
€l
E

D:]

a
5
€!
p4

fl

i+:

r.l
'.)

5

,<

E
o
E

5

E

Lq

7")

l).)

a
.;

'a

3
e

ffiffi z/zou
OrNe, arc rurlno 3 orpllMarr x pcayr'Ta,i!

rro.qsrrorarrrra 6y:to npoBe{cHo B Merrax ron,YcrtNJtn

3naqert! (RinxnneHHir erepoHiB Ie 6i,,1!nlc ll5"sir-
xu.rerut pyJlt HanpaBrrcHHt Ire 6i,rb c 12i) ra Hc

reperi r0rJIlJ urirror Kpfircpiro xto o tKocri lpacRro-

l -n,o - " J rr ,rrhHlr\r , o\r nir-
xony Io 3I1C. ToMy Br'rKopxclaHHs BIIlue uaseIeHo-

r'o a".rrcp rruy € loqi.rrHxrr.
Ibolrro3HrNrn rlp ryqcrxrtnfi rqoro po3Brirny

o6'€(1a 
^ocni/IxeHHs 

€ rlo){irfiuicrb 3axponoHv_

tsaHH, orprNraH x pe3i.,rrrarits t(,.lq po3po6(d re:r_

rri.n,rx RxNJor Ha drcreMy aBroMarlrqHoro kepynaH-

m rac&(npcbr{lM ,rirano'u ra erari 3axory Ha

nocal(),3loBi",rlHr'Ilr ryroM rri'(xoay ao 3llc. A

ral|o)c fior]-fii6rreHe B BqcHHr 'ra po:;rrnon pospo6-

xeroi reniHiriHoi Nroac,,li .reper rocraHoBxy HoBrx

3araq, ranrx -sx 3arir Ha rrocallfiy np cr,r1bHorry

6o(ouoMy Rirpj ra cra6i.1i3atit riraKa s raHnr
yrloBax, rirtl\fonfi ABr'rryHa r41 'rac urio,qy B (ypcoBy

Nlarepia,rr'r ro(l,ri&rcHHn po3po5reHoi No/re.ri

Mor|].r' 3natIr flpaKrnlrHc aacl.oc]'tsaHHi1 y HirRLrrrlb

Hotrry nporieci nplr HayKoBxx nocrilxeHHtxi a ral(or(

'ru^yrL,6, or' op rdrri | 'r rrn'1 rbuu] o. i -

xenni aRloMarfi.rHoro FepyraHHt 6i.rHrrv py]ioNl

rirara rp 3axori Ha noca/Lr{y ,]R v na8'iansHlrx

rLiJJnx falt i! rlpa(rr.nriii r(ii{.rbHocri Oaxii,rljB aEia-

uiijrrlx KoHcrpvKropcL ,x 6rcpo.
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NPOE,'IEMA BII3I qEHH' S,MIIIIIKOBOTO PECYPCY EKCNJIYATAUII

KI,'IbUEBIIX SBAPHIIX CTIIITIB TEXHOJIONIIHUX IAPONPOBOAIB
3 TPIIII,IHOflO,IIIEHI{MII AEOEKTAMI,I B IIIBAX

j
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xj/ll

Auoma4ia

Bu3Haae\a HalJ\ooo-mei\ialta saaa"ta i flota'
3aHa ii aNmga-n,Eicmb cmocosfio pBpo6-xa a.'r2o-

pLn g powaxgHKg 3 ypa-t!6awlsnt 3aruuKoaux

3aap1 o 3anb1 4L1c Hanpwt{eHb sanuul{o -3o2o p ecgp cg

6ane,tHoi eKcnngamal|ii firb46tLt 3aaptttlr cmlt-

rci6 mentoaoziaHlLt naponpoeo-qie 3 npi4uHono'
ai6Hut u Aefetma,nu y cuzisAi HenPoaaplt 3 Nope-

Abstract

Thc main problems that arise in detetmifting

the rcmainikg life of aelded ioints Tuith lack

of penetration defect type at lhe root of the aeld
ob-gounded the inportance of improoing the met-

hod to calculate the safe operation haz,e ex-tech-

nological stean pipelines ()ith crack like defects

in the @elded seam ih the ing.

Dcrj.r
TcxHor]ofi'rri NtirqexoBi t1apoxpouorr Ha4)ron€

pcpo6nux r|Lnpncvcrn ualorr' sla.lny 4onNnIry, 6ara

ro Kirbr(erdx sBapHxx crudts, nurcnanux crroco6ov

pJ,firoro IyroBoro 3raporaHns, i cKcnnyaf!'Iorrct B

yMolan EHt'rpi nbor!TncRy Harpiroi no 350oC xapr
ra sanrrrKoBux 3BapmB:-rbHrx naxpyxeHb. y npoLleci

c(cn".lyarauii 3 pkHll np[.]x]L Iranamaxexnt He €

Iocdiilrr\r i, crcpiuc aa Bce, iioro r{oxHa ti^Hecrlr !o
Kl'r n " "r

Hi nepeBipru, (irr],rteBi 3BapHi c r*r n 6ararr'ox

Bnnarmx cl"rl€Bo no (orxcHi xaarllrrrl]4 B nxx pl3

Hrrrf rpiurrrronoAi6Htur rexrrorrori'IHnMlr,reil)enra-

x|. )] . !.x)rb ,px-B , r. . tvi wa,I! i Br'\or\
frf nf Bo. \ r Je^f,r\ H.p ia HU-- cr(rn,nrriruI
Oco5,,IIBo qe crocyc.fbc,r raponpoBojLi8, BrroroBrle

Hxx roHa,r 30 podB rorry 3 rlerorprnraHlnl-\r rexrlorlo

r'i JBrtlo ,rH p|r.Ba B;ii nrva-

anrir{rdi r€puiH cKcruryamllii. I]ocra€ rxraH}rn npo

B 3saqeHHt 3iun1r|r(oBoro pcclpcy oe3neqFor eK(:

.^arau; ,"..r) r.rrn0i--,nL r\ ru ' '1,!'r"u

'B

O Ilepeni.rai'i A.O., Ilpoxopenrco B.NI.



2/2orr
IIocraHoBKa Banaqi
OriifiKa pec)'pcy po6orr 3rllpl|ofo 3'€,rHaHL

..u.ir,Ht e .,oJ.trB. ro r.oBa ;\F
r.ru po'i.r f.r\r,. u i rHnro u6.r?rHrr ., j B 4 rh.,o
3arrcxxr6 lparre3/(arHicrb |croro lupo6urqoro npo
rlecy. Bi'tMoEr ra H$annaHoBaHi 3yJ rHKx Ha

trFrudf rl. JEurflrhru, ur',a.iru!) ro
npoorrcrflr llrarHocl.jlKn ra Bn3HaqeHHj{ 3tululn(o3oro
pectpcv po6orr 3BapHrix 3'€JHaH! no.rpi6eH pereJb
lrun riAxill.

Aourori.rHicrr ra H:!'diiHicri 3uapxrx (oHcrpyn-
qiii BmHa,ra€rbc, rruBHicrro B Hxx pi3loro pory r(oJr-

ilenrparopiB Hanpy){cHb y Rr 1f/.lj eupoBapiB, nilt
|'r'B no|. ur.hoB \ nlqrureHh. rrBir oBi I,o, i

qropMr rrua ronlo. 3a Haerlocri HeflporapiB 3MeH ry-
€u,cr po6oqrli nepcpi3 i .foMy norpi6 o BpaxoByuau
ra(o)( 3nre lreHfi,3aran6xoi Hcclrqoi 3itarHocri. Ajre
3a AaHr.rvrr N{ixlaporHoro IHc.r ry"ry 3raprrarrrn
6rrr36fto ,10% pynxyBaffi 3rapHnx 3ie/t[zur! !!Hr|(ac ts

pe3vtr.Iirari rcxrlo.ro qHrx rcoel{1.iR , <i3aRralerux>
npr nrr oroB.rerl 11 KoHclpy(qit.

Taxi rcxHo.,rod.rHi /reoc(Tx 3lcrpiqaturbc, Ipx
JBat Frnl.n: rn , p\{u i . ufl fr r:1, u i | ,v\ o.L,,r-
Ka tx tsrnrrBy xa rdrlrijcT' 3Baplol.o 3i€aHa u €
ar$ya.rhrroro HayrioBo rexxiqHom 3araqcxr rp |lpo_
cKryuarJ'r ra no4atrrr oMy c(cnryaraqiiiHorry l(o r_
po.ri 3BapH x (oHcrpvrcrLiii 

J11.

Koporxo po3r,'rrreMo

lcQe(TiB Ha irparr6rarHicrs (Merny Bxrpfiua"rocri)
JB"t LrJ ,. anr'. P,rt rbri.r 6:,d "a, *u,.,.r-
xeH6 BKa3vloft Ha rej qo npfi crarxtrHoMy fiaraHra-
xeH i ra nnacrr.rHoMy Mar€piarri BrrlrB reJuqrHu
H.,p^duD! . drDa \ \riuHo.r' punup,riiiHu: uui
rioro xoBepxrri 11, 21. I]p].i /.lnrraMiqHorry llaBaHra-
xeH!i riHiiiiHa xporopr(iiiHicr6 irir( Brparon npauca-
aarHocri i Berrtr Horc .4eoerry ropyrrrycrrcr.
Ilopiurr'lHo HetscJrnnor {) po3Mipy /rcoc(Tn ^rodyb3Haqlo Bnrfiuarll Ha iuHicrr, 3tsapHoj]o 3,ellanHr.

llLraKoni Bn.rrn \exH|ra llopr rpn ix cyMapHiri
rl"rrorui B ronepcrrHoMy ncpepi3i lnBa B uexax 5-10%
Mano Bn"rrrnaor; Ha (rarfi.tiiy rriqHicrb [2] Iff
Aetl.I1x ofipeMrx Br,tr(tr 3Eapfi',rx 3 €!HaH6 lrerrxqrHa
ocra6rcHHjr mo)rc /lollycmrrlc! ao 30% ra 1uo&r
MaJOrc CTaT(qHOrO llatsaHTaxeriHil Ta BrcoJloi rlrra

flhun Ir... \iao op y , .4
Ha/tilipHoro nircr.rre!rul, 3Mi teuHr 3Bapmu:lrur (pa
iio( ra !e+et{rr Rr.jro'rcHHe nroucxr 5l0% EiA
nonepctrHoro ncpepl3y rn!a, 10 BoH],i He RlrxuBaro-rt

,BalH^uJ,4,rl
Hr [2], a.r€ 3arlxrrKori lla]IpynrerlHj1 I'oxyr.h e_vr1etso

nilBmqyBar Hcrarrisirrri Enr{B BiA reOe(LL! irly
BRrro'ic'Hb npr an]]arri.'flrx HaranraxcHHrx [21.

He v€H'rr rax,rLRJ1M OanropoM En[rr] ,ra !pa-
L...rr, r' o . ", ,\L ii , t..iu r, c.l,e r.r.r'u, :

3riAHo 3 l3l \roxHa Brri,rlrrri rBa McxaHhMr raKoro
BrtrrnRy arcop6qifi urj ra l{opo3ir.iHr1i_

Bci cepcAoBUnra cno'{a1(y riror! 4rLcop6qijliHo i
nr c trep$ aoc .16 

rLoBrriii flpordrnon qaoy crpaqr
oBy€ lpyr'rlr'i rrexaHi3M (opo3ijtuxn [3].

3a 1."3., ' 
rrv,j , r{.Fel !"H,r rbHr^ ru, ,1ir

J(eHb Ha 
^{irro4.rrclory 

BroMy xr35 nouyrucqcErx
criucii pi3[oi MiqHocd 6]'1(l scraHoB.rerro l3l, rqo
36i,rl,lneHH|jacv nofiraKry rorrcrpy(ui'i 3 l|opo3iii-
rr1M ccpel{orrlucilr npr13Eol r6 tLo fiBrI}aOr.O 3McH-

, rd. nrrriruvr .rj i L LLo n
3trfcHneHru cyrreBo 3arrexr,|b BiI Mirulocri crarri.
Ilarprilrrall, .q,.rq criri H|3b(oi riqrroor uurhb
Hcrarrmlroro BrJrry (opo3iiiHoro cepcroErrqa
r6i. "uv, rr,,, B' tJ o rn 17;. a y 6 rLU , UHnl

crari rin 23% ao 46%. TaI{fM qnHo\r, rlo){Ha 3po6
||r a ' oBut, to irB t.p r \titlHo"i \tp.rL \

J;i "r ' p. ( rHux) j/, rar.rrrri ii"ro rc1,

trrorrEaMiqHy Hec.ra6i,uHicrL, rrircri{Ioe e,,rcxrpoxi
MitiHy re.|eporeHHicrr, cra.rri i, ,rH Hacrjro(, ahrxs
Hicrr npoqccy Kopo3ii, oco5rxno, npu 36i.rblneHHi
rracv Ro|lranry 3 koposir'iHnM ccpcroBnurcir. Io eal{
ollr,,rhr cvr" "o dn.thB,torL ., B'rr,rbati, ".,prt.

Hrx Itorcrpynqin xpx NrarrorunnoBor{y
HiTaftox rpe6a Rj4Hccr[ rucX po6o.loru ccpeAots!
llla. 3a raHruri 1oc{i.qn(erb I3l 6}'no ]Jc1aHosreflo,
IIIo \f:Lrour'{ In0, ts.u\ta .1:L , n d F,. - Bin t!r, (,
ccpeAoBrqa, a caMe) Brrrpulalricrr cra-leii srreHrrry
€rici{ 3 uilBlrlqerfirriM rracft} po6o.roro cepclolrflIa.

MexaHi.rHa o6po6(a raKox Bnr'rrxa€ Ha qx3!(o
.du.fi \rer L,\ .rnoJruu . \iirtro

pe"r6co noBepxlli, Hanrren ra 3arurrLotsi Hanpy)Rel
Hr n |lpn ronepxHc:Br npotllap(ax. Bci qi rlar$opx
.,viHroorL FHc/ rtji ri , tir letir r\ rd 

'niyftr,i, xoro onip qnnriqrl'rM HaBaHraxcHHj [3].'lbrura .rrtroM, uonora :po6nm rncHoso(, Iro
BI].rr'rB /leQcK, B 3:L{cxrr6 0itt Bc,] Itoro,lxc,ra oaI{
ropin, Jrni rorpi6lo Bpai{oRyBarr npri po3paxyHnax

t_p.)pi t ,o6u , r.-. ,\,, i r.r l
HaynoDo-rcxHit o 3aaaqa pGpaxyHr+r 3a_rnll]I(olofo

hi. " ,Fn r , , rpu 1, 
.,n1'r I

rpilujro noti6uuMr rexHororitrHrtuJ1 !c:Oex.rai\ .r 3a
Hir-qtir locri 3L! rirxRoElIx 3rraproBa[6r Jr1x Hanpvxer I 6

T:r \'ilroL. {.rolu u ' 
jr. \4a\to.

noTe6y€ Hay(osoro AocJ jAxcnHr.

OcHoBHa ,racruHa

Po- . r,p\ru o..o\iF j,rii H..,,r:r . Ehnr -o(.
rrelrlaqii qo o oqiH(n ,Kocri 3laploro 3'elrlaH|l,{
' . po'rt oBo v ,r u oB Li.rHo. .r ,.D.riiHrn. /v
lre'fo/laMr (o[rpo,rlo Ha ]rpr4r{rrati HopMarnts llx
ro,(yi{eHriB P'fM-1c, IHAOII 0.00 1.11-98, CH'I]
3.05.05.84. 3rarani HopilarrtHi lroKynrctrx 3a-rlJr-

rarc'fr, Han ny3Lr{y o6.racrr rexHoJor.itrHr4x lteoeK,
riB, ,r(i lonvckarorr,cr ,Io ex(nrvararii i e nr41alLrro
r. , 'uJpa\) ,. p, vl,rr po6orr .un.1ltvr{,,r I

aaHrr\r( rfirlaMr xolnxopKeltr,.
tjararopj.rrJ1'i rocBit e(crrryararLii rcxHo.rori!-

H.ro u6.rd.H:r nrp, fo ro rib
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ljl .r p ot,, H1 '1.\O J r.prr r?drfd .nni - rrl,n

H. 6\i.Ir . " poJpa\i h) .ir uhu,o n D' \ i../

MarxRrr)' Io(yvcHraqiro, rli6panoayerrca 6;u;rxo

3BaP!l1x rruiB 3 rcxHoiloi!HuM]I IeOeffarlll-
V es'a:rry : axruenuu 5yAiBHrqrRori B 50 70 pP

\li, ) 1or.. .. ir aB,lr.r'\-i . puhhJaBn:B Inr
b" r.! iH+T pvr, r1,r na$toe ,,l,nvr ,.ro,o' i

yreaiHr, jrKicrr, BuKorraHHj{ 3Baplotsa-rbHltx po6i'f Ha

'foii.rac He BirroBirilra HopMarI Hlrx|porlo. B pe3]'"'11-

ra re)rHo,rorl.iHi rcoe(M 3anlrnurnch Ha Bech po3_

paxyH(on ii ncpio,r eKuJryaraqii o5i:!'IHaHHj1.

I Ipir rnaHoBxx rcx|ilr[rx or,,lriAax NlixqexoBfix

napoxpoBolliB III Kareropji y 2007 2010 pp.6y"'1o

BcrarroB.neHo, nlo orlxpalori cb Ha 3l:v{aHy Bxxle HoP-

60 80% o6crexoroi Hirr'rccri 3Baprr x 3'€rHarrh, cc-

pen tltnx 6,rtr3bKo 70% !epe3 Hcnporiap rcp€xt rIIBa

CaMe roMy Hacroro,tHi BrHuKna Hco6xjnHicrr

po3r,rr^y nnraHHr tsnrt ry HcnposapiB Ha pecypcl

p"6or' :.rsu.e / iErp..rrv.rahib
xapofl poroAiB naororepepo6Hlrx 3ano^iB.

Heapouap tB.rl,l€ co5om enaqrtoi rcrl|vfirt
[ec]'ri.rbHicrb LolrcrpyKirji Ha rpafltrLi ocHoBllol.o ra

narrra leHoro Nlcruy a6o HcaanoDrleEy \Iera,]oM

nopoxo{ Hy y rrBi. Henpolapr trHrna()rr' rplr
ili|) "H' JBapuBJ r\ r'p2: u|.. HFnp"B r "Hiil
ri/rrcrouqi 3'€AHaHHt,,(o sBapotarlnj{, Hccrltl{olly
pexrMi 3laproEaHn, ror(o. llerrponapx Moxyrt
3rerIIIUr npaqca,qar]1icrr' sBapHoro 3'€rHaxrlt 3a

pa-ayriorc 3N{eHueHHt noneperlHoro lepepky rpy6o_

npoBo:Ly no KirblrcBorly rrrty ra rrt(urilq rx I{oH'

qcHrpalio Ha]py)rcHr lil.
3 po6orr l2l uoNtra:po6rm Br'IcHoBo(, nro

cxuxnlric,! sBapHr,ix crll|oBlrx 3'€!|aHb 3 HenpoBa-

poM npd crarlrrrHoMy rlatsarrr rcHHi rlo pyilHyraHHt

3a vrro!fi oAHoBicHoro lrarpyr{cHoro craHy 3drenorrl

B - v L r..1 o. oBho o :r Htn l"b rPl'o o \lF ) i

rroxe 6yrr oqiHcHa Koeoirli(]HroM'ry't"uaBocri 4 (1):

- :"! "ll

40 50 60 HenpoBap,'/o

1o' N

ftrc, 1. llntnu Henpolapt' n (oleHi uEa !a Dnrllla(al .rtrio
!!r 3lapfrx 3.rHaH! 6$ oryl{ocri 3 !!rL(o!y eleBoi orqi [2]

o,,Itlla

iLe, oF.r po3pa-\ltHKota rPaHxil,t MiuHo(r'i crlr-

hogoro ,lHa r.n J,r tt.q.t r,! |p lI iii

B .lll lhlll lFTphr). oB .ri..rHa -""""n ti 
"'", 

'

rJrpxMaHa npr4 Bxnpo6yBaHHi 3pa3KiB crx(ororo
J'.r :r,.jr 6p- nin,r rc t np |- i B,./'H;
reoe(ty.

llpr 3Ha(orNliHHor,ry HaBaHl&{eHHr RnTIIE

Hcnporapy lra AoBroBi.lHicrh 3BapHrx 3'€nHaHL' flpo'

'B:rserrc'r 
6i:Ibnom rdporc }]ix rpr crarrqrroMy

Bnru3 neflpoBapy B l|operri InBa Ha lpaHrqlo e'rrpr_

Bd o. .r!r'nBo o -, L,r"rrrrq 6,- orrlr-,rocti tto e.,:_

no ua puc. 1 [2].
BiD(.rrBo 38.p,I a I ,:rr) fp , ') d nJJir" eH-

[r lrirp uanocri crxRoBoro ssaprloro 3'earratlnj{:

Ma-rolyrrerleBoi cra,'ri 3a HatBHocfl Henposapy B

xoperri nna ra 6e nroro 3 onyR{icro Ba Bucororir

Prc.2. BrrpxBalicI crraoBtx 3!ap!tx 3'.nHaHr r nenPBapo!

n (openi uBa npn actNerllcHouy Do3rrn (r=0,1i N:2q10"

lrre1i.) t2l: 1 uo! 68 neqrcniB; 2 lenPoBap 1320%;

3 renlonlp 30%: 4 neqroBa, 42_48%

30% rlpn acnMerp rHorry po3rrr). 3 qr'oto Mo,(Ha

3po6firn Br'rcHolor., nro HcnpoBap 3 ltopcHt 3uapHoro
, rr''a pi,hu -|FHU). r,J'o'.r11 : I r.r' rHi'L

Po3r,irHcrro llaue4eHuri B po6ori l4l |1prK,rar

10-'a\\ 'rJ JB:rorrr\ KnH"rP\huii

| 1r orriHui . uBrorr lHn, i Brli',.jlolb rB. ..' Bl

Ilepllla 3arala ronqrae y po3paxyHHy l(oncrPyK-

( | H. . an ,rroraH i1 r"p\r;r' eK' n r\1rt i' "
/Lp)m y Blr3ruqerrni rpaHriqxolo 'tePrdHi' eKcnrya-

wtii. Arrj1 Bxpo6iB, rl{o encnryaryrcrbct p'r rermc-

tr.)fr ro350'( ., oBHI\r nurr,Iurro\r' ' {"ri rHa

'fa ltpnxRa Nriqxicrb, a ra(ox o\lHna BMxuy Ropo-

3jnloro cepcaotsux(a I4l.

(1)

240

2AA

160

r20 ;

p

I]

poi

t\r1

I.pr

lpiJx

\
l

60
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B3arari MoxHa erAirxln [4] qorrp! i.pynr

Mero/IiB oqlfiKfi AotroBitrHocri: 3a BroMo]o 3laplux
3,trHaHL J rp;-uh-oft:r. Ja rpxBarno !iuHicfn,3a
KP'13I,IMX BTOMII, METOI CYMJ,'BAHH' rIO]UKOIXCE!,

Po3rnslieMo nepllty (FaiitrorxpeHiruy) Meronr-
I{y BrBHaqeHHn roBroBitrHocri norrcrpy(rrii. Mero_
qxFa daJv' ft.q Ha Bu\op'4.m Hi natlaMFrpiB vpxa
Hil{r pyiiHyBahur i BxRop croBy€rr,cr rrs ]roH
crpyKr{jii, rqo npaq&lor:b rpr reMneparypi Ao 350.C.

fia nepnloMy erani B[3HaqaroT[, Kpxr]rgrrrdi
po3Mrp aeQeKy, sltl.rii 3a yMoBr rpaHr.rqlroro crary
Marepiarry rlpft crarr,rqHorry naBaHrzrxetrri BnxJrr{(a€
noBHe hp'1x{F DyiiHyBaH-q nxpo6y. Knxf ,rH n poJ-
irip Aeibe(ry pGpaxoBy€rbcr 3a eopMynon (2) Aff
nfi i3erifirfi'tfi oi rpiltrHx:

o,E60
' l,2Ind

IP a. hprrlri rHa vah, rMarbHa ft1u6 d fpiurrfix:
or Me){a rercy.rocri; t MoEynn trOHra; q 6e3_
porvjtHrii naLrar\rerp ,piurx,r'4. ,ir( ii rropiBHro,
0,75 2,25 l4l.

Ha xacryntroMy eTafii Bt3Haqa€rbc, (Jr6Nc1.b
ur^iiB M neo6^ianlx AJir pu. ) rp,-u,,dx Br! ri
loqarKoBoro di Io l.pfiTlr.rHoro lr. po3Mipy IIp]{ 34{a_
HoMy p1BHr rlruniqHrx HaBarrr:u(eH6 /o. B po3pa_
{yHr{\ BDaxon} oi b.jr 

^lrxaHieHi 
s,lrcr,rBo.r i vr.re_

plary, yMoBx HaBaFrarneHHr, eopMa rpirerHr.r ra
Micqe ii pGrauryBaHflr. A,rs posp iyn(y norpi6llo
ranox npllirH{Tlr KoHcraxrl{ onopy Marepiary po3_
srirKy rp:uh tu C,, Tr n. uo E\orrrb B piBHfl Le

ilepica (3):

= c.(^()' (3)

dt
4e Zr -..eD.AHr 

-xB 1hi, .b poc,y rtir u x
JaBnoB}(r,x :'/ Ja Ko]|{F LluK[ HaBaHlr4rHHg; /,(
po3Mari r.ocQi{i€Hra jrlTeHcrrEocri Hanpy,reHb npr
rlrrrlritrHoMy HaBaHTarceHHi.

Po3pix)rio( .rrcra qn(ris, neo6xi/txrx au po3-
B lKJ rl, Jrh.H Bi4 noLratKo8otu ii 3HaqeHru 17/no ii
IcplrrllqHoiro po3Mipy d, 3 ypaxyBaHHrM reoMerprti_
Horo Qanopy M rylr saraHiii aNrrrriryAi HanpyxeH]
,4q rpouornrbcr 3a piBHrHHrM BjrbcoHa (ar:

2tl,'.. ---_- -- 
" 

\;:, Dt
<(n - 2)ca(^6)" M,) a7 az

(4)

M =1rtaIP " - e napar\ap p. u,n Jf,nclrh rb dij eop\r
rpiqnHr, reoMerpii rina ra B[Ay HaBall,ra(eHrr,r.

OrpxMaHi 3aror,Eocri 6yAl1or6cr y Errr,rui rpaeinju
po3Bnrxy rpitr{xH (pxc. 3) i Ao3BorTqrcrr, Bcralorrrx
3a. croM rIl{InrIB AoBr.oBiqHicTj:,, Heo6xilHy Ans po3-
BrT{) rpiur,lH Bmrr no rparflrufioro lorNipj n-re
(oxHoro piBHs rl,rKilitrHoro HaBamaxenru. fapan-
roBaHa 6e3nevrra roBrosi'rHicrn utpo6y 3 AeqrdruM s
yMoBax rllrlcllittHoro HaBanrar{eHtrfi mpaHr{rericr r(oe-

Oirri€HroM 3anacy, pisHnM 10 [4].
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Prc. 3. q@i'rEa criiidcD 3BaDnorc nBa 3i .rdi 22K 6e3

Bucfio6ot

Ha nincraEi npoBe4eHoto axa{i3y cyeacxoro
craHy npo6reMa 3alrrflKoaoi) pecypcy 6$[eqHoi
ehcF,lyalaUii hi,lbuen,lr JBap x: .t 

'1KiB 
f.:\Ho,tol i,r_

H x naponpoBo4iB 3 ipi|naHo toai6H vx te\Ho,1ori,r-
Hnvr a, iperraur, n LxBar IoKaraHo. ,Io icqyrora
MerorxKa po3pa{/ {y 3airurr{oBoro pccypcy eEc_
n,1)aTauir orpe6)' noralbuo'o nAocKoHa,ae qe i

po3po6 r rroBnx arlropnrNiits pcpaxyHKy 3 Merom
ypaxyBaHHr 3:urrurtsoBoro lIfip}.{ceuo-aelt)opMoBa-
HoIo crany Bia 3BaproBaHHr,
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