Tema 2. TexHo10rMH U3BJICYEHHS JHEPIHUH U3 BO300OHOB/IAEMbIX HCTOYHUKOB (2

yaca)

l'uoposnepeemuxa

[lpuntun =~ paboOTBl  TUIPOIHEPTETUUYECKOM  YCTAHOBKH  OYEHb  IPOCT.
Kunernueckasi sHeprus najaromieil BOJAbl UCTIONB3YETCS I BpallleHUs TypOWHBI, Ha

BaJly KOTOPOU YCTaHOBIIEH 3JIeKTporeneparop (puc. 2.1).
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Pucynok 2.1. 'ugpoarperar: 1 — runpotypOuHa, 2 - THAPOreHEPaTOP

Cxemor [ 2C

Paznuuator nepuBanmonsusie ['DC, 31aHUS KOTOPBIX YCTAHOBJIEHBI Ha KaHaJE,
OTBEJIECHHOM OT BOJOXpaHWIMINA (BepxHEero Obeda TUApOY3Nia), U IJIOTUHHBIE, B
KOTOPBIX THAPOTYPOMHBI U TEHEPATOPHI pa3MENICHbl HEMOCPEACTBEHHO B ILJIOTHHE.
Huzkonanopusie ['9C, xapakrtepubie misi CeBepo-3amajia, OTHOCITCA K IJIIOTUHHOMY
tumy. X coopykeHus 0OBIYHO BKIIIOYAIOT TPYHTOBYIO TIOTHUHY, MEPETOPaKUBAOIILYIO
pyciio, HEOOJIBIIIYI0 OETOHHYIO TUIOTHHY W coBMeleHHoe ¢ Hed 3manue ['DC. Cxema

mnotuHHoM I OC npencrasnena Ha puc. 2.2.



Pucynok 2.2. Cxema miotunHoit ['9C:

1 — mmoTuHa; 2 — 3aTBOPHI;, 3 — MaKCUMAaJIbHBIA YPOBEHBb BEpXHETo Obeda; 4 —
MUHUMAaJbHBIN YPOBEHb BepXHEro Obeda; 5 — ruapaBaIndecKuii oIbEMHUK; 6 —
COpOyAepKUBaroLIas penieTka; 7 — rTuAporeHeparop; 8§ — ruapaBiuyeckas TypouHa; 9 —

MUHUMAJIbHBII YPOBEHb HIDKHETO Obe(a; 10 — MakcMMabHBIN MaBOJKOBBIN YPOBEHb

MoIHOCTh THAPOIHEPreTUUECKON YCTAHOBKM BO3pAacTaeT C YBEIUYCHUEM
pacxoia BOIbI U CKOpOCTHM OOTeKkaHusi Jjonacred TypOuHbl. OHa omnpeaensercs
BBIPAKECHHUEM:

N=nm>srpgOH101/1000,xBT, (2.1)
rae p=1000kr/ M3—HJ'IOTHOCTBBOI[BI,

2
2=9,8M/c”—yCKOPEHUECUITBITIKECTH,



Q—pacxomao,umqepesmﬂpOTyp6HHy,M3 /c,

Hrror—HanopBosL, oABeACHHBIMKTHAPOTYpOrHE M, Nr—KI1 IruapoTypOunsl,
Nor—KII/IamexTporeneparopa.
ITonBeneHHBINKTYpOMHEHATIOP 110 1PABEHPA3HOCTHY POBHENBBEPXHEMUHIKHE

MBO10XpaHunIe(Obede)3aBbIueTOMTIUAPABINYECKUXITOTEPbD.

[Tpoekt I'DC pa3pabaTbiBaeTcsi Ha OCHOBE TOMOrpago-reoe3NYECKux H
MH)KEHEPHO-T'€0JI0rMUYeCKUX U3bIcKaHuil. Vcronb3ytoTcs MHOToJIeTHHE HAOIIOAeHMs 3a
TUAPOJIOTHYECKUM PEKUMOM PEKU: PACXOAAMH, YPOBHAMH, JIETOBBIM pexxumoM. Hanop
Ha ruapoysie Hrye paBeH pazHocTu ypoBHEH BO/BI BEpXHETO U HIKHEro 0bedos. [1pu
Hr3c< 25 M craHmuio OTHOCAT K HHU3KOHamopHbIM. Hamop Onoka (rumgpoarperarta)
NpPEJCTaBISIECT COO0M Pa3HOCTh yAEIbHBIX NOTEHIUAIbHBIX SHEPTUN HA BXOJIE€ U BBIXOJIE

3 THAPOTYPOUHBI M ONIPEJIEAETCS U3 BEIPAKEHMS:
Hen=HTDC-Ahgun,M, (2.2)

rne Ahg, — TOTepH KUHETUYECKOW DOHEPTMH B  BOJOIMOABOIAIIUX H
BOJIOOTBOJSIINX COOPYXEHUSAX IUIOTHHBL. COrjacHO THApABIMKE OTH IOTEpH
MPOTIOPIIMOHATILHBI KBaIPATy CKOPOCTH BOJIBI (¥, CIIEIOBATEIBHO, KBaIpaTy pacxoja).
Ha mu3koHanopHsIX mwiotuHaX ¢ Hrse = 6...8 M Hamop G;10ka MOYKET YMEHBIIAThCS Ha
10...15 % TOnBKO 32 CUET COPOYACPKUBAIOIIUX PEIIETOK.

Pacxon Bompl B BomoxpaHwiuiie (BepxHeM Obede) 3aBUCHT HE TOJIBKO OT
pacxoja uepe3 IUIOTHHY, HO TaKXe OT B0/03a00pa Ha HYXIbl BOJOCHAOXKEHUS,
UppUTaInuy, OT OCAJKOB, HWCHapeHus, (UiIbTpaiuu, JbaooOpazoBanus. Pacxom B
HIKHEM Obede 3aBUCUT OT pacxoja uyepe3 TypOHHbI, XOJIOCThIX COPOCOB, PUIbTPALIUH.

T'uopomypounul

[IpeoOpa3zoBaHue MOTCHIHAIBHONW YHEPTUU BOIBI THUAPOY3Ja B MEXAaHUYECKYIO
DHEPTHI0, TIEPEJaBaCMYyI0 JJIEKTPOTEHEPATOpy, TMPOMCXOAUT B THAPOTYpPOHWHAX.

Benymas posib B cO3AaHUM U PAa3BUTHH THAPOTYpOUH OombiIoi MomHocTH B Poccun



NPUHALIEKUT JIGHHHTpaIcCKoOMy METaNIMYeCcKoMy 3aBony. JICHUHTpaICKUMHU yYEHBIMU
U UHXXEHEpaMU pa3padOoTaHbl YHUKAJIbHBIE TypOOarperarbl, IpeBOCXOAAIINE MUPOBOM
ypoBeHb. TypOunamu, BeinyiieHHbBIMU Ha JIM3, o0opyoBaHbl TOYTH BCE POCCUICKUE
Y MHOTHE MHOCTpaHHbIe KpymHbie [ DC.

[Tpu pabGote rUAPOTYpOMHBI UMEIOT MECTO MOTepU 3Hepruu. I'napaBnudeckue
MOTEPU CBSA3aHBI C BA3ZKUM TPEHHUEM M BUXpPEOOpa30BAHMEM MPU TEUEHUU BOIBI Uepe3
Typb6uny. OObemHBIE MOTEpH OOYCIOBICHBI MEPETEKaHHEM HEKOTOPOro oobema
KUJIKOCTH 4Yepe3 3a30pbl MEXAY JIONACTSIMH TypOMHBI U CTEHKaMU CTaTopa arperara.
MexaHnudeckue MOTEPH CBSA3aHbl C TpeHHWEM B mnojamunHukax. CyMmapHble NOTepU

MOIIIHOCTH YUYUTHIBAIOTCS KOA((DHUIIMEHTOM IMOJIE3HOTO NEHCTBUS TUAPOTYPOUHBI M1 B
BeIpakenud (2.1). Jns coBpeMeHHBIX TypOWH XapakTepHsl 3HaueHus nr = 0,85...0,9.

[ HU3KOHANOPHBIX, B TOM uucie MaiblX, ['9C oNTUMaIbHBIMU SBISIOTCS
TUAPOTYPOUHBI MPONEUIEPHOTO THUIA C TOPU3OHTAIBHBIM BanoM. Ha puc. 2.3
IIPEACTABIIEH cXeMaThudecku ruapoarperar s Mukpol 9C Ha momuocts oT 7 10 50
kBT, Hanops! oT 3 1o 10 M, pacxoasr Boabl oT 0,3 1o 0.9 M/c. ['uppoarperaTbl TakKOro
TUTA pa3MEIalTCs B TeJ€ IUIOTHHBI 0e3 3ariayOsleHHs, YTO CHUYKAeT CTOMMOCTH
ctpoutenbcTBa ['DC. ['abapuThl TOPU30HTAIBHBIX TYPOUH MEHBIIE, YEM BEPTHUKATIbHBIX.
Hus wmaneix ['DOC ¢ HEBBICOKMMHM  TUIOTUHAMU  HAyYHO-IIPOM3BOJICTBEHHBIM
oowequnenueM «Paumy u AO3T «MHTO HMHCOT» (C.- IlerepOypr) paspaboTaHb
TOPU30HTAIBHBIE U JUAroHAJIbHbIE THUAPOArperaTbl HECKOJBKUX THUIOPAa3MEPOB. ODTH
(¢bupMbl - MHOTTIPO(UIBHBIE TPEANPUSATUS, BBIMNOJHSIONINE HAy4YHbIE HCCIEIOBAHUS,
WHXEHEPHBIC U3BICKAHMS, MPOCKTHBIE U CTPOUTEITHLHO-MOHTAXHBIE PadOTHI CO caaden

00BEKTOB «I10 4, KIIKO9)».
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Pucynok 2.3. Cxema ropu30HTAIBHOIO FUApoAarperara



Pa3paGoTansl  mporpaMMbl  CTPOMUTEIBCTBA  HOBBIX M BOCCTAaHOBIICHHUS
3a0pOIIIEHHBIX MaJIbIX TUAPO3IEKTpocTaHIui. B paznuunbix 30Hax Poccuu, yaaneHHbIX
OT JIMHUU AJICKTpOIIepead, Ii¢ B HACTOSIIIEE BPEeMsl DJICKTPOCHAOKCHHUE OCYIICCTBIIIIOT
JIU3EJIb3JIEKTPOCTAHIIMH, Majias TUAPOIHEPreTHKa MOXET o0ecreuuTh
rapaHTUPOBAHHOE U CPAaBHUTENIBHO JEUIEBOE HHEProcHAOKEeHHE MNPeANpUsITHH,
(bepMepCcKUx XO3SUCTB, JIECIIPOMXO30B W JIPyrux mnorpedute-ieil. B 3arpatax Ha
CTPOUTENBCTBO Maibix M MHUKpol OC oxonmo 50 % wuzmer Ha MEXaHMYECKOE H
ANEKTPOTEXHUUECKOE 00opyaoBanue, okono 40 % Ha TUAPOTEXHUYECKHUE PAOOTHI U
okoimo 10% Ha TexHWMYeckui Haa30p. B mepuoa TUraHTOMaHWM B OTEYECTBEHHOMU
TUAPOIHEPreTUKEe ObUIM 3aKpbIThl UM paspyuieHbl coTHH Mainbix [DC. Ananus
MOKa3bIBAET, YTO BOCCTAHOBJIEHHE ATUX CTaHLMA HAa COBPEMEHHOM YPOBHE BIIOJIHE
BO3MOKHO TEXHUYECKHU U BBHITOJTHO SKOHOMHYECKHU.

Pazpaborana HOMEHKJIaTypa MEPCIIEKTUBHOTO TUAPOIHEPIETHUECKOTO
obopynoBanusi. Co3maHa cepuss TUAPOTYpOWH, mo3BoisAwOmas AP (HEKTUBHO
UCIIOIb30BaTh HU3KHUE HATOPbI (OT 2 M), TUMHYHBIC JIJIsi PABHUHHBIX PEK €BPOMNEHCKOM
yactu Poccun. Mcnonb3yloTcsi cepuiiHO BBIMYCKAEMBIE CHUHXPOHHBIE M ACHMHXPOHHBIC
ANEKTPUYECKUE MalIMHbI. MOIHOCTh HOBBIX MAJIBIX THJIPOYCTAHOBOK COCTAaBIIAET OT 6
kBt 1o 2 MBrT. IlpenycMOTpeHbl BO3MOXHOCTH MEXAHHUYECKOTO U 3JIEKTPUYECKOTO
pEeryJIMpOBaHUs MOITHOCTH.

B HIIO «Pann» pa3paboTaHbl aBTOHOMHBIE YCTAHOBKHM WHIWBHIYaJIbHOTO
BOJOCHA0XKEHUS, KOTOPBIC Pa3MENIatoTCsi BOIU3M HEOOBIIIOT0 BOJAOTOKA, HA KOTOPOM
cozmaerca Hamop Boabl 0,8...1,0 M. Ilomaua BoOABI TakoWl YCTAHOBKOW MOKET
cocTaaTh ot 0,7 10 5 M° B 4ac Ha BICOTY 70 12 M. B LleHTpanbHOM KOTIOTYpOHHHOM
WHCTUTYTE pa3paboTaHa mojoOHasi yCTaHOBKa OECIUIOTMHHOTO THUIIA: B BOJIOTOKE CO
ckopocThio 1...3 M/c ycraHaBnuBaercs TypOHMHa C TOPU3OHTAJIBHOM OCBIO, KOTOpas
IPUBOJUT B IBUKEHUE HACOC BBITECHEHM S, O1atoluii Boay Ha BbicoTy 10...13 M.

C yBenum4eHuEM Haropa Ha IIOTUHE MPEUMYIIECTBA MOJIy4YatoT THAPOArperarTsl C

BEPTUKAJILHON OCBIO: TMOBOPOTHOJIONACTHBIE OCeBble (puc. 2.2), AHaroHalbHbIE,



pamuanbHOooceBble. [lpyn oueHb OOJIBIIMX Hamopax (COTHU METPOB) MPUMEHSIOT

KOBIIIOBBIE TYPOUHBI C TOPU3OHTAIBHOM OCHIO.

T'uopoakkymynupyrowue 31eKmpocmanyuu

B MuHpOBOIl 3HEpreTuke BCE IIUPE MPUMEHSIOTCA T'MIPOAKKYMYJIHPYIOILINE
craniuu (I'”ADC), kotopsie pabOTaIOT B MEPEMEHHOM PEXHUME: HAKOIUICHUE DHEPrUu
(3apsin) cmeHseTcs otnaudeid sHepruu (paspsgom). Ha puc. 2.4 npeacraBieHbl TUIOBBIC
cxeMbl 'ADC: a — korya B BepXHUI 0acCeilH HET eCTe-CTBEHHOr0 MPUTOKA BOJBI; O —
KOIr/la K BOJE, MEepeKaurBaeMoOil HacocaMu B BEpXHEE BOJOXpPAaHWIHILE, A00aBIsETCA

pEYHOI1 CTOK (TaKre COBMEIEHHbIE yC-TaHOBKHU Ha3biBatoTCa «['DC-I"TADCy).

Pucynok 2.4. CxeMsl ruipoakkyMmyiupytonmx craniuii: a—I['ADC, 6 — ['DC-
I'ADC

3apsimi — 3TO TMOABEM BOJBI THAPOMAIIMHAMM W3 HIDKHETO B BepXHee
BOJIOXpaHWIHIIE (HOYBIO, B BBIXOJHBIC W MPA3IHUYHBIC JHH, KOTJAa B SHEPTOCHUCTEME
UMEeeT MeCTO mpoBan Harpysku). [Ipu sTom cpabarbiBaeTcsi M30BITOYHAS MOIIHOCTH
TEIJIOBBIX M aTOMHBIX AJICKTPOCTAHITMHA. Pa3psm — B 4achl MakCHMMyMa Harpy3Kd WA
MpU aBapusiX Ha JIPYTUX DJIEKTPOCTAHIMIX WJIM B CETIX; IMPH A3TOM TOTEHIUAThHAsS
SHEPrus MOAHIATOW BOJABI TMpeoOpasyeTrcss B JIIEKTPUUYECKYIO B THAPOTYpOMHE U
reHeparope. Takum oOpazom, npu 3apsige 'ADC pabortaeT Kak HacoOCHasl CTaHIUS, a
npu  paspsage — kKak oObrgyHas [DC. 3atpatuB Ha 3apsa  4YeTbIpe €IUHUIIBI

ANEKTPOIHEPTUH, IIPU PA3PsIE€ BO3BPAIIAEM TPU €IUHULIBL.



MoiuHocTb, 3aTpaunBaeMas npu 3apsne, korma ['ADC paGotaeT B HaCOCHOM

PEKUMC, paBHA:

Nu=nupgQHu/1000,xBT, (1.3)

rae Hy — noaBeneHHBIN Hamop (CyMMa CTaTMYEeCKOro Haropa U MmoTephb), Ny -

KIIJI HacocHOoTO pexuma.

I'ADC nonynspusl Ha 3anaae. Cymmapnas momHocth 'TADC CIHIA B konne XX
BEKa cocTasiisia okoso 26 I'Bt, Slnonuu — 16, Utanuu — 6, I'epmanum - 4, Poccuu - 1,4
I'Bt. TADC Tpeby1oT MEHbIINX 3aTpaT Ha CTPOUTEILCTBO U MEHBIIUX 3aTOIJICHUM, YeM
oobryabie ['DC. Mx crouMocTs 3aBucuT OT Hamopa. Ha eBpomeiickoit wactu Poccum
Harmopbl BO3MOXHBIX ['ADC He mnpeBbimaroT 120 M, Ha KaBkaze BO3MOXHO
ctpoutenscTBO [TADC ¢ Hanmopom 400 M. OOcyxaercs BO3MOXHOCTh CTPOUTEILCTBA
nom3eMHbIX 'TADC, y KOTOPBIX HIDKHHIM OacceilH pacIosioKeH Mo 3eMIICH (Hampumep,
B BbIpaOOTaHHOM 11axTe).

ITon MockBon coopyxena 3aropckas ['TADC ¢ nHamopom 100 M, cymmapHas
momuocth 1200 MBt. Ha Heil ycraHoBiieHbl 6 0OOpaTUMBIX THJIPOArpPEraToB,
pa3BUBAIOIUX B TYypOMHHOM pexuMe MomHocTh no 200 MBrt. 3amnpoexktupoBaHa
Jlenunrpanckas '”ADC B BoctouHol yactu JleHunrpaackoit odaactu MmouHocThio 1600
MBT. Kak npaswio, nukoBbie 'ADC paccuntanbl Ha paboTy B TypOMHHOM PEKUME B
TeyeHue 4...6 4acoB B CyTKH.

PazpabaTsiBatoTcsi Takke TOJIYMHUKOBBIC THIPOAKKYMYJIMPYIOIINE CTaHIINH,
paccunTanHble Ha paboty B 10...12 ugacoBoil 30He. ITomynukoBeie ['ADC TpedyroT
COOpYXKeHHsI 0oJiee eMKUX aKKyMyJUpYRmMX OacceHOB W Ooibllied HACOCHOMN
MOIIIHOCTH TI0 CpaBHEHHUIO ¢ TypOuHHON. Ha HUX mpuxonurcs ycTaHaBIMBaTh KpOME
00paTUMBIX I'MAPOATrpEraToB €Ie U MOIIHBIE HACOCHI.

IIpunusnwvie snexmpocmanyuu

[putsokenue Jlynsl u CosiHIIA TOPOXJIalOT B MHpPOBOM OKeaHE NPUIIUBHYIO
BOJIHY. BbICOTa 3TOM BOJIHBI MakCUMaJibHA, Korjaa 3emiis, JIyna u CostHile HaxoasaTcs Ha

OJIHOW JIMHMM, U MUHHMMaJlbHa, Korga HamnpabiieHus Ha JlyHy u ConHue cocTaBisItOT



npsiMoi  yrosi. BcerneacTBue CyTOYHOro BpalieHUs 3eMJId BOJIHA HaKaThIBAeTCS Ha
Oepera MaTepuKOB. AMIUIUTY/Na NPWIMBO-OTIMBHBIX KoJieOaHUM YpOBHS y Oepera
3aBUCUT OT peiibeda aHa U OT (opMbl OeperoBoil uepThl. MakcumalibHas BbICOTa
MPWIMBO-OTJIMBHBIX KoJeOannii B 3anmuBe DaHAW HAa aTIaHTHYECKOM IOOEPEKbEe
Kananp! cocraiser 19,6 m. B Me3zeHnckom 3anuBe benoro mopsi ata BeicoTa paBHa 10
M, B Ilemwxunckoit rydoe Oxorckoro mopst 13 M. Tunuunas mapeorpamma (KpuBas
ypOBHEMN) MpeCTaBlIeHa Ha puc. 2.5.

CKOpOCTH NPUITUBO-OTIMBHBIX T€UEHUN AOCTUTAIOT 4 M/C, MIIOTHOCTU SHEPTUU

2
MIPU ATOM COCTaBJISIOT 10 4 KBT/M".
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Pucynok 2.5. KpuBas npuinuBoB 3a 1 Mecsil

B 3anuBbl U yCThsl peK MOpCKasi BOJa 3aT€KaeT NP MPUIMBE U BBITEKAET MPHU
otnuBe. Eciam meperopoauth CTBOp MpOJIMBA WM YCThS PEKH IUIOTUHOM, 3a Hel
oOpasyercsi 0acceilH, B KOTOPOM ypPOBEHb BOJbI IMPHU IMPUIUBE HIXKE, a MPU OTIUBE
BBHIIIIE, Y€M B MOpE. DTa Pa3HOCTh YPOBHEH HCIOJIB3yeTCs TYpOWHAMU TMPHIMBHBIX
anekrpoctaniuii (I19C). [lpu BeipaBHUBanuu ypoBHed [IDC mnpekpamiaer padoty.

[ToTenmuanpHas (TeopeTudeckas) mormHocTs [19C onpenensercs ¢hopmymoii:

Nu=2254%F xBr, (2.4)

rneA—CcpeIHeroJoBasBbICOTAIPHUIMBOB, M, F—

. L2
HJIOHI&,Z[I)6aCC€I/IHa?>aHJIOTI/IHOI/I,KM .

Dueprusl, BeipadbarsiBaemasi [19C 3a rox, cocrapiisiet



3=1,97A2F,MHHKBT.II. (2.5)

Texuuueckuil moTeHMan peaibHo jgocturaetr 33 % oT TEOPEeTUYECKOro.

biraronpusATHBIMA yCIOBHAAMU ISl cTpouTeENbCTBA [1DC ABsIIOTCS 3HAUNTEIBHBIE
BBICOTHI mpuiuBa A, Oonbiias miomane Oacceitna F , manas jnuHa cTBOpa M
COOTBETCTBEHHO Majble 3aTpaThl Ha CTpoUTENbCTBO IUOTHHBEL [IDC Jle-Panc BO
@paHuuM, pacnoyiokeHHas B yctbe p. Panc, mmeer momuHocts 240 MBT, rogosas
BbIpaboTKa 3Hepruu coctasiser 600 muHKBT.4. OkcriepumentanpHas Kucmoryockas
I[19C B Poccum pacnosnoxkena Ha nodepexbe Kosbckoro momayoctpoBa, UMEET OJUH
ruapoarperat momtHocTsio 400 kBT. IIpoektupyercs JlymGoBckas I[19C na Konasckom
noJiyocTpoBe MomHOCTEI0 320 MBT ¢ BripaboTkoi 800 muHkBT.4/ron. B oTnanennoi
NEPCIEKTUBE pPAacCMaTpPUBaeTCsd BO3-MOYKHOCTh cTpoutTenscTBa MeseHckon I10C
mMomHocThio 6000 MBT. Ilo npoek-ty minHa miotuHsl 3Toi [19C coctaBut 45 KM, B
Hell Oyayt ycraHoieHbl 2000 oOpartumbix TypOoarperarta, rojoBas BbIpaOOTKa
ANEKTPOIHEPTUH JOJDKHA CO-CTaBUTh 36 muipA. kBT.u. B Aurnuu paspaboTaH mpoekT
npuwiuBHOU cranuuu CeepH moiHOCcThi0 7000 MBT, Ha KOTOpOW TrOpHU30HTATBLHbBIE
TypOUHBI UMEIOT nuaMeTp potopa 15 M. Bo ®@pannun npoextupyrot cranimto [1lo3e Ha
12000 MBT.

Bemposas snepeemuka

MexaHuueckasi 3HEprusl BETpOKoJieca IepeaeTcs 4epe3 peAyKTop U pa3beMHYIO
My(pTy Ha aCHHXPOHHBIA T€HEpaTOp, pa3MelleHHbIN B Karcyine BOY. [locTossHHBIN TOK
oT Heckonbkux BDVY, Bxomgmumx B coctaB BOC, mpeobpasyeTcss B NEPEMEHHBIA CO
CTaHJIAPTHOM 4YaCTOTOM M IIOJAETCS B JHEProcucreMy. MHUPOBOW BETPOIHEPrEeTUKOU
O0TpabOTaHbl METOJIbl CHHXPOHHM3ALMKU YacTOThl M TIPYIIIOBOTO peryiupoBanus BOY
npu paboTe Ha IHEProCUCTEMY, COXPAHEHHUS 4YaCTOThl IPH TOJYKaX, CBSI3aHHBIX C
U3MEHEHHUEM CKOPOCTH BETpA.

®upma ABB mnpennoxuia BMECTO aCHHXPOHHOIO TI'€HEpaTopa HCIOJIb30BaTh
reHepaTop MOCTOSHHOTO TOKa BbhICOKOro HampspkeHus (mo 20 kB). B stom cnydae

CTAHOBSITCSl HEHYKHBIMU PEIYKTOp, CHUCTEMa IUIABHOTO 3amycka, TpaHchopmaTop,



COOTBETCTBEHHO YMEHBIIIAIOTCS TabapUTHBIE pa3Mephbl U Macca KarcyJybl. JHEPrusi OT
B3V no kabento moctynaeT K o0IieMy npeodpa3oBaTei0 CTAHIIMKA U OT HETO — B CETh.
CkopocTh BETpa MEHSETCS B TEUEHHE CYTOK, HCIBITHIBAET CE30HHBIE U JIPYrue
n3MeHeHusi. COOTBETCTBEHHO MEHSIETCSI MOIIHOCTh, BbIpaOaThbIBaeMasi BETPOBBIMU
ANEKTPOCTAHIIUSIMH, HMMEIOT MECTO HaOpOChl W TPOBadbl HUX JIOJM B Harpyske
sHeprocucteMbl. [losToMy uisi mojJepaHUsS YacTOTHl TOKa HEOOXOIUMO HMETh B
COCTaBE DJHEPrOCUCTEMBI 3alac pe3epBHBIX MomHocTed. [Ipomie Bcero sra 3amada
pemaeTcsi mpu COBMECTHOM paboTe Ha PHEProcUCTEMY BETPOBBIX M THUIPABIMUYECKUX
ctanuuii, B Tom uncie I'’ADC. N30bITOuHas sHeprus, koropas BeipadaTeiBaeTcs BOC B
Jachl MHUHHMAJBHOTO TIOTPEOJIEHUSI HSHEPrOCHUCTEMOM, MOMXKET aKKyMYJIHPOBATHCSA
3aKa4yKoil BOABI B PACIHOJOKECHHBIM BbIlIE OacceiiH. MOXHO HCIONb30BATh €¢€,
3aKauyMBasi CXKaTbld BO3AYyX B MOJI3EMHBIE pE3EpBYyapbl, WM BbIpaOaTbiBasi BOJAOPOIHOE

TOILIMBO 3JICKTPOJIM30M BO/BbI.

SN

Pucynok 2.6. Cxema BOYV:



1 — GamHs; 2 — TOKOChEMHUK; 3 — TOHA0Ja; 4 — 3JIEKTPOreHepaTop; S - peAYKTOD;

6 - potop

B Poccun BbIycK BETPOBBIX 3HEproyctaHoBok «Pamyra» nadatr Ha AOOT
«TymmHcKni Mam3aBoa. Pocculickoe OHEProOMallIMHOCTPOCHHUE umMeer
JIOCTATOYHBIA OMBIT JJISl PEUICHUS] MEXaHWYECKUX U DAJIEKTPOMEXAaHUYECKUX MpodiieM
pa3paboTku u mnpousBojcTtBa BOVY. IlpaBna, HeT omblTa M3roToOBICHHMS HauboJiee
OTBETCTBEHHBIX JAETaJCH — KPYITHOPA3MEPHBIX JIOMACTEN BeTpokoseca. Bricka3zpiBatoTcs
OTaceHus Mo MOBOAY oOMep3aHusi pOTOpa YCTAaHOBKU B 3UMHEE BPEMs, OCOOCHHO MpH
pabore Ha mobdepexbe KoabCKOro moixyocTpoBa, T7ie XOJOAHBINA BO3IyX COCEACTBYET C
He3amep3aromuM MopeM. [lo nureparypHbiM naHHbIM, B JlaHnu U ceBepHOU ['epmanuu
paboraromue BOY 3umoii He oOMep3ar0T — MO-BUAMMOMY, BHOpAIlMH JIOTIACTEH U3
CTEKJIOIJIACTHUKA CTPSIXMBAIOT HAIMIIIKNE 4acTULbl JbAa. OnHaKo npu octaHoBe BDOY
OJIEJIEHEHUE POTOPA MOKET BBI3BATh MTOJIOMKH.

Conneynas snepeemuka

B Oe3MalinHHBIX COTHEYHBIX YHEPreTUUECKUX YCTAHOBKAX IHEPTUSI COJIHEUHOTO
U3ITyYEHUsI TIOJIBEPracTCs MPsIMOMY MPEOOPA30BAHHIO B JECKTPUUECKYIO dHEPTHIO, 0€3
IPOMEKYTOUHOIO TIEpexoja B MexXaHuyeckyro. Jljig mpsMoro mnpe-oOpa3oBaHus HE
HY>KHBI TYPOUHBI U 3JIEKTPOTEHEPATOPHI.

Tepmosnexmpuueckue npeobpazoeamenu

B ocHoBe npsiMoro npeoOpa3oBaHUs TEIUIOBOI HEPTUU COJIHEYHOTO U3ITYyUYEHHUS
B QJICKTpUUECTBO JICKUT 3Pdekt 3ecOeka, oTkpbiThii B 1821 romy. Ecom cmasth
KOHIIaMH JIBa MIPOBOJAHHUKA PA3HOTO0 XUMUYECKOT'O COCTAaBa U TIOMECTUTD CIa B CPEJIbI C

pa3HBIMU TEMIIepaTypaMu, TO MKy HUMH Bo3HUKaeT TepMo-IIC:

EZ(X(TI—TZ),

rne T, — aOcomroTHas Ttemmeparypa ropsdero cmas, T, — aOcomoTHas

TeMrepaTypa XoJIOJHOTO criasi, 0- KO3 UITMEHT TPONOPIIUOHATIEHOCTH.



B menm mpoBOJHMKOB BO3HMKAET TOK J , MpUYEM rOpsSYMd Cnad 3a CEKyHIYy

NOTJIONIAET TEIUIOTY W3 HArpeToro MCTOYHHMKA B KosnuecTBe (J1=a T1.J, a XOJOAHBIN
CIail OTJaeT TEIJIOTY HU3KOTEMIIEpaTypHOMY Tely B konumdectBe 2 =a72J. Pa3HOCTh

[10JIBEJICHHOW U OTBEJICHHON TEIJIOTHI COCTABJIIET CEKYHJIHYIO paboTy TOKa

L=a(T1-T2)J,Br.

OtHouieHne paboThI K MOJIBeACHHOM TemioTe ecTh Tepmuueckuit KITJ nmporecca

npeoOpa3oBaHus

nt=L/Q1=a(T1-12)J/aT1J=(T1-T2)/T1. (2.6)

Taxum o6pazom, KIIJ| uneanbHOro TEpMORIEKTPUUECKOro IpeolOpa3oBaTens
coBrmagaer ¢ tepmuueckuMm KIIJ nwmxna KapHo u  nosHOCTBIO — ompenensercs
aOCOMIOTHBIMU ~ TEMIIEpaTypaMyd TOPSYEr0o H XOJOAHOTO crmaeB. B peanbHbIX
npeoOpazoBaTeNsiX MMEKT MECTO HEeoOpaTHMble IOTEpU U3-3a  AJIEKTPUYECKOrO
CONPOTHUBJIEHUS MPOBOJHUKOB, UX TEMJIONPOBOJHOCTH U TEPMHUUYECKOTO COITPOTUBIIEHUS
TEIJIO00OMEHY CMmaeB C OkpyxaromuMmu cpeaamu. llostomy nevicrBurenbubiii KITJ]

YCTaHOBKHU PaBEH

n=no>(71-12)/T1, (2.7)

rae Non><l — otHocurenbHblil 3nexktpudeckuil KIIJ] nmpeobpas3oBatens (Ha3zBaH
TaKk MO AHAJOTMU ¢ OTHOCUTENbHbIM BHYyTpeHHUM KIIJ[ TypOuHBI, y4UTBIBaIO-1IIUM
HeoOpaTUMBbIE TIOTEPH HA IPOCCETUPOBAHUE).

IIpu HCII0Ib30BAHUU METaINYECKUX TEPMODIEKTPO0B KIIJ
TEPMOIJIEKTPUUYECKHUX MpeoOpa3oBaresiel OYEeHb Mall — HE IPEBBIIIAET COTBIX JOJIEH
npoueHta. B 1929 r. A.®. Hodbde mnokazan, uto 3HAYUTENBHBIA APPEKT ngacT
npuMeHeHne nonynpoBogHukoB — KIIJ[ Bo3pacraer no Benmuunsl nopsaka 10 %. B

COBPCMCHHBIX TCPMOSJJICKTPUICCKUX reacparopax MMOJIYIPOBOAHHUKOBBIC



TEPMODJIEMEHTBI, B KOTOPBIX «TOPSYHME» CHau HarpeBarOTCS COJHEYHBIMHU JTyYaMH,
COEIMHEHBI I10CJIEI0BATENbHO. TaKoro pojaa reHepaTopbl NPHUMEHSIOTCA B KadyeCTBE
ABTOHOMHBIX MCTOYHHUKOB 3JIEKTPOIHEPIHM /Jisi MOTpeduTenedl Majoil MOIIHOCTH —
MasikOB, MOPCKHUX CUTHAJIbHBIX Oy€B U T.II.

domoanekmpuueckue npeoopazosamenu

B ocHOBe yCcTaHOBOK 3TOrO THUIMA JIEKUT MPUHLMII BHIOMBAHUS AJIEKTPOHOB U3
IOJIyIIDOBOJHUKOBBIX ~ MAaT€pUajIOB CBETOBBIMH KBaHTamMu. Jlyuucras 3Heprus
npeoOpazyeTcsi B AJIEKTPUUECKYI0. B COBpEMEHHOM COJTHEYHON ZHEPreTuKe IIMPOKO
OPUMEHSIOTCS  MOJYMPOBOAHUKOBBIE IPEo0pa3oBaTea M3 XUMHYECKU YHUCTOTO
KPUCTAJUTMYECKOTO KpeMHUa. KpeMHUil - MHUPOKO paclpOCTPAHEHHBIM B 36MHOW KOpe
AIIEMEHT; MECOK, KBapll — 3TO JuoKcua KpeMHus Si0,. [Ipou3BoIcTBO YUCTOr0 KpeMHUs
B KOHIIe XX B€Ka Jal0 BO3MOXHOCTh HAJIAJUTh BBINTYCK PsAJa IMOJYIPOBOJIHUKOBBIX
npuOOpoB, B  YAaCTHOCTHM  MPOLECCOPOB ISl  COBPEMCHHBIX  KOMIIBIOTECPOB.
BricokoTexHomornunele HaykoeMkue mnpou3BojctBa B CIIIA cocpenorouensl B
«CHJIMKOHOBOW» (KpeMHMEBOM) gonuHe B mrare Kamudopaus. Co3gaHue COTHEYHBIX
SHEPrOMCTOYHUKOB BXOAMUT B MPOrPAMMBI Ta-KUX KPYHNHEHIIMX MUPOBBIX KOHIIEPHOB,
kak Cumenc, Conu, Xurtauu. Jlumepamu B 0OJNACTH COJHCYHOM SHEPreTHKH Ha
KpeMmHHEBbIX TipeobOpazoBatesix sBisiorcs CIIA, Tepmanusa, [lanus, Snonws,
[Iseitapus. CTOMMOCTh KPEMHHEBBIX (DOTODIEKTPUUECKHX MpeoOpa3oBareneii 3a
nocieaaue 40 ser cHuzmwiacek B 40 pa3, 1 kBT ycTaHOBIEHHOM MOIIHOCTH Ha
doroanexTpudyeckux CIC obxoaurces mpumepHo B $2500.

CosHEeYHBIN 7€MEHT COCTOUT U3 JIBYX COCTUHEHHBIX MEXIY COOOM KPEeMHUEBBIX
rtactuHoK. CBeT, majaoiuii Ha BEPXHIOKO MJIACTUHKY, BHIOMBAET U3 HEE SJIEKTPOHBI,
NIOChUIasl MX HA HIDKHIOK IIacTUHKY. Tak coznaerca DC anemenra. [locienosarensHo
COC/IMHEHHBIE DJJIEMEHTHI SBISIOTCS HMCTOYHMKOM IIOCTOSHHOIO TOKa. Heckoiabko
O00OBEUHEHHBIX  (OTODEKTPUUYECKUX IMpeoOpa3oBaTesicd  MPEACTABISIOT  cOOOM
CojlHEYHYy0 Oarapero. OPQPeKkTHUBHOCTH MpeoOpa3oBaHMs JYYUCTOM DSHEPrUU B
AIEKTPUYECKYI0 B COBPEMEHHBIX yCTaHOBKax pocturaeT 13...17 %, B mabopaTopHBIX

YCJIOBUSX HA HEKOTOPBIX MOIYNPOBOJHUKAX TOCTUTHYTA 3P (heKTUBHOCTH 40%.



MomgHocts COVY ¢ (OTONEKTPUUECKUMHU TIPE0oOpa30oBaATEISAMU  ONPEAeseTCs

COOTHOIIICHHUCM

N(bg:n(baF(bgl,BT, (28)

rae Mg» - KILA dorosnekrpuyeckux mpeodOpazoBatenei (M3MEHACTCA B
COBPEMEHHBIX KPEMHHUEBBIX dnemeHtax B npeaenax 0,12...0,17), Fgo — ux oOmas
[LTOIIA (b, M.

Ucnonp3oBanne dhotodnekrpudecknx COC HAUMHATIOCh ¢ KOCMHUYECKON TEXHHUKH,
r7Ie CTOUMOCTh WIrpajia BTOPOCTENECHHYIO poib. «Kpbuibs» (HOTORIEMEHTOB CTaHIIUU
Mup umenu miom@aas B COTHH KBaapaTHbIX MeTpoB. Ha Jlyne momwine roga pabotan
«Jlynoxom», mnuraemplii OT conHeuHbIX Oatapedi. Ha amepukaHckoil craHuuu
«Ckatm6» Oartapes oOmeit momansio 130 M obecreunBaia SHEPronuTaHue
MoIIHOCTHIO 10,5 KBT.

B namre Bpemst Mmoyiu hOTO3IEKTPUYECKUX TIpeoOpazoBaTeseil mponu3BOIITCS B
psane cTpaH IS HyXJ OOJbIION YHEpreTUKU. MOIIHOCTU OAMHOYHBIX COJIHEUHBIX
ycraHoBok 3toro Tuna B CIIHA pgocturim 10 MBT, npuuem IHK MOIIHOCTH
nocturaercs, korga CoJiHIIE HaXOIUTCS B 3€HUTE — OJM3KO K TOMY BpPEMCHH, KOrja
CYTOUHBIA XOJ NMOTPEOJICHUS] IHEPTUU B COJHEUHBIX IOXKHBIX CyOTPOIMUYECKUX IITaTax
AMEpPHKH UMEET MAaKCUMYM B CBSI3H C pabOTON KOHIUIIHOHEPOB.

BaxxubiM npenmyiectBoM ¢otodnektpuueckux COC SBASIOTCS OYEHb Malbie
AKCIUTyaTallMOHHBIE 3aTpaThl — MOMAYJH, 3aIUIIEHHBIE OT IbUIM M aTMOC(HEPHBIX
OCAJIKOB CTEKJIOM WJIM IUIEHKOM, paboTaioT aecaTku Jier 0e3 oOciykuBanus. B
obsauHyto oroay MomHocTh COC 3TOT0 TUMAa HECKOJIBKO CHUYKAETCSI, XOTSI U MEHBIIIE,
4eM I TEePMORJIEKTPUYECKUX YCTAaHOBOK. ClenyeT OXHAaTh, YTO B HOKHBIX
COJIHEUHBIX peruoHax P® mnpu MaccoBOM BBHINTYCKE U CHHXKEHHUU CTOUMOCTH
KPEMHHUEBBIX MOJYJIEH TaKWE YCTAaHOBKHM OKaXYTCSd KOHKYPEHTOCIOCOOHBIMH B
CPaBHEHUM C TPAJUIIMOHHBIMH, pAOOTAIOMIMMU Ha JOPOXKAIOIIEM OPraHuYEeCKOM

TOILNINBC.



Pa3pabatbiBatoTcsi  IPOEKTBI  CIIYTHUKOBBIX  (hoTo3nekrpuyeckux  COC.
[Ipeanonaraercss BBIBOJUTH M MOHTHUPOBATh MX Ha T€OCTALMOHAPHBIX OpOMTAX Ha
skBaTope, Ha BeicoTe 35800 kM, Tak 4TO OHU OYyT MOCTOSIHHO «BUCETH» Ha/l OJHUM U
TeM xe MecToM. COTHEUHBIC SIEMEHTHI ¢ MOBEPXHOCTHIO B AECATKH KM’ Pa3sMEIIAIoTCs
Ha TOHKOM CHUHTETMYECKOW IUIEHKE, OPUEHTUPOBAHHOM MEPHEHIUKYISIPHO K
COJIHEYHBIM JTydaM. DJICKTPUUYECKHH TOK OT COJHEYHBIX DJIEMEHTOB IpeoOpasyeTcs B
CIIEIMATIbHBIX TEHEpaTOpax B MHUKPOBOJIHOBOE H3JIyUYeHHE, KOTOpOEe OOpPTOBOM
aHTEHHOM HampasigeTcs Ha 3emuto. [lepenaronias anTeHHa IMEET AUAMETP OKOJIO 1 KM,
a npueMHas anteHHa CBY-uznyuenust Ha 3emie — okono 7 kM. [IpuemHuasi cranuus
npeBpamaeT CBY-u3nydeHrne B TOK MPOMBINUICHHOW 4YAacTOThl W HampsokeHws. [[ms
peaiM3allii ATOr0 YHHKAJIBHOTO IO 3aMBICy M MacumTabaM TpoeKTa moTpeOyroTcs
TPOMaJTHBIC CPEICTBA M OOJIBIION 00bEM HAYUYHO-TEXHUYECKHX Pa3padOTOK.

B Poccuu r1MaBHBIM Hay4YHBIM pa3pabOTUYMKOM (DOTODIEKTPUUECKHUX TIpe-
oOpazoBareneil apisieTcss PU3HKO-TeXHUYECKUd MHCTUTYT UM. A.D. Nodpde B CaHkT-
ITerepOypre. JlupekTop ASTOro HWHCTUTYTa, HoOenmeBckui jaypear akajgemMuk K.
AndepoB - ropsuuil CTOPOHHUK COJIHEUHOM »HepreTuku. Ha Pszanckom 3aBoje
META/UIOKEpaMUYECKUX TMPUOOPOB HaNaKEH BBIMycK Moxayieir COY  pasHbix
TUIIOPa3MEPOB U PAa3HbIX TEXHUUECKUX XapakTepucTHK. ConHeunbie @DV BpimycKaer
HITO «KBant» (Mocksa), 3AO «Tenekom-CTB» B 1. 3eneno-rpax MocKOBCKO#H 00
OcBauBaeTcsi TPOU3BOJICTBO «COJIHEUHOTO KPEMHHUS» - 0a30BOr0 Marepuaia s
dboToanekTpuyeckux npeodpazonareneil. 1 kr kpemuus Ha COVY 3a roj BeipabaThIiBaeT
TAKO€ KOJMYECTBO JJICKTPOIHEPTHH, HA MPOU3BOACTBO KOTOPOro Ha OObHBIX TOC
Tpebyercst 2,5 T HepTH, a CPOK CIyX)OBl KpemMHUeBOro mnpeodpaszopatens — 30 yer u
Oonee.

llapomypounnvie COC

B 70-¢ rompt XX Beka Coerckum Corwsom B KpeiMy um CoennHEHHBIMHU
raramu B KamudopHuu mnoctpoensl napotypOuHHbie COC, yCcTpOWCTBO KOTOPBIX
CXEeMaTUYeCKH MOoKazaHo Ha puc. 2.7. Ha Gamme 2 ycraHOBIIEH KoTeln 3, Ha KOTOPOM
(doKycupyeTcsi COJIHEYHOE H3JIyYEHHE, COOMpPAeMOe C HECKOJIbKUX TIEKTapOB 3€MHOMN

HNOBCPXHOCTH 3CPKAIAMHU-TCINOCTATAMMU. I'enuocratel 1 oOTCIEXHBAIOT ABHKCHHUC



Connnia mo HeOOCBOAYy. 3epkana KaXJOoro TeauocTara IUIOIMIAJbl0 B HECKOJBKO
KBQJIpaTHBIX METPOB HAIPABISIIOT COJIHEYHBIE JIy4d Ha CTEHKH TEIUI0O0OMEHHHUKA
V) (3]
KOTJIoarperara, B KOTOpOM BbIpabarbiBaeTcst map c¢ Temneparypod no 510 “C. Ilo
MaponpoBoAy S5 TmTap HampaBisieTcss B MAaIlMHHBIA 3all, TJ€ AJICKTPOIHEPTHUs
OPOU3BOAUTCS B TPAJWIMOHHOM MMAPOTYpOMHHOM IMKJIE. YCTaHOBKAa HWMeEET
HaKOMUTEIh TEIJIOTH 4 — eMKOCTh OOBbEMOM B HECKOJBKO THICSIY M3, 3alOTHEHHYIO
eOHEM, KOTOPBIM HarpeBaeTcs «OCTPHIM» MapOM B Yachl MAKCUMYyMa MHTEHCHUBHOCTH

COJIHCYHOI'O U3JIYUYCHHUA U OTAACT TCIINIOTY ITOCJIC 3aX0Ja COJ'IHIIa.

7 775N\\V/77AX

Pucynok 2.7. Cxema COC:
1 — rennoctathl; 2 — OalliHs; 3 — COTHEYHBIN KOTEI; 4 — TETUIOAKKYMYJISITOP; 5 —
TpyOO-TIPOBOI OCTPOTO Mapa; 6 — TpPyOONnpoBOI

MUTATEIbHOM BOJbI

l'eomepmanvras snepeemuxa

B oaHOKOHTYpHON ycTaHOBKe, paboTaroliei, Hampumep, Ha TEpBON odepeau
[Tayxerckoit TOC, mapoBas (Gpaxius BBIACIACTCS U3 TeOTEPMATBLHON Ma-pOBOISHON
CMECH B celapaTope W TMOCTyIaeT Ha KOHJEHCAIMOHHYI0 TypOWHY, paboTaroulyio Ha
HachllleHHOM mape (puc. 2.8). TemnoHocuTenb U3 CKBaXUHBI HECET B cebe OOJbIIoe
KOJIMYECTBO COJIEH M BPEJHBIX ra3oB (B TOM yucie, cepoojgopoa H,S), mpucyrcrBue

KOTOpPBIX B MapoOBOM KOHType HemomycTumo. [losTomy HeoOxonmma cemapaius mapa.



Ha 3apy6exubix ['e0oTOC npumeHstoTcs B OCHOBHOM LEHTPOOEKHBIE CENapaTopbl TUIIA
[IMKJIOHHBIX ammapaToB, KOTOpPhIE OOECMEeYMBAIOT OCTATOYHYIO BIAXHOCTH Tapa Ha
ypoBae 0,5 %. B Poccum DHMHom pa3paGoTaH rpaBUTAIlMOHHBIN cemapaTop, Ha
BBIXOJIC U3 KOTOPOTO BIaXXHOCTH napa cocrasiser ot 0,01 o 0,05 %. Eciu npuMeHUTH
€IIIe IPOMBIBKY «OCTPOTO» Tapa YMCThIM KoHAeHcaToM (110 1...2 % ot ol1ero pacxoaa
KOHJIEHCaTa), TO Ka4eCTBO Iapa CTAaHOBHUTCS TaKUM ke, KaKk B TpagulmoHHbIX TOC u

ADC.

A v

Pucynok 2.8. TensoBasi cxema ogHOKOHTYypHOMI '€0TOC

B cocraB aByxkontypHoii ['eoTOY (puc. 2.9) BxomuT maporenepatop 4, B
KOTOPOM TEIUIOBAsl SHEPrusi re0TEPMAIBHOM MapOBOASHOW CMECH HMCIOJb3YETCS IJIS
HAarpeBaHUsT W UCHAPEHUs] MUTATEJIbHOMW BOJABI TPAAULHMOHHOW BJIAXHOIAPO-BOU
napoTypOMHHONW yCTaHOBKM 6 ¢ anekTporeHeparopom 5. OtpaboraBmias B
MaporeHepaTope reoTepMalibHasi BojJla 3aKaurMBaeTCsl HACOCOM 3 B OOpaTHYIO CKBaKUHY
2. XuMOYHUCTKAa MUTATEIbHON BOJbI TypOOYCTAaHOBKH BEAETCS OOBIYHBIMH METO/IAMM.
[IutarenbHBIN Hacoc 8 BO3BpallaeT KOHJECHCAT U3 KOHJAEHcaTopa 7 B maporeHeparop. B
JBYXKOHTYPHOM YCTAHOBKE HEKOHJCHCUPYIOIIUECS Tra3bl B IApOBOM KOHTYPE
OTCYTCTBYIOT, TIO3TOMY B KOHJEHCATOpe oOecmeumBaeTcsl Oosee TIIyOOKuil BaKyyM U
tepmuyeckuid KIIJ[ ycTaHOBKM BO3pacTaeT MO CpPaBHEHUIO C OJHOKOHTypHOW. Ha
BBIXOJIE U3 MAapPOreHeEpPaTOpa OCTAIIAACS TE-IUIOTA T€OTEPMAIBHBIX BOJ MOXKET, KaK U B

ciydae oqHOKOHTYpHOU ['e0TOC, ucIionp30BaThCs IS HYK]T TSINIOCHAOKCHMS.
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Pucynok 2.9. Tensoast cxema AByxkoHTypHOUI €0 TOC

buomonauso

Komunwl ¢ kunsawum croem

[Ipy cxxuraHuy TOIUIMBA B TOMKaX C BBICOKOW TeMmeparypoil oOpasyercs
0ombII0€ KOau4ecTBO auokcuaa azota NO,. 3T0 BRICOKOTOKCHYHBIN ra3 Oyporo 1sera
C yayuutuBbIM 3amaxoMm. [lpu cHuwkeHun Temmeparypsl B Tonke g0 1000°C u Huke
JTMOKCHUJ] a30Ta TIOYTH HE 00pazyercs. DTO JOCTUTAETCS CKUTAHUEM TBEPIOTO TOILIMBA
(xaMeHHOTO U Oyporo yrii, ciaHila, APEBECHBIX OTXO/0B, OBITOBOIO Mycopa W T.1.) B
KUISIEM (TICEBAO0KUKEHHOM) CII0€.

MenKO3epHUCTBIA TOPHOYMKA MaTEpUANl, Pa3MELICHHBIM Ha PELIETKE TOIIKH,
IIPOIYBAETCSA CHHU3Y BO3IYXOM CO CKOPOCTBIO, MPEBBIMAIIECH TPEIeT yCTOWYNBOCTH
IUIOTHOTO cJ10s1. «CKOPOCTh OKM>KEHUSD» 3aBUCUT OT INTIOTHOCTH TOPIOYEro MaTepualia u
OT KpYITHOCTH 4YacTull, 0ObIYHO OHa HaxoauTcs B npenenax 0,9...2,3 m/c. Bo3moxHbie

COCTOSIHUSI CHCTEMBI «T'a3 — YaCTHI[bl TOIJIMBA» MOKa3aHbl Ha puc. 2.10.



Pucynok 5.1. Tonku ¢ KUIAIIKAM CIOEM:

1 — cnoeBoe CkUTaHue; 2 — KUISIIMK CIIOU € Iy3bIPSIMH; 3 — ITEpEXO0.T K

MMHEBMOTPAHCHOPTY; 4 — MUPKYIUPYIOMINH KUTISAIIUNA CITI0I

[Ipyu ckOpoCTHM TPOJYBKM MEHBIIE KPUTHUYECKOM (cxeMa 1) yacTuubl TOIIMBA
JeXaT B IUIOTHOM cjoe. DTO — OObIYHAs cjoeBas TONKa. B TOMKYy C KUMAIUM CIIOEeM
(cxema 2) nepBUYHBIN BO3yX MOJIA€TCSI CHU3Y, U3MEIbYEHHOE TOIUIMBO BBOJUTCS YEPE3
naTpyook cieBa. Ecau mpeBblllieHa CKOPOCTh OXIWKEHHS, B CIIO€ MPOUCXOIUT
MHTEHCUBHAS LIUPKYJISLUS 4aCTUL, HAIIOMUHAIOLIAS [1y3bIPbKOBOE KUIIEHUE JKUJIKOCTH.
YacTe BO3ayXxa MPOXOIUT YEpe3 TAKOM CIOM B BHIE Iy3BIPEH, KOTOPBIE €IIE CUIbHEE
NepeMENINBAIOT TOPIOYM Marepuan. YacTuilbl HUPKYJIUPYIOT B O0BEME CJOsSl 10
ITOJTHOTO WX BBITOpaHUsA. (s CXKUTaHHs BBIHECEHHBIX M3 CJIOSI YACTHUL[ YEPE3 MPABBIN
naTpyOOK BBOJUTCS BTOPUUHBIN BO3IYX.

C nanpHEHIIMM yBETWYEHHMEM CKOPOCTH MpoaAyBKH (cxema 3) Bce Oouibliee
KOJIMYECTBO MEJKHX YaCTULl BBIHOCUTCS W3 KHUIALIErO CJIOS, IMPOUCXOIUT IEpexon K
pPeXUMY ITHEBMOTpaHCHopTa. B aToMm ciiydae nenecoo0pa3HO MPUMEHSThH CEnapalio
HECTOpEBILIEro TOIUIMBA (OOBIYHO B IIMKJIOHHBIX amlmaparax ra3004HMCTKH) ¢ BO3BPATOM
OTCEeNapupOBAHHBIX YACTUI] B KUMSAIUNA clioi (cxema 4). Takoil pexuM padOThl TONKH
HAa3bIBAIOT «UPKYJIHPYIOMIHUM KHUIISIIUM CIOEM.

BHyTpu ciost pazmeniatorcss TpyObl C HarpeBaeMbIM TEIJIOHOCUTENEM, KOTOPBIH
OTBOAUT BBIACISIEMYIO TEIIOTy. KOHTakT C IBMKYIIMMHCS TOPSIIMMU YacTHULAMH

TOIUIMBAa IIPHUBOJHUT K 3HAYUTEIILHOM I/IHTGHCI/I(l)I/IKaHI/II/I TeII000MeHa. BJI&I‘OI[apfl



CPaBHUTEIIBHO HHU3KOW TeMIlepaType TOpeHHsI B TONKAX C KHUISIUM CJIOEM HeE
IPOUCXOJAUT PACIIABICHUS 30Jbl, U IIO3TOMY OHAa HE HAJIMIAET HA MOBEPXHOCTH
TerIoo0MeHa KoTia. B pe3ynbTaTe cCOKpalllaroTcsi 3aTpaThl HA OYUCTKY MOBEPXHOCTEN
Ter1000MeHa.

Kyt cioit Ha 90 % u 0osiee COCTOMT M3 YaCTHI[ 30/bI WM CIEHAIBHO
100aBIsIeMOr0 MHEPTHOTO MarTepHaia (M3BECTHSKA, TOJIOMHTA, MIAMOTHOM KPOILIKH).
[TosTOMYy B KHMIISIIEM CJIO€ MOKHO COKMI'aTh MAaTEPHUAJIbl C OUE€Hb BHICOKOU 30JIbHOCTBIO.
BreneHne n3BeCTHIKA MO3BOJISIET PE3KO CHU3ZUTH BBIOPOCH! THOKCHAA cepbl SO, — ATOT
TOKCHYHBIH Tra3 nepexoaut B 6e3Bpeanbiii runc CaSOy, yaansieMblil U3 TOIIKA BMECTE C
30J10i. YBenuueHne KOHIEHTpAIMU TOIUIMBA B CJIO€ MPUBOAMIO OBl K MOSIBICHUIO B
npoaykrTax cropanus Bogoponaa H, u okcuaa yrinepona CO.

Tonku ¢ KUMSIIIMM CJIOEM LIMPOKO MCIOJIB3YIOTCS B IMPOMBIIUIEHHOCTH ISt
o0)Kura paziuyHbIX Py, KOJYEIaHOB B CEPHOKHCIOTHOM IIPOM3BOACTBE W T.I. B
Ouunsaauu, llIBenun KOTIBI € KUIAIIAM CIOEM HIMPOKO MNPUMEHSIOTCS IS
YTHUIN3AIUA  OTXOJOB JICCHOW MPOMBIIIJICHHOCTH (IETbI, KOPBI, OMWIOK) W s
cxxuranust gpesepHoro u kyckosoro topda. B CIUA, Aurnuu, ®paHuuu KOTIBI C
KUIIAIKMM clioeM Bce mmpe npumeHsaroTes Ha TOC. B CIIIA MOmHOCTH KOTEIbHBIX
YCTAHOBOK € KUMsAMM cyioem aocturia 200 MBrT.

[IpuMeHeHne TONOK C KHUISAIIUM CJIOEM MO3BOJISIET YTUJIU3UPOBATH IPOMAJHOE
KOJIMYECTBO YTOJIbHBIX OTXOJ0B, HAKOILUICHHBIX B TEPPUKOHAX OKOJIO YIOJIbHBIX IIAXT U
oOorarutenbHbiX (paOpuk. B 0oTBanbHOM MyCTOM MOPOJAE COAEPKHUTCS 3HAUMTEIbHOE
KOJIMYECTBO HEHUCIIONB30BAHHOIO TBEPAOrO0 TOIUIMBA, CAMOBO3IOpPaHUE KOTOPOTO
MPUBOIUT K 3arPSI3HEHUIO aTMOC(EPBI THIMOM, OKCHUIAMH CEPHI U a30Ta.

Corcuearue opegecHblx 0mxo008

N3MmenpueHHbIE JIpEBECHBIE OTXOJbl (KOpa, Ilena, ONWJIKH) UMEKT TeILIoTYy
cropanus cyxoi maccel 18...20 MJx/kr. Ilocine mMexaHmdeckoro o0e€3BOKUBAHHUS B
OT)KMMHBIX alllapaTax OHH UMEKT BIaXHOCTH Wp = 55...60 % u TemnoTy cropaHus
okoio 6 MJDk/kr. Otxompl OOBIYHO CHKHTAOTCS B KOTJIAX  YTHUIU3aTOpax,
000pY/IOBaHHBIX CIOEBBIMU TOMKAMH C HAKJIOHHBIMH KOJIOCHUKOBBIMHU PEIICTKAMH.

[Ton pemerky nmopaeTcst HarpeThii BO3AyX. Ha HakJIOHHOM pemieTke 3a CYET JTy4YUCTOU



TETUIOThI, BOCOPUHUMAEMOM OT TOMIOYHBIX T'a30B, IPOUCXOAUT HArPeB, MOJICYUTUBAHUE U
BOCIUIAMCHEHHUE OTXOJIOB, a 3aTEM BBIACICHUE U cropaHue jetyuux Beniects — CO, Hy,
yriaeBoopoaoB. KOKCOBBIM OCTaTOK JOKHUTAETCAd Ha JBWXKYIICHCA MEXaHMYECKOU
LEIMHOMN pelIeTKe.

Jlnst pacTonku KoTia U oOecredyeHus: YCTOWYMBOTO TOPEHMS HCIOJIb3YHOTCS
Ma3yTHBIE WJIM Ta30BbI€ TOPEJIKU. YXOISAIIME U3 KOTJIA ABIMOBBIE T'a3bl UCHOJIb3YIOTCS
1St cymiku oTxo10B. [Ipu cHukeHuu BiaxxHoctu otxoA0B 10 40 % noseiarorcs KITJT

U CTaOMIILHOCTB PaOOTHI KOTIIA, CHIDKAETCS pacXxo/i Ma3yTa Wi rasa.

Bonpocwr ons camoxoumpois

1. B kakumx permoHax Poccum umeeT mEpCHEKTUBY CTPOUTENBCTBO KPYIHBIX
I'9C?

2. C 4eM CBsI3aHbI IOTEPU YHEPTUU MIPHU pabOTe TUAPOTYPOUHBI?

3. KakuM crmoco00oM MOKHO UCIIOJIB30BATh YIHEPTUI0 MOPCKUX BOJIH?

4. Kakyro npefenbHyI0 €IMHUYHYIO MOIIHOCTh UMEIOT COBpeMEHHBIE BOY?

5. Ilouemy mpu pabore BDY Ha sHeprocucrteMy HEOOXOJMM 3arac pe3epBHBIX
MOIITHOCTEN?

6. Kak ycTpoensl TepModJIeKTpUuYecKHe npeodpasoparesin?

7. OxapakTepu3ynTe NPOEKT COTHEYHON KOCMUYECKON 3JIEKTPOCTAHIINH.

8. Kakme perumonsl Poccum MEpCHEKTHBHBI JUIsI OCBOCHHUS TI€OTEPMAJIbHOMN
SHEprumn?

9. Kakne npo0ieMbl TOPMO3ST pa3BUTHE F€OTEPMALHON SHEPTreTUKN ?

10. KakoBbl 3amackl W TMEPCHEKTUBBI JHEPreTUHYECKOr0 HCMHOJIb30BaHUS
JPEBECUHBI?

11. Y3 yero nosy4arOT CUHTETUYECKOE KUJIKOE U Ia30BOE TOILIUBO?



