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JEKIIHA 1

OCHOBHBIE ®U3NYECKHUE BEJIMYUHDBI B DOHEPI'ETHUKE.
®U3NYECKHUE CBOMCTBA BOJbl. MEXAHUUYECKHE
CBOHCTBA KOHCTPYKIIMOHHBIX MATEPUAJIOB
B OQHEPTOMAIINHOCTPOEHUU

2.1. OcHoBHbBIE (l)I/ISI/I‘leCKI/Ie BC€JIMYUHBI B JHEPIr€TUKE

B 1961 rony B Hamei ctpaHe Obuia BBeneHa MedicoyHapoouas cucmema
eounuy (CU). OnHako 10 CUX MOp B CWIY INPUBBIYEK, a TAKXKE HEJOCTarka Ha
paboumnx MecTax 3JIEKTPOCTAHIUI NPHUOOPOB C COOTBETCTBYIOIIEH I'PayHpOBKOMl B
IPAKTUKE HCIONb3YIOTCS W JPYrM€ MHOTOUYMCIIEHHBIE €IWHULBI (DU3UUECKUX
BEJIMYMH W HMX MPOU3BOAHBIX, & TAKXKE PA3JIUYHbIC BHECHCTEMHBIE €IUHUIBI. B
JAHHOM pa3Jielie PacCMOTPEHbl EIWHULBI HM3MEPEHHS OCHOBHBIX (PHU3NYECKHX
BEJIMUMH, UCTIONb3YEMbIX MEeN10- U 2NeKMPOIHEPEMUKAMU.

Enuaunnein usmepenns nmunsl B cucteme CU sBiserca memp. B metpax,
HaIpuUMep, HU3MEpSIIOTCS JJIUHBI TypOoarperaToB (Hampumep, AJMHA TypOUHBI
MotmHocThi0 1200 MBT cocraBnsier okoiio 48 M), pa3mepbl MAalIMHHOTO 3aJia
TEIUIOBBIX JIEKTPOCTAHLUMN, BBICOTHBIE OTMETKH YCTAHOBKHU 000PYAOBAHUS.

JUig u3MepeHust pa3MepoB AeTajiell 0ObIYHO UCTONb3YIOT Muaaumempol. K
npuMepy, JJJIMHA JIOMATKW TpeThed cTyneHnu Typounsl paBHa 1200 mm. B
MUJUTUMETPAaX M3MEPSIIOT 3a30pbl MEXIYy JAeTalsiMU (Hampumep, paauaibHble
3a30pbl MEXK]Iy BpallalolMMCs pOTOPOM U cTatopom coctasisitor 0,5 - 1,5 mm),
TEIJIOBBIX paclIMpEeHU TypOuHbI Ha GyHAaMeHTe (OHU MOTYT AocTturath 10 Mmm) u
T.J.

OueHb Maible JIMHEWMHBIE BEJIUMYUHBI U3MEPSIIOT B MUKPOMEMpax
(Mukponax): 1 MmkM = 10°mM. B MHKpoOMeTpax M3MepSIOT, HAIPHMEp, pa3Max
BUOpAIMii KOPIYCOB MOJALIMITHUKOB TYpOWHBI, TOJIIMHY MAacCisSHOW IJIEHKH B
OTIOPHBIX MOJIIUITHUKAX, HA BKJIAJBIIIAX KOTOPBIX BpallaeTcs poTop (0OBIYHO 3TO
20 - 30 mxm).

Jlist uamepenns maccsl B cucreMe CH, yarie Bcero MCHob3yIT KUI02PAMM
Y KpaTHbIE €My BEIIMYUHBL: epamm U moHHa. B Kuiorpammax HU3MEPSIIOT MaccChl
OTIIEIBHBIX JeTaNie (Hampumep, macca pabouel JOMaTKHu TPEThel CTyINeHU
quHOM 960 MM paBHa mpuMeEpHO 12 Kr), B rpaMMax - HalpuMep, 3HAUEHUsI Macc
0amaHCUPOBOYHBIX TPY30B, B MOHHAX - MAcCy KPYNHBIX OOBEKTOB (Harpumep,
noJiHast Mmacca TypOunbsl MomHOCThI0 500 MBT cocraBnser okono 1000 T).

Enununeit Bpemenu B cucreme CH  sBusercs cexkywoa. CekyHIaMu
MOJIB3YIOTCSL I aHaiu3a OBICTPONPOTEKAIOIIMX IMPOLIECCOB B  CHUCTEMAaX
aBTOMATHYECKOT0 pEryJupoBaHus TypOUH (M JaXXe COThIMH €€ JOJsMHU), B
NPOTOYHBIX YACTAX TYypOMH, HACOCOB, B TMApONpPOBOAAX M TPyOOINpPOBOIAX.
Munymamu 4 uacamu OOBIYHO TIOJIB3YIOTCSl ISl OINUCAHUS MeEHee OBICTPBIX
IIPOLIECCOB, HAIPUMED, IITUTEIBHOCTH 3TANlOB ITyCKa, HAIPYKEHUS, Pa3rPyKEHUS U
OCTaHOBKHU TypOMHBI, TPOTEKAIOIINX OT HECKOJIBKUX MUHYT JO0 HECKOJBKUX YacOB.



Hanpumep, myck mapoBoi TypOMHBI TOCIE HOYHOTO MpocTosi 3aHumaer 30 -
40 MUH, a JIUTEIBHOCTD MyCKa YHEPro0JIoKa MOCIe peMOHTa MOKET JI0CTUTaTh 3 -
Su.

B vacax oObuHO M3MepsieTcsi HapaOoTKa TypOUHBI U PECypChl Pa3IuYHOTO
tumna. Hanpumep, pecypc COCTaBHBIX yacTed 0OOOpYyIOBaHMSI HHEProOJIOKOB 3a
peIKUM HCKIIOYEHUEM JoJkeH ObITh He MeHee 200 ThIC. 4, MapKOBBIM pecypc
OonbiMHCTBA TYpOUH coctapisieT 170 - 220 Thic. 4, HapaboTKa TypOMHBI HA OTKa3
paboTocrocobHocTH (OH moimkeH ObITh He MeHee 5000 u mist mapoBBIX TypOUH U
3000 4 st ra30BBIX TYpOUH).

Juamu  wnm cymxkamu  W3MEPAIOTCS  MPOJOJKUTEIBHOCTh PEMOHTOB
(HanpuMep, NPOAOCLKUTEIBHOCTh KalUTaJbHOTO PEMOHTA Il 3HEproOJoKa
motHoCcThio 800 MBT: - 72-73 anst). [00amu M3MeEpsIIOTCS MEKPEMOHTHBIN CPOK
CIIy’kObl TypOUHBI (OH TOJKEH OBITh HE MeHee 4 JIET), CPOK CIYX OBl TypOUHBI 110
cniucanus (He meHee 40 ser). Hamomaum, uto 1 rox = 8760 u.

Temneparypa B cucreme CU wusmepsercs B Kenvsunax (K) (HO He B
rpanycax KenbBuna!). Uucnenno 1 °C = 1 K, a temnepatypsl B KenbBunax 7T u
rpanycax Llenscus t cBsI3aHBI COOTHOILIEHUEM:

T=t+273.

TernnosHepreTuky MOJIB3YIOTCS HUCKIIOYUTENBHO CTOTPAyCHOM IIKAJION
(rpamycamu llenbcus).

PaccMmoTpeHHbIe €AMHUIIBI - JUIMHBI, MAacChl, BPEMEHH U TeMIepaTypbl (B
KenpBuHax) BXoaatT B cocTaB oCcHOBHBIX enuHull CU. Bce ocraibHbIE €IUHUIIBI
SBIISAIOTCS TIPOU3BOAHBIMU OT OCHOBHBIX. [l1omans u 060bEM 00BIUHO U3MEPSIOTCS
COOTBETCTBEHHO B KBAAPATHBIX (M”) M KYOHUIECKHX (M°) METpax.

YacToTa BpalieHUsl U3MEPSIETCS YUCIOM 0O0POMO8 6 CeKyHOY WIN MUHYTY.
[Tockonpky yacToTa ceTu B Hamieil crpane npuHsata 50 ', To yacTora BpamieHus
TypOoarperaToB, BKIIFOUEHHBIX B JIEKTPUUECKYIO ceTh cocTaBiger S50 uu 25 06/c
(cootBercTtBeHHO 3000 1 1500 06/MuH).

Cuna u Bec ten B cucreme CU usmepsiercss B woromonax (H). Ognako Ha
MPAKTUKE YacTO MOJIb3YIOTCA BHECHUCTEMHON EAMHMIICH - Kuioepamm-cuivl (Krc);
npu 5tom 1 krc = 9,8 H~ 10 H.

JlaBneHne M MeEXaHWYEeCKOe HamnpsbkeHue (BO3HUKAOIIee B Tejle IMOJ
BO3JICHICTBHEM MPUIIOKEHHBIX K HeMy cull) B cucteme CU uaMepsitoTcst B nackansx
(11Ta = 1 H/™M%). ITackanb - 9TO OYCHb Majasi BEITHYMHA, TTOITOMY HCIIONB3YIOT
KpaTHble BeluuyuHbl: Kwionackaib (klla) m wmeramackans (Mlla). Wuorna
UCIIOJIb3YIOT OaphI:

16ap =10° I1a =100xlla = 0,1Mla,,
YTO MPUMEPHO COOTBETCTBYET AMMOCEHEPHOMY OABAEHUIO.

[Tome3Hno 3amoOMHUTH, YTO arMochepHOE [aBJICHHE pPAaBHO MPUMEPHO
100 kITa, a gaBneHue 3a KOHJCHCAIIMOHHOW MapOBOM TypOUHON COCTaBJISIET BCETrO
3 - 8 klla. JlaBnenune mapa mepej; COBPEMEHHBIMHU MAPOBBIMU TypOuHamu 12 -
30 MIla, nepen razoBeiMu TypOunamu 1,0 - 1,8 MIla. PaccMoTpeHHbIE €TUHUIIBI
U3MEpPEHHUsl JIaBJICHUS B YCIOBUSAX HKCILTyaTallMk 000OpYAOBaHUS AJIEKTPOCTAHIUN



HE MPWXKHUINCH, TI1aBHBIM 00pa3oMm, mo npuunHe otcytcTBust Ha TOC mpubopos ¢
IPayHpOBKOM B MacKalAXx. OKcIUTyaTauMOHHbIM mniepcoHan TOC  oObuHO
MOJIB3YETCS MexXHuyeckumu ammocgpepamu (at):
lar =1 = 9,8-10'TTa = 98«ITa = 0,098MITa
cM
Kpome TtexHuueckux armochep, NPUMEHSEMBIX B TEXHHMKE, HCIOIb3YIOT

Quszuueckue ammocghepor (amm):
lamm ~1,033am =1,033-10° Ia .

Yacto naBineHHE W3MEPSIOT C MOMOIIBIO PTYTHBIX NPUOOPOB - GblCOMOU
pmymnozo cmonba (mm pm. cm.). Hanpumep, ynmoMsHyToe BbIIIE HOPMaJIbHOE
nasiieHre 1 atm = 760 MM pT. CT. M COOTBETCTBEHHO | MM pT. cT. = 133,3 I]a.

MHoroe 000py10BaHUE TEIJIOBBIX IEKTPOCTAHIUN pabOTaeT MPH JAABICHUH

p MeHblIIeM, 4eM atMocdepHoe aasienue B. Ux pa3HOCTb
H=B-p

HA3BbIBACTCS paspedceHuem, U OHO H3MEPSCTCS HEMOCPEACTBEHHO IPUOOPOM.
OTtHolIEHNE

V= ilOO%
B

Ha3bIBAETCA 8aKYyMOM, U 3TOT TEPMHUH Halle Bcero ucnonbdyercsd Ha TOC, kornaa
peub UAET O paspexxkeHuu. Ecin BakyyM B KOHAEHcaTope coctaBisieT 95 %, a
atmMoceproe nasinenue 100 k[la, To 3HAUWT, paspexeHUEe B KOHACHCATOPE
cocrasiget 95 klla, a naBnenue - 5 kl1a.

DnekTpuyeckas u TemioBas 3Heprus B cucreme CU uzmepsiercs B 1KOYIAX
([x), a mottHOCTH - B BarTax (BT): 1 Br=1 [Ix/c.

DNEKTPUYECKYI0 MOIIHOCTh TypOOarperaroB M 3JEKTPOCTAHLMA OOBIYHO
npeacTaBisiior B meeasammax (1 MBt = 10° BT) WIM MHNUIMOHAX KHIIOBATT
(1MBt = 10°«Br). Jl1s OYeHb MOIIHBIX AIEKTPOCTAHIUMA M SHEPTOCUCTEM
Hcrons3yiot eueasammut (1 TBt = 10° MBT).

KonuyecTBO 351€KTpUYECKONW BSHEPrHH OOBIYHO H3MEPSIIOT B KULOBAMM-
yacax (kBt-1). OueBugHO

1xBm -y = 3600« /.

KonudecTBo TemmoBoil sHeprum wu3MepsieTcss aub0 B Oocoyisax, OO B
kanopusx (xan): 1 kan = 4,1868 JIxx. Yamie UCONb3YIOTCS BEIUYUHBI, KpAaTHbBIC
KaJIOpUU - KWJIOKayopus (kkai), merakaiopus (Mkan) u, 0COOEHHO, TUTaKajIopus
(I'kan):

1T kan =10° Mxan =108 xxan =10° kan .



TermoBast MOIITHOCTH (TTPOU3BOAUTEILHOCTh TEIUIA) OOBIYHO U3MEPSETCS B
['kan/u, Ho uWHOrma W B MeraBarrax. Heobxoaumo ormerutsh, uto 1 ['kanm/u =
1,16 MBt. Hampumep, TEmIONpou3BOAUTENBHOCT, MomHOM TII[ ¢ 5
sHeprodgokamu 250 MBT cocrapmser 1650 I'kan/u = 1914 MBT.

[InmoTHOCTE WM OOpaTHast €l BeNMYMHA - YACJIbHBIM 00BEM H3MEPSIOTCS

3 3
COOTBETCTBEHHO B KI'/M~ WJIA M /KT.

2.2. ®du3nyecKHe CBOCTBA BOAbI M BOASIHOIO Mapa

Boga u BoasHOW map SBISIOTCA pabouum menoM TapOreHepaToOpoOB,
NMapoBbIX TypOUWH, SACPHBIX PEAKTOPOB, KOHAECHCATOPOB, PETCHEPATUBHBIX U
CETEBBIX MOJOrpeBaTelei W MHOTMX JPYTUX TEIJIOIHEPIeTHUECKUX 3JIEMEHTOB
TOC, ADC wu III'Y. HUx cBolcTBAa B 3HAYUTEJIBHOM CTENECHU OIPEACIISIIOT
KOHCTPYKIMH 3TUX IEMEHTOB. BoJa MpakTUYECKH HECKUMAEMas )KUAKOCTb: IpU
VU3MEHEHUHU JABJICHUS B INMPOKUX Mpenenax €€ INUIOTHOCTh U3MEHSETCS OYEHb
Majo.

Ecnu Boxy Harpetb B OTKpbITOM cocyae (puc. 1.1), To mpu onpenenéHHon
TEMIEpaType HaYMHAETCA €€ KUIIEHHE U 00pa30BaHue HaJ €€ IOBEPXHOCTHIO Mapa.
Temnepatypa kursiiei Boabl 1 00pa3yroUIerocs: Npu KUNEHUH apa OJMHAKOBHI U
HEU3MEHHBI B MPOLIECCE MOJTHOTO BBIKUIAHUS KUAKOCTH. ECIM ONMMcaHHBIA BbIlIE
OMBIT MOCTaBUTh MpU aTMOchepHOM naaBiieHHH (760 MM pT. CT.), TO KUIEHUE U
ucrnapenue oyayt npoucxoauts npu 100 °C.

Oba TepMoMeTpa
I nokaskigaior 100 °C

[

760 MM pT. CT.

B

Pucynok 2.1. HarpeBanue Bojibl B OTKPBITOM cocyle

Oty TemiepaTypy Ha3bIBalOT memnepamypou KuneHus, il memnepamypou
Hacvlwenus W obo3HauaroT t,. IlocnenHee Ha3BaHME CBA3aHO C TEM, YTO MpPHU
CIIOKOMHOM KHIIEHHWHU HaJ| MOBEPXHOCTHIO BOJBI 00pa3yeTcs CyXOil HacChILICHHBIN
nap - map, B KOTOpOM OTCYTCTBYIOT KaleJIbKH BOAbl. Eciau temmeparypy Cyxoro
HACBIIIEHHOIO Mapa CHHU3UTh (@ 3TO MOXHO CJEJaTh TOJbKO IyTEM
OJTHOBPEMEHHOI'0 CHW)KEHUS JAaBJIEHMS ), TO YaCTh Iapa CKOHJIEHCUPYETCs, U B HEM
HOSIBSITCSL KalleJabKu BoAbl. Takoil map HasblBaeTcsl enadcHuim. Eciu, HA000poT,



CYXOM HACBIIICHHBINA Nap HArpeTh, TO OH OKAXETCS nepecpemuim M0 OTHOIIEHUIO K
COCTOSIHUIO HACBILICHUS.

Ecnu cHM3uTh fdaBieHHe B cOCyle, TO KHUIIEHHE M HCIapeHue OynyT
MPOUCXOUTH MPU MEHbIIEH TeMIepaTrype. ITO UCIOIb3YETCSl B TaK HAa3bIBAEMBIX
BaKyyMHBIX JI€a’dpaTopax, YCTAHOBJEHHBIX B CHCTeMaxX MOJMUTKA TEIJIOCETH:
JIOCTATOYHO B cocyze (Aaeaspartope) co3aarh gasieHue B 0,5 kre/em? ~ 50 klla, u
OHa 3aKuIuUT Bcero npu temmeparype 81 °C.

Hao06opoT, eciiu MOBBICUTH 1aBJICHUE B COCY/E, TO OHA 3aKUMAET U HAUUHACT
UCTIApAThCA TMpU  OoJiee BBICOKOM Temmeparype. ITO CBONCTBO IIMPOKO
UCIIOJIB3YIOT B JJIs  CTEPWIM3alMd  MEJAMHCTPYMEHTOB TIPU  TOBBIIICHHON
TeMIlepaType B aBTOKJIaBaX, Il OBICTPOrO MPUTOTOBJIEHUA NMHUIIA U T.J. OHO
OUYEHb IIUPOKO HUCIOJIB3YeTCs B pa3nuuHoM obopynoBanuu TOC. Hampumep, B
CTAHZAPTHOM Jea’paTope MOMAep/KUBaeTcs aaBieHue 6 krc/cm® ~ 0,6 MIla, u
BOJIa B HEM 3aKuImaeT npu Harpese a0 159 °C.

B Oapabane 6apabaHHBIX KOTJIOB MOAAepKUBaeTcs Aapienue 140 Kre/cMm? =
13,7 MIla, u mosToMy B HEM TeHEPHUPYETCS HACBHIIIEHHBIA Map ¢ TeMIepaTypou
npuMmepHo 335 °C. B mnaporeneparopax JIBYXKOHTypHbIX ADC HarpeB u
UCIIAPEHHUE BOJbI MPOUCXOAUT Mpu AaBieHun 6 Mlla, u mostomy Temmeparypa
o0Opa3yrolerocst HachIIIEHHOTO mapa coctasisieT 275,6 °C.

Heobxoaumo oOTMETUTH, YTO TeMIlepaTypa HACBHIIICHHUS OJIHO3HAYHO
onpeieigeTcs AaBICHUEM HaJl €€ MOBEPXHOCThIO. JTa CBA3b MTOKa3aHa Ha puc. 1.2.
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PucyHnok 2.2. 3aBHCHMOCTH TEMIIEPATYPhI HACBHILIIEHHS TAPa OT JaBJIEHHS

TennoBass sHeprusi, pacxojayeMas Ha TOJJEp)KaHHE KUIICHUS B COCYIE,
3aTpauyuBaeTCsd Ha pa3pblB CBSI3EM MEXIy MOJICKYyJIaMHd BOJbI, T.e. Ha €€
ucrnapenre. Mojekysbl UCTIapUBIIEHCS KUIAKOCTA 00J1aat0T OObIIeH dHepruen
Ha BEJIMYMHY YJIENbHON TEIJIOTHl MapooOpa3oBaHus I, MpeACTaBisIomEend coOoi
KOJIMYECTBO TEIJIOBOM HSHEpPryuu, HEOOXOAUMOM i HcHapeHus | KT KHUIISIIeH
KUIKOCTH. M3MepsieTcs BenmnurHa I' B KJJK/KT YMIIH KKaJI/KT.

[110THOCTB CyXOro HACBIIIEHHOTO apa, €CTECTBEHHO, MEHBIIIE, YEM BOJIbI, U
TaKk ke, KaK TeMIlepaTypa HaChIIIEHUsA, OHAa OJHO3HAYHO OMNpPEAENSIeTCs
napiaeHueM. UeM Bblle JaBieHHe, TeM OosblIe IUIOTHOCTB. IIpu naBneHun Py, =



22,115 MIla nnoTHOCTH BOABI M CYXOr0 HACBHIIIEHHOTO Tapa COBIAJAIOT,
TeMIieparypa Hacelenus t, = t, = 374,12 °C, a ternora napoodpazosanus I = 0.
Cronb cBoeoOpa3HOE COCTOSHUE, XapaKTEPU3yeMOe OTMEUEHHBIMH MapaMeTpaMu,
HA3bIBACTCS KpUMu4eckum, a OHHU CaMH - Kpumuyeckumu. B KpuUTHUECKOM
COCTOSIHUM IUIOTHOCTh BOJbI W Tapa COBHNAJAIOT W OHU MO CYIIECTBY
HEpa3IuYHMBbI.

Wcropust pa3BUTHS SHEPTETUKU 3TO UCTOPUS MOBBIIICHUS [TapaMeTPOB Mapa.
C nagana 60 rogoB 20 Bexka B CCCP (BnepBbie B MUPOBOW 3HEPrETHKE) HAYaJICs
GBICTPBIA Tepexon OoT Jokpumuueckux tmapamerpoB (130 ar, 540° C) «x
ceepxkpumuueckum (CKJI 240 ar, 540° C). B HacTosuiee BpeMs MHpOBas
SHEpreTHKa Hayajla UCTONIb30BaTh cynep - ceepxkpumudeckue (CCKJl) mapameTpsl
napa: 300 art, 600° C; sarem 350 ar, 650° C; wu YK€ UMEIOTC OJOKH,
MCIIONB3yIoNIHe map ¢ Temmeparypoii 10 700° C. TToBbllieHHe MTapaMeTpoB mapa
3TO OJIMH U3 Hauboee 3¢ dekTUBHBIX crtoco6oB nosbieHus: KITJ[ TOC.

B typOunsr TOC u TOIIl, mocTpoeHHble Ha JNOKPUTUYECKUE MapameTphl,
IOCTyIaeT MEPEerpeThlii map, Temmeparypa KOTOpOro Ooiblle TeMIrepaTyphbl
HACBIIIEeHUs (TIPU TOM K€ JIaBJICHUN) HA 3HaUYeHue At

[TocTynuBmuii B TypOMHY Map paclmivpseTcs B HEH U B ONPEIeTEHHON TOUKE
TypOMHBI IPOXOIUT YePe3 COCTOSHUE HACHIIIICHHUSI, & 3aT€M CTAHOBUTCS BIIAXKHBIM -
CMECBIO CYXOI'0 HACBIIIEHHOrO mHapa W Kamenb Bojabl. ConepkaHue Biaru Ha
BBIXOJIC€ U3 TYpOUHBI (TOUHEE - 3a €€ MOCJICIHUMHU BpalalOIIUMUCS JOMATKAMM )
Ut €€ HaAEKHOM paboThl HE AOHKHO mpeBbimath 10 - 13 %. Braxusiii nap u3
TypOMHBI MOCTYNaeT B KOHAEHCATOp, I/I€ MPEeBpAIaeTCsi B BOAY, HMEIOIIYIO
TEeMIIepaTypy HACHIIICHUS.

2.3. MexaHnyecKkue CBOCTBA KOHCTPYKIMOHHBIX MAaTEPUAJIOB B
IHEProMAIIUHOCTPOCHUH

Co3nanue Hané&xHO pabOTAOMIET0 SHEPreTHYECKOro  000pYyIOBaHUS
HEBO3MOXKHBI 0€3 00ecreyeHnss MEXaHNIeCKOW MPOYHOCTU €To JIeTanei, KoTopas
OTIpEeENseTCS ABYMS OCHOBHBIMHU (DaKTOpamu: Oeucmsyroumumu U npeoebHbiMU
Haepys3kamu (MIPOYHOCTHIO), KOTOPhIE MOXET BBbIACPKATh MaTepuan jAeTtaieil 0e3
pazpymieHus. Yem MeHbIIIe Harpy3KH MO OTHOIIEHUIO K TIPEEIbHBIM, TEM OOJIbIIe
BEPOATHOCTh COXpaHeHHusi neTanu. Huke paccMOTpEeHBI OCHOBHBIE CBEACHHS O
COTIPOTHBIICHUN MAaTEPUAIIOB U JIeTalIe MEXaHMUECKUM BO3JICHCTBUSIM.

Crenenp HAMPSHKEHHOCTH MaTepHalia Mmoj ICHCTBUEM MTPHIIOKEHHBIX K HEMY
CHJI XapaKTEepU3yeTCs MEXaHWYECKUM HampspkeHueM. [lpu  mpuiokeHun K
HEKOTOPOMY TeJly BHEIIHWX CWJI BHYTPHM HErO BO3HHKAIOT HAMPSHKCHUS -
BHYMpeHHUe Culbl, TPENATCTBYIONIME pa3pylleHuo Tena. Ecoum k  jgeranu
MPWIOKUTH BHEITHIOK MPOJIOJIBHYIO CHIIY P, TO B K&KJIOM €€ CEYCHHUH TOSIBATCS
BHYTPEHHHE MPOJOIBHBIE CHIIBI, pacrpeieiEHHbIC TI0 ceueHuto. Hanpsbkenue - 3To
BHYTPCHHSISI CUJIa, ICUCTBYIONIAs HA €IMHUITY TJIOMAaU ceYeHus. Ecnu miomaas
CEUYEHHUs paccMOTpeHHoM aetamu F = 1 oM, a pactaruBaromas cuina P = 1 H, To
HanpsvkeHnss B cedennn o = P/F = 1H/em®. Takum 06pasoM, pasMEpHOCTH
HANpPSDKEHUST COBMATAET C Pa3MEPHOCTHIO JABJICHUS M MOATOMY €ro Yallle BCEro
m3mepsitoT B MITa mmn kre/cm®.



JIns OLEHKM MEXaHWYECKOW IIPOYHOCTH JETaau B HEW ONPENEIISIIOT
HaIpsHKEHUs, HAXOJAT OMACHYI0 TOYKY, B KOTOPOM OHM MaKCHMAaJIbHBI, a 3aTEM
CPAaBHUBAIOT UX C XAPAKMEPUCMUKOU NPOYHOCTNU MAMepUuana JeTau.

[Ipu pabore Marepuana HpU TOCTOSHHBIX HANPSDKEHUSIX M HEBBICOKHX
TEMIIepaTypax €ro paspylieHHEe HACTYMaeT MpHU JOCTUKEHUU HAIPSKECHUEM G
npenesia MpOYHOCTH Marepuana G, Eciu Kk o0pasly NpWIOKUTh ycwine P,
CO3/aIOIIEE B €r0 CEYCHUU HANIPSHKEHHUE Gy, TO OH PA3PYLIUTCS, IOJIYYUB IIPU 3TOM
OCTaTo4YHOE (HeoOpaTuMoOE) YMJIMHEHHE: CyMMa JUIMH 4YacTed pa3pyLI€HHOTO
oOpasmia Oymer Oosblie, dYeM e€ro rmnepBoHadanbHas jummHA. OTHOIIECHUE
OpUpalleHus JUIMHBL  00pa3na K [EepBOHAYAIBHOW [JJIMHE  Ha3bIBaeTCs
omuocumenvHuiM yonrunenuem O. OHO XapaKTepHU3yeT IUIACTUYHOCTh MaTepHuaa.
Uem Oosbilie O, TEM MEHBIIYIO CKIOHHOCTh K BHE3alHOMY Xpyrnkomy (0e3
OCTATOYHOTO YJIMHEHHMSI) pa3pyLICHHIO OOHAPYKUBAET MaTepHall.

JIns OlEeHKM HanE€XHOCTU JeTaiu, paboTallieil Mpu MOCTOSHHBIX BO
BPEMEHHM HAINpPSHKEHUSIX, OOBIYHO MCIONB3YEeTCs HE Mpelen IMPOYHOCTH,
COOTBETCTBYIOIIUN Pa3pyIICHUIO, a MEHBIIAsl BEIMYUHA - npedesl meKyiecmu Cs.
[Ipenen TeKyyecTu - 3TO T€ HANPSIKEHUSA, NMPU KOTOPHIX MOSIBISIOTCS IEPBBIC
IJIaCTUYECKUE AepopMalliy Mocie yrupyroro aepopmupoBanus. Jletanb cuuraercs
CIOPOCKTUPOBAHHOM HAAEKHO, €CIM B HEH HE BO3HUKAET ILJJACTUYECKUX
nedopmanmii, T1.. €€ Marepuan pabotaeT B 30He ympyeocmu. WHornma
IJIaCTUYECKUE JAe(pOopMallMd  BCE-TaKW  JOIMYCKAIOTCS, HO TOIrZAAa BBOJAT
JOTIOJTHUTENbHBIE MEPBI, 00ECTIEUnBAOUINE IPOYHOCTD JETaNH.

Bo MHOrux cimydasx Ha JeTaiu, B YaCTHOCTH Ha paboyvue JIOMaTKu TypOUHbI,
JIEHCTBYIOT TIEpPEMEHHBIE BO BPEMEHHU HArpy3KH, BHI3BIBAIOIINE B HUX TIEPEMEHHbBIC
HanpspkeHusl. B »ToM ciywae mpu amIuidtyne HampsHKEHHM, axe CYIIECTBEHHO
MEHbIIIEH Tpenena TEeKy4yecTH, B Marepualie MOXKET BO3HUKHYTH SIBJICHUE
yemanocmu. llocine ONpenenéHHOro 4YuCia YUKIO8 HaAcpydceHuss B IETalH
BO3HMKAET TPEIMHA YCTAIIOCTH.

He xaxxpgas TpemuHa, MOSBHUBIIASCS B pe3yJbTaTe YCTAJIOCTH, WCUEPIIAHUS
JUIUTEJIbHOM MPOYHOCTH WJIA MPOCTO OCTaBILIAsACS HEOOHApYKEHHOW B IpoIecce
W3TOTOBJICHUS, TPEJCTABIsECT HEMOCPEACTBEHHYIO OMNAacHOCTh MJid  JIETAJIU.
HedexkTsl Maoro pasmepa HMMEIOTCA MPAKTHYECKHM B KaXJO0M HW3rOTOBICHHOU
JeTajdl, U 4YacTo OHa paboTaeT ¢ HUMHU MHOTUE ToAbl. Xpynkoe paspyuienue
HACTyNaeT JUIIb TPU JOCTWKCHUHM TPEIUHOW Kpumuueckoeo pasmepa |y,
onpenensiemMoro e€ GopMol, pazMepaMu, HAPSIKEHUIMH G, JEHCTBOBABIIMMHU 0O
TOSIBJICHHSI TPEIIUHBI, U, HAKOHEI], MATePHAJIOM.

KOHTPOJIBHBIE BOITPOCHI K JIEKIIMH 2

1. XapakrepHblil BUJ KPUBOM 3aBUCUMOCTH TEMIIEpaTyphbl HACHILIIEHUS Mapa OT
naBiieHus — 3 Oajuia.

Kakue napameTpbl napa Ha3bIBalOT KPpUTHUECKUMHU? — 3 Oasuia.
CBepXKpUTUYECKHE U CYNIEPCBEPKPUTHUECKUE TTapaMeTphl apa — 3 Oasia.

4. Kaxoit map Ha3pIBaeTcs BIaXHBIM? — 3 Oasia.

w N



5. Kakoii map Ha3pIBaeTcs neperpereim? — 3 daa.
6. Uto Takoe cTeneHb HANPSHKEHHOCTH MaTepuaiia? — 3 bauia.
7. Koraa HacTymaer XpyInkoe paspylieHre Marepuaia? — 3 Oasia.



JEKIIHA 3

TEIJIOBBIE DJIEKTPUYECKUE CTAHIIUU. CTPYKTYPA TOC,
OCHOBHBIE JIEMEHTBL TIAPOTEHEPATOP. TIAPOBASI TYPBHHA.
KOHJIEHCATOP

3.1. Knaccudukauus TIC

Tennosas anexmpocmanyusi (TDC) - 2IEKTPOCTAHIMS, BbIpadaThIBAIOIIAS
AJIEKTPUYECKYIO SHEPrUI0 B pPe3ydbTare npeoOpa3oBaHUs TEIJIOBOM JHEPIUM,
BBLICSIONICHCS TPU CHKUTAHUU OPTraHUYECKOTO TOIIMBA.

Iepsoie TOC nossuimch B koHne 19 Beka (B 1882 1. - B Helo-Mopke, B 1883
r. - B C. Ilerepbypre, B 1884 1. - B bepnuHe) n momydniu IpEeUMYIIECTBEHHOE
pacnpoctpanenue. B Hacrosmee Bpemss TOC - OCHOBHOW BUJI 3JIEKTPHUYECKUX
craniui. Jlons BeIpaOaThiBa€MOW HMMH DJIEKTPOIHEPIHH cocTamisieT: B Poccum
npumepHo 70% , B mupe okoio 76%.

Cpemn TOC mpeobnagaroT TEIUIOBBIE HapOTYPOWHHBIC 3JIEKTPOCTAHIIUU
(TTI2C), Ha KOTOPBIX TEIJIOBas PHEPrUsl MCIOJB3YETCS B MaporeHeparope Juis
MOJIYYEHHUSI BOJSIHOTO Mapa BBICOKOTO JABJIEHUS, IPUBOJIAILIETO BO BPAILIEHUE POTOP
[apoBOW TYpPOWHBI, COCAMHEHHBIA C POTOPOM BJIEKTPUUYECKOTO TeHepartopa
(0OBIYHO CHHXPOHHOTO TeHeparopa). [eHeparop COBMECTHO ¢ TYpOMHOH u
BO30yauTEeIEeM HasblBaeTcsi  mypoocenepamopom. B Poccum Ha TIIOC
npousBoautTca ~99% snexktposHepruu, BelpabarbiBaemoii TOC. B kauectBe
ToruiuBa Ha Takux TOC uHCHONb3ylOT Yroiab (MPEeUMMYLIECTBEHHO), MasyrT,
MPUPOJHBIN Ta3, TUTHUT, TOP(, CIAHIIBI.

TIIDC, wmeromme B KAa4eCTBE  MPHUBOAA  JJIEKTPOTE€HEPATOPOB
KOHICHCAIIMOHHbBIC TYPOUHBI M HE UCTIONB3YIOIIHNE TEIJIO0 OTPA0OTABIIETO Mapa AJis
CHaO)XeHUsI TEIJIOBOM DHEPrueil BHENIHUX MOTpeOuTeneid, Ha3bIBAIOTCS
koHaeHcarmoHHbiMu nekTpoctadimsamMu (K3C). B Poccun KOC uctopuuecku
Ha3biBaeTca ['ocynapcTBeHHas pailoHHas snekTpudeckas cranuus, win ['POC. Ha
['POC BoipabareiBaeTcsi 0kosio 65% s1exkTposnepruu, mpousBoaumoit Ha TOC. Ux
KIT nocturaet 40 %. Camas kpynHast B mupe Cypryrckas [ POC-2; e€ MoHOCTb
4,8 I'Bt; momrOoCTh PedTunckoii 'POC 3,8 I'BT.

TIIDC, ocHaménHbie TEIO(UKAIIMOHHBIMU TypOMHAMU M OT/IAIOIINE TETLIO
OoTpa0oTaBIIETO  Tapa  MPOMBIIUICHHBIM  WJIW  KOMMYHaJIbHO-OBITOBBIM
noTpeduTeNnsiM,  Has3blBalOTCS  TemiodnekTpoueHtpainsmu  (TOL);  umm
BBIPa0ATHIBACTCS COOTBETCTBEHHO OKOJIO 35 % 3JEKTpO’HEpPruu, MPOU3BOIUMON
Ha TOC. bnaromapsi Oosiee MOJHOMY HCHOJB30BaHUIO TeruioBor sHeprun KITJ|
TOLI moeimaercs a0 60 - 65 %. Cambie MomHbie TOLL B Poccun TOILI-23 u TOL-
25 MocaHepro nMeroT MOIHOCTh 1o 1410 MBT.

[IpoMbITIUICHHBIE  2a308ble  mMYypOUHbL TIOSIBUINCH 3HAYUTEIHHO TIO3KE
NMapoBBIX TypOWH, TakK KakK I WX H3TOTOBICHUS TpeOOBAIUCH OCOObBIE
YKApOIPOUYHbIE KOHCTPYKIITMOHHBIE MaTepuaibl. Ha ocHOBe ra3oBbIX TypOuH ObLIH
CO3/1aHbl KOMITAKTHBIE U BHICOKOMAHEBPEHHBIE Ta30TypOuHHbIe ycTaHOBKH (['TVY).
B xamepe cropanus I'TY cRUraror ras uiam )KuJIKOE TOIUIMBO; MMPOAYKTBI CTOPAHUS
¢ Temreparypoit 750 - 900° C noctynaroT B ra3oBy10 TypOHHY, Bpallarolilyt0 poTop
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anekrporereparopa. KIIJ[ Takux TOC o0brano cocraBnser 26 - 28%, MOIIHOCTS -
110 HeckoubKuX coTeH MBT. I'TY He ominyarorcss 5JKOHOMUYHOCTBIO M3-3a BBICOKOM
TEMIIEPATYPHI YXOASIINX ra30B.

TOC ¢ I'TY nOpumeHAOTCS OCHOBHOM KaK pE3€pBHBIE HMCTOYHUKHU
DIIEKTPOIHEPTUM JJISI TOKPBITUS TMHUKOB JJIIEKTPUYECKOM HArpy3Ku WU IS
CHAOXKEHUs PIEKTPUYECTBOM HEOOJBIINX HACEIEHHBIX MYHKTOB. OHU MO3BOJISIOT
AIIEKTPOCTAHIIMM PAOOTaTh TIPU pe3KOnepeMeHHOU Hazpyske, MOTYT 4YacTo
OCTaHABJIMBATHCS, OOCCIIEUYMBAIOT OBICTPHIN MYCK, BBICOKYIO CKOPOCTh Habopa
MOITHOCTH U JJOCTATOYHO SKOHOMUYHYIO pabOTy B IIMPOKOM JUANIA30HE HATPY3KHU.
Kak mpasuno, I'TY ycrynator mapotypounueiM TOC 1o yaenbHOMY pacxomy
TOIUIMBA U  CE0ECTOMMOCTH  3JeKTposHepruu. CTOMMOCTh  CTPOUTEIHHO-
MOHTaXHBIX paboT Ha TOC ¢ I'TY yMeHbIaeTcs mpuMepHO B JIBa pasa, TaK Kak HE
HYXXHO CTPOUTDH KOTEIBHBIN 1IeX U HacocHylo. Camast momqHast TOC ¢ I'TY I'POC-3
uM. Knaccona (MockoBckas 06i1.) umeeT MoutHocTs 600 MBT.

Otpaborannbie razpl ['TY HMEIOT JIOCTaTOYHO BBICOKYIO TEMIIEpaTypy,
Bcaeacteue vero I'TY umeror HeBwicokuit KII[A. B napocazosou ycmanosxe
(IIT'Y), cocrosimield U3 DapoOTYpOMHHOTO M Tra30TYpOMHHOTO arperaroB, ropsyuve
razbl ['TY wWcnone3yroTcsi [l HarpeBaHUs BOJIbI B IaporeHeparope. ITO
anekTpocTanmu komOuHupoBanHoro tuma. KIIJ TOC c¢ III'Y pocturaer 42 -
45%. III'Y B Hacrosiliee BpeMsi CaMblii SKOHOMUYHBIN ABUTATEIb, UCIIOIb3YEMbIN
JUISL TIOJYYE€HUs JIEKTpOdHEpruu. K ToMy e 3TO caMblil 3KOJOTMYECKH YUCTBIN
JBUTaTesb, 4To 00bsicHaeTcs: BhicokuM KIIJI. [TosBunuce IIT'Y uyTh 6omnee 20 net
Ha3aJ, OJIHAKO, CEHMYac ATO CaMblii IMHAMUYHBIA CEKTOp SHepreThku. Cambie
mortrable dHeproosoku ¢ [II'Y B Poccun: Ha FOxnoit TOII C. Ilerepoypra - 300
MBT 1 na HeBunnomsicckoit ' POC - 170 MBT.

TOC ¢ I'TY wu III'Y Ttakke MOryT OTIyCKarb TEIUIO BHEIIHUM
noTpeduTeNsiM, TO ecTh padboTtaTh Kak TILI.

[To TexHonorM4eckoit cxeme naponpoBoaoB TOC aenstcs Ha O.10uHble TOC
u Ha TOC ¢ nonepeuHviMu C8A3AMU.

biounsie TOC cocrosT U3 OTAENBHBIX, KaK MPaBUIO, OJHOTHUITHBIX
DPHEPreTUYECKUX YCTAHOBOK - OSHEProOJIOKOB. B sHeprobOiioke Kaxablid KOTEN
nomaéT map TOJBKO JJIsi CBOCM TypOMHBI, U3 KOTOPOM OH BO3BpAIAETCS TMOCTE
KOHJICHCAITUU TOJIbKO B CBOM KOTEN. Ilo Omo4HOM cXeme CTpOST BCE MOIIHBIC
I'POC u TOLI, KOTOpbIE UMEIOT TaK HA3bIBAEMBIN MPOMEKYTOUHBIN NIEPETPEB Mapa.
Pabora kotnoB u Typ6ouH Ha TOC ¢ monepedyHbIMU CBA3IMH 00eCTieurBaeTCsl 10-
npyromy: Bce kotiibl TOC moaroT mnap B OAMH OOIIMM MaponpoBO/l (KOJUIEKTOP) U
oT Hero nutatorca Bce naposble TypOunbl TOC. Tlo takoit cxeme crpositcs KOC
0€3 MPOMEeKyTOUHOTO Tieperpena u nmouty Bce TOL Ha qoKpUTHUECKHE HAaYaJIbHBIC
napamMeTphl napa.

[To ypoBHIO HayanbHOTrO nAaBjieHUsi paznuyaroT TIC Jdokpumuyecko2o
oasnenus u ceepxkpumuveckozco oasnenus (CKJI).

Kputnueckoe paBienue - 310 22,1 MIla (225.6 at). B poccuiickoi
TEIUIOPHEPTeTUKE HauyajdbHble MapaMeTpbl craHgaptu3zoBanbl: TOC u TOIII
CTpOsITCSl Ha JoKpuTHuyeckoe Aasienue 8,8 u 12,8 Mlla (90 u 130 ar), u nva CK/] -




23,5 MIla (240 at). TOC Ha CBEpXKpPUTUYECKHE MapamMeTpbl MO TEXHUYECKUM
IPUYUHAM BBITTOJHSIOTCS C POMEKYTOYHBIM TIEPErPEBOM U 110 OJIOYHOM CXeMe.
OddextuBHocth padoTsl TOC olieHUBaETCS KO3DPuyuenmom none3Ho2o
oeticmsusi (KI1I) r7, KOTOpBIN omperensercs OTHOMIEHNEM KOJIMYeCcTBa SHEPTHUH,
OTHYIICHHOW 3a HEKOTOPO€ BpeMs K 3aTPAYE€HHOW TEIUIOTE, COACpMkAIICUCS B
coxokéHHoM torumBe. Hapsaay ¢ KIIJ mia ouenku padotel TOC ucnonb3yercs
TaKKe JAPyroi moxasareins D,.- yoensnsiii pacxod ycrosnozo moniuga (yCnoBHOE

TOIJIUBO 3TO TOIUIMBO, MMerollee Temory cropanus Q.. = 7000 kkan/kr=29,33
M/lx/kr). Mexay KIIJI u yclIOBHBIM pacxomoM TOIUIMBA HMEETCA CBSI3b

b — 12y_
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3.2. Crpykrypa TIC
Ocnogubie 2nemenTsl TOC (puc. 3.1):
. KOmenbHas YCmaHoeka, Tpeodpasyromas »3IHEPTrul0 XUMUYECKHUX
CBSI3€M TOIUTMBA U MPOU3BOASAIIAS BOJSHOMN Map C BRICOKUMH TEMIIEpaTypoit
U JIaBJICHHUEM;

. mypounnas — (napomypbOuHHas) — ycmaumoska, — TpeoOpasyroias
TEIJIOBYIO DHEPTUI0 Tapa B MEXaHWYECKYI0 DHEPTUI0 BpalleHHUs pOTopa
TypOoarperara;

. aeKmpoceHepamop, 00ecreunBaroIINiA npeodpa3oBaHue

KMHETUYECKOM SHEPIUH BpalleHUs POTOPa B ANEKTPUUECKYIO SHEPTHIO.

KOTerbHas TypbuHHas
—) yCTaHOBKa — yCTaHOBKa ——> ANEKTporeHepaTop.

—

Pucynok 3.1. OcnoBnbie 3nemenTsl TIC
Temnooii 6ananc TOC noka3ax Ha puc. 3.2.

JIEIMOBRIE TA3EI

5.7 % (8,3 %)

DNeKTPOIHEPTHA,
384 %
j (36,8 %)

{ _ Jdemosag TpyDa

100 %

Oraknaoias '-‘,., ][.1,10[ -
- NS TV HIIBI
]
- A A e A
. Temnora
52,04 B HarpeToil
(50,35 %) PO

Pucynok 3.2. TensioBoii 6ananc TIC



OcHoBHas noteps sHeprun Ha TOC MPOUCXOANT M3-3a MEePEIavyr TeTIOThHI
napa oxJia)xJarouie Bojie B KOHJICHCATOPE; ¢ TEIJIOM mapa Tepsiercs 6onee 50 %
TEIUIOTHI (SHEPTHUN).

3.3. [Iaporeneparop (KOTEN)

OCHOBHBIM 3JIEMEHTOM KOTEIbHON YCTaHOBKHU SIBISIETCSI napoz2eHepamop,
npencraBmsaommil - coboit  [1-oOpa3Hyl0  KOHCTPYKIIMIO € Tra3oxo/laMu
NPSIMOYTOJIBHOTO ceueHUsl. Bomblnyio 4acTh KOTJa 3aHUMAET TOMKa; €€ CTEHbI
OONMIIOBAaHBI 3KpPaHAMHU U3 TPYO, MO KOTOPHIM IMOABOJAUTCS MHUTAaTeNIbHAs Boma. B
MaporeHepaTope MPOU3BOAUTCS CKUTAaHUE TOIUJIMBA, MPU 3TOM BOJIa MpEeBpaIlacTCs
B Map BBICOKOTO JABJIEHUSI W Temmeparyphl. JlJis MOJHOrO CropaHusi TOIJIMBA B
TOTKY KOTJIa HarHeTaeTrcs TMOAOTPEThI BO3AYyX; g BbIpaboTku 1 kBT-u
3IEKTPOIHEPrHH TPEOYETCs OKOIIO 5 M° BO3TyXa.

Ilpu copenuu monauea 3Hepus €20 XUMUYECKUX CEs3eli Npespawjaemcs 8
Menyiogyio u Jyyucmyio sHepeuio ¢pakena. B pesynbrare XMMHUECKOW peakiyuu
cropanus, rpu kotopoil yrmepon tormba C npeBpamaercs B okcuapl CO u COy,
cepa S - B okcuapl SO, 1 SO3 U T.11., 1 00pa3yroTCsi MPOIYKTHI CrOPaHUs TOILJIMBA
(mbIMOBBIE Ta3bl). OxmaxkaéHHble 10 Temmepatypsl 130 - 160 © C apIMoBbIe rassI
gyepe3 ApIMOBYIO TpyOy mnokumaroT TOC, yHocsaT okono 10 - 15% o»Heprum
(puc.3.2).

B Hacrosimee Bpemss Hambojee IHUPOKO MCHONB3YIOTCA OapabanHbvle
(puc.3.3,a) u npamomounsie komawt (puc.3.3,0). B sxpanax OGapaOaHHBIX KOTJIOB
OCYILIECTBISIETCSI MHOTOKpaTHAsl IUPKY/ISLMS MUTATEIIbHOW BOJBI;, OT/ICJICHUE T1apa
OT BOJBI MPOUCXOIUT B Oapabane. B mpsIMOTOYHBIX KOTIaX BOJA MPOXOAUT IO
TpyOaMm dKpaHa TOJILKO OJUH pa3, MpEeBpallasch B CyXON HACBIIIEHHBIN map (map B
KOTOPOM HET KareseK BOJIbI).

MutatensHas
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Pucynok 3.3. Cxembl 6apadaHHoOro (a) ¥ NPSIMOTOYHOIO (0) MapareHepaTopoB

B nocnennee Bpemss ans  MOBbIIEHHS  3(P(GEKTUBHOCTH  pabOThI
[IApOTEHEPATOPOB  IIPOU3BOAAT  CKMIMAHME Yo IPpU  BHYTPU-LHUKJIOBOW
razu@ukany ¥ B LUPKYJAUPYIONIEM Kumsmem cioe; npu 3tom  KIIJ
yBennuuBaeTcs Ha 2,5%.

3.4. IlapoBas TypOMHA

Typbuna (¢p. turbine or mar. turbo Buxps, BpamieHue) - 3T0 TEIIIOBOU
JBUTATEh HEMPEPBIBHOTO JEHCTBUS, B JIOMATOYHOM ammapare KOTOPOTO
MOTEHIMAJIbHASI SHEPTHUsSl CKATOTO W HAarpeToro BOJSHOTO Mapa mpeolOpasyercs B
KUHETUYECKYIO 3HEPTUIO BPALIEHUs pOTOPA.

[TonpITKH CO31aTh MEXaHU3MbI, TTOXOKHE HA TMApOBbIE TYpOWHBI, JEIAINCH
emé ThIcAYeneTuss Haszaa. V3BecTHO omucaHue NMapoBOMl TYypOHWHBI, CIEIaHHOE
I'eponom AnekcanapuiickuMm B 1-M Beke 0 H. 3., TaK HasblBaemas «mypoOuHa
I'eponay. Opnako TOABKO B KoHIe XIX Beka, Korga TEpMOJAMHAMMKA,
MaITMHOCTPOCHUE ¥ METAJUTyPrus JOCTUIIN JOCTATOYHOTO YpOBHsA [ycmacg
Jasanv (lllseyus) u Yapnz Ilapconc (Benuxobopumanus) unezagucumo opye om
opyea co30aiu npucooHvle Ol NPOMbIUIEHHOCMU napogvle mypounsl. Jls
U3TOTOBJICHUS TPOMBILUIEHHOW TypOMHBI TpeOoBajlach 3HAYMTENIbHO Oolee
BBICOKas KyJIbTypa MPOU3BOACTBA, YEM s TAPOBOM MAIIIUHBI.

B 1883 roay JlaBane cozdan nepsyro pabomarowyro naposyro mypoury. Ero
TypOWHA TpeAcTaBisga coO0M Kojleco, Ha JOMAaTKH KOTOPOTO MOoJaBajcs Tmap.
3areM OH JOTOJHUJI COIJIa KOHUYECKUMH PACIHIMPUTETSIMU; YTO 3HAYUTEIHHO
noBeicisio KIIJ[ TypOunbl 1 mpeBpatuiio €€ B yHUBEpCaIbHBIM nBHUraTesb. [lap,
pa3orpeThiil 40 BBICOKOM TEeMIEpaTyphl, MOCTyMAl U3 KOTJa MO MapoBOW TpyOe K
ColjlaM M BBIXOAWJI Hapyxy. B commax map pacmmpsics A0 aTMochepHOro



naBineHus. braromaps yBenmnueHuio o0bEMa Mapa MOMYYalOCh 3HAYUTEIBHOE
YBEJIMYEHHE CKOPOCTH BpalieHus. Takum o0pa3oM, 3aknouéHHAs 8 nape 3Hepeus
nepeoasanacs ronacmam mypounwl. TypOuna JlaBasns Obls1a HAMHOTO SKOHOMHYHEE
CTaphIX MApOBbBIX JIBUTATEICH.

B 1884 romy IlapcoHC monyuumn mareHT HA MHO20CIMYNeH4amyio
peakmugHyo mypoOuHy, KOTOPYIO OH CO3Jall CIEUHMAIbHO [JIsl TPUBEICHUS B
JNEWCTBUE  dIeKTporeHeparopa. B 1885 rogmy oOH  CKOHCTpyupoOBalu
MHOTOCTYIICHUATYI0 PEaKTUBHYIO TypOuHy (Ayi1 moBBIIECHUS 3()(PEeKTHBHOCTU
UCIIOJIb30BAHUSL DHEPrUM Mapa), MOJYYMBIIYI0O B JaJdbHEHIIEM IIUPOKOE
IPUMEHEHUE Ha TETUIOBBIX 3JEKTPOCTAHIUSAX.

[TapoBas TypOHHA COCTOUT U3 JBYX OCHOBHBIX YacTel: pomopa C TomaTkaMu
- TOJABIKHAs 4YacTh TYpOWHBI, cmamopa ¢ COIUIAMU - HEMOJBMKHAS YacTb.
HenonBr>kHyI0 4acTh BBIMONHSIOT Pa3bEMHON B TOPU30HTAIBHON TUIOCKOCTU IS
BO3MOYKHOCTH BBIEMKHU WJIM MOHTaka portopa (puc.3.4.)

F—

Pucynox 3.4. Bua npocreiinieii mapoBoii TypouHbI

[To HampaBJIEHUIO JBUKEHMS TTOTOKA Mapa pazinyarT akCuaibHbvle naposvle
mypOuHbvl, Y KOTOPBIX MOTOK Mapa JBUKETCS BIAOJIb OCH TYpOUHBI, U paduaibHbie,
HaIpaBJICHUE TOTOKA Mapa B KOTOPBIX - MEPHEHIUKYISIPHO, a paboyue JIOMaTKU
pacmoyioKeHbl MapajuieibHO ocu BpamieHus. B Poccum u  crpanax CHI
HCIIOJIb3YIOTCSI TOJIBKO aKCUAJIbHBIE TTApOBbIE TYPOUHBI.

[To cnocoOy aeicTBUA Mapa TYpOUHBI JIEIATCS HA: aKmMusHvle, peakmusHvle U
KOMOUHUpOBanHvle. B_akmusnot mypoOune ucnoiv3yemcs KuHemuyeckas dHepaus
napa, 8 peaKkmueHOl . KUHEeMu4yecKas 1 NoOmeHyuaibHas.

CoBpEMEHHBIE TEXHOJIOTHUH TTO3BOJISIIOT MOAAEPKUBATH YACTOTY BPALLCHUS C
TOYHOCTBIO 10 TPEX 000poTOB B MUHYTY. [lapoBbie TYpOUHBI JJIs1 SJEKTPOCTAHITUN
paccuuthiBatorcsi Ha 100 ThIc. yacoB pabOTHl (0 KamUTaJIbHOTO PEMOHTA).
ITapoBas TypOMHA SIBJISICTCS OJJHUM U3 caMbIX goporux 3eMeHToB TOC.




JIoCTaToOYHO MOJTHOE MCIOIb30BaHUE 3HEPTUU Mapa B TypOUHE MOXET ObITh
§ / TIOCTUTHYTO TOJIBKO IIPU

pabore mapa B psdue
MOCJIeI0BATEIbHO
PaCIOJIOKEHHBIX
TypOuHax, KOTOpbIE
HA3BIBAIOTCSL CHIYNEHAMU
unu  yununopamu. B

MHOTOIVIINH/IPOBBIX
TypOuHax MOKHO

CHU3UTh CKOPOCTb

BpaLCHUs pabounx

muckoB. Ha  pmc.3.5

MoKa3aHa

10 TPEXIUINHIPOBAS

TypOuHa (6e3 koxyxa). K
NepBOMY LWJIUHIPY -

WIHHIPY BBICOKOTO
nasinenust (LIB) 4 map
HOJIBOJIUTCS o
[aponpoBoOJAaM 3
HEMOCPEACTBEHHO u3
KOTJIa W TI03TOMY OH
UMeeT BBICOKHE

napameTphl: I KOTJIOB
CKJ — naBnenue 23, 5
MIIa, temmeparypa 540° C. Ha Beixome LIBJ] maenenue mapa cocrapiser 3-3,5
MIIa (30 - 35 ar), a Temmepatypa - 300° - 340° C.

Pucynox 3.5. TpéxuuaunapoBasi napoBasi TypouHa

JIist CHWDKEHMsI 3pO3UM JIOMATOK TypOWHBI (BiakHbIM mapoM) u3 [IBJI
OTHOCHUTEJIbHO XOJIOHBIN Map BO3BpallaeTcst 00paTHO B KOTEN, B TaK Ha3bIBAEMbIN
IIPOMEKYTOUHBIN MapoNeperpeBarTesb, B HEM TeMIeparypa mnapa MOBBIIIAETCS 10
ncxomuoit (540° C). BHOBb Harperhlii map Mogaéres MO NapompoBoiaM 6 B
uunubap cpeanero nasienust (LICH) 10. IMocme pacmmupenust napa B L[CI mo
nasienus 0,2 - 0,3 MIla (2 - 3 ar) nap ¢ NOMOIIBIO BBIXJIONMHBIX TPyO MoIaéTcs B
pecuBepHble TPYObl 7, U3 KOTOPBIX HANPABIAETCS B LMUIUMHIP HU3KOTO JIABIICHUS
(IHI) 9. CxopocTh TeueHus napa B sneMeHTax Typounsl 50-500 m/c. JlomaTtka
nocyeHel CTyNeHu TypOuHbI umeeT Ay 960 mm u maccy 12 kr.

KIIJ] mennosvix mawun W mapoBON WACaNbHOU TypOWHBI, B YACTHOCTH,
ONPEIEISAETCS BBIPAKEHUEM:

n= Mmo%,
1
rae Q- Termora, moiydeHHass pabodMM TEIOM OT Harpesarens, Q,- TerioTa,



ornaHHas xonoawibHHKy. Camum Kapro B 1824 1 TeopeTHMUecKHM NOIyYHII
BBIpAXEHUE Ui MpedelvbHo20 (MaxkcumanavHoeo) 3Hadenue KIIJ[ TemnoBoi
MaIIUHbI C pab0YKM TEJIOM B BUJIE€ UCAIBHOIO rasa

Mop = Mloo%,

T
rne T, - TeMmmepaTypa HarpeBareiisi, |, - TeMIlepaTypa XOJOAWIbHHKA, T.€.
TEeMIIepaTyphl Mapa Ha BXOJIE€ W BbIXOJIE€ TYpOMHBI COOTBETCTBEHHO, U3MEpSEMbIC
rpanycax KenssuHa (K). st peaibHbIX TCIUIOBBIX ABUIATENCH 77, =17 .

Jis noBbimenns KIIJI TypOuHBI NMOHWXATh 1, HELEIECO00pa3HO; 3TO

CBA3aHO C JOIOJHUTEIBHBIM pacxonoM sHepruu. llostomy mns yBenumuenus KII/
MOKHO YBENIMYHUTH [;. OgHAKO NI COBPEMEHHOTO PAa3BUTHUS TEXHOJOTHUA 3/1€Ch

YK€ TOCTUTHYT IIPEEI.

CoBpeMeHHbIE MapoBble TYpOUHBI JENATCS HA: KOHJICHCAIIMOHHbBIE U
TenodukanonHble. KoOHJOEHCAIlMOHHBIE MAapOBbIE TYPOMHBI  CIy)XaT AJis
IpEBpalIeHUs] MaKCUMajlbHO BO3MOXKHOW 4YacTH OSHEprud (TEIUIOThI) mapa B
MEXaHWYeCKyl0 3Hepruto. OHuU  paboTaloT ¢  BBIIYCKOM  (BBIXJIOIIOM)
oTpaOoTaBIIET0 Mapa B KOHJEHCATOpP, B KOTOPOM TOAJIEPKUBAETCA BaKyyM
(oTcroma BO3HUKIIO HANMEHOBAHUE).

TeruoBbIe ANEKTPOCTAHIIMM, HA KOTOPBIX YCTAHOBJIEHBI KOHJICHCALMOHHBIE
TypOWHBI, Ha3bIBAIOTCS KOHJACHCAIIMOHHBIMU AeKTpudeckuMu ctanuuamu (K9C).
OCHOBHOW KOHEYHBIA IMPOAYKT TAKUX MIEKTPOCTAHLMM - ANIEKTpodHEprus. Jlumsp
HeOoJbpIIasi YacTh TEMJIOBOM HHEPrUU HUCHOJIb3YETCS Ha COOCTBEHHBIE HYKIbI
AIIEKTPOCTAHILIMM W, UHOT/A, JJI1 CHAOKEHUS TEIJIOM OJIM3JIEkKAIIEer0 HaCeIEHHOTO
nyHkTa. OOBIYHO 3TO TMOCENOK HHEpreTukoB. JlokazaHo, 4ro uem Oosiblie
MOIIHOCTh TypOOTreHeparopa, TeM OH SKOHOMUYHEE, U TEM HUXe CTOUMOCTh 1 kBT
YCTAHOBJICHHOW MOIIHOCTH. [I03TOMYy Ha KOHIEHCALIMOHHBIX 3JIEKTPOCTAHLUAX
YCTaHABIMBAIOTCS TYpOOr€HEepaTophl MOBBIIIEHHON MOIIIHOCTH.

TennoduxannonHsle mnapoBble TYpOUHBI CHyXaT s OJHOBPEMEHHOIO
MOJYYEHUSI DJICKTPUYECKOM M TEIUIOBOM »HHEpruu. HO OCHOBHOW KOHEYHBIN
OPOAYKT TakuX TypOMH - Temio. TerioBble 3IEKTPOCTAHLIMM, HA KOTOPBIX
YCTaHOBJIEHBl  TEIUIOPUKALMOHHBIE  MapoOBble  TYpPOWHBI, Ha3bIBAIOTCSA
ternodnekrpoueHTpansamMu  (TOL). TemnodukanmoHHble TapoBble TYPOUHBI
JeNSATCS Ha: TYpOUHBI C HPOMUBOOABLEHUEM, C pe2yIUpyemMbiM 0moopom napa u ¢
omobopoM U NPOMUBOOABIEHUEM.

VY TypOuH ¢ IpOTUBOJABIEHUEM BECh OTPAOOTABIINI MMAP UCTOAB3YETCS ISl
TEXHOJOTUYECKHX 11eeil (BapKa, CyllKa, OTOIJIEHUE). DNEKTPUUECKask MOIIHOCTbD,
pa3BuBaeMasi TypOoarperaroM ¢ Takod TMapoBOM TypOWHOM, 3aBUCUT OT
NOTPEOHOCTH MPOU3BOACTBA WM OTONMHUTEIHLHOW CHCTEMBbI B TPEIOLIEM Mape U
MmeHsieTcs: BMecte ¢ Hell. [loatomy TypOoarperar ¢ mpOTHBOJAaBIEHHEM OOBIYHO
paGoTaer mnapajuIeNbHO C KOHICHCAIIMOHHOW TYpOMHON WM 3JIEKTPOCETHIO,
KOTOpBIE MOKPHIBAIOT BO3HHUKAIOUIMM JE(UIUT B ANIEKTPOIHEPTUU. Y TYypOHH C
OoTOOPOM M MPOTUBOJABICHMEM YacTh Mapa OTBOAUTCS u3 1-i wim 2-i
IPOMEXYTOUHBIX CTyNEHEH, a BeCh OTPabdOTaBIIMI TMap HaAMpPaBIsSETCS W3




BBIIIYCKHOTO MarpyOka B  OTONMUTEIbHYIO CHCTEMY WM K  CETEBBIM
IIOJIOTPEBATEIISIM.

TypOuns! sBnstoTcs caMmbIMU CIOXKHBIMU 3neMeHTaMu TOC. CroXHOCTb
CO3JlaHUsl TYpOMH OIpEeNesieTcsl HE TOJNBKO BBICOKMMHM TEXHOJIOTMYECKUMHU
TpeOOBaHUSAMHU K H3TOTOBJIEHUIO, MarepuajaMd U T.II., HO IJIaBHBIM 00Opa3oM,
YpPE3BBIYANHON HAYKOEMKOCTBIO. B HacTosIIee BpeMs YUCIIO CTPAH BBITYCKAFOIINX
MOIIIHbIE MapoOBble TypOMHBI HE TMpeBbIIAeT JAeciATH. Haubosee cIoXKHBIM
anemenToM sipasiercss [THJI. OcHoBHbIMU Tpou3BoauTedsiMH TypOuH B Poccum
spnsiercss  Jlenunrpaackuit  Meramumueckuii  3aBon (r. C. IletepOypr) wu
TypOoMoTOpHEIH 3aBox (T. ExatepunrOypr).

Huskoe 3nauenue KIIJ] mapoBbix TypOuH 1 00ycinoBnuBaeT 3¢p(HEeKTUBHOCTh
€ro NepBOOYEPEIHOr0 MOBbIIIEHUS. [[03TOMY UMEHHO MapOTYpOMHHONW yCTAHOBKE
HUKE YJEISETCS OCHOBHOE BHUMAHME.

OCHOBHBIMU TOTEHLUAIBHBIMU MEMOOAMU NOGbIULEHUS IKOHOMUUHOCTIU
naposvix mypouH ABIAIOTCA:

® a3pPOJMHAMHYECKOE COBEPIICHCTBOBAHNE NAPOBOM TypOUHBL;

® COBEpILEHCTBOBAaHUE TEPMOJAMHAMUYECKOTO IMKJIA, TIJIaBHBIM 00pa3om,
NyTéM TMOBBIIIEHUS [MAPaMETPOB Mapa, MOCTYHAIOLIEro U3 KOTJia, U CHUKEHUS
JTAaBJIEHUS n1apa, 0TpabOTaBUIErO B TYpOUHE;

® COBEpIIECHCTBOBAHHUE U ONTUMU3ALINS TEIUIOBOM CXEMBI U €€ 000py10BaHUS.

AdpOIMHaMUYECKOE COBEPIICHCTBOBAaHUE TypOUH 3a PyOE oM B MOCIEIHUE
20 gjer oOecnednBajJoCh € TIOMOLIBIO TPEXMEPHOTO  KOMIIBIOTEPHOIO
MonenupoBanust TypOun. [Ipexae Bcero, HEOOXOAUMO OTMETUTH pPa3pabOTKy
cabnaeBuAHbIX JonaTok. CalleBUIHBIMU JIONATKAMH Ha3bIBAIOTCS HU30THYTHIE
JIOTIATKW, HAaITOMUHAIOIIIME TI0 BHEITHEMY BUIY cabito (B 3apyOeKHOM JTUTEpaType
UCIIOJIb3YIOTCSI TEPMUHBI « OAHAHOBASA» U « MPEXMEPHAAN).

dupma Siemens ucrnonb3yet «rpéxmepubiey gonatku At LB/ u LIC/ (puc.
3.6), e JIomaTku UMEIOT Majylo JIMHY, HO 3aTO OTHOCHTEIHHO OONBIIYIO 30HY
BBICOKMX TOTEpPh B KOpHEBOW M mnepudepuiiHbix 30Hax. [lo ouenkam Qupmbl
Siemens mcmoas30BaHKe OpOoCcTpaHCTBEeHHBIX JonaTok B LIBJ u LIC/] mo3Bomsier
yBemuuTh uX KIIJ] Ha 1 - 2 % 1o cpaBHEHHIO ¢ IIMIIMHAPAMU, CO3IaHHBIME B 80-¢
rofibl MPOIJIOrO BEKa.

Pucynok 3.6. «Tpéxmepubie» gonarku ais IIBJI u LICJ ¢dupmsbr Siemens

Ha puc. 3.7 moka3zaHbl Tpu MOCJIEIOBATENbHBIX MOAU(PUKALUU PadbOUYNX
nomnartok ans LIB/I u nepseix cryneneit LHIH/I mapossix Typ6un miast ADC ¢upmbl



GEC-Alsthom: oObiuHasi («paauanbHas») JIOMATKa MOCTOSHHOTO Mpoduis (puc.
3.7, a), ucnionp3yeMas B Halux TypOuHax; cabieBuaHas jonatka (puc. 3.7, 6) U,
HAKOHEII, HOBAs JIOTIATKa C MPSIMOM paaualibHOW BBIXOJHOM KPOMKO#t (puc. 3.7, 6).
Hogas nonatka ooecnieunBaet KI1/] Ha 2 % Oonpimii, ueM ucxoanas (puc. 3.7, a).

Pucynok 3.7. Pagoune onatku 1js napoBbix TypouH 1iasi ADC ¢pupmbr GEC-Alsthom

3.5. Konagencarop

OTtpaboTaHHblil B TypOuHe nap (nasnenue Ha Bbixoae LIH/[ cocrasnser 3 - 5
klla, uto B 25 - 30 pa3 MeHbIlle aTMOC(EPHOrO) MOCTYMAECT B KOHOEHCAMOp.
Kongencarop mnpencraBiseT coOOW TEMIOOOMEHHHUK, IO TpydaM KOTOpPOTO
HEIPEPHIBHO IMHUPKYIUPYET OXJIKIAOINIAs BOJA, MoAaBaeMasi [UPKYISIITHOHHBIMU
HacocamH U3 Bojoxpanuiuina. Ha Berxone u3 TypOMHBI ¢ TOMOIIBIO KOHIEHcaTopa
nojyiepkuBaercst nyOokui BakyyM. Ha puc.3.8 mnokazaH JOBYXX0q0BOMH
KOHJIEHCATOp MOIIHOM MapoBOW TYpOUHBI.

Pucynok 3.8. /IByxx0/10B0ii KOHIeHCATOP MOLIHOH NapOBOM TypOMHbI



Konnencarop cOCTOMT M3 CTaqbHOTO CBapHOTO Kopmyca 8, MO Kpasm
KOTOpPOTo B TPyOHOI JOCKE 3aKperyieHbl KOHAEHcaTopHble TpyOku 14. Kondencam
cobupaemcsi 6 KoHOeHncamope U NOCMOSHHO OMKAYUBAEMC Sl KOHOEHCAMHbIMU
HACOCamu.

JUis mojBoja M OTBOJA OXJIAXKIAOLIEH BOABI CIYXHUT IMEpENHss BOIsSHAs
kamepa 4. Boga nonaércs cHU3y B IPaBylO 4acTb KaMephl 4 U yepe3 OTBEPCTHUS B
TPyOHOH JOCKE NOMAJaeT B OXJaXJIAKOUIUEe TPYOKH, MO KOTOPBIM JBUXKETCS /0
3anHeld (moBopoTHOM) Kamepbl 9. Ilap mocTymaer B KOHAEHCATOp CBEPXY,
BCTPEYAETCS C XOJIOJHOM MOBEPXHOCTBIO M KOHAEHCHpyeTcs Ha Hux. [lockombKy
KOHJeHCAIMsl UACT MPU HU3BKOM TeMIeparype, KOTOPOM COOTBETCTBYET HH3KOE
JIaBJICHUE KOHACHCAILIUU, TO B KOHJEHCATOpe CO3MaéTcsl IIyOoKoe paspsbkeHue (B
25-30 pa3 MeHblI1Ie aTMOCHEPHOTO IaBICHHUS).

JI1st Toro 4ToOBI KOHJEHCATOp 0OecneurBal HU3KOE JIaBlieHUE 3a TypOUHOM,
U, COOTBETCTBEHHO, KOHJEHCAluI0 Mmapa TpeOyercs OOJIbLIIOE KOJIMYECTBO
xononHot Boabl. Jlng BelpaboTkm 1 kBT-u anmekrposHeprum  Tpebyercs
npubauzurensao 0,12 M° BOJIBI, OJIMH sneprobiok Hul'POC 3a 1c¢ ucnonszyer 10
m° BosisI. TToatomy TOC cTposT 1160 BOIU3H IPUPOIHBIX HCTOYHHKOB BOJBI, JTHOO
CTPOSIT UCKYCCTBEHHbIE BOJOEMBI. B ciyyae HEBO3MOXHOCTU MCIIOJIb30BAaHUS
OOJIBILIOTO KOJMYECTBA BOJBI JUIs KOHJEHCAIMU Iapa, BMECTO HCIOJb30BaHUS
BOJIOXPAHMJIMINA, BOAA MOXKET OXJIAXAAThCAd B CIEHUAIbHBIX OXJIAJUTEIIbHBIX
OalIHAX - 2paodupHsAx, KOTOpble Omarojgapsi CBOMM pa3MepaM OOBIYHO SIBIISIOTCS
caMoi 3aMETHOH 4acThIo AeKTpocTanimu (puc.3.9).

W3 xoHageHcaropa ¢ TIOMOINBIO MHUTATeIBbHOTO HAacoca KOHACHCAT
BO3BpAIlaeTCs B TApOreHeParop.

Pucynok 3.9. Buemnuii Bua rpagupuan TIIL]



©Coo~NoO Uk, WN B

KOHTPOJIBHBIE BOITPOCHI K JIEKTIMHA 3

. CrpykrypHas cxema TOC u HazHaueHHe e€ AIeMEeHTOB — 3 OaJia.

. TermoBast cxema TOC — 3 6ainna.

. Termosoit 6ananc TOC — 3 Gamna.

. [Taporeneparop TOC. Haznauenue, Turebl, ctpyktypHas cxema, KIIJ[ — 3 Gana.
. [TapameTpsl napa Ha TOC — 5 6amnoB

. IlapoBas TypOuna. Ycrporictso. Pa3paborku JlaBans u [lapconca — 3 6amna.

. MHOTOIIMITMH TpOBBIEC TypOUHBI — 3 Oasia.

. KIIJI nneanbHOM TypOUHBI — 5 OaIIOB.

. KornieHcanmonHublie u TemiodruKaruoHHbIE TapOBbie TYpOUHBI — 3 Oaia.

10. Yem ommmaaercs KOC or TOL? KIT[ KOC u TOILI — 3 6anmna.
11. Kongencarop TOC — 3 6anna.



JEKI[HA 4

TEIIVIOBBIE JIEKTPUYECKHUE CTAHIIUU. KOMIIOHOBKA
COBPEMEHHBIX T3C. T'ASOTYPBMHHAS YCTAHOBKA.
ITAPOI'A30OBASI YCTAHOBKA

4.1. TexHoJIOTMYECKHUI1 poLecc MoaydeHns daeKkTpodHeprun Ha TIAC
Texnomornueckas cxema TOC, paboTaromieii Ha MPUPOTHOM Trase, MoKa3aHa
Ha puc.4.1.

IS LT PRATEee )
EFIL

Pucynok 4.1. Texnosoruueckasi cxema TIC, padoraroieil Ha TPUPOIHOM rase

Ot razopacnpenemurensHoro nynkra (I'PII) 1 ra3 moctymaer B ropenku 2,
pPACHOJIOKEHHBIE B TONKE KOTIA. /[ MMOJHOro CropaHvs TOIUIMBA CHEUHUAIBHBIM
JIyTHEBBIM BEHTUJIATOPOM 28 B TONKY KOTJA HENPEPHIBHO MOMAETCS TOPSAYUN
BO3/lyX, HarpeTbld B BO3ayxomnoporpesarene 25. [l MOBBIMICHHUS TEMIIEPATYPbI
BO3/1yXa HUCHOJIB3YETCA peyupKyasayus: 4acTb AbIMOBBIX Ta30B YXOIAIIMX M3 KOTJIA
CIICIMATIbHBIMU  BEHTWISITOPAMU PEHUPKYISIIUU 29 1oAa€rcsi K OCHOBHOMY
BO3/lyXy M cMmemuBaeTcss ¢ HUM. CTEHbl TONKH OOJMIIOBaHBI 3KpaHamu 19 -
TpyOaMu, K KOTOPBIM MOJIaETCs MUTATENIbHAS BOJA U3 9KOHOMAtzepa (IKOHOMa3ep
— TeMmI0OOMEHHUK, B KOTOpPOM BOJAa HarpeBaercsi, TopsuuM Ta3om) 24.
[IpocTpaHCTBO 3a TOMKOW KOTJA 3aMOJHEHO TPpyOamu, B KOTOPBIX JBMXKETCS Iap
WM BOJA; OHM HATrpEBAKOTCSA TOPSAYMMH JIBIMOBBIMH Ta3aMH, ABWXKYIIMMUCS K
JLIMOBOM TpyO€ 26, U TOCTENIEHHO OXJIAXKIAIOTCS.

Cyxoif  HaAChIIIEHHBII mMap W3 TONKU MOCTYMaeT B  OCHOBHOM
naponepezpesamensb, COCTOSIIMNA W3 moTojioyHoro 20, mmpmoBoro 21 wu
KOHBEKTHMBHOIO 3JIEMEHTOB. B OCHOBHOM mapomeperpeBaresie  IMOBBIIIAETCA
TeMIleparypa Imlapa W, CJIEIOBaTeJIbHO, €ro IMOTCHIMalbHass »JHeprus. U3
KOHBEKTUBHOTO TapormneperpeBarens mnap nocrymaetr B LIBJl 17 TypOunbl (s



Typ6un CKJI - naenenue mapa 240 at, Temmeparypa 540° C). Ha Beixoxe 1[BJI
nasienue napa 30-35 art, Temmeparypa 300-340° C.

Ecnu Ob1 map mpogosmkall pacupsThCsi B TypOUHE Jajiblle A0 JaBICHUS B
KOHJICHCATOpEe, TO OH CTal Obl OUYEHb BIIAXKHBIM, YTO MPUBOJAUIO ObI K OBICTPOMY
u3zHocy neraneut B [IH/ u3-3a aposun. [loatomy uz I{B/] omnocumenvro xono0msii
nap 8038pawyaemcs 8 NpPoMeNCYmouHbvlll naponepezpesamens 23, TAe OH CHOBa
HarpeBaeTcss [0 HCXOJHOW TemIeparypbl (540O C). Tlonydennsiii map
Hanpasisiercss B LICI] 16 u nocne pacumpenus B LICJ no naenenus 2-3 ar nap
noctymnaet B ITH/I 15.

Pacwupenue napa obecneuusaem npeepawjenue e20 NOMEHYUANbHOLL
9HepeUuU 8 KUHEeMu4ecKyio dHepauto epaujerus pomopa (HaXoqUuTCs Ha OJHOM Baily
C POTOpPOM TYpOMHBI) 3JIEKTpOreHeparopa. IIeKTPOreHepaTop COCTOUT U3 CTaTopa,
B KOTOPOM IOMEUIEHBI TPH (pa3Hble OOMOTKH, U POTOPA, MPEACTABIIAIONIETO COOOM
BpallAlOIIMICSA  AJIEKTPOMarHuT  (IOCTOSIHHBIA ~ MarHuT); €ro  NUTaHue
OCYIIECTBISIETCS  MOCTOSHHBIM  TOKOM  OT  CIEUUAJIbHOIO  BO3OYAUTEIS.
OnexTporeHeparop npeoOpa3yeT KHHETHUECKYIO0 SHEPTHIO BPALIAIOIIErocsi poTopa
B DJIEKTPUUECKYIO SHEPTUIO - B TPEX (pa3zHbIX 00MOTKax ctaropa HaBoguTcs JC.

Yacrora BpaiieHuss poropa TypOoreHeparopa N cBsi3aHa C YacTOTOM
AIIEKTPUUECKOTO TOKa f BBIpaxkeHUEeM

60 f
n=

(06/Mun),

rJe - YMUCIO Map MOJIIOCOB (YKCIO MOCTOSIHHBIX MAarHUTOB); B JBYXITOJFOCHBIX
reaepatopax (P =1) n=3000 o6/muH, B deThIpéxmomocHbIX (P =2) - n=1500

00/mMuH. YacToTa 3IeKTPUYECKOrO TOKA SBISETCS OJHUM W3 IJIABHBIX MOKa3aTesien
Ka4eCTBA OTIYCKAEMOU 3JIEKTPOIHEPTHUH.

[Tap, moxuparoutuit [IHJ] TypOuHbl, moctymaeT B KoHAeHcarop 12, mo
TpyOKaM KOTOPOTO HEMPEPHIBHO HUPKYIUPYET OXJIAXKIAIOIIAas BOJAa C MOMOIIBIO
MUPKYISAIMOHHOTO Hacoca 9. OxnaxaéHHas Boja coOupaeTcsi BHU3y B OacceiiHe u
NEPETEKAET B dBaHKamepy, a OTTYIA YUPKVIAYUOHHBIM Hacocom 9 oHa nooaémcsi 6
KoHOencamop 12.

[lap, mnocTtynaromuidi #u3 TypOMHBI B MEXTpPyOHOE MPOCTPAHCTBO
KOHJICHCATOpa, KOHACHCUPYETCS W CTEKAeT BHU3; OOpa3yloUIMiics MpU STOM
KOHJICHCAT KOHAEHCATHbIM HAacocoM 6 MOoAaéTcsi yepe3 rpyliy pereHepaTUBHBIX
nonporpesateneit Huskoro Aasienus (IIHI) 3 B aeasparop 8. B ITH/] Temneparypa
KOHJICHCATa MOBBIIIAETCS 33 CUET TEMJIOThl KOHIEHCAIMU Hapa, OTOMpPaeMoro u3
TypOWHBI, YTO TIO3BOJSIET YMEHBIIUTH PACXOJ] TOIUIMBA B KOTJIE€ WM TOBBICHUTH
SKOHOMHYHOCTH 3JIEKTPOCTAHIIUH.

B odeaspamope 8 mnpoucxomnut yoanenue uz KoHoencama pacmeopEéHHLIX 6
HéM 2a308, yXynumamomux pabory komia. M3 neasparopa mnurarenbHas Bona
MUTATEIbHBIM HACOCOM 7 TOJAETCs B IPYIIINY MOIOTPEBATENICH BEICOKOTO JTaBICHUS
(IIBJD).

Pecenepamusnwiii noooepes xonoencama 6 IIHJ/[ u I[IB/] - 3T0 OCHOBHOU
crioco6 nossienuss KITJI TOC. Tlap, koTopslil pacimmpuiics B TYpOUHE OT BXoja
1o TpyOompoBoga oTrOopa, BbIpabOTan ONpEeAeNEHHYIO MOIIHOCTh, MOCTYNHB B




pereHepaTuBHBIN MOAOTPEBATEND, MEPeal CBOE TEIJI0 KOHASCHCAIIMH MUTATEIbHON
BOJIC, 2 HE OXJIAKJAIOUICH, MOBBICUB €€ TeMIeparypy U TeM CaMbiM COKOHOMHB
pacxoji TOIJIMBA B KOTJIE.

Temneparypa nuraresbHOU BoAwl 3a [IB/], T.€. mepen moCTyruieHuEM B KOTEN
COCTaBIISCT B 3aBUCHMOCTH OT HaYaIbHBIX MapaMeTpoB mapa 240 - 280° C. Takum
o0pa3oM, 3aMbIKAeTCsl TEXHOJOTWYECKH MapoOBOASHON LUK TpeoOpa3zoBaHUs
PHEPIrUM XUMHUYECKHX CBS3€d TOIUIMBA B MEXAaHWYECKYIO SHEPIrHI0 BpalleHUs
poTopa TypOoreHneparopa.

['a3000pa3Hple MPOAYKTHI CrOpaHUs TOIUIMBA, OTAAB CBOK OCHOBHYIO
TEIUIOTY MUTaTEIbHOM BOJIe, HOCTYMNAalOT Ha TpPyObl 3KOHOMAaif3epa 24 u B
BO3JIYXOMOJIOrpeBaTeNib 25, B KOTOPHIX OHU OXJIAXKJAIOTCS 0 Temieparypbl 140 -
160° C u HampaBIAIOTCA C MOMOIIBIO AbIMOCOCA 27 K ABIMOBOM TpyOe 26.
Jvimosas mpyba cozoaém paspsdiceHue B TONKE W Ta30X0AaX KOTIA; KPOME TOTO
OHA PACCEUBAET BPEIHBIC MPOIYKTHI CTOPAHHS B BEPXHHUX CIOSAX aTMocdephl, He
JIOITyCKast BBICOKOW KOHUEHTPALIMKU UX B HUKHUX CJIOSX.

Ecou na TOC wucnonws3yercs TBEPAOE TOIUIMBO, TO OHA JOMOJHUTEIBHO
CHAOXKACTCA  MbLIeNPUOMOBUMENbHOU  YCIMAHOBKOU U MONJIUBON0OAUell.
[Toctynatommiit Ha TOC yronp B cHenUadbHBIX MEIBHUIIAX Pa3MaJIbIBAETCS O
MBUIEBUTHOTO COCTOSIHUSI. B MENbHHIy HENPEPhIBHO CHEUUAIBHBIM JyThEBBIM
BEHTWJISITOPOM MOJAETCA BO3MIYX, HArpeThlil BO3ayXomojorpesarenieM. [opsuuii
BO3JyX CMEIIMBAETCS C YTOJIBHOW NBUIBIO U Yepe3 TOpeiKd MOAAETCSs B TOIKY
KOTJA.

[Teeyronbaas TOC cHabxkaeTcss CHEUUATbHBIMU JJIEKTPOPUIBTPAMH, B
KOTOPBIX IMPOUCXOANT YJIABIMBAHUE CYXOH JIETYUYEH 30JIbI.

BcnenctBre 00onbIIMX pacxoloB HA COOCTBEHHBIE HYXbI U XyILIEH paOdOThI
KOTJIa ToKa3arenu nbuieyroiabHo TOC OKa3bIBalOTCS HHMXKE, YEM ra30Ma3yTHOM;
0omnee Hu3kuM sBisiercs U KI1JT.

st m300pakeHuss 0OOpYHAOBaHMS DIEKTPOCTAHIIMM BO BCEH €ro
B3aMMOCBSI3M MO Mapy, KOHACHCATy W MUTATEIbHOW BOJE WUCHOJIB3YIOT MENnio8vle
cxembl - Tpaduueckoe M300paKEHUE OTACIBHBIX DJIEMEHTOB M TPYyOOMPOBOIOB C
MOMOIIBI0 YCIOBHBIX 0003HaueHuid. Ha puc.4.2 npusenena teroBas cxema TOC,
n300paxxénnou Ha puc.4.1.




TypGoarperar

Pucynok 4.2. TensioBasi cxema TIOC

4.2. KomnonoBka coppeMeHHbIx TOC
OCHOBHBIM CTPOUTENBHBIM coopyxeHueM TOC sBIsSeTcCs IVIaBHBIA KOPILYC,
MONEPEYHbId pa3pe3 Mo KOTOpoMy Moka3aH Ha puc.4.3. OH cOCTOUT U3 TPEX

OTICIICHUI: MypOUHHO20, 0eadpamopHO20 N KOMeIbHO20.
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Pucynox 4.3. ITonepeunslii paspe3 rmaBHoro kopnyca TIC

B TypOWMHHOM OT/eIIeHUH Ha OJHOM BaJly YCTAHOBJICHBI: TapoBas TypOWHa,
DIIEKTpOTeHEepaTop W BO3OyaWTenb  (3TY  COBOKYIMHOCTh  HA3bIBAIOT
mypboazpeeamom).



[Tomemienue, B KOTOPOM pa3MeliaeTcsi TypOWHA, Ha3bIBACTCA MAUUHHBIM
3anom (MamzanoM). O6muit Bua Mam3ana TunuaHor TOC nokazan Ha puc.4.4.

TypOoarperarbl 3aKpbIThl METAITTMYECKUMH KOXKYXaMU (KOXKYyX HEOOXOIIUM,
npexje Bcero, g oOecrneyeHuss TMOCTOSHHOTO TEMIIEPaTypHOIO pexuma
U30JISIIIUU TYPOUHBI).

Eciu momHuocth TypOorenepatopoB He mpeBbimaer 500 MBT, To oHu
pacnoJiararoTcsi monepexk Mamsana; eciau MoimHocTs 800 MBT u BhIlIE, TO BIOJB
Marni3ana.

OO6mmit Bua TypOoarperara MmontHocThio 800 MBT mokasan Ha puc.4.5.

Ha mepennem miaHe BUACH 8030yJumens, Najnee dICKTPOreHEparop, a Ha
3aJIHEM IUJIAHE - naposas mypouHa, 3aKpbiTas METALTNYECKUM KOXKYXOM.

[Ton monom Mamnizana HaXOAUTCS KOHOEHCAYUOHHOe nomeujeHue, B KOTOpOM
Ha HYJICBOW OTMETKE PaCIOJI0KEH KOHJIEHCATOP. B KOHIEHCAITMOHHOM TOMEIIECHU N
TaKKe pa3MEmaloTCs KOHJIGHCATHBIE HACOChl, HAcOChl MaclOCHAOKEHHS,
MUATATENIbHBIA HACOC U JIP.

KoTenbHOE OTAEIEHNE HAXOAUTCS B IPABOM YaCTH MIABHOTO Kopmyca. 31eCh
pa3MenaroTcs maporeHepaTopel. PSIoM ¢ KOTENbHBIM OTIAEIEHUEM HAa OTKPBITOM
BO3/IyXE PACIOiaraloTcsi BO3AyXOIMOI0IPeBaTeN , THIMOCOCH U JbIMOBas TpyOa, a
TaKKe MPU HEOOXOTMMOCTH TPATUPHSL.

JleasparopHoe OTIEICHUE HAXOAUTCA MEXKIYy TYpOWHHBIM M KOTEIbHBIM
otaeneHusamMu. Ha neasparopHoil sTakepke pa3MenieHsl aeaspatopbl. KonaeHcar,
NOJJIeKAIIUNA JIea’pallii, U THap JJIg €ro HarpeBa MOCTYyNaeT B JI€a’paTopbl U3
TypOUHHOTO oOTAeNeHusl. M3 J1ea’paropoB mnuTarTelbHas BOAa C IMOMOIIBIO
MATATENLHOTO HACOCA MOCTYNACT B IIB/], a 3arem B nmaporeHeparop.

B

Pucynok 4.4 O6mmii Bua mamsana tunudnoi TIC



Pucynok 4.5. O6mmii Buja trypéoarperara momuaoctsio 800 MBT

B  nmeaspatopHOM IOMENIEHMM HA BBICOTHOM OTMETKE  Mals3ajia
PacrHojIOkKEeHbl IIUTHI YIPABICHUS MaporeHeparopaMd U TypOMHAMU CO BCEMHU
HEOOXOAMMBIMU TMPUOOpaMH M aBTOMATHUKOW. 371€Ch HAXONATCA ONEPaTOPHI,
ynpasJstomie padoroir TOC.

4.3. T'a30TypOMHHBIE YCTAHOBKH JJIEKTPOCTAHIUH

T'azomypounnas ycmanoska (I'TY) cocToUT U3 BO3IYIIHOTO KOMIIpeccopa,
KaMepbl CrOpaHHWs M Ta30BOM TypOWHBI, a TakXe BCIOMOTATEIBHBIX CHCTEM,
obecneunBaromux e€ padoty. ['TY, coeMHEHHYIO C AIEKTPUUECKUM T€HEPATOPOM,
Ha3bIBAIOT ra30TYpPOMHHBIM arperaToMm.

[Tpunnunuansuas cxema ['TY nokazana Ha puc. 4.6. Boznyx u3 armocdepsr
NOCTyIaeT Ha BXOJ BO3AYLIHOTO KOMIIpeccopa, KOTOPBIM MpeICTaBiIsieT coOoM
POMOPHYIO MYPOOMAWMUHY C NPOMOYHOL 4ACmblO, COCTOSIIEN U3 BpaIIAIOIIUXCS U
HEIOJIBWKHBIX PEIIETOK. POTOp KOoMIIpeccopa NPUBOAUTCS BO BpAILEHHUE Ta30BOM
Typounoi. [Totok cxaroro Bo3myxa moga€rcsi B ONHY, JBe (Kak Ha puc. 4.6) wiu
Oonee kamep cropanus. [Ipm sToM B OONBIIMHCTBE CIydyaeB MOTOK BO3/AyXa,
UAyIIMA W3 KOMIIpeccopa, paszzensiercs Ha 1aBa mnoroka. llepBwiii moTok
HaIpaBIIeTCsl K TOPEJIOYHBIM YCTPOMCTBaM, Kyda Takke MOAAETCS TOIUIMBO (Ta3
WIM SKUAKOE TOIUMBO). [llpu corcueanuu monausa obpazyiomcs npooyKmbl
ceopauusi  monaueéa  8vicoKou memnepamypvl. K HUM  HOIMENIMBAETCS
OTHOCHUTENIbHO XOJIOJHBIM BO3JyX BTOPOIO MOTOKA C TE€M, YTOOBI MOJYYUTh Ta3bl
(X OOBIYHO HA3BIBAIOT PAOOYMMHU razamu) C JIOMYCTUMOMW IS JAeTajield ra3oBOM
TypOUHBI TEMIIEPATypPOHl.



Pucynoxk 4.6. Hpnnunnnénﬁnaﬂ cxema I'TY

Paboune ras3pl ¢ JnaBlieHUEM p,. TOJAIOTCS B MPOTOYHYIO YacTh Ta30BOM
TypOUHBI, TPUHIUIT JIEUCTBUA KOTOPOM HHUYEM HE OTIWYAETCS OT MPHUHIUIIA
JEUCTBUSL MApOBOM TYpOWHBI (OTJIWYHME COCTOMT TOJBKO B TOM, 4YTO Ta3oBas
TypOuHa paboTaeT Ha MPOJYKTax CrOpaHHs TOIUIMBA, a HE Ha mape). B ra3oBoii
TypOuHe pabouue Ta3bl PaCHIUPSIOTCS NPAKTUYECKHU J0 aTMOCHEpPHOro JaBICHUS
Pg, TOCTYMAIOT B BbIXOAHOW Auddy30p 14, u u3 Hero - nubO cpazy B JbIMOBYIO
TpyOy, NMOO TpeaBAPUTEIIBHO B KaKOW-TUOO TEMI0OOMEHHHUK, HCIOJIb3YIOIINUMA
TEIIOTY yxoasmux razos [ TVY.

BcenenctBue pacmmpeHusi ra3oB MPUBOJUTCS BO BpalllEHHE POTOP Ta30BOM
TypOWHE; T.€. IPOUCXOAWT TpeoOpa3oBaHWE TEIUIOBOW DHEPrUU Ta3oB B
MEXaHUYEeCKYI0 JHepruto. BecbMa 3HauuTenbHas 4acTh (MPUMEPHO IMOJIOBUHA)
SHEPrUM TPATUTCS HA MPUBOJ KOMIIPECCOPA, a OCTABLIASCS YacThb - HA MPUBOJ
a/lekmpoceHepamopa. ITO W €CTh Tojie3Has MomHocte ['TY, koTtopas
YKa3bIBa€TCs MIPU €€ MapKUPOBKE.

Ternnoas cxema ['TY npusenena Ha puc.4.7.

Tonnueo
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Pucynok 4.7. TennoBasi cxema I'TY
Ha puc. 4.8 mnokazano ycrporicteo I'TY V94.3 dupmer Siemens.
ATMoc(hepHBIil BO3yX OT KOMIUIEKCHOTO BO3IyXOOUHMCTUTEIHLHOTO YCTPOMCTBA
(KBOY) nocrynaer B maxty 4, a u3 He€ - K NpOTOYHON yacTu 16 BO3qylIHOTO
Kommpeccopa. B xomnpeccope npoucxoaut cxaTtue Bo3ayxa. Cmenens cocamus 6



MUNUYHBIX KoMnpeccopax cocmasisem 13 - 17, u TakuMm 00pa3oMm JaBJiCHHUE B
tpakte ['TY nHe npesbimaer 1,3 - 1,7 MlIla (13 - 17 ar). JlaBnenue napa B napoBoi
TypOuHe Ooiblie, yeMm nasieHue razoB B ['TY B 10 - 15 pa3. Manoe daénenue
paboueti cpedvl 00yCl061UBACTE MATYIO MOJUJUHY CIEHOK KOPNYCO8 U JIE2KOCHb UX
npoepesa. Imenno smo odenaem I'TY ouenv manespenuoii, T.e. CIOCOOHOU K
OBICTPBIM IyCKaM M oOcTaHoBKaM. Eciam mis mycka nmapoBod TypOUHBI B
3aBUCUMOCTH OT €€ HayaJbHOTO TEMIIEPATypHOTO COCTOSHMS Tpedyercs oT 1 4 jo
HeCKOJIbKHX yacoB, To I'TY moxkeT ObITh BBesieHa B padory 3a 10 - 15 muH.

‘ \ \ |
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Pucynok 4.8. I'TY V94.3 ¢pupmsr Siemens

Hus TIT'Y-450T wucnons3yercst [TV V94.2 mpou3BOACTBA MPEANPUATUS
WutepTypOO - COBMECTHOTO npeanpusitus pupmbl Siemens u AO JIM3.

Ha puc. 4.9 nmokazan mpomonbHbiii paspe3 ['TY V94.2, (BepxHsisi 4acThb
yepTexka) C 3aKphITOM HUXKHEH YacThIO.
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Pucynok 4.9. Ilpononsuslii pazpe3 I'TY V94.2

l'azoeas mypouna saensemcs Haubonee ciroxcuvim snemenmom I'TY, dto
00yCJIOBIIGHO B NIEPBYIO OYepe/lb OYEHb BBHICOKOM TeMIlepaTypoil pabouyux raszos,
pOoTEKaIoNUX 4epe3 €€ MPOTOYHYI0 YacTh: TEMIlepaTypa ra3oB Hepen TypOuHOU
1350 °C B Hacrosiiiee BpeMsi CUMTAETCSl «CTaHAAPTHOI», U Beayliue (GUpMbI, B
nepyto odepenar General Electric, paGorator Haj ocBoeHHWEM HavaabHOU
temneparypsl 1500 °C. HamoMHMM, 4TO «CTaHIapTHas» HadyalibHas TeMIeparypa
JUIsl TapoBbIX TypOuH coctaBisier 540 °C, a B nmepcnekTuBe - Temmneparypa 600 -
620 °C. Temmepatypa Ta3zoB 3a ['TY mocTtaTodHo BBICOKA, W 3HAYHUTEIHLHOE
KOJIMYECTBO TEIUIOThI, MOJYYEHHOM NpPH CKUTAaHUU TOIUIMBA, B OyKBaJIbHOM
CMBbICJIE YXOAUT B AbIMOBYIO TpyOy. IlosTomy mpu aBToHOMHO# pabote I'TY eé
KIIJI HeBenuk: mis tunudHblX I'TY oH cocraBiseT 35 - 36 %, T.e. MeHbIIIE, YeM
KIIJI mapoBoii TypOUHBI.

CrpemiieHHEe NMOBBICUTh HAYaJbHYIO TEMIIEPATYPY CBSI3aHO, MPEK]IE BCETO, C
BBIUTPBIILIEM B 3KOHOMUYHOCTH, KOTOPBIM OHa JA€T; MOBBIINICHUE Ha4yajJbHOU
temnepatypsl ¢ 1100 mo 1450 °C paér yBenuuenue KII ¢ 32 mo 40 %, T.e.
MPUBOJMUT K dKOHOMHH ToruinBa B 25 %. Emé onaum HenoctatkoM I'TY sBisieTcs
HEBO3MOXHOCTh HCIIOJIb30BaHUSA B HUX HU3KOCOPTHBIX TOMIMB. OHa MOXKET
XOpouIo padoTaTh TOJIHLKO HAa Ta3e WK Ha XOPOIIEM KHUIKOM TOIUIMBE, HAIPUMED
nu3enbHOM. [lapocuiioBble 5HEPro0Jioku MoOryT paboTaTh Ha JIOOOM TOIUIMBE,
BKJIIOUAs CaMO€ HU3KOKauyeCTBEHHOE.

l'azoBas TypOWHA Kak MMapoBasl BBIMOJIHIETCS MHOTOCTYIEHYATOW, OOBIYHO
OHa UMeeT 3 - 4 CTYNEHH.

4.4, ITapora3zoBble YCTAHOBKH 3JIEKTPOCTAHIUM




llapozcazosvimu Ha3piBarOTCs d3Hepreruueckue yctanoBku (III'Y), B koTopbix
Temwiora yxomsaumx raszoB I'TY mnpsMo WiIM KOCBEHHO HCHOJIB3YETCS UJIA
BBIPAOOTKHU 3IEKTPOIHEPTHH B MAPOTYPOMHHOM LIMKJIE.

Ha puc. 4.10 nokazana npuHIMIHAIbLHAS cXeMa MPOCTEHIEH MmaporazoBou
YCTaHOBKHM, TaK Ha3blBAEMOI0 YTWJIM3ALMOHHOIO TUmna. Yxoxsdwmue rasel ['TY
NOCTYNAIOT B KOMEN-YMUAU3AMOp - TEIUIOOOMEHHUK MPOTHUBOTOYHOTO THUIMA, B
KOTOPOM 3a CUET TeIUla TOpPSAYUX Ta30B MOJYYarOT IMAap BBICOKUX NapaMETpOB,

HaIpaBJIsIEeMbIil B TApOBYIO TypOUHY.
Mag Mapopan Typhimm
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Pucynok 4.10. lIpunuunuaJsHas cxeMa NpocTeiilieii mapora3oBoii yCTaHOBKH

Korén-yrunuzarop npenctaBiser co0oi IaxTy NpsSMOYTroJIbHOTO CEYCHHS,
B KOTOpOW pa3MelIeHbl MOBEPXHOCTH HarpeBa, 00Opa3oBaHHBIC CPEOPEHHBIMU
TpyOaMu, BHYTPh KOTOPBIX MOAaETCs padodee Tello MapoTypOMHHON yCTaHOBKHU
(Boma unu miap). B mpocreiiiieM cirydae moBepXHOCTH HarpeBa KoTia-yTHiIn3aTopa
COCTOAT M3 TPEX DJIEMEHTOB: DJKOHOMai3epa 3, wucnaputens 2 U
naponeperpesarens 1. [Jemmpanvueiv s1emenmom  AGNSAemMCcA  UCHApUmeny,
cocTosimuii U3 Oapabana 4 (MIMHHOTO HWJIMHIAPA, 3aMOJHSEMOr0 HAaMOJOBUHY
BOJIOH), HECKOJIBKUX OMYCKHBIX TPYO 7 M JOCTaTOYHO IIJIOTHO YCTAHOBJIEHHBIX
BEPTUKAJIBHBIX TpyO coOCTBeHHO wcmaputens 8. Hcnapumenv pabomaem Ha
npUHYyUne ecmecmeenHol Kousekyuu. VicnapuTenbHbIe TPyObl HAXOATCS B 30HE
0oJiee BBICOKHX TeMIIepaTyp, 4eM omyckHble. [loaToMy B HUX BOja HarpeBacTcs,
YAaCTUYHO HCIAPSETCS W TOSTOMY CTAHOBHUTCS JIETYE W TOJAHUMAETCS BBEPX B
Oapaban. OcBoOOXKIarOIMIeecss MECTO 3aIojHseTcs 0ojee XOJIOJHOM BOJOH IO
OITYyCKHBIM TpyOam u3 Oapabana. Haceimennsiii map cobupaercss B BEpXHEH 4acTH
Oapabana W HampasisieTcs B TpyOwl maporieperpeBarens 1. Pacxom mapa w3
Oapabana 4 KOMIICHCHPYETCS TIOJBOJIOM BOJBI M3 dKOHOMaiizepa 3. [lpu stom
MOCTYTIAIOIIAs BOJA, IPEXK]IC YeM MUCIAPUTHCS MOJTHOCTHI0, MHOTOKPATHO MPOMIET
yepe3 ucnaputenbHbie TpyObl. [loaToMy omucaHHBIA — KOTEN-YTHUIH3ATOP
HA3BIBAETCS KOMJIOM C eCMeCmME8eHHOU YUPKYaayuel.




B sxonomaiizepe npoucxooum nacpes nocmynaroujeli nUmamenbHou 800bl
npakmuyecku 0o memnepamypsl kunenus. I3 6apabaHa cyxoil HaCBIIICHHBIN map
MOCTyIMaeT B TNapoleperpenarellb, Tl TEpPerpeBaeTcs CBEpX TeMIepaTypbl
HachlllleHus. TeMriepaTypa MoJiy4aeMoro mneperperoro mnapa ty Bcerma, KOHEYHO,
MEHbIIIE, YeM TeMIlepaTypa ra3oB &, MOCTYNAIOIIKUX U3 ra30BOi TYpOUHBI (0OBIYHO
Ha 25 - 30 °C).

ITong cxemoit kotma-yrunuszatopa Ha puc. 4.10 mokazaHo u3MeHEHHE
TEMITepaTyp Ta30B W paboyero Teia MpHU WX ABMKEHUU HABCTPEUY IPYT APYTY.
Temnepamypa 2a306 niagHo ymeHbulaemcs om sHaveHus Gy Ha 6xo0e 00 3HAUeHUs]
0,x memnepamypul yxoosawux 2a306. JIBUKymascs HaBCTpedy numamenbHas 600a
nosvluiaem 6 JKOHOMAl3epe C80l0 memMnepamypy 00 meMnepamypsbl KuneHus
(touka a). C osTOM Temmeparypod (Ha TpaHH KHUIIEHUS) BOJA TOCTYIAeT B
ucrnaputenb. B HéM npoucxoauT ucnapenue BoAbl. [Ipu sTom e€ Temneparypa He
usMensiercs (nporecc a - b). B Touke b pabGodee Teo HaXOAUTCS B BUIE CyXOTO
HaChIIIEHHOTO Tapa. [lanee B mapomeperpeBaresie MPOUCXOIUT €ro MEPEerpeB 0
3Ha4yeHUus .

OOpa3yromnuiicss Ha BBIXOJE M3 MaporeperpeBaTelis Mmap HarpaBiseTcs B
NapoByl0 TypOHMHY, TJe, pacupssch, coBepmaer padory. W3 TypOuHBI
OTpa0OTaHHBINA IMap IMOCTYMAET B KOHIEHCATOP, KOHICHCHUPYETCS U C MOMOIIBIO
MUTATEIPHOTO Hacoca 6, TIOBBINIAIOIIETO JIABIICHUE TUTATEIBHOW BOJBI,
HAMPAaBIISIETCS] CHOBA B KOTEN-YTHIIN3ATOP.

Takum o00pa3oMm, NPUHOWNHATHHOEC OTIMYHAE IMAPOCHIOBON YCTaHOBKHU
(IICY) IIT'Y ot o6brynoM [ICY TOC cOCTOUT TOABKO B TOM, YTO TOIUIMBO B KOTJIE-
YTUIM3AaTOpe HE cxkuraercs, a HeoOxoaumas s pabotsl [ICY III'Y Ttemnora
oepérca ot yxoasamux razoB ['TY. O0muii BUA KOTNIa — yTHIM3aTOpa MPUBEICH Ha
puc.4.11.
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Pucynok 4.11. O0mmii B KOT/I1a — yTHJIM3AaTOpa



Onexrpoctanius ¢ [II'Y nokazana Ha puc. 4.12, Ha KOTOpOM H300pakeHa
TOC c tpemst snHeprodiokamMu. Kaxkaplii HEproOJIOK COCTOUT U3 JBYX PSAIOM
crosmmx ['TY 4 tuna V94.2 ¢dupmbel Siemens, kaxngas W3 KOTOPBIX CBOH
YXOJSIIIME Ta3bl BHICOKOW TeMIIEpaTyphl HAMPaBJISET B CBOM KOTEN-yTHIM3ATOpP 8.
[1ap, reHepupyemblil STUMH KOTJIAMH, HAIIPABJISIETCS] B OJJHY TTapoByto Typouny 10
C  ayekTporeHepatopoM 9 W KOHJEHCATOPOM,  PACIOJIO)KCHHBIM B
KOHJICHCAIlMOHHOM TOMeleHun Tmoa TypOuHou. Kaxnpiii Takodt »Heprobsok
uMeeT cyMMapHyro MontHocTh 450 MBT (kaxknas I'TY u mapoBast TypOWHA HMEIOT
MoOIHOCTh TpuMepHO 150 MBT). Mexnay BeixoausM auddy3opoMm 5 u KOTIOM-
yTHIIM3aTOpOoM 8 yCTaHOBJICHA OatinacHas (006600Has) Ovimosas mpyboa 12 wm
ra30MIOTHBIN mubep 6.

Pucynok 4.12. dnexkrpocranuus ¢ [II'Y

OcHoBHbIe npenmymiectsa [I'Y.

1. [Tapora3oBasi yCTaHOBKa - B HACTOSIIEE BpeMs CaMbli IKOHOMHUYHBIN
JIBUTATENb, UCTIOJIb3YEMBIN JJIs1 TOTYUYECHUS SJIEKTPOIHEPTUU.

2. ITapora3oBas yCTaHOBKA - CaMblil SKOJOTHUYECKH YUCTBIA ABUTarelib. B
nepByto0 ouepenb 3T0 oObsicHseTcss BbicokuM KIIJ[ - Beap Bca Ta Temsora,
colepKaiasca B TOIUIMBE, KOTOPYH HE yaaloch Mpeodpa3oBaTth B
AIIEKTPOIHEPTUIO, BBHIOPACHIBACTCS B OKPYKAIOIIYIO CpeAy W TPOUCXOAUT €&
TeIJIoBoe 3arpsi3HeHue. [loaToMy ymeHsbllleHue TerioBeIX BbiOpocoB III'Y mo
CPaBHEHUIO C IAPOCUJIOBOM IIPUMEPHO COOTBETCTBYET YMEHBIIEHUIO pacxona
TOILJIMBA Ha MPOU3BOACTBO JIEKTPOIHEPTUU.

3. [TaporazoBasi ycTaHOBKa - OYE€Hb MAaHEBPEHHBIN JABUTATEIh, C KOTOPHIM B
MaHEBPEHHOCTH MOXKET CpPaBHUTHCA TONBKO aBTOHOMHas [ TY. IlorennumanbHO
BbicOKasi MaHeBpeHHOCTh I[ITY obGecneunBaercss Hamuuvem B €€ cxeme [TV,
M3MEHEHUE HATPy3KHA KOTOPOM MPOUCXOAUT B TEUCHUE HECKOJIBKUX MUHYT.

4. Tlpy OaWHAKOBOM MOIIHOCTA TAPOCUIOBOM u maporazoBoii TOC
notpebsienre oxjaxnarome Boawsl I[II'Y mnpumepHo BTpoe MeHbIIE. ITO
OTIpE/IeNISIETCS TEM, UYTO MOIIMHOCTh mapocuiioBoit vactu III'Y cocrtaBnser 1/3 ot
o6meit momHocty, a ['TY oxnaxaaroiiei BoJbl TPaKTUUECKU HE TPEOyeT.

5. II'Y wumeer Oosiee HU3KYID CTOMMOCTh YCTAHOBJICHHOM €IUHMIIBI
MOIITHOCTH, 4YTO CBSI3aHO C MEHBIIUM OOBEMOM CTPOUTENHHOM YACTH, C
OTCYTCTBHEM CIIO)KHOTO JHEPreTHYeCKOro KOTJIa, JOPOroW JBIMOBOM TpPYOBHI,



CUCTEMbl PEreHEPATUBHOTO TMOJIOrPEeBa MHUTATEIBbHONW BObI, HCIOJIb30BAHUEM
0oJiee MPOCTHIX MApOBOM TYpPOUHBI U CUCTEMbI TEXHUUECKOTO BOJOCHAOKECHUSI.
3AKJITOYEHHME

['maBHBIM HEZOCTATKOM BCEX TEIJIOBBIX JJICKTPOCTAHIMM SIBISETCA TO, YTO
BCE BHUJIbl INPHUMEHAEMOIO TOIUIMBA SIBISIOTCA HEBOCIOJIHUMBIMHU MNPUPOIHBIMU
pecypcaMu, KOTOpbIe OCTENEeHHO 3akaHunBaroTcs. Kpome toro, TOC norpebstor
3HAYUTEJIbHOE KOJUYECTBO ToIUMBa (exenueBHo onHa ['POC momrHocthio 2000
MBT cxuraer 3a CyTKH JBa MKEJIE3HOJOPOXKHBIX COCTaBa YINIsA) U SIBISIOTCS
CaMBIMH DKOJIOTUYECKH «TPS3HBIMA» HCTOYHUKAMH DJIEKTPOIHEPTUHU, O0COOCHHO
€CJI OHM PabOTarOT Ha BBICOKO30JLHBIX CEPHUCTHIX TOTUIMBAX. FIMEHHO TT03TOMY B
HAcTOsIIIeE BpeMsi, HapsJy C KCHOJIb30BAHUEM AarOMHBIX M THAPABIMYECKUX
AIIEKTPOCTAHIINMA, BEAYTCS Pa3paOOTKU 3JICKTPUICCKUX CTAHIINH, HUCIIONB3YIOIINX
BOCTIOJIHSAEMbBIC WJIM JPYTHe allbTEpHATUBHbIC HWCTOYHMKUA HHepruu. OpHako,
HecMOoTps HM Ha 4Yto TOC ABISIOTCS OCHOBHBIMM  IPOU3BOJUTEIISIMU
AIICKTPOIHEPTUM B OOJBIIMHCTBE CTPAaH MHpa M OCTAHYTCS TaKOBBIMH, Kak
MUHUMYM B Onuxaime 50 Jser.

KOHTPOJIBHBIE BOITPOCBHI K JIEKII1U 4

1. TermoBast cxema TOILI — 3 6anna.

2. TexHONMOTHYECKHI MTpolIecc MPOM3BOACTBRA AekTposneprun Ha TOC — 3 Hamna.
3. KommonoBka coBpemennbix TOC — 3 Ganna.

4. Ocobennoctu I'TY. Ctpykrypnas cxema ['TY. KIIJI I'TY — 3 6anna.

5. TeruoBas cxema ['TY — 3 Ganna.

6. Ocobennoctu I1I'Y. Crpykrypnas cxema [II'YY. KIT/ III'Y — 3 Gamna.

7. TemoBas cxema [II'Y — 3 Ganna.



JEKIHA 5

ATOMHBIE JIEKTPUYECKHUE CTAHIHUHU. TOIIJIMBO JIA A9C.
INPUHIUII PABOTBI AAEPHOI'O PEAKTOPA. TIPOU3BOACTBO
AJIEKTPOSHEPI'MM HA ASC C TEIIJIOBBIMU PEAKTOPAMM.
PEAKTOPBI HA BBICTPBIX HEUTPOHAX. JOCTOUHCTBA U
HEJOCTATKHN COBPEMEHHBIX A3C

5.1. OcHOBHbBIE IOHATHS

Amomnas snekmpocmanyus (ADC) 3TO IEKTPOCTAHIIUS, BbIpabaTbiBaroas
DIICKTPUYECKYIO  DHEPIrWi0  OyTéM  mpeoOpa3oBaHWs  TEIJIOBOW  DHEPTHH,
BBLICTSIIONICICS B AJIEPHOM peakTope (peakTopax) B pe3yabTare ynpaBiasieMou
LICMTHOW peaKIuu AeJeHUs (paclierieHus) siaep aroMoB ypaHa. [IpuHiunuanbsHoe
ornuune ADC ot TOC TobKO B TOM, YTO BMECTO IaporeHeparopa UCIOJIb3yETCs
AJIEPHBINA PEAKTOP - YCTPOUCTBO, B KOTOPOM OCYIIECTBIIETCS yIIpaBisieMasi ermHast
AJIEpHAsl pEAKLHsl, COMPOBOKIAIOIIASCS BIICIICHUEM YHEPTUH.

PannoakTuBHBIE CBOWCTBA y ypaHa BIEpPBbIE OOHAPYXKWI (paHIy3CKUI
busuk Aumyan bexkepenv B 1896 ronmy. Aurnmiickuii puzuxk Ipuecm Pezepgpopo
BIIEPBBIE OCYIIECTBWJI HCKYCCTBEHHYIO SIACPHYIO PEAKIHUIO0 MOJ JEHCTBUEM « —
yactull B 1919 rogy. Hemeukue ¢usuku Ommo 'an v @puy [lImpacman OTKpbUIN
B 1938 roay, uTo neneHue TKENBIX AAep ypaHa npu 00MOapAHUpPOBKE HEUTpOHAMU
conpogodcoaemcs gvloesieHuem dHepeun. PeaabHoe UCIOb30BaHUE 3TOM YHEPrun
CTaJo JeJIOM BPEMEHHU.

IlepBblil SAEpHBIN peakTop noctpoeH B aekadpe 1942 roxa B CIIIA rpymnmoit
¢bu3nkoB YWKarckoro yHUBEpPCUTETAa TOJ PYKOBOJCTBOM HTAIBSHCKOTO (pU3MKa
Iupurxo @Pepmu. BriepBble Obla peanv3oBaHa He3aTyXarollash peaxius ACICHUs
anep ypana. SnepHsiii peaktop, HazBaHHBIM CP-1, cocrosii u3 rpaduTOBBIX
OJIOKOB, MEXTy KOTOPBIMU OBUIH PACIIOJIOKEHBI IIAphl U3 IPUPOITHOTO ypaHa U €T0
IBYOKHMCH. BBICTpBIE HEHTPOHBI, INOSABISAIOIIMECH MOCIe aeneHus sgep U,
3aMeJISUTUCh TpadUTOM 10 TETJIOBBIX YHEPTUH, a 3aTEM BBI3BIBATIM HOBBIC JICJICHUS
anep. Peakropel, B KOTOPBIX OCHOBHAs JOJISI I€JICHUM TPOUCXOAUT MO ACHCTBUEM
TEIJIOBBIX HEUTPOHOB, HA3bIBAIOT pPEAKTOpaMU Ha TEIUIOBBIX (MEJICHHBIX )
HEUTPOHAX; B TAKMX PEAKTOPAX 3aMEIJTUTEINS 3HAUUTEIHLHO OO0JIbIIIe YEM ypaHa.

B EBpone nepBblii siiepHblid peakTop P-1 ObLT M3rOTOBIAEH M 3amyIlIeH B
nekabpe 1946 roma B MockBe rpynmnoil (M3MKOB M HHXKEHEPOB BO IJIABE C
akajieMukoM Heopem Bacunvesuuem Kypuamoswvim. Peakrop ®-1 Obu1 HaOpaH u3
rpauToBbIX OJOKOB M uUMeNl (opmy Iapa AuamMeTpoM mpumepHo 7,5 M. B
IEHTPAJIbHOW YacTy Iapa JIUaMeTpoM 6 M B OTBEPCTHAX T'paUTOBBIX OJIOKOB
ObUTH pa3MelleHbl ypaHoBble cTepkHH. Peakrop ®-1, xak m CP-1, He umen
CUCTEMBI OXJIXKACHUS, TIOITOMY paboTall Ha MaJIBIX YPOBHSAX MOIIHOCTHU: OT JOJICH
110 €IMHUI] BaTTa.

Pesynbrarsl uccienoBannii Ha peakrope @-1 mOCIy KU OCHOBOM MPOEKTOB
JUTSl IPOMBILIIEHHBIX peakTopoB. B 1948 rony nox pyxosoactsom U. B. Kypuatosa
HA4aJluCh pabOThl M0 MPAKTUYECKOMY TPUMEHEHHIO DSHEPTHH aToMma IS
MOJIYYEHUSI DIIEKTPOIHEPTUH.



http://slovari.yandex.ru/dict/bse/article/00092/99400.htm

IlepBasi B MUpe OPOMBIIIIECHHAS aTOMHas 3JEKTPOCTAHIMS MOIIHOCTBIO 5
MBT Obunia 3anyniena 27 uvions 1954 roga B r. O6nuHcke Kanyxckoit obiaactu. B
1958 1. 6pu1a BBeZIeHA B AKCILTyaTanuio 1-s ouepenp Cubupckoit ADC MOIIHOCTBIO
100 MBT (rmontHas npoektHast MontHocTh 600 MBT). B ToM e roay pa3BepHYIOChH
cTpouTeNbCTBO benosipckoil npomeinuieHHo ADC, a B anpenie 1964 1. reneparop
1-i1 odyepenu Aan AIEKTPOIHEPruro norpedoutensiM. B centsiope 1964 roma Obud
nymeH 1-it 6nok HoBoBoponexckorr ADC momrHocThio 210 MBT. Bropoit 610k
MomrHOCThI0 350 MBT 3anymien B aexkadpe 1969 roma. B 1973 rogy 3amymiena
Jlenunrpanckas ADC.

B BemuxoOpuranmm mepBas  ADC  TPOMBINUICHHOTO  Ha3HAYCHUS
MOMIHOCThIO 46 MBT Oblma BBeneHa B 3KcIuryataruio B 1956 romy B Komaep-
Xomne. Yepes rog Berynuia B ctpoid ADC momHocThio 60 MBT B [Ilunnuurnopre
(CIIA).

MupoBbiMH JUAEpPaMU 1O MPOU3BOJACTBY SIAEPHOM DIEKTPOIHEPTUU
spisitotresi:_CLUA (788,6 mapo. kBm-u/200), Opanyus (426,8 mapo. kBm-u/200),
Anonus (273,8 mapo. kBm-u/200), I'epmanus (158,4 mapo. kBm-u/200) u Poccus
(154,7 mapo. xkBm-u/e00). Ha wmauano 2004 roma B mupe nedictBoBan 441
SHEPreTUYECKUN sAepHbId peakTop, poccuiickoe OAO «TB3JI» mnocraBuser
TOIUIMBO I 75 W3 HUX.

Kpynneitmas ADC B EBporie - 3anopoxckas ADC 1. Dueproaap (YkpauHa) -
6 aTOMHBIX PEaKTOPOB CyMMapHOU MOIIHOCTBIO 6 I BT. Kpynueinmas B mupe ADC
- Kacuanzaku-Kapusa (SInoHus) - narh Kungmux saepHsix peaktopoB (BWR) u
JIBa MPOJIBUHYTHIX KUISAIUX AnepHbIX peakropa (ABWR), cymMmmapHas MOIIHOCTb
KOTOpBIX cocTaBiseT 8,2 ['BT.

B nacrosiee Bpemsi B Poccun paboraror ADC: banakoBckas, benosipckas,
bunubunckasi, PocroBckasi, Kanununckas, Konbckasi, Kypckasi, Jlenunrpazackas,
HoBoBoponexckas, CmosieHCKasl.

B paspabotkax mpoekrta JHepreTuueckoi ctpareruu Poccuu Ha mnepuon 10
2030 roma mNpPEeRyCMOTPEHO YBEJIMYEHHUE IIPOM3BOJCTBA DIICKTPOSHEPTUM HaA
aTOMHBIX JIEKTPOCTAaHIUSIX B 4 paza.

ATOMHBIE  JJIEKTPOCTAHIIMM  KJIACCUPHUIMPYIOTCI B  COOTBETCTBUU C
YCTAHOBJICHHBIMH Ha HUX PEAKTOPAMH:

® peakmopvl HA MENn108blX HEUmpoHax, WCHOJIB3YIOIUE CIELUaIbHbIC
3aMEJIUTENIN IS YBEJIMYECHHUS BEPOSTHOCTH TOMIOUIEHUS HEUTpOHA sApaMu
aTOMOB TOIJIMBA;
® peaxkmopwbl Ha ObICMPLIX HEUMPOHAX.
ITo Buay oTIycKaeMol SHEPTUU aTOMHbBIEC CTAHITUU JCIISATCS Ha:

° aromMHbie anekTpoctaniuu (ADC), npenHa3HauYeHHBIE JJIs1 BBIPAOOTKH
TOJIBKO JIEKTPOIHEPTUU;
. aroMHBIC TerutodnekTpouenTpanun (ATJII), BweipabGaTpiBaroIMe Kak

AIIEKTPOIHEPTHUIO, TAK U TETJIOBYIO SHEPTHIO.

B nacrosiiee Tonpko B Poccun paccMmarpuBaroTcsi BApMAHTBI CTPOUTENICTBA
aTOMHBIX CTAHIIUH TEMJI0CHAOKEHNS.

ADC He ucnosib3yeT BO3AYX ISl OKUCICHHS TOIUIMBA, HE MAET BHIOPOCOB
30J1bI, OKCUJIOB CEPBI, YIIEpOAa U T.I. B aTMOc(hepy, UMEET pPaaIuoaKTUBHBINA (POH



Hmxke, yem Ha TOC, Ho, kak u TOC, moTpedsieT OorpoMHOE KOJTMYECTBO BOIBI JJIS
OXJIQXKICHUS KOHEHCATOPOB.

5.2. Tomauso piasg ADC

I'maBHoe ommmune ADC or TOC COCTOUT B uUCHONL308AHUU SOEPHO20
20pIoYe20 6Mecmo Op2aHUuyecKkoeo Mmonauea. SIAepHoe Toprodee MOoMy4yaroT U3
PUPOIHOTO ypaHa, KOTOPbIN q00kIBatoT 100 B maxrax (Hurep, ®pannus, FOAP),
1100 B OTKPBITHIX Kapbepax (ABctpanus, HamuOus), 1100 cnoco6oM moa3eMHOro
BoinenaunBanus (Kanaga, Poccusa, CIIA). Vpan mmpoko pacnpocTpaH€éH B
pUpoie, HO OOTaThIX IO COACPKAHUIO 3aJIeKEH YpPaHOBBIX pPyI HET. YpaH
COZIEP)KUTCST B PA3JIMYHBIX TOPHBIX MOPOJAX W BOJIC B PACCETHHOM COCTOSHUMU.
[IpupoaHbIi ypaH 3T0 CMECh B OCHOBHOM HEENANIErocs usoroma ypana -°U
(Gonmee 99%) m Oenawezoca usomona “*U  (npumepno 0,71%), KOTOpHIA W
npeacTaBusgeT coboit spepHoe roprodee (1 kr *°U BbImENsSeT SHEPIHI0 PaBHYIO
teriore cropanus mpuMmepHo 3000 T KaMEHHOTO YTIIf).

st pabotel peaktopoB ADC Tpebyercsi oboeawjeHue ypawna. Jjisi 3T0TO
MPUPOIHBIA ypaH HampaBisieTcss Ha 000TaTUTEIBHBIN 3aBOJ, MOCIE MepepadoOTKH,
Ha KoTopoM 90% mpupoaHOTO 00ETHEHHOTO ypaHa HaIlpaBiIseTCs HA XpaHEHHUeE, a
10% oOGorarmaercs no 3,3 - 4,4 %.

N3 oboraménnoro ypana (tounee nuokcuaa ypana UO, uiam oKucu-3aKUCU
ypana U,0;) Wu3roraBmuBamOT mennogvloersiowue snemernmol - TBIJIbt -
HUAJIMHIpUYECKUE Ta0IeTKH AuaMeTpoM 9 MM U BeicoTol 15-30 MMm. DT TabneTku
MTOMEIIAIOT B TEPMETUUYECKUE YupKoHUeable (TIOTIOMEHNE HEUTPOHOB ITUPKOHUEM
B 32,5 paza MEHbIIIE YeM CTAJIbI0) MOHKOCHEHHble mpYyOKU JJIMHON OKOJOo 4 M.
TBO3JIb cobupator B TtemnoBsiaesstone coopku (TBC) mo HeckosbKO COTEH
ITYK.

Bce panmbHelmme mpouecchl paciiemuieHus sagep 2>°U ¢ oOpasoBaHHEM
OCKOJIKOB ~ JIEJICHUS, PAJWOAKTUBHBIX Ta30B M T.J. TPOUCXOIAT 6HYMPU
eepmemuynvix mpyoox TBIJlos.

[Tocne nocrenennoro pacuerieHus 2°U u yMEHBIIECHUS €r0 KOHLEHTPALUN
no 1,26%, xoeoa mowmocmsv peaxkmopa cywecmeeHno ymenvuiaemcs, TBC
u3eeKaom u3 peaxmopda, HEKOTOpOE BpeMsl XpaHSAT B OacceilHe BBIIECPKKH, a
3aTeM HaIpaBJSIIOT Ha PAIMOXUMUYECKHUI 3aBOJT JUTsI IEpEepabOTKH.

Takum ob6pazom, B omimuue or TOC, rae TOMIMBO CTPEMATCS CHKUTaTh
nojHocThio, Ha ADC HEBO3MOXKHO pacHIenuTh saepHoe TomauBo Ha 100%.
[Tostomy Ha ADC Henb3st paccuutarbk KIIJ[ mo ymenpHOMY pacxomy yCIOBHOTO
toruBa. s oueHku 3¢ghekTuBHOCTH padboThl dHEeprodioka ADC UCHONb3yeTCs
KIIJI nerro

nuemmo = ilOO% !

peax

rae D - BbIpaboTaHHas Heprus, Q - BBIACIMBIIEECS B PEAKTOPE TEIIO 3a0HO

peax
U TOKE BpEMs.

[Toncunrtanusiii Takum obpaszom KIIJI ADC cocraBnser 30 - 32 %, HO
cpaBHuBarh ero ¢ KIIJ[ TOC, cocraBnstommm 37 - 40 %, He BIIOJIHE PABOMOYHO.



Kpome wu3otoma ypanma 235 B KadecTBE SAEPHOIO TOIUIMBA TAKXKE
UCTIONTB3YIOTCSL:
. wm3oTon ypana 233 (22U);
. m3oromn mrytonus 239 ( “°Pu);
. m3otomn Topus 232 (P**Th) (mocpencreom mpeobpaszosanms B 22U).

5.3. IIpunuun padoTsl S1EPHOTO PeaKkTopa

[IpuHunuanpHas cxeMa SJIEPHOTO peaKTopa Ha TEIUIOBBIX (MEIJICHHBIX )
HEUTpPOHAX IOKa3aHa Ha puc.5.l, 3mecy 1 - ynopaBisgonMe CTEpXKHH, 2 -
Ouosioruyeckasi 3ammra, 3 - TEIIoBas 3ammuTa, 4 - 3aMeJIuTeNb, 5 - sSJIepHOE
toriuBo (TBOJIbr).

Ilpu nonaoanuu Heiimpona 8 sa0po uzomona ypara 235 OHO 0enumcs Ha 08e
yacmu u vliemarom HeckoIvko (2,5-3) Ho8blx 6mopuunbix Heumponos. UToObl B
SJIEPHOM PEaKTOPE MOIJIa OICP>KUBATHCS LIETTHAS peaKI[us, HE0OOX0JMMO YTOOBI B
aKTUBHOM 30HE peaKkTopa Macca JIepHOro roprovero Oblja He MeHee KPUTHYECKOH.
PeakTop JOIKEH COIEP)KATh TAKOe KOMMYECTBO 2-°U, 4TOBBI B CPEIHEM XOTS OBI
OJIMH U3 YKCJIa MOJTyYaroluXcs HEUTPOHOB HA KaXKJIOM akKTe JEJICHHUS CMOT Obl
BBI3BATh CIEAYIOMIUMA aKT JEJICHUS, MPEXKJAEC YeM OH IMOKUHET aKTUBHYIO 30HY
peakropa.
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Pucynox S.1. IIpuHnunuaibHas cxeMa siIepHOIO PeaKkTopa HA TeNJIOBbIX HEMTPOHAX

Ecnu  uucno meitmponogé 6ydem noooepoicusamvcsi NOCMOSAHHbIM, MO
peakyusi Oelenusi Oyoem umemb CMAYUOHAPHLIN Xapakmep. Yem Bblle



CTAllMOHAPHBIN ypOBEHb YHCJA CYIIECTBYIOIIUX HEHUTPOHOB, TeM Ooiblie
MOIIHOCTh peakTopa. MomHocth B 1 MBT COOTBETCTBYET LIEMHOM peaKkUUH, MpU
KoTOpoit mporcxomut 3- 10" nenennii B 1 cexyHumy.

Ecau 4gucino HeHTpoHOB OyIeT YBEIMYMBATHCSA, TO MPOU3OUAET TEIIOBOM
B3PBIB, €CJIM YMEHBIIATHCA, TO pEaKUMs MpeKpaTuTca. PeryinpoBaHue CKOpOCTH
TEUEHHS PEAKIIUU TIPOU3ZBOJUTCS C HOMOWbIO ynpasaaiowux cmepacretl 1.

Tekyiiee COCTOSHHME SIAEPHOTO PEAaKTOpa MOXKHO O0XapaKTepH30BaTh
YQPEKTUBHBIM K02 puyuenmom  pazmuodiceHus  Heumponos K - wm
PEaKTUBHOCTBIO O, KOTOPBIE CBSA3aHBI MEKY COO0 COOTHOIICHHUEM:

k-1
P K

JUIst 3TUX BEIMYHMH XapAKTEPHBI CIETYIONIUE 3HAYCHMUS:

« k>1- nemnas peaknms HapacTaeT BO BPEMEHH, PEaKTOp HAXOAUTCS B
HAJIKPUTUYECKOM COCTOSIHHH, €T0 PEakKTUBHOCTh 0 > 0;

« Kk <1- peakius 3aTyxaeT, peakTop - MoakpuTHueH, p <0;

« k=1, p=0 - umciao neneHwit spep MOCTOSHHO, PEAKTOP HAXOTUTCS B
CTAOMJIBHOM KPUTUYECKOM COCTOSIHHH.

SnepHbIit peakTop MOXET padoTarh C 3aJaHHOW MOIIHOCTHIO B TEUCHHE
JUTUTEIIbHOTO BPEMEHU TOJBKO B TOM Ciydae, €Clid B Hadasie paboThl OH UMeEET
3arac peakTUBHOCTU. B mporiecce paboThl si1epHOTO peakTopa u3-3a HaKOIUICHUS B
TOIUIMBE OCKOJIKOB JIEJIEHUS U3MEHSETCS €ro M30TOMHBIM M XMMHYECKHI COCTaB,
MPOUCXOAUT OOpa30BaHUE TPAHCYPAHOBBIX JJIEMEHTOB, IVIaBHBIM oOpazom Pu.
[Iporekaronye B peakTope MPOLECCHl CHUXKAIOT BOBMOKHOCTh MIPOTEKAHUS LIETTHON
peaKkuuu OeJIeHUs JIep aTOMOB.

JUist monnep:kaHus M OCYLIECTBIIEHUS IIEMHOM peakuuu HEeoOXOAUMO
OTPaHUYMTh TMOIVIOLIEHUE HEHUTPOHOB MaTepHUalaMHU OKPYXAIOIMMU AKTHUBHYIO
30Hy peakTopa. JTUM JOCTUTaeTCsl MCIOJb30BAaHMEM TaKUX MaTepuaioB (IJis
OMOJIOTMYECKON 2 M TEmIoBOW 3 3allluThl), KOTOPbIE€ XOTA OBl YacTUYHO (B
uaeainbHoM ciiydae 50%) oTpakanu HEHTpOHBI, T.€. He mommomanu ux. Ocoboe
3HAYEHUE HMMEET BHIOOP TEIUIOHOCHUTENS, CIYXallero JUisl MepeHoca Temia M3
aKTUBHOM 30HBI K TypOHHE.

OO6pa3yroiuecs: B pe3yibTaTe ACICHUS HEUTPOHBI MOTYT OBITh OBICTPHIMHU
(MMeTh OOJBITYI0 CKOPOCTh) M MEIJICHHBIMH (TETIOBBIMH). BeposiTHOCTH 3axBaTa
MEJUTEHHOTO HEeHTpoHa sapoM “>°U ¥ ero MmociIeAyomero paciiernieHus Goble,
yem ObicTporo Heitpona. [lostomy TBOJIe 5 oxpyxkawoT chneuuaibHbIMU
3aMenIUTeIsIMU 4, KOTOphIE 3aMeUISIOT HEUTPOHBI, clabo mornomas ux. Jlms
YMEHBIICHUS! YTEUKU HEUTPOHOB M3 PEaKTOpa €ro CHaOKaroT oTpaxareieM. B
KaueCTBE 3aMeIJIUTeNIe M OoTpaxkareiaedl HamOoJjee 4acTo HUCHOJB3YIOT TIpadur,
msokényto (D,0), o0bruHyI0 BOIy U JIp.

KonnuecTBo cTalMoHapHO CYIIECTBYIOIIMX HEUTPOHOB OIPEACNAET YUCIO
00pa3yronmxcs 0CKOJIKOB JEJICHHUS siiep, KOTOPBIE pa3JIeTatoTCsl B Pa3HbIE CTOPOHBI
C OIPOMHOM CKOPOCTBIO. TOPMOKEHNE OCKOJIKOB IIPUBOIUT K pa30rpeBy TOIIMBA U
creHok TBOJIoB. [lig CHATHSA 3TOro TEIUIa B PEaKTOp MOJAAETCS MenioHocUumen,
HarpeB KOTOPOTO M SABISETCS LENbI0 paboThl peakropa. YacTo OAHO M TO XKe



BEIIECTBO, HAampuMep OObIYHAs BOJA, BBINOJNHAET (GYHKIUHMU MenioHOCUmers,
sameonumens u ompadxcamens. llogaya BOIBI B PEaKkTOp MPOU3BOAUTCS C
MIOMOIIIBIO 21asubIX YupKyiayuonuwolx Hacocos (I'LIH).

Ocoboe 3HayeHHWE B peakTopax MMEIOT CpPEICTBAa  YIpaBICHUS
perylMpoBaHusl Xojia ILenHoW peakiuu. JloctaroyHo 3PQPEeKTUBHBIM CPEACTBOM
peryliupoBaHusi  SABIAIOTCS  BelIECTBA -  MOIIOTUTENHW,  OOJajaromiue
UCKIIIOYUTEIBHONU CIIOCOOHOCTBIO 3aXBaTa HEUTPOHOB, TAaKUE KaK OOp U KAOMULL.
[TormoTurenu no mepe HeOOXOIUMOCTH BBOASATCS B aKTUBHYIO 30HY peakTopa JUisi
OBICTPOrO MpEKpalICHUs AAEPHON PEAKIIHH.

5.4. YerpoiictBo Ha ADC ¢ TenJIOBbIMH peaKTOpaMu

HawnOonpinee pacnpocTpaHeHue B MUpPOBOM 3HEPreTUKE MOIYYHIIN
pPEaKTOpPhI Ha TEIIOBBIX HEUTPOHAX JBYX BUJOB: KOPITYCHBIE U KAHAJIbHBIE.

OCHOBHOII OCOOEHHOCTBIO KOPIYCHBIX pPEAKTOPOB SBISETCS TO, YTO HX
aKTUBHAsI 30HA PacCIoJIaraeTcsi B TOJICTOCTEHHOM Kopiryce. KopmycHsle peakTopsl
UMEIOT JIBE€ Pa3HOBUIHOCTH:

® peakmopul ¢ 8000l nood dasienuem (B aHrIMickod Tpanckpunimu PWR -
pressed water reactor, BBOP - Boo - BOASIHOI 3HEpPreTHYeCKUi peakTop);
o xunawue peakmopor (BWR - boiling water reactor).

B 6000 - 6o0snom peaxmope yupkyiupyem moibKo 6004 NOO BbLCOKUM
oasnenuem. B kunswem peakmope Ha0 NOBEPXHOCMbIO HCUOKOCMU 00pa3yemcs
HACLIUWEHHbIU 800SIHOU Nnap, KOTOPbIA HAINpaBIseTCs B MapoByl0 TypOuHY. B
KOPNYCHbIX peakmopax u menjioHocumenem, U 3ameonumenem SA6AsAemcs 600d.
Peakrops! kunsimero tumna B Poccuu HE CTPOSIT.

Ha puc.5.2 npencrasinen peaktop BBOP-1000 (anexTpudeckas MOIIHOCTH
1000 MBT) (a - npoaonbHbIil pa3pes, 6 - BHEIIHUN BUN).
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Pucynok 5.2. SInepusliii peaktop BBOP-1000

Kopryc peaktopa COCTOMT W3 LMJIMHAPUYECKOIO COCYla W KpBIMKH 3,
NPUTATUBAEMON K cOCyly Lnuibkamu 2. B cocyae monBemmBaercs Iiaxra 3,
MPEeCTaBIAOMAas cOO0M TOHKOCTEHHBIM COCYA C YIUIOTHEHHEM 6 W cHUCTEMOM
OTBEPCTUM, 00€CIEUMBAIOIINX HAMPABICHHOE JBUXEHUE TEIJIOHOCUTENS (BOIBI).
TemoHocHTens ¢ gaBieHneM 157 ar u Temmeparypoit 289° C mocrymaer mo
YETBIPEM LITYLIEpAaM B KOJIBLIEBOE MPOCTPAHCTBO MEXAY KOPITYCOM M IAXTOW U
JBIDKETCS BHU3 MEXTy HHMH. Ha 3Toil cTamuu Boma BBITONHSET (DYHKITUIO
OoTpa)aressi HEUTPOHOB. JIHO MIAXThl 5 UMEET MHOTOYMCIIEHHBIE OTBEPCTHS, YEPE3
KOTOPBIE BOJIA IONAAAET BHYTPb IIAXThI, B KOTOPOW pacIiojaracTcsi akTMBHas 30HA,
COCTOSIIAsT U3 OTACILHBIX MIECTUTPAHHBIX TEIUIOBBIACISIOMUX coopok (puc. 5.3),
KaXkJast U3 KOTopeix cofepxut 312 TBDJIos (puc. 5.4).

[TocTynaroumii yepe3 mnepOpUPOBAHHOE JHO IIAXTHl TEIJIOHOCUTENb
JBHKETCSl BBEpX, oMmbiBaeT TBOJIbI, pa3orpersie B mpoiecce JIeIeHUs siAEPHOro
TOPIOYEro, HarpeBaeTcst U ¢ Temmeparypoit 322,5° C uepes mepdoparun B BepxXHeii
YaCTU IIAXThl M YETHIPE BBIXOJHBIX OTBEPCTUS HAMNPABISIETCS B YEThIpE
IaporeHeparopa.
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Pucynok 5.3 TBC peakropa BBOP-1000 Pucynok 5.4. TenJioBbiaeasiiomuii
JJIeMeHT

Kopryc peaktopa mnpencrabisier coOOM YHHKaJIbHYI0 KOHCTPYKIHIO,
CBapEHHYIO M3 OTHEIbHBIX AJIEMEHTOB, MU3TOTOBJICHHBIX KOBKOU. DTH 3JEMEHTHI
BBITIOJIHAIOTCS JBYXCTEHHBIMHM, a MX Macca coctasiuser okono 100 1. Macca
kopryca 6e3 kpoiku 0onee 300 T., a KpbIIIKK U mnuiek okosno 100 T.

Peaktop BBDP  oO0s3aTenbHO  MMEET  KomneHcamop — 0aéleHus,
IPEICTaBIAIOMNNA COO0M JOBOJIBHO CIIOKHYIO M T'POMO3JKYH0 KOHCTPYKIIMIO; OH
CIY>)KUT JJi BbIpAaBHHBAHUS KOJI€OAHWUW NaBJICHUS B KOHTYpE BO BpeMsi pabOThI
peaKkTopa, BO3HUKAOIIMX 3a CYET TEIUIOBOIO PACIIMPEHUs TEIUIOHOCUTEIS.
JlaBneHue B 1-M KOHType MOXeT g0XoauTh a0 160 armocdep (BBOP-1000).

[ToMuMO BOABI, B Pa3IMYHBIX PEAKTOPAX B KAUECTBE TEIJIOHOCUTENS MOXKET
IPUMEHATBCA TAKXKE pacniaeienuviii Hamputi WIA ra3. Vcnons3oBaHue HaTpus
MO3BOJISIET YHPOCTUTh KOHCTPYKLHMIO OOOJOYKM AKTUBHOM 30HBI peakrtopa (B
OTJIMYME OT BOASHOTO KOHTYpa, JIaBJIEHWE B HATPHUEBOM KOHTYpE HE IMPEBBIIIACT
arMoc(epHoe) W H30aBUTHCA OT KOMIIEHCATOpa JaBJICHHS, HO CO3JaET CBOU
TPYIHOCTHU, CBA3aHHBIE C MOBBIIICHHOW XUMUYECKOM aKTUBHOCTBIO 3TOTO METAJIJIA.

Peaktroper cepun BBOP ycranoBnensl Ha: banakoBckoil, PocToBckoi,
Kanununckoii, Konsckoii 1 HoBoBoponexkckon ADC.

Kopnyc sinepnoro peaktopa cepun BBOP nokazan Ha puc. 5.5.



Pucynok 5.5 Kopnyc sinepHoro peakropa cepuu BBOP

AJNBTEpHATUBON KOPIYCHBIM PEAKTOpaM SIBISIIOTCS KaHAJIbHBIE PEaKTOpHI,
kotopbie crpomuch Tobko B CCCP non nazBanuem PBMK - peakrop Gombiioi
MOIIIHOCTH KaHaJIbHBIN. Takoil peakTop mpencrapisieT co0oi rpadUTOBYIO KIIAJKY
C MHOTOYMCIICHHBIMU KaHaJaMH, B KaXIbIii W3 KOTOPHIX BCTaBJISETCA Kak Obl
HEOOJBIION KUK peakTop MaJloro JuaMeTpa. 3aMeITUTEIEM B TaKOM
peakTope CIyXHUT TpaduT, a TEIIOHOCUTENEM - Boja. PeakTop KaHAJBHOTO THIMA
PBEMK - 1000 (smextpuueckass momrHocTh 1000 MBT, TemioBas MOIIHOCTB
peakropa 3200 MBT) nokasan Ha puc. 5.6.
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Pucynok 5.6



OHn cocrtout u3 cOOCTBEHHO peakTopa 1, 6apabanoB - cemaparopos 3, ['TIH 6
U BOJSHBIX M MApPOBOASHBIX KOMMYHUKaIUH. TeXHOIOTHYECKUN KaHall peakTopa
PBMK-1000 npuBenen Ha puc. 5.7.

Pucynok 5.7. Texnosiorudeckuii kanaua peakropa PBMK-1000

AKTHBHAsl 4acTh peakTopa MpeACcTaBiIsieT co0oil rpaduToByto Kiaaky 10 u3
6mokoB ceduennem 250x250 mm. B nieHTpe kakzoro 0yioka ciesiaHO BEpTUKAIBHOE
omeepcmue (Kauan), B KOTOpPOE IMOMELIAETCS MapOreHEepHUpYIOIIee YCTPOHCTBO.
COBOKYNTHOCTh MMAPOT€HEPUPYIOLIETO YCTPOWCTBA, KIAAKA U DIEMEHTOB UX
YCTAaHOBKH Ha3bIBaeTCsl mexHono2uieckum kauanom. OH BKJIIOUaeT B ceOs Tpyoy,
COCTOSIITYIO U3 IEHTPpaIbHOU (LIMPKOHUEBOM) yacTH 11, pacmosioskeHHO# B 001acTu
rpaduroBoit kimanku 10, U nByX KOHIEBbIX dacTed 4 u 14, BBINOJHEHHBIX W3
HepkaBewuied cranu. Brayrpu mnoasemmBaercs TBC, cocrosimas u3  ABYX
MIOCJIEAOBATENBHO PACIOJNIOKEHHBIX IMy4YKOB. Kaxknaplii mydok cocTtouT u3 18
crepxkaeBbix TBOJIoB auamerpom 13,6 MM, TonmmmHoN creHku 0,9 MM U JiimHON
3,5 m.

B HUXKHIOIO KOHIIEBYIO YacTh TPYObl 14 KakI0ro KaHajia MOCTyIaeT Boja U3
I'IH (puc.5.7) u nBuxercsa BBepx, oMmbiBas nyuku 9 TBC. Ilpu stomM Bona
HarpeBaeTcsl J0 COCTOSIHUS KHWIIEHUs, YACTUYHO HCHapseTcsi U C MacCOBBIM
napocojepkanieM npumepHo 15 % HampasisieTcs B Oapaban - cenapamop .
3nmech Boa U map pa3feisItoTCs: Tap HalpaBisieTCsl B MapoBYIO TypOHHY, a Boia C
nomoibio I'TIH cHOBa Bo3BpalllaeTcs B TEXHOJIOTHYECKUE KaHAJIbl. AKTUBHAsS 30HA
(rpaduToBas KJIaJlKa) OKPY)KEHa CTAIBHBIM T€PMETHYHBIM KOXKYXOM U 3alOJHEHA
CMECBIO 2enius U a30oma Npyu HeOOIbIIOM U30bITOYHOM JIaBICHUU.

B nepuon pazpabotku peakropoB PBMK temmnepatyphbiii npeaen padboTh
criaBoB 1UpkoHUsA (06osouku TBDJIoB) ObLT HEAOCTATOYHO BBICOK. ITO
ONPEeJeNIO  OTHOCHTEILHO HEBBICOKME mapamerpsl mapa 70 ar, 284 © C.
Peakropet cepun PBMK ycranoBnensl Ha: Kypckoi, JleHuHrpaiackod u



Cwmonenckoit ADC.

Ecnu cpaBuuBare peakropsl TMna BBOP wu PBMK, TO oOCHOBHOE
npeumyiiectBo BBOP B ToM, uTo oHM 001a/1a10T O0JIbIIIEH OE301IaCHOCTBIO:

e peaktop BBOP umeer 3ammTHYI0 000JI0UKY, HE JOMYCKAIOUIYIO BBIXOJ]A
PaaOaKTUBHBIX 3JIEMEHTOB 32 €€ MPEAEIIbL;

e B Clydyae MOTEPU OXJAXKJICHUS aKTMBHOMW 30HBI LIEMHAs PEAKIUSA B PEAKTOPE
BBOP 3aryxaert, B peaktope PEMK - pasropaercs;

e akTHMBHAs 30Ha peakTop BBOP He comepkuT roproyero BemecTna - rpadura.

Hcnonb3zoBanue B sHepretuke Poccunm sHeproOmokoB Tuna PBMK
oOBsICHSETCS TE€M, YTO N0 BBoAa B KoHIe 70-Xx TomoB 3aBomga «Arommarn» (T.
Bonrononck), npousBoasiero peakropsl tina BBOP, CCCP mor npou3BoauTh
TOJIBKO IO OJIHOMY KOPIIyCy peaktopa B roja Ha Mbkopckom 3aBope. DJIeMEHTHI
peaktopa PBMK Mornu nmpou3BOAUTHECS MHOTUMH OOIIEMAIIMHOCTPOUTEIIbHBIMU
3aBoJlaMd W HE TpeOOBajlu TaKOro YHHUKAIBHOTO OOOpYIOBaHUS, KOTOPOE
HeoOXonmuMo Jyuisi u3rotoBieHus peakropoB Turna BBOP. Ceituac B Poccuu
IIPOU3BOSTCS TOJBKO YCOBEPIIECHCTBOBaHHbIE peakTopbl Tuna BBOP. 3aBox
«ATOMMAII» MOYKET €XKErOAHO U3rOTABINBATH 10 § PEaKTOPOB.

Baxneim _npeumyniectBoM peaktopa PBMK  sBnsiercss  BO3MOXKHOCTb
HEMpEephIBHON (eKeIHEeBHOM) 3aMeHbl orpadoTtaBmumx TBC mneperpy3odHoi
MalHOM 0e3 ocTtaHoBku ero. Peakrop tuma BBOP HeoOxomumo exeroaHo
OCTaHaBIIUBaTh (CO CHSTHUEM BEpXHEro OJOKa M KPBINIKWA) Uil 3aMeHbl 1/3
O0TpabOTaHHOI'O TOTUIMBA.

5.5. IIpousBoacTBo nekTpo3Heprun Ha AJC ¢ TEeII0BBIMH PeAKTOPaAMHU
TermoBas cxema JaByXkoHTypHOU ADC c¢ peakropamu thna BBOP
npuBeeHa Ha puc. 5.8.
[ laporypbunnocotacncune |

[ T T Pemmtomnos oraenenme 1 | #ar, 275°C

60 ar, 275°C an
| 10 ar, 250 °C

L

| == (caanara
- I e
|

Pucynok 5.8. TensioBasi cxema aByxkoutypHoii AJC ¢ peakrtopamu Tuna BBIOP

IlepBblii KOHTYp HAaxOAUTCS B pPEaKTOpHOM oTaeieHuu. OH BKIIOYAET
peaktop tuna BBOP, uepe3 kotopeiii ¢ nomonisto I'IIH npokaunBaeTcsi Boga moj




nasiaenrem 160 ar. Ha Bxoge B peaxtop Boma mmeer Temmeparypy 289° C, ua
BBIxOzIE - 322° C.

Kax BugnHO 13 puc.2.2 npu gaBieHuun 160 aT Boj1a MOXKET 3aKUIIETh TOJIBKO
npu Temieparype 346 © C. Takum oGpasom, B mepBoM KoHTYpe ADC Beerna
LUPKYIUPYET TOJIBKO Bojia 6e3 00pa3oBaHusl mapa.

U3 sjgepHoro peaktopa Boma ¢ Temmeparypoit 322° C mocrymaer B
naporeHeparop. llapoecenepamop - 5mo 20pu30HMANbHLIL YUTUHOPUYECKULL COCYO
(bapabam) wacmuyHo 3anoIHeHHblU 8000l 6mopo2o KoHmypa. Ilaporeneparop, 1o
CYILIECTBY, SIBJIICTCS KUISTWJIHHUKOM, BBIIAPUBAIOIIEM BOJAY IMPU IMOBBIIIEHHOM
JaBJICHUH.

C nomompio murarensHoro Hacoca (IIH) B maporeneparope co3ma€tcs
JIaBJICHUE CYIIECTBEHHO MEHbIIIee, YEM B IEPBOM KOHTYpE (JaBICHUE CBEKETO
napa P,=60 ar). [TosTomy yxe npu Harpese 10 275° C B cooTBeTCTBHH ¢ puc.2.2

BOJAa B IAPOTrEHEPATOPE 3aKHUIAET BCJEACTBUE HarpeBa €€ TEIMIOHOCHUTEIIEM C
temmeparypoii 322 © C. TakuMm 06pa3oM, B NapOreHEpaTope, SBISOLIAMCS
CBSI3YIOIIIUM 3BE€HOM IE€PBOTO U BTOPOTO KOHTYpa (PacroyioKEHHBIM B PEaKTOPHOM
OTHEJICHUH), TOJy4aeTcsl CyXOW HACBILIEHHBIM Map ¢ naeiaeHueM P,=60 ar,

temneparypou t,=275 © C u neGompmoii BraxkuocThi0 (0,5%). Heobxommmo

o0paTuTh BHUMaHWE HA HU3KHUE HAaYaJbHBIC MapaMETPhl Mapa Ha BXOJle B TYPOUHY
U HaJIMYWe Baru (XOTsl ¥ HeOOJbIION).

[Tonyuennslii ap no mapornpoBoay noctymnaeT B [[BJ] mapoBoii TypOUHBL.
3n1eck OH pacmmpsieTcs 10 aaBieHus npumepHo 10 ar. [Ipu sTom BiaxxHOCTH ITapa
Bo3pactaeT 10 10-12 %; nostomy nocre [[B/] nap manpasénsiemcs 6 cenapamop-
naponepezpesamens (CIIII). B cenapatope or mapa oTaensercss Biara, U OH
MOCTYNAaEeT B MAapOINEPErpeBarelib, IJ1€ €ro napaMmeTpbl JOBOAITCSA 10 3HaueHui 10
at, 250° C. Takum oGpasom, map Ha Bbixome CIIII sSBISIETCS TEPErPETHIM H C
takumu napamerpamu nocrynaer B [{H/I[. Paciumpusumices B LIH/I, map nocrymnaer
B KOHJIEHCATOP, a4 U3 HETO B KOHJAEHCATHO-TIUTATEIbHBINA TPAKT, AHAJOTUYHBIN KaK B
oobranoi TOC.

BaxHO OTMETUTH, YTO BO BTOPOM KOHTYPE LUPKYIUPYET HEPAAUOAKTUBHAS
BOJIa, YTO CYIIECTBEHHO YIMPOIIAET JKCIUIyaTallMi0 W TOBBINIAET O€30MacCHOCTh
ADC.

TermmoBass cxema omHokoHTYpHOH ADC ¢ peaktopamu PBMK-1000
npuBefeHa Ha puc.0.9. Ha takux ADC oauH ¥ TOT K€ TEIJIOHOCUTEIb
LUPKYIUPYET Yepe3 PeakTop U NapoTypOUHHYIO YCTAHOBKY.
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Pucynok 5.9. TenioBasi cxema oqHokoHTYpHOI AJC ¢ peakropamu PEMK-1000

IutarensHas Boga ¢ momompio I'IIH ¢ mapamerpamu 80 ar u 265° C u3
Pa31aTOYHOrO KOJUIEKTOpA MOCTYNAeT B TEXHOJIOTUYECKUE KAHAIBI, Pa3MEIIEHHBIC
B aKTUBHON 30HE peakropa. Ha BbIXoJe W3 KaHAJOB MapoOBOJASIHAs CMECh C
napocogepkanuem 14-17% cobupaercs B KOJJIEKTOpE M 3areM moaaércs B
bapaban-cenapamop, CIyKalllui JUis pa3iesieHus mapa u Bojabsl. OOpasyromuiics
nap ¢ napamerpamu 65 ar u 280° C mocrynaer B mapoByko TypOHHY.

[Tap, monyyaeMblii B pEakTOpe W Cemaparope, SBISICTCS PaJldOaKTHUBHBIM
BCJICJICTBHE PACTBOPEHHBIX B HEM PAJAMOAKTHUBHBIX T'a30B; MPU STOM HAUOOJBIIYIO
KOHIIEHTPAILMI0 UMEIOT MapoINpoOBOIbl CBEXEro napa. [loaToMy ux mpokiIaabiBatoT
B OETOHHBIX KOpUIOpAx, CIyXKallux Ouonorndecko 3ammroi. [lo Toil ke
MPUYUHE T1ap K TypOUHE TOJBOIUTCS CHUBY.

ITap, pacupumiuchk B LIB/] no nasnenus 3,5 at, Hanpasisiercs: uepe3 CIIIIT
B [IH/I n 3aTeM B koHAeHCATOpBl. KOHIEHCATHO-TIUTATENBHBINA TPAKT TAKOU K€, KaK
u 00byHOM TOC; HO Ha HEKOTOPBHIX €ro AJIEMEHTaX HMMEeTCs OMOJOorHYecKas
3allKTa OT PAAUOAKTUBHOCTH.

Konpencar, mpoiias cucteMy pereHEepaTMBHOIO TOAOTPEBA  BOJbI,
npuoOpeTaeT Temmeparypy 165 © C, cMemmBaercs ¢ BOIOIA, uaymien ot 6apabana-
cenaparopa
(280 ° C) n mocrymaer B I'L{H, 06eCeunBAIONIIX INTAHUE SIEPHOTO PEAKTOP.

5.6. PeakTopbl HAa OBLICTPBIX HEHTPOHAX
[IpyHIMNIMATBHBIA HEIOCTATOK PEaKTOPOB Ha TEIUIOBBIX HEWTPOHAX -
HU3Kas  a¢ggdekmusHocms  UCNONBL308AHUS  MONAUBA. TEIIOBBIE  PEAKTOPHI
CroCOOHBI  WcHoNb30BaTh He Oonee 0,5% sHepreTnyeckoro mMoOTEHIIMAA
NPUPOJHOTO ypaHa. 3amackl H30TONa ypaHa 235 (0O SHEPreTUYECKUM
XapaKkTepUCTUKaM) MeHbIle, uyeM 3amackl HedpTu. [lpu mmpoxomacmTabHOM
pPa3BUTUU aTOMHOM PHEPIeTUKH U CTOJb HEPAIlMOHAJIbHBIM MOTPEOJICHHEM ypaHa



MOXKHO OY€Hb OBICTPO CTOJKHYTHCA C €ro AepuiuToM. Beixon u3 3To#l cuTyanuu
OJIMH - CO3JITaHUE peakmopos Ha ovicmpolx Herimponax (BH).

OKCIEPUMEHTAJIbHbIE PEAKTOPhI Ha OBICTPBIX HEUTPOHAX MOSIBUIUCH B 1950-
e roabl. B 1960-80-¢ roabl paboThl MO CO3/IaHUIO TPOMBIILIEHHBIX PEAKTOPOB Ha
ObIcTphIX HelTpoHax akTUBHO Benrch B CCCP, CIIA u psiie eBponeiicKux cTpaH.
K nauany 1990-x OOJBIIMHCTBO 3THUX IMPOEKTOB OBLIO MPEKpAIEHO H3-3a PHCKa
aBapuil M BBICOKMX OKCIUTyaTallMOHHBIX 3arpar. B HacTosmiee Bpems B
MIPOMBIIINICHHOM pEeXUME paldoTaroT JIBa peakTopa Ha OBICTPHIX HEHUTPOHAX B
Poccun (benospckas ADC, 6ok bH-600) u ®pannuu (PHENIX). Onnako panee
OKCILTyaTUPOBAJIOCh HECKOJIBKO TaKUX peakTopoB: BemukoOputanus 070K
MomHOCThI0 250 MBT (1970-1994); CIIA 650k momHocTthio 98 MBT (1963-
1972) n moutHocThi0 400 MBT (1982-1992); ®panmus 610k MomHOCTHIO 1,2 I'BT
(1984-1997), r. llleBuenko mormHOCTHIO 350 MBT (BH-350) (1973-1999).

B nacTosiiee BpeMs peanusyeTcst psiJi IPOEKTOB 10 pa3padoTKaM peakTopoB
Ha ObicTpbix HeWTpoHax. B 2008-2009 rr. KypuaroBckuii MHCTUTYT paszpabortal
BapuaHT pa3Butus peakropoB BBOP nns paboTel B 3aMKHYTOM  SiIEpHOM
TOTUIMBHOM IHKJIE C CaMOOOECIEUeHUEM TOIUIMBOM M MPEJIOKEHA KOHIICTIIIHS
JIBYyXKOHTYpPHOTO OBICTpOro mnapoBojsHoro peakropa [IBOP-650. Pazpaborka
Takux peakTopoB Benércs takxke B Mumum, Kurae, FOxuoi Kopee, SAnonuun. B
Nunuu  Benércs CTPOUTENBCTBO JIEMOHCTPALIMOHHOTO OBICTPOTO HATPHUEBOTO
peaktopa PBFR-500 montHocTteio 500 MBT (9:).

PeakTopbl Ha OBICTPBIX HEUTPOHAX MO3BOJSIOT MOJICPKUBATH LECTTHYIO
DEAKLMIO HE TONBKO ¢ u3otonamu *>°U, Ho u ¢ uzoronamu “*U, a Takxke uzoromn 232
topusi_(**Th). Tlpu momamannm GBICTPHIX HEHTPOHOB B siapo 28U mporekaer
HECKOJIbKO pEakluid, B pe3ylbTaTe KOTOpPhIX OOpa3zyeTcss HOBOE Jeisiieecs
BerectBo m3oTonm IwryToHms 239 (Z°PU), KOTOpOE MOXHO HCIIONB30BATh B
Ka4eCTBE SIAEPHOTO TOIJIMBA.

CxeMa peakiuu UMeeT BUJ:
%U+n  — *U beta- — ** Np beta- — *°Pu
B ciydae ucrons3oBanms u3oromna 232 topust (Z°Th) cxeMa peakiuy uMeeT

BUI;
“2Th +n — *Th beta- — ***Pu beta- — **U.

[pu obmyuernn “°Th HeliTpoHaMH 06pasyeTcsi HEyCTOMYMBBIA H30TOI,
KOTOPBIM  TOCJE  psifa PEaKTUBHBIX  MPEBpallleHUN  TpeBpaiaercs B
PACIICTUISFOIIUIACS U30TOIT 283y,

B peaxmope ceedenvt K MUHUMYMY BCEBO3MONCHLIE 3aMeOnUmenu u
cokpawenvl Oecnonesnvle nomepu Heumponos. B peakropax BH B kauecTBe
MenIoHOCUmenss UCNONIb3Yemcs JHCUOKUU Hampuii. AKTUBHAs 30HAa COCTOUT W3
TOTUTMBHBIX COOPOK CO CTEPXKHSIMU o0oraiméHHoro ypana. OHa OKpyKeHa SKpaHOM
W3 CTEpXHEW C BOCHPOM3BOISAIIMM MaTCpHUATIOM: 28U wm ***Th. Dro 30Ha
BOCITPOM3BO/ICTBA.

Llennas peaxyus npomexaem 6 axmueHOU 30He peaxmopa. llornonieHue
HEUTPOHOB B KOHCTPYKIIMOHHBIX MaTepuangax M TEemjaoHOcuTesie B peakrope bH
CPaBHUTEJIBHO MaJo.

PerynupoBaHue CKOPOCTH MPOTEKAHUS PEAKIIMU MPOU3BOIUTCS U3MEHEHUEM




KOJIMYECTBA CTEPKHEW ypaHa B akTWBHOW 30He. Ilpu nemenum sapa
BBICBOOOXKMaeTcs 2,5 - 2,9 Helitpona. OJIUH U3 HUX MIPOU3BOJIUT HOBOE JCIICHUE, a
octaibHbie 1,5 - 1,9 BBIXOOST M3 aKTUBHOM 30HBI M MOMJIOLIAIOTCS B JKpaHE,
coctosimeM u3 crepxkueii 22U i 2Th.

Ilpu smom 6 3Kkpane uoém o06pazosaHue UCKYCCMBEHHO20 S0EPHO20
coproueco  “°Pu unu *PU. Cxwras 1 xr **Pu, peakrop BH He Tombko
BOCIIPOM3BOJIMT €ro, BhIpadarhiBaeT AonoJHHTEAbHO 0.4 - 0.7 Kr IUIYTOHHS,
KOTOPBI MOYKET MCHOJL30BaThCA KaK HOBOE Tropiodee. TakuMm 00pa3oM, peakTop
BH  sBiugercs  HapaOOTYMKOM  SJIEPHOTO  TOIUIMBA ¢ KOY(M(HUIIUMEHTOM
BocnpousBojicTBa (KB) 1,4 - 1,7. SAnepHo-3HEpreTrUecKasl CUcTeMa ¢ peakTopaMu
Ha TEIUIOBBIX HEUTpoHax u peakropamu bH MoxeT oTnaBare sHEpruro noytu 0e3
MOCTYTUICHUSI U3BHE UCXOJHOTO SIIEPHOTO TOIIMBA 23,

Ha puc.5.10 npusenen peakrop bH-600, roe 1-maxra, 2-kopmyc, 3-I'T[H 1
KOHTypa, 4-3JeKTpoABUTaTe)Ib Hacoca, S5-0onblnas TOBOpOTHAs IpooOka, 6-
paguIIMOHHAs 3aluTa, 7-TeINIOOOMEHHUK HATpUM - HaTpuil, 8-IeHTpajbHas

IIOBOPOTHAA KOJIOHHA C MCXaHU3MaMH CY3, 9-akTHBHAs 30HA.
==z

I

Pucynoxk 5.10. SInepublii peakTop Ha ObICTpPBIX HeliTpoHax BH-600

Kopnyc peakropa mpezncraBnsger coboi 0ak HMIMHApUYECKOM (OPMBI C
DJUIANITUYECKUM JHUIIEM W KOHUYECKOW BEPXHEW KPBIIIKOW, BBINIOJHEHHOU C
OJIMHHA/ILAThI0 TOPJIOBMHAMHU - JJIsi TIOBOPOTHOW NPOOKHM, HAcOcOoB 1 KOHTYypa,
MPOMEXKYTOUHBIX TEIJIOOOMEHHUKOB, 3JIeBaTOpOB cucTteMbl mneperpy3ku TBC.
[[unuaapryeckas 4acThb KOpIyca COEIMHEHA C JHMINEM IIyTEM CBapKH 4Yepes
IIEPEXOHOE OIOPHOE KOJBIO, HAa KOTOPOM YCTAHOBJIEH OIOPHBIM IOSC,



ABJISIFOIIMKACS OCHOBOM HECYIIEHM KOHCTPYKLIHMHM BHYTPHU KOPITyCa PEaKTopa; OH
oOpa3yeT TpH CIMBHBIE KaMEPbI AJII HAaTPUs, BBIXOISIIETO U3 TEIMII00OMEHHUKOB.

AKTHBHasi 30Ha M 30Ha BOCIIPOM3BOJICTBA COOMPAIOTCS W3 IIECTUTPAHHBIX
TBC xaccernoro tumna pasmepamu 96 mm. TBC coctout uz TBOJIoB, koxyxa,
rojoBku Juis 3axBata TBC mpu meperpy3kax XBOCTOBHKA, C TOMOIIBK) KOTOPOTO
TBC ycranaBmuBaeTcs B THE3/I0 HANOPHOTO KOJUIEKTOpAa W MOAACPKUBACTCSA
BepTuKanbHO. TBOJIpl mo miMHE aAKTHMBHOM 30HBI 3allOJIHEHBI BTYJIKAMU W3
00OTaméHHOT0 OKHCH ypaHa (MM CMECH OKHCH ypaHa M OKHCH IUTyTOHHUSA), a
BHIIIIC W HIDKEC AKTHBHOW 30HBI PACIOJIOKEHBI TOPIIEBHIE JKpaHBI U3 OPHUKETOB
OKHCH «OTBaJIbBHOTO» ypaHa (**®U). TBOJIbl 30HbI BOCIIPOM3BOJICTBA 3aITOJIHEHBI
OpHUKETaMU U3 «OTBAJIIBHOTOY» ypaHa.

Hctopusi aToMHON SHEPreTUKHM OXBAaTHIBAET MEPHUOJ] MEHEE MOJIyBEKa, U K
HACTOSIIIEMY BpPEMEHHU J0Js1 BBIPAOOTKU 3JieKTpodHepruu Ha ADC BO MHOTHX
CTpaHax JOCTHUraja JO0CTaTOYHO OOJIbIINX 3HauYeHUU. B HacTosdiee Bpemsi B Mupe
paboraet 436 ADC. YcranosienHass MmoutHocTh ADC B CIIIA cocTaBisieT 0koio
90 miH kBT, B Poccun — 6osee 23 muH KBT.

Ha puc. 5.11 noka3zansl TUCTOrpaMMbl aOCOTIOTHON CyMMapHOU BHIPaOOTKH
AIEKTPOIHEPTUH, a TaKKe J0JM BbIpaOoTku Ha ADC aJid pa3inuyuHbIX CTpaH MHpA.
Xots sti ganHbie oTHOCcATCA K 2000 romy, OHM OTpaKarOT C JOCTATOYHOU
TOYHOCTBIO MOJIOKEHUE U B HacTodAllee BpeMsa. OnpeieIeHHbIE OTKIOHEHUS] MOTYT
OBITH TOJIKO JJIs1 HEOOJIBIIIMX CTPaH, I BBOJ JakKe OAHOro sHeprodyoka Ha ADC
MOITHOCTBIO 1 I'BT MOKET CylIeCTBEHHO U3MEHHUTh CUTYAIUIO.
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Pucynok 5.11. Jlosst BbIpa®oTkH 31eKkTpo3Hepruu Ha AJC B 0011eli BbIpadoTke

[maBeHCTBYIOIIIEE MOJTOKEHHUE TIO J0JI€ BBIPaOOTKH AnnekTposHeprun Ha ADC
3annmaeT dpaHius, a Mo adCOIIOTHOMY MPOU3BOJICTBY 3JEKTpodHepruu Ha ADC
oHa ycrynaet Juib CIHIA.

Poccus BoipabateiBania Ha ADC k 2000 roxy oxomno 12 % snekTposHepruu,
ceiivac sta mmdpa npocturaa mnpumepHo 15 %. Ilourm Bce ADC Poccum
CKOHIIEHTPUPOBAHBI B EBPONEHCKONW YacTH, TJE HMMEETCS CEPhE3HBIA IePHUITUT
opranuyeckoro TtormBa. W ecanm oneHuTh om0 BbipaboTku  ADC s
eBponeiickoil yactu Poccuu, To oHa nocruraer npumepHo 30 %. Eme Oonbiee
3HaueHue ADC MMEIT B HEKOTOpbIX peruoHax: B CeBepo-3amaHOM pETHOHE
Poccun onu oOecneunBatror 40 % osHepromorpediienus, a B LleHtpanbHo-
UYepnozemuom — 6osee 60 %.

B Hactosmee Bpems, HecMOTpss Ha psia aBapuilt ADC, Kak B MHpPOBOU
DHEPreTUKE, TAK U B POCCUMCKOW - BEAETCS NMPOEKTUPOBAHHE M CTPOUTEIHCTBO
HOBbIX ADC.

Konnepn «3ueproarom» B 2008 roay pazBepHya paOOThl i JadbHEHIIIETO
WHHOBAIIMOHHOTO PAa3BUTHS aTOMHOW JHEPreTHUKH. ATOMHAs sHeprethka 21 Beka
JIOJIKHA CTPOUTHCS HAa OCHOBE 3aMKHYTOTO SJIEPHOTO TOIJIMBHOIO ITMKJIA [NIABHBIM
3BEHOM, KOTOPOro, Jo/kHa ctath ADC ¢ peakropaMyd Ha OBICTPBIX HEHTPOHAX,
HCIIONB3YIONIMX B KAYECTBE SUICPHOTO TOMIMBA U ¥  00ECIeYHBAIONINX
HapaboTKy siaepHoro Torausa ¢ Kg=1.

Kpome co3ganusi 3aMKHYTOro SIIEPHOTO TOIUIMBHOTO IMKJIAa B OONacTH
aTOMHOW SHEPTeTUKHU BEAYTCS paOOTHI B APYTUX HAPABICHUSIX.

CIHIA u Snonus BexyT pa3paborku MUHU-ADC, ¢ MOIIHOCTHIO mopsiika 10-
20 MBT ans neneit Temio- U dIEKTPOCHAOKEHUS OT/ICTBHBIX MPOU3BOICTB, KUITBIX
KOMIUIEKCOB, a B IEPCIIEKTUBE - U UHIUBUIYAJIbHBIX JJOMOB.

C ymeHbIIIEeHUEM MOIIHOCTH YCTAHOBKH PACTET MpPEJIoiaraeMblii MaciiTad
Npou3BOACTBAa. ManorabaputHeie peakrtopsl (Hampumep, Hyperion ADC)
CO3MAIOTCS C  MCIOJIb30BAHMEM  O€30MacHbIX  TEXHOJOTHMH, MHOTOKPAaTHO
YMEHBIIAIOUIUX BO3MOXXHOCTh YTEUKHU AJIEPHOTO BEILIECTBA.

[IpaBurensctBoM CIIIA npuHaTa ATOMHas BOAOPOAHAS WHULIMATUBA.
Benyrcs pabotbl (coBMectHO ¢ FOxnoit Kopeeit) no cozoanuro amommwvix
Peakmopos H0B020 NOKONeHUsl, CHOCOOHBIX NPOU3BOOUMb 68 DONLULUX KOTUYECMBAX
sooopoo. INEEL (ldaho National Engineering Environmental Laboratory)
MPOTHO3UPYET, YTO OJUH HHEProOJIOK aTOMHOM 3JIEKTPOCTAHIUHU CIEIYIOUIETO
MOKOJIEHUsI OyAeT MpPOU3BOAUTH E€XKEIHEBHO BOAOPOA, SKBHBajieHTHBIH 750000
JUTPOB OeH3uHA. DUHAHCHUPYIOTCS HCCIEIOBAHUS BO3MOXKHOCTEH IMPOU3BOJICTBA
BOJIOPO/Ia HAa CYIIECTBYIOIINX aTOMHBIX 3JIE€KTPOCTAHIIMSIX.

Emé Gonee mHTEpECHOM, XOTSI U OTHOCUTEILHO OMOANEHHOU NePCneKmuUBoll
8bI2TIAOUM UCHONIL30BAHUE IHEPSUU SIOEPHO20 cunme3a. TepMOosIepHbIE PEaKTOPHI,
no pacdy€ram, OyayT MOTPeOISITh MEHBINE TOIUIMBA HA EAWMHUILY SHEPTHH, U Kak
caMO A3TO TOIUIMBO (AeHTepuil, JUTHUM, reauii-3), Tak U NMPOAYKTHl WX CHHTE3a
HEpaJMOAKTUBHBI WU, CJIEIOBATEJIbHO, JKOJIOTMYEecKH Oe3omnacHbl. B HacTosiee
Bpemss npu ywyactun Poccunm  Bo  ®DpaHuuM  Ben€Trcs  CTPOUTEIBCTBO




MEXIYHApPOIHOTO 3KCIEPUMEHTAIIBHOTO TepMosiiepHoro peakropa ITER.
3AKJIIOUEHUE

IIpu pa6ore ADC B armocdepy BBIOpachIBa€TCS HEKOTOPOE KOIMYECTBO
HOHW3UPOBAaHHOTO raza. OObIUHAS TEIUIOBasl 3JEKTPOCTAHIMS BMECTE C JIBIMOM
BBIBOAUT em¢ OoJblllee KOJIMYECTBO paJUAllMOHHBIX BBIOPOCOB, H3-3a
€CTECTBEHHOIO CO/ICP>KaHUS PAJMOAKTUBHBIX AJIEMEHTOB B KAMEHHOM YTIIE.

Henocrarku aTOMHBIX CTaHIIUMA:

& 0oO0OMy4éHHOE TOIUITMBO OINACHO, TPEOYeT CIOKHBIX M JOPOTUX MEpP IO
nepepaboTKe U XpPaHEHUIO;

& HEXEJNaTeJIeH PEeKUM pabOThl C MEPEMEHHOM MOIIHOCTBIO JJII PEAKTOPOB,
paboTaOIIKX Ha TEIIOBBIX HEUTPOHAX;

¢ OoJblllMe KalUTaIbHBIC BIOXKCHHS, Kak yAedabHble, Ha | MBT
YCTaHOBJIEHHOW MOIITHOCTH JJis 0J10KkOB MOIHOCTRIO MeHee 700 - 800 MBT, Tak u
oO1mrue, HeoOXOoMUMbIE ISl TOCTPOUKHU CTaHIUU, €€ UHPPACTPYKTYPHI, a TaKKe B
CJIy4ae BO3MOKHOW JIMKBUIALIUH.

KOHTPOJIBHBIE BOITPOCHI K JIEKII1U 5

1. ITpunnunuaneroe ommmure ADC ot TOC. CrpykrypHas cxema ADC. KIII ADC
— 3 Gama.

2. Beinenenue sHeprun neneHuun THKENBIX saep ypana (O. I'an, @. ItpacmaH,
1938 1) — 3 Gamna.

3. Ilepsriit B Mupe siaepsbiil peakrop (3. @epmu, 1942 1) — 3 Ganna.

4. ITepsoiit B CCCP sigepnsiit peaxtop (M. Kypuaros, 1946 r.) — 3 6amna.

5. Ilepas B Mupe mpOMBINUIEHHAs aToMHas dnekTpoctaninus (r. OOHHUHCK,
Kamysxckoit oomactu, 1954 ron) — 3 Gamna.

6. Torumo mist ADC — 3 Gama.

7. YcTpocTBO U paboTa sIepHOTO peakTopa — 5 6asIoB.

8. OCHOBHbBIE TUITBI AaTOMHBIX PEAKTOPOB — 3 Oasia.

9. PeakTopsl Ha TEMJIOBBIX HEUTpPOHAX — 3 Oasa.

10. YerpoiictBo peaktopa Tuna BBOP — 3 Gamna.

11. YerpoiictBo peakropa Tuna PEMK — 3 6anna.

12. TIponzBoacTBo 3nekTposneprur Ha ADC ¢ TEIIOBBIMU peakTopaMu — 3 Oasa.
13. ITapametpsl mapa Ha ADC — 3 Ganna.

14. TermoBbie cxembl ADC — 3 6aa.

15. PeakTopbl Ha OBICTPBIX HEUTPOHAX — 5 OAJIOB.

16. Hagé&xuocTh 1 sxonorus coBpeMeHHbIX ADC — 3 6aa.

17. OcuoBuble HanpaBieHus B pa3Butuu ADC — 3 Oanna.



JEKI[HA 6

I'MAPABJIMYECKUE JIEKTPUYECKHUE CTAHIIUMN.
I'MIAPOPECYPChbI 3EMJIN. KTACCUDUKAIUA I'IC.
IHEPI'OMEXAHNYECKOE OBOPYJIOBAHME I'2C.
I'MAPOAKKYMVYJ/IMPYIOIIUE JJIEKTPOCTAHIIUU. ITPUJINBHBIE
AJNEKTPOCTAHIIMHU

6.1. OcnoBublie nousitusi. Fuapopecypent 3emin. Kiaccudguxamus I'DC

Tuopasnuueckas INEeKMPOCMAHYUS (R€]0)] - AIIEKTPOCTAHIINS,
BbIpa0arbIBalonias IEKTPUYECKYIO JHEPrUI0 B pe3yibraTe MpeoOpa3oBaHus
MeXaHWYeCKOW YHEPTHUH BOJHOTO IMOTOKA.

T'uopasnuueckas snepeus A6131emcs 60300HOBAAEMBIM UCHOYHUKOM IHEPIUU.
I'mapaBianueckass (MeXaHMYECKas) OHHEPrUsl PEYHOI0 CTOKA MOXKET OBITh
npeoOpa3oBaHa B INEKTPUUYECKYI0 DSHEPIHI0 C IOMOIIbIO TUAPOTYpPOMHBI U
rereparopa. [ uopasnuueckas mypouna emecme ¢ 2eHepamopom u 6030youmenem
HA3b18Aemcs 2UOPO2EeHePanmopoM.

KonmuecTBo BOnbI, MpoTEKawIlel dYepe3 MolepeyHoe BojoToka B 1 c,
HA3BIBACTCS pacxo0 600b Q (M/c).

CpeaHerooBoii CTOK BCEX PeK MHpa COCTABIAET 32 ThIC. KM . Pacxom Bombl
HanboJee KPYIMHBIX PeK TUIaHeTHI TPUBEICH B Taom. 6.1

Tabmnna 6.1

peka Ama3zoHKa | AMyp AHnrapa | Bomra Juernp Jlon
Pacxon | 220000 10900 4500 7710 1670 935
BOJIBI,
M/c
HyHaii Enucen Kaponu Konro Jlena Mumuccucu | Hurep

il

6430 19800 5000 39000 17000 19000 1200
Hun OO0b [Tapana Xyaixd SAH13HI
2600 12700 15000 1000 34000

MupoBble MOTEHIIMAIBHBIE THAPOIHEPTETUUECKUE PECYPCHI OLICHUBAIOTCA B
35x10° Mapx. kBt B rox u 4000 BT CpemHEromoBOil  MOIIHOCTHL.
[Torenuuanbusie pecypcbl Poccum  cocrtaBmsaror 2896 mupa. kBr-u  npu
cpeaneroaoBoi momHoctu 330 I'BT.

3amacel MOBEPXHOCTHOIO CTOKa 1Mo Tepputopuu Poccum pacnpeneneHsl
HEPaBHOMEPHO, YTO BEChbMa HEOJArOMPUSTHO JJI XO34iCTBA CTpaHbl, B TOM YHCIIE
u 1A sHepretukd. bonee 80 % pedyHOro croka pOCCUUCKUX PEK NPUXOIUTCS Ha

enié Majao OCBOEHHbIE TeppuTopun OacceitHoB CeBepHoro JlemoButoro u Tuxoro
OKEaHOB.


http://slovari.yandex.ru/dict/bse/article/00092/99400.htm

OC00OEHHOCTBIO CTOKA PEKH SIBJISIETCS] €10 HEPABHOMEPHOE pacHpeIeIeHHE,
KaK 10 roJiaM, TaKk U B T€YEHUE TOJa.

HepaBHOMepHOCTH CTOKa B T€UEHHE TOJla HEOIAronpusiTHa JJIsl SHEPTETUKH.
Jlns GonbiinHCTBa pek Poccuy MaioBOAHBINA MEPUOJT HAOIIOAAETCsl 3UMOM, KOTIa
HOTPEOHOCTH B 3JIEKTPOIHEPTUU HAUOOJIbIIIAS.

Cymmapublii  00bEM  BOABI, NPOLIEANICH 4Yepe3 IMONEpPEeYyHOEe CEeueHHUe
BOJIOTOKA 3a HEKOTOPOE BPeMs HasbiBaeTcs cmokon W (M2, k).

Mownocms 600omoka

N =9,81QH
rne H - ynenpHas nmoTeHIManbHas 3HEPrUs JKUJKOCTH, Ha3blBa€Mas HAlopoM H
YUCJIEHHO paBHAasl MaJECHUIO YPOBHS CBOOOIHON MOBEPXHOCTH BOJOTOKA.

Beipaxxenne g momuoctn N ONpEAENIeT  MOTEHUUAIBHYIO
(TeopeTH4ecKyt0) BBIPAOOTKY SHEPIMM M MOUIHOCTb. Mexanuueckas sHepaus
PeUHo20 CMoKa (Ulu 2UOpaAsIuUYecKas dHepaus) moxcem Ovlmb NpPeoopazNeanda 6
9IeKMPUYECKYIO IHEPSUIO NOCPEOCBOM SUOPOMYPOUH U 2EHEPAMOPO8.

Campbie mourabie ['9C B mupe: Canbcs (Kuraii) Ha peke Auuzst 22,4 ['Bt;
Uraiiny (bpasunus, [Taparsait) Ha pexe [lapana 14,0 I'Bt; I'ypu (Benecysna) Ha
peke Kaponu 10,3 I'Bt. B Poccun camast MmoniHas (B Hacrtosiee BpeMs 0e3 yuéra
Casno-lllymenckoii I'C) Kpacnosipckast [[DC 6,0 'BT. Haubomnbiias MOITHOCTh
ruaporeneparopa 750 MBt na I'DC Wraitny (bpasunus, Ilaparsaii); Bcero 18
TaKUX OJIOKOB.

B nHacTosiiiee BpemMsi MPUMEHSIOT TP OCHOBHBIE CXEMBbI UCITOJIb30BAHMS
TUAPOIHEPTUU:

® NIOMUHHAA, IPU KOTOPOUM HAMOP BOABI CO3AAETCS TNIOTUHOW;

e OepusayuoHHas, TPU KOTOPOM HAmop co3MaETCS C MOMOIIBIO JIEpUBAIIUU
(0OXOmHOM BOAOBOJ), BBIMOJHSAEMOM B BHJAE KaHala, TYHHEIS WIH
TpyOOIpPOBO/IA;

® NIOMUHHO - 0epuBayuoHHas, B KOTOPOW HAmop co3AaéTcs IUIOTHHOW U
JICpUBALECH.

IInomunnas cxema ucnonb308aHus 2UOPOIHEP2UU OObIYHO BbINOTHAEMCI NPU
OONLUUX paAcx00ax 800bl U MANbIX YKAIOHAX peku. I1oCpeacTBOM IIJIOTHUHBI peka
NOJITMPAETCS U CO3MAETCS HAop BoAbI /. BonHOE MPOCTPaHCTBO, paCIIOIOKEHHOE
BBINIE TIJIOTUHBI Ha3bIBa€TCS BEpXHUM Obedom ((ppaHil. sief), HUKE TMIOTHHBI -
HIOKHUM ObedoM. [ImoTrHHAS cxeMa B 3aBUCUMOCTH OT Hariopa BOABI MOXKET ObITh
PYC0B0U WA NPUNTOMUHHOU.

Pycnosas I'DC cTpoutcst pyu CpaBHUTEIBLHO HEOONBIIMX Hamopax. B atom
cinyyae 3qanue ['9C (MalMHHOE 3/1aHKUE) HAXOAUTCA B TuioTuHe. PycnoBeimu '9C
ABIIAIOTCS AeKTpocTaninu Bomkcko-Kamckoro kackana. Ha puc. 6.1 nokasan Bua
Ha Bomxckyro I'DC (1. Camapa) co CTOpOHBI HHXKHETO Obeda.

[Ipu cpeanux u OOIBIIMX HAMOpax, MPEBBIMIAIONINUX JUaMETp TypOUHbBI OoJiee
yeM 6 paz, 3manue ['DC HaxomuTcs 3a IUIOTHHOW CO CTOPOHBI HMKHEro Obeda.
Takas ['DC Ha3piBaeTcss npumioTuHHOW. Boma x Typ6bunam I'DC mnonBoautcs
BOJIOBOJIaMH, pa3MEIIEHHBIMH B Telle WM TOBEpX OCTOHHOW TIUIOTHHBI.
[Tpumepamu Takux I'9C sBistorcst: bparckas, Kpacnosipckas, Casno-1ymenckas

(puc.6.2).




I'DC no pgepuBallMOHHOW CXEM€ CTPOSTCS IPH MalbIX PACXOAax BOABI U
OONBIIMX YKJIOHAaX peku. B JepuBallMOHHON cXeMe IUIOTUHA BO3BOAUTCS
HEBBICOKOM, JIMIIb oOecreynBaromeid 3a00op Ha JIepUBALMIO; TPU ITOM
CTaHIIMOHHBIN y3€]1 PacloJIOKEH BIAIN OT IUIOTHUHBI.

Pucynok 6.2. Ilnoruna Casino-Ilymenckoii '2C

[Ipu cozganum Bopoxpanwmmuia ['DC MIIOTHHBI SABISIOTCS OCHOBHBIMU
THJIPOTEXHHYECKUMHU COOPYKCHUSIMH M BXOISAT B COCTaB HAMOPHOTO (pPOHTA.
Hcnonb3yroTcst 1Be TPyMIIbI INIOTUH: OemoHnHble (AKelle300€TOHHBIE) U 2pYHmMOosble.

beroHHbIE TUIOTUHBI MOAPA3AEIAIOTCS HA epagumayuonHvle, KOHmpgopcHoie



U apounbie.

I'paBuTaiiOHHAass IUIOTMHA  SBIIETCA MAaCCUBHOM, €€ YCTOMYUBOCTH
oOecrieunBaeTcss COOCTBEHHBIM BecoM (rpaBuTanueii). [Inotuna, He gomyckaromas
nepeauB BOALI uepe3 TIpeOeHb, HaspiBaeTcs omxou (puc.6.3,a). Ilnoruna,
BBINIOJIHEHHAS C MOBEPXHOCTHBIM BOJOCIMBOM WJIM OTBEPCTUAMM JIA MPOITyCKa
BO/JIbI, HA3BIBACTCS 8000causHot (puc.6.3,6).

KontpdopcHass  mioThHa  BBINIOJHAETCS B BHUAE  BEPTUKAIBHBIX
XKeNe300eTOHHBIX pEOep (KOHTP(HOPCOB), HA KOTOPBIE CO CTOPOHBI BEpXHETO Obeda
HAKJIOHHO YKJIQJIBIBAIOTCS KEI€300€TOHHBIC TUTHTHI, BOCIPUHUMAIOININE JABICHUE
BOJIbI. KOHTp(hOpCHI COeTMHSIOTCS MEX Ty co00ii Oakamu kEcTKocTH (puc.6.3,8).

I[nawn

2)

Pucynok 6.3. OcHoBHbIe BUABI IiI0THH ['IC

B y3kuXx ymienaspsix Ha CKaJbHOM OCHOBAaHHUHM BO3BOST APOYHbBIC IUIOTHHBI.
ApouHas TIOTHHA, BHITIOJIHEHHASI B BUJI€ CBOJa, BOCIIPUHUMAET JIaBJICHUE BOABI U
nepenaéT YacTh Harpy3KH Ha CKaJIbHbIC Oepera U ckajabHOe ocHOBaHUE (puc.6.3,2).

[InmoTMHBI M3 TPYHTOBBIX MAaTEpHATIOB pA3ACISIOTCA Ha 3eMisiHble WU
KameHHbvle. 3eMIISIHbIC TUIOTUHBI MO BUAY BO3BEICHHUS MOTYT OBITh HACLINHbIE W
HambigHble. KaMEHHBbIC TUIOTHMHBI TOAPA3ACISIIOTCS HA KAMEHHO-HAOPOCHble |
KaMeHHOU KIAOKU.

Ha nepuBanmonnsix ['DC B KaduecTBe MOABOAAIICH WM OTBOASLIEH
JIEpUBALIMY UCIIOJIb3YIOTCS TUPOTEXHUUECKUE COOPYKEHUS: MYHHENU, KAHAIbl WA
mpyoonposoosL.

PerynupoBaHue CTOKa PEKH OCYIIECTBISIETCS BOJOXPAHUIUIIEM.



Boooxpanunuwem wHa3bIBae€TCs WCKYCCTBEHHBIN BOJOEM, O0Opa3yIOIMUNCS
nepe I0THHOW. OCHOBHOE OTIIMYKE BOJAOXPAHWIMINA OT €CTECTBEHHOIO BOJOEMA
3aKJII0YAETCS B €r0 BO3MOYKHOCTH PETYIUPOBAHUSA PEYHOTO CTOKAa M YPOBHEBOIO
pexuma.

Pecynuposanue  cmoka - 3TO TpolecC  MEpPEpPaCHpEeAciCHUsT  €ro
BOJIOXPAHWJIMIIIEM B COOTBETCTBUM C TpeOOBAaHUAMH BOJOXO35HCTBEHHOIO
KOMIUIEKCA. PEYHOI CTOK aKKyMyJHpyeTCs B BOAOXPAHWIMIIE B MEPUOIBI, KOTIA
€CTECTBEHHAs MPUTOYHOCTH BOJbI MIPEBBINIAET MOTPEOHOCTH B HEHM, U PACXOIYETCS
B [IEpUO/IbI, KOTJa MOTPEOHOCTH B BOJIC MPEBBIIIACT MPUTOYHOCTD.

OCHOBHBIE BHJIbI PETYIIMPOBAHUS CTOKA: CYMOUHOE, HeoelbHOoe, 200UdHoe U
MHO20NemHee.

CytouHoe perynmpoBaHue peAHa3HAYEHO TSt obecmieueHus
HEPaBHOMEPHOTO pacxoja Boabl uyepe3 arperarbl [DC B COOTBETCTBHM C
TpeOOBAHUSIMU CYTOUYHBIX KOJICOAHUN HATPY3KU dHEP2OCUCTIEMDL.

HenenbHoe perynupoBaHue o00€CIeuMBaeT HEpaBHOE MOTPEOICHUE BOIBI
arperaramu ['9C B TeueHue HENEIN B COOTBETCTBUM C TPEOOBAHHEM HECIbHBIX
KoJieOaHUN Harpy3ku OSHeprocucteMbl. B  BbIXOAHBIE JHM Harpy3ka B
HSHEPrOCHUCTEME MAJAET.

[oguyHOE perylIupoBaHHE TO3BOJSET MEpEpaclpenciisiTh CTOK BOAbI B
TEUEHHE TOla B COOTBETCTBUM C TOTPEOHOCTSIMHU  DHEPrOCHUCTEMBI U
Bojonorpedouteneit. I[luxn perymupoBanuss paBeH | rogy. B MHOroBojHbIe
MEePUOJIbl BOJIOXPAHUJIUIIE HAMOJHSIETCS, a B MaJOBOJHbBIC - cpabaThiBaeTcs. JlJis
MPOBEACHUSI TOAUYHOTO pEryaupoBaHus TpelOyeTrcss OoO0BEM BOAOXPAHWIMIIA,
coctapsttontuit 5 - 10 % cpemHeromoBoro cToka mpyu 9acTUYHOM (Ce30HHOM) U 40
- 60 % mpu MOTHOM TOAMYHOM PETYIUPOBAHUH.

Bonoxpanunuiie TroguyHOTO pPEryjIupoBaHUs TMO3BOJSET OCYIIECTBIATH
CYTOYHOE€ U HEJIEJIbHOE PETYIUPOBAHUE.

6.2. JHepromexanuveckoe odopyroanue 'IC

OcHoBHble coopyxenuss ['DC Ha paBHHHHOU peke (puc.6.4): naomuna,
CO3/aroIIas Mepernaj ypoBHeH, T.e. Harnop; 30anue [ IC B KOTOPOM pa3MENIaroTCs
euopasnuieckue mypoOuHvl, 2eHepamopvl, IIeKmpuyeckoe W MexXaHuieckoe
o0bopydosaHrue.

B ciaydae HE0OOXOAMMOCTU TaKKe CTPOATCS B8000COOpHbLIE U CYOOXOOHbBIE
coopydicenusi, 80003abOOpvl OISl CUCMEMbl  OPOWIEHUs. U  B000CHAOMICEHUS,
PBLOONPOMBICTIOBbIE COOPYIHCEHUS U JIP.



Pucynok 6.4. Pazpe3 no cranumonHoi niorude u 3ganuio 'C

Tuopasnuueckas mypobuna - 3T0 TUAPABINICCKOE YCTPOUCTBO C MPOTOTHON
YaCThlO, KOTOPAsi BKIIIOUAET 100800sAuUe opeaHbl (TYpOUHHYIO KaMmepy, KOJOHHBI
cTaTtopa, JOMATKW HaIpaBJIAIONIEro amnmnapara), pabouue opearsi (JOMACTHYIO
cucTeMy padouero Kojeca) u omegoosujue opeansl (0TCaCHIBAIOIIYIO TPYOy).

Heobxomumo otmetuthb, 4TO BonsgHbIe TypOuHbl Ha ['DC 3HAUYUTENTBHO
OTIMYAIOTCS IO KOHCTPYKIIMH OT OBICTPOXOIHBIX MapoBbIX Typoun TOC.

Hanops! Bogsl Ha I'DC MoryT OBITH OT HECKOIBKUX MeTpoB 10 1500-2000 m.
Hnst apdextuBHOM padorsl 'DC B TakoM HIMPOKOM JHMANA30HE MPUMEHSIOTCS
pa3uyHbBIE CHUCTEMBbI TYypOWH, OTIWYaroniuecs QGopmMoil pabodyMx OpraHoB u
MPUHITUTIOM BO3JEHCTBUS BOABL. TypOWHBI NESATCS Ha JIBa Kilacca: akmueHvle 1
peaxkmusHule.

TypOuHa Ha3bIBaeTCA axmueHou, ecnu id e€ pabdoThl HCIIONb3YeTCs
ouHamuveckoe 0agjieHue 800bl, U PeaKmuHOl, €CIIN UCTIONb3YETCS OUHAMUYECKOE
u cmamuyeckoe 0ageHue.

HaubGonee pacmpocTpaHEHHBIMH ~ aKTUBHBIMH  TypOWMHAMH  SIBJISIFOTCSI
kosutosvie (puc.6.5, a)

K peakTuBHBIM THIPOTYpOMHAM OTHOCSTCS: nponeiiepuvie (puc.5.5, 6),

nosopomuo-nonacmuvie (puc.6.5, 6), ouaconanvuvie (puc.6.5, 2) u paouanrvho-
ocesvie (puc.6.5, 0).




Pucynok 6.5. O6uuii Buja pa6oyux KoJ1éc rupoTypouH

B BbicOkOHamopHoii TypOMHE B KOHIIE HAMOPHOro TPyOOIpoBoa
YCTaHABIMBAETCS CYKUBAIOIIasi HacaJika, B KOTOPOW HOMEHYUANbHAS IHEPUs.
2UOpoOCmMamu4ecko2o 0asieHus NOIHOCMbIO Npeobpa3yemcsi 6 KUHEeMUYEcKyo
9Hepeuto 0sudcenusi 600bl. JlaBlieHNe Ha BBIXOJIE HACAJKW PAaBHO arMoc(hepHOMY.
UtoOsl BOJa MOCTyMajlia HA JIOMATKW TypOWHBI 0€3 yaapa ¥ HU3MEHsUIa CBOE
Hanpasienue 180°, omarkam npuaaT GopMy CABOSHHOIO KOBIIIA.

[Ipy OTHOCHTENBHO MaJIbIX Hamopax MPEANOYTUTEIFHO HCIONIh30BaTh
peakTuBHBIE TypOUHBI. Boja Ha pabouune JomaTku peakTUBHBIX TYpOUH MOCTYIAET
yepe3 HaIpaBJISAIOLIAN anmnapar, pPeryJIupyrolid pacxol BOAbBI U IPUIAOIIUN
MOTOKY BOJBI HEOOXOJUMOE HAIpPaBICHUE. B CYHCUBAIOWUXCS NPOCBEMAX MEHCOY
JIONAMKAMU HANPAIAuLe20 annapama npoucxooum 4acmuyHoe npeobpazosanue
HOMEHYUANbHOU dHepeuU 6 Kunemuueckyio. /lanvhetiuiee npeobpazosanue sHepeun
NPOU3BOOUMCS HA pAOOUUX TONAMKAX, 20€ NPOXOOHOe ceyeHue 800bl NOCMENEeHHO
YMeHbUIaemcs.

B coBpeMeHHO#H THIPOIHEPTeTHKE HUCIOJB3YIOTCS B OCHOBHOM TPH THIIA
TypOUH:

1. Ilosopomno-ronacmuas (I1JI) TypOuna (pazpaborana B 1913 rogy demckum



nmxeHepom Kammanom). Pabodee koneco BIMOMHEHO B (opMe BUHTA TIPOIIEIIIEpa,
JIOTIACTH KOTOPOTO B 3aBUCHUMOCTH OT HAarpy3Kd MOTYT IOBOpauyMBaThCA s
noctrxenus: HamOombinero KIIJ[. Pacxox Bombl peryaupyeTcss HarpaBIsOIIUM
anmnaparoM. C ero mnOMONIbIO TPOU3BOJUTCA MYCK M OCTaHOBKA TYpOWHBI,
perylimpoBKa MOIIHOCTA M uHciia o0opoToB. [IJI TypOuHBI yCTaHOBIEHBI Ha
Ky#i6wimesckoit, Bomkekoit u ip. I'DC ¢ Hanmopamu a0 30 M.

2. Paouanvno-ocesasn (PO) TypOuna (typouna ®penenca ¢upmbl «CUMEHC U
['ambcke»). Pabouee komeco PO TypOWMHBI WMEET HEMOABUKHBIC JIOMACTH,
OXBayeHHbIE CHM3Y 00070M. JlomacTu UMEIT CIOXHYI0 dopMmy, Onarogaps demy
BOJIa, MTOCTYIAIONIAs Ha JIONACTH HAIPaBJISIOLIEr0 annapara, MOCTENEHHO MEHSET
HalpaBJICHHE C paguanbHOro Ha oceBoe. PO TypOuMHa H3roraBlIMBaeTCsi Ha
MOIIIHOCTH Tuaporeneparopa coime 100 MBT. Takue TypOuHBI yCTaHOBICHBI Ha
bparckon, KpacHosipckont, Ycrb-Mimmmckon, CasHo-Illymenckon m ap. I'9C c¢
Haropamu 10 500 m.

3. [losopomno-nonacmuuie 15 kancyapHbix arperaroB (I1JIK), ucronb3yeMbix
IIpU BECbMa MaJibIX Hamopax (ycraHoBieHbl Ha Kuesckoit u ap. ['DC).

Mowrocmb, pazeusaemas 2uOpomypOUHoOU, onpeoensiemcs no KoIUdecmay
600bl, nocmynaroujetl Ha 10NamKu mypouHsl, U 0asi1eHU0 Mo 800bl.

P=pQH,
rne P - momHocTh, KT M /c; o =1000 Kr/M° - yaeabHBIN Bec Bonubl; Q - pacxon
BO/IbI, M/ ¢; H - manop, m,
WJIU B KUJIOBATTax
P=981QH.

OpHako He BCS MOIIHOCTb, pa3BHBacMasi TypOWHOI, NpeBpalaeTcs B
AIIEKTPUUYECKYIO, MTOCKOIBKY MPU MPeoOpa3oBaHUN UMEIOT MECTO MOTEPU, KOTOPHIC
MOXHO y4eCTb, BBeIsA cymmapuviti KI[J[ ['DC 17, y4ATHIBAIOIIMKA TIOTEPU B
BOJIONIPUEMHUKE, BOIOBO/IaX, B TypOuHe u reHeparope (77=0,87), Torna none3xas
AIIEKTPUUYECKasi MOIIHOCTh OMPEIETUTCS (POPMYIIOM

P=9,81QHn.

[IpuBeneHHbIE BBIPAKEHUS IS MOITHOCTH IMMOKA3bIBAIOT, UTO OJIHY U Ty XK€

MOIITHOCTh MOXKHO TIOJIYYHUTh JIHOO 3a Cuét 6Ooabuwoco pacxoda (Q) mpwu

HeOonpIoM Hamope (H ), 4To XapakTepHO JJisi PaBHUHHBIX pPEK, JUOO 3a CUér
8bICOKO20 HANOpa NPHU CPABHUTEIILHO MAJIOM PacXo/i€ - Ha TOPHBIX PeKax.

Onektpuueckass d4actb [DC COCTOMT W3 2neKkmpuyeckux  MAauiuH
(reHEepaToOpOB), COECOUHEHHBIX C TUAPOTYpPOMHAMH, mpaHchopmMamopos U
pacnpeoenumenbHbIX YCmpoucms.

Ha I'DC ucnons3ytorcsi reHepaTtopbl ¢ TOPU3OHTAIBHBIM U BEPTHKAJIbHBIM
pacnoJyio)keHueM. ['eHeparopsl ¢ BEPTHKAIbHBIM PACHOIOKEHUEM BBITOIHSKOTCS:
noosecnoco muna (puc.5.6,a), 30HMUYUHO2O Muna ¢ ONOPOU HA HUICHIOK
kpecmosuny (puc.5.6,6), 3onmuuHo20 muna ¢ ONOpPOU HA KPbIUKY MYpOUHbL
(puc.5.6,6).



Pucynok 6.6. CxemMbl BepTHKAJIBHBIX CHHXPOHHBIX reHepaTropoB 'C

6.3. l'uapoakkyMyJupyIolue 3J1eKTPOCTAHINU

MomnocTte u 3Heprusa ['DC orpaHudeHsl NPUPOIHBIMUA THAPOPECYPCAMU,
IIO3TOMY B HACTOSLIEE BPEMS B HEKOTOPBIX HSHEPrOCUCTEMAX HCIIOIb3YHOTCS
ruapoakkymynupytomue anekrpoctaniuu  (TADC).  Ocobennocteio  'ADC
ABJSIETCS TO, UTO €€ Truapoarperarbl SBISIOTCS OOpaTUMBIMM U MOTYT paboTaTh B
TYpOMHHOM (T€HEpParopHOM) M HACOCHOM pPEeXHMMax, a TaKkKe HaJIW4Yhe ABYX
0acceliHOB (BEpXHETO U HUKHETO) PACIIOIOKEHHBIX HAa Pa3HBIX YPOBHSIX.

B yacel HOYHOTO NpoBaia HArpy3Ku 3HeprocucreMsl rugpoarperarsl TASC
paboTaloT B HACOCHOM peXHUMe, Mmoiydast 3Hepruto ot sHeprocucremsl (TOC u
ADC), W mnepekauMBarOT BOJY W3 HIDKHEro OacceilHa B BepxHHMil. B yachl
MIPOXOXKJIEHU MakcMMyMa Harpy3ku ruapoarperatsl [ADC paboTaroT B pexume
TEHEPaTOPOB - BBIPAOATHIBAIOT AJIEKTPOIHEPIHIO; MPeoOpasyroT 3amacéHHYK B
HOYHOE BpEMs MOTEHUHUAJbHYIO (TUAPABIMYECKYI0) SHEPTUI0 B ANEKTPUUECKYIO
(puc.6.7).

KIIJ] TASC cocmasnsiem 70-75 %. CTOMMOCTb CTPOMTENBHBIX pabOT Ha
['ADC 3HauutensHO HUXKE, YeM Ha ['DC, moTtoMy 4TO HE TpeOyeTCs MepPeKpPhITHS
pEeK, BO3BEJAEHHUS BBICOKMX IUIOTUH M T.OI. YCTaHOBJIEHO, 4YTO 3(¢eKT oT
ucnonb3oBaHusi [ADC MOKHO MOIYUYUTh, €CJIH Pa3HOCTb YPOBHEW BOJbI B BEPXHEM
U HIKHeM OacceitHax He Mmenee 100 m.
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Pucynok 6.7. Cxema pe:kumoB padotsl ruapoarperaroB FA9C

'ADC xapakTtepusyercs BBICOKOM MaHEBPEHHOCTBHIO OOOpYIOBAHMUS.
Hamnune y TTADC 3HaYuTENBHOrO PEryJupoOBOYHOrO JMana3oHa Harpy3ku (B
TypOMHHOM W HAaCOCHOM pEeXHUMax) U EMKOCTU aKKyMYJIUPOBAHUSI TO3BOJISET
Oou4eHb 3(PHEKTUBHO UCIOIB30BaTh UX B DPHEPrOCUCTEME B KaU€CTBE HArPy304HOTO
(4acTOTHOI0) U aBapUIHOTO PE3EPBOB.

Arperatel  '’ADC MOryT WUCHONB30BaThCA B PEKUME CHHXPOHHOIO
KOMIIEHCATOPa /1Ji BHIPAOOTKU PEaKTUBHOW MOIIHOCTH U SHEPIHUHU.

B Hacrosmee Bpems B Poccuum sxcmutyatupyercs 3aropckas [ADC
MoutHocThio 1200 MBT.

6.4. IIpuanBHbBIE YJIEKTPOCTAHIINH

Ipunusnvie  snekmpocmanyuu  (II2C)  npeobpaszyrom  mexanuuecxyro
SHEPeUI0 NPUTUBHO-OMIIUBHBIX KONeOAHUU YPOBHS 800bl 8 MOpe 8 INeKMPUYECKVIO
9Hepeuro. B HEKOTOPBIX MOPCKHX 3aiMBax MNpuiuBbl gocturator 10 - 12 M, a
HanOoJplIMe NpuiauBbl HaOmogatorcs B 3anuBe Pannu (Kanaga) m mocturaror
19,6 m.

B mecmax, 20e umeemcs nepenad yposHeil 600vl 60 6pemMs NPUIUBOS8 U
omaueos cmpoamcsi npuausuvie nexkmpocmanyuu  (I13C), 6 Komopuwix
ucnonwv3yromes. kancynvHole euopoacpecamol. Hambonee momHas [I9C Panc Bo
@panuun; €€ mowHocTh cocraBisger 240 MBT (24x10 MBT). B Poccun Ha
Konbckom monyoctpoBe BOMM3M T. MypMaHCKa, e NpuiauBbl gocturatotr 10-13 M
noctpoena Kucnoryockas [19C (2x0,4 MBT).

Texnuueckue pecypcovl npunusHot s3nepeuu Poccuu oyenusaromces ¢ 200—
250 mapo. kBm - 4 6 200 1 B OCHOBHOM COCpPEIOTOUEHBI y TTobepexuit OXOTCKOTO,
bepunrosa u benoro mopen.

3AKJIFOUEHUE

B osseprocucteme [DC 00BIMHO MCHONB3YIOTCS JJIi  BBIPAOOTKH
AIIEKTPOAHEPTUU, TOKPHITUS Tpaduka Harpy3Kd, OCOOEHHO €ro NMUKOBOW YacCTH,
pEeryaupoBaHusl 4YacTOThl, B KayeCTBE pe3epBa M U BBIPAOOTKH PEAKTUBHOU
MOILHOCTH B PEXKUME CHHXPOHHOTO KOMIIEHCATOPA.



I'SC mo cpasuenuto ¢ TOC umerot 6oJee BEICOKUE TTOKA3aTENH:

« €e0ecTOMMOCTh JJIEKTPOIHEprun, ormyckaemon ¢ ['DC B cpenneM B 5-6 pas

Hmxe, ueM ¢ TOC,;

« pacxoll AMEKTposHeprun Ha coocTBeHHbIe HYX bl Ha ['DC 0,35 %, a na TOC

- 6,5 %;

« YHUCJEHHOCTh MPOU3BOACTBEHHOTO nepconana Ha ['9C 0,38 yen./MBT, a Ha

TOC - 1,65 yen./MBT.

Onnaum n3 BaxkHenmux npeumymects ['OC no cpaBHenuto ¢ TOC sBasercs
cnocobHocTh 3¢ (deKkTuBHO paboTaTh MPU HEPABHOMEPHOM TpaduKe HArpy3KH
sHeprocucteMbl. '9C MMEIOT BBICOKYIO MaHEBpPEHHOCTb, Bbicokui KIII, oueHb
BBICOKYIO CKOpOCTh IIycKa arperatoB (2-5 MHH) U BO3MOXHOCTH IIOJHOU
aproMatuzauud. Kpome toro, I'DC SBISAIOTCA «YUCTBIMH» HCTOYHUKAMHU
AIIEKTPOIHEPTUU.

KOHTPOJIBHBIE BOITPOCBHI K JIEKIIIU 6

1. CxeMbl UCII0JIb30BaHUS THIPOIHEPTUU: INIOTUHHAS, AEPUBALIMOHHAS, TUIOTUHHO

— iepuBaIlMOHHas — 3 Oajuia.

2. Pycnosbie u npuruiotuaabie ['OC — 3 Gamna.

3. DHeproMexannueckoe obopynoBanue ['IC — 3 Ganna.

4. I'mapaBnuyeckue TypOUHBI (OTJIMYME OT MAPOBBIX U I'a30BbIX) — 3 Oasia.

5. 'maporeneparopel (KOHCTPYKTUBHOE OTJIMYUE OT TypOOreHeparopos) — 3 Oasuia.

6. T'mapoakkymymupyrommue dmekTpoctanim — [ADC. Ilpuniunm pabGoThl
['ADC — 3 banna.

7. Ilpunusneie anexrpoctaniuu (I13C). [punuun padotst [19C — 3 Gamna.



JIEKIIHA 8
TEOPETHYECKHUE OCHOBBI 2JIEKTPOTEXHUKH

B nucuunnuue «TeopeTHueckrue OCHOBBI 3JIEKTPOTEXHUKH» H3YYalOTCS
AJIIEKTPOMATrHUTHBIC SIBJICHUS U TMPOIIECCHl B AJIEKTPOYCTAHOBKAX M YCTPOMCTBAX
AIIEKTPOIHEPTETUKU M DIEKTPOTEXHUKU. OCHOBHBIMH paslielaMu JAUCIUTIIMHBI
apistoTcs: «Teopust siaeKTpoMarHUTHOro ToJs» W «Teopus 3IIEKTPUUECKHUX
nernei», M COOTBETCTBEHHO BAKHEHIIMMHM TMOHSTUSIMHU  SIBIISIIOTCS  TTOHSTHS
AIIEKTPOMArHUTHOTIO MOJISl U AJEKTPUUYECKOM 1eMH.

DnekmpomazHumuoe none — ocoodwlll 6u0 mamepuu. Beskas 3IeKTpUYECKU
3apshKEHHAsl YACTUIIA OKPYKEHA AIEKTPOMArHUTHBIM MOJIEM, COCTABISIONINM C HEl
eanHoe 1enoe. OIHAKO BIEKTPOMArHUTHOE TOJIE MOXET CYIIeCTBOBaTb M B
CBOOOTHOM, OTIEIEHHOM OT 3apsSKCHHBIX YACTHUIl, COCTOSSHHH B BUEC (DOTOHOB W
AIICKTPOMArHUTHBIX BOJIH, JIBHXKYIIUXCSI CO CKOPOCTBIO CBETA. DJIEKTPOMArHUTHOE
MOJIE HENPEPBIBHO pACIPENECICHO B MPOCTPAHCTBE, HO BMECTE C TEM OHO
MPENCTaBIsAeT COOOM W JIMCKPETHYIO CTPYKTYpy B BHUJE€ KBAaHTOB H3JIyYCHUS
(poroHoB). Tak Kak IEKTPOMATHUTHOE TOJIE SIBISETCA MaTepuel, OHO 00JagacT
MaccoW; OAHAKO IUIOTHOCTh MAacChl €ro HECOM3MEpPHMMO Majla MO CPAaBHEHUIO C

, 8
IJIOTHOCTHIO M3BECTHBIX BeIecTB. Tak mpu HanpspkEHHOCTIX monst E ~10° B/w,

IJIOTHOCTh MAacchl paBHA 107 +107% wrn’, bnaronapsi cToiap mManoi MIOTHOCTH
MacChl SHepeusi nojs J1e2Ko nepedaémcs 6001b NPOBOOHUKOE W B CBOOOTHOM
MPOCTPAHCTBE U MOITOMY B HACTOSIIIEE BPEMSI IIIMPOKO HCTIOIH3YETCSI.
OnexmpomazHumuoe  noie  npeocmasisiem — coOol  COBOKYNHOCHb
INEKMPUYECKO20 U MASHUMHO20 NOJel, CEA3AHHbIX HeNnpepbl6HbIM 63AUMHBIM
npespaujenuem. T TIONA TPEACTABIAIOT COO0OM JBE CTOPOHBI EIUHOIO
ANIEKTPOMAarHUTHOTO TMOJsI - pa3iuyHble ero mnpossieHus. [l omnucanus
ANIEKTPUYECKOTO TIOJII HCIHOJB3YIOTCS BEKTOPHBIE BEIMYMHBL: HANPSHKEHHOCTD

= 2 2
anekrpuueckoro mnoist E (B/M) m snekrpuyeckoe cmemenne D (A-c/Mm), mnsa
ONMMCAHUS MArHUTHOTO TOJIA: WHAYKUus wMarHutHoro mnons B (To) wm

HAMPSDKEHHOCTh MaruuTHOro ot H (A/m).

Just  BeiOOpa  3JE€KTpOOOOPYIOBAaHUS ~ SHEPIETHUYECKUX  CHCTEM,
o0OecreunBaronX HaAEKHOE DIIEKTPOCHAOKEHHE MOTpeOUTeseH, ONTUMAILHOTO
yIpaBJICHUS dHEPTEeTHICCKON CUCTEMOM U T. I. TPEOyeTCs MPOU3BOIUTH pacuéT eé
pexxuMoB padoThl. [Ipu aHanm3e pekuMOB pabOThl (HOPMAJIBHBIX, AHOPMAJILHBIX 1
aBapUITHBIX) HCTIONB3YIOTCS HE CaMH 3JEMEHThI YHEPTOCHUCTEMBI, a UX Mooeiu,
Komopble 6 o0wem cayyae npeocmasisiom cooou Ccucmemvl YpAasHeHUll,
ONUCHIBATOUWUX NPOYECCHL 8 HUX.

Pacu€r >y1ekTpUYEeCKHUX LENEd TPOU3BOAUTCA C TOMOIIBIO METOAOB TEOPHUHU
Lene, Mpu OTOM HCIHOJB3YIOTCS TaKWe€ WHTETpajibHble BEJIWYUHBI, Kak
ANIEKTPOJBIDKYIIAsA cuiia E, anmektpudeckoe HampspkeHue U , IeKTpUYECKUd TOK
I, He paccMaTpuBas pacrpejie/icHUe B MPOCTPAHCTBE M M3MCHEHHS BO BPEMEHHU
BenuuuH E, D, H, B, xapakrepusyromnmx 3eKTpoMarHuTHOE ToJie. /[ 2nemenmos
9Hepeocucmem 8 Kawecmee Mooenel UCHOAb3VIOM U INeKMPUUecKue Ccxembl
3amewjenus, TPA DTOM PE3yJabTaTbl PACUETOB OAIICKTPUUYECKUX CXeM (Iereil)
JIOCTATOYHO OJIM3KHU K PeajbHBIM MapaMeTpaM PEKUMOB B JIEKTPOYCTAHOBKAX.




8.1. DyeKTpUYecKHe TUHEHHbIE LeNu: 3JIEMEHThI, CXeMbl, 3AKOHbI,
KjIaccupuxkauus

Teopus snexmpuueckux yeneu UCXooum u3 NPUOTUNCEHHOU 3AMEHbL
PeanbHOo20 INEeKMPOIHEPSEMUYECKO20 YCMPOUCMEa UOealUUPOBAHHOL CXeMOU
3ameujeHus - SICKTPUIECKON LIETIbIO.

Dnexmpuueckoll Yenvio Ha3vl8aom CO80KYNHOCHb 21eMeHmo8, 00pa3yiouux
nymu 08 NPOMeKaHus 1eKmpuiecko2o moka, a makaice ucmouruxos 34C unu (u)
moKa.

B Teopuu 5AEKTpUYECKUX MEeMell MpeAnoJiaralorcsl HIeaIM3UPOBAHHbBIC
WUCTOYHUKH _DJICKTPUYCCKOW DHEPTUu: WaeanbHble HCTOUYHUKU JJIC  w/mumm
UcadbHbIC WCTOYHHWKH TOKAa, a TaKkKe WICAIM3UPOBAHHBIC MOTPEOUTETH
(maccuBHBIE SJEMEHTHI): PE3UCTOP (COMPOTUBIICHUE), KOHIAEHCATOp, KarTyIlka
UHIYKTUBHOCTU. DTU MOTPEOUTENN MPEACTABISIIOT COO0NH MHUHUMAIbHBIA HaOOp
MPOCTEUIINUX JIEMEHTOB, C IMOMOIIbI0 KOMOWHAIIUNA KOTOPBIX MOXXHO OIMCHIBAThH
BCE peabHbIE AIEMEHTHI SJHEProcUcTEMbI. KOHIEHCATOp MOXKET 3amacarb YHEPTUIO
AIIEKTPUYECKOTO MO, KAaTyIIKa HHAYKTUBHOCTH — SHEPTUI0 MAarHUTHOTO IOJS, a
pPE3UCTOp TOJBKO BBIAEISET TEIUIOBYID SHEPIrUI0 IPU MPOTEKAHHMM TOKa B
COOTBETCTBHE € 3aKOoHOM J[xoyns-JleHna (Apyrux mpoCTEeHIINX SJIEMEHTOB HET).
DNEKTPUYECKYIO0 YCTAHOBKY MOKHO IMPEACTABUTh KaK 3JIEKTPUUECKYIO LIETh B TEX
ClIydasiX, KOTJA HanpsiceHue mexcoy e€ Y3namu pPAeHO PASHOCMU MeXHcOy UX
HOMEHYUANAMU.

B sTOM paznene Bce 3IEMEHTHI MPEenoiaraéM JUHEUHBIMUA — UX MapaMeTPhI
HE 3aBUCIT OT BEJIMYMUHBI TPUIOKEHHOTO HAMNPSLKEHUS (TOK W HampsKEHUE
CBsI3aHBI JIMHEHHO — 3aKk0OH OMa).

CRoiicTBa KOHJAEHCATOpAa W  KaTYNIKUW MHAYKTUBHOCTU _ TOJIHOCTBIO
OMUCKIBAIOTCS HA S3BIKE TOKOB M HAPSKEHUW, BOSHUKAIOIIUX HA UX 3aKUMax; IpU
TOM WTHOPUPYETCS CIOXKHOCTh TOJEH BHYTPU HSTUX DJIEMEHTOB. 1o, 4YTO
MPOUCXOJIUT BHYTPHU, OTHAEISIETCA OT TOrO, 4YTO MPOUCXOAUT CHApyxH. YTto
MPOUCXOJIUT BHYTPHU DJIEMEHTOB MOXHO OMNMCATh TOJIBKO Ha S3bIKE YpaBHEHUU
Makcsesuia.

Hoeanvnoiti ucmounux 3/[C (MMM HaNpspKEHUs1) TPEACTABISET CcoO0O0M
AKTUBHBI 3JEMEHT C JByMs 3aXUMaMH; €ro BHYTPEHHEE COIPOTHUBICHUE
CTPEMUTCS K HYJIO, a HalpsDKEHWE HE 3aBUCHT OT TOKa, MPOXOASILIErO 4epes
ucTouHuK (puc.8.1).

e(t)

>

D

u(t)
Pucynok 8.1. Uneanbnsiii ucrounux I(C

OJIC nuctounnka co3mnaércs 3a CUET IEUCTBUS CTOPOHHUX cuil. HanpsixeHue
Ha 3akuMax pasHo ero JJIC, t.e. u(t)=e(t).

Hoeanvuwiti ucmounux moxa NpenCTaBIsCT COOOM aKTUBHBIN 3JIEMEHT, TOK



gyepe3 KOTOPhIH He 3aBUCUT OT BEJIIMIMHBI TIOAKITIOUEHHOW HArpy3ku (puc.8.2).

J(0)
>

Pucynok 8.2. UneanbHbIH HCTOYHUK TOKA

C yBenuueHrneM COTPOTHBIICHHS HATPY3KH PACTET HAMPSKCHUE Ha 3aKUMax
UCTOYHMKA TOKA, IOATOMY UCTOYHHUK TOKA He MOodcem pabomamsv ¢ pazoMKHYmMou
Haepysounol yenvio. Ha puc.8.2 370 OTpakeHO NIyHTHPOBAHHEM Harpy304HOU
nenu. [TogkmoueHne NCTOUYHUKA TOKA K IETH TPOU3BOIUTCS OeUlyHMUposaHuem
Kioua.  BHyTpeHHee  CONPOTHUBICHHE  HWCTOYHMKA TOKAa  CTPEMHUTCS K
OECKOHEYHOCTH.

Conpomueénenue. CONpOTUBICHUEM OXapaKTEpPU3yeTcsl JI000N MPOBOIHUK
mmHou | m ceuenuem S (puc. 8.3, a), mpuuéM eciau TOK paclpeAesi€éH o
CEUYCHHIO TIPOBOTHUKA PABHOMEPHO, TO

|
R=po
P3

IJ€ O - YIEIBHOE JJIEKTPUYECKOE CONPOTHUBIICHUE, XAPAKTEPU3YIOILEe CBOMCTBA
MaTepualia mpoBoAHUKA. Ui 1Ienei MOCTOSHHOTO TOKa U IEPEMEHHOTO C YaCTOTON
50 T'u, mpeHeOperasi MOBEPXHOCTHBIM J(PHEKTOM, BEIUYUHY CONPOTUBIICHUS
CUMTAIOT OJMHAKOBOM. B cxeme 3aMmemeHuss JIeKTPUYECKON LENU PE3UCTUBHBIE
AJIIEMEHTHI OTPa)X)arT HE TOJBKO COOCTBEHHO PE3UCTOPHI, HO U COMPOTHUBIICHUS
MPOBOJIOB JIMHUM JJIEKTpOIepead, COMPOTUBIICHHUS MPOBOAHUKOB, M3 KOTOPHIX
BBITIOJTHEHBI OOMOTKH TpaHC(HOPMATOPOB, DICKTPUUYECKUX MAIUH ¢ T.I.
WNneanbHoe  akTUBHOE  CONMPOTUBICHHE  (pe3ucTtop) He  obnagaeT  HU

UHIYKTUBHOCTBIO, HU EMKOCTBIO (puc. 8.3, a).
N

% : szh’é &
U
a) 0)

Pucynok 8.3. UaeajibHOe aKTHBHOE CONMPOTHBJIEHHE

JIuneliHas CBSA3b MEXKY TOKOM U HAPSHKEHUEM OIPEesieTCs BHIpaKEHUEM
u=Ri fi=GuG=1}). (8.1)

Boipaxkenne (8.1) HocuT Ha3zBaHue 3akoHa Owma, a TpPOU3BEACHHE

MTHOBEHHBIX 3HAYCHHWH HaNpsDKEHHMs] U TOKa P=Ui, Ha3bIBAEMOE€ MTHOBEHHOMU

MOIIIHOCTBIO, JUIS pe3ucTopa Pp= Ui = Ri? (3akon J[xoyms - JleHia). MoIHOCTb B

JaHHOM cClIy4dac OmnpcAcCsICT KOJIUYCCTBO TCINIOTHI, BBIACIIACMOC PC3UCTOPOM B
CAWHHUIY BPCMCHHU. Pe3ucTop sBIsIeTCS AMCCUOATHUBHBIM _DJICMEHTOM, B HEM
pacTpadymMBaACTCA (,Z[I/ICCI/II'[I/IDVGT) DJICKTpUYECKAss dJHEprusg. Takum 06p330M,




pE3UCTOp - DOTO DJIEMEHT, MPEIHA3HAYCHHBIM Ui HMCIOJb30BAaHUS  €T0
AIIEKTPUUYECKOTO COMpoTUBIeHUs. Enununieit conpoTtusienus apisercs Om - 1 Om

= 1B/1 A (uposomumoctn (G) - cumenc - 1Cwm= 1 A/l B), MrHoBeHHOI
MOIIIHOCTH - BaTrT - 1 Br =1 B - 1 A. YcnoBHOe 0003HaueHNE pe3nCcTOpa MOKA3aHO
Ha puc. 8.3,0.

Kamywxa unoykmuenocmu. Karymika WHIYKTUBHOCTH (MHIYKTUBHBIN
.2
i
sreMeHT) (puc.8.4, a) 3amacaeT dHEPIUI0 MarHUTHOro noms W, = - CKOPOCTh

WU3MEHEHHUs KOTOPOU ONPENEIET €€ MITHOBEHHYIO MOIITHOCTD

Pucynok 8.4. UaeajibHast KaTylIKa HHAYKTHBHOCTH

WNneanbHass UHIYKTUBHOCTh HE OOJIAJla€T HU AKTHUBHBIM CONPOTHBIICHHEM,
HU €MKOCTBIO. JIMHENHAs CBSA3b MEXIy HAIPSHKEHWEM M IPOU3BOAHOM TOKa B
WHIYKTUBHOCTHU ONIPENEIISIETCS BBIPAKEHUEM

u=L—. (8.2)

KOHCTPYKTHBHO MHIYKTUBHOCTH YacCTO BBIMIOJHSAETCS W3 HM30JUPOBAHHOTO
NPOBOIa, HAMOTAHHOTO B BHJIe cripanu (puc.8.4, a). Tok i B 3ToM ciydae co3maér
MATHHUTHOE I10JI¢, HANPABJICHHE MHAYKINK B KOTOPOrO CBSI3aHO C HAIPABICHHEM
TOKAa IPaBUJIOM IIPABOr'0 BUHTA.

NHTerpanbHO €ro MOXKHO 0XapaKTEepU30BaTh TOTOKOM

@ = [Bds
JUISL KaXXJO0TO BUTKAa 4Yepe3 MOBEpXHOCTh S (mwiomaabr BUTKA). [IpousBeneHue
MOTOKA HAa YUCJIO BUTKOB W KaTYIIIKH Ha3bIBaeTCs MOTOKocuerienrnem 'V = BSw.
NHIyKTUBHOCTh XapaKTEPU3yeT CBA3b MEXAY OTUM MOTOKOCLEIUICHHEM U
BbI3BIBAIOMUM €ro TokoM YW = Li. Enunuiieii MarHuTHOW WHIYKIIMH SIBISIETCS
Tecna - 1 Tn=1B6-1 MZ, WHIYKTUBHOCTU - TeHpu - 1w = 1 Tn/l1 A. Takum
oOpa3oM, WHAYKTHBHAs KaTyIIKa - 3TO 3JEMEHT LEeNH, NMPeAHA3HAYCHHBINA IS
WCIIOIb30BAHUSI €r0 HMHAYKTUBHOCTH. WHIYKTUBHOCTBIO MOMHMMO CHEHHUAIBHO
M3rOTOBJSIEMBIX  KaTyIIeK  o0JafaloT M JPYITHE  DIEMEHTHI  peajbHBIX
DICKTPUYCCKUX IeNeH, B YAaCTHOCTH NPOBOAA JIMHHMHK DJICKTpoIepenad, dYTo




HEO0OXOIMMO OTPaKaTh B CXEMaX 3aMEIICHUS COOTBETCTBYIOIINX IENei. Y CIOBHOE
0003HaYeHNE MHIYKTUBHOCTH MTOKa3aHo Ha puc. 8.4,6.

Konoencamop. Kounencatop (EMKOCTHOW SJEMEHT) 3alacaeT 3JHEPruio
U2
aneKTpudeckoro moust W = — CKOPOCTh U3MEHEHHMSI 3TOM SHEPIrUU BO BPEMEHU

€ro XapaKTepu3yeT MTHOBEHHYIO MOIITHOCTh
p:uizucﬁz aw, :
dt dt
Haubonee gacto KOHAEHCATOP BBIOJTHSETCS B BUJE JBYX METAJUTMUECKHX
TJIACTHH, pa3aenéHHBIX cioeM ousnexmpuka (puc.8.5, a). CoOCTBEHHO €MKOCTb,
JUTSL UICTIONIb30BaHMs KOTOPOIl U MpeAHa3HAYEH dTOT JEMEHT, PECTaBIAET COO0M

OTHOHICHUC JIBYX PABHBIX I10 3HAYCHUIO, HO ITPOTUBOIIOJIOXKHBIX I1O0 3HAKY 3apsa0B

IIJTaCTHH, pa3H€CéHHLIX B IIPOCTPAHCTBEC, K HAIIPSPKCHUIO 3TOI'O 3JICMCHTA C= E
u

Pucynok 8.5. UneaibHbIii KOHIEHCATOP

Enununeit émxoctu sBisercss dapama - 1d = 1K/l B. EMKOCTBIO
o0JlalaeT HE TOJIbKO CIEIMaTbHO HW3TOTOBJICHHBIA KOHAEHCATOP, HO U Tapbl
IIPOBOJIOB 3JIEKTpOIepeaay, CUcTeMa MpPoBOI - 3emis U T.4. [Ipu cocraBieHuun
CXEMBbl 3aMENICHUS] peajbHOM IIeMM HEeOOXOAMMO OTpaXkaTh MOJOOHBIE CBSI3H
E€MKOCTHBIMHM 3JIEMEHTAMH, BXOJSIIMMH B CXEMYy HapaBHE C KOHIEHCATOPaMHU.
VYcnoBHOe 0003HaUYeHKE KOHIEHCATOPa MOKa3aHo Ha puc. 8.5, 6.

NneanbHblil KOHAEHCATOP HE 0071a/1a€T HU aKTUBHBIM CONPOTHUBIICHHEM, HU
MHIYKTUBHOCTBIO. JIMHENHAs CBA3b TOKA 3JEMEHTA C MPOU3BOAHOM HAIPSKEHUSA
OTIpEIEIIICTCS BEIpaKECHUEM

i=C e (8.3)

Takum oOpaszom, r00ast dIEKTpUYECKask IEMb MOXKET OBITh pean30BaHa,
UCIIOJIB3Yys MEPEUHCICHHBIE BBIIIE AJIEMEHTHI: PE3UCTOP, KOHJIEHCATOp, KaTyIlKa
WHIYKTUBHOCTU. JJleKmpuueckue yenu uzoopaxcaiom 6 6ude uepmedica,
HA3b18AeM020 cxemou 3nekmpudeckou yenu. Takasg cxema COCTaBISIETCA U3
YCIIOBHBIX 0003HaueHuil snemeHToB Lenu (puc. 8.3 - 8.5) W mMoka3bIBaeT X
COCIMHEHUE.

[TocnenoBaTeabHOCTh 3JAEMEHTOB, M0 KOTOPBIM MPOTEKACT OJUH M TOT Ke
TOK, Ha3bIBAE€TCA BETBBIO; TOYKA COEIMHEHHUs BETBEM Ha3bIBACTCH Y3JIOM;




3aMKHYTBIA _TyTh, TMPOXOISIIMN 110 HECKOJIbKUM _DJIEMEHTaM, Ha3bIBAETCS
KOHTYPOM.

Pewumov 3a0auy ananuza (pacuéma) yenu smo 3uauum, npu 3a0AHHBIX
SHAYeHUsX napamempos jsjemMeHmos cxemvl u ucmounuxoe IC u moxa
paccuumams Heuz8eCmHvle MOKU U Hanpsxcenus eemeell. PemeHue 3amayu
aHallM3a 3aKII0YaeTCsl B COCTABJICHHWM TIOJHOW CHCTEMbl ypaBHEHUH e U e
pemrenun. J{st cocTaBiIeHHs ypaBHEHHM 1IN TOJIB3YIOTCS TpaBmwiamMu Kupxroda.

Ilepsoe npasuno Kupxeogha 3anucvieaemcs ona y3na yenu: anredpanydeckast
CyMMa TOKOB B y3JI€, paBHa HYJIIO:

> =0. (8.4)

[Ipu cocraBneHun ypaBHeHu# mo neppomy npasuity Kupxroda neodbxomumo
3a/1aTbCS  YCJIOBHO-TIOJIOKUTEIIbHBIMA HAMpPAaBJICHUSMH TOKOB, OOO3HaYyuMB HX
CTPEJIKAMM.

Ecnu cTpenku TOKOB HAmpaBlIEHBl OT Y3JIa, TO 3allMCBIBAKOTCS CO 3HAKOM
«+», HaIlpaBJIEHHBIE K Y3JIy — CO 3HAKOM «—» (XOTS MOXHO U Ha000pOT).

Bmopoe npasuno Kupxecogpa sanucvieaemcs Ons  KOHmMypa — yenu:
anirebpapyeckas CyMMa HampsDKEHHH Ha BCEX 3JEMEHTaX JH00ro 3aMKHYTOTO
KOHTypa paBHa cymme J3J1C TaHHOTO KOHTYpa:!

JUj =28 (8.5)

[Ipu 3anucu ypaBHeHHil 1o BropoMmy mpaBuwity Kupxroda nHeobOxomnumo
BBIOpaTh HE3aBUCUMBIC KOHTYPHI M MX HampaBieHue o60xoma. HeszaBucumbiM
SIBJISIETCS] TAKOM KOHTYp, B KOTOPOM MMEETCs XOTsI Obl OJJHa BETBb, HE BXOASILAs B
JIpyrue KOHTYphl (U1 1eneil 0e3 MCTOYHMKOB TOka). HampaBienuwe oOxoma Bcex
KOHTYPOB PEKOMEHIYETCS BbIOMpATh IO YacOBOW CTpeNKe (XOTS MOXHO st
Ka)KJJOT0 KOHTYpa BBIOMPATH MPOU3BOJIBHO). 3HAKU HANPSHKEHUI YCTaHABIUBAIOTCS
CIEIYIOIIMM 00pa3oM: €CJIM HallpaBlI€HUE HANpsHKEHUN (HalpaBlICHUE CTPEIIKH
HanpsDKEHHs JIeMEHTa BETBU OIpEAeIAeTcsl HarpaBieHueM Toka B HEM) u JJIC
COBNAJAIOT C HampaBieHUeM o0Xxo/la KOHTypa, TO MNPUHHUMAIOT 3HAaK «+» U
Ha0OOPOT.

Cucmema ypagHenutl yenu 00axicHa Oblms NOAHOU, HO He u3bbimoyHot. Ecau
YHCJIO BETBEHM CXEMbl PAaBHO B, a 4YUCIO Y3J0B ¥, TO 4YHCIO HE3aBUCUMBIX
ypaBHEHUH, KOTOPbIE MOKHO COCTaBUTH MO TiepBoMy TipaBuiy Kupxroda, paao ¥V
— 1, mo Bropomy - B — ¥V + 1 . Hucno ypaBHEHUH, COCTABICHHBIX M0 [IEPBOMY H
BTOpOMY TipaBuiam Kupxroda, paBHo unciy BeTBeit cxembl B=YV -1+ B -V + 1,
P 3TOM HEO0OXOIMMO TaK)Ke UCIOJIb30BaTh cooTHOIIeHH (8.1) — (8.3).

B oOmiem ciydae pelieHue 3ajiaud aHajlinu3a CIOKHOU AJIEKTPUUECKON 1enu
(T.€. 3a71a4M OMpeETICHUs] BCEX HEM3BECTHBIX TOKOB U HANPSKEHUN €€ 3JIeMEHTOB
Opyd M3BECTHOM CXeMe€ U TapaMmeTpax - CONPOTUBJICHUSAX, EMKOCTSIX,
UHIYKTUBHOCTAX, DJ{C M UCTOYHUKOB TOKA) OKa3bIBAETCA JOCTATOYHO CIIOKHBIM,
MO3TOMY YaCTO UCHOJB3YIOT pa3InyHble MPEe0Opa3oBaHUS CXEM.

3HAYUTENBHO MPOILE 3a/1a4a aHaJIM3a PelIaeTcs, KOraa UCTOYHUKU SHEPTUn
SIBIISIOTCSL HOCMOSHHBIMUY WA CUHYCOUOAIbHBIMU.

DJEeKTpUYECKHE LENMU MOAPA3AEIAIOT Ha: LENU MOCTOSHHBIX TOKOB (€CiH
TOKU Y HANpPSKEHUS BCEX JEMEHTOB LIETIEH HE U3MEHSIIOTCS BO BPEMEHM) M LIETIH




IEPEMEHHBIX TOKOB (€CIM TOKM W HANpSDHKEHUS BCEX JJIEMEHTOB Lenen
U3MEHSIIOTCS BO BPEMEHHU) M, B YACTHOCTH, IIENU CHHYCOMJIAJIbHBIX TOKOB (€Cin
AT TOKH W HAIPSIKEHUS LENEld U3MEHSIOTCS BO BPEMEHHM IO CUHYCOMIATbHBIM
3aKOHaM).

InekmpomazHummuble npoyeccsvl dNeKmpuyeckKux yeneti IPUHATO AEIUTh HA
ycmanosuguiuecs, Korjaa TOKU U HaIllPsDKEHUS BCEX JIEMEHTOB LIENU ONMCHIBAIOTCS
NEePUOIMYECKUMH (PYHKITUSIMU BpEMEHU (KaK, HAIpUMEp, B LEMAX MOCTOSHHOTO U
CUHYCOUJAIBHOTO TOKOB), U nepexoomusvie. llocieqHUMN Ha3bIBAIOTCS MPOLIECCHI
IIepexo1a OT OJHOTO YCTAaHOBHUBUIETOCS COCTOSIHUA K APYrOMy. Y CTAHOBHUBIIMECS
IIPOLIECCHI MPUHATO HA3BIBATH PEKMMAMH; TaK, TOBOPST O PEKUME MOCTOSIHHOTO
TOKA M PEKUME CHHYCOMIAIBHOTO TOKa. Jlajee paccMOTPEHBI TOJIBKO
YCTAaHOBUBLIUECS PEKHUMBI.

8.2. llenu MOCTOSIHHOIO TOKA

B cxemax 3amewenus yener NOCMOAHHBIX MWOKO8 OMCYMCMEYIOM
EéMKoCmHble U UHOYKMUBHble demenmul. V3 NOMyIeHus: 0 MOCTOSHCTBE TOKA U3
ypaBHeHUs (8.2) nis MHAYKTUBHOIO 3JIEMEHTA CJEIyeT, YTO HaNpsDKEHHE €ro
OyAeT paBHBIM HYJIIO, T.€. CaM MHAYKTHBHBIA 3JIEMEHT B CXEME 3aMEILEHUs LENH
Ha TOCTOSSHHOM TOKE MpPEACTaBIIsA€T COOOW HA€aJbHBbI MPOBOJHUK C HYJIEBBIM
COIPOTHUBJIEHUEM - TAK HA3BIBAEMYIO «3aKopomky. V13 NONyIIEeHNs O MOCTOSIHCTBE
HaANpsDKEHUs JUIs1 EMKOCTHOTO 3JIEMEHTa U3 ypaBHeHUs (8.3) cielyer, 4To €ero ToK
B 3TOM cllydae OyJeT paBeH HYJI0, a caM EMKOCTHOU 3JIEMEHT MPECTaBIsAET cOO0M
«paspuvie» BeTBU Lenu. [lomydeHHas pe3nCTHBHAs LENb ONMMCBHIBACTCS YXKE HE
muddepeHuranbHbIMU, a airedpandyeckuMu  ypaBHeHusamH. g pacuéra
ANEKTPUYECKON LEeNu MPEeABAPUTENBbHO MO no 1-my u 2-my npaswiam Kupxroda
COCTABJIICTCS] CUCTEMA YPABHEHUN C YYETOM YKa3aHHBIX BbILIE 3aMeYaHuil. TOKHU B
LEMU pacipeessiioTCsl TAKUM 00pa3oM, 4TO BbIAEIsIEMasi BO BCEX 3JIEMEHTaxX LEnu
MUHHUMAaJIbHA — IPUHIUII - MUHUMYMa JJI 3JIEKTPUYECKOH LEH.

[Tpumep 8.1. CocraBum cucteMmy ypaBHeHui no mpaBuiam Kupxroda s
AIIEKTPUUYECKOH 1IeTIH TTOCTOSIHHOTO TOKa, MPUBEACHHYIO Ha puc.8.6. Uucio BeTBei
CXEMbl PaBHO LIECTH, IO3TOMY IIOJHAs CHUCTEMa YPAaBHEHHMHM CXEMbI JOJDKHA
COCTOSITh U3 LLIECTU YPABHEHHUM.

Pexomennyercss comporuBienue u IJ{C omHO# BeTBM 0003HA4YaTh OJHUM
uHAekcoM. [Ipou3BoabHO BbIOEPEM MOJOKUTENIbHbIE HANpPABIEHUS TOKOB.
3agaHHas cxeMa COACPXKUT 4 y3Ja, MOATOMY MO mepBoMy mpaBwiry Kupxroda
MO>KHO COCTaBUTH 3 HE3aBUCUMBIX YPaBHECHMUS:

-1, —1,+15=0, (st yzma )

I, +1,+1,=0, (st y3ma 1l)
I, —15+1g=0. (nst y3ma 1V)



PucyHnok.8.6. DiaekTpuyeckas cxema k npumepy 8.1

Tpu HenocTarOmMMX ypaBHEHHUS COCTaBUM IO BTopomy npasmity Kupxroga
JUIs TPEX HE3aBUCUMBIX KOHTYpPOB (HarpaBiieHne 00Xo/ia 10 4acOBOW CTpPEIIKe):

Ril; + R3l3 + Rglg = Ey, (1 koHTYpa 1)
Ro1, + Ryl; +Ryl, =0. (11 KOHTYpa 3)

Takum o00pa3oMm, cucreMa ypaBHEHUH IIEMM COCTOMT U3 6 HE3aBUCHUMBIX
YPaBHECHUM.
8.3. Illenu nepeMeHHOr0 (CHHYCOMIATBHOI0) TOKA
Cunyconpanbnayto 2J[C B 110001 MOMEHT BPEMEHH MOXHO OIPEAEIIUTH IO
dopmyie (B TpPUTOHOMETPUIECKOH Gopme)

e(t) = E, sin(ot+a), (8.6)
rie E.,, - ammuutyaHoe 3nHauenue DJIC, w=2xf - xpyromas uactota, o -
HavaybHas (a3a.

AHAJOTHYHO BBIPAKAIOTCS W JAPYyTU€ CUHYCOWJAIBHBIE BEIWYHHBI,
HarmpuMep, TOK
i(t)=1,sin(ot+a). (8.7)
Bnauenust €(t), i(t) Ha3bpIBalOTCSA MIHOBCHHBIMH 3HAYCHUSAMHU U

0003HA4YaIOTCSl CTPOYHBIMU OYKBaMU JIATUHCKOTO andaBuTa.
Ha mnpakTuke YacTo CHHYCOMJAJIBHBIE BEJIIMYMHBI XapaKTEPU3YIOTCS
JNEUCTBYIOIIMMH 3HAYEHUSIMU

1T 2 1T 2 .2 m
F=|=[f%dt= |=[Fgsin®etdt=—"=0707F,.
LI T3

="

AHaJIOTUYHO
E I

M = m
NFEENVA

JlelicTBylollee  3HAYEHWE CUHYCOMAAIBHOTO TOKA YKCIEHHO PaBHO
3HAQYEHHUIO TAaKOr0 IIOCTOSHHOIO TOKA, KOTOPBIM 3a BpEMs, PAaBHOE IIEPUOAY
CUHYCOUJAJIBHOIO TOKA, BBIACIACT TAaKOE K€ KOJIUYECTBO TEIUIOTHI, 4YTO H
CUHYCOUJAIbHBIA TOK. JI€HCTBYIOIIME W aMIUTUTYAHbIE 3HAYEHUS O003HAYAIOT
MPONMUCHBIMUA OyKBamMu. BOJBIIMHCTBO H3MEPUTENBHBIX MPUOOPOB MOKA3bIBAET
JEUCTBYIOLLIEE 3HAYCHUE.

E




IIpn ananmu3e nened CHUHYCOMTAIBHOIO TOKA YAaCTO TAaKXKE IOJIB3YIOTCS
JEUCTBYIOIIMMU 3HAYEHUSIMHU. Tak JJIsl ONpPENENICHUs] TEIUIOBOrO ACHCTBHUS TOKa
JIOCTaTOYHO 3HAaTh TOJILKO €ro BenuuuHy. [Ipu pacuére B3auMONEWMCTBUS ABYX
TOKOB HEOOXOAMMO 3HaTh B3aMMHOE HAIIPABIIEHUE TOKOB.

JIns pacu€roB uenel ¢ CUHycOMAadbHbIMKU HcTOYHMKaMU OJ[C mupoko
UCTIONIB3YEeTCS ~ CHMBOJMYECKHH  MeTon  (METO  KOMIUICKCHBIX  aMILTUTY/L,
KOMILJIGKCHBIA METOJ), BBEJEHHBIN B 3JEKTPOTEXHUKY WHKeHepamu KeHHenu u
[Ireitamerniom (1893-1894 rr). DTOT METON OCHOBAaH Ha NPEACTABICHUU
rapMOHUYECKNX (YHKIIMHA B BHJE TNPOCKIMH BpAIAIOMIUXCS BEKTOPOB Ha
KOMILIEKCHO#T TockocTH. Tak cuHycomnanbsli Tok i(t) = I, -sin(ot + o) Moxer

OBITH TIPE/ICTaBIEH MEMMOH uacThio (Im) Bektopa | € ifet+a)

i(t) =1, -sin(ot+a)=Imjl el@ra)
Tak xak CKOPOCTH BpAaIllCHHUS BEKTOPOB OINMPEICIISAIOTCS KPYroBOH 4acTOTOM

@, KOTOpasd I BCEX BCKTOPOB OAHMHAKOBA, IMOTOMY BCC BCKTOPBLI ABJISAIOTCA
HCTIOABIOKHBIMHM _APYI” OTHOCHUTCJIBHO ApYyrd, 4YTO MABJIIIETCA OCHOBAaHHCM AJIsA

, T.C.

IIOCTPOEHUsI BEKTOPHBIX JIHArpaMM, IPU 3TOM BEKTOP Imej(wtm) paBeH

I =1,6'%, tne I, — koMmiekcHas Benuunna. TakuM 06pa3oM, CHHYCOUIANIbHBIE
TOKA W HaIpsSOKEHUST MOTYT OBITh MPEACTaBICHBI HEMOABM)KHBIMU BEKTOpaAMU
F, = F.e'*, nanpasnenue KoTopeIx onpezenseTcs HadalbHOH (a3oil ¢, a AanMHA

amrumntyno. Ilpu sTomM omnepanus B3ATHS TPOU3BOAHOW OT JIEMCTBUTEIBHOU
(GYHKIIMU 3aMEHSETCS YMHOXKEHHEM Ha @ €€ KOMIUIEKCHOTO HM300pakKeHus, a

orepalys UHTETPUPOBAHUS JEUCTBUTEILHON (PYHKIIMM 3aMEHSETCS JIeJIEHUEM Ha
Jo €€ koMIuiekcHOro wu3o0pakeHus. Takum 00pa3oM, KOMILICKCHBIH METOJ

SBJISIETCS AJIETAHTHBIM METOJIOM ajieebpauzayuu OuggepeHyuanrbhbix ypasHeHul.
VYpaBHeHHS 1O TIepBOMYy M BTOopoMmy TmpaBwiam Kupxropa Oymytr He
nudepeHInaTbHbIMI, a aNreOpanvdecKuMU — AHAJOTUYHBIMU YPaBHEHUSM IS
I[N IOCTOSTHHOTO TOKA, YTO CYIIECTBEHHO YIPOIIAET UX PEIICHNUE.

COBOKYITHOCTh BEKTOPOB TOKOB W HANPSOHKCHWH, TOCTPOCHHBIX IJIs
AIIEKTPUYECKON 1IeTH, Ha3bIBACTCA BEKMOPHOU  Ouazpavmou. BeKTopHble
qyarpaMmbl IIMPOKO HCIOJB3YIOTCSI B DJIEKTPOIHEPreTHUKE IMPU BbINOIHEHUU
pacu€ToB U aHAJIM3€ MMOBEACHUS PA3IMYHBIX 3JIEKTPOYCTaHOBOK.

Eciu B aneKTpuyeckyi0 Ienb BKJIIOYEHbI TOJBKO HCTOYHUKU C
cunycouganeabiMu  OJIC  w/mam  TOKamMH, TO YypaBHEHHS CBS3H MEXIY
HANPSODKCHUSMU Ha DJIEMEHTaX UM TOKAMU B HHUX YIPOIIAIOTCS MO CPABHEHHIO C
BeIpakeHusmu (8.1) — (8.3).

Ecim K aKTHUBHOMY CONPOTHBICHHIO MPHIOKEHO CHHYCOMIAJIBHOE
Hanpspkenue Ug(t)=U, sin(ot+a ), TOok yepe3 CONMPOTUBICHUE TaKXke Oyaer

CI/IHYCOI/II[aHBHI)IM
iR(t):uFR:U?msin(a)twLa):Imsin(a)t+a). (8.8)

B cootBerctBuu ¢ (8.8) TOK MMeeT Ty ke HadalbHyl (azy @, 4To U
Hanpsbkenue (puc.8.6).
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Pucynok 8.7. Ha aktuBHOM conporuBjieHun  PucyHok 8.8. BexTopHasi imarpamma Toka
U TOK U HanpsiKeHHe COBNAIAIOT 10 (aze HaNpsi’KeHUs 1J1s1 AKTHBHOIO
CONPOTHUBJICHUS

13 (8.8) rtaxxke cimenyer, uto U, =R-1, u U=R-l. Ilepexons or
CUHYCOMIANBHBIX (QYHKIMHA HANpsOKEHUs W TOKA K COOTBETCTBYIOUIUM UM
KOMILIEKCaM

Ug(t)=U, sin(et+a)=Ug =Ugel*;

in(t) =1, sin(ot+a)= Iy =157,
Y TIOJICJTUB MEPBBIN KOMILJICKC HA BTOPOM, TOTYIHM
Ug _UReja _Ugr _
IR 1ge)*  Ig
BCKTOpHaH AuarpamMma TOKa W HAIPsKCHUA I aKTUBHOT'O COIIPOTHBICHUA
npencTaBieHa Ha puc.8.8.

Ecnu  uepe3  uHOYKmMuGHOCmMb — npomekaem — CUHYCOUOANbHBIN — MOK
I, =1, sin(et+«a), To HanpsDKeHUE Ha e€ 3a)KnMax

R.

u =-e =‘L—‘/t’ :%(Li)z oLl sin(ot +a+%):Um sin(a)t+a+%). (7.9)

CreioBaresibHO, MOK 6 UHOYKMUBHOCMU OMCMAEm Om HANpSXiCeHus Ha yrol %
(puc.8.9).

A
ull A +j

L UL
i /><\ UL
2 ><\< -
t

\/ a I"—
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Pucynok 8.9. Tok B MHIYKTUBHOCTH OTCTaET Pucynok 8.10 BekTopnas
aMarpamMma ot Hanpsikenust Ha yroa 90° TOKA M HANIPSIKEHUSI 1JIs1
HHAYKTHBHOCTH

N3 Beipakenus (8.10) caenyet, uto U, =Ll =X |, tne X =L -
PEaKTUBHOE WHAYKTHBHOE COIPOTUBIICHHE KaTyIIKH; €ro pa3sMepHOCTh — Owm.



Bemuuuna X; nwmHeiHo 3aBucut or wactotel. Ilpu f =0 (@=0), te. mis
nocrosiHHoro Toka X; =0, ecmu f —o0, TO U X; — 0.
KoMruiekcsl TOKa U HanpsKeHUS UMEIOT BUJT:
u, =U, sin(et+a+7z/2)=U, =Uelle7/2);
i =1, sin(ot+a)= I, =lel*,
Pa3nenuB nepBbIi KOMIUIEKC HA BTOPOU, ITOJIIYYUM
U' L U I_ej(a+7z/2) - U Lejaej-ﬁ/Z

_ jrl2 _
| e e & T
L L L

500051
UL = jXLIL :ZLIL'

ej-zr/2

YMHOKEHUE BEKTOpa Ha | = COOTBETCTBYET HOBOPOM) €20 HA Y20l

7/2 B NONOKUTETHHOM HANpaBieHHU (IPOTUB YACOBOM CTPENIKHM) HE U3MEHSAS €r0
JUTAHBI.

BekropHas quarpaMma TOKa M HampsDKEHUS JUIS KaTYIIKH MHIYKTHUBHOCTH
npencrasieHa Ha puc.8.10.

Eciu k  KOHOeHcamopy — NpUuiodcums — CUHYCOUOANbHOE  HANPAdiCEHUE
Uc =U,sin(wt + @), To yepes Hero OyaeT mpOTeKaTh TOK

: d ) .
ic = E(Cuc): o CU, sm(a)t +a +%)= L, sm(a)t +a +%) (8.10)
CHCI[OB&TCHBHO, mokK 6 KOHdeHcamope onepeotcaem HanpAslICerHue no (176138
na yron 7/2 (puc.8.11).
A

u, i
Uc
ic
>
72 | a t
| S
]
. Uc
Ic
/2
+1
a
L
Pucynok 8.11. Tok B KOHIeHcaTOpe onepeskaeT Pucynok 8.12. BekTopHasi

auarpaMma
Hanpsikenue Ha yroa 90° TOKA M HANPSKEHUs LIS



KOHAeHcaTopa

U3 (8.10) crnexyer, 4to

|
Um: > :XCIm’
[0)]

|
Ur =—% = Xlp,
Ca)C c'C

1 .
rac XC :—C — PCAKTHUBHOC CMKOCTHOC COIIPOTHUBJICHHUEC KOHACHCATOpa, C€ro
()

pasMmepHocTh — OMm.
Benmuuuna X ¢ yBenmudeHHEM YacTOTHI YMEHBIIACTCS IO TUTIEPOOTHIECKOMY
sakony; mpu f =0 (w=0) X, — 0, T.e. I TOCTOSHHOTO TOKA KOHJEHCATOP

SABJIACTCA PAa3pbIBOM LICIIN.
3anuiiem BBIPAXKCHUS 1JIsI KOMIIJICKCOB HAITPSIPKCHUA U TOKA

e =U, sin(ot+a)=U, =U_e!%;

i =l sin(ot+a+7/2)= I, =1.el@72)
H IIoACJINB HCpBBII?I KOMIIJIEKC Ha BTOpOﬁ, IIOJIYy4YUM

. ja

Ueo  Uce

_ —jxl2 _
_I ej(oc+7z/2)_Xce =-1Xc,
L

lc
YMHOXKCHHE BEKTOpa Ha — | = e 172 g3pauaer ero IOBOPOT €ro Ha yroi

712 B orpunarensHOM HampaBlieHMH (II0 4acOBOH CTpeNKe) He U3MEHss JJIMHBI.
BekTopHas auarpamMma Ui TOKa W HalpsDKCHUS 71 KOHJIEHCaTopa MpHUBEICHA Ha
puc.8.12.

8.4. Pe3onaHcHbIe (KoJiedaTebHbIe) nenu. @uibTpbl

Pesonancnvimu unm konebamenvuvimy UETISIMA Ha3bIBAIOTCS AJIEKTPUYECKUE
LIEIM, B KOTOPBIX MOYKET BO3HUKATh A671€HUE PE30OHAHCA HANPANCEHUN UIU MOKOS.
Pe3oHaHC TpPEACTaBIsICT TaKOW PEXKUM IJICKTPUYECKOM 1enu (comepkaiieit
UHIYKTHBHOCTH M KOHICHCATOPHI), IIPH KOTOPOM, PEAKTHBHOE COMIPOTHBICHHUE WK
pEaKTUBHAsI MPOBOJUMOCTH II€MM PaBHBI HYIIO, COOTBETCTBEHHO paBHAa HYIIO
PEaKTUBHASI MOIIIHOCTh Ha 3a)KMUMax LIETH.

PaccmoTpum 1enouky M3 MOCIENOBATENbHO COECIUHEHHBIX DSJIEMEHTOB:
pe3ucTopa ¢ conpoTuBieHneM R, KaTymiku ¢ MHAYKTMBHOCTBIO L 1 kKoHzeHcaropa
¢ émxocteio C  momkmou€unyro k mcrounmky OJIC E  (pme. 8.13, a).

OKBHBAJICHTHOE KOMIIJICKCHOEC COIIPOTHUBJICHHUC JTOI'0 y4YacCTKa LCIIHU 3aBUCHUT OT
HaCTOTHI

Z=R+X=R+]j a)L—i _
oC



a)
0)

Pucynok 8.13. llenouka 13 noc/jie0BaTeIbHO COeTHHEHHBIX JIEMEHTOB: RLC ,

NOAKJIIYEéHHAA K UCTOUHUKY J/[C E (@), m BeKTOpPHASI AMArpaMMa NPH Pe30HAHCe
HanpsiKkenuii ()

PesonaHc HampspKCHHH HACTyNaeT MPU PE30HAHCHOM YacTtote (), KOrjaa

1
X =60|———C=0,0Tl<yz[a

w

[Ipu pe3oHaHCHOMN YacToTe (), TOK CTAHOBUTCSA MAKCUMATILHBIM

|p=|0=%,

u cosnadaem no ¢asze c¢ 3/JC Ha BXOAe€ KOHTypa, TaK Kak pPEaKTUBHOE
CONPOTUBIICHHE pPaBHO HYII0. BeKkropHas amarpaMMa Mpu pE30HAHCE IIETH
nokasana Ha puc.8.13, 6.

[Ipu pe3oHaHCe MPOUCXOOUT HEMPEPHIBHOE MEpepaclpeiesieHue SHepruu
MarHUTHOTO U 3JIEKTPUYECKOTO TOJIEH, MPUUEM CYMMApHAs dHEPIUs OCMaémcs
Heusmennou. Takum oOpa3oM, >HEprus, NEpPBOHAYAJILHO 3alacéHHas B KOHTYpE
TIPU TOAKITIOYEHHH €10 K UCTOYHMKY HampsbkeHus, konebnercs mexay L u C Ges
ydyacTusi B OTOM TIpOllecce MCTOYHMKA; TOITOMY KOHTYpP Ha3bIBaeTCs
KonebamenbHbuIM.

Ecnu Ob1 KonieGaTebHbI KOHTYP HE COAepKajl ConpoTusieHus R, To mpu
pe30HaHCe HHEepPrusi He MocTynana Obl B KOHTYp OT McToyHMKa. [Ipu Hammuum
COINPOTUBJICHMSI, BCS DHEPTUsA, KOTOpas MOCTYMaeT B KOHTYp OT MCTOYHHKA,
pacxodyemcst 8 COnpoOmMuGIeHUuU.

JUis OIEHKM JAMHAMHYECKHX XapaKTEepPUCTUK KoJIeOaTebHOr0 KOHTYpa
MOJIB3YIOTCSI IIOHSATUEM 00OPOMHOCIU KOHMYPA
a)pL _ 1 |

R ,CR

JIOOpOTHOCTh KOHTYPOB, TPUMEHSEMBIX B PaTUOTEXHHUKE, JTOCTHUTAET

Q=~100+300. Bemuunna o6Oparnas pgooOporHoctd d =1/Q  HasbBaeTCs




3amyxanuem; BenuunHa 0 XapakTepusyeT CKOPOCTh 3aTyXaHHUs KoJeOaTeIbHOro
npoliecca, KOrja KOHTYp OTKJIFOUaeTCsl OT HCTOYHHMKA M 3aMbIKAETCsl HAKOPOTKO.
[Tpu Q >1 HanpsbkeHus HA KOHIEHCATOPE U UHAYKTUBHOCTH B PE30HAHCHOM

pexume npesvuuatom no eenuyune nanpsaxcenue U = E| npunoxennoe x koHtypy;
JTOOPOTHOCTH TIOKA3bIBAET, BO CKOJIBKO pa3 3TH HAINPSKCHUS TMPEBHIIIAI0T BXOTHOE.
[ToaToMy pe3oHaHC B MOCIENOBATEILHOM KOJIEOATEILHOM KOHTYpPE M Ha3bIBaIOT
PE30OHAHCOM HANPAICEHULL.

PaccMoTpuM 11enouKy U3 napasiebHO COSAMHEHHBIX AIIEMEHTOB: PE3UCTOPa
¢ compoTuBieHreM R, KaTymku ¢ MHIYKTUBHOCTRIO L ¥ komgeHcaropa c¢
E€MKOCTBIO C, noakrouénnyro K ucrounuky IJC E (puc. 8.14, a).

b E=u
G v 3o+ |
I-Cp lLp
< : >
a)
6)

Pucynok 8.14. Ilenouxa u3 napaJiebHO COeXMHEHHBIX Y1ementon: R L C ’

noxkaouénnas k ucrounuxy IC E (a), n BexTopnas 1narpamma npu pesonance ToKkoB

()

KommiekcHast mpoBOAMMOCTh MapaJIeIbHOTO K0JIe0aTeTbHOTO KOHTYpa
. (1
Y=g-jb=g-j|—-0C
ol

[0 CBOEH CTPYKTYpE AHAJOTMYHA BBIPAKEHUIO KOMILIEKCHOTO COINPOTHUBIICHUSA
MOCJIEIOBATEIBHOTO KOJIEOATEIbHOTO KOHTYpa, a Pe30HAHCHAs 4acToTa, KaK U B
MPEABIAYIIEM ClTydae, paBHa:

JIoOpOTHOCTH MapauieIbHOTO KOHTYpa paBHA:

Q= i = a)pCR ,
o, L
T.€. 00paTHa 10 BEJIMYMHE TOOPOTHOCTH ITOCIICIOBATEIIHFHOTO KOHTYpA.
I[Ipyu  pe3oHaHCe TOKOB  IIOJHAS  IPOBOAMMOCTh  IapalIeIbHOIO
KOJICOATeIbHOTO  KOHTYypa  MUHUMANbHA,  CIEAOBAaTEIbHO, €ro  BXOJHOE
COIPOTUBJICHHE JOCTUTACT MakCUMyma. [Ipr 3TOM TOK OT MCTOYHMKA MHHHUMAJICH

" paBCH Ip = gE , 4 TOKM B MHAYKTUBHOCTH U KOHACHCATOPC PABHEI 110 BEJIUNYNHC U

IMPOTUBOIIOJIOXKHBI 110 3HAKY.

[Ipu Q >1 5Tu TOKM MpPEeBBIIAIOT MO BeMWYUHE |, ; MOATOMY pe30HAHC B

p’



napajuiebHOM KOHTYpE U Ha3bIBACTCS pe30HancomM mokos. BekropHas auarpamma
IIpU PE30HAHCE IeNu MoKa3aHa Ha puc.8.14,6.

8.5. B3auMHasi HHAYKTHUBHOCTD B JJIeKTPUYECKHUX HensiX. JInHeHbIi
TpaHcpopmarTop

DJIEeKTPUYECKUE IIeMd MOTYT COJIepkKaTh KOHTYpbl (JBa wiud Oojee), B
KOTOPBIX MAarHUTHBIM MOTOK OJAHOTO W3 HUX IPOHHU3BIBAET JIPYyTrOi, HAIIpUMEp, B
ciay4yae ABYX U 0OoJiee TapajulesibHBIX JIMHUN 3JIEKTponepenadnd. IJTO SIBICHUE
Ha3bIBACTCS 63AUMHOU UHOYKYuUel MEXAYy KOHTypaMu. Eciu MarHuUTHBIA TOTOK
M3MEHSETCS BO BPEMEHU, TO B MACHUMOCBA3AHHbIX KOHmypax Hasoosmcsa I/C,
Hanpumep, IJIC B |- TOM KOHType HpU U3MEHEHUH TOKAa W MPOMOPIHOHAIEHOTO

€My MarHUTHOT'O IMOTOKa B K - TOM omnpeesseTcs mo Ggopmyiie

e. :iM .kﬂ:_mﬂ’
] K dt dt

rae My - kooppuyuenm 63aumHou uHOYKyuy WIN B3aMUMHAs MHIYKTHBHOCTH

MEXIy KOHTYpamu | u K, xapakmepuzyem mecnomy cesizu (KO3(PQOHUIMESHT CBA3M)

medxncoy konmypamu. Heo0X0quMO OTMETUTh, UTO B SJIEKTPUYECKHUX LEMsAX BCErjaa
My =M=M. C yseruenuem paccmosnus medxncoy rowmypamu M

ymeHnvuiaemcsi. B3auMHas UHIYKTUBHOCTE M , Kak 1 COOCTBEHHAsI MHAYKTUBHOCTh
L, uamepsiercs B renpu (I'n).

3HaKM «+» U «—» nepen M 03HaA4aroT, YTO BBINOJHEHHHU PACYETOB LENEU
HEOOXOJIUMO 3HATh HE TOJIbKO BeMWYuHy M, HO M €€ 3HaK, KOTOPBIM 3aBUCUT OT
B3aMMHOI'0 PACIOJIOKEHUSI KOHTYPOB; TaK KaK MAcHUMHblE NOMOKU 8 KOHmYype,
HAaBOJMMBIC COOCTBEHHBIM TOKOM W TOKOM B3aMMHOIO KOHTypa MOTYT TIO
HaIlpaBJICHHUIO TNOO cosnadamsv, MTMOO He cosnadams. B CBA3U ¢ 3TUM paziuuaiom
co2nacHoe U ecmpeyHoe BKIoueHue Koumypos (WM OOMOTOK Karyiiek). s
OTIpENICJICHUS] 3HaKa, C KOTOPBIM J00AaBIISICTCS IOTOKOCHEIIEHHE (MU TIOTOK)
B3auMHOW MHAYKIMH Mi, (o Mi j) K MOTOKOCIEIUJICHUIO CaMOWHIYKIIUU Lji i

(wmm Lydy ), HEOOX0IMMO pa3METUTh 3a)KMMbI BETBEH, COJCpKAIIUX HHIYKTHBHO

CBsI3aHHBIC 2JIeMEHThl. OOBIYHO OJWH W3 3aKMMOB IEPBOM BETBU IMPOU3BOJIBHO
MPUHUMAIOT 32 HA4YaJl0 M HAHOCAT OKOJIO HEro TOYKY; BTOpas TOYKA CTABUTCA Y
3akKMMa BTOpPOM BETBM TaK, YTOObl MAarHUTHOE TOTOKOCIEIJIEHHE OO00UX
WHIYKTUBHBIX 3JIEMEHTOB YBEJIWYUBAIOCH OBl BCJICACTBUE B3aUMHOW WHIYKIIHH,

Koraa TOKH |J 151 ik OJWHAaKOBO HAIIPAaBJICHbBI OTHOCUTCIbHO OTMCUYCHHLIX 3a’KUMOB

cBoux 3jeMeHToB (puc.8.15).
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Pucynok 8.15. CorsiacHoe BKJIKOYeHHEe 00MOTOK
JInsi yCTaHOBHUBIIETOCS CUHYCOMJAIBHOTO PEKHUMA IOCIEIHEE BBIPAKECHUE




MOKET OBITh 3aMTMCAHO JIJII KOMIIEKCHBIX aMIuaty E j= oMl .

Ecnu motox (IMOTOKOCHEMIEHHUE) CIEIIEH TOJBKO CO CBOEM OOMOTKOM, TO
TaKOW TIOTOK HAa3bIBAETCS MNOMOKOM pAaccesiHus, a COOTBETCTBYIOLIAS €My
WHIYKTUBHOCTh  HAa3bIBACTCS  UHOYKMUBHOCMbIO  pacceanusi.  Bennyunsl,
XapaKTepU3yIollre paccesHrue 0003HaAYat0TCsl HHAEKCOM O .

Tpauncghopmamop B TIpoCTEHIIeM cllydae TPEACTaBIsLeT co0oll dse
UHOYKMUBHO CBA3AHHbIE OOMOMKU NPU CULHOU C8A3U MeHCOy HUMU; JJIS ITOTO
OHM JOJDKHBI OBbITh, HaJleThl Ha OOWMUA (HEeppPOMATHUTHBIM MArHUTOIPOBOJ
(cepneunuk). IlpakTudyeckoe 3HayeHUE TPaHCHOPMATOPOB 3AKITHOYACTCS, MPEKIE
BCEr0, B BO3MOXKHOCTHM M3MEHEHHUs BEIMYMH HampspkeHus. [Ipu cuiabHOM CBA3M
MEXIy OOMOTKAaMH TIOYTH OJIMHAKOBBIM MOTOK @@ TMPOHMU3BIBACT KAXKIBIM U3
BUTKOB, T03TOMY DJIC, HHIYKTHpyeMbIe B OOMOTKAX, MPOTIOPITMOHATBHBI YACIIAM
BUTKOB W 00MOTOK. Eciu k mepBoii (mepBUYHON) OOMOTKE C YMCIOM BUTKOB Wj

OpWIOKUTh HampsibkeHue U, To Hampsbkenue U, Ha 3aKUMax BTOpOW
(BTOpUYHOI) OOMOTKH C YUCIOM BUTKOB W, MOKHO OINPEAEIIUTH 10 (hopMyIIe

W.
U2 zLJ]_—Z
Wy

OTtHo1IeHHE BTOPHUYHOI'O HAIIPSKCHHUA K IICPBUYHOMY  HAIIPSXKCHHIO

Ha3bIBACTCS KOd(Puyuenmom mpanchopmayuu k:U% . Ecmu k>1, T0
1

TpaHc(hOPMATOpP HA3BIBACTCS TOBBIIAIONIMM, ¢Cld K <1 - MOHMKAIOIIHMM.
Tpancpopmarop, HE HUMEIONIMI MOTEPh B MArHUTONPOBOJAE B MPOBOJAX

oOMOTOK, Ha3bIBaeTCsi  uodeanrvuvim. Jlns  wpeampHOTO  TpaHcopMarTopa

Kod(ppunmeHT TpaHchopMaIii MOKHO ONPEACITUTh KaK OTHOIIICHHE YHUCEl BUTKOB

00MOTOK
U, Wy

Kpome ToOro, tpanchopmatop H30JIUPYET MEPBHUUHYIDO U BTOPUYHYIO
OOMOTKM B D3JIEKTPUUYECKOM OTHOILICHUM, COXpaHssl BO3MOXHOCTb Iepeaadu
SHEPTUU MEKTY OOMOTKAMHU.

@eppOMarHUTHBINA CEPACUYHUK MOKET IPUBECTU K HEIUHEUHOU 3A8UCUMOCTU
MedHCOYy NEepeUUHbIM U BMOPUUHBIM HANPAICEHUAMU. 3AECh Mbl OIPaHUYHUMCS
aHaJM30M paboThl TpaHchopMaropa UMb B JUHEHHOM peXuMe, KOrja Bce
MOTOKOCIETUIEHUSI TPSIMO TPONOPIUOHATIBHBl TOKAM M MOTYT OBITh BBIPa’KEHBI
yepe3 COOCTBEHHBIE U B3aWMHBIE UHIYKTUBHOCTHU, BEJIMYMHBI KOTOPHIX HE 3aBUCAT
oT Toka. B TakoM pexume pabOTalOT H3MEpPUTENbHBbIE TpaHCHOPMATOPHI U
TpaHchOpMATOpPhl B CUCTEMAxX CHUTHAJIMU3ALUU, CBA3H, PATAUOTEXHUUYECKOU H
TEJIeBU3UOHHOM anmapatrype. B pexume OJIM3KOM K JUHEHHOMY paboTaroT
CUJIOBbIE TpaHc(hoOpMaTOpbl B 3HEProcUcTeMax; HEIMHEHHOCTh MX NapameTpoB
OPOSBIISIETCSI TPAKTUYECKU TOJIBKO B PEXKHMME XOJIOCTOTO XOJa U HEKOTOPBIX
AHOPMAJIBHBIX PEXKUMAX.

Ocnoenble  ypasHeHus U GEKMOPHAsA  ouazpamma  JUHEUHO20
mpancgopmamopa. Ilpenmnonoxum, yto mepBuyHas oOMOTKa TpaHcopmaTopa



MOAKIIOYEHAa U UCTOYHUKY cuHycouaanbHoi D/IC E;. Bynem Takxke cuuTarh, 4TO
YyCjia BUTKOB IEPBUYHON W BTOPUYHONM OOMOTKM paBHBI W; =W,, €CIU XKe
W, # W, , TO mapaMeTpbl OJHOH OOMOTKH JOJDKHBI OBITh INPHUBEACHBI KO BTOPOM

(mpuBeeHUE BBIMOJHACTCS Yepe3 KodphuineHT Tpanchopmaiin).
VYpaBHeHus i NEPBUYHOM M BTOPUYHONM OOMOTOK 3alMIIEM Ha OCHOBE
BTOpoOro npasuia Kupxroda, ucmons3ys cumBoiamueckuii meron (puc.8.16, a).

Zy I'1_212 |'2 = El
Zyli—Zypl,-U, =0

R, m R, - aKkTUBHBIE CONPOTUBIIECHUS NEPBUYHOW M BTOPUYHOW OOMOTOK; L,
L,,M - ux coOCTBEHHbIE U B3aWMHas MHIYKTUBHOCTH COOTBETCTBEHHO, U, -
BTOPUYHOE HANPSDKEHHE, PABHOE HANIPSDKEHUIO HArPy3KH.

|1 Rl M Rz le Z22
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L L
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Pucynoxk 8.16. JIuneiinplii AByXx00MoTO4YHBIH TpaHchopmaTop () u ero 7-od6pa3Has cxema
3ameneHus (0)

JUiss  mpakTUYeCcKHX  pacy€ToB  MOJB3YIOTCA  cxeMamu — 3ameujeHusl
TpaHc(OpMaTOPOB, B KOTOPBIX MAarHUTHas CBSI3b MEXKAY OOMOTKAMH 3aMEHSIETCS
anexkTpuueckoil. Hambosiee wacto ucnosb3yercs 7-o0pa3Hasi cxeMa 3aMelleHUs
(puc.8.16, 6). 3nech ol =w(l;—-M) u oL, =wo(L, —M) - conporupieHus
paccessHUsI TIEPBUYHOM M  BTOPUYHOM OOMOTOK COOTBETCTBEHHO, @M -

COMPOTUBJICHUE BETBU HAMAarHUYMUBaHUS (B HEM MPOTEKAET TOK HAMAarHUYMBaHMUS ).
[TocTpouM KauecTBEHHYIO BEKTOPHYIO JaWarpamMmy TpaHchopmaTtopa
(puc.8.17). TloctpoeHre HAUYMHAIOT C BEKTOPOB HAMPSIKEHUS U TOKA BTOPUYHOU

nenu, coorBerctBeHHo, U, wm |,. OObHO  TpaHchopMaTopel B
AIIEKTPOIHEPTETUYECKUX YCTAHOBKAX MMEIOT aKTUBHO-UHAYKTUBHYIO HarpysKy; B
ATOM cilyyae BekTop Toka |, orcraér ot Bekropa Hampstkenus U, Ha yron ¢, ,

npuuém 0< ¢, S%. Bektop mnajeHus HampspKeHUsT OT BTOPUYHOTO TOKa Ha
akTuBHOM compotusieHuu |,R, coBmagaer mo ¢asze ¢ BekTOopoM TOKa, a Ha
WHIYKTHBHOM COIpOTHBICHUHN paccesHus jol,L_, - omepexaer ero Ha % :
Cymmupysi reomerpudecku Bektopsl: U,, 1,R, u jol,L_, nomyunm nanenue

HaIpspKCHUA Ha BETBH HAMAarHM4YHMBAHHA OT TOKa HAMAarHWMYMWMBAHUA JC()lOM . Tok
HaMarom4vMBaHUA PABCH F€0MCTpPI‘I€CKOI>i Pa3HOCTH MCPBHUYHOI'O M BTOPHUYHOI'O



TOKOB
[Tagenue HanpspKeHUs Ha BETBU HaMarHuumBaHus 310 DJ[C, nnaynmpyemas
BO BTOpH4HOU 0OMOTKe E, = jowlyM ,a Tok HamarHn4nBaHMS OTCTAET OT HE€ Ha

% . Cymmupyss TE€OMETpHYECKHM BEKTOpPHl BTOPHYHOrOo TOKa |, ¥ TOKa
HamMarHuuuBaHus |, momaydum BekTop nepBu4Horo toka Iy =1, + 1.

jX1|
1

E.2 jX2|

1R

Pucynok 8.17. BekTopHasi TMarpaMma JIMHEIHOTo TpancdopmaTopa
[Tanenne HanpspKEHHUS OT MEPBUYHOTO TOKA HA aKTUBHOM COINPOTHUBIICHUH

I;R; coBmamaer mo ¢asze ¢ BEKTOPOM TOKa, a HA MHAYKTMBHOM COIPOTHUBIICHUU

paccessaus  jol,L,, - omepexaer ero Ha % CymMMupysl T€OMETPUYECKU

BekTOopsl: E,, 1R, n jol,L_; momydnm Bexrop D/1C, npmiiokeHHOH K epBUYHOM

obmortke E;.

8.6. Tpéxdasnble dj1eKTpUIECKHUE HENn

MHnozoghaznvie cucmemvl nepemeHHbIX MOKOE8 BIIEPBbIE ObUIN MPEATOKEHBI
Hukomoit Tecma (1888). 3Orto obecrneunso MNpPeuMyIIECTBEHHOE pa3BUTHE
HEprocucteM rmnepeMeHHoro Ttoka (mo Tecma Tomac DnauMcoH co3naBal
HPHEPrOCUCTEMBI TIOCTOSIHHOTO TOKa). B Hacrosiiee BpeMs NPEUMYIIIECTBEHHO
UCIIOJIB3YIOTCS TPEX(ha3HbIE CUCTEMBI TOKOB.

Tpéxchaznoii snekmpuyeckoll yenvro HaA3bIBAIOT CBSI3HYIO COBOKYITHOCTH TPEX
AIEKTPUYECKUX LIENEH, B KOTOPBIX AECUCTBYIOT cuHycounaibHbie DJIC ogHON U
TOM K€ 4aCTOThI, CABUHYTHIE APYr OTHOCUTEIBHO JApyra mo ¢a3e u co3aaBacMble
OOIUM HCTOYHMKOM JHEpruu - TpéxdasHpiM reHepatopoMm. OTAeNbHBIE MU,
BXOJISIIIAE B COCTAB TAKOM IIETH, HA3bIBAIOTCA (DazaMu W OOBIYHO 0003HAYAIOTCS



oykBamu A, B, C, a coBokynmHocTh JJIC, meiicTByrommx B 3TUX (a3zax, a TakKe
COBOKYIHOCTb TOKOB U HampsikeHu# ¢a3 Ha3piBaeTcs Tpéxdaznoit cuctemoit IJC,
TokOB W HampspkeHuil. Tpéxdaznas cucrtema 3I/C (TOKOB, HampsHKEHUI)
Ha3bIBaeTcst cummeTpuunol, ecinu DJ1C (Toku, HampsikeHus1) Bcex (a3 paBHBI 10O

aMIUTUTYJI€ M CIABUHYThl OTHOCHUTENIBHO JAPYT Apyra mno ¢asze Ha yroi 2%, B

IPOTHBHOM ciiydae TpéxQazHas CHCTEeMa Ha3bIBACTCS HECUMMETPUIHOM .

Bextopnas muarpamma tpéxdasznoi cucrembl J/IC nokazana Ha puc.8.18.
Tpéxdaznas cuctema DJIC BbeIpabaThIBacTCS € TIOMOIIBI0 CHHXPOHHOTO
Tpéx(da3Horo reHepaTopa.

Pucynok.8.18. Tpéxdpazuas cucrema IIC

Tpéxdaznas cucrteMa c¢ OJHON CTOPOHBI SABJISIETCS 00JIee IKOHOMUYHOM 1O
YUCIIy HMCIOJIb3yEMbIX MPOBOAHUKOB — MX TpH (B IByx¢a3zHoi cucreme Tecna
UCIIOJIb30BAJIOCh YETHIPE MPOBOJIA), C APYrOl CTOPOHBI — MO3BOJISIET PEau30BaTh
POCTBIE IO KOHCTPYKIIMH, CIEA0BATEIbHO, HAJEKHBIE U JICIIEBBIC IIEKTPUUECKHE
JIBUTATEIM — OCHOBHBIC TOTPEOUTENIM JJIEKTPUUECKOW JHEPruu (C TOMOIIBIO
TpEx(a3HON CUCTEMBI TOKOB CO3JIAETCs 8pawyaroujeecs MazHumHoe noJe, BIepBble
onucanu Tecna u deppapuc).

Ha snextpuueckoit cxeme TpéxdasHblili reHepaTrop MPUHSATO M300pa)karh B
BUJIE TPEX OOMOTOK, PACHOJIOKEHHBIX moj yriaoMm 120°. OOMOTKM reHeparopa
MOT'YT OBITh CO€AMHEHBI 3BE3/101 WJIM TPEYTOJILHUKOM.

[Ipu coemuHeHWH 3BE370M OMHOMMEHHBIE 3aXUMBI TPEX OOMOTOK
O0BENUHSIOT B ONHY TOYKYy (puc.8.19,a), KOTOpyr0 Ha3bIBaIOT HYJIEBOM TOYKOMN
reaepartopa 0. OOMOTKHU TeHepaTopa o0o3HadarT OykBamu 4, B, C.

[Ipu coequHEeHNN OOMOTOK T€HEPATOPOB TpeyrodbHUKOM (puc.8.19,0) koHery
NepBOl OOMOTKH COEIMHSIIOT C HAdajJoM BTOPOMW, KOHEI] BTOPOM — C HadajaoM
TPETbEU, KOHEI| TpeThel — ¢ HadasoM nepBoil. ['eomerpuueckas cymma I/IC B
3aMKHYTOM TPEYToJIbHUKE paBHA HYIIO, TOATOMY €CJIM K 3a)KUMaM reHeparopa A,
B, C Harpy3ka He NpUCOEIUHEHA, TO TOK MO OOMOTKaM reHeparopa MpOoTeKaTh He
OyJer.



Pucynok 8.19. Coennnenue o00M0oTOK TPéxgazHoro reieparopa B 3Be31y (a) U TPeyroJbHUK
(0)
[19Th BOBMOXKHBIX CIIOCOOOB coeMHEHHS TPEX(DHA3HOTO TeHepaTopa
nokasansl Ha puc.8.20.
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Pucynoxk 8.20. Cxembl coeiiHeHHs1 0OMOTOK B TPEx(pa3HbIX Hensx

Touky, B KOTOpOW OOBEOUHEHBI TpHU KOHIA TPEX(a3HOW Harpy3ku Mpu
COEJIMHEHNH €€ 3BE37I0M, HA3hIBAIOT HYJIEBOW TOUKOM Harpy3ku W obosnadaror 0,
Tok myneBoro nmposoaa I, MMEET MOJOKUTENLHOE Hanpasienre or Touku 0 k 0.
Cxewmbl Ha puc.8.20 Ha3BIBAIOT: @) 3BE3/1a-3BE€3/1a C HYJEBBIM MIPOBOJIOM, 0) 3Be3/1a-
3Be3ga 0e3 Hy/lIeBOro NpoBOAA, 6) 3BE3Aa-TPEYrojbHUK, &) TPEyrojJbHUK-
TPEYroJIbHUK, 0) TPEYTOJbHUK-3BE3/IA.

HampsokeHuss MeXIy JIMHEHHBIMM IIPOBOAAMM HA3BIBAOT JUHEUHbIMU W



obo3navatot, Hanpumep, U ,, (IuHENHOEe HampsokeHne Mexay ¢daszamu 4 u B);
MOJYJIb JINHEMHOTO Hanpsikenue — U ;.

TokM B JMHEWHBIX MPOBOJAAX HA3BIBAIOT JIUHEUHbIMU, UX 0003HadaroT 1,
I, Ic. 3a MonoXkuTENbHOE HANpPABJIEHHE JUIS HUX MPHMHAMAETCS HAIPAaBICHHE OT
reHeparopa K Harpy3ke. Moaynu JTHHENHBIX TOKOB 0003Ha4aroT | ;.

Kaxnyro u3 Tpéx 0OMOTOK TeHepaTopa Ha3bIBAIOT (haszol eeHepamopa,
KKyl U3 TpEX HArpy3ok — (aszoil Harpy3Kd; MPOTEKaroluMe MO0 HUM TOKH -
¢dazoBbIMH TOKaMU TeHepaTopa [, WM COOTBETCTBEHHO HArpy3KH, a HaMpsKEHUS

Ha HUX — (Da30BBIMU HAIPSHKEHUSAMHU.
Coomnowienust MexHcoy TUHeHbIMU U PA308bIMU HANPANCEHUAMU U MOKAMU.
ITpu coeauHeHMH OOMOTOK T€HEparopa B 3BE3y JUHEHHOE HAIpPSHKEHUE I10

MOJYJIIO B J3 paza Goubliie (ha30BOro HaMpPsHKEHUS TeHepaTopa (U@):
Uy =U,p=3-Ug.
JIunelHplil TOK /; Tpu cOeAUHEHUU OOMOTOK I€HEepaTropa B 3BE3y paBEH

(dha30BOMY TOKY TeHeparopa
I;=14.

[Ipu coenuHeHnn OOMOTOK TeHEparopa B TPEYrOJbHUK JHMHEHHOE

HaIpspKEHUE paBHO (Pa30BOMY HAPSIKEHUIO
U;=Ug.

[Ipu coenwiHEHNN HArpy3KU B 3BE3MY JUHElHbIU MOK paseH (Ha30BOMY TOK
Harpy3KH.

IIpu coenyHEeHNM HArpy3ku B TPEYTOJIbHHK IMOJOKUTEIbHBIC HAPaBICHUS
JIJIsl TOKOB B CTOPOHAX TPEYToJIbHUKA 8bi0uparom no uacosot cmpeike. IHIEKCH y
TOKOB COOTBETCTBYIOT BBIOPAHHBIM [IJIi HUX TMOJOXUTEIbHBIM HAMPABICHUSIM:
MEPBBIM MHAEKC U1 TOYKH, U3 KOTOPOM TOK BBITEKAECT, BTOPOW — JJIsI TOYKH B
KOTOPYIO OH BTEKAET

[Ipu coeguHeHUM HArpy3KW B TPEYTOIBHUK JUHEUHble MOKU He PAGHb
¢azosvim mokam Hacpy3Ku M ONPENEIAIOTCs 1o iepBomy npasuiny Kupxroda

Ty=Ipp—Icys Ip=Ipc—1yup5 Ic=Icy—1Ipc-

HUemounuxu IC 6 mpéxgasnvix yensx sensa0mMcs CUHYCOUOANbHBIMU,
II03TOMY PACYET W HCCIEAOBAHHUE NPOLECCOB B HUX IPOU3ZBOIMUTCA TEMHU KeE
MeTojaMu, 4To M omHo(dasHbeix 1ened. s memed TpEéxdaszHOTO TOKa TaKkKe
IPUMEHUM  CUMBOJIMYECKMM  METON, MOLYT CTPOUTBCS  BEKTOPHBIE W
TonorpauuecKre JuarpaMmal.

8.7. MomHoOCTh B 1eNSIX CHHYCOUIAJIbHOI0 TOKA
8.7.1. Mownocms 6 yenu oonogaznoeco moxa. Ilpu NpoTEKaHUU TOKOB B
Harpy3Kke TPOWCXOIUT nomeps dHepeuu u mowHocmu. Ecoum Harpyska
IIPEICTaBIIIET COOOW aKTHUBHOE COMPOTHBICHHE R (HampuMmep, 3JeKTpUYecKas
1eYb, JJAMITBl HAKaJIMBAaHUS | T.I1.), TO TIPOTEKAFOIINKI B HEH TOK 1Mo (Da3e coBmamacT
c mnpuioxeHHbIM HanpsokeHueM (unu OJIC). MrHOBEHHas  MOIIHOCTb,
notpebiisieMast Harpy3Kkoun



p=ui=U_sinwtx|_sin ot =Um|%(1—2c032a)t).

BripaxxeHue 11t MTHOBEHHOM aKTUBHOM MOITHOCTH MEPEIHUILEM B BUJIE
p=UI(1-2cos2wt)=Ul —2Ul cos 2mt.

MrHoBeHHas MOIIHOCTh KosiebeTcst B mpenenax oT 0 mo 2Ul ¢ yosoennoii
yacmomou TO CPaBHEHUIO C HANpsHDKEHHEM M TOKOM W TNPUHUMAET TOJBKO
MOJIOKUTEIbHBIE 3HaueHus. CpeaHee 3HAYCHHE MTHOBEHHOW  MOIIHOCTH,
MOTpeOIsIeMOl HArpy3Koil ¢ aKTUBHBIM COMPOTHBJICHHEM R, Ha3bIBaeTCs
akmuenou mowHocmoio P =Ul. Dta MomHocTh 0€3BO3BpAaTHO TepAETC
(pacceuBaeTcs) B aKTUBHBIX COMPOTUBIICHHUSIX YHEPTOCHCTEMBI.

Axmusnas mownocms udMmepsercs B Barrax (Bt): 1 Bt =1 JIx/c. AkTuBHy10
MotHOCTh CI' a5ieKTpoCcTaHIMil 0OBIYHO BBIPAXKAIOT B MEraBaTTax (lMBT=106 BT)
158105 (1MBT=103 KBT); aKTUBHYIO MOIIHOCTh KPYIHBIX 3JICKTPOCTAaHIUN U
DHEPrOCUCTEM MHOTA BBIPAXKAIOT B TUIaBaTTax (IFBTZIOS MBT). [Ins usmepenus
AKTUBHOM MOITHOCTH MCIOJIb3YIOTCSI BATTMETPBL.

OpnHako TOTPEOUTENH BICKTPUUYECKON SHEPTUM B DHEProCHCTEMaxX OYEHb
PEIKO SBJISIIOTCS. AKTUBHBIMU  CONPOTUBJICHUSIMHM; 3a4acTyl0 MOTPEOUTETU
MPEJCTaBIAIOT COOOM aKTHUBHO-UHIYKTUBHBIE CONpOTUBICHUSI. B 3TOoM ciydae
AKTUBHAsI MOIIIHOCTh BBIUYMCIISIETCS IO hopMyJie

P =Ul cose,
II€ @ - yroj CIBUTa MEXKIY BEKTOpaMH TOKAa W HaIpsiKeHUs (B OTIWYHE OT
AKTUBHBIX COMNPOTHBICHUN B 3TOM CIIy4ya€ BEKTOpP TOKa OTCTAa€T OT BEKTOpa
HANpPsHKCHUS Ha YO Q).

Benuunna S =Ul B o0miem ciydae akTUBHO-PEAKTHBHOMW I€MTU HA3bIBACTCS
NOJIHOU VW Kaxcywenucs mowHocmyio. 11o1Has MOIIHOCTh BBIYUCIISAETCSA B BOJIBT-
amriepax (BA); B sHepreTuke MOJIHYIO MOIIHOCTb MPEACTAaBISIOT B METaBOJIbT-
amrnepax (MBA). ®u3nueckuil CMBICH TOJHOM MOLIHOCTH - 3TO HauWOOJIbIIas
aKTUBHASI MOIIHOCTH AJIEKTPOYCTAHOBKU, BO3MO>KHAS MPU JAaHHBIX 3HaUeHUsIX U u
I, Te. mpu cosp=1; e€ Hervb3s uzmepumv npubopamu, a MOXKHO TOJIBKO
BBIYUCITUTb.

OTHoOIIIEHHE aKTUBHOMW MOITHOCTH P K MOJHOW MOITHOCTH S, Ha3bIBACTCS

KO3(PhULIMEHTOM MOITHOCTH COSQ = %; ATO XAPAKTEPUCTUKA IHEpemuyeckou

aghghexmusnocmu snexkmpoycmanosxu. Koagpguyuenm mownocmu xapaxtepusyer
3¢ (HEKTUBHOCTh HWCIOIH30BAHUS TCHEPHPYIOIIMX MOITHOCTEH, YeM BBIIIE COSQ,
TeM BbITIIE 1 YPPEKTUBHOCTS.

B 27eKTpOTEXHUKE HUCTIOIB3YETCS MOHATUHE MPey20IbHUKA MOUWHOCMEL - 3TO
NPSIMOYTOJIBHBI  TPEYroJIbHUK, THIOTEHY30W KOTOPOTO  SIBISICTCS  MOJIHAS
MOwHOCMb, A KaTeTaMd aKTHBHAas W PCaKTUBHASA MOIIHOCTH. PeakTHBHas
MOIIHOCTh OTPECIIIeTCs M0 hopmyJie

Q=Ulsing,

WIH U3 TPEYrOJbHMKA MOIIHOCTEH Q = ++/S? —P?,
PeakTuBHAs MOIIHOCTh MMEET KOJIEOATENbHBIM XapakTep €O CPEIHHM



3HaYE€HUEM PAaBHBIM HYJIO; TMOJIHAS U AaKTUBHAs MOIIHOCTH MOTYT OBITh TOJIBKO
[OJIOKUTENBHBIMU,  PeaKmueHdas  MOWHOCMb — MOJCem  NPUHUMAMb KAk
noaoJCcUmenvubvle, maxK u ompuyameinbHvle 3Ha4eHus. B oTaMune OT aKTUBHOM
MOIIHOCTH OHa HE TpedyeT AJii CBOEro IPOM3BOJCTBA pacxoja HEPrMHM Ha
AJIEKTPOCTAHLIUAX U HE TepsieTcsi 0e3BO3BPAaTHO B dJIEMEHTaX dHeprocucreMbl. OHa
TEHEPUPYETCSl PEAKTUBHBIMM  DJIEMEHTAMM M IOOYEpEAHO 3amacaercs B
MHAYKTUBHOCTSX U KOHJEHCATOpax. PeakTHBHAs MOIIIHOCTh BBIYUCIISIETCS B BOJIBT-
amrepax peakTuBHbIX (BAp); B  SHepreruke peakTHUBHYI0  MOIIHOCTb
MPEACTABISIIOT B MeraBoJibT-amiiepax peakTuBHbIX (MBAp). PeaktuBHas
MOIIIHOCTh MOJKET OBITh H3MEPEHA CHEIUAIbHBIMUA 3JIEKTPOM3MEPUTEIbHBIMU
npubopamu.

8.7.2. Mowmnocme mpéxgaznou cucmemst. llog axmusenoti mowHocmwvio
mpéxgaznou cucmemsl TOHUMAIOT CYMMY aKTHUBHBIX MOIIHOCTEN (a3 Harpy3ku u
AKTUBHOM MOIIHOCTH B COITPOTUBJIEHUHU HYJIEBOTO MPOBOJAA

P=P,+Pp+P-+P,.
AHaJIOTUYHO pPEaKTHUBHAsI MOITHOCTb

Q=Q,+Qz +Qc +Qu;

Szw/P2+Q2.

Ecnu narpyska cummerpuynasi, To Py =0, Qy =0

ITOJIHasA MOIIHOCTB

Pa=PFs =F =Uglp 089, Qa=Qg =Qc =Ugylypsing,,

rae ¢, — yrox Mexniy HanpsbkeHneM Uy Ha dase Harpysku u TOKOM lg ¢assl
Harpys3KHu.
[Ipy cuMMeTpUYHOM Harpy3Ke
P=3UglsC050,,
Q=3ylysing,,
S=3U,l,.
IIpu cumMeTpUYHON HArpy3Ke HE3aBUCHUMO OT €€ COCAUHEHMS B 3BE31y WU
TPEYTOJIbHUK

3U@I@:\/§‘U(D\/§‘I(D:\/§’Uﬂlﬂ,

rne U; — nuHENHOEe HANpssKeHWE B HArpyske; [; — JIMHEWHBIM TOK Harpys3KH.
[To3TOMY 4acTO MCHOIB3YIOT CIECAYIOLIUE COOTHOIICHHUS:



P:\/§-Uﬂlﬂcos%,
S=+/3-U;l,.

Jlis u3MepeHuss akTMBHOW MOIIHOCTU TpEX(a3HOW CHUCTEMBI B 00IIEM
ciy4yae (HECHMMETpHYHAs Harpy3ka M HaJIMYue HYJIEBOrO IPOBOAA) HEOOXOIUMO
TPU BaTTMETpa BKIIOUNTH MO cxeme puc.8.21. AKTHBHAs MOIIHOCTH CHCTEMBI
paBHA CyMMe€ MOKa3aHUM TPEX BATTMETPOB.

*
w1

Ia

* —

A

Zc

Pucynok 8.21. U3mepenne MoliHOCTH B TPéxda3HOl Henu ¢ noMoub0 TPEX BATTMETPOB

[Ipr OTCYTCTBHMH HYJE€BOTO IPOBOJA HM3MEPEHHE MOITHOCTH IPOU3BOIST
JByMsl BaTTMETpaMHM, BKIIOUEHHBIMHU MO cxeMme Ha puc.8.22. CymMma IOKa3aHMM
JIByX BaTTMETPOB MPH ATOM AAET TMOJTHYK MOIIHOCTH CHUCTEMBI, HE3aBUCHUMO OT
TOTO B 3BE3y WJIH TPEYroJbHUK COCAWHEHA Harpyska (TpEeyrojbHUK Harpy3Ku
BCET/Ia MOXKET OBITh IIPeoOpa3oBaH B SKBUBAJICHTHYIO 3BE31TY).
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Pucynoxk 8.22. U3mepenne MomHocTH B TPEX(a3Hoii nenu 6e3 Hy1eBOro NpoBoaa ¢
NMOMOIIBIO IBYX BATTMETPOB

Iloxazanue nepBoro BarrMerpa paBHO Re {U acl }, BTOpOro Re {U ol }

HO

- * - - - " *
Upnc Ia+Ugc 1e =(Ua—Ug)Ig+(Ug —Uc )lg =Up1a+Ug I8+ Uc I¢ -
[Ipu cumMeTpuU4YHON HArpy3ke AOCTATOYHO U3MEPUTH MOIIHOCTH OJHOU W3
(a3 u pe3yapTar yTpouTh.
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1. DnekTpoMarHuTHOE ToJie M AJekTpuueckue 1enu. OCHOBHBIE SJIEMEHTHI
AIIEKTPUYECKUX Iernel — 5 0aoB.

2. Metonpl pacuéTa 3MEKTPUIECKHUX 1IeTIeH OCTOSTHHOTO TOKa — 5 0aslioB.

3. Metoapl pacuéTa 3MEKTPUIECKHX IIeTIeH IEPEMEHHOT0 ToKa — 5 0aJlIoB.

4. CUMBOJMYECKUI METOJ IIeNel CUHYCOMIAILHOTO TOKa. BekTopHble AuarpaMmbl
— 5 GayoB.

5. ConpoTHUBIEHUE CUHYCOUIATBLHOMY TOKY PE3UCTOPA, KATYUIKU WHIYKTUBHOCTH
¥ KOHJIeHCaTopa — 5 6aJiioB.

6. B3anmHast HHIYKTUBHOCTD AJIEKTPUUECKUX Lienei — 5 0asuios.

7. JInHelHbIi TByX0OMOTOYHBIN TpaHC(hOpMaTop — S OaioB.

8. Pe3oHnanc HanpsikeHui — S 0asios.

9. Pe3oHaHc TOKOB — 5 O6aioB.

10. Tpéxdazusie nenu. CxeMbl coOeTUHEHUSI 0OMOTOK — 5 OaJIOB.

11. IpeumymectBa TpéxdaszHbiXx TOKOB. Bpaimaromieecss MarHutHoe Mmojie — 5
OaJIoB.

12. JIuneiinbie u da3Hble HAIPsHKEHUS (TOKK) — 5 6aIIoB.

13. Cxembl coeluHEeHUs B TPEX(Pa3HbIX LEMsIX — 5 6asioB.

14. MomHocTh B 0JHO(a3HOM IIENMU EPEMEHHOT0 TOKa — 5 0aslioB.

15. MomHOCTb B TpEX(a3HOM 1IenH IEPEMEHHOTO TOKa — 5 6aJIIoB.



	4.1. Технологический процесс получения электроэнергии на ТЭС
	Рисунок 4.1. Технологическая схема ТЭС, работающей на природном газе
	(об/мин),
	Рисунок 4.2. Тепловая схема ТЭС
	4.2. Компоновка современных ТЭС
	Рисунок 4.3. Поперечный разрез главного корпуса ТЭС
	Рисунок 4.4 Общий вид машзала типичной ТЭС
	Рисунок 4.5. Общий вид турбоагрегата мощностью 800 МВт
	4.3. Газотурбинные установки электростанций
	ЗАКЛЮЧЕНИЕ

