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BCTYII

PizaHHs MeTany — 1€ TEXHOJOTIUHHUM MpOIEC MEXaHIYHOI OOpOOKH MeTay
IIUISIXOM 3HIMaHHSI CTPYXKKH, SKHUH CYIPOBOJKYETHCS TEIDIOBUMHU Tiporiecamu. [lpu
MEXaHIuHIi o0poOIi poOodl MOBEPXHI PIKYYOro I1HCTPYMEHTAa B 30HI pi3aHHS
NIJAI0TCA Al pI3HOTO POJy HANPYKEHb, BHCOKUX TEMIIEpaTyp, MOBEPXHEBO-
aKTUBHUX MAaCTHJIbHO-0XOJOKytouux pinud (MOP), mo 3MeHIIye mpaime3aaTHiCTh
1HCTpYMEHTa yepe3 IuiacThuuHe JehOpMyBaHHS, 3HOIIYBAHHS IHCTPYMEHTY.

B cyudacHomy MmammHOOyJyBaHHI BHUHMKAIOTh CKJIQJHOIIl MPU MEXaHIYHIN
o0OpoO1il, OO0 3MEHILIEHHS TeMIlepaTypu B 30HI pi3aHHs. OZHUM 13 MOIIMPEHHUX
Croco0iB  3MEHILIEHHS TEMIIEpaTypyd € BUKOPHUCTAHHS PIKYyUOro 1HCTPYMEHTY 3
PI3HUMU cIlocoOaMu MmoJadi MaCTUIILHO — 0XOJI0/IKyBalIbHOI piuau (MOP).

CBepiia  SIBASIOTBCS  OJAHUM 3 HAWMOIIMPEHINIMX  BUJIB  PIKYYOTO
iHCTpyMeHTIB. [lo KOHCTpyKIii pO3pI3HSIOTH: CHipalibHI, IIEHTPOBI, TIEPOBI,
PYILIHUYHI 3 30BHIIIHIM a00 BHYTPIIIHIM BIJIBEJICHHSAM CTPY’KKHU Ta KUIbLIEB1 CBEpAJIA.
Ceepayia OyBaroTh 13 30BHINIHBOIO Togauetro MOP ta BHyTpimHbO0. Kpim TOTO,
Tpeba BpaxoByBaTH crieli(iKy T€OMETpii CBEpJie, Ka MOJSArae B PI3HUX BETUYUHAX
IIBUIKOCTI pi3aHHS Ha Pi3alibHIA KPOMIIl y pajiaIbHOMY HaAIPSMKY.

Tomy BUBUYEHHS MPOIECIB, SIKI BIIOYBAIOTHCA y 30H1 Pi3aHHS B 3aJICKHOCTI BiJ
KOHCTPYKIIIi cBepajia , crioco0y mogaui MOP € akTyallbHOIO 33/1a4€i0 1 Ma€ BEJTUKE

IMPAKTUYHC 3HAYCHHA.



1 MPOIECHU CBEPAJIIHHA TA XAPAKTEPUCTHUKA PIZKYYOI'O
IHCTPYMEHTY

1.1 Ilpn3HayaHHA CBepPAJTiIHHSA

CeepmtiHHS - HEOOXiJgHA omepallis I OTPUMaHHS TJIIYyXHUX UM HACKPIZHUX
OTBOPIB B PI3HUX MaTepiajax mpu ix 00poobili, METOIO SIKOT €:
- BHUTOTOBJICHHS OTBOpIB IMiJ Hapi3yBaHHSI pi3bOH, 3CHKYBaHHS,
pO3ropTaHHs ad0 PO3TOUYBAHHS;
- BUTOTOBJIEHHS OTBOpPIB (TEXHOJIOTIYHMX) [JIs1 PO3MILIEHHS B HHX
CJIEKTPUYHUX KaOesiB, aHKepHUX OONTIB, KPIMUIBHUX €JIEMEHTIB Ta 1H.
CBepmyia B 3aJIeKHOCTI BiJI BJIACTUBOCTEM O0OOpOOIIOBAHOTO Marepiany
BUTOTOBIIAIOTHCS TOTPIOHUX THUIIOPO3MIPIB 3 HACTYITHUX MaTEpialliB:
- Byraenesi cram (Y8, VY9, V10, V12 Tta 1iH): cBepnHHA 1
PO3CBEPTIOBAHHS IEPEBA, MIIACTMAC, M'SKUX METAIB,;
- mBuAKopizansHoi ctami (P9, P18, P6MS, POKS Ta iH):cBepiIiHHS BCIiX
KOHCTpYKIiMHUX MaTepianiB. Temnoctiiikicts 10 650 ° C;
- cBepaia, ocHamieHi TBepauM criaBoM, (BK3, BKS, T5K10, T15K6 Ta
1H): CBEP/UIIHHS Ha IIJIBUIICHUX IIBUIKOCTSIX HE3arapTOBaHOI CTajeH 1 KOJIbOPOBHUX
metaniB. Ternoctiiikicte 10 950 °© C. MoxyTh OyTHM UIJIbHUMH, 3 HamasHUMU

TIaCTUHAMU, a00 31 3BMIHHUMU TJIaCTUHAMU (KPITUISITHCS TBUHTAMHU ).

1.2 KoncTpykuisi po6040i Ta XBOCTOBOI YaCTHHM CBep/AJia

Ha choroanimHii feHb TyKe IMMPOKO PO3MOBCIOKEHI cBepaiia (puc.l.1), ski

Pi3HI MO KOHCTPYKIIii Ta MpU3HAYCH] JIJIs1 IEBHOI MEXaHI9YHO1 00pOoOKHU



My

Pucynok 1.1 — Buau cBepan: a, B, 1 — ciipaiibHi; 6 — 3 IpSIMUMH KaHaBKaMU; T — MIPbOBE;

€ — OHCHTPYBAJIbHE.

ITo xkoHCTpYKIIiT poO0Y0i YacTHHU OYBaIOTh:

1) CHipajbHI - 1€ HAWMOIIMPEHIIIl CBEpAJIa, 3 J1aMeTpoM cBepiyia Bia 0,1
710 80 MM 1 JJOBKMHOIO poO0YOi YaCTUHHU A0 275 MM, IIUPOKO 3aCTOCOBYIOTHCS JJISI
CBEP/JIIHHS PI3HUX MaTepiais;

2)  koHCTpykKIil XKupoBa - Ha piXKy40i YaCTHHU € TPU KOHYCa 3 KyTaMU IMPH
BepuHi: 2¢ = 116 ... 118°; 200 = 70 °; 290" = 55 °. TuM camMuM JOBKHHA PIKYYOT
KPOMKH 30UIBLIYETHCS 1 YMOBHM BIABOAY TEIUIAa MOJINIIYIOThCSA. Y MNEepeMHULl
npopizaerbesi ma3 mupuHoo 1 ruouHoro 0,15D. Ilepemuuka mMiATOYY€ThCS T
KyToM 25 ° 1o oci cBepajia Ha AUISHIN 1/3 1MOBXKWHU pixkydoi KpoMKku. B pe3ynbrari
YTBOPIOETHCS] TO3UTUBHUM KYT Y = 5 °;

3) s rimbokoro cBepmaiaHg (D>50)-moq0BXKeHI T'BHHTOBI CBepiaia 3
JIBOMa TBMHTOBMMHU KaHajaMu JUisi BHYTpimHboro miaBeaeHHss MOP. I'BUHTOBI
KaHAJIM TPOXOJATh Yepe3 TIJI0 cBepisia abo uepe3 TpyOKH, ymasHi B KaHABKH, MPO
dbpesepyBaHHI1 HA COUHII CBEPIIA;

4)  mmocki (TIepoBi) - BUKOPUCTOBYIOTHCS MPH CBEPJUICHHI OTBOPIB BEJIMKHX
niaMeTpiB 1 ruMOuH. Pikyya YacTMHA Mae BUIIISIL IUJIACTUHH, SIKa KPIMHUTHCS B
JieprKaBIll @00 OOPIITAHTH,YM BUKOHYETHCS 320/THO 3 XBOCTOBUKOM;

5)  rapMaTHI—SBISIOTH COOOI CTPMIXKEHb, y SKOTO TIEPEIHIA KiHEIb
3pi3aHUil HATOJOBUHY 1 YTBOPIOE KaHAJ JJIA BIABOMY CTPYXKHU. JlJis HampaBlieHHS

CBepJjia oMepeIHhO Mae OyTH MTPOCBEpIeHU OTBIp Ha ruouny 0,5...0,8 D;



6)  OXHOCTOPOHHBLOTO pi3aHHS - 3aCTOCOBYIOTHCS JIUII BHKOHAHHS TOYHHX
OTBOPIB 32 PaXyHOK HasBHOCTI HAaIPaBJISIFO4Oi (OMOPHOI) MOBEPXHI (PiXKydl KPOMKHU
pO3TaIloBaHi 0 OJIHY CTOPOHY BiJl OC1 CBEp/Ijia);

7)  pYUIHHYHI - 3aCTOCOBYIOTBCS JUISI CBEPUTIHHS OTBOPIB BEJIMKOT TIIHOWHH.
BurotoBisatoTecs 3 TpyOku, OOTUCKY SIKY OTPUMYIOTh NpSIMY KaHaBKY JJIS BIABOIY
cTpyxku 3 KytoM 110...120 ° 1 nopoxkauny s miaseaeHass MOP;

8)  KimbLeBI — MyCTOTiI CBEpiUIA, IO HEPETBOPIOIOTH B CTPYKKY TiTBKH
BY3bKY KUIBLIEBY YACTUHY MaTepiaiy;

9)  meHTpyBaJlbHI — 3aCTOCOBYIOTH JIJISl CBEPJUIIHHS IIEHTPOBHUX OTBOPIB B

JETAISIX.

1.3 MapkyBaHHsI cBep/ieJ 3 M0Ia4€el0 MACTHILHO-0X0JI0/IXKYBaJIbHOT

piauHu

Koxxen 3 BUpPOOHMKIB CBepjie] po3poOJis€ MO3HAYEHHS CBOET MPOAYKINi 3a
cranaapramu |1SO, nmo3HaueHHs cBepjjia BMillye B ceOe: TUI MOJadyl MacTHIBHO —
OXOJIOJIKYIOUOT PiMHHU, JiaMeTp CcBepiuia, JoBkuHa pobouoi yactunu (l), 3aranpHa

nosxuHa cBepia (L), 3acTocyBaHHS cBepia Ta iaMeTp XBOCTOBOI YaCTHHU.

JlaHi cBepajia [arOTh BUCOKY TOYHICTb T€OMETPUYHUX PO3MIPIB Pi3ajbHOT
KPOMKH. 3MEHIIEHHS MOXJIUBOCTI «BIJIBEICHHS» CBepJyla TpU CBEPJUTyBaHHI,
3HIDKEHHSI CUJT P13aHHS.

3a0e3neuyroTh CTaOUIbHICTh CTYPIKKOBIJIBEIEHHS 1 3MEHIIYIOTh BIpOT1IHICTb
NaKyBaHHS CTPYKKH.

OTxe B 1IbOMY PO3AUT PO3TJSHYTO ICHYHOYl BUJIM CBEPAJ JJISI MEXaHIYHOI
o0OpoOKM OTBOpIB, KOHCTPYKIIIFO XBOCTOBOi Ta poOOYOi 4YaCTUHM CBepiyia,
pPI3HOMAHITHICTh iX, TPHUHIMI 3aTOYyBaHHS, a caMe€ IiJ SKUM MOBHUHEH OyTu
3aTOYEHUN TOJIOBHUM PLKYYMH KyT JUIsi TOi 4YM 1HIIOI OOpOOKM MaTepialis,
PO3TJISTHYTO BUIM 3arOCTPEHHS Ta MPWIA] JJIsl MEPEeBIPKU 3aTOUYKH CBEpJia, TaKOX
Oyno BuOpaHO cBepiuio i3 moBigHuka ¢ipmu «Korloy» Ta merambHO po3mucaHO

MapKyBaHHs CaMOro CBEpaja.



2 OB’€EKTU JOCJIAXKEHHSA

Jist  jpocnmigkeHHsT OO0paHO cHipaJibHE CBEpIUIO, 4Yepe3 iX MIMPOKY
HOMEHKJIATypy Ta 3aCTOCYBaHHS.

Hlupoke momupeHHs Ha0YyJIO CHipaibHE CBEPAJIO JIJIsl CBEpUTyBaHHS OTBOPIB:

- He BUMararTh J1I0JaTKOBOT 00pOOKH;

- TI1]] 3€HKEPYBAaHHA a00 PO3TOUYBaHHS;

- 1] pO3TOPTAHHS;

- IM1]1 Hap13yBaHHS P13b0M MITUUKOM.

CroipanbHi cBepjia JO3BOJAIOTH 3a0e3neunuT oOpoOKy oTBopiB 3a 11...12
KBaJITETOM TOYHOCTI Ta INOpCTKicTIO ToBepxHI 20...80 MKM, IO € JOCTaTHBO
OPOAYKTUBHUM criocoOoM. CBepasia BUTOTOBISIOTHCA: 3 IMIBHAKOPI3aJbHUX CTaleH,
TBEpAUX CIUIaBIB 1 HAATBEPAMX IHCTPYMEHTaJbHUX MarepiaiaiB. OCHOBHI THUIHU 1
po3Mipu croipanbHUX cBepaen cranpaptuzoBani. Y ['OCT 885-77 mnpuBeneHi
peKOMEH1allii 1o BUOOPY JliaMeTpPiB CBEP/Iei B 3aJICXKHOCTI BiJl IpU3HaUeHHs [3].

KOHCTpyKTHBHI €IeMEHTH.

CBep/y10 CKIIaIaeThes 3 poO0YOi YACTUHU, IIMIKK 1 XBOCTOBHKA, 300paXkeHe Ha
puc 2.1. Kouiyamii ab0 WMIIHAPUYHUI XBOCTOBUK CIYXHTh MAJIs 3aKpIIJICHHS
CBEp/Jia B IIMUHJEII BepcTara, MoIoBXKyBadl abo matpoHi. JJis cBepaen aiamMmerpom
noHaa 6 MM XBOCTOBMK HailyacTille Mae KOHIYHY (OpMY 1 3aKIHUYETHCS JIAMKOIO.
Jlanka mpu3HaueHa A7 BUOMBAHHS CBEp/yIa 3 KOHIYHOTO OTBOPY.

[Muiika — npomiXkHA YacTHHA MIK XBOCTOBUKOM 1 POOOYOI0 YaCTHHOIO
cBep/yia.BoHa Mae MeHIIM AiaMeTp, Hik poOoYa yacTHUHA CBep/Ijia.

HampsiMua dwactuHa Mae 1B1 JOMOMDKHI PUKYYl KPOMKH, SKI YTBOPEHI
NEPEeTUHOM TMEpEeAHIX MOBEPXOHb 3 TMOBEPXHEIO CTPIUKM (By3bKa CMY)KKa Ha
HWJIHIPUYHIA TOBEPXHI CBepjyla, pPO3TAalllOBaHA Y3JI0BXXK TBUHTOBOI KaHABKH 1
3a0e3mnedye HampsMOK CBEpAJia MPHU Pi3aHHI, a TAKOX 3MEHIICHHS TepTs OIYHOi

MIOBEPXHI 00 CTIHKH OTBOPY JI¢ BUKOHYETBCSI 00pOOKa).
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Pucynok 2.1 — KoHCTpYKTHBHI €JIeMEHTH CIipaibHOTO cBepia [4].

PobGoua yactuHa ckiagaeTbes 3 piKydoi 1 HapsIMHOI YacTuH. Pixkyua yactuHa
Mae Bl TOJIOBHI PLKYy4l KPOMKH, SKI YTBOPEHI NEPETUHOM IMEPEIHIX I'BUHTOBUX
MOBEPXOHb, KAHABOK MO SIKUMU CXOJIUTh CTPY’KKa, 3 3aJHIMU MOBEPXHIMH, a TAKOXK

MOTIEPEUHY PIKYUy KPOMKY (MIEPEMUUKY), YTBOPEHY MEPETUHOM 3aHIX IOBEPXOHb.

2.1 Temnepatypa npu pizanHi

3HauYeHHS TEMIIEpaTypy B PI3HUX TOUKAX KOHTAKTY IHCTPYMEHTA 31 CTPYKKOIO
1 3aroTOBKOIO HEOJHAKOBl. MakcumalibHa TeMmIiiepaTypa OyJie Mo KpasM pPiLKYIHX
KpoMOK cBepaia (puc. 2.4). Ha nmiommaaii KOHTaKTy 3a/IHbOI MOBEPXHI IHCTPYMEHTA 3

MOBEPXHEIO Pi3aHHS TEMIIepaTypa pO3MOILISIETHCS TAKOXK HEPIBHOMIPHO. [6]

Pucynok 2.4 —Po3nonin TemnepaTypy Ha MOBEpXHi IHCTPYMEHTY.



Tomy mig Temmepatyporo pi3aHHsS 0 po3ymilOTH CEepeHIO TeMIlepaTypy Ha
MOBEPXHI KOHTAaKTy IHCTPYMEHTY 31 CTPY)KKOIO 1 MOBEpxHEI0 pi3aHHs. HasBHICTH
BiZIOMOCTEHl TpO TeMmIepaTypy B 30HI pi3aHHS JO3BOJSE MPABUIBHO NMPU3HAYUTH
MaTepial pi3aJbHOTO 1HCTPYMEHTY JMJisi JaHUX YMOB OOpoOKH, OOIPYHTyBaTH
3aCTOCYBaHHS MAaCTHJIbHO-OXOJIOJKYIOUOi PEUOBHHM, CHOCOOIB X MiABEIEHHS [0

30HHM pi3aHHS.

2.2 TlinBeaeHHsA MACTUJIbHO-0X0J10/I)KYBAJIbLHOI PiIMHU B 30HY pi3aHHsI

Cucrema mnomaui MOP € BaxiIMBUM UYMHHUKOM [iJIs 3a0€3MEUCHHS
edexkTuBHOTO Nporecy ceepaiinusi. [lomaua MOP BrunBae Ha:

- TPOLIEC eBaKyallii CTPYXKKH,

- SAKICTb OTBOPY;

- CTIHAKICTBH IHCTPYMEHTY.

Caep/y1a 3 BUKOPUCTAHHSAM MAaCTHIIbBHO—O0XO0JIOKYBAJIBHOI PLAMHY MOAUISIOTHCS:

- 06e3 mogaui MOP;

- BHyTpimHs nogaya MOP;

- 3oBHimHA nogagya MOP.

Buyrpimne minsenenns MOP.

BuytpimHe mnigsenenHss MOP  (puc.2.5) 3acTOCOBYeTbCS MJisi YCYHEHHS
npobjieM 3 eBaKyalli€lo CTPYXKKH, OCOOJIMBO TpH O0OpoOIll JIOBrOCTPIYKOBHUX
MatepianiB i mpu Benmukid riaumbwHi cBepmmiHAS (L>3D). PekoMeHIyeThCs 3aBXKIH
3aCTOCOBYBaTH BHYTpilHIN migBeaeHHss MOP npu oOpoOli 0TBOPiB, INIMOMHA SIKUX
nepesutrye 3D.IIpu 06poOIli TOPU30HTAIBHO PO3TANIOBAaHUM CBepioM ToTik MOP,
10 MOJIA€ThCS Yepe3 KaHaIM B CBEP/JIi, TOBUHEH 3aJUIIATUCA MPSIMOJIIHINHUM Ha

Bifcrani sik miHiMym 30 cMm (11,81 ") Bia Bepiuau cBepanal7].

Pucynok 2.5 — Cepano 3 BHyTpimHb010 nogavyero MOP: 1 — ceepano; 2 — MOP.



3oBHinHe migseaeHHs MOP.

3oBHimHe miaBeneHHss MOP (puc. 2.6) 3acTOCOBYETbCS MPHU 3370BUILHOMY
CTPY>KKOJIPOOJICHHI 1 TPH HEBEJIMKIA TIIMOMHI CBepITiHHS. J{J1s MoinmeHHs
eBaKyarlii CTpy>KKH IpuHaiMH1 oiHe corio s monayi MOP (nBa, k1o cBepajio He
oOepTaeThcsi) Mae OyTH HaNpaBlIEHO Ha BepHIMHY (BICh) cBepjJia. 3O0BHIIIHE
nigseneHHss MOP 1103BoJisie YHUKHYTH YTBOPEHHSI HApOCTY Ha PIKYUYHX KpanKax,

BUKJIMKAaHE BUCOKOIO TEMIIEPATypOIO B 30HI pi3aHHS.

Pucynok 2.6 — Cepano 3 30BHimHIM TiBogoM MOP: 1 — 3aroroBka; 2- como;

3 — cBepio; 4 — MOP.

O6po0bka 6e3 MOP.

VY 3aragbHOMY BHMAAKy HE PEKOMEHIYETHhCS 3IACHIOBAaTHU OOpOoOKy 0O€3
3actocyBanHs MOP (puc.2.7):

- MO>K€ 3aCTOCOBYBATHCS M1 OOpOOKH KOPOTKOCTPIUKOBMX MaTepiajiB
npu raubuHi ceepainas (L<3D);

- B OCHOBHOMY JJi1 00pOOKH CBEP/AJIOM, PO3TAIIOBAHIM TOPU30HTAIBHO;

- PEKOMEHIYEThCS 3HUKYBATH IMIBUIKICTh PI3aHHS;

- 3HU3UTHCS CTIHKICTH IHCTPYMEHTY.

Kareropuuno He peKOMEHIyeThCS 3/11HCHIOBATH 00poOKy 6e3 MOP:

- MIJ 9ac CBEpJIIHHA HepkaBitounx matepiainis (rpym [ISO M1 S);

- CBepAJaMU 3HANasHUMHU IJIACTHHAMH;

- CBEp/JIaMH 31 3MIHHUMHU T'OJIOBKAMHU.



Takum YUHOM BUKOPUCTAHHS MAaCTHUJILHO — OXOJIO/KYBAJIBHOI PiUHU 3HAYHO
MOKpaINIye TMpOIeC pi3aHHS Ta 03BOJSIE BUKOPUCTOBYBATH OUIBII 1HTCHCHBHI

PEXUMHM pi3aHHS MPU MEXaHIYHINA 00pOoOIT.

3 BUBHAYEHHS TEMIIEPATYPU B 30HI PI3AHHA METOJ1OM
CKIHYEHHUMX EJIEMEHTIB

Jlis BU3HAUEHHS TEMIIEpPATypH pi3aHHA TPU CBEPIJIIHHI BUKOPHUCTOBYETHCS
1HKEHEpHA METOJMKA PO3PaXyHKy TeMIEpaTyp Ha KOHTAKTHUX IUIOMIAIKaX TBEPIUX
Ti1. JlaHuii MeTo Mae OJMH HEIOMIK, 10 TEMIIEpaTypy paxye TiIJIbKHA Y OJIHINA TOYIIL.

Po3paxyHoOk TeMIiepaTypHUX OB BUKOHYETHCS 32 JOTIOMOTOI0 MPOTPAMHOTO
moayas SolidWorksSimulation, sikuii 103BOJIS€E BH3HAYUTH TEMIIEpaTypy IO BCid
MOBEPXHI.

CTBOpeHHsT  JIOCHI/DKEHb 1  BUKOHAHHS  PO3PaxyHKIB  BIJOYBa€ThCs
0e3mocepelHbO B CEpeIOBHMINI IporpaMHoro komiuiekcy SolidWorks Ha ocHOBI
BracHux mozeneit SolidWorks abo »x agetaneit 1 300poK AOBUIBHOI IMIIOPTOBAHOT
reoMeTpii.

[lepeBaroto gaHoro cmocoOy pO3paxyHKy € Te, II0 MU OTPUMYEMO TOBHY
KApTUHY TEIJIOBUX MPOLECIB Y IHCTPYMEHTI Ha BC1X MOBEPXHSIX.

st gocmimkeHHss oOpane cBepmio (21,5 MM 13 MIBHIKOPI3aIbHOI CTai
P6MS.

Buxingni gani 11 po3paxyHKy:

Pexum pizanns: nogada - S = 0,08-1073m / 06.

Yucno obdeptiB- V = 150 06 / xB.

Yac cBepryBaHHsa- t= 1 xB.

['eoMeTpuyHIinapaMeTpuiHCTPYMEHTY: MepeAHid KyT -y =4 °, 3aaHiil KyT
a =10, kyT B maHi- ¢ =59 °.

KoedinieHTTenI0npoBiIHOCTI:
. BTt
crami 40X - 4, = 33,9 —;
M-K

TBepAoro caBy POMS - A, = 27,2 %.



KoeiwienT TemnepatyponpoBiIHOCT !
cram 40X - a; = 0,067-107*m? / c.
TBepAoro cmiaBy - a, = 0,1-107*m?/ c. TBepmoro cmmaBy - a; =
0,067-10~* m?/c.
[MpuiimaroTecsikoedimieHT ycanku CTpyKku - K = 1,8, 10BXKHHY KOHTaKTY -
0,=0,1-10"3m.
TerutoBi HaBaHTaXKCHHS:
Cranp — ctams — 70 Br/(M'K) [13];
MOP — crans — 108 Br/(M'K) [13].
Po3paxyHok Temrieparypu 3a jgoromororo SolidWorks.
[Ticns moGynoBu 3-D Mojeni po3paxoByeEMO MaKCUMAaJIbHY TEMIIEpaTypy Ha
noBepxHi cBepuia 3a mormomororo I13 SolidWorksSimulation. Orpumannii ecki3

300pakenuit Ha puc. 3.1.

Pucynok 3.1 — Enropa Temmneparyp cBepaia 6e3 kanaiis mig MOP.

Takum YMHOM BHUIHO IO PO3paxoBaHa TEMIIEpaTypa 3 BHYTPIIIHIM ITiIBOJIOM
MOP B SolidWorkscranosute 28°C, a TemmepaTypa OTpHMaHa y pe3yJbTaTi
JOCIITHULBKOT po0oTH - 25°C, 0oTKe OTpuMaHui pe3yabTaT He nepeBuinye 15% Bia
pPO3paxoBaHOi TeMIlepaTypu IOCIITHUIBKIM METOJIOM, TOMY JaHa Iporpama Ja€
JI0OCTaTHBO TOYHUU Pe3yJbTaT PO3PAXYHKY.

Tenep nopiBHsIEMO TemIiepatypy 3a gonomororo [13 y 30H1 pi3aHHS, TUIBKU Y

NepIIoMy BHIAAKy OyAyTh NOpHCYTHI KaHanu  miag nomayy MOP Tta cama



OXOJIO/DKYIOUa pIiauHA, a IHIIe CBep/yio Oyne 3 KaHaiamu aie 0e3 MiABOay
OXOJIOJIKYIOUO1 PIJWHU, 3BIACH HAsSBHO OyJe BUIHO HACKUIBKUA MPOIYKTHBHIIIE
BUKOPHUCTOBYBATH CBepiia 3 nogauero MOP.

PospaxyHok cBepaia $21,5 MM 3 kanamamu Ta nojgadero MOP. Jlaamit meTon
pO3paxyHKy TOJIAra€e B TOMY, IO 3a BIJIOMUMH TEIJIOBUMU HABAHTAKEHHAMHU
(TETJIOBUMU MOTOKAMH) OTPUMYETHCS TOJIE PO3MOIUTY TEeMIEpaTyp Ha MOBEPXHSIX
cBepIa.

[lepen moyaTkoM po3paxyHKy MOTpiOHO crmpoektyBatu 3-D monens cBepasia
?»21,5 mm. TToOynoBanuii poekT Mae posmupenHs ¢ainy (***** SLDPRT). /lana

3-D monens cBepaia 300paxeHa Ha puc. 3.2.
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Pucynok 3.2 — 3-D monens cBepana 3 kananamu mig MOP.

[Ticns orpumanns 3-D mozeni nepexoaumo y Bkiiaaky Simulation. Tlotim y
BkiaauHIl «KoHCynbTaHT uccienoBanus» obupaetbcsi «HoBoeuccnemnoBanue». Y
HOBOMY BiKHI BUOpaTH THM JOCTIKEHHS — « TepMuueckuii.

Bubpasim Tum gociiKeHHs 3’SIBUThCS JE€PEBO JTOCTIKeHHS. BuzHauupim
TEIUIOBI HAaBaHTaXEHHsS Yy pAAKy «TepMuueckue Harpy3ku» AoJaeTbes «TernoBoit
HOTOK». Y OTpUMaHii BKJIA/III 331a€ThCs TeruioBa noTykHicTh (W) Ta BUOHparoThCst
rpaHi, Ha SIKHX BUHUKAE Mpouec TepTs. TakuM camMuM YMHOM JIOAAE€THCS TEIUIOBA
NOTY)KHICTb sIKa J1€ Ha 3aJIHI0 MOBEPXHIO cBep/yia. [Ipoliec HakIageHHs TEMI0BOrO

HABAHTAXKEHHA 300pakeHuil Ha puc. 3.3.



Pucynok 3.3 — 3anosaenns rpadu «TemmoBas MOITHOCTEY.

Takum ke uynHOM fonmaeTbcsi psaok «KoHBekus», YacTHHA TO SIKIH
BIJIBOJAUTHCA TEIUIO. 3afaeTbes «KoappuimeHT KOHBEKTUBHON TEIIOOTAaun» Ha
piBai 70 Bt/(m-K) BignorigHo o [8] Ta BHaLISAIOTHCS MOTPiOHI moBepxHi. [porec

HaKJIaJIeHHS 300pakeHb HaBeAeHO Ha puc. 3.4 ta puc. 3.5.

PI/ICYHOK 3.4 — HaknaneHHs TEIIOBOIO HaBaHTa)KCHHSI,BL’saCMOJIﬁ CcTallb — HOBiTpSI.

2
DS soupworks * - - Coepao *
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Pucynox 3.5 — HaknazeHHs TEMI0BOTr0 HaBaHTAXEHHS, B3aEMO/IIT CTaJlb — CTalb.



O00B’13K0B0 3a10BHIOETECA rpada «KoHBEKIMs» U1 KaHATIB, 1[0 MIABOAATH
b

MOP, 3anoBHeHHSs 300paxkeHe Ha puc. 3.6. KoedirieHT KOHBEKTHBHOI TEILIOBIIaqi

cranoButh 1000 B1/(Mm-K).

snsElsd

Pucynok 3.6 — HakiiageHHs TerioBoro HaBaHTaxeHHs, B3aemoii MOP — craib.

[Ticns 3amoBHEeHHS Tpad TepMiyHI HAaBaHTaXXEHHsA — Oyayerbes ciTka. [lpu
noOyA0Bl CITKH, OO0 TOYHICTh PO3PAXYHKIB OylId OIbII MPOAYKTUBHUMHU TO

BUOMPAETHCS IIUIBHICTh CITKM CcaMa BHCOKA. PesynpraT HaknajeHHS CITKH

300paxeHuii Ha puc. 3.7.
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Pucynok 3.7 — CiTka CKIHYEHHUX €JIeMEHTIB CBep/Ia.

[Ticas HaknazeHHs CITKM Ha IMaHedl 1HCTPYMEHTIB BUOMPAEThCS «3alyCTUTh
3TO HWCCIEAOBaHME» 1 OYIKYeTbCA 3aBEpIICHHS poO3paxyHKiB. B  pesymbrari
MIPOBENICHHSI PO3PaxyHKIB MOXJIHBO TMOOYIyBaTH PsJ €HIOp PO3MOIITY PI3HUX
napaMeTpiB IO TUIy CBepajia. 30KpeMa MOXJIMBO BHUBECTH E€IIOPY PO3MOJILTY

TEeMIIepaTypH 10 TUTy CBEpAJia, sika 300pakeHa Ha puc. 3.8.
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Pucynok 3.8 — Enropa po3nofiny TemnepaTypu Ha MOBEpXHi CBEpLIa.

3 AaHOi enropy BUIHO IIO TEIJIO TEHEPYEThCS Ha Pi3ajbHIA KPOMIIl CBEPJIA,
pI3IbHUIA IHCTPYMEHT HaMOUIbII HArpiTUH B 30HI pi3aHHA 1 TeMmmeparypa
PO3CIIOEThCSI IO HAOJMKEHHIO JI0 XBOCTOBHMKA. AJie 30HY pi3aHHS HEOOXIJTHO
JOCIIIUTH OUThII JleTainbHO. ToMy 300pa3umo 1110 30Hy B OUIBIIIOMY MaciiTadl (puc.

3.9)

p)S SOLIDWORKS ¥ & - @ - coepno @ iowcx s ase v Q2+ - & x

Pucynok 3.9 — 30inbpmIeHa 30Ha pizaHHs BHKOPHCTOBYIOUH (DYHKIIIFO 30HIyBaHHSI.

3 moOymoBaHWUX €MIOpP BHJHO, IO TEMIlepaTypa MO pi3alibHIi KPOMII
PO3MOAUIAETHCS TAKAM YMHOM, IO BiJI LIGHTPY TEMIEpaTypa MJIABHO 301JIbIIYETHCS,
MOTIM JI0CSTaE MaKCHMMaJIbHOTO 3HadYeHHS - 28°C 1 Ommkde 0 KIHIS Pi3ajabHOl
KPOMKHU CTIaJIac.

[TopiBHSHHS OAEp>KaHUX PE3YJITATIB.

[TopiBHSHHS OJIep>)KaHUX MaKCUMAJILHUX TEMIIEpaTyp B 30H1 pi3aHH HABEJECHO

B (Tabm. 3.1).



Tabmuus 3.1 — MakcumanbHi TeMIepaTypH B 30H1 pi3aHHS.

Ne MakcumarnbHa
Crniocib oTpuMaHHs pe3yJbTaTiB .

/T temmneparypa, °C

1 MonemoBanus 6e3 mogadi MOP 77

2 MopentoBaHHs 3 BHYTPIITHBOIO MOj1a4ueto (BOj1a) 33

3 MopentoBaHHs 3 BHYTPilIHBOIO TTogadero MOP 28

[ToOGynyemMo ricTorpaMmy MakCUMaJIbHUX Temmepatyp (puc. 3.11)

80
70
60
50
40
30
20
10

B MogaentoBaHHs 6e3
nogayi MOP

B MopentoBaHHA 3
BHYTPILIHbOIO NOAaveto
(sopa)

Pucynok 3.11 — I'ictorpama MakCUMaJIbHUX TEMIIEPATyp B 30HI pi3aHHS.

3 JmaHoi TicTOrpaMH BHJIHO, 110 BUKOPUCTAHHS MACTHJIBHO — OXOJIOMKYIOUOT
PIAMHYU 3HAYHO 3MEHIIY€E TEMIIEPATypy B 30H1 PI3aHHS.

Takox 3 ricrorpamMu BUAHO, [0 BUKOpUCTAHHS miABoAY MOP 3 BHYTPIIIHBOIO
Mo/Iauelo TeMIlepaTypa MEHIIA, HiXK BHYTPIITHIN M1BO 3BUYAHOT BOJIH.

[ToOyayemMo miarpamy pO3MOAUICHHS TEMIEpaTypyd IO JOBXKHUHI Pi3aJIbHOT
KpOoMKH cBepyia (puc. 3.12).

Kpusa temneparypu
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g 15 21 L

g 10

= —0— Kpusa temneparypu
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= JloBxkHHA Pi3aIbHOI KPOMKH

Pucynok 3.12 — Jliarpama po3nojiieHHs] TEMIIEpaTypu Ha pKYYiil KpOMIIi CBEpIa.



3 maHoi Alarpamu BUAHO, IO HalMEHIIIa TeMIepaTypa Ha pi3ajibHiil KpoMill Ha
TIOYATKY, siKa craHoBUTH 19 °C, HailOuhIIa Temrieparypa Ha BizcraHi 7,5 MM — 28°C.

IopiBHsiEMO 3aI@KHICT JlaMeTpy KaHaimy it MOP 3 Temrieparyporo B 30HI Pi3aHHS
(Tabn4.2).

Tabnuus 3.2 — 3anexHICTh TEMIIEPATypy B 30H1 pi3aHHS BiJ alameTpy kaHamis mijg MOP.

Ne Jliametp xananis mig MOP Temneparypa B 30Hi pizanns, °C
1 be3 kanany 77
2 @1 mMm 31
3 ?3,5 MM 25
4 P4 MM 23

300pakeHHS TiaMEeTpiB KaHAJiB HaBeIeHO Ha puc. 3.13.

Pucynok 3.13 — Jliametpu kanamiB ams nogadi MOP. a — 1 mM; 6 — 3,5 Mmm; B — 4 MM.

[Tobynyemo ricTorpamy 3ajJeKHOCTI TeMIIEpaTypy Bl JllaMeTpy KaHaiy (puc.
3.14).

80
70
60
50
40

30
20
10

0

Temnepartypa °C

Bes kaHany 01 mm 03,5 MM @6 mm
] ® Cton6eyl 77 31 25 23

Pucynok 3.14 — 3anexHicTb TemMrepaTypH B 30H1 pi3aHHs BiJl AiameTpy KaHamis mig MOP.

3Bijick BUJHO, IO 3MiHa JiameTpy KkaHauiB mig MOP nae 3MmeHieHHsS
TEeMIlepaTypH, ajie BOHO HE 3HaYHe MOPIBHIHO 3 pi3aHHsAM 6e3 MOP.



4 IIPAKTUYHE BUSHAUYEHHA TEMIIEPATYPH B 30HI PI3AHHSA

4.1 OcHOBHI 3aBJaHHA JOCTiKEeHb

OCHOBHUM 3aBJaHHSM BUKOHAHHSI JIOCITHUIIBKOT pOOOTH €:

- MOTJIMOMWTH 3HAHHS y Tajly31 MalllMHOOY/TyBaHHS;

- 3aKpINUTH HAaBUYKH BOJIOJIIHHS MEXaHIYHUM OOJIaTHAHHSIM;

- BMITH 3aCTOCOBYBAaTH CydacHE OOJIaJIHaHHS [IJI1 MEXaHIYHOI 0OpoOKH
JIeTaneH;

- CKOPOTUTH Yac JOCJIKCHHS TEeMIIEpaTypd B 30H1 pi3aHHS 3a JOMOMOTOIO
Cy4YaCHHUX MPOrpaM Ta JIEKTPOHIKH;

- MPOBIBIIM JAOCHIIPKEHHS 3pOOMTH BHCHOBKM WIOJO0 HaMpalioHaIbHIIIOrO
MeToaa BUKOpUCTaHHS migBoay MOP nmns 30iublieHHS €QEeKTUBHOCTI pi3aHHS Ta

CTPOKY CITY»KOU pI’Ky4Oro IHCTPYMEHTY.

4.2 O0aagHaHHA U1 IPOBEAEHHS H0CIiIKEeHHS

[IpucTocyBanHs IJi1 BUSHAYCHHS 3yCHJIb Pi3aHHS Ta BHYTPINIHE TiABSACHHS
MOP no cBepana npusenene Ha (puc 4.1). Jlns nepenayi curHaiiB Jj1sl BU3HAYCHHS
3yCWJIb Pi3aHHS Ha MIJICWIIOBAY BUKOPUCTOBYBaJIach TEH300alka 300pa)keHa Ha
(puc. 4.2).

JIyist cBepuTyBaHHS OTBOPIB 00paHe CBEPAJIO 13 MIBUAKOPI3aIbHOI cTaim POMS
3 BHYTpIIIHIMU KaHajamu Jjis1 migBoay MOP puc. 4.3. XapakTepuCTUKH CBepjJia

HaBejieH1 y Tabmuii 4.1.

Pucynoxk 4.1 — IIpucrocyBaHHs 1711 BUMIPIOBAHHS CHUJI pi3aHHS.



Pucynok 4.2 — Tenzobaiika.

Pucynok 4.3 — CripanibHe cBepyIo 3 BHYTPIIIHIMH KaHAJaMH.

Ta6mur 4.1 — Xapakrepuctuku ceepuia $21,5 MM3 BHyTpimHIM migsogom MOP.

Cranp P6MS5

Hiametp cBepuia, MM 21,5

Tun ceepuia CripanbsHe

Tumn XBOCTOBOI YaCTUHU Konyc Mopze 2
JloBxxrHa po0O0Y0i YACTHHH, MM 150

JloBkWHA CBEpJTa, MM 248

[Ipu3HnaueHHs CaeputyBaHHS MeTally
Kyt 3aroctpeHus 118°

IMigBox MOP BuyTpimHii

Kpaina BupoOHULITBA CPCP




Jlist BU3HAUEHHS 3yCWIb Pi3aHHs TeH300alka Mmepeae CUrHal Ha MiJACHITIOBAY KU

00po6isie curran. [incumroau YTU-4-1 300pakenuii Ha puc. 4.4.

Pucynoxk 4.4 — [ligcunroBau curnainy Y TY-4-1.

[TincumoBad oOpoOaeHMI curHal nepenae Ha mynbtumerp DT-838 (puc. 4.5),

3a JOIIOMOI'0OIO AKOI'0 OTPUMYETHCS 3HAUCHHS B MA, JJIsA I'IOI[aJ'ILHIOI O6p06KI/I.

Pucynok 4.5 — MynastumeTp nudpoBuii.

Jlist  excrieppuMeHTy oOpaHa MacTHIILHO — OXOJIOMKyBailbHa piguHa TM
«PROMOLx»mapku Promocool 15E. TIlomaya MOP BinOyBaeThcsi 3a JIOIOMOTOIO
Hacocy Power — 700 300paxenuit Ha puc. 4.6 Ta TEXHIYHI XapaKTEPUCTUKN 3aHECEHI
10 Tabnmi 4.3.

Pucynox 4.6 — Hacoc ans mogaui MOP.



Tabmuus 4.3 — Texniuni xapakrtepuctuku Hacocy Power 700.

Kupnenns, B 220
[ToTyxHicTb, BT 5
MakcuMaiibHa BUCOTA TITHOMY PIIMHHA, M 1,2

3aMipyu TeMIEpaTypd BHUKOHYBaJM 3a JIOIOMOIOIO0 JIa3€pHOrO MipoMeETpa
Him0yc — 420 300pakenuit Ha puc. 4.7 Ta TEXHIUHI XapaKTEPUCTUKHU 3aHECEHI 0

tabnui 4.3.

Ta6mums 4.3 — TexHiYHI XapaKTepuCTHUKa MipoMeTpa.

Pucynoxk 4.7 — I[Tipomerp HimGyc — 420.

Jiana3oH Bu3HaueHHs Temneparypu, C° -32...+420
Po6oua temnieparypa, C° 0...+50
[Toxu6Oka BuzHaueHHs, C° +1

Jlazep < 1 MBrt kiac Ila, 1y4 9Mm
Maca/po3mip 150 r/190 x 38 x 45
Kusnenns Kpona 9B

Otpumannss MOP orpumyBanocs po3MmimyBaHHsIM KoHuieHTpaToM MOP 4% 3
Bogoto. s orpumanns 51 MOP Oyno HanmoBHeHO eMHICTh 4,8 11 Boau Ta 200 mi
KOHIIEHTpATy, MICJS I[bOTO HIUIBHO MEPEMIINTYBaJIOCh Ta TIEBHUN Yac BiJICTOIOBAJIACS

roroBa piguHa. Orpumana MOP 300paxena Ha puc. 4.8.

Pucynok 4.8 — Orpumana MOP.




JlochigHuiibka poOoTa MPOBOJAMIACH HA TOKAPHO-TBUHTOPI3HOMY BEpCTarTi
1K62 - 300paxkenuii Ha puc. 4.9.

Pucynok 4.9 — TokapHo-TBHHTOpi3HUH BepcTar 1K62.

3aroToBKa I BUKOHAHHS JOCTIAHUIEKOI poOOTH Oyso0 oOpaHa i3 maTepiainy
40X 300paxeHa Ha (puc. 4.10) @36 MM.

Pucynok 4.10 — 3arotoBka Jij1si CBep/UTyBaHHSI.

4.3 BukoHaHHS JOCTiTHULIBLKOI po00oTH

ITigxarouyaeMo >KMBJICHHS 1O IIACUIIIOBaYa 3ajauiiacMo ioro Ha 40 XB 1A
nporpiBaHHs o0 OTpUMAaTH TOYHI JaHl B XOJi BUKOHAHHS eKcriepuMeHTy. [loTim
MOTPiIOHO 3aKPINMUTU MPUCTOCYBAHHS 3 TEH300aJIKOIO JI0 3a/IHbOI 0aOKu BepcTaTy Ta

MIKITIOYNTH PO3’€MH TeH300alKku 110 mijcuitoBada (puc. 4.11).

vl i . w ]

Pucynox 4.11 — [TigknrodeHHsT TEH300aIKH 70 MiCHIIOBaYa.



HacTtynHuM eTanoM € miK/IIOueHHs! CUTHAIIB MICUIIIOBAY1B 0 MYJIbTUMETPY
3a JIONOMOTOI0 SIKOro OynyTh (hIKCYBaTHUCS 3HaYEHHS 3yCUJIb Pi3aHHA. 3aKPIILUTIOEMO
npyToK i3 ctani 40X y mmuH/Ee BepcTaTy, BUCTABISIEMO PEKUMU Pi3aHHs, a came
mBUAKICTh 00epTiB N=150006/xB, Ta nogauy S=0.08 Mm/00. OTpuMaBIIN TOTOBY
MOP nanosHroemo peseppyap 11 nogadi MOP Ta BcranoBmtoemo Hacoc (puc. 4.12).

Pucynok 4.12 — PesepByap ana nonaui MOP ta Hacoc.

3aranbHUI  BWIJBSIA  MIATOTOBJICHOTO  OONAamHAHHS Ui BHKOHAHHS
JOCIITHHAIIBKOT poOoTH 300paxkeHo Ha (puc. 4.13 — 4.14)

Pucynox 4.14 — I'0TOBHICTB 10 €KCTICPUMEHTY.

[TinroryBaBmin oO0nagHaHHA [Js1 poOOTH, BKiItoyaeMo mnogayy MOP Ta

BEpCTaT, MiJIBOJUMO MEXaHIYHUM Croco0oMm QapTyx BepcraTa J0 3aroTOBKU Ta
BKJIIOYaeMo noaauy (puc. 4.15).



Pucynoxk 4.15 — IlinBeaenns cBep/yia 3 BHYTpilIHb010 nogadeto MOP 1o 3arotoBkw.

CeplutyBaHHSI BUKOHyeMO Tpotsrom 1 xB (puc. 4.16), micins 1pOro
BUMMKAEMO T0JIa4y, B1IBOJUMO (apTyX, BAMUKAEMO BEpCTaT, Ta GIKCYeEMO 3HAYCHHS
TeMrepaTypy Ha CBep/Jli Ta 3arotoBii (puc. 4.17).

Pucynok 4.16 — Cep/utyBaHHs 3arOTOBKH MPOTATOM 1 XB.

Pucynok 4.17 — ®@ikcyBaHHS TeMrepaTypH Ha 3arOTOBLII.

[Ticas  mpoBeACHHS  SKCIICPUMEHTY  BUKOHYEMO  HaBaHTaXXCHHS  Ha
IIPUCTOCYBAHHS 3a JOTIOMOTOFO TIJIeUa Ta BaXKKIiB JIJISl BUSHAUCHHS MTPUKIIAICHOT CHIIH
pizanHss (puc. 4.18).



Pucynoxk 4.18 — IIpukinaaeHHs] HABAaHTAKCHHS.

TakuMm 4MHOM BUKOHYETHCSI €KCIIEPUMEHT IO BU3HAUYEHHIO TEMIIEPATYPHU B 30H1

pi3aHHs 3 BHYTpilIHIM migBogoM MOP.

4.4 O0po0OKka pe3y/bTaTiB

[Ticas mpoBeaeHHs 3 eKCIIEpUMEHTIB 3 BHYTpIIIHBOI0 mogadeto MOP, Boau, Ta
cBeptyBanHs 0e3 mogayi MOP Oyro otpumaHo naHi siki 3aHeceHi y Tadmuii 4.4-4.6.

Buxigna temmneparypa ctaHoBHTH - 18°C.

Tabmuus 4.4 — CBeputyBaHHS 3 BHYTPIIIHBOIO mogadeto MOP.

Ne | Yycno o6eprie, | Moxaua, o o | Imrep- 3HaueHH Yac
. C° | t;, C
00/xB MM/00 ’ ’ BaJl MYJIBTHMETPa, MA | CBEpUTYBaHHS, C
1
20 48 128
2
25 56 20 135 60
3 150 008 | 30 | 49 145
Tabnuus 4.5 — CeepuryBaHHS 3 BHYTPIIIHBOIO 1T0/IA49€0 BOJIH.
Ne | Yyceno o6epris, | Mogaua, o o Iurep- 3HaveHHS Yac
tc, °C | t; °C
00/xB MM/00 : : BaJl MyJIBTHMETPa, MA | CBEpUTyBaHHS, C
1
25 50 200
2
150 0,08 32 63 20 192 60
3 31 | 58 197

[TopiBHIOOUM 3 BHYTpiHIM T11Bo oM MOP BuIHO, 1110 TemmepaTypa 3pocTae
Ha CBEp/UIl Ta 3aroTOBII, ajie HE3HAYHO, 1€ MOsCHAEThCsl TUM 110 B MOP npucythe
3MaIleHHS MOPIBHSHO 3 BOJOI0, 10 3MEHILY€E CHUILY TepTSI.



Tabmuus 4.6 — CeepanyBanns 6e3 mogayi MOP.

Ne | Yucno obepris, | [Monaua, |, o | InTED- 3HaYeHHS Yac
t;, °C | t;, °C
00/xB MM/00 ' ’ BaJl MYJIBTUMETPA, MA | CBEpIJTyBaHHS, C
1
68 | 113 183
2
150 0,08 73 | 120 20 194 60
3 78 | 123 197

3Haii1IeMo cepeiHe 3HAUCHHS TeMIepaTypu CBEp/AJia Ta 3arOTOBKHU IPU Pi3aHHs
32 OTPUMAHMMHU JAaHMUMH Ta 3aHOCHUMO 110 Tabmuii 4.5 Ta moOynyemMo TicTorpamy
OTpUMaHUuX 3HaueHb (puc .4.19).

Tabnuis 4.7 — CepenHi 3Ha4YeHHS TEMIIEPATYp B 30HI1 pi3aHHS.

ITligsenenns MOP

Temmeparypa
cBepaIa, teeep °C

Temneparypa

3arOTOBKH, tscep, °C

1 | Buyrpimne (MOP) 25 51
2 | BayrpimHe (Bona) 29 57
3 | be3 miasenenns MOP 73 119

[TopiBHtorOUM oOTpuUMaHi JaHi cBepuryBanHs 0e3 MOP Ta BHyTpimHIM
nigsoaoM MOP - remneparypa 3Ha4HO 30UTbLIMIACH, BPAXOBYIOUH, 1110 €KCIIEPUMEHT
BUKOHYBABCSl Ha MIHIMQJIbHUX PEXUMaxX pi3aHHsA, SKIIO PEKUMH OYyAyTh 3HAYHO

Ol 10 TemmepaTypa Oyle csAratd KpPUTUYHUX 3HAYCHb [JIs EKCIUTyaTallii
PIKY4YOTO IHCTPYMEHTY.

OTpuMaHi 3HaUCHHSI TEMIIEPATyp

® CepeniHs TeMIepaTypa cBepuia

[
1 O W
o O o

Temneparypa, °C
o

Bes nmigsenenus
MOP

Buytpiurae
migBeaeHHs (Boaa)

Pucynok 4.19 — I'ictorpama oTpuMaHUX 3HaY€Hb.

® CepeHs TeMIepaTypa 3aroTOBKH

BHyTtpimrHe

migsenenas MOP




[licas mpoBeneHHS €KCIEPUMEHTY BHKOHYEMO TapipOBKY 3YCHIUIS pi3aHHS
3TiIHO METOJIUKH, sIKa HaBeeHa y A0JaTKy A.

Buxoasguu 3 Toro mo 10H =1 xr, To 4,2 kr = 42 H. 3BijcH BUIIUBAE 1110
MIPUKJIaJICHa CHJIA MPU CBEPJTYBaHHI 3arOTOBKH 3 BHYTPIIIHIM MmigBog0oM MOP
crtaHoBuTh 42H.

Po3paxyemo kpyTHUIT MOMEHT 3a (OpMYJIOLO:
Mg, =10 Cy - D9 s - K, (4.1)
ne Cy — koedimient Ha nmoxuoky, Cy = 0,034;
D% — miametp 3arotoBku, D4 = 36 MMm;
sY —mogauga, s¥= 0,08 Mm/00;

K

p — OTpaBKoBUit Koediuient, K, = 1.

M, = 10-0,034-36-0,08-1 =097 H-m.
Po3paxoByeMo 0ChOBY CHITY IIPU CBEPAJTYBAHHI:
P, =10-C, D7 s - K, (4.2)
ne Cp, - koediuient Ha noxudky Cy = 68.
P,=10-68-36-0,08-1 = 1958 H.

OTtxe, Ipu CBEepTyBaHHI 3aTOTOBKH OChOBA CHJia CTaHOBHUTHL 1958 H.



BUCHOBKU

[1in BUKOHAHHS MOCTIAHHUIIBKOI POOOTH OYyJO0 MPOBENEHO MPAKTUYHY POOOTY
Ha TeMy: «JlOCHIPKeHHS TEIUIOBUX MPOIECIB B IHCTPYMEHTI MPU PI3HUX YMOBax
CBEP/ITYBaHHSD.

[TpoBiBIIK HOCTIAHUIIBKY pOOOTY OyJIO 3aKpilIEHO MaTepiaj Ta 3aCTOCOBaHI
HaBUYKM HaOyTI 3a MEpioJl HaBYAHHS IIOJ0 METOJIB JOCIIIKEHHS TeMIlepaTypHu B
30HI pi3aHHA Ta 00OpoOKa OTpUMAHUX pe3yabTaTiB. JlOCHIKEHHSI MPOBOIMIIUCA 3
BCTAHOBJICHUMH pekuMamu pizanus: N=150 06/xB Ta momayero S=0.08 mm/06. B xoxmi
BUKOHAHHS poOOTH OYJI0 BCTAaHOBJIEHO, 1110 HiaBeneHHss MOP 3meniye temneparypy
B 30HI1 pi3aHHs Yy 3 pa3u. Byno po3paxoBaHO TeMreparypy B 30H1 pi3aHHS METOJIOM
CKIHYEHHHUX €JIeMEHTIB 3a joromororo mporpamu SolidWorksSimulation, moxuOka
OTpUMaHMX JAaHuX He nepesBuilye 10%, 1m0 € AOCUTH TOYHMM METOAOM. 3a
nonomororo MCE npucyTHS MOXKIJIMBICT OTPUMAaHHS TEMIIEPATYPH IO BCIi MOBEPXHI
CBepJIa, M0 MOTPeOy€e MEHIIOI TPYT0EMHOCTI.

Takox npoananizyBaBiiu miaBeaeHHss MOP y 30Hy pi3aHHS Ta BOJIW PI3HMILI
HE CyTT€Ba, MOPIBHSIHO 3 pe3yJbTaTaMu, ki Oynu oTpumani 6e3 migsogy MOP y
30HY pi3aHHS, aje Il Pe3yJbTaTh OTPUMaHI MPU BUOOPI MAIMX PEKUMIB Pi3aHHS, HA
BHUCOKOLIBUJIKICHIM 00pOOIIl Pi3HULIA CYTTEBA.

3Biicu BUIUIMBAE, 10 BUKOpUCTaHHA MOP € nocuTh NpOIyKTUBHUM
Coco0OM, TOMY 1110 30UIBIIY€E JIOBFOBIYHICTh 1HCTPYMEHTY, 3MEHILYE CHIIM TEPTS B
30H1 pi3aHHS, MPUCYTHS MOKJIMBICTb BUKOPUCTAHHS OLIbII IHTEHCUBHHMX PEXKUMIB

pi3aHHs, 3a0e3neuye BUCOKY SIKICTh MOBEPXHI.
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JIOJIATOK A

MeToauka TApUPOBKH 3YCHJLISI Pi3aHHA NP CBePAJIYyBaHHI

Tabmums A — TapipoBka.

[npukarop, MA Innukarop, MA
Maca, kr HaBaH- po3BaH- HaBaH- pO3BaH-
TaKECHHSI TaXECHHS TaXECHHS TaKEHHSI
0 0 0 0 0
0,3 1,5 13 1,6 13
0,6 3 26 3,6 25
0,9 8 40 8 39
1,2 17 54 17 53
1,5 28 65 29 65
3 105 105 106 106

3a TaONMYHUMH JAHUMHU BUKOHYEMO NOOYAOBY rpadika 3aJeKHOCTI MacH Ta

cuim ctpymy (puc. Al).
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Pucynox Al — 3anexHiCTh MacH BiJl CHJIH CTPYMY.
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3a pomomorow mnoOynoBaHOro rpadiky BH3HAYMMO Macy IpH IMOKa3aHHI
1HauKaropa 128 MA, /ISl TOJaNbIIOro PO3PaxXyHKy NPUKIaJAeHOI CUiH (puc. A2).
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Pucynok A2 — Bu3HaueHHsS MacH BiJl CWJIU CTPYMY, 5IKa CTAHOBUTH 4,2 KT.



