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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyaqbHiCTh pobdoTH. B nmanmii yac Bce OUIBIIOTO PO3BUTKY HalOyBae
BUKOPHUCTAHHS TEXHOJIOT1M OpuKeTyBaHHS Ap1OHOPPAKIIMHIX CHPOBUHHUX MaTepiajiB, 110
CIIpUsi€ OTPUMAHHIO KOHIWIIMHOI CHPOBUHM, YTHIII3allli BIAXOJIB Ta BHUPIIICHHIO
€KOJIOTTYHMX 3aBjaHb. BajkoBi mpecu MpoTAroM 0araTb0X POKIB € OJHUMH 3 HAHO1IBII
NOIIMPEHUX MAIIMH Y CKJIaal JiHIA OpHUKEeTyBaHHS CHPOBHHU B METAIyPTiMHIN,
ripHUYO00YBHIHM, XIMIYHIHM Ta IHIIMX Tay3sX MPOMHUCIOBOCTI.

[Tpu BUOOPI KOHCTPYKTMBHOTO BHKOHAHHS BAJKOBHX IPECIB CIiJi BpaxOBYBaTH
3HaYHY KUIBKICTh (PaKTOpPIB, TAKUX, K (P13MKO-MEXaHIUHI BIACTHUBOCTI MaTepiaiiB abo ix
CyMillieii; HeoOX1AHY MPOTYyKTUBHICTh; (pOpMy 1 po3Mip OPUKETIB; MOKIUBICTH HIBUAKOI
3MiHU (OPMYIOUHX €JIEMEHTIB pPOOOYMX IMOBEPXOHb BAJIKiB; 3HOCOCTIHKICTh BAJIKiB;
JOMYyCTUMI MEX1 YNpaBIiHHSA MPOIYKTHBHICTIO mpeca Ta 1H. [lo TemepilmmHbOro uacy
BUKOHAHO 3HAYHY KUIBKICTH JOCIIIKEHb, B TOMY YHCII B IHCTUTYTI 4OpHOi MeTamyprii
HAH VYkpainu, cipsMoBaHUX Ha BUBUYEHHS BIUIMBY BJIACTHUBOCTEH IIMXTOBUX MaTepialiB
Ha €HEProCcUJIOBI MapaMeTpH IpoLecy OpUKETYBaHHS, CTBOPEHHS TEXHOJIOT1H 1 IPECOBOTO
oOnagHaHHS JUIsl OpUKETYyBaHHS IPIOHOPPAKIIHHUX METaTypriiHuX BiaxoaiB. B po3BuTok
I[LOTO HAMpPsIMKY JOCIHIIKEHb, 3aCHOBAHOTO MiJl KepiBHUIITBOM akajgemika HAH VYkpainu
3.1. HekpacoBa, B pi3HMI 4Yac 3HA4YHUII BHECOK 3pOOMIIM CHEMIATCTH [HCTUTYTYy 4YOpHOL
meranyprii HAH Ykpainu.

Cepen cydacHUX 1HO3EMHHX CIEIIANICTIB, SIK1 3alMalOThCs PO3POOKOIO TEXHOJIOT1H
Ta BaJKOBUX IMpECIB JJi1 OpUKETYBaHHS, OCTAHHIMU pPOKAMH HAWOUIbII BIJOMUMH €
M. Hryniewicz, M. Bembenek, R.T. Dec, R.K. Komarek, A. Zavaliangos, FO.H. JloriHos,
H.A. baGaiinos.

AHani3 JiTepaTypHUX 1 BIAKPUTHX IHTEPHET-JKEpeN IOKa3ye, 10 B JIaHUW dYac
BIJICYyTHS HAyKOBO OOIPYHTOBaHAa CTPYKTYpPOBaHAa CHCTE€Ma, METOJOJIOTiA ab0 alIropuTM
MTOKPOKOBOTO MPOEKTYBaHHS PAIliOHATLHOT KOHCTPYKIIIi BAJIKOBOTO TIpeca 3 ypaxyBaHHSIM
TEXHOJIOTTYHUX OCOOIMBOCTEH MpoIlecy mpecyBaHHs. BUIbIIICTh TOCTIIKEHb 30CepeIKEH1
Ha BUPIIICHH] KOHKPETHUX 3aBJaHb, HAIIPUKJIIA]], BU3HAYECHH] €HEPrOCHIOBUX MMapaMeTpiB
OpuKeTyBaHHS, oNTUMI3allli KOH(ITypallli MPecyrvnx MOBEPXOHb Ta 1H. AJie HaBITh MPHU
JOCTaTHIM KOPEKTHOCTI BIJOMHX METOMIB TPOTHO3YBAHHS Ta aHali3y MPOIECIB
OpukeTyBaHHS 1 pOOOTH TMPECOBOTO OOJNAIHAHHA TOPSAJOK 1X 3aCTOCYBaHHS Ta
IHTepHpeTaliss pe3yabTaTiB JI0Cl YITKO He BHU3HayeHl. [lpu TakoMy MIAXonl [0
MPOEKTYBaHHS 3 HEBEJIMKOI KIIBKOCTI BHUIPOOYBaHUX, a00 3HOBY pPO3pOOJIEHHX
KOHCTPYKIIM BaJKOBUX IPECIB BUOMpAEThCA Ta, AKa, HA AYMKY (paxiBus, € HaHOUIbII
paliOHAJIBHOIO.

B nanuii yac ais po3poOKH KOHCTPYKIIIi BAJIKOBUX MPECIB, 5K 1 OLIBIIOCTI Cy4acHUX
MIPOMUCIIOBUX MAIlIMH Ta arperarTiB, aKTHBHO 3aCTOCOBYIOTHCSI CHCTEMH aBTOMAaTH30BaHOTO
npoekryBanus (CAIIP), nanpukian, SolidWorks, Kommac, Autodesk Inventor i t.i. IIpu
CTBOPEHHI BaJIKOBOTO TIpeca HAasBHICTh CTaHAapTHOTO Habopy 3aco6iB CAIIP €
HEOOX1/IHOI0, ajie He JOCTAaTHHOI YMOBOIO, TOMY IO HE J03BOJSIE NMPUHMATH HAYKOBO
OOTpYHTOBaHI PIIIEHHS 100 BUOOPY paIliOHAIBHUX KOHCTPYKTHBHUX MapaMeTpiB JaHUX
MamuH. Kpim Toro, He 10 KIiHIM JOCTIIKEHO B3a€EMO3B'SI3KM MK KOHCTPYKTUBHHMH Ta
TEXHOJIOTIYHUMH TapaMeTpaMy BaJIKOBHX TMPECiB, M0 CTBOPIOE TPYAHOII TIPH
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NPOEKTYBaHHI BAJKOBHX IPECIB 3 ypaxyBaHHAM BHMOI 1 OCOOJNMBOCTEH peaizamii
KOHKPETHOI TEXHOJIOT11 OpUKETyBaHHS.

Ile poOuTh akTyaabHUM HEOOXIJHICTH BHUPIIICHHS MUTaHb aHANI3y Ta TMOJAJBIIOTO
PO3BUTKY METOIB IPOECKTYBAHHS BAaJIKOBUX MPECIB.

B nmanuit yac B GarathboX ramay3sx IPOMHCIOBOCTI, 1 0COOJMBO B MamMHOOYyBaHHI,
aKTUBHO 3aCTOCOBYIOTHCSl 1 3HAXOASTh PO3BUTOK METOAM CTPYKTYPHO-IIApaMETPUYHOIO
CUHTE3Y Ta aHalli3y, a TAKOX arperaTHo-MOAYJIbHUN MPUHIIUI CTBOPEHHS 00JIaTHAHHS.

VY 3B'SI3Ky 3 IIUM aKTyaJbHUMHU CTAIOTh NMATAHHS PO3BHUTKY HAYKOBOi 0a3u Jst CHHTE3Yy
parioHaTbHIX KOMITOHYBATBHIX 1 KOHCTPYKTHBHHX pillICHh BAJIKOBUX TIPECIB 3
ypaxyBaHHSM BUMOT I[0JI0 3A1MCHEHHS TEXHOJIOTIYHOTO MPOIleCy MpeCcyBaHHSI.

Bupimennst 3a3HayeHUX 3aBJaHb BIJIKPUBAE TEPCIICKTUBU KOMILIEKCHOTO BHUPIIICHHS, B
y3araJlbHEHOMY BUIJISI, TPOOJIEMH CTBOPEHHS CYYaCHOTO IPECOBOTO OOJAJHAHHS IS
OpukeTyBaHHS IPiOHOMPAKIIIHHOT CHPOBUHU IS PI3HUX TATY3EH IPOMECIOBOCTI.

3B’30K po00OTH 3 HAYKOBUMM NMPOTrpamMaMM, IJIaHaAMM, TeMaMu. B ocHOBY nucepTariii
MOKJIAJCH1 PE3yJIbTaTH HAYKOBUX JOCIIKEHb, III0 YBIMIILIN /10 3BITIB 3 HAYKOBO-OCIIITHUX
Ta TOCMIOTOBIpHUX poOIT [HCTUTYTY YopHOT MeTanyprii iM. 3.1. HekpacoBa HAH Ykpainu:
«Po3poOka TEXHIYHMX pillleHb, 10 3a0e3Me4Yyli0Th peryJjioBaHHS Ta KOHTPOJIb
TEXHOJIOTITYHUX PEXKUMIB POOOTH BAIKOBUX OpHKeTHUX MpeciBy. (Ne mepx. peectpaiii
0108U001619); «JlocmimkeHHs BILTUBY 3HOCY 0aH/1a)KiB BAJIKOBUX MPECIB HA TEXHOJIOTTYH1
Ta EHEprocwioBl TapamMeTpu Tpouecy OpukeryBaHHs» (No jepx. peecTparii
0110U002542); «JocmixenHs BIUMBY KOH(Irypamii (OpMyHOYHMX €JIEMEHTIB Ta
napameTpiB YUIUIbHEHHS Ha NpPYXHY HIchsafito B Opukerax» (Ne nepxk. peecrpamii
0115U001067);  «PO3BUTOK  pO3paxyHKOBO-AaHAJIITUYHUX  METOAIB  BU3HAYEHHS
palioHaNbHOrO KajniOpyBaHHS OaHIaXIB BaJdkoBUX ImpeciB» (Ne gepxk. peecTparii
0116U003144); a Takox pe3ynbTaT AOCIIKEHb, BAKOHAHUX Y Mekax L{11b0B0i mporpaMu
HaykoBux gociimkeHnb HAH Vkpainu — «HaniiiHicTh 1 JOBrOBIYHICTH MaTepialiB,
KOHCTPYKIIIH, obmanHanns ta cnopym» (Pecypc-2): Etan 1. «Po3pobka pexkomennartiii
I0JI0 BAOCKOHAJIEHHSI KOHCTPYKIIi BaJKOBUX MPECIB 3 YpaxyBaHHSIM TEXHOJIOTTYHHX
pexumiB OpuxetyBaHH» (Ne nepxk. peectparttii 0116U007037); Etan 2. «Po3pobka pimieHb
M0 TIABUIIECHHIO TEXHOJIOTTYHUX MOXJIMBOCTEM Ta TEXHIYHUX 1 EKCIUTyaTamiiiHuX
xapaktepuctuk Tmipecy» (Ne nepxk. peectpamii 0117U000673); Etan 3. «Po3pobka
pEeKOMEHAIlH 1 TEXHIYHOT JOKYMEHTAIIIT 111010 BUTOTOBJICHHS Ta MOAJIBIIIOI eKCILTyaTari
BJIOCKOHAJICHOTO0 BajKoOBOro rmpecy KoHcTpykiii [UM» (Ne nmepxk. peectparii
0118U004204); Etan 4. «Po3poOka CHCTEMHOro MiIXO1y, peKOMeHAallil Ta 0a30BHX
TEXHIYHUX PIIICHb MIOJ0 CTBOPEHHS BAJIKOBOTO Mpeca BHUCOKOTO THUCKY ISl MEPEPOOKH
IIUPOKOTO CHeKTpa JApiOHOGpaKIIHHUX CUPOBUHHUX MatepianiBy (No nmepx. peectpartii
0119U101397); Etan 5. «Po3pobka nokymeHTalli, peKOMEHalli 1 TEeXHIYHUX pIllEHb
II0JI0 BUTOTOBJICHHS Ta MOJABIIOI eKCITyaTallii BaJJKOBOTO Mpeca BUCOKOTO TUCKY» (No
nepx. peectparii 0120U102656).

Mera i 3aBAaHHA JOCJIIZKeHHS TIOJSIra€ y BUPIIICHHI Ba)XJIMBOI HAYKOBO-TEXHIYHOT
npobjseMl 31 CTBOPEHHS CYYacHOTO TMPECOBOTO OOJNQAHAHHSA JJisi  OpUKETYBaHHS
IpiOHO(PAKITIHOT CHUPOBUHU JIsl PI3HUX Taly3ed MPOMHUCIOBOCTI Ha 0a3l HAayKOBOTO
OOTPYHTYBaHHS Ta PO3POOKM KOMIUIEKCY HOBHUX METOJMIB BHU3HAYCHHS paIllOHALHUX
rapaMeTpiB KOHCTPYKTHBHUX €JIEMEHTIB BAJIKOBUX IPECIB, 3aIIPOEKTOBAHUX 332 MOAYIHHUM
MIPUHIIAIIOM.
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JI1st MOCSITHEHHS MOCTABJICHOT MeTH OyIn COpPMYIIbOBaH1 HACTYIIHI 3aBJaHHS:

- BHUKOHATHU aHaJl3 Ta y3arajibHEHHS (DAKTOPIB, 110 BU3HAYAIOTH 3HOC OAHJIaX1B BAJIKOBHX
IIPECIB B IIPOIIEC iX eKCIUTyaTarlii Ta po3poOUTH MaTeMaTUUHY MOJIEb 3HOCY OaHaxXiB;

- po3poOMTH METOJ BHM3HAUYCHHS Ta TpadiuHOTO BiMOOpaXkeHHS MpoPuIFO PoOdOUNX
MIOBEPXOHb BAJIKiB TIpeca Ha Pi3HUX CTAIisAX X 3HOCY;

- po3poOHMTH METOA JOCTIDKCHHS BIUIMBY 3HOCY BAJKiB Ha TapaMeTpu MpoIecy
OpUKETyBaHHS;

- PO3pOOHUTH METO/ OLIIHKH BIUIUBY KOH(Irypaiii (hopMyIOUuX €JIEMEHTIB BaJIKOBOTO TIpeca
Ha MPYXHY TICIAIII0 B OpUKeTaXx;

- BCTAHOBUTH  BIUIMB  IIBHJAKOCTI  jAedopmariii Ha  mapamMeTpu  yHIUIbHEHHS
Ap10HOMPAKIIIITHUX MIUXT B OCEPEaKY Aeopmallii BaIKOBOTO MPeECY;

- BCTAQHOBUTH 3B’S3KM MDK KOHCTPYKTHBHHUMH, TEXHOJIOTIYHUMH Ta EHEPTOCHIOBUMU
napaMeTpaMu IIIHEKOBOTO IiIPECOBHUKA BaJIKOBOTO Tpeca Ta PO3POOHTH METOJ
BU3HAYCHHS HOTO palliOHATbHIX KOHCTPYKTUBHUX MAapaMeTpiB;

- pO3poOUTH KOMIUIEKCHUNA METOJ BHOOpPY pallioHadbHOI KOH]Iirypamii ¢GopMyrodnx
€JIEMEHTIB BAJIKOBOTO IIpeca 3 YypaxyBaHHSAM 3B'SI3Ky T'€OMETPUYHUX MapaMeTpiB
bopMyrOUMX €IEMEHTIB 3 EHEProCHJIOBHUMH 1 TEXHOJIOTIUHUMHU XapaKTEPUCTUKAMU
OpUKeTyBaHHS Ta MOKa3HUKAMU €KCIUTyaTallil OaH/axiB;

- c(hopMyITIOBaTH OCHOBHI MOJIO’KEHHS Ta aJITOPUTM CUHTE3Y KOHCTPYKIIiT BAJIKOBOTO Ipeca,
SIKUH KOMIUIEKTYETHCS 32 MOAYJILHUM THIIOM;

- pO3pOOUTH MOJIEPHI30BaHY KOHCTPYKIIIIO BAJIKOBOT'O Ipeca, MOro OKpeMHux JeTaieu Ta

BY3JIIB.

O0’ekT JOCTigKEeHHS — TMPOLIEC CTBOPEHHS BAJIKOBUX INPECIB 3 PO3IMIUPEHUMHU
TEXHOJIOTTYHUMH MOXJIMBOCTSIMU Ta 30UIbIIEHUM PECYPCOM EKCILTyaTallli.

IIpeaMer pocCaiKeHHA — B3a€EMO3B’S3KM MIXK KOHCTPYKTMBHMMH MapaMeTpaMu

MPEeCcOBOro OOJaJHAHHS, 3HOCOM Ta PECypcoM eKCIUTyaTallli BaJKiB, IIBUIKICTIO

MpECyBaHHS, MOMEPEIHIM YIIITLHEHHSM Ta MPYKHOIO MICIAIEI0 B OpUKETaX.

Metoau nociigzkeHb. /(s BUPIMICHHS MMOCTaBICHUX 3aBAaHb Yy POOOTI BUKOPHUCTAHO
Cy4YacHi METOJIU TOCIIIJIKEHb, Y TOMY YUCJI1, MATEMAaTUIHE MOJICITFOBAHHS; TIPU TOCIIIKEHH1
BIUTMBY 3HOCY NPECYIOUMUX TMOBEPXOHBb BAJKIB Ha TMapaMeTpH Mpolecy OpUKETyBaHHS —
OCHOBHI METOJIA TE€OPil TEPTs Ta 3HOIIYBAHHS; METOAM €KCIIEPUMEHTAILHOI MEXaHIKU MPU
JOCIIKEH1 MPOIECIB 3HOLTYBAHHS BAJIKIB Ta IPYKHOT MIC/IS I B OpUKETaX; METO] aHAJII3Y
lepapxiii BUKOPUCTAHUN NpH JOCHIDKEHHI yYMOB BHOOPY pallOHalIbHOI KOHQIryparii
(opMyIOUHX €I€EMEHTIB; METOJAM MAaTEMAaTUYHOI CTATUCTUKKA BUKOPHUCTaHI Mpu 00poO1Ii Ta
aHai31 pe3yJIbTaTiB €KCIIEPUMEHTAJIbHUX Ta PO3PaXyHKOBO-aHATITUYHHUX AOCIIHKEHb.

HaykoBa HoOBH3Ha OTpUMaHHX Ppe3yJbTaTiB. B auceprauiiiHii poOOTI BUKOHAHO
KOMIUIEKC TEOPETUYHUX PO3POOOK Ta €KCIEPUMEHTAIFHUX JOCIIIKEeHb, HANPABICHUX Ha
PO3BUTOK HAayKOBHX OCHOB CTBOPEHHSI BHCOKOE(PEKTHBHOTO IMPECOBOTO OOJAQAHAHHS IS
OpukeTyBaHHSl JpiOHOPPAKIIHHOT CHPOBMHU 3 BUKOPHUCTAHHSAM CYy4YaCHUX METOJIB
MPOCKTYBaHHS.

1. Bnepiie BCTAHOBJIEHO B3a€EMO3B'SI3KM Ta OTPUMAHO AHAJITHYHI 3aJ1€KHOCTI
BEJIMYUHHU 3HOCY 0AHIAKIB Ta TEXHOJIOTIYHUX MapaMeTpiB npouecy OpuKeTyBaHH.
Ha ocHOBi oTpuMmaHUX 3aJIeKHOCTEH pPO3pOOJIEHO HOBUN METOJ IMPOTHO3HOI OIIHKHU
TEXHOJIOTIYHUX TapaMeTpIB TPOIeCy OpPUKETYBaHHS TPHU PI3HOMY CTYMEHIO 3HOCY
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OanmaxiB. BukopucTaHHS 3ampOMOHOBAHOTO METOAY J03BOJHUTH MIABUIIUTH PECypC
eKCIuTyaTallii 0aHaaxiB BaJIKOBUX IPECIB.

2. Bniepiiie BCTAaHOBJIEHO B32€EMO3B'SI3KH MiK HANPYKEHHSIMM B YIIIJIbHIOBAHIN IINXTi
i MPY:KHOI0 MiCJSAIE€I0 3 ypaxXyBaHHSIM KoOH@irypauii nmpecyrouux noBepxonb. Ha
OCHOB1 OTPUMAHMX 3aJICKHOCTEN pO3POOJICHO EKCIIEPUMEHTAIbHO-aHAIITUYHUN METO/]
Ta MaTEMaTUYHY MOJIeJIb BU3HAUCHHS BEJTUYHMHM 1 OLIIHKY BIUTMBY MPY>KHOT MiCHsIii Ha
SAKICTh OpUKETIB. BUKOpHCTaHHS METO/y JTO3BOJISIE BU3HAYATH PaIliOHAIbHI TEOMETPHUYHI
napameTpu GOopMyIOUYNX €JIEMEHTIB Ta MOJCTIOBATHA HOBI THITH X MOIUDIKaIlii.

3. BcraHoBieHi 3B’SI3KM TreOMeTPHMYHMX mapaMeTpiB (GoOpPMYHOUYHX eJleMEHTIB 3
TEXHOJIOTIYHMMHU TapaMeTpaMHu TNpouecy OpHMKeTYBaHHSI Ta TMOKA3HUKAMM
ekciuryaTauii 0angaxkiB BajJkoBux mpeciB. Ha ocHOBI BCTaHOBJIEHHX 3B’SI3KIB 3
BUKOPUCTAHHAM  TpaHC(OPMOBAHOTO METOAY aHami3y i€papxiid  po3poOJICHO
KOMIUIEKCHUIM METOJ] BU3SHAUEHHS pallioHaIbHOI KOH]iryparii GopMylounx eIeMEeHTIB
OaHJaX1B BaJKOBUX IIpeciB. BHKOpUCTaHHS METOAYy J03BOJISE OOIPYHTYBAaTH BHOIp
parioHaibHOI KOHDIryparlii GoOpMyrOUnX €IEeMEHTIB 3 IEKIIBKOX MOXJIMBUX BapiaHTIB.

4. Po3BUHeHI YyfIBJIeHHSl MPO BILUIMB IIBHAKOCTI NMpPeCyBaHHS IIUXTH B OCEPEIKYy
BAJIKOBOI0 IIpeca HAa MapaMeTpu mnpouecy OpukeryBaHHsi. BcraHoBieHO
3aKOHOMIPHICTh 3MIHM OMNOPY IIWXTH CTUCKAHHIO, SKa B 3araJlLHOMy BHUIIAJKY
onmcyeThes piBHSHHEAM P =K -a- Ky, ne K, — monpaBounnii koedilieHT, o BpaxoBye
BIUIMB IIBUAKOCTI mpecyBaHHsA. OTpuMaHi 3 ypaxyBaHHSM pO3PaxOBaHOTO
MONPABOYHOTO KOE(MIIIEHTY KPHUBI YIIUIBHEHHS, 1110 € IHTErPATIbHUMHU B1AOOPaXKEHHIMU
BJIACTUBOCTEN IIUXTH, JTO3BOJSIOTH JUIsl OOpaHOi IIBHUAKOCTI TMpecyBaHHA (YacTOTH
oOepTaHHs BaJIKiB) OI[IHUTH BEJTUYUHY THCKY, 1110 PO3BUBAETHCS B OCEPEKY AedopMaliii
1, BIJIMOB1THO, MAKCUMAJIbHO MOKJTUBHM KOS(DIIIEHT YIIIIbHEHHS.

5. Orpumajau mnoAaJbIIMii PO3BUTOK TeOPEeTHYHi YSBJIEHHSI MPO B3a€EMO3B’SI30K
KOHCTPYKTHBHMX apaMeTpPiB IIHEKOBOI0 MiINMPECOBHUKA 3 IapaMeTPaMu PoLecy
OpUKeTYBaHHSl Yy BAJKOBOMY Ipeci. 3amnponoHOBAaHO MAaTE€MaTUYHY MO/JIEIb
BU3HAUCHHS PalliOHATbHUX KOHCTPYKTUBHHX 1 €HEPTOCHIIOBUX MapaMeTpiB HTHEKOBOTO
MIAMPECOBHUKA, sSIKA BpaxoBye (DI3MKO-MEXaHIYHI BJACTHBOCTI  IIUXTH, IO
OpUKETY€eThCA, PEXKUMHU POOOTH BAJKOBOIO Ipeca Ta A03BOJILE OOIPYHTYBAaTH YMOBH
3aCTOCYBaHHS IMIITPECOBHUKA.

6. Bonepuie po3po06/ieHO OCHOBHi MOJIOKEHHSI CTBOPEHHSI KOHCTPYKUi BaJKOBHUX
npeciB  Ha OCHOBi CTPYKTYPHO-APpAMETPUYHOI0 CHHTe3y Ta  aHaJi3y.
3anmponoHOBaHa lepapxiyHa CTPYKTypa JEKOMIO3UIIIT BaJIKOBUX IMPECIB, sIKa 3aCHOBaHA
Ha Kiacudikaiii X KOMIIOHYBaJbHUX 1 KOHCTPYKTHUBHUX pIIIEHb 332 MOJIYJIbHUM
npuHIUIoM. Po3po06iieHO airoputM CTPYKTYPHO-TIAPAMETPUYHOTO CHHTE3Y 1 CIOCiO
Horo peanizaliii 10 MONIYKY pallioHAIbHOI KOHCTPYKIIIi BaKOBUX TpeciB. Lle BinkpuBae
MEPCIEKTUBH TOJANBIIOTO PO3BUTKY CYYaCHMX METO/MIB TPOCKTYBAHHS BaJKOBUX
OpUKETHUX TMPECIB.

IIpakTuyuHe 3HAYE€HHS OTPUMAHUX Pe3yJbTaTiB. Pe3ynbTatt poOOTH BUKOPUCTaHI MpH
pO3pOOILIl TEXHOJIOTIM 1 MPEecoBOro OOJaJAHAHHA IJsi OpUKETyBaHHA JApiOHOMpaKLIMHUX

CUPOBHMHHHUX MaTepialiB, a came:
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- TEXHIYHA JOKYMEHTAlllsl Ta PEKOMEH/Iallli 1110/I0 BUTOTOBJIEHHS BIIOCKOHAJICHUX KOHCTPYKITIH
BaskoBuX mpeciB (Il «ExcrepuMeHTaIbHO-BUPOOHHYE i IPHUEMCTBO [HCTUTYTY YOPHOI
metanyprii iM. 3.1. HekpacoBa HAH Ykpainu 3a y4acTro mianpueMCTB-IapTHEPIB);

- TEXHOJIOT1l OpUKeTyBaHHs KapOily KpeMHIIO Ta BJOCKOHAJICHOT KOHCTPYKIIT BaJIKIB Ipeca
(T30B «I'sTuxaTchkuii 3aBOJ] METATYPTIMHUX CYyMIIIECIH»);

- eKCIIEpPUMEHTAIbHO-TIPOMUCIIOBOTO IITHEKOBOT'O IMIIIIPECOBHMKA BAJIKOBOIO Ipeca s
OpUKeTyBaHHS BYTJICIIEBUX €HEPreTUYHO LIHHUX JpioHOdpakuiiinux matepianiB (T30B
«IIpomOpukeT»);

- pEeKOMeHJaIlli 1010 BJOCKOHAJIEHHS KOHCTPYKIII HTHEKOBOTO MiJNPECOBHHUKA Ta JiHII
npusoxy nipeca (T30B «biorymocy);

- TEXHOJIOTl BUPOOHHUITBA YIILIFHEHOTO MPOAYKTY 3 APIOHODPAKIINHUX Ta MUIOBUIHUX
3armizoBMicHUX BTOpUHHUX MaTepialiB ([IAT «MMK Dmmigay, [TAT «A30BcTamby);

- po3pobsieHa KOHCTPYKTOPChKa JOKYMEHTAIlii Ha BUTOTOBJICHHS MOJICPHI30BAaHUX
Moaudikaliii BaIKOBUX MpeciB, sika nepenana ao JII «ExkcnepumeHTanbHO-BUPOOHUYE
nianpuemMcTBo [HCTUTYTY YopHOi MeTamyprii iM. 3.1. HekpacoBa HAH Ykpainny.
Pesynbprat poO0OTH MOXKYTh OyTH BUKOPUCTaH1 ITPH pO3pOOII TPECOBOTO 00IaIHAHHS Ta

TEXHOJIOTIN il OpUKETyBaHHS Ta KOMIIAKTYBaHHS JpiOHO(PPAKIIIHUX CHUPOBUHHUX

MaTepialiiB B METaTYPTiiHii, IpHUY0A00YBHIM, XIMIYHIN Ta IHIIKUX TATy35X TPOMUCIOBOCTI.
OcobuctTnii BHecok 3100yBauya. Pe3ynbraT OCHIIKEHb, BUKOHAHUX B POOOTI,

OITy0JIIKOBAHI B CITIBABTOPCTBI 31 CMIBPOOITHUKAMH BiILTY TEXHOJIOTTYHOTO OO THAaHHS Ta

cucteM ymnpaBiiHHS [HcTuTyTy bopHOi Metanyprii iM. 3.1. HekpacoBa HAH Vkpainu;

Department of Machine Systems, Faculty of Geoengineering, Mining and Geology, Wroclaw

University of Science and Technology, Wroclaw, Poland; kadenpu 1HdopmaiitHux cucrem

JBH3 «YxkpaiHchkuil Iep>KaBHUM XIMIKO-TEXHOJOTTYHUI yHiBepcUTeT». OCOOMCTO aBTOpY

HaJIeKaTh: aHaTi3 JOCTIHKEHb Ta MPAKTUIHOTO JIOCBIAY CTBOPEHHS CYYaCHHX BaJIKOBUX

npeciB [16,20,26,27,34,42,47]; y3arajibHeHHs 1H(OpMAIli MPO KOHCTPYKIIO Ta JIOCBIiJ

eKCIUTyaTarii BaJKiB OpukeTHux mpeciB [9,10,11,54], BmockoHaJICHHS METO/IIB BU3HAUCHHS
napameTpiB nporiecy OpukeryBaHHs [1,13] po3poOka MaTeMaTHUHOT MOJIEITl 3HOCY OaHIaXKIB

[12,14,15], po3poOka MeTOay TOCIIIKEHHS BIUTMBY 3HOCY OaHIaXiB HA TTapaMeTPH MPOIIECy

OpukeryBanHs [17,18], po3poOka HAYKOBO-TEXHIYHUX PIllIEHb IIOAO MiABUIICHHS PECYPCY

eKcIUTyaTarii OaHmaXiB BaJKOBUX OpuwkeTHux mpeciB [37,43,44,55], po3pobOka

EKCIIePUMEHTAIILHO-aHATITUYHOTO METOJIy OIIIHKMA BIUIMBY KOH(}irypaiii (opMyrounx

€JIEMEHTIB Ha MPYKHY micisiaio B Opukerax [4,22,30,45], po3poOka MeToay Ta AOCIIKEHHS

3B’S3Ky KOHCTPYKTHBHHX, CHEPrOCHJIOBHX Ta TEXHOJOTIYHHUX ITapaMEeTpPiB HTHEKOBOTO

MIITPECOBHUKA BAIKOBOTO Tpeca [49,56], 1ociiKeHHs BIUIMBY IIBUAKOCTI IPECyBaHHS Ha

OCHOBHI TlapamMeTpu Tipolecy OpukeTryBaHHS [7], dhOpMyJIOBaHHS OCHOBHHUX IOJIOXKEHB

3aCTOCYBaHHS CTPYKTYPHO-TIApaMETPUYHOTO CHUHTE3Y 1 aHaji3y J0 MOIIYKY pallloHaJIbHUX

KOHCTPYKIIIA BaJIkOBUX TipeciB [2,3,25], po3poOka BIOCKOHAJICHUX JeTalel Ta BY3JiB

BaJIkoBHX TipeciB [29,31,39,40,53].

Anpo6auis pe3yjbTartiB qucepranii. OCHOBHI OJIOXKEHHS poOOTH BUKJIAACHI Y (hopmi
nomoBiel Ha 14 HAYKOBO-TIPAKTUYHUX KOH(EPEHINX, y TOMY ducii Ha: MiDKHApOIHIN
HAyKOBO-TIpakTU4HIM KoH(pepeHmii «IHHOBaIIHI pecypco30epekHi MmaTepiaid Ta
3MIITHIOBAJIbHI TEXHOJIOT1i», sika mpucBsueHa 20-piyuro Kadbenpu «Matepiano3HaBCTBO»
(ITATY, Mapiynons, Ykpaina, 2012); Bceykpaincbkiii HayKOBO-TeXHIUHINA KOHDepeHTIii
«Exomoriuni  mpoOJieMH  TIPHUYO-METANYPTiMHOTO KOMIUIEKCY YKpaiHu 3a yMOB
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dbopMyBaHHs npuHIUMIB 30anancoBaHoro po3Butky» (HI'Y, uimpomnerpoBcbk, YkpaiHa,
2008); MixHapoaHili HayKOBO-T€XHIUHIM KoHbepeHuil «HanmiiiHiCTh MeTalypriiiHOTO
obnagHanHs». (HMetAY, uinponerpoBchk, Ykpaina, 2013); I BceykpaiHcbkiit HayKOBO-
TEeXHIYHIN KoH(pepeHii « KoM’ roTepHe MOJIeTI0OBaHHS Ta ONTUMI3AIlS CKIATHUX CUCTEM)
(ABH3 YAXTY, IninponeTpoBchbK, Ykpaina, 2015); BceykpaiHChKiil HAyKOBO-TEXHIUHIN
koH(pepentii, npucsiyeHoi 100-piuuy 3 nus HapomxkeHHs ['. I'. €pumenka «AKTyanbH1
npo0ieMu pO3BUTKY MeTanypriiiHoi Hayku Ta ocBitu». (HMetAY, duinpo, Ykpaina,
2017); BceykpaiHcbkiii HayKOBO-TeXHIUHIM KoH(pepeHiii «MexaHika MalluH — OCHOBHA
ckianoBa npukiagHoi MexaHikm» (HMetAY, Jquinpo, Ykpaina, 2017); XIII Mixknapoauii
HAyKOBO-TIPaKTHUHIA KoH(pepeHii «JIutBo. Metanypris». (3anopixoksa, Ykpaina, 2017);
MixHaponHii  HayKOBO-TeXHIuHIH  KoHGepeHuii «Martepiann, oOmagHaHHA Ta
pecypco3aoniapKyBaabHl TexHoori» (Morumso, bimopycs, 2018); IV Beeykpainchkiii
HayKOBO-TeXHIUHIN KoH(]epeHinii « KoM 1oTepHe MOACTIOBaHHS Ta ONITUMI3AITIS CKIIATHUX
cuctem» ([ABH3 YAXTY, HuinponerpoBcbk, YkpaiHa, 2018); «Physical & Chemical
Geotechnologies, International Scientific & Practical Conference» (HI'Y, Ininpo, Ykpaina,
2018); X MuixHapoaHiii HayKOBO-TeXHIUHIN KoH(epeHIi «PecypcozbepexeHHss Ta
eHeproe(eKTUBHICTD MPoIleciB Ta 00JagHaHHS 0OpOOKM TUCKOM B MAIIMHOOYIyBaHHI Ta
metanyprii» (XIII, XapkiB, VYkpaina, 2018); XI MixHapoaHili HayKOBO-TEXHIUHIH
koH(pepeHilii «PecypcozbepexeHHs Ta eHEproeeKTHBHICTh MPOIECIB 1 00JIaJHAHHS
00poOKHM TUCKOM B MallTMHOOYAYBaHH1 Ta METaIYPrii», IpUcBsueHOi 90-piudro 3acCHyBaHHS
kapeapu oopobku metaniB TUckoM. (XIII, XapkiB, Ykpaina, 2019); «Proceedings of the
First Virtual Conference on Mechanical Fatigue» (VCMF 2020), (Portugal, Poland, 2020);
VI BceykpaiHCbKiil HayKOBO-TE€XHIUHIM KoH(epeHiii «KoMIT'toTepHe MOJIETIOBaHHS Ta
onTtuMizaiis ckiaagHux cuctem» (IABH3 YAXTY, Hduinpo, Ykpaina, 2020).

Iyouaikanii. 3a Temoro Aucepratii omyonikoBaHo 56 po0iIT, y ToMmy umucni: 20 ctareil B
CHeIiali30BaHNX HAYKOBHUX BUIAHHSX, 3aTBepkeHnx JIAK Ykpainu, 12 craTeil B HayKoBO-
TEXHIYHMX, B TOMY YHCJIl 1HO3EMHHUX BHJAHHSIX, 16 Te3 Ta MaTepiamiB JOMOBiAeH Ha
HAayKOBUX KOH(MEPEHIIX, 2 MaTeHTu YKpaiHu, S cTaTel, Mo yBIHIUIM 10 HAYKOMETPUIHOT
6a3u ganux Scopus Ta 1 cTaTTs, mo BxoauTh 10 6azu Web of Sciences.

Crpykrypa aucepramii. Jlucepraiiis CKIagaeTbCs 13 BCTYIy, 7 PO3/1IiB, BUCHOBKIB,
CIIUCKY BUKOPHUCTaHUX JpKepen 1 gojaatkiB. PoboTta Mae 3aranpHuil o0csT 438 cropinku, 3
HUX: 324 CTOpPIHKM OCHOBHOTO TEKCTy, J0JaTKiB Ha 23 cropiHkax, 154 imwoctparrii, 62
tabnuii. CiucoK BUKOPUCTAHUX JIKEPEN CKiIaiaeThes 3 214 HaliMeHyBaHb.

OCHOBHUM 3MICT POBOTH

Y Beryni 00rpyHTOBaHA aKTyaJbHICTh JUCEPTALIiHOT poOOTH, cPOopMysIbOBaHI MeTa 1
3aBJaHHS JOCHIPKCHHS, BUCBITJICHI HAyKOBAa HOBHM3HA Ta MPAKTHYHE 3HAYCHHS OTPUMaHUX
pe3yabTatiB, anmpobailisi Ta MyoJIiKalis pe3yabTaTiB AOCIIKEHHS, BU3HAYEHO OCOOUCTHIA
BHECOK aBTOpa.

Y nepmomy po3aijii BUKOHAHO aHaI3 KOHCTPYKTUBHHX 1 TEXHOJIOTTYHHMX IMapaMeTpiB
BAJIKOBUX TIPECIB Il TepepoOKu  ApiOHOGPAKIIMHNX CHPOBUHHUX  MaTepialiB.
3anponoHOBAaHO y3arajdbHEHY Kiach(iKaIllil0 BaJIKOBUX MPECIB 3a TEXHOJOTIYHUMHU Ta
KOHCTPYKTUBHUMH TMapaMeTpamMu. BCTaHOBJIEHO, 10 HAWOLIBIN MONTUPEHUMH HAa PUHKY
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JAHOTO TUITY OOJaIHAHHS € TIPECH 3 OJHIEI0 MAPOIO BATKIB 3 CAMETPUYHUM Ta KOHCOJIbHUM
pO3TallyBaHHAM BaJKiB BITHOCHO MIJIIUITHUKOBUX OTOP.

JI71s1 BAJIKOBUX TIPECIB PI3HUX BUPOOHMKIB JOCIIPKEHO B3a€EMO3B’ 130K KOHCTPYKTUBHHUX
Ta TEXHIYHUX PIIIEHb 3 MOKA3HUKAMH iX €(h)eKTUBHOCTI. BCTaHOBIIEHO, 1110 KOMIIOHYBAJIbHE
pIIIEHHSI BAJIKOBUX OJIOKIB CYTTEBO BILIMBAE HA KOHCTPYKIIIFO JIIHIT IPUBOAY Ta BIAMOBIIHO
Ha 3HAYEHHS METAJIOEMHOCT1, EHEPTOEMHOCTI Ta PECYpPCy eKCILTyaTarlii.

VY3aranpHeHHs1 1HQOpMallii, MPUCYTHHOT Y BIAKPUTHX JIKEpesax, BKazye Ha Te, IO
Cy4acHI pO3poOKM WIOJAO BIOCKOHAJCHHS KOHCTPYKTHMBHHMX Ta €KCIUTyaTalliiHUX
rapamMeTpiB BAJIKOBUX MPECIB 37AeOUIBIIOTO 30CEpEHKEHI Ha JOCTIIKEHI €HEPTOCHIIOBUX
mapamMeTpiB TMPOIECy OpHWKETYyBaHHS Ta BIUIMBY TEOMETPUYHHX MApaMETPIB OCEPEIKY
aedopmariii Ha mapamMeTpu YUIUIbHEHHS IINXTH B OpUKETH.

Ha ©6a3i amamizy mitepaTypHHX Ta I1HIIMX JpKepen iH(opmallii BCTaHOBJICHO, IO
OCHOBHOIO TIPOOJIEMOIO, SIKa CTPUMYE PO3POOKY Ta BIPOBAKEHHS CYYaCHHX BaJIKOBHX
MpeCciB 3 PO3MIMPEHUMH TEXHOJOTIYHHUMH MOXJIHMBOCTSIMH € BIJACYTHICTh YITKO
c(hOpMOBAHOTO CUCTEMHOTO MiAXOAY, SIKUW J03BOJIAE MPU CTBOPEHHI HOBUX MOJU(IKAIIH
BAJIKOBUX TNPECIB KOMIIOHYBATH iX 3a MOJYJBHUM TPUHLUIOM. BiAcyTHI naHHI Mpo
TEOPETHUYHO PO3POOJIEHI METOJM aHaji3y TaKUX IMOKa3HUKIB Mpolecy OpUKETYBaHHS Ta
CTaHy MPECcOBOT0 OOJaJHAHHS SK: B3a€MO3B’ 30K 3HOCY MPECYIOUUX MOBEPXOHb BAJIKIB 3
napamMeTpamu Ipolecy OpUKETyBaHHS; BIUIMB MIBUIKOCTI MPECYBaHHS Ha SKICTh OPUKETIB
1 CWIOBI mMapaMmMeTpu TMpOIEeCy; B3aEMO3B’SI30K BJIACTUBOCTEN IIUXTH, KOHQIryparii
(OopMyIOUHX €IEMEHTIB Ta MPY>KHOI MICIAI 3 IKICTIO OPUKETIB.

B pe3ynbrari BUKOHAHOTO aHami3y TEXHIYHOI 1H(OpMaLli MIATBEpKEHA aKTyaJbHICTh
JOCTIPKEHb TI0 CTBOPEHHIO CYYaCHUX BAJIKOBHMX MPECIB, HA MIJCTaBl YOro BU3HAYEHI LU Ta
3aj1a4i poOOTH.

Y npyromy po3auii BUKOHaH1 JOCIHKEHHSI BIUTMBY 3HOCY OaHaKiB BaJIKOBUX MPECIB HA
TEXHOJIOTTYHI Ta €HEProCUJIOBI MapaMeTpH MPOLECY NpecyBaHHsA. baHnax1 BaJIKOBUX MpECIB
(puc. 1a) € BogHOYAC JOPOTUMH Ta IIBHIKO3HOITYBAaHUMHM JACTAJIIMUA BAJIKOBHUX TPECIB, CTaH
Ta TEOMETPHUYHI ITapaMeTpy POOOYHUX MOBEPXOHB IKUX CYTTEBO BIUIMBAIOTH HA PEXKUMHU POOOTH
oOnagHaHHs Ta SKICTh OpukeTiB (puc. 10) Ilokazano ocoOIMBOCTI 3HOIIYBaHHS OaHIaXIB

BAJIKOBUX 1mpeciB (puc. 1B), 110

a T 6 BIZIOYBa€THCS B pe3yJbTari
E 25 0araTopazoBoro MIPYKHOTO I
e|'as s IUIACTUYHOTO /1e(POpMyBaHHS OJHUX 1
. 2 %. e . TUX K€ MIKpoo0'eMiB MaTepiaty po6ouoi
. MOBEpXHI HA KOHTaKTaX 3 TBEPAUMHU
! Mg YaCTMHKAMU IIUXTH, 1110 OPUKETYEThCH,
': : AK€ BHKJIMKAa€ BTOMHE PYWHYBaHHS
v s TIOBEPXHEBOTO mapy Mmarepiary
g - OaHaXKIB.
X , Po3pobneHO  KOHIEMINIO  OIIHKH
Pucynok 1 — banjax BajnkoBoro npeca, OpukeTu BILIMBY CTYIIEHS 3HOCY OaHIaxiB Ha

a — Ganax 3 3y04acTo-Koj1004acTUMK GOPMYIOUMMH  TIapaMeTpy OpUKETYyBaHHSI, SKa TOJISTae
eneMeHTamMu; 0 — OpUKeT, OTpUMaHUN Ha HE3HOIIEHUX y BCTaHOBJICHHI B3a€MO3B'A3KIB MiK

OaHmaxax; B — OpUKETH, OTPUMaHI Ha 3HOILEHUX KOHTAKTHIMMU HAIIPY>KCHHSIMH Ha
OaHmaxkax
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poOOYMX TMOBEpPXHSAX OaHIaXiB, XapakTepoM 1 BEIMUMHOIO I1X 3HOCY, MapamMeTpaMu
OpUKeTyBaHHSI.

Po3pobieHo HOBHIT po3paxXyHKOBO-aHATITHUHHN METO]T OLIIHKH 3HOCY OaHaKiB BAJIKOBUX
NpECiB Ha PI3HUX CTAIisAX iX eKCIDTyaTallii, SKiid BKIIFOYa€ MaTEeMAaTUIHY MOJICTb BU3HAUYCHHSI
Ta Mo0y/I0BY TOIOrpaM 3HOCY (pHcC. 2).

MarematnyHa MoOJIeNIb 3HOCY OaHIaXiB BaJIKOBHX IPECIB XapaKTepU3y€e B3a€MO3B’SI30K
JHIAHOTO 3HOCY N MalijaHunKka Tpecyrouoi MOBEPXHI 3 KOHTAKTHUMH HAINPY)KCHHSMH B
ocepeaky nedopmaliii, BTaCTUBOCTAMHU MaTepiary OaHIaXKiB Ta yMOBaMH IPECYBaHHS IIUXTH:

. p, 7Ra,
h=ij tn .= 7Py 1
"HB 180° ° )

me I, — mMTOMAa  IHTCHCHBHICTB
3HOUIYBAaHHS; P, — HOpMaJlbHa CKJaJ0Ba
KOHTaKTHUX Hamnpyxenb, Mlla; HB —
TBEPIICTb  MaTepialy  OaHIaxXiB IO
Bpinemmo, MIIa; R —paniyc, o Busnauae
MOJIOKEHHSI TOYKM KOHTYpY poOodoi
NOBEepXHI OaHJa)ka BIJHOCHO OCI BaJika,
MM; Opr — KyT NpPECyBaHHs, Tpag; N, —

KUIBKICTh OO€PTIB BaJKa.

3a3HaueHUI pO3PAXyHKOBO-aHATI THYHUN
amapaT BIJKPHBA€ MOXIIMBICTH PO3POOKH
pallioHAIbHUX PEXKHUMIB OpUKETYBaHHS 1
eKCIUTyaTallli mpeca Ha PI3HUX CTaJisux
3HOCY OaHJaXKIB 1 CTBOPEHHS €(PEKTUBHUX
METOIB BIJIHOBJIEHHSI POOOYHMX MOBEPXOHb
BAIKIB 3 METOK 30UIBLIEHHS TEPMIHY
eKCIUTyaTallli 0aHaaxiB npeca.

BceraHoBneHO B3a€MO3B'SI3KM 1 OTPUMaHI
rpadiuHl ¥ aHAMITUYHI 3QJIEKHOCTI MIXK
BEJIMYMHOIO 3HOCY OaHIaXIB,
TEXHOJIOTIYHUMUA 1  €HEPrOCHIOBUMHU

(hopMyrOUOro eIeMeHTa BAIKOBOTO Ipeca HapaMeTpamMu 6pHKeTyBaHHfI' Ha mizCTaBi

a — B TIONIEPETHOMY TICPETHHL; 6 — B MoyIoBKHboMy ~ BCTAHOBJICHUX 3Q/ICKHOCTEH MK 3HOCOM

TepeTHHi OaHmaXiB 1 TmapaMmerpaMyd OpHUKETyBaHHS

CTBOPEHMM HOBHHM METOJ MPOTHO3HOI

OLIIHKHA TEXHOJIOTIYHUX 1 €HEProCUJIOBUX MapaMeTpiB OPUKETYBAaHHS MPU PI3SHOMY CTYTICHIO
3HOCY OaHJIaXKIB 3a JJOTIOMOTOK HOMOTpaM (puc. 3).

Po3pobnena ekcrutyatariiiina kapta (EK) xomrmuiekty GaHmaiB BaJIKOBOIO OpPHUKETHOTO
npeca. Hanami 3acTocyBaHHs Takoi KapTH 103BOJIUTH HAKOMMYUTH (PaKTU4UHI JIaH1 TPO PEKUMU
1 yMOBM eKCIUTyaTalli OaHJaXiB pI3HOIO KOHCTPYKTUBHOIO BHKOHaHHS B YMOBax
OpUKETYBaHHSl IIMXT 3 PIBHUMU (I3UKO-MEXAHIYHUMHU BIIACTUBOCTSMH. 31CTaBJICHHS
(hakTUYHUX TapaMeTpiB eKCIuTyaTallii OaHAaXiB 3 PO3PAXyYHKOBUMU JAHUMH JO3BOJIUTH
BHOCUTH KOPEKTHBH B MOJIEJl Ta METOAM OIIHKHA BIUIMBY 3HOCY OaHIaXiB Ha IPOIIEC

Pucynok 2 — Tonorpama 31H0cy po6040i OBEpXHi
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OpUKETYBaHHs, TUM CaMUM IIJIBULIUTH iX edekTuBHICTh. [Jani, orpumani 3a nonomororo EK,
TaKoX OYyJTyTh 3aCTOCOBaHI MPH PO3POOII CUCTEMH ILIAHOBO-TIONEPEIKYBAUIBHUX PEMOHTIB
MPECOBOTO 00T THAHHS.
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Pucynoxk 3 — Homorpama napameTpiB mnpoiiecy OpHUKETYBaHHS JJIsi PI3HOTO CTYTIEHS 3HOCY
OanmaxiB; KoHQITyparis popMyrounx eleMeHTiB — 3yduaro-xonoduacta F2; mmxta — 96,5%
CHJIIKOMAapraHiito 1 3,5% opraHiqHOro CHOJIyYHOTO

Y TpernoMy PpoO3aijii 3amporOHOBAHO KOHIEMIIK JOCTIIKEHHS BIUIUBY 3MIHU
(opMyIOUHX €JIEMEHTIB BAJIKOBUX MPECIB HA MPY>KHE PO3IIMPEHHS OPUKETIB, AKa MOJISTrae
y BCTaHOBJIEHHI 3B'SI3Ky HAaNpyKeHO-1e(OpPMOBAHOTO CTaHY YIIUIbHIOBAHOT HIMXTH 3
BEITMYMHOIO 1 PO3TOIIIOM MPY>KHOT TICISIII.
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BukoHaHO KOMIUTEKC E€KCIEPUMEHTATFHUX 1 aHATITUYHUX JOCHTIHKEHB, CIIPSIMOBAHUX Ha
CTBOPEHHSI HAYKOBO-METOAWMYHOI Oa3zu Ui OIIIHKM BIUIMBY KOHCTPYKTUBHUX MapameTpiB
(hOpMYyIOUHX €JIEMEHTIB BAJIKOBUX IPECIB HA MPYKHY IICISIIIO 1 SIKICTh OpUKETIB.

ExcnieprMeHTaIbHO BCTaHOBJICHO 1 aHAMITHYHO OIMCaHI 3aJIeKHOCTI  KoedillieHTa
YIIUIBHEHHS, IIPY>KHOI MICIISII, IUIBHOCTI Ta PO3YIIUIbHEHHS Bl TUCKY MpecyBaHHs (puc. 4).

a 0

100,0 16,0
90,0
80,0
70,0 -
60,0
50,0
40,0
30,0
20,0
10,0 -

0,0

p=0,0115Ky"*"™* |
R%=0,9951 12,0

5y=5,9776p" "%
R?=0,8225

Tuck npecysanns, MIIa
IIpyxHa mcaaxia, %
o
=)

0 13 20 &3 30 0,0 20,0 40,0 60,0 80,0 1000 1200

KoedimienT yurimmHenms Tick nipecyBanns, MIla

2,8 — 1 0,4
poro=1,6885p%0%%8 ‘ -
R?=0,9991 !

03

3

0,3
Ap=0,0611p°*"®

s 0,0818
por.1=1,5878p R?=0,9903

5 0,2
R“=0,9992

0,2

it HiCTB, I/cM

0,1

i HicTs, r/em®

0,1

0,0
1,0 - f 0,0 20,0 40,0 60,0 80,0 100,0
0,0 20,0 40,0 60,0 80,0 100,0
Tuck npecyBannsi, MIIa
Tucek npecyBanns, MITa

Pucynok 4 — 3anexHoCTi mapameTpiB OpukeTyBaHHS ApiOHOMpaKIiitHOro MaTtepiary
(MaTepiasl — MapraHieBUl KOHIICHTPAT)
a — Koe(IIeHT YUIIIbHEHHS-TUCK MTPECYBaHHs; O — TUCK MPECYBaHHA-TIPY>KHA MICIISIIS;
B — TUK IIPECYBAHHSA-IIJIBHICTh OPUKETIB; I — TUCK MIPECYBAHHA-PO3YLIIJIbHEHHSI OPUKETIB
1 — s WKUXTH T TUCKOM; 2 — 3 YpaxXyBaHHAM MPYKHOI MICTSALT

CTBOpEHO EKCIEpUMEHTAIbHO-aHAIITUYHUNA METOJ] OI[IHKM BIUIMBY KOHirypartii
(dhopMyIOUHX €JIEMEHTIB Ha MPYXKHE PO3IIMPEHHSI OPUKETIB, 3aCHOBAaHUN Ha BUKOPUCTAHHI
TOJIIB HAPYKEHb, 1110 BKIIIOUAE MOOYOBY €MIOp PO3MNOALTY HAIPYXKEHb, TPYKHOT MIiCIsIail
1 OIUIBHOCTI MiCIIsl MPYXXHOTO po3mupeHHs (puc. 5). CTBOPEHO alTOpUTM 3aCTOCYBaHHSI
3alPONOHOBAHOIO METOY.

[ToxazaHa MOXXJIUBICTh 3aCTOCYBAaHHSI CTBOPEHOTO METOJY 10 BUPILIEHHS HACTYIHUX
3aBJaHb: MPOTHO3YBAHHS 1 OIIHKU BIUIMBY 3MiHM (POPMYIOUUX €JIEMEHTIB 1 MapaMeTpiB
VIIUTbHEHHS Ha TIPYXKHY MICISIII0; BU3HAYCHHS PAIllOHAIbHUX T€OMETPUIHUX IMapaMeTpiB
(hopMyIOUHX €IEMEHTIB, sIKi 3a0€3MeUyI0Th OTPUMaHHS OPUKETIB 13 33JJaHOI0 MIITBHICTIO 3
ypaxyBaHHSAM iX TPYKHOTO PO3IIMPEHHS MICHSI 3HATTS HABAaHTAXEHHS; MOJEITIOBAHHS
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HOBUX THIIOPO3MIpiB (OPMYIOUHMX €JIEMEHTIB IS 3HUKCHHS HETaTHBHOTO BILTUBY
HEPIBHOMIPHOCTI pO3MOILTY YIIUIBHEHHS B OpPUKETI.

35.0 ¢
30.0 ]

25.0
20.0
15.0

10.0 |
50 |

0.0

15.0 |
10.0 -
5.0

0.0

A
5 %39 2.31
2.6 I:3.7 2.30
g 84.4 I13.5 2.28
1 79.1 133 P 2.27
76.6 13.2 2.26
f‘@ﬂ» 75.6 @ 13.2 -» 2.26
76.1 13.2 2.26
77.9 133 2.27
82.1 13.4 2.28
89.3 Twcs.e 2.29
= 2t

0 20 40 60 80 100
| MMa
|
|
|
|
|
|

———————o

10

231

25
r/om®

5
50.9
44.9
42.7

427
—@< 426
43

443
48.6
59

11.9

12.0
12.2
12.6

» 2.31
2.19

P 217

2.16

.» 2.16

2,16

2.16

217
2.18
2.22

I

524

0
|
|
|
|
|
|
|

20 40 60 80 100
MMa

10

‘).ﬂ
15
%

231

25
ricm®

P 2.31

0 20 40 60 80 100
MnMa

Pucynok 5 — Po3mosin B OpHKeTi Hanpy»XeHb (), pykHOI micsiii (3y) Ta mwibHOCTI (01),
KoH(DIryparis (opMyrOUHX €JIeMEHTIB 3yOuacTo-kojio0uacTa, Marepial — MapraHieBHid
KOHIIEHTpaT ((pp. -3 MM)

BcranoBnieHo, 110, 3MiHIOIOYHA PO3MIpH 1 TEOMETPUYHI CITiBBITHOIICHHS (HOPMYIOUHUX
€JIEMCHTIB, MOXJIMBO BIUIMBATH Ha PO3MOJLT XapaKTEPUCTHUK YIIIIBHEHHS 1 TMPYKHOT
micnsanii. Ha 6a3i mopiBHSAIBHOTO aHAITI3Y S0P PO3MOAUTY MPYKHOT MCIISIii Ta MITBHOCTI
B OpHKeTax po3po0JieHUi HOBHI (hopMyrOUHid eleMeHT (puc. 6) po3MipH SIKOTO BU3HAYCHI
cmiBBigHomenusmu: L=0,8 ...1,2B;H=B/2,3...2,6; h1=h2=B/2,3...2,6;r1 =0,1 ...1,3
H;r2=r3=0,1...1,3H; y1=30...70°; y2 =30...70°; 6=0,5...3 MM, 1e L — 1oBXMHA OCHOBH
KoMipk#; B — MOBXHHA OCHOBM KiJIBIIEBOTO k0500y; H — rmubuna xomipku; hl, h2 —
rIIMOMHA KIJIBIIEBUX XK0J1001B; I'l— paniyc 3akpyrieHHs: O0KOBUX CTOPIH 3 MEHILOI OCHOBOIO
KOMIPKH; 2, I3 — pajiycu 3aKpyrieHHs 00KOBHX CTOPIH 3 MEHIIIOI0 OCHOBOIO JK0J1001B; y1—
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KYT PO3KPHUTTS KOMIPKH; Y2 — KyT PO3KPUTTS KUIBLIEBUX K0JI001B; 0 —3a30p M1k pOOOUYUMU
MOBEPXHSAMU BAJIKIB, MPU LOMY Mpodimi poOOYMX MOBEPXOHb BAJIKIB BHUKOHAHI TaKUM
YUHOM, 1100 TMPH iX CHOJYYEHHI B Mpolieci poOOTH Mpeca 3a0e3nedyBaiocs rapaHTOBaHE
nepekpuTTs 6o=0,5 MM popMyrOUMX €TEMEHTIB.

Banok 2 Banok 1

77 %
1L fore /" Iz
Banok 2 f o ‘ )
il I §

7 i N NN r3
S S

Pucynok 6 — HoBuii Tun (hopMyrounx eJIeMeHTIB

y2

Y d4erBeprOMY PpO34iJdi BUKOHAHO TEOPETUYHI JOCHIKEHHS BIUIMBY IIBHJKOCTI
MpeCyBaHHs HA ApaMETPH YIIUTbHEHHS IPIOHOPPAKIIHHUX IIUXT B BAIKOBOMY MPECI.

[IpoBenenuit anami3 piBHSIHb, fAKI ONUCYIOTH BIUIUB IIBUAKOCTI jaedopmariii Ha
napaMeTpy YIIUIbHEHHS METaJeBUX IMOPOIIKIB B INIaJKUX BajlkaX. Bu3HaueHo, 10
HaOUIbIIl TOYHUMU € aHAJIITUYHI BUpa3u, 3anpononoBaHi O.A. Katpycom:

12,5-¢-K-R- p, -(Sina, -Sina,, |
Vi = » Vi = (1,5...10) -V, (2)
ILI ) aC

ne V., — BepXHsl KpUTHYHA LIBUIKICTh MpecyBaHHsI; K — KOe(ILIEHT MPOHUKHOCTI Martepiaiy;
R — pazlyc BaJKiB; Onuk — HACUIIHA IIUIBHICTD IIMXTH; O, — KYT TI01a4l MaTepIay; Oy, — KyT
MPeCyBaHHsI; L — KOS(DIIIIEHT B’S3KOCTI MOBITPS; d. — TOBIIUHA IIapy MaTepialy B HAPSMKY
HAMEHIIOro CpoTUBY (BUIbTPaLli; Vimax — MAKCUMaJIbHA IIBUAKICTH MPECYBAHHS.

Ha 0a3i BupaziB (2) chopmMoBaHa MaTeMaTH4YHA MOJEIb, SIKA OINKCYE BILIUB YaCTOTH
oOepTaHHs BaJIKiB OpMKETHOIO Mpeca Ha KOe(ILI€HT YIIUIBHEHHS B OcepeaKy aedopmartii:

Ar®% .y
Ky =Kc ! +1 , 3
y 20-7-d,__-R-n ®)

uacm
ne Ky — xoediuicHr yminsHenns; Ar — kputepiii Apxumena; v = 1,63801x10° m%/c —
KiHEeMaTH4YHa B’ SI3KiCTh TOBITPS; Uyyem — CEPEHIN TIAMETP YACTUHOK MaTepiaiy; N —yacToTa
oOepTaHHS BaJIKiB.
3HaveHHS KPUTEPir0 ApXiMela BU3HAYAETHCSI BUPA3OM:
Ar: g 'dqacm . (pT _pf) ’

2
v Pr

(4)



15

ne g=980cwm/c?; pr= 1,105 krim® —

3.2

0 __3m sm3ge IIUIBHICTh cepefoBuIlia (MOBITPS); Or—
_ SLLY VS AN 4 . . .
g e ;{98 . INIUIBHICTh YaCTMHOK — Mareplaimy, 110
E S » 2,93 S ac284
2 28 = HUKCTYEThCA.
fl = -0,0041x . 0,0087x +3,0494 k ffg 2,61 6p . €Tpe . .
ik YO lvses 15 L2 B iHTepBami YacTtor 0OepTaHHS BAJKIB
%2_4_ | e HIDKYE N, sKa BIIIOBYIAE KPUTUYHIM
| IIBUJIKOCTI TIPECYBAHHS, IIUTHHICTH OpPUKETIB
5 . ‘ ‘ ‘ . . HE 3HIKYETBCA. [ [pUiHATO TONYILEHHS, 1110,
° 2 ¢ o8 W " “  mo4uHaro4u 3 N, , 31 30UIbLIECHHAM YacTOTU
Yacrora obepranHs Bankis, xg! r
e PO3paxyHKOBi AaHi e eKcnepumeHTanbHi AaHi 06echaHI_IH BaJ-.[K.iB BiI[6YBa€TBCH MOHUIOI‘]I‘IG
Pucynok 7 — 3amexHicth KoedilieHTa 3HWKCHHA BEIMYMHA yiibHeHHs.  [laHe

VIIJIBHEHHS BiJl 4YacTOTHM OOEpTaHHs BaJKiB SBHILE CIOCTEPINAETHCA @K [0 MOMEHTY,
npeca g mmXTH 90% KOKCOBOro Jpi0'si3Ky 1 KOJM 4acToTa OOEpTaHHs BAIKIB JOCATae

10% JICT 3HAYCHHS Ny , BIMIOBITHOMO Vi, , TIPH
4 § 4 ’ skoMy BemmurHa K » HAOMDKAECTECA  JI0
o Lo L N AN RN OJTHHIT.
i S AL W Bepyan g0  yBarm  3a3HadeHi
% JOTYIIIEHHSI, 3 BUKOPUCTAHHSM (hopmyT

- | \ 1 ‘;’ ‘.‘,f'f (2-4) otrpumaHi po3paxyHKOBI TrpadiyHi

= : | 3QJIEKHOCTI, 10 XapaKTEePH3yIOTh BIUIMB

— et WIBMJIKOCTI TIPECYBAHHS HA MApaMeETpH
: 1" YIIUTBHEHHS IUXTH (pHC. 7).

0 == m 3 puc. 7 BHIHO, IO ISl IPUAHSATHX

= g napameTpiB ocepeaky aedopmailii mnpu

KOXKHOMY 3HAa4€HH1 YaCTOTH OOepTaHHS

40

Tuck npecysawnHa, MlMa
g

10

= z .
Sl 12 14 s 18 2 22 24 26 28 s  BQIKIB JIOCATA€TbCA II€BHE 3HAYECHHS
KoediuieT yujinbHeHHs Koe(dillieHTa YIIUIbHEHHS MUXTH. SKIIo
Pucynok 8 — 3anexnicte koedimieHTa BpaxyBaTH, L0 MINXTA, KA 3HAXOAUTHCS

YIIUTBHEHHS BiJ TUCKY TpeCyBaHHS [yisi B MDKBAJIKOBOMY  NIPOCTOpI,  HE
wuxTH 3 90% KokcoBoro jipi0's3ky i 10% JICT ~ BHUTICHAETHCA 13 30HU MPECYBAHHA, Ta ii
IIPU 9aCTOTi 00EPTaHHS BAJIKIB: NEPBUHHUI 00'em HOBHICTIO
1-1x8t;2-8x81;3-10x8%; 412 x8™ YIIUTBHIOETBCS IO 00’€My OpUKeTy Ha
JiHII LEHTPIB BaJKIB, TO (pOpMyBaHHs

OpUKETY NJisl KO)KHOTO KOHKPETHO B3SITOrO 3HAYEHHS YAaCTOTH OOEpTaHHS BAJIKIB MOYHA
OMHMcaTH KpPHUBOKO YHIUIBHEHHS B KOOpPAMHATaX «TUCK MPECYBAHHSI-KOE(DILIEHT
YIIUIBHEHHS». YIIUIBHEHHsS IIMXTH B Jlala3oHl 4acToT oOepTaHHA BalKiB a0 N, B

3araJbHOMY BUIJISI/II OMUCYETHCS PIBHAHHSM:
b
p=a-Ky". (5)
3MEHIIIeHHS 3HAYCHb [ 31 30UIBIICHASIM YaCTOTH OOEPTaHHS BAJIKIB O0YMOBIICHO MPOIIECAMU

(buTbTpaIlii moBITPs, BHACTIOK YOTO 3MEHIIYEThCS OMip muXTH cTUcKy. [1{00 BpaxyBatu 11e
SBMIIE, B PIBHAHHA (5) BBOIUTHCS MONpPaBouHmii KoedimientK
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p=k,-a-Ky". (6)

Bemunna koeditienty K, Bu3HAYaETHCS, SIK BIIHOIIEHHS 3HAYEHHS KOS(II[iEHTA yIITLHEHHS TIPU
IIBUJKOCTI HPECyBaHHSA MeHIIe V, [0 3HaueHHA KoedillieHTa YIIUIbHEHHS, BiATIOBITHOIO
BUOpaHiii yacToTi OOepTaHHS BaIKIB. TakuM 4YMHOM, Ui JOCTDKYBAaHHMX MarepiamB, 3
BUKOPHUCTAHHAIM PIBHSHB (2-6) Ta rpadiuHMX 3aJISKHOCTEH 1O THITy, HaBEJICHOMY Ha puC. 8,
noOy10BaH1 rpadiuHi 3aJIeKHOCTI, sIKI ONMMCYIOTh BIUIMB IIBUIKOCTI JedopMariii Ha OIp IIUXTH
CTUCKAaHHIO 3 BpaxyBaHHSM (Di3FKO-MEXaHIYHMX BJIACTUBOCTEH INHMXTH Ta TEOMETPUYHKX
napameTpiB ocepenky aedopmarii (prc.8). JlaHi Ha puc. 8 BKa3yrOTh Ha T, 0 31 30UTBIIICHHIM
IIBUJIKOCTI MPECYBAHHSI OIIpP MIMXTU CTUCKY 3MEHIIIYEThCS, B PE3YJIbTaTl 3MIHIOETHCSL HAITPYKEHO-
nehopMoBaHUii CTaH B ocepeaKy nedopmartii. Tomy, KoxKHA 3 KPUBUX YITUTBHEHHS, IPEICTABICHIX
Ha prc. 8, oOMexeHa BIATIOBITHAM 3HaYeHHIM KOe(DilliEHTa YITUTbHEHHS.

OtpumaHi B TaHOMY PO3AUTT poOOTH pe3yIabTaTH € 0a30l0 IS MOJANBIIOTO PO3BUTKY
METO/I1B MPOTHO3YBAaHHS Ta OLIHKHU BIUIMBY LIBHUJKOCTI AedopMallii Ha €HeprocusoBl Ta
TEXHOJIOT14HI MapaMeTpy OPUKETYBaHHS IPIOHOPPAKIINHUX IIKUXT B BAJIKOBUX Ipecax.

Y ’saitomMy po3aiJii BUKOHAHO JOCTIHKEHHS 3B’ S13KIB KOHCTPYKTUBHUX, EHEPTOCUIIOBHUX
1 TEXHOJIOTTYHHUX TTapaMETPiB IIIHEKOBOTO MiAMPECOBHUKA BAJIKOBOTO Mpeca (puc. 9).

HeoOxiHICTh BUKOPUCTAHHS MIATIPECOBHUKA BUHUKAE
NIpU BUPIILICHH] 33/1a4 OTPUMAaHHs OPUKETIB 3 MaTepiaiiB 3
HI3BKOIO HacuIHOKO mimbHicTIO (0,65 r/em®), mio
BUMAararoTh MPUMYCOBOI M0JIaul Y MIKBAIKOBHUI MPOCTIP.
JIis  oTpuMaHHA TOTOBUX  OpUKETIB  KOE(ILIEHT
YUIUJTbHEHHS TAKUX MaTepiaiiB IOBUHEH OyTH piBHUM, 200

niepesuiyBaty 3,0 o1
3anponoHOBaHl YMOBU BUKOPUCTaHHS IIHEKOBOTO
I1IPECOBHUKA!
rpaBiTaliiiHa nojaaya
Kyroll.max = Kybr.max’ (7)
HiANPECOBHUK IIIHEKOBOTO THUITY
\ I‘<yroll.max = Kybr.max’ (8)
I~ : i 1€ KYy max = Ppien | Poux — MAKCUMAIBHO MOMKJIUBA

TEOPETUYHA BEJIMYMHA YIIUIbHEHHS Marepiaiy, 1o
opukeryetbes; KY, mex — MAKCHMAIBHO MOMKIIMBHIA
KOC(IIIEHT YIIUIbHEHHS] IIMXTH Y MDKBAIKOBOMY
HPOCTOPL, (hicn — MIKHOMETPUYHA IIUIBHICT YACTUHOK

Pucynox 9 — 3arambinil  BUNBL  ypyinpHrOBAHOT IIMXTH.
IMHCKOBOI'O IMAMNPECCOBHUKA BAJIKOBOI'O

npeca: 1 — MoTop-pemykrop; 2 — mydra;

Jlist onucy MOBEAIHKKM Marepialy B LIHEKOBOMY
HiJIPECOBHUKY 3allPONIOHOBAHO BUKOPUCTOBYBATH

3 — ONOPHO-TIJIIMITHUKOBUI  BY30J i i

migmpecosHuka; 4 — mmek; 5 — CKCIOHEHINNbHY — (QYHKIIO  3B’S3KYy  THUCKY
3aBaHTaKyBAIbHA pinsHKa  TPECyBaHHS P 3 KOe(IlI€EHTOM YIIUIbHEHHS Y BUTIISIL:
HlI[l'Ipe(j‘S)BHI/IKa; 6 — 3aBaHTAKYBAIBHUIA p=a- ecXY) 4 p ) (9)
IIPUCTPIA BAJIKOBOIO IIpeca; 7 — BaIKU b i .. . .
npeca e a, b 1 ¢ — koe(ilieHTH B pIBHSIHHI aipoOKCUMALlli

KPHUBOI ITpecyBaHHs APiOHOGPAKIIMHUX IITUXTH.
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J1i1s1 3a0e3medeHHsI CTaOLTHHOCTI MPOIIeCy OPUKETYBaHHSI B BAJIKOBOMY IPECI 3 BUKOPUCTAHHSIM
IITHEKOBOTO TTOJIIPECOBHUKA BAKIIMBE TOTPUMAHHS YMOBH CTAJIOCTI MACOBOI BUTPATH IIMXTH, 1110
OpHKETYyEThCS, TOOTO BIATIOBITHICTH IPOAYKTUBHOCTI BaJIKIB 1peca Qpr 1 mirpecoBHUKA Q!

Qpr = Quer- (10)
HpOI[YKTI/IBHiCTI) OTHEKOBOT'O Hi,[[HpCCOBHI/IKaZ
Qpr = Qscr = kQ ) Qscr.req ! (11)

ne Qg e — HEOOXiJHA MPOJYKTHBHICTH HIHEKOBOIO MiINPECOBHUKA; K, — KOEDILieHT
3aracy nMpoayKTUBHOCTI;

Qu o = (D2, —d2)-(S,, ; i%)g.% 60N W Poye | 12)
ne D,, —3oBHiluHiit fiamerp mHeka; O, — BHyTpiluHiil fiameTp miHeka; S, — KPOK IBHHTOBOI

JMiHIT IHeKa; S, — TOBIIMHA CTPIYKM IIHEKa B HANPSMKY OCl; 7, — KOCQILI€HT, 0 BPaXOBYe
NPOCYBaHHs IMIMXTU B3I0BXK OCl B 3aJIEKHOCTI BIJl KyTa HaXWily I'BUHTOBOI JIHII IIHEKa; N, —

4acToTa 00epTaHHsI IIHEKA; i <1 — Koe(ILI€HT 3aTIOBHEHHSI BUTKIB IITHEKA.

Tuck B IMXTI MICIST BUXOY 3 ITHEKA Psr HA JUTSHIN 3aXOIUICHHSI MaTepialy BaJIKaMu Ipeca

YABIISIE COOOO THUCK TIOTIEPETHHOTO YILUTBHEHHS IUXTH Ppc 1 BUSHAYAETHCS BIATOBLIHO JI0 BUPA3y:
[bger  fe €08 0—(bygy +2:ge +hyey - f sinw)- £ ]

bscr‘hscr'Sin e - 13
pscrzppc=p0°e “ ' ( )

e bScr — IIMPHYHA BUTKA IIHEKA; [J, — IOYaTKOBUI TUCK B IIUXTI HA JUIAHI BXOLY JI0 IIHEKA

— JMHAMIYHUM KOE(ILi€HT TEpTs INMUXTH O CTPiuky mHeka; f. —

MAOIpCCOBHHUKA, f c

S
IVHAMIYHHAN KOE(IIEHT TEPTS LIMXTH O KOPITyC IIHEKA; ¢f, — KyT HaXWIy TBUHTOBOI JiHII
IIHeKa Ha eeKTHBHOMY Iiametpi; N, — Bucora BuTKa miHeka; |, 1oBxuHa mIHEKa.

KoedimienT yuriapbHEeHHS IMXTH B BaJKOBOMY IpECl 3 BUKOPHCTAHHSIM IIHEKOBOTO
MIITPECOBHUKA MOXKE OyTH BU3HAUCHUH, SIK:

Ky, = Ky pc KY ot » (14)
ne Ky o~ KOE(IIIEHT MONEePETHHOTO YIILIBHEHHS X TH IMTICIIS BUXOTY 3 MiJIPECOBHUKA Ha BXO/T1
B 30HY 3aXOIUICHHS MaTepiany Bankamy; Ky, — Koe(illieHT yIITbHEHH MXTH BaIKaMH TIpeca,

KU BU3HAYAETHCS TEOMETPUIHUMU MapaMeTpaMu ocepenKy edopmartii BAIKOBOTO Tpeca.
Bemunna nonepeiHporo yiibHEHHS:

Ky,, :%-Iog(a/(ppc—b)). (15)
inbHICTh OPUKETIB 3 YpaxXyBaHHSAM MPYXKHOT MICISAII:
Doy = K)’g Phui 16)
ﬁ +1

ne &, — IpyXHa MiCISTIsL.
JIst ot1iHKY e(heKTMBHOCTI TIPUHSTOT KOHCTPYKIIIT IITHEKA 3aIporiOHOBaH] HACTYITHI YMOBH:
Prax >10- ppc ; Iscr <3 Sscr (17)



18

SAxmo ymoBu (17) HE BUKOHYIOThCS, HEOOX1THO BUKOHATH OIIHKY 1 aHAJI3 BIAXUJICHHS 1
MPOBECTH KOPUTyBaHHs mapametpiB @, Ta | . B pasi, konu Bka3aHi yMOBH BUKOHAHI, TO

BU3HAYAIOTHCS EHEPTOCUIIOB] TTapaMeTPH i ITPECOBHUKA.
OcboBe 3ycuiuisl Ha ITHEKY:
2 2
_m-(Dg, —dg,)

SCr
P

I:axis - 4
CI/IJIa TCPTA B HiIIHpCCOBHI/IKy:

:”'(Dszcr _dszcr) . Iscr . pPC+ pO .

F, f..
4 Sq 2
MowmeHT Ha Bally HIHCKA.
Mscr = (Faxis 'tgae + Ff ) : Dscr—_zi_ dscr '10_3 .

MowmeHT Ha Bajly eJIeKTpOJIBUTYHA MiANpecoBHUKA, HxM:

(18)

(19)

(20)

EKcnepuMeHTasbHe BU3HAUYEHHSA,
rpacdiyHa nobyaosa Ta aHaNiTUYHUMA
OMUC ONMOPY LMXTU CTUCHEHHIO

PekomeHpyeTbCA
LWHEKOBUMA
nignpecoBHUK

Kyroll.maxs

Kybr.max

PekomeHAayeTbca
rpasitauiiHa
nojaya WuXTH

A 4

Bu3HaueHHA 0CHOBHUX i3uKo-
MeXaHIYHUX B/IaCTUBOCTeM MmaTepiany,
w0 6pUKeTyeTLCA

|

3aBaHHA BUXiHUX TEOMETPUUHMUX
napameTpiB LUHeKa — fiaMeTp, KPOoK,
TOBLUMHA CTPIYKU

Bu3HaueHHa HeobXigHOT
NPOAYKTUBHOCTI, KyTa Haxuny
rBUHTOBOI JIiHii i JOBXWHM LWHEKa,
KoediujieHTa | TUCKY NonepeaHbOTO
YLLi/IbHEHHA

pmax210xppc,
Iscre5Sscr

Bu3HayeHHA eHeprocunoBux
napamerTpis nignpecoBHUKa

A

KopurysaHHa
reoMeTpUYHUX
napamerTpiB WHeKa

Pucynox 10 — AnropuTM po3paxyHKy Ta aHadi3y HapaMmeTpiB IIHEKOBOTO
HANPEeCOBHUKA BAaJIKOBOIO Mpeca
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0,00140 0,60
0,00126

0,00120 y =4E-06x 050

0,00084

0,00100
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TUCK NnonepegHboro yuinbHeHHA, MiMa
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Pucynok 11 — BruiiB BeTMYMHY CTOBIIA ITUXTH MEPE]T
ITHEKOM Ha THCK B IIHXTI HA BXOJ1 B IIHEK 1 HA JUISHII
3axXOIUICHHS MaTepiany BalKkaMu
1 — THCK mKXTH HAa BXOAl B INHEK, 2 — THCK
MOTEePeHHOr0 YIIUIbHEHHS; KPOK BUTKIB mIHeka 100
MM; Marepiai — Topd

4,000
v =0,001x+3,3186 3 go3
3,342 3,514
3,368,419
3,500 3,331
E 3,321
g 3000 2,630 y = 3E-18x+2,6296
Z 2,630 - 2,630%-630 2,630 2,630
=l 2,500
L~ 2,630
I
]
=)
< 2,000
(=]
=
vy =0,0004x + 1,262
1,370
1500 ;671,281 1,300 1,336
1,271
1000 1263
0 50 100 150 200 250 300

BucoTa ctoBna LWMXTHU Ha BXO4O0M B LUHEK, MM

1 2 3

Pucynok 12 — BrumB cToBna HMXTH Nepest IHEKOM Ha
BEJTMYMHY YIIUTbHEHHS IIHXTH
1 — nonepenHe yminbHEHHS; 2 — YIIUIbHEHHS B BajIKax; 3 —
3arajibHa BEJIMYMHA YUIUIbHEHHS IIWMXTH; KPOK BHUTKIB
mHeka 100 mM; Matepian — Topd

M
I\/Ielm = ==, (21)
uscr.drive
n€ Uy, qive — TEPEIABATIBHE YHCIIO
IIpUBOAY HiI[l'[peCOBHI/IKa.
HOTy}KHiCTB, CIIOXKHMBaHa
Hi,[IHpGCOBHI/IKOM:
-3
_r Ivlscr Nger 10 (22)
SCr 30 . 77 )
scr
Ac Mser - KKI[ HnpuBoay
HiANIPEeCOBHUKA.

BigmoBigHo no BupasiB (7-22)
CKJIQJICHO aJTOPUTM PO3PaXYHKY 1
aHaizy KOHCTPYKTUBHHX,
E€HEProCWIOBHX 1 TEXHOJOTTUHHUX
napameTpiB, HaBeaeHui puc. 10, Ta
JIOCIIIJIDKEHO 1X 3B SI3KH.

JaHi, HaBesieHi Ha puc. 11, BKa3yroTh

Ha Te, 1110 31 30UTBIIEHHSIM PIBHS CTOBIIA
IIMXTH 30UIBIITYETHCS TUCK Ha BXOMl B
IIHEK, 110, B CBOIO YEpry, IMOKpaIIye
3allOBHEHHSI IITHEKOBIA TMOPOXHUHU 1
ICTOTHO 30UTBIIYE THUCK TMOMEPEIHBOTO
VIIUIbHEHHS [MXTU  HAa  JUISHIN
3aXOIUICHHS BaJIKaMHU. Tuck
TMOTIEPETHROTO  YIIUTbHEHHSI Ha MEXI
BUXOJy Marepialy 3 IIHEKa 1 HOro
3aXOIUICHHS BAJIKAMU 1 TUCK MPECYBAHHS
B ocepenky Jnedopmalii BaJIKOBOTO
npeca BU3HAYAIOTh 3arabHy BEIMUUHY
VIIUTbHEHHS IIMXTH, BUPKEHY
KOe(DIIIEHTOM YITUTHHEHHSI.

I'padixu Ha puic. 12 BKazyrOTh, IO
BUKOPHUCTaHHS IITHEKOBOT'O
TTIIPECOBHUKA  JIO3BOJISIE  ITiIBUIIUTH
BSNIMUMHY — KoeillleHTa  YIIUTbHEHHS
JIOCTTIPKYBAHOTO TOp(y, B CepelIHbOMY,
Ha 22..27%. Jia TiApOSi3HOIO JITHIHY,
TaKOXX JIOCI/DKEHOTO B POOOTI, TaKi
TOKA3HUKKU CTaHORISITH 14...17%. Taki

3HAYEHHSI TIPUPOCTY BEJIMYMHU YIIUIGHEHHS € CYTTEBUMM 1, SIK TOKa3ye IMPAKTHKA, JI03BOJISIOTH
oTpuMaru sikicHi Opuxetd. Ha puc. 13 mnpenacraBieHuil aHamiTUYHUNA 3B’SI30K MOMEHTY
MpeCcyBaHHs Ha Baly IIHEKa BiJ KPOKY MOro rBUHTOBOI JIIHIT Ta AJi pi3HOI BUCOTH CTOBIIA
ITUXTHA HaJ BXOJIOM B ITHEK. [[aHi rpadiky BKa3yroTh Ha Te, IMI0 13 3pOCTaHHSM CTOBIIA IIIUXTH
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Pucynok 13 — 3B'130K BEeIMYMHNA MOMEHTY Ha Bally
IITHEKa 3 KPOKOM IBUHTOBOI JIiHIT
BHUCOTA CTOBIA IIUXTH HAJl BXOJIOM B INHEK: 1 —
5mMm; 2 — 15 Mm; 3 —25 mm; 4 — 50 mm; 5 — 100 Mm;
6 — 200 mm; 7 — 300 mMm; Matepiai — Topd
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Pucynok 14 — 3B’S30K MOTYXHOCTI NPUBOTY
M1JIPECOBHUKA, KPOKY TBUHTOBO] JIiHIT Ta TUCKY
MOTIEPEAHHOTO YIIUIBHEHHS; Matepian — Topod;

BHCOTA CTOBITA MaTepialy HaJl BXOJOM B IITHEK —
100 mMm

HaJl BXOJOM B IIIHEK MOMEHT, SIKHi
JI0JIA€THCS IIIHEKOM, 3pocTae. J{aHi KpuBi 3
JOCTATHIM CTyIIEHEM TOYHOCTI
OMUCYIOThCS CTYIIEHEBUMH,
€KCIIOHEHITIAJIbHUMHU Ta JJorapu(pMidHUMH
PIBHSIHHSIMU, 111(0) JI03BOJISIE
BUKOPUCTOBYBaTH iX JJisi M0OOyI0OBU
MPOTHO3HUX MOJENCH pOOOTH IIHEKOBUX
TiITPECOBHUKIB BAJIKOBUX MPECIB.

AHani3 anpokcumarlii KpUBHX, IO
npeacTaBieHi Ha puc. 13 pIBHIHHIMHU
CTYTICHEBOTO THILY:

Mscr = a'I.scr X S\:)c.lrmmh (23)

JIO3BOJIUB BCTAHOBHUTH, IO KOEQIIIEHT

A, o B IHTETPATbHOMY BUTJISI1

XapaKTepu3y€e KOHCTPYKTUBHI TTapaMeTpu
ITHEKOBOTO MIJINMPECOBHUKA, a KOCILIEHT
bbatch — BimoOpaxkae BmHB dizuko-
MEXaHIYHHUX BJIACTHBOCTEH ITUXTH.

Ha puc. 14, 15 B rpadiyHOMy BHUTISII
peCTaBIICHI B3a€MO3B’SI3KU MIDXK
KOHCTPYKTHBHHUMHM, TEXHOJOTIYHHMH Ta

CHCPIroCHUIOBUMH ImapamMCcTpaMu
INTHCKOBOI'O HiI[l'IpCCOBHI/IKa.
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Pucynok 15 — 3B’430K MOTYXHOCTI NMPHUBOY
M1IPECOBHUKA, KPOKY TBUHTOBOT JIiHIT ITHEKA Ta
IOPOAYKTHUBHOCTI MiANPECOBHUKA; MaTepian —
Top(; BUCOTA CTOBMA Marepiajly HajJ BXOJIOM B
mHek — 100 MM
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JlaHi rpadiyHi 3aJ1€KHOCTI, BIJIMOBIIHO, OMTMCaH1 HACTYITHUMH aHATITUYHUMHU BUpa3aMHu:
N, =6,3691-0,0069xQ,,-1,2737x p_., R*=0,97, (24)

N,, =7,8405-0,0110xQ,-1,3983x S, R*=0,99. (25)

scr ! scr?

[TobynoBa Takux rpadiyHUX 3aJeKHOCTEH Ta IX MaTEeMaTUYHHUM OMKC JI03BOJIE
POTHO3YBaTH B3a€MO3B’SI30K KOHCTPYKTHBHUX, EHEPrOCHJIOBUX Ta TEXHOJIOTTYHHUX
napamMeTpiB (TUCKY MONEPEAHBOTO YIIUIBHEHHS, TMOTYKHOCTI IPUBOY 1 T.M.) ITHEKOBUX
MiAIPECOBHUKIB BAIKOBHX mpeciB. [1o10H1 MPOrHO3HI MOJIEN, OTPUMAaHi 3 BAKOPUCTAHHSIM
CTBOPEHOTO0 B POOOTI aHANITUYHOTO amapary, MOXyTb OyTH ToOyHOBaHi IJIsl 1HIIUX
Bapialliii mapamMeTpiB IIHEKOBHX MIANPECOBHUKIB BAJIKOBHX IPECIB 3 METOI BHOOpY
palfioHaJbHIX KOHCTPYKTUBHUX PIIICHb Ta PEKUMIB POOOTH JAHOTO OOJIaIHAHHS.

Y mocTomMy po3aijii OTpUMaB PO3BUTOK KOMIUIEKCHUN METOJ] BHOOPY parliOHATIbHUX
KOHCTPYKTHUBHUX PIIIEHb BAJIKOBHX MPECIB 3 BUKOPUCTAHHIM OCHOBHHUX IOJIOXKEHb TEOPii
npoekTyBaHHs. [[poekTyBaHHS HOBOi KOHCTPYKIIii BAJIKOBOTO IIpeca MOXKHA MPEICTABUTH Y
BUIJISAJII TPOLIECY PIIIEHHS JBOX B3aeMO3aJIeKHUX 3aBlaHb: 1.Bubopy cTpykrypu mpeca
(Tumy, KUIBKOCTI, YMOB B3a€MOJIl AeTalield, BY3JlIB Ta 1HIIMX €JIEMEHTIB mpeca), TOOTO
CTPYKTYpHUH cuHTe3. 2. Bubopy uucioBUX 3HadeHb HapaMeTpiB KOHCTPYKTUBHUX
€JIEMEHTIB Ipeca, TOOTO MapaMeTPpUYHUNA CUHTES.

Cdopmynb0BaHO OCHOBHI NOJIOKEHHSI CUCTEMHOI'O IIPOEKTYBaHHS BAJIKOBHUX IPECIB Ta
3aCTOCYBAaHHS CTPYKTYpPHO-IIApaMETPUYHOIO CHHTE3Y 1 aHalli3y JI0 BUPIIIEHHS 3aBJaHHS
MOIIYKY paIliOHaJIbHUX KOHCTPYKIIIH BAIKOBUX TpeciB (puc. 16).

Pe3ynbrar cTpyKTypHO-TapaMEeTPUIHOTO CHHTE3Y palllOHATbHOT KOHCTPYKIIii BaJIKOBOTO
npeca MpeJCTaBISAEThCA Yy BUIIIAA1 TAaOIULb, TpadikiB 1 TEKCTOBUX (ailliB, Kl MICTATH
nocTaTHIA HaOip iHdOopMalii AJ1st po3pOOKH B CHCTEMAax aBTOMAaTU30BaHOTO MPOEKTYBAHHS
nakeTa KOHCTPYKTOPCHKO1 JOKYMEHTAIIl1 Ha BUTOTOBJICHHSI BAJIKOBOTO TIpeca.

CTpykTypa CHCTEMHOTO TMIiAXOMy JO BHU3HAYEHHS pAaIlilOHATBHUX TE€OMETPUIHHUX
napameTpiB 0aH/1a)KIB BAJIKOBUX IPECIB, KA BKJIIOYAE BUXIAHI JIaHl, METOAH PO3PaXyHKY
napameTpiB OpUKETYBaHHS 1 €KCIUTyaTallliHUX XapaKTePUCTUK 00JaHAHHS, OOMEKEHHS,
BUXIJHI JaHl Yy BUIJISIAI PO3PaXyHKOBHUX TMapameTpiB, M0 XapaKTepPU3YIOTh MPOCKTOBAHI
BaJIKM TIpeca 1 KpUTepii OLIHKK PallioHAILHOCTI KOHCTPYKINT OaHIaXKiB, IPEACTABICHA Ha
puc. 17.

Benuka KinbKiCTh aHaNII30BAaHUX MapaMeTpiB, 3HAYHE YMCIIO BaplaHTIB MaTepialiB, 1110
OpUKETYIOThCS, 1 TUMIB (JOPMYIOUUX €JIEMEHTIB BKa3ylOTh Ha Te€, 10 BUOIp parlioHAIbHOI
KOHCTPYKIIi BaJKIB MOBUMHEH Oa3zyBaTHhcs Ha MeToAax OaraTo(pakTOpHOro aHamizy Ta
ontuMizaii. ToMy, st BUPIIIEHHS MOCTABJICHOTO B POOOTI 3aBJIaHHS TMEPCIIEKTUBHUM
BUJIAETHCSI BUKOPUCTAHHS METO/IB, IO 3aCTOCOBYIOTHCA B CHCTEMaX MiATPUMKH MPUHHATTS
pilIEeHb.

PimienHst 3aBaaHHs 3acTOCYBaHHS METOIB OaraToakTOPHOIO aHali3y 10 PO3pOOKH
palioHaJIbHOI KOHCTPYKI[li BaJIKOBOTO TIpeca Ma€ BHUPIINIYBATUCS TMOCTaaiHO. Y AaHid
poOOTI BUpIllIEHAa 3ajJaya 3acTOCYBaHHS MeToay aHamzy iepapxii (MAI) nmo BuGopy
parioHabHOI KOH(DIirypairii nmpecyro4yux moBepxoHb BaikiB. s 3actocyBanns MAI no
po3B'si3yBaHOT B POOOTI 3amadi BiH TpaHC(HOPMOBAHHWM Yy BIAMOBIAHOCTI 3 HACTYITHOIO
CXEMOIO:

1. CtpykTypyBaHHS IpoOIeMH BUOOPY pallioHATFHIX TEOMETPUYHHX MTapaMeTpiB BaJIKiB
OpUKETHUX MPECIB Y BUTJISIL 1€papXii.
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2. BcraHoBneHHS MPIOPUTETIB MapaMeTpiB Mpolecy OpUKETYBaHHS, XapaKTEPUCTUK
eKCIUTyaTallii MIpecoBOro oOJiafHaHHS 1 OIliHKa e(QEeKTUBHOCTI KOXXHOIO BapiaHTa
KOHCTPYKTUBHOTO BHKOHAHHS BaJKiB 1 (JOPMYIOUUX €JIEMEHTIB 3a LIUMH MapamMeTpaMu 3
ypaxyBaHHAM NMPUHHATUX KPUTEPIIB.

basa sHaHb Ta AaHUX

BnactusocTi Ta Mopgeni npouecy 6puKeTyBaHHA \
\ Mopgeni 0CHOBHMUX KOHCTPYKTUBHUX
XapaKTepUCTUKHK —» Ta pexxumis poboTn Bankosoro .
- enemMeHTiB BaNKOBOro npeca
6pUKeTYEMOI LUMXTH npeca

t t 1

- HacumnHa WinbHicTb; - MpOUec YWinbHEHH: WUXTHU

- onip CTUCHEHHIO; B oce peaKy Aedopmaui - ¢dopmyloyi enemeHTH;

- KoediuieHTH Ba/IKOBOr O Nnpeca; - sanku e s6opi Ta nigwmnHMKosi
SOBHILUHBOTO, - npouec 3HOCY Npecy4ux onopu;

BHYTPILUHBOrO TEpTA Ta NoBepXoHb BasKiB; - MpUCTpIi Ana nonepeaHbLOro
60KOBOFO THCKY - BN/MB CTYNEHIO SHOCY YWi/IbHEHHA WMXTH;
npecyl4Mx noeepxoHe Ha - — mexaHiuHe/rigpasniune;
eHeprocunosi Ta - niHia npusogy npeca;
TeXHOJNOri4Hi napameTpu - pama Ta onopwu BafkKis
6pukeTyBaHHA
A
CunTes

3aB.anHF| XapaKTepMCTMK KOHCTPYKTM BHUX e/leMeHTiB Ba/IKOBOro npeca

v

CTpyKTYypHMIA CHMHTES MapameTpu4HuiA cUHTES

[ [
v

YsaranbHeHa mMmogenke EanNKOBOro npeca

v

AHanis

rF 3
Y

PospaxyHoK Ta aHanis KOHKpeTHOT mogeni npeca Ymoswu aHanisy

v

BigobparkeHHsa pesynbTartis

Tabauuyi Ipadiku TeKcT, W0 BKAOYae peKoMeHaaLii

!

KiHuyeswuii Bubip napameTpis npeca

Pucynox 16 — CucrteMHMH Mmiaxig A0 MOJCITIOBAHHS paIliOHATBLHOT KOHCTPYKIIiT
BaJIKOBOTO TIpeca
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Bxig
FeomeTpuyHi napameTpu -
f .. . XapaKTepucTukmn EkcnayaTauinHi
KoH®irypauii npecyumx BnacTuBoOCTi WINXTH .
- 6puKerTiB XapaKTEPUCTUKHU
noBepXxoHb GaHAaXKiB
A
Mpouyecc
Po3paxyHoK Bu3HauyeHHA
Po3paxyHok "
reoMeTpUUYHUX napameTpis WKUXTU Bu3HaueHHA Po3paxyHoOK
: eHeprocuoBuxX 2
napamertpis S 3 ypaxyBaHHAM NPOAYKTUBHOCTI [0oNyCTUMOTO
ocepeaky B et NPYKHOI nicnagii B npeca 3HoCy GaHpaxXiB
nedopmauii 6puKeTax
[
MacuB po3paxyHKOBUX AaHUX A/ aHaMi30BaHUX KpuTepii ouiHKM paLioHanbHOCTi KOHirypauii
KoHirypauiii npecyoumx nosepxoHb 6aHaaxis npecyuYmux noBepxoHb 6aHAaXiB
KoeoiujieHT yujinbHeHHAKY MaKcMMyM 3HaueHHsA KoediljieHTa

WinsHics 6 i ywinbHeHHAKY Ta winbHocTi 6puKeTis pbr.1
inbHicTb 6puKertis pbr.1

MiHiMyM eHeprocuioBUX XapaKTepUCTUK

3ycunna npecyBaHHA P PraM

MomeHT npecysaHHA M - > = 5
MiHiMyM HepiBHOMIPHOCTI HanpyeHb ns,

yuwinbHeHHA NKy Ta wWinbHocTi npl

KoediuieHTM HepiBHOMIPHOCTI HAaNpPYyXeHb s,
yuwinbHeHHA nKy Ta winbHocTi npl

3apaHa NPoAYKTUBHICTD Q

MpoAYKTUBHICTL Q

JLONYCTUMMI 3HOC dpmay MaKcMyM A0NYCTUMOTO 3HOCY dyay

!

Mpouec

OujiHKa pauioHanbHOCTI AocnigKyBaHUX KOHIrypaLi npecyoumx nosBepxoHb 6aHaaxiB BignosigHo o
NPUAHATUX KpUTepiis

A

Buxig,

PauioHanbHa KoH@irypauia npecyounx nosepxoHb 6aHaaxis

Pucynoxk 17 — CTpykTypa CUCTEMHOIO MIAXOAY A0 BUOOPY palllOHAIbHUX F€OMETPUUHUX
rapaMeTpiB MPECYIYUX MOBEPXOHb 0aH/1a)KiB BaJTKOBUX MPECIB
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3. O0uuncnenHs: Koe(iIiEHTIB BXKIMBOCTI [T KOYKHOTO PIBHS 1€papXii BUOOPY palliOHATIBHOL
reoMeTpii BAJIKIB, (hOPMYIOUMX €JIEMEHTIB 1, IPX HEOOX1THOCTI, TEPEBIPKa y3ro/PKEHOCTI OIIHOK.

4. OOuucieHHss KOMOIHOBAHOTO BaroBoro Kkoedimi€eHTa 1 BHOIp HaWKpPaIIOTro
KOHCTPYKTUBHOT'O BUKOHAHHS OaHaX1B 3 YC1X BapilaHTIB, 1110 aHAJI3yIOThCS.

CxeMa TpupiBHEBOI i€papxii BHOOPY palioHaJIbHOI KOHCTPYKIIi poOOYMX MOBEPXOHb
OaHaX1B BAJIKOBUX IIPECIB MpeJicTaBiIeHa Ha puc. 18.

PiseHb 1-
Merta

PaujioHanbHa KoHirypauis
npecyoumx nosepxHb Bankis Kp

Marpuusa nonapHux

nopiBHAHbL NapameTpis 3

TOYKM 30py MeTH

MakcumanbHo
AONycTUMUA
3Hoc 6aHpaxis

Ormax
7 = /

KoediujieHt
YUiNbHEeHHA
Ky

WinbHicts 3ycunns MomeHt
6pukera npecysaHHs npecysaHHA
pbr.1 P M

Koediujent
HepiBHOMIpHOCTI
Hanpy»eHb ns

Koediyient
HepiBHOMipHOCTI
ywinbHeHHA nKy

Koediujent
HepiBHOMipHOCTI
WiNBHOCTI Ny

PiseHb 2 -

Mpogyk-
MNapametpu

TUBHiCcTE Q

7N\ A =
7 < >
Z

,

Martpuuyi
nonapHux
NopiBHAHL

5‘- S>> ; / anbTepHaTUB
w e N N0 KOXKHOMY
S22 N ~_\ napametpy

PiseHb 3 -

Ki i ia K1
oHirypauis AnbTepHaTMBM

Koudirypauis K2 Koudirypauia K3 Koudirypauis Ki Koudirypauis Kn

Pucynok 18 — TpupiBHeBa iepapxis BHOOpPY palliOHAJIbHOI KOHCTPYKIIi OaHmaxiB
BaJIKOBOIO IIpeca

B po6oTi HaBeneHo npukiaau 3actocyBanHss MAI o pimieHHs 3a1a4 BUOOPY palioHAIbHOI
KOH(]Irypatiii NpecyroUnx MOBEPXOHb, O/IHA 3 IKUX B CKOPOUCHOMY BUIJISI/ HaBeIeHA AaJIl.

B sxocti Marepiainy, 1o OpuUKeTyeThCs MPUIHITA CYMII CHITIKoMapraHifto (dpaxiris -3
MM) 31 CIOJIyYHOIO PEUYOBHHOIO. J[7si aHamizy poO3MNISIHYTI TPU BapiaHTU MPECYHOUHUX
MOBEpXOHb OaHmaxiB (Tada. 1) 3 hopmyrounmu enemMenTamu, po3pooieHumu B [UM.

Tabnuisg 1 — OCHOBHI XapaKTEPUCTUKU MPECYIOUHX MOBEPXOHb OaHIaXIB

YMmoBue  mosHaueHHs | Tun | Cepenniii | [llupuna, | ['aGaputhi 06’em
TUTIOPO3MIPY TiaMeTp, | MM po3MipHu OpukerTa,
IPECYI0Uoi  TOBEpPXHI MM bopmyrounx cm®
OaHgax1B CJIEMEHTIB, MM

Ky R24 648 360 36,0x60,0x27,0 | 48...50
K, R17 648 360 40,0x38,5x18,5 19...20
Ks R10 648 360 25,6x25,0x10,5 10...12

OriHKa NPUHHATUX KOHCTPYKIIH OaHIaXiB BEICThCS 32 HACTYITHHUMHU apaMmeTpamu Ki:

1. Nocsraytuit koedinienT yuinbHeHas Ky — K. 2. 3ycuis npecyBanns Pi, kH — ko, 3.
MowmenT npecyBanus M;, kHxm — k3. 4. TIponyktuBaicth Qj, T/4 — K4. 5. MakcumanbHo
JOIYCTUMHI 3HOC Omax, MM — Ks.
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B po3s's3yBaniil 3a1a4ui HalOIBIY BaXJIMBICTh MAa€ MOXJIMBICTh JOCSATHEHHS 3aJ1aHOi
BEJIMUMHHU YIIIJIbHEHHS MIUXTH, 10 OpukeryeTrhes. Tomy mapamerp K; (Ky) Oyme matu
MaKCHUMaJIbHy NpIOpUTETHICTh. BinciB cumikoMapranio — e Tteepauil (=43 HRC)
aOpa3uBHUN Marepiaj, TOMY JAPYTUM 3a IPIOPUTETHICTIO MapaMeTpoM Oyje BeIuYrHa
MaKCHUMAaJIbHO JOIYCTUMOTO 3HOCY OaHNaXIB Omax, SIKA BHU3HAUA€ PECypC EKCIUTyaTarli
BaikiB. [lapamerpu ko i K3 — 3ycmmns Pj i MmomeHT npecyBanHst M;, TI0 BiTHOCSATBCS JI0
CHEproCUJIOBUX TOKAa3HUKIB IMpolecy OpHUKETYBaHHA, € TPETIMH 3a 3HAYUMICTIO Ta
MaTHMyTh OJTHAKOBHM CTYIiHb TIepeBard. 3 OMISAAYy HAa Te, IO IIMXTa HAa OCHOBI
CHJIIKOMApTaHIl0 Ma€ 3HAayHYy HACHITHY IIUIBHICTh Ta HAa YMOBH 1i YIIUIBHEHHS 1 SIKICTh
OpHKETIB MIBUAKICTh NMPECYBaHHS BIJIMBAE HE3HAYHO, TO MPOAYKTUBHICTH Qi Oy/ie MaTu B
JaHOMY MPUKIIA/l HAaMEHITY MPIOPUTETHICTh, TaK SK il MOXKHA PETYNIOBATH B IIUPOKOMY
Jiara3oHi HUISIXOM 3MIHM YacTOTH OOepTaHHsA BajKIB Ipeca. Buxomasuu 3 mpuHATHX
MOCUJIaHb, BUKOHAHO aHa3 €(PEeKTHUBHOCTI IOCIIIKYBaHUX KOH(QITypaliil Mmpecyrounx
MMOBEPXOHb 13 3aCTOCYBAHHIM METOJIy aHaIIi3y 1€papXii.

JUisi BU3HAUEHHS MPIOPUTETIB JOCHIKYBAaHUX KOHCTPYKIIM OaHIaXXIB OKPEMO 10
KO)KHOMY TIapaMeTpy BUKOPHCTaHI 3HAYCHHsI aHAJI30BaHUX MapaMeTPiB I PO3TISTHYTHX
THUITIB (JOPMYIOUUX E€JIEMEHTIB, SIKI HaBeJIeHl y Ta0. 2.

Tabmus 2 — IlapameTpu, MO XapakTEpU3YIOTh aHAJNI30BaHI KOHCTPYKINI MPECyrOUnX
MTOBEPXOHb OaHIAXKIB

Ki i=1. 3 [TapameTpu ki, iI=1...5 _
' Ky; Pi, kH Mi, kHxMm QIl, T/4 Omax, MM
Ki 2,28 484,0 48,0 26,548 11,3
K> 2,30 480,0 46,7 17,570 9,3
Ks 2,32 368,0 37,0 14,867 6,5

B pe3ynbTaTi po3paxyHKiB JIsl JAHOTO MPUKJIIATY BU3HAYEHO:

1. HaiiGinpury Bary mae OIliHKa 3Ha4eHHs KoedimieHTa yuruibHeHHs (45,0%), mami iae
MaKCHUMaJIbHO JomycTuMuit 310c¢ (36,2%), eHeprocusaoBi MOKa3HUKHU 3YCHUIUISI 1 MOMEHT
MpeCyBaHHS MalOTh PIBHY YaCTKYy BaXXJIMBOCTI (6,5%), 1, HapeIITi, HAMEHIIT 3HAYUMUI B
JAHOMY MPUKJIA] apaMeTp — MPOAYKTUBHICTD (5,7%).

2. Kpurepiem BHOOpY HalOLIBII paIlioOHAIBHOTO BapiaHTa € MAKCUMYM BEIMYUHH YIIUTEHEHHS
Ky—>Kymax. 3a mapamerpom Ky (ki) HaiOuLIbmuii mpiopuTer MaroTh OaHmaxi 3
npecyrouoro mosepxuero Ks (33,6%), mami tige K; (33,3%) 1 motim K; (30,0%).

3. Bycwis npecyBanus P (mapametp Ko) — kpurepiii parfionanbHocTi Pi—Pmin. [Tpiopuretn
OanmaxiB mo 3ycusuto npecyBanns — Ki 30,1%, K; 30,3%, Kz 33,6%.

4. Moment nipecyBants M; (mapamertp K3) — kputepiii  parionansHocTi Mi—Mpin. [Ipiopuretn
OangaxiB mo MomeHTy npecyBanns Pi — Ki 30,1%, K, 30,9%, K3 39,0%.

5. IponyktusHicth Q (mapamerp Ksq) — kputepiii mpioputeTHOCTI Q—>Qmax. CTyHiHB
npiopuTETHOCTI OaHJaX1B 3a mapaMmeTpoM npoaykTuBHOCTI — Ky 45,0%, K, 29,8%, Kj
25,2%.

6. MakcUMajabHO JOMYCTUMHH 3HOC Omax (mapameTp Ks) — kpurtepiit palfioHanIbHOCTI
Omax—>OmaxMaX. [IpiopuTteTHicTh 3a 1M mapamerpom HactymHa — Ky 42,0%, K, 33,9%, Ks
24,1%.
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Jlnis ocTaTodyHOTO BHOOpPY palioHabHOI KOH]Irypamii mpecyrodoi MmoBepxHI OaHIaxiB
BUKOHAHO QJWTHBHY 3TOPTKY IapaMeTpiB MO KOXKHIM 3 aHami30BaHUX KOHQIryparliil.
BcTranoBneHo, 1m0 3a CyKymHICTIO IapaMeTpiB HAaHMOUIBII palliOHAIBHOK € KOHCTPYKIIIS
6annaxiB Ki, nis vei ocratounuii pioputeT Y1=0,37 (37%), namni iiae Ky, ms sixoi Y2=0,33
(33%) Ta Ha ocTanHBOMY MicIii 3HaxoauThes Kz — Y3=30 (30%).

TakuMm 4MHOM, Ha KOHKPETHUX MPUKJIAAax TMOKa3zaHa MOXJIHMBICTh BUKOpUCTaHHS MAI
JUIs BUOOPY pallioHaIbHOI KOH(QIrypallii IpecyroduX MOBEPXOHb BAJIKIB 3 BpaxyBaHHSIM
MPIOPUTETHOCTI TOCII)KYBaHUX ITaApaMETPIB.

Y cbomomy po3aiji Ha 0a3i mpoBeAeHUX B POOOTI JOCTIHKEHB 3alpOIOHOBAaHI
BJIOCKOHAJICHI KOHCTPYKTHBHI PIllIEHHsI HACTYITHUX BY3JiB BAJIKOBHUX MPECIB: pama mpeca,
[0 KOMIIOHYETHCS 3a MOJYJIBHHM TPUHITUIIOM; BIOCKOHAJ€Ha KOHCTPYKIliS BaJKIB 3
BUKOPUCTAHHSAM IIBUIKO3 €MHUX 3aTUCKHHUX €JIEMEHTIB; CHCTEMa 3aXHCTy BaJIKiB BiJ
MePEBAHTAXEHHS; TiIMTPECOBHUK MTHEKOBOTO THUITY.

3 BUKOpPUCTAHHSM TEXHIYHHUX PIllIEHb, CTBOPEHUX B pOOOTI, pO3po0OIiieHa JOKYMEHTAII1s
Ha BHUTOTOBJICHHSI BAJIKOBOTO Ipeca BIOCKOHaNEHOI KOHCTpykKiii. [Ipec po3poOneHuit B
nBox moaudikamisx. [lepma — ams po6oTH 3 rpaBITallIfHOI TT0/IaYel0 IMIMXTH B OCEPEIOK
nedopmairii 31 30UIBIICHOIO HIMPUHOI poOOYOi MOBEepXHI BaykiB (2%360 mMm) ms
JIOCSITHEHHSI BHCOKOi MPOAYKTUBHOCTI. Jlpyra wmonaudikaiis mpeca BIAPI3HAETHCS
3MEHIIICHOI0 MIMPUHOI0 poOo4Yoi TMOBepxXHiI BaikiB (2x202 MM) 1 OCHallleHa
MIIPECOBHUKAMU IITHEKOBOTO THITY, SIKi

JI03BOJISIIOTh  OpUKETYBaTH MaTepiaiu 3 Tabmunst 3 — OCHOBHI TEXHIYHI XapaKTEPUCTUKU
MAaJIOHO HACHITHOIO IIBHICTIO ~ Ba/KoBoro 6pukerHoro npeca [1bB-648 / 360-20011-19
Tun npeca Bankosuit

2000

(0,6<r/cm®), 3HWKEHOIO CHNydicTIO Ta [
YCHILIS IPECyYBaHHs
TakUX, W0 HOTPEOYIOTh JOCATHEHHS | waxcumanbhe, kH

Tun nprCTpOIO 3aXUCTy BAJIKIB
BiJl IepeBaHTaKEHb

Mexaniuynnii

[MponyKTHBHICTD, T/4 ~3...17,5%
MaxcumanbHUi MOMEHT

71
npecyBaHHs1, KHxm
Hiamerp BajnkiB, MM 648
upuHa BajKiB, MM 360
HowminanbHa gacrora 7
00€pTaHHs BAJIKiB, XB™
[oTyxHicTs nprBOAa, KBT 75
[Mapametpu popmyroumx
€JICMCHTIB/OpUKETIB
- 00’em, cM® 19...21
- PO3MipH, MM 40,0x38,5x18,5
Tun mianpecoBHUKA [ITxexoBuit
HowminanbHuit MOMEHT 1500

mianpecoBHuKa, Hxm

HominansHa yacToTa 06epTaHHs mHeka, xB~ |90

[MoTyxHicTP TpHBOAY MiANPECOBHUKA, |15

I"abapuTHi po3Mipu mpeca, MM ~3715%2200x4300
Maca mpeca, Kr ~11000
Maca npeca 3 miAnpPecOBHUKOM, KI' ~12000

PI/ICYHOK 19 — BaakoBuit Ipec 11bB- * 3aneXuTh BiJl HACHITHOI IIJTLHOCTI IIIMXTH, YACTOTH 00epTaHHS

648/360-20011-19 BAJIKiB, PO3MIpIB i MIUIBHOCTI GPUKETIB
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BUCOKHUX 3Ha4YeHb KoedimieHTa yuiibHeHHs (=>3,0). Po3pobneni moaudikaiii BaKOBUX
NpeciB MpU3HAYEHI JJis1 OpUKeTyBaHHS APIOHOMPAKIIIMHUX MaTepiajiB, MepeBaXKHO, (Ppakiii
0...5 Mm.

3 BHUKOPUCTAHHSAM 3alpONOHOBAHOTO B POOOTI KOMIUIEKCHOTO METOAY BHUOOPY
palioHaAIbHUX KOHCTPYKTUBHHUX PIllIEHb pO3p00JieHa BIAOCKOHAJIEHA MOJIEIb BaJIKOBOTO
npeca (puc. 19, Tad. 3), ika CKOMIIOHOBaHA 32 MOAY/IbHIUM IIPHHIIAIIOM Ta IIPU3HAYEHA IS
BUPOOHUIITBA OPUKETIB, B TOMY YHCII, 3 KOMIIO3UTHUX JPIOHOMPAKIIIHHUX CUPOBUHHUX
MaTepialliB 3 BUCOKOK HACUIIHOK IIiIbHIiCTIO (>0,6 r/cM®) mpu rpasitamiiiniii mogadgi
Marepialy B BaJKd, a TaKOXX MarepiamiB, MO MalTh Maly HACUIHY MIIIBHICTh
(0,2...0,6 r/cM®) mpu OCHALIEHH] IIPECa NHEKOBUM ITiIIIPECOBHUKOM.

BukoHano mMOpiBHSIBHUM aHadi3 MOKa3HUKIB €(PEKTUBHOCTI CTBOPEHOro Ipeca 3
MOKa3HWKAaMHM MPECIB 1HIINX PO3POOHHKIB, B PE3YJIbTATI SIKOTO BcTaHOBIEHO: 1. [Toennanus
BEJIMYMHU CHJIOBUX TapaMeTpiB (MakCHUMajdbHE 1 NUTOME 3yCWUISI MpPECyBaHHA) 1
POJYKTUBHOCTI BIJMOBIAAIOTh CEPEIHIM 3HAYCHHSM aHAJOTIUHMX MAIllMH IPOBITHUX
BUPOOHMKIB 1 JIO3BOJISIIOTH OPUKETYBATH MIUPOKUHN CIIEKTP ApiOHODpaKIiitHIX MaTepiaiB,
AK 3 Majnolo HacumHoro mieHicTio (0,2...0,6 r/cm®), Tak i 3 Bucokow (>0,6 r/cmd).
2. CiBBIJIHOIIIEHHSI MacH Tpeca 1 Horo MpoayKTUBHOCTI MOKa3ye, 10 B TOPIBHSHHI 3
aHAJIOTYHUMU BAJIKOBUMHU MAalllMHAMH BIH Ma€ XOPOII MOKa3HUKH, a TI0 BIIHOMICHHIO J10
HITEMIIEJIbHUX TIPECiB  Mae He3amepeuHy nepeBary. 3. Po3pobnenuil mpec mpu
MaKCUMAaJIBHOMY 3HAaueHHI npoaykTUBHOCTI (17,5 T/rom) mae MHUTOMY €HEProEMHICTb
5,14 kBrxrog/T. Lle € XOpoImmM MOKa3HUKOM JJIsl BAJIKOBOTO Ipeca 1 CyTTEBO BIAPIZHAETHCS B
Kpallly CTOPOHY B ITOPIBHSIHHI 3 IITEMIETLHUM ITpecoM. [ Ipu 1iboMy c1i1 BpaxoByBaTH, IO ICHYE
3HAYHA KUIBKICTh (DPAKIIMHUX IIMXT, CXWJIBHHUX JO TICEBIOPO3PIKEHHS B OCEPEIKY
nedopmartii, sIKi MatOTh YITKO BUPAXKEHY MPYXKHY MICIAI0. B IboMy BUNIAAKY JUIs1 OTPUMAaHHS
AKICHUX OpUKETIB JIOBOAMTHCS 3HIKYBATH YacCTOTy OOEpTaHHS IIHEKA 1 BAJKIB. Y TaKOMY
PEXUMI  CHIOCTEPIraeThbCsl 3pOCTAaHHA CHJIOBUX MapaMeTpiB OpUKETYBaHHS 1 30UIbIICHHS
€HEeProeMHOCTI TIpeca, 1110 B Pl TEXHOJOTTYHHX JIHIN IIJTKOM TPUITYCTHMO.

Po3pobnennii mpec € MepCreKTUBHOI PO3POOKOI0 MPU CTBOPEHHI Ta BIPOBAHKCHHI
TEXHOJIOTIM [JI1 BUPOOHUIITBA OpPUKETIB 3 METaTypriiiHoi, XIMIYHOI CHUPOBUHHU Ta
C€HEPreTUYHOIIIHHUX MaTepialiB.

BUCHOBKHA
Ha miacraBi HayKOBHX Yy3arajlbHEHb, TEOPETUYHHX PO3POOOK 1 MPOMHUCIOBHUX

JOCIIKEHb B AMCEpPTaliiiHIil poOOTI BUpIlIEHAa BaXKJIMBa HAayKOBO-TEXHIYHA Mpodiema

CTBOPEHHSI CY4aCHOIO NPECOBOro OOJaAHaHHS sl OpUKETyBaHHA ApiIOHOGpaKLIMHUX

CUPOBHMHHM JUIsl PI3HMX Tally3ed MPOMHUCIOBOCTI HUISIXOM PO3BUTKY HAYyKOBOi 0a3u st

CUHTE3Y pallOHAJIbHUX KOMIIOHYBAJIBHHMX 1 KOHCTPYKTUBHUX PILIEHb BAJIKOBUX MPECIB 3

ypaxyBaHHAM BUMOT HI0JI0 31HCHEHHS TEXHOJOTTYHOTO MPOLECY NPECYBaHHS.

1. Ha ocHoBI 3anponoHOBaHOi KOHIIEMI[li OI[IHKM BIUIMBY CTYIEHS 3HOCY OaHIaXiB
BaJKOBUX TMPECIB Ha TapaMeTpu OpUKETYBaHHS, SKa TMOJSITa€ y BCTAHOBIICHI
B3a€MO3B’ 13Ky MK KOHTAaKTHUMH HANPYXKEHHSIMH Ha pOOOYMX MOBEPXHAX OAH/IaXKIB,
XapakTepoM Ta BEJIMYMHOI0 iX 3HOCY, EHEPrOCHJIOBUMH Ta TEXHOJOTTYHUMHU
napamMeTpamMu OpUKETYBaHHS, BIIEpIIE PO3POOJICHO PO3pPaXyHKOBO-aHATITUIHHM
METO/]l Ta MaTeMaTHUYHYy MO/JIENb 11100 BU3HAUYEHHSI T€OMETPUUYHUX MapaMeTpiB 3HOCY
po0OOYHX MOBEPXOHB BAJIKIB HA PI3HUX CTaAIsAX 1X eKcIuTyaTallii. 3a3Ha4eHH METOJ] €
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OCHOBOIO I pO3pOOKH paIliOHATbHUX PEXKUMIB OpUKETYBaHHS Ta €KCILTyaTallii mpeca
Ha PI3HUX CTaisfX 3HOCY OaHNaXIB 1 €PEKTUBHUX METOJIB BIJHOBJICHHS POOOYMX
MTOBEPXOHB BAJIKIB 3 METOIO 30UIBIICHHS PECYPCY EKCILTyaTallii.

Ha ©0a31 BCTaHOBIEHHUX B3a€MO3B’S3KIB MDK BEIMYMHOK 3HOCY OaHIaxiB,
TEXHOJIOTTYHUMH 1 EHEPTOCUJIOBUMHU NTapaMeTpaMu OpUKETyBaHHS BIIEpIlIe CTBOPEHUIN
METOJi TPOTHO3HOI OIIHKM TEXHOJIOTIYHMX 1 EHEProCUJIOBUX IapaMeTpiB
OpHMKeTyBaHHS Ha PI3HUX CTaJisfX 3HOCY OaHJaXiB BaJIKOBUX IpeciB. JlaHui meTon
pealtizye KOMIUICKCHUH MIAXIJ 10 BUPIMICHHS 3aBAaHHS 3 BU3HAUEHHS PaIlllOHATBHUX
pexxuMiB poOOTH OaHAaXIB BAJKOBHX NPECIB Ha PI3HUX CTamisiXx ixX 3HOCY 3
BpaxyBaHHSAM 0araTo()akTOpPHOCTI MPOLIECIB OpUKETYBAaHHS 1 3HOIIYBAaHHS OaHIaXiB.
[Tokazana mpakTUyHaA peamizaifisi 3ampONOHOBAHOTO METOMY 10 MPOTHO3YBaHHS
B3a€MO3B'SI3KY CTYIEHS 3HOCY OaHJaXIB 3 MMapamMeTpaMu Mpolecy OpuKeTyBaHHS ISt
pi3HUX KOH(]Irypauiid (GopMyIOUYHX €IEMEHTIB Ta IIHUXT, [0 OPUKETYIOTHCA.
ExcnepuMeHTalbHO BCTAHOBJICHI Ta aHAJIITHYHO OIKCaHI 3aJeKHOCTI KoedillieHTa
YIIUTbHEHHSI IIUXTH, TIPY>KHOT MICHsIIii OPUKETIB, iX MIUTBHOCTI Ta PO3YyIILTbHEHHS BiJl
TUCKY TmpecyBaHHs. Ha 0a3i JochipkeHb 3alpolOHOBAHO EKCHEPHUMEHTaIbHO-
aHATITUYHUIA METOJI OI[IHKH BIUIUBY KOH(Iirypartiii GopMyrodnx eJIeMeHTIB Ha MPYKHY
MICTSAII0 OPUKETIB, SIKUW 3aCHOBAaHO HA BUKOPHUCTAHHI TOJIIB HAMPY>KEHb Ta BKIIIOYAE
noOyJIOBY €MI0p pO3MOALLY HaMpyXKeHb, MPY>KHOI MICIAAIl Ta IIUIBHOCTI MICIS
IPYKHOTO po3iMpeHHs. Po3po0ieHo anroputm peaizalii 3alpolOHOBaHOTO METOTY.
Buxonanuii KOMITJIEKC €KCTIEPUMEHTAIIBHUX Ta aHATITHYHUX JOCITIKEHb JO3BOJIMB
CTBOPUTH HAYKOBO-METOJUYHY 0a3y AJIs OI[IHKY BIUITMBY KOHCTPYKTUBHHX ITapaMeTpiB
(opMyIOUHX €J1EeMEHTIB BaJKOBUX IIPECIB HA MPYKHY MICIAIIO Ta AKICTh OPUKETIB.
3anporoHOBAaHO KOMIUIEKCHUHA METOJl OOIpyHTOBAaHOrO BHUOOpPY paliOHAIbHOI
KOH(piryparii popmMyroUdnx eJIeMEeHTIB BaJIKIB OPUKETHOIO MPECY, KUl 3aCHOBAHO HA
pO3pO0IEHMX METO/Jax OLIHKK BIUIMBY KOH(Irypamii (GopmMyrodux eleMeHTIB Ha
MPY>KHY TICTSA1I0 OPUKETIB Ta MPOTHO3YBAHHS 3HOCY POOOUYUX MOBEPXOHb OaHIaXKiB
BaJkiB. [TokazaHa MOKJIMBICTh BUKOPUCTAHHS 3alIPOTIOHOBAHOTO METOY JI0 PIllICHHS
HACTYMHUX 3ajJ]a4: MPOTHO3yBaHHS Ta OIIHKK BIUIMBY KOH]iryparii (opmyrodmnx
€JIEMEHTIB Ta TapamMeTpiB YIIUIbHEHHS Ha TMPYXKHY MICIAIiI0; BU3HAYEHHS
paIioHATPHUX TEOMETPUYHHUX MapamMeTpiB (GOPMYIOUMX EJIIEMEHTIB, 3a0e3MeUyrun
OTpUMaHHS OPUKETIB 3 33/1aHOI0 IIUIBHICTIO 3 ypaxyBaHHSM iX MPYKHOT MICISIIT micIs
3HSTTS HABAHTAKECHHS, MOJICIIIOBAHHS HOBHUX THUIIOPO3MIPIB (POPMYIOUUX E€JIEMEHTIB
JUISl 3HVMDKEHHSI HETaTMBHOTO BIUIMBY HEPIBHOMIPHOCTI PO3MHOALTY YIIIJIBHEHHS Y
OpuKeTi. 3 BUKOPUCTAHHAM KOMIUIEKCHOTO METOY pO3p00JIeHO HOBUM (HOpMYyrOUnid
€JIEMEHT, SIKAW JI03BOJISIE 3a PAaxXyHOK 30UIbIIEHHS PIBHOMIPHOCTI PO3MOALTY
VIIITBHEHHS Matepiay, 0 OpHUKETYEThCS 3HM3UTH HETaTUBHUMN BIUTUB TMPYXKHOI
MICTSAIT Ha SIKICTh OPUKETIB.

TeopeTnuHO MOCTIIKEHO B3a€EMO3B’SI30K MK BEIWYMHOIO YIIUIBHEHHS Ta THCKOM
MpECyBaHHS 3 YpaxXyBaHHSM IIBUAKOCTI TPECYBaHHS WIMXTH y MIKBaJIKOBOMY
TIPOCTOPI Ta 3aMPONOHOBAHO PiBHAHHSA, 10 ONHUCYE HaHuii 38530k P =K -a-Ky°, 1e
k, — mompaBounuii koeoimient. Ha 0a3i 3ampornoHOBAHOTO PIBHSIHHS CTBOPEHO
eKCIICPUMEHTAJIbHO-aHAIITHYHUMA, SKHH  J03BOJISIE JJI1  OOpaHOi  IIBHUIKOCTI
MpecyBaHHs (4aCTOTH 0OEpPTaHHS BaJIKIB) OLIIHUTH BETUYUHY THCKY, III0 PO3BUBAETHCS
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B ocepeaky aedopmaliii 1, BIAMNOBIIHO, MAaKCUMAJbHO MOMJIMBUNA KOE(QIIIEHT
yIIUIbHeHHs. BUKOHAHUN TOPIBHSUIBHUI aHAlll3 €KCIIEPUMEHTAIbHUX JAHUX BIUIMBY
4acTOTH OOepTaHHs BaJKIB MPECIB Ha MapaMeTpu OpUKeTyBaHHS ApiOHO(paKIIHHUX

MaTrepiajliB Ta MPOKATKU TMOPOIIKIB y TIJIaAKUX BajKaxX MHiATBEPIUB MPABOMIPHICTH

NPUHUHATHX  TEOPETUYHUX TMEPEeAyMOB Ta SKICHY BIAMNOBIIHICTh pPE3yJIbTaTIB

PO3paxyHKOBO-aHAJITUYHHUX JIOCTIKEHb (PI3UYHUM IpoIecaM, sIKi MPOTIKAOTh MPHU

OpuKkeTyBaHHI ApIOHOPPAKIIMHUX IIUXT B BAJKOBOMY MpeCi MpH 3MiHI MIBUIKOCTI

MpeCcyBaHHS.

3 ypaxyBaHHSM (DI3UKO-MEXaHIYHUX BIIACTUBOCTEH IIHUXTH Ta TEOMETPUUHHX

napaMmeTpiB ocepeaKy Aeopmaliii y Mi>KBAIKOBOMY MPOCTOPi ChOpMyTbOBaHI BUMOTH

JUIA BU3HAYEHHS] HEOOX1THOCTI BUKOPUCTAHHS IIHEKOBOTO MiJMPECOBHUKA y CKJIajl

KOHCTPYKIIIi BaJIKOBOTO Ipeca. 3ampornoHOBAaHO BUPA3H, sIKl JO3BOJSIOTH BUSHAYUTH

KOoe(ILi€HT MONEePEIHHOr0 YITIIPHEHHS IUXTH y ITHEKOBOMY MiIPECOBHUKY Ta HOTO

€HEProCUJIOBI MapaMeTpH.

BcraHoBieHO B3a€MO3B’SI3KM  MIDK ~ KOHCTPYKTUBHUMH, €HEPrOCHWJIOBUMHU  Ta

TEXHOJIOTIYHUMHU TapaMeTpamMH IIHEKOBOTO MIANPECOBHUKA BaJIKOBOTO IIpecy, Ha

OCHOBI SIKHX pPO3pOOJICHO aHAJIITUYHUM METOJ Ta aJrOpUTM BHU3HAUEHHS MOro

palioHaJIbHUX KOHCTPYKTHBHHMX pilleHb. [IpoBeaeHO po3paxyHKOBO-aHANIITUYHI Ta

IPOMUCIIOBI AOCHIIKEHHS] EHEPTOCUIIOBUX Ta TEXHOJIOTTYHUX MTapaAMETPIB IIIHEKOBOT'O

MiIPECOBHUKA BAJKOBOTO TMPECY, PE3yNbTaTH SIKUX MIATBEPAMINA aJIeKBaTHICTb

MPUIHATUX TEOPETUYHUX MOJIOKEHD Ta 3aIIPONOHOBAHOTO METO/Y.

CdopMysiboBaH1 OCHOBHI MOJIOKEHHS BHUKOPUCTAHHS CTPYKTYPHO-IIAPAMETPUYHOIO

CUHTE3Y Ta aHaJII3y /10 PIIIEHHS 3aJa4l NOIIYKY pallOHAIbHUX KOHCTPYKIIII BAJIKOBUX

npeciB. Po3po0ieHo iepapXiuHy CTPYKTYpy AEKOMIIO3HUIII BajJKOBHUX IIPECIB, SKa

3acHOBaHa Ha Kiacu@ikalii iX KOMIIOHYBJIbHMX Ta KOHCTPYKTUBHHX pIIICHb.

Po3pobieHo airopuT™M CTPYKTYpHO-TAPAMETPUYHOIO CHHTE3y Ta CHocio #oro

peaizaiii CTOCOBHO J0 TMOIIYKY PalliOHaJIbHOT KOHCTPYKIlI BaJIKOBUX TPECIB, SKi

(OopMyIOTHCS 32 MOYJIBHUM HPUHLIUIIOM.

Po3pob6iaeno meTo, sskuit peainizye KOMIUICKCHHN CHCTEMHUM TTiIX1J] 10 BU3HAYCHHS

parioHanbHOI KOH(pirypaiii (GopMylouux eleMEeHTIB OaHJaXiB BaJKOBUX IPECIB,

CTBOPEHMI Ha OCHOBI TpaHC(HOPMOBAHOTO METOJIy aHAJI3Y l€papxXii, KU BPaXxOBY€

BCTAHOBJICHI 3B'S3KM TEOMETPUYHUX TapamMeTpiB (QOPMYIOUUX E€JIEMEHTIB 3

€HEeProCUJIOBUMHM Ta TEXHOJOTIYHUMHU  XapaKTEpUCTUKAMU OpHUKETYyBaHHS 1

MOKa3HUKaMH eKcIuTyararii OaHfgaxiB. I[pakTM4HAa 3HAYKMMICTH 3aMPONOHOBAHOIO

METOJIy MOJIATae B TOMY, IO BIH JIO3BOJIIE HA CTaJil CTBOPEHHS BAJIKOBUX IPECIB

3M1MCHUTH MOPIBHSUIBHUM aHalli3, OLIHKY 3 ypaxyBaHHSIM MapaMmeTpiB OpUKETyBaHHS

Ta OOIpyHTYBaTH BHOIp pallioHaIbHOT KOH(pIrypaiiii opMyrOUnX €JIEMEHTIB.

BukoHaH1 HaAyKOB1 JOCIIIKEHHS 103BOJIMIN PO3POOUTH HOBI MOAMQIKAIllT BAJIKOBUX

npeciB KoHCTpyKii [YM:

- Tpec 3 TpaBITalIHHOI0 TMOJAYCI0 MIMXTH B OcepesoK aedopmartii 31 30UTBIIEHOI0
MIUPUHOI0 po00Yoi mMoBepxHI BajikiB (2x360 MM) i TOCSATHEHHS BHCOKOT
MIPOTyKTUBHOCTI;

- Mpec 3 MIMPUHOI PpoOouoi TMOBepxHI BankiB (2x202 MM) OCHAIICHUN
HiANPECOBHUKAMHU IIIHEKOBOTO THITY, SIKI JO3BOJISIIOTH OpUKETYBaTH MaTepiaiud 3
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MaJIOI0 HACHMIHOI0 IinbHicTIO (0,6< r/cM®), 3HMKEHOIO CHIYYiCTIO Ta TaKHX, LIO
NOTPeOYIOTh NJOCITHEHHS BUCOKHX 3HaUYC€Hb KOe(DillieHTa yIIlIbHEHHS (>3);

- Tpec, CKOMIIOHOBaHWMA 3a MOIYJbHUM TPHUHIMIIOM, Ta TMPU3HAYCHUN IS
BUPOOHUIITBA OpHUKETIB, B TOMY YHCI, 3 KOMIIO3UTHUX Jp1OHODPAKIIHHUX
CHPOBMHHMX MaTepiajiB 3 BHCOKOI HACHMITHOIO wIiibHicTIO (0,6 r/cM®) mpu
rpaBiTaliHINA Moa4ul MaTepialy B BaJKH, a TaKOXK MaTepiajiB, 110 MalOTh Mally
Hacuney mineHicTs  (0,2..0,6 r/cM®) NpM  OCHANIEHHI Tpeca LIHEKOBHUM
H1ATPECOBHUKOM.

Takoxx B poOOTI CTBOpeHI KOHCTPYKTHBHI pIllIEHHS JeTajlieil Ta BY3JB BaJIKOBHX, SKi
BIPOBAKEHI HA PSi/Il MIIPHEMCTB, IIO MiATBEPKEHO BIATIOBIAHUMH aKTaMHU.

Po3po0biena KOHCTpYKTOPChKA JOKYMEHTAIlisS HA BATOTOBJICHHS BJIOCKOHAIEHOI KOHCTPYKITii
npeca Ta nepeaana a0 Il «ExcnepumenrtansHo-BupoOHIYe mianpueMctso [UMy.
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AHOTALIA

bawoa K.B. Po3BHTOK HayKOBHX OCHOB CTBOPECHHSI BAJKOBHX mpeciB 3
PO3LIMPEHUMH TEXHOJOTIYHMMH MOXKJIMBOCTAMH Ta 30iJbIIEHUM PecypcoM
excniyaranii — KpanmidikauiiiHa HaykoBa mpais Ha paBax pyKOIUCY.

Jucepraiiist Ha 3100y TTS HAYKOBOT'O CTYIEHSI JJOKTOpA TEXHIYHUX HAYK 32 CMEL1aIbHICTIO
05.05.08 — «MammHu 1151 METaIypriiHOTO BUPOOHUIITBAY) — [HCTUTYT YOPHOI MeTamyprii
im. 3.1. HekpacoBa HAH VYkpainu, Juinpo, 2021.

Juceprailisi TNpUCBSYEHA BHUPINIEHHIO BaXXJIMBOI HAYKOBO-TEXHIYHOI MpoOJjIeMu
CTBOPEHHSI BAJIKOBUX IMPECIB 3 LIUPOKUMHU TEXHOJIOTTYHUMHU MOXJIMBOCTSIMU Ta 301JIbIIEHUM
pecypcoM eKcrutyaTalli st OpuKeTyBaHHA ApIOHOPPAKIIHHUX CHPOBUHHUX MaTepialiB B
METaNypriiHI} Ta CYMIKHHUX Tally3sX IPOMUCIOBOCTI.

Briepiiie BcTaHOBIIEHO B3a€MO3B'SI3KM Ta OTPUMAHO aHATITHYHI 3a1€KHOCTI BEJIMYMHU 3HOCY
BAJKIB 3 TMapaMeTpamu OpukeTyBaHHS. Po3po0ieHo HOBHIA METOA MPOTHO3HOI OIIHKU
napameTpiB  OpUKETYyBaHHS TP PI3HOMY CTYMEHIO 3HOCY OaHIaxiB. BukopuctaHHs
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3alPOIIOHOBAHOTO METOJIY JO3BOJUTH MIJIBUILUTH PECypC eKCILTyartallii OaHIaXiB BaJIKOBUX
peciB.

Brnepiie BcTaHOBIEHO B3a€EMO3B'SI3KM MK HANPYXKEHHSIMHU B YIIUIBHIOBAHIN MIKUXTI 1
IPY>KHOIO MICIISIIE0 3 ypaXyBaHHSAIM KOH]Iryparii mpecyrouyux MoBepXxoHb. Po3pobiieHo
€KCIIEpUMEHTAJIbHO-aHAIITUYHUN METO/I Ta MAaTEMAaTUYHY MO/JIEJIh BUSHAUYCHHS BEJIMUMHU 1
OIIIHKY BIUIMBY MPY>KHOI MICIAIl Ha SKICTh OpUKeTiB. BUKOpUCTaHHS METOAYy J03BOJISIE
BU3HAYATH PAlliOHATIEHI T€OMETPUYHI TapamMeTpu GOPMYIOUUX €JIEMEHTIB Ta MOJCIIIOBATH
HOBI THUIH X MOAHU]IKALIi.

Ha ocHOBI TpaHchOpMOBaHOTO METOAY aHAI3y i€papxid po3poOJeHO METONI Ta
MaTeMaTHYHy MOJIeb AJi1 BHOOpPY palioHanbHOI KOHGIryparii mpecylouynux MOBEPXOHb
BaJIKiB, SIKI BPaXOBYIOTh 3B'3KM T€OMETPUYHHX MapaMeTpiB (OpMYIOUHX EJIEMEHTIB 3
XapaKTEPUCTHKAMU TIPOIIeCY OpUKETYBaHHS 1 TOKA3HUKAMU eKCIUTyaTarlii OaH axiB.

Po3BuHEH1 ySBICHHS PO BILTUB HIBUAKOCTI MPECYBaHHS HIMXTU B OCEPENIKY BaJIKOBOTO
peca Ha EHEProCUIIOBI MapaMeTpH Ipoiiecy OpukeTyBaHHs. BCTaHOBIEHO 3aKOHOMIPHICTh
ONOpYy IWIMXTH CTUCKAaHHIO, $IKa B 3arajJlbHOMYy BHUIIQJKy OIMUCYETHCS PIBHIHHIM

p=k -a-Ky", ne kn — mompaBounumii koedilli€HT, SKkuil BpaxoBy€ BIUIUB IIBHIKOCTI
npecyBaHHs. OTprUMaH1 3 ypaxyBaHHIM pO3pax0oBaHOTO IMOMPABOYHOIO KOE(DIlI€EHTY KPUBI
VIIUIBHEHHS], 110 € 1HTErpalbHUMHU B1AOOPaKEHHSIMHU BJIACTUBOCTEH IIMXTH, JO3BOJISIOTH
U1t 0OpaHOoi IIBUJIKOCTI MpecyBaHHA (4aCTOTH OOEpTaHHS BaJKIB) OLIIHUTH BEIUYUHY
THCKY, 110 PO3BUBAETHCA B OCEPENIKY edopmarlii 1, BIAIOBIAHO, MAKCUMAIbHO MOKIMBUN
KOE(DIIIEHT yUIIIbHEHHS.

OTtpumany mnoAaJbIIMKA  PO3BUTOK TEOPETUYHI YSBJIEHHS TIPO B3aEMO3B 30K
KOHCTPYKTMBHUX TMapaMeTpiB IIIHEKOBOTO MIiANPECOBHUKA 3 TMapaMeTpamH IMpolecy
OpuKeTyBaHHS y BAJIKOBOMY Ipeci. 3amporoOHOBAaHO MaTEMaTHYHY MOJIEIb BU3HAYCHHS
palioHaJIbHUX KOHCTPYKTUBHUX 1 €HEPrOCUIOBUX IMapaMETPIB ITHEKOBOTO MIAIPECOBHUKA,
sKa BpaxoBye (hi3UKO-MEXaHIYHI BIACTUBOCTI IIUXTH, IO OPUKETYETHCA, PEKUMH POOOTH
BaJIKOBOTO IIpeca Ta J03BOJIsi€ OOIPYHTYBATH YMOBU 3aCTOCYBAHHS IM1IPECOBHUKA.

Po3po6sieH0 OCHOBHI TMOJOXKEHHS CTBOPEHHSI KOHCTPYKIIIN BaJIKOBUX TpeciB Ha 0asi
CTPYKTYpPHO-TTapaMETPUYHOIO CUHTE3Y Ta aHali3y. 3alpONOHOBaHA 1€papXiuHa CTPYKTypa
JI€KOMITO3U1IIi BaJIKOBUX IPECIB, sIKA 3aCHOBaHa Ha Kiacudikalii iX KOMIOHYBaJIbHHUX 1
KOHCTPYKTHUBHUX PIIICHb 32 MOIYJIbHUM MPUHIIUTIOM. PO3p00I€HO allrOPUTM CTPYKTYPHO-
napaMeTpUYHOTO CUHTE3Y 1 croci0 HOTo peanizalli 10 MOLIYKY palliOHaIbHOT KOHCTPYKIIIT
BAJIKOBUX IPECIB.

BropoBamkeHo: TexHIYHA JOKYMEHTAIlld Ta PEKOMEHAAIll MIOA0 BUTOTOBJICHHS
BJIOCKOHAJIEHUX KOHCTpyKLiil BanmkoBux mnpeciB (HIl «/ExcrnepuMeHTanbHO-BUpOOHUYE
mianpueMcTBoO [HcTUTYTY YopHOi MeTanyprii iM. 3.1. HekpacoBa HAH Ykpainu 3a yuyactio
MIIIPUEMCTB-IAPTHEPIB); TEXHOJOT1i OpUKETYyBaHHS KapOidy KPEMHIIO Ta BIOCKOHAIEHOI
koHCTpykIlii BankiB mpeca (TOB «lI'sTuxaTchkuii 3aBOJI METaTypriiHUX CyMIIIEh»);
€KCIIEPUMEHTAJIbHO-IIPOMHUCIOBOTO ILIHEKOBOTO TMIANPECOBHUKA BaJKOBOrO Tpeca JIs
OpUKeTyBaHHSI BYTJICIIEBUX CHEPreTUYHO I[IHHUX npioHO(Dpakmiitnux Mmarepianis (TOB
«IIpoMOpuKeT»); pEeKOMEHAAII II0J0 BJOCKOHAJNEHHS KOHCTPYKI[i IITHEKOBOTO
nianpecoBHuka ta JiHil npuBoay mpeca (TOB «biorymoc»); TexHoj0rii BUPOOHHUIITBA
VIIUIBHEHOTO MPOAYKTY 3 ApiOHOGPAKIIMHUX Ta MIJIOBUIHUX 3aT130BMICHUX BTOPUHHHX
marepianiB (ITAO «MMK Lmniyay, [TAO «A3oBcTanby).
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ABSTRACT

Baiul K.V. Development of scientific bases of creation of roll presses with the expanded
technological possibilities and the increased service life. — Qualifying scientific work on the
rights of the manuscript.

The dissertation on competition of a scientific degree of the doctor of technical sciences
on a specialty 05.05.08 — "Machines for Metallurgical Production™ — Iron and Steel Institute
of Z.1. Nekrasov of NAS of Ukraine, Dnipro, 2021.

The dissertation devoted to the solution of an important scientific and technical problem
of the creation of roll presses with wide technological possibilities and the increased service
life for briquetting of small fractional raw materials in metallurgical and related industries.

For the first time, relationships established and analytical dependences of the amount of
roll wear with briquetting parameters obtained. A new method of predictive estimation of
briquetting parameters at different degree of roll wear is developed. The use of the proposed
method will increase the service life of the rolls of briquette presses.

For the first time, the relationships between stresses in the compacted material and the
elastic aftereffect taking into account the configuration of the pressing surfaces were
established. An experimental-analytical method and a mathematical model for determining
the value and estimating the influence of the elastic aftereffect on the quality of briquettes
have been developed. Using the method allows to determine the rational geometric
parameters of the forming elements and to model new types of their modification.

Based on the transformed method of hierarchies analysis, new method and mathematical
model for selecting a rational configuration of pressing surfaces of rolls, which take into
account the relationship of forming elements geometric parameters with briquetting process
characteristics and rolls exploitation parameters was created.

The ideas about the influence of pressing speed in the roll press on the briquetting process
parameters developed. The regularity of the resistance of fine-grained material to
compression is established, which in the general case is described by the equation

p=k_ -a-Ky", where k, is the correction factor, which takes into account the influence of

the pressing speed. The compaction curves obtained taking into account the calculated
correction factor, which are integral reflections of the properties of the compacted material,
allow to estimate the value of pressure developing in the deformation center and,
accordingly, the maximum possible compaction coefficient for the selected pressing speed
(roll speed).

Theoretical ideas about the relationship between the design parameters of the screw feeder
with the parameters of the briquetting process in the roller press were further developed. A
mathematical model for determining the rational design and power parameters of the screw
feeder, which takes into account the physical and mechanical properties of the briquetted
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material, modes of operation of the roll press and allows to justify the conditions of use of the
press.

The basic provisions of creation of designs of roller presses on the basis of structural-
parametric synthesis and the analysis are developed. The hierarchical structure of decomposition
of roller presses which is based on classification of their layout and constructive decisions on a
modular principle is offered. An algorithm for structural-parametric synthesis and a method for
its implementation to find a rational design of roll presses have been developed.

Implemented: technical documentation and recommendations for the manufacture of
advanced designs of roll presses (SE Research and Production Enterprise of the Iron and
Steel Institute of Z.I. Nekrasov of NAS of Ukraine, with the participation of partner
companies); technologies of briquetting of silicon carbide and improved design of press rolls
(LLC "Pyatihatsky metallurgical mixtures plant™); experimental-industrial screw feeder of
roller press for briquetting of carbon energy-valuable materials (Prombriket LLC);
recommendations for improving the design of the screw feeder and the press drive line (LLC
"Biohumos"); technologies for the production of compacted product from fine-grained and
pulverized iron-containing secondary materials (PJSC "MMK llyich", PJSC "Azovstal").

Key words: roller press, construction, rolls, forming elements, briquetting, fine fraction
raw materials, wear, elastic aftereffect, deformation rate, analytic hierarchy process, rational
and modular design, compaction pressure, stress, density.



