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MATHEMATIC MODEL OF SOIL COMPRESSING
WITH HYDRAULIC DRIVE OF VIBRATION MACHINES

Po3pobrieHo Mamemamuy4Hy MoOesb NPoyecy YU iNbHEHHS IpyHmMIe MaliuHamu i3 YUKIiYHUM eidponpuso-
OoM 3i 3MiHI8aHUMU rnapamempamu KosugaHb 3 ypaxyeaHHsIM eriacmueocmell rpyHmie. BusieneHo OuHamidHI
Xapakmepucmuku 2idpornpugody. BusHayeHo YacmomHy nepedagarnbHy QyHKUit0 3a peakuieto rpyHmy, sika
0o380rs15i€ 8U3HaYamu AQuUHaMIYHi XapakmepucmuKu rpyHmig 3 ypaxyeaHHSIM fapamMempie MawuHuU, ma eusie-
JIeHO HeObXiOHiCMb yCmMaHOB/eHHSI KopuayeasibHUX Mpucmpoig 8 pasi 3MiHU xapakmepucmukK rpyHmis.

Pa3paboma+Ha mamemamu4eckasi MOOeslb npoyecca yrniaomHEeHUs 2pyHMOo8 ¢ YUKIIUYeCKUM audponpuso-
OoM c U3MeHsieMbIMU rapamempamu KonebaHuli ¢ yd4emom ceolicme epyHmos. BbiseneHbl QuHamuyeckue
Xxapakmepucmuku audponpugola. OnpedeneHa YacmomHas rnepedamoyHas (oyHKUUSI M0 peakuyuu epyHma,
Komopasi no3gosisiem onpedesisimb OUHaMUYEeCKUE XapakmepucmuKu 2pyHmoe C y4emoM rnapamempos Mma-
WUHBI, U 8blsigrieHa HE0O6XO0UMOCMb YCMaHOBIIEHUS] KOPPEKMUPYOUUX ycmpolicme npu U3MeHeHUU xapak-
mepucmuk 2pyHmos.

Mathematic model of the soil compressing process with a cyclic hydraulic drive with changeable pa-
rameters, taking into consideration properties of soils, is developed. The dynamic properties of the
drive are determined. The frequency transfer function according to the soil reaction, which allows to de-
fine the dynamic properties of soils considering machine parameters, is determined. The necessity to
install correctors, in case of character of soils change is revealed.

Beryn

VYiiapHEHHS IPYHTIB Ta TOPOXKHLO-0YTIBEIBHIX MaTepialliB y CTUCIUX YMOBaX Ta BaXKKOAOCTYITHHX
MiCIISIX OyMiBEIBPHOTO MalTaHIMKa € CKJIAIHOIO TEXHOJIOTIYHOIO MTpodIeMoro. Bupimenns i€l mpobiemu
noTpedye BJOCKOHAICHHS YIIUIBHIOBAILHUX MAIIHMH 31 3MIHIOBAHUMU TapaMeTpaMUu KOJUBaHb B 3aJICK-
HOCTI BiJ TEXHOJIOTIYHUX YMOB poOOTH Ta BiacTHBOcTed MmatepiamiB [1]. i1 epexTuBHOI Ta HaiitHOT
po0OTH YIIUTEHIOBAIBPHIX MAITUH BiOpaIiiiiHoi Aii B CTUCHYTHX YMOBaX, 0COOJIMBO OIS CIIopya, HEOO-
XiIHO TO4YHO BMOMpATH IXHI MapaMeTpH Ta PEKUMH Yy BIIMOBIZHOCTI A0 3MiHIOBaHMX YMOB POOOTH Ta
BJIACTUBOCTEH MaTepialliB, a TAKOXK TOYHO BU3HAUATH Ta KOHTPOJIIOBATU XapaKTEPUCTUKHU YILILHIOBAb-
HUX CCPECOOBMUILI. ,ZIJ'ISI CKCIICPUMCHTAJIBHOI'O BU3HAYCHHA JII/IHaMiT-IHI/IX XapaKTECPpUCTHUK rpyHTiB BUKOpHC-
TOBYIOTbCS METOJMKH 32 PE30HAHCHUMHU KOJIMBAaHHAMH Ta 3a IepenaBajibHOIO (QyHKIi€to [2, 3], ane BoHU
HE BPaxOBYIOTh NapaMeTpH BiOpaIiitHOT MalIuHU.

BcTtynneHue

YnnotHeHue FPYHTA N OOPOXHO-CTPOUTESIbHbIX MaTepmnanoB B CTECHEHHbLIX YCNoOBUAX U TpyaHOOOC-
TYNHbIX MeCTax CTpOI/lTeJ'IbHOl;I nnowankn ABNAeTCs CroXHON TEXHOMNOrMYeCcKon r|p06r|eM0|7|. PewweHwne
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3TON NpobGnembl HYXOAeTCs B COBEPLUEHCTBOBAHUM YMIIOTHSOWMX MaWWH C U3MEHSIEMbIMU NapameT-
pamu konebaHnin B 3aBMCMMOCTM OT TEXHOSOMMYECKUX YCOoBUIA paboTbl 1 CBOMCTB MaTepuanos [1]. Ons
a(pPeKTMBHOM N HageXHOW paboTbl YNIOTHALWMX MaLIMH BUBPaLMOHHOIO 4ENCTBUSA B CTECHEHHbIX YC-
noBusiX, 0COBEHHO BO3ME COOPYXEHWUA, HEOOXOAMMO TOYHO BbIOMPATh UX NapameTpbl U PEXMMbI B CO-
OTBETCTBUMN C U3MEHSIEMBIMU YCINOBUSIMM paboTbl U CBOMCTBaMM MaTepuaroB, a Takke TOYHO onpeae-
NSITb W KOHTPONMMPOBAaTL XapaKTEPUCTUKM YMNOTHSEMbIX cped. [ns akcnepuMMeHTanbHoOro onpeaeneHunst
ONHAMUYECKNX XapaKTEPUCTUK IPYHTOB MCMOMb3YOTCA METOAMKN Pe30HaHCHbIX KonebaHuin u nepena-
TOYHOW PYHKUMN [2, 3], HO OHM HEe yYMTbIBAIOT NapaMeTpbl BUOPALMOHHON MaLUVHbI.

Introduction

Compression of soils and road-building materials in constrained conditions and out-of-the-way
places of a construction site is a complicated technological problem. The solution of the problem
requires the improvement of tampering machines with variable parameters of oscillations accord-
ing to technological conditions of work and material characteristics [1] For efficient and reliable
operation of vibro-tampering machine in constrained conditions, especially near engineering
structures, it is necessary to select their parameters and operation modes exactly according to
variable conditions of work material characteristics, also it is necessary to define and control
characteristics of compressed media. To determine dynamic properties of soils experimentally
resonance vibrations techniques and the transfer function method are used [2, 3], but they do not
take into account parameters of the vibration machine.

ITocTaHoBKa 3agaui

3agauamu TOCHTIHKCHHS €: po3po0Ka MaTeMaTHIHOT MOJIEN MPOIIECY YIMITbHEHHS IPYHTIB MallTHHAMHI
3 IUKJIIYHUM TiAPOMPUBOIOM 31 3MIHHUMH TIapaMeTpaMH KOJIMBaHb 3 YpaxXyBaHHSM BIACTUBOCTEH IPyH-
TiB; YCTAQHOBJICHHSI 3aKOHOMIPHOCTEH pyxy po0OOYOro opraHy; BH3HA4Y€HHs MepeaaBaibHOi (QyHKIi Ta
JUHAMIYHUAX XapaKTePUCTUK TPHUBOJY; BU3HAUCHHS HEOOXITHOCTI BCTAHOBJICHHS KOPUTYBAJIBHHX TMPH-
CTpOiB B pa3i 3MiHHM XapaKTEPUCTHK IPYHTIB, BU3HAYCHHS MOIyJs Ta (a3 4acTOTHOI MepeaaBabHOT
(YHKIIT 33 peakiielo IPyHTY, SKi T03BOJISIOTh BU3HAYATH JUHAMIUHI XapaKTEPUCTHKHU IPYHTIB 3 ypaxy-
BaHHSM MapaMeTPiB MAIIUHH.

Pe3yabTaTtu gociaixxeHHs

Po3rnsiHeMo 1uHaMIKy TifipaBIiYHOTO NMPUBOJY, SIKMH 3aKJIaJCHNI B OCHOBY MAIllMH JUIS YIIUIBHEHHS
BiOpariitHoi aii 3 KepoBaHMMH MapaMeTpaMH KOJIHUBaHb: TiJ-
paBmiyHOi BiOpauiiiHoi TpamOiBkM [4], mmanomigOouBOYHOL
MamuHe [5], TMuOWHHOTO BiOpOymIUIbHIOBaYa [6], a TaKoX
npuiIagy TPUOCHOTO BHUIPOOOBYBaHHS IPYHTIB (cTabilomer-
pa). Crabinomerp npuU3HauYCHUN AJIST BU3HAYCHHSI KOMILIEKCY
XapaKTepUCTUK MEXaHIYHUX BIACTUBOCTEH IPYHTIB B YMOBax
CKJIaTHOTO HAaNpPYy>KEHOTO CTaHy B Pe3yJbTaTi il Ha HUX CTa- i
TUYHUX Ta TUHAMIYHUX HaBaHTakeHb. Ctabinomerp OyB po3-
poOIIeHMId Ta BUTOTOBJICHUH Y BiHHHIIEKOMY HaIliOHATEHOMY
TEXHIYHOMY YHiBepcHuTeTi. B ocHOBY Horo Oyio mokmajeHo 1
KOHCTPYKTHBHI Ta CXeMHi pimieHHs [7, 8] Ta aBTOPCHKOTO
caizorrrsa CPCP Ne 1455858. L

B miit cTarTi po3risaEThCs MPOIEC OJHOOCHOTO IHKIIiY-
HOTO HABaHTA)XCHHS IPYHTIB y CTa0LIOMETpi 3 TiJpaBIiqYHUM
npuBonoM. [IpuHIMIIOBa cxeMa pobodoi kamepu cTadiomer-
pa Ta MpUBOJly HaBaHTAXKEHHS 1O OJHIN 13 ocell HaBeAeHa Ha
PHCYHKY.

PoGoua kamepa 1 MiCTUTB II’ITh PyXOMHUX MiANPYKHHEHAX
HITaMMiB, TPH MOABIHHUX TiApOIMIiHApY 2 13 MeMOpaHamu 3.
INppompuBix mo xoXHIN 3 oceil HaBaHTaxeHHS X, Y, Z wmic-
TUTHh OKPEMY HACOCHY CTaHIIiI0 4 Ta KianaHHUK abo 30J10THHU- 4
KOBHUI po3nolinbHUK 5. KepyBaHHS pO3MOAITBHUKOM 5 3/ili-

CHIOETBCSI 32 JOIOMOIOK HITOBXada 6 KyJdadykoM 7, SKHAU Tpusmmosa cxema crabiomeTpa

3aKpIIUJICHUI HA BaJly JIBUTYHa 8§ 13 PErysITOPOM YacTOTH MpyHUMNMansHas cxema ctabunomeTpa
Schematic diagram of the deviatiion meter
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obepTaHHs Baja.

Ilix gac cTBOpeHHS MAaTEMaTHIHOI MOJIENI TPOIECy ITUKIITHOT0 HaBAaHTAXKCHHSI IPYHTIB Oysn 3po0ire-
Hi Taki NpUIyILIeHHs: ToAa4Ya HACOCHOI cTaHii 4 MOCTiHA; KOe]ilieHT BUTPATH KPi3b APOCENbHY LN~
HY PO3MOIiUTHPHUKA 5 TOCTIHHMM, XBHJIBOBI IPOIECH B TPyOONpOBOAaX BIACYTHI; THCK, TEMIIEpaTypa Ta
B’SI3KIiCTh pOO0OYOi PIAMHM TiIPOIIPUBOMY IOCTIHHI; pyXOMi €JIEMEHTH Ta poboda kKamepa abCOIOTHO KO-
PCTKi; 3pa30K I'PYHTY BBa)KAEMO B’S3KO MPY)KHUM JiHIHHO AeOpMiBHEM TinOM [2]; TEpTAM IPYHTY IO
CTIHKaX IITAaMIIiB Ta TAHT'CHI[IAJILHUMH HANpPY>KEHHSIMH B 3pa3Ky HEXTYEMO.

MareMaTryHa MOJIEINTh IIUKIIIYHOTO HABAHTKEHHS 3pa3Ka IPYHTY 110 oci Z

4 - d d
d—; - PF- FTsngJFi— (or + B[)Fi- o7 +2) - K,z+ Mg+ p,Fy; (1)
0= Fe1 g+ wp, 22, ®)
dt Z dt
O =uf2/p(p, - py—Apr). (3)

e M — 3BemeHa Maca pyXOMHX C€JIEMEHTIB: MeMOpaH 31 IITOKaMH Ta IMITaMIIB 3 MPHETHAHOIO Macolo
IPpYHTY (NpvBeA&HHas macca MOABMKHBLIX 3NeMEHTOB: MeMbBpaH CO LUTOKaMK 1 LWTaMmnoB C NPUCOeanNHEHHON
mMaccon rpyHTa; a reduced mass of mobile elements: membranes with rods and punches with soil mass
added); z — mepemileHHs mTamMa 1o oci Z (nepemetleHue Wwramna no ocu Z; punch movement in the line
of the axe Z); p., p.;, — TIOTOYHWI THUCK BIITOBITHO B POOOYMX IMOPOKHUHAX JUHAMIYHOTO Ta CTATHIHOTO
HABAaHTAXKCHHS TiIPOIMIIHAPA (TeKyllee JaBMeHWe COOTBETCTBEHHO B paBGoumMx MOMocTsiX AMHAMUYECKOMN U
cTaTuyeckon Harpysku rugpouunuHapa; current pressure in dynamic and static holes of the hydraulic cylinder
respectively); F, Fy— edekTUBHI oI MeMOpaH AMHAMIYHOTO Ta CTATUYHOTO HABAHTAXCHHS (3heKTu-
BHble MNrowaan membpaH guHaMunyeckon n ctatnuydeckon Harpysku; effective areas of dynamic and static load-
ing membranes); o7 — KOE(ILi€HT B’A3KOr0 TEPTA B PyXOMHUX 3’ €HAHHAX TiIPOLMUIIHApPa (koadduuu-

€HT BA3KOro TpeHusi B MOABWXKHbBIX COeQUHEHMAX rmapounnunHapa; a viscous friction factor in mobile joints of the
hydraulic cylinder); F'r— cTana cuiIu CyXoro TepTs (NOCTOsIHHAs CuIbl Cyxoro TpeHus; a force constant of dry
friction); Br — koedinieHT nemmndyBaHHS IPYHTY (KO3(hPULMEHT AemndmpoBaHUa rpyHTa; a soil damping
factor); zyp, ¢ — mo4atkoBa JeopMallis Ta CyMapHa KOPCTKICTh MPYKUH YIIOPIB 0 OCi Z (HavanbHas ae-
dopmaums 1 cymmapHasi XXeCTKOCTb NMpPYXMH ynopos no ocu Z; initial deformation and total rigidity of springs’
stops in the line of the axe Z); K, — koe}iIlieHT )KOPCTKOCTI IPYHTY (KOIDMULMEHT KECTKOCTU IPyHTa; a soil
rigidity factor); g — mpuCKOpeHHs BUTBHOTO MaJliHHS (ycKopeHue cBoGoaHoro nageHus; free fall acceleration);
O — mojmaya HaCOCHOI CTaHIi (nogava HacocHoi cTaHumK; a pump station productivity); W — cymapunii
00’€M TOPOKHUH TiAPOCUCTEMH (CyMMapHbIi 06beM NonocTei rugpocucTemsbl; a total hydraulic system’s
capacity); 3, — 3BeneHuH Koe(illieHT CTHCIMBOCTI poOOYOi PIIMHM B TiAPOCHCTEMI (NPUBEAEHHBLIA KO3-

dpuumeHT cxumaemoctn paboyen xungkocTn B rugpocucteme; a reduced factor of operating fluid pressure in
the hydraulic system); O, |1 — BIANOBIIHO BUTpaTa Ta Koe(DillieHT BUTpATU poOOYOi PiJIMHU Kpi3h Kia-
MaHHUN PO3MOAUIEHUK (COOTBETCTBEHHO pacxop U Ko3duUMEHT pacxoaa paboyert XMOKOCTU CKBO3b Krna-
naHHbIN pacnpegenutens; consumption of the operating fluid and the consumption factor of the operating fluid
through the valve separator respectively); f — mioma mpoxigHOTO Hepepizy KIAaHHOTO PO3MOAITIbHUKA
(nnowaab Npoxof4HOro ceveHus knanaHHoro pacnpegenutens; a throat square of the valve separator); p —

TyCTHHA PO00YO0l pimuHU (MNOTHOCTb paboyelt xuakocTy; the density of the operating fluid); p.; — 3MUBHWMIA
TUCK (cnuBHOe faBneHue; the confluent pressure); A pr — BTpaTa THCKY B TiAPOIIiHIT KJTalaHHOTO PO3ITO-
JIITBHUKA (MOTeps AaBfeHnsl B r’MAPONMHUM KnanaHHoro pacrnpeaenutens; a pressure loss in the hydraulic line
of the valve separator).

BenuunHa migHSTTS 3aTBOpA KIAMaHHOTO PO3MOIIIEHIKA

[ = r(1+ coswt), (4)
JIe ¥ — EKCLEHTPUCUTET KyJIauKa INTOBXaya (dKCLEHTpUCUTET Kynadka Tonkatens; the eccentricity of a
pusher cam); @ — JacToTa 00epTaHHA KyJIavka (YacToTa BpalleHus kynadka; the cam rotation frequency).

KoedimieHT x0pcTKOCTI 3pa3ka IPYHTY MiCJs MEPETBOPEHHS BiJOMUX PiBHSIHD Y3arajJbHEHOTO 3aKOHY
I'yka myis 06’ emHOTO CcTHCHEHHS [3]
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B HX()H}/()EV(1/V—1)
n- A+VU=-2VH, °

)

ne Hy, Hy,, H., — BUXiIHI po3Mipu 3pa3Ka IDyHTYy (BbIXOAHble pasmepbl obpasua rpyHTa; output soil
sample’s dimensions); v — koedimienT [lyacona (koacpcpuumeHT MNyaccoHa; Poisson's ratio); £ — auHaMi-
YHUI MOJYJIb MPYXHOCTI 3pa3Ka IPYHTY (OUHamuuyeckun Mopynb ynpyroctu obpasua rpyHta; a dynamic
resilience module of the soil sample).

Jns aHamizy QMHAMIKHM MPUBOAY JIiHEapu3yemo cuctemy piBHSIHB (1)—(3) Ta 3Bememo ii 10 omHOTO
PIBHSHHS B MaJHX BIIXWJICHHSX 3MiHHMX z*, [* f* p.* Big piBHOBaXXHOTO CTaHy Zzo, lo, fo, p.o0 B MOMEHT
yacy # [9]

WB, Mdsz* WB, ( M](Qp\dzz* WB,
Tt Ky+op+ B+ 5+ X
Kop(c+ K,) " g Koyl K,,)L WB, ) dr Kop(c+ K,)
FiKo(Kntamt B 15 Ko F o«
x| ¢+ Kn + Qp( T T T) dz +2z :_Ll , (6)
WB, dt Kop(c+ K,)
o0 » . .
JiS KQp = ol KOoe(IIIEHT KOB3aHHS HaBaHTAXYBaJbHOI XapaKTEPUCTUKH PO3MOAUILHUKA 5 (KO3dh-
Py

PULMEHT CKOMBXEHUS HarpyxatoLen xapakrepuctukm pacnpegenutens 5; the sliding factor of the separator 5

loading characteristic); KQ] = — Koe(ILieHT MACHICHHS 3a BUTPATOK PO3MOIIBHUKA 5 (KOadhdu-

LMeHT ycuneHusa no pacxogy pacnpegenutens 5; the multiplication factor by the consumption of the sepa-
rator 5).
i koedilieHTH BU3HAYAIOTHCS 3a (popMyIaMu

Gl
K, = 0 : (7)
P 20— Py Bpr
Koy = G\[Pp — Py —Apr (®)

ne G — TimpaBiiyHa MPOBITHICTH IPOCETIOBAIILHOTO BiKHA PO3MOJIUIEHUKA (rMapaBnuyeckasl NpoBoau-
MOCTb Apoccenuvpylowero okHa pacnpegenutens; the hydraulic conductivity of the orifice hole of the
separator):

G=uf2/p . )
ExBiBasieHTHUI KOedillieHT B’s13K0T0 TepTs K7 BU3HAYAETHCS 3a popmyoro [9]:
4F,
Kp=—"1—, (10)
T 321(021

e 321, ®, 44— aMHJ'IiTy,I[a Ta 4aCTOTa KOJIMBaHb, 11O BUHHUKAIOTH B HpI/IBOI[i, SIKUH 3HAaXOJUTHCA Ha rpa-

HHMI CTIHKOCTI 32 yMOBH, 0 K, 17151 KOIUBaHb 0114 [y OJIM3BKUIA 10 HyJIs (aMnnuTyga u vactota koneba-
HWIA, BO3HMKAIOLLMX B NPUBO/JE, KOTOPbIA HAXOAMTCS Ha rpaHuLe YCTOMYMBOCTM Npu ycrnosuu, Yto Kq, Npu Ko-
nebaHnax soane Iy 6nnsok k Hynto; vibration amplitude and frequency of the drive, which is at the stability
threshold on conditions that Kq,, when vibrating close to Iy, tends to zero)

4F; WB,M

0 - : (11)
" art B (v k) WP, + F
o, = K, F_ (12)
M WB,M

PiBHsiHHS (6) 32 HyTBOBHX MOYATKOBUX YMOB M0JaMO B OTIEPaTOPHOMY BUTJISI
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3 2
agp +ap +a2p+1)Z(p)=—](]L(p), (13)
e
2
Lp) = 55— (14)
(p + o )p

KoedirmienT nepenadi K; riiponpruBoay BU3HAYAETHCS 32 POPMYIIOI0
Ko+ F

K=— (15)

Kop(c+ K,)

a0o 13 BpaxyBaHHsIM popmyn (4), (7), (8)
F -p1—A
r(c+ K,)
IlepenaBanpHa (GYHKITIS T1APOTIPUBOIY
K
W(p) = —5 ! , (17)
(7P + 26 Tp+ D(Tp+ D+ Kp
M . : o
ne 7= T MeXaHIYHa cTaja 4acy, sika BpaXOBY€E IHEpIIHHICT, HABAHTKEHHS (MexaHudyeckas
c+K,

NOCTOSIHHasA BpeEMEeHH, yunTbiBaloLwas MHEPLUMOHHOCTb Harpy3ku; a mechanic time constant, taking into account
Ky +ar+ By

2y M(c+ K,)

OTHOCUTENbHOro aemndupoBaHus; a relative damping factor); 7;, = —+% — rigpaBiivyHa cTaja 4acy, sKa
Op

BpPaxOBY€ CTUCIIMBICTH PIIUHHU B TiIPOCHCTEMI (TMapaBnuyeckasl NOCTOSIHHAsS BPEMEeHU, YYuTbIBatoLwas Cxu-

MaeMOCTb XnaKocTn B rmgpocucteme; a hydraulic time constant, taking into consideration fluid pressure in the

B

hydraulic system); K, = ———
& ¢+ K,

the loading sluggishness); & = — KOe(iIieHT BiTHOCHOTO neMI(hipyBaHHS (KO3(PULUEHT

— Koe(iIieHT CIiBBIAHOIIEHHS KOPCTKOCTEH MEXaHIIHOT XapaKTepHC-

THKH TiAPOIPHUBOY Ta 3pa3Ka IPYHTY (KO3hULMEHT COOTHOLLEHUS! KECTKOCTEN MEXaHNYECKOW XapakTepu-
CTUKM rmgponpusoaa n obpasua rpyHTa, the mechanic characteristic rigidity relation factor of the hydraulic drive

and the soil sample), ne B = — KOeQilieHT )KOPCTKOCTI MEXaHIYHOI XapaKTEPUCTHKH TiAPOIIPUBO-
Kop

1y (KO3(hDULIMEHT XKECTKOCTU MEXaHUYECKOW XapaKTepuCcTUKn ruaponpusoaa; a mechanic characteristic rigidi-

ty factor of the hydraulic drive).

[lepenaBanbay Qynkmiro (17) Takox 3anueMo y BUTIIII

K]W3(p)
Wi(p) W (p) W3(p)+1°

W(p) = (18)
TZ 2 . . .

ne Wi( p) =T p +28Tp+1 — nepenaBanbHa QyHKUiA TUEPEHLIIOBATILHOT JTaHKU JPYTOTO MOPSAKY

(nepepatoyHas dyHKunsa anddepeHumpytoLero 3seHa BToporo nopsgka; is the transfer function of the second

order differentiator); W, ( p) = 7(;,p+ 1 — BignoBigHO AMdepeHIiI0BAIFHOI JaHKH TEPIIOTo MOPAIKY (co-

OTBETCTBEHHO AuddpepeHumpytoLlero 3seHa nepsoro nopsiaka; the transfer function of the first order differen-

in

tiator respectively); I/V3(p) =

— mepefaBaibHa (QYHKIIS iHTErpYBalbHOI JIAHKH 3 KOeQilieHTOM

nepenavi (nepefatovHas yHKLMS UHTErpuUpyoLLEero 3BeHa ¢ KoadduumueHToM nepegadu; the transfer func-
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tion of the integrator with the transfer constant) K, = L
K
8
OTxe, 31 3MiHOIO TapaMeTpiB 3pa3KiB IPYHTIB 3MiHIOIOTHCS TapaMeTpy TiIPONPHUBOAY: MeEXaHiduHa
ctana vacy 7, koedimieHT BigHOCHOTO nemmipyBanus &, koedimieHT nepenadi Kj,. Lle Beme mo 3MiHU
SIKOCTI TIEPEX1THOTO TPOIIeCy.
Awmmityaao-4actotHa A(w) Ta hasodactoTHa O(®) XapaKTEPHCTHKH IPUBOLY

K

\/[1—(2§TTg+ 72)032}2 +[m(Tg+2aT+ K,- YzTng)T

Alw) = : (19)

2
w(zjg+2};r+ K, T T )

¢(w) = arctg (20)

(2§T7;+ 72)@2 1

Jlns BU3HAYEHHS TepenaBaibHOi (QYHKIII 3a peakiiero IpyHTy R, piBHSHHA (6) I HyJbOBHX ITOYAT-
KOBHX YMOB 3aITHIIIEMO B OIIEPATOPHOMY BUTIISIL

3 2
(30110 +tayp +321P+1)Z(P)Z_RZ(P)(tbPJFbl)v 21
ae
M K + oy M B Kr+ar Ty 1

ay=—T,, ag,=———=T +—; a0y =T, +—+——"; hy)=—2; b ==~. 22
01="Tg> @ Cgc21gcctb blc()

IlepenaBanpHa (GYHKITIS 32 peakiii€lo IPyHTY R,

+

W(p) - he b @3)

3 2 )
anp +app +ayp+1
Monyib Ta (ha3a 4aCTOTHOI IepeaaBaIbHOT PYHKIIIT:
2 2 2
Vi + Qo
Ap(o) = \/ =; (24)
3

9 2
(1—3010) ) +(321(0—3010) )

3
h)(D 321(1) - 3010)

¢ plo) = arctgf — arctg (25)

1- ap1®
Opepxani 3anexHocTi (24), (25) 103BOJIAIOTh BU3HAYMTH JWHAMIYHI XapaKTEPUCTHKH (QYHIAMEHTY
BIZIMOBIAHO 1O METONUK [2, 3], ajie 3 ypaxyBaHHSIM MapaMeTpiB MPUCTPOIO.
[lepemimienHs mrammna B olepaTOPHOMY BHUIITIAIL
K foa2
/
(aop +ap +ayp+ 1)(p +o )p

e
ay=TT; a=20TT,+T; ay=T,+%T+K, 27)

Oynkuis Z(p) mae mpocTi MOMOCH Py =—0; py=-P+iy; p3=—P-—F; p =io; p5=—io;
P =0.
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BukopucToByrouH TeoOpeMy po3KiIafgaHHs, 3HalaeMo opuriHai QyHKIIl Z (p)

2 2
* K - K _
z ()= [r2(o =c Btsin(ytJr o)+ 5 ]H; ¢ o
aoy\/A1 + B ao((B—a) +y )(a +oa)oc
K K
2]r ot 2]r > sin(mt-l— (pz) , (28)
300C(B +y ) a4 + B
ae
4 . 4.
¢ = arctg—-, @y=arctg—=, (29)
B B,
2 2 2 2
A =(2B-0a)(B” —v +co)v+2l3v(v +B(0t—B)); (30)
2 2 2 2 2
B =261 (26~ a) -+ + Bla—B)p" 7" +’); G1)
2 2 2 2
Az=a(v +P —co)—ZwB; (32)
2 2 2
B, =c0(y +B —o +20c[3). (33)
Tuck po6odoi piguHE B poO0Uiit HOPOKHUHI JUHAMIYHOTO HABAaHTAKECHHSI T1IPOITMITIHAPA
. ¢ By ds K, *
pzszngr rtort Brdz By (34)
g F dt F
HopmanbHi HanpyXeHHsI, SKi BHHUKAIOTh B YITIILHIOBAHOMY IIIapi IPYHTY
+ Kz By ds
o, =—n? | Dr dz (35)

" HH, HH, dt

Opnepixani 3anexsocrti (28), (34), (35) 103BONAIOTH BUSBUTH 3aKOHOMIPHOCTI pyXy poO0OYOro oprasy,
3MiHH THUCKY po0O0YOi piiMHU B poOOYiii MOPOKHMHI JUHAMIYHOTO HABaHTa)KEHHS TiAPOLMITIHApA Ta HO-
pPMaJIbHUX HAIPYXKEHB, SKi BUHUKAIOTh B YIIUILHIOBAHOMY IIapi IPYHTY B 3QJICKHOCTI Bij IapameTpiB

ymiJ'IBHIOBaJ'H:HO'f MAIlIMHH Ta BJIaCTUBOCTEH 3pa3ka IpyHTY.

MocTaHoBKa 3apaum

3agavamun nccnegoBaHus ABNAOTCS: pa3pa60TKa MaTeMaTU4ecKkon mogenum npouecca ynjiioTHeHuA
FPYHTOB MallnHamMu C UUKITMYECKM TnaponpmnBoaoM C U3MeHAEeMbIMU NapamMmeTpamMun konebaHunm c yye-
TOM CBOWCTB FPYHTOB; yCTaHOBJIEHNE SaKOHOMepHOCTeVI AOBVXEeHNA pa60qero opraHa; onpegeneHue ne-
peﬂaTO‘-IHOVI q3yHKU,VIVI N ANHaMU4eCKNX XapakTepucTtuk npueoaa; onpeneneHune Heob6xooumMocCTH yCTta-
HOBJTIE€HUA KOPPEKTUPYHLNX yCTpOVICTB npn NSMEHEHUN XapaKTepuUCTuUK rpyHTOB; onpeneneHne Mmoayns
n q333b| YacTOTHOM nepeuaTquon q3yHKU,VIVI no peakuun rpyHTa, KOTopble NMO3BONAKOT onpenendTtbs aun-
HaMun4ecCkmne XxapaktepucTtukm royHToB C y4eToOM napamMmeTpoB MallnHbI.

Pe3ynbTaTbl UCCnieaoBaHus

PaccmMoTpum AvHaMWKY rMapaBniMyeckoro NpuBoaa, KOTOPbIA 3anoXeH B OCHOBY MalUVH A YNioT-
HeHWs1 BUOpaUNOHHOIo AeNCTBUA C ynpasnsemMbiMu napameTpamm konebaHui: rugpasnuyeckon subpa-
LMOHHOM TpamboBku [4], wnanonogbuBoyHon MallmnHbl [5], rmybuHHOro BubpoynnotHutens [6], a Takke
npnbopa TPeXoCHOro MUCMbITaHWsA rPYHTOB (cTabunomeTtpa). CtabunomeTp npegHasHayveH ang onpege-
NIeHNs KOMMMeKca XapaKTePUCTMK MEXaHNYECKUX CBONCTB rPYHTOB B YCIOBUSIX CITIOXHOIO HanpsbkeHHOro
COCTOSIHMS! MPU AENCTBUMN HA HUX CTaTUYECKUX U OUHAMUYECKUX Harpy3ok. CtabunomeTtp Obin paspabo-
TaH U U3roToBrneH B BMHHULKOM HaUMOHaNbHOM TEXHUYECKOM yHuBepcuteTe. B ocHOBY ero Gbinu no-
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NOXeHbl KOHCTPYKTUBHbIE N CXeMHble pelleHuns [7, 8] n aBTopckoro caugetensctea CCCP 1455858.

B pnaHHOWM cTaThe paccmaTpuBaeTCcs NpoLecc OQHOOCHOTO LIMKIMYECKOrO HarpyXeHus rpyHTa B cTa-
fbunomeTpe ¢ rmapaBnuyeckum npusodoM. MNpuHUMnManeHas cxema paboden kamepbl cTabunomeTpa u
npuBoAda Harpysku No oJHOW 13 ocel NpuBeAeHa Ha PUCYHKeE.

Pabouas kamepa 1 cogepXxuT NATb NOAMNPYKXMHEHHBIX NOABWKHBIX LLITAMMOB, TPU CABOEHHbIX rMOpO-
uunuugpa 2 ¢ membpaHamu 3. 'mgponpmeog Mo KaXK4on u3 ocen Harpysku X, Y, Z cogepXut oTaernb-
HYI0 HaCOCHYIO CTaHLMIO 4 1 KnanaHHbIA UNn 30MOTHUKOBLIW pacnpedenutens 5. YnpasneHue pacnpe-
jenuteneMm 5 ocyllecTBnsieTcs MOCPeACTBOM Tonkatens 6 Kyrmaykom 7, 3akpenneHHblM Ha Bany
Asuratens 8 ¢ perynatopoM 4acToTbl BpalleHus Bana.

Mpu co3paHnM mMaTteMaTUYECKoW MOAENN NpoLuecca LUMKIIMYECKOW Harpyskui rpyHTOB Obinv NPUHATHI
Takue JOoMyLleHNs: nogadya HacoCHOW CTaHUMKu 4 NOCTOsIHHAsA; KO3ULMEHT pacxofa CKBO3b Apocce-
NVpyIoLLYIO LWenb pacnpeaenutens 5 nocTosiHHbIA; BONIHOBbIE MpoLecchl B Tpy6onpoBoAax OTCyTCTBY-
l0T; JaBneHue, TemnepaTypa U BA3KOCTb paboyeit XWMOKOCTU rmaponpuBoda NOCTOSHHbIE; NOABWXHbIE
anemeHTbl U paboyas kamepa abCconoTHO XecTkne; obpaseL, rpyHTa NpYHNUMaeM BA3KO YNPYrum NHemn-
HO AedopMUpyeMbIM TENOM [2]; TPeHWEeM rpyHTa No CTEeHKaM LUTaMMOB U TaHreHumanbHbIMU Hanpsxe-
HuaMK B obpasLe npeHebperaem.

MaTemaTuyeckass MoJenb LUMKIMYECKON Harpysku obpasua rpyHTa no ocu Z onpegensietcs ypaBHe-
Huamn (1) — (3).

BenuuvHa nogHaTUA 3aTBOpa KranaHHoro pacnpegenutens — (4).

KoadpdumumeHT xectkoctn obpasua rpyHTa nocrne npeobpas3oBaHWs M3BECTHbIX ypaBHEHUN 0606-
LeHHoro 3akoHa N'yka gns obbemHoro cxatud [3] onpegensaetcs no popmyne (5).

[na aHanusa guHamukn npuBoda NuHeapuayeM cuctemy ypasHeHun (1) — (3) n ceegem ee K ogHo-
MY YPaBHEHMIO B MasnbIX OTKITIOHEHUSIX NepeMeHHbIX z*, [*, f*, p," OT paBHOBECHOIro COCTOSHUS Zy, Iy, T,
P B MOMeHT BpemeHu fy [10] (6).

KoadpdmumeHTsl Kqp, Ko Onpeaenstotes no dopmynam (7), (8).

OKBUBANeHTHbIV KO3 pmumMeHT BaA3Koro TpeHus Ky [9] onpeagensetcsa no gopmyrne (10).

YpaBHeHue (6) npu HynesbiX HayanbHbIX YCNOBUAX NpeAcTaBum B onepatopHoM Buge (13).

KoahdmumeHT nepegaun K; rmgponpmsoga onpegensetca no dpopmyne (15) unm ¢ yyetom (4), (7),
(8)—(16).

MepepaTtoyHasa dpyHkuma rmgponpusoga (17).

MepepaTtoynyto yHkumio (17) Takke npeactasum B Buge (18).

CnepoBaTenbHO, C U3MEHEHMEM napaMeTpoB OOpasLoB IPYHTOB U3MEHSIOTCA NnapameTpbl rmapo-
npuBoAda: MexaHuyeckasi NocTosiHHas BpeMeHn T, KO3 ULMEHT OTHOCUTENBHOrO AemMndupoBaHus &,
koahuLmeHT nepedaun K, . 3To BeeT K USMEHEHMIO KayecTBa NepexoHoro npouecca.

AmnnuTyaHo-yacToTHas A(w) 1 asouacToTHas ¢(w) xapaktepuctuki npusoaa — (19), (20).

[ns onpegeneHus nepegaTtovHon pyHKLMM NO peakummn rpyHTa R, ypaBHeHue (6) npu HyneBbIX Ha-
YanbHbIX YCMOBMAX NpeacTaBuM B onepaTtopHoM Buae (21).

MepepatoyHas yHKUMS NO peakuun rpyHTa R, (23).

Mopaynb n casa YacToTHOW nepegaToyHom pyHKumm (24), (25).

Mony4eHHble 3aBUCUMMOCTHU (24), (25) No3BONAIOT onpeaennTb JUHaAMUYECKUe XapakTepuUcTUkn dyH-
[JAaMeHTOB B COOTBETCTBUU C MeToauKamu [2, 3], HO C y4eTOM NapamMeTpoB YCTPONCTBA.

MepemelleHne wWTamna B onepatopHoM Buae (26).

dyHKuna Z(p) MMeeT MpocTble Momca: py=—a; Pp=—P+iy; p3=—P-iy; py=io; ps=-io;
Pg =0.

Mcnonb3ysa TeopemMy pasnoxeHus, Hangem opuruHan dyHKUnm Z(p) (28).

[aBneHne paboyein XnakocT B QUHAMNYECKOW NONOCTM rugpounnuHgpa (34).

HopmarnbHble HanpshkeHWs!, KOTOPbIe BO3HUKAIOT B YNMOTHAEMOM crnoe rpyHTa (35).

Mony4eHHble 3aBucuMocTH (28), (34) n (35) NO3BOMNSAIOT BLISBUTL 3AaKOHOMEPHOCTU ABWKEHUS pabo-
Yyero opraHa, U3mMeHeHus AasneHus paboyen XuakocTn B paboden NonocTu AMHaMUYECKOW Harpysku

rmgpounnuHgpa n HopmMarlibHbIX Hal'lpﬂ)KeHVIVl, KOTOpPbl€ BO3HMKAKOT B YNJIOTHAEMOM CJio€ rpyHTa B 3aBuU-
CUMOCTU OT NapamMeTpoB yI'IJ'IOTHFlU.I,eVI MaLUMHbI 1 CBOWCTB o6pa3ua rpyHTa.
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Problem Definition

The problems of the research are the following: development of a soil compressing process
mathematic model with the help of machines with a cyclic hydraulic drive with variable parameters
taking into consideration characteristics of soils; the determination of the regularities of the operating
part movement; the determination of the transfer function and dynamic properties of the drive; the
determination of the necessity to install correctors when soil characteristics change; the determina-
tion of the module and the phase of the frequency transfer function according to the soil reaction,
which allow to define the dynamic properties of soils taking into account the machine parameters.

Results of the Research

Let us consider the dynamics of the hydraulic drive, used as the basis in compressing vibra-
tion machines with controlled parameters of vibration such as: a hydraulic vibration rammer [4], a
track-packing machine [5], a deep-laid vibratory compactor [6], and also a device of triaxial testing
of soils (a deviation meter). The deviation meter is used to define a complex of characteristics of
mechanic properties of soils in conditions of a complex stressed state when static and dynamic
loads affect soils. The deviation meter was developed and constructed at Vinnytsia National
Technical University. Constructive and circuit designs [7, 8], inventors certificate Ne 1455858
(USSR) were used for its construction.

The process of a monoaxial cyclic load of soils in the deviation meter with the hydraulic drive
is investigated in the given paper. The schematic diagram of the deviation meter working cham-
ber and the drive in the line of one of the axes of load is suggested in the Figure.

The working chamber 1 comprises five spring-loaded mobile punches 1, three double hydrau-
lic cylinders 2 with membranes 3. The hydraulic drive in the line of each of the loading axes X, Y,
Z contains a separate pump station 4 and a valve or slide separator 5. The control of the separa-
tor 5 is carried out with the help of a pusher 6 by a cam 7, fixed on the engine shaft 8 together
with a shaft rotation speed controller.

During creating the mathematic model of cyclic loading of soils the following assumptions
were taken: the productivity of the pump station is a constant; the loss factor through the throttle
slot of the separator 5 is a constant; wave processes in pipelines are absent; pressure, tempera-
ture and viscosity of the operating fluid in the hydraulic drive are constants; mobile elements and
the working chamber are absolutely rigid; the soil sample is assumed to be as a linearly viscoe-
lastic solid [2]; soil friction on punches and tangential loadings are disregarded.

The mathematic model of cyclic loading of the soil sample in the line of the axe Zis (1) — (3).

The water seal rise magnitude of the valve separator is (4).

The soil sample rigidity factor after transformation of the known equations of the generalized
Guk’s rule for volumetric compression [3] is (5).

To analyze the drive dynamics let us linearize the equation set (1) — (3) and reduce it to one
equation in small divergences of variables z*, ¥, f*, p,* from equilibrium position zy, ly, fy, p» at
time &, [9] (6).

The factors Kqp,, Ko can be determined in the following way (7), (8).

The equivalent viscous friction factor K7 [9] can be determined by formula (10).

Let us give the equation (6) on zero initial conditions in the operational form (13).

The gain factor K of the hydraulic drive is determined by formula (15) or (16).

The transfer function of the hydraulic drive is (17) or (18).

Hence, the change of parameters of soil samples causes the change of parameters of the hy-
draulic drive: the mechanic time constant T, the relative damping factor &, the transfer constant
K;, . It results in quality change of the transition process.

Gain-frequency A(a)) and phase-response (p(oa) characteristics of the drive are (19), (20).

To determine the transfer function by the reaction of soil R, let us give the equation (6) on zero
initial conditions in the operational form (21).

The transfer function by the reaction of soil R, is (23).

The module and phase of the frequency transfer function are (24), (25).

Obtained dependences (24), (25) allow to determine dynamic characteristics of foundations
according to methods [2, 3], but considering the device parameters.

Punch travel in the operational form is (26).

The function Z(p) has simple poles: py=—a; p, =B +iy; p3=—P-iy; py=io; psg=—io;

p6:0
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Let us define the original of the function Z(p) with the help of the expansion theorem (28).

Pressure of the operating fluid in the dynamic hole of the hydraulic cylinder is (34).

Normal loadings, which appear in the compressed layer of soil, are (35).

Obtained dependences (28), (34), (35) allow to reveal the regularities of the operating part
movement, pressure change of the operating fluid in the dynamic hole of the hydraulic cylinder
and normal loadings, which appear in the compressed layer of soil depending on parameters of
the compressing machine and the properties of the soil sample.

BucHoBku

1. Po3pobiieHo MaTeMaTHYHY MOJIEIh MPOIECY YITUIBHEHHS IPYHTIB 3a JOIMIOMOTOI0 IUKJIIYHOTO TiJI-
porpuBoay 31 3MiHHUMH MapaMeTpaMH KOJIMBaHb 3 YpaxyBaHHSM BJIACTHBOCTEH IpyHTIB. Bussneno 3a-
KOHOMIpHOCTI pyxy poOouoro oprany (ocboBoi Aedopmaii 3paska IpyHTY).

2. Buznauena nepenaBanbHa (GyHKIIS TiaponpuBoay. Lle 7103BOIMIO BCTAHOBUTH, 110 TUHAMIYHI Blla-
CTHBOCTI MIPUBOJY BU3HAYAIOTHCS BIACTHBOCTAMH IU(EPEHIIIOBAIBLHUX JJAHOK MEPIIOro W APYroro mo-
PAIKIB Ta ileaibHOI IHTErPYBAIBHOT JTaHKH, SIKi € CKJIQJIOBUMU CTPYKTYPHOI CXEMH IPUBOY.

3. 3miHa geMiipyBalbHUX BIACTHBOCTEH 3pa3KiB I'PYHTIB Ta iX KOEQIIi€EHTIB )KOPCTKOCTI 00YMOB-
Jr0€ 3MiHY JeMiipyBaJbHUX BJIACTUBOCTEH TiAPONPHBOAY Ta SIKOCTI Horo mepexinHoro mnponecy. Tomy
B IIPUCTPOi HEOOX1IHO BUKOPUCTOBYBATH PETYJIbOBAaHHUHN TipaBIiuyHul geMudep.

4. BusHaveHi aHAIITHYHI 3aJISKHOCTI MOy Ta a3y 4acTOTHOI NepeaaBaibHOT PyHKIIIT 32 peakiiiero
IPYHTY, SIKi JO3BOJISIIOTH BU3HAYATH AWHAMIYHI XapaKTEPUCTHKH 3Pa3KiB IPYHTIB 3 ypaxyBaHHSM BILIUBY
PO0OYMX MapaMeTpiB yIIiIbHIOBAJIHHOT MAIIMHU.

5. MareMaTu4Ha MO/JICNb JA03BOJISIE HA MPOCKTHINM CTalii OTpUMAaTH JOCTOBIpHY iH(OpPMAIIiI0 IIPO OC-
HOBHI ITOKA3HUKH Ta MPOLECH, AKI XapaKTepH3YyIOTh POOOTY MPHUCTPOIO, MiAiOpaTH onTUMalbHE CHiBBiA-
HOLICHHS IapaMeTpPiB YCTaHOBKH JUI JOCATHEHHsS HEOOXiJHMX PEXHMMiB HaBaHTa)KCHHs IPYHTIB Ta BU-
3HAYUTH JUHAMIYHI XapaKTEPUCTHKH IPYHTIB.

BbiBOAbI

1. PaspaboTaHa MaTemaTtuyeckas Mogenb NpoLecca YNOTHEHUS TPYHTOB LIMKIIMYECKMM rMaponpu-
BOLOM C U3MEHSIEMbIMU MapamMeTpamu korniebaHuii ¢ y4eTOM CBOMCTB FPYHTOB. BbisiBNEHbI 3aKOHOMeEp-
HOCTU OBWXeHus paboyero opraHa (oceBou gedopmauum obpasua rpyHTa).

2. OnpefeneHa nepedaToyHasi pyHKUMS rMaponpuBoga. ATo NO3BONUIO YCTAHOBUTbL, YTO AUHAMM-
Yeckue CBOMCTBA NpMBOAA ONPEAENnsoTCa CBOMCTBaMU AnddepeHLMpyoLLEro 3BeHa NeEPBOro U BTOPO-
ro nNopsiakoB 1 naeanbHOro UHTErPUPYIOLLEro 3BEHA, KOTOPLIE SIBMSIOTCA COCTaBMSAOLMMU CTPYKTYPHON
CXeMbl NpMBOAA.

3. N'ameHeHne gemMndupyrowmnx cBoNCTB 06pasLioB rPyHTOB U NX KO3I(PMULMEHTOB XECTKOCTU 0BY-
CrNOBNMBaET U3MeHeHne aemMnupyoLwmnx CBOMCTB M KadecTBa NEPEXOAHOr0 npouecca rMaponpueoaa.
MoaTomy B Npubope HEOOXOAMMO NCMONb30BaHWE PErYNNPYEMOro rmapaBnunyeckoro gemndepa.

4. OnpepgeneHbl aHaNUTUYeCKne 3aBUCUMOCTU MOAYNs U a3bl YacTOTHOM NepefaToyHON (PyHKLMK
Nno peakunu rpyHTa, KOTOpble NO3BOMAIOT ONpeaensTh AMHAMUYECKUE XapaKTEPUCTUKM 0BpasLOB rpyH-
TOB C YY4ETOM BNUSHUS paboumx napaMeTpoB YMMOTHSIIOLWEN MaLLUHDI.

5. MatemaTtnyeckass Mofenb NO3BOSISIET HA MPOEKTHOW CTaguu MOfy4nuTb LOCTOBEPHYH MHAOpMa-
UM0 06 OCHOBHbIX MOKasaTensX M Npoueccax, XxapakTepuayloLwmx paboTy ycTpoicTea, nogobpatb on-
TMManbHOE COOTHOLLUEHWE NapaMeTPOB YCTAaHOBKWN ANsi AOCTUXKEHUS HEOOXOAUMbIX PEXUMOB Harpyxe-
HWUSI TPYHTOB U ONpeaenuTb AMHAMUYECKUE XapaKTEPUCTUKN FPYHTOB.

Conclusions

1. Mathematic model of the soil compressing process by means of cyclic hydraulic drive with
changeable parameters, taking into consideration properties of soils, is developed. The described
model gave the possibility to reveal the regularities of the operating part movement (axial defor-
mation of the soil sample).

2. The transfer function of the hydraulic drive is determined. This gave the possibility to define
that the dynamic properties of the drive can be determined with the help of the differentiators of
the first and second orders and the ideal integrator, which are the constituents of the structure
chart of the drive.

3. The change of damping properties of the soil samples and their rigidity factors causes the
change of damping properties and the quality of the transition process of the hydraulic drive.
That's why it is necessary to set the controllable hydraulic damper inside the device.

4. Analytical dependences of module and phase of the frequency transfer function by the soil
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reaction, which allow to define dynamic characteristics of the soil samples, taking into account the
influence of the compressing machine operating parameters, are determined.

5. The mathematic model allows to obtain during the design stage reliable information about
main indices and processes, which characterize the operation of the device; the model also al-
lows to select the most expedient ratio of plant parameters in order to attain necessary loading
conditions of soils and to define their dynamic characteristics.
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PekomeHpoBaHa kadbenpoto TennorasonoctavyaHHs
Hapinwna oo pepakuii 8.09.05
PexkomeHgoBaHa go gpyky 19.10.05

Teopein Cepeitiosuy Pamywnax — 3aBinysau xadenpu, Onexcanop bopucosuu Bonowun — crapmuii Bu-
KJIa1ad.
Kadpegpa TennorasonoctayaHHs, BiHHULbKUIA HaLiOHANbHUIA TEXHIYHWIA YHIBEPCUTET.

leopaulii Cepzeesuy PamywHssk — 3aBegyownii kacdenpoii, AsekcaHop Bopucoeu4y BomowuH —
cTapLumi npenogasaTenb.
Kadbepnpa TennorasocHabxeHns, BUHHWLKNIA HALMOHAmNbHbIN TEXHUYECKUIA YHUBEPCUTET.
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