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BBEJAEHHE

YueOHOe mocoOue mnpeaHa3HA4YeHO JUISI OOYyYaKOIIUXCS HWHXKE-
HepHOro (axysbrera BsTCKOro rocyaapcTBEHHOrO arpoTeXHOJIOTUYe-
CKOTO YHHUBEPCUTETA, OOYYaIOMIMXCS IO HAMPABICHUIO MOATOTOBKHU:
23.03.03 DOkcruryartanus TpPaHCIOPTHO-TEXHOJIOTUYECKUX MAIIUH U
KOMILIEKCOB.

B nocobuu npuBeneHbl HEOOXOIUMBIE MCXOJHBIE JAHHBIC s
BBITIOJTHEHHUSI KYPCOBOM palbOThI MO pacueTry aBTOMOOWIbHBIX JIBUTa-
TeJIeH, yKa3aHbl AJITOPUTM M METOJMKHU PaCUETOB, a TAK)KE HEOOXO1U-
MBbI€ CIIPABOYHbBIC JIAHHBIC, BKJIKOYAIOIIUE IPUMEPHI Tpauyeckoit ya-
CTH U IPUMEPHI TEIUIOBBIX PACUYETOB JIBUTATEICH M PACUETOB MPOEK-
TUPYEMBIX JE€Taleh JBUraTelsl.

B nepBom paznene mocoOusi chopMyIUpOBaHbl 11€b, 3314l U
00bEeM KypCOBOTO MPOEKTa WM KYpCOBOU paboTel. BTopoii pasnmen
MOCBAILEH BbIOOPY MCXOAHBIX JAHHBIX VIS MOCJIEAYIOLIUX PaCUYETOB.
Tpetuii pazuen coaep>XKUT METOAUKH TEIIOBBIX PaCcYETOB JBUTATEIICH
BHYTPEHHET'O0 CrOpaHUs, a TAKKE METOAUKY MOCTPOCHUS MHIUKATOP-
HBIX AuarpaMMm. B dyeTBepTOM U mATOM pasjelie NpUBeAeHa METOUKA
TUHAMUYECKOTO U KMHEMAaTHUYECKOr0 pacuera JBurateis. B mectom
paszesie IPUBOJIUTCS METOJMKA pacueTa ypaBHOBEIICHHOCTU JIBUTa-
Tesel. B ceanpMoM paszzene mpUBOASATCS METOJAMKU pPACUYETOB HA
MPOYHOCTh M TMPOCKTUPOBAHHUS OCHOBHBIX J€Talleidl JIBUTaTEIICH.
BoceMoli paszien CoepKUT METOJAUKH PACUETOB CUCTEM JBUTATEIICH.
B nessatom u gecaroMm paszjenax NPUBOIATCS NMPUMEPHI TEIUIOBBIX
pacyeToB JIBUTATENCH, a TAKXKE PacyeThl JeTajeid U CUCTEM JBHUrare-
ned. OMUHHAAUATHINA pa3/ies MOCBAIICH KOHCTPYKTUBHOM pa3paboTke
asurareneid. B mocrienyromux paszaenax HM3/10kKeHbl TpeOOBaHUS K
O0(pOPMIICHUIO KYPCOBOTO MPOEKTa WM KYPCOBOWU pabOThl U MOPSIOK
UX 3alUThl. B IpUIoKEHUIX NPUBOASTCS: MapaMeTpbl PacCUYUTHIBAC-
MBIX JBHTaTene, mpuMepbl GopMUpoBaHUs TpadUuecKOi YacTH.

BHuMarenbHOE 03HAKOMIICHUE CTY/ICHTOB C YYE€OHBIM TOCOOMEM
MO3BOJIUT JIYUIlIe U B KpaTyalliie CPOKH BBITIOJHUTH KypPCOBOM MpoO-
eKT WM KypCOBYIO pabOTy 3a CUET HCIOJIb30BaHHUS CHCTEMAaTU3UPO-
BAHHBIX U YNOPSI0YCHHBIX JAHHBIX, IPUBEJICHHBIX B HEM.
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1. HEJIb, 3AJAYU U OB BEM KYPCOBOI'O IIPOEKTA

BrimotHEHUE KypCcOBOM pabOThI TIpeciieIyeT 1elb 3aKpeTUICHHS
3HAaHMH MO0 OMHCATEIIbHOMY pa3jelly Kypca «ABTOMOOMIIbHBIE JIBUTa-
TEJIU» COOTBETCTBYIOIIUM pasjieliaM TEOPUHU JBUTATENICH BHYTPEHHETO
CTOpaHUs W JUHAMUKH TOPIIHEBBIX JIBUTATENICd BHYTPEHHETO Cropa-
HUS.

3agayaMu KypCOBOTO MPOEKTUPOBAHUS SIBIISIIOTCSL:

1. 3akperuieHue CTyJIeHTaMU 3HAHUU 1O BCEMY KYpCY JIBUTATE-
Jell B COYETaHUM CO 3HAHUSIMHU, MOJIYYEHHBIMU paHee Mo psAay oOle-
TEXHUYECKUX U CHEIUAIBHBIX KYPCOB, B UX MPAKTHUYECKOM MPUMEHE-
HUU K TIPOSKTUPOBAHUIO U PACUETY JIBUTATEIIS.

2. Pa3BuTHe TBOpUECKUX CMOCOOHOCTEH M MHULIMATHBBI MPH pe-
INICHUU WHXXEHEPHO-KOHCTPYKTOPCKUX 3ajad B 0OJIACTH JBUTATENIE-
CTPOCHHSI.

3. [IpuBHTHE HABBIKOB B pabOTE MO MPOECKTUPOBAHUIO U MPOU3-
BOJICTBY MH)XEHEPHBIX PACUYETOB U TOJIH30BAHUIO CIIPABOYHOM JIUTE-
paTrypomu.

4. TlonyyeHue NpPaKTUKU MO OOOCHOBAHUIO NPUHHUMAEMBIX pe-
HICHUW W 10 KPUTHYECKON OIEHKE KOHCTPYKIUN B MPOIECCE KOMIIO-
HOBKHM U KOHCTPYKTHBHOM pa3paOOTKH MPOEKTA, a TAKKE MPU COCTAB-
JIEHUU PACUYETHO-NIOSCHUTENIBHON 3aIIUCKH.

5. IlpuoOperenue OyIymIMMH CHEHHAIMCTAMU CHOCOOHOCTH K
KpaTKOMY H3JI0KCHHUIO CYTH U CIIOCOOOB PEIICHUS 3aj1a4, MOTHUBHPO-
BaHHOMY OOOCHOBaHHIO MPUHUMAEMBIX PEIICHUH U METOJ0B yOexK1e-
HUS.

J17151 BBITIOTHEHUSI KyPCOBOTO MIPOEKTA KaXJIOMY CTYJICHTY BBIJa-
€TCs pyKOBOJUTEIEM HMHJAMBUAYyaJIbHOE 3ajlaHue. B 3amanuum conep-
KATCS: MapKa JIBUTaTelIs, 3HaYCHHUE 3aJITaHHOW YacTOThI BPALICHUS KO-
JICHYATOr0 BaJia, MOIIHOCTh ABUTATENS, KOAPDUIIMEHT U30BITKA BO3-
nyxa. Te xe mapaMeTpsl ABUraTeNs 3aJat0TCA CTYAEHTY Ui BBINOJI-
HEHHUSI KypCOBOU pabOTHI.

Yuciio u pacmoioKeHNe MIIMHAPOB, BU OXJIAXKIEHUS, CIIOCO0
cmeceoOpa3oBaHus WM (popma Kamepbl CroOpaHHsi BHIOMPAIOTCS CTY-
JIEHTOM TI0 TEXHUUYECKOUM XapaKTEPUCTUKE JIBUTATEIIA.

ConepxxaHve HSTaroB U OPUEHTUPOBOUHBIM O00BEM pabOTHI B
MpoLEeHTaX OT oliero o0béMa, a TakkKe KOJUYECTBO JIMCTOB, rpadu-
KOB M 4epTexen ykazaHo B Tadi. 1.1.
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Tabnuma 1.1 - ['paduk BRIMOJIHEHUS KYPCOBOTO TIPoeKTa (paboThl)

OObIuHOE YckopeHHoe
o0y4eHune o0y4eHue
Ne
W ConeprxkaHue 3TarnoB 5 € | Kon-BO 5 £ | kon-BO
* 3| yepre- | & @ | uepre-
O o O "
R o KeHu R o KeH
1. | Be1OOp MCXOAHBIX TaHHBIX 5 % 5 %
2. | TermoBoM  pacdeT, OmNpeaeacHue

OCHOBHBIX pa3mMepoB U MapamMeTpoB
JIBUTATEIS 10 % 10 %
3. | IlocTtpoeHue WHAMKATOPHBIX JUa-
rpamMm, auarpammbl (a3 rasopac-
npeaesieHus, cxemsl KILIIM 10 % 0,25 10 % 0,25
4. | JluHaMUYECKUW pacueT IBUTATENs,
IIOCTPOCHUE TpaUKOB Iepemelie-
HUSI, CKOPOCTU U YCKOPEHUs MOpIII-

HS 10 % 0,25 10 % 0,25
5. | Pacuer u moctpoeHue rpaduKoB
JICHCTBYIOLIIMX CHJI 10 % 0,5 10 % 0,5

6. | Pacyer W TOCTpOEHHUE TMOJAPHOU
IUarpaMMbl Harpy30K Ha IIaTyH-
HYIO IICHKY, AHMarpaMMbl M3HOCA U
KPUBOW CYMMapHOTO KPYTSIIETO
MOMEHTa 10 % 0,5 10 % 0,5
YpaBHOBEIINBAHUE JBUTATENS 5 % ICKU3 5 % ICKU3
8. | Pacuer perasie aBurarens  Ha
MPOYHOCTh, pa3padoTka ueprexa | 10 % 0,5+ 10 % 0,5+
JIeTau 3CKHU3 3CKH3
9. | PacueT cucrem nBurarens 5 % 15 %
10. | KoncTpykTHBHas pa3paboTKa JBHU-
ratens, 4YepTek MPOAOIBLHOTO (TI0-

~

[IEPEYHOro) pa3pesa 15 % 1,0 - -
11. | Odbopmnenue pacyeTHo-

MOSICHUTENIBHOM 3aMUCKHU 5 % 5 %
12. | 3ammra S % S %

Bcero 100% | 3 nucta | 100% | 2 nucra

OtaenbHbIE BOIIPOCH! IPOCKTUPOBAHUS (BUJL pa3pesa JABUraTess,
HANMEHOBAHUE YEPTEkKa NCTAIH U JpP.) ONPEIACTAIOTCS CTYJICHTOM IO
COTJIACOBAHUIO C PYKOBOJAUTEIIEM.
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2. BBIBOP HCXOJIHbBIX JTAHHbIX

BBIOOp MCXOMHBIX JAHHBIX MPOW3BOJUTE B CIEAYIONIICH IMOCIIe-
J0BaTEIbHOCTH.

[Tonb3ysich HOMEPOM 3a4ETHOW KHIKKH W TaOi. 2.1, BeIOepUTe
MapKy JBUTATENs W 3HAYCHHE YaCTOTHI BPAIICHUS KOJCHYATOTrO BaJia
M MOILHOCTH IS BBIMOJHEHUS JAIbHEHIIMX pPacyeToB CJIEAYIOUIUM
oOpazowm:

- BbIOGPUTE MapKy JBHUTATEIsI B TOPH3OHTAIBHOH CTPOKE
Tab1. 2.1 cornacHo nocneaHed uudpe HoMepa 3a4eTHOU KHUKKH;

- BbIOEpUTE 3HAYCHUE YACTOTHI BPAIICHHS KOJEHYATOTO Bala,
MOIIIHOCTH JABHUTATENI W Kod(pduimeHTa n30bITKa BO3IyXa B BEPTH-
KaJbHOM cTpoke Tabi. 2.1 coryacHo mpeanocieaHed mudpe Homepa
3a4ETHON KHWKKH (M0 COTJIACOBAHMIO C MPeNoiaBaTesieM);

- YCTaHOBUTE THI BBIOpaHHOTO Bamm nBuratens (am3enb, Kap-
OHOpPATOPHBIN UJIK C PACIIPEACICHHBIM BIIPHICKOM TOILJIMBA);

- OTIpEJIC/INTE 3HAYCHHE JAaBJICHUS HAJTyBa, B Cllydae, €CJIH BbI-
OpanHbIii Bamu nBuraTens — au3elb, Ha KOTOPOM COTJIaCHO TEXHHYE-
CKOM XapaKTEepHUCTHKE 3aBOJAA-U3TOTOBUTEINS yCTaHABIMBAETCS TYpOO-
HaJaayB,

- WCTIOJB3YHTE B pacyeTax CTaHAApTHOE JJIsl JBUTATENSI 3HA4e-
HUE CTCTICHU CKaThs € (TPUIIOKECHHUE);

- UCTIONB3YITE B pacyeTax CTaHAApTHBIE MOKA3aTeIu cocTaBa M
Ka4yecTBa TOIIMBA;

- HEYKa3aHHbIE YMITUPUYECKUE 3HAUCHUS MTapaMEeTPOB BbIOUpaii-
T€ U3 MPEJIOKEHHOTO Psijia WIK CIIPABOYHBIX JJAHHBIX C YYETOM CKO-
POCTHOTO peKUMa pabOTHI IBUTATEIIS;

- HEOOXOJMMBbIC KOHCTPYKTHUBHBIC COOTHOIICHHS M XapaKTepu-
CTHKM JieTajiel BhIOMpalTe U3 MPEeUI0KEHHBIX JaHHBIX HJIM CIIPaBOY-
HOM JuTepaTypsl AJs Bamero asurareis;

- COOTHOIICHUS pPa3MepPOB COOPOUYHBIX €IUHUIl BBIOMpANTE CO-
IJIACHO PEKOMEHAAIMAM CIPaBOYHOM JUTEpaTyphl JUIsl ABUTaTesiei
MOJIOOHBIX TUITOPA3MEPOB.

Psin HEoOXOMMMBIX MapaMeTpOB aBTOMOOWIBHBIX JBUTATENICH
MPUBEJICH B MPUIIOKEHHUU.

Bo Bcex cnopHbIX BoIpocax HEOOXOJIMMO OTAaBaTh MpPEarouTe-
HUe HanOoJIee HOBBIM CITIOCO0aM PEIICHHS 3a1ad.
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3. TEIINIOBON PACYET JABUT'ATEJISA
3.1. TenioBoOi pacueT Au3esl

HUcxoaHble JaHHbIE:

- THN ABHUTaTeNs (TAaKTHOCTH, KOJMYECTBO M PACIIOIOKCHHUE IIH-
JIAHIPOB);

- HajMuue TypOOHaJyBa W JaBJIEHHE HAJAYBHOTO BO3ayXa
P, » Mlla;

- 4acTOTa BPAILCHUs KOJEHYATOIO Baja 1, MUH ';

- CTENEHb CXKATUA £

- 3¢ (pexTUBHAS MOIIHOCTH (OEpeTcsl MO CTaHJIAPTHON CKOPOCT-
HOM XapakTEepUCTHKE JBUTaTeNs s 3aJaHHOM 4YacTOThl BpaILCHUS
uny u3 3aganusi) N, , kBT

- ko3 durueHT u30bITKA BO3AyXa ]
- BUJ TOIIMBa - Au3enbHoe ToruBo «JI» 'OCT 305-82, cpen-
HUM 351emeHTapHbii coctaB: C = 85,7%, H=13,3%, O = 1%.

Tomauso.

OrnpenennsieM HU3MIYIO TEIJIOTY CropaHus TOIJIMBa
Q,=3391-C+125,60-H—-10,89-(0-5)-2,51-(9- H +W), kJIx/xr.

IMapameTpsl padoyero TeJia.
OrnpenensieM TEOPETUYECKH HEOO0X0AMMOE KOJUYECTBO BO3AyXa
JUIst cropanus | Kr ToruiMBa

l, :1-[8C+8H—O], KT, miu L, :l—", KMOJTb,
0,23 \3 Hp
Up = 28,96 - nng Bo3ayxa.

OmnpenenseM KOIMYECTBO CBEKETO 3aps/ia
M,=a-L,, KMOIb.

OnpenensiemM o01ee KOJIMYECTBO MPOAYKTOB CTOPAHUS

M2=Q’-L0+£+Q,KMOJIB.
4 32

ITapameTpsl OKpy:KaoLIel cpelbl 1 0OCTATOYHbIE I'a3bl.
[IpunumaeM  aTMOC(EepHBIE  YCIIOBUS: p,=01  Mlla,

T, =283..293 K.
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JlaBjieHHe HaJyBOYHOIO BO31yXa IIPUHUMAEM B COOTBETCTBUU C
3aganuem p, , Mlla.
[IpyHuMaeM mokaszareslb MOJMUTPOIIBI CKATUS B KOMIIPECCOPE
n,=15...17.
OrnpenensieM TeMnepaTypy Bo3ayxa 3a KOMIPECCOPOM
(n,i( _1)

TK:TO-[p"’ K.

Po
OmnpenensieM AaBIeHUE U TEMIIEpaTypy OCTaTOYHBIX ra30B
p, =(0,75...0,95) - p, nmm p, =(1,05...1,25)- p,, Mlla.
[Tpunumaem 7', =700...900 K.

IIpouecc Bycka.
[IpunuMaem  TemmepaTypy [OJOrpeBa  CBEXKEro  3apsjaa
At =0...40°.

OmnpenensieM MIOTHOCTD 3apsi/ia Ha BITyCKe

6
10
DO = P10 , Kr/Mm3,
Ry - T
rae Ry = 287 Jx/kr-rpan - yaejibHas ra3oBasi MOCTOSIHHAs 1S

BO3/1yXa.
B cooTBeTcTBHM CO CKOPOCTHBIM PEXKUMOM pPabOThI ABUTATENS U
KayeCcTBOM O00paOOTKH BHYTPEHHEH MOBEPXHOCTH MpPUHUMAEM Kod3(-

duuueHT (,82+ l,3.”):2,5...4,0, a CKOPOCTb JIBUKECHMS 3apsja
@, =50...130 m/c.

6n
OHpe,HeJIHeM MMOTCPHU NaBJICHHA HA BITYCKC B IBUI'ATCIIb

2 2 -6
+ A\, - p, 10
Apa — (ﬂ en) (28n K ), MIla.
OrnpenensieM J1aBJIeHUE B KOHIIE BIIyCKa
Pa = Pk _Apa’ MlITa.

OmnpenensieM K03(QPUIUEHT OCTATOYHBIX Ta30B
T, + At )2

' Tr g'pa_pr.




13

X o o o o o o
T 9 <t (o) N © o
- ™ ™M ™ < <t T}
w
o
I ri ri J J ri r ri raAN i ri ¥ 2
J / Jimai avi / arive
/ AW iy Jinai 1/ /
TRrAW avimari / /| / /1l / i s
JARVINArivi JImAar /1 / / / 1/ / 1/ Al
/ JIWAV < A ATV 4
A/ ANY, {1/ /1 / /
/1 / [l / ViWaAi |/ 4 m
JAWATAW A IDAVivA/ / aviviv i / /
AW AV VIR AVAY, /11/ / / 4
/ VAWAVAVAYID A A AViVi { / |/
Aariv| /1 / / ) &'AVi )84 M
Vi AV [ 1/ / / /1/ / / 4
/ AViv { )4 y 4 Y. 4
/ /Y 11/ / aAVivei
4 /] / ViV SAVIVaAVTIV.V / Q
/ /I /1/ 4 / &4 /
AV/Davivi ) / ALYV /AL
\ \\___ \w \\ A Y. \ \ /
[/ N XAV /A )84 A —
[ /1 / /1LY ) V4 y.8'4 Al
/ AiVe4 ) &4 o4
AV \V.OAVVAV A y &4 y &4 / <
VAW.8'4). .4 V.4 VAV4 y.y.4 ©
.4 A4V 4 y 8’4V V4 .4 o4
4 )4 VI/ ALV /ALY NS
A A/ /A AN ANAL Y S SN S
p4 ' VAL VO SDV.OI4 plod ©
474V, y.d POV 0994 4
/ p.o .4 o4 \\\\\\
)44V 94 p.0d A AN
NN NN AN ’ AAA <
v v 2 v
o [Te) o Te) o To) o Te) o Ty) o
©)) 0 0 N~ N~ © © Ty) o) < <
@ 3 ) i) o) ) @) 3] ) ) !
~ All A ~ A ~ A A ~ ~— ~

Pucynok 3.1 - Homorpamma i1t onpeziesieHus oka3aTesist

a,E[HaGaTIJI cKaTHA k;
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OrnpenensieM TeMiepaTypy B KOHLE BITyCKa
T,+At+y,. T,

T,= , K.
1+7,
OnpenensemM K03 PUIUEHT HAITOTHEHUS
n, = TK'(E'pa _pr) _
b (T +a)-(e-1)- p,

IIpouecc cxaTus.

Onpenernsem nokas3aTeib aaguadaThl CxxaTus k; B QyHKIUMH €U T,
110 HoMorpamme (puc. 3.1).

OmnpenernseM nokasarelb MOJUTPOIbI CKATHS 17 B 3aBUCUMOCTHU
OT k7, KOTOPBIN ycTaHaBiuBaeTcs B npeaenax n;=(k;+0,02)...(k;-0,02).

Omnpenensem TaBiIeHUE B KOHIIE COKATHS

Po =D, €, MIla.
OnpenensieM TeMIIEpaTypy B KOHIIE CXKATHS
T.=T, " K.
OnpenensieM CpeIHIO MOJISIPHYIO TEIUIOEMKOCTH 3apsaa (BO3-
yxa) B KOHILIE cxaTHs (0€3 ydeTa BIMSHUS OCTAaTOYHBIX I'a30B)
UC,, =20,16+1,74-107° - T.., xJI/(KkMOIB-TPaL).
OrnpenensieM 4iciIo MOJIEH OCTAaTOYHBIX Ta30B
M,=a-y, - L,, KMOJIb.
OrnpenensieM 4KCI0 MOJIeH ra30B B KOHIIE CKATHS 10 CTOPaHUS
M. =M,+M,, KMOJIb.

IIpouecc cropanus.
OnpenensieM CPEeAHIOK MOJISIPHYK) TEIJIOEMKOCTh MPOJIYKTOB
CrOpaHMs B AU3eJIe IIPU ITOCTOSHHOM JABJICHUU, IPpU o 2= 1

uC,, = [20,2+(0’92D +([15,5 + 13’8] 107 -TZ] +8,314,

a o

kJx/(kmonb-Tpan).
OmnpenensieM 4rcIIO MOJIEH ra30B MOCIIC CTOPAHUS
M,=M,+M,, KMOJIb.
OmnpenensieM pacdeTHBIN KO3(PGHUIMEHT MOJCKYISIPHOTO H3Me-
HEHUs paboueil cMecu
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M

’B_Mf

C

[TpuaMaeM KO3 humumeHT HCIIOJIE30BaHUSA TEILUIOTHI
£=0,7...09.

Torma KOIWYECTBO TEIUIOTHI, MEpeaaBaeMOe Ta30M Ha yJacTKe
¢Z'Z MHIMKATOPHOM JAMarpaMMbl IIPU Cropaduu 1 Kr Tommsa onpee-
JIATCST KaK

0=¢-0,. kJbK/kr.

[IpuarMaeM CTCMEHb TOBBIIMICHUS JaBICHHS B Ipeaeaax
A=12..2,5. B qu3eiax ¢ HaJTyBOM JUIsl OTPaHUYCHHS MaKCUMAaJIbHO-
'O JaBJIEHUS CTOPaHHs OEPYTCS MEHBINNE 3HAYCHUS A, 4eM B IHU3EIIAX

0e3 HagayBa.
TemnepaTypy B KOHIIE CropaHusi ONpPEHEIsAIOT U3 YpaBHEHHUS

Cropanuys

— . _ 50, (uc,. )
B ,uCpZ T, a’-LO-(1+}/r)+TC C,.+8314-1).

[ToxacTaBnsieM MMerONIECs 3HAYCHHS BEIWYWH, pelIaeM IOJTy-
YEeHHOE KBaJAPaTHOEC YpaBHCHHUE OTHOCUTEIBHO 1, M HAaXOJUM €TO 3Ha-
yenue, K.

OmnpenensieM TaBjIeHUE B KOHIIC TIPOIIECCA CTOPaHUS

p. = p.- A, Mlla.
OmnpenensieM CTENEHb MPEABAPUTEIIHFHOTO PACIIUPEHHS
_ ﬁ ) Tz

IIpouecc pacmupenus.
OnpenensieM CTENeHb MOCIEAYIOLIEr0 pacIupeHus

s=%.
P

[TokazaTens MOJUTPOIIBI PACIIUPEHUS 12 JUIS AU3EIs ONpeAes-
€M 1o HoMorpamme (puc. 3.2), yUuThIBasi, 4TO €ro 3HAUYCHUE HEe3HAUYU-
TEJIHHO OTJIMYACTCS OT 3HAYCHUs TOKa3aTess aauadaThl pacUIMpECHUS
kz, n» = ko.

OnpeneneHde IMOKa3aTess IMOJUTPOINbl PACIIUPEHUS] MTPOU3BO-
UM CJIEAYIOIIMM 00pa3oM.
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[To uMeroIMMcs 3HaYeHUsAM O U T ONpenessieM TOUKy Iepece-
yeHus. Yepes MOIYYEHHYIHO TOUKY IPOBOJUM T'OPU3OHTAIb JIO Iepe-
CEYEHMS C BEPTUKAJIbIO, ONIYLIEHHON U3 TOYKU & = 1, moiIy4das Kakoe-
TO 3HauYeHue k. Jlasee nBuraemcs no 3ToM KpUBOU k2 10 epeceyeHus
C BEPTUKaJbIO, OIYIIEHHOW W3 3aJaHHOro 3HadyeHus . OpauHara
TOYKH [IEPECEYEHHUS 1AET UCKOMOE 3HAUYEHUE k.

OnpenensieM 1aBiIe€HUE MPOLIECCA PACITUPEHUS

_ P
Do = PO Ml]a.
OnpenensieM TeMIepaTypy mpouecca paciumpeHus
T =1 x
5?12 —1

[IpoBepsieM IpPaBUIBLHOCTH paHEe MPUHIATOTO 3HAYEHUS TEMIIe-
paTypbl OCTATOYHBIX T'a30B (IOTPEUIHOCTh HE JOJDKHA MPEBBIATH 5%
JUISl BCEX CKOPOCTHBIX PEKUMOB pabOThI JBUTATENS).

T. = I
5| Pa
Pr
A=Lr =T 400%.

r

NuaukaropHble napaMerpbl padoyero HMKJIA Au3eJs.

OnpenensieM cpeiHee UHAMKATOPHOE JAaBJICHHUE LUKIIA JUIs He-
CKPYTJICHHOW MHAUKATOPHOU JHarpaMMbl

A 1 1 1

pi=Le 2 (p-+ 2L - — |- [1-—— || MITa.

8_1 n2_1 5”2_ nl_l gn|_

[Tpunumaem Ko3()PUIMEHT MOJIHOTH MHAMKATOPHOM IUarpam-
Mel vV =(0,92...0,95.

OnpenensieM cpeaHee WHAMKATOPHOE JaBJICHUE LUKIA JUIA
CKPYTJICHHOW MHAUKATOPHOU JHarpaMMbl

p; = p'i'v, Mlla.
OmnpenensieM uaaukatopHbid KI1J]
_ pi-al, .
L0 P,

OrnpenensieM HHIUKATOPHBIA yICIbHBIM pacXo/1 TOTUIMBA
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3,6-10°
g, =——,T/kBru.

QH 17

D¢ ¢eKTHBHBIE TOKA3ATEH TU3EIs.

[IpuarMaeM TMpeaBapUTEIBHO CPEIHIO CKOPOCTh TMOPIIHS
Wy B mpenenax 7,0..13,0 M/c g aBTOMOOMIIBHOTO JH3€Nls U
6,0...11,0 M/c 11t TPaKTOPHOTO JTU3EIIS.

OmnpenensieM cpeaHee aBIICHHE MEXaHHYECKUX ITOTEPh
p,=a+b-W, . , Mlla,
yuutbiBas, 4to a =0,089, b =0,0118 mus auzenei ¢ Hepa3aEICHHbI-
Mu KC u a =0,089, b=0,0135 ms quzeneit ¢ pazaeneaabiMu KC.
Onpenensem cpeanee 3G HeKTUBHOE JaBICHUE
Pe = Pi — Py> Mlla.
Omnpenensiem mexannueckuii KI1J]

P
My =5

cp.?

i
Omnpenensiem 3¢ dextuBubiii KIT/]
Me =1 M-

Omnpenensiem 3G (PEeKTUBHBIN YIETBLHBIM pacX0/] TOIIMBA
36-10°
QH 1.

g, , T/KkBT-u.

OcHOBHBIE pasMepbl HHJIHHAPA M YACJbHBIC IMapaMeETpbl
JABHUTATEJIS.
Ucxons u3 BennunH >)HEKTUBHOM MOIIHOCTH, YaCTOTHI Bpallle-
HUSL KOJIEHYATOro Baja, cpeanero >(Q(QEeKTHBHOIO IABJICHUS U YHCIIA
LWIMHAPOB ONpeaenseM pabounii 00beM 0JHOTO HMINHIPA
_ 30- Tos " Ne

Pel-n

h , JI.

PaccunTniBaeM 3HaueHHE P :5 B COOTBCTCTBHHU CO CTaHOAPT-

HbIM 3HAUYEHUEM AUaMeTpa M XOja MOPIIHS IJId MPOTOTHIIA PaCcCUu-
TBIBAEMOI'0 JABUTaTENs (MPUITOKEHHUE).
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4.V,

—™1 , MM, a 3aTeM

TP

Onpenensiem auametp mumHapa D =100-3

OKPYTJISIEM €TO.
OrnpenensieM X0 MOpIIHA S = D-p, MM, OKPYTJISIEM J10 LIEJIOTO.

OmnpezernsieM mionane NOpmHs ', =— -, CM".

Ornpenensem pabounit o0beM mumHApa V) = ———, IL.

S-n
OmnpezensieM CpeHIO CKOPOCTh HOpHA W, =——, M/c,
3-10
CpPaBHHBAEM €€ 3HaUCHUE C paHee MPUHATHIM.
OnpenenseM 3HayeHUe pacyeTHON 3(PPEKTUBHOM MOIIIHOCTH
-V, -n
o = Pe h_— kBr.
30-7,,
CpaBHUBaeM IOJIyYEHHOE 3HAYE€HHE MOIIHOCTH C 3a/IaHHBIM,
JieJ1aéM BBIBOJIbI O MPABHJIBHOCTH MPOBEJIEHHOI'O TEIIOBOI'O pacyera.

P&CXO}K,I[CHHG B 3HAYCHHUHU MOIIHOCTH HC NOJIKHO IMPCBBINIATH 5 %.

A:M-IOO%.

e

3.2. Tems1ioBoi pacyer KapOOPATOPHOIO ABUTATES

Hcxonnble JaHHbIE:

- TUI ABUTATENS (TaKTHOCTb, KOJUYECTBO M PACIIOJIOKEHUE LHU-
JIAHIPOB);

- YaCTOTa BpaIICHUS KOJIEHYATOTO Baja /1, MUH"

- 3¢ (pexTUBHAS MOIIHOCTH (OEpeTcsl MO CTaHJIAPTHON CKOPOCT-
HOW XapaKTePHCTHKE JBUraTess I 3aJaHHOW YacTOTHI BpAIICHUS
WK U3 3a1anus) N,, kBT;

l.
’

- CTEIIEHb CXKATHA €

- K03 $puLMEeHT U30bITKA BO3AyXa ]

- Bua tormBa - Oem3uH AM-80 I'OCT P51105-97, cpennuii
9JIEMEHTApHBIM cocTaB M MoJjekyiaspHas macca: C = 85,5%, H =
14,5%, pur = 115 kr/kMob.
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Tominso.
OrnpenensieM HU3IIYIO TEIJIOTY CropaHus TOILIMBA

Q,=3391-C+125,60- H-10,89-(0—5)-2,51-(9- H + W), xJIx/xr.

ITapameTpsl padouero TeJia.
OrnpenensieM TEOPETUYECKH HEOO0X0AMMOE KOJUYECTBO BO3AyXa
IUTst cropaHus | Kr ToTuiiBa

1 (8 [
l,=—— [ C+8H — O) , KI, Wi L,=—%, xMoub,
0,23 \3 Up
MUp = 28,96 - 1 Bo3ayXa.
OmnpenensieM KOJTUYECTBO CBEKET0 3apsiaa
1
M,=a-L,+—, KMOJIb.
Hr
Omnpenernsiem o011ee KOJIUIECTBO MPOTYKTOB CTOPaHUs

M,=o-L, +%+3%+0,21-L0 -(1-a), xmons.

I[MapameTpsbl OKpYy:KaKOLIEH CPpeabl U OCTATOYHBIE I'a3bl.
[Tpunumaem atmocdepHbie YCIOBUS

Pe=P,=01MIlan T,=T,=293 K.
OnpeensieM 1aBJIeHUE OCTATOYHBIX I'a30B
p, =(1,02...115)- p,, MITa.

[Tpunumaem Tr =900...1100 K.

IIpouecc Bycka.
[IpuHuMaem TemnepaTypy OJAOTPEBA CBEXKETO 3apsiia
At=-5 ...+ 25°
OmnpenensieM MIOTHOCTH 3apsijia HA BITYCKE
106
O = 1;;.710, Kr/M>,

6 o

rae Rg=287 Jlx/kr-rpan - yneibHas razobas NOCTOSIHHas 1S
BO3yXa.

B cooTBeTCTBUH CO CKOPOCTHBIM PEKUMOM pabOThI ABUrATENS U

KauyeCcTBOM 00paOOTKH BHYTPEHHEH IMOBEPXHOCTH IMpPUHUMAEM KoOd3(-
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(GUIIEHT (52 + Gy, )= 2,5..4,0, a CKOpOCTb [JBMKEHHS 3apsja
@y, =50...130 m/c.
OnpenensieM NOTEPH AaBJICHUS HA BIYCKE B ABUraTElIb
2 2 -6
Apa — (/B + fm)'(wen " P -10 ), MIIa.
2
OnpenensieM 1aBjI€HUE B KOHIIE BITyCKa

p,=p,—4p,, Mlla.
OnpenensemM K03 PUIUEHT OCTATOUYHBIX Ta30B
_L.+At  p,
' T, € Da = Pr
OmnpenensieM TeMIepaTypy B KOHIIE BITyCKa
T, +At+y, T,

T , K.
‘ 1+7,
OmnpenensieM k03D PUIMEHT HAMOTHEHUS
n, = To'(g'pa_pr)
vV

(T, +at)-(e-1) p,

IIpouecc cxarus.

OnpenensieM nmoka3zaTeab aauadaTel cxatus k; B pyHkiuu £u 1,
no Homorpamme (puc. 3.1).

OrnpenensieM Mokas3aTellb MOJUTPOIIBI CKATHUS 1; B 3aBUCUMOCTH
oT k;, KOTOpBIN ycTaHaBiuBaeTcs B nipeaenax n;=(k;-0,01)...(k;-0,04).

OrnpenensieM 1aBJIE€HUE B KOHIIE CKATHS

p.=p, €, Mlla.
OmnpenensieM TeMIIepaTypy B KOHIIE COKATHS
T.=T, "7 K

OnpenensieM CpeIHIO MOJIIPHYIO TEIUIOEMKOCTh 3apsiia (BO3-

ayXa) B KOHIIE cokaTus (0e3 ydeTa BIUSHHUS OCTaTOYHBIX Ta30B)

uC,. =20,16+1,74-107° - T.., xJIx/(xMOIb-Tpa).

OrnpenensieM 4ucio MOJIEH OCTaTOYHBIX Ta30B
M,=a-y,-L,, KMOIb.

OrnpenennsieM Yucio MOJIEH ra30B B KOHIE CKATHs 10 CTOPAHUs
M.=M,+M,, xMOIb.
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Ilpouecc cropanmus.

OmnpenensieM CpPeIHIO MOJSPHYI TEIUIOEMKOCTh ITPOTYKTOB
CrOpaHHs B KapOIOpaTOPHOM JBHUTATeNe NPH IOCTOSHHOM OoOBeMe,
npu &< 1

uC,, =(18,4+2,6-a)+(155+138 a)- 1074 T, , xJx/(kmomb rpan).
OrnpenennsieM 4uciI0 MOJIEH Ira30B M0CI€ CrOpaHus
M,=M,+M,, xmoJb

OnpenensemM pacyeTHbI KO3(POUIIMEHT MOJEKYISIPHOTO H3Me-

HEeHUs pabodeit cmecH

MZ
M.

C

B =

[IpuHumMaem K03 punmeHT HACIOJIE30BaHUSI TEIJIOTEI
£=0,7...09.

Toraa KOJIMYECTBO TETJIOTHI, MIEPEIABAEMOE Ta30M Ha YYACTKE €7
MHUKAaTOPHOM JAuarpaMmbl IIpU CropaHuu 1 Kr, TOIUIMBA ONpPEAEIUT-
csl KaK

Q=¢-(0,-AQ,), kJIx/xr.

OnpenensieM KOJUYECTBO TEIUIOTHI, IOTEPSIHHOE BCJICICTBUEC
XAMHUYECKON HEMOJHOTHI CTOPaHMs,

40, =119950-(1-«)- [, , kK Ix/Kr.

TemmnepaTypy B KOHIIE CrOpaHMsl OIPEACIAIOT U3 YPABHCHUS
CropaHus
£0,-80,)

a- Lo ’ (1 +7 r)

[ToacraBiisieM B ypaBHEHUME CrOpaHHUs UMEIOLLIUECS 3HAUECHUS Be-
JIMYMH, peIIaeM MOJyYEHHOE YPAaBHEHUE OTHOCUTENILHO 1. U HaXOJAuM
ero 3Hauenue, K.

OrnpenenseM JaBjI€HUE B KOHLE MPOLECCa CropaHusd (TeopeTu-
4eCcKoe)

B-uC,. T.=

p. =P P T v
C
OrnpenensieM JaBJIC€HUE B KOHIE Ipoliecca cropaHus (JI1eMcTBH-
TEJILHOEC)

pzﬂ=0,85 - p,» MlIa.

Oﬂpeﬂ,eﬂﬂeM CTCIICHD ITOBBIIICHUA JaBJICHHUA



IIpouecc pacmupenus.

[TokazaTens MONUTPONBI pACHIMPEHUs KapOOPATOPHOIO JIBUTA-
TeJsl onpeelisieM o HoMorpamme (puc. 3.3), yUuThIBasi, 4TO €ro 3Ha-
YEHHE HE3HAYUTEJIbHO OTJIMYAETCS OT 3HA4YEHMs IoKazarels aauada-
Thbl pacliupeHusd kz, n2 = ko.

[To umerorumcst 3HaYeHUIM € U 1, OTpeNieisieM TOUKY Tepece-
yeHus. Yepe3 MoJydeHHYI0 TOUKY MPOBOAMM TOPU30HTAJb /10 Iepe-
CEUYEHMS C BEPTUKAJIbIO, ONMYIIEHHOW U3 TOYKU & = [, 1oy4dasi Kakoe-
TO 3HauYeHue k. Jlasee nBuraemcs no 3ToM KpUBOU k2 10 epeceyeHus
C BEPTUKaJbIO, OIYIIEHHOW W3 3aJaHHOro 3HadyeHus . OpauHara
TOYKH TIEPECEUCHUS TaeT UCKOMOE 3HaYeHUE k.

OnpenensieM 1aBiIe€HUE MPOLIECCA PACITUPEHUS

_ P
pe =1 MTa
Omnpenernsem TemMIepaTypy npoiecca paciupeHusl
T.
TG = 8»’1;—1 , K.

[IpoBepsieM NMPaBUIBHOCTh PAaHEE MPUHATOTO 3HAYCHUS TEMIIE-
paTypbl OCTATOYHBIX T'a30B (IOTPEUIHOCTh HE JOJDKHA MPEBBIATH 5%
IUIS1 BCEX CKOPOCTHBIX PEXUMOB paGOTbl JBUTaTeNs).

A=—"—" I - 100%

TF'
NuaukaTopHble mapamMeTpbl padoyero HMKJIa ABUraTes.
OnpenensieM cpeHee UHIUKATOPHOE JABICHHUE IUKIIA NI He-
CKPYIJICHHON MHMKATOPHOM JUarpamMMbl

e-1|n,-1 en n—1 g
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Pucynok 3.3 - Homorpamma Jij1st onpezesieHus rmokasaresst aauadarhbl
pacimupenus k; 11 OEH3MHOBOTO ABUTaTEls
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[IpuaumaeM k03(hPUUHEHT MOTHOTH MHAMKATOPHOM JHarpam-
Mbl V =0,94...0,97.

OmnpenensemM cpelHee WHIUKATOPHOE JABICHUE LHUKIA JIJIs
CKPYIJICHHON MHMKATOPHOM JUarpamMMbl
p; = p';v, Mlla.
OnpenenseM uaaukatopusid KI1/1
_ pni-a l,
QH P Ty
OrnpenensieM UHAMKATOPHBIN y1€IbHBIA pacxo/1 TOIIMBA
3,6-10°

Qn -1

i

8 , T/KBT u.

D¢ ¢eKTHUBHDIE MOKA3ATEN ABUTATEJISA.
[TpyHrMaem npeaBapUTEIbHO CPEAHIO CKOPOCTh MOpiHI W ¢y
B mpenenax 12..20 m/c mis aBuratenst JIETKOBOTO aBTOMOOWIIS U
9...16 M/c nst IBUTATENS TPYy30BOTO aBTOMOOHIIS.
OmnpenensieM cpeHee JaBJICHUE MEXaHUUYECKUX MOTEPh
py=at b- vvn.cp. , Mlla,

yuuthiBas, uto a =0,049, b =0,0152 - nis1 OSH3UHOBBIX JIBUTa-
TeJIEW C YUCIIOM LIMJIMH/IPOB A0 IECTU U OTHOLIEHUEM 5 >1;

a=0,039, b=0,0132 - 11 6€H3MHOBBIX BOCBMUIIMJIUHAPOBBIX
JIBUTATEJIEU C OTHOILIEHUEM ﬁ <l1;

a=0,034, b=0,0113 - g OEH3UHOBBIX JIBUraTeJIEH C YUCIOM
HWIMHIPOB JIO MIECTH U OTHOIIICHHUEM % <l1.

Onpenensem cpeanee 3G HeKTUBHOE JaBICHUE

Pe =Pi = Pun> MlIla.
Onpenensem mexannueckuid KI1/1

Pi '
Onpenensem 3¢ dextuBabid KIT/]
Me =10 "My -
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Onpenensem 3¢ GEKTUBHBIA YACIbHBIN pacxo/1 TOIJIMBA
3
= 3,6-10

, I/kB1-u.
Qu e

8e

OcHOBHBIE pa3Mepbl IWIMHAPA U yJeJbHbIe NMapaMeTpbl
JABHTaTEJIs.
Wcxons u3 BenrunH 3GHEKTHBHON MOIIHOCTH, YaCTOTHI Bpallle-
HUS KOJICHYATOTO BaJjia, CpeaHero 3(PPEeKTUBHOTO TABICHUS W YHCIIA
[WIMHAPOB onpezenseM padouuid 00beM OJIHOr0 LHJIMHIpa
Vh _ 30"3'()(i 'Ne

Pe-l N

?

S
PaccuutpiBaeM 3HaueHue QP =-— B COOTBETCTBUU CO CTaHIAPT-

HBbIM 3HAYCHUCM JUAMCTPpA W XOHa MMOpHIHA IJIA IMPOTOTHUIIA PACCHH-
TBIBACMOI'O ABHUI'aTCIIA (HpHHO}KeHHe).

4.V,

—™1, MM, a 3aTeM

TP

Onpenensiem auametp mumHapa D =100-3

OKPYIJISIEM €ETO.
Onpenensiem X0 nopiiHs S = D-p, MM (OKPYTJIsieM JI0 LIEJIOTO0).
2
T-D 5
OmnpezernsieM mionaae NOpmHs ', =— -, CM".

4

. r-D*-S
Onpenensem pabounit 00beM HUIUHIPA V), = — T

S-n
OmnpezensieM CpeHIO CKOPOCTh HopmHst W, =——, M/c,
3-10
CpPaBHUBAEM €€ 3HAUYCHUE C PaHEE MPUHATHIM.
OnpenenseM 3HayeHUe pacyeTHON 3(PPEKTUBHOM MOIIIHOCTH
_ Pei'V,on
.=
30-7,,
CpaBHMBaeM TIOJyYEHHOE 3HAUYEHUE MOLIHOCTH C 3aJaHHBIM
3HAYEHHUEM, JI€JIa€M BBIBOJbI O MPAaBUIBHOCTU MPOBEAEHHOIO TEILIO-
BOT'0 pacyera. Pacxok/ieHre B 3HAYCHWHU MOITHOCTH HE JIOJDKHO TIpe-
BbILIATH S %.

, KBT.



3.3. Ten10BO# pacueT ABUTATE]A C
pacipeaejeHHbIM BIPBICKOM TOILTHBA

HUcxoaubie JaHHBIE:

- TUIN ABUTATENs (TAKTHOCTH, KOJUYECTBO U PACTIOIOKECHUE IU-
JIMHJIPOB);

- 4aCTOTa BPAIICHUS KOJIEHYATOr0 Bajia 1, MUH

- a(ppexTuBHAST MOIIHOCTL (OepeTcss Mo CTaHJIapPTHOM CKOPOCT-
HOM XapaKTEepUCTUKE ABUraTess Ui 3aJaHHOM 4acTOThl BpallCHMS
uny u3 3aganusi) N, , kBT

1.

- CTEIEHb CKAaTHs €

- ko3 durueHT u30bITKA BO3AyXa ]

- Bua TtorumBa - OeHsuH AW-95 T'OCT P51105-97, cpennuii
3JIEMEHTapHbIM cocTaB M MosekyJspHas wacca: C = 85,5%,
H=14,5%, yur =115 kr/kmoub.

Tomauso.

OrnpenennsieM HU3MIYIO TEIJIOTY CropaHus TOIJIMBa
Q,=3391-C+125,60-H—-10,89-(0-5)-2,51-(9- H +W), kJIx/xr.

IMapameTpsl padoyero TeJia.
OrnpenensieM TEOPETUYECKH HEOO0X0AMMOE KOJUYECTBO BO3AyXa
JUIst cropanus | Kr ToruiMBa
1 cC H O
o = ———| —+———= |, KMOJIb BO3/./KT TOILL.,
0,208

12 4 32

l, = L (§ C+8H — O] , KI' BO3JI./KI" TOILIL.
0,23 \3

OnpenensieM KOTUYECTBO CBEKETO 3apsiia (roproueit cMecu)

M=o L,+ i, KMOJIb T'Op. CM./KT' TOILI.
Hr
OmnpenensieM KOJUYECTBO OTJEIBHBIX KOMIIOHEHTOB IIPOJYKTOB
CropaHus
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Mo = +2.12% 0208 1, kmoms COr Tom.:
212 1+ K
Mpp=2- ll_—z -0,208- L,, xmonb CO/KT TOIL;
+
Myo="42.k 1% 02081 H,0/ -
H20—3+ K-+ 0:208- L, xmoms H;O/xr Tomt;
My =2-K —1_—&-0,208-1, , kmousib Ho/kr Torut.;
2 1+ K 0

M N, = 0,792 ¢ - L,, xmoab No/Kr TOmIL.,

rae K — mocrostHHas BeIWUYKMHA, 3aBUCAIIAST OT OTHOIIEHHS KO-
JIMYECTBA BOJOPOJA K OKCHIY YIJIEPOJa, COACPIKAIIMXCS B IMPOIYKTaX
cropanus, K = 0,45...0,50 — ni1a GeHsuHa.
Omnpenensem o0lee KOJIUYSCTBO IMIPOIYKTOB CTOpaHUs
M2 :MCOQ +MCO +MH20 +MH2 +MN2’

KMOJIb IIP. CT./KT TOILI.

I[MapameTpsbl OKpYy:KaKOLIEH CPpeabl U OCTATOYHBIE I'a3bl.
[Tpunumaem atmocdepHbie YCIOBUS
Pe=p,=01MIla,u 7T, =T,=293 K.

OmnpenernsemM OaBJI€HUE OCTATOYHBIX T'a30B /JIi HOMHHAIbHOTO
pexxuma paboThl
p,, =1,05...1,25) - p,, MI]a.

bonbive 3Hauenus p,,, NIPUHUMAIOTCA JUIA JABUTaTEIEN C BBICO-
KO 4aCTOTOU BPALLEHUs KOJIEHYATOr0 Bajla. MeHbIlINe 3HAYEHUS P,

NPUHUMAIOTCS JUIsl JIBUTATENIEd C HENOCPEACTBEHHBIM BIIPHICKOM U
AJIEKTPOHHBIM YNIPABIICHUEM CUCTEMBbI IUTAHMUS.

JUis pa3muyHBIX CKOPOCTHBIX PEKUMOB pabOThl JBUTATEINS J1aB-
JICHHE OCTATOYHBIX ra30B OMpeessieM o Gpopmyiie

P, =p, (L035+4,-107°-n°), MIla,
_ 1 A8
~1,035- p,)-10
e A, = P =1035°p,) 107,
" Po
n - 9aCToTa BpalI€CHHA KOJICHYATOI'O BaJla ABUTATCIIA (npnﬂuma—
eTCs U3 3a7aHus1), MUH
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Py, - AABICHUE OCTATOYHBIX ra30B HA HOMHHAJIBHOM pPEXKHME,
Mlla;
n, - HOMUHAJIbHAsl 4aCTOTa BPAILEHUs KOJIECHYATOrO BaJia JIBUTa-

Tens (ONpEenessieTcss U3 TEXHUUYECKOM XapaKTEepPUCTUKU IPOTOTHUIIA
PacCYMTHIBAEMOTO JIBUIaTENs ), MHH ',

Temriiepatypy OCTaTO4HBIX ra3oB 7, Uls JABUTrATElIEH C pacupe-
JEJIEHHBIM BIPBICKOM OIpeJieisieM o Homorpamme (puc. 3.4).

IIpouecc Bnycka.
[IpuHrMaeM Temieparypy MHOJOrPEBAa CBEXKEro 3apsAaa sl HO-
MHUHaJIbHOTO CKOPOCTHOTO peXuMa
AT, =0 ... 20°.
JUis pa3imu4HbIX CKOPOCTHBIX PEKUMOB PabOThI IBUTATENsl TEM-
nepaTypy IoJ0rpeBa CBEKEro 3apsijia onpeaeliseM no Gopmyse
AT = A7 -(110-0,0125-n),
AT

H

110-0,0125-n,)

rae Ar :(

o o
1.0 -
T K -
1050 | 0,9
T // (P-”'os'
1000} 0,8 - £ 1115
~ & ,
Z
950 e et ——11,0011,10
900 ‘/, 0,95{ 1,05
7 - 0,901 1,00
/ D os
0,85{ 0,95

1000 2000 3000 4000 5000 6000 7000 8000 n, MUH

Pucynok 3.4 — VcxoHble mapaMeTpsbl JAJisl TEIUIOBOTO pacyeTa IBUTATENs
C pacnpeieIICHHBIM BIIPBICKOM TOIUIMBA
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OnpenensieM IUIOTHOCTH 3apsijia Ha BITyCKe

6
-10
DO = p"—, Kr/M>,
R@' 0
rae Ry=287 Jlx/Kkr-rpaag — ylejbHas ra3oBas MOCTOSIHHAs IS

BO3/YyXa.
B COOTBETCTBUU CO CKOPOCTHBIM PEKUMOM PaOOTHI IBUTATEIS U
KayeCcTBOM 00paOOTKH BHYTPEHHEH MOBEPXHOCTH MPUHUMAEM KoOd3(-

duuueHT (,82 + {f(m): 2,5..4,0, a CKOpOCTb J[JBMKEHHUS 3apsia
@,, =50...130 m/c.

Jlnsa  nBurartesieii ¢ 3JEKTPOHHBIM  BIPBICKOM  3HAYEHMS
(/32 +&,,, ] IPUHUMAIOTCS IOHUKEHHBIMU B CBSA3U C OTCYTCTBUEM Kap-

Oroparopa.
OmnpenernsemM NMOTEPHU JaBJ€HUs Ha BIIYCKE B JIBUTATeNlb Ha pa3-
JIMYHBIX CKOPOCTHBIX PEKUMAX

:(ﬂz_'_ 6’1)-(143-?12-/0’{-10_6) Mia
a 2 ’ ’

Ap

a
rae 4, =—".

ny,

OnpenensieM 1aBJICHUE B KOHIIE BITyCKa
P, =P, —A4p,, Mna.
OnpenensemM K03 PUIUEHT OCTATOUYHBIX Ta30B
=TK+AT. Do * Pr
' Tr 8‘¢do3'pa_¢oq'pr,
rae @,, - KodpPUImeHT ouucTky, @,, = 1 — ¢ yueTtoM npoayBKH

LUINHIPA;
@y - KOOPOUIMEHT N03apsAiKM LUIMHIAPA, 3aBUCUT OT CKO-

POCTHOTO pekuMa pabOThl ABUraTels, ONpeaesseTcs 0 HOMOTpaMme
(puc. 3.4).
OmnpezersieM TeMIepaTypy B KOHIIE BITyCKa
;T ¥AT+y, T,
a * "
1+,
OnpenensemM K03 PUIUEHT HAITOTHEHUS
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T |

n = . ) '(8'¢o3'pa_¢oq'pr)°
(r,+AT) (e-1)-p, ~ "°

IIpouecc cxarus.

Onpenernsem nokas3aTeilb aaguadaThl CxxaTus k; B QyHKIMH €U Ty,
no Homorpamme (puc. 3.1).

OnpenensieM Mokas3aTeiab MOJUTPOINBI CKATHUS 1] B 3aBUCUMOCTH
OT kj, KOTOpBIN ycTaHaBiauBaercs B npeaenax n;=(k;-0,01)...(k;-0,04),
NpU 3TOM HEOOXOJMMO YYHUTBHIBATh, YTO C YMEHBIIEHHUEM YacCTOThI
BpAIlICHUs TETUIOO0T/Iaya OT ra30B B CTEHKU LWIMHAPA YBEINYUBACTCS,
U, CJIEI0OBATEJIbHO, 1] YMEHbILIAETCS.

OnpenesniseM 1aBieHUE B KOHIIE CHKATHS

P.=p, €, Mna.
OnpeenseM TeMIIEPaTypy B KOHIIE COKATHsL
_ nl—l
T.=T, "7 K.
OnpeensieM CPEIHIO MOJISIPHYIO TEIJIOEMKOCTh B KOHIIE CKa-

THSL:
- CBEKEH cMecH (BO3/1yxa)

t -3
(,Ltcv)rz =20,6+2,638-10 7 -¢,., k/Ix/(xmonb-Tpan),
rae t,. =T, —-273 °C;
- OCTaTOYHBIX ra3oB (L, ;c , KJ>K/(kmonb-Tpaa) — onpeaensercs
a

METOJIOM MHTEPIOJALMHU 10 TalJI. 3 (IPUJIOKEHHUE) B 3aBUCUMOCTH OT
t. 1A,

- paboueii cmecH

' 1 "
(e, )y =———|(He, )i +7, - (He,) < | )L/ (kmomb-Tpa).
) 1+ }/r ) 0

IIpouecc cropanus.
OnpenensemM pacyeTHbI KO3(POUIIMEHT MOJEKYISIPHOTO H3Me-
HEHMS TOPrOYEi CMeCcU
_M,
M,
OnpenensemM pacyeTHbI KO3(POUIIMEHT MOJEKYISIPHOTO H3Me-
HeHHUs paboueil cmecu

Ho
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PRCESA
+7,.)
OnpenensieM KOJIWYECTBO TEIUIOTHI, IMOTEPSIHHOE BCIICICTBUE
XUMHUYECKOW HETIOJIHOTHI CrOPAHUS
40, =119950-(1-a)- L, x1x/Kr.
OmnpenesnseM TEIUIOTY CropaHus padodeit cmecu

Qpab.en = 0, — A0, , KJI/(kmoib pad. Cm).
M,-(0+y,)

OnpenensieM CpeIHIO MOJISPHYIO TEIIOEMKOCTh IPOIYKTOB

CTOpaHHS
"t 1

ew) =0

2

+ MHzO ' (oucvnzo );; + MH2 ' (‘UC,V,HZ );; + MN2 ' (‘UCVNZ )i; ]s

rae (Hey, )its (MO (Heyno)is  (Hey,)s (Hey,)i -
CpelHuEe MOJISIPHBIC TEIUIOEMKOCTH OTACIIBHBIX Ta30B MPH TOCTOSH-
HOM oObeme. Onpenensatorcs 1no Gopmynam u3 Tabds. 2 (MPUITOKEHHE)
st maTepBaia temmeparyp 1501 mo 2800 °C.

OmnpenenseM Ko3(G(HUIMEHT HCIONB30BAHUSA TEIUIOTHI &, IO
ONBITHBIM JIAHHBIM U3 HOMOTpamMblI (puc. 3.4).

Temneparypa B KOHIIE IpoIlecca CrOpaHUs OMpEISIsieM |3
YPaBHEHHsI CTOPaHHUsI

‘52 ’ Qpaﬁ.c.-u + (‘UC‘,V);:) =M (‘Lt(,’v );; 1.
[ToacTaBnsieM B ypaBHEHHE CrOpaHUsS UMEIOLMECS 3HAYECHUS Be-
JIMYHH, pelIaeM MOJTyYeHHOe KBaJIpaTHOE YPaBHEHHE OTHOCHUTEIBHO 7,
Y HaxoJuM ero 3Hauenue, °C,
T, =t,+273, K.
OnpenensieM MakKCUMAJIbHOE JIaBJIEHUE B KOHIIE MpOIlecca Cro-
paHus (TEOPETUYECKOE)

[ MC02 ) (ﬂcrﬁcoz );; + MCO ) (ﬂC;CO )i; + MH20 ' ('Llc;Hzo );Z +

u-T.
D, =p‘?’u",Mna.

C
OrnpenensieM MakCUMalbHOE JIaBJICHUE B KOHIIE Ipolecca Cro-
paHust (IEMCTBUTEIBLHOE)
pﬂZO,SS - p,» Mna.
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OHpeﬂ,eﬂﬂeM CTCIICHb ITOBBINIECHUA JAaBJICHHA
A=tz
Pc

IIpouecc pacuupeHus.

[Tokazarens annadbaThl pacUIMPEHUs JJIs JBUTATEIISI C BIIPHICKOM
TOIJIMBA OIpEIeIsieM 110 HoMorpamme (puc. 3.3) npu 3alaHHOM € 14
COOTBETCTBYIOIIUX 3HAUYCHUA & U T,, a CpEJHUI MMOKa3aTesb MOJIHUT-
POIIBbI PACLLIMPEHHUS 112 OLICHUBAETCS MO BEJIMYMHE CPEJHEro IoKasare-
78 anquadarTel, ny = ko.

[To nmeromMmcs 3HayeHUsAM € U T, onpeaesigseM TOUKY Iepece-
yeHus. Yepes MOIYYEHHYIHO TOUKY IPOBOJUM T'OPU3OHTAIb JIO Iepe-
CEUYEHMS C BEPTUKAJIbIO, ONMYIIEHHOW U3 TOYKU & = [, 1oy4dasi Kakoe-
TO 3HAauUCHUE k. Jlajee nBuraemcs mo 3TOM KpUBOU k2 J10 EpeceUeHUs
C BEPTUKaJbIO, OIYIIEHHOW W3 3aJaHHOro 3HadyeHus . OpauHara
TOYKH MEPECCYCHUSI TaeT UCKOMOE 3HAUYCHUE k.

OnpenensieM 1aBieHUE NpoLecca paclIupeHus

Do = Pq , Mna
e
OmnpenensieM TeMIEpaTypy Mporecca pacuInpeHus
T,
T, = , K.
gl

[TpoBepsieM TMpaBUILHOCTh paHEEe MPUHITOTO 3HAUCHUS TEMIIe-
paTypbl OCTAaTOYHBIX Ia30B (IIOTPEMIHOCTh HE JOJIKHA IpeBbIaTh 5%
JUISL BCEX CKOPOCTHBIX PEKUMOB paGOTbl JIBUraTes).

Lot 100%

T

r

NuaukaropHbie napaMeTpbl padoyero HMKJIAa ABUIaTesl.
OrnpenensieM TEOPETUUECKOE CpeIHee UHAUKATOPHOE JIaBJICHUE
[AKJIa
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pi=-Le A -(1— ! ]— ! -[1— 1 ],Mna.
-1 ny -1 5”2_1 nm -1 g”l_l

OrnpenensieM cpeHee HHAMKATOPHOE IaBJICHUE LIMKJIA
p; = p'f-V, Mia,

rae v - Ko3(pUUUEHT MOJHOThl MHJMKATOPHOM JHarpammsl,
v =0,95...0,98 s nBUraresneit ¢ 3JI€KTPOHHBIM BIPHICKOM TOILIMBA.

OnpenenseM uaaukatopusid KI1/1

__Pi a-l,
: :
QH “Po Ty
OrnpenensieM UHAMKATOPHBIN y1€IbHBIA pacxo/1 TOIIMBA
3,6-10°
g;=——,T/kBru.
Qn "1

P PpexkTHBHDBIEC MOKA3ATEH ABUTaATEIIS.

OmnpenesnsieM Cpe/iHEe J1aBJICHUE MEXaHUYECKUX MTOTEPh

p,=a+b- W,wpl , Mia,

yuutbiBas, 9yto a = 0,024, b =0,0053 nns Beicok0hOpCHPOBaH-
HBIX OCH3WHOBBIX JBHUIraTeJIe C BIPBHICKOM TOIUIMBA U 3JIEKTPOHHBIM
yIpaBJICHUEM.

Jlnst nBuratensi ¢ BIPBICKOM TOIUIMBA MPEABAPUTEIIBHO MPUHU-
MaeM XOJ MOpUIHSA S B COOTBETCTBUU C MPOTOTUIIOM JBUTaTeNs (Ipu-
JIO’)KEHHE) U OTIPEALIISIEM CPEIHIOI CKOPOCTH TOPIITHS

S-n , M/c.
3-10*
Onpenensem cpeanee 3G HeKTUBHOE JaBICHUE

Pe =P~ Py, Mma.
Omnpenensiem mexannueckuii KI1J]

P
My ="%.

i

ncp.

Omnpenensiem 3¢ dextuBubiii KIT/]
Me =1 M-
Omnpenensem 3¢ HEKTUBHBINA YACITBHBIN pacxXo/1 TOILJINBA
3
3,6-10

QH e

g, , T/KkBT-u.
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OcHOBHBIE pa3Mepbl HWIMHAPA M Y/eJbHbIe MapaMeTpbl
ABUTATEJIs.

Hcxons n3 BenruuH 3p(HEKTUBHON MOIIHOCTH, YaCTOThI Bpallie-
HUS KOJICHYATOrO Baja, cpeaHero 3(p¢GeKTUBHOTO AABJICHHUS M YHUCIIA
HWJIUHPOB OlpeiensseM padounii 00beM 0HOTO HUIUHIPA

30-7y,-N
Vh = (36" € s JI.
Pe-l N
3 Vi
OnpenenseM nuamerp uwiaubapa D=2-10"- S’ MM, a 3a-
jz’.
TEM OKPYIJISIEM €TO.
0 _TD” e
npejesseM IIomaab NopmHs ', =———, CM~.
4-100
. T-D*-S
OmnpeneinsieM pabounii 00beM NUIMHAPA V), = — ¢ L
4-10
OnpenenseM 3HayeHUe pacyeTHON 3(PPEKTUBHOM MOIIIHOCTH
-V, -n
o = Pe h_— kBr.
30-7,,

CpaBHHBaeM INOJIYYCHHOC 3HA4YCHHUC MOIIHOCTH C 3aJdHHbIM
3HA4YCHUCM, [CJIa€M BbIBOAbI O IPABHUJIIBHOCTH INPOBCACHHOI'O TCILJIO-
BOro pacucra. PaCXO}KILeHI/Ie B 3HAYCHHWHU MOMIHOCTHU HC JOJIXKHO IIpC-

BbIIIATE 5%.

_N,—-N'

A €.100%

4

3.4. Tem10BO# 0aJIaHC ABUTraATEIs

B o0miem Buje BHEIIHUN TEIJIOBOM OajlaHC JBHUTATENs OMpe/ie-
JSIETCA U3 CIACAYIOMIMNX COCTABIISAIOIINX

QO = Q€ + QZ + Qﬁ‘ + QH.C. + rom.’
rae Q, - obuiee KOJM4YeCcTBO TEIJIOThl, BBECHHOMN B IBUTATEIIb C

TOILTMBOM, JIK/C;
Q, - TeroTa, 3KBUBaJIECHTHAsI 3(pPeKTUBHON paboTe ABUTATENS

3a Bpems 1 ¢, [Ix/c;
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Q. - TemoTa, NoTepsiHHas ¢ oTpaboTaBIIMMHU ra3amu, Jx/c;
Q, - TelioTa, nepeaaBaeMas oxinaxaarouien cpeae, x/c;
Q,, .. - TemuoTa, MOTEePsAHHAs M3-3a XUMHUYECKOM HEIOJIHOTHI

CropaHus TOIIuBa, J[x/c;
Q,cm. - HEYYTEHHBIE IOTEPH TEILIOTHI, J[xK/C.

OO0m1ee KOJIUYECTBO TEIIOTHI ONPEeIUTCs 1o hopmyie

Q,G
==1__MJlx/c;
Q, 36 A

o _3
rae G, - yacoBou pacxon rommsa, G,, =N, - g, 10, kr/u.

Temmora, skBuBasieHTHast 3¢G(eKTUBHOW padOTe JBHraTels,
onpeaeauTcs no popmyiie
0, =1000-N,, [x/c.
Temuora, norepsiHHasi ¢ OTPabOTABIIUMU ra3aMH, OTPEACIIUTCS
o ¢popmyJie

Q.= %' M, -[(yc;)j; + 8,315]- t,—M,- [(ycv)jr’; + 8,315]-tk ] Jlx/c;

rne t, =T, —273, °C;
n r‘
(Uc,), - TEMIOEMKOCT oTpaboTaBImIMX Ta30B (OMPEACIACTCS U3
0

NPUJIOKEeHUs TabJs. 3 I ABUraTejed ¢ UCKPOBBIM 3a)KUTAaHUEM, U
Tabi. 4 mis quzeneit), Kk x/(kMoib-rpan);

(Uc, );" - TEIJIOEMKOCTh CBEXEro 3apsja. Onpeaensercss MeTo-
JIOM UHTEPIIOJIALNY UCXOS U3 CIEAYIOIIUX 3HAYCHUM:

- npu Temrneparype # = 0°C (,ucv)i" = 20,759 kJx/(kmoub-rpaj);

- ipu emueparype & = 100°C (uc,, )i"" = 20,839 x/Ix/(kMosb-Tpan).

Teruora, nepegaBaeMas OXJIaXAAOLICH cpese, ONMpPeIeTUTCs 10

dopmyie:
- JUISL IBUTATEJEH C UCKPOBBIM 3)KUTAHUEM

Q,=c-i-D"*" s _AQ”), JUx/c;
a-Q,

o . . 1
- st museneit Q, =c-i .piFEm ym [—) Jx/c;
(94

rae ¢ — koagduuueHt nponopuuonansbHoct, ¢ = 0,45...0,53
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IUIS1 YETBIPEXTAKTHBIX JABUIATENICH;

[ — YHACJIO LIUJIUHJIPOB;

D — nuameTtp nUIMHJpPA, CM;

N — 9acTOTa BpaIlleHHsl KOJIEHYATOrO BaJia JIBUTraTelIs, MUH

m — mokazarenb crerneHu, m = 0,5...0,7 musi 4eThIPEeXTaKTHBIX
JIBUTATEIEN.

Temiora, nOTepsiHHASA U3-32 XUMHUUYECKOM HEMOJIHOTHI CrOpaHMs
TOTUTMBA, OTIPEJIETTUTCS 10 hopmyIie

AQ, -G
OQpe.=— o Hxle.
3,6
HeyuteHHblie moTepu TEIJIOTHI ONpeAEIATCs 10 hopmyJie
rom. = Qo - (Qe + Qa + Q@ + Qn.c. )s IbK/C'

CocTaBIsIONIMe TCIUIOBOro Oajanca cBoOAsATCs B TaOm. 3.1, mpu-

BEJICHHOM B PACYETHO-IOSICHUTEIILHOMN 3aITUCKE.

Tadonuia 3.1 - OCHOBHBIE BEJIMYMHBI TEIUIOBOrO OalaHca JBUTaTEA

CoCTaBJISIONINE TEIUIOBOTO OajaHca Q, x/c

OO0wiee KOIMYECTBO TEIUIOTHI, BBEICHHOW B JBUIATElb C
TOILITMBOM

Temora, sxBuBasieHTHas 23QEKTUBHOM paboTe

Tennota, norepsiHHask ¢ OTPAOOTABIIMMU ra3amMu
Teriora, nepegaBaeMasl OXJIaxIaarolIeH cpejie

Temnora, moTtepsHHAss H3-3a XUMHUYECKOW HEIMOJIHOTHI
CrOpaHus TOTUIMBA

HeyuTeHHbIe TOTEPU TEIIIOThI

3.5. IlocTpoeHue CBepHYTOM MHAUKATOPHOM JUATPaAMMBbI

[Toctpoenue cBepHyTOM MHAMKATOpHOU nuarpammbl JIBC mpo-
U3BOJAMUTCSA 1O JI@aHHBIM TEIUIOBOro pacuera. [[uarpammy cienyer
CTPOUTH B IPSIMOYTOJIbHBIX KOOPAUHATAX p-S, IJI€ p — 1aBI€HUE ra30B
B LWJIMHJpPE, a § — X0/ nopurHsa. Beicota quarpaMmsl JOKHA OBITH B
1,2...1,7 pa3a Gonbuie ee ocHOBaHMS. [1j1s1 MOCTPOCHHUS PEKOMEH/TYIOT-
Csl CJICIYIOIIHME MacCIITaObl.
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MacumtaObl JaBjieHHUS:

- npu p; < 5 Mlla x4, = 0,025 Mlla/mm, tipu p, =2 5 Mlla
Uy = 0,05 MITa/Mm.

Macmtab nepemMeieHus NopIIHs,:

- IIpH JTH00BIX 3HAYEHUsAX S Ls =1 MM S/MM depTexa.

Ot Havaja KOOpAWHAT B MaciuTabde [is IO OCHU aOCIUCC OTKIIabI-
BAlOT 3HAYEHHUs NMPUBEAEHHON BBICOTHI KaMepbl CKaTHs S. U Xo0ja
nopmHs S (pasmep mno ueprexy 100..150 wmm). Ilpu stom

_(S5 ).
SC_[S—I) Hs:

Abcnrcca TOYKH 7 HA MHIUKATOPHOM JuarpaMme JH3eNs ompe-
AeJsIeTCs 10 ypaBHEHUIO Z'z2=§ .- (p—1).

[To ocu opaunar B Macmrtade [, OTKJIQJbIBAIOTCS BEJIUYUHBI
JIaBJICHUI B XapaKTepHBIX TOYKaX 4, ¢, Z, Z, b, r AUarpaMMbl, a TaKXKe
3HAUYEHHUE P,.

[TocTpoeHHEe MOTUTPOIT CKATUSA U PACIIUPEHUS OCYIIECTBIISAETCS
o NpoMexyTodHbIM ToukaMm (8...10 3HaueHui). 3HaueHUs J1aBJICHUHN
B MPOMEXYTOUYHBIX TOUKAX IOJUTPONBI CKATUS MOACUUTHIBAIOTCS 10

m
S.+S
——— | , a Ui IOJIMTPOIIbl paclIUPEHUs -
Sx

S.+S "
Sx

PaccunuranHbie 3Ha4YCHHS aBJICHUN B MPOMEKYTOYHBIX TOUYKaX
CBOAATCS B Tabi. 3.2, MPUBEICHHON B pacueTHO-MOSCHUTEIbHOM 3a-
MUCKE.

JI1s CKpyriieHusT MHAMKATOPHOM JuarpaMmbl HEOOXOJAMMO BOC-
NOJI30BAThCS qUarpamMmoin (pa3 razopacnpeneneHus, KOTOpYyIo Cleny-
€T MOCTPOUTh B IPaBOM BepxHeW yacTu jucta. OTHOLIEHUE pajauyca

BBIPAXXEHUIO p,. = p,,

2
10 BBIPAXKCHUIO P, = P, -

R
KPHBOIINIIA K JiauHe maryHa A=— (mocrosaHas KIIIM) ciemyer
(27
B35ITb U3 TEXHUYECKON XapaKTEPUCTUKHU ABUraTellsl WIM NPUII0AKe-
HMS.
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Tabnuma 3.2 - BenuuuHbl JaBIeHUN B TPOMEKYTOUHBIX TOUKAX
MOJIUTPOTIBI CHKATHUS U MIOJUTPOIIBI PACIIUPECHUS

[Tonutpona cxarus [TonuTpona pacmmpeHus
Ne SX » MM p p
roukn =£.MM | p MIla | —,MM | p  Mla
Hp Hp
1
2
9
10

Jlns nepecTpoeHus MOJyYEHHOM MHIAMKATOPHOW AuMarpammbl B
pa3BEepHYTOM BHjI€ TpaoaHATUTUUECKUM METOJOM IOJ] HEU CTPOAT
MOJIYOKPYKHOCTh paauycoMm R, umes: B Buay, 4to S = 2-R. 3arem no-
JYOKPY>KHOCTh JIeNIAT Ha Jyrd, oxBarbiBaromue yribl 10°, 15° wim
20°, 1 TOYKU COCIMHSIOT pagdyCcamMu C LEHTPOM. 3aTeM LEHTP CMe-

R-
IAI0T BIIPAaBO Ha BEIUYHUHY BN (morpaBka bpukca). I3 HOBOro

IEHTpa CTPOST JIy4H, MapajIeIbHbIC paHee MPOBEICHHBIM pajnycaMm.
N3 HOBBIX TOUEK Ha OKPYXHOCTH MPOBOJAT BEPTUKAIbHBIE JINHUM 10
UX MEePECECUCHUs C JIMHUSAMU UHJIUKATOPHOU TuarpaMmmebl. Touku nepe-
CEUCHMS JAI0T 3HAYCHUS JABJICHUS Ta30B p IIPH ATHX YIJIaX MOBOPOTA
KpuBolIuna. JINHUIO p, CBEPHYTON AMarpaMMbl IPOJOJIKAOT BIPABO,
0003Hayas Ha HEW 3HAUYEHUS YTJIOB MOBOPOTA KPUBOIIIMIA B MacuITade
1 mm = 2°. 3nauenus Apr (MIla) GepyT OT JIMHUH p, U OTKJIAJbIBAIOT
Ha pa3BepTke. [TonyueHHbIE TOUKU COCTUHSIOT TUIABHOU KPUBOM.
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4. IMHAMUWYECKUWUN PACUYET JIBUTATEJIS

Jlns pacuera AeTaniel KpUBOLIMITHO-IIATYHHOTO MEXaHHU3Ma Ha
MPOYHOCTH M BBISBJICHUE HArpy30K HAa TPAHCMUCCHIO MAalllMH HEOOXO-
TUMO OTIPEACITUTh BEIMUYWHBI U XapaKTep M3MEHCHHUs CHII U MOMEH-
TOB, ACUCTBYIONIUX B JiBUrarene. C 3TOU eI MPOBOJAT JUHAMUYE-
CKHMI pacueT KpUBOLIMITHO-IIATYHHOTO MEXaHW3Ma B CJIEAYIOIIEM I0-
pAIKE.

1. UuaukaTopHas auarpamMma CTpOUTCS Ha JucTe Oymaru op-
mata Al B BEpXHEM JIEBOM YTIIy.

2. B mpaBoM BepxHEM yIJIy CTPOUTCS auarpamma (a3 rasopac-
peeeHHs], a TI0J] HEF0 CXeMa KPHBOIIUITHO-IIATyHHOTO MEXaHH3Ma
(puc. 4.1) ¢ ykazaHueM TOYEK MPUIOKEHHUS U 3HAKOB (+, -) ICUCTBUSA
CHIL.

Pucynok 4.1 - Cxemsr KIIIM ¢ ykazaHuem TOYEK MPUITOKCHUS
Y 3HAKOB JICUCTBUS CUII
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3. [locTpoeHHas CKpyrieHHas WHAMKATOPHAs JAUarpamMma, mnoJib-
3ysiach MeTonoM bpukca, pa3BépThiBaeTCs B AHarpaMmy M30BITOYHBIX
cun nasieHus razoB Apr (MIla) no yriy noBopora KoJieH4aToro Bajia
B Macmrade 1 mm = 2°,

4. Huxe nmonyoKpy>KHOCTH HAHOCATCSA KOOPAMHATBI U CTPOATCS
rpaduky nepeMenieHus, CKOPOCTH M YCKOPEHHUsS MOPIIHS, IIMpUHA
rpadukoB paBHa 2-R, BeICOTa B 11000M MacuiTade.

5. PyKOBOACTBYSCh HallICHHBIMU pazMepamu aBurarens (S u D),
onpeaensercs macca yacTew, JBUKYLUXCS BO3BpPATHO-
IIOCTYTATEJIbHO, ¥ Macca 4acTe!, COBEPIIAOIINX BpaIlaTEeIbHOE JIBU-
xeHue. s 3Tod ueau HeoOXOJAMMO 3a7aThbCsi KOHCTPYKTHUBHBIMU
MaccaMM MOPIIHEBOM U IIATyHHOM TpyMIIbl, UCIIOJIb3YSl TEXHUYECKYIO
XapaKTEPUCTUKY JIBUTATENs (MPUJI0KEHUE) UM PACCUUTATD, MOJIb3Y-
Acb Ta0u. 4.1.

3HaueHMs] Macc MOPILHSA, IaTyHAa M KOJEHYATOro Bajla ONpejie-
Is0TCs o popmyre

m=m’-F,

rae m’- KOHCTPYKTHBHAs Macca JeTajld, OTHECEHHAs K TUIONIa N
nopuHs, Kr/mM? (mpuauMaeM u3 tadi. 4.1);

F, — muiomazb HOPIUIHS, M2,

Tabnuua 4.1 - KoHCTpYKTHBHBIE MAacChl J€TalIel, OTHECEHHbBIE
K IUIOLIAM TOPIUHS B KI/M?

KonctpyktuBHas macca

JIBUTaTens ¢ Jn3enp
HCKPOBBIM 32)KUTAHUEM

JIBC (D =60...100 mm)| (D =280...130 mm)

Onementsl KIIIM

[lopuiens  (aTFOMUHHMEBBIN
cruiaB) m,~ 80...150 150...300
Iatyn ( m,,”) 100...200 250...400

Kosieno Bana 6e3 mnportuso-
BecoB ( m,”):

- CTaJIbHOM KOBaHbBIA BaJl CO
CILUTOIIHBIMHU LICHKAMH; 150...200 200...400

- YyT'YHHBIU JIMTON BaJI C I1O-
JIBIMH IIEHKAMH 100...200 150...300
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[Tociie 3TOro NpoU3BOAUTCS pacyeT MOJHOrO 3Ha4YE€HUsl Mace, Kr.
Macca Jacrteu, IBHKYIIUXCSI BO3BPATHO-TIOCTYIIATEIIBLHO:

m;=m, +mnmy,,,

rjae m, -Macca KOMIUIEKTa MOpUIHs (OPIIEHb + najien), Kr;

m — Macca ILIaTyHa, IpUuBeIeHHas K IOPILIHIO,

m,, , = (0,2...0,3) -my,
r7e m,, —macca aTyHa, KT.

ui.n

Macca Bpamarouuxcs aeTaiei:
- B paanbx JIBC - mp =m, +m,, .,
rae m, - macca KoJieHa 0e3 IMpOTHBOBECOB (Macca KpHBOIIM-
na), Kr;
m,, . —Macca IaTyHa, IPUBECHHas K KOJICHYaTOMY Baiy,
my,, . =(07..08)-m,,;
- B V - 00pa3HbIX ABUTATENSAX - Mp =m, +2-m,,,..

CooTBeTcTBHE BBIOPAHHBIX MacCc HEOOXOIUMO IPOBEPUTH I1O
3HAYEHHUIO MAKCUMAJIbHOM YACIbHON CUIIbI HHEPIMH 110 (hopmyJie

P; mj-R-a)z'(lJrﬁ)

-6
Pjmax = = ‘10, MIIa,
/ Fn F
rae R — paauyc kpusomuna, R = 5 , M;
T-n
( — YIJIOBasi CKOPOCTh KOJIEHYATOTO Bajla, @ =——,C ;

A — OTHOIIEHHWE PajJMyca KPUBOILIMIA K JJIMHE IaTyHa (II0CTO-
suHas KIIIM);

F, — mioma (s mOpLIHS, M.

MakcumMyM yIeIbHOM CHJIBI P jmax HE AOIKEH NPEBBIIIATE CJle-

AYIOIIUX UHTEPBAJIOB:

- JUISL IBUTATEJCH C HCKPOBBIM 3a)KHTaHUEM C YHCIIOM 00OpOTOB
n <4000 mua, pjmar = 1,4...1,8 MI1a;

- JU1sl ABUTATENIEN C UCKPOBBIM 3aKUTAHUEM C YMCIIOM 000pOTOB
n > 4000 mua™, pj max = 1,6...2,4 MIla;

- uist puseneit ipu n < 2000 Mua!, pj e = 0,6...1,4 MI1a;

- uis ausenei pu n > 2000 Mus, pjmar = 1,2...1,9 MIla.



41
VYaenpHyl0 CUIIy MHEPLUMHU JABMXKYLIMXCA MacC ONpeaessieM IO

dbopmyie
2
P; [m;Rw (cos@+ A-cos29) 107, MITa.

Fn F?I
6. [IpousBogurcs pacuér cui, ackicrByromux B KIIIM, H.
CuJibl MHEPLIMU BO3BPATHO-IIOCTYIIATENILHO JABHKYILIIUXCS MAace
P;j = - mj-R-a? (cos@ + Aos2 ).
[{eHTpoOEIKHOM CHIIBI HHEPIIMU BpALIAIOIIUXCS MacC
Kg = - mgR-a?.
[lenTpoOexxHas cuyia uHepuuu Kg SBISICTCS pe3yJIbTHPYIOIIEH

Pj

ABYX CHIIL:
- CUJIbl MHCPIHWH BpallalOIMUXCA MACC LIATYHaA

— 2,
KR.m = =My, R @~
- CWJIbl MUHEPIIMU BPAIIAIOIIUXCA MAaCC KPUBOIIUIIA
_ 2
Kp,=-m,-R-w".
CyMMapHO# CuJibl, JEHCTBYIOLIEH Ha MOPILICHbD,
Ps=Pr+ P},
rae Pr— cuna 1aBieHus ra3oB, Py = Ap - F, (App Oepercs u3
Pa3BEPHYTON MHAMKATOPHOM JHUATPAMMBI).
HopmanbHo# cuibl, neprieHAMKYISPHON K OCH LIMJIMHIPA,
N = Ps -tgp.
Cuitbl, IEMCTBYIOIICH B/IOJIb IIATYHA,
5=—1t2
cos f
HopmanbHo# cuiibl, 1€MCTBYIOMIEN BAOJIb paadyca KPUBOIIUIIA,
K = PE 'COS(§0+]8) )

TaHreHuMaabHOM CUIIbI, KaCaTEJIbHON OKPYKHOCTH KPHUBOIIUIIA,
T B -sin(g0+ﬂ).
cos 3
3Ha4YeHUST TPUTOHOMETPUYECKUX (PYHKIHA Uil BBIOPAHHOTO
3HAYEHHUs A PacCUMTHIBAIOTCS WU OepyTcs U3 TaOJIWLl MPUIIOKEHUM.
Pacuer Bcex AeiliCTBYWOIIMX CHJI MPOU3BOAUTCS Yepe3 20° moBopo-
Ta KOJEeHYaToro Baja. B unTepBaJjie pe3koro noBbiilieHus: jaBJie-
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Hus (mpuom3uTebHO 0T 320° 10 420° n.K.B.) pacuyer BeJeTcs Ye-
pe3 5°n.k.B. [laHHbIC pacyeTOB CUII /ISl pA3JIMYHBIX YTJIOB CBOJISATCS B
Tab1. 4.2, IpUBOJIMMYIO B pACUETHO-TIOSICHUTEJILHOM 3aIUCKe.

Tabnuua 4.2 - PacyeTHble JaHHBIC JaBJICHUN U CUII, JEHCTBYIOLINX
B KPHUBOIIUITHO-TIIATYHHOM MEXaHU3ME

A . PF‘J PJ PE, N! Sa Ka T:-
P, pr | P P5 o | kH kH | kxH | kxH | xH | xH
n.k.B. | MIla | MIla | MIla
(MH) |(MH) (MH) |(MH) [(MH) |(MH) [(MH)

M;

20
40

680
700
720

7. Ilo paccuyuTaHHBIM JaHHBIM CTPOSATCS TpauKu HU3MEHEHUS
CUJI B 3aBUCUMOCTH OT yIJjla [I0OBOPOTa KOJIEHYATOI'0 BaJia.
Ha BepxHeM rpaduke cTposITCs U3MEHEHUS! CHJI JaBJICHUSI Ta30B
Apr, yAeNbHOM CHJIbl MHEPUHUM BO3BPATHO-NOCTYNATEBHO JIBUXKY-
_Pj "
IUXCS MacC p; = Y CYMMapHOU CHUJIbI
n

Py=Ap,+tp; =Apr+i,MHa.
n

Hwxke crposaT 3HadyeHus cuwi (peKOMEHAYeMbld MmaciiTad
u=up - F,, Hmm):

- HAalJICHHOM paHee CuJibl Ps;

- HOPMAJIbHOW Ccwiibl N, NEUCTBYIOLIEH HA CTEHKY HUWIMHApPA U
CWJIBI S, IEUCTBYIOIICH BJIOJIb IATYHA;

- HOpMaJbHOW cwibl K, JEHCTBYIOLIEW MO OCH KPUBOLIMIIA U
TAHICHIIUATBLHOU CUIIBI 7.
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[Ipumep mnepBoro ymcra rpadUueckoil 4YacTH MPEIACTaBICH B
IIPUJIOKECHUU.

Ha Btropom nmcte rpaduueckoil 4acTU BBITIOJTHSAETCS CIIEHYHO-
miee.

JIuct popmara Al aenuTcs momosiaM M OJIHA MOJIOBUHA 3aHUMa-
€TCsl MOJSIPHOM JHarpaMMOW Harpy3kKud Ha LIATYHHYIO LICHKY, pas-
BEPTKOW €€ B NPAMOYIOJbHBIX KOOpPJMHATaX, JAWarpamMMol H3HOCa
IATYHHOU IIEUKHU U KPUBOU CYMMAPHOI'O KPYTSIIEr0 MOMEHTA.

8. Jlns mOCTpOEHHs] MOJIIPHOM AUarpamMMbl HAHOCSTCS IMPSAMO-
YTOJIbHbIE KOOPAMHATHI CUJIbl 1 MO TOPU30HTANIN U cuibl K Mo BepTU-
KAk (C YIETOM 3HAKOB «+»; «-»). JIJIsl MPUHATHIX B pacdyeTax BEIH-
YUH YIJIOB P IOBOPOTA KOJIEHYATOrO Bajla CTPOMUTCS MOJSApHAs Jua-
rpamMMma CWJIbl S, T.€. OTKIIAJBIBAIOTCA €€ cocTaBistomue (7 — mo ropu-
30HTaIM, K — 110 BEpTUKAJM), [10Jy4asl OCIEA0BATEILHO KOHIbI BEK-
topa S. [loiydeHHbIC TOYKU @), ¢», @3 U T.O. TIOCIEIOBATEIIBHO B I10-
pAJIKE YIJI0OB COCAMHSIOT IUIABHOW KPUBOW. DTO M €CTh MOJISIpHAs Aua-
rpamma cuibl S ¢ mositocom B Touke O (puc. 4.3).

Y +K

Pucynok 4.3 - Cxema nocTpoeHus MoJspHON TUarpamMMbl
Harpy3KH Ha IATyHHYIO ICHUKY

9. Jlns HaxoXJIEeHHs pe3yJIbTUPYIOLIEH cuibl R, ,, Ha LIATyH-

HYI0 IIEiKy HeoOxoauMo nomoc O IepeMeCcTUTh 110 BEPTUKAIN BHU3
Ha BEJIMYMHY BeKkTopa Kp, B COOTBETCTBYIOUIEM Macliutade aua-
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2
rpammel (Kp, =-m,, .- R-@~ - cula, BO3ZHUKAIOLIAs BCIIEICTBHUE

BpallleHUs1 4YaCTU MacChl ILIATyHAa M IOCTOSIHHAs MO BEJIUYMHE HU
HaIPaBJICHUIO) U 0003HAYUTh 3Ty TOUKY O,,. 3areM BOKpYr Touku O,,

MIPOBOJIUTCSI OKPYIKHOCTB JIFOOOTO pajuyca, yino0Hee - paauycoMm Iia-

TYHHOU WEUKU R, ;in- 104Ka O,, COCIUHIETCA C TOUYKAMU @), (P,

(3 ¥ BCEMHU OCTaJIbHBIMU Yepe3 20° TOHKUMHU TPSIMBbIMU JIMHUSMU, KO-
HEll KOTOPBIX JOJIKEH BBIXOAUTBH 3a MPEAEsibl OKPYKHOCTH. Bektop
O, — @ I KaXJI0ro yria JacT U HallpaBJICHUE, U 3HAYCHUE PE3YIIb-

TUpYIoUen cuibl (Harpysku) R, ,, =S + Ky, Ha IIaTyHHYIO LIEHKY.
10. [t mocTpoeHHst pa3BEpTKU JUarpaMMbl Harpysku R, B
NPSIMOYTOJIbHBIE KOOPJAMHATHI uepe3 Touky O,, NPOBOAMUTCS FOPU30H-

TajgbHas JMHUSA, CIyXallas OCbI YIJIOB @. YIibl ¢ 0003HAYAIOTCH
yepe3 BoiOpanubie 20° B npeaenax 0-720°, u yepe3 3TU TOYKH MPO-
BOJSATCS BepTUKaIU. i Kaxa0ro yria @y, ¢, ¢» v T.1. Oepercs 3Ha-

YeHHE pE3yJbTHPYIOLIEH Ccuiael R, C TIOJSIPHON JUarpaMmbl

Harpy3Kkm U OTKJIAAbIBACTCA I10 BCPTHKAJIM, INMPHYCM BCC 3HAUCHHA
Rm.m CYHTAIOTCHA MOJOKHUTC/IbBHLIMHU (OTKﬂaﬂblBaIOTCH BBer).

Toukn COCOUHAIOTCS IUIABHOM KPUBOU PE3YJbTUPYIOUICH CHUIIBI
R,,=S+Kgp,. Ha rpaduxke pa3BepTku 0003HAYalOT TOUKHU

(Rw.m )max’ (Rmm )min H (R.f.um )cp .

Torna cpenHsist yaenapHas Harpy3Kka Ha NOAIIMIIHUK, OTHECEHHAs
K €IMHULE IUIO1Ia1 ero AMaMeTpaibHON NPOEKLUU, ONPEICIIUTCS

(Risu)
k=—"""P_ Mlla/m,
A
rne d,, ,, — InaMeTp NIaTyHHOW HIEUKY;

I, ,, — pabouast mupUHA BKIAAbIIA (PHHAMAEM U3 IPOTOTHIIA).
11. ITonp3ysacek NMOJAAPHON AMArpaMMoOmr, MOKHO MOCTPOUTH JIMa-
rpaMMy M3HOCA IIEHKH, JAIOLIYI0 YCIOBHOE MPEJICTABICHHUE O Xapak-
TE€pe U3HOCA B MPEINOI0KEHUH, YTO U3HOC MPONOPLIMOHAJIEH YCUIIU-
SM, JIEUCTBYIOIIMM Ha MIEHKY, W MPOUCXOIUT B cekTope t 60° oT
MT'HOBEHHOTI'O HallpaBJICHUs CUIIBI S.
JUIss 3TOro HWXE TOJSPHON AMArpaMMbl CTPOUTCS €IIe OJIHA

HOCTb PaJilyCcoM .. K BHemHel cTropoH HOCTH
OKPYKHOCTb paauycoMm (R, ) . . K BHELIHEH CTOpOHE OKPYKHOC



AMuomm o1AHHALeI eH udeAd.aeH ewnedaenl! KeHdBIO]] - 4" MOHAOHU

U  0ZL 099 009 O%S 08y 0Z% 09 00€ 0% 08 0z 09
-,—

Tlw( mmyy)

Fel
c
€

dj(

KUU.I( m'mt”

o09¢

=+ == = = = =

ov



ombepcmus

R,é%{

60°
P, R ww2
?

Pucynoxk 4.5 - Cxema noctpoeHust 1uarpaMMbl U3HOCA MIATYHHOU 1IEUKU
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Pucynok 4.6 - CxeMa nocTpoeHusi KpUBO CyMMapHOTO KPYTSAILEr0 MOMEHTA

MPUKJIAIBIBAIOTCS BEKTOPBI YCHWJIHMM, MapaijiejbHble COOTBETCTBYIO-
muM Bekropam O, — @ NOIAPHOM IMarpaMMbl (IapajlIesIbHO CH-
naM S) Tak, 4TOObI JIMHUS JIEUCTBUS WX MPOXOJAUia Yepe3 IEeHTp. 3Ha-
YeHUE yCwiuh R, U KaXI0ro yria ¢ Oepercs ¢ pa3BEpHYTOU
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AUarpamMMbl Harpysku, U 1moja yrioM 60° K HalpaBJICHHUIO KaxI0ro
ycuiuss B 00€ CTOPOHBI MPOBOJISTCS KOJIBIEBBIC MOJIOCKH, BbICOTA
KOTOPBIX NPONMOPIUOHAJIBLHA 3TOMY yeuauw. CymMmapHas 1ionaab
3TUX II0JIOCOK B MUTOT€ IPEACTaBJIsIeT COOOM YCIIOBHYIO Juarpammy
u3Hoca. Ha nuarpamme M3HOCa MIEHKW BUJHA 30HA HAUOOIBIIUX U
HAaUMEHBIINX JAaBJIICHUN Ha Hee. B MecTe HaMMEHBIIUX J1aBJICHUU
POBOAUTCS OCEBAsl JIMHUSA, I/I€ JI0JKHO BBIBOJUTHCS OTBEPCTUE MOJI-
BOJIa MacJja K MOAMUITHUKY (puc. 4.5).

12. Tlox rpadukoM pa3BepHYTON JHArpamMMbl Harpy3KH CTPOST
KPUBYIO CYMMApHOI0 MHAMKATOPHOI'O KPYyTAILLEro MomeHrta (puc.4.6).
Jlns 3TOro mo ocu abCUMCC OTKIAJBIBAIOT 3HAYEHUE yIJia MOBOPOTA

720°

.

l

KpuBomuna ¢ B npenenax @ ot 0° 1o (rae i — 4UCI0 UWIMHIPOB

JIBUTATEIsA).
[To ocu opiMHAT OTKJIAABIBACTCS 3HAYCHUE KPYTSIIETO MOMEHTA,
paBHOE
M;=T-R,

H-m
B MacwuTabe f,, = ——, 3HaueHue cuibl I 6epercs ¢ MOCTPOEHHOTO
MM

Ha jiucte 1 rpadguka win cBojHOU Tad. 4.2.
[Tpenmonaraercs, 4To KPyTALUIMA MOMEHT B OTAEJIbHBIX LIUJIMH-

apax, JUIsl YEThIPEXTAaKTHBIX JBUrATENICd, U3MEHSETCS OJMHAKOBO,

o] o]

72‘0 - 36.0

I i

neurateneit. [loaTtomy 6epercs ydgacTtok cuwibl T B nipeaenax ot 0° 1o

720°
;

YEHHBIC 3HAYCHUs KPYTALIEr0 MOMEHTa OTKJIAJbIBAIOTCA HAa CTPOS-

nieMcs rpaduke. 3aTeM Oepercst CIeAYIOUMi paBHbIN y4acTOK CUIIbL T

u T.7. TakuM 0o0pa3oMm, MOJIyyaeTcsl YUCIO KPUBBIX KPYTALIEr0 MO-
MEHTa, PABHOE I.

KpuBasi cyMmMapHOTO MHIUKATOPHOTO KPYTAIIETO MOMEHTA MHO-
TOLMJIMHAPOBOIO JIBUraTels Ha yyacTke O moiiydaercst myrem rpadu-
YECKOTO CYMMUPOBAHHUs IIOJIYYEHHOI'O YHCJIA I KPUBBIX KPYTALIMUX
MOMEHTOB JUIsl OTACIBHBIX IUIUHIAPOB. CpeaHee 3HAYCHUE WHIUKA-

TOPHOI'O MOMECHTA OIIPCACTIUTCA

JIMIIb CO CABUTI'OM Ha YIoJi O = - AJIA ABYXTAKTHBIX

, 3HAYEHHUE €€ YMHOXKAeTCsl Ha paguyC KpuUBOIIMUIIA R U MOJIy-
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F,

- F
(Mi)cp :Tls H‘M,

rae F; u F> — nonoXuTEebHAasg U OTpULIATENIbHAS TUIOMIAAN JTAa-
rPaMMBL.

BBuay TOr0, 4To npH NOCTPOEHUM JUATPAMMblI MHIAUKATOPHOTO
KPYTSAIIEr0 MOMEHTA JIBUraTElIsl HE YUYUTHIBAIMCH 3aTpaThl HA TPEHUE,
MIPUBO/I BCIIOMOTATEILHBIX MEXaHU3MOB U T.[I., JJISI MOJY4YCHUS 3HA-
YEeHHUS ACHUCTBUTENBHOrO A((MEKTUBHOrO KPYTALIEr0O MOMEHTa HeoO-
XOJIMMO Y4Y€CTh BEIIMYMHY MexaHudeckoro KII/]

(ME )Cp = (MI )cp ) 77,-” ? H.M’
rae 77,, - mexannueckuii KI1/] neurarens (Oepercst U3 TEmIOBOro

pacuera ABUraTess).
[Tonyuennoe 3HadYeHHE CpeaHero A(PPEKTUBHOTO KPYTSAIIETO
MOMEHTA CJIEIyeT COMOCTaBUTh C PACUCTHBIM 3HAYEHUEM

m,) =20 Ne g
pacu. n
Mm,) . —(M,)
A= Crpact. 100% <5 %.
(Me )pacu.

OTtkiioHeHue rpadUuecKd MOJIyYEHHOTO 3HAYEHUS MOMEHTA OT
€ro pacy€THOr0 3HaYEHMS HE JI0JKHO NpeBbIaTh + 5 %.

Bce rpaguku cTposiTCsi B 0JHOM MacmiTade CuJj, NPUHATOM
P MOCTPOCHUHU PA3BEPHYTON HHANKATOPHON IHATPAMMBI.

[TpuMepHBIit BUJI 1MarpaMM M COJIep)KaHKue Tpaduyeckoro JIMcTa
MPEJ/ICTABIICHBI B PUJIOKECHUM.
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5. KHHEMATUYECKHWUUW PACUYET JABUI'ATEJISA

[Tocre BRIMOTHEHUS] TUHAMHUYECKOTO pacdeTa MPOU3BOIUTCS KH-
HEMaTHYECKHI pacyeT pacCMaTPpUBAEMOTO ABUTaTEIIS.

JI1st TOCTIOKEHUS ATOM eI B PacYCTHO-TIOSCHUTEILHOM 3aITHC-
K¢ HC0OX0aIUMO 0OPMHUTH TAOJIHIy 3HAYCHUM MEePEeMEIICHHS, CKOPO-
CTH M YCKOPEHHsI TIOPILHS, pacCUMTaHHbIX Yepe3 20 rpaaycoB moBo-
poTa KoJieH4aToro BaJja (tabiu. 5.1).

[Ipu pacdere 3HAYEHWIA IS JBUTATENSA C ICHTPAIBbHBIM KPHBO-
[IMITHO-IIATYHHBIM MEXaHU3MOM CJIEYET BOCIOJb30BaThCA (Hopmy-
JTaMH:

- IepeMEeIIeHHS TIOPIITHS

S=8,+Sy, :R-(l—cosgo)+R—';L°(l—COSZ¢);

- CKOPOCTH HOPILHSA
W =W, +W, =R-w-sin¢+RTM-sin2¢;

- YCKOPEHHMS MOPILHS
J=Jr+ Ji=R-a#-cos ¢+ R-a@’-A-cos2 .
[Ipu pacyere 3HAYEHWH JUIs JBUIaTeNs CO CMEIIEHHBIM KPUBO-
IIMITHO-IIATYHHBIM MEXaHH3MOM CIIEIyeT BOCHONIb30BaThCs (opMy-
JIaMU:

S=8,+Sy, =R-[(l—cos¢))+j-(l—coqu))—K‘-/l-sin(o}

W=W,+W, :R-a)-£sinq9+j-sinZ(ﬂ—K-ﬂ-cosgD];

J=Jr+ Ji = R-@(cos ¢+ A-cos2 @+ k-A-sin@),

TIE e - Ie3aKCHal,
e _
K = — - BeIn4uHa OTHOcHTEIbHOro cMmemenus, k = 0,05...0,15.

3HaYeHUs] TPUrOHOMETPUUYECKUX (YHKLMHA ISl BBIOPAHHOTO YT-
J1a paCCYUTHIBAIOTCS WM OEpyTCs U3 TaOJIUI] TPUIOKEHUM.

3HayeHue pajuyca Kpuomumna R OepeTcs B 3aBUCUMOCTU OT
pPacCUMTaHHOTO PaHEee 3HAUYECHUS XO0/J1a MOPIIHS S.

3HaucHue A Oepercs U3 TEXHUYSCKON XapaKTePUCTHKH JBUTATe-
JIs1 WIK PUIIOKEHUS.
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Tabnuma 5.1 - JlanHbIe 17151 TOCTPOESHUS TPAPUKOB TIEPEMEIIECHHUS,
CKOPOCTH U YCKOPEHHS TTOPLIHS

O, A\Y2 S S, Wi, Wi, W, Ji, Ju, J,
.K.B. M M M M/c Mm/c M/c Mm/c? | wm/c? | w/c?

20

40

320

340

360

[To paccunTaHHBIM JAAHHBIM CTPOSATCS TrpaUKU U3MEHECHHS Iie-
pPEMENICHHUs], CKOPOCTH Y YCKOPEHHUsI TIOPIIHS B 3aBUCUMOCTH OT YrJia
[IOBOPOTA KOJIEHYATOrO BaJja.

JIs 3TOro HUXKe CBEPHYTOW MHAUMKATOPHOM JHArpaMMbl JIBUra-
TEJIsl HAHOCATCS KOOpJAUHATHbIE OCH. [IpuHMMas BO BHHUMaHUE, 4TO
S = 2-R, npoBOAATCS BEPTUKaJIbHBIE JIMHUM Yepe3 Touku BMT u HMT
Ha UHJMKATOPHOMN JUarpamMMe U FOpU3OHTAIIbHBIE JIMHUHU, CIIy’Kallue
ocsimMu abcuuce rpad@ukoB. 3HAYEHHUs YIJIOB IOBOPOTA KOJIEHYATOIO
Basia oT 0 mo 360 rpagycoB cielyeT paBHOMEPHO HAHECTH MEXKIY
TUMM BEPTUKAILHBIMU JIMHUAMU. JIMHUS, TpOBEACHHAS Yepe3 TOUKY
BMT, o1HOBpEMEHHO SIBIISIETCSL OCbIO OpAMHAT IpadUKOB.

Macmtab rpadukoB BBIOMpAETCS C TAaKUM PACYETOM, YTOOBI
PABHOMEPHO 3aMOJIHUTh UMEIOIIEECST MECTO.

Ha rpajgukax 0003Ha4ar0TCsA COCTABIISIONIAE TIEPBOTO U BTOPOTO
MOPSAAKOB, a TAK)KE UX CYMMapHbIC 3HAUYCHU.

B pacyeTHO-TIOSICHUTENbHON 3alIMCKE IPOBOAUTCS aHAIU3 MOY-
YEHHBIX aHAJTIUTUYECKUX U TPaQUUECKUX IAHHBIX.

B ananuse cieayer OTMETUTH CTENEHb COOTBETCTBUSI IOJYyYEH-
HBIX JIAHHBIX [EPEMEIICHUs MOPIIHS ACUCTBUTEIBHOMY 3HAYCHHIO,
CKOPOCTH MOPUIHS peKoMeHayemomy aiist nanHoro tuna /IBC 3naue-
HUIO W BIIMSHHUE BEIMYMHBI U XapaKTepa HU3MEHEHUs YCKOPEHHS
MOPIIHS HA MEXAHUYECKUE HATPY3KH JABUTATEIIA.

B xoH1e pa3znena HE0OOXOAMMO OLIEHUTH BIMSIHUE KMHEMaTH4e-
ckux napametpoB KIIIM Ha mokaszarenu HaJeKHOCTU M JOJITOBEYHO-
CTHU JIBUTATEIIS.
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6. YPABHOBEIIMBAHUE JABUI'ATEJIA

[Tociie BBIMOJHEHUS] KHHEMATHYECKOTO U JIMHAMUYECKOr0 pac-
YETOB MPOU3BOIUTCS aHAJIU3 YPABHOBEUICHHOCTU PACCMaTPUBAEMOIO
JIBUTATEJIA.

JIst HOCTHXKEHUS ATOU LEN B PACUYECTHO-TIOSICHUTEIIBHOM 3aIuC-
Ke Ha popmare A3 MUUIMUMETPOBOM OyMaru He0OX0AMMO B MaciiTade
BBIUCPTUTH ACKHU3 - CXEMY KPHUBOIIMITHO-IIATYHHOrO MexaHu3ma. Ha
CXEM€ C HCIOJIb30BAHUEM TEOPETHYECKUX 3HAHUU Kypca CIHEAyeT
HAHECTH HAIIPaBJICHUS ACHCTBUS BCEX CUII U MOMEHTOB.

3aTeM 3anuChIBACTCSl YCIOBUE YPABHOBEIICHHOCTU JIBUTATEIS C
Y4ETOM BCEX CHJI © MOMEHTOB.

Jlanee npou3BOAUTCS IOJACYET 3HAYEHUN HEYPABHOBEIIEHHBIX
CHJI U MOMEHTOB JUISI CJIy4asi HAXOXJICHUSI MOPIIHS MEPBOrO LIUINH-
npa B BMT. IlonydyeHHbIE YHUCICHHBIC 3HAYCHUS YKA3bIBAIOTCS Ha
CXEME.

Ha cnenyromem sTare MpOBOAMTCA aHAIN3 M JACTCS OICHKA
KOHCTPYKTUBHOM YPAaBHOBEIIEHHOCTH JBUTATEJIA.

3aTeM NpPOU3BOAMUTCS BBHIOOpP HamboOJee MPOCTHIX MEPONPHUATHH
IUIS. YMEHBIICHUS! WIA TOJHOTO YCTPAHEHHUS JIEMCTBUS HEYpPaBHOBE-
HICHHBIX CUJI U MOMEHTOB.

C ydeToM mpeaplaylIuXx OIlepauuil ONpeaesstoTcs MJI0CKOCTH
YCTAHOBKHU NMPOTHBOBECOB, X Macca (pacyeTHbIM MyTeM) U yja-
JeHue ot ocu meiku. [Ipennararorcs U 00OCHOBBIBAIOTCS pa3iny-
HbIE CIIOCOOBI KPEIJICHHUS I0TIOJIHUTEIBHBIX MaCC.

B koHie pasgena cimenyer OTMETHTh NMPEUMYILNECTBA M HENO-
CTaTKU BBIOPAHHOT'O CIOCO0a YPAaBHOBEIIMBAHUS C TOYKU 3PEHUS €TO
BJIMSIHUS HA TAKHUE TIOKA3aTeu ABUTraTeNs, KaK:

- HAJIMYKE NIYMOB U BUOpaIuii npu padoTe;

- IOJITOBEYHOCTH;

- METAJJIOEMKOCTD;

- TEXHOJIOTHYHOCTh IPOU3BOJICTBA;

- y10OCTBO 0OCITY>)KMBAaHUSI U PEMOHTA.
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7. PACUET U MIPOEKTUPOBAHUE JETAJIEH
JABUT'ATEJIA

[Ipu pacuere neraneid aBUraresss Ha MPOYHOCTH HEOOXOIMMO
MPOU3BOJAUTE KPATKOE ONMMCAHUE KOHCTPYKIUW U YCIOBUH PabOTHI
neranu (TETUIOBOM PEeXUM, BUJI HATPY3KH, PACUETHBIA PEKUM JBUTa-
TeJsl U JIp.), KPaTKUE CBEACHUS O TEXHOJIOTMU U3TOTOBJIEHUS U O Ma-
tepuane aeranu. [lomumo pacuerHwsix (opMyn, Il TPUMEHSIEMOTO
MeTOJla pacuera 00s3aTeNIbHO JOJDKHBI OBITH MPUBEICHBI 00OCHOBA-
HUSI BBIOMPAEMBbIX BEJTMYMH CO CCHUIKOM HAa MCTOYHMK.,

JIns Kak/10M pacCuUUTHIBAEMOW JI€TANIA JIOJKHBI ObITH BBIMOJIHE-
HBI CKU3 JICTAJ CO BCEMH HEOOXOJUMMBIMM /I pacuera pa3Mepamu,
CXEMbI U 3IIOPbl HATPYKEHHUSI, SIIOPbl HANPSKEHUM. DCKU3bl U Ipa-
(buku, HeOOXOAUMBIE JJIs pAcueTa, BBIMOJIHSIOTCS KAPaHJAlIOM HAa
MWLJIUMETPOBOM Oymare B maciuraoe 1:1.

Ha Bcex rpadukax J0/KHBI ObITh IMOJIUCH, BBIITOJIHEHHbIE Tpa-
dbudeckuM mpudToOM.

7.1. PacueT nopuiHs

OrnpenensieM OCHOBHbBIE pa3Mepbl MOPILIHS, MOJIb3YSICh JaHHBIMU
tabiu. 7.1. u puc. 7.1.

Ha ocHOBaHUM JaHHBIX pacyeToB (TEIJIOBOrO, CKOPOCTHOM Xa-
PAKTEPUCTUKU U JTUHAMHUYECKOTO) ONPEALIIAEM:

- IMaMeTp HMuiIuHaApa D, MM;

- XOJ1 HOPUIHS S, MM;

- ICCTBUTEJIbHOE MaKCUMAJIbHOE JIaBJI€HUE cropaHus p., Mlla,
IpY KaKOM-TO YacTOTE BPAIICHUS 11, MUH

- TUIoWa s NopwHs F,, cM?;

- HanOOoJbIIYI0 HOpMabHYO cuity N, MH, tipu yrie ¢;

- MacCy MOPIIHEBOW T'PYIILI 11, KT

- MAKCUMAJIBHYK) ~ 4YacTOTy  BpalICHUS  XOJIOCTOTO  XOJa
Nx.x. max, MHH-I;

- 3HAQUEHHE A.

JIHUIIIE TOPIIHS PACCUUTHIBACTCS HA U3TUO OT JICMCTBUS MAaKCH-
MaJIbHBIX Ta30BbIX YCUIIUM P; max KAK PABHOMEPHO HArPYKEHHAsI KPYT-
nas TIMTa, CBOOOHO onuparoascs Ha nuuHAp. Kak s 0eH3uHo-
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Tabnuna 7.1 - OCHOBHBIE KOHCTPYKTUBHBIE COOTHOLICHUS
pa3MepoB 3JIEMEHTOB MOPILIHS

bensunoBkie
HaumeHoBaHME 2JIEMEHTOB MOPILIHS Juzenun
JIBUTATEITN

TonmuHa gHUIIA TOpIIHS, o/D 0,05...0,09 0,12...0,20
BoicoTa nopunus, H/D 0,08...1,20 1,00...1,50
BbicoTa oraeBoro (;kapoBoro) nosica, e/D 0,06...0,09 0,11...0,20
TonmuHa nepBoi KONBLUEBON NIEPEMbIUKH, h,/D 0,03...0,05 0,04...0,06
BricoTa BepxHeit yacTta nopurss, h/D 0,45...0,75 0,60...1,00
Bricora r00ku nopiss, h./D 0,60...0,75 0,60...0,70
BHyTpeHHUH AuamMeTp NOpIIHs, d; di=D-2(s+t)+ At
TosmuHa CTEHKH FOJIOBKH NOPIIHS, s/D 0.05...0,10 0.05...0,10
Tonmunua cTeHkH OKU TOPUIHS, Jj0, MM 1.50...4.50 2.00...5.00
Panuaneuag TonmmHea Koasa, /D:
KOMIIpECCHOHHOTO 0,035...0,045 | 0,040...0,045
MacJIoChEMHOTO 0,030...0,043 | 0,038...0,043
PaauanbHbIi 3a30p KOJIbla B KAHABKE MOPILHS, Af, MM:
KOMITpECCHONHOTO 0,70...095 | 0,70...0,95
MacIoChEMHOTO 0,90...1,10 | 090...1,10
BricoTa konbia, a, MM 1,50...4,00 3,00...5,00
Pa3HOCTh MEXYy BETMUUHAMH 3a30POB 3aMKa KOJIbIIA
B CBOOOHOM U pabodeM COCTOSIHUM, A/ 2.5...4.0 32...4.0
Yucno MacisHbIX OTBEPCTHI B MOPILHE, Ay 6. .12 6 .12
JnameTp MacistHOro kaHana, d,/a 0.3...05 0.3...05
Jluametp 006IIKH, do/D> 0.3...0,5 0.3...0,5
Paccrosinue mexay Topuamu 000biek, b/D 0.3...0.5 0.3...0.5
HapyxHb1il TuamMeTp NOpUIHEBOTO nanbua, dn/D 0.22...0.28 0.30...0,38
BHyTpeHHUM AuamMeTp NOPIIHEBOro nanbua, de/dy 0.65...0.75 0.50...0,70
Jnwuna nansua, L/D:
3aKpCIUICHHOTO 0,85...0,90 0,85...0,90
MIaBAIOMICTO 0,78...0,88 | 0,80...0,85
JlnuHa ronoBku maryHa, [./D:
ITPH 3aKPCIVICHHOM ITaJIbLIC 0,28 ) 0,32 0,28 . 0’32
TpH TLIABAIOTICM MATBIe 0,33...045 | 0,33...045

BBIX JIBUTaTEJICH, TaK U IS JU3eJIei HauOoJIbIiliee JaBJIEHHUE Ia30B J10-
CTUTaeTCs MpU paboTe HA PEKUME MAKCUMAIBLHOW MOIIHOCTH (HOMHU-

HaJIbHBIN PEXKUM).

B coorBercTBUM C CYLIECTBYIOIIMMHU AHAJIOTMYHBIMMU JBUraTe-
JISIMM Y C YY€TOM COOTHOIIEHHH, MPUBEICHHBIX B Ta0. 7.1, mpuHUMa-

CM:
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- TOJIIIMHY JHUILA MOPIIHS J, MM;

- BBICOTY IIOpIUHS H, MM;

- BBICOTY FOOKH TIOPIIHSA /1,5, MM;

- paMaJIbHYIO TOJIIMHY KOJIbLIA 7, MM;

- paauabHBIN 3230 KOJIbIIa B KAHABKE TTOPIIHS Af, MM;

- TOJIAHY CTCHKH TOJIOBKH TOPIIHS §, MM;

- BEJIMYUHY BEPXHEH KOJILIEBOU MEPEMBIUKH /1, MM;

- YHUCIIO U JUAMETP MACJISHBIX KaHAJIOB B IMOPIIHE 1y, U d,, MM.

Hasznauaem martepmall MOpIIHS W MaTepHal THIL3BI HITHHAPA,
3a/1aeMcsl 3HAaYCHUAMHU KO()PULIIMEHTOB X JJUHEHHOIO paclIupEHUS:

-a=11-10°1/K - nns uyryna;

-0=22-10° 1/K - nis alFlOMMHHEBOTO CILJIaBa.
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Hanpspkenure u3ruba B JTHUILE MOPIIHS OnpeaesseM mo Gopmy-
7€ (TOJILKO 1Jisl 0EH3MHOBOI'O IBUIaTEI)

2
I
0”3 = W”:-'" — pZ max . (5‘) " MHa,

us

1 3 y
rae M, =~ P, a7 - M3rubaromuii Moment, MH- M;

1

W, :—-r;--é'z - MOMEHT CONPOTHUBJIEHUS U3TUOY IUIOCKOTO

us

JHHUIIA, M,
Pz max = Pz — MAKCUMaJIbHOE J1aBjieHue cropanus, Mlla;

D .
= [2 —(s+1+At )} - BHYTPEHHUU PAINyC JHUIIA, MM.

[Ipu oTcyTcTBUM y JHMIIA pedep KECTKOCTH JIOIYCTUMbIEC 3Ha-
yeHusl HANIpsDKeHuit [0, | nexar B mpenenax:

- JUIS AIOMUHMEBBIX nopmHeit [0, | = 20...25 MITa;
- JUISl YYTYHHBIX TIOPIIHEN [O'm] =40...50 MIIa.

[Ipu Hanuuum pedep KECTKOCTH [O'u_g] BO3PACTaIOT:

- 151 QA IFOMUHUEBBIX MTOPIIHEH [O'w] = 50...150 MlIa;
- IUTsL 9yTYHHBIX TTOPITHEH [O'm,] = 80...200 MIIa.

[Ipy BBICOKOM 3HAUYE€HHMM HAIpPSOHKEHUS TpejlaraeM MEpOIpHs-
THSI 110 TIOBBIIIICHUIO CTOMKOCTH K U3rU0Yy.
OrnpenensieM HalpsKEHUE CKAaTUSL B CeYeHUU x-x (puc. 7.1):

P

_ Y zmax

o, = , MI1a,
X—X

rne P,,...=p, F, - MakcumanbHas Cuja JaBJICHUS ra3oB Ha

aHuile nopuHa, MH;
F, — muomae mopuIHs, M2;
F,_, - IUIONIa/b CEYEHUs X-X, M°.
I[Tpu 5TOM IUIOLIA/Ib CEYEHHUS X-X PaBHA

Fo = (j) ' (dfg _diz)_nm - F, MZ,

riae d; - BHyTpEHHUH 1uaMeTp MOPIIHS, M;
d.=D—2-(t+At) - tTnameTp NOPUIHS 10 JHY KaHABOK, M;
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— (dr{ — d:') ) d,w
2

CCUCHHUA MACIIAHOI'O KaHalla, Mz.

OHpeﬂeHﬂeM HAIIpsKCHUC pa3pbiBa B CCHCHUH X-X

F' - IUIOLIAJb IPOJOJBHOIO AUAMETPAIBLHOIO

Pi
o, = , MIIa.

X—X
Cuita uHEepUMH BO3BPATHO-IIOCTYIIATENILHBIX Macc P; onpenens-
eTCs I peKUMa MAaKCUMAJIbBHOM 4aCTOThI BpAILEHUS IPU XOJOCTOM
XOJ€ JBUTATEIIA

(1+ 1), MH,

IJI€ My.x — MACCa TOJIOBKHU IOPILIHSA C KOJbLAMHU, PacIlOIOKEHHAs
BBIIIE ceueHus x-x (puc. 7.1)
m,._ . =(04..0,6) m,, xr,
m, — Macca MOpIIHEBON I'PYIINEbI, KT;
R — paauyc kpuomna, Mm;

_ 2
Pi=m,_,-R-@;

X.X.max

@,  max — MAKCHMaJlbHasi yIJIOBass CKOPOCTb XOJIOCTOIO XOJa
JABUTaTENs
wx.x. max = r nx’x’ = 4 C-l’
30
Ny v max- MAKCHUMAaJIbHAsl 4acTOTa BPALICHHA XOJIOCTOTO XOJa

JIBUTATENIS MUH ' ;

, R
/. — OTHOIIEHHUE pajinyca KPUBOIIHIA K JUTHHE MIaTyHa, A = I

/7
OnpenensieM HalpsKEHUS Cpe3a KOJIbLEBOW MEPEMbIYKHU

Pz max'D
7=0,0314- —"“—, MIla.
n
OmnpepensemM HAIPSKEHUS U3TrH0a KOJIbIIEBON EPEMBIUKH
2
D
0,,=00045-p, o | — | » Mlla,

hﬂ

rae D u h, — auaMeTp UWIMHAPA U TOJIIMHA BEPXHEH KOJIblie-
BOU IEPEMBIUKH, M.

Cii0KHO€E HaINpsLKEHUE ONPEASIUTCS

Oy = w/ofg +4-7%  MIla.
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JlomycTuMOe HarpsiKeHHE Oy B BEPXHHUX KOJBLEBBIX MEPEMbIU-
Kax C YYETOM 3HAUUTEJbHbIX TEMIEPAaTypHbIX HAarpy30K HaXOJUTCS B
npejaenax:

- VISl A IFOMUHUEBBIX MMOPIITHEN [O'E] = 30...40 MIIa;

- JUISl 9yTYHHBIX TOPIITHEH [O'E] = 60...80 MIIa.

MakcumanbHbI€ y/ie/IbHbIE JaBJICHUS.

Omnpenensiem yjaenbHbIE JABICHUS IOOKU MOPIIHS U BCEH BBICO-
ThI TIOPITHS HA CTEHKY IIJIMHJIpA

N,

q1 — nax , MHa,
h, - D
Nmax

= —nax "MTla,
q> H.-D

rje h, — BbICOTa FOOKH MOPIIHS, M;

H — BbICcOTa MOpIIHS, M;

Nnax — HAUOOJIBIIIAS HOPMaJIbHAS CHJIA, JEUCTBYIOIIAS HA CTEHKY
[WIMHAPA TP paboTe ABUTaTels Ha peKUMe MaKCUMaIbHON MOIIHO-
CTH U OTIPEACIACTCS 110 JaHHBIM TUHAMUYECKOTo pacyera, MH.

Jlns  aBTOTpakTOpHBIX jaBurarene ¢; = 0,3...1,0 MIla wu
q2=0,2...0,7 MI1a.

OrnpenensieM yClIOBUE TapaHTUPOBAHHOM MOJIBMYKHOCTH TTOPIITHS
B rOPSIYE€M COCTOSIHUM.

B nensx npenoTBpaleHus 3aKJIMHUBAHUA MTOPILIHEN npu padboTte
JIBUTATEN pa3Mepbl JUAMETPOB TOJIOBKH D, U 00ku D,, TOPIIHS
ONPEALIIAIOT, UCXOAS U3 HATUYUS HEOOXOIMMBIX MOHTAKHBIX 3a30POB
A. 1 A, MEXIYy CTEHKAMU LUJIUHJAPA W MOPIIHSA B XOJIOJJHOM COCTOSI-

HHUH.
- A, =(0,006...0008)- D u 4, =(0,001...0,002)- D - ans amo-

MHHHMEBBIX MOPIIHEN C HEPA3PE3HBIMU FOOKAMU;
- A,=(0,004...0,006)- D A, =(0,001...0,002)- D - nns 4yryH-
HBIX MOPIIHEH.
JluaMeTpsl TOJIOBKU U FOOKH TOPIIHS ¢ YY€TOM MOHTQKHBIX 3a-
30pOB OMNPEALIIAIOT 10 hopMyam
D,=D-A_, mvm;
D, =D-A,, mm.
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[IpaBUIIBHOCTH YCTAHOBJIEHHBIX pa3mepoB D, u D,, IPOBEPSIOT B
ropsiieM COCTOSIHUM 1O popmysiam
A,=D-l+a, (T, -T,)]-D,-1+a, - (T,-T,)], mm;

Ay=D1+a, (T,-T,)l-D,, -1+, (T,, —T,)], mm,
rae A, n A, - nnameTpanbHbie 3a30pbl B TOPSYEM COCTOSIHUU

COOTBETCTBEHHO MEXJy CTEHKOW IWIMHJIpA U TOJOBKOW MOPIIHS U
MEXY CTEHKOU IWIMHAPA U FOOKOH MOPILIHS, MM;
Q, U Q, - KOOYPUINEHTBI TMHEHHOTO PACIIMPEHNUSI MATEPUATIOB

LUJIAHAPA U TTOPLIHS;

- UL 4yTyHa &, = O, —11-10° %;

|
- JUIsl IIFOMMHUEBBIX CIUIABOB &), = &, =22 10° E;

Ty, T. n T,, — COOTBETCTBEHHO TeMIIepaTypa CTEHOK LIMJIMHJPA,
TOJIOBKU U FOOKH MOPIIHS B pabodem cocTtossu, K;

- IpU  KUIAKOCTHOM oxnaxaenun 71, = 383...388 K,
1.=473...723 Ku T,, =403...473 K;
- [pu BO3AYWIHOM oxnaxaeHun 71, = 443...463 K,

1.=573...873KuT,=483...613 K;
T, — HayanpHas TemIeparypa uuianHapa u nopuss, 7, = 293 K.

7.2. PacueT nNopuiHeBOro najbua

OCHOBHbBIE KOHCTPYKTHUBHBIE pa3Mepbl MOPILIHEBBIX MAJIbLIEB
npuHUMaeM 13 TabJ1. 7.1 Wiau no JaHHBIM MPOTOTHIIA!

- HapyXHBIM THaMETp Mmajibna d,, MM;

- BHYTPEHHUM AMAMETP najbla ds, MM;

- JUIMHA najabua [, MM;

- JJIMHA OIMOPHOI MOBEPXHOCTH Iajblla B TOJIOBKE IIATyHA
L, MM;

- pacCTOSIHUE MEXJ1y TopLiaMu O0O0BIIIEeK b, MM.

Ha3nagaem Tunm u Marepuan NOPIIHEBOrO Maibla, MOIYJb
yOPYrocTu MaTepuana.

OnpenensieM paCy4eTHYIO CUITY, I€MCTBYIOLLYIO HA Majell

P=p, e F,+&-P;, MH.
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J171s1 0eH3MHOBBIX JIBUIaTeJIei:
- MakCHMajbHOE JaBJICHUE I'a30B HA HOMHUHAJIBLHOM De-

=p,, MllIa;
k — k03¢ PuMeHT, YUUTHIBAIOLIUK MacCy MOPIIHEBOTO Majblia,

k=0,76...0,86;
P; — cuna MHEpUMM IIOPIIHEBOM TpyHIbl IPpU N = Ny,

P;=-m, @, R-(1+1)-107°, MH;

pZ max

JKUME PaOOTBL, P, 1

@,, - YIJoBasi CKOPOCTh IPU MaKCUMaJIbHOM KPYTAILEM MOMEH-

T-n
_ M -1.
TC, C()” = ,C 7,

30
1, — YacTOTa BPALIEHU TP MaKCHMAJIbHOM KPYTSIIEM MOMEH-
Te, MUH !,

Jlast nu3ens:
Pz max - MAKCUMaJbHOE JIaBIIEHHE Ia30B Ha HOMHHAIBHOM pe-

x)ume padotsl, Mlla;

k — k03¢ PuMeHT, YUUTHIBAIOLIUK MacCy MOPIIHEBOTO Majblia,
k=0,68...0,81;

P; — cuia uWHEpUMM NOPIIHEBOM TIPYNNbl NpU N = Ny,

P;=-m, @ R-(1+1)-10~°, MH;

@, - yrioBasi CKOPOCTh IPU HOMHUHAJIBHON YacTOTE BpAaLIEHUS,
_Ten, .

60” -
30
n, — HOMHHaJIbHAsA 4aCcTOTa BpallCHUA KOJICHYAaTOro Baja, MHH_].
Onpeﬂem{em YACIBbHOC NaBJICHUC MAJIblla HA BTYJIKY HOleHeBOﬁ

I'OJIOBKH HIaTyHa

* *

qu = L, Mlla,
d, -l
r7e d, - HApyKHBIM THaMeTp Mayiblia, M;
[, - JJIMHA OTIOPHON MOBEPXHOCTH MAJIbLIA B TOJIOBKE IIATYHA, M.
OmnpenensieM yielIbHOE JaBJICHUE Mablla Ha OOOBIIIKH

P vm
dn ' (ln - b)

rae [, — o01asa JutnHa nanblia, M;

n 27

6 =
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b — paccTosiHue MEX]1y TOpLaMu O0O0BIIIEK, M;
(ln —b) — JUTMHA OTIOPHOH OBEPXHOCTH TIAJIbIIA B GOOBIIIKAX, M.

Jns  aBToMOOMJIbHBIX ABurarened ¢q, = 20...60 Mlla wu
qs = 15...50 MlIla. HuxxHue npenensl 11l TPAaKTOPHBIX JIBUTATENICH.
OrnpenensieM HalpsKEHUE U3ruda B CPEIHEM CEUECHUH MallbLa
P-([,+2-b—-15-1
— (n . ’53“‘),MH3,
1.2-(1-a7)-d,

us

raie o =—% - OTHONIEHHE BHYTPEHHEro auaMeTpa Majbla K
n

HapyKHOMY.
s aBTOMOOMJIbHBIX U TPAKTOPHBIX JIBUTaTeen
lo,,] = 100...250 MITa.

OmnpenensemM KacaTeIbHbIE HAPSDKEHUS Cpe3a B CEUCHUSIX MEXK-
ny 00OBIIIIKAMU U TOJIOBKOM 1IATYHA

- 085-P-(I+a+a’)
(1-a*)-d?
Jl1s aBTOMOOMIBHBIX ABUraTeneii [7] = 60...250 MITa.

OmnpenensieM HaumOOJIbIIEE YBEIMUYCHUE TOPU3OHTAIBLHOTO JIHAA-
METpa Majblia Ipu OBAIU3aLUH

3

135-P (1+a [ 3]
nmax — E-ln -(1—0,’] -0,1—(0!—0,4) , MM,

rne E — Moaydb  yHOpyrocTd — MaTepualia  majblia,

E=(2,0...2,3)-10° MIIa.
3nauenue Ad,, ,,,, He 10mKHO ObITh Oosbme 0,02...0,05 Mm.

, MlIla.

OrnpenenseM Hanps)KEHUs OBAJIM3ALMU HA BHEIIHEHW MOBEPXHO-
CTH TIaJIbIIa:
- B TOPU30HTAILHOM I0CKOCTH (7 = 0°)

00 = L. 0,19-(2+“)'(1;“)— L L oi-(a-04)] mia;
l (1-a) -«
- B BEPTHKaJIbHOM Mm1ockocTH (y = 90°)
. 15-P 0.174. (2+a')-(1+a')+ 0,636
[ -d (1-a) -«

n %n

n %n

} : [0,1 ~ (- 0,4)3],Mna.
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OnpeznensieM HaNpsHKEHUS OBAJIM3ALIMU HA BHYTPEHHEH MOBEPX-
HOCTH NaJIbIIa:
- B TOPU30HTAILHOM I0CKOCTH (7 = 0°)

__15P O,19_(1+2-a)-(1+a:)+ L1 o= (@—0.4) | mrta:
‘0 ln'dn (1—6()2-&’ I-a
- B BEPTUKAJILHOM 110cKocTH (7 = 90°)
Gror = 2L 0174 U200 12 @) 0636 o, (54 mta
l,-d, (l_a) a I-a

HauGosnpiee HanpsikeHHe OBaJM3allMi BO3HUKAET Ha BHYTPEH-
HEW TOBEPXHOCTH TMaJiblla B TOPU30HTAJIBLHON IUIOCKOCTH, OHO HE
JIOJIKHO NPEBBIIATD O, o = 300...350 MIlIa.

7.3. PacueT nopuiHeBOro KoJblia

OCHOBHBIC JTaHHBIC JIJI pacyeTa MPUHUMAIOTCS U3 Tadu. 7.1.

Haznagaem MaTepuai Kojblia U OnpeessieM MOYJb YIIPYTOCTH
marepuasa:

- JUIS CEPOTO JIETUPOBAHHOTO uyryHa, £ = 1,2-10° MI1a;

- 115 ceporo uyryHa, E = 1-10° MI1a;

- g ctanu, E = (2,0...2,3)-10°> MI1a.

OnpenenseM cpeaHee 3HAYEHHUE JABJICHUS KOJIbLla Ha CTEHKY
LUJIUHApA

Ag

Pep =0152 - E- L » MIIa,

BB

rae £ — Moayinb ynpyroctu marepuana Koibia, Mlla;

t — paauanbHas TOJIIMHA KOJIbLA, MM;

A, — pa3HOCTh MEXIYy BEIMYMHAMM 3a30pOB KOJIblLAa B CBOOOJ-
HOM HW paboyeM COCTOSHUSX, MpUHUMaeTcs w3 Tabm. 7.1 wumm
Ay = 3-t, MM.

JlonycTumoe cpeiHee pajiiaibHOE J1aBJICHUE:

- JUIs1 KOMIIPECCUOHHBIX Kouel, [pep] = 0,11...0,37 MIla;

- ISl MAaCIIOChEMHBIX Kouiell, [pe,] = 0,20...0,40 MIIa.
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OnpeznensieMm AaBJIeHUE KOJIbLIA HA CTEHKY LMJIMHJpaA B pa3ihy-
HBIX TOYKaX OKPYKHOCTH

P=DPcp My Mlla,

TAE [x — IEPEMEHHBIA KO (PUILIMEHT, ONIpeIe/IIEMbI U3TOTOBU-
T€JEM B COOTBETCTBHUHM C NMPUHATON (POPMOM MIOPHI AaBJICHUS KOJIbIIA
Ha 3epKayio nuauHapa (tabdn. 7.2 u 7.3).

JIns OCH3WHOBBIX JBHTATEICH MOXKHO IMPUHATH TPYIICBHIHYIO
(dopMy >IIOpHI AaBJIEHUS KOJIbLIA C NapaMeTpaMH, MpeACTaBICHHBIMU
B Ta0I. 7.2.

Jlns quseneit XxapakTepHa KaruIeBUIHAS JII0pa TaBJICHUS KOJIbIa
Ha CTEHKY LIMJIMHpPA C TapaMeTpaMHu, Ipe/ICTaBICHHbIMU B Ta01. 7.3.

Tabnuma 7.2 - [lapameTps! )15 pacyeTa rpyHIeBUIHOMN IOPHI
JTaBJICHUS KOJIbLAa HA CTEHKY LWJIMH/Ipa

Yron y, rpan 0 30 60 90 120 150 180

Koapdpuumenr p, 1,05 | 1,04 | 1,02 1,0 1,02 | 1,27 | 1,50

Hasnenue p, Mlla

Tabnuua 7.3 - TlapameTpsl 11 pacdeTa KarieBHAHOM SITIOPI
JTABIICHUS KOJIbIAa HA CTEHKY IMJIMH]IpA

Yron y, rpan 0 30 60 90 120 150 180

Koadduument p, 1,05 | 1,05 | 1,14 0,9 0,45 | 0,67 | 2,85

Hasnenue p, Mlla

[To monmy4yeHHBIM JAAaHHBIM CTPOMM DIIOPY JIABJICHUS KOJIbIIA Ha
CTEHKY LMJIMHApa (puc. 7.2).
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PucyHok 7.2 - Dmropbl CHJI 1aBJICHUS KOJIblla HA CTCHKY LIMJIMHApA:
a — rpyIIEBU/IHAS JIIOpA JaBIEHUH (1711 OCH3UHOBOTO JBUTATEIN);
0 — KarJIeBUIHAs AMI0pa AaBICHUHN (1S AU3es)

Onpenensem HanpsKeHUe U3ruda KoJibiia B paboyeM COCTOSTHUU

D 2
Ou1= 2,61- pcp -[r—lj , MIIa.

OnpenenseM HanpspKeHHE W3ruOa IMpU HAAEBaHUM KOJIbLA Ha

MOPILICHb
4. [1 _0l4-4y

c t

S CEnIG

rae m — kKodpdUIHMEHT, 3aBUCAUMH OT croco0a HaJeBaHUs
koJibla, m = 1,57.
JlomycTuMmble HAIIPSKCHUS pu n3ruoe KOJIbI[a
] =220...450Mllawu 0,,, >0, Ha 10...30 %.

OnpenensieM MOHTaXXHBIM 3a30p B 3aMKE MOPILIHEBOrO KOJIbIIA
A=A +7-D-[e, (T, —T,)—a, (T, —T,)], mm,

] , MlIIa,

lo

us
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rae 4, - MUHUMAJIBHO JOMYCTUMBIA 3a30p B 3aMKe KOJIbIIA BO
BpeMsi pabOTHI ABUTATE]I, 4': =0,06...0,10 mm™m;

O U & - K03)UIMEHTHI JJUHEHHOr0 pacllIMpeHus Marepuasia
KOJIbIIa ¥ THIIB3BI HIIHHAPA, 1/K;

Ty, Ty n T, — COOTBETCTBEHHO TeMIIEpaTypa KOJblla, CTEHOK IU-
MUHAPA B pabodyeM COCTOSIHUU U HavaslbHasi TeMrieparypa, K;

- TIpU  KUJIKOCTHOM oxjaxnaenuu 1T = 473...573 K,
T,=383...388 K;

- Opd  BO3AYWIHOM oxjnaxiaenuu T = 523...723 K,
T,=443...463 K;

-T,=293 K.

7.4. PacueT HIATYHHOI IPyninbl

OmnpenensieM OCHOBHBIE pa3Mephl MIATYHA, MOJIB3YACHh JaHHBIMU
tabn. 7.4 u puc. 7.3.

Tabnuma 7.4 - OCHOBHBIE KOHCTPYKTUBHBIE COOTHOIIECHUS
pa3MepoB JIEMEHTOB IIaTyHa

ben3uHOBBEIE
Bennunna Ju3zenn
JIBUTATEJIN
BHyTpeHHUI 1uaMeTp MOpILIHEBOU
TOJIOBKH (BTYJIKH) d:
0e3 BTYJIKH d=d, d=d,
C BTYJIKOM (1,10...1,25)-d, (1,10...1,25)-d,
Hapy»Hblif TaMeTp TOJTOBKH d.,, (1,25...1,65)-d, (1,30...1,70)-d,
JlMHa nopIiHeBON roJ0BKU
maTtyHa l:
C 3aKPCIUICHHBIM ITAJIbLEM (0,28...0,32)-D (0,28...0,32)-D
C IJIABAIOIIUM NaJIbIIEM (0,33...0,45)-D (0,33...0,45)-D
MuHuMasibHas pajidalibHas TOJIIMHA
CTEHKH TOJIOBKH /1, (0,16...0,27)-d, (0,16...0,27)-d,
PajranbHas TOMIMHA CTCHKU
BTYJIKH S, (0,055...0,085)-d, | (0,055...0,085)-d,
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dz0n
d
n
.

dUJ.LU

d

Pucynok 7.3 - PacueTHas cxema MaTyHHOU TPYIIITBI

Ha3nayaem mMatepuan matyHa (ctajib) U BTYJIKH (OpoH3a).
Omnpenensiem IS MIaTyHA:

- MmoAyJib ynpyroctu marepuana E, Mlla;

- k03dpunueHT nuHelHoro pacmupenus o, 1/K;

- ipeaen npoyHoctu o, Mlla;

- TIpeAes ycTanocT npu u3rude o-1, Mlla;

- IIpees yCTAIOCTHU IIPU PaCTsSKEHUH G-1p, MIIa;
- IIpees TeKy4yecTu 6., Mlla.

Jlns matepualia BTYJIKHU:

- moayab yaupyroctu E, Mlla;

- KOO(QULHEHT JIMHEHHOT 0 PACIIUPEHUS Oy, 1/K.
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7.4.1. PacyeTr mopuiHeBO# roJIOBKH 1IATYHA

OnpenensieM CyMMapHOE YJEIbHOE JIaBJICHUE HA MOBEPXHOCTHU
CONPUKOCHOBEHHUS BTYJIKU C I'OJIOBKOU

Py— A+A,  MIa
d% +d? d*+d? o
SO +ﬂ 5 !’5_#
2 2
d - di?OJT —d + d _dn

E

27

E

e8m

rae A - HaTar nocaaku Opon3oBoit BTysku, A = 0,04...0,045 mm;
A =d-(,, —a,,) AT —TemnepaTypHblii HATAT, MM;

&, - TEpMUYECKUN KOAIPPUUUEHT pacuIMpeHus: OpoH30BOU
BTYJIKH, &, = 1,8:10° 1/K;

A oon
JIOBKH,

- TePMUYECKUN KOA(PDUIIMEHT pacUIUpeHus CTaIbHOU To-
=1,0-107 1/K;

AT — cpennsst Temiieparypa MnoJorpeBa rojioBKM U BTYJIKH IPU
pabote nurarens, AT = 100...200 K;

dz0, d M d, — COOTBETCTBEHHO HApPYXHBIM M BHYTPEHHUU JIHMa-
METPbI I'OJIOBKH M BHYTPEHHUH JTUAMETP BTYJKH, MM (Tabi1. 7.4);

u - koapdurment Ilyaccona, u =0,3;

E,, - MOJlyJIb YIIPYTOCTH MaTepuaia marysa, £, = 2,2-10° Ml1a;

Eenm - MOYJ1b yOpyrocTu Marepuasa BTYJIKH,
Een=1,15-10° MITIa.

OrnpenensieM HaNPsHKEHUE HA HAPY)KHOM MOBEPXHOCTHU TMOPIITHE-
BOM I'OJIOBKH IlIaTyHa

2o

2.d?
d2 g

2o

o,=Pp MI]a.

OmnpenensieM HanpspKEHUE HA BHYTPEHHEW MOBEPXHOCTU MOPIII-
HEBOU I'OJIOBKU IIaTyHA

d> +d?
Oy = P21 MIla.
d> —d

20
JlonyCcTUMBIE 3HAYECHUS HATIPSKEHU N [O‘H] = [0‘8H] = 150 MITa.
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Pucynok 7.4 - Cxema pacnpeaeneHust Harpy30K Ha MOPIITHEBYIO
IOJIOBKY ILIATyHa:
a) IPU PACTSDKEHUU; 0) MPU CHKATUH

OnpenensieM CyMMapHYIO CUJTy UHEPLIUH MOPLIHEBOM I'PYIIIIbI

P, =-m, o, R-(1+2),H,

r€ m, — Macca IOPILIHEBOM I'PYIIIIbI, KI;
R — paguyc KpuBoIuIa, M;
(W, — YIJ0Basi CKOPOCTHb IIPU HOMHUHAJIIBHON 4acTOTE BpalllCHU,
_Tn, .
a)H - 30 ’ ’
N, — HOMUHAJIbHAS YaCcTOTa BPALIEHUS KOJIEHYATOro Bajia, MUH .
Onpenensiem u3ru0arOnMii MOMEHT B BEPTUKAIbHOM CEUYCHUU

[POYILINHBI

M, ==P;, 1, -(0,00033- @, ..o —0,0297), H-m.

OnpenensieM BEIMUYUHY HOPMAJIBHOM CUJIBI B TOM K€ CEUYECHUU
N, =—P;,-(0,572-0,0008-¢,, ,,»). H

TAC Qui. sa0 — YTOI 3aACIKH, Oy sa0 = 90...130 rpam;

_d,,, +d

Iy =—%*—— - Cpe/IHUIi paJnyC MOPIIHEBOH rOJIOBKH, M.

OrnpeeiisieM BeJIMYMHY HOPMAIbHOM CHIIBI B PACUETHOM Ceue-
HHMH OT PaCTATUBAIOLIEH CUIIBI [l BBIOPAHHOTO YIJIa 3a€IKU 0y a0
N(Dm.md =N, o8Py 550 —0.5- Pjn (8IN @y, 540 —COSPy, 549), H.
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OnpenensieM U3rudarOnMii MOMEHT B Pacue€THOM CEUEHMHU IS

BBIOPAHHOTO YTJIa 3aACIKH (. 300
Mtpm.sad = Mo +N, - Fep °(1_C05¢w.3a0) +

+0,5- P, 1, (SIN @, .0 —COSP,, ..0), HM.
OnpenensieM HaNpsHKEHUE OT PACTSKEHHS B HAPY)KHOM CJIO€

(o)

6-r, +h, 107
=12-My, s P2 +K-Nyy sy |'—— Mlla
p.H @ w. 3a0 @ w. 3a0 ’ ’
hawr -(2r, cp + hawr) lm ' hawr
dE’O-‘I —d
rae h,,, = ——— — TOJIIUHA CTEHKH IOJIOBKH, M;
E, F,, .
K = . - KO3(p(hULMEHT, YYUTHIBAIOIIHMA

Ew ) Fao,-z +E@m ) Fem

HaJIM4YMe 3alPECCOBAHHON BTYJIKU;
2

F,. =(d.,,—d) 1, - niomanp ceueHHs CTEHOK FOJOBKU, MM?;
2

F, =(d-d,) 1, - nnomanp ceueHus BTYJIKH, MM;

OrmpeenseM CyMMapHYIO CHITY, CKHMAIOIIYIO TOJIOBKY
Froe :(pz - po)'Fn _ijax9 H,

ri€ Pj e - MAKCHUMAJbHAs CHJIa HHEPLMH Macchl MOPLIHEBOH
TPYIIIIbI npu HOMHUHAJIbHOM 4acTOTE BpaLICHH,
— 2 :
P max =My, - @ ‘R-(cos@+ A-cos2¢) H;

@ - Yyroj noBopoTa KOJCHYATOro Bajia Ipyu 3HaY€HUU p ., ;

F, — muomae mopuIHs, M2;
P, — JaBJICHWE CropaHus B MauHape aBuraresns, Mlla:

- 1 OCH3MHOBOTO JIBUTATEIA P:=Pys

- JUISL IU3EIS P, = P o -

OrnpenensieM HOPMAJIbHYIO CHITY Il Harpy>KEHHOT'O y4acTKa OT
COKUMAOIIEN CUJIBI

NC’)K‘O sin q)w 3a0 (om 3a0
N e @ w.3a0 — P * P + 5 - SNy, 540 ~
o T

1
—-cos(om_ma] , H.
/A

OnpenenseM U3ru0arolMil MOMEHT JJIsl HArpy KE€HHOT0 y4yacTKa
OT C)KMMAIOLIEH CUJIbI



CHCO NC

HC O
Mcasct;om.sadzpcmc'rcp' p + P -(1—008(0,/“.3(10)—
coe " Tep coic
sin qow 3a0 q’w 3a0 . 1
_{ B - T L P ; "COS Dy 5a0 | |5 H-m,
NC.’)K‘O MC.'J:‘CO
rae U - OnpeAensoT 1o tadi. 7.5.
F, colc F, corc " Tep
Tabumma 7.5
YOI 3a[EIKH @y, 509, TPAT
[TapameTpsl
100 105 110 115 120 125 130
NC.'J:‘CO
0,0001 | 0,0005 | 0,0009 | 0,0018 | 0,0030 | 0,0060 |0,0085
P..
MC.’)K‘O
0 0,00010 | 0,00025 | 0,00060 | 0,00110 | 0,00180 | 0,0030
Foye Fep

OnpenensieM HanpssKEHUs B HAPYKHOM CJIOE€ OT CKUMAKOLIEH
CHJIBI

6-r, cp + hewz
core Y ud. 3a0
hao,q (21, cp + hawz )
107°

oh

i coJl
OnpenensieM 3anac nNpoOYHOCTH

Oppenn =|2-M

+K-N

colc @ wi. 3a0

, MlIIa.

2.0
n. = P

O-p. 1~ Ococ

€

.H
T '[O-p.n T 0 e n +2'O-6H]
riae O-—lp - IpCAC/I BBIHOCIIMBOCTH MATCpHUaliad IIPpHU PACTANKCHHH,
O_jp = 210 MI1a;

Oy — KOXQ(PUIMEHT NPUBEICHUS LHUKIA IPU PACTSHKCHUU-
CKaTHM M 3aBUCALUUN OT MaTepuana, o, = 0,12;
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€5 — KOXPOUIIMEHT, YUUTHIBAIONIUI BIUSHHE TEXHOJIOTUIECKO-
ro ¢akropa (06pabOTKH MOBEPXHOCTH), £, = 0,7.

3amac MPOYHOCTH MOPIITHEBOW TOJIOBKH JIOJDKEH OBITH B Mpeje-
nax ng =2,5...5,0.

7.4.2. Pacuer cTep:KHA HIATYHA

OCHOBHBIMU KOHCTPYKTUBHBIMM ITApaMETPaMU CTEPIKHs 11aTyHa
R
KpoMme JUIMHBL L, =z SBJISIFOTCSL Pa3sMepbl €ro CPEHETO CEYCHHS

(puc. 7.3.). 3HaUE€HHS YTHX MMAPAMETPOB ONPEALIISIOTCS 10 Tadd. 7.6.

Tabnuua 7.6 - [lapameTpbl CTEp)KHS LIATyHA

Pa3mepsl ceuenus
beHn3uHOBEIE ABUTATEIN Jnzenn
11aTyHa
N min (0,50...0,55)-d.., (0,50...0,55)-d..,
hm (192 .. 1 -,-4) hw. min (1-,-2 .. 1 -,-4) hw. min
b, (0,50...0,6)- 1., (0,55...0,75)-1,,
A = L (2,5...4,0) (4,0...7,5)

OmnpexensemM CUIy WHEPUUH, PACTATMBAIOLIYIO IIATYH MPU HO-
MUHAJIbHOM 4aCTOTE BpaLLCHUS

P =-

J

My, — Macca 1aTyHa, Kr;
@), - YIJIOBasi CKOPOCTh NMPU HOMHHAJIBLHOM YacTOTE BpAaIICHUS,

w_%-n” -1.
H 30 » €

(m, +0,275-m,,)-R- @ -(1+A)-107°, MH,

TI€ M, — Macca MOPIIHEBOW I'PYIIIbI, KT;

N, — HOMHHAJIbHAA 9aCTOTAa BpAlICHUA KOJICHYATOI'O BaJia, MI/IH_].
OHPCHCHHGM MAaKCHUMAJIbHYHKO CHIIY O4BJICHUA I'a30B, CKHMARO-

IIYIO LIATYH,

Pzz(pz_po)'FnsMHa

rje po — atmocepHoe nasienue, p, = 0,1 Mlla;
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P, — JAaBIIEHUE CropaHus B nuuHape asurarens, Mlla:
- 1 OEH3MHOBOTO JIBUraTeNls p_ = P

- JUISL M3€JISL P, = D, o

OnpeznensieM CyMMapHOE HANpsDKEHHUE MNPU CKATUU C YYETOM
MPOJOJBLHOTO U3ruda B MIIOCKOCTH KayaHUs IIaTyHa

P, oI’ P,
Ox=7—"%t7 *— %P, =——K,, Mlla,
Fm. cp T Ecm ]x Fm. cp

rae Ky — xko3QQUIMEHT, YYUTHIBAIOMIUNA TPOJOJIBHBIA H3THO,
K.=1,15;

Fy op=hy by - (b, —a,) (h, —2-t,) — niomans mwatyna B
pacu€THOM cedeHnH. OmpeaenstoT IMOCiIe KOHCTPYKTUBHOM Ipopa-
OOTKH LIATyHa, M2,

3uauenus h,,,b,,,a,,,t, TpuHUMaIOTCA U3 Ta0mI. 7.6.

OnpeznensieM CyMMapHOE HANpsDKEHHUE MNPU CKATUU C YYETOM
POJOJIBLHOIO M3ruda B IUIOCKOCTH, MEPIEHAUKYJISIPHOU IUIOCKOCTU
Ka4yaHHs [AaTyHa,

P, o 12 P,
O-\-‘ - é + 5 6 . ut. . Pg — = . Kyﬁ MHEI,
- Ry cp - Ecm 4- Jy Fy, cp

rae Ky — koappuuUeHT, yYUThIBAIOIIHNK MTPOI0IbHBIN W3rH0 111a-
TyHa aBTOMOOWJIBHOTO JBUTATENSA B IJIOCKOCTH, MEPIEHIUKYIISIPHOM
MJIOCKOCTH KayaHus waryHa, K, = 1,05.

JlonycTumble 3HaUYCHUS HANIPSHKEHUM M3ruoa jiexar B rnpejaenax:

- lo] = 160...250 MI1a;

- [6y] = 200...350 MlIla.

OmnpenernsemM HapsKEHUE PaCTKEHUS

P
0,= , MIIa.
u.cp
OHpeﬂeHﬂeM ElMHJIHTy,I[y HaHpH)KeHI/IH B IIJIOCKOCTH X CCUCHHA

aTyHa

(03
o =pr , MITa.

ax

OmnpenensieMm cpeHee HANPSHKEHUE B IIOCKOCTH X CEUYECHUS 111a-
TyHa
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oO,+0
O =% ,MH&.

cpx

Onpeﬂeﬂﬁem AMIUINTYQY HAaIIPpsKCHHUA B IIJIOCKOCTH VvV CCUHCHUA

aTyHa
-0

(028
o —LiinH&

ay=

Omnpenensiem cpeHee HANPSHKEHUE B IIOCKOCTH Y CEUSHUS 111a-
TyHa

(o) y +0 )
Oepy =——L, MIla.
2
OnpenenseM 3anac NpOYHOCTH IATYHA B INIOCKOCTH X
O_1p
n,=
O-a X
+ Qg Oy
80'
OnpenenseM 3anac NpOYHOCTH IATYHA B INIOCKOCTH Y
0
n\! = p‘ b
e O'a }.‘
+Qg 0,
EO'

rne ¢, — Ko3(pQUUUEHT NPUBEIEHUS LIMKJIA NPU PacTsHKEHUU-
CKaTHM Y 3aBUCALIMN OT MaTepuana, o, = 0,12;

Es — KOOPOUIMEHT, yUUTBIBAIOLIUI BIUSHUE TEXHOJIOTUYECKO-
ro pakropa (00pabOTKU MOBEPXHOCTH), £, = 0,7;

O_j, - Tpelel BBIHOCIMBOCTH MaTepuana MpH pacTsiKe-

Huu, MIla.
3amacel IPOYHOCTH 71, W h, A LNIATYHOB HE JOJKHBI OBITH

Hwke 1,5...2.5.

7.4.3. PacueT KPUBOIIUIIHOM I'0JIOBKH HIATYHA

OCHOBHBIE KOHCTPYKTUBHBIE pa3Mepbl KPUBOIIMIIHOW T'OJIOBKU
mIaTyHa onpeaessatoTes mo tabiu. 7.7.

OnpenensieM CHIIy, OTPBIBAIONIYIO KPBIIMIKY HHM)XHEH TOJIOBKHU
aTyHa
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Pi =2, o R-[my +my )+ 2)+ (my = my, )| -1070, MH,

J X.X. max
TI€ M, — Macca MOPIIHEBOU I'PYMIIbI, KT
m,, , - Macca IIaTYHHOW IpYIIbl, COBEPIIAOIIAasi BO3BPATHO-

nocTymnaresbHOe ABWKenue, m,, , = (0,2...0,3)-m,,, kr;

m,, , - Macca aTyHHOW IpyIIibl, COBEPIIAIOIIAs BPALATEIbHOE
IABWKEHUE, m,, , = (0,7...0,8)- m,, , KT

my ~ — ~ Macca  KpBIIIKM  KPUBOIIMIIHOM  TOJIOBKH,

My, = (0,20...0,28) -m,, , KT;

@y v max - YTIIOBasl CKOPOCTb IPU MaKCUMAaJIbHOM yacToTe Bpa-
7T My x. max 1
ILEHUS XOIOCTOTO X0Ha, @y \ max = —%9 %

Tabmuua 7.7 - [TapameTpbl KpUBOLIMUITHOM I'OJIOBKH 1IaTYHA

Pa3mepb! KpUBOIIMITHOM rOJIOBKU ITpenenbr n3MEHEHUS
Jlnamerp maTyHHOU WEHKH dy. 1, (0,56...0,75)-D
TommuHa CTEHKH BKJIAIBIIIA 1,

TOHKOCTEHHOI'O (0,03...0,05)-d....
TOJICTOCTEHHOTO 0,1-d.. w

PaccTosiHre Mex1y LIaTyHHBIMHU 00JITaMU ¢ (1,30...1,75)-d. i
JIIMHa KpUBOIIMITHOM I'OJIOBKU [ (0,45...0,95)-d,.. i

OnpenensieM HaNpsKEHUS U3ruda KPbILIIKK U BKJIA IbIIIA

0,023-¢ 04
O-u3 - Pj . +

J, F.

_£l+ J )'Wus P

TIE ¢ — PACCTOSIHUE MEXK/1Y OCSIMU IIATyHHBIX 0OJITOB, M;

, MlIIa,

J¢ — MOMEHT HHEPLUMU PACUYETHOIO CEYCHMUs BKJIIAJbILIA,
_ 3 .4
Jo=1.-1;, M7
J — MOMEHT WHEpIUM PACUYCTHOTO CEUCHHUSI KPBILIKH,

J=1.(05c—n), u*
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W.s — MOMEHT  COIPOTUBIICHUSI PACYETHOIO  CEYCHHH,
2
l.-(05-c—n)
_ ' 3.
Wu3 =-* » M7,
6
ri — BHYTPEHHHM  paaudyC  KpPHUBOILUUIHOW  TOJIOBKH,

n=05-(d, ,,+21t),M

. — TAAMETD MIATYHHOU IICHKH, M;
f, — TOJIIIMHA CTEHKH BKJIAJbIIIA, M;
Fp, — 1uomaae  CeYEeHHUs  KPBIIKKM € BKIAJBILIEM,
_ _ 2
FKp—lK-O,S-(c d, .),M.

I[OHYCTHMOG SHAYCHHUC HAIIPAKCHUA HU3MCHIACTCA B IIPCHACIIAX
[,,,]=100...300 MITa.

.

7.4.4. Pacyer IaTYHHBIX 00JITOB

CumTaeTcs, 4To MIOTHOCTh CThIKa 00ECIIEUYUBACTCS YCIOBUEM
b, > P;,

rae P;— cuna unepuuu, oTpbiBaromias Kpoliky, MH;

P,, — cuna npeBapuTeIbHOU 3aTskku, MH.

OnpenensieM Cuily npeBapuTeSIbHON 3aTSHKKU
(2..3)- P

np . ’ ’
p 16

rJ€ 5 — YUCIIO MIATYHHBIX OOJITOB.

OnpenensieM BEJIMYUMHY CYMMApHOM CHJIbIL, PACTATUBAIOLIECH
00T,

_ J
ly o — Pnp +—
lg
rae Y - ko3pdUIMeHT 0OCHOBHOM HAarpy3ku pe3b00BOr0o COEJIH-
Henus, ¥y =0,15...0,25.
OnpenensieM MakKCUMaJIbHOE HaINpshKEHUE B 00JIT€ B CEYEHUH 110

BHYTPEHHEMY JUAMETPY

, MH,

4. P
Jr-dgz’

riae d, — BHyTpeHHUM quameTp pe3sosl 6onra, d, =d —1,4-t m;

O-max -

MlIa,
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d — HOMUHAJIBHBIN AUaMeTp 0oJITa, M;

t — 11ar pe3bOosbl, M.

OrnpenensieM MUHUMAJIbHOE HANPSDKEHUE B ATOM K€ CEUSHUH
= LPH‘; , MlIIa.
-d,
OnpenenseM aMIUIUTYAy HalPsyKEHUS

o = O max ;O-min . MITa.

o

min —

a

OnpenensieM cpeiHee HalpsKEHUE

O-max + o-mi

O-cp =

L Mlla.

Onpez[em{eM 3aI1acC MpoO4YHOCTH OoxTa JJIA BBIGpElHHOI‘O MaTCpH-
ajia CTaJiu

oy,

o, (Ks/€5)+as -0,

rae Ky, — koo pUuIueHT KOHIEHTpaluu Hanpsbkenuit, K, = 3...6;
O - KOO(D(PUUMEHT IpUBEACHUS IUKJIA MPU PACTIKEHUU-
c)Katuu, o= 0,17,
£s — KOO(PPUIMEHT, yUUTHIBAIOIUI BIHSIHHE TEXHOJIOIMYECKO-

ro pakropa (00pabOTKM NOBEPXHOCTH), €45 = 0.9.

O.1p - JONMYCTUMOE 3HAYEHUE HAINPSHKEHUs YCTAIOCTH IIPU pac-
TSOKEHUH-CKATUH JIJIs1 MaTepualia 001ToB, 0.7, = 380 MIla.

3arac npo4YHOCTH HE JOJLKEH ObITh HUXKE n = 2,0...2,5.
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8. Pacuer cucTeM ABUraTessi
8.1. Pacuer cucreMbl CMA3KH

Pacuyer MmacJISHOro HAcocCA.

Onpeﬂeﬂﬁem 0611166 KOIHYCCTBO TCILJIA, OTBOAHUMOI'O MaCJIOM OT
JABUTIATCJIA

0, =(0,02..0,3)-Q,, xJlx/c,
riac QO - 06H_[ee KOJIMYCCTBO TCILIOTHI, BBe,I[eHHOﬁ B ABHUT'ATCIIb C
TOIIJIMBOM (OﬂpeﬂeﬂHeTCH [0 JaHHBIM TCIIIIOBOI'O 63.J13.HC3. JBHUI'aTC-

ns), JIx/c.
Omnpenensem o0beM Maciaa, HEOOXOIUMBIHN ISl OTBOJIa TAHHOTO
KOJIMYECTBA TeIlIa

VM = QM 5 MB/ C,
Py Cu- AT M
rae p,, - IWIOTHOCTh Macjia, O, = 900...940 KF/MS;
C,, - CpeAHss TCIJIOEMKOCTh Macia, ¢, = 2,094 KI[}K/(KF-K);

AT - TeMneparypa HarpeBa Macia B asurarene, A7 =10...15 K.
JUist crabuiu3auuy JaBiIeHUs Macjia B CUCTEME JBUTaTells pac-
X0J1 MacJia 00BIYHO YBEJIMYUBAIOT B 2 pasa

V =2.V. . v,

Jl’f ?

OnpeznensieM pacyeTHYIO MIPOU3BOAUTEILHOCTh HACOCA C YYETOM
YTEUYKH U IPYTUX HEU30EKHBIX IOTEPH

un

rae 77, - 00beMHbIN K03 punueHt noxayy, 7, = 0,6...0,8.

[Ipu pacuere Hacoca MPUHUMAIOT, YTO O0BEM 3y0a MIECTEPHHU
paBeH 00BEMY BITaJUHBI MEXTY 3YObsSIMH.

V=x-D, h-b, W,

rae D, - [uaMerp Ha4YaJIbHOW OKPYXKHOCTH IIECTEPHH,

D,=z-m,m;

Z — YUCIIO 3yOBbeB MIeCTepHU, Z = 6...12;

m — MOZYJIb 3alleTieHust, m = 3...6 MMm;

h — BbIcOTa 3y0a, h=2-m, m;

b — nnuHa 3y0a, M.

OmnpenensieM 4acTOTy BpalleHUsI IIECTEPHU HAcoca
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u, - 60 p
n, = , MUH™',
7D

TIC U, - OKPY’KHasi CKOPOCTb BpallleHns IIecTepHy, u,, = 8...10 m/c;
D — nuaMeTp BHEITHElH OKpyKHOCTH mecTepan, D =m-(z+2), M.

OnpeaenseM 1iMHy 3y0a IIECTEpHU Hacoca
60-V,

b= , M.
2
2-T-m”-z-n,

OmnpenensieM MOIIHOCTb, 3aTPAYMBAEMYIO HA MPUBOJ] MACIISTHOTO
Hacoca,

V,'p
N,=—" " kBr,
My 10r
rne 17,, - Mexanndyeckuid KIIJI wmaciaHoro Hacoca,

M., =0,85...0,90;
p - pabodee JaBIICHHE Maclia B CHCTEME:
- p =0,3...0,5 MIla — ni1st 66H3UHOBBIX JIBUTATEIICH;
- p =0,3...0,7 MIla — nisg nuzenen.

Pacuer MmacisiHOro paguaropa.
OnpeznensieM IIOLIAAb TOBEPXHOCTH Pauaropa, yYUTbIBasi, 4To
IIPA MOCJIEIOBATEIBHOM BKJIOYEHHUHU €r0 BCE TEILIO, OTBOJUMOE Mac-

JIOM, TIEpeIaeTCs Yepes3 paiuaTop B OKPYKAIOIIYIO Cpey

Q.-’Iri

F:-H' = ? Mz’
kM '(tM.cp _reoa’.cp)

rae k, — Ko>(pGUIMEHT TemIonepeaaun oT Macia K BO3IYXY,
k,, = 30...120 Br/(m*rpan);

'wep — CpelHAS  TeMmmeparypa Macia B paauartope,
yep =715...85°C;

leoscp - CPCAHSIE TeMIepaTypa IPOXOJILIEro  BO3/AyXa,
t =40...45 °C.

803.Cp
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8.2. PacueT cucTeMBbI OXJIAKICHUS

OnpenaensieM oAb MOBEPXHOCTH OXJIAKIACHHUS paguaTopa

O , M2,
T

rac Qg - KOJIMYCCTBO TCIIJIOTHI, OTBO,H,HMOﬁ KHUAKOCTBIO OT JABH-

F =
pac k- (TJIC. cp ~ * 6030. cp)
raress (Oepercs U3 JaHHBIX TEIJIOBOTO OanaHca), J{x/c;
k — xoddduImeHT Teronepeaayl 4yepe3 CTEHKH pajauaTopa,
B1/(M%K):
- JUIS JIEFKOBBIX aBTomMooOmieit, k = 140...180 BT/(M2°Fpa,£l);
- 1151 TPY30BBIX aBToMoOmeH, k = 80...100 B1/(M*rpan);

T 5. cp - CPEIHSS TEMIIEPATYPA XKUAKOCTH B pajguarope, K;
T

6030.cp - CPCIHSI TEMIepaTypa BO3/yXa, MPOXOJSILEro 4Yepes
paauarop, K.

OrnpenensieM KOJIMYECTBO KUJIKOCTH, TPOXOAAIICH Yepe3 pajua-
TOp,

G, =—— %\,
P Coe 'ATofc
rae pP,. — CpeaHss IUIOTHOCTh OXJIAXKJAKOLIEH KUIKOCTH,

£, = 1000 kr/M? — 1st BOMIBL

C,e — CPEIHSS TEIUIOEMKOCTD XKUIKOCTH,
C,e = 4187 JIx/(xr-K) — st Boasl;

AT . —TemieparypHbIil Iepenaj ) KUAKOCTU IPU IIPUHYAUTEIIb-
HOH IUPKYJISIUUU B cucTeme oxnaxaenus, AT ,. =6...12 K.

OrnpenensieM MacCOBBIM PacXoj KUAKOCTH, MPOXOJSIIEH Yyepes3
paauartop,

G, =G, p,.,Kr/c.
OmnpenenseM KOIMYECTBO BO3AyXa, IPOXOISAIIEIO 4epes3 paaua-
TOP,

G = Qoo , Kr/c,

6030 —

6030 Teo:f()
rae Q,,,, - KOIHYECTBO TEIUIOTHI, OTBOJMMON OT JBHUTATEIS

nepenaBaeMoe OT KHUIKOCTH K BO3AYXY, O, ., = O,, x/c;
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Cgoz0 - CPEIHSSA TEINIOEMKOCTD BO3IYXA, Cgypy= 1000 [x/(kr-K);

AT, ., - TEMIIEpATypHBIN IIepenaj BO3JAyXa B pELIETKe pajua-
Topa, AT,,,, =20...30 K.

OnpeznensieM CpeAHION TEMIEPATYPY KUJIKOCTU B pauaTope
TJIC. ex T (TJK.‘. 6x ATJIC)

2 * E

rae T, . - TemMIepaTrypa KUIKOCTH IpeJ BXOJIOM B pajguaTop,

T o =353...368 K.

OnpenensieM CPeIHIO TEMIIEpaTypy OXJIAXKIAAIONMIEro BO3AyXa,
POXO/ALLEro Yepe3 paauarop

T -

JHc. cp

T . T803(3.6*x + (T603(). ax AT803(3.)
6030. cp ? s I\,
rac Teo3a. ey ~ TEMIIEpaTypa BO3ayXa IICpea paaruaTopoMm,

T oo ex = 310...315 K.

OnpenensieM MOIIHOCTh, HEOOXOAUMYIO JIJIsi TPUBOJIa BOASHOTO
Hacoca,

_ G, Py
10007, 77, 11,
r7ie p,. — HAmop, CO3/JaBaeMbIii HACOCOM CHUCTEMBI OXJIAXK ICHUS,
P =0,06...0,10 MIla;
n,, — ruapasanyeckuii KI1/I nacoca, 77, =0,6...0,7;
n, — Mexanuueckuit KI1/] nacoca, n7,, =0,7...09;
n,, — ko3 duuueHt nogauu Hacoca, 7, = 0,8...0,9.

” kBT,
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9. NIPUMEPBI TEIIVIOBOI'O PACYETA IlBI’IFATE.JIEfI
9.1. Tens10BOI pacueT au3esi 06e3 HaAAyBa

HcxoaHble JaHHBbIE:

- TUI JBHUTAaTeNsl - 4YeThIPEXTaKTHBIA, BOCBMHIIWIMHIPOBBIM,
V-o00pa3Hsblii, 0€3 HaaayBa;

- 4acTOTa BpaleHMs KOJIeHUaToro Baia n = 2600 mun';

- CTeNEHb Ckatusa € =17

- 3¢ pexTuBHAs MotHOCTH N, = 154 kBT;

- k03 punmeHT n3obpITKa Bo3ayxa & =1,40;

- BUJ TOorutuBa - au3enbHoe TormmBo «JI» "OCT 305-82, cpennuii
ynemMeHTapHbii cocta: C = 85,7%, H=13,3%, O = 1%.

Tonauso.
OrnpenennsieM HU3MIYIO TEIJIOTY CropaHus TOIJIMBa
Q, =3391-C+125,60-H-10,89-(0-5)-251-(9-H+W)=
=33,91-0,857+125,60-0,133-10,89-0,01-2,51-9-0,133 =
= 42,5 MJx/xr = 42500 xJIx/Kr.

ITapameTpsl padouero TeJia.
OnpenensieM TEOPETUYECKH HEOOXOJMMOE KOJIUYECTBO BO3yXa
IUTst cropaHus | Kr ToTuiiBa

[, :1-(8C+8H—O):1-[8-0,857+8-0,133—0,01):14,521<r,
0,23 \3 3

»

[ 14,52
L =2 =—"—=0,501 kMOJIb, = 28,96 - [u1s BO3aAVXA.

OHpeﬂeHﬁeM KOJIMYCCTBO CBCIKCTO 3apAaaa
M,=a-L,=140-0,501=0,702 kMob.

Onpeﬂem{eM 061].[66 KOJIMYCCTBO IMMPOAYKTOB CrOpaHUsA

M, =af°Lo+%+3%=1,40.o,501+0*133+0501

=0,735 kmMo01b.

IMapameTpsbl OKpYyKaOLIE CPpeAbl U 0CTATOYHbIE I'a3bl.
[Tpunumaem atmocdepnsie ycnosus: p, =0,1 MIla, 7, =293 K.

[Tpunnmaem JAaBJICHUE HaJlTyBOYHOTO BO3/yXa
Py =P, =0,1 MIla.
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OrmpenensieM Temrepatrypy Bo3ayXa 3a KOMIPECCOPOM
r.=T,=293 K.
OrmpenensieM 1aBjieHUE U TEMIIEPATyPy OCTaTOYHBIX Ia30B
p, =(1,05...1,25)- p, =11-0,1=0,11 MI]a.
[Tpuanmaem 7', =800 K.

IIpouecc Bnycka.
[IpuHuMaeM TemriepaTypy noaorpeBa cBexero 3apsjaa At = 30°.
OrnpenensieM MIOTHOCTD 3apsiia Ha BITYCKe
_pe-10° 0110
Pe= R T~ 287.293
rae R, = 287 JIx/Kr-rpajn - yenbHas ra3oBas IOCTOSTHHAS JIJIs1 BO3-

nyxa.
B cooTBeTCTBUM CO CKOPOCTHBIM PEKUMMOM PadOThI JBUraTels U

Ka4eCTBOM 00paOOTKM BHYTPEHHEW MOBEPXHOCTH MpUHUMaeM Ko3(du-

=1,19 xr/m’,

[IUEHT (ﬂ2 +<., )= 2,5, a cKkopocTh ABUXKEHUS 3apsija @, =80 m/c.
OmnpenensieM NOTEPH JaBJICHUS HA BIyCKE B IBUraTENb
(%2 +& @2 p.1070) 25-80%1,19-1076
Ma = =

2 2
OnpenensieM 1aBJICHUE B KOHIIE BITyCKa
P, = P —A4p, =0,1-0,0095=0,0905 MIIa.

OnpenensemM K03 PUIUEHT OCTATOUYHBIX Ta30B
_T.+4a  p, _293+30 0,11

=(0,0095 MlIla.

;Vr = 0,031 1.
T. &-p,—p, 800 17-0,0905-0,11
OmnpenensieM TeMIiepatypy B KOHIIE BIIyCKa
T - TK+4I+;/,, T, _ 293+30+0,0311-800 _3374 K.
1+, 1+0,0311
OmnpenensieM k03D PUIMEHT HAMOTHEHUS
T.-(e p,—p,) _ 293-(17-0,0905—0,11)_081

T = (T.+4)-(e-1)-p.  (293+30)-(17-1)-0,1

IIpouecc cxarus.
OmnpenensieM nokazarenb aauadartsl cxatus k; B GyHkuuu € u 1,
no Homorpamme (puc. 3.1).
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OHpeﬂ,eﬂﬂeM ITOKA3aTCJIb ITOJIMTPOIIbI CXKATHA 1) B 3aBUCUMOCTH OT

ki, KOTOpBIA ycTaHaBIMBaeTCs B mpeaenax k;=1,369,
n;:(k;+0,02)...(k;-0,02)21,368.
OHpeﬂ,eﬂﬂeM AJaBJICHUC B KOHLIC CXXATUA
p.=p, €M =0,0905-17"% =436 Mlla.
OnpenensieM TeMIiepaTypy B KOHIIE CXKATUS
T.=T, " =337,4-17"%"1 =957 K.

OrnpenennsieM CpeIHIOK MOJISPHYIO TEIUIOEMKOCTh 3apsia (BO3Ay-

xa) B KOHIIC CXKATHUA (663 y4ucTa BJIMAHUA OCTATOYHBIX I‘&BOB)

uC,. =20,16+1,74-107 - T, = 20,16 +1,74-107> - 957 = 21,83

kJ>x/(kmonb-Tpan).
OmnpenensieM 9iciIO MOJIEH OCTaTOYHBIX Ta30B
M,=a-y.-L,=140-0,0311-0,501=0,0218 xmous.
OrnpenennsieM Yucio MOJIEH ra30B B KOHIE CKATHs 10 CTOPAHUs
M.=M;+M,=0,702+0,0218 = 0,724 xmo0b.

IIpouecc cropanus.
OnpenensieM CpeIHIOI MOJISIPHYIO TEIIOEMKOCTh MPOJAYKTOB Cro-

paHHuA B IU3CJIC ITPHU ITOCTOAHHOM JAAaBJICHHUH, IIPH o=>1

uC, =202+ 0,92 + 15,5+13’8 —10_4-T, +8,314
Pz o o ¢

k/>x/(kmouib-Tpan).

uC, . =202+ _0’92 + 15,5+13’8 1077, [+8314=
bz 1,40 1,40 -

=0,0025-T, +29,17.
OnpenensieM 4UCIIO MOJIEH ra30B MOCJE CrOpaHus
M,=M,+M,=0,735+0,0218 =0,757 .
OnpenensieM pacdeTHbI KOADPUIHUEHT MOJEKYJSIPHOTO U3MEHE-
HUs pabouei cmecu

g M. _ 0757
M, 0724

[MpunumaeM K03 GUIMEHT UCTIONB30BaHus TermIoTel & = 0,8.

=1,046.

’
TOI‘I[& KOJIMYCCTBO TCILIOTHI, ICPCAABACMOC I'a30M HA YYACTKC CZT T
HHﬂHK&TOpHOﬁ AunarpaMmel 1Ipu CropaHuHr 1 kr ToruiuBa OIpCACIINT-
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Csl Kak
Q0=¢-0, =0,8-42500 =34000 xJx/Kr.
[TpuHMMaeM CTCICHb MOBBIIICHNUS AaBieHus A = 2,2.

TeMnepatypy B KOHIIE CrOpPaHUs ONPEAEIAIOT U3 YpPaBHEHUS Cro-
paHus

S E-Q ___ |
uC,, T, = C +7,-\uC,. +8314-1).
ﬁ Ju pz Z o - LO . (1 + }/r) C (/u ve )

1,046 - (0,0025 T, +29,17) - T, =
B 34000
1,400,501 (140,0311)
0,0026- T, +30,51-T, — 85408 =0.
HOI[CTEIBJIHGM UMCHOIIHUCCA 3HAYCHUA BCIIMYHH, pCHIACM ITOJTYYCH-
HOC KBaJApPAaTHOC YPABHCHHUC OTHOCHUTCIIBHO Tz H HAXO0JHUM €TI0 3HAUYCHHC,
T, =2336,72 K.
Onpeﬂem{eM HaBJICHHUC B KOHLC IMIpoLccca CropaHuid
p.=p. - A=436-22=9,60 MIla.
OrnpenensieM CTENeHb MPeABAPUTEILHOIO PaCIIUPEHUS
. BT, _1,046-2336,72 _1161.
A-T. 2,2-957

+957-(21,83+8,314-2,2).

Ilpouecc pacimupenus.
OmnpenensieM CTENeHb MOCIEAYIOIIET0 PACITUPCHHS

s=f£-Y _146a.

p 1161

[Tokazarenb NONMUTPOINBI PACIIUPEHUS TSI AU3EIIS ONPEIeIIsieM 110
HOMOrpamme (puc. 3.2), yuyuTbiBasi, 4YTO €r0 3HAYCHUE HE3HAUUTEIIHLHO
OTJIMYAETCS OT 3HAUCHMS TIOKa3aTels aauadaTsl pacluupeHus ko.

OnpeneneHue mokaszaress MOJUTPOIbl PACHIMPEHUs MPOU3BOIUM
CJICIYIOIIIMM 00pa3oM.

[To uMmeroIMMcst 3HAYEHUAM O U 1. OIpEeaeIieM TOYKY Iepecede-
HUs. Yepe3 NoslyyeHHYI0 TOYKY NMPOBOAMM TOPU30HTAlb A0 Iepeceye-
HUSI C BEPTUKAJIBIO, OMYIIEHHOW U3 TOYKU ¢ = |, moiyuas Kakoe-To 3Ha-
yeHue ko. [lanee aBuraeMcs 1o 3ToM KpUMBOM k2 0 mepecedyeHus ¢ Bep-
TUKaJIbIO, OMYILEHHOW U3 33JJaHHOr0 3HadeHus . OpJuHaTa TOYKHU Iie-
pecedyeHus JaeT UCKOMOE 3HaYeHue ko.
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na=k»=1,273.
OnpenensieM 1aBiIe€HUE MPOLIECCA PACITUPEHUS
po=Le =2 _0315 MIa,
5" 14,6427
OnpenensieM TeMIepaTypy mpouecca paciumpeHus
Te = 53;2_1 = 1422216’;32_1 =1123,1 K.

[IpoBepsieM NMPaBUIBHOCTh PAaHEE MPHUHATOTO 3HAYCHUS TEMIIepa-
TYpbI OCTaTOYHBIX I'a30B (MOrPEIIHOCTh HE J0JDKHA MPEeBbIIATh S % i
HOMUHAJIbBHOTO CKOPOCTHOI'O PEXKUMA).

Tg 11231 sk
\/ \ 011
1009 = 300-783, 100% = 2,1% .

A: .
T

r

NuaukaropHble napaMerpbl padoyero HMKJIA Au3eJs.
OmnpenenseM cpegHee WHAMKATOPHOE JABJICHHE LHUKIA Uil He-
CKPYTJICHHOW MHAUKATOPHOU JHarpaMMbl

=P |1 (p1)+ 2P -[1— ! ]— 1 -[1— L), mra,
pl _1 |: (p ) n2 _1 5”2_1 nl _1 gn]—l ’
4,36 221,161 1
= 20 (1161-1)+ 220 - _
Pt { et [ 14,6427
! -(1—1) = 0,941 MIla
1,368 —1 171,368—1 ? :
[Mpunumaem KO3(OUIMEHT MOJHOTHI MHIMKATOPHOM JHarpaMMbl
v=0,92.

OnpenensieM cpenHee UHIUKATOPHOE JABJICHUE LUKIA ISl CKPYT-

JIEHHOM MHJIMKATOPHOM AUarpaMmbl
p;=p;v=0941-092=0,87 Mlla.

OmnpenensieM uaaukatopHbid KI1J]
pi-a-l, 0,87-1,40-14,52

Q, p.-n, 425-081-119

=0,432.

i~
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OrnpenensieM UHAMKATOPHBIN y1€IbHBIA pacxo/1 TOIIMBA
0 3,6-100  3,6-10°
Q,-n 425-0432

8 =196,1 r/kBt-u.

¢ PexTHBHBIE MOKA3ATEN AU3ESI.
[TpuHuMaeM npeaBAPUTEIILHO CPEAHION  CKOPOCTb  MOPILIHS
W.cp=9 M/C 17151 TPAKTOPHOTO JU3EJIS.
OmnpepenseM cpeHee TaBJICHIE MEXaHUIYECKUX TTOTEPh
p,=a+b-W, . =0,089+0,0118-9=0,195 MIla,

n.cp.
yuutbiBas, uto a =0,089, 6=0,0118 nnga guszenei ¢ Hepas3aeICHHBI-
mu KC.
Onpenensem cpeanee 3G HeKTUBHOE JaBICHUE
P =pi— P, =0.87-0,195=0,675 MIIa.

Onpenensem mexannueckuid KI1/1
P. 0,675
UJW T T omn
p;i 0870
Onpenensem 3¢ dextuBabid KIT/]
n,=mn;-n, =0432-0,776 =0,335.
OmnpenenseM 2G(EKTUBHBIN YICIBHBINA pacX0/] TOIUIHBA
36100 36-10°
S Q,-n, 425-0335

=0,776.

=252.,85 r/kB1u.

8e

OcHOBHBIE pasMepbl HWIHHAPA U yAeJbHble MapaMeTpbl JABH-
rareJis.

Ncxonst n3 BennuuH 3PEGEKTUBHONW MOIIHOCTH, YACTOTHI BPAILICHUS
KOJICHYATOro BaJa, cpeiHero 3((HeKTUBHOTO JABJICHUS U YMCIIA IIUIAH-
IPOB olpeiensieM padbounii 00bEM OJHOTO LIWJIMH/IpA

30-7,,-N,  30-4-154

v, = =1,323 n.
Dol n 0,675-8-2600
S 120
PaccuurbiBaeM 3HaueHue p = 5 = ﬁ =1,0 B COOTBETCTBUH CO

CTaHJIAPTHBIM 3HAYCHUEM JUAMETPa U XOJ1a MOPIIIHSL.
OnpenensieM 1uamerp UUJIUHpA
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D=100-32 Y 2100321323 _ 1190 s
Tp 3,14-1,0

OxkpyrasgeM auametp 10 D =120 mmM.
Omnpenensiem xon nopiHs S = D-p= 120-1,0=120 mm.
OmnpenernseM MmIOLAAb NOPILIHS

7-D* 3141207
Fn: 4 =

Onpenensem pabouyuit 00beM LUJIMHIPA
~7-D*S  314-1207-120

=11304 mm? = 113 cm?.

Vi 4 =1,36 1.
OnpezensieM CpeJHIOI CKOPOCTh MOPILIHS
Wep= S-n _120-2600 ~10.4 mlc.

3100 3.10°
OnpenenseM 3HayeHUe pacyeTHON 3(PPEKTUBHOM MOIIIHOCTH
N, = Pei-Vy-n _0,675-8-1,36-2600 ~159 KB,
30-7,, 30-4
159 —154

A=————-100% =3,1%.
159

9.2. TemuioBo#M pacuer auseJs ¢ TYPOOHAIYBOM

Hcxoanbie JaHHDBIE:

- TWN JBUTaTelIsl - YEThIPEXTAaKTHbIM, IIECTULIMJIMHIPOBBIH,
V-00pa3ublii, ¢ TYpOOHAIJTyBOM;

- JaBjieHue HaayBHOro Bozayxa p, =0,17 Mlla;

- 4acTOTa BpalleHMs KoJeHuaToro Baaa n = 2100, mun';

- CTCIICHBb CKaTus £ =15

- a(ppexTrBHAsS MOLIHOCTDL N, = 128 kBT;

- ko3 purmeHT u3obITKa Bo3ayxa & =1,95;

- BUJ] TOIUIMBA - Au3enbHoe TOIMBO «JI» 'OCT 305-82, cpennuii
ynemMeHTapHbii cocta: C = 85,7%, H=13,3%, O = 1%.

Tominso.
OnpenensieM HU3IIYIO TEMJIOTY CrOPaHUs TOTUIMBA
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Q, =3391-C+125,60-H-10,89-(0-5)-251-(9-H+W)=
=33,91-0,857+125,60-0,133-10,89-0,01-2,51-9-0,133 =
= 42,5 MJDx/xr = 42500 kJDK/KT.

ITapameTpsl padouero TeJia.
OrnpenensieM TEOPETUUECKH HEOOXOAMMOE KOJHUYECTBO BO3/yXa
IUTst cropaHus | Kr ToTuiiBa

[, :1-(8C+8H—O):l-[8-0,857+8-0,133—0,01] =14,52kr,
0,23 \3 3 \3

»

[, 14,52
Uy 28,96

OmnpezesisieM KOJIMUYECTBO CBEKEr0 3apsia
M,=a-L,=195-0,501=0,977 xmob.

Onpeﬂem{eM 061].[66 KOJIMYCCTBO IMMPOAYKTOB CrOpaHUsA

M, =a-L, +%+3—02=1,95-0,501+0’133+0’01

wm L, = = 0,501 xkmoms, Uz = 28,96 - nus Bo3gyXa.

=1,011 xMo0IIb.

I[MapameTpsbl OKpYy:KaKOLIEH CPpeabl U OCTATOYHBIE I'a3bl.

[Tpunumaem atmocepnsie ycnosus: p, =0,1 MIla, T, =288 K.

[IpuHumaeM NaBieHUE HAAYBOYHOTO BO31yXa (B COOTBETCTBHUU C
3ananuem) p, =0,17 Mlla.

[IpunumaeM Moka3aTeab MOJUTPONBI CKATUS B KOMIIPECCOPE
n, =1,65.

OnpenensieM TeMIEepaTypy Bo3ayxa 3a KOMIPECCOPOM
(n,—1) 1,65-1

T, =T, -(p“J R 288-[0’17] YO 2355 K.
Po 1
OmnpepenseM AaBJICHUE U TEMIIEPaTyPy OCTATOYHBIX I'a30B

p, =(0,75...0,95)- p,, =0,8-0,17 = 0,136 MI]a.
[Mpunumaem 7', =790 K.

»

IIpouecc Bycka.
[IpunumaeM TemiepaTypy noaorpena ceexero 3apsaa Ar =40°.
OmnpenensieM MIOTHOCTH 3apsijia HA BITYCKE
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_ p.-10%0,17-10°
~R,-T, 287355

raie Ry = 287 JLx/kr-rpan - ynaenbHas ra3oBasi MOCTOSIHHAS IS
BO3/yXa.

B cooTBeTcTBMM CO CKOPOCTHBIM PEKHUMOM PabOTHI ABUIrATENS U
Ka4eCTBOM OOpa0OTKM BHYTPEHHEH MOBEPXHOCTH NpUHUMaeM Ko3hdu-

o3 =1,67 xr/m>,

IUCHT (ﬂz +&,, )=3,3, a CKOPOCTb JBMKEHUS 3apsina @, =90 M/c.
OmnpenensieM NOTEPH JaBJICHUS HA BITYCKE B JIBUTaTEIlb
&32 +& ) (@2 p.107°) 33-90%-1,67-107°
Pa = 2 ) 2
OmnpenernsieM 1aBjieHUE B KOHIE BITyCKa
P, =P —Ap, =0,17-0,0223 =0,148 MI]a.
OnpenensemM K03 PUIUEHT OCTATOUYHBIX Ta30B
_T.+4a  p. 355440 0,136

=0,0223 Mlla.

; =0,0327.
T. &€ -p,—p, 790  15-0,148-0.,136
OrnpenensieM TeMiepaTypy B KOHLE BITyCKa
T, - T +4t+y, T, _355+40+0,0327-790 _ 407.5 K.

1+7, 140,0327
OnpenensemM K03 PUIUEHT HAITOTHEHUS

T.- (e p,—p,) _ 355-(15-0148-0,136) _
T.+4)-(e-1)-p, (355+40)-(15-1)-017

Uv:(

IIpouecc cxaTus.

OnpenensieM nmoka3atenb aauadaThl c:kaTus k; B QyHKIun € u 7,
110 HoMorpamme (puc. 3.1).

OnpenensieM noKa3arelib NOJUTPOIIBI CKATUSA 117 B 3aBUCUMOCTH OT
ki, KOTOpBIU YCTaHABJIMBAECTCS B npejenax

n;=(k;+0,02)...(k;-0,02)=1,381.
OrnpenensieM 1aBJ€HUE B KOHIIE CKATUA
p.=p, €M =0,148-15"% = 6,22 MIIa.
OrnpenensieM TeMIiepaTypy B KOHIIE CKATHS
T.=T, &""'=4075-15"*"1=11434 K.
OrnpenennsieM CpeIHIOK MOJISPHYIO TEIUIOEMKOCTh 3apsia (BO3Ay-
Xa) B KOHIIE CKaTus (0e3 ydeTa BIUSHUS OCTAaTOYHBIX Ta30B)
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uC,. =2016+1,74-107 T, =20,16 +1,74-10 -1143,4 = 22,15

kJ>x/(kmonb-Tpan).
OrnpenensieM 4ucio MOJIEH OCTaTOYHBIX Ta30B
M,=oa-y.-L,=195-0,0327-0,501=0,032 xmouIb.
OrnpenennsieM Yucio MOJIEH ra30B B KOHIE CKATHs 10 CTOPAHUs
M,=M;+M, =0977+0,032 =1,01 xMm01b.

IIpouecc cropanus.
OnpenensieM CpeIHIOI MOJISIPHYIO TEINIOEMKOCTb ITPOAYKTOB Cro-
paHus B Au3elie IPU MOCTOSIHHOM JIaBJIEHUH, ITpU 0= 1

e, = [20,2 + [0’92]) + [[15,5 + 13’8] Sims TZ)+ 8314 =

o a
= [20,2 - 0’92) - (15,5 - 13’8]-104 T, |+8314 =
1,95 1,95 -

b

=28,99+0,0023 - T, x/Ix/(xmomb-Tpan).
OrnpenennsieM 4uciI0 MOJIEH Ira30B M0CI€ CrOpaHus
M.=M,+M,=1011+0,032=1,043 xmos.
OnpenensemM pacyeTHbIH KOA()PHUIUEHT MOJEKYJISIPHOTO M3MEHE-
HUs pabouei cmecu
M, 1,043
M, 1010

C

b=

[MpunumaeM K03 GUIMEHT UCTIONB30BaHus TermIoTel & =0,9.

=1,033.

Tora KOIMYECTBO TEILIOTHI, TIEPEAABAEMOE T'a30M Ha yYaCTKE CZ 2
VH/IMKAaTOPHOM JHarpaMMbl IIpU CrOpaHuU | Kr TOmuiMBa, OIpENeNIUT-
Csl KaKk

0=¢-0,=0,9-42500 =38250 kJIx/Kr.
[TpuHMMaeM CTCIICHb MOBBIIICHUS AaBJIeHUs B penenax A =1,7. B
TU3ENSIX C HAJUIyBOM JJIsi OTPAHUYEHUSI MAKCUMAJIBHOTO JIABJICHUS CrO-
paHust 6epyTcs MEHBIINE 3HAYCHHS A, UeM B Iu3essx 0e3 HaayBa.

TeMnepatypy B KOHIIE CrOpPaHUs ONPEAEIAIOT U3 YpPaBHEHUS Cro-
paHus

é.Q
Pz Z [0(1 r) C VC )

1,033-(28,99+0,0023-7,)-T, =
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_ 38250
1,95-0,501- (1+0,0327)
0,0023-T7 +29,95-T, —79399,6 = 0.

[ToacraBiisieM MMEIONIUECS 3HAYCHHS BEJIUYMH, PEIIaeM IOJIydYeH-
HO€ KBaJpaTHOE ypaBHEHUE OTHOCHUTEILHO T, M HaXOIUM €ro 3HaueHUE,
T,=2259,1 K.

OrmpejiensieM AaBJieHUE B KOHIIE MPOLIECca CropaHus

p.=p. A=622-17=10,57 Mlla.
OmnpenensieM CTENEHb IPEABAPUTEIEHOTO PACIIUPEHUS
-T. 1,033-2259.1
p= BT, = =1,20
AT, 17-11434

+1143,4-(22,15+8,314-1,7);

IIpouecc pacuupeHus.
OrnpenernsieM CTENeHb MOCJIEAYOIIETr0 pacIupeHus

s=£_15 _1550.

L 120

[Tokazarenb MOAUTPONBI PACLIMPEHUS N2 U1 AU3EIs ONpeelisieM
no Homorpamme (puc. 3.2), y4uTbiBasi, 4YTO 3HAYEHUE HE3HAYUTEIBHO
OTJIMYAETCSI OT 3HAUYCHUS MOKa3aTeNs aiuadaThl paciupeHus k.

Onpenenenue nokasaress MOJUTPOIbl PACIIMPEHUs POU3BOIAUM
CJIEIYIOIIMM 00pa3oM.

[To nMeromuMcs 3HaYCHUSIM O U T; OmpeaeisieM TOUYKY mepecede-
Hus. Yepes MoaydeHHYI0 TOYKY ITPOBOAWMM T'OPH30HTANIb IO Iepecede-
HUS C BEPTUKAJIbIO, ONMYIIEHHOW U3 TOYKM & = 1, mosydas Kakoe-To 3Ha-
yeHue kr. Jlanee nBuraemcs 1o 3TOM KpUBOU k2 0 MepecedyeHus ¢ Bep-
TUKAJIbIO, OMYIIEHHOW U3 33JJaHHOrO0 3HayeHus . OpauHaTa TOYKHU Iie-
pecedyeHus: JaeT UCKOMOE 3Ha4eHue k.

no=kr=128.
OnpenensieM 1aBiIe€HUE MPOLIECCA PACITUPEHUS
10,57
p, =Lz = = 0,416 MITa.
5!12 12,51,28
OnpenensieM TeMIepaTypy mpouecca paciumpeHus
T. 22591

=1114 K.

6

- 511;—1 T 1o 528
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[IpoBepsieM IPaBUILHOCTh paHEE NPUHATOrO 3HAUYEHUs TeMIlepa-
Typbl OCTATOYHBIX T'a30B (IIOTPEITHOCTh HE JIOJHKHA MPEBbIIATh 5% s
HOMHMHAJIBHOTO CKOPOCTHOTO PEKUMA).

=Tt o U4 o064k

Jpe 5[0416
J2 0,136
a=Tr=1r 1000, = 790;9267’4 100% = 2.8% .

¥

NuaukaTopHbie mapaMerTpbl pado4yero HMKJIa Ju3es.
OnpenensieM cpelHee HUHAMKATOPHOE JABICHUE LMKIA ISl He-
CKPYTJICHHON MHIMKATOPHOM TAArPaMMBbI

Cp A-p 1 I I
=2 A (p-1 1= - 1= , MIla.

6,22 1,7-1,20 1
= LT (120 - )+ | | = ——— | -
P15 { ( ) 1,28—1 [ 12,5128-1]

1 1
- | 1= —=g || =1,041 MITa.
1,381-1 [ 15'=381'H

[IpunumaeM KO3(pOUUUEHT MOJHOTHI MHAUKATOPHOM JHArpaMMBI
v =0,96.

Onpe,uem{eM CpCAHCC MHAUKATOPHOC AABJICHUC LHUKJIA IJIsI CKPYI-
JICHHOU HHﬂHK&TOpHOﬁ AuarpaMMmbl

pi=p;v=096-1,041=0,999 Mlla.
OnpenenseM uaaukatopusid KI1/1
_ o pira-l, 0999-195-14,52
S0, p.-m,  425-167-079
OrnpenensieM UHAMKATOPHBIN y1€IbHBIA pacxo/1 TOIIMBA
03,6100 36-10°
0, m  425-0,504

0,504.

i

=168,1 r/kB1-u.

gi

¢ dekTUBHBIE OKA3ATEIH U3,
[IpyuHuMaemM 1peABApUTEIBHO CPEAHIOI CKOPOCTh  IOPIIHS
W.cp. = 8 M/C 111 TPAKTOPHOTO AU3EIIS.
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OnpenensieM cpeHee AaBJICHUE MEXaHUYECKUX I10TEPh
p,=a+b-W, . =0,089+0,0118-8=0,183 MlIa,

n.cp.
yuutbiBas, uto a =0,089, b=0,0118 nna nuzeneil ¢ Hepas3aeICHHBI-
mu KC.
Omnpenensiem cpearee d3(PEeKTUBHOE TaBICHUE
Pe =Pi — P, =0,999-0,183=0,816 MI]a.

Omnpenensiem mexannueckuii KI1J]
n, =Le =231 o416,
p; 0,999
Omnpenensiem 3¢ dextuBubiii KIT/]
n.=n;-n,=0504-0816=0,411.
Omnpenensiem 3G (PEeKTUBHBIN YIETBLHBIM pacX0/] TOIIMBA
0 36-100  3,6-10°

- = =206,1 r/xBT-4.
0, n, 425-0411

8e

OcHoBHBIE pasMepbl HWJINHAPA U yAeJdbHble MapaMeTpbl ABHU-
rareJs.

Hcxons n3 BennuuH 3(pPeKTUBHON MOIIHOCTH, YaCTOThI BpAILIEHUS
KOJICHUATOr0 Baja, cpeaHero 3(pQeKTUBHOTO JABICHUS U YMCIA IWIHH-
IpOB ompeaensieM padboyuit 00beM OJHOTO HWIMHAPA

30-7,,-N,  30-4-128

V, : = =1,494 5.
Dol N 0,816-6-2100
S 130
PaccuursiBaem 3HaueHue p = 5 = m =1,08 B COOTBETCTBUU CO

CTaHIAPTHBIM 3HAYEHUEM JUaMETPa U X0J1a MOPILIHS.
OnpenensieM 1uamerp UUJIUHpA

4. .
D=100-3 4V =100-3 w =120,78 mm.
T-p 3,14-1,08

Oxpyrisiem nuamerp 10 D =120 mwm.

Omnpenensiem xon nopuiHsa S = D-p = 120-1,08 = 129,6 mm.
[Tpunaumaem xoa nopuHs S = 130 Mm.

OmnpenernseM MmIOLAAb NOPILIHS

_7-D> 314-120°
4

=11304 mm? = 113 cm?.

F
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Onpenensem pabouyuit 00beM LUJIMHIPA
7-pD*S 314-120%-130
Vh = =
4

OmnpeaeisieM CPeIHIO CKOPOCTh MOPIIHS

W = S-n _130-2100

“ 310" 3107
OnpenenseM 3HayeHUe pacyeTHON 3(PPEKTUBHOM MOIIIHOCTH
N, = Pe-i-Vy-n _0816-6-1,47-2100 _ 126 «Br.
30-7,, 30-4
128 -126

A=———-100% =1,5%.
128

=1,47 1.

=9,1 m/c.

9.3. Ten10BOI pacuer KAPOIPATOPHOIO ABUTATEJIA

HUcxoaubie JaHHBIE:

- THN JBUTATeJs - YETBIPEXTAKTHBIH, BOCHMUIIMIMHIPOBBIH,
V-o00pa3Hsblii, 0€3 HaaayBa;

- 4acTOTa BpalleHus KojieHyaToro Basa n = 3200 MuH

- 3¢ pexTuBHAs MomHOCTH N, = 96 KBT;

- CTEIIEHb CokaThusI £€=7,6;

- k03 ¢punmeHT n3obpiTKa Bo3ayxa & =0,95;

- Bug tormBa - 0er3un AM-80 'OCT P51105-97, cpennnii aie-
MEHTapHbId cocTaB U MoliekyJsapHaa macca: C = 85,5%, H = 14,5%,
Mr =115 kr/kmoub.

1.
’

Tonauso.
OrnpenennsieM HU3MIYIO TEIJIOTY CropaHus TOIJIMBa
Q,=3391-C+125,60-H-10,89-(0—-5)-251-(9-H+W)=
=33,91-0,855+125,60-0,145-2,51-9-0,145 =
= 43,93 M]JIx/xr = 43930 xJIx/KT.

ITapameTpsl padouero TeJia.
OmnpenensieM TEOPETUUECKH HEOOXOIMMOE KOJIMYECTBO BO3yXa
IUTst cropaHus | Kr ToTuiiBa
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l, = L [SC +8H — O) = L [8 0,855 +8- 0,145) =14,96kr,
0,23 \ 3 23 (3

l
wim L, =2 = 14,96 =0,516 kmonb, Ug = 28,96 - 111 BO3AyXA.

U 28,96
OmnpezenseM KOJIHYECTBO CBEKETO 3apsia

M=a-L, +L = 0,95-0,516+L =0,499 KkMOJIb.
U 115
OmnpenenseM o01Iee KOJIMYECTBO IPOLYKTOB CrOPAHUS
H O
M,=a-L +—+—+021-L -(l1-a)=
2 °T 4 32 o (1-a)
0,145
=0,95-0,516 + +0,21:0,516-(1-0,95) =0,532 kMOb.

I[MapameTpsbl OKpYy:KaKOLIEH CPpeabl U OCTATOYHBIE I'a3bl.
[TpuHrmaem aTMocdepHbIe YCIOBUS

p. =p, =01 Mlla, T.=T,=293 K.
OmnpenernsieM TaBJIeHUE OCTATOYHBIX Ta30B
p, =1,02..1,15)- p, =1,15-0,1=0,115 MIla.
[Tpuanmaem Tr =1000 K.

IIpouecc Bnycka.
[TpuauMaem TemmepaTypy MOJA0TPEBA CBEKETO 3apsiia
Ar=10°.
OmnpenensieM MIOTHOCTD 3apsiia Ha BITyCKe
b Do 10°  01-10°
“ R,-T, 287-293

rae R, = 287 JIx/Kr-rpan - yeibHas ra3oBas IOCTOSIHHAS U1 BO3-
oyxa.

B cooTBeTcTBMM CO CKOPOCTHBIM PEKHUMOM PabOTHI ABUIrATENS U
KayeCcTBOM 00pabOTKH BHYTpPEHHEH MOBEPXHOCTH NMPUHUMaeM Kodhdu-

=1,19 xr/m3,

LIUCHT (ﬁz + S ): 3,25, a CKOpOCTb ABWKECHMSA 3apsja @, =85 m/c.
OmnpezernsieM NOTEpU 1aBJICHUS HA BITYCKE B JBUTATEIb
(B2 +¢,) (@2, p.107) 325-8521,19-107
Ap, = 6n en_ Ik > ’
‘ 2 2

=0,014 MIlIa.
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OmnpezesnsieM AaBJIeHUE B KOHIIE BITyCKa
Py =D, —Ap,=0,1-0,014=0,086 MIIa.
OnpenensemM K03 PUIUEHT OCTATOUYHBIX Ta30B
T, + At Dy ~293+10 0,115

2 : =0,0647.
T. & p,—p, 1000 7.6-0,086—0,115
OrnpenensieM TeMiepaTypy B KOHLE BITyCKa
r _TotArty, T, 293+10+00647:1000 o0

a

1+, 1+0,0647
OnpenensemM K03 PUIUEHT HAITOTHEHUS
T, (e-p,—p,) _293-(7,6-0,086-0,115)
Ty = (7,+Ar)-(e-1)p, (293+10)-(7.6-1)-01

*

IIpouecc cxaTus.

OmnpenensieM moka3arenb aauadatel cxatusd k; B QyHKIun € u 1,
1o Homorpamme (puc. 3.1).

OnpenernseM oKa3aTeslb NOJIUTPOIIbI CKATUA 1 B 3aBUCUMOCTH OT
ki, KOTOPBIN yCTaHABJIMBAETCS B npeaenax
n;=(k;-0,01)...(k;-0,04)=1,377.

OnpenesniseM 1aBieHUE B KOHIIE CHKATHS

p.=p, €"=0,086-7,6""" =140 MIla.
Omnpenernsiem TemMIiepaTypy B KOHIIE CKaTHs
T,=T,-&""=3453-7,6"""1=7418 K.

OmnpenernsieM CPeHIO MOJIIPHYIO TEIUIOEMKOCTh 3apsjia (BO3.1y-

Xa) B KOHIIE CkaTus (0e3 ydeTa BIUSHHUS OCTaTOYHBIX Ta30B)

UC,. =20,16+1,74-107 - T, =20,16+1,74-741,8-107° = 21,45

kJ>x/(kmonb-Tpan).
OmnpeensieM YKCIIO MOJICH OCTaTOYHBIX Ta30B
M,=a-y,-L,=095-0,0647-0,516=0,0317 xmoub.

OrnpenennsieM Yucio MOJIEH ra30B B KOHIE CKATHs 10 CTOPAHUs
M.=M;+M, =0,499+0,0317=0,531 kmob.

IIpouecc cropanus.
OnpenensieM CpeIHIOI MOJISIPHYIO TEIIOEMKOCTh MPOJAYKTOB Cro-

paHus B KapOIOPATOPHOM JBUTATEIIEC MPU OCTOSTHHOM 00BeMe mpu o<1



99

uC,, =(18,4+2,6-a)+(155+138-@)-10*-T, =
= (18,4+2,6-0,95)+(15,5+13,8-0,95)-10~* - T, = 20,87 +0,00286 - T,

kJx/(kmounb rpan).
OrnpenensieM 4rciI0 MOJIEH Tra30B MOCIIE CTOpaHUs
M,=M,+M,=0,532+0,0317=0,564.
OnpenensieM pacueTHbIM KOA(DPUIIMEHT MOJIEKYISIPHOTO H3MEHE-

HUs pabouel cMecH

g M. _ 0564
M. 0531

C

=1,062.

[MpuHrMaeM KO3 PHUIMEHT UCTIONb30BaHus TemIoThiE = 0,8

TOF,JE[& KOJIMYCCTBO TCIUIOTHI, MCPCAABACMOC I'da30M HA YYACTKC CZ
MHIUKATOPHOM AuarpaMMmbl MPU CTOPAHUU 1K TOIUIMBA, OINPEICIIUTCA
KaK

Q=¢-(0,-AQ,)=0,8-(43930-3094,71)=32668,1 kJx/KT.

Onpeﬂem{eM KOJIMYCCTBO TCIUIOTBI, MOTCPAHHOC BCIICACTBUC XH-
MUYECKOU HEMOJHOTHI Cropanus,

AQ, =119950-(1-a)- [, =119950-(1—0,95)-0,516 = 3094,7 1 kJI/Kr.

TeMnepatypy B KOHIIE CrOpPaHUs ONPEAEIAIOT U3 YpPaBHEHUS Cro-
paHus

_‘5'(QH_AQH) o T -
_a'-LO-(1+7r)+ﬂC et

1,062 (20,87 +0,00286-T.)-T. = 32668,1
Y 0,95-0,516-(1+0,0647)
0,003- T2 +22,164-T, —78504,26=0.

HO,I[CTEIBJIHGM B YPABHCHHC CIropaHusa UMCHOIIUCCS 3HAYCHHS BC-
JIAYUH, PELIaeM II0JIyYEHHOE YpaBHEHHUE OTHOCHUTEIILHO 1; U HAXOIUM
ero 3Hauenwue, 1, = 2615,8 K.

Onpe,uem{eM HaBJICHHUC B KOHIIC IMpoLCCCa CropaHHs (TeopeTqu-
CKOe€)

ﬂ'iucvz T

+21,45-7418;

_pe BT, 1,40-1,062-26158
T, 7418

C
OrnpenensieM JaBjJ€HUE B KOHLE Ipouecca CropaHus (AeHCTBHU-
TEJIbHOE)

P, = 5,24 MIla.

p.7-085-p, =085-525=4,45 Mlla.
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Oﬂpeﬂ,eﬂﬂeM CTCIICHD ITOBBIIICHUA JaBJICHHUA

aoPe 52 _5g,
p. 140

IIpouecc pacuupeHus.

[Tokazarenb MOAUTPONBI PACIIUPEHUS] KapOOPATOPHOTO JIBUTATENS
onpezaesnsieM no Homorpamme (puc. 3.3), yuuTbiBasg, YTO €ro 3HAUYECHUE
HE3HAYUTEJIBHO OTJIMYAETCA OT 3HAUCHMS TMOKa3aTess aauadaThl paciiu-
penus k.

[To umerommmcs 3HaueHusIM € U 1, onpeensieM TOUKYy mepeceue-
HUs. Yepe3 NoslyyeHHYI0 TOYKY NMPOBOAMM TOPU30HTAlb A0 Iepeceye-
HUS C BEPTHUKAIBIO, OMYIIEHHOW M3 TOYKU ¢ = [, TIOy4yas KaKoe-TO
3HaueHue k. Jlajee gBUraeMcs mo 3TOM KpUBOM k2 10 MEPECEUEHUs C
BEPTUKAJIbIO, ONYIIEHHOM M3 3aJJaHHOro 3HaueHus: . OpJuHaTa TOYKH
nepecevyeHus JaeT MCKOMOE 3HaueHue k

np = kg = 1,253
OHpeﬂ,eﬂﬂeM AaBJICHUE IpoLeccca paCliupCHUs
24
Pe = pz = 5,1 753 =0,41 Ml Ia.
g 76"
OHpeﬂ,eﬂﬂeM TEMIICPATYpPYy Iponecca paCliupCHUuA
T. 2615,8
Ty == o = 15658 K

[IpoBepsieM IPaBUILHOCTh paHEE NPUHATOrO 3HAUYEHUs TeMIlepa-
Typbl OCTATOYHBIX I'a30B (IIOIPELIHOCTh HE JOJKHA NpeBbIIATh 5% s
HOMHMHAJIBHOTO CKOPOCTHOTO PEKUMA).

Tﬂ _ 15658 _ 104k
\/ 011
A=L =T o0 = 102421000 4 0, — 239,
1024

NuaukaTopHbie mapaMerpbl pado4yero NMKJIA ABUIaTesl.
OnpenensieM cpelHee HUHAMKATOPHOE JABICHUE LMKIA ISl He-
CKPYIJICHHON MHMKATOPHOM JUarpamMMbl
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pi=Pe | A -[1— 11]— ! ( 11],MHa.
-1 n2—1 8”2 nl—l g”l

1,40 3,74 1 1 1
pif = : ’ : ’ 1 - 1.253—1 - ’ 1.377—1 == 0,997 MHEI.
7,6-1 [1,253—-1 7,677 1,377-1 \ 7,6

[Tpunumaem KO3(pPUUMEHT MOJHOTHI MHAUKATOPHON IUArpamMMbl
v=0,95.

OrnpenensieM cpeaHee UHAUKATOPHOE AABJICHUE LIMKJIA JJISl CKPYT-
JIEHHOM HHﬂHK&TOpHOﬁ AuarpaMMmbl

p; = p'iv =0,997-0,95= 0,947 MIla.

OmnpenensieM uaaukatopHbid KI1J]
~ pi-a-l,  0947-0,95-1496
S0, pem,  4393:119-079
OrnpenensieM HHIUKATOPHBIA yICIbHBIM pacXo/1 TOTUIMBA
_36-100  3,6-10°
C0,-m 43930326

0,326.

i

=251,4 r/kBt-u.

8i

P PpexkTHBHDBIEC MOKA3ATEH ABUTaATEIIS.

[IpuHuMaem TIpeABApUTEIBLHO CPEAHIO CKOPOCTH  ITOPIIHS
W.cp =10 M/C 11 qBUraTesns rpy30Boro aBToMoOMIIs.

OmnpenesnsieM Cpe/iHEe J1aBJICHUE MEXaHUYECKUX MTOTEPh

p,=a+b-W, . =0,039+0,0132-10=0,171 MllIa,

n.cp.

yautbiBas, uro a =0,039, b =0,0132 11 OCH3MHOBBIX BOCHMUIIUIINH-
s S
JAPOBBIX JABUraTEIEH C OTHOLIEHUEM D <l1;

Omnpenensiem cpeanee 2 (PEeKTUBHOE JIaBIICHUE
Pe =D;i — P, =0947-0,171=0,776 MlI]a.
Omnpenensiem mexannueckuii KI1J]

= Pe 0770 _gg19.
p; 0,947
Omnpenensiem b dextupubiii KIT/1
n.=n;-n, =0326-0,819=0,267.

Omnpenensiem 3G (PEeKTUBHBIN YIETBLHBIM pacX0/] TOIIMBA

M
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0 3,6:100  3,6-10°

8e = = =306,9 r/kB1-u.
Q,-n, 4393-0,267

OcHoBHBIE pasMepbl HWJINHAPA U yAeJdbHble MapaMeTpbl ABHU-
rareJs.

Hcxons n3 BennuuH 3(pPeKTUBHON MOIIHOCTH, YaCTOThI BpAILIEHUS
KOJICHUATOr0 Baja, cpeaHero 3(pQeKTUBHOTO JABICHUS U YMCIA IWIHH-
IpOB ompeaensieM padboyuit 00beM OJHOTO HWIMHAPA
_30-7y,-N,  30-4-96

Vi : - =0,579 5.
Peli-n 0,776 -8-3200
S 88
PaccunteiBaem 3HaueHHE P = B = & =0,95 B COOTBETCTBHH CO

CTaHJAPTHBIM 3HAYECHUEM JUaMeTpa U X0J1a MOPIIHS.
OrnpenensieM 1uaMeTp MUTUHIPA

D=100-3 4V :IOO—SIM =91,91 mm.
TP 3,14-0,95

Oxpyrisem guameTp 10 D =92 MM.

OmnpenensieMm xoa nopiHsa S = D-p = 92-0,95 = 87,4 mm.
Oxpyrisiem Xo4 nopiuHs 10 § = 88 MM.

OnpenesnseM mIomaab MOPIIHS

7-D* 314.92°
Fn: 4 =

Onpenensem pabouyuit 00beM LUJIMHIPA
- 7-D*S 314-92*.88

= 6644 Mm* = 66,44 cm?.

Vi 4 =0,585 n.
OrnpenensieM CpeaHIO CKOPOCTh MOPIIHS
S-n 88-3200
W.,= = =939 wm/c.
P 310 3-10*

OnpenenseM 3HayeHUe pacyeTHON 3(PPEKTUBHOM MOIIIHOCTH
N, = Pe-i-Vy-n _0,776-8-0,585-3200 — 96,85 KBr.
30-7,, 30-4
A= 96,85 -96

96,85

-100% =0,9% .
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9.4. TenuioBo# pacuyer ABUIraTe s €
pacnpe/eieHHbIM BIPBICKOM TOILIMBA

UcxoaHble 1aHHBbIC:

- THI JBUTATENs - YETBIPEXTAKTHBIA, UYETHIPEXIMJIMHAPOBBIN, C
PSAHBIM PACTIONIOKEHUE ITUITUHAPOB;

- 4acTOTa BpalleHus KojeHuaroro Baia n = 4000 mun';

- a(ppexkTrBHAsS MOITHOCTL Ne = 69 kBT;

- CTeNEHb CKkaTuAa € = 11;

- K03 $puLMeHT U30bITKa Bo3ayXa & = 1;

- Buj ToruuBa - 6eHsun AN-95 T'OCT P51105-97, cpennuii sme-
MEHTapHBIM cocTaB W MousiekyJsipHas macca: C = 85,5%, H = 14,5%,
MUr = 115 Kr/KMOIIB.

Toniuso.
OHpeILeJIHeM HU3IYIO TCIUIOTY CrOpaHus TOILJIMBA
Q,=3391-C+125,60- H—-10,89-(0-5)-2,51-(9- H+W)=
=33,91-0,855+125,60-0,145-2,51-9-0,145 =
= 43,93 M/Ix/xr =43930 kJx/Kr.

IMapameTpsl padoyero TeJia.
OrnpenensieM TEOPETUUECKH HEOOXOAMMOE KOJHUYECTBO BO3/yXa
JUIsl cropanusi | Kr ToruBa
1 C H O | 0,855 0,145
LO — b —_— | = . + —
0,208 12 4

12 4 32) 0208

=(0,516 kM01b BO3/I./KI TOILL.;

1, :1-(8C+8H—O):1(8-0,855+8-0,145):
0,23 \3 0,233

b

=14,957 Kr BO3I./KT TOILL.

OrnpenensieM KOJIMYECTBO CBEKEro 3apaaa (roproyeni CMecH)

M, =a-L,+ L =1-0,516+ % =0,5247 KMOJb TOP.CM./KT TOTI.

Hr
OHpeﬂ,eﬂﬂeM KOJIMYECCTBO OTJICIHBHBIX KOMIIOHCHTOB HpOﬂyKTOB
CI‘OpElHI/Iﬂ

My =S +2.12% 00081, =982 5 171 _
> 12 1K 12 T 1+048




104

=0,0712xmois CO»/Kr TOMII.;
Mcp=2- 11_7[6; -0,208- L, =0 xmoup CO/kr TOIIL;
+
My o=t 0.k 5% 00081, =214 15 0us. 171
2 2 1+ K 2 1+0,48
=0,0725 xmoas H>O/kr Torm.;
My =2 K-+2%.0208-1, =0 xmoss Ha/kr Tom.;
2 1+ K ?

MN2 =0,792-a-L,=0,792-1-0,516 kmonb No/KrT TOmIL.,

rae K — mocrogHHas BeIWYWHA, 3aBUCAINAS OT OTHONIEHUS KOJIHU-
4YeCcTBa BOJOPOJA K OKCHJY YIJIepOJia, COASPIKAIMMXCS B MPOIYK-
Tax cropanus, npuauMaeM K = 0,48 nns Oensuna.
OmnpenensieM o011ee KOJIMYECTBO MPOJTYKTOB CTOPaHUS

M2 :MC02 +MCO +MH20 +MH2 +MN2 =

=0,0712+0+0,0725+0+0,4087 = 0,5524 kmMomab Tp. CT./KT TOTLI.

I[MapameTpsbl OKpYy:KaKOLIEH CPpeabl U OCTATOYHBIE I'a3bl.
[TpuHrmaem aTMocdepHbIe YCIOBUS
Pe=P,=01MIlan T,=T,=293 K.

OnpenensieM J1aBJI€HUE OCTATOYHBIX a30B Il HOMUHAJIBHOTO pe-

KrMa padOThI
P, = (1,05...1,25)- p, =1,10-0,1 =0,11 MlI]a.

JIJ1st 3a1aHHOTO0 CKOPOCTHOTO pekuMa pabOThI JBUTATEIIS JaBlie-

HHE OCTATOYHBIX ra30B OMpeIeauTcs 1o Gopmyie

p,=p, (1035+4,-107° -n*)=0,11-(1,035+0,1327-107° - 4000%) =

=0,1056 MIla,
_. . . 8 — . . 8
e Apz(pm 1,0235 p,)-10 _(o11 1,03;5 0,1)-10° _ 0.1327:
n; - p, 70007 - 0.1
n - qacToTa Bpal.l.leHHH KOJICHYAaTOoI'o BaJia ABUAT'AaTCIIA,

n = 4000 mun;

P,, - JABICHHE OCTaTOYHBIX ra30B Ha HOMHHAJIBHOM PEKHME,
Mlla;

1, - HOMHHAJILHAs 4acTOTa BPAILIEHHUs KOJIEHYATOrO Baja JBUIaTe-

s, n, = 7000 mun!,



105

OmnpenensemM TeMnepaTypy OCTaTOYHBIX Ta30B 7, 10 HOMOTpaMMe
(puc. 3.4), T, = 1000 K.

IIpouecc Bycka.

[IpuHumaeM TemrnepaTypy MOJOrpEBA CBEKEro 3apsjaa /Uil HOMU-
HAJIbHOT'O CKOPOCTHOT'O peKuMa

AT, = 6°.
JUis 3a1aHHOTO CKOPOCTHOI'O pekUMa padOThl JBHUraTessl TeMIle-
patypa nmojgorpeBa CBEKEro 3apsijia onpeneauTcs no Gopmyiie
AT = A -(110-0,0125-n) =0,2667 - (110-0,0125 - 4000) =16°,
AT, 6

rae Ay = = =0,2667.
(110-0,0125-n,) 110-0,0125-7000
OmnpenensieM MIOTHOCTH 3apsijia HA BITYCKE
10° 106
= Po 107 0107 g9 e

o =
“ R,-T, 287-293
rae Ry=287 JIx/Kr-rpaj - yaenpHas ra3oBasi NOCTOSHHAS 1)1 BO3-
oyxa.
B cooTBeTcTBMM CO CKOPOCTHBIM PEKHUMOM PabOTHI ABUIrATENS U
KayeCcTBOM 00pabOTKH BHYTpPEHHEH IMOBEPXHOCTH NMPUHHUMaeM Kodhdu-
LIUCHT (ﬂ2 +San ): 2,5, a CKOpOCTb ABWXKECHMA 3apsaa @, =95 m/c.

OmnpenensieM OTEPHU J1aBJICHUS HA BIYCKE B JIBUraTellb HA pa3iny-
HBIX CKOPOCTHBIX pEeXUMax

Ap, = (ﬂz + en)'(Anz n? " Px '10_6):

>
. 2 . 2 * ' -6
_2,5-(0,01357 4300 LI189-107) _ 1 1044 MiTa
e 4, = %o _ 73(5)0 = 0.01357.
n

H
OHpeILeJHIeM HaBJICHHUC B KOHLC BITYCKa
Pa = Po —Ap, =0,1-0,0044 =0,0956 MlIla.
OnpenensieM K03 (PUIUEHT OCTaTOUHBIX Ta30B
_T,+AT oy " Dy

' Tr E-DPyoz Pa —Poy " Pr
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_293+16 1-0,1056
1000  11-1,055-0,0956—1-0,1056
rne @,, - KooahpOUUUEHT OYUCTKY, @,, = 1 ¢ y4eTOM NPOAYBKH LIH-

=0,0325,

JIUHJIPA;
@yo; - KOdpOuuueHt nozapsaku. OnpenesnseM M0 HOMOTpamme
(puc. 3.4), @,,, = 1,055.

OmnpenensieM TeMIiepatypy B KOHIIE BIIyCKa
_T,+AT+y,. -T, 293+16+0,0325-1000

T, =331 K.
1+, 1+0,0325
OmnpenensieM k03D PUIMEHT HAMOTHEHUS
— TO . 1 . (8 . . _ . ) =
my (TO+AT) (8—1)-p0 Poos “ Pa — Pou " Pr
293 1

- : -(11-1,055-0,0956 —1-0,1056) = 0,9519.
(293+16) (11-1)-0,1

IIpouecc cxarus.

OnpenenseM nokas3areiab aauadarsl cxatusd k; B QyHKUUH € U T,
110 HoMorpamme (puc. 3.1).

OmnpenenseM noKa3aTeab NOJUTPOIILI CKATUS 1 B 3aBUCUMOCTH OT
ki, KOTOpbIN yCTaHAaBJIMBACTCS B npejenax
n;=(k;-0,01)...(k;-0,04)=1,375.

Omnpenensem TaBiIeHUE B KOHIIE COKATHS

Pe=p,-€"=0,0956-11""" =2,5844 MIla.

OmnpenensemM TemMIiepaTypy B KOHIIE CKaTHs

T.=T, " "'=331.11"7"1 =813 K.
OmnpenensieM CpPeIHIO MOJISPHYIO TEIJIOEMKOCTh B KOHIIE CKa-

TUSL:
- CBEXKEHU cMecH (BO3/1yxa)

(He,) =20,6+2,638-107 1, =

=20,6+2,638- 1073540 = 22,025 xJIx/(kmonb-Tpan),
rne t. =T, —273°C =813-273=540 °C;
" I
- OCTAaTOYHBIX Ta3oB (Lc,) f; . OnpenensieTcss METOJIOM HHTEPITIOJIS-

UM 110 Tabj. 3 (IpUI0KEHHE).
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: 40
(Hc,)y = 24,150 +(24,586 - 24,150)- Tog = 24324 sl (xmomerrpan);

- paboueili cmecu

(pey )i = (e, )+, - (Hey)ye 1=

I+

r

1

= 300335 (22,025 +0,0325- 24,324) = 22,097 &JIx/(KMOJIBb-TPax).

IIpouecc cropanus.
OnpenensieM pacdeTHbI KOADPUIHUEHT MOJEKYJSIPHOTO U3MEHE-
HUS TOPIOYEN CMECH
M, 05524
M, 05247

OnpenensemM pacyeTHbIH KOA()PHUIUEHT MOJEKYJISIPHOTO M3MEHE-
HUs pabouel cMecH

U

U, = =1,0528.

(4, +7,)  1,0528+0,0325
(1+7,) 1+0,0325

OnpeﬂenﬂeM KOJIMYECTBO TCIIJIOTHhI, IMOTCPAHHOC BCJIICACTBUC XH-
MUYECKOU HETIOJIHOTHI Cropanus,

AQ, =119950-(1-a)- 1, =119950-(1—1)-0,516 = 0 KJI/xr.

OmnpenensieM TEMJIOTY cropaHust paboueit cmecu

=1,0511.

Qpab.cnm = 9.~ A0, = 439_30 —0 =81089 xJIx/(kxmoJib
MM -(1+y,)  0,5247-(1+0,0325)
pab. cMm).

OnpenensieM CpeaHIO MOJSPHYIO TEIJIOEMKOCTh MPOAYKTOB CrO-
paHwusI

" . 1 " _ " - " -
(,va)i; = M—z.[M(?()z ’ (‘LICVCOZ )i; +Mc0 ) (ﬂcvco);; +MH20 .(ALICVHQO);; +
" t. " .y _
+M,, -(uc,,, ):; + My, (e, ),;] =
-1 .[0,0712-(39,123+0,003349 -1, )+ 0+
0,5524 :

+0,0725- (26,670 +0,004438 -1, )+ 0+ 0,4087 - 21,951+ 0,001457 -1, )| =
= 24,784 +0,002091 1,



108
e (Heyey,)in (Heygy)iis MooV (Hey,). (Mo, )E -
2710 0 2071, 2 271,

CpPEIHHE MOJISIPHBIE TEIUIOEMKOCTU OTAECIBHBIX T'a30B MPU MOCTOSHHOM
o0beme. Onpenenstorcs no ¢opmysiaMm U3 Tadu. 2 (IPUIOKEHUE) IS
uHTepBaa remmeparyp ot 1501 xo 2800 °C.

OnpenensemM K03(QGUIHEHT UCIIOIB30BAHUS TEIUIOTH &, 110 HOMO-
rpamme (puc. 3.4), &, =0,988.

Temrmiepatypa B KOHIIE IIpoliecca CropaHusi ONpEaessieM U3 ypaB-
HEHUS CTOpaHus

1 r . " rz
3 .Qpaﬁ'c"'” +('uc‘v’)rz e —ﬂ‘(ﬂcv)to' 1.

HOI[CTEIBHHGM B YPABHCHHC CIropaHusa UMCHOIIUCCS 3HAYCHHS BC-
JIMYHUH

0,988 -81089 + 22,025 - 540 =1,0511- (24,784 + 0,002091 - t, )- r,;

0,002198 - t? +26,0505-7, —92009=0.
Pemaem mojiyueHHOE KBAJpaTHOE YPaBHEHHE OTHOCHMTENILHO f, U

£

HaxOJuM €ro 3Ha4yenue, t, = 2849 °C.
T, =t ,+273=2849+273=3122 K.

OrnpenensieM MakCUMaJbHOE JIaBJICHUE B KOHLIE MpoLecca Cropa-
HUS (TEOPETUUECKOE)

_pe-M-T, 2,5844-1,0511-3122
T, 813

C
OnpenensieM MakCUMaJbHOE JIaBJICHHE B KOHIIE MpoIecca cropa-
HUS (JCMCTBUTEIBHOE)
Po=0.85-p, =0,85-10,4315=8,8668 Mlla.

Oﬂpeﬂ,eﬂﬂeM CTCIICHD ITOBBIIICHUA JaBJICHHUA

_D: _ 10,4315 — 4,036,
p. 2,5844

2 =10,4315 Ml]a.

IIpouecc pacmupenus.

[Tokazarens aguabarbl paclIUPEHUs] JJi JBUTATENSL C BIPHICKOM
TOIJIMBA OIpeIessieM 10 HoMorpamMme (puc. 3.3) npu 3aJaHHOM £ A
COOTBETCTBYIOIIUX 3HAYCHUN & U T,, a CPEIHUN IOKa3aTeNlb IOIUTPO-
bl PacIIMPEHUs] 712 OLIEHUBAETCA IO BEJIIMYMHE CPEAHEro IMOoKa3aTels
aauadarel, ny = k.
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[To umerommmcs 3HaueHusIM € U 1, onpeensieM TOUKYy mepeceue-
Hus. Yepe3 MoJIydeHHYI0 TOUKY IPOBOJUM TFOPU3OHTANb JI0 Ilepeceue-
HUSI C BEPTUKAIbIO, ONMYIICHHOW M3 TOYKU & = [, moiiy4as Kakoe-TO
3HaueHue k. Jlajee gBUraeMcs mo 3TOM KpUBOM k2 10 MEPECEUEHUs C
BEPTUKAJIbIO, ONYLIEHHON U3 3aJlaHHOrO 3HaueHus . OpauHarta TOUYKU
[IEPECEUYCHHUS JaeT UCKOMOE 3HaUEHUE Ko.

kz =Ny = 1,248.
OnpenensieM 1aBieHUE NpoLecca paclIupeHus

p, =P 10315 o0 MiTa,
8?12 1 11,248

OnpenensieM TeMIepaTypy mpouecca paciumpeHus

T, = r, _ 3122 =1723 K.

6 om-l N 1112481

HpOBepHeM NpaBHUJIBHOCTE PAHCC MPHHATOIO 3HAYCHHUA TCMIICPA-
TYpbl OCTATOYHBIX a30B (IIOIPEIIHOCTh HE JIOJKHA MPEeBbIIATL 5% I
BCEX CKOPOCTHBIX PEXKMMOB PabOTHI ABUrATEIIS).

T, = I, = 1723 =1011 K.

L [Pe 4[0.5232
\'p, 10,1056

a=Tr=Tr yo0g = 1121000 600 1106,
T 1011

r

I’IH}]HK&TOPHI}IC napaMeTpbl paﬁoqero HUKRJIA ABHIaTe/Isl.
Onpe,ueﬂﬁeM TCOPCTUHYCCKOC CPCAHCC HHAWKATOPHOC JTaBJICHHC

ITUKJIa
o5t
-1 ny -1 5”2_1 m -1 gnl_l

_2,5844 | 4,036 _(1_ I )_ I _(1_ 1 ]_
-1 |[1,248-1 (" 118281) 1375-1 " 11M375

=1,4768 Ml]a.
OrnpenensieM cpeHee HHAUKATOPHOE JaBJICHUE [IUKIIA
p; =p';v=14768-0,98 =1,4473 Mlla,
rae vV - KO3(pUIMEHT TMOJHOTHI HMHAUKATOPHOU JIHArpaMMBblI,
v =0,98.
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OnpenenseM uaaukatopusid KI1/1
_ pira-l,  1,4473-1-14957
T 0 o n 43.930-1189-09519
OrnpenensieM UHAMKATOPHBIN y1€IbHBIA pacxo/1 TOIIMBA
36100 3,6-10°
- Q,n  4393-0,4354

0,4354.

=188 r/kBt u.

8i

JddekTUBHBIE NOKA3ATEN ABUTATEJIA.
OnpenensieM cpeHee AaBJICHUE MEXaHUYECKUX I10TEPh

py=a+b-W, . =0,024+0,0053-10,267 =0,0784 Mlla,
yuutbiBas, uto a =0,024, b =0,0053 nns BICOKO()OPCUPOBAHHBIX OCH-

3UHOBBIX JBUIATEJIEH C BOPBHICKOM TOIUIMBA U AJEKTPOHHBIM YIIpaBJiie-
HUEM.

JUist aBUTATENS ¢ BOPBICKOM TOIUTMBA MPEIBAPUTEIIEHO MPUHUMA-
€M X0/ MOopuHA S = 77 MM B COOTBETCTBUHM C MPOTOTUIIOM JBUTaTElIs U
OTIpeeNIsieM CPEIHIOI CKOPOCTh MOPIITHS

_S-n_7T77-4000
Wi =3000 ™ 310°
Onpenensem cpeanee 3G HeKTUBHOE JaBICHUE

Pe =D;— P, =1,4473-0,0784 =1,3689 MlIIa.
Omnpenensiem mexannueckuii KI1J]

P 13689

T T 14473
Onpenensem 3¢ dextuBabid KIT/]
n,=n;-n, =0,4354-0,9458=0,4118.

Omnpenensem 3¢ HEKTUBHBINA YACITBHBIN pacxXo/1 TOILJINBA
. 36-10°  36-10°

CQ,m, 4393-04118

=10,267 m/c.

=0,9458.

=199 r/kBtu.

8e

OcHoBHBIE pasMepbl UMJIMHAPA U YAeJdbHble MapaMeTpbl ABU-
rareJs.

Ncxonst uz BenuauH 3QOEKTUBHON MOIITHOCTH, YaCTOThI BpAILICHUS
KOJICHYATOro Basia, cpeaHero 3((peKTUBHOTO JaBJICHUS U YUCIIA IIUITUH-
IPOB OmpeiesieM pabouunii 00beM OJIHOTO HHJIHH/IpA
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~30-7y,-N,  30-4-69
Po-in 1,3689 -4 -4000

OrnpenensieM 1uaMeTp MUTUHIPA

D=210%.| b _n.q03. | 0378 =79.08 MM.
7S 314-77

Oxkpyrasgem auametp 10 D = 80 MM.
OmnpeaesisieM IUIOIAb TOPIIHS
po- 7-D* 314-807
" 4.100  4-100
Onpenensem pabouyuit 00beM LUJIMHIPA
v _7-D*S_314-80%-77
" 4100 4-10°
OmnpepenseM 3HaYCHUE pacdeTHOM d(PPEKTUBHOM MOIITHOCTH
-V, -n 1,3689-4-0,3868-4000
N,=LetTh T _ =70,59 KBT.
30-7,, 30-4
CpaBHHMBaeM MOJyYEHHOE 3HAYCHUE MOIIHOCTH C 3aJJaHHBIM 3HAa-
YEHHEM, JIeJIaeM BBIBOJABI O MPABHJILHOCTH IPOBEJICHHOIO TEILUIOBOTO

pacyera. PacxoxjeHue B 3HAUYEHUHM MOIIHOCTH HE MJOJDKHO MPEBBI-
math 5%.

v, =0,378 1.

=50,24 cm>.

=0,3868 1.

N,-N' -
:M-IOO%:M-IOO%:ZJS%.

e E

A

9.5. IlpuMep pacyera TenJI0BOro 0ajlaHca au3esas

B o0mnieM BuJie BHEITHMM TEIUIOBOM OallaHC JBUTATEINS OIpEIeIIs-
€TCs U3 CIICAYIOIMX COCTABIISAIOLINX

Q=0 +0,+0, +0, . + Qe
rae Q, - oOliee KOJIMYECTBO TEIUIOTHI, BBEACHHON B JIBUTATEIb C

ToruiuBoM, JIx/c;
Q, - TEI10Ta, JKBUBAJICHTHAsA d(PPEKTUBHON paboTe ABUTATENS 3a

Bpems 1 ¢, [Ix/c;
Q. - TemnoTa, NoTepsiHHAas ¢ OTpadoTaBIIMMU razamu, JIx/c;

Q, - TeIIoTa, NepeJaBaeMas OXJIaKIarolen cpene, Jx/c;
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Q,,c. - TEIIOTa, MOTEPAHHASA M3-3a XUMHYECKON HEIOJHOTHI Cro-

paHus TorumBa, Jx/c;
Q,cm. - HEYUYTEHHBIE IOTEPU TEILIOTHI, JIK/C.

OrnpenensieM 4aCOBOM pacxo/ TOIUIMBA
G,=N,-g,-107 =159-252,85-107 = 40,20 kr/u.
Onpe,ueﬂﬁeM 061].[66 KOJIMYECTBO TEIIJIOTHI

Q,-G, 42500-40,20
==£ = = 474583 Jlx/c.
Qo 3,6 3,6 a
OnpenensieM TEMIOTY, IKBUBAICHTHYIO 3 (DEeKTUBHON padoTe J1BU-
rarels,

Q, =1000-N, =1000-159 =159000 dx/c.
OrnpenennsieM TEIIOTY, MOTEPSHHYIO ¢ OTpa0OTaBIIMMU ra3aMH,

Q, = 2—2 ° [Mz : [(ﬂc:,)f,; + 8,315} t,—M,- [(;x,y,)j[f) +8,315]— rk]:

= 40’20 -[0,735-[23,574 +8,315]-510-0,702-[20,775 +8,315]- 20] =

]

=128921 dx/c,

rie (,ucv);; onpeaesieHo no tabu. 4 npuiIoKeHus (U1 Au3esei)

METOJI0M UHTEPHOJISALNU npu a=1,40 7
t,=T,-273=783-273=510 °C);
(Juc:,)i” = 23,533+ (23,938 — 23,533) - % = 23,574 xJx/(xmonbTpan);

(uc, ):" OnpeaensaeTcs  METOJAOM  HUHTEPHOJSILUM  [PHU
ty =ty =Ty —273=293-273=20°C u ucxoias U3 CICAYIOUIHX 3HAYE-
HUM:

- npu Temrneparype # = 0°C (,ucv)i" = 20,759 kJx/(kmoub-rpaj);

- ipu Temueparype # = 100°C (uc, ):" = 20,839 xJIx/(kmonb-Tpan);

(uce, );i =20,759+ (20,839 —20,759) - % = 20,775 xJLx/(kmomb-Tpan).

OnpenensieM TEIUIOTY, MEpeAaBaeMyr0 OXJIaXKJAIoIeh cpeae s
3ENs,



113

. 1

o
=0,48-8-12,0"720:67 . 2600%67 . [ij =178451 Jlx/c;
1,4
/e ¢ - KO3 PUUUEHT MpOoNnopHHMOHaIbHOCTH, ¢ = (,48;
[ - YUCJIO UMIIMHAPOB, | =8;
D - nunametp unnubapa, D =12,0 cMm;
n - 4YacToTa BpalleHHUS KOJICHYATOr0 Baja JIBUTATEJI,
n =2600 mun’';
m - nokasareyb crenenu, m = 0,67.
OmnpenensieM TEIUIOTY, MOTEPSHHYIO HW3-3a XUMHUYECKOW HEITOJHO-

Thl CFOpaHHH TOIIJIMBA,
Q _ AQH ) Gm
H.C.
3,6

OmnpenensieM HEYYTEHHBIC TIOTEPH TEIUIOTHI, KOTOPBIE OTIPEICIIATCS
o gopmyie

=0 Jlx/c.

rom. = Qo - (Qe + Qa + Qe + Qn.c. ) =
= 474583 (159000 +128921+178451) = 8211 JIx/c.
Pesynbrarsl pacyeTa TeruioBoro 6anaHca cBoasrcs B Tadi. 3.1.
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10. MIPUMEPBI PACUETA JIETAJIEHW JIBUTATEJIA
10.1. Pacuer nopuns
10.1.1. PacueT nopiuHs KapoIOPATOPHOIO ABUIaTEs

Ha ocHOBaHuM JaHHBIX pacyeToB (TEILUIOBOTO, CKOPOCTHOM Xa-
PAKTEPUCTUKU U JIMHAMUYECKOTO) OMpPEACNIsieM: TUaMeTp HWJIMHAPA
D =92 MM, xoa nopuiHa S = 88 MM, MakCUMaJbHOE JIaBJICHUE Cropa-
Hus p, = 5,24 MIla npu yactore BpameHus n, = 3200 mun™!, momans
nopumas F, = 66,44 cM?, HauOOIbIIYH0 HOPMAIbHYIO CHILY
N=0,00254 MH npu yrune ¢ =380°, wmaccy NOpPIIHEBOIl T'PyIIIbl
m, =0,7 Kr, MakCUMaJIbHy}0 4YacTOTy BpalI€HUs XOJOCTOro Xoja
Nyx max = 4000 mun!, 3Hauenue 1 = 0,284.

B cooTBeTrcTBUM C CYIIECTBYIOIIUMHU AHAJIOTUYHBIMM JIBUTATE-
JISIMM M C YYETOM COOTHOLIEHMH, NPUBEICHHBIX B Ta0. 7.1, npuHuMa-
eM: TOJIIMHY JHMINA MOpWHA o = 7,5 MM, BBICOTY TOpPILIHA
H =102 mm, BbicOTY 100KUM mopiiHs hy, = 60 MM, paauanbHyIO TOJI-
IMHY KoJblla ¢ = 3,8 MM, paadajlbHbId 3a30p KOJblla B KaHaBKE
nopuHa At = 0,8 MM, TOJIIUHY CTEHKH T'OJIOBKH IOPIIHA § = 7 MM,
BEIIMUMHY BEPXHEU KOJIBIIEBOU MEpPEeMBbIUKU h, = 3,6 MM, YHCIO U
AMAMETP MACISHBIX KaHAJIOB B nopiuHe n, = 10 u d,, = 1,2 mm.

Marepuan nopuHs — 3BTEKTUYECKHMW aJIOMUHUEBBIN CILIAB,

a,=22-10% 1/K; marepuan T'wiab3bl LWIMHIPA — CEPLIA YyIyH,
a, = 11-10° 1/K.
Hanpsikenue nzruba B JHUILE TTOPLIHS
2 2
M, r; 34,4
ngzizpzmax' L :5,24[ ) :110,24 MHa,
Wu3 5 »
rne M, =~ D, pmax 13‘3 - m3rubaromuii Moment, MH-m;
3 “
1
W, = g T 5% - MoOMeHT CONIPOTUBJIEHUS H3TUOYy IUIOCKOIO
JHULLIA, M7
emax = Pz = 5,24 MIla — MakcuMaJIbHOE JIaBJICHUE CTOPAHUS;

rl-:[g—(S+I+AI)}:[%—(7+3,8+0,8)}:34,4 MM - BHYT-

PEHHUU panyC JHUIIA.
c,, =110,24 MIla < [o,, ] = 150 MITa.
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OnpenensieM HalpsKEHUE CKaTUsl B C€4eHUU x-x (puc. 7.1)

P” max
o =zmax 00398 g6\ ia,
F 0,00149

X—X
rae P, = P, - F, =524-66,44-107* =0,0348 MH - maxcu-

MaJibHasl CHJIa JaBJICHUS Ta30B HA JHUIIE TTOPIIHS;
F, — rutomazape nopuns, F, = 66,44-104 m%;

F,_, - miomaab CCUCHHUs X-X, M2,

[TIpu 5TOM IUIOIIAIb CEYEHHS X-X PaBHA
T (2 2 (314 2 2
Frr=|] (a2 —a?)-n, F'= h (0,0828% —0,0696 )

~10-7,92-107%1=0,00149 ™2,
rae d; - BHyTpeHHui nuametp nopuss, d; =0,0696 m;
d.=D-2-(t+At)=0,092-2-(0,0038+0,0008)=0,0828 ™M -
JUaMeTp MOPIIHS 110 JTHY KaHABOK,
e (d —d;)-d,, _(0,0828-0,0696)-0,0012
2 2
mmomaab MMpoaoJIbHOI'O JUaMCTPAJIbHOTI'O CCYHCHUA MAC/IHOI'O KaHaJ1a.
OnpenensieM HalpsKEHUE pa3pbiBa B CEYCHUU X-X
P; 0,035
P F._. 0,00149
Cuna MHEpLUMHM BO3BPATHO-IIOCTYNIATEIbHBIX Macc P; onpenens-

€TCsl [Tl PeKUMa MAaKCUMAJIbHOW YaCTOTHI BPAILCHUS MPHU XOJOCTOM
XOJI€ IBUTATEIS

=792-107° M2 -

= 2,35 MIla.

Pj =My_x ‘R- w.%.x.max ’ (1 + ﬂ):

=10,35-0,044 - 418,672 . (1 +0,284)]- 1070 = 0,0035 MH,
TJI€ M.y — MAcCa TOJIOBKU TMOPIIHS C KOJbIIAMH, PACTIOJIOKEHHAS
BBIIIIE CEUCHUS X-X,
Mm,_, = (0,4...0,6)- m, =0,5-0,7=0,35 kr,
m, — Macca MOpUIHEBOU rpynmsl, m, = 0,7 Kr;
R — panuyc xkpusowumna, R = 0,044 m;

@, . max — MAKCHMaJbHas yIJIOBass CKOPOCTb XOJIOCTOTO XOJa

ABUT'aTCIIA



116

T - 14 -
a) Prx.max 3’1433000 =418,67 ¢,

X.X. max - 30

THE My jpax - MAKCHMAIIbHAS YaCTOTA BPAILEHUS XOJIOCTOrO XO-
J1a JBUTATENS, 1y oy = 4000 Mun;

/ — OTHOIIIEHUE pajiuyca KPUBOIIIMIA K JUIMHE maTyHa, A=0,284.
OnpenensieM HalpsKEHUE Cpe3a KOJIbLEBOM MEPEMbIYKU

15,240,092

D
z'=0,0314-p"27‘“=0,0314 — 421 M.

n 2
OnpenensieM HalpsKEHUE U3ruda KoJIbLEBOM MEPEMbIYKHU

2
()-Mg = 030045 ' pz max [fl) 0,09326] = 15,40 MHa,

n

2
] =0,0045-5,24 {
rae D u h, — auaMeTp UWIMHAPA U TOJIIMHA BEPXHEH KOJIblie-
BoM nepembiuku, D = 0,092 m u h, = 0,0036 M.
Cno’kHO€ HaNpsHKEHUE OMPEIeTUTCS

Oy =02 +4-72 =+/1540% +4-421% =17,55 MITa;
oy = 17,55 MIla < [0y | = 40 MITa.

OnpenensieM yaeiabHbIe AaBJICHUS FOOKHU MOPIIHS U BCEHl BBICO-

ThI MOPIIHA HA CTCHKY OUJIUMHPA

Noae 000254

“h,-D 0,060,092

N 000254
H-D 01020092

rjae h, — BbIcOTa 0OKH nopuiHs, i, = 0,06 Mm;

H — Beicota nopuns, H = 0,102 wm;

Nnax — HAUOOJIBIIIAS HOPMaJIbHAS CHJIA, JEUCTBYIOIIAS HA CTEHKY
[WIMHAPA TP paboTe ABUTaTels Ha peKUMe MaKCUMaIbHON MOIIHO-
cTH, Npax = 0,00254 MH.

Jlns  aBTOTpakTOpHBIX jaBurarene ¢; = 0,3...1,0 MIla wu
q2=0,2...0,7 MI1a.

OrnpenenseM yclioBUE rapaHTUPOBAHHOM MOJABUKHOCTH TOPIIHSA
B rOpSIYEM COCTOSTHUU.

B nensx npenoTBpaleHus 3aKJIMHUBAHUA MTOPILIHEN npu padboTte
JABUTATENISl pa3sMepbl JMAMETPOB TOJIOBKU D. M 100ku D,, NOPIIHA
ONPEALIIAIOT, UCXOAS U3 HATUYUS HEOOXOIMMBIX MOHTAKHBIX 3a30POB

=0,46 MlIla;

qi

q2



117

A. n A, MEXKIYy CTEHKaMU IUJIUHAPA U TOPIIHSA B XOJOJIHOM COCTOS-

HUU:
A, =(0,006...0,008)- D = 0,007 -92 = 0,64 Mm;
A, =(0,001...0,002)- D =0,002-92=0,18 mwm.
JluameTphl TOJIOBKM M FOOKM MOPIIHA C YYETOM MOHTaXHbIX 3a-
30pOB OMNPEALIIAIOT 10 hopMyam
D,=D-A,=92-0,64=9136 mm;
D,=D-A,,=92-0,18=9182 mm.
[IpaBUIIBHOCTH YCTAHOBJIEHHBIX pa3mepoB D, u D,, IPOBEPSIOT B
ropsiieM COCTOSIHUM 1O popmysiam

A,=D-I+e,-(T,-T,)I-D,-1+e, (T, -T,)]=
=92-[1+11-107°-(385-293)]-91,36 - [1+22-107° - (600 — 293)] =
=0,116 mM;

ANy,=D-Nl+a, T, -T,)1-D,-1+ea, (T, —T,)]=
=92-[1+11-107°-(385-293)]-91,82-[1+22-107° - (410 - 293)] =
=0,037 MM,

rae A, n A, - nnaMeTpanbHbie 3a30pbl B TOPSYEM COCTOSIHUU

COOTBETCTBEHHO MEXJIy CTCHKOW HWJIWHJIpA U TOJOBKOW MOPIIHS H
MEXY CTEHKOU IWIMHAPA U FOOKOH MOPILIHS, MM;
Q, 1 @, - KOOQOUINEHTDI IMHEHHOTO PACIIMPEHUS MATEPUATIOB

OUWInHApa U [MOPUIHA:

- JUIsL 9yTYHA &, = Q) =11-10° %;

|
- JUIsl IIFOMMHUEBBIX CIUIABOB &), = &, =22 10° E;

Ty, T- u T,, — COOTBETCTBEHHO TeMIIepaTypa CTCHOK IUIUHIPA,
rOJIOBKM M I00KM mopuHsi B pabouem cocrosuuu: 1, = 385 K,
I.=600KwuT7,=410K;

T, — HauanbHasl TeMIepaTypa HuiIuHapa u nopuss, 7, = 293 K.

TerunoBbie 3a30pbl 00ECIICUECHBI.
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10.1.2. PacueTr nopuuHs auseJs

Ha ocHOBaHMM HaHHBIX PAcYETOB (TEIIOBOTO, CKOPOCTHOM Xa-
PAKTEPUCTUKU U JTUHAMUYECKOI0) ONpEeAessieM: JUaMeTp LWJIMHAPA
D = 120 mm, xoa nopmuHs S = 120 MM, MaKkCUMaJIbHOE JaBJICHUE CTO-
panus p, = 9,60 MIla npu wacrore Bpamienus n, = 2600 mun’!, mio-
maae nopmHs F, = 113 cM?, HaubGObLIYI0 HOPMAJIBLHYIO CHIIY
N =0,00697 MH npu yrine ¢ =390°, maccy MNOpPIIHEBOW TIPYIIIIbI
m, = 2,94 Kr, MakCUMaJIbHYy}0 4acTOTy BpalIE€HHUS XOJOCTOrO Xoj]a
Ry max = 2930 mun!, 3Hauenue 1 = 0,27.

B coorBercTBUM C CYLIECTBYIOIIMMHU AHAJIOTMYHBIMMU JBUraTe-
JISIMM M C YYETOM COOTHOLIEHMH, NPUBEICHHBIX B Ta0. 7.1, npuHuMa-
eM: BbIcOTy nopuuHs H = 120 MM, BbICOTY FOOKM nopuiHg h,, = 80 mm,
paaualIbHYIO TOJIIMHY KOJIbLA f = 5,2 MM, paJualibHbIN 3a30p KOJIbLIA
B KaHaBke nopuHs Af= 0,8 MM, TOJIIUHY CTEHKHU I'OJIOBKH IOPIIHS
s = 12 MM, BEIMYMHY BEPXHEH KOJIBLIEBOM MEPEMBIYKH h, = 6 MM,
YKUCJI0 ¥ AUAMETP MACJISHBbIX KaHaJIO0B B MopiuHe n, = 10 u d,, = 2 mm.

Marepuan nopuHs — aJtOMUHUEBBIM CIUIAB, O, = 22- 10 1/K;
MaTepyall THIb3bI MIKHIPA — CEPBIN YyTyH, o, = 11-10° 1/K.

OnpenensieM HalpsKEHUE CKaTUsl B C€4eHUU x-x (puc. 7.1)

P max 0,108

e = - =31,77 MIla,
F._, 00034
rae P, =p, F,=960-1 13-107* = 0,108 MH - Makcumas-

Has CWJIA JaBJICHUS ra30B Ha JHUILE ITOPIIHS;
F, — mutomazape nopuns, F, = 113-104 m%;
F._. - IIomaab Ce4eHus X-X, M2,

[TIpu 5TOM IUIOIIAIb CEYEHHS X-X PaBHA
F._ = [%) (a2 =a?)-n,, -F'= {[3’;4) (0,108% —0,084% )

~10-24-107%1=10,0034 M2,
rae d; - BHyTpeHHH# auametp nopuHs, d; = 0,084 Mm;
d.,=D-2-(t+At)=0,120-2-(0,0052+0,0008)= 0,108 ™ -
JVaMeTp MOPUIHA 10 THY KaHABOK;
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(de—d;)-d,, _(0,108-0,084)-0,002
2 2

maab NpoAaAOJbHOIO JHAMCTPAJIBHOTI'O CCHCHHA MACIIHOI'O KaHaJIa.
Onpeﬂem{eM HAIIpsKCHUC pa3pbiBa B CCHCHUH X-X

F'= =24-10% M2 - mwio-

P.
c,=—"1 ZO0120_ 59 M,
F._. 00034

Cuita uHEepUMH BO3BPATHO-IIOCTYIIATENILHBIX Macc P; onpenens-
eTCs I peKUMa MAaKCUMAJIbBHOM 4aCTOThI BpAILEHUS IPU XOJOCTOM
XOJ€ JBUTATEIIA

P,=m, . R- o>, (1+1)=

=[1,764-0,06 - 306,672 ((140,27)]-107°° =0,0126 MH,
rac my.x — Macca rojJlIoBKy 1nopuHsa € KOJIbIHaMH, pacCIlOJIOKCHHAA

BBIIIC CCUCHHUA X-X,

=(0,4...0,6)-m, =0,6-2,94 =1,764 r,

m, — mMacca HOpI]lHeBOH rpynnsl, m, = 2,94 xr;
R — paguyc kpusowumna, R = 0,06 M;

@,  max — MAKCHMaJlbHasi yIJIOBass CKOPOCTb XOJIOCTOIO XOJa

ABUT'aTCIIA
Ny x.max  314-2930
) =

X.X. max = 30

=306,67 ¢!,

rac n - MAKCHUMaAJIbHAs 4aCTOTa BpAlICHHUA XOJIOCTOTO XO/1a

e maxe = 2930 mun!;

/. — OTHOLIIEHUE paJMyca KpUBOILIMIIA K JUJIMHE 1maTyHa, A = 0,27.
OmnpeenseM HAPSDKEHUS Cpe3a KOJIbIEBOH MepeMbIUKN

-D )
7=0,0314- pzmiax =0,0314- 96—0120 = 6,03 MIla.
h 006

n b

X.X. max

JIBUTATEIIS, N

OnpenensemM HanpsKEHUs U3ruda KOJIbIIEBON MEPEMbIYKH

2 2
L =00045-p_, - [f} =o,0045-9,6-(8’12(6’] —17.28 MITa.

n

b

rae D u h, — auaMeTp UWIMHIpPA U TOJIIMHA BEPXHEU KOJIbIIe-
BoM nepembliuku, D = 0,120 m u h, = 0,006 wm.
CroxHoe Hanpﬂmeﬂﬂe ONpeaeIUTCS

Oy =02 +4-7% =1/17,28* +4-6,03> = 21,07 MIla;

us
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oy =21,07 MIla < [0y ]| = 40 MITa.

OnpenensieM yaeiabHbIe AaBJICHUS FOOKHU MOPIIHS U BCEHl BBICO-
Thl MIOPIIHS HA CTEHKY LIWJIMH/IpA

g = Mnar _ 000697 _ o
h,-D 008-0,12
gy = Nas - 000697 _ 0 i

H-D 015-0,12

rae h,, — BeICOTa F0OKHM TOpIIHS, /,, = 0,08 M;

H — Beicota nopuns, H = 0,15 wm;

Nnax — HAUOOJIBIIIAS HOPMaJIbHAS CHJIA, JEUCTBYIOIIASI HA CTEHKY
HWIMHIpA Mpu paboTe ABUTATENs HA PEKUME MaKCUMaIbHOW MOIIHO-
cTH, Npax = 0,00697 MH.

Jlns  aBTOTpakTOpHBIX jaBurarene ¢; = 0,3...1,0 MIla wu
q>=0,2...0,7 MI1a.

OrnpenenseM yclioBUE rapaHTUPOBAHHOM MOJABUKHOCTH TOPIIHSA
B rOPSIYE€M COCTOSIHUM.

B nensx npenoTBpalieHus 3aKJIMHUBAHUS TTOPIIHEH npu padboTte
JABUTATENISl pa3sMepbl JMAMETPOB TOJIOBKU D. M 100ku D,, NOPIIHA
ONPEALIIAIOT, UCXOAS U3 HATUYUS HEOOXOIMMBIX MOHTAKHBIX 3a30POB
A. 1 4, MEXIYy CTEHKaAMU LMJIMHAPA W MOPIIHSA B XOJOJHOM COCTOS-
HUH:

A, =(0,006...0,008)- D = 0,006 120 = 0,72 mm;
A,, =(0,001...0,002)- D =0,002-120 = 0,24 MMm.
I[H&MeprI TOJIOBKHA U KOOKU nmopoH:Aa €C y4¢TOM MOHTAXXHBIX 34d-
30pOB ONPEICIIAIOT 110 popMysiam
D,=D-A,=120-0,72=119,28 mm;
D,=D-A,=120-024=119,76 mm.
[IpaBUIIBHOCTH YCTAHOBJIEHHBIX pa3mepoB D, u D,, IPOBEPSIOT B
ropsiueM COCTOSTHUH 110 hopMyJiam

A'2=D-[1+6rlf '(Tu -T)-D, [1+ea,-(T,-T,)]=
=120-[1+11-10_6 -(388—293)]—119,28-[1+22-10_6 +(493-293)]=
=0,32 MM;

A'M;,=D-[1+6rlf °(T1; -I)1-D, l+e,-(T,-T,)]=
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=120-[1+11-107°- (388 —293)]-119,76-[1+22-107° - (428 — 293)] =
=0,01 mm,
rae A, n A, - nnameTpanbHbie 3a30pbl B TOPSYEM COCTOSIHUU

COOTBETCTBEHHO MEXJIy CTCHKOW HWJIWHJIpA U TOJOBKOW MOPIIHS H
MEXY CTEHKOU IWIMHAPA U FOOKOH MOPILIHS, MM;
&, 1 O, - KOOQOUINEHTDI IMHEHHOTO PACIIMPEHUS MATEPUATIOB

LUJIAHAPA U TTOPLIHS;

- JUIsL 9yTYHA &, = Q) =11-10° %;

|
- JUIsl IIFOMMHUEBBIX CIUIABOB &), = &, =22 10° E;

Ty, T. n T,, — COOTBETCTBEHHO TeMIIepaTypa CTEHOK LIMJIMHJPA,
rOJIOBKHU U F0OKHU mopIIHs B padouem cocrosiauu, T, = 388 K, 7. =493
KuT,=428 K;

T, — HayanpHas TemIeparypa uuianHapa u nopuss, 7, = 293 K.

TerunoBbie 3a30pbl 00ECIICUECHBI.

10.2. PacyeT nopmHeBOro najbua
10.2.1. PacueT nopiuiHeBOro najbia
KapOopaTOPHOIro ABHTaTe sl

OCHOBHBIC KOHCTPYKTHUBHBIC pa3Mepbl MOPILIHEBBIX IMAJbIICB
npuHUMaeM u3 Tabi. 7.1 uiu no naHHbIM nporotuna. Kpome toro, mo
TaHHBIM TEIUIOBOTO pacueTa MPUHUMAeM: MaKCHUMAaJbHOE JIaBJICHUE
CTOPaHUSA P, 0 = 5,24 MIla, HapyXHBI JuamMeTp mnajbla

d,= 26 MM, BHYTpEHHUI auaMmeTp nanblia dy = 16 MM, JUIMHA Manbla
[, =72 MM, JJIMHA ONOPHOW MOBEPXHOCTH IaJIblla B I'OJIOBKE IIaTyHa
[, = 31 MM, paccTosTHUE MEXKy TOpLAMHU OOOBIIIEK b = 28 MM.
Marepuan nopuHeBoro manbia — cranbs 15X, £ = 2:10° Mlla.
[Tanen mIaBaroIero TUMa.
OrnpenensieM pacy4eTHYIO CUITY, IEMCTBYIOLLYIO HA Majell,

-F,+ k- P;=524-6644-10"" - 08-0,00219 = 0,0331MH,
€ Popyax - ~ MaKCUMaJbHOC  JaBJICHME  CropaHwus,
Pzmax = Py = 5,24 Mlla;

P=p,

max
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k — K03 PULIMEHT, YYUTHIBAIOIIUN MacCy MOPIIHEBOro Majblia,
k=0,8;

P, — cuima MHEpUMM NOPIIHEBOM TIPYNIBl IIPU 71 = N,
P;=-m, @, R-(1+1)107°=07-2355-0,044(1+0,284)-10° =
=-0,00219 MH;

@,, - YIII0Basi CKOPOCThb IIPH MaKCUMAJIbHOM KPYTSAILIEM MOMEH-
7-n, 314-2250

30

1, — YacTOTa BPALIEHU TP MAKCHMAJILHOM KPYTSIIEM MOMEH-
Te, N, = 2250 mun".
OrnpejiensieM yaeabHOE JaBJICHHE Naiblia Ha BTYJIKY IOPIIHEBOM

I'OJIOBKH IATYHa

=235,5 ¢c’!;

TC JBHraTels, O, =

P 00331
d,-1, 00260031

n 17

Qu = =41,07 Mlla,

rae d, - Hapy>KHbIU quameTtp nanela, d, = 0,026 m;

[, - NJIMHA OMOPHOM MOBEPXHOCTH IMaJiblla B TOJIOBKE IIATyHA,
[.=0,031 m.

Onpenensem yieJIbHOE JaBJICHUE MaJiblia Ha OOOBIIIKH

L 0,0331 — 2893 MIIa,

d, (I,—b) 0,026-(0,072-0,028)
rae [, — obuas giuuHa nanbua, [, = 0,072 m;
b — paccrostHue Mex Iy Topramu 000sbImek, b = 0,028 m;
(1, —b) — nvHa ONOPHOI TTOBEPXHOCTH TAJIbIA B GOOBIIIKAX, M.

46 =

Jlns aBTOMOOWMIBHBIX jgBHrateneii ¢, = 20...60 Mlla u
qs = 15...50 MlIa.

OrnpenensieM HalpsKEHUE U3ruda B CPEIHEM CEUECHUH MallbLa

_P-(l,+2-b-1,5-1,) 0,0331-(0,072+2-0,028-1,5-0,031)

Y 12-a-at-d 1,2-(1-0,615%)-0,026
=149,26 MllIa,
d, 16
rae o=—"= 2% =0,615 - oTHOUIEHHE BHYTPEHHErO JHAMETPA

n
najablia K HapyKHOMY.
c,, = 149,26 < [0,

{3

| =250 MITa.
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OmnpenensemM KacaTeIbHbIE HAPSDKEHUS Cpe3a B CEUCHUSIX MEXK-
ny 00OBIIIIKAMU U TOJIOBKOM 1IATYHA

__085-P-(I+a+ a*)  085-0,0331-(1+0,615+0,615%)
A-a*)-d? (1-0,615%)-0,026”
=96,81 MITa;
7 =96,81 < [r] = 250 MITa.

OnpenensieM HauOoJbllIee YBEJIMYEHUE TOPU3OHTAIBLHOTO JHUa-
MeTpa naliblla IPU OBaIU3aALNU

_135-P .(““)3 Jor-(a—04p]=

nmax E'ln -
3
2-10°-0,072 \1-0,615
rac E - MOAYJIb YHPYrocTu MaTcpualia najblia,
E =2,0-10°> MIla.

3uauenue Ad He IOJDKHO OBITE OoJipIe 0,02...0,05 MM.

nmax
OnpejenseM HaNpsHKEHHS OBAIN3ALUM HA BHEIIHEH ITOBEPXHO-
CTH NATbLIA:
- B TOPU30HTAJILHOM MI0cKocTH (y = 0)

oo =%,{0Jg, (2+a).(1;a)__ 1 }_[O’l_(a_o,él)s]:
: (1-a) l-a

_ 15-00331 {019_(2+0,615)-(1+0,615) 1 }

n

©0,072-0,026 (1-0,615)° 1-0615

10,1-(0,615-0,4)’] = 67,27 MIla;

- B BEPTUKAJILHOM 110cKocTH (7 = 90°)

G o =—2 L. 0,174-(QJF‘;*“')'(I,;”?‘)+0’636 Joi-(@-04y]-
l,-d, (1-a) -«
__15-00331 0174_(2+0,615)-(l+0,615)+ 0636 |
0,072-0,026 | (1-0,615) 1-0,615

10,1-(0,615—-0,4)’]1=—157,88 MIla.
OrnpenenseM HalpsHKEHUS OBAIM3ALlMU HA BHYTPEHHEH IMOBEPX-
HOCTH Iajblia:
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- B TOPU30HTAILHOM I0CKOCTH (7 = 0°)
o .= _15P ,.9.(1+2—a)-(1+a)+ 1 .[0,1_(6(_0,4)3]:
‘0 l,-d, (l_a)z'a I-a
_ 15:00331 | .o (1+2:0615)-(1+0615) 1 |
0,072-0,026 | (1-0,615)-0,615  1-0615
10,1-(0,615-0,4)’ 1= —241,35 MIla;
- B BEPTHKaJIBbHOM Mm1ockocTH (y = 90°)
aigoozlsi- 0,174-(l+2'“):2(1+“)—0’636 -[0,1—(0:—0,4)3]:
[ -d (1_a) % l-o
_ 15.0,0331 0174.(1+2-0,615)-(1+0,615)_ 0,636 |
0,072-0,026 | (1-0,615)* 0,615 1-0,615

10,1 -(0,615-0,4)*1=124,75 MIla.
HaubOomnsiiee HaITpAXKCHHUC OBAJIM3dAllUM BO3HUKACT HAa BHYTPCH-

HEW MOBEPXHOCTH MaJIbl1a B TOPU3OHTAILHOU IJIOCKOCTH

O,y = 241,35 < [O-i Uo]: 350 MlITa.

n %n

10.2.2. PacueT NOpIIHEBOI0 NMAJbIIA AU3EJIS

OCHOBHBIC KOHCTPYKTHBHBIE pa3Mepbl IOPLIHEBBIX IaAJIbLICB
npuHUMaeM u3 1abma. 7.1 wiam no na"HeM nporotuna. Kpome toro, no
JAHHBIM TEIJIOBOI'O pacyeTa MPUHUMAEM: MAKCHMAaJbHOE JaBIICHUEC
CTOpaHUs P, ... = 9,6 MIla, HapyxHblii [uameTp nansua d, = 45 MM,

BHYTPEHHUM auamerp nanblia dq = 27 MM, JiuHa nansua [, = 100 mm,
JUTMHA OTIOPHOM MOBEPXHOCTH MaJiblia B I'OJIOBKE 1IAaTyHa [, = 46 MM,
paccTosiHue MEXy TopiaMu 000bIek b =51 mm.

Marepuan  nopumHeBoro maigelia  —  crainb  12XH3A,
E =2.2-10° MIla. ITaiel miaBaromero THIa.

OrnpenensieM pacy4eTHYIO CUITY, IEMCTBYIOLLYIO HA Majell,

P=p.par Fy + K P;=9,6-113-107* = 0,72-0,0166 = 0,0965 MH,
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Pz max -~ MAKCHMAJIbHOC IaBJICHHC I'a30B HAa HOMHHAJIbHOM PC-

’KUME paboOThL, P, o = P, = 9,6 Mlla;

k — K03 PULIMEHT, YYUTHIBAIOIIUN MacCy MOPIIHEBOro Majblia,
k=0,72;

P, — cuia wuHepUuM IMOPLIHEBOW TIPYIINbl [PU 1 = Ny,
P;=-m, @, R-(1+1)-107° =-2,94.27213%-0,06- (1+0,27)-107° =
=0,0166 MH:;

@, - YrJoBasi CKOPOCTh IPH HOMHHAJILHOM 4acTOTe BpAaIlCHHS,

z-n, 314-2600
a)” = =

30

n, — HOMHHAJIbHAs YacTOTa BpAICHHMs KOJIEHYATOro Baja,
n, = 2600 mua!.

OrnpejiensieM yaeabHOE JaBJICHHE Naiblia Ha BTYJIKY IOPIIHEBOM
rOJIOBKH IIATyHa

=27213 c'!;

P 00965
d,-1, 0045-0046

n 17

Qu = = 46,62 Mlla,

rae d, - Hapy>KHbIU quamMeTp nanela, d, = 0,045 m;

[, - NJIMHA OMOPHOM MOBEPXHOCTH IMaJiblla B TOJIOBKE IIATyHA,
[, = 0,046 m.

Onpenensem yieJIbHOE JaBJICHUE MaJiblia Ha OOOBIIIKH

P 00965 _ 4396 M,

d,-(I,—b) 0045-(0,1-0,051)
rae [, — oOwmas qiuHa naneua, [, = 0,1 m;
b — paccrostHue Mex Iy Topramu 6000simek, b = 0,051 m;
(1, —b) — nvHa ONOPHOI TTOBEPXHOCTH TAJIbIA B GOOBIIIKAX, M.

46 =

Jlns aBTOMOOWMIBHBIX jgBHrateneii ¢, = 20...60 Mlla u
qs = 15...50 MlIa.
OrnpenensieM HalpsKEHUE U3ruda B CPEIHEM CEUECHUH MallbLa
_P-(l,+2-b-1,5-1,) 0,0965-(0,1+2-0,051-1,5-0,046)

“ o 12.a-at-dd 1,2-(1-0,6%)-0,045°
=134,85 Mlla,
d, 27
rae o= 7 = 25 =0,6 - OTHOLIEHHE BHYTPEHHEIO JAUaMeTpa

n
MaJibl[a K HAPYKHOMY.
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| =250 MITa.

OmnpenensemM KacaTeIbHbIE HAPSDKEHUS Cpe3a B CEUCHUSIX MEXK-
ay 00OBIIIKAMHU U T'OJIOBKOM IIaTyHa

- 085-P-(1+a+a*) 085-0,0965-(1+0,6+0,6%)
(1-a*)-d? (1-0,6%)-0,045”
7 =91,22 < [r] =250 MIla.

Onpeﬂeﬂﬁem HanOOJIbIIIES YBCIIMYCHUC T'OPHU30HTAJIBHOI'O JHa-
MCTpa I1aJiblia 1IPpHU OBAJIM3dllNH

3
nmax — L3> P ’ (l-l_a] ' [0,1—(0,’—0,4)312

El \l-a
_135-0,0965 (1 +0,6

22:10°-0,1 \1-06
rne E — MoOOynb yOpYrocTH  MarTepuana  Tajblia,
E =272-10° MIla.
3nauenue Ad, ,,,. He AODKHO ObITH Oosbiie 0,02...0,05 mMm.

c,, =134.85< [0,

13

=91,22Mlla;

3
] Jo1-(0.6-047] 10° =0,035 v,

Onpeﬂeﬂﬂem HaIIpAXKCHHA OBAJIM3dlIHHW HaA BHEIIHEH IMOBCPXHO-
CTH ITaJIbIA.

- B TOPU30HTAILHOM I0CKOCTH (7 = 0°)

cao=i g [0 L [ o-ta-on

_15-00965 | g, (2+06)-(1+06) 1 | [0,1 (06— 0,4)3]:
0,1-0,045 (1-0,6) 1-0,6
=72,21 MlIla;

n %n

- B BEPTHKaJIbHOM Mm1ockocTH (y = 90°)
G one = _1157‘; - [0,174- 2+a)(l+a), 0’636} Joi-(@-04y]-

n %n (1 - a)2 -«
__15-00965 |1, (2+0,6)-(1+06) , 0,636 | [0,1_ (0.6 _0,4)3]=
0,1-0,045 (1-06) 1-06

=—180,93 MlIIa.
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OnpeensieM HaNPsHKEHUS OBAJIM3AllMU HA BHYTPEHHEH TOBEPX-
HOCTH MaJIbIla:
- B TOPU30HTAILHOM I0CKOCTH (7 = 0°)

o =15 g1 042:0) (1+a), | -[0,1—(a—0,4)3]=
i | .d, l-af a l-a

_15-00965 | 1o (1+2- 0,6)-2(1 +06), 1 | [0’1 ~ (0,6_0,4)3]=
0,1-0,045 (1-06)-06  1-06
=-280,15 MlIla;

- B BEPTHKaJIbHOM Mm1ockocTH (y = 90°)

oo = P 0,174_(1+2-a)-2(1+a')+0,636 _[0,1_(6(_0,4)3]:
[ -d (1_a) o |-
_15-0,0965 0,174.(1+2-0,6)-(1+0,6)_0,636 _[0,1_(0,6_0,4)3]:
0,1-0,045 (1-06)*-06  1-06
=141,75 MIla.

HauGosnpiee HanpsikeHHe OBaJM3allMi BO3HUKAET Ha BHYTPEH-
HEW MOBEPXHOCTH MaJIbl1a B TOPU3OHTAILHOU IJIOCKOCTH
O = 280,15 < [O-z‘o° ]1=350 MlIla.

n “%n

10.3. PacyeT nopumHeBOro KoJibua
10.3.1. PacueT nopumHeBoro KoJbua
KapOpaTOPHOro ABUraTe s

OcHOBHBIE JaHHBIE JIJIs pacyeTa MpUHUMAIOTCs U3 Tabd. 7.1.

Marepuan  kKoibua —  CEphld  JIETUPOBAHHBIA  YYTI'YH,
E =1,2-10° MIla.

OmnpenensemM cpejHee 3HAUCHHE JABJICHHS KOJbIlA HAa CTEHKY
ATUHIPA
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10,8
3,6

(92 e 92)
3,6 3,6

rae E - Moaysb ynpyroctu marepuana kKoisia, £ = 1,2-10° MI1a;
t - paauanbHas TOJIIMHA KOJbIA, = 3,6 MM;
A, — Pa3HOCTb MEXK]Iy BEIIMYMHAMHU 3a30pOB KOJbIla B CBOOO/I-
HOM U pabodeM cocTosiHusX, A, = 3-t=3-3,6 = 10,8 mm.
Pep = 0,15 MlIla < [p.,] = 0,37 MIla.
OmnpexensemM AaBJIE€HUE KOJIbIIAa HA CTEHKY LWJIMHApPA B pa3iny-
HBIX TOYKaX OKPYKHOCTH U 3aHOCUM B TaOJIHUILY

P="Pcp Hy> MIIa,
IJIe U — ICPEMEHHBIH KO3 GUIIUEHT, OnpeaeIseMblii H3rOTOBHU-

TEJIEM B COOTBETCTBUU C MPUHATON (POPMOI 3MMIOPHI IaBJIEHUs KOJIbLIA
Ha 3epKajo UUJIHHIpA.

=0,152-1,2-10° - =0,15 Mlla,

[TapameTpsl AJ1 pacueTa MIOPLI
JTABJICHUSI KOJIbIIA HAa CTEHKY LIMJIMHApA

Yron y, rpan 0 30 60 90 120 150 180

KoadpduuneHt z, 1,05 | 1,04 | 1,02 1,0 1,02 | 1,27 | 1,50

Hasnenue p, MIla | 0,158 | 0,156 | 0,153 | 0,150 | 0,153 | 0,191 | 0,225

[To monmy4yeHHBIM JAAaHHBIM CTPOMM DIIOPY JIABJICHUS KOJIbIIA Ha
CTEHKY LMJIMHApa (puc. 7.2, a).
Onpenensem HanpsKeHUe U3ruda KoJibiia B paboyeM COCTOSTHUU

2 2
0,;1 =201 Pep -[?—l) =2,61-0,15 -(gz—l) = 236,06 MlIlIa.
OnpenensieM HanpspkKeHWE W3THOA MPU HAACBAaHUM KOJIbIla Ha

MOPIIEHb

1. 1_0,114-A0 41210° 1_0,114-10,8
- t _ 3,6

uz2 — -
m.[D-mj.[Dj 157 22 Z14]( 22
t t 3,6 3,6

*

) =325,89 Ml1a,




129

rae m — kKodpdUIHMEHT, 3aBUCAUMH OT croco0a HaJeBaHUs
Konbla, m = 1,57.
c,, =32589 Mlla< [6,,] =450 MIlau 6,,, > 0,,;.
OmnpepernseM MOHTaKHBIN 3a30p B 3aMKe MTOPLUIHEBOTO KOJbIA
A=ANc+7- Doy, (T, -T,)-e, (T, —T,)]=

=0,08+3,14-92-[11-107°-(500—293)—11-107° - (385 —293)] = 0,45 MM,
rae 4, - MUHUMAJIBLHO JOMYCTUMBIA 3a30p B 3aMKe KOJIbIIA BO
BpeMsi pabOTHI ABUTATE]I, 4’: = 0,08 mm;

O U & - K03)UIMEHTHI JJUHEHHOr0 pacllIMpeHus Marepuasia
KOJIbLIA ¥ THUJIb3bl UWJIMHApPA, O = O = 11- 10 1/K;
Tw, Tyn T, — COOTBETCTBEHHO TEMIIEpaTypa KOJbIa, CTCHOK IU-

TUHApa B paboueM COCTOSIHUM M HaudallbHas Temneparypa, Tx = 500 K,
T,=385KuTt,=293 K.

10.3.2. PacueT mopuiHeBOro KoJbua Au3eJs

OCHOBHBIE JIaHHBIE ISl pacyeTa NIPUHUMAIOTCS U3 Tadn. 7.1.

Martepuan Koublia — cepblii uyryH, E = 1-10° MI1a.

OnpeznensieMm cpeiHee 3HAYCHHME JABJICHUS KOJIbLIa HA CTEHKY
LUJIAHApA

=0152-1-10° - = 0,184 MIIa,

(8]

120_)' (120
5,2 5,2

riae E — Moaynb yIpyrocTu mMarepuana kousia, £ = 1-10° MlTa;
t — paaualnbHas TOJILMHA KOJIbLA, = 5,2 MM;
A, — pa3HOCTh MEXIYy BEIMYMHAMM 3a30pOB KOJIblLAa B CBOOOJ-
HOM M pabo4eM CoCTOsIHUAX, A, = 3-1 = 3-5,2 = 15,6 mwm.
Pep = 0,184 Mlla < [pc,] = 0,37 MIla.
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OnpeznensieMm AaBJIeHUE KOJIbLIA HA CTEHKY LMJIMHJpaA B pa3ihy-
HBIX TOYKAaX OKPYKHOCTHU U 3aHOCUM B TaOJIUILY

P=Pecp Hy> MITa,
T€ My — IEPEMEHHBIN KOA(DPUIIMEHT, OnpeIeNisieMblii U3TOTOBH-

TEJIEM B COOTBETCTBUU C MPUHATON (POPMOI 3MMIOPHI IaBJIEHUs KOJIbLIA
Ha 3epKajo UUJIHHIpA.

[TapameTpsl AJ1 pacueTa MIOPLI
JTABJICHUSI KOJIbIIA HA CTEHKY LIMJIMH/Apa

Yrou y, rpan 0 30 60 90 120 150 180

Koadduument p, 1,05 | 1,05 | 1,14 0,9 0,45 | 0,67 | 2,85

Hasnenue p, MIla | 0,193 | 0,193 | 0,210 | 0,166 | 0,083 | 0,123 | 0,524

[To mony4yeHHbIM JJAHHBIM CTPOUM JIIOPY JABJCHMUS KOJIblla Ha
CTEeHKY LmimHapa (puc. 7.2, 0).
OrnpenensieM HaNpsKEHUE U3THOa KOJIbIa B pa004eM COCTOSHUHU

2 2
Gy =261 pe, [1': - 1) = 2,61-0,184- (123 - 1] = 234,06 MITa.

OnpenenseM HanpspKeHHE W3ruOa IMpU HAAEBaHUM KOJIbLA Ha
MOPILICHb

4'E_[1_0,114—A0) 4.1.10° _[1_0,11:—215,6
t ) :

O-u32: —
m_(D_IA)(D] 157. 120_1,4 (120
t t 5,2 52

rae m — kKodpdUIHMEHT, 3aBUCAUMH OT croco0a HaJeBaHUs
Konbla, m = 1,57.
c,, =335,13MIla< [0,,] =450 MIlau 0,,, >0,,;.

OnpenensieM MOHTaXXHBIM 3a30p B 3aMKE MOPILIHEBOrO KOJIbIIA
A=Ac+7n-Dle, (T, —-T)—a, (T,-T,)]=

=0,08+3,14-120-[11-107% - (498 —293) —11-107° - (388 — 293)] = 0,54 MM,

rae 4’: - MAUHUMAJIbHO JONMYCTUMBIN 3a30p B 3aMKE€ KOJbIa BO

) =335,13Ml]a,

BpeMsi pabOTHI ABUTATE]I, 4': = 0,08 mm;
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O U & - KOOPOUIMEHTHI JTUHEWHOrO paclIMpeHus Marepuasa
KOJIbIIA Y TWIb3bI UWIUHIPA, O = O = 1 1- 10° 1/K;

Ty, Ty v T, — COOTBETCTBEHHO TEMIIEpaTypa Kojblla, CTEHOK LU-
JIMHJIpa B pabouyeM COCTOSIHUM M HavalibHas TeMneparypa, 7 = 498 K,
T,=388KuT,=293 K.

10.4. PacueT m1aTyHHOI rpyninbl
10.4.1. PacyeT nopuiHeBOi roJIOBKM IATYHA
10.4.1.1. PacuyeTr nopuiHeBO# roJIOBKM IATYHA
KapOIpaTOPHOro ABUraATE s

M3 TensoBoro ¥ JMHAMHUYECKOIO PacyeToB MMEEM: JaBJICHHE
cropanust p,; =4,45 Mlla Ha pexume n = n, = 3200 MHUH' TIpH

@ =1370°, maccy nopumHeBoH rpymmnsl m, = 0,7 Kr, Maccy LIaTyHHOU
rpynnst m,, = 1,4 Kr, MaKCUMaJIbHYI0 YaCTOTY BpAlIEHUs XOJOCTOIO
X0/1A My x. max = 4000 mun!, x0on1 MOpIIHS S = 88 MM, IUIONMIA/Ib TOPUIHS
F, = 66,44 cM?, 3nauenne A = 0,284. U3 pacuera NMOPUIHEBON TPYIIIbI
MMEEM JuaMeTp MOPILIHEBOIo najibua d, = 26 MM, AJIMHY TOPLIHEBON
royioBku maryHa [, = 31 mM. Ilo Tabn. 7.4. npuHuMaem: HapyKHbIN
OUAMETP TOJOBKH d.o; = 33 MM, BHYTPEHHUU JAUAMETP TOJIOBKHU
d =29 MM, paguanbHyIO TOJILMHY CTEHKH BTYJIKH §¢ = 1,6 MM.
Marepuan  marywa —  yriuepoaucras — cranb - 45072;
En=272-10°Mlla, a.,, = 1-10° 1/K. Marepuan BTyJKH — OpoH3a;

Egn=1,15-10° MIla, a,,, = 1,8-10° 1/K.
OnpenensieM CyMMapHOE YJEIbHOE JIaBJICHUE HA MOBEPXHOCTHU
CONPUKOCHOBEHHUS BTYJIKU C I'OJIOBKOU

A+A,

p: — — =
d> +d* d* +d?
PRl N SR

d - 2on + n

E E,,

(7]
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S 20,04+0,0255  __BBOTMIL
3204297 5| (2924267
59.|| 322 =29 29% - 26
5 + 5
2,210 115-10°

rae A - HaTAr nocajaku OpoH30Bo# BTYNKU, A = 0,04 MMm;

A=d-(a,-a,,) AT=29-18-107-1-107)-110 =
=0,0255 MM — TeMnepaTypHbI HATAT;

a,, - TepMuueckuil koddduuument pacmupeHus OpOH30BOMH
BTYJIKH, &, = 1,8:10° 1/K;

a.,, - TEPMUYECKHI KOIP(DUIMEHT pacIIUpPEeHUs CTaJIbHOU TO-
JNOBKH, &, = 1-107 1/K;

AT — cpenHsis TeMieparypa MnoaorpeBa rojoBKH M BTYJKH IPH
pabore nBurarens, AT =110 K;

dz0n, d M d, — COOTBETCTBEHHO HApPYXHBIM M BHYTPEHHUM JIHa-

METPBI I'OJIOBKH U BHYTPEHHUHN JAUAMETP BTYJIKH, do0n = 33 MM, d = 29
MM U d, = 26 MM;

u - koo durment [lyaccona, 4 =0,3;

E. - MOJLyJIb YIPYTOCTH MaTepuana marysa, £, = 2,2-10° Ml1a;

Eem - MOJ1yJIb yIPYyrocTu maTtepuana BTYJIKH,
Egn=1,15-10° MITa.

OnpenenseM HaNps)KEHUE HA HAPY>KHOM MOBEPXHOCTHU TMOPLIHE-
BOM I'OJIOBKH IlIaTyHa

2 2
2 e 2 ) se M
d> —d 332 -29
OrnpenensieM Hanps)KEHUE HA BHYTPEHHEN MOBEPXHOCTH MOPIII-
HEBOM I'OJIOBKM 1IaTyHA
| d%ﬂ + di 1807 332 + 292
d> —d 337 -29
o, = 140,63 < [o,,] = 150 MITa.
OnpenensieM CyMMapHYyO CUJTy HHEPLMHU MOPIIHEBOM I'PYIIIIbI
P, =-m, @, -R-(1+ 1) =—-0,7-0,044-334,93% - (1+0,284) =
= —4436,33 H,

2o

O-”:p

Oou =D =140,63 Mlla;
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I€ M, — Macca MOpIIHEBOU rpymnsl, m, = 0,7 Kr;
R — paauyc xpuBommuna, R = 0,044 wm;
W, — YIJ0Basi CKOPOCTh NP HOMHUHAJIBHON YaCTOTE BPAIICHUS,

7-n, _314-3200

, = =33493 ¢!;
30
N, — HOMHHAJIbHAS YacTOTa BpAIEHHMs KOJIEHUYATOro Baja,
n, = 3200 mun".

OnpenensieM u3ru0aroliMii MOMEHT B BEPTUKAJIBHOM CEUYEHUU
IIPOYLINHBI
M, ==P,;, -1, -(0,00033- 9, .,y —0,0297) =
=—(—4436,33)-0,0155-(0,00033-105-0,0297) = 0,34 H-m.
OHpe,I[eJISIeM BCIIMYHUHY HOpMaJIbHOﬁ CUJIBI B 3TOM K€ CCUCHHH
N, ==P;,-(0,572-0,0008-@,, ,.5) =
=—(—4436,33)-(0,572-0,0008 - 105) = 2164,93 H,
THE Qui. sa0 — YTOII 3AJEIIKHU, (. 500 = 105 rpan;
d,,,+d 0,033+0,029
T4 T g
MOPIIHEBOM I'OJIOBKHU.
OnpenensieM BEIUYUHY HOPMAJIBHOM CUIJIBI B pacyeTHOM cCeue-

HUM OT PaCTATMBAIOLIEH CUJIbI 1711 BBIOPAHHOTO YTJIa 3a1CJIKH Py, 300
N(Q w.3a0 = No "COSPy 309 = 0.5 Pjn - (sin Pt 300 —COS Py, 340) =
=2164,33-cos105° — 0,5 - (—4436,33)- (sin105° —cos105°) = 2156,37H.
OnpexensemM U3ru0arOmMUi MOMEHT B PacUY€THOM CEYEHUHU IS
BBIOPAHHOTO YTJIa 3aJICTIKU (1. 300
M(Dm.md =M,+N,- Fep (1=cos@,, 540) +
+0,5- Py -1, (SINQ,,, ,,9 —COSP,, s00) =
=0,34+2164,93-0,0155-(1—cos105") +
+0,5-(—4436,33)-0,0155- (sin105° — cos105°) = 0,47 H-m.
OnpenenseM HaNpsKEHUE OT PaCTSHKEHUS] B HAPYKHOM CJI0€
6-r.,+h -6
Qui. 300 ° h30ﬂ ) (;Pr ':Zo.a) +K- N(P w. 3a0 | ] 19’1

cp eon

=0,0155 ™M - cpeagHuit paauyc

O-p.n =|2-M

(27
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107°

~ 6-0,0155+ 0,002 ~
0,031-0,002

=12.047-
0,002-(2-0,0155+0,002)
= 46,8 MITa,
—d _0,033-0,029

+0,718- 2156,37}-

d

201

; =0,002 M — TOIImMHA CTEH-

I'AC hao,-z =

KM T'OJIOBKU;,
~ ~ 2,2-10° -124
E,-F,,+E,  F, 2210 -124+115-10°-93

K03 (PUUHMEHT, YYUTBIBAKOIINN HAJTUUUE 3aIPECCOBAHHOMN BTYJIKU;

F,,=(d,,—d)1,=(33-29)-31=124 mm> - miomaas cedye-
HHUA CTCHOK I'OJIOBKH,

F,=(d-d,)1,=(29-26)-31=93 mM? - niomaas ceyeHus
BTYJIKH.

OrnpenensieM CyMMapHYIO CUJTY, CAKUMAIOILYIO I'OJIOBKY,

Pope =(p; = Do) Fy = Pj nax = (4,45-0.1)-0,006644 - 10° —4324,66 =

=24576,74 H,
- MakCUMallbHasl CHJIa WHEPLUU MACChI IMOPIIHEBON

E,-F

201

=0,718 -

rane P.

Jj max

I'PYNIIbI npu HOMUHAJIbHOM 4acToTe BpalLCHUS,

mecax:mn 'wE'R°(COS¢+/1.COSZ¢):

=0,7-334,93% 0,044 - (cos370° + 0,284 - cos 740°) = 4324,66 H:
@ - yroi moBOpOTa KOJICHYaTOrO Baja MpPU 3HAYCHUU P,

0 = 370°;
F, — momans nopmss, F, = 0,006644 m?;
p, — [JAaBICHHE CropaHus B IWIMHAPE JBHUraTels,

p; = Py =445 Mlla.

OrnpenensieM HOPMAJIbHYIO CHITY Il Harpy>KEHHOT'O y4acTKa OT
COKUMAOIIEN CUJIBI

Nc:»c © w.3a0 — SNG40 —

@l p 2 Vs

CIHC

P . |:N"9’C 0 4 [Sin Dot 300 _ Dui. 300

- i COSPy, 200 ﬂ =24576,74-(0,0005 +0,002) = 61,44 H.
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OnpenenseM U3ru0arolMil MOMEHT JJIsl HArpy KE€HHOT0 y4yacTKa
OT C)KMMAIOLIEH CUJIbI

M

coie @ wi. 3a0 Fexe * Fep

MC')K’O NC')K’O
+ (I=cos @, ,.0) —
Feoe - Fep colc

_ sin q)w 3a0 _ q)w 3a0 .sin 0 _ l .COS @ _
7 p w. 3a0 p w. 3a0

=24576,74-0,0155-(0,0001+0,0005 - 1,2588 — 0,002) = —0,48 H-m,

__ M. .
rIe DK —=0,0005 wu @Ko —=0,0001 ONPEACISIOT 1O

cone coe " Tep

tabmu. 7.5.

OnpenensieM HanpssKEHUs B HAPYKHOM CJIOE€ OT CKUMAKOLIEH
CHUJIbI

6-r., +h, 1076
Cren =12 Mo 01 500 P2+ KN orun sa0 |
colc. [ corc @ ut. 3a0 hg()jj' (2 rcp N hgo,q) cole @ . 3a0 lm ] hgoﬁ
_ -6
_ 2.(_ , ) 6-0,0155+ 0,002 +0.718-61.44 |- 10 _
0,002-(2-0,0155+0,002) 0,031-0,002
=-21,58 MlIla.
Omnpenensem 3amac MpoOYHOCTH
2.0,
— 4 Og - [O-p. n T Ocuent 2- O-G‘H]
80'
2-210
46,8 —(-21,58) =312,

+0,12-[46,8 + (— 21,58) +2-140,63]

?
re O_j, - IpeJeN BEIHOCIMBOCTU MaTepHala IPH PACTHKCHUH,
O_ip = 210 MIla;
0y — KOXP(QUIMEHT NpHUBEICHUSA LMKJIA IIPH PACTIKECHUU-
CoKaTHH M 3aBUCSLIUN OT MaTepuana, o, = 0,12;

€5 — KOXPOUIIMEHT, YUUTHIBAIONIUI BIUSHHE TEXHOJIOTUIECKO-
ro ¢akropa (06pabOTKH MOBEPXHOCTH), £, = 0,7.
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3amac MpoOYHOCTH MOPIIHEBON I'OJIOBKH JIOJDKEH OBITH B Ipe/ie-
mx ng =2,5...5,0.

10.4.1.2. PacueT nopuiHeBOM roJIOBKM IIATYHA JAHU3€JI5

W3 TennoBoro M IMHAMUYECKOr0 pacueToB MMEEM: MaKCUMallb-
HOC  JIaBjJ€HHWE cropauus p,... =9,6 Mlla nHa pexume

n=n,=2600 mua! mpu @ = 370°, MacCy NOPIIHEBOH TIPYIIIbL

my, = 2,94 Xr, Maccy maTyHHOU TPyMIIBI My, = 3,39 KI, MAaKCUMaJTbHYIO
YacTOTY BpAILEHHs XOJIOCTOIO XOJA My.x. max = 2930 Mun!, X0 mopii-
a1 S = 120 mm, mnomans nopwss F, = 113 cm?, 3nauenne 1 = 0,27.
N3 pacuera MOpUIHEBOM TPYIITBI KMEEM JUAMETP MOPIIHEBOTO Majiblia
d, = 45 MM, JUIMHY TNOPIIHEBOW TOJIOBKM aryHa [, = 46 mm. Ilo
TabJ. 7.4. IpUHUMAEM: HAPYKHBIM JHAMETP TOJIOBKH d.., = 64 MM,
BHYTPEHHHUH JuaMmeTp ToJIOBKM d = 50 MM, paguaibHYH TOJIIIUHY
CTE€HKHU BTYJIKH ¢ = 2,5 MM.

Marepuan marysa — craams 40X; E, = 22-10° Mlla,
a,,, =1-107 1/K. Marepuan BTyiaku — OpoH3sa; Eg, = 1,15-10° Ml1a,

201
a,, =18-10° /K.
OHpe,I[eJIHeM CYMMApHOC YAC/IBbHOC NA4BJICHUC HA ITOBCPXHOCTHU

COIIPUKOCHOBCHHS BTYJIKH C I'OJIOBKOU

A+A,

p = — — =
d> +d? d* +d?

2 7 TH 2 2
dao,-z —d d”— dn

E E

8m

27

_ ) 0,04 + 0,044 216,73 MIla,

2 2 2 2
642+502 103 502 +452 03
50. 64~ —-50 n 50 —-45

2.2-10° 115-10°

rae A - HaTAr nocajaku OpoH30Bo# BTYNKU, A = 0,04 MMm;
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A =d-(a,,-a,,) AT =50-(1,8-10 =1-107)-110=
=0,044 MM — TeMniepaTypHbI HATAT;

&, - TEpPMUYECKUH KOAIPPUUMEHT pacuIMpeHus OpoH30BOU
BTYJIKH, &, = 1,8-107 1/K;
&,,, - TEPMHYECKUN KO3(PPUIMEHT pacHIMpEeHusl CTaIbHOU TO-

JIOBKH, (,,, = 1-107 1/K;
AT — cpenHsis TeMieparypa MnoaorpeBa rojoBKH M BTYJKH IPH
pabote aBurarens, AT =110 K;
dzon, d M dy — COOTBETCTBEHHO HApPYXHbIM M BHYTPEHHUU J1Ma-
METpPbl TOJIOBKM W BHYTPEHHUM AUAMETP BTYJIKH, d.on = 64 MM,
d=50mm ud, =45 mwm;
u - koapuument [lyaccona, u = 0,3;
E, - MOJlyJIb YIPYTOCTH MaTepuana marysa, £, = 2,2-10° Ml1a;
Een - MOy b yIOPYTrOCTH MaTepuana BTYJIKH,
Egn=1,15-10° MIIa.
OnpenenseM HaNps)KEHUE HA HAPY>KHOM MOBEPXHOCTHU TMOPLIHE-
BOU T'OJIOBKH IIaTyHA
2 2
;*)—722 d 5 :16,73-—22 30 5
d,. —d 64° —50

2ol
OrnpenenseM HanpsKEHUE Ha BHYTPEHHEW MOBEPXHOCTH MOPILI-
HEBOM I'OJIOBKM 1IaTyHA

c, = = 52,41 MIla.

2 2 2 2
o,, = p% = 16,73-% = 69,14 Mlla;
d, —d 64° -50

c,, =69,14 < [o,,] = 150 MITa.
OnpenensieM CyMMapHYIO CUTy HHEPIIUU MOPITHEBOU TPYIIIIBI
P,=—m, @ -R-(1+1)=-2,94-0,06-272,13" - (1+0,27) =

J
=-16590,33 H,
TJIe M, — Macca MOPIIHEBOU TpyMMsl, m, = 2,94 Kr;
R — paguyc kpusowumna, R = 0,06 M;
@, — yTJIOBasi CKOPOCTb MPH HOMUHAJIBLHON YacTOTE BpaIllCHHUS,
o, = JIB;SH _ 3,14-2600 —27213 ¢l

N, — HOMMHAJbHAs YACTOTAa BpALICHHMS KOJIEHYATOro Basa,
n, = 2600 Mun.
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OnpenensieM u3ru0aroliMii MOMEHT B BEPTUKAJIBHOM CEUYEHUU
IIPOYLINHBI
M, ==Pj, 1., -(0,00033- @, ,,)—0,0297) =
=—(~16590,33)-0,0285 - (0,00033-110—0,0297) = 3,12 H-m.
OrnpenensieM BeIMYMHY HOPMAIBHOU CHIIBI B 3TOM K€ CEUCHUU
N, ==P;,-(0,572-0,0008-¢,, ,.5) =
=—(~16590,33)-(0,572—0,0008-110) = 8029,72 H,
TI€ Qu. 300 — YTOJ 3AICIKH, @y 300 = 110 Tpas;
- d.,,+d _ 0,064 + 0,050
cp 4
MOPIIHEBOM I'OJIOBKHU.
OnpenensieM BEIUYUHY HOPMAJIBHOM CUIJIBI B pacyeTHOM cCeue-
HUM OT PaCTATMBAIOLIEH CUJIbI 1711 BBIOPAHHOTO YTJIa 3a1CJIKH Py, 300

Nqo w. 300 = No " COSPy, 549 -05- Pjn -(sin Prut. 3a0 ~ COS Py 300) =

=8029,72-cos110° —0,5-(—16590,33)- (sin110° —cos110°) = 7885,69 H.
OmnpejenseM U3ruOAOMUA MOMEHT B PACYCTHOM CCUCHHUM IS
BLIOPAHHOTO yIia 3a0€lIKH @y 50
M(Dm.md =M,+N, Fep (1=cos@,, 540) +

+0,5-Pjy 1y (SIN G, 400 —COSP, 100) =
=3,12+8029,72-0,0285-(1—cos110%) +

+0,5-(=16590,33)-0,0285- (sin110° —cos110°) = 7,22 H-m.
OnpenenseM HaNpsKEHUE OT PaCTSHKEHUS] B HAPYKHOM CJI0€

=0,0285 M - cpeaHui paauyc

2-M O Tepthoor gy 10°°
p.H Q. 3a0 hem _ (zrcp + hgm) @ w. 3a0 lm _ heo,.-l
-6
=12-7,22- 6-0,0285+0,007 + 0,842 -7885,69 |- 10 =
0,007 -(2-0,0285+0,007) 0,046 - 0,007
= 38,44 Mlla,
rae h,,, = di"o’f’z_d _0064-0030 _ 0,007 M — ToximIMHA CTEH-

KH I'OJIOBKH,
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E,-F,, ~ 2.2-10° - 644
E, F, +E, -F, 2210 -644+115-10°-230
- KO3 PULIMEHT, YUYUTHIBAIOIIMK HAJIMYKE 3aIIPECCOBAHHOM BTYJIKH;

F,,, =(d.,,—d)1,=(64-50)-46 = 644 mm? - momans cede-

2o

K= =0,842

HHA CTCHOK I'OJIOBKH,
F, =(d-d,)1,=(50-45)-46 =230 mm? - myomaab ceyeHus
BTYJIKH;
OnpenensieM CyMMapHYIO CUITY, COKUMAIOIIYIO TOJIOBKY,
Poe=(p. = Py) Fy = P;max =(9,6-0,1)-0,0113-10° —16179,17 =
=91170,83 H,

rae P; - MakCuUMallbHasl CUJIa MHEPLMU MACChl MMOPLIHEBON

Jj max
TPYIIIIbI npu HOMHUHAJIbHOM 4acTOTE BpaLICHH,
— 2 —
Pj max =My, - @, ‘R-(cos@+A-cos2¢)=

=2,94.272,13%.0,06- (cos370° + 0,27 - cos 740°) =16179,17 H;
@ - Yroja IMoOBOpOTa KOJEHYATOrO Baja IpU 3HAYCHHUU P, ,

0 = 370°;
F, — momans nopms, F, = 0,0113 m?%;
p, — [JaBICHHE CropaHus B IWIMHAPE JBHUraTels,

P:=Psmax = 9.6 MIla.

OrnpenensieM HOPMAJIbHYIO CHITY Il Harpy>KEHHOT'O y4acTKa OT
COKUMAOIIEN CUJIBI

Nc:»c © w.3a0 — SNG40 —

@l p 2 V4

P . |:N":”C ° 4 (Sin Puus. 3a0 _ Put. 3a0
- i "COSDy; 3a0 ]:| =91170,83- (0,0009 + 0,0047) =510,56 H.
/A

OnpenensieM U3ru0arOINil MOMEHT I HArpyKEHHOTO y4acTKa
OT COKMMAIOLIEH CHIIBI



P v

coe Tep

P + (1 —cos Do, 3ad) -

Mc:»c @ w.3a0 P
coe " Tep

coc

|: M CHCO NC.’J:‘C ]

_ SIm @w 3a0 _ ¢w.3a(3
2 T

=91170,83-0,0285-(0,00025 +0,0009 - 1,342 — 0,0047) = —8,42 H-m,

) 1
SN Q@ 500 ; "COS Dy, sa0 =

N
rie ——<2=0,0009 u —>%=0,00025 - ompeieNAIOT IO
colc coe " Tep
tabmn. 7.5.
OnpenensieM HanpssKEHUs B HAPYKHOM CJIOE€ OT CKUMAKOLIEH
CHJIBI
6-r. +h —6
Ocoe.n = 2°Mc.'ycg0w. 3a0 S +K'NC.‘J;C(DM. 3a0 | 10 =
hawz (2 Fep + hao,q) lm ' hawz
={2-(~8,42)- 6-0,0285+0007 0,842-510,56 |-
0,007 -(2-0,0285+0,007)
-6
: 10 =-19,44, MI]la.
0,046 - 0,007
Omnpenensiem 3amac MpOYHOCTH
" = 2.0, _
Opn= e g o) +Cuen+2-04]
£, o p.H core. 8H
2-300 _59.

38,44 — (_ 19,44) +012- [38,44 + (_ 19,44)+ 2- 69,14]

»

rAe O_j, - IPe/ell BIHOCIMBOCTH MaTepHaa IpU PaCTSKCHUH,

=300 MIla;
Oy — KO3PQUUMEHT NpUBEJIEHUS LMKIA HPU PACTIKEHUU-

CKaTHM Y 3aBUCALIMN OT MaTepuana, o, = 0,12;
Es — KOOPOUIMEHT, yUUTBIBAIOLIUI BIUSHUE TEXHOJIOTUYECKO-

oy,

ro (axkropa (00pabOTKU MOBEPXHOCTH), £, = 0,7.
3anac NMpOYHOCTH MOPIIHEBOM T'OJOBKH JODKEH OBbITH B Mpejie-
mx ng =2,5...5,0.
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10.4.2. Pacuer cTep:KHs IATYHA
10.4.2.1. Pacuer cTep:KHA IIATyHA
KapOIpaTOPHOro ABUraATE s

OnpenensieM Culy WHEPIUU, PACTITMBAIONIYIO IIATYH MPU HO-
MHHAJIBHON 4aCTOTE BPAILLICHUS,

P;=—(m,+0275-m,,) R-a; -(1+ 1)-107° =

=—(0,7+0,275-1,4)-0,044 - 334,93 - (1+0,284)-107° = —0,0068 76 MH,

rae m, — macca HOpI]lHCBOﬁ rpynIsl, m, = 0,7 xr;

my,, — Macca martyHa, m,, = 1,4 xr.

a), - yriaoBas CKOPOCTH IIpH HOMHWHAJIBHON 4YacTOTE BpallCHUA,
o, - 7, _3,14-3200 _ 334.93 o'

30

n, — HOMHHAJIbBHAA YacToTa BpaLLleHHH KOJICHYAaTOIo Balia,
n, = 3200 mun".

OnpenensieM MakCUMaJIbHYH CWIIY JIaBJCHHUS Ta30B, CKUMaro-
Y10 IIAaTYyH,

P, =(p.—p,) F,=(4,45-0,1)-66,44-10"* =0,0289 MH,

rae p, — atmocepHoe nasnenue, p, = 0,1 Mlla;

pz — JAaBJIICHHC Cropanuys B OUJINHAPC ABUT'AaTCIIA,
p, =Py =445 Mlla.

OnpeznensieM CyMMapHOE HANpsDKEHHUE MNPU CKATUU C YYETOM
MPOJOJBLHOTO U3ruda B MIIOCKOCTH KayaHUs IIaTyHa

P o, I P
O, =——+ ) C— -t P=—"—K,=
Fu ep T E., Jx Fu cp
= 002 1515329 MITa,
216,8-10"

rae Ky — xko3QQUIIMEHT, YYUTHIBAIOMIUNA TPOJOJIBHBIA H3THO,
K‘{ = 1 E 1 5;
Fm. cp =hm bm _(bm _am)'(hm —2-tw)=

=0,025-0,0186 — (0,0186—0,004)- (0,025 -2-0,004) =216,8-107° m?
— IJIOLIA/Ib IIATyHAa B pacy€THOM ceueHuu. OnpeaenstoT 1nocie KOH-
CTPYKTUBHOM MPOpabOTKH IIATyHAa.
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3uauenus h, =0,025 m, b, =0,0186™m, a,=t,=0,004 m
NpUHUMAalOTCs U3 TabJ. 7.6.

OrmpenensieM CyMMapHOE HaIpsDKEHHE MPH CKAaTHU C yYETOM
IPOJOJILHOTO W3rH0Oa B IJIOCKOCTH, MEPHEHIUKYJISIPHON IIIOCKOCTH
KayaHMs LIaTyHa

2
o, =—te 4O o p o B g
’ Fw.cp T 'Ecm 4']}-‘ Fm.cp ’
= 0029 ) 05213996 M,
216,8-10

rae Ky — koappuuUeHT, yYUThIBAIOIIHNK MTPOI0IbHBIN W3rH0 111a-
TyHa B IUIOCKOCTH, TEPIICHIUKYJISPHON TJIOCKOCTH KayaHUs IIATyHa,
K, =1,05.

ox = 153,29 MlIla < [o,] = 250 MI]a.

gy = 139,96 Mlla < [gy] = 350 MlIla.

OmnpenernsemM HapsKEHUE PaCTKEHUS

Py —-0,006876

o Fu  2168-10°0

w. cp s

OnpeznensieM aMIUIUTYly HalpsKEHUS B IUIOCKOCTU X CEUYCHMS
mIaTyHa

=-31,71 MlIIa.

~0,—0, 153,29-(-31,71)
O-a x -
2
Onpeﬂeﬂﬁem CpCAHCC HAIIPAKCHHUC B INIOCKOCTHU X CCHCHHA IA-
TyHa

=92,5 Mlla.

o,+0, 153,29+(-31,71)
O-cpx = 2 =

= 60,79 MIla.

Onpeﬂem{eM AMIUINTYQY HAaIIPpsKCHHUA B IIJIOCKOCTH VvV CCUHCHUA
[maTyHa
o _ J}: _O-p _ 139,96_(_31,71)

ay = 85,83 Mlla.
2

OHpe,I[eJISIeM CpCAHCC HAIIPAKCHHUC B INIOCKOCTHU y CCHCHHA IA-
TyHa
_0y+t0, 139,96+(-3171)

Oy =—2> ; = 54,12 MITa.

Omnpeznensiem 3anac NTPOYHOCTH 1IATyHA B INIOCKOCTH X
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o_ 210
ne=— p =953 =1,51.
ax ’ 1.
e +a, - o'(_p . 0. +0,12-60,79
Omnpeaensem 3amnac NPOYHOCTH MIATYHA B TUIOCKOCTH Y
o_ 210
Yo, B T =163,
J +a6_o-cpy 07 +0,12'54,12

80'

rne ¢, — Ko3(pQUUUEHT NPUBEIEHUS LIMKJIA NPU PacTsHKEHUU-
CIKaTUU U 3aBUCAIINN OT Marepuana, o, = 0,12;

€5 — KOA((DUIMEHT, YyUUTHIBAIOIIUN BIUSHUE TEXHOJIOTUYECKO-
ro pakropa (00pabOTKU MOBEPXHOCTH), £, = 0,7;

O_j, - Tpelell BBIHOCIMBOCTH Marepuana IpU PACTSHKCHHH,
o_j, =210 MITa.

3anacel MPOYHOCTH 71, U N
Hwxke 1,5...2,5.

y AJIA IIaTYHOB HE HOOJIDKHBI OBITh

10.4.2.2. Pacuer cTep:KHA IATYHA JU3es

OmnpexensemM CUIy WHEPUUH, PACTATMBAIOLIYIO IIATYH MPU HO-
MUHAJIbHOM 4aCTOTE BpaLLCHUS

P;=—(m,+0,275-m,)-R-@; -(1+ 1)-10° =

=—(2,94+0,275-3,39)-0,06-272,13> - (1+0,27)-10"® =—0,02185 MH,
TJIe M, — Macca MOPIIHEBOU TpyMMsl, m, = 2,94 Kr;
My, — Macca 1aryHa, my, = 3,39 Kr.

(W, — yIJIOBasi CKOPOCTb NPU HOMUHAJIBHON YaCTOTE BpALLCHUS,
7-n, 3,14-2600

®, = =27213 c;
30
N, — HOMMHAJbHAs YACTOTAa BpALICHHMS KOJIEHYATOro Basa,
n, = 2600 Mun.

OnpenensieM MakCUMallbHYHO CWIY JABIICHHUSI Ta30B, CKUMAIO-
IIYIO LIATYH,

P.=(p.—p,) F,=(96-01)-113-10"* =0,1073 MH,
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rjae p, — atmocepHoe nasienue, p, = 0,1 Mlla;

P, — [aBIEHWE CropaHMs B LWIMHAPE JBHIaTEs,
Pz = Pzmax = 9,6 MlIla.

OnpenensieM CyMMapHO€ HampsDKEHHE MPH CKATUU C YYETOM
MPOJIOJILHOTO M3ru0a B IJIOCKOCTH KayaHMS IIaTyHa

P Ly P
O-X: e + 20-6 .—mF)E’: e .KX:
Fy, oo X -E., Jx Fy, cp
0,1073

= 1,15=170,67 Mlla,
72310
rae Ky — xko3QQUIMEHT, YYUTHIBAIOMIUNA TPOJOJIBHBIA H3THO,
K‘{ = 19155
Fm. cp =hm bm _(bm _am)'(hm —2-tw)=

=0,0493-0,034 — (0,034 —0,007)-(0,0493—2-0,007) = 72310 m?
— IJI0IIA/lb 1IaTyHA B paCYE€THOM ceueHuu. OnpeaesstoT nocjie KO-
CTPYKTUBHOM MTPOPaOOTKH MIATYHA.
3uauenuss h, =0,0493 m, b, =0,034m, aq,=t,=0007 m
NPUHUMAIOTCS U3 Tab. 7.6.
OnpenensieM CyMMapHOE€ HANpsHKEHUE MPU CKATUM C YYETOM

POJOJIBLHOIO M3ruda B IUIOCKOCTH, MEPIEHAUKYJISIPHOU IUIOCKOCTU
Ka4yaHHs [AaTyHa,

P. 12 P,
oc.o=—2 4y % hu p__to g o_

’ Fy, cp Ez'Ecm 4.]\ ‘ Fm.cp '
01073

723-107°
rae K, — koo puuUeHT, yYUTHIBAIOIIHI ITPOIOIbHBIN U3THO 111a-
TyHa B IJIOCKOCTH, MEPHEHANKYJISIPHON MJIOCKOCTH KadyaHuUs IIaTyHa,
K, =1,05.
o= 170,67 Mlla < [oy] =250 MI]a.
oy, = 155,82 MlIla < [g,] = 350 MI]Ia.
OmnpenensemM HaNPSOKCHUE PACTSDKCHUS

P. —
o, =t =" 355 M

OnpenensieM aMIUIATYJly HalpsOKEHUs B TUIOCKOCTU X CEUYCHUS
aTyHa

1,05 =155,82 Mlla,
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s _Ox=0, 17067- (—30,22)
ax
2
OHpe,I[eJIHeM CpCAHCC HAIIPAKCHHUC B INIOCKOCTHU X CCHCHHA IA-
TyHa

=100,44 MlIa.

s _Oxt0, 17067+ (-30,22)

cpx T = 70,22 MlIIa.
2

OnpenensieM aMIUIATYJly HalpsDKEHUs B ITUIOCKOCTU y CEUYCHUS
aTyHa

o,—0, 15582—(-3022)
Ouy = =
2 2
OrnpenensieM cpeaHee HANPsS)KEHUE B TJIOCKOCTH y CEYEHUs 1lIa-
TyHa

=93,02 MIla.

_0y*0, 15582+(-3022)

o. = = 62,8 MIla.
cpy )
OnpenenseM 3anac NpOYHOCTH IATYHA B INIOCKOCTH X
O _
n, = Lp - 300 ~197.
Pax 10044 0127022
go_ + aO' : O-Cp X 0,7 ’ ’
OnpenenseM 3anac NpOYHOCTH IATYHA B INIOCKOCTH Y
O_
=g = 793,02 = =214,
ay ’ 12.
e +a, - O-Cp y 0.7 +0,12-62,8

rae &y — K03Gh(QUIUEHT NMPUBEICHUS IUKJIA MPU PACTHKEHUU-
CKaTHM M 3aBUCALUUN OT MaTepuana, o, = 0,12;

£s — KOI(PPUIMEHT, YIUTHIBAIOLIUI BIUSIHUE TEXHOJIOIMYECKO-
ro ¢akropa (06pabOTKU MOBEPXHOCTH), £, = 0,7;

O_jp - TpPEAeT BBIHOCIMBOCTH MaTepuajia MPH PaCTSDKCHUH,
o_j, =300 MlIla.

3amacel MPOYHOCTH 7, W n, JUIS IIATYHOB HE JOIDKHBI OBITH
Hwke 1,5...2.5.
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10.4.3. PacyeT KpUBOLIMITHOM IOJIOBKH IIATYHA
10.4.3.1. PacyeT KpMBOIIUIIHOM IOJIOBKH HIATYHA
KapOIpaTOPHOro ABUraATE s

OCHOBHBIE KOHCTPYKTUBHBI€ pa3Mepbl KPUBONIIMITHOW TOJIOBKHU
mIaTyHa onpeaessatoTes mo tabiu. 7.7.

OnpenensieM CUy, OTPBIBAIOLIYIO KPBILIKY HUXHEH TOJIOBKU
niaTyHa,

Pj = _wg.x. max " R [(mn + mm.n)' (1 + /1)+ (mm.K — My, )] 10_6 =
=—418,66> -0,044-[(0,7 +0,35)- (1+0,284) +(1,05-0,35)]- 107° =

=0,0158 MH,
TIe M, — Macca MOPIIHEBOU rpynisbl, m, = 0,7 Kr;

m,, , - Macca IIaTYHHOW IpYIIIbl, COBEPIIAOIIAasi BO3BPATHO-

MOCTYIATEIbHOE JBUKEHHUE, m, ,=(02..03)-m, =
=0,25-1,4 =035 kr;

m,, . - Macca IIaTyHHOH I'pyMIIbl, COBEPIIAIONIAs BpaIlaTeIbHOE
ABIDKEHUE, M, , = (0,7...0,8)-mw =0,75-1,4 =1,05 kr;
My - Macca KPBIIIKA KPUBOILIUITHOM TOJIOBKH,

m,, =(0,20...0,28)- m,,, = 0,25-1,4=0,35 kr;

@y ¢ max - YTJIOBas CKOPOCTh IPU MaKCHUMAaJIbHOM 4acToTe Bpa-

MEHHUA XO0JI0CTOIro X044,
TNy x. max 3,14-4000

_ _ 1.
D+ max = =418,66 c';
30
N, — MaKCHMalbHas 4YacTOTa BpAILEHUS XOJOCTOrO XO.a,
n, = 4000 mun.

OnpenenseM HalpsKEHUE U3ruda KPbIIIKY M BKJ1a/IbI1LA

0,023-¢ 0,4
uz j’ J + F
[] + _6’) W Kp
i J

us
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=0,0158- 0’0%130' 0078 +00864368 =778MIla
2t 10 46130078
257107 .
r1€ ¢ — pacCTOSAHHE MEXAY OCSAMHM IIATYHHBIX OOJITOB,
c=0,078 m;
Jg — MOMCHT HWHCPpOHH PpPaCYCTHOIoO CCUYCHHUA BKJIIAIbIIIA,
J,=1.-12=0032-0,0022" =34-107" m*
J — MOMEHT WHEpUUH PACYETHOIO CEUYCHUS KPBILIKH,
J=1.-(0,5-c—5) =0,032-(0,5-0,078—0,0297)’ =2,57 .10 m*;
Wy — MOMEHT  CONpPOTHUBJIICHHUS  PACUCTHOTO  CEUCHWS,
2 2
WHB:’K'(O’S'C 1) :0,032-(0,5-0,078 0,0297) 46,1310
6 6
/y — BHYTPEHHMH  paJdyC  KPHUBOILUIMIIHOM  TOJOBKH,

n=05(dy, ,+2t,)=05(0,055+2-0,0022)=0,0297 m;

dy. — TAAMETP IIATYHHOU IWENKH, dyw = 0,055 Mm;

1, — TOJIIIMHA CTEHKH BKIaabima, t, = 0,0022 Mm;

[x — NIMHA KPUBOILLIUITHOM TOJI0BKH, [ = 0,032 M;

F,, — mjomajab CEYECHUs] KPBILKUK €  BKJIAJbIIEM,
F, = l.-05(c-d,, ,)=0032-05- (0,078 — 0,055) =0,000368 m>.

c,, =778 MIla < [o,,] = 300 MITa.

10.4.3.2. PacyeT KpUBOILIMITHOM IOJIOBKM LIATYHA JAU3e/I

OCHOBHBIE KOHCTPYKTHUBHBIC pa3Mepbl KPHUBOIIUITHOW TOJIOBKHU
[IaTyHa onpeaessitores mno tadmn. 7.7.

OnpenensieM CHIIy, OTPBIBAIONIYIO KPBIIMIKY HHM)XHEH TOJIOBKHU
maTyHa,

PJ =—a)2 R[(mn +mm.n)'(l+/l)+(mm_x _mkp)]'10_6 _

X.X. max

=-306,67%-0,06-[(2,94+085)-(1+0,27)+ (2,54 -0,85)]-107° =
=0,0367 MH,



148

I€ M, — Macca MOPIIHEBOU Ipymsl, m, = 2,94 Kr;

m,, , - Macca IIaTyHHOM IpyIIBbl, COBEPILAIOINAs BO3BPATHO-
IIOCTYTIATEIBHOE JBHKEHUE, my, , =(0,2...03)-m,, =

=0,25-3,39 =0,85 xr;
m,, . - Macca IIaTyHHOM IPYIIbI, COBEPILAIOLIas BpaIlaTeIbHOEe

neukenue, m,, . =(0,7...0,8)-m,, =0,75-339 =2,54 kr;

My — Macca KPBIIIKH KPUBOIIUITHOM T'OJIOBKH,
m, = (0,20...0,28) -m,, =0,25-3,39 =085 kr;
@, . max - YIIIOBas CKOPOCTb NP MaKCHMaJbHOM yacToTe Bpa-

ICHUS XO0JIOCTOTO X0J1a,
a) 7T n’x_x_ max __ 3,14 : 2930

X.X.max = 30

=306,67 ¢

OnpenenseM HalpsKEHUE U3ruda KPbIIIKY M BKJ1a/IbI1LA

o _p.| 0023-c 04|

u3 J
[1+J“’)-W, Fip
J

us

= 0,0367- 0023-0,106 +008’04468 ~176,57 MIla,
1+—9’72'109 60-107°
] 36-10" |
r1€ ¢ — pacCTOSAHHE MEXAY OCSAMHM IIATYHHBIX OOJITOB,
¢ =0,106 m;
Jg — MOMCHT HWHCPpOHH PpPaCYCTHOIoO CCUYCHHUA BKJIIAIbIIIA,
J, =11 =0036-0003 =9,72-107'% m*;
J — MOMEHT WHEpUUH PACYETHOIO CEUYCHUS KPBILIKH,
J=1.-(05-c—r) =0,036-(0,5-0106—0,043) =36-10"° m*;
Wy — MOMEHT  CONpPOTHUBJIICHHUS  PACUCTHOTO  CEUCHWS,
—_— 2 . . — 2
W”:,,:l“ (05-c~n)" _0,036-(0,5-0,106—-0,043)" _ 60-10~° a-

6 6
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" —  BHYTPEHHUM  paguyC  KPUBOLIMIIHOM  TOJIOBKH,
n=05(d, ,+21t)=05-(0,08+2-0,003)=0,043 m;

dy.w — TAAMETP ATYHHOU WEeNKH, dyw = 0,08 M;
t, — TOJIIIMHA CTEHKH BKJaabima, t, = 0,003 Mm;
[, — nMMHA KPUBOIIUITHONW TOI0BKH, [, = 0,036 M;

F;{p — iomanb CCUCHUA KPBIILIKH C BKJIAABIIIICM,
Fop =105 (c=dy ) =0,036-0,5-(0,106 - 0,08) = 0,00046 m>.

o, =176,57 MIla< [o,.] = 300 MITa.

10.4.4. PacueT miaTyHHbIX 00JITOB
10.4.4.1. PacueTr muaTyHHbIX 00J1TOB
KapOIpaTOPHOro ABUraATE s

[Tpunumaem: HoMHHaAIBHBIN auametrp Oonta d = 10 mMm, mar
pe3sObl £ = 1 MM, uncio 001TOB is = 2. MaTtepuain — cranb 40X.
Cuuraetcs, 4TO TUIOTHOCTh CThIKA 00E€CTICYUBAETCS YCIOBUEM
Pnp > Pj,
rae P;— cuia uHepuuu, oTpeiBaroiias kpelky, P = 0,0158 MH;
P, — cuna npeaBapuTebHOU 3aTskku, MH.
OnpenensieM CUITy NPeABAPUTEILHON 3aTSHKKU

2..3)-P, 25.00
np:( .) j _25:00158 _ o0

lg
I'ZI€ i; — YNCJIO MIaTyHHBIX OOJITOB.

OnpenensieM BEJIMYUHY CYMMAapHOW CHIIBI, PACTATUBAKOIIEH
00JIT

. P. .
P; :Pnp+z. / =0,0198+0’2 02’0158:0,0214,MH,
6

rae ) - KodpdUImeHT OCHOBHOM HArpy3ku pe3b00BOro Coeau-
HeHus, y = 0,2.
OnpenensieM MakKCUMaJIbHOE HaINpshKEHUE B 00JIT€ B CEYEHUH 110

BHYTPEHHEMY JTUAMETPY

4-P;  4-00214
may = ——% = ————— = 368,59 MIla,
7-d; 314-0,0086

o
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rie ds — BHYTPEHHMH  JauameTp  pe3bObl  OoJita,
d,=d—14-1=0,01-14-0,001=0,0086 m;

d — HOMUHaJIBHBIN AuameTp ooura, d = 0,01 M;
t — mar pe3pOsl, £ = 0,001 m.
OrnpenensieM MUHUMAJIbHOE HANPSKEHUE B ITOM K€ CEYECHUU
4'Pnp 4-0,0198
O'min = 7 = 2
z-d; 314-0,0086
OnpenenseM aMIUIUTYAy HalPsyKEHUS
o Opin _ 368,59—-341,04

=341,04 MIla.

o, = ; min =13,78 MI]a.
OrnpenensieM cpeHee HalpsHKEHUE
o = Omax + Omin _ 368,59 +341,04 _ 35482 MTa.

cp 2
OHpe,I[eJIHeM 3aI1acC MpoO4YHOCTH Ooita JUIISL BBIGpElHHOI‘O MaTCpH-
ajia CTaJlu

O_y p

_ : 380 358,
13,78 (0) +0,17-354,88

?

rae K, — koappunmeHT KOHIEHTpauuu HanpspkeHui, K, = 3;

O - KOO(D(PUUMEHT IpUBEACHUS IUKJIA MPU PACTIKEHUU-
c)Katuu, o= 0,17,

Es — KOOPOUIMEHT, yUUTBIBAIOLIUI BIUSHUE TEXHOJIOTUYECKO-
ro pakropa (00pabOTKM NOBEPXHOCTH), €45 = 0.9.

O.1p - JONMYCTUMOE 3HAYEHUE HAINPSHKEHUs YCTAIOCTH IIPU pac-
TSHKEHUH-CKATUH JIJIs1 MaTepualia 001ToB, 0.7, = 380 MIIa.
3arac npo4YHOCTH HE JOJLKEH ObITh HUXKE n = 2,0...2,5.
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10.4.4.2. PacyeTr mIaTyHHBbIX 00JITOB JAU3eJIsl

[IpyHuMaeM: HOMUHAIBHBIM Juametrp Oonrta d = 14 mwm, mar
pe3bObl £ = 1,5 MM, ynciio 00aTOB is = 2. Marepuain — ctais 40XH.

CuuTaercs, 4To IMIOTHOCTh CThIKA 00ECIICYUBACTCS YCIOBUEM

Pnp > Pj,

rae P; — cuna unepuuu, otpeiBatonias kpeiky, P = 0,0367 MH;

P, — cuna npeaBapuTesbHOM 3aTskku, MH.

OrnpenensieM CUTy peIBAPUTEIIBHON 3aTSHKKH

(2.3)-P; 21-00367

" = =0,0386 MH,

ig

I'Zl€ i; — YNCJIO MIaTyHHBIX OOJITOB.

OnpenenseM BeIWYWHY CYMMapHOW CHITBI, PaCTITHBAOIICH
00T,

X Pj 0,15-0,0367

P, =P, + =0,0386+ === =0,0414 MH,

l-

]

rae ¥ - Ko3(Qp(UIMEHT OCHOBHOM HArpy3Ku pe3b0OBOrO COEIH-
HeHus, y = 0,15.

OmnpenensieM MakKCUMAIbHOE HAPSIKEHUE B OOJITE B CEUCHUH T10

BHYTPEHHEMY JTUAMETPY

- 4-1052 _ 4:00414 37242 MIa
z-d> 314-00119

rie ds — BHYTPEHHMH  JauameTp  pe3bObl  OoJita,
d,=d-14-1=0,014-14-0,0015=0,0119 wm;
d — HOMUHaJBHBIN AuameTp ooura, d = 0,014 m;
t — mar pe3pOsl, £ = 0,0015 m.
OnpenensieM MUHUMAJIbHOE HANPSHKEHUE B TOM K€ CEUCHUHU
4-F,, 4-0,0386
O'min = = 2
z-d; 314-0,0119
OnpenensieM aMIIATYy HalpsOKEHUs
o Opin _ 372,42 -347,24

— Ymax  Ymin
o, =

2
OnpenensieM cpeiHee HalpsKEHUE

=347,24 Ml]a.

=12,59 MI]a.
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o, = Omax + Omin _ 372,42+ 347,24
2
Omnpenensiem 3anac MpOYHOCTU 00JITa JIJIsE BLIOPAHHOTO MaTepH-
ajia CTaJIn

=359,83 Ml]a.

oy,

n=
K,
o, |~ |t 0,

€o

_ - 380 261,
12,59 [J +0,17-359,83

3

rae K, — ko3 puuueHT KoHIeHTpaluy HarpsbkeHuit, K, = 6;

O - KOO(D(PUUMEHT IpUBEACHUS IUKJIA MPU PACTIKEHUU-
c)Katuu, do= 0,17,

€5 — KOd(pPUIMEHT, YIUTHIBAIONMNIN BIUSIHUE TEXHOJIOTHYECKO-
ro pakropa (00pabOTKM NOBEPXHOCTH), €45 = 0.9.

O.1p - JOIYCTUMOE 3HAUYCHHE HANPSHKEHHS YCTAJIOCTH TPHU pac-
TSOKEHHUH-CKATUM JUIs MaTtepualia 00JIToB, 0.7, = 380 MIla.
3arac npo4YHOCTH HE JOJLKEH ObITh HUXKE n = 2,0...2,5.
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11. KOHCTPYKTHUBHAS PASPABOTKA IBUI'ATEJIA

JTan KOHCTPYKTUBHOU pa3pabOTKU JABUTATENS OCYIIECTBISCTCS
TOJILKO B KYPCOBOM IPOEKTE U 3aKJIIOYACTCA B BBIIIOJHEHUU YepTe-
KEU - MOMEPEYHOTO WM MPOJIOJILHOI0O KOMOMHMPOBAHHBIX Pa3pe3oB
JIBUTATEIIS 1O COTJIACOBAHUIO C PYKOBOJAUTEIIEM MTPOEKTA.

CornacHo JaHHBIM, IOJYYEHHBIM B PE3yJbTAaTE TEILIOBOIO pac-
yera (QuameTp UWIMHAPA, XOJ MOPIIHS, JUIMHA [IaTyHa) U B XOJIE
pacyera JeTaliei U CUCTEM JABUraress (pa3Mepbl JICTAICH), a TaKKe
JAQHHBIM, IPUHATBHIM [IPU PACCMOTPEHUHN YPABHOBEILUIUBAHUS (HAJIUUUE
U MECTO YCTAaHOBKHM DJIEMEHTOB YPABHOBEIIWBAHWS), MPOU3BOJIUTCS
Mpe/IBAPUTEIIbHASI KOMIIOHOBKA JIBUTATENS HA JTUCTAX MUJTUMETPOBOM
Oymaru. [Ipu KOMIOHOBKE JABHUTaTENIsi HEOOXOAMMO 00paTUTh 0CcOOOE
BHUMAHUE HA MPOBEPTHIBAEMOCTb JIBUTATEIIs, PA3MEIICHHUE KJIAMIaHOB,
MIPUBOJI Ta30pacIpee/ieHUs, BBIOOP paCCTOSIHUN MEXKIy OCAMU IH-
JIMHJIPOB, BHIOOP pa3MepOB KOPEHHBIX U LIATYHHBIX LIEEK KOJIEHYATO-
ro Baya, GopMy u pazMepbl Kamepbl cropanus. OCHOBHBIE MOJIOKECHUS
KOMIIOHOBKM ¥ HX B3aUMOCBS3b ONUCHIBAIOTCA B PACUYETHO-
MOSICHUTEJIbHOM 3aIlUCKE.

BrimonHeHHass Ha MWUIMMETPOBKE MPEABAPUTEIBHAS KOMIIO-
HOBKA MPEIBABISECTCA PYKOBOJIUTENIO MPOCKTA JJISI COTIaCOBAHUS.

OkoHuaTesnbHasgd KOHCTPYKTHBHAs pas3padOTKa BCEX 3JIEMEHTOB
JBUTATEJISI BBITIOJIHACTCSI KapaHJallloM, TOHKUMU JIMHUAMU 0€3 MITpu-
XOBKM Ha JIMCTax 4eptexHou Oymaru dopmara Al ¢ cobmoaeHuem
['OCTos u CTII BI'CXA.

OCHOBHOI MONEPEYHBIN pa3pe3 JABUTATEINS BBIMOJIHICTCS 110 OCU
MEePBOro HWJIMHJPA C BEIPpE30M 1/4 mopIHs, HaXOASIErocs B BEpXHEH
MEPTBOU TOuke. BecnomorarenbHble pa3pesbl AeIatTcs 10 OCSIM Kiia-
MAHOB, TOJIKATEII0, CBEYE, MACIISIHOMY HACOCY, PUBOJIY PACIPEICIIH-
TEeJIA 3AKUTaHUS U MACJISIHOTO HACOCa.

OCHOBHOM NMPOJOJIBHBIA pa3pe3 BbIMOJHACTCS B MIOCKOCTH OCEN
HWIMHIPOB U OCH KOJeH4YaTroro Bana. [lopmHeBast u matyHHas rpyn-
bl BBIYEPUYMBAIOTCS C pa3pe3aMu U 0e3 paspe3oB. BernomorarenbHbie
pas3pesbl JEIarTCs 110 OCSIM KJallaHoB, 110 OCU KYJIauKOBOTO Baja, 1o
OCSIM TOJIKATeJICH, a TAKXKE IO OCU BOJISTHOIO HAcOCa U BEHTUIISTOPA.

Heo0x0oauMOCTh BBIMOJIHEHUS TPUHATHIX Pa3pe30B O0OOCHOBBI-
BAeTCsl B TEKCTE PACUETHO-TIOSACHUTEIbHON 3aIUCKHU.

BriOop BcrnoMorartenbHBIX pa3pe3oB, a TAKKE UCKIOUCHHUE W3
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pa3paboTKK HEKOTOPHIX JIeTajel U HABECHBIX arperaroB, UMEIOIIMXCS
Ha pa3pe3ax MPOTOTHUIIA, COTIACOBBIBAIOTCS C PYKOBOJUTEIEM KypCO-
BOT'O MPOEKTA.

Jlanee pa3pabaThIBalOTCS MEPEIHUA M 3aJHUNA KOHIBI KOJICHYA-
TOTO BaJia, UX YIJIOTHEHUS, KOHCTPYKIUS 0a3MCHOTO IMOIIMITHUKA U
KperieHne MaxoBuka. [Ipu KOHCTpYKTUBHOUM pa3paboTke HEOOXO. -
MO YYUTBIBATh CIEAYIOLIME 00CTOATENIbCTBA!

- TEXHOJIOTMYECKYI0 BO3MOXKHOCTb BBIMIOJIHEHUS JIETAIH;

- IOCTYITHOCTh K JI€TaJsIM, KOHTPOJIUPYEMBIM U PETYIUPYEMBIM
MPU SKCIUTyaTaluu;

- BO3MOXHOCTh W IIOCIEIOBATEILHOCTh COOPKH M Ppa300pKH,
IEHTPOBKH M PUKCAIUU JCTaJICH;

- obecrneyeHre CMas3Ku TPYLIMXC MOBEPXHOCTEMN.

Bce npuHATBIe pemieHns 000CHOBBIBAIOTCS B TEKCTE PacUeTHO-
MOSICHUTEILHOU 3aMUCKU. [[enarTcs CChUIKM Ha MOJ100HOE BBHIMOJIHE-
HUE KOHCTPYKLUU TE€X WJIM UHBIX TUIIOB JIBUTATEJICH.

Ha Bcex sTamax KOHCTPYKTOPCKOM pa3paOOTKH MPUBETCTBYETCS
WCIIOJIb30BAaHNE HOBEUINUX TEXHUYECKUX JOCTH)KCHUH, MaTepHajoB
TEXHUYECKOM MAaTEHTHOM JINTEPATYPHI.

YepTeku, BHITTOTHEHHBIE TOHKUMHU JIMHUSIMU, TIPEABSIBIISIOTCS Ha
MIPOCMOTP PYKOBOJUTEIIO MPOEKTA JIs MpoBepkH. [locie ycTpanenus
3aMe4YaHui MPOU3BOJAUTCSA UX 00BOJKA, IITPUXOBKA U OKOHYATEIBLHOE
o¢opMIIEHHE JTUCTOB.

3aKOHYEHHBIE JIUCTHI MPEIBSABIISIOTCS K 3aIUTE.
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12. O®OPMJUIEHHUE KYPCOBOI'O ITPOEKTA

JlokyMeHTalusi KypcoBOro rnpoekTa (padoTsl) 10IKHA BKIKOYATh
B ce0s MOACHUTENbHYIO YacTh 00beMoM 35...50 cTpanul Tekcra dop-
Mata A4, BBINOJIHEHHYIO PYKOMUCHBIM WJIM MANIMHOMUCHBIM CIIOCO-
oowm, u rpaduyeckyro yacth - 3 nucra popmara Al. O6beM KypcoBoi
pabotsl - 35...45 crpanun u 2 aucra popmara Al. Odopmiienue 10-
KYMEHTAIMM TMPOEKTa JIOKHO COOTBETCTBOBaTh TpeboBanusim CTII
BI'ATY.

Heobxoaumble pa3iesnbl MOSCHUTEIbHOM 3aIUCKu:

. TUTYIbHBIN JUCT.

2. 3ajaHne Ha KYpCOBOE MPOCKTUPOBAHUE.

3. Conepxxanue (OrjaBJIeHUE).

4. Benenue - 1...2 cTp.

5. TennoBo# pacdeT JIBUTATENs, pacyeT JaHHBIX U MOCTPOCHUE
MHIUKATOPHBIX auarpamm - 7...10 ctp.

6. JlunamMuyeckuit pacyet apurarens - 3...5 cTp.

7. Ocku3 (cxema) Bajla U aHAIN3 YPABHOBELICHHOCTU JABUTATENS
- 3...5 cTp.

8. PacueT u nmpoekTupoBaHUE ACTANEH ABUTATEIISI, SCKU3 AETATU
-5...7 cTp.

9. Pacuer cucrtem auratens (st KypcoBoi pabOThl JOMOJIHU-
TEJIBHO ACKU3 CUCTEMBI) - 5...7 CTp.

10. Onucanue KOHCTPYKTUBHOU pa3pabOTKH JIBUTATEISl U €€
aHanus - 3...5 cTp.

11. BeBogsr! - 1...2 cTp.

12. Criucok ucnonb30BaHHOM nmuTepatypsl - 10...15 HanmeHoBa-
HUM.

13. [Ipunoxenus (crierupuKavu 1 T.11.).

Conepxanue JIMCTOB rpauuecKoi YacTHu:

1. Pa3zBepHyTass U cBepHyTash MHAMUKATOPHBIE JAUArpaMMbl, gua-
rpamMma ¢a3 razopacnpeesieHus, rpaduk nepemMenieHus, CKOpocTu u
YCKOPEHHUS TTOPIIHSI.

2. I'paduk AeHCTBYIOMKUX CHJI U MOMEHTOB, MOJIApHAs JUarpam-
Ma Harpy3ok Ha IIATYHHYHO IIEWKYy U Juarpamma H3Hoca, pabouuii
YEPTEXK JACTAIH.

3. [IpoaoabHbIA MM TONEPEYHBIN pa3pe3 ABUraresis (COrjaacHoO
JAHHBIX PacyeTa) - TOJBKO ISl KypCOBOTO IIPOEKTA.
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13. BAIIIUTA KYPCOBOM PABOThI

Brinmonnennas kypcoBas paboTta NpeACTaBISIOTCS CTYACHTOM
PYKOBOJIUTEIIIO B YCTAHOBJICHHBIE CPOKH JUISL IIPOBEPKHU, PELEH3UPO-
BAHUS U PEIICHUS] BOIpoca O Jomycke K 3amure. [IpoBepeHHsbIi po-
€KT Wid padoTa BO3BPAIIAIOTCS CTYACHTY IS 10pa0O0TKH, UCIIPaBIIe-
HUS CJICJIAaHHBIX 3aMEYAaHUM U IMOATOTOBKH K 3alUTE.

KypcoBoii IpoeKT, BBINOJHEHHBIN HEOPEIKHO, HE B MOJHOM 00b-
€Me WJIU MPU 3HAYUTEIBHOM (0oiiee 25 %) UCNOIb30BaHUM MaTepua-
JIOB JIPYTUX KYPCOBBIX IIPOEKTOB, K 3aLIUTE He JonycKaercs!

CTyIeHT 3alMIIaeT KypCcoBOUM MPOEKT Nepe]i KOMUCCHUEH, COCTO-
AlEen U3 npenojasarenieid kadeapsl. 3ammra KypcoBoi padOThI OCy-
IIECTBJISIETCS TOJILKO Iiepel pykoBoauteseM. [Ipu 3ammure cTyaeHT
JOJDKEH:

1. CooOmuTh 1eb, 33/1a4l U XOJ BBIIIOJIHEHUSI KYPCOBOTO MPO-
€KTa WU KYpCOBOM pabOTHI.

2. KOpOoTKO J0JI0KUTH OCHOBHBIC NapaMeTpbl U KOHCTPYKTHB-
HBbIE 0OCOOCHHOCTHU MPOCKTUPOBAHHOTO JIBUTATEIS.

3. YoeautenbHO OOOCHOBATH IMPABOTY MPUHATHIX PEIICHUN MU
COOTBETCTBUE UX MOJTYYCHHOMY 33/IaHUIO.

4. JlaTb 4ETKHE OTBETHI HA BOIPOCHI, KACAIOIIMECS MPOTEKAHUS
pabouux MponeccoB, KWNHEMATUKU, TUHAMUKH, KOHCTPYKIIMH U pacye-
Ta JIBUTATENs, 4 TAKXKE MOTUBOB PEIICHUM, MPUHATHIX B XOJI€ MPOEK-
TUPOBAHMUSL.

5. Cnenath BBIBOABI 10 UTOTAM BBINIOJHEHUS! KypPCOBOI'O IPOEKTa
(KypcoBoit pabOThI).

6. Ilocne 3amuThl MPOEKTA YEPTEIKU U TIOSICHUTEIbHAS 3aIUCKA C
MOMETKOM KOMHCCUHU 00 OlleHKe caaroTcs Ha Kadeapy.
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TABJIMIbI TEINIOEMKOCTEH

Tabauna 2

Haumenosauue raza

DopMyIIbl 1151 ONMPEACICHUS CPETHUX MOJIBHBIX TEIUIOEMKOCTEH
OTJEILHBIX Ta30B MPU MOCTOAHHOM 00Bbeme, KJ[x/(kmoub: rpan),
s uaTepBana Temneparyp 1501...2800 °C

Asor N»

Bonopon Ha

Oxkcupa yrinepoaa CO
VYraekucnsiii raz CO2

Bopgnoii nap H20

pe,y, =21951+0,001457
pc,, =19,678+0,001758.1

s, =22,490+0,001430-1
pe,,, =39,123+0,003349-1

ue,, ,=26,670+0,004438 -1

Tabnuna 3
Temmne- Cpe)],HﬂH MOJIAPpHAA TCIINTOCMKOCTDb IPOAYKTOB CrOpaHus,
parypa, kJDx/(kMoTb- Tpax), OEH3MHA NIPH O

°C 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 095 1,00 | 1,05 1,10 1,15 1,20 1,25
0 21,683 21,786 | 21,880 | 21,966 | 22,046 | 22,119 | 22,187 22,123 | 22,065 | 22,011 | 21,962 | 21,916
100 21,902 [ 22,031 | 22,149 | 22,257 | 22,356 | 22,448 | 22,533 [ 22,457 | 22,388 | 22,325 | 22,266 | 22,216
200 22,140122,292 (22,431 (22,559 | 22,676 | 22,784 | 22,885 | 22,796 | 22,722 | 22,650 | 22,584 | 22,523
300 22,445 (22,618 (22,776 | 22,921 | 23,055 23,173 | 23,293 | 23,200 | 23,115 | 23,036 | 22,964 | 22,898
400 22,777 (22,968 | 23,143 | 23,303 | 23,450 | 23,586 | 23,712 | 23,613 [ 23,521 | 23,437 | 23,360 | 23,289
500 23,138 23,345 (23,534 (23,707 | 23,867 | 24,014 | 24,150 | 24,045 | 23,948 | 23,859 | 23,777 | 23,702
600 23,507 23,727 | 23,929 (24,113 | 24,284 | 24,440 | 24,586 | 24,475 | 24,373 | 24,280 | 24,193 | 24,114
700 23,882 (24,115 (24,328 [ 24,523 | 24,702 | 24,868 | 25,021 | 24,905 | 24,798 | 24,700 | 24,610 | 24,527
800 24,249 (24,493 | 24,715 [ 24,919 | 25,107 | 25,280 | 25,441 | 25,319 | 25,208 | 25,106 | 25,012 | 24,925
900 24,608 | 24,861 | 25,092 | 25,304 | 25,500 | 25,680 | 25,847 | 25,720 | 25,604 | 25,498 | 25,400 | 25,309
1000 24,949 (25,211 | 25,449 | 25,668 | 25,870 | 26,056 | 26,229 | 26,098 | 25,977 | 25,867 | 25,766 | 25,672
1100 25,276 25,545 125,791 [ 26,016 | 26,224 | 26,415 | 26,593 | 26,457 | 26,333 | 26,219 | 26,114 | 26,016
1200 25,590 | 25,866 | 26,118 | 26,349 | 26,562 | 26,758 | 26,940 | 26,800 | 26,672 | 26,554 | 26,446 | 26,345
1300 25,887 126,168 | 26,426 | 26,662 | 26,879 | 27,080 | 27,265 | 27,121 [ 26,989 | 26,868 | 26,757 | 26,653
1400 26,099 | 26,456 | 26,719 | 26,959 | 27,180 | 27,385 | 27,574 | 27,426 | 27,291 | 27,166 | 27,051 | 26,945
1500 26,436 26,728 | 26,995 | 27,240 | 27,465 | 27,673 | 27,866 | 27,714 | 27,575 | 27,447 | 27,330 | 27,221
1600 26,685 (26,982 27,253 | 27,501 | 27,729 | 27,941 | 28,136 | 27,981 27,836 | 27,708 | 27,588 | 27,477
1700 26,924 127,225127,499 | 27,751 | 27,983 | 28,197 | 28,395 | 28,236 28,091 | 27,958 | 27,835 | 27,722
1800 27,147 127,451 (27,728 | 27,983 | 28,218 | 28,434 | 28,634 | 28,473 [ 28,324 | 28,188 | 28,063 | 27,948
1900 27,359 27,667 | 27,948 | 28,205 | 28,442 | 28,661 | 28,836 | 28,698 | 28,548 | 28,409 | 28,282 | 28,164
2000 27,559 (27,870 (28,153 | 28,413 | 28,652 | 28,873 | 29,078 | 28,910 | 28,757 | 28,616 | 28,487 | 28,367
2100 27,752 128,065 | 28,351 [ 28,613 | 28,854 | 29,077 [ 29,283 (29,113 | 28,958 | 28,815 | 28,684 | 28,562
2200 27,935 (28,251 (28,539 | 28,803 | 29,046 | 29,270 | 29,478 | 29,306 | 29,148 | 29,004 | 28,870 | 28,747
2300 28,104 | 28,422 28,712 | 28,978 | 29,223 | 29,449 | 29,658 | 29,484 | 29,324 | 29,177 | 29,042 | 28,917
2400 28,268 | 28,588 | 28,879 [ 29,147 | 29,394 | 29,621 | 29,832 | 29,655 [ 29,494 | 29,345 | 29,209 | 29,082
2500 28,422 | 28,744 129,037 [ 29,305 | 29,553 | 29,782 |1 29,993 | 29,815 [ 29,652 | 29,502 | 29,364 | 29,236
2600 28,570 | 28,892 | 29,187 [ 29,458 | 29,706 | 29,936 | 30,149 | 29,969 | 29,804 | 29,653 | 29,513 | 29,384
2700 28,711 (29,036 | 29,332 | 29,604 | 29,854 | 30,085 | 30,298 | 30,116 | 29,950 | 29,797 | 29,657 | 29,527
2800 28,847 (29,173 29,470 [ 29,743 | 29,994 | 30,226 | 30,440 | 30,257 | 30,090 | 29,936 | 29,794 | 29,663
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Tabmmna 4
Temrre- Cpennss MoJspHas TENIOEMKOCTh MPOJAYKTOB CTOPaHHUs,
patypa, KJUx/(kMOIb-Tpaj), IU3€IbHOr0 TOIUIMBA IIPH O

°C 1.0 1,1 1,2 1.3 1.4 1,5 1,6 1.8 2,0 2.2 2.4 2,6
0 22,184 122,061 121,958 |21,870121,794 21,728 | 21,670 | 21,572 121,493 | 21,428 | 21,374 | 21,328
100 22,545122,398 1 22,275122,169 22,078 121,999 | 21,929 | 21,812 | 21,717 | 21,640 | 21,574 | 21,519
200 22,908 122,742 122,602 | 22,482 122,379 22,289 |1 22,210 22,077 |1 21,970 | 21,882 | 21,808 | 21,745
300 23,324 123,142 122,989 | 22,858 |1 22,7451 22,647 | 22,560 | 22,415 | 22,300 22,202 | 22,121 | 22,052
400 23,7501 23,554 123,390 | 23,2491 23,128 | 23,022 | 22,930 | 22,774 | 22,648 | 22,544 | 22,457 | 22,384
500 24,192 123,985 123,811 | 23,662 (23,533 23,421 |1 23,322 123,157 | 23,023 |1 22,914 | 22,822 | 22,743
600 24,631 24,413 124,229 | 24,073 |1 23,937 | 23,819 | 23,716 | 23,541 | 23,401 | 23,285 | 23,188 | 23,1006
700 25,009 | 24,840 | 24,648 | 24,484 | 24,342 | 24,218 | 24,109 | 23,927 | 23,780 | 23,659 | 23,557 | 23,471
800 25,4901 25,251 | 25,050 | 24,879 | 24,731 | 24,602 | 24,488 | 24,298 | 24,144 |1 24,018 | 23,912 | 23,822
900 25,896 | 25,648 | 25,439 | 25,261 | 25,107 | 24,973 | 24,855 | 24,657 | 24,487 | 24,366 | 24,256 | 24,162
1000 26,278 126,021 | 25,804 | 25,620 | 25,460 | 25,321 | 25,199 | 24,993 | 24,828 | 24,692 | 24,578 | 24,481
1100 26,641 126,375 26,151 | 25,960 | 25,795 | 25,652 | 25,525 125,313 | 25,142 | 25,001 | 24,883 | 24,783
1200 26,987 | 26,713 | 26,482 | 26,286 | 26,116 | 25,967 | 25,837 | 25,618 | 25,442 | 25,296 | 25,175 | 25,071
1300 27,311(27,029 | 26,792 | 26,589 | 26,415 | 26,262 | 26,128 | 25,903 | 25,722 | 25,572 | 25,447 | 25,341
1400 27,618 27,328 | 27,085 | 26,877 | 26,698 | 26,541 | 26,404 | 26,173 | 25,986 | 25,833 | 25,705 | 25,596
1500 27,907 | 27,610 | 27,361 | 27,148 | 26,965 | 26,805 | 26,664 | 26,427 | 26,237 | 26,080 | 25,948 | 25,836
1600 28,175(27,873 127,618 | 27,400 27,212 | 27,049 | 26,905 | 26,663 | 26,468 | 26,308 | 26,173 | 26,059
1700 28,432 | 28,123 (27,863 | 27,641 | 27,449 | 27,282 | 27,135 | 26,888 | 26,690 | 26,526 | 26,389 | 26,272
1800 28,669 | 28,354 | 28,089 [ 27,863 | 27,668 | 27,497 | 27,348 | 27,096 | 26,894 | 26,727 | 26,587 | 26,469
1900 28,895 | 28,575 | 28,305 28,076 | 27,877 (27,704 | 27,552 | 27,296 [ 27,090 | 26,921 | 26,781 | 26,658
2000 29,107 | 28,782 | 28,508 | 28,275 | 28,073 | 27,898 | 27,743 | 27,483 | 27,274 | 27,102 | 26,958 | 26,835
2100 29,310 | 28,980 | 28,703 | 28,466 | 28,262 | 28,083 | 27,926 | 27,663 | 27,451 | 27,276 | 27,130 | 27,005
2200 29,503 129,169 | 28,888 | 28,648 | 28,441 | 28,260 | 28,101 | 27,834 | 27,619 | 27,442 | 27,294 | 27,168
2300 29,680129,342 129,057 | 28,815 | 28,605 | 28,422 | 28,261 | 27,991 | 27,774 | 27,595 | 27,444 | 27,317
2400 29,851129,510 129,222 | 28,976 | 28,764 | 28,580 | 28,471 | 28,144 | 27,924 | 27,743 | 27,591 | 27,462
2500 30,011 {29,666 |29,375(29,127 | 28,913 | 28,726 | 28,562 | 28,286 | 28,064 | 27,881 | 27,728 | 27,598
2600 30,164 {29,816 | 29,523 (29,272 (29,056 | 28,868 | 28,702 | 28,424 | 28,199 | 28,015 | 27,860 | 27,729
2700 30,311 {29,960 | 29,664 | 29,412 29,194 | 29,004 | 28,837 | 28,557 [ 28,331 | 28,144 | 27,988 | 27,856
2800 30,451 | 30,097 | 29,799 | 29,546 | 29,326 | 29,135 | 28,966 | 28,684 | 28,456 | 28,2690 | 28,111 | 27,978
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Tabmauna 5

HPEJEJBI USMEHEHNA TAPAMETPOB PABOYEI'O
IHUKJIA U OCHOBHBIX IIOKA3ATEJIEU

PABOTHI IBUTATEJIENA
Tun nBuraress
[Tapamerp Jluzens 6e3 Jluzens ¢ KapGiopaTopHbii C BOpbICKOM

HaJlyBa HaJUTyBOM TOIIMBA
Pa, MIla 0,075...0,092 0,075...0,090 -
T, K 310...350 320...340 340...390 320...370
AT 10°...40° -5°...410° 0°...20°
Yr 0,02...0,05 0,04...0,10
Ny 0,8...0,94 0,8...0,97 0,7...09 0,8..0,96
pe, MIla 3,5...5,50 - 0,9...2,0 1,0...2,5
T, K 700...900 - 600...800 -
Pz MlIla 5,0...12,0 - 3,5...7,5
P, MlIla - - 3,0...6,5
T, K 1800...2300 - 2400...3100
ps, MlIla 0,25...0,50 0,35...0,60
Ts K 1000...1200 1200...1700
pi, MITa 07..1,1 | Jl022 0,6...14
Ni 04...0,5 0,3...04 0,35...0,45
gi, I/kBT1-4 170...210 210...275 180...230
Nu 0,7...0,82 0,8...0,9 0,75...0,92
pe, MIla 0,65...0,85 J02,0 0,6...1,1 | Jol3
Ne 0,28...0,35 0,35...0,42 0,25...0,38
g, T/KBTu 200...235 230...310 | 200...290
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YuedHOE H3TaHUE

JUXAHOB
Buraaunin AHaToJIbeBHY,
JEBETbBSAPOB
Pycinan PandoBuu

YYEBHOE IOCOBHUE JJ11 BBIIIOJIHEHUA
KYPCOBOU PABOTHI
11O ABTOMOBHWJ/IBHBIM JIBUT'ATEJIAM

Penakrop 1.B. Oxkuiiesa

3aka3 Ne . [Toanucano K neyaTu r.
dopmat 60x84, 1/16. O6bem yei. ned. 1. 10,9. Tupax 500 sk3.
bymara odcernas. Illena norosopnas. OTneyaTaHo ¢ OpUruHajl-MaKkeTa.
610017, Kupos, Barckuii ATY, Oktsa0pbckuii npocnekT, 133.



