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AOCKEHHA JE®OPMANIHHUX IMTPOIECIB ITPA P®OPMYBAHHI
MPOTUPLIBTPALHIMHOTO EKPAHA B CTPYKTYPHO HECTIMKHUX TPYHTAX

Busueno ocobnusocmi pozsumky oeghopmayitinux npoyecie npu 8udyxy cucmemu AiHIUHUX 3aps0i8 y
Macugi IpyHmy 3 HeCMIUKUMU CMPYKMYPHUMU 36 A3kamu. Posensanymo mexnonoeiuni acnekmu
BUKOPUCIMAHHSA NIACMUYHUX 6KTIOUEHD AK eleMeHMi8 NpOmu@intempayiino2o expana.

IMocTtanoBKka mpoOiaemMu. 3riHO 3 BiIOMHMH IOCTiKEHHAMH Mii BUOYXy B IPYHTaX 3 PO3BHHECHUMH
CTPYKTYPHHUMH 3B’SI3KaMH, SKi He BTPAavyarOThCSA B Mporeci nedopMyBaHHS, 00MacTh 00’ €eMHUX nedopMmamii y
30HI BIUIMBY BHOYXY CKJIaJa€ThCs MPAKTUYHO 3 JABOX 30H [1].

O06’emHi pedopmarii B nepiuiid 30Hi (puc. 1) 1ocsAraloTh MAKCUMYMY, SIKHH BU3HAYAETHCS, B MEPILy YEpry,
MOPUCTICTIO IPYHTY 1 YaCTKOBMM BHIIAPOBYBaHHSM Ta HNEPEMIIIIEHHSIM ITOPOBOI BOJIOTH BiIHOCHO MiHEPaJbHOTO
CKeJleTa Mijl BIUIMBOM MOTY)KHUX CTHCHYTHX Halpy)XeHb 1 3HAUHUX IUIACTUYHUX Jedopmaniil. IHTeHCHBHICTD
VUIUIBHEHHS IPYHTY B 1iif 30HI MPAKTUYHO YTPUMYETHCS Ha OJJHOMY PiBHI, OCKIJIBKM MOXJIMBICTB I 3pOCTaHHS
CTPUMYETHhCS BHUCOKOIO MIIIHICTIO Ha BCEOIYHE CTUCHEHHS MiHepaibHOI (a3u rpyHty. Ciif 3a3HAa4YMTH, IO
3araybHa MUTBHICTh MACHBY B i 30HI HIDKYA Bif (i3MIHO MOKIHBOI. Lle TIOSCHIOETECS YTBOPEHHSIM Ha CTaii
PO3IIMPEHHS ra30BO1 HOPOXKHUHU CHCTEMH paliajbHUX TPIIMH y HPHIETJIOMY A0 Hei IPyHTi, W0 3a3Hae Aii
BHCOKOT'O THUCKY 1 TEMIIEpaTypH.
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Puc. 1. Cxema po3nodinenns 3amumkosux oegopmayiti

Y BOmOHACHMYEHUX IPYHTAX i3 OUIBII HECTIHKUMM CTPYKTYPHUMH 3B’SI3KaMH — (OPMYBaHHS 30HHU
3ATUIIKOBUX JeOopMallii € CKIAIHIIINM IPOIIECOM.

Slkmo 1o BUOYXYy IPYHT MaB HECTIMKY CTPYKTYpY, y 30HI 3HMIKEHOI LIUIBHOCTI BifOyBaeThcs HoOro
obBasieHHs1 a00 OCHIIaHHs, TOOTO Mae Miclie pylHYBaHHS Ha PiBHI YaCTHHOK IPYHTY. SIKIIO % IPYHT 10 BUOYXY
MaB JIOCTaTHBO CTiliKi CTPYKTYpHI 3B’SI3KM, TOHIKEHHsI LIUILHOCTI B 3rajiaHiil 30HiI BiJOyJNeThCS LUISIXOM
YTBOPEHHS TAHTCHLIAIBHUX TPILMH BiJPUBY.

BuBuenns nuHamiku (opMmyBaHHS BHOYXOBOi MOPOXXKHHHHM Ta pPO3pPOOKa TEXHOJIOTIYHHX €JIEMEHTIB
KOMOIHOBaHOTO CHOCOOY CIIOPYIKCHHS BEPTHKAJIBHOI BOJOHEIPOHWKHOI 3aBICH B HECTIHKOMY TIPYHTI €
aKTyaJIbHOIO HayKOBOIO Ta MPAKTUYHOIO 33/1a4€lO0.

AHaJi3 ocTaHHIX HocaimKeHb Ta myOmikamiii. /[MHAMiKa PO3BUTKY IO HANPYXKECHb 1 medopMamiid y
JecoBoMy MacuBi [2] mokasana, II0 MOMEHT IIOYaTKy HOTo 3BOPOTHOTO PyXy B HPWIETIiH 10 BHOYXOBOI
MOPO’KHUHU 00JIacTi CIHiBIaJa€ 3 MOMEHTOM BiIpHBY XBOCTOBOi YaCTMHM XBWJII HAIPYXXECHb BiJl MOBEPXHI
nopoxHuHU. [TopiBHIOIOUM HaBeJeHI Ha PUCYHKAX 2, @ Ta O €MIOpH, 110 Bi0OpaXXaloTh CTaH MOJIs HAlPYXKEHb i
nedopmariidi y ¢ikcoBaHi MOMEHTH Yacy B MiJiCeKyHIaxX, 0auynMo, IO MOMEHT IOYaTKy BiJpWBY XBHII
HANpYKeHb BiJ BUOYXOBOI MOPOKHUHHU CTAaHOBUTH Om3bko 20 mc. Came Tofi, 3TiAHO 3 PUCYHKOM 2, 6, PiBEHb
nedopmaniii MPUIETIIOro A0 MOPOXHWHU MAacHBY ITOYMHAE TOHMKYBAaTHUCH (TO3UIlSA 4), IO CBITYUTH TIPO
BUHHUKHEHHS B Iii 30HI 3BOPOTHHUX PYXiB IPYHTY, TOOTO XBUIJI PO3BAHTAKEHHS.
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Cepia: Texniuni nayxku
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Puc. 2. Enopu xeunv nanpyoicens (a) i degpopmayiti (6) npu ubyxy
NIOCKO20 20PUBOHMATILHO20 3APs0Y 8 1eCOBOMY MACUBL HA 8IOCMAHT 8I0 NIOWUHU 3apA0Y:
1-10;2-20;3-30;4-40;5-60; 680 cm

Sxmo neopMOBaHUI MacuB MiJ 4ac BUOYXy HOBITPSHOCYXHUH, a IPYHT Ma€ He BiJJHOBIIIOBaHI CTPYKTYpHI
3B’SI3KM, BIIACTHBI, HANpHKIaJ, ICKaM, JecaM 1 JIECOTOAIOHNM CYIJIMHKaM, HpPOLEC PO3BAHTAKEHHST
JeopMOBaHOTO MacHBY 3aKiHUYEThCSI OOPYIIEHHSIM IMPHIETIIOl YaCTUHH YIIUIBHEHOI 30HH B HIDKHIO YAaCTHHY
nopo>xHUHU. Lle mpu3BOANTH 10 pi3Koro 30iNbIIEHHS 1 AiaMeTpa i BiJIIOBIIHO JI0 3aBEPILCHHS MyJIbCAI[IHHOTO
npouecy. [loniOHuii MexaHi3M JUHAMIYHOTO J1e(OPMYyBaHHS BIACTHBHH TAKOX IJISI BOJOHACHYCHUX IPYHTIB 3
CITaOKUMH CTPYKTYPHHUMH 3B’ SI3KAMH.

MeTo10 po0GOTH € BCTAHOBIICHHS 0COOIMBOCTEN PO3BUTKY JeOpManifHIX MPOIECiB NpH BUOYXY CHCTEMHU
JHIMHAX 3apsiiiB y MacHBi IPYHTY 3 HECTIHKUMH CTPYKTYPHUMU 3B’ I3KaMHU.
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BuxknaneHnHst 0CHOBHOT0 MaTepiay xocaifzkeHHs . [IpyHIMIIOBO MyJIbcalliiHUI MeXaHi3M 1eOopMyBaHHS
CTPYKTYPHO HECTIMKOTO IPYHTOBOTO MACHUBY HE BIIPI3HSAETHCSA BiJ MOCTIMOBHOCTI JeOPMYBaHHS CKEIBHOTO
TIOPOJIHOTO MAacCHBY, OTIMCAaHMIA B [3], TaKOX Mae Miciie B IPyHTaX i3 CTINKAMHU CTPYKTYPHHUMH 3B’ I3KaMH, OJTHAK
HACIIAKH MYJBCAIIIIfHOTO MPOIleCY MEHII BHPa3Hi 1 JIUIIE MPOSBISAIOTHCS Y BUIJIANI CHCTEMH KOJIOBHX TPIIIWH
BiJpUBY MOOIHM3Y BOTHHIIA BUOYXY.

ExcreprMeHTaNbHO I ABOX THINB IPYHTIB BCTaHOBIICHO 3aJIGXKHOCTI JiaMeTpa MOpOXHHH O, Bix
niHiiHOT Macu 3apsny C,, . Marouu Ha yBa3i, 0 B 3arabHOMY BUIJIAL 118 3aJ€XKHICTh HaOyBae KPUBOIiHIIHOT
(hopmu, pu TIEBHOMY 3HaUCHHI JIHIHHOI MacH 3apsay BOHA BHUIIOJIIOKYETHCS, AOCiIraloun MakcuMymy. OqHaK B
oOmexenomy miamazoni 0<.,/C, =14 wa 3pocratouiii rinui sanexnocri d, ({C 7, /i€ IIe ClabKo BIUIMBAE

MacITabHuif e(heKT, BOHA IS JOCTIKCHNX TPYHTIB MOXKe OyTH alpOKCHMOBaHa TIPSIMUMH JTiHisIMHA (pHc. 3).
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Puc. 3. 3anexcnicmo oiamempa nopodcHuHu 6i0 macu 3apsaoy
ons nezko2o cyenunky (1) i niyanozo rpynmy (2)

BiamoBigHO A7 IGTKOTO CYTJIMHKY BosioricTio 7—15 %:

d, =0,66,C, , @)

JUTS THIAHOTO TPYHTY BOJIOTicTIO 5—12 %:

d, =061/C, . @)

[pu momanbIIOMy BHBYCHHI MeXaHi3My (OPMYBaHHs MOPOXHHHHU B Kamy(ueTHoMy pexumi [4] mominsHo
He JIMIIIe 3BEPHYTH yBary Ha HaBeJCHI BHIIIE 3aJIS)KHOCTI, alie i BpaXyBaTH 0COOIMBOCTI MEXaHi3MYy 1 3aJIMIIKOBY
KapTUHY PO3NOALTY JedopMalliii IpyHTY He JIMIIE MPH Aii TOOAMHOKOTO 3apsiay, a U Mifl i€l TBOX CYMIKHHX
3apsniB. Lle noTpiOHO, HANPUKIIAA, B TEXHOJIOTI] YTBOPEHHSI BUOYXOM CHCTEMH 3apsi/iiB CYLIbHOT MOHOILINHH,
sIKa Ma€ pi3He TEXHOJOTTYHe IPU3HAYCHHS, HAIPUKIA, Jyisi popMyBaHHs npoTudiabTpaniitnoi 3asicu [5].

Cuiz BpaxoByBaTH, 10 Je(opMOBaHUN CTaH IPYHTOBOTO MAacHBY CYTTEBO IIOB’S3aHHMH 3 BIJICTAaHHIO MiX
3apsnaMu. [Ipy 10cTaTHRO MAJIMX BIJCTAHAX MIK 3apsilaMH YTBOPIOETHCS CYIJIbHA IIUTHHA 32 PaXyHOK 3JIUTTS
CYMDKHHX ITOPOKHUH Y CHCTEMI.

B npoMy Bumanxy sl TOBFOCTPOKOBOTO 30epekeHHs camMoi MOHOIIUIMHM 1 OTOYYI0YOi YIIUIEHEHOI 30HH
HEOOXiTHO OTpUMaHy BHpPOOKY 3allOBHUTH BIiANOBiAHO mifgiOpaHuM wmarepianoM. Ilporudinsrpaniiiai
BJIACTHBOCTI TaKoi iH)KEHEPHOI CHOPYAU BH3HAYATHUMYThCS BJIACTHBOCTSIMH HAIOBHIOBAuYa, a TAKOXK HAsSBHICTIO
npwiersioi 10 BUPOOKHM 00JIaCTi MaKCHMAaJIBHOTO YIIIIbHEHHS. [IpHCYTHICTH 30HM MOHMKEHOI IIUTBHOCTI,
YTBOPEHOI BHACTIMOK ITyJbcamii, B IIbOMY BHIIQAKY HE MO3HAYUTHCA Ha €(EKTUBHOCTI TaKOro KOMOIHOBaHOTO
expana. [Ipm 36imbIIeHH] MPOMDKKY MDX 3apsiiamMu moje aedopMariii MOMHPIOETECS HE JIHIIe Ha 30HY I03a
MeXaMH TIIONUHY 3apsliB, a il HA MACUB MiX CYMDKHUMH 3apsiiaMu.

TexHika CIOpyIKEHHS €KpaHa B I[bOMY BHIAJIKY TOTpeOye OUTBIIOT yBaru 0 CTPYKTYpH Ae(hOpMOBAHOI 30HH,
OCKUIBKM B3a€EMOJIIS 3yCTPIYHHUX yAApHUX XBUJIb y TUIOIIMHI JBOX CYMDKHHUX 3apsi/iiB IIPH NEBHIN BiJCTaHI MK HUMH
npu3Besie 10 GopMyBaHHS 30HM PO3YLILUTEHEHHS MIXK 3apsiaMu.

[IprHIMD MOOYZOBH NPHIIETIIOTO IO CHCTEMH 3apsliB NpoTH(]IIbTpaliiiHOro mapy He nependadae cTpoi
PIBHOMIpHOCTI HOro po3TailyBaHHS B IUIaHI, ajie 3aJIMIIAEThCS TOJIOBHA BUMOTA JI0 [IbOTO IIapy — Oe3nepepBHiCTh
eKpaHa. 3a HasBHOCTI PO3pUBIB moisg JedopMmaniii pi3HOTO THUIy — IO3JIOBXKHIX 1 IMOMEPEYHHUX BiJTHOCHO
TUIOLIIMHY 3apAJiB, a TAKOX IPH BIJICTAHAX MK CYMDKHHMH 3apsilaMH B PSJY, IO NMEPEBHIIYIOTh ONTHMAaJIbHI,
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MOXHA IPUITYCTUTH HOSIBY OCIa0JICHUX JUISTHOK eKpaHa, sIKi MoTpedyBaTuMyTh ocoOnuBoi yBaru. HaBite, siKio
BUIIOBHUTH KOXXHY TOPOKHHHY B CHCTEMi HpPOTU(IIBTpaliiHUM MaTepialoM, MOXIHUBI PO3PUBH B CHCTEMI
eKpaHa uYepe3 PO3YIIUIBHEHHS MK 3apsiaMH, yTBOPEHI MyIbCYIOUNMH pyXaMH MAacHBY 1 MOPOXXHWHHU MpPH
B3aEMOIIi yIapHuX (POHTIB i XBUIb nedopmartiii [5, 6].

Bapiant BukoHaHHS poOIT 32 HaBEIEHOIO CXeMOIO (JOPMyBaHHS BOJOHENPOHUKHOTO €KpaHa B CTPYKTYPHO
HECTIHKOMY IPYHTI MOX€ BUKOHYBATHCh y TaKii IIOCIiJOBHOCTI:

— po3MmiTtka i OypiHHS CBEpAJIOBHH IIi[] 3apsIH;

— Oypinns cBepmioBuH giamerpoM 200 MM i po3MilIeHHS B HUX IUTACTHYHOTO SJIEMEHTA,;

— 3aps/pkaHHs OOHOBMX CBEPIUIOBHMH 1 3allOBHEHHS IMPOCTOPY MIX 3apsaMH 1 CTIHKaMH CBEPIUIOBHHU

CTPYKTYPYIOUUM PO3YHHOM;

—  KOMYTAIlisl IpUBHOT MEpEexi 1 MiJpUBaHHS;

MIOBTOPHE 3aITOBHEHHS YTBOPEHUX BUOYXOM MOPOKHHH CTPYKTYPYIOYHM PO3YHHOM.

BucnoBok. Ilpum miaHyBaHHI TEXHOJOTIYHOT CXEMH CHOPY/KEHHS €KpaHa LUIIXOM pO3MILICHHS B
NPOTHO30BaHOMY MicCIli BUHUKHEHHS 30HH PO3YLIITGHEHHS BKJIIOYCHHS IUIACTHYHOTO BOJOCTIMKOTO Matepiay,
SKAH TiJ] 9ac BHOYXY CHCTEMH 3apsniB NeOpPMYETHCS, MEPETBOPIOIOUNCH Ha E€IIEMEHT NPOTH(UIBTpaIiitHOl
cnopyau. OTpuMaHi CIiBBIIHOIICHHS B CHCTEMi 3apsAiB 1 IUIACTUYHHUX BKIIOYEHHb JO3BOJISIOTH MpPU3HAYATH
ONITUMAJBHI MapaMeTpu IX B3a€MHOTO po3TalryBaHHs. [lomampini IOCHiJKEHHS MaloTh OyTH CHPSMOBAaHI Ha
PO3IIUPEHHS Iiana3oHy IPYHTOBUX YMOB, a TAKOX BIUIMBY MacIITaOHOTO (hakTopa.
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