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AHOTATIT,l

Bara,raapcrxa rraniQiraqiina po6ora cxrlaAaerr,c, a 61 crop. Soplaaty 44,

Ha .rKr{x e 21 pacynor, 8 ra6luqr, crrrcoK Br,rKopr,rcraHl{x Axepen uicru'rr 21

HAUMEHYBAHH'I.

Merorc po6oru e po:po6xa xoucrpyxqiii uravnosoi ocHacrxu An.rI

peanl3aull HerpaAnulHHr.rx npoUeciB flracrr4r{Hoi o6po6xu qfiniHIpr4tIHI4x

3aroroBoK rrrr, rroKparueHH, excnryaraqifinzx sractugoctefi ereMen'ris

KOHcTpyKrIl14.

Buxonano or:rrA cyqacHux Nrero,qis uacruqnoi o6po6xu saroronox i:
rraeraria i cnnasis. llpoana;risoaauufi cras rexsororiqnoro ocHarleHHq Art

ue'rpa,4raqifiuoi nracruquoi o6po6xz 3aroroBoK ra rpecoBe o6raAnaHHs Arq

pea:ri:aqii npoqecy ocaAKr,r 3 KpyqeHHqM. Posmxuy'ri cyuacui rexnororii

nignurqeHru crii;irocri incrpyvenrin.

3arponouonaHo KoHcrpyKrriro rexnoloriqHoro ocuaureHH.f, Ta npecoBoro

o6rannar+rx An, nracrliqnoi o6po6nu 3aroroBoK. Po:po6neno xoHcrpyxqiro

r[TaMny AJrq ocaAKr4 3 Kpyr]eHH.rrM AoBroMlpHnx ur.1JIlHl{putIHI.Ix 3afoToBor( Ha

ocHoei rilporplrBoAy ra rrrraMri An, ocarKLI .qonrouipHoi qnliH4puunoi 3aroroBKH

3 Br4KOpr.rCTaHH,M UaHrrr.

Buxosaso MoAeJrloBaHH, rrJracrr'rrrHoro ne(ropuyaaurr, 3aroroBoK.

3Aificnena oqisxa Hanpyx(eHo-Ae(ropuonauoro craHy npu oca,4qi (po:raroai) :r

KpyqeHHrM qranin4puunux 3aroroBox ra crifixocri 4onrouipHlrx quniH4puuuux

3aroroBo( npu oca4qi 3 KpyireHHqM.

Klroqoai cnoBa: ocaAKa, KpyqeHHfl, HanpyxeHHr, 4eSoprvauii, criiixicrs.

4oerouipna qurin4puuna 3aroroBxa.
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lABSTRACT

The bachelor qualification thesis consists of 61 pages. A4 format, which have

21 figures, 8 tables, the list of used sources contains 21 items.

The purpose of the work is the development of die tooling structures for the

implementation of non-traditional processes of plastic processing of cylindrical

blanks to improve the operational properties of structural elements.

An overview of modern methods of plastic processing of blanks from metals

and alloys was performed. The state of technological equipment for non-traditional

plastic processing of blanks and press equipment for the implementation of the

process of sedimentation with twisting was analyzed. Modern technologies for

increasing the stability oftools are considered.

The design of technological equipment and press equipment for plastic

processing of blanks is proposed. The design of the punch for the draft with the

twisting oflong cylindrical workpieces based on the hydraulic drive and the punch

for the draft ofthe long cylindrical workpiece using a collet has been developed.

Modeling of plastic deformation of the workpieces was performed. An

assessment of the stress-strain state during slump (tensile) with torsion of cylindrical

blanks and the stability of long cylindrical blanks during slump with torsion was

carried out.

Key words: settlement, torsion, stress, deformations, stability, long cylindrical

workpiece.
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BCTYII

Ha.qiftnicru eneirrenris xoucrpyxqifi Bra3Haqaerbc, ik BrrcoKr,rMr.r

excnnyaraqiftHr,rMrr BJracrr4 BocrsMr.r. Tonry a rexniqi Hap.aerbcg BeJIIT(e 3HarleHH,

po3po6(aM rexnororiii ni4srzuleuru uecyuoi :4arHocri MarrrrrH ra uexaui:uie, a

Taxox noKpauleHH.fl TexHororiquocri ix s rorosreuu.a. [Ipu r-IboMy Hecyqa

3AarHicrE B ocHoBHoMy 3aJrexr.rrL BiA Bnacrr.rBocrefi MirlHocri MarepianiB. ToMy

lrr uaruuuo6yAyBaHH, 3aBxAr.r arrya,rrni piauoro po4y iunoearliilui Texrio:rori.rHi

po:po6r<u, cnplr,roeaHi Ha :6i:mmesnn qiei xapaxrepr.rcruKr.r.

V uexarriqi Bxe naBHo ainouuii edrexr :6insurennx r,rirluocri 6irr,urocri

MeraJ.reB[x cn.[aeis 3 AonoMororc rrJ]acrlrrruoro ge(ropuynauru. Y:n'r:xy 3 rlHM c

aKTyarr,unM14 innoeaqiiiHi po:po6xu uerpa4rlqiiinux npoqecie nrracrrl.rHoi

o6po6r<u 3aroroBoK B 3aJrexHocri eia ix $opuli ra npr43HarreHur. 3orcperua

po:po6ru rexsororifi nonepelnroi uexasiqnoi o6po6rur 4oeronipnax
qruiu4puvnux ,qeralrefi crroHyKarorr, Ao EorxyKy Hosl.tx vero4iB npoqecy ocaAKrr

3aroroBoK, rqo y :nuuaftHzx yMoBax npaKTrrqHo ue peaaisyeruc, qepe3 BTpary

CTII,IKOCT1.

HaAiftnicrr po6orr.r ererraenris r<oucrpyxqii 3aJrexr,rrb rreBHoro uiporc i eig

rexnororii n,qacru.rnoi Sopuosrrainu. 3aro'rorry is eagauoro ro.{Hicrrc $oprr,rz ra

po:lrr.ripie MoxHa orpirMyBarr'r 3a oAlrH nepexi4 a6o uepe: BuqepnaHH, pecypcy

n,racruquocti ra ri,rsxa nepexoaia arr niaeHUteHH, nlracrrlr{Hocri varepia,ry

3aroroBKrl. y ApyroMy BlrnaAKy MoxHa 3 BucoKoro e$errunurcrro

BlrKopl{croByBaru HeMoHoror'uri rpoqecu uacruqnoi rf opuo:r,riHu.

Pea,risarliq HeMoHoroHur4x npoqecie nrac'ru.{Hoi o6po6ru 3aroroBoK

BIzKJIIzKae HaraJrr,Hy no'rpe6y y crnopeuui HoBr4x KoHcrpyrqifi r-urairanir ra

npecoBoro o6nagnanna AJI, 3acrocyBauu.r ix y lpounclorocri.



1. Or.rsa cyqacuflx rvreroAis nnacruqnoi o6po6ru garorosoK is

META.,'IIB ICIIJIABIB

1.1 Texno.noriqne ocnaurenHq Aflq nerpaguqifiuoi nlacruquoi

o6po6rn 3aroroBor Ta lpecoBe o6.flaAnannq AJIn ocaAKH 3 KpyrIeHHflM

B gauuir qac y r,raurtauo6yaysaHui IlIIpoKo BrlxopucroByerbcq

reprraovexauivua o6po6xa 3 Merolo Ha,qaHH;I niAet{ureHux excn,ryaraqiiinux

eracusocrefi eJIeMeHTaM xouc'rpyxqifi. fiatufr aup, o6po6r<u Iraeranin BKJIIoqae B

ce6e n pisuux roeAHaHHrx rrJracrr.IqHy $opuosuiua ra repuoo6po6ry. IIpu urouy

ar ouepaqiro rrJracrrrqHoro ge$oprrayraunfl Bl4xopl4croBylorb B ocHoBHoMy

rrpoKarKy a6o o6tucr<.

Oanax qi ua4z o6po6r<Ir rIrcKoM Malorb cyrreBIafi ue4olix, noe'qgaHrlft :
HelaoNrttsicrrc ga6egneqessx ognopi4Horo a6o nporHoroBaHoro HaflpyxeHo-

.qe<fopuonauoro craHy no BCboMy o6'euy 4e<fopnoeanoi saroroeKtl. Y:a'l:xy :
quu 6i:uur Kpaulr{Mx nopinunHo is sa:ua.IeHIaN,Ir{ BuAaM}I e ocaAKa, xpyvenna a6o

ix loe4uanna, ro6ro ocaAKa 3 KpyqeHHrM qu:tiH4pltunux 3aroroBoK.

3 neroro po3rxrrpeHH, rexriororiqnux MoxJILIBocreft repuouexaHl,{Hoi

o6po6xr,r 4onrouipuzx qunin,qpuvnux 4etaaefi (oci, ea.nu, piNyui iucrpyueHrz -

cBepAJIa, 3eHKepLI, po3roprKlr, xinqesi $pesu rcrqo), AoBxIrHa ,KI,IX epeBl4ulye

6irrur niN y 2-3 pazu ix giarraerp, y po6ori [1] npe4cranneHa HH3Ka xoncrpyr<qifi

ruraNrnosoi ocHacrKr{ 4n.a pea:risaqii nnacru.{Hoi oca4xu sa3Ha.reHllx rfinig

Aeraref.

Ha prac 1 . 1 nora:aso oAHy 3 KoHcrpyKTI,IBHLrx cxeM IrrraMnoeoi ocHacrKu Ars

oca.uKr.r 4oarolripuoi quriu4paunoi garo'rosxl4. lllrarran cKJIaAaerLc{ s xopuycy 1

ig scrasreHoro B Hboro ocHoBoro 2, ni.qrprzr\ayroqux ereuen:ria 3, nurotourenzx

pospisanuxu na pinni ceKropr,r 3aroroBKr4 y Soprrai yciueuoro Kouyca 3 KyroM

xonycnocri B, aucororo L ra cninsicunM orBopoM 4iar,terpor,r d, o6oiiuu 4 i:

cniseicHr.rr\rr.r quriHgpuuuoi ra xoHiqsoi Qopruz noBepxHrMI4 3 KyroM

B, ueo6xi4uoi A:rq ga6egneqeHss riHeitlarur{Horo nsaemo:e'.4:ry nrix ropnycov i



ceKTopaMr,r, Kpr{rrrKr4 5, nyaucona 6 A:rs HasauraxeHHs 3pa3Ka 7.I4oro cKJra,qaHH,

npoBoAqrb HacrynHr{M qr{HoM. Ha ocuony 2 rraix ui4rpirMylorll4Ml4 ceKTopaMLI

craBJrrrE 4osrorrripny 3aroroBKy 7. [ati BcraHoBrrrororu y ropnyci I o6ofiuy 4 Ha

ceKTopr4 3, sa6esnevyroqrr rrrM cauuu cuimHe :6zpaunx ocrasnix ra 3aroroBKLI.

flpr.r qror,Iy 3aroroBlta cnonyqaerr,c, no qruiu4pttuHiii noaepxui liaucrpa d :;

ceKTopaMr4. .{lx auenureuufl. cLl reprx rraix pyxoMrrMll eJIeMeHTaMI4 IxraMrly, rqo

ropKarorrcr, peKoMeHAyerrcx po:uirqyaaru aurz$pnxqifi ne noxparrr.

Prlcynox 1.1 - Koncrpyrqix urauny

LUraun is garororxoro craBJrflTr, Ha onopHy nnuTy npeca, 3aKpI{BaIorE

(purrrKoro 5 i nyalrcouorra 6. Kpuurrca ra nyaHcoH neo6xiAsi Ars 3acrocyBaHHs

HaBaHTaxeHH, crr{cxy P crporo no oci :aroronxu. llpn crrlcxanni 3aroroBxri

nuacrigox s6imrueuHs ii nouepevuoro posvipy ceKroprz 3 6ynyt nepeuiqarucx

no onopnifi ropqeeifi norepxni Kopnycy 1 y pagia;rruouy uanprrrai. flpu qrouy

3aBArKr4 rroeAHaHHro cexropin ra o6ofivu 4 no rouiquoi uonepxui ocrauur 6yAe

raKox pyxarr4 cr., ule aropy si4uocuo Kopflycy no fioro nanpxrr.trifi quniu4puunii
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I1oBepxHi, 3a6e3neqyrc.{[ qItM oAHoqacHe nepeMi ]eHH, Bcix ceKTopiB, ocKinbKH

pyx rinbKI4 oAHoro 3 HLIx, MoxJII4BI4fi r{epe3 no3AoBxHifi BI4rI4H 3aloroBK}I, BIrK.lrI4rIe

3aKJrrrHroBaHH{ o6ofiMu B Kopflyci. O6ofiua 6y.ue niAuirraa'ruc, Bropy JII,Irre 3a

oAHoqacHoro pyxy rcix cerropin. Taxllu qvnou 3aBArI{u o6oftui 4 saroronxa 7 ni4

4iero curu P 6y4e ctzcnar cs 6e: no:4onxuboro BLITLIHy.

OcuoeuuN.{ reoMerpr.rr{HrrM flapaMerpoM rxraMny e Kyr ronycHocri

cfloryqeHr,rx vix co6oro o6ofiuu ra cerropin. Orruuanrse po3paxyHKoBe

3HaireHH, rlboro Kyra, rqo sa6esnevye rrloN:rusicrb ocaAKV 3aroroBKlz B yMoBax

o4uonicuoro HanpyxeHoro craHy, Brr3naqalorb 3a orpuMaHolo Ha ocHoni aHa,'risy

KJr4HoBoro uexanisrray Sopuynu

?L *2 f, + f..
qL

Ae \, fz - xoe$iqieutu tepra ni4noniguo n xiueu arvrvr:aux napax o6ofiua -

Koprryc ra ceKToprr - o6oitlra;

L - nucora cexropin;

q iureHcunHicrr po:no4irry naeauraNeHHr, Iqo 4ie : 6oxy cexropia Ha

3ATOTIBJIIO;

F - cura, rqo [epelrrKoANae neperrairqennro o6ofirralt Ao Kopnycy.

Y :e'a:xy 3 TrrM, rqo rpu fiuara Am orpI,IMaHHq qboro cnissiAHoueuHs

po3paxyHKoBa cxeMa e ua6ruNeuoro, To npocKTHe 3HaqeHH, Kyra npofloHyerbc.s

Br43Haqarr4 :a Sopuynoro

[]:( 1,2... 1,s)p', (1.2)

3HaqeHHs iHreHcHeHocri po:noaineuoro HaBaH ralr(euu, q y crriuui-tuoueHHi

( 1 . 1 ) oz:Hauaerscq Ha niAcraei aua,risy BTparIi crifrnocri quritrgpuuroro crpr.rxHr,

riuqeni nepepisz {Koro He Marorb MoxJrrrnocri noeopory. llpu IIboMy Ha crpzxui

3aBAoB)KKll I (puc, 1.2) 4ie nopng 3 ocHoBHolo crlrcxaloqoro curoro P po:no.qi,rene

HaBaHTaxeHHx nocrifinoi inrencusHocri q, cnprnaoraHa neprleHAl4r<ynxpuo oci

crprrxH, n 6ix nporuleNuufi Ha[prMy iioro aurpueleuux, i rLIM caMI.rM

EeperrrKoAxarouu nrpari crifixocri crpr.rxH.f,, ulo crncKaerbcr.

sinp'- frcosB' -
(l.l)
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Pl.rcyHox 1 .2 - Cxerrra Bu3Har{eHHl iureHcueHocri q

Analris Kpr4Tur{Horo craHy crepxHf, 3a MexaMLI npyNllocri npoBo,ql,trLcfl Ha

ocuoni eueprerulrHoro xpurepiro crifixocri 3 Br4Kopr4crauHrM rloHrru Aorl4rrHoro

MoAyJr.s, rqo xapaKTepu3ye raHreHc Kyra HaxI4JIy gotuuuoi go r<pueoi revii

l,rarepiany o:o(e).

flpe4craerieHi a po6ori [2] roHcrpyxqii rexHorori.rHoro ocHauleHHq

BuMararorb aignoainHoro AoonpaqloBaHH, (a6o ruroaepnisallii) 3 Merolo

Br{KoprrcraHHir ix 4ra ocagxtt 3 KpyireHHrM 3aroroBoK.

Ha nupo6uzqrni Hepi4r<o BrrHr.rKa€ Heo6xiAHicrl ocaAKI,I 3 Kpyr{eHH{M

HeB[rcoKr'1x qn:ringpuuurzx 3aroroBoK 3 Mero]o orpxMaHH, noKoBoK y rlroprai 4ncxa

:i crpyrryporo cy6:epHucroro runy [3], i rouy y raKux BuraAr(ax 6yAe norpi6He

npecoBe o6raAuaHnq 4la pea;ri:aqii :a:naqeuoro [pouecy o6po6rurarotonor

V nporrazc:roaoc'ri 'raxufi npollec norr.r uro He BzKoprrcroByerbcfl qepe3

ni4cyrnicrr npecoBe o6ranHaHHq. Toray auHuxae axTyanbHe 3aB.(aHH, po:po6ra

rrpeca 3 Morxrueicrlo KoM6iuosaHoro HaBaHTaxeHH, 3aroroBoK.

V [4] npegcran:reni xouc'rpyxqii npeca .qrq ociAaHH.r 3 KpyqeHHflM, rrlo

6asyrorr,cx Ha Br{Kopr.rcrauni xpunouunHux Mexauisrrais. foroeHur,r He4o:rixor,r

t2



I
I

rlrlx KoHcrpyKqifi upeca e cxla4uicrr ra HeMo)Iorl4Bicrr po:euearlz B Hux qepe3

Ha.ssuicrr 3a3HaqeHIrx MexauisN{ie eeruxi uaaaura}r(eHHlI ra aignoainHo o6po6lrrra

3aroroBKlr BeJrrrrr4x posuipin. I s IIboMy BI4[aAKy norpi6en noruyr<

KoHcrpyKTopcrxux po:po6oK rrpeca.4rq roN{6iHosa[oro HaBaHTaxeHH, 3aroroBoK

s 6imn [pocroro roucrpyr<qiero 'ra 4ocraruiu nru eupo6nu.rux yMoB 3yc]IJrJlrM.

1.2 Texsororii niAsur{eHuq crifiKocri iucrpyruenrin

Po:sfirox uauuno6y4yaaHH-,r BucyBae uoai Nopcrxiuri suN'toru 4o wrpo6ir

- Br4coKa rricrr, orrrr4MaJrbHa eara iAosroeiqsicrs xonclpyruii. IJi euuoru He

Mo)r(Ha BlrKoHarrr 6e: Br4Kopr4craHH, Meraris i:r sNcoxI4N,Iu uexauiqHuuu

BJracrrrBocrfMz. [:u vexauiuHoi o6po6r<u raxux r,Iarepia,ria norpi6ni incrpyr'tenru

3 NIABHUICH}IMI4 eKCnnyaTaulHHrlMrl xapaKTepr4crr4xaMH. Tpa4uqifiuuuu

IHCTpyMeHT,UILHIIMII MaTeplaJIaMu, lqo BI4KOpIZCTOByIOTbC, AL BUTOTOBIeHH.S

iucTpyr'aeurie, e uacrynui: nyrlreqeni iucrpyrr,renran*ri cra,ri, nyrueqeni

HH3bxoJreroBani cra.,ri, urnu4xopiralrui cra,ri ra rrepAi cIIJIatsr. Ilpo6,rernra

ni4auuleuux crifixocri incrpylaeHrin is qrlx iraarepia:ris saruuaerbc, aKTyaJIr,Holo

i croro.qsi.

B Aanzfi qac y [poMr4crosocri Arq [iAeaqeHHq eKcr,.ryaraqiiuoro pecypcy

iuc:rpyrraeurir Bh KopacroByrorr,c, :

1. Texnolorii, roe'x:aui e po:po6r<orc HoBHX MapoK incrpyuenra:rsnHx

craneft rrrJrflxoM AoAar(oBoro neryBaHH, npr4 Br4nJraBrli ua ueralyprlfiHr4x

ni4upzerracraax.

2. llpoqecil, roe'ssaHi 3 HaHeceHHsM gsococrifixux noxpurrin Ha pixyvi

KpoMKh iHcrpyveHry. a raKox HachLreHH, noBepxHeBoro Lrapy iucrpyveHria

suococriixuralr xap6i4aurE ra uirpu4aun.

3. OnrnMisauiq reoMerpr4irHux napaMerpin incrpyuenrir i noruyrc t

eQemunHux Macrlr:rEHo-oxoJroAHr.rx rexnorori.rHr.rx cepeAoBHru.
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4. Texuo.norii, :acuonani Ha noeAHaHHi nlacruqsoro 4e$opuyaauua

3aroroBor( ra repvoo6po6xu. [o nux ei4uoclrb: repMoMexauiuuy o6po6xy,

uexauorepraiuuy o6po6ry ra nonepeAHlo repr,rouexartiuHy o6po6ry.

Y [5] locri.qNeso i xracu$ixoaano ocltosui Mero,q]r repuouexaHivuoi

o6po6ru, qo Ao3BoJrrrorb rrorpaulyBarl4 eKcrrnyaTaulnHr xapaKTepI4CTI4I{I4

roncrpyxqifinux cra:reii, noeAHylorr14 rrJracrl4qHy 4erfopuauiro ra repltiuuy

o6po6xy. O4nax y qux po6otax MaJro yBaru npu,qinaerucr BlrBqeHHIo Brt.lIUBy

repuonaexaHiunoi o6po6xra Ha excnryaraqiilui xapaKrepLIcrLIKZ

iucrpymenrarrurux cra,refi , 30KpeMa sHococrifi Kic:rb.

y nporuuclonocri Bt4 KoprrcroByerlcfl rrlvpoKa HoMeHxrarypa MapoK

iucrpyueuraaurux cralefi. Buuora go pi:uzx tunir incrpyueHTa"IlbHl.rx cralefi

Moxyrr 6y'ru ognzrr.ru i 'rurrau N, Ha[pr{KJraA, rnep4icrr, e'qgxicT r roulo. O,4Hax ix

ueo6xi4nzft piaenr neo4HaKosuft. Xirr,riqnnfi cKJIaA, a raKox crpyKrypa c'ra,rei ue

oAHaKoBoro uipolo rnruuarorb Ha piNy.ri nnacrzaocri inc'rpyueH'rie. OlrzN,Ia"'IrHe

lo€AHaHH, n iucrpyueuraasnifi c'ra;ri ByDIeqrc Ta reryIoqLt x e:rerraenris

[pr{3BoArrrL Ao BrrcoKrrx ercnrya'raqiilHr4x xaparreplzctzr inc:rpyrraeurin.

V [6] sanponoHoBaHo iucrpyueHra:u,Hy cranb 4nn o6po6xre cnraeie seruxoi

rnepAocri ra e'l3Kocri. flopian*ro : ei4ouoro craJIJIIo, tr.ticruru eom$parra,

sauaaiit, xporu, ir.roli6geH, 3alponoHoBaHa craJIL AoAarKoBo JIeroBaHa ruraHoM,

quprcouierra i vae niAnr.rurexi pisanrui sracr[socri. Cram, sa6esneqye rpaHl4lr]o

uiquocri Ha Br{rzH 2900-3000 MlIa, y4apuy n'xaxicrr 2,3-2,6 rrv/cru2,

uepnouocrifixicm 6650C.

lli,uruureni pixyvi eracrusoc:ri incrpyrueurarr,noi crani po3ruIrAalorLc{ y

U].Ue Aocflra€Tbcf, TrrM, uro 3a[porloHoBaHa craJrr rraictum ta'rau i ue rr.ricturr ]

I

qraprouilo.

(Digr,r xo-uexanivni xapaxrep fic'tLlKu iucrpyuenra"nrnoi crari uacrynui :

- Mexa uiunocri Ha Brrrr.rH: 2700-2800 MlIa;

- yAapHa n'xsricrr: 2,0-2,2xrvl cxr2 ;

- vepnonocrifixicrr: 700"C;

-T rep4icrs: HRC 68-70.
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Y [8] nponouyerEc, crarrb, rqo ni4pisuremcr rig c'ra;ri a [7] ruu, qo

AoAarKoBo neryerbc, rle3ieM Ta xaruqieNa. I-{i ereueilru 3a6e3neqylorE Anq qiei

crara sllui rexHonori.rui i piNyvi xapaxreprrcrr4Kr4.

3anpouonoaaHa craJrb uae Hacrynni Sieuxo-rrexaniqni sracrusocri:

- Mexa lriqnocri Ha Br.rrug: 2900-3200 MlIa;

- yAapHa n'sgricrr: 2,7 -3,lxrv,l c*P ;

- uepeouocrifiricru: 660oC;

- rnepAic:rr: HRC 65-67.

Criftr<icrr iucrpyuenry s qiei iHctpyrr,resrarirsoi crari npu o6po6qi Aer:ariefi

si cra,-ri BHC2 s 7,5-2pazu Bzule, nix crifiricrr incrpyrvrenry si crani P18@2K8M.

V [9] nponouyerLcr crar.r6, rrlo rigpiauxcrrcx siA crari n [8] ruu, u1o BoHa

.{oAarKoBo JreroBaHa qr.rpxouieu, qesiev 'ra xanrqierra. llicra aaraprygaHH.f, siA

1230-1245"C i 'rprzpasonoro ni4nycxy upu 550-580oC cram, uae nacrynui

sracr socri:

- Mexa nriquocri Ha Br4rr4H: 2800-3000MIIa;

- yAapHa s'xsr<icu: 2,4-2,6xml cri ;

- uepronocrifixicrs: 680oC;

-Taep4icru: HRC 66-70.

llponononana n [10] iucrpyMeHTaJrbHa cra;lr, eupo6lfl€rbc, MeroAaMpr

noporuronoi nreranyprii ea rexsoaorierc, ulo flor.rrae y po3[r4neHHi poanaaay

a3oroM Ta rroAaurbrrroMy cnixaHni orplrMaHoro Dopou(y. Buropucrauur uero4ia

rpaHyrr y rr,re:ra,ryprii Ao3Borrre orpr4MyBarr4 n c:rpyxrypi Api6ui xap6igz ruuy MC

(cepegHii poarraip nic.na rarapryBaHH-tr cKJraAae 0,8- 1 ,3 uxrra). .{ucnepcnicru

rcap6i4in T a ix gocrarlrq o6'eusa qacrKa, eSexrurrro crpt4Myrorb 3pocranH, 3epHa

nprz repnrivxiI o6po6ui ra 3MeHrryrors pirHo:epHncricru.

Texuonorii, nos'sgaHi 3 HaHeceHH.f,u :nococrifiKrrx noKpr.rrrin [11] i

HacuqeHHtrM [oBepxHeBoro ruapy rap6i4aMh ra uirpu4auu ll2), e Aocr4Tb

lepcleKTr4BHr4uu. 3naqnufi eronoNri.rHr4fi e$exr upzHocxrr, iuctpyrnenru, piNyua

KpoMKa rKr4x nepeg6avae [eperoqyBaHHs.
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Ha nignpraeucrnax na6yra trrprpoKoro norxapeuH, rexnoaori.s ionno-

rrJra3MoBoro Halr4lreHHr. llpoqec floJr{rae B HaHeceHHi 3HococriftKIlx noKpl4rriB 3

nirpu4in rrrraHy, nrori64eny, qrzprouiro ua pixyui KpoMKI4 inc'rpyuenry n

curr,uoro.{Hifi Ay3i B yMoBax BaKyyMy, suacri,qox qoro sa6esneuyerrcx

ni4aurqennr fioro rnepAocri ra sHococrifixocri. Tevnepa'rypa flpouecy craHoBurr,

400-800"C. E$exr ni4nrzqeHH, 3Hococ'rifixocri pisamuoro iuc'rpylreH'ry ue

o4uaronufi i ganexurr ei4 uruz4xocri pisauna [13]. Tax, roxpr4Trq : nirpugy

rlrraHy, euiqye lraxcnuyla :uococriftxocri s 6ix uenurux rusu.(xocrefi pisanna 4rx

crarefi is rnep4icrro HRC<40. I{e noa'x:auo ia:6i:rrrlrennsv xoeSiqienra repu B

aoui xourarry crpyxKr4 r nepe4Hsoi [oBepxHero iHcrpyuenry, a raxox is

3MeHtueHHqM nopiaurHo a iucrpyueurar[,HhM narepialov renlonponiauoc-ri

noKplITr-s, ro6:ro s s6imueHHsr\a rerrroHarrpyxeuocri npoqecy pirauHa. llpra

pisauHi roncrpyr<qifinux crarrefi is rrepgicrro HRC>40-50 MaKcv MyM

guococ'rifixocri slrirqyerrcx y 6ir BeJrr.rKrrx urnrlAxocrefi pisaHua. Texnoloris

ioHHo-nragNlosoro HarrrrreHH, e rpyAoMicrKoro 'ta Aopororc, roMy npr4

npltsuaueuui rlboro MeroAy :rrliqneuux ueo6xiAno KepyBarrrc, eronouiquoro

Aoqilrsicrro.

Oc'rauuil.t qacoM 3HaxoAsrb rrotuI,tpeHH{ rexuonorii HaHeceHHr

6araroruaponzx noxpurrin. Tax npononyerrc, 3 ueroro ni4nuulenur crifirocri

incrpyrraer'rr:y npra o6po6qi xapouiqnnx cra.nei i cnraeie B noKpr4rrs, ulo uicrurr

uir:pra4 Trrralry, Tarox BBoAt4rz i nirpra4 xpoMy. llpu o6po6qi Hi:rpu4 xporr,ry

BlrKoHy€ rfyur<qiro 6ap'epy, rl-(o nepeuKoA)r(ae aKTTTBHHM a4reaifinuu npouecaM Ha

KoHTaKrHrrx noBepxHrx iucrpylreury, ni4ruuqyrcua fioro c'rifircicrr. Kpiu roro,

BI,IHI4KaIoqe [pr] Br.rcoKzx reMleparypax y upoqeci pisaaux qacrKoBe oKr4cJreHH,

Hirpz4y xpoMy npI,I3BoAZrr, .qo yrBopeHH, repruo4uuaui.rHo crifiKux oxcr4Aie

xpoMy, xxi rqe 6inrur sHr4xyrorb a.qresifiHo-nroN{Hufi suoc iHc'rpyrraenry. Buacli4or<

Ilboro npr o6po6qi Napouiquzx crarefi ra cnrasin crifiricrs nponoHoBaHoro

incrpyrraeury, nopinnauo : ai4ouralr, nigrurqyerrcr y 2-5 pasir'. 3 ruerorc

ni4alzuleuur ctifirocri iucrpyrr,reu'ry nponouyerrcq npfl pisanni

eaxroo6po6rroBaHr4x uarepianin auyrpiutrifi ruap, 6esnocepeAHr,o rrlo Mexye 3
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ixcrpyrraeura:rsruzrra uarepiarorra, $opuyeau,I 3 xpoMy 3aBToBIIrKI4 ue 6i:t rue 1 rrtxrra,

a sosHiurHifi riap - 3 nirpra4y raQniro 3aBroBIIIKI4 3-7 uxir.t is reepgicrro 3800-4200

HV.

Illap xpouy HaHocr{rbcr : eueprierc 1 - 1 ,5 xen. Y qrorray euna4ry ioutz

xpoMy, Maroqr,I raxy enepriro, BflpoBaAxylorr,cfl B incrpylaenrarbHy ocHoBy,

3arroBHrororr rr.tircponopra ra uixporpirqrlHl,I, [poHI,IKaIorb IIo Laexax ro6arurosoi

$asra (4na rBepAoro cnrany) ra sAificHlolorr eSer<r :alixynaHHr, 3a paxyHoK tloro

rraiquicrr inc:rpyuenranuroro rraa, epia;ry s6inlruyerbcf, Ha 21 ...29%. Kpirra roro,

tuap xpoMy sa6esne.rye ua4iftuy aAresiro HacrynHoro anococrifixoro ruapy 3

Hirpu,qy ra$niro 4o inc:rpyrr.reura:rruoi niAxraAxrz ta aano6irae cKoJIaM (pl,IxKoro

sHococrifiroro urapy rprr yAapHo-ypfiBiracroMy pisauui, 3aBrqKLt roMy, rIIo B

lpyxHoMy ruapi xporuy r.acrlrbes. HanpyxeHH{, IrIo BIrHIrKarorr y urapi ni'rpugy

ra$uiro.

Crifir<icrr iucrpyrr,reuria 3 roKpr.rrr{M ua ocuoei nirpra4y raSuiro s 3,5...4

pa3lt Br4r(e nopiauruo r 6asosur'4 iucrpyveHrorra, ulo Mac noKpr4TT, : uirpllay

TrrTaHy.

Tarunr .r[HoN.{, sviqueunx po6oulrx rloBepxoHr iucrpyrvreutin MoxHaAocsrrll

HaHeceHHrM pi:nzx sHococrifiKr.rx norpurrin (rnepgocnranHux, TiN, ZrN, HfN,

Cr, xepauirz ra ix noe4nanur). I-li rroKpr4Trr, naueceni pisurznz MeroAaMLI

(ionnuu Hart reHH.rM, HarrJraBKoro, Aeronaqifiuzu cnoco6ou rorqo), Ao3Bonrrorr

ne 'rimru s6imuru:rr uirlnicm po6oqoi nonepxui, ane ii naAifino posgi,rzrz

KoHraKTa n npoqeci o6po6xu nonepxHi Aera.,ri 'ra iHc:rpyruenry, rr.rM caMr,rM,

ni.4nurqlrrn ixuro crifixicrr.

Beluxufi in'repec craHoBJr.rrE'rexuororii xinriro-repnaiunoi o6po6xrz

pisa:ruoro incrpyvenry. I-lx o6po6ra (rcap6ouiryaqir, aso'ryaannx ra geari inuri

aHarori.{Hi npoqecu) sa6esueuye niAaraulexur ctiftxocri iuc'rpyrraeury n 1,5...3

pasv 3a paxyHox Sopuyrannr B [oBepxHeBLtx uapax iucrpylaeury nirpu4nzx ra

r<ap6i4urz x (f a-r, LrIo Malorr, ni4nurqeny ruep4ic'rr. llpononyerrcs cnoci6

gNrirrurosaruHoi o6po6xz MeroAoM po3KJraAaHH, rap6onigy a uarpirovy,

repMerr{rrHo 3aKprrroMy vo4yli. Cyruicrr MeroAy xap6oni'rpaqii s ra:onoi Qasra

I
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rroJrrrae B ToMy, rqo aroMapullfi a:or i eyr.neqr, orpulaanzfi upu po:xriagauni

r<ap6oui4y s Aiana3oHi reMreparyp 480 - 600"C, 4Ia$yH4ye n nonepxueri uapu

Merary ra yrBoplolorr uirplr4lr ra nap6i4u. llopinuruo : iuuur,ttl niAor,tr.nra

Mero.4aMr4 gN{iuHeHuq qeii rueroA e npocrl4M i eQexruenru. Biu uoxe 6yru

s4iilcuenufi ua 4iro.rovy o6laAsanui repuiurizx 4i,ranox 6eg AoAarKosux Blzrpar.

Hacrynnxfi rexHo:rori.rHzft npoqec eigpisuxeucx siA aHarisosaHoro rI4M,

uro ryr rcap6oHirpaqia iucrpyueury aupo6naerr,c, mJrrxoM 8l11'phMKL{ pioro s

100o% posnnasi qiauosoxrc,noro xariro (KCNO) rplr reMneparypi 550' 3 crarll

P6M5 i 560's P18.

18



Porli"'r 2

Porpo6ra roucrpyrcqifi rexno.noriquoro ocHalueHHfl Ta rlpecoBoro

o6.[aAuanus Arq flflacruquoi o6po6rcu 3aroroBoK

2.1 lllrarun AJrq ocaAK[ 3 KpyrreunflM .qorroruipuux qu.niHgpuunux

3aroroBoKHa ocnosi rigponpurogy

Biaovi xoucrpyxqii npvcrpoie Arq rracrar{Horo 4eSopvynaHuf, 3aroroBoK

Malorr y nopianruui g inruuvu anarori.rHarr4u rrplrcrpo-flMt4 nepeBary, uro

Br,rpaxaerLcs rr,rM, ulo BoHr,r .qocrzrb npocri y KoHcrpyKTt4 BHorray ai4uoureuui vepea

naqsHicru rBr{HToBoro rraexauiauy, i He s[Naara]orr BeJIIrKax rurpar Ha ix

B}IfOTOBJ'ICHH'

6e:nepepnuo

Ta eKcnJryararliro. OAsax, BOHrr IIe IO3BOrqrcTL, AOCrl'r'b I'HyIIKO

:Miurcgaru pexrrMrr ge$opnyeann.fl 3aroroBKlr, ron'xsani

TA

3

rorra6inyrannxna .qeSopNaaqifi 3cyBy ra ocaAKrr,

3 nerorc po3rxupeHH.[ rexHo,roriqnux MoxJlrrBocreii iru:ru urraNrrosoi

ocHacrKu po3rJrrAaerr,cx xoucrpyrqix rxraMly AJu nlacruqnoi o6po6r<ra

4onrouipnux qu:riugpuuHux 3aroroBoK 3 3acrocyBaHHrn ri4ponpuaogy 114].

Ha przc. 2.1 npe4crarneHa KoHcrpyKrlig AaHoro rxraMny. Bona cr<:ra4aerrcr

i: uacrynuux ocHoBHr.rx ererr{enr:is. Kopnyc 1 quniu4pu.rxoi Sopurz, B .sKoMy

BcraHoBJrlo€Tbcx ua pa4ialruo-ynopHoMy niguunuury 2 uult<ust onopa 3 y nnr"rrr,,1i

:y6uac'roro Ko.lreca 3 po3paxyHxonrna gialaerpoM rroqarKoBoro Kona D. [,ra
BcraHoBneHH.s ra HaBaHTax(eHH, 3aroroBKu 4 e sy6qacrouy xoleci :axpiu.rreno:a

AonoMororc [rrloHKoBoro ra pi:r,6onoro 3'e4uauux H]rrorr Kpyfna rrJr]lTa 3

pa4iaaruo clprMoBaHr.rMrz na ii 'ropui naciqxairau.

lligrpr,rNayroui ceKTopr,r 6, ruroroueui pospi:auuau sa 6 a6o 8 pinruxuacruH

3aroroBKx y $opvi spiaauoro KoHyca 3 KyroM rouyfirocri B, cnineicurjrnr orBopoM

giauerpa d i euco'rorc H. llpu rlboMy ceKTopu cnoryqarcrrcs KiueMaru.{Ho

oAHoqacHo ig garo'ronxoro 4 no qrzrin.qpuvuifi noaepxui .qiaraerpa d i xoniqnifi

nonepxui : o6ofiuoro 7,, nxa y cBoro Lrepry c onylraerbcq : xopnycou 1
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no r1uriHApr.l!+rifi noaepxHi 4iauerpa D3. !:rr 4eQopraysauur{ 3aroroBKtl B lrlraMlrl

Buropr4croByerEc, rryaHcoH, ulo HaBaHTaxye, lrui;i cxraAaerbc, 3 riApolll'iniHApa

8 i nopurHa 4iauerpou 9 Dr. Arq 3aro6iraHH, rloBopory ri4poqu:riHgpa 8 ni4Hocuo

Kopnycy 1 n oc'rauuroMy Br,IKoHaHHfi nos,qosNHifi HanpsMHl4fi rra3, qKrIM no

rosgHifi nocagqi nepeuirqaerrc, B ocr,oBoMy Hanp.sMKy xopcrKo saxpinneniafi y

B(a3aHoMy quniuapi na:reqr 10.

lt

.t

)

:
n

5

ll

l1

ll

IJ

Pucyuor< 2. 1 - Lllrarun : rigponpuao.qou

Y uuNnift qacruni quniu4pa BcraHoBJlloerbcs cniesicHo 3 Ht4M IIo npecoaiil

nocaAqi BepxHq Kpynra nrura 11 e pa.uiansno cnpflMoBaHuMt4 Ha ii ropui

naciqralrr.

V crinui ri4pouu:rin4pa 8 npocseprreHi ni4noei4ni ornopu g:r.a nporirauHa

qepe3 Hux pigunu : po6ouoi nopoxnrlHr4 r rpy6onpono.qu (na pncyHry He

noxa:aHo) ri4pocr.rcrer,ru Ao ,qpocenbHoro KraIIaHa (Aue. lo crpinrli A). [;rr
crBopeuH, onopuoi mrroxrlrHrr ,qlx cexropie 6 uix Huiralr ra :y6uacrau rolecou 3

BcraHoBJrroerr,c, AucK 12 s aHru@puxuiinoio npox;ragr<oro 13.
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3 ueroro HaBaHTaxeHHfl 3aroroBKLI KpyrIzJIbHIrM MoMeHToM y umauni

3acrocoByerbcr pefixona nepeAaqa, ulo cKnaAaerbcq 3 ABox:y6uacrax pefior 14,

qo nepe6yaalorb y 3ar{enrensi : tto,recou 3, i nepeuirla}orE,c, B npo't'HJrexHllx

HanprMKax eilHocuo xora 4iauerpa D.

Pefirn pyxarorbcfl.3a AonoMororo ri,4poqulin4pin 16 s nopIIrHrMLr l7 (puc.

2.2, a), [rroxu qxux r(opcrKo :'egHaHi i: :aguaqesul,tla peiixal,rr.r. llpu qtouy

npuno4ni ri4poqu:riu4prz BcraHoBJrK)rorbcrl Ha rrJIaHKax 15, qxi, y cBoIo qcpry,

)r(opcrxo :axpin,reni, HanpxrnaA, Ha r<opnyci 1 .

Pucynox 2.2 - Cxexra rprrBoAy 3 pefi(oBoro [epeAaqerc

IIIa4pln npaqrce B TaKrrfi cnoci6. flicns scraHosJreHuf, 3aroroBxu 4 ua naxnro

nnu:ry 5 nrix cexropavu 6 i: cno:ryqHoro 3 srznau o6ofiuoro 7 urrarran

i
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3Bepxy 3aKprrBarorb nyaHcoHoM, IrIo HaBaHraxye. Aari qepe3 noplIIeHE 9 i
rigpoquningp 8 npono4r,rruc, HaBaHraxeHHfl 3aroroBrlr 4 na npeci cunoro P. llpu

qrouy a po6ovifi nopoNnuui qrzniu4pa 8 crnoproerrcx rzcx pi4untr iHreHcusuicrrc

q, ,Ka arepe3 niAnoniAui orBoprr n rluliHlpi 8 i rpy6onponoAax repela€rrbca qepe3

Apoce:mnufi KrrarraH I 8 y po6oui nopoxHI4HI.{ rinpoqrarriHgpin nprzeo4y 16, nopurui

uepes ni,4noaigxi u'roxz neperr.riularuuytr pefixu 14 a o.r.llolo T (puc 2.2, 6),

crBoproroqu [pr4 rIEoMy na :y6uacrorray xoreci MoMeHTrIap[ cur pinnufi

.qe x<l - $yuxqix Br.rrparr.r pi4znu ApoceJlbHoro KJrarIaHa ri.qpocucrerrau i Dz '

, -*rd-o,
4iarr,rerp po6ovoi [opoxHrrHrr rrpr4BoAHr4x riApoqrur i Hapi e.

TaxaNa .{agoNa, 3aroroBKa 4 oguovacuo ocaAxyBarl4Me'rrcq cl4nolo P i

cKpyLlyBarr4cb MoMeHroM M gasnrxl] HassHocri paaia,rsno cnpflMoBaHt'lx uaciqox

Ha ropqrx nuxsroi 4 ra nepxuroi 1 I nnr.rr. BcraHosreHi y urtauni cer<ropu 6 ra

o6ofilra 7 6y lyt:r, npz ni4noailuorrly auaveuui Kyra KoHycHoc'ri P ga6eaneqyBar[

ge$opvyrauns 3aroroBKr4 6e: euxpunlenns. Y pa:i crucueuH, 3aroroBKLI

euac:rigon g6i:rrurenuq ii nonepeuuoro po:uipy ceKroph 6 6yayu neper,tiularucn

uo onopuifi ropueeiii uonepxxi nuct<a 72 e pa4iam,uorray nanprui. llpu qrouy

3aBArKr.r [oeAHaHHro cerropin ra o6ofiuu 7 no roni.{nii norepxui ocraHH, TaKox

pyxaruMerbcfl, aJre Bropy ei.qHocHo Koprlycy 1 no fioro Hanpxrrauifi qrlningpr.rvuifi

noaepxni, sa6esne.ryrovrr rr4M caMuM o.{Hor{acHe nepelaiuleuua ncix cerropie,

ocxiruru pyx ri:rrru oAuoro 3 HIrx, rraoNnusr,tfi qepe3 flo3AoBxnifi suruH

3aroroBKr.r, BnKJrlzqe 3aKJrrrHroBaHHq o6ofiNaIa r ropnyci. O6oftrraa niAuiraaruNrerr,cs

Bropy Jrr{ue 3a oAHoqacHoro pyxy ncix cextopin. Taruru qrHoM, 3aBArKIr o6ofivi

7 garorosra 4 nia aiero cuttuP,4e<fopvyrarraMerEc{ 6es nosAonNHboro BI{rrrHy.

llpoexrne 3HaqeHHs Kyra KoHycHocri cexropie 5 acraHoerlolorE rlo

cuirni4uouenuxrra (1.1) i (1.2).

1
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3 netoro sano6iraHn.s BI4KpI4BneHHq Bl4crylaloqux is certopie 6 xiuqeeux

qacrr4H 3aroroBKr4 peroMeHAyerrcx nuxi4Hy .qoBxLIHy 3aroroBrlz rIpII3HaqI4TlI

si4noei4uo Ao Br4pa3y

lo = H +2(2...3)d.o

AE H Bucora cenropie; d0 - IloqarKoBrzii Tliaruerp 3aroroBKu.

2.2 lll,ralrll AJrr ocaAKH gouroruipuoi 11lr,riuqpuvnoi saroronKH g

BIIKOPIICTAHHqM IIAHTU

.{nr pea,ri:aqii npoqecy oca.qr}I noaroruipuoi quliH.4privnoi :aroroeKu 6eg

erparu criiir<ocri tf opuu BrynKa 9 : cexuiqN{Ia A (orpuuyrors portpiaxoto ro

.qiarraerpalrnifi nrorquui sa 4 a6o 6 pienux uacrzu), uae onyxni nuyrpiurui g.nx

KoHTaKTy is garorosxorc 6 po6oui nonepxni, a gosxitxHr noBepxH, BuKoHaHa

roniqnoro 3 KyroM ronycuocri ct. Ha eepxuro qacruHy BTyJrKr4 9 sanpeconano

ximqe 7 3 Meroro clpo IeHH, y KoHcrpyKrrrnHouy ei4Houreuui cneqiamuoro

rrrraMrry. ,{orrovipni (o, - y> 3 ; ,u.orouo}r MoxHa rrlaor}lqHo ooaAxyBarr4 3

elel,teHrie, ,rxi Marorb ga6egnequruBUKOpIICTaHHSM

0

ni4rpuirayrovux
l
I

ge$opuyeauuq 6es nosAosxHroro Br4rxHy.

,{:ra qroro clpoeKToBaHlzfi ru'rarran An, ocaAKI,I qunin4pla.iHlrx 3aroroBox.

llpocrora ra na4ifinicrr [poloHoBaHoro rxraMrry AosBoJrre Br]Kopucroaynarn fioro

y yupo6auuux yMoBax An-x ocaAru lorrorraipulrx 3aroroBoK i:incrpyrr,renralrnux

cralefi.

KoncrpyrrunHa cxeMa rxraMrry [peAcraBJreHa ua puc. 2.3.

Illralrn rraicrurr qr.uin4pzunufi r<opnyc 1 s onoporo 2, ecranoueny na nifi

onopuy rrpyxr4Hy 3, nyancon 4 s riaeNaaruqno nos'q3arrolo 3 Hr4M no pyxonrzi

noca4qi rlaHroBy BTyJrKy ig cexqixr\a[. I{aurona BTyJrKa Br,rKoprrcroBy€Tbcs Ars

yrBopeHH, rineuaruqnoi [ap]r rro pyxolrii nocaAqi s anyrpi]rrnroro noBepxHe]o

Kopnyca 1. O6ofinaa 8 scranonreHa no pyxorr.rifi nocaArli na qanroeifi n'rynqi 9,

23



Mae BHyrpirlHro KoHiqHy noBepxHro 3 KyroM KoHycHocri cr AJIrI yrBopeHHs

BiAuosiAxoi xiHeMa'ru.{Hoi napu s cexqirur A. Ha qanroeif ntynqi 9 uiN rinrqeu

7 i o6ofirraoro 8 ncraHosreHa rrpyxlrHa 5. [lra sa6esne.reHuq rraoNmrsocri

no3AoBxHboro nepeuiuleHH.s rlalirosoi BTyJrKlr 9 s o6oftMoro 8 aignocHonyaHcoHa

4 lrix nzcrynoM ocrauHboro 'ra rinrqeru 7 rcrauosrroeruca nignipHa npyxlrHa

crucxynauux 10,

I
{
1

Pucyuor 2.3 - Koucrpyxqia urrar,rly
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llyaucou 4 i qanrosa Brynxa 9 nicrq r6upauul noeurrHi yrBoplirrl pyxoMe

uepos'er,rue 3'e4uaun.x i, y ae'a:ry 3 urlM, nyaHCoH 4 e HraNuiii ioro qacrasu

:anpeconauzft y pagia:ruouy HalprMry rrrrz$r 11,, a lr,s. zliitcnenss ix cKJra.(aHHt

na eny'rpirunifi noaepxui BTyJrKr4 9 nuronauufi unoHrosr4fi nas C. Cxra4auur

nyaHcoHa 4 i rlanrosoi BTynKr,r 9 npono4urrc-s pyxoM B ocboBoMy Halp.r{MKy rro

orBopy BTynKlr 9 nyaHcoHa 4 nicJrq ycraHoBxri i.ioro urri$ra B na3y urroHxr4

BryJrKrr. flicnx npoxo4xennr urrz$ra no scifi gorxuui 3a3uaqeuoro nasapo6rarr

rroBopor nyaHcoHa 4 aignocno BTyJrKr,r 9 na xyT 900, i, ruira caMr4M, crBoproerbc,

Br{ure3a3uaqeHe 3'eguanu.a, ueo6xiAne 4nx pearisaqii rexupoqecy nrac'ruunoi

o6po6xra 3aroroBKt4 y ruravni.

LUraun rlpaurce e rax]iil cnoci6. Cnovarny BCTaHoBJrro]orb no qenrpy onopu

2 saroronxy 6 (: nuxi4uolo AoBxlrHoro /6 4iaverpov do). IIicff qboro nyaHcoH

pa3oM 3 rlaHroBoro BryJr(orc 9 scrasrqlorr no xim,uro 7 y ropnyc 1 creopnrouz

npll r-IboMy riuevaruvny napy 3 pyxovoi nocaAKr,r ei4nori4urax qzniu4pravuzx

noBepxoHr, Ao sirxHeHus cexqifi A qauru 9 3 onopHoro npyNranoro3, xlo cJryxrrrr,

gll Qixcaqii nyaHcoHa uaHroBolo BTynKoro y euxi4nony ro,roxenni ni4HocHo

3aroroBxrr. llpr.r qroir,ry cexuii A qasru 9 oxorrJrrororl 6iuHy noaepxnro nocepe4raai

il'AosNzHu (1612). I{aeauraxeHH.r 3aroronxu 6 sAiftcHroerbc.f, cr4roro qepe3 [yaHcoH

4 na npeci.

!,ra po:paxyHKy xopcrKocri cexqii A qasru 9 neo6xi4uo BpaxyBarr.i

xoucrpyr<qiro ocraunr,oi ra sci ii po:uipu. Y ae'xaxy 3 rIr4M ua puc. 2.4

flpe,qcraBJreue KpecJreHH, qaxrv 9 y pospisi.

Y uepruovy ua6luNenni 3 Meroro cnpouleHHr po3paxyHKy MoxHa BKa3aHy

cexuiro po3rJl{Aarr.r .rrK np{My KoHcorrEHy 6a,rxy (pzc. 2.5) ei4noniguo s

nocrift ruur,ru ocloBrrMr,r MoMeHTaMr,r iuepuii uepepi:y.

llpz ix sugHa.{eHHi npeAcraBJreHa Soplaa nonepeunoro nepepi:y cerqii (pzc.

2.6, a) :arr.rinroerbc{ Ha [prMoKyrHy $opry si c'ropouaun h - euco'ra, b - urupuHa

r + r,,

\puc.2.6,6). Tyr 'r 2 - cepegnifi pa4iyc nonepeuHoro nepepiry.
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Pzcyrrox 2.4 - KpeclenH, uaHru

Pucyuox 2.5 - Cxerua xoncoruuoi 6a:rxu

Pucyuor 2.6 - Ilonepeunufi nepepis 6alxu
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Buco:ry h i mt.rplzHy b y [pf,MoKyrHI{Ky MoxHa BIr3HaqarI.I 3a

cninniguoruenurulr

2ttr

n

Ae n - qrrcJro cexqifi y qanai.

2l



3 MoAe,rrcsaHHg rlJracrl{qnoro geQopuyBaHHfl 3aroroBoK

3.1 MoaerrcnauHfl Harlpyxeno-AeQopuoBaHoro craHy rlplr ocaAIIi

(porr:gry) 3KpyrIeHHsM qu.liugpu'runx 3aroroBor

Y pasi nuxopucraHH, uracrrlquoi ocaAKIr (a6o posrxryaanna): Kpyr{eHHf,M

.[x N,rexauiqHoi o6po6rcu npll [poeKTyBaHui HoeI'Ix rexuoloriil repuor,rexauiuuoi

o6po6ru neo6xigHo Arq orrzN4isauii ocrasnix nrr,rirz eupiury Barv 3aBna:aHs. ouinru

HafipyxeHo-AeQopvonanoro craHy y 3aroroBKax. llp, IIroMy nupiureuua

:asua.{eHOi sa4avi 6y4e MaTI{ BeJIIIKy flpaKTl4qHy qiunicrr,,KlIIo BOHO Ao3BoJIIzTb

Brr3xaqarrr HalpyxeHH{ ra geSopvaqii n saro'ronxax 3 ypaxyBaHHqM peanbHl4x

sracr[nocre ua'repiaain, a caMe ix sNaiqHlonaHocti, rqo r pesylrrari .qacrr

Moxr sic'rr 6irtrru e$exrueuo flprl3Harlarlr eueproculoni ra xineMaru'IHi

lapaMerprr nrac'ruqnoi o6po6ru 3aroroBoK.

i

Peayrr,ra'ru poae'.aaauux gaAaqi uarzntyr; Taxox :naveHux I y

reopii nractttulrocri, fi inurux npaKruqHl{x AoAarxie. HanpI4KnaA, fipu

4iarparra nrac'ruvuocri, rxi IIrHpoKo BuKopl4croByiorbc, npl4

po3BlrrKy

no6y4oni

pospo6qi

xoun'rorepHnx rexsororifi n o6po6qi Mera-,ris rrrcKoM.

!,ra eu:uaueHHfl HanpyxeHo - Ae(bopMoBaHoro crauy o6po6rrceaHoi

3aroroB(rr po3rnsAaerlc{ po3paxyHKoBa cxeMa, [oAaHa Ha pl{c. 3.1 [15]. Tyr

4onrorraipua 3aroroBKa 1, BcraHoBJIeHa Ha uiacraeqi 2 uaaauraNyerscr

nepeuiqeuuaM [yaHcoHa 3 si runragricrro V i o4uovacnzu o6epranHsr,l fioro :
KyroBoro urszAricro s 6es xosgaHHs siAliocHo ropl1a 3aroroexz. IIpz IrboMy 3

ue'roro gano6iranur uoe4oBxHboro BIrrpIHy ocraHHlo Moxua 4eQoprrayraru y

cneqiamuorr.ry npucrpoi [4] 6e: nraruny.

Hexafi garotoexa 1 : ar.rxi4ultuu paAiycov Ro Ta AoBxI4HoIo /0 po3mrAaeTlcs

n quningpzvnifi cucrerr,ri KoopArrHar z, p, g 3 nor{arxoM n rovqi O, noe4nauoi :

rleHrpoM Barrr HrrxHboro HepyxoMofo nepepi3y (puc. 3.1). To4i r<ounonen,u

urnz4rocri nepeuirqenna gonirilnoi ToqKrl A 3aroroBKll 3 noroqHl4Mt4

KoopAnHaraMV z, p, I 4opinnronarutry'rr,
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Vz Vo eo
Vr=-l V,"= -::; Vtr=. 

-Z' I " 2R' ','. I

Ae I - s:acora ocaAxenoi Ha BeJIIraII4Hy A/ saroronxlt;

R - uotoqnrafi pa4iyc saro'ronru.

y pa3i po3rrry 3 KpyqeHHf,M 3aroroBKI'I neo6xi4no uralz4xicrr

nocTyrr€IJrbHoro pyxy [yaucony V npufiua'r]I y IIoAaHux BI,Ipa3ax ai suarorra miHyc.

Kounouen'ru reH3opa urBuAKocre,

cnirnignolrennxrra

.1
I

Clyninr 4e$opuaqii (a6o uaxonuuena 4e$opuauia) 6yae 4opieuroearu

'1

I

flpn ruxouauHi porpaxyHxiB po3rJlrHyrux xiHeN,raru'Iullx napar'terpia 6yeae

qacoM 3pyrrHr4M Br{3Haqarr{ oc'ransi ffi syurqii eignocuoi gesopNaaqii Ta 3cyBy Ha

noaepxui 3arOToBKIz. Y Sa'raxy 3IIaM HaAaIOTrcs Taxi Cniari4HOurennx ueo6xi,qni

AJr.f, MaTeMaTHrrHr,rx [epeTBopeH6 BHpzt3y

/=(r -')./o; ? =f#- y(t* o)r ne

Toni r ypaxyBaHHrM II[x cnineiAHoruent rinevarauui uaparue:rp u 6ylyrr,

pinni

€, = -26,p * -26 p = -v I(1 * €)lo; €* = ttp I 20 - e)lo;

e-va/Q-eyo; ,=m$.a,

4eSopuaqii Bl43Har{alorbc, 3a

€,=-2€p:-24e=-vtt:\
€* -- atP /21;{,o = €,,e = 0,)

a inrencprnnicrb IrrBIrAKocre[ 4eSoprraaqii

t

vz +!ruz oz
J

" ='!b at = )nl --') I ) )tt'+ -0-p-
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1nL.t-0:-* o,3 R2e2
Ae

A-

Kounosen'rra reH3opa HanpyxeHE BI'I3HaqaIorLc, [Its isotponnoro

uarepiary, qo eNaillHloerrcr sa pirnmrualru ctany [1]

,\. -?roy) 1,,, (i, i =1,2,3; | - 2,2- p,3 - q)"i-3 i'u'' \"'r

i 4uSepenuia"nsuovy piauaunro piouoearu

ooo nop-oo =oopp
Sii * KoMnoHeHru geniaropa HarlpyxeHb; o'o(e) - in'rescurnicrr HanpyxeHb.Ae

I

PucyHorc 3. I - Cxelaa HaBaHTaxeHH, 3aroroBKn
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.fxuro ocrose 3ycI4lJ1, nprz oca4qi 3aroroBxIr 6es aaxpyuyeaHur

p'=*7rR26o(a)

1s=ln-
Ae lte

ToAi sa .{orroMoro}o Qynnqii

"--#=#Wi",(e)p-r'\ap

,(
.-\ 1

r

,\

o oil, 0.lo 0J 5 0.x 0.25 A30 0,35 0.44

MOxHa 6yae Aocliaurr{ BnJrrzB .qe$oplraqii 3cyBy Ha Beruirr.rHy 3ycunJr-a ocaAKu.

Ha puc. 4.2 npegtaztteui rpa(lixla :r,rinrl Syuxqii ct :alex<no siA siIHocHoL

,4e$opmaqii e . Ty'r cy{inrua ra lxrplrxoBa rinii siAuocst c.u siAnosiAuo Ao

AOCJTIAHr{X Ta pO3paXyHKOBI4X 3HaqeHE cL,

a,

0,9t

0.,0

a"a5

0.84

a.7t

Pucyuox 3.2 - 3rrrina $yHxqii u

Taxurr4 .rrlgol.r, is aicrawleHH, po3paxyHKoBltx ra AocniAHI4x AaHI'Ix

d

(ei4xareHHr 3HaxoArrbct B Mexax l5%) uoNna:po6uru BLIcHoBoK, tuoorpl{MaHe

posa'xsauux :a4aui npo ocarKy 3 KpyqeHHrM quliu4pNuurzx 3aroroBo( sa4onilr,no

onucye nracruqni sJracrzsocri uarepia,rin nplz ix QopuosNaiui, i y :n'aaxy : qurr.t

rrle pa3, Ha AoAaToK .uo MHoxHHu paHllxe BcTaHoBJTeHHM

3l
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o6IpyHToBaHfiM AocJIi.(HI,IM AaHLIM, cBiATII4TL 11po 11paBoMipgicrb ocHoBHI4x

IIoJIoxeHL Teopll nJIacrHrrHocrl.

3.2 Crifinicrr AoBroMipHIrx qrrJriuAplrqHux 3aroroBox npll ocaAIIi 3

KpyqeHHqM

Y:e'xsny 3 peani3auierc ocaAKrl 3 KpyqeHHtM AoBroMipHux uuniHApfl'rHllx

3aroroBor Br.rHr.rKa€ HafaJrlHa norpe6a po3po6Kl'r ei.qnoeiAltoro rexso:roriqHoro

ocHaUeHHr. fiff .{eOopN{yBaHH, 3a3HalleHrrx 3aro'roBoK 6e3 BTparI4 criiiKocri y

uraMni Heo6xiAHo BI4KopIIcroByBarfi niATpnMylo'ri eneMeHTI'I, ulo Ao3Bonr0rb

ocalxyBaTlr AoBroMipHy 3aroroBKy 6es auxpun:reHH, no BeJIrlKIlx CTynelllB

ni4uocuoi gerpopuarlii e.

3a,reNno BiA KoHcrpyKqii urrarrlny aruun ni4rpNMylorrl4x ereNaeHris Ha

nedropr,roeany 3aroroBKy po3r,'IqAaerbc.s B ABox BaplaHTax:

l. flonepeuui 3ocepeA)I(eHi crIJII4 Q (puc. 3.3), ulo Ao,qalorbc, Ao 3aroroBxl'l

I
Ha BiAcraHi --- , , , Ae l0 - BLIxiAHa po3paxyHKoBa AoBxr'IHa 3aroroBKl{; m - qucJro

m+l r

3a3HaqeHI{X CIIJI.

2. flonepevHe posnogireue HaBaHraxeHHq noctiftHoi inT escunnocri q (puc.

3.4).

+_t'
P

6 obr

u
"2/

) ++
!t-!
N :/

f ) I

Prcyuor< 3.3 - Cxeua 4o nu:naueuHa Q
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Pucynor 3.4 - Cxerlla Ao BIr3HalIeHH{ q

.{nx sa6esneueHHr ocaAKI'I 3aroroBxl{ 6eo ii nr'rxpzBJIeHH, BaxJII{BI4M e

3HaHHq onrr4Ma.,rlLHux 3HaqeHE crann Q ra iH'reHczsuocri q, Iqo saleNarr si4

posntipin 3aroroBKlz, laexaniqnzx eractugocrefi uarepiany oc'rauuroi, rxi

BV 3HarraroTr, reoverpuuui napaMeTpx OCHoBHIIX eJrerraenris rexnoloriqsOro

ocHauIeHHq.

,,{nx po:paxynry cI4JI Q na przc. 4.6 npegcrauleHa cxeMa HaBaHraxeHH,

3aroroBKi 1 curoro P'ra uonaenrou M uepea nyaHcoH 2.TyI n nonepevnux cra:r Q

nprarura4eni flepfleH.qr]Ky,rrpHo Ao oci 3aroroBKu i cupxrraoaaHi B cropoHy

nporr,rrexHy HanprMxy ii eurany.

3 ueroro BIr3HaqeHH{ sa3uaqeHoi cIrJIIr npoBoAurrcs ana,ria crifirocri

3aroroBKI,I npz ii' c'rucxanni I xpy'reHHrM Ha ocnosi uafi6i:Eur ninnoei,4novy

Aocri.quurra AaHuM Kpr.rrepito no:[usHocri po6orz AoAarKoBI,Ix HanauraNeur dP,

dM, xxufi 3 ypaxyBaHH{rr.r gii nonepevHlzx cr'IJr 3artuurerscq y erarnn4i

dPdl+dMdq* AtdS)>a

.4e dl - npupouleuHq AoBxHHI,{ 3aroroBxl4;

(3.1)
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dq - rraana suiua xyra noBopory riuqenux nepepisin 3aroroBKri BlAHocHo

oA14H OIUOTO!,

A(dQ) - po6ora.qoAarKoBoro HarauraNeuHn dQ.

Beru.lauy BKa3aHoro Kyra noBopory Bt3gar{arorb ra $opuynoro

q)=0.1-y.llR

Ae 0 - ni4uocuufi Kyr roBopory xiirqeaux uepepisie 3aroroBKl4 noror{Holo

AOB}(HHOTO;

y - 3cyB nonepxni 3aroroBKrr 3 rloror{HltM pa4iycolt R.

Ana:ris xpvrepiro (3.1) npoeoaurl4Merbc.s na ocuoni poal'xsaunl aagavi npo

ocaAKy 3 KpyqeHHqM qlzniu4pravHoi 3aroroBKu.

.{uQepenqia,ua AoAaHI{x Ao 3aroroBKrr uaaaHtaxeHl pinui

ar =zola,nan*lar,ap);

au = zo(rn' aa + I a ro'z a o),

Ae o-,,T - noprua,ruri ra Aornqui Halrpyx(eHH, B TortKax nepepi:y 3aroroBKl'l

npu p: R.

I{i nanpyNeuHr Bl43Haalarotc.s sa cniesiAHoIIIeHHtMIr

o, - oo@)/t,' 
I

r =loo@)y(r - c)t,;n,,J

Ar:

Cniani4uoueHH, AJrn BI,I3HarreHH, Q ir,loxHa npeAcraBl,ITrr y eunw4i

o=Q
!o

zr$loA21e(, + "\ji _ ,/tl\o.On \c0 'r Y )

Ae

,
I
0 I,(r-efIe

6knE (3.1)
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y6=(0,005 . . .0,0 1 )10 uaii6i:rr,Ilruii rporuH oci sarorosKr't

At = t+1.2(t-sY
J

Ha pzc. 3.5 npe4cranleHa sareNHicrs Qnil naronuuenoi 4eSopuaqii e 4lx

sarodsri is crani 45 (10 =gOru i Ro:8rrarra): cyuinrua ninis eiAnoaiAae

cniani4uourenuro (3. 1), a IxrplIxoBa ninis - iAealrso [JlacrutlHoMy rraarepiany

(n:o).

/.5

6,4

1,:

l

1

3.O

a,3 0,4

3na.reHu.s inrellcussocri pogno.4ilenoro HaBaHTa)KeHH.s

PrEcyuon 3.5 - fpaQix zrul,inu Q

sq=:-
!o

"i@:aY!:tEtl,
6 A,0 - r)'

Ha puc. 3.6 noxasaHa sareNnicru (3.2) - cyqimua linia, urtpuxoea liuia -

4lx i4ea,rruo rlJlacrvqHoro uarepiariy (n:0) npu rl4x xe npuitutrux y Qoprrayni

3. 1 xapax:repl4crlrKax uarepia.ny 3aroroBKrl ra ii reolaerprlHilx posrraipin (16

:S0rr,ru i Ro:8rurtr). flx 6auurrao, si 3pocraHHtM giAgocHoi 4e0opuaqii

isrencunnicrr posno,4ireuoro HaBaHTaxeHHr q MoHoroHHo 3pocra€.

s=
tn|,,t2 (eo +V)"

3E
Ae (3.2)

Q , rt!'x,,,

rar'
.// /

I
/

-{:<'
-oL -

,>y' (/

,J

JP
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$,x

1

\\l\,)A

,a/

/./
)r,r_/.

*

oua)

604

a) u,2

1-c:0; 2-c=4

43 q4

i

i
I

Y rr,tauruso6yAyBauHi icuyrorr pisui cnoco6u :uiqnenux o6po6roro

rrJracrurrHrrM AeibopMyBaHHrM - poJrI,IKoBa o6xatxa, Apo6ocrpyMeHena o6po6ra

'rorqo. OAnax nplr BI4KoHaHHi 6i;rcurocri ai.{oN'tux Nterorie o6po6xr'r, ,K npaBuno

peani3yerbc, HeoAHopiAHIzfi HanpyxeHlrfi craH B AeraJI.[x, uo 3MiIIHIoIorLcr,

euacli4or rroro B ocraHHix gltuuxarcrr 3aJIuIrIKoBr Ha[pyxeHHq, ulo B]rIUIuKa]orb

AoAarKoBe npyxHe AeOopMyBaHH, .{era.,Ileft. y 3e'laxy 3 uI'tM MoxHa

3anponoHyBarlr Aocurr, erferrunHrii cnoci6 sN{iqHeHH, rxI4poKo 3acrocoByBaHux

y pi:nzx MarlruHax ra MexaHisN,Iax earis - rIJracrLlLIHe ocloBe 4erpopnlynauu.a ix

3aroroBoK, rrprl ,KoMy rro BcLoMy o6'euy ocraunix 6y4e pea.,risonauo o4uopi4nrzfi

H arpyxeH o-Aerloprrro eau u fi craH.

Ilpone4eui pauiue AocriANeHns noKa3aJIIr cyrreBe niAairrqeHuq rpauzqi

reryuocri Ha 3cyB ni.q qac KpyqeHHa. llpu qlovy BCraTIoBrteHo, rrto s crari cr. 3

rpanuqi rer<yuocri npu 4e(ropuauii 0,2 :6ilsrualacl nopienalto :t srxi4Hur't

Pucyuor 3.6 fpa$ir zrrtuu Q

3,3 lliasrqennn uiqnocri saflin

JHaqeHHsM uaiiNe ua 750%.
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Ovenu4no, qo po3r.rsHyruii cnoci6 snaiqueun.a aa;rin 6yAe Aocl4rb

eQerrtraulru, gxulo ocranui BI4roroBJlITLIMyrbc, 3 reprrliuno ue:ntiqHeuux lrletaltn

(4emi xonropoai cnlanu, MaJIoByrneIIeBi crani, aycreniuri uepxaairovi cra,'ri

roqo).

llpu npoemyBanni rexnororiqsux upoqecia, uro slaiqHrolo,r, o6po6xu

3aroroBoK earis Heo6xi4no arr.riru po3paxoByBar[ BerI'IaII'IHy ni.{szqeHoro

3HaqeHH, rpanuqi reryvocti, u1o e o4nieto 3 nafisaxrusillux xaparreplrcrlzK

naiquocri N.re:rarie 3 ToirKu 3opy oqinrrl necyvoi :,qatroc'ri eleuesrir xouc,pyrqifi'

V :n'x:ny 3 rp{M y po6ori posrn s.Aa€"rbcfl. 3aAaLIa oqisxtl cryleH, :6i,rr,tueHHrl

rpanurli rexyuocri nprl xpyuenHi earis niclq flonepeAHboro ocboBoro

4erlopuyeannq ix garotoeox 4o nenHoi Haxoruqesoi n:racruquoi 4eQopuauii.

Pogs'qgauus uiei :aAa.{i nponoHyerbc, orpl,IMarlr na ocHosi pospo6neHoi f '

Eaxxay:ou ruo4e,ri i:orpomroro rira : anieorponHfiM3MiIrHeHHrM. Ilpll ulor,ry

HanpyxeHo- 4eQopuoeauuii crau y 3aroroBKax, uo3aKpyr{y}orr'cq, BI43Haqaerbc.fl B

qurin4pravuifi cprcreMi KoopAr.rHar.

B ylronax ninrnoro KpyqeHHt BaJIy, KoJII'I fioro AosNzua 3aJIexI{Tb ni4yrr'ton

flo[epeAHboroHaBaHTaxeHHgnirrvoxenilrrrono4on)KyBaTcfl.TaKopoTIIIaT},t
{

KoMrroHeHrri nprrpoureHL IrJIacrIrqHI,Ix .qe$oprr,rauifi 6y4ytr Bt4laaqarLtcfl' 3a i

cnieniAHoureHHqln{

dc zp = d€ pn = 0;de ,, + 0,)

der--27ro--2der. t
Kovnosenur 4eriaropir HalpyxeHL npu npuirutrnx IINx cnieei.(HollreuHrx

rri4no s pianxnurvu crany

r- 8G\o, = -io,,k)*- 
+i t, - 

pQ.b,b.\rb - ")ffi n"'

6y4yrr pinui
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Sr,=Sur1

'" 
=3on

=0;Sp =Sry =-0,5Sr;

@*- ] t, - rt', lt', b)vo -"t(*), -,]'

"-^t*),s,,t -r --1",A1*-it,- p(e)louQo )E(

(3.3)

3 piruxunx piruonaru

ds ^ s^ -.s-v + v 't _0
dp p (3.4)

i cninsiAHouenr (3.3) BIr[JIIrBae, ulo HopMaJIbHe HalpyxeHHx n pa4ianrnouy

nanpxrr,ri rro Bcr,oMy nepepisy 6yAe noc'rifiuram. Ocxilr,rz na xourypi flonepeqHoro

uepepisy 3aroroBKli (npu p=R 4e R - soauiuruift paniyc saro'ronru)

op:0, ro i uo acrorray uepepiey op AopiBHIoBarI4Me HyJIIo. Toruy ua ni4cranipieuoc:ri

4enia'ropin HanpyxeHb Sp i Sn rri4Ho a pinnruuxrra (3.3) ciriaye i piaxicru

o,1=0. Taxuv qr4HoM, KoMrloHeHrH 4enia'ropa HarlpyxeHb 6yayrt piani

Sr=Sr=-0,5S, =or13 (3.s)

Y posn'xsxy saAa.Ii nepe.q6 aqae'rbcs, rqo flpu eiltnouy rpyueHui 3aroroBxl{

ocroai aanpyxeHH, oz n Hifi 4opieuroBarrrMyrL uynro rilrxu B MoMeHT floqarry

rrJracrr4rrHoro KpyqeHH{. ToAi AoAarr<oBo Ao cllcreMlr (3.3) iraaeuo eri.4Ho s BI'Ipa3oM

(3.4)

(s,[ =(sr[ =(sr[ -o (3.6)

4e iu4erc "0" o3Haqae floqarox nJlacrrrqHoro 3aKpyqyBaHH, 3aforoBKl4. Y:a'a:xy

s qun, upuftu{Brrrr y ApyroMy pinuauui clicreMlr (3.3) e:eo ra BpaxoByroqu (3.6),

a raKox, rqo q(0):1, orprrMa€Mo Sopvyny ArI.,I BIr3HarIeHnx noxignoi 4eSopuaqii

ez y MoMeHT rroqaTKy 3aKpytIyBaHHs 3afoToBKIl

(3.7)

I
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I

TyT :uar "-" Bi4HocI4Tbc{ Ao KpyrreHur nicJrs po3TtryBaHHr, a "*" - 40 
r

KpyqeHHfl [iQr, crucHeHHr. y cBolo qepry, ui4ctaararurv qefi BI'Ipa3 y

cuissiAHouennq

- ., r.2

(49.\" *!(o',r 1 _t
\de) 3(del (:.a)

orplrMaHoro :riAno a BI'I3HaqeHHf,M s6imurennr naxouuqeiroi 4e$opuaqii,

Blr3HaqrrMo noxi4ny KyroBy 4e$opllaqiro

\ "o ) O t'T P\o0 ) (3.9)

Bapiuryrouu cnimno piauxanr (3.3) - (3.9), orpvMaeMo cninai4uourenna

AJu po3paxyHr<y nepruoi noxi.(noi ge$opuaqift e21 Esn To" AorllqHoro HarrpyxeHH,

T,.

ae, 
- *l - F(:o)ko(:0.)11, - 

"01rte-'lt+P(es)loj(e)'

4*r- "6 *
de - 211+B(eo)]o6(e)

4

(3. I o)

CriA sa3Haq[TI,I, rqo orpllMani cniasi4norueHnx 6y.4y'rb crlpaBeAnr.IBuMr4ttpvr

HeMoHoroHHorr,ly aeQopruryeanni riruru ronroctiunux rpy6ox B cl4JlynpunynleuH,

npo peanisaqiro s Hrlx o4nopiguoro HarlpyxeHo-Aetf opuonanoro c:rauy. .{la
T py6uacrux 3aroroBoK ig soeHilrHiNa pa.qiycorra R ra roerqrauoro c'rinxut ocboBy

4e$opruaqiro MoxHa Bu3Hauu rLr HTerpyBaHH{M rlepuoro pinuauu.a y

cninai4noureuuax (3. 1 0).

Y noqarros[fi rr.touenr rlracruqHoro 3aKpyrIyBaHH, (e:eo) elapasz (3 . 10)

- .fPTe, ) ' [r - P(e s)]o(ciq(, - ,n )].

HaBoA.rrrLc, siAuosiAHo Ao cniagiAHoueur (3.7) ra (3.9).

I
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BiAuocne Ha[pyxeHH.q, u]o eiArosiAae rlpu qt oMy yMoBHiii rpauuqi

rexyvocri ts.3 6y4e pieuo

-flnqo s raHoMy cninei4HorueuHi npl.riinxru e0:e, ro oAepxylorb sarlexHicrr

rpanuqi rer<yvocri Ha 3cyB siA Haronuqeuoi geQoprr.taqii e nonepeAuboro

po3TrryBaHH, (npu crr.rcxauHi) sarorieli

- -os(e).[B@,0,, ---r-
(3. 1 1)

flnx i:orponuoro rlarepiary : i:orporuuu :]N,Ii{ueHHnN,r 0(e)=1 i orpunatli

cniani4noureuH{ rIpI4BoArrLcs Ao cniseiAHolxeHH;l Mi:eca, rqo Brrpaxae 3s'q3oK

ir,riN Aoruqnurll HanpyxexHrM ra intencltsHicrlo HanpyxeHL.

Ocrosi 4e$oplaaqii laafiNe na ABa [oprAKI4 rraenuri ri4 uaxonr'rqenoi

ged)opnaqii e i rouy: rocrarniu cryleneM ro.IHocri MoxHa rIpH Bll3ttaqeHui :cyay

tzrr Hanpy)I(eHax t npuitttx'tu

de - dyo lJ3

a6o s ypaxyeaaHxu pinnocri yo:OR (0 - niguocuufi (yr 3axpytlyBaHHr; y0 - 3cyB

Ha nonepxni rpy6xu)

de-Rd7/^11 (3.12)

Haxonuqena 4e$opuaqir rpLI rJracruLIHoMy 3axpyqyBauui rpy6r<u (.rto) y

cnissiAHoueuuxx (3.3) i (3.4) aopieurcBarlzMe

e: €o * Re I ^tE (3.13)

ToAi ocrosa ra KyroBa 4e$opnaaqii Ha ui.{c'raai orplrMaHlrx cninniAnoueur

6ygym Br.r3Haqaruc, 3a raK[M]r (lopuy.rartu
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- t- FGn)
"'=*IB(ffiI

',r=2{fiffii@
ffio(u,+enrJl)lpe

KpyrHrft MoMeHr l,r.a ronxocriuuux rpy6ox Mo)I(IIa r 4ocraruiv cryfleHe]t

ro.{Hocri po3paxyBaru :a rpopuynoro

I{e pi*rxuru 3 ypaxyBaHuru nzpa:in (3.10) ra (3.13) voxna rpl{Becrl4 Ao

BVffrs_Ey

2rR2tMn=
JJ[t + p(co)]

Y noqamosufi MoMeHr IrJlacrzqHoro 3aKpyqyBaHH, (0:0) xpyrnNfi uovenr

4opiruroaarunre

MKr='@Poo(eo)

Y qrorray cnirni4noureuui rax cauo, xx i s pinuanni (3.4) uoNna npuittrrlz

t0:e, B pesyJl6tari qoro oTpriMyrorr Qoprr,ryny Ar,s po3paxyHxy uiuirnlalrxoro

nracrr,rrrHoro KpyrHoto MoMeHTy 3a 3aAaHoIo BeJIIIiII,IHOIO HaXOUU.reHOi

ge$opuaqii po3T{ryBaHH, (a6o crracnennx)'rpy6.racroi 3aroroBKlr

Mxr-WP",o
-[rqo po:rnxAaerr,c-s KpyqeHH, 3aroroBKrr cyuilruoro uepepi:y, To npl4

ruxi4uux cnineiguorueuuxx (3.I1) ta yvonu cunrerpii poeno4iny ocboBl4x

.4erbopMarlifi e, rqoAo 6yAr-aroro roneperrHoro nepepi:ly 3aroroBKl4 s6irbueuurl

4e$opvaqii He [oBrrHHo 3aJrexarll rig xoop4znatv p,iy sr'rsxy 3 IIIzM iro BcboMy

nepepisy

oo(ro)nf
0

M x =2rR2tr

,plttt"tE

olco + 1RJl

[r + p(rn )]':,r-,f +n0tJl [r - P(eo)]2 *
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de,:0

CnisniAnoueuw (312) i (3.13) B AaHoMy BrInaAKy Ha6y4ym siAnosiAHo

BtrrnrAy

e-€o+R0/Ji
ToAi ocrosa ra KyroBa ae$opNrallii na niAcraai orpl4MaHrlx cnieri4uolreur'

6y4yrs Br43Haqarl4c, 3a raKlrMtr Sopuyrauu

-lt - BQrff ofr ($,p(en r J1\
7 

-\l/ o\eo + eR t $)p0

Pesyruraru :icrasreHHq rpaHr4r.lb rexyvocri T03 y BI,InaAKax simHoro

- -ooG)|, lt-P(4W@)\,0,, =*Jl-l,-- t*WJ

,r,r=ffoo(n)

KpyrreHH.s 3aroroBoK cy{i:t,uoro nepcpi:ry nic:rq ii no epenHboro .ue$opuyaaunr

B ocr,oBoNry uanprMKy .qo HaxorrrrreHoi 4erbopMarlii e noKa3ylorb, ulo qi uexaut.tut

noxa3Hr4Kr.r eigpiaHxrorr,cq oAHH eiA oAHoro. Y rn'mxy : uur,t A:rqKirsr<icsoi ouiuxu

ai4uinnocri Tn3 r{Er pHC. 3.7 Haeoglrrcr rparf ixu gMiuu seruqun A r i Az

ni4noni4uo 4o pinnaHr, (3.14) ra (3.15) saneNuo ei4 napauerpa

B, u1o xaparreprasye e$ercr Eayurinrepa

/ , lr- p(e)l{VG)
-art: | - -----------r-l--' t+ p\e)

, I+BQ)
ll., =-,'2

(3. r 4)

(3. 1s)

Ta cTucHeHoro
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4,4,

/
I

t
I

\,,
\

le

MarepiariB.

d a., OJ ;E, ,, 
'o

| - Ar,2- Az

Pucynox 3.7 - lpaQix gr,riHu eeJlHqLIuH A

Ha puc. 3.8 - 3.13 rpeAcraBneHi 3arlexHocri x:r(e) Anq AocrliAxeHlzx

r;t4[r

-4 *

r€:*4 7F-

r ,

a0, aot hr* oM a2

/1

.'\ l,

t&

Pucyuor< 3.8 - ,{iarpalra 3cyBy. Crarb 20; ee : 0.040
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1i.til
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"' ;, :

e:

Pucynox 3.9 - ,,{iarparraa 3cyBy. CrarIL 20; t0: 0.084

4r2 At6 O.2A 92' o.2' qrt

Pucynor 3.10 -,{iarpanaa 3cyBy. Cratrc20; eo:0.126
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4 OXOPOHA TTPAUI

4.1 Ana.nis ynror upaqi

llprarraiqeuua B .f,KoMy BI{KoHyerr,c, rexuo;rori'{H}'rfi npoqec poapo6xu

roucrpyxqii rflraMny Arq pearisaqii npoqecy ocaAKI4 4oerouipuoi qraniu4plauuoi

3aroroBKrz Moxe Marr4 urxiAnusi Sisu.rui He6esue.{Hi ulpo6urlui qIrHHIIKI,I, a caMe:

- niAs[uteHa ra rroHHxeHa reMfieparypa noairpx po6ouoi :onu;

- nignnrqeHa reMneparypa noBepxoHb o6la,4natrnl;

- ni4euuleua ursr4Axicrb pyxy nonirpr;

- rroHraxeHa eoJroricrs noeirpa,

- niAsprqeHa ganarenicrr i sara3osaHicrr nonitpx po6ouoi soulr;

- nigruqenufi pineur ruyruy ua po6ovorray rraicqi;

- He6e3[e.{Hlrfi pieenr Hanpyru B ereKTpl{qHouy roli, 3aMuKaHH.f, .sKoro

uoNe npoftru Kpi3E Tiro JIIoAITHII;

- niAeuuenu pineHr ni6paqii;

- Hecrarra IIp]rpoAHoro ocni'rneuHl;

- HeAocrarH, ocsirneuicrb po6ouoi souu.

{o ne6e:neunux er.rpo6Huuux (rar<ropin ainHoclmcr: ne6egnexa ypa)KeHHq

JrroAaHr.{ ererrpr4r{H[M crpyMoM Hanpyrolo 2201380 B; BLIKopI,IcraHH,

Hec[paBHoro incrpyrr,renry; onixu ri4 po:irpi'rux qacrl{H o6,:ra4uauna.

flcuxoSi:ioloriuui:

- @isuuui repeBaHraxeHnr (4rauauivui);

- HepBoBo-flc[xiuui nepeaanraxeHHr (Iraonor:onnicrr npaqi, DepeHanpyra

auarisaropin).
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4.2 Bupo6ttuta ca uira pir

IIorasHExaN{[, ulo xapaKTepl,I3ylorr rrrirporniuar €: TeMneparypa uonirp.a,

ni4xocna nororicrr, urnu4xictr pyxy noaitpr, intencrlsHictr relrJloBoro

eunporr,rinroaanns. On'ruuaarui uorasHzxu rvrixpornirr,raty uoruuprcIorbc, Ha BcIo

po6ovy 30rry, Aonycrr.Irrai noxasHIaKI,I BcraHoBJIIoIorbcq gr,r{epeuqifioBaHo, y

HarrroMy Br,rnaAKy grx nocrifiuoro po6ouoro ruicqx.

Po6orz, qo BlrKonyrotc.a aiguocxr:r,c{ Ao Kareropii po6ir IIa - cepegnroi

saxrocri. BoHz nog'qgaui s pos6upasuxl,r i s6rapannxrr,r nysnie i arperarin,

lpoqecaMlz rr,rexaniqnoi o6po6xlr ,qera.nefi. I{i po6orz nog'.rgaHi r cepe4nirr,r

$irrzvuzira HaBaHTaxeHHtrM.

Onrzvamri i 4onycrunri HopMrl III{X flapauerpin s sarexuocri aig xareropii

po6ir, nepioAy poKy Bra3Haqae [ 1 6]. ,{onycrzvi napalretpz ruirpoxnirraary

npuae4eni s ra6rraqi 1

Ta6:ruqr 4.1 - Hopuonaui uaparr.rerpu rvrirporainary r po6o.rift soni
nupo6nauoro npurtirqexnx

llepio4 poxy
Kareropia po6ir
rto saxrocri

Teuneparypa
"C

BirHocHa
sororicrs %u

LLIsH,qKicrr
nosirpx u/c

flonycruua [onycruua Ionycrurr.ra
Xo,ro4u u ii Cepe4ua II a t]-23 75 <0,3

Tenlv Cepe4aa II a 18-21 65 npu 26" 0,2-0,4

In'renczsHicrb renJroBoro eunporrainroeauH, Ha flpaqloroilllx Brl3Haqaer6c,

narpirunru noBepxHqMr.r 'rexuorori.rHoro o6ra4uanux, oceitrlonaJrHzl4l4

flpracrporMr,r. Iuconxqii na nocrifinux i senocriftnux po6ourax rr4icqqx ne nos[HHi

repeBr,rrrlyBaru 36 Brlvr2 npra onponriuenui 6inrure 25% noaepxui rina.
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3a6e:ue.reHHs nereopo:rorivHlrx yMoB npaqi n npzuirqeuui sAificrlroerrc-s

3a AorroMororo clIcreMI,I [purIJII{BHo-BI{trNnoi BeHTI{JIf,Ilii Ta peryrspuoro I

nporirpronaHux. I

llkiannsi perIoBIrHLI, qKi srAirslorr,cx Ha 4ilrHuqi norasaui s ra6r. 2. I-{e n

ocHoBHoMy pei{oBlrHu, -sKi Naicrsrbcs n ri,qnpaqronaHl4x ra3ax.

Ta6tut1t 4.2 -ilfxi4:l.usi pevonunu ra ix f,,{K

Hasna peuoauuu
Relrqttra
f[K, ur/ru3

Arperaruzfi
CTAH

Krac
He6esnexu

Oco6rIasicrr
.qii ua

opraniarra

AxpoleiH 0.2 rI II
A:ory oxuc (NO2) 5 II III 0

Ben:(a)nupeH 0.0001 II I K
Oxlrc syrrerlrc (CO) 20 II IV 0

Csugerlyra fioro
crroJryKH

0.01 /0.005 A I

Terpaerurcnuueqr 0.00s II I 0

.{na :axracry siA rxxiAr[nux peqoBr.IH, qxi gHaxo.qstbcr n noairpi po6ouoi

souz 4iarnocryBanHf, 3acrocoryrorr raxi 3axoAI,I:

1) o6naanannx npulriqeuns Aimuuqi saranrHo-o6Naiuuoro npunllrnno-

BrITrxHoIo rraexaui.IHolo seHtllaguierc;

2) o6raqnaulra noc'rin giarxocryeanua anrorrao6iris rr.ricqenuvu

ei4crvrorrysavauu ni4npaqsoeaHux ra3iai

3) cneqia.nrua niArotosxa ra iHcrpyxtax o6cnyroeyrouoro nepcoHaJly;

4) cnoeuacnufi xxicuufi pelronr renrtr.n-aqiiinoro o6na.qnannx;

5) perynrpHe npu6upauut npuvi uleH Hr ;

6) sacrocyeanns gaco6is ix4r.rni4yaaruoro 3axxcry npaqloloqux (cneqo4.ar,

3axrrcHi oKyJrrp[, rorqo);

7) nonepe4xynaarni ra nepio4rzuui ue4uvlri ot flp.r4, npoQi:rarruune

xapiryBaHHq i 4or:pullaHna npaBrrJr oco6r4croi ririenu.

CvcTeva onaJreHHf :a6e:nevye pirnovipue Harpiaannr noeirpr e :oHi,

uoxrunicrr, rr,ricqenoro peryJrroBaHH, i nurruranux, 3pyrlHicrb n excnryaraqii, a
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TaKOX AOCTyn rrpu peMOHTi.

BllruAu n aruocQepy is cucrer,ttt seHrurquii po:raruonaui r-ra eircraui sirl

nplrfiuamHr.rx npucrpoia gra sonuiruuroro nonirp.r 6i.nsrue 10 rta. no ropuronra-ni,

Br4K:aAu is c[creN4ra uicqeeoro ei4crraoxryna.ra po3TaIIroBaHe Ha s[cori 6inruie 2

tr. ua4 nafinlrlloro rorrrolo noxpir.ni.

llpurr,tiuleuux ronuuui MarlI npl4poAHe i xrry.IHe ocBirneHHfl.

llprapogne ocsirreuHq Mae s4iftcuroearracb qepe3 caiuonpofiolrlra.

opieuronaui nepeBaxHo Ha nigHi.r i nieHiqHfifi cxi4, i sa6e:nerlyBaru xoeQiqieu'r 
d

npupo4uoi oceitreuocri He rlrlxqe 1,2%o y zouaxsi crifixtaN{ cuiNsztu noKp}lBoM i ;'

He Hr{xqe | ,5oh sa inurifi repuropii.

3ri4no: [17] pospra soponoi po6oru IV a. OcsirreHicrr npu cucreuioAnoro

3aranr,Horo oceirreHHs 300 nn. Xapax'r'epllcraxa aopoaoi po6oru cepelHsoi'

ro.rHocri. Hailueuruuii posvip po:pi:ueuur I uu.

Ha Ainrnuui clpoeKroBaHe ycrarKyBaHHr A:rs ocnirreHH, 3 ypaxyBaHu{M

xnacu$ixaqii uoxexoau6yxone6egfie.{Hzx rexuoloriqsrax oA}rHrrub i

ycrarKyBaHr. 3naqennq sxicnax ra xilr,ricsux roxa:nrria ocBlTreuH.fl

nepe46aueHi Br.rMoraM[r i naae4eui a ra6,,rrlqi 3.

Ta6,rurr.s 4.3 - llapauerpu mryuHoro ra npfipoAHoro ocsirreHHq
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Hopnrosane 3HarIeHHr KnO An, cyrraiuleuoro oceirreHHs AaHoro

aupo6nuuoro npzrrairqenur po3paxoByeMo :a $oprr,ryloro:

€11 = Os' III11,

A€ IrlN - KoesiqieHr csirrororo uilraary, m1 : 0,9 npfi opieuTallii sixoH na nisHiq.

flpupo4ue ocBirreHH, ey: 1,5'0,9 :1,4o/o.

Y rupo6ur.rvux npIIMilqeHHtx, oco6JII,IBo B 3I4MoBItft nepiog, rorz csirroal4fi

,qeHb Aocr4TE xoporrafi, npl4poAHEoro ocBiTneHH, HeAocrarHbo, ToMy

Brrropr,rcroByeMo rrrryqHe ocai'ueHHs (ra6nrlru 5).

lir uryuy Ha JrroAr4Hy Moxe BITKJIHKaIz sninu, $yuxqioualrui po:ragrz i

Nrexaui.{Hi rorrrKoAxeHHs. Ha AingHrli po6otn ryM rro xapaKrepy c[eKTpa -

[rrrpoKocMyroeuit, z 6esnepepnuuu cneKTpoM Irr[pI{HoIo 6inrure oKTae[ 3a

qacoBolo xapaKTepv crr.rKoro IxyM ni4uocztr,cx 4o xareropii nocrifinoro.

OcHosH[\r AxepeJroM uryMy y npuruiqenuxx e Bepcrarz, BeHT[rrIIifiHa

cr{creMa, rpancQopvaroprr, BrrrrprMJrsqi'ra inure o6raAHaHH{.

Xapaxrepuc'ruKoro raxoro rxyMy Ha po6ouux vicqxx e pieui 3ByKoBoro

:rrlcxy (.qE) B oKTaBHux cMyrax 3 cepeAHLo - reoMerpztIHLIMIr rlacroraMu 37.5; 63:

125:250:500: 1000; 2000: 4000 ra 8000 lq. .{onycrurvri pinni snyxoaoro rlrcKy,

pinni aeyry i exsisareHrHi piani 3ByKy Ha po6o.rlx N.ticqsx npzfiuarotr,cx sa

Br.rMoraMr.r [ 18] i naae4eni s ra6rzqi 6.

i
I

Ta6.ruus 4.5 - Bn6ip ocsirrlosamuoro npucrpolo

Tlrn ceirrlJrrutaxa Kococsirro eMaJlr,oBaHe

Ceir,.1o posnogireuux Hecuuerpnuue

lloryNHicrr raunu, Br [o 200

KKA 0,6

Hailuesua Br4cora nigeicxn EyAr-rxa
PeroruesAarrii ro
BrrKoplrcrauHlo csirumuuxis

lns ocsirreuHq BeprIzKaJIbHI]x noBepxoHb

nynr,ria ynpauiunr ra inuux nprana4in
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Po6oqe uicue
PieeHr 3ByKoBoro rucKy B gB a oxranutlx cMyrax 3

cepeAHbo-reoMeTpuqHuMlz qacToTaMlr

31,5 63 t25 250 500 r 000; 2000 4000 8000

Br.rpo6Huue 101 95 87 82 18 75 13 1l 69

Ta6nuus 4.6 - !,onycruui piuui 3ByxoBoro rucxy, pisrri 3ByKy ra
exeiea,reHrHi pinHi :eyxy tta po6ovux Micu.{x

Pineur :ryxoBoro rr.icxy Ha po6oqr.ix Micucx nocrifrHuii, ane tlpt4

ueo6xi4nocri Br,rKoHaHH.rr Ae.f,KI{x uenoctiftsax po6ir (az6yxoni ra peuourni),

pireur aryry rroNe glriuronarzcr,.

.{nx svenruennx pinux IxyMy Ao Aolycrl{Moro 3acrocoByrorb ualouryvui

ycraHoBKrl, ocHarIeHH, MaIIr4H i yc'rauonor gaco6avu AlzcraHlliiiHoro KepyBaHHfi

i rucxy B AaHoMy nupo6nuuoray npuuirqeuui npu nocT iiiuonry uyui (aEA).

llpu na4vipu[x rxyMax BcraHoBJIeHo 3Byroi3onrqirc, Koxyxrr, ei46usarovi

eKpaHz, 3auryrrrKt4 Ta isrui flp]Icrpoi. lllyvoni MaIITITHIT 3aKpIrBaIorEc,

3ByKoi3oJrboBaHr{MIr Koxyxarr,rz, ari nr.rrorosreHi 3 Meriuly ra o6luqronaHi s

cepeAzHr4 3ByKono rr4Halorrr4Mr.r MarepianaMlz, Ae HeMoxJIt4Bo ieoarcsa'rz AxepeJla

rrryMy npoBoArrE aKycrrz.ruy o6po6ry

Bi6paqiero Ha3uBalorb 6ynr,-ruti Mexaui.IHi KorrlBaHHq npy)I(HHX ri,r, lxi

rrporBn.rrlorbc.x n ix nepeuiuleuui B npocropi. KorzsauH.f, qacrorolo suNqe 16

(fq) cnpufinrarorLc{ opraHaMz gr< ei6pal1ii.

,,{Neperarr.ru ni6paqifi e iucrpyrr,reur, qo npaq}oe, eJIeKTpoABrrryHI4,

BeHrr.t Jrrroprz. ,,{xepenorr.r s6yANeuua ei6paqifi e 3BoprHbo-nocrynanrurzfi pyx

cucreMrr, uenpiruonaxenoi uacn.

3axncr eia ei6paqii rIoBlIHeH 3aAoBortbHrrli BI4MoraM [ 1 9]. OcuorHurau

ririeni.rHr.rN{a xapaKTepr{crlt xaur,r ai6paqii, xri ru:Ha.rarorb BflJlIzB Ha JIIoArrHy, €

cepeAuroKBa.qpa'rrauui 3HaqeHH, ei6poueugrocri qv ii ,rorapu@rrara.

Cucreraaruqna 4il ai6paqii nprr3BoA[rrr 4o pi:nux nopylreHL s4opon'a JIIo,qI4Hx,

I
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crae rpuLruHoro ai6paqiiiuoi xaopo6u. 3ara,'IbHa ei6pauix 4ie tta uepcos)'. cepIIeBo-

cyAr{HHy cr4creMy, nopyuyerbc, o6rr,riu pevoel1H; Bl4HaKa€ roronHleir 6i,rl,

nopyuyeT[,c, coH, 3H]rxyeTbc, npoAyKTIrBHlcTb npaq1.

3 ueroro BuKnIoqeHH.x r,tox:rr.raocri BuHLIKHeHH, siSpoxnopo6r'i o6Mex(ylorl

rrapaMerpH ei6paqii po6ouux uicUs i noaepxHi KoHra(ry npauroloq x

flonycrur,ri 3HaqeHHr HopMoBaHI4x ai6paqiii ua nocrifinux po6outlx uicqgx

B AaHoMy nupo6uzuorray npzrrairqeuui npllne4eni e ra6,'luqi 7.

Ta6,ruqa 4.7 - fiony crurai piaHi ni6pauii Ha po6ouux r,ticu.qx.

BuAu

ei6pauiii

OK'rasui cMyfa 3 cepeAHEo-reoMerpI,IrIHI4MLI uacrorarr,tu, lq
2 4 8 16 31,5

Ha nocrifinlrx

po6ourax

rricqrx e

u.rpo6nuuux

npuuiuleuH.ax

1,3/108 0,4s199 0,22t93 0,2192 0,2192

3axo,un 6opom6u: 4uuarr,tiuHe raciHHq KoJII4BaHb i sN{ilra Koncrpyt(Tt4BlIxx

CJICMCHTIB VCTAHOBKIl.

Eopors6a : ai6paqiero .qocflra€Tbc, en6opotut raxux xillel,raruqnux i

rexHorori.iHux cxeM, rIpI4 ,KI1x Aanauiqni npoUeclr, .rxi erlxruKaHi nourronxair,ru,

pisxunu flprrcxopeHHrur, 6yAym euxrroqeHi rIH rpaHhqHo :ul'txeni. luHarrliuHe

racinHs ni6parlii eig6yeaerrca .Iacriue BcEoro IrIJrrxou poattirqeHHfl ycraHoBoK

ua (ryugaueH'ri, vacy flKrrx Bu3Haqalorb 3 po3paxyHKy, ulo6 antl:riryAa KoJIriBalIb

He rrepeBuxryBara 0,1-0,2 (uu).

4,3 Texuina 6egreru

Po6o.Ii Micuq He c;ril posruirqynaru no6ru:y cu,'IoBl4x xa6eria i seogie,

Br{coKoBoJrr,THux rpancQopuaropie, rexHoitoriqHoro o6raAsasu.tr, xlo crBoprcc

nepeurr(oArr y po6ori.
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Ocximxu [oBr{HHo floAaBarl{c{ cra6irisosaHe eJIeKTpoxI{BJIeHH, (s

ni,qxureunmr sit 220 B ne 6inrure -10 % +15 o/o),, rlogaty eneKrpoeHeprii B

xonru'rorepni npuruirqeuur cri4 :4iiicnronaru ri4 oKpeMoro He3a!'IexHoro A)I(epeJla

)ItHBJIEHH,I.

3riAuo s Br,rMoraMr4 IIYE ropnycll po3noAinbqlax (ncrynuux) uurie s

6y4ialrrx, cflopyAax, KBaprlrpax nosuuHi 6yru sauy.neni i easeuneui; Ha ssoAi e

6yAznor [oBr,rHHa Br]KouyBarrrcs cucrenra spinHroBaHH, noreuqiarin.

llpanu:ra nonegiuxlz ua po6ovorr,ry rraicqi:

Po6irsur< [oBr{HeH 3Har[:

- oco6ruso noxexone6egnevui 4ilxur<r4, a raKox cueqia;rrui l.ricqr 4ax

narinnq. Kypnru ua'reprzropii crporo 3AEOPOIUICTbC-f, ;

- naicqx po3TarxyBauH.f, rroNeNuoi clrrxaJrisaqii Ta rIpaBIzJIa KoplrcryBaHH.s

nero (rene$ou, er. ouoeiqynaui, curua.nisaqis rorqo);

- uicqe, Ae 3HaxoA.rrrrrc.a nepruuui saco6r4 noNeNeracisHx (eHyrpiruni

KpaHrz, uyxJrx4u a uicxov i rouaravu, BorHeracHr,r(u, a36ecroBa IloJIorHI,IHa

roqo);

- rrpaBr4Jra KoprrcryBaHH.rr saco6arrau noNeNoracinus fi iHaeHrapeM y

KoxHoMy KoHKperHoMy Br,rnaAKy (saropxnu.a onii, racy, AepeBa, nanepa,

eJreKrponpoBo4xu roqo).

Oco6z, xri nignoeinarorb 3a rroxexHy 6esnery, noeuHHi:

- s4ifi cHronarv nocrifise cnocrepexeuH, 3a Br4KoHaHHrM rrporvnoxexHoro

pexuMy B rlexy qu ua repuropii o6'exry;

- 3Ha"r[l BJraCTr,rBOCTl MaTeplallB r CI4pOBl4Hr,r, rrIO 3aCTOCOByeTbCr, CTyfflHb

He6eguerz i su6yxoue6e:ue.ruocni 4i:rxuor uupo6nzqrna;

- 3Harrz zaco6u roxexoracinHq ra MicIIe3HaxoAxeHH, BorHeracHr4x

saco6is.

Ilpra npufiiraanui qu sAaeaHHi srraiul.r nepenipmu uaannicrr i cnpanuicru

nepBllHHr4x saco6is noxexoraciHtfl, a y BlrnaAKy Br4rBreHHq uecnparuocri uu ix

ai4cytrocri, cnosiruaru npo qe ni4nonilanurifi oco6i sa roxexHy 6e:nery.
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3a6e:neuyaaru BIiKoHaHH, rlolepeAx(yBaJrLHl4x [porl4noxexHl4x 3axoAlB,

BqacHo noei4ou:rxru npo noxexy i;i opraui:oryBart{ Ao npra6yrrr norxeNuoi

KoMaHAr4 raciHuq noatexi cr.l,.raM oco6onoro cKraAy go6ponimur.ix no)KexHrrx

ApyxrrH i inurux po6irHzxin.

4.4 lloxexsa 6eslera

llpuuiqeuur rr.rexauiqsoi gir*rxu ni4uocxrr, 4o xareropii ,{ - ueroproui

peqoB[Hu y xoJroAHoMy craui. Byainnx xapaKrepv 3yerLc{ III cryneHeM

noruecrifixoc:ri sriAuo [20]. Ao III crynenerr,r BorHecriilxoc'ri niguocxrr'cx 6yainri

3 rrrryqHrrMr{ Ta 3axrrcunMrr xoucrpyrqiarrar,r 3 npLrpoAHLIx ra rrryilHl4x KaM'rHnx

rr,rarepia-lria, 6erony, sariso6e'rouy. fux neper<pzru AonycKaerr,c.{ 3acrocyBaHH.s

4epea'runx incrpyrqifi, 3axrirleHr{x rrrryKarypxoro a6o BaxKorop}oqr,rMr4

JrrrcroBrrMr{, a raKox Ht4TKoBrzMrr varepia:rarrau. IIpu qronry eJreMeuTrz yKpI4TT{ 3

AepeBrrHu ni44aiomcx sorHegaxucniii o6po6ui. MeNi sornecriiixocri :aueceni y

'ra6ruqro 8. Y .rucemHrzKy Bra3yromcq N4exi sorHec'riftxocri 6yAine:t ullx

xoucrpyxqif; y 3HaMeHHr.rKy - naeNi poslonc]oAxeHH{ noryu'x no Hux.

Einr nxogy na c'rauqiro neo6xi4no BcraHoBr.rrr.r 1 noporuroruii sorHeracuur

BII-5. Ha repuropii ni4npraeMcrBa po3rarrroeaHo 3 rroxexHrrx ulura, .qo KoMnJreKcy

:aco6ie noxeNeracinsa, rri posir,riqeui Ha Hr,orry, nxruo.reui: rorueracnuxu BII-5

- 3 rur., { Ir.rK 3 nicrorra - 1 urr., fioxpr.rBarrro 3 Heroprcqoro renroiaorqqiftHoro

rraarepiary a6o uoecri po3MipoM 2w x 2tur - 1 rur., raru - 3 rrrr., Jronarr4 -2 m.,

JroMH - 2 urr., coxzpu - 2 rc. -flrqurc g;rr nicxy nraeuicrxicrr 1,0 na3 ra 6yru

yxorrannexroaanrfi coBKoBoro Jrorrarolo. Koncrpyr<qiruquKa noBI4HHa

:a6e:nevyaarz spyunicrr 4icrananHr nicry ra Br,rxrroararr,r [onaAaHH-s ona4ia.
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Ta6nnqx 4.8 - Minirr,ra.lrrni rraeNi eoruec'riftxocri 6yAieenrxr,rx xonctpyrqifi

i rraaxcana.lrni uexi poanoncloAxeHHfi noayu'r IIo HI4x srigHo [21].
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B14CHOBKT{

B iHcrpyueurarssiii npoMucJroBocri rrpu peani:artii repuouexauiuuoi

o6po6r<u inrencusuo Br{Kopr.rcroBy€Tbct npouec ocaAKI4 3 KpyqeHHrM IrJIocKI4x

quniu4przvuux 3aroroBoK 3 Meroro orpI,IMaHH, cy6gpi6uorepuracroi crpyxrypl4, rIIo

:a6esneuye sucoKrafi cryninr ni4nuuleunx crifircocri ArrcKoBr.rx Spes. [m
lpouecy floprA si I]rraMrIoBI,IMnirsuqeHHq e$exrunnocri 3a3HaqeHoro

ocHaqeHHqM neo6xi.qno Nlaru eiAnoeiAHe npecoBe o6:ralnanna. O;1Har icnyroui s I
i€AHHoMy eraeunrxpi xoncrpyr<qii flpeca AJu xoM6irrosaHoi o6po6ru 3acHoeaui Ha

auropucrauui KprzBorunrrur.rx vexaui:vrin, ari ue 4osnorrlorl po3BltBarlr seruKi

4e$opr,ryroui HaBarrraxerurr, a raKox ue :a6e:leuyrorb rlpocrory roncrpyxqii

npecy. Y sn'xsKy 3 uLrM BI4HI{Kae Hara:Irua norpe6a n pospo6qi noaux r<oucrpyxqi

npeca An, ocaAKIr 3 Kpyr{eHH{M, noa6asreuux 3a3HaqeHllx ue4onirin.

3aupououonauo KoHcrpyrlliro rurarrany 3 qaHroBI{M iraexanisrraolt 4.na

nnacruquoi ocaAKrl 4orrovipuzx quriu4puuuux 3aroroBoK, xlo Ao3BoJIre

ocaAxyBaru ocrassi sa 40-50o/o 3a oAHy ycraHoBKy, rlo Heo6xiAHo Ant

nigruulennr eQex'rraeuocr:i nracruqnoi o6po6xra Bra3aHr,rx 3aroroBoK.

Ha ocnoei rr.to4eri l3OTpOnHOfO sNairIHeHHq B yMoBax MoHoroHHoro

HaBaHraxeHHq AocriANeHo HanpyxeHo-Ae$opMoBaHufi cran upz oca4qi s

KpyqeHHfiM qu.uiu4puuuux 3aroroBoK 3 ypaxyBaHHsu siviquronauux varepia,ny.

Posuxuyro ABa Br,rnaAKr{ gii nonepevuoro HaBaHTaxeuux: po:no.4ireue

HaBaHraxeHHs nocriftuoi inrencvnnocri q; socepe4xena cvra Q, npuxna4eni 4o

3aroroBKrr AoBxr4Horo 10. BcraHoareHo, rqo cu;ra Q ra inreaczsHicrb qMoHoroHHo

3pocrarorb g s6irutrreHHxrra ni4nocuoi 4e$opvaqii ocaAKrr e i salexarr nig

rr,rexaniqsux xapaKTeprrcrrrxu rrlarepialy. 3i :pocranxxrr.r 4etfoprtraqii acyay

sa3HaqeHi curoni xaparrepzcruKrr 3MeHlryrorbcf, i y sa'rsxy s quu ni4nuulye'rrcx

c'riftr<icrr npoqecy ocaAKrz 3aroroBKlr.
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I Hafirueuynasus i o6.nacrb BacrocyBauHq

Haitrraeuynaun.a - quniu4pzr{Ha AeraJIE 3 noKparIIeHIrMLI eKcllJlyarallii.*tupru

xapaKTepv crr,rKaMr.r rxJrrxoM crBopeHH, cnpuxuuaoi cxeMu HanpyxeHoro craHy

npra oca4qi 4oarorr.ripnoi 3aroroBKrr.

2 lliAcrasa AJrq B[KoHaHHn po6oru

IIiAcT aeorc 4na pospo6ru ganoi 4r,rnrovnoi po6orn e iu4uni4yanrHe 3aBAaHH,

na 6axa,ranpcrry xnarirfiraqiiuy po6ory ra HaKa3 peKropa no BHTY upo

earpinlenn.a rerr,r.

3 Mera i npu:naveuuq Aoc".riAxeuHq

Mera: pospo6xa xoucrpyxqii urT auronoi ocHacrKLI n fl pea,risaqii

uerpaAuqifiuzx npoqecin ru.racru.{Hoi o6po6xu qrzrin4puulurx 3aroroBoK .qrs

rroKparrleHH{ ercnnyaraqifiHr.rx BJracrr.rBocrefi ereruenrie xoncrpyxqifi .

Ilplrrnauennx pospo6xlr - sacrocyBaHHs uerpa4zqifiuoiT exnonorii orpI4MaHH,

3aroroBor rrulflxoM 4e(fopuyaauufr. AJrfl. [oKpauIeHH, ercnryataqifiuux

xapaKTepr4crr{x gerarefi Marrrr4H Ta ereMeH:ris xoucrpyrqifi .

4 {xepe.na pospo6ru

Cnucor BV Kopu craHrlx AxepeJr pospo6r<u:

4.1 Aliiev, I. S., Sivak, R. I., Markov, O. E., Levchenko, V. N. The

evaluation of workpiece deformability for the process of two-stage extrusion of

hollow httll / International Journal of Advanced Manufacturing Technolog,,,2023,

t29(3 -4), pp. I 345-1 3 53.

4.2 Hrudkina, N. S., Markov, O. E., Shapoval, A. A., Abhari, P., Malii, K.

V. Mathematical and Computer Simulation for the Appearance of Dimple Defect by

Cold Combined Extrusion I FME Transactions,2022,50(1), pp. 90-98.

4.3 Aliieva, L. I., Markov, O. E., Aliiev, I. S., Levchenko, V. N., Malii, K.

V. Analysis of Power Parameters of Combined Three-Direction Deformation of Parts

with Flange / FME Transactions,202l, a9Q),pp.344-j55.
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4.4 Hrudkina, N., Aliiev, I., Markov, O., Sukhovirska, L., Tahan, L.

Designing a kinematic module with rounding to model the processes of combined

radial-longitudinal extrusion involving a tool whose configuration is complex /
Eastern-European Journal of Enterprise Technologies, 2021 , 2(1-110), pp. 8 1-89.

4.5 Markov, O. E., Aliiev, I. S., Aliieva, L. L, Hrudkina, N. S.

Computerized and physical modeling of upsetting operation by combined dies /

Journal of Ch emic al Te c hno lo gy and M etal lurgy, 2020, 5 5 (3), pp. 640-648.

5 Buxiaui Aaui A,rq pospo6xu:

I Buyryiruuifi pa4iyc r<ouiuuoi qacrusu IIaHTLI, MM 25

2 3ogHirxHiil pa4iyc xoniunoi .{acr}rHl4 uaHrrr, MM 35

J floe>nuna AirqnKu nouiquoi qacruH]I Iraunl, M N,r 25

4 Marepia,r Crals 40X

5 Mo4y:rs lOura, Mfla 2.10s

6 Ocroei MoMeHTr.r inepuii qanrlr, urra4 2.106

7 Xopcrr<icrr qaHru, H/un 1 ,9.103

5.1 Texni.rHi BrrMoru

- rigpanniunai npec aycr,urxrr,r - 2000 kH

- reMneparypa ni4nany crrrraBy AA31 - 350-4300C

- Br4rpuMKa nignany crrrraBy A[3 1 - 1 roa

- raepgicrr incrpyueury - 56-60HRC

- ruopcrricrr po6ouoi nonepxni incrpyrraeury - Ra:0.4

5.2 Buvoru go na4iftuocri:

4oaroni.ruicrr - He MeHrrre 10 rzc. ror; 6eseilNaosHicu - HarIpauIoBaHH, Ha

ri4rraony * 1 ruc. ro4; s6epeNenicrr - rroBr{Hna :a6eane.ryea'rucx npaqe:.qaruict

4erani n pexIarrai ouiryaannr, po6orra, roucepeaqii; peMoHrorprrAarnicrr - AeraJIr,

rroBr4Hrra ei4uoni4arra Br.rMoraM excnnyaraqii.

5.3 Burr,rorr,r Ao 'rexaororiunocri pospo6ru, nzpo6nuqrea i ercnrya'raqii -
rroBrrHHa taparTyBarr4 ua4ifiuy i 6esnevny po6ory o6ra4nannx, BI,ITpI4MyBarI,I



IHTeHCLIBHI ALIHaMIqHI HaBaHTaXeHHr.

5.4 Buuoru go pieux yni$ixaqii i c'rangap'rzsaqii, rurraoru Ao BuKopucraHHq

craHAaprHr4x, yniSironaurzx i rano:uqeuux cKJIaAa,'rbHl4x oAuHI4ub i4eranefi nprz

po:po6qi, rroKa3Hr.rxrr pinur yuiSiraqii - no laoxrtzsocri ni4 uac po:po6rcra

xonc:rpyrqii rxraMrry anr pezurisallii npoqecy ocaAKI4 goarorraipuoi qurinAprqnoi

3a.roroBKu BrrKopr,rcroByBarlr yni$ircoaani 4erari, crangaprni vupo6u ra

3ariurr,Ho.qocrynui ua'repia,rra i peuorunu.

5.5 Buvora 6e:nexu xrar, eAi.arr,Hocti - ga6egneqyerLcs 6esrera nig uac

MoHraxy i perr,rou'ri. ,{onycrurr,ri pinni ri6paqifiuprx i rryMoBzx HaBaHTaxeHr,,

,4onycruui BrrrapoByBaHHr po6ovoi pi4unra y rignoni4uocri s canirapnuua

HopMaMr{. lloeuuui 6yru po:po6:reui saxo4u, u1o :a6e:neuyrorr rexuivny 6e:nery

niA .rac MoHTaxy, excn,'ryaraqii i perraoHri [p]rcrpo]o.

5.6 Konc:rpyrqi.s nosI.{HHa ri4noni4aru ecreruqHuM i eprououiuHtzM BI'IMoraM,

rroBr4HHa 6yru spyvuoro n o6cnyronynauni ta ynpanniuui.

5.7 Marepiaau, ulo Br4Kopr4croByrorbcfl Arq Aeraneft cni4 nu6Irparu niAnoeiAno

4o per<orraeu4aqift.

5.8 Yrvronu ercnlyaraqii, Br4Moru Ao rexni.rHoro o6cnyroryoauuo i peuon'ry:

-yMoBa excnnyaraqii, npu ,Kt4 x rIoBIrHHo :a6esrevynau4c.l BHKopI,IcraHHt

npogyxqii s zaraH:aMLr rexHi.ruuMa rroKa3HIrKaMn * npo4yxqia [pLI3HaqeHa Art,

Bt4 Kopr.rcraHHq y cepe.{HEo rx}.rporHux r<l riuaraqsNx yMoBax ;

-qac niAroroBKr4 rrpoAyKuii 4o europracraHH{ nicrx rpaucnopryeanna i

a6epirauur - 10 roa;

-eag o6c;ryroByBaHuf, - nepio4u.*lafi ;

-nepiogrzunicrr i opieuroana rpygorraic'rxicrr rexsiqsoro o6cryroeyaauux i

peMoHry -2lui (o4uu pas r rpu uicaqi);

5.9 Bvvorr,r rro rpaHcnoprysaHHro i e6epexeuuro

-MoN:lzeictb rpaHcrropryBaHHf, Ha 6yAr-arovy augi rpaucnoptrux :aco6ie

-3axr{cr ai1 y4apin niA qac 3aBaHTaxeHH, i potaanraNeuur

-s6epirannr ra cx,ra4i rorosoi npoayxqii
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-s6epiraunr y 3aKoHcepBoBaHoMy gflrrsAi

- cKJIa,4yBaHHfl Ha CTeJraXaX.

6 Erconomiqni norcasHrlrcu:

- opieHroBaH[fi reprrain oxynnocri Bl4rpar na poapo6ry - 1,3 poxz,

- ocBoeHHr uapo6uuqrna npo4yxqii - 1 nicaqr,

- exonoviqsa repeBara poepo6nenoi upo4yxqii y nopinnxnui 3 KpaqI'IMu

3p€BKaMrr - rporHo3oBaHzfi npra6y'rox 2 480 500 rpu. 3a rpll poKI'I.

7 Burcouasqi H{P: cryAeHr cneqialurocti 133 <<fanyseee

lrauuuo6y4yuauu.a>,,{uutpo IEPEI {b

8 Eranu HIP i repruiur ii srronaHHs:

- TeoperrairHe Aocni,qxennq npo6reuaruxn reuz BKP;

- na'resrno-iuSopnaaqifinufi omr4 no rerrai EKP

- pospo6xa rrrraMny 4nx pa4ia;rruoro Br.rAaBJrloBaHHr 3 oAHocropoHHbolo

loAaqero;

- oxopona upaqi;

- BIACHOBKI,I.

- o$opru.reuu, TeKcroBrax 4oryrraen'raqifi ra imocrparznnux Iuarepiarin grx

aaxr,rcry EKP.

9 Ilopaqor KoHTpoJrro i upufiorvrrcu

- nonepe4niil 3axucr npoeKTy

- 3axrrcr npoeKTy nepeg EKP

d

I
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