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MNPEAUWCJIOBHE

QOnuofi ¥3 BaxHeHLUUX 3ajady OTEYeCTReHHOro Ma-
LIHHOCTPOCHHS ABASIETCST MAKCHMAJbHOE YCKOpEeHue
HaVYHO-TEXHHUYECKOro mporpecca. bDoabiias  poJb
B PEIICHHH 3TOH 3aJau¥ NPHHALJIEKMT OTpPacaAM npo-
MBILIVIEHHOCTH, CO3AaIOIHM COBPEMEHHBIE TH/ApaBJu-
yecKHe W NHEeBMATHUYECKHE NPHBOJH.

IIpumeHeHue ruipaBAHYeCKOr0 H MHEBMATHUECKOr O
NpUBOJIA MO3BOJSET CO34aBaTh HPOTPECCHBHBIE KOH-
CTPYKUHUH MaliMH, pacHIHPsiTb BO3MOMKHOCTH aBTOMAaTH-
3alHH  [OPOM3BOACTBA. ABTOMATHUECKHE  [IPHBOJBI
COCTaBJSAIOT OCHOBHLIE pabouue, TPaHCIOPTHPYIOLIHE
H BCIIOMOTATEJbHbLIE arperaTsi U IIMPOKO MPHMEHSIOTCS
B CTPOHTEJALHBIX, NOPOMKHHIX, TOPHEIX, CEJbCKOX03di-
CTBEHHBIX H JIIOOBIX WHBIX CAMOJABHMXKYIHXCH M MOOHJIb-
HBIX MAIMHAaX, B IPOMBINEHHEIX, KOCMHYECKHX H
MOKBONHBIX  poGOTAX-MAHUNIYJAATOPAX, AaBHALLMOHHBIX
H KOCMHYECKHX CHCTEMax YOpaB/JASHHA.

Macmtabul npuMeneHHst THIPABJIMUECKHX H ITHEB-
MaTHYECKHX NPUBONOB HEMPEePHBHO pacTyT. [loaTomy
3HaHHE THADPO- K IMHEBMOIPHBOAA, €ro TeXHHUYECKHX
U NMPOH3BOJACTBEHHEIX BO3MOMKHOCTEH sBJAseTCA HeolX0-
JHUMBIM YCJIOBHEM CO3NaHHS BBICOKOMPOH3BOAUTENbHBIX
MallliH, KOMIIJIEKCOB, arperaToB H CHCTeM, obecrneynBa-
0IHEX 3¢GheKTUBHYI0 paboTy IIPOMBIILIEHHOCTH.

Yue6Hoe mnoco6He HAMHCAHO C YueTOM 3HAHHH,
HONYYEHHHIX VYAIlHMHCS TIPH H3YYEHHMN NPEAMETOB:
«OCHOBHL THIPEBJINKH H TeIIOTEXHHKH», «JleTanu
MallkH», «TeXHOJOrHs NPOU3BOACTBA THAPONPHBOLOBY.

O0beM TexHUYECKMX CBEACHHH, KOTOPBIE MOJIKEH
HMETb TEXHHK B 00JaCTH THIDONPHBOLOB H IIHEBMO-
NpHBOROB, BechbMa oOmMIHpeH. B pesyabTare H3yyeHMs!
JdaHHOTO HpEAMETa Yualmuecs NOJKHbi 3HATh YCTPOH-
CTBO H FMPHHUMUI palOTEl HAacoCoB, THAPO- H ITHEBMO-
JABUTaATeNel, anmapatypsl YOPaBJAEHHMS U JAPYrHX 3Jje-
MEHTOB NpPHBOAOB;, NPHHUHN pPaGoTEl THAPONPHBONOB
H ITHEBMONDHBOAOB B Ie/oM; obmue TpeboBaHus 0Oes-
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OlIACHOCTH K KOHCTPYKIHH H 9KCOJAYaTaliky TPHBOAOR,
a TaKXKC YMeTb UATATh ¥ COCTAB/IATb NPOCTEHIHE CXEMbI
NPHBOJCE; NPOH3BOAHUTHL THAPABJHYECKHE M MHEBMATH-
YeCKHe pacyeThi; BHINOJHSIThL MOHTAX H Pery/JHpPOBKY
npocTefintiuX THAPOCHCTEM M [HEBMOCHCTEM; IIPOBO-
JVMThL H3MEPeHHs J[aBJEHHs, pacXopa, TeMNepaTyphl
H APYTHX NapaMeTPOB THJPABAHYECKHX H MHEBMATH-
YEeCKHX 3/IEMCHTOB M MPHUBOIAOB NPH MX HCHBITAHHAX
H IKCONyaTalHH.

YunTLIBasi BO3POCIIYID POdb CTAHAAPTHRAUHUM B HO-
BHUILIEHHW KayecTBa NPOAYKUMH, B yueOHOM MNOCOGHH
yieqeHo GoJibIIoe BIHMAHHE OCBCHIEHHIO CONCPHKAHHSI
CTAHAAPTOB HA THAPSBANUECKHE H ITHEBMAaTHYECKHE YCT-
pofictBa. Tak, TEpMUHONOIHS IO THAPONPHBOAAM H
nHeBMonpuBoaaM npunsta no I'OCT 17752—72, a no
HacocaM H ux napamerpam — no TOCT 17398—72.
PUCYHKY ¥ THAPABJIHYECKHE CXEMEI BHINOAHEHE B COOT-
percTBUM co cranfapraMy ECKJ. B yue6uom noccOuy
eIHHNHIH GH3HYECKHX BEJIHYHH BHIP2XKEHH B Mexay-
Haponnofi cucreme epunun (CH).

ABTopnl ¢ 61arojapHOCTLIO NPHMYT BCE 3aMEYaHHA
¥ TOXeNaHWs, HalNPaBJCHHLIC HA YJYUWIEHHE Copep-
JKaHusa yueGuoro nocolus.



Faasa 1

OBUIME CBEJAEHHS OBF OBBEMHbBIX
T'MAPONPHBOJAAX

§ 1.1, OCHOBHBIE TOHATHUSA U NPHHUMUIT PABOTHI
OBBEMHbBIX THAPONPUBONOB

Obwvemubim zudponpuso0om Ha3HIBAIOT COBOKYHNHOCTb YCTPOHCTB,
B UMCJIO KOTOPBHIX BXOZHUT ONUH WJH HECKOJbKO OOBEMHBIX THAPOJARH-
ratejiell, npeiHa3HayeHHas JJsi IPHBEACHHS B JBHIKCHHS MEXaHH3MOB
M MallMH NocpencTeom paboueil UAKOCTH oA faBienneM. OCHOBHEIM
ONPEeeNs oM YCTPOHCTBOM THAPONDHBOAA ABJHETCS ero oO0beMHbIH
ryjIpOJBHTATe/b, BHIXOJHOE 3BEHO KOTOPOr0 HENOCPEACTBEHHO HJIHM
yepes MEXaHHYECKYIO mepejauy COSAHHEHO C pabOuHM OpraHoM Mexa-
HH3Ma W MaluuHo# (Harpyakoi). ITomuMmo ofbeMHOrO HMApPOABHIA-
TeJi B COCTAB THAPONPHBOAA MOTYT BXOAHTh CJeAYyloLlHe YCTPOHCTBA:
HacoChl € [PUBOAAINHMH NBUTaTEJNSIMH, THAPOANIapaThl, KOHJHIHO-
Hepel pafoueif JKHAKOCTH, THAPOEMKOCTH H THApoJnHHH. Kaxpoe
W3 BXOAANIMX B COCTAB T'MAPONPUBOAA YCTPOHCTB BEINOJHSET ONpeje-
JgeHsnie ¢yHkuMH. Ha puc. 1.1 nokasana ¢yHKuHOHa/IbHas CXema
00BEMHOTO THAPONPHBOAA.

Hacocot (06beMHBIE MM JAMHAMHYECKHE) CO3/1a10T IOTOK paboueit
FKUAKCCTH TYTEM NPeobpa3oBARMS MEXAHWYECKOH IHEPTrHH NPHBOJisi-
LMX JIBHTATeNEH B THIAPABIHYECKYIO.

Obsemnbie 2udpodeueamenrt (THAPOUMIHHAPLL, THAPOMOTOPHI H TIO-
BOPOTHBIC THJIPOABHIaTe H) HPeobpa3yIoT THAPABIHUECKYIO IHEPTHIO
paCouell KHAKOCTH B MEXaHHYECKYIO SHEPrui0 BHIXONHHIX 3BEHLEB
DPHBOAA

Tudpoannopamypa (K1anaHe!, LPOCCEIH, PACNIPENETUTENH) NPe]-
HA3HAYeHA JJIsi U3MEHEHHs HaENpPaBJE€HHS U NapaMeTPOB IIOTOKa pabo-
ueil XUAKOCTH, & TaKXKe AJMS OTKPLITHH MJH NMEPEKPBITHSA OTAEJbHEIX
THADOJHHHH,

I'nxpoannapatypa pa&ﬁ?%’:ﬁﬁ” l THAPOEMKOCTH THAPOTHHHH
l OGbeMHbif i ]
Hpuratess  |[— l Hacoe _9‘ ruaponsuratens |7} Harpysxa;

Mexanuyeckan | I'mapaBanueckast Menannyeckas
SHepTUA IHEPTHSR SHEPTHH

Puc. 1.1, ®OynxunosaibHas cxeMa 00BEMHOTO IHAPONPUBOAA



Konduyuoneper pabodeil sicudkecmu CRy»ar AJsi HONYUYCHHS neob-
XOAHMBIX KaueCTREHHEIX NOKA3aTeNeH H COCTOSIHNA paboueil K KOCTH.
K nuM oTnocstes GUABTPH, TeNAOOOMEHHBIE annapaThl (OXJaauTesn
WY HArpeBaTesii) W BOBLYXOCIYCKHLIE YCTDOHCTBA.

Tudpoemxocmu (runpobGaky H I'MAPOAKKYMYJIATOPHI) NpeaHasHa-
UeHBL JUIst COIEPIKAHKS B HHX palouell KUAKOCTH C HEJAbIO HCNOAb30-
BaHus €e B npouecce paGoThl TMAPONPHBOAA.

Tudposrunuu npepHasHauyeHbl AJs ABHKEHHs! paGoyell KHAKOCTH
OT OJHOI'0 THAPOYCTPOHCTBa TIPUBOJA K ADYIOMY HJIH BHYTPH YCTpOH-
CTBa OT ONHOM IOJOCTH X APYrofi.

Bcee runpapiuveckne ycTpofCTBA NOJIKHBEL ObTh OCHAIIEGHH! YIJIOT-
HHUTENBHEIMH YCTPORCTBaMH, NPEIHASHAUCHHBIMH A/ TepPMEeTU3aLHH
coefunenuii. OTReMbIEE YCTPOHCTBA MOTYT OHITh OOLEIHHEHH B arpe-
raThl, YCTAHOBKH ¥ OJIOKH, HalpHMEP HACOCHEIH arperar, HacoCHas
YCTaHOBKA, pPyJeBasi MallliHa, MEXAHW3M YNPABJIEHHUSA U T. A.

B cocTaB OObIYHBIX THAPONPHBOAGB MOTYT BXOLHTh 3JEKTPOTEXHH-
UeCKHE H3fesus (YTpaB/sioliHe 3/1eKTPOABHIaTeNH, SJIeKTPOMATHHTHI
H T. f.), @ TAKXKE CPEJICTBA U3MEPEHUs H KOHTPOJIs.

Ocofo cyienyer OTMETHTH POIb pabouyeH KHIKOCTH B OOBEMHBIX
ruiponpuBonax. Pafouas ®UAKOCTb B THAPONPHBOAE sBAseTCs pabo-
uef cpenod, T. e. Hocuresem sueprud. C noMoulplo pabouel XHAKOCTH
FHAPAaBJIHYECKAN DHEpPrusi OT HCTOUHHKA IepenaeTcsi K OOBEMHBIM
THAPOABUTATEIsIM. B CBA3H C BHINOJHEHHEM YKasaHHOR (YHKUHU
pabouyio KHAKOCTh PAaCCMATPHBAIOT KaK OJIHH H3 OCHOBHBIX 3/I@MEHTOB
O6HEeMHOr0 THAPONPHBONE.

OcrosrbIMIL CUAOBLIMU I CKOPOCTHOIML napamempamtt OOBEMHBIX
THAPONPHBOAOB ABISIOTCS JaBJACHHE H PAacxof paboded KHAKOCTH,
a TarXe MOUIHOCTb THAPONPHBOAA.

Hasrenuem dcudkocmy p Ha3LBAIOT GH3UYECKYIO BEAHYHHY, PaB-
HYIO OTHOLIEHHIO CUJH dF, JeHCTBYIOUMIEH HA VIEMERT MOBEPXHOCTH
HOPMaNbHO K HEH, K NOMann 4S5 3T0ro 3JeMeHTAa:

p = dF/dS. (.1

IIpu paBHOMEpPHOM pacnpeneseHud Cu/ibl F 110 DOBEPXHOCTH IIO-
manbio S AaBREHUE BHIPaKaeTcs GopMyaoi

p=%- (1.2)

Pasmeprocts fasienus dim p = L M7T7% Ennsuueii napjeHus
B Mexnynapoauoii cucreme eaunun (CH) asnsercs nackanb (1 Ila =
= 1 H/m?). ITackane — papnerue, Bh3biBaemoe cuaoit 1 H, pasno-
MEPHO PachpeAesieHHOA [0 MOBEPXHOCTH IIIOMagplo 1 M* ¥ HOpManb-
volt X nedt. Ilpu w3MepeHuu JAaBJEHUSA UENECOOOPA3HO NPHUMEHATD
eIMHALYY, KpaTHYl nackamo, — Meranackanp (1 MIla = 10° [la ~
~ 10 xrc/cm?).

O6vemnuiil pacxod wudkocmu Q — GH3NRYECKas BENMUMHA, PaBHAsS
ofbeMy KHAKOCTH V, npoOTeKaroliel 4Yepes mnolnepevynHoe cedyenue
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B €MiHHIY BpeMEHH f, KN HPUHSBE}.EEHHiO TJIOLEAAH [TOHEPCHHOrO
ceyenHsl S MOTOKA Ha CPEIHIO CKOPOCTb TEUCHHS JKHAKOCTH:

Q=+ =Sv. (1.3)

Pasmepuocts ofvemuoro pacxoga dim Q = L3T!. Emxununa o6nb-
emHoro pacxomia xuakoctd B CH m¥/c; 1 M¥/c — ofpemMHBIH pacxof,
NpH KOTOPOM uepe3 OnpeAeeHHoe ceueHue 3a 1 ¢ mepemeniaeTes Kus-
Kocth ofmeMoM 1 M3, JlomycKaercd NpPHMEHATh BHECHCTEMHYO eJlH-
nuny pacxona — a/mun (1 a/mun = 1,67-107° m¥c). Pagel HOMH-
HaJbHBIX ~ PAaCXOAOB  KHAKOCTH  JJis  THIPONPHBOZOB  [pH-
Begennl B 'OCT 13825—80. O6bpeMHRH pacxoj — BEeJHYHHA, Xapak-
TepHas IJIsi BCeX THAPABJMYECKHX YCTPOHACTB, KpOME HACOCOB.

Jlast MOTOKA XKHAKOCTH NPH YCTAHOBUBLIEMCS DE€XKUME CIpaBei-
JIUBO YpPAsHeHUEe Hepas3pbleHOCHL:

s
Q=Qy=+++ =Q,=const um %=§;_ (1.4)

U3 ypasuenns (1.4) cieayer, uTo CpejHHE CKOPOCTH IOTOKA XKHI-
KOCTH 00paTHO MPONOPHMOHANBHH IJIOLIAAAM MOMNEPEUHBIX CEeYeHHH.

Mowprocme N — ¢usuueckasi BeJqHyuHa, paBHas pabore B epu-
HUIy BpeMeHH. Pa3MepHocTh MoinHoeTH dim N = LEMT7T 3. Exunnua
momuoctd 8 CHM Bt. Barr — momsocTb, npH KoTopoii paGora 1 JIxk
copepwaeTcst 3a Bpemsi 1 c. Ilpu H3MEpeHHH MOIHOCTH THAPONPU-
BOJIOB L€Neco0Bpa3HO HPUMEHATh CAMHHIY, KPaTHYIO BaTTy, — KHJIO-
Bart (I kBt = 103 B7).

B o6sacTH rHAPABANKY ONpefensionee ypaBHeHHE AJsI MOLKHOCTH,
Br, noToKa XMJKOCTH

N=—={Qp, (1.5)

A
t
rie Q — o6beMubiii pacxon, M¥/c; p — AaBlieHue XugkocTH, [la.

Ecnu nasnenne soipaxeno B Ila, a pacxox B m%/c, 10 Asis onpe-
aenesus MomHoOcTH N B KBT ncnonb3yor gopMyny

N = 1073Qp. (1.6)

Ecan naBrenue BoipameHo B Krc/cm?, a pacxon B JI/MHH, TO I
onpejesieHus MomHOCTH B KBT cnipasenausa dopmyaa

N=2, (1.7

3 Beipaxenus (1.5) caenyer, uro pacyeTHas MOWHOCTH FHUAPO-
IPHBOAA YBEJHUNBAETCA MPH HEH3MEHHOM PacXolle MPOrOPIHOHANLHO
NOBLILICHHIO IABJEHH A KUAKOCTH. [IpH yBeJHUeHUH HABJEHUA B yCJ0-
BHSAX o0ecrneueHusl 3ajanHofl MOIHOCTH Macca U TraGapUTHLIE Pa3SMEpELE
ryipOMAIIHH YMEHBINAOTCA. B HacTosiiee BpeMst HOMHHA/TbHbIC Aa-
BACHHA JocTuiran 16—32 MIla (160—320 krc/em®), a BO MHOrHX
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Pauc. 1.2, "xema npocrefimiero oGbeMHOIO THAPONPHBONA H €r0 MeXa-
HHYECKasd aHaNOrHs

caysasx M ebune. OpHako AanpHefiiee ypeudYeHHE NABJEHMS Orpa-
HHYEHO IO KOHCTPYKTHBHHIM NPHYHHAM.

CpaBuieHHie OCHOBHBLIX NapaMeTpoB FHAPONDHBOXOB U SJICKTPONpPHU-
BOJOB NIOKA3HIBAET @HaA02Ui0 MEXKAY JAaBjeHueM pabouefl KMAKOCTH
¥ BJIEKTPHUECKUM HANPAKEHHEM, 2 TAKKE MEXKAY PACXOAOM XKHAKOCTH
H CHJIOH 3JIEKTPHUECKOTO TOKA, YTO IO3BOJISET NPEACTaBHTb 5TH pas-
JHYHLIE 110 CBOCH IPHPOLE NPHBOABL OIHHMH H TEMHU XKE [10 CTPYKTYpe
JuddepeHINaNbHEIME YPABHEHHAMHE JBUKEHUSA.

IIpunyun pabomsl 0GBEMHOTO THAPONPHBOJA OCHOBaH HA 3aKOHE
ITackamnst B BHICOKOM MOAYJe OOBEMHOrO CxaThsi paboueil KHAKOCTH.
Ha puc. 1.2, a nokasana npocreiimas cxema oObEMHOTC TI'HAPONPH-
BOJA, COCTOALIEIO M3 JIBYX TuapoMmaumd. Luauuap I npenHassauyeH
415 paboThl B PeKHME Hacoca, UHAHHAP 2 — B pexume o6BHEeMHOro
ruapopsuratens (ruppoumnusipa). Ha popmens unanuzpa [
Jedctyer cuga F,, Ha noplueHp NWIHHAPA 2 — BHEUIHsSA Ha-
rpyska F,.

[Mpuniun paboTel THAPONPHBOAA 3AK/MIOUAETCH B CJEAYIOMWEM.
Ilpy npuHYIRTEALHOM nNepeMelIeHuM NOPLIHS UWAHHApa [ BHMS3
pabouasi JXKHIKOCTb M3 HEro BLITECHSETCS B WHJAHHAD 2, TPHBOLS €ro
nopuieHb B JBHxkeHue. I[Ipu aTtoM laBienHe p,, CO31aBaeMoe B ILH-
anpape I cunoft F,, nefiCTBYeT TakKe W Ha NOPIIEeHb LWJAWHHApA 2
(no sakony ITackans). B nuauuapax [ u 2 ycraHaBAauBaeTCsi CTaTH-
yeckoe JapJeHue, KoTopoe Ge3 yuera notepb paBHO [cM. dopmyay

(1.2)1

F F,
=75 =g =h=0p (1.8)

rae S; u S, — paboyue naoUIaNY NOPIIHEH uummnpos.l u 2.
Cornacno dopmyae (1.8) cuua, peficTByiomasi Ha NOPHIEHb U~
JuHApa 2:

Sz

Fy= pS2"“‘F1 (1.9)

CnenopartenbHo, ueM Oodblue miaomagb S,, Tem Goabiue cuia F.



Corsracio Bripaxennio (1.3) CKOpocTb BHIXOAHOTO 3BEHA-NOPUIHA
upaHHIApa 2

1
0= 3=1F

2 = S,

rae Q, — pacxon paboueli xujakocth, M¥/¢; D — puaMeTp UMJIHH-
apa 2, M. 5

PaBHOBecHe CHJI, IEHCTBYIOLLIX B PacCMaTPUBaEMOM CXeMe, MOXKHO
CPAaBHHTH C paBHOBecHeM poiyara (puc. 1.2, 6). Jlauunl nued [y u Iy
pbluara CBsI3aHbHl COOTHOLLEHHEM

F {
= (1.10)

Orciopa CJEAyeT, uTo NPH COOTBETCTBYIONIEM BhiGOpe pasmepos
/ey TPEACTABJSETCH BOMOXKHBIM YPaBHOBECHTb GOJBIIYIO CHIY Fy
Manofi cuaof Fj.

§ 1.2. OBJIACTH NPUMEHEHMUSI OBHEMHbLIX
THAPONIPHBOAOB

B nacTtosimee BpeMs o0beMHBIE THAPONPHBOMNLI HIHPOKO HpPHME-
HAIOT BO MHOTHX OTpacasix TexHuku [2, 7, 10, 11}:

8 MEMaAAOPeXCYWUX CMaKsKax, asmomamax U azpezamax — JAs
3a)XUMa 3aroTOBOK M IOJAaud pPEeXYIIero WHCTpyMeHTa. Coepsdmue
THAPONPHBOAB KOMHPOBAa/JbHLEIX CTAaHKOB IMO3BOJAAIOT ofpabaruiBaTh
JieTalu C NpUMEHeHneM Komupa. IIpuMeHAIOT Takke caensiine ruapo-
DPHBOXH ¢ YHCJOBHIM NPOTPAaMMHBIM YIpaBJCHHEM;

8 KysHeuro-npeccoeom 060py0osanuy — B KauecTBe CHJIOBHIX IpHU-
BOJOB IIPECCOB H MOJOTOE;

8 800HOM mparcnopme — B KAueCTBE CHJIOBHIX TPHBOAOB IpefHEIX
YCTaHOBOK, NaJyOHHX Je6eN0K, KPpaHOB ¥ IPYTHX BCIOMOraTe/bHbLIX
CYLOBHIX MEXaHH3MOB, & TaKXe J/Is NOBOPOTA pyJiel CynoB;

8 WAaXMmHOM U 20PHOPYIHOM ob6opydosanuu (B YrienobbBaIOIMX
KombaiiHax, CTpyrax, JOMKpaTaX H MEXaHH3MaX MOLAauH);

8 MPAHCROPMHLIX MAUIUKAX — JJISI CHJIOBBIX TPaHCMHCCHE, ympa-
BJICHHH CKOPOCTSIMH JABHJKEHHSi W IOBOPOTOM pYJs aBTOMOOHJ,
ONPOKHALIBAHHS KY30Ba CaMOCBaMOB;

8 GoposcHotx U NOOBEMHO-3a2PY304HbLY MawUnax (3KCKaBaTopax,
rpefiiepax, CKpemepax, KpasHax H T. JA.) — AJis MOLBEMA H Mepe-
MelIeHHR Tpy3a;

6 asUAyUOHHOL U paxkemHod mexrnuke -——NJs YNPaBJEHHS a3pOLH-
HaMHYECKHMH W Ta30BbBIMH PYJAMH, B MEXaHH3MaX H3MEHEHHS T€o-
METpHY KpPhiTa, B MEXaHM3MaX YODPABJCHHs IHACCH M HA3eMHEIX
yCTaHOBKaX o0eCneueHHs M 3anyCKa JeTaTeJbHBIX annapaTos;

6 CEABCKOXOBALUCINBEHHOIX MAWUHAX ~— ISl YIIPaBACHHsT HAaBECHLIMH
arperaraMi, B yGOpouHHX KoMGalfiHaXx B KayeCTBE CHJOBBIX TpaHC-
MHCCH#, KaK PYJ€BOE YIpaBJeHUe TPAKTOPOBR H KoMOa#HOB;
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8 paduoioKayuoHACY mexnuke — IAas nosopora autenn. [1pu stom
NpaKTHYECKH HE BO3HUKAIOT HH MarHUTHBIC, HH 3JCKTpHYECKHE [10-
MeXH;

8 MOHUNYAAMOPAX — B KAUSCTBE CHAOBHIX NPHBONOB OTAEAbHBIX
OpraHOB, KOTOPHIE JOBOJBHO IPOCTO ODECNeuHBAIOT OOPATHYIO CBSI3b
10 YCHJHAM, BO3HHKAIOMUM Ha pabouyuX Opranax Mauuny/aaropa.

[llupokoe npuMeHCHHE OOBEMHBIX THAPONPHBOAOB BO MHOTHX
OTpPacANX TEXHHKH OOYCJIOBJCHO TEM, UTO OHHM OGAAAAIOT Cytiecmeet-
HOLMU NPeUMylecmeamis nepe] JeKTPONPHBOAAMH H MEXAHUYECKHMH
nepefavaMy aHaJIOTHUHOrO HasHayeHHA. OCHOBHLIE H3 HHX!

BOBMONCHOCME  NAABHO20 OECCHYNeHuamo2o pesyauposanus CKo-
POCTeH BBIXOIHBLIX 3REHLEB;

CPABHHTEJBHO wiupokull Ouanason peeyauposanus, Hampumep,
nepejaTouyHoe OTHOLUIEHHEe THAPOMOTOpa (OTHOMICHHE MHHHMAaJbHOH
YACTOTH BpPALICHHS K MaKCHMaJbHOH) COCTaBAfAeT BO MHOIHX
cayuasnx 1 : 1000;

GotcmpodQedicmatie 1 goicoKas mouHocme ompabomyy cuzHarog ynpa-
BJIEHHSI, & TaKxkKe JIerKOoCTb peBepCHpPOBaHHfA. DT NpPEeHMYyLIECTBA
THAPONPUBOAA OOBACHSAIOTCS TeM, YTO NOABHIKHBEIC YacTH OOBEMHBIX
rHApOMamInE o6safaoT Majdol unepuiosHocThiI0. Hanpumep, wactora
pPEBEPCHPOBAHUA HEKOTOPBIX THAPOMOTOPOB MOMKET ObiTb [OBEJEHa
Ko 150 pepepcoB B MHHYTY;

BbICOKULE KO3hhuyuenm YCUAeRUA MOUHOCMY TIPH MaJoM duclie
KacKajioB ycuaenus. Hanpumep, B oOBeMHBEIX THAPONPHBOAAX KO3(]-
(DHILHEHT YCHACHHS MOIMHOCTH OJHOTO KacKaja (OTHOHIEHAE MOHIHCCTH
Ha BBIXOAE K MOIIHOCTH Ha BXOJE)} MOXKeT gocturars 1000;

nepecaia O0AbLLX MOUHOCIE NP Matuy 2abapumisiy pasmepox
1 macce OOBEMHBIX IHpoMaminH. Hanmenbliue radapHTHHE PasMepHl
O0beMHBIX MAallHH, KaK NPaBHJO, ONPEAEASIOTCH KOHCTDYKTHBHBIMH
coo0paKeHNAMH, B TO BPeMs# KaK HAHMEHBIIRE pa3sMepH JIEKTpHYe-
CKHX MallHH OOBIYHO ONPEACAfIOTCA HAHGOIbLIEH FONYCTHMOH MJIOT-
HOCTBIO MATHHTHOTO NOTOKa H YCJAOBHAMH HarpeBa H OXJaXACHUS.
Hanpumep, HanGojee BRCOKYIO HEPrOEMKOCTh (MOMHOCTb, OTHE-
CEHHYIO K eRMHHIE 00peMa) HMEIOT BHICOKOOOOPOTHHE aKCHAJIbHO-
nopuieBsie ruApomamnne {(6—7 kB1/aM®);

B0AbWAR  MECMKOCmb HAZPY304HOU  (Mexarudeckod) xapaxmepit-
cmuky, T. €. 00beMHblE TMAPOIBHIATENH OGNajanT CTaGHIbHOCTBIO
CKOPOCTH BbIXONHEIX 3BeHbEB NPH H3MEHEHHH BEJIHYHMHH H 3HAKa
HarpysKH;

npocmoma npecfpasocsanus 00Kozo suda Osuxcenusn 6 Opyeoe OCo-
G6eHHO XapakTepHa s THAPOUHJIHHAPOB, KOTOPbie OOECHEUMBAIOT
nOCTYNATEJAbHOE JABHKEHHE BLIXOAHBIX 3BeHbeB 0e3 Kaxkux-iubo 1o-
MOJHUTENAbHLIX YCTPOHCTB. B 3/€KTPOMEXAHHYECKHX e NPHBOAAX
fIOCTYHATETbHOE ABHIKEHHE BHIXOAHLIX 3BEHbLEB OOECNedYHBaeTCs UMb
NpPH [OMOINY PEEYHEIX MEepefad, pHvaros # TAL;

Halexcroe ozpanuterue 8 300aHHbLX npedesax GeAUUUH HASPY3OK,
BOBHUKFOUUX 8 FAemermax mauun. I1pocmoma 3augumst 060pyGosandus
0 HeJOnYomUMBX HA2PY30K.
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HenocraTku o6beMHBIX THAPOIPHBONOB!

3aBHCHMOCTb XapPAKTEPUCTUK IHAPONPHBOJA OT H3MEHEHHS TeMlie-
paTyphbl H3-3a H3MEHEHHsI BS3KOCTH pabouell XKHAKOCTH;

[OBHIIEHHbIE TPeBOBAHHS K TOYHOCTH H3TOTOBJEHUS OTJAEHbHEIX
YCTPONCTE H MNPOMBILVIEHHOH YHCTOTE TEXHOJIOMHYECKHX NPOUECCOB,
uTO YBEJHUHBAET CTOHMOCTh THAPONPHBOAA,

OTHOCHTE/IbHAS CJIOXKHOCTH MOHTAMA H PEMOHTAa B YCJHOBHAX IKC-
nJyaTanyH. .

KpuTuueckdii ana/u3 NpeHMYIIECTB H HEAOCTATKOB OOBEMHHEIX
THPABJHYECKHX INPHBOAOR HNO3BOJIAET NPABHJAbHO BHEpaTh THI
npuBoja. IIp¥ MajeX MOI[HOCTAX HHOTAA NpEINno4THTEbHEE MNPH-
MEeHSTh 3JE€KTPONPHUBOAW HJM NHEBMONPHBOAH. OfHaKO, KOrja Tpe-
6yi0Tcst GOJBIINE YCHIHS H BHICOKOE OLICTPONEHCTBHE, NIPERIOYTHTE N b-
Hee OOREMHBIE THAPONPHBOMBL

§ 1.3. OCHOBHBIE ®H3HYECKUE CBOHCTBA )XHAKOCTH

Tlox *XHIKOCTbI NOHHMAIOT (H3HYECKOe Tesio, OOJafaiomee B OT-
JIHYHE OT TBEPAOTO TeJla TEKYYeCThIO H B OTJIHYUHE OT rasa BeCbMa Ma-
JIOH M3MEHSIEMOCTBIO CBOETO 0GbeMa (IPH H3MEHEHHH [aBJEHHS HJH
TeMnepaTyphul). Bakne#muMu (U3HUECKHMH CBOHCTBAMH XKHAKOCTH
SIBJIAIOTCS] MJIOTHOCTh, BSI3KOCTb, CXKHMae€MOCTb H TEIWIOBOE pacllH-
peHue [4, 7}

I1romrocmern OLHOPONHON KHAKOCTH HAasHLIBAIOT BEJAHUYHHY, pas-
HY10 OTHOIIEHHIO MacChl XHUIKOCTH K ee o6beMy:

m

p=—V-, (1.11)

TAe m —— Macca XHMAKOCTH, KI; V — o0beM KHAKOCTH, M3,
Pasmeprocts mioTHoctH dim p = L™®M. EauHHIA n0JAOTHOCTH
B CH xr/m®.
C DoBHIICHHEM AaBJ€HHS (NPH NOCTOAHHOH TeMIeparype) IIOT-
HOCTb KMAKOCTH YBEJWUYMBAaeTCsl, a C MOBLIIIEHHEM TEMIEpaTyphl
(1pH NOCTOSHHOM A3BJACHHH), KaK NPaBHJO, YMEHDbIIAETCH.

Ynrenvunifi Bec — (u3NYECKAn BEAMUMHA, paBHad OTHOUIEHHIO
Beca K ofbeMy, CBsi3aHa C IVIOTHOCTBLIO CJIEAYIOHIHM COOTHOHIEHHEM:
G

¥ =7 =08, (1.12)

rpe G — Bec xunkocry, H; V — ofvem xuproctd, Mm%, g — yckope-
HHEe CBOGONHOTO najeHus, M/cZ

PasmepuocTs yneabHoro peca dim y = L™2MT 2. Eaununua yaeib-
noro Beca B CH H/m3.

CnexyeT ¥MeTb B BHAY, UTO HA Pa3HuiX reorpadHuecKnx 1HpoTax
SHAUEHHS g pasauuHbl. B THAPABIMYECKMX pacyeTaxX NPHHHAMAIOT
sHaueHue y, onpejpesnseMoe npu g = 9,81 m/ck

Bsaskocme xcudxocmu — CBOHCTBO KHAKOCTH OKashIBaTb CORDO-
TUBJCHMWE CIBHTY HJIH OTHOCHTEJIbHOMY CMELIeHHIO CJIoeB. Bsakocts
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{ A Puc. 1.3. Cxema nepopmanum sfementa pea3-

% - KOH XHIKOCTH
’
/) £ 1,' 4
2ISIP ZZ2
a'_e..éé\a d’_ [poasnserca B XKHAKOCTH TOABKO HpH
Z 7 ee TeueHHH. Pa3/IHyaoT RHHAMHYECKYIO
- . H KHMHEMAaTHYECKYI) BA3KOCTH MKHJ-
KOCTH,

MexaHusM BO3HHKHOBEHHSI AMHAMHYECKOH BSI3KOCTH OBYCJIOB/EH
TeM, YTO NPH JaMHHADHOM (ONpSIMOMHHEHHOM CJIOHCTOM) TEYEeHHH
KHAKOCTH CKOPOCTH 4aCTHLl, PACMOJOXKEHHBIX B HEKOTOPOM MONepey-
HOM ceueHnu TPyOr! (puc. 1.3), pasiHvHB!, BCAEACTBHE YEro Ha MO-
BEPXHOCTAX CONPUKACAOMUXCS CJ0EB KHJKOCTH BO3HHKAIOT CHJIBL
Tpenns. [IpH 9TOM CJIOM KHAKOCTH, ABHMKYIHECH MENJIEHHEe, TOPMO-
35T TEYCHHE CJIOEB, NBHXKYHHKXCS ORICTpee, U, Ha0GOPOT, CJAOH HKUAKO-
CTH, JABHXKYLIHECS ObICTpee, YBJEKAIOT 32 cOBOf CJAOM KHIKOCTH,
ABHXymuecs MenneHHee. llpu TakoMm JBHXKEHHH MNPOUCXOAHMT Ie-
dopMauus caBura asemeHTapHoro oobema abed B a'b'c’'d’.

CKopocTh CABHIa KOJHYECTBEHHO XapaKTepuayercs epaduenmon
CKOPOGITLHL
dy

grad v=—_r, (1.13)

rae v — CKOPOCTb CABHIA, M/C; ! — paccCTOAHWE MEXAY CJIOAMH
KHJAKOCTH, H3MEPEHHOE NEePNEeHAUKYJ/SAPHO HANpPaBJICHHIO €€ IBHIKE-
HHUS, M.

I'pagnenT ckopocTH noxaswiBaeT GLICTPOTY M3MEHEHHSI NPH nepe-
XO0J@ OT OXHOTO CJI0Sl CKOPOCTH XKHUJKOCTH, OTHECEHHOTO K PACCTOSIHUIO
MHJAKOCTH, K JAPYroMy cJoi. Pa3sMepHoCTb FpajJHeHTa CKOPOCTH
dim grad U=——-ﬁ:2?=-—”;1 =Tl Eaununa TrpajHEHTa CKOPOCTH
B CH ¢t

Onpenensawolnee ypaBHEHHE AN51 AMHAMHYECKOH BSI3KOCTH BEIBO-
BHTCH HA OCHOBAaHHM runore3n HbIOTOHA, COrMacHO KOTOPOH npH
JIAMHHAPHOM TEUYEHHH KacaTeJbHa# CHJI3 BHYTPCHHEro Tpeuus 7,
BOBHHKAWWIAST MEXKAY COCeAHHMH CJOSIME IKHUIKOCTH, NPOMNOPLHO-
HaJIbHA IJIOIAJIN TPYLIMXCS CJ0eB S U PajiueHTy CKOPOCTH B Hampa-
BJIEHHY, NEPNEHAMKY/SIPHOM HAMPABJACHHIO TEUEHHH MHKHLKOCTHU:

:

T =pSgradv uan r:—g—ngradv, (1.14)

TAe p — AnHaMigeckast Bsi3KocTh, Ila c¢; v — xacarenbHoe Hanps-
xenne, Ila,
. Ornyaa

u = t/gradv. (1.15)

i

. Pasmepuocts auHamMuueckoi Bsisxoctd dim p = L7'MT™'. Enu-
Huia nuHampueckolf Bsiakoctw B CH [la-c. Ilackanb-cekynaa —
MHHAMHUECKAs BSISKOCTb JKHJAKOCTH, KacaTeJbHOE HaNpsiKEHHE B KO-
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TOPOH NPH JIAMHHAPHOM TEYEeHHHM W OPH pasHOCTH CKOPOCTER CJioeB,
HaXOAdIHXCA Ha PACCTOSAHHH 1 M 1O HOpMaJH K HaNlpaBAECHHIO CKO-
pactu, 1 m/c, pasuo 1 Ia.

Benuuuny, o6paTHy0 JHHAMHYECKOH BSI3KOCTH, Ha3HIBAlOT meKiy-
HeCmBIO HCUOKOCMU

¢ =— (116)

=|—~

T. €. yeM GoJbllie BS3KOCTb KMAKOCTH, TEM MEHbIN@ ee TeKydecTh,
Kunemamuueckyro 6a3xkocmb KUIKOCTH ONPEAENSIOT no dopMye

V== ! . A7
) ( )
PaSMepHOCTb KHHEMaTHUeCKOH BasKocTH dimv = L2T°% Enu-

HHIla KuHeMaruyeckoli Baskoctd B CH m%c, B cucrteme CI'C croke
(Cr). 1 Cr = 100 ¢Cr = 10"¥ M*/c = 1 cm¥/c.

Bsi3KOCTb XKHJAKOCTH S3aBHCHT OT PasiH4HBIX (akTopoB. OcobeHHO
CHJIbHO Ha BSI3KOCTh BJIHSIET H3MEHEHWE TeMNEepaTyphl KHUIKOCTH.
Jlns pasHBIX XUAKOCTEH 3Ta 3aBHCHMOCTh pasauyta. C yBeaIHYEeHHEM
TeMNepPaTypul BSI3KOCTh MKHAKOCTH yMmeHbliaercsi (puc. 1.4) mo nemm-
HEHHOMY 3aKOHY.

Bsi3kocTh kuaKocTell HAa HEMTHAHOH H CHHTETHYECKOH OCHgBE yBe-
JIHYHBAeTCs € YBEJIHYSHHEM JaBJeHHA. B npuOJHMKEHHBIX pacueTax
np#u ZaBaeHuu o 20 MIla ‘s
(200 krc/cm?)  3aBHCH- vo.nE -
MOCTb BSI3KOCTH OT JAa- 4000 :
BJeHHs OOBLIYHO HE Y9YH- \ | 4008
1LIBAIOT, 4/\

Ha BsskocTe Takxe \ 200
BJHSAET HAJUUHE BO3AYyXa 1000
B XKHAKOCTH B PacTBOpeH-
HOM H CMEHIaHHOM BWJE.
Ilpn yBenuueHun cozmep-
JKAHHA BO3LYXa B XKHAKO-
CTH BA3KOCTb €€ YMEHb- \ N 100
HaeTcs,

Cacumaemocmo  Heuo- N S
Kocmu —CBOJACTBO XKHJ KO- N
CTH H3MEHSTh OGDBEM mOJ N\ 2 N\

N
11\,
[']

&
4
P4
!

.

AT Lo

AN
N

V]

SR

HeHCTBUEM JaBJeHus.

/

Puc. 1.4. 3aBucuMocTh BH3KO-
€TH v paGouHX XHAKOCTEH OT
TeMIePaTY phi:

I — MIE-4A; 2 — ATM-10; h

3 — MIE-10A, 4 — AVII -5 ~48§ 200 0 20 4 60 & Ui




KonnuecTReHHO CHHKMAEMOCTS YKUAKOCTH XapaKTePH3VeTICA MOZLYJIEM -
ofHeMHOro CXKaTH A

E=V,22 (1.18)

rae V, — nepBoHauasabHbll OOBeM KUAKOCTH, M%, Ap — H3mepenue
HAaBJIeHHUs!, AEHCTBYIOMIEro HA MHAKOCTb, [la; AV -- usmenenue o6b-
eMa XKXUAKOCTH, MS.

Enuunuga Mogyas ofseMuoro caxarus B CH — ITa.

W3 Buipaxkenus (1.18) onpeaensiioT u3MeHeHHe 0GbeMa KHUAKOCTH

AV =V, 5L, (1.19)

Monysp 00BeMHOIO CHKATHA YBEJUUKBACTCS C YBeJHUCHHEM JaBJie-
HHfi M YMeHpIIeHUeM TeMneparyphl. Cpennee 3HageHHe MOAYJIa AJs
macna AMT-10 npu naBnesnu or 0 no 20 Mlla u Temneparype 293 K
(20 °C) moxnO mnpuHATL E = 1430 MIla [7], T. e. oTHOCcuTENBHOE
u3MeHeHue ofbeMa KHAKOCTH NPH 3THX YCTOBHSIX COCTaBIAET PH-
GiusurensHo 1%. B rex caywasax, xorga TakuM H3MeHeHHeM ofpema
MOXHO mnpeHe6pedb, palouyylo MXHUAKOCTb CUHTAIOT HECH UMACMOL,
ORHAKO TPH AWHAMHYCCKMX PACHETaX THAPOCHCTEM CIKHMAGMOCTD
KUAKOCTH HEOGXONHUMO YUMTBHIBATH.

Tenaogoe pacuiupertie # udKocmy — CBOHCTBO MHAKOCTH U3MEHITh
o0veM B mpouecce ee y306apHYECKOr0 HATPEBAHHA (IIPH NOCTOSHHOM
JaBnerun). KoJHUECTBEHHO Ten/ioBoe pacCIiHpeHHe XKUAKOCTH Xapak-
TEPU3YeTCH TEMIEPaTyPHBM KO3(hHIHEHTOM 0GBEeMHOI0 PacIypPeHus

B=v-(3r) (1.20)

rie AT — pasHOCTb TeMIEPaTyPhl KHULKOCTH.

PasmeprocTh TemMmepaTypHoro koagduumenta obnemHoro pac-
mupennss dim B =©7'. Exuuuua temnepaTypHoro koddouuueHta
obwvemuoro pacmuperus B CM — K™, KenbBun B MHHYC nepBofi cTe-
NeHH — TeMIepaTypHHH Koa(xpHLHEHT 0OBEMHOIO paCINHPEeHUs, NPH
KOTOPOM H3MEeHeHHs TeMmepaTypel Ha 1 K OT NpHHATOR 3a HAYaJbHYIO
BLI3LIBAET OTHOCHTENMbHOE H3MeHeHHe 00bEMa KUJIKOCTH, PABHOE €JH-
HUUe.

Cpennee 3HaueHHE 'reuneparypﬁoro kosdduLHeHTa o6BEMHOT0
paculHperust npu pasieruy or 0 1o 15 MIla xas xuaxocTell Ha Hed-
TAHOH ocHOBE upuuumawt fp =7-107¢ Kt (71

Vs menasousuueckux ceoiicme mupkoctefi HaubOAbILIEE NPaKTH-
YECKOE 3HAUCHHE HMEIOT YAeJbHafd TEIJIOEMKOCTh H TEIJIONPOBOA-
HOCTH,

Ydeaonan menacemkocmbd ORHOPOAHOH KUAKOCTH — OTHOIUCHHE
KOJHYECTBA TENJIOTH K MAacCe MKHIKOCTH H PasHOCTH TeMneparyp
(111 OTHOLIEHHE TENIOEMKOCTH K Macce MHAKOCTH):

¢=Q/(m AT)=C/m, (1.2h
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rae Q@ — KoauuecTso Temaovsl, K, m — Macca XHAKOCTH, Ky AT —
pasmocTb Temmeparyp, K; C — TennoeMkocTb xunkoctd, Jx/K.

PasMepHOCTh yAENbHOH TemnoeMkoctTn dimc = L2T7%07'. Ean-
HHHA yaeabnoi TensoemkocTd B CH JIx/(kr- K). JIKoyab Ha Kuao-
rpaMM-KeIbBHH — VAEAbHaH TEIVIOEMKOCTh KHAKOCTH, HMEImEH
npu macce 1 xr temaoemxocrp 1 Jia/K.

CpeHpe 3HAUECHMs YAEALHON TEMJIOEMKOCTH NPH TEMIeparype Ao
373 K (100 °C) xast MuHEpaibHEIX Maces ¢, = 1880 ... 2090 [Lx/(xr X
X Ky 7L

TenaonpogoOHocmbro  OLHOPOJHOR MXKHAKOCTH HaSHIBAIOT BeJIH-
UNHY, P@BHYIO OTHOLIEHHIO TEIJIOBOFO MOTOKA K IJIOULaJM NOBepX-
HOCTH, HOPMaJbHOH K TENJOBOMY MOTOKY, M TPaiHEHTY TEMIEPaTyp
MM OTHOHICHHIO NOBEPXHOCTHOH NJIOTHOCTH TEMIOBOrO NOTOKA K Tpa-
IHEHTY Temneparyp:

A= @/(SgradT)=g/gradT, (1.22)

rae @ =08/f — TenaoBoil notox, BT; S — naomans MOBEPXHOCTH, M7,
grad T = (T, — T,)/j — rpaguent temneparypu, K/M; ¢ = ®/S —
[OBEPXHOCTHAS MJIOTHOCTH TEMJIOBOTO MOTOKa, BT/MZ. .

PasmeprocTh TennonposoanocTh dim A = LMT 307!, Enunnna
tentonpoBogsocTi B CH Br/(m- K). Batr na meTp-keibBuH — TENJao-
TPOBONHOCTD MKHAKOCTH, B KOTOPOH NPH CTAHHOHADHOM pEKHME
¢ NOBEPXHOCTHOM IJIOTHOCTBIO TEMI0BOro noroka 1 Br/m® yeranaBau-
BaeTcs TeMNepaTypHuili rpapuent 1 K/um.

Cpepnee suauenue Ttemsonpoeognoctn mpu 293 K (20 °C) ansa
MiHEpaAbHOTO Macaa A, == 0,128 Bt/(m- K).

§ 1.4. PABOYHE )XHAKOCTH THAPONPHBOAOCB

Dynkyun pabodelt acudkocmu B oFBEMHEIX THAPONIPHBOAAX MHOTro-
cropounu. O6 OCHOBHOM Ha3HavyeHuu paboueil KEAKOCTH Kak paboueil
cpeasl B 00beMHOM THAPONpHBOAE YKaswBasock B § 1.1. Kpowme toro,
pafouyas KHAKOCTbL BHITOAHSICT H APYrHe BaxcHuie QYHKLHH [2].

PaGouas JKHAKOCTb B THAPONDHBOAE SIBJIACTCH cMaA304HOL cpedodl.
Ona ocymecTs/sieT CMa3Ky TPYIIHXCH [OBEPXHOCTeR AeTaneil ruapo-
MailliH H JAPYTHX THAPABJAMYECKHX YCTPOHCTB, NMO3TOMY B OOBEMHBIX
IHAPONPHBOJAX HET KAKHX-AHOO CMNEHHaNbHBIX CMa309HHX CHCTEM.

PaGouast XHAKOCTh B FMAPONPHBORE SBJRETCH MENACHOCUMENEM:
OHZ NEPEHOCHT TEMJIOTY OT HarperhiX 4YacTel K XOJMOAHBIM.

Pa6ouass MHAKOCTp B FHAPONPHBOLE HABJSIETCS NpPOMbIBO4HOL
cpedoll; pH ABHMKEHHH OHa YHOCHT € cO00H MPOAYKTH H3HAHIEBAHHA
H NpouHe 3arps3HEHHA.

Pa6ouas XHAKOCTD B I'HAPONPHBONE SIBJISIETCS OZHHM H3 CPEACTB
KOHCepsauyuy: 3alMINGET NOBEPXHOCTH NONOCTER FHADOMALINE H APY-
THX THAPAB/AHUECKHX YCTPOHCTB OT KOPPO3MH.

INepeuncaennpie GyHkuuE paboueli KUAKOCTH RIPalOT BaXKHYIO
pone B ofecneuennk (YHKUHOHHPOBAHMSA THAPOTPHBOAA, a TaKike
€ro HaJEXKHOCTH, .
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Yerosusn skenayamayuu padoed x udkocmu, TPEMEHSIEMOH B THAPO~
npuBofax, MOryT ObITb BechMa CJIOKHBIMH. Ha cocTosinue paGoueit
HAKCOCTH NpexJe BCEro BaAHAET IIHPOKUN AMana3oH pafouuX Temume-
paTyp, a Takxe HajJuyuye OOJBINHX CKODPOCTEH IOTOKA M BHICOKHX
xasnenufi. Tax, Temnepatypa pafoueli MHUJKOCTH B HEKOTOPbIX
rujiponpuBofax Moxer koaebatecsi oT —860 x0 90 °C u Gonee, a cKo-
POCTH NOTOKA XKHAKOCTH NPH APOCCENHPOBAHHH A0CTHralOT 50 M/C
u Ooqee. JlaBJeHue XKHAKOCTH B COBPEMEHHBIX THAPONPHBOZAX JOCTH-
raer 32 MIla (320 krc/cm?) 1 Buiwie. Heo6xonuMo Takike yuuThBaTh,
410 pafodas MKHIKOCTD HAXOAHTCH B HOCTOSIHHOM KOHTaKTe C JeTa-
JISIMM, H3TOTOBJIEHHEIMH M3 PA3JHYHBIX KOHCTPYKTHBHEIX MATE€PHAJIOB.

Bce MmyorooOpasue npHMEHAEMEIX B THAPONPHBOXAX paloqHx
JKHIKOGTE! MOXKHO PaslequTh Ha ABE FPYMNbI: HA MHHEPAJbHOHA (ned-
TSIHOH) H CHHTeTHUeCKON ocHoBax. Pafouue xuAKOCTH Ha HeTsHOM
OCHOBE 11MEIOT CPAaBHHUTENbHO HH3KYIO BEPXHIOIO FPAHULY TeMIepaTyp-
HOTO JlHana3soHa H COJepKaT PasjiMUHbe aHTHOKHCAHTEJNbHLIE H aHTH-
KOPPOSHOHHEIE NpHCaiKM. CHHTETHUECKHE paGouHe KUAKOCTH 06na-
JalT BLICOKOTEMIEpaTyPHEIMH CBOHCTBaMM, Heropioun. OpuuH u3
CCHOBHBIX HEJOCTATKOB CHHTETHUECKHX XKHJKOCTEH — BRICOKAA CTOM-
MOCTb, NTO3TOMY HX NPHMEHSIIOT KpaiHe PeIKO — NPH HEOOXOAHMOCTH
ofecrneyuTb [OKapoOesomacHyo paboTy FHAPONPHBOJA IPH BbHICO-
wuX Temneparypax (mo 350 °C).

B Tabn. 1.1 npuBeieHn! XapaKTEePDHCTHKH OCHOBHBIX pafodux
HKUAKOCTEH, MPUMEHSEMBIX B THADPONPHUBOAAX.

CymeeTBeHHOe 3HaueHue npu Boibope pabouedl KHUAKOCTH HMMEIT
BA3KOCTh, CKUMAEMOCTb, TEMIEPATYPhl BCOBIUKH H 3aCTHIBAHWS,

Baskocms pabouell XUAKOCTH 3aBHCHT OT TEMIIEPATYPhl H jaBje-
HUuA. YMeHbLIEHHE B3KOCTH pafiouedl KUIKOCTH YBEJHUHBAET YTEUKH
B THIpOMAlUHHE, 4TO yXyauaer ee napamerpel. [las obecregenus
paboThi PHAPOHPHBOAA € GONBIIUMH CKODOCTSIMH IIPDH HU3KHX JAaBJe-
HHAX caeayeT BeIOupaTh pabouyylo KHAKOCTb ¢ MEHbIUEH BA3KOCTBIO,
T4K KAK BISKOCTHHIE MOTEpH HANOPa npe OOJBIUINX CKOPOCTSX MOTOKA
3nayuresbHel [Ipu paGore ma Goabmiux fAaenenusx — 32 Mlla cie-
AyeT BHIOUpATh pabouyio KHUAKOCTL ¢ 60JbmIOH BA3KOCTbIO. OObIUHO
BA3KOCTL OTPaHWYHBAeT [quanasoH palouyux TeMmneparyp THAPO-
[IpEBOAA.

CreicTBHeM co timaemocmy: pabodueli KiAKOCTH SIBJISETCA CHHKEHHE
OHICTPOACHCTBHS T'HAPONpUBOAA. CXKHMAEMOCTh MKHAKOCTH ~CHeIyer
YYHTBHIBATh NpH AaBienusx Gonee 10 MIla, B Ananasone paBiaeHuil or
0,1 mo 10 MIla MOXHO CUHTATh KHAKOCTb HECHKHMAEMOH.

Temnepamypa ecneiiky — TeMnoepaTypa, nOpu  Kotopofl napei
Mac/a, HarpeBaeMoro B OTKPHITOM HJH 33aKPEITOM THrJe, 06pasylor
C OKpPYKAIOWUM BO3LYXOM CMECh, BCMBIXHBANOILYIO NPU NOAHECEHHH
K HEH nJaMeHH. 3a TeMmepaTypy BCHHILIKH B OTKPHITOM THIVIE MpH-
HMMalOT TEMIepPaTypy NOSBAEHHS N[EPBOTO CHHErC I[VIAMEHH Haj
4aCTHI0O HJIH BCEH MMOBEPXHOCTBIO HCHLITyeMO# paGouedl MHAKOCTH.
Temmeparypa BCHBILIKY SBJsSETCH [TOKa3aTe/IeM, NO3BOMASIIOLHM CYIHTh
0 noapHoH 6e30macHOCTH.

16



BENOShHIAL ' ! ~
“HUO  BREOHBOMOIUOMMIOL ] 002 gLl ™" 09— 0L~ I Of, qag6 ©L—¥£20% 1OOT €3-09-L
(e2—8%2—2-20-9 AL
penvodsriAdord seHvog 09 08 " 0b— 03— " 0g~| leamm 3y 0511 rodyriwodu eumuj
06 08 " 09— 0L— 96 Gag (32—218101'88 AL) VOI-TIW
, 001 ob " 05— 0L— 6 qeg (9Z—eL8101°8¢ A1) V¥-dIW
06 qq T 05— 0L— 4 (17 4%3 ©1—8ze101'88 AL} €-IW-CIf
BEHBLDOH oot 0§ """ 09— 0L— 6 0eR (g2—%679 LDOJD) 01-IWY
06 GG " OF— 09— - g8 (02—61861 LDOJ) Wd
08 09 """ Gg— Sy €91 68 (§L—2¥91 1DOJD) RV
(RLOONTH W QU JIHL
ygonoged BUH HIJONWH K woindyulo € s/
mﬂww_mﬂz -aHanudl HOE wdnoged HLIONYHIK ‘Do 02 (RL MM 10O
. HLIDOMYHM yonoged BEOHIO .M%hﬂd@.ﬁ_m_mwwou KHHeIMIDEES ﬁw..o%h%m nmu%: AIICHTHN BEROHEd
~LOAr |
D, ‘edfirdauway
0% - 93 - - - = |o0¥I | g£6 (52—¥£208 1D0J) £2-09-L
(629956 —2-230-9 A1)
— ag el 06 """ oF 003 000G """ 006 | — - - 0SII rodvaawodn euu]
Sy .S .mm - - 028 - 00<1 qae (5L—5£8101'8¢ RL) VOI-HIW
0% 9' 0L - - 67 =~ | 00¢ gq8 (6L—EL8101'88 AL) Vy-dIW
1'z 0'% gL — — 08 — 01z 0¥ (eL—-922101°8¢ AL) &-IW-El’
- o1 - - — - — | 0%zl | 0%8 (62—v6.9 LOOJ) 01-IWY
— 0y - — — — | oge — gh8 (0.—61851 LDOJ) Wd
0'% £l 6% 081 0931 009% | 000¢€% | — 368 (e/—z¥91 1DOI) AV
001 08 02 0 08— 0s— ov— [ 98— »us\e.
s&mm (A1 HIE 1D0OI)
91000 ALIONTHK BehOogRd
D, adAsedauwes HAU /W ‘4 0] A FLOOMEBE BEHOSRULBRMIHHM Loryj

gaLdenrmk xunoged mniondasedey
'] vhnvguL






