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BCTYII

AKTYaJbHICTh TeMH. [[JTOMKUHKA 1 KPOMKH BiJIBAJIIB IJIYTIB MIJAJAOTHCS B
POLEC] EKCITTyaTanli HEpIBHOMIPHOMY aOpa3uBHOMY 3HOIIYBAHHIO, 110 BUKJIMKAE
JOUIIBHICTh JOJATKOBOTO 3MIHEHHS HAWOUIBII HABAHTAKEHUX 30H. SIK KpUTepii
TEXHIYHOI ONTHMAJBHOCTI 3aCTOCOBYBAHOI TEXHOJIOTIi 3MILHEHHS JOLUIBHO
npuiiHATA 3a0€3MeUeHHsl PIBHOI 1HTEHCHBHOCTI 3HOLIYBaHHs Bciei pobouoi
MOBEPXHI BiABaNY. Takuid miaxix A03BOJISIE, 3 OJTHOTO OOKY, MIHIMI3yBaTH IJIOIILY
30H, IO N1JAK0THCS 3MILHEHHS, a 3 IHIIOrO OOKY, BUKJIFOUUATH JOJATKOBI BUTPATH
Ha (POPMYBaHHS 3MIIIHCHHUX 1IAPIB 3 HA/UTUIIKOBOK) 3HOCOCTIHKICTIO.

OnauM 3 ePEeKTUBHMX CMOCOOIB MIABUUICHHS 3HOCOCTIMKOCTI AcTalich
IUIyTIB € JyroBa HaIJIaBKa HEMEPEKPUBAOUMMHM Bamkamu. [Ipu HamnsaBieHHI
TOHKOJIMCTOBUX JETAJICH, J0 SKUX BIJHOCATHCS BIJABAIA IUIYTIB, 3 METOIO
3HIDKCHHSI TEIUTOBKJIQJCHHS B OCHOBHMN METall, 3anoOIraHHs 3BapPHOBAIBHHUX
nedopMmallii 1 mpomajgiB  KPOMOK JOIUIBHE 3aCTOCYBaHHS BIOPOIYyTrOBOIO
HaIUIaBJICHHS B CTpyMeHsiXx Boau [1]. OpHak ckjagHa reoMeTpis BiABaIIB
YCKJIQHIOE iX MEXAHI30BAHY HAIUIABKYy, & 1CHYHOYl KOHCTPYKIIi BiOpOIyroBHX
rOJOBOK BHMKJIFOYAKOTh MOXKIIMBICTb PYYHOTO MAHIMYJIFOBAHHS 3BAPIOBATLHUM
najgbHUKOM. lle BUKIMKAE HEOOXIAHICTH PO3POOKH CHOCOOY 1 TEXHOJOTTYHOIO
oOnaHaHHS AJis HAiBABTOMATHYHOTO BIOPOAYTrOBOTO HAILJIABIICHHSI.

Ha miacraBi BHIIEBMKIAAEHOTO, PO3pO0Ka TEXHOJIOTT 3MILHEHHS BiIBAJIIB
IUTYTIB  HAMlBaBTOMATMYHHAM BIOPDOJAYTOBHM HAIUIABJICHHSAM € aKTyaJIbHUM
3aB/IAHHSIM.

Mera pociigkeHHs.. MeETOK TOCHIHKEHHS € MIJBAIIEHHS €()EKTUBHOCTI
NOBEPXHEBOTO  3MILHEHHS BIABAJIIB IUIYTIB [UISIXOM  HANlBaBTOMATHYHOTO
BIOPOJYTOBOr0 HAIUIABJICHHS HAWUOUIbII HABAHTAKEHUX 30H 1 MIJBULICHHS
PIBHOMIPHOCTI 3HOLTYBaHHSI POOOYOi MOBEPXHI BIABAITY.

O0'€eKT D0CTIAKEHHST TaHOI TUTIIOMHOT pOOOTH € B1ABAJIM KOPITYCIB TUTYT1B

1 TEXHOJIOT1A iX 3MIHEHHS HAITIBABTOMATUYHUM BIOPOyTOBUM HATUIABJICHHSIM.



IIpeamer  gocaimxeHHss.  3aKOHOMIpHOCTI  ()OPMYBaHHS  PIBHOI
3HOCOCTIMKOCTI ~ MOBEPXHI  BIABAJIIB  KOPMYCIB IUIYTiB OPH  3MILHCHHI
HAMBaBTOMATHYHUM BIOPOAYTOBHM HAIJIABJICHHSIM.

MeTtoauka J0CTizKeHb niependadyac BUKOPUCTAHHS T€OPli MMOBIPHOCTI Ta
HAJIAHOCTI, METOMIB MATEMATHMYHOIO aHali3y 1 CHUCTEMHOr0 MIAXOAY, IO
3a0€3MeUyr0Th AHATITHYHE ONMUC E€(QEKTUBHOTO BHKOPUCTAHHS TI'PYHTOOOPOOHOT
TEXHIKA TPHA BHKOHAHHI TEXHOJOTIYHMUX MPOLECIB, 3aCTOCYBAHHS CTAHAAPTHUX
METOMK CTEHJOBHX 1 EKCIUTyaTal[liHUX BUMPOOYBaHb HA Cy4YacCHOMY OOJiaIHaHHI.

HaykoBa HoBu3Ha. TexHOJOriS HaMiBaBTOMAaTUYHOrO BiOPOAYrOBOroO
HAIUIABJICHHS! TOHKOCTIHHUX ACTAJICH, IO BIAPIZHAETHCS 3MEHIIEHHSIM TEPMIYHOTO
BILJIMBY HA OCHOBHHI1 METAJT BiIBAJIIB TUTYTIB, 3aN00IFAaHHAM MPONAliB HA KPOMKAX
BIJIBAJTY, BUPIBHIOBAHHSIM IHTEHCMBHOCTI 3HOLIYBaHHS HOr0 poOOYMX MOBEPXOHb.

IIpakTnyHa 3HAYNMICTb. 3HAUECHHS PE3YbTATIB AOCHIDKEHD MOMATAE Y
BUSBJICHH] BIUITMBY 30H 3MIIIHEHHS 1 CXEM BIOPOAYTOBOIO HANIBABTOMATHYHOTO

HAIUTABJICHHS HA OCOOMMBOCTI 3HOIIYBAaHHS POOOYMX MOBEPXOHb BiJIBAJIIB TUIYTIB.



PO3/LT 1
CTAH IIUTAHHS TA BUBIP HATIPSIMKY JOCJUTKEHD

1.1. KoHCTpYKTHBHI 0CO0/IMBOCTI BiABAJIIB IJIYTiB

JUJ1s1 BUKOHAHHSI TEXHOJIOTTYHOTO MPOLECY BUPOLYBAHHS CLIBIOCTIITPO YK
HEOOX1IHO TPOBOJWUTH MEXaHIYHy OOpOOKYy TIPYHTY: OpaHKy, TrIHOOKe
pPO3NYIIYBaHHS, KYyJbTHUBAILIO, (pe3epyBaHHs, OopoHyBaHHS Ta 1H. OCHOBHUM
00poOITKOM IPYHTY, SIK BIOMO, € opaHka [2,3]. VY 3arajlbHUX BUTpaTax €HEprii
OPA BHPOILYBAHHI CUIbCBKOrOCHOJAPCHKUX KYJIBTYP YacTKa OPAHKW CTAHOBUTH
noHana 35% [4].

[Ipn npoBEeACHHI TEXHOJOTIYHMX OMEpaliii B CUIbCBKOIOCHOAAPCHKOMY
BUPOOHUITBI IAPOKO BUKOPUCTOBYIOTHCS TOHKI TUIOCKI A€TAJTl y BUTJISAL pOOOYHX
OpraHiB IpyHTOOOPOOHUX MauIMH (JIEMENIl TUTYTiB, MOJbOBI JOUIKW, BlABAJIH
kopnyciB mayrie). L1 getam mpairoroTh B yMOBax aOpa3WBHOIO 3HONIYBAHHS 1
3HAYHUX CTATUYHMX 1 JWHAMIYHMX HaBaHTaXcHb [S]. Pecypc aeraneit poboumx
OpraHiB IUIYTIB B 3HAYHIHA Mipl BU3HAYAE MPOAYKTUBHICTh 1 arPOTEXHIYHI TEPMIHH.
Po0oui opranu miayriB MOBUHHI MaTH BUCOKY MIIHICTH 1 3HOCOCTIHKICTh, TaK SIK B
nporect poOdOTH BiIOYBAETHCS 3aTYIUICHHS Jie3 4epe3 Oe3MEPEpBHY B3aEMOAIIO
METAJTy 3 TPYHTOM 1 POCJIMHAMH, a TAKOXK 3M1HA iX (POPMH 1 PO3MIpIB.

Bigganu € oHi€0 3 HAROUIBII METATOMICTKUX 1 JOPOTUX JACTAJIEH KOPIYCY
wiyra. Bigsan siBisie coO010 BUTHYTY CTAJEBY IUIACTHHY, IO PO3TAIOBYETHCS M1
KyTOM J0 CTIHKM Oopo3Hu. B mporeci poOOTHM BiABaly KOPIyCy Iulyra
BINOYBAETBCSA  BIApI3aHHSA IUlacTa IPYHTY BiA  CTIHKM  OOpO3HH, HOro
ne(opMyBaHHsI, 3pylIeHHs B OiK 1 00epTaHHs BEPXHBOro mapy BHU3. [Ipm mpomy
BIIOYBAETHCS CKOJIOBAHHA, ac(opmaiis 1 MEPEMIMICHHS IPYyHTY MO poOouii
MOBEPXHI Koprycy miyra. OAHOYacHO BIAOYBAEThCS 3aKIIAJICHHS JICPHUHM,
NO>KHUBHUX 3AIMILKIB 1 Oyp'siHIB B OCHOBY O0pO3HH [3].

Sk BimOMO, BIUIMB BIABAIY HA I'PYHT 3aJEKHUTh B TE€OMETPUYHOI (Popmu
HOro MOBEpXHI, KyTa pO3TallyBaHHS 1 €JIEMEHTIB KOHCTPYKIi [6]. OcHOBHUMU

€JIEMEHTaMU KOHCTPYKIIIi TUTyra 3 KJaCUMYHAM KyJIBTYPHHM BinBasiom (puc. 1.1) €



[5,7]: nemim 1, rpyau BiaBasy 4 — pPO3TalllOBaHI BUIIE JEMENIa B TEPEIHIM
YACTHHI, KPWJIO 7 — 3aJHsl YaCTWHA, 3 JIIBOrO OOKY BiJIBaJl OOMEKECHHIA MOJIbOBUM
o0Opi3oM 3 ajig Toro, o0 rpyay BiABAJTy HE 3adinaiv CTIHKY OOPO3HH. 3 MPaBOro
OOKy Kopnyc oOMekeHH O0opo3HMM 00pizoM 8, 1100 BiABal MOBHICTIO 00EpTaB
IUIACT 1 MPH LbOMY KPHJIO HE 3a4iNalio TUIacT. Y BEPXHIH YaCTHHI BiABATY BEPXHIA

00pi3 6 3anodirae NepeCUNaHHIO IPYHTY.

Puc. 1.1 — Kopnyc myra: 1 — nemim;, 2 — HOCOK;, 3 — moaboBHA 00pi3; 4 —
rpyau; 5 — pododa o0nacTh; 6 — BepxHii 00pi3; 7 — Kpuiio; 8 — 60po3Huii 00pi3; 9
— CTHKOBOTO 00pi3

VY cydacHUX TEXHONOrIsX OOpOOITKY TPYHTY BUKOPHUCTOBYKOTHCS HOTHPH

OCHOBHI1 I'pyn# ()OPM BiJABAJIIB: TBUHTOBI, HAMIBIBUHTOBI, IAJITHAPUYHI, KYJIbTYPHI

(puc. 1.2) [8].

r)

Puc. 1.2 — Cxema popm poOGOUMX NMOBEPXOHb BIABAIIB. a) LHAJIIHAPUYHMIA,

0) KyJIbTYpHUIA, B) HAIIBIBUHTOBHIA;, I') TBUHTOBHIA



Y UMAIHAPUYHMX BIJABAIIB TMOBEPXHS BIJNOBIJAE YaCTHHI LWIIHApPA 1
BUKIIMKAE CHJIbHE HAIMpPYXKEHHS TPYHTY, IO CHOpUsie KHOro posnymeHHw. Ha
BIJIMIHY BIJl TBUHTOBMX, BIH MIJHIMAE MJIACT HA ceO€ 1 CKPy4ye B KOCY TPYyOKy.
Taxi BigBaIM aganToBaHi 1yisi PeOEHEBOT IMTMOOKOT OPaHKH.

[Tpodiae UWIIHAPO-TBUHTOBUX BIABAIIB PO3JALICHUI HAa JBI YACTHHM:
LWIHAPUYHY 1 TBHHTOBY. Taka Qopma reomerpii 3ale3neuye MEBHY
YHIBEPCAI3aLii0 BIABAIIB 1 pOOUTH 1X OAraToLiIbOBUMHM.

PoGoua moBepxHs y KyJAbTYPHOTO BIJIBAJYy MA€ IPyAH 3 MAJOK KPUBU3HOKO
JUIS KPUIOEHHS. Y MIpy MIHAOMYy Ilacta TIPYHTY 0O JAeTanl BiaOyBaeThCs
NOJIINIICHHS. KPHUIIEHHS 1 3pOCTae OOOpOTHICTh. BimBanu 3 Takorw podOoYoro
NOBEPXHEK HAWOUIBII MOMIMPEH] 1 BCTAHOBIIIOKOTHCS MPAKTUYHO HA BCIX TUTyrax
3arajabHOrO MPU3HAYCHHS.

HamiBrenHTOB1 BiAgBaJiM 3a0€3NEYYIOTh HENOCTATHE MOAPIOHEHHS IMJIacTa
IPYHTY, aji¢ XOopoimy #Horo oOOpOTHICTb. BOHM 3aCTOCOBYIOTHCS TPU OpaHIll
BOXKWX 3B'A3HUX IPYHTIB. AJie B TOH kK€ Yac HEOOX1JHA YCTAHOBKA OJATKOBOTO
NOJIOBXKYBava-mnepa JAjisl JOBAJTIOBAHHS B OOPO3HY I'PYHTOBOIO LIApYy.

[Tpu opaHIll TBUHTOBAMH BiJBAJIAMHU NEPEBEPTAHHS TUIACTA BiIOYBAETHCS M0
I'BUHTOBIA TPaekTOPIii 3 HEBUCOKOK IIBHAKICTIO 000poTy. BigBanu Ttakoi dhopmu
PEKOMEHIOBaH1 JI0 3aCTOCYBaHHsSI MPH OpaHIll, sika NOTpeOye BENHMKOi TIIMOWHM,
TOMY [0 OCHOBHMM ()aKTOPOM € 00OpOT Miiacta, a He Woro moapiOHeHHs. Bubip
(opMU TBHHTOBOTO BiiBally (YBITHYTa, OMyKJa ab0 MPSAMOJIIHIAHA) TPYHTYETHCS
HA MIHIMaJbHIA BHUTpaTl €HEprii Ha aAedopmaliro Imiacta 1 MaKCUMATbHOMY
3HMKECHH1 3JIMITAHHS TPYHTY.

[pyHTOBI YMOBHM Jy’K€ BIUIMBAIOTh HA IHTEHCHBHICTb 3HOITYBAHHS
I'PYHTOOOPOOHMX MAIlIMH, HA BUTPATY 3alaCHUX YaCTHH 1, BIAMOBIIHO, HA BUTPATH
10 MIATPUMIII MPANE3AATHOCTI IPYHTOOOPOOHMX MalIuH B POLIEC iX eKcIuTyaTarii
[9].

[Tpouec mepeMillleHHs TPYHTY IO BIABAIY 3aJ€KHTh BiJ HOro ckiamgy i
(13UKO-MEXAHIYHUX BIACTUBOCTEH. BumbmicTh (Pi3UdHUX 1 (PI3UKO-MEXAHIYHHMX

BJIACTUBOCTEHN IPYHTIB 3QJICKUTH BiJl iX MEXaHIYHOTO ckiany [10].



MexaHiuHUH CKJIa[ TPYHTY € BAKIMBOK) XaPAKTEPUCTHKOI, HEOOXITHOKO
JUIS BU3HAYEHHS BUPOOHWYOi LIHHOCTI TPYHTY, HOro POIIOYOCTI, CIOCOOIB
00poOkM 1 T.A4. Big MEXaHIYHOTO CKIaay TPYHTY 3ajekarb Maifke BCl (13WyHI i
(P13MKO-MEXAHIYH]  BJIACTUBOCTI TIPYHTY. BOJIOTOEMHICTh, BOJONPOHUKHICTD,
NOPUCTICTh, MOBITPSAHUI 1 TEIJIOBUIA PEKMM, BOAOMIIHOMHA CHA 1 1H. 3HAYHOKO
MIPOKO BiH BU3HAYA€ POAOYICTh I'PYHTIB 1 BAXKKICTh OOPOOKH.

Bigpanu mnpaumroroTe B ymMOBaxX aOpa3MBHOIO 3HOLIYBAHHS 1 MOXYTh
BIIUYBAaTH yAapy KameHiB. 3 wi€i npuuuHU poOoYa MOBEPXHs BiIBAIIB MOBHHHA
MaTH TEBHY 3HOCOCTIMKICTb. Y BITUM3HSIHOMY BUPOOHMIITBI MATEpIaJoM Jist
BUTOTOBJICHHS BIJB&IIB KOPMYCIB TUIYTIB B OCHOBHOMY BHKOPHUCTOBYETHCS
HU3bKOBYTNIENEBa cTtaib Mapku Cr.2 abo Tpumapoa crtamb [11]. Bigsanm,
BUTOTOBJICHI 31 cTajii CT.2 MOBWHHI MiJJaBaTUCS IEMEHTalli Ha rauOuny 1,5-
2,2 MM 3 HaCTynHUM 3araptyBaHHsaM 10 TBepaocti HRC 50-62. [Ipu BukopucTanHi
JUIS. BUTOTOBJICHHSI BIJABAJIIB TPUIIAPOBOi CTalli, BOHA Ma€ MOBEPXHEBI WIapu 31
cram 650" 1 BHyTpimHiiA map 31 ctam Cr.2. [loBepxHEBl mapu 3 GUIBII BUCOKOIO
TBEPAICTIO HANAOTh BIJBAJy JOCTATHIO 3HOCOCTIMKICTh, a MEHII TBEPAUN
BHYTPILIHIH ap HAaga€ MIMHOCTI — CTIHKOCTI 10 3THHAJILHOTO MOMEHTY 1 yAapam
IpyHTy. TOBIIMHA KOKHOTO IIapy MNPUOMM3HO OJHAKOBA. DOPMOYTBOPEHHS 1
3MILHIOIYY TEPMOOOPOOKY MPOBOJATH K OAMH TEXHOJOTIYHHNA MPOLEC.
TBepaicTh rapsuekaTtaHux JIMCTIB 1 CMyr NMOBMHHA Oyth He Outemie 269 HB, a
BUMIpSIHA Ha 3araproBaHux 3paszkax — He MeHue HRC 56. opctkicte pobovoi
MOBEPXHI BIJBAJIIB MOBMHHA OyTM HE BUUlE R, = 2,5 MKM 1 BIANOBIAATH
HIOPCTKOCTI MOBEPXHI MpoKary. Bigomi BiiBaaW, IO BUTOTOBISIKOTHCS 3
TPUIIAPOBOI  CTaJi 3a JOMNOMOIOK MPOKarku. Jlns 30BHIMIHIX  1IapiB
BUKOPHUCTOBYEThCA CTanb 10, a Ui BHYTPIHBOrO — crajb 60. 3aCTOCOBYETHCS
TAKOX IITaMITyBaHHS 3 MOHoMeTany (cranp 321°2P, crane 361°P). BurorosneHi
TaKUM CocoOOM BinBaimu Juid 3a0e3nedeHHs HeoOxinHoi TBepaocti (HRC 47...63)
1 a0pa3uBHOT CTIMKOCTI M1JUIAKOTHCS MOAATBIITHA TEPMOOOPOOIIL.

JUIs  MmONMIIEHHsT SKOCTI OOpOoOKM TIpyHTY, 3a0€3MEeUeHHs BlaBajiaMm

JOCTAaTHBOI JOBTOBIYHOCTI Ta HANpALFOBAHHS, BOHW MOXKYTh BHKOHYBAaTHCS 3



PI3HUMH 3MIIHIOIOUAMKM TOKPUTTAMU [5,12]. 3acTocyBaHHs MarepiajiB, IO
CHPUSIOTh MIABUIICHHIO 3HOCOCTIMKOCTI BIJIBaJB, MPU3BOAATH A0 3POCTAHHS
pecypcy tuiyra. OJHaK, HalyacTille, 4Yepe3 HEPIBHOMIPHE 3HOIIYBAHHS IO
pobouiii moBepxHI BIAOYBAETHCS HEPALIOHAIBHE BHKOPUCTAHHS  AOPOTHX

NPUCATHUX MaTEPIaIiB.

1.2. AHaJti3 NpUYUH BUXOAY 3 JIAAY BiABAJIB IIYTiB

3HOC poOOUYMX OpraHiB IPyHTOOOPOOHWX MalIuH BiAOYBAETHCS B MPOIIEC
Oe3nepepBHOi B3aeMOAll 3 TpyHTOM [3,6,7,8]. Ha 1HTEHCHBHICTB 1 XapakTeP 3HOCY
BIJIMBAE TPUPOJA 1 BIACTHBOCTI I'PYHTY, a TaKOXX YMOBHM B3a€MOAll IPYHTY 1
poOounx opradiB. B mporieci ekcrutyaTailli B AeTajiIX IPyHTOOOPOOHUX MAIIUH 1
arperariB  BiIOyBAa€TbCs 3HAYHA 3MIHA TEXHOJIOTIYHMX XAPAKTEPUCTHK 1
KOHCTPYKTUBHUX mapameTpiB [9, 12]. Lli mpouiec BUHUKAKOTh, B OCHOBHOMY, Ha
HaHOUIbII HABAHTAKEHUX MOBEPXHAX JIETANCH B PE3yJIbTATI TEPTS B aOPa3UBHOMY
CEPEIOBUIII.

B skocti ocHOBHMX (DakTOpiB, MO0 BH3HAYAKOTh 3HOC POOOUMX OpPraHiB
IPYHTOOOPOOHUX MAIIIMH, HABOAATHCS: MEXAHIYHUI CKJIaJl, BOJIOTICTh, IIUIBHICTD 1
OJTHOPIAHICTh TPYHTY, IIBUAKICTE PyXy 1 (opMa poOOUMX OpraHiB, a TaKOXK
BJIACTHBOCTI MaTePiaiiB, 3 IKUX BOHH BUTOTOBJICHI.

B pesynbrari mpuUCKOPEHOr0 3HONIYBAHHS POOOYHMX MOBEPXOHb JIEMIIIHO-
BIJIBAJIbHUX TUTYTIB BIAOYBAETHCS 3HMKEHHS IKOCTI OOPOOKHM IPYHTY, 301IBIICHHS
TATOBOIO OINOPY AarperariB, a TaK0K BHHUKAKOTh JOAATKOBI E€KCIUTyaTawiiHI
BUTpaTH, TOB'S3aHl 3 MIABMUICHHAM BHTpPaTH MajivMBa 1 MPOCTOSIMU MAIlWH,
NOB'I3aHUMU 3 3aM1HOKO 3HOLIEHUX JIETAJIEH, 3MEHITYETHCS MIKPEMOHTHHIA PECYPC
iyra B uijaomy [13] .

[HTEHCHBHICTh 3HOLIYBaHHS JACTalcid poOOYMX OpraHiB I'PyHTOOOPOOHMX
3HApPSAAb, B TOMY YHMCIl 1 BIJBajJiB IUIYTiB, Ha PI3HUX IPyHTax OyJae 3HAYHO

BIAPI3HATUCS YEPE3 BIAMIHHOCTI IPYHTIB MO iX 3HOWIYBaJbHIN 3marHocTi, [14].

10



CepenHe HanpalroBaHHS HA BIMOBY JUIsl TPYACH BIBaIiB MOXKE CTAHOBUTH Bija 10
10 100 ra, nist kpuit BiiBamiB Moke ctaHOBUTH Bia 40 mo 270 ra. [15]

AHami3z JiTeparypHUX JDKEpPENn TOoKa3aB, W0 JeTajll BIABAIIB ILUIYTiB
3HOIIYKOTHCS HEpIBHOMIpHO [11, 16]. HalOuabm xapakTepHi 30HU 3HOCY BI1JBaJIIB

KOpPIyciB TiyTiB (puc. 1.3) — mosboBui 00pi3 1 MIOMKMHA.

/ Honbosuii 06pi3

[Maomuna Bi,uaany""'
Puc. 1.3 — XapakTepHi 30HM 3HOLITYBaHHS BlABAITY
Ornsin oBajiB IUIYTIB MICHS eKCIutyaTanii nmokazas [17], 110 3HONTYBaHHIO
MIAJA0TEC K TUIONIMHA BIBATY, aK J0 HACKPI3HOTO CTHUPAHHS, TaK 1 KPOMKH

(puc. 1.4).

Puc. 1.4 — HackpizHe 3HOLIYBaHHS IUIOMMHUA BiaBany miyra Gregoire

Besson

3HOC BIABAIIB 1 BHKJIMKAHE UM OCHaOJeHHs OOJITOBUX KPIIJIEHb MOXKE
NPU3BOJIATY 0 YTBOPEHHS TPILLKH.
HaiiOunplni  3HAYeHHS THUCKY TIPYHTY BIJIMBAHOTH HA TPYad BiaBaiy,

BHACHIZOK [bOTO 3HOC Ii€i YACTWHU BIABAIY B1AOYBAETHCS 3HAYHO 1HTEHCHBHILIIE,
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HIK y Kpwiia BiaBaiy. J[ns miyriB, skl MPaiOOTh B 0COOJMBO BAKKHX YMOBAX,
MO>KYTh BUKOPUCTOBYBATUCS KOPITYCY TUTYTIB 31 3MIHHUMH TPYAbMH BlABAIY.

JUTs 3HAKEHHS! CUJIM TEPTS IPYHTY 1 MOJICTIICHHS KOB3aHHS IJ1ACTa IPYHTY
pobouy MOBEPXHK BiABaly NONIPYrOTh. HasBHiCTE Ha polodiid moBEpxHI
HEPIBHOCTEH, BM'SITHH, TPIIIWH, KOPO3IHHUX AUISHOK TPHU3BOAUTEL IO 3AJMIIAHHS
TAKUX MICHb IPYHTOM 1, SIK HACHIAOK, A0 TMOPYLICHHS TMPOLECY OPaHKH,
30IBIICHHS TATOBOTO OMOPY Iulyra. SIK MpaBWilO, 1THTEHCHMBHO 3HOLIYETHCS
MoJIbOBUM 00pI3 BiABaJia. Y HOPMAJIBHOIO BIJBAJly JIiHIS TMOJBOBOTO 00pI3y
NOBMHHA BUCTYMAaTW BlJ CTIHKM HA 18 MM, B 3HOIIEHMX BIABAlNAX BHUCTYI

CTAaHOBUTB 3a3BUYall 2-6 MM.
1.3. Cnioco0m i TeXHOJIOTii 3MilIHEHHS AeTaJIell IPYHTO00pOOHUX MALIIUH

B panwii Wac Ui miABMINEHHS 3HOCOCTIMKOCTI JIETANICd IPYHTOOOPOOHHMX
MallMH  PO3pPOOJEHO BENUKY KIJIBKICTh TEXHOJIOTIYHHMX MPOLECIB, YacTO
HEPIBHOI[IHHUX 34 CBOIMU TEXHIKO-€KOHOMIYHUMU NOKazHuKamu [3, 6, 10, 12]

OcHoBHMMH cnioco0aMu 3MINHEHHsT BigBaiiB miyriB [15, 17, 18] € pyuna
JyroBa HaljlaBKa — CyIlUibHA, a00 y BUIMsAAl citku (puc. 1.5 a, 0); ycraHOBKa
KepaMiyHMX IUTacTUH (puc. 1.5 B), HAHECEHHSIM KOMIIO3WLIWHUX TOKPUTTIB

(puc. 1.5 1).

A k>

a) 0) B) )

7

Puc. 1.5 — Cxema croco0iB 3MIITHEHHS BiIBAJIIB IJIYTIB: @) CYLIJIbHA AYroBa
HarlaBka, O) JyroBa HarulaBKa y BUIJISl CITKH, B) 3MIIHCHHS KEpaMiYHUMU

IUTACTHHAMMU; T) 3MILHEHHS KOMIO3UL[IHHUMH MaTeplajlaMu

Py4na nyrosa HaraBka B OCHOBHOMY MPOBOAWTHCS enekTpogamu T-590 i

T-620 3miHHUM a0o mocTiiiHuM cTpymMoM [19]. Bim3HauaeTses, Mo e I03BOJISE
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30ubMT  pecypc aetanmi g0 1,5-2,0 pa3. OnHak, BeaWKa 30HA TEPMIYHOTO
BIJIMBY, 110 BUHUKAE MPU BUKOPHCTAHHI LBOTO CMOCO0Y, MOKE MPU3BOAMTH 10
nponany KPOMOK, BUKPUBIICHHS TMOBEPXHI BiBaY, a TAKOXK, YEPE3 3HUKEHHS
OMOPY BUTMHY OCHOBHOI'O METaJIy, JIO MOJIOMOK B1JBAJIB.

[Tpu BUKOpHCTAHHI KOMITO3UI[IHHMX MaTEPialiB 1 KEPAMIYHUX MJIACTHH BOHU
BCTAHOBJIIOKOTHCS B HaAWOUIbII 3HOUIyBaH1 Micis [20]. OgHak cliij 3a3HAYUTH
BIJIHOCHY CKJIQJIHICTh TEXHOJOTIYHOTO MPOoIEeCYy NpH (pe3epyBaHHI THI3A Ha
IPyAsx BIABAJIy Y€pe3 r€OMETPI0 MOBEPXHI Ta NEMEHTALIKD BEPXHBOTO LIApy, a
TAKOXX TE€ MO, NpH POOOTI HA KaM'SHUCTHX 1 3aCMIYCHUX TIPYHTaX BEIMKA
HMOBIPHICTb BIPHBY IJIACTHH B MPOLECT POOOTH.

Takox [JIs BITHOBJICHHS BIABAIIB TUTYTIB MPOMOHYETHCS BUKOPUCTAHHS
aOpa3MBOCTIHKOTO JAMCIIEPCHO-3MILIHEHOTO KOMIIO3UTY HAa OCHOBI EHNOKCHUAHOI
cmonu [12]. Lle cnoci6 n03BoJsie yCyBaTH HACKPI3ZHE MPOTHPAHHS 31 30€PEKEHHAM
MEXAHIYHUX BJIACTUBOCTEH 1 (OPM BITHOBIIOBAHOI JeTayi 0€3 TEPMIYHOIO 1
aedopmaliiifHoro BIUIMBY B nepiog  (popMyBaHHs NOKPUTTS. OAHOYACHO
BUIIEBKA3aHI BYECHI MPOMOHYKOTh BHKOPUCTAHHS CMOCOOY OpPOHIOBAHHS MJIst
NOBEPXOHb BIJIBATIB 3 MPOMEHEBUM 3HOCOM. CrociO Mojsirac B MPUKJICKOBAHHI Ha
MOBEPXHIO BIBANTY cTajieBUX TepMiuHO 3MinHeHUX 10 HRC 50-53 mnmactun. Llei
cnocid TeX HE mepeadadyae TEPMIYHOTO 1 JaedopmalliiHoro BIUIMBY B MEPIOJ
(opmyBaHHs OKpUTTS [19].

P0o3po0sieHO TEXHOJIOTII0 JIA3€PHOTO 3MIIHEHHS 1 HAIUIABJICHHS! MOBEPXOHb
TEPTS KyJApTUBAaTOpHUX Jan [21]. [1pu 3arapTyBaHH1 NPOMEHEM JIa3epa Ha MIUPUHY
10 30 MM. Ll TexHONOrIA MOKa3y€e MIABUILEHHS 3HOCOCTIHKOCT1 3MILIHEHHX JIal B
3-4 pa3u B NOPIBHSIHHI 3 CEPIHUMMU.

[Ipm  3acTocyBaHHI  TEXHOJNOrl  3MINHEHHS  JIEMCIIIB  HAMaHKORo
METAJIOKEPaAMIYHUX IJTACTHH [22], pecypc poOOUYMX OpraHiB Miyra miBHILY€ThCS B
3-4 pasu. OpHak 3MINHEHI LHAM CIOCOOOM IUIYTH HE MOXKYThb €(EKTUBHO
BUKOPHCTOBYBATHUCS HA IPYHTAX, 3aCMIYEHUX KAMIHHSIM.

VY pasi 3aCTOCyBaHHS ra30BOI0 HAIJIABJICHHS OCHOBHUI 1 MPUCAaTHUN METAIH

O3IUIABJIAIOTE HOJIYM'AM, OJIEPKAHUM MPU 3TOPAHHI CYMILI OYAb-IKOr0 MaJIbHOTO
2
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razy 3 kucHeMm [22]. [Ipouec 3A1iCHIOETBCA 13 3aCTOCYBAHHM SIK IPYTKOBHUX, TaK 1
NOPOIIKOBHX MarepianiB. OgHaK Lel Croci0 XapakTEepPU3YeThCs BUHUKHEHHSIM
BUCOKMX 3BaprOBAIbHUX JcdopMaliii 1 3HAYHUM TEIUIOBKJIAJCHHSAM B JETallb.
Bucoka BapTiCTh BUTpPATHUX MAarepiaiB 1 MiABHINEHA TPYAOMICTKICTb TaKOX
YCKITQJHIOKOTh 3aCTOCYBAHHS LIBOTO CIIOCO0Y.

[Ipouec  3MIIHEHHS  TOHKOCTIHHMX  JeTalied  po0ouMx  OpraHiB
IPYHTOOOPOOHMX MAIIMH MOXE 3IIACHIOBATHACA EJIEKTPOICKPOBUMH METOAAMHU
[23]. IIpr upoMy 3amoOiraroTb BUHUKHEHHIO MPONATIB 1 3MEHIIYIOTHCS TEPMIYHI
aedopmariii B 3MILHIOKYHX 1 BIZHOBIIOBAHUX ACTAJISAX 34 PAXYHOK 3aCTOCYBAHHS
AYTH MaJIOi MOTY>KHOCTI 1 €JIEKTPOICKPOBOTO TEPEHECEHHS MPUCATOYHOTO METANY.
JlocsraeTbes 30UTBLICHHS 3HOCOCTIMKOCTI pOOOYMX OpraHiB TI'PYHTOOOPOOHMX
MalliH HE MEHIIE HIK B 1,4 ... 2 pa3u B 3aJ€KHOCTI BiJl TUIY IPYHTY, a TAKOXK
3HMKEHHS BAPTOCTI 1 TPYIOMICTKOCTI 3MIIHEHHS AETANEH IUTYTIB 32 PaxyHOK
3HIDKEHHST 00CATY TMPUCAAOYHOIO Marepialy B TOPIBHAHHI 3  1HUIAMH
TEXHOJNOTIIMM ~ 3MIIIHEHHS  3BaprOBaJlbHUMM ~ MeTogamu. OpHak  cnocid
XapaKTEPU3Y€EThCA MAJIOK MPOAYKTUBHICTIO, IO YCKIIAJHIOE 3MIHEHHS 3HAYHUX
TUTOLLL.

Takok BHKOPUCTOBYETBHCS JABOLIAPOBA HAIJIABKA NPH  3MILHIOKUYOMY
BITHOBJICHH1 jJemema [24]. Taka TEXHOJOris MEPEIIKOKAE YTBOPEHHIO TPILLMH
3HOCOCTIHKOTO TMOBEPXHEBOTO I1Iapy 1 OJHOYACHO 3MECHINYE CXHWIbHICTh
BUHUKHEHHSI 3J1aMiB BIJHOBJICHOI 00yiacTi. BigHOCHO M'skuii migmap crnpuse
YTBOPEHHIO CTPYKTYP, IO JO3BOJISIFOTh 3HU3UTH HMOBIPHICTh YTBOPEHHSI TPILLKH.
31 30UTbLICHHSIM Yacy TEPMIYHOTO BIUIMBY, OCOOIMBO B MEPIO OXOJIOIKEHHS B
MPOLEC] HAIUIABIIEHHS, B1AOYBAEThCS 3HM)KCHHS 3AJTMIIKOBUX HAPYKEHb. 3aBISKA
UM TMPUIOMaM TPHA BIJHOBJIEHHI MPOMEHEBOTO 3HOCY B OOJIACTI HOCKA JeMella
MOKJIMBE 30UIBIIEHHS pecypey nemema 3 25 go 35 ra y BIANOBIAHOCTI IO
TEXHOJIOTTYHMX BaPIiaHTIB Ta YMOB EKCILTyaTarlli.

[Ipn HannaBleHHI CTPyMaMU BUCOKOi YaCTOTH BiOYBAETHCS PO3IJIABICHHS
cymimi (aroCy 1 MOPOIIKY HAMIABOYHOIO CIUIABY (HANPHKIIAL, 3E€PHHUCTOTO

COpPMANiTY), HAKJIAICHOTO HA HAIUIABJISIEMY MOBEPXHIO 3@ JOMOMOTOI0 MiJIBEACHOTO
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IHAYKTOpa, WO 3a0e3nedye BUAUIEHHS JOCTATHBOI TEIMJIOBOI MOTYXHOCTI [22].
CopmaiiT HarpiBaeTbcsi A0 Temneparypu Horo miuasieHHs (1150°C). TormuHa
ozepkyBaHoro mapy Outbiue 0,4 M. Llel crnoci® HarIaBJICHHST XapaKTEPU3YEThCs
MOXKJIMBICTIO ~ PETyJIFOBaHHS  TJIMOMHM  3arapToBaHOro  1lapy, BHCOKOIO
NPOAYKTUBHICTIO, BIJICYTHICTIO 3MEHUICHHIO BMICTY BYTJIELIFO 1
OKQJIMHOYTBOPEHHIO, A TaKOX MIHIMAJIBHAM BHUKPHUBICHHSAM fAetanl. OpHak
3aCTOCYBaHHSI IIbOTO CIIOCO0Y OOMEXKYETHCS BUCOKOIO BAPTICTIO 0OJIaTHAHHSL.

VY pa3l BUKOPUCTaHHS BYIJICIOBAHHS JJis 3MIIHEHHS POOOYMX OPraHiB
IpyHTO0OpOoOHMX MammuH [22] BiAOYBA€TbCS HACHUYEHHS MOBEPXHEBOrO IIApy
BYTJIELIEM /IO OTPUMAaHHs CTPYKTYPH OU1oro 4aByHy. [Ipy bOMy BUCOKa TBEPIICTh
1 3HOCOCTIHKICTb, IMiIBULIEHHS MEX KOHTAKTHOI BUTPUBAIIOCTI 1 BUTPUBAIIOCTI MPH
BUTHHI MPU 30€PEKEHH] B'A3KO1 CEPLUEBUHU, MOXKYTh OYTH 3a0€3M€UEH1 HACTYITHUM
3araptyBaHHsaM. s peamizamii 1boro cmnocoOy HEOOX1AH1 CKJIAJHE 1 J0pore
YCTaTKyBaHHS, BHCOKOKBaTI(DIKOBAHWI MEpCOHAN, a TakKoX JAOTPUMaHHS
0COOJIMBUX BUMOT MO TEXHILI OE3NEKH.

[IuTanHsiM  30UTIBIIEHHS  pecypCy  ACTalell  IUIyTriB,  MABUILCHHS
3HOCOCTIMKOCTI 1 JOBFOBIYHOCTI MPUCBAYEHO 3HAYHY KUTBKICTh POOIT 3aKOPAOHHUX
BueHux 3 Yexii, Himewunnu, Xopsarii, Kutato 1 in. [25]. @ipma «Jling»y (CIIA)
JUIs 3a0€3MEYECHHs 3aXUCTY BlJ 3HOCY poOOYMX OpraHiB mpu poOOTI Y BUCOKO
aOpazuBHOMY cepenoBulll npononye mokpurts « Wear-TUFF» [25]. Hanecenns
NOKPHUTTS MPOBOJUTHCS PO3MHJICHHSAM a00 IIIAXOM OOJIMBAHHSA 3 MOAAJIBLIO
TEMIEPATYPHOIO 00poOKot0. Tepmin cimy:k0u BUPOOYy MOKE 30UIBIIYBATHCS 10
JIBOX-TPhOX pasiB. TBepaicTe mokputts ctaHoBUTH HRC 56-60. Takox us ¢gipma
BUKOPHCTOBY€E 3HOCOCTIMKI HAKIAAKH 1 MJACTHHU JUTS 3MIHEHHS pOOOYHX OPraHiB
IPyHTOOOpOOHMX MalrH. Hakimaaku BUTOTOBIISIFOTECS HAHECEHHIM 3HOCOCTIHKOTO
nokpurts « Wear-TUFF» 3 tBepaictio 1o HRC 60 Ha BiIHOCHO M'siKi OBEPXHI 31
ctaii. J{st KPIMUICHHS TUIACTHH BUKOPUCTOBYIOTHCS OOJITOBI 3'€ THAHHSI.

Yropceka ¢ipma «Innoweld» mnpomoHye BHKOPUCTaHHS TEXHOJOTI
3MILHEHHS pOOOYMX OpPraHiB IPyHTOOOPOOHMX MAIMH 13 3aCTOCYBAHHSIM TBEPAOTO

crulaBy  cimeiictBa  «Enkxedem» Ha OCHOBI  IHAYKIIAHOrO HarpiBy [24].
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BiazHayaeThesi, M0 TEXHOJOTIS A03BOJIIE 30UTBIIUTH TEPMIH CIY>KOM poOodmMx

OpraHiB rpyHTOOOPOOHKMX MalKH B 3,5-4 pa3u.

Ha mijgcraBi BUIICBUKIIAJEHOTO MOKHA 3pOOMTH BUCHOBOK, 1[0 OCHOBHUMH

cnoco0aMu 3MIHEHHS POOOUYMX OPraHiB rpyHTOOOPOOHHMX MAIIKMH € PyYHa JyroBa

1 Tra3oBa HarulaBKa,

HallllaBKa CTpyMaMu BUCOKO1

MOCTAHOBKA TBEPAOCIJIABHUX MIACTUH (Tadu. 1.1).

Tabmua 1.1

— QOcHOBHI cmocoOu

I'PYHTOOOPOOHMX MAIIMH

YaCTOTH, KOKCYBAaHHA,

3MILHEHHS pOoOOYMX  OpraHiB

Hasea ta cxema
CrIoco0y

XapakTepuUCTHKA CITOCO0Y

Henomiku ciocoOy

1. Pyuna nyrosa
HarIaBKa (He
MEPEKPHBAIOYHMHA
BaJIMKAMHU; CYIIITbHA
HATIJTaBKa)

Enexrpomn: T-590, T-620.
301ThIITy€ 3HOCOCTIHKICTD B
1,5-2 pasu

[Ipomam KpOMOK, BUKPUBIICHHS,
BEJIMKA 30HA TEPMIYHOTO BIUIHBY,
HENPUIATHAN TIPH 3HOC1 HA
TIEPETHIM YaCTHHI IeTajIl, BUCOKA
WMOBIPHICTh BUKPUBIICHHS 1
3HIDKEHHA MIIHOCTI. Bucoka
BapTICTh MaTepialiB

2. I'a3oBa HamIaBKa
(TIOPOIIKOBUMU
MaTepilaaaMu;
MPYTKOBUMH
MaTepiagaMu)

Marepiamua: [1I'CP-3, III'CP-
4, copmaiir. 301TbIIyE
3HOCOCTIHKICTB B 1,5-2 pasu

3HAaYHI TEIUIOBKJIAJACHHS, BUCOKI
3BaprOBaIbHI Hedopmari.
Bucoxka BapTicTh BUTpATHUX
MaTepiaiB, M IBHINEHA
TPYAOMICTKICTh. OOMEKEeHHS
OTPUMAHHA 3HOCOCTIWKHX IIapIB,
PO30pPHU3KYBaHH METATY

3. Hamrasxka CBY

PerynsoBana rmmOuHa
3arapTOBaHOTO MIAPY, BUCOKA
MPOYKTHBHICTb, BIJICYTHICTD
3MEHIIEHHIO BMICTY BYTJIEITIO
1 OKAJTMHOYTBOPEHHIO,
MI1HIMAJTbHE BUKPUBJICHHS

Bucoka BapticTh 001a THAHHS

4. ByrinemroBaHHs

Bucoxa TBepaicTs 1
3HOCOCTIHKICTb, IT1IBHUILEHHS
M€K KOHTAaKTHOI
BUTPHUBAJTIOCTI 1 BUTPUBAIOCTI
MIPH BUTHHI TIPH 30€peKEHH1
B'A3K01 CEpPLIEBUHH

HeoOx1aH1¢Th TOAABIIOTO
TapTyBaHHA, CKJIAaIHE 1 TOpOTe
00JIaTHAHHS,

BHCOKOKBa (PIKOBaHHHA
MEPCOHAI, CKJTaTHl BUMOTH 110 Th

5. IloctaHoBKa
METAIOKEPAMIIHUX
TUTACTHH (TIaliKa,
CKJICFOBAHHH,
MEXaHIYHE 3’ €THAHHS)

[ligBuIIy€e 3HOCOCTIHKICTS 1
pecypc, B yMOBaxX CYTJIMHHUX
TpyHTIB, B 4,6-5,0 pasu B
MOPIBHAHHI 3 CEpIUHUMH (HE
3MIIIHEHUMH ) JIEMETIAMH.

He pekomennyeTnes
BHKOPHCTOBYBATH JJI1 OOPOOKH
KaM'STHUCTHX TPYHTIB, BUCOKA
HWMOBIPHICTh BIAPUBY TIJIACTHH
pH POOOTI.




3 orisay Ha CKIIaJHY KOHQIrypaliro BIABaJIB 1 3HAYHY IJIONLy PpoOOUYMX
NOBEPXOHb, HAMOUIbII JIETKO PEAi30BAHMM 1 HHM3bKO BHTPATHHM CIOCOOOM
3MIIIHEHHS € 3aCTOCYBaHHSI PI3HUX BUJIB JYroBOro HamjaBicHHs. OpfHak, sK
3a3HAYAJIOCS BHILE Yepe3 Mally TOBINWHY BiABaIiB (5 ... 8 MM), AyroBa HarjaaBKa
MO>KE BUKJIMKATH iX 3HAYHE HArpiBaHHs, BUKPUBIIECHHS, (POPMYBaHHS BETUKHAX 30H
BIANYCKaHHs. HannaBiaeHHs KPOMOK 3aTpyDKEHE iX mpomasoM. Tomy JOIIbHA
PO3poOKa TEXHOJIOTIT HAIJIABJIEHHS, IKa TO3BOJIATh YCYHYTH 111 HEAOIKH.

Chia TakoK 3a3HAQUMTH, IO B JAHWK 4Yac MPAKTHYHO BIACYTHI HAYKOBO-
OOrPpYHTOBaHI METOJMKKM BU3HAYCHHS 30H 3MIIHCHHS BIJBAJIIB IUIYTIB, 3 METOIO

M1JBULIEHHS PIBHOMIPHOCTI iX 3HOITYBAHHSI.

1.4. TexHOJIOTYHI MOKJIUBOCTI BIOPOAYTOBOI0 HANJIABJICHHS

JUts  3MINHEHHS BIAB&IIB IIYriB  JOLUIBHO 3aCTOCOBYBAaTH  CHOCIO
HaIUIaBJICHHS 3 MIHIMAJIbHUM TEIUIOBKIAJCHHSIM B OCHOBHWA wmetan [12, 15].
OpHuM 3 TakuX coco0iB € BIOPOAYTOBE HAIJIABICHHS B CTPYMEHSIX Boau [24,25].

[Tponiec BIOPOAYTOBOTO HAIUIABJICHHS BIAPI3HSAETHCS BIJ IHIIUX CIOCOOIB
MEXAHI30BAHOTO HAIUIABJICHHS TUM [20], 10 TOPELb MPUCATHOTO IPOTY 3A1HCHIOE
KOJMMBAJILHUH PyX B IUIOLIMHI, INO PO3TAIOBYETHCA TMEPHNEHAUKYIISPHO
HAIUIABIIFOBAHOI OBEPXHI, & TAKOXK OXOJIOPKEHHSIM HATUIABJIEHOTO MIAPY.

KonuBanHs [apoTy ICTOTHO BIJIMBAE HAa BECh XIiJ TMpPOLECY 1 SKICTh
HariaBjaeHoro metaimy. Uepes BiOpailli ApoTy mporiec sABjsie cOO0K0 YepryBaHHS
Ay’e KOPOTKMX LUKJIB, O CKJIAJATHCSA 3 PO3PUBY JIAHIKOra, XOJ0CTOr0 XOAy 1
KOPOTKOTO 3aMuKaHHs (puc. 1.6).

[Tpn KOPOTKOMY 3aMUKaHH1 CTPYM B1J MAi’K€ HYJIbOBOTO 3HAYECHHSI IIBHIKO
301IBIIYETHCS JJO MAKCUMAJIBHOIO, a HANpyra, HABMAKHW, NAAA€ N0 HyJd. Y MIpy
BIJIBEJICHHSI MYHJLITYKA B1J MOBEPXHI JA€Talll HAMIBPO3IJIABICHUHA NEPepl3 KIHLS
JAPOTY 3MEHUIYETHCS, & CNEKTPUYHUAN OMIP 3pOCTac. Y MOMEHT PO3PUBY Hampyra i
UIUTBHICTh CTPYMY JOCSTa€ BUCOKMX 3HAYEHb, 1 MICIS PO3PUBY JPOTY B

HUHIIHBOMY MPOMI>KKY BUHUKA€E KOPOTKOYACHUHN EJICKTPUYHUIA PO3PA.
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Puc. 1.6 — Cxema pyxy ApoTy Npu BIOPOAYTOBOMY HaIUIABJICHHI

HoBoyTBOpeHa nyra omnaeisie 3alMIICHWN Ha IMOBEPXHI JACTall MeETall
ApOTY, Kpamal MeTany PO3IUIABICHOrO KIHIS APOTY TAaKOXK NEPEXOIaTh B
HariaBneHuit woB. [lpm momampmioMy 301MbIICHHI BIACTAHI MK JACTAUIIO 1
JIPOTOM Ayra racHe, HacTae€ Mepiojl XOJIOCTOro X0y, MOTIM LIAKIT TOBTOPKETHCS.

Yacra BiOpauis enekrpony (50-100 pa3 B cekyHAy) BUKIMKAE HACTUIBKH K
yacTte 30y/DKCHHST TyTOBHX PO3PSAJIB, IO CHPUSE CTIHKOCTI MPOLECY 1 MEPEHOCY
EJICKTPOJHOTO METaly HEBEIMKMMH TNOopuisMu. BenmnuwHa ammunityau BiOpaii
€IEKTPOJHOIO JAPOTY 1 KYT ii MiABEAEHHS A0 JCTalll BIJIMBAIOTh HA BEIUYUHY
MIKEIEKTPOHOTO MPOMDKKY. 31 30UIbIICHHSM MPOMDKKY Hampyra 3pocTae 1
IHTEHCUBHICTb IJIABJIEHHS METATY 30UIBIIYEThCS.

Uepez po3puB Ayru mpu peajizaiii mpouecy BiOPOayroBOro HamjiaBICHHS
BIIOYBAEThCSl PIOHOKpANEbHUM TEpexii MeTally Bl APOTYy J0 JAeTalll,
3BapIOBAJIbHA BAHHA YTBOPIOETHCS 3 MIHIMAJIBHO MOMJIMBHMH PO3MIpamMu, WLIO

A03BOJIAC OTpUMATHU JOCHUTL I'apHC CIUIABJICHHA IMPUCAAHOro MCTally 3 OCHOBHHUM,
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HEBEIMKUI HarpiB Aetail 1 Majly rMuOuHy TepMiyHOro BrumBy [27]. Kpim Toro,
npu BIOPOAYTOBOMY HAIJIABIECHHI PI3KO 3MEHIIYETHCS BHUTOPSHHS JIETYHOUMX
€JIEMEHTIB €JIEKTPOJAHOrO APOTYy. BiOpoayrose HamiaB/IieHHs JO3BOJISIE OTPUMATH
BITHOCHO TOHKI 1 MIl{HI TOKPUTTS (TOBIIMHOKO 0,8-2,5 Mm).

B nmaHwmii bwac 3acTOCOBY€THCA, B OCHOBHOMY, ABTOMATHYHE BIOPOAYIrOBE
HariaBiaeHHs [28]. [lpuHimMnoBa cxemMa YCTaHOBKM Il  BHOPOIYTrOBOTO
HAIUIABJICHHS CKJIAJAETHCS 3 HAIUIABOYHOI TOJIOBKM, JUKEpEna IKUBJICHHS,
JIOJIATKOBOi 1HIYKTUBHOCTI (JIPOCENsi), CUCTEMH MOJAA4l OXOJIOJDKYKYOi PIIUHU
[28].

Ha cymopt TokapHOro BepcTata BCTAHOBJIIOETHCS HAMJIABOYHA TOJIOBKA 1
OJTHOYACHO 3 HUM TEPEMIIYEThCS B3IOBXK JI€Talll, a B LEHTPU Bepcrara
BCTAHOBJTIOETHCS 1 MPUBOAMTHLCS B 00€pTaHHS HAIJIABIIOBaHa eTaib [22].

YcraHoBka At BIOPOAYrOBOTO HAIUIABIIEHHS TAKOK Ma€ pe3epByap Uis
OXOJIOJDKYFOUOi PIIMHU  (HAMYaCTIIIe BHKOPUCTOBYETHCS 3-5%-HUN PO3UMH
KaJIbIUHOBAHOI COJIM Y BO/I), @ TAKOXK HACOC JJIsl OIa41 OXOJI0KYFOUO1 PIAVHH.

Oxono/pKyro4ya piiiHa MOJAETHCS JBOMA MOTOKAMH. HEBEJMKA KIJIbKICTh
pinuan (10 0,3 JI/XB.) HampaBlIAe€TbCss OE3MOCEPENHBO B 30HY TOPIHHS JAYTH, IO
CHpUsIE OXOJIO/KEHHIO MYHALITYKA HAKOHEYHWKA, pelira piamHu (2-2,5 1/xB.)
NOJAEThCS Ha JACSIKOMY BIJJAJICHHI BiJ 30HM TOPiHHS O€3M0CEPEAHbO Ha
HAIJIaBJICHUN Iap.

3a paxyHOK IHTEHCHBHOIO OXOJIOJUKEHHS B HAIJIABJIEHOMY METaJll 1 30HI1
TEPMIYHOTO BIUIMBY BHHHUKAKOTh HANPY>KCHHS PO3TATY, IO MOKE MPHU3BOAUTH 10
YTBOPEHHS TPIIUH. Lle € NpUUMHOK 3HMKEHHS BTOMHOI MILIHOCTI AeTaneid. OqHak
SKICTh HAIUIABJICHOTO MIApy 3aJ€KUTh B PEKUMY HAIJIABJICHHS 1 Marepiany
€JIEKTPOIHOTO JIPOTY.

TakuM YMHOM, 3aCTOCYBaHHS TMpoLecy BiOPOAYrOBOrO HAIUIABJICHHS
NPEICTABISIETECS MOXJIMBHM Il 3MILHEHHs BiABaTIB IUIyTiB. OAHAK, 4depe3

CKJIaJIHy T€OMETPIi BIABATIB MEXaH13YBaTH MPOLIEC HAIIABICHHS BAYKKO.
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BucHoBKH, MeTa i 3aaa4i A0CTiTKEeHHSI

1. Amnami3z MOXIMBUX TEXHOJOTA 3MINHEHHS poOOYMX  OpraHiB
IPYHTOOOPOOHMX MAlIWH TaKUX SIK JIEMENT1, A0J0Ta, KYJbTUBATOPH Ta 1H. MOKA3aB.,
00 OCHOBHHMMHM CHoco0amMM 3MILHEHHSI € Py4YHA OyroBa 1 ra3oBa HAaIUIaBKa,
Hariaeka CBY, KOKCyBaHHs, TOCTAHOBKA TBEPAOCIUIABHUX IJIacTHH. OJHAK
NUTaHHS 3MINHEHHS BIABAIIB OYrOBUM  HAIUIABICHHSIM € HEAOCTAaTHBO
JOCTIPKEHUM.

2. Y 3B'S13Ky 3 HEPIBHOMIPHICTIO 3HOLIYBaHHS pOOOYMX MOBEPXOHb BIJIBAIB
K KPHUTEpIA TEXHIYHOT ONTUMAIBHOCTI 3aCTOCOBYBAHOI TEXHOJIOTIi 3MIIHEHHS
JOUIIBHO NPUAHATH 3a0€3NEUYCHHST PIBHOI 3HOCOCTIHKOCTI BCi€i poO040i MOBEPXHI
BiBasTy. Takuid miaxig J03BOJISIE, 3 OJHOTO OOKy, MIHIMI3YBAaTH IUIONLY 30H, IO
N1Ja0ThCsl 3MILHEHHIO, a 3 1HIIOro OOKYy, BUKIIFOUMTH JOJATKOBI BUTPATH Ha
(opMyBaHHsS 3MIIHCHUX WIapiB 3 HAUIMIIKOBOK 3HOCOCTIHKICTIO. OHaK,
METOJMKA BU3HAYCHHS 30H 3MILHEHHA POOOYMX MMOBEPXOHb BIABAIIB IUIYTIB
BIJICYTHI.

3. 3 oriaay Ha CKJIAAHY KOH(DIrypamiro BiJBajiB, HAHOUIbII MPUAHATHUM
crocoO0M 3MINHEHHS MPEACTABISETECS IYyroBa HAIMJIABKA HE TMEPEKPUBAOUMMHU
Banvkamu. OJHAK, MMPOKO 3aCTOCOBYBAHA PydYHA JYyroBa HAlUIaBKa 4epe3 Maiy
TOBIUMHY BiABaIiB (5 ... 8 MM), BUKJIMKAE iX 3HAYHE HATrPIBaHHsS, BUKPUBJICHHS,
(opMyBaHHS BEJMKHAX 30H BIANYLICHHS. HanmaBlieHHS KPOMOK YTpPYIHEHE iX
nponajgoMm. J{Jist 3MIITHEHHS BIABAIIB MJIYTIB AOLIJILHO 3aCTOCOBYBATH BiOPOAYTOBY
HAIUIABKY, SIK COCI0 3 MIHIMAJIbHUM TEIUTOBKJIAICHHSM B OCHOBHUIH METAJL.

MeToro  AOCHKEHHS € MIABUIICHHS €(QEKTUBHOCTI  TOBEPXHEBOTO
3MIIHEHHS BLABAMIB IUIYTIB [UISXOM  HAMIBaBTOMATUYHOTO BiOPOJYTOBOIO
HAIUIABJICHHS HAMOLIbII HABAHTAXEHWX 30H 1 MIJBHINEHHS PIBHOMIPHOCTI
3HOLIYBAHHS POoO0YOi MOBEPXHI BIABATY.

BianoBiaHO 10 METH JOCIIKEHD EPEN0aYEHO BUPIMICHHS TaKUX 3a/1a4:

— pO3pOOUTH METOAMKY BWU3HAUEHHS 30H po00YOi MOBEPXHI BABAITY, IO

NOTPEOKIOTH 3MIITHEHHS,
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— JMOCIIOUTH  BIUIMB PEXKUMIB  HaMiBaBTOMATHYHOIO  BIOPOAYTOBOTO
HaIiaBJICHHS HA ()OPMYBaHHS BAJIMKIB HAMJIABJIEHOTO METANY,

— JOCIHIIWTH BIUIMB CXEMHU HAKJIAJACHHS BAIMKIB HA 3HOCOCTINKICTE BIABAIIB
TUTYTIB,;

— PO3pOOUTH TEXHOJIOTTYHI PEKOMEHJAIi MO 3MIIHEHHIO BIABAIIB IJIYTIB
HaIBaBTOMATUYHUM BIOPOAYTrOBUM HAIUIABJICHHSM, PE3YJbTaTH JIOCHIIKEHb

AOBCCTH 0 IPAKTHYHOT'O 3aCTOCYBAHHA.
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PO3/ILI 2
METOJNKA EKCIIEPUMEHTAJBHIX JOCTUTKEHD

2.1. MeToanka npoBeAeHHS JOC/II/IKEHb

JlochIKEHHST TPOLECY HAIMIBABTOMATUYHOTO BIOPOAYTOBOIO HAIJIABJICHHS
MPOBOJATHCS JUIsl MEPEBIPKU MOMIIMBOCTI BEICHHS BIOPOAYTOBOTO MPOLECY B
HAMBaBTOMATHYHOMY PEKUMI, a TAKOXK JUIsi BHOOPY MPHUCAJOYHOIO Marepiany i
PEKMMIB ITPOLIECY 3MIHEHHS MMOBEPXOHB ITY>KHUX BiJBAJIB.

B pe3ynbrari 1ociiiB MIaHyeThCs NEPEBIPUTH 1 YTOUHUTH KOHCTPYKTHBHI 1
KIHEMATUYHI MapaMeTPH PO3pOOJIEHOT0 EKCIEPUMEHTAIIBHOTO MPUCTPOIO, IO
3a0e3Meuy0Th MOXKIIMBICTh BEICHHS HATIBABTOMATHYHOTO MPOLIECY.

Ha nepmomy etami HEOOXIAHO AOCTIIKYBaTH CTaOUIbHICTH (DOPMYBaHHS
BaJIMKA HAIJIABJICHOIO METAy B YMOBAX PYYHOIO MEPEMILICHHS 3BAPIOBAJIBHOTO
NaJbHUKA TMPU PI3HAX aMIUTITYyaX KOJWBaHb MPUCAAHOrO ApPoTy. s mporo
HEOOX1IHO BU3HAUMTH aMIUTITYyAy KOJIMBaHb MPUCATHOTO APOTY, MPH K1 HE Oyae
CIOCTEPIraTUCSl BIJICKAKYBAaHHS 3BAapIOBAILHOIO MajibHUKA BlJ HAIUIABJIFOBAHO1
noBepxHi. Buxonsunm 3 yMOBM 3a0€3NEUCHHS MNPSIMOJIHIHHOCTI MEPEMIIICHHS
3BaPIOBAIBHOTO  MAlbHHUKA, EKCIEPUMEHTAIBHE  JOCHIPKEHHS  JTOMYCTHUMOi
aMIUTITYy 1A BiOparii npucagHoro IpoTy MPOBOAUTHCS 3 BAKOPUCTAHHSAM APOTY 651
aiameTpom 1,6 MM. 3BaproBaibHA yTa HE 3AMATOETECS. TPacKTOpis MEPEMILLICHHS
3BaPIOBAIBHOTO MalbHUKA (PIKCYETHCS MO CIIJAX YAAPHOTO BIUIMBY TOPLS APOTY
HA  TIOBEPXHKO  OOmMMpaHHs.  3aJ0BUIBHOK  TPAEKTOPI0  MEPEMILICHHS
3BapIOBAJIBHOTO NAJIBHUKA MOKHA BBAXaTH B pa3l (OpPMyBaHHS CYLLIBHOI JIHII
BIIOUTKIB 0€3 PO3PUBIB 1 OIMHUYHUX B1JCKOKIB.

Jlam HeoOX1THO TPOBECTH AOCTHIAM 3 BU3HAYCHHS 3HAYEHb IIBUAKOCTI
NEPEMILIEHHS 3BAPIOBAIBHOTO MAJIbHUKA 1 [BUAKOCTI HAMJIABIEHHS B PYYHOMY
PEeXUMI, 10 3a0€3MeUyroTh CTAOUIbHICTH TOPIHHSA AyTH 1 (POPMyBaHHS BajMKa
HAIUIABJICHOTO MeTany. Jlis MpOBEACHHS EKCHEPUMEHTAIBHUX —JOCHIIKEHD

OPHUCATOYHUM JPOTOM TaKOX CIY>KHTh IpiT 650" miametpom 1,6 mMm. VY 30HY
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HaIIaBJICHHS MOJAETHCS OXOJIO/KYIoUYa piavuHa (PO34YMH TIIEpUHY B Bol). s
NIABUIICHHS CTAOUIBHOCTI TOPIHHA JYTd 1 3HWKEHHS PO30pH3KYBaHHS B
3BAPIOBAIBHMN  JIAHLIOT  BKJIKOYAETBCS  3BApIOBabHUI  apocenb.  Cepenns
IIBUJIKICTh HaIJIaBJICHHS MpuiiHATa 39 M/roa. PeagbHa MBHIAKICTH MEPEMILIECHHS
3BapIOBAIIBHOTO MAJIbHUKA 3BApPIOBAJIbHUKOM BH3HAYAETHCS HA IMIACTABl aHAIZY
BIJICO3HOMKM MPOLIECY HAMJIABICHHS HAa HU(POBY Kamepy.

Sk pamioHaNBHOIO  PEXKUMY  HAMIBABTOMATHYHOTO  BIOPOIYrOBOTO
HAIUIABJICHHS NPAWMAIOTHCS 3HAYCHHS, MPU SKUX 3a0e3MeyYeHa MPsSMOJIIHIAHICTh
BaJIMKA HAIJIABJIEHOTO METaNy 1 CTa0IIBHICTh (JOPMYBAHHS [BA.

JUTs KOHTPOJIFO TEOMETPUYHHMX MApaMETPIB IIBIB HEOOXITHO MPOBECTH
HAIUIaBKy TOYOK 1 BaJIMKIB Ha BUPI3aHWX 3 BABANY ILIyra 3paskax. HeoOximHo
BUMIPATH AlaMETPH TOYOK 1 JTOBXHWHHM 1 IIMPUHU BAIMKIB HAIJIABICHOIO METANY.
TBepaicTh 3MILHEHUX MOBEPXOHb JETAICH BU3HAYAETHCS 3a METOJAOM PokBena Ha
npwiaal TK-2 BigmoigHo a0 BuMor 'OCT 9013-59. MikpoTBepaiCTh 3pa3KiB,
BUpI3aHUX 3 BiJABaly, BUMIpOeThCs Ha npunaai [IMT- 3 (I'OCT 9450-76) npu
HaBaHTaXeHHI Ha iHaeHTop 1H. Pe3ynprat BuMIprOBaHb OOpOOISIOTHCS 3a
nonomMororo nporpamu «Microsoft Excely.

3 METOKW TOAAAbIIOI PO3POOKH TEXHOJOTIYHUX CXEM  HAIJIaBJICHHS
HEOOX1IHO BUKOHATH JOCIDKCHHST 3HOCIB JAETaNeil IUIYriB, YTOYHUTH 30HU
NEPEBAKHOTO 3HOITYBAHHS, IO BUMAraroTh MEPEBAYKHOTO 3MILIHEHHSI.

JUIs BHMIPDIOBaHHS TOBIUMHW BIABaly IUIyra B 3HOLICHHUX MICIISIX
NPONOHYETHCSI BUKOPUCTOBYBAaTH PO3pOOJICHE MpUCTOCyBaHHs (puc. 2.1), sike
CKJIQIA€ThCS 3 HACTYITHUX OCHOBHUX JCTAJICH: BEPXHBOIO KyTOUYKa 1, MPOMIXKHOTO
npodio 2, HWXKHBOTO mpoduiro 3, 3artuckada 4, MIKpoMmeTpa 5, (PIKCYyHUOro
Oonra 6 1 KyTuka 7.

[Tpuctpiii  sBAsie coOOK 3BapeHy KOHCTPYKLIK. BepxHiii KyTO4OK
NPUBAPEHUI 10 MPOMIKHOTO MPOQIUII0, B CBOK YEPry MPUBAPEHOIO J0 OMOPHOTO
HIWKHBOTO Mpodisiro. Ha BUIBHOMY KIHII KyTOUYKA MPUBAPEHMIA 3aTUCKAY 4, B KU
BCTABJICHUI MIKPOMETP 5, IO (ikCyeTbes 6oaToM 6. JIJisi MAKCHMAJIBHO TOYHOTO

BUMIPIOBAHHSI TOBLIMHU 3HOCY BIABAIIB IUTYTIB B 3HOIICHUX MICHSX HA HWKHIN
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npo(iIb MPUBAPEHUNA KYTOYOK 7, HA KM CHOUPAETHCSA MOBEPXHS BiABaNYy NpHU

BUMIpax.

Puc. 2.1 — KpeciieHHs npUCTOCYBAHHS [Tl BAMIPIOBAHHS 3HOCY

[IpucTocyBaHHs Mparoe HACTYIHAM YMHOM. MOMEPEIHbO OYMILEHWH Bix
Opyny, Ay, POCAMHHUX 3AJIMIIKIB BIABA OTJISAAETHCS, BI3yaTlbHO BU3HAYAOTHCS
HaHOUIbII 3HOWICHWHA NUISHKY BiaBany. [[r0 AUISHKY pO3MIYarOTh 1 PO3JIHIOKOTh.
Ha npucTtocyBaHH1 BIATATYIOTh IITOK MIKPOMETPA 1 BCTABIISIOTH TUTO BIABATY MIXK
BEPXHIM KyTOUYKOM 1 HIKHBOK ONOPOK) MPUCTPO0. BUCTABIAIOTH NMOKA3aHHS
MIKpOMETpa Ha HyJb. Jlami, BCTAHOBIIOKOYM IITOK MIKPOMETpPa B OTPUMAaHMX
TOYKAX, 3aMIPSIFOTh TOBIIUHY HAHOUIBII 3HOIEHUX TUISHOK BiIBAJTy IUIyTa.

J1Jisl BUBUEHHSI 3M1HM T€OMETPIi BiIBAJIIB B TPOLIECT EKCILTyaTallli 1 po3po0OKH
CXEM 3MILHIOOYOTO HAMJIABICHHS OyJIM MPOBEAEH] 3aMipy TOBILMHY y 14 BiaBaiB
wiyriB Gregoire Besson po3poOieHUM MPUCTOCYBAHHSM MO TOTEPEAHIM PO3MITILL.
JIns BU3HAYECHHS BEJIMYMHU 3HOCY BU3HAYAINA PI3HUIIKO MK BUXIJTHOK TOBILIMHOIO
BIJIBAJTY 1 TOBIIMHOKO MICJIS eKcITyaraiii. /s BumiproBanHs Oysid 0OpaHi BiBaIu
nicis HanpaitoBanas 100 ... 200 ra micast OpaHKW Ha ACPHOBO-TI30IMCTUX JIETKO-
1 CEpPEAHBO CYTIIMHACTUX IPYHTAX.

BumiproBaHHs TOBLUIMHA MPOBOAMIIOCS (pHC. 2.2) MO CEMH TOPH30HTAIBHUX

niHisx (I-VII), po3ramoanux Ha BiactaHi 30 MM 1 B TpbOX — Ha BiacTaHl 60 MM
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OJMH BiJ O#HOTO. Ha rpynsx BiaBaidy BHMIPIOBaHHsS MPOBOAMJIMCS Ha BIJACTaHi
30 MM ofHA Bia OJHOi, @ HA Kpwil 1 poOOYlil MOBEPXHI BiABay — Ha BIJICTaHI
60 MM OJMH BiJ OJHOTO.

60

L —

108 107

b — — — — % 180

Puc. 2.2 — Cxema BUMIPIOBAaHHS TOBIIMHU BlABAIY

JUis BH3HAUeHHsT oOOnacTell 3MINHEHHS 3a PeE3yJbTaraMH MPOBEICHHS
BUMIPIOBAaHb TOBIIMHW BIJBATIB MOTPIOHO BU3HAYMTH KOE(MILIEHTH JIOKAIBHOI
IHTEHCHBHOCTI 3HOLIIYBAHHS MMOBEPXHI BiABaIy 1 00JaCTI.

JIis bOro HEOOX1AHO BU3HAYHATHU /., CEPENHIO BETUUYMHY 3HOCY B TOUKAX

BUMIPIOBAHb 32 BUPA30M:

U = 2.1)

ne N — KUTbKICTh TOYOK BUMIPIOBAHb.
KoedimieHT noKanbHOi 1HTEHCUBHOCTI 3HOLIYBAHHS BU3HAYAETHCS 34

BUPA30M:

ko=t (2.2)

ne H; — 3H0C BiaBaly i-TOi TOUKM BHMIPIOBaHb, /., — CEpEAHii 3HOC yCI€i

NOBEPXHI1 BlABAIY.
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OOnacTssMu 3MILHEHHS BlaBaly OyAyTh TiI YaCTHMHHW TOBEPXHI, B SKHAX
KOE(ILIEHT JIOKAITBHOI 3HOLIYBAaHHS Oy€ MEPEBUILYBaTH 1.

3 METOK pO3pPOOKH TEXHOJIOTIM 3MIIHEHHS, M0 3a0€3MEeUy0Th IiIBUILCHHS
PIBHOMIPHOCTI 3HOIIIYBAaHHS BIJBAJIB IUIYTIB BBAKAEMO 3a JOLIJIbLHE BHILTUTH
HACTYITH1 00J1aCTl, B AKMX KOC(ILIEHT JOKATbHOT IHTEHCUBHOCTI 3HOLIYBAaHHS OyJe
nepedyBatu B Mexkax: oonacte [ — 2,00 1 6utbwie, odnacte II — Big 1,50 go 2,00,
obmacts III — Big 1,00 mo 1,50 1 obnmacts IV — menme 1,00.

JUiss  TpOBENEHHS  AOCHIDKEHb 3HOCOCTIMKOCTI  3MIIHEHWX  BIJIBAJIIB
HEOOX1THO BHU3HAYNTH TEXHOJOTIYHI CXEMW HAIUIABJICHHS B 3aJICKHOCTI BIiJ
OTPUMAHMX KOE(PIIEHTIB JIOKATBHOI IHTEHCUBHOCTI 3HOLIYBAHHSI.

Buxoasuu 3 BUpa3y cepeaHbOi 3HOCOCTIHKOCTI:

p

S S
— n p
U, = E(kHHH ~k,H,) +§(ka1, ~k,H,)+k,H,,  (23)
1 711 TOro, o0 cepeaHs 3HOCOCTINHKICTh 3MIHEHOT TOUYKOBOK) TEXHIKOK MOBEPXHI
mwiomeo S Oyja B # pa3iB BUIIE 3HOCOCTIMKOCTI MOBEPXHI HOBOI AETall Ti€i K
IO, HEOOX1HO, 1100 BUKOHYBAIACs HACTYIHA PIBHICTS!
u,=nkH,. (2.4)

[TpupiBasaBmu (2.3) 1 (2.4) onep>KUMO:
S, S
nk,H, == (k,H,—k,H,)+ = (k,H,—k,H,)+kH, (2.5)

bepyun dacTky HamjaaBiatOBaHOi MMOBEPXHI SK  BIJIHOUICHHS  TUTONI
HAIUIABJICHHS 10 3arajibHO1 IJIOLII NOBEPXH1 BIABAITY:
S
S

[Ticnss mepeTBOpPEHb 3 ypaxyBaHHSIM BHpa3y sl BU3HAYEHHS IUTOLLI

S= (2.6)

HAIUIABJICHOT TOYKM 1 NPUAHSABINM JOMYIIEHHS NP0 MPOMOPLIHHICTE MIDK
HAIJIABJICHOK 1 PO3MIIHEHOK TOBEPXHE, S,=¢&S,, Ne ¢ — KOePImieHT
IPONOPUIAHOCTI OTPUMYEMO:

k,H, (n-1)
(k,H, -k H )+ &k, H, —k,H,)

S = (2.7)
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[IpuiimaeM0O TBEPAICTH OCHOBHOTO METaly HAIUIABIKOBAHOI  JeTai
H,=50HRC; TBepaicth HammaemoBaHoro wmetany £/, npopiBHrwe HRC 60,
TBEPAICTh PO3MILHEHOro Mmetany /, cranoBute HRC 40 1 £,=0,6, k.= 1.8,
k, = 0,5 — xoeQiLieHT, MO0 XapakTEPU3ye JIHIAHY 3MIHY BEIWYMHHM 3HOCY B 4Yaci
OCHOBHOTO, HAIJIABJICHOIO 1 PO3MILHEHONO METally BIANOBIAHO. Pe3ynbratu
PO3PAXYHKY MO 3aJICKHOCTI (2.7) mokazaiu, 110 Jyisl MiJABUIICHHS 3HOCOCTIMKOCTI
3MILHEHOI MOBEPXHI Mmowmero S B 1,5 pasu BUIIE 3HOCOCTIMKOCTI MOBEPXHI HOBOI
Jetami Tiel K TIIONI HEOOXITHO HamIaBUTh, He MeHme 18% mmomm, s
MIABUIIEHHS B 1,8 pa3iB MOTPIOHO HAMJIABUTH HE MeHIIE 28 % mioil, a B 2 pa3u —
He MeHIe 35% BiJ 3aranbHOi MIIONI MOBEPXHI. Taki 3HAYEHHS IJIOMII 3MIHEHOI
HAIUIABJICHHSAM MOBEPXHI MOXKYyThb OyTHM 3a0€3MeueHl K TNOCTAaHOBKOK TOYOK
HAIUIABJICHOTO MeETaly, TaK 1 HAHECEHHSM HENEPEKPUBAKUMX BAIMKIB. [lpm
KOC(IIIEHT] JIOKAJIBHOI THTEHCUBHOCTI 3HOIIYBaHHS k, > 2 1 4acTIl 3MIIHEHOI
noBepxHi o0macti He MeHme 35% Big 3araapHOi IUIOHI MOBEPXHI BlABAILY
PEKOMEHIY€TbCS BHKOPUCTOBYBATM HAIUIABKY BaJimkamu. [lpm koedimieHTi
JOKQJIbHOT IHTEHCUBHOCTI 3HOWIYBaHHS 1,5 <k, <2 yacTka 3MINHEHOI MOBEPXHI
NOBMHHA CTAaHOBUTM HE MeEHIIE 28% BIJI 3arajgbHOi IUIONI TOBEPXHI BIABAILY
PEKOMEHIY€TbCS BUKOPHCTOBYBAaTH TOYKOBY HamiaBKy. [lpu  koedimieHTi
JOKQJIBHOT IHTEHCUBHOCTI 3HOWNYBaHHS 1 <k, <1,5 yacTka 3MIOHEHOI MOBEPXHI
NOBMHHA CTAaHOBUTWM HE MeEHIIE 17% BiX 3arajgbHOi IUIONI TMOBEPXHI BIABAILY
PEKOMEHY€ThCsl BAKOPUCTOBYBATH TOYKOBY HATIABKY.

TEeXHOIOTIUHI CXEMHW HAIUIABJIEHHS, 10 3aJ0BOJIbHAKOTH YMOBaM YacTKH
3MILHEHOI TOBEPXHI MO BIJHOWICHHKO JO BClEi MOBEpPXHI 00nacTi BiaBalLy
NPEICTaBJICHI HA pucC. 2.3.

TakuMm YMHOM, MAKCUMAaJIbHA KUTBKICTh TOYOK Nyyuy T1AMETPOM dy, 1 3 30HOKO
PO3MILIHEHHS d), IKY MOKHA PO3MICTUTH HA 3MILHIOKOY1il MOBEPXHI JOPIBHIOE:

N - 4S5
max ﬂdj :

(2.8)

OtpruMaHe 3HAYCHHs HEOOXIHO OKPYIIIMTH A0 HAHOMMKYOrO IIJI0r0 Yucia

B MEHIITy CTOPOHY.

27



0)

Puc. 2.3 — Cxemu HaKJIaJeHHs: a) TOYOK HAIUIABJIEHOTO METally, 0) BalIMKIB

HaIlJIaBJICHOI'O MCTAlly

Biacranb . Mk [IEHTpaMU HAIMJIABJIEHUX TOUYOK:

:((S—dfj)/dp)'

2.9
I=S— (29)

[1pu HaKIaAEHH] BAIMKIB 3arajibHa JOBJKWHA I1IBA CKIIAJIE:
S =a-b. (2.10)

Bincranes Mk Baimkamu [ Mae 3a0€3MCYUTH HE MEPEKPUBAHHS 30H

PO3MILIHEHHS.

2.2, Meroauka PpO3pPaxXyHKY peXHMIB BiOPOAYroBOr0 HAaIJIABJICHHS

Bi/IBAJIIB IUIYTIB

Pexxum  BIOpOAYroBOro HaruiaBJACHHS BU3HAYAETHCS CICKTPUYHUMHU 1
MEXaHIYHUMH mapameTpamu [29]. Jlo €NeKTpUYHHX MapaMeTpiB  BITHOCSTH
HAnpyry 1 CHJy 3BaprOBaJbHOIO CTPYMY, MHOJSPHICTH CTPYMY, IHIYKTHUBHICThH
3BaPIOBAIBHOTO KOMa. MexXaHIYHMMHU NapaMeTpaMH €. IIBHIKICTh HAIJIABJICHHS,
MIBUAKICTh MOAA4Yl APOTY, KPOK HAIUIABJICHHS, aMmIUTITyJa BiOpamii 1 BEIMYMHA

BUJILOTY JPOTYy. SIKICTh OJEPKYBaHMX NpPH BIOPOAYrOBOMY HAIUIABIICHHI
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MOKPUTTIB BU3HAYAETHCS MPABUJIbHUM MPU3HAYCHHIM CJIEKTPUYHUX 1 MEXAHTYHUMX
napaMeTpiB.

Mapka npucagHOro APOTY BHOUPAETHCA B 3AJICKHOCTI BiJl HEOOXITHHUX
BJIACTUBOCTEH HAIUIABJICHOTO LIAPy. TBEPAOCTI, 3HOCOCTIHKOCTI 1 YMOB poOOTH
neram [22].

Bubupaemo wmapky mnpucagsoro apotry Hm-65I" T'OCT 10543-98.
HannaBounuii apit 651" ieroBaHuii 3 TUIMOBUM XIMIYHHAM CKJIQJIOM HAIUTABJICHOTO
metainy: C — 0,60...0,71%, Mn — 0,90...1,2%, S1 — 0,17...0,37%, Cr — He Oinblie
0,30%, Ni — He 6utbie 0,30%. Tunosa TBEpAICTh HamIaBieHoTro Metay HB 230-
310. 3a0e3neuye OTpUMaHHS HAIJIABICHOTO METATY 3 BACOKOK) 3HOCOCTIMKICTIO.

JliamMeTp eneKTPOAHOrO APOTY BU3HAYAETHCS BUXOASYM 3 BEJIMYMHU THITY
3BAPHOTO 3'€JJHAHHS 1 TIOJIOKCHHS IIBA B MPOCTOPl 1 TOBLUIMHW WIApy, IO
HAHOCUTHCS HA IOBEPXHIO MaTepiay (MOKPUTTS):

h=hy,+z +z,, (2.11)
ne hrp — HEOOX1JHA TOBIIMHA MOKPHUTTS, MM, Z; — NMPUOYCK HAa OOpOOKY
nepel MOKpUTTSIM, MM (opieHTOBHO 0,05 MM), z; — OPUINYCK HAa MEXaHIYHY
00pOOKy Miciist HAHECEHHS MOKPUTTS, MM (IoAasibiia 00poOka He MOTPIOHA),
h=2+0,05+0-2,05 mm.
JliameTp nprcagHoro ApoTy d,, = 1,6 MMm.
[MIuprHa HarIaBIEHOTO LWIAPY:
b=2-d,, (2.12)
b=2-1,6=3,2mm.

OCHOBHUMH MapaMETPaMH PEKUMIB MEXAHI30BAHUX COCOOIB HAIJIABJICHHS,
€ cuna ctpymy (/, A), MBUAKICTb MOAAUl €IEKTPOAHOTO APOTY (Vip, M/XB.),
IIBUIKICTh HArIaBaeHHs (1, M/XB.) 1 KpOK HaruiaBjieHHs (S, MM/00).

Cuny 3BaproBaJIbHOTO CTPYMY MO’KHA BH3HAQUWTH, BHUKOPUCTOBYIOUM
3aJICKHOCTI IIUTBHOCTI CTpyMy [); 1 Koe(illieHTa HAIJIaBJICHHS «,, BiJ 00OpaHOro
miamerpa enektpoga [29]. 3a mamumu D; = 55..75 A/Mm?. Y mopanemimx

po3paxyHKax npuitMemo D; = 55...70 A/mm?.
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Cuna ctpymy HamiaBneHHs (/,, A) BU3HAYAETHCS HAOIMKEHO 32 POPMYJIIO0

[29]:

1 =Z.4%.p

H 4 np 1>

(2.13)

I :%-1,62 .70 =140,67 A.

Cuny ctpymy HarmasiicHHs npuiimaemo 140A. HannaBneHHs BENEThCSA Ha
NOCTIHHOMY CTPyMi 3BOPOTHOI monsipHOCTi. Hampyra Ayru BU3HA4YaeThes B
3aJICKHOCT1 BiJI CWIM CTPYMY HAIUIaBJICHHS 1 CTaHOBUTH Big 14 no 20B.
[Tpuiimaemo Uy = 20B.

[IIBuakicTh MOJAY1 €IEKTPOAHOTO IPOTY, M/TO., CKiaae [29]:

_01-1,-U
7, 2 >
ip dnp

(2.14)

_0,1-140-20

" 1,6

>

=109,38m/ron.

VY pobotax [22,28] mBUAKICTE OAAYl V), BA3HAYAETHCS 32 (POPMYJIOH):

_40(p-1H

np > (215)
" 7d,p

€ 0Op — KOE(]IIEHT pO3IUIABJICHHS ApoTy, I/A-ron.;, d,, — HlameTp
€IEKTPOTHOTO JPOTY, MM; p — HIUJIBHICTh HAIUIABJICHOTO MeTany (Uil crail p =
7,85 r/em?).

3HavYeHHS ¢, PO3PAXOBYETHCS 32 (HOPMYIIOHO:

I
a =2+ | (2.16)
p dnp
a. =2+ @:11,3SF/ATOJ:[.
? 1,6
" = 4'”’325'140 =100,73 m/rox.
Y 7.1,6%-7,85

Takum unHOM, po3paxyHku 3a ¢opmynamu (2.14) 1 (2.15) npakTH4HO

301rmucs. [puiimaemo V,, = 100 M/ro.
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[Togaua abo0 KpOK HAIJIABICHHS S BH3HAYAEThCS OPIEHTOBHO  SIK

§=(01,2..2,0)-d,,, S=2-d,,=2-1,6=3,2Mm.
[11BuaKICTh HaMIaBNEeHHS cKiianae [29]:
d V-
y L (2.17)
4-h-S-k

A€ 1 — Koe(IIEHT BUKOPUCTaHHS €1EKTpoaHoro metaiy, # = 0,8...0.9; a —

KOE(ILIEHT, N0 BPAXOBY€ BIAXWICHHS (PAKTHYHOI MIOUIl MEPEPi3y HAIUIABICHOTO
BaJIKY BiJI IUIOLI MPAMOKYTHHKA, ¢ = 0,7...0,85.

2
VH=3’14 L6 10009 o e o
4.2,05-3,2-0,7

OG’eM HAILIABIEHOTO METAILY, CM°:

O/ =F,-h. (2.18)
ne F, — 1oLl HamIaBiIeHoi NoBepXHi, M2, 4 — BHCOTA HAIJIABJIEHOTO LIapy,

CM.
J1J1s BaJIMKA, HATUTABJICHOTO B3JI0BK KPOMKH BIJBAY:
Qs =63-0,5-0,3=9,45¢cm°.

Maca po3IuiaBiaeHoro Meraiy, I

G, =0, P> (2.19)

G,=9,45-7,85=74,18r.

Maca BUTpau€HOr0 3BapIOBAIILHOTO APOTY, BUBHAYAETHCS 3a (POPMYIIOKO:

G, =G, (1+y), (2.20)

ae w — Koe(imieHT BTpar Ha 4aj 1 po30puskyBanHs y = 0,08...0,12 [15];
npuitmaemo y = 0,1.

G, =74,18(1+0,1)=81,6T.

Lle cknamae 5,17 M.
JIJIsl po3paxyHKy TOYKOBOTO HAIJIABJCHHS MPUAMAEMO, O MaKCHMaJibHA
KUTBKICTH TOUOK N = 104 .

OOcHr HaIIABJIEHOTO METATY CKJIAJIE:
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1 4
Oy = N33R, (2.21)

Oy =104%§7z.0,43 =13,93cM’.

Maca po3zmnasieHoro Merainy mno popmyii (2.19) cknane:
G,=13,93-7,85=109,35r.
Maca BUTpaye€HOrO0  3BAPHOBAJILHOTO JAPOTY BU3HAYMMO 32 (POPMYJIOHO
(2.20):
G, = 109,35(1 + 0,1) =120,30r.

Tomi JOB)KMHA APOTY B IOMY BUIMAJAKY CKIaae 7,62 M.
TakuM 4YMHOM, MakcuMajdbHA BHUTpAaTa MPUCATHOIO APOTY HA 3MILHEHHS
TOYKAMH 1 BaJUKaMU OONAcTel, B SKAX KOCPILIEHT IHTEHCUBHOCTI 3HOLIYBAHHS

MEPEBUIILYE OJMHUITO, CKiaae 12,8 m.

BucHoBkn

1. Po3pobmeHo METOauKy JOCHIKEHb MPOLECY HAMIBABTOMATUYHOIO
BIOPOYTOBOIO HAIUIABJICHHS 3 OILIIHKOK THTEHCUBHOCTI 3HOILIYBAHHS BIJBAJIIB 3a
PI3HUMM BapiaHTaMU HAIUIABJICHHS MTOBEPXHI.

2. BA3Ha4Y€HO OCHOBHI MapaMeTPH CXEM HAKJIQJCHHS 3BAPIOBAJIbHUX LIBIB 1
TOYOK 3 METOK BUPIBHIOBAHHS 3HOCOCTIMKOCTI BCi€i POoOOYOi MOBEPXHI BiABay
Iyra.

3. BHKOHAaHO mMONEPEIHIA PO3PAXyHOK OCHOBHMX NApPAMETPIB PEKUMY

POLECY BIOPOIYTrOBOrO HAIJIABICHHS.
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PO3/ILI 3

PE3VJILTATH TEOPETHUHWX I EKCIEPUMEHTAJTbHIX
JTOCJKEHD

3.1. 3a0e3ne4eHHs PiBHOT 3HOCOCTIMKOCTI MOBEPXHI BiABAJIIB ILIYTiB

B nponeci excnyaraitii miyra 3HOIMEHHS BiBATy BIANOBIAAE€ KpUBIiil (puc.
3.1), o xapakrepusye nponec abpazuBHOro 3Hocy [23]. [1pu nbomy BUJ 3HOCY 3a
XapaKTEPHOK BIAMIHHICTIO TOJSATAE y BIACYTHOCTI MEPIOAY NPHUIPALIOBAHHS Ta
HAsIBHOCTI JBOX MEPIOAIB: MPOLECY CTAIOro 3HOCY Ta aBapiitHoro 3nocy. Ha erami
CTaJIOro 3HOCY (pH poOOTI B 3BUYAMHMX YMOBAX €KCILIyarallii) IBUAKICTb 3MIHH
3HOCY MPAKTHYHO MOCTIHHA, 3HOC JAETalCh 3MIHIOETHCS JIIHIHHO 31 3MIHOKO 4acy.
TakuM 4YWMHOM, B MEPIOJ CTAJOr0 3HOUIEHHS 3HOCU MPOMOPIIHI 1 KOEPIIEHT
JOKQJIBHOT 1HTEHCUBHOCTI 3HOCY TakKOK OyayTh MNPOMOPLIHHI HAMPALOBAHHIO.
[Ticns 3aKiHYEHHS MEPIOAY HOPMAIBHOI pOOOTH Yepe3 3HOLIYBAHHS TA BHAATICHHS

YIMIJTBHEHOTO apy ACTANCH HACTYMAE OlIbII IHTEHCUBHE aBapliiHe 3HOLIECHHSI.

12,

[Tepioa
aBapiHHOTO
3HOLIYBaHHS
(1micIast 3HOCY
IMILTHCHOTO

mapy)

3HOIIYBaHHA

|
|
[leproa cranoro |
|
1

B

[

Puc. 3.1 — KpuBa abpa3uBHOTO 3HOLIYBaHHS
Uepe3 HEpIBHOMIPHE 3HOLIYBAHHS TMOBEPXHI BIABAILY IUIYTa, KPUTEPIEM
ONTUMAIBHOCTI  3aCTOCOBYBAHOI  TEXHOJIOTT]  3MINHEHHS MOXKE  CHYXKUTH

3a0€3MeUYeHHs] PIBHOTO 3HOCOCTIMKOCTI BCi€i ioro podoyoi mosepxHi [14, 15, 29].
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TakuM YMHOM MOXIMBO MIHIMI3yBaTh IUIOMy OOJAacTel, MO MiAJATHCS
3MILHEHHIO, @ OTXE 1 JOJATKOBOTO TEPMIYHOTO 1 MEXAHIYHOTO BIUIMBY, 1
OJIHOYACHO BUKJIFOYUTH JOJATKOBI BUTPATH HA (POPMYBAHHS HAIMIPHO-3MILTHEHUX
30H.

Bu3HayeHHS 30H 3MINHEHHS MPOMOHYEThCA BHKOHYBaTu [30] Ha OCHOBI
BUMIpIB 3HOCIB OyBIIOr0 B eKkcryaramii BiaBaiy. KoeQimieHT JOKambHOT

THTEHCUBHOCTI 3HOITYBAHHSI BU3HAYAETHCS 32 BUPA3OM:

ko=t (3.1)

ne M; — 3HOC BiABaly /-TOi TOYKM BUMIPIOBAHb, /., — CEpenHiil 3HOC YCIEl
NOBEPXHI1 BIABAIY.

3HaueHHs /., 3aMPOTIOHOBAHO PO3PAXOBYBATH 32 BUPA3OM:

N

S
a,= % , (3.2)

ae N — KUTbKICTh TOYOK BUMIPIOBAHb.

®D13uYHUA 3MICT 3aMPONMOHOBAHOTO KOE(IIIEHTA MOJISTAaE B TOMY, IO 3
METOI0 3a0€3MEYCHHS PIBHOI 3HOCOCTIMKOCTI BCIET AE€TAJIl 3MIIHIOBATH CJIIJT 30HHU,
JUTSL SIKUX ky > 1, TOOTO IHTEHCHBHICTD 3HOIIYBAHHS TEPEBUIIYE CEPEIHIO.

[Ipy 1BOMY B 3aJIEXKHOCTI BiJl 3HAYEHb k, MOXKYyTh 3aCTOCOBYBATHCS PI3HI
CXEMHU HAIJIABJICHHS, BIAMOBIAHI HEOOXiAHOMY MiJBHINEHHK) 3HOCOCTIMKOCTI B
JAHUX 30HaX.

BaxnuBumu mMoka3HMKaMHM, M0 XapaKTEPU3YKOThb OOCST HAIJIABJICHHS 1
3HOCOCTIHKICTh 3MILHEHUX AETAJEH, € BUCOTA BAIMKIB HAIUIABICHOTO METANy 1
TBEPAICTh HarjiapjaeHoro mapy. [IpaBuibHMi BUOIp NMX NapaMmeTpiB JT03BOJUTH
OTpUMATH ONTUMAJIbHE CIIBBIJIHOUICHHS MIK BapTICTIO 3MIIHEHHS 1 PECYPCOM
3MILHIOBaHUX aetanei [30].

Jliss BuOOpPY MaHMX MapaMeTpiB B 3aJEKHOCTI  BiJl MPOrHO30BAHOI

3HOCOCTIHKOCTI MPOMOHYEThCS HACTyNHA METOJMKA po3paxyHKy. Bimomo, 110

3HOCOCTIHKICTh // ANl KOHCTPYKUIMHMX cTaneil € (QyHKLUi€r TBepAocTi H
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3HOLIYBAHOTO Marepiaily, 1 B NEPIIOMY HAOMMKEHHI 1i MOYKHA YSBHUTH JIIHIHHOO
¢yHkuiero [23]:

H=kH (3.3)
A€ k — MOCTIAHUIA KOe(]iLi€HT.
3 1Hmoro OOKy, 3HOCOCTIMKICTh MOYKHA BU3HAYUTH SIK BIJHOLICHHS

THTEPBAJTY Yacy / 10 BEIMYMHU 3HOCY 4 AeTalll 3a UEH THTEpBA:

H:i. (3.4)

[TpupiBasBim Bupazu (3.3) 1 (3.4), OTpUMY€EMO, WO HANPALFOBAHHS 10
JOOCATHEHHSI IETAJIII0 TPAHUYHOTO 3HAYEHHSI 3HOCY, MOKHA BU3HAYUTH SIK:

t, =kHA,,. (3.5)

Jiist 3a0e3neYeHHs] pIBHOTO PECYPCY HOBOI HE 3MIIHEHOI JAeTalll TOBIIMHOKO
0 3 JIOMMYCTUMUM 3HOCOM /g, TBEPIICTIO Hy 1 €T, HAMIABICHOI 3HOCOCTIMKIM
BaJIMKOM BHCOTOXO O, 1 TBEPHICTIO F,,, Ma€ JOTPUMYBATHUCS TAKUX YMOB:

kH,S,+k H Ay >k HA,, (3.6)

ne H, — TBepmiCTh WIapy 3arapTOBaHOTO METay AeTail, IO MiIJAEThCs
PO3MIITHIOYOMY TEPMIYHOMY BIUIMBY MPOIIECY HATUIABJICHHSL, Ky, kp, ky — MOCTIHHI
KOE(ILIEHTH ISl HAMJIABICHOTO, PO3MILIHEHOTO 1 BUXITHOTO OCHOBHOTO METAJTY.
VYmoBa (3.6) cnpaBeynBa, SKIIO TOBIIWMHA O, PO3MILHEHHS 30HM OCHOBHOTO
METaJly NOPIBHIOE a00 MEPEBHILYE AOMYCTUMY BEIMYMHY 3HOCY A9 OCHOBHOTO
metany. Skmo J, < 4y (puc. 3.2), To HepiBHICTH (3.6) Oyae MaTW HACTYIHUIA
BUTIISII
kHo +kHo,  >kHA,, (3.7)
ne o, =A,—-9

p-

Puc. 3.2 — Cxema u1st po3paxyHKy NapaMeTPiB HATUIABIISIEMOTO BaJIMKA METAITY
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VY pasi, Konu TBEPAICTh 3HOCOCTIMKOrO HAIUIABJICHOIO APy MEPEBUILYE
TBEPJICTH OCHOBHOTO 1 PO3MINHEHHS MeTany He Outbmie Hibk HAa HRC 10-15,
MO>KHA TPUAHATHA JOMYIICHHS: ky, = ko = kp. 3 ypaxyBaHHSM LIbOTO TPUITYIICHHS
HEPIBHICTH (3.7) micast NEPETBOPEHD MOYKHA MPEACTABUTH TAK:

H,5,>Hy(A -8,,)-H,5,. (3.8)

OCH

VY pazsi, K0 TOBIIHMHA 0, PO3MILHEHOI 30HM OCHOBHOTO METaNy AOPIBHIOE
a00 MmepeBUINy€E AONYCTUMY BEJIMYMHY 3HOCY Ay OCHOBHOI'O METATy, HEPIBHICTh

(3.6) 3 ypaxyBaHHSAM NPUHHATOrO JONYIIEHHS MOKHA MPUBECTH 0 BUAY:

H,8,2A(H,—H,). (3.9)

Bupazu (3.8) 1 (3.9) Oynu oTpuMaHi, BUXOASYM 3 YMOBH PIBHUX PECYPCIB
HOBOTO 1 3MIIHEHOro BigBaly. Ha mnpaktumi >k moTpiOHO, MO0 TEXHONOrIs
3MIIHEHHS OyJla €eKOHOMIYHO BUIpaBAaHa OLIbIl BUCOKUM PECYPCOM, HAMPUKIIA,
B /1 pa3iB, 3MIIHEHUX ACTAJICH B MOPIBHSIHHI 3 HOBUMHU. JIJisl IbOTO MpPaBl YaCTUHU

HepiBHOCTEH (3.6) 1 (3.7) MOMHOKHMO Ha 71 1 MICII NEPETBOPEHD OTPUMAEMO:

H,5,=nH,[ A, —(5,,/n)|-H,5,, (3.10)
H,8,=nA| H,—~(H, /7)), (3.11)
ae n>1 — xoedimieHT 30UIBIICHHS PECypCcy 3MINHEHOrO BiABATY B

NOPIBHSIHHI 3 HOBUM.

OTpuMaHi pIBHAHHS [O3BOJIAIOTh NPUOJIM3HO OL[IHUTH BHUCOTY BajMKa
HAIUIABJICHOTO METany. Y PO3paxyHKaxX OPHHHATO, IIO TBEPAICTH OCHOBHOTO
metany cranoButh HRC 50 [30], tBepaicts HamiaBienoro meraany HRC 60 toni,
BBKarouM n = 1,5..2,0 1 3 ypaxyBaHHsIM TOTO, IO IIMPHHA PO3MILHEHOI 30HU
OCHOBHOTO METaly BIABAILY 3&JICKUTh BlJ TEXHIKM 1 PEKHMIB HAIUIABJICHHS, B
CepeaHbOMY, ii 3HAYECHHS 3HAXOAATHCA B Jiana3oHl 1,5-3 MM, OTpUMYEMO, IO

BUCOTA BAJIMKA IMTOBUHHA CTAHOBUTH 2...3 MM.
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3.2. Bu0ip napameTrpiB HAK/IA/ICHHA TOY0K HAIMJIABJIECHOI0 METAJLY

BHacnigok TEpMiYHOrO BIUIMBY MPW HAHECEHH1 TOYOK 3 BUCOKOBYTJICLIEBOTO
npucagouHoro mMerany (teepaictio HRC 60) ocHOBHMIA MeTan AeTan B OKOJIHIISX
TOYOK PO3MIIHIOETHCS HA 8-10 oauHuMIk 3a nikajaor Teepaocti Pokeena [22]. Jlns
BU3HAUEHHS KUIBKOCTI TOYOK HAIUIABJICHOIO METaly, SIKE€ CJJl HAHOCHTH Ha
3MILHIOIOYY MOBEPXHIO 1 SKOrO JlaMETPy MOBHMHHI OYyTH Il TOYKH, 1100 30HHU
PO3MIITHEHHS ICTOTHO HE BIUIMBAJIM Ha 3arajbHy 3HOCOCTIMKICTH 3MII[HIOKYHX
aetaneit myra, OyJia CKaJeHa HACTyITHA PO3PaXyHKOBA MOJEIb.

[TpunycTumo, 1o € SKach 3MIHEHA TOYKOBOK) TEXHIKOK poOoYa MOBEPXHS
JeTajl TUIOUICKO S, Ha SKY HAHECEHO N TOYOK HAIUIABJIICHOTO METATY IAMETPOM ;.
Po3miniHeH1 30H1 MarOTh (POPMY KUJICIIb, 110 PO3TAIIOBYIOTHCS HABKOJIO HAHECCHUX
TO4YOK. bynemo BBakaTu, IO BHYTPINIHIA [dlaMETP KibLsA JOPIBHKOE dyp, A
30BHIIIHIA — d,. 3BiJACH, IMJOMIA HAIUIABIEHOTO METany S, B 3arajibHid TUIOMI

3MILIHEHOT TOBEPXHI JTOPIBHIOE:

2
S = NF (3.12)
[Tno1ra po3MIilHEHOT TOBEPXHI JTOPIBHIOE:
a(d>—d>)
S,=N ”T : (3.13)
[Tnomr OCHOBHOTO METaIy, 10 HE MiAaBANACH PO3MILIHEHHIO, JOPIBHIOE:
S,=8=5,-5,. (3.14)

TOHKOCTIHHI J€Tajli BiABAJIIB KOPMYCIB IUIYTiB TOBIIMHOK 10 &8 MM
HEOOX1IHO, MO0 YHHKHYTH NPONANiB 1 TEpMIYHHMX Acopmaiiil 3MILHIOBATH 3
BUKOPDHCTAHHSM HEBEIMKUAX 3BapIOBAJBHUX CTPyMiB. JlOCBiA 3acTOCYyBaHHs
TOYKOBOI TEXHIKM HAIJIABJICHHS MOKAa3ye, IO MPH 3BaprOBaIbHOMY cTpymi 120-
140 A 3a yac 1-1,2c¢ oOcAr HamIaBICHOTO MeETally MNpUiiMae HamiBchepuyHy
dopmy miamerpom 6-8 Mmm [21]. [Ipum OGutbImOMY Yacy rOpiHHS IyTd 0OCAT MpUiAMae
dbopmy chepuunoi kpami. Taka ¢opma HeOakaHa, OCKUIbKA 30UIbIIYE

HAMOBIPHICTh BIJIPHBY OOCSATY HAIUIABJICHOTO METAIy BIJl OCHOBHOIO B IMPOLECI
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BUKODHCTAHHA JeTali. TakuM YMHOM, ONTHMAJIbHUM JIaMETPOM  TOYOK
HAIUIABJICHOTO METATy AJIsi TOHKOCTIHHUX JETaJICH € niaMeTp 6...8 MM,

Po3paxyemMo KUIBKICTh TOUOK, SIKE TOBHHHO OyTH HAHECEHO HA 3MILHIOKOYY
NOBEPXHIO ACTaN MIOWIEHO S, OO ii 3HOCOCTIAKICT 301IbIIMIACS B 77 Pa3.

BuxigHumu naHuMu Ui pO3paxyHKY NPUMMEMO Takl BETMYMHU. J1aMETP
HAIUIABIIIEMOT TOYKU dy, = 8 MM; TBEPHAICTh OCHOBHOI'O METAy HAIUIABIIFOBAHOT
nerani — H, = HRC 50; tBepaicts po3minnenoro metany /4, = HRC 40; TBepaicTs
Hamiaeisiemoro merany H, = HRC 60; k, = 1,8 — xoe(iuieHT, mo Xapakrepusye
JiHIAHY 3MIHY BEJIMYMHM 3HOCY B Yacl HAIUIABICHOTO Mertany, k, = 0,5 —
KOE(ILIEHT, WI0 XapakTEepU3y€e IlHIHHY 3MIHY BEJIMYMHM 3HOCY B 4Hacl
PO3MILIHEHOTO MeTany; k, = 0,6 — KOEPIMIEHT, M0 XapaKTEPU3YE JIHIAHY 3MIHY
BEJIMYMHU 3HOCY B 4aci OCHOBHOro metany aetaii. KoedimieHTn niHIHHOI 3MiHA
3HOCY B3ST1 PIBHUMHU KOE€(DIilllEHTaMH [jisi 3aJ1130BYIVICHICBUX CIUIaBiB [23], uui
TBEPAOCTI NPHUOSU3HO BIANOBIAAIOTHE TBEPAOCTI HAIMJIABISEMOTO, OCHOBHOIO 1
PO3MIITHEHOTO METANIB ACTAJICH.

BuszHaunmMo po3mip PO3MILHEHOI 30HHM, BHUXOASYM 3 PO3PAXYHKY
TEMIEPATYPHOTO MOJISL. [l pO3paxyHKy TEMIEPATYPHOTO MOJII MPUAMEMO CXEMY
30CEPEHKEHOr0 TOYKOBOIO JDKEpENa, IIO JI€ Ha MOBEPXHI HAMIBHECKIHYEHOTO
noJis. Po3paxyHkoBa popMysia jisl TaKOi CXEMU Mae BUTIIS [25]:

o) _R
TRy =—22 ¢t (3.15)
cydrat

He T(Rt) — temmeparypa pO3INISAYBAHOI TOYKM, LIO0 3HAXOJUTHCS HAa
BIJICTaHI R BiJl TOYKM BHECCHHS TEIUIa 4YEpPEe3 4Yac f, ¢y — nuromMa 00 €MHa
TEIJIOEMHICTh HArpiTOro TuUla, d — KOE(PIIIEHT TEMIEPaTypONpPOBIIHOCTI, () —
KUIBKICTb TEMJIOTH, 10 BBOJUTH 3BAPIOBAJILHUM JHKEPEIIOM.

KinbKiCTh TEMI0TH MOYKHA BUZHAYUTH 32 (POPMYJIOKO;

O=n-1-U, (3.16)
ne [, U — poOounii cTpyM Ha Hampyra 3BaproBajibHOTO JKEPEIa MOCTIHHOTO
CTPyMY; # — KOE(DILIEHT, MO SBJIE€ COOOK BIIHOUICHHS €(PEKTUBHOT MOTY>KHOCTI

JYyTH A0 ii MOBHOI MOTY>KHOCTI.
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JUIs 3HaXOJKCHHSI PailyCy 30BHIIIHBOI OKPYXKHOCTI 30HM PO3MILHEHHS
N1ACTABUMO B PIBHSHHA (3.15) 3HAUEHHS TeMIEparypd MOYaTKy MEPETBOPEHHS
MApPTEHCUTHOI CTPYKTYPH B CTall MPU HArpiBaHHi, TOOTO TeMmeparypu, NpU
HarpiBaHH1 BUIIE $KOi 3arapToOBaHWil MeETal PO3MILHIOETHCS. 3HAYCHHS €T
TEMIIEPATYPU [Tl CEPEAHBOBYTIIEUEBUX CTANIEH cTaHOBUTH 350°C [26, 27].

[TincraBnsroun B dopmyny (3.15) 3HAUEHHS TEMOEPATypd MOYATKY
BIANYCKHUX TEPETBOPEHh B CTalll, MICAs MEPETBOPEHb OTPUMYEMO BHpa3 AJis

PO3paxyHKy pajiyca 30BHIIIHBOI OKPY>KHOCTI PO3MILHEHOT 30HU:

R = |dat-m—22 (3.17)
i 1, -cy(4zat)”

Tak, is HACTyNHMX BHXigHMX naHux [26, 27]: ¢y =4,8-10° x/MC,
a=7106mM2/c, t=1c, =120 A, U =20B, y = 0,8, paxiyc po3MIIHEHOI 30HU
nopiBHwoe: R, = 54 mMm. Jlns crpymy, piBHOro 140 A, 1 HE3MIHHOCTI 1HIIMX
napameTpiB paaiyc 3poctae a0 K, = 5,7 MM.

JUis po3paxyHKy NapaMeTpiB CXEMH 3MILHEHHS MPUAMAEMO TiaMeTp d,
30BHIIIHBOT OKPY>KHOCTI PO3MILHEHOT 30HU piBHUM 11,5 MM.

MakcuManbHa KIIBKICTh  TOYOK  Nyay, SKY MOXKHA PO3MICTUTH  HA
3MIIHIOKYIN TOBEPXHI, JOPIBHIOE BITHOIICHHIO, OKPYIJICHOMY J0 HaWOIMKYOTO
LJIOrO YHCJIA B MEHIIY CTOPOHY.

Biacranp Mk TOUKaMU 3a1€KATh Bi HOPAAKY iX po3ramryBaHHs. HaiOuibin
NEPCIIEKTUBHE JUIs 301JIBIIEHHS] 3HOCOCTIMKOCTI PO3TALIYBAHHS TOUYOK B IIAXOBOMY
nopsaaky. Ase, wmo0 po3paxyBaTd BIACTaHb [, MDK LEHTPaMU TOYOK,
CKOPHUCTAEMOCA TPOCTOK MOACIUKO. [IpumycTUMO, 10 TOYKM HAHECEHI Ha
3MIIHIOKYY TOBEPXHIO B PsiJl HA OJHAKOBIA BIJCTaH1 OJIHA BiJl OJHOI, 4 30BHIIIHI
MEX1 KIJ1 30H PO3MIIHEHHS CTOCYIOTHCS MEK MPSIMOKYTHOI MOBEPXHI IUIOMICKO S
(puc. 3.3).

Buxoasun 3 reoMeTpuuHMX MOOYIAOB, OTpUMYyeMO (GOpMynay AJs
PO3PAXyHKY BIJCTaH1 /. MI3K IEHTPAMH TOYOK:
(S-d If) /d))

N-1 '

(3.18)
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-

Puc. 3.3 — Cxema s po3paxyHKY BIACTaHl /. MK LEHTPAMH TOYOK,

HAHECCHHX Ha 3MIHIOIOYY MOBEPXHIO

PesynbTati po3paxyHKy Ui 3a3HAQUEHUX BHUIIC BHUXIJHUX JaHUX Oylin

3BeaeHl B Ta0m. 3.1.

Tabmung 3.1 — IlapaMeTpu HarIaBJICHHS BIABATY TUIyTa

Koedirient KinekicThb . .
. Biacrans M1k
. 301UIBIIEHHS TOYOK
Hazpa geram Noax . ) TOYKaMH L,
3HOCOCTIMKOCTI, | HamIaBICHOrO
MM
n meraiy, N

1,5 122 51,6
Biggan minyra L8 s ]
Kvernerland 244 1,7 171 EFE.
S =72000 Mm? L5 15 32,2
1.9 220 285
2.0 244 25,7

TakuM 4YHMHOM, PO3PAaxXyHOK TOKa3ye, W0 MNpu BUOOPI BIAMOBIAHHMX
NapamMeTPiB CXEMHU TOYKOBOIO 3MIIHCHHS TOHKOCTIHHUX JE€Tajeil MOKHA

oTpuMary 301JbIIEHHS iX 3HOCOCTIHKOCTI B 1,5...1,8 pasis.

3.3. MaremaTu4He MOAECTIOBAHHA MOBEPXHEBOI TBEPAOCTi 3MILHIOKYOT

MOBEPXHi

3MIIHEHHS 1Iapy HAIUIABJICHOrO0 METalNy BIAOYBAEThCS OE3MOCEPEIHBO B

MPOLIEC] HAIUTABJICHHS 34 PAXyHOK THTEHCUBHOIO TEIUIOBIIBEICHHS B TUIO JA€Tal 1
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NPUMYCOBOIO  OXOJIO/DKCHHSI  TMOBEPXHI  JAeTaji 1 30HM  HaIJaBJICHHS
OXOJIO/DKYBAJIGHOKO  PIIMHOIO, K TpaBujio, Boaoto [27]. OnHak TBEPAICTH
HAIUIABJICHUX MOBEPXOHb HEOIHOPIIHA — OOCATH 3arapTOBAHOrO METANY PO3IUICHI
NPOLIAPKAMH YAaCTKOBO BIANYIIEHOTO METANY 31 3HH>KEHOK TBEPIICTIO.

HasiBHiCTh «M'sSKUX» JAUISSHOK MOXKE€ BIUIMBATM Ha EKCILTyaTaliiH1
XAPAKTEPUCTHKU TPYHTOOOPOOHMX 3HAPS/Ib, TaKl SIK 3HOCOCTIHKICTh. buibll TOrO,
HWKHI 3HAYCHHS OACPKYBAHOI TBEPAOCTI HAIIABIEHOI MOBEPXHI MOXKYTh IMPOCTO
BUXOJMTH 34 PaMKH 3a3HAYEHUX B HOPMATUBHO-TEXHIYHIN JTOKyMEHTaIlli, 110
CTaBUTh MHUTAHHS 1 PO MPUHLUMIOBY MOXKJIMBICTH 3MILHECHHS TaKWX AcTajeid. 3
OISy HA T€, IO BUPOOHWYMIA MPOLEC 3MILHEHHS IETAJICH HOCHUTD, SIK MPABUIIO,
oIMHWYHMKA ab0 MajocepiiiHMii  XapakTep, CTae 3pO3yMijla  BAKIUBICTh
NOTMEPEAHBOI OL[IHKK MependadyyBaHoi «IUIIMHCTOCTI» TOBEPXHEBOI TBEPAOCTI B
3aJIC’KHOCTI B1J] PEKUMIB HarIaBjieHHs [24, 27].

MexaHnizm (OpMyBaHHS PO3MILHEHUX IUISSHOK B MOKPUTTI MOSICHEHHWH Ha

puc. 3.4.

/T, ~ 400...800°C
“ Tu> 800°C

Puc. 3.4 — MexaHi3aMm (opMyBaHHs PO3MILHEHUX JUISHOK B MOKPUTTL: 1 —
HIMPUHA 30HU 3arapTyBaHHs, 2 — 30HA rapTyBaHHs, 3 — 30HA BIANYCKY; 4 — 30Ha

NOJBIMHOTO BIAMYCKY; 5 — 30Ha OAHOPA30BOr0 BIMYCKY

O0’emu MeTalny 3BapHHX TOYOK, INO 3a3HAKOTH B MPOLECI HArpiBaHHS
AyCTEHITHE TMEPETBOPEHHS, MICAS OPUMMHEHHS Ml IMIOYJIbCY 3BaprOBAILHOTO
CTPYMY OXOJOJUKYIOTBCA 31 MIBUAKOCTAMU MOpsaky no 1500°C/c 1 Oinblie, wmio

OPU3BOJUTH 110 iX 3arapTyBaHHs [26]. B panilie 3araptoBanux 00’emax mertany,
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110 HArpiBarOThbCs 10 MEHUIMX TEMMEPATyp, BIAOYBAKOTHCS MPOLECH YaCTKOBOTO
BiANMyCKy. [lpy 1bomy, sIK BUAHO 3 puUC. 3., 00°€eMH MeTally, PO3TalIOBaH1 Oijist
Kparo (OPMOBAHOTO BajMKa HAIUIABJICHOTO METaly, HArpiBarOThCs 10 OUIBII
BUCOKMX TEMIMEpaTyp BIANYCKY 1, OTKE, CHUJIBHINIE PO3MIIHIOETHCSA, HIXK
pO3TallIoBaHi Ha 0C1 (POPMOBAHOTO BAJTHUKA.

Bigomo, mo Temmeparypa mo4yarky ayCTEHITHOTO MEpPeTBOPEHHS (74c1) B
CTAIIX 3aJCKUTh BIJ YMOB HarpiBaHHs. TakoX 3CyBarOTbCS B 00IacCTh
nigBuiieHnx 3HadeHb (Ha 100...150°C) 1 TtemmepaTypHi 1HTEpBAIM NEPIIOTO 1
TPETHOTO MEPETBOPEHD MPH BianycTUi [22]. TakuM 4MHOM, MOKHA BBAKATH, IO B
YMOBaX MPOLECY PO3MIIMHEHHSS MIAAA0ThC 00’€MM MeTaly, po3TalloBaHl MIXK
13otrepmamu 400...1000°C.

KinbKiCHY OLIHKY BIUIMBY TEMIEPATypd 1 TPHBAIOCTI 130TEPMIYHOTO
BIANYCKY Ha CTYMIHb PO3MINHEHHS 3arapTOBAaHOIO METATy MOKHA OTPUMATH 3

3a5ieskHOCT1 Xosomona-/[xeiida [27].

P=T[C+lg(r)]107, (3.19)

1€ P — 3HMKEHHS TBEPAOCTI CTalll B OUHUISX PokBena micis Bianycky; 7' —
TEMIEPATypa 130TEPMIYHOTO BIAMYCKY B rpaaycax KenbBiHa, ¢ — TpPUBAIICTH
BIANYCKY B rojuHax; (' — eMIipAuYHa KOHCTAHTA.

BHKOPUCTOBYEMO L0 3aJEKHICTh A PO3PAXYHKY CTYMEHS PO3MILHCHHS
JUISTHKA, BIAOYIIEHOT OJUHUYHMM BaJlMKOM. QOUYEBUAHO, [0 HAWOLILIIOMY
BIJIMYCKY MIAJAIOTECI O00’€MM MeTajly, IO HarpiBalOThCd JIO0 TEMIEPATyp,
ONMM3BKUX 10 TEMIEparyp MOYaTKy ayCTEHITHOIO NEPeTBOPEHHA. [IpuiiMemo
HAlOUTbIIy TeMIEparypy HarpiBaHHsa Takux 00’eMiB. B sikocTi mapamerpy 7, mo
BUKODHCTOBYETbCA Yy BHpaszi  (3.19), mnpuiiMeMo  CEepeaHBOIHTErPAIbHY
temneparypy 7, HarpiBy JaHUX 00 €MIB:

L mmin)
[ 7.)ar
7 =t (3.20)

cp >

(— min) (+ min)
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1€ { — TPUBATICTh IMITYJIbCY 3BAPIOBAIBHOIO CTPYMY; 4 — MOMEHTH

o) P}
JNOCATHEHHS TeMOEPATYPH 1, = 400°C mpwm HarpiBaHHI 1 IPU OXOJIOIKEHH] MICIs
3aKIHYCHHS IMMYJbCY 3BaPOBAIBHOIO CTPyMy; 7(1) — 3ale€KHICTh TEMIEPATYPH
HArpiBaHHs 1 OXOJIOKYBAHHS Bl Yacy.

[Tpu anmpoxcumariii GyHKIi OTHOTUITHUMHU JIIHIHHAUMU 3aJ1€KHOCTAMU:

1. +71.
o — max2 min . (321)

Y BCIX PO3MISHYTHX BHIAJKAX MIBUJAKOCTI OXOJIOMKCHHS B Jllara3oHi
temneparyp Big 800 go 500°C rpaayciB 3HAUHO MEPEBHUINYIOTh KPUTHYHI (pHUC.
3.5), MO BKa3ye HAa YTBOPEHHS TapTIBHUX CTPYKTYp B 00’eMax MeTaly, IO

HArpIBAETHCS BULIE AyCTEHITHOTO MEPETBOPEHHS [24].

o 1500 —

- I=200A

= | I=150A

‘::é 1000 -

= _I=100A

g 500

=

S

= 50

: ————————————————————————— )|
= > 2.5 3 3.5 4 1
= 2 2.5

Puc. 3.5 — 3anexHicTh MIBUAKOCTI OXOJIOMKCHHS BIJl CUJIM 3BAPIOBATIBHOTO

CTpyMy

3HaueHHs PO3MINHEHHS (puc. 3.6) NMpH HarpiBaHHI OCHOBHOIO MeETaly

HIKYE X TEMIEPATYP OLIHIOBAIH MO 3AJIEXKHOCTI XomomMoHa- bkerida [24].
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10

I=200A

(§S]

Besmmunna posminsenss ,HRC

0 0,2 0.4 0.6 0.8 1

KoeditieHT moBepXHeBOi TEILTOBIAIAYI,
a, Br/em® K

Puc. 3.6 — 3aexHICTh PO3MILNHEHHS BIJ KOE(IUIEHTA TOBEPXHEBOT

TEIUIOBI LAYl O MIPU PI3HUX 3HAYEHHSIX 3BAPIOBAIILHOTO CTPYMY

[Ipn anamizi rpaQiuyHUX 3AICKHOCTEH MOXKHA NOMITHTH, WO 0€3
OXOJIOJDKEHHS 3HIDKEHHS! TBEPAOCTI MOke focaratv 10 ox. 3a wkamow Poksena.
3HwKeHHs cwimd cTpymMy 10 100 A 1 107aTKOBE OXOJIOJPKEHHS JTO3BOJISIIOTH
3HM3UTH PO3MILHEHHS 10 3...6 oa. 3a mkanorw HRC. TakuM 4MHOM, MPOBEACHI
PO3paxyHKH  CBIO4aTh MPO  MNEPCIEKTHBHICTH  3aCTOCYBAHHS  MPOLECY
BIOPOAYrOBOIO HAIUIABJIEHHS B BOMAI Ui 3MILHECHHS TOHKOCTIHHUX JETaJICh

BIIBAJIIB.

3.4. Pe3syabrarHm  J0CHIIKeHHsI NpPOLECY HANIBABTOMATHYHOIO

Bi0OpPOAYroBOro HAMJIABJICHHS

[TpoBeneH1 eKCNEPUMEHTANIBHI JTOCHIIPKEHHS JO3BOJIMJIA  BUSIBUTH  JIB1
OCHOBHI BIAMIHHOCTI BEJEHHS NPOLECY BIOPOAYrOBOrO HAIUIABJICHHS B
HAMBaBTOMATHYHOMY PEXHMM1 Bl TPOLECY MEXaHI30BaHOI BiOPOIYroBOroO
HariaBieHHs. [lo-mepiie, nmpu MEXaHI30BAHOMY HAIUIABJICHHI 3BaprOBAJIbHUAN
NAIBHUK 3aKPIIUIKOETBCS HA CYNOPTI YCTAHOBKH, & TOPELb MPHUCATHOTO APOTY

PO3MINIYETHCS HA 3a37aJierijlb BCTAHOBJICHIA BIJACTaHI BiJ HAIUIABIKOBAHOT



45
noepxHi. Tomy npu Oyab-skiid aMmrmmiTyal BiOpamii IpOTy ICHYE MOKIIMBICTH
3HM3UTH 3YCWJUIA NPUTHCHEHHS APOTYy A0 Actaiml. KpiM TOro, 3akpiluiCHHs
3BapIOBAIBHOTO MAJIbHUKA HA CYNOPTI YCTAHOBKM 3a0e3Meuye MpsMOJIHIHHICTD
(OpMYIOUOro BajluKa HAIJIABICHOro Metany. llpu  HamiBaBTOMAaTUYHOMY
HAIUIABJICHH] 3BAPIOBAJIbHUK OMMPAE TOPELb MPUCAIAHOTO APOTY 1, BIAMOBIAHO,
3BapIOBAIBHUN MAJIBHAK HA HATUIABIIIEMY TTOBEPXHIO.

JIpyroro  BIAMIHHICTIO HAMIBaBTOMATHMYHOIO TMPOLECcy BIOPOAYTOBOrO
HAIUIABJICHHS BiJl MEXaHI30BAHOTO € MEBHE BAPIFOBAHHS LIBUAKOCTI HAIJIABJICHHS
4yepe3 pyyHe MEPEMIICHHS 3BaPIOBAIBHOTO NAIBHUKA.

Sk mokazanu eKCNEPUMEHTH, MPU AOCATHEHHI MEBHOI aMIUTITYIM KOJIMBAaHb
OPUCATHOTO JPOTY TNOYMHAE CHOCTEPIraTUCs BIJACKAKYBAHHS 3BapHOBAIBHOTO
NaJbHUKA BIJl HAIUIABJIIOBAHOI TOBEPXHI, IO MNPU3BOAWTH [0 MNOPYIICHHS
OPSIMOTIHIAHOCTI 1 cTaOUTbHOCTI (POPMYBAHHS BAJIMKA HAIJIABICHOrO MeTany [28].
3 miei npuyrHU OyJIO MPOBEACHO E€KCIEPUMEHTAIBHE JOCIHKEHHS JOMYCTUMOI
amMIuniTynd BiOparii OpHCAagHOrO JIPOTY BHUXOASYM 3 YMOBH 3a0€3MEUYCHHS
OPSIMOIIHIAHOCTI MEPEMIIICHHS 3BAPIOBAJILHOTO MalbHHUKA. JIPOTOM CIIyTyBaB
npyXUHHMNA apiT 651" miameTpom 1,6 MM. 3BaproBalibHUE Jyra HE 3aNalFOBAJIACh.
TpaekTopist TNEpPEMILICHHS 3BaprOBAIBHOIO TNaJbHUKA (ikcyBajlaca CiigaMu
yAapHOi Aii Topus APOTY 00 ONUPpaEMy MOBEPXHIO. 3aJ0BUIBHOIO TPAEKTOPIS PYXY
3BapIOBAIBHOTO MAaJlbHUKA BBaKajgacs B pasi (pOpMyBaHHS CYyLUIBHOI JIiHIi
BIIOWTKIB 0€3 PO3pUBIB 1 OJMHUYHUX BIJACKOKIB. BCTAaHOBIICHO, 3aJ0BUIbHE
NIATPUMAHHS TPAEKTOPli MEPEMILIEHHS MaJlbHUKA, L0 3a0€3MeUyeThCs NPU
aMILUTITYl KoJMBaHb He Outbiie 2.3 mMm. [loganbiia HarmiaBka OJMHAYHUX
BAJIMKIB MTPH aMITIITY1ax 1 MM 1 4 MM MiATBEpANIIA OTPUMAHI BUCHOBKH.

BcranoBneHo, 1m0 BapilOBaHHS ~ WIBHJKOCTI  HAIUIABJICHHS B
HaIBaBTOMATHYHOMY pe&xkuMi B miamazoni 15 ... 20% nOpu3BOAUTH 10 3MIHU
rEOMETPAUYHUX NApaMETPIB BAJIMKA HAIUIABIEHOTO METAly HE OiIblIe HIK Ha
7..10%, 10 CBIQYATH MPO MOXIIMBICTH peaii3amli Mmpouecy BIOPOAYTOBOrO

HAIUIABJICHHS B HAITIBABTOMATHYHOMY PEXHUMI.
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ExcrniepuMeHTaNIbHE JOCTIKEHHST MPOLIECY HAIUIABJIEHHS HA BU3HAYEHUX Y
pPO3AUTL 2 peXuMax J03BOJMJIM BCTAHOBUTH, IO O€3 BIOpAIlli 3HWKEHHS CHUJIH
ctpymy menume 140..150 A nmpusBoauTh 10 HECTAOLIBHOTO TOPIHHS Ayry 1 ii
oOpuBiB. HaknanenHs BiOparii A03BOJSE 3HU3UTH CHIYy CTPyMYy HaBiTh [0
80...100 A mpu crabineHOMY (popmyBaHH1 Banuka. [IluprHa mBa 31 3MEHIICHHSIM
CWJIM CTPYyMY 3MEHINYeThes 3 3,5...4,0 MM 10 2 MM (puc. 3.7).

3aMipy MIKPOTBEPAOCTI MOKA3AJIM 3HW)KCHHS IIMPUHU 30HU PO3MILHEHHS, a
TaKOoX OUThII caOKe 3HMWKEHHS TBEPAOCTI B Wi 30H1 (puc. 3.8). Lle miaTBepmxKye
PE3yAbTAaTH MATEMATUYHOTO MOJICITFOBAHHSI.

TakuM 4YMHOM, TEOPETUYHI Ta EKCNEPUMEHTAJbHI JOCTIIKEHHS MOKa3aIu
MOXKJIMBICTh 1 JIOUUJIBHICTh  3aCTOCYBaHHST  MPOIECY  BIOPOIYyTrOBOIO

HaIMIBaBTOMATHUYHOIO HAIJIABJCHHS JJ1s 3MIITHEHHS BIJIBAJIIB TUTYTIB.

v

HarapieHHS HOCTIHHEM CTPYMOM

BiGpoayrose HarutaB/IeHHA

Lnpuna mea, mm
Y]

(S

100 150 200
Cuaa ctpymy, A

Puc. 3.7 — 3anexHiCTh LIMPHHY 1IBA BiJl CUJIM CTPYMY HAIJIABICHHS

3.5. Pe3yabTaTu J0CHIAKEHDb 3HOCY BiABAJIIB IJIYTIB

JUisi BH3HAQYCHHS 30H NEPEBAKHOIO MOBEPXHEBOrO 3HOUTYBaHHS OyJiH
po3poOJicHI  c¢xemMu  BuUMIpiB. IS  BHKOHAHHS  3aMIpiB  BHIOTOBJIEHO

OPUCTOCYBAHHS, OCHAILIEHE 1HIUKATOPHOI TOJIOBKOIO.
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300 T T T T
BiOpoyrose HarutaB/ieHHs Y BO/1
7008 N E
= ' Haruiaginenns nocTiifnnM cTpyMoM
2 6001
-
k=i
2 500
=
400

Bizacrans BiJ mBa, MM
Puc. 3.8 — 3miHa TBEpAOCTI 3 BIAJAICHHSM BIJ BaJMKAa HAIUIABIEHOTO

METay

3amipd 3HOIICHOIO BiJBAJly TMOKAa3ajvd, W0 3HOCH MOXYTh JOCATATH
JEKUTbKOX MUTIMETPIB. O0aCcTh HANOUIBII THTEHCUBHOIO 3HOLITYBaHHS nepedyBae
B NEPEIHIA YaCTHWHI B IPyJsX BiABady 1 B HIWKHIA yacThHi Kpwia. [Ipu mpomy

3HOIIYBaHHS 1011 HE epeBunye 30% 3arajibHOi MOBEPXHI BiaBany (puc. 3.9).

Puc. 3.9 — Bua 3H0meHoro BiaBaiy (KpeWa0r0 IITPUXOBUH JIIHIEKD 00OBEACHA

30HA HaHOLIBIIOTO 3HOLIYBAHHS IPYEH BiABAY)

3HocH POOOYMX KPOMOK Ji€Tajl MOXYTh CTAaHOBUTH OUIBIIE JAECITH

MUTIMETPIB. 3HOC BIABAIy B BEPXHI YacTHWHI MOJBOBOTO OOpI3y 1 B BEPXHIA
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YaCTUHI Kpujla MPAaKTHYHO BIACYTHIA. lle Bka3zye Ha JOIIBHICTH 3MIIHEHHS
MEPEIHbOT YaCTHHU TPYJEil BiABATy 1 KPOMOK. XapakTep 3HOCIB MPEACTABICHUN

Ha puc. 3.1013.11.

>

4 4

H, e H, v
& 8 -
vt ‘ ‘ o S {
2 ]
\ g
3 4 \ !
2 3 : ‘ {
‘ 2
b 1
0 0 | .
y - . » " - Mo Lo 0 80 120 180 240 300 360 L MM
a) 6)
H uuT H.WT
7
7
|

0 60 120 180 240 300 360 L mm 0 80 120 180 240 300 360 L mm
B) r)
B
H, won Huu“
y 7
6 3
5 5
-

&
g { -

o 60 120 180 240 200 380 L.u‘l 0 60 120 180 240 300 360 420 L,m

) _ e)

Puc. 3.10 — Xapakrep 3HOCY BiIBajiB B TOPA3OHTANIBbHIN MJIOMIKMHI &) — €) 10

muigx [ —VI BianoBiaHO
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Puc. 3.11 — Xapakrep 3HOCY BiABaJIIB B TOPU30HTANIBbHIN MIOLINHI 5K) — K) MO

muigx VII —X BIATIOBIIHO

Ha mizncraBi mpoBeneHMX 3aMipiB BEIMYMHHA 3HOCY BH3HAYECHI KOCPILIEHTH

JIOKaJIbHO1 IHTEHCUBHOCTI 3HOLITyBaHHs (Ta0n. 3.2).

Tabmans 3.2 — KoedinieHTH JTOKAJIbHOT IHTEHCUBHOCT] 3HOIIY BAHHS

N | Koed. Ofg:;Tb HGO§XiHHi CTh | ‘ Koed. Ofg:(;“ HGO§XiHHi CTb
rouxy | HTEHCHB. | © | smiumemms | | iWTeHCHB. | . 0 | SMiUHEHH:
3HOCY +/— 3HOCY +/—
3HOCY 3HOCY
Jlinia 1 Jlinig 11
1 1,51 i + 13 2.00 I ¥
2 1,54 i 5 14 2.09 I T
3 1,60 i + 15 2.09 I n
4 1,57 i % 16 2.06 I s
5 1,63 i ¥ 17 2.03 I n
6 0,86 v — 18 1,79 i n
7 0,68 v — 19 1,79 i a3
8 0,49 v — 20 1,72 i ¥
9 0,22 v — 21 1,26 11 +
10 0,12 v — 22 1,05 11T +
11 0,06 v — 23 1,02 11T +
12 0,03 I\Y% — 24 1,02 11T +
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IIponos:xkenns Tadu. 3.2

Jlinis 1 Jinig IV
25 2,00 1 + 37 1,79 11 +
26 1,97 11 + 38 1,72 11 +
27 1,82 11 + 39 1,66 11 +
28 1,76 11 + 40 1,63 11 +
29 1,72 11 + 41 1,60 11 +
30 1,60 11 + 42 1,54 11 +
31 1,60 11 + 43 1,42 11 +
32 1,42 111 + 44 1,35 11 +
33 1,11 111 + 45 1,11 v +
34 0,86 v - 46 0,99 v -
35 0,83 1\% - 47 0,80 v -
36 0,80 v - 48 0,99 v -
Jinig V Jlinig VI
49 0,80 v 61 0,80 v -
50 0,99 1\% - 62 0,92 v -
51 1,02 111 + 63 0,95 I\Y
52 1,05 111 + 64 0,99 I\Y —
53 1,11 111 + 65 1,05 111 +
54 1,26 111 + 66 1,23 111 +
55 1,23 11 + 67 1,23 111 +
56 1,20 1 + 68 1,20 I +
57 1,11 11 + 69 1,20 111 +
58 0,99 v - 70 0,74 v -
59 0,80 v - 71 0,49 v -
60 0,80 v - 72 0,43 v -
73 0,40 I\Y —
Jlinis VII Jhinig VIII
74 0,77 v - 87 0,74 v -
75 0,71 v - 88 0,55 v -
76 0,68 v - 89 0,46 v -
77 0,65 v - 90 0,43 v -
78 0,55 v - 91 0,34 v -
79 0,55 v - 92 0,31 v -
80 0,49 v - 93 0,25 v -
81 0,37 v - 94 0,25 v -
82 0,34 v - 95 0,18 v -
83 0,31 v - 96 1,26 I +
84 0,34 I\Y —
85 0,28 I\Y —
86 1,17 11 +
Jlinig IX Jinig X
97 1,35 111 + 106 1,17 111 +
98 0,99 v - 107 0,03 v -
99 0,95 v - 108 0,06 v -
100 0,83 v - 109 0,06 v -
101 0,80 v - 110 0,12 v -
102 0,77 v - 111 1,17 111 +
103 0,71 v - 112 1,23 111 +
104 0,71 v —
105 0,80 I\Y —




51

3a neBHUMM KOE(DIIEHTAMH JIOKAJIbHOI IHTEHCHBHOCTI 3HOLITYBaHHS 00J1aCcTl

3MiLHEHHS (k, > 1) po3nOaUISIOTECS O TOBEPXHI BLABAITY 3a cXeMOto (puc. 3.12).

13>k =1

Puc. 3.12 — Ob6nacti 3MILHEHHS BIABAJIIB

Buxoasun 3 TEXHOJIOTTYHUX  OCOONMBOCTEHl  HAIMBABTOMATHYHOI'O
BIOPOAYrOBOrO  HAIJIABJEHHS  JOLIJBHO  3aCTOCYBAHHS  HACTYIMHHX  CXEM
3MiIHEHHS: J1g oomacTi | — pamukammu, 11 1 111 — Toukamm.

3MIIHEHHS BIABAIIB IUIYTIB MOKE NPOBOAMTHCA LUISIXOM HAKIAJACHHS
PI3HMX BUJIB BAJMKIB 1 TOYOK MNPHCAJA0YHOrO0 Marepiajly B PI3HUX 00JACTIX
MOBEPXHI BIAMOBIIHO 0 METOAUKHU, PO3POOJICHOI B po3ALmi 2.

Ha miacraBi pe3yabpTaTiB po3paxyHKy PO3MIPIB, KUIBKOCTI TOUOK, JOBKHHU 1
MIMPUHU BAIMKIB HAIUIABJICHOTO METAIY NPUMMAEMO 3HAYCHHS, HABEJEHI B TAOM.
3.3.

Tabmuns 3.3 — [lapaMeTpy HAMIABICHOTO METATY

Bigcrans
Obmactp [Tnoma Maxcumanpsha | liametp MK [upuna | JlosxuHa
3MILHCHHA | 3MILIHEHHS, KIIbKICTh TOYOK, | TOYKAMH / | BajHKa, | BajdKa,
BIJIBAITY MM? TOYOK MM BaJIMKAMH, MM MM
MM
I 3150 - - 8.0 5,0 630,0
11 3600 34 8,0 35 — —
I -1 5400 51 8,0 55 - -
I -2 2000 19 8.0 55 — —
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BucHoBku

1. OTpumaH1 3aJIEKHOCTI, O J03BOJISIFOTH C(HOPMYJIFOBATH OCHOBHI BUMOTH
J0 TEXHOJOrI 3MINHEHHS (TBEPAICTh HAIUIABICHOTO  METaly, YacTKy
HAIUIABIIFOBAHOI TOBEPXHI, BIJACTAHb MDK 30HAMHM HAIUIABJIIEHOTO METay,
BEJIMYMHY PO3MILHEHHS OCHOBHOTO METANy B 30HI T€pMI4HOTO BIMBY (3TB) Ta
1H.), HeoOxigHi ans  3a0e3leyeHHs  3aJaHOro  KoedilieHTa  JOKAIBbHOI
THTEHCUBHOCTI 3HOITYBAHHSI.

2. PO3paxyHKOBHM ILIISIXOM BCTAHOBJICHO, 11O 3aCTOCYBAaHHS BIOPOAYTOBOTO
HAIUIABJICHHS. TOHKOCTIHHHMX JETaJicd JO3BOJIIE 3MEHIIATA IIAPUHY 30HHU
PO3MILIHEHHS 710 1..2 MM 1 3HM3MTH PO3MILHEHHS OCHOBHOTO METAly B 30HI
TEPMIYHOrO BIUMBY 3 10 10 3...6 onuHMLk 3a mkanoro HRC.

3. BcraHOoBNEHO, WO NpW HaAIABICHHI ApoToM 651" miamerpom 1,6 MM,
yactoTi BiOpauiid 10 ['u, ammmityxoro BiOpamii 1...2 MM MOKITMBO 3HU3HUTU CUITY
3BaproBaIbHOTO cTpyMy 10 80..100 A mnpm crtabinbHOMY (OpPMYBaHHI BajluKa.

[IInpuHa mBa cknana 3...4 MM, TBEPAICTh HarutapneHoro metany — HRC 55...60.
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PO3JILI 4

PEKOMEHJALII IIIOJ0 MPAKTUYHOI PEAJIIBAIILL PO3POBOK

4.1. Exojioriyna ekcneprusa po3poook

Ekonoriuna ekcneprusza B YKpaiHi — BHJ HAyKOBO-IPAKTUYHOI AisUTBHOCTI
CHCLIAIBHO  YIOBHOBAXCHUX  JEPKABHUX  OPraHiB,  E€KOJIOrO-€KCIIEPTHHUX
(¢opmyBaHb Ta OO'€JHAHb TPOMAISAH, WO TIPYHTYETHCA HA MDLKTATY3€BOMY
€KOJIOTTYHOMY JTOCJII/DKEHHI, aHali31 Ta OLIHI MEPEANPOEKTHUX, MPOCKTHUX Ta
THIIAX MaTeplaiiB 4M 00'€KTIB, peami3aliis 1 Ais SKMX MOKE€ HETaTWBHO BIUIMBATH
a00 BIIMBAa€E HA CTaH HABKOJMIOHBOTO MPUPOJHOTO CEPEAOBHMINA Ta 3I0POB’S
JHOACH, 1 CIpssMOBaHA HA MIATOTOBKY BMCHOBKIB MPO BiAMOBIAHICTh 3aIJTAHOBAHO1
Yl 3A1MCHIOBAHOI AISUTBHOCTI HOPMAam 1 BMMOTaM 3aKOHOJABCTBA MPO OXOPOHY
HABKOJIMIIHBOTO TMPUPOAHOIO CEPENOBMINA, PALIOHAIBHE BUKOPHCTAHHSA U
BIATBOPEHHSI IPUPOIHUX PECYPCIB, 3a0€3NEUCHHS EKONIOTTUHOT OC3MEKH.

MeTor €KOJIOTIYHOi EKCIEPTU3W € 3anoOiraHHs HETaTUBHOMY BIUIMBY
AHTPOMOreHHOI JISUIBHOCTI HA CTaH HABKOJMIIHBOTO MPUPOJHOTO CEPEAOBHINA Ta
3/I0POB'Sl JIFOACH, a TaKOK OI[IHKA CTYNEHS €KOJOTiYHOI O€3MEKU rocnoJapChKoi
JISUTBHOCT1 Ta €KOJIOTTYHOI CUTYAL[li HA OKPEMUX TEPUTOPISIX 1 00'€KTaX.

O0’extn, cy0’€KTH, BUAM E€KOJIOTTYHOI €KCIIEPTH3M BUCBITJICHHI Y 3aKOHI
VYkpainu «I1po exonoriuny ekcneptusy» (9.02.1995p.).

Ekonorivuna excriepruza Moxe OyTH J€p’KaBHA, TPOMAJIChKA Ta THIIA.

JlepxkaBHAa ~ €KOJIOTIYHA  €KCIEpTH3a  NPOBOAMTHCS  EKCIEPTHUMH
NIIPO3AUIAaMA YW CHCHIAJIbBHO  CTBOPIOBAHUMH  KOMICIAIMM  CIICHIAJIBHO
YIIOBHOB@KEHOTO LIEHTPAIIBHOTO OPraHy BMKOHABYOI BJIAJM 3 NMUTaHb €KOJIOTIi Ta
OPUPOAHUX PECYpCiB Ta HOro OpraHiB Ha MICIIX HA OCHOBI MPUHIIAIIB
3aKOHHOCTI, HAYKOBOi OOIPYHTOBAHOCTI, KOMIUIEKCHOCTI, HE3AJIEKHOCTI, MITACHOCTI
Ta JOBFOCTPOKOBOT'O MPOTHO3YBAHHSI.

JUts y4acTi B MPOBEIEHH1 NEP)KABHOI E€KOJIOTIYHOI E€KCHEPTH3M MOXKYTh
3aTy4aTUCs BIANOBIIHI OPraHu JEP>KaBHOTO YNPABIIHHS YKPAiHH, MPEICTABHUKA

HAYKOBO-AOCHIIHAX,  NPOEKTHO-KOHCTPYKTOPCBKMX,  IHIIMX  YCTAHOB  Ta
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OpraHizaiiiii, —BHIOMX HABUAIBHMX  3aKIAAiB, T[POMAJACBKOCTI,  EKCIIEPTH
MDKHAPOAHHUX OpPTaHi3allii.

BHCHOBOK J€p)kaBHOI €KOJIOTIYHOI E€KCIEPTU3W IMICHS  3aTBEPXKEHHS
CHELIATBHO YIOBHOBAKEHUM LICHTPAJIbHAM OPraHOM BHKOHABYOi BIAAW 3 MUTAHb
€KOJIOT1i Ta NPUPOIHUX PECYPCIB € OOOB'SI3KOBUM JJIsi BAKOHAHHSI.

[To3UTUBHMI BHCHOBOK JEP’KABHOI €KOJIOTTYHOI €KCHEPTU3H € TM1ACTABOKO
JUTS BIIKPUTTS (piHAHCYBAHHS BCIX MPOTPam 1 MPOEKTIB.

Peanmizanis nporpam, OpoEKkTiB 1 PilicHb 0O€3 MNO3MTHBHOIO BHCHOBKY
JIEP>KaBHOI €KOJIOTTYHOT €KCIIEPTH3U 3a00POHSIETHCS.

['pomMajchbKka €KOJIOTIYHA €KCIEPTU3a 3IHCHIOETHCS HE3ATIC)KHUMU TPYTIaMU
CHELIATICTIB 3 IHIMIATUBH T'POMAJACBKHX 00'€THaHb, a TAKOK MICLEBUX OPraHiB
BJIQ/I 32 PAXYHOK iX BJIACHHUX KOILITIB a00 HA IPOMAJChKUX 3acaiax.

['pomaacbka €KOJIOTiYHA EKCHEpTH3a MPOBOJUTHCS  HE3ANEKHO  BiJ
JEPKaBHOI €KOJIOTTYHOI EKCIIEPTH3H.

BHCHOBKHM TpPOMaJCHKOi €KOJIOTTYHOI €KCIEPTHU3W MOXYTh BPAaXOBYBATHCS
OpraHamu, SiKi 3IIHCHIOIOTH JI€P’KaBHY €KOJIOTIYHY €KCIEPTH3Y, a TaKOoX
OpraHamMmu, 10 3alliKaBJleHl y peami3anii TPOEeKTHUX pilleHb ad0 EKCIUTyaTyroTh
BINOBIAHAN 00'€KT.

[HIII €KOJIOTIYHI EKCIEPTH3M MOKYTh 3[IHCHIOBATHCA 34 1HILIATUBOKO
3alKABICHUX KOPUAMYHUX 1 (I3nyHHX O0cCi0 Ha JOTOBIpHIA OCHOBI 13
CHELIATI30BAHUMH €KOJIOTO-EKCIIEPTHUMHU OPraHaMu 1 (POPMYBaHHSIMHU.

3aBIAHHSAM €KOJIOTTYHOT EKCIEPTHBH €:

a)  BH3HAQUCHHS €KOJIOTIYHOI O€3MEKM TOCMOJAPIOBAHHS Ta  1HILOI
JUSUTBHOCTI, SIKa MOKe HHUHI a00 B MailOyTHbOMY MpsMO ald0 MOCEPEIHBO
HETAaTUBHO BIUIMHYTH HA CTAH HABKOJMIIHBOIO CEPEIOBUILIA,

0)  BCTAHOBJICHHS BIAMOBIAHOCTI MEPEANPOCKTHUX, MEPEANIAHOBHX,
MPOCKTHUX Ta IHIOMX PIOICH BHMOraM 3aKOHOJABCTBA MPO  OXOPOHY
HABKOJIMIITHBOTO CEPEAOBULIA,

B)  OLIHKA MOBHOTH i OOrPYHTOBAHOCTI mepeadadyyBaHUX 3axXOJIB IIOAO

OXOPOHH HABKOJJIMIIHBOT'O IPUPOIJHOIO CCPCAOBHIIA TA 3I[OpOB'$I HaCCJICHHA, dKa
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3MIUCHIOETHCS MIHICTEPCTBOM €KOJIOTIi Ta MPUPOJHUX PECYPCIB YKPaAiHU pa3oM 13
MiHICTEPCTBOM OXOPOHH 3I0POB'S YKpaiHM.

O0’eKTOM JaHOi E€KOJIOTIYHOi E€KCHEPTU3HM € BIJBAJIM KOPIYCIB IUIYTIB 1
TEXHOJOT1S X 3MILIHEHHS HA1BABTOMATHYHUM BiOPOIYyTrOBUM HAIJIABICHHSIM.

[Ipn pemMOHTI 1 BIOHOBIEHH] JAeTalicd poOOYMX OpraHiB IpPyHTOOOPOOHUX
MalIMH OCHOBHUMH (PaKTOPaMH, IO BIUIMBAKOTh HA OTOUYYIOUE CEPEIOBUILIE €:

— METAJICBANA MWJ, O YTBOPIOETHCS MpU 00poOLI AeTaieli HA TOKapHUX,
uTi(pyBaNBHUX, XOHIHTYBAIBHUX BEPCTATAX,

— PI3HOMAaHITH1 XIMIYHI PEYOBHHH Ta iX PO3YMHU, IO BHKOPUCTOBYIOTHCS
MIPY BIJHOBJICHHI I€TAICH IJITXOM HAHECCHHS MOKPUTTIB,;

— [IMM Ta nmpoayKTH iX 3ropaHHs, IO YTBOPIOKOTHCA MiJ 4Yac OOKATKH
JIBUTYHIB,;

— 1ryM Ta BiOpartist npu poOoTI METAITOOOPOOHUX BEPCTATIB, 0OKATYBATBHHUX
CTCH/IIB Ta 1H.

JIOCHIDKEHHSAMU BCTAHOBIICHO, INO 3 OIVISAY HAa CKIAAHY KOHQIrypariro
BIJIBAJTIB, HAUOUIBII MPUAHATHAM CHOCOOOM 3MIIIHEHHSI MPEACTABIISIETHCS JYyTroBa
HAIUIaBKa HE TIEPEKPUBAOUYMMU BaMKaMK. OHAK, IIMPOKO 3aCTOCOBYBAHA Py4YHA
JYrOBa HAIUIaBKa 4€pe3 Maly TOBLUMHY BIABATIB (5 ... 8 MM), BUKITMKAE iX 3HAYHE
HArpIBaHHs, BUKPUBIICHHS, (POPMYBaHHS BEJIMKUX 30H BIANYINEHHS. HannaBieHHs
KPOMOK YTPyIHEHE iX mponaioM. /ljs 3MINHEHHS BiABAJIIB TUIYTIB JOLIIBHO
3aCTOCOBYBaTM  BIOpOAYroBYy  HAlUIaBKy, SIK  cmocid 3 MIHIMAQJIbHUM

TCIUIOBKJIAJACHHSIM B OCHOBHUM METAI.

4.2. Oxopona npaui

OxopoHa mpaili B Hamlid KpaiHl OXOIUTKE 3aXO0AW MO MOJATBIIOMY
MOJICTHICHH]1 YMOB Mpalll Ha OCHOB1 MEXaH13aIlli BaXKKHX 1 IIKIIJIMBUX BUPOOHUUHX

MPOLECIB, MIMPOKOMY BIPOBAPKEHHIO CyYaCHHX 3aco0iB  OXOpPOHM Ipail,
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YCYHEHHIO MPUYHH, 110 MOPOKYIOTh TPABMATH3M 1 MPO(eciiiHi 3aXBOPHOBAHHS
poOITHHKIB. BOHA TICHO MOB’sA3aHa 3 yMOBaMH Iparil.

Oxopona mpami Ta Oe3neka B HAA3BUYAHHHMX CUTyalisX B YMOBax
CUIBCBKOTO BHUPOOHMIITBA — BAXJIMBE 3aBJAHHS, BHPILICHHS SKOrO 3a0e3MeunTh
HOPMaJIbHI YMOBH Mpall NpaliBHUKaMH CLICBKOTO rocnojapcersa. Lle 3axoam mo
NOJAlbIIOMY  MOJIMIIEHHKO 1 O3JOPOBJICHHIO YMOB TMpall, IIAPOKOMY
BIPOBA/DKEHHIO CYyYaCHUX 3aC00IB O€3MEKH, YCYHEHHIO MPUYMH, 10 MOPOIKYOTh
TpaBMaTH3M, CTBOPEHHIO HA BHPOOHMITBI HEOOXIAHHUX TITEHIYHHUX 1 CAHITApHO-
noOyTOBUX YMOB.

Koxkna nroguna 1, Oe3mepedHo, JIIOJMHA 3 BHUIIOK OCBITOK TMMOBHHHA
YCBIAOMJIFOBATH BAKIIMBICT MUTAHb YHUKHECHHS PU3UKIB Y JKHATTI Ta Mparil.

VYKkpaiHa B OCBITHBOMY IUIaHI NPHEIHANACS N0 €BPONEHCHKOI MporpaMu
HaBuaHHs 3 pu3nkiB FORM-OSE. besneka skutts Ta npaiii cboroHi GOpMy€eThCs
K HayKa, 0€3 sIKOT JIF0ACTBO MPUPEUYEHE HA 3HAYH1 BTPATH.

YMOBH mpaill — [ CKIaaHe 00’ €KTUBHE CYCIUIbHE SBULIE, IO POPMYETHCS
B MPOLECI TPYAOBOi JISIBHOCTI TMiJi BIJIABOM B3a€MOIOB’si3aHUX (DAKTOPIB
COLIATbHO-€KOHOMIYHOTO ~ XapakTepy, sKI  BIUIMBAKOTH  HA  3J0POB’A,
NPALE3AATHICTD JOAUHM, HA 11 BITHOWIEHHS A0 Mpall Ta CTYMHb 3aJ0BOJICHHS BiJ
HEl, Ha €(DEKTUBHICTh MpALll Ta 1HII €KOHOMIYHI pPe3yJIbTaTh BUPOOHHUITBA. BOoHM
XAPAKTEPU3YIOTHCA OIIHOYHUMM TMOKA3HUKAMM MIKPOKJIIMATy, HasSBHICTIO B
poGoulil 30H1 WKIATUBUX Ta HEOE3NEUHUX BUPOOHUYMX (PAKTOPIB, MCUXOPIZUUHUM
T4 €CTCTUYHUMHM €TIEMEHTAMH I1SIbHOCT1 TPALIBHUKIB TOCIIOIAPCTBA.

OxOpoHa KUTTS Ta 310POB’Sl TPOMAJISH y MPOLECt iX TPYAOBOiI HisSUIBHOCTI,
CTBOPEHHSI OE€3MEYHNX Ta HEIIKIAJMBUX YMOB Mpalll € OJHUM 3 HAHBAIIABIIIAX
JIEp’)KaBHUX 3aB/laHb. YCIHIIIHE BUPIMICHHS I[bOTO 3aBJAHHS 3HAYHOK MIPOKO
3QIEKUTh B1J HAICKHOT MIATOTOBKM (PaxiBUIB YCIX OCBITHBO-KBaTI(PiKAIAHUX
PIBHIB 3 MUTaHb OXOPOHU MTpAalli.

3 4Yacy BUHUKHEHHS JHOJCBKOI LMBLII3alli KOXKHA JIFOAMHA A0ana mpo
BJAcHy O€3MeKy Ta 0€3MeKy CBOIX OJIM3BbKUX TaK Camo, K 1 JIOJCTBY JTOBOAWIOCH

n0atu npo Oe3meKy CBOro iCHyBaHHS. JIroAChKa MUBUTIZALIS AOCATAE BCE OUIBIIOT
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MOTYTHOCTI, a mpoOnema Oe3meku ii ICHYBaHHS CTAa€ BCE OUIBII TOCTPOKO.
AKTyaJIbHICTh MPOOJIEMH OXOPOHU Mparlll Ta O€3MEeKN B HAA3BUYAMHUX CUTyallisIX B
CBITI 3HQYHO 3pPOCJ/Ia HA MOYATKy TPEThOTO TUCAYOMTTS. ChOroHi s npodiema
CTajla MPIOPUTETHOKO JJIsl CBITOBOI MBLTI3allli.

Beske mopylieHHS aHaTITUYHOI LUIOCTI opraHiamy abo Horo (yHKmin
BHACJIIIOK Mii Ha JOAMHY, A1l OyJb-IKOro HeOE3MeyHoro (akropa BU3HAYAETHCS
K TPaBMa.

AHani3 HeOE3NEYHUX YMOB, SIK1 ICHYFOTh UM BUHUKAKOTH O€3MOCEPEIHBO HA
BAPOOHMIITBI MOKA3aB, O X MOKHA MOUIUTH HA TPYIIH, SIKI:

— XapakTEepU3ylTh CTaH a00 piBEHb HEOE3MEKU BUPOOHWUYOro OOIaAHAHHS
ab0 meBHOro poOOYOro Miclsl, KOHCTPYKTUBHI HEAONIKA KOHKPETHOIO BY3JIa UM
MAalIHHU,

— CIIOHYKAKOTh MPALOKYOro AONYCKaTH TMOMWIKM Yy TpOLecl podoTw,
HU3bKa KBATI(IKALlls MPALFOI0YOTO Ta PIBEHb 3HAHb 3 OXOPOHH Mpalll;

— CTBOPIOKOTH MOYJIMBICTh TPOHUKHEHHS MPALIOKYOr0 y HEOE3MEUHY 30HY
B HACJIJOK BIACYTHOCTI BIAMOBIZHOTO KOHTPOJIO 3a JOTPUMAHHSM MPAaBHI 3

OXOPOHHM MapIil, Ta THIII.

BucHOBKH 11010 MiABHILEHHS CTAHY OXOPOHH Npami

VY po3aiii OXOpOHM Mpalll MaricTeépchkoi poOOTH MPEACTABICHHUA aHai3
3arajibHUX MATAHb OXOPOHW MpaLi, PO3MITHYTO OCHOBHI IIKIUIMBI (PAKTOpH, IO
BUHUKAIOTh B MiJ] 4aC TEXHOJOTTYHOrO MPOILIECY Ta iX BIUIMB HA OPraHi3M JIFOJUHHU,
3aMpPONOHOBAHO 3aX0I1 AJIs 3a0€3MEYECHHS] HOPMAJTbHUX YMOB ITpaLil:

1) nna 3abe3neueHHs Oe3nekn OOMAAHAHHSA 3aMpPONOHOBAHI 3aXMCHI 1
OrOPOJIKYBaJIbHI TPUCTPOT,

2) nns  BUKIIOYCHHS YP@KEHHS CIEKTPUYHUM CTPYMOM HEOOXIIHO

3aCTOCYBaHHS 3a3€MJIIOIOUMX TPUCTPOIB;



58

3) ansg 3axUCTy BiJ HEOE3MEYHMX XIMIYHUX PEYOBUH — BUKOPHCTAHHS
CHENIATBHOTO 3aXUCHOTO OJIATY;
4) nisi 3MEHIICHHS 3alWICHOCTI — BUKOPUCTAHHS BEHTWIISII, IS

3MCEHILEHHS IIyMYy 1 BiOpalliii — 3ByKO130JIF0k0Y1 3aC00M;

4.3. TexHiK0-eKOHOMIYHE O0OIPYHTYBaHHSI PpO3POOKHU

TeXHIKO-€KOHOMIUHY OLIHKY 3MILHEHHS PO3IMJITHEMO BIAHOCHO [0
CEpIMHOro BIABAIY KOpHyca Iyra.

BuTparu Ha BiIHOBJEHHS JETAll pO3PaXOBYOTHCS 3a (POPMYIIOK):

B=B_ +B,  +8B,, 4.1)

n€ By — BapTICTh BIAHOBJICHHS ACTAN, TPH.; Byum — BApPTICTh MaTEpialliB
JUTS BITHOBJICHHS, TPH.; Be; — BAPTICTh 3aTPAUYEHOT €NIEKTPOCHEPTIi, TPH.

BapricTe BITHOBJICHHS JETajli BPaXOBYE BUTpPaTH Ha 3apoOITHY IUIaTy
3aIIHAX MPALliBHUKIB HAa BIAMOBIAHUX ONepanisx (Cirocap, 3BaprOBAIBHHK, TOKap
Ta 1H.) 1 pO3paxoOBYETHCSA 32 (POPMYIIOKO:

B,=3 +3_ +3

o (4.2)
1€ 3en, 356, Imox — 3apOO0ITHA TUTIATA BIAMOBIIHO CIIFOCAps, 3BaprOBaJIbHUKA 1
TOKaps.
3apo0iTHa TUIaTa No CHEHIATBHOCTSAM BU3HAYAETHCS 38 (OPMYJIIOK):
3=T7,-C K, (4.3)
ne 7, —HOpMa BUTpAT Yacy Ha BUKOHAHHS BIAMOBIAHOT onepaii, roa.; C, —
TOJMHHA CTaBKa BIAMOBIIHUX POOITHUKIB, (I PO3PAXYHKY MOKHA MPUHHATH B, =
30,5 rpH./ron.), K; — KoedilieHT, 110 BpaxoBYy€ AOIMJIATH 10 OCHOBHOI 3apoOITHOI
miary, K; =1,5.
VY BapricTh MaTepiaiB BXOAATh BCl BATPATHA HA MATEPIaiv, sIKi 3aCTOCOBYIOTh

JUTSl BITHOBJICHHSI TAHOT IETAJTl TIO BCIX TEXHOJIOTTYHUX OMEpalisX:

B =281, (4.4)
i=1
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Je g, — Maca BUKOPUCTaHOro marepiany, kr; [[.— miHa 1 xr marepiany,
IPH.;
[{ina MarepiaiB BH3HAYAETHCA MO0 NPECHCKYPaHTAX 3 ypaxXyBaHHIM
1HACKCY WiH, Mpaic-mcTam ado 3a JaHUMU MIANPUEMCTBA.
BuTtpaTtn Ha €1EKTPOEHEPrI0 PO3PAXOBYIOTh MO HACTYIHINA (HOpMYyIIL:

— Nd(;.Y;).Ueﬂ

en 100-7,. ° 4.5)

ae Ny, — BCTAHOBJICHA MOTYXHICTh 00NaaHaHHs, KBT (Ui 3BaprOBAIIBHOTO
oOnagHaHHS MOYKHA MPUAHATH Ny, = U-1 ),

1], — miHa 1 xBT-roa. enektpoeHeprii, s mianpuemcts /[, = 1,7 rpH./
(xkBt-ron.); 7, —KxoediuieHT KOPUCHOI Aii oOnagHaHHs, npuiimaeTbes 0,7...0,8.
KoedimieHT e(peKTUBHOCTI BIAHOBJICHHS JI€Tall PO3PAaXOBYEThCA 3a
(hopMyIIOK0:
Ka B,

K, =—2—t>]
ecp B > (46)

ne Ky — koeilieHT JOBrOBIYHOCTI; By — BAPTICTh HOBOT ACTANI, TPH.

Skmo koedimieHT OuUTbIIE OJWHHWIN, TO BIAHOBJACHHS JETall IO
PO3pOOIEHOMY TEXHOJOTTYHOMY MAPLIPYTY OyJ€ €KOHOMIYHO BUTIIHO.

Pesynbrati po3paxyHKy €KOHOMIYHOiI €(EKTUBHOCTI BIIHOBJECHHS JE€Tal
NPEICTAaBUMO y BUIIIsAL Ta0n. 4.3.

Tabmuns 4.3 — Pesynbratm po3paxyHKy €KOHOMIYHOI €()EKTHBHOCTI

BIJIHOBJIEHHS BiJIBAITY

3HAYCHHS IOKA3HUKA
HaiimenyBaHHs TOKa3HUKA Cranpaptauii | BigHoBieHWH
BiJIBaJI BiJIBAJT
Bapricts, rpH. 480 770
BaprticTe BIAHOBJIEHHS, TPH. - 290
Piune HaBaHTaKEHHS, Ta 1000 1000
Pecypc, ra 150 270
KoedimieHT e()eKTUBHOCTI BIIHOBJICHHSI - 1,7
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Sk BuHO 3 TaON. 4.3 pecypc EKCIEPUMEHTATILHOTO BiABally B 1,8 pa3u Bumie

B MOPIBHSAHHI 31 CTAHJAPTHUM, IPX LIbOMY HOro miHa 3poctae B 1,6 pasu, a nuToMi
BUTPaTH 3HWKYIOTECA B 0,42 pasu. OKyNMHICTH OCHOBHMX BHTpPAT NpPHU OPAHLI

1000 ra cknazne 0,6 poky.

BucHoBku

[IpoBeneHa €KOJOrIYHA EKCHEPTHM3a CBIQUWATH, MLIO0 3amPOMOHOBAHA
TEXHOJIOT1S BIAHOBJICHHS BIJBAIIB ILTYTIB € €KOJIOTTYHO OE3MEYHOKO.

BukoHaHO aHali3y yMOB BHHHKHEHHS 1 PO3BUTKY TPaBM 1 aBapiil, mis ix
YCYHCHHSI 3alPONOHOBAHI HACTYIHI 3aXOAW. BCTAHOBJICHHSI 3aXWCHUX IIHUTKIB,
OJIOKYIOUMX MPUIAIB, 3a3€MJICHHS TPH POOOTI 3 METanooOpoOHMMU BEPCTATaMU,
BUKODHCTAHHS CHELOJATY JJIi TPUTOTYBaHHS  TEXHOJOTIYHMX  PO3YMHIB,
NPOBEICHHS PETYISPHUX IHCTPYKTAXKIB 3 TEXHIKU OC3NEKH.

Pecypc excnepuMeHTanbHOro BiaBalny B 1,8 pa3u BHINE B MOPIBHSHHI 31
CTAaHJAPTHUM, NIPH LbOMY HOro IiHa 3poctae B 1,6 pasu. OKynHICTE OCHOBHMX

BuTpar npu opanui 1000 ra ckmage 0,6 poky.
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3AT'AJIBHI BUCHOBKHA

1. IlmomwmHM 1 KPOMKH BIABAIIB TUTYTIB MIAAAKOTHCS B MPOLEC] €KCILTyaTarli
HEPIBHOMIPHOTO  a0pa3WBHOIO  3HOINYBAaHHS, W10 BHUKJIMKAE JIOLLIBHICTH
JOJATKOBOTO 3MIMHEHHS HAWOLIBII HABAaHTAXKCHHUX 30H. EQeKkTHBHUM criocoOom
MIJBUIIEHHS ~ 3HOCOCTIAKOCTI  JE€Tajed  MIyriB €  JyroBa  HariaBKa
HEMEPEKPUBAKOUMMHU BalMKaMu. [l 3HWOKCHHS TEIJIOBKIAJCHHS B OCHOBHHIA
MeTaj A0LLILHO 3aCTOCYBAHHS BIOPOYTrOBOTO HAMJIABICHHS B CTPYMEHSIX BOJIH.

2. OTpUMAaHO 3aJIEKHOCTI, U0 JO3BOJISIIOTH CPOPMYIIHOBATA OCHOBHI BUMOTH
J0 TEXHOJNOrl 3MINHEHHS (TBEPAICTh HAIUIABJICHOTO  METAly, YacTKy
HAIUIABJIFOBAHOK) TMOBEPXHI, BIACTaHb MIXK 30HAMHM HAIUIABJIICHOTO METamy,
BEJIMYMHY PO3MILHEHHS OCHOBHOTO METANy B 30HI T€pMI4HOTO BIMBY (3TB) Ta
1H.), HeoOxigHi Jans  3a0e3leyeHHs  3aJaHoro  KoedilieHTa  JOKAIBbHOI
THTEHCUBHOCTI 3HOITYBAHHSI.

3. PO3paxyHKOBHM LUISIXOM BCTAHOBIIEHO, IO 3aCTOCYBaHHS BIOPOAYTOBOTO
HAIUIABJICHHS. TOHKOCTIHHHMX JETANCH JO3BOJIIE 3MEHIIMTH I[OUPUHY 30HU
PO3MILHEHHS 10 1..2 MM 1 3HM3UTH PO3MILHEHHS OCHOBHOTO METAy B 30HI
TEPMIYHOrO BIUMBY 3 10 10 3 ... 6 ogquHMIk 3a wkanow HRC.

4. EKCHEpUMEHTAIBHO BCTAHOBIICHO, INO MPW HAIUIABJIEHHI APOTOM 651
miametpoM 1,6 mwm, vactoti BiOpauii 10 I'u, ammmitynoro BiOpamiid 1 ... 2 mm
MO>KJIMBO 3HU3WUTH CHITY 3BaprOBAJILHOTO cTpymy 110 80 ... 100 A npu cTabiabHOMY
(dopmyBanHi Bayuka. [Tpu Tokax 100 ... 150 A mmpuHa mBa ckiaana 4 ... 5 MM,
TBepAicTh HartaeaeHoro merany — HRC 55 ... 60. [llupuHa 30HM PO3MILIHEHHS
cknana 2.3 mM nipu tBepaocti HRC 40 ... 45

5. Tloka3aHo, mO €KOHOMIYHA €(EKTHBHICTH 3MILHECHHS 3pOCTaEe 3i
3HIDKEHHSIM  3arajlbHOT MJIOMIl 3MIIHIOKYOi TOBEPXHI, 3HWKEHHSIM BapTOCTI
NPUCATHUX MAaTepialiB, 3MEHIICHHS PO3MILHEHHS OCHOBHOTO MeETaly MpH

HaIJIaBJICHHI.



