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1. BBIBOP NCXOJHBIX JTAHHBIX

BBI100p MCXOTHBIX JAaHHBIX MPOU3BOIUTCS B CJICIYIONIEH TTOCICI0BATEIIBHOCTH.

Hcrnonb3yst HoMep 3a4eTHOM KHUKKH U Ta0uipl 1.1, BEIOpaTh MapKy ABUTATEIIS
¥ 3HAYEHWE YaCTOTHI BPAIEHUS KOJEHYATOTO BaJla M MOIIHOCTH IS BBITIOJTHCHUS
TATBHEUIIINX PACUETOB CIICIYIONUM 00pa3oM:

- BBIOpaTh Mapky jaBurarens nmo tabmuue 1.1 cormacHo mocnemHei mudpe
HOMEpA 3a4€THON KHUXKKH;

- BBIOpaTh 3HAYEHWE YaCTOTHI BpAIICHHS KOJICHUYATOTO Bajla, MOIIHOCTH
nsurarens W koddduimeHta u30bITKa Bo3ayxa no Tabmuie 1.1 cormacHo
IpearocieaHel nudpe Homepa 3a4eTHON KHIDKKH;

- YCTaHOBHTH THI BBIOPAHHOTO JBHUTATENs (IU3€]b, KapOMOPATOPHBIA HIIN C
pacripe/ieJIeHHbBIM BIPHICKOM TOILIHBA);

- ONpeAciIuTh 3HAUYCHHE JaBJICHUS HaJAyBa, B CiIydae, €CJIH COTJACHO
TEXHUYECKOM XapaKTePUCTHKE 3aBO/Ia-U3rOTOBUTENS YCTAaHABIUBACTCS TypOOHAIYB;

- WCTIOJB30BaTh B pacueTax CTaHAapTHOE IS JBUTATENS 3HAUYCHHE CTEIICHH
C)KaTus;

- HCTOJB30BaTh B pacueTax CTaHJAPTHBIC MOKa3aTeId COCTaBa M KadyecTBa
TOILIMBA;

- HEyKa3aHHbIE OMIUPUYECKUE 3HAYCHHUS I1apaMeTpOB BBIOpaTh U3
IPEIIOKEHHOTO PsJia WKW CIPABOYHBIX JAHHBIX C YYETOM CKOPOCTHOTO pEeXKHMAa
paboOTHI IBUTATEIIS,

- He0OXOUMBbIC KOHCTPYKTHBHBIC COOTHOIIICHHS M XapaKTEPUCTUKN BHIOPATH U3
IPEIOKEHHBIX JaHHBIX WJIM CIPABOYHOW JIUTEpaTyphl I pPaccMaTpHUBacMOTO
JIBATATEIIS;

- COOTHOIICHMSI Pa3MEpOB COOPOYHBIX CIAWHHUI] BHIOMpATE COIIACHO
PEKOMEHAMSM CITPABOYHOM JIUTEPATYPHI IS ABUTATEIICH TTOIOOHBIX TUIIOPAa3MEPOB.

Psn HeoOXOAMMBIX IMapaMeTpPOB aBTOMOOWJIBHBIX IBUTATEICH NPHUBEACH B
tabnure 1.2.



Tabnuna 1.1 — J[Burarenu u 3HaY€HUS YACTOTHI BPAIICHUS! KOJIEHYATOTO BaJia

KamA3-740.10

n,‘Ne,‘oc

= 3HaueHne 4acTOTH BpaueHus (mun'), HOMUHANBEHON MommHocTH ( KBm )
TR U1 IBUTATEIIS
O S
582 0 L 2
ee 3M3-4025.10 31J1-645 J1-245
HE
g =2 n, Ne, n, Ne, n, Ne, Py,
= munt | kBm ¢ Mun™ xkBm * Mun™ KkBm * Mila
0 3600 58 0,86 1900 109 |1,22 1750 64 1,50 | 0,152
1 3700 61 0,87 2000 113 | 1,24 1800 66 1,55 | 0,154
2 3800 64 0,88 2100 117 | 1,26 1850 68 1,60 | 0,156
3 3900 66 0,89 2200 121 | 1,28 1900 70 1,65 | 0,158
4 4000 68 0,90 2300 125 |1,30 1950 71 1,70 | 0,160
5 4100 69 0,91 2400 128 1,32 2000 72 1,751 0,162
6 4200 71 0,92 2500 131 | 1,34 2050 73 1,80 | 0,164
7 4300 72 0,93 2600 133 | 1,36 2100 74 1,85 | 0,166
8 4400 73 0,94 2700 135 | 1,38 2150 76 1,90 | 0,168
9 4500 74 0,95 2800 136 | 1,40 2200 77 1,950,170
3 4 5
3M3-5234 31J1-508.10 KamA3-740.11
n, Ne, n, Ne, n, Ne, P,
mun™t | xBm ¢ munt xkBm * Mun™ KBm * Mila
0 2300 79 0,86 2300 93 0,86 1350 118 15 | 0,152
1 2400 83 0,87 2400 97 0,87 1400 126 | 1,550,154
2 2500 86 0,88 2500 100 | 0,88 1500 134 | 1,60 | 0,156
3 2600 89 0,89 2600 103 | 0,89 1600 142 | 1,650,158
4 2700 90 0,90 2700 104 | 0,90 1700 149 | 1,70 | 0,160
5 2800 91 0,91 2800 105 |0,91 1800 156 | 1,750,162
6 2900 93 0,92 2900 107 0,92 1900 162 | 1,80 | 0,164
7 3000 94 0,93 3000 108 | 0,93 2000 167 | 1,850,166
8 3100 95 0,94 3100 109 | 0,94 2100 172 11,900,168
9 3200 96 0,95 3200 110 | 0,95 2200 176 | 1,950,170
6 7 8
3M3-4062.10 BA3-2112 SIM3-238]1E
n, Ne, n, Ne, n, Ne, P,
mun™ | xBm ¢ Mun™ xkBm * Mun™ kBm * MiTa
0 3000 63 0,96 2900 30 0,96 1550 200 | 1,50 (0,152
1 3250 69 0,97 3200 36 0,97 1600 211 | 1,550,154
2 3500 75 0,98 3500 42 0,98 1650 220 | 1,60 | 0,156
3 3750 81 0,98 3800 48 0,98 1700 227 | 1,650,158
4 400 86 0,99 4100 53 0,99 1750 231 | 1,70 | 0,160
5 4250 94 0,99 4400 56 0,99 1800 234 | 1,750,162
6 4500 97 1,00 4700 59 1,00 1850 237 |1,80 0,164
7 4750 103 | 1,00 5000 62 1,00 1900 239 | 1,850,166
8 5000 107 | 0,99 5300 65 0,99 1950 241 |1,90 0,168
9 5200 110 | 0,98 5600 68 0,98 2000 243 |1,950,170
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munt| xBm
0 1700 115 1,22
1 1800 122 1,24
2 1900 127 1,26
3 2000 132 1,28
4 2100 138 1,30
5 2200 142 1,32
6 2300 147 | 1,34
7 2400 150 1,36
8 2500 152 1,38
9 2600 154 | 1,40

Tabnuma 1.2 — [lapameTpsl aBTOTPAKTOPHBIX ABUTATEICH

Mapxka neuraresns
[Tapamer cB‘C_') g 2 o ,:'3 2: cr's% o N 06‘9' 23
pRVED Sol 2| ¥ |58 =2 Sg| =2 <2 5¢| ¢
™ Q E = m Wl R ;‘2 N RG|RN| > S Q N
MMXOI‘ mopumst S, 92 | 115 | 125 | 88 95 | 120 | 140 | 71 | 86 | 120
HHaMeTIE) 92 | 110 | 110 | 92 | 100 | 120 | 130 | 82 | 92 | 120
I_[I/IJ'II/IH)Ipa y MM
H“Tpamv 245 | 874 | 475 | 467 | 507 | 108 | 148 | 150 | 9og | 108
nBurarend V , a 5 6 5
. Crenenb oxamis | g, | 195 | 151 | 76 | 71 | 165 | 160 | 105 | 93 | 17.0
da3sel
razopaclpezeieHus
] OTKPRITHC | 45 | 19 | 16 | 24 | 31 | 10 | 20 | 29 | 20 | 10
BHYCKHOFO KJ1allaHa
] BAKPRITHE | oy |\ 59 | 42 | 64 | 83 | 46 | 46 | 72 | 52 | 46
BHYCKHOFO KJ1aIlaHa
- OTKpLITI/Ie
BBIITYCKHOTO 54 66 52 50 67 66 66 71 52 66
KJ1aliaHa
- 3aKpLITI/IC
BBIITYCKHOTO 18 10 18 22 47 10 20 31 20 10
KJ1ariaHa
N 029 | 028 | 027 | 028 | 025 | 027 | 026 | 0.29 | 0,27 | 0,27
5 0 6 2 7 0 7 0 3 0
Macca nmopuns, | 0,56 | 0,56 1,67 0,56 | 0,89 1,05 | 2.85 0,40 2,04
Ke 5 5 5 5 5
Macca mambia, | 0,14 056 | 0,14 | 029 | 090 | 1,10 | 0,10 0.81
K2 8 7 8 2 3 5 4 5
Macca maryHa, 0,95 | 1,27 5,00 | 0,77
Ke 0 2 0 0




2 TEIIJIOBOM PACYET JIBUT'ATEJISA
2.1 TemnoBoii pacueT qu3eJast
HcxoaHble JaHHBIE:
- TUTI ABUTATENS (TAKTHOCTh, KOJIMUYECTBO U PACIIOIOKEHNE ITUITMHIPOB);
- HaJIMyue TypOOHaIyBa U AaBJICHUE HaTyBHOTO Bo3ayxa P,, Mlla ;
- YaCTOTa BPAIICHUS KOJIEHYATOr0 Baja n, mun '
- CTCIICHb CXKATHS ¢ |
- 3¢ dextuBHAs MomHOCTE Ne , xBm ;
- ko3¢ dunreHT u30bITKa BO3AYXA o ;
- Bun TommBa — gu3enbHOe TommmBo «JI» T'OCT 305-82, cpemgnmit
aJIeMeHTapHbIN cocTaB: C =85,7%; H =13,3%, O =1%.
TonauBo
OmnpenenseM HUA3IIYIO TEIJIOTY CTOPAHMS TOTLIMBA

QH =33,91- C+125,60- H 10,89 - (0 —S) —2,51-(9- H +W), K (2.1)
Ke

IIapameTpsbl paGouero Tesa.

OmnpenensieM TEOPETUIECKH HEOOXOAMMOE KOJIUYECTBO BO3/1yXa JJIsl CTOpaHuUs
1 ke ToTIIMBA:
_ 1 Bcis.m-0), kewm

0=

0,23 3
Lo _ Lo , KMOJb
Hg
us = 28,96 - 0JIs BO3ayxa.
OnpenenuTh KOJMYECTBO CBEKETO 3apsiia;
M=o -L,, kuons.
OnpenenuTs o0IIee KOJIMUYECTBO MPOIYKTOB CTOPAHMS:
M =o-L +  + , KMO&b.
2 © 4 32
ITapameTpsl OKpYy:Kamleil cpeabl U 0CTATOYHBIE ra3bl.
[Tpunsate armocdepubie ycnoBusi: P, =0,1 Mlla , T, =283-293 K .
JlaBiieHMEe HaIyBOYHOTO BO3[yXa NPHUHATH B COOTBETCTBUM C 3aJaHUEM P, ,

Mlla
[IpuHATH MOKa3aTeb NOJUTPOIIBI CKATUA B KOMIIpeccope n, =1,5-1,7 .

OnpenenuTs TEMIIEpATYyPy BO3AyXa 3a KOMIIPECCOPOM:
PK (ng-1)
To=T, (p) ™ K.
0

OnpenenuTs TaBICHUE U TEMIIEPATypPy OCTaTOYHBIX Ta30B:
P, =(0,75-0,95)- P, wmu P, =(1,05-1,25)-P,, Mlla .



IIpouecc Bmycka

[IpuHATE TEMIIEPATYPY MTOJOIPEBA CBEXKETO 3apsiaa At=0-40 °C.
OnpenenuTs IUIOTHOCTB 3apsiKa Ha BITCKE:

_ P 10°
Ax K —
K RB 'TK M3
Joic
rae Ry - yaenbHas ra3oBasi IIOCTOSIHHAS 4711 BO3yXa (RB =287 —a ).
Ke - 2pa

B COOTBETCTBUHM CO CKOPOCTHBIM PEKMMOM PabOThI ABUTATEIS] U Ka4eCTBOM
00pabOTKU BHYTPEHHEH MOBEPXHOCTH MPHHATH Koddpduuuent (B°+&,,)=25-4,0, a

M
CKOPOCTb JIBMKEHHUS 3apsaaka vgy =20-130 —.
C

HOTepI/I JAaBJICHUS HA BHYCIz(C B IBUTATCIIb OHIZ%CI[CHHIOTCH I10 BBIPAKCHUTO!
B+ )(0 -p -107)
AP, = BI____BI K , Mlla .
2

JlaBneHue B KOHIIE BITyCKa:

P,=P.—AP,, Mila .
KoadduimeHT ocTaTouHbIX ra3os:
_Te+At P
1, &P -P,

r

Temmeparypa B KOHIIE BITyCKa:

T, — Ty +At+y T,
‘- I+7y '
r

KoaddunreHT HanoHeHUS:
_ Ty -(e-P,—Pp)
VT vA) D) P

IIpouecc cxxkaTus

OnpenenuTs Moka3areib aauadarel cxkatuss K1 B QyHKUMH ¢ W T, TIO
HOMOTpamme (puc. 2.1).

ITokazaTenb MOJUTPOIBI CKATUS N1 B 3aBUCUMOCTH OT Ki yCTaHaBJIUBAETCS B
npenenax n, = (K, +0,02)...(K, —0,02) .

JlaBlieHHE B KOHIIE CXKATUSI ONIPEICTseTCS

P,=P,€!, Mla .
TeMriepatypa B KOHIIE C3KaTHsI ONPEIEISAETCS MO BHIPAKEHUIO:
T.=T,-¢"" K.

OnpenenuTs CPeAHIO MOJISIPHYIO TEIJIOEMKOCTh 3apsia (BO31yXa) B KOHIIE

cxatus (0e3 yuera BIUSHUS OCTATOUYHBIX T'a30B):

uC. =20,16+1,74.10%.T,, _ K
ve (kxmonb- epao)

Yucino MoJierd OCTaTOYHEIX Ta30B:

Mr =a -y r-Lo, xmons.



qI/ICHO MOHeﬁ I'a30B B KOHIIC CXKATHUA A0 CFOpaHI/IH:
M. =Mi+Mr, xuonv.

K,
1,390 N

1,385 W “\:E

\:‘\ ~
MAYSYANAS
\ A N
\\\}i‘\ hAYAN > -
1,380 AN u
NN
; % L \\‘_ o
AV N ™ h T
1,375 ALY S N = . K
\ -\ ™ Ty ﬂ’
SRRSO t S 300
< - S
1,370 t‘b\\\ NORISCSG TS ~ J\_ﬂ e
AAME NS AN N SR L N~
AYNNN N hN el N .
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IIpouecc cropanmus.
Cpennsisi MOJSIPHYIO TEIUIOEMKOCTh MPOAYKTOB CrOpaHHUsl B JIM3€JE MpU
[OCTOAHHOM JaBJICHNH, DY o >1: 138
pE—=(202+(_" 7)) +((155+""")-10*-T )+8,314, Ko
. o o z (kmonb- 2pad)
OnpenesnsieM 4nClIo MOJIEH ra30B MOCIIE CrOPaHust:

M,=M,+M ., kmons.
OnpenenuTh pacdyeTHBIM KOI(PPUIIMEHT MOJEKYIIPHOTO W3MEHEHUs pabodeit
CMECH.

[TpuarMaem K03 GUIIMEHT UCTIOIB30BaHUS TEIUIOTHI & =0,7-0,9.

Torma koJMYecTBO TEIUIOTHI, IEepelaBaeMoe Ta30M Ha Y4YacTKe Czz
VMHJAKATOPHOW IMarpaMMBbl ITPX CTOPAHKUH | KT TOIJIMBA ONPEACIIUTCS KAK:

KMow
Q :E.~ 'QH ' '
Ke
[IpruHrMaeM cTeneHb MOBBIICHKS TABJICHUS B ipeaenax A =1,2-2,5. B quzensax
C HaJUTyBOM JIJIsl OTPAHUYECHUSI MAKCUMAJILHOTO IABJICHUS CTOPaHUsi OEpyTCsl MEHbIIINE

3HAYEHHUA A , YEM B IHU3EJSIX 0€3 HaJayBa.
TeMriepatypy B KOHIIE CTOPAaHHMS ONPEIEISIOT U3 YPABHEHHS CTOPAHUS.

B.-me—-T = &-Q +T (M~ +8,314-1).
pz z C ve
a- Lo ' (1+Y r)

HOI[CTaBHTI) HMCIOIMUCCA 3HAUYCHUS BEJIMYHNH, PCIIUTD ITOJTYUYCHHOC KBAJI[PATHOC
YPaBHEHHE OTHOCHUTENBHO T, U HAWTH €r0 3HAYCHUE, K .

OHpeIIGJ'H/ITB JaBJICHHUC B KOHIIC ITpoHecCa CropaHus:

P,=P.-A, Mlla .
OrnpenenuTs CTENeHb MPEABAPUTEIBHOIO PACIIUPEHNUS:

'Tz
p=P T,
2T,

IIpouecc pacuiupenus.
OrnpenenuTp CTENEeHb MOCIEYIONIEr0 PaCIIUPEHHUS:
5="2.
p

[Tokazatenp MOAUTPONBI PACIIUPEHUS Ny I AU3EIA  OINPEICIUTh IO
HOMOTpamme (puc. 2.2), yIUTBIBAsI, YTO €r0 3HAUCHUE HE3HAYUTEIBHO OTIMYACTCS OT
3HAYCHUS IMOKa3aTeNsl aauadaTel pacmmpeHus K,,n,~K,.

OrnpeneneHne nokasaress MOJIUTPONbl PACIIUPEHUS MPOU3BECTU CIEAYIOIINM
obpazom.

[To nMerommMcs 3HadYeHUsIM & U T, ONPENECIUTh TOUKY IepecedueHus. Yepes

MOJYYEHHYD TOYKY NPOBOAMM TOPU30HTAIb JO IEPECEYCHHUS C BEPTUKAIBIO,
ONYIIEHHOM M3 TOYKM o =1, MOJy4das ONpENEICHHOE 3HaueHue K. Jlanee nBurasich
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[0 3TOM KpPUBON K> 10 TNEpEeceYeHusi ¢ BEPTUKAIIbIO, OIMYIICHHOMW W3 3aJaHHOTO
3Ha4YeHus o . OpJIMHATA TOYKH MEPECEUCHUS JAET UCKOMOE 3HaUeHue K, .

K
2 20 1,9 1,6 14 1,2 1,00
1,30
oy
e
~ TR
ST "~
- -
-
- M n...h e L J
[y
- T -
1,29 - - R h
- iy My N
Py - et Ny M
RAReARA BENENNAR T.K
~L ~ [
s - "\l - - ‘\ !
S SR TN = 1700
[y My N N ™ "%
- Py ey ™ P =1 \\
— Sy "h,‘__ [y h -l \\ \
1,28 S SYEANED N8 1800
™ - a4l UERSNER M,
"y [ h"\_ - o \\ Y
e~ ,.-NF: L ~ ~ -
ST M LTS == N,
e - - Y - ™ .
% UL N 2000
oy iy - \‘
Eany - - A h
1,27 TSP S T TSR T RN NN 2100
P =1 “"u ™ _n t \‘ Y
5 S S RN 2200
Pa - SUsE QEAN
» - o~ N L
A TP - SR SUISOSSN 2400
5= =i RN
e T — NS N 2500
1,26 . L S DA
> o E—— N - N
pe T N
P et o i ™ A
pE "EAN
-l Ty
h N
A
1,25
5 10 15 20 250

Pucynoxk 2.2 - Homorpamma Juist onpeniesieHus: moka3artenst
anuabaTel pacMpeHust Kz A AU3ens
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OnpenenuTs AaBIEHHUE MPOLECCA PACIIUPEHMS:

=)
L Mlla .
o™
OnpenenuTs TEMIIEPATYPy IPOLECCA PACIIUPEHUSL:

P, =

T =

8

‘— K.
6!’12—1
HpOBGpI/ITL MNPpaBUWJIBHOCTb PAHCC IIPHHATOIO 3HAYCHHUA TCMIICPATYPhI

OCTaTOYHBIX Ia30B (IIOIPEHIHOCTh HE JOJDKHA NMPEBBIMATL 5% I BCEX CKOPOCTHBIX
PEXKUMOB pabOThI ABUTATEIIA).

T, =
3 6
Pr
T -T
A=_"_ T.100%.
Ty

NuaukaropHbie mapaMeTpbl pado4yero HUKJIA JU3EJIs.
OHpCIICJII/ITB cpez[Hee I/IHI[I/IKaTOpHOC JABJICHHUEC NUKJIA JJIs HGCKpYFJIGHHOﬁ
I/IHI[I/IKaTOpHOI\/'I‘I[I/Iq,_.]“pa{vIMBI: 1 1 1 ‘|
P= °-A(p-1)+Lrp  -(1- )— (1- )

"ol n, -1 et n -1 gt J
[TpuHATE KO3PPUIUEHT NOTHOTH MHAUKATOPHOM JuarpaMmsl v =0,92-0,95 .

, Mlla .

OnpenenuTs cpelHee MHAUKATOPHOE JABIICHUE LUKIA JJISI CKPYTJICHHOU
VHJIMKaTOPHOU TUArPAMMBI:
P =P,

I 1
Onpenenuts unaukatopubid KITJ1:
Pi Q. IO
QH ‘ pK Tl v
OnpenenuTs THAUKATOPHBIN yI[GHBH%IfI pacxon TOIIUBA:
-1 2

%= QuMmi xBm-u .

P PexkTHBHDBIE TOKA3ATEM TU3EIIS.
[TpuHATE NpeaBapUTEILHO CPETHIOK CKOPOCTh nopiuHg W, ., B Ipeaenax 7 -13

M M
_ A aBTOMOOMJILHOT'O AU3CIL U g _11 — AJI TPAKTOPHOI'O AU3CJIA.
c C

OnpenenuTs CpeHee 1aBICHUE MEXaHUUECKUX MOTEPh:
P,=a+b-W, ., Mlla .
VYuursiBas, uto a =0,089, b=0,0118 1y Au3enen ¢ Hepa3AeICHHbIMU KaMepaMu
cropanua 1 a=0,089, b=0,0135 s qu3een ¢ pa3aeIeHHbIMU KaMepaMu CrOPAHUS.
Omnpenenuts cpeanee 3PpHEeKTUBHOE TaBJICHUE:
P,=P—-P,, Mlla .

Onpenenuts Mexannueckuit KITJ1:
12



Pe
P

My =

Omnpenenuts 3¢ dextuBHbiil KIT;

ne:ni 'nM '
Ompenenuts YQPEKTHBHBI yACIBHBII PACXOJ TOILIHBA:
. et

ge: QH .ne ] KBm_q .

OcHoBHBIE pa3Mepbl IMJIMHAPA U yeJbHble IapaMeTPhbl IBUraTeJIsl.

Ucxons w3 BemnuuH d(HPEKTUBHONW MOITHOCTH, YaCTOTHI BpAIECHUS
KOJIEHYAaTOro Baia, cpemHero 3G@(EKTUBHOTO aBICHUS W YHCJIA IHIHHIPOB
ONpPEeeNIUTh pabourii 00bEM OJHOTO IUITUHIpA:

301 JB * Ne

h 5 y 7

P.-1-n
S

Paccuutate 3Hauenue P =5 B COOTBETCTBUM CO CTAHJAPTHBIM 3HAYCHHEM

e

auamMeTpa M XOJa TMOPIIHS JJIsi MPOTOTHUIIA PACCUUTHIBAEMOIO  JIBUTATEIIs

(mpunoxxenue).

4.V,

T-p

Onpenenuts X0 MOpuIHA S=D-p, mm, DOZI(perII/ITB 710 LEJIOTO.
T

Onpenenutps AuameTp MuIMHApPa D =100-3

, Mm, @ 3aTE€M OKPYTIUTH €rO.

o

n-D?.S
Omnpenenuts pabouunii 00beM uuHAPa V, = ——— 1.

4
S-n M cpasHmBaeM ee
3.10* ¢

OnpenenuTs mIowmwaap NopmHs F, =

OmnpenensieM CpPeIHIOI CKOPOCTh mopirHsi W, ., =

3HAUYCHUE C PaHEe MPUHATHIM.
OmnpenensieM 3HaUeHUE pacueTHON A((HEKTUBHON MOIIHOCTH:
P,-i-V,n

Ne=—3-0T7, xBm .
JIB

CpaBHUBaeM MOJyYEHHOE 3HAYEHUE MOIIIHOCTH C 33JJaHHBIM, JIEJIa€M BBIBOJbBI O
MPaBUJILHOCTH MPOBEACHHOTO TEIJIOBOTO pacuera.
Pacxoxaenre B 3HAYEHUH MOITHOCTH, HE JIOJIKHO MpeBbIaTh 5 %0.
N —N

A=_° ¢ .100% .
N

e

13



2.2 TenJioBoii pacyeT KapOIOPATOPHOIO IBUTaTEs

HcxonHble naHHbIC:

- TUTI ABUTATENS (TAKTHOCTh, KOJIMYECTBO U PACIIOIOKEHNE ITUITMHIPOB);

- YacTOTa BPAIICHHS KOJICHYATOTO Bala n, mun ",

- addexTuBHAE MOMIHOCTL (OepeTcs MO CTaHAAPTHOM CKOPOCTHOM
XapaKTePUCTHKE JBUTATENS [Tl 3aIaHHOM YacTOTHI BpaIlleHUS WK 3a1anusi) N,, xBm

- CTETNeHb CKATHA ¢ |

- ko3 urueHT n30bITKa BO3IyXa o |

- Bup toruBa — 0er3uH AN-80 'OCT P 51105-97, cpennuii smeMeHTapHBIHN
Ke

COCTaB U MOJIEKYJIApHast Macca: C=855%, H=145%, ur =115
MOJlb

Tomiuso
OnpenesnsieM HU3IIYIO TEIJIOTY CTOPAHUs TOILJIMBA

Q, =33,91-C +125,60- H —10,89- (0 —S) 2,51 (8- H +W), 4,

Ke

IIapameTpsl padouero Tesna
OrnpenensieM TEOPETHUIECKH HEOOX0MMOEe KOJIUYECTBO BO3IyXa JUIs CTOpaHUs
1 Xr TorUIMBA:

L-(S_-C+8-H -0), ke WIHA
0,23 3

ly

ly
— — y KMOJb,

K
r7e us - MOJIEKYJIsipHas Macca Bo3ayxa (s =28,96 - 1J1sl BO3/AyXa).
OnpenenuTs KOJIHMYECTBO CBEKETO 3apsa;

Lo

1
Mi=a-Lo+—, xumons.

Onpenenuts od1ee KOJIMYEPTBO JIPOLyKTOB CrOPaHHSL:
M =a-L + + +021-L -(1-a), xmonw.
2 0 ? 3_2 0
ITapameTpbl OKpY:KAIOIIEH CPeIbl H OCTATOYHbBIE Ia3bl.

[TpunsaTe armocdepHsbie yciaoBusi: P, =Py =01MIla, T, =T, =293 K.
OnpenenuTs TaBICHUE OCTATOYHBIX I'a30B:

P.=(1,05-1,15)- Py, MIla .
ITpunsaTe 7,.=900-1100 K .

IIpouecc Bnycka

ITpuHsATH TEMIEPAaTypy MOAOIPEBA CBEXKETO 3apsiia At =-5-+15 °C.
OnpenenuTts IIOTHOCTD 3apsiiKa Ha BITyCKE:

Y 0 (0 L.
=, k.
NK RB -TO M3

14



ﬂ_m)_
Ke - e2pao

B cOOTBETCTBUU CO CKOPOCTHBIM PEKHMOM paOOTHI JBUTATENS U KaueCTBOM
00pabOTKK BHYTPEHHEH MOBEPXHOCTH MPHHATH KodddumueHt (B*+&,,)=2,5-4,0, a

rae Ry - yIeiabHas ra3oBasi OCTOSHHAS s Bo3ayxa (R, =287

M
CKOPOCTD JIBMKEHHUS 3apsKa vy =20 130 —
C

HOTCpH JaBJICHHUA Ha BHYCKC B I[BI/IFaTeJ'H) OHpG,HCHfII-OTCH I10 BBIPAKCHHUIO:
B*+E ) -p -107)
AP, = y Mlla .
2

JlaBieHre B KOHIIE BITyCKa:
P,=P,—AP,, Mlla .
KoadduimeHT ocTaTOuHBIX ra3oB:
T +At P
"1, &P -P.

a

TemmiepaTypa B KOHIIE BITyCKa:
Ty +At+y T,
I+y ’
r

Ta:

Koaddunrent HanoHeHUS:
_ Ty-(e-P,—Pr)
WET M) D) P

IIpouecc cikaTust

OnpenenuTh MokaszaTelb anuadaTel ckatus K1 B GyHKuMu ¢ u I, 10
HOMoOTrpamme (puc. 2.1).
ITokasarenb NOJUTPOIBI CKATUSA n, B 3aBUCHMOCTH OT K, YCTaHaBIMBAEeTCH B
npeaenax n, = (K, -0,01)...(K, —0,04) .
aBJICHUE B KOHIIE COKATHUS QJIPCRCIIICTC:
! n QBIRCACIACTCHE

TemnepaTypa B KOHLE CKATHSI ONPEAEIIAETCA 110 BBIPAKEHUIO:
— m-1
T.=T,¢"" K.
Onpenenuts CpeaHIO MOJIIPHYIO TEIUIOEMKOCTh 3apsja (Bo31yXa) B KOHIIE
ckaTus (0e3 yueTa BIMSHUS OCTATOYHBIX T'a30B):

uc\/c = 20’16 +1174'10_3 'Tc1 K'ZZ?!C

(kmonb- 2pao) .
Yucio MoJIel OCTaTOYHBIX I'a30B:
My =a-yr-Ly, xuon.
Huciio Mosier ra30B B KOHIE CHKATHUS O CTOPAHUS:
M, =M, +M,, xuonw.

IIpouecc cropanus.

Cpennsisi MOJISIPHYIO TEIJIOEMKOCTh MPOJYKTOB CropaHusi B KapOHOpaTOpHOM
JIBUTATEJIE MPU MOCTOSTHHOM 00beMe, pu o <1:

15



MCpZ =(18,4+2,6-a) + (15,5+13,8-a) .10~ T, kIl

(xmonw- 2paod) .
OHpeﬂeﬂﬂeM YHCJIO MOJIEU T'a30B IOCJIIC CropaHu:i:

M,=M2 +M ., kmons.
OnpenenuTh pacdyeTHBIM KOI(PPHUIIMEHT MOJEKYIIPHOTO W3MEHEHUs pabodeit
CMECH:

[TpunrMaem K03 PHUITUEHT UCTIOIB30BaHUS TEIUIOTH & =0,7-0,9.
Torma KOIMYECTBO TEIUIOTHI, IEpENaBa€MOE Ta30M HA YYacTKe Cz
WHIMKATOPHON AUarpaMMBbl U CropaHuu 1 KT TOMIMBA ONPENETUTCS KaK:

Q:E.) (QH _AQH)I M '
Ke
OHpeIICJII/ITB KOJIMYCCTBO TCILJIOTHI, IIOTCPSAHHOC BCJICIACTBHUC XUMHUYECKOM
HCIIOJIHOTBI CrOpaHus:
AQ,, =119950 -(1-a)- Lo, ¢ .
Ke
TeMHepaTypy B KOHIIC CFOpaHI/IH OHpCI[eHHIOT nu3 ypaBHeHI/IH CrOpaHI/Iﬂ.

B-m€ ~§-(Qq —AQy) T
vz -T 7= a Cvc c
- Lo ’ (1+Y F)
HOI[CTaBI/ITB HMCIOIIMECA 3HAUCHUA BCJIMYUH, PCIIUTH ITOJIYYCHHOC KBAAPATHOC
YpaBHCHHUEC OTHOCHUTCIIBHO T, H HaWTH €ro 3HA4YCHHUC, K.
OHpeI[eHI/ITB JAaBJICHHUC B KOHIIC IIpo1€CCa CropaHua (Te()peTI/ILIeCKOG):

P=PC'_E—'TZ, Mlla .

z
C

OnpenenuTs AaBJeHUE B KOHIIE TTPOIIecca CropaHus (JIeHCTBUTEILHOC)
P.7=085-P,, Mlla .

OHpeIIGJ'H/ITB CTCIICHDb ITOBBIINICHUSA OABJICHUA .
p=Lz
P
IIpouecc pacuiupenus.

[Toxazarenb MONUTPOIBI pacIIMpPeHHs] KapOOpaTOPHOTO IBUTATENS n, IJIA
IUM3eIsd ONMPENeInTh Mo HOMorpamme (puc. 2.3), Y4YUTBIBas, YTO €ro 3HAYCHUE
HE3HAYUTEIBHO OTIMYAETCS OT 3HAUEHUs [OKa3aTesdsl aaualaThl pacHIMpPEHUs
K,,n,=K,.

[Io uMerommMces 3HAYEHUsAM ¢ U T, ONPENENsieM TOUKY IepeceueHus. Yepes
MOJIyYEHHYI0 TOYKY IPOBOJMM TOpPU30HTAJIb [0 IEPECEUYEHHS] C BEPTUKAIIBIO,
OMYIIEHHON U3 TOYku O =1, mosydas 3Ha4YCHUE K . Jlanee nBuraemcs mo 3TOM KpUBOU
K, J10 IepeceyeHus C BEPTUKAJIbIO, OIYLIEHHOW U3 3aJaHHOT0 3HaueHus o . OpauHaTa
TOYKH IIEPECEUEHHUs] TaeT NCKOMOE 3HaYeHue K, .
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K
2 0,8 0,9 1,0 1,1 1,20
1,28
L ]
\\
N \\ \\
A N
N b M R
ANEAN \\ o
.
1‘2? \\ \\ N ", \n. -l Pa
\\ N \." ] P e
A - A
k\\ NEAN 3 N o - A7 -I;’K
LN N q A = 2200
ANEAAY \\\ \\ N A7 ,f"--::'-"
b
P M, <P "2300
N ” ]
\‘ \‘ M \:: ><(J :-: ”_ "“r 2
1 26 , ., A ><’\ ] i: 2 f“-— . 400
’ Ny ™ e !’_,..-"'"" 1 L
NEAVEASED-4BA N AT 2500
Y L TN T 1 2600
T ™ - - ’ L —
> k < f\ P r ‘-J_ " 2800
__Vd >J/ o’ -~ ___.,..-- /f -— »-
1,25 % g N ” 2900
A i = 3000
/ e ]t
AT T e ST 13100
a 1 L4 1 | 1
d .-‘_:.-- L+~ #..--' L~
A A T ]
A A NA
C"‘z"’ F 3
Py

1,24

2 4 6 8 10 12 14 16 18 €

Pucynok 2.3 - Homorpamma Juist onpe/ieiieHus moKa3aTes
anuabaTel paciupenust K, Ui OEH3MHOBOTO JIBUTATEIIs

OmnpenenuTh AaBiaeHue Mporecca PacuIupeHus
P MIla .

g™
OmnpenenuTs TeMIEpaTypy Mporecca PaciuimpeHust:

7T =—— K.

6 np-1 17
82

P,=
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[IpoBepuTh TPABWIBHOCTH paHee MPHUHATOTO 3HAYCHUS TEMIIEPATypPhl
OCTaTOYHBIX Ia30B (MOTPEIIHOCTh HE JIOJDKHA MPEBBIMIATh 5% N7 BCEX CKOPOCTHBIX
PEKUMOB paOOThI IBUTATEIIS).

T, ==
sk 6
P
T -T
A=_T__T.100%.

Ty

NupnkaropHble napaMeTpbl pat04ero UKJIa Ju3eJis.
OnpenenuTs CpeiHEE UHAUKATOPHOE JIABJICHUE IIUKJIA ISl HECKPYTJICHHOM
HUHIUKATOPHOU OUArpaMMbl;
ATICATOPHOT AHETPANSIT 2

a- Pyo b Yyl v
i e -1 an -1 s np—1 n, -1 € n-1 J
[TpusATH KOADPUIMEHT MOTHOTHI UHIUKATOPHON AUarpamMmsbl v =0,94-0,97 .

OnpenenuTh cpeaHee MHAMKATOPHOE JABJIEHUE LUKIA NIl CKPYIJIEHHON

UHIMKATOPHON JHarpaMMBbI:
P=P.v, Mlla.

Onpenenuts uHauKatopubid KITJ1:
Pi QL - IO
QH ‘ pK n v .
OnpenenuTs THAMKATOPHBIN yAENIBbHBIM pacxol TOILINBA:
3,6-10° 2

QH .nl KBm Yy .

P PexkTUBHBIE MOKA3ATEM IBUTATEIS.
[TpuHATE TpeaBAPUTEILHO CPenHIOK ckopocTh mopmus W, . B mpeaemax

M M
12-20 Ui JBUTATeNs JIETKOBOIO aBTOMOOWISA W Q-1 _ [ JABUraTess
C C
IPy30BOI'0 aBTOMOOMJIS.
OmnpenenuTtsb cpeaHee 1aBIeHUE MEXaHMUECKUX MOTEPb:

Py =a+b-Wpcep, Mla .

Y4uuThIBas, 4TO
- a=0,049, b=0,0152 - 1y1g OEH3UHOBBIX JABUTATENICH C YHUCIOM ITUIUHIPOB JI0

S >1
IMCSCTU U OTHOIIICHUCM B

- @=0,039, b=0,0132 - g1 OEH3WHOBBIX BOCHMHITMIMHIPOBBIX JBUTATEIICH C

S

OTHOIICHHEM — <1;

- a=0,034, b=0,0113 - g1 OECH3UHOBBIX ABUTATEJCH C YUCIOM LIMJIUHIPOB 0

S
IMMECTH U1 OTHOLICHUEM B <1.
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Omnpenenuts cpeanee 3hPpexKTUBHOE JaBICHUE:
Pe:Pi_PM y MHa .

Omnpenenuts Mexannueckuit KITJ1:
P

P

Ny =

Omnpenenuts 3¢ dextuBnbiit KITI:

ne:ni 'nM '
Onpenenutsb 3P HEeKTUBHBIHI YACIBHBII PACXOJL TOILINBA:
. pes

% = Qu Me ’ KBWl"l.

OcHoBHBIE pasMepbl HUWJINHAPA 1 YACJIBHBIC ITAapaAaMETPbI ABUIaTEe/Is1.

HUcxons w3 BenuuuH OS(OQPEKTUBHOW MOUIHOCTH, YAaCTOThI BpalllCHUS
KOJICHUAaTOro Bajia, cpeaHero 3(P(GEeKTUBHOTO [aBJICHUS M 4YHUCIA I[WIMHAPOB
ONpEeeNIUTh pabounii 00bEM OJHOTO IUITUHIpA:

301 JB * Ne

h 5 y 7

P.-1-n
S

Paccuutate 3Hauenue P =5 B COOTBETCTBUM CO CTAHJAPTHBIM 3HAYCHHEM

e

aMaMeTpa M XOJa TOpIIHA JJis MPOTOTUIA PACCUUTHIBAEMOIO  JIBUraTess
(npunoxxenue).

Onpenenuts AMaMeTp HUIMHIApPAa D =100-3 4-Vy y MM, @ 3aTEM OKPYIJIHUTH €ro.
\ln p

OnpenenuTs X0 NOpHA S=D-p, um, OZprFJ'II/ITB J0 LIEJI0TO.

I

. oM.

n-D?-S
Omnpenenuts pabounii 00beM nuuHgpa V, = ——— 1.

4
S-n M cpasHmBaeM ee
3.10* ¢

OnpenenuTs mIomaap NopmHs F, =

OmnpenenseM CpeaHIO CKOPOCTb MOpIHS W, ., =

3HAYEHHE C PAHEE MPUHSATHIM.
OmnpenensieM 3HaueHHE pacueTHON A (HEKTUBHON MOIIHOCTH:

P.-i-V,-n
Ne:—eg-o%, xkBm .
JIB

CpaBHUBaeM MOJyYEHHOE 3HAYEHUE MOIITHOCTH C 3aJJaHHBIM, JICJIaeM BBIBOJIBI O
MPaBUJILHOCTH MPOBEJICHHOT'O TEIJIOBOTO pacyeTa.
Pacxoxaenne B 3HAYCHUH MOIITHOCTH, HE JIOJKHO TPeBbIaTh 5 %0.
N —N

A=_° ¢.100% .
N

e
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2.3 TenJioBoii pacyeT ABUraTeJs ¢ pacnpeaejeHHbIM BIPbICKOM TOILINBA

HcxoniHble TaHHBIE:

- TUI JIBUTATEINs (TAKTHOCTh, KOJTMYECTBO U PACIIOJIOKEHUE LIMIIUHIPOB);

- YacTOTa BPAIIECHUS KOJIEHYATOr0 Bajia |, Ll

- oddexkTrBHAT MONIHOCTh (OepeTcs 1O CTaHAAPTHOM  CKOPOCTHOM

XapaKTePUCTHUKE ABUTATENS 1JI 3aIaHHON YaCTOTHI BpallleHUs Wid 3aanusi) N,, xBm

- CTETICHb CHKaTu ¢ ;
- K03 puueHT n30bITKa BO3yXa o ;

- Bup toruBa — OersuH AM-95 'OCT P 51105-97, cpenuuii snemMeHTapHbIN
Ke

COCTaB U MOJICKYJIsIpHast Mmacca: C=855%, H =145%, ur =115
MOJlb

Tomiuso
OnpenensieM HU3LIYIO TEIJIOTY CTOPAaHUS TOTIIIMBA

Q, =33,91-C +125,60- H ~10,89- (O — ) — 2.51-(9- H +W), “4 .

Ke

ITapameTpsl padouero Tejia

OrnpenensieM TEOPETHUIECKH HEOOX0MMOEe KOJIUYECTBO BO3IyXa JUIs CTOpaHUs

1 Xr TorUIMBA:
1 C H O
L = (" + =), kM01b.6030.

0 0208 12 4 32  xe.mon
3 1 -(§-C+8-H—O), KMOJIb.6030.

o 0,23 3 K2.mMOon.

OHpeIIGJ'II/ITB KOJINMYCCTBO CBECIKECIO 3ap51):[a:
1 xmonw.cop.cm
M, =L, +- L Hom20p.CH
. K2.MOnJl
Onpenenuth oO0IIEEe KOJMMYECTBO OTACIbHBIX KOMIIOHEHTOB IPOJIYKTOB

CrOpaHusi:

M :£+2.1—a .0,208-L , xmoasCO, .
€= 1 1+ K O ke.monn

M =01 .0,208-L , kmomCO

co 1+ K O ke.monn
H 1-a

M = +2K- -0,208-L , xmoavH 20
09 1+ K O xe.monn

M =2-I(-1—_g .0,208-L , xmonvH, .

2 1+ K 0 xe.monn’

KkmonbN ,

M, =0792-0.-Lo, ———2,
Ke.monJi

1€ K - IIOCTOSIHHAsA BEINYWHA, 3aBUCALIAsA OT OTHOLICHUS KOJHUYECTBA BOJAOPOJA K
OKCHJTy YTJIEpO/Ia, COACPKAIIUXCS B MPoayKTax cropanus (K =0,45-0,50 - OCH3HUH).
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Omnpenenutp o0111ee KOJIUUYECTBO MPOTyKTOB CrOPaHUSI:
My=Mey, + Mg + My + M, +M,,, 2PN
Ke.moniu
ITapaMeTpbl OKpYxKaKOIIEH CPebl U OCTATOYHBIE I'a3bl.
[Tpunsite atmochepusie ycnosust: P, =P, =0,1Mlla, T, =T, =293 K.
OnpenenuTs 1aBJI€HUE OCTATOYHBIX TA30B /ISl HOMUHAIBHOTO PEXUMa pabOThI:
P, =(1,05-1,25)- Py, Mlla .
bosnbine 3HaueHus: P, TPUHUMAIOTCA JUISl IBUTATENICH C BBICOKOW YaCTOTOU
BpalllcHUsI KOJICHYaToro Bajia. MeHblne 3HA4YeHHWs P,, MPUHAMAIOTCS IS
JBUraTeJIel C HEMOCPECTBEHHBIM BIIPHICKOM M JIEKTPOHHBIM YIIPABICHUEM CUCTEMBI
MIATAHMUSL.
Jnsg  pasnuyHBIX CKOPOCTHBIX pe>KI/IMOB paboThl JBUraTesis J1aBJICHUE

OCTATOYHBIX I'a30B onpez[enﬂeM 10 %)og
.- (1,0 5+A 10 n) Mila,

(P, 1,035 P,)-10°
rae 4 = , N - 9aCTOTa BPAIECHUS KOJIEHYATOTO Baja JBUTATEIIS
P

nlgl 'PO
(mpuHUMaeTcs w3 3amaHus), mun ' ; P, - JaBIIGHHE OCTAaTOYHBIX Ta30B Ha

HOMHUHAJILHOM PEXUME, MIla | n, - HOMUHAIbHAS 4acTOTA BPAIICHUS KOJCHYATOIO
Bajia JBHWratens (OmpeaesiseTcss M3 TEXHUYECKOH XapaKTePHCTUKU MPOTOTHIIA
PacCUMTBIBACMOTO JBUTATENs), mun .

Temreparypy OCTaTOYHBIX Ta30B T, JUIS JBUraTelie C pacrpencieHHBIM
BIIPBICKOM OITpe/ieisieM 1o HoMmorpamme (puc. 2.4).

o o
1,0 4
T K
1050} 0,9
Tr // (p““
1000} 0,8 b g {115
// E"Z ‘
950 L L 1,00{ 1,10
900 /, 095! 1,05
/
) A 0,901 1,00
Do
L% 0,85/ 0,95

1000 2000 3000 4000 5000 6000 7000 8000 N, MUH"

Pucynok 2.4 - cxoaHble mapaMeTphl 1Jis TEIJIOBOTO pacuera
JIBUTATEJIs C PaCIpPEeeIEHHBIM BIIPHICKOM TOIINBA
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IIpouecc Bmycka

[IpuHATH TEMOIEpaTypy NOAOTPEBA CBEXKEro 3apsiga Ui HOMHUHAJIBHOIO
CKOPOCTHOTIO peskuma AT, =0-20°C,

JI1st pa3iMyYHBIX CKOPOCTHBIX PEXKHMOB paOOThI JBUTATENS TEMIIEPATYPY
MOJIOTPEBA CBEXKETO 3aps/ia ONPeNeTUTh 1Mo GopmyJe:

AT = 4,-(110-0,0125-n),
rae A, = ATy :
(110-0,0125-ny)
OrnpenenuTs IIOTHOCTD 3apsiiKa Ha BIIYCKE:

P10,
=, ,*x
NK RB -To MS
Lo
rie Ry - yIeiabHas ra3oBasi HOCTOSTHHAS JUIs Bo3ayxa (R, =287 Y ).
Ke - epa

B COOTBETCTBHU CO CKOPOCTHBIM PEKHMOM pPaOOTHI JBUTATENS U KaueCTBOM
00pabOTKK BHYTPEHHEH MOBEPXHOCTH MPHHATH KodddumueHt (B +&,,)=2,5-4,0, a

M
CKOPOCTB JIBMKECHHUS 3apsiKka vgy =20 ~130 —.
C

HOTCpH JaBJICHHUS HA BIIYCKC B IBUI'dATCJIb OII GGZ[GJBIIOTCH I10 BBIPAKCHHIO:
B*+& )-(A*-n*.p -10°)
AP, — BIl nz K Mlla ,

rae A _ Vs
" n,
JlaBieHre B KOHIIE BITyCKa:
P,=P,—AP,, MIla .
KoadduimeHT ocTaTouHbIX ra3os:
_ T +AT Poy - Pr

r 1

T, €Q 03 - P, =@y - Pr
Iae @y, -KOdGPUIUEHT OYUCTKU (@,y =1 - C y4eTOM HPOAYBKH IMIUHAPA); @05 -

KOA(DUITMEHT 103apsAIKU UIUHIPA, 3aBUCUT OT CKOPOCTHOTO PEKUMa pabOThI
JIBUTATEIISA, ONPECIIAETCS M0 HoMorpamme (puc. 2.4).
Temneparypa B KOHILIE BIIyCKa:

T Ty +NeT +y - Tr
a= I+y '
r

KoaddunreHnt HanoHeHUS:
T . 1

(T, +AT) (e -1)-Po
IIpouecc cxaTus

Nv (&P 403 Py —Poy - Pr).

OmnpenensieM nokaszarenb aauabaThl cxatuss K1 B (yHKIMH € W 7, TO

HoMorpamme (puc. 2.1).
OmpenensieM IOKa3aTeNb IIOJUTPONBI CXKATUS n1 B 3aBUCUMOCTH OT K, ,
KOTOPBIN YCTaHABJIMBACTCS B Mpe/eiiax:
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n, = (K, —0,01)...(K, —0,04),
IIpu 3TOM HCO6XO,III/IMO YUYUTBIBATb, YTO C YMCHBIHICHHCM YaCTOThI BpPAlICHUA
TCINIOOTAA4Ya OT ra30B B CTCHKU HUWJIMH/APA YBCIMYMUBACTCA, U, CICHOBATCIIbHO, n1i
YMEHBIIAETCH.

OHpCI{CHI/ITb JABJICHHEC B KOHIIC C)KaTI/Iﬂ
P.=P, ¢ ', Mla.

TemmepaTypa B KOHIIE CKaTHS OTIPEICIIICTCS 110 BEIPAKEHUIO:
T =T, -e"" K.
OnpenenuTh CPEeTHIO MOJIIPHYIO TEIJIOEMKOCTh B KOHIIC TaKTa CHKATHS:
- CBeXel cMecH (Bo3ayXa):
(e, )E =20,16+2,638-10°2 t,,

raet, =T, —273 °C.

- OCTAaTOYHBIX Ta30B (uc )® ko - ONpEHeisIeTCS METOJI0M

v (kmonwb- epao)

uHTepnosuuu no tadaune [1.3 B 3aBUCUMOCTH OT t. U o |

- paboueii cmecu

(e ) ==l e vy )] e

YO 14y, Vb Y (kmonb- 2pad)

IIpouecc cropanus.

OnpenenuTs pacueTHbIA KOIPPUIIUEHT MOJEKYJISIPHOTO U3MEHEHHUS TOproYei
CMeECH:

OnpenenuTh pacuyeTHBIM KOIPPUIIMEHT MOJEKYISIPHOTO U3MEHEHUs paboyeit
CMECH:
_(o+yr)
(1+y,)
OnpenenuTh KOJTUIECTBO TEIIOTHI, TOTEPSHHOE BCIACACTBUE XUMHYECKOM

HCITOJIHOTHI CI‘OpaHI/IHI
K/

AQ,, =119950 - (1-0.) - Lo ,

Ke
OrnpenenuTs TEII0TY Cropanus pabouei cMecH:

Qu —AQy Ko
M, -(1+Y,) ' (kmonb- pab.cm)
OnpenenuTs CPeIHIO0 MOJIAPHYIO TEIIOEMKOCTh MPO/lyKTOB CrOPAHHUS:
(MC")tZ = Llr (“C vCO, )t + Mco (Mcvco :Z +M H,0 .(MC\'/‘HZO)% +
v M, L+MH2 (1Cy, )+ M (MG, ) J
rae (MCroo )¢ s (MCheo)y + (MCy,0)7 My, - (1 VHZ)E, My, -(C,,); - cpemHne MOMApHbIE
TEMJIOEMKOCTH OTAEIBHBIX Ta30B TPH TOCTOSHHOM oO0beme. Omnpenensrorcs o

Q PAB.CM —

23



dopmynam u3 Tabauisl I1.2 (mpunoxenue) ans uatepsana remmnepatyp 1501 mo 2800
°C.
OmnpenensieM KOXPPUIIMESHT UCIIOIB30BAHUS TEIUIOTHI &; TIO ONBITHBIM JaHHBIM
13 HOMOrpaMmel (puc. 2.4).
TemmepaTypy B KOHIIE TpoIlecca CropaHHsS OINPEISINTh W3 YpPaBHECHUS
CTOpaHHUS: , .
¢-Q +(pe )t =pe(uC ) ot
7 PAB.CM vt ¢ vty z
[loncTaBuTh B ypaBHEHHE CrOpaHUS HMEIONINECS 3HAYCHUS BEIMYWH, PEIIUTh
HOJYYCHHOE KBaJIpaTHOE ypaBHEHHE OTHOCHTENIBHO t, U HAWTH ero 3HadeHue, °C :
T,=t, +273, K.
Onpenenuth MakCUMajbHOE JaBliEHME B KOHIIE TMpolecca CropaHus
(TeopeTuueckoe)
P -u-T,
P= , Mlla .
z -I-C
Omnpenenuth MakCHUMalbHOE JaBJIEHHE B KOHIIE IMpoIlecca CropaHus
(nelcTBUTENBHOE)
P, =085-P,, Mila.
OmnpenenuTh CTENEeHb MOBBIICHUS JaBICHHS
=2t
P

c

IIpouecc pacmupeHus.

[TokazaTenb aguabaThl pacIIMPEHUs TSl TBUTATENS C BIPHICKOM TOILIHNBA
orpenenseM Mo HoMmorpamme (puc. 2.3) MpH 3aJaHHOM & JJI1 COOTBETCTBYIOIIMX
3HAYCHUH o0 ¥ T,, a CPEIHUHN TOKA3aTeNlb MOJTUTPOIBI PACITUPECHHS N, OIEHUBACTCS
10 BEJIMYMHE CPEITHETO MoKa3aTess aauadatel, n; ~ Ko . [lo umeromuMes 3HaYCHUSIM
e u T, ompenenseM TOUYKy mepecedeHus. YUepe3 MOIydyeHHYIO TOUYKY MPOBOJUM
TOPU30HTANb JI0 MEPECEUCHHUS ¢ BEPTHKAIbIO, ONMYIICHHONW W3 TOYKH o =1, Toydas
KaKoe-To 3Ha4YeHUE K, . [lanee aBuraemcsi mo 3Toil KpuBOiM K, 10 MEPECEUECHHS C
BEPTUKAJIBIO, OMYIIIEHHOHN M3 3aJaHHOTO 3HAYCHUS O .

OpanHaTa TOYKH MepeceueHus JaeT HICKOMOE 3HaUYeHue K, .

OmnpenensieM qaBieHUE MPOIEcca PACIIMPEHUS

P, = 8—'?;— , Mlla .

OmnpenenuTs TeMIeparypy nporecca pacuiupeHHus:

T,
K.

np-1 7!
82

T, =

[IpoBepuTh NPAaBWIBHOCTH paHEE MPUHATOrO 3HAYCHUS TEMIIEPATypbl
OCTaTOYHBIX Tra30B (IMMOrPEIIHOCTh HE JOJKHA MPEBBIIATE 5% MJI BCEX CKOPOCTHBIX

PEXKUMOB pabOTHI ABUTATEIIA).

T, =L

6

P
P

w
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T -T
A=_T 1.100%.
Ty
NuaukaTopHbie mapaMeTpbl pado4yero HUKJIa ABUraTes.
Onpenenuthb TCORPETUHECKOE CPENIHEE HHUKATOPHOE NaBJICHUE IUKIIA
P="°.—"—@Q- 7 )- 1= 11 mia.
L el an -1 g -1 gm™ J
Onpenenuts cpeaHee UHAUKATOPHOE AaBICHUE UKIA!
P=P'-v,

rae v - KO3(pQHUIMEHT IMOJHOTH HHIUKATOPHOH auarpammbl (v =0,95-0,98 - is
JIBUTATENIEH C JIEKTPOHHBIM BIPBHICKOM TOTUIUBA).

Onpenenuts nHaAUKaTOpHbIA KIT/1:
- Pioc-ly

Q- Pomv
OnpenennTs THANKATOPHBIN YIEJIbHBIA PACX0/l TOIUINBA:
36100 .
" Qi " kBm -y
P PexkTUBHBIC MOKA3ATEH IBUTATEIS.
OnpenensieM cpelHEE NTaBICHUE MEXaHUYECKUX TTOTEPD:
P,=a+bW, .., Mla

rae ab - 3HAYEHWS [JI1 BBICOKO(OPCHUPOBAHHBIX OCH3MHOBBIX JIBUTATENEH C
BIPBICKOM TOIUTMBA U 3JIEKTPOHHBIM yrpaBieHueM (a = 0,024 ,b = 0,0053 ).

JInst nBUTraTesns ¢ BIPHICKOM TOILUIMBA MPEABAPUTEIBHO IPUHUMAEM X0 IOPLIHS

S B COOTBETCTBUU C MPOTOTUIIOM JABUTATENS (TIPUIIOKEHUE) U OTPEEISIEM CPETHION0
CKOPOCTb MOPILIHS:

Omnpenenuts cpennee 23pGHEeKTUBHOE J1aBICHUE
P,=P,—P,,, Mlla
Onpenenuts Mexannuecku KII1/:

_ P
M =5

Omnpenenuts 3¢ dextuBubiil KT
ne :ni .T]M '
Onpenenutsb 3PpHEKTUBHBIHI y)IGJIBHgIgI FO%CXOH TOTUIMBA!

9.=——
Qu Me

OcHoBHBIE pa3Mepbl HMJIHHAPA U yAeJbHbIe MapaMeTPbl IBUTATEJIA.
Ucxons w3 BemnuuH d((YEKTUBHONW MOITHOCTH, YACTOTHI BpAIECHUS
KOJIEHYaTOro Bajia, cpenHero 3¢G@(EKTUBHOTO aBlICHUS ¥ YHCJIA IWJIMHIPOB
ompenenuTh pabounii 00beM OTHOTO ITUITMH/PA!
V- 30-t 48 - N,

h . ]
P.-1:-n
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OmnpenenuTh AuaMeTp HUIHH/IPA:

Vi
.5
[Tosy4eHHOE 3HaYEHUE JHaMEeTpa MUINHAPA OKPYTIINTh.
OmnpenenuTh IIOMAb TOPIIIHS:

D=2-10°%.

n-D? )
y CM™ .

4.100

Omnpenenutsb pabouunit 00beM I_[I/IJ'H/IHI[E)a

F=

" T4.108
OnpenenuTs 3HaYEHUE pacueTHON YPPEKTUBHON MOITHOCTH:
P,-i-V,-n

Ne = —3'0_,57, xBm .
/1B

CpaBHHTB IMOJIYUYCHHOC 3HAUCHHUC MOIMHOCTHU C 3aJldHHBIM 3HAYCHHUCM, CACIIATD
BBIBOJ O ITPABUJIBHOCTH IIPOBCACHHOI'O TCIIJIOBOI'O pacycTa.

PacxoskacHMe B 3HAUEHUH MOIIIHOCTH HE JOJDKHO peBhImaTh 5%.
Ne - Né
A=_"_ ".100%.
N

e

2.4. TerjioBOM 0aJIaHC ABUraATESA

B o01iem Bujie BHEIIHMM TEMIOBOM OallaHC IBUTATEINsl OIpesie- JISIeTCs U3
CJIEIYIOLMX COCTaBIISIOIIMX:

Qo = Qe+Qr +QB +QH.C. +QOCT 1

o HC .
rae Q, - 00Iee KOMMYSCTBO TCIUIOTHI, BBSJACHHON B IBUTATEIIb C TOILIIMBOM, 4 ; Q.

- TEII0Ta, SKBUBaJeHTHas 3 PeKTUBHON paboTe nBurarens 3a Bpems 1 c,

Honce .
; Q - TemioTa, IIepegaBaeMas
B

TCILIOTA, IIOTCpAHHAA C OTpa6OTaBIHI/IMI/I razamMmu,
C

) AHC . o
OXJIQXKIAIOIIECH cpee, Hoe , Quc - TemwiloTa, MOTEpSHHAS H3-3a XHUMHYECKOU
C
HC HC
A ; Q - HEyYTEHHbIE MTOTEPU TEILIOTHI, A
C C

OO6m1ee KOIUYECTBO TEIIOTHI ONPEACIUTH M0 popMyIie:

_QH'GT
%= 36 '

rae G - yacoBoit pacxoj TomimBa (G =N -g -10° k2 )
T T e e '
y
Temnora, ’xBUBaNeHTHAsT d(PGEKTUBHON pabOTe ABUTATENSI, ONMPEACITUTCS IO

dbopmye:

HCIIOJHOTEI CrOpaHus TOILJIMBA,

Q,=1000- N, .
Temnory, HOTe%;IHHy}o ¢ 0TpabOTaBIIMMK I'a3aMH, ONPEIEIIUTE 10 (GOpMYyJIE:
Q = "[M Jue') +8315]t —M [(uc )+ +8315]t |,
r 3.6 2 v 1o r 1 vt k
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rae t =T, -273, (ucy); - TEIUIOEMKOCTh OTPaOOTABIIMX Ta30B (ONPENENAETCs U3

IMPHUIIOKCHUA TabI. 3 JJIA ,Z[BHFaTGJIeﬁ C HCKPOBBIM 3aKUT'daHHUCM, U TabI. 4 HJIA
JTU3eIIei), Kloic ; (uc )% - TEIIOeMKOCTh CBeero 3apsaa. Omnpenensiercs
KMOJlb- 2pao v
MCTOAOM MHTCPIIOJIINH UCXOOA U3 CIICAYIOIINX 3HAYCHUM:
ke
KMOJb: epa()’
ko
KMOTb- 2pad’
TemnoTy, mepegaBaeMyro OXJIXKIAIOIICH cpejie, ONpeaesIUTh 1Mo hopMyie:
= JJIA I[BHFaTeJIeﬁ C UCKPOBBIM 3aKUTAHUCM!
Q, —c-i-DW2m . nm. (QH 'AQH)
S a-Q
H

- ipu Temmeparype t, =0°C  (uc, )EZ =20,759

- IpH Temrieparype t, =100 °C (uc, ):2 =20,839

- JUIS QA3EIICH:

B

Q =C'i'Dl+2'm .nm (i)’
a

rae ¢ - KO3(pQHUIMEHT MpONOpHUOHATBHOCTH ( ¢=0,45-0,53 - a1 4-X TaKTHBIX
JBUTATENICH); i - YUCIO UWIMHIPOB; D - AWAMETp IWIMHAPA, cm ; N - 4YacTOTa
BpallleHUs KOJICHYATOr0 BaJla JIBUTATENIsA, mun*; M - [IOKa3aTellb CTCIICHN (
m=0,5-0,7 - 011 YeTBIPEXTAKTHBIX ,uBHraTeJIeﬁ).
Teriora, moTepssHHAs HU3-3a XMMHUYECKON HEMOJIHOTHI CTOpPaHHs TOIUIMBA,
ompenenuTcs mo Gopmyiie:
Q,. =A@ Cr
3,6
Heyurennble moTepu TEIIOTHI ONPeAeNaTcs no hopmyrie:

QOCT = Qo - (Qe +Qr +Q; +QH.C.) .

CocraBnsitoiiye TEIIoBOro 0amxaHca CBOJsATCA B Tabnuily 2.1, mpuBeneHHON B
PaCUYETHO-TIOSICHUTEIHLHOM 3aIUCKE.

Tabmuma 2.1 — OcHOBHBIE BEJIMUYUHBI TEIJIOBOrO OajlaHca IBUTraTENS

No Loic
i CocraBJsioIye TerIoBoro daaanca Q,
c

OO011ee KOJIMYECTBO TEMIOTHI, BBEACHHON B IBUTaTeb C TOILJIMBOM
TemoTa, skBUBasieHTHas 3 PekTUBHON padoTe

TemnoTa, moTepsiHHAs C OTPAOOTABIIUMH ra3aMu

TemoTa, nepegaBaemasi OXJIAKIAOLIEN Cpeae

Tennora, noTepsHHAs U3-32 XUMUYECKON HEMOIHOTHI CrOPaHUs TOTUIMBA
Heyurennsie moTepu TEMaoTHI

OO AW N

2.5 IlocTpoeHue CBEPHYTOH MHAMKATOPHOM IMArpaMMBbI
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[TocTpoenue cBepHyTOM HMHIMKaTOpHOU auarpammel JIBC mpousBoguTcs mo
JAHHBIM TEIUIOBOTO pacyera. JlmarpamMmy cCieayeT CTPOUTh B IPAMOYTOJIBHBIX
KOOpAMHATax P-S,Tae P — AaBJIEHUE ra30B B HIMIMHAPE, & S — X0 nopiHA. Beicora
auarpaMMbl ToJpbkHA ObITh B 1,2-1,7 pasza Gomnbiie ee ocHoBaHMs. [[si mocTpoeHus
PEKOMEHYIOTCS CIEAYIOIINE MACIITAOBI.

MacuitaObl 1aBIECHHUS:

“mpu P, <5 Mila, up=0025 214
MM
-apu P, >5 MIla, pp=0,04 Mila .
MM
Macita0bl mepemMenieHus MOPITHS:
“mpH S <80 i, p =05 25
MM
MmS
-mpu S >80 mm, Mg =10 —— TCPTEKA.
MM

Ot Hayasia KOOpAMHAT B MacuITade s 0 OCH a0CLUCC OTKJIaIbIBAIOT 3HAUECHHUS
IIPUBEICHHON BBICOTBI KaMEpBI CKATUSA S, M X0/aa MopIHS S (pa3Mep Mo YepTexy

100-150 mm). IIpu aTOM S; = (il) s .
c_

Abciycca TOYKM Z Ha MHAMKATOPHOW AuarpamMme JU3elisl ONpeAesercs Mo
ypaBHeHHUIO Z'Z =S. -(p —1).

[To ocu opauHat B Macmitabe pp OTKJIQABIBAIOTCS BEJIWYWHBI JIABJICHUH B
XapakTepHbIx Toukax A,C,Z',Z,B,R auarpamMMel, a TAaK)Ke 3HAaUYCHUE P, .

[locTpoeHne MOAUTPON CKATUSA W PACIIUPEHHUS OCYLIECTBISIETCA IO
MPOMEKYTOUHBIM TouKaM (8-10 3HaueHuit). 3HaueHUs1 AABICHUI B MPOMEKYTOUHBIX
TOYKaX MOJATPOIIbI CHATHS OACTUTHIBAIOTES N0 BLIPAKEHUIO:

P = P ( ) 11
X A SX
a JIJIs TIOJIMTPOTIBI PACIIUPEHUS TI0 BBIPAKCHUIO:
S.+S
P,=P, (_S_)

X
PaccunTanHbple 3HAUYEHUS JABJICHUM B TMPOMEXKYTOUYHBIX TOYKAX CBOJATCS B
Tabauiy 2.2, IpUBEJACHHON B pacyeTHO-TIOSICHUTENIbHOU 3amucke. [ ckpyrieHus
WHJIMKATOPHOW JUarpaMMbl HEOOXOJMMO BOCIIOJIB30BAaThCS JauUarpaMmon (a3
ra3opacnpeieseHus, KOTOpY CleayeT MOCTPOUTh B IIPABOM BEPXHEM YaCTU JIUCTA.

R
OTHomeHHEe paauyca KpUBOIIMIA K JJIMHE IIaTyHa k:L— (noctostnHas KIIIM)
)i

CJICAYCT B3iATb U3 TEXHUYECKOM XAPAKTCPUCTHUKH ABUT'ATCIIA UKW ITPUITOKCHHA.
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Tabnuma 2.2 — BenuurHbl AaBlIeHUN B MPOMEXKYTOYHBIX TOUKAX MOJUTPOIIBI CHKATUS
Y ITOJIUTPOIIBI PACIIUPEHUS

[MonuTpomna cxaTus [MonuTpora paciupeHus
No S, Py Py
TOYKH X1 — MM Py, Mlla — MM Py, Mlla
He Hp
1
2
9
10

s mepecTpoeHusl MOIyYeHHOM WHAMKATOPHOM JuarpaMmbl B Pa3BEPHYTOM
BU/JIE TpadoaHaATUTHIECKUM METOIOM 0T HEH CTPOAT MOJIYOKPY>KHOCTh PaIdycoOM R
, AMES B BUY, YTO S =2-R. 3aTe€M MOJyOKPY>KHOCTh JEJSAT HAa AYTH, OXBAaThIBAIOILIUE
yriabl 10°, 15° wnm 20°, 1 TOYKH COCIMHSIOT paJnyCcaMy C IIEHTPOM. 3aTE€M LIEHTP

R-A
CMEILAIOT BIPABO Ha BENHIMHY (mompaBka bpukca). M3 HOBOTO 1IEeHTpa CTPOAT

Jy4d, Iapajule]IbHbIE paHEe IPOBEACHHBIM paauycam. M3 HOBBIX TOYEK Ha
OKPYKHOCTH IPOBOJIAT BEPTUKAIBHBIE JIMHUU JI0 UX IEPECEUEHUs C JIMHUAMHU

MHJMKATOPHOU JuarpaMMbl. TOUKH MepeceyeHus JaloT 3HAYECHUs 1aBJICHUS Ta30B P,
OpU 3THX YyINIaX I[OBOpOTa KpuBowmmma. JIuHWIO P, CBEpHYTOM JHarpamMMsl

MPOJIOJDKAIOT BIIPaBO, 0003HAYass Ha HEW 3HAYCHHS YIJIOB MOBOPOTA KPHUBOIIMIIA B
macimrade 1 ym=2°.

3naueHusi AP, ( MIla ) OepyT OT JIMHUU P, W OTKJIAJbIBAIOT Ha pa3BepTKe.
[TosryyeHHBIE TOUKU COSAVHSIOT IUIABHOW KPUBOM.
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3. IMHAMMYECKHWH PACYET IBUT' ATEJIS

Jns pacdeTa nerasieid KpUBOIIMITHO-IIATYHHOTO MEXaHU3Ma Ha MPOYHOCTh U
BBISIBJICHHE HAarpy30K Ha TPAaHCMUCCUIO aBTOMOOWIIEH HEO0OXOIUMO OINpEACTUThH
BEJIMYMHBI U XapaKTep U3MEHEHUsI CHJI U MOMEHTOB, JeHCTBytouX B ABurarene. C
ATOM LIENBIO MPOBOJST JUHAMUYECKUIA pacyeT KPUBOILIUITHO-IIIATYHHOTO MEXaHU3Ma B
CJIEIYIOIIEM MOPSIJIKE.

1. UunukatopHas nuarpamma CTpoWTcs Ha jucte Oymarum ¢opmata Al B
BEPXHEM JIEBOM YTITy.

2. B mpaBOM BEpXHEM YTIIy CTPOUTCS AuarpaMmma ¢as razopacrpeiesieHus, a moj
HCIO0 CXeMa KPHBOIIMITHO-IIATYHHOrO MexaHu3ma (puc. 3.1) ¢ ykazaHueM TOYeK
MIPHJIOXKEHUS U 3HAKOB (+, -) IEHCTBUS CHIL

Pucynok 3.1 - Cxemsl KIIIM ¢ ykazaHueM TOYEK MPUIIOKEHUS U
3HAKOB JICHCTBUS CHII

3. [TocTpoeHHast CKpyIJIEHHAs MHIUKATOpHAS JUarpamMmma, rmojib3ysach METOIOM
Bbpukca, pa3BépThiBacTcs B IUarpaMMy H30bITOYHBIX CHJT JABJICHHUS Ta30B AP, (
MIla ) IO YTy TTIOBOPOTA KOJICHYATOro Bajia B Maciutade 1 mmu =2°.

4. Hwke monyoKpy>KHOCTH HAHOCSTCS KOOPJAMHATBI WM CTPOSATCS Tpaduku
MEPEMEIIEHHS, CKOPOCTH M YCKOPEHUS TTOPITHS, IIMPUHA Tpad)KOB paBHA 2R,
BBICOTA B JIIOOOM MacITaoe.

30



5. PYKOBOJICTBYSICh HAaliJICHHBIMH pa3MepaMu JBHUraTess (S uD ), ONpenesieTcs
Macca yYacTed, JABWXKYIIUXCS BO3BPATHO-MOCTYMATENbHO, M Macca 4YacTew,
COBEPILAIOIINX BpallaTelIbHOE ABUKEHUE.

J11s1 3TOM 1187 HEOOXOMMO 3a1aThCsI KOHCTPYKTUBHBIMU MacCaMH TIOPITHEBOM
¥ MATyHHOW TPYMIMbI, UCIOIL3YsS TEXHUYECKYIO XapaKTEPUCTUKY IBUTATEINS WA
paccumTaTh, MOIB3YysCh Tadmiei 3.1.

3HadyeHUsI MacC TOPIIHS, MIaTyHAa W KOJEHYATOrO Baja OMPEACISIOTCS I10
dhopmye:

m=m"F,,

Ke
rae m' - KOHCTPYKTHBHAs Macca JeTajld, OTHECEHHAs K IJIOIIAA| ITOPIIHS, — (Tabm.
M

3.1); F, - miomazip MOpIIHs, m° .

Tabnuua 3.1 — KoHCTpYKTHUBHBIE MacChl JIeTaliei, OTHECEHHBIE K TIOMIAN OPITHS B

Ke
2

M
KoHcTpykTHBHas Macca
Ne JIBUraTenn ¢ HCKpOBBIM Juzensb
n/a Inementer KIIM saxuranuem J[BC (D=80-130
(D =60-100 mm) MM)
[Tope a0 €BbIN
1 PUICHE  (aTOMHHHEBIH 80-150 150-300
cIuiaB) My
2 Hlaryn my, 100-200 250-400
Koneno Basa oe3
IPOTHBOBECOB M} :
- CTaJbHOW KOBaHBI BaJ CO
3 CIIIOIIHBIMU IIEHKAMU; 150-200 200-400
- UyTyHHBIH JIMTOM Ball C ) )
MOJIBIMU IICHKaAMH 100-200 150-300

pMNa N‘. *pHfla

=y
5

i
B

NV
AN
N
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Pucynok 3.2 - CBepHyTast 1 pa3BepHyTasi HHIMKATOPHAS AUarpaMma JIBUTaTess

ITocne 3Toro Npou3BOUTCS pacyeT MOJTHOTO 3HAYCHUS MacCC, Ke .
Macca yacre, IBUKYIIMXCA BO3BPATHO-TIOCTYIIATENBHO:
m,=m, +m,,,
rje m, - Macca KOMIUIEKTa MOPIHS (MOpILIEHb + majel), k2 ; My, — Macca aTyHa,
MPUBEICHHAS K MOPIIHIO.
Maccy matyHa, npuBeIcHHAs K MOPUIHIO ONPEAETUTH MO BBIPAKEHUIO:
m,, . =(0,2-0,3)-m,,,
rJe m, — Macca IaTyHa, ke .
Macca Bpamaromumxcs AeTaaeu:
- B psaaubix JIBC
Mg =My +My;
rje m, - Macca KoJieHa 0e3 MpOTHBOBECOB (Macca KPHWBOIIMIA), k2 ; M, . - Macca

IaTyHa, MPUBEJICHHAS K KOJICHUYAaTOMY Bally.

Maccy miatyHa, TPUBEACHHYIO K KOJIGHYaTOMY Baly ONpPEACIUTh I10
BBIPAKECHUIO:

m,,« =(0,7-0,8)-m,, .
- B V-00pa3HbIX JBHUTATEIIIX
Mg =M +2-My

CooTBeTcTBHME BBIOpaHHBIX MacC HEOOXOAMMO TPOBEPHUTH [0 3HAYCHUIO

MaKCHUMAaJIbHOH YAEIbHON CHUIIBI HHEPIIMH 110 (hopMyJIe:
P m -R-@?-(1+4)
P =—=( )-10~°, Mlla

JMAX
Fru Fu

S
rae R —paauyc kpusowmna (R = 5 M); ® - yIJI0Basi CKOPOCTh KOJICHUaToro Bama

TN
o = c!); A — OTHOIICHWE pajuyca KPUBOIIMIA K JJIMHE MIaTyHa (TMOCTOSHHAS

30
KIIIM); F, - miomaap MOpIIHs, .
MakcumMyM yJenbHOH CHUJIBI Py, HE JOJUKEH HPEBBIIAThL CIIEIYIOIIX

WHTEPBAJIOB:
- JUI IBUTATEJIEN C UICKPOBBIM 3aKUTAHUEM C YHCIIOM 060p0TOB n<4000 mun?t

, Ppax =14-18 MIla;

- JUTSI IBUTATEJICH C MCKPOBBIM 3)KUTAHUEM C YHCIIOM 00OPOTOB N >4000 mun™

, Prax =1,6-2,4 Mila;;

- U1 In3enel npu n<2000 wun™, Py =0,6-1,4 Mla

- JUISL TU3eNiedt Ipu N >2000 wun™, Py =1,2-1,9 Mila .

VY IenbHyI0 CHITY MHEPLIH ABIDKYIIMXCS MACC ONPEENHTD 110 hopmyse:
P=( ! R0 (cos + X -c0s20)Y.10-5 | MiTa
j
FH
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6. [IpousBoautcs pacu€t cwi, aeicTByronux B KIIIM
Cuiibl mHEPUUU BOSB%TEQ%Q%%@&T@J&&ISE BILE (PI;.II/IXCH Mmacc:
[{eHTpoOEKHOM CHUIIBI HHEPIIUU BPALIAIOIINXCS MAcC
K, =-m,-R-o’.
[{enTpoOexHas cuia UHepUUU K, SIBIAETCS PE3yIbTUPYIOLIEH ABYX CHJI:
- CWJIBI MHEPLIMHU BPAIIAIONIUXCS MAcC aTyHa
Koy =—My . -R-o?.
- CWJIBI THEPLMH BPAIAIOIINXCS MAaCC KPUBOIIINIIA
Keg =—M, -R-0?.
CyMMapHO# CHJIBI, IEVCTBYIOIIEH HA MOPIIEHB:
Py=P. +Pj,
AP,

rie P, — cwia jgaBieHus razoB ( P, =—21
7

, AP, Oepercsa W3 pa3BEpHYTOU

WHJIUKATOPHOU arpaMMbl).

HopmanbeHoM cuitbl, NEPIIEHANKYIIPHON K OCH LIMIIMHAPA:

N =Ps -tgf .
Cuuibl, 1EMCTBYIONIEHN BAOJIb IATYHA!
5= x
cosf3

HopmanbHOM critbl, AEMCTBYIONIEN BIOJIb Paauyca KpUBOILINIIA
_ Py -cos(e+B)
- cosp '
TaHreHuManIbHOM CUJIbI, KACATEIBHOU OKPYKHOCTH KPUBOLIMIIA:
_ Py -sin(e +B)
~ cosP '

3HaueHUs] TPUTOHOMETPUUYECKHX (YHKIUNA JJii BBIOPAHHOTO 3HAYCHHS A
PACCUUTHIBAIOTCS WM OepyTcs U3 TabIuIl mpuiiokeHuil. Pacuer Beex qelicTBYHOIIMX
CHJI POM3BOAMTCA Yepe3 20° moBOpPOTa KOJIEHYATOr0 Basia. B uHTepBaJie pe3koro
NMOBBbILIEHUS AaBJIeHUsA (MPUOIU3UTEIBLHO 0T 320° 10 420° n.K.B.) pacuer BeaeTcH
yepe3 5° m.K.B.

JlaHHBIE pacueTOB CHUJ Ui Pa3IMYHBIX YIJOB CBOASATCS B Tabnumy 3.2,
MIPUBOJIMMYIO B PACUETHO-TIOSICHUTEIILHOM 3aIIUCKE.

K

T

Tabnuna 3.2 - PacueTHble TaHHBIC JABJICHUN U CUJI, AEHCTBYIOIIMX B KPUBOIIUITHO-
IATYHHOM MEXaHU3Me

AP, P Ps, | Pey| P | Ps, | N, | S, | K, | T,| M.
Poce | vima | Mia | Mmita | wmr | wmr | ki | ki | kb | kH | kHO | Hom
0
20
40
680
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700
720

7. llo paccuMTaHHBIM JAaHHBIM CTPOSATCA TpauKd HM3MEHEHUS CHUJ B
3aBUCUMOCTH OT yTJjia MOBOPOTA KOJIEHYATOTO BaJa.
Ha BepxHeM rpaduxe cTposiTCsi U3MEHEHUS CUIT 1aBJICHUS rasop AP, , yIETTEHOU

CHJIbl MHCPIHH BO3BPATHO-IIOCTYIIATCIIBHO ABMIKYIIUXCA MACC p =

' u cymmapHoii
=
1

CHIJIBI.

+ P
PZ:APF+PJ:APF -F—H,MHCI.

H .
Huxe cTposiT 3HaueHus cui (pekoMeHAyeMblid Macutad p=pp -F,, — ):
MM

- HAUJICHHOM paHee CUIbl Py ;

- HOPMAJIbHOM cwibl N , JEHWCTBYIOUIEM HA CTEHKY UWIHHAPA WU CUIBI S ,
JNEUCTBYIOLIEN BJIOJIb IIATYHA;

- HOPMQJIBHOM CUJIBI K , IEMCTBYIOLIEN 110 OCM KPUBOLIMIIA U TaHT€HIMAIBHOU
CHUJIBI T .

[IpumepHblii BUI W coAep)KaHUE Tpaduueckoro JUCTa MPEJCTABICHO B
npuinoxxenuu 11.8.

Ha BropoMm mnucte rpadudeckoit TOKyMEHTAIlMK BBITIOJHAETCS CIEAYIOIIee.

Jluct popmata Al genurtcs momosiaM U OJIHA MOJOBUHA 3aHUMAETCS MOJISIPHOMN
JAarpaMMOM Harpy3KM Ha IIaTyHHYIO LIEHWKY, Pa3BEPTKOM €€ B MNPSAMOYIOJIbHBIX
KOOpAMHATAX, AWArpaMMOM M3HOCA IIATyHHOM WIEMKM W KPUBOM CYMMAapHOIO
KPYTSIIIEr0O MOMEHTA.

8. [lns mocTpoeHUs TOJSPHOW AMarpaMMbl HAHOCITCS MPSMOYTOJIbHBIE
KOOPAWHATHI CWJIbl 7TTI0O TOPU3OHTAIM M CHJIbI K IO BEPTUKAIU (C YYETOM 3HAKOB
«t»; «-»). [l NpUHSTBHIX B pacueTax BEIUYUH YIJIOB ¢ MOBOPOTA KOJIEHUYATOrO BaJia
CTPOMTCS TIOJIAPHAsI ArarpamMma CHIIbI S, T.€. OTKJIQJBIBAIOTCS €€ cocTaBJstomnue (7 -
[0 TOPU3OHTAJH, K - 0 BEPTUKAJIM), TTOTy4as MOCIEA0BATEILHO KOHIBI BEKTOpa S .
[ToaydeHHBIE TOYKH @1, Q2 , @, U T.J. TOCIENOBATENLHO B MOPSAAKE YIIIOB COEAUHSIOT

IJIJABHOW KPUBOW. DTO M €CTh MOJISIPHAsE JuarpamMma CHIIbl S ¢ TOJOCOM B Touke O
(puc. 3.3).

9. Jlnsg HaXOXICHUS PE3yJIbTUPYIOMIEH CUiIbl R, ,, Ha IIaTYHHYIO MICHKY
He00X0ouMo 1otoc O IepeMeCcTUTh 10 BEPTUKAIU BHU3 Ha BEJTUYUHY BekTopa K,
B COOTBETCTBYyIOIIeM Maciurtabe pgumarpammbl ( Kg,, =-m,, -R-w®> - cwHia,
BO3HUKAIONIAsA BCJIECACTBUE BpAalICHUS YAaCTH MacChl IIaTyHAa M TOCTOSIHHAS MO
BEJIMYMHE W HAIPaBJIEHUIO) U 0003HAYUTH ATy TOUKY O, . 3aT€M BOKPYT TOUKHU O,
MIPOBOJIUTCS OKPY>KHOCTH JII0OOTO panuyca, yaoOHee — paguycoM IaTYHHOU IICHKH
(R v - TOUKa Oy, COeNMHSETCA C TOUKAMHU @1, @2 , ¢, U BCEMHU OCTAJIbHBIMU YEPE3
20° TOHKMMH TPSIMBIMH JIMHUSAMH, KOHEI[ KOTOPBIX JOJDKEH BBIXOJIUTH 3a IMPEACIIbI
OKpY>KHOCTH. BekTop O, —¢ I KaXXI0TO yrila JA€T U HANPABJICHUE, U 3HAYEHUE
pe3yJbTUPYIOIIEH CUllbl (Harpy3ku) R,,,, =S + K, Ha IaTyHHYIO LIEUKY.
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10. st mocTpoeHus pa3BepTKU TUarpaMMbl Harpy3ku R, ,, B IPSIMOYTOJIbHBIC
KOOPAUHATHI Yyepe3 TOUKy O,, NPOBOAUTCSA TOPU3OHTAJIbHAS JIMHUS, CIIY’Kalllash OCBIO
YIJIOB @ .

Yrael ¢  0003HA4YaKOTCH
yepe3 BbIOpaHHbIe 20° B mpe/eiax
0-720° , W depe3 OTH TOYKH
pOBOAATCA  BepTukaim.  [us
KOKJIOTO yriaa ¢, ¢1, @2, ¢; U T.A.
Oepercs 3HA4YCHHE
pe3ynbpTUpyrOmEen cuiasl R, ©

MOJISIPHOM JMarpaMMbl Harpy3ku H
OTKJIQJIbIBAE€TCA 1O  BEPTUKAJIH,
npuyeM Bce  3HadeHus Ry,

CUMTAKOTCH  MOJIOKUTEIbHBIMHA
(oTknaabIBalOTCd BBepX). Touku
COCOUHSIOTCA  IUIABHOM  KPUBOM
pPE3yNBTUPYIOLIECH CHJIBI
Ruw=S+Ks, . Ha rpaduke

Pucynok 3.3 — Cxema OCTpOeHHMS MOJIIPHONH ~ pa3BEpPTKH  0003HAYAIOT  TOYKHU
JMarpaMMbl Harpy3KH Ha MIATYHHYIO MIEHKY Ry + R e + Ry e

(puc. 3.4).

(Ruy Jmax

(Ruw)ep

(Ruun )mm

60 120 180 240 300 360 420 480 S40 600 660 720  Wn«l

Pucynok 3.4 — IlonsipHast iuarpaMma Harpy3Ky Ha MIATYHHYIO HIEHKY

Torz[a cpeansAa yACJIbHAsI HArpy3ka Ha IMOJAMIMITIHUK, OTHCCCHHAA K CIAMHUIIC

Iiomaaun €ro I[HaMeTpaHBHOfI IMPOCKIHWH, OIIPCACIINTCA:
K = (Rm,[u,)cp Mlla

! l l
dw.w. 'Iw,m, M
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rae d,, , - AMaMeTp maryHHoOU meiku; |y, m. - paboyas mMpuHa BKIaAbIIIA (IPUHATH
10 MPOTOTHITY).

11. [Tonb3ysCh MOJAAPHON AUATPAMMOI, MOKHO IMOCTPOUTH AUArpaMMy HU3HOCA
LIEHKH, TAIOLIYI0 YCIOBHOE IIPEACTABICHUE O XapaKTepe W3HOCA B MPEAIOI0KEHHUH,
YTO M3HOC IMPOIOPLUUOHAIEH YCWIMSAM, JCUCTBYIOIIUM HA LICUKY, U IPOUCXOJIUT B
CeKTope +60° OT MTHOBEHHOT'O HAITPABJICHUS CHUITHI S .

Jns 3TOro HWKe NOJISIPHOM IHarpamMMbl CTPOUTCSA €lle OJHA OKPY>KHOCThb
paguycom (R, )un - K BHEILIHEW CTOPOHE OKPYKHOCTH NPUKIAABIBAIOTCS BEKTOPBI
YCUJIMH, TAPAJIIEIBHBIE COOTBETCTBYIOIUM BEKTOpaM O, —¢ TIOJSAPHON IHATPAMMBI
(mapayuieIbHO CHJIaM S ) Tak, YTOOBI JIMHUSA JISHCTBHUSA MX MPOXOAMJIA Yepe3 ICHTP.
3HaueHUe ycuaui R, IUIS KaXAO0ro yria ¢ Oepercs ¢ pa3BepHYTOW AuarpaMMbl
HArpy3Kkd, ¥ Moja yrioM 60° K HampaBlICHHUIO KaXIOTO YCHIHS B 00€ CTOPOHBI
MIPOBOAATCSA KOJIBLIEBBIE IIOJOCKH, BbICOTA KOTOPbIX NPONOPUHMOHAJBHA 3TOMY
YCHWIHIO.

CyMMapHas Mmiomaap 3TUX MOJOCOK B UTOTE MPEICTABISAECT COOOW YCIOBHYIO
nuarpamMmy u3Hoca. Ha aumarpamme u3HOca IIEHKM BHUJHA 30HA HAWOOJIBIIMX U
HaVMEHBIIUX JABJICHUN HA Hee. B MeCcTe HAaMMEHBIIMX J1aBICHUN ITPOBOJMUTCS OCEBAs
JIMHUSA, TJI€ JTIOJDKHO BBIBOJUTHLCS OTBEPCTHE MOABOIA Maciia K MOIIAITHUKY (puc. 3.5)

L P 7

Ocb MacnsHoz20

ombepcmus

Pucynok 3.5 — Cxema nocTpoeHHs JuarpaMMbl H3HOCA MATYHHOU MISHKH

12. Tlon rpadukom pa3BepHYTOW auUarpamMmbl HArpy3Kd CTPOST KPHUBYIO
CYMMAapHOI'O0 HHJIUKATOPHOTO KpyTsmero MoMenra (puc. 3.6). [ns sToro mo ocu

a0CIMCC OTKIIAABIBAIOT 3HAYCHHE yTJiia MOBOPOTA KPUBOIIHUIIA ¢ B mipezAenax 6 ot 0 1o

720 .
_"" (rzme i - YucI0 UMIMHAPOB ABUTATENIA).

I
ITo ocu OopAuHAaT OTKJIAJAbIBACTCS 3HAYCHUC KPYTAIICTO MOMCHTA PABHOC!
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M, =T-R,
H-m
B MacimTabe W, =——— , 3HAUEHHE CHJIbI T OEpeTcs ¢ MOCTPOEHHOro Ha jucre 1

MM
rpadurka WK CBOJHOU TaOauIIbI 4.2.

M, Hmp
4007 4

3001

2001

Pucynok 3.6 — Cxema nmoctpoeHusi KpuBOi CyMMapHOTO KPYTSIIIET0 MOMEHTA

HpennonaraeTCﬂ, qTo KPYTSIH_[I/Iﬁ MOMCHT B OTACJIBbHBIX HNWIMHApPAX, IJIA
YCTBIPCXTAKTHBIX I[BHFaTeHeﬁ, HU3MCHACTCA OAWMHAKOBO, JIMIIb CO CABUI'OM Ha YI'OJI

720° 360° .
0 =—— u 0 =—— - g IByXTaKTHBIX ABUrarejci. [loaToMy Gepercst y4acTOK CHIIbI
i [

720
T B mpenenax ot 0 10 , 3HAYCHHE €€ YMHO)KAaeTCs Ha pauyC KPUBOLIMIIA R U
[

IIOJYYECHHBIC 3HAYEHUs KPYTIAMIETO MOMEHTAa OTKJIAAbIBAIOTCS HA CTPOSIIEMCS
rpaduke. 3aTeM OepeTcst clieyOUINil paBHbIM y4acTOK CUibl U T.4. Takum o6pazom,
MOJIyYaeTCs YNCIIO KPUBBIX KPYTAILEr0O MOMEHTA, PABHOE i .

Kpusas CyMMAapHOTO WHJIVUKaTOPHOTO KpPYTSILETO MOMEHTA
MHOTOLMJIMHAPOBOTO JBUTATENsl HAa y4acTKe O mosiydaeTcss MyTeM TIpaduueckoro
CYMMHPOBAHMS ITOJYYEHHOI'O YMCIIA i KPUBBIX KPYTALIETO MOMEHTOB I OTAEIIBHBIX

HI/IHI/IHI[pOB. CpeI[Hee 3HAUYCHHUC I/IHI[I/IKaTopHOFO MOMCHTA OHpeI[eHI/ITCH:
F,—-F,
(M)ep = 0

rac F1 U F; - IIOJIOKUTEIIbHAA U OTpHUOAaTCIIbHAA IIJIOIaa JruarpaMMBbl.
BBI/I)Iy TOro, 4TOo IpHu HOCTPOCHHHU AWarpaMMbl MHIUKATOPHOI'O KPYTALICTO
MOMCHTA ABUIaTCJIsI HC YUUTBLIBAJIMCH 3aTPAThbl HA TPCHUC, IIPUBOJ BCIIOMOTIaTCIIbHBIX

MEXAaHU3MOB U T.J., JJs TMOJIYYEHHUs 3HAUEHUS JEHUCTBUTENBHOIO 3(PPEKTUBHOTO
KPYTSILEro MOMEHTa HEOOXOMMO yuecTh BennuuHy Mexannueckoro KIT/I:

1H'M1
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(M))ep =(Mi)ep My s H-m,
rae Ny - Mexanndeckuii KITJI nuraress (Oepercs U3 TEIUIOBOrO PacyeTa JBUIATENs).

[TommydenHoe 3HaueHue cpeaHero 3pGEeKTUBHOTO KPYTAIIETO MOMEHTA CIIETYET
CONOCTABIISATh C PACYETHBIM 3HAUCHUEM:

9554 - N,
(Me)PAAC. :T1 H-m.
A= M. )pssc. — M. .100% < 5% .

(Me)PAAC.

OTtkJioHeHue rpaduyecKy MOJy4YeHHOTO 3HAYEHUSI MOMEHTA OT €r0 pacyeTHOTO
3HAYEHUS HE JIOJDKHO MPEBBIIATD +5%.

Bce rppuxu cTposiTcs B 04HOM MaciTade CHJl, IPUHATOM MPH NOCTPOCHUM
pa3sBepHYTON HHAUKATOPHOM AMATrPAMMBI.

[IpumepHbIi BUA AMarpaMM U coJiep kaHue rpaduueckoro JUCTa MpeICTaBICHBI
B [IPUIOKECHUU.
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4. KHHEMATHYECKHWHA PACYET JIBUT'ATEJISI

[Tocne BBINMOJHEHHS] JUHAMUYECKOTO pacyeTa MPOU3BOAUTCS KHUHEMATUYECKUI
pacyeT paccMaTpUBAaEMOI0 JBUTATEIIS.

JInst TOCTHKEHUS ATOM LEIU B pACUETHO-TIOSCHUTENBHOM 3alliCKe HEOOXOIUMO
opopMUTH TaONMUIy 3HAUCHUN MEPEMEIICHUs, CKOPOCTH U YCKOPEHHUS MOPIIHS,
paccunTaHHBIX Yepe3 20° moBopoTa KoJieHdaroro Baia (tadi. 4.1).

[Ipn pacuere 3HaYeHWUH Ui JBHUrareiasl C LEHTPAIbHBIM KPUBOIIMITHO-
[IATYHHBIM MEXaHU3MOM CJIeIyeT BOCIOJIb30BaThCs (hOpMyIaMu:

- IEpEMENIEHUS TOPIIHS

S=S, +S, = R-(1-coso) + R-2. -(1-co0s20);
4
- CKOPOCTH ITOPILHS

2

W =W, +W, = R-®-sing + -sin 29 |

- YCKOPEHUS TTOPIYHS
yCKop pLI]I:J,+J,,:R-mz-COS(p+R-m2-k-C032(p.
HpI/I pacydeTe 3HAYECHUU A1 ABUTATCIIsT CO CMCHICHHBIM  KPHBOIIWUITHO-
IATYHHBIM MEXaHHU3MOM CJIEAYET BOCIOJIb30BaThCS (hOpMyIamu:

A Y
S=5,+5, =R-[(1-cos) *, -(1-c0s2¢) —k - % -sino ;

W =W, +W, :R-(D-(Sin(p+L-Sin2(p—K-7u-COS(p);
J=J,+J, =R-0, -(cose +%»-c052(p+1<-7»-sin(p),

e
TI€ e - Ie3aKcHalr;, K= e BEJIMYHMHA OTHOCUTEIBHOrO cMerenus (« =0,05-0,15).

3HaueHHUs]  TPUTOHOMETPUYECKUX  (PyHKIMI s BBIOpaHHOrO  yrua
pacCUMTHIBAIOTCA WM OepyTcsl W3 TaONMI OPWIOKEHUH. 3HaueHWe pajanyca
KpuBolIMna R Oepercs B 3aBUCHUMOCTH OT PACCUMTAHHOIO paHee 3HAYeHHsS XOJa
nopiHs S . 3HaueHue A OepeTcsl U3 TEeXHUYECKON XapaKTePUCTUKU ABUTATENS WU
MPUIIOKEHUS.

Tabmuua 4.1 - Jlanasie 111 TOCTpOEHUs TpauKOB MEpeMeIIeHUs, CKOPOCTH U
YCKOPEHUSI MOPIIHS

1 ‘]||i

Pk s

S,
M

Su ]
M

W,
M

c

o g ;

W,
M

c

J,
M
2

o

M

9}

J
M
2

o

0

20

40

320

340

360
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[To paccunTaHHBIM JAaHHBIM CTPOATCA TpadUKU U3MEHEHUS MEepEMEIICHNUS,
CKOPOCTH M YCKOPEHHMS MOPIIHA B 3aBUCUMOCTH OT yTJIa TIOBOPOTA KOJICHYATOI'O BaJa.
JIJ1st TOr0 HUXKE CBEPHYTOM MHAMKATOPHOM JMarpaMMbl JIBUTaTENsl HAHOCATCS
KOoOpAuHaTHble ocu. IlpuHMMas BO BHHMaHuEe, 4YTO S=2-R , TPOBOAATCSA
BepTHUKaJbHbIE JMHUU depe3 Touku BMT u HMT Ha mnHaukatopHOU Auarpamme U
TOPU30HTANIBHBIE JIMHUH, CIy)Kallue ocsAMHU alcuucc TrpaduKoB. 3HAUEHHUS YTJIOB
nmoBopoTa koJyieHyaToro Bajia ot 0 10 360 rpamycoB cieqyeT paBHOMEPHO HAHECTH
MEK]ly 3TUMHM BEPTHUKAIbHBIMU JIMHUAMU. JInHMs, ipoBeneHHas dyepe3 Touky BMT,
OJTHOBPEMEHHO SIBJISIETCSI OChIO OPAMHAT TPaUKOB.

Macmtad rpa@ukoB BBIOMpAETCS C TaKUM pacyeToM, 4TOObI PAaBHOMEPHO
3aI0JHUTH UMEIOIIEECs MECTO.

Ha rpadukax 0003Ha4ar0TCsl COCTABIISIIOIINE MIEPBOTO U BTOPOTO MOPSAKOB, a
TaKXE€ UX CYMMapHbI€ 3HAYECHU.

B pacueTHO-NOSACHUTENBHOM 3alMCKE IPOBOAMUTCSA AHAIM3 IOJYyYECHHBIX
AHATUTUYECKUX U TpapuecKuX JaHHBIX.

B ananmse ciaegyer OTMETHTH CTENEHb COOTBETCTBUS ITOJYYEHHBIX TAHHBIX
IIEPEMEIICHUS]  NOPIIHS  JCMCTBUTEIIBHOMY  3HAYEHUIO, CKOPOCTH  IOPIIHSA
pekoMenayemomy it ganHoro tuna [IBC 3HaYeHWIO W BIMSHUE BEJIUYUHBI U
XapakTepa U3MEHEHUS YCKOPEHHUsI ITOPIIHS HA MEXaHUYECKNE HArpy3Ku JBUrareis. B
KOHIIE pazjiesia He0OXO0IMMO OIICHUTH BIUSHHE KHHEeMaThudeckux napamerpor KIIIM
Ha IT0KA3aTeJIN HAaJEeKHOCTU U JOJITOBEYHOCTHU JBUTATEIIS.
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5. YPABHOBEIINBAHUME JIBUT'ATEJIA

[Tocne BBINOJHEHUS KUHEMATHUYECKOTO W JIMHAMUYECKOTO  pPacyeToOB
MIPOM3BOIUTCS AHATN3 YPABHOBEIICHHOCTH PACCMAaTPUBAEMOTO JIBUTATEIS.

JI1st TOCTHKEHUS ATOU TIEJIM B PACYETHO-TIOSICHUTEIILHOM 3amucke Ha Gopmate
A3 MIIIITUMETpOBOM Oymarn HeoOXOIUMO B MAacIiTabe BBIUEPTUTH ICKHU3 - CXEMY
KPUBOIIUITHO-IIATYHHOTO MexaHn3Mma. Ha cxeme ¢ Mcroip30BaHuEM TEOPETHUECKUX
3HaHUU Kypca ClIeyeT HaHECTH HalpaBJICHUs AEUCTBHS BCEX CHIJI 1 MOMEHTOB.

3areM 3anUChIBAECTCS YCJIOBHE YPaBHOBEIIEHHOCTU JIBUraTelsl C yYETOM BCEX
CWJI 1 MOMEHTOB. J{anee npou3BOANUTCS MOJACUET 3HAUEHUI HEYPAaBHOBEIIEHHBIX CHII U
MOMEHTOB JJIs CITy4asi HaXOXAE€HUs NOpIHA nepBoro uuauHapa B BMT. [lonydennbie
YUCJICHHBIE 3HAUEHUS YKA3bIBAIOTCSI HA CXEME.

Ha cnenyroiem 3tane npoBOJUTCS aHAIU3 U JTA€TCsl OLEHKAa KOHCTPYKTHUBHOU
YPaBHOBEIIEHHOCTH JBUTATels. 3aTeM IPOU3BOJAUTCS BHIOOP HamMOOJIEEe MPOCTHIX
MEPOTPHUATHIA ST YMEHBIICHHWS WJIM  TIOJHOTO  YCTpaHEHHsI  JCHCTBHS
HEYpPaBHOBEIICHHBIX CHUJI I MOMEHTOB.

C yderoM MpeApLAyIINX ONEpaluid OMPenessioTCS MJIOCKOCTH YCTAHOBKH
NPOTHBOBECOB, MX Macca (pacyeTHbIM MyTeM) M YyAajleHHe OT OCH IIeHKH.
[Ipepnaratorcs ¥ OOOCHOBBIBAIOTCS ~ pa3JIMYHblE  CIOCOOBI  KpEIUICHUs
JIOTIOJTHUTEIHHBIX MACC.

B xoHnI1e pa3zaena cieayer OTMETHTh TPEUMYIIECTBAa M HETOCTATKH BEHIOPAHHOTO
croco0a ypaBHOBEIIMBAHUS C TOYKM 3pPEHUS €r0 BIMSHUS HAa TaKUE IOKa3aTesH
JABUTATENS, KaK:

- HaJIMYME IIIyMOB ¥ BUOpaInii pu padoTe;

- IOJITOBEYHOCTb;

- METaJNIOEMKOCTb;

- TEXHOJOTMYHOCTb [TPOU3BO/ICTBA;

- y100CTBO OOCITYy>KMBaHHS U PEMOHTA.
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6. PACYET U IPOEKTUPOBAHMUE JIETAJIEN JIBUT ATEJIS

[Ipu pacuere neraneil nBurareiss Ha MPOYHOCTH HEOOXOJIMMO MPOU3BOJIUTH
KpaTKOE OMKHCAaHUE KOHCTPYKIMI U YCIOBUN padOThI AeTalnu (TEIIOBOU PEXUM, BUJ
Harpy3KHd, PacueTHBIN PEKUM JBUTATENSI M JIP.), KPAaTKUE CBEACHUS O TEXHOJIOTHH
W3TOTOBJICHWSI W O MaTepuasie neramu. llomumo pacdeTHbIX ¢opMyn, s
MIPUMEHSIEMOTO METO/Ia pacueTa 0053aTelIbHO TOJDKHBI OBITh TPUBEACHBI 000CHOBAHUS
BBIOMPAEMBIX BEJIMYHUH CO CCHIIKON HA UCTOYHUK.

JI71st KK 10 pacCYMTBhIBAEMOM JA€TaIU JOJDKHBI ObITh BBITIOJITHEHBI ICKU3 JIETaH
CO BCEMH HEOOXOAMMBIMH ISl pacdeTra pa3MepaMu, CXE€Mbl U 3MIOPbl HArpy>KeHUs,
SMIOPHI HAPSHKEHUN. DCKU3bI U TpaduKu, HE0OOXOAUMBbIE JUISl pacyeTa, BBITOIHSAIOTCS
KapaHJIallloM Ha MAJUTUMETPOBoM Oymare B Macitade 1:1. Ha Bcex rpadukax q0mKHBI
OBITH MOJIMKCH, BHITIOJIHEHHBIE TpauueckuM mpudToM.

6.1. Pacuer nopuns

OnpenenuTs OCHOBHBIE pa3Mephl MOPITHS, UCIIOJIB3YsI TaHHbIE TaOauIel 6.1 1
pucyHka 6.1.

Ha ocHoBaHMM JaHHBIX pacyeToB (TEIMJIOBOT0, CKOPOCTHOM XapaKTEPUCTUKHU U
JTUHAMHYECKOT0) OTIPEICIISIeM:

- IUaMEeTp MWIMHAPA D, mm;

- XO4 MOpIIHA S, mMm,

- ICUCTBUTEILHOE MAaKCUMAaJIbLHOE JaBJICHUE CropaHus P, , MIla , ipu KaKou-TO
YJacTOTE BpAIICHUS N, mun

- IJIOIAab MOpIIHA F;, cm

- HAauOOJIBIIYI0 HOPMAJIbHYIO CHJTy N, MH , IpH yIJiE ¢ ;

- MacCy NMOPLIHEBOU IPyNIbl M, , K2 ;

- MAKCHMAJIbHYO YaCTOTY BPAICHHS XOJIOCTOTO XOMA My 4 yax » MUH ]

2.
)

- 3HAaYCHUEC A .

Tabnuua 6.1 - OcHOBHBIE KOHCTPYKTHUBHBIE COOTHOIIEHUSI pa3MEPOB IJIEMEHTOB
TIOPIITHS

Ne bensuHoBbIE
1/ HanmMeHoBaHME 371€MEHTOB MOPITHS Huzenn
0 JBUTATEN
0
1 TonmuHa gHUINA TOPIIHS, — 0,05-0,09 0,12-0,20
D
H
2 Beicora nopns, ) 0,08-1,20 1,00-1,50
3 BricoTa orueBoro (3kapoBoro) nosica, e_ 0,06-0,09 0,11-0,20
h
4 TonmuHa nepBOM KOJbLIEBON NEPEMBIUKH, _” 0.03-0.05 0.04-0.06
D 1 1 1 1
h
5 BhIcOTa BEpXHEii 4acTa mopruns, - 0.45-0.75 0.60-1.00
D ) ) ) )
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Ne bensunoBsie
n/ HanmenoBaHue 371€MEHTOB NIOPILIHS HMuzenn
I IIBUTATEIIN
]
6 BbricoTa 100KM nopiHs, 0 0.60-0.75 0.60-0.70
D 1) 1) 1) )
7 BuyTpennwuii quamerp mopimss, d, d=D-2-(s+t) + At
8 TosmmHa CTCHKU TOJIOBKH ITOPIITHS, S_ 0.05-0.10 0.05-0.10
D 1) 1) 1) )
9 TounmuHa CTeHKH FOOKH HOPIIHS, O, , MM 1,50-4,50 2,0-5,0
PanuanpHas TOMIIMHA KOJIbIIA, t_:
D
0,040-
10 - KOMIIPECCHUOHHOTO 0,035-0,045 0,045
0,038-
- MacCJIOCEEMHOI'O 0,030-0,043 0,043
PaananbsHbIi 3a30p KOJIbIA B KAHABKE MOPIIHSA, At, mm
11 - KOMIIPECCUOHHOTO 0,70-0,95 0,70-0,95
- MacJI0ChEMHOTO 0,90-1,10 0,90-1,10
12 BricoTa xomnbLia, a, Mm 1,50-4,00 3,0-5,0
Pa3zHOCTh MEXy BEIMYMHAMH 3a30pOB 3aMKa KOJIbLIA B
13 cBOOOJHOM ¥ paboyeM COCTOSIHUM, _° 2,5-4,0 3,2-4,0
t
14 YuCmo MacIsTHbIX OTBEPCTHH B TIOPIIHE, 71, 6-12 6-12
d
15 JluameTp MacIsHOTO KaHama, " 0.3-0,5 0.3-0,5
a
16 Juametp O0ObIIIKH, _~ 03-05 03-05
D 1) 1) ) )
17 Paccrosnue mexay TopiiaMu O00BIIIEK, _ 0,3-0,5 0,3-0,5
D
d
18 Hapy>XHbIii IMaMeTp MOPINHEBOTO Majbla, 0.22-0.28 0.30-0.38
D 1 1 1 )
d
19 BHyTpeHHHI uaMeTp NOPIIHEBOTO Majlblia, _ ° 0.65-0,75 0.50-0,70
d,
|
JlnvHa nanbLa,
20 D
- 3aKpEIJICHHOT O 0,85-0,90 0,85-0,90
- IJIABAKOLLIETO 0,78-0,88 0,80-0,85
I
JUIMHA TOJIOBKY IIaTyHa, -
21 D
- [IPU 3aKPETICHHOM Najble 0,28-0,32 0,28-0,32
- TIPH TUIABAIOIIEM ITAJTBIIE 0,33-0,45 0,33-0,45

JlHWIIe TOPIIHS PACCUYMTHIBAETCS Ha HM3THO OT JSHCTBUS MaKCHMAaIbHBIX
ra3oBbIX ycunui P,,, Kak paBHOMEpPHO HArpy>KCHHas KpyrJyas IJINTa, CBOOOHO
onuparomascs Ha muiuHAp. Kak 1 OeH3WHOBBIX JBUTaTeNiel, TaKk W JUIs JU3eNeH
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HauOoJIbIlIee aBlieHHE ra30B JIOCTUraeTcs MpU paboTe Ha pexUMe MaKCHUMaJbHOU
MOITHOCTHU (HOMUHAJBHBIN PEXUM).
D B cooTBeTrcTBUM C CYIIECTBYHOLIMMH

fy . .t At AHAJOTMYHBIMH JBUIaTElIMH U C Y4ETOM
S /// ,c;///;//// 7 “° N coorHoueHni, NMpHBEnEHHBIX B TabmmIe
= | d i 6.1, npuHUMaeM:
27/ ARSI < - TOJIIIMHY JHUIIA TIOPIIHA & , MmMm,
= \:\\\\\\\ M | RS - BBICOTY TOPIIHS H , MM;
= s = BBICOTY FOOKH MOPIIHS h,,, mm;
= A QA / - PaJMaNIbHYIO TOIIUHY KOIbLIA t, MM;
/ ' ls . - paJManbHbIA 3a30p KONbLA B KaHABKE
21— g MOPLIHS At, Mmm
5 - TOJIUHY CTEHKH IOJIOBKM MOPIIHS S
MM
[T - BEIWYUHY BEPXHEH  KOJBIEBOM

MEPEMBIYKHU h, , mm;
- YUCJIO ¥ AUAMETP MACJISIHBIX KaHAJIOB B

Pucynoxk 6.1 - Cxema nopirss
IOpILHE n, U dy, MmMm.

Ha3znauaem martepuan mopuiHs U mMaTepuali TWIb3bl MWIMHAPA, 3a1aeMCs
3HaYEHUSAMH KOIDDUITMEHTOB UX JIMHEHHOTO pACIIUPEHUS:

- o =11.10°1/ K - st uyryHa;

- o =22-10%1/K - s aTrOMUHUEBOIO CILIABA.

Hanpspxkenue u3ruda B JHUIIE TOPUIHA onpenesiseM no Gopmysie (TOJIbKO s
OEH3WHOBOTO JBHUTATENA):

M r
Ou = WZ = Pryax '(gl)zi Mlla ,
rne M,, - wusruOaromuii MomeHT ( M, :§‘P a2 ), H-m ; W,, - MOMEHT
1
COIIPOTHUBJIEHUS U3ruOy miuockoro auuma (W ="-r-8%), »%; P - MakCHMaJbHOE
u3 i ZMAX
3
I[aBJE%-II/Ie cropaHur{ (PZMAX =P,),Mlla ;¥, - BHyTPEHHUH pajnyC IHHIIA (
—(S+t+AY)
i |L 2 | |

[Ipy OTCyTCTBMM y JHMImA pebep JKECTKOCTH JOIYCTHMBIE 3HAYEHHs
Hanpsokenuit [o ,,; | nexar B npenenax:
- VISl ATFOMHUHHMEBBIX NOPIIHEH |G, |= 2025 MIla ;

- U1l YyTYHHBIX [TOPIIHEN [0 3 ]: 40-50 Mlla ,
Ipyu Hammuum pebep xkecTkocTu o, | Bospacraor:
- ISl AFOMHHHEBBIX NOPIIHEH [o ,; |= 50 -150 Mila ;

- JUIA YyTYHHBIX TIOPUIHEH [c P ]z 80-200 Mila .

HpI/I BBICOKOM 3HAQUCHHMHM HAIPsKCHUA IpcajiaracM MCEPOIPUATHSA 110
MTOBBIIICHUIO CTOMKOCTH K I/I3FI/I6y.

44



OmnpenensieM HAPsHKCHUE CKATUS B CEYCHUU X — X (puc. 6.1):

P
oy =—2%  Mla,
FX—X
rA€ P, - MAaKCUMajbHas CUJIa JaBJICHUS Ta30B HA THUIIIC MTOPIIIHS, (

Puux =Pz -F;) MH ; F, — muIomaas mopmss, »?; F, . - TUIOMaabh CEYCHHUS X — X ,

M2,

HpI/I 9TOM IIOIa/Jb CCYCHUA X — X pPaBHA:
F *)-@d,-d)-n -F,
X ="y R i M

rne d, - BHyTPEHHUH qHaMeTp MOPIIHs, »; d, - THaMeTp MOPIIHSA [0 AHY KaHABOK  (

d¢ =D-2-(t+At) ), m» ; F' - IIOmaAb IPOAOIHLHOIO IUAMETPAILHOIO CEUCHUS

d,—d )-d
MAacJsiHOTO KaHana(F':( « ) dy ), 2.

2
OmnpenensieM HANpsSKEHUE pa3pbiBa B CEUEHUU X — X !

Op= y Mlla .

X-X

Cuna HHCPIHHU BO3BPATHO-IIOCTYIIATCIIBHBIX MaCC Pj OIIpCACIIACTCA OJIA

peKnMa MaKCUMAaJILHOU YaCTOTEI BpaliCHH:A IIPHU XOJIOCTOM XOAC ABHUIaTCIIsA:
Pi=my_y 'R'O)>2<.X.MAX “(1+1), MH,
rac m,_, — MacCa TOJOBKH IOPHIHA C KOJbIOAMM, PACIIOJIOKCHHAA BBIIMIC CCUCHUSA
X -x (puc. 6.1),
m, , =(0,4-0,6)-m,, ke,

€ m, — Macca IOPIIHEBON IPYIIIIBI, k2 R — PaAnyC KPUBOLIKIIA, M| Oy« wax
- MaKCUMaJIbHas yrijioBast CKOPOCTb XOJIOCTOT'O XOJa ABHUI'aTCJIA:

o =T oxmax
X X MAX ,
30

TIC 71y 4 yax - MAKCUMAJIbHAS 9aCTOTA BPAIICHUS XOJIOCTOTO XO/1a JIBUTATEINS, Mun™; A
R
— OTHOIIICHHE Paiiyca KPUBOIIHUIIA K JUIMHE maTyHa (A = _ ).
[
OmnpenensgeM HaNPsDKEHUS cpesa KOJIBI_IGBBI/I MEPEMBIYKH:
c =00045-P -(_ ), Mila,

nu3 ZMAX
hH

rae D u h, - qMamMeTp NWJIMH/PA U TOJIIMHA BEPXHENU KOJBIIEBOM MTEPEMBIUKH, M .
CI105)KHO€ HAPSIKEHUE ONPEAECTUTCS:

Ox =+nps+41%, Mla .

I[OHYCTI/IMOG HalpAKCHUC oz B BCPXHUX KOJIBICBBIX IICPEMbBIYKAX C YYCTOM
SHAYUTCJIbHBIX TCMIICPATYPHBIX HAI'PY30K HAXOJAUTCS B IIPCIACIIAX:

- U aNMFOMMHHUEBBIX TIOpIIHEN [0 |=30-40 MIla ;

- U1 YYTYHHBIX mopuIHel [ox |=60-80 Mila .
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MaxkcumanbHbI€ yI€JIbHBIE TABJICHUS.
OmnpenensieM yjelbHbIE JaBJICHUS IOOKU MOPIIHS U BCEW BBICOTHI MOPIIHS HA
CTCHKY UWJIMHAPA:

N
q=—"" Mlla;
h, - D

d, — N , MIla ,
H-D
rae h,, — BbIcOTa I00KH TIOPIIHS, M ; H — BBICOTA MOPIIHA, M; N,,, — HauOOJIbIIAs
HOpMaJbHas Cuja, JACUCTBYIOIIAsl HA CTEHKY IWIMHApa Npu paboTe IBUTATENsl Ha
peKHME MaKCUMAJIIBHOM MOIIHOCTH W OMNPEIENSIETCd MO JAHHBIM JUHAMUYECKOTO
pacueta, MH .

[l aBTOTpakTOpHBIX ABUTarenen o1 =0,3-1,0 Mlla, 2 =0,2-0,7 Mlla .

OrnpenensieM yclIOBUE TapaHTUPOBAHHOM MOJIBUKHOCTH MOPIIHS B TOPSIYEM
COCTOSTHHM.

B uensx mpenoTBpaiieHusi 3aKJIMHUBAHUS TOPIIHEW Mpu padOTe IBUTATEIS
pasMepnl TMaMETPOB TOJOBKU D, u 100ku D,, NOpIIHS ONPENEeistoT, UCXOAS W3
HaJIMYHS HEOOXOIUMBIX MOHTAXHBIX 3a30POB A, U Ajp MEXIY CTCHKaMH IWIMHApPA
Y TOPIIHS B XOJIOJITHOM COCTOSTHUM:

- A, =(0,006-0,008)-D 1 Awp =(0,001-0,002) D - 1151 alIFTOMUHUEBBIX OPIITHEN C
Hepa3pe3HbIMU I0OKaMH;

- A, =(0,004-0,006)-D u Ap =(0,001-0,002)-D - mjist YyTyHHBIX MMOPIIHEN.

JluameTpbl TOJIOBKM M IOOKH TIOPIIHS C YYE€TOM MOHTAQXHBIX 3a30POB
OTpenestoT 1o hopmyiam:

D, =D-A,, mm,;
D, =D—-Awn, mm.

[IpaBUIBHOCTh YCTAHOBJIEHHBIX pa3MepoB D, u D,, TpPOBEPSIOT B ropsyeM

COCTOSIHUU 110 (hopMYyJIaMm:

A= D.[1+au (1, -T,)]- D [1+our (Tp ~Tp)], un;
Ay =D-[1+a, (T, -T,)]- Dy [+ - (T ~T,)], 2,
rae A, u Ao - IUaMeTpajbHBIC 3a30pbl B TOPSYEM COCTOSHUM COOTBETCTBEHHO

MEXKTy CTEHKOM UJIMH]IPA U TOJIOBKOM MOPIIHS U MEXy CTEHKOW UJIMH]Ipa U F00KOM

MOPIIHSA, My ; oy W oy - KOA(OUIMEHTH JUHEWHOTO PACHIUPEHHS MaTepHaIOB

1
6
UWIMH]IpA U MOPHIHSA (UIs1 YyTyHa oy = our =11-10 E JJIS aJIFIOMHUHUEBBIX CIUIABOB

6 1 .
a =a =2210°-"); 7 , T uT -COOTBETCTBEHHO TEMIIepaTypa CTCHOK IMIMH/IPA,
q 7 n r 0
K

TOJIOBKH U F0OKH MOPIITHS B pab04YeM COCTOSTHUH, K
- TpU KUAJKOCTHOM OXJIQXKJICHUU T, =383-388 K, T,=473-723 K,

T,=403-473 K,
- OpU BO3AYIIHOM OXJXACHUM T, =443-463 K, T,.=573-873 K,
T,=483-613 K,
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T, — HadajbHas TeMIleparypa uuinHapa u nopiss (7, =293 K).

6.2. PacueT nmopuiHeBoOro najbia

OCHOBHbBIE KOHCTPYKTHBHBIE pa3Mephbl MOPIIHEBHIX MAJIbIIEB MPUHUMAEM U3
TaOuIB! 6.1 WK M0 TaHHBIM MTPOTOTHUIIA!

- HAPYKHBIM AMaMeTp nansua d, , mm;

- BHyTPEHHUU AUaMETp nanbua d,, mm;

- nnvHa nmaiusna l,, wm,

- JUIMHA ONIOPHOM MOBEPXHOCTH Majbla B TOJOBKE aTyHa |, , mu;

- pacCTOSIHUE MEXIY TOpIaMU OOOBIMICK b, i .

HaznawaeM Tum u Marepwan MOPIIHEBOTO Malblida, MOAYJb YIPYTOCTH
Marepuana.

OnpenernsieM pacueTHYIO CHITY, JEHCTBYIONIYIO HA MaJIell;

P=Poypx Fpti-Pj, MH .

s benzunoswvlx osucamenneli.

P, - MAKCUMAJIbHOE JIaBJICHHE T'a30B HA HOMUHAJIBLHOM PEXUME PabOThI (
Povax :Pz)’ Mlla ,

k — KO3 OUIMEHT, YUYUTHIBAIOIINK MacCy IMOPITHEBOTO MaJiblia (K =0,76-0,86 );

P; - cWJla MIHEPLIMU MOPIIHEBOM IPYNIILI IPU 1 =n,,

Py=-my, o, -R-(1+1)-10°, MH ;

®,,- YTJIOBAsi CKOPOCTh MPU MAaKCUMaJIbHOM KPYTAILIEM MOMEHTE:

_T-ny 1.
(’OM - y €7y
30
Ny, - qacTtoTa BpameHI/Iﬂ HpI/I MaKCHUMaAJIbHOM pr’THH_IeM MOMCHTC, MMH_l .

s ouzens:
P, - MaKCHMaJIbHOE JaBJICHHE Ta30B HAa HOMUHAIBHOM PEXHME paboThl,
Mlla ,
k — KO3 PHUIMEHT, YIUTHIBAIOIINH MacCy TMOPIIHEBOro nanbia (x =0,68-0,81);
P, - CUJIa MHEPIIMH NOPILIHEBOH IPYIIIBI IPH 7 = ny, .
P,=-my o -R-(1+1)-10°, MH ;

®,,~ YIJI0Basi CKOPOCTb MPU HOMUHAJIBHOM YaCTOTE BPALICHUS:

m-ny 1.
) C ]
n,; - HOMUHAJIbHAs 9aCTOTa BpalleH Bl KONEHIaTOoro Basa, mun_.

OmnpenensieM yaelbHOE JaBJICHUE Tajiblla Ha BTYJKY IMOPITHEBON TOJIOBKU
maTyHa:

rae d, - HapyXHbIW JuaMeTp nanbua, um; |, - 1JrHa ONOPHOM MOBEPXHOCTH Najblia B

TOJIOBKE IIaTyHa, M.
OmnpenenseM yaelbHOE TaBJICHNAE Mabila Ha OOOBIIIKH:
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U5 :L: Mila
dn ' (In _b)
rae |, — oOmas ajMHa majablia, u; b — paccTosHUE MEXAY TopHamMu OOOBIIIEK, i ;
(I,—b) — IJIMHA OMIOPHOM IMOBEPXHOCTH IMaJiblla B OOOBIIIKAX, .
JIns aBTOMOOWJIBHBIX ABUTATened q, =20-60 Mila u qz =15-50 MIla .

Hwxuaune IMpCaciibl AJIAA TPAKTOPHBIX ,Z[BI/IFaTeJ]ef/'I.

OnpezxenﬂeM HaIIPAKCHHUC I/I3FI/I6a B CPCAHCM CCUCHUU ITaJIblia:
P-(l,+2-b-1,5-1,)
1,2-(1-a*)-d?
rzae o - K03 GUIreHT, yIUTHIBAIOIIUI OTHOIICHNE BHYTPEHHETO AMaMeTpa Majbla K

O, = y Mlla,

HapyxHOMY (00 = _%).
n
JInst aBTOMOOHIIBHBIX M TPAKTOPHBIX ABUTatenedl [o ,, |=100-250 Mila.
OmnpenensieM KacaTelbHbIE HAIPSHKEHUS CPe3a B CEUEHUSAX MEXTy OOOBIILIKaMU
Y FOJIOBKOM IIaTyHa:
_0,85-P-(1+a +a?)
- (1-a%)-d?
Jlis aBTOMOOMIBHBIX jBurateneii [t ]=60-250 Mila .
OmnpenensieM HauOoIbIIEEe YBETUUEHUE TOPU30HTAIBHOTO JUAMETpPA MajlbLa
IIPYU OBAJIM3ALINHN:

, Mlla .

Ad,,.. _135-P (1+0c)3 [0,1— (o —0,4)3], MM
E-l, 1-a
rIe E - MOAYJIb YIIPYTrocTu Marepuaia naisia ( E =(2,0-2,3)-10° Mila ).
3nauenne Ad,,,,, HEe 10KHO ObITh O0mbIIe 0,02-0,05 Mo,
OmnpenensieM HANPSHKCHUS OBAJTU3AIMK HA BHEIITHEH MTOBEPXHOCTH TaJIbIIa:

- 0
B FOpI;SOHTaJ'IBHOI/{—HJ'IOCé CTH &\l-{- = )0

—= 019 [0,1— (0 —0,4) |, Mita;
@ 1,d, | (1-a)  1-a
-B BepTI/IKaHBH u OCKOC
G S 1]]ﬂo 174. 288 (“O‘? 0636 | Jo1-(a-04y], mita.
), | l-ay  1-a |

OrnpenensieM HanpsKEHUsST OBAIU3ALMU HAa BHYTPEHHEN OBEPXHOCTH MMAJIbLIA:

-B FOPI/IBOHTaJ'II)HOﬁd HJIO(%IIS(F)STH)(}UHOQ = [0 .

6 =- ~04)°], Mila;
A L (1—0()2 o 1-a
- B BEPTHKA/IEH o}; Fnocmf ) i 1992& 0.636]
c =- 0,174- - o1~ (@ -0,4], miza.
e L (1-a)?-a 1-a J
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Haubonpiiee HampspkeHHE — OBajM3alldd  BO3HUMKAET Ha  BHYTPEHHEH
IIOBEPXHOCTHU Majblla B T'OPU3OHTAIBHON IIJIOCKOCTH, OHO HE JOJDKHO IIPEBBIIIATH
G ,,=300-350 Mila .

6.3. Pacuer mopumHeBoro Kojbua

OCHOBHBIE JTJaHHBIE JJIs1 pacyeTa MPUHUMAIOTCs 13 Ta0uibI 6.1.
Haznayaem matepuait KoJiblia M OIpeesieM MOAY/Ib YIPYTOCTH MaTepraa:
- JUTSL CEpOTo JISTUPOBAaHHOTO UyTyHa, E =1,2-10° Mila ;
- JuIs ceporo uyryHna, E=1,0-10° MIla ;
- u1st ctany, E =(2,0-2,3)-10° Mila .
OmnpenensieM cpeHee 3HaUEHUE 1aBJICHUS KOJIbLIA HA CTEHKY LIWJIMHJpA:
Ay
P =0152-E——Y— MIla,

cp (B _1y? .(E)
t t

rge £ — MOAYJb yHOPYyrocTHM Marepuajla KoJiblia, Mlla ; t — paguajbHas TOJIINHA
KoJpLa, mm; A, - Pa3HOCTb MCXKAY BCIMYMHAMU 3430pOB KOJIbIIa B CBO6OI[HOM u

paboueM COCTOSHUSIX, TPUHUMAETCS U3 Tabuuibl 6.1 unu 4, =3-t, um.
JlommycTuMoe cpeiHee pauaibHOE JTaBJICHUE:

- 15l KOMIIPECCHOHHBIX KoJiel, [P, |=011-037 Mila;

- - VI MAacIIOChEMHBIX KOJIEN, [P.,|=0,20-0,40 Mlla .

OmnpenensieM JaBJeHUE KOJbIA HA CTEHKY IMJIMHIPA B PA3IMYHBIX TOUKAX
OKPY>KHOCTH

P=P. -y, Mlla

rje [k — HepEeMEHHBIH K03()QUITMEHT, OTIpeAeIIeMbIi N3TOTOBUTEIEM B COOTBETCTBUH
C IpUHATON (POPMOIA SMTIOPHI TABJICHUS KOJIbIIa Ha 3epKaio mmHapa (Tad. 6.2 u 6.3).

Jliisi OEH3MHOBBIX JIBUTATENCH MOYKHO MPUHSATH TPYUICBUIAHYIO (OPMY SIIOPHI
JaBIICHUS KOJIbIIA C TapaMeTpaMHu, PeACTaBICHHBIMU B Tabmwie 6.2.

Jlns mu3enei XxapakTepHa KaruIeBUIHAS DITIOpA JIABJICHUS KOJIbIIA HAa CTCHKY
HUWIMHAPA C TapaMeTpaMu, MPEACTaBICHHBIMU B Tabnuie 6.3.

Tabnuua 6.2 - [TapameTpsl 115 pacyeTa rpyLIEBUIHON SMIOPHI AaBICHUS KOJbla Ha
CTEHKY LIWJINHIPA

Yronvy ,
0 30 60 90 120 150 180
2pao.
Koaddumment px 1,05| 1,04 | 1,02 | 1,0 1,02 1,27 1,50
JlaBnenue P, Mlla

Tabnuma 6.3 - [TapameTps! Ui pacueTa KarjieBUAHON AMIOPHI JABJICHUS KOJbIa HA
CTEHKY LIWJINHIPA
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Yron vy ,
0 30 60 90 120 150 180

2pao.
Koaddunmenr px 1,05 1,05 | 1,144 | 09 0,45 0,67 2,85

Hasnenune P, Mlla

[To mony4eHHBIM JaHHBIM CTPOHMM SIIOPY JABJICHHS KOJbIA Ha CTCHKY
uunuzpa (puc. 6.2).

p, MMa ; p, MMa p, MMa 180°
0,

120° 00°
90° ,-‘((%@)}~- 90°
(A
60° ’\"" 60°
5
a) 0)

PucyHnok 6.2. - Dnropsl cuil JaBIEHUS KOJIblIAa HA CTEHKY LMIMHAPA:
@) — TpyLIeBUIHAS dII0pa AaBJICHUN (1711 OEH3UHOBOTO JIBUTATENs );
) — KaTuIeBH IHAS AITIOpA JABJICHUN (151 JU3eIs)

OmnpenensieM HaNpspKEHUE M3rn0a KoJjblia B padovyeM COCTOSTHUU:

D
G 3 = 2,61 Pep (T -1)?, Mlla .

Onpez{enﬂeM HaIIPAKCHUC n3ruoda H&)I/I HaJICBaHHWH KOJIblla HA ITOPIICHDb:
114- 4,
4.E-(1- )
c = L , Mlla .

7 (P l1a).(B)
t t

rae m — K03 HUIMEHT, 3aBUCSIIHNA 0T crioco0a HajeBaHus Kobla (m=1,57).

JlonycTuMble HanpsyKEHUS TIPM M3rMOe Koiblua [o,, |=220-450 Mila u G,,,>

G 5 HA 10—30% .
OmnpenenseM MOHTaXHBIN 3a30p B 3aMKE MOPIITHEBOTO KOJIBIIA:

Ay =Ny +m-D- [q< (Tx =To)—ouy (T, —TO)], MM
rae Ay - MHHHMAJIBHO JOMYCTUMBIA 3a30p B 3aMKe KOJbIIa BO BpeMs pabOThI
npuraresst (A, =0,06—0,10 mm);ok U oy - KOIDDUIIUEHTHI JTUHCHHOTO PACIIUPEHHUS

1
Marepuaga KOJbLlA W THWIb3bl IUJIWHJIPA, E; T« , T, 1 Ty - COOTBETCTBEHHO
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TEMIIepaTypa KOJblla, CTEHOK IWIMHApPAa B paboyeM COCTOSHMM U HadajbHas
TeMIeparypa, K.
- TIpY )KMAKOCTHOM OXJIXKJACHUU T, =473-573 K, T, =383-388 K

- IpX BO3AYITHOM OXJIAXKACHUM T, =523-723 K, T, =443-463 K,
T, — HavajJbHas TeMIieparypa nuinHapa u nopiuus (7, =293 K ).

6.4 Pacuer WIaATYHHOI rPynnbI
OrnpenensieM OCHOBHBIE pa3MephI IIaTyHA, OJIb3YACh JaHHBIMU Ta0IUIbl 6.4 1
pucyHkoMm 6.3.

Tabnuma 6.4 - OCHOBHBIE KOHCTPYKTHUBHBIE COOTHOILICHUSI Pa3MEPOB 3JIEMEHTOB
naTyHa

No
1/ Bennuuna benzunosbie Juzenn
0 JIBUTATEIIN
BHyTpeHHnii  nmamerp — IOpPIIHEBOHN
TOJIOBKH (BTYJKH), d :
1 - 6€3 BTYJIKH d=d, d~d,
- C BTYJIKOU (1,10-1,25)-d,, (1,10-1,25)-d,
2 Hapy>xubiii tuamerp ronosku, d ., (1,25-1,65)-d, (1,30-1,70)-d,,
JInvHa TOPIIHEBOM TOJIOBKY IaTyHa, |,
3 - C 3aKPETICHHBIM MAJbIEM (0,28-0,32)-D (0,28-0,32)-D
- C IJIABAIOIIUM HaIbLIEM (0,33-0,45)-D (0,33-0,45)-D
4 MuHuMaIbHAsS — paJuaibHass — TOJIIUHA (0.16-027)-d,, (0.16-027)-d,,
CTEHKH TOJIOBKH, N,
5 PaauanbHast TOJIIIMHA CTCHKH BTYJIKA (0,055-0,085)-d, (0,055-0,085)-d,,

o1



Hasnayaem marepuan maryHa
(cTasib) 1 BTyNKHU (OpoH3a).

Omnpenensiem 1S aTyHa:

- MOJTYJIb yIPyTrOCTH
MaTtepuana E, Mila ;

-  Kod(ppuIMEeHT NUMHEHHOTO

pacIIupeHusic, , _;
K

- Ipeen MPOYHOCTU G , MIla ;

- Tpenen  yCcTajoCTH MpH
3rude o1, Mlla ;

- Ipenen  yCTaloCTH IIpU
PACTSKEHMU G -1p, Mlla |

- IpeJen TeKy4ecTu or, Mila .

Jlis MaTepurasa BTYJKH:

- MOAYJIb YIIPYTOCTU E, Mlla

-  KO3(p(ULUHUEHT JMHEHHOTO

1
pacuIupeHus oar , X
Pucynok 6.3 - PacueTHast cxema IIaTyHHOM TPYIIITBI

6.4.1 Pacuet nmopuiHeBO# roJ10BKHM HIATYHA

OnpenensieM  CyMMapHO€  YAEJIbHOE  JaBJIE€HUE  HA  IOBEPXHOCTHU
CONPUKOCHOBEHHMSI BTYJIKH C TOJIOBKOMA:

P= A+A . Mlla,
o egion 905
o * d2—d? -
d( ToJl )+( 7 )
h— —
| yiig BT |
IL I

TJIe A - HATAT MMOCaIKu OpOH30BOM BTYJKU (A =0,04—-0,045 mm); Ar — TeMIepaTypHBI
HATAT, MM

Av =d - (ogr —0gy ) AT,
rjie asr - TEPMHYCCKUN KOIPDUIIUSHT pacIIupeHusi OpOH30BOM BTYJIKH (05 =1,8-107°

), o - TepMuYecKuil KO3(PPHUIMEHT paCIIUPEHUs CTAIBHOMN rOJIOBKU (
K roj

1.
Oy =1,0-107 E)’ AT — cpeaHsis TemmepaTypa MOJ0rpeBa TOJIOBKA W BTYJIKH TPH

pabote auratens (AT =100 - 200 K ).
dyy» d , d; - COOTBETCTBEHHO HApyXKHBIM M BHYTPEHHUU IJUAMETPBI T'OJIOBKH H

BHYTPEHHUU AraMeTp BTYJIKH, mm (Ta0I. 6.4); p - koaddunment [Tyaccona (p=0,3);
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E,, - MOJyJIb YIIPYTOCTU MaTepuaia maryHa (£, = 2,2-10° MIla );- MOAYJIb YIIPYTOCTH
Mé”Tepna%Bng’m%}f (EBT=1,15.1% SMnﬁ_ yua (£ a) AYJb yUpy

OmnpenenseM HaNpsyKEHWE HAa HAPYKHOW MOBEPXHOCTH TMOPIIHEBOW TOJIOBKU

IIaTyHa:
Y 2-d?

P —dz, Mlla .

OH =TI"
2

d]‘Oﬂ

OHpC,ZIeJI}IGM HAIIPSKCHUC Ha BHYTpeHHeﬁ IIOBCPXHOCTHU HOpHIHeBOI‘/'I T'OJIOBKHA

mmaTyHa

d2 +d?
c =P—"%—— Mlla.
" dzam_dz

JlomycTUMbIE 3HAYEHHs HATIPSOKEHUH [o 4 |= [0 51 |=150 Mila .
OnpezenseM CyMMapHyIO CHTy HHEPLMH HOPITHEBOM IPYTIIIBL:
P, =—m, -0} -R-(1+1), H
IJIe M, — Macca MOPIIHEBOM IPYIIBL, k2; R — PaadyC KPUBOIIUIA, M) M, — YIJIOBas
CKOPOCTB IIPY HOMHMHAJILHOM YaCTOTE BPALICHHUS
Cmeny .

y C 7,
30
ny — HOMMHAJIbHAA 9aCTOTa BpalICHUS KOJICHYATOI'O Baja, MMH_l .

Pucynoxk 6.4 - Cxema pacripeienieHusi Harpy30K Ha IMOPIITHEBYIO TOJIOBKY IIATyHA:
@) IPH PACTSHKCHUH; O) TIPU CKATHH

OmnpenensieM U3rudAONUH MOMEHT B BEPTUKAJIBHOM CEUCHHUH MPOYIITUHBI:
M, =—P;, -Tcp +(0,00033-Qrr347. —0,0297) , H - m,
TAe lep - CPEIAHUM PAINYC MOPIIHEBOM TOJIOBKH, M
dpoy +d
o ==,
OrnpenensieM BEIMYUHY HOPMAJIbHOM CUJIbI B 3TOM K€ CEUEHUH:
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N, =—P;, - (0,572 —-0,0008 -@u1.345.) » H -
THC ¢, — yroi3anenku (@,,,,, =90°-130°).
OmnpenensieM BeJIMYUHY HOPMAaJIbHOM CHJIBI B PAaCYETHOM CCUECHHUH OT
paCTATHBAIOIIEH CHJIBI /IS BBIOPAHHOTO YIUIA 3a0€IKU Qrir347. -
N(&u&w. = No -COSQ 347, —0,5 Py - (SINQ 1347, —COSPyy347.) , H
OHpCHeHHCM I/I3FI/I6aI'OHII/Iﬁ MOMCHT B PACUCTHOM CCUCHHUHU IJIA BBI6paHHOFO
yriia 3aCIIKU Qri347. :

=Mg +Ng “Tep - (1-C0SP; 5,7 ) +0,5- Py Tep - (SINQ 54, —COSPyy 547 )y H ;.

P s a1,
Oﬂpeﬂeﬂﬂel\f[ Hal'[meeHl/Ie oT paCTiDKeHI/I}I B Hapy>K oM CJI6OC:
o) ='2-M G'rcp-’_hmﬂ +K-N E 10 , Mlla
P.H. Py 3471, Pz 3477 -
“ hFOﬂ ’(Z'rcp +hr0/z) J Iw 'hm/z

rae h,,, — TOJNIIMHA CTEHKHU TOJIOBKH, M

d -d .
hmﬂ = mﬂz ’

K - K03()(pHUIMEHT, YUYUTHIBAIOIINI HATMYUE 3aIIPECCOBAHHOM BTYJIKH,

K = Ey -Fron
Ezu ' FFOJY + EBT ' FBT

rae Fp,,; - TUIOIIaah CEYCHUS CTEHOK TOJIOBKH, mm?; F,, - IJIOMIAAb CEUYCHHUS BTYJIKH,
2

MM .
Fros =ror—d) -1y
F,,=d-d;)1,.
OnpenensieM CyMMapHYIO CUITY, C)KUMAIOITY0 TOJIOBKY:
Pc;K:(Pz_Po)' Fn _PjMAX , H
II¢ Pp. - MakCHMaibHas CHJIa WHEPIMH MAacChl IMOPIIHEBOW TPYMIBI IPU

HOMHHAJIBHOW 4acTOTE BpallcHus, H
Pipx =My -0 - R-(COSQ + A -C0520) ;
¢ - YTOJI TOBOPOTA KOJCHYATOTO Bajia P 3HAYCHUU P,; F,, - IJI0IA1b OPIIHS, m°
; P,- TaBJICHWE CTOPAHUS B IWJIMHJPE ABUTATENsA, Mila
- U1 OCH3UHOBOTO JIBUTATENS P, =P, ;
- JUTS TA3CIIS. P, = P,y -
OmnpenensieM HOPMATBHYIO CHITY JUISI HAarpy>KCHHOTO YYacTKa OT CKMMArOIICH

CWJIBL: . _ 1 1
_ N Sin . _—.
N =p . Nowo Cursan. _ Pursun. sing COS(P[HS’A ) ; H
P 2 T RS S
| ¥ e |
OnpenenseM W3ruOaOMM  MOMEHT JIi HAarpy>KEHHOTO ydYacTKa OT
COKUMAIOIIEN CUJIBI:

CHKPry 347 CK
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||_ Moo 4 Voo -(1-cos¢ )— |

r T r L3477 .
M =P I K CP K y, H-m
CHKQyyp 347, CK CP . 1
—(SIN® ;5,7 B Pt 347. sing — -cosQ )
5 T wma. 11347, J

M
Newo [ "% - onpenenuts u3 Tabmumes! 6.5.

rae
PC)I( PC}I(' Fep
Tabmuma 6.5
Vron 3aienku Qur347., 2pao.
[Tapamerpsl
100 105 110 115 120 125 130
N
—KL 0,0001 0,0005 0,0009 0,0018 0,0030 0,0060 0,0085
PC)K
M
A 0 0,00010 0,00025 0,00060 0,00110 0,00180 0,0030
PC)K' Fep

OHpCIICJISI?M HaIIPAKCHUA B HAPYKHOM CJIOC OT C}KI/IM?I'OH_IGI\/;I3 CUIJIBI:
o — 2 M 6 -r_ + h ) 10 , MTla
CHKPpyr 347 |

CXK.H. CHKQuy 345
hFOﬂ (2-Tep +Npoy) J i -Nrox

OHpCIIGJISIGM 3al1ac IIpoO4YHOCTH:

roJ +K-

2-0-1p
n = ]

(e}
Opy. ~Ocnn.
€o

T+, '[GP.H. O cxn. +2'GBH]

IJIe G-1p - PEEI BBIHOCIMBOCTH MaTepUaa MpHu PacTsKEeHNH (6-1p =210 MIla );  Oo
- Kod(ppuImeHT npuBeNCHUS IMKIA MPU PACTSDKCHUM-CKATUU M 3aBUCSIIUNA OT
marepuaia ( o5 =012 ); & - KOIPPHUIMEHT, YUUTHIBAIOIIUN  BIUSHHE
TEXHOJIOTHYECKOTO (hakTopa (00paboTKH MoBepxHOCTH) (&5 =0,7).

3anac mpoYHOCTH MOPITHEBOM TOJIOBKH J0DKEH ObITh B mpeaenax n, =2,5-5,0.

6.4.2 PacueT cTep:KHS IIATYHA

OCHOBHBIMHM KOHCTPYKTHUBHBIMU MTAPAMETPAMU CTEP>KHS MIATyHA KPOME JITMHBI
R

L, = 5 ABIAIOTCA Pa3MEPBI Er0 CPEHETO CeueHus (puc. 6.3.).

3HaueHUsl TUX MAPAMETPOB OIPEACIISAIOTCS 1o Tabnuile 6.6.

Tabnuua 6.6 — [TapameTpsl cTepkHS 1IaTyHa

No

o /1'[ Pa3MCpBI CCUCHUS IaTyHa BeusunoBrie ABUT'aTCIIN I[I/BCJII/I

1 hLU.MIN (0,50—0155) 'dmﬂ (0’50_0’55)'dr0/1
2 hlll (112 _114) ' hUI.MIN (1’2 _114) ’ hLU.MIN
3 b, (0,5-0,6)-1, (0,55-0,75)-1,,
4 ay ~ty, 25-4,0 4,0-75
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OHpeﬂeHHeM CUJIy MHCPIUH, PACTATHBAIOIIYIO HIATYH IIPpHU HOMUHAJILHOU

qacCTOTC BPAIICHUS:
P;=~(m, +0,275-m,, ) 05 -R-(1+1)-10°, MH ;
rac m; - Macca HOpHIHCBOfI I'PpYIIIBI, ke , my; - Macca IIaTyHa, ke y O - yrjioBas
CKOpPOCTb IIpH HOMMWHAJILHON 4acTOTE BpaliCHUAA:
W = T - l’lH1 Cil ’
30

rac n; - HOMUHAJIbHAA 9aCTOTA BPAIICHUA KOJICHYATOI'O BaJia, Mu}fl .

OHpeI[eJ'IHeM MAaKCUMAJIbHYIO CHUJTY JAaBJICHUA I'a30B, COKUMAIOIIYIO HIATYH!

Pr:(Pz_Po)'Fn’ MH ,

rae P, - atmocdeproe aasienue (P, =0,1 MIla); P, - AaBJICHHUE CTOPAHUS B IIMIHHIPE
JABUIaTCIIA, Mlla

- AJIA OE€H3MHOBOI'0O JBUT'aTCIIA PZ = PZZZ ;

- IS A3ENS P, = P,y -
OmpezenseM CyMMapHO€ HampsHKEHHE IPU CHKATHU C YYETOM IPOJOIBHOIO
I/I3FI/I63 B IINTIOCKOCTHU KaYaHUWS IIATYHaA: 5
P o I P,
r_ ., B w. p =Ky, Mla
Fucr m°-Eeq dy
mer. T Eer o Jx

rae K, — Ko3pGUIUEHT, YIUTHIBAIOIINHA MTPOI0IbHBIN N3rub (K, =1,15); Fucr

Cy= -
i.cP.

- INIoaab IMaTyHa B paC‘-IéTHOM CCUCHNH, OIIPCACIIAIOT IIOCIIC KOHCTpYKTHBHOﬁ

npopabOTKH IIaTyHa, m* .

Furer. =Ny = (O — @) - (N = 2-1) .
3navenwns hy,, b, , a,, t, TpUHAMAIOTCS U3 TAOIUIIHI 6.6.
OmnpenenseM CyMMapHOE HaNpsDKEHUE MPU CKATUHA C yYE€TOM IMPOIOIBHOTO
u3ruda B INIOCKOCTH, Hepll'I)eH,HHKYJISIpHOPI'IZHJIOCKOCTgI) KauaHH IaTyHa:
ry GB w_ o p = I —K,, Mlla,
Fuer ™ 2. Eer 4-ly "F

rae K, -kod(pPUImeHT, yauThIBAIOIINN MPOI0IbHBIN U3rK0 IIaTyHa aBTOMOOUIIEHOTO

Oy, =
11.CP.

JBUTATENS B IUIOCKOCTH, MEPIICHAMKYJIISIPHOM TIIOCKOCTH KayaHus matyHa (K, =1,05)
JlonmycTrMble 3HaYeHus1 HanpsDKeHU u3ruda jgexar B rmpejeliax:

- [06x]=160-250 Mi17a ;
- [6,]=200-350 Mmita .

OrnpezenseM HANPSHKEHUE PACTIKEHNUS:
P
op= ! , Mlla .
111.CP.
OHpeI[eJIHeM aMHJII/ITyI[y HaIIPAKCHUA B IINIOCKOCTHU X ceueHUusda H_IaTYHa:

_%x 7% v
w5 '

OmnpenenseM cpeHee HANPsYKEHUE B INIOCKOCTH X CEYEHMs IIaTyHa:

Cx +0Op
Ocpx = Mila.
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OHpCI{CJ’IHGM AMIUINTY QY HAIIPAKCHUA B IINIOCKOCTH Y ceueHud maTtyHa:

Oy —Op
G,=—"—, Mla.
2
OrnpenensieM cpeHee HaNPSKEHUE B IUIOCKOCTH ¥V CEYEHHUS IIaTyHa:
Oy +Op
Ocpy ==y Mila.
OmnpenensieM 3anac MPOYHOCTHU IIATYHA B INIOCKOCTH X
(¢
Ny = -1P
o
M+ 05 -OCPx
€
OnpenensieM 3anac NPOYHOCTH IIATYHA B INIOCKOCTHY !
o
ny = - -1pP ’
A+ o -ocpy
€
I7I€ O - KOO(PPUIMEHT NPUBEICHUS IUKIIA IPU PACTSHKEHUHM-COKATUN U 3aBUCAIIUN OT
marepuaia ( os =012 ); & - KOIPPHUIMEHT, YYUTHIBAIOIIMNA  BIHSHHE

TEXHOJIOrHYecKoro (akropa (00paboTKM MOBEpXHOCTH) (&5 =0,7 ); c1p - Hpeaen
BBIHOCJIMBOCTH MaTepuaja IpHu pacTsHKeHUU, Mila .
3amacel TPOYHOCTH Ny, M N, JJISA MIATYHOB HE JOJKHBI ObITH HIDKE 1,5-2,5.

6.4.3. PacueT KPUBOLIUITHOM FOJIOBKH IIATYHA

OCHOBHBIE KOHCTPYKTHUBHBIC pa3Mepbl KPHBOIIUIHOW TOJIOBKA IIaTyHa
ompenenstoTcs mo radmaure 6.7.
OmnpenernsieM CHITy, OTPBIBAIOILYIO KPBIIIKY HUKHEH TOJIOBKH IIIATyHA:

Pj Z_OJ)Z(.X.MAX 'R'[(mn My ) (A+A) +(myyy _mKP)]'lo_G’ MH,
riae m, - Macca MOPIIHEBOW TpymIbl, k2 ; m,, - Macca IATyHHOW TPYMIIkI,
COBEPIIAIOIIAS BO3BPATHO- MOCTYIIATEIbHOE JBUKECHUE, K2
my ., =(0,3-0,3)-my, ;
My« - MAcCa ATYHHOW TPYIIIIbI, COBEPIIAIOIIAS BPAIIATEILHOE IBUKEHUE, K2
My .= (0,7-0,8)-my;
M. - Macca KPbIIIKA KPUBOLIUITHOW I'OJIOBKH, K
M = (0,2-0,28) -m, ;
Oy v yax - YTIIOBASI CKOPOCTh MIPU MAKCUMAaJIbHOW YaCTOTE BPAILIEHUSI XOJIOCTOTO X014,

ct.

_ TNy x max
Oy xmax = 30 :

Tabnuua 6.7 — [TapameTpbl KPUBOIIUITHOM FOJIOBKH IIATyHA

Ne o

i Pa3Mepbl KpUBOIIKITHOM TOJIOBKA IMpenenbr ©3MEHEHUSI
1 JHuamerp maryHuoi meiku d; (0,56-0,75)-D
2 TosmuuHa CTEHKH BKJIAbImA 1,
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- TOHKOCTEHHOTO (0,03-0,05)-d,, ,;;
- TOJICTOCTEHHOTO 0,1-d .

PaccrosiHue MeXIy NIATYHHBIMU OOJITAME € (1,30-1,75)-d ;1
JInuHa KPUBOLIUITHOM TOJOBKH | ;- (0,45-0,95)-d; .

OHpC,ZIeJIHCM HaIIPAKCHUA n3ruda KPBIIIKW U BKJIaJbIIIA:

c =P | _0023c +0’4|,MHa,
It e
L+ )Wy ¢
g 1

r7ie C - PacCTOSHUE MEXIY OCAMHU IMIATYHHBIX OOJTOB, m; J; — MOMEHT WHEPLUU
pPacueTHOTO CeYCHHUs BKJIabIma, i
— 3
JB - IK 1,
J — MOMEHT UHEPIIUH PACUETHOTO CEUCHUS KPBITIKH, M
J = IK '(O,S'C - r1)3 ;
W,;; - MOMEHT COIIPOTUBJIEHUSI PACUETHOTO CEUECHMUS, M
| -(0,5-c—r)?
W3 =X 6 —;
IJie ri - BHYTPEHHUH paguyCc KpUBOIIUITHON TOJIOBKH, M
r=05(dy +2-t),
rne d,, , - AMaMeTp MIATyHHOM MEeHKH, m; t; - TONIIMHA CTeHKH BKJIAJBIIIA, M,
2

3

Fyp - IUIOIIAAb CEYEHUS KPBIIIKY C BKIAIBIIIEM, M
Fe =l -0,5-(c—d ).
JlonycTMOe 3HAaY€HHEe HANpPSKEHUsS U3MEHAETCS B peenax [o ,, |=100 —300
Mlla .

6.4.4. Pacyer maTyHHBIX 00JITOB
Cuuraercs, 4TO IMJIOTHOCTh CThIKA 00ECTICUNBACTCS YCIIOBUEM:
Pyp>P j
rae P, - CWja MHEPLWH, OTPBIBAIOIIAS KPBINKY, MH ; P, - CHJa NPEIBapUTEIbHON

3aTsDKKUA, MH .
OnpenensieM CUITy TPEABAPUTETLHON 3aTKKHU:
i

1P » MH

b
1€ iy - YMCIIO IATYHHBIX OOJITOB, ed.

OmnpenensieM BeIMUYMHY CyMMapHOU CUJIBbI, pacTsTUBarOLIE O0IT:
+_;%Bj_ |
b

rae y - K03 UIMEHT OCHOBHOW HAarpy3ku pe3pboBoro coenuuenus (y =0,15-0,25).
OmnpenensieM MakKCUMaIbHOE HAIMIPSDKEHUE B 0OJITE B CEYCHHUHU 110 BHYTPEHHEMY
IMaMeTpy:

P,=P,, MH ,
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4Py

o) =—0, Mlla,
MAX n_ng

rae dg - BHYTpCHHI/Iﬁ ANaMETPp p63L6LI oounrta, m
dy=d-14-t,
rae d - HOMUHAJIbHBIN ANaMCTp Oonra, m; t - mar p63L6LI, M.
OHpC,ZIeJIHeM MHHHUMAaJIbHOC HaIIPSXKCHHUC B OTOM K€ CCUCHHNU.
4-Ppp
m-d2’

OmnpenenseM aMIUTUTY 1y HAPSKEHUS:

Mlla .

Omin =

) -0
G, = X MIN_ Mg

2
OHpCIICJIHGM 3al1ac IMpoO4YHOCTH Oonra JJIA BI)I6paHHOI‘O MaTcpuaiia CTalln:

O p

K
ch-(i")+oc(F GCp
€

n=

rae K, - KoOQQUIMEHT KOHIICHTpauuu HanpsokeHuid (K, =3-6); ds - KOOPPHUIIHESHT
NPUBEACHUS IMKJIA TPU pacTsDKeHUH-cxKaTud ( o6 =017 ); &5 - KOI(PQHUIHMEHT,
YYHUTHIBAIOIIMI BIUSHUE TEXHOJIOTHUECKOTO (akTopa (00paboTKH MOBepXHOCTH),  (
€& =09); o_, - JONMYCTUMOE 3HAYCHUE HAIMPSDKCHUS YCTAIOCTH IPH PACTHKECHHH-

CHKaTHM T MaTepuaia 601ToB (c-1r =380 Mlla ).
3amnac IpOYHOCTH HE JOJDKEH OBITh HUXKE n=2,0-2,5.

7 PACYUET CUCTEM JIBUI'ATEJIA
7.1 Pacuer cucTeMbl CMAa3KH
Pacuer MmaciasiHOro Hacoca.

OnpenenﬂeM 0611166 KOJIMYECTBO TCI1JIa, OTBOAUMOI'O MAaCJIOM OT ABUTATCIIA:
ko
Qv =(0,02-0,3)-Q,, .

rme Q, - oOmee KONMMYECTBO TEIIOTHI, BBEACHHOM B JBHTaTelb C TOIIMBOM
Joic
c
OmnpenensieM 00beM Macia, HECOOXOAUMBIN /I OTBOJIa JAHHOTO KOJWYECTBa
TCIlJIA.

(ompenensercs Mo JaHHBIM TEIJIOBOTO OajaHca JIBUTATENs),

Qu M3

Vy=———"-—
Pwm-cy AT, ¢

Ke \.
rae pu - IWIOTHOCTH Macna (pw =900-940 —); ¢, - CPEAHSS TEIIOEMKOCTh Macia (
M

Cy = 2,094 &Zb]fz ); AT,, - TeMrepaTypa HarpeBa Macja B asurarene (AT, =10-15 k).
Ke -

Jliis ctabunu3anuu JaBjeHMs] Macja B CUCTEME JABUTATENs pacxo Macia
0OBIYHO YBEIMYMBAIOT B 2 pasa:
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V=2V, —

OHpC,ZIeJIHCM PaCUCTHYIO IIPOU3BOJUTCIBHOCTD HACOCA C YUYCTOM YTCUKH H

JIPYTUX HEN30€KHBIX MOTEPD:
3

! M
yve
My ¢
r7ie N1 - 00beMHBIH KO3 dunmeHT mogaun (ny =0,6-0,8).
IIpu pacueTe Hacoca MPUHUMAIOT, YTO 00BEM 3y0a IICCTEPHH paBeH 00bEMY
BIIAUHBI MEXKTY 3YObsSIMHU:
V=n-D,-h-b, »®,
rae D, - AuamMeTp HavaabHOW OKPY)KHOCTH IIECTEPHU, M
Do=Z-m,
IJIe Z — 9UCIIO 3yObeB MeCTepHH (Z =6-12),e0.; M — MOAYJIb 3aneruicHust (m=3-6),
MM,
h — BbIcoTa 3y06a (h=2-m), m;b — nuHa 3y0a, M.
OmpenensieM 4acTOTY BpAIIEHHUS IIECTEPHH HAcoca:

= MUH
H ! !
Tc .

M.
TZle u, - OKpYXHasi CKOpOCThb BparmieHusi mectepHu (u, =8-10 ~); D — nnamerp
c
BHEIIIHEN OKPY’KHOCTH IIECTEPHHU, M

D=m-(z+2).

OnpenensieM JUTMHY 3y0a IIIECTEPHH HACOCA:
60V,
2q-m2-Z-n,

OmnpenensieM MOIIHOCTbD, 3aTPa4lBacMyI0 Ha MPUBOJI MACITHOTO HAcoca:

V, -P
=————, kBm,
LIFVETS 10
rae ny y - Mexanndeckuit KITJ macnsaoro macoca (1, . =0,85-0,90); P - pabouee
JaBJICHUE Maclia B CHCTEME:
- P=0,3-0,5 MIla — nns OCH3WHOBBIX JBUTATCIICH;

- P=0,3-0,7 Mlla — 19 AU3ETEHU.

, M.

H

Pacuyer macjasiHOTO paauartropa.

OmnpenensieM TUIONIAb TOBEPXHOCTH paguaTopa, YyUYWTHIBas, YTO TIpH
MOCJIeI0BaTeIbHOM BKITFOUCHHH €T0 BCE TETIJI0, OTBOIMMOE MAacjIoM, Mepe1aeTcs uepes
paauaTop B OKPY’KaIOIIYIO CPELy:

Qu 2

' M,
KM '(tM.CP. _t303.cp_)

F, =
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Bm

M2 - 2pao

);

t, . - CPEIHSISI TEMIIEpaTypa Maciia B paaguatope (ty cp =75-85 °); tC L5 cp - CPEIHSIS

rne K,, - koadduuueHT Teruionepeaadu ot macia K Bo3ayxy (K,, =30-120

TEMIIEpaTypa MPOXOAIIIETo Bo3ayXa (t,,; ., =40-45°C).

7.2 Pacuer cucTeMbl OXJIAXKICHUA

OHpeI[eJ'IHeM IIomaab IMOBEPXHOCTU OXJIAKACHUA paararopa:
F QB 2

= M,
o K '(T)K‘CP. _TBom.CP.)

rae Q; - KOJMYECTBO TEIUIOThI, OTBOJMMOM JKHJIKOCTBIO OT JIBHTaTens (OepeTcs w3

VG
J@HHBIX TEIUIOBOTO Oanamca), —— ; K- KOOQ)HUIHCHT TeIIonepeaady Yepe3 CTCHKH
C

- 1715 JIETKOBBIX aBTOMOOMIEH, K =140-180

aguaTopa, ——
Paiatops, 7k

Bm
M 2epad’
Bm

M - 2pad’

- I TPY30BBIX aBTOMOOUIIEH, K =80-100

Tycp. - CPElHsA TeMIIEpaTypa KUAKOCTH B paguaTope, K ; Ty cp - CPEIHSA
TeMHepaTypa B03,£[yxa, HpOXO,Z[HIHGFO qepe3 pa,uI/IaTop, K.
OmnpenenseM KOJIHUECTBO KUIKOCTH, IPOXOISINEH Yepe3 paguaTop:
G,=__0  m,

p K Cx AT x C
L KZ .
I1e px — CPemHAS IUIOTHOCTh OXJNaKAAMOMIEH XuakocTH ( px =1000 — - AT BOJIbI);
M

AHC
Cx - CPEmHSASA TEIUIOEMKOCTh JKHUIKOCTH ( cy =4187 ﬂ—[( - s BOABL); AT, —
Ke -
TEMIIEPATYPHBIN MEpenajl KUAKOCTU MPU NPUHYIUTEIbHON LUPKYIISIIIUU B CUCTEME
oxnaxaeHust (AT, =6-12 K).
OnpenensieM MacCOBBIA PacXo] KUJIKOCTH, TPOXOAIICH YEPE3 paauaTop:
Ke
G;K = G}K PKy T
c
OnpenensieM KOJMYECTBO BO3AyXa, IPOXOAILIETO Yepe3 paauarop:

, _ QBOSﬂ Ke
BOY[ — — )
Cposy AT posy ¢

IO Qupy; - KOJIMYECTBO TEIIOTHI, OTBOAMMOM OT JBHrareiis M II€PENaBacMOe OT

Ao,
JKHJIKOCTH K BO3Iyxy (Q  =Q ), ;c - CpPeIHss TEIUIOEMKOCTb BO3/yXa (

BO3T B BO3/
c

e
ke K
ATBOB‘,ZI :20—30 K)

OmnpenensieM CpeAHIO TEMIIEPATYPY KUIKOCTU B paraTope:

Cpozy =1000 )i AT 35, - TEMIIEPATYPHBIN IIeperaj] BO3AyXa B peleTke paauaropa (
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T _ T)K.BX. + (T)K.BX. _AT)I()
JK.CP. — 2

!Kl

r7e Ty cp - TEMIIEPATYPA KUIKOCTH MPEA BXOAOM B paguatop (7, =353—368 K ).

OmnpenenseM CPeIHIO TEMIIEPATYPy OXJIAKIAIOIIEr0 BO3AyXa, MPOXOASIIEro
4yepe3 paauaTop:

T . TBOS’Z] Bx. T (TBOM BX. ATBoszJ )
B

- 1 Kl
03/] .CP. 2

TAC Typ3; 5y, - TEMIIEPATYPA BO3yXa NEPEN PAIUATOPOM (TBOM.BX_ =310-315K).
OmnpenensieM MOITHOCTh, HEOOXOUMYIO JIJIsl TPUBO/Ia BOASHOIO HAacoca:
_ Gy Px , kKBm ,
1000m M .y,
TJIe p, - HAIOp, CO3IaBaeMbIii HACOCOM CHUCTEMbI OXJIaxaeHus ( p, =0,06-0,10 Mila
); M, - tuapasiuaeckuii KIT/1 Hacoca (v, =0,6-0,7); 1, — Mmexanndeckuii KI1J] Hacoca

H

(m,=0,7-0,9);m, - koadpdunuent mogayn Hacoca (n, =0,8-0,9).
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8 O®OPMJIEHHUE KYPCOBOI'O IIPOEKTA

JlokymMeHTaIusi KypcoBOro IMpoekTa (paboThl) MOKHA BKJIOYATh B ceOs
MOSICHUTEBHYIO 9acTh 00beMoM 35-50 cTpanul] Tekcta hopmara A4, BEITOTHECHHYIO
MaITHHOTUCHBIM CIIOCO00M, U rpadUdIecKyro 4acTh - 2 mucta popmara Al.

OdopmieHre TOKyMEHTAIlUU MPOEKTa JOKHO COOTBETCTBOBATh TPEOOBAHUSIM

-T'OCT P 7.0.12-2011 Cucrema ctanaapToB 1o uHopmaiuu, Ou0IMoTeuHOMY
U u3JaTenbckoMy neny. bubmuorpaduueckas 3ammch. CokpallleHHE CIIOB U
CJIOBOCOYETAHMM HA PYyCCKOM si3bike. O01IHe TpeOoBaHUs U MpaBUIIA.

- T'OCT 2.316-2008 Enunas cucreMa KOHCTPYKTOPCKOM JIOKYMEHTAallUU
(ECKJl). IlpaBuiia HaHeceHUs HAANMKMCEH, TEXHUUYECKUX TpeOOBaHUWA M TaOIMI] Ha
rpaduyeckux JoKkyMeHTax. O0mue noaoxeHusl.

- I'OCT 7.32-2001 CUBHJI. OT4eT 0 HAy4YHO-HCCIECIOBATEILCKON padoTe.
CrpykTypa u npaBuia o(hOpMIICHHUS.

- 'OCT 2.105-95 Enunas cuctema koHCTpyKTOpcKoit nokymeHTannu (ECKJI).
OO6mue TpeOOBaHMS K TEKCTOBBIM IOKYMEHTaM.

- 'OCT 7.1-2003 CUBU /. bubnuorpaduyeckas 3anuch. budbnuorpaduyeckoe
onucanue. OOuwme TpeOoBaHUs U IpaBUila COCTABICHUS.

- 'OCT 2.301-68 Enunas cuctema koHCTpyKTOpcKOit nokymeHTannu (ECKJI).
®dopwmartsl (¢ Usmenennsmu N 1, 2, 3).

-T'OCT 7.82-2001 CUBU . bubnuorpadudeckas 3anuck. bubnunorpaduyeckoe
OTHCaHue IEKTPOHHBIX pecypcoB. OOmme TpeGoBaHus U MpaBUila COCTABICHUS.

- TOCT 7.9-95 (MCO 214-76) CUBU /. Pedepar u annoTarms. OOIme
TpeOOBaHMUS.

Heo6xomumpie pas3ieibl MOsICHUTEIbHON 3alUCKH:

1. TUTYNBHBIH JHCT.

2. 3ajlaHue Ha KypCcOBO€ ITPOEKTHUPOBAHHE.

3. Coneprkanue (OTJIaBlIEeHUE).

4. Beenenue - 1...2 ctp.

5. TernnoBoil pacuer ABUTATENs, pacyeT JaHHBIX U MOCTPOCHUE UHAMKATOPHBIX
auarpamwm - 7...10 ctp.

6. [IluHamudeckuii pacuer aBurarens - 3...5 cTp.

7. Dcku3 (cxema) BaJia M aHAJIM3 YPABHOBEIIEHHOCTH JIBUTATENS - 3...5 CTP.

8. Pacuer u mpoekTHpoBaHuUE AeTANICH ABUTATENS, ICKU3 IETAIH - S...7 CTP.

9. Pacuer cucrem asurarens (st KypcoBoi paOOThI JOIMOJIHU- TEIBHO 3CKHU3
CUCTEMBI) - 5...7 cTp.

BwiBogs! - 1...2 cTp.

Cnucok ucnonap30BaHHOM auTepaTypsl - 10...15 HanmeHoBaHMIA.

[Tpunoxenus (cnenupukanuy u T.1.).

ConeprxaHue JUCTOB rpaduuecKon 4acTu:

1. Pa3BepHyTas U cBepHyTasi MHAUKATOPHBIC IHAarpaMMbl, AuarpamMma ¢as
razopacnpe/eneHus, rpaduk nepeMenieHus, CKOpOCTH U YCKOPEHHsI MTOPIIHS.
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2. 'paduk neiCTBYIOMKX CHJI 1 MOMEHTOB, MOJISIpHAs AMarpaMMa Harpy30K Ha
HIATYHHYIO IIEHKY U AuarpaMma M3Hoca, paboumii 4epTex JeTalH.

3. IlpononbHBIA WM MONEPEYHBIH pa3pe3 ABUraTess (COrJacHO JaHHBIX
pacuera) - TOJIBKO JJIsl KypCOBOT'O MPOEKTA.
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9 3AIIUTA KYPCOBOI'O ITPOEKTA

BbImonmHEHHBI KYpPCOBOW MPOEKT WJIM KypcoBas padoTa MpEeACTaBIISIOTCS
CTYJICHTOM PYKOBOJIUTENIO B YCTAHOBIICHHBIC CPOKH JIJISI IIPOBEPKH, PEIICH3UPOBAHUS
M pelieHusi Bompoca O JOomycke K 3amute. [IpoBepeHHBIM NMPOEKT BO3BPAIIAIOTCS
CTYIICHTY I JOpaOOTKH, MCIPABJICHHS CHCIAHHBIX 3aMEYaHWH W TOATOTOBKH K
3aIuTe.

KypcoBoii ipoekT, BBHITIOJHEHHBI HEOPEKHO, HE B TIOJHOM O0OBEME WM TPHU
3HauuTeIbHOM (0ojee 25 %) HCHOIB30BAaHMM MATEPHAIOB APYTHX KYPCOBBIX
MIPOEKTOB, K 3alIUTE HE A0MycKaeTcs!

CTyneHT 3aluinaeT KypcoBOM MPOEKT Mepe] BEAYIIUM MpPEeroaaBaTeieM o
JaHHOW IUCIMIUTHHE. 3alluTa KypCOBOTO MPOEKTa OCYIIECTBISETCS TOJIBKO Mepes
PYKOBOJIUTEIICM.

[Ipu 3amuTe CTYAEHT JOJKEH:

1. CooOmuTh 11€1b, 33/1a41 U XO/1 BHIITOJTHEHHS KypCOBOTO IIPOEKTA.

2. KopoTko 1070KHUTh OCHOBHBIE ITApaMETPhl U KOHCTPYKTUBHBIE OCOOEHHOCTH
MIPOCKTUPOBAHHOTO JIBUTATEJIS.

3. YOoenuTtenprHO 000CHOBAThH MPABOTY MPUHATHIX PEIICHUNH U COOTBETCTBHUE UX
MOJTy4YeHHOMY 3a[aHHIO.

4. JlaTp dYeTKHME OTBETHI HA BOIPOCHI, KacarolIuecs MPOTEeKaHUs pabodmx
MPOIIECCOB, KMHEMATHKH, JUHAMUKHA, KOHCTPYKIIMU M pacyueTa JBUTATENs, a TaKkKe
MOTHBOB PEIICHUMN, IPUHITHIX B XOJI€ MPOECKTUPOBAHUS.

5. Cnenath BBIBOJIBI IO UTOTAM BBITIOJIHEHUSI KyPCOBOTO TIPOEKTA.

6. [locne 3ammThl MPOEKTa YEPTEKU U MOSACHUTENbHAS 3aliCcKa C TMOMETKOM
KOMUCCHUU 00 OLIEHKE CAAI0TCs Ha Kadeapy.
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Tabmuna I1.1 — TemmoemkocTu

dopMyITbI 17151 ONIPEIeTICHHS CPETHIX MOJIBHBIX TEITIOEMKOCTEH
Ne u OTJICNIbHBIX TA30B MPH [TOCTOSIHHOM 00bEME, s , TS
aMEHOBAHHUE rasa
n/m KMOJIb: 2paod
uHTepBana Temneparyp 15012800 °C
Azot N, nCy =21,951+0,001457 -t
Bonopon H»> quHz =19,678+0,001758 -t
Oxcun yraepoga CO uC,co = 22,490+ 0,001430 -t
g | Yrexmeneid o ras UC.co =39,123+0,003349 -t
CO, 2
5 Bopsnoii map H20 HCo= 26,670+0,004438 -t

Tabnuua I1.2 — Cpeanue MoJsipHbIE TEIJIOEMKOCTH MPOJAYKTOB CrOpaHus OCH3UHA

Temneparypa CpeHsist MOJISIpHAst TEIJIOEMKOCTD ITPOYKTOB CrOPaHUS, i :
KMOJIb- 2pao
oé OCH3MHA TIPH O
0,70/ 0,75{080|085|09 |095|100|105]| 110 1,15 | 1,20 1,25
5168 | 21,78 | 21,88 | 21,96 | 22.04 | 2211 22.18| 22.12 | 22,06 | 22,01 | 21.69 | 2101
0 3 6| 0| 6| 6| 9| 7] 3|5 1] 21]e%s
00| 2100|2203 2214 2225 22.35| 22.44| 2253 | 2205 | 2238 | 22.32| 22,06 | 2221
> | 1| 9| 71 6| 8| 3| 7| 8| 51| 6| 6
, 52 14| 22.00 | 22.43 | 22.55 | 22.67| 22.78 | 22.88 | 22.79 | 22.72 | 22.65 | 2258 | 22.52
00 o | 2| 1| 9| 6| 4| 5] 6| 2| 0] a/| 3
52 44| 2261 22.77 | 22.92 | 73.05 | 23.17 | 23.29| 73.00 | 73,11 | 73,03 | 22.96 | 22.89
300 5 | 8| 6 | 1| 5| 3| 3] 0ol 5| 6| 4/ 8
oo | 22.77| 22,95 | 23,14 23.30| 2345 | 2358| 23,71 | 23,61 | 23,52 | 2343 | 2336 23,28
71 8| 3| 3] ol 6| 2] 3|1 7] 0]l 9
5313 23.34| 2353 | 23.70 | 23.86 | 24.01| 24.15| 24.04 | 23.94 | 23.85 | 23.77| 23.70
500 8 | 5| 4| 7| 7| 4| o] 5| 8| 9| 7| 2
co0 | 2350 | 23,72 23,92 | 2411 24,28 24.44| 24,58 | 24T | 2437 | 2428 | 2419 2411
71 71 9| 3| 4|0 6] 5| 3| 0] 3| 4
5388 | 2411 | 2432 | 24,52 | 24.70 | 24.86 | 25.02 | 24.90 | 24.79 | 24.70 | 24.61 | 24.52
700 2 | 5 | 8| 3| 28| 1|5 | 8] 0ol 0] 7
co0 | 2228|2449 | 2471|2491 2510 25728| 25,44 | 25,31 25,20 2510 2501 | 24,32
9 | 3| 5| 9| 70| 1] 9| 8| 6] 2]|:s
oo0 | 22,60 | 24.86| 25,09 | 2530 2550 2568 25,84 25,72 | 25,60 | 2549 | 2540 25,30
8 | 1| 2| a4 ol o| 7] 0ol 4| 8] 0]l 9
2494 2521 | 25,44 | 25,66 | 25.87| 26,05 26.22| 26,00 | 25.97 | 25.86 | 25.76 | 25.67
1000 9 | 1| 9| 8| o 6| 9| 8| 7| 7] 6/ 2
5527 2554 | 25.79 | 26,01 | 2622 | 26.41| 26,59 | 26.45 | 26,33 | 26.21 | 26,11 26,01
1100 6 | 5 | 1| 6 | 4| 5| 3| 7| 3| 9| 4| 6
1200 | 25:59| 2586 26,11| 26,34 | 26,56 | 26,75 | 26,04 | 26,80 26,67 | 26,55 | 26,44 | 26,34
o| 6| 8| 9| 28| 0] ol 2| 4] 6]l s
5588 | 26.16 | 26,42 | 26,66 | 26.87| 27.08 | 27.26| 27,12 | 26,98 | 26,86 | 26.75 | 26.65
1300 71 8| 6| 2| 9| of 5| 1] 9] 8| 7| 3
La00 | 2600|2645 | 26,71 26.95| 27,18 | 27,38 | 27,57| 2742| 21,29 27,16 | 27,05 | 26,94
9 | 6 | 9| 9| o 5| 4] 6| 1| 6] 1|5
Lo00 | 253 2672 26,99 2724 2746 27,67| 27,86 21,71 | 2157 | 27,44 | 27,33 | 21,22
6 | 8| 5| 0| 5| 3| 6| 4|5/ 7] 0]l 1
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26,68 | 26,98 | 27,25 | 27,50 | 27,72 | 27,94 | 28,13 | 27,98 | 27,83 | 27,70 | 27,58 | 27,47

1600 5 | 2 | 3| 1| 9| 1| 6| 1| 6| 8] 8/ 7
700 | 2692|2722 | 27,49 | 2775 | 27,98| 2819 | 28,39 | 28,23 | 28,09 | 27,95 27,83 | 21,72
4 | 5 | 9| 1| 3| 7| 5| 6| 1] 8] 5| 2
lso0 | 2714 2745| 21,72 | 27,98 | 28,21 | 28,43 | 28,63| 2847 | 28,32 | 28,18| 28,06 | 27,94
701 | s | 3| 8| 4| al| 3| 4| 8| 3| s
looo | 2735 | 27.66| 27,94 | 28,20 28,44 28,66 | 28,83 | 28,69 | 28,54 | 28,40 28,28 | 28,16
9 | 7| 8| 5| 2| 1| 6| 8| 8| 9| 2| a
2000 | 2755 2787 28,15 | 28,41 | 28,65| 2887 29,07 | 28,91 | 28,75 | 26,61| 28,48 | 28,36
9 | 0| 3| 3| 2| 3|8l ol 7|6/ 7|7
2100 | 2775 28.06| 28,35 | 28,61| 28,85 | 29,07 | 29,28| 2911 | 28,05 | 28,81 | 28,68 | 28,56
> |5 | 1| 3| 4| 7| 3| 3| 8| 5| 4| 2
2o00 | 27:93| 28.25| 2853 | 28,80 | 29.04 | 29,27 | 29.47| 2930 | 29,14 29,00 28,87 | 28,74
5 | 1] 9| 3| 6| 0| 8| 6| 8| 4] 0| 7
2200 | 28.10| 28.42| 2871 | 28,97| 29,22 | 29,44 29.65| 29,48 | 29,32 | 29,17 | 29,04 | 28,91
4 | 2 | 2 1 8| 3| 9| 8| al| al| 7| 2|7
oa00 | 28:26 | 28,58| 2887 | 29,14| 2939 | 20,62 | 29,83| 2965 | 20,49 | 29,34 | 29,20 | 29,08
8 | 8 | o | 7| a | 1| 2| 5| 4| 5] 9] 2
o500 | 2842 | 28.74] 2903 | 29,30| 2955 | 29,78 29,99 | 29,81 | 29,65 | 29,50 | 29,36 | 29,23
> | a4 | 7 | 5| 3| 2| 3| 5| 22| 4] s
2600 | 2857 | 2889 29,18 | 29.45 | 29,70| 2993 | 30,14 | 29,06 | 29,80 | 29,65 29,51 | 29,38
o | 2| 71| 8| 6| 6| 9] 9| al| 3| 3| a
2700 | 28.71| 29.03| 29,33 | 29.60| 29,85 | 30,08| 30,29| 30,11 | 29,95 29,79 | 29,65 | 29,52
1| 6| 2| 4| 4| 5| 8|6 0| 7| 7|7
Jg00 | 2884 2917 29,47| 29,74 | 29.99| 30,22 | 30,44 | 30,25 30,00 | 29,93 | 29,79 | 29,66
71 3| 0| 3| 4|6 | o 7| 0| 6| 4| 3

Tabnuua 1.3 — Cpennue MoJIIpHBIE TETIOEMKOCTH TTPOIYKTOB CTOPaHUS AU3ETHHOTO

TOIIJINBA
K/
TeMl'IepaTypa Cpe,[[HSISI MOJ‘ISIpHaSI TCIINIOEMKOCTDb HpOﬂyKTOB CFOpaHI/Iﬂ, ,
KMOJIb: 2pao
o’C OeH3MHa Ipu O
10 | 11 112 | 13 [ 14 115116 1 18 1 201 22 1 241 26
. 2218 | 22,06 | 21,95 | 21,87 | 21.79] 21,72 | 21.67| 21,57 | 21,49 | 21.42| 21,37 | 2132
4| 1] 8| o | 4| 8| o] 2] 3| 8] 24| s
oo | 2254|2239 2227 | 2216 2207| 21,99 | 21,92 2181 21,71 | 21,64| 2157 | 2151
5 | 8| 5| 9| 8| 9| 9| 21 71| 0] 4] 9
o0 | 2290 | 22.7A| 22,60 | 2248 | 2237 22,28| 22.21] 22,07 21,97 21,88 21,80 21,7
s | 2| 2 21 9l 9| o] 7| 0| 2] 8|5
2332 | 23,14 | 22,98 | 22.85 | 22.74] 22.64 | 22.56| 22,41 | 22.30 | 22.20] 22.12 | 22.05
300 4| 2 9| 8| 5| 70| 5| o0/l 2] 1] 2
oo | 2375 2355 23,39 | 23,24 23,12| 23,02 | 22,93| 22,77 | 22,64 | 22,54| 22,85 | 22,38
o | 4| o) 9| 8| 2| o 4| 8| 4| 7| 4
2419 23.98 | 23,61 | 23.66 | 23.53| 23,42 | 23.32| 23.15| 23,02 | 22.01| 22.82| 22.74
500 2 | 5 | 1| 2| 3| 1| 2] 7] 3| 4] 2| 3
coo | 2463 | 2441|2422 | 2407 2393| 2381 23,71 23,54 | 23,40 | 2328 2318 | 23,10
1| 3| 9| 3| 7| 9] 6| 1| 1] 5| 8] 6
oo | 2506 2484 | 24,64 | 2448 | 2434/ 2421 24.10| 2392 | 23,78 | 23,65 2355 | 2347
9 | o | 8| 4| 2| 8| 9| 7| 0| 9| 7| 1
5549 | 7525 | 75,05 | 24.87 | 24.73| 24.60 | 24.48| 24,29 | 24,14 | 24.01] 23,91 | 73.82
800 o | 1| 0| 9| 1| 2| 81| 8| 4| 8| 2| 2
2589 | 25.64 | 25,43 | 25.26 | 25.10| 24,97 | 24.85| 24.65 | 24,48 | 24.36| 24.25 | 24.16
900 6 | 8 | 9 | 1| 7| 3| 5| 7| 71| 6] 6] 2
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1000 26,27 | 26,02 | 25,80 | 25,62 | 25,46 | 25,32 | 25,19 | 24,99 | 24,82 | 24,69 | 24,57 | 24,48
8 1 4 0 0 1 9 3 8 2 8 1
1100 26,64 | 26,37 | 26,15 | 25,96 | 25,79 | 25,65 | 25,52 | 25,31 | 25,14 | 25,00 | 24,88 | 24,78
1 5 1 0 5 2 5 3 2 1 3 3
1200 26,98 | 26,71 | 26,48 | 26,28 | 26,11 | 25,96 | 25,83 | 25,61 | 25,44 | 25,29 | 25,17 | 25,07
7 3 2 6 6 7 7 8 2 6 5 1
1300 27,31 | 27,02 | 26,79 | 26,58 | 26,41 | 26,26 | 26,12 | 25,90 | 25,72 | 25,57 | 25,44 | 25,34
1 9 2 9 5 2 8 3 2 2 7 1
1400 27,61 | 27,32 | 27,08 | 26,87 | 26,69 | 26,54 | 26,40 | 26,17 | 25,98 | 25,83 | 25,70 | 25,59
8 8 5 7 8 1 4 3 6 3 5 6
1500 27,90 | 27,61 | 27,36 | 27,14 | 26,96 | 26,80 | 26,66 | 26,42 | 26,23 | 26,08 | 25,94 | 25,83
7 0 1 8 5 5 4 7 7 0 8 6
1600 28,17 | 27,87 | 27,61 | 27,40 | 27,21 | 27,04 | 26,90 | 26,66 | 26,46 | 26,30 | 26,17 | 26,05
5 3 8 0 2 9 5 3 8 8 3 9
1700 28,43 | 28,12 | 27,86 | 27,64 | 27,44 | 27,28 | 27,13 | 26,88 | 26,69 | 26,52 | 26,38 | 26,27
2 3 3 1 9 2 5 8 0 6 9 2
1800 28,66 | 28,35| 28,08 | 27,86 | 27,66 | 27,49 | 27,34 | 27,09 | 26,89 | 26,72 | 26,58 | 26,46
9 4 9 3 8 7 8 6 4 7 7 9
1900 28,89 | 28,57 | 28,30 | 28,07 | 27,87 | 27,70 | 27,55 | 27,29 | 27,09 | 26,92 | 26,78 | 26,65
5 5 5 6 7 4 2 6 0 1 1 8
2000 29,10 | 28,78 | 28,50 | 28,27 | 28,07 | 27,89 | 27,74 | 27,48 | 27,27 | 27,10 | 26,95 | 26,83
7 2 5 5 3 8 3 3 4 2 8 5
2100 29,31 | 28,98 | 28,70 | 28,46 | 28,26 | 28,08 | 27,92 | 27,66 | 27,45 | 27,27 | 27,13 | 27,00
0 0 3 6 2 3 6 3 1 6 0 5
2200 29,50 | 29,16 | 28,88 | 28,64 | 28,44 | 28,26 | 28,10 | 27,83 | 27,61 | 27,44 | 27,29 | 27,16
3 9 8 8 1 0 1 4 9 2 4 8
2300 29,68 | 29,34 | 29,05 | 28,81 | 28,60 | 28,42 | 28,26 | 27,99 | 27,77 | 27,59 | 27,44 | 27,31
0 2 7 5 5 2 1 1 4 5 4 7
2400 29,85| 29,51 | 29,22 | 28,97 | 28,76 | 28,58 | 28,47 | 28,14 | 27,92 | 27,74 | 27,59 | 27,46
1 0 2 6 4 0 1 4 4 3 1 2
2500 30,01 | 29,66 | 29,37 | 29,12 | 28,91 | 28,72 | 28,56 | 28,28 | 28,06 | 27,88 | 27,72 | 27,59
1 6 5 7 3 6 2 6 4 1 8 8
2600 30,16 | 29,81 | 29,52 | 29,27 | 29,05 | 28,86 | 28,70 | 28,42 | 28,19 | 28,01 | 27,86 | 27,72
4 6 3 2 6 8 2 4 9 5 0 9
2700 30,31 29,96 | 29,66 | 29,41 | 29,19 | 29,00 | 28,83 | 28,55 | 28,33 | 28,14 | 27,98 | 27,85
1 0 4 2 4 4 7 7 1 4 8 6
2800 30,45| 30,09 | 29,79 | 29,54 | 29,32 | 29,13 | 28,96 | 28,68 | 28,45 | 28,26 | 28,11 | 27,97
1 7 9 6 6 5 6 4 6 9 1 8
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Tabnuma I1.4 — [Ipenensl n3MeHEeHUs TapaMeTPOB pabOYEro LMKIA U OCHOBHBIX

nokasareneil paboTsl ABUraTeNeH

Tun gBurarens

Ne Hamverosarne Juzens 6e3 Jwnzens ¢ . | C BOpbICKOM
/T rnapamerpa — HAZUTYBOM KapOroparopHsrii OB
1 P,, Mlla 0,075-0,092 - 0,075-0,090 -
2 T,, K 310-350 320-340 340-390 320-370
3 AT 100 —4Q° —50 4100 0% —20°
4 Yr 0,02-0,05 0,04-0,10
5 Ny 0,8-0,94 0,8-0,97 0,7-0,9 0,8-0,96
6 P., Mlla 3,5-5,50 - 0,9-2,0 1,0-2,5
7 T., K 700-900 - 600-800 -
8 P, , Mlla 5,0-12,0 - 3,5-7,5
9 Py, Mlla - - 3,0-6,5
10 7,, K 1800-2300 - 2400-3100
11 Py, Mlla 0,25-0,5 0,35-0,60
12 T,, K 1000-1200 1200-1700
13 P, Mlla 0,7-1,1 1o 2,2 0,6-1,4
14 uf 0,4-0,5 0,3-0,4 0,35-0,45
15 9. i 170-210 210-275 180-230
KBm -y
16 Num 0,7-0,82 0,8-0,9 0,75-0,92
17 P, Mlla 0,65-0,85 1o 2,0 0,6-1,1 no 1,3
18 Ne 0,28-0,35 0,35-0,42 0,25-0,38
19 gE’ ‘ 220-235 230-310 200-290
KBm -u
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Tabauna I1.5 - 3nauenns (1- cose) + %1 -(1-c0S2¢) Tpu pasIUUHBIX 3HAYECHHUAX A

3Hauenus (1- COSQ) + L -(1-cos2¢p) mpu A
¢ 4 ¢
0,24 0,25 0,26 0,27 0,28 0,29 0,30 0,31
0 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 360
10 0,0188 | 0,0190 | 0,0191 | 0,0193 | 0,0194 | 0,0196 | 0,0197 | 0,0199 | 350
20 0,0743 | 0,0749 | 0,0755 | 0,0761 | 0,0767 | 0,0773 | 0,0779 | 0,0784 | 340
30 0,1640 | 0,1653 | 0,1665 | 0,1678 | 0,1690 | 0,1703 | 0,1715 | 0,1728 | 330
40 0,2836 | 0,2857 | 0,2877 | 0,2898 | 0,2918 | 0,2939 | 0,2960 | 0,2980 | 320
50 0,4276 | 0,4306 | 0,4335 | 0,4364 | 0,4394 | 0,4423 | 0,4452 | 0,4482 | 310
60 0,5900 | 0,5938 | 0,5975 | 0,6013 | 0,6050 | 0,6088 | 0,6125 | 0,6163 | 300
70 0,7640 | 0,7684 | 0,7728 | 0,7772 | 0,7816 | 0,7860 | 0,7905 | 0,7949 | 290
80 0,9428 | 0,9476 | 0,9525 | 0,9573 | 0,9600 | 0,9670 | 0,9719 | 0,9767 | 280
90 1,1200 | 1,1250 | 1,1300 | 1,1355 | 1,1400 | 1,1450 | 1,1500 | 1,1550 | 270
100 | 1,2900 | 1,2948 | 1,2997 | 1,3045 | 1,3094 | 1,3142 | 1,3191 | 1,3239 | 260
110 | 1,4480 | 1,4524 | 1,4568 | 1,4612 | 1,4656 | 1,4700 | 1,4745 | 1,4789 | 250
120 | 1,5900 | 1,5938 | 1,5975 | 1,6013 | 1,6050 | 1,6088 | 1,6125 | 1,6163 | 240
130 | 1,7132 | 1,7162 | 1,7191 | 1,7220 | 1,7250 | 1,7279 | 1,7308 | 1,7338 | 230
140 | 1,8156 | 1,8177 | 1,8197 | 1,8218 | 1,8238 | 1,8259 | 1,8280 | 1,8300 | 220
150 | 1,8960 | 1,8973 | 1,8985 | 1,8000 | 1,9010 | 1,9023 | 1,9035 | 1,9048 | 210
160 | 1,9537 | 1,9543 | 1,4549 | 1,9555 | 19561 | 1,9567 | 1,9573 | 1,9578 | 200
170 | 1,9884 | 1,9886 | 1,9887 | 1,9889 | 1,9890 | 1,9892 | 1,9893 | 1,9895 | 190
180 | 2,0000 | 2,0000 | 2,0000 | 2,0000 | 2,0000 | 2,0000 | 2,0000 | 2,0000 | 180
Ta6muma I1.6 — 3navenns (sing + LZ SiN20) npy pazTwaHBX 3HATEHHIX A
) Y
3Havenus (SINQ + ~ -SiN 29) npu A
¢ | 3nax 2 3Hak | @
0,24 0,25 0,26 0,27 0,28 0,29 0,30 0,31
0 + | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000| - | 360
10 + | 0,2146 | 0,2164 | 0,2181 | 0,2198 | 0,2215 | 0,2232 | 0,2240 | 0,2266 | - | 350
20 + 10,4191 | 0,4224 | 0,4256 | 0,4288 | 0,4320 | 0,4352 | 0,4384 | 0,4416 | - | 340
30 + |0,6039 | 0,6083 | 0,6126 | 0,6169 | 0,6212 | 0,6256 | 0,6299 | 0,6342 | - | 330
40 + |0,7610 | 0,7659 | 0,7708 | 0,7757 | 0,7807 | 0,7856 | 0,7905 | 0,7954 | - | 320
50 + |0,8842 | 0,8891 | 0,8940 | 0,8989 | 0,9039 | 0,9088 | 0,9137 | 0,9186 | - | 310
60 + |0,9699 | 0,9743 | 0,9786 | 0,9829 | 0,9872 | 0,9916 | 0,9959 | 1,0002 | - | 300
70 + |1,0168 | 1,0201 | 1,0233 | 1,0265 | 1,0297 | 1,0329 | 1,0361 | 1,0393 | - | 290
80 + 11,0258 | 1,0276 | 1,0293 | 1,0310 | 1,0327 | 1,0344 | 1,0361 | 1,0378 | - | 280
90 + | 1,0000 | 1,0000 | 1,0000 | 1,0000 | 1,0000 | 1,0000 | 1,0000 | 1,0000 | - | 270
100 | + |0,9438 | 0,9420 | 0,9403 | 0,9386 | 0,9369 | 0,9352 | 0,9335 | 0,9300| - | 260
110| + |0,8626 | 0,8593 | 0,8561 | 0,8529 | 0,8497 | 0,8465 | 0,8433 | 0,8401 | - | 250
120 | + |0,7621 |0,7577 | 0,7534 | 0,7491 | 0,7448 | 0,7404 | 0,7361 | 0,7318 | - | 240
130| + |0,6478|0,6429 | 0,6380 | 0,6331 | 0,6281 | 0,6232 | 0,6183 | 0,6134 | - | 230
140 | + |0,5246 | 0,5197 | 0,5148 | 0,5099 | 0,5049 | 0,5000 | 0,4951 | 0,4902 | - | 220
150 | + |0,3961 |0,3917 | 0,3874 | 0,3831 | 0,3788 | 0,3744 | 0,3701 | 0,3658 | - | 210
160 | + |0,2649 | 0,2616 | 0,2581 | 0,2552 | 0,2520 | 0,2488 | 0,2456 | 0,2424 | - | 200
170 | + |0,1326 | 0,1308 | 0,1291 | 0,1274 | 0,1257 | 0,1240 | 0,1223 | 0,1206 | - | 190
180 | + | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000| - | 180
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Ta6muna I1.7 — 3nauenus (COSQ + A - COS2() NMpH pa3IUYHBIX 3HAYCHHUAX A

3uaueHus (COSQ + A - COS2¢p) mpu A
| HaK T 025 1 026 | 027 | 028 | 029 | 030 | 031 | >ra<| ?
0 | + |1,2400|1,2500 | 1,2500 | 1,2700 | 1,2800 | 1,2900 | 1,3000 | 1,3100 | + | 360
10 | + |1,2103|1,2197 | 1,2197 | 1,2385 | 1,2479 | 1,2573 | 1,2667 | 1,2761 | + | 350
20 | + |1,1235|1,1312 |1,1312 | 1,1465 | 1,1542 | 1,1618 | 1,1695 | 1,1772 | + | 340
30 | + |0,9860|0,9910 | 0,9910 | 1,0010 | 1,0060 | 1,0110 | 1,0160 | 1,2100 | + | 330
40 | + |0,8077|0,8094 | 0,8094 | 0,8129 | 0,8146 | 0,8163 | 0,8181 | 0,8198 | + | 320
50 | + |0,6011 | 0,5994 | 0,5994 | 0,5959 | 0,5942 | 0,5925 | 0,5907 | 0,5890 | + | 310
60 | + |0,3800|0,3750 | 0,3700 | 0,3650 | 0,3600 | 0,3550 | 0,3500 | 0,3450 | + | 300
70 | + |0,1582|0,1505 | 0,1505 | 0,1352 | 0,1275 | 0,1199 | 0,1122 | 0,1045 | + | 290
80 | - |0,0519 | 0,0613 | 0,0613 | 0,0801 | 0,0895 | 0,0989 | 0,1083 | 0,1177 | - | 280
90 | - |0,2400 | 0,2500 | 0,2500 | 0,2700 | 0,2800 | 0,2900 | 0,3000 | 0,3100 | - | 270
100 | - |0,3991 | 0,4085 | 0,4085 | 0,4273 | 0,4367 | 0,4461 | 0.4555 | 04649 | - | 260
110 | - | 0,5258 | 0,5335 | 0,5335 | 0,5488 | 0,5565 | 0,5641 | 05718 | 05795 | - | 250
120 | - 10,6200 | 0,6250 | 0,6250 | 0,6350 | 0,6400 | 0,6450 | 0,6500 | 0,6550 | - | 240
130 | - |0,6845 | 0,6862 | 0,6862 | 0,6897 | 0,6914 | 0,6931 | 0,6949 | 0,6966 | - | 230
140 | - | 0,7243 10,7226 | 0,7226 | 0,7191 | 0,7174 | 0,7157 | 0,7139 | 0,7122 | - | 220
150 | - | 0,7460 | 0,7410 | 0,7410 | 0,7310 | 0,7260 | 0,7210 | 0,7160 | 0,7110 | - | 210
160 | - | 0,7559 | 0,7482 | 0,7482 | 0,7329 | 0,7252 | 0,7176 | 0,7099 | 0,7022 | - | 200
170 | - | 0,7593 | 0,7499 | 0,7499 | 0,7311 | 0,7217 | 0,7123 | 0,7029 | 0,6935 | - | 190
180 | - |0,7600 | 0,7500 | 0,7500 | 0,7300 | 0,7200 | 0,7100 | 0,7000 | 0,6900 | - | 180
Ta6auma I1.8 — tge npu pasnuunbx 3HaUeHHAX A
3Hauenus (g ) mpu A

| MK T 025 1 026 | 027 | 028 | 029 | 030 | 031 | >ra| ?
0 | + |0,0000|0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | - | 360
10 | + | 0,042 | 0,043 | 0,045 | 0,047 | 0,049 | 0,050 | 0,052 | 0,054 | - | 350
20 | + | 0082 | 0,086 | 0,089 | 0,093 | 0,096 | 0,100 | 0,103 | 0,106 | - | 340
30 | + | 0121 | 0126 | 0,131 | 0,136 | 0,141 | 0,146 | 0,151 | 0,156 | - | 330
40 | + | 0156 | 0,162 | 0,169 | 0,176 | 0,182 | 0,189 | 0,196 | 0,202 | - | 320
50 | + | 0,186 | 0,194 | 0,202 | 0,210 | 0,218 | 0,226 | 0,234 | 0,243 | - | 310
60 | + | 0211 | 0,220 | 0,230 | 0,239 | 0,248 | 0,257 | 0,267 | 0,276 | - | 300
70 | + | 0230 | 0210 | 0,250 | 0,260 | 0,270 | 0,280 | 0,291 | 0,301 | - | 290
80 | + | 0241 | 0252 | 0,263 | 0,273 | 0,284 | 0,295 | 0,306 | 0,316 | - | 280
90 | + | 0,245 | 0,256 | 0,267 | 0,278 | 0,289 | 0,300 | 0,311 | 0,322 | - | 270
100 | + | 0,241 | 0,252 | 0,263 | 0,273 | 0,284 | 0,290 | 0,306 | 0,316 | - | 260
110 | + | 0,230 | 0,240 | 0,250 | 0,260 | 0,270 | 0,280 | 0,291 | 0,301 | - | 250
120 + | 0,211 | 0,220 | 0,230 | 0,239 | 0,248 | 0,257 | 0,267 | 0,276 | - | 240
130| + | 0,119 | 0,194 | 0,202 | 0,210 | 0,218 | 0,226 | 0,234 | 0,243 | - | 230
140 | + | 0,156 | 0,162 | 0,169 | 0,176 | 0,182 | 0,189 | 0,196 | 0,202 | - | 220
150 | + | 0,121 | 0,126 | 0,131 | 0,136 | 0,141 | 0,146 | 0,151 | 0,000 | - | 210
160 | + | 0,082 | 0,086 | 0,089 | 0,093 | 0,096 | 0,100 | 0,103 | 0,106 | - | 200
170 | + | 0,042 | 0,043 | 0,045 | 0,047 | 0,049 | 0,050 | 0,052 | 0,054 | - | 190
180 | + |0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | - | 180
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Ta6muma [1.9 - — TPH PasIHYHBIX 3HAYCHUAX A
cosf3
1
3HaYeHUsA — [pH A
¢ 3HaK cosf3 3Hak | ¢
024 | 025 | 0,26 | 0,27 | 0,28 | 0,29 | 0,30 | 0,31
0 + 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | + | 360
10 + 1,001 | 1,001 | 1,001 | 1,001 | 1,001 | 1,001 | 1,001 | 1,001 | + | 350
20 + 1,003 | 1,004 | 1,004 | 1,004 | 1,005 | 1,005 | 1,005 | 1,006 | + | 340
30 + 1,007 | 1,008 | 1,009 | 1,009 | 1,010 | 1,011 | 1,011 | 1,012 | + | 330
40 + 1,012 | 1,013 | 1,014 | 1,015 | 1,016 | 1,018 | 1,019 | 1,020 | + | 320
50 + 1,017 | 1,019 | 1,020 | 1,022 | 1,024 | 1,025 | 1,027 | 1,029 | + | 310
60 + 1,022 | 1,024 | 1,026 | 1,028 | 1,030 | 1,032 | 1,032 | 1,035 | + | 300
70 + 1,026 | 1,028 | 1,031 | 1,033 | 1,036 | 1,039 | 1,041 | 1,044 | + |290
80 + 1,029 | 1,031 | 1,034 | 1,037 | 1,040 | 1,043 | 1,046 | 1,049 | + | 280
90 + 1,030 | 1,032 | 1,035 | 1,038 | 1,041 | 1,044 | 1,047 | 1,050 | + | 270
100 + 1,029 | 1,031 | 1,034 | 1,037 | 1,040 | 1,043 | 1,046 | 1,049 | + | 260
110 + 1,026 | 1,020 | 1,031 | 1,033 | 1,036 | 1,039 | 1,041 | 1,044 | + | 250
120 + 1,022 | 1,024 | 1,026 | 1,028 | 1,030 | 1,032 | 1,035 | 1,037 | + | 240
130 + 1,017 | 1,019 | 1,020 | 1,022 | 1,024 | 1,025 | 1,027 | 1,029 | + |230
140 + 1,012 | 1,013 | 1,014 | 1,015 | 1,016 | 1,018 | 1,019 | 1,020 | + |220
150 + 1,007 | 1,008 | 1,009 | 1,009 | 1,010 | 1,011 | 1,011 | 1,012 | + |210
160 + 1,003 | 1,004 | 1,004 | 1,004 | 1,005 | 1,005 | 1,005 | 1,006 | + | 200
170 + 1,001 | 1,001 | 1,001 | 1,001 | 1,001 | 1,001 | 1,001 | 1,001 | + | 190
180 + 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | + | 180
Ta6mmma I1.10 — COSCOSE ) IIPU PA3ITMYHBIX 3HAYCHUSAX A
3HayeHus coste+B) npu A
¢ 3Hak cosf3 3Hak | ¢
024 | 025 | 0,26 | 0,27 | 0,28 | 0,29 | 0,30 | 0,31
0 + 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | + | 360
10 + 0,978 | 0,977 | 0,977 | 0,977 | 0,976 | 0,976 | 0,975 | 0,975 | + | 350
20 + 0,912 | 0,910 | 0,909 | 0,908 | 0,907 | 0,906 | 0,905 | 0,903 | + | 340
30 + 0,806 | 0,803 | 0,801 | 0,798 | 0,795 | 0,793 | 0,790 | 0,788 | + | 330
40 + 0,666 | 0,662 | 0,657 | 0,653 | 0,649 | 0,645 | 0,640 | 0,636 | + | 320
50 + 0,500 | 0,494 | 0,488 | 0,482 | 0,476 | 0,469 | 0,463 | 0,457 | + | 310
60 + 0,317 | 0,309 | 0,301 | 0,293 | 0,285 | 0,277 | 0,269 | 0,261 | + | 300
70 + 0,126 | 0,117 | 0,207 | 0,098 | 0,088 | 0,078 | 0,069 | 0,059 | + | 290
80 - 0,064 | 0,075 | 0,085 | 0,095 | 0,106 | 0,117 | 0,127 | 0,138 - | 280
90 - 0,245 | 0,256 | 0,267 | 0,278 | 0,289 | 0,300 | 0,311 | 0,322 - | 270
100 - 0,411 | 0,422 | 0,432 | 0,443 | 0,453 | 0,494 | 0,475 | 0,485 - | 260
110 - 0,558 | 0,568 | 0,577 | 0,586 | 0,596 | 0,606 | 0,615 | 0,625 - | 250
120 - 0,683 | 0,691 | 0,699 | 0,707 | 0,715 | 0,723 | 0,731 | 0,739 - | 240
130 - 0,785 | 0,792 | 0,798 | 0,804 | 0,810 | 0,816 | 0,822 | 0,829 - 1230
140 - 0,866 | 0,870 | 0,870 | 0,879 | 0,883 | 0,887 | 0,892 | 0,896 - | 220
150 - 0,926 | 0,929 | 0,931 | 0,934 | 0,937 | 0,939 | 0,942 | 0,944 - | 210
160 - 0,968 | 0,969 | 0,970 | 0,971 | 0,973 | 0,974 | 0,975 | 0,976 - | 200
170 - 0,992 | 0,992 | 0,993 | 0,993 | 0,993 | 0,994 | 0,994 | 0,994 - | 190
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[180] - [ 1,000 | 1,000 [ 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | - |180 |

Tabmmma I1.11 — 3nauenus %ﬁ) IPH Pa3IMYHBIX 3HAYEHUAX A
3HavyeHus stnte + 1) npu A
¢ 3HaK cosf SHak | ¢
0,24 0,25 0,26 | 0,27 0,28 0,29 0,30 0,31

0 + | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000| - | 360
10 + 0,215 | 0,216 | 0,218 | 0,220 | 0,221 | 0,223 | 0,225 | 0,227 - |1 350
20 + 0,419 | 0,423 | 0,426 | 0,429 | 0,432 | 0,436 | 0,439 | 0,442 - | 340
30 + 0,605 | 0,609 | 0,613 | 0,618 | 0,622 | 0,627 | 0,631 | 0,636 - 1330
40 + 0,762 | 0,767 | 0,772 | 0,777 | 0,782 | 0,788 | 0,793 | 0,798 - 1320
50 + 0,886 | 0,891 | 0,896 | 0,901 | 0,906 | 0,912 | 0,917 | 0,922 - | 310
60 + 0,972 | 0,976 | 0,981 | 0,985 | 0,990 | 0,995 | 0,900 | 1,004 - 1300
70 + 1,018 | 1,022 | 1,025 | 1,029 | 1,032 | 1,035 | 1,039 | 1,043 - 1290
80 + 1,027 | 1,029 | 1,030 | 1,032 | 1,034 | 1,036 | 1,038 | 1,040 - | 280
90 + 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 - | 270
100 | + 0,943 | 0,941 | 0,939 | 0,937 | 0,936 | 0,934 | 0,932 | 0,930 - | 260
110 | + 0,861 | 0,858 | 0,854 | 0,851 | 0,847 | 0,844 | 0,840 | 0,837 - | 250
120 | + 0,760 | 0,756 | 0,751 | 0,747 | 0,742 | 0,737 | 0,733 | 0,728 - | 240
130 | + 0,646 | 0,641 | 0,636 | 0,631 | 0,626 | 0,620 | 0,615 | 0,610 - 1230
140 | + 0,524 | 0,519 | 0,513 | 0,508 | 0,503 | 0,498 | 0,493 | 0,488 - 220
150 | + 0,395 | 0,391 | 0,387 | 0,382 | 0,378 | 0,373 | 0,369 | 0,360 - | 210
160 | + 0,265 | 0,261 | 0,258 | 0,255 | 0,252 | 0,248 | 0,245 | 0,242 - | 200
170 | + 0,133 | 0,131 | 0,129 | 0,127 | 0,126 | 0,124 | 0,122 | 0,121 - 1190
180 | + | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | - | 180
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Pucynoxk I1.1 - CBepHyTas ”HAMKATOpHAs AUarpamMma JIBUTaTels
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Pucynok I1.5 - Jluarpamma yCKOpeHUs HOPIIHSA
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Beinyck

Pucynok I1.6 - JInarpamma (a3 razopacnpeniesieHus: 1 cxema CHil,
nectByromux B KIIIM
1 — oTKpBITHE BITyCKHOTO KJIallaHa; 2 — 3aKphITHE BITyCKHOTO KIIANaHa;
3 — OTKpBITHE BBIITYCKHOTO KJanaHa; 4 — 3aKpbITHE BBIITYCKHOI'O KJIalaHa

| [
Pucynok I1.7 - Cxema cui, nevictsyromux B KIIIM
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NuazpamMma a3
zasopacnpedeneHus

Bunyox
Bycx

HMT

1-omxkpumue BNyYckHO20 KAGNAHO,
2 BnyckHozo K
3-omxkpumue BHNYCKHOZO KAGNGHA
L-3axpumue BuNyckHOZO KAGnaHa

Cxema cun, detcmbywwux 6 KLWM
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Pucynoxk I1.8 - Conepxanue 1 nucta rpadudeckoit yactu
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[Tpunoxenue 1

3aBeayronieMy Kapeapoi TpaHCIIOPTHO-
AHEPreTHUECKUX cucteM YeOoKcapCcKoro
uHcTUTyTa (prsinana) MOCKOBCKOTO
MOJIUTEXHUYIECKOTO YHUBEPCHUTETA

CTyJIEHTa
rpynmna TeN.

3asBJICHHUC.

[Iporry 3akpenuTh 3a MHOU TEMY KypCOBOM pabOThI
« »

110 AUCIHHUIIIINHE
« ».
u HA3HAYUTDH PYKOBOAUTCIICM
CryaeHt / /

(Tomnuch) (®UO crynenra) (mata)
PykxoBoaurenb / /

(monuce) (®UO pykoBoaUTENS) (mara)
3aBenyromiuii kaheapoit N /

(monuck) (®UO 3aB. kapenpoit) (mata)
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[Tpunoxxenue 2

MUHHUCTEPCTBO OBPA30OBAHUSI 1 HAYKH
POCCHUMCKOMU ®EJIEPAIINN

®Ir'AOY BO «MOCKOBCKHI MOJJUTEXHUYECKA YHUBEPCUTET»
YEBOKCAPCKUM UHCTUTYT (PUJTHA)

Kadenpa « TpancnopTHO-TeXHOI0THYECKHE MALIHHbD)

KYPCOBAS PABOTA
10 JUCUMIIUHE
«CuitoBble arperatrbi»

Beimonnun: crygenrt 1 kypca

(®.1.0.)
O4YHOM / 3204HON (HOpMBI OOYUEHUS
CHEIMAIbHOCTD
y4. mudp

KOHT. TeJie(oH

ITposepun:

Yeookcapsi 20
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[Tpunoxenue 3

OT3bIB PYKOBOJIUTEJIA
Ha KypCOBYIO padoTty
CryneHTt

Kadgenpa tpaHcrIoOpTHO-?)HEPreTUYECKUE CUCTEMBI
23.05.01. HazemMHblIe TPAHCIIOPTHO-TEXHOJIOTHYeCKHE cpeacTBa (MpoduiIb KABTOMOOKIN H
TPAKTOPbD»)
HaumeHnoBaHue TeMbl:
PykoBoaurensn:

1. AKTyaJIbHOCTH TeMBbI KypCOBOii padoThI

2. CooTBETCTBHE MOJYYECHHBIX PE3yJbTaTOB 3asABJICHHBIM LEJIAM H 3a1la4YaM

3. XapaKTepMCTmca HCIIOJIB30BAaHUSA B paﬁoTe HCCJIECA0BATECIBCKOI0 HHCTPYMECHTAP U (aHaJmsa,
CHHTE3a, CTATHCTHKO-MATEMATHYECKOMH METOJ0JI0I'HH, IMTAKETOB MPUKJIAAHBIX IPOrpaMM H T.H.)

4. CTeneHb cCaMOCTOSITEIbHOCTH NPH PadoTe HAI KYpcOBOii padoToii (caMOCTOSITETbHOCTH
U3JI0KEeHUsI U 00001eHHsI MATEPHAJIAa, CAMOCTOSATEIbHASI HHTEPNPETANHS MOJTyYeHHbIX
Pe3yJIbTaTOB, 000CHOBAHHOCTH BHIBO/I0B)

5. Ouenka opopmiieHus1 padboThbl B COOTBETCTBHH € TPeOOBAHUSIMH, COAEPKAINMMUCS B
MeTtoauvecKuX yKa3aHUsIX 10 BbINOJHEHUIO KYPCcOBOii pa0oThl (MIpoeKTa), pa3padoTaHHBIX U
yTBep:KIAeHHBIX Kadeapon

6. 3ameuaHus 110 NOATOTOBKE M BBINOJHEHUIO KYPCOBO padoThl

7. KypcoBasi paboTa COOTBETCTBYET (He COOTBETCTBYET) TPeOOBAHUSAM, NPEABABISIEMbIM K
KYPCOBBIM (padoTaM NpoeKTaM) U MOKeT ObITh (He MOKeT ObITh) PEKOMEH/I0BAaHA K 3alluTe

8. Ouenka

«_» 20 T (moanuch pyKOBOIUTEIS) ®UO pykoBoauTens
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