MUHUCTEPCTBO HAYKU 1 BBICILIEI'O OBPA3OBAHMS Y POCCUIMCKOM ®EJEPALIVNA
OEJIEPAJIBHOE I'OCYJAPCTBEHHOE BIOJKETHOE ITPO®ECCHOHAJIBHOE
OBPA30OBATEJIbHOE YUPEXIEHUE

«BPATCKHWH LIEJUTKOJIO3HO-BYMAJKHBIN KOJITEK»
(®TBIIOY «BLBK»)

CnenuanpHOCTh 35.02.04
TexHoIorus: KOMILUIEKCHOM TIepepaboTKu APEBECHUHBI

METOAUYECKOE ITOCOBHUE

METOAUYECKHUE YKA3AHHUA 110 BBIIIOJTHEHU IO
IIPAKTHYECKHX PABOT

no oucyunjuHe
«Ilpoueccvl u annapamor)

bparck 2024



CocraBuina (pazpadorana) FOaunuesa I'.H., npenonaBatens kadeapbl XUMUKO-
MEXaHUYECKUX TUCIUIUINH

MeTtonnyueckoe TocoOue BBHITIOJHEHO B COOTBETCTBHH € paboyeil mporpaMMmon
mucuumuinHbl «IIponieccsl u anmapate» A cneruanbHocTH 35.02.04 «TexHonorus
KOMIUICKCHOHN TepepadOTKH JIPEBECHHBI» M BKIIIOYACT METOIUYCCKHE yKa3aHUS I10
BBITIOJTHEHUIO MMPAKTUYECKUX PAOOT.

Paccmotpeno Ha 3acegannu kadeIpbl XUMUKO-MEXaHUYECKUX JTUCITUTLUTIH

« » 20 r.

Ono0peHo U yTBEPKACHO PEJAKIIMOHHBIM COBETOM

« » 20 1. Ne




Conepxxkanue

BBEIEHIE .....eiiiiiiiiiiiiiicec e e 4

1 TIpakTudeckas Pa00Ta Nol.........vvviiiiiiiiiiiiieee e 6

2 TIpakTruecKast PA0OTA NO2.......oiiiiiiiiiieeeeiiiee e et e e et e e e e e e e 11
3 TlpakTudeckast Pa00Ta No3..........viiiiiiiiiiiiiieeee e 15
4 TIpakTrauecKas PA00TA NOG .. ...cooiiiiiiiiiiiee et e e e e e e e e 20
5 ITpakTrdeckast pa00TA NOS.........viiiiiiiiiieeiiiieee e e e 25
6 TIpakTudeckast PA00TA NOO...........uviiiiieeieeiiiiieeeeee e 29
7 TIpakTudecKast PA00TA NO7.........uviiiiiiieei et 33
SBAKITEOUCHHIE ...eeeeeeeeaiiuiiiitetteeeeeeeaaaaattieateeeeeeseaaaasbtaeeeeeeeeeaaaaassetaaeeeeeeessanans 36
CHUCOK UCTIOIB30BAHHBIX HCTOUHMKOB ..cceveieeeeeieeeeeeeeeeeeeeeeeeeeeaeeeeeaaaaaaaenenns 37
000781007 053 1 (ST o PP 39



BBenenue

VYuebnas nucrumirHa «IIporieccsl W anmaparbly SBASETCA 4aCTbIO OCHOBHOM
npodeccronansHOM 00pazoBaTenbHON mporpamMmbl B cooTBeTcTBUH ¢ PI'OC mo
cnermanbHOcTH CIIO 35.02.04 TexHOMOTHS KOMIUIEKCHON NEPepadOTKU APEBECHHBI.

B crpykType OCHOBHOMN mpodeccHoHaIbHOW 00pa30BaTEILHONW ITPOTrpaMMBbI
JaHHas ~ JUCIUIUIMHA  SBJsieTcs  oOmenpodeccMoHanbHON — AMCHUIUIMHON
npo¢eCCUOHATBLHOTO IHUKJIA.

B pesynbrare ocBoeHUS yueOHON TUCHUIUIMHBI 00YUYarOIIUIICS TOJDKEH:

YMETh:

— ONPENENATh OCHOBHBIE MapaMeTPhI MPOLECCOB U AIIapaToB;

— COCTaBJISITh U PACCUUTHIBATH MaTEPUAIbHBIN U TEIUIOBOWM OallaHChI
OT/AEJIBHBIX IPOLIECCOB U AIlapaToOB;

— IMOJIb30BAThCS CIIPABOYHOM, HOPMATUBHO-TEXHUYECKON JOKYMEHTALIMENU IPHU
BBITIOJTHEHUU PacyeTOB U BHIOOpE allapaTos;

3HATh:

— KIIacCU(UKAINIO U TEOPETUISCKHNE OCHOBBI ITPOIIECCOB;

— YCTPOMCTBO Y NIPUHLHUI ACHCTBUS alllIapaToB;

— METOJMKY pacyeTa MaTepuajJbHOTO M TEIUIOBOTO OalaHCOB MPOIECCOB H
arraparos;

— TMPUHLMUIIBI pacyeTa M BbIOOpA ammapaTtoB AJis MPOBEICHUS 3aJaHHBIX
IIPOLIECCOB.

[Ipodeccronanbupie U O0IME KOMIETEHIIMH, KOTOPBHIMH JIOJKEH OBJIAJETh
yYamuicspecTaBieHbl B Tadauie 1.

Ta6numna 1 — [Ipodeccuonanbubie U 00IIHE KOMIIETCHITUU

Mudp Conepxanue
1 2
YOpaBiasTh ~ TEXHOJOTMYECKMMH  NPOIECCAMHM  TOJIyYEHHS  BOJIOKHHCTBIX
IIK 1.1 nonypabpukaroB, OymMarn W KapTOHa, JPEBECHO-BOJIOKHHCTBIX (JIpEeBECHO-
CTPYXXEUHBIX) IUIUT, JIECOXUMHUYECKON MPOTYKIIMHU MO CTAIUSIM MPOU3BOJICTBA.
K 1.2 ObecneunBath Oecriepe0oiHYI0 U 6€30MaCHYI0 SKCILTyaTallui0 000PyI0BaHHUS.
K 1.3 KoHTponupoBaTe KadecTBO ChIpbs, MONy()aOpUKaTOB, XMMHUKATOB, MaTepHAJIOB,
TOTOBOW MPOIYKIIMH KOMILJIEKCHOW NIepepaOOTKHU IPEBECHHBI.
MK 2.1 Y4acTBOBaTh B IJIAHUPOBAHUH PAOOTHI CTPYKTYPHOTO TOAPA3ICIICHHUS.
MK 2.2 YdacTBOBaTh B pyKOBOJCTBE pabOTOH CTPYKTYPHOTO MOJPA3AEICHHUSL.
MK 2.3 AHaNMM3UpOBaTh MPOIECCH] U PE3yIbTATHI ISSITENbHOCTH MT0IPa3/IeTICHUs.
OK 1 [Tonnmatp CYWHOCTh W COLMANbHYI0 3HAYHMOCTb cBoer Oymymieit mpodeccun,
HPOSIBISTH K HEH YCTONUMBBIN HHTEPEC.
OpraHu30BBIBaTh COOCTBEHHYIO JESTEIBHOCTh, BBIOMPATh THIIOBBIE METOIBI H
OK 2 CHoCOOBI BBIMOJIHEHUS TPOPECCHOHANBHBIX 3a/1a4, OLIEHUBATh UX 3(P(HEKTUBHOCTD U
Ka4eCTBO.
OK 3 [IpuHUMAaTH pemeHus B CTaHAAPTHBIX M HECTAHIAPTHBIX CUTYalUsAX U HECTH 33 HUX
OTBETCTBEHHOCTb.
OcCymiecTBiATh TMOWCK M HCIOJIb30BaHHE HH(GOPMAIMK, HEOOXOAUMOW IS
OK 4 3 (PEKTUBHOTO BBHIMOIHEHUS MPOPECCHOHATBHBIX 3aJad, MPO(EeCCHOHAIBHOTO U
JMYHOCTHOT'O Pa3BHUTHSI.




ITponomkenue Tadmuisl 1

1 2

OK 6 PaGotate B KoJulekTHBE W KOMaHIe, S((EKTUBHO OOIIATBCA C KOJUIEramu,
PYKOBOJICTBOM, IOTPEOUTEIISIMHU.

OK 7 bpate Ha ce0s OTBETCTBEHHOCTh 3a pabOTy UJICHOB KOMaHMAbI (MOJYMHEHHBIX),
pEe3yNbTAT BBINOJHEHUS 3aJaHMIL.
CaMoCTOATENbHO OMpeAeNaTh 3aJadud  Mpo(ecCHOHAIBHOTO M JUMYHOCTHOIO

OK 8 Pa3BUTHS, 3aHUMATbCS CaMOOOpa30BaHUEM, OCO3HAHHO IUIAHUPOBATH MOBBIILICHUE
KBATH(UKALIUH.

OK 9 OpHeHTHPOBAThCSI B YCIOBHUSX YaCTOM CMEHBI TEXHOJOTMH B MpodecCHOHATbHON
JESATETHHOCTH.

HMucunmunaa  «IIponeccel u  ammapatel» paccuntaHa Ha 20 4acos
TeopeTnyeckoro ooyyeHus u 10 4acoB NpakTUUECKOro 00yUYeHUsI.

[{enbr0 MpaKTUYECKOrO 00yUEHUS SIBISIETCS TPUOOPETEHNE HABBIKOB U YMEHU I
pacyeToB MPOLECCOB U annaparoB. BeINOMHEHNE pACUETHBIX NPAKTUYECKUX 3aJlaHuN
MIOMOTaeT Iiy0Xe H3y4YUTh TEOPETUYECKH Marepuanl W NOATOTOBHUTCS K CIayu
JK3aMeHa.




1 IIpakTuyeckas padora Nel

Tema: Onpenencane GU3NISCKUX CBOWCTB JKHJIKOCTEH M THAPOCTATHYECCKOTO
JABJICHUS HA JHO U CTEHKHU COCYJIOB

[enu: 3akpenuTh U yriIyOUTh MOJYUYCHHBIE 3HAHUSI TUAPOCTATUKU; HAYUYUTHCS
OMPENIEeNATh OCHOBHBIC (PM3MYECKHUE CBOMCTBA JKHJIKOCTEH pacyeTHBIM NMyTEM U IO
Ta0JIUIaM; HAYYUThCSl ONPECIATh JaBJICHHUE HAa JHO W CTCHKHU COCYIOB; Pa3BUBATH
HaBBIKU pabOThI CO CIPABOYHOM JTUTEPATYPOH.

MCTOIII/ILIeCKI/IG YKa3aHuA

KunkocT  XapakTepu3yIOTCS CIEAYIOIIMMU OCHOBHBIMU  (DU3UUYECKUMU
CBOMCTBaMU: IUJIOTHOCTBHIO (M YAEIbHBIM BECOM), BS3KOCTHIO, MOBEPXHOCTHBIM
HATSDKEHUEM M COKMMAEMOCTBIO.

Macca JKMIKOCTH, 3aK/IIO4YeHHas B eauHuie e& o00béMa, Ha3bIBaCTCS
IJIOTHOCTBIO U OTpeieiseTcs mo Gpopmyiie

p=m:V, (1)

3
/i€ p — TUIOTHOCTD KUJKOCTH, KI/M”;
m — Macca JXKHUJIKOCTH, KT
. 3
V — 00BEM KUIKOCTH, M.

ECiM IUIOTHOCTD XKHAKOCTH 950 Kr/M> 3TO 3HA4YuT, 4T0 950 Kr >KMIKOCTH
BmecTut | M°.

VensHBIM BECOM HA3BIBACTCS BEC SAMHUILI 00BEMa KUJIKOCTH. Y ACIbHBIN
BEC CBSI3aH C MJIOTHOCTHIO CIAEAYIOIINM COOTHOLIECHUEM

Y=p-8g, )

. 3
IJIe Y — YACNBbHBIN BeC KuaKkocTu, H/m™;
2

€ — YCKOPEHHUE CHIIBI TSHKECTH, M/C”.

[[TOTHOCTH  KameNmbHBIX JKUAKOCTEH HE3HAUYUTEIHHO YBEIUYUBACTCA C
MOBBIIICHUEM JIaBICHUS M OOBIYHO HECKOJIBKO YMEHBINAETCS C BO3pacTaHUEM
TeMIIepaTypBhl.

[11OTHOCTH BOJIOKHMCTOM CYCIIEH3UU OTNpeiesieTcs o popmyiie

p=1/@:prpt(1-2):pxg), (3)

rJIe @ — MaccoBas J10Js TBepAoH (a3sbl;
1 — a— MaccoBas J0JIs )KUJIKOCTH;
Pr.¢p — ILIOTHOCTB TBEPIOH (has3bl, KI/M;
P — INIOTHOCTH KMIKOM (hasbl, KT/M.



[11OTHOCTH Ta30B 3HAYUTEIBHO U3MEHSETCSA B 3aBUCUMOCTH OT TEMIIEPATYPhI U
JaBJICHUS. 3aBUCUMOCTb MEXIY TeMIepaTypoi, HaBlI€HHUEM U O00bEMOM Ta3oB
onpeenseTcs ypaBHeHUEM cocTosiHus (ypaBHeHue Meneneesa - Knaitnepona)

P-V=m-R-T:M, 4)

rae P — nasienue, H/Mm ;
V — 06bEM Tasa, M°;
m — Macca rasa, Kr;
R — yHuBepcanbHas razoBas noctosuuas, 8314 JIx/(kmonb Tpan);
T — Temmeparypa, 'K;
M — MosekyisipHas Macca rasa.

N3 popmynsl (3) caeayer, 4yTo
p=P-M:R T, (5)

[Ipn nBMXKEHUH PEaTbHOW YKUJIKOCTH B HEW BO3HHUKAIOT CHUJIbI BHYTPEHHETO
TPEHUSI, OKA3bIBAIOIINE COMPOTUBICHUE MBIKEHNIO0. CBOMCTBO KUJIKOCTH OKAa3bIBATh
COTIPOTHBIJICHHE JBIKEHUIO HA3bIBACTCS BA3KOCTHIO. [luHamudeckuid KodDPuImeHT
BSI3KOCTH 0003HAYAeTCS P 1 UMeeT pasmeprocTs (H « ¢)/m”.

Bsi3koCTh KamnenbHbIX KUJIKOCTEH C MOBBIIICHUEM TEMIIEPATypbl YMEHbBIIIAETCS,
BSI3KOCTh Ta30B yBeIMUWBaeTCsl. VI3MeHeHNe BSI3KOCTH B 3aBHUCHMOCTH OT JIABJICHUSI
HE3HAYUTEIHHO.

PabGora, HeoOxoaumas ains 0Opa3oBaHHMS €AMHMIIBI HOBOW TOBEPXHOCTHU
KHUJKOCTH TPH TOCTOSHHOW TeMIepaType, HOCHT Ha3BaHWE TOBEPXHOCTHOTO
HaTsDKEeHUs U 00o3HadaeTcs 6. [loBepXHOCTHOE HATSKEHUE UMEET pa3MepHOCTh H/Mm.

[loBepXHOCTHOE HATSDKEHHE IJKUAKOCTEH C TOBBIIICHHEM TEMIEpaTyphl
YMEHBIIAETCS.

CKXMMaeMOCTBIO JKUJIKOCTH HA3bIBAIOT CBOWCTBO JKUAKOCTH H3MEHSTH CBOIO
IUIOTHOCTh TPH HW3MEHEHUHW JaBieHus U (wiu) Ttemneparypbl. C yBeIHMueHUEM
TEMIEPATyPhl )KUAKOCTU PACIIUPSIOTCSL.

KuakocTs OKa3bpIBaeT JaBJICHUE HA MOBEPXHOCTh MOTPYKEHHOTO B HE€ Tena, a
TaK)Ke Ha JHO U CTEHKH COCYJla, B KOTOPOM OHa 3aKJII0UeHa.

JlaBiaeHue  KUAKOCTH  HA  E€OUHUIy  TIOBEPXHOCTH  HA3BIBAETCS
THIPOCTATUYECKHUM JIaBJICHUEM U MPEACTABISIET CO0O0M OTHOIIEHHE

p=F:S, (6)

2
rje p — AaBieHue xujakoctu, H/m";
F — cuna naBneHus xuJIKOCTH Ha TOBEPXHOCTh, H;
2
S — nmmoniaak MOBEPXHOCTH, M”.

Ecnu )kuaKoCcTh HamuTa B COCY/, TO CHJIA IaBJICHUS, JEUCTBYIONIAs HA €ro JHO,
paBHa BECY KHJAKOCTH B COCY/IE



F=S-h-p-g, (7)
rae h — BeIcoTa cT0J10a JKHIKOCTH, M.

PazmepHocTs naBienuss B cucreme CHU — [H/Mz]. COOTHOIIIEHUE MEXIY
€IMHUIIAMHU JIaBJICHUS B PAa3JIMUHBIX CUCTEMax €JAWHUIL clenyroniee: 1 at = 10° H/Mm?
=1 Gap = 735 MM.pT.cT. = | Krc/cM.

[TonHast cuna U30BITOYHOTO JIABJICHUS KUJIKOCTH Ha TJIOCKYI0 BEPTUKAIBHYIO
CTEHKY paBHa TPOM3BEACHUIO IUIOMIAJM CTEHKH Ha BEJIUYUHY H30BITOYHOTO
TUAPOCTATUUECKOTO JaBJICHUS B IIEHTPE TAKECTU CTCHKHU

1
F=5 p-g-hb, ®)

rje b — mMpuHa CTEHKH, M.

Cuna naBieHWs HA JHO IWIMHIPUYECKON EMKOCTH MOXHO OTPEIEIUTH II0
bopmyiie

F=p-g-h-nd:4, 9)
rae d — quamerp, M.

Curna naBiieHHs Ha MAJIUHIPUYECKYIO CTEHKY MOXKHO OTNPEAETUTh 1o hopmylie

F=3 p-g-h-d, (10)

L

2
Xo paboThI

1. Pewenue 3agau.

3agaya 1.

B mmmmaapuyeckuit 6ax nuameTpoM d M HaIMTO M T HEPTU C IIOTHOCTHIO P

3
kr/m” (tabmuna 2). OnpenenuTh ITyOWHY 3alloJIHEHHS Oaka W JIaBJICHHE Ha JHO H
CTEHKY EMKOCTH.



Taomuna 2 — cxoauple faHHBIE

Ne BapuanTa Jinavetp baxa d Macca nedtn m HHOTHO%TB p

M T KI/M
! 4 48 820
2 5 40 810
3 6 50 300
4 6 42 825
> 4 44 300
6 5 38 850
/ 3 35 820
8 4 52 300
9 6 46 810
10 5 52 815

3amaya 2.

Macca 6peBHa m KT, ero 066éM V M° (TaGmuna 3). Byxet 1 miaBats GpeBHO?

Taonuna 3 — McxoaHble 1aHHBIE

Macca 6peBHa m O6bEm OpeBHa V
Ne BapuanTa 3
KT M
1 130 0,2
2 100 0,19
3 120 0,1
4 150 0,25
5 140 0,23
6 125 0,21
7 130 0,18
8 115 0,22
9 110 0,15
10 90 0,12
3amada 3.

. 3
Bmectut nmu éMkocTh B 1 IUTPp OJMH KWJIOTPaMM BOJIBI, MazyTa p = 960 kr/m”,

4epHOro Cymb(aTHOro menoka p = 1200 kr/m’. OTBeT 060CHYIHTE.

2. BbINOJHUTH MHIUBUIYATIBHOE 3a/IaHUE.

KOHTpOJIBHBIG BOIIPOCHI

1. Kakast ®uJIKOCTh Ha3bIBAETCA UICATBHON?

2. Kakas ®uJIKOCTh Ha3bIBAETCS PEATBHOMN?

3. Kakumu oOCHOBHBIMH (DU3UYECKUMU CBOWCTBaAMU
KHAJIKOCTHU?

XapaKTepU3yrTCs




4, JlailTe TOHATHUS  «IUIOTHOCTBY», «YACIBHBIM  BEC», «BSI3KOCTHY,
«OBEPXHOCTHOE HATSIKECHUE», «CKUMAEMOCTh». EIWHUIIBI M3MEpEHUs HTaHHBIX
(U3UYECKNX CBOWCTB.

5. Yto Takoe OTHOCHUTENbHAS IIJIOTHOCTH?

6. Kakune »)uakocti Ha3bIBAIOTCA HEHHIOTOHOBCKUMHU ?

7. Uto Takoe rujapocratudeckoe aamieHue? Ero pasMepHOCTh B CHUCTEME
CH.

8. [IpounTaiiTe OCHOBHOE ypaBHEHUE TUApOoCcTaTUKU. Ero Maremaruyeckoe
BbIPA)KECHHUE.

9. B yem 3akirouaetcs THAPOCTATUYECKUNA TapagoKc?

10



2 IIpakTu4yeckas padora Ne2

Tema: OnpeneneHue pacxoja, CKOPOCTH JBM)KCHHS, JHaMEeTpa TPyOOIpoBoa.
[Tox6op nmuamerpa mo 'OCT

[lenmu: 3akpenuTs ¥ yLAyOHUTh TOJYYCHHBIC 3HAHUS THUAPOJAWHAMUKH,
HAYYUTHCS OMNPEACIATh PAacXod M CKOPOCTh JBIOKEHHUS JKUIKOCTH, IHAMETP
TpyOOIIPOBOa; pa3BMBATh HABBIKKA PAOOTHI CO CIIPABOYHOM JINTEPATYPOI.

MGTOIII/IIIQCKI/IG YKa3zaHu:A

[Ipou3BoaCTBEHHOE MOTPEOJICHUE XKUIKOCTH B TEXHOJOTUUYECKHUX IPOIeccax
CBS3aHO C TPAHCHOPTUPOBKON €€ MO pa3IMyHbIM CUCTEMaM TpPyOOINpOBOJIOB M
KaHaJoOB. 3aKOHbl JBWKECHUA JKUIAKOCTH HW3y4aeT pa3nell TUAPABIUKU —
TUAPOJIVMHAMHUKA.

JIBm>KEHHE MacChl KUAKOCTA MEXAY OTPaHMYMBAIOIIMMHU TOBEPXHOCTSIMU
HAa3bIBACTCSA IOTOKOM XKHUJIKOCTU. [IOTOK XKUIKOCTM COCTOUT W3 COBOKYITHOCTH
AJIEMEHTApHBIX CTpYyeK. PaznuuaroT HanopHble U O€3HANOPHbBIE TOTOKHU.

be3HanopHsblil MOTOK — 3TO MOTOK, UMEIOLIUIA CBOOOJAHYIO MOBEPXHOCTH (pEKa,
KaHal).

HarmopHblii MOTOK — 3TO TOTOK, HE HMMEIOIMHUA CBOOOIHON IMOBEPXHOCTH
(Tpy6omipoBoO).

Pa3nuyaroT ycTaHOBUBILEECS U HEYCTAHOBUBIIEECS IBHXKEHUE KUIKOCTH.

JIBM>KeHUE KUIKOCTH, MPU KOTOPOM CKOPOCTh M JABJICHHE BO BCEX TOYKAX
3aHATOTO JKUIKOCTHIO TMPOCTPAHCTBA HE HU3MEHSIIOTCA C TEYEHUEM BPEMEHH,
HAa3bIBACTCS yCTaHOBHUBIIEECS. EcCaM CKOpPOCTh W JIaBJICHUE U3MEHSIOTCS —
HEYCTaHOBUBIIEECS.

JKuBBIM cedyeHHEM NOTOKA HA3bIBAE€TCS IMOBEPXHOCTh B MpeAenax IOTOKA,
HOpMaJIbHasl K HaIpPABJICHUIO ABWKECHUS KUJAKOCTU. OCHOBHBIMU XapaKTEPUCTUKAMU
’KHBOTO CEYCHMSI SBISTIOTCS ILIOMIAAb )KUBOTO CCUCHHS S, M’, CMOUYCHHBIH TIEPHMETP
I1, M, ruapaBaudeckuit paguyc R, M, SKkBUBaJeHTHBIA AUAMETP i, M.

CMOYEHHBIN MEPUMETP — 3TO JIMHUSA, MO KOTOPOM >KMBOE CEUYEHUE ITOTOKA
COIIPUKACAETCS CO CTEHKAaMHU pycJiia

['mapaBnuuecknii paauyc — 3TO OTHOLICHUE TUIOIIAIA KUBOTO CEUEHUS ITOTOKA
K CMOYEHHOMY IIEPUMETPY.

['uapaBnuueckuii paauyc onpeaensercs mo Gpopmysne

R=S:1I, (11)
rae R — rugpasnuueckuil paguyc, m;

S — momaab )KUBOTO CEUCHUS, M
I1 — cMOYEHHBIN IEPUMETD, M.

HpI/I JBUXCHHUU XKUAKOCTHU B pr6ax HJINM KaHaJIaX HCKPYIJIOTO CCUCHUA BMECTO
AUaMeTpa MOoACTABIAOT BCINYHNHY DKBUBAJICHTHOI'O AUaMCTpPa
dos=4 -R=4-S: 11 (12)

11



rac d3KB — 3KBHB3J’ICHTHLII>1 I[I/IaMeTp, M
TaK, BKBI/IBaJ'ICHTHHﬁ I[HaMeTp KOJIBIICBOI'O KaHaJia OHpeI[eJ'IﬂeTCSI 10 (l)OpMYJ'Ie
d3KB = DBH - dH7 (13)

rjae Dyy — BHYTpeHHUH JuaMeTp Hapy>KHOU TPyObI, M;
dy;, — HApYXHBINA TUAMETP BHYTPEHHEHN TPYOBI, M.

KonnyecTBO XKUAKOCTH, MPOTEKAOUIEE B E€IMHUILY BPEMEHH 4YEpE3 KUBOE
CeueHHe, Ha3bIBaeTcs pacxooM. PaznuuaroT MaccoBblil pacxon G, Kr/c 1 00bEMHBIN
pacxon V, m/c.

Cpennsisi CKOPOCTh MOTOKA — 3TO CKOPOCTb, C KOTOPOM JOJIKHBI ObLTH Obl
JIBUTaThCSl BCE YACTULBl JKUJIKOCTH 4Yepe3 JaHHOE JKUBOE CEUYEHHUE, YTOOBI
COXPaHMWJICA PACXOJ; YHCIECHHO paBHA OTHOLIEHUIO Pacxola 4epe3 JaHHOE CEUEHUE
Ha IJIOIAAb 3TOro cedyeHus. COOTBETCTBEHHO PA3IMYAOT MAaCCOBYIO CKOPOCTh W,
KF/(Mz' c) 1 00bEMHYIO (JTMHEHHYI0) CKOPOCTh, W, M/C. Pacxopl M1 CKOPOCTHU CBSI3aHBI
CJIEIYIOIIHUM 00pa3oM

G=S-W, (14)
V=S-w, (15)
V=aG:p, (16)

=W :p. (17)

Tac p — IJIOTHOCTD ) KUAKOCTH, KI‘/M3.

B ycnoBusix yCTaHOBHUBIIETOCS JBHXKEHUS JIBUKEHHE JKHIKOCTH B
AJIEMEHTApPHOU CTpyiike MpoucxoauT 0e3 00pa3oBaHUs MYCTOT U Pa3pbIBOB, TOITOMY
MOYKHO CJI€JIaTh BBIBOJ, YTO PACXO]I JIEMEHTAPHOU CTPYMKH MO BCEU JIJIMHE OCTAETCS
IIOCTOSIHHBIM, TO €CTh, IIPU YCTAHOBUBILIEMCS ABUKEHUU PACXOJIbI )KUIKOCTH BO BCEX
JKABBIX CEYEHHSIX IMOTOKA OJWHAKOBBI M €CTh BEJIMYMHA IOCTOSHHAS — YPABHECHUE
HEPa3pbIBHOCTH MOTOKA:

V:SI ‘W1:SZ‘W2:COHSt, (18)
G= S] : W] = Sz : W2 = COIlSt, (19)
G=S;-w;-p=S, Wy p=const, (20)

rae S; u S, — njomaau CCUeHu, Mz;
w1 1 Wy (W) 1 W,) — CKOpOCTH B COOTBETCTBYIOIINX CEUCHUSIX, M/C.
CnenctBue, cpeaHUE CKOPOCTH TMOTOKa OOpaTHO MPOMOPIHOHAIBHbI
IJIOIIAASIM COOTBETCTBYIOIIUX CEUCHHH; CpPeHHE CKOPOCTH IOTOKA HAaXOIATCS B
00paTHOM KBaJIpaTUYHON 3aBUCUMOCTH OT ILIOIIaZAeH COOTBETCTBYIOIIUX CEUCHHI
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e Q. Q. —2.42
W1.W2—Sz.sl—d2.d1, (21)
rjae d; u d, — nmamMeTpsl COOTBETCTBYIOITUX CEUCHUH, M.

OTCIOILa MOJXHO OIIpCACINTb CKOPOCThH IIOTOKAa B TOM HJIM MHOM CCUCHHH, a
TAKIKC TUAMCTP CCUCHHA

W1 = Sz *Wyo ! S] = d22 *Wyo d12, (22)
di =V d,? - wa/wi (23)

Juametp TpyOompoBoaa d, M ornpesensiercs rno hopmyiam

d=~4V : nw, (24)
d=+4G : 1W. (25)
Xox paboThl

1. Pemenwue 3agau.

3anaua 1.

Kakoit pacxom Boabl Oyaer B TpybOompoBoae auamerpom 500 MM, eciu
cKopocTh Bozbl 1,5 M/c? Kak U3MEHUTBCS CKOPOCTh BOJBI, €CIIU MIPUTOM XKE pacxoie
NoCTaBUTh TPyOy auamerpoM 400 mm?

3agayva 2.

Haiitu nuametp TpyOompoBoaa A BOAbI, TOCTYMHAIOIICH B OTOCIBbHBIN 1[€X B
komugecTse 800 M°/4. CKOPOCTb IPUHSTH.

3agaya 3.

Onpenenuts 00BEMHBIN pacxold BOJOKHHCTOM CYCIIEH3MHM C KOHIIEHTpalHein

1,5% B macconpoBone nuametpom 400 mm. CKOpOCTb IPUHSATH.

2. BBINOJHATE HHANBHUYATIBHOE 3a/IaHHE.

KOHTpOHBHBIG BOIIPOCHI

l. Uto Ha3biBaeTCcs MOTOKOM kuAkocTu? Kakue noroku paznunuaror? Jlaiite
VM OIPE/ICIICHUA.

2. Kakue Bubl IBHXKEHUS KUJKOCTH pazindaroT? JlaliTe uM onpeaeacHus.

3. YUTo Ha3bIBAETCS KUBBIM CEUCHUEM TTOTOKA?
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4. [lepeuncnuTe OCHOBHBIE XAPAKTEPUCTUKHU KUBOro ceueHus. Jlaiite um
onpeaeneHus. PasMepHOCT OCHOBHBIX XapaKTEPUCTHUK KUBOTO CEUECHUS.

3. JlaliTe MOHATHS «PACXOI» U «CPEIHSISI CKOPOCTHY.

6. Kaxkue Buabl pacxozia U CKOpocTu paznnuaroT? X pa3MepHOCTb.

7. [IpounTalite ypaBHEHHE HEPaA3pPBIBHOCTU IOTOKA. Ero maremarmueckoe
BBIpaKEHUE.

8. CrnencTBus U3 ypaBHEHUSI HEPA3PHIBHOCTH MOTOKA.
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3 IlpakTnyeckas padora Ne3

Tema: OnpenenieHre OCHOBHBIX MTapaMeTPOB padOThI HACOCOB, MOJ0OP HACOCOB
no karamoram u ['OCT

Lenu: 3akpenutb UM yriayOUTh MOJIyYEHHBIE 3HAHUSI OCHOBHBIX IapaMETpPOB
HACOCOB; HAYYMTBHCS OMNPEAEIATh MPOU3BOIUTEIBLHOCTD, HAop, MOmHOCT, U KIIJ]
HACOCOB; Pa3BUBATh HABBIKH PA0OTHI CO CIIPABOYHOM JIUTEPATYPOIl.

MGTOIII/IIIQCKI/IG YKa3zaHu:A

Hacocel — ruapaBiaudeckue MalluHBI, NpeBpallalonie MEXaHHUYECKYIO
AHEPTHIO, MOTYUYAEMYIO OT DJICKTPOJABUTATENS, B MOTCHIIMAIBHYIO SHEPTHUIO J1aBJICHUS
xuakoctu. Hacockl mpenHazHaueHbl ISl TEPEMENICHUS KUIKOCTEH U KUJIKUX
HEOJAHOPOAHBIX CHCTEM IO TPYyOONPOBOAY, MOAHITUS HA BBICOTY, NJIsi COOOIICHUS
MOTEHIIMAILHOM SHEPTUM JaBJICHHS (HAmmopa).

B 3aBucuMocTu ot cnoco0a npeoOdpa3zoBaHus SHEPTUU PA3IUYAIOT CIEAYIONIUE
IPYIIIBI HACOCOB: 00bEMHBIE, JIONACTHBIE, BUXPEBbIC, CTPYHHBIE U THEBMATUYECKHE.

PaboTa 1100010 Hacoca XapakTepu3yeTcs MPOU3BOJIUTEIBLHOCThIO (Toaauei),
HAIIOPOM, MOIITHOCTHIO M KOA(DPHUITMESHTOM ITOJIE3HOTO JICHCTBHUS.

[Tpon3BOIUTENBHOCTh  OMpeaeisieTcs OOBEeMOM JKHJIKOCTH, TI0JaBaeMOM
HAcocCoOM B CAWHUIYy BpPEeMEHM B  HarHeTaTelIbHBIH  TPYOOIPOBO/I.
[Tpon3BOIUTENBHOCTD ONpeeseTcs o Gpopmye

V=v:r, (26)

3
rne V — Ipou3BOIUTENBHOCTD Hacoca, M /c;
. 3
Vv — 00bEeM NepeKaunBaeMOm KUIKOCTH, M
T — BpeMs, C.

TeopeTnueckass MPOU3BOAUTEIBHOCT MOPIIHEBOTO (MM TUTYH)XEPHOTO)
. 1
Hacoca MpocToro AeUCTBUA V., ompesaenseTcs mo Gpopmyrie

V. =F-S-n:60, (27)

rae F — momane ceyeHus: mopuss, Mz, F=n-D*: 4;
D — nauamMeTp mopiHs, M;
S — nnuHa xoxa mopiHs, M, S = 2r;
I — paanuyc KpUBOIIIUIIA, M;
n — Yucja0 000poTOB Bajia, 00 / MUH.

Teopernueckass MNPOU3BOAUTENBHOCTh MMOPIIHEBOIO (WM  IULYHXKEPHOIO)
. . 2
Hacoca JIBOWHOro AeiicTBus V,~ onpezensercs no Gopmye

V. =QF-1)-S-n:60, (28)

2 2
rae f— moomans ceyenust mroka, M, f =w-d” : 4;
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d — nnameTp mIToKa, M.

dakTnyeckas MPOU3BOAUTEIBHOCTE V¢ MOPIIHEBOIO HACcOCa BCETAA MEHbINE
TEOPETUUECKON M3-3a YTEUEK Yepe3 HEIJIOTHOCTH B KJIalaHaX, MOPIIHE, CAIbHUKAX U
KPBIIIKaX

Vo =m0 Vu, (29)
r7e 1Ny — 00beMHBIN KO3 HUIIHMEHT MOJIE3HOTO JEHCTBUS.

JInsi mOpIIHEBBIX HACOCOB, MMEPEKAYMBAIONIMX XOJOAHYK Boay, Mo = 0,9
(cpenHuii); TpU TMEpEeKAYMBAHUM OYEHb BS3KUX JKUAKOCTed o0bemHubIl KII/]
3HAYUTEIIBHO CHIDKaeTcs (1o = 0,3 u MeHee).

[lonHblid HAMOp — XapakTEepU3yeT YIENbHYIO SHEpPruto, coobmiaemyro 1 kr
nepeKkaunBaeMon KUAKOCTU. Hamop 3aTpauuBaeTcs Ha TOABEM JKHUJIKOCTH Ha
BBICOTY, MPEOJOJICHUE COMPOTUBICHUA M PA3HOCTU [aBJICHUW B HAMOPHOM U
npueMHOM pesepByape. [lomHbId Hanmop, pa3BUBAEMBIA HACOCOM, OIPEIECISAECTCS IO

bopmyiie
H=H +({@:-p1):p-g+hy, (30)

rae H — nonneii Hanop, M;

H; — reomeTpuueckas BeicoTa mogabema xuakoctu, M, H, = Hy, + Hy;

H;. — BrICOTa BCackIBaHuUsl, M;

H; — BbIcOTa HarHeTaHus, M;

P> U | — JABIICHHE B MPOCTPAHCTBE HATHETAHMS M BcachiBanmst, H/m>,
(1 at= 10" H/M* = 1 6ap = 735 mm.pr.cT. = | kre/em® = 10000 MM.BOZ.CT.);

p — ILIOTHOCTB KUIKOCTH, KI/M’;

h, — morepu Hamopa, M, h; = hy. + hy;

h,. — moTepu Hamopa BO BCAChIBAIOIIEM TPyOOIPOBOJIE, M;

h, — moTepu Hamopa B HarHETaTEILHOM TPYOOIPOBOJIE, M;

g — YCKOPEHUE CHIIBI TSKECTH, g = 9,81 m/c’.

Taxske HaIoOp HACOCAa MOYKHO OIPEIENIUTh 10 GopMyIie
H:(pM+pB):g'p+hnpa (31)
2
€ Py — U30BITOYHOE JABIEHHE 110 MaHOMETpPY, H/M";
2
Ps — NOKa3aHUs BAKyyMMETpPa Ha BCachiBaromieM natpyoke, H/m™;
hyp — paccTosiHuE MEXTy MAHOMETPOM M BAKYyMMETPOM, M.
[Tose3Has MOIHOCTH HACOCA — HTO DHEPIHs, KOTOPYIO NPHOOPETAET KUIKOCTh

B E€JIMHUILYy BpPEMEHU IIPU MPOXOXKIEHUM uepe3 Hacoc. I[loyie3Has MOIIHOCTD
ompezaensercs 1o Gpopmye
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Nu=V-g-p-H, (32)
rae N, — rmoje3Has MOIHOCTh Hacoca, BT (unu kBT).

[ToTpebnsemass momHOCTh N — 3TO MOIIHOCT, Ha BajJy Hacoca; OOJIbIIe
M0JIE3HOM MOIIIHOCTH HA BEJTMYUHY ITOTEPh SHEPTUHU B HacOCe.

OTHOIIEHHE TMOJE3HOM MOIIHOCTH Hacoca K MNOTpeOisieMol Ha3bIBaeTcs
MOJIHBIM K03 dunimentTom nosesnoro nevcreus (KIIJ[) nacoca

n = Nl‘l . N: (33)

rae N — norpebasieMast MOIHOCTh, BT (unu kBT);
1 — NOJHBINA KO3 (DUIIMEHT MOJIE3HOTO ACUCTBUS.

Orcrona norpednsemMas HACOCOM MOLIHOCTb COCTABIAET
N=N,:n=V-g-p-H:n, (34)

WIH
N=N;:n=V-g-p-H:1000n, (35)

[Tomusnii KIIJI siBiisieTcss BaKHOM XapaKTEPUCTUKOW HACOCA, OIPEACIISIOIIECH
SKOHOMHYHOCTh €ro paldoThl M coBepiieHCTBO KOHCTpyKuuu. Ilomasiii KIIJ
npeacTaBisier coboit mpousBenenue ooremHoro KIIJ[ (1g), yuuThIBarOIUi yTEUKU
KUJAKOCTH dYepe3 3a30pbl W CalbHUKM Hacoca, ruapasiauyeckoro KIIA (ny),
YUMTBIBAIOIIETO YMEHBIIEHUE HANOPa BCIEACTBUE THAPABIMYECKUX CONPOTUBIICHU,
u MexaHnueckoro KIIJ[ (Myex), YYUTHIBAIOIIETO MOTEPU HA TPEHHUE B HACOCE

N =70 MNr " MNuex- (36)

BenuuuHa 1 3aBUCUT OT KOHCTPYKLUHMHM M COCTOSIHUSI Hacoca W JJISI CPEAHHUX
YCJIOBUH KoJIeOJeTCa B CIEAYIOUMX Mpeaenax: 1 nopiHeBbix HacocoB 0,7 — 0,9, 1
1eHTpoOexkHbIX HacocoB 0,6 — 0,8. KIIJ] Haubonee coBEpIICHHBIX KPYITHBIX HACOCOB
nocturaet 0,93 — 0,95.

[Tpu n3meHeHus ynciaa oOOPOTOB Kojeca OT ny 10 N, He Oojee, yeM B 2 pasa,
JUTSI IEHTPOOEKHBIX HACOCOB CHPABEIMBBI COOTHOIIEHUS, KOTOPhIE HOCST Ha3BaHUE
3aKOHOB TIPOIOPIIMOHAILHOCTH.

H3meHenre npou3BOoAUTEIHFHOCTH HAcOCa IPOMOPIIMOHATIBLHO YHCITY 000POTOB

Vi:Vo=n;:n,. (37)
V3MeHeHne Haropa Hacoca MPOMOPITMOHATILHO KBaIpaTaM Yrcesl 000pOTOB

H,/H, = (n; : m)*. (38)
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H3meHeHrne moTpeOnsieMoil MOIIHOCTH Hacoca IPOIOPIMOHAIBHO KyOam
qucesl 000poTOB

Ni: Ny =(n : m)’. (39)
Otcrona
V=V, nm :n, (40)
H,=H; n’:nS (41)
N,=N; n,’ :n/. (42)

Xona paboThl
1. Pemrenwne 3amau.

3amada 1.

Onpenenuts 4ucio 000pOTOB Bajla MOPIITHEBOTO HAacoca JBOMHOTO JEUCTBUS,
uMeroriero auamerp nopmas D = 160 mm, quamerp mroka d = 50 MM, qmHY X012
mopiHs S = 200 MM. POM3BOAUTENBHOCT Hacoca V = 25 m /4. O6wemubiit KITJT 1o
=0,9.

3anayva 2.

[TopiiHeBO# HacOc ABOMHOTO JIEUCTBUS HAIMOMHSAET O0ak quameTpoM dg =3 M u
BbICOTOM hg = 2,6 M 3a 26 munyT (T = 26 MuH). {uameTp muryHxkepa Hacoca D = 180
MM, auametp mroka d = 50 MM, paauyc kpuBomumna r = 145 MM, yucio o00poToB n =
55 06/muH. Onpenenuth KO3(PPUIUEHT NOJIE3HOTO AESHCTBUS Hacoca.

3anada 3.
MaHoMeTp Ha HarHeTaTelIbHOM TPyOOIpPOBOJI€ HacOca, MepeKaynBaroero V =
3 2

8,4 M’/MHH BOJBI, TMOKa3bIBaeT JaBIEHHUE P, = 3,8 Krc/cM”, BaKyyMMETp Ha

BCACHIBAIOIIEM TPYOOTIPOBOJIE MOKA3BIBAET BAKYYM Py = 21 cM.pT. cT. PaccTossHme MO
BEPTHKAIM MEXJIy TOYKAMH IPHCOEIUHEHUS MaHOMETpa U BaKyymmeTpa hy, = 410
MM. OmnpenenuTs Harop, pa3BUBAEMbI HACOCOM, H MTOTPEOISIEMYIO MOIIHOCTh, €CITU
nonuelit KII/] nHacocan =0,7.

3anaua 4.
Hacoc nepexaunBaet xuaAKOCTh B KomyecTBe V = 320 JI/MUH € IJIOTHOCTBIO P
3
= 960 kr/M” u3 pe3epByapa ¢ aTMoc(epHBIM JaBiieHHMEeM p; = | aT B ammapar ¢

M30BITOYHBIM JABJICHUEM Py, = 3,7 ar. Beicota mombema xuakoctu Hp = 16 M,
oOl11ee CONMpOTUBIIEHUE BCACHIBAIOIIEH U HarHeTaTenbHOU JTuHuM h, = hy + hy = 65,6
M. OnpenenuTs MOTHBIA HAMOop, MOJE3HYI0 U MOTPEOIsIEMYI0 MOIIIHOCTh HAacOCa, €CIIH
noaublid KII/[ mHacoca n = 0,7.
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3amada 5.

[eHnTpoOexxHbI HACOC ISl IEPEeKaYKH BOJBI UMEET CIEAYIOIIUE MACTOPTHHIE
JaHHBIE: MPOU3BOIUTEIBLHOCTE V = 56 M3/‘-I, noytHBINA Harmop H = 42w, motpebiseMyro
momHocTh N = 10,9 kBt mpu uucne oboporoB n; = 1140 o6/mMun. Omnpenenutsb
nonubii  KIIZI Hacoca, ero mpoOU3BOAMTENBHOCTb, pPA3BUBAEMbIA HANoOp H
MoTpeOIIeMyI0 MOITHOCTh, mpu N, = 1450 o6/muH, cuutas, yro KIIJ octaercs
HEWU3MEHHBIM.

3anaua 6.

OnpenenuTs MOIIHOCTb, MOTPEOIsIEMYI0 LEHTPOOEKHBIM HACOCOM, MpHU
1oJjaue OKHUCICHHOTO WIEIOKa IUIOTHOCTBIO p = 1150 kr/mM’ B Gak-COOPHHK Tepen
Bbinapkoil. IIpousBogutensHocth Hacoca V = 5000 n/mun npu Hamope H = 15
M.BoJ.cT. KoaddunineHt none3Horo necTBUS NPUHSATD.

2. BBINOIHUTH HMHAWBUAYAJIbHOC 3aaHNC.

KoHTpoJibHBIE BOITPOCHI

1. Urto takoe Hacoc? Knaccudukarmus HacocoB.

2. Uem xapaktepusyercs pabora HacocoB? Jlalite ompeaencHus.
Pa3zmepHOCTS.

3. [IpounTaiiTe 3akOHBI MPOMOPLUHMOHAIBHOCTH [IJII  IEHTPOOCKHBIX
HAaCOCOB.
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4 IlpakTu4yeckas padora Ne4

Tema: Onpenenenue TEMIOBBIX HATPY30K U PACX0/1a TEIIOHOCUTENEN

[enu: 3akpenuTh U yriayOUTh MOJYYEHHbIC 3HAHHS OOIIEH XapaKTEepUCTUKHU
TEIJIOBBIX TIPOIIECCOB, CIOCOOOB W BHJOB TMEpelayd Tera, ABMKYIIEH CHITBI
mpolecca TeriooOMeHa, ypaBHEHHsS TEIUIOBOrO OanaHca, TEIMJIOBOM Harpy3Ku;
Hay4YUThCS OINPENENATh TEIUIOBYK0 HArpy3Ky M pacxoi TEIJIOHOCUTENS; pa3BUBATh
HaBBIKU pabOThI CO CIPABOYHOM JTUTEPATYPOH.

MCTOIII/IIIeCKI/Ie YKa3aHu:A

[Ipouiecc mepegaum Teria OT OJHOIO BEIHIECTBA K JIPYrOMY Ha3bIBaeTCS
TEITI000MEHHBIM. TennooOMeHHbBIE MIPOIIECCHI MOAYUHSIOTCS 3aKOHAM
TeIionepeaau — y4yeHue o TermiooomeHe. BemiecTBa, yyacTByromue B mpoliecce
TeriooOMEHa, Ha3bIBAIOTCI TCIUIOHOCHTEIIIMHU. BemectBo ¢  0ojee BBICOKOM
TEMIIEpaTypoil, KOTOpO€ B Mpoliecce TEII000MEeHa OTAAaeT TEeMIO, HAa3bIBACTCS
ropsiuMM TEIUIOHOCUTENEM, a BEHIeCTBO ¢ 0Oosiee HU3KOM TeMIlepaTypo,
BOCIIPMHUMAIOLIEE TEIJI0, — XOJIOAHBIM TEIJIOHOCUTEIIEM.

CyImiecTByIOT JBa OCHOBHBIX CIOC00a IPOBEJACHUS TEIIOBBIX IIPOIIECCOB:
MyTE€M HEMOCPEICTBEHHOTO CONMPUKOCHOBEHMS TEIJIOHOCUTENCH W mepedadyei Tersa
4yepe3 CTEHKY, pa3esionlyto TEIIOHOCUTEH.

PaznuyaroT ycTaHOBUBIIMIACS (CTAllMOHAPHBIM) TEMJIOOOMEHHBIN MpoIece,
COOTBETCTBYIOIIMM HEMPEpPbIBHOW paboTe amnmaparoB, W HEYCTAaHOBUBIIHUHCS
(HecTanMOHAPHBIN) TEMIOOOMEHHBIA MPOIECC, COOTBETCTBYIONIUN MEPUOTUICCKON
pabote anmapatoB. [Ipu ycTaHOBUBILIEMCS MPOIECCE TEMIEPATYPhl B KaXJIOU TOUYKE
ammapaTta HE H3MEHSIOTCS BO BPEMEHH, TOrJa Kak MpU HEyCTaHOBUBIIEMCS
TEeMIEePATypPhbl U3MEHSIOTCSI BO BPEMEHH.

[lepegaua Tema OT OJHOTO Teda K JAPYIOMY MOXET MPOUCXOIUTH
MOCPEICTBOM TEIIOMPOBOJHOCTH, KOHBEKIIMH U JIyYEUCITYCKAHUSI.

JIBroKyIiei cuior Jar00ro TEImI00OMEHHOTO MpOoIecca SBISETCS Pa3sHOCTh
TeMIIepaTyp TEIJIOHOCUTEIICH, Ha3bIBaeMasl TeMIIEpAaTyPHBIM HATIOPOM.

KonuuecTBo Temia, nmepenaBaeMoro B €IMHHUILY BPEMEHM OT OJHOrO Tela K
JIPyTOMY, Ha3bIBAE€TCS TEIUIOBBIM MOTOKOM U BhIpaxkaeTcs B BT. 3HaueHUs TEIOBOTO
MOTOKA, BBIPAKECHHBIC B KKai/4, Uil TmepeBojga B BT Hamo yMHOXWTH Ha
koddurmenr 1,16.

[Ipu TermooOMeHe MPOUCXOIUT YMEHBIIICHUE SHTAIBIHNH (TEIJIOCOICPKAHUE)
(J1 — Jo) dx/xr ropsiuero tersionocutenst G Kr/c v yBennueHue sSHTaiabnuu (Jo — ji)
JIK/KT XOJIOTHOTO TETJIOHOCUTEINS g KI/C.

KonuyecTtBo Terua, mnepenaBaeMoro OT TOPSYEro  TEIJIOHOCUTENS K
XOJIOTHOMY, Ha3bIBaeTCsl TEIUIOBOM Harpy3koil ammapata u coctaBisier Q BrT.
CrnenoBaTenbHO,

Qrop. =G (J1 -1, (43)
onn. =g (jZ _jl)' (44)

20



TCHHO, OTAAHHOC TIOpAYHM  TCINNIOHOCHUTCIICM, HaCTH4YHO nepeaacTcs
XOJIOJHOMY TCINIOHOCUTCIIO M YaCTHYHO PACXOAYCTCA HAa KOMIICHCAIIUIO IIOTCPhL B

OoKpy:karomyro cpeny Q. BT.
TakuMm o6pazom,

Qrop. = onn. + Qn- (45)

B TennooOMeHHBIX anmapaTax MOTepH Teruia 0OBIYHO HEeBeIUKH (He 6osee 2 —

3% 0T Qrop)
Qrop. = 1,03 * Qxon- (46)
Ecnu umu npeneOpeusb, TO ypaBHEHHE TEIIOBOTO OajlaHca IPUCEET BU/T
Q = Qrop. = Qxon (47)

Q=G-(i-h)=g G2—J1)- (43)

NN

OmnpeneneHue TEIJIOBOW HArpy3Kd TpPU HAarpeBaHUU W OXJAXACHUH 0e3
VM3MEHEHUS arperaTHOro COCTOSIHUSL.
Ecnu B anmapare NporuCcXOAUT OXJIAXKICHUE TOPSIYEro TEIUIOHOCUTENS, TOrAa

Qrop. =G-C-(T1—T)) =G - C- AT, (49)

rae C — ynenbHas TEIIOEMKOCTh Topsiuero Teronocurens, Jx/(kr-rpan);
T, u T, — HavasbHast ¥ KOHEUHAS] TEMIIEPATYPHI TOPSYETO TEIJIOHOCUTEIIS
0
cootrBeTcTBeHHO (AT =T — T>), C.

AHanoru4yHo IIpK Harp€BaHuM XOJIOAHOI'O TCIINIOHOCHUTCIIA

onn.:g'c'(tZ_tl):g'C'Ata (50)

TJIe C — YAeNbHAs TEIIOEMKOCTh XOJIO0ITHOTO TeIuIoHoCcuTeNs, Jx/(Kr-rpan);
t; 1 t, — HauaJgbHAS U KOHEYHASI TEMIIEPATYPhI XOJIOHOTO TETUIOHOCUTES
0
COOTBETCTBEHHO (At =1, —t;), C.

Bemuuunet AT = Ty — T, u At = t, — t; Ha3bIBaAOTCA TEMIEpPaTypPHbIMU
nepenagaMu.

VYaenbHas TEMIOEMKOCTh — 3TO KOJMYECTBO TEIUIA, COOOIIAEMOE EAMHMIIE
BemectBa (1 kr, 1 M°, 1 KMOJIB) I M3MeHeHUs ero temmeparyps Ha 1°C. CormnacHo
MexnynaponHon cucreMme enuuun, CHU, ynenbHbIE TEINIOEMKOCTH BBIPAKAIOTCSA B
Jlx/kr-rpan. B cipaBo4HbIX TabMUIIaX 3HAYEHUSI YACIbHBIX TEIIOEMKOCTEN BEIIECTB
00BIYHO IPUBOAATCA B KKaj/ Kr-rpai. s nepeBoaa 3Tux 3HaueHuu B Jk/Kr-rpaj ux
HAJ0 YMHOXUTb Ha kKod(pduimueHt 4190. 3HadeHUs yIETbHBIX TEIIOEMKOCTEN
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BEILIECTB OMNpPEACAIOTCS MNpU CPEAHUX TeMmIepaTypax, Jubo Ipu Temmeparype,
KOTOpasi 1aHa.

Omnpeznenenue TEMIOBOM HArPY3KU MPU U3MEHEHUH arperaTHOrO COCTOSIHUSL.

IIpn koHAEHCAIMK MapoOOpPa3HOTO TEIUIOHOCUTENS BEIWMYMHBI J; U J, B
dbopmyne (43) mpencTaBisSIIOT COOOM COOTBETCTBEHHO SHTAJBIHIO IOCTYIAOIIETO
napa u yxomsuero koHaeHcara. Eciu map moctynaer meperpeTbiM ¢ TeMIepaTypon
T, To BenmnunHa G - J; CKJIaABIBAETCS U3 SHTAJBINUU KUJAKOCTH MPU TEMIIEPATYPE
HachllieHus: Ty, Temia, pacxoJyeMOro Ha HCHapeHue >KUAKOCTH W PABHOIO TEILTY
KOHJeHCAlMU 1apa Qyouy, @ Takke Tea Qpep, HEOOXOIUMOIO AJs HNEPETPEB Mapa.
Bemuuuna J, paBua Cy - T, (T, — temneparypa yxojsimiero KoHjeHcara). Torna
dbopmyna (43) nocie psiaa npeoOpa3oBaHUN TPUHUMAET BUJ

Qrop =G- (Jl - JZ) = Qnep. + QKOHZ[. + Qoxn.- (51)

Temnno, oTnaBaeMoe TMpPU OXJAXKICHUU TEPETrpeToro IMapa, pPaBHO TeEIUTy,
3aTpauy€HHOMY Ha MEPErpeB MpH €To MOJTYyUYEeHHUH, U COCTABISET

Qnep. =G-Cy- (Tl - TH)) (52)
rae C, — ynenbHas TEIJI0eMKOCTh mapa, JIx/(Kr-rpan).

Temno, oTnaBaemMoe Mpu KOHACHCAIMH Tapa, PaBHO TEIUTy, pacXoayeMOMYy Ha
UCIIapEHHE KUKOCTU

Qo =G ' 1, (53)
rJie I — TeIIoTa ucnapeHus (yaenbHas TerjaoTa mapooopazoBanusi), JK/Kr.
Teruto, oTnmaBaeMoe py OXJIAKICHUU KOHACHCATa, COCTABIISCT

Qoxn. =G - Ci - (TH - TZ) (54)
[Tpu KOHIEHCAIIMK HACKHIIIEHHOTO Mapa 06e3 0XJIaKIeHUs KOHJIeHCcaTa
Qrop. = Quomn. =G ' 1. (55)

4 YpaBHCHHA TCIIJIOBOT'O Oajanca MOJKHO OIIpCACIIUTE TEMIICPATYPHBIC
nepenanabl, a TAaKKC HAYAJIbHBIC 1 KOHCUYHBIC TCMIICPATYPbI TEMJIOHOCUTEICH

At=G-C-AT:g-c; (56)
AT=g-c-At: G- C; (57)
= Qrop. 1 g C+ 1y (58)
t1 =t — Qrop. 1 8 C; (39)
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To=Ti = Qo /G- C; (60)
T =Qxon./ G- C+To. (61)
Xona paboTsI
1. Pemenwne 3agau.

3anaua 1.

B xononuneHuke TpedyeTrcs oxnaauth pactBop B kosnyectBe G = 10000 kxr/u
ot 90°C o 40°C. OnpenenuTh TEMIOBYIO HArPY3KY, SCIH YACIbHAS TEIIOEMKOCTD
pactBopa C = 3350 J>x/(kr-rpan).

3agayva 2.
OrpenennTh pacxox mapa 1 HarpeBa g = 18 1/a Bozmyxa ot 20°C go 80°C.
JlaBnenue rperomero mapa P = 3 atwm.

3ajgada 3.

Onpenenutsh TEIUIOBYIO HArpy3Ky M pacxoj Tapa B MOJOTpeBaTENe YEPHOIO
mesIoKa B KoimdecTse g = 48000 xr/u. HauansHas Temmeparypa mienoka t; = 140°C,
KOHEeYHasa — ty, = 1450C, ynenbHas TeroeMkocTh ¢ = 3820 Jhx/(kr-rpan). JlaBineHue
rpetoutero napa P = 10 arm. [Torepu Tenna npunsaTs 3%.

3amaya 4.
OnpenenuTh BEIMYMHY TEIUIOBOTO IOTOKA W KOHEYHYH) TeMIepaTypy

HarpeBaeMoﬁ BOJBI B BOOO-BOASAHOM TEIJI000MEHHHKE.

Tabnuua 1 — UcxoaHbie qaHHBIE

BapI/IaIJ{\"frga Kr/cG, T,,"C T, °C Kr/C © . °C
1 4 120 50 10 6

2 6 125 55 15 8

3 8 130 57 20 10

4 10 135 60 25 12

5 12 140 62 30 14

6 14 132 50 15 4

7 8 12845 20 12
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8 6

138

40

10

9 10

125

55

30

10 12 14 62 25 10

0

3amada 5.

OnpeaenuTs TEIVIOBYIO HATPY3KY M PacxXo/l mapa sl HarpeBa Bo3IyXa.

Taomuna 2 — Mcxoauple faHHBIE

Ne
BapUaHT

Kr/C

g

oC

tla

oC

tZ)

PHapa
MlIla

1,1

55

0,4
(142,9 °C)

60

0,5
(151,1 °C)

- 206
10 (1
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5,5-5 50,7
(1
64,
2
’c
)
7 i 60 (())’6
2,5 10 (158,1 °C)
3,5- 20,5
15 (1
51,
1
°’c
)
9 ] 65 0.4
1,5 20 (142,9 "C)
0450 50,6
(1
38,
1
°’c
)
2. BpINOJHUTE HHAWBUAYAIBHOE 33/IaHUE.
KonTpoJsibHBIE BOITPOCHI
1. Kakue mponeccsl Ha3bIBalOTCA TeIIoBbIMH? Kakum 3akoHaM OHM
OTYUHSAIOTCS ?
2. Kaxk Ha3bpIBatoTCS BEIECTBa, YYACTBYIOIINE B TEIJIOOOMEHE?
3. HazoBuTe 0CHOBHBIE CTTOCOOBI TPOBECHHUS TETUIOBBIX MPOIIECCOB.
4. Kakue  rtemmooOMmeHHble  mpouecchl  paznuuaroT?  Jlaiite  uMm
XapaKTEPUCTHUKY .
3. Haszosute Buabl nepenauu rema. /Jaiite uM XapakTepUCTUKY.
6. Uro siBnsieTcsa ABUXKYIIEH CUIION TEMJI000OMEHHBIX MTPOLIECCOB?
7. JlailTe MOHATUA «TEIUIOBOM MOTOK», «TEILUIOBAsl Harpy3Ka ammapara». 1Mx
Pa3MEpPHOCTb.
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8. CKOJIBKO COCTaBJISIIOT TEIIOBBIE MOTEPHU B TEIJIOOOMEHHBIX araparax?

9. MaremaTtrueckoe BbIpakeHUE TEMI0BOTO OanaHca.

10. Kak  u3MEHSIOTCS  JSHTAIBIIAM  TEIUIOHOCUTENIEM B  mpolecce
TerooomMeHa?

11. Yrto Ha3bIBaeTCs y/IE€IbHON TEIJIOEMKOCThIO?

12. Kak omnpenensercs: TEIoBas Harpy3ka NpHv HarpeBaHUU U OXJIAKJICHUU
0€3 U3MEHEHHsI arperaTHOro COCTOSIHUS TETUIOHOCUTENEH ?

13.  Kak omnpenensercs TemioBas Harpy3ka Npy HarpeBaHUU M OXJIAXKICHUHU
C U3BMEHEHUEM arperaTHOro COCTOSHUS TEIIOHOCUTENEH ?
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5 IIpakTuueckasi padbora NeS

Tema: Onpeoenenue koIghpuuuenma menaioomoauu mexcoy HcuoOKOCmbvio
U CMEeHKOU NPU PA3TUYHBIX PEHCUMAX

Henu: — 3axkpenumv u yenyoumsv NoOLyYeHHble 3HAHUA KOHBEKYUU,
Qusuueckoco cmvlcia Kodghpuyuenma menioomoay, OCHOBHBIX
Gaxmopos, onpeoensiouux BENUUUHY Koaghuyuenma
menjioomoauu, Kpumepueg noooous npu nepeoavu  menia
KOHBEKYUEl,

— Hayuumocs onpeoenimsv KOIDDuyueHm menioomoasu menicoy
HCUOKOCTNDBIO U CINEHKOU NPU PAZIUYHBIX PeHCUMAX,
— Pas3sueamv HABbIKU pabomvl cO CHPABOUHOU TUMEPAMYPOUL.

Meronnueckue yka3zaHus

[lepenaua Temna KoHeéekuueil TPONCXOAHUT TOJIBKO B JKUAKOCTAX M Tazax
nyTeM NepeMenieHus ux yacTtull (moTokoB). llepememenne vactuil oOyCIOBIEHO
JBIDKEHHEM BCEM Macchl KUAKOCTU WIIH Ta3a (8bIHYIHCOEHHAs UNU NPUHYOUMENbHAS
KOHBeKyUs), MO0 Pa3sHOCTHIO TUIOTHOCTEH KHMIKOCTH B Pa3HBIX TOYKAaX 00beMa,
BBI3BIBAEMOW HEPABHOMEPHBIM pAacIpe/ieICHHEM TEeMIIepaTypbl B Macce >KHUIKOCTH
win T1aza (ceoboomas, umu ecmecmeenHas, KoHueekyus). KOHBEKIHMS Bcerna
CONPOBOXKAAETCS Iepelnavyeldl Temjga IOCPEACTBOM —TEIUIONPOBOAHOCTH  (Uepes
CTEHKY).

[lepenoc Teruia 3a c4eT KOHBEKIMH M TEIUIOMPOBOJHOCTHA OT JBUXKYIIETOCS
TETUVIOHOCHUTENSI K CTEHKE WM HAoO0OpOT HasblBaeTcsi mennoomoaueii. CoriacHoO
3akony  Hvwomona,  konuuecmeo — nepedasaemoco  KOHGeKyueu  menia
NPONOPYUOHANILHO NOBEPXHOCMU CMEHKU U PASHOCMU MeMnepamyp  Mmexicoy
mennonocumenem ty u cmenxoul tey (YACMHOMY memMnepamypHomy HAnopy):

Q =a-F- G)‘IaCTa (62)

rae Q — KOJIMYECTBO Tepe1aBaeMoro KOHBeKIueu Tera, BT;
o — ko3 durment Temooraaun, Br/(m” -K);
F — moBepXHOCTH CTEHKHU, M";
© — yacTHbI TeMIepaTypHsIid Harop, O = t, — te,, °C.

Kospduument temmoornaun MOKa3bIBACT, Kakoe KOJIUYECMBO menid
nepedaemcs om mennonocumens ¢ cmenke nogepxnocmoio 1 m” 3a 1 ¢ npu pasnocmu
memnepamyp mexcoy mennonocumenem u cmenxoii 8 1°C.

OpueHTUPOBOYHBIE 3HAYCHUS KOA((OHUIIMEHTOB TETUIOOTIAYN NIl THITHYHBIX
MIPOIIECCOB TEIUI00OMEHA MPUBEICHBI HIKE:

» HarpeBaHHe M OXJIaXJcHHE Ta3oB (atMochepHoe maBiaeHue) 10 — 50

Br/(m” ‘K);
>  HarpeBaHHe U OXJIAKICHHE OPraHMYecKHX skuakocteit 50 — 1500 Br/(m®
‘K);
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HArpeBaHUe U oxIaxaeHne Boxsl 200 — 10000 Br/(m” *K);

kumenne Boast 500 — 10000 Br/(m” -K);

KOHIGHCAIUS BOSHEIX mapoB 4000 — 15000 Br/(m” K);

KOHICHCAIUS [TAPOB OPraHMIecKuX xuarocteir 500 — 2000 Br/(m* K);

OcHoBHBIMH  (pakTOpaMu, ONPENCISIONIUMU  BEIHYUHY KO3 UIIHECHTA

TEIJIO0TAAYH, SBIISIOTCS CIETYIOUUMHU:

1. eudpoounamuyeckue axmopwvl — XapaxkTep IBIKECHUS TEIUIOHOCHUTES
(JTaMUHapHBIA WM TypOYJICHTHBIN); C  YBEIWYCHHUEM CKOPOCTH
TEMJIOHOCUTESI KO3(PPUITUEHT TEIUIOOTAauN YBEIMIUBACTCS;

2. @usuueckue ¢akmopvr — (GUUYECKHE CBOWCTBA TEIMJIOHOCHUTEIIS
(BSI3KOCTh, TEILIOMPOBOAHOCTh, IUIOTHOCTh, yJEIbHAS TEIJIOEMKOCTH);
KO3 (UIIMEHT  TEIJIOOTAa4YH, KaK TMpaBUJIO, YBEIMYHUBACTCS  C
TIOHIKEHHUEM BSI3KOCTH U TOBBIIIICHUU TETUIOMPOBOIHOCTH, TJIOTHOCTH U
YIETBHON TETUIOEMKOCTH, CJIEIOBATEIbHO, KOI(PPUIIMEHT TEIUIO0TaaYu
3aBUCHUT OT TEMITEPaTYPHI;

3. eceomempuueckuti ¢akmopsr — pasMmepsl U (GopMa TMOBEPXHOCTU
TEr1000MeHa.

3aBUCUMOCTh KO (UIIMEHTAa TEIJIOOTAAYr OT JTHX (HAKTOpPOB BechbMa

CJIOHA, TIO9TOMY JJIsi €T0 ONpeAeNIeHUs MPUOeralT K SKCIIEPUMEHTaM, a ONBITHHIE
JaHHBbIE 00Pa0ATHIBAIOT MTPH TTOMOIIY TEOPUHU TTOAO00US, B PE3YIHTATE YETO MOIYYaoT
KpUTEpUAJIbHBIE YpPAaBHEHMSI, BBIPAXKAIONIME 3aBUCUMOCTh MEXIY KPUTEPHUIMHU
OO0 HS.

Koaddumnments teroornaun onpeaenstorcs u3 kpumepus Hyccenvma Nu,

XapaKkTepU3yIIUH IPOoIecC TeI000MEeHa MEXK/Ty TeTTIOHOCUTENIEM B CTEHKOM:

YVVY

Nu=a-L/\ (63)
Nu=o-dy/A, (64)

e o — kod(duiment Terwootaayn, Br/m” K;
A — KO3 PULHUEHT TETIONPOBOAHOCTH TeIUIOHOCUTENA, BT/(M - rpan);
L — onpenenstomuii reOMETPUUECKUNA pa3Mep, M;
do — DKBHBAJICHTHBIN auameTp (TpH JIBMIKEHUU TEIJIOHOCUTENS BHE

TpYO), M;

dye = 4S/11, (65)

2
re S — IIom@aab MONEPEYHOrO CEYEHUs IOTOKA, M
IT — cMOYeHHBIN IEpUMETD, M.

Jlns onpenenenust kputepusi Hyccenbra HEOOX0AMMO BBIYUCIUTH 3HAYEHUS
onpedenaowux KputepueB — Kpumepus Peitnonvoca Re, xapakTepu3yromiero
TUAPOAUHAMUYECKUN PEXKUM JIBUKECHUS TEIUIOHOCUTEINS, U Kpumepusa Ilpanominsn
Pr, xapakTepu3sytoiero Gpu3n4eckue CBOMCTBA TEIIOHOCUTEIS
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Re=w, L-p/ (66)
Pr=pn-c/A, (67)

2
r7ie | — BA3KOCTh TertoHocurens, H - ¢/m”.

¢p — CPEAHSA JINHEWHAS CKOPOCTh TEIIOHOCUTEIS, M/C;

C — yIeapHas TeIIOEMKOCTh TeTtuioHocutens, Jk/(kr-rpan).

Kpurepuu Re, Pr u Gr aBustotrcs onpedenatwowyumu, o0yClIaBIuBAIOITUMHU
terioBoe noaooue. Kpurepuit Nu nipeficTaBiseT co0oil onpedensemuliit Kpumepuil,
3aBUCAIIUN OT onpenensembix kpurepueB Nu = f(Re, Pr, Gr).

Jleusicenue mennonocumensa no mpyoam u KaHaiam.

Jns ycToWuuBOrO TYypOYJIEHTHOTO pEXUMa JIBIXKCHHUS KUIKOCTEH BHYTPH
Tpy0 (Re > 10000) pekomeHnayeTCs Clieayrollee KpUuTepruaabHOe ypaBHEHHUE:

Nu = 0,023 - Re"® - Pr™, (68)

Ecnmu nBmwxenne B TpyOe (kaHayie) HOCUT XapaKTep MEPEXOTHOTO PEXKUMA, TO
ectb Re = 2300 — 10000, To kputepuii HyccenbTa onpenensercs mo Gopmyie:

Nu = 0,008 - Re"” - Pr™*. (69)

OnpeaensonuM TeOMETPUUSCKUM Pa3MEPOM CITYXKUT BHYTPEHHHUH JUaMETp
TpyObl d; WM PKBUBAJEHTHBIN AUaMeTp KaHama d,,. Onpenenstoneit TeMneparypoi
SBJIIETCS TEMIIEPATypPa TEIUIOHOCUTEINS t,.

Jleusicenue mennonocumens éne mpyo.

[Ipu ABMXKEHUU TEMJIOHOCUTEIISI B KOJIBIIEBOM KaHaJe MEXKly AByMs TpyOamu
(BHYTpEHHUN JuaMeTp HapyXHOU TpyObl Dgy, HapyX HBIM AuamMeTp BHYTpEHHEU
TpyObl dy) KOIPOUIIMEHT TEMI00TAauYd HJisd TEMIO0OOMEHAa C MOBEPXHOCTHIO
BHYTpPEHHEU TPyObl ONPEACIISIETCS M0 YPABHEHUIO:

Nu = 0,023 - Re™® - Pr™* - (D, / d)™*. (70)

[lpuy  gBWXXEHMH B  MEXTPYOHOM  TPOCTPAHCTBE  KOXKYXOTPYOHBIX
TEMI000MEHHUKOB B OTCYTCTBHE MOMEPEYHBIX MEPETOPOIOK:

Nu=1,16 - (d - Re)™® - P1*, (71)

rie d,s — DSKBHBAJICHTHBIH JHAMETPp MEXKTPYOHOTrO MpocTpaHcTBa (1S
KOJIbIIEBOTO KaHama dy; = Dyy — dyy),M.

Ecnu TennoHocuTenb nepeMeniaeTcss B MEXTPYOHOM MpPOCTpaHCTBE (IpH
HaJIMYMU IEPEropoIoK), To kpurepuil Hyccenbra onpenensiercs no gopmyiie:

Nu=0,2 - Re" - Pr*. (72)
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OnpenensonuM reOMETPUYECKUM Pa3MEPOM SIBISIETCA HAPYKHBIA TUAMETP
TpyOBsI dy;, a onpenenstoneit TemmnepaTypoun — t;.

Xoxa paboTbl
1. Pemenue 3amgau.

3anauva 1.

OnpenenuTh KOJWYECTBO TeEIUIa, IEpeAaBaeMoe KOHBEKIUEH OT Topsuei
BOZBI C TemmepaTypoii t, = 80°C k BHYTpeHHEil CTEHKH TPYOBI ¢ AHAMETPOM dy =
33MM # TeMrepatypoii te, = 20°C. CpeaHsist CKopocTh BOABI ® = 1,5M/c; IINHA TPYObI
L=10m.

3ajgaua 2.

Onpenenuts KO3PGUIMEHT TEIVIOOTAAYM NPU JIBUKEHUU BOJBI 1O TpyOe ¢
BHYTPEHHUM auamMeTpoM dy; = 21MM, eciau JauHeHas CKOpocTh BOAbl ® = 0,5M/c;
CpeHSIS TeMIIepaTypa cocTaBiser t, = 28,5°C.

3ajaua 3.

Onpenenuth KOI(PPUIIMEHT TEIIOOTHAYM TPU JABMKCHHH BO3IyXa B
MEXTPYOHOM TIPOCTPAHCTBE KOXKYXOTPYOHOTO TEIUIOOOMEHHHKA 0e3 IOINepeYHBIX
neperopoaok. Buyrpennuii nuametp koxkyxa D = 600MM; HapyXHBIH 1uaMeTp TpyO
dy = 38mm; kommuectBo Tpyd n = 121. maccoBas ckopocTh Bosnyxa W =
36,1kr/(M>c), cpensis Temmeparypa t = 185°C.

2. BpINOJIHUTG MHANBUYAIbHOE 3a/JaHUE.
KoHTpoJbHBIE BONPOCHI

Kakoii Buz1 nepenauu Tersia Ha3bIBAETCA KOHBEKIMEN ? BUIbI KOHBEKIIMH.
YTo Ha3bIBACTCS TEMIOOTAAUYEH?

[IpounTaiite 3akoH HptoToHa. Ero MaTeMaTnyecKkoe BbIpaXKEHHUE.
duznueckuit cMbIca KordPuimenTa TemiooTaaun. Ero paaMepHoCTb.
daxTopskl, BIUAIONINE HA KOA(DPUITUEHT TETUIOOTIauH.

du3ndyecKnuil CMBICII KPUTEPUEB TEIIJIOBOTO TOJ00HUS.

AN e o
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6 IlpakTuueckasi padbora Ne6

Tema: Pacuem  mennoobmennon  annapamypvl:  KoIQpuyuenma
menjonepeoayu,  NOBEPXHOCMU  MENI000MeHaA,  CPeOHezo
memnepamyphnozo nanopa. Iloo6op no kamanozy

Hean: — 3akpenums u yenyoums noiyuennvie 3HaHUus 0 CHOCOOAX HAZPeBaAHUsA

u oxaadcoenus, 06 ycmpoucmee MenI000MeHHbIX annapamos, o
CpasHeHUulU U 8blOOpe Meni00OMEeHHbIX annapamos,

—  Haywumecs  Npou3BoOUmb  pacuem — Menjio0OMeHHUKOS:
Ko3ghuyuenma  menionepedauu, NOBEPXHOCMU  MENIO0OMEHA,
cpedHe20 memMnepamypHo20 HAnopa, meniogol HA2py3Ku U pacxood
HA2peBaruwux Uil OX1aNcOAouUx a2eHmos;

— Pas3sueamv HABLIKU pabomvl CO CHPABOYHOU TUMEPAMYPOUL.

Meroauueckue ykazaHus

Onpeodenenue mennoeou HAazpy3Ku U pacxooa HAZPESAOWUX UIU
OXT1ANHCOAIOUUX A2EHMO0E.

Jns ompeneneHuss pacxojia HarpeBaroOlMX WM OXJaXJAIOIMIMX areHTOB
MOJIB3YIOTCS ypaBHEHHUEM TETUIOBOTO OajlaHca:

Q= Qrop. = Qxon (72)

rae Q — TemioBas Harpy3ka anmnaparta, BT;
Qrop. — KOJIMYECTBO TEILIA, OTAAHHOIO HATPEBAIOUIMM areHToM, Br;
Qxon. — KOJIMUECTBO TEIJIa, COOOIIEHHOE OXJIAKIAI0IIeMy arenry, BT.

Ecou B arIapaTre MpoUucCXoauT OXJIAXKACHUC IropAdCTO TCINIOHOCUTCIIA, TOr 4a
Qrop.:G'C'(TI_TZ):G'C'ATa (73)

rae G — pacxoJ1 TOpsSYero TEIUIOHOCUTENS, KTI/C;
C — yzaenbHas TEIIOEMKOCTh TOPSIYEro TeruioHocutens, Jx/(krrpan);
T, m T, — HavaibHass W KOHEYHAs TEMIIEPATYPhl TOPSYETO
TerutoHocuTels coorBercrBerHo (AT = T, — Ty), °C.

AHAJIOTUYHO MPU HArPEBAHUH XOJIOTHOT'O TETUIOHOCUTEJIS ;
Q=g c-(b—-t)=g-c-At, (74)
r7ie g — PacxXoj XOJIO0HOTO TEIIOHOCUTEIS, KI/C.
C — ynenbHas TEIIOEMKOCTh XOJIOAHOTO TermoHocuTens, Jx/(kr-rpan);

t; u t, — HauanbHas U KOHEYHAs! TEMIIEPATYPhl XOJIOJHOTO TEIJIOHOCUTENS
0
COOTBETCTBEHHO (At =1, — t;), C.
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Ecnu Harp€BarOmyM arcHTOM SBJIACTCA IIap, TO TCILJIOBAsA HArpy3Ka pacxonq
mapa onpeaciAr0TCAa U3 YPAaBHCHUA

Qrop. = QKOHZ{. =G, (75)

riae G — pacxoj mapa, Kr/c;
I — yJeJbHAs TeII0Ta mapooopa3oBanus, JHK/KT.

Onpedenenue cpednezo memnepamypHoz0 HAnopa U CPeOHUX memnepamyp
menJjonocumeneil.

Ecnu tenmoHOCUTENM IBUXKYTCA IIPOTUBOTOKOM WM HPSIMOTOKOM, TO
CpeIHUI TeMIepaTypPHBIA HAIlOP OMPEAEISAIOT 1Mo GopMyJIe:

®cp = (®max - ®min) / 293Lg ®max/®mina (76)

. . 0
rae ®,x — MAaKCUMaJbHBIM TEMIIEPATYPHBIN HaAop, C;
Opmin — MUHHMAJIBHBIA TEMIIEpAaTypHBIM Hanop, C.

Ecimun ortHomenne ©,,/Omin < 2, TO € IOCTATOYHOM TOYHOCTBIO MOIKHO
MOJIB30BAThCS CpeaHEapU(PMETHICCKUM 3HAUCHHUEM:

Ocp = (Omax + Omin)/2. (77)

Onpeoenenue koIghpunyuenma menionepeoauu.

Kosddumuent temmonepenaun K, Br/(M*Tpax), SBISETCS KOIHYECTBEHHOM
pacyeTHOM  BEJIMYMHOW UM 3aBUCUT OT  KOA(DPUIMEHTOB, TEPMHUYECKOTO
COMPOTHUBIICHUS CTEHKH U 3arpsi3HEHUH.

JUIst IIIOCKOM CTEHKU:

K=1/[Va; + (/) + Vaa], (78)

e o —k09Q(GHUIHEHT TemI00TAa4H OT ropsidei cpembl, Br/(M - rpam);
o, — K09 MUIMEHT TEIIO0TAAuN K XOIOXHOM cpene, Br/(M” -Tpan);
0 — TOJIIIMHA TEIUIONepEIaroIIell CTSHKH armapara, M;
A — k03P GUIIUESHT TETUIONPOBOAHOCTH MaTepuaia cTeHku, BT/(M - rpan).
>(0/\) — TEIIOBOE CONMPOTUBIICHUE CTEHKH, YIUTHIBAIOIIIEE TEINIOBOE
COMPOTUBIICHIE 3arps3HeHNM, (M° - rpan)/Br.

Onpeodenenue ceuenuil 0141 nPoxXo00a menjioHocumeeil.

JuameTp U KoJau4yecTBO TPyO (MM ceYeHU KaHAJIOB) HEOOXOJAMMO BHIOpATH
TaK, 4TOObI TEIJOHOCUTENM JBUTAIUCH C TpeOyeMbIMH CKOpocTsiMu. [lis 3Toro
COOTBETCTBYIOLIEE CEUEHHE JUIsi TMPOXOAA TEIUIOHOCHTENs (B M°) JOIDKHO
YIOBJIETBOPATH YCIOBUIO:
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S=G/W, (79)

riae G — pacxoJ1 TeIIOHOCUTENS, KI/C;
2
W — MaccoBast CKOPOCTb TEIJIOHOCUTEINS, KI/(M™ --C).

CeueHue nns MpoxXoJa TEIUIOHOCUTENEH CBSA3aHbI C KOHCTPYKTHUBHBIMU
pazMepaMy anmnapara.

B Tpy6uarhix TeriooOMEHHHMKAaX IUIONIaAb MOMEPEYHOTO CeYeHUs: TPYOHOro
IPOCTPAHCTBA COCTABIACT (B M):

Sip. = d, 11/4 = (nd,,” /4) - (0/z), (80)

rae d, — BHyTpEeHHUN quameTp TpyOsl, M;
n; — 4yuciao Tpyd B ogHOM Xoj€ (N; = N/Z) WM YUCIO HapalieIbHbIX
ceKiuil (a1 Tero000OMEHHUKOB «Tpy0Oa B TpyOe») IIT.;
n — obuiee yucio TpyO B ammapare, IiT.;
Z — YHUCJIO XOJI0B.

2
[lnomane mMOMEPEYHOTO0 CEUYCHUS MEKTPYOHOro TmpocTpaHcTBa (B M)
OTIpeJIeNSIeTCsI, B 3aBUCUMOCTH OT €r0 YCTPOUCTRA.
B MexTpyOHOM IpOCTpaHCTBE O€3 MEPETropoIOK:

Syrp. = (D — nd,’)/4, (81)

rae D — BHyTpeHHUN 1MaMeTp KOXKyXa, M;
dy — HapyXHbBII AMaMETp TPYO, M.

B MexTpyOHOM mpOCTpaHCTBE, pa3fAeieHHOM IMPOJIOIbLHBIMU TEPETOPOAKAMHU
Ha N X0/10B:

Syrp. = M(D” — nd,”)/(4N). (82)

Onpedenenue noeepxHocmu mena00OMeHa U OCHOBHBLIX pPA3MeEPos
Mmen1000MeHHUKA.
Heo6xomuMyro moBEpXHOCTh TEIIOOOMEHA OIPECISIOT U3 YpaBHEHUS :

F=Q/(K" 0), (83)
rae Q — TerioBas Harpy3ka amnrmapara, BT;

K — koo duiment Temonepenaun, Br/(m” - rpan);
Ocp. — CpEAHUI TEMIIEPATYPHBINA HAIIOP, °C.
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[ToBepxHOCTH TemaooOMEHa CBsi3aHA C KOHCTPYKTHBHBIMH pa3MepaMu
ammapara; TakK JJId  TpyO4aThIX TEIJIOOOMEHHHKOB BEJIWYHMHA TOBEPXHOCTH
TEIUTIO0OOMEHA COCTABIISIET:

F=n-d-1-n, (84)

rie F — MoBepXHOCTb TeIIoo6MeHa, M’
d — muametp Tpyo, M;
| — nnuna Tpyo, M;
n — KOJIMYECTBO TPYO.

[Ipy mnoAb30BaHUM STUM COOTHOIIEHHUEM [OBEPXHOCTh TEIIOOOMEHa
MOJCUUTHIBACTCS 110 BHYTPEHHEMY, HapY>KHOMY UJIU CPETHEMY JUAMETPY TpYyoO.

[Ipu pacueTe TpyOUaThIX TEIIOOOMEHHUKOB OOBIYHO 3aJIaI0TCA HUAMETPOM
TpyO, 3aTe€M OMNpPEAENSIOT YUCIO TPyO, HCXOIs M3 HEOOXOAMMBIX CEUEHHUM IS
poxoja TEIJIOHOCUTEIIeH U, HAKOHEL, HaXOASIT TpeOyeMyto ITUHY TPYO.

Xox paboThl
1. Pemenue 3amau.

3apauva 1.

Hutpo3snsie ra3el B konmuuectBe G = 22000 Kr/4 oxJ1aXAat0TCs BO3IYXOM OT
temmeparypsl T; = 800°C. KomndectBo Bo3myxa g = 19000 kr/4, ero HadaabHas
temmeparypa t; = 20°C, koHeuHas Temieparypa t, = 350°C, ynenbHas TeILIOEMKOCT
c = 1030 [Ix/(kr - rpax). OnpeaenuTs TEIIOBYIO HArpy3Ky, KOHEUHYIO TeMIIepaTypy
ra3oB ¥ CPEIHUN TEMIIEPATYPHBIA HAIIOP IIPU IIPOTUBOTOKE.

3ajgaua 2.

Paccuntath 0HOXO0BOM KOXKYXOTPYOHBIN TEIJIOOOMEHHUK ISl IOJ0TPEBA
BO3/lyXa HUTPO3HBIMHU Ta3aMH B YCIOBHUSIX 3ajauu 1, eciid aOCOJIOTHOE JaBJICHUE
ra3oB cOCTaBisIeT 6,5 aT, a aDCOJIFOTHOE JIaBJIICHUE BO3/lyXa paBHO 7 aT.

2. BBINONHUTE UHAUBUAYAIBHOE 3aaHUE.
KoHnTposbHbIE BONPOCHI

1. OcHoBHOE ypaBHEHUE Terionepenayu (bopmynupoBka,
MaTEMaTUYECKOE BBIPAKEHUE).

2. ®duznyeckuid  cmpicn  koadduumenta  temonepenaur.  Ero
pa3MepHOCTb.

Cnoco0Obl HarpeBaHUs U OXJIAXKICHHUS.

Knaccudukanus TeniooOMeHHON anmnapaTyphl.

YceTpoiicTBO TENMI0OOMEHHBIX annapaToB.

CpaBHeHUE U BBIOOP TETNIOOOMEHHUKOB.

SN bW
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7 IlpakTuuyeckasi padbora Ne7

Tema: Onpeodenenue paznuunvix napamempos 6o3oyxa na I — x ouazpamme

Heau: — 3axkpenums u yenybumsv noNyuYeHHble 3HAHUAL O MEeOPemudecKux
OCHOBAX CYWIKU: CNOCOOAX CYWKU, C8A3U 61acU C MAMepuaiom,
CBOUCMBAX BNANCHO20 8030YXA;

— HayuumsCsi Onpeoeisims Napamempwvl GIANCHO20 B030VXA:
e1azocooepaicanue, SHMAILAUIO, memnepamypy MOKPO2O
mepmomempa, memnepamypy mouxku pocwvl,

— paseueamsv HABbIKU pabomsl CO CNPABOUHOLL TUMEPAMYpPOU.

Meronnueckue yka3zaHus

['paduueckuii pacyer cymuiaok BeayT npu nomomu I — X aumarpammbl
BIIAXKHOTO Bo3ayxa (pucyHok 1), Bmepsbie mnpeminoxkeHHou JI. K. Pam3unbiM.
Juarpamma noctpoeHna ajisgs 6apomerpudeckoro aasienust P = 745 mMm prt. ct. (99,3
klla), koTOpoe MOXHO CUHMTAaTh CpPEIHUM TOJOBBIM [aBJICHUEM BO3AyXa s
LIEHTPAJIbHBIX palOHOB cTpaHbl. Ha ocsiX KOOpAMHAT IuUarpaMMbl OTJIOKEHBI IBa
OCHOBHBIX MapaMeTpa BIIAXKHOTO BO3[yXa: &1azocodepicanue x (0Cb adcuucc) u
anmanwvnun I (ocb opauHaT). YT0a MEXAY OCSIMU KOOPAUMHAT IPUHAT HE IPSIMBIM, KaK
00bIyHO, a TynbiM (135°); mpu 3TOM BlIarocojiep>kaHusi X OTJIOKEHBI B HEKOTOPOM
MacimTabe Ha BCIOMOTaTEIbHOW TOPU30HTAIBHOM OCH, Ha KOTOPYH) CHECEHBI
3HAYEHHUA X C HAKJIOHHOM ocH abcIucc.

B coorBercTBMM ¢  TakMM  MOCTPOGHHEM  JIMHUU  TOCTOSTHHOTO
BJIArocojJiepkaHus X = const H300pakarOTCs Ha AUarpaMMe BEPTUKAIbHBIMU
NOpSIMBIMKM, a JIMHUU TIOCTOSHHOM SHTanbnuu | = const npeacTaBisioT coOoi
HAKJIOHHBIC MPSIMbIE, MapaiebHbIe OCU abCcIuccC.

KpoMme yka3aHHBIX TUHUN HA TUarpaMMe HaHECEHBI:

1) TMHUY OCTOSTHHBIX TEMIIEPATyD;

2) TMHUU TOCTOSTHHON OTHOCUTEIBLHOM BJIAXKHOCTH,;

3) NTuHUS NaplUUaIbHOTO JAAaBJICHUS BOJASHOTO Mapa;

4) TUHUYU OCTOSHHBIX TEMIIEPATYP MOKPOTO TEPMOMETPA.

Jlunuu I = const W300paxarOTCs HA JWarpaMMe HAKIOHHBIMH MPSMBIMH,
napaJuieIbHBIMU OCHOBHOW ocH a0cuuce. JIunuu t = const Ha3bIBalOTCS U30MEPMAMU.
OHM UMEIOT HE3HAYUTEIIbHBINA HAKJIOH K BCIOMOTaTEJIbHON OCH X, YBEITMUUBAIOIIHUICA T10
Mepe BO3pACTaHUsI TEMIIEPATYPBI.

Jlunuu ¢ = const, npeacTaBISIONIE COOO0M MyYOK KPUBBIX, BBIXOAAT U3 TOUKHU C
xoopauHatamu X = 0, t = — 273°C. Ipu temmeparype 99,4°C nuHHE @ = const HMEIOT
MepesioM, Mocjae KOTOPOro HAYT MOUYTH BEPTUKAIBLHO BBEPX. DTO OOBSCHSIETCS TEM,
YTO MPU ATOU TEMIIepaType JaBJICHWE HACHIINICHHOIO Mapa P, CTAHOBUTCS PaBHBIM
0apoMEeTpUUECKOMY JABICHUIO P, TP KOTOPOM MOCTPOCHA JUarpamma.

Junua ¢ = 100%, cooTBETCTBYIOIIAs MAaKCUMAJIbHOMY HACBIIIEHUIO BO3/1yXa
napaMu BOJIbI, JCJIHUT JUarpaMMy Ha JIB€ 4acTHU. BrIlie 3TOW JUHUU PacmoiokKeHa
001acmb HEeHACLIWEHHO20 BNANCHO20 8030yXd, KOTOpas sBIsSeTcs pabodeil 4acTbro
IuarpaMMbl M HCHOJB3YeTCS TMPU pacyueTe CYHIWIOK, a HIKe — o01acmob
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nepecvlueHrHoco enazou 603@_)/)(?61. Ha JuarpaMmMc IIOCTpOCHAa TAaKKC JIUHUA
U3SMEHEHUA napuuailbHo2o 0agsleHus B600AH020 napa p, B 3aBUCUMOCTH OT
BJIAaroCoACpKaHusA BJIaKHOI'O BO3yXa.

<=
=

SN

.f;'-u-

9 Klwwe Cyvoes O

853 Lbg 205
X, wejie cyrozn Eos0yxa

Pucynok 1 — lnarpamma I — x nuarpamMmma

Takum oOpa3zom, mwbas Touka Ha jguarpamme JI. K. Pamsuna
XapaKTepU3yeT COCTOSHUE BJIAXKHOTO BO3JyXa M MO3BOJSIET OMPEAEIUTh BCE €ro
napametpsl: I, X, t, @, t,, t,, py. [losoxkeHne TOUKM Ha quarpaMme HaxXOIWUTCS I10
mO0bBIM  JIBYM [apaMeTpaM BiaxXHoOro Bo3ayxa. C J0CTaTOYHOM TOUYHOCTHIO
nuarpamMma [ — X BII@XXHOTO BO3JyXa NPUMEHHMAa B MHTEpBalie 0apOMETPUUYECKUX
naenenuit p = (97...104) «klla, xapaktepHoM st pabOThl CYIIMJIOK, U C
HE3HAYUTEIbHON MOTPEMIHOCTHIO K BIIAXKHBIM TOIOYHBIM ra3am.

Xona paboThl
1. Pemenue 3amau.
3agaua 1.
3amaHo COCTOSIHME BO3JAyXa: TeMmieparypa t = 7OOC, OTHOCHUTEIbHAA

BIAXKHOCTh @ = 20%. Onpenenuts BIarocoAepkaHue X, SHTAIbNUIO [, Temneparypy
MOKPOTro TepMOMeETpa ty;, TEMIIEPATyPy TOUYKHU POCHI {j.
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3agaua 2.

3aJaHO COCTOSIHME BO3AyXa: TeMmieparypa t = 50°C, orHOCHTENBHAS
BIIaXXHOCTh @ = 30%. OmnpenenuTs BIAarocoJiepKaHue X, SHTaIbnuio [, remnepatypy
MOKpPOI'0 TepMOMETpa ty,, TEMIIEPATypy TOYKH POCHI t,,.

3amgaua 3.
Hapyxnplii BO31yX mpu TeMmmeparype to = 15°C u orHOCHTEIBHOI
BIAXHOCTBIO @ = 50% HarpeBaercsi B Kamopudepe m0 Temmeparypsl t; = 56°C.

OHpCI[GJII/ITB OCTAJIBHBIC TTAPAMCTPBI HAPYKHOI'O U HArpC€TOro BO3Ayxa U paCcCUUTATb
KOJIMYCCTBO TCILJIa HA HAI'PCB 1 xr BO3ayXa.

2. BbINOJHUTH MHIUBUIYAJIBHOE 3a/IaHUE.
KoHTposibHBIE BONIPOCHI

CnocoOsbI CYIIKH.
TeopeTnyeckrue OCHOBBI CYILIKH.
Bubl cBsA3M BJIaru ¢ MaTepuaioMm.
CBoiicTBa BJIa)KHOTO BO3/yXa.

I — x nuarpamma.

Nk W =
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3akiaouyeHue

B nganHOM MeTOAMYECKOM NOCOOMHM TPUBEICHO COJIEpkKAHUE BCEX
MPAKTUYECKUX PabOT Mo Kypcy aucuuruinHabl «[Ipoiecchl u anmapartb» ¥ TaOIHIIBI
buzndyecknx KoHCcTaHT BeniecTB (IIpmnoxenue A).

[Ipaktuyeckue pabOThl TPEAYCMATPUBAIOT BBHITIOJIHEHHE pPACUYE€TOB MPH
pEeIIeHUN 3aJlad W 3allUTy BBITIOJTHEHHONW paboThl. 3amura MPOXOIUT B BHJIC
BBITIOJTHCHUSI WHIAWBHUAYAJIbHBIX 3aJaHUNW M YCTHBIX OTBETOB Ha KOHTPOJbHBIE
BOITPOCHI.
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Ipuiioxenue A

Tabmuna Al — IIIOTHOCTB KUJKUX BEIIECTB M BOAHBIX PACTBOPOB

[LI0THOCTB, KI/M’
BemecTBo npu pu pH pH npu npu pu npu
-20°C | 0°C 20°C | 40°C | 60°C | 80°C | 100°C | 120°C
1 2 3 4 5 6 7 8 9

A30THas KuCI0Ta
100%-nas 1582 1547 1513 1478 1443 1408 | 1373 | 1338
50%-pas | ----- 1334 1310 1287 1263 1238 | 1212 | 1186
AMMMaK KUIKAI 665 639 610 580 545 510 462 390
AmMMmunaynast Boga | ---—-- 918 907 897 887 876 866 856
25%-Has
PaN2070070: S P 1039 1022 1004 987 969 952 933
Aneron 835 813 791 768 746 719 693 665
bewzon | - 900 879 858 836 815 793 769
byTuiioBblil ciupt 838 824 810 795 781 766 751 73
Bomja | - 1000 998 992 983 972 958 943
I'excan 693 677 660 641 622 602 581 559
munepun | ----- 1136 1126 1116 1106 10006 | 996 986
50%-HpI1i1
JIByokucCh cepsl | 1484 1434 1383 1327 1264 1193 1111 1010
(KuaK.)
Jluxnoparan 1310 1282 1254 1224 1194 1163 1133 1102
N3onponunoBelit 817 801 785 768 752 735 718 700
CIUPT
Kanbimit 1248 1239 1220 1210 1200 1190 | 1180
XJIOpUCThIA  (25%-
HBII pacTBOp)
MeTtunosslii cnupt
100%-ub1it 828 810 792 774 756 736 714
40%-apmdi | - 946 935 924 913 902 891 880
MypaBbunas | ----- 1244 1220 1195 1171 1147 | 1121 1096
KHCJIOTa
Harp CIKUM,
pacTBop
50%-Hb1it 1540 1525 1511 1497 1483 1469 | 1454
40%-HbIi 1443 1430 1416 1403 1389 | 1375 | 1360
30%-HbIit 1340 1328 1316 1303 1289 | 1276 | 1261
20%-HpIi 1230 1219 1208 1196 1183 1170 | 1155
10%-pgpt | - 1117 1109 1100 1089 1077 | 1064 | 1049
Harpuit xmopucteiii | ----- 1157 1148 1139 1130 1120 | 1110 | 1100
(20%-Hb1H pacTBOpP)
HutpoGenzon | ----- 1223 1203 1183 1163 1143 1123 1103
Oxkran 734 718 702 686 669 653 635 617
Oneym 20%-HbIiA | ----- 19222 1896 1870 1844 1818 | 1792 | 1766
Cepnas kucioTa
98%-nass | ----- 1857 1837 1817 1798 1779 | 1761 1742
92%-nas 1866 1845 1824 1803 1803 1765 | 1744 | 1723
75%-nas 1709 1689 1669 1650 1650 1614 | 1597 | 1580
60%-nas 1532 1515 1498 1482 1482 1450 | 1434 | 1418
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ITponomxkenue Tabauipl Al

: 2 3 4 5 6 7 8 9

Cepoyrnepon

323 293 263 233 200 165 125 082
ConsiHasg  Kkuciora
(30%-nast) 173 161 149 138 126 115 103 090
Tonyon

02 84 66 47 28 08 88 66
VYKcycHast KucioTta
100%-nast - 072 048 027 004 81 58 22
50%-nas ---- 074 058 042 026 010 94 78
deHon
(pacruiaBiI€HHBIN) ---- ---- 075 058 040 022 003 87
XnopOeH3ou 150 128 107 085 065 041 021 95
Xnopodopm 563 526 489 450 411 380 326 280
YeThIpeXXI0PUCTHIN
yIJIepos 670 633 594 556 517 471 434 390
Ortunanerar 47 24 01 76 51 25 97 68
OTUJIOBBIN CIUPT
100%-nb1it 23 06 89 72 54 35 16 93
80%-HbIi - 57 43 28 13 97 83 68
60%-HbI1i -—-- 04 91 78 64 49 35 20
40%-HbIit - 47 35 23 10 97 85 72
20%-HbIit S 77 69 57 46 34 22 10
OTUJIOBBIA CIUPT 58 36 14 89 66 40 11 76
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Tabauma A2 — BSI3KOCTb KUJIKUX BEIIECTB M BOJHBIX PACTBOPOB

BemectBo Temneparypa, °C
[pu- | Hpu O | Ipu 20 | IIpu 40 | IIpu 60 | Ilpu [Ipu [Ipu
20°C ’C °C ’c °%c | 80° | 100 | 120
°c °c
1 2 3 4 5 6 7 8 9
A30THas KHCIIOTa
100%-nas 1,49 1,05 0,8 0,64 0,5 0,39 0,35 0,31
50%-nass | ----- 3,05 1,88 1,28 0,9 0,68 0,53 0,44
AMMMAaK XUIKANU 0,258 0,244 0,226 0,208 0,19
AmMuayHasi ~ Boja
25%-nas
---------- 1,3 0,855 0,6 0,42 0,32 0,23
PaN17010% 1 ¢ (N R 10,2 4.4 2,3 1,5 1,1 0,8 0,59
Aneron 0,5 0,395 0,322 0.268 0.23 0,2 0.17 0.15
bewzom @ | - 0.91 0,65 0,492 0,39 0,316 | 0,261 | 0,129
Byrunosslit ciupt 10,3 5,19 2,95 1,78 1,14 0,76 0,54 0,38
Bomga | - 1,79 1,0 0,656 0,469 0,357 |0,284 |0,232
I'excan 0,479 0,397 0,32 0,264 0,221 0,19 0,158 |0,132
['muuepun
50%-mp1d | ----- 12 6,05 3,5 2 1,2 0,73 0,45
JIByOKHCH cepsl | 0,455 0,368 0,304 | o= | ——-
(>KuK.)
Juxmopatan 1,54 1,08 0,84 0,65 0,51 0,42 0,36 0,31
N3onpumnoBsrii 10,1 4.6 2,39 1,33 0,8 0,52 0,38 0,29
CIHPT
Kanpmuit
XJIOpUCTBIA  (25%-
HBIN PacTBOD) 10,6 4,47 2,74 1,85
MeTtunosslii cnupT
100%-ub1it 1,16 0,817 0,584 0,45 0,351 0,29 0,24 0,21
40%-gpt | - 3,65 1,84 | cccm | -
MypaBbunas | - | -—-- 1,78 1,22 0,89 0,68 0,54 0,4
KHCJIOTa
Harpuii xsopuctslit
(20%-Hb1# pacTBOpP)
————— 2,67 1,56 1,03 0,74 0,57 0,46 0,38
Hutpobenzon | --—--- 3,09 2,01 1,44 1,09 0,87 0,7 0,58

42




