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Y4ebHoe nocobue coCTaBMEHO B COOTBETCTBUM C Y4YeBHOI npo-
rpammont kypca «lmapaenuka U rugponHesMonpusoa». B noco6um npu-
BeAeHbl UCXOAHbIe AaHHble, coaepxkaHue KypcoBoi paboThl U nocrego-
BaTeNIbHOCTL €€ BbINOMHEHUs. Takke M3MOXeHbl OCHOBHbIE TeopeTuYe-
CK1E NOMOXEHNSA 1 METO/bl NMPOEKTUPOBOYHbIX PACYETOB MMAPONPUBOAA.
lNpvBeaeHo onucanune paboTbl rugpocuUcTeMbl U eé anemeHToB. Uafo-
XeHbl TpeGoBaHMA Kk 0POPMIIEHUI0 pacyETHO-NOSCHUTENLHOI 3anmecku.
MpuBeaeHb! cnpaBoYHble faHHbIE U NPUMEPBI pacyeTos. B OCHOBY pac-
4eTa rMApaBNYeckon CUCTEMbI aBTOMOMPY3YMKa MOMOKEHO METOAUYe-
Ckoe ykasaHwe K KypcoBow paborte no aucuunnuHe "Tuapasnuueckue
MalwmHbl 1 rugponpusog” (asTopel H.A. Kynewosa, B.®. llep6akos,
E.A. flkoBeHko), koTopoe yTBEPXAEHO 3aBEAYIOLLIMM kacbegpon "Tnapo-
npueoA 1 rupponHesmoasTomaTuka" A.FO. [lomoraposbiM 24 fekabps
2001 r.

MocoBue npeaHasHayeHo AMsi BLINOMHEHUS KypPCOBOW paboTbl no
AvcuunnnHe "lvapasnvka v ruapPONHEBMOMPUBOA" CTyAeHTamy, oby-
YaLWUMMUCA NO HanpaBneHUaM:

651400 (150200) «MaLumHoCTpOUTENbHbIE TEXHOMOMAN W obopypno-
BaHue» cnewwmanbHocte 170600 (150205) «OBopynosaHue U TeXHOmO-
M5 NOBBILLEHNSA N3HOCOCTOMKOCTM U BOCCTaHOBMEHUE AeTanei MalnH u
annapaTtoBy;

653200 (190200) «TpaHcnopTHble MalMHbl U TPAHCMOPTHLIE Tex-
Honoruyeckne komnnekcel» cneumansHoct 150300 (190202) «MHoro-
UENeBble ryCeHnYHble UM KonecHble MawwmHbl» u 150600 (190204)
«CpeacTsa aspofpOMHO-TEXHNYECKOTO OBEeCcriedeHuUss MoneToB aBua-
Unuy.,

© MockoBcKMit aBTOMOBUNBHO-AOPOXKHbIA UHCTUATYT
(rocynapCTBeHHbIt TEXHUYECKUi yHuBepcuTeT), 2008
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BBegenue

BunouHbie norpysuuku (puc. 1) nonywmnu wupokoe pacnpocTpaHe-
HWE ANA TPaHCNOPTUPOBKM rPY30B Ha CKMafax pasnunyHoil NPoAyKUUN, B
HUEXax NpeanpusaTuin, Npu CTPOUTENBHO-MOHTaXHbIX paBoTax.

NerkocTs B ynpaBnenuu, HagexHocTb B 3KCnnyatauuu, Bblcokas
FPY30MOABEMHOCTb, YCTORYMBOCTb, MaHEBPEHHOCTL U [OCTaToYHO Bbli-
cokas CKOpOCTb NoABLEMa-OnyckaHWs rpy3os XapakTepusyT BCce TuMbl
norpyayumKos.

Puc.1. O6wwit Bug norpysumka

Morpysunkn npusogstcs B ABmxeHue nuGo anekTpogBUraTenem,
paboTaloLymm oT akkymynstopa, nubo aeuraTenem BHyTpeHHero cropa-
HUA. [Ins nogbéma-onyckaHus FPY30B UCMOMb3YIOT 06bEMHBINA ruapo-
npueog,.

MauTa norpysumnka, nokasaHHas Ha PUC. 2, COCTOWUT U3 KapeTku 1,
NOABWXHON paMbl 2, HENOABUNKHOIA pambl 3, nonucnacTa 4. KapeTka, ko-
TOpas CryXuT MeCcToM aAns rpysa, npuKkpennseTcs uenbto 5 yepes nonu-
CNacT Kk HenoaBWXHOW pame, ssnsAOWERCcs Hanpasnswowen Ans noa-
BMKHOW pambl. MogewkHas pama emecTe ¢ nonucnactom nepemetlaer-
CA MIYHXEPHBLIM ruapouunuHapom 6. MopobHoe npucoegnmHeHne kaper-
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K1 NO3BOMAET YBENUYUTL €€ nepemellieHre B Ba pasa No CpaBHEHUIO C
nepeMeLLeHneM NnyHxepa.

Puc.2. Cxema y3nos rpy3sonogbeMHOro MexaHnama rnorpysyuka:
a — rpysonogbeMHuk, 6 — cxema nogbema KapeTku U ruapouunuHapoB HakioHa; 1 —
KapeTka; 2- HemoaBWXHas pama; 3- nofABWXHas pama; 4- nonucnact; 5- uUenwu; 6-
TMAPOUMIVHAP NogbEMA; 7- ’MAPOLUMAWMHAPL! HAKTOoHA

Ons yono6cTsa pasrpysku U NpegoxpaHeHus rpysa oT najeHust Bo
BPEMS TPaHCMOPTUPOBKW MayTa Mnorpyaquka MoxeT BbiTb HaknoHeHa Ha
yron o. OT BEPTUKANBHOTO MOMOXeHUst B 06e CTOpOoHbI. HaknoH mayThl
OCyLLecTBNAETCS ABYMS TMAPOUMIMHAPAMU 7 ABYCTOPOHHEro AeiCTBUS
C OAHOCTOPOHHUMMU LUTOKaMMU.

Mpu BbINOMHEHWUM KypcoBO paboTbl CTYAEHTbI U3Y4aroT KOHCTPYK-
LMo MOrpy34yuka, BbINOMHSAIOT CUOBOW pacyeT paboyero obopygoBaHus,
COCTaBMAOT U PaCCYATLIBAIOT IMAPABMMYECKY0 CXEMY CUCTEMbI, BbIOU-
pasi Ha OCHOBE NPOBELEHHOro pacyeTa Tunopasmepsl rapoobopyaosa-
HUs 1 onpeaensst kodadhdULMEHT MonesHoro aeicTens paspaboraHHoR
CUCTEMbI.

W

1. UCXOOHbLIE JAHHLIE MO KYPCOBOW PABOTE
BapuaHTbl UCXOAHLIX AaHHbIX MO KypcoBon paboTe

2 1Grp [Ge [Gop [Gup [Vp [V |H [N [K Joz o |B Praon
nn

kH kH [kH |kH |M/c |m/c |Mm |M |m |rpaa. |rpaa.| rpag .| MMNa
1 110 {4 |07 |15 |01 [01 [18[05]12]5 5 15 125
2 {20 |5 |07 |14 {011]015[22|05[13]5 4 15 [125
3 |30 6 |08 |12 [012]012[16]/05]|14]5 3 20 |10
4 140 |7 |08 (16 [013]014]22{06/|15]|6 4 20 |10
S [50 |4 |09 (15 /014 |01 [15]/06]|14]6 3 25 |16
6 132 |5 |09 [17 |015|012]2 |06]13]8 5 25 |16
7 |36 (6 |10 |19 |0,16 |0,14]|18|06[12]8 5 30 |20
8 |42 17 |10 (21 ]02 [01 [12]04]11]7 4 30 |20
9 [46 |4 |11 [2.0 [01 |01 |14]04]09](7 3 25 125
10 {15 |5 |1.1 |19 [0,15 (0,12[15[/05]09]5 3 25 |10
11122 |6 |08 |18 |0,14 [014[14]06]0,8]5 4 20 |16
12 |45 {7 |07 |20 |03 [011]15][07]08]6 5 20 |20
13 150 |4 09 {22 |012 [012]|16][04[07]6 4 16 [ 125
14 {55 |5 |11 |20 |0o11 ({01 [12]05][07]7 5 16 [12.5
15125 |6 |12 |16 [01 |01 [12]05]11]7 5 18 |10
16 ({35 |7 |09 |18 |017 [011][18[06[12]8 4 18 |10
17 145 |4 108 |19 [0,18 |0,13|22]06]13 8 4 20 |6.3
18 |18 |5 [0.7 [2.1 {011 /014 [18]03[09](9 5 25 125
19 128 |6 {11 2.0 [0,12 |0,12|1,2][0,4]08]9 g 15 |10
20 |32 |7 12 |18 |013 [0,11[18]04[07[5 3 15 |16
21140 (4 |09 |19 |014 [012]15][05[11]5 3 22 |20
22 |50 |5 |11 (2.0 |01 [012]2 [o6(12]6 3 22¢ 132
23 120 14 [12 |21 [011[011[15][03[1 |6 4 20 |20

G — Bec rpy3a; G, — Bec kapeTkut; Gq, — BEC NOLBUKHON pamsl; G, —
BEC HenoABKHOW pambl; Vr, — CkopocTb noabéma rpysa; V, — CKopocTs
nepeMeLleHns WToka UMnuHapa HaknoHa, H — MakcumarbHas BbicoTa
noAbEMA rpysa; K — paccTosHUe OT OrMopbl 40 LITOKA LMAMHAPE HaKmo-
Ha; N — paccTofHWe OT UEHTpa TAXECTW rpysa 4O pambl, o — MaKc-
MaribHbli yron HakroHa MayTbl C rpy3oM Brepen; op — MaKCUMAarbHbIi
YroJl HakrnoHa MauyThl C rpy3oM Hasag, B - yron Mexgy ocbio ruapouu-
NWHAPOB, 06ecneYnBaloLLMX HaKMOH MaYTbl, C FOPU3OHTAMbIO.

Cuny TpeHus R B HanpaBRsoLLmx NOABUXHON U HenoABWKHOV pa-
max npuHaTe 10% ot Gy,. KoadbuumneHT nonesHoro gencTens nonvucna-
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cTa Nne-=0,78. [laBneHne B cnueHom TpybonpoBoAe MPUHATL PaBHbIM

aTMOCHEPHOMY Pen= 0,1-10°Ma. PaBoyee naBneHve B cucTeme NPUHATD,

KaK yKa3aHo B 3aaHuu.

2. PABPABOTKA T’MOPABJTUYECKOW CXEMbI

Mpu paspaboTke rmapaBrMYECKOW CXeMbl CUCTEMbI HeoBXoauMo
y4ecTb, MOryT N1 onepauuy no NoAbLEMY rpy3a U HakrmoHa MayThl OCy-
LECTBNATLCA OHOBPEMEHHO UMK TOMbKO MocriefoBaTenbHo. CTyaeH-
TaMm NpefoCTaBNAETCS BO3MOXHOCTb CaMuUM 3a4aTh BUL LMKIOrpammbi
paboTbl ruapoasuratenei. Tawke HEOBXOAUMO WCKITIOUUTL CAMOMPOU3-
BO/bHO@ M3MEeHeHWe MOMoXeHus Aeuratens, obecneynsaroLllero nogb-
€M rpy3a, 3a cyeT yTeuek paboyeit XuakocT B pacnpegenutene. Bos-
MOXHO, HEOBXOANMO MPEeAYCMOTPETb CUHXPOHM3ALMIO CKOPOCTel nepe-
MelleHusa gBuratenen. MapouunuHap noagbémMa KapeTku OomKeH ObiThb
MAYHXePHbIM, OfHOCTOPOHHEro AencTBusA. HakroH paMbl ¢ KapeTkon
OCYLL|eCTBAETCS ABYMS MMAPOLMAMHAPAMU ABYCTOPOHHErO AeMCTBUS.

PekomeHayeTca nepep, Havyanom pacyeTa COCTaBIEHHYIO BamMu rug-
pocxemy cornacosath € nperogasaTenem.

MpuHUMNuanbHas rugpaBnuyeckas Cxema BblYepUMBAETCs B COOT-
BETCTBUN C TpeGosaHuaMuU EANMHOW cUCTEMbI KOHCTPYKTOPCKORA AOKY-
MeHTauumn Ha nuctke dopmata A3 B pamke ¢ 6oMbLUMM LUTAMMNOM U cre-
Lndurkaumen Hag WTamrnom.

Ha cxeme Bce anemeHTbl n3obpaxatoTcs B BUAE YCOBHBIX rpacu-
Yeckux oBo3HaYeHUn B MCXOLHOM MOMOXEHWWM, CM. npun. 7. Kaxablit
3NemMeHT [OoMMKeH UMEeTb nosuLluoHHoe BykseHHO-UMdpoBoe o6o3Have-
HWe, cMm. npur. 8. MNo3nNLMOHHbIE 0603HAYEHNST MPOCTABASIOTCA Ha CXeMe
PALOM C ycnoBHbIM rpacuyeckum obosHayeHem anementa. Mugpoan-
napaTbli HYMEPYIOT MO MOPALKY, HAYMHAA C eAMHULBI, KaK npaBumno, no
HamnpaeneHuio noToka paboyei xuagkocty (6ak, Hacoc U T.4.). Ecriv ecTb
HEeoBX0ANMOCTb HymepoBaTb MMAPONMHUM, TO UM MPUCBaWUBAIOTCS MO-
pAOKoBble HOMepa, KOTOopble MPOCTABMSAIOT NOcrne HOMEpOB rugpoanna-
paToB.
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Tabnuua cneundukaumm

Ne Mos. | HanmeHoBarve Kon- | Mpumeyarue |
n/n o6o3HayeHne BO ‘
10 20 110 10
185

—>

Mepsblit cTonbey — Homep no nopsagky. Crnieaytowuin ctonbey «noa.
obo3HaueHne» - No3MLMOHHOE 0603HaYeHe rugpoannapara, Hanpumep
P1, P2,H, ®. 3aTem «HanmeHoBaHue - HaumeHoBaHWe rugpoannapara
B COOTBETCTBMM C rocyAapCTBEHHBLIM CTaHAapTOM , KaTarorom. Harnpu-
Mep, pacnpegenutens -68-11A. MuweTcs HasBaHve annaparta u ero
™R no cnpasoyHuky. CTonbel, «KOM-BOY» - yKa3biBAeTC KOMMYECTBO
annapaToB AaHHOTO TUMa, «MpUMEYaHWe» - yKasbiBaTCs TEXHUYECKUe
XapakTepucTvkn aaHHoro annapara. Hanpumep, P=20Ma, Q=...n/MuH.

3. CUIOBOU PACYET NnPUBOJA

Ha puc. 3 npusesneHbl reomeTpuyeckme u cunosbie napamMeTpbl me-
XaHu3ma norpysyuka.

7/ /
14

Puc.3. Cxembi geitcTsus cun 8 MexaHuame HakroHa:

a - Mpu HaknoHe Bnepes U3 KpawHero nosioXeHus Hasag; 6 - NPpU HaKNoHe Ha3ag u3
KpawnHero nepegHero nonoxeHus

g
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Harpyska Ha rugpoumnuHap nogséma P,
. Z(Gep + Gn)

6n

P

1

+6, +R.

Mockonbky KapeTka NOAHUMAETCs 4Yepe3 MOMUCNACT, CKOpPOCTb
noabEéma kapetku ¢ rpysom Byaet B asa pasa Gonbliue CKOpPOCTU Nepe-
MeLeHus wroka V, =2V,.

v,
CKopocTb NepeMelleHus WToKa UMnuHapa nodbéma V=7". Ha-

rPy3Ka Ha LMNUHApPbl HaKNoHa Pz. [nuHbl NOABWKHOW M HEMOLBWXHOM

paMm cuuTaemM oAuHakoBbiMW H/2. [MopgBuxHasi pama MogHUMAETCA Ha
BENWUUHY H/2. LIeHTp TAXXeCTH paMbl HaxoguTCA nocepeauHe, T.e. H/4 .
LIeHTp TAXeCTU MakcuManbHO NOLHATON NOABUXHON pambl ByaeT
H H

—+—=0.75H.
2 4

CocTaBnsem ypaBHeHUs MOMEHTOB, CO3[laBaeMbIX MayTOi OTHOCU-
TeNbHO Onopbl Ans HauGonee HeGnaronpUATHLIX Criy4aes Mpw Makcu-
MaribHO NOAHATON KapeTke C rpysoM U MayTe, HakfoHEHHON B OAHO U3
KpanHUX NosoXeHNIA.

YpaBHeHVe MOMEHTOB Npu HaKMoHe MayThbl Hasag, cM. puc.2,6
-G, sina,0.25H - G, sina,0.75H - G,H - sina, - G, (Hsina, - ncosa, )+
+P,k-cos(B+a,)=0.

M3 ypaBHEHNsi MOMEHTOB HaxOAWUM CUMy Harpy3ku Ha LMMUHAPLI Ha-
KIOHa MPU HaKroHe Hasap

- (0.25G,, +0.75G,, +G,, + G, H - sina, -G, -n - cosa, '
o k-cos(B+a,)

Cuny Takoi BeNUUMHbl, HO NPOTUBOMOMOXHO HanpasneHHyto, Heob-

XOAMMO co3faTh nojadqeil AaBfeHUs B LUTOKOBYHO MOMOCTb LMMNUHAPOB

ANA yAepXaHWs MayThl C rpy3oMm.
YpaBHeHe MOMEHTOB MpU HaKMoHE MayThl Bepes, CM. puc.2,a
0,25HG, sina, +0.75HG, sina, + HG sina, - HG, sina, +
+n-G,cosa, —-P,k-cos(B+a,)=0.

Cuna Harpysku Ha LUnnuMHapbl HaknoHa npyu HaknoHe snepeq,

9

o (0.25G,, +0.75G,, +G, + G, )H - sina, +n- G,,cosa,
* k-cos(B+a,) ’
B nanbHedwem pacyete opueHTupoBaTbes Byfem Ha HanbonbLuyo
CuNy Harpysku, koTopyto gomxeH 6yaeTt npeoponesaTs paspabaTbiBae-
MbI NpuBog P,

2max *

l'locxom:xy MO 3afaHuo0 HaKoH MaYyTsl ocyulecTBnsaeTcs OBYMS Uu-
nuHgpamuy, Haﬁ,D,EHHyl'O cuny fenum nononam u 1UCcXo4s U3 aToro 3Have-
HUA B AanbHenlwem paccyuTbiBaem rTMApOUMNUHAOP HakroHa.

P2m5X
Yeunue Ha WToke ogHoro uMnuHOopa HaknoHa P, = —2mex
2

CkopocTb nepemeLyeHus LWToKa v,=V, .

4.PACYET UMNUHOPA MOOBLEMA rPy3A
AvameTtp uwnuHapa nogbéma Onpeaenum WUCXOAs W3 Toro, yTo
ABXYWas cuna, Heobxopumas Ans nogbéma rpysa, onpegensercs,
Kak cuna, paBHas NpousBeAeHUIO laBreHms Ha nnowags

pHOM .7T'D12
f=

rAe p,, — HOMWHasnbHoe, pabodyee AaBneHue B cucteme; D,- guametp
NNyHXEPHOTo UMNUHAPA; 1, - koathdULMEHT NonesHoro AeicTBus rma-
POABUraTEns MexaHn4ecknit (yunToiBaeT noTepy nasneHus s cucTeme,

TPEHWUE B MaHXeTaXx, yNroTHEHUsX LUTOKA). MpeaBapuUTensHO NpUHUMa-
€TCs B npegenax 1, =0,75...0,97

1
"'nau *Prow .

MonyyeHHoe 3HaveHue oKpyrnseTcs o 6nuxaiiero Gornblero
3HadeHus guameTtpa no FOCT 12447-80.

HuameTpbi nopwks D, mm: 10; 12; 16; 20; 25; 32; (36); 40; (45); 50;
(56); 63; (70); 80; (90); 100: (110); 125; (140); 160: (180); 200; (220);
250; (280); 320; (360); 400: (450); 500 ...

3HaveHus, ykazaHHble B ckoBKax, He SBMSTCS NpeanoYTUTENbHbI-

D, =

MU,



10
3HayeHus, ykasaHHble B ckobkax, He ABNAKTCA NPeanoyYTUTENbHbI-

MW.
Mocne BbiGopa pasmepa rno FOCT nonyyaem D, — UWNUHAP NIyH-

KEPHbINA, WTOKA HET. BHUMATENbHO M3YYnB KOHCTPYKLMIO NIYHXEPHOrO
UMAMHAPa Ha puc.4, HeobxoauMo noaobpaTh Mo U3BECTHOMY AUaMeTpy

HY>XHO€ KONn4yecTso MaHXeT, CM. Npust. 2.

4 2 3 ¢ s 6%3 9

437

12 L o

Puc.4 . MNnyrxepHbli rugpaenuyecknin uununap no OCT2 Kr28 -1 -79:

1 — raiika; 2 — nnyHxep; 3 — railka kpennewus uunuHapa; 4 — Hanpasnsowas eTyn-
ka; 5 — BTynka; 7 — 3awmTHoe konbUo; 6, 8, 9 — ynnoTHUTENbHble MamXeTbl; 10 —
kopnyc; 11, 12 — oTBepcTUA Ans oTBoAA yTeyek; 13 — oTBepcTue Ana nogsofa pabo-

Yen XKUAKOCTH

daKTUYecKoe yCunme Ha NnyHxXepe C yYeTOM CUI TPEHUS

- D?
in —Fmp

10 = pna.« 4

F;- cuna TpeHusa nokos

F5- cvna XnaKoCTHOro
TPeHUs

F3- cuna cyxoro TpeHus

1
Fmp=F1+F2+F3

F1 - cunow TpeHus nokos - npeHebperaem.

F2 - cuna »WAKOCTHOrO TPEHUsA (CUIbl CONPOTUBIIEHUS, NMPOMOPLIMO-
HanbHble CkOpocTU nepemelleHus), F, =K, -V,, roe K, - rpagueHt cun
XWAKOCTHOIO TpeHus, 3KCnepuMeHTanbHo
(K, =(0.15...0.2)10% H.c/m).

F3- cunbl ConpoTUBREHUs, HE 3aBUCSALUNE OT TPEHMSA F,=F-p-f,

onpegenseTcs

rae f, - KO3 PULIMEHT TPEHUA PE3UHbI MO CTanu f,=004.0,08,

mp

F - nnowaab koHTakTa (MaHXeTbl U yNroTHAEMOro 3neMeHTa), Ha
KOTOPYtO AaBUT AaBneHWe p.

Cuny cyxoro TpeHusi paccmaTpuBaem A8 Kaxgoi MaHXeTbi. Mpu-
HUMaem faasneHue, LedcTBylollee Ha nepBylo MaHxeTy, 3a 100%, Ha
BTOPYtO MaHxeTy - 3a 70%, Ha TpeTbto MaHxXeTy — 3a 20%.

Fy=1TP, fp -d,[b, +0.7b,+0.2b,],
raie  b- wnpuHa BbIGpaHHbIX BaMU MaHXeT, d,- AMaMeTp MaHXeT (ToT,
KOTOpbLIV TpeTes).

OnpepneneHne MexaHUYeckoro koaduLIMeHTa NONE3HOro AEHCTBUS

NNYHXEPHOro UnnnHapa 1,
N g =_4P1—¢z'

P10 D;
OBt koachULMEHT nonesHoro AelcTeus rmapouunuugpa noaséma
N

Nar = NaorMawiNare»

TA€ 140,- O6BEMHBIA KM ANS rApOLMAVHAPOB C MaHXETHBIM yrroTHe-
HUEM 14, =0,98...7, npeHebperas yTeukamu B rUAPOLIMAUHAPE MOXKHO
APUHATL 140, =1, Ny, - TAPaBANYeckuit KMO ruapounnuyapa, Moy =1.

OnpeaeneHue pacxona HeobxoauMoro anst obecneyeHus 3agaHHoM
CKOPOCTM nogbEéma rpysa npu BeIGpaHHOM ruapoumnuHape
_m, Vi
7 4 nﬂo1 .
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5. PACYET r’MAPOLMUNUHAPOB HAKITOHA
B aBTonOrpy3uMke MadTy HaKIoHAIOT Brepea Uu Hasaa Asa rmapo-

uunuHapa. MoaToMy cuna Harpyski Ha o4uH LMANHADP byoet —é—" Cuna

B 3aBMCMMOCTM OT yrna HakroHa GyAeT HanpasneHa B NpsAMOnpoTUBO-
MONOXHbIE CTOPOHbI, NOKa3aHHble Ha Cxemax.
MNpu HaknoHe Briepes

pcn PZB

pHOM

mD?
_28 < 2. .
pa3sMepbl LUMMHAPOB ONpedensioTes 13 ycrnosisa > < Prou 7 M

npuHumaem KN gsuratens Haknoxa MexaHuieckuin n,,, =0,95, Toraa

- 2P2B
- r’ﬂMpncM
Mpw HaknoHe Ha3af AaBneHue NofaeTCs B LUTOKOBYIO MonocTb.

Prow P2

28

N ‘gU

D}
S[pnau E(D: _d;,)_pcn ﬂ4- ]'nﬂM'

N

-

13

PacuyeT anameTpa WTOKa KOPOTKOXOAO0BbIX rMAPOLUMINHAPOB NPOU3-
BOOUTCA W3 YyCnoBuA MNPOYHOCTU €ro Ha COXaThe unu pactaxeHue

4P
d,> [”-], roe [o] - AmonyctUMoe HarmpskeHue ans  cTanm
m-lo

[o]=120-10° .
-~

BbiOvpaem cTaHgapTHbI AMaMeTp LUTOKa He MeHee pacyeTHOro
3HAYEHUSA U OfpefensaeM XenaeMbii AnaMeTp MopLUHS.
[nameTp NOpLUHS NpuW HaKIoHe MaYyThbl Hasag ByaeT paBeH

2P, +1-d°P, ol
DZH = :
- nﬂM(pncw - pcn)

K B 745 8L 7S (5N i 6
7
\
\
\ \
174 g & 7 /5 18 /0 (9
J |

H U=

Puc.5. TugpounnuHeap 4BYCTOPOHHErO AeiCTBUS
1 — noptueHsb; 2- runb3a; 3- WToK; 4- NepefHss NpoyLmHa; 5- 3agHas npoyLuuHa; 6-
BTYNKa CKOMbXEHUS; 7- MakxeTa; 8- MaHxeTogepxaresb; 9- KonbLO Kpyrmioro none-
peyHoro cevenus; 10-rpasecbémuuk; 11-konbuo Aemndepa; 12- kopnyc aemndepa;
13- 3agHAas Kpbilwka; 14- nepeaHss Kpbiwka; 15- koHTpraiika; 16- ctonopHas waiiba;
17- raiika; 18- Hanpsensowas; 19- kpbillKa rpa3ecbEMHUKa
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Mockosibky Hambonee HebGnaronpuUsATHLIA BapuaHT Harpysku Ha um-
NUHAOPLI NPU HaKIoHe Bnepes, MOXHO OnpeaeniTb AuameTpbl UMIUHA-

pOB HaKfoHa no dnopmyne
4P

22
Vpuou T r]aM
MakcumanbHbIii xog nopLuHs X npubnusutenbHO MOXHO onpege-

D,=

MUTb Yepes CUHYC COOTBETCTBYIOLLMX TPEYroMnbHUKOB
X =k(sina, + sina,).
Mmes xenaemble AnaMeTpbl LUTOKE, MOPLUHS W XO4 MOPLHSA, Bbi-
Bupaem cTaHgapTHbIE LMIMHAPL! HAKITOHA.
Y LUMAMHApa HakNoHa Ha MOpLUHE WMEIOTCS [4BE MaHXeTbl W Ha
LUTOKe - oAHa. MocMOTpUTE BHUMATENBHO Ha puc.5 1 onpeaenuTe, pas-
Mep D, ANA MaHKeTbl BHYTPEHHWA UNM HapyxHbid. Mocne aToro mo

npun. 2 nogbepuTte MarXxeTbl.
dPaKTU4Yeckoe ycunue Ha LUTOKe O4HOro rmapoUMIHAPA HakrnoHa

TTD: -p TT(D:—dZZ)_F

P2c> =p~ou 4 cn 4 mp *

OcHoBHble napameTpbl rmapounnuHgpos no OCT 2 22-2-73

AunameTp noplwHsa D, Mm

MapameTpbi 40 [ 50 | 63 | 70 | 80
Ovametp wroka d, Mm

MapameTpbl rugpounnuHapos

13

'D d, Xog nopuHs,

MM MM MM

32 |16 60 [80 100 {125 [160 |200
40 (20 |80 | 100 125|160 |200 [250
50 [25 100|125 160 1200 250 [320
60 |32 125|160  |200 [250 |320 |400
70 |36 160 ]200 1250 320 |400 |500
80 [40 160 1200 250 [320 1400 |500
90 [40 200 |250 [320 [400 [500 630
100 |50 200 1250 320 [400 |500 |630
110 [50 250 1320 400 [500 |630 |800
125 /60 1250 [320 400 500 630 1800
140 [70 320 /400 [500 [630 [800 1000
160 [80 329 400 [500 630 800 |1000
180 [80  [400 [500 [630 800 100 [4250
BJ 100 400 500 [630 [800 1100 [1250
220 |110 500 630|800 |1000 | 1250 1600

18 [16]22]20]28[32]22(32[20][36
HomuHaneHbI pacxog, |25 40 50 80
N/MWH
YTeyka macna He 6o- 10 12 16 18 I 20
nee,cM>/MuH

Cuna TpeHus F., onpegenseTcs kak CyMMa CUIT CYXOro W >uaKocT-

HOro TpeHus
Foo =K, -V, +F, +F,, +F,,,
rae  F,, — cuna cyxoro Tpehus MaHXeTbl, PacrnoroXeHHOW B NONocTU
HarHeTaHua Ha nopwHe; F,, — cuna CYyXOro TpeHWUs MaHXeTbl, pacriono-
XKEHHOW B MOSIOCTU HarHeTaHWst Ha LWTOKe; F,, — cuna cyxoro TpeHus
MaHXETbI, PacnonoXeHHO B NoNocTu cnuea Ha MopLUHe.
Fzr =7T'D2 'b21 *Priow 'fmp

Fzz =IT'd2 "Dz Py 'fmp
Fp=m-D, b, o o
rie b — wupuHa COOTBETCTBYIOLLEN MaHXETbI; fop = koacbpuLmeHT Tpe-
HWS pe3nHbl No ctann (f,,=0,04...0,08).

MexaHudeckuit koachduLMeHT nonearoro AedcTsna ruppouunuHapa
HakrnoHa




Nawe = TT-D: E

OBLMI KOIDPUUMEHT NONE3HOro AENCTBUR LMNMHAPa HaknoHa

Naz =MNgoz " Name " Narz v Nare ~1, Mo =0,98..17.

OnpepeneHve pacxofa B UWIMHAPE HaKnoHa.
m-D;
Pacxop pa6oyeit xuaKocTi Npu HakrnoHe Bnepes Q, =V, i

T(ne 42
Pacxopn pabouyeit xugKkocTu npy HakroHe Hasag Q, =V, Z(D2 d, )

W3 3TMX ABYX 3HadeHuit Q, U Q,, BbiGMpaeTcs Haubonbwni Qo max -
Pacxog, Heobxooumbivi Ans obecneveHus 3afaHHol CKOpOCTU nepeme-

WEeHUS ABYX LMNUHAPOB HaknoHa, Q, =2Q,,mu -

6. BblIBOP HACOCA AnA ruAPOCUCTEMbI
ECrv NpoeKTMPOBLUMK (CTYAEHT) pelumn obecneyunTb COBMELLEHNE
noabEéma KapeTkut 1 HakroHa MauTbl, To Tpebyemblit pacxon Q onpepe-
nsetcs no gopmyne Q=Q, +Q,.
Ecru onepauuy NPOBOAAT MOOYEPEAHO, T.€. UMK HAKIOHAT MadTy
U NoAHWMaloT KapeTky, TO pacxop B cucteme BbibupaeTcs no Gonb-

wemy sHaveHuo Q=Q, nn Q=Q,.

OnpepeneHue Heobxoaumoro pabodyero obbéma Hacoca

Q
n-Noy ’
rAe n- HoMUHanbHas YacToTa BpaLleHust MPUBOAHOrO Bana Hacoca, /o,
— o6bémHbin KNG (n,, =0,95...0,97).

Uucno obopoToB unu 4yacTota BpalleHus Bana Hacoca 06bI4HO

cTaHapTHas W y anekTpoasuratenei, u y gunaenei:. n=1500 o6/MuH
(n=25 06/c) nnn n=2000 ob/muH (n=33.3 ob/c).

qNaC =

17

Hacoc BbibupaeTcs no notoky paboyent xugkocTu, Heobxoaumomy
ANs oCyllecTBrIeHUs TpeGyemMOol CKOPOCTU ABWKEHUS ABuraTenein g

Hac ?

v BbliAEPXUBatOLLMA paBoTy Npu AaBriermnsx He MeHee p, ., (cM. npus. 3).
Mpu 3ToM 3anucbiBaeTCA kak Mofenb Hacoca, Tak U OCHOBHbIe xapakre-
pucTukm: paboumnii 06bEM; MakcuMarbHO [JOMYCTUMOE AaBneHue; YacTo-
Ta BpalleHus; KM o6bEMHBIA 1 NOAHLIA U T.4.

MNocrne nopbopa cTaHgapTHOro Hacoca uMeem pabounit 06bLEM
(q, cm*/06) BbibparHoro Hacoca. Tenepb, ecny HeoBxoauMo obecneynTs
VUMEHHO 3aflaHHYl0 CKOPOCTb MEPEeMELLEHNS UCNOMHUTENbHbIX ABUraTe-
nen, To onpegerseM 4ucro oGOpPOTOB (4acToTy BpalleHus) n, aToro
BbIBpaHHOro Hacoca, obecneumBaloLLero HyxHbli pacyeTHbIN pacxod Q,
_u

b -

PaccuutanHoe yncno o6opoTos obecneunsaeTcs N, penyKkTopoMm, KOTo-

n,

pbili CTaBuTCS MeXxay Ausenem n Hacocom.

7. BbIBOP MAPKU PABOYEM XUOKOCTHU
MapameTpbl HeKOTOPLIX PaBounX KMAKOCTEN, NPUMEHSEMbIX B rma-
ponpuBojax, npueeaeHsbl Hwke B Tabnuue, no KOTOPO MOXHO Noao6-

paTb paouylo XMAKOCTb, YAOBMNETBOPSAIOLLYI0 TEXHUYECKUM xapakTepu-
CTVKam.

MapameTpbl paboumnx xuakocTeit

Tun paboueit xmuakoctn | MNoTHOCTb Mogaynb KuHemaTnyeckas
p, kr/m®> | ynpyroctu | BaskocTb npu
E,MMa |50°C, v, wmm%c

WHaycTpuanbHble Mac-

na:
N-20A 901 1427 17-23
N-50A 901 1530 47-55
Mo6unbHoe

MIE-4A 830 1300 3,6-4
CuHTeTHYeckoe Macrno

7-50C-3 930 1070 10




8. PACYET rMﬂPOHMHMV\ '

B npviBoAE MOMYT npUMeHATbCA Ha pa3Hblx y4acTkax TpyObl U pas-
AYHBIX AMamMeTpoB, W OAHOTO. B nioBom crydae Heobxoanumo nogTeep-
[VTb PaCcYETOM, HTO Bbl6paHHbIf pasMep [nameTpa MoaxoauT.

VMeeTcsl ydacTok OT Hacoca no pacnpe,u.enmenem, no KOTopomy
[OSDKEH NpoTekaTb pacxoa Q. PaBouast dMAKOCTb Ha 3TOM y4yacTke BCe-
roa 6yaeT noa HOMMHaMbHbIM A@BIEHVEM. 370 - HanopHas rMAPONVHNUA.
oT pacnpep.enmeneﬁ pno Baka — cnveHas TUAPOSTUHUA. CuuTtaem, 4To
cnuBaeTcst CTONbKO Xe MUOKOCTH, CKONbKO npoTexaeT no HanopHoOMYy
TpyBonposoay, kak Hanbonee HebnaronpusTHLIA BapUaHT. OT pacnpe-
penuTenei Ao rMapOoLMNVHAPOB TpyBonposoab! paboTaloT Noo4EPEAHO,
To KaK HanopHble, TO KaK cnueHble. Hanbonee HeBnaronpUATHbIA Bapu-
aHT - npu pabore B peXume HanopHoro TpybonpoBoAa. Heobxoaumo
paccuuTaTb KaXKAbliA U3 ATUX YHACTKOB.

[lonycTumble CKOPOCTY TeyeHus pabodeit KnaKoCTA Mo Tpybam 3a-
BUCSIT OT HasHa4eHus TpybonpoBoAa.

[ins cnvuBHOTO TpybonposoAa Vaei=1,5... 2,0 mlc.

[onycTumas ckopocTb TeueHusi paboueit KNAKoCTH AN HanopHoro
TpybonpoBoAa onpegenaeTca B 3@BUCUMOCTU OT AaBneHus no npuee-

pexHon Tabnuue.

MpvMeM CKOPOCTb TeyeHus paboyeit KNaKkocT1 B HanopHom Tpy6o-

nposoge V, =... W B cnvBHOM TpybonpoBOAE Vien =+ -
. 4Q
BHYTPEHHI ANaMETP HaMopHoro tpyGonposoaa  drpy = .
\‘ m- VRH
. 4Q
BHyTPEHHMiA AMameTp CrMBHOMO TpyBonposoaa drpen = X
T -Viyen

Heobxoavmast TonwuHa CTeHKA TpyObl y HAMOPHOTO TpyBonpoBoaa

19

o pnom i dTPH

S =
TPH 2. [O’]
HeOGXOAMMaﬂ TOomMLrHa CTEHKN Y CInBHOTIO pr6onpoeop,a
s - Pcn 'drP.cn
TPCT T 1
2-[o]

roe [o] - monmycTMmoe HanpsbkeHne maTepuana Tpy6bl. CTanbHbie 6ec-
LIOBHBIe TPy6bI. [6]=120-10° HiM’.

] TonwmHa CTEHKU cTanbHOW BeclloBHON xonogHoaedopMupoBaH-
Hoi TpyBbl no FOCT 8734-75 BbibupaeTtcs us psaa: 0,3; 0,4; 0,5; 0,6;
0,8 1,0; 1,2; 1,4; 1,5, 1,6, 1,8, 2; 2.2, 2,5; 2.8; 3: 3,2: 3,5, 4, 45; 5,

MpuHnmaem cTaHaa
THYIO =
[ApPTHYIO TOMUMHY CTEHKU  Spoerrey = M

Srocrrpcn =

Y Tpy6 CTaHAapTU3yeTCs HapyXHbl ANaMeTp U TONLIMHA CTEHKM
NOo3TOMY Npu pacque ['IleXO,UMTCﬂ HEeCKOsIbKO pa3 nepquMTbIBaTb ogHO
N TO Xe.

OnpegferneHue HapyXHoro anameTpa TPY6 d,, =0y +2Srcrren

dH.cn = dTP.Cﬂ +2 S/’OCT.TP.CH -

MonyyeHHbIE B pesynbTaTe pacyeTa 3HajYeHns AnamMeTpos Tpy6 oK-
pyrasiTes fo Grinkaiero Gosbluero cTaHAapTHOro 3HaYEeHUSA.

HapyHblli guameTp cTanbHbIX GecLUOBHbIX xonoaHoaedopmMupo-
BaHHbIX Tpy6 BbIGUPaTL M3 paja: 7, 8: 9; 13; 14; 15; 16; 17, 18; 19; 21;
22: 23: 25; 26; 27, 28; 32; 34; 35, 36; 51: 53: 54; 56; 57; 60; 63; 65; 68;
70: 73; 75; 80; 83; 85..... MM.

Mo yTOYHEHHOMY rOCTUPOBaHHOMY AWMaMETPY BbIBpaHHbIx TPY6 on-
peaenseTcs BHyTPEHHUA AnameTp d, cTaHAapTHOI Tpy6bl. BHYyTPEHHWA
AviameTp CTaHAapTHoN TpyGbl Ha3biBaeTCA AUAMETPOM YCIMOBHOTO Mpo-
xoga.

d,=d

H =25 = -
. rocTH rocTTPH ! dyC/l drocren 2Srocren-
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9. NOOBOP FMD,POAI'IHAPATYPbl

Mmapoannapatypy cornacHo cOoCTaBMneHHoNn BaMn Cxeme nogbvpa-
joT Mo AuameTpy YCMOBHOMO MpoXoAa, yunTbiBas obecnedeHue HOM#U-
HanbHOro pacxofa v AaBfeHus. BbinucblBaeTCA Mofenb W OCHOBHbIE
TexHMYeckUe xapakTepucTukn anmnapata. pacxdp. macria, BHYTpeHHWe
yTeUKU, NoTepN AaBneHns, macca, CM. npwn. 456.

duRbTPLI BbIGUPAIOTCA B 3aBUCUMOCTU OT mecTa YCTaHOBKW W TOH-
KOCTW unbTpaLmn.

O6b&M Baka AOMMKEeH COOTBETCTBOBATL TPEeXMUHYTHON paboTte Ha-
coca W,, =3Q,.

10. PACYET NOTEPb JABNEHUA B rMAPONIMHUAX
Pacyem nomepb npouseodumcs napannenbHo 0ns Kaxdo20o
yyacmka 2udponuHui - omOdesnibHO Or1s1 HalnopHo20 mpy6onpoeoda
u omdenbHO Onsl C/IU8HO20 mpy6onpoeoda. [lanee npneeaeH nops-

[1OK pacyeTa OfiHON rAPONUHIM.

Q
CpenHsas CKOPOCTb TEYeHUs paBoueit xuakoctn V. = i

y

m-d?

rae F, =—4—L; 3pecb F, — BHYTPEHHARA nnowaap cedenns BbibpaH-

Horo Tpy6onpoBoaa; Q — pacxoa, KOTOPbI [OIDKEH MpoTeKaTs No pac-
cunTbiBaeMomy Tpybonposoay.

YenaTefbHO NPOBEPUTb, HE NPEBbLILLIAET N1 rMofyYyeHHoe 3Ha4eHne
pacuyeTHOW CKOPOCTN TEYEHUA paboyeil XuarocTy, AoMyCcTUMON NpUHS-
TOW BamMy paHee.

Onpepenerue yucrna PeiHonbAca ANA kaxgoro ydacTka TpyBonpo-
BOJOB

roe v - KuHemaTtudeckas BA3KOCTb paboueit XUaKoCTH.
KoapdvumeHT noTepb AasrneHns no AnvHe (koaddULMEHT conpo-
TuBMeHus Tpybonposoaa)

2]

A= —Gi npu Re(2300

Re
0.316
A= Re® npu Re)2300.
Mpu TypByneHTHbIX pexumax, korga Re > 4000 , A =0.02...0,04.
L, V:
MoTepw AaBneHus no AnvHe Al Kaxporo yyacTka Ap, =/\a—p?‘,

y
roe p- NNoTHOCTb pabouen KUAKOCTU.

MpyMeM AnnHY HamopHOro W CIMBHOTO TPYBONPOBOAOB OKOMO 20 ™,
Ly =10Mempos, L., =10mempos .

Tp.cn.
VZ
MoTepw Ha MeCTHble conpotuenenns  Ap, =3 ¢- p—2”‘—,

roe Y&- cymma BCex KO3(hULMEHTOB MECTHbIX COMPOTUBMEHWA Ha
paccYNTLIBAEMOM Y4acTKe.

KoadnLUUEHTEI MECTHBIX CONPOTUBIIEHUIA:
£,=1,2 —K03(DULMEHT MECTHBIX COMPOTUBMNEHUIA YrnoBbIX COeau-

HEHUI; M — KOMUYECTBO YrMOBbIX COeAUHEHUN (onpeaenseTcs no rma-
paBnNYeckoi cxeme, HadyepYeHHon Bamu),

£,.,=0,8 — K03thDULMEHT MECTHbIX COMPOTUBAEHWN BbixOAa U3 TPy-
6onpoBoAa B kaMepy rMapouUMIuHAPa, T.€. pacLUnpeHus;

£,.=1,5 — koadhPULMEHT MECTHBIX COMpOTUBNEHU BXO4a U3 Kame-
pbl rMApPOLMNUHAPa B TPYGOMPOBOA, T.€. CYXeHus.

Hanpumep, y HaropHON rmaponuHuM, UMetoLlei NsTb NoBOPOTOB,
KO3 PULIMEHT MECTHBLIX CONPOTUBIIEHUN ONpeaenseTcs

anan =5§M +§g.,x =5'1;2 +0,8.

2
MoTepu AaeneHws B rugpoannapatax  4p,, =§(}Q] )
roe Q — pacxod, KOTOpbI/ NpoTekaeT Yepes AaHHbl annapar, f, — acp-

heKTMBHAR NroWaab CEeYeHUs rMapoannapara; p - NoTHOCTL paboyel
XMOKOCTM.




o o)

f, et LBy
= 4p,
P
HomuHanbHbI pacxos Q,, W notepu aasneHus Ap, npu Homu-
HanbHOM pacxoae ykasaHbl B TEXHUYECKOW XapakTepucTuke rugpoanna-
paTa. CymmapHbie noTepy AaBreHus Ans HaropHoro TpybonposoAaa
cKrnaablBaTCA M3 NoTepb Mo ANVHE, MIC NOTEPU Ha MECTHbIE COnpo-
TUBAEHUS, MAC NOTepy Ha rugpoannaparax, Yepes Kotopsie paboyas
XUOKOCTb NpOTeYeT B HAMOPHOW MAPONMHNN.
Ap; = Ap, + 8Py + AP + AP, +-.
CyMmapHble noTepu AaBfeHns Ans cnmeHoro Tpybonposoaa
AP =8P, + AP + AP, + AP, ¥
CymmapHble yTeuykn Y Q,, B rMApOCUCTEME OMPeaesnsoTes no Mak-
cumarsibHbIM yTedkam B rugpoannapartax, ykasaHHbIM B TEXHUYECKUX Xa-
paKkTepucTHKax annapaTos.

11. NOBEPOYHbIA PACYET CMTPOEKTUPOBAHHOW MOPOCUC-
TEMbI
[asnexue, Heobxogumoe ANA NPeofofieHnst 3aAaHHOW Harpyskut
npu BbIGpaHHOM rMapoUMIUHAPE NOSbEMA,
___ 4P
R _TT'D12I7 “Na .
[asneHve, Heobxoaumoe ONA MPEOfOofieHUs 3a0aHHOW Harpysku
npvt BbIOpaHHOM LUNUHAPE HaKmoHa,
4P,
m(D} -di ),
[Ons obecnevyeHns paboumx yHKUMA 0BoMX rMAPOLMNUHAPOB Bbi-
BupaeTca makcumansHoe noTpebHoe fasneHne p,, .

p:

Paboyee, HOMWHanNbHoOe AaBrneHne B cucteme AomkHO ObiTe Borb-
LUe Ha CyMMY rMapaBnnyecknx notepb  p, =p, + 4p,,.

HeoBxogmMmas nogaya Hacoca C YYEeTOM YTEYeK B CUCTeEME
Q,=Q+ ZQYT :

23

MonyyerHble 3HayeHus pacxofa Q, n paeneHus p
H
npesbiwate Q. u p,.,

HE AOMXHbI
U3 TEXHUYeCKUX XapaKkTepucTuk Hacoca npu
NpasunbHo BblIGpaHHoM Hacoce. B NMPOTUBHOM criy4ae, Heo6XoaUMO Bbli-
BpaTb Apyroit Hacoc.
MNpeaoxpannTensHbIi knanau HacTpauBaeTcs Ha gasneHue
P =(1.05...1.2)-p

HOoM *

12. ONPEOENEHUE SHEPTETUYECKUX MOKA3ATENEMN
CNPOEKTUPOBAHHOW CUCTEMBI
MonesHas MowHocTb MexaHuama nogeéma N, =P .-V,

MonesHas MowHOCTL MexaHUaMa HakmoHa N, =MV
. ]
2 2
MoresHas MowHocTs npusoaa MNPy CoBMELLEHUW onepawumii

Nnn =Ny, + an .

Ecnn HakoH mMauTsl n nogbém PYy3a BbINOMHAOTCS NooYepeaHo, To
BepyT Hanbonbluee 3HayeHue N, v N,
-

3aTpaunsaemas MOLHOCTb NnpuBoga N =M§
sam ?
My
rae —-n A A
ne n, OJTHbIN KO3 DULMEHT None3Horo AencTsus Hacoca npu Ho-

MUHanNbLHOM pexume paboTbl ns TeXHUYeckomn XapaKkTepucTukm Bbl6paH-
HOro Hacoca.

OBLwmit koapbuymeHT MOMNE3HOro AeNCTBUA CNPOEKTUPOBAHHOMO
npueona

N
Moy =177+ 100%.

3am

| B_CHCTeM’e CH naBnenue n3mepsercs B [lackansx (ITa)
| ]ISI; —_IIZIS/M 1 Torr =1 mm Hg
p= Bap I atm = 760 mm Hg

lar=1 kr/em”
=0% — 2
1 PSI= | dymr/momns opu C u g=9.80655 m/c




Mpunoxexue 1

TUTYNIbHBIV IUCT

/ - bl UHCTUTYT
MOCKOBCKWIN ABTOMOBWNbHO-AOPOXH
(TOCYOAPCTBEHHbIV TEXHUYECKUW YHUBEPCUTET)

Kadbegpa «'upponpusog v rugponHeBMOaBTOMaTHKa»

Kypcosas pabota no gucuurvHe

«MvapaBnuka U ruaponHEBMOMNpUBOL»

rnaPorPuUBOA ABTOMOIMPY34YNKA

CtygeHT rpynnel 3AM  MeaHoe Cepreit MeTpoBuy

Mocksa

25

Mpunoxenue 2

MAHXETbI YMIOTHUTENbHBIE PE3WHOBBLIE AN MOPABIINYE-

CKUX YCTPOMCTB
no NOCT 14896 — 84
OcHoBHble pasmepbi (MM) MarxeT no TOCT 14896-84

(b{Ta Dxd Ibi[b,[bs[[Dxd [b] b, bs
2 1
2] 3 112713 1] 2 3
4| 5 | [40x(24) 8 195/ (7550 | [12,5 145
4 404(30) | 7 75x55 | 10
1415 | [(42)x22 10| 12 | [(76)x56 12
20x12 |64 | 5 | [(42)x32] 7 (78)x63 | 9
22)x10 67,5 |45x25 10| 12 | [80x50 15 [17
(22)x14 |6]4 | 5 | [45x(35)] 7 80x(55) | [12,5[ 145
(24)x12 | | 617,5] [ (46)x36 7 80x(60 1% 12
| (24)x16 4|5 | [(47)x27 12 | | 80x(65) [ 9
25x(13 6175 [(48)x28 10] 12 | [(81)x56 | | 14,5
25x(15) |7 50x(30) 10/ 12 | [(83)x63 12
26)x16 |7 50x40 |7 J 85x55 15
1(28)x16 | |6 [7,5] [(52)x32 10| 12 | | 85x60 12,5
| (28)x18 |7 55x35 10 85x65 10
(30)x14 8195 [(55)x45 ] 7 (85)x70 [ 9
| (30)x18 6175] [56x36 12 | [(86)x56 17
(30)x20 |7 56x(46) | 7 (88)x63 | | 14,5
32x16 8 19.5] [58x38 10{ | 90x(60 15 [17
32x20 617,5] |(60)x40 1012 | [90x(65) | [12,5| 145
32x22 |7 (60)x50 | 7 90x70 10 [12
35x19 8 62x42 10] 90x(75) | 9
35x25 6 63x(43) | 12 | [(93)x63 17
(35)x25 |7 63x(48) | 9 | [95x65 | |15
36x20 819,5] |(65)x45 10] 12 | [(95)x70 | [12,5 | 14.5
36x(24) 17,5 | |68xa8 10 95x75 10
36x(26) [7] | | [70x50 10| 12 | [100x70 15 [17
(3727 |7 H70x(55) 9 100x(7 | [12,56 145
| 5)
(38)x22 8195] [(71)x56 9] 100x80 1] 10 1ﬁ
. 0
38)x28 |7 72x52 [10 105x75 15 |
40x20 1112 | [(75)x45 115 17 | [ (105)x8 12,5’14,5
ol || ' 0
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MpunoxeHue 5

31

5 MpunoxeHue 6
NnoanoOPHBLIN KNAMNAH HA CITUBE

Tun dy, QHOMv Prowm, Ap, er,
MM n/MUH MMa MMa CM /MUK
F5432 |10 32 2012332 |02 15
re6-35 |10 32 0.2 20
r54-34 |20 125 0.6 20
re6-34 |20 125 06 90
r54-35 |32 200 06 30
re6-35 |32 200 06 125
PACMPELENUTENM
Tun dy, Quom, Qrmax, Pu/Pmax Ap, Q
MM N/MUH n/MUH MMa MMa CM%T/;VIMH
P20.16 |20 100 125 16117 | 0.18/0.32 | 50
P25.16 |25 160 200 0.25/0.38 | 75
P32.16 |32 250 320 0.25/0.6 | 100
P32.25 |32 320 400 2532 |06 |150
P 16 90 125 32/40 (0.2 80
m 20 160 200 0.25 100
ra 32 360 400 0.4 130
F/ar | 8 8 16 20 0.2 50
10 20 40 20 0.2 120
16 40 80 20 023 200
20 80 160 20 0.3 20
32 160 320 20 04 300
PB6 6 6.3 10 32 0.2 10
B10 10 33 80 32 0.23 10
P102 |10 40 75 20 0.62 10
P16 16 50 65 32 0.23 10
P202 |20 160 170 20 0.36 10
P203 |20 160 170 32 036 10
P322 |32 400 500 20 0.4 10

TMAOPO3AMKN
OnameTp HomuHanbHeii | JaBrnexue | MNpumevanune
YCNOBHOFO | MOTOK Pw/Pmax
Tun npoxona Qsioni MnMa
dy MM n/MUH
541.08 8 16/25 25/32 Bacunb4eHko
541.12 12 63/125 25/32 Ctp.163
Y 4610.35A |12 50 16/21 Bacunb4eHko
Y 4610.36A |20 100 16/21 Ctp.163
1KY 12 12 40 32/35 CBseLLHMKoB 5
1KY20 20 100 ' u3pa.cTp.102
1KY32 32 250 |
YTeuku He [onyCTUMbI
PEMYNATOPbI PACXOOA
Tun dy, | Quom Piion i Ap, Qyr, MpumedyaHne
MM n/MUH MMa MMa n/MUH
Mnrss-22 10 |20 6,3;10; 10,15 0,05 Bacunb4eHko
nrss-24 |20 |80 20 0,15 0,1 CTp.187
nrss-25 |32 [160 0,25 0,18
Brirss-12 |10 |20 6,3;10; (0,8 0,08 BacunbyeHko
BNrss-14 {20 |80 20 0,2 CTp.188
BMrss5-15 {32 | 160 0,35
MIr55- 20 (100 - 0,25 0,1 CBeLLHWKOB
14M 20 |100 20 0,2 0,9 Ctp.130
MMF55- |32 1200 20 0,2 1,2
24M
MMIr55-
25M
Pacxon
SCFM n/c II/MHH M/c M MHH Mo/uac
1 0.471947 28.31682 0.000472 0.0283168 1699
2.118882 1 60 0.001 0.06 3.6
0.035315 0.01666667 1 0.000016667 | 0.001 0.060
2118.88 1000 60000 1 60 3600
353.148 16.66667 1000 0.01666667 1 60
0.588578 0277778 16.66667 0.0002778 0.01666667 | 1
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Mpogorxkexne npurn. 6

SUNbTPbLI
dy, | Quom | Prom. | AP, ToHkocTb | JIuHuA m,
Tun MM | /MuH | MMa | MMa | dwnbTpa- | ycTaHOBKK Kr
umum
A, MKM
$BCM 32 |32 | 40 0,007 | 80 Bcacbiatowjas | 4
80/0,25 32 | 43 0,007 | 160 BcacbiBawowjas | 4
®BCM 32 |63 | 100 0,007 | 80 BcacbliBatowjas | 6
160/0,25 |63 | 160 0,007 | 160 BcacbliBatowjas | 6
®BCM 63 | 8 |320 0,007 | 80 Bcacbisatowjas | 10
80/0,25 80 | 400 0,007 | 160 BcacbiBatowas | 10
®BCM 63
160/0,25
®BCM 80
80/0,25
$BCM 80
160/0,25
1.1.32-25 |32 [100 |0,63 |0,08 |25 CnusHas nu- 10
1.1.50-25 |50 |250 |0,63 0,08 |25 HUs 20
CnuBHasa nu-
HUA
1.1.20/200 | 20 | 63 20 |- 25 HanopHas 16
1.1.25/200 |25 [100 |20 |- 25 HanopHas rn. | 16
IlepeBoaHble T26aMUBI
JaBnexHue
Bap | xBap | PSI aT aT™ [Ta klla MIla | Torr
1 1000 | 14.504 | 1.0197 ] 0.9869 100000 | 100 0.1 750.062
0.001 1 0.014504] 0.0010197( 0.0009869 | 100 0.1 0.0001 | 0.750062
0.06895 | 68.9476] | 0.070307 | 0.06846 | 6894.76 | 6.89476 | 0.0068948| 51.7149
0.980665| 980665 | 14.2233 | | 0.967841 | 98066.5 | 98.0665 [ 0.09806 | 735.556
1.01325 | 1013.25] 14.6959 | 1.03323 |1 101325 | 101.325 [0.101325 | 760
0.00001 | 0.01 0.000145] 0.0000102{ 0.0000099] | 0.001 0.00001 | 0.007501
0.01 10 0.14504 | 0.0102 | 0.0099 1000 [1 0.001 7.501
10 10000 | 145.04 [ 1.02 9.9 1000000] 1000 1 7501
0.00133 | 1.33322] 0.019337] 0.0013591] 0.0013158[ 133.322 | 0.133322] 0.000133 |

(o8}
v

Mpunoxenue 7

OBO3HAYEHWA YCNOBHBIE MTPAGUYECKUE SNEMEHTOB
MAOPABIMYECKNX U MHEBMATUYECKX CETEN

MexrocynapcTeeHHbit ctangapt TOCT 2.784-96
FOCT 2.782-96
[OCT 2.781-96
[OCT 2.780-96

OCHOBHbI€ NONOXEHWS.
. (?603Haqumq oTpaxkatoT HasHa4yeHue (gencTaue), cnocob paboThbi
YCTPOUCTB 1 HapyXHble COeANHEHUS.

37O o3HaYaeT, YTo K NBOMY BMEeMEHTY [OMKHO BbiTb NOABEAEHO
HeobXxoanMoe KONMYECTBO rMAPONMHUIN.

il OBosHaueHns He MokasbiBalOT (HaKTUYECKYIO KOHCTPYKLMIO YCT-
povicTea.

. Ecnu He orosopeHo uHaude, 0603HaueHusi MoryT BbiTe HadepyeHs!
B NIOGOM pacrnonoxeHuu, ecnu He UCKAXKAETCs UX CMbICH.

Ho oBbi4HO, AnA NpocTOThl CONOCTaBMNEHUST CXEMbI U KOHCTPYKLIM
peanbHOro npueBofa, cTapatoTcs pacrionarath 0603HayeHus Tak, Kak
OHW pacrnonoxeHbl peansHo.

o Pasmepbl ycnoBHbIX 0603HaYeHUN CTaHAAPT He yCTaHaBNu-
Baer.

Ho HeoduLmManbHo NpUHSATO, UTO rMAPOMAaLLUHBLI BABOe Bonblie no
pasmepy, Yem ruapoannapatsl, U BTpoe Gorblue, YeM usmMepuTenbHbie
ycTpouncTea.

. Bce aneMeHTbl U ycTpoilcTBa M306paxaloTcs Ha cxemax, Kak
fApaBuiio, B UCXOAHOM MONIOXEHUN: NPYXKUHBLI — B COCTOSHUM npes-
BapUTEJIbHOIO CXaTusl, 3NeKTPOMarHuThl — 06eCTOYEeHHbIMM.

) Kaxpabin anemeHT unu ycTponcTBO, BxoAsilee B usgenve U
usobpaxeHHoe Ha cxeme, JONXHbI UMeThb ByKkBeHHO-UNpPOBOE No-
3MLUMOHHOEe 0603HavYeHUe, cocTosiee U3 6yKkBeHHOro 0603HaYeHUA

U NopsiAKOBOro Homepa, NpocTaBrieHHoro nocne 6ykBeHHoro o6o-
3HayeHus.
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Onopa TpyBonposoga:
HaumeHosanme I O603HayeHune
MexaHudeckue ceaan (Ban) B HenoaBMxHas ﬂ<\

TMAPaBNNYecknx U NHeBMaTu- — ‘
YECKUX cxemax o
B SNEKTpUYEcKux Cxemax | TTTTTTC NoABUXKHas -
TpyGonposog :
NWHWUKM BCacbIBaHWS, Hamo- e
pa, crnuea Lapukosas <o
TWHWW ynpaenewns, gpe- | . ___
Haxa, oTBoaa koHaeHcaTa
Oxnagutens 6e3 yKasaHus
CoeaunHeHne TpyGonposogos [ TMHUM noaBoaa v oTBOAa OK-
Wnw —— PYyXaroLLel cpegpi
MNepeceuerie TpyGonposoaos —- - OxnaguTens ¢ ykasannem mn-
6es coenutetus ' HUW noaBoaa 1 oTBoaa oxna-
Tpy6onposog rubkui, wnanr KhatoLLert cpeapl
Mppo6ak u CMa304HbIN Bak
Moasog xuakocTu noa gas- (HWXHsaSs FOPU3oHTanbHas nu-
neHvewm 6es ykaszaHua ucToy- s HUA 0603HavaeT He AHO Gaka ,
HUKa nuTaHus a YPOBEHb XMOKOCTY B Hake)
CnuBe XugkocT U3 cuctems; Mog aTMOCepHbIM faBneHy-
o em:
lMoBopoTHoe coeanHenme: CO CrmBHbIM TpyGonposo- l
OAHOMUHeRHoe ‘—@‘ AOM BbilLie ypoBHs pabo-
N yeil XxuakocTy
TPeXUHelHoe —
CO CnuBHbBIM TpyGonposo-
KoHely Tpy6onposoga ¢ 3a- AOM Huxe ypoBHS paBoyei ’ ]
FIyLIKown XUAKOCTK el ,

3aaBmkka, BEHTWUIb, KpaH C naBnenvem Bbiwe aTMmo-

cdepHoro:
CO CNnBHLIM TpyGonposogom

dunetp Bbillle YpoBHs paboyeii Xug- \
< > KOCTK !
! CO CNUBHbIM TpyGonposogom L_/

HWXe ypoBHs paboyeii Xnaoko-
cTH

Moporpesarens

e




C paBneHneM Huxe atmo-
chepHoro:

CO CrmMBHbIM TPy6OMNpPOBO-
[OM BbliLLe ypoBHs paboyeit
XNOKOCTU

€O CrnuBHbIM TpyBonpoBo-
[OM Huxe ypoBHSA paboyen
XNGKOCTH

AKKYMYNATOP rMapaBivyeckui
WUNU NHEBMATUYECKUNA.
N3o6paxaeTcsa ToNbKO BEPTU-
KanbHO:

6e3 ykaszaHusa npuHumMna
OencTeunsa

rpy30BOW Mapasnuyeckui

NPYXWUHHbIA rugpasnuye-
CKUIA

nHeamorwp,paBanecmﬁ

TEpMOMeTp

n3Meputenb BpeMeHn

pacxonomep

TaxomeTp

MOMEHTOMep (U3MepuTesb
KPyTSLLEro MomeHTa)

3anuBHas roprioBuHa, BOPOH-
Ka, 3anpaBoYHbI LUTYLEp

Pene nasnenus

BblkntoyaTens KOHeYHbI

KOHTpPOmnbHO — N3mMepuTens-
Hble npubopsl:
MaHoMeTp

MaHOMETP, AaroLLuniA anek-
TpocurHan (3NeKTPoKOHTaKT-
HbIN)

OaTtunku:
LaBreHus

YPOBHS XXUAKOCTU

Temneparypsi




Hacoc Heperynupyemsii:
C HepeBepCMBHbLIM NOTOKOM

C PEBEPCUBHbLIM NOTOKOM

Hacoc perynupyemsiii:
C HepeBepCHBHbLIM NoToKoM

C peBepcuBHbIM MOTOKOM

Hacoc perynupyemsiii c pyy-
HbIM ynpasnexuem n ogHum
HanpasneHvem BpatyeHns

N “ApomoTop Heperynupye-
MbIiA:
C HEPEBEPCUBHbIM NOTOKOM

C peBepCcuBHbIM NOTOKOM

ey

MapomoTop perynupyemsiii ¢
HEPEeBEPCUBHLIM NOTOKOM, ¢

HeonpeaeneHHbIM MexaHUus- 4
MOM ynpasrnexus;, HapyxHbim

APEHaXOM, 0OAHUM Hanpasne- ey
HUem BpalleHns n asyms Ll

KOHUamu Bana
MoBOPOTHLIN rMapoaBUraTens

Komnpeccop

MHesmomoTop

Hacoc nonacthoin UeHTpo-
BeXHbLIN

Hacoc crpyiinbin (xekTop)

Unnungp OAHOCTOPOHHEero

| AelcTBus;

| nopliHeBoil ¢ BO3BpaTom
LUTOKa NpyXXuHo

NAYHXePHbI

Unnunap ABYCTOPOHHero
OencTeus:

C OAHOCTOPOHHUM LLITOKOM

C ABYCTOPOHHUM LUTOKOM

Teneckonuyeckuii ¢ ogHo-
CTOPOHHUM BbIABUXEHMEM,
| TMapaBrnyeckuin

——
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LunuHap auddepeHumnans-
Hbli

MemOBpaHHbIA LMNUHEP
[IBYCTOPOHHEro AenCTBUSA

LinnuHap ABYCTOPOHHErO
OEeNCTBUA C perynnpyemsim
TOPMOXEHWEM B KOHLIE X0Aa
CO CTOPOHbI MOPLLHSA

-

"mgpasnuyeckue annapaTbl

BbasoBoe obo3HayeHue kBaa-
paT (NpeanoyTUTENbHO), Nps-
MOYTOJibHMK

UnnuHap ABYCTOPOHHETO
[elcTBUs ¢ noaBoaoM pabo-
Yelt cpedbl Yepes LWTOK:

C OOHOCTOPOHHUM LLUTOKOM

C ABYCTOPOHHUM LLITOKOM

LnnvHap ABYCTOPOHHETO
[eicTBUA C MOCTOAHHBIM TOP-
MOXEHMEM B KOHLIE XoAa:

CO CTOPOHbI MOPLUHS

C OBYX CTOPOH

[psamoe ynpasneHue:
BO3LENCTBUE Ha TOpLEBYIO
NOBEPXHOCTb

BO3[ENCTBME Ha TOPLEBYIO
MOBEPXHOCTb pa3HoW rroLya-
an

BHYTPEHHSAS NUHUS yripaB-
JIeHUst (kaHan ynpasrieHus
Haxo4WTCs BHYTPU annapaTa)

HapyXXHas NHUS ynpasne-
HUA (KaHan ynpasneHus Ha-
XOQUTCA CHapyxw annapara)

KnanaHbl noToka

KrnanaH obpaTHbIiA:

6e3 npyxuHbl, OTKPLIT, ec-
nW gaBneHue Ha BXoje Bbille
OaBneHus Ha BbIxoge

C MPYXXUHOW; OTKPbIT, €CNK
[aBrieHne Ha BXO/e Bbille
[aBreHns Ha BbIXog4e Nioc
[aBrieHne npyxuHbl

[etanbHoe
% I




lﬁnpoaamox 0[HOCTOPOHHMiA

ynpoleHHoe o6o3Haye-
HWe

geranbHoe ofo3HaveHue

TMApPO3aMOK [BYCTOPOHHUI

ynpotyeHHoe o6osHaqeHne

AeTanbHoe obo3HaveHune

Knanaxbl gaBnedus

KnanaH pa3HocTv faBneHui

i - N~
l—— S~ 1
|, T i
, |~ F=™J
HamnopHbIV knanaH Henps- \
MOro AeNCTBUS C L — — \
] ! y
. T l
S v covogio NN
KnanaH pefyKuvoHHbIA 0fHO-
CTyneH4aTbli, Harpy>XeHHbIN
NPY>KUHON:
MpsiMOro AeicTems I~ N\/
==

HenpsMoro AencTBus

Ll J

HOW):
NpAMOro AencTeus

i Pl
I AKX
] 1A
B
s, |
s,
KnanaH HanopHbin (Mpeao-
XPaHWUTENbHbIA UK NepenunBe-

[poccenb perynupyembin
6e3 ykasaHus metoga
perynpoBaHus 3anopHo-
pEerynupyLLero aremeHTa

[eTanbHoe

R

L
LI T

YnpouwleHHoe

£

/




[denutenb noToka

PerynaTop pacxoaa ABYX-
NMUHENHBbIA C N3MEHSEMbIM
pacxogom

Pacnpepenutens 3/3

TpexnuHenHbi, Tpexnosuuu-
OHHbIA, AUCKPETHOrO AEeWncT-
BUSA, Nepexon 4Yepe3 npome-
XKYTOUHYIO Mo3uuuio, ynpas-
rIeHNe  INEeKTPOMarHuTom u
BO3BPATHOW NPY>XUHON

b ————i

=1 ]

N

S S ——

[poccenb ¢ oBpaTHbIM Kna-
naHom

YeTbipexnuHenHbln, Tpexmno-
3ULMOHHbLIM pacnpefenuTens,
NPY>XUHHOE  LieHTpUpoBaHue,
BHYTPEHHWUY MNOABOA Aasre-
HUSA ynpaBnexHus B ABYX Ha-
npasneHnsx, ynpasrexuve
afleKTpoMarHutamm  C - Myc-
KyJbHbIM Ay6nvpoBaHuem

Pacnpegenurenu

Yucno nosuuuii COOTBETCTBY-
€T Yucrny KBagpaTos.

Tpy6onpoBoabl nopBo-
OSATCA TONbLKO K OAHOW Mno-
3ULUMN.

CTpenku  BHYTPM  MO3MLUUK
pacnpefenuTens  osHadatoT

HanpasneHWe noToka XWOKO-
ctn. Ecnm noTok MoXeT Teub
W B OfHY CTOPOHY, U B NPOTU-
BOMOMOXHYI, TO CTPEnKUA He
CTaBsT.

Moauumm pacnpegenurens
0603HaYaT PUMCKUMU LnNd-
pamMu crnesa Hanpaso.

Jpoccenupytowuyn  pacrnpe-
aenvtens (HenpepbiBHOTO
OENCTBUA) C CepBOperyrnupo-
BaHWEM, C 3aKpbiTbiM LEH-
TPOM, MPYXUHHBIM LEHTPUPO-
BaHWEM, 3MeKTPOMarHUTHbLIM
ynpaerneHuem

MexaHuambl yrpaBreHns:
pblyarom

KHONKOW

neganbio

Il

o
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pblyar ¢ ukcaTopom
OT Kynayka (Lyn)
MPY>XUHOW

ponnkom

pynb aBTOMOBUNbHBIN
3MEeKTPOMarHuTom
NponopuMoHanLHoe anek-
Tpu4yeckoe ynpasneHue

npsimoe rmapasnuyeckoe
ynpaeneHue

Henpsimoe rmapasnuyeckoe
ynpasneHue

47

Mpunoxexue 8

BYKBEHHbIE MO3NLINOHHBIE OBO3HAYEHUS

aneKTporuapaenMyeckoe
yrnpaeneHue
BHyTpeHHss obpaTHas

CBA3b (MexaHu4yeckoe coeau-
HeHVWe Mexay nepemeLlyaro-
Werncs YacTblo ynpasnsoLle-
ro anemeHTa wusobpaxeHo c
UCNOmMb3oBaHNEM NUHUKU Me-
XaHWYeCKoN CcBs3n)

| -

OCHOBHBIX QJIEMEHTOB

YcTpoicteo (obuee obo3HayeHve) A

'MapoakkyMynsaTop (MHEBMOAKKyMynsTop) AK
AnnapaTt TennoobMeHHbIN AT
'mpopobak =)

Bnarootgenutens B
BeHTunb BH
'moposbiTecHuTENb BT
[MHeBMornyLMTEND r

[wapoAsuraTens (MHEBMOABUraTesb) NOBOPOTHbIN a

Henutens notoka aly
'opoapoccens (NHeBMoApoccenb) 0P
'Mapo3amok (MHeBMO3amoK) 3M
'mgpoknanaH (nHeBMoKnanaH) K

[MapoknanaH (MHeBMokNanaH) BblgEPXKN BpEMEHH KB
apoknanaH (NHeBMoKnanaH) AaBreHus KO
lvapoknanaH (nHeBMoknanaH) obpaTHbIN KO
vapoknanaH (NHeBMoknanaH) npefoxpaxuTensHblit | KIl
Mapoknanax (NHeBMoknanaH) peayKLUUOHHbIA KP
Komnpeccop KM
MpapomoTop (nHeBMomMoTOp) M

AnekTpuyeckuit MoTop M3
MaHomeTp MH
"'mopognHamuyeckas nepepaya M
Macnopacnbinurens MP
MacneHka MC
"'mopoaunHamuyeckas MydTa Mo
Hacoc H

Hacoc akcranbHo-NopLUIHEBON HA
Hacoc-moTop HM
Hacoc nnacturyaThin HIM
Hacoc paguanbHo-nopLUHeBOA HP
MHeBmorugponpeoctpasosartens nr
fmaponpeobpasosaTtens MNP
[mapopacnpegenuTens (MHeBMopacnpeaenuTesns) P

Pene paBnexus PO
'mpoannapat (MHeBMoannapar) 30M0THUKOBbI P3
Mmopoannapat (NHeBMoannapar) KnanaHHbIi PK
PerynsaTtop notoka PM
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Mpogomkexue npwi. 8

Pecusep PC
CenapaTtop C
CymmaTop noToka cn
TepMoMETP T
MapoAMHaMUYECKNI TpaHcgopmaTop TP
YCTPOUCTBO BO3AYXOCMYCKHOE YB
Migpoycunuresb YC
dunbTp ()
MppounnuHap (NHEBMOLMIUHAP) L <)
JIutepatypa

1.BawTa, T.M. MawwmHocTpouTenbHas ruapaenika /T.M. Bawra. -M.:
MatumHocTpoerue, 1979.- 672c., un.

2. KasepauH, C.B. Kypcosoe 1 AunnomHoe NpoeKTMpoBaHue No rmapo-
npuBody CaMOXOAHbBIX MallvH: yyebHoe mnocobue /C.B.KaBepsuH.—
KpacHosipck: MUK «OdceT», 1997 .- 384c.

3. CaszaHos, N.W. Tugpaenuka. KoHcnekT nekuuir: yyebHoe nocobue/
M.W.CasaHos.— M: UL MI'TY «CTAHKWH», «AHyc-K», 2005. - 192c.

4. Mwopasnvka, rMapoMallnHbl U ruApONpPUBOA: y4ebHWK AnsA MaLlvHo-
cTpouTenbHbix By3os / T.M. bawra, C.C. Pyanes, B.b. Hekpacos # 4p.
— 2-e u3g,., nepepad, - M.: MawwmHocTpoeHue, 1982.

5. Weitnak, A.A. Tuapasnuka 1 rmaponHeBMOnpuBo/. yuebHoe nocobue.
41 OCHOBbI MExaHWUKU XWAKOCTU M rasa. 2-e waj. Mepepab. u
pon./A.A Weitnak. — M.: MFAY, 2003. - 192c.

6. CeelHuko, B.K. CraHouHbie MAPOMPUBOAbI: CPaBOYHMK /
B.C.CBELHNKOB. — 3-e u3a., nepepab. u gon. — M.: MalumHocTpoeHne.
1995. - 448c¢.: un.

7 BacunbueHko, B.A. Mopasnudeckoe obopynosaHue MOOUIBHBIX Ma-
WWH; cnpasoYHuk /B.A.BacunbyeHko.- M. MawwuHocTpoeHue, 1983.-
301c.
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