YKPAIHA a9 UA 189284 13U
(51) MK
B24B 39/02 (2006.01)

E

OEPXABHA CITY)XXBA
IHTENEKTYAJbHOI
BNACHOCTI
YKPAIHU

RS
[Nz

(12) ONUC OO NATEHTY HA KOPUCHY MOJAEIJb

(21) Homep 3asBKu: u 2013 14312 (72) BuHaxigHUk(n):

(22) [Oata nopanHs 3aseku:  09.12.2013 -II'-Iprq Banepéﬁ BOHO-EWM“POB“:U(X)A),
" oceBaTeHko Eayapa Kapnosuy ,
(24) ﬁsaTZ:HZKg;Mm;HMMM 10.04.2014 PyTtkeBny Bonoaumup CtenaHosuy (UA)

MoAernb: (73) BnacHuk(n): _
(46) My6nikauis BinomocTen 10.04.2014, Bron.Ne 7 BIHHULIbKUN HALIIOHATNTBHUMN
Npo BUAAYY NaTeHTy: ArPAPHUU YHIBEPCUTET,

Byn. CoHsivHa, 3, M. BiHHuus, 21008 (UA)
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(57) Pedpepar:

Cnoci6 o6pobku oTBOpIB AeTanen nNNacTM4HUM 4edopMyBaHHSAM, NPU SKOMY 3[iNCHIOETLCA OCbOBE
nepemileHHs onpaBk1 3 A4edOopMyoYNM eneMeHTOM BiQHOCHO obpobnioBaHoro oteopy. Iig 30HO
KOHTaKTy pgedopmylodoro enemeHta 3 pJeTanmnio Mk MNOCagoYHUMM MOBEPXHAMMW OMpaBKM i
Aedopmyto4oro enemMeHTa CTBOPIOIOTL pagianbHi Hanpyru. [ns niaBuLeHHs NPoAYKTUBHOCTI npaw i
AKOCTi 0O6pobKkM 3a paxyHOK 36inblUeHHS Hecy4qoi 34aTHOCTI AedopMylouMX erneMeHTiB, pagianbHi
Hanpyr1 CTBOPIOKOTL B npoueci 06pobkn Mk onpaBkoto i 4edOPMYIOHMM eNeMEHTOM, Npu LbOMY iX
BenuunHa piBHa abo MeHWwa BenUYMHM padianbHUX Hamnpyr, BUHMKAYMX B 30Hi KOHTaKTy
0edopMytoHoro enieMeHTa 3 getansnio.
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KopucHa mMopenb HanexuTb A0 MeTanoobpobku, a came OO0 TEXHOMOrYHUX npoueciB 06pobkm
OTBOpPIB AeOPMYIOUUM MNPOTAryBaHHAM i MOXe OyTM BMKOpPUCTaHa NpW BUrOTOBMEHHI AeTanen i3
Ba)XKkOOOPOOOBaHNX MaTepiani..

Bimomnii pedbopmytounin eneMeHT npoTsxkn [ABTopckoe ceugetenbctBo CCCP Ne 751528, kn. B
23 D 43/02, 1980], siKkniA BUKOHAHO CUMETPUYHO HaBaHTa)keHoi popmun. OTBIp eneMeHTa 3i CTOPOHM
pob0oYoro KoOHyca Mae KOHYCHY 4YacTuHY, po3TpyD sikOi HanpaBneHun Ha3oBHI. BucoTa Ui€i KOHYCHOI
YacTUHM piBHa abo MeHLUa BiACTaHi Big TOpus eneMeHTa A0 30HU KOHTakTy. [lechopmytounii enemeHT
BCT@HOBMIOETLCA Ha KOHYCHY OMpaBKy, NMpuMyoMy Oinblua OCHOBa OMpaBKv HanpaBfieHa B CTOPOHY
PYyXy NPOTSKKK, @ KYyT KOHyca OTBOPY AedOPMYYOro enemeHTa noBuHeH 6ytn He MeHwe Hix B 1,5
pasu Ginblle KyTa KOHyca onpaBku. 36inbLuyloum OOBXMHY AMCTAHLUIMHUX BTYMOK i 3 [AOMNOMOroH0
cneuianbHOro pisabboBOro 3'eAHaHHs, edOpPMYIOUNA eNeMEHT 3aBXanM MOXHa NocaguTy Ha onpaBKy
6e3 3a3opy abo 3 HeobXxigHUM HaTAroMm. Npu LbOMY KOHTaKT AedOpMYHYOro eneMeHTa 3 onpaBKoto
30INCHIOETLCA Ha NeBHIM AinaHui. LupuHa uiei QinsgHKM BM3HAYa€ETbCs BENUYMHOK HATAry, 3 SKUM
aeopmMyoumii enemMeHT NocakeHUn Ha onpaBKy i 30iNbLUIYETECS 3@ paxyHOK MPYXHOI gedopmadii
ernemeHTa nig poboyYnM HaBaHTaXKEHHSM.

Heponikom gaHoro aedopmytoyoro enemMeHTa NpoTsKKM € CKITagHICTb BUrOTOBIIEHHS Ta BaXKiCTb
CTBOPIOBAHHA HaTAry.

B ocHoBy KopucHOI Moaeni noctaeneHa 3agjaya - NigBULLEHHSA NPOAYKTUBHOCTI npaui i sKOCTi
00pobku.

lMocTaBneHa 3agava BUPILLYETLCA TUM, LLO 3 METOK NiABULLIEHHS NPOAYKTMBHOCTI npaui i AKOCTi
06pobkn 3a paxyHOK 30iMbLUEHHS HeCy4ol 34aTHOCTI AedOpPMYyOUMX erneMeHTiB, pagianbHi Hanpyru
CTBOPIOIOTb B MpoLeci 06pobkM MK OnpaBKoto i 4ePOPMYOUNM eNeMEHTOM, MPU LbOMY iX BENMYMHa
piBHa abo MeHLWa BenuYMHW pagianbHUX Hanpyr, BUHUKAKYMX B 30Hi KOHTAKTy OedOpMYH4Oro
enemMeHTa 3 geTansno.

PagianbHy Hanpyry MiX nOCago4YHMMM MNOBEPXHAMWU OeOpPMYIOHOro enemeHta i onpasku
CTBOPIOIOTH LSISAXOM TX PiBHOMIPHOrO HarpiBy npu Bxoai 4edopMytoydoro eneMeHTa B OTBip AeTani gao
TemnepaTypu, sika He 3MIHIOETbCS B NpoLieci 06pobku

T _ g-K-d,/E,-K,-A
L=
0, -dy,—a,-d,
a npu Buxodi AedopMyOHOro ernemMeHTa i3 oTBOpY AeTani onpasky i AedopMylounin enemeHT
OXOMNOXKYIOTb A0 TeMnepaTtypu

opKdo 1B, Ky Ky —A
Og - dO —Og - de
Ae (| - BENMU4MHA papiarnibHUX HaMpyr B 30Hi KOHTaKTY AeOPMYIOHOro enieMeHTa 3 AeTannto;
q-K-d /E, K, -A
Gy - dO — O - de
NoBEPXOHb AedPOPMYIOHOro erieMeHTa i onpaBsKu;

+ T,

T2

0’

T

+T0 i d0 - BignosigHO AiameTpyn UUNIHOPUYHUX MNOCAA0YHUX

o, I o, - BiANOBIAHO KOEILEHTN NIHINHOMO PO3LIMPEHHS OMPaBKY | AEPOPMYIOHOTO ENIEMEHTa;

A - BenuMuuHa HaTtary, 3 SkuM 0eddOpMYyHUUN eneMeHT MNoCapKeHUM Ha Ornpasky, piBHa
d, +d,

2 ’

T

0 - TeMnepartypa HaBKOJIMLWLHbOIo cepenoBuLLa;

K

3M - koedpilieHT 3anacy MiLHOCTI;

[GPJ - JonyctMMa Hanpyra npu po3TaraHHi Ansa martepiany 4edopMydoro eneMeHTa;
K i KO - 3aranbHUn KoedilieHT nocTeni i KoeilieHT nocTeni onpaBku BiANOBIOHO piBHA
E 1+ ‘R 1+ -r
K = . . e2 . + ( He) _( “e) 'Eo/2(1_l«lo)r
R-(R*+r?/R*—r?)—p, r R

Ko =Eo /(1_ Ho)'r

ae Ee i E0 - MOAynb MNPYXHOCTI BignoBigHOro martepiany nedOopMyl4oro ernemeHTa Ta
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onpasky;
W, i p, - KoedilieHTu lNyaccoHa BinnosigHO MaTepianis 4edOPMyOHOro erieMeHTa i onpasky;

R i r - pagiycu 30BHILLHBbOT NOBEPXHI i OTBOPY AedOpPMYHOYOro eneMeHTa BignoBigHoO

Ha dir. 1 nokasaHo cxemy HaBaHTaXkeHb Ha AedOPMYIOUYUI eneMeHT B npoueci o6pobku oTBOpIB
aetanen nnacTMyHMM AedopmyBaHHAM; Ha pir. 2 - pisHi eTanu obpobku i giarpama Temneparyp
HarpiBy i OXONOMKEHHS IHCTPYMEHTa.

Cnocib 34ifCHI0ETLCA HACTYMHUM YMHOM.

Hedopmytounii enemMeHT 1, nocagpkeHWn Ha onpaBky 2 06e3 3a3opy abo 3 HEBENVKUM
aecdopmadinHnm HaTarom, nepemiwaetbcs B obpobnitoBaHi getani 3 3i wWBMAkKicTio V B 0CbOBOMY
HanpsMKy, 3a3Ha4eHOMY CTPISIKOH.

Mocagka 3 gedopMauiHMM HaTAroOM MPU3BOAUTL 00 BUHUKHEHHA Ha nocajoudHi nnowiagui

aedopmauiiHux pagianbHUX po3TArylOYMX HanpyXkeHb Gp, He MpeacTaBnsioun Hebesneku Ong
aedopMyodOro efniemMeHTa, Tak $K iX piBEHb Ha MNOpPSAOK HMXKYe MexXi MILUHOCTI Ha 3ruH
iHCTpyMeHTanbHOro Matepiany. Ona Toro, wob nocagka OedopMyloyoro efiemMeHTa Ha onpaBKy
3[ificHoBanach TiNbkK Nig 30HOK 4 MOro KOHTaKTy 3 AeTann, Ha MOBEepXxHi OTBOpy nepeabdadyeHi
KOHyconogibHi aingHkn 5. B 30Hi 4 koHTakTy AedopMyloyoro enemMeHTa 3 AeTannio BUHUKAKTb
pafianbHi HanpyXeHHs (|, ANs kKOMNeHcauii ikux B npoLieci 06pobku CTBOPIOTL TEpMiYHe pajianbHe
po3TAryloye HanpyxeHHst G, LUBnakocTi HarpiBaHHs V..., | oxonomkerHs Vo, iIHCTpyMeHTa, a Takox

BiacTaHb AinaHok Lg, i Ly, Ha skmMx BiobyBaeTbca aMiHa TemnepaTtypm iHCTpyMeHTa Bif TO no T1 i
BiO Tl ao T2 (coir. 2), BU3HaAYalOTbCS MO HACTYMHMM 3anexHocTam. [Ona getanen 3 KiHUEBOH

TOBLUMHOO CTiHKM
Lo =1.37 -t%7.d%*

ne t - ToBwwHa cTiHkM geTani;

d- AdiameTp oTBOpPY AeTani.
a

2tga

Ae a - HaTar Ha gedopMyUnin eNEeMEHT;
0. - KyT Haxuny CTBOPIOBaHOro pobo4oro KoHyca AedopMyHOoro enemMeHTa.
[Ona netanen 3 6€3KiHEYHO TOBLLWHOK CTiHKN

Lo =17.4-(3af”
Lo =186-(3af ™

Mpu BigOMI WBUAKOCTI NPOTAryBaHHA \%

LBX = LBI/IX +

VHarp — (Tl _ To)' \4
' Lex ’
V. = (T1 — Tz)' v
o Leux

HarpiBaHHA gedopmyodoro enemMeHTa MOXHa 3iNCHIOBATU eHeprieto yNbTpa3ByKOBUX KOMUBaHb,
PO3MICTUBLUM €feMEHT B MYYHOCTI Hampyr CTOAYO0l YyNbTpas3BYKOBOI XBuUNi Ha onpasui, CBY abo
€neKkTPUYHUMK HarpiBanbHMMK efneMeHTamu, po3MilleHnx 6ins TopuiB gedopmyrodoro enemeHTa.
OxonogxeHHs AedopMyOUHOro enemMeHTa MoXHa 34iMcHIoBaTH, Hanpuknag, nosiTpsiM Ha onpasLi.

3anexHoCTi AN BU3HAYEHHs1 TeMnepaTyp HarpiBaHHS i OXONOMKEHHS NpuaaTHI Ang BCiX BifOMMX
IHCTPYMEHTanbHMUX Martepianis, Tak SK BPaxoBYKOTb iX (Pi3VKO-MexaHiyHi BNacTMBOCTI, reOMEeTPUYHI
PO3Mipu i pexMumn obpobkn. AKWO IHCTpyMEHTanbHUIA MaTepian 3a4oBiNIbHO MPAaLE Ha 3MUH, KOMK
NOro mexa MiLHOCTI Mpu 3rMHI He MeHLIe (1,5-2)-103 Mrla, a papgianbHi Hanpyrn (| B 30Hi KOHTaKTy

AedopMytoHoro enemMeHTa 3 getanmo He NepeBuLLyoTb (3-4)-103 MMa, piBeHb TEPMiYHMX Hanpyr Gt
OOMYyCTUMO BMOMPATU MEHLLMM PiBHS qg. 34INCHIOBATM YaCTUHHY KOMMeHcaLito qg- B Ttakux Bmnagkax

TemnepaTypa HarpiBy, HeobxiaHa Ana CTBOPEHHS TepPMiYHUX Hanpyr, byae meHwum Temnepatypu T, ,

a iHkonm - i Temnepatypu T,. B ocTaHHbOMYy BWNaaKy BiAnafae HeOOXIAHICTb B OXOMNOMKEHHI
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iHCTpYMeHTa Ha Buxogi i3 geTani.

Hanpuknag. lMpun obpobui getani i3 crtani 20 3 30BHiWHIM AiameTpom 3aroToBkn 136 MM i
diameTpom noro otBopy 106 MM nnacTU4HMM OedOopMyBaHHsAM 3 Hatssrom 1,5 MM Ha pobouy
KOHIYHY NoBepxHt TBeppgocnnaeHoro (cnnae BK 15) pedopmytovoro enemeHta 6yae
[iatn pagianbHa cuna 1060 kH. [JoBXMHa KOHTaKTy AedOopMYy4Ooro enemMeHTa 3 Aetanso npu Lmx

ymoBax 06pobku cTaHOBUTL 2,7 MM, a pafiansHa Hanpyra 4 & somi KOHTaKTy JoCsArHe 1,17-103 MMa.
BubpaBwn sik matepian onpaBku ctanb 40X i giameTpu nocagoyHoi noBepxHi de~dp=97,5 MM,
npusHadaemo gedopmadiiHmin HaTar A nocagky, pieHum 0,002 mm. PewTta BuxigHMX gaHux Ons
po3paxyHKy Ti, T2, Viarp i Voxn HacTynHa: O(o=11-106 rpap,'l; 0(.9=6-1O6 rpap,'l; Ee=5,4-105 MMa;
Eo=2,1-10 MlMa; p=0,225; ue=0,290; Tx=20 °C; t=10 mm; a=4°; V=0,083 wm/c; K3n=2,0; [crp]=0,9-103
MMa; K=6,81-10° MH/m®; K.=5,94-10° MH/m®,

Togai, 3 BMpa3y Ansa po3paxyHKy TemnepaTtypu Harpisy OTpUMaemo, WO ANS MOBHOI KOMMeHcauil
pajianbHUX Hanpyr B 30Hi KOHTaKTy AedOpPMYKYOro enemMeHTa 3 Aetanio TEPMIYHUX HaMnpyr B 30Hi
nocagkmu, iHCTpyMeHT cnig Harpitn oo T1=245 °C, a 3 nepeabayeHHsiM NOro pynHyBaHHS Npu BUXOS; i3
OTBOpPY IHCTPYMEHT HeobxigHOo oxonoguTtn Ao T,=185 °C. LUBunAkicTb HarpiBy i OXONMOMKEHHS MpK
LbOMY BiANOBIAHO NoBMHHO AopiBHoBaTh 850 rpag/c i 195 rpaa/c. Harpie 30HM nocagku iHCTpyMeHTa
A0 pO3paxoBaHOi TeMnepaTypu 3 Ha3BaHO LIBUAKICTIO 3abe3nedye Aito Ha Lo 30HY yNbTpasBYyKOBMX
KONMMBaHb NpM YMOBI po3TallyBaHHS i B MyYHOCTi Hanpyr CToAY401 yrbTpa3ByKOBOiI XBUINIi. Takuin Harpis
30JACHIOETBCS  Mpu  BUNPOOYBaHHSIX  3anpornoHoBaHoro cnocoby o6pobku oOTBOpiB AeTanen
nnacTmyHuM OedOpMyBaHHSIM Ha €KCMEpPUMEHTanbHOMY CTEHfi, WO MICTUTb TOPU3OHTanbHO-
NPOTSDKHMIA cTaHOoK Mop. 7657, ynbTpasBykoBuin reHepatop Y3[2-4M 3  MarHiToCTpUKLIMHUM
nepetsoptoBadem NMMC 15-A18 i peectpytouy anapatypy. OX0onoaXeHHs1 iHCTpyMeHTa 34iNCHI0ETLCS
CTMCHEHVM MOBITPAM, NiABEAEHUM [0 30HU MOCAAKM Yepe3 OTBIp B OMnpasLi.

®OPMYJIA KOPUCHOI MOJEN!I

1. Cnoci6 obpobkn oTBOpPIB AeTanen NNacTu4HNM AeOPMYBaHHAM, MPU AKOMY 34INCHIOETLCH OCbOBE
nepemiweHHs onpaskn 3 4edOpMyUYNM ereMeHTOM BiAHOCHO 0BpobnioBaHOro OTBOpPY, a Nig 30HOK
KOHTaKTy AedOopMylo4oro enemMeHTa 3 JeTaniio MK M0oCagovyHUMU MOBEPXHSAMM OMNpaBKu i
AedopmMyodoro enemeHTa CTBOPIOKOTb pafianbHi Hanpyru, SKMW Bigpi3HAETbLCA TUM, WO AN
nigBMLLEHHA NPOOYKTMBHOCTI Mpaui i sAKocTi 0OpobKM 3a paxyHOK 30iNbLUEHHA Hecyyoi 34aTHOCTI
AedopMyouMxX enemMeHTiB pafianbHi Hanpyru CTBOPHOKTE B Mpoueci 06pobky MK OMNpaBKOK i
AedopMYyIoUMM erieMeHTOM, NP LbOMY iX BEMMYMHA piBHA ab0 MeHLLa BENUYMHU pagianbHUX Hanpyr,
BMHUKaOYMX B 30HiI KOHTaKTy AedOpPMYHOro enemeHTa 3 getarnsio.

2. Cnocib 3a n. 1, AkMn BiAPI3HAETbCA TUM, WO padianbHa Hampyra Mk NoCagoyHMMK MOBEPXHAMMU
AedOopMyoHOro efnieMeHTa i OnpaBkuM CTBOPIOKOTb LUMSAXOM X PIBHOMIPHOrO Harpisy npu BXOfi
AedopMyoUOoro enemeHTa B OTBIip AeTani 40 TemnepaTypu, ska He 3MIHIOETLCH B Npoueci 06pobku

L _OK-d JE K —A
' O(‘O'dO_OLe’de

a npu Buxodi 0edOpMyHYOro enemeHTa i3 OTBOpPY AeTani onpasky i AedopMylouuii enemMmeHT
OXOSIOAXKYHOTb 4O TeMnepaTypu

[Gpj('de/Ee 'KO 'KSI'I -A
O - dO — Qg - de

Oe q - BenuuuHa pagianbHuUxX Hanpyr B 30Hi KOHTaKTy edOpMYyH4Ooro eneMeHTa 3 AeTannio;

de i d0 - BiANOBIQHO AiamMeTpu UMNIHAPUYHUX MOCAO0YHUX NMOBEPXOHb Ae(OPMYOYOro enemMeHTa i

Onpaeky;

T, =

+T,.

O, i O - BiANOBIAHO KOemiLiEeHTN NiHINHOro PO3LLMPEHHA ONpaBkM i 4eOPMYIOHOrO eneMeHTa;

d, +d,

A - BennunHa HaTAry, 3 AKMMm ,qecbopmyroqvlﬂ €neMeHT NocagKeHnn Ha onpaeky, piBHa

T, - TemnepaTtypa HaBKONMLLHLOTO CepeaoBULLa;
K3|v| - KoediLieHT 3anacy MiILHOCTI;
|_GpJ - gonycTuma Hanpyra npu posTaraHHi 4na martepiany 4edopMyr4oro efnemMeHTa;

K i K, - 3aransHuit koediuieHT nocTeni i koedilieHT nocTeni onpaeku BignoBigHoO piBHa
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K = E o) R (1+;e)-r Ey /20—, X,

R~(R2+r2/R2—r2)—ue r

Ko =Eg /(1_90)"’

ae Ee i E, - Mogynb npyxHocTi BignosigHoro matepiany 4eOpMyO4Oro efieMeHTa Ta ornpaBku;
U i Uy - koediuieHTu MNyaccoHa BignosigHO maTtepianis 4edOPMYO4Oro enemMeHTa i onpasku;

R i r - pagiycy 30BHiLLHBOT NOBEPXHI | 0OTBOPY AEOPMYIOHOrO efieMeHTa BignoBigHO.

5

®ir. 2
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