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ComepKaHHe

BBeneHie

Llems u 3agaun H3Y4eHHS JUCIIHITIIHHEI

OO0opyIOBaHHE H MaTepHAaJIbI

HarmeHoBaHIE IIpaKTHYECKHX padoT

ComepKaHHe IIPaKTHYECKHX padoT

I IpakTHueckas padora Nel OCHOBHEIE OIIPEAEIEHHS TEPMOIHHAMHKH

[ IpakTHueckas padora Ne2 AHaM3 MapoCHIOBOIO IIHKIIA PeHKITHA
[IpakTHueckas padora Ne3 PacueT mapoTypOHHHEIX YCTAHOBOK

[ Ipaktnyeckas padora Ned PacueT ra3oTypOHHHBIX YCTAHOBOK

[Ipaktinyeckasa padora Ned PacueT mapora3soBbIX YCTaHOBOK

[ IpakTHueckas padora Ne6 BceromorarensHoe 000pyIoBaHHe YCTaHOBOK TOC

[ IpakTryeckas padora Ne7 Ilokazarenu 3pheKTHBHOCTH ycTaHOBOK T 3C
[IpakTHueckas padora Ne8 ATOMHEIE 3IEKTPHYECKHE CTAHIIHH
YyeGHO-MeTOaHYEeCKOEe H HH(POPMAIHOHHOE 00eCcIIeYeHHE THCIIHIUIHHEI
IlepeueHs OCHOBHOH M JOITOIHHUTEILHOMN JIMTEPATYPEL, HEOOXOAUMOH JIJII OCBOE-
HH S I CIATLTHHEBI

[lepeuyeHs yueOHO-METOHYECKOr 0 OOECIIEUeHHSI CaMOCTOSTEIIbHOH paboTEl 00Y-
YAFOIIHXCA IO JHCI[HIUTHHE

[lepeuens pecypcoB HHPOPMAIHOHHO-TEIEKOMMYHHKAITHOHHON ceTH MIHTepHET,

HeOOXOMHMMBIX JUISI OCBOSHH S JHCLIHITIIHHEI

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO
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BrejieHue

[IpakTHyecKHe 3aHATHSA CO3JA0T OINTHMAbHBIE JHIAKTHUYECKHE YCIOBHSA IS JAESATENb-
HOCTHOT'O OCBOEHHSA CTYJIEHTAMH COJIEPKAaHILI H METOJIOIIOTHH H3YYaeMOH U CIIHIUIMHBI HCITOIb-
30BAHHE CIIEIHAIIBHOIO J1a00opaTOPHOro O0OPYAOBAHHS H TEXHHYECKHX CPeAcTB. IIpakTHueckue
3aHSATHS 3aHHMAIOT ITPEHMYIIECTBEHHOE MECTO IIPH H3YIEeHHH OOMIENPO(peCCHOHAIBHEIX H ITPO-
(peCcCHOHAIBHBIX JUCIHIUIHH. [IpakTHYeCcKHe 3aHSITHS ITPOBOSTCS C I[ENBEO BEIPAOOTKH ITPAKTH-
YECKHUX YMEHHNI H ITPHOOPETEHHS HABLIKOB B PEIIEHHH 33/1a4, OTPabOTKH YITPakKHEHHH, BBIITOIIHE-
HUH YEPTEKEH, IPOU3BOJICTBE PACUETOB H T.1IL.

[{enpr0 MpaKTHYECKHX 3aHSITHH SBIAeTCS ()OPMHPOBAHHE ITPAKTHYECKHX YMEHHH — ITPO-
(pecCHOHAIBHBIX (BBIOIOIHATh ONpeelIEHHBIE TeHCTBHS, OIlepalliH, HEOOXOHMBIE B IOCIEIYIO-
II[eM B PO eCCHOHAILHOH JAeSITeIbHOCTH) HIH YueOHBIX, HeOOXOJHMBIX B ITOCIeayIomIeil yueo-
HOH JeSITEIBHOCTH IT0 OOINEITpo()eCCHOHAIEHBIM H ITPO()eCCHOHAIBHBIM JIH CIIHIUIHHAM.

BuGmorpadmyeckiii CIICOK COAEPKUT CBEJEHHS O CITIPAaBOYHOH IIMTepaType H JOITOIIHH-

TCIIBHBIX H3AaHH X, HeoOXOIHMMBIX I }’T‘HY@HEHHDI‘G H3YUCHHA OTACIIBHBIX BOIIPOCOB.

AOKYMEHT NoanmncAH
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1. I[ens u 3a0auu u3yueHus OUCUUNIUHDL

[{enpr0 THCIMIUIHHEL SBJISETCS IMTPHOOPETEHHE 3HAHHH IT0 OCHOBAM ITpe00pa30BaHHs SHED-
T'HH TOIUIHBA H JIPYTHX HERJIEKTPHYECKHX HCTOYHHKOB B AIIEKTPHYECKYIO SHEPTHIO, H3YUYEeHHE TH-
IIOB IIEKTPOCTAHINHH, KOHCTPYKI[HIT OCHOBHBIX arperaToB, IIPOIECCOB, ITPOHCXOISIIHX B HUX.

OCHOBHBIE 3aJJaYH JHCIIHILTHHBI PacKPBITHE (PH3HYECKOH CYTH ITPOLIECCOB, ITPOTEKAFOIITHX
B OCHOBHBIX arperarax cTaHIHH (KOTaxX, TYpOHHAaX, 3IEKTPHYECKOH YacTH), a TaKKe ITPOIIECCOB

ITPH APYTHX criocobax rmpeodpa3zoBaHM S S3HEPTHH.
2. Obopyodosarue u mamepuaisl
ATrmapaTHBIE CPEACTBA: TIePEHOCHON HOYTOVK, IIPOEKTOP, JOCKAa MAaTHHTHO-MapKepHas.
YueOHasl ayauTOPHS IS ITPOBEACHHS YUeOHBIX 3aHSTHH, OCHAIleHa O0OPYAOBAHHEM H

TEXHHYCCKIMH CPEACTBAMH Dﬁ}HIEHH_}I.

3. Haumenoeanue npakmuueckux paoom

Ne Temnbl M3 HUX ITpaKTHYe-
HarmmeHOBaHHe TeM JUCIHIUIHHBI, X KpaTKoe co- | O0beM
ITHCIIH - CKas ITOJATOTOBKA,

ACPKAHIC HA4COB
ITIIHHBI HACOB

4 ceMecTp
IIpaxTHyeckas padora Ne 1. OCHOBHBIE OIIpe/Ie-
1 TIEHHS TEPMOJHHAMHKH.
M3y4iTh OCHOBHBIE ITOHATHS TEPMOIHHAMHKH.
IIpakTnyeckas padora Ne 2. AHami3 mapocHIIO-
BOI'O I[MKJIa PeHKIHA.
2 M3yuiTh METOUKY pacueTa ITapaMeTPOB HICAIb-
HOI'0 TEPMOJIHMHAMIYECKOrO ITHKIIA ITapOCHIIOBBIX
YCTAaHOBOK.
IIpaxTHyeckas padora Ne3. PacyeT mmaporyp-
OMHHBIX YCTAHOBOK.
M3yunTh METOIHKY pacyueTa ImapoTypOHHHBIX
YCTAaHOBOK.
IIpaxTHyeckas padora Ned4, PacyeT razoryp-
OMHHBIX YCTAHOBOK.
M3yuiTh METOMHKY pacyueTa ra3oTypOHHHBIX
YCTAaHOBOK.
IIpaxTHyeckas padora NeS. PacyeT mmaporaso-
BBIX VCTAHOBOK.
M3yuiTh METOHKY pacyeTa Iapora3oBbIX yCTa-

ISTRI"Ta) S
OOKYMEHT MOOMMCAH |
SNEKTPOHHOW NOANUCHIO [OMOI'aTCJIIBHOC 15
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M3y4iTh THIEI BCIIOMOTAaTeIIBHOIO 000PYIOBa-
HISL IIpHMeHIeMBIX Ha T OC.

IIpaxTHyeckas padora Ne7. [Tokazarenn -
(peKTHBHOCTH ycTaHOBOK TOC.

7 M3y4nTh OCHOBHBIE KPHTEPHH A(P(PEeKTHBHOCTH
yCTaHOBOK TOC.
IIpakTnueckan padora Ne8. AToOMHEIE 3IEKTPH-
2 YeCKHE CTAHIHH.

O3HAKOMHTBCS C TIPHHIIHIIOM Pa0OThl aTOMHBIX
AIEKTPHYECKHX CTaHI[HH.

Hroro 3a 4 cemecrp:

W

Hroro:

W
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4. Codepocariue npakmuueckux paoom

Ipakmuueckana paboma Nel. OcHo6HBLE ONPEDEICHUA MEPMOOUHAMUKU

HEJII’:.' I/IS}HHITL OCHOBHBIC ITOHATHA TEPMOJJHHAMITKI.

OcHoébl meopuu.;

B TeImIoBEIX MalIHHaX IIPOLIECCH IIEPeX0/ia TEIUIOTH B pad0Ty H padOTHL B TEIIOTY OCY-
II[ECTBILTIOTCS IOCPEACTBOM padodero Tea (0OBIYHO I'a3 HIIH BOASHOI ITap), H3MEHSIOIIETO CBOE
(pH3HIECKOE COCTOSIHHE ITPH COOOIIEHNH TEIUIOTHI HIIH ITPH CHJIOBOM Ha HETO BO3IEHCTBHH.

BemrunHel, XapaKTepH3YIOIMHE (PH3HYECKOe COCTOSHIE Tella, Ha3bIBAIOTCS

TEPMOJJHHAMHYECKHMH ITapaMeTPaMH COCTOSIHHS Tella, OHH OIIPeIelIIFOTCS OCHOBHBIMH
ITapaMeTpaMH: YIEIbHEIM 00BbeMOM, JaBJIeHHEM H TeMIIEPaTypPOH.

1111 KaKTOro COCTOSIHHSA Tejla TTapaMeTPhl ITPHHIMAIOT BIIOIIHE OIpeIelIeHHbIE 3HAYeHHS,
HE 3aBHCSINHE OT MAcChl Tella H OOYCIOBIIHBAEMBIE JIHMIIb €r0 BHYTPEHHHMH MOJIEKYIISPHBIMH
0COOEHHOCTSIMH — CKOPOCTEIO MOJIEKYII H HX B3aHMHBIM PaCIIOI0KEHHEM.

Y IertbHBIH 00beM - 00BbeM eJHHHIIBI Beca, OOBIUHO 1 KT BelllecTBa:

|

3

v=—u'/Ke
G

rae. V - IIOMHBIH 00beM Tella;

G - Bec.

VY IeBHBIH BeC - BETHMYHHA, 0OpaTHAS YAeIbHOMY 00beMY, (Bec e IHHHILI 00beMa (1 MP):

I ITOTHOCTE - Macca eIHHHIBI o0beMa:

m & ¥y 1

v vz g vg

VY IenbHBIH 00beM, VASTbHBIH BEC H INIOTHOCTh B3aHMHO OIPEACIISIOT APYT APYyra U Kak-

IIBIH M3 HHX MOKET CIIYAHTb OJHIM H3 ITAPaMCTPOB TCIId.

JlaBiieHHe rasza - pe3ylIbTaT BO3JEHCTBHA (YapOB) Ha OKPYKAIOIIYED 000IOYKY MOJIEKYII

CUAOKYMEHT noanmMcaH T M IBHUKCHIH.

SNEKTPOHHOW NOAMNUCHLIO -
CepTudukar:  12000002A633E3D113AD425FB50002000002A6 CTOSIHHH), IEHCTBYIOIIEE IT0O HOPMAIIH K CTEHKAM
Bnapeneu; lebayxoea TateAHa AnekcaHapoBHa
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T epMOAHMHAMITUECKHM ITapaMeTPOM, OITPEIEIISIOIIHM COCTOSHHE Tra3a, SBIISETCS HE IT0I-
HOE JaBJIEHHE ra3a Ha 000II0UKY, a VIEIIBHOE, T. €. €r0 JaBJIEHHE B KIJIOTPaMMaX,

IIPUXOAIIEECS HA EQHHHUILY TTIOBEPXHOCTH: 1 M? W 1 cM?.

Texrrryeckas atmMocdepa (at) - AaBIIEHHE rasa, paBHoe 1 KT/cM?.

1 aT =1 xr/em? =10 000 xr/m>.

Duzmyeckasg aTMoc(epa - JaBIeHHe BO3JyXa HAa YPOBHe MOps Ha 45° reorpadmuyeckoit
IIIHPOTHI, COOTBETCTBVIOIIEE JABJICHHIO, ITPOH3BOANMOMY PTYTHEIM CTOIIOOM BEICOTOH 700 MM
IIPH TeMIIEpATYype, paBHOH 0°C.

] ¢u3. at = 1,0333 1exn. at = 10333 xr/M°.
CpaBHHUTENBHO HeOOJIBINIHE JABJIEHHS MOTI'YT H3MEPSATHCS BEICOTOH CTOJI0A KHAKOCTH. 1

¢mn3. at = 760 M pT. cT. 11pH 0° C.
760

] TeXH. a1 = = 735.6 MM PT. ¢T. mpu 0°C.
1.0333

BricoTa BogsHOro cronda IpH 3THX Ke YCIOBHAX OyaeT B 13,595 pasza GojbIle BEICOTEI

pTyTHOrO cTo6a (PTYTH B 13,595 paza TsoKeIee BOAEI).
] ar = 1 kr/cM® = 736 MM. PT. ¢T. = 10 M BOZ. CT.

B abcomotHO# cuctemMe CGS (CaHTHMETP, TpaMM-Macca, CEKYH/Ia) 3a e JHHHITY CHIIBI ITPH-
HSITa JUIHHA, IUIOINALH - KBaJPaTHBII CAHTHMETD H JaBIICHHA - | IHH/CM’.

TaBnenme, paBHoe 106 mrH/cM?, HasbIBaeTcs «Oapy.

1 aT =1 xr/cM? = 0,981 Gap.

[TpHOOPEL I H3MepPeHHS JaBIEeHHS — MaHOMETPHI (H3MepeHHe JTaBIeHH OONbIIe aTMO-
c(hepHOro), BaKyyMMETPHI (H3MepeHHe JaBIIEHHS MeHbIIle aTMOC(epHOro) H GapoMeTphrl (H3Me-
peHHe aTMOC(EPHOro HaBIIEHHS). MaHOMETPHI ITOKa3bIBAIOT H30BITOK H3MEPSIEMOIO JaBJIEHHS
(aOCOTIOTHOTO Pa) HaJl aTMOC(pepHBIM (OapoMeTPHUYECKHM Ps ).

Pa = Ps + Pu

AOCOmOTHOE JaBIIeHHE T'a3a paBHO H30BITOYHOMY JAaBIEHHIO (MaHOMETPHYECKOMY), CIIO-
KEHHOMY ¢ 0apOMETPHYECKHM JABIICHIEM.

BaxyyMMeTpHI ITOKa3bIBalOT H30BITOK aTMOC(epHOro (0apoMeTpHYECKOI0) JaBIIEHHS HaJl

H3MEPACMBIM a0COIIFOTHBIM JaBJIEHHEM.

Pa = P6 - Pe
T. €. B CIIy4ae pa3pekKeHH JaBIIEHHE raza paBHO 0apOMETPHYECKOMY JaBIEHHIO O3 BaKy-
NNOKYMEHT MNOOMNWUCAH
ANEKTPOHHOM NOANMUCKIO | 5
Cepruchukar:  12000002A633E3D113AD425FB50002000002A6 BOJAHTCA aLCOIIOTHOC IaBJICHHE I'a3a.
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[Tpn m3MepeHHH MaBlIeHHS B aTMoc(epax IIPHMEHSIOTCS YCIOBHEIE 0003HAUEHH ST, aTa—
IUI1 aOCOOTHOIO JABJIEHHS H aTH — JJI1 H30BITOYHOro. Hamprmep, MaHOMETP ITOKa3bIBAeT 5
aTH, TIOJIHOE JIaBJIeHHe ra3a OyeT 0 aTa.

BimisiHIe Ha BRICOTY cTon0a pTYTH TeMIlepaTyphl. IIpH Bo3pacTaHHH TeMIIEPATYPEI YBEJIH-
YHBAKOTCSA 00BEM, a CIIeJIOBAaTEIIbHO, H BBICOTA CTON0A PTYTH, COOTBETCTBYIOIIAS JAHHOMY JlaBJIe-
HHIO. [IpH BEIYMCIEHHH IO IOKa3aHHIO OapoMeTpa aTMOC(EpPHOIO JaBIIEHHS BBICOTY CTOJIOA
PTYTH OGapoMeTpa h rpuBoaT K BIcOoTe hy ImpH 0°C:

ho =h (1 — 0,000172t).

Torma armocgepHoe JaBneHHe (aT) nmpH t°C OyeT paBHO:

~ hy h(l-0000172()
735.6 735 6

~

[IpuBeneHne BEICOTHI cTo0a pTYTH OapoMeTpa K 0°C MOJKHO ITPOBOJHTH I'pa(pHueCKHM
METOOM ITO JHarpaMMaM.

Temrieparypa SBISIETCS MEPOH HAarpeTOCTH Tell. Telna HMEIOT OQHHAKOBYIO TeMIIEPaTypy,
ECIIH MeXXIY HUMH HE CYILECTBVET TeIUI00OMEHA, T. €. €CIIH OHH HaXOSTCI MEXKIAY COOOH B TEII-
JIOBOM PaBHOBECHH, IIPH KOTOPOM OYIVT paBHEI CPpeIHHE 3HAYEeHHS KHHETHYECKOH SHEPIHH I10-
CTVITATEIILHOTO JBIKEHHS HX MOJIEKVII. ECIIN Ke Tela He HaxXOJSATCS B TeIUIOBOM PABHOBECHH H
MeKIY HUMH HMeeTCS TeTUI000MeH, TO TEN0, OTAAIOIIEe TEIUIOTY APYTOMY Telmy, o0nagacT Oomb-
e TeMIIEPATYPOH, O0JIbINEH KHHETHYECKONH SHEPIHEH MOJIEKVII.

Taxkm oOpaszoM, TemIleparypa OIpPeelsSeT HallpaBIIEHHEe TEIUIOBOI'O ITOTOKA. Pa3sHOCTH
TEMIIEPATVYP TEJI ONPeHelsIeT MePY HX OTKIIOHEHH S OT TEIIJIOBOTO PaBHOBECH S

OMITMpHYECKas TEMIIepaTypa - Mepa OTKIIOHEHH S TeJla OT COCTOSHIS TEIIIOBOIO PaBHOBE-
CHSI C TAFOIIHM JIbJIOM, HaXOISIIMHMCS IO JaBIEHHEM B OJHY (PH3HYECKYEO aTMOC(epYy.

3a eHIIY TEMIIEPATYPBI IIPHHAT OJHH I'Paayc, H3 YCIOBHSI, UTO TEMIIEPATYPE TAKOIIETO
IT0J, aTMOC(ePHBEIM JaBIIEHHEM JIbJa ITPHITHCEIBacTcsa 0°, a TeMriepaType, KHITSIIEH ITOJ] aTMo-
cpepHBIM JaBJIeHHeM BoJbI — 100°,

Yucropas BEIHYNHA TEMIIEPATYPhl TEla H3MEPSAETCS IOCPEACTBOM TEPMOMETPOB. PTYT-
HBIX, CIIMPTOBBIX U AP. IS TOUHBIX H3MEPEHHI TEMIIEPAT VPBI IIPHMEH SFOT F'a30BBIE TEPMOMETPHI.
B TexHIKe IMOIB3YIOTCA TaKKe TEPMOMETPAMH, JeHCTBHE KOTOPBIX OCHOBAHO He Ha CBOHCTBE pac-
IMHPEHNS TeJl IIPH Har peBaHHH (TEpMO3JIEMEHTEL, TEPMOMETPBI COITPOTHBIIEHHS H IIP. ).

AOGcomoTHas TeMIleparypa - TeMIlepaTypa, IIPOIOPIHOHAIbHAS CPpeHEH KHHETHYECKOMN

SHEPI'HH ITOCTVYIIATCIIbHOTI'O JBHAKCHH A MOJICKYII TCIIA. AOcomroTHasa TENMIICPATVYPa JOIIAHA ITPHHIH -

NOKYMEHT NMNOoAanncAH
SNEKTPOHHOW NOONUCKIO ceJId, IIPH KOTOPOM IIPSKPATHIIOCH OBl TEIlJIOBOE
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
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IBIDKEHIE €r0 MOJIEKYT. OTa IpeelibHasd MHHHMalIbHasA TeEMIlepaTypa HasbkIBaeTcI aOCOIIOTHEIM
HYIIEM U SBJIIETCS HAYAJIOM IS OTCUEeTa TEMIIEPATY].

AOGcomoTHas TeMIIEpAaTypa OTCUHTHEIBAETCS OT ITPEAEIIBHO HH3KOH TEMIIEpaTypPhl — OT ab-
COJIFOTHOTO HYJIS H SBISETCS BCET/a IOIM0KHTEIIFHON BEIIHUHHON. OMIIMPHYECKas TeMIlepaTypa
OTCUHTBIBAETCS OT HEKOTOPOH ITPOH3BOIBHO BEIOPAaHHOH HAaYaJIbHOH TEMIIEPATYPhEl — TeMIIepa-
TYPHI TasHHS JIbJA IT0J, aTMOC(ePHBIM JaBIeHHEM — H II03TOMY MOJKET OBITh, KaK ITOJIOKHTEIIh-
HOMH, TaK M OTPHIIATEIIFHOH BEIIMYMHON. BBeeHHE aOCOMFOTHON IIKAIBI YVCTPAHSET YCIIOBHOCTH
ITPH OLIEHKE 3HAUEHHS TEMIIEpPATYPhl H Havala €€ OTcueTa, HeM30eXKHBIe IIPH H3MEPEHHH TEMIIE-
paTypsl 110 IIKaJIaM, ITOCTPOEHHBIM C HCIIOIb30BaHHEM (PH3HYECKHX CBOMCTB TeX HIIH HHBIX Be-
II[ECTB.

AOcomoTHas TeMIleparypa Tejla MOXKET OBITh H3MeEpPeHa ITOCPEACTBOM I'a30BOr0 TEPMO-
MeTpa. Ha ocHoBaHHH 3aK0Ha [ eil-JI[Foccaka MOKHO ITOKa3aTh, YTO IIOCTOSHHAS TOUKa HIeallbHOTO
ra30BOr0 TEPMOMETPA, SBJITIONIAsICS HayalIoM OTCUeTa TeMIlepaTyp, JIeKHT Ha 273,16 °C Hinke
HYIISL CTOTPagyCHOH InKaikel. [1IKama BOZOPOJHOIO TEPMOMETPA AaeT HEe3HAUHTEIILHOE OTKIIOHE-
HHe OT IIKaIbl HAealbHOro raza. Mexay abcomoTHOH Temmeparypod Tena (T°K mmm TCaGc) u
TeMIlepaT ypoH sMImHpHyeckoH (t°C) HmMeeTcs 3aBHCHMOCTD:

T=t+273,16.

Ha ocHOBaHHH BTOPOro 3aKOHA TEPMOJIHHAMHKH BBOJIHTCS TaK HasbklBacMas TEPMOJIMHA-
MHYECKasa TEMIIEpPATYPa, TOXKAECTBEHHAS ¢ a0COIIOTHOH TeMIIEPATYPOH

[Iap - peasbHBIN r'a3 CO CPaBHHTEILHO BBICOKOH KPHTHYECKOH TEMIIEPATYPOH, a TaKXKe
OIM3KHIT K COCTOSHHIO HACHIII[EHNS. 3a PealbHBIMH I'a3aMH ¢ HH3KHMH KPHTHYECKHMH TeMIIepa-
TypaMH COXPAHIETCS Ha3BaHHE I'a30B BIUIOTH IO COCTOSHIS HACBIIEHH S,

[TapooGpasoBaHiie - Ipoliece Iepexoda KIJIKOCTH B ITap.

HMcmapenne - rmapoo6Spa3oBaHHe, IIPOUCXOSIIEE TOIBKO C IIOBEPXHOCTH KHIAKOCTH H ITPH
nro0oH TeMiiepaType. MHTEHCHBHOCTD HCIIAPEHHS 3aBHCHT OT IIPHPOABI KHJIKOCTH H TeMIIepa-
TYpHL. IIpH HCITapeHHH ITOHMKAETCS TeMIlepaTypa KHAKOCTH, H3 Hee BRIIIETAIOT MOJIEKYIIBI, 00IIa-
JTAIOIIHE CPABHUTEIBLHO OOJBIIHMH CKOPOCTSMH, BCIEACTBHE Yer 0 M YMEHBIIAETCS CPETHSIA CKO-
POCTE ABHKEHH S OCTABIIHXCS B HEH MONIEKVYII. KcmapeHie JKHIKOCTH MOKET OBITh ITOJIHBEIM, €CIIH
HaJl KIJIKOCTHIO HAXOIUTCS HEOTPAHHUEHHOE ITPOCTPAHCTRO.

KurieHne — o6pa3oBaHie ITy3LIPhKOB ITapa V CTEHOK COCYZa M BHYTPH KHIKOCTH. IIpH co-
OOIIEHHH KHIKOCTH TEIUIOTHI YBEIIMUYHBAIOTCS €€ TeMIIEpaTypa H HHTEHCHBHOCTE HCITapEHH L.

[Ipx HEKOTOPOH BITOIHE OIIPEACIIEHHON TEMIIEPATYPE, 3aBHCAIIEH OT IIPHPOIBI KHIKOCTH

AOKYMEHT [NOAMNVUCAH vIIaeT IIapoo0pa3’0OBaHIe BO BCell ee Macce
3NEKTPOHHOM MOANUCHIO yiI POOLp '

Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
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KoHpaeHcaT - KHIKOCTE, 00pa3yroIasics IMpH KOHAeHCAI[H ITapa B ITapOCHIIOBBIX YCTaHOB-
Kax.

Bo3sronka, uim cyormMalis - IpoLece Mepexoga BEMECTBA H3 TBEPAOTO COCTOSHHS HETIO-
CPEICTBEHHO B ITap. JlecyOnuMaIus - IIporecc, 0OpaTHBIHN IIPOIeCCY CYOIMMAIHH, T. €. IIPOLECC
Iepexojia Iapa HEIOCPEACTBEHHO B TBEPHOE COCTOSHHE.

HacHhIIeHHBIH I1ap - nap, HaXOQMIIHICS B PABHOBECHOM COCTOSIHHH C JKHJIKOCTEIO, H3 KO-
TOPOH OH o0OpazyeTcs. HachIINeHHBIH ITap HMeeT TeMIIEPaTypy, ABISIOIYIOCI (PYHKIHEH ero JaB-
JIEHH S, PABHOI'O JABJIEHHIO CPEJBI, B KOTOPOH IPOUCXOHUT IPOIECC KHITEHUS. [IpH yBETHYEHIH
00beMa HACHIIIEHHOT O Iapa IIPH ITOCTOSHHOM TeMITEpaT ype IIPOUCXOIUT IIEPEXO]T HEKOTOPOIr'o KO-
JTHYEeCTBA KUIKOCTH B ITap, IPH YMEHBIIEHUH K& 00beMa ITPH ITOCTOSIHHON TeMIlepaType — IIe-
PEXOJT Tapa B KHJAKOCTh, HO KaK B IIEPBOM, TaK H BO BTOPOM CIIVYasX JaBJIeHHE ITapa OCTAeTCs
TTOCTOSTHHBIM.

CyXOH HACBHIIIEHHBIH Tap IMOIyYaceTCs IIPH HCITAapEHNH BCEH XKHIKOCTH. OOBEM H TeMIIe-
paTypa Cyxoro Itapa SBISIOTCS () YHKIHSIMH JaBIeHHs. COCTOSHIE CYXO0r 0 ITapa OIpeIeIseTcs O -
HHM ITapaMeTpoM (JaBJIEHHEM HIIH TeMIIepaTypoOii).

BraKHBIH HACBIIIEHHBIH I1ap IMOIYYaeTCs ITPH HETIOTHOM HCITapeHHH KHIKOCTH, SIBJISIETCS
CMECBIO ITapa ¢ MEJIbYAHIINMH KarelbKaMH KHJIKOCTH, PacIlpOoCTPaHEHHBEIMH PaBHOMEPHO BO
BCEHN €I'0 MacCe M HaXOJISIIHMICS B HEM BO B3BEIIIEHHOM COCTOSHIH.

CTEerneHb CYXOCTH - BecOBas JOJII ITapa BO BJIAXKHOM Itape (o0o3HayaeTcs X). CTelleHb
BIIQ)KHOCTH - BECOBAs A0S AKHAKOCTH (0003HavaeTcAy). y =1-X J[719 cyxoro mapa x=1, a Jj1 BOJIbI
x=0. B mporiecce mapooOpa3zoBaHUS CTEIIEHh CYXOCTH IIapa IMOCTEIIEHHO YBEIMYHBAETCSI OT HYIS
00 equHHIBI. COCTOSHHE BJIAKHOTO Iapa ONpelelseTcs ABYMS ITapaMeTpaMH, (JaBIeHHEM HIH
TeMIIEpPaTyPOH H CTENEHBIO CYXOCTH).

[leperpeTsin map - map, TeMIlepaTypa KOTOPOTO BRIIIE TEMIIEPATYPhI HACHIIIEHHOT'O ITapa
TOT'O JKe JaBlIeHHA. TeMiiepaTypa IeperpeToro rapa 3aBHCHT OT JaBIIeHHSI H 00beMa.

CTeleHb IeperpeBa - pasHOCTh MEKAY TEMIIepaTYPOH IEPETPETOTO ITapa U TEMIIEPATYPOH
HACBIIIEHHOT'O ITapa TOr'O e JaBJICHHS.

TaK Kak VIEIbHBIH 00BEM IIEPETPETOro Iapa OONbIle VASIBHOIO 00heMa, HACKII[EHHOIO
Iapa TOr'O XK€ JaBJIEHHS, TO B EAUHUIIE OOBEMA, TIEPETPETOTO Mapa COAEPKUTCI MEHBIIIEE YHCIIO
MOJIEKVII, YEM B eIHHHIIE 00bEMa HACKHIII[EHHOI'O ITapa. BClIeacTBHE 3TOr0 IIEPETrPETHIN I1ap SBJIS-
€TCS HE HACHIINEHHBIM H 00/IaJaeT MEHBIIEH IDIOTHOCTBIO, YEM COOTBETCTBYIOIIMI HACHIICHHBIH
Tiap.

ACKYMEHT NOANMUCAH M CBOMCTBaAM OIIHM3KH K razaM U TeM B OOJbIIeH
SNEKTPOHHOW NoaANUCHLIO |

Ceptudurkatr.. 12000002A633E3D113AD425FB50002000002A6

HIIE IIEPCIPETOIO IIap4d, TaK K€ KaK H I'a34d, OIIPC-
Bnapeneu: LllebGayxoea TateAHa AnekcaHapoBHa

[eTpaMH (IaBJIeHHEM H TeEMIIePaTypPOil).
MeiicTeuTeneH: ¢ 20.08.2021 no 20.08.2022 P ( parypoii)
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Ha PIHC. 6.1 IPEACTABICHBI KPHBBIC, KOTOPBIC YCTAHABIINBAIOT JJJId HEKOTOPBIX BCIICCTB
3dBHCHMOCTDE MCHKAY dAaBIICHHCM H TEhﬂ’[EpﬂT}prﬁ KIOICHI. HPHEEE[EHHELH AHAI'PaMMad., ITOCTPO-
C€HHaAA 11O SKCIICPHMEHTAJIBHBIM JdHHBIM, ITOKA3BIBACT, UTO TEMIICPATYPEI KHIICHHA Pa3JIHYHBIX BC-

IIECTB IIPH OJHOM H TOM K€ AdBJICHHH 3HAYHTCIIbHO OTJIIHYAKOTCA APYIT OT JPVyId.

s

ﬂ’?&ﬁ
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PucyHoOK 6.1 — KpHBEIE 3aBHCHMOCTH MEXIY JaBIEHHEM H TEMIIEPATYPOH KHIIEHH S

OHTanbIHA (TeItocoJepkanie) - (PYHKIIHS COCTOSHHS Tela, OIpeAelIieMOr0 He3aBHCH-
MBIMH ITapaMeTpaMH p H T - paBHa BHYTPEHHEH SHEPrHH Tejla, CIIOKEHHOH ¢ pabdoTor, HeOOX0 U-
MOH JIJI BBOJa pacCMaTPHBAEMOI0 Tella ¢ OOBEMOM V B OKPYZKAFOIIYVIO ET'O BHEIIHIOKO CPELY, HME-

HOITYIO JABJIICHHE P H HAXOIAIITYIOCA C TCJIIOM B PABHOBCCHOM COCTOAHHH
[ =u+Apv
HGTEHL[IIEIJ]LHHH SHEPIrHA JaBICHHA CPEAbI - pﬂﬁGTﬂ: OTJaBacMad CPC/c. DOHTAaJIbITHS SIBIISI-

cTCAH C}Wﬂﬁ EH}*‘TPEI—H—[Eﬁ SHEPIHH TCIa H IIOTEHI[HAIbHOH SHEPIHH JaBJIICHHA CPCJIbI.

BHTPDHH_H - (b}fHICL[HH COCTOAHHMA TClld, ITPHHHMAIOMIAA JIIA KaAKJOI'O €I'0 COCTOAHHA OIIPC-

ACIICHHOEC 3HAYUCHIC. I[JIH DﬁpﬂTHhIBIX ITHKIJIOE CITPABCAJIHBO.
T.C. ITOABIHTCIPAJIbHOC BBIPAXKCHHE ITPCACTABILACT cobomn d)}HICLHIIG COCTOMAHITA TCIIA.

OHTpOIHA U1 | KT raza — s, H3MepseTcs B KKal/KT-Tpaj. 71 IMIPOH3BOIIBHOIO KOJIHYECTBA

rasa SHIporms - S = Gs, rae G — Bec rasa, KT

dg dQ
NOKYMEHT NMoanncAH
SNEKTPOHHOM NOANUCLIO . S—
Ceptuchmkar: 12000002A633E3D113AD425FB50002000002A6 ?l {D* T]* §== 'Pi (.Iﬂ' T-:I'
Bnapeneu: le6ayxoea TateaHa AnekcaHgpoBHa

OITPEACILATONTHE COCTOAHHE TCJIIA.
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CBOHCTBO SHTPOILHIT COCTOHT B TOM, YTO H3MCHCHITA BCIIM'YITH COCTOAHITA TCJIa B ITPOI[CCCE
HEC 3dBHCAT OT €I'0 XdPaKTCPa H ITOJIHOCTBIO OIIPCACIIAOTCA I{pEIIu]HI]I‘vﬂI COCTOAHHAMIL TCJIa B ITPO-

Heccc H H3MCHCHHA 3THX BCIIHYHH B ITHKIIAX PABHBI HYIIHO.

Bonpocet u 3a0 anus

1. UTO Takoe yaelnsHBEIH 00beM, VAEIBHBIH BEC, ITIOTHOCTH?

2. Yemy paBHa temrieparypa B °K 0°C?

3. JlanTe omnpeelIeHHS SHTPOIIHH, SHTAJIBITHH.

4. JlaniTe ompeelIeHHS HIIH OITHIIHTE ITPOLIECC:

Imapa, rapoo0pa30oBaHN s, HCITAPEHH L, KHITEHHS, KOHJIeH CAI[HH, BO3TOHKI, JeCYOIIMAIIHI,
HACBIIIEHHOTO I1apa, CYXOro HACBOIIEHHOI'O ITapa, BIa)KHOI'O HACBIIIEHHOIO ITapa, IMEPErPETOro
Trapa.

5. B 4eM COCTOHT pazimyie MeXIY SMITHPHYECKOH H aODCOIFOTHOH TeEMITEpaTypaMI?

0. Kaknmu rmpubdopaMu H3MEPSIIOTCS TEMIIEPATYPa H JaBJIEHHE?

7. B 4eM COCTOHT pazmHyHe MeXAY (PH3HIeCKOH H TeEXHHIECKOH aTMOc(hepaMH ?

8. Kak cBsa3aHBI MeXIy COOOH CTEIIEHD BIIAKHOCTH M CTEIIEHh CYXOCTH I1apa?

3adarue
3amaya. OIpeJelHTh JaBIeHHE IIPH 3aJaHHOH TeMIIepaType KHIIEHHS A1 Pa3/IMYHBIX Be-
1ecTB, cornacHo Tabm. 1.1, 1 puc. 6.1. (HeoOxoauMo oImpefielIHTh JaBIeHHE B MM. PT. CT., H30BI-

TOYHOE JABIEHHE B aTH, M JaBIeHHe B Kr/cM%, ecr 1 3. aT =1,0333 kr/cM*=760 MM. PT. CT.)
JlaHHBIe A714 ollpeielleHHs JaBIeHUA

Ne BapHaHTa — BemniecTBO No BapHnaHTa p— BemiecTBO
1 -90 CO, 16 210 H->O
2 -80 CO, 17 230 H->0O
3 -70 CO, I8 250 H->O
4 -50 CO» 19 270 H-0O
3 -30 CO, 20 280 H->O
6 -10 CO» 21 370 Hg
7 0 CO, 22 390 Hg
8 10 COs> 23 410 Hg
9 20 CO, 24 43 Hg
10 30 CO, 25 450 Hg
11 110 H-O 26 470 Hg
12 130 H-O 27 490 Hg
13 150 H-O 28 510 Hg
14 170 H-O 29 530 Hg
15 190 H-O 30 550 Hg

NOKYMEHT NMNOoAanncAH

SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ipakmuueckasa paboma Ne2. Ananuz napocuinoeozo yuxkia Penxkuna

H E€Jlb. I/IB}“HITL METOJHKY PACHUCT4A ITAPaMCTPOB HACAJIIBHOI'O TEPMOJHHAMITUCCKOI'O ITHKIIA

IIapOCHIIOBBIX YCTAHOBOK.

OcHoébl meopuu.

[{ukn PeHKHHA C IeperpeBOM I1apa SBISETCS OCHOBHBIM ITHKIIOM ITaPOCHJIOBEIX YCTaHO-
BOK, IIPHMEHSIEMBIX B COBPEMEHHOI TeIIOBHEPreTHKE. B KauecTBe paboUyero Teia HCIIOIb3YeTCs
BOISHOH ITap. [IapocHIOBEIE YCTaHOBKH OOBIYHO COCTOST H3 ITAaPOBBIX KOTIIOB (ITaporeHepaToOpoB)
H TTaPOBBIX ABHTaTelIeH (ITapOBBhIX MAIITHH HJIH ITapOBBIX TYPOHH) IS ITapOX0 0B, ITAPOBO30B, T1a-
POBBIX aBTOMOOHIEH HIIH 3JIeKTPHYECKHX T'eHepPaTOPOB (TEeIUIOBBIX H aTOMHBIX 3IeKTPOCTaHIIHIT).

M3BecTHO, UTO OOJIbINAS YACTh MHPOBBIX SHEPTETHYECKHX PECYPCOB HAIIPABJISIETCS Ha BBI-
PabOTKY MEKTPOSHEPTHH H padoTy TPaHCIIOPTa, Ie OeCUMCIEHHOE KOJIHYEeCTBO TEIUIOBEIX ITPe-
oOpa3oBareei SHEPIHH, IIPeBPaINaT HX B ITONE3HYIO padoTy. D¢ (eKTHBHOCTE IpeoOpa3oBare-
JIEH SHEPIHH, K KOTOPBIM OTHOCSTICS ABHIaTEIH BHYTPEHHET O CTOPAHHSL, Ta30TyYPOHHHBIE, I1apO-
TYPOHHHBIE H APYTHE SHEPr ETHUYECKHE YCTAaHOBKH, CITOCOOHA CHH3HUTE HE TOIBKO SKOHOMHYECKHE,
HO H SKOJIOTrHYeCcKHe ITPOOIeMBI, YTO 3aCTaBIIIET IIOCTOSHHO COBEPIIEHCTBOBATh HX KOHCTPYK-
I[HIO.

[{ukn PeHKIHA - TEOpPeTHYECKHH TePMOJHHAMIYECKHI IIHKI ITapOBOH MAIIMHBI, COCTOS-
II[HH M3 YETHIPEX OCHOBHBIHN OIIEPALHI:

1 - HcIIapeHHs JKHAKOCTH ITPH BEICOKOM JIaBJIeHHH

2- paclIHpeHH I1apa;

3- KOHIeHCalHH I1apa;

4- yBelIHYeHHS JaBIeHHT *KHAKOCTH J0 HaYalIbHOI'O 3HAYCHIL.

Ha pric. 8.1. mpeacTaBieHa TEXHOIOTHYECKAS CXEMA ITAPOCHIIOBOIH YCTAHOBKH JIS ITPOH 3-
BOJICTBA 3IEKTPOSHEPT HIL.

[Tap GomnbIlIOro JaBIeHHI H TEMIIEPATYPHI IIOJAETCS B COINIOBBIE aImIapaThl TYPOHHEI, T
IIPOHCXOJUT IIpeBpallleHHe ITOTEHIHAIbHOH SHEepPrHH Iapa B KHHETHYECKYIO SHEPrHIO ITOTOKA
rmapa (CKOPOCTh ITOTOKA — CBepX3BYKOBasd). KMHeTHYecKas SHEPIHI CBEPX3BYKOBOTO ITOTOKA TTpe-
BPAIl[AacTCS Ha JIONaTKaxX TYPOHHEI B KHHETHYECKYIO SHEPIHIO BpallleHH s Kolleca TYPOHHEL H B pa-

00Ty IPOH3BOJICTBA AIIEKTPOSHEPTHH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Ilocrne TypOHMHBI ITap HaIPaBILETCSd B KOHIEHCATOpP. 2TO OOBIYHBIH TeIlIOOOMEHHHK,
BHYIPH TPYO IIPOXOAHUT OXJIAKIAroIlasi BOJla, CHAPYKH — BOISHOM ITap, KOTOPEIH KOHJACHCHPY-
€TCS, BOJIa CTAHOBHTC S KHIKOH U ITOCTYIIAET B IIHTATEIILHBIN HACOC, I'JIe IIPOUCXOIUT YBEIIMUYEHHE
IaBJIEHHS 10 HOMHHAJILHOH (IIPOEKTHOH) BEJINYHHEI.

Jlaniee BOJa C BBICOKHM JIaBIIEHHEM HAIIPaBJISIeTCA B KOTEILHBIN arperaTr. B aToM arperare
BOJla CHAaYaja HarpeBaeTcs 40 TEMIIEPATYPHI KHIIEHHS OT JBIMOBEIX I'a30B M3 TOIIKH KOTJIIa, 3aTeM
IIOCTYIIAET B KHIITIIIEHBIE TPYORI, IJI€ IIPOHCXOANT (pa30BOE IIPEBPALIIEHHE BIUIOTH IO COCTOSHIL
CYXOTr'0 HACHIIIIEHHOIO Iapa.

CyXOH HACBIIIEHHBIN ITap HAET B IIapOIeperpeBareib, 000rpeBacMbI TOIIOUYHBIMH JIBIMO-
BEIMH Ia3aMH M3 TOIKH. [[HKiI o8opora paloyero Teja IOBTOPSETCS. OTOT IHKII ITapOCHIOBOH

YCTAHOBKH ITPCIIIONIII HeMEIKHI HHZKCHED PeHKIH.

L | P
v - A
l :

< T /N

PucyHok 8.1 — CxXema ImapoCHIOBOH YCTAaHOBKH, padOTarOIIEeH 110 IHKITY PeHKIHA

Bra)XHBIiT HachIIeHHBIH Tap ¢ mapamMeTpaMH Pl tsl, Xk (Touka 5 puc. 8.2), IMOITyYeHHBIH
B ImapoBoM KoTJe 11K roctyiaer B rmaponeperpesarens 111, rjae rmpu mocTossHHOM JTaBJIEHHH CHa-
yaja noAcynmBaeTcsa oT Xk o X=1 (mporiecc 5-a”), a 3areM IeperpeBaeTcs ot tsl jgo tl (rmporecc
a”’-1). Ileperpetsiii mmap nocne naporneperpeparens [111 mogaerca B TypOouHy T u agnabaTHO pac-
ITHPSIeTCSI B HEH OT COCTOSHHA 1 10 cocTosHUA 2. BiraKHBIH ITap HH3KOro AaBlieHHS P2 (Touka 2)
IocIe TYPOHHBI HAIPaBRIsSIeTCad B KOHAeHcCAaTOP K, I/ie OT HETO IIPH IMTOCTOSHHBIX JaBJIeHHH P2 1

TeMIlepaType ts2 ¢ IIOMOIIBIO OXIaKIaro[ei BOJBI OTBOJAHTCS TeIIoTa q2 (Imporecc 2-3).

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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PucyHok 8.2 — PV u T S-quarpaMmel 1pkina PeHKiHa

[Iporiecc KoOHAeHCAIMH B IUKIIe PEHKIHA JTOBOIUTCS A0 KOHIIA, T.€. JO IOITYYEHHS HACKI-
II[eHHOMH KHIKOCTH ITPH IOCTOSHHOM JaBiaeHHH P2 (Touka 3). JKuakocTs mocTyiaeT B Hacoc H,
IJie agrabaTHO CKIMAaeTCA J0 BEICOKOro JaBneHHA Pl (riporiecc 3-4) M IogaeTcs B ITapOBOH KOTEI
[1IK, rme BHaYane BoJa HarpeBaeTcs JO TeMIlepaTyphl HachlneHHS ts] (mmporecc 4-a’), a 3aTeMm
HJIET ITpoIlecc ITapooOpa3oBaHH (IIpoliecc a’-5).

Teopernueckas paboTa cxkaTHI L1 Bojabl B Hacoce H (a’43a’) oyeHb Mana (Boja ITpaKTH-
YeCKH HeCKHMaeMa, BCS 3aTpaurBacMas paboTa B HacOCe HAET Ha ITPOTaIKHBaHHE BOIBI, VIETb-
HBIH 00beM BOJBI HEBEIHK, ITO3TOMY padoTa nmpotankuBaHid (P1-P2)V mama).

[Iporiecc 3-4 B Hacoce BRIPOKAAETCA B TOUKY, ECIH IIpeHeOpeUh HHUTOKHO MaJIbIM ITOBHI-
IIeHHeM TeMIIepaTyphl ITpH agnabGaTHOM cyKaTHH BoAbI 0T P2 o P1, 1.e. Touka 4 (HeHachIIIeHHAs
KHJIKOCTh JJaBneHHI P1) coBmamaeT ¢ Toukoi 3 (HachIIeHHas KHIKOCTh JaBlIeHHS P2).

[Tocme Hacoca HeHACHIIEHHAS KHIKOCTh (TOouka 4) HarpeBaeTcs 0 TeMIIePaTyphl HaChI-
meHHg ts] (Touka a”), COOTBETCTBYIOIIEH JaBiaeHHIO B KoTne Pl. Termnora ql moaBoauTcs B rmapo-
BoH KoTJIe IIK (mportecc 4-5) u maponieperpepatene 111 (rportecc 5-1) —mnommaas cda’a”l fe, xo-
TOpas BKIIIOYAET B cel4

— TeIJIOTY IOJOTrPeBa BOJABI B KOTIe (c4a’dc) — mporecc 4-a’,

— TeIJIOTY MapooOpa3oBaHuA B KoTlIe (da’Scd) — mmporiecc a’-5,

— IIOJICYINIKY TIapa B MapoleperpeBaTele (c5a”rc) — mpoilecc 5-a”,

— IIeperpes napa B naporneperpeparene (ka”’1ik) — mporecc a-1.

IIonesHas paboTa IHKIIA IIpeACTaBIIeT cCOO0H pasHOCTh padoT TYPOHHEI H Hacoca

Lu=Lr-Lu=ql —q2

AOCKYMEHT TNOANMCAH arpaMMe PV u mmomrajgpro 1234a’a”l Ha Ha-
3NEKTPOHHOW NOANUCHIO

Ceptudhmkat: . 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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B hs-mrarpanme (prc. 5.3) mpolecchl oABOAA H OTBO/IA TEIUIOTHI OIPeJeIITIOTC I KaK pas-

HOCTh SHTaJIbITHH:
Q1 =hl —h4,
Q2 =h2 —h3,
Lir=hl —h4 - h2 + h3 =hl —h2, T.x. h3 =h4.
PazHoctp sHTamemmil (hl — h2) onpenenser yaenpHy0 paboTy ITapa B TYpPOHHE H Ha3bIBa-

CTCA PacIIoJIal'aCMbIM TCILJIOITOITAdaHHEM.

h
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PucyHOK 8.3 — h-s guarpamma 1iukina PeHkiHa
TepMuyecKui K.I1.1. I{HKIa PeHKIHA C IeperpeThIM ITapoM
h, —h L
| 2 II
rrl p— T —
t h,-h
Y B
Bonpocet u 3a0 anus
AOKYMEHT FORMLNCAH HCIIOJIB3VIOTCS B YCTAHOBKAaX, pabOoTaroOIHX II0

SNMEKTPOHHOW NOANNCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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2. Kakue TEPMOJITHAMITYCCKIC ITPOICCChI ITOCIICAOBATCIIBHO IIPOHCXOJAT B YCTAHOBKAX,

paboTarolpix 1o 1KY PeHKIHa?

3. UTto H3 ceds npeAcTaBIISIOT IIOrPpaHHYHBIE KPHBBIE BOJBI H ITapa?

4. KakoBBI OCOOEHHOCTH aaHadaTHOrO pacIIHpeHHS I1apa B ITapoBOH TYPOHHE?

5. KaxoBbl ocoOeHHOCTH afHadaTHOTrO ¢KaTHS BOJIbI B Hacoce?

0. M3 KakHX YCIIOBHH OIIPEIENSeTCS TEPMHYECKHI K.I1.JI. IIHKIa PeHKiHa?

7. Uto n3 cedd nmpeacTaBIisIeT CTENEHh CYXOCTH ITapa?

8. JIIsg KakHX IIeJIEH CIIYKHT KOHAEHCATOP B YCTAaHOBKaxX, padOTarOIHX IO IHKITY PeH-

KHHAa?

9. HPH KaKIX YCJIIOBHAX ITPOHCXOIHT ITPpOonccC KOHACHCAITHH ITapa B I{DH,[[EHGE],TDPE?

3aoarue:

JlaBrIeHHE Mmapa B KOTJIE H ITapoIrieperpeparelie P1, TeMreparypa neperperoro mapatl, 1as-

JICHHE ITdpd B KOHJICHCATOPC P2 H cTelneHb CYXOCTH IIapd Ha BBIXO/JC H3 KOTJI4 Xk. Heobxommo

PACCHHTATDh IHKJI PeHKIHa HﬂpGGHHGEGﬁ YCTaHOBKII.

P ts Ts h’ S’ h™
Pl
P2
Pxp
No Pl1, MIIa P2, klla T1,°C Xk
| 1.0 20 380 0,90
2 1.2 I8 390 0,91
3 1.4 16 400 0,92
4 1.5 14 410 0,93
5 1.6 12 420 0,94
6 1.8 10 430 0,95
7 2.0 8 440 0,96
8 2.2 6 450 0,97
9 2.4 20 380 0,98
10 2.5 18 390 0,97
11 2.6 16 400 0,96
12 2.8 14 410 0,95
13 3.0 12 420 0,94
14 1.0 10 430 0,93
15 1.2 8 440 0,92
16 1.4 6 450 0,91
17 1.5 20 380 0,90
H NOKYMEHT HEEHMGAH '8 390 0,91
SNMEKTPOHHOW MNOANMUCHIO 6 400 0,92
Ceprucbukar: (| 12000002A633E3D113AD425FB50002000002A6 A 410 0.93
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IIpakmuueckaa paboma Ne3. Pacuem napomypouHHbBIX YCHAHO60K

Ilens: V3y4nTh METOAHKY pacyeTa MapoTYPOHHHBIX YCTaHOBOK.

OcHoé6blL meopuu;

Ha COBPEMCHHBIX TCIUIOBBIX 3JICKTPOCTAHITIAX OOJIBIIIOH MOIIHOCTH IMpEBpAIlCHIIC TCII-

JIOTEI B pﬂﬁGT}" ITPOHCXOIIT B ITHKJIAX, HCITOJIB3VIOIHIX B KAUCCTBE OCHOBHOI'O pﬂﬁ(}IIEI‘G TCIId BO-

ISTHOH ITap, HPGHBEG,I[IMIﬁ ITapOBBEIMH KOTIIaMI1, B TOIIKAX KOTOPBIX CHHI'ACTCHA OPIraHIYCCKOC

TOILIHBO: YIOJIb, Ma3yT, ra3 H ap. (puc. 1.1).

Ilo ITPOHCXOXACHIIIO TOIUIMBA MOHO PA3ACIIHTE Hd CCTCCTBCHHEBIC, IOOBITHIE B ITPHPOJI-

HBIX YCIIOBHAX, H HCKYCCTBCHHBIC, ITOJIVICHHBIC B HTOI'C HEpEpﬂﬁDTI{H IIPHPOJHOI'O TOIIVIHEBEA. Ilo

C(l)EpE HDTpEﬁHEI—H[ﬂ TOILIHEBA ITOJAPA3JCIIAIOTCA Hd SHEPI'CTHUCCKHE, HCITOJIb3YEMBIC TIPH CKHI a-

HHIT JIJIA ELIpElﬁCJT KIH 3JICKTPOSHEPIHH H TCINIOTBIL, H TEXHOJIIOI'MYCCKIIC, KOTOPERIC VYT Ha II€pCcpa-

6DTI{}" AL ITOJIIYVUCHIA HEOOXOIHMBIX ITPOMBIIUICHHBIX ITPOAVYKTOB.

JFHeprernvecKoe

OPraHH4YeCKOC TOILTHBO

I ,f l

Isepnoe ‘ HHAIROE
KamMeHHLIH yroms ‘ =Y MazyT
bypeit yrons ‘

[ oproaHe clIanLl

Bo OJIEHAT CIICHIMAH
> A -

(BYC)

laloodpaimoe

[Ipupomeii ras

HEK}'EE’['E CHHEIE I' a3LI

KoMTTORHTHBRIC
TOTLITHRA

JoMeHHEIH raz I(—
KokcoBLIH ras I'(—

PucyHok 1.1 — BBl OpraHHyecKoro TOIUHBa

TEPMGI[IIHEII»HI‘IECIG]IUI ITHEII ]’[pEGﬁpElBGEElHIIH TCIUIOTEL B pElﬁDT}" C ITOMOIIIBIO BOIMHOI'O

TTapa IpeJUIoKHII IOTIaHACKII HHKeHep H (PH3HK Y HIbsSIM PeHKHH B cepeaiHe XIX Beka.

IIpocrenmag Termmopas cxeMa K35C, pabortarornen 1mo 1Ky PeHKIHHa, IT0OKa3aHa Ha PHC.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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PucyHok 1.2 —'T2C, paboraroras 1o HKITy PeHKIHAa:

a — Teruioras cxeMa KOC, 6 — ki PeHkuiHa B 1,5 — quarpamMme

B mmapoBOM KOTIIE TEIUIOTA CrOPaHU TOIUIMBA IIepefacTcsa BOAE, KOTOpas IIPEBPAIIacTCA B
nmap (m3o00apa 3-4-5). Ileperpetslii map (13o06apa 5-1) mocTymnaeT B TYPOHHY, T e IIPOHCXOIHT IIpe-
oOpa3oBaHIe TEIUIOTHI B MeXaHHYecKYI0 paboTy (ammnadaTa 1-2 — TeopeTHUYECKHH ITPOIlecc pac-
IITHPEHHNS ITapa B TYPOHHE C COBEPIIEHHEM IT0JIE3HOH PadoTEI, 1-2]1 — NJEHCTBHTEIIBLHBIH IIPOIIECC
pacIIMpeHHs I1apa ¢ y4eTOM IIOTeph). B alnekTporeHeparope MexaHH4eckas paboTa Ipeobpasy-
€TCA B 3JIEKTPHUYECKYIO SHEPIrHi0. OTpadoTaHHBIHN ITap IT0ciie TYPOHHEBI IIOCTYITAET B KOHAEHCATOP,
rJie OTJaeT TEIUIOTY OXIaKAaroIleH BoJe H KOHAEHCHpYeTcs (H300apHO-H30TePMHYECKHH ITPO-
1iecc 2-21). IlomyyeHHBIN KOHJIeHCaT HacOCOM HarHeTaeTcs B ITapoBoit koTel (agmpadara 21-3), 3a-
MBIKAs TAKHM 00pa30M I[HKII.

Tepmuueckrii KIIJI 1rkima PeHkiHA:

- QH:::-,[[E _QOTB _ L]' _LH _ (hl _hﬁ)_(hS _hZ’)
QI[D,II;E QI[G,II;B hl o h3

r'Jec. QHQHB — TCSINIOTA, ITOABCACHHAMN K pE]ﬁDIIEI\rI}" TCIIY B ITHKIIC,

T

Qo= — TEIUIOTA, OTBEJIEHHAS OT paboUero Tena,

L. — pabotra pacimpeHHs mapa B TYPOHHE;

H; — paborta, 3aTpayeHHas Ha Cc’KaTHE BOJBI B HACOCE,

hi, hy, hs — sHTamBIH paboyero Teaa B COOTBETCTBYIOIHX TOYKaX IHKIA (pHe. 1.2).

B mapoBOAsSHOM KOHTYPE BO3HHKAIOT HAHOOJBIIHE SHEPTeTHUYECKHE ITOTEPH, @ HMEHHO B
KOHJIeHCaTOpe, I'Je 0TPpaboTaBIIHH I1ap, COAeP KaIIHH eIle OOIBII0oe KOJIMYECTBO TEIIOTHL, OTAAeT

ee TTUNKVIISTTUOHHON Role TenmoTa ¢ ITMDKVITSTTHOHHOH BOJOH YHOCHTCA B BOJOCMEI, T. €. TCPA-

NOKYMEHT NOANMMUCAH
SNEKTPOHHOW MNOANUCHLIO []] 71eKTpOCTaHIIHH, a COOTBETCTBEHHO H 3KOHO-
Ceptucbukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: | Websyxosa Tatbana Anekcatapoata \OOTBI MapOTYPOMHHBIX YCTAaHOBOK ITPHMEHSIFOT
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. MTOBBIIIEHHE HayallbHBIX ITapaMeTPORB Iapa (JaBJIecHHEe H TeMIIEpaTypa);,

. ITIOHHM KeHH e JIaBIIeHH I B KOHIeHCaTOPE;

. ITPOMEKYTOUHBIH IeperpeB I1apa;

. pereHepaTHBHBII ITOJIOIPEB OCHOBHOI'O KOHJIeH caTa Ilepe]] KOTIIOM,
. TeIUTO(HKAIHIO.

HccnegoBanms IoKa3aii, YTO IOBEIIIEHHE HayallbHBIX ITAPAaMETPOB ITapa H (HJIH) CHHKE-
HIle KOHEYHOI'O JIaBJIIEHHS B KOHJIEHCATOPE YBEIMHUYHBAIOT paboTOCIIOCOOHOCTH I1apa H, KaK Clej-
ctBHe, TepMudeckuil KIIJI mukima. IIoBenieHe mapaMeTpoB OrpaHHYHBAETCS IIPOYHOCTHRIMI H
TEXHOIIOTHYECKHMH CBOHCTBAMH METAIIIOB, HAJle’KHOCTRIO HX B padoTe, a TakkKe SKOHOMHYE-
CKHMH VYCIIOBHSMH B CBS3H C YIOPOKaHHEM IIPH IIEPEXOJIE OT OJHOIO Kilacca CTall K IPYTrOMY.
CHIKeHHe JaBJIeHHS B KOHJAEHCATOpe H, KaK CIEIACTBHE, TEMIIEPATYPhl Or'PaHHYHBAETCS TEMIIE-
PaTYPOH OKPYKAIOIIEH CPe/Ibl.

[ IpoMeXKYTOUHEIH Ieperpen mapa. [IpH MpHMeHEHHH ITapa BEICOKOI'O JTAaBIIEHHS €0 BIIaXK-
HOCTh B TYPOHHE B KOHIIE ITPOIECCA PACIIHPEHNS CTAHOBHTCS 3HAYMTEILHON JaKe IIPH OYEHD
BEICOKOH HayaJbHOH TeMrleparype. Pabora TypOHH Ha BIaKHOM ITape HEAOITYCTHMA, TaK KaK OHa
BBI3BIBAET YBEIIMYEHHE TTOTEPh H 3PO3HIO TYPOHHHEBIX JIOIIATOK B PE3YIILTATE MEXAaHHYECKOTO BO3-
NEeHCTBHS HAa HUX B3BEIIECHHBIX B ITApe YaCTHI[ BIari.

[ IpH HCITOMB30BaHHH ITapa BEICOKOIO JABJIEHHS IIOBRIIIIEHHE €0 HAaYaJIbHOH TEMIIEPAT YPhI
IO TIPEJIETIOB, JOITYCTHMBIX IT0 COOOpaXKeHHSIM ITPOYHOCTH METAIINIA ITapoIleperpeBaTelId H I1apo-
BOH TYPOHHEI, MOKET 0Ka3aThC HEAOCTATOUYHEIM I 00ecIieYeHHS JOITYCTHMOM BIaKHOCTH ITapa
B KOHIIE €TI0 IPOIlecca paclINpeHHs B TypOuHe. 1103ToMYy I1ap, KaK IIpaBWIO, ITOCIE PACIIHPEHH
B I[IWIMH/PE BBICOKOTI'O JABJIEHH S IIPHUXOJAUTCS OTBOJHTE M3 TYPOHHEI H IIOBTOPHO IEPETrPEBATH B
ITapoIeperpeBarese, Iocie Yero Iap BHOBb BBOJHUTCA B TYPOHHY, I'le 3aKaHUHBAETCS ITPOLECC ET'O
pacimpeHHd. B pe3yinbrare 3Toro IpH OKOHYATEILHOM PaCIIHPEeHHH ITapa A0 IMIPHHATHIX Ha ITpak-
THKE JIaBJIEHHH BIIaKHOCTh €0 He IIPEBBIINAET JOITYCTHMBIX 3HAUSHIII.

[TapoTypOHHHEIE VCTAaHOBKH, B KOTOPBIX HCIIOJB3YETCS TaKOH CIIOCOO, Ha3bIBAIOT YCTa-
HOBKAaMH C ITPOMEKYTOYHBIM ITeperpeBoM Itapa (puc. 1.3). IIpH mpaBHiIbHOM BBIOOpE JaBIEHHS
oTbopa mapa I ero IMpoMeXYTOUYHOI0 IIeperpeBa H TEMIIEPATYPHI ITPOMEKYTOUHOIO IIeperpesa
HE TOJIBKO IPeJOTBPAIlAcTCA YPE3MEPHOE YVBIIAXKHEHHE T1apa B KOHI[E IIPOIECCa PACIIIHPEHHS, HO
H JOCTHIAaeTCsS HeKOTOpoe yeelnmueHHe Tepmudeckoro KIIJ[ yeraHoeku. [IpumeHeHHe OJHOIO
ITPOMEKYTOYHOI'O ITEPErPERaA ITapa IIPHBOINUT K IMOBHIIIEHHIO TepMideckoro KIIJl ycraHOBKH Ha

2...3 %.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6
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Q(J'TB

=B J

a 7]
Prcynok 1.3 — Cxema (a) 1 1K1 (0) IMapOCHIOBOH YCTAHOBKH C ITPOMEKYTOYHEIM TIEpe-
T'PEBOM ITapa:
| — mapoBOI KOTET, 2 — YaCTh BEICOKOI'O JaBJIeHHT TYPOHHEI,
3 — MpOMe>KyTOYHBIH ITapoleperpeBareib; 4 —4acTh CPeIHETO H HH3KOI'O JAaBIEHHS TYP-

OHMHBI, 5 — 3IIEKTpOreHepaTop, 6 — KOHJIeHCcaTOp, / — KOHJEHCAaTHRIH HacOC

Ha puc. 1.4 nokazaHa cxema ITapOCHIIOBOH YCTAHOBKH C pereHepaTHBHBIM ITOJOTIPEBOM
ITHTATEIILHON BOJBI, IIPH KOTOPOM ITHTATelIbHAS BOJa JO €€ ITOCTYINIEHHS B KOTell IIpelBapH-
TeJIbHO HarpeBaeTcs ITapoM, OTOHpPaeMbIM H3 ITPOMEKYTOYHEIX CTYIIEHEH ITapOBOH TYPOHHEI.

Yeemuenne KIIJ] mpu nmprMeHeHHH pereHepalii oIpeAensaeTcsa YMeHbIIeHHeM ITI0TEPH
TeIlIa B KOHZeHCaTOpe TYPOHHEI BCIIEACTBHE OTOOpa YacTH ITapa IS YKa3aHHOI'O IOJOrpera. B
HACTOSIIEE BPeMS pereHepaTHBHBIH 00T PEB IIPHMEHSETCS Ha BCEX KPYITHBIX 3IIEKTPOCTAHIHAX.

KomOnumpoBaHHass BEIpaOOTKa 3IEKTPHYECKON H TEIUIOBOH SHEPrHH Ha3bIBAeTCS TEIUIO(HKA-

ITHEH.
2
*_——— ~ - 3
-_-_.
~ 4
| o
A1 T
A1 LYIAL Y
T 1..%'.,:! :
10
PucyHok 1.4 — CxeMa 1mapoCHIOBOH YCTAHOBKH € pPereHePaTHBHBIM ITOJOI PEBOM BOJIBI:
AIOK }H'E'F':r'ﬁﬁﬂﬁHEAH_' COTIT T TTTTAL 3 — BIIEKTPHYECKHH TeHepatop, 4 — KOHJEH Ca-
SNEKTPOHHOW NOOMNUCHIO | |
Ceprtudmkar: - 12000002A633E3D113AD425FB50002000002A6 TTH HU3KOTO JaBIEHIT, / — JeaspaTop; 8 — IHTa-
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

DKOr'o garieHns, 10 — apeHaXHBIH HacoC
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B TemmodHKaIlHOHHBIX YCTaHOBKAX C PeryIIHpyeMBIMH oTOopaMH Imapa (pHc. 1.5, a) ya-
CTHYHO OTpabOTaBIIIHI ITap 13 IIPOMEKYTOYHBIX CTYIIEHEH TYPOHHEBI HCITOIIB3VYET CS IS IIEPETAYH
TEIUIOBOH 3HEPIHH IMOTPeOHTEIISM B BHE ITapa WIH ropsyeH BoJAbl. Takum oOpa3oM, YMEHBIIIA-
eTCS KOIIHYECTBO Tapa, IMOCTYITAIOIIETO B KOHIEHCATOP, H CHHKAIOTCS ITOTEPH TEIUIOTHI C ITHPKY-
JISIIHOHHON BOJOH. TeIloTy, coAep K alyrocs B Topssuel BOJIE WIH ITape, KOTOPBIE ITOCTYIIAIOT CO
CTAHI[HH B TEIIO(PHKAIITHOHHYIO CeTh, CYHTAIOT IIONIE3HO OTIYIIEHHOH TeIUIoToH. B Termodnka-
I[HOHHBIX YCTAaHOBKAX HCITOJIB3YIOT TaKKe TYPOHHEI ¢ IPOTHBOAABIEHHEM (pHC. 1.5, 0), B KOTO-
PEIX ITap IOCIE PaCIIMPEeHNHS B TYPOHHE ITOIHOCTRIO OTHAETCS MOTPEOUTENSM C COOTBETCTBYIO-

IMHM JaBIICHHCEM

- S

a@kﬂ\ \;L_ S ‘ 4
Al ; X
D i 7|
> 4@\_©.
6

PrcyHok 1.5 — Cxema mapoCHIOBOH YCTaHOBKH € TeITIO(DHKAITHEH:

a — TypOHHA C OTOIMHTEIBHBIMH H ITPOH3BOICTBEHHEIM OTOOpaMH T1apa;
0 — TypOHHa ¢ IIPOTHBOJARICHHEM:. | —ImapoBOH KOTel, 2 — TYpOHHa,
3 — 3IEKTPOreHepaTop, 4 — peryimHpyIOIHH KJIallaH, S5 — IIPOMBIIIIEHHBIH ITOTPEOHTEND
rmapa, 6 — KOHJI€HCAaTHBIH HACOC, 7/ — IOTPeOHTEND TOPSYEH BOJIBI,

8 — KOHJIEHCATOP, 9 — IOLOrpeBATENN CETEBOH BOJEI

Bonpocet u 3a0 anus

1. OrmmmTe MpeuMyInecTBa H HEOCTATKH OIIOYHOM cXeMbl TIC.

2. Kakue BHJIBI TOIUIMB MIPHMEHSIOT Ha TEIUIOBBIX AJIEKTPHYECKHX CTAHI[HSIX?

3. Yro Takoe Tero(pHKaI[HI?

4. Kak BIHSIET M3MEHEHHE HAvyalIbHBEIX H KOHEUHBIX ITapaMeTPOB Ha TepMHuecKHH KIIJ]
105130 ¢: W4

5. HazHaueHHe mapoBBIX KOTJIOB.

0. Uto BKIrOYaeT B ceOs IIOHSITHE «CHCTEMA PEreHePALlHI» ?
NOKYMEHT NoanncAH

SNEKTPOHHOW MOAMACHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Llebayxoea TatesaHa AnekcaHapoBHa VXOISIITIX (;[LIMQEHK) TazoB?
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O. llpHHIfIT e CTBHS KOHIEHCATOPa IIapOBEIX TYPOHH.

10. Yto Takoe cereBas yCTaHOBKA?

3aoarue Nel:

OmnpegemTs TepMidecknil KIIJ] muxna PeHkmHa H 3(pQeKTHBHYIO MOIIHOCTh ITapOTYP-
OMHHOH ycTaHOBKH (ITTY) 110 3ajaHHEIM BelIHYHHAM:

* HaYaJILHOE JIaBJICHHE TEPErPETOrO Mapa neped TypouHon — 145 Gap,

* HayaJIbHAas TeMIIEpaTypa IEPETPETOrO Iapa neped TypouHon — 390 °C,

* KOHEeYHOe JaBJIeHHe B KoHAeHcaTope — 0,05 Oap, f pacxox mapa depe3 TypOuHy — 100
KT/C

* BHYTPEHHHH OTHOCHTeIbHBIN KIIJ] TypOuHel — 0,89;

* BHYTPeHHHH OTHOCHTEIbHBIH KIIJ] rmraTensHOro Hacoca — (),79.

M300pasure ki1 PeHkiHa B T, s-IHarpamMme, a IpoleCChl CKATHA BO-BI B ITHTATEIIEHOM

Hacoce — B h, s-quarpavme. Mexanmdecknit KITJI ITTY npuusate paBHEIM 0,98,

3a0arue No2:
[10 yCiIoBHSM 3aJaHH 1 OLIEHHTH, KaK H3MEHHTCS TepMideckri KI1J] 1pkna mapotypOHH-
HOI ycTaHOBKH (IITY) u ee appeKTHBHAS MOIITHOCTD, €CIIH BBECTH IIPOMEKYTOUHBIH TIEPETPER

Imapa IpH IIPOMEKYTOUYHOM JaBJIeHHH 24 6ap mo TemMreparypsel t = 5355 °C.

3ao0arue Ne3:

HﬂpGCHHGEﬂH YCTAHOBKA pﬂﬁGTﬂET ITO ITHKITY PeHKMHA. HﬂpﬂhIETpLI HaYaIIbHOI'O COCTO -

0
HUS p, =20 Oap, [} = 300°C. JlaBIIeHHE B KOHJEHCATOPE p, = 0,04 Oapa. OIPeNEINTh TEPMH-

yeckrol KI1J].

3ao0arue Ned:

[IapoBasg TypObuHa MomHOCTEI0O N=12000 xBT1 paloraer IpH HayalbHBIX ITapaMeTpax

p, =80 Oapu I, = 450°C. JlaBIIeHHe B KOHJIEHCAaTOpe p, = 0,04 Oapa. B KOTEIbHOH YCTaHOBKE,
. - P
cHaOKaroIeH TYPOHHY ITapoOM, CKHTAeTCSd YITONIb ¢ TEIUIOTOH CrOpaHHs QH =25 M JIx/kr. KII]]

we we Q
KOTETIbHOH YCTaHOBKH PaBeH 7], = 0.8. Temmeparypa muraremsHoii Bogsl ;5 = 90°C.

T GIMVERT AORRGA =T 7o 7T T2 hHOI YCTaHOBKH ITPH YCTIOBHH, 4TO OHa paGoTaeT

SNEKTPOHHOW NOAMUCHIO
Ceptudnkar: 12000002A633E3D113AD425FB50002000002A6
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Ipakmuueckana paboma Ned. Pacuem zazomypOouHHbIX yCHAHO60K

Ilens: V3ydnTh METOAHMKY pacyeTa ra30TYPOHHHBIX YCTAaHOBOK

OCHO6bL MeopuUlL:

["azoTypOuHHas yeTaHOBKA (I'TY) — TeNnnoBoit IBHraTe b, B KOTOPOM PaO0YHM TEIIOM CITY-
KaT HarpeThle JO BEICOKOH TEMIIEPATYPHRI CKATHIE I'a3bl. B KaueCTBe TaKHX I'a30B Yallle BCET'O HC-
ITONB3YIOT CMECh BO3AyXa H MPOAYKTOB CrOPAHHS KHAKOIO (IH3eIbHOE TOIUIMBO, KEPOCHH) HIH
ra3000pa3HOro (IIpHPOIHBIHN I'a3, IIOITYTHEIN He(TAHOH ra3, Omoras) Torms. [IpocTeiimnas ogHoO-
BanbHasA I'TY (prc. 3.1, a) COCTONT H3 KOMIIpeccopa, ra30BOH TYPOHHEI, ¢ KOTOPOH MeXaHHYeCKH
CBSI3aH SJIEeKTPHYECKHI T'eHepaTop, YCTPOHCTB IMOABOAA (KaMepa CrOpaHHs) H OTBOJA TEIUIOTHI,
00Be IMHEHHBIX OOIeH THAPOAHHAMHYECKOH CHCTEMOH. B I'TY peamm3yrorcs HgallbHEIE IIHKIIBI:
f ¢ m300apHBIM IMOABOAOM TEITIOTHI (P = const); f ¢ H30XOPHBIM ITOABOJAOM TeIUIOTHI (V = const); f
C pereHepaipel Teryiorel. Bo Beex muknax 'Y Teriora ImpH HaJHMYHH TTOITHOI'O PacIlHpEeHHS B
TYPOHHE OTBOMHUTCS ITPH ITOCTOSHHOM JaBJIEHHH.

[{uxor I'TY ¢ n3o0apHBIM MOABOAOM TeIUIOTHI (IIMKII EpaiitoHa) B o3gyIIHEBII KOMITpecCOp
(puc. 2.1, a) agpabaTHO CKHMaeT aTMOC(epHBIH BO3AyX ¢ 12 mo pp (iporecc 1-2, puc. 2.1, 6) u
HEIIPEPLIBHO IOJAET €r0 B KaMepy cropaHHs. Tyaa Ke CIelHalbHBEIM HaCcOCOM HEIPEPHIBHO ITO-
IacTCs HEOOXOAMMOE KOIIHYECTBO TOIUIHBA. B KaMepe cropaniis H300apHO cropaeT ITOCTYITAkOIIEE
TyZa TOILUIHBO (Tpo1fecc 2-3). JIOIMyCTHMBIH IO YCIOBHSM 2KapOIIPOYHOCTH YPOBEHD TeMIIEPAT YPhI
B TOUKe 3 oleclieuynBaeTcs 3a cYeT H30BITKA BO3yXa 10 CPABHEHHIO C TEOPETHUYECKH HEOOXOMH -

MBbIM CI'0 KOJIMYECTBOM 1A ITOJIHOI'O CI'OPdHIA TOITUIHEA.

q1
ry |
2 3
I f”
I
1 \/ 4
TOILTHUBO 4 1 l 49>
1 -
1)
a O
PrcyHok 2.1 — Cxema (a) HleaIbHBIH ITHKI ¢ H300apHBIM ITOJIBOJIOM TEIUIOTHL, (0) ITpo-
[NOKYMEHT NOAMNMCAH HITY:

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

, I'T —ra3zoBasg TypOHHa, ' — aNeKTporeHeparop,
Bnapeneu: lLlebayxoea TatbAHa AnekcaHapoBHa

WCJICHHOEC TEILIIO. lu — paﬁma ITHKII
Nencreutened: ¢ 20.08.2021 no 20.08.2022

24



PaGoure rasel, oO0pa3yroIHecs B KaMepe CrOPaHHs, ITOCTYITAIOT B IMTPOTOYHYIO YacTh Ia30-

BOH TYpOHHEI, aJHa0aTHO PacCIIHPSIOTCS, BO3JEHCTBYS Ha IOMNAaTKH TYPOHHEI (Tmporiecc 3-4). Ta-

KHM 00pa3oM, CO3JAaeTcs KPYTSIIHH MOMEHT H BpallaeTCcs POTOP TYPOHHBI (ITPOH3BOIHICS pa-

00Ta), KOTOPEIH, B CBOIO OUepeib, COEJHHEH C 3JIEKTPHYECKHM I'eHepaTopoM. I 'eHepaTop BeIpada-

TBIBACT JJICKTPOSHCPIHIO.

Bompimasg yacTe paboThI, ITPOH3BeIeHHOH B TYpOHHe (50...75 %), pacXoayeTcs Ha IIPHBOJL

KOMIIpECCOPd, OCTABIIIAACH HdCThb 3dTPAYHBACTCAH Ha IIPOH3BOACTEO 3JICKTPOSHCPIHH B I'CHCPA-

Tope. OTpaboTapimie B TypOHHE a3l BEIOpackIBalOTCSA B aTMochepy. IIporecc oTgaun TeIUIOTH

pabouynM TEJIOM B OKPYKAIOIIVIO CPEAY YCIIOBHO H300pakaeTcs mHHHeH 4-1. IlomesHon padote

1pkia (lir) Ha p, v-JaHarpaMMe COOTBETCTBYET IDIOMIas 1-2-3-4.

XapaKTepHCTHKH I[HKIIAa

CTeIleHb ITOBHIIIEHHS JaBIEeHH ST

[TonBeneHHOe Teruio, KJ[K/KT:

q :CU(T[: _Tb)

OTBeJIeHHOe TeIUIOo, K K/KT:

42 =Cp (g —13)

Tepmuueckui KIT/T:

KT, -T) I

‘"lf=1_q2 =1

q (1. — 1)

OcHOBHEIM I I'TY SBISeTCS IMKII C TTOJBOJOM TEIIIOTHI IIPH ITOCTOSHHOM JaBJIEHHH.

L[HI{JI C IIOIBOAOM TCILIOTBI IIPH ITOCTOAHHOM 00BEME ONIIPOKOro IpHMCHCHHA B IIPAKTHEKS HC

HAIlEI B CBSI3H C YCIIOKHEHHEM KOHCTPYKI[HH KaMepPhl CTOPaHHS H YXYIIeHHeM Pa00ThI TypOHHEI

B IIYJIbCHPVYIOIIICM ITOTOKE I'd34.

OcHOBHBEIM I I'TY SBIISETCS IHKI C ITOJBOJIOM TEIIJIOTHI IIPH ITOCTOSHHOM JaBJIEHHH.

NOKYMEHT TOANUCAH
3NEKTPOHHOW MOANUCHIO
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Peanmshbie npitel I'TY (puc. 2.2) OTIHYAIOTCS OT HASATIBHBIX TEM, UTO B JeHCTBHTEIIHHBIX
I[MKJIaX YUUTHIBAIOTCS HEM30EKHBIE TEIIOBEIE H THIPABIHYECKHE ITOTEPH.

1. CxxaTHe BO3AYXa IIPOHCXOMNUT He IO aguadare 1-2, KaK 3T0 ObUIO ITPH PacCMOTPEHHH
HEaIbHOrO I[HKIIA, a IT0 MOJIUTPOIIE 1-2/1 B CBSI3H C TEIUIOBBIMH M THAPABIIMYECKHMH ITOTEPSIMH,
KOTOPBIE MOKHO OIIEHHTE agHadaTHeIM KIIJ] komMripeccopa. Toraa aericTBHTEbHAS padoTa ciKa-

THS B KOMITpeccope, KJ[K/KT:

EK B ﬂp (TQ _Ei)
NK MK

Ir(I{,[[= =Cp(T2ﬂ_zi}

re:; lx — pabora uaeanbHOro (agHabtaTHOIO) CKaTHSL, K/[K/KT;

T>; — TemMIIepaTypa BO3yXa B KOHI[E ITIOJIHTPOITHOIO (JIEHCTBHTEILHOTO) ITPOLIecca CKaTHA,

Al A}

a O

PrcyHok 2.2 — JlelicTBHTeNbHBIH MK ['TY Oe3 pereHepalli (a) U ¢ pereHepalpicH (0)

ITPpH HBD@HPHGM ImoJgBoAc TCIUIOTEL B T:, S=1HAI' PaMMC

2. KoHeyHOe JMaBleHHEe CKATHSI B KOMITpeccope OOJIbINE JaBIEHHS rasa Iepel TYPOHHOH
13-332 THAPABIHYECKHX ITOTEPh B TPYOOIPOBOAAX MKy KOMITPECCOPOM H TYpPOHHOMH (Touka 27
Ha pHc. 2.2, 0).

3. HecopepIeHCTBO Mpolecca TOPEHNUS M IIOTEPH YaCTH TEIUIA H3TYYEHHEM B OKPY/Karo-
VIO Cpely KaMepOH CrOpaHHs ITPHBOAAT K CHIKEHHIO KOHEYHOH TeMIIepaTyphl IHKIa (Touka 4
Ha pHc. 2.1, 6) 1 oeHmBarorcsa KIIJ[ xamepsl cropanns. Torga yaenbHas TEIIoTa, ITOABOJHMA K

['T'Y B KaMepe CropaHus:

Cp (}3 o TZﬂ)
NOKYMEHT NMNOoAanncAH
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4. PacrrupeHrie pabo4yero Tena B ra30BOH TYPOMHE COBEPINAcTCs He 10 ajradare 3-4, a 1o
ITOJIUTPOIIE 3-4]1 BCIEACTBHE BHYTPEHHUX IIOTEPh. OTPBIBA CTPYH OT CTEHOK JIOITATOK, HEPABHO-
MEPHOCTH PacIIpeleIeHHs JaBIeHIS B MEKIIONATOYHBIX KaHallaX, TPEHH S BPalllaroliXcs pado-
YHX KOJIEC, TIOTEPH C BBIXOMHOH CKOPOCTRIO M T. JI. BCe BTH IMOTEpH OLIEHHBAIOTCS BHYTPEHHHM

orHocHuTelIbHBIM KIIJ] TypOuHEI 01f Torga meiicTBHTeIbHASA paboTa ra30BOH TYPOHHEI, KJ[K/KT:
Iy =ImN0o; = ¢p (I3 =Ty Moj = ¢ (T3 —T4y)

r1e It — pabota maeanpHOro (agHadaTHOIrO) pacInHpeHHd, K/ [H/KT,

T4y — TeMIIepaTypa ra30B B KOHIIE ITOJTHTPOITHOIO (A€M CTBHTEIBHOIO) IIPOIIecca pacIIHpe-
HH, K.

5. MexaHH4yecKHe ITOTepH TYPOHHEI H KOMIIPECCOPA YUHTHIBAIOTCS MeXaHnmyeckim KI1/].

0. 114 IKIIa ¢ pereHepal(ien Tera:

° JTaBJIEHHE B KOHIIE PaCIIHpeHHS B TYPOHHE BHIIIE aTMOC(EPHOIO JTaBIeHHS H3-3a
THAPABIIMYECKHUX IIOTEPh B PEreHEpaToOpE;

® PETCHEPALHA TCIDIA GTpﬂﬁGTﬂBH_[ID{ I'a30B IH3 T}’pﬁHHI:I He MOXKeT OBITh ITOJIHOH

BCIICACTBHEC IIOTCPb B TeITIOOOMEHHHKE.

Bonpocet u 3a0 anus

1. O6psscHHUTE OCOOEHHOCTH TEPMOJHHAMHYECKHX IIHKIIOB ['TY .

. OT Kakux rmokasarelqier I'TY 3aBHCHT YBEITHUEHHE ITOJIE3HON VAEIbHON padOoThl I[HKIA?
. B yeMm ocobeHHOCTE cxeM 'Y ¢ pa3pe3sHBEIM BalioM?

. Kaxue cymiecTByIOT cItocoObl MOBBINEHHS AP PeKTHBHOCTH ['TY?

Kaxk zaBucur KIIJI I'TY oT creneHu c:xxatms?

B xakoMm obopymoBanuu I'TY 3arpaunsaercs padora?

[loueMy TeHCTBUTEIBHEIH IIPOIECC CKATHS OTIIMYAETCS OT TEOPETHYECKOTO B [ TY?

. Kax BIISFOT TeIIOBEIE MOTEePH Ha 3(pdekTHBHOCTE ['TY?

© 0 1 W AW

. Kakon pexum pabotsel I'TY Ha3bpIBarOT pacueTHHIM?

3aoarue Nel:

OrnpeaemiTs 3Q(PEeKTHBHYIO MOIIHOCTh Ia30TypOHHHOH ycTaHOBKH (I'TY) Ges pereHepa-

I[HH TeIUIOTHL H ee 3(pdekTHBHEIN KIIJ], ecim H3BeCTHO:

. TeEMIIEpATypa BO3AyXa IIepe]] KoOMIIpeccopoM — J °C,
[IOKYMEHT NMOONWUCAH | =760 °C;
SNEKTPOHHOW NOANUCHIO
Ceptudbmkar: 12000002A633E3D113AD425FB50002000002A6 6.2;
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. amadatHeIN KIIJ] xommpeccopa — 0,89;

. pacxoJ Bo3gayxa uepes I'TY — 57 kr/c.

M300pasurs ki1 I'TY B p, v- u T, s-puarpammax. IlokazaTh, KaK 3aBHCHT TepPMIYECKHH
KIIJ I'TY oT cTerneHH IMOBBIIIEHH S TABIIEHHS G.

B pacyere mpHHHMATB:

. IaBJIeHHE BO3AYyXa Iepel komipeccopoMm — 0,1 MlIIa;
. M300apHas TEINIOEMKOCTh BO3yxa 1 raza — 1,01 xJ[x/(kr K);
. ITOKa3aTelb afHadaThl BO3yxa 1 raza — 1,41;

. MmexaHnnyeckui KITI I'TY — 0,98.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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Ipakmuueckaa paboma Ne5. Pacuem napozazoésix yCmAaHo60K

Ilens: V3y4nTh METOAHMKY pacyeTa Iapora3oBBIX YCTAHOBOK

OcHO6bL MmeopuL:

OHepreTHYeCKHe YCTaHOBKH, B KOTOPBIX TEIUIOTA YXOISIIHX I'a30B Ira30TypOHHHEBIX YCTa-
HOBOK (I'TY) mpsiMo HIIH KOCBEHHO HCIIOIB3YETCS IS BEIPAaOOTKH 3JIeKTPO3HEPTHH B ITapOTYP-
OHMHHOM IIHKJIe, Ha3hIBAIOTCS Mapora3oBEIMH yeTaHOBKaMH (I1I'Y). Taximv o6pa3zoM, YCTPOHCTBO
COCTOHT H3 JABYX OJIOKOB: ra30TypOHHHOH H mapoTypOHHHOH (ITTY) ycranHoBok. OObeaHHEHHE
I'TY uIITY ocyIecTBIISIIOT pasiYHBIMH CIIOCOOaMH, ITIPH 3TOM IIOJIYYAIOTCS PasIHYHEIE TEIUIO-
BBIE CXEMBI, pPa3sHbIE OCHOBHBIE XAPAKTEPHCTHKH PaldOTEI M cocTaB OOOpyIOBaHHS. TeroBas
CXeMa ITapora3zoBOH YCTAHOBKH, OIIPEAEIISIONIAs €€ THIL, SHEPTETHYECKHUE, SKOHOMHYECKHE U 3KO-
JTOrHYeCKHE XapaKTePHCTHKH, B 3HAUHTEIBHOH CTEIIEHH 3aBHCHT OT KOH(HTypal[HH TepMOJIHHA-
MHIYECKOI'O IMKIIA H OPraHu3aI[Hi ero IMpoIECCOB.

[Io xo/muecTBY pabounx Teln, HCIOIb3yeMBIX B III'Y, HMX moapaszernstoT Ha OHHapHBIE
(BITI'Y) u moHapHsie. B BIII'Y paGoune Temna ra3oTypOHHHOIO IIHKIA (BO3AYX H ITPOIYKTHL rope-
HHS TOIUIHNBA) M ITapOoTYpOHHHOH YCTaHOBKH (BO[a H BOJSIHOM ITap) pa3AeleHbl. B MOHApHBIX yCTa-
HOBKaxX paboYyNM TeJIOM TYPOHHEI SBIISIETCS CMECH IIPOAYKTOB CTOPaHHS M BOISHOIO Iapa. 3a py-
OeXOM Takas yCTaHOBKa ITonmyumia Ha3BaHHe STIG — Steam Imected Gas Turbine. BuHapHbie
[II'Y 10 TeXHOIOTrHYeCKOH CXeMe ITOAPa3AeIISAIOTCS Ha OJHOKOHTYPHEIE (B KOTIIE-YTHIIM3aTOPe
(KY) pacronmaraercss oJHH KOHTYP T'eHepal[HH I1apa) H MHOIOKOHT YPHBIE:

. IBYXKOHTYPHEIE — B KOTIIEe-YTIIH3aTOPE PACIIONAraroTcs JBa KOHTYPa, TeHEPHPY-
FOIIMX TTap BRICOKOI'O M HHU3KOI'O JaBIIEHMT,

. TPEXKOHTYPHEIE — B KOTJIE-YTHIIH3AaTOPE PaCIIOIararoTCs TPH KOHTYpa I'eHepalHi
Tapa.

[I0 IBYXKOHTYPHOH CXeMe BBIIMOTHAECTCS TTOJABIISIOINEE YMCIO YTHIM3AlMOHHBIX [1I'Y,
obecrreunBaromux KIIJ] B 48...55 %. Camele coBpeMeHHEBIE [II'Y BBITOIHSIOTCS TPEeXKOHTVP-
HBIMH. Y BEIMUYEHHE YHCIIa KOHTYPOB 00JIee TPeX HELENECO00pasHO, ITOCKOIIBKY BEIMTPHIII B 3KO-
HOMHYHOCTH HE OKYITA€TCS POCTOM KallHTaJIOBJIOKEHHH.

MHoOrokoHTYpHBIE [II'Y MOryr OBITH BEIIIOIMHEHBI 0€3 IIPOMEKYTOUHOI'O IIEPErPEBa H C
ITPOMEKYTOUHBIM IIEPErPEBOM ITapa B KOTJIe-yTHIH3aTope. Kak u B TpagmiinoHHEIX [ITY, rmarHas

CJIb ITPOMCAKYTOHTHOI'O IICPCI'PCBA B III'Y — obecrieunTs QOIIYCTHMYIO BIIdKHOCTDE B ITOCIICIHHX

ANOKYMEHT nNoanncAH -
SNEKTPOHHOW MOANUCKIO IO, ITPOMEKYTOUHBIH IICPETIPEE HCITOIB3VIOT B
Ceptuchmkar: 12000002A633E3D113AD425FB50002000002A6
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B HacTosIIee BpeMs B SHEPreTHKE IOIYIIIN paciipocTpaHeHue I1I'Y ciieyIommx OCHOB-
HBIX THIIOB:

1) ¢ BeICOKOHanopHBIM ITaporeHepaTopoM (I1I'Y ¢ BIIT);

2) co cOpocoM Ir'a3oB B TOIIKY HH3KOHAOpHOro nmaporeHeparopa (I1I'Y ¢ HIID);

3) ¢ xotnoMm-yruimi3aTopoM (III'Y ¢ KVY); 4) ¢ razoBomsaaeiM rogorpeBaTterneM (III'Y c
['BII);

5) co cOpocoM raszoB B ceTeBYyIO yeTaHOBKY (IIT'Y ¢ I'CII);

0) cO BIIPEICKOM ITapa B ITPOTOYHYIO YacTh ra3oBoi TypOHHEI (III'Y ¢ BII).

[IepBrie 11T THITOB [1I'Y peanmm3yroT TepMOJIHHAMHYECKHE ITHKIIBI ¢ Pa3deIbHBIMH IT0TO-
KaMH pabounx tei, a B I1I'Y ¢ BII paGourmM Termom rasoBoi TYPOHHEL SBIISIETCS CMECH BOJISHOIO
Iapa H IIPOAYKTOB CrOPaHH L.

B III'Y ¢ BBICOKOHAIIOPHBIM ITApPOre€HEepaTOPOM IMaporeHepaTop OJHOBPEMEHHO HIpacT

POIb H 3HepreTHyeckoro kotna IITY, u kamepsl cropanug I'TY (puc. 3.1).

Co

Boznyx

TomHueo T
- iE
i 1’1y l
o=
|
Y

3

Bona

’ ’/\ /\ |_~HPDD}'E‘I'LI

I'BII CropaHus

PucyHok 3.1 — IIprmmipmmiansHas termmoBas cxema 11I'Y ¢ BIIL:
BIII' — BEICOKOHAMOPHEIH ITaporeHeparop; IIT — maposas TypOHHa,

I'TY —razorypOunHas ycraHoBka, ' BII — rasoBoasgHoN mmogorpeBaTeb

Jlng storo B BIII' mogmepxmBaeTcsa Bhicokoe AaBiaenme (1,0...2,0 MIla), co3maBaemoe
KomrrpeccopoM I'TY. I1oBBIIIIEHHOE JAaBIIEHNE IIPOAYKTOB CrOPAaHHU S B ITAPOr EHEPATOPE IIPHBOIUT
K 00JIee HHTEHCHBHOMY TEIUIOOOMEHY, YEM B OOBIYHBIX ITAPOBEIX KOTIIAX, M COOTBETCTBEHHO K
YMEHBIIIEHHBIM METAJJIOBIIOKEHHSM B ITOBEPXHOCTH HarpeBa. J[JIs MOBBIIIEHIS 3 KOHOMHYHOCTH

Tenaw n”%ﬁ;‘;ﬁgﬁ?ﬂﬁgﬁﬁﬁa;ﬂ'mm-ﬂ”f marorpeparellb KOHAeHCaTa, YMEHbBIIAOIHIT TeMIIepa-
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SKCIUTyaTaI[HH, HeOOXOQUMOCTE pa3paboTKH CrielHAMbHEIX ['TY u IITY Him peKOHCTPYKIHH Ce-
PHITHBIX, a TAKKEe HEBO3ZMOKHOCTh aBTOHOMHOM padotel I'TY u IITY.

DKOHOMHS TOIUIMBA B TAKOH YCTAHOBKE 3aBHCHT TAKXKE OT COOTHOIIEHHS MOIITHOCTEH [ 'Y
H IITY u HaxoauTCSA Ha TAKOM JKe VPOBHE, KaK H Y cOpocHBIX III'Y. B HacTosmee BpeMs IIHPO-
KOI'0 pacIpoCcTpaHeHHI Takas cXema He ITonyuria. OJTHAKO IIPHMEHEHHE JaHHOH CXEMBI MOKET
OBITh HHTEPECHO IIPH HCIIONb30BaHHH B [1I'Y TBeporo TorumBa (HarpuMep, ero CKHTaHHE B IHP-
KYIIHPYIOIIEM KHITAIIEM CIIOe ITOJ JaBlIeHHeM — TexHonorusa L{KC]]).

[Taporasoeeie ycraHOBKH ¢ HIII' HCITOMB3YIOTCA B OCHOBHOM ITPH PEKOHCTPYKIHH CYIIE-
CTBVIOIIHX ITAPOTYPOHHHBEIX SHEProOIOKOB, YeM OOBICHIETCS HX HeOONIBINOE KOJHYECTBO. B
cOpocHom [II'Y TOIUmMBO HAIIPaBIISETCS HE TOJIBKO B KaMepy cropanHus I'T'Y, HO H B BHepreTH4e-
cKHH KoTel (puc. 3.2), mpideM [I'TY paboTaeT Ha IerKOM TOITIHBE (Ta3 HIH JH3eIbHOE TOILIHBO),
a SHEPreTHYEeCKHH KOTel — Ha 1ro0oM Tormke. B cOpocHom 111'Y peamisyeTcs ABa TEPMOIIHA-
MHIYECKHX I[HKIA. [IpH 3TOM oTnagaeT HEOOXOJUMOCTh B BO3AYXOIIOMOIPEBATENE KOTJIA, TAK KaK
yXOJsue ra3pl 1'TY HMEIOT BEICOKYIO TeMIIEPATYPY. OHAKO JOCTATOYHO BEICOKOE COJIEPKAaHHE
KHCIopoaa B yxoasimux rasax ['TY, a Takke HeEOOXOAMMOCTh HMETH 3a SHEPreTHYECKHM KOTIIOM
MalIbIH KO3()(PHIHEHT H30BITKA BO3AyXa IPHBOSIT K TOMY, YTO JOIISI MOIITHOCTH ITapOoTYpOHHHOTO
I[HKJIa COCTABILIET IMpHMePHO 2/3, a moirsg MorqHocTH ['TY — 1/3 (B otmmrune ot I1I'Y ¢ KV, rae 310
COOTHOIIIEHHE 00paTHOE).

Kpome Toro, cxema cOpocHOH III'Y OKka3pIBaeTCs OYEHB CIIOKHOHM, TaK KaK HeOOXOIHMO
0o0ecleYHTh aBTOHOMHYIO paboTy ITapoTyYpOHHHOH 4acTH (ITpH BbIXOAe H3 cTpod I'TY), a mo-
CKOJIBKY BO3IYXOIIOJIOTPEBATEND B KOTJIE OTCYTCTBYET, HEOOXO[MMA YCTaHOBKA CITEI[HAIbHBIX Ka-

nopH(epOB, HarPeBAIOIIHX BO3AYX Iepe]l IoJaueil ero B SHepreTHYECKHI KOTE.

HIIT
Tommueo 1T

— T

Bouyx i
@)-—‘r ——] ,ﬁ@é — @—J{r@

I'TY y Boja
N N =
IIpomyxThl
I'BI1
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JInmuTensHas 3KCIuTyaTals 5Tux [117Y rmokaszana HX HaZle KHOCTh, XOPOIIe MaHEBPEHHEBIE
KauyeCTBa, OIPeJeiIIEMbBIE BO3ZMOXKHOCTEIO aBTOHOMHOH padothl I'TY u IITY. I'maBHOE Ipenmy-
IECTBO COPOCHOH CXEMBI — 3TO BO3MOJKHOCTH HCITOIB30BATh B IIAPOTYPOHHHOM IHKIIE HELOPOrHE
SHEpPreTHYeCKHe TBepAble TOIDMBA. ¥ cTaHOBKH ¢ HIII' n BIII' pabGoTaror mo ogHOMY H TOMY XKe
TEPMOJHHAMIYECKOMY IIHKIIY M IIPH OJHHAKOBBIX ITapaMeTpax M pacxXogax padbounx Ten OyAyT
HMETh OJJHHAKOBYIO TEIUIOBYIO SKOHOMHYHOCTE. B III'Y ¢ HIII" MOXHO HCITONB30BaTh KaK CIIEIH-
alIbHO pa3padoTaHHEIE, TaK UM cepuHHEIE | TY U coxpaHute pereHeparmio B ITTY. II1'Y ¢ koTinoMm-
YTHJIM3aTOPOM HA3BIBAIOT OMHAPHBIMH HIIH YTHIIM3AI[HOHHEIMHI. /7151 OMHApHBIX 1 117Y XapaKTepHBI
OTHOCHTEIBHO IPOCTas KOHCTPYKIHS, MOHTAK, 3KCIUIyaTalis M HaHMEHBIIHE KaIlUTalIOBIIOKe-
HHA. 110 310H cXeMe rasel 1ociie I'T'Y cOpachIBaroTcs B KOTEI-YTHIH3ATOP, I'Je TEHEPHPYETCS I1ap
s IITY (puc. 3.3). YruwmszammonHsle [1IY TpeOyioT BEICOKOSKOHOMHYHEIX BBICOKOTEMIIEpa-
TYPHBIX Ia30BBIX TYPOHH C TeMIIepaTypOoH yXOo[asipx razos 630...640 °C mIs reHepHpPOBaHHSI

ITapa BRICOKHX ITapaMeTPOB NMapoTypOHHHOH ycTaHOBKH (ITTY).

Tommuso
Bo3oyx *
Y
CEp—g
7 TTY Y

L J

= [T
KY [ |
SR

1 T
[IpoayKThI
CropaHus

4®

Y
Lo Y l
| @_‘4/—4@
4 : Bona '

Y Y
PucyHok 3.3 — IIpuHIimmansHas TervroBas cxeMa [II'Y ¢ KV

KY — koren-yrummszarop, IIT —mapoBas typOuna, ['TY —razorypOHHHas yCTaHOBKA

CoBpeMeHHBIE [ 'TY, oTBevarone 3THM TpeOOBaHHAM, ITIOKa MOI'YT padoTaTh JIMO0 Ha ITPH-
POJHOM rase, IHO0 Ha JIETKHX cOpTrax KHAKOro torumsa. MormHocTes I'TY B 3THX yCTaHOBKaX

cocTaBiIseT nmpuMepHO 70 % mormHocTH [II'Y. OgHIM M3 HEJOCTATKOB CXEMEBI SBIISIETCS HEBO3-
[OKYMEHT MOANWCAH

SNEKTPOHHOW NOANUCHIO [ YaCTH YCTaHOBKH ITpH ocTaHoBe I'T'Y. llapora-
Ceptudmkar:  12000002A633E3D113AD425FB50002000002A6 -
Bnapened. Webayxosa TaTbaHa AnexkcaHgpoeHa =PBBIX CPEIH Iy, HI[EH Takom III'Y coctont B
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TOM, UTO pereHepaTHBHBIE ITOAOIrPERATEN OTKIFOYAIOTCA OT IapOBOi TYPOHHEI, a IS IIOA0TrpERa
ITUTATEIIBHON BOJBI SHEPreTHYECKOr0 KOTJIA HCIIONB3YETCS TEIUIO YXOAsInHX razorB I'TY (pHc.
3.4). CaKOHOMIIEHHBIH ITap OTOOPOB CIIYKHT JJIS BEIPAOOTKH JOITOJIHHTEIHHOH MOIITHOCTH B IIa-
posoi TypOuHe. I11'Y ¢ BRITeCHEHHEM PereHePaIHH IT03BOISIOT HCIIOIb30BaTh HMEIOIIHECS I'a30-
BbI€ H IIapOBBIE TYPOMHEI, @ TAK/Ke IBUIEYTOJIbHBIE KOTEIbHEIE arperaThl 03 BCAKHX H3MeHEHHI.
KpomMe Toro, Bo3smMoKHa aBTOHOMHAS padoTa ra3oBOH M IIapoBOoH YacTH [II'Y, a Takxke IpHMeHe-
HIE Pas3IMYHBIX BHIOB TOIUIHB. BMeCTe ¢ TEM TEINIOBas 3KOHOMIYHOCTE TakoH I117Y oka3sIBaeTcs
Oosiee HH3KOH, 4eM ycTaHOBOK ¢ BIII', HIII' m OmHapHeIX. Kak mmpaBHIIO, TaKHe YCTAaHOBKH CO-

sparoT, npHcTpausasa I'TY u ['BlI K geHCTBYIOIIHM IMapoTYPOHHHEIM SHEPTOOIOKaM.
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PucyHok 3.4 — I IpuHiimmmansHas tervmoBas cxema I111'Y ¢ I'BITL

[II' — maporeHeparop; I'BII — razopoasHoOH mogorpeBaTeb

[Taporazopsle YCTaHOBKH CO COpPOCOM I'a30B B CETEBYIO YCTAHOBKY (pHC. 4.5) OTIIHYAKOTCS
ot III'Y ¢ I'BII Tem, uro B TermodukaigpioHHo [1TY coxpaHseTcs ITOTHasI CHCTeMa pereHepaliH,
a rasel tocie I'TY cOpachIBarOTCS B CETEBOH IIOAOIPEBATEND, BRITECHSS PErVIIHPYeMBIH T-0TO0p
H oOecIleynBasg Harpy3Ky TIopsSdyero BOAOCHAOXeHHS (IIPH MHHHMAIILHOH OTOIHTEIbHOH
Harpyske). Takas cxeMa ITO3BONISET HCIIONB30BaTh 1-0TOOP TOIBKO IS KaueCTBEHHOI'O PETYIIH-
POBaHHI H YMEHBIIIHTH PacXoJ OCTPOro ITapa Ha TeIUIO(PHKAIHOHHYIO TypOHHY. IIpn stoMm IITY
MOJKET padoTarhk Ha TBEPJAOM TOIUIMBE, a I'TY —Ha nmpupogHom raze. I1I'Y co cmemeHneM pado-

yHX Tell (MOHapHbIe) 00pa3yrOT I'PYINTY ra3oIapoBeIX ycTaHOBOK (I'I1Y). I'azomapoBrie ycTa-

OOKYMEHT MNOAMWUCAH AHOBKH cO BIIpeICKOM Iapa (STIG) H ycTaHOBKH
SNEKTPOHHOW NOAMUCHIO
CepTudomkar: ) '12000002A633E3D113AD425FB50002000002A6 i cmecn (HAT u CHAT). B nieppoM cyyae map,
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

B TPAaKT BBICOKOI'O JABJICHIA ITOCIIC KOMITPECCOP4A
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(B KaMepy cropaHmsg). Bo BTopoM ciTyuyae BOJa HIH ITapOBOISIHAS CMECh HCIIApSIeTCS B CaMOM aKTe

BBEICOKOI'O JABJICHHA KdK 4O, TAK H ITOCJIC KaMCPhI CI'OPaHH .
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PucyHok 3.5 — IIprmmipmmmiansHas tervmoBas cxema 11I'Y ¢ I'CIIL
III' — maporeHeparop; IIT — maposas typbuna; I ' TY — razorypOunHas ycraHoBka, ['ClI —

T'a30BBIH CETEBOH IIOIOIPERATENID

B III'Y co BIIpBICKOM IMapa B IIPOTOYHYIO YacTh Ta30BOH TYPOMHEI BO3pacTaeT IT0JIe3HAS
paboTa 110 CpaBHEHHIO ¢ OOBIYHOM ['TY M yIyUIlIarOTCA 3KOJIOrHYECKHE XapaKTepHCTHKH. Bojis-
HOH I1ap TeHepHPYeTCA B YCTaHOBIEHHOM Ha BeIXIOINE I'TY koTie-yrumzarope (puc. 3.6). Bri-
XOJHBIE ra3el I'TY HaIlpaBIISIOTCS B KOTEI-YTHIIN3AaTOP, B KOTOPBIH ITOJAETCA ITHTATEIbHAs BOJIA.
[IomyyaeMBIH Ha BEIXO/IE ITap IIOCTYITAET B KaMEPY CrOPaHHS, CMEIIMBAETCS C IIPOJAYKTaMH Cropa-
HHS, H 00pa3yromasacs OJJHOPOJHAS CMeCh HalIpaBISeTCSA B Ta30BVIO (TIpaBHIIbHEE CKa3aTh — B TIa-
porazopyro) TypomHy. HeoOXomuMOCTh MojadyM 3HAYHTEILHOIO KOIHYECTBa 00eCCOIeHHOH
BOJIbI, BEIOpackIBaeMOH B aTMOC(epy B BHJIE ITapa BMECTE ¢ ITPOAYKTAMH CrOpPaHHS, CHHKAET (-
(peKTHBHOCTH TaKHX cxXeM. PaccMoTpeHHBIe THITBI 11I™Y MMO3BOIISIOT cO34aTh SHEPrOOIOKH C TEIl-

JIOBOH 3KOHOMHYHOCTEIO Ha YPOBHE 45...60 %, 4TO B HAaCTOMIIEE BPEMS TPYAHO PEATH3YEMO IS

TR T YRy TN SuYR FATY -""'-‘!""'-‘!"‘-"'":E A e ]

AJOKYMEHT NoarmMcCAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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PucyHOK 3.6 — [ IpHHIMITHAIEHAS TEIUIOBAS CXEMa CO BITPBICKOM ITapa:

KY — koren-yrummzsarop, I'TY —razorypOHHHAsA YCTaHOBKA

Ha ocHOBe aHaimm3a COCTOSHHA H NepcrneKTHB passuTHA 11I'Y B Poccun, crpanax CHI™ u

3a PyOeKOM IIPOBEIeHO cpaBHeHHE 3(P()eKTHBHOCTH Pa3IIHYHbIX THITOB, KOMOHHHPOBAHHEIX [1I™Y

Bonpocet u 3a0 anus

1. I'lo xakUM MmapaMeTpaM/KpHTepHsIM KiacCHQHIHPYOT [1MY?

2. B yeM 0COOGEHHOCTE TEPMOJHHAMHYECKOro IHKia [117Y?

3. Kakne ocHOBHBIE BHBI 1Y IoIy4rim pacrpocTpaHeHHe?

4. OOBACHUTE HAa3HAUEHHE OCHOBHEIX 3IIEMEHTOB TEIUIOBOM cXeMBI I11Y ¢ KOTIIOM-yTHIIH-
3aTOPOM.

5. Ilouemy nepexos K IBYXKOHTYPHOMY IIHKITY ITOBBIIIIAET 3KOHOMITYHOCTE?

0. Kak ompeZensaroT TeMIiepaTypy rasa 3a TYpOHHOH H BO3yXa 3a KOMITPECCOPOM?

7. Kak BIHsgeT HauanbHasI TeMIlepaTypa ra3oB Ha 3 dekTHBHOCTS [117Y?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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3adarue Nel:

IIpomseectu pacuet I'T'Y- u IITY-cryrieHen, cornacosars nmapaMeTpsl 1IINY 1o cryrieHsm
I'TY, IITY. Onpepermre KIII I1I'Y mo 3agaHHBIM mapaMeTpaM. B cxXeme paboTaeT BEICOKOTEM-
IepaTypHas ra3opast TypOHHA:

» monrHocTh I'TY —150 MBT; { Temmeparypa raza nepe TypouHoit — 1200 °C;

* CTEIIEHb IIOBBIIIIEHHS JAaBJIeHHS B KoMITpeccope — 15;

* KI1J] xomrmpeccopa —0,83;

* KIIJI razoson TypOmHs! — (0,83;

* KIIJ] xameps! cropannsa — (0,97;

* TEMIIEpATypa BO3AyXa Iepeq KoMmirpeccopoM I'TY pasHa —3 °C.

* B mapoTypOHHHOH YaCcTH IIpeyCMOTPEHA KOHAEHCAI[HOHHAs TYPOHHA:

* MoIHocTs IITY — 60 MBT;

* HaYyaJILHOE JIaBJICHHE ITapa — 90 Gap;

* naBlIeHHe KOHAeH calmu — 0,05 Gap;

* BHYTPeHHHH OTHOCHTEeNbHBIN K11/ TypOuHEI — 0,85;

* sriekTpoMexannyeckui KIIJ] typOoreneparopa — 0,97;

* CHCTeMa pereHepali BKiIrouaeT [IH]I mpu temMriepaType rmirarebHOH BOAEI 169 °C,

« KII]J] xoTna-yrunmuzaropa — (0,97,

B pacuere mpHHATE H300apHYIO TEIUIOEMKOCTh BO3AyXa H raza paBHoi 1,01 x/[x/(xr K),

IOKa3arelib agnadaTel paseH 1,41.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Ilpakmuueckaa paboma Ne6. BcnomozameiosHoe 000py0osarue ycmanoeoxk I'C

Ilens: VI3y4nTh THIIEI BCIIOMOI'aTEJIBHOI'O O00PYAOBaHH L, IIPHMEHSIEMBIX Ha T 35C

OCHO6bL MmeopuUlL:

JI11s1 HOpMalbHOM paboTHl KOTEJIPHOI'O arperara HeoOXOAMMBI HEIIpepPhIBHAS I10a4ya BO3-
IyXa JUIsi TOPEHHS TOIUIHBA (JyTheBOH BEHTHISTOP) H HeIIPEPBIBHOE yAaJIeHHE IIPOAYKTOB Cropa-
HHS (ApIMococ). JIIg peryIHpOBaHHS TeMIIepaTypPhl IeperpeToro mapa M CHIDKEHHS OKHCIIOB
a30Ta IIPHUMEHSEOTCS IBIMOCOCH] PELHPKYILIIIH. TPaHCIIOPT ITBLUIH K TOPEIKAM H BEHTHILSALINIO CH-
CTeMBI ILIJIEIIPHTOTOBJIEHH S 00eCIIEUHBAIOT MEIIbHIYHBIE BEHTHIISITOPHL H BEHTHIISTOPBI TOPSIYETO
IYTBS. J|YTheBOH BEHTHIIATOP 3a0HPAET TEIUIBIH BO3AYX H3-II0J KPBIIIH KOTEJIEHOH H ITOJAET €r0
Ha IIOJOTPER B BO3AYXOIOAOIPeBaTelb. [JBIMOBBEIE T'a3bl H3 BO3AYXOIIOLOIPEBATEIS HAIIPABIIS-
IOTCS B 30JIOYVIIOBHTEND, OT HETO K JIBIMOCOCY H Uepes JHIMOBYIO TPYOY BBIOPaCHIBAIOTCS B aTMO-
cepy MpH TeMIleparype yxomasamux rasop 120...160 °C. Korex mMeeT ¢O CTOPOHBI JBIMOBBIX I'a-
30B CHCTEMY IIOJ paspeKeHHEM, IWIH, KaK €€ Ha3bIBAIOT, CHCTEMY C YPaBHOBEIIIEHHON TSATOH, CO-
3aBAEMYIO COBMECTHBIM JEHCTBHEM JBIMOCOCHOH H AYThEBOH YCTAHOBKH. 3/IECh AYThEBOH BEH-
THIIITOP CO3JaeT JaBIeHHe B BO3AYIIHOM Itogorpearene (1000...3000 ITa), Bo3gyxoBogax, Iro-
peKax.

JIBIMOCOC YCTaHABIIMBAECTCS IIPH PaboTe Ha YIOJIbHOM TOIUIMBE H CO3JAcT pa3pe’KeHHE,
HayHHas ¢ TOIKH (rmpuMepHO 20 Ila BBepXy TOIMOYHOH KaMeEpPhI) H KOHYAS CaMHM JBIMOCOCOM
(mprvepHO 10 4000 IIa). Bonee mpocTas cucTeMa — I KOTJIOB Ha Ta30Ma3yTHOM TOILIHBE ITO[
HaJUTyBOM. B KOTJIaX ¢ TaKOH CHCTEMOH yCTaHABIMBAIOTCS TOIBKO JYThEBEIe BEHTHIISTOPHI (BO3-
ITYXOIYBKH), co3faronpe H30bpiToyHOe AaBiieHHe (2000...6000 ITa) BIIOTH IO YCTBS JBIMOBOI
TPYOBI, H JBIMOCOCEL B 3TOM CIIy4dae He TpeOyIOTCS.

TSAroayIbeBble YCTAHOBKH BEIOHPAIOTCS ITO pacXoqy (ITogade) cpedbl H Iepernamy IOIHBIX
JABIIEHHI I'a30BOT0 HIIH BO3AVIIHOIO TPAaKTa.

JIBIMOCOC H IYThEBOH BEHTHISATOP HMEIOT IIPHBOJ OT BIIEKTPOABHI ATENS, BO3AYXOMYBKH —

OT JJICKTPOABHI'aT €I HIIH T‘_’;’pﬁHI{BI. Pacxon JJICEKTPOSHEPI'HH Ha TAI'OAYTBECBBIC YCTAHOBKII, KBT:

Nt =3,6y1nDy
IJe. YT — YACIBHBIN pacxoj 3MeKTPO3Heprur (¢ yueToM Koa(QHIleHTa 3araca), (kBT

q)/T;

VWime = A (R VT rrntr nafnTe wa rannnmasyTHOM TOILIHEBE
OJOKYMEHT MoariMcAH yt ’

SNEKTPOHHOW NOANMUCLIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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OCHOBHBIMH ITOTPEOHTEISIMH BOIBI HA 3JIEKTPOCTAHIMSIX SBISIOTCS KOHJIEHCATOPHI TY]-
OomH (93...96 %), rae IHPKYIIFOHHASI BOJAa HCIIONb3yeTCd 19 KOHJEeHCAIlHH OTpaOOTaBIIErO
Imapa M MoAAep KaHus BaKkyyMa. YeM riy0ike BaKyyM, TEM MEHBIIE pPacXo TOIUINBA, HO JOPOXKE
YH/] TypOHHEL, KOHIAEHCATOP H CHCTeMA BOAOCHAOKeHH. C YBEIHUYEHHEM BaKyyMa BO3PacTarT
BBIXOJHBIE TTOTEPH TYPOMHEI, H3-3a YErO IIPHPOCT MOMTHOCTH M KIIJI yCTaHOBKH 3aMeJIIsIOTCA.
McTtouHnKkaMu BOJBI MOT'YT OBITH PEKH, O03€pa, MOPS M apTe3HaHCKHE CKBaXHHBI, B PoccHi — B
OCHOBHOM PEKH. BEIOOP HCTOYHHKA H CHCTEMBI BOJOCHAOXKEHHS B 3HAUHTEIIBHOH CTEIIEHN OITpE-
JETSETCS COOTHOIIEHHEM MY TpeOYeEMBIM KOJIIMYECTBOM BOJIBI B Pa3lIHYHbBIE TIEPHOIBI TOAA H
MIHHMAJILHBIM pacXoJ0M BOJBI B peKe B 3T0 ke BpeMs. Ha T3SOC B OCHOBHOM IIPHUMEHSIOT IIpS-
MOTOYHYIO H 0OOPOTHYIO CHCTEMBI TEXHHYECKOI0 BoJgocHa0KeHH . [IpsamoTodHast cucteMa (pHC.
4.1) cHaOXkaeT 3IeKTPOCTAHIHIO BOJOH HEITOCPEICTBEHHO H3 PeKH cO cOpOCOM HCIIOIb30BAHHOM
BOJEI OOPaTHO B PEKY HIKE BOoJoO3adopa. Takasg cHcTeMa OOBIYHO OO0ecIieuHBaceT HaHOoIee HH3-
KYIO TEMIIEPATVYPY BOJEI H HaHOOJIee ITIyOOKHI BaKYYM B KOHeHCATOPaX IIPH OTHOCHTEILHO HE-

JOPOI'HX I'TAPOTEXHHYCCKIIX COOPYIKCHILAX.

8§

I ™ | [T T TISCT I ES .l'

14

PucyHok 4.1 — Cucrema ImpsAMOTOYHOI0 TEXHHYECKOT'0 BOAOCHAOKEHHS
1 — BOM03a00PpHEIH KOBIIL, 2 — BOAOIIPHEMHHK, 3 — I[eHTPaJIM30BaHHas Oeperosast HacocC-
Has CTAHINA, 4 — MaruCcTPalIbHBIE ITOA3EMHBIE HATIOPHBIE TPYOOIIPOBOIEL, 5 — KOHJIEHCATOP TYpP-
OMHBI, 6 — CIIMBHOI CH(POHHBII KOMoAell (THIP03aTBOP), 7 — OTBOASIIINE CaMOTEYHBIE ITOA3EM-

HEIE KaHalbl, 8 — OTKPHRITHIN OTBOJSINHI KaHall, 9 — TpyOoIpoBo o0orpeBa Boj03ad0pa B 3HM-

HEE BpeMsI
NOKYMEHT NOANMUCAH
3NEKTPOHHOW NOANMUCHLIO
CepTuchukar: 12000002A633E30113AD425FB50002000002A6 IeOHT HCTOYHHKA HETOCTATOUEH IS IIPSAMOTOY-
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

{Ha BCIeICTBHE OOMIBIIOH BHICOTHI ITOJaUH BOIBI
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HiH OonpInoro yaaineHus TOC oT ncrouHnka. O60poTHASA CHCTEMAa HMEET HCKYCCTBEHHBIE OXIIa-
JTUTEJIBHBIE VCTPOHMCTBA. IPYABI-OXITAAHTEIN HIIH I'paIipHH. B HHX ITPOHCXOIHUT OXIIaKJIcHIE
ITHPKYISIIHOHHONH BOJBI, HAIPETOH B KOHJcHcaTOpaX TYpPOHH. OO0pOTHAs BOJA OXIIAKIAETCS B
OCHOBHOM IIOJI BIMSHHEM IIEPEHOCA TEIUIOTHI OT BOJBI K BO3AYXY IIPH €€ YaCTHYHOM HCIIapEHIH.

[Tpymel (BogoXpaHIIHINA) MOTI'YT OBITH CO3J[aHbI Ha peKaxX (Ha BOJOTOKe) (pHe. 4.2) H B cyX04071ax

(HaITHBHBIE BOJOXPAHHIIHIIA).
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PucyHok 4.2 — CxeMa 000pOTHOI'0 BOJOCHAOKEHHS C ITPYAOM-0XJIaJHTEIIEM:

I — cTpyepacIpeIeINTeIIBHOE COOPYKEHHE, 2 — OTKPBITHIH OTBOJISIIHI KaHAIl, 3 — CO-
OPYKEHHE VIS PETYIIMPOBAHHS YPOBHS BOJIBI B 3aKPEITHIX OTBOJISIIIX KaHaIaxX, 4 — 3aKPBITEIE
OTBOJSIIHE KaHAJIBL, 5 — KOHJEHCAaTOPEI OIIOKORB, 0 — riIaBHLI Kopiryc I'POC; 7 — Tpydorporos
oborpeBa Bogo3adopa;

8 — HaIlOpHBIE TPYOOIIPOBOIBI IIHMPKYIISIIHOHHOH BOJIBI K KOHIeHcaTOPY Onoka; 9 — CIiB-
HOH CH()OHHBIH KOIoJell (THApo3aTBop); 10 — OnoyHasa Oeperoras HacocHasT, 11 — BogoIpHeM-
HHK, 12 — OTKPBITHIH ITOABOIAIIII KaHa,

13 — pycno pexi;, 14 — xKene300eTOHHBIH BOAOCOPOC ITIOTHHEL, 15 — 3eMIIsIHAS IIOTHHA

Ha nogasmsrorem 6ospInHHCTRE T 31 B KauecTBe OXITaHTENBHEIX YCTPOHCTB MOI'YT IIPH-

BECAYT AT ACT TR TEErTRATYTY

ol L G T il B KT N 5"-':-""'“"""; 1!"!"'!':""':‘;'-:.'
NOKYMEHT NOOMVCAH KOMITAKTHOCTBbIO. OHH He TpEﬁ}*’IOT HCTOYHIEKA
SNEKTPOHHOWM NOAMNUCHIO

CepTudukar 12000002A633E3D113AD425FB50002000002A6 TaHIHH (prc. 4.3). B 3aBHCHMOCTH OT CIoco6a

Bnapeneu; llleGayxoea TateAHa AnekcaHapoBHa

CCi Ha 6E1H_IEHI{BIE‘-:. BCHTHIIATOPHBIC H OTKPBITBIC.
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B GarteHHBIX I'PaJHPHAX TOK BO3JYXd CO34daCTCA BBITSDKHOH 6E1HH-IEﬁ:, B BEHTHIIATOPHBIX — BCHTH-

JIATOPOM, 4 B OTKPBITBIX — CCTCCTBCHHBIM JIBHAXCHIICM BO3YXd.
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PucyHoK 4.3 — CxeMa 000pOTHOI'0 BOJAOCHAOKEHHNS C I'PaJHpPHEH:
I— KoHZgH CaTOP, 2 — ra300XIaJHUTENHN F'eHepaTopa; 3 — MacIoOXIaquTeH TYPOHHEL, 4 —
TPAgHPHS, 5 — TPYOOIIPOBO COPOCHOH BOJBI OT OXJIAMHTEIEH Macia
H ras3a B IIOABOJSIIIE BOMOBOEI, 0 — BOLOCOOPHEIN OacCeHH I'palHupHH,

7 — TpyOOITPOBOABI ITPOAYBKH IIHPKYIIIIHOHHOI'O KOHTYpPa B CHCTEMY I'HJIPO30JI0yIale-
HH S, 8 — TPYOOIIPOBOABI ITOAIMHTKH ITHPKYIISIIHOHHOHN CHCTEMEI, 9 — CIIMBHEIE HAIIOPHEIE TPYOO-
IIPOBOJIBI K IPagHpHIM, 10 — IIHPKYISIITHOHHBIE HACOCKHI, 1 1 — HamopHeIe TPyOOIIPOBOIBI K KOH-
IeHcaTopaM TYpPOHH, 12 — repeMbIuKa MeXIy CITHBHEIMH TPYOOIIPOBOJAMH KOHJIeHcaTopa, 13 —
IepeMbIYKa MEKIY HAITOPHEIMH TPYOOITPOBOAAMH, 14 — ITOIBOJMIIIHE CAMOTEUYHEIE BOJOBOIBI K

IHPKYILIIHOHHBIM HacocaM, 15 — BXOJ BO3IyXa

I[To cmocoGy 00pazoBaHH S MTOBEPXHOCTH OXIaKAeHHS I'PaJHPHH TOApa3aelsrOTCs Ha TIIe-
HOYHBIE H KallelnbHble. B ITIEHOYHBIX I'PaJHPHSIX OPOCHTEIFHOE YCTPOHCTBO BBIIIOIHSETCS B BHJIE
JlePeBsHHBIX JOM[AThIX HIIH acOOIleMeHTHBIX IIHTOB, YCTaHABIHBAEMBIX B HECKOILKO SPYCOB BEp-
THKAIbHO WIH ¢ HeOOIBIIIHM HAaKIIOHOM. B KaIlelTbHBIX T'PaJHPHSIX OPOCHTENIEM CIYKaT JepPeBsIH-
HBIE TOPH30HTAJIbHEIE TNTAaHKH (OPYCKH) TPEYTrOIIbHOIO HIH IIPSAMOYTOJIBHOTO CeUYeHHS, pacIoa-
raeMble B HECKOIBKO PSJIOB IT0 BRICOTE KOPHAOPHO, MIaXMAaTHO HIH KackaJHo. OCHOBHOH ITOKa3a-

TATL mﬁm‘ﬁﬂt@ﬂgf_ﬁﬂﬁgﬁﬁa GARPATHOCTE OXTANEHHS, PABHAS OTHOIIEHHIO PACX0/ia OXITaAKIako-
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G
Moxmy = D_LL
K
OKOHOMHYECKH HAHBBITOJHEHINAS KPATHOCTh OXTAXKACHHSA IMox; OOBIYHO COCTABIISET
40...60. KpaTHOCTh OXNaKJIeHHS 3aBHCHT OT BPpeMEHH I'ofa. 3MMOH OHa ITPHOIM3HTEILHO BIBOE
MEHBIIIE, YEM JIETOM. [[II MPYA0B-OXITaAHTEIEH ITPHHIMAETCS Moxy = 40...50; 171 HCITapUTEIIh-
HOM I'PAJHPHH Moy = 30...40; w1 oOOPOTHEIX CHCTEM C BEHTHIIITOPHBIMH I'PATHPHIMH Moxy =

15...20. PacxXopm 3NeKTPOosHEPTHH Ha BEHTIWISTOPHI «CYXOH» I'PaJHpHH, KBT:

ﬁJBPl::BHEJ)D{I__ﬂHR}TEﬂﬂﬂi I

OXIT " "B3 -

rae. Do — pacxo nmeperperoro fapa Ha TYpOHHY, KI/c;,
OR — OTHOCHTEJILHBIN Pacxoj Itapa u3 ordopa TYpOHHEI Ha pereHepar(ito, Yex= 0,023 kBT

4/T OXITaKJAFOIIEr0 BO3AYyXA,

GEE GEE".

HQB?.: — :3”'4
GLL Dl{mum

r1e. GB3 — pacxoJ BO3AyXa Uepes «CYXYIO» TPaIHPHIO.

HacochI TEIIoBEIX 3MeKTPOCTAaHIMH, KaK H JPYTHE THITBI MAIIMH, CIIYKalllie I IIepeMe-
II[EHHS CPeAbl H COOOIIEHNS €H YHEPTHH, XapaKTEPHIYIOTCS CIEIVIOIIHMI ITapaMeTpaMI: 00beM-
HOH ITPOH3BOJUTENHLHOCTRIO (TTI0Jauei), JaBIeHHEM Ha CTOPOHE HarHeTaHHS, IIJIOTHOCTBIO Ilepe-
MEII[AEMOH CpeJIbl.

[InTaTenbHBIE HACOCH SBIISIOTCS BaKHEHIIIMMH H3 BCIIOMOTATEeIbHBIX MAIIHMH ITapoTy]p-
OMHHOMH 3JIEKTPOCTAHIMH, HX PaCCUNTHIBAIOT Ha ITOJAady IMTaTeIbHOH BOIBI IIPH MaKCHMAaIIbHOM
MoIHoH T32C ¢ 3artacoM. Ha Ommokax ¢ gaBineHHeM 13 MIla mormHocTRIO 10 210 MBT B KauecTBe
IIPHBOJA ITHTATEIIFHOIO HACOCA ITPHMEHSIOT EKTPOABHIaTell, Ha 3Heprodmokax 300 MBT u
BBIIIIE — TYPOOIIPHBO/I.

KoHaeHcaTHbIe HACOCH Pa3BHBAIOT JIABJIEHHE, HEOOXOIHMMOE IS IT0Jaul KOHAeH caTa ye-
pe3 ITH]I B measpatop, H yCTaHaBIHBAIOTCA ITOCIIE KOHAeHcaTOpa. IIpoH3BOAHTEIBHOCTh KOHICH-
CaTHBIX HAaCOCOB OIIPEAEIIETCSI MaKCHMAaJIbHBIM PacXoA0OM KOHJicHcaTa TYPOHMHEI IO YCIIOBHSIM
JIeTHETO TIepHOIA, I TETNIO(HKAIIHOHHBIX TYPOHH — IT0 KOHAeHCAI[HOHHOMY PEKHMY C BBIKIIIO-

YeHHBIMH TEIUIO(PHKAIIHOHHBIMH OTOOpaMH ITPH pafoTe ¢ MaKCHMAJIbHOH SIIEKTPHYECKOH Harpys3-

KOIH.
[ [HpKYIIAIIHOHHEIE HACOCHI OOECIIEUHBAIOT ITOJAYy OXIaKIaIoNIeil BOIBI B KOHEHCATOD,
NOKYMEHT RNOBMAGAR ABIIIETO ITapa B TypOHHe. OTBOJ TEIIOTHI B KOH
SNEKTPOHHOM NOANUCHIO _
Ceprudbukar:  12000002A633E3D 1 3ADA425FB50002000002A6 (€HHI, a CJICA0BATCIIbHO, H TEMIIEPATYPE.
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JInsg obecrieueHHs cTabHIILHOI'O TOPEHN S B KaMepe cropaHus I ' TY IpHpOaHEIH a3 JOIDKEH
IIOCTYIIATh K TOPEITOYHOMY YCTPOHCTBY ITPH OIPEACIIEHHOM JaBIIEHHH, 3aBHCAIIEM OT THIIA ['TY.

[Ipn OTCYTCTBHH Ha IUIOIAMKE SIEKTPOCTAHIHI I'a30IIPOBOJia BEICOKOIO JAaBJIEHH S, TpE-
Oyemoro g padotel ['TY, maBineHHe TOIUIMBHOTO Ira3a JOCTHT aeTC s IMTOBBIIIEHHEM JaBJIEHHS, I10-
CTYIIAIOII[ETO Ha ra3opaciipe eI TenbHbIH ITYHKT (I'PII) mpHpoHOro ra3a ¢ MoOMOIIBIO JOKHMHBIX
xomripeccoB (JIK). HeoOxXoanMocTh YCTaHOBKH 3THX arperaToB CYIIECTBEHHO BIIHSET Ha PAacXO[]
3IIEKTPOSHEPI UM Ha COOCTBEHHBIE HYXKIBI. MOIIMHOCTE IMPHBOIA JOKHMHOI'O KOMIIPECCOpa CO-

cTaBigeT 1,5...3 % oT MommHocTH ['TY

KonmponoHsre 6onpocst:
1. Ilepeuncmmre BcImoMoraTenbHOE 000pyaoBaHHE 3HeProdmokoB T OC.
. UTO OTHOCHTCS K TEXHHYECKOMY BOJOCHA0KEHHIO CTaHI[HH?

. Kakmie cHcTeMBI TeEXHHYECKOIO BOAOCHAOKEHH I ITPHMCHAKOT Ha CTAHLIHSIX?

. KakuM ycTpoHCTBOM OCYIIECTBIISIETCS Pa3MOIl TBEPOrO TOILIHBA?

2

3

4. YUTO noKa3pIBAeT KPATHOCTD OXIIAXKIECHH?

5

6. UTO OTHOCHTCSA K TATOAYTBEBBIM YCTPOHCTBaM?
7

. HasHaueHHe IMHPEKVIIAITHOHHBIX HACOCOB.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Ipakmuueckaa paboma Ne7. Iloxkazamenu y¢hpexkmuerocmut ycmarnoeéoxk I'3C

Ilens: N3yuynTh OCHOBHBIE KPHTEPHH 3(P(PEKTHBHOCTH YCTaHOBOK TOC

OCHO6bL MeopuUlL:

TeruoBas 5SKOHOMHYHOCTE 3JIEKTPOCTAHIIHH XapaKTepH3VeTcs 3HaueHHsSMH K11/, yaens-
HBIX PACXOJOB TEIUIOTHI H YCIIOBHOI'O TOIUIMBA Ha ITPOH3BOJACTBO AIEKTPOSHEPIHH H TeIlia. B
SHEPreTHYECKOH YCTaHOBKE HMEIOTCS MOTEPH TEIUIOTH B MTAPOBOM KOTJIe, TYPOHHE, FeHepaTope,
TEIIOO0OMEHHBIX YCTPONCTBAX, IAPOIIPOBOIaX M IP. STH IIOTEPH VUM TRIBAOTCS ITPH OITPEIETIEHIH
KIIJI craHipm. Pacxop ajeKTpOsHEPrHH Ha COOCTBEHHEBIE HYKIBI 3aBHCHT OT BHA TOIUIMBA, OT
CHCTEMBI IIEUIEIIPHTOTOBIIEHHS H TEXHHYECKOI'O0 BOJMOCHAOKEHHS, a TaKKe OT pekuma paboTh

obopyrnoBaHHA. CyMMAapPHBIH PacXo[ IeKTPO3HEPTrHH, KBT:
NCH =NTH —|—NTH —|—N]_H_I -|—N1-[[_I —I—NBH _I_NC'SI

KoadduimeHT 3aTpar 311eKTpo3HEPTHH Ha COOCTBEHHBIE HYKIHI:

kenw =——

rjae. Nr — saleKTpHyecKas MOIITHOCTh 3HeproOinoka, KBT.

KIIJ] cOOCTBEHHEBIX HYK:
Nen = (N — New)/Np =1-key
KIIJ] o OTIIYCKY BIEKTPOSHEPTHH

P
My =Nt —Ncq )/(EQH ] =NKNeplcH T

r1e;. B — pacxoj ToImBa Ha KOTel, KI/c;

(Qx — HH3IIAS TEIIOTa CrOpaHH s TOIUIHBA, K/ JK/KT;

N — KIIJ] TpaHcmopTa Temmna, Ny = 0,98...0,99;

Nk — KIIJI KoTna, KOTOPBEIH MOKHO OLIEHHTH II0 CIEAVIOIIHM BBIPAKCHILIM.

ITpH paboTe MmaporeHeparopa Ha rase
Mg = 0,95-3,3-107% (2., —270)
JIIS1 YT OJIbHBIX ITapOr eHEPAaTOPOB

Nk =0,93-3,3-107* (£, —270)

[NOKYMEHT NOATMGAH 11, °C,
SNEKTPOHHOWM NOANUCHLIO
Ceptuchukar:  12000002A633E3D113AD425FB50002000002A6 1 ITO ITPOM3BOJJACTBY JIICKTPOSHCPITHH,
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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n'IT=NF,/Q3

rje; Q3 — TemnmnoTa, pacxXoyeMas Ha BEIPpaOOTKY 3IeKTPosHepruH, KBT. {1 oIleHKH 3(-
(peKTHBHOCTH PalOTHl 3HEPreTHYeCKHX YCTaHOBOK THOC, HCIIONB3YIOIMNX Pa3lIHYHbIE TOIUIHBA,
ITPHMEHSETCS TTOHATHE YCIIOBHOE TOIUIMBO, HH3INAS TeIUIOTa CrOpaHHSI KOTOPOro paBHa 29,33
MJIx/kr (7000 KKan/KT). YelIbHBIH Pacxo]l YCIIOBHOIO TOIUIHBA Ha OTITYCKAaeMYIO BIEKTPO3HED-

THIO, KT y.T/(KBT f 4):
by =3600/(29 3301, ) = 0,123/

KIIJ/] 110 OTITyCKY 3IEKTPO3HEPI HH

P
Ny =(Nr —NCH)/ BOy — Or =Nk NepNCHNTT
NKNCy

r1e ncv — KIIJI ceTeBoil ycTaHOBKH, Tcy = (0,97...0,98;
QQ: — TEIUI0, OTITYCKAaeMOE ITOTPeOHTENISIM TeIIa, KBT.

KII1J] mo oTIrycKy Teruia:

No = NKpllcy
Pacxon torumea Ha TOL] pasgerssror MeXay BEIPpaOOTaAHHOH 3JIEKTPOSHEPIHEN H TEILIO-

TOH. Y JIelIbHBIH pacXo] YCIIOBHOIO TOILJINBA, KT V.T/(KBT f 4):

Ha OTITYCKAaeMYIO 3IEKTPO3HEPIHEO

0,123
by =—
NN
Ha OTITYCKaeMOe TEIIO
0,123
bQ =—
ile
I Ha OTITycK 1 I'kam Tervra
by = 12
e

KonmponoHsle 6onpocel:
1. UTO Takoe yCIIOBHOE TOIIIMBO?
2. YUTo Takoe cOOCTBEHHEBIE HYXIBI SHEProdnoka?

3. IlepeuncimmTe nmoka3arent 3¢ pekTHBHOCTH padoTer ['TY.

T NOKYMEHT MOANMUCAH 111 IOBHOI'O TOIVIMBA?
SNEKTPOHHOW noarinCbio
Ceptuchukar:  12000002A633E3D113AD425FBS0002000002A6 [POSHEPI'HI I{OBQJ(IJIH_[HEHT 34TpaT SJICKTPOSHED-
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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0. Ot 4ero 3aBucHT KII]J] o ormrycky Terma?

AOKYMEHT NOANMCAH
QNEKTPOHHOW MNMoAarnncbio
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: LWebayxopa TaTeAHa AnekcaHapoBHa
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Ipaxkmuueckaa paboma Ne8. Amommusie IieKmpuuecKue cmaHuuu

H e/ib: O3HAKOMHTBCH C ITPHHITHITOM pﬂﬁGTBI dTOMHBIX 3JICKTPHYCCKIX CTAHLIIH.

OcHO6bL MmeopuL:

ADC — 3T0 II0 CYHIECTBY TEIUIOBEIE 3IEKTPOCTAHI[HH, KOTOPHIE HCIIOIB3VIOT TEIUIOBYIO
SHEPIHIO SJIEPHBIX peakifiii. B HacTosamee BpeMs HaHOOJIBINEE PACIIPOCTPAHEHHE ITONYYHIIH
IBYXKOHTYPHBIE ADC ¢ BOISHBEIM TEINIOHOCHTEIIEM M OJHOKOHTYPHEIE C PEAKTOPOM KHITSIIETO
THIIA.

IlepBas oteyecTBeHHasas ADC OblIa IIOCTPOEHA H ITYINIEHA B SKCILIyaTallHiO B HIOHE 1954 1.
[JapaMeTprl yCTaHOBKH OBLIIM HU3KHMH, TEIUIOBAS CXEMa CHIIBHO VIIPOINEHA, a MEKTPHYECKas
MOIITHOCTE cocTanismia Beero 5000 kBt. Snekrpocraniig Obli1a CIIPOeKTHPOBaHAa IJIS PabOoTHI 110
IBYXKOHTYPHOH cXeMe. OIIBIT €€ 3KCIUTyaTal[MH IT0Ka3ajl HaAeKHOCTh JABYXKOHTYPHEIX ADC H
OTCYTCTBHE BPEJHOI'O BIIMSHHS Ha OKPYKAIOIIYVIO CPeAy H 3I0POBLE OOCITYKHBAFOIIETO TIEPCO-
Halla. B mmocneayromnue roasl OB CO3MaHbl CEPHH KPYITHBIX 3HEPreTHYECKHX OJIOKOB 3IIEKTPH-
yecKoH MoImHocThIO 210, 365 n 440 MBT1 (HoBoBopoHeXcKasa ADC), sKCIITyaTHPYEMBIX ceidac
Ha psJie OTEUYECTBEHHBIX 3JIEKTPOCTAHIMI. OMHOBPEeMEHHO OBIIH pa3paloTaHBl M ITOCTPOEHBI
OJIIOKH OJTHOKOHTYPHBIX KOHJIeHCAI[THOHHBIX ADC OOJIBIITOH MOIITHOCTH.

ATOMHEIE BIEKTPOCTAHITHH MOT'YT OBITH KOHJeHcallHOHHBIMH (AKDOC) H TemmoaneKTpo-
rieHTpasivi (ATOI1]). B rmocnegHme rofpl B HEKOTOPBIX CTpaHaX OOJIbINOe BHHMAHHE YAENISIeTC s
HCIIOJIb30BAHHIO TEIUIOTHI KOMOMHHPOBAHHBIX aTOMHEIX YCTAHOBOK JITIS OIPECHEHHS MOPCKIHX H
COJIOHYAKOBBIX BOJI.

OJIHH M3 OCHOBHEIX 3JIEMEHTOB ADC - peakTop. B OCHOBHOM HCITONB3VIOT SJIEPHBIE PEaK-
I[MH pacHIeIIieHHs ypaHa U-235 nmoJ JeHCTBHEM TEIUIOBBIX HEHTPOHOB. /|11 HX OCYIIECTBIIEHH
B peakTope, KpoMe TorminuBa (U-235), momxkeH OBITh 3aMeIHTENIb HEHTPOHOB H TEIUIOHOCHTEND,
OTBOSIIHI TETUIO U3 PEAKTOPA.

Ha ABDC nmpoko nmpHMeHSeTcsI HachIIIeHHBIH ITap (MeperpeB Mnapa HeIlocpeJCTBEHHO B
SIZIEPHOM PEaKTOPE BEChMa YCIIOXKHIET KOHCTPYKI[HIO PEAKTOPa H CXEMY YCTaHOBKH, TPeOVeT J10-
TTOIMHHUTEIbHBIX KalTHTaIbHBIX 3aTpaT). Ha ADC cTOMMOCTh TOIDIHBA (SIEPHOIO TOPIOYETO), OTHE-
CEHHAsI K €IMHUIIE BEIPAaOOTaHHON SHEPTHH, 3HAYHUTEIILHO HILKE, YEM Ha 3JIEKTPOCTAHIHIX 00bIY-
HOro Tumna. [losromy 37eCh ITPOH3BOACTBO MEKTPOSHEPTIHH Ha YCTAHOBKAX MEHBINEH CTOMMOCTH

naxke ImpH Oojiee HU3KHX 3HaYeHHSX KI1J] akoHOMIYEeCcKH OIpaBgaHo.

NOKYMEHT NOAMNUCAH 9 - _
SNEKTPOHHOM NOANUCHIO I, IBYXKOHTYPHOH H TPEXKOHTYPHOH.
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa
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Ha omHokouTypHOIt ADC (pHc. 7.1a) map o6pa3yeTcsa B aKTHBHOMH 30He peakTopa H OTTVyjIa
HaIIpaBIIETCS B TYPOHHY. B HEKOTOPBIX CIIYYASAX JO IIOCTVIUIEHHS B TYPOHUHY Iap IMOABEPracTCs
IIEPETPEBY B IIePErPeBATEIBHEIX KaHAlIaX peakTopa. OJHOKOHTYPHAS cXeMa HauOoIee IpocCTa.
OHaKo 00pa3VyIOIIHIICS B PEAKTOPE IMap PaJgHOaKTHREH, II03TOMY OO0JIbINAI YacTh 000PYIOBAHM
ADSC momkHa HMETH 3alllUTY OT H3IIYUYeHHH. B 1poriecce paboThI 3IIEKTPOCTAHIIHH B IIaPOIIPOBO-
nax, TYpOHHE U IPYIHX NeMeHTaxX 000pYA0BaHHSI MOT'YT CKaIUIMBATHCS BEIHOCHMEBIE H3 peaKTopa
C ITapOM TBEPJEIE BEMIECTBA (COAEPKAIIHECS B BOJIE IIPHMECH, ITPOAYKTBI KOPPO3HH), 00IaJaro-

II[He HaBeJeHHOH dKTHBHOCTBIO, HTO 34aTPYIHACT KOHTPOJIb 34 Gﬁﬂp}fﬂGEﬂHHEM H €I'0 PEMOHT.
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PrucyHok 7.1 — OgHOKOHTYpHAS (a), IBYXKOHTYpHas (0) H TPeXKOHTYPHAS (B) CXEMBI
ADC:
1 — peakTop, 2 — IMPOMEKYTOUYHBIH TeIDIOOOMEHHHK, 3 — IaporeHeparop, 4 — typoo-
TEeHEPATOP, 5 — KOHJIeHCcaTOop, 6 — KOHAEHCATHBIH Hacoc, /— Itap OoT ordopa, 8 — Iap Ha pere-
HEPATHBHBI ITOJIOTPEBATEND, 9, 13 — pereHepaTHBHEIE ITIOAOIPeBATEIIH HHU3KOIO H BEICOKOTO

napieHNd, 10 — geasparop; 11 — map Ha geaspaTop; 12 — IHTaTEIBHBIH HACOC

[To TBYXKOHTYPHOH H TPEXKOHTYPHOH cxeMaM (pHc. 7.1 O H B) H3 peakTopa TeIUioTa OT-
BOJIMTCS TEIUIOHOCHTEIIEM, KOTOPBIH 3aTEM IepedacT TEIIOTY paboueil cpelie HEITOCPEACTBEHHO
HIIH Yepe3 TEIDIOHOCHTEND IIPOMEKYTOUYHOro KoHTypa. Ha ASC, IBYXKOHTYPHOH HIH TPEXKOH-
TYPHOH cXeM padouas cpefa H TEIINIOHOCHTENIbL BTOPOr'0 KOHTYPa B HOPMalIbHEIX YCIIOBHSIX Hepa-

AHOAKTHBHBI, ITO3TOMY SKCILIYATAILlHA BHEI{TPGCTE]HI_[Hﬁ CYIHICCTBCHHO oOreryaeTcs. KPGME TOI'O,

AOKYMEHT lNoarnnicAH
QNIEKTPOHHOW MOANMNCBIO
Ceptudmrkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: ebayxoea TateAHa AnekcaHapoBHa

DPOB H TYPOHHHOTO TpaKTa He IOIAJ[aloT B PeaK-

dS BHAYHTCSIIBHO BBIITIC, oco0eHHO ITPH TPEXKOH-
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TYPHOH cXeMe. Takue cXeMbI ClIeAyeT IPHMEHATh, KOT'Zla BEPOATHOCTh KOHTAKTa aKTHBHOT'O Tell-
JIOHOCHTEJLS ¢ BOJOH JOINKHA OBITh ITOITHOCTBEO HCKITIOUEHA (IIPH HCIIOIIE30BAaHHH B KAUECTBE TEIl-
JTIOHOCHTEJIS KHIKOTO HaTPHSL, TaK KaK €r0 KOHTAKT C BOJAOH MOKET IPHBECTH K KPYITHOH aBapHH).
B tpakrax ADC, paboTaroinux I10 ABYXKOHTYPHOH CXeMe, Jake IIpH HeOOJIbIIMX HapVIIEHHSIX

INIOTHOCTH BO3MOJKCH KOHTAKT daKTHBHOI'O HATPHA C BOJIOH. HPH TpE}{I{GHT}’I}HGﬁ CXEME KOHTAKT

dKTHBHOI'O HATPHA C BOJIOH HCKIIFOYEH.

Bo Bcex IIPHBCACHHBIX Hd CXCMdX KOHICHCAT IIOCIIC KOHIACHCATOPA T}fpﬁIII{BI ITPOXOOHT

CHCTEMY PEITHCPATHBHOI'O ITOJOI'PEBd, KOTOPAA HE OTIIHYACTCH OT HpIMEHHEMGﬁ Ha OOBIYHBIX

JJICEKTPOCTAaHITHAX.
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PucyHok 7.2 — TexHonormyeckas cxema Iiepporo Kourypa ASC:
I — KOHTeHHep, 2 — GacCcelH, 3 — Ieperpy30uYHBIH KpaH, 4 — peakTop, 5S— MOCTOBOH
KpaH peaKTOPHOro 3ana, 6 — ITIaBHas 3aJBHKKA, / — ITIABHBIH IHPKVISIHOHHEII HACOC, 8 —

ITaporeHepaTop, 9 — TPYOOIIPOBOABI ITMTATEILHOH BOABI, 10 — TpyOOIIPOBOAEI BTOPHYHOIO ITapa

TexHoIornyeckas cxemMa IepBoro KOHTypa IBYXKOHTYpHOH ADC IokasaHa Ha pHc. 7.2.
SmepHOe TOIMIHBO, HAXOAMIIEeCs B TEIUIOBBIAEIIIIONIHX AIeMeHTax (TB3/IaxX) OIpeJelIeH-
HOI1 (DOPMBI, TOCTaBIIAETCA B KOHTelHEPaxX 1 Ha 3IeKTPOCTAHIHIO H € TIOMOIIBIO IIEPEerPy30YHOIO

KpaHa 3 3arpyskacTcs B aKTHBHYIO 30HY peakTopa 4. KacceThl ¢ oTpaOoTaBIIHMMH TB3IaMH ITOME-

L=
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HOKYMEHT NOAANGAR ™77 IEHHE OITPeJEIIEHHOro BpeMeHH. Koria paanoak-
SNEKTPOHHOW NOANUCLIO -
Ceprudmkar —12000002A633E3D113AD425FB50002000002A6 HIACTCA 40 HOPMATHBHBIX 3HAICHHH, KACCEThI B
Bnageneu; LLleBayxoea TateAHa AnekcaHapoBHa
g i ABOJIBI.
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Terora, BEILASIISION[ASACS B PeaKTOpe H BOCIIPHHATAS TEINIOHOCHTEIIEM, TIepeaacTcs pabo-
yeit cpelie B maporeHeparope (I11N) 8. IIpH TpeXKOHTYPHOH cXeMe MeXKIY TeINIOHOCHTEIEM IIep-
BOI'0 KOHTYpa H pabouel cpeJol HMeeTcs ellle ITPOMeXYTOYHBIH KOHTYP (pHc. 7.1 B).

[Tap, oOpazoBaBmmiica B 1" (TTpH ABYXKOHTYPHBIX H TPEXKOHTYPHBIX CXeMaX) HIIH B pe-
aKkTope (IIpH OJHOKOHTYPHOH CXeMe ), HaIlpaBJIseTcs IO ITapoITpOBOAY K TypOHHe. Ha cxeme nep-
BOI'0 KOHTYpa ABYXKOHTYpHOH ADC (puc. 7.2) map HamnpaBiseTcs K TYpOHHE ITO TPYOOIIPOBOIY
10, rmTaTenpHas Boaa rogaerca B 1117 mmo muHMmM 9.

[Ipu padoTe Ha HacBIIIeHHOM ITape (pHc.1, a 1 §) B IIPOTOYHOM YacTH TYPOHHEI ITap OBICTPO
yBIaXHsIeTcd. UToOBl M30eXaTh VBEIHYEHHS HHTEHCHBHOCTH 3PO3HHHOIO H3HOCA 3JIIEMEHTOB
IIPOTOYHOH YaCTH, ITIOTOK Iapa Iepe]l MOCTYIUIEHHeM B IFUIHHAP HU3Koro garineHHS (L[H]]) Typ-
OMHEI ITPOITYCKAETCS Yepes CEIaparop, B KOTOPOM €ro BIIAKHOCTE ITOHMKAETCS 10 3HAUEHHI, He
rmpeBhImaroIx 0,5%. Ha KpyImHEIX COBpEMeHHBIX OlIOKaxX ITOCIIE CelapaTopa Iap rneperpeBacTcs
10 TeMIlepaTypHI i, OIH3KOH K HadallbHOH TemIiieparype t0 (IIpH HEKOTOPBIX CXeMaX OpraHH3a-
I[HH ITPOMEKYTOUYHOr O Ieperpea tm » t0).

CxeMbl ADC B TEIUIOBOH YaCTH MOT'YT BBITIOJIHATHCS B PAa3/IMYHBIX BapHaHTaX. Ha puc. 7.3
B KaueCTBE IIPUMEpa IIpeJcTaBlIeHa IBYXKOHTYpHAS cXeMa ADC IS 3IeKTPOCTAHIMH C PeakTo-
pamu BBOP. Ota cxema Omnska K cxeme KOC, 0JIHaAKO BMECTO ITaporeHepaTopa Ha OpraHHYeCKOM
TOILIMBE 3JIECh HCIIONB3YETCS SAEPHAs YCTaHOBKA.

ADC, Tak ke Kak 1 KOC, cTtposrcs 1mo 610YHOMY ITPHHITHITY.

S lepHOE TOIUIHBO, 3aI1achl KOTOPOTO JOCTATOYHO BEIIHKH, O0IIaJaeT OUeHb BEICOKOH TEIl-
IOTBOPHOM crtocoOHOcTRIO (1 KT U-235 3amensteT 2900 1 yrig), mosromy ASC ocoOeHHO 3P deK-

THBHBI B paHOHaX, OeTHBIX TOIDIHBHBIMH PecypcaMH (eBpoIleiickas 4acTh POCCHH).

T peakiopa MoniHoc s peakropa, MB1 Typoboarperars, MBr
BBHD 440 2%22)

BEOP 000 2%500

PbMK [500 2%750

PbMK 1000 1*1000

[TepcriekTHBHBIMH SBILTEOTCSI ADC ¢ peakTopaMH Ha OBICTpEIX HeliTpoHax (BH), koTopelie
MOT'YT HCITOJIb30BATHCS JUISA TOIYUYEHHS TelUla, SIEKTPOSHEPIHH H IS BOCIIPOH3BOJCTBA SJIED-
HOr'0 roproyero. TexHomoruyeckas cxemMa sHeproOjoka takon ADC rpeacraBieHa Ha puc. 7.4
Peaxrop tHia bH nMeeT akTHBHYIO 30HY, I/le IIPOHCXOIHT SiIepHAast peaKI[Hs ¢ BRIJEIIEHHEM T10-
TOKa OBICTPHIX HEHTPOHOB. OTH HEeHTPOHBI BO3JSHCTBYIOT Ha 31eMeHTHI H3 U-238 (oOBYHO B

SACPHBIX PEAKIMHIX He HCIIOJIB3YeTCA) H IIPEBPaIlar0T ero B IDTYTOHHH Pu-239 (MoXkeT OBITh BIIO-

LOKYMEHT MOANMCAH
SNEKTPOHHOWM MOAMMUCHIO
Ceptudmkar;  12000002A633E3D113AD425FBS0002000002A6
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Cxema A3SC c¢ peakropoM bH TpexXKOHTYpHaAs, B ABYX H3 HIX HCIIOIB3VETCS KHIKHII
HaTPHi (B KOHTYpe peakTopa H IIPOMEXYTOYHOM). UTOOKRI H30eKaTh IIPH aBapHSIX KOHTAKTa pa-
THOAKTHBHOI'O HATPHS IIEPBOI0 KOHTYPa C BOJIOH HIH BOASHBIM ITAPOM, BBITIOIHSIOT BTOPOH (ITpo-
MEKYTOYHBIN) KOHTYP C TEIDIOHOCHTENIEM HepaJHOAaKTHBHBIM HaTpHeM. PaOo4iM TeJIOM TPETHETO
KOHTYpa SBIISETCS BOJa M BOJISHOH I1ap.

B HacTosImee BpeMs B SKCIUIYaTallMH HaXOJHUTCS psn sHeprodmokor twria bH, m3 HuX

Hanodosee KpyHeli bH-600.

-

. -

P

— N 3
ie

PucyHok 7.3 — lIpuHIHMITManbHAS TeXHOIOrHYecKasa cxeMa ASDC ¢ peakToOpoM THIIa
BBOP:
I — peakTop; 2 — maporeHeparop; 3 — TypOHHa;, 4 — reHepaTop;, 5 — TpaHc(hOpMa-
TOp, 6 — KOHJEHCAaTOP TYPOHHEI, 7 — KOHJ€HCATHBIH (IHTaTeNIbHBIH) HAcOC, 8 — ITIaBHBIH

I.[HpK}"HHI[HDHI—[BIﬁ HacocC.

Cxema ADC c¢ peakropoM BH TpexXKoHTYpHas, B ABYX H3 HHX HCIIOJIB3YETCS KHIKHI
HaTPHiI (B KOHTYpe peakTopa H IMPOMEXYTOYHOM). UTOOKRI H30eKaTh IPH aBapHSIX KOHTAKTa pa-
ITHOAKTHBHOI'O HaTPHS IIEPBOI0 KOHTYPa C BOJOH HIIH BOJASHBEIM ITaPOM, BBITIOJIHSEOT BTOPOH (ITPo-
MEKYTOYHBIH ) KOHTYP C TEIDIOHOCHTENIEM HepaJHOAaKTHBHBIM HaTpHeM. PaO0oUYHM TEIIOM TPEThETO
KOHTYPa SBISETCS BOJAA H BOASHOMH IIap.

B HacTosIEee BPEMA B SKCILIYVATAIIHI HAXOIHITCH P BHEPI"GﬁJIGKGE THIIa BH: H3 HIHX

— = a - . ——

ﬁ[ﬁpGGGE ABIMOBBIX I'd30B H HS HMCIOT OTXOIO0B B

SNEKTPOHHOW NOAMUCLIO
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OJHaAKO VAEIbHBIE TEIUIOBBIACIIEHNS B OXIaXKAaroIyI0 Boay Vv ADC Gomplie, yeMy TOC,
BCIIEJICTBHE OOIBINETO VASIIBHOIO PAacxXo/ia Iapa H OONBIIHNX YIAEITBHEIX PACXOI0B OXIIaK A0 EH
BOJIBI. Ilo3TOMY Ha OOIBIIHHCTBE HOBEIX ADC IIpeAyCcMaTpHBAETCS YCTaHOBKA I'PaHPEH, B KOTO-
PBIX TEIIOTA OT OXIIaKIaroMIeH BOAEI OTBOJHTCS B aTMOC(]epy.

BaxxHoHn 0COOEHHOCTHIO BO3MOIKHOIO BO3AeHCTBHA ADC Ha OKPYKAIOIIYIO CPEly SBIIS-
eTCSI HEOOXOAHMOCTE 3aXOPOHEHHS PaJHOAKTHBHBEIX OTXOJOB B CIIEI[HAIIBHBIX MOTHIBHHKAX, KO-
TOPBIE HCKIIFOYAOT BO3MOKHOCTE BO3ACHCTBHUS pagHaIlMi Ha JroJieH. UTOOR H30eKaTh BIDISTHUA
BO3MOJKHBIX PaJlHOaKTHBHEIX BEIOpoCcOB ADC Ha JIIOAEH IIPH aBaAPHSIX, IIPHMEHEHBI CIIEIHAIbHEIE
MEPBI IT0 MTOBBIIIEHHIO HaJeKHOCTH 000pyI0BaHHS (IyOIIHpOBaHHEe CHCTeM Oe30ITaCHOCTH H AP.),

d BOKPYT CTAHITHH CO3JdC€TCHA CAHHTAPHO-3dIIIHTHAA 30H4.

Az 5
Add
. (&)
7 4
CH
10 g 7 , 8

3 _J 6)

PucyHok 7.4. [IpuHippmmansHasg TexHonoruueckas cxema ASC ¢ peakropoM tuiia BH:
a - TIPHHIIUII BEITIOJIHEHHS aKTHBHOI 30HBI peaKTopa;, O — TeXHOIormdeckasa cxema: 1-7
— QHAJIOTMYHBI YKa3aHHBIM Ha PHC. |, 8 — TeIrmooOMEHHHK HaTPHEBLIX KOHTYPOB, 9 —Hacoc He-

PaJHOAKTHBHOI'O HATPHA, 10 — Hacoc PaJHOAKTHBHOI'O HATPHA

Konmpononusie éonpocet:

1. KakoBO BO3ZIEHCTBHE Ha OKPVKAIOIIVIO CPedy CO CTOPOHEI ADC?

2. YeMm o0YCIOBIEHO IIPHMEHEHHE MHOTOKOHTYPHEIX ¢XeM ADC?

3. Kakum 006pa3oM OTBOAHMTCS BRIAEIISEMOE IIPH SAEPHOH PeaKI[MH TEIUIO H3 peaKTopa Ha
ADBC?

4. JI11 4ero HCIIOJIb3YIOTCS CEMapaTOPhl B ITPOTOYHEIX YACTIX SHEPrOYCTaHOBOK?

5. Kakmue MATCPHAIIBL HCIIOJIB3VIOT B Ka4YCCTBC 3aMCJIHT CJIA ﬂI[EpHGﬁ PEAKITHIT B PCAKTOPC

ADC?
NOKYMEHT MNOANMUCAH

SNEKTPOHHOW MOAMUCHIO IOIIMHOCTH ELIPH@HTLIEHIDT PEAKTOPEI COBPEMCH -
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7. 11 KaKHX HEeJIeH CO3Mar0TCs 3all[THEIE 30HEI BOKPYT TePpHUTOPHH ADC?
8. M300pa3snTh TPEXKOHTYPHYIO cXeMy ADC.

0. YTto Taxoe TBA1?

NOKYMEHT MOAMNMUCAH
SNEKTPOHHOWM MOANMUCHIO
CepTuchukar:  12000002A633E3D113AD425FB50002000002A6
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Yyeorno-memoouueckoe u UHPopmauoHHoe obecneverue OUCUUNTIUHDL

Ilepeuens 0cHO6HOI U 00NOJIHUMENLHOU JIUMEPAMYPbl, HEOOX00UMOU 0J11 0C60EHU A
O UCHUUNIUHDBI

Ilepeuens ocHOGHOU TUmMeEpamypul:

1. Bapouxun, E. B. O6mrasg sHepreTuka : yaeOHoe nmocobue / E. B. bapouxyH, M. FO. 3o-
pHH, A. E. BapouxknH. — 3-e n31. — Mocksa, Bonorna : Undpa-UmxkeHeprs, 2021. — 316 ¢c. —
ISBN 978-5-9729-0759-5. — Tekct : snexrpoHHsli // [[ndpoBoit oOpazoBarebHBIN pecype IPR
SMART : [caiit]. — URL: https://www.iprbookshop.ru/114940.html

2. Banees, M. M. OGmias aneKTposHepreTHKa | O1eKTpOHHEBIH pecypc]|: yaeOHOe mocobHe /
M. M. Baneeg, B. I'. MakapoB. — DJIEKTpPOH. TEKCTOBBIE JaHHBIe. — KazaHsp : KazaHCcKuil HaIHo-
HaJIbHBEIH HCCIIeJ0BaTEIb CKHI TEXHOJIOTHYEeCKHH YHHBepCHTET, 2017. — 220 c¢. PexamM gocrtyria:
http://www.iprbookshop.ru/79339.html

3. JleGeneB, B. A. TemnosHepreTnka | OnekTpoHHBIH pecypcl|: yueOHHK / B. A. JleOenes.
— DIEeKTPOH. TeKCTOBBIE JaHHbIe. — CII0. : CaHkr-lleTepOyprckuit rOpHBIH YHHBEPCHTET, 201 7.

— 371 c. Pexxav gocryma: http://www iprbookshop.ru/78140 html

Ilepeuens 0ononHumenbHOU TUmMepamypbl.

1. O0mras sHepreTHKa | D1eKTpOoHHBIH pecypc|: yueOHHK: B 2 kH. / B.II. I'openos, C.B. I'o-
penoB, B.C. 'openos u ap. ; mox pex. B.11. 'openora, E.B. MBaHoBOH. - MockBa ; bepnuH : [{u-
pexr-Menua, 2016. - Ku. 1. AnmpTepHaTHBHEIE HCTOYHHKH SHepruu. - 434 ¢. PexumM gocryria:
http://biblioclub.ru/index.php?page=book &id=447693

2. BoGmikoBa, T.B. IIporiecchl H armapaThl IMHINEBLIX ITPOH3BOJICTB | DIEKTPOHHEIH pe-
cypc|: yaeOHoe nmocodne / T.B. Boomukosa, C.H. I1Inmeikos, A.B. Ilepmskor; GI'EOY BIIO Crag-
POITOILCKHI TOCYAAPCTBEHHBIN arpapHbIH YHHBEPCHTET. - CTaBporions : Arpyc, 2013. - 212 c.
Pexxyv goctyra: http://biblioclub.ru/index. php?page=book&i1d=277522

3. Bercrpunxkwii, I'. @. OOmag sHepreTHKa (IIPOH3BOJICTBO TEIJIOBOH H 3JIeKTPHYECKOH
sHepruH) : |yuebnuk| / I'.®. Beicrpmxami, I.I". T'acanramxneB, B.C. KoXiieHKOB. - 2-e M3,
ctep. - M. : KHOPYC, 2014. - 408 c. - (bakanappuar). - Ha yueOHuke rpud: Jom. YMO. - Buob-
nuorpad.: c. 403-404. - ISBN 978-5-406-03655-6
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Ilepeuens yueoHo-MmemooUUecKoz0 0becneueHus camocmoameslbHou padomst 00yuar-
uwuxca no OucCyUnIuHe

1. Metoamyeckie peKOMeHIAIlUH JIJI ITIOJATOTOBKH K ITPAKTHYECKHM 3aHATHSM 10 JHICITH-
1mHe « O011ast SHEPreTHKaY.

2. Metoanyeckie peKOMeHIAI[HH IS BBIIOTHEHHS KYPCOBOH palOTHI IIO JHCIHILIHHE

«OO0I11as SHEPreTHKAY.

2. Metogmuecke PEKOMCHAOAITHIT ITO OPI'aHH34AIITH CAMOCTOAT eJILHOH pEIﬁIDTLI CTVIACHTOB

10 JUCIIILIHHE «O011as JHEPICTHKA.

Il epeuens pecypcosé urhopmauioHHO-mMeAeKOMMYHUKAUUOHH O cemu HumepHem, He-
00X00UMBIX 0J11 0C60€HUA OUCHUNIIUHbI
L. http://www.biblioclub.ru -ObC "YHuBepcureTckasa OHOIHOTEKa OHITaHH"

2. http://www.iprbookshop.ru/ - OnekrpoHHo- 6udimoreuHas cucremMa [PRbooks
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MUHUCTEPCTBO HAVKH U BLICIIIETO OBPASOBAHU S POCCUUCKOU OEJIEPAITUU
OEJJEPAJIBHOE T'OCYJJAPCTBEHHOE ABTOHOMHOE OBEPA3SOBATEJIBHOE YUPEX/IE-
HUE BBICIHET'O OBPA30BAHU A

«CEBEPO-KABKAS3CKUU ®EJIEPAJILHBIA YHUBEPCUTET»

[Iaruropcxait HHCTHTYT (promian) CKOY

MeTtoanuyeckue yKa3aHHs

I1O BBITIOJTHEHHIO KYPCOBOH PadOTEI
1o aucimnmHe «OBIAA SHEPI'ETHUKA»
IUISL CTYAEHTOB HaIlpaBIIEHIS ITOATOTOBKH
13.03.02 2nIeKTpo3HEPreTHKA H STIIEKTPOTEXHHKA
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BBeaeHue

KypcoBasg paboTa [BISIETCS OJHHUM M3 BaKHBIX U IIEPCIEKTHUBHBIX BUJOB
y4eOHOTO IIpoIecca, O3B0 NPOSBUTE NHANBIYaJIbHBIN TBOPUECKUN MOIX0[ K
PEIIECHITO [IOCTABIEHHO! 3aaull. 1 [pu KypCcOBOM IIPOEKTUPOBAHNINU 10 JUCIIUIIIINHE
«O0mrag sHepreTuka» CTYACHTY HPUXOJUTCS CaMOCTOSTEIILHO CTaBUTH U PEIIaTh
BOIIPOCHI, HE NMEIOIIE OJHO3HAYHOT'O OTBETA.

Ilepen Hayasom pabOTHI HaJ KypcOBOil pabOTON pyKOBOJHUTEIIEM BLIIAETCS
sagaHne. Bo BpeMs paboOTHI ¢ IPOEKTOM CTYAEHTHI 00S3aHBI PETryJIsIPHO MOCEMIATh
KOHCYJIbTaluu. Ha KOHCYJIbTallUM PyKOBOJUTEIL IIPOCMATPUBAET BHIIIOJIHEHHLIE
pazaeibl pabOThI U MOJATBEPKAAET IUIM KOPPEKTHPYET IIPMHIMAEMEIE TEXHUIUECKIIE
pemeHnsd. CTyJIEHT MOJIHOCTBIO OTBEYAET 3a IPUHATHEIE PEIIeHUs, NPaBIILHOCTh
PacyETOB U I'PaMOTHOCTh M3JIOKEHI TEKCTA IIOSACHUTEIILHON 3aIIUCK.

3aKOHUYEHHBIN IIPOEKT, IIOANNCAHHBIN CTYIEHTOM M PYKOBOJIUTEIIEM, IIPE]I-
CTaBJISIETCS Ha 3alUTY IIEpE]] KOMICCHUEN, B KOTOPYIO BXOJAT IIpernogarare. 1lpu
3aIUTE CTYJACHT AOJIKEH UETKO B TE€UEeHHNE 5-7 MHUHYT JaTh KpaTKyIO XapaKTepu-
CTHUKY, OTMETUTh OCHOBHBEIE IIPUHATHIE B IIPOEKTE TEXHIMUECKUE PEIISHU, a TaKKe

OTBCTUTE Hd BOIIPOCEI HJIICHOB KOMIICCIII.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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HE.J]L, J3ada'M H pCca/ii3YEMbIC KOMIICTCHIIMI

KypcoBasg paboTa [BISIETCS OJHHUM M3 BaKHBIX U IIEPCIEKTHUBHBIX BUJOB
y4eOHOTO IIpoIecca, O3B0 NPOSBUTE NHANBIYaJIbHBIN TBOPUECKUN MOIX0[ K
PEIICHIIO II0CTARICHHOI 3agaun. B gaHHOII padoTe paccMOTPEHO MPOEKTUPOBAHIE
TEIUIOBOII cXeMBI sHeproomoka TIOC.

OCHOBHBIMH 3a/JauaMI KypPCOBOI paOOTHI SBISIETCH IIOITyUEeHIS MPaKTHUCK X
HAaBLEIKOB pacdeTa OCHOBHBIX IIapaMETPOB TOIUIMBA U TEIIOOOMEHHEIX IIPOIIECCOR,
AHAIN3UPOBAThL U OIEHMBATH JOCTOMHCTBA U HEJOCTATKMN Pa3IMUHBIX TEIIJIOBBIX
BIIEKTPOCTAHITUI.

[{lenpro JaHHOII KYpcOBOH pabOTHI SABILIETCS 3aKpeIUICEHHE U YCBOCHHE
3HAHNI, [IOJIYUEHHBLIX B XO/1€ N3YUEHUS IIpeIMETA.

[Ipu BEITIOTHEHNU KYPCOBOIT paOOTHI paCcCMOTPEHHEI CJIEAYIOIINE BOIIPOCHL:

— ONHICAHNE TEINIOBOI CXEMBIL,

— aHaJIN3 TEeIUIOBOII CXeMBI TypOOYCTaHOBKI,

— OIIpeJeNICHIE JaBJICHNII I1apa B 0TOOpax TypONHEI;

— IIOCTPOEHHE IIPoIlecca pacIIIpeHN 1apa B TypOnHe U TypOOIIpUBOJE;

— pPacyéT BCIIOMOTAaTEIbHBIX 3JIEMEHTOB TEIIIIOBOI CXEMHI,

— COCTaBJIEHHE YpaBHEHMII MaTE€pHaIbHOTO M TEIUIOBOro OaJlaHCOB
[IoJOTpeBaTeNIeil pereHepaTUBHOM CUCTEMEI,

— pacyer MokazaTejiell TEIUIOBON S5KOHOMUYHOCT,

— BBEIOOP TEXHOJIOTHMYECKOI0 000pYJ0BaHMI,

['paduueckasd yacTh BBEINOJIHSAETCA Ha 1-oM mmcrax ¢opmata Al B COOTBET-
ctBuu ¢ TpedoranHmsamu 1'OCTa u ECKJ]:

1. PazBepHyTas TEIUioBas cxema.

[IpuBeeHHBIE B IPOEKTE pacuEeTHl U rpadruueckas 4acTh Oa3UpPyIOTCS Ha Aeil-
CTBYIOIIEIl HOpPMAaTHUBHOM U CIIpaBOYHOII NH(POPMALINN I JIUTEPATYPE.

D MRIBANTTIIT FOORAFMAS S ATh e T rrs e '!'!'T'!"!"-TTT?‘!T‘!‘!’T'!"T&BI (I)DPMI.IP}{I_GTCH CHEJ}{I_DH_II_IE HEPET_IEHL

NOKYMEHT NMOANMCAH
SNEKTPOHHOWM NOANUCHLIO ~
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Kox, hopmynnposka komrie- | Kog, popMyIHpOBKa HHHKA-
TEHIHH TOpa

[ImannpyeMble pe3ylIbTaThl

0OyUeHH S TT0 THCITHITIHHE
(MOJIYIIIO), XapaKTepPH3YIO-
I e 3TAIbl (POPMHPOBAHHS
KOMITET€HITHH, HHIHKAaTOPOB

WUJI-5 ox1 JeMoHCcTpHpYET
ITOHHMAaHHE B3aHMOCBSI3H 3a-
a4y MIPOEKTHPOBAHH H DKC-
ILTyaTal[HH CHCTEM 3IIEKTPO-

CHaOXKeHHS

3HAaeT OCHOBHBIE BHJIBI SHED-
TeTHYECKHX PECYPCOB, CIIO-
cOORI IIpeoOpa3zoBaHH S HX B
AIEKTPHYECKYIO H TETUIOBYIO
SHEPTUIO, THIILI ANEKTPOCTaH-
IIHI, X KOHCTPYKI[HI H OC-
HOBHEBIE arperarsl.

[IK-1 CriocobeH ydyacTBOBATh
B IIPOEKTHPOBAHHH CHCTEM

3JIEKTPOCHA0KEHI S N J1-6 nx-1 CrtocoOeH oxapak-
TEPH30BATh ANEKTPOTEXHHYE-

CKOe 000pYyIOBaHHE (THITHI,
() YHKIHOHAJIbHOE Ha3Ha4e-

HHE) 3IEKTPO3HEPr ETHYECKHX
CHCTEM

YMeeT dHAJIH3HPOBATDL H OIIC-
HHBATH JOCTOMHCTBA H HSOO-
CTATKH Pa3JIHYHBIX 3JICKTPO-
CTElI—H_[I]ﬁ:, CHCTEM OTOILICHILA
H I'OPAHCIO BOJJOCHAOKEHH .
BrnageeT HaBBRIKaMH PaciucTa
OCHOBHBIX ITaPpaMETPOB TOII-
JIHBA ., HABBIKAMH PaCHicTa
TEIUI000MeHHBIX ITPOLCCCOB.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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3aaaHMe HA KYpPCOBYHO padoTy

YTBEPXJ]AIO
3aBeqyrOmuil Kadeapoil
U3NKH, AIIEKTPOTEXHIKU
11 3JIEKTPOIHEPTETUKI
MacroTtusa | .B.

HWucturyt LIaturopckuii (punuan) CKOY

Kadeapa buzukm, 51eKTPOTEXHIKU 1 AJIEKTPOSIHEPIreTHKU

Hampagnenue 13.03.02 SIeKTpO3HEPIETUKA U SJIEKTPOTEXHIKA
HamnparieHHOCTh [lepeaua 1 pacopegeneHne SIeKTPUUEC KO SHEPTUN B CUCTE -
Max 3JIEKTPOCHAOKEHILT

SATAHIE
HA KYPCOBYH padoTy

CTyaeHTa

(darmunua, ums, omyecmeo)

IIo JAHCITHUIIJIITHC {{Oﬁmaﬂ SHEPI'CTHKA »

1. Tema paboThl: «PacueT TenoBoil cxeMul 3Heprodogoka TOCy» (BapuaHT ).
2. llenb: BBITOTHUTE pacdeT TEIIOBOIl cXeMbl 3Heproodoka TOC.
3. IlepeueHp moanexkamux pa3padoTKE BOIIPOCOB:
- TeopeTnueckue pa3aeiL
- PacueTHEIN pa3 el
- IJacriopT TenjI0BOl CXEMBEI.
- AHAIN3 TEIJIOBOI CXeMBI TYPOOYCTAHOBKH U MCXOJIHBIX JTAHHBIX.
- CocTaBlIeHIE pACUETHON CXEMEI.
- OnpeieneHne JaBJIEHUII I1apa B 0TOOpax TYPOUHEI.
- IlocTpoeHue mpoliecca paclIupeHns napa B TypOuHe B TypOOonpUBoAe B hs-
IarpaMMme.
- CocTaBI€HIE CBOJAHON TaOIMIILI HAPAMETPOB Mapa M BOJHL.
- PacuéTr BcrioMoraTenbHEIX 3JIEMEHTOB TEIIJIOBON CXEMBEL.
- CocTaBIeHHE U pelleHNe YPaBHEHMUIT MaTepHaJIbHOrO 1 TEIUIOBOrO OaJIaHCOB
[IOJOTrPERATENEI PETEHEPATUBHOU CUCTEMEL.
- IIpoBepka MaTepHallbHOro OanaHca pabodero tena B cxeMe. OmnpeencHHE
pacxoja I1apa Ha TypOuny. [IpoBepka MOITHOCTIL
- PacueT mokazaTenen TEIIOBON S KOHOMUYHOCTU.

- Bu10op o0opygoBaHNSL
AOKYMEHT MOAMNUCAH

SNEKTPOHHOW NOANMUCHIO H HDDEI{TH.
Ceptuchukar: = 12000002A633E3D113AD425FESD002000002A6 OYCTaHOBKI,
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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4 McxXoHbIe JaHHBIE:

4.1.
4.2.

4.3.

4.4
4.5
4.6
4.7

4.8
4.9

MomaocTs sHeproonoka TOC

[IpoToTu, Ha KOTOPEIN HAJI0O OPUEHTUPOBATLCS IIPU pa3-

paOOTKE TEIIOBOM CXEMHI:

HauanbHble IapaMeTphl ITapa: JlaBIeHUE:
Temmeparypa:

KoHEYHOE JaBICHUE:

JlaBIIEHNE B XOJIIOAHON HUTKE IIPOMIIEpErpERa:

Temneparypa mapa mocJjie mpomIeperpena:

KonmuecTBO pereHepaTUBHLBIX [IO4OTpeBATENEH 1 UX I10/1-

KITFOUEeHHIE K 0TOOpaM — IO IIPOTOTHILY.

JlaBIIEHUE B JieanpaTope:

JlOTIOJTHUTENBLHEIE ITapaMeETPHI:

TeMmnepaTypa MUTATEILHO BOJHL:

4.10 Tum Tomauga:

n

CepTtudukar:
Bnageneu;

B KOHJ BHCETOR

|
|
B D
I 5
NOKYMEHT NOANMUCAH
SNEKTPOHHOW NOANUCHIO |
12000002A633E3D 11 3AD425FB50002000002A6 sast cxeMa TypooycraHoBkn K-160-130

lLlebGayxoea TateAHa AnekcaHapoBHa
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J. IlepeueHp pekOMEHIyeMOM JINTEPATYPhI

1.Baneer, 1. M. O01mas snexTposHepreTuka | OJIeKTpOHHBIN pecypc |: yuedOHoe mo-
cooue /M. M. Banees, B. I'. MakapoB. — OIeKTpOH. TEKCTOBLIE JJaHHBEIE. — KazaHb
- KazaHCK 1 HallUOHAIBLHBIN UCCIIE0BATEIILCKIN TEXHOIOTHYECKNN YHIBEPCUTET,
2017. — 220 c¢. Pexxum goctyna: http://www.iprbookshop.ru/79339 html

2. JIebenen, B. A. TennosHepreTuka [ OnexTpoHHBIN pecypc|: yueOnuk / B. A. Jle-
OeneB. — ONeKTPOH. TeKCTOoBKIEe JaHHEIe. — CIIO. : CaukT-IleTepOyprekuii ropHBIN
YHUBEPCUTET, 2017. - 371 C. Pexum JIOCTyIIA:
http://www.iprbookshop.ru/78140.html

3. OOmias sHepreTuka | OnekTpoHHBIN pecypc|: yueOHuk: B 2 kH. / B.IL 'opernos,
C.B.1'openo, B.C. 1 openoB u ap., mox pexa. B.I1. 1'openora, E.B. MBaHOBOI. -
Mockea; bep-nmun : Jlupexkr-Meaua, 2016. - Ka. 1. AnbTepHaTUBHBIE NCTOUYHUKU
SHEPTUIL. : 434 C. Pexum JIOCTYyIIA:
http://biblioclub.ru/index. php?page=book &1d=447693

4. Boomuxkora, T.B. IIponecch 1 anmapaThl OUIIEBEIX IPON3BOACTB | OIEeKTPOHHBII
pe-cypc|: yuebnoe mocodbue / T.B. Boonukosa, C.H. [IlmeikoB, A.B. IlepMskoB ;
OI'BOY BIIO CTaBpomonbCKNI TOCYAApPCTBEHHBIN arpapHbBIl YHUBEPCUTET. -
CTaBpOIIOJIb ) Arpyc, 2013. : 212 C. Pexum T10-
cty1ma: http://biblioclub.ru/index. php ?page=book&1d=277522

5. Brictpunkuii, I'. ©. O0masa sHepreTuka (IIpou3BOACTBO TEIUIOBOIM U AJIEKTpIUE-
ckoil sHeprun) : |yueduuk| / I'.®. Beictpunkmii, I'.I". I'acanramxkuer, B.C. Koxiu-
YEeHKOB. - 2-¢ u3a., crep. - M. : KHOPVYC, 2014. - 408 c¢. - (bakanaBpuar). - Ha
yuebuuke rpud: Jom. YMO. - Bub-muorp.: ¢. 403-404. - ISBN 978-5-406-03655-6

6. KoHTpOJIbHEIE CPOKH HpeACTaBIIEHI OT/AEILHBIX pa3/IelIoB KYPCOBOII pabOTHI:

25% - €« » 20
50% - « » 20 T
75% - « » 20 T
100% - « » 20 T
7. CpoOK 3aIllUTEI CTYJIEHTOM KYPCOBOTO IIPOEKTA «  » 201 r
JlaTa BeIJaun 3aJJaHUS € » 20__r

PykxoBoauTesb KypCcoOBOTO IIPOEKTA

(V4e MHAA CheNeHs, 36aHUe ) (MUYHAA NOONLC b) (UHULUATST, QamMiiii)

3ajaHue NPpUHI K UCIIOJTHEHUIO CTYJIE€HT (opMBEI 0Oy UEeHIA
Kypca TPy IIIIEI

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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CTpyKTYypa BBINOJHEHUSA KYPCOBOH padoThI

KypcoBas paboTa JoKHA COCTOAThL U3 BBEACHIS, TEOPETHUECKOI YaCTU, SM-
MIpHUYIEeCcKoil (IpakTUUECKO, pacueTHO-IpapUUecKoil) YacTH, 3aKJIFOUYSHU, CIIICKa
JINTEPATYPhl U MPIUIOKCHUS.

CTpyKTypa KypCOBOIl pabOTEI COCTOHUT N3 CIEAYIOIINX 0013aTeNIbHBIX 3JIe-
MEHTOBR:

1. TumyawHbtil a1ucm opOpMILIETCS B COOTBETCTBHU ¢ Ilpunodxceruem 2.
: 3aoanue Ha Kypcosoi Npoekm

2
3. Cooepycanue
4. Beeoernue
J. YHacmwb 1 — TeopeTmueckas
— OIIICAaHUE TEIJIOBOI CXEMEL,

6. Hacmw 2— PacueTHas

— AHaJIm3 TEIUIOBOI CXEMbI TYPOOYyCTaHOBKH

— OmnpepneneHne JaBIeHUI IIapa B 0TOOpax TYpOUHEI

— IlocTpoeHnune npoljecca pacIiupeHns mapa B TypOHHE U Ty pOOIIPUBOIE

— Pacuét BcmoMoraTeIbLbHBIX 2JIEMEHTOB TEIIJIOBOII CXEMEL

— CocTaBJICHII€ YPaBHEHIII MaTepHUaIbHOIO I TEIIJIOBOTO OalaHCOB IIO-
JlorpeBaTesieil pereHepaTUBHOII CUCTEMEI

— Pacder nokazarernel TEIIOBON 3KOHOMUYHOCTH

— BriOop TexXHOJIOrn4ecKoro 000py J0BaHI

['paduueckass yacTh BBIIIOIHSETCS Ha 2-X nucTax ¢opmara Al B COOTBET-
cteuu ¢ TpeboBaHusamu ' OCTa u ECKJ]:

— PaszpepHyTasd TeIoBas cXema

CRUCOK UCNOIb308AHHBIX UCMOYHUKOE U JIUMeEpPaAmypbl

CIIICOK HCIIOJIE30BAHHBIX NCTOYHUKOB 1 JINTCPATYPhBI JOJIZKCH OBITL COCTaB-

AOKYMEHT MOAMMCAH CTa x odopmnenmo dudbnmorpapnu
ANEKTPOHHOW MOANUCHIO

Ceptucbukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TaTeAHa AnekcaHapoBHa
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[IpunoxeHnue cogepkKUT BeCh (PaKTHUECKNIT MaTepHUall 3KCIepHIMEHTaIbLHBIX

ICCJIEJOBAHMIN (CXEMBI, YUePTEHKH ).

Kaxmgoe mnpwiokeHne HaJ0 HadMHATE C HOBOWM CTpaHHUIEL. lIpmioxkeHn:s
IMEIOT OOI[YIO ¢ OCTAJIbHON YaCThEO PAaOOTEI CKBO3HYIO HyMEPAaI[HO CTPaHMIII.

3arooBok «lIpmnoxeHuey MUIIETCSA B BEpPXHEM IIPaBOM yIIy. Bece mpuioxe-
HIISI HyMEpPYROTCS, HanpuMep: IIpnnoxenne 2. Ecnn npmwiokeHne oJIHO, TO €r0 HE
HY MEPVIOT.

Ecym IIpniioxkeHne nMeeT 3arojloBOK, KOTOPBIN IHUIIETCS OCEPEINHE C IPO-

IIICHOI OYKBBI OT/JI€JILHON CTPOKOIL.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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O01mne TpedoBaHHSA K HAITHCAHUIO M 0(pOpPMIIEHHIO PadOThI

KypcoByro paboTy pekoMeHAyeTCs HpeAcTaBiIITh B oobeme 30-40 IUCTOB.
TexcT pabOTEl JOJDKEH OBITH HalleyaTaH dyepe3 1,5 mHTepBala Ha OJHOI CTOPOHE
cTaHgapTHoro mnucrta Oenoll Oymaru (A-4). TexcT u Apyrue oTIICUaTaHHBIE 3JIC-
MEHTHEI paOOTEI JOJIKHEI OBITE YEPHBIMH, KOHTYPEI OYKB 1 3HAKOB UeTKHMU, O€3 ope-
ona u 3ateHeHnd. IlIpudt Times New Roman, xerens 14. HazBaHus riae u mnapa-
rpa)OoB BBIACIISIOTCS MOIYKUPHBEIM mpudTom. JINCT ¢ TEKCTOM JOKEH HMETh
rmosid: ciera - 30 MM, crpara - 10 MM, cBepxy - 20 MM, cHI3y 20 MM.

Hymepanus cTpaHul] TEKCTa JIEIAeTCd B IIPaBOM HIKHEM yIu1y JcTta. IIpo-
CTARIISITH HOMEP CTPaHUILI HEOOXOJMMO CO CTpaHUIIEI, IAe IledaTaeTcs «BBene-
HIIE», Ha KOTOPOIl cTaBUTCA 1udpa «4». Ilocne 3Toro HyMmepyroTcs Bce CTPaHHIHL,
BKJIEFOUAs IIPIUIOKEHUA.

MesxTy HazBaHMEM IJIaBEl M Ha3BaHHEM Maparpada 3Tol IJIaBbl CTABUTCS
nmpoOeIl paBHBIN JIBYM HHTepBajlaM, a Ha3BaHUE ITaparpada He JOIDKHO OTAEIIIThCS
OT TeKCTa 3Toro naparpada mnpodenom. Hazpanus naparpa@or oTAEIIIOTCS OT TEK-
cTa MHpeAblayInero maparpadga IIpoOernoM, paBHRIM JBYM HHTepBanaM. Kaxkmas
[71aBa, a TakKK€ BBEJICHUE, BEIBOJLI, IIPIUIOKEHNA U CIIMCOK MCIIOJIL30BAHHOM JINTE-
paTypbl HAUMHAKOTCS ¢ HOBOU CTpaHUIIBL. | JIaBBEI MMEIOT IOPSAKOBLIE HOMEpPA B IIpE-
Jejax Bceil paboTel, o0o3HavaeMele apabckumu 1udpamMu (Haapumep: 1, 2, 3), no-
cJIe KOTOPBIX CTaBUTCS Touka. CJIOBO «I1aparpad» mim 3Hadok naparpadga B HazBa-
HII HE cTaBATcs. Ilaparpadbl IMEIOT IOPSAKOBBEIE HOMEpPa B IIPEJEsiax ITaB, 000-
3HauaeMble apabckumu mudpamu (Haopumep: 1.1. u 1.2.). 3aronoBku rias U mnapa-
rpaoB B TEKCTE paOOTHI JOJIKHBI paclojiaraThbCs II0 LEHTPY, TOUKY B KOHIIE Ha3Ba-
HIIS TJIaBEI U ITaparpada He cTaBAT. He JomyckaeTcs IEpeHOCUTEL YacTh CIIOBA B 3a-
T'OJIOBKE.

Hymepamusa Tabmuil 1 puCYHKOB MOJKET OBITE CKBO3HOM MJIN COOTHOCHUTBCS C

TR NIRRT RN TATFATHY ¥F T TR TTARMA .-"'1."'1"'! U"'!‘!_!"‘!"":‘!"'-!"‘!'-.-!’.-""'-"!‘"":' ECHI{ THGHI,IHHF I{HI{ pI{C}{HDK EKHI_G‘LIEHLI

ONOKYMEHT NMNOONMMCAH
SNEKTPOHHOWM NOoANUCLIO
Ceprudmkar: - [12000002A633E3D113AD425FB50002000002A6 dBbl, HYMCpPAIIITA CJICAYROIIAAd. Taﬁmma
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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PHCYHKAa) B JaHHOM maparpade. TaOmmma nomemaercss B KaueCTBE CIEAYIOIIEH

CTpaHMUIIBI IIOCJIE IIEPBOr0 YIIOMUHAHUSA O Hell B TekcTe (cM. puc. 2.1.1).

Obpazeu opopminenus popmyiol U ypasHeHUs

S=ab

El

.
rac S — IJIomaab IIPpAMOYI'OJIBHIIKA, M™,

a I b _ AJINMHBL CTOPOH IIPAMOYI'OJIBHIIKA, M.

Obpazeu opopminernus maoiuy

(2.1.1)

HcTopuKO-KYJILTYPHEIE OOBEKTHI pernoHa

Tabmuma 2.1.1

Derepalis-
MecTHOrO | BHOBE BEHISB-
Bug maMsaATHHUKa | HOI'O 3Haude- Bcero
3HAUCHUA JIEHO
HIL
ApXUTEKTypHEIE 15 328 812 1155
Apxeosorun 3 144 183 330
Hctopun 9 220 66 295
HckyccTBa 1 49 6 66
Cal0BO-TIapKOBLIE : 17 : 17
Htoro 28 758 1067 1853

[Ipu nepeHoce TaONUIBI HA JPYTYIO CTpaHUIY €€ I'padbl JOIIKHEI OLITh BEIJE-

JIEHBI OTJIEJIbHOM CTPOKOM M IMpoHyMepoBaHbl. Haj mpogomkeHneM mumyT «lIpo-

JOJLKCHIIC T36HHL[BI Coe M, «OKoHUYaHIIE Taﬁ.]'[HL[bI ...». HmxHroro I'OPHU30HTAJIBHY IO

YepTEl, OTpaHNIUNBAIOIY IO IIEPBYIO UaCTh TaOJIUILI, HE IPOBOIAT.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOAMUCHIO

CepTtudumkar:
Bnageneu;
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