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VYXylIeHe CBOMCTB MOYBBI BCJIEACTBME MHOTOKPATHOTO BO3ASICTBUSI XOJOBBIX CUCTEM MAIIMHHO-TPAKTOPHbBIX arperaroB BEAET K CHUXKEHUIO
YPOXaHOCTH CEJTbCKOX03SIMCTBEHHBIX KYIbTyp. [1OBBILIIEHWE MJIOTHOCTH MOYBbI, BBI3BAHHOS BO3ICMCTBUEM JIBVKUTENICH TPAKTOPOB U CEJlb-
CKOXO3SIMCTBEHHBIX MAIIWH, MPUBEJIO K YBEJIMYSHUIO TBEPIOCTH MOYBBI B 2-—3 pa3a. st mporHo3upoBaHusl MoKasaTesieil BO3AECHCTBUS Ha
MOYBY XOMOBBIX CUCTEM C YYE€TOM THUIIA U COCTOSIHMSI IOUYBEHHOTO arpooHa, a Takxe JJIsl ONpeaAeeHUs MePCIeKTUBHBIX MyTel yaydllIeHUust
KOHCTPYKUHMI XOAOBBIX CUCTEM U TIOBBIIIEHUS UX arpodKOJOrMYecKuX CBOMCTB HEOOX0OIMMO 00OCHOBaHME 3aKOHOMEPHOCTEN HAKOIUICHUS
ITOBTOPHBIX OCAJIOK TTOYBHI IIPU BO3ICHCTBUU XOMOBBIX ccTeM. HeoO0Xo1mMo oIipeneiuTh 3aKOHOMEPHOCTb HapacTaHUS OCaIKy aehopMaTropa
MPY TTOBTOPHBIX HATPY>KEHUSIX MOYBHI. Jledopmarliusi MouB Mpu KaskaIOM MOCTEAYIOIeM Harpy>KeHUU COMPOBOXIAETCS MOBBILIIEHUEM Harpsi-
JKEHHUsI B 30HE KOHTAKTa [0 CPABHEHMIO C MPEABIIYIIMM. DTO 00BSICHSIETCS yBEIMUEHNEM MHTCHCUBHOCTU HArpyXXeHUsI TTPU TTOBTOPHBIX Jie-
dopmalmsix, B YaCTHOCTH M3-3a YMEHBIICHMSI IJIOLIAAM KOHTAKTa KOJIeC ¢ MOYBOii MPH MOBTOPHBIX Mpoxonax no cieny. JAnst onpeaeneHus
3aKOHOMEPHOCTE HAKOIUIEHUsI TTIOBTOPHBIX OCaNOK NMPUMEHEHa 3aBUCUMOCTL BosibliMaHa, CBSI3bIBAIOLLAsl SHTPOIUIO MPOLiecca U BepoOsIT-
HOCTb JaHHOTO cOCTOsTHUS. [ToTydeHbl 3aBUCMMOCTH, KOTOPbIE TIO3BOJISIIOT OIPEAETUTD AehopMalIrIO MTOUB ¢ pa3HBIMU (PU3NKO-MeXaHUYe-
CKHMMM CBOICTBaAMU TMPHU Pa3IMYHBIX PeXMMax paObOThl M MapaMeTpax XOAOBBIX CHCTEM MAallMHHO-TPAKTOPHBIX arperatoB. st CMJIbHO
YIPOUHSIOIIMXCS TMOYB TIyOMHA Cliefla YMEHBIIASTCs MPU YBeJUMYEHUM KOJIMYECTBA Oceil XOMOBOM cucTeMbl. [isi cabo yrmpouHSIIOIMXCS
BJIQXKHBIX TTOYB /IS YMEHbILIEHWST TIIyOUHBI Clieia PEeKOMEHIYETCsSl IIPUMEHSITh IBMKUTEIM C OOJIbIIEH IIIMPUHON KoJiec.

KioueBbie CJIoBa: 1OYBa; rIyOMHA; OCh; XOJ0Basi CUCTEMA; YIIJIOTHEHUE; CBOMCTBA; 3aBUCUMOCTD; KOJIECO.

The deterioration of soil properties as a result of repeated impact of undercarriage of tractor units leads to the reduction in crop yields. Increasing
of soil density caused by the impact of movers of tractors and agricultural machines results in increase of soil hardness by 2—3 times. To forecast
the indices of undercarriage impact-on soil taking into account the type and condition of soil fertility, as well as to determine the promising
ways of improvement of undercarriages’ designs and their agro-ecological characteristics, it is necessary to substantiate the regularities of ac-
cumulation of repeated soil settlements under the impact of undercarriage. It is also necessary to determine the regularity of rise of settlement
deformer under repeated soil-lead. The deformation at each subsequent soil loading is followed by stress rise in the contact zone as compared
to the previous one. This is due to the increase in load intensity under repeated deformations, in particular due to the reduction of contact
area of wheels with soil during repeated passing of tracks. This paper observes some dependencies which allow to determine the deformation
of soils with different physical and mechanical properties under various operating conditions and parameters of undercarriages of tractor units.
For the soil with high degree of compaction, the depth of track should be reduced by increasing the number of axles of undercarriage. For the
moist soil withdow degree of compaction, the movers with larger width of wheels should be used to reduce the depth of track.

Keywords: soil; depth; axle; undercarriage; compaction; properties; dependency; wheel.

Beenenne

YXxynieHue cBONMCTB MOYBbI BCJIEA-
CTBME€ MHOTOKPAaTHOTO BO3IEUCTBUS
XOZIOBBIX CHCTEM MallIMHHO-TPaKTOP-
HbIx arperatoB (MTA) BeneT K CHUXe-
HUIO YPOXKAHHOCTH C.-X. KyJbTyp. Tax,
YPOXKaHOCTb 36pPHOBBIX KYJBTYp B CJie-
JlaX TPAaKTOpOB cHIKaeTcs Ha 10—15 %,
a KOpHEeKJIyOHerogoB — Ha 20—30 %.
CymMapHas IUIOlIaAb CJIEN0B JIBHXHU-

teaeit MTA mmoutu B 2 pa3a npeBbllIaeT
omanab oopabaTeiBaeMoOil MOBEPXHO-
cti; 10—12 % mmomany moJist monBsep-
raeTcsi BO3IEHCTBUIO XOIOBBIX CUCTEM
or 6 mo 20 pa3, 65—80 % — or 1 no
6 pa3 u Tosbko 10—15 % cBOOOAHBI OT
TaKoro Bo3meicTeus [1, 2].
[ToBblllIeHE TJIOTHOCTU  TOYBHI,
BbI3BAHHOE BO3MEHCTBUEM ABWXUTENEH
TPaKTOPOB U CEJIbXO3MAallIMH, MPUBEJIO K

YBEJIMYCHUIO €€ TBEPIOCTU B 2—3 pa3a.
Mexay TBEpAOCTbIO, TJIOTHOCTBHIO U
VIAETbHBIM COMNPOTHUBJICHUEM TTOYBbI
MpY BCMallike CYlIeCTBYeT TeCHasl Kop-
peJIsSIUMOHHAs CBAA3b. YIeJbHOE COIpO-
TUBJIEHVME IIpU 00pabOTKE MaxOTHOTO
¢J1081 TIOCJIE TTPOXOJia TPAKTOPOB MOBbI-
maercst Ha 15—65 %, mocje TpaHc-
MOPTHBIX CPENCTB U KOMOAtHOB — Ha
60—90 % [1].
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[Mpoucxoasiuii B pe3yabTaTe BO3-
neicTBus xomoBbiX cucreM MTA Ha
ITOYBY Ipolecc "nehopMHUpPOBAHUE —
VIUIOTHEHUE — pa3yIUIOTHEHWe — Ha-
KOIUICHWE YIJIOTHEHUSI TOYBBI" 3aBU-
CUT KaK OT PEXMMOB 3KCIUTyaTalluKh
TEXHUKHU, TaK U OT M3MEHSIOIINXCSI
CBOJCTB ITOYBBI B 3aBUCUMOCTHU OT €€
THIIa, arpodoHa ¥ IIEPUOIOB roua.

Ilens uccrenosanus

Jns mporHo3MpoBaHuUs IoKa3are-
Jieli BO3IEUCTBUMS Ha IIOYBY XOJOBBIX
CHCTEM C YYETOM THUIIa U COCTOSIHUS
MOYBEHHOTO arpooHa, a Takxe s
ornpenesieHns] TepCIeKTUBHBIX MYyTen
VIYUIIEHUSI KOHCTPYKUMUH XOJIOBBIX
CHCTEM U TIOBBILLIEHUSI UX arpo3KoJIo-
rMYEeCKUX CBOWCTB HEOOXoaMMoO 0bocC-
HOBAaHWE 3aKOHOMEPHOCTEU HaKOILIE-
HUS TIOBTOPHBIX OCAJOK ITOYBBI TIPU
BO3IEVCTBUMN XONOBBIX CACTEM.

Ma’repnam,l U METOJbI

Ha mpouecc cremoo6pa3oBaHus
TPV BO3IEHCTBUU Ha TTOYBY MHOTOOC-
HBIX XOIOBBIX CUCTEM BIIUSIOT KaK Peo-
Jiornvyeckue hakTophl (BpeMsi 3arasibl-
BaHMs Aedopmalivu, NMepuos pejakca-
IIMK), TaK ¥ HE U3ydaeMble B PEOJIOTHH
SIBJIEHUSI, CBSI3aHHbIE C MEPEyKIaIKOMI
YACTUI[ TOYBBLI MPU MOBTOPHBIX Ha-
rpyxeHusx. OnpeneauM 3aKOHOMeEp-
HOCTb HapacTaHusl ocaiku nedopma-
TOpa NpPU TOBTOPHBIX HArpyXXeHUsX
MoYBbl. B mTaHHOM cilyyae MOXHO TpH-
MEHUTh 3aBUCMMOCTb BosbliMaHa, yc-
MeIHO MPUMEHSIBILYIOCS TPU MCCIIe-
JIOBaHUSIX NechopMalliy TTIOYB U TPYHTOB
I'. 1. IlokpoBckuMm, H. A. Hacenxu-
veM 1 1O. JI. MoteuieBeM [1].

CoracHo 3aBUCHUMOCTH Bombiima-
Ha, SHTpoMus mpoiiecca S TponopuKo-
HaJbHA JIoTapubMy BepOSITHOCTH. JTaH-
HOTO cocTosiHusi W (ctaTucTuueckas
WHTEPIIPEeTAIMsT BTOPOTO Havana Tep-
MoauHamuku). [Ipu HOBTOPHBIX Jie-
(opMaLMsix BeposITHOCTh W' iaHHOTO
COCTOSIHUSI YBEJUUYUBAETCSI C POCTOM
qyucia Harpyxxedui xn. Torma 3aBucu-
MOCTb boibliMaHa mpUMeT BUI:

S=C1]1'1W+ o, (])

IIe 1, ¢ — TIOCTOSTHHBIE BEJTMIMHBI.
C Ipyroii CTOPOHBI, SHTPOIIUSI IIPO-

mecca aeOPMaLMM TOYBBI MPOIOP-

LIMOHAJIbHA COBEPILIAEMON IPU 3TOM

pa6orte 4, [3]:

8= c4,,

rie ¢ — Ko3h@UUUEHT MpOnopluo-

HaJIbHOCTH.

PaGota neopManivu 1moyBbl COCTO-
UT U3 paboThl YIIPYyroit aehopmanuu u

paboThl HeobOpaTUMOl aedopMaluu.
Pabota BHelIHuX cuJ, 3aTpayeHHast Ha
yIpyrylo necdopMalrio MOYBbI, HaKar-
JIUBaeTcs1 B Heil 3a cueT mpeobpa3oBa-
HMSI KUHETUYECKON HEPTUU B MOTEH-
LUaJbHYI0. DTa 3HEprusl BO3Bpalla-
€TCSl TIpU BOCCTAHOBJIEHMM YIIPYToit
neopMaliu.

DHeprus, 3aTpayrMBaeMasi Ha HeE00-
paTumyto aechopMaIinio MOYBbl, HE Ha-
KaIJIMBaeTcsl B Heil, a TIOJTHOCTBIO pac-
CenBaeTCs, MpeBpaliasich BO BHYTPEH-
HIOIO DHEPTUI0 XaOTUYECKOTo (Terio-
BOTO) JBWKEHUS YacTUIl. BHyTpeHHSS
3Heprusl MoYBbl £ MOXeT OBbITh Tpe.-
craBjieHa B Bume [3]:

E=F+ 0S8,

rne F — cBobomHas sHeprus, JIx; @ —
abcoumoTHas Temrieparypa, K; S — sH-
tponust, JIx/K.

CBobOoaHast sHepruss F MoOXer
OBITh MpeBpallieHa BO BHEIIIHIO pabo-
TY TIpU OOPaTUMOM HM30TEPMUUYECKOM
npouecce. CaszaHHass sHeprusi ST
MOXeT OBbITh MOJIydeHa JIWIIb B BUJEC
Teria. DHTPOIMUSI CUCTEMBI | CIYXUT
MEpPOI CBSI3aHHOI SHEPruM v BO3pac-
TaeT TOJBKO B pe3yjabTaTe HeobpaTh-
MBIX TPOILIECCOB.

[ns onpeneneHust yaeabHOi pabo-
THl A,, HalileM 3HauYeHue MHTerpaa:

h

n
A, = [ o(hydh, 6)
0
rae h, —aedopmauus MOYBHI OCTe /1
HarpyxeHuii, M; o(h) — GYHKIHO-
HaJlbHasl 3aBUCHMOCTh MEXIy Harpsi-
XEHUEM & 1 aedopmaliveil oYBsI A.

Pe3ynbraTel 1 nX 00CyXKaeHHE

OKkcnepuMeHTHI [1] mmokaszanu, 4to
3aBUCUMOCTD G(/) MpU MOBTOPHBIX Ha-
IPYXKEHUSAX HeNpepbIBHA TOJBKO IS
VIIPOYHSIIOIIMXCS TTOYB. XapakTep Jie-
dopmanuu TakMX TIOYB BO BpPEMEHU
rnokasaH Ha puc. 1, a.

c
Do

OCOOEHHOCTb  YIIPOYHSIOIIUXCS
MOYB COCTOUT B TOM, UTO UX Aedopma-
LM TPY KaXIOM TOCHEAyIolieM Ha-
TPYXEHUU COIMPOBOXIACTCS IOBBIIIIE-
HUEM HaNpsDKeHUsT B 30HE KOHTaKTa
MO0 CpPaBHEHUIO C MpPEeAbIAYLIUM. DTO
OOBSICHSIETCS]  yBEJIMYEHUEM WHTEH-
CUBHOCTU HarpyXXeHusl Tpu IOBTOP-
HBIX AehOpMaIIUsIX, B YaCTHOCTH M3-3a
YMEHBIIIEHUS TUIONIAAM KOHTaKTa KO-
JIeC C MOYBOI MPU TTOBTOPHBIX MTPOXO-
nax no ciaeay. Ha puc. 15 a nokasaH
rpaukK 3aBUCUMOCTH HAMPSDKEHUST OT
nedopmanuy Mpy MOBTOPHBIX HArpy-
JKEHUSAX CBS3HBIX YINPOUHSIOIINXCS
MOYB C OAMHAKOBBIMU IO [JIyOMHE
(h13UKO-MexaHMYECKMMY CBOWCTBAMM,
a Ha puc._l, 6 — pBIXJBIX [OYB C IJIOT-
HBIM TOACTUIAEMbIM OCHOBAHUEM.

J17AsT CBSAIBHBIX MOYB C OTMHAKOBBIMU
1Mo MIyOWHEe CBOMCTBAMM 3aBHCUMOCTH
6(h) nomumHsieTcsa yHKIMM TUNEPOO-
JINYECKOro TaHreHca [4]:

o= poth(—k—hj, 3)
Po

rae py — Npeles Hecyllel CIocoOHO-

ctu nouBbl, Ila; kK — koadpduuueHT

00BbEMHOI0 CcMSITHUS IMO4YBbI, H/M".
IloncraBuB 3aBucHUMOCTh (3) B

MOOBIHTETpaIbHOE BEIpaxkeHue (2) u

PEIINB ero, TOIyYrM:

2
— Po k
An= 5 lnch(pohj. @)

Torna sHTpomnuio npouecca aedop-
MallMM TOYBBI BBIPA3UM YpaBHEHUEM:

2
§=c2 1nch(ﬁh]. (5)
k Po

IMpupaBHsieM TpaBble 9acTu (hop-
mya (1) u (5):

2
cilnn + ¢y = 61—)9 lnch{—k—hj,
k Do
Ie 7 — YUCJIO HarpyXeHuil (Komnye-
CTBO OCEil XOIOBBIX CHCTEM).

o

° b o b h,

a)

° hy }’26)}’3 My B,

Puc. 1. 3aKoHOMEPHOCTH HAKOIUIEHHS] MOBTOPHBIX OCA/IOK ISl YIPOUHSIOIUXCS MOYB:

a — CBS3HBIC IMOYBHI, 6 — MOYBbI, IIOATOTOBJICHHLIC ITOA ITOCEB
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[IpeobpasyeM BbIpakeHUE K BUIY:

2
cilnn + Inc3 = C{Jkg lnch[ﬁ)h}

rae Incz = cp.

IMoTeHuMpyeM TMpaByl0 U JIEBYIO
YacTH TOCJIeIHEeTO ypaBHEHUS U TIPU-
paBHsIEM BbIpaXeHUsI, CTOSIIME IO
3HaKaMu JIOTapudMOB:

2

o k Cpo/k

csn = |chl=h .
Py

Orcrona

Ch[k h] _ M) @iy
Do 3 '

(6)

O0603HauYMB
2
k/(cpg) c
& cPy) _ a 1 - b b'—]% =B,

c P
ypaBHeHue (6) 3amuilieM B BUJE:
ch(ﬁ h] = anb,

Py
OTKyIa
h= ”—ko Arch(a'n®). 7

KosdduimeHt a' HaiimeM U3 ycio-
BMS, UYTO BeJIWMYMHA AedhopMaluyd Ipu
MepBOM HaTrpyXeHUU OMpEAeTUTCS U3
3aBUCUMOCTH (3):

c
=20 Anh[—lj , (8)
k Do

Ile 6) — HalpsoKeHWe B KOHTAKTe Je-
¢opmaTopa c 1MouyBoii TIpY NIEPBOM Ha-
rpyxeHuu, Ila.

ITpu mepBoM Harpyxenuu (n = 1)
dopmyna (7) npumeT BuA:
Py
k

IIpupaBHSIB mpaBble 4yacTu (op-
myn (8) u (9), Haitnem:

hy = -0 Arch(a’). ©

c
Arch(a’) = Arth[—lj.
Po
W3 npeobpazoBanmnii 0OpaTHBIX TH-
nepoomyeckux (yHKUUI H3BECTHO,
4TO:

Arch(a’) = Arth(—--——“'a’;,_]] .

W3 zaBrcnmocreii (9) u (10) Haiinem:

(10)

a’ Do
OTKyIa
, 1

a=——-———-———-—————2 2
A I—Ul/po

o (0}
Do o
== C ‘max
s 7y
e i
(e} 1 / I’
/
f
7 /
7 /’ /
G, !
O
0 0 i
b h by h, h h by h,
a) 6)

Puc. 2. 3aKOHOMEePHOCTH HAKOIJIEHHS] MOBTOPHBIX OCANOK I CJIA00 yNPOYHSIOMKUXCS NOYB:

a — CBS3HBIC IMOYBLI; 6 — TOYBbI, IIOATOTOBJICHHBLIC IO ITOCEB

[ToncraBuB 3HayeHue a’' B hopmy-
ny (4), HalimeM 3aBUCMMOCTh HaKOII-
JIEHUsI TIOBTOPHBIX OCaIOK ISl CBSI3-
HBIX MTOYB C OIMHAKOBBIMU IO TIyOUHE
CBOVICTBaMH:

B
h, = 2o Arch["—j ,

N

rae B — Ko3(hbUIMeHT HaKOTUIeHUS
TMOBTOPHBIX 0CAJOK CBS3HbBIX MOYB.

I[IpumenuM 3aBUcUMOCTb boJbl-
MaHa JJIsl onpeaeeHuss 3aKOHOMep-
HOCTM HapacTaHusl aedhopMaiud OT
TMOBTOPHBIX HATPYXEHUIA | JUIsE. PBIXJIbIX
MOYB, MOACTUIAEMBIX JIOTHBIM OCHO-
BaHueM (cM. puc..l, 6). Jlis Takux
MOYB 3aBUCUMOCTh MEXIY HaIpsoKe-
HUeM U nedopMaiyei onpenenseTcs
o dopmyiie:

an

o= gtg(abh); (12)

a=/ky;

T 1 .
2 hynn«/kT)

80—8

h =H min .
yi (T+e[1-2v(1 +e)1°
rae ky — ko03h@UUHUEHT O00BEMHOTO

CMSATHS TIOUBHI B Hauase aedhopmaliuu,
l'[a/M3 ; hyny — TIpENeNbHAsT BEJIMYMHA
Jedopmauuu, M; gy — Ko3(Q G ULKMEHT
TIOPUCTOCTU TIOYBBI IO HArpyKeHUS,
€min — MUHUMAJIBLHO BO3MOXHBIN KO-
3¢ @ULIMEHT TTOPUCTOCTU TIOYBBI; v —
K03 PULIMEHT OOKOBOTO pacIIMpPEeHUs
MOYBBI JyIsI cltyvast 1e(popMUPOBAHMUSI C
OTPaHWYEHHON BO3MOXHOCTbIO pac-
LIMPEHUS.

3HauyeHue yneabHoi paboThl, onpe-
NeasieMoil mo 3aBucuMocTu (2), ¢ yue-
ToM (hopMyJibl (12) Oynet paBHO:

A, = _blz In|cos(abh)|.

ITockoJBKY . SHTpOIMST TIpollecca
nedopMamyy TOYBHL IIPOIOPIINOHAITb-
Ha COBepIllaeMoi paboTe, TO C Y4eTOM
3aBucuMocTy (1) moayyum:

¢ilnn + ¢y = _b% In|cos(abh,,)|.

[Tocie npeobpa3oBaHMii, aHATOTUY-
HBIX BbIBOAY 3aBucuMocTu (11), momy-
YUM 3aBUCUMOCTb HaKOIUIEHUS! TIOBTOP-
HBIX OCaZOK YIPOYHSIOLIUXCS TOYB C
IJIOTHBIM MOJACTUJIa€MbIM OCHOBAHU-
em [5]:

,BI
h, = LbArccos — | 13
a J1+(b%/a*)c?
IIpy MOBTOPHBIX  HATPYXEHUSIX

¢1a00 YIIPOYHSTIOIIMXCS TIOYB C OJMHA-
KOBOH IO TIIyOMHE TUTOTHOCTBIO POCT
HampsKeHKWs OT LIMKIIA K LUKITY He3Ha-
YuTeJIeH, a HapacTaHKWe OCaIKH IITaMIia
BechMa olytuMo (puc. 2). Hapacranue
ocanku neopmaropa Ha TaKMX ITOYBaX
IIPY TIOBTOPHBIX HATPYKEHUSX TTOMIH-
HSIETCS 3aBUCUMOCTH [6]:

hy = hi(1 + k,lgn), (14)

rae k, — K03bPULMEHT UHTEHCUBHO-
CTU HAaKOIUIEHUSI HeoOpaTuMOil ne-
dopmaruu.

IMoacraBuB BMecTO /| 3HaueHUe
9TOI BeJIWYMHEI [1], MOJyYnM 3aBUCH-
MOCTB:
n,=200 +k lgn)Arth(gj. (15)

k u Do

3aBUCHMOCTb MEXIY HaIPSKEHHM-
€M U TOBTOPHBIMHM Ae(hOpMaLMSIMU
OIUCBIBACTCS KYCOYHO-HETPEPHIBHOM
dyukuueii. ®yukuus ¢ = f(h) npu Ka-
KIOM IOBTOPDHOM HArpyKeHUHU IOMI-
YMHSIETCS 3aBUCUMOCTU THUIEPOOJIU-
YEeCKOro TaHreHca. PaccMorpum, yemy
PaBHBI MPU 3TOM KOHCTaHTHI py U K.
CompoTHBJIEHAE TIOYBBI IIPY IIOBTOP-
HBIX HATPYKCHUSIX MOXET YMEHbBIIATh-
Csl WY YBEJIMYMBATBCS TI0 CPABHEHMIO
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C TIEPBBIM MPWIOXKEHUEM Harpy3ku B
3aBUCUMOCTH OT (DU3MKO-MeXaHUYe-
CKMX CBOMCTB MOYBHI U BEJIMYMHBI JaB-
JIeHUs Ha Hee. B coOTBeTCTBUM C 3TUM
OynyT U3MEHATBCS KOIDDULIMEHTHI Py
u k. CHIXeHME COMPOTUBJICHUS TPO-
UCXOIUT B TOM CJIyyae, eclid Mpu Tep-
BOM HArpyXeHUM CTPYKTypa IOYBbI
paspyiraercsa (0COOEHHO Koraa Bepx-
HUE CJIOU TTOYBOTPYHTA MPOYHEE HUXK-
Hux). Hecymas cnoco6HOCTh 1 KO3~
¢GUIIEeHT 00BEMHOTO CMSTHS IIPU 3TOM
YMEHBIIAIOTCS. YBeJMYeHNEe COMPOTHB-
JIEHMSI XapaKTepHO ISl TMOYB HU3KOM
BJIAXXHOCTH, CITOCOOHBIX K YIUIOTHEHUIO
U YIIPOYHEHMIO CTPYKTYpHI. [ToBTOpHOE
nedhopMUpOBaHUE B TAKOM Cllydyae CBs-
3aHO C MIPEOAOJIEHUEM CUT TPEHUSI MO-
KOSI, KOTOPBIE TPEBOCXOMSIT 1O BEJM-
YUHE CUJIbI TPEHUSI CKOJIbXKECHMUSI.

YV BlIaXHBIX TIOYB, OMHOPOAHBIX IO
IyOWHE, CUJIbI TPEHUS TTIOKOSI B MEHb-
1Iei CTeNEHU OTJINYAIOTCS OT CUJI Tpe-
HUS CKOJIBXEHUs, yeM y cyxux. [1oaro-
MY TMPU TTOBTOPHBIX HArpy>XeHUsIX, KO-
rma HeoOXOAMMO TMPEOAOJIETh CHJIbI
TPEHUS TTOKOSI, COTIPOTUBIIEHUE TTOYBbI
YBEJIMYMBAETCSI MEHEe 3aMeTHO, UYeM B
npenpiayiem ciydae. K tomy xe 3aech
MOYTHU HE TMPOUCXOIUT OOpa30BaHUS
YIUIOTHEHHOTO siipa moj nedopmaTo-
poM, Tak Kak nedopmauusi BIaXKHBIX
TOYB XapaKTepU3yeTCs B OCHOBHOM
capurom yvactull. CompoTuBieHUE
BJIQXXHBIX TOYB TTOBTOPHBIM JedopMa-
LIMSIM BO3pacTaeT JIMIlb B Hayajse Mpo-
1ecca Kaxiaoro mocjieaylollero Harpy-
xkeHus. Korma naBneHue npubiamkaer-
cs1 K BeJIMUMHE HeCyllel ClocOOHOCTH,
pasauuure MeXAy CONMPOTUBIECHUSIMU
MOYBBI TIPY MEPBOM TMPUIOXKEHUU Ha-
TPY3KH U TTOCTEAYIOIINX HATPYKEHUSIX
ucuesaet. [1oaTOMY MOXHO TIPUHSTH,
YTO Hecylllasi CIOCOOHOCTh  €y1abo
YIPOUHSIOIIUXCS MOYB HE 3aBUCUT OT
KOJIMYECTBA HATrPY>KCHUM.

VYBenuueHue CONpoOTUBIEHMS B Ha-
YaJIbHBIN MEepUoJ KaKA0Tro MOBTOPHO-
0o HarpyXeHusl OyJaeM yYUThbIBaTh U3-
MeHeHHeM KoadduiumeHTa 00beMHO-
o CMSTHUS, KOTOPBIN 3aBUCUT OT Xa-
pakTepa npoTeKaHus npoiecca aehop-
MallMu' B HayaibHbI# nepuon. Hazosem
€ro. yCJOBHBIM KOO(DGDUIMEHTOM Ky,
00BEMHOTO.CMATUS TIPU H-M Harpyxe-
Huu. Torga 3aBUCMMOCTb MEXIY Ha-
mpskeHreM U aedopmanueit npu n-m
Harpy>XeHWu 3arnuiieM Kak:

k
o, = poth[ﬂA/’l”},

Py
rae Ah, — TNpupalleHue OCaiKu IMpU
n-M LUKIE, M.

HamnpsxeHue o, B KOHLE KaXI0ro
LMKJIa HarpyxXeHusl paBHO Harpsixe-
HUIO G|, Pa3BUBaeMOMY B KOHLE Mep-
Boro nukJia. Micxoms u3 atoro, Haiiaem
YCJIOBHBI KO3(p(pUIIMEeHT 0O0bEMHOro
CMSITHSL:

_ P [Glj
= — Arth| —|.
Kyn Ah, Do

[MpupalieHre ocaaKy IIPU #-M TIPH-
JIOKCHUU Harpy3Ky HalJieM 13 ypaBHe-
Hug (15):

Ak, = kg1 B0 Arth[‘ﬂj.

n-1 k po
[loncTaBUB 3TO BBIpAXEHUE B
npenblayliee, HaiaeMm:
k

o = TR

3aBUCUMOCTb MEXIY HaINpssKeHMU-
eM U nedhopMalreid Ipu #-M Harpyxe-
HUM TIPUMET BMI:

_ k 1
on =P Oth(pokulg(n/(n 1))“’")

PaccmotprM, Kak  TIPOMCXOIWUT
MpoIIecC HaKOTUICHHs TIOBTOPHBIX Oca-
JIOK JJIST TIOYBBI, TIOATOTOBIEHHOM TIO,
MoceB, MOACTUJIAeMOIl TUIOTHBIM OC-
HOBaHMEM BBICOKOI BIAQXKHOCTH (CM.
puc. 2, 6). B gaHHOM ciydae Helb3s
npeHeOpeyb OCaTKON  MOICTUIAEMOro
OCHOBaHMsI. BelmuuuHy' ocagku TMOYBbI
rocje n Harpy>KeHWil oInpeaeauM Io
3apucuMoctaM (13) u (14):

= - (1% kulgn)Ang(]ﬂc). (16)
ab, a

B Hauasie npouecca aedopmMupoBa-
HUs XapakTep 3aBUCHUMOCTU o = f(h)
MPakTUYECKW He OTJIMYaeTcsl OT CIIy-
yasi, KOrjga rno4ysa noACTUIaeTcsl Helle-
dbopmupyembiM ocHoBaHueM. Creno-
BaTeJIbHO, KO3GGUILIMEHT a ONpeaes-
eTcs corjacHo 3aBucumoctu (12). Ko-
adduLMeHT b HaligeM U3 yCIOBUSI, YTO
npousBogHasl ¢ 1o 4 B Touke C (cM.
puc. 2, 6) paBHa MaKCHMaJIbHOMY KO-
3G OULMEHTY OOBEMHOTO CMATUS Koy

, 2 1

c'=a 5 = Kmax-
cos (abh

ynﬂ)

Ilocne mpeobpa3zoBaHuUil C y4eTOM
3HaYeHMs KoahHULIMEHTa a MOoTydnM:

k
= ;Arccos 0 .
/\/kiohynﬂ kmax

Takum obOpa3zoM, Mo 3aBUCUMOCTU
(16) MOXHO paccuuTaTh IIYOUHY OCa-

by

h M

0,20/ ||

0,15

0,10

T\*x

0,05 N M~

1 2 3.4 5 6 7 Nur

Puc. 3. 3aBucuMOCTDb ITyOMHBI CJI€ia CHJIb-
HO YNPOYHSIOMIEHCS TMOYBBI OT KOJIAYECTBA
oceit:

—— — npu £Q/Fppy = 0.8, ——— —
npu £EQ/Fpy = 0,4

Ku-gedopmMaTopa ISl ciydasi, MpuBe-
JICHHOTO Ha puc. 2, 0.

[IpoaHanuzupyemM, Kak BIMSIOT
MapaMeTphl XOJOBOI CUCTEMBI (IaBiie-
HUE, KOJIMYECTBO OCeli, TPUXOIIIasi-
csI Ha XOIOBYIO CUCTEMY Harpyska, pas-
MephbI KOJIeC) Ha CJiefoo0pa3oBaHue.

B cnyyae muameHeHUs AaBIEeHMS] B
3aBUCHUMOCTH, OOpaTHO IPOTOPIIMO-
HaJbHOI KOJUYECTBY oceil N, riyouHy
ciena sl CUJIBHO  YIIPOUHSIIOIIMXCS
MOYB ONpeaeINM 1o 3aBucumoctH (11):

2
bk/PO

J1-(£0/F,Npy)*

rae & — Koa(pOULIMEHT, yUIUTHIBAIOLINN
3aKOHOMEPHOCTb pacrpeie/IeHUs 1aB-
JIECHU¥ 10 OMOPHOM IOBEPXHOCTHIO
KoJeca.

W3 puc. 3, mocTpoeHHOro Ha OC-
HOBaHUM 3aBucumoctu (17), BUIHO,
YTO TIPY YBEJIMUEHUU KOJIMYECTBA Ocelt
MHOTOOCHO XOIOBOI CUCTEMBI TITyOr-
Ha cjiefia yMeHbIIaeTcs.

Jns cnabo yrmpouHSIOUIMXCS TIOYB
9¢hdeKT yMeHbIIeHUST TJIyOUHBI clieaa
U YIUTOTHEHUS TIOYBbI TIPU YBEIUYECHUM
KOJIMYECTBA OCeil CHUXKAETCS O CpaB-
HEHUIO CO cleaoo0pa3oBaHMEM Ha
CWJIBHO YITPOUHSIIOIIUXCS TIOYBAX.

PaccMoTpuM, Kakoe KOJMYECTBO
ocell JIBVXKUTEJsI TIPeArOUTUTEIbHEe
10 CJIe1000pa30BaHUIO MPU OAMHAKO-
BOM yJI€JIbHOM J1aBjieHUuU. B aToMm ciy-
yae pas3Mepbl Kojec OyayT yBeIW4yu-
BaTbCsl NP YMEHBIIEHUU KOJIMYECTBA
oceil. OTHolIEHUE AMaMeTpa Kosieca K
wupvHe D/B mpuMeM NOCTOSSHHBIM.
ITockonbKy AMaMeTpbl MOMOOHBIX KO-

Hy =22 Arch (17
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JIeC COOTHOCSITCSI MEXIy CO0Oil, Kak 1
JUTMHBI TJI011aIe il KOHTaKTa, TO pa3me-
pbl Kosiec D 1 B HaxomsiTcs B CIemylO-
1eil 3aBUCMMOCTH OT KOJIMYeCTBa OCeil:

Dy = JNDy; B = ./NBy;
Dy— 1= JN/(N-1)Dy; (18)

By -1 = JN/(N-1) By.

VYBenuueHne pasMepoB Koseca y
XOJOBBIX CUCTEM MPU YMEHBILIEHUN KO-
JIMYECTBA OCEl TPUBOAUT K CHUXE-
HUI0 Ko3pduimeHTa 00bEMHOTO CMSI-
tusi. KoapuimeHT 06beMHOTO CMSsI-
THSI TIOYBHI k, IPUBEICHHBIN K pa3Me-
paM KoJieca, paBeH:

_ k'
100/BD’

rae k' — KoadpduimeHT 06BEMHOTo
CMSITHS, onpeﬂenHeMbm C TIOMOIIbIO
TBEPIOOMETPA, H/M B, D — pa3zmepsbl
KoJjieca, M.

Ha ocHoBaHuu 3aBucumoctu (19)
HalaeM:

Torna, ecnu mpu BO3NEHCTBUU Ha
MOYBY KoJjiec N-OCHOTO JBUXUTEJS
K03(pPULMEHT 0OBEMHOTO CMATUS Ky
MU3BECTEH, IJIs KOJIeC OIHO-, ABYX- U
(N — 1)-ocHOro xoma €ro MOXHO
OIPEeAeIUTD IO (opMyJIaMm:

DyB DyB
= kv [ =k [N
DlBl Dsz
DNBN
kN_l kN DN lBN 1

WIN C y9eTOM paBeHCTB (18):

1
ki = kNJ%,Q ky, = kNJ]ZV;

N-1
kn—1=ky <5~

(19)

IloncTaBuB 3TH BbhIpaxkeHUs B Op-
myay (11), Toayuanm 3aBUCHUMOCTbD TIIy-
OMHBI Cllela CUJIbHO YIPOYHSIOIIMXCS
TOYB OT KOJIUYECTBA OCE:

v b(kN/pONn/N
[ Arch| 2 —— | (20)
1-¢° /po

IloguepkHemMm, 4yTo 3mech 4yepe3 N
0003HaY€HO MaKCUMaJIbHOE KOJNYECT-

h M
0,12 \
0,10 \\
= S= T = T
2 N
L _/_
008 =2 = 7" N
2|
7
0061
——
1 2 3 N, mrt.

Puc. 4. Hapacranue rayOmubl cieaa mpu
OJIMHAKOBOM JIaBJICHUM:

— CWIBHO YHIPOYHSIOIIASICS
MmoyBa, ——— — cJab0 YIPOUHSIOIIASICS
nousa; / — npu k, =2; 2— npu k, = 4

BO OCEll XOIOBOI CHCTEMBI, a uepe3 n —
KOJIMYECTBO OCEil CPaBHUBAEMbIX CUCH
TeM (n usMmensiercst ot 1 no N).

[ns cnabo yrnpouHSIIOIIUMXCS TTOYB
ryOuHa ciiefia paBHa:

=20 /N/nArth L (1 + kJgN). (1)

k Do

M3 puc. 4, noCTpoeHHOIO I10 3aBH1-
cumoctsM (20) u (219, BUAHO, UTO IJIST
CUJILHO YTIPOYHSIIOIIMXCSA. TIOYB C 1ie-
JIBIO YMEHbBIIIEHUST [TyOWHBI cllefa 1e-
Jlecoobpa3Hee YBeIMINBATh KOJMYECT-
BO OCEU XOAOBOW CHUCTEMBI, YEM DPa3-
Mepbl KoJjiec. Jlisl yBIaXXKHEHHBIX Clia-
60 ynpouHswoomxcs nous (k, = 2) c
LIETbI0 CHIDKEHUS Clie1o00pa3oBaHUs
OIWHAKOBO 3((EKTUBHBI YBeJIMYEHME
KOJIMYECTBA OCEil M OMOPHOI TOBEPX-
HOCTU KoJjiec. JIJisl mepeyBIaKHEeHHbIX
MOYBOTPYHTOB (k, = 4) 3bdeKTUBHO
yBEJMYEHUE PA3MEPOB KOJIEC XOMOBBIX
CHCTEM.

BoiBoapi

[nsa omnpeneneHusi 3aKOHOMEPHO-
CTell HAKOIJIEHUS! TIOBTOPHBIX OCAIOK
MpUMeHeHa 3aBUCMMOCTh bosbliMaHa,
CBSI3bIBAIOIAs HTPOMUIO Tpoliecca U
BEpPOSITHOCTh JIAHHOTO COCTOSTHUS (CTa-
TUCTUYECKas] MHTepIIpeTalusi BTOPOTO
Hayaja TepMoauMHaMuKu). [lonydeH-
HbIE 3aBUCHMOCTH TTO3BOJISIIOT OIpeie-
JIUTh JAedopMaliio TOYB C pa3HBIMU
(busnKo-mMexaHnYecKUMU CBOWMCTBAMU
MpU Pa3IMYHBbIX pexXuMax padoThl U
napaMeTpax XomoBbIX cucteM MTA.

7151 CUJTBHO YNPOYHSIOLIUXCS TTOYB
r1yOuHa ciiea CHUXXAeTCs TIPU yBeJIu-
YEHUU KOJMYECTBA OCEW XOIOBOW
cucteMbl. [1st c1abo yImpoOYHSIIOIINUX-

Cs1 BJAXXKHBIX MTOYB JJIsI CHUXKEHUS TTy-
OWHBI cllefa PEeKOMEHIYeTCs Mpume-
HSITb ABVIKUATEJU C OOJIbLLIEH IIMPUHOMN
KoJiec.
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