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BonpoCbl, CB.A33HHble c COBepweHCTBOB3H"1eM cenbCKOX03.AHCTBeHHblX MaW"1H "1 rexHonornH, CTaHOB.ATC.A Bee 6onee aK
ryanbHblMt.1. B peweH1111 AaHHOH npo6neMbl 3aMerHyto ponb 11rpa10T 3aAa4"1 B3aL!IMOAeHcTB"1.A Maw11H 11 opyA"1H c noYeolA, oT 
nnoTHOCTl-1 KOTOpOH 3aB"1C"1T He TOnbKO ypo>KaH, HO Lil ycTOH4"1BOCTb paBHOB€C"1.A arpo:>KOCLllCTeMbl. B AaHHOH CTaTbe paccMaT
pLllBaeTC>'I 3aAa4a B3a"1MOAeHCTB"1>1 ccpept.14eCKOro A"1CKa KaTKOBOH npL!ICTaBKt.1 K naxoTHOMY arperaTy c n04BOH. nony4eHbl Bbl
pa)l(eHL!l.A An.A 04eHKV1 nnoTHOCTl-1 111 Hanp11)1(eHHOro COCTO.AHLll>'I B o6nacrn KOHTaKTa B 3aBL!ICL!IMOCT"1 OT reoMeTp11"1 Al1CKa Lil 

CBOHCTB n04Bbl. 
The questions connected with perfection of agricultural machines and technologies become all more actual. In the decision 

of the given problem the appreciable role is played with tasks of interaction of machines and instruments with ground on which 
density depends not only a crop, but also stability of balance agroacosistem. In given article the task of interaction of a spherical 
disk prefixes to the arable unit with ground is examined. Expressions for an estimation of density and the intense condition in the 
field of contact depending on geometry of a disk and properties of ground are received. 

BeeAeHtite 

KaK 1!13BecTHO, cpeA111 111cKyccrseHHblX 3Koc111creM 
oco6yK> ponb 11rpaK>T 6vionor1111..JecK111e 3KOc111creMbL K 
HVIM OTHOC51TC5l arpOHOMl1YeCKl!le 3KOCVICTeMbl, KOTO
pb1e xapaKrepVJ3YK>TCfl yrparoi::i rpocpw-~eCKVIX 11 APY
rnx CB513ei1, np111CYL1.\11X npV!pO,QHblM fo10L\eH03aM. 6l1o-
3KOCVICTeMbl 111rpat0T cyll.\ecrneHHYK> ponb B Kpyroso
pore Bell.\eCTB. HapyweHVJe Kpyrosopora sel.LleCTB 
MO}f{eT noBnl!lf!Tb Ha ycroi1Yl1BOCTb paBHOBeCl1S1 6VJO
ccpepbl, '-ITO MO}f{eT np111secrn K pa3B111Tl1K> rno6anbHO
ro 3Konorn'-leCKOro Kp1!13VJCa. 0AHl1M l13 cyll.\eCTBeHHblX 
napaMerpos Kpyrosopora Bell.\eCTB S1Bn51eTC51 yrnepo.Q 
[1, 2). no nocneAHl!IM OL\eHKaM yYeHblX, yrnepOAa B 
nO'-IBe COAep}f{VITC51 B TPVI pa3a 6onbwe, Y€M B Ha,Q-
3eMHOW 61!10M8CCe. no3TOMY nOYBbl, f!BnHHCb Ba}f{
H€i1Wl!1M pe3epsyapoM yrnepo,Qa, B 3aBl1Cl1MOCTl1 OT 
csoero ¢1113111YeCKOro COCTOS'lHl!lS'l MOryT Bm1.S1Tb Ha Kpy
roeopor Bell.\eCTB, a cneAOBarenbHO, 111 Ha ycroi1Y111soe 
cocros:iH111e 6111occpepb1. 3anaCbl yrnepoAa a noYBe 3a
Bl!1CHT OT MHOrl!IX npl!1'-U1H. YCTaHOBneHO, YTO o6pa6or
Ka nOYBbl OTBanbHblMl!l nnyraMl!l BeAeT K CHll1}f{eHl!1IO 
COA8P}f{8Hl!1S1 yrnepoAa B nO'-IBe 11 ero Vl36blTKY B aTMO
ccpepe, a aro cnoco6crnyer renn111YHOMY 3cpcpeKTy 
1.1m1 rno6anbHOMy norermeHl!lfO. C HaYana 3eMneAe
mrn B 8TMOccpepy BblWnO 1113 o6pa6aTbtBaeMblX 3€
Menb BblWe 320 MnpA. TOHH ymepOAa (2]. 3TO 6onb
we 1..JeM c npoMbtwneHHoro npoll13BOACTBa 3a nocneA
H1>1e 150 ner. no1>1CK nyret'.1 coxpaHeH11151 noYB or apo-
3111111 BblABl1Hyn HOBbte TeXHOJlOrl/1111 ee o6pa60TK1!1, Ta
KHe KaK 6e3ornanbHa51 1-111111 Hynesas:i. Hap51AY c APY
ntMl1 npe1!1MYLl.\8C1.BaMl!1, TaKl>tMl!l KaK 3KOHOMl!1s:l TOnill!l
Ba, yMeHbW8Hll18 3p0311iiiHblX npOL\8CCOB ,[\aHHble rex
HOJ10rl!11!1 n03BOnHIOT coxpaHHTb 3anaCbl yrnepOAa B 
noYse, He Hapyw111s Kpyrosopor c arMoccpepoi1, a 
cneAOBaTenbHO, coxpaHl!lTb ycTOH'-ll!lBOCTb 6111occpe
pb1. no MHeHHfO y'-leHblX, nOBCeMeCTHblH nepeXOA B 
M111posoM Macwra6e K 6e3oTBanbHOi:i o6pa6orKe noY
Bbl no3BOnVJn 6b1 YA8P}l{ll1BaTb B Heiii e}f{efOAHO 1,2 
MflPA· TOHH yrnepOAa. 0,QHaKO HeCMOTPS1 Ha npe1-1My
U\8CTBa 6e30TBaJlbHOi:i 1-1 Hyneeoi1 o6pa60TKll1 nO'-IB 111X 
BHeApeH1>1e B npaKTl!11..J8CKOe 3eMJle,[\en111e 111AeT 0'-18Hb 
Me,QneHHO. 3TO CBS138HO c T8M, '-ITO wwpoKOe npwMe
HeHJ.1e 6e1orsanbHOCi 06pa60TK1A noYBbl He npeACTaB-

ns:ieTCH 803MO}f{HblM B CB513111 c CVlflbHOH 3acopeHHO 
CTblO nonei::i COPHblMll1 paCTeHl!1HMll1, 6opb6a c KOTO 
pblMVI np111 p,aHHblX rexHonornyecK111x np111eMax AOJl}f{H< 
conpoeo}l{AaTbCH w111poK111M np11MeHeH1t1eM B rexHono 
fl1S1X B03A8nblBaHll1H rep6111L\111AOB, 4TO HerarnBHblll, 
o6pa3oM cKa3b1BaercH Ha 3Konornw 0Kpy}f{a10ll.le~ 

cpeAbl l>1 nOBblWaer ce6eCTOll1MOCTb npOAYK4111VI. no 
3TOMY arporexH111Ka B03,[\enb1BaH1>1S1 Ha AaHHOM 3TanE 
pa3Bll1Tl1S1 He npeACTaBJlS'!eTCH 6e3 OCHOBHOH o6pa 
60TKll1 n04Bbl naXOTHblMl1 arperaTaMl!l. 3HaYHT, He06· 
XO,[\HMO l1CKaTb nyrn CHl1}f{eHll1H OTAa'-1111 yrnepo,Qa 11: 
n04Bbl B aTMOCcjJepy He TOJlbKO 3a C'-leT npll1M€H8Hl1S 
no4BOl.L\aAHlLIHX TeXHOJlOrl!li1, HO 111 coaepweHCTBOBa 
Hl!IH KOHCTpyK41Aiii naxoTHblX arperaTOB, MaWl!lH l>1 opy· 
All1H, npe,o,Ha3Ha'-leHHblX All>l OCHOBHOCi 111 nosepxHOCT 
HOiii 06pa60TK1it noYBbl. B 3TOM cnyYae Heo6xo,Qli1MC 
Ha CTaAl151X npoeKTwposaHl-151 VI pacyera coorneTCT 
BYK>ll.llAX arperarne yYHTblBaTb 111x B03Aei1crn111e H< 
nO'-IBY, KOTOpoe, c O,llHOiii CTOPOHbl, He ,llOJl}f{HO npe 
BblW8Tb ,QonycrnMoe, a c APYroiii - He c11nbHO paJyn 
norns:irb ee, 111cKn10'-la51 B03MO}f{HOCTb yxoAa yrnepo,o,< 
s arMoccpepy. CneAyer orMernrb, '-ITO peweHHblX Ja 
AaY 0 B3al!1M0,[\8WCTBl1VI cenbCKOX0351HCTBeHHblX Ma 
w111H 111 OPYAllliii c noY0oi1 He raK y}I( MHOro, a 111x reop111~ 
rpe6yK>r AanbHeCiwero pa3swrns:i B CBH3111 npo6neMa 
Mll1 nepeynnoTHeHl!1S1 (H8AOynnOTH8H1!1H) nOYB, yco 
sepweHCTBOBaH1t1eM TeXHOnornei 111X o6pa60TKll1, MO· 
AepHHJa4111eCi KOHCTpyK4Hi1 pa60'-11!1X opraHOB IA yYeH 
3KonornYeCKl'1X npol.\eccos. 

[4enb AaHHOi1 pa6orb1 3aKnK>Yaercs:i a onpeAene 
HVIVI Hanpfl}f{8HHOro COCT0f!Hll1S'l nOYBbl B o6nacrn 8€ 

KOHTaKTa co ccjJepw-teCKll1M ,[\111CKOM KaTKOBOiii nplACTaB· 
Kiil naxornoro arperara. 

0CHOBHast 'laCTb 

PaccMoTpl1M 3aAaYy o B3aV1MOAei1crn1111>1 ccpep111 
YeCKOro AIACKa c n04BOi::i, s:isnHfOlllerocH rnaBHblll, 
3JleMeHTOM C8KL\l!1l1 KaTKOBOH np1!1CTaBKll1, KOTOpas 
cny}f{ll1T scnoMorarenbHblM OPYAl1eM K naxoTHOMY ar 
perary 11 npVJMeHHeTCH a era KOHCTPYKL.\IAIA AllH pa3pbt 
ea, noeepxHOCTHOro pblXJ18Hl1S1 IA ynflOTH€H111H no1-1 
eeHHoro nnacra, CXOAHlllero c oreana Kopnyca nnyra 
CcpepVJYeCKaH nosepxHOCTb p,1.1cKa npH noeepxHocr 
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HOlil o6pa6oTKe wpaeT ponb ynnOTHl4Te!ls:l noYBbl, no-
3TOMY OT KOHCTPYKH1BHblX napaMeTpos 14 Maccb1 ,[1~1c
Ka 3aBMC5'!T nporno311pyeMafl nflOTHOCTb M nopMCTOCTb 
noYBbl nocne o6pa6oTKl.1. 

np1.1 TeopeTM48CKl4X l.1CC!l8,l\OBaHl15'!X 1.1CnO!lb30-
B3H no,QXO,[I, 143Jl0)1{8HHblH B pa6ornx (3, 4). 

PaccM0Tp1t1M paBHOMepHoe nepeMeuteH11e ,o,wcKa 
A~taMeTpa HC' no nosepxHOCTl1 noYBbt s.aonb ocw Ox 
(pMC. 1). 

C1.unaeM ,D,l1CK a6cornorno }K8CTK~!M TGIIOM, 110-

rpy>t<eHHblM B rJ04BY H8 nOCTOflHH)ifO rnyfo1Hy h. no
B8pXHOCTb ,o,11cKa BAO, norpy)l{eHHYfO s noYsy, MO)f(HO 
pa36~1Tb Ha 3neMeHrnpHb1e nnou~a,o,K11. Ha Ka~olil 143 
A3HHblX nnoutaAOK 6y..QeT Aei:1cTBosaTb 3neMeHTapHafl 
cwna dP, 1<oropyt0 MO)l(HO npe,qcrns1nb KaK 

d/> ... di'" +di~' (1) 

r,Qe dPn ·- HOpMiJJlbH851 COCTaBmlfOutas=i 3Jl8M8HTapHOi:1 
CMflbl dP, dP1 - TaHreHljl48IlbH85l (KaCaTeJlbHaR) co
CTaBfl511-0uta51 3fl8MeHTapHOlil Cl4flbl dP. 

A a .......... --.--++----· __ _,o ......... , -·-.f_.,.__ ......... -x 
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\ 
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'\ 

dP 
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P1<1c.1. CxeMa ci-m, ,D,ei::icrnyt0~vix Ha .Ql1CK np1.1 B3a11-
MO..Qelilcrnww c noysolil 

TaK KaK AHCK 3arny6m:ieTC.R Ha He6onbwy10 s 
cpasHeHl-114 c ero ,Ql.1aMeTpOM rny6111Hy (4 ... 8 CM), TO 
Cl4Jl3Ml.1 conpOTl4B!l8HJ.151 co CTOpOHhl nOYBbl MO/KHO 
npeHe6pe'-lb. no 3TOlil :>Ke flpl4414H8 MO)l{HO Clfv1TaTb, 
4TO yron, OTCeYeHHblH OT sepWMHbl ccpepbl rlJlOCKO
CTblO BC 1.1 caMol1 nosepxHOCTbtO BAG, 6y,[\eT np11-
MepHo paseH yrny M8}K/W c~mo~ dP 11 ee raHreHq11-
anbHOCi cocrasnmo~et:l dP1 11 paseH a. Tor.[\a MO)f(HO 
3an111caTb: 

dP 0 " di) cos c.t' 
I ' 

dP == dP sin a. 11 • (2) 

AHanw3 cpopMyn (2) noKa3b1saer, YTO c ysen1.14e
H11eM yrna a KacaTenbHble cirnbt yMeHbWafOTCH, a 
HOpManbHbJe ysenw-n1sa10TCH. 3ro MO)f(eT 6btTb yYTe
HO np1.1 01..1eHKe nnornocT11 no4Bbl. KoHTaKTHaH no
sepxHOCTb ,Q11CKa c nOYBOH 6y.cier COCTaBJlHTb 4ernep
Tyt0 ·~aCTb nno~a,0,11 nosepxHocrn KoHyca c 06pa3yt0-
utelil s = BA ~1 ocHosaH11eM pa,[1111yca a. TorAa 3JleMeH
rnpHaH nnoutaAb s3a~1Mo,[leCicTB111H 6y,D,eT pasHa 

miads 
dA = -- ----· -. 

4 
(3) 

Csoc:tcrna noYBbl 6y,D,eM Y414TbJB3Tb K03cpcp11qw
eHTOM o6b8MHOro CMHTl4R g (E> 3apy6e)l{HOi1 n11Tepa
rype ero 1.1Hor,[\a H83btsaKJT c11nol1 YA8J1bHOro ynnoT
HeH11R), H8KOTOpbte 3H348HHR KOTOporo np11se,aeHbf B 
ra6n. 

OT COCTORHHR nOlfBbl 

Pb1x.ii-aH'- - 'YnnoTH8HHaS:i YnnorneH-
no4sa noYsa cpeA- HaH noYsa 

Hero Mexa- Tfl)f(enoro 
Hl148CKOro ! MexaH114e-
cocrnsa I CKoro co-

_Q,_~=1..§__J _____ 3-?=---t~-~~1
6

; --~ 

YnnOTHeH-1 
HaH cyxaH 

no4sa Tfl- I 
)f{enoro Me-
xa1-1111YecKo
ro cocrasa i 
. 12-20! 

Y11norneH11e no4Bbl h 1.1nl4 c1-1ny P MO)l(HO onpe.Qe
n11Tb 113 nocrpoeHHOro Al4cpcpepeHq11anbHOro ypasHeH11ff 

dP = d.Ag(h + h0 ), (4) 

r,D,e ho - rnyfo1Ha nepB114Horo ynnorHeHl4H. 
0TM8Tl4M, lffQ B8Il11411Hbl gh 11 Qho 11rpatoT ponb 

.ael1crnyto~ero HanpH)f{8Hl1R 11 HanpH}l{emrn neps11Y
HOro ynnorneH!-151 co crnpoHbt A14CKa. YpasHeH11e (4) 
MO)l<HO 3an11caTb TaK11M o6pa30M: 

1 ,, h 

P = '!.. · ------J da J g(h + h" )dh. (5) 
4 cosa 0 n 

nocne 11Hrerp11posaH11f! nonyY11M Bbtpa)l{eH~te 

.n,nH pasHo,aei:1crny10u~eCi Cl4nbt a Bl.1,[\e: 

p = ltgj1(h + 2h" )Jr' 

8cosa 
(6) 

HanpR)l(8Hl1R Ha KOHTaKTHOH nosepXHOCH1 P,l.1CKa 
c noysoVi 6yAyT: 

g(h + 2h,,) 
(j == --·--- -····. (7) 

8 

Kav. cne,r.iyer 113 cpopr.,1ynb1 (7), HanpH}l{8Hl1e 6y.QeT 
38B14C8Tb TOJlbKO OT rny6HHbl norpy)l{eH1151 ,Ql.1CKa 14 
q)l13W-!eCKMX CBOHCTB nOYBbl, B TO speM51 KaK CHna p 
33Bli!ClilT OT napaMeTpOB KOHTaKTHOCi nosepxHocrn, 
rny611tHbl norpy)l<eH1t15l Al1CKa s 1101.Jsy 11 yrna (reoMeT
p1.1YecK0Ci KOHCTPYKL\"111 ,n11cKa). HanpasneH11e Hanpfl
)l{8H1trn 6yAeT TaKl4M )1(8, KaK H HanpasneHH8 CHflbl P, 



n03TOMY yron Me)l{,Qy KaCaTenbHblM HanpR)f{eHl.·1eM at 
11 HanpR)f{eH1t1eM a OCTaHeTCR TaK"1M )f{e, KaK Me)l{,Qy 

c11noi1 P 11 ee TaHreHL\11anbHOi1 cocrnsns:uoll.\ei1 Pr. 8 
3TOM cnyYae MO)l{HO 3an11caTb Bb1pa)l{eH11R ,[\JlR HOp

MaJlbHOro HanpR)l{eH11R, HanpasneHHoro no HOpMam1 K 

nosepXHOCTl1 A11CKa B paccMaTp1-1BaeMoi1 T04Ke 11 Ka

caTenbHOro - HanpasneHHoro no KacaTenbHOH K no

sepxHocrn B TOH )l{e T04Ke. 

Ami HOpManbHoro Hanps:i)l{eHHR 11MeeM: 

g(h + h11 ) sin a a =-----------. 
ll 8 

(8) 

KacaTenbHoe HanpR)l{eH1-1e 6yAeT 11MeTb Bl1A: 

g(h+h0 )cosa 
CJ = --------/ 8 . (9) 

COOTHOW8Hl1R (8) 11 (9) noKa3blBa!OT, 4TO c yse

m14eHl18M yma a HOpManbHble Hanps:1)f{eH11.>1 pacTyT, 

a cne,QosarnnbHO, so3pacraer nnornocrb no4Bbl no

cne npoxoAa Al1CKa. B TO)l{e speMR c ysemNeH11eM 

yrna yMeHbwaeTCR smrnH11e Ha noysy KacarenbHblX 

HanpR)f{8Hl1i1. 

CBR3b Me~y KacarenbHblMl1 11 HOpManbHblMl1 

HanpR)l{8Hl1RMl1 B 30He KOHTaKTa Bb1pa311M 11388CTHOi1 

3aBl1C11MOCTblO: 

rAe c - K03cpcpl1L\118HT CL\enneH"1R, I-' - yron BHyrpeH

Hero Tp8Hl1R. 

8b1pa)f{eH11e (10) npe.1:1cras11M s norap1.1cpM11Ye

cKoi1 c11creMe KOOPA11Har: 

lg a 1 =: lg c + I-' lg a,,. (11) 

Ecn11 113secrnb1 Hanpfl)l{8HHR B .1:1syx pa3HblX T04-

Kax (1 1-1 2), TO MO)f{HO np116Jll1)1{8HHO onp8A8JlHTb K0-

3cpcpl1L\11eHTbl CL\enneH1-1R 11 BHyrpeHHero rpeH11R. 

Ko3cpcfJ11L11t1eHT BHyrpeHHero rpeH11R 6YAer: 

lg(]" - lg CJ 
lo r, /-L = ------=------. 

lga - lg a 
n2 n1 

(12) 

AnR K03cpcpl1L\lt18HTa c4e11neHl1fl l.1M€€M Bblpa)f{€Hl1€: 

8 AaHHoi1 JaAaYe rnasHb1e Hanps:i)f{eH1t1R a 1 111 a 3 

6yp,yT p,ei.1CTBOBaTb COOTB8TCTB8HHO BAOOb ocei1 y lt1 X. 

B 3TOM cny4ae HOpManbHble 11 KacaTenbHble HanpR)l{e

Ht.1R MO>KHO Bbtpa311Tb 4epe3 rnaBHble: 

"e · ~ e an=alcos- +CJ3Sm"; (14) 

a 1 = (a1 -a3 )sinfJcosB, 

rAe f) = (90° - a) npl-1 ycnOBl-111 He60nbWOrD 3arny6-

neHl1R .1:111cKa s no4ay. 

HanpR>K8HH08 COCTOflHl-18 TO'-lKl1 B 30H8 KOHTaKTa 

(10) c yYeTOM (14) B Cl1CT8Me KOOPA11HaT rnaaHblX Ha

npmK8Ht.1i1 6yAeT: 

(a1 -a3)sin0cos0==c+p(a1 cos2 0+a3 sin 2 0) (15) 

V13MeHeH11e nnornocrn no4Bbl p nocne npoxoAa 

Al1CKa npe,QCTaB11M B Bl1,Qe: 

Po 
p=---H ~7!' 

1--- ___ ! 

(16) 

JI 

rAe p 0 - HaYanbHas:i nnoTHOCTb no4Bbl AO npoxo.Qa 

,1:111cKa; H - rny611Ha naxornoro cnos:i 1.1m1 cnofl, onpe

AenReMoro COOTB8TCTBYIOLl.\11M T8XHOnOrlt148CKl1M 

np11eMOM o6pa60TK11, HanpHMep, nny>KHafl nO.QOWBa; 

H 1 - paccTOflH11e OT naxornoro cnofl AO T048K KOH-

raKTa A11CKa c no4soi1 (rnK B TOLJKe B JI - Jf 1 = h ). 

BblBO,Qbl 

c L\8Jlbl0 113y4emrn HanpR>K8HHOro COCTORHl1fl B 

30He KOHTaKTa 11 0Lj8HK11 nnornocrn nOYBbi l1CCJ18AO

saHa JaAaYa s3a1t1MOAei1crn11s:i ccpep11LJecKoro Al1CKa 

KaTKosoi1 np11crasK11 naxornoro arperara c noLJsoi1: 

1. np!.1B8,ll8Hbl Bblpa>K8Hl1fl Am'I OL\8HK11 HanpR>K8H

HOro COCTORHl1fl nOLJBbl B 30H8 ee KOHTaKTa c no

sepxHOCTblO Al1CKa. 0TMeYeHo, LJTO 3Ha4eHl.1S'I 

HOpManbHblX 11 KaCaTeJlbHblX Hanpfl)l(8Hl1H 3as1-1-

CflT He TOnbKO OT CBOHCTB n04Bbl, HO "1 OT reo

M8Tpl14eCKl1X napaMeTpos A11CKa; 

2. nonyYeHbl Bb1pa>KeH11.A AnR onpeAeneHHri Koacj:>

cp11L\11eros CL\enneH11R 11 yrna sHyTpeHHero rpe

H1rn B 3aB11Cl1MOCTl1 OT 3HaYeHl1i1 KacaTenbHOro V\ 

HOpMaJlbHOro Hanpfl)l(8Hl1111, npeACTasneHHblX B 

norap1-1cpM1-1ciecKoi1 CHCTeMe KOOPAl1Har; 

3. nonyYeHbl Bblpa>KeHHfl HOpManbHblX 11 Kaca

TenbHblX HanpR>KeH11il1 B 38811Cl1MOCTl1 OT rnaB

HblX HanpR>K8Hl114 Anfl cnyYafl, KOfAa rnaBHble 

OCl1 cosnaAalOT c Bb16paHHblMl1 npflMOyronbHbl

Ml1 OCRM11 KOOp,Q1<1HaT 
4. npHB8.Q8Hbl Bbipa>K8Hl1fl ,ans:i OL\8HK11 nnOTHOCTl.1 

n04Bbl B 30H8 KOHTaKTa A"1CKa 11 n04Bbl. 
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