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Bsenenue

CaMocTosiTeNlbHas paboTta CTyAEeHTOB - 0flHa U3 BaXKHENLLMX GOPM OpraHM3aLnmn y4ebHoro npotecca npu
M3y4yeHuUn Kypca «fmapaBanyeckme u nHeBMaTnyeckue cuctemMsol». OHa UrpaeT ocobyto posb B
npopeccmMoHasbHOW NOAroTOBKE CMeLUanmcToB, BASSACbE GOPMOK, C OAHOM CTOPOHbI, OpraHmn3aumm
CaMoCTOATEIbHOM PaboThbl CTYJEHTOB, C APYroi — pa3BUTUS UX MNO3HaBaTE/IbHOM aKTUBHOCTH.

CyuwiecTBytolas cuctemMa npodeccnMoHaibHOro 06pasoBaHnsl OpUEHTMPOBAHA Ha OBlafeHUE CTYAEHTOM BCEN
CMUCTEMOM IMNNPUYECKOro N GYHAAMEHTA/IbHOrO TEOPETUYECKOTO 3HaHUA. CTYAEHT, OKa3aBLUMCh HE B COCTOSIHUU
HanTK N NepepaboTaTb HEOOXO0AMMYIO eMYy MHGOPMaLLUIO, HEM3OEXKHO NoMNafaeT B CUTYaLLUIO
MHPpOpMaLMOHHOro Bbibopa. HeobxoaMMo pa3BMBaTh NO3HaABATE/IbHYH CaMOCTOSATENIbHOCTb CTYAEHTOB, YTOObI
OHU «HAY4YMJIUCb YYUTLCA», B TOM YUC/IE BbIBUPATL U ycBanBaTb Ty MHPOPMaLMIO, KOTOpas HeobxoauMa UM B
nepByto ovepesp.

Ocoboe 3HayeHne B NpodpeccuoHasbHOM 06pa3oBaHUM OTBOAMUTLCS €r0 r'yMaHUTapu3aLmm, Kotopas
aKTyanunsumpyeT npobaeMy Kak TpaHChOopMaLum ero cofep)kaHus, Tak U npoLiecca ero oby4yeHus, B KOTOPOM
rNaBHbIM CTAHOBUTbLCS «COTBOPYECTBO» CTY[EHTA U NpenogaBates. [yMaHUTapusaumus o6pa3oBaHus
HanpaBJ/ieHa Ha aKTMBU3aLMIO NO3HaBaTE/IbHOM CaMOCTOATENIbHOCTU CTYieHTa, Ha BOCNUTaHWE TBOPYECKOM
JIMYHOCTU CMeumnanncTa ¢ BbICOKOM NPOdeCccHOoHaIbHOM KOMMETEHTHOCTbIO, Ha PAa3BUTME Er0 3CTETUYECKOTO
MUPOBOCMPUATUS N STUYMECKOTO OTHOLLEHUS K AENCTBUTENIBHOCTY.

®opMUpoBaHMe NO3HaABaTE/IbLHOM CAMOCTOSTE/IbBHOCTU U aKTUBHOCTU CErOIHA NpuobpeTaeT 0cobyto
aKTYyaJIbHOCTb B CBSI3U C HEMPEPbIBHLIM YBEJIMYEHUEM 0ObEMA HAay4YHOM MHOPMALMKU U NMPOLLECCOM BbICTPOro
«CTapeHus» 3HaHUn. OCTpo BCTaeT HeobxoAMMOCTb GOPMUPOBAHNS YMEHUS U HAaBbIKOB CaM0O0bpa3oBaHuMA
yyalwmxcs, pa3BUTUA UX CNOCOBHOCTEN CaMOCTOSATE/IbHOTO NPUOGPETEHUS 3HAHWUI, BbICTPOro pearMpoBaHms Ha
BCE HOBbIE «BbI30BbI» }XU3HMU.

CaMocTosTenbHaa pabota npeactaBaset coboi ocobbii BUA, yHeOHOM feATENIbHOCTM — OHA OCYLL,ECTB/IAETCA
noJ, pyKoBoACTBOM, HO 6€3 HenocpeaCcTBEHHOIO BMELLATENILCTBA; MOTOMY YTO MMEHHO Takas paboTa Hambosee
OTBeYaeT NOTPEBHOCTSAM CErOAHSLLHUX YYaLMXCs CAenaTb YTO-To caMuM. CaMocTosiTeslbHas paboTa - 310,
npexJe Bcero, yMeHue, HeobxoanMasi MOTUBaLMS U CUJIbHAas BOAS.DTO Ha/IMuMe TBOPYECKMUX Hayasl, MPUCYLLMX
KakAoMy CTYZEHTY, 3TO PafoCTb OTKPbITUN.

Kputepun K onpeieneHunio SsBAeHUs CaMOCTOATEIbHOCTU pa3HOO6Pa3HbI:
1. BHeceHue cTyneHTOM B BbIMOHEHWE 334aHMS HOBOTO MO OTHOLLEHMIO K 06pasLy;
2. cobcTBeHHOE MOBYXAEHME K BbIMOJHEHUIO paboThl M OCO3HAHWE €€ LLe/IM U cMbIC/a (B KaYecTBe MOTMBaLMM

MOTYT UrpaTb PoJib OTHOCUTE/IbHAs cBO601a AENCTBMIA NPU BbINMOJHEHUU PaBOThI, XKelaHUe NPOBEPUTHL Cebs,
CBOW CUJIbl U CMOCOBHOCTU, OCO3HAHWE OTBETCTBEHHOCTH);

3. FOTOBHOCTb K CaMOCTOATEJ/IbHOCTU U NpeoJo/IEHUNIO pr,El,HOCTEVI;

4, coeMHEHNE COBCTBEHHbIX MbIC/IEN C AENCTBUEM;

5.nposiBneHune UHUNLMNATUBDbI N TBOPYECTBA.



|_|0,EI| CaMOCTOATEJIbHOCTbHO MOXXHO paCcCMaTpuBaTb KaK OPraHM3auMoOHHOTEXHUYECKYHO CTOPOHY npouecca, Tak 1
MO3HaBaTEe/IbHYHO U NPaKTUYECKYIO AedaTenibHOCTb. Ho 6onee Bcero ANnA pa3BUTUA CaMOCTOATE/IbHOCTU YHalLMXCA
MMeeT 3HaYeHue No3HaBaTelbHas CTOPOHA, a He OPraHM3aunoHHasa. A UMEHHO - CaMOoCToATE IbHbIe
HaGJ’IIO,EI,EHVIFI, BbIBO/Zbl, TBOPYECKOE NMPNMEHEHUE 3HaHWN.

CTpyKTypa caMOoCTOATENbHOM paboTbl BKAKOYAET TPM 3Tana: NoAroTOBUTE/IbHbIN, UCMOJIHUTENBHbIN U
NPOBEPOYHbIN, B KOTOPbIE BXOAAT aHaU3 3aJaHUs, MOUCK CNOCOBOB ero OCyLLLEeCTBAEHUS, COCTAaB/IEHUS MNaHa
paboThbl, BbIMOJIHEHWE, MPOBEPKA U OL,EHKA Pe3y/IbTaTOB. Ty CTPYKTYPY ydallMecs A0/DKHbI 3HAaTb U YMETb
NPUMEHATb Ha NpaKTuKe. [103ToMy OT 3Tana 06bsACHEHUS, NOKa3a Ha NpPaKTUKe, 3aKPenaeHUs 1 NpUMeHeHUs
3HaHMI yYalMMKUCS 40 GOPMUPOBAHMSA YMEHUIM N HABbIKOB CaMOCTOATE/IbHOM PaboTbl — AOJITMIA U HENPOCTOM
nyTb.

Ha nepBoM 3Tane npeanosiaraeTcs COBMeCcTHasi paboTa npenojasaTtesis U CTyAeHTa Mo aJiroputmy
nocsie4oBaTeIbHbIX YKa3aHUIM Ha HEOBXOAMMOCTb COBEPLLEHWNS ONPeAeNeHHOro AeNCTBUS:

* BhinonHeHue BOCMPOU3BOASLLNX CAMOCTOSITE/IbHBIX PAaboT Mo 06pasLy;

* BbinonHeHWe KOHCTPYKTUBHbIX CaMOCTOATEbHbIX PaboT (BocrnpousBegeHNe He MPOCTO 3HAHWUM, a CTPYKTYpbI
3HaHWI B LENIOM, paclumpeHne chepbl UX NPUMEHEHUS, COBCTBEHHbIE BbIBOAbI, [OCTUXKEHME YPOBHS
NPOAYKTUBHOMN AeATENIbHOCTH);

* BbinonHeHue 3BPUCTUYECKMX paboT (paspelleHne MpobBAEMHbIX CUTYaUUid, CO3AABAaEMbIX YUYUTENEM,
npuobpeTeHNe OMbiTa MOUCKOBOW AeATE/IbHOCTU, OBJIaJEHME 3/IEMEHTAMUN TBOPYECTBA);

%

BbIMOJIHEHNE UCCNE[0BaATE/IbCKUX pa60T, npmo6peTeHme onbiTa BbICKa3blBaHUS COOCTBEHHbIX CY)K,EI,eHMﬁ,
YMeHuA oueHnBaHNA Ha OCHOBE aHaJ/In3a.

Ha BTOpoM 3Tane BO3MOXKHa NoJjiHasi CaMOCTOATENIbHOCTL (BUaeHUe U popMupoBaHue NpobsieMbl B 334aHHOM
CUTYaLUK, BbIABUXKEHME TMNOTES MX peLLeHUs, pa3paboTKa NPorpaMMmbl peannsauum, peaaunsaums, pesynbrar,
pednekcns).

MocTeneHHoe pa3BUTUE M HapacTaHME CaMOCTOATEIbHOCTM YYaLLUXCA U YPOBHS UX aKTUBHOCTU NpUBEJET K
BO3MOXHOCTU Bbi6Opa MHAMBUAYANILHOTO CNOCO6a U3yHEHNS MaTepUasia Ha YPOKE U B MOC/EAYIOLLEM
BbIMNOJIHEHUW IOMALLIHEro 3a4aHusl.

B cBA3U C 3TUM, Uensbo U 3a,u,aL|el7| BbIMOJIHEHNA CaMOCTOATE/IbHbIX 3a,u,aHm7| no aucuunamHe «f'mapaeamyeckue
N NHEBMATUYECKHNE CUCTEMDbI» ABIAETCA npmo6peTeHme YMeHUA NPUMEHUTb TEOPETUYECKNE 3HAHUA Ha NMPaAKTUKE
Npu pelweHnN NPpaKTN4eCKnxX 3aaad.



1. 3aganust 411 CaMOCTOSITENIbHOM PabOThI CTYICHTOB
(ycnoBus 3a1a4)
Tema 1.1 Paboume XuaKocT1 ass rmaponpusooB

3agava 1. OnpenenunTb YCI0BHYH0 (OTHOCUTE/IbHYIO) BA3KOCTb Macaa B ° BY 1 KO3ddULMEHT KUHEMATUYECKON
BA3KOCTW. YCTaHOBUTL TUM Macia M paccymTaTh AMHAMUYECKUIA KOSPPULMEHT BA3KOCTH. VICXoHble JaHHbIe
nomeLleHbl B Tabamue.

Tabanua 1
BennuunHa EanHnupl MocnepHsas undpa BapuaHTa

VISMEPEHNA 7y 1 2 3 4] s 6 7 8 [ 9
Bpems Teuenus c 175 250 1104 90 | 33 350, 235| 105| 95 35
MacJa, T1 5 5
Boanoe unciio c 52 51 52 51 521 51 52 51 52 52
BHCKO3MMeTpa
T2
Yckopenue Mm/c? 98 | 981 981 981 98| 981 981 981 9,81 9.8
CBO0OTHOTO 1 1 1
najgeHus g
[orpemmnocTn 09 | 098 096| 098 09| 098 098 096, 096 0,9
npudopa al 6 6 6

Tema 1.2 TngpocTatnyeckoe gaBnaeHune

3ajayva 2. MNOCKMIN NPAMOYTOJIbHbIN AT LMPUHO B, pacnosiosKeHHbIN Mo, YI/IOM K TOPU30HTY, NoAdepXuBaeT
YPOBEHb BObl B MPAMOYrO/IbHOM KaHasie riay6uHoi H. Onpeaenunts Cuay rmapoctaTU4eckoro AaBAeHNs Ha WnT
B OpAMHATY LeHTpa AasaeHus (Touku [1).

CoenaTb BbIBOJ, OTHOCUTE/IbHO B3aUMHOIO PaCroJIOXKEHUS LLEHTPA AaBAEHUS U LEHTPA TAXKECTU CMOYEHHOM
CTEHKMU. MicxoaHble gaHHble NpuBeaeHbl B Tabauue.

Tabnnua 2

BennumHa EanHuLbI MocnepnHas umdpa BapnaHTta
VISMEpEHUA 1 2 3 4 5] 6 7 8 9 [ o
B M 1,7 2,3 1,5 1,2 1, 0,8 1.8 1,6 2,5 1,4

3

o rpag 32 48 68 88 75| 45 50 20 35 80
H M 34 | 4,6 3,0 2.4 26| 1,6 3,6 3,2 5,0 2,8
5




PucyHoK 1 K 3apaye 2

Tema 1.3 TeopeTnyeckne oCHOBbI TMAPOANHAMUKU

3apava 3. Onpepenntb pacxon Q BoAbl B rOpU30HTa/IbHOM TPYbONpoBoae NEPEMEHHOIO CeYEHUS, CKOPOCTb V
Ha Ka)X[0M M3 y4aCTKOB U MOCTPOUTb MbE30OMETPUYECKYIO JIMHUIO, eCnu 3agaHbl H, d1,d2,d3. MicxoaHble gaHHble

npueeeHsl B Tabauue. MaoTHOCTb BoAbl p=1000 Kr/m®,

[—l_.] ‘a
3 '
PucyHok 2 K 3apaye 3
Tabnmua 3
BennuunHa EaviHnLp! MocnepHsas undpa BapuaHTa
VsMEperNA 1 2 | 3 4 5 6 7 8 9 0
H M 5 6 7 8 9 3 4 5 5 7
d1 M 0,016 | 0,015 | 0,013 | 0,015 | 0,018 | 0,017 | 0,015 | 0,016 | 0,014 | 0,016
d2 M 0,021 | 0,018 | 0,020 | 0,023 | 0,025 | 0,028 | 0,026 | 0,027 | 0,020 | 0,022
d3 M 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01

Tema 1.4 TngpaBanyeckme cCoOnpoTMBAEHMS B TPYGONpoBOAax

3apayva 4. No ropmsoHTabHOMY Tpybonposoay auametpom d1 u gnmHol | nogaeTcs Macio co CKopocTbio V.

PaccuntaTh MOJIHYIO MOTEPIO HAaNopa, eC/i Ha HEM YCTaHOBJIEHbl 06paTHbIN knanaH (§1=0,8), 3aaBukka (§2=0,15)




1 MMeeTCs KONIeHO nog, yriom 90° (€3=1,2). KoadduumeHT KuHeMaTtuyeckoi Bsiskoct macna U. MaoTtHocTb

Macia p. McxogHble fAaHHble 015 peLUeHUs 3a8a4M NMpUBeSEHbI B Ta6}'IMLI,e.

Tabnuua 4
EgnHn MocnegHsaa umdpa BapnaHTa
BennuunHa bl 1 2 3 4 5 6 7 8 9 0
nsMepe
HUS
d MM 10 12 14 16 18 20 22 24 28 30
1 M 8 9 10 11 12 8 9 10 11 12
p Kr/m? 800 | 880 900 910 800 860 850 900 910 850
A\ M/c 0,2510 | 0,2210 | 0,2310 | 0,2410 | 0,2110 | 0,2610 | 0,2010 | 0,2310 | 0,2210 | 0,2410
U cCr 20 30 46 50 22 28 32 36 46 48

Tema 1.5 PacyeT npocTbix Tpy60NpoBoaoB

3apaya 5. MpounsBecTu rmapaBaAUHECKNIA pacdeT TpybonpoBoaa A1 Hacoca NPOU3BOAUTENBHOCTBIO Q,

paboTatoulero Ha Macsie MHAOYCTPMaNbHOM, UMEKOLWMM BA3KOCTb V. McxoaHble AaHHblE NOMeELLEHbI B
Tabnuue.
Tabnmua 5
BenunumHa EanHuUbI MocnepHsas undpa BapuaHTa
VISMEPERIA 1 2 [ 3] 4] 5] 6 7] 8] 9
Q JI/MMH 8 18 50 35 70| 12 25 10 16 60
U Cm 0,2 02 03| 03| 04| 02| 02| 02| 02| 03
5

Tema 2.4 POTOpHbIE U LEHTPOOEXHbIE HACOChI

3ajayva 6. Bblumcantb noaady paamnanbHO-NMOPLUIHEBOrO POTOPHOIO HACOCa, €C/IM SKCLLIEHTPUCUTET €, AMaMeTp

nopluHen d, Yncao nopluHen Z, 4yactoTa BpalleHus n, o6beMHbIn KM, n0=0,9. McxoaHble gaHHble AN pelueHus

3a/,a4M NpuBEAEHbI B TabauLe 6. PeunTb 3agauy ans Agyx 3Hadenuin €1 u €2u cpenats BoiBog, 0 BAMAHUM

BEJ/IMYNHDbI SKCUEHTPUCUTETA POTOPA Ha NoaavYy Hacoca. O6BACHUTL apyrue d)aKTOpr, BAMAKOLWME Ha NoJady
HacocCa.

Tabnnua 6




EAnHN MocneaHas undpa BapraHTa

Bennuunna Upl

1 2 3 4 5 6 7 8 9 0
nsmepe
HUA
d M 0,040 | 0,030 | 0,012 | 0,018 | 0,025 | 0,030 | 0,040 | 0,050 | 0,060 | 0,030
Z T 7 5 11 9 9 7 5 7 5 7
e M 0,030 | 0,019 | 0,008 | 0,011 | 0,016 | 0,020 | 0,026 | 0,032 | 0,039 | 0,018
n c! 40 20 24,16 24,16 23,66 23,66 16 24,16 16 16

3apayva 7. Nopaya ueHTpobexkHoro HacocaQ1, YyactoTa BpalleHUs N1, notpebasiemas MolHocTb N1, Hanop H1.

Onpepenntb nogavy Q2, passmBaeMblit Hanop H2 1 notpebasemMyto MolHOCTL N2, ec/in YacToTa BpalleHus

nsmeHeHa fo senuntbl 2. NcxopHble gaHHble A5 peluenns 3aa4m AaHbl B Tabauue 7. CAenaTb BbIBOA O

Heo6X0AMMOCTU NPUMEHEHMUSA NOAO6HbIX PACHETOB ANA ONpeAe/ieHUsl MapaMeTPoOB Hacoca NPKU HOBOWM YacToTe

BpaLLeHus.
Tabnnua 7
EanHu MocneaHsas undpa BapraHTa
BennunHa Lbl 1 2 3 4 5 6 7 8 9 0
usmepe
HUA
Q1 m3/c 0,55 0,10 | 0,025 | 0,08 | 0,045 | 0,024 | 0,0125 | 0,045 | 0,005 | 0,06
H1 M 140 66 22 17,5 20 87 54 32,5 19,5 0,06
N1 kBT 135 100 75 20 14,5 55 14 30 2,2 75
N1 ¢! 24 16 24 24 24 48 48 24 48 48
N2 c! 16 24 48 48 16 24 24 48 24 24

Tema 2.5 UcnonHuTenbHas noacucteMa ruaponprBo/ioB

3agaya 8. Onpeaenntb ycuams R 1 ckopocTb V LITOKA NOPLUHEBOrO FTMAPOLUAMHAPA, ECU XUIKOCTb NojaeTcs B
6ECLUTOKOBYIO NO0CTb NoA, paboymM gaeneHneM Ppabu NpomsBoauTeIbHOCTBIO Q. IcXoHble AaHHble
npuBeaeHbl B Tabamue.

Tabnmua 8
BenunumHa EanHuupl MocnepHsas undpa BapuaHTa
VISMEPEHIA ™ 1 2 3 4] s 6 7 8 [ 9
Ppa6 MlIla 6,3 10 2,5 20 30, 50 2,5 6,3 10 20
Q J/MHH 50 60 35 10 18| 12, 25 70 25 30
0 5 0
D MM 200 180 150| 25 12 80 60 120 100| 14




nm 09 | 095( 095 09 | 0,9 0,95 095| 095 09 | 09

3apava 9. Onpegenutb gnameTp D NOpLIHEBOro rMAPOLMANHAPA, KOJANYECTBO TPEBYEMOM XUIAKOCTU AJis
BbIABUXXEHMS LLUTOKA CO CKOPOCTbIO V 1 No KaTtasory nogobpatb Heo6xoAnMbI Hacoc. McxogHble fAaHHble
npuBeaeHbl B Tabanue.

Tabnnua 9
Benn | EgnHun MocnepHsaa umdpa BapnaHTa
bl
R 0 1 2 3 4 5 6 7 8 9
nsMepe
HUS
F H 15000 | 250000 | 750000 | 600000 | 170000 4000 94000 30000 | 200000 22000

\ m/mun | 0,572 3,1 0,545 | 1,57 1,1 3,84 1,5 3,6 1,2 3,6

Ppa6 MIla 1,2 10 30 20 6,5 2,5 6,3 2,5 10 2,5

nm 0,95 | 0,95 0,95 | 0,95 0,95 | 0,95 0,95 0,95 | 0,95 0,95

3agaya 10. B rugponpuBoe ¢ O4HOCTOPOHHEM LUTOKOM paccymTaTbh ycuame R Ha WUTOKe Npu ero BTArMBaHuu,
€c/iM guameTp nopluHsa D, anameTp wroka d, gaBneHune paboyen XXnaKocTu Ha NopLUEHb PaBHO
Ppa6.MexaHunuecknin KM, cnnosoro uyunvHapa n,=0,95. MicxoaHble gaHHble g5 pelleHns 3a4a4m NpMBeLeHbl B
Tabanue. Tabauua 10

EAMHM MocnepHss umdpa BapuaHTa
BemmunHa | Lbl 1 2 3 4 5 6 7 8 9 0
nsmMepe
HUA
D M| 0,040 | 0,050 | 0,060 | 0,090 | 0.0100 | 0,125 | 0,045 | 055 | 0,070 | 0,09
q M| 0,020 | 0,025 | 0,032 | 0,040 | 0,030 | 0,020 | 0,028 | 0,036 | 0,02 | 0,02
Ppab MIa | 10 10 10 8 6 6 10 10 8 6

Tema 3.2 OCHOBHbI€e ra30Bble 3aKOHbI.

3apava 11. B 6annoHe eMKOCTbIO V HaXoAUTCS KUC/IOPO, NpU U30bITOYHOM AaBneHun P1n temnepatype t1.
ATMocdepHoe aaBneHue, npusegeHHoe K 0 C, paBHO 745 MM pT.cT. [Tocne n3pacxofoBaHMs HacTn KUCIopoaa
M30bITOYHOE AaBneHue ctano P2, a TeMnepaTypa t2. Macca nspacxogoBaHHOro Kucaopoaa M. Onpeaenntb ogHy
M3 YKa3aHHbIX Be/IMYKUH. [laHHbIe K 3a4a4e BblbpaTh B Tabauue 11 no nocneaHen umdppe wmndpa.

Tabnumua 11
Benn | EanHu MocnegHaa umdpa BapuaHTa
bl
uHa | H 0 1 2 3 4 5 6 7 8 9
n3mepe
HUS

10




\% Ja 50 60 50 ? 60 100 80 ? 70 80
P1 MlIla 10 ? 8 12 ? 9 12 5 ? 10
t1 °C 37 27 25 20 32 35 27 30 27 27
P2 Mlla 8 ? 6 ? 4
M KI

t2 °C 17 5 10 10 20 10 7 7

Tema 4.2 icnonHuTebHasa noacmMcteMa NHEBMOMPUBOA0B

3agava 12.0npeaennTb ycuame B WITOKe R anadparmeHHoro nHeBMoumanHapa (puc.6), ecam guameTp

uunamHapa D, guaMeTp onopHoiilwan6bl d; ycuame Bo3BpaTHOM NPYXXMHbI R1, pacyeTHOe JaBieHNE CXKaToro

Bo3AyXa P.. icxogHble AaHHble NpUBEAEHbBI B TabAULIE.

Tabnnuya 12
BennuunHa EAnHMLEI MocnepHsas undpa BapuaHTa
vsMeperna 1 2 3 4 5 6 7 8 9 0
D 0,3 04 | 025 0,15| 0,35 | 045 | 0,32 | 0,125 | 0,16 | 0,20
d 0,6 0,8 0,4 | 0,03 | 0,05 | 0,06 | 0,05 | 0,032 | 0,036 | 0,05
R1 50 60 55 40 80 70 60 45 65 44
Pe MlIla 0.4 04 (04 0,4 0.4 0.4 0.4 0,4 0.4 0,4

PucyHok 3 Kk 3apgave 12

Tema 4.3 Hanpasnstowas n peryampytoLas nogcuctemMsl

3agaya 13. MponsBecTn pacyeT MHEBMOMPUBO/1A, UMEIOLLETO ilUT OANHAKOBbIX MOPLUHEBbIX MHEBMOLMIUHAPOB,

ycmnmeM R Ha WwToke, ¢ gaMHo xoga Ln yacToTom p360'~IMX LMKNOB N, MPpUHNMaA pacy4eTHOE AaBJieHNe BO34yXa

P11 CKOpOCTb CXKaToro Bo3ayxa B Tpy6onposoje V. MicxogHble JaHHbIE MOMELLLEHbI B TabAULLY.

Tabnnuya 13
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Bean | EauHny,

MocnegHsas umdpa BapuaHTa

HnHa M3Mbe'peH 0 1 2 3 4 5 6 7 8 9
nsa
R H | 2500 | 3000 | 2000 | 3500 | 4500 | 4000 | 1750 | 270 | 1250 | 5045
i T 3 2 2 2 2 1 3 2 1 1
L M 0.4 0.4 0,5 0,32 0,3 0,35 0,42 0,5 0,3 0,8
n | unxa/aac | 850 | 800 | 825 | 750 | 800 | 700 | 725 | 780 | 600 | 800
Pe MIla | 04 | 04 | 04 | 04 | 04 | 04 | 04 | 04 | 04 0,4
\% Mm/c 20 20 20 20 20 20 20 20 20 20

2. MeToaudeckue peKOMEHAALMY 10 PEIICHUIO 3aa4

3agaua 1. 200 cM® MUHEpanbHOro Macaa nNpu Temnepatype +50 BbITEKaeT U3 BUCKO3MMETPa JHrepa 3a Bpems
T1=175 c, BogHoOe uncao npubopa T,=52 ¢, norpewHocTb Npmnbopa a=0,96, yckopeHne cBo604HOr0 NajeHms

g=9,81M\c>. OnpeennTb YC/IOBHYHO BA3KOCTb, YCTAHOBMTH TUM Mac/ia U paccunTaTh JMHAMUYECKUIA
KO3 PULMEHT BA3KOCTU.

Pacuert:

1 oOnpegenenue ycnosHoI (OTHOCUTENBHON) BA3KOCTU MPOU3BOAMUTCS MO GOPMYJIE
Ts 175
°BY=a — =0,96 52 = 3,23°BY

To

2 KoappuumeHT KuHeMaTuueckoi BsiskocTv onpegensetcs no dopmyne: U=(0,0731e¢ °BY — *

‘0631)-1074’ M2 _

3,23 c

V=(0,0731:3,23 = 225 1074=0,2: 1072 =
23 € 20cCm

3 Tun  MuWHepanbHOro Macia ycTaHaBAMBaEM

no Tabaunue 2: unHayctpuanbHoe 20,

T.e. UC-20, nnotHocte P=890 — ™
M3
u=U*P=0,2-10"e 890 = 1780 ¢ 10 ' Tla @ c
3agaua 2. [N10CKUI NPSMOYTOJIbHBIN LWAT LWMPUHOM B=2 M, pacnonoXeHHbIn nog yrnoM 60 °© K rOpU30HTY,
noaAep>KMBaEeT ypoBeHb BOAbI B MPSMOYTro/bHOM KaHane raybuHon H=4 M. Onpepenutb cuny
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rMOPOCTaTUHECKOrO JABJIEHUA HA LUUT B OPAMHATY LIeHTpa AaBaeHus. MNAoTHOCTb BOAbl MPUHATL pasHoi 1000
kr/M*. laHo: B=2 M, a=60°, H=4 M.
Onpepenutsb: R,Id.

Pacuer:

Cuna rTMAapoCTaTN4EeCKOro AaBJsieHNA ornpeanendaeTcsa no cbopMyne

F=P* g°h.m-A H
B HaweMm C/Qlydae Fﬂy6VIHa NOrpy>XeHna UeHTpa TAXeCTn CMOYEHHOM NMOBEPXHOCTU WLNUTA

H 4
A=B- — == =2M

2 2
Mnouaab CMOYEHHOI NOBEPXHOCTH LMTA

H =22 —9237
A=B- 0,866

- M? sinoc
Torpga F = 1000 - 9,81- 2:9,237 = 181247 H= 0,18 MH
MonoXXeHune LeHTpa AaBaeHus (T.e. OpauHaTy TOUKK [l) onpenensem u3 BbipaXeHns
Id= lum+ IXx—X,

Yum A

roe opanHata LLeHTPa TAXECTU CMOYEHHOM NMOBEPXHOCTU WLNTA

1 H_1 4 _
T2 s 2 0,866_2’3M

MOMEHT MHEPLUN CMOYEHHOM NJIOWAAN OTHOCUTEIbHO €€ LIEHTPA TAXKECTU

CnepoBaTesnibHoO lg= 2,3 +

Iy

R =3,07m

2,3 9,237

BbIBOA: AENCTBUTENBHO, LIEHTP AaBAeHUs [I pacrofioXKeH HUXKE LLeHTpa TAKeCTH, T.K. Id>Ilum.

3agaua 3. OnpeaenuTb pacxos BoAbl Q BOAbl B rOPU30HTaIbHOM Tpy60NpoBoie NepeMeHHOro cevyeHus,

CKOPOCTb V Ha KaXXA0M U3 y4aCTKOB M MOCTPOUTb NMbE3OMETPUYECKYIO IMHUIO, €C/i 3a4aHbl H=5M, d1=0,015
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mM,d2=0,020 ™m,d3= 0,01 M. Onpepennts  Q, V1, V2, V3 " NMocTpouTb

Nbe30METPUYECKYIO JINHUIO.

Pacuer:

YpaBHeHue bepHynnun gns cedeHuns 0-0 n 3-3 npu coBMeELLLEHUM NIOCKOCTM CPpaBHEHUS C OCbIO TPYObI byaeT
UMETb BMA;

P+aV — 0*=123+ PP+aV _ 3
p-g 2g R 29

20+

MpuHUMaem a = I.

B naHHoM cnyvaeZ0 = H,Z3 = 0. B cBS3U ¢ TeM, UTO B ceveHusix 3-3 AaBaeHue paBHO atMochepHoMy, J1-)K-

LLI,H=const, a ckopocTb B cevyeHnn 0-0 VO=0, CKOpOCTb B BbIXOAHOM cevyeHnn 3-3 onpenensatoTr n3 3aBUCUMOCTU:

P, P Par

Pacxop Bogbl B Tpyb6onpoBoe

md3? 3,14-0,012

=V3-S3= V3T = 9’9T = 0,78'10_3 Q

M3

C

CkopocTb B ceveHnn 1-1

4Q 4-0,78-1073
vl = = = 4,4‘ M

ndr 3,14 0,015 ¢

CkopocTb B ceveHun 2-2

_4Q 4-0,78:1073

V2 = 2,48M _
nd22 3,14 0,022 ¢

CkopocTb B ceyeHmn 3-3

_4Q _4-0,78+1073

V3 = 9,9 M
nd 3,14 €0,01> ¢

lNbe3oMeTpPUYECKYHO JIMHUIO CTPOAT UCXOAA U3 C/IeAYOLWMX NOJIOXKEHUN.
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MocKoJIbKY 3a/a4a peluaetcs 6e3 yyeTa noTepb SHEPTMM, TO HanopHas IMHUA (TMHUS NONHOM SHeprun) yaet
npeacTaBaiATb CO60M rOpM30HTaIbHYIO NMPAMYIO, SBJISIOLLYHOCA NPOAO/HKEHMEM CBOOOAHOM NOBEPXHOCTM BOAbI B
cevyeHumn 0-0. Nbe3omMeTprnyecKkas JIMHUA PaACNOSIOKUTLCSA HUXKE HAaNOPHOM

VQ JIMHUN Ha BEJIMMNUHY —
B KaXX0M Ce4YeHUN.

2g 1%
Taknm 06pa3oM, OT/IONKUB BHU3 OT HAMOPHOM JIMHUN BEJIMUUHBI  —— B CEYEHUSX,

29
COOTBETCTBYHOLUNX USMEHEHUNIO AMaMETPA pr6onposo,u,a, NOJIy4nB pAn TOYEK, COeEANHMB KOTOPbIE, NMOCTPOUM
Nbe3oMeTPUYECKYIo IMHUIO (PUCYHOK )

Mpu aTOM
V12 4,42
== 0,987 m
2g 2-981
V2? 2,48?
==0,312 ™
2g 2-9.81
V32 9,9
==5M
29 2 -9.81

-

PucyHok 4

3anaua 4. No ropusoHTanbHOMy Tpy6onposoay anametpomM d = 0,02 M 1 aimHoi | = 20 M noaaeTcs Macsio co
ckopocTblo V = 1,2 M/c. PaccumTaTb NOJIHYIO NOTEPIO Hanopa, eC/in Ha HEM YCTaHOBJ/IEHbI 06paTHbIN KnanaH

(€1=0,8), 3agBmxkKa (£2=0,15) n nmeertcsa koneHo nog, yrioM 90° (£3=1,2). KoapPpuumneHT KuHemMaTnyeckon
BsA3KocTn macna u=0,15 -cCr

[aHo:d=0,02 M, |=20 M, §1=0,8 M\c, §2=0,15 M\, £3=1,2 M\c, u=0,15 cCT, V=1,2 M/c Onpeaenutb: h1-2 PacyeT:
Onpepaenntk Yncno PeltHonbaca no ¢gopmyne

Re=Ved
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v

_1,2:0,02_
Re 15-10°

1600

MonyyeHHoe uncno 1600<2300 ( T.e. Re<Re,, cnepoBaTeNbHO, PEXKUM — TaMUHaPHbBIN. Torga KoadbouumeHT

rTMAapaB/IMHECKOro TpEHNA OoNpeaeINTbCA U3 BbliPaXXE€HUA:

64 64
= =—0,04R=+600

MoTepu Hanopa no AnHe

2
hi=Ne — Y 'm

d 2g

=042 =29

0,02 2-9,81 M

|_|0Tepl4 Harmnopa B MECTHbIX CONMPOTUBIEHUAX
12
Yhi=(€1+8§2+83):- — ,m™m
29

12" _ 158

Yhi= (0,8 +0,15 + 1,2) -2 9,81

MonHas notepst Hanopa h1-2 h1-2= hl+ Y hi= 2,9

+0,158=3,1m

3amgaua 5.[Mpoun3BecTy rMapaB/IMYECKMIA pacdeT TpybonpoBoaa A/ Hacoca NPOU3BOAUTE/IbHOCTbIO Q
8 N/MWH, paboTatowero Ha Macsie nHayctpmanbHoMUC ™, umetowmm BSA3KOCTb 20

CaHTUCTOKC (u=20- 10 °m?\c. ) Pacuer:

OnpepfeneHne BHYTPEHHEro AnaMeTpa npomssoauTbest no opmyne d = 1,13 _Q-_ , M

Vv

Vep

rae Q -npou3BOAMUTENBHOCTL Hacoca B M*/c. Vo, — CPEAHSIS CKOPOCTb ABMXXEHUS XKUAKOCTU B M/C, KOTOPYIO

MOXHO MPUHATb 13 Tabaunypbl 14 Tadauna 14

Q J/MWH no 12 11-30 31-50 cBbile 50

Ve m/c 0,1 0,083 0,067 0,05
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0,00013
=1,13 /— = 0,041
MpuHas V = 0,1 M/c, nonyvyaem d 01 M

MpuHnMaeM dy = 6 MM no FOCT 16516-80 (npunoxkeHue 2)

OnpefeneHne AencTBUTENILHON CKOpPOCTH YXUAKOCTU B npuHaToM Tpy6onposoge dy.
8
=————=0,00013, M
Q 60-1000 Jc
4-Q 4-:0,00013

Ve~ 2 — — 01046M —
7 e dy 3,14 0,062 C

MpoBepKa Tpy6ONpPOBOAa Ha PEXNM TEHEHUS KUIKOCTU

_Vgdy _ 0,046 0,06
Re U 0,2-107%

=138

Tak nonyyeHHoe Re= 138<2300 - TO peXX1UM Te4YeHUs - TaMUHAPHbIN.

BHyTpeHHUIN  anameTp Tpy6onpoeoaa (YCNOBHbIN npoxog,) paccyuTaH NpaBUAbLHO.
3agaua 6. Boiuncantb nogavyQ paamnasbHO-NOPLIHEBOrO POTOPHOrO HAcOCa, ecn aKcueHTpucnteT €=0,0095 Mm,

anametp nopuuHen d = 0,030 M, Yncao nNopluHeit Z = 5, yactora BpaieHns n = 20 ¢ ', 06beMHbIin KM/, n06=0,9.

JlaHo: e=0,0095 M, d =0,030M,Z2=5n=20¢ ", T]06=O,9.

Onpepenntb: Q PacyerT:

PacyeT nogauv paananbHO-MOPLIHEBOrO POTOPHOrO HACOCa ONPEeAEAETCA U3 BblPaXKeHMS:

Q="" ___ z-Z-e-n"r]o6,M3/c

Q=% ____ M080’.5.00095-20-0,9=1,2-10"%M%/c

2

3anaua 7.Mofaya LeHTpobexHoro Hacoca Q1= 360 M*/4, YacToTa BpaLLeHMS N 1= 960 06/MuH, Hanop H1= 66 m,

KM, HacoCcHOM YCTaHOBKM C Y4ETOM MOTEPb Nos = 0,65.

Onpepenntb:

- KaKoM MOLHOCTU U C KaKOWM 4aCTOTOM BpallleHMs HeobXoAuMO YCTaHOBWUTb 3JIEKTPUYECKMI ABUraTesb
[LN5 TOro, 4To6bl NOBbICUTL NMogadvy Ao Q2= 530M%/u.
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- KaK NMpW 3TOM M3MEHWUTbCS Hanop Hacoca H2 npumeHeHus noAo6HbIX pacyeToB As onpepeneHus

napameTpoB Hacoca Npu HOBOW YacToTe BpallleHus.

NaHo: Q1= 360M%/4, H1= 66 M, N 1= 960 06/MuH, Q2= 520M*/4, 1os = 0,65.
Onpepenntb: N1,n2, N2, H2.
Pacyer:

Mo 3agaHHbIM Q1, H1n onpeaenmm MOLLHOCTb 31IEKTPUYECKOro ABuratens

g \QL-Hl _ 1000 &81 860 €6 _

N = 106 3600 @65 / «Br

@ nl Tak Kak

Q2 n2
Ton2= @ 2 enl
Q1
520960

2 =——=1387
n 360 00/MuH

N1 nl N3BecTHO
4o — = ( )3

N2 n2

Torga MOLIHOCTL HOBOTO JIBUraTeNs

N1n23 100-13873
= = = 302
kB

2
N n13 9603

T

HoBbin Hanop onpeaeniaem, BoCrnoJib30BaBLLMCb COOTHOLLEHNEM

H1 nl?

H2 n2

__ H1n2? 6613872

H2 = = 138w

nl? 9602

3anaua 8.0npegenntb ycuamsa R M cKopocTb V LLITOKa MNOPLLUHEBOro rmMApouuIMHapa
€C/IM  XUAKOCTb nopaercs B 6ECLLTOKOBYIO nosoCTb

JaBNeHNEM Pua6=6,3MlMNan npomnseoantensHocTbo Q = 50 1/MUH.

Onpepnenntb ycnana Ha LUTOKE MpU ero BblABUXKEHUN Y NOPLLUHEBOro LUANHAPA

AnaMeTpom D=0,2m,

nog

paboymm
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_mD?

3,14 +0,22
R 4

Ppag-nm= 6,3+ 10° - 0,95 = 187929
H

CKOpOCTb WITOKA

_4Q 450 1
nD2  3,14:022 6000

= 0,26 V

1

T.K. 1M*/c=6000 nnTpos/c, To B popMye BBeaeHa BesmunHa 6000.

3agada 9.0npenenntb gnametp D NOpLIHEBOro rMApPOLUANHAPA, KOIMYECTBO TpebyeMon xuakoctn Q ans
BbIZBVXKEHMS LLITOKA €O cKopocTbto V = 0,572 M/MUH 1 ycuamneM F = 15000 H. Pabouee saBneHue KUAKOCTU P .6 =
1,2 Mna.

Mo KaTtanory (npuaoxeHue 5) Nnogo6patb HEO6XOAMMBIIA HACcOC.
Pacuer:
[OuameTp umnanHapa onpeaenserca no popmye:

_\/ 4F \/ 415000
. nM .12-106-
1T-Ppab-nm 3,14-1,2:10°:0,95_ 0,129 M

D

PaccunTaHHbIN AMaMETpP UMANHAPA OKPYIASOT A0 6anmkKanilero 60/bluero 3Ha4eHsl Kak OCHOBHOFO, TaK U
BcrioMoraTesibHoro psagoB no FOCT 6540-68.

MpunnoxkeHue 1. B gaHHOM ciiydae gnamMeTp rmgpoumnuHapa npuHnmaetcsa D=130 mm.

Konn4yecTBo »KMIKOCTU, Heobxoanmoi ans obecneyeHuns 3a4aHHON CKOPOCTU LUTOKA

tD? 3,14-0,132
= Y ==—==—.0,01 =0,000133 M3
Q 4 4 /c
Q=7,98n/MuH V=" _____ ®=0.01 m/c

60

Mo KaTasory HacocoB (MpuaoXeHue 5) NpuHMMaeM Hacoc wectepeHHbI [1121. Ero Pys = 1,2 Mna u
npou3BoAUTENbHOCTb Q =8 n/MUH.

3agaua 10. Paccuntatb ycuamne Ha LUTOKE B rmapounnnHape C
0/JHOCTOPOHHUM LLTOKOM MpU €ro BTArMBaHUN, ecin AnamMeTp nopluHs D=0,05 M, anametp wroka d=0,03 M,

JaBJieHMne paboyei KXMAKoCcTn Ha nopueHb P= 6MIa. MexaHnuyecknin KM cnnosoro unnmHgpa n,=0,95.

Onpepgenutb: F PacueT:

Ycunue Ha LUTOKe NOPLIHSA TMApoUMIMHApPa onpeaensercs no ¢opmyne

__P-t(D?-d?)
F 4 w H
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_ 6°10°-3,14(0,052-0,032)-0,95
F 4 =7159 H

3axaua 11. B 6annoHe emkocTbio V=30 1=0,3 M® HaxoAMUTCA KUCA0POA, NPU N36bITOYHOM AaBieHun P1=5 Mlau
Temnepatype t1=27 °C. ATMochepHoe faBneHue, npmeegeHHoe K 0 C, paBHo P0=745 mm pr.cT. Mocne
M3pacxo0BaHMSA YacTU KUC0poaa M3bbIToOYHOE AaBsieHme ctano P2=2MMMa, a Temnepatypa t2=17 °C.
OnpepennTb Maccy U3pacxoAoBaHHOIO K1ucaopoga M.

Pacuer:

Mo tabauue IVc. 318 onpeaensieM rasoByto NOCTOSIHHYO BO34yXa
R;=287 I/ (KrK)

MepeBogum Temnepatypy B «K»

T1=27+273=300 K

T2=17+273=290 K

OnpepnenseM abcontoTHoe AaBneHune Bo3gyxa P,1=P1+P0=5+745-133-10 ° = 5,1 MIla
P,2=P2+P0=2+745-133-10° = 2,1 MIla

3anuiieM ypaBHEHME COCTOSHMSA A1 IBYX COCTOsSIHMIM paboyero Tefia u onpegensemM Maccy M1 u M2,

Pa1:-V=M1-R-T1 =-M1=Pqu 1oV, kr
ReTl

Pa2:V=M2.R-T2 -»M2=" 2V
ReT?

Toraa Mmacca n3pacxogoBaHHOro BO3ayxa paBHa pasHoctn M1 n M2,

pPalv Paz2v

M—M1-M2=

»T k. V=const

ReTl Rel2

M=V .a (Pal = Pa2) xr

R T P
03 (5,1-106 2,1-106) .
M 287 300 290 /10w
3anaua 12. Oonpenenntb  ycunaue Ha LUTOKe AuadparMeHHOro nHeBMoUMAMHApPa (PUCYHOK 5).

Ecnv guametp umnmnngpa D=0,2 M, AnameTp onopHo wanbsl d=0,05 M, ycunue Bo3BpaTHOM NPY»KMHbIR1=44 H.

PacueTtHoe gaBneHue Bo3ayxa P,=0,4 Mlla.
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Pacuer:

Ycuname Ha wWwtoke anadparMeHHOro NHEBMOLMANHAPA C YYETOM ycunus R1, BO3BpaTHOM MpPY>KMHbI
onpefensieTcs Kak y atoboro unamHapa, no ¢opmyne

R=AA e Psenm + R1, H

Mnowaab Anadpparmbl A, Ha KOTOPYHO JEMACTBYET CXKATbIi BO3/YX, B CEYEHUU NPeACTaBAsAET TPANELUIO, NO3TOMY

AA onpeaensertcs no cpegHeMy AMaMeTpy TpaneLuu.

—
PucyHok 5
Dcp= (D+d),m Dep=( — 0,240,05) =
0,125m2 2
7o Dep? AA = 3.14:0,1252 — 0012
AA= , 4 ’ )
4 ™M M

LBMYXEHMeE LUTOKA OCYLLECTBASETCS 3a cYeT AedopMaLmn anadpparmbl, Ha KOTOPYHO 3aTpayMBaEeTCA
onpeaenéHHoe ycuname. Tak Be/IMYMHA X043 LUTOKA B CTaHAAapTax AMadpparMeHHbIX LUANHAPOB OTHOCUTENBHO
Mana (06bIYHO MeHblLe 0,22D), To n ycunue Ha AnadparMeHHyo Aedopmaumio

HE3HAYNUTEJIbHO U UM B MPaAKTUKE npeHe6pera+0T.

R=0,012-0,4-10°e 0,95 + 44 = 4604 H

3agaua 13. lNpomnsBecTn pacyeT MHEBMOMNPUBOAA, MMEIOLLErO KOJIMYECTBO OANHAKOBbIX MOPLUHEBbIX LMIMHAPOB
i=3WwT, ycunmem B wroke F=2500 H, ¢ aanHom xoaa wroka L=0,4 M 1 yactoTon paboumnx UmkIoB n=850
umknoB/yac. laBneHune Bo3sayxa P,=0,4 MIlla, ckopocTb Bo3ayxa B Tpybonposoae V=15 m/c.

Pacyert:

OnpegeneHue BHYTPEHHEro AuameTpa MOPLIHEBOrO  MHEBMOLMJIMHApPA NPOU3BOAMTLCA MO popmye

4-2500
3,14-0,4-10°

=0,089 m
MpuHnMaem D=90 MM no FOCT 6540-74 (npunoxkeHue 1)
OnpejgeneHne TeOPETUHECKOro Pacxoda CXKaTtoro Bo3ayxa

_mD?

Len =340 0 4.850 = 2,16

Q 4 4 M3/uac

OnpepeneHne JeNcTBUTENBHOIO Pacxoa CKaToro Bo3ayxa
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Q,=1,25-Qi=1,25-2,16-3=8,1 M*/uac

OnpeaeneHue BHYTpeHHEro AnaMeTpa TpybonpoBoaa (YC/I0BHOro Npoxoaa Tpy6onposoaa)

40n 48,1
= = =0,014
4 \ 3600V 3,14-3600-15 "

MpuHnMaeM d=16Mm no FOCT 16516-80 (npunoxkeHue 2)

3. Ilpunoxenus

Mpunoxenune 1

Psap amameTpoB LMAMHAPOB M WTOKOB No FOCT 6540-74, mm

OcHoBHOM psf, 16 |20 |25 |32 |50 |60 |80 |100 | 125 | 140 | 160 | 180 | 210 | 250 | 280

BcnomoratenbHbin | 18 |22 |28 [ 36 [S5 (70|90 | 110 | 130 | 150 | 170 | 200 | 220 | 240 | 320
pPaA

MpunoxerHune 2

YcnoBH ble npoxoapl d, MM FOCT 16516-80

1,0 10 100

- 12 125
1,6 16 160
2,0 20 200
3,0 32 -
4,0 40 -
5,0 50 -
6,0 63 -
8,0 80 -

MpunoxeHue 3

Pap pabounx gasneHmn, Mrlla

Pap P 25 1,0 1,2* - 1,6 2,5 4 5 6,3 8
Pap P10 10 12,5 14 16 25 28 40 50 63

MpuMeyaHue: 3HaYEHNS AABIEHUI, MOMEYEHHbIE * MO BO3MOXXHOCTU HE NMPUMEHATb.

MpunoxenHune 4
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3HayeHue KoadpdrLMEHTa MECTHbIX NMOTEPb

N2 nn Bug, (Tvin) MecTHOro conpoTuBAEHUS 3HayeHune KoappuumeHTa
1 MpucoeayHUTENbHbIE LUTYLLEPI 0,15
2 30/10THUKOBbIE pacnpeaennTenm 4.0
3 O6paTHble KnanaHbl 3,0
4 MpenoxpaHuTebHbIE KanaHbl (MecTa coeAnHeHMs) 0,2
5 M'mapo3amMok 0,3-0,4
6 OuUnbTP Ha HarHeTatlLLEM TpybonpoBoae 0,5
7 Lpoccenb peryanpyemsii 0,4
8 Bxoa Macna B NOAOCTb rMagpoumManHapa 1,0-2,0
9 Bbixo Macnia 13 NoAoCTU TMAPOUMANHAPa 0,5
10 PaszBeTBneHMe NOTOKa Ha ABa HanpaB/eHUs 1,0-1,5
11 CoeguMHeHUs 2-X NOTOKOB B OAUH 2,0-2,5

Hacocbl

LLlectepeHHble Hacockl TMNa [11-2. O6o3Ha4veHme no FOCT 2.782-68

MpunoxxeHue 5

XapaKTepucTuka r11- | r1121 | r11- | r1122|r11- | r1123 | r11- | ri1124 | ri1- o | r112s
Tunopasmeps! 21A 22A 23A 24A 2AA
Mpou3soauTensHoOCTb, M\ | 5 8 12 18 (25 |35 50 70 100 | 140

MWH
Pa6ouee paBneHve, MMa | 1.2 | 1,2 2,5 25 (25 |25 2,5 2,5 2,5 2,5
O6wwwmit KN, 0,7 |07 0,6 06 (07 (072 073 |0,75 |08 0,8
Macca, Kr 20 (225 |225 |62 |62 |62 8,7 150 |21,0 |25,0
LLlectepeHHble Hacockl TMNa HLL
XapakTepuctuka HLLU-10/., HW-16 | HW-324 | HW-40B | HLU-46]
Tunopasmepsbl

Mpou3BoAUTENLHOCTb, T\MUH 16 25 50 60 75
Paboyee gasneHue, Mla 10,0 10,0 10,0 10,0 10,0
06u_|,Ml71 Kna 0,8 0,8 0,8 0,8 0,8
Macca, Kr - - - - -

MnactnH4yaTbie Hacockl TMna [12-2
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OanHapHOro AencTeus

[BoiHoro nencrems

O603Ha4eHme no NOCT 2.782-68

XapakrepucTuka ri221| riz- ri1222 | riz- 1223 | ri2- ri1224 | ri2- ri1225 | riz-
22A 23A 24A 25A 26A
Tunopasmepel
MNpon3BOAUTENIbHOCTb, 8 12 18 25 35 50 70 100 150 200
J\MUH
Pabouyee NaBJieHne, 6,5 6,5 6,5 6,5 6,5 6,5 6,5 6,5 6,5 6,5
MTla
OGU.I,Mﬁ Knna 0,5 0,67 0,67 0,73 0,79 0,71 0,76 0,81 0,85 -
Macca, Kr 9,2 9,2 9,2 9,2 9,2 26,2 26,2 26,2 138 138
[MopLuHeBble HAacoChl
O603Ha4veHue no NOCT 2.782-68
PapguanbHo-nopwHesble. Tuna HIP, HIMM, HINC, HM[,
XapakTtepucTuka HIMP HIP HIP HIMP HIMP HIMP HIP HIP HMP
Tunopasmepbl 717 705M | 713 715 50M 100 200 300 400

n POU3BOAUTE/ILHOCTb, 800 100 200 400 50 100 200 300 400
J\MUH
Paboyee NlaBJeHue, 10,0 10,0 10,0 20,0 20,0 20,0 20,0 20,0 20,0
MTlla
O6|-U.W71 KnAg 0,77 0,77 0,77 0,77 0,77 0,67 0,67 0,72 0,77
Macca, Kr 2000 350 630 800 350 630 1500 1500 2000
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AKCMaNbHO-MOpPLUHEBLIE

Tuna N-4; N-P
1}
XapaKktepuctuka nao nao nao MA Ne5 | M4 N210 nao nao
Tunopasmepbl N20,5 | N21,5 Ne2,5 Ne20 Ne230
MNpon3BoANTENBHOCTb, 9 26 47 102 204 360 490
J\MUH
Paboyee  pasnenue, | 10,0 | 10,0 10,0 10,0 10,0 10,0 10,0
MTlla
O6wmn KM, 0,72 0,72 0,77 0,77 0,8 0,8 0,8
Macca, Kr 20 45 95 160 240 400 600
Tuna HAP, HAC, HAM, HAJL
Pabouee | MNMpousBogute BcnomoratenbHbin
Tun Hacoca AaB/eHue, NbHOCTb, | ™Macea, kr Hacoc
MIa N/MWH N/MUH Mna

HAP-16/200 20,0 25 31 3 2,5
HAP-40/200 20,0 55 60 8 2,5
HAP-63/200 20,0 85 80 8 2,5
HAP-125/200 20,0 200 163 12 2,5
HAP-400/200 20,0 400 230 32 2,5
HAP-16/320 20,0 25 30 3 2,6
HAP-40/320 32,0 55 54 8 2,8
HAP-63/320 32,0 85 75 8 2,5
HAP-125/320 32,0 172 111 12 2,6
HAP-400/320 32,0 400 230 32 2,5
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KnanaHHble (3KCLEeHTPUKOBbIE)

O603Ha4eHue no NOCT 2.782-68

Twnna H-400

XapakTepucTmka H-400 | H-401 H-403 | H-450 | H-451 H-453

Tunopa3smepsl
MpounsBoANTENBHOCTb, N\ 5 18 35 3 5 8
MWH
Pabouee pasnenue, MMa| 30,0 30,0 30,0 50,0 50,0 50,0
O6wwmn KN 0,75 0,77 0,80 0,72 0,77 0,77
Macca, Kr 13,5 42,6 45,6 20 54 55,7

Tuna HP
Pabouee NMpounsBoauTenb O6bemMHbin | Obwmm KMO | Macca, Kr
Tun Hacoca haBneHune, HOCTb, I/MWH Kna,
Mlla

HP-1,6 50,0 1,8 0,75 0,72 20,0
HP-2,5 50,0 3,2 0,78 0,75 23,6
HP-4 50,0 5,0 0,80 0,75 43,0
HP-6 50,0 8,0 0,80 0,75 51,0
HP-10 50,0 12,5 0,85 0,75 79,0
HP-16 50,0 20,0 0,85 0,75 92,0
HP-25 50,0 32,0 0,86 0,77 130,0
HP-40 50,0 50,0 0,86 0,77 212,0
HP-50 50,0 76,0 0,86 0,77 300,0

YcnoBHble 0603HaYeHMs 3/1EMEHTOB rMaponpMBoaa

MpunorkeHue 6
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bak oTkpbITbIN TOCT 2.780-68

L -

Bak 3aKpbITbin Ps<<PO

duUnbTp ANA KMAKOCTU MU BO3AYXA

KnanaH peayKUMOHHbIN TMAPaBINYECKUI

1
X
Ty

~4
-

Jenuvtenb notoka FVI,EI,paB}'IMLIECKVIﬁ Ha ABa NMOTOKa

Ix¢

KnanaH npefoxpaHuUTeNbHbIN ABOMHOIO AENCTBUS

‘ rOCT 2.781-68
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E ; ‘:‘ [lpoccenb peryimpyemslit

TMAPOLUUANHAP MYHXKEPHbIN

tE——7

M'mapoMoTop HEPEBEPCUBHbIN

MOMEHTHbI TMAPOLUANHAP

it Iy

LInAnHAP ABYXCTOPOHHErO AEMACTBUSA — NOPLLUHEBOM

MpunoxkeHue 7 OcHoBHble eanHMLbI CA

Tabaunua 1.1
BennyunHa HanmMeHoBaHue O603Ha4yeHmne
OnvHa MeTp M
Macca KUNorpamMmm Kr
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Bpems CeKyHpaa C
Cuna anekTpnyeckoro amnep A
TOKa
TepMogmnHamMmnyeckas KeNbBUH K
TeMnepatypa
Konunyecrtso BellectBa MOJ1b MOJIb
Cuna cBeTa KaHaena KA,
MpousBoaHble eanHMubl CU
Tabnnuya 1.2
BennuunHa HanmeHoBaHue O603HayeHne
YacroTa repuy, My
Cuna, Bec HbIOTOH H
[aBneHue nackasnb Ma
SHeprud, paboTta, KOANYECTBO IXKoynb IR
TEenaoThl
MolHocTb BaTT Bt
MoMeHT cubl HbtloTOH-MeTp H™M
YpaenbHas TennoemMKocTb (yaenbHas [XXoyNb Ha KMIOrpaMMKenbBUH Do/ (KrK)
3HTpOnus)
YaenbHbIN TepMOAMHAMUYECKUIA J)Koynb Ha Knnorpamm
noTeHuman (3HTanbNms) IDK\KT

CnucoK UCN0JIb30BAHHOM JIUTEPATYPbI

OCHOBHblE UCTOYHUKM

1 EropywkuH B.E., Llunnoeuy b./. OCHOBbI rnapaBAnKK U TENJIOTEXHUKM. - M.: MawmHocTpoeHune, 1981.

2 JNenewxuH A.B., Muxannnd A.A. T'mapaBaMyeckue m NHEBMATUYECKUE CUCTEMBI. - M.: MallMHOCTPOEHMUE,

2005.

3 Pa6uHosuy E.3. fvapaeauvka. - M.: Heapa, 1987.

4 CO6opHMK 3334 Mo MallMHOCTpoUTENbHOM rnapaeauke./noa pen. Kykonesckoro U.U., Moaeuza J.I. - M.:

MauwunHocTpoeHune ,1981.

5 Xoaun K.M., HUKUTMH O.®. OCHOBbI rMAPaB/IMKM U 06BEMHbIE TMAPONPUBOAbLI. - M.: MalUMHOCTPOEHHUE,

1989.

JononHutenbHble NCTOYHUKH
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1EaLUTaT.M.,Pyp,HeB C.C. n ap. MmpgpaBnavka,rMgpomMallimHel U rMaponpuBoabl. -
M.:MawuHocTpoeHne,1982.

2 KysHeuoB B.I. MpnBOAbl CTAHKOB C NPOrPaMMHbIM YripaBaeHUeM. - M.: MalunHocTpoeHue, 1983.

3 Cron6os N.C., Neposa A.L., JIoxXknH O.B. - OCHOBbl TMApPaBAMKM WU TUAPONPUBOL CTaHKOB. - M.:
MawwmHocTpoeHue, 1988.

4 TocypapcTBeHHble CTaHAAPTbI:

FOCT 2.704-68 MNMpaBunaa BbIMNOJHEHMS TMAPABANYECKMUX CXEM

FOCT 2.780-68 O603Ha4YeHUs YCIOBHblE rpadunyecKkmne. dNeMEHTbI TMAPABINYECKUX U MTHEBMATUYECKUX
ceTen.

FOCT 2.781-68 O603Ha4eHUs1 ycnoBHble rpadudeckme. AnnapaTypa pacnpegenntensHas u
peryavpytolas, ruapaBanyeckas U MHeBMaTUYECKas!.

FOCT 2.782-68 O603Ha4yeHMs ycnoBHble rpaduyeckme. Hacochkl 1 gBuratenn rugpaBiandyeckme un
nHeBMaTU4YeCcKue.

FOCT 17398-72 Hacocbl. TepMUHbI M onpeaeneHms.

FOCT 17411-81 Tmaponpusoabl 06beMHble. ObLeTEXHNYECKME TPeboBaHMSA
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