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AHoTars

B numioMHOMY HOpOEKTi, BIAMOBIIHO IO 3aBAAHHS, CIIPOEKTOBAHO Ta30BUU
IBUTYH 3 HaIJAyBOM MOTYXHicTIo 255 kBt Ha 06a3i mporormmy 8UH13/14, Ta
PO3p00JICHO KOHCTPYKIIIFO TTOPIIIHS.

[TpoexroBanuit neuryn 8I'H13/14 mmaHyeThCs BCTAHOBHUTH Ha aBTOMOOLNI
KpA3-250. B nepuiomy po3/iii HOSCHIOBAIBHOT 3alIMCKU OyJI0 BUKOHAHO JETaIbHUI
omuc asuryHa-npororuny SUH13/14.

B napyromy po3aini BUKOHAHO pPO3paxyHOK IMapaMeTpiB poOOYOro IUKITY
JBUTYHA, HA OCHOBI OTPUMAHHUX PE3YJbTATIB SIKOr0 MOOYIOBAaHO TEOPETUYHY Ta
JIMCHY IHIMKATOpHY AlarpaMyd. BH3HA4ue€HO BENMYMHHU CKJIAJOBUX 30BHIIIHBOTO
TEIUIOBOTO OajaHCy JIBUTYHA, & TAaKOX CHJIM Ta MOMEHTH IO JII0Th B KPHUBOIIUITHO-
IATYHHOMY MEXaHi3M1 JIBUTYHA.

[IpoananmizoBaHO ICHyHOYl CcXeMH KOHCTpykuid mnopwHiB JB3. [ns
3a0e3MeUYeHHs] BUCOKMX PECYpCHUX IIOKa3HMKIB  3alpOEKTOBAHOTO JBUTYHA Ta
HaJIMHOCTI WOro poOOTH 3MIHEHO THN MajuBa. BUKOHAHO PO3paxyHOK OCHOBHHX
napaMeTpiB CKJIQJ0BUX TOPIIHEBOI TPYNH Ta30AM3eNsd 3 METOI0 3a0e3NeYeHHS
ONTUMAJIBHUX YMOB IIPOTIKAHHSA POOOYOTo MpoLeCy B LMIIIHAPAX IBUTYHA.

B npoekTi po3rIsIHyTO OCHOBHI MPOOJIEMH IIOAO 3aXMUCTy HABKOJUIIHBOTO
CepeloBHINa Ta OXOPOHH Tpalll Mmigdac eKCIUTyaTtarii aBuryHa. lIpoanamizoBaHo
MOXXJIMB1 HEOE3MeKH TMpH eKCIUTyatarii Ta mig 4yac OOCIyroByBaHHS Ta30BOIO
JBUTYHA, TPOBEJEHI pO3pOOKM 3aXO/dIB 3 OXOPOHM IMpall Ta HABKOJHUIIHBOIO
cepenoBuila. BusHaueHo piBHI ITyMy Ta BiOpallii IpOEKTOBAHOTO JIBUTYHA.

B rpadiuniii yacTMHI BUKOHAHO KPECJEHHS: TMOMEPEUHUN Mepepi3 IBUTYHA
8I'UYH13/14, ckinaganbHe KpecjaeHHS MOPIIHEBOI Tpynu Ta poOode KpecaeHHsS
MOPIITHS; CXeMa CHCTEMH >KMBIICHHS;IHAMKATOpHA JiarpaMa Ta jaiarpama Cui, IO

nmiroTh B KIIIM.



Abstract

In the diploma project, in accordance with the task, a supercharged gas engine
with a power of 255 kW was designed on the basis of the 8UH13/14 prototype, and
the design of the piston was developed.

The designed 81'H13/14 engine is planned to be installed on the KrAZ-250 car.
In the first section of the explanatory note, a detailed description of the 8ChN13/14
prototype engine was made.

In the second section, the parameters of the engine's operating cycle are
calculated, based on the obtained results, theoretical and actual indicator diagrams are
constructed. The values of the components of the external heat balance of the engine,
as well as the forces and moments acting in the crank-rod mechanism of the engine,
were determined.

The existing designs of internal combustion engine piston designs were
analyzed. The type of fuel has been changed to ensure high resource performance of
the designed engine and reliability of its operation. The calculation of the main
parameters of the components of the gas diesel piston group was performed in order
to ensure optimal conditions for the flow of the work process in the engine cylinders.

The project considers the main problems of environmental protection and labor
protection during engine operation. Possible hazards during operation and
maintenance of the gas engine were analyzed, labor and environmental protection
measures were developed. The noise and vibration levels of the designed engine were
determined.

In the graphic part, drawings are made: a cross-section of the 8TUH13/14
engine, an assembly drawing of the piston group and a working drawing of the
piston; diagram of the power supply system; indicator diagram and diagram of the
forces acting in the KSHM.
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BCTYII

Ha choroanimHii AeHb cydacHe ABUTYHOOYAYBAHHSI 3yCTPIYAEThCSA 13 JBOMA
npobJsieMamMu - BUCHOKEHHSI HA(QTOBHUX 3amaciB 1 HEOOX1HICTh IT1IBUIICHHS €KOJIOTIYHOI
Oe3neKkr eHepreTHYHUX ycTaHoBOK. [IB3 MoxkyTb OyTHM OJHHUM 3 OCHOBHHUX JIXKEpEl
3a0pyaHeHHs arMocdepu B Mexkax Micta. EMicis TOKCHYHUX 3'€qHAHD 1 TBEPAUX YACTOK
3 razaMu, M0 BIAPOOWIH, PErJaMEHTYETbCS YKPATHCBKUMH W  MIKHAPOJIHUMHU
craugapramu (Euro, IMO, TA-Luft, Tier). V wnaiiOmmwk4di pokd CIif OYIKyBaTh
30UIBIIECHHST JKOPCTKOCTI €KOJIOTTYHHUX BUMOTr a0 mnopiiHeBux [IB3, nacammepen mo
BMICTYy B Ta3ax, IO BIJIPOOWIM, OKCHIIB 30Ty, 3HHUKEHHS BHUKHUJIIB SKUX € OJHIET 3
AKTYyIbHUX 38BJ@Hb CYy4aCHOTO CY/IHOBOTO JBUTYHOOY TyBaHHs [1].

[Topsim 3 S>KOPCTKICTIO ICHYIOYHMX HOPM BBOJSTHCA OOMEXKEHHS HA BUKUIU
NAPHUKOBUX Ta31B, OCHOBHUM 3 sikuX € miokcuj Byrierio (CO,). PaMkoBa KOHBEHIIIS
OOH, 1o Hadyna yunHOCTI B 1994 poi, npo 3miny kiaimary (UNFCCC) 1 Kiotchkuit
nporokon 1997 poky BcTaHOBWIM 3000B'A3aHHSA I KPAiH-yYaCHUIIb BIIHOCHO
sHmkeHHs BUKUAIB CO,. Y nepioxa 3 2008 mo 2012 pik po3BUHEHI KpaiHU MOBUHHI OyiH
CKOPOTUTH BUKHUAM MAPHUKOBUX Ta3iB, SK MiHIMyMm, Ha 5%. BcTtaHomieHi BumMoru
O3HAYAIOTh HEOOX1IHICTh BXKUBAHHS HACTYITHUX 3aXO/(1B: 3HIKCHHSI BUTPAT MAJIMBA, SIKE
HEMHHYYE MPUBEJEC IO CKBIBUICHTHOTO 3HM)KCHHS BUKHUIIB 3 T'a3iB, IO BiAMPAIFOBAIIH,
MPOJYKTIB HEMOBHOTO 3TOPSHHS MAIMBA: CaXI1, BYIJIEBOJIHIB, OKCHIIIB BYIJICBOJIHIB,
dbopmasnberiay; BUKOPUCTAHHS HOBUX JKEpEN €Heprii; 3aCTOCYBaHHS &JIbTEPHATHBHUX

TTJIHB.
3 QIbTEpHATUBHUX MAIUB HAWOUIBII TEPCIEKTUBHUM € TIPUPOJHHUM Ta3.

XapakTepHOIO PUCOI0 TA30BUX MAIMB € MiABUILEHE B IMOPIBHSAHHI 13 TPaAUIIHHUMHU
BYTJICBOJHUMH TAJIMBAMH CITIBBITHOIIIEHHS «BOJIEHb — BYTJICIbY, 110 3a0e3meuye O1IbII
BHUCOKY SIKICTh pOOOUYOTO TIPOIIECY ¥ €KOJIOTTYHY YHCTOTY MPOAYKTIB 3TOPSTHHSI.
3acTocyBaHHsS MpUPOAHOro razy sk mnamuBa miusa JIB3 3a0e3medye 1CTOTHE
CKOPOYEHHSI KUTBKOCTI IIKIJJIMBUX BUKHU/IIB y MOPIBHAHHI 3 BUKOPUCTAHHSAM TMAJIUB HA

OCHOBI HAPTH - OBHICTIO BUKJIIOYAIOTHCS BUKUIU Cipi, kKapauHaabHO (Ha 90%);
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3HUXKYIOThCS BUKUAU OKCHIIB a30Ty (NOy), 3HW)KCHHS BUKHUIB MAPHUKOBHX Ta3iB HA
eKBIBICHTHY MOTYXXHICTh CTaHOBUTH 25..30%, mo € 101aTKOBUM apryMEHTOM Ha
KOPUCTh TMEpPEBOAY CYIHOBUX JBUTYHIB Ha Ta30BE MAaJUBO VY CBITII CYYaCHHUX
exonorivanx BuMor IMO MoTopHi BIACTHBOCTI TPHUPOJHOTO TA3y JO3BOJISIOTH
BUKOPHCTOBYBATH HOTO JI IBUTYHIB MPAKTUYHO HE 3MIHIOIOUYU 0A30BY KOHCTPYKIIIIO.
Tak caMmo MOTY>KHICTh YCTAHOBKH Oyjie 30epekeHa, eKOHOMIYHICTD 301IBIITUTHCS, 8 3MICT
TOKCUYHUX BUKHIIB 3MEHIITY€THCA.

VY 6araTtbox MicTax 1 KpaiHaX ChOTOAHI MPHUHHATI MPOTPaAMH JIJIs MEPETBOPEHHS
cTap, 10 3a0pyAHIOIOTh HABKOJIUIITHE CEPEIOBHUIIE IBUTYHIB HA TU3EIHHOMY MMAIUBI HA
JIBUTYHH TPAIIOI0Yi HA YUCTOMY, EKOHOMIYHOMY MPUPOTHOMY ra3i. [2]

Jlu3zenpHl JOBUTYHM, IO KOHBEPTOBAHI HA Ta3, SIBISIOTH MPUKIA] YCIHIIIHOTO
34CTOCYBAHHS HA JU3EJSIX JIbTEPHATUBHOTO(MEHIN J0pororo) nanua. ['azomusens €
JiAepoM y NaHOMYy HamnpsaMmky. ByrieBomni rasu (Taki sk MeTaH 1 IpornaH-OyTaH) €
ChOTOJHI MAIMBOM OUIBII JIETKO JOCTYNMHUM (y IIHOBIM KaTeropii), BUPOOJSIIOTHCS
3dBOJIAMH B MPOMHCIIOBUX MACHITA0AX, 1 € PEATbHUM KOHKYPEHTOM JUIsl TPAIULIAHUX
BU/IIB MAJIMBA JIBUTYHIB BHYTPIIIHHOTO 3TOPSIHHS, TAKUX SIK OCH3MH 1 TU3€JIbHE MaJTUBO.

['a3omu3enbHi OBUTYHM 3HAWILIIM CBOE 34CTOCYBAHHS B TaKUX TaTy3sX SIK
ABTOMOOUIBbHUMN, 3UTI3HUYHHUIM, MOPCHKUM, PIUYKOBUH, aBIALIITHUI TPAHCIIOPT, & TAKOXK B
TEXHII CICIIATLHOTO MPU3HAYSHHS.

B nmaHomy [WIJIOMHOMY TPOEKTI IJIAHYEThCS pealidyBarh 3aBIAHHS 3
MPOCKTYBAHHS YOTUPUTAKTHOTO Ta30IM3€JILHOTO JABUTYHA MOTYXHICTIO 250 kBT Ha 6a3i
neuryna-pororurty 8UH13/14. TlpoekToBaHWi ra3oqu3eNbHUN JBUTYH MpH3HAYCHUIMA
st excroryaramii Ha aBromobimi KpA3-250 [[ns 3a0esmeueHHs HAAIHHOT poOOTH
ra3oun3eIbHOr0 JIBUTYHA 3 BHUCOKUMH TEXHIKO-€KOHOMIYHUMHU TIOKA3HUKAMU TIPH
NIJBUILIEHINA TOTYKHOCTI B KOHCTPYKI[li CUCTEMHU OXOJIOJKEHHS MepeA0avyeHo psiji 3MiH,
K1 JIO3BOJISATH ITABUIIUTA MEXAHIYHUNA KOe(IIEHT KOPHCHOI Mii JBUTYHA, IO
MO3WTHUBHO BIUIMHE HA BUTPATH TA30BOTO MAIWBA, 30UIBIINTH PECYpCHI MOKA3HUKH

JeTane HUIIHIPO-TOPIIHEBOI IPYU ABUTYHA.
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PO3/ILI 1. 3ATAJIbHUM PO3 LI

1.1 Indopmariis mpo 00’ €KT BUKOPUCTAHHS IBUTYHA

KpA3-250 - me moryxHuil | OararoyHKIIOHANBHHI arperar, sSKHid MOXHa
BUKOPUCTOBYBATH B PI3HHX cdepax mpodeciiHoi MisITbHOCTI, a TaKoX s 31IHCHEHHS
poOIT 3 IepeBe3eHHS HEOOXITHUX MaTepiaiB.

KpA3-250 - yuiBepcanpHHII BapiaHT BaHTaXKIBKH, 33 JOMOMOTOIO SIKOTO MO>KHA
3aICHIOBaTH a0COMIOTHO pi3HI Momudikamii, 1m0 A03BOJAIOTH 3aiI0BaTH MAIIUHY B
KIJTbKOX TOIIMPEHUX BUAax AisuibHOCTI. lst Momens Bumyckanacs Ha KpeMeHIyIbKOMY
aBTOMOOUTBHOMY 3aBojii B mepiog 3 1978 mo 1992 pp mna yHidikanii mepesar
aBTOMOOITIB cBO€l cepli. OCHOBHI MeXaHI3MH, IO 3aCTOCOBYIOThCS IPU CTBOPEHHI
cucrtemu ynpasiiaHs KpA3a-250, 1o cux mip BUKOPUCTOBYIOTHCS TIPHU CTBOPEHHI OlIbII
cydacHuX BaHTaxIBok. Illaci aBTOMOOUIS amanToBaHl JJIs IIIKIIOUEHHS JIOJTATKOBHX
arperaTiB 3 CIeKTpa creniagbHoro oOmagHaHHsa. [Ipy ycTaHOBIII 3BHYAHOI pamu
3aCTOCOBYEThCS IuIaThopMa OOPTOBOTO THUMY. YKOpPOYCHAa pamMa 3aCTOCOBYETHCS
HaOarato dacTtiiie, TaKk SK Ha Hel MOXKHa KpIMHUTH aBTOKpaHH, OETOHO3MIIIyBaul,
OeToHOHAcocH | IHIII IPUCTPOT.

KpA3-250 panimie 3acTocoByBaBcsi B PI3HUX BHUAAX MPOMHUCIOBOCTI, OCOOJIUBO
aKTyaJIbHUMHU MAIlIMHU CTaJId B TIpHUY0100YyBHIN cdepl misuibHOCTI | BUI0OyTKY HadTH.
Takox nmaHuwii arperar jgomomarae mpu 3jaliicHeHHI OyniBenpHHX 3axoniB. KpA3-250
BUKOPHCTOBYBABCS | [T 37IHCHEHHS BIWCHKOBUX [ii. [ BUKOpUCTaHHS B 30pOMHHMX
cuJlaX BUKOPHUCTOBYIOThCS aBTOKpaHu Ha 0a3l KpA3-250 TaiidyH.

KpA3-250  Buginserscst  cepen  aHauoriB  BIAMIHHMMH — TIOKa3HHKaMHU
NPOJAYKTUBHOCTI, HAWKpAIIMMH ITapaMeTpaMu PO3BUTKY MIBUAKOCTI. Y Hii MamuHI TyxKe
3py4YHO MepedyBaTH BOMAIEBI, TOMY 3HM)KYETHCS HOTO CTOMITIOBAHICTH | IMIJIBHIIYETHCS
npare3atuicte Ha pobouomy Micui. Ile nerkicte B ekcruryatarlii, npudoMy sK TpU
BOMIHHI, Tak | mpu 3xalicHeHHl apiOHOrO peMoHTY. MairHa —BiapI3HIETHCS

BUTPHBAJIICTIO, BUCOKOIO TPale3IaTHICTIO | HaIHHOIO KOHCTPYKIII€0. ABTOMOOIIH
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MOJKHA €KCILIyaTyBaTH HE TIIbKH JUIs T3[M Ha TBEPAIH BUMOIICHIH 10po3i 1Mo Tpaci, aie |
Ha Joporax, BUMOIICHUX I'PyHTOM. [03BoJIeHa eKCIUTyaTalils Mpyu MIHPOKOMY Jlara3oHi
temnepatyp Bix - 40°C mo + 40°C. 3aBasku TakoMy pPO30DKHOCTI B TeMIIEpaTypHUX
NOKa3HUKaX 3 SBUJIACS MOXIUBICTh ekciuryatyBatu KpA3-250 B pi3HHX KIIMaTHYHUX
30Hax. ABToMOOITI KpA3 BrieBHEHO MpamroroTh Ha BCIX THMAX IOpIr I 6e3m0phxks 3a
Oyb-SKUX MPUPOTHO-KIIMATUYHUX YMOB.

KpA3-250 BigHOCHTBCSA 10 THX BHIIB CICUTEXHIKH, SIKI 3aCTOCOBYIOTHCS |
PO3pOOJISIFOThCS HAa ChOTOAHIMIHIN JeHb. Tenep e Bke 3actapiia Mojeib, IPOTe HOBI
arperaty MoBTOPIOIOTH ii (hyHKIIIT, X0u | B OIbIT BJOCKOHAJICHOMY BapianTi. HaiOlibin
nomwupeHi | 3aTpeOyBaHi BAHTXIBKY 9aCTO CTBOPIOIOTH 32 3pa3koM KoHCTpyKuli KpA3a-
250.

Ha tenepimHiii 4ac BUTOTOBJISIFOTH JeKiabka MoauiKamii maci, mpuIaTHUX IS
KoMIUIeKTalli pi3HuM HaBicHuM oOnamHanHsM. lle KpA3-4501H2, KpA3-5401H2,
KpA3-5233H2, KpA3-5233HE, KpA3-6511H2, KpA3-6511H4, KpA3-65053, KpA3-
6322, KpA3-7133H4, KpA3-7133H4, KpA3-7140H6, KpA3-7634HE.
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" poaMipa NP nosHiA kaci ** pCaMipH B TR0 PARgEEHoNY CTaN

Pucynok 1.1 Cxema maci KpA3-4501H2
Jlana  kBamiikamiiHa pobOTa  NPUCBSYCHA  YAOCKOHAJICHHIO  JIBHTYHA
BHYTPIIIHBOTO 3TOPSIHHSA, IKUM KoMIuTekTyeThes mmaci KpA3-4501H2. KpA3-4501H2 —
maci cepeaHboi BAHTAXOMIIHOMHOCTI. MOoro MaHeBpeHICTh € Pe3yIbTaTOM KOMITAKTHHX
rabapuriB Ta BIIMIHHOT KEPOBAHOCTI, IO JO3BOJISLE 3 JIETKICTIO MPAIOBATH B OOMEKCHUX

yYMOBaXx BYJIUIIb MICTA.
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1.2 Onuc KoHCTPYKIiT 6a30BOr0 JBUTYHA

p, AR o .

Pucynok 1.2 JIsuryn AM3-238

Biaok wmwiaiHApiB BT 3 JIETOBAHOTO YaBYHY SK OAHE IIJIE 3 BEPXHBOIO
YaCTHMHOIO KapTepa, y MEperopojkax sKoro nepeadayeHi THi3a AJisi BEPXHIX IOJIOBHUH
KOPIHHUX MIiAMUIHUKIB. KapTepHa uyacTuHa TOB'SI3aHA 13 KPHUIIKAMU KOPIHHUX OIOp
NONEePEYHUMH OO0JITAMU-CTSHKKaMHU, YTBOPIOIOYM MILHY KOHCTPYKLIIO. boOuiku 6onTiB
KPITIJICHHS TOJIOBKHU IWJIIHAPIB BUKOHAH] Y BUTJISAII PUJIMBIB JIO TIOTIEPEYHHUX CTIHOK, IO
YTBOPIOIOTH COPOYKY OXOJIOMKEHHS, DPIBHOMIPHO pO3MOAUIEHI HABKOJIO KOKHOTO
HUJIHIpA.

linap3u muwaingpiB "mMokporo" THmy, Jerko 3HIMHI. Y 3'€HaHHI T1Ib3a-0JI0K
HWIIHAPIB TOPOKHUHA OXOJIO/DKEHHSI YIIUIBHEHa TYMOBUMH KUIBISMHU KPYIJIOTO
nepeTuHy. Y BEpXHINW YacTUHI BCTAHOBJIEHO KUIbIE MiJ OypT Y NPOTOYKY TiIb3H, Y
HUKHIW YaCTHHI JIBa K1JIbI BCTAHOBJICHI B PO3TOUYEHHS OJIOKY.

[Map3u nWIHAPIB BIUIMTI 31 CHEMIaIbHOTO YaBYHY 3 TEPIITHOIO CTPYKTYpOIO.
Po6oua moBepXHs TiIb3H TapTY€EThCS CTPYMaMHU BHCOKOI YaCTOTH, PETEIHLHO MUTIPyeThCS

1 nonipyeThesi. XOHIHTYBaHHSIM Ha JA3€pKaJio TUIb3U HAHOCUTHCS PIJKa CITKA 3amanH i
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KyTOM 10 ocli Tuib3d. [Ipm poOOTI ABUTYHA Macio YTPUMYEThCS B 3amajvHax, IO

MOJIIMIIY€E MPUNPALbOBYBAHICTh IIMIIHAPO-TMIOPIIHEBOI TPYTIH.

Pucynox 1.3 I'inb3a aBuryna SIM3-238

VY BepxHIW YacTHHI TUIb3U € YHOPHHUIA OYypT, HUKHBOIO IUIOIIMHOK SKOIO T11b3a
BCTAHOBIIIOETHCA Ha BIJMOBITHUN YIMOPHHUI TOpellb OJOKY IwtiHApiB. BepxHiit Topenb
OypTy Mae€ BUCTYM, II0 OXOPOHSE MPOKIIAJIKY TOJOBKU IWIIHAPIB Bijl O€3MOCEPEAHBOTO
BIUIMBY Ha HEI rapsuMx Ta3iB, a BUCTYN OypTy HaJ IUIOLIMHOI0 OJIOKY 3a0e3nedye
HaJliiHE YIIUIbHEHHS Ta30BOro CTUKY. lleHTpyBaHHS Tiuib3u 3AIHCHIOETBCA 34
JIOTIOMOTOI0 JIBOX OOpOOJICHUX TMOSICIB - BEPXHBOIO W HMXKHBOTO, PO3MINIEHUX Ha i
30BHIIIIHIA TOBEPXHI.

HwkHii 1osic TiIb3M  YIIUIBHIOETBCS ~ JIBOMA T'YMOBHM  KUIBIISIMH,  SIKI
BCTAHOBJIIOIOTHCSL B MPOKJIaAKax OJIOKy, 3amo0iraroud TIM CaMHM BJIIYYEHHS BOJU 3
BOJISTHOI COPOUYKH OJIOKY B TIOPOKHHWHY MAaCJSTHOTO KapTepa JBUTYHA. Y BEpXHiM 4acTHHI
TYMOBE KiJIbII€ BCTAHOBJICHE MiJ OypT y MPOTOUKY T'JIb3H.

Kaprtep MaxoBuka - BUTOTOBJICHUH 31 CHEIIAIBHOTO CIpOTO YaBYHY ITIJIBUIIICHOT
MIIHOCTI ¥ KpimuThcsa OoOJTaMU 10 3aJHBOTO TOPISl OJIOKY IMUNHAPIB dYepe3
VIIUTBHIOBAJIBHY MPOKJIAIKY 3 mapoHiTy. Kaprep siBisie co0010 KOPCTKY KOHCTPYKIIIIO, Y
cepelrHl HW)XHBOI YaCTUHHM $IKOI € OTBIp MiJ CaJIbHUK KOJIHYACTOrO Bajly 3 Macjo

BiIOMBaueM. BepxHs Moj0BHHA KapTepa MaxOBHKa YACTKOBO 3aKpUBAE JIeTalll IPUBOA
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MEXaHI3My T'a30pO3MOALTY i PIIMHHOTO HACOCA CUCTEMH OXOJIOJIKEHHS.

Pucynok 1.4 brnok-kaprep npuryna IM3-238

b -AIM3-238; 1 - 6ok 1mumiHapiB; 2 - cepeaHi W 3aaHs BTYJIKU PO3MOAUIFHOTO Bally; 3 - IIMUJIbKa
KPITUIEHHS TOJIOBKH LWIIHAPIB; 4 - KPUIIKa NMEePeIHHOr0 KOPIHHOTO MiAIIMITHUKA; 5 - MepeaHs BTYJIKA
PO3MOUIBHOTO Baja; 6 - mepenHs BTyJIKa OCl IITOBXayiB.

v BerHiﬁ YacTUHI BHUKOHAHE PO3TOUCHHA MJII YCTAHOBKH OIIOpH IIPHUBOOA

MeXaHI3My KepyBaHHs KOPOOKOIO repeaad. Yropl Ha HIKHIN YaCTHHI KapTepa MaxOBHUKa

IpaBOpyY BCTAHOBJEHI: camyH 13 ¢uaHIeM y 300pi, Macjio 3ajJMBHa TOPJIOBUHA,

IHAYKIIHHAA JaTYUK 9aCTOTH OOEpTaHHS M KyTOBOTO ITOJOXKEHHS KOJIIHYACTOrO Baiy,

(ikcarop, 3aCTOCOBYBAHMI [JIsl PETYJIOBaHHS TEIUIOBUX 3a30pPIB y ra3opo3NOAUTBHOMY

MexaHi3Mi. Pydka ¢ikcatopa mpu eKcITyartarlii BCTAHOBJIEHA Y BEPXHbOMY IOJIOKEHHI.

Y HIKHE TOJIOKEHHS ii BCTAHOBIIOIOTH TPU PETYIIOBATBHUX POOOTaX, MPH IBOMY

¢ikcarop nepedyBae B 3a4€IJIEHH] 3 MAXOBHKOM.

Pucynoxk 1.5 I'onmoBku muninapiB asuryHa IM3-238

I3m.

Apk.

Ne noxym.

ITigmuc

Hara
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KpuBomunno-marynuuidi mexanizm. KIIM wmictute y cobi mHOpIIHEBI
KOMIUIEKTH, IIaTyHH, KOJIHYACTHI Bajl 1 MaxoBuk. [lopiieHs crpuiimMae cuily THUCKY
ra3iB, KpHUBOIIUITHO-IIATYHHUNA MEXaHI3M TMEPETBOPIOE 3BOPOTHO-MOCTYNAIBHUN pPyX
NOpIIHS B OOEPTOBUI pyX KOJIHYACTOTO BaJly 3a JOMOMOIOI0 IATyHa, HIAPHIPHO
3'€THAHOTO 3 MOPITHEM 1 KPUBOIIUIIOM KOJIHYACTOTO Bay.

KoginyacTuii Bajg BUTOTOBJICHHM METOJOM Trapsiyoro mTaMIiyBaHHS (3a07HO 13
OpOTUBaraMM) 3 BHCOKO BYIJICIEBOI CTald ¥ 3MIIHEHWH a30TyBaHHsIM. Ban
NPU3HAYCHUN NJI1 CIIPUMHSTTS 3YCHJUISI, IO TNEPEeNaeTbcs BiJl MOPIIHIB MIATyHAMHU, 1
NEPETBOPEHHSI WOTr0 B KPYTHUH MOMEHT, KM TOTIM 4Yepe3 MaXOBUK MEPEIaEThCs
arperaram Tpancmicii. KomiHyactuii Bal Mae m'siTb KOPIHHUX OIMOP 1 YOTHPH IIATYHHI
IMUHKKA, K1 3B'SI3aHI MDK CO0OI0 IMOKAaMH M CIIOJY4YarThCS 3 HUMH IEepPeXiTHUMHU
XKOJIOOHMKaMU. Y IIAaTyHHHX NIeMKax Bally BHUKOHAaHI BHYTPIIIHI TMOPOXHUHH, SK1
MOBIIOMJISIIOTHCS 3 MACIISTHUMH KaHAJIaMU B KOPIHHUX —IIEHKaxX. Y MUX MOPOKHUHAX M1
JI€I0 BIALICHTPOBOI CHUJIM  OCIJIalOTh 3a0pyJAHEHHS MOTOPHOIO Macia. 3abpyaHIorUi
YaCTKM HAKOMUYYIOThCS y BTynkax. [lopokHuUHHM 30BHI 3akpuTi 3ariymkamu. Ha
3aJHbOMY KIHIII KOJIIHYaCTOr0 BaJly IPECOBOIO MOCAKOI0 3aKpIIJIeHA ECTIPHS MPUBOJIA
MEXaH13My ra30po3MoaiTy i MaciasHOr0 Hacoca.

3anHiil KiHEIb KOJIIHYACTOrO Bajdy B TOPIEBIM YAaCTHHI Ma€ JiBa BIIUYMHU s
3anpecoByBaHHS MTUQPTIB (ikcarii MaxoBHKa, OJWH OCHOBUH OTBIp JJIi OMOPHOTO
HIIIUITHAKA IEPBUHHOTO BaJly KOPOOKH NEpeiay, a TAKOXk P13bOOBI1 BIAUMHU JIJIs1 OOJITIB
KPITIJICHHS] MaXOBHUKA.

Bin ochOBHX mepeMilleHb KOJIHYaTH Bajl 3a()iKCOBAHO YOTHUpPMA MIBKUIBLISIMH,
YCTaHOBIIEHUMH B MTPOTOYKAX KPHUIIKH 33 JHHOI KOPIHHOI OTIOpH ¥ OJIO0KY.

[TiBKiJbIIE BUTOTOBIICHI 13 OpPOH3HM, MalOTh MO TOPIIX (pe3epoBaHI MACTUIIBHI
KaHaBKM W BiJ MPOBEPTAHHS OXOPOHSIOTHCA JBOMAa BYCHMKAMH, HAsSBHUMHU B HIDKHIX
MIBKUIBIX. ByCHKH BXOASTH y Ma3u, sIKi pO3TAIIOBaHI Ha KPHIII 33HHOTO KOPIHHOTO
M IIUITHAKA.

XBOCTOBUK 1 HOCOK KOJIHYACTOTO Bajly YIIIJIbHEHI TYMOBHMH Camo

BI/DKUMHHMU CaJTbHUKAMH, YCTAHOBJICHUMH BIAMOBITHO B MEPEAHIN KPHUIIII OJOKY

Jluct
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IIIIHJPIB 1 KapTepl MaxOBHUKa.

MaxoBHK BUTOTOBJICHUH 31 CHELIATbHOTO YaBYHY M KPIMUTHCA HA 33JHbOMY TOPIIl
KOJIIHYaCTOr0 BaJTy BichMa 0OJITaMH 3 JIETOBaHOI cTaji. MoMmeHT 3atsaryBaHHs 60aTiB 190-
200 Hm. bontu Bim camMo BiAKPYYyBaHHS OXOPOHSIOTHCS CTOMOPHUMH IUIACTHHAMH,
KOXKHY 3 SIKHMX YCTaHOBJIOIOTH MiJ Ba 60ontu. TouHa ¢ikcalliss MaxoBUKa 3A1HCHIOETHCS
IBOMa IITU(TaMU W HACTAHOBHOIO BTYJIKOIO. Ha 00poOiieHy IMIIHIPUYHY MOBEPXHIO
MaxOBHKa HAIPECOBAHUU 3yOUacTUil BiHEIb, 110 HATPIBAETHCS TMEpE]] HANPECyBaHHIM
no temrepatypu 230°C. 3yOuactuii BiHELb MaxOBHMKa CIY>KMTH JUIsl IYCKY JBUTYHA
CTapTepOM 1 BUTOTOBJICHUN 3 HU3BKOBYIJIELEBOI CTali, [IEMEHTOBAHUHN 1 3arapTOBaHHIA.
[Ipu BuTOTOBIEHHI MaxOBHK OamaHcyeTbcsi. MakcuManabHa  HE30alIaHCOBAHICTh
ctaHoBUTH 30 rp-cMm.

Ha 3agHpoMy TOpIli MaxOBHKa BCTAHOBIIOETbCS 34YerUieHHS. Ha 30BHIMIHIN
MOBEPXHI MaxOBUKAa € OTBIp Mia (iKcaTop MaxOBUKA, SIKUW BUKOPUCTOBYETHCA IPHU
PEryJIIOBaHHSAX JIBUTYHA.

IlaTyH - craneBuil TBOTaBPOBOTO NEPETHHY; HIDKHS TOJIOBKA BUKOHAHA 13 TIPSIMUM
1 TuockuM posHiMaHHAM. IllaTyH ocTaTtouHO O0OpOOISIOTE Y 300pi 13 KPHUIIKOI, TOMY
KPUILKY IIaTyHIB HEB3aeMo3aMiHHI. Ha Kpuii il maTyHi HaHEeCeH1 BIy4YHI CIApeHOCTI
y BUIJISA1 TPU3HAYHUX MOPSAKOBUX HOMepiB. KpiM TOro, Ha KpuIli mIaTyHa BUOUTHI
NOPAIKOBUI HOMep mwiiHapa. [liAmunHuKaMu KOB3aHHS CIy»aTh OpOH30Ba BTYJIKA
BEPXHBbOI TOJOBKM IIAaTyHa W 3HIMHI BKJIAIUIIl, YCTAHOBIIOBaHI B HHUXHIO TOJIOBKY
matyHa. Kpuiika maryHa 3akpirjieHo 1IBOMa IIATYHHUMHU OOJITaMu 3 railkamu.

Brkaaaumi KOpiHHMX i IIATYHHHUX NiJIIUIIHMKIB BUTOTOBIISIIOTHCA 31 CTaJEBOl
CTPIUKH, TOKPUTOI HIApOM CBHUHIIIOBATOI OPOH3M W TOHKMM IIApOM CBHUHIIOBATOTO
cruiaBy. BepxHiil 1 HWKHIA BKIQAUIIN KOPIHHOTO MIAIIMITHUKA HEB3a€MO3aMiHHI. Y
BEPXHbOMY BKJIQJUII € OTBIp JJIS MiJBEACHHS Macja i KaHaBKa JAJsl MOro po3moLly.
O060€ BKIJIaIUIIIA HIXKHBOT TOJIOBKH IIATyHA B3aeMo3aMiHHI. JIJis 3armo0iraHHs BKJIaIHIINIB
BiJl IPOBEPTAHHA ¥ OCHOBHUX MEPEMIIICHb y THI3[aX, HA Kpasx BKJIAJUIIIB BHUIABIICHI
BYyCa, sIK1 BXOJSTh Y BIJIMOBIHI Ta31, BUKOHAHI B TIOCTENSAX OJIOKY i KpUILIKAX KOPIHHUX 1

MIATYHHUX M AITATHUKIB.
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OcraTouno 06po0JIeH1 BKJIQIUIII TIEPE CKIIaIaHHIM MEPEBIPSIFOTHCS 32 JI0ITOMOT OO
KOHTPOJIBHOTO TIPUCTOCYBaHHs. [IpuisiraHHs 30BHINIHBOI MOBEPXHI BKJIAIUINA 10 THI3AA
KOHTPOJIBHOTO MPHUCTOCYBAHHS IIPH MEPEBIPI 3a JIOMOMOTor ¢apOu mia BiANOBIIHUM
HABaHTA)XCHHSIM Ha CTHK MTOBMHHE 3a0€3MeuyBaTy MiHIMallbHA sAMa KOHTakTy 90%. He
NEPIEHAUKYISPHICTh OIYHUX TOPILIB IOJ0 30BHIIIHBOI MOBEpPXHI, MOBHHHA OyTH HE
outein 0,2 mum. [IpumyctuMa pi3HUILS Y310BXK OCI BKJIAJIMIIIA HE TTIOBUHHA MEPEBUIILYBATU
0,003 mMm. Ycs moBepXHsl BKJIAIWINA W MOCTENI MMiJ] HUM HE TOBMHHA MAaTH BM'STHH,
3a001H, MOJPSATIUH, CI1/1B KOPO3ii.

I

]

Pucynok 1.6 [llatynno-nopmneBa rpyna nsuryna IM3-238

a - Kamepa 3ropaHHs; | - mopieHs; 2 - KOMIPECiiiHI KUTbIlT; 3 - MAaCJIO3HIMHE KUTbIIE; 4 - TIOPIITHEBHN
nanellb; 5 - maryH; 6- BKJIAJAWII HUKHBOI TOJOBKH IIATyHa; 7 - KPUIIKA IIaTyHa;8 - JOBTUH OONT
kpuiky; 9 - 3amkoBa mraii6a; 10 - kopotkwii 60nT Kpumky; 11 - cTOnopHE KijbIle

Kpumkyn KoOpiHHHMX | INATYHHMX NiJIIMNHUKIB. BUTOTOBISIOTBCA 3 KOBKOIO
YaBYHY W 3aKPITUTIOIOTHCS 32 JOTIOMOTO0 001TiB. KpUIIKK KOPIHHUX MIAMIUITHUKIB, KPIM
BEPTUKAJIBHO PO3TAIIOBAHUX OONTIB KPIIUIEHHS, MalOTh 1 TOPU30HTAIBHO PO3TAIOBaHI
CTsDKHI OONITH. BONTH KpITUIEHHS KPUIIOK KOPIHHMUX MiAIIUIHUKIB 3aTATYIOTh CTPOTO
periiaMeHTOBaHMM MOMEHTOM, piBHUM 245-250 Hwm.

Hopmmni BiyuTi 3 amomidieBoro cruiaBy AK-18 13 BcTaBKorO 31 3HOCOCTIMKOTO

YaByHY TijJi BEpXHE KOMIIpeciiiHe Kijblle. Ha mopImHi BCTaHOBIEHO JBa KOMIPECIHHI

JIucr
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KUIBLIE W OJHE Macio3HiMHe Kiablle. KommpeciiiHl KIJIblid Yy CBOEMY TE€pPETHHI
NPEACTAaBIIAIOTh ONHOOIYHY Tpanernito. Poboya MOBEepXHS BEPXHBOIO KOMIIPECIHHOTO
KUIBIIS TTIOKPUTA XPOMOM, HUXKHBOTO - MOJTIOIecHOM. Maciio3HIMHE K1JIbIIE - KOpoO4acToro
NEPETUHY 13 KPYUCHUM MPYKUHHUM PO3MIKUPHUKOM 1 XPOMOBAHOIO POOOUYOI0 TTOBEPXHEIO.
Y rosioBIi MOPIITHS BUKOHAHA IMTIHIPUYHA KaMepa 3TOPSTHHS.

[Topiiens 13 maTyHOM 3'€HaHI MAJIbIEM IJIABAIOYOTO TUITY, OCbOBE IMEPEMIILICHHS
nanplisi B TOPIIHI  OOMEXEHE CTONOPHUMHU KUIbIsMHU. [lopimrHeBuil  maneub
BUTOTOBJIEHU 13 XpoMoHikeneBoi ctam 12XH3A 'y BUIVIAIl  [OPONKHUCTOTO
WTIHIPUYHOTO CTPUKHSL.

30BHIIIHS MOBEPXHS MOPIIHEBOTO MANbL EMEHTY€eThCsl Ha rmouny 1,0-1,4 MM 1
rapTyeThCsl 3 HArpiBaHHAM CTPYMaMd BHCOKOI YacTOTU. TBEpAICTh BHYTPINIHBOI
noBepxHi naneit HRC 20-40 1 3oBHImHBOT - HRC 56-65.

MexaHi3M razopo3noainy npu3HaueHUH U1 KepyBaHHS MpollecaMu BIIYCKY B
HWTIHAPUA CBDKOTO TOBITPSHOTO 3apsily ¥ BHUIYCKY 3 HHUX Ta3iB, IO BIIPOOHIH.
BigkpuTTd BHYCKHHMX 1 BUIIYCKHUX KJIalaHiB BiIOYBA€ThCA B NMEBHUX MOJOKEHHSIX
HOPILHS, 1110 3a0€3MeUy€eThCSl CIOJTYUYEHHSIM MITOK Ha IIECTIPHSAX MPUBOJA IpHU HOTO
CKJIa/IaHHI.

MexaHi3M ra30po3noiily MPOEKTOBAHOTO JBUIYHAa - BEPXHBOKJIAIAHHUH,
CKIIAJAEThCS 3 PO3MOAUILHOTO Bajly, IWJIIHIPUYHUX INTOBXAdiB, IITAHT, KOPOMHCEI,
3BOPOTHUX MPYKUH 1 KJIAMaHIB.

Kynauku po3noauisHOTO Baly BIAMOBIAHO 70 (a3 ra30opo3moIily MyCKalTh Y Xijl
IITOBXAaul ¥ IITaHTH, & OCTaHHI, Yepe3 KOPOMHUCIIA, JTOJIAI0YH OMip MPYKHUH, BIIKPUBAIOThH
KJ1anaHu. 3aKpUTTS KJIaMaHiB BiAOYBA€ThCA MiJT JI€I0 CUIIM CTUCIUX MPYKUH.

PerynmioBaHHsS TeEIMJIOBOTO 3a30py 3HIMCHIOETHCS PETYJIIOBAJILHUMHU TBHHTAMH,
YCTaHOBIICHUMH B KOPOMHUCIIAX.

Po3noainbumii Baa - Bigkoanuii 31 ctam 18XI'T 1 BcraHOBIeHU# y po3Baji OJI0KyY
MWIHAPIB HA MM'SThOX MIJIMIMIMHUKAX KoB3aHHA. [IpuBoj Basly 3IHMCHIOETHCS Bif
HIECTIPHI, YCTAHOBJIEHOI Ha 33ITHHOMY KIHI[l BaJdy HA CETMEHTHIN HITOHII].

[IIToBxaui - MIOCKI, MyCTOTL, 31 3HIMHUMH IWITHAPUIHIMEI HATIPSIMHUMHU, SKi
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KPIMIATHCS 0 OJIOKY ITUJIIHJIPIB.

Knananm - BoyckHi il BHUITyCKHI - BHKOHAHI 3 JXKapOMIIHHUX craned. BmyckHwuii
KJIaliaH BUTOTOBJIEHO 3 BUCOKoJeroBanoi ctai 4X10C2M ¢ HacTynmHUM 3arapTyBaHHSIM 10
tBepaocTi HRC 35-40. Topeub CTpikHsA KiamaHa B Kpamili KOHTakTy 3 KOPOMHCIIOM
3arapToBaHo Ha rmubOuHy 2-4 MM no TBeprocti HRC 50-55. Bumyckuuii knamax
BUTOTOBJIEHO 3 BHcOKojieroBaHoi crtam SXEOH4AI'9M (OI1-303M) 3 HacTymHUM
3araptyBanHsM 10 TBepaocti HRC 30-35. Jlo Topis CTpHKHS BMITYCKHOTO KJIaraHa
NpUBAPEHUI BCTUK HakOHEYHHMK 31 cTaii 40XH, moBepXHs SKOro 3arapTOBaHO Ha TJIMOUHY
2-4 mm po tBepmocti HRC 50-55. IloepxHst poOouoi (hacku TOJOBKH BHITYCKHOTO
kJarnana HaraBneHa crenitoMm B3K; tBepaicts HarutaBnenoro mapy HRC 40-49. [Tliametp
TOJIOBKU BUITYCKHUX KJIanaHiB 43 MM, BITyCKHHUX - 45 MM.

CTpukHI KJamaHiB Ha JOBXHHI 125 MM Bia TOpLs NMpU CKIAJaHHI NOKPHUBAIOTh
rpadiToM I TOJIMNIIEHHS — nOpupoOisiHHsS.  Kianmanu — mepeMimaroTeCs B
METAJIOKEpaMIYHUX HAIPSIMHUX BTYJIKAX.

Jlisg 3anoOiraHHs BIYYEHHsS Macja B LIWJIIHAP IO 3a30py CTPWIKEHb KjarnaHa -
HanpsMHa BTYJIKa Ha BTYJIKaX KJIalaHiB YCTAaHOBJIEHI T'yMOBI MaH>KETH.

IpyxuHu KJIana”iB - UWIHAPUYHI, 3 PIBHOMIPHUM KPOKOM BHTKIB 1 pI3HUM
HAIpsIMKOM HaBUBKH, BUTOTOBJICHO 13 NpyXHHHOI cTtaimi SOX®PA. Ha koxxHOMY KiamaHsi
BCTAHOBJICHO /1Bl MPYXUHU. HIDKHIMM TOPLUSAMU MIPYKUHHU ONMUPAIOTHCS Ha TOJIOBKY Uepe3
CTaJIeBy IIail0y, BEpXHIMU - y Tapuiky. Tapijika BIUpPAETbCS Yy BTYNIKY, 3'€AHAHYy 31
CTPIKHEM KJlallaHa JIBOMAa KOHYCHMMH cyxapsMu. KiamanHI cyXapi 3aTUCKalOThCsl HE
0e3Mmocepe/THL0 BEPXHBOIO TApUIKOK MPYXXHUH, a 4Yepe3 JIOAATKOBY I1aHOBAHY KOHIYHY
BTYJIKYy. PO3HIMHE 3'€THaHHS BTYJIKa - TapliKa JAa€ MOXJIMBICTh KJlallaHaM MOBEPTATHCS
111010 ciJyIa.

[IpuBoa MexaHI3My Ta30po3MOJAUTly - JABOCTYMIHYACTUM, 3JIMCHIOETHCS Bl
XBOCTOBMKA KOJIHYACTOTO Bajly OJIOKOM IIECTipeHb. Big Bamy MPOMIKHOI IIECTIpHI
IPUBOJA MEXaHI3My ra30pO3IMOAUTH 10AaTKOBO NMPUBOAATHCS KOMIPECOP MTHEBMATUYHOT
raJIbMOBOi CHUCTEMH aBTOMOOLIS, HACOC TIAPO MiJCUIIIOBa4Ya PYJIHOBOTO KEPYBaHHS M

THBJI. Bix mnpuBomHOi mIeCTipHI MNPHBOJA MEXaHI3My Ta30pO3MOJUTY J0JIaTKOBO
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MPUBOJUTHCS MACIIIHUA HAcoc CUCTeMM 3MalieHHs. [IpuBoa MexaHi3My razoposnojaury
3aKpUTHI KapTepOM MaxOBHKa, 3aKPIIJICHUM Ha 33 JHbOMY TOPIIl OJOKY LIMIIHAPIB.

TosoBkM muiHAPIB - 1HAWBIAYANbHI IS IMIABUIICHHS PEMOHTONPUAATHOCTI
JBUTYHA, MAalOTh TMOPOXKHUHU NS OXOJIOJHOI  PIAUHH  OXOJOJDKEHHSA,  WIO
MOBIIOMIISIFOTECS 13 COPOUKOI0, 070Ky. CTHK TOJIOBKM LMJIIHApA W T1b3U YIIUIbHEHHH
MPOKIIAJIKOI. Y PO3TOUEHY KaHABKY Ha HIDKHIM IUIOLIMHI TOJIOBKM BCTAHOBJICHE OMOPHE
KUIBIIE, SIKE, 1e(OpMYIOUN CTaJleBy MPOKIAIKY, YTBOPIOE HAMIMHMIA Ta30BUM CTUK MK
rojioBkoro i Onokxom. IIpomyckHi OTBOpM JUIsi OXOJOAHOI PIAMHM M Macia, a TaKoxX
TOJIOBKA MO KOHTYPY YIIUTbHEH] (POPMOBAHOIO TYMOBOIO IIPOKJIAIKOIO.

BryckHi i BUMYCKHI KaHaJdl PO3TallOBaHI Ha MPOTHIIEKHUX CTOPOHAX TOJOBKH.
BryckHuii KkaHad TaHTEHINAJbHUM, KpIM ToJayl mMOBITPS QopMye B  IHIIHIPI
IIPOEKTOBAHOI'0 JIBUTYHAa OOEPTOBUI pyX MOBITPSHOTO MOTOKY IMEBHOI KOHQIryparii. Y
rOJIOBKY 3alpecoBaHl YaBYHHI CiJJia i MeTaJoKepaMmiyHl HampsiMHI BTYJIKHM KJIAllaHiB.
['onoBka 3akpiryieHa Ha OJ011 4oTUpMa OositaMu. MexaHi3M Ta30pOo3MoAUTy 3aKpUTHIM
KPHIIKOIO Yepe3 YIIUTFHIOBATBHY MPOKIIAIKY.

OCHOBHI cucTeMH MPOEKTOBAHOIO ABUIYHA:

Cucrema 3MalleHHsl - KOMOIHOBaHa 3 «MOKpPUM» KapTepoM. Macio mij TUCKOM
MOJAETHCA 10 KOPIHHUX 1 MIATYHHUX MIAIIMITHUKIB KOJIIHYACTOTO Baly, A0 MiAIIUITHUKIB
PO3IOIIILHOIO Bally, KOMIIPECOPY ITHEBMATUYHOI TaJIbMOBOI CHCTEMH aBTOMOOLIS,
TypOOKOMITpECOpaM CUCTEMU Ta30TYypOIHHOTO Ha/ITyBaHHS.

Cucrema 3MallleHHS BKJIIOYa€ MacisIHUM HAacoc, MOBHO-TIOTOKOBHMM 1 YacCTKOBO-
NOTOKOBUI (IIBTPU OYMIIEHHS Macjia, MacisHUN KapTep ABUTYHA, BOJAOMACISHUN
pajaiaTop, MacisiHI KaHajiu B OJIOLI i TOJIOBUI IMIIHIAPIB, NepeaHId KPUIILl W KapTepl
MaxoBHWKa, KJjamaHW [JIsi 3a0e3leyeHHsT HOpMajdbHOI pOOOTH CHCTEMH, KOHTPOJIbHI
NpWIaIn, MacisiHI TpyOONPOBOIN 1 MacI03aIMBHY TOPJIOBUHY.

3 kapTepa 4Yepe3 MAacJONPUHOMHUK Macil0 HaJAXOJIUTh y CEKLII0 MAacsHOTO
Hacoca. [3 cekuii uepe3 KaHaj y MpaBiil CTIHII OJIOKY Macjio HalpaBisiETbCS B MOBHO-
MOTOKOBUM (PIIBTP OYHMIIEHHS Macia, A€ OYUIIAETHCS  (PUIBTPYIOUUM EJIEMEHTOM, a

3BIITH B MACJISIHUN pajiiaTop, NOTIM y TOJIOBHY MaricTpaib, 3BIAKM MO KaHajgax y 0ol i
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rOJIOBII MWJIIHAPIB JI0 KOPIHHUX MIAIIMIHUKIB KOJIHYACTOrO Bally, MIAIIUITHUKAM
PO3MOAUTEHUX BalliB, 70 (OPCYHOK OXOJIOHKEHHS TOpITHIB. DOPCYHKH OXOIOIKEHHS
MOPIIHIB MPOXOJOKYIOTh JTHUILE TMOPIIHS CTPYMEHEM Macja Macjo, 10 OJHOYacHO
CTIKa€, 3Ma3y€e OMOPH MOPITHEBOTO MBI B OOOUIITKAX 1 MAMUAITHAK BEPXHBOI TOJIOBKU
maryHa. Macio, 1o 3HIMAa€TbCs 31 CTIHOK IIJIIHApPA MACIO3HIMHUM KUIBIIEM,
MPUIISETHCS B TOPIICHBb 1 TaKOXK 3Ma3ye ONOPH IMOPIIHEBOTO Majbllsl B OOOMINIKAX 1
MIITUITHAK BEPXHBOI TOJIOBKHM IIATyHA, y SIKOI € 1aBa OTBOopu i 1iei metu. Jlo
HIATYHHUX MIANIAIHAKIB KOJIHYACTOrO BaJly Maciio MOJA€EThCA MO OTBOpaxX ycepeauHi
BaJy BiJ HaMOMMK4oi KOPIHHOT MMMKH. [HIN JgeTam ¥ By3nM MPOEKTOBAHOTO JBUTYHA
3Ma3yIThCSA PO30PU3KYBAHHSIM 1 MACIISTHUM TYMaHOM.

MacnsHuii Hacoc 3aKpIIJICHU Ha HYDKHINM IUTOMIMHI OJIOKY IIMIIIHJPIB.

VY Kopriyci cekii BCTAHOBJICHHM 3a001KHUI KIIallaH!, BIAPETYJIbOBAHUI HA TUCK
BimKpHTTA 8,5-9,5 Kre/cM® i HMpU3HAYCHHI U1 OOMEKEHHS MAKCHMAIBHOTO THCKY Ha
BHUXOJIl 13 CEKIli Hacoca ¥ KJalaH CUCTEMH 3MAIlleHHS, 1o miaTpumye Tuck 4,0-5,5
Kre/em’ y TOJIOBHIM MaricTpalii JIBUTYHA.

QiIbTpU OUMIIEHHS Macjia, YCTaHOBJIEHI Ha MpaBiii CTOPOHI OJOKY IUJIHAPIB,
CKJIQJIAaI0ThCA 3 KOPITYCY, IBOX KOBIAKIB 1 3MIHHUX (DUIBTPYIOUMX €JIEMEHTIB BIJIOBITHO.
Y kopmyci (QuIbTpIB  YCTAHOBJEHM MPOMYCKHUM KiIamaH 13 CHUTHAII3aTOpOM
3aCMI4€HOCTI (IIBTPYIOUUX €JIEMEHTIB, € JIBa PI3b00BI OTBOPH JIJIsl YCTAHOBKH JAaTYHUKIB
THCKY if CHTHATI3aIlil PO HEMpUITyCTHMe 3HIKeHHs (Mermr 0,7 Kre/cM?) THCKY Macia B
rojoBHiM Marictpani. Kimaman mnporyckae HEOYHINEHE Maciio B MACISHHM pajiatop,
MUHAIOYU TOBHO-TIOTOKOBUM (UIBTP MpHU HUBBKIM TemmepaTypi Maciia abo 3HAYHOMY
3acMIYeHHI1 PUIBTPYHOYOTro eJIeMEeHTa MpH Mepenajii TUCKY Ha eneMeHTi 2,5-3,0 Kre/em’.

Macnsuuii kapTep 3aKkpiluieHUid Ha HUKHIN TIOMIMHI OJIOKY HUJIIHAPIB OOJITaMHU.
Mix kapTrepoMm 1 OJIOKOM YCTaHOBJIEHA TPOKJIaAKa JJisi 3a0€3MeUeHHs] TePMETUYHOCTI
3'ennanns. s 3amoOiraHHs MIBUAKOTO MEPETIKAHHS Macia MpU MPUCKOPEHHSIX PyXy
aBTOMOOWIISI B KapTepl € Meperopoaku. Y HIDKHIM YacTHHI KapTepa € OTBIp, 3aKpUTE
POOKOIO.

CucreMa 0X0JI0/IZKeHHSI — PITUHHA, 13 IPUMYCOBOIO LUPKYJALie0. Cucrema

JIucr
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3aKPUTOTO THUITy, TOOTO MOBIAOMIJICHHSI 3 aTMOC(Eporo BiOYBa€eThCA 4Yepe3 CIeliaibH1
KJIamaHu, SKi BIAKPUBAIOTHCA TMpPU TMEBHOMY THUCKY a0o po3pikeHHi B Hid. s
KOMITCHCAIII1 3MIHM 00CSTY OXOJIOJTHOT PITMHU CIYXKUTh PO3IIMPIOBATILHUN OavOK.

Haii0inpm1 BUTIIHUM TeMIepaTypHHUI pexuM poOOTH AU3EINS JEKUTh y MEKaxX
75...98°3. Cucrema OXOJIOJKEHHSI CKJIAJAETHCS 3 BOJSHOI COPOYKU OJIOKY U TOJOBOK
HWTIHAPIB, BOJSHOTO Hacoca, pagiaTopa, TEPMOCTaTiB, BEHTWIATOpA T1APOMY(TH, IO
BIJIKJTIOUAETHCSA, MPHUBOJA BEHTUISATOPA, PO3IIUPIOBAIFHOIO  0auka, CIOMYyYHHX
TpyOOIIPOBO/IIB 1 IIJIAHTIB, JaTYMKa TEPMOMETPA, PEMIHHOTO MPHUBOA BOJSHOIO Hacoca.
Cucrema 0xoJopKeHHs 3anoBHIOEThCS aHTUGpru3oM TOCOJI-A40.

[Ipu poOoTi mau3enss OXOJNOMKEHA piguHA 3 HIKHBOTO 0Oadka pamiaTtopa
BIJILICHTPOBHUM HACOCOM IIOJIA€THCSA B COPOUKY OJIOKY HuUIiHpiB. OOMHBAIOUM 30BHIIIHI
MOBEPXHI T'JIb3 OXOJIOAHA PIAMHA Yepe3 OTBOPHU Y BEPXHIN IJIOUIMHI OJOKY HAJAXOAUTh Y
BOJISIHI COPOYKH T'OJIOBOK, MPOXOJIOJKYIOUM B TIEpIy Yepry BUITYCKHI KaHaimu. Harpita
piIvHa 3 TOJOBKM HAJXOAWTh Yy BOAO30IpHUI TpyOOMpoOBiJ, a MOTIM uepe3 BIIKPHUTI
KJIallaHU TEPMOCTATIB HANPAaBISAETHCS B paaiaTop. Y paaiatopi piivHa NPOXOJOIKYEThCS
32 paxyHOK IHTEHCHBHOIO OOJyBaHHS MOBITPSAM pajiaTopa, a MOTIM 3HOBY MOJAETHCS
BOJISHUM HACOCOM Y COPOYKY OXOJIOJIKEHHS OJIOKY.

Komu nuzens XOnOAHWHM, piiMHA HUPKYITIOE TIO MajloMy KOJy, HE HaaXOIs4d B
pamiatop. Y 1IbOMYy BHUIIQJKy 3a0€3MeUyeThCsi MPUCKOpPeHH mporpiB auzensd. Komau
TEMIIepaTypa OXOJIOJHOI PIAMHU 30UIBIIYEThCS W KJIANaHW TEPMOCTATIB TMOBHICTIO
BIJIKPUBAIOTHCA, 3a0€3MeUyeThCs IUPKYIIAIIS PIAMHE MO BEJIMKOMY KOJY, TOOTO yepes
pazaiaTop.

@inpTp rpydoro OYMIEHHS NAJMBA TPU3HAYEHHUU JISI NONEPEIHBOTO
OYHUIICHHS IMajJuBa BiJl MEXaHIYHHUX JIOMIIIOK IIOJ0 BEJIMKOTO Po3Mipy. Y Takuil crocid
3aro0irae  MOMJIMBE YIIKOJKEHHS IMMH YaCTKaMU €JEMEHTIB (UIBTPY TOHKOIO
OUUIICHHS W HETaTUBHI HACIIIKUA BIy4YeHHS B mpernusiiHi aeram (opcynok i THBJI
HEOYHILIEHOTO MaJIMBA.

@inbTP TOHKOr0 OYUIIEHHS MAJUBA PO3TANIOBAHUMN Ha BEPXHIN MpaBiil CTOPOH1

MIPOCKTOBAHOTO JIBUTYHA W MIPU3HAYCHUH JIJIs1 OYUIIICHHS MaJIMBa BiJl APiOHUX YaCTOK. Y
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SAKOCT1 (p17IbTpa TOHKOTO OUYHUILEHHS 3aCTOCOBaHUM (HuIbTp THIY D TD-3.

CucremMa mycKy BKJIIOYA€E arperaTd ¥ OKpeMi JIeTalll, [0 CTBOPIOIOTh HEOOXIAHY
JUId TIOYaTKy pPOOOTH JIBUTYHA 4YacTOTy OOEpTaHHS KOJIIHYACTOro Bajly, mependadeHy B
eKCILTyaTalliiHIX yMOBaX.

Cucrema BeHTWIsALII KapTepa 3a0e3nedye BiJBiJ 13 KapTepa Ta3iB y BIYCKHUH
TpyOOIIPOBIIL.

[To KOHCTpPYKIIT CUCTEMH >KHBJICHHsS Ta300aJOHHI MAIIWHU MiIPO3AUISIOTHECS Ha
TPU TPyIH:

JBOTIAJIUBHI — 3 YHIBEPCAIBHOIO CUCTEMOIO KUBJICHHSI, 1110 BKJIIOYAE JB1 HE3AIEKH1
CHCTEMH HUBJICHHS Ha Ta3l i piAKOMY HaJluBi,

OJIHOTIAJIUBHI — 3 MIOBHOIIIHHOIO ra30BOI0 CUCTEMOIO >KUBJICHHS;

ra3opiluHHi a00 ra3oau3eibHI — CTBOPEHI Ha 0a3l JM3EIbHOTrO JBUTYHA 13
CUCTEMOIO JKUBJICHHS], Y SIKOi YaCTHHA P1IKOTO MOTOPHOTIO MajiBa BUKOPUCTOBYETHCS SIK
3arajabHOI JJO3M JUIS 3alaJIEHHS Ta30MOBITPSIHOI CyMillll, CTUCIIOl B KaMep1 3TOPSHHS.

VY 1ux cuctemax BUKOPUCTOBYIOTHCS SIK YHI(IKOBaHI1, TaKk 1 OpUTIHAIBHI BY3JIU 1

neTanl.
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PO3/ILJI 2. KOHCTPYKTOPCBKHUM

2.1 Bumoru 10 MpoeKTOBaHOTO JBUTYHA.

Jlns 3abe3rmeueHHs] eKOHOMIYHOCTI MOTPIOHO 3BEPHYTH yBary Ha BCl IapaMeTpu,
110 BIUIMBAIOTh HA BUTPATy MaIMBa 1 MacTUIIA.

Kpim BigmparsoByBaHHS MapaMeTpiB poOOYOro IIMKIY JABUTYHA, 110 3a0€3MeYyI0Th
Bucokui iHgukaropuuit KKJI, HeoOXimHO paiioHadbHO CKOHCTPYIOBATH CHUCTEMHU
JBUTYHA, BUOPATH ONTUMAIIBHUIA PEKUM OXOJIOKCHHS 1 T.]I.

Haniiinicts nBUTyHa 3a0€3M€4y€ThCS PAIllOHATIBHOIO KOHCTPYKIIIEO, BiJICYTHICTIO
MOTPIIIHOCTI B pO3paxyHKax, 0cOOJUBO Ha MilHICTh. [loBUHHI OyTH BpaxoBaHI YMOBHU
poOOTH NBUTYHA, 110 MOXYTh BUHUKHYTH B TIpolieci ekcrutryatarii. [Tpumyctumuii
piBeHb ImIyMy 1 BiOpamii 3a0e3neuyeTbcsi YCTAaHOBKOIO —TIYIIUTENIB  IIyMYy,
KOHCTPYKTUBHUMH 3aXOJaMH 3HWXKEHHS IIyMy VY By3JaX JIBUTYHAa. TOKCHYHICTH
BUXJIOITHUX Ta3iB JBUTYHA 3HUKYETHCS MPU MPABIIIBHOMY BUOOP1 TapaMeTPiB 3TOPSHHS
najanBa, KyTa BUIIEPEIKEHHS M0ayl MajivBa, KoeilieHTa HaJUIIKy HOBITPSL.

3HWKEHHS TOKCUYHOCTI MapiB NajguBa W MacTwia 3a0e3lneuyeTbess HaAiiHOIO
KOHCTPYKITIEIO TIATUBHOT 1 MacisiHoi cuctemu. HamiiiHicTh 1 G€3BIAMOBHICTh CHUCTEMU
MyCKY BIUIMBA€E Ha pPIBEHb HAA1MHOCTI IBUTYHA.

[Ipu kOHCTpyIOBaHHI BapTO 3a0€3MEUWTH, JETKUH JOCTYN JO OCHOBHUX BY3JIB
JIBUTYHA, MAaKCUMaJIbHO 3a0€3MEYUTH B3a€EMO3aMIHHICTh JIeTaJIel, 3a0€3MeUnTH BUTbHUIM
JEMOHTaX MOPILIHS 13 IIATYHOM Yepe3 LHIHIP.

JIBUTyH He TOBMHHUN OyTH 3axapamieHuil TpyOompoBOAaMH, O MOKIHUBOCTI
NOTPIOHO YHUKATH HABIIIAHKUX JI€Taleil Tam, e iX MOKHa pO3TallyBaTH OKpeMo. Takum
YUHOM, MPHU CYKYIMHOCTI KOHCTPYKTUBHHX PIllIeHb, PETEIHLHOTO JOBEICHHS JIBUTYHA Ha
icTiTax 1 B MPOIECi eKCIUTyaTallii, MO)KHa CTBOPUTH AHW3Eb, IO CTOITh Ha PiBHI

H&ﬁBHH.IHX Cy4aCHHUX BHUMOT.
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OCHOBHI MapaMeTpHu ABUTYHA MPOTOTUIY. [[BUTYH NPOEKTYyeThCs Ha 0a3l au3ens

8UH13/14 (3aBomceka mapka $SIM3-238), iioro ocHOBHI mapameTrpH (IO TEXHIYHOMY

OMHCY Ta IHCTPYKIIT MO eKCIuTyaTarlii) HaBeaeH1 B Taomuii 2.1.

Texniuna xapakrepuctuka asuryna 8UH13/14  Tabnmmsa2.1
OCHOBHI IapamMeTpu i XapaKkTEePUCTUKU SIM3-238/1E
HowmiHasibHa OTYXHICTh, KBT (11.C.) 243 (330)
YactoTa 00epTaHHs KOJIHYACTOTO Baja MPH HOMIHATbHIH
MOTY)KHOCTI, xBt 2100 *°°
MakcumalbHUM KpyTHUNH MOMEHT, HM (Krem) 1225 (125)
Yactora o0epTaHHS IPU MaKCUMaIIbHOMY KPYTHOMY MOMEHTI,
X" 1200 - 1400
UacToTa 06EPTAHHS XOIOCTOTO XOLY, XB
- MaKCHMaJIbHA, HE O1JIbII 2275
- MiHIMaJIbHa 600+50
[TuTomMa BuTpaTa majavBa 1o MBUAKICHIA XapaKTEPUCTHII],
r/KBTY (T/11.C.4):
- MiHIMaJIbHUHN 206,7 (152)
- [P HOMIHAJILHIN TOTY>KHOCTI 227 (167)
JliameTp HHIIHAPA, MM 130
Xi1 OPITHSA, MM 140
Po6Gounii o0cAr, 1 14,86
CtyniHb CTUCKY 15,2

2.2 Po3paxyHOK po60YOro MUKy JBUTYHA.

Po3paxyHKOBUM LMK TOPUIHEBOIO JBUTYHAa BHYTPIIIHBOTO 3TOPSHHS 3HAYHO

BIJIPI3HSIETHCS B[l 1I€aIbHUX IIUKJIIB. B po3paxyHKOBOMY IIMKJIl JBUTYHA BHYTPIIIHBOTO

3TOPSIHHS 3MIHIOETHCS KIJTBKICTh pOOOUYOTO Tijia, HOTo CKIIam 1 (hi3WyHI BIACTHBOCTI. B

pPO3paxyHKOBOMY  IITMKJI1

poboue TUIO HE

MOXXHA TpUMMaTd 3

HOCTIMHUMH
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TEIMJIOEMHOCTSIMHU, TaK SIK TEMIIEpaTypa Ta COCTaB rasiB B HMJIIHAPI 3HAYHO 3MIHIOIOTHCS.
B po3paxyHKOBOMY ITUKJII TAKOX MAIOTh MICII€ TEIIOBI Ta aepOAMHAMIYHI BTPATH.

Kpim pospaxyHkoBoro Tpeba po3risaatd 1€ JIACHUH UK, KOTpU
3MIUCHIOETBCS B TIPAIIOIOYOMY JBHUTYHI 1 B HACTYIIHUHA Yac HE MOXE OyTH TOYHO
OIMCAHMM 13 32 HEIOCKOHAJIOCTI PO3PaXyHKOBUX METOAMK Ta CKJIATHOCTI MPOIIECIB, M0
MPOTUKAIOTh B HhOMY. B NaHOMY TUIIJIOMHOMY MPOEKTI BUKOPHUCTOBYETHCS KJIaCHYHA
METOJIMKa TEeIJIOBOTO pO3paxyHKy, po3pobrena B. [. I'pineBempkuM 1 nami
BaockoHaneHoro €. K. Masiurom.

MeToa TEIIoOBOTO PO3paxyHKY 3aCHOBAHWN Ha 3arajbHO BIJOMHX IOJIOKEHHSIX
TEPMOJUHAMIKM Ta TEPMOXiMii, TOCTATHRO MOBHO OXOIUTIOE CYTHICTh TEIUIOBUX SIBHIIL,
10 MPOTIKAIOTh B POOOYOMY IMIIHAPI 1 MPEACTaBisie coO0K0 1HXKEHEpHE aHaJITUYHE
nociimkenasa. Ha #ioro ocHOB1 MOYKIIMBO:

- KUIBKICHO OLIHHWTH Il SBHUINA SK MNPH IMPOCKTYBaHHI TaK 1 MpU AOCIIHKEHHI
noOyJ0BaHOTO JIBUTYHA;

- JaTd ysABY 00 OCHOBHHUX IapamMeTpax IUKIy Ta (akTopax, IO BILIUBAIOTH Ha
IIPOIIECH POOOYOTO ITUKITY;

- BU3HAYUTH PO3PAXyHKOBI 3HAUYEHHs MMapaMeTpiB CTaHy poOOYoro Tija B
XapaKTEPHUX TOYKAX PO3PAXYHKOBOTO ITUKITY, & TaKOX €(EKTHBHI MOKA3HHUKH, IO
XapaKTepU3yrTh pOOOTY ABUTYHA B LILJIOMY.

Meron 3a0e3neuye AOCTATHIO 3aJ0BUIbHY ISl IPAKTUKU TOYHICTH PO3PAXYHKIB,

HE JMBJISIYUCH HA TE, IO IUKJI, 110 MPOXOJIUThH B ABUTYHI OMUCY€ETHCS HAUMPOCTIIIMMHU
TEPMOJMHAMIYHUMU MPOIECAMH 1 BBOAUTHLCS Psii OMUTHUX KOE(PILIEHTIB, K1 OLIHIOIOThH

peanbHi YMOBH MPOTIKaHHA poOOYMX MPOLIECIB B JBUTYHI.
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Po3paxyHOk poO04Oro UKy ABUTYHA.

Po3paxyHku BUKOHaHI 3a toroMororo mporpamu Microsoft Excel

. YMoOBa 3aBJaHHA:

EdexTrBHA NOTYXHICTH P.= 255 KBT
YacTtora oOepTaHHS KOJIIHYACTOTO BaJy. n= 2100 xB "
Jliametp 1mutiHapa d= 130 MM
Xia mopIiHs S= 140 MM
CtyniHb CTUCKY E = 10,5
KoedimienT Haamumky nopitps a = 1,65
Ywucno mutiHapiB I = 8
KoedimieHT TakTHOCTI Z= 4
. BuxiznHi gani Juist TEIUIOBOTO PO3paxyHKY.

Tuck HamIyBY Ps= 160 klla
THCK HABKOJIMIIIHBOI'O CEPETOBHINA P.= 100 kIla
TemnepaTypa HaBKOJUIIHBOTO CEPETOBHILA T,= 293 K
[Toka3HUK MONITPONH CTUCKY JUIA BIIEHTPOBOTO
KOMIIpecopa N = 1,6
[TixirpiB cBiXKOTO 3apsay AT = 10 K
Tuck 3aTUIIIKOBHX ra3iB pr= 135 klla
Temneparypa 3a1UIIKOBUX ra3iB = 750 K
CtyniHp NiIBUIICHHS TUCKY A = 2,5
CepenHe 3HaYEHHS MTOKA3HUKA MOJIITPOIIH:

CTUCKY n, = 1,37

PO3ILIUPEHHS n,= 1,25
KoeoimienT BUKOpucTaHHs TemioTu B Toui "Z" S, = 0,8
KoeimieHT MOBHOTH 1HAUKATOPHOT AiarpaMu s = 0,96
Hiokda Terora 3ropaHHst rasy Qu= 105300 K J[k/M>
Ckparuienuii ra3 npomnan-0yTaH
Cxuan: B % B 06'emHuX monsax
MeTaH CH,= 0 Rema = 0
eTaH CoHg= 0 Reons = 0
IpOIaH C;Hg= 50 Rcang = 0,5
OyTaH CHyg= 50 Reanio = 0,5
MIEHTaH CsHypp = 0 Resi = 0
BYTJICKHCIIOTA CO,= 0 Recop = 0
OKCH/T BYTJICITIO CO= 0 Reo= 0
asor N, = 0 Ryo = 0

Thuer
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KHUCCHb 02 = O R02 = O
BOJICHb H,= 0 Rip = 0

. ITapameTpu poGouoro Tina.

TeopernyHo HEOOXiTHA KUTBKICTh MOBITPS U1 3TOPSHHS 1 KMOJIS Ta3y.

L :Oi21 <[08(CO+ H, )+ S (n+0.25m)C, H, O, } “*" cnoe
Lo= 27,38 KMOJIB/KMOJTH
3arangpHa KUIbKICTh IPOIYKTIB CBIXKOTO 3apsiay.

Ml :1+(X,>< LO’KMOJ'IL/

\vmon

M, = 46,18 KMOJIB/KMOJIb
KinpkicTh OKpeMUX KOMITOHEHTIB MPOJIYKTIB 3TOPSHHS.

Kinekicts CO,: M,,=CO +an H+CQ), ™™
M o, 3,5 KMOIb

Kinbkicts H,0: Mo =H, + >.(0.5mGH,), ™"

M H,0 — 4,5 kmomb
KinekicTs O,: M,=0.21 x (D)=L, o
M ,,= 37375 kmons
Kinekicts N, My, =0.79xosd ;HN, ™"
M ,= 35691 KMOImb

3arajibHa KUTBKICTh OPOJAYKTIB 3rOPSHHS.
y
_ KMOJIb
MZ_MC02+MHZO+M02+MN21 /KF 47,429 KMOJIb

3MiHeHHs 00'eMy MpH 3ropsiHHI 1 KMOJb rasy.

AM =M, —M,, kmorne

AM = 1,25 KMOJIb
Teopernunuit KoeQiliEHT MOJEKYJISAPHOT 3MIHH.
M 2
Bo = 2
B = 10271

. [TapameTpu nporecy HalmIOBHEHHS.

TemmnepaTypa moBiTps micisl HarHiTaya.

n, —1

Tg:TaX(PBj K,K
Pr

a

T,= 349,5 K
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I3m.

ApK. Ne moxym. Migmac | Jara

JInct

25




Temneparypa noBiTps Mmicisi 0X0JI0KyBaya.
T =Ts _(30_70010
YHUCIIO 3 IHTePBATY = 60
AT, = 289,5 K
Temneparypa ra3onoBITpSHOI CyMillIi.

T :Tint+aXL0XTr K
> 1+axL, ’
T.=  3193K

ne T,= 310 K - remniepatypa noctynar4oro rasy.
KoedirmienT 3anumkoBux rasis.
T, +AT P

r

X
P £xP, — P

r

e Pd = 0,95 X ID6
Pi=  152,0 kIla

Yr = 0,041
KoedimieHT HamoBHEHHS.

& Pd =< TCM
-1 P T, +AT +».T,)

8

Oy= 0,93
TemmnepaTypa ra3onoBiTpSHOT CyMiIIl HAa MOYATKY CTHUCKY.

T T, +AT +y, xT, K
’ 1+, ’

Td = 346 K

. ITapameTpu mporecy CTUCKY.

Tuck B KiHII CTHUCKY.

P, =P, x&™,klla

P.= 3809,5 kIla

Temneparypa B KiHIII CTUCKY.
T,=T,xe" " K

T.= 825,3 K t.

552,3 °c

. [TapameTpu npouecy 3ropsiHHs.

Jliticanii Koe(ilieHT MOJEKYISIPHOI 3MIHH.
— IBO + 7/ r
1+,
f = 10260
MakcumanbHa TemMIeparypa MUKy 3HaXOAUTHCS 3 PIBHSIHHS
Oayancy:
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£-224-Q,

=/4,-mC -t, —(mMCvm,, +8.3141 )-t
(1+]/r)(1+aL0) ﬂZ pn’E z ( cm ) C
CKJIaJl TPOAYKTIB 3TOPaHHs B 00'€MHUX JTOJSX:

_ Mco ,
co, M,

R

Rn, = 07525
MoJibHa TETI0OEMKICTD MPOAYKTIB 3TrOPSIHHSA:

MCV, =R, -mCy+R-mCy, +R,,-MCy,+R., - MCy¢q,
st O,: mCvo, = 19,818 + 418,6:10°,
st Ny: mCvN, = 19,818 + 418,6-10™t,
st CO,: mCvco, = 30,05 + 1255,8:10°,
st H,O: mCvH,0 = 22,416 + 1004,6-107,
[Ticnst miaACTaHOBKU OACPKUMO PIBHSHHS.
mCv,,.=a + b-10™,
aec:

a= 2145

b= 562,46
TCIINIOEMKICTHh I'a30BOI'O ITaJIMBA.

mCv,, =Ry, -MCvqyy, + Ry -MCv . + Ry -MCvy + Ry %

xmCve, y +Reyy, MCV_y + R -MCV, + Ry -mMCyv,,

53H12
mCvch, = 12,235 + 5028-10™"t,
mCve,hg = 7,004 + 12649-107"t,
mCvcszhg = 14,97 + 17800-107°-t,
mCvcghyy= 93,128 + 11621-107t,
mCvcshy, = 118,06 + 14096-107™t,
MCvy, = 20,637 + 255,4-107t,
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MCVco, = 27,545 + 1386x107°-t,
[Ticnst miaCTaHOBKU OACPKUMO PIBHSHHS.
mCv,,=a+b-10™t,
ae:
a= 54,05
b= 14710,5
MOJIbHA TEIUIOEMKICTh Fa30MOBITPSHOT CyMillll IPU NOCTIHHOMY
o0'emi.

mCy — mCyv, +mCv,_, -a-L,+mCyv, -7, (1+a- L)
. @+a -Ly)-A+r,)

[Ticist miICTAHOBKM OTPUMAEMO PIBHSHHS.
mCv,,=a+b107t,
ne:

a= 21,12

b= 525,04
1€ Meyo= 20,38 + 209,5'10'5'tc- MOJIbHA TEIUIOEMKICTb ITOBITPSL. *
CepeliHs MOJIbHA TeINIOEMKICTh Ta30IMOBITPSHOT CyMIIlll [IPU
MOCTIHHOMY THCKY.

b
mCvm_ =a_ +—=--10"t

om c

[Ticst miICTAaHOBKH OJEPKUMO PIBHSHHS.
mCvm,,, = a + b-10™t,
ze:

a= 21,12

b= 262,52
MOJIbHA TETUIOEMKICTh MPOIYKTIB 3TOPSHHS MIPH MOCTIHHOMY THUCKY
B Touri "Z"

1,68

mCp, =8,314 +19,86 + — + (427,38 + 18436] -107°t,
a a

[Ticnst miaCTaHOBKU OACPKUMO PIBHSHHS.
mCv,,=a+b-10°,
ae:
a= 29,192
b= 539,113
cepeHs MOJIbHA TETUIOEMKICTh MIPOAYKTIB 3TOPSIHHS MPU MOCTIHHOMY
THUCKY B TouItli "Z".

mCpm , = a+%-105tZ
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a= 29,192
B= 269,557

MaxkcumanbHa TemmnepaTtypa Ipoliecy 3ropsHHS.
[Ticnst miACTAaHOBKU OJIEPKUMO KBaJIpaTHE PIBHIHHS.

A-10° xt? +B xt, —c=0

Je:
A= 276,569
B= 29,952
C= 62965,32 81263,2
3BIJIKH:
o —B+\/B2 +4x Ax10° xC K
z 2x Ax10°° ’
t,= 1802,3 C T,=

MaxkcuMabHUM TUCK 3TOPSHHS.
Prex = B> P.xT, [T, ,xlla

Prmax= 9829,1 xIla
CrymiHb TiBUILIEHHS TUCKY
A =P, | P,
A= 2,58
AN = 5,63 %
A\ moBunHa Oyt B Mexax 10%

CrymiHb MONepeHbOr0 PO3IMIUPEHHS.

_,BxTZ
B A x T,

p = 1

Yo,

. ITapameTpu mporecy po3mnupeHHs.

CtyniHb MOAAIBIIOTO PO3IIUPEHHS.
s = =2
£
o = 10,5

Tuck B KiHIIl PO3IIUPEHHS.

p. =p5—”:zx,7<17a

= 520,0 xITa
Temreparypa B KiHIll PO3IIAPEHHS.
T
T6 = nz—l
é‘ 2

2075,3 K
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T= 11529 K

CepenHs Temneparypa BUIIYCKHUX T'a3iB.

Tg ” _ Pr
T,. = °a [1+ (K 1) = J
Tepr= 898,3 K

ne K'=1,4; K"=1,35 - emnipu4si KoedilieHTH.
Temneparypa 3aIHIIKOBHX Ta3iB.

T, — =
T.=  7354K
To_T
—‘ x100% 1,94 %
[Tepesipka: T,

8. InauKaTopHI MOKa3HUKH POOOYOTO MPOIIECY.
CepenHiii TCOpETUUHUHN 1HAUKATOPHUMA TUCK.

, &P Axp 1 1 1
Pmi:ﬁx Ax(p-1)+=£x1 1-— | pxlla

- - X
P n-1 0 &%) n-1

Fi=  1161,36 xIla
[naukaropuuin KK/I.

n —1085 8% Lo e P14
T Qy P, 224

n . = 0,43
IIutoma iHI[I/IKaTOpHa BUTparTa rasy.

9, = ,
QX7 (kem-200)

3
;= 0,08 M"/(kBT* ron)
9 EdexTuBHI MOKa3HUKHA poOOYOTO IHUKITY.
CepenHiii THCK MEXaHIYHHUX BTpAT.

P,=0,088 +0,0118 xV, ..kIIa

CepenHsl MBUAKICTH TOPIITHS.

S x N
Vier = 171:;—0 ) M/C‘

Sip = 0,14 - XIJ MOPIIHS,M

I3m. ApK. Ne noxym. Migmuc | Mara
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Viger. = 9,8 M/c
Pu = 142,5 xIla
CepenHiii eeKTUBHUMN THCK.
P.=P,—P,,«xlla
Prne = 1018,82 xIla
Mexaniunnii K.K. /1.

MTw = 0,88
Edextusnuit K.K. /.
e =711 X1y

n . = 0374

[Turoma epekTBHA BUTpaTa rasy.

h =Ji m?

‘o (k8m. 200).

b, = 0,092 M3/(KBT'I‘OI[)
l'ogunHa BuTpara rasy.

3
_ M
B=6. %P /00

B= 23,3 M3/FOI[

10 OcHoBHI po3Mipu HUIIHAPA 1 ABUTYHA.

JliTpaxk (BUTYHA.
P, x10°

Vg, =30xZx—=——— JI
xXn

me

Z =4 - KoediieHT TaKTHOCTI.

V= 14,30 JI
V., = Vist JT
V= 1,79 J1
JliameTp nmitiHapa.
d =100 x 4XVS,MM
XM
m = S Jorad
d .
dg = 0,13 M

Izm. Apk. Ne noxym. Mimmuc | darta
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m =
d=

1,076923
128,4 mm

Xia mopurHs.
S=mxd, mu
138,2 Mmm

11 VYrtouHeHi po3mipu HWIIHAPA IBUTYHA.
JliameTp uuiiHapa.

S=

d=

Xia mopurHs.

S=

130 mMm

140 mMm

JliTpaxk IBUTYHA.

V

4x10°

rxd?xSxi
st T T s

14,86 n

Po6ounii 06'eM X0y OPIIHSL.

\V4 st
s i
Vi 1,86 n
EdexTrBHA NOTYXXHICTh JBUTYHA.
P .V. -
ep — me St I;' ,KBm
30-Z-10
Pep = 264,9 kBt

Otpumana BennuuHa P, BIIPI3HAETLCS Bijl 331aHOI Ha:

AP

g

e

U
8
S
|

cp

ep

ecp

2

P —P,
T ¢ «100%
P

_ P, +P,

260,0 kBt
3,81 %

Taxk sk 3HaUeHHS

BHUKOHAHUI BipHO.

AP, <5% , To po3paxyHOK poOOYOTo MPOIECY JABUTyHA

I3m.
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2.3 Po3paxyHOK TEIJIOBOTO OanaHCy JBUTYHA

Po3paxynku BukoHaHi1 3a fonomoroto nporpamu Microsoft Excel
Buxinai naui:

edeKTHBHA MOTY>KHICTh JIBUTYHA P, = 264,9 xBr

4acToTa 00epTaHHS KOJIIHBAITY n = 2100 xs-1

JiaMeTp MWITHIPY D = 130 mm

X1J1 TOpITHS: S = 140 mm

YHCIIO IMTIHJIPIB: i = 8

Koe(DIIieHT TaKTHOCTI: /= 4

HWKYa TEIJIOTA 3TOPaHHS Trasy: Qnp= 105300 «/Tx/kr
rOJIMHHA BUTpATa rasy: = 233 M *[ 200
[HAMKATOPHUHN K.K.JI. hn, = 0,43

e(EeKTUBHUH K.K.1I.: Ne = 0,37

KUTBKICTh CBIXKOTO 3apsiTy M= 46,179 xmons/kr
3arajibHa KUIbKICTh MPOJIYKTIB 3rOpaHHs = 47,429 xmonn/kr
TeMIepaTypa BUIIYCKHUX Ta3iB Tepr= 898,3 K
TEMIIEpATypa Ha MOYaTKy CTUCKY Ty4= 345,7 K

MOJIbHA TETUIOEMKICTh MPOIYKTIB 3TOPaHHS

pU NMOCTIHHOMY 00'eMi: mC"v = 24,84 xJix/(xmons*K)
MOJIbHA TETUIOEMKICTh CBIXKOTO 3apsiay

pU NMOCTIHHOMY 00'eMi: mMCv= 21,63 xlx/(xmonp*K)
CepeHIi IHIUKATOPHUN TUCK: Pmi= 1161,36 xIla

PiBHsiHHS TermioBoro OanmaHcy.
3arajgpHa KUIBKICTh TEIUIOTH, BBEJICHOT B ABUTYH 3 MaJTUBOM

Qr=Q+Q+Q+Qu+Qy
ne Q.- TeroTa, eKBiBaJeHTHA e()eKTUBHII POOOTI;
Q,- TemoTa, sika BiJIBOJIUTHCS 0XOJI0/KYBAJILHOIO P1AMHOIO;
Q,- TeroTa, IKa BUHOCUTHCS BUITYCKHUMH Ta3aMH;
Q,,- TeII0Ta, KA BIJIBOJIUTHCS MACIIOM;
Q.. 5 - HEBPaXOBaHi TEIUIOBI BTPATH.
Ternora, sSKa MiIBOJUTHCS B MAIIHAP JBUTYHA 3 TATMBOM:

Qp = 682,5 kBt
y BiICOTKOBOMY BiIHOIICHHI (,, mpuiiMaemo 3a 100%
Temnora, exBiBasieHTHa ePEKTUBHII poOOTI ABUTYHA!

Q, =1000 -P,

Q.= 264,9 kBt
y BiZICOTKOBOMY BiTHOIICHHI
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q=Q./Q,-100 %

= 388%
I[lepesipka: Qe =Q., 7.
Q'e= 255 kBt

BupaxoByemo moxuoky

A=(Q—-Q)Q-100%
A = 3,89 %

Terutora, sika BiIBOJIUTHCS 0XOJI0KYBAIBHOKO PiIMHOIO:
Q =+ +Qu.
e Q- TEIIOTA, SIKa BiIBOJUTHCS POOOYHM TIJIOM B CTIHKH IIJIIH/IPA;
Q. - TETIOTa, €KBIBAJICHTHA POOOTI HA TEPTS MOPIITHS
10 TUIB31 IWTIH/PA;
Q, . -TEIUIOTa, €KBIBAJICHTHA POOOTI HA TIPHBI BOJISTHOTO HACOCY.
TennooO6miH MK poOOYKM TIIOM 1 CTIHKAMU LUJIIHApA.

QV :(_\/\llan+\/\éT'-|_ W‘.’R +V\éw) Q1

1€ Wian We, Wi, Wiy, - BIIIOBIZIHO BIZIHOCHI BTPATH MaIMBa Ha JTUIbHHULAX
HAIIOBHEHHS, CTUCKY, TOPIHHSA-PO3IIUPEHHS Ta BUIMYCKY ra3iB 13 MUJIIHIpA.
3 eKCcrepUMEHTAIbHUX JaHUX:

W,,.=0 W, ,=0,09-0,25 0,14
W, =0 w,_,.= 0,01-0,07 0,05
Qw = 129,7 kBt

Teruora, ekBiBaJIeHTHA pOOOTI HA TEPTS MOPIIHS MO TUIb31 HUIIHAPA.
CepenHiii THCK MEXaHIYHUX BTpaT B ME€XaHi3Max JIBUTYHA.

P,. =(a+6-Cy)-10°
ne a= 0,088 B=0,0118 - koedimieHTH AJI1 BUBHAYCHHS CEPEIHBOTO
TUCKY MEXaHIYHHUX BTpPAT

C,=S-n/30 CepeHs MBUIKICTD MOPIITHS

Cn = 9,8 M/c

Pu = 203.64 lla

CepenHiii TUCK TEPTS MOPIIHS:

P . 20’6.])“140

cp.T.

Pepr= 122,18 xlIla
[ToTyXHICTb TepTs MOPILIHIB IBUTYHA!

P=P.,,-V,-n-i/(30 -2)
ne V- pobountii 00'eM UITIHAPY.

Jluct
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V, =d?-S/4

V= 0,0019 M’
P.= 31,8 kBt
TerutoTa, ekBiBaJIeHTHA pOOOTI TEPTSI MOPIIIHIB:
Qr n. = Py
Qrp= 31,8 kBt

Busnauaemo BUTpaTy BOJM Ui BiIBEACHHS TEIUIOTH, 10 MEPEIAETHCS Yepe3 CTIHKU
BTYJIKH [WJIIHJPY Ta YTBOPIOETHCS MPU TEPT1 HOPIIHIB ABUTYHA!

Qs =Qv +Qruz.

!/
Q B — 161,5 kBt
TOJI1 BUTPATa OXOJIOHKYIOYOI PITUHU:
v — Qs - K
B pg - C - AT@

me

K =1,2-1,5 - xoedirienT 3amacy. K= 1,5
L = 1000 kr/m’ - CepemHs IIIHHICTh BOMM.

Cs = 4,19 xJIx/(kr*Tpan) - cepeaHs TEIUIOEMKICTh BOJIH.

AT, = 6-10 K - remnepatypHHii nepenaj BOAH B XOJIOAMIbHUKY.
AT, = 10 K
V= 0,0058 M’/c

IToTy>HICTh, iIKa BAKOPUCTOBYETLCS Ha IPUBiI BOASHOTO HACOCY.
Ije.H. :\/6 APe/ ym

ne AP, = 98 kI1a - TipaBIIYHUN OTIP CUCTEMU OXOJIOKEHHS.

77¢.... = 0,6 - 0,7 - K.K.I. BOISHOTO HAcoCy.

6.10. = 0,65
P,.= 0,87 kBt
Toni Quu= 0,87 xBt

3arajibHa KUIbKICTh TETUIOTH, SKa BIJIBOJIUTHCS 0XOJI0/KYBAJIBHOIO P1AMHOIO.

Q =Qu+Q+Q..
Q.= 162,3 xBt
10 CKJIAJa€ Y BIJICOTKOBOMY BIJTHOIIICHHI:
q, =Q./Q,;-100%
0.= 23,78 %
Temora, sika BAHOCUTHCSI BUITYCKHUMH Ta3aMU:

Jlnct
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Q-2 | b T, MG T

mMC? =8314+mMC'V i306apHa TeII0EMKICTb IPOAYKTIB 3rOpaHHs

MC, =8314+mCV i300apHa TEINIOEMKICTh CBIXKOTO 3apsIy.

mCy = 3316 KDx/(kmonb-K)
mC/ = 20.94 kJx/(xmonb® K)
Qr= 270,4 xBt

o cxiagae y BiACOTKOBOMY BiJHOIICHHI:

a9, =Q/Qy;-100%
0= 39,62 %

TemoTa, sika BIIBOAUTHCS MACJIOM 1 3aTpady€eThCsl HA IIPUBIJT MACISTHOTO HACOCY:

TCHHOTa, sKa BiI[BOI[I/ITLCﬂ MacCJaIoOM, BiI[ rapssaux I[eTaJ'IefI ABUT'YHA.

Qu =Q+Q.-Q

Qur=28y- Q- Temnota, exBiBaneHTHa POOOTI Ha MOJOIAHHS
OTOpy B MEXaHi3Max JABHI'YHA.

e Ay = (P oz | P )77i - 10J1 BTpaT B MeXaHi3Max JIBUT'YHA.
Avg = 0,0747

TOA1

Qumz =510 kBT

Qum1 = 183 kBT

TemnnoTa, eKkBiBaJleHTHA pOOOTI Ha MPUBIJ HACOCA CUCTEMH MAaIICHHS.
Burpara uupkynauiiHoro macna.

K- Q1
pM CmM -ATJVI

K=1,2 - 1,5 - koedirieHT 3amnacy K=15
0, =900 xr/M>-  mineHicTH Macna

Co= 2,094 xJIx/KT - cepeHsl TETUTOEMKICTh Maca.

T,=6-15 K - temneparypHuii rnepernaj Maciia B 0X0JIOKyBadi
JBUTYHA
AT, = 10K
V, = 0,0015 m’/c
MOTYXHICTh, SIKa BAKOPUCTOBYETHCS HA MIPUBI MACISIHOTO Hacoca:
VM ) I:)O
77 -103

I:)M.H. -

ne Py= (0,3 - 0,4)-10%Ma - po6oumii THCK Macia B CHCTEMI.
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P,= 400000  Ila

17, =0,7 — 0,9 _\exaniunmii K.K.JI. MACJITHOI'O Hacoca.

my = 0,7

P, .= 0,83 kBTt
TOMI Q4. =1000 - B,
Qm2 = 0,8 kBt

3arajbHa KUIBKICTh TEIUIOTH CKJIAIa€:
Qu =Qu +Quiz
Qm = 19,2 kBt
y BIZICOTKOBOMY BiJIHOIIIEHHI
v =Qu /Q,7-100%
Qu = 2,81 %
HespaxoBani TemoBi BTpatu

N
Qus =Qr (QQ+Q+Qy

QH.B.: 34,3 kBT

10 CKJIAJa€ Y BIJICOTKOBOMY BIJTHOIIICHHI:

Oy =Quz /Q7-100%

Qug.B. = 5,03 %

Bci oTrpumani gani 3BeseHi B Tabnuio 1

Tabmurs 1 3BeieHa TaOIHIIT TETUIOBOTO OaTaHCy.

Cku1aJ10B1 TEIUIOBOTO OanaHcy kBT %
TEIJI0Ta, EKBIBAJIEHTHA €PEKTUBHIN poOOTI 2649 | 38,8
TEIJIOTA, KA BiBOUTHCS OXOJIOKYBATHHOIO P1IMHOIO 162,3 23,8
TEIUIOTA, IKa BUHOCUTHCS BUITYCKHUMH ra3aMH 270,4 | 39,6
TEIUIOTA, IKa BIABOIUTHLCS MACIOM 19,2 2,8
HEBpPAaXOBaHI1 TEIUIOB1 BTpaTH 34,3 5,0
3aranpHa KUTBKICTh TEIUIOTH, BBEICHOT B ABUTYH 3 MaJTUBOM 751,1 ]1100,0
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2.4 Po3paxyHOK 1HIUKATOPHOI AlarpaMu.

Po3paxynku BUKOHaHI 3a nonomororo rmporpamu Microsoft Excel
Po3paxyHOK T€OpETHYHOI 1HAUKATOPHOI JIlarpaMH.
Buxinai nani

Pmi= 1,161 MlIla Cepenniit IHAMKATOPHUNA THUCK.
Py= 0,1520 MIla  Twuck B KiHIIi BITyCKY.
n= 1,370 [Toxa3HUK MOMITPOIU CTUCKY.
Ec = 10,500 CtyniHb CTUCKY.
Pmax= 9,829 MlIla MakcumallbHAIA TUCK B IMUTIHJIPI.
n,= 1,250 [Toka3HUK MOMITPONU PO3MIMPEHHS.
P = 1,000 CrymiHb MONePeTHHOTO PO3IMIUPEHHS.
m,= 0,040 MIla/mm MacmTab mo oci TUCKY.
& = 0,960
Ta6muis 2 Pe3ynbraTtu po3paxyHky.
V N |Porn MIIdPcr st Py, MIa | P, i P, Mlla
1 3,810 95,2 9,829 245,71 6,020
1,25 2,806 70,2 7,437 185,9 4,631
1,5 2,186 54,6 5,921 148,0 3,735
1,75 1,770 442 4,883 122,1 3,114
2 1,474 36,8 4,133 103,3 2,659
3 0,846 21,1 2,490 62,2 1,644
4 0,570 14,3 1,738 43,4 1,167
5 0,420 10,5 1,315 32,9 0,895
6 0,327 8,2 1,047 26,2 0,720
7 0,265 6,6 0,863 21,6 0,598
8 0,221 5,5 0,731 18,3 0,510
9 0,188 4,7 0,631 15,8 0,443
9,5 0,174 4.4 0,589 14,7 0,415
Pmi = 1,210
O06'eM KaMepH 3ropaHHS
V, = Ve , MM
c—
V,=[AB]= 180 wmm [TpuBenenuit pobounii 06'em
V.= 18,947 mm
[Toxubka cepeqHHOTO IHAUKATOPHOTO THUCKY.
|Pmi - Py P +P4
APy = —5———x100% Py =—™ > M MIIa
Poni op= 1,186 Mlla
AP = 4,08 [ToxuOka He nmepeBuiye 5%
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[ToOynoBa niliCHOT iIHAUKATOPHOI JiarpaMH.

C', IoBMT Ttouka noxaui ickpu.
f, JJoBMT Bu3HA4acThCA KYTOM BUIICDC/DKCHHS 3aIIAIIOBAHHS
TOUKA [OYATKY 3rOPaHHs, BU3HAYAETHCS KYTOM 3aTPUMKH

3TOpaHHS:

Ap,

= ITIKB

A@,, HictaBMT gyt nicas BMT, ne THCK MakCUMAallbHHI

b’, ITiciaBMT  touxa BIJIKPUTTS BUITYCKHOTO KJIAITAHY

TOYKA BIIKPUTTS BITyCKHOTO KJIaNaHy

r", lictaBMT  touxa 3aKpHUTTS BUIIYCKHOI'O KJIAIIaHy

TOYKA 3aKPUTTS BITyCKHOTO KJIaNaHy

TOYKa TUCKY ra3iB B BMT B KiHIII TaKTy CTUCKY
TOYKAa MaKCUMaJbHOI'O TUCKY ra3iB

r', JoBMT
d’, JoBMT
C !

Zy

Buxiani gaxi.

AL = 0,268 KpuBommumnHo-maTyHHe BIIHOIICHHS.
[AB]= 180 MM Biacrans Bigx BMT no HMT Ha giarpami.
A, = 10 °TIKB KyT 3aTpuMku 3ropaHHsi.
P= 0,135 MlIla THCK 3aJHUIIKOBUX ra3iB.
m,= 0,040 MIIa/mm Maciirab TUCKY.
S= 140 MM XiJ1 HOpUIHSL.
P.= 3,810 MIla  Twuck B KiHIII CTUCKY.
P max= 9,829 MIIa MakcuManbHH TUCK.
Tabmuis 3 BusHaueHHs TOYOK IiHCHOT IHIMKATOPHOT AlarpamH.
ITo3nauka ITonoxxenHs ITocTiiina Biacrans Big
TOYKH .TOPII(I/I X =(1—cosp)+ AL x(1-coLy BMT no Touku
¢ °, IIKB BiTHOCHO 4 X i o

BMT, ¢ °, IIKB 2’
C’, loBMT 15 0,043 3,9
f, [loBMT 5 0,005 04
A@,, HicnaBMT 10 0,019 1,7
b', ITicnaBMT 130 1,721 154,9
r', JoBMT 10 0,019 17
r", ITicnaBMT 30 0,167 15,1
d’, JoBMT 150 1,900 171,0

Jlucr
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OpauHaTta TOYKH T

Pr
m, » MM 3,4 MM
Tuck rasis 8 BMT.

P’=(1.15-1.25)x P,
1,2 Ywucno 3 iHTEpBamy.

P., = 4,57 MIIa
P " = 114,3 MM

MakcuManbHH TUCK 3TOPaHHS.

JUTS KapOIOPAaTOPHUX 1 ra30BUX NBUTYHIB: P,4=P,,*0,85
Pzd= 8,35 MIla
Pzd= 209 MM

[Tompaska bpikca

R-
0.0} :—AL,MM
2
O0' = 21,3 MM
MacmTab nepemMiiieHHs
S
° AB
M= 1,89
[Tonpagka bpikca B macmTadi nepeMinieHHs
00 = ©0 , MM
M
O0= 11,3 MM
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2.5 lunaM14yHU# pO3paxyHOK JIBUTYHA

Po3paxyHku BuKOHaHi 3a 1omoMororo mporpamu Microsoft Excel
J1J1st BAKOHAHHS PO3PaxXyHKIB Ha MIIHICTH JI€TaJeil NIBUTYHA, 110 PyXatOThCs

HEOOX1JHO 3HATU BEIWYMHU CHII, K1 A1f0Th Ha KIIIM. [l 3HaX0KEeHHS CUJl, IO JII0Th

Ha getaii KIIIM 1 BUKOHYEThCS AMHAMIYHUMN pO3paXyHOK JBUTYHA.
Buxigxi gani:

d= 0,13 M - JiaMeTp IWITIHIpa
S= 0,14 M - X1 IOpUTHS
A= 0,268 - KPUBOILUITHO-IIATYHHE BIJHOILICHHS
r= 0,07 M - paJilyC KpUBOIIIUIIA
n= 2100 X8 - yacrora o0OepTaHHs
mg= 7,0 KT - Maca JIeTajeil, o pyXarThCs
3BOPOTHBO-TIOCTYHAIEHO
Me= 1,00 kH/MM - Mmamrab cun
m,= 0,05 MIla/mMM mMamTad THCKY.
KyToBa mBuaKicTh
T ox N
7 7 T3
w= 219,8 ¢’
[Imoma maUIIa nopuHs
A X d?
4
A= 0,013 e
Cuna TuCKy rasy
m 2

F =L —P)x ,H
=P

Cuna 1Hep1ii Mac, 10 pyXarThCs 3BOPOTHO-TIOCTYMAIBHO.

F, =-mro®(cosp+ A, _cos2¢p),H

Cymapha cuna (aificHa).

F,=F.+F, H
Hopwmanbha cuia.
F =F, xtgp, H

PamiansHa cuia.

E _ g code+p) |
9 cosp
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JloTnuHa cuna.

FK‘ —F Sin(¢+,8)’ H

d

cosp
Cuuia iHepiii Mac, 0 pyXarThbcs 00epTabHO.
2
F,, =—mMgro°,H
FPIO6': '33,4 kH
Foos-= -33,4 MM
Maca netasneit, 1o pyxarTbcsa 00epTalIbHO
Mg= 9,87 KT

TuCK ra3iB B 3aJIEKHOCTI BiJl KyTa IIOBOPOTY KOJIIHYACTOTO BaJjia

wis @ =10...180 ° P, = P,
0 Vv, "
wis @ =190 ...350 P, =P, v
f
Pmax +PC
mim @ = 360 ° P = >
win @ = 370 ° P, = P
V.op )
wa g =380..530° P, :pm( : p}
f
s ¢ = 540 ° P, = P, + P,
2
s ¢ = 550 ... 720 ° P, = P,

PoGouunii 00'em
v :”'dZ.S: 0,00186 ,
° 4

O06'em KaMepu cropaHHs

v - Vs _ 0,00023 ,;°

¢ e -1

[ToBHMIT 00'eMm

V== 0,002089 ,°
[Tepeminnuii 00'eM MIITIHAPA B 3aJI€KHOCTI BiJI KyTa IOBOPOTY KOJTIHUACTOTO Bajia

V, = Ar[(l— cos<o)+% (1—00540)} +V_, 2
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2.6 AnHani3 epexTUBHHX NOKA3HHMKIB MPOEKTOBAHOTO JBUI'YHA Ta JIBUT'yHA-

IIPOTOTHILY.

EdexTuBHI MOKa3HUKU JBUTYHA-TIPOTOTHUITY Ta MPOEKTOBAHOTO ABUTYHA. Tabmuis 2.2

YucenpHi
3HAYEHHS
. =X
_ 8 = >
B = = = = =
é Hasga mapametpy % § % % % % E
2 2 | E5| 2E | &
& ~ E o T | &
© o o
= = =
1 | EdexTuBHA NMOTYXHICTH P. kBT 243 260,0 6,99
2 | CepenHiil epeKTUBHHUIA TUCK Pme klla 847 1018 16,7
3 | Ebextuauit KK/ Ne - 0,401 0,374 -6,73
4 | Mexaniuaunii KKJ] Nm - 0,865 0,88 1,73
3) EaI/JIITI/?;a eeKTUBHA  BHUTpAaTa b | Mk | 8755 9.67 102
6 | Jliamerp mumiHapy D MM 130 130 0,0
7 | Xig mopurHs S MM 140 140 0,0

I[JI?I HOpiBH}IHHSI KIIBKOCTI TCILI4, IO BUKOPHCTAHA IIPOCKTOBAHHM ABUI'YHOM

Ta IPOTOTUIIOM OYyJI0 3p00JIEHO MepepaxyHOK MUTOMOI €()EeKTUBHOI BUTPATH MAJIUBA:

1. V nuzensHOTO ABUTYHA

be=0,206-42,500=8,755 M JIx
2. Y MpOEKTOBAHOTO ABUTYHA

be=0,092-105,300=9,67 M JIx

3rifHO 3aBAaHHS HAa TPOCKTYBaHHS Mependadanoch 30UIbIIeHHS €(eKTUBHOI

MOTY>KHOCTI TIPOEKTOBAHOTO ABUTYHa Ha 12 kBT. 3riHO OTpUMaHUX pE3yNbTaTiB,

HaBeJleHWX Yy Talnuil 2.1 BUIHO 1110, peasibHe 3pOCTaHHs €(PEKTUBHOI MOTY>KHOCTI

nopiBHIoe 17 kBT, 1110 y BiICOTKOBOMY CHiBBiHOIIEHH] csirae 6,99%.

Kpim Toro, BiAmOBITHO 3aBAaHHS 3MIHEHO BUJ] MAJIMBA, 110 BUKOPUCTOBYETHCS

nBUTYHOM. 3rigHo Tabn. 2.1 cepenHiii edhekTUBHUN THCK 30imbIMBCA Ha 16,7%.

Pesynbpratu Tabmuii 2.1 nmoka3yioTh 3MeHiieHHs edexktuBHoro KK/ nBuryna, mio

NpOEKTyeThCs, Ha 6,73% y MOPIBHSAHHI 3 IPOTOTUIIOM.
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3MEeHIIEHHS! MUTOMOI €(EKTUBHOI BUTpPATH MajiBa MOKHA TMOSICHUTH 3MIHOIO
BU/y MajJKBa Y MOPIBHAHHI 3 MPOTOTUNIOM. Tako>X HEOOX1IHO BIAMITUTH 301IbIICHHS
mexaniuHoro KKJI mpoekToBanoro nsuryHa Ha 1,73%.

Bce Bume 3a3HaueHe J03BOJISiE 3pOOMTH BHUCHOBOK TMPO  HEOOXIJAHICTH
3aCTOCYBaHHS  JOJIATKOBUX KOHCTPYKTOPCBHKUX  pIllieHb, HANpPSIMJICHHX Ha
ONTUMI3AIII0 TIPOIIECIB 3TOPsIHHSA, IO BIAOYBAIOTHCS B IWJIIHIApPAxX JBUTYHA IpU
npoTikaHHi pobGodoro mporecy. OmHUM 3 Takux PIlIeHh € BIOCKOHAJICHHS
KOHCTPYKIIii MOPIIHEBOI I'pynu. 3a3HayeHl PIllIEHHS OMUCAaHO B poO3Iai 3 naHoi

JTUTIIIOMHOT pOOOTH.
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PO3/111 3. PO3PAXYHOK CUCTEM /IBUT'YHA

3.1 [Ipu3HavyeHHs, ONUC Ta aHaJI13 ICHYIOUHX CUCTEM Ta MEXaHI3MIiB.

['opiHHS Ta30MOBITPSIHOI CyMIiIlIl MICHA 3amanioBaHHS (HaKeIoM piJKOrO IMaauBa
B1IOYBa€ThCS K y JBUTyHAa 3 ICKpPOBHM 3alajlOBaHHSM. Y JBHUTYHIB 3 HaJIMIpHO
BHUCOKHM CTYIICHEM CTHCKY, SKUMH € KOHBEPTOBaHI Ha ra3 aBTOTPAKTOPHI JHU3ENi, IIe
CTBOPIOE YMOBH JJIsl BAHUKHEHHS JIETOHAITI].

Ha BigmiHy Big [BUTyHa 13 30BHINIHIM CYMIIIOYTBOPEHHSIM 1 ICKPOBUM
3alajioBaHHsAM, Y SIKOTO (opma KaMmepu 3TOpsHHS MPHUCTOCOBAHA JO TOUIMPEHHS
NoJIyM'ss IO BChOMY OOCATY, KOHBEPTOBaHWHN Tra30Au3eib Ma€ KaMepy 3TrOpsSHHS,
MPUCTOCOBAHY JI0 BHYTPINIHBOTO CYMINIOYTBOPEHHSA. B aBTOTPAaKTOPHUX H3EIISIX
peaizoBaHi pi3HOMaHITHI criocobu cymimoyTtBopeHHs [11] 3 BignmoBigHUMEU (hopMaMu
kamep 3ropsHHSA (puc. 3.1). Llsg oOcraBMHAa BUKIMKAE HEOOXIAHICTH JOCIIKCHHS
OPUIYCTUMHUX TpaHUlp 30arayeHHs Tra3oNOBITPAHOI CyMIIIl W  YCTaHOBJIEHHS
palliOHAJIBHOTO CIHIBBIAHOIICHHS MK PIIKAM 1 Ta30MOAIOHUM IaMBOM 3aJIe)KHO BiJ
croco0y CyMIIIOyTBOPEHHST 0a30BOTO AU3ETIS.

3a paxyHOK MEHILIOTO pe3ylbTYIOUOro KoeQllieHTa HAAJUIIKYy HOBITPS
MOTYXHICTh KOHBEPTOBAHOTO Ta30/IM3€JI HA MEXI1 JUMIICHHS MOKe OyTH OUIBIIOT, HIXK Y
6azoBoro auzens. SKmo B Au3eis 4epe3 HeJOCKOHAIICTh MPOIECY CyMIIIOyTBOPEHHSI HE
BJIA€THCS MOBHICTIO BUKOPUCTOBYBATH MOBITPSHUN 3apsiji, TO B ra30/IM3elid 32 PaXyHOK
OUIBIII SIKICHOTO 30BHIIIHBOTO CyMIIIOYTBOPEHHSI MOXHA JOCSTTH ICTOTHOTO 30arayeHHs
NaJMBHO-TIOBITPAHOI cyMiml. [IpoTe, sk miaka3ye OOCBiA, HE CIHiJl MNEPEeBUILYBaTH
BCTAHOBJICHI 3aBOJIOM-BUPOOHMKOM MeEX1 MaKCHUMaJIbHOI TOTYKHOCTI, HacamIiepes,
yepe3 3pOCTaHHsS TEIUIOBOI HampyKeHOCTi. Tak, mpu MOTYKHOCTI Ta30Au3els, PIBHOL
HOMIHAJIBHOMY 3HA4YE€HHIO 110 0a30BOMY JH3EII0, CIOCTEPITa€ThCs II1BHUINCHHS
MaKCUMAaJIbHOI TeMIEpaTypu LUKy W TeMIepaTrypH rasziB, mo Bigpoowmm, Ha 80...100.
KonkpeTHe 3HaueHHS MaKCHMalIbHOI TOTY)KHOCTI B PEXHMI Ta30AM3ENsI Ma€ psf

O0OMEKeHb, OJTHE 3 SIKUX BU3HAYAETHCS CIIOCOOOM CyMIIIOYTBOPEHHS 0230BOTO JTU3EIIA.
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Pucynok 3.1 ®opmu kamep 3ropsitHHS aBTOTPAKTOPHUX TU3ENIB

Kepytouuch TeOpeTHUHMMH TNIE€pEeIyMOBaMHU, MOTPIOHO OYIKyBaTU 1CTOTHOTO
30UTBIIEHHST TBEPJOCTI pOOOTH MpPU KOHBEPTYBAHHI JAU3ENIB 3 BIAKPUTHUMH KaMepaMu
3ropstHESA (Mall. 2a — 20). Y 1uX ABUTYHIB € ICTOTHHH 3amac mositps (o = 1,5...1,6), 3a
PaxyHOK 4Oro MOKHA JIOCSITaTUCA M1JIBUILEHHS NOTYXHOCTI. ToMy 1110 Kamepa 3ropsiHHS
HE Mae€ 130JIbOBAaHUX OOCSTIB, a TEMIIEpATypa 3apsAy B 30HaX MK FOJIOBKOIO M MOPIIHEM
JIOCUTh HU3bKa Yepe3 IHTEHCUBHUM BIJBIJ TEIJIa B CTIHKM, KOHBEPTOBAHUN ra30/1MU3€ellb
MOBUHEH MaTH CTIAKICTh JI0 JETOHAIi. Y JBUTYHIB 13 IJIIBKOBUM CYMIIIOYTBOPEHHSIM
(Manm. 22 — 20) mpu Manmux 3amalbHUX J103aX MOXJIMBI TOPYIICHHS CBOEYACHOCTI
3armajyieHHs, TOMY 1[0 OCHOBHA IOj[a4a PiJIKOTO TMajuBa 31ACHIOEThCS B 00JIaCTh OIS
CTIHKHM KaMe€pH 3rOpsSHHSA.

JIBurynu 3 KaMepamMu 3rOpSHHS B TMOpPIHI ¥  00'€MHO-IUTIBKOBUM
CYyMIIIIOYTBOPEHHAM (Majl. 2e — 23) MalOTh JIOCTaTHIM 3arac MOBITPS ISl TOCSATHCHHS
MaKCUMaJIbHOI MOTYKHOCTI B pexuMi razomausens (o = 1,5...1,6), olHaK HasBHICTb
OpraHi30BaHOIO IMOTOKY 3apsy B KaMmepl 3TOpsiHHS Mpu 30aradyeHHi Ta30MOBITPSHOI
CyMillll MO’K€ TMIJBHUINYBaTHU WMOBIPHICTh BHUHUKHEHHS JeToHaiii. OcoOnuBo 11
CTOCY€ETBHCS JI0 ABUTYHIB 3 HaJTyBaHHSIM.

Ju3zeni 3 po3AIeHUMH Kamepamu (Mall. 2i — 21) TOBUHHI MaTH HAaHOUIbIILY
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CXWJIBHICTD J0 JETOHAIlli, a HU3bKi 3HAYEHHS HAJUJTUIIKY MOBITPS B IU3EILHOMY PEKUMI
(o = 1,25...1,3) He O03BOJATH JMAOCAITH CKUIBKH-HEOYAb IMOMITHOrO 301IbIICHHS
MOTYXKHOCTI B peKuMi Tazoau3ess. [1iqBuieHHs TemMneparypu B ra30Iu3eIbHOMY ITUKITI
noripirye podoTy OKpeMHX TEIUIO HampyKeHI YacTHH KaMepu 3TOPSHHS, 0 MOXKE
BUBECTHU JIBUTYH 3 JITTy.

XKopctkicTe poboTH Ta3zoAu3enss BIAETHCS 3MEHIIUTH 3MCHIIEHHSM KyTa
BUIIEPEDKCHHS 10/1a4l najguBa. [Ipy 11,0My MOJIIIITYETHCS TaJTUBHA €KOHOMIYHICTD TIPH
JeSIKOMY 30UIbIIEHHI MaKCHUMAalbHOTO I CEpeIHBOTO 1HIMKATOPHOTO THCKY. SKIO
KOHBEPTOBAaHUW JBUTYH JOBOJIUTHCA CKCIUTyaTyBaTH 1 SK JHW3€Nb, 1 K Tra30[u3elb, TO
BUHHUKAE 3aBJaHHS ONTHUMI3aIll KyTa BUIIEPE/DKCHHs IMoAadvi majguBa. Y I[IM 3aBJaHHI
nepesara ciij BiJJaBaTH YCTAaHOBILI KyTa BUIEPEIKEHHS IMOJAAul MajauBa JJIA PEKUMY

«ra3oau3Ciib» Ha KOOy CKOHOMIYHOCTI JABUI'YHA B pC)KI/IMl «OU3CIIb».

3.2. Po3paxyHK# NOpPIIHEBOI Py

Jlo mopmHEBOi TpymM JBUTYHA HAJIEKATh IMOPIICHb, MOPIIHEBI KUIBI ¥
nopiHeBuii nanenp. i gerani npaioroTh TPy BUCOKUX HABAHTAXKEHHSX BiJI CHJI 1HEPIIi

W TUCKY ra3iB, 4acTO B yMOBaX HEJIOCTATHHOTO 3MAIICHHSI.

3.2.1. IlopieHs.

Haii6ipmm Hanpy>KeHUM eJIEMEHTOM IOPIIHEBOI IPYIH € MopIIeHb (puc. 3.2), 1o
cripuiiMae BHCOKi Ta30Bi, iHepUiiiHi # TEMNOBI HaBaHTaXEHHA. MOro OCHOBHHMH
(GYHKUISIMU € YIIIJTBHEHHS BHYTPIIIHBO LMJIIHIPOBOTO MPOCTOPY W Meperaya razoBHX
CHJI TUCKY 3 HAMMEHIIMMH BTpaTaMu KPHUBOUIMITHO-IIATYHHOMY MEXaHI3My.

OCHOBHMMH TEHJCHIIISIMH BIOCKOHATIOBAaHHS TIOPIIHIB CYYacHHX JBUTYHIB €
3HMKEHHSI X Maco rabapuTHHX MapameTpiB, MiJABUIIEHHS MIITHOCTI W 3HOCOCTIMKOCTI, a

TaKOXX 3HIKEHHA Koe(dimieHTa JHIHHOTO PO3IMUPEHHS, M0 JyXKE BaXJIUBO IS
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OJICp’KaHHS MIHIMQJIBHOTO TEIUIOBOTO 3a30py MDK TOPIIHEM 1 IWIHApOM 0e3
3aKJIMHIOBaHHS.

[TopiiiHi aBTOTPaKTOPHUX ABUTYHIB BUTOTOBJISIOTHCS B OCHOBHOMY 3 aJFOMIHIEBHX
CIUIaBIB 1 piamie 13 4YaByHy. Y SKOCTI aJIOMIHIEBUX CIUJIaBIB BUKOPUCTOBYBAIUCS
eBTEKTUYHI CIUIaBU AJIFOMIHIIO 13 KPEMHIEM, 3MICT SIKOTO B CIUIaBl HE MepeBUIyBasio 12-
13%. OnHak moCTiitHO 3pocTaounii piBeHb (POPCYBAHHS ABUTYHIB BUMAaraB Mepexoay Ha
OUTBIII TEPMOMIIIHI MaTepialid AJii BUTOTOBJICHHS MOPIIHIB. Y el 4ac HOBI JABUTYHU
MarOTh MOPIIHI, BUTOTOBJICHI 13 3a€BTEKTUYHMX CIUIABIB aJlFOMIHIIO 13 KPEMHIEM, 3MICT
skoro pgocsrae 18% 1 Owremi. Jlnms momimmieHHST (i3MKO-MEXaHIYHUX BIACTUBOCTEH
3a€BTEKTUYHUX CIUIaBIB 3aCTOCOBYETHCS IXHE JIETYBaHHS HIKEJIEM, MarHieM, MiJIo,
XpOMOM 1 cHeliaibH1 TEXHOJOT1T IUTTS a00 rapsyoro mTaMITyBaHHS.

YaByHHI MOpIIHI B MOPIBHSAHHI 3 AJIIOMIHIEBUMH MalOTh OLIbII BUCOKI TTOKa3HUKHU
TBEPJIOCTI, 3HOCOCTIMKOCTI M IKApOMIIHOCTI, a TaKOX OJHAKOBUM Koe(]illieHTOM
JIHIAHOTO PO3MIMPEHHS 3 MaTepiayioM TuUlb3u UuiaiHApa. OaHak Oulblia MIUIBHICTH
YaBYHHOTO TMIOPIIHS HE JI03BOJISIE HOTO BUKOPUCTOBYBATH JJISi BHCOKOOOOPOTHHX
JBUTYHIB. Y IIeHl yac ycl, 10 CepiiHO BUITYCKAIOThCA JABUTYHU JIETKOBHX aBTOMOOLIIB
MarOTh MOPIIHI 3 ATIOMIHIEBUX CIUIaBIB.

[Ipu poOoTI ABHUryHa TeMIiiepaTypa MOTOKY Majaryol MaJMBO-MOBITPSHOI CyMilll,
10 OMUBAE JHUIIE MOPIIHS, CUILHO MIHSETHCS BiJl MIHIMAJIBHOL MPU MYCKYy W MPOTPIBi
JIBUTYHA JO0 MaKCHMaJbHOI Ha pEKMMax HaWOUIBIIMX HaBaHTaXeHb. l[Ipu 1BOMY
MaKCUMaJIbHy TEMIIEpaTypy Ma€ JHUIIE TOpIIHA, a MiHIMaJIbHy CHIHHIS. 3
ypaxyBaHHSAM TaKOTO PO3NOJALTY TEMIEPATypH Ipodisib MOPIIHS MO BUCOTI BUKOHYETHCS
B KOHIUHIN (popmi.

3HayHAa YacTWHA TEIUIOBOTO IMOTOKY BiJ JHHUINA ¥ BOTHEBOTO TMOsiCa IMOPIIHS
HIBUIKO W€ B CTIHKY UWIIHApPA Yepe3 MOPIIHEBl KiAbIA W TUIBKM YacTHMHA TEIUIOTH
nepeaaeTbest B O0OUIIKY, a TIOTIM 1 B CIIITHUIO nopiHs. [Ipy 11boMy BiJIBIJ TEMIOTH Bijl
OOOHUIIIOK 3HAYHO MEHIIE, YAM BiJ] CTIHOK CIIiJIHUIl, SIKI KOHTaKTYIOTh 31 CTIHKaMHU
HUIiHApa. Y pe3yibTari Mo oci OOOUIIOK MOPIIEHb PO3IMIMPIOETHCS 3HAYHO OlIblie U

cTae oBasibHUM. OnTMalnbHa (hopMa MOPITHS JIsi 3HOBY TPOCKTOBAHOTO JIBUTYHA
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M1I0UPAETHCS B PE3YJIbTaTI KPOIITKUX 1 TPUBATIUX €KCIIEPUMEHTIB.

Haii6inpm 3aragbHUMH KOHCTPYKTUBHUMHU M TEXHOJOTIYHMMHU HampsSMKaMH TMpH
PO3pOoOIIi OPIIHIB Cy4acHUX JIBUTYHIB €:

- 3MEHILEHHS BiJCTaHI BiJ JHHUINA MOPIIHSA A0 OCl OOOHMIIOK 3 METOIO 3HIMKEHHS
BHCOTH 1 MacH JBUTYHA;

- 3MEHIICHHS] BUCOTH CIIIJIHUIIl MOPIIHA W 3HM)KEHHS Bard 3a PaxyHOK BHPI3IB y
HalMEHII HaBaHTaXEHUX MicIsiX ( X-1oMi0HI MOPIITHI);

- HAHECEHHS Ha JIHMILE ¥ BEPXHIO KAaHABKY MOPIIHS 3HOCO- 1 TEPMOCTIHKOIO
MOKPUTTS, 1110 IEPETBOPUTH IOBEPXHEBHI 1Iap anroMiHiio B kepamiky Al,Os.

- 3HWKCHHSI TETJIOBOTO PO3LIMPEHHS MOPIIHS 32 PaxXyHOK 3aJIMBaHHS B MOTO TiJIO
CTaJIEBUX TEPMOPETYIIOI0YNX BCTABOK;

- OKpUTTA crigHuul nopumHsa ToHkuM (0,003-0,005 mm) mapom o010Ba, CBUHITIO a00
OJIOB'STHO-CBHMHIIEBOTO CILJIaBY 3 METOIO IIBUJAKOTO MPUPOOISHHS, @ TaKOX 3MEHILEHHS
TEpTs i 3HWKEHHS 3HOLITYBaHHS;

- 3MEHUIEHHS 30BHIIIHBOTO i BHYTPIIIHBOIO JIIaMETPIB MaJIbLIIB;

- TIepexijJ Ha IJ1aBaroyl MayibIli Majioi JOBXKHMHHM 3 (piKcalll€ro IIaTyHa BiJi OCbOBHUX
nepeMillieHb y 00OUIIIKaX MOPIIHS;

- 3HIDKEHHS BUCOTHU K1JICIb;

- 3aCTOCYBAaHHSI KOHCTPYKTUBHHUX CIEHIAIbHUX 1 TEXHOJOTIYHUX EJIEMEHTIB, IO
TOJITIIITYIOTh 3MAIEHHS TapH, 10 ¥ 3MEHIIIYIOTh 3HOIIYBAaHHS: TTOPIICHb-IUAIIH/P.

[TepeBipouHuii po3paxyHKH €JIEMEHTIB MOPIIHS 3A1HCHIOETBCA 0€3 00Ky 3MIHHUX
HaBaHTa)XCHb, BEJIMUMHA SKUX YPaXxOBYETHCS MPU BCTAHOBIEHHI BIATOBIIHUX HAIMPYT,
0 JOMYyCKaroTbCA. PoO3paxoBylOTh [HMILE, CTIHKY TOJOBKH, BEpPXHIO KUIBLIEBY
NEPEMUYKY, OOPHY MMOBEPXHIO U CIIAHUILIIO MTOPILIHS.

JIns WBUAKOXIAHUX AU3ETIB PO3PAXYHKOBUM PEXKUMOM € PEKHUM HOMIHAIBHOI
HOTY>KHOCTI, KOJIU TUCK 3TOPSIHHSI IOCSITa€ MaKCUMAJIbHOTO 3HAYECHHS.

OCHOBHI ~ KOHCTPYKTHUBHI  CITIBBITHOIICHHS  PO3MIPIB  €JIEMEHTIB  MOPIIHS
BuOupatotbes 3 [1] (tabn. 12.1.). Ha miacTtaBi emMnipuyHUX CHIBBIAHOUIEHb OyAYy€ThCA

pO3paxyHKOBa cxema nopus (puc. 3.2).
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Pucynok 3.2 Cxema nopuss.

Hiametp nmopmast: D = 130 mwm;

Bucora nopuns: H =123 mwM;

Bijgctanp Bif JHUINA 1O OCI MOPIIHEBOIO Halblisd: Ny =76 mwm;

Bucora kiapleBuX KaHABOK: 81 =3 MM, 8,= 3 MM, a3= 5 MM;

ToBmmHA THUIIA TOPITHS: 0 = 15 MM;

3oBHINIHIN giaMeTp nanbi: d, = 45 MM; BHYTpilHIA niameTp nanbis: d,= 23 MM;
Binctans Mixk TopissMu 000uIIok: b = 50 mm;

ToBmIMHA CTIHKY TOJOBKH MOPIIHA: S = 12 MM;

Bucota nepemudok: 0, = 14 MM, d; = 9 MM, d3 = 6 MM;

['mubuna nopmns: |; = 86 mm; rmubuna cmiguuii: |, = 75 mm; Bucora 6ooummku: ls = 71
MM;

JopxxuHa ciigauii: hg = 85,5 MM; mupuHa 600UIIKK: B; = 72 MM;

Ha migcraBi JgaHux po3paxyHKiB (TEIJIOBOrO, IIBUIKICHOI XapaKTEPHUCTHUKH,

JUHAMIYHOTO) ojiep>kaiu : aiameTp nmmiaapa D = 130 mm, xig nopras S = 140 MM,

JIucr

[MTHHI HYK 142.54.22.02 [13 5

Ism. Apk. Ne nokym. Ilignuc | Jara




MaKCUMAJIbHUIM TUCK 3TOPSHHSA Pymax = 11,2 MIla ipu n= 2100 npo/xB, 1j10111a MOpIrHs
F,=0,01131 M’ Haii6inbury HopmansHy cuny N, = 0,007946 MH mpu ¢ = 388°, macy
MOPIITHEBO1 Tpynu M, = 2,94 KT, 4acToTy 00epTaHHs N,y 0 = 2400 xgtiA=0,274.

Marepiann mopuiHsg — EBTCKTUYHUN alfOMIHIEBUH CIUIaB 31 3MICTOM KPEMHIIO
omm3bko  12%, o,=22-10°1/ JIO; wmarepian rine3u IUIiHApPa — CIpUil YaByH,
a, =11-10°1/ J10.

JIHu11e MOPIIHS MEePeBIpAE€ThCS HA BUTHH, 1O K BUIBHO OMUPAETHCS HA LUATIHAD

PIBHOMIPHO HaBaHTaXEHA KPYyTJia TUIaCTUHA.

Hanpyra suruny (MIla) y nHuIe nopursHs:

2
M I,
O-ua = = P Z, - !
W o

ne Mi= (1/3)p,,,. -1’ — 3ruHanbHUA MomMeHT, MHM;

W._ =[/3] r. - 52— MOMEHT OIOpy BHTHHY ILIOCKOTO THHIIA, M°

P = P,= 11,2 MIla - MakcUMaJbHHH THCK 3TOpsIHHA Ha PEXHUMI
MaKCHMaJbHOTO KPYTHOTO MOMEHTY;

= % —(s+t+At)=0,048 M - BHYTpiIIHI} pajiyc AHUIIA;
TOJII: o, = 114,68 Mlla,

[0,,]=50 —150 MITa — ay1st anroMiHi€BUX MOPLIHIB 3 peGpamMu 5KOPCTKOCTI.

OTxe, MHUIIE TOPLIHS MOBUHHE OyTH MocuieHe pedpamu xkopcTkocTi. KpiM Toro, 3
METOI0 MIJABUIICHHS 3HOCO- 1 TEPMOCTIMKOCTI TOPIIHS JOIJIBHO 3IIMCHUTH TBEpJE
aHOJUPYBaHHS JHUIIA W BOTHEBOTO TOsCA, IO 3MEHIIUTH MOXJIMBOCTI TEpPErpiBy u
MIPOTOPSIHHIO JTHHUIIIA.

ToBmMHA CTIHKH YIIUIBHIOIOYOI YacCTHHHM TOPIIHS TEPEeBIPSIETbCS HA CTHUCK 1

PO3pUB:
P P,
O-wK — _zmax ’ Gp — J :
fx S
neo,, , o, - HaIpyra CTUcKy i pospusy, Mlla.

P.max - MakcuMalibHa CHJla THCKY ra3iB Ha JHMIIE nopirHs, MH
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f... - Toia HeOe3nmeyHoro nepepizy X-x 06e3 00Ky ocinabiieHHs HOro OTBOpaMH

U1 BiZIBOJTy MacJia.
Pj - cuna iHep1ii roJ0BKY NOPIIHS 3 KUIBLSMY, PO3TAlllyBaHHs BHIIE NEPETHHY X-X,

H.

Zzmax

Pymax = P, -F, =0,127MH;

fi=(4)-(d2 ~d?)-n, - F'=0,002789.°

- IIaMeTp NOPIIHS 1O JIHY KaHABOK:
d, =D-2-(t+At)=114 mm;

-IJI101a Imo310BKHBOI'O I[iaMeTpaJIBHOFO MCPCTUHY MACIIITHOT'O KaHATy
F =[d, —d,)2]-d, =18 mm>.

Toni Harpyra CTUCKY B IEPETHHI X-X:

0, =4042MIa [o,]=30...40 MITa.

Pj - cuna iHepuii Mac, IO MOCTYNAJIBHO PYXalOTbCsA, BU3HAYAETHCS UL PEXKHUMY

MaKCHMAJIbHOT YaCTOTH 00EpTaHHS PU XOJIOCTOMY XOJi N, .. MBUTYHA, mun = 2400 :

¢ max
Pi=m_ 1@ W (+1), H
7€ m__ - Maca roJIOBKH MOPITHS 3 KUTBISIMU PO3TalllOBaHa BUIIE MIEPETUHY X-X,
m__=05-m =147 Kr,
ne r - pamiyc kpuBommma, I = 0,065 M; o, - KyroBa IIBHUIKICTH OOEpTaHHS
KOJIIHYATOTO Bajia MPH N = Ny, = 2400 vun™, o, = 251,3padlc.
P, = 7687 H .
Toni Harpyra po3puBY B MEPETUHI X-X:
o,=2,76 Mlla, [c,]1=5...10 MIla.
Hampyru y BepxHii KUIbLIEBIH IEPEMHYLIL:

3pi3y r=0,0134-p,, -D/h.= 3,01 MIIa;

BUTUHY o,; =0,0045-p,, [hﬂ

11

2
j = 3,7 Mlla;
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CYMapHe oy =+ 0., +47°="7,07 MIla.

Hampyra, mo g0omycKaeThCsl, y BEpPXHIX KUIBIIEBUX MEPEMUYKAX 3 YpaxyBaHHIM
3HaYHUX TEMIIEPaTyYpHUX HaBaHTAXCHb TIepedyBae y Mexax, JUisi TOpPIIHIB 3
alroMiHIeBHX CcIIaBiB [o, | = 30...40 MIla ([1],c.261).

[TuTomMult TUCK OPIITHS HA CTIHKY ITUJIIHAPA:

NmaxD _ 0,752 MTTa, [q,]= (0,3...1,0) MITa

Q1=h

0
Nmax

a, = 0D 0,538 Mlla, [q,]= (0,2...0,7) MIIa.

ne N, - HailOuIbIa HOpMajibHa CHJIA, IO Ji€ Ha CTIHKY IWJIIHApa Mpu poOOTI JBUTYHA
HAa PEXUMI MaKCHUMaJIbHOI TOTYXHOCTI W OOyMOBJI€Ha 3a JaHUMU JUHAMIYHOTO
po3paxyHkiB (N, = 7946 H npu ¢ = 388°).

[IpuckopeHHs npumpabOByBaHHs CHIAHUII MOPIIHS, & TAKOXK 3MEHIICHHS TepTA i
3HIDKCHHSI 3HOIIYBAaHHSI TIApW — CITITHULS TIOPITHS — CTiHKA IUJIIHApPA — JOCATAETHCS
NOKpUTTSAM crianuil nopirHa ToHkuM (0,003...0,005 mM) mapom oji0oBa, CBUHIIO abo
OJIOB’SIHO-CBUHIIEBOTO CILIaBY.

['apanTOBaHa pyXJUBICTH TMOPIIHA B IWIHAPI JOCATAETHCS 32 PAXYHOK

YCTAHOBJICHHSI JlaMETpPaJIbHUX 3a30piB  MDK IIWJIIHAPOM 1 TMOPIIHEM IMPU iXHIM
HEOIHAKOBOMY PO3IIMPEHHI Y BEPXHBOMY NEPETUHI TFOJOBKH MOPLIHA A, il HHKHBEOMY
NEPETUHI CHIAHMII A, .
JliaMeTpH roJI0BKM 1 CHIAHUII HOPIIHS 3 ypaxyBaHHSAM MOHTaXHHUX 3a30pIB:
D.=D-A, =129,04 mm;
Do=D-A,, =129,76 mm,
ne A,.=0,008-D =0,96 mm; A,,=0,002-D =0,24 mm.
JiameTrpanbHi 3a30pu A', ¥ A',, MK CTIHKaMH IIWIIHApPA W MOPIIHS B rapsaoMy
CTaHi:
A=D1+, (T,-T,) ] -Dy[1+a, (T, -T,) 1= 0,124 mwm;

ANo=D[1+a, (T,~T,) 1 =Dy [l+a, (T,-T,) 1= 0,036 mwm;
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ne T, =388 K - Temneparypa crinok nuiinapa; T, =590 K - temmnepaTtypa rojgoBku
TTOPIITHS;
To = 473 K - Ttemneparypa croigauii nopmHs; Te = 293 K - rtemneparypa
HABKOJIMIITHLOTO CEPEIOBHUIIIA,;
o, =11-10°1/K, a,=22-10"°1/K - BiAMOBiIHO KOCDIIi€HTH JIHIHHOTO PO3MIUPEHHS
MaTtepialiB MUIiHApPA (YaBYH) 1 TOPIIHS (ATFOMIHIEBUM CILIAB).

Temnepatypu T, = 388 K, T, = 590 K, T = 473 K npuitusati 3 ypaxyBaHHSIM
pIIMHHOTO OXoJiomkeHHs aABuryHa ([1],c.262). JliamerpanbHi 3a30pu A; 1 A, MK
CTIHKaMH MIJTIHIpA ¥ TOPITHS B raps4oMy cTaHi >0, 3HaYUTh MOPIICHb MPUAATHUI 10
poboTH, TOOTO MpH AOCATHEHHI MaKCHMaJIbHHX TEMIIEpaTyp MOPIIHS W LUJIiHApa He
BIIOyAeThCA 1XHI 3aKJMHIOBaHHSA. Y I[bOMY BHNAQJ0K HEMae HEOOX1THOCTI
30UIbIIYBaTH A, 1 A ¥ BiAnoBiAHO 3MeHmyBatu D 1 D,, abo mependauutu pospi3

CHIAHUI] TOPUIHS, 110 3a0e3Mneuye KOMIIEHCAI[lI0 HEJJOCTaTHbOI BEJINYMHU 3330DY.

3.2.2. Po3paxyHKH HOPITHEBUX KIJIEIh

[TopirHeBi KUIbISL MPAIIOIOTh B YMOBAaX BHUCOKHX TEMIIEpaTyp 1 3HAYHUX 3MIHHUX
HABAHTAKE€Hb, BUKOHYIOUH TPU OCHOBHI (DYHKIII:
- TepMeTH3allil HAAMOPIIHEBOTO MPOCTOPY 3 METOK MAaKCUMaJIbHO MOXKIIUBOTO
BUKOPHWCTAHHSA TEIJIOBOI €HEprii ManBa;
- BIJIBOJIy HQ/IJIUIIIKOBOT YACTKU TETUIOTH BiJI MOPIIHS B CTIHKU LWJIIHPA;
- «KEpYBaHHS MacjoM», TOOTO paIlioHAIBHOTO PO3MOITY MACISHOTO MIapy MO J3epKary
UTIHAPA i 0OMEKECHHS BIIYYCHHS Macia B KaMepy 3TOPSHHS.

BukoHaHHs 1MX (YHKIINA Ha Cy4acHHX JIBUT'yHaX 3a0e3rnedye KOMIUIEKT KUJIelb, SIK
MIPaBuUIIO, IO MOJISITAE 13 TPHOX KUJICIh: IBOX KOMIIPECIiHI i 0JTHOTO Macji03’€MHOTO.

Haiibisip11 HaBaHTaKE€HUM, OCOOJIMBO B TEIJIOBOMY BIJHOIIICHHI, € TIepIie (BEpXHE)
KOMITIpEeCiiiHe KUIbIle. Y SKOCTI MaTepialy BEPXHbOTO KOMIIPECIHHOTO KUIbIs OyB
NPUIHATUN CIpUN JICTOBAaHMM YaBYH. 3 METOIO MMIBUIIEHHS 3HOCOCTIMKOCTI Ha

KOMIIpECIiHE KIJbIIE B OOOB'SI3KOBOMY MOPSAKY HAHOCUTBHCS CHelllalbHE 3HOCOCTINKE
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HNOKPUTTS. Y SIKOCTI TaKOTO TIOKPUTTSI BUKOPUCTOBYEMO E€JIEKTPOJITUYHE XPOMYBAHHS
mrapom 0,1...0,15 MM TBeporo xpomy. Y SKOCTI MPOQII0 BEPXHHOTO KOMIPECIHHOTO
KUTBIl Oysia oOpaHa cxeMa 13 CUMETPUYHOK OOYKOMO/1I0HOI0 30BHINIHBOIO MMOBEPXHEIO
(Man.6.1.2), axa 103BOJISIE MPALIOBATH B HaWOUIBII BaXKKUX YMOBAaX.

Jlpyre Kinblle € KOMIIPECIHHO - MAaclIO3HIMHUM. BOHO mparfioe B OUTBIT “M'SIKUX
yMOBaXx I10 TUCKOBI, TEMIIEpaTypi ¥ 3MaIleHHIO, YOMY IIepliie KoMmpeciiiue Kiablie. Kpim
VIIUTBHEHHS HAATIOPITHEBOTO MIPOCTOPY APYTe KUIbIle 3a0e3neuye “KepyBaHHS Macjiom’,
3HIMAK4M HOTO 31 CTIHOK MIIHApPA MPH XOJ1 MOPIIHS BHHU3 1 3IMCHIOIOYH IPOMYCK
JESKOI KUTHPKOCTI Macjia MpH XOJi TOPIITHS Haropy. Y SKOCTI Marepially sl APYroro
KOMIIPECIMHOTO KIS 3aCTOCYEMO TaKOXK CIpHM MEpNITHUN YaByH. Y SKOCTI HOKPUTTS
MOBEPXHI KUIbLIS - HAHECEHHS IIapy TYTOIUIABKOTO I 3HOCOCTIMKOTO MOJI0JIEHy, IO
JO3BOJISIE 3HU3UTH NPOTU3AJUPHI BIIACTUBOCTI. Y SIKOCTI HPO(UII0 KOMIIPECIHO-
MacJI03HIMHUM KUTBIIS B3SITHH Npod itk “ckpedkoBoro” tumy (Man.6.1.2).

Tpete kinblle — Maclio3HIMHE — 3a0e3Meuye 3HIMaHHA Macia 13 JA3epKajia [MUJIIHIpa
 CKUJIaHHS MOro B KapTep 4epe3 OTBOPUM B KaHABIl Kuiblisg. HailOuibil Ba)KITMBUMU
SAKOCTSIMM MACJIO3HIMHUX KUICIIb € TapHa MPUCTOCOBHICTH 110 (opMHU LWITiHApA U
BUCOKUW THCK Ha CTIHKM IWJIIHApa, HEOOXiHI JJis €(EeKTUBHOTO 3HIMAHHS Macia. Y
SAKOCTI CXEMH MAacJIO3HIMHOIO KuUIbLsl oOpaHa cxema KOpoO4acToro THIY Y BHIJISIL
cripayibHOi TIpy>kuHU. KopoOuacTi KuIbIlsi BUTOTOBISIIOTHCS 13 CIPOTO JIETOBAHOTO
YaByHY, 3JaTHOTO TPUBAJIMI Yac MpaioBaTH B Mapi 13 YaByHHOIO T'UIb3010 LIWIIIHJpa 0e3
CHeIiajJbHUX TOKPHUTTIB, XOouya JesKl JBUTYHH MAalTh MAacCJIO3HIMHI KUIbLA 13

XPOMOBAHOI0 30BHIITHLOIO MOBepXHEH0. [Tpodink Maco3HIMHOTO Kijiblld Ha (puc. 3.3).

( .

a/komnpeccuorHoe d/komMnpeccuorHo- 6/macnoceémHoe
doykoodpazHou MacnocbEMHoe ¢ pasxumHou bumou
popmsl ckpedkobozo muna npyxuHou

Pucynox 3.3 IIpodim kommpeciifHuX 1 MacI03HIMHHUX K1JICIIb.
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Po3paxyHku Kijeup MOJSIraroTh:
a) y BH3HAQUEHHI CEPEIHbOTO THUCKY KUIBIS Ha CTIHKY UWIIHIpa, SIKE TOBUHHE
3a0e3neuyBaTd JOCTATHIO TE€PMETUYHICTh KaMepu 3TOPSHHSA i HE IOBHMHHE PIi3KO
301IbIIIYBATH BTPATH MOTYKHOCTI IBUTYHA Ha TEPTS KiJelb MPO CTIHKY HWIIH/IPA;
0) y moOy0Bi €MOpU TUCKY KUTBIS IO OKPYKHOCTI;
B) Y BU3HAUEHHI HAlpyr BUTHHY, 10 BUHHUKAIOTH y MEPETHHI, MPOTUIEC)KHOMY 3aMKY,
IIpU HAJSTaHHI KUTBIS Ha TOPILIEHB 1 B p0O0YOMY CTaHi;
I') Y BCTAHOBJICHHI MOHTQKHHX 3a30PiB Y IPAMOMY 3aMKY KLUJIbIIS.

Cwuy, 1110 A1I0TH HA KiJIbIIE, 300pakeHo Ha puc. 3.4.
d

[
-

i
/xé
i

N\

Ry
‘(«——i—

Pucynok 3.4 Cunu, 1m0 Ait0Th Ha KiJIbIIE.
Marepia Kijblis - cipuii ieroBanuii yaByH, E = 1-10° MI1a;
CepenHiil THCK KUIbIA HAa CTIHKY ITAJIIHIpA:

4,1t
(D/t-1)°-(D/1)

P, =0152-E- =(0,2316 MIla;

ne Ap=3t=16,5 mm;

THuCK KUIbIA Ha CTIHKY IWIIHApPA B PI3HUX KpalKaxX OKPY>KHOCTI BU3HAYAETHCS MO
(opmyui: P = Pep’ M

Ie M, - 3MIHHMM KoeQIlieHT, OOyMOBJIEHHUNM BHUTOTOBJIIOBAYEM BIAMOBITHO 10

IPUIHATOT GOPMHU eIMIOpU TUCKY KUIBIIS Ha 3epKayio IuiaiHapa. PesyiasraTtu
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po3paxyHKiB P, a TakoX 4, JJIs1 pi3HUX KYTIB y HaBeI€HO B Tabnuii 3.1.

Tabmums 3.1
Kyty , rpaau 0 30 60 90 120 150 180
KoeditienT gy 1,05 1,05 1,14 0,9 0,45 0,67 2,85
Tuck p, MIla 0,2432 |0,2432 |0,2641 |0,2085 (0,1042 (0,1552 |0,6602

Hanpyra BuruHy kinblisg B poO0YOMY CTaHi:
Oy = 2,61 pp - (DIt —1)% = 287,8 MI1a.

Hanpyra BuruHy npu HaasraHHi KUTbIsl Ha TOPIICHb:

4.E-(1-0114- 4, /1)

— 376,3MI]a.
m-(D/t—14)-(D/1)

Oz =

JlomycTUMe Hanpy>KeHHs MPU BUTUHI KUkl [ o, | = 220...450 MI]a.

MoHTaXHMI 3230p Y 3aMKY IMOPIITHEBOTO KIJIBIIS, MM:
Ap =Ny +7-D-[ay - (T =Ty)—ea,, - (T, —Ty)1= 0,515

e A% =0,08 mm, T, = 388 JIO, T, = 493 J10, Te =293 JIO.

3.2.3. Po3paxyHKH NOPIIHEBOTO MaJbIIs

[TopuiHeBHii naneub NpU3HAYEHUI 17151 LIAPHIPHOTO 3'€IHAHHS MOPIIHS 13 MIATYHOM
1 € BICCIO KOJIMBAJILHOTO PYXY IIATyHA.

[lin dwac poOoTM [BUryHa  TIOPIIHEBHMM TMajelb 3a3HA€ BIUIMBY 3MIHHUX
HaBaHTa)XEHb, 110 IPUBOJATH JO BUHUKHEHHS HAIIPYTH BUTHHY, 3pYIICHHS, 3SMUHAHHS 1
oBaui3allii. BHacniok BUCOKMX TeMIiepaTyp y OOOHUIIIKaxX MOPIIHS i 3aBISKH 3MIHHOMY
0o0epTaHHIO MOPIIHEBUI Majelb MPall0e B YMOBAX HAMIBPIAMHHOIO TEPTS, IO Y CBOIO
4epry BHUKJIMKAE MiABUIICHHS TEMIIEpaTypH, MOTIPIICHHS 3MAalleHHsS ¢ TIiABHUIIEHE
3HONIYBaHHS TEPTHOBUX Map (majenp - OOOUIIKK MOPLIHS W Majielb - BEpXHS TOJIOBKa

maTtyHa). BiAmoBigHo 10 3a3Ha4YeHUX yMOB POOOTH 10 MaTepialiB, 3aCTOCOBYBAHUX JIJIS

BUTOTOBJICHHS TAJBIIIB, TP IBISIOTHCSI BUMOTH BHCOKOI MIITHOCTI 1 B'SI3KOCTI. 3
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1HIIOro OOKY, Majelb MPaIloe B YMOBAX BUCOKUX IIUKJIIYHUX HABAaHTAXXEHb, 1110 BUMAarae
3aCTOCYBaHHS TPY3JIMX MaTepiajiB, M0 BOJOIIOTh BUCOKOI YTOMHOIO MimHICTIO. [{um
BUMOTaM 3aJI0BOJIBHSIOTh IIEMEHTOBaHI MaJIOBYTJICIEBl W JIETOBaHI HIKEIEM 1 XpOMOM
CTaJIH 13 TBEPJIOIO MMOBEPXHEIO 1 TPy371010 0cHOBOIO.([1],¢.273).

VY wmeii yac HaWO1IbIIE MOMUPEHHS OACPKAJIM TUIaBar04l MOPIIHEB] MaJbIl, SIKi Mij
gac poOOTH JIBUTYHA MOXKYTh IPOBEPTATUCS K y OOOHUIIIKAX MOPIITHS, TaK 1 B OPITHEBii
rojoBii maryHa. Lle 3abe3nedye 3MEHIICHHs 3HOIIYBAHHS IJIABAlOYOr0 MAaJbIs 1 HOTrO
OMOPHUX MOBEPXOHb, OCKUIBKU BIIHOCHA MIBUIKICTh TEPTHOBUX MOBEPXOHb MPHUOIU3HO
B/IBIYl MEHIIIE, YAM TPH 1HIINX KPIIJICHHSIX MOPIIHEBOTO MabIIs.

Bix ochoBHX mepeMilieHb MIaBaroydi Majiblli BTPUMYIOTHCS CTAICBUMHU CTOIMIOPHUMH
KUIBLISIMH.

Po3paxyHKu MOPIITHEBOTO MabII BKIOYAE BU3HAYEHHS MUTOMHUX THCKIB TAJIBIIS
Ha BTYJIKY BEpXHBOI TOJIOBKU IIaTyHa ¥ HAa OOOMIIKH, a TaK CaMO HaIpyr BijJ BUTHHY,
3pi3y ¥ oBaizallii.

Po3mipy noOpuIHEBOrO mnayiblisi HAaMIYalOTh 13 yYMOBHM 30€peXEeHHS Ha HbOMY
MacJsSHOI TUTIBKM, @ OCHOBHI KOHCTPYKTHBHI CHIBBIJIHOIIEHHS PO3MIPIB MOPUIHEBOTO
nanbIlsd HaBeaeHo B ([1] Tabm. 12.1., ¢.258).

MakcumalnbHi Hanpyrd B NaJbLsSIX OCH3WHOBUX JBUTYHIB BUHUKAIOTh IPH POOOTI
Ha PEKUMI MAKCUMAJILHOTO KPYTHOT'O MOMEHTY.

JificHUIT MaKCHMAaJIbHUN THCK 3ropsHHS P.,,. = 11,2 MIla npu n= 2200 mun™,
30BHIIIHIA glameTp mnaneusgd d, =45 MM, BHYTpIIIHIA aiameTp nanbls d,= 23 MM,
noBxkuHA manbls 1, = 102 MM, 10BXKMHA BTYJKH ImatyHa |, = 46 MM, BiJICTaHb MIX

TopIsIMU 000uIIOK b =50 MM (puc. 3.5).
Marepian — crans 12XH3A, E = 2,2-10° MIla.
Po3paxyHkoBa cuia, 1o Ji€ Ha MOPIITHEBUH Tajiellb:
ra3oBa:

P.

Zmax pZmax ’ FIY 2031267 MH)
1HepIiiiHa:

P, =-m, - R-(1+1)-10° =-0,01292 MH,
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ne o, =n-n, /30=230,38 paguii/3;
pO3paxyHKOBa:

P=P, +kp,=0,1174MH.

— ' Zmax

[TuTomuit THCK IMaJIbIA Ha BTYJIKY HOpHIHeBO.l‘ I'OJIOBKHU IIAaTyHaA:

P

q, = ~56,71 MITIa.

dn Ty
[TuToMui TUCK TTaJIBIIST HA OOOUIIIKH:

P

=— = 50 MIla.
dn '(In _b)

a5

Pucynok 3.5 Po3paxyHkoBa cxema MOPIIHEBOTO MaJbLIs.

Hamnpyra BUuruny B cepeIHbOMY MEPETUHI NaIbI:

o =Py +2:0=15-1y) _ 153 55 \17a
T 12-1-a%)d;, ’ ’

me a=d,/d,=0,51.
JloThuHI HaNpy>KeHHs 3pi3y B NEPETHHAX MK OOOMIIIKaMHU i TOJIOBKOIO MIATyHa:

. 085-P-(l+a+a?) _

A+ a) _ 9373 MTa,
A-a”)-dj

Haii6ib11e 3011bIIEHHS TOPU30HTAIILHOTO JiaMeTpa Majblis IPU OBaTi3allli:

Ad

3
Rk P(“_“j 01— (a—0,4)*]= 0,021 mm.
- E-l, \l-«
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Pucynox 3.6 Po3nojin HaBaHTa)XeHHS 0 30BHIIIHIN MOBEPXH1 MOPUTHEBOTO MabIIS.

Hanpy>xeHHs oBanizaiii Ha 30BHIIIHINA TOBEPXHI MaJIbLA:
y TOPU3OHTANIBHIH miomuHi (Toukul, y = 0°):

= [o,19-(2+(f‘)'(§2+ L) o1~ (a-04)1 =367 MIla;
m Y -—a -

y BEpTUKAIbHIH rutomuHi (Touku 3, y = 90°):

o =" 10174 (2”)'(1; @) , 0636 101 (0—0,4)°] =-153,7 MTTa.
l,-d, (1-o) l1-«

Hamnpyru oBanizaiiii Ha BHYTpPIIIHIN TOBEPXH1 MaIbII:
y TOPU30HTANIBHIHN IUI0IKHI (TOYkH 2, v = 0°):

o =P g19.052:0) '2(1+“)+ ! 1[01-(2-0.4)°] =-257.2 MIla:
l,-d, l-0) -« 1-«

y BepTHKaIbHIH miomuHi (Touku 4, y = 90°):

_15-P
i90° —

o174. £+29) 5““) _ 0838y 151_(#—0,4)°] =115,5MITa.
Y l-a) -« -«

HaiiGinpimia Hampyra oBamizaiii BUHMKAa€ HAa BHYTPIIIHIA TOBEPXHI Halbls B
ropu3OHTaNbHIM miuomuHi. 14 Hanpyra He nmoBuHHa nepeBuiyBatu O, = 300...350

MlIa, 1o BiJinoBigae 00YUCICHOMY 3HAYCHHIO.
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PO3A1JI 4. OPrAHIBALIIZA OXOPOHM TIIPAII TA 3AXHUCT
HABKOJIMIIHBOI'O CEPEJJOBHIIIA

4.1 Amnani3 HeOe3MEeYHUX 1 IIKIUIMBUX (PAKTOPIB, CTBOPEHHX MPOCKTOBAHUM

JIBUTYHOM

3a0pyAHEHHS! HAaBKOJMIIHHOIO CEPENIOBHINA, II0 BHHUKAIOTH MPU EKCILTyaTarlii
nu3ennsd. OCHOBHI KOMIIOHEHTH ILIKIJUIMBUX BUKUAIB 3 BIAIIPALlbOBAHUMH T'a3aMH.

[Tporec mepeTBOpeHHs XIMIYHOT €HEprii MajuBa B MEXaHIYHY pOOOTY B IIIIIIHAPI
JIM3EIIs CYMPOBODKYETHCS BUXJIONIOM BiJIpallbOBaHUX Ta3iB B atMochepy. o kareropii
HaliHeOe3MeuHImuX 3a0py/IHIOBadiB, IO BTPUMYIOTHCS B HHUX, HaJleXkaTh HACTYIHI
ra3onoiOHI peYOBHHM W YACTKH, 110 BUKUAAIOTH 13 BUITYCKHUMH ra3aMU: OKUCIH a30Ty
NOy, 1110 YTBOPATHCS B IMITIHpaX Au3eni npu temrepatypi Buiie 1500°C, konu a3oT crae
X1MI4HO akTUBHUM ra3zom; okuc CO 1 aBookuc Byrieito CO,, 1110 yTBOPATHCS B Pe3yJIbTaTl
3rOpsSIHHS TalMBa; CIpYUCTUA 1 cipyaHuil aHrigpuau SO, 1 SOz, MO yTBOPATHCA B
pe3yabTaTl OKUCIIIOBAHHS NMPUCYTHBOI B MalMB1 CIPKU (€JIEMEHTapHOi, MEpKalTaHOBOI Ta
1H.); NPOAYKTH HeEmoBHOro 3ropsiHHs nanmmBa CHy, arnmomepariisi qpiOHUX 4YacTOK HE
MOBHICTIO 3rOpiJIOro NajrBa, YaCTKU HE MOBHICTIO 3rOPLIOro Macia, Caxi il 1H. Y TBOPEHHS
okuciaiB a30Ty NOx CynpoBoIKye poObounii mporec 0yab-IK0i €eHepPreTHIHOI YCTaHOBKH,
AKIIO TeMrieparypa nporo npouecy umie 1500 °C. 3a Takux yMOB aroMu a30Ty CTarOTh
XIMIYHO aKTUBHUMHU B pPE3YJIbTaTi BTPATH HUMU OJTHOTO a00 JIEKUIBKOX €JIEKTPOHIB.

TakuM 4MHOM, AJI TOTO, 00 3MEHILIUTHU 3MICT y BUITYCKHUX T'a3aX OKHCIIB a30Ty,
HEOOX1ZIHO: CTBOPEHHS B KaMepl 3rOpsiHHS YMOB, NpHU SKUX HE BIAOYBa€EThCS
iHTeHCUIKallisl TPOoIecy YTBOPEHHS XIMIYHO AaKTHUBHOTO a30Ty; 3a0e3ledyeHHs
MaKCHUMaJIbHO MPUITYCTUMOI 1HTEHCU(IKALli MpOLECY OKUCIIOBAaHHS BYIJIEBO/HIB
(manmuBa) y KaMmepi 3ropsiHHSL.

Oxuc Byrieuto CO yTBOPUTBCS B pe3ysibTaTl HEMOBHOTO 3rOPSIHHS MajKBa, IO
BKa3ye€ Ha HEIOCTaTHbO €(PEKTUBHE MPOTIKaHHA POOOYOro Mpolecy B KaMepl 3rOpsiHHS

JAU3CIIA. I[O OCHOBHHUX IIPHUYHH HCIIOBHOI'O 3rOPsAHHA ITaJIMBA CTABJIATHCA: HU3bKI
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eKCIUTyaTalliiiHl BJIACTMBOCTI 3aCTOCOBYBAaHOrO MajvBa; MOPYUIEHHS B PEryJIIOBaHHI
1ojiayi MajauBa B KaMmepy 3TOPSHHS NW3€Nsl; HEe3aJ0BUIBHUN CTaH MAJMBHOI CUCTEMH MU
neranert LI (marap ©Ha po3nwioBadl (OPCYHOK, YTBOPEHHS HEMPHUITYCTUMHX
BIIKJIAJICHh Yy TAa30BUIyCKHOMY TpakTi, BTpaTa pYXJMBOCTI TOPIIHEBUX KIJICIlb;
3HOILICHICTH JeTajei nanuBHux anapatyp i L{I1T).

YTBOpeHHSI OKHCY BYIJICII0O MW OKHCIIB a30Ty 3B's3aHl MDK CO00OI0 MpsSMO
MPOMOPIIIHO, TOOTO UMM OUIBIIIE 3MICT Y BUITYCKHUX ra3aX OKUCY BYTJICIIO, TUM OLTbIIIE
3MICT 1 OKHMCIIIB a30Ty. YTBOPEHHSI OKHCY BYTJICIIO SIK Pe3yJbTaT HETOBHOTO 3TOPSHHS
naJiiBa BKazye Ha Hee(DeKTHBHE BUKOPUCTAHHS OCTAaHHBOTO B MPOIIECI IEPETBOPEHHS
Horo moTeHIiiHOI eHeprii B am3eni. OKUC BYIJICII0O TIPU HOPMAaJIbHO OPTraHi30BAaHOMY
pobGodoMy Tmporieci, MPaBUIBLHOMY BHOOpI 3aCTOCOBYBAHOTO TNaJliBa W HEOOXITHOMY
TEXHIYHOMY CTaH1 IU3€eJsl HE YTBOPUTHCS M Y BUITYCKHUX r'a3aX HE MPUCYTHIM.

Cipurctuii 1 cipuanuid anriapuan SO, 1 SO; yTBOPSATHCS B MPOIIECI 3TOPSIHHS
NajuBa, 10 MICTUTH CipKy. Peakiiii okucimroBanHs cipku B cipuuctuiit SO, 1 cipuanuit SO3
aHT1IPUINA TPOXOJATh 13 BUAUICHHSAM TEIUIOTH, TOMY BOHU O€pyTh y4acThb y BUPOOJICHHI
MEPETBOPEHOI B JM3€ KOPUCHOI eHeprii. UuM Buile yacTka cipuyaHoro auriapuay SOs,
TUM OLIIbIIIE BUIUISETHCS TEIUIOBOI eHeprii. OaHaK BUKUIU 1IUX aHT1IPUAIB 3 BUITYCKHUMU
ra3amu € HeOE3MEeYHUMHU PEYOBUHAMH I HABKOJIMIITHBOTO CEPETOBHILIA.

Cepen 3a3Ha4eHHX aHT1IPUAIB HAHOUTBITY HeOe3MeKy npeacTapisie cipunctuii SOy,
10 BUKUJAE y BUTIISAIL Ta3y, 1 B pe3y/bTaTi OJAIBIIOTO OKUCIIOBAHHS, 1110 TIEPEXOAUTH Y
cipuanuit anrigpun SO;. Ilpu temmeparypi wHwkue 110 °C cipuanuii aHriapun,
3'€JHYIOUMCh 13 MapaMu BOJM, YTBOPUTHh HAHOUIbLIE XIMIYHO aKTHBHY CipyaHy KUCJIOTY
H,SO,. Cipuanwii aHTiIpUa YTBOPHUTHCS B MIJIIHAPI AW3ENS, a CipyaHa KUCJIOTa - I Y
BUITYCKHOMY TPAaKTI, 1 MOXKJTUBA 11 HEHTpai3allisi OUMCHUMU MpUCTposiMu. ToMy B mporieci
3TOPSIHHS TAJIMBA HEOOX1JHO 3a0€3MEeYNTH OKUCITIOBAHHSI CIPKH B CIpYaHU aHT1APU/I.

3aranbHa  KUIBKICTH 3MICTY CIPUMCTUX PEYOBMH y BHUIIYCKHUX  Trasax
pErIaMeHTYEThCS 3MICTOM y TAJIMBI CIpKH, TOMY HEOOXiTHO OOMEXHUTH HASIBHICTH CIPKH B
3aCTOCOBYBAaHUX TMAJINBAX.

TBepi MPOIYKTH 3TOPSIHHS MajnBa (YACTKH) Y TU3€IIl yTBOPSATHCS B PE3yibTaTi
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HEMOBHOI'O OKMCIIOBAHHS HAWOUIbII BAaXKKMX HOTO KOMIIOHEHTIB, 1 B TEpIIy Yepry
NPUCYTHIX Yy HBOMY CTPYKTYPHHUX YTBOPEHb: CMOJHCTHX, CMOJHMCTO-BOJISIHUKIB,
CMOJIUCTO-TBepAUX. BCl 11 HE3ropul CTPYKTYpHI CUCTEMH W CTaHOBJIATH OCHOBHY Macy
TBEPAMX 3a0pYAHEHD, 10 BUKUIAIOTH y BUTJISIIL CaXk1 3 BUITYCKHUMH Ta3aMHU.

JlBooknc Byrmemo CO, € KIHIEBOIO Ta30MOMIOHOI PEYOBHHOIO IPOIIECY
NEPETBOPEHHSI MOTEHIIIIHOI €HEeprii BYTJIelleBO BOAHEBUX €HEPTrOHOCIIB B EHEPreTUYHUX
YCTaHOBKaX, 30KpeMa B qu3eisix. Ha BiaMiHy Bif mepepaxoBaHUX PEUYOBHH, IO
BUKHUJIAIOTh Y CKJIAJ[l BUITYCKHUX Ta3iB, BUKIIOUUTH 3MICT y HHUX JBOOKHCY BYIJICIIO
HEMOXJTMBO. OCHOBHE €KOJIOTIYHO HEOE3MEeUHUH BIUIMB JBOOKHUCY BYTJICIIO CKIIAIA€ThCS B
pyHHYBaHHI O30HOBOTO Iapy ¥ CTBOPEHHI, TAKUM YHHOM, «IIAPHUKOBOTO €(PEeKTy» Ha
HAIIIH IJIaHEeTI.

Hemkinmuei abo neiltpanbHi (CO;) pedoBMHM B cymi ckianawotb 99% Bia
3araJibHOr0 00'eMy BUMyCKHHMX rasiB. [Hmn - menm 1% (10000 yacTuH Ha MUTBHOH -
npomisie, %) - MicTATh y cobi okuciau azoty (NOy), cipku (SOy), okuc Byriemto (CO),
ByrieoaHi (CyHy) 1 9acTku (caxa, 301a).

Oxwuc BYTJICIIO, caXka i BYTJIEBOJIHI € Pe3yJbTaTOM HETIOBHOTO 3rOPSIHHS MaiuBa. Y
3B'SI3Ky 3 OUIBIIMM HAJJUIIKOM IOBITPA y BIANPALOBAHUX Ta3ax CyJHOBUX AM3ENIB iX
HeOarato B MOPIBHSHHI 3 IXHBOIO KUIBKICTIO Y BHCOKO OOEpTOBUX aBTOTPAKTOPHUX
TU3eNsiX 1 0cOOMMBO OEH3MHOBUX KapOropatopHuX ABUryHax. ONHaK, AEsKl BYTJIEBOIHI
MarOTh CUJIbHI KAHIIEPOT'€HHI BJIACTUBOCTI, TOMY, HE3BKAIOUM Ha Majly KOHIIEHTpAIlo,
npoOsieMa 3HWKEHHS BUKUY ITMX KOMIIOHEHTIB aKTyalibHA. Taki XIMI4HI PEYOBUHH, SK
NOy, CO, SOx i iH., moTparuisitoun B aTMocdepy, MOPYIIYIOTh ii TPUPOTHUI €KOTOTTUHHHA
OaJlaHC BHACIIIJIOK YTBOPEHHS CIA0KUX KUCIIOT.

Yactka NOy 1 SO, y BiamnpaiibOBaHUX Tra3ax AU3eNiB cTaHOBUTH Oibiiie 80% 06'emy
BCIX HIIKIJIJTMBUX BUKHJIIB, TOMY 3aBJIaHHS 3HUKEHHSI €MICIi IUX KOMITOHEHTIB CTAaHOBUTH
OCHOBY ITPOOJIEMH CTBOPEHHS €KOJIOTTYHO YUCTUX CYJHOBHUX JU3EIIB. 3MICT OKUCIIIB CipKU
y BIANpaI-OBaHUX Ta3ax OOyMOBJIEHO HASBHICTIO Cipkd B manuBi. [lpu oxuciroBaHHI
CIpkM B Kamepi 3ropsHHS au3eni yTtBopsaThes SO; 1 SOz, mpudomy nepeBaxHo SO,

(cmiBBigHOIIEHHS 15:1). YTBOpPEHHS OKUCIIB 30Ty B KaMEP1 3TOPSIHHS TU3ETIsS
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O0OyMOBJICHO HAsIBHICTIO OUIBIIMX KIJIbKOCTEH a30Ty, KMCHIO M BHCOKHUX TEMIIEpaTyp B
OKpEMHUX 30HaxX po3IIapoBaHOro 3apsAxy. OKHCITIOBaHHS a30Ty MOYHHAETHCS TpU
temneparypi Buie 1227 °C, a npu 2027 °C u 6inbliue peakiiis IpOTIKA€ JOCUTh MIBUIKO
(qac peakuii 630 107+ 107° ¢).

Oxuc a30Ty yTBOPUTHCA B 30HAX MaJIMBHOTO (akena, e CyMill HAOIMKAETHCS O
CIIOJIYII IO CTEXMOMETPHUYHOI, a JJOKaJIbHa Temrneparypa Moxe aocsratu 2227 °C. I xoua
MakCUMajibHa TeMmIeparypa B Au3esX He nepepuirye 1727 °C, 3a3HaueHe oOCTaBUHA
oOymoBItoe BUCOKI 3HadeHHs emicii NOx. OKHCIIM a30Ty YTBOPSTHCS TaKOX 4Yepes
HAsSBHICTh 30Ty B MaJIMBI. SIK MMOKa3aiu JOCHTIHKEHHS, e a30T 3HAYHO O1JIbIIIE aKTUBHUHN
y XIMIYHUX PEaKI[isiX OKUCIIOBAHHS B MOPIBHAHHI 3 aTMOC(HEPHUM a30TOM.

TOKCHYHICTh BUIYCKHUX Ta31B BU3HAYAETHCS COPTOM TMalliBa Ta yMOBaMH HOTO
3ropstHHsl. Tak 3acTOCyBaHHS OUIBII JICMIEBUX BAXKKUX CIPUaHUX TMaJUB BUKIIUKAE
HiJBUILEHE 3a0pyIHEHHS HABKOJMIIHBOIO CEpENOBMINA, 30UIblIye 3HOITyBaHHS. [lpu
BUOOp1 COPTY NajiMBa BUPIIIATbHE 3HAUYECHHSI MOXKYTh MAaTH NepepaxoBaHi (HakTopH, a He
HWOT0 JIEIIIEBU3HA.

B mpomeci ekcruryaranii 1u3enb 3HAXOAMTHCS Y B3a€EMO3B 3Ky 3 HABKOJIMILHIM
CEpEIOBUILIEM, ISl POOOTH CIIOKMBAETHCA MOBITPS, BUKUIAIOTHCS B aTMOC(EPY BHUITYCKHI
razu. Jluzenp € JpKEpenoM TEIUIOBOro, IIyMOBOIrO, BiOpamiifHOro Ta paaialiifHOro
3a0pyIHEeHb Oiochepu.

Opnieto 3 HEOOXITHUX YMOB 3J0pPOBOI 1 BHCOKOINPOJYKTUBHOI Mpaill €
3a0e3MeUYeHHs] YUCTOTH TIOBITPS 1 HOPMAJBbHUX METEOPOJIOTIYHUX YMOB Yy poOouUiil 30HI
NPUMIIIEHb. YCYHEHHS BIUIMBY TakKWX IIKIJJIMBUX BUPOOHMYMX (AKTOPIB, SK
BIJIIpaIlbOBaHl Ta3u, Map, MW, HAJJIUIIKOBI TEIJIOTH, BOJOra 1 CTBOPEHHS 370pPOBOTO
HOBITPSHOTO  CEPEJIOBUIIA, € BAXKIMBOIO TOCIOJAPUOI0  33/ayelo, 10 IOBUHHA
3IIACHIOBATHCS KOMIUIEKCHO, OJTHOYACHO 3 PIIIICHHSIM OCHOBHHX IMUTAaHb BUPOOHUIITBA.

[lIym 3HayHO TOTIpIIyE NPOAYKTUBHICTH TMpaii. BrnuBae Ha MOAUHY, TpH
IHTEHCUBHOMY DPIBHI IITyMy TPUBAJIMI Yac CIIOCTEPITae€ThCS yTOMa CIIyXOBOTO anapary, 1o
MO’K€ MPHUBECTH O YAaCTKOBOI'O YW HAaBITh JO MOBHOI BTpaTH ciyxy. CaHiTapHI HOpMHU

HIyMy npuBe/eHi B Tabmuii 4.1.
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BibOpariiss BuHUKae dYepe3 AUMHAMIYHY HEBPIBHOBAXEHICTh MacC KPUBOIIUITHO-

mratyHHoro mexanizmy JIB3. JlokanpHa BiOpailist BUKJIMKAE CIIa3MU CYAHH 1 TOTIpPIIye

KpoBooOir. 3aranbpHa BiOpamis 3 yactotoro 0,7 'l BukiMkae MOpPCBHKY XBOpOOy, 3

gactoToro 4 — 30 ['m MOXe BHUKIMKATH YIIKOMKEHHS IUJIEYOBOTO TMOsica, OUIBIIOCTI

BHYTPIIIHIX OpraHiB yepe3 pe3oHaHcHi siBuma. CTaHaapTHI HOPMHU BiOpallli pUBE/CHI B

Tabmui 4.2.
CaniTapHi HOPMH IITyMY Tabmuus 4.1
b,I'm |63 125 250 500 1000 2000 4000 8000
0o, 16 | 103 96 91 88 85 83 81 80
CaniTapHi HOpMU BiOparrii Tabnuus 4.2
Hamnpsamox CepeHbOKBAAPATHYHA  BiOPOIIBHAKICTS  (YncenbHHK, M/c-107),
HOPMYBaHHS | JIorapu(MI4HHI p1BEHb BIOPOIIBUIKOCTI (3HAMEHHUK, 11b)
BiOpanii 1 2 4 8 15 31,5 63
BCPTHUKAJIb 20/132 7,1/123 2,5/114 1,3/108 1,1/107 1,1/107 1,1/107
TOPHU30HTAJIb | - 3,5/117 |1,3/108 |0,63/102 | 0,56/101 | 0,56/101 | 0,56/101

Po3paxyHok piBHS 1Iymy 1 BiOpalii, 1[0 CyIpOBOKYIOTh pOOOTY JIBUTYHA.

PiBeHp 1ryMy, BUpOOJICHHUI IBUTYHOM, BU3HAYAETHCS IO (POPMYIIL:

L:{%4+1OJg®H+f@”ﬂ+30@(§)}ﬂ6

H

1e: N, — HOMiHaJIbHA YacToTa odepranHs, N, = 2100 xB
N — po6oya yacrora ooepranus, n = 2100 xB

P, — HOMiIHaBHA OTYXHICTH NBUTYHA, P, = 260 xBT.

2100

L =|54+101g(2100+260°%)+30lg| ———
2100

J}:7Z96ﬂ6

PiBeHb 1ryMy He mepeBUINyE MPUITYCTUMI 3HAUCHHS.

PiBenp BiOparlii Jyist ABUTYHA BU3ZHAYAETHCA 110 (HOPMYITi:

L =44+10Ig

1500, Pe
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e m — Maca aBuryHa, m = 1150 kr;

1150
_+( 1 j3.1150
1500 ) 260

Jlns 3MeHIIeHHs piBHsA BiOpallii B KOHCTPYKIIi ABUTYHa MependadeHo: ao0ip

2100-260&%-(1*'260j

L =44+10lg

2100
30lg| =2 | | = 74,3116
g(ZlOOJ a

MOPIIHIB 1 MIATYHIB 10 BarOBUX IPyIax, MAaXOBHK, MPOTUBATH ¥ 1HIIIL.

4.2 TexHika Ge3MeKH Ta MPOTUIOKEKHHUM 3aXUCT B €KCILTyaTallii.

[IpaBOBOIO OCHOBOIO OXOPOHHU TMpalll HA ABTOMOOUIBHOMY TPAHCIIOPTI €:

- Koncturymis Ykpainu;

- 3V «IIpo oxopoHy mpari»;

- 3V «IIpo nopoxKHIN pyx»;

- [IpaBuna 1OpoKHBOTO pyXy YKpaiHu;

- [IpaBua oxoponu mpaiii Ha aBToMo61bHOMY Tpancnopti JTHAOII 0.00-1.28-97,
Akl 3aTBep/ukeHi Hakazom J[lepkaBHOro KomiTeTy YKpaiHUM 3 Harjsay 3a OXOPOHOIO
npatli (tenep — Jlep:kaBHHiII KOMITET YKpaiHU 3 IPOMUCIOBOI O€3MEKH, OXOPOHI Mpall Ta
rippuuomy Harisay) Bim 13.01.97 NeS5, ta saxi moromkenHi iuctoMm MiHICTepCcTBa
TpaHcnopTy 1 3B’si3Ky Ykpainu Bim 11.06.96 Ne6/22-17-2907 1 siki BBElEHI B IO
1.10.1997,

- CaHiTapHi npaBuJja 3 TIri€HU Tpalll BOJ1iB aBTOMOO1IB;

- [IpaBuiia nepeBe3eHb BaHTaX1B aBTOMOOUTBHUM TPAHCIIOPTOM Y KpaiHu;

- IlpaBmia TexHIYHOI eKCIUTyaTallii pPyXOMOro CKJIaJgy aBTOMOOIJIBHOTO
TPAHCIIOPTY;

- HopmMu TexXHOJOTIYHOrO NPOEKTYBAHHS MIANPUEMCTB  ABTOMOOLIBHOTO
tpancnopty OHTII 01-91;

-T'OCT 12.4.026-76 «11BeTa curHabHbIE U 3HAKH O€30MaCHOCTHY,;

- [TonoxenHs npo npodiakTUUIHEe 00CTYrOBYBaHHS 1 PEMOHT PYXOMOTO CKJIaay
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aBTOMOO1JILHOT'O TPAHCIIOPTY.

Jlo BUPOOHWUYOrO TpaBMATU3MY BIJHOCSTHCS: KAJITBA, IOPAHEHHS, OIIIKH,
MOpa3Ku EJIEKTPUUYHUM CTPYyMOM, TpodeciiiHi OTPYEHHS 1 3aXBOPIOBAHHS, MOB'S3aHI 3
BUKOHAHHSIM CBOIX 00OB'SI3KIB Ha BUPOOHHMIITBI.

HaiiGinpm XxapakTepHUMH TIPUYMHAMH BWHUKHEHHS HEIIACHWUX BHITAJIKIB €
BIICYTHICTh a00 HEIOCTaTHIA 1HCTPYKTaX TIIepCOHAIy TMpo TpaBmwia O€3IeKH,
HECMPAaBHICTh yCTaTKyBaHHs, IPUCTOCYBAHHSA 1 IHCTPYMEHTY ab0 HOro HEBiIMOBIAHICTD
JI0 YMOB,BUKOHYBaHHS POOIT, BIICYTHICTh OI'OpOXK, HAIMKCIB, HEBIAMOBIIHUIN CIICIOAT,
HEJOCTaTHE OCBITJICHHS, HU3bKUI pPIBEHb TEXHIYHOI KynbTypu BupoOHuiTBa. Ilim uac
poboTH ABUTYHa aBTOMOOUIS, OCOOJIMBO MPU HEMPABUIBHOMY PETYIIOBAaHHI CHCTEMHU
JKUBJICHHS, Pa3oM 3 BIAMNPAlbOBAHMMH Ta3aMu B arMocdepy BUIAUISIOTHCS TOKCHYHI
PEYOBHHM, IO MOXKE MPUBECTH 0 OTpyEHBb. OTPpYy€EHHS OpraHi3My JIOIWHHA MOXE OyTH
XpOHIYHUM, TaKHM, IO PO3BUBAETHCS MOCTYMOBO i JI€I0 TOKCMYHUX PEYOBHH, IO
MOCTYIAOTh B OPraHi3M B MajiuX KOHIIEHTpAIlisX, 1 TOCTPUM — IO BHUHUKAE TPH
panToBOMY TIONAJaHHI B OpraHi3aM BEJIMKUX TMOPIIA TOKCUYHOI PEUOBUHHU.
HebGe3neunnuMu € 1 POCTY/AHI 3aXBOPIOBAHHS, II0 BUHHUKAIOTH 13-32 HEBIAMOBIJIHOIO
OJIATY 1 IOTaHUX YMOB POOOTH.

Haii0inpm1 MNOIIMPEHMMU TOKCMYHUMHU pPEUYOBMHAMH, IO 3yCTPIYAIOTHCS B
MpakTuill poboTH aBTOMOOUTbHE TpaHncnopTHe mignpuemctBo (ATII), €: TeTpaerun
CBUHEI[b, OKMCEN BYTJEII0, aKpOJIeiH, OKCUIIM a30Ty, KHCIOTH, JIyTH, OCH3MH, aleToH,
antudpus 1 1. o6 He momycTuTH OTPYEHHS BKa3aHUMH pPEUOBHHAMH, HEOOXIITHO
MOCTITHO BEHTHWJIIOBATH TMPUMIIICHHS, J¢ MOXJIHMBa iX mosiBa. He MokHa pomyckatu
BUKOPUCTAHHS LIKIJIMBUX PEYOBHH, 30KpeMa OCH3MHY, AU3EIbHOr0 NajduBa 1 IHIIUX JJIs
MUTTSL PYyK, OJATy, JeTajied; 30epiraTd OTPYWHI PEUYOBUHU CIiJ B CIEHIATIbHO
BUJIIJIEHOMY JJIS I[I€1 METH MOCYJl OKpEMO BiJ IHIIUX piauH. PoGoTa aBTOMOOUIEHOTO
JBUTYHA B 3aKpUTUX NPUMIMICHHSIX JOMYCKAEThCS TUIBKKA JUIS 3ai3Qy 1 BHI3IY
aBTOMOOLIIS 32 YMOBH, IO MPUMIMIEHHS BEHTHIIOEThCS. KabiHa BOJis MOBHHHA OyTH
3aXMIlleHa BiJ] MPOHUKHEHHS BIiJNpalboBaHUX ra3iB. HeoOXiqHO CTEXHUTH TakoX, 1100

CUCTEMa BUITYCKY BIAIpaIlbOBaHUX ra3iB Oyja repMeThyHa. 3a BiJICYTHOCTI BEHTHIISAIIIT
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MOX€ HACTYNHUTH XPOHIYHE OTPYEHHS, B LbOMY BHMAJAKY 3'SBISETHCS TOJIOBHUN
O1J1b,3a11aMOPOYECHHS, MOTaHuN COH. OTpyEHHSI MOXKE€ MPHUBECTH A0 BTPATH CBIJOMOCTI,
SKIO KOHIIEHTpAIlls OKHCITY Byriemto ckiaae 0,65 migirpam 1 Ouibin Ha 1 J1 TOBITPSI.
CMepTenbHUM BBaXKAETHCS 3MICT 2,5 MUTIIrpaM OKHCIy ByTJemto Ha 1 1 moBiTps. Skiio
3MmicT akposieiny HaOyBae 0,07 mimirpam Ha 1 J1 TOBITpS, TO JIFOJAWHA MOXKE TIEPEHECTH
TaKy KOHIIEHTpallio He OibIe 1 XB.

Benukuii BmIuMB Ha 310pOB’S TPALIBHHUKIB 1 MPOJYKTUBHICTH TIpalll HaJIa€e
TEMIIEpaTypHUN PEXKUM II1J 4ac pobdoTtu. BUCoOKi TeMmepaTypu BUKIMKAIOTh TEIJIOBUHN
ynap, HU3bKI TeMIepaTypd MOXYTb TNPUBECTH 10 oOMopoxkeHHs. He moxHa miis
OO0IrpiBY MiJ Yac BIAMOYMHKY B KaOiHI BUKOPUCTOBYBATHU MPAIIOIOYNI ABUTYH, OCKUIBKH
MO’K€ HACTYIIUTH OTPYEHHSI Fa30M.

[IpaBunpHE 1 JOCTAaTHE OCBITJIEHHS pOOOYMX MICIb 1 BUPOOHMYUX MPUMILIEHB
CIpUsi€ TIOTIEPEKEHHIO TPaBMAaTU3My 1 MIJABUIICHHIO MPOAYKTHUBHOCTI Mpalli, 1HAKIIE
pPOOITHUK BHUMYIICHHM OJM3bKO HAXWIATUCA JO XIMIYHO IIKIJUIMBUX MPOAYKTIB, IO
30UIbIIIye HEOE3IMEeKy TpaBMAaTU3MYy, OTPYEHHS 1 MOMIKOMKEeHHs oued. [lo3uTuBHUI
BIUIMB Ha MOMNEPEIHKEHHS BUPOOHUYOrO TPAaBMATHU3MY 1 MIJBUILEHHS MPOIYKTHUBHOCTI
mpaii Mae KyJbTypa BHpPOOHHUIITBA 1 TEXHIYHA ecTeTuka. HasBHICTH cHpaBHUX
IHCTPYMEHTIB, HEOOXIJJHUX HPHUCTOCYBaHb, 3PYUYHICTh IX PO3MIIIEHHS, HA poOOYOMY
MICIIl, YMCTOTA, TOH 3a0apBIIEHHSA YCTATKyBaHHS 1 MPHUMIIIEHb, MPABWJIBHUA MiI01p
OCBITJICHHSI, 03€JICHEHHS PUMILLEHb 1 TEPUTOPIi — BC1 11 €JIEMEHTH TEXHIYHOT €CTETUKU
MOBUHHI OYTH BJIACTHBI Cy4aCHOMY aBTOMOOUIbHO-TPAHCIIOPTHOMY MIANPUEMCTBY MpHU
BHCOKII HAYKOBI# Ooprasizatii npar BOIisl.

[IpumimieHHs: rapaxa 1 TEpUTOPIIO BIAKPUTOI CTOSHKM aBTOMOOLUTIB MOTPIOHO
pETEeNbHO MPUOUpaTH, HA TEPUTOPIi CTOSHKU HE MOXHA 30epiraTd MpeAMeTH, HE 0
BIJIHOCAITBCA JI0 YCTAaTKyBaHHS iX, @ BHUKOPUCTaHl OOTHpajbHI Marepiaaud HeoOXiTHO
30epiratd mo3a MPUMIIICHHSM B CHCIiaIbHO MPU3HAYCHUX JUISA 111€1 METH MeTaJleBUX
AMUKAX.

30epiranHsi nHanMBa 1 3MallyBaJIbHUX MaTepiaiiB JOMYCKAE€TbCA TIIbKH B

CreriajgbHii Tapi 1 y BOTHECTIMKOMY MPUMIIIEHHI 200 B IIUCTEPHAX, YPUTHX B 3EMITIO.
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[TpuminieHHs, 1€ BUKOHYIOTh TEXHIYHE 0OCITYTOBYBaHHS 1 PEMOHT aBTOMOO1IIB,
NOBUHHI OyTH 10Ope OCBITJICHI 1 MICTHUTHCS B YHCTOTI. 3a00pOHSETHCS TEXHIUHE
00CITyTOBYBaHHS HE OYMIIICHUX BiJl opyny aBTOMOO1TIB.
Po6oui Mmicix moTpiOHO TaKOX PETeNbHO MPUOUpPATH, a BEPCTATH 1 1HIIE YCTATKyBaHHS
HEOOX1THO 3a0e3MeYnTH HaTIMHUMH 3anoObKHUMU Tpuctposmu. [Ipubupaiotes poboui
MICISl 1 TIPUMIIICHHS TPYW HEMNpAIIOIUMX BepcTaTax, MexaHI3Max 1 IHIIOMY
yCTaTKyBaHHI.

Buxonsun 3 BuUMOr TexHIKM O€3leKH 1 OXOpPOHM TIpalll Ha TepuTopii
aBTOTPAHCIOPTHOTO MIANPUEMCTBA MOBUHEH OyTH BCTAHOBJICHUN YITKHM MOPATOK PyXy
aBTOMOOWTIB, a TaKOXX 3a00POHEHO YMPABIIHHSI aBTOMOOLIEM oco0aM, IO HE MAaloTh
MOCBITYCHHS BOJIISL.

Bci pobotu, mnepenbadeHl TEXHIYHMM OOCIyrOByBaHHSIM a00 TOB'i3aHl 3
PEMOHTOM aBTOMOO1JISI, JO3BOJISIETHCSI BUKOHYBATH TUIBKM HA CHEIIAJbHO O00JIaTHAHUX
noctax. [Ipu 1pomy aBTOMOOIIHL MOBHMHEH OYTHM HAJIAHO 3araJbMOBaHUN, a JBUTYH
000B'A3KOBO BUMKHEHHUH 1 OBIIEHUI NONEPeKyBAIbHUN T1aKaT «/[BUTYH HE IyCcKaTH
— MpamTh!». SKIIO TpU BUKOHAHHI BKa3aHUX pOOIT aBTOMOO1JIb HEOOX1THO MTHSATH
Ha JIOMKpaT abo TiApaBIiYHUN MIAMOMHHUK, TO TpAIfOBaTH IMiJ HUM MOXKHA TILIbKHU
MOCTaBUBIIY TT1JT HBOT'O KO3€JIKH a00 HaIIMHUHI yrop.

Bakki arperatu 103BOJISE€THCS MITHIMATH MEXaH13MaMH, TIEPEBIPATH IBUTYHU CII1TT
TIIBKM B MPUMIIIEHHAX, OOJIafHAHUX MPUCTOCYBAHHSIMHM JUIsl  BIJICMOKTYBaHHS
BIIMpaIbOBAaHUX Ta3iB, a raJlbMa — Ha MalJIaHUYUKaX, 00JaqHAHUX IS €T METH.

[Ipu poGoTi Ha aBTOMOOLNI, IO 3HAXOAUTHCA Ha MIAAOMHUKY, CIIIJI MEPEBIPUTH
OJIOKyBaHHS MIJAOMHUKA Ha CaMO OINyCKaHHSA, 1 BCTAHOBUTH yrnopu. Ha mexanizm
YOPaBIIHHSA MTIAMOMHUKOM TMOTPIOHO TIOBICUTH TOMEpeKyBaibHUM TutakaT «He
BKJIFOYATH — MPALIOIOTh JIKOJIH ).

JlonaTKoBi BUMOIM NPU 00CJIYrOBYBAaHHI Ta PEMOHTI AaBTOMOOLIIB, 110
NpaNoI0ThL HA TA30BOMY NAJIMBI
[IpodinaktuyHe OOCIYroByBaHHS Ta PEMOHT aBTOMOOUIIB, IO MPAaLIOOTh Ha

ra3oBOMy TajWBi, TOBHHHO 3AIMCHIOBATHCS 3TiHO 3 BuUMoramu KepiBHUIITBA
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(iHCTpyYKIIii) 3aBOJy-BUTOTOBJIIOBaYa 3 €KCIUTyaTallii 1 0OCIyroByBaHHS ra300alOHHUX
aBToMO00111B. [IpodinakTryne 06cIyroByBaHHs, JIarHOCTHUKA Ta PEMOHT Ta300aT0HHUX
aBTOMOO1JIIB MOKE MPOBOJAUTHUCS CIIJIBHO (B OJHOMY MPUMIIIECHH]) 3 aBTOMOOLIIMH, 1110
MPaLOTh HAa OCH3UHI Ta AU3EIbHOMY MajuBi, 32 YMOBM BHUKOHAHHS BUMOT PO3JALTY 5
rux [IpaBun ta uporo miapo3zainy. [Ipu HeBUKOHAHHI ITMX BUMOT ra3 13 0ajJoHIB MOBUHEH
OyTH 3MUTUH (BUITYIIIEHUH ), a OAJIOHH MPOJera30BaHi.

[lepen B'i3mOM ra300aJloHHUX aBTOMOOLIIB Yy 30HY HPOQIIaKTUYHOTO
0OCIIyTOBYBaHHS Ta PEMOHTY HEOOXiTHO OOOB'S3KOBO NEPEBIPUTH HA TEPMETUUHICTh
ra3oBy CHCTeMY O>KHMBJICHHA. B'i31 y mpuMIlIEHHS 3 HETePMETHYHOI CHCTEMOIO
3a00poHseTbCa. ['a30Bi aBTOMOOLTI MOXYTh B'TKIKAaTH Ha MOCTH MPODITAKTUYHOTO
0OCIIyroByBaHHSI Ta PEMOHTY TUIBKH IICJIS MEpEBEeHHsS POOOTH JBUTYHIB Ha OCH3UH
(Tu3enpHe MaJIuBoO).

ButpatHi BeHTHIII HE MOXKHA 3aJIUIIATH Yy MPOMIXXKHOMY CTaH1; BOHU MMOBUHHI OyTH
a00 MOBHICTIO BIAKPUTI 00 MOBHICTIO 3aKPUTI.

[Ipu mpoBeaeHHl poOIT HS MOCTax OOCIYrOBYBaHHS Ta PEMOHTY HEOOXIJTHO
00OB'I3KOBO BUKJTIOUUTH 3alaJIFOBaHHS.

Bci Buau po0iT, noB's13aHi 3 00CIyroByBaHHSM (KpiM IIOAEHHOTO), PErYIIOBAHHIM
Ta PEMOHTOM Ta30BOi CHUCTEMHU KHUBJIEHHS O€3M0CEepEeHhO HAa aBTOMOOLII, MOBUHHI
BUKOHYBATHCh B OKPEMOMY IIPHUMIIICHHI, 00JIaIHAHOMY Y BIJIMTOBITHOCTI 3 BUMOTaMH.

[Ticnst 3aKkiHUEeHHST 0OCITYTOBYBaHHS Ta PEMOHTY T'a30BOi anapaTypu aBTOMOOLb 13
OKPEMOT0 TPUMIIIECHHS HaMpaBJISIOTh HA 3arajbHl MOCTH a00 JiHII MPOQUIAKTUYHOTO
00CITyroByBaHHS T4 PEMOHTY.

[Ipu mpaioro4oMy Ha ra30BOMY MajiMB1 ABUTYHI J03BOJIAE€THCS MPOBAJAUTU TUIBKU
PETYIIOBAHHS XOJOCTOTO XOy. Ycl 1HII poOOTH 3 PETYIIOBAHHS Ta PEMOHTY T'a30BOTO
oOnaHaHHS HEOOX1AHO MPOBOJUTH P HEMPALIOIOYOMY JABUTYHI.

[lepen mpoBeneHHsIM POOIT, IO TOB'A3aH1 3 YCYHEHHSAM HECIIPABHOCTEH apMaTypu
OasioH1B abo ii 3HATTAM, Ta3 13 OAJIOHIB aBTOMOO1JISI IOBUHEH OYTH MOTEPEIHBO 3TUTHI
(BUNyILIEHMIT) HA TIOCTY 3JIMBY (BUIYCKY) ra3y, a 0ajoHM MPOAYTI CTUCHYTUM IOBITPSM

a00 a30TOM.
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ITix yac 3muBy (BUIYCKY) ra3y 3a00pOHSIETHCS:

- 3HAXOJUTHUCS HA TIOCTY CTOPOHHIM JIFOSIM;

- 37MMBaTH (BUIYCKAaTH) Tra3 NpH MpaIlOl0uOMy JBHUTYHI Ta BKIIOYEHOMY
3alaJIIOBaHHI,

- TAJTUTU Ta KOPUCTYBATUCS BIAKPUTHM BOTHEM;

- MPOBOJUTH POOOTH, IO HE MAIOTh BIJTHOIIEHHS JI0 3JIUBY (BHITYCKY) rasy.

PeMoOHT Ta perymoBaHHS IPUIAAIB €IEKTPOOOIaTHAHHS TO3BOSETHCS MPOBOIUTH
TUIBKK TICJISL TPOBITPIOBAHHSA HE MEHIIE 3 XB IMIJAKAIIOTHOTO IMPOCTOPY, BIACIKY IS
6anoniB (y aBTOOYyCiB), 6ara)xHOTO BifyIUICHHS (Y JISTKOBUX aBTOMOOLIIB).

[Ipu mpoBeneHH1 NMPOQiIAKTUYHOTO OOCITYTOBYBaHHS Ta PEMOHTY ra300aTOHHUX
aBTOMOOLITIB:

- poOOTH TIO 3HATTIO, PEMOHTY Ta YCTAaHOBJICHHIO Ta30BO1 anapaTypu BUKOHYIOTHCS

TUIBKH 3a JOITIOMOI'ORO CHCHiaJII)HI/IX IIPpUCTOCYBAHb Ta iHCTpYMeHTy;

4.3 BUCHOBOK 110 po3iiy 4

Takum 4yuHOM, y AaHOMY MIIPO3/AUIL PO3IVIAHYTI MOXJIHMBI 3a0pyJHEHHS IpHU
eKCIUTyaTallll IBUTYHA BHYTPIIIHHOTO 3TOPSHHS Ta BKa3aHi 3aXO0JU LIOA0 3amoOiraHHs
X 3a0pyAaHEHb BIAMOBIIHO J0 3aKOHOJIABUMX aKTIB, CIPSIMOBAHUX Ha 3a0e3MeucHHS
eKoJIOriyHOi Oe3neku. Takok BKa3zaHI OCHOBHI BUMOTHW JI0 Oprasizaiii poOo4HMX MiCUb
npu 0OCIyroByBaHHI aBTOMOOUIIB 1 ABUTYHIB. P0o3pobiieHo mpaBumia TeXHIKM Oe3meKu
IpyU BUKOHAaHHI pOOIT MO OOCIYrOBYBAHHIO JBUTYHAa BHYTPIIIHBOTO 3TOPSIHHS Ta
aBTOMOO11s1. OCOOMUBY yBary MpuUIIJIEHO TEXHII1 O€3MeKH MpU 00CTyrOBYBaHHI ra30BUX

JIBUTYHIB.
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BUCHOBKH

3rifHO 13 3aBAaHHSAM Ha JUIUIOMHE TMPOEKTYBaHHA pPO3poOJIeHI HEOoOXiaHI

KOHCTPYKTOPCHKi, PO3PaxyHKOBI 1 TMOSICHIOBAJbHI MaTepiadd MO Ta30Au3elIbHOMY
neuryny 8['UH13/14 3 po3poOKor0 KOHCTPYKINi MOPIIHS, SKi OGOPMIICHI Yy BUIJISII
MOSICHIOBAJIBHOI 3aIMMCKU Ta KOHCTPYKTOPCHKOT YaCTUHU MPOEKTY 3arajbHOI0 KUIBKICTIO
4 apkymi popmary Al.

Ha noyatky numioMHOro mpoeKTy MO 3aJJaHUM BHXIJTHUM MapaMeTpam JABUTYHa (
P = 255 kBt, n = 2100 xB") BusHauenwii asurys-npotorun 8UH13/14 i mposexeni
pO3paxyHKH mapaMeTpiB pobouoro 1ukiry. [lo pe3ymbraraMm po3paxyHKIB MOOYIOBaHI
1HIMKATOpHA JliarpaMa JIMCHOro po0oYoro MUKy 1 AlarpaMu Cui, IO JiI0Th Ha AeTal
KIIM, BeMuuHM SIKUX 3HANJIEH IPYU JUHAMIYHOMY PO3paxyHKY JABUTYHA.

Taxosx Oy710 BUKOHAHO PO3paxyHKH JIeTalel MOPLUIHEBOI IPyIH IBUTYHA

3Ba)kalouM Ha Te€, W0 pO3POOJIEHMH Ta30BUN ABUTYH € JDKEPENIOM IIyMy 1
BiOpalii, YacTUHy JUIUIOMHOIO TPOEKTY BIABEACHO I pPO3pOOKM 3axXOIIB MO
3MEHIIEHHIO HEraTMBHOTO BIUIMBY HOT0 poOOTHM Ha OOCIYyroBYHOUMH IMEpcOoHall 1 Ha
HaBKOJIMIIIHE cepefloBUIlle. Takok po3poO0JEHO BHUMOTM TEXHIKU O€3MeKu TMpu
00CIyroByBaHHI aBTOMOOUIBHUX JBUTYHIB BHYTPIIIHBOTO 3TOPSHHS, 30KpeMa Ta30BHX

JIBUTYHIB.
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