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ITocTanoBKa MpoGaeMH.

OnHier0 3 BaXJIMBUX MpodOiieM, IO ICHye B Taly3l IepepoOku
CUIBCHKOTOCIIOAAPCHKOT MPOAYKIIi € BUPOOHHUIITBO HACIHHEBOTO MaTepialy OBOUEBHX
KyabTyp. [luTaHHsS OTpUMaHHS HACIHHS JWHI Ta OripKa JI0 TEHEPIIIHBROTO Yacy
BUPIIICHO IIe HE JOCUTh JOCKOHaO. [Ipo 11e ToBOpuTh Te, 1110 OCHOBHA Maca HaCiHHS
oBoueOamranaux (60...80 %) € iMmopTOBaHOIO 3 KpaiH OJU3BKOTO Ta JaJeKOro
3apyOixoks. [Ipu oMy, 3a cepenHiMu cTaTuCTUYHUME TTokazHukamu y 2008-2010 pp.
KUTBKICTh HEOOX1THOTO HACIHHS IIUX KYJBTYP CKiIaaaia BiamoBigHo 150 Ta 73 ToHM.

Baromuit BHecok y mpoBeieHHS (DyHIaMEHTATBHUX JOCTIIKEHb MPUCBIYCHUX
MIBUIIEHHIO €(DEKTUBHOCTI MPOIECIB OTPUMAHHS HACIHHS PI3HUX KYJIBTYp BHECIU TaKi
BucHi, sk Mensenes B.I1., [lypakoB A.B., Tapacenko B.B., 'omoBuyk A.®. ta i

AHamiz pe3ynbTaTiB JAOCTIIKEHh 1 BUCHOBKIB TIO 0OpaHiii mpoOieMi BUSBUB
BIJICYTHICTh ii MOBHOI[IHHOTO PIICHHS /IS YMOB CHEIiali30BaHUX (PepMepChKIX
roCHoOJIapCTB 1 BEIUMKOTOBAPHUX BUPOOHUKIB OBOYEOAINTAHHOT MPOMYKIIi, IO
MPU3BOAUTh 1O CYTTEBHX TIEPEBUTPAT JIOJACHKOI Tpalli, CHPOBUHHUX Ta

EHEepPreTUYHUX pecypciB. BianmoBiIHO BUHUKAaE€ HEOOXINHICTh B CTBOPEHHI HOBOTO



oOnagHaHHA JJI1 BUPOOHMLITBA HACIHHS OTIpKa Ta JWHI, JUISI YOrO AaKTyaJbHUM
3aBJIaHHSIM € TMPOBEJICHHS AaHATITHYHUX JOCHIKEHb TEXHOJOTTYHUX TMPOLECIB SK1

BIIOYBAIOTHCS MiJ] Yac OJIep>KaHHs HACIHHEBOIO MaTepiaiy.
AHaII3 OCTAHHIX JOCTIIKEHb.

AmHani3 ICHYIOUHMX JIITEpaTypHUX JKEpPEN HE BUSBUB MPOBEJICHUX OCTAHHIM YacoM
JOCTIDKEHb 100 MUTAHHA TMPOXO/KEHHS TEXHOJOIIYHOTO NPOLECY BIIUICHHS
HACIHHS B/ MOJIPIOHEHOT MacH TUIO/IB OBOYe-OalITaHHUX KyJIbTyp [1].

OctanHiM 4YacoM OylM MNPU3YNMUHEH! JOCTKEHHS MEXaHIKO-TEeXHOJIOTTUHUX
BJIACTUBOCTEI HACIHHUKIB Ta HACIHHA JAUMHI Ta oripka. Lle cTBopumIio ckiaHy CUTYallio B
raiysi, OCKUIbKM BUPOOHULITBO Ma€ HAUIMIIOK HOBUX MPOJYKTUBHHUX COPTIB KYJbTYPH,
JOCITIKEHHS BIACTUBOCTEH SIKUX HE MPOBOJUTKCS, 1110, B CBOIO YEPry, YHEMOXKIIUBITIOE

BUKOPUCTAHHA 1X 3 METOIO OTpUMAHHA HACIHHS MEXaHI130BaHUM ILISIXOM.
BuxkJjaa oCHOBHOTO MaTepiajy.

BuBueHHs cTany Ta MOBEIIHKYA HACIHHUKIB OTIpKa 1 AWHI I Yac Ta Micis il Ha
HUX poOOYMX OpraHiB MamuHU (POpMYy€e€ OCHOBY TIiJ JOCIIKCHHS TIIpolecy
pyWHYBaHHS HAaCIHHHMKIB Ta pyXy po0O0Y0oi Macu 1 BUIAUICHHS 3 HEl MaKCHMAaJIbHO
MOMJIMBOI KUJTBKOCTI BUJIBHOTO HACIHHS NUISXOM HOrO TMPOCIFOBAHHS KPi3h pEIIiTHE
nmoyioTHo. B po0OoTi HAciHHEBI IJIOAM OTipKa 1 JHUHI TPEJICTABICHO SK
TPUKOMIIOHCHTHE CEpPEIOBHINE, SKE CKIamaeThcs 3: 1=1 — TBEpAOi POCIMHHOI
OocHOBH, | =2 — Boau; 1=3 — moBiTps. lle namo MOKIUBICTH 3HAWTH 3B’SI3KH MK
napamMeTpaMyd YMOBHOTO OJTHOPITHOTO CEPEIOBHUINA 1 TapaMeTpaMU MOTO CKIIAJOBUX
€JIEMEHTIB Ta 3alpoNOHYBaTH 3aJeXKHICTh MO0 BHU3HAYEHHS IIBUIKOCTI
PO3MOBCIOJKEHHSI XBWJIb CTUCHEHHSI Co y TAaKOMY CEPEIOBHIII, IO JO03BOJIIE B
MOMANBIIIOMY BpaxOBYBaTH OCOOJMBOCTI HOTO CTPYKTYpH TpPU MOJCIIOBaHHI

nedhopMyBaHHS:

P3lp (1)
72 p2
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ne y;(1=12,3) — o0’emHa xoHmeHTpamis emnemeHty; p;(i=12,3) — rycruna

Cop =¢C3

exeMenTy; ¢; (i =1, 2, 3) — MBHIKICTH PO3MOBCIOKCHHS XBUJIb CTUCHEHHS CJIICMCHTY.



Ha ocHOBI JOBIAKOBUX 1 JOCHIIIHUX 3HAYE€Hb I'YCTHHHU, 00’€MHOI KOHLEHTpaIii
Ta IIBUJAKOCTI PO3MNOBCIOJKEHHS XBWJIb CTUCHEHHA B €JIEMEHTaX, 3 SKHX
CKJIQJAOThCS TUIOAM JTOCHIIKYBAaHUX KYJIbTYpP, OAEPKAHO PO3PAXYHKOBY BEIHMYHMHY

Co = 52 wm/c. lle 3HaueHHs B Mexax 96...97 % chiBnagae 3 BEJIUINHOIO MIBHIKOCTI

PO3MOBCIOJKECHHS XBUJIb CTUCHEHHS I CUPOi TyMH (IJIaCTHYHO-B’ sI3Ke T110) [2].
JUist BU3HAYEHHS! TPAHUYHOI BEJIMYMHU CHJIOBOIO BIUIMBY POOOUYOro OpraHy Ha
HAaCIHHUK 3 METOI0 MOro pyiHyBaHHS Ta MAaKCUMAaJbHOIO BUBUIBHEHHS HACIHHA BiJ
3B’A3Ky 3 M’ SIKOTTIO, 32 YMOBHM 30€pEKEHHS I[IOYaTKOBOI'O CTaHy HACIHHA,
JOCJIJDKYBAJIMCSI OCHOBHI TMapaMeTpu MilHOCTI HaciHHs. [llmsxom mopaentoBaHHS
HABAHTAXCHHS MPY>KHO-TUIACTUYHUX TUT (IMCKIB, TpyO) BHYTPIIIHIM TUCKOM (puc. 1),
BU3HAYEHO 3aJICKHOCTI Ui MOAYJSI IPYXKHOCT1 £ Ta rpaHMYHOTO 3HAYEHHS MIITHOCTI

Op HaclHHS Oripka 1 JuHI Ha npokoi. [Ipu npomy Oysi0 BUKOPHUCTAHO PE3yJbTaTH

BUIIPOOYBaHb HACIHHS OTIpKa 1 AMHI Ha MPOKOJ TOHKOIO TOJIKOIO 2 JiaMeTpoM 1 Mm, a

HaCiHHS | mpeacTaBiIeHO y BUTIIAL KPYTJIOTO JUCKA.

N

Puc. 1. Cxema euznauenus miyHocmi 000I0HKU HACIHHSA HA NPOKOJL

Pe3ynbrati po3B’si3Ky 3a1aui MPY>KHOTO HABaHTA)KEHHS IIIOI0 HAIKMX YMOB Ta 3a
. 2
YMOBH, 1[0 IIPOKOJI — II€ OCBOBE 3yCHJUIA Ha oxmHmio momi 27800 = Nza“, a 3a

Kavanosum JI. M. (= 0,60; (1— b? / az), JO3BOJIMIIO OTPHMATH

E=qL (1—#)—(1+y)ﬁ ; (2)
b? —a? a?
O'TZN%. (3)

[lincraBuBIIM r€OMETPUYHI PO3MIPU HACIHHS (HAMPUKIIAJ OTipKa) Ta BEIUYHHY

sycunns No,(H/Mm?), maemo: o7 = 7,072 - 102 H/mm?; E = 6,37 - 103 H/mm? [4].



Bu3zHaueHO 3aJI€KHOCT1 CTUCIUBOCTI CEPEAOBUINA £ 1 MUIBHOCTI IIOAY Pny, IO
BIUIMBAIOTh HA XapaKTep MpoIeCy pO3JaBlIOBaHHS B 3a30pi MDK OapabaHOM 1
PELIITHOIO JEKOK Ta MepeMillleHHd Horo ¢parMmeHTtiB. [[is 1bOro BHUKOPUCTAHO
MOJICJIIOBaHHS: MPOLIECY CTUCKaHHS CUJIOI0 P HaciHHUKA y HMIIHAPI 32 JOIOMOTOIO
nopwHsA Iwioniero F — mpu oOuYMciIeHHl MNapaMeTpa CTHCIHMBOCTI; 3aHypEHHS

HACIHHUKA Y BOAY — IPU PO3paxyHKaxX HOro MUIbHOCTI. 3apONOHOBAHO 3aJI€KHOCTI:

__¢.F
ﬁ_ V Pl (4)

Pus zp{l—%( fRoﬂ, 5)

ne V —o06’em mwiony; & = Al/l — BiTHOCHE TTOOBKEHHS; ps — IUTBHICTH BOAX Y TUIOJ;
I', Ro— BiZIMOB1IHO, pajilyCH KyJIbOBOTO CETMEHTA HaJI MOBEPXHEIO BOAM 1 TUIOY.
OnepkaHi aHATITAYHI pe3ynbTaTd i or, E, f 1 pu, 13 BigxuwieHHsM 10 4 %
30iral0ThCs 3 pe3yNbTaTaMM CKCIIEPUMEHTAIBHUX JIOCTIDKEHD IMX XapaKTePUCTHUK
HaCiHHs, B TOMY 4Mci i iHmux aBropis (.M. Anicimona, I'.A. Xaiinica) [1, 3].
[Tpu mocaimkeHHI B3aemMoiii poOOYUX OpraHiB 3 miojgaMu (puc. 2) MpOBEICHO

CWJIOBHI aHaji3 iX pyxy y 3MIHHOMY 3a30p1 JaBUJIbHO-CETapyBaIbHOTO MPUCTPOIO.

Puc. 2. Cxemu 83aemo0ii dasunvroeo bapabana 3 Macorw HACIHHUKIE npu
3axonnenti (a) i nepemiwgenui 8 pobouuil 301i (0)



OpepxaHo 3aJIeKHICTh IJI1 BU3HAUEHHS JlamMeTpa JaBWIbHOro Oapabana 1, mpu
SAKOMY TapaHTOBAHO 3/11MCHIOETHCS 3aXOIUJICHHS 1 MOJaJbIlIE 3aTSATYBaHHS HACIHHEBOTO

IJIOAY 2 y 3a30p MIXK JAaBWIbHUM OapabaHoM | 1 pemriTHOo nekoro 3 (puc. 2, a):

D2 1=% (6)
1-
/]/ 1+ f2
1€ 01, 02 — BIJICTaH1 BiJl IGHTPY HACIHHUKA JO TOYOK 3aXBaTy.

Amnani3 (6) moka3sye, 110 YAM MEHIIUHN JlaMeTp TUIOAY, TUM OUTBIINI KOS(IIIEHT
TEpTS BIH MOXe MaTH, 1o cmiBnagae i3 [5]. [Hma crnpasa, 1mo B pealbHHX MeXax
BapitoBaHHs f Horo ycepenneHe 3HaueHHsi ctaHOBUTH (,35...0,42, a pi3HHLS d1 — 07
3aJICKUTH BiJl AlaMeTpa IOy, SKUH JJIsl TMHI KoJuBaeThes Bif 14,6 mo 22,6 cm.

[Ipu nmepemiiieHH1 HACIHHEBUX IJIOJIB yCepeArUHI PoOOYOi 30HM MOJpiOHIOBaYa
BiZIOYBa€ThCs iX OOTUCHEHHS, TIPU IIbOMY BUHUKAE MUTOMUN TUCK (], BEIUYMHA SIKOTO
30UIBIIYETHCSI B TOYKAX KOHTAaKTy TEXHOJOTIYHOI Macu HAaCiHHEBHX TIUIOMIB 3
MOBEPXHEIO JIaBWJILHOTO 0apabaHa y Mipy 3BYXKEHHS 3a30py MaIlluHU (IUB. puc. 2, 6):

0 = Omax - (€059 — COSPmax ) = K - R+ (1= COSPay )- (€O — COS gy ). (7

OpnepxaHo 3aJIe)KHOCTI JJI1 po3paxyHKiB cwiu jaedopmarii Q 1 cuimm omnopy

NIEpEeMIITIEHHIO MAaCH HACIHHEBUX TUIOMIB OTipKa 1 IuHI P B poO0UYiil 30H1, y BUTJISIII:

Pz%ﬁHz—f(R—H) H(2R—H)+fR2arccosR;Hﬂ; (8)

Q =M{((R—H)\/m+ Rzarccos%— fH zﬂ, ©)

2R

ne H — BennurHa 0OTUCHEHHS POCIMHHOI MacH, M; l;— poboya noBxuHa OapabaHa, M;
k. — €KCIiepUMeHTanbHul KoedilieHT 06’ eMHOi nedopmaiii Macu HaciHHuKiB, H/M?,
110 JTO3BOJISIFOTH 3/T1MCHIOBATH MIITHICHI PO3paxyHKH JaBHILHOTO OapabaHa 1 BU3HAYATH
MOTY>KHICTh, HEOOXIHY JIJI1 BAKOHAHHS TEXHOJIOTTYHOTO TIPOIIECY.

OpepxaHO 3aJICKHICTh TSI  BHU3HAYCHHS MIHIMAJIBHOI KOJIOBOI IIBHUIKOCTI

JTaBWIIBHOTO OapabaHa:
W, -4
1€ lmin - Amin * i

(10)

Vmin =

3 (10) BumumBae, mo BemuurMHA Vmin TPH MIHIMI3aIil TEOMETPUIHUX PO3MIPIB

pobounx opra"iB A ilmporopiiiiiHo 3pocTae i gocsra€ 3HAYEHHS, IO BHKIIIOYAE



TEXHOJIOTIYHI BIAMOBM MAIIWHHU, SKOMY BIANOBIAA€ PO3PAXYHKOBE 3HAYECHHS
MIHIMAJIbHOT KyTOBOi IIBHIKOCTI B MeXaX omin =1,19...1,44 pan/c. BapiroBaHHs
BENTMUMHAMHU mapameTpiB A il cBiguuTh, 110 paimioHaIbHe 3HAYEHHS KYTOBOI IIBUAKOCTI
o0OepTaHHs JaBWIBHOTO OapabaHa Mae OyTH OUTBIINM Wmin Y 3,7...4 pa3u.

BuBueHHs peonorii moBeiHKA poOOYOro Tila y TEXHOJIOITYHOMY 3a30p1 MAIIUHU
32 YMOBHU HE3MIHHOCTI BUKOHAHHS 3aXBary miony (6) Ta ioro pyiiHyBaHHS JO3BOJIMIIO
po3risiIaTH podoUYy Macy y BHIVIAAI IJIACTUYHO-B’si3k0ro Tina (tiio binrama) [6], o
PYXa€ThCS MK JIBOMa KOAKCIAIbHUMU LIMJITHAPAMHU, OJUH 3 SIKUX o0epTaeThes (puc. 3,
a). Monenb 1 peoJioriyHy KpUBY, sIK1 BiJOOpakatOTh MOBEIIHKY TaKOTO Tijia, HABEICHO

BIAIMOB1IHO Ha pucC. 3,013, B.
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Puc. 3. Po3paxynkoea cxema 0asunvbHO-cenapy8aibHo20 NPucmpoio
Pyx poGo4oro Tia po3rissHyTO y HHIIHAPUYHMX KoopauHatax (R,, z), y skux
BiCh Z CHPSMOBaHO TMEPNEHAUKYISAPHO A0 IutomuuHu (puc. 3, a). nsa pobouoi
HaclHHEBOT Macu OyJIO0 TIOCTYJIhOBAHO PEOJIOTIYHE PIBHSAHHS, IO MICTUTh JBa
KOe(]IIIEHTH — MEXKY TEKYUYOCTI Ty, 1 INIACTUYHY B’ SI3KICTD 7]y
=Ty 7 (11)

3BaXkar04M Ha TE€ MO MBUIKICTH 3CYyBY MOAPIOHEHOT Macu

. dw
]/—ra, (12)

1 HaMpy>KEHHS 3CYBY B Iapi poOOYOro Tina, 10 JOTUKAETHCS JO TMOBEPXHI OapabanHa
paxiycom r = D/2:

r=M (13)

- 1
2r’z |

ne M — oGepTaibHUN MOMEHT, SIKUM BUHUKAE 32 paXyHOK MEPEMIIICHHS] MaTepialy Ta

EKCIICHTPUCUTETY MK OapabaHoM 1 iekoro, H - M,



3a YMOBHM Te4ii MaTepiary 01epKyeMO:

M 1 1 r
ﬂmw—rﬂ(r—z—gj—’[mlnﬁ. (14)

- ro. N
Beomsiun 'y (14) xoedimieHTH K i 1 , Ko=Ih— 1 0e3po3mipHuii
Al r2 R2 R
xoediuienr k=w-n/r, , MO BpaxoBye BIACTHBOCTI POOOYOI MACH, OIEPIKYEMO

3aJIEKHICTh JJIsI BA3HAYEHHS il KyTOBOT IIBUAKOCTI pa3oM 13 IaBHJIbHUM OapabaHOM:

m:k(ﬁM—KZT—mJ. (15)
77}’[./1 nn]l

Ha ocHOBI pocinijkeHb WMOBIPHOCTI MPOXOAY HACIHMHM Kpi3b pEIIETO,
PO3MIPHUX XapaKTEPUCTUK HACIHHS JOCIIKYBAaHUX KYJBTYp 1 Mepepi3iB penriTHOro

ITOJIOTHA 3aIIPpOITIOHOBAHO BU3HAYATHU HpOCBiT OTBOpiB pCIHiTHOI ACKH HACTYITHUM YMHOM:

2y
s=" (16)

ne 2F(z) Bupaxkae BiHOIIIEHHS TUIOIII, 1[0 OOMEKeHa BapialliifHO0 KPUBOKO PO3IOILTY
JIOBKUH HACIHHS 1 OpJMHATAMH B IHTEPBaJI BIIXUJIEHb JIOB)KMHHM HACIHHSI 32 KJIaCaMH
* |, 1o Bciel KpuBOT po3moaiay; L — muprHa OTBOPIB PEIIITHOTO MOJIOTHA.

Y pesynbraTi BukopucTaHHa (opmynu (16) 1 popmynum pobGoyoi moBepxHi
peanbHOro pemera s=,/(t—b)’+45? , 110 BUKOHAHA 3 CITYACTOrO TOJOTHA PO3MipaMu

nepepiziB bxd | kpokom t, ogep:kaHo Ta OOIPYHTOBAHO 3aJICHKHICTh IS BH3HAYCHHS

HAWJIINIIOT IMMPUHN OTBOPIB PEIIITHOTO TOJIOTHA:

L 2F(z) ’ (17)
7[( (t—b)2+52j
IO JIO3BOJISIE€ MIABUINUTA HMOBIPHICTh MPOXO/KCHHS HACIHHSA 1 3HM3UTH WOTO
3aCMIYEHICTb.

BucnoBku. 1. V pesynbraTi NpoBeACHUX TEOPETUIHUX IOCIIIHKEHBb (I3UKO-
MEXaHIYHUX IMapaMeTpiB HACIHHUKIB JWHI ¥ OTipKa, PEKOMEHIOBAHO PO3TIIANATH
IJIOM SIK TPUKOMITIOHEHTHE CEPEOBHIINE «POCIUHHA OCHOBA—BOJA—TIOBITPS», IS
SIKOTO BCTAaHOBJICHO 3aJIEKHICTh 1 PO3PAXOBAHO MIBUIKICTH PO3MOBCIOKEHHS XBUJIb

CTUCHEHHSI (Co = 52 .wm/c) Ta CHIBBIAHOIIEHHS KOMIIOHEHTIB, IO JI03BOJISIE



BPaxOBYBAaTH OCOOJMBOCTI MOTO CTPYKTYpHU HpPHU MOJEIIOBAHHI IeQOpMyBaHHA, a
TaKOX BU3HAYEHO aHAIITUYHI MapaMeTpu MinHoCcTi Hacinns (or = 7,072 - 103 H/mm?;
E=6,37 - 10 H/MM?) i cepeiHbOi IiTBHOCTI HACIHHUKA (0,,<960 Kr/Mm3).

[IInsxoM CHJIOBOro aHalizy pyxy poOOUYOro Tiia y TEXHOJOTIYHOMY 3a30pi
MAaIllMHUA Ta BUBUEHHSI PEOJIOTIi OTr0 MOBEAIHKY aHATITUYHO BCTAHOBJICHO 3aJI€KHOCTI
JUIST BU3HAUCHHS JUHAMIYHMX 1 MIIHICHUX TMOKa3HUKIB i poOo4Yoro oprany, Imio
BpPaxoOBYIOTh XapaKTEPUCTHKY JOCHIIIHOIO Marepiany Ta (OpMylOTh OakaHl Mexi
HOro 0IHOPIIHOCTI 32 YMOBH JIOCTaTHHO1 MPOITYCKHOI 3/1aTHOCTI 3a30pYy. 3A1MCHEHUM
MOJIEJIIOBAHHSIM BH3HAYEHO MIHIMaJbHY KYTOBY IIBHJAKICTH OOEpTaHHS poOOYOTo
oprany (wmin=1,19...1,44 panp/c), 1O BUKIKOYAE TEXHOJIOTIYHI  BIIMOBHU
noJipiOHIOBaya, Ta BCTAaHOBIIEHO, IO pAalliOHAJbHE 3HAYEHHS KYTOBO1 HIBUIKOCTI

oOepTaHHsI TaBUJILHOTO OapabaHa MOBUHHO OYTH OUIBIIUM Wmin Y 3,7...4 pa3u.
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