOTO

MOMeEHTY m = —N r ‘¢, YpPIBHOBaXXYBAHOTO 32 PaXyHOK JESKOTO IEPepOo3NOALTy BEPTUKAIBHOTO THCKY IPYHTY Ha

JIVDKI: TIepeqHIN KiHelb JIFMKi IEMI0 PO3BAHTAXKYETHCS, a 3aHINA - HABAHTAXKYEThCS. TaKUM YHHOM CHITH N B N r
MOXKHa BBa)KaTH TMPHKIAICHUMH 0 KyJbOBOi OINOPU HOTM MeXaHi3My KpokyBaHHsi. HampaBumo oci O,XV, sk
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TOKa3aHO Ha PHC. 4, 1 TO3HAYMMO MPOCKLIII0 PIBHOIHOL N=NB4+N' na HarnpsM NOA0BXHBOI oci O; O, HIKHIH
gacTHHi HOrM yepes N, a Ha HanpsM, nepreHukyisipae O; O, gepes N .

HanNpPAMOK
KpPOKY8AaHHA
- - /

Puc. 4. Cuin, o AiroTh 3 60Ky IPYHTY Ha JIH:Ki MeXaHi3My KPOKYBaHHSI

Tomi
NB =N"cosy+ N'siny, (20)
NF=N'c0sy—N"sin7, (21
e ¥ — KyT Haxmity oci O; O, mo0 oci V.
KyT y BU3HaUaeThCS 3 BUpaA3y
Y =0+, (22)
e @ —KyT Haxmry oci Horu O; O, no niHil O;n, NEPICHIUKYIIPHOI OCHOBI 0a3u.

&, — KyT HaXWIy OCHOBH 0a3u 10 MalaH4HKa.

3HadeHHS KyTa ¢ M PI3HEX IIOJIOKEHb KyTa IIOBOPOTY KPHBOIIWIA BHU3HAYAETHCS TpadidHOO
o0y I0BOI0. SIKIIO KYT () BBOKATH MO3UTUBHHUM IIPH BiAXwWiIeHH] JiHii HOru O; O, mo miHil O;n 'y 6ik KpOKyBaHHSA i
HETaTUBHUM TIPHU BigKIaJaHHI YyOIK MPOTWICKHOMY HampsMy KpokyBaHHS Tomi (opmymu (20) i (21) OymyTs
CIIPaBeUINBI U1 Oy Ib-SKOTO IOJIOKEHHS MEXaHi3My KPOKYBaHHS.

BucnoBknu

[TpencraBnena Mozenb B3a€EMOJIii KPOKYIOYOTO KpaHy 3 IPYHTOM, MPH KPOKYBaHHI 10 TOPH30HTANBHIH
TUTOLIA/IIl, 8 TaKOX IPH KPOKYBaHHI Ha MigioM. 3amponoHOBaHa METOAWKA CHJIOBOIO PO3PAaXyHKY MeEXaHi3My
nepeMilleHHs! KPOKYIOUHMX KpaHiB, MOKE BUKOPHUCTOBYBATHUCS TP MTPOSKTYBaHHI KPOKYIOUHMX KpPaHiB.
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