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Beenenue

Mertoanyeckne pPEKOMEHJAIMM MO BBIMOJHEHHIO JIA00OPAaTOPHBIX M MPAKTUYECKUX padoT Io
yuebnoit mucuuruinae OI1.05 «OcHOBBI THAPABIMKA M TEIJIOTEXHUKUMIIPEIHA3HAUYCHBI IS CTYJCHTOB
o mMpodecCusiM CPeHEro Mpo(hecCHoHAIEHOTO 00pa30BaHUS C YIETOM MPOQHIIS TOATOTOBKH.

B nmanHOM MeTOAMYECKOM MOCOOWHU MPUBEACHBI YKa3aHUS MO BBITIOJIHEHUIO J1a00PaTOPHBIX paboT
M0 TeMaM JWCIMIUIMHBI, yKa3aHbl TEMbl M COJEp)KaHuEe JabopaTOpHBIX paboT, (OpPMBI KOHTPOJS IO
KaKJI0M TeMe U peKOMEHayeMast IMTeparypa.

JlaHHBIE PEKOMEHJAIMM CIIOCOOCTBYIOT pa3BUTHIO Bammx o0mux u 1podecCHOHATBHBIX
KOMIETEHIMI, IOCTEIEHHOMY M IICJICHANIPABICHHOMY pa3BUTHIO MO3HABATEIBHBIX CIIOCOOHOCTEN.
PexoMeH10BaHbI K MCIIOJIB30BAaHUIO ITPU U3ydeHUU yueOHOoU quciumiuHblOI1.05 «OcHOBBI rUIpaBiIvKy U
TEIUIOTEXHUKN» B YUPEXKACHUAX CPEIHEro InpodeccuoHalbHOTO OOpa3oBaHHUS C YYETOM CHELHU(UKH
pouIIs TOATOTOBKH.

B pe3ynbraTe 0cBOEHUS AUCHUIUIMHBI 00yJaroIIMiCs 10JI7KeH YMEeTh!
- HCIOJIb30BaTh TH/IPABIIMYECKHE YCTPOMCTBA U TETUIOBBIE YCTAHOBKHU B IPOU3BO/ICTBE.
B pe3ynbpTaTe ocBOCHUS AUCIUTUTMHBI OOYJAIOIIHIACS H0JIKeH 3HATh!

- OCHOBHBIE 3aKOHBI TUAPOCTATHKH, KHHEMATHKH U THHAMUKHA JBIDKYIIHXCS TIOTOKOB;
- 0COOEHHOCTH JBUKEHMSI )KUAKOCTEN U ra30B Mo TpyOam (TpyOonpoBoiam);

- OCHOBHBIE TIOJIOXKEHNSI TEOPHH MOZI00MS THAPOIMHAMITIECKHX F TETITIO0OMEHHBIX ITPOIIECCOB;
- OCHOBHBIE 3aKOHBI TEPMOANHAMUKI

- XapaKTEePUCTHKN TEPMOANHAMUYIECKUX IPOLIECCOB U TEIUIOMACCOOOMEHA;

- IIPUHIMIBI PA0OTHI THIPABINYECKUX MALIHH M CUCTEM, X IPUMEHCHHE;

- BUBI M XapaKTEPUCTUKN HACOCOB ¥ BEHTHIISITOPOB;

- IIPUHIMIEI PA0OTHI TEMIIOOOMEHHBIX alapaToB, U UX MPHUMEHEHHE.

B coBpemenHOil cucrteme cpeaHero mpodeccuoHaaIbHOro 00pa3oBaHUs OONbILIAS POJIb OTBOJIUTCA
MIPAKTUKO-OPHUEHTUPOBAHHOMY OOYUEHUIO, CIIEAOBATENBHO, B COJIEP)KaHUU KaX 0N y4eOHON JUCIMITIIMHBI
JOJI’KHO OBITH OIpeIeIEHHOE KOJIMYECTBO JTAOOPATOPHBIX U MPAKTUYECKUX padoT.

JlaGoparopHble paboThl MO3BOJAT Bam chopmupoBaTh NpakTHUECKWE HAaBBIKU pPadOTHI,
npodeccuoHanbHble KoMIeTeHIMU. OHU BXOAAT B CTPYKTYpYy M3ydeHus ydeOnou aucumrummasl  OI1.05
«OCHOBBI TUAPABIUKU U TEIIJIOTEXHUKI.

JIaGopaTopHO-TIpakTHUeCKie pPadOThl MPEJCTABISIIOT COOON 3JI€MEHT YuyeOHOM IUCLUIUIMHBL U
OLIEHUBAIOTCS 110 KPUTEPUSIM, IIPEICTABICHHBIM HIKE:

Ounenka «5» BbICTaBJISIETCH CTYCHTY, €CJIN:

- TeMaTuka paboTbl  COOTBETCTBYET  3aJaHHOH, CTYAGHT  TIOKa3bIBaeT

CUCTEMHBIE U MOJIHBIE 3HAaHUS U YMEHHUS 110 JAHHOMY BOIIPOCY;

- pabota ohopmIIeHa B COOTBETCTBUHU C PEKOMEHIAIMSIMU TPEMNOIaBaTeNs;

- 00beM paboThl COOTBETCTBYET 3aJaHHOMY;

- paboTa BBINOJIHEHA TOYHO B CPOKH, YKa3aHHbIE MPENOaBaTEIEM.

Ounenka «4» BbICTaBJISIETCH CTYCHTY, €CJIN:

- TeMaTuka pabOTbl  COOTBETCTBYET  3aaHHOM, CTYAEHT JIOIyCKaeT

HeOOoJIbIIIMEe HETOYHOCTH MWJIM HEKOTOphIE OITHOKU B JaHHOM BOTIPOCE;

- paboTa opopmiIeHa C HETOYHOCTSIMH B O(OPMIICHUH;
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- 00beM paboTHI COOTBETCTBYET 3aJaHHOMY WJIM UyTh MEHBIIIE;

- paboTa caHa B CpOKH, YKa3aHHBIE IIPENo1aBaTeNieM, WK T03)Ke, HO He
Oonee uyem Ha 1-2 AHSL.

Ouenka «3» BbICTaBJISIETCS CTYEHTY, €CJIU:

- TeMaTHKa pabOThl COOTBETCTBYET 3aJaHHOW, HO B pabOTe OTCYTCTBYIOT3HAYHTEIbHBIC SJIEMEHTHI
0 COJIEPKAHMIO PabOThI MIIM TEMAaTHUKA U3JI0KEHA

HEJIOTUYHO, HE YETKO MPEJICTaBICHO OCHOBHOE COJIEPKaHHE BOIIPOCA;

- pabota oopmireHa ¢ omrbkamu B 0(hOPMIICHHH;

- 00beM pabOTHI 3HAYUTEIIEHO MEHBIIE 33JaHHOTO;

- paboTa cliaHa ¢ OTo3JJaHMEM B CpOKax Ha 5-6 mHel.

OueHka «2» BbICTABJISIETCS CTY/IEHTY, €CJIH:

- HE pacKpbITa OCHOBHAs TeMa paboTHI;

- pabdoTta oopmiieHa HE B COOTBETCTBUU C TPEOOBAHUSIMU TPETIOaBATENS;
- 00beM paboThl HE COOTBETCTBYET 3a/laHHOMY;

- paboTa cliaHa ¢ oTo3JJaHuEM B CpoKax 0oJibIe 7 JTHEH.

JIaGopaTopHble pabOTHI IO CBOEMY COAEPKAHHUIO HMEIOT ONPEACIECHHYIO CTPYKTYpY, IpeiaraemMm
paccMOTpeTh ee: X0 paboThl MPHUBEICH B Havalle KaXKIOH MPAKTHYECKOW W J1a00paTOpHOW paboTHI; TIpU
BBIIIOJTHCHHUHU TMTPAKTUYCCKUX pa60T CTYACHTaAMM BBIINIOJIHACTCA 3adaHHUC, KOTOPOC YKAa3aHO B KOHIIC
paboTHI; TPHU BHITIOJHEHUH JIA0OPAaTOPHBIX padoT Bamu cocTaBisieTcss OT4eT TO €€ BBINOJHEHUIO,
coJiep’KaHHe OTYEeTa YKa3aHO B KOHIIE TaOOPaTOpHOM pabOTHI.

[Ipn BbIMOJIHEHUH J1a0OPATOPHBIX PabOT CTYAEHTAMH BBIMOJHAIOTCA OIpEIENIEHHbIE IpaBUia,
paccMOTpUTE WX HUXKeE: JTAOOpaTOpHBIC M TPAKTHYECKHE pabOTHI BBIMOJHSIOTCS BO BpeMs y4eOHBIX
3aHSATHUH; OTyCcKaeTCsi OKOHYATEIbHOE 0(hOpMIICHHE JIAOOPATOPHBIX M MPAKTHYECKUX PadOT B TOMAITHUX
YCIIOBHSIX; pa3peniaeTcs HCIOJIb30BaHUE JOTIOTHUTEIBHOM JIMTEPATyphI P BBHITIOJHEHUH JTA00PATOPHBIX
M TMPaKTHYECKUX padoOT; Mepel BHIMOJHEHHEM JIA0OpaTOPHOW M TMPAKTHUUECKOW paboThl HEOOXO0IUMO
W3YYUTHh OCHOBHBIC TEOPETUYECKUE TIOJIOKEHHUS 110 pACCMATPHBAEMOMY BOIIPOCY.

Copnep:xanue.

JlabGopaTtopnas padora Ne 1. «OcHOBHBIE (hU3UYECKHE CBOMCTBA KUAKOCTH. M3yuenne 3akona [Tackais.
N3yuenue 3akona Apxumezna. MeTo bl OnpeieieHns pacxoia KUAKoCcTU. Pacxonomepon».

JlaboparopHas padota Ne 2. «OrnpeneneHue TerionpoBOJHOCTH TBEPIBIX TEI.

HpaKTI/ILIGCKOC 3aHsThe Nel, ((yCTpOfICTBO TUAPaBIMYCCKUX MAIIKMH U CUCTEM B CEIbCKOXO03S1CTBEHHOM
TCXHHUKE»

HpaKTI/I‘{eCKOC 3aHsgTe No2. <(yCTpOﬁCTBO THAPOIPUBOJAA XOAOBBIX CUCTEM CEIIbCKOXO03SMCTBEHHBIX
MallluH»

HpaKTI/I‘{eCKOC 3aHsgTue No3. «HpI/I60pLI U METOABI OIIPEACIICHUA TCIIJIOEMKOCTH TBCPALIX TCII, BO31yXa
BOJAHOIO ITapa»

HpaKTI/I‘{eCKOC 3aHsaTue No4., «HeTpa,Z[I/ILII/IOHHLIC 1 BO300OHOBJISIEMBIC NCTOYHUKHU OHEPTHUUN»



JlaGoparopHasi pabora Ne 1. «OcHoBHbIe pU3MUYeCKHE CBOMCTBA *KUIKOCTH.
N3yuyenne 3axkona Ilackans. U3ydyenue 3akona Apxumena. Meroabl onpeaeieHus
pacxoaa :xuaKkocTu. Pacxogomepbi»

Teoperuyeckune cBeIeHUs
I'mapocratnyeckoe  MaBJIIEHWE HSTO HOPMAJIbHOE CKHUMAIOLIEE HaNpsDKEHUE,
BO3HUKAIONIEE B MOKOAIICHCA KUJIKOCTU MOJ JICUCTBUEM MOBEPXHOCTHBIX U MACCOBBIX
cul,
AP

P=lim—. (1.1)
AS—0 AS

rae AP - snemenrapHas paBHOAEHCTBYIOIIAas MOBEPXHOCTHBIX CUI (TMAPOCTATUYECKAS
cuna), H;
AS - sneMeHTapHasI [UTOMAAKa ASHCTBHS, M.
N3 ¢opmynbr (1.1) BUOHO, YTO THUAPOCTATUYECKOE MAABJIEHUE [) €CTh Mpeiel

OTHOILIEHUS DJIEMEHTAPHOM ruapocTatnueckoii cunsl AP k smemenTapmoi momaau
neiicteus AS , Korja nocjaeaHss CTPEMUTBLCS K HYJIIO.
3a eIUHUILY TUAPOCTATUYECKOTO JABJICHUS MPUHATO PABHOMEPHO PACIIPEICIEHHOE

o 2
naBienue, cosnasaemoe cwioi B 1 H, ma miomamu B 1 M2 T.e. p=1H / v =11la

(omun IMackans).
['mapocraTiyueckoe aBlIeHNE, OTCYUTHIBAEMOE OT HYJISI, HA3bIBAIOT a0COIIOTHBIM (

P,sc )» a orcumthiBaemoe oT armocdeproro ( P, ) — m30bITOUHBIM ( P,.5 )
CJICOOBATCIIBHO
pa6c - pam + pu36' (1-2)
OueBuaHoO,
pu36 - pa6c - pam' (1-3)

B rugpaBnudeckux pacuérax BETWYUHY HOPMAJBLHOTO aTMOC(HEpPHOTO JaBICHUS

cumurarot pasgon [, =98100 Ila.
U3 dopmyier (1.3) BUIHO, YTO B 3aBHCUMOCTH OT COOTHOIIEHHSA MEXIY P 4. U

P, N30BITOYHOE JaBleHUE [,.; MOXKET OBITH M IIOJNIOKHTEIBHOM, M OTPHLATEIHLHOM

BennunHON. IToJI0KUTEIbHOE H30BLITOYHOE JaBJICHHUC HA3bIBAIOT MAaHOMCTPHUYCCKHUM, a

OTpHULIATENBHOE — BaKyymMMeTpudeckuM. [Ipubopsl, npuMensemsie a1 usMepenus + P, .

u- pu36’ Ha3bIBAIOT COOTBCTCTBCHHO MAaHOMCTPAMHU U BAKYYMMCTPAMM.

[lo mpuHUMNY NEUCTBUS MaHOMETPBHI U BaKyyMMETpPbI JIENATCS HA JBE TPYMIIBI:
AKUJKOCTHBIE U MEXaHUYECKUE.

KungkocTHb MaHOMETp (MBE30METP) MPECTABISAET COOOM CTEKISHHYIO TPYOKY,
BEPXHHUI KOHEI] KOTOPOH OTKPHIT B arMoc(epy, a HIKHHUNA MPUCOCTUHEH K TOYKE, THC
U3MEpPSETCS MAaHOMETPUUECKOE JaBJICHUE.

MaHoMeTpruyecKoe J1aBJIeHUE, BEIPAKEHHOE Yepe3 MOKa3aHusi MAaHOMETPA, PABHO:
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Puse = pghpu36! (1-4)

rae pJ = ¥ - 00ObeMHBIN BEC JKUAKOCTH;

hp p - NbC30OMCTPHUUYCCKAdA BbICOTA, T.C. BbBICOTA, OTCUHHUTBIBACMAsA OT TOYKHU
U3

MOJKJIFOYEHHUS ITbE30METPA 10 YPOBHS KUIAKOCTU B HEM.

JleiicTBue MexaHUYEeCKMX NpUOOPOB OCHOBAHO Ha Jedopmanuu Moja JIeWCTBUEM
JaBJICHUS] YNPYroro »jaeMeHTa (NMPY>KUHBI WM MeMOpaHbl). 3aMETHM, YTO MPYKUHHBIN
MAaHOMETpP IIOKa3bIBAECT IABJIECHHUE B TOYKM >KUIAKOCTM HAa YPOBHE OCH BpaIllEHUS €ro
CTpenku. Eciii BBICOTHOE IMOJIOKEHHE OCU BPALEHUSA CTPEIKU U TOYKU MOAKIIOUYECHUS

MaHOMeETpa He coBmagaer (puc 1.1), B mokaszanue manomerpa ( [0, ) BBOIAT MONPABKY (
+ pgy).
st cnyyasi, uzo0paxxéunoro Ha puc. 1.1,
pu36 = pM + o0y, (1-5)
rae Y - NpEeBBIIIEHHE OCU BpAIICHHUS CTPEIKM MAaHOMETpa HaJ TOYKOH €ro

MOAKJIIOYeHUs1, M.
Korga Ha mOKOSIIYIOCS KHUIKOCTh JIEMCTBYET TOJBKO CHJIA  TSXKECTH,

pacrpee/ieHue THAPOCTATHYECKOro NaBieHus ) mo rmybune N (puc. 1.2) onmceiBaeTcs
OCHOBHBIM ypaBHEHUEM TUJIPOCTATUKH:
p=po + pgh, (1.6)

rie P - MAPOCTATHYECKOE JaBIeHHUe B )KUAKOCTH Ha Tybune N, Ia;

Po - BHENIHEE [aBICHME, T.€. THAPOCTATHYECKOE JaBJICHME HAa CBOOOJHOM
NOBEPXHOCTH JKHUJIKOCTH, 11a;

h - ry6uHa morpyskeHus B JKMAKOCTh PacCMaTPUBAEMOH TOUKH, M;

9N - BecoBoe naBieHME, T.e. TMAPOCTATHYECKOE JABICHHE, CO3ABAEMOE BECOM
croiba h xuaxoctu, [a.

U3 ypasuenus (1.6) BumHo, uto npu Py =CONSt u pg = CONSt nasnenne P c

M3MEHEHHeM BelIMuMHbl N W3MeHseTcs MO JMHEHHOMY 3aKOHY (cm. puc. 1.2).
BbluncnuB mo ypaBHEHHIO JaBieHME [) B JBYX TOYKaX, 3ariyOJEHHBIX Ha pPa3HYIo

BenMuuHy N , MOKHO MOCTPOMTH AMArpaMMy pAaclpeleNeHusl THAPOCTATHIECKOTO
JaBJICHUS MO TIyOWHE, HA3bIBAEMYIO ADMIOPOM THAPOCTATHYECKOTO NaBlieHUs (CM. pHC.
1.2).

W3 ypaBuenus (1.6) cmemyer, 4uro BHeEmHee nAaBineHUEe [Jy B TOKOALIEHCS

KUJIKOCTH Tepenaércess BO Bce TOUkM e€ 00béma 0e3 m3MmeHeHus (cMm. puc. 1.2). Oto
CIeACTBUE, BbITEKawonmiee u3 ypaBHeHus (1.6), Ha3piBaroT 3akoHOM [lackans.
CnpaBeJIMBOCTh 3TOTO 3aKOHA MPEACTOUT MPOBEPUTH OIBITHBIM MyTEM B IaHHOU padoTe.



CXEMA W COCTAB
NABOPADPHDW YCTAHOBKM

1 - MeTAAAWMUECKAA KONOHHA

2 - BOAOMEPHDE CTEKAD

3 - MEPHAA WKANA B METpax

4 - MEXaHMUBCKMIA MAHOMET] W
Bro wKana e kfla

5 - BOZAYLUHbIN KOMMOPeccop

Puc.1.1. Cxema skcniepuMeHTaIbHON YCTAaHOBKM U1l u3y4yeHus 3akoHa b.ITackans
1-mmnmuHapUYecKil pe3epByap; 2-TpelOXpaHUTEIbHBIN KilanaH; 4-1kana;S-nbe30MeTp
(BomomepHasi TpyOKa); 6-BeHTHIIb JIJIsi cOpoca U30BITOYHOTO JABJICHUS; 7-BEHTHIIb JJIS

moaavu CKaroro Bo3ayxa

P 4p

2 ok Ap\
e s i

~ -

Puc 1.2 K 3akony Ilackans u ero skCiepuMeHTaIbHOMY MOATBEPK ICHUIO
B nannoii nabopatopHoil paboTe MpeyCMOTPEHO U3MEPEHUE MAHOMETPUUYECKOTO

JIaBJICHUS MPY>KUHHBIMA MaHOMETPaMH.
eab paboThbI:
N3MepuTh THAPOCTATUYECKOE JABJICHUE.

3agaun:



1. M3MepuTh ¢ MOMOLIBIO NIPYKMHHBIX MAHOMETPOB THIPOCTATUYECKOE ABICHUE B TPEX
toukax (A, B, C), 3arnyO0n€HHBIX Ha pPA3IMYHYI BEIUYHMHY IOJ YPOBEHb >KHUIKOCTH,
HaxoJs1Ieics B a0COMIOTHOM MTOKOE MO ACHCTBUEM CHUIIBI TAKECTH;
2. IlonTBepanTh HA OCHOBAHUM ONBITHBIX JAaHHBIX 3aKOH [lackans;
3. Tloctpoutk no nanHbM omnbiTa Ne2 B Macmtade 3M0py MaHOMETPUUYECKOIO JAaBICHUS
o riry6une N.
Onucanue yCTAaHOBKH

VYcranoBka (cMm. puc. 1.1) mpeacrtaBiser co0OM TOJCTOCTEHHBIM CTaJIbHOM
UUAIUMHAP |, 4aCTUYHO 3alOJHEHHBIM BOJOM, YPOBEHb KOTOPO M3MEPSAETCS BOJIOMEPHOMU
TpyOKoO# 5 co mkanou 4.

I[J'ISI N3MCHCHUA THAPOCTATUYCCKOTO HABJICHHUA HaAJl CBO6OI[HOI>1 MOBCPXHOCTHIO

KUIKOCTH (B T. A) u B Toukax B u C, 3aryGIEHHBIX 110/ yPOBEHb COOTBETCTBEHHO Ha Ny

u N, nopxiroueHs! npyxunusie MaHomerpst M ,, M 5, M.

B npocTtpancTBO Ha/l cBOOOHON MOBEPXHOCTHIO MOKHO TMO/IABATh CKATHIA BO3AYX
OT KoMIpeccopa (Ha puc. HE TOKa3aH) Mo TPyOOrpoBoay 3 OTKpbITUEM BeHTHIA 7. Jis
cOpoca M30BITOYHOTO THIPOCTATUYECKOrO NABJIEHUS B IIMJIMHIPE CIY>XUT BEHTWIb 6. B
KPBIILIKE [WJIWHIpAa MMEETCS NPENOXpaHUTEIbHBIN KiamaH 2, OTperyJUpOBaHHBIN Ha

nasiedne 500 xI1a.

Iopsinok BbINMOJTHEHUS PA00OTHI U 00Pad0TKA ONBITHBIX JAHHBIX

H€O6XO,III/IMO BBIIIOJIHHUTD JABa OIIbITA, oOecreuus B IICPBOM

Po,.. = Pum = Py, =0, aBosropom - Py > P, = Py _>0.

abe uz6

Onpit Nel. OTKpEITE BEHTHIIL 6, 171 oOecrieyenus Py ;= 0, nanee, u3MepuTsh C
us

TIOMOIITBIO BOJIOMEPHON TpYOKH 5 ¥ mKamsl 4 rayOuHsl norpyxesus N g U hC Touek B n
C, a TaxoKe npesbIlIeHUs Yz U Y- oceil BpaleHus crpeiok ManometpoB M p u M -nan
TOYKAMH HX MOAKITIOUCHHs. 3aTeM M3MEpUTh MOKa3aHUs Bcex TpEx manomerpoB (M ,,
M 5, M ). llonyuenusie nanHble 3anucath B Tabnuny 1.1 (rpadst 4 u 6).

OnbiT Ne2. 3akpblTh BEHTWIb 6, a BEHTWIb 7, OTKPBITh. 3aT€M BKJIIOYHTh
KOMIIpECCOp U ISl IOJIauu CKaToro Bo3Ayxa B muwmHap 1. JloBecTn Po,,, /10 BEIMYHHEI
YKa3aHHOW TMpernojaBaTesieM, IOCJE 4Yero KOMIIpeccop OTKIouYuTh. [lanee, u3Mepurhb
OIHOBpeMEeHHO moKa3auust MaHomerpos M ,, M, M . Pesynbratel u3MepeHHIt

3anucath B rpady 5 tabmuisl 1.1. OTKpBITh BEHTUIIb 6 11l cOpoca JaBIEHHUS CKATOTO
BO311yXa.

BoionHuTh BCe  BBIYMCIEHUS, MpeaycMOTpeHHble Tabmuueit 1.1.  JlaTte
3aKJIIOYEHHE MO0 pe3ybTaTaM paOOoThI.



OcHOBHBIE KOHTPOJBHBIC BOIIPOCHI

Yrto Takoe THIPOCTATUYECKOE JABICHUE M KAaKOBBI €T0 CBOMCTBA?

[TosicauTe, 4T0 Takoe aOCOMIOTHOE W W30BITOYHOE THUAPOCTATUYCCKOE IaBICHHEC M
KaKOBa CBSI3b MEKITYy HUMU?

OOBsICHUTE, YTO TOHHWMAIOT TIOJT TEPMUHAMHU: «BHEIIHEE IaBICHHE» U «BECOBOE
JaBJICHUE»?

HamumuTe ¥ MOSCHATE OCHOBHOE YpaBHEHUE THAPOCTATHKHY.

Chopmynupyiite 3akoH [lackans.

HazoBute mpuOOpsI JIsi MU3MEpPEHUsT U30BITOYHOTO THAPOCTATUYCCKOTO JIaBIICHUS U
TIOSICHUTE MPUHITUTI UX ICHUCTBHS.

[TosicHUTE, 9TO TaKOE MHE30METPUUCCKAs BhICOTA?

B 4éMm cocTOssI0 TMPUHIMNUAIBHOE OTIWYUE B YCIOBHSX TPOBEICHUS TIEPBOTO M
BTOPOT'O OTBITOB?

J1J1st 4ero Hy’>KHO 3HATh MPEBBIIIICHUE OCH BPAIICHUS CTPEIIKH MPY>KHHHOTO MaHOMETpa

Hal TOYKOM €T0 HOJIKJIIO‘ICHI/ISI?

10. B ueM 3akirodaeTcsi pa3HHIIA MEXIY JaBIICHUEM U HAIOpOM?

Tabmumna 1.1
Pe3ynbTaThl
No = U3MepeHuii u
HanmenoBanust u 0003HA4YCHUS M3MEPACMBIX | I & N
TO3HI] g g BBIYHCJICHUN [Tpumevanus
- U BBIYHCIICMBIX BEIMYMH E 5 Ot OmBIT
mE | Ml Ne 2
1 2 3 4 5 6
[Tokazanus Par, = Po ITa
1 MaHOMETPOB P, Ia hy = M
M, My, M .
a4 Mp,Mc D, Ma = e M
he =, M
U36bITOUHOE Ps= Py, = Po Ila
THIAPOCTaTHYECKOE _ Y = e M
2 P = pMB + 29Y, Ia —
JaBJIieHHE B TOYKax Yo = M
Aa Ba C pC = pM + myc Ha’ KZ
‘ p =1000 —
Hpupamenne AP, = APy =Py, = Po, | Tla
M30BITOYHOTO — g=981 o
3 Apy = Pz, — Ps, ITa c?
THIPOCTATHYECKOTO
JNaBJICHUS APc = Pc, — P, la




Cpennsis  BelIMYMHA
IIpUpaleHUA AP, + Apg + Apc
Ap,, =

M30BITOYHOTO 3 [la
TUAPOCTATUICCKOTO
JTABJICHUS
OTHOCHTENBHBIE E,,, =(Ap,, —Ap,)/Ap,, -
pacxosKIeHus

E, =(Ap,, —Ap;)/A -
HpI/IpaHIeHI/Iﬁ Apg ( pcp pB)/ pcp

OABJICHUS B TOYKaAx
A, B, C co cpenneit

BEJIMYMHOM.

EApC = (Apcp - ApC)/Apcp
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JlaGoparopHasi pabora Ne 2. «OmnpeneseHue TeI10MPOBOAHOCTH TBEPABbIX TeJD»

eab padoThI:
Onpenennts KO3QPUIUESHT TETIONPOBOAHOCTH AUIICKTPUKA.
3anauva:

Hayuurtbces onpenenuts Ko3QPUIUEHT TETIONPOBOIHOCTH TBEPABIX TEI.

MeToauka IKCIepUMEeHTa

DOKCHEepUMEHT TPOBOAUTCS Ha ycTtaHoBKe (puc 2.1), coctosimed u3 miutku 11,
ko061 K; ¢ Bogoit, kopoOku K, ¢ Tpemst orBepctusamu: 1 1 2 1715 moJBOAa U OTBOJIA Mapa
u Tperbe — aua tepmomerpa Ti. Ilox cocynom K, HaxomuTes uccienyemslil oOpasen,
JeXalluil Ha cTajdbHOM JAucKe /I, MPUMHHMMAIOLIUM TEIUIO, MpOoLIeAlee yepe3 oOpaszel.
Juck J1 umeet oTBepeTHe 1l rTepmMoMerpa 1.

u
| acbect

NoA/I0MKKa
|
Puc. 2.1.

KoapdunmeHT TermmonpoBOJHOCTH A OMPEACISIETCS MO CKOPOCTH OXJIAXKJICHHS
obOpasna. Temo, moaBeaeHHOe K aucky Jl 3a Bpemsi At, paBHO KOJHMYECTBY TEIUIOTHI,
NepeHeceHHOMY uepe3 oOpasel. OTO MOJIOKEHHE M HUCHOJb3YeTCs IpU OIpereeHUU
Kod(hpuIMeHTa TEIIONPOBOAHOCTH HEMETAUTUYECKOTro oOpasia, ciaabo MPOBOJSIIETO
TETLIO.

KonudecTBo TemioThl, M31ydaeMoe TUCKOM:

Q=CcmAT (2.1)
rze C — yJenbHas TeII0OeMKOCTh BelecTBa; M — Macca oOpasua; AT — pa3HOCTh KOHEUHOMN
U HavabHOU Temrepatyp (AT = To—T11).

A
[Ipeobpaszyem (2.1), BBeast CKOPOCTh OXJITKACHUS E:

11



AT
=cm — At )
Q At

rae At — Bpemsi U31y4eHHUSI.

[Tpu ynanenHom oOpasue (cnado IpoBOASAIIEM TEIIOBOE U3IYUEHHUE), U3Tydaromen
MOBEPXHOCTHIO JUCKA SIBJIETCS €ro MOJIHAS MOBEPXHOCTh 51 (JIBa OCHOBaHMS U OOKOBas
MOBEPXHOCTH):

S, =2nr? +2nrh,
rIe I — paguyc aucka; h — tonmmHa aucka.

[Ipu 3TOM NOTOK U3TyYeHUS ( = S OyzaeT paBeH

cm£At

S, 2mr®+2mrh  2nr® +2nrh

YOpaHHBII Ha TETJIOU30IUPYIOUIYIO TIOIOKKY IPU YCTAHOBHUBIICHCS TeMIIepaType
T,, muck JI w3nyyaeT TONBKO C TMOBEPXHOCTH S; (OAHO OCHOBaHME M OOKOBas
TIOBEPXHOCTH), TO €CTh C TOH K€ IOBEPXHOCTH, UTO U NIPU KOHTAKTE C 00pasiom

AT nr? + 2nrh
Q=0q-S, =cm—At :
2 At 2nr? + 2nrh

[IpoBenst mpeobpa3oBanus U yI4UThIBasl, uTo D = 2r, momyuum:

AT (D+4tht

Q= 1 cm— (2.2)
2 At \D+2h
Ecaum xoHUBI TBEpAOro Tejla MOAAEPKUBAIOTCS NPHU Pa3HBIX TEMIIEpaTypax, TO
HEKOTOPOE KOJMYECTBO TEIJIOTHI Q mepeHOoCcUTCs: OT Oojiee HarpeTon 4acTu Tejia K MeHee
HarpeTou.

CornacHo 3akony @ypne

Q:—x%sn 2.3)

rae A— K03 HUIMEHT TETUIONPOBOAHOCTH JAaHHOTO BEIIECTBA; A_ — rpaJIueHT
X

temnepatypsl (AT = T, — T1); S — mtornaap ceuenus odpasia; t — Bpemsi.
2

B mamem ciyyae miomanb cedeHus oOpasia paBHa S = , Toraa ¢popmyia (2.3)

pUOOpETaeT BU:

T, -T,) nD
Q:—k( 2 1)- t. (2.4)
AX 4
OCHOBBIBasSICh Ha TOM, YTO KOJMYECTBO TeIUIa, MOJydeHHOE IucKoM /[[, paBHO
KOJIMYECTBY TEIUIa, TMTOTEPSIHHOMY MOBEPXHOCTRIO S); mpu Temriiepatype 1, (110 MOAYJI0),

IpUpPaBHUBAECM MOAYJIH BeIpaxkeHui (2.2) u (2.3):
_ 2
(T, Tl)_ D zlcmﬁ(D”tht
AX 4 2 At \ D+ 2h

N3 mocnegHero paBeHCTBa IMOJy4YaeM pacyeTHYIO (GOpMyy [Jsi ONpeeTeHUs
Ko3(ppuLMeHTa TeMIONPOBOJHOCTH UCCIEAyeMOro oOpasia:

A
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7.

AT

2mc——

D+4h)
D + 2h

nDZ(Tz _Tl).

IHopsinok BbINOJHEHHs PadOThI

(2.5)

BxirounTs B ceTh HarpeBateib (InTky) I cocyna ¢ Bogoit (cm. puc. 2.1).

[IpoBecTH OJTHOKpaTHBIE U3MEPEHUS TONIIKUHBI UCCIEAYEMOTo o0pasia AX, Tuamerpa
D u tonmmHk h cTanbHOTO TUCKA.
JloBecTn BOJy B cocyne N0 KUIEHHS, MpomyckaTh nap B kopooky K, mo tex mop,
MOoKa TeMreparypsl KopoOku 731 v 1ucka T, HE epecTaHyT U3MEHSATHCS.

Pe3ynbpTaThl U3MEPEHHI U MOCTOSIHHBIE YCTAHOBKU 3aHECTH B Ta0muny 2.1.

Taoauma 2.1

D AX Ty T, [TapameTpsl
m= KI'(mMacca J1cKa)
c = 460 JIx/xr-K(ynensnas

TETJIOEMKOCTD JIMCKA)

VY nanuth kopoOky K, u o6paser co cTanpHOro JuCcKa, IOMECTUB AUCK HA MOAJIOKKY.
Uepe3 paBHbIE NMPOMEXKYTKM BpeMeHM At = 2 MHH u3MepATh Temneparypyl npu
OXJIAXKJIEHUU JucKa. Pe3ynbTaTel u3MepeHuil 3anectu B Tabiuily 2.2.

Tabnuma 2.2

t,MuH T,°C t,MuH T,°C
0 8
2 10
4 12
6 14

[Toctpouts rpaduk 3aBucumoctu T = f(t).

T, K

A

T/

13

IlIpumep nHaxoocoenus
cCKoOpocCcmu 0Xn1adx0eHUs

Bribepem Ha rpaduke TOuky A.

En COOTBETCTBYET

HEKOTOpas

temnepatypa 7’. CKOpOCTbh OXJIaXKJICHUS

A y
—— TpeacTaBsieT cOO0N TaHTEHC yIiia

At

O HAaKJIOHA KacaTeJdbHOM B JaHHOHU

TOYKEC.



10.

11.

W

[TocTpouTh KacaTeNbHYI0 K TpPOW3BONBHOW TOouke rpadpuka T = f (t). Bzsare ee
IIPOU3BOJIBHBI OTPE30K WM IOCTPOUTH TPEYTroJbHHUK C KateTaMUAT u At. Haittu

AT
OTHOIIIEHUE e CKOPOCTb OXJIAXIECHHs 00pa3La.

ITo hopmyne (2.5) paccuntarh KOIPHUIIMEHT TEMIOTPOBOIHOCTH.

CpaBHUTH  pe3ynbTaT  AKCIEPUMEHTAJIBHOTO  ompeaeneHus  kod¢pduumenta
TETUIOMPOBOTHOCTH C TAOJTUYHBIM 3HAUCHUEM.

CnenaTh BBIBOJ IO MPOAEIIaHHON padoTe.

KoHTpo/ibHBIEC BONPOCHI

OObsicHUTE MEXaHU3M MepeHoca Teria (TermIoNnpPOBOHOCTH ).
3anumuTe U 00bICHUTE 3aK0H Dyphe.

KaxoB ¢u3nueckuii cmpicn koaduiMeHTa TeraonpoBOIHOCTH ?

B kakux enuHMIIaxX u3zMepsaercs Ko3(pPUIueHT TerIonpoBOHOCTH ?
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IIpakTuueckoe 3ansitue Nel.
YCTpOoiCTBO rUAPABIMYECKUX MAIIIUH MU CUCTEM B CEJIbCKOX03SIIICTBEHHON TeXHUKE
2 yaca

Lenp paOoTbl: H3Yy4YUTh YCTPOMCTBO THAPABIMYECKMX MAlIMH M CHCTEM B
CEIBCKOXO03MCTBEHHOW TEXHUKE HA MPUMEPE THAPABINYECKUX HACOCOB.

Hacocamu Ha3bIBalOTCSl MAlIMHbBI IJIs1 CO3aHUs HAIIOPHOIO MOTOKA KHUAKON CpEIbl.
OTOT NOTOK CO3JAeTCsl B Pe3yibTaTe CHIOBOIO BO3ICHCTBHS Ha JKUIKOCTb B padouei
Kamepe Hacoca. Hacoc mnpeoOpa3yeT >HEpruro ABMKEHHUS BEJYyIIEro 3BeHa (Baja) B
SHEPrUI0 IOTOKAa Macja 3a CYeT M3MEHEHHs o0beMa pabouux Kamep, IepMETUYHO
OTIEJIEHHBIX Apyr oT Apyra. CaMOBCachIBAaIOIIME HACOCHI CO3/1AaIOT BaKyyM B KaMepax,
00BEM KOTOPBIX YBEJIMYUBAECTCS, B PE3YJIbTATE YEro MAcio BcachlBaeTcs U3 Oaka, U
OJIHOBPEMEHHO BBITECHAIOT Macjio M3 KaMmep, OObeM KOTOPBIX YMEHbBIIAETCS;
HECAMOBCACBhIBAIOIIME HACOChl PpEaJu3yIoT JIMLIb THocienHoow ¢yHkiuo. Hacockl
cormacio ['OCT 17398 no npuHUMNY JOEUCTBUS W KOHCTPYKLMHU JEJSATCS Ha JBE
OCHOBHBIE TPYIIbl — JAUHAMHUYECKHe U o0beMHble. K TuHaMU4YecKUM OTHOCAT HACOCHI, B
KOTOPBIX J>KHUJIKOCTh B KaMepe JBHKETCS II0J] CHJIOBBIM BO3JEUCTBUEM M HUMEET
MOCTOSIHHOE COOOIIEHWE C BXOJHBIM UM BBIXOJHBIM NaTpyOKaMu. ITO CHIOBOE
BO3/ICMCTBHE OCYIIECTBISETCS C MOMOIIBIO pabodero Koseca, COOOLIAIOIIET0 XKUAKOCTU
KHHETHUYECKYI0 3HEPIUi0, TPaHCHOPMUPYEMYIO B DHEPIUI0 JAaBiieHUs. J[MHAMHUYECKUMHU
ABJISIFOTCS HACOCHI JIONACTHBIE, AJIEKTPOMArHUTHBIE, TpeHUs U uHepuuu. K oObeMHBIM
OTHOCSIT HACOCBhl, B KOTOPBIX COOOLICHHE 3HEPIUU JKUAKOCTU OCYLIECTBIIAETCS II0
NPUHIUIY MEXaHUYECKOTO IEPHOJUYECKOr0 BBITECHEHUS JKUIKOCTH PabOUYUM TEJIOM,
CO3/IaI0IIUM B MpOIIEcCe NMEPEMEIEHUs ONPEIEICHHOE JaBIeHUE KUAKOCTU. B 00beMHbIX
Hacocax >KUJIKOCTh IIOJy4aeT SHEPrui0 B pe3ysbTaTe NEPUOJUYECKOI0 HM3MEHEHUS
3aMKHYTOr0 00beMa, KOTOPBIN MOMEPEMEHHO COOOLIaeTCss TO ¢ BXOAOM, TO C BBIXOJIOM
Hacoca. OOBEMHBIMU SIBJIIIOTCS HAcOChl MOPIIHEBBIE, IUIYHXKEpHbIE, AuaparMeHHBbIE,
POTOpPHBIE U LIECTEPEHHBIE.

C nocToaHHOM nogadven B O4HOM UK ABYX C nepemMeHHO’
HanpaeneHnax nogaven

Pucynok 1.1 YcnoBHbIe 0003HaUE€HHUST HACOCOB Ha CXeMax
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I'mnponacoc ka4gaeT *KUAKOCTb B cucTeMy. 1Ipon3BOAUTENIEHOCTE Hacoca 3a4a€TCs B
a/mMuH umu cM3/muH-1. T'maponacocsl ObiBatoT cienyromux Tunos: IlectepéHubie,
pOTOpHBIE, IUIACTUHYAThle, BHUHTOBbIE M moOpiuHEeBble. [lopuiHeBbIE, B  CBOIO
OuYepelb,IOAPA3ACIAIOTCS HA  AKCHAJIbHO-IIOPIIHEBBIE W PAJUAIbHO-TIOPIIHEBHIE.
[IecTtepéHHble U POTOPHBIE HACOCHI MOKHO OTHECTH K HACOCaM C MOCTOSHHOM mojayei.
ITopiiHeBsIe U IIIIACTUHYATBHIE OTHOCAT K HACOCAM € IIEPEMEHHOM NTOAAYEH.

AKCHaJIbHO-TIOPIIHEBBIE HACOCHI

AKCHAJIbHO-TIOPITHEBbIE ~ THAPOMOTOPHl  HAIIM  IIUPOKOE IMPUMEHEHUE B
TUAPONPUBOJAX  CEIbCKOXO3IMCTBEHHBIX  MAIlIMH, 3TO OOBACHSETCS PSIAOM  HX
MPEUMYILECTB: MEHBIUIUE paJualibHbIE pa3Mepbl, Macca, radapur U MOMEHT HHEpPLUHU
BpAILlAIOLIUXCA Macc; BO3MOXHOCTh pabOThI IpU OOJBIIOM 4HcIE 000POTOB; YAOOCTBO
MOHTaXXa M peMoHTa. PabounMmu kamepamH aKkCHaJlbHO-TIOPUIHEBBIX HACOCOB SIBISIOTCA
UWIMHAPHI, aKCHAJIBHO PAaCcHOJI0KEHHbIE OTHOCUTENIBHO OCH POTOpa, & BBITECHUTEISIMU -
nopwHu. [lo Buay mepegaun ABUKEHUS BBITECHUTENSIM aKCHAJIbHO-TIOPIIHEBbIE HACOCHI
NOJI-Pa3ENSIIOTCS Ha HAacOChl C HAKJIOHHBIM OJIOKOM U C HAKJIOHHBIM JIUCKOM. Takxke
pa3IUYaroT HACcOChl C YyNpaBlieHWeM H 0e3 ympasieHus. 3BecTHble KOHCTPYKIMU
aKCUAJLHO-TIOPIIIHEBBIX HACOCOB BBIMIOJIHEHBI IO YETHIPEM PA3IMYHBIM MPUHIIMITHATBHBIM
CXEMaM:

- HaCOCHI C CUJIOBBIM KapJIaHOM,
- HaCOCBI C IBOMHBIM HECWJIOBBIM KapAaHOM,
- HaCOCBI C TOYEYHBIM KaCaHHUEM ITOPIIHEH HAKIOHHOTO JAMCKA,

- AKCHUAJIbHO-TIOPITHCBBIC HACOCHI 6GCKap,Z[aHHOTO THIIA.

Pucynok 1.2 AkcuanbHO-TIOPIIHEBOM HACOC C HAKIIOHHBIM OsiokoM. (Buz oOmuii)
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PI/ICYHOK 1.3 Cxema pa6OTBI AKCHUAJIBHO-TIOPIIHEBOI'O HACOCa ¢ HAKJIOHHBIM 0JI0KOM

PucyHnok 1.4 AxkcnanbHO-TTIOPIIHEBOM HACOC C HAKJIIOHHBIM JIHCKOM
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Pucynok 1.5 Cxema paboThl aKCHATBHO-TIOPIIIHEBOI'O HACOCA C HAKJIOHHBIM JTUCKOM

OnopHo-pacnpeeuTeIbHbIN  AUCK 6 W HakJIoOHHAs Mmaiba 2 aKCHaJIbHO-
nopirHeBoro Hacoca (puc. 1.6) pacmonokeHbl HENOABMXKHO B Kopryce, a porop 4
IPUBOAMUTCS BO BpalleHUE OT 3iekTpoasuratens 1 depes3 Ban 15. B porope BBINOIHEHBI
pabouue kamepsl 5, B KOTOphIX mepemernatrorcss nopimau 3. Kaxnas u3 xamep uMeeT
0CEBOE OTBEPCTHE, KOTOPOE MOTEPEMEHHO COOOIIAETCS ¢ MOIYKOJIbIEBBIMU Ma3zaMu 13 u
14 nucka 6, cBA3aHHBIMHM C HamnoOpHOW 7 M BcachbiBawomend 11 TUHUAMH TUIPOCHUCTEMBI.
PoTop k AuCKy ¥ MOPIIHU K HAKJIOHHOW IIaii0oe MprKUMaroTCs IPYyKUHAMU (HE TTOKa3aHbl)
Y JABJICHUEM MacJa.

18



Pucynok 1.6 Cxema neicTBUs aKCHaJIbHO-TTOPIIHEBOTO HAcOCa

[Ipu Bpamenuun poropa 4 MOPIIHHU, B3aUMOJCHCTBYIOIINE C HAKJIOHHOW IIali0OMH,
COBEpIIAIOT BO3BPATHO-MIOCTYNATEIBHOE JBMKEHUE: TTPU JIBUXKEHUM OT TOYKUAJO TOUKHU
B — BBIIBUTAIOTCS U3 POTOpaA M BCACHIBAIOT Macio u3 Oaka 12 yepes nunuto 11 u ma3 14,
a MpU JBIKEHUU OT TOYKM B K TOouke A — BIBHUralOTCS B pOTOp M uepe3 ma3z 13
BBITECHSAIOT Macyio B JiuHuio 7. [laBnenue p(MlIla) macna B HamopHOM jiuHuUu 3aBUCHUT OT
COMPOTHUBIICHUS MOJKIIOYCHHON K HACOCY THAPOCUCTEMBbI. [IpH MONHOCTHIO OT-KPHITOM
npoccene 9 maHomerp 8 OyneT MOKa3bIBaTh JaBlIeHHE, OJIU3KOE K HYJIEBOMY (MOTepHU
nasienus B ciuBHOW UM 10). Tlo Mepe 3akpbITHs ApocCCelis JaBJICHHE B HAITOPHOM
JUHUU pacTeT, MPUYEM MaKCHUMaJbHO JOIMYCTUMOE JIaBJICHUE HE JOJDKHO IPEBBINIATH
MACMOPTHOTO 3HAYECHUSI BO M30EkKaHUE PE3KOTO CHIDKCHUS JTOJTOBEUYHOCTH WJIM TOJOMKH
JeTajgey Hacoca.

OCHOBHBIMH XapaKTEPUCTUKAMU aKCHAJIbHO-TIOPIIHEBOI0 Hacoca ABJISIOTCS Mojavya
J/MUH U KPYTSIIAA MOMEHT.

[Togauy st MaiuH ¢ 6ecIaTyHHBIM TPUBOIOM ONPEICIISIOT 0 popMyie:
2

Tt
=ghl s =——=zltg v
Q GAT o5 4 R (11)
rae d- quametp nunuHapa; D - muaMeTp oKpy>KHOCTH, Ha KOTOPOW PACIIOIOKEHBI IIEHTPhI
OKPYKHOCTEW LIWIMHAPOB WM 3aKPEIJIEHBI IATYyHbI HA THUcKe; D tg y - Xox mopuHs npu
noBopoTe 0J10Kka MUIUHApoB Ha 180 ; z - yucio mopmHe# (z=7, 9, 11).
KpyTsmunii MOMEHT aKCHAJIBHO-IIOPIIHEBOTO THIPOMOTOPA OMPEAEIISIOT 1O

dbopmyie:

2
M. =@nm =ﬂP%thgvﬂm

oo 1.2)

PannanbHO-NIOPIIHEBBIE HACOCHI

PannanbHO-NIOPIIHEBBIE TUAPOHACOCH MPHUMEHSIOT MNPHU CPABHUTEIBHO BBICOKHX
napieHusax (10 Mlla wu Beime). [lo npuHununy peldcTBUS paguaibHO-TOPIIHEBHIC
TUAPOHACOCHI AETATCS HAa OJJHO-, IBYX- U MHOTOKPAaTHOTO JI€UCTBUs. B MammHax oOJHO-
KpaTHOTO JIEWCTBHS 3a OJIMH OOOPOT pPOTOpa MOPIIHU COBEPIIAIOT OJHO BO3BPATHO-
[IOCTYIIATENBHOE JBUKEHHUE.

CxeMa paauaiabHO-MOPIIHEBOrO HAacoca OJHOKPATHOIO IEWCTBHS MpHUBEACHA Ha
puc.1.7. PaGounmu kamepamMu B Hacoce SBISIOTCS PaAMAIbHO PACIHOJIOKECHHBIC
[IUIMHIPHI, @ BBITECHUTEISAMU - TopiTHU. PoTop (610k mumuHApPOB) 1 HA CKOMB3SIIEH TO-
CaJKe YCTaHOBJIEH Ha OChb 2, KOTOpas uMeeT JABa KaHama 3 u 4 (OJUH COEIHMHEH C
TUAPOJIUMHUEN BCAChIBaHUS, APYrOd - ¢ HAOpHOU ruaponvnueil). Kanaiael uMeroT okHa 35,
KOTOPBIMH OHU MOTYT COEUHATHCS ¢ HUIUHApaMu 6. CtaTop 7 MO OTHOLIEHUIO K POTOPY
pacnoJiaraeTcsi ¢ 3KCLUEHTPUCUTETOM.
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Pucynok 1.7. Cxema pannanbHO-MIOPIIHEBOTO HACOCA OJHOKPATHOIO JE€HCTBUS

PoTop Bpamaercs oT nmpuBoaHOrO Baia uepe3 Mmydpty 8. Ilpu Bpaienuu potopa B
HaIlpaBJICHUH, YKa3aHHOM Ha puc.3.6. CTpenkol, MOpIIHM 9 BHayaje BBIIBUTAKOTCA W3
IUIMHIPOB  (IPOUCXOJUT  BCachlBaHWE), a 3aTeéM  BJBHUralTcs  (HarHeTaHue).
CooTBeTCTBEHHO paboyast >KMJIKOCTh BHAauaje 3aloiHsIET HUINHAPHI, a 3aTeM MOPUIHSIMU
BBITECHSIETCSI OTTYJa B KaHal 4 W Jajee B HANOPHYIO JUHUIO ruapocucTeMsbl. [lopuiHu
BBIJIBUTAIOTCSI U MPUKUMAIOTCS K CTaTOpy LEHTPOOEKHON CHUJIONW MM MPUHYIUTEIBHO
(mpy>kuHOM, NaBneHneM padoueil KUJIKOCTH WM UHBIM IIyTEM).

Honat{a paaruajJIbHO-TIOPITHEBOI'O HACOCA
2

()= gut,g = TEZ”WGE

(1.3)
rjae d- nnaMeTp HMUITMHIpA;

€- DKCLIEHTPUCHTET;

Z- YUCJIO MOPIITHEN.

B cepuiliHbIX KOHCTPYKIUAX PaJHaIbHO-TIOPIIHEBBIX HACOCOB YHUCIO ITOPIIHEH
MPUHUMAETCS] HEUETHBIM (yamie Bcero z = 7 wik z = 9). Uucno psioB MWIMHIPOB IS
YBEJIMYCHHUsI TTOa91 MOKET ObITh yBenudeHo oT 2 70 6. [lomaya paguanbHO-TIOPIIHEBOTO

Hacoca ¢ KpaTHOCTBIO JEHCTBHS 1 M YMCIIOM PSIOB M MOACYUTHIBAETCS 11O (hopMyIie
2

1177 S
L= Tﬁzzzmnﬂoﬁ (6.4)
riae h - Xxox moprHei.

B cTraHKOCTpO€HMH NPUMEHSAIOT PETYIUPYEMBIE PAAUATBHO-MOPIIHEBBIE HACOCHI
oaHokpatHoro aercteua tuna HII, koTopeie BBIMYCKalOT ¢ MakCUMallbHOW MOJAa4ei 10
400 i/muH u naBnenueM a0 200 MlITa.

Ha pucynke 1.8 mnpexncraBieH paauaibHO-MOPIIHEBOM HACOC OJHOKPATHOIO
nerictBua tuna HII ¢ yeTeippMa psaamu nmnuHapoB. KoTopeiil coctout u3 kopnyca 1 u
KPBIIIKUA 25, BHYTPU KOTOPBIX pa3MeIleHbl Bce paboyue 3JE€MEHThl Hacoca: CKOIb3SIUN
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650k 10 c kpeikoi 24, oboiiMa 9 ¢ KpbIIIKOM 3 M PEaKTUBHBIM KOJIBIIOM 6, poTOop 8§ ¢
paadaIbHO PACMOJIOKEHHBIMU LHWJIWHAPAMH, TIOPIIHU 7, pacmnpenenurenbHas ocb 11, Ha
KOTOPOM Ha CKOJB3AIIEH HacaJke YyCTaHOBJIEHBI pOTOp, mpuBojgHOM Ban 20 u mydra.
Cxonp3suii 0JIOK MOXKET TepeMeniaThesl MO HampaBisomuMm 15, Onarojgaps udemy
JNOCTUTAOTCS HW3MEHEHHE OKCIEHTPUCUTETA, a CJIEJOBaTEIbHO, M IIoAa4a Hacoca.
Benuuuna skcuieHTpucuTeTa OrpaHnyMBaeTcs ykaszareneM 19. O0oiima BpamaeTcsi B ABYX
MOJIIMITHUKAX 12, a mpuBOAHOM Bai - B noamnnHukax 14. PactipenenurensHas OCh UMEET
KaHaJIbl ¢ OTBEPCTUSIMHU, YEPE3 KOTOPhIE MPOUCXOJAT BCAChIBaHME M HarHetanue. Mydrta
cocTouT U3 ¢aHa 2, YCTAHOBJIEHHOI'O0 Ha IUIXIAX MPUBOJHOIO Baja MPOMEKYTOUHOTO
KOJIbIIa 5 U YeThIpEX POJUKOB 4, 4epe3 KOTOPhIE KPYTSIIMNA MOMEHT MpeaaeTcs oT diaHia
K poropy. st uckiItoueHus yTeduek pabodei >KUIKOCTH 10 Bajy CIYKHUT yIUIoTHeHUE 21.
Yrteukn no kaHany 17 OTBOASTCA B KOPIYC HAcoca, a M3 HEro uepe3 orBepctue 13 B
JTPEHAXKHYIO TUIAPOJIMHUIO.
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Pucynok 1.8. PaguanbHO-TIOpIIHEBOM HACOC OJHOKpATHOTO aeicTBusa Tura HIT
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Hacoc paGotaer cnemyromum oOpazom. [Ipu BpailleHHH poTopa MOPIIHU MO
JEHCTBUEM IEHTPOOEKHON CHIIBI BBIABUTAIOTCS W3 IWIMHIPOB W TPWIKUMAIOTCS K pe-
aKTUBHBIM KoJbllaM oOoiMbl. [Ipu STOM eciu MexXay poOTOpoM U OOOWMON €cCTh
AKCIICHTPUCUTET, TO MOPIIHU, KPOME BpaIllaTEeIbHOr0, OYJIyT COBEpIIaTh U BO3BPATHO-
MOCTYIATeIbHBIC (B PaHaIbHOM HAIpaBJICHUH) ABUKEHUA. VI3MEHEHNE SKCIIEHTPUCUTETA
BBI3BIBACT COOTBETCTBYIOIIEE M3MEHEHHE XOja MOpPIIHEH M mojaud Hacoca. Bmecrte ¢
pPOTOPOM BO BpallleHUE BOBJIEKaeTcs o00oiMa, Bpallalolmiasicss B CBOUX MOJAIIMITHUKAX.
Takast KOHCTPYKITUS TTO3BOJISET YMEHBIIUTH CHIIBI TpeHus 1 oBeicuTh KIITJI ruaponacoca.

[IlectepenHble HACOCHI

[IIectepennbie HacOCHI Ojaroaaps MPOCTON KOHCTPYKIMU U HAJACKHOCTH B padoTe
ITUPOKO PACIIPOCTPAHCHBI B THAPOTPUBO/IAX CEIIbCKOXO3SIMCTBCHHBIX MAIIIHH.

Pucynok 1.9 Illectepennsiii Hacoc

[llecTepeHHBIi HACOC COCTOWT KOpITyca M PACIOJIOKEHHBIX B HEM IIIECTEPEH.
bnaromapss TUIOTHOMY 3amemieHWIO 3yObeB Jpyras(Ipyrue) IIeCTEpHH TOTydaeT
IBW)KEHHE OT mepBoil. [lpm pabore miecTepeHHOro Hacoca JKHUIKOCTh 3aXBaThIBACTCS
3yObSIMH KOJIEC, OT)KMMAaeTcsi K CTEHKaM KOpIyca W IMEepPEeMENaeTcsl Ha CTOPOHY
HarHEeTaHUSI.

[TpuHnun neicTBus mectepeHHoro Hacoca (puc. 1.9) 3axkimrodaeTcs B CJICAYIOMIEM:
MIPY BPAIlIEHNH IIECTEPEH BO BXOJIHOM KaHalle Hacoca 00pasyeTcst pa3pexenue, oiaarogaps
yemy pabodasi ®KHUJAKOCTh MOCTYMAET B 30HY BCAChIBAHUS (HU3KOTO JABJICHUS) Hacoca, e
3aMoIHSAET MEXK3YOOBBIC BIAJAWHBI U TI0 TIepu(epun MEPEHOCUTCS UMH B 30HY HAarHETaHUS
(BBICOKOTO JaBJEHHS) HAacoca, CO3/aBasi, TEM CaMbIM, BHICOKOE JaBJICHHUE B HAIOPHOU
TUAPOJIMHUMA TUIAPOCUCTEMBbI. Pabodas >KHIKOCTh THUIPOCHUCTEMBI TaK >K€ BBIMOJIHSIET
(GYHKIIMY CMa3bIBaHMS M OXJIAKICHUS JAeTaei Hacoca.
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Jona narneTanHa
{BLICOKOro AaBneHnn)

30Ha HarHe TaHvA
(BbICOKOro Aasnexwn)

Beayuan wecrepHa Beayuan wectepna

Bepoman wecrepnn Begoman wecrepus

3ona pcacviBanmn

30Ha BCACLIBAHUA
(nasKoro pasnenan)

(Hu3Koro gasnenun)

BXOA ’ BXOA

MNpasoe BpaweHve sBana FNesoe BpauieHve sana
BuA CO CTOPOHbI BEAYLLEro BaNa

Pucynok 1.10 Cxema paOoTbl IIECTEPEHHOTO Hacoca

Pecypc Hacoca BO MHOrOM 3aBUCHUT OT KadecTBa (BA3KOCTH, YHUCTOTHI)
UCIOb3yeMoro macia, T.K. Bo Bcex HIIl npumeHstOTCS MOIIIUIHUKUA CKOJIBXKEHUS,
PaboTOCTIOCOOHOCTh KOTOPBIX OINpENesieTcsl, B 3HAYUTEIBHOM CTENEHU YCIOBHSIMU
CMa3KH.

ITo Tumy mporiecca BBITECHEHMsI IIECTEPEHHBIE HACOCHI C IIECTEPHSIMHU BHEIIHETO
3alleTJICHUsI OTHOCATCS K KJIAacCy pOTOPHO-BpalllaTeIbHBIX MallMH. BeiTecHsemas
KUJKOCTh B MEXaHM3Max JIaHHOTO Kjlacca TIEPEHOCHUTCS U3 BCachIBawIIeH B
HarHeTaTeJIbHYI0 TIOJIOCTh HACOCa, BBITECHUTENM TMPU OSTOM COBEPIIAIOT CTPOTO
BpallaTeabHOe JIBIKEHHUE.

OCHOBHBIM HEJOCTATKOM IIECTEPEHHBIX HACOCOB MPUHATO CUUTATh OBICTPBIN W3HOC
pabouyux OpPraHoB NMpu cpaBHUTETHHO HU3KOM (10 0,75%) KIIJI. OnHako npeuMymiecTB oT
MCITIOJIb30BaHUS MIECTEPEHYATHIX HACOCOB. Tak 0€3yCIOBHBIMH ILTIOCAMH , TOBOPSIIUMHU B
M0JIb3y MPUMEHEHHSI HACOCOB ATOTO BUJIA, SABJISIOTCS MPOCTOTAa KOHCTPYKIIMU M CBSI3aHHAs
C HEeW HM3Kasi CTOUMOCTb OOCITYXKHUBaHUS, KOMIAKTHOCTh, PEBEPCUBHOCTh, HE3AaBUCUMOCTD
MoJauyd OT TPOTHUBOJABICHHS CETH, BO3MOXKHOCTh WCIIOIB30BAHUSA [IJIi TPHUBOJA
BBICOKOCKOPOCTHBIX 3JIEKTPOJBUTATEICH M BO3ZMOKHOCTH MOJYYCHUS] BBHICOKHX JABICHUN
(5 MIla nna mectepennoro Hacoca, 0,5 MIla ny1s Hacoca "BocbkMepo4HOro'" Tuma), u T.1I.

[IlecTrepeHHbIE HACOCHI BBIMOJIHSAIOTCS C IIECTEPHSAMH BHYTPEHHErO0 M BHEUIHETO
3anerienus. Hacoc ¢ mectepHsaMU BHELIHETO 3aleIJIEHUS COCTOUT U3 Hapbl IOMEIIEHHBIX
B IUIOTHO OXBAaThIBAKOIIMI WX KOpOyc (CTatop) 3aleMISIONIMXCS OJAMHAKOBBIX
UUIMHApUYecKuX 1iectepeH. lllecrepeHHble HAcOChl € IIECTEPHSIMU  BHEUIHETO
3aleIVIEHUSI UMEIOT CPABHUTEIBHO MaJlble radapUThl U MaccCy, MPOCTHI 0 KOHCTPYKIUH U
HaJIeKHBI.

[IlecTrepeHHble HACOCHI C MIECTEPHSIMHU BHYTPEHHErO 3alICTUICHUSI OTIMYAIOTCS eIl
OOJBIIeH KOMIAKTHOCTBIO U MaJbIMU TabapuTaMu MO CPAaBHEHHIO C HACOCAMH BHEIITHETO
3anerienns. OHAKO 3TH HACOCHI PEKOMEHAYETCSI UCIIOJIb30BaTh TOJIBKO MPU HEOOIBITUX
(mo 7 MIla) naBneHusX.
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KOHTpOJIbHLIe BOIIPOCHI.

1. 3anumuTe Ha KakWe IBE TPYIIBI 110 NPUHLUIY JEUCTBUS M KOHCTPYKLMHU JEIATCS
TUAPOHACOCH!. JlaliTe KpaTKyl0 XapaKTEPUCTUKY KaXKIAOU U3 TPYILIL.
2. OnuiuTe TpUHIMO padoThl paguaibHO-TIOPIIHEBOrO HACOCA.
3. 3anumunTe JOCTOMHCTBA U HENOCTATKH IIECTEPEHYATHIX HACOCOB.
4. 3anuIuuTe 4To BIMSIET HA PECYPC MIECTEPHUATOrO HACOCA.
5. Pemnre 3amauy

IIpu vacrore Bpamenus Bana 1000 MHH " HEHTPOOEKHBIM Hacoc noTpediuser 4 kBT
sHepruu, nojaaet 20 JUTPOB BOABI B CEKyHAY noja Harmopom 10 meTpos.

Onpenenutk, Kak U3MEHATCA paboyre mapamMeTpbl Hacoca, €CJIM YaCTOTY BpallleHHs
BaJsia yBesnuuTh 10 3000 muH"
yactoTel BpamieHuss Ao 3000 muH-1 momada Hacoca coctaBuT 60 1/c, Hamop —

npUOTUZUTETBHO

[IpaBunbHOE penieHue:

3aBUCUMOCTb pabOUYKX MapaMeTPOB HAacOca OT YaCTOTHI BpAlllEHHUs Bajla BHIPAXKAETCS YPABHEHUSIMU:
nl/n2 =Q1/Q2; nl2/n22 =H1/H2; nl13/n23 = N1/N2,

T. €. IPH YBEJIMYEHUH YaCTOTHI BpaIlleHHsI Bajla Hacoca B TPU pasa, €ro 1nojady, Harop u noTpediseMyro
MOIIIHOCTh MOKHO ONPEAETUTh N0 hopMyam:

Q2=Q1 n2/nl =3Q1 =60 x/c; H2=HIV(n2/nl)~173m; N2=3V(n2/n1)NI = 11,95 xBr.

OtBer: npu yBenmuuenuu 17,3 M, a motpedisiemMast MOIIHOCTh — puoau3uTenpHo 11,95 kBT.

IIpakTnyeckoe 3ansaiTue No2.
YceTpoiicTBO rHAPONPUBOIA X0A0BBIX CHCTEM CEJIbCKOX03AMCTBEHHBIX MAIIIMH
2 4yaca

lenp  paboTHI: N3yunth  yCTPOWCTBO  THAPONPHUBOAA  XOJOBBIX  CHUCTEM
CEIbCKOXO03IMCTBEHHBIX MamuH Ha mpumepe I'CT-90.

I'mapaBnuueckuid  mpuBOJ  (TUAPONPHUBOA) —  COBOKYNHOCTb  YCTPOICTB,
MpEeAHA3HAYCHHBIX JJISI MPUBEACHUS B JABUKEHHUE MAIIMH U MEXaHU3MOB MOCPEICTBOM
rUApaBInYecKoi sHeprun. PaccMoTpum ycTpoiictBo ruaponpuBoaa Ha npumepe ['CT-90.
I'unponpuBog I'CT-90 (ruapocTaTudeckasi TpaHcMuccHs ¢ pabounM o6semom 90 cm /00)
MpUMEHSIETCSL I Mepellayd  MOUIHOCTH OT JABUTaTedsl K XOJOBBIM  KoJiecam
CEIbCKOXO3IMCTBEHHBIX ~MAIIMH C OECCTYNMEeHYaThIM PETyJIUPOBAHUEM CKOPOCTHU
nekeHus U cuibl TAru. 'CT-90 mupoko MPUMEHSIOTCS Ha Pa3IMYHbIX MOOWMJIBHBIX
MalllMHAaX: KoMOalHaX, TMOrpy3uMKax, aBTorpeijepax, OSKCKaBaTopaX, KaTkKax,
TpaHIIEEKONATeNSIX, TPAKTOPax  T. .

[Tpumenenue ['CT obecnieunuBaeT psiji CyllIeCTBEHHBIX TPEUMYIIIECTB:
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— 0OeccTylneHyaToe pPeryJlupoBaHuE PEBEPCUPOBAHUEM CKOPOCTHU JIBHXKEHHSI U CHJIBI TATH
BO BCEM JMana3oHe Nepeiayu;

— I[IMPOKME BO3MOXXHOCTM TI0 aBTOMATH3ALMM YIpaBIEHUS C OOecredyeHueM
ONTUMAJIBHOTO PEXXHUMA padOTHI;

— BBICOKOE OBICTPOJIEHCTBHE, HU3Kasi HHEPLIUOHHOCTD;

— HU3Kasi METaJNIOEMKOCTH;

— MHUpOKas yYHU(UKAIUSA THAPABINYECKOTO 000pYIOBaHUS MPU MPOCTOM KOMIIOHOBKE Ha
MalIuHax.

Peanuzanmst naHHBIX MpeuMyLIecTB Mpu HKcmilyatamuu wmammH ¢ ['CT-90
MO3BOJISIET, MO CPAaBHEHUIO C MAalIMHAMH, OCHAIICHHBIMM MEXaHUYECKUMHU IPHUBOJAMH,
MOBBICUTh MPOU3BOJUTEIHHOCTh MAILIMH, CHU3UTh PACXOJ] TOILJIMBA U T. T.

I'CT-90 coctout u3 cieaynmx OCHOBHBIX Y3JIOB.

1. Perynupyemblii HACOC BBICOKOTO JIaBJI€HUs (BXOJIHOE 3BEHO).

2. HeperynupyeMbIUruipoMoTOp (BBIXOJIHOE 3BEHO).

3. M'mapoanmnaparypa ynpasieHUs.

4. BcnomoratenbHble yCTpoHcTBa ((UIBTPHI, TEIUIOOOMEHHHKH, pe3epByaphl, TPYyOBI,
IITIOHKY U T. 11.).

I'upponpuBoy ['CT-90 (pucynok 8.1) BKIIOYaeT aKCHAJIbHO-TUTYH)KEPHBIE
arperaThbl: PpEryJupyeMbld THUIPOHACOC C IIECTEPEHHBIM HACOCOM TOJMUTKH U
TUApOpACTIpEIeIUTENEM; HEPETYIUPYEMbI THAPOMOTOP B cOOpE ¢ KIIallaHHON KOPOOKOiA,
(WIBTP TOHKON OYMCTKHU C BaKyyMMETPOM, TPYOOIPOBOJBI U LIIAHTH, a TaKXke Oak s
paboueii KHUIKOCTH.

W —

= 7 /b
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Pucynok 2.1 — Cxema rugpomnpuBoaa 'CT-90: 1 — maiiba; 2 — BBIXOJHOM Basl Hacoca; 3
— PEBEpPCUBHBIN PETYIHPYEMbId HACOC; 4 — TUIIPOIMHUS YIPABICHUS; 5 — phIuar
YIpaBJICHUS; 6 — 30JIOTHHUK yMPaB-JICHUS MMOJOKEHUEM JTFOIBKH;, / — THAPOITHHHUS

HH3KOT'O JIaBJICHHS; 8 — Hacoc MoA-uTkH; 9 — oOpatHbIi kiamad; 10 —
MIPEeIOXPAHUTETBHBIN KJIaTlaH CUCTeMbI ToaAnuT-Ku; 11 — cepBommmmap; 12 — dunstp;
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13 — BakyymmeTtp; 14 — rungpobak; 15 — TeriooOMeHHnK;16 — 30mM0THUK; 17 —
NepeIMBHOM KianaH; 18 — riaaBHbIN Npeao-XpaHUTENbHBIN KIIallaH BEICOKOTO AaBJICHHUS;
19 — runponunus HU3Koro AasneHus; 20 — ruApOIMHMS BBICOKOIO aBiieHus; 21 —
IpEeHaKHAs TUAPOIUHUS; 22 — Hepe-TYIUPYEMbI MOTOp; 23 — BBIXOJAHOW Bajl
TUAPOMOTOPA; 24 — HaAKJIOHHAs 11aiida ruspomMoTopa; 25 — OJIOK UIMIMHAPOB; 26 — Tsra
CBsI3U; 2/ — TOPLEBOE YIUIOTHEHUE

Ban 2 rugponacoca Bpaiaercs B IByX POJIMKOBBIX MOAIIMIHKUKAX. Ha mumune Bana
MOCaXXEeH OJIOK LMIUMHAPOB 25, B OTBEPCTHUSIX KOTOPOTO MEPEMEIIAOTCS IUIYyHXKEPHI.
Kaxnpiil miayHxep cepuyeckuM MIAPHUPOM COEAMHEH C MATOM, KOTopas ymnupaeTcs Ha
OToOpYy, pacCMoOJOKEeHHYI0 Ha HakjgoHHoW miaitbe 1. Illaitba coemuHeHa ¢ KOpmycoM
rUpoHacoca Mpy MOMOIIM JABYX POJUKOBBIX MOJIIMIHUKOB, U OJarofaps 3TOMY MOXKET
OBbITh M3MEHEH HAKJIOH IIaii0bl OTHOCUTENBHO Bajia Hacoca. M3MeHeHue yria HakJIoHa
maiiObl MPOUCXOIUT MOJ ACHCTBUEM YCWIMH OJHOTO U3 JBYX CEpPBOLMIMHAPOB 11,
HNOPITHU KOTOPBIX COEAMHEHBI C 11aii00# 1 mpu MOMOIIH THT.

BHyTpH CcepBOLMIMHIPOB HAXOASATCS MPY>KUHBI, BO3JEHCTBYIOIME HA MOPIIHU U
yCTaHABIMBAIOUIME A0y Tak, 4YTOOBl pacrmoyio)keHHas B Hedl omopa Obuia
NEPIEeHIUKYsipHa K Basy. Bmecte ¢ OI0KOM IWJIMHIPOB BpaIla€TCsi MPUCTABHOE IHO,
CKOJIB3SIIIEE IO PACHPENEINUTENI0, 3aKPEIUIEHHOMY Ha 3aAHed Kpelmke. OTBEpCTUs B
pacnpenenuTeNie U MPUCTAaBHOM JIHE MEPUOJAMYECKH COCAMHSIOT pabouue kamepsl OJ0Ka
IWIMHJIPOB C MaruCTPaISIMH, CBS3BIBAIOIIMMU THAPOHACOC C THAPOMOTOPOM.

Cdepuueckne mapHUPHI MTYHKEPOB U CKOJIB3SIIME O OMOPE MSATHI CMa3bIBAIOTCS
1oJT JaBJIeHUEM paboydeil JKUIKOCTHIO.

BHyTpeHHsIs MIOCKOCTh Ka)XXIOTO arperarta 3alojiHeHa paldouel >KUIKOCTBIO H
ABJIIETCSI MAcJISTHOM BaHHOW Ui paboTamomMX B HeW MexaHu3smMoB. B 3Ty moiocth
NOCTYMAIOT U YTEUKU U3 COMPSHKEHUM THApoarperara.

K 3amHeil TopieBoil MOBEPXHOCTH THUAPOHACOCA KPEISTCA HACOC TMOANUTKU &
[IECTEPEHHOT'0 TUIIA, BaJl KOTOPOTO COEAMHEH C BAJIOM TMIPOHACOCA.

Hacoc moanutku BcacbiBaeT pabouyro »XKHIKOCTh U3 06aka 14 u momaer ee:

— B THJIPOHACOC Yepe3 OJIMH U3 OOPATHBIX KIIAIaHOB;
— B CHCTEMY YHPAaBICHHS 4Y€pe3 THIPOPACIPEACIIUTENb B KOJINYECTBAX, OrPaHUYEHHBIX
KUKIIEPOM.

Ha kopmyce Hacoca MOANUTKU 8 pacloioXeH MNpeaoXpaHUTEIbHbIN Kiaman 10,
KOTOPBIN OTKPBIBAETCS P MOBBIIIEHUH JaBIEHUS, PAa3BUBAEMOI0 HACOCOM.
I'unpopacnpenennurens 6 CIyXAT Uil pacHpeleleHUs] NOTOKAa KUIKOCTH B CUCTEME
YIOPABJIEHHS, TO €CTh JUIsl HANpAaBIEHUS €€ K OJHOMY M3 JIBYX CEpBOLWIMHAPOB, B
3aBUCUMOCTH OT H3MEHEHHUs IOJIOKEHHUS pblyara S5 WM 3alUpaHus KUAKOCTH B
CEPBOLMIIMHDPE.

I'mppopacnpenenurenb COCTOMT U3 KOPIyCa, 30JIOTHUKA C BO3BPATHOM MPYXKUHOM,
PacCIONIOKEHHOM B CTaKaHe, phluara yrnpaBJeHUsl C MPY>KUHON KpYyUEHHUs, a TaK:Ke pblyara
S # ABYX TAT 26, KOTOpBIE CBS3BIBAIOT 30JIOTHUK C PhIYaroM YIPAaBJICHUS U HAKIIOHHOW
maioon.
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YcTpolcTBO THAPOMOTOpPA 22 aHATOTHYHO YCTPOUCTBY Hacoca. OCHOBHbBIE OTJIMYMS
3aKJIIOYAIOTCS B CIEAYIOIIEM: MATHl IUTYHXXEPOB IPH BPAIEHWH Bajla CKOJB3AT IIO
HAKJIOHHOW 1mai0e 24, uMerollel MOCTOSHHBIA Yo HAaKJIOHA, a MOATOMY MEXaHU3M €e
IIOBOPOTA € THUAPOPACIPENECIUTENEM OTCYTCTBYET; BMECTO HAcOCa IMOINUTKU K 3aJHEH
TOPLEBON MOBEPXHOCTU THAPOMOTOpA KpEHmUTCs KianaHHas KopoOka. I'mapoHacoc ¢
TUAPOMOTOPOM CBSI3aHBI C JIBYMsl TpyOomnpoBoAamMu (MarucTpaisiMi «THJIPOHACOC-
ruapomotopy). [lo onHo#M U3 MarucTpaneil moTok padodei KUAKOCTH MOJ BHICOKHM J1aB-
JIEHWEM JBWKETCS OT THUIpPOHACOCA K THUIPOMOTOPY, MO APYrodl — TOA HU3KUM
JaBJIEHUEM BO3BpaliaeTcsi 00paTHO.

B xopnyce kianmaHHON KOpOOKM HaXOIATCS JiBa KJIAlaHbl BBICOKOTO JIaBJICHMUS,
nepenvMBHOM KianaH 17 u 30710THUK 16.

CucremMa MOANUTKUA BKJIIOYAET HACOC MOJIMUTKUA 8, a Takke oOpaTHblie 9, mpeno-
XpaHuTeabHbIN 10 1 NepeTMBHON KilamaHsbI.

Cuctema NMOANMUTKY MpeIHa3HaueHa JJisi CHaOKeHUsI paboder KUIKOCThIO CUCTEMBI
yrIpaBjieHusi, 0OECIeYeHUss MHHUMAJIbHOT'O JABJICHUS B MATrUCTPasiX «TUIPO-HACOC-
TUAPOMOTOP», KOMIIEHCUPOBAHUSA YTE€YEK B TMAPOHACOCE U TMAPOMOTOPE, MOCTOSIHHOTO
nepeMennBanus paboyel KUIKOCTH, HUPKYJIUPYIONIeH B THIPOHACOCE U THAPOMOTOPE, C
KHUJKOCTBIO B Oake, OTBOJIA OT JIeTajell Termia.

Knananbl BBICOKOTO JaBiieHUs 18 mpegoXpaHsitOT THAPONPUBOA: OT MEPETPY30K,
nepenyckass pabouyyr JKUJIKOCTh W3 MarucTpaJidi BBICOKOTO JABJICHHS B MarucTpalib
HU3KOro JaBieHus. Tak Kak Marucrpajged nBe M Kaxkaas W3 HUX B Ipolecce paboThl
MOJKET ObITh MarucTpaiblo BEHICOKOTO JaBJIEHHUS, TO U KJIAMIAHOB BHICOKOTO JAaBJICHHS TOXE
nBa. IlepenuBHO¥ knamaH 17 AOMHKEH BBIMYCKATh HMBIUIIKA paOodel >KUIKOCTH U3
MarucTpaiyd HU3KOro AaBJEHUA, Ky/1a OHA MIOCTOSHHO MOJAETCS HACOCOM MOMUTKH.

3on0otHUK 16 B KiIamaHHOW KOpPOOKe MOJKIIOYAaeT MEpPEeMBHOM KiIamaH K TOM
MarucTpain «rUAPOHACOC-TUIPOMOTOP», B KOTOPOU J1aBlieHHnEe OyIeT MEHBIIIE.

[Ipu cpabGarbiBaHUM KJIalMaHOB CHUCTEMbl TOAMUTKU (MPEAOXPAHUTEIBHOTO |
NEPEMBHOTO) BBITEKAONIasi padodas >KUIKOCTh MOTMAIAeT BO BHYTPEHHIOK TMOJIOCTh
arperaTosB, TJi€, CMEIIABIINCH C YTEYKAMH, MO APEHAKHBIM TPYyOOMpOBOAAM MOCTYIAET B
teruiooomMeHHuK 15 u gamee B Oak 14. bnaromapsi npeHa)KHOMY YCTpOWCTBY, pabouas
KUJKOCTh OTBOAUT TEIUIO OT TPYWIUXCA Jerajed ruapoarperaroB. CrnenuanbHOE
TOpIIEBOE YIUIOTHEHHWE Baja MPEAOTBpaIlaeT BhITEKAaHHE padodei KHUAKOCTH U3
BHYTPEHHEW MOJIOCTU arperata. bak ciyut pesepByapoM AJisi padoueld )KUAKOCTH, UMEET
BHYTPH TNEPETOPOJKY, PA3ACISAIOLIYI0 €r0 Ha CIMBHYK) M BCACBIBAIOLIYIO IOJIOCTH,
CHa0XeH yKa3aTeJeM YpOBHSI.

OWIBTP TOHKOW OYUCTKH 12 ¢ BAKyyMMETPOM 3a/I€pKUBAET TOCTOPOHHHE YACTHUIIHI.
OuIbTPYIOMIUHN IEMEHT BBINIOJIHEH U3 HETKAHOTO MaTepuaia. O cTerneHu 3arpsi3HEHHOCTH
bunbTpa CyAST MO TOKA3aHUSIM BaKyyMMETpa.

JIBuratens BpamaeT BaJ THIPOHACOCA, a, CIEJOBATEIIbHO, CBSI3aHHBIE C HUM OJIOK
UUJIMHIPOB U Basl Hacoca noAnuTku. Hacoc moanuTku BcackiBaeT pabouyio *KUIKOCTh U3
0aka uepe3 pUIbTP U MOJIAeT €€ B THAPOHACOC.
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[Ipu oTcyTCTBUM HaBI€HUS B CEPBOLMIMHJPAX MPYXKUHBI, PACIIONIOKEHHBIE B HUX,
YCTaHaBJIMBAIOT A0y TaK, YTOOBI INIOCKOCTh HAXOASIIEHCs B HEl onopsl (11aiObl) ObLia
MEePIEHIUKYJIIpHAa K OCH Bajia. B 3TOM ciydae mpu BpalleHUU OJIOKa IWIMHAPOB MSITHI
TUTYHXXEPOB OYyAYT CKOJB3UThH MO OMOPE, HE BBI3BIBASI OCEBOTO MEPEMEIICHUS TUTYHXKEPOB,
Y TUAPOHACOC HE OYAET MOoChLIaTh paboUyIO KUJKOCTh BTUIPOMOTOP.

Ot perynupyeMoro rujipoHacoca B mporiecce paboTbl MOXKHO MOJTYyUYUTh Pa3IUYHbIN
00beM JKHMIKOCTH (MOJauy), IMOJaBaeMblii 3a OauH 000poT. [ u3MeHeHus mnojauu
TUAPOHAcOCa HEOOXOIMMO TMOBEPHYTh pblYar THAPOPACHPEACIUTENS, KOTOPBIH
KMHEMAaTUYeCKU CBS3aH ¢ I1aiboil u 3osoTtHUKOM. [locienHuii, mNepeMeCTUBIINCH,
HampaBUT paboYyl0 >KUJIKOCTh, IOCTYHAIOIIYI0 OT Hacoca TMOJMNUTKH B CHUCTEMY
yOpaBjieHUs, B OJWH W3 CEPBOLMJIUHJPOB, a BTOPOW CEPBOIMIUHIP COCIUHUTCS C
noJIOCThIO cnuBa. OKa3bIBAaIOUIUMUCA TIOJ JEUCTBUEM JaBjieHUs paboueil KUIKOCTU
MOPIIIEHbh TIEPBOTO CEPBOILIMJIMHAPA HAYHET JBWKCHHUE, MMOBOpAUMBas 11aiidy, nepeMerast
MOPIIIEHh BO BTOPOM CEPBOLMIMHIApPE W Cxkumas mnpyxuny. lllaitba, moBopauuBasch B
MOJIOXKEHWE, 3aJJaHHOE PhIYaroM TUIpopaclpeenuTens, OyleT NnepeMeniarh 30JI0THHUK,
MIOKa HE BO3BPATUT €r0 B HEUTpaJbHOE TMOJOKEHHE (MPU 3TOM IIOJOKECHUU BBIXOJ
paboueil )KUJIKOCTH U3 CEPBOIIMIMHPOB 3aKPHIT MOSICKAMH 30JIOTHUKA).

[Tpu Bpamenun OJ0Ka MUIUHIPOB IISITHI, CKOJIB3S MO HAKJIOHHOW OIOpPE, BBI3OBYT
nepeMelieHne TUIYH)KEpPOB B OCEBOM HAMPABJICHUHU, W BCIEJICTBHE ATOTO MPOMU30UJIET
U3MeHeHne oObemMa Kamep, OOpa30BaHHBIMU OTBEPCTHUSIMH B OJIOKE ITUIUHIAPOB H
wiywkepamu. [lpudem monoBuHa kKamep OyAeT YBEIWYHWBATH CBOM 00BEM, Jpyras
MOJIOBUHA — YMEHbIIATh. biarogapsi OTBEPCTUSAM B NMPUCTABHOM JHE U pacHpeaeauTese
3TU KaMepbl MOOYEPETHO COETUHSIIOTCSA C MAarUCTPAISIMU «TUIPOHACOC-TUAPOMOTOP.

B xamepe, yBenuumBaromei cBod oO0beM, pabouas >KHIAKOCTh IOCTyHaeT Wu3
MarucTpajii HU3KOrO JaBJICHUS, KyJa IOJIa€TCS HACOCOM NOANUTKU 4Yepe3 OJUH U3
oOpaTHBIX KJAlaHoB. Bpamarmmmmcs OJIOKOM IIWIMHAPOB pabodas KUIKOCTh,
HaxoAsIIasCs B KaMmepax, MEePEeHOCUTCA K APYrod MarucTpajd U BBITECHSETCS B HEe
IUTyHXKEpaMHM, cO3/laBas BbICOKOE jaaBiieHue. [Io 3Toi mMaructpainy >KUAKOCTh IOIAIaeT B
paboune KaMephl THIPOMOTOPA, TJIe ¢ JaBJICHUEe MepeaaeTCs Ha TOPICBBIE TTOBEPXHOCTH
IUTYH)KEPOB, BBI3bIBAST WX TIEPEMEIICHHE B OCEBOM HAMpaBlIeHWW U, Onaromaps
B3aMMOJICUCTBUIO TAT IUTYH)KEPOB C HAKJIOHHOM IMIailOoM, 3acTaBisieT OJIOK IMJIWHIPOB
Bpamarbesi. [lpoiins paboume Kamepbl THAPOMOTOpa, pabouas KHUAKOCTh BBHIMIET B
MarvucTpaib HU3KOTO JaBJIEHUA, MO KOTOPOH 4YacTh €€ BO3BPATUTCSA K THUIPOHACOCY, a
M3JIMIIKK Yepe3 30JIOTHUK W MEpPEIMBHOM KIIalaH BBITEKYT BO BHYTPEHHIOIO MOJOCTb
ruapoMoTopa. Ilpu meperpy3ke ruaponpuBoAa BBICOKOE [IaBICHHE B MarucTpalu
«TUJPOHACOC-TUJIPOMOTOP» MOKET BO3pacTarh 0 T€X IMOp, MOKAa HE OTKPOETCS KJamaH
BBICOKOTO JIaBJICHUS, KOTOPBIH MEPEMyCTUT PabOoUyr0 KUAKOCTh U3 MAaruCTpajl BHICOKOTO
JABJICHUSI B MArucTpalib HU3KOTO JABICHUS, MUHYS THAPOMOTOP.

O6wemubiii  rugponpuBox ['CT-90 mosBomser OeccTynmeHYaTO  M3MEHHUTH
MepelaTOYHOe OTHOIIEHHUE: Ha KaXXIbId 00OpOT Baja THAPOMOTOP moTpedssieT 89 cm3
paboueir xuakocTu (0e3 ydeTa yrTedek). Takoe KoJIMYeCcTBO paboyeld KHUIKOCTH
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TUIPOHACOC MOXKET BBIIATh 3a OJJUH WM HECKOJIBKO, 00OPOTOB CBOETO IPUBOJIHOIO BaJia B
3aBHCHMOCTH OT yIVIa HakjioHa IaiObl. ClenoBaTelbHO, MEHA MoAady I'MIpOHAcoca,
MO>KHO U3MEHUTh CKOPOCTh ABM)KEHUS MAIIHH.

JU1st ”3BMEHEeHUsT HalpaBlIeHUs IBUKEHUS MAIIMHBI JOCTATOYHO HAKJIOHUTH 1ai0y B
MIPOTUBOIIOJIOKHYIO CTOPOHY. PeBepCUBHBIN IMAPOHACOC MPUTOM K€ BpAIICHUM €ro Baja
M3MEHUT HaNpaBJIeHHE IOTOKA paldodeil MKUAKOCTH B Maructpaisix ''THApOHacoc-
ruapoMoTop" Ha 0OpaTHOE (TO €CTh MAaruCTpPajab HU3KOIO JABJICHHS CTAHET MAarucTpajbio
BBICOKOT'O JIaBJICHUS, @ MAarucTpajib BBICOKOIO JAaBICHHUS — MAarucTpajbl0 HU3KOTO).
CrnenoBatenbHO, A1 U3MEHEHUS HAIpaBJICHUs JBMXKEHHSI MAllMHbI HEOOXOJIHMMO pblyar
TUAPOPACTIPEACIUTENS. TOBEPHYTh B IMPOTHUBOIOJOXKHYIO CTOPOHY (OT HEUTPalbHOTO
nojoxeHus). Eciu ke CHATh yCuiMe C pblyara MApPOpPacHpelesIuTeNs, To Laiida mnoa
JEUCTBUEM TPY>KUH BO3BPATUTCA B HEUTpabHOE MOJIOKEHUE, MPU KOTOPOM IUIOCKOCTb
HaxXOJsIIecsl B HEM OMOpbI CTaHET MEePIEeHIUKYISIpHON K ocu Bana. [ImyHxepsl HE OynyT
nepeMeniaTbcs B OceBOM HampasieHuu. [logaua paboueil >KHIKOCTH MPEKPATUTCS.
CamoxoHass MalllMHAa OCTaHOBHUTCS. B Maructpamsix «rUIpOHACOC-THAPOMOTOPY
JIaBJIC€HUE CTAHET OJMHAKOBBIM.

30JI0THUK B KJIAlIAHHON KOPOOKE MOJ JEHCTBUEM LIEHTPUPYIOUIUX MPYXKUH 3aiiMeT
HEUTpaIbHOE MOJOKEHHE, MTPU KOTOPOM MEPEIMBHON KIIalaH He OyleT MOAKIIOYEH HU K
OIHOM W3 wMmarucTpaieil. Bes kuakocTh, mojaBaeMass HACOCOM TOJIMUTKU, Yepes
peloXpaHUTENbHBIN KIanaH OyleT cTeKaTh BO BHYTPEHHIOIO MOJOCTh rupoHacoca. [lpu
paBHOMEPHOM JIBMDKEHHH CaMOXOJHOW MalIMHBI B THUIPOHAcOCE U TUAPOMOTOpE
HEO0XO/JMMO TOJIBKO KOMIIEHCHPOBATh YTE€UKH, IIOATOMY 3HAYUTENbHAs 4acTh pabouei
KHUJIKOCTH, IOJlaBaeMasi HacoCOM IIOANMTKH, OKa)KeTCsl JIMIIHEH, M ee Haao Oyjaer
BBIITYCKaTh 4Yepe3 KianaHbl. YTOOBI M3JIMLIKK 3TOW JKUAKOCTU HCIOJB30BaTh JUIsl OTBOJAA
TEeIJia, 4Yepe3 KialaHbl BBIMYCKAIOT HAarpeTyro, MPOLIEANIYI0 T'MIPOMOTOPKUIKOCTh, a
OXJIAXKIEHHYI0O — M3 Oaka. C 3TOH 1leNpl0 MEpesMBHOM KiamaH CHUCTEMBbl MOANMTKH,
pacmoiokKeHHbI B KJIamaHHOW KOpOOKEe Ha TUAPOMOTOpPE, HACTPOEH Ha HECKOJIBKO
MEHbILIEE AaBJICHUE, YEM IIPEIOXPAHUTENbHBIN HA KOPITYCE HACOCA MOANUTKH.

bnaromapss 3ToMy mpu OpeBBILIEHUM JaBICHUS B CHUCTEME IMOAMMUTKH OTKPOETCS
NIEPEJIMBHON KJIAIIAH W BBIIYCTUT HArpeTyro KXUAKOCTh, BBILIEALIYIO W3 THIPOMOTOpA.
Jlanee KUOKOCTh M3 KJalaHa IONaJaeT BO BHYTPEHHIOK IOJOCTh arperara, OTKyzaa Io
ApeHaXHBIM TPYOOIPOBOIaM Yepe3 TeNJI000OMEHHUK HallpaBseTcs B Oak.

KoHTposibHBIE BONIPOCHI:
1. 3anumuTe 4TO HA3bIBAETCS TUAPOIPUBOJIOM.
2. 3anuunTe OCHOBHBIE Y3JIbl U3YUYEHHOI'O TUIPONPUBO/IA.
3. 3anuiure s Yero npeHa3HayeH U KaK yCTPOEH TUApOopaciepeiInTeNb.
4. 3anumuTe Ha3HAYCHUE W YCTPOUCTBO (DUIIBTPa B THIPOCUCTEME.
5. 3anuiuTe Ha3HAYEHUE MEPEIUBHOIO KJlalaHa B THIPOCUTEME
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IIpakTHyeckoe 3ansiTue Ne3.
IIpubopsbl 1 MeTOABI ONpee/ieHUs] TeIVI0EMKOCTH TBEPAbIX TeJl, BO31yXa BOASHOIO
napa
2 yaca
Lenb 3aHATHA: HAYYUTHCS ONPENEIATH TEMIOEMKOCTb.
3anauu 3aHATHSL:
1) W3yYHTH TEIJIOBBIC CBOMCTBA TBEPBIX KPUCTAIUTMYCCKHIX TEIT;
2) BBIYHCIIHTH yIEIBHYIO TEIUIOEMKOCTh TBEPIBIX TEIT;
3) ompeneNnuTh YACIbHYIO TEIUIOEMKOCTh TBEP/ABIX TE KaJOPUMETPUICCKHUM METOIOM
U CPAaBHUTH C TEOPETHUECKHUM.

[TpuGopsl U NPUHAMAIECKHOCTH: KATOPUMETpP, AIIEKTpUYECKas IUIMTKA, CTaKaH C
BOJIOM (HarpeBaresib), TEXHUYECKHE BEChI, HCCleayeMble Tena (PKeNe3HbIH, JaTyHHBIH,
AIFOMUHUEBBIN IWIMHJIPBI), TEPMOMETP.

TeopeTuveckue cBeIeHUs

Paznuunbie BemiecTBa 001a1at0T HEOJUHAKOBOM CITOCOOHOCTHIO MOTJIONMIAThH TEIUIO,
T.e. HarpeBaTbCs TMPHU YBEIMYCHUU TeMreparypbl. KonmdecTBO TEIIOTHI, KOTOPOE
HEOOXOJIMMO COOOUIUTH JAaHHOMY Tey, YTOOBI MOBBICUTH €ro TEeMIlepaTypy Ha OIUH
rpaayc Ha3bIBAETCS TEIUIOEMKOCTHIO. TEIIOEMKOCTh 3aBUCUT OT BELIECTBA M3 KOTOPOTO
COCTOUT T€Ja M €ro Macchl. TENMI0eMKOCTh €MHULIBI MACChI T€Jla HA3bIBAETCA YAEIbHOM.
TennoeMKoCTh OOHOTO MOJsI BEIIECTBA HA3bIBAETCS MOJSIPHOW  TETIOEMKOCTBIO.
TennoeMKoCTh OJHOrO TpaMM- aTOMa Ha3bIBAETCS ATOMHOW  TEIUIOEMKOCTBIO.
TennoeMKOCTH pa3IMYHBIX BEIIECTB CHIIBHO Pa3IMYaloTCs MEXTy co0oil. Y ienmbHas
TEIUIOEMKOCTh CJIa00 pacTeT C YBEIMYCHHEM TEMIIepaTyphl U CUIBHO MU3MEHSETCS MPHU
(da30BbIX MpeBpalieHUsIX. YAelbHas TEIIOEMKOCTh BOJABI TPHU 20°C cocrasmsier 4200
Jix/kreK, mpu 90°C oma pasa 4220 J[x/kr*K Y nenbHas TerroeMKocTs nbaa mpu 0°C B
2 pa3a MEHbBIIE, YEM BOJIbI; TEIUIOEMKOCTh BOJSHOTO Tapa IpHu 100°C oxomo 1500
JIx/xreK.

TennoeMKoCTh 3aBUCHUT OT YCIOBHM, NPU KOTOPBIX MHPOUCXOJUT H3MEHEHHE
TeMIepatypsl Tena. Eciu pasmepsl Tella HE HM3MEHSIIOTCS, TO BCS TEIUIOTa HIET Ha
W3MEHEHHE BHYTpEHHEH sHepruu. B TakoMm ciiyyae roBOpPAT O TEIUIOEMKOCTH IMpHU
noctossHHOM o0beme C,. [Ipu MOCTOSHHOM BHEIIHEM MaBJICHHWH OJarojapsi TEIJIOBOMY
pPacCUIMPEHUIO COBEPILIACTCS MEXaHUuecKasi padboTa MPOTUB BHEIIHUX CHJI U HAarpeBaHUs Ha
Ty WIM WHYIO0 Temmeparypy TpeOyeT Oosbmiero Teruia. [loaToMy TEmiIoeMKOCTH TpH
IOCTOSHHOM JABJIEHUH C, BCETAA OOJIBIIE, YEM Cy. JIns uaeanbHBIX ra30B

c,—-¢ =R (3.1)
rae R —yHuBepcanbHas ra3oBasi octosinHasi, paBHas 8,32 Jx/kreK.
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B TBepabIX (KpHUCTAUIMUECKUX) TeJlaX TEIIOBOE JIBUKEHHWE aTOMOB IMPEACTABIISIET
co00oil Manble KojeOaHus BOJIM3M OIpPEICNCHHbIX IOJOKEHU paBHOBecus (y3J0B
KpUCTA/NIMYECKOM pemeTkn). Tak Kak y TBepAbIX Ted KOIP(UIHUEHTH OOBEMHOIO
pacIIMpeHns HEBEIMKH, TO MAJISIPHBIE TEIUIOEMKOCTH TBEPABIX TE€NI NPH MOCTOSHHOM
oowveme (C,)y 1 mpu NOCTOSIHHOM faBieHun (C,)p MpakTHIEeCKU He paznudaeTcs. [loatomy
IUIL TBEPABIX TEIl BBOIAT IOHATHSA TOJBKO MAISPHOM TEIOeMKOCTHC ), HE yKa3bIBas IPH
KAaKUX YCJIOBHSIX OHA OMpEesieTCs.

B 1819 r. ¢pannysckumu ydensiMu II. Jromonrom m A. It Ha ombiTe OBLIO

YCTAaHOBIICHO, 4YTO MOJAPHAA — MeNnI0eMKOCMb gcex  XUMU4ecku  Npocmuvlx
LD
c=3R=25———
KPUCMAIUYECKUX MepOoblX meil NpubIuU3UmenbHo pasHa Mmose ¢ K (3.2)

DTO yTBEPKAEHUE HOCUT Ha3BaHue 3akoHa Jlronounra u IlTu.

YI[eJIBHaSI TerIoeMKOoCcThC' B MaJsIpHasA TCIINIOCMKOCTD CM CBsA3aHa MCIKIAY coboii
C

u
caenyromum cootHomenueM C,~u+*C um C = # (3.3)
rje | - MajspHas Macca XUMHYECKH MPOCTOr0 TBEPJIOr0 KPUCTAIIIUUECKOTO BEIIECTBA.
OnpenensieTca  CI0XEHUEM ATOMHBIX MAacC BEIIECTB COCTABJISIONIUX MOJICKYJIbI
HCCIIETyEMOT0 BEIIECTBa.

3akon [lromonra u IITH J0OCTATOYHO XOPOIIO BBHIMOJHSIETCS TMPU KOMHATHBIX
Temreparypax. BOiau3u abCcoMoTHOTO HyJs TEIUIOEMKOCTh BCEX TEJ CTPEMUTCS K HYIIO
(TpeTuit 3aKOH TepMOAMHAMHKHU). |51 XapakTEepUCTUKU CBOMCTB Telsia MOTJIOMIATh TEIIO
OOBIYHO M3MEPSAIOT c,. Kiaccuueckuii cmoco® M3MepeHHs TEIIOEMKOCTH OCHOBaH Ha
NPUMEHEHUH YpaBHEHUSI TemioBoro Oananca. Temo TermnoeMKocTh koToporo Cy XOTAT
U3MEpUTh, HArpPEeBalOT [0 ONpeJeieHHOW TeMrepaTyphl t, U ObICTpO, YTOOBI CBECTH K
MUHHUMYMY TIOTEPHU TEIUIA B OKPYKAIOIIYIO CPENly, IEPEHECTH HATPETOE TEJIO C HAaYaIbHOU
TeMmIeparypol ty B KaJOpUMETp 3allOJHEHHBIA BOJAOM WJIHA JPYrod >KHUAKOCTBIO C
HAYJIBHOW TEMIIEpPaTypoOiity ¢ M3BECTHOW TEIUIOEMKOCTBIO C,, HUMEIOLIEH TEMIEPATYPY
tmOC. Termno Q ot Harperoro Tena 6yaeT nepenaBaThes 0osIee XOI0AHOM BOAE 10 TEX TOp,
[IOKa HE YCTAaHOBUTCA TEIJIOBOE PaBHOBECHUE, T.€. TEMIEpaTypa Tella M BOIbl CTaHYT
paBHBIMH. JTa TeMmIeparypa Has3biBaeTcsl paBHOBecHOU. [Ipu sTom kommyecTBO Terna Q
OTJIAaHHOTO TEeJIOM OyJeT paBHO KOJUYECTBY Teruia, Q, MOIy4eHHOTO BOJON OT HAarpeToro
Tena.

Q=0Q

KonuuecTBo Temna KOTOPBIM 06J1azxaeT HarpeToc TCJIO0:

Ql = Cmmm (tm - tp)
IIpn 3TOM BOAA M KOJIOPUMETP MOJIY4YaT KOJIUYECTBO TEIIA!
Q,=cm.(t_t)+cm(t,_t)=(cm +cm), _t,)
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[IpeneOperas morepeit Temia B OKPYXKAOIIMI BO3AYX MPU MEPEHOCE HATPETOro

Tena B KaJOPUMETP, COCTAaBUM YpaBHEHUE TEIJIOBOTO OajaHca T.€. IPUPABHSB Q-u-Q,

Cmrnm (tm_ tp) - (Cgm‘f‘ +CKmK)(t“- tp) (34)

W3 nosy4eHHOro paBeHCTBA BBIPA3UM YJIEJbHYIO TEIJIOEMKOCTh BEIIECTBA, U3 KOTOPOIO
M3rOTOBIIEH HUCCIIEAYEMBII oOpa3el.

C = (mgcg + kak )(tg -ts)

m
mm(tm -tp) (3.5)
Taxkum O6p330M JJIA OTIPCACIICHUSA YI[CHBHOﬁ TCINIOCMKOCTHU UCCIICAYEMOTO 06paBHa
C

C HeoOXOAMMO 3HATH yAENbHbIE TEIIOEMKOCTH BOJIBI “¢ M KalopuMmeTpa “~, HayalbHYIO
TeMIepaTypy Harperoro Tena t, ¥ XojgogHoil Boabity, a Tarkke TemmepaTypy fp,
COOTBETCTBYIOIIYIO TEIUIOBOMY PaBHOBECHIO. C, M C, - CIPABOYHbBIC JaHHBIE. Maccy
oOpasma My M KOJIOPUMETpa My OMPEIENISAIOT ¢ MOMOIIBI TEXHUUYECKHX BecoB. Maccy
BOJIBI MOYKHO OIPEJICIUTh JIBYMsI CIIOCOOAMH - B3BEHIMBAHMEM WJIM BBIYHCICHHEM Yepe3
ee 00bEM U INIOTHOCTD

m=pV(3.6)

[loaroToBka u MpoBeIeHNE U3MEPEHUN
1. C nOMONIbI0 TEXHUYECKUX BECOB OMPEICIIUTE MACCY HCCIIEyEeMOrO IMHApa M,
M Maccy MyCTOro cTakaHa. Pe3ynbTaThl M3MepeHuii 3aHecute B Tabnuiy 14.1.
2. Haneiite B maHHBIN cOCy/ BOJIbI CTOJBKO, YTOOBI OHA MOKPHIBAJIA MOTPYKEHHBIA B
Hee oOpazerl. M3MepbTe ¢ MOMOIIBI0 MEPHOTO COCyla 00bEM BOJIBI U BBIUYKCIUTE
MaccCy BOJIbI:

m6‘ - peve (37)

3. M3mepswTe Temneparypy Boawl ty ¢ TouHOCTHIO 70 0,1 °C 3a HeckoIBKO MHUHYT J10
OITyCKaHHs B HEE HarpeToro oodpasia.

4, TloMecTuTe COCyZl C XOJOJHOM BOAOM B KaJTOPUMETP.

5. Hanelite B cocyn BOABI CTOJIBKO YTOOBI B HEE MOT MOMECTHTHCS MOJHOCTHIO
NOTrpy>keHHbIN cocyn. Harpeiite Bogy 1o kunenus. [lomecture B ropsdyro Boxy
oOpaszell ¥ MOJEPKUTE €ro J0 TeX IMOop, MOKa BOJAa CHOBA 3aKWUIIUT, a 00pa3el] TeM
caMbIM IIPUMET TeMIEpaTypy, paBHYIO TeMIlepaType KUIsie Boasl. Temmepartypa
KUATICHUS OTMIPENIEIISCTCS ¢ yIeTOM aTMOC(HEpPHOTO TaBIIeHUs 1Mo (hopMyIie:

t? =100° +0,0375(H —760) (3.8)

rnie H — armocdepHoe nmaBieHHE, COOTBETCTBYIOIIEE YCIOBHUIO TPOBEICHUS
AKCHEPUMEHTA, ONPEICIIAIOT 0 OapoMeTpy.
6. Ilocne mporpeBanus oOpasma OBICTPO MEPEHECUTE 00pa3ell B COCYA C XOJOITHOM
BOJIOM, HAXOJSIIHICS B KAJIOPUMETPE U HAKPOUTE €ro KPBIIIKOM.
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7. OnycTtuTe TEpMOMETP B BOJAY UEpe3 OTBEPCTHE B KPBIMIKE H, OCTOPOXKHO
MOMEIINBasi BOMY, JOXKIUTECh KOT/Ia TemIepaTypa MepecTaHeT HW3MEHSAThCA. JTa
TeMuepatypa t, OyJeT COOTBETCTBOBATh YCIOBHIO TEINIOBOTO paBHOBECUS. 3aHECUTE
U3MEPEHHYIO TemIepartypy tys Tad. 3.1.

8. llonb3ysce dopmynoit (3.5) BRIUUCIUTE YIAEIbHYIO TEIIOEMKOCTh UCCIEIYyEeMOTO
obpasna C.

9. BbIunciauTe yaeabHy0 TeII0eMKOCTh 00pasiia moJb3ysich popmyioii (3.3).

10.CpaBHuTe 3HaYCHUS YACIBHOM TEIUIOEMKOCTH 00pa3uaC, MOJyYEHHOTO MyTeM
KOCBeHHBIX u3Mmepenuit (3.3) u (3.5) co cnpaBOYHBIM 3HAYEHUEM (CMOTPH TaOJIUILY
CIIPABOYHBIX BEJIMYHUH).

11.Tlponenaiite Te k€ M3MEpPEHHA C JAPYrUMU  00OpaslaMu, YKa3aHHBIMH
Ipero1aBaTesieM.

12.CpaBHuTE 3HaUEHUS YJCIBHON TEIIOEMKOCTH PAa3IMYHBIX 00Pa3IOB MEXKAY COOOi
Y CO CIIPAaBOYHBIMU JAHHBIMH.

Tabnuua 3.1 — Pe3ynbratsl u3MepeHuit

Ne | HUccnemyemsrii | m, m  [m, |C, G |V |t tl? t) C,
/i | obpaser ke ke ke | e | e MK g |KO| A
ke K ke K ke K

KoHTpoJsibHBIE BOIPOCHI:

Kakue cBoiicTBa TBEp/IbIX TENI XapaKTepU3yeT TEIIIOEMKOCTh?

Buapl TermoeMKoCTH, HX ONIPEACIICHUE U COOTHOIIEHUE MEXKy HUMH.
3akoH /[rononra-Iltu.

3aBUCHUMOCTH TOTJIONICHHOTO TeTuioTa Q OT TeMmnepaTyphl.

3anuimmuTe ypaBHEHHUE TEIJIOBOTO OajaHca JUIs JaHHOTOOIBITA.

S

Breruncnure ynenbHbIE TEIJIOEMKOCTH MEAW M Kejle3a Ha OCHOBAaHUHW 3aKOHA
J{romonra u Iltum.
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IIpakTuyeckoe 3ansaTue Ne4.
HerpaguuuoHHbie 1 BO300OHOB/IsIEeMble HCTOYHUKH YHEPTUH
2 yaca

Lenp 3aHATHA: U3yUYUTh HETPAJAUIIMOHHBIE U BO30OHOBIISIEMbIE UICTOUYHUKH SHEPTUU

HerpamuumoHHBIMM ~ MCTOYHHMKAMH  JHEPrUM  SABJIIOTCS  COJIHLE,  BETED,
OKEaHWYECKHE MPUITUBBI, TEIJIO 3eMHBIX TTTyOMH. DTU BapHaHThl MOJYUYEHUS SHEPTUM KaK
JNOIIOJIHUTEIIBHOW MCIOJIB3YIOTCS B IOCHEqHEee BpeMs BcE dyauie. MHorue yd€Hble
yoexnenbl, uto K 2030—2050 rr. HeTpaauIMOHHBIE (BO30OHOBISIEMbIC) HMCTOUYHHKU
SHEPrur OyayT OCHOBHBIMH, a TPAAUIIMOHHBIE TOTEPAIOT CBOE 3HAUCHHUE.

Ceronns mnojapisioliee OOJBIIMHCTBO JIIOJEH 3HAIOT O TOM, YTO 3amachl
yIJI€BOJOPOJIOB HE OecnpesieNibHbl, YTO OpraHMYecKoe TOIUIMBO HYXHO Oepeub. Bor
[I0YEMY HM3YYECHHUE U HCIIOJIb30BAaHUE HETPAAULIMOHHBIX MCTOYHUKOB DHEPIUU SIBIISICTCS
aKTyaJIbHbIM. MHOIUe CTpaHbl [JOBOJBHO MMIMPOKO MCIOIB3YIOT HETPaJULIMOHHBIE
UCTOYHUKH. YK€ HECKOJIbKO JeT B Boarorpajackoit o6iactd  BHEAPSIOTCS
sHEprocOeperarouMe yCTAaHOBKM C  HUCIOJIb30BAaHMEM JSHEPrUd  BETpa, COJIHIIA,
THIPOPECYPCOB, OTXOJOB CEIbCKOTO XO34WCTBAa, TaK KaK JTOMY CIHOCOOCTBYIOT
reorpaguueckoe MojJoKeHNue U KIMMAaTUYECKHUE YCIOBUS HAILIETO PErHoHa.

ConHeuHas sHeprus

Conneunas osHeprus Heucuepnaema. CylecTByeT HECKOJIBKO BapUaHTOB €€
ucnonb3oBanus. [lpu pusmyeckux crnocobax yCBOEHUSI COMIHEYHON SHEPTUU MCIOJIB3YIOT
raJibBaHM4eCcKue OaTaper, KOTOpbIE MOTJIOoMAlT €€ U MpeoOpa3yloT B TEIUIOBYIO WIU
ANEKTPUUECKYIO DHEPruio, JUOO CHUCTEMBI 3€pKall, OTPAKAIOIIMUX JY4Yd COJHLA U
HANPABJIAIONIMX MX HA 3allOJHEHHBIE MAacioM TpYyObl, KOTOPbIE KOHIIEHTPUPYIOT
cojlHeyHOe Teruio. Bonrorpaackast o61acTh HaXOIUTCA Ha IOTe HAIIeW CTpaHbl, 3HAYUT, B
NEPCIIEKTUBE HEXBATKy JHEPruu 0e3 TpoOJsieM MOXKHO KOMIICHCHPOBAaTh 3a CYET
coyiHeuHoM »Hepruu. A Bot xurtensiMm Kpaiinero Cesepa, Cubupu, AkyTuu u T. 1. B 3TOM
IUIaHE CJOKHee. Sl cuuTair, 4To B 3TOM MECTHOCTH KaK pa3 MOXHO HCIIOJIb30BaTh
COJIHEYHBIC KOJIJICKTOPHI [l OOECHEYEeHUs HACEJNCHHs DIIEKTPOIHEpruer, OCOOEHHO
neroM. Hcnonb30BaHHWE  COJIHEUHBIX  KOJUJIEKTOPOB  MOET  YacTUYHO  PEUIUTh
AKOJIOTUYECKYIO0 MPOOJIEMY U HCIOJb30BaTh SHEPTUIO JUIsl OBITOBBIX HYXKI (IIOJOTPEB
BOJIbI, 000TPEB TEILIUIL U T. 11.). Hanbomnee ycrenHo coaHeYHAast JHEPreTHKA PA3BUBACTCS B
Snonnun m U3spaumne, rae 3a e€ cU€T MOYTH MOJHOCTHIO TOKPHIBAETCA MOTPEOHOCTH B
OTOIUICHUH XWJIbSl U TIOJIOTPEBE BOJABI NIl OBITOBBIX HYXA. «COBMECTHBIA QIKUPCKO-
armoHckuii mpoekT SaharaSolarBreederoGemaer mpeBpatuTh mycThiHIO Caxapa B 4Yanry
CONHEYHBIX OaTapei, cmocoOHbIX K 2050 . oOecrmeyuTh A0 TMOJOBHHBI MHPOBBIX
MOTPEOHOCTE B DIIEKTPOIHEPTUW» . B TNpUHIUIE COTHEYHYIO DHEPTUI0 MOXKHO
UCIIOJIb30BaTh B JJIOOOM YTOJIKE 3€MJIU.

JIOCTOMHCTBA COJTHEYHOW SHEPTETUKH
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JIOCTOMHCTBAa COJIHEUHOW HHEPreTHKHU 3aKIIOYaroTCs B OOIIEIOCTYMHOCTH U
HEUCYEPIaeMOCTH HMCTOYHHMKA, B TOJHOW O€30MaCHOCTU ISl OKPYXaroUled cpeiabl, 3TO
AKOJIOTUYECKH YUCTHIN UICTOUHUK SHEPTUH, YTO OYCHBb BaXKHO UMEHHO TETEPb.

Henocratku colHEUHON SHEPreTUKU

UN3-3a orHOCHUTENbHO HEOONBIION BEIUYUHBLI COJHEYHON IIOCTOSHHOM JUIA
COJIHEYHOW HHEPreTUKH TpeOyeTcss HCIOJIb30BaHUE OOJIBIIMX IUIOIIAAeld 3eMJIU IO
ANEKTPOCTAHIUHU (HAIpUMEp, ISl AJIEKTPOCTAHIMKU MOIIHOCTHIO 1 I'BT 3TO MOXET OBITH
HECKOJBKO JECSATKOB KBaJpaTHbIX KHUJIOMETPoB). [lOTOK comHeYHOM >Hepruu Ha
MOBEPXHOCTH 3€MJIM CHJIBHO 3aBUCHUT OT IIMPOTHI U KiIuMaTa. B pa3HbIX MecTax cpeaHee
KOJIMYECTBO COJIHEYHBIX JHEW B TOJly MOXET pa3jinyaThCs OueHb cuibHO. ColiHeuHas
ANIEKTPOCTAHIMS HE pabOTaeT HOYBIO M HEJOCTATOYHO 3P(PEKTUBHO pabOTAET B yTPEHHUX
U BEYEPHUX CyMepKax.

Hcnonp3oBaHue sHEPruu BeTpa

UenoBeuecTBO HAYUYMIJIOCh MCIIOIB30BAaTh SHEPTUI0 BETPA HA PaAaHHEH CTaguu CBOETO
pa3Butusi. BeTpsaHbie 37€KTPOCTAHIIMHU MPOU3BOMISAT SJIEKTPOIHEPTUIO TOJIBKO TOT/1a, KOTa
JyET IOCTAaTOYHO CUJIbHBIA BeTep. COBPEMEHHBIN BETPSK — CJI0KHOE YCTPOHUCTBO. B HEM
3amporpaMMUpoBaHa paboTa B IBYX pexkHUMax — CJ1aboro U CHJIBHOTO BETpa U OCTAaHOBKA
JIBUTATEJs, €CJIM BETEp CTAaHET OYE€Hb CHJIbHBIM. HeaocTaTkoM BETpPSIHBIX JBUTaTesei
ABJISIIOTCS LIIYMBI, KOTOPBIE€ MMPOU3BOST JIONACTH MpONeEiepa BO BpeMsl BpamieHus. Eciau
BETPSIK MOIIHBINA, TO IIYMOBOE 3arpsi3HEHHUE JIEJIAeT OMACHBIM JUIMTEIbHOE MpeObIBaHUE
mojaed B 30He paboThl ycraHOBKHM. Hanbonee omnpaBaaHbl HEOONbIIME BETPSKHU IS
oOecrieueHus JEUIeBOM 1 IKOJIOTMYECKH 0€30MacHON AJIEKTPOIHEPTHEN OTIEIbHBIX (pepM,
NayHbIX y4yacTkoB. K 4wncny mnepenoBbIX CTpaH IO HCIOJB30BAaHUIO HHEPIUU BETpa
otHocsites: ['epmanus, Jlanus, Mcnanus, CIIA. B Poccuu 3a mocnegnue 5 g€t mocTpoeHo
HECKOJIbBKO BETPOIHEPIreTUUYECKUX YCTAaHOBOK: B bamkupun, B KanumHuHrpaackou
obnmactu, Ha KomaHmopckux octpoBax, B MypmaHcke. IlepCrieKTUBHO HCIIOJIB30BaHUE
BETPOYCTaHOBOK B KamMmbIkux crermsx, rpannyaniux ¢ Bomrorpanckoil o0iacTeio, Tak
Kak TaMm BETpPbl IYIOT, KaK IPaBWJIO, MOCTOSHHO M TOJIBKO B OJHOM HallpaBiieHuu. B
HACTOSIIIEE BpeMs TaM JOBOJIBHO IIMPOKO HCHOJIB3YIOTCA BETPOYCTAHOBKH  JUJIS
oOecrieueHus ANEKTPOIHEPTHEH HEOOMbITUX HACENEHHBIX MYHKTOB KoMMbIKUH.

Henmocratkn BETpOBOM SHEPreTUKU
[Ipexxme Bcero, BETPOYCTAHOBKH  HEONArOMPUATHO  BIUSIOT HA  paboTy
TEJIEBU3MOHHOI ceTH. [[pyras 0cCOOEHHOCTh BETPOBBIX YCTAHOBOK MPOSIBUIIACH B TOM, UTO
OHM OKa3aJUCh HWCTOYHMKOM JOCTATOYHO WMHTEHCUBHOTO WH(PA3BYKOBOTO IIIyMa,
HEOJIAronpuUsTHO ACHCTBYIOIIETO HA Y€TTOBEYSCKUN OPTaHU3M, BBI3BIBAIOIIETO TTOCTOSHHOE
VTHETCHHOE COCTOSIHHE, CHJIBHOE OeCIpUYMHHOE OECIOKOWCTBO W >KU3HEHHBIN
JTUCKOMQOPT.
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JlocTOMHCTBA BETPOBOM SHEPIETUKU

OtcyrcTBHE BIMSHHMS Ha TEIJIOBOM OanaHc arMmocdepbl 3emMiu, MNOTpeOJaeHus
KHCJIOpO/ia, BBIOPOCOB YIJIEKUCIOTO ra3a M T. . B0o3MOXHOCT mpeoOpa3oBaHUS B
pa3iuyHble  BHUABI  JHEPruM  (MEXaHHUYECKYIO,  TEIUIOBYIO,  DJIEKTPUYECKYIO).
Henpencka3yemble H3MEHEHUSI CKOPOCTH BETpa B TE€UEHUE CYTOK U CE30HA.

[TpunusHbie 3nexTpoctanuuu (I19C)

JUist BbIpaOOTKU DJIEKTPOIHEPTUU DJIEKTPOCTAHIIMM TAaKOTO THIA HCIHOJIB3YIOT
SHEprur npuiausa. s ycTpoHCTBa NMPOCTEMIIEH IPUIMBHON JJIEKTPOCTAHLUU HYXKEH
OacceilH, NEepeKpbIThIA IUIOTUHOW 3aJuB WM YCThe peKu. B mioTMHE HMerTCs
BOJIONIPOITYCKHBIE OTBEPCTHS W YCTAHOBJEHbI THUJIPOTYPOMHBI, KOTOpPbIE BpalllarOT
reHeparop. [lo mnpuHIUNy AEUCTBUS TUApPABIWYECKUE TYpPOMHBI MOAPA3ACIAIOT Ha:
AKTUBHBIE U DPEAKTUBHBIC, IO KOHCTPYKLUMH — HA BEPTUKAJIBHBIE U TOPU3OHTAJIbHBIC.
MOIIHOCTh THAPOrEHEPATOPOB OT HECKOJIBKUX JIECATKOB 10 HECKOJIBKUX coTeH MBT. Bo
BpeMsi MpuirBa Boja mocTymnaer B OacceiH. Korga ypoBHu Bojbsl B OacceliHe U mMope
CPaBHAIOTCS, 3aTBOPHI BOJOINPONYCKHBIX OTBEPCTHI 3akpbiBatoTcA. C HacTyIJIEHUEM
OTJINBA YPOBEHb BOJBI B MOpPE MOHWXKAETCS, U KOTAa HAIOP CTAHOBUTCS JIOCTATOYHBIM,
TypOUHBI U COEIUWHEHHBIE C HUM BJIEKTPOreHepaTophl HAUMHAIOT paboTaTh, a BOJA W3
OacceliHa IOCTENEHHO YXOJHUT.

HenocTaTku npHJIMBHBIX 3JIEKTPOCTAHIINI

[IpunuBHBIE IEKTPOCTAHIIMKM HAPYIIAIOT HOPMAJBbHBI OOMEH COJEHOW U MPECHOM
BOJIBI U TEM CaMbIM — YCJIOBUS >KU3HH MOPCKOM Giopsl u (ayHsl. Bnusior oHu u Ha
KJIMMAT, MOCKOJBKY MEHSIOT SHEPreTUYECKUI MOTEHI[Mal MOPCKUX BOJ, UX CKOPOCTh H
TEPPUTOPUIO TEepeMelleHus. Mopckue TEIIOCTaHIIMU, MOCTPOEHHbIE Ha Mepenajae
TEMIIEpaTyp MOPCKOM BOJbI, CIOCOOCTBYIOT BBIJICIEHHIO OOJBIIOTO KOJUYECTBA
YIJICKUCTOThI, HArpeBy W CHWIKEHUIO JIaBJIICHUS TIOYyOMHHBIX BOJ W OCTBHIBAHHUIO
MOBEPXHOCTHBIX. A TPOIIECCHl 3TH HE MOTYT HE CKa3aThCs Ha KiuMmare, (piope u dayne
peruoHa.

JIoCTOMHCTBA MPUIIMBHBIX JNEKTPOCTAHIUAN

[IpeumymectBamu IIDC sBisieTCs 3KOJOTMYHOCTH M HHU3Kas ce0ECTOUMOCTh
mpousBojcTBa 2Hepruu. He 3arpssHser armocdepy. [eméBas u  Bo300OHOBIsIEMas
sHeprusa. Cokpaliaer ypoBeHb JAOOBIUM, TPAHCTIOPTUPOBKU W CXKUTAHUS OPTaHUYECKOTO
TOTLIMBA.

Hcnonp3oBaHue reoTepmMmaibHbIX HCTOYHHNKOB

B oatom ciyuae moapaszymeBaeTCS HCIOJb30BaHHUE TeIia 3€MHBIX TJIyOWH
(rmyOMHHBIX TOPSYMX HMCTOYHHMKOB). ITO TEIUIO MOXKHO HMCIIOJIb30BaTh MPAKTHYECKH B
T000M paiioHe, HO 3aTpaThl OKYIAIOTCS TOJBKO TaM, TJI€ TOPSYME BOJBI MPHUOIMKEHBI K
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MOBEPXHOCTH 3€MHOW KOpBl. DTO PalOHbl AKTUBHOW BYJIKAHWYECKON IEATEIBHOCTH M
reiszepoB, Hanpumep, Kamuartka, Kypuibl, octpoBa Anonckoro apxunenara, Mcnanaus,
Hogas 3enanaus. cTOUHMKY reoTepMalibHON SHEPTUHU MOTYT OBITh ABYX TUIOB. [lepBbIit
TUI — 3TO MOJ3EMHbIE 0accelHbl €CTECTBEHHBIX TEIUIOHOCUTEJEH — Tropsyel BOJbI
(rugporepmanbHble HMCTOYHMKH), WM TMapa (mapoTrepMalibHble HMCTOYHUKHU), WIIU
apoBOAsiHOM cMecH. [o cyiiecTBy, 3TO HEMOCPEICTBEHHO T'OTOBBIE K HCITOJIb30BAHUIO
«MOJ3E€MHbIE KOTJBD», OTKyAa BOAY WJIM Hap MOXHO JIOOBITh C MOMOULIBIO OOBIYHBIX
OypOBBIX CKBaXMH. BTOpOil THMI — 3TO TEIJIO TOPAYUX TOPHBIX HOpPOA. DTO NaéT
BO3MOKHOCTh MOJIYYUTh AP WJIM MEPETPETYI0 BOAY I JAIBHEMIIETO UCIOJIb30BaHUS B
sHepreTuyeckux nemsix. Ho B o0oux BapuaHTax HMCIOJIb30BAaHUS TJIABHBIA HEIOCTATOK
3aKJIIOYAETCs] B OYEHb CIa00N KOHIEHTPALMU MeOTEPMUUYECKUX aHOMAJUH, e ropsdue
UCTOYHUKH WM TOPOJAbl MOAXOMAST CPAaBHUTEIBHO OJM3KO K MOBEPXHOCTU W TH€ TpHU
norpykeHun Briiyob Ha kaxzasle 100 M Temneparypa mnoBeimaercs Ha 30—40°C,
KOHLIEHTPALMKU IT€0TEPMaJIbHON SHEPIUU MOTYT CO3/1aBaTh YCIOBUS U JJIS1 XO35MCTBEHHOIO
€€ UCIO0JIb30BAHUS.

Hpel/IMYIIIGCTBa reoTepmMaibHbIX HCTOYHHUKOB

Bo-niepBpix, ux 3amacel nmpakTudecku Heucuepnaembl. [lo orenkam konma 70-X
roJioB /10 rIyOuHbI 10 KM OHU COCTaBIISIIOT TaKyIO0 BEIMYHMHY, KOTOpas B 3,5 ThICAYU pa3
MPEBBIIIACT 3arachl TPAAUIIMOHHBIX BUIOB MHUHEpadbHOro TorimBa. CuuTaro, 4ro 3Ta
mudpa B TOCIEIHEE BpeMs H3MEHWIACh B CTOPOHY yBeIWYeHHUsA. Bo-BTOpHIX,
reoTepMalibHasl YHEPTHS JOBOJIBHO MIUPOKO pacrpocTpaneHa. KoHieHTpanus e€ cBs3aHa B
OCHOBHOM C TIOSICAMH aKTUBHOM CEHCMUUYECKOMN M BYJIKAHMUECKOHN AeATETbHOCTH, KOTOPBIC
3anuMaroT 1/10 momanu 3emin. A 3To HE TaK YK U MaJo.

HGI{OCTaTKI/I reoTCpmMaibHbIX HCTOYHHUKOB

I'maBHass mnpobnema 3akiodaeTcss B HEOOXOAMMOCTH OOpaTHOM  3aKauyku
0oTpabOTaHHOW BOJIBI B TIOJ3E€MHBI BOJOHOCHBIH TOPH30HT. B TepMmanbHBIX BOAaX
COJICP)KUTCS OOJBIIIOE KOJTWYECTBO COJICH pPa3IWYHBIX TOKCHYHBIX MeTauioB (Oopa,
CBUHIIA, ITMHKA, KaJIMH, MBIIIbIKA) U1 XUMHUYECKUX COSTUHCHHUI (aMMHuakKa, (heHOJIOB), YTO
HCKJII0YaeT cOpOC ATUX BOJ B MNPUPOJHBIC BOJHBIE CHUCTEMBI, PACIOJOKEHHbIC Ha
MOBEPXHOCTH, TaK KaK 3TH BEIIECTBA OKA3bIBAIOT I'YOUTEIBbHOE JEUCTBUE HA BCE )KMBOE HA
3eMiIe.

KoHTposbHBIE BONIPOCHI:
1. 3anummTe 4YTO OTHOCUTCS K HETPAAUIIMOHHBIM UCTOYHUKAM SHEPTHUU.
2. 3anuunTe 10CTOMHCTBA BETPOT€HEPATOPOB.
3. 3anummuTe HeJOCTATKU COTHEYHBIX OaTtapei.
4. 3anuinTe NPUHUNN AEHCTBUS MPWIMBHBIX SJEKTPOCTAHLIHM.
5. 3anumnTe KakoW M3 HU3YYEHHBIX HETPAAUIMOHHBIX M BO30OHOBIISIEMBIX MCTOYHUKOB

SHEPIUHU MOXKHO Pa3MECTUTh Ha TEPPUTOPHUH Haliero peruoHa. O60CHyIWTe OTBET.
37



MaTepl/laJILHO-TeXHI/I‘IECKOC ob0ecrneyeHue

Peanuzauus nporpaMMbl yd4eOHOM AMCHMIUIMHBI TpeOyeT Haluuus jJabopaTopuu
«'uApaBIUKN U TETNIOTEXHUKU»:

- pabodee MECTO IPENnoAaBaTes;

- paboune mecTta 00y4aroIuXCs;

- yueOHO-HarasgHbIe mocodust no teme «I uapaBiuka U TEIIOTEXHUKAY;

- yueOHO-HarasgHbIe mocodus no teme « TepmoaruHaMuKay;

- CTeHAbl MO ONPENEJCHUI0 TUAPOCTATUYECKUX U TUIPOJUHAMUYECKUX
XapaKTePUCTUK JKUJKOCTH;

- CTEHJbl MO ONPEIEICHUI0 XapaKTEPUCTHK THAPONPHUBOJA U THAPABINYECKUX
MalluH;

- KOMIUIEKT y4eOHOro oOOpyJOBaHUS IO ONPEACICHUIO TEIIOBBIX XapaKTEPUCTHK
npuOOpPOB OTOIIEHUS, TEIUIOTEXHUKE Ia30B U KUIAKOCTEH.
TexHuueckue cpeacTBa oOydeHHUs :
- KOMITBIOTEP € JTUIEH3UOHHBIM IPOrPaMMHBIM 00ECIICUEHHEM:
- MYJIbTUMEIUMHBIN [IPOEKTOP;
- UHTEpaKTHUBHAs J10CKA.

IlepedyeHnb y4eOHBIX U3IaHUI, HHTEPHET-PECYPCOB, JAONMOJIHUTEIbHOM JUTEPATYPbI

OcHOBHbBIE HCTOYHHKU:

1. I'yce A.A. OCHOBBI THUAPABIUKH [DJIEKTPOHHBIN pecypc]| : y4yeOHUK s
CIIO/A.A. T'yceB. — 2-e u3a. niep u noim. — M.: FOpaiit, 2016 1.

2. KoxxeBuukosa H.I'. OcHoBBI rupaBiuku u Teriotexuuku. M.: «KomocCy» 2016.
JlonoTHNTEIbHbIE HCTOYHUKM:

1. UcaeB, FO. M. T'mapaBaumka wu rugpomHeBMoOIpuBog [TekcT] : ydeOHHUK IS
UCITOJIK30BaHUS B YYCOHOM Mpollecce 0o0pa30BaTENbHBIX YUPEKICHUU, PEaTu3yIOIINX
nporpaMmbl cpea.nmpod. obpazoBanusi. - 2-¢ u3d. ; crepeorun./ FO.M. Hcaes. - M.
Axanemus, 2016.

HNuTepHeT- pecypcbl:

1. http://firing-hydra.ru/index.php?request=list cateqory&id=573
2. http://infobos.ru/str/398.html
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