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HUCCIEJOBAHUE B3AUMOAENCTBUA NOANPYXUHEHHOI'O JIEMEXA
C YACTHUIEU ITIOYBEHHOI'O IIJIACTA OCHOBAHHOE HA PEHIEHUA
YPABHEHMUMA JIATPAHXA BTOPOI'O POJA
10. A. FOnaes, 1O. H. A6pamos, O. I1. UBankuna, M. B. Yrianos, E. . BaiiruabaeeBa

Pedepar. YOopka xapTodenst — BaKHBII IPOLECC B TEXHOJOTHH BBIPAIINBAHUS KYIbTyphl. [Ipn
€r0 peayM3anuy HEOOXOANMO HE IOJIHOE KPOILIEHHE IMOBEPXHOCTHOTO CIIOS TIOYBBI, a TOJIBKO pa3OmBa-
HUE €€ KOMBEB, YTO JOCTUTaeTCs IyTeM BBEACHMS B KOHCTPYKIHIO JieMexa mpykuHsl. IIpu mocryma-
TENbHOM ABIKCHUH BO3HUKAET CHJIA, HANIPABJIECHHAs B MPOTUBOIOJIOKHYIO CTOPOHY, KOTOpasl CKUMaeT
npyxuHy. [Ipy yMeHbIIEHUN CUIIBl ASHCTBYIOLIEH Ha JeMeX OHA pa3KUMAaeTcs, MPH YBEIUUEHUH CHKU-
Maetcs. BosHuKaromue Koje0aHus MepeialoTcsi KOMbsIM IOYBBI M, IIPU JOCTAaTOYHON CHile BO3JEH-
CTBHS, IPOUCXOINUT HX paspyuieHue. KoneOanus meMexa NPUBOAAT K M3MEHEHHIO €T0 KMHETHIECKON
SHEpruy. MrHOBEHHAs SHEPTHS YBEJINUNBACTCS U YMEHBIIACTCS, TOT A, KAK CPEHSSI OCTACTCSI TOCTOSH-
HoH. bornee monHyro nH(GOpMANUIO O B3aMMOJCHCTBUHN JIEMEXa C TIOBEPXHOCTHBIM CIIOEM MOKHO MOIY-
YUTh MYTEM MaTEeMaTHYECKOTO MOAENupoBaHHs. Llenp mccnenoBaHust — ompeaeneHne KoddduimenHTa
cXaTus NpyKUHBI. MojenupoBaHUe NMOCTPOEHO Ha pelIeHuH ypaBHeHH#l Jlarpamxka BTOporo poma B
JlekapToBO#l cHcTeMe KOOpAMHAT C HAa4albHBIMH U TPAaHUYHBIMU YCJIOBHSMH, ONpPEAEIIEMBIMH KOH-
cTpyKIuen nemexa. IIpu cocTaBieHMH MaTeMaTHYECKOW MOJENU YUUTBHIBAIM: &, — CHJA TSKECTH Jie-
MeXa; <. — CHJa TSDKECTH MOYBEHHOTO IJIAacTa; 7., — CHjla YIPYroCTH  NPY>KUHBI, KOTOpas CO3JaeT
JOTIOJIHUTENBHBIE KoNeOaHus; 5 — CHjla Pe3aHus IOYBEHHOrO IUIacTa; £, — CHJIa TPeHHUs MMOYBEHHOI'O
IUIacTa O TMOBEPXHOCTH JIEMeXa, ~ — HOPMAJbHAsl PEaKIHs ONOPHON MOBEPXHOCTH JIEMEXa M yrOJ €To
BXO0/1a B IIOBEPXHOCTHBIN c10i. MoaennpoBaHue MO3BOJIMIIO ONPEAECIUTh M3MEHEHNSI MTHOBEHHOTO 3Ha-
YEHUs] KWHETUUECKON YHEPTHH, KOTOpoe HaxonuTcs B Auanasone ot 0 1o 3,6 Jx. OnTuManbHas aMIuIn-
TyJa KoyiebaHuii JjeMexa MpH MOCTYNaTeJbHOM JBHKEHHU CO CKOPOCThI0 6 kM/4 coctaBmia 0,02 m. Ko-
3 QUIUCHT KECTKOCTH MPYKUHBI Ul CYTIIMHUCTBIX MOYB Ps3aHCKOM 007acTH JOMKEH HaXOAUTHCS B
unrepsane 2200...3000 H/m.

KiroueBble cioBa: MOINPYKUHEHHBIH JeMeX, KOMKH IMOYBBI, ABM)KEHHE YACTHUIBI IMOYBHI,
MOYBEHHBIH TUIACT, KOIEOAHNS, SJHEPT U KOICOaHUH.

BBenenme. Ilpu nBukeHHUM Jemexa paspy-
IIEHHE TTOBEPXHOCTHOTO CJOSI MOYBHI MMEET HE
JIMHEHHBIA XapakTep, KOTOPBIA CIIOKHO ONUCATh
MaremaruueckuMu  Qopmymnamu. Ilpoucxoaur
MIOCTOSIHHOE M3MEHEHME DPA3INYHBIX B3aUMOJAEH-
CTBYIOIIUX CHJI, IOTOMY INpPH MOJAEIHPOBAHUU
mporiecca 00pabOTKH TOYBBI HEOOXOAWUMO HC-
MI0JIb30BaTh 3HAYECHUS! CpEeJHEH M MTHOBEHHOU
SHEPrHid, KOTOPHIE 3aTPAauyMBAIOTCSl HA pa3pylle-
HHE TIOBEPXHOCTHOTO CIIOS.

IIpu  BbIKanbIBaHUU
kapTodeneydbopoyHoro

KapTodens  jeMmex
KoMOaiiHa  JIBUXKETCS

P

CO CKOpOCTBIO J0 6 KM/4, a JUIi TIOJHOTO
KpOIICHUSI MOYBBI HEOOXOAWMO €€ YBEITHYCHUE
mo 12...14 km/a [1, 2, 3], 9TO MpHUBEAET K TOBBI-
IICHUIO TATOBOTO COMPOTHUBJICHUS W TOBPEXKJIC-
Huto Kiny6Hed [4, 5]. C yderom TOro, uro mpu
yOopke kapTodelss He0OXO0IUMO HE TOJIHOE KPO-
[ICHHE TIOBEPXHOCTHOTO CJIOS TMOYBBI, & TOJBKO
pa3OmBaHHE e¢ KOMBEB, SHEpPIHsS BO3JCHCTBUSA
MOJKeT OBITh YMEHbIICHA [0, 7, §].

KpomieHne MmOBepXHOCTHOTO CIIOSI TOYBBI H
pa30uBaHHE KOMBEB IOCTHracTCs IIyTeM BBEe-
HUSL B KOHCTPYKIIMIO JieMexa MpyXuHbl (puc. 1).
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Puc. 1 — Cxema pacrnosyioskeHHUsI ASHCTBYIONUX CHUJI Ha CUCTEMY MOANPYKUHEHHOTO JieMexa ¢

. Gl
HYaCTHULCHU IMOYBCHHOI'O IJiacra.

ynp

HOTO TUIACTa; — CWJIa yIpyTroCTH;

YacCTULIbl MTOYBCHHOI'O IJIaCTa O IOBEPXHOCTDH JIEMEXaA,

CTH JIEMEXa IJI 4aCTHUIIbl IIOYBCHHOI'O IJIaCTa.

— CHJIa TSAXCCTH JIEMEXa,

— CHJia p€3aHnd IMOYBCHHOTO IJIacTa,

G2
— CHJIa TAXKCECTHU 4aCTHIbI ITOYBCH-

—

mp
— CHJIa TPEHUS

—

— HOpMaJibHas1 peaKkuus OHOpHOﬁ TOBEPXHO-
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[Tpn nocrynarelbHOM ABMKEHHHM BO3HHKAET CH-
Jla, HaTpaBJIeHHast B CTOPOHY ITPOTUBOIIOI0XKHYIO
HaNpaBJICHUS JBIDKCHHS, KOTOPask CKUMAET IIpy-
kuHy. [Ipy yMeHbIIEHUN CUJIBI AEHCTBYIOIIEH HA
JIeMeX OHa Pa3KUMAaeTcsl, IPU YBEINYCHHN CXKH-
MaeTcs. Bo3Hukaromue koieOaHuS INepenaroTcs
KOMBSIM TOYBBI M, IPH JOCTATOYHOW CHJIE BO3-
JEUCTBHUSI, MPOUCXOUT UX paspymenue. Koneba-
HUS JIeMeXa NPUBOJST K U3MEHEHHIO €ro KHHETH-
YeCKOW SHepruv. MrHOBEHHAs DHEPTHs YBEIHYH-
BAeTCs M yMEHBIIAETCS, TOTA, KaK CPETHS OCTa-
eTca mocTossHHOW. Boree momHyro mH(poOpMarmio
0 B3aMMOJCHCTBHH JIEeMEXa C MOBEPXHOCTHBIM
CJIOEM TIOYBBI MOXKHO TIOJNyYHTh ITyTEM MaTeMma-
THUYECKOT'O MOJIETUPOBAHMS.

Lens  wmccienoBanusi —  OIpeAENeHHE
ko3 punmenra JKECTKOCTH TIPY>KUHBI
npu yoopke KapTodess Ha CYTNIMHUCTBIX MOYBax
PszaHckoit o6macth.

YcioBusi, MaTepuaibl 1 MeToabl. /s yBe-
muaeHns  3((GEKTUBHOCTH 00pabOTKH  MOYBHI
HEOOXOAMMBI MHHOBAallMOHHBIE  CHOCOOBI U

a

ox P
é—.

paboune  oOpraHel, KOTOpPblE HE  TOJBKO
C)KUMAIOT MMOBEPXHOCTHBIH CIIOW, HO M MCIOJB3Y-
0T  Jpyrde  TPUHOWANBL  MEXaHUIECKOTO
BoznekicTus [9, 10, 11]. Boee momHoro moHuMa-
HUS TPOTEKAOIINX MPU 3TOM IPOIIECCOB MOXKHO
JIOCTUYB TIPH HCIIONB30BAHWN METOIOB MaTeMa-
THYeckoro mognenupoBanus [12, 13, 14]. das
ylaJeHusT KOMKOB MOYBBI NPHUIOAHBIX METOIbI,
OCHOBaHHBIC, B TOM 4HCJe, Ha BuOpammu [15].
[Tpn BbIKanbiBaHUM KapTo(ess 1o JieMeXy IBH-
JKeTCsI TOBEPXHOCTHEIH IJIacT MO4BHI (puc. 1).
[nsa coctaBieHus: ypaBHEHUM, HA OCHOBaHUU
KOTOPBIX OyJeT TNPOBOAWUTHCS MOICITHPOBAHUE,
BbIOEpEeM OCH KoopawHAT (pHUC. 2) CIEIyIOUTIM
0o0pa3zoM: ISl TIEPEHOCHOTO JBIKEHUS — OChb X,
JUIL  OTHOCHTENIBHOTO JIBIDKEHHSI — OCb V.
Jnst onmcaHust IBM)KEHHUS CHUCTEMBI, B KOTOPOH
UMeeTCsl IB€ CTEIEeHH CBOOOIBI, BOCIOIB3yeMCS
ypaBHeHHeM JlarpaHka BTOPOTO poia, B KadecTBe
0000IIeHHBIX KOOPAWHAT BO3BMEM: X — IIepeMe-
IICHUE JIeMeXa, y — MepeMelleHIe YacTHIIBI 1T0Y-

BCHHOT'O IJIaCTa IO JIEMEXY.
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Puc. 2 — Cxema AJIsL COCTABJICHUS YPaBHCHUA BSaHMOHeﬁCTBHﬂ NOANPYKUHCHHOTO JICMEXa
C YacTHIICH ITOYBEHHOTO IIIacTa

B BoIOpaHHBIX OcAX  ypaBHeHMs Jlarpamxka
Oy/eT UMEeTh CIICIYIOIIUI BHI;

dfaryor_,
dr\ ox ) ox *

(1)
d|or)_or_
di\op ) oy =

rae T — KuHeTuvyeckas sHeprus, /[o t — Bpems, c;
¢ TOYKOH 0003HaueHO aup(hepeHIUpOoBaHNE TI0
BpeMeHH, m/c; O — 00o0menHas cuna, H; x, y —
KOODPJIMHATBHI, M.

Kunernueckas sHeprusi T Oy/eT CKJIaJbIBaTh-
Cs W3 OSHEPrUM IOCTYNATEeIbHOTO JIBH)KEHHS
neMexa 7; W ODHEPrMU YaCTUIBI ITIOYBEHHOTO
mracta T'5:

T=T,+T, )
= nep
:

(4AE

“TOMH
2

I Z Z

Torna:

T :lmlvlz 8 T, :lmzvz2

2 2
rjie mj, m,; — Macchl JieMeXa M YacCTHUIIbI TOYBEH-
HOTO [UIACTA, KT} Vj, V; — CKOPOCTH JIeMeXa M 4a-
CTUIIBI IOYBEHHOTO I1acTa M/c. Yepes 06001eH-
HBIE CKOPOCTH

Xy 7V .
. V=Y
MO>KHO BBIPA3UTh V; U V5 :

PaccmoTpuM ABHKEHUE YacTHULIBI TOYBEHHOTO
IacTa: Mo MOBEPXHOCTH JiIeMeXa, KaKk OTHOCH-
TCJIbHOC, BMECTEC C AIBUKCHUEM IMOAINPYKNUHEHHO-
ro JieMexa, KOTOPbIA COBEpIIAaeT IEPEHOCHOE
JBH>keHue. B aTom citydae ckopocTh

Vv, =X

— OMmH

= S nep
V=0T

Z

Puc. 3 — Cxema [yt onpesieIeHus XapakTepa ABWKEHHUS YaCTHIIBI TOYBEHHOTO TTacTa
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Moaynb CKOPOCTH V, YacTUIBI IIOYBEHHOTO
ruiacta OyJeT paBeH:

2 2
v, :\/(v;’”’”) +(v2”“") +2.vi" v, 7 cosa
mocye mpeodpa3oBaHUL

v; =(#+)" +2i-j-cosa)

B aTOM cityqae kKnuHeTHUecKast SHepIus CHCTe-
MBI OyZeT paBHA

T=%m]x2 +%m2 (¥ +y? +2ipcosar)
IlepBeie
MIPOU3BOJIHBIE KMHETHUYECKON SHEPruu MO KOOp-
JUHATaM U IO CKOPOCTSIM OYIyT UMETh BUJ!

or . . .
=mX+m,x+m,ycosa,

ox

6—T—m Vv + m,X cosa

o 2y 2 B (3)
or _or _,

ox Oy

Haiinem mpoekunu 06GO0OIIEHHBIX CHJI CHCTeE-
Mbl O, u Q,. Jlna onpenenenus (), He0OXOIUMO
NPUaTh CHCTEME TakKoe IepeMEelIeHHEe, YTOOBI
KOOpJMHATa X MOJydwia npupamenue 6x>0, a
npupamenne y oyzer 6y=0 (puc. 2)

W3menenne paboThl A MPHU ITOM Tepemelne-
HUH OTPeAeIIeTCS 0 (PopMyJie:

6A=-P(x)6x-F, bx
rne P — cuma  pe3aHus
wracta, H (puc. 1).

Homyctum, 4To cuna ynpyroctu F),, moguu-
HseTCcs 3aKoHYy I'yka, Takum o6pa3oMm:

F, =clad

ynp

IIOYBCHHOT'O

rJie ¢ — )KECTKOCTh MPYKUHBI H/M, X — U3MEHEHHE
pa3Mmepa npyKUHbI, M.
CrenoBaTeIbHO:

§4=—-P(x)6x—cxdx
Torna:

0. = —P(x)cx 4)

Paboty Bcex cui mpu 3TOM MEpeMenleHUuN
MOYKHO OTIPENEUTh 10 (hopMyIie:

04=-F, 06y+G,smady .

O6001menHas cuna (O, KOTopasi COOTBETCTBYET
0000IIEHHON ~ KOOpJMHATE y  OmIpenessieTcs
CIIeYIOITUM 00pa3oM:

,=—F,, +G,sina .

Ecnu
G,=m,g L F,=N-f=G,cosaf=mgcosa-f

TOrZ1a

0, =mgsing-mgcosa- f =mg(sina-cosa- f)

)
rae f— K03 (HUIHEeHT TPeHHUS.
B xoneuHOM uTOTE IMpeoOpa30BaHU MOITYINM
CHCTEMY  ypaBHEHMH  [BWDKCHHS  CHCTEMBI
«JIeMeX — 9acTUIa HOYBEHHOTO TIACTa):

(my +my) ¥ +m,cosa-j=—P(x)-cx, (6)
m,j+m, cosa-¥=mg(sina— f-cosa).

Pemenne cuctemsl (6) mpuBoguT K audde-
PCHIMANBHOMY YPAaBHEHHIO JABIDKCHHUS HOATIPY-
JKUHEeHHOTO Jiemexa. [lomyunm muddepeHmnnans-
HOC YpaBHEHHE IBIKCHHS IIOIIPYKUHECHHOTO
JemMexa:

i+k’x=-a +b(sin nx +lsin 2nx+ lsin 3nmx +%sin 4nxj. (7

Jlns pemieHust 3TOro ypaBHEHHUsSI BOCHOJNB3Y-
eMcs ONepanMoHHBIM MeTonoM. Bospmem ¢=0,
x=0, v,=v,=0 Kax HayalbHbIE U TPAHUYHOE YCJIO-
BUsL. JIJ'IH peuicHus H€O6XO[[I/IMO COCTaBUTH BCIIO-
MOraTellbHOE ypaBHEHHE:!

no 1l W 1 W 1
Tty Ty Tt 2
pAn 2 p+dn 3 p 49 4 pr+lbn

F(p)(p2+k2)=—%+b

B npomnecce pacuera momyanm:

a

R

+bn- (8)

1 1 1 1
v[(p%kz)(pzmz) ‘ (pz+kl)(pz+4nl)+(p:+kz)(p2+9nz) ‘ (pz+kl)(pz+16nl)}

Bocrnone3yemcsi onepaTopHBIM METOIOM pe-
IICHHUS M HaillleM OpUTHHAIIbI, COOTBETCTBYIOIINX
n3o0paxxeHusM QyHkuuii (8).

a
Ji1s 3TOTO pa3noxum Ipoodb

p(p2+k2)

Ha IpocTelIne ypaBHEHUS:

a A Bp+C

T T
p(p +k) p Ptk

a A Bp+C

p(Pek) p Pk
a=(A+B)p2+Cp+Ak2,

a
A+B=0, |B=74="5
CcC=0 = Cc=0,
2 _
Ak =a. A=%.

I/ICXO,Z[H H3 pacyeTa, A€j1acM BbIBOA, YTO

a _a a p _afl p
p(p2+k2) k2~p kz p2+k2 kz p p2+k2'

OToMy W300paKeHUI0 OyJIeT COOTBETCTBO-
BaTb OpUTHUHAJI

a(l_ P .4 g 9
(L s msing). O)
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Iocne psina npeoOpa3oBaHuil MOIYYUM ypaB-
HEHUE JIBIDKCHUS IOJNPYKMHEHHOTO JieMexa
KapTodeneyoopoIHOro KoMOaiHa:

t COS[k+" )

x(f):’kig(lz*smkrhﬁgm(k%t]m[kzn } m[ ]
TR e e Z"J o)
A mw {2

(k+4n ) (k=4n ) —4n ) (/c+4n )
———sin| sm  |cos| ——1|.
4n+1¢ l L 4rz k Z L2

Pe3yabTaThl M 00CyxkIeHHe. AHATIH3 IOTY-
YEHHOTO BBIPQKEHHUS CBUACTECIBCTBYET O TOM,
YTO KOjeOaHMs JeMeXa HOCAT TapMOHHYECKHUN
XapakTep C IEepeMEHHOW aMIUIMTYIOM M dacTo-
To. [Iii JOCTOBEPHOCTH MOJEIMPOBAHUS U
ydyeTa  HEOAHOPOJHOCTHM  IIOYBBI  pacyer

X, M T T T

no ¢opmyine (10) HeoOXoAMMO NPOBOIUTH HA
KOMITBIOTEPE C y4YETOM CIIy4aifHOrO W3MEHEHHMs
ko3 dunueHToB a, b, ¢, k B quamnazone, onpexae-
JSIeMBIMH Ha4yaJbHBIMUA M TPAaHUYHBIMU YCIIOBHS-
mu. [locie Hauana AOBHM)KEHHS NPY)KHHA, COCIH-
HEHHas C JIEMEXOM, CXKHMAeTcsi M MO JOCTHKe-
HHUIO HEKOTOPOW BEIMYMHBI CHJIBI CXKATHs HayM-
HaeT pazxumarbcs. [Ipu U3MEHEHHM CHIIBI Jeii-
CTBYIOILICH Ha JIeMEX MU3MEHSETCSl CKOPOCTh CxKa-
TUst. B cilydae HOCTOSIHHOM CHIIBI AeHCTBYrOLIeH
CO CTOPOHBI MOYBBI YCTaHABIHMBAIOTCS TapMOHH-
Yeckhe 3aryxamomme Konebammsa (puc.  4).
Takne BpeMeHHbBIC XapaKTEPHCTHKH BO3MOXKHBI
IPH JKECTKOCTH TPYKUHBI, HaXOIALICHCS B Iua-
nasoHe 2200...3000 H/m. Ilpu ee yBennueHun
yMEHbIIAETCSI ~ aMIUIMTyda  KojeOaHud
BO3pacTaeT MX 4acToTa.

0.005 —

-0.005

-0.01

-0.015

Hs3menenue cunsvt, oeticmeyroufetl na 1emex

-0.02 L : :

1
2.5 3 3.5 4 45 t ¢

Puc. 4 — OnuH U3 BapuaHTOB JABIKEHUS MOIPYKUHEHHOTO JIeMexa

AHaJIOTHYHO OINPCACIIACTCA ABUKCHUE TI0Y-
BCHHOI'O IL1aCTAa, KOTOpI:-IfI HaxXOoJUTCA Ha MOBEPX-
HOCTH NOAIPYKUHCHHOI'O JIEMEXa.

y(t):g(sina—fcosoz}t2 u;osa,t sinkt)+ b-cosa (kﬂlrjcos[k?ntj-ﬁ-

! f(n+k) L2
b-cosa . (k—n ) (k-%—n ] b-cosa (k+2n ] (k 2n
+ s 1 |cos; t
k(n—k) 2 2 2k ( 211+k
b-cosa ( ) [k+2n’) b-cosa sin(,‘ +3nljcos[k73nt]+ 11
T2 n-r) " 2 2 ) (k) 2 2
b-cosa [k 3n } [k+ ] b-cosa . [k+4n ] (k74n )

sin cos t|+ sin t|cos t|+
BT e W (an+k)

b-cosa k- 4n k+4n
+— cos t
4k (4n— 2

Ha nemexe BO3HHMKAIOT 3HAaKOIEPEMEHHBIE
Harpy3k#, KOTOpBIE BO3IECHCTBYIOT Ha KiIyOHe-
HOCHBI IUTACT M CIIOCOOCTBYIOT €ro pa3pyle-
HUIO.

CKOpOCTB TepeMeIeHIUs TTOYBBI
o MTOBEPXHOCTH memexa n3-3a ero
KoJe0aTeNbHBIX JBUXEHUH H3MeHseTcs (puc. 5)
B JMana3oHe mnpuMepHo ot 1,5 mo 2 wm/kc
(or 54 mo 7 wm/y). DTO CKIambIBaeTCs
C MOCTYNAaTeNbHBIM JBIDKEHHEM CaMOTro JieMexa

(6 xm/u).

1.8

1.7

1.6

V, m/c T T T T

1 1 1

1.5

2.5 3 3.5 4 45 tc¢

Puc. 5 — JIBmkeHue yacTUIIBI TOYBHI 110 JIEMEXY C YU4ETOM NOCTYIATEIbHOTO ABHKEHUS
kaprogeneybopouHoro kombaiiHa

Becmnux Kaszancxozo I'AY Ne 3(71) 2023



TEXHUYECKHUE HAYKH

B pesynbraTte cymmapHasi CKOPOCTb IepeMe-
IIEHUsl NOYBEHHOIO IIacTa CO3JaeT HaJeXKHbIe
YCIIOBUSL ISl pa3pyLICHUS] KOMBEB.

H3meHeHne CKOpOCTH JBIKEHUS TTIOYBEHHOTO

acTa MO JIeMeXy MPHUBOAMT K H3MEHEHHIO
KuHeTHueckoi »Hepruu (puc. 6). IIpoucxonsar
BHOPAILMOHHBIE TPOIECCH, KOTOPHIE Pa3pylIaioT
KOMBSI TIOYBBI.

W, Jloc T T T

0 1 L 1
0.5 1 1.5 2

2.5 3 3.5 4 45 tc¢

Puc. 6 — I3McHeHNe KHHETHIECKOM OHCPIrUU 4aCTHULBI ITPYHTA OTHOCUTCIIbHO TOBEPXHOCTH JICMEXa

BeiBoaBI. B pe3ynbpTare MOCTPOCHHOM Ma-
TEMaTU4ECKOW MOJIENIM, OCHOBAHHOM Ha PELICHUU
ypaBHeHHH Jlarpanxa BTOpPOTO poja, ObUIH IIpO-
BEJICHbl UHCICHHBIE HCCICAOBAHUS JBUKECHUS
MOJNPYKUHEHHOTO JIeMeXa M IUIacTa IIOYBBI.
VYCTaHOBIIEHO, 4YTO HCIOJB30BaHHUSA MOANPYKH-
HEHHOTI'0 JIEMEXa [03BOJIAET YBEJIUYUTh MTHOBEH-
HYI0 CKOpPOCTb JBUXCHMS IIOYBEHHOIO ILIACTA,

npu kectkoctd npyxkusel  2200...3000 H/wm,
mo 1,9...3,4 m/c, 4TO COOTBETCTBYET CKOPOCTHU
6,8...12,2 xm/4. [lnama3zoH CKOPOCTH JOCTaTOYCH
U HAJICKHOTO pa3OMBaHUSA KPYIHBIX KOMBEB
MOYBEHHOTO CIJIOSI Ha pa3IMYHBIX CYTJIMHKAX
Pszanckoii ob6aacTu.

Jl1st peanu3anuu yKa3aHHBIX YCJIOBHMA aMILIU-
Tyna kojeGaHui MoxkeT He npeBsimats 0,02 M.
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Kazanckuii HanlmoHaIBHBII HCCIe10BATENILCKUM TEXHONOTHYeCKH yHuBepcureT, I. Kasans, Poccus

STUDY OF THE INTERACTION OF A SPRING-LOADED PLOUGHSHARE WITH SOIL LAYER PARTICLE
BASED ON THE SOLUTION OF THE LAGRANGE EQUATION OF THE SECOND TYPE

Yu. A. Yudaev, Yu. N. Abramov, O. P. Ivankina, M. B. Uglanov, E. I. Baygildeeva

Abstract. Potato harvesting is an important process in crop growing technology. When implementing it, it is not
necessary to completely crumble the surface layer of the soil, but only to break up its clods, which is achieved by introduc-
ing a spring into the design of the ploughshare. During translational movement, a force arises directed in the opposite di-
rection, which compresses the spring. When the force acting on the ploughshare decreases, it expands, and when it increas-
es, it contracts. The resulting vibrations are transmitted to the soil clods and, with sufficient force, their destruction occurs.
Vibrations of the share lead to a change in its kinetic energy. Instantaneous energy increases and decreases, while the aver-
age energy remains constant. More complete information about the interaction of the ploughshare with the surface layer
can be obtained through mathematical modeling. The purpose of the study is to determine the compression coefficient of
the spring. The simulation is based on solving Lagrange equations of the second type in the Cartesian coordinate system
with initial and boundary conditions determined by the design of the ploughshare. When compiling a mathematical model,
the following were taken into account: — the gravity of the ploughshare; — gravity of the soil layer; — the elastic force of
the spring, which creates additional vibrations; — cutting force of the soil layer; — the friction force of the soil layer on the
surface of the ploughshare, — the normal reaction of the supporting surface of the ploughshare and the angle of its entry
into the surface layer. Modeling made it possible to determine changes in the instantaneous value of kinetic energy, which
ranges from 0 to 3.6 J. The optimal amplitude of oscillation of the share during forward motion at a speed of 6 km/h was
0.02 m. The spring stiffness coefficient for loamy soils of the Ryazan region should be in the range of 2200...3000 N/m.

Key words: spring-loaded share, soil lumps, movement of soil particles, soil layer, vibrations, vibration energy.
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