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1. CocTosiHMe n nepcnekKTnBbl NCNOJ1b30BaHUA HETPaAULINOH-
HbIX 1 BO30OHOBNAE€MbIX UCTOYHUKOB dHeprmm

1.1. TpaduyuoHHbIe U HempadulyUOHHbLIe UCMOYHUKU 3Hepauu

[Tpu cymiecTByIOEM ypOBHE HAYYHO-TEXHHYECKOTO MPOTrpecca dIHEPTronoTpeo-
JICHUE MOXET OBITh MOKPBITO JIUIIHL 32 CYET MCIIONH30BAHUS OPTAaHUYECKUX TOTUIUB
(yronb, He(Th, Ta3), TMAPOIHEPTHH H ATOMHOW SHEPTUU HA OCHOBE TEIUIOBBIX HEHPO-
HOB. O/THaKO, TI0 pe3yIbTaTaM MHOTOYHCIICHHBIX UCCIIEAOBAHUI OPTraHMYECKOE TOTI-
auBo K 2020 T. MOXET YJIOBJICTBOPUTH 3alPOChI MHPOBOM SHEPICTHKH TOJHKO dYa-
ctuyHo. OcTanbHasl 4YacTh YHEPTOMOTPEOHOCTH MOXKET OBITh yJIOBJIETBOPEHA 3a CUET
JIPYTUX HCTOYHUKOB DHEPTUN — HETPATUITNOHHBIX U BO30OHOBIIICMBIX.

Tabmuma 1
HetpanunnonHusie 1 BO30OHOBIISIEMbIE HCTOYHUKHA SHEPTUU

Uctounuku nep- | EcrectBenHoe mpeoOpaso- | Texuuueckoe npeodpazo-| Bropuunas mo-
BUYHOM YHEPTUU BaHUE YHEPIUU BaHUE SHEPTUU Tpebisemast
SHEprus
3emist I'eotrepmanbHoOe Tero 3eMm- | ['eoTepmanbHas 3MeKTpo- | DIEKTPUUECTBO
m CTaHIIUA
Connue Ucnapenue armocdepubix | ['maposnexTpocTaHIu
0CaJIKOB (HamopHbIE ¥ BOJIHOINO-
TOYHBIC)
JBuxenue atmoceprnoro | Berposneprernyeckue
BO31yXa YCTaHOBKH
Mopckue TeueHus Mopckue  3aeKTpo-
CTaHUUHU
JIBr>KeHue BOJIH BoisiHOBBIE 3IEKTpO-
CTaHUUHU
TasHue 1108 JlenHUKOBBIE  BIIEKTPO-
CTaHUUHU
dortocuHTeE3 ONEKTPOCTaHIIUM Ha
O6uomacce
DOTOZIEKTPUUECTBO
[Tnanetsr [IpunuBEI ¥ OTIAMBEI [IpunuBHBIE  3JIEKTPO-
CTaHIIUU

Bo3zoonoenaemvie ucmounuku 3nepzuu — 3T0 ICTOYHUKU HA OCHOBE ITOCTOSIHHO
CYIIECTBYIOLINX WJIM IEPUOJNYECKH BO3ZHUKAIOLIMX B OKPYXKAIOLIEH Cpene MOTOKOB
sHepru. Bo3oOHOBIsieMass >HEprus He SIBISIETCA CIEICTBUEM IIeJICHANPaBICHHON
NEATEIbHOCTH YEJIOBEKA, U 3TO SBISIECTCA €€ OTIIMYUTEIbHBIM PU3HAKOM.

Hego300n067151€Mble uCMOYHUKY IHEPZUU — FTO TIPUPOIHBIE 3a11aChl BELIECTB U
MaTepHaoB, KOTOPblE MOTYT OBITh HCIOJIb30BaHbl YEJIOBEKOM JUIsl MPOU3BOJICTBA
sHepruu. [IpuMepomM MOTYT CIIy>KUTh JIEpHOE TOILIMBO, YIOJb, HEPTh, Tra3. DHeprus
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HEBO300HOBJISIEMBIX UCTOYHUKOB B OTJIMYHME OT BO30OHOBIISIEMbIX HAXOAUTCS B MpPH-
pOJie B CBS3aHHOM COCTOSTHUU M BBICBOOOKJIA€TCS B pe3yJIbTaTe IeIeHaNpaBICHHbBIX
EeUCTBUU YEIIOBEKA.

B cootBerctBun ¢ pesomonueir No 33/148 I'enepanbhoit Accambien OOH
(1978 1.) K HETPATUITMOHHBIM U BO30OHOBISIEMBIM MUCTOYHHKAM DHEPTUU OTHOCSTCS:
COJIHEUHAsi, BETPOBasi, reoTepMalibHasi, SHEPTUsl MOPCKUX BOJIH, IPUIIMBOB U OKEaHa,
9HEPrus OMOMACCHI, IPEBECHUHBI, TPEBECHOTO YT, Top(da, TATIOBOTO CKOTa, CIaH-
11eB, ONTYMHHO3HBIX MMECYAHUKOB M THUIAPOIHEPTHsI OOJBIINX W MaJbIX BOJJOTOKOB.
Knaccudpukanus HBUD npeacrasnena B Tad:. 1.

Hauunas ¢ 90-x rogos o uannuatuse FOHECKO npu noanep:xke rocyaapcTs-
yneHoB OOH u 3amHTEepecOBaHHBIX OpraHU3alui, MPOBOJATCS MEPONPUSATHS IO
MPOJBMKEHUIO UJIEU IUPOKOTO MCTOIB30BAHMS BO30OHOBIISIEMBIX HCTOYHUKOB.

1.2. 3anacskl u AuHamuka nompe6rieHuUs 3Hepa2opecypcoe, NosumukKa
Poccuu e obn1acmu HempaduyuoHHbLIX U 60306HO8JIIeMbIX UCMOYHU-
Koe 3Hepauu

[ToTeHrmanbHble BO3MOKHOCTU HETPATUIIMOHHBIX M BO30OHOBIISIEMBIX HCTOY-
HUKOB 3HEPTUM COCTABJISIIOT, MIIPA. T.Y.T B TOJ:
— a"eprun Conana — 2300;
— DJHepruu BeTpa — 26,7,
— sHepruu 6uomaccs! — 10;
— Ttema 3emim — 40000;
— DBHepruu Manbix pex — 360;
— DBHepruu Mopei u okeanos — 30;
— DJHEPruM BTOPUYHBIX HU3KOMOTECHIIUAIBHBIX HCTOYHUKOB Teruta — 530.

Pa3Benannbie 3amackl MECTHBIX MECTOPOXACHHUI yriisi, HedTH U ra3za B Poccuu
COCTaBIAIOT 8,7 Miupa. T.y.T., Topdha — 10 mapxa. T.y.1. [lo uMmeromumcs oreHKam,
TexHu4eckui noreHuuan BMO B Poccun cocrasisier mopsiaka 4,6 Mapad. T y.T. B TOJ,
YTO TIPEBBIIAET COBPEMEHHBIN ypOBEHb »Hepromorpedienus Poccuu, coctaBisiio-
i okoJo 1,2 mipa. T.y.T. B rof. DKoHOMHuYeckuid noteHman HBUD onpenenex B
270 MJIH. T.y.T. B TOJI, YTO COCTaBJsIeT OKOJIO 25% OT rOJ0BOTO BHYTPUPOCCHICKOTO
notpebnenus. B Hacrosiee BpeMs 3KoHOMUYecKkuid norenuuan B cymecTBeHHO
YBEJIMYUJICSA B CBSI3M C IMOJOPOKAHUEM TPATUIIMOHHOTO TOIUIMBA U YICHIEBICHUEM
000pyA0BaHUsI BOZOOHOBIISIEMOW SHEPTETUKH 32 MTPOLIEIINE TOBI.

Jloy1s1 BO30OHOBIISIEMOM YHEPrEeTUKH B TIPOU3BOJICTBE AJICKTPOIHEPTUU COCTABU-
na B 2002 r. okosio 0,5% ot obmiero mpousBojcTBa win 4,2 mipa. kBt 4, a 00bem
3aMEIleHHs] OPraHUYeCKOro TOIUIMBA — 0K0JI0 1% oT ob6uiero norpedieHus nepBuy-
HOM DHEPTUM WK 0KoJio 10 MITH. T.y.T. B rof.

[TonoxutenpabiM (hakTopom it pazsutuss HBUD B Poccun siBnsiercss Havas-
Ieecs: Co3/IaHne 3aKOHoaTeIbHOM 0a3bl. Tak, 3akoHoM «O0 3HEprocOepeKECHUN» B
1996 r. ycTtaHoBIieHa MTpaBOBasi OCHOBA MPUMEHEHUS JIEKTPOTCHEPUPYIOIINX yCTa-
HOBOK Ha HBHD, cocrosinas B mpaBe HE3aBUCUMBIX MPOU3BOAUTENIECH 3TOM 3JIEKTPO-
DHEPTUU Ha TMOJCOCIMHEHUE K CETSAIM dHeprocHabkawmux opranmu3anuid. ['ocynap-
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ctBeHHOM Jlymoit u CoBetom Deneparuu npuHAT 3aKoH «O TOoCy1apCTBEHHOM MOJIU-
TUKe B cdepe HCHOIb30BAHUS HETPAAUIIMOHHBIX BO300HOBISIEMBIX HCTOYHUKOB
SHEPrum». DTOT NPABOBOM aKT yCTAaHABIMBACT MUHUMAJIBHO JOIYCTUMBIE B COBpE-
MEHHBIX YCJIOBUSX SYKOHOMHUYECKUE U OpPraHU3allMOHHbIE OCHOBBI pa3BUTHUs. Benercs
pa3paboTka ¢eaepanbHON mporpaMMbl o ucnosib3oBanuto HBUD. Tpeamonaraercs
pa3BUBAaTh MPOM3BOACTBEHHBIE MOIIHOCTH O0OPYIOBAaHUS HETPATUIIMOHHOW DHEpre-
TUKH, Ha 9T0 OyzaeT Beiaeneno 1,315 mupa. py6aeit: 17% u3 dbenepaibHOro OrOmKe-
Ta, OCTaJIbHBIE — U3 PETHOHAIBHBIX U MECTHBIX OIOJIKETOB.

B mae 2003 r. Ha paccMoTpeHue npaBUTENbCTBA Poccun BeiHECEHA « DHEPreTH-
yeckas ctparerust Poccun Ha nepuoa 10 2020 r.». OqHUM W3 HaNpaBiIeHUN TaHHOTO
JTOKYMEHTa SBJISIETCSI PACCMOTPEHUE BO3MOXKHOCTEW HMCHOJB30BAHHS BO300HOBIIsIE-
MBIX UICTOYHHKOB SHEPIUHU.

CrpaTernueckuMu IEJISIMU  MCIIOJIb30BaHUSI BO300OHOBIIIEMBIX HCTOYHUKOB
SHEPIUHU U MECTHBIX BUJIOB TOIUJIMBA SIBJISIOTCS:

— COKpaueHue OTpeOICHUS HEBO300HOBJISIEMBIX TOIUTUBHO-
YHEPreTUYECKUX PECYPCOB;

— CHIDKEHHE SKOJOTMYECKOM Harpy3kd OT TOIUIMBHO-PHEPreTUYECKOIo
KOMILJIEKCA;

— olecrnieyeHre JACICHTPATU30BAHHBIX TOTPEOUTENIC W PETUOHOB C
JaJIbHAM M CE30HHBIM 3aBO30M TOILIMBA;

— CHIDKEHHME PacXo0J/I0B HA JAJIbHENPUBO3HOE TOIUIMBO. Heo0xoamMocTh
pa3BUTHS BO30OHOBISIEMOl AHEPreTUKH OMPENECISIETCS €€ POJbI0 B
PELICHUN CIIETYIONIUX MPOOJIeM:

— o0ecrnedyeHrne yCTOMYMBOTO TEIIO- U AJIEKTPOCHAOKEHUS HACETICHUS U
MPOU3BOJICTBA B 30HAX JCIEHTPAIM30BAHHOTO IHEProCcHAOKEHUS, B
nepByro ovepeab B panioHax KpaiiHero CeBepa M NpHpPaBHEHHBIX K
HUM Teppuropusix. O0beM 3aBo3a TOIJIMBA B OTU PAOHBI COCTABIISET
OKOJIO 7 MJTH. T HETEPOAYKTOB U CBBIIIE 23 MJIH. T yTJIs;

— obecrnieyeHne rapaHTUPOBAHHOTO MUHHUMYMa SHEPrOCHAa0XEeHUsI Hace-
JIEHUS ¥ TPOM3BOJICTBA B 30HAX LEHTPAIM30BAHHOIO 3HEProcHa0Mke-
HUSI, UCTIBITBIBAIOIIUX JIE€PUIIUT SHEPTUH, MPEIOTBpAIlCHUE YIIIEpOOB
OT aBapUMHBIX U OTPAHUYMUTEIBHBIX OTKIIOUCHHM; - CHUXKEHHUE BpE.l-
HBIX BBIOPOCOB OT PHEPreTUYECKUX YCTAHOBOK B TOPOJAaX U HACEJIECH-
HBIX MYHKTax CO CJIO)KHOW 3KOJOTMYECKOM OOCTaHOBKOMW, a TaKKe B
MECTax MacCOBOT'O OT/AbIXa HACEJICHHUS.

B nocnennee BpeMsi pacTeT MHTEPEC K HETPAAUIMOHHON SHEPrETUKE y PETHO-
HaJIbHBIX SHEPreTUYECKUX KOMIIAHUM U MECTHBIX aAMUHHUCTpaunil. OIEHKH MOKa3bl-
BaroT, 4To Kk 2012 r. MokeT ObITh OCYyIIECTBIIEH BBOJ B neiicTBue cBbiie 10000 MBT
anekTprdeckux ¥ 12000 MBT TerioBBIX MOIIHOCTEH Ha 0a3e BO30OHOBISEMBIX HC-
TOYHUKOB SHEPTUH MMPU COOTBETCTBYIOUIEH FOCYIapCTBEHHOM MOIJIEPHKKE

1.3. OCHOBHbIe 06 BLEeKMbI HempalduUyUOHHOU 3Hep2emuku Poccuu

OcTaHoBUMCS Tenepb NoJpoOHee Ha NEHCTBYIOIIUX U CTPOSLINXCS SHEProycra-
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HOBKaX BO300HOBIsieMo#l sHepreTtuku. Ha puc.l npuBenena kapra Poccun ¢ ykasa-
HUEM Ha HEW MeCT PaclojoKeHUs] HauboJiee KPYMHBIX O0BEKTOB BO30OHOBIIIEMOMN
HHEPreTUKH.

Kucnorydcras T3¢
MeseHcKaA I1C (MPpoekT)
3anonspHas BAC g
K a/HHEH| 3
Kymropckas B2C rpag %f: <
e <
BanTHiicKan BOC (nMposkT) /?J d " ! Crag
e < 3 4
Y J g\ d -
Modkna Bopiyra ¥ /£ " Mytroeckan NeoTAC
Pocrobckag BAC =S , Bepxrre-Mymobckan I'eoT3C
SIEYTCK
Exareprrtypr : 3™~ Tayxercras TeoT3C
Craepononbekan [eoTAC .
HoeocHIHpCK J{aﬁapma !
- ey
LSl BOC HpKyTeR, ¥ fKOKechm I'en3C {poexT)
: Tyrypexkan [I3C (Mpoext)
* BIamHBoCcTOR

TIpuMopcradt B3C (MpoekT)

Puc. 1. PacnionoskeHrie 00beKTOB HETPAAUIIMOHHON 1 BO30OHOBIISIEMON
JHEpPreTUKu Ha Teppuropuu Poccun.

Poccust pacnonaraer OONbIIMMH MOTEHIUAIBHBIMH 3alacaMd IeOTepMalIbHOMN
SHEPIUM B BUJIC MAPOTHUAPOTEPM BYJIKAHUYECKUX PAHOHOB M DHEPreTUUYECKUX TEp-
MaJbHBIX BOJ ¢ Temreparypoit 60-200°C B minaThOpMEHHBIX U MPEATOPHBIX pailoHaXx.

B 1967 r. Ha 1oxHo# okoHeuHocTH KamyaTtku Obliia co3/aHa mepBas B CTpaHe
[Tayxetckas ['eoTOC momiHOCTRIO 5 MBT, 1O0BEi€HHAs BIIOCIEACTBUU 1O MOIIIHOCTH
11 MBT. IIpoGypennbie B [layxeTckoi reoTepMaibHON CUCTEME HECKOJIBKO JIeCST-
KOB CKB&KHUH B CyMMapHOM 00BEME MPOU3BOIAT MAPOBOITHYIO CMECh B KOJIMUYECTBE,
noctaTouHoM 1iis pacuupenus [layxkerckoit 'eoTOC no 25 MBT.

DOxoHOMUYECKUN Kpuszuc 90-X TOJMOB cKazajcsi U Ha cdepe HCMOIb30BaAHUS
HBUDS. HecMoTpss Ha 3TO ynalloch COXPaHUTh HAYYHO-TEXHUYECKHM MOTEHUMAT U
OCBOUTH BBINTYCK HOBOM mpoaykuuu. Tak Ha OAO «KamyXckuil TypOMHHBIN 3aBOI»
MPOU3BOJATCS KOHAEHCAMOHHBIE OI0K-MoayibHble ['e0TOC MomHocThio 4 u 20
MBTt. Tpu takux Onoka «Tyman-4K» mo 4 MBt cmonTupoBansl Ha Bepxhe-
MytHoBckoi ['e0TOC na Kamuatke. B xauecTBe TEMIOHOCUTEISI UCITOIB3YETCS Map
MytHOBCKOTO MecTopoxaeHus paasieHuem (0,8 MIla. CrpoutensctBo BepxHee-
MyTtHoBckoi#t ['eoTOC 6pu10 Havato B 1995 r. u 3aBepuieno B 1999 r. B Hacrosmiee
BpEMsI MOIIIHOCTh BBeJIEHHOM B 3KcIutyaTanuio 'eoTOC cocrasisier 12 MBT.

Ha MyTtHoBckoli ['eoTOC, npoekTHass MOIIHOCTh KOTOpoi coctasiisier 80 MBT,
OyayTt ycranoBieHsl 4 sHepromonyns «Kamuartka-20» momHocThio mo 20 MBT.
CrpoutennsctBo ['e0oTOC Hauvato B 1992 1. Ha 2X muiomaakax, Ha Kak10M U3 KOTOPBIX
pacroJiaraeTcs TJIaBHBIN KOPITYC C ABYMs DHEProOJIOKaAMHU.

B 1989 r. na CeBeprom KaBkaze Oblna co3mpana onbiTHas CtaBpornosbckas ['eo-
TOC ¢ ucnonb30BaHWEM JIBYXKOHTYPHBIX Y3HEProyCTaHOBOK. B kauecTBe TemioHOCH-
TeJisl MPUMEHSETCsl TepMajibHas Boda ¢ Temneparypoi 165 °C, noObiBaemoii ¢ riryou-
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Hbel 4,2 kM. Texnomormyeckas cxema ['eoTOC Obima pazpaborana B DOHUH
uM.KpxxmxkaHoBckoro. KpoMe yKa3aHHBIX TeOTEpMajbHBIX TEII0JIEKTPOCTAaHIUN
pa3paboTaH MPOEKT M BBINOJIHEHO TEXHHKO-3KOHOMHUYECKoe obocHoBaHue OkeaH-
ckoit ['eoTOC Ha o. Utypyn B CaxaluHCKON 00J1aCTH CYMMapHON MOIIHOCTBIO -1 1
2-1i ouepenerr 30 MBt. Haxomgutcs B skcruryatanuu Kypunsckas ['eoTOC mornrHO-
ctbio 0,5 MBT.

MecTopoxieHuss maporuiporepMm umerorca B Poccum tonpko Ha Kamuarke n
Kypunax, moatoMy reoTepmaibHas SHEPreTUKa HE MOXKET UIPaTh 3HAYUTEIbHYIO
poJib B MaciiTabax cTpaHbl B 1iesioM. Ho 11 yKa3aHHBIX pailOHOB, YHEPTICHA0KEHUE
KOTOPBIX IEIMKOM 3aBUCUT OT MPUBO3HOIO TOIUIMBA, IeOTEepMajbHas SHEPreTHUKA
CIIOCOOHA PaIMKAIBHO PEIIATH MPOOIEMY SHEPTroOOeCIICUCHUS.

B cBoe Bpems B ObiBiieM CCCP mupokoe pacrnpocTpaHeHUe MONTYYHIA Majlble
['DC, xoTophie 3aTeM ObLIM 3aKOHCEPBUPOBAHBI WK crircaHbl. Celtyac ecTh Mpeno-
CBUIKM BO3Bpara K MaybiM ['DC Ha HOBOM OCHOBE, 32 CYET MPOU3BOJCTBA COBPEMEH-
HBIX TUApoarperatoB MoiHocThio OoT 10 1o 5860 xBT. B Hacrosmiee Bpems neii-
cTBYIOT 0K0J0 50 mMukpol' DC mMomHocTh0 OT 1,5 10 50 kBT, B TOM 4MCie KackKas
['DC na p. ToamaueBa MOIIHOCTBIO TPEX o4epeacit okono 45 MBT.

B o06iacTu BEeTpOIHEPreTUKHU CO3AaHbl 00pa3Ibl OTEYECTBEHHBIX BETPOIHEPTE-
ThYeckux ycTtaHoBOK (BOY) momtHnocThio 250 u 1000 kBT, Haxoasuecs B ONbITHON
AKCIUTyaTanuu. HamaxuBaeTcsi COTpyAHUYECTBO C 3apyOCKHBIMU OPTaHU3ALMUSIMU U
(bupmMaMu, UMEIOIMMHU OOJIBLION OMBIT B 3TOM 00JaCTH.

Hemaneko ot r. Dnmcra NIaHUPYETCS CTPOUTENBCTBO KpymHOW KanMbInkoi
BOC, nmpoekTHass MOIIHOCTh KOTOpoil coctaBisier 23 MBT. IlepBas ouepennr Obuia
noctpoeHa Ha 6a3ze BOVY «Paayra-1» momuocteio 1,0 MBT u ¢ utona 1995 r. noa-
KIItoueHa Kk 3Heprocucreme Kanmpikun. ¥YcraHoBka paboTaeT B KpyriIOCyTOYHOM pe-
KUME.

B PoctoBckoit obnactu B coctaBe «PoctoBanepro» paboraer BOC, uzBectHas
kak BOC-300. B ee coctaBe 10 BOY momnocTeio o 30 kBT xaxxaas. BOY npeno-
craBmiia HeMmernkas kommnanus HSW B pamkax mpoekta «Onpaopano Bunm». 3aro-
nsipHag BOC momnHocthio 1,5 MBT (1. BopkyTa) ycnemno skcrryatupyrores ¢ 1993
rojga. Ona nmoctpoeHa Ha 6a3e mectu yctaHoBok ABD-250 poccuiicko-yKpanHCKOro
Mpon3BoACTBa MOITHOCTBIO 200-250 kBT xaxknas

B wutone 2002 r. mpu momnepxke narckoi kommanmu «SEAS Energi Service
A.S.» cocrosmochk otkpeiTie KpymHOW BOC Bosnme mocenka KymmkoBo KammHuH-
rpajackoit obnactu. Kymukosckas BOC cocrout u3 21 BOY garckoro npousBojacTBa
MOIIHOCTBIO 225 KBT kaxkmas, cymMmapHasi MOIIHOCTh cocTaBiisieT 5,1 MBT. B nanb-
HEeHIeM TuTaHupyeTcsl co3fgaHue B KammHUHTpasckoil o0iacTu mepBoi KoMMepue-
CKOM BETPOIICKTPUUECKON CTAHIIMU MOPCKOTO OazupoBaHus MOIHOCTHIO 50 MBT.
Berponapk 6yaet noctpoer B 500 metpax ot 6epera Ha menbhe bantuiickoro mopsi.

[ToAroTOBIIEHO TEXHUKO-PKOHOMHYECKOe 0O0ocHOBaHUEe [IpuMoOpcKoit BeTpoBOii
AIEKTPOCTaHIIUK 00MIel MomHOCThI0 30 MBT. B kauecTBe OCHOBHOIO TEXHOJIOTHYE-
CKOTO O0OpYy/JOBaHMs TPUHSATH KOMIUJIEKCHBIE aBTOMAaTH3MpoBaHHbIE BOY ¢upmsr
«Pagyra» enuanuyHoi MourHOCTHIO 250 1 1000 kBT, nocrasisieMble 3aBOJIOM YKPYII-
HEHHBIMH OJIOKaMHM MaKCUMaJIbHOU 3aBOjIcKoM rotoBHOCTH. BOC Oyner pasmeniaer-
cs Ha mbIce JIykuHa, rae mianupyerca yctanoBuTh 80 BOY momnocThio 250 KBT, 1
Ha Mbice [loBopoTtHOM — 10 BOY momnocTeio 1,0 MBT.



10

Kpome nepeuncnennsix BOC B skcrunyatauuu Haxoaarcs 1o 1500 BeTpoycra-
HOBOK paznuuHoi moutHocTy (ot 0,08 1o 30 kBT).

B Poccuu B HacTosiiiee Bpemsi padoTaroT HECKOJIBKO KOMIUIEKCOB ¢ OMOTa30BbI-
MU yCTaHOBKaMH, cpenu Hux: B [logmockoBbe — nruniedpadbpuka « HoBoMockoBcKas»,
*)uBoTHOBOMUeckast depma «llosiprkoBo» arpodupmbr «Vckpa» CoTHEYHOTOPCKOTO
paitora MockoBckoit obmactu, CepraueBckas nruredadpuka B Himkeropoackoit 00-
nactu. B Poccwuiickoit otpacieBoii mporpamme «HeprocOepexkenue B AIIK» Ha
2001-2006 rompl, B pa3HBIX 00JaCTsIX, 3aIJTAHUPOBAHO CTPOUTEIHCTBO 126 Onoraso-
BBIX YCTAaHOBOK. Kpome 3TOro MmeroTcsi TEXHUYECKHE pa3pabOTKH MO HCIOJIb30Ba-
HUIO OMOrasa B KayeCTBE aBTOMOOMIIBHOT'O TOTUIHMBA.

B BoceMuecsaThie o6l B KpbiMy Oblla MOCTpOEHA MEepBasi HIKCIIEpUMEHTaIbHAs
conHeyHas anekTpoctaHuus COC-5 moumHOocThIO 5 MBT ¢ TepMoaAMHAMUYECKUM
[UKIIOM TIpeo0pa30oBaHus DHEPIUH, a TaAKKE IKCIEPUMEHTAIbHBIM KOMIUIEKC COOpY-
YKEHUHU C COJHEYHBIM TEIUIO- U XJaaocHaoxeHuem. B 60-70-e roapl MOSIBUIUCH TaK-
*e (POTodNIeKTpUUECKHE YCTAaHOBKH aBTOHOMHOTO AiekTpocHabxkenus. K koniry 80-x
rojioB B ObiBiieM CCCP B sKcIutyaTaniuu HaXOJIUJIUCh COJIHEYHBIE YCTAHOBKH TOpsi-
YEro BONOCHAOXKEHHS ¢ 00IIeH IIOMAnbo 0KoJI0 150 ThIC. M2, a IPOU3BOICTBO COJI-
HEUYHBIX KOJUIEKTOPOB J0XO0AMIO 10 80 ThIC. M2 B TO/I.

B 1968 r. B Kucnoii rydoe Ha nodepexne bapeHiieBa Mmopsi nosiBUIach 3KCIEpu-
MeHTasbHast Kucnoryockas [19C momuocteio 0,4 MBT, Ha cTpoUTENBCTBE KOTOPOI
OBbLT BIIEPBBIC HCIOJB30BAH OTEYECTBEHHBIM MPOTPECCUBHBIA METOJ] HAIJIaBHOIO
ctpoutenbcTBa 0TUHBL. Ha ITOC Ob1 ycTaHOBJIEH OJMH 0OpaTUMBII KallCyJIbHBIN
arperat ¢paniry3ckoit pupmsl «Helpnuk». Kucnoryockas [19C siBasiercst Hay4dHOM
0a30i1 OAO «HayuyHo-HcclieqoBaTENbCKUNA HHCTUTYT SHEPTETUUECKUX COOPYKEHUIN.
B nocnenHue roapl cTaHIMs HE SKCILUTyaTUpoBajiachk, HO MtoHE 2003 1. pyKOBOACTBOM
Mypmanckoit o6nactu u PAO «EDC Poccum» npuHATO COBMECTHOE PEIICHHE O €€
BOCCTAHOBJICHUU. ['Mapoarperarsl Ajisi BOCCTAHOBIICHUSI CTAHUMUA U YBEJIHYECHUS €€
MOITHOCTH 3aKa3aHbl Ha OPEANpUITHU «3Be3/104Ka» T'. CeBepOJBHUHCK ApXaHIresb-
CKOM 00J1aCTH.

B kauecTBe NnepCneKTUB pa3BUTHUS NMPUIMBHOW SHEPreTuku B Poccuu ciepyet
oTMeTuTh npoekThl Mesenckoit [19C na bexom mope (19200 MBT), Tyrypckoii [I19C
Ha OxorckoMm mope (7980 MBT). Konoccanbabie MomHOCTH npoekTupyembix [19C,
0OyCIJIOBJIEHHbIE TPUPOJHBIMU YCIOBUAMH, TPeOYIOT 00IbIIOE YUCITO (IO HECKOIBKY
COTEH) TUJIPOArperaToB Ha KaXKJOW CTAHIMU, JJIUTEIIbHBIE CPOKU CTPOUTEILCTBA,
OTPOMHBIE KAITUTAJIOBIIOKEHUS KaK HEMTOCPEICTBEHHO B CTpouTeNnbeTBO [19C, Tak u B
MEpOMPUATHS 0 UX aJanTalliyd B paMKaxX dHeprocucreMsl). Bce 3To menaer co3ma-
Hue 3tux [19C npeaMeToM OTIaIeHHOTO Oy ayIIEero.
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2. Pusnyeckme oCHOBbI NpoLeccoB Npeobpa3oBaHNUA CONHeY-
HOW 3Heprumn

2.1. UumeHcugHOCMb COJ/IHEYHO20 U3JTyYeHUs

M CTOYHMKOM 3HEPIHM COJHEYHOIO M3IYYEHUS CIYKUT TEPMOSIEpHAsT peaKis
Ha ConHue. OCHOBHAs 4acTh 3TOM SHEPTUH MCIYCKAETCS B BUAE JIEKTPOMArHUTHOTO
usny4yeHus B quanazone 0,2-3 mxM. [pu npoxoskieHun yepes atMocepy COTHEUHBIN
CBET 0CJalJIAeTCs, B OCHOBHOM H3-3a MOIJIOLIEHU MH(PAKPACHOTO HU3Iy4YEHUS Ia-
paMu BOAbI, YAbTPadrOIETOBOIO U3IIYYEHHUS] — 030HOM U PACCESHUS U3IIYYCHHS MO-
JIEKYJIaMH Ta30B U HaXOJAIIMMHUCS B BO3JIyX€ YAaCTULIAMU MBLUIH U a’po3oiisimu. [la-
paMeTpoM, OTPaXKaIoLUM BIIMSHUE aTMOC(hEphl HA UHTEHCUBHOCTbh M CIEKTPaIbHBIN
COCTaB COJIHEYHOT'O M3JIYUYEHUs, TOXOIALIETO 10 3€MHOM IMOBEPXHOCTH, SIBISETCS aT-
MocdepHas (wm Bo3ayiHas) Macca (AM). [Ipu nyneBo# BozaymiHoi macce AM 0
MHTEHCHBHOCTh U3aydeHus paBHa Ec =1360 Br/m2. Benmuuna AM 1 cOOTBETCTBYET
IIPOXOKJICHUIO COJIHEYHOTO M3JIy4YeHUsl uepe3 0e300y1auHyo atMocdepy 10 ypOBHA
MOpsI TIpU 3€HUTAIBHOM pacnojiokennn ConHua. Bo3gymHas macca ais J1ro00ro
YPOBHSI 3¢6MHOI IOBEPXHOCTH B JIFOOON MOMEHT JIHS OTpeAesieTcs no Gopmye

AM(x)= X, (1)
X, SInO
rae X — armocdepHoe naeneHue, [la; Xo — HOpMaiabHOE aTMOC(EpHOE [aBlICHUE
(1,013-105 ITa); 6— yrou BeicoThl COJIHIIA HAJT TOPU30HTOM.

Hanbonee xapakTepHOM B 3€MHBIX YCJIOBHUSX sBisieTcss BenmuunHa AM 1,5
(6~42°). OHa nmpuHATA 32 CTAHAAPTHYIO NPU WHTETPATLHON MOBEPXHOCTHOM ILIOT-
HOCTH COJIHEYHOro u3nydeHus Ec = 835 Br/M?, uTo HE0OX0mUMO Ipu 00€eCIIeueHUN
CPAaBHUMOCTH PE3YJIbTATOB HMCCIENOBAHMM PAa3IMYHBIX COJIHEYHBIX 3JIeMeHTOB. Ha
pHC.2 IPUBEICHO CIIEKTPAIbHOE pacipeiesieHne MoToka (pOTOHOB BHEATMOC(EPHOTO
(AM 0) u HazeMHOTO CTaHIapTU30BaHHOTO (AM 1,5) CONHEUHOTrO W3Iy4EeHHS MpHU
MEPIEHIUKYIISIPHOM MMAaICHUU JIyYeld Ha IPUEMHYIO TUIOMIAJIKY .

DOHeprust poToHOB, 3B, B M3IIyYeHHUH C JJIMHOW BOJIHBI A ONPEAENAETCS U3 COOT-
HOILICHHUS

hv=hS_12 (2)
AA
rie h — nocrosinnas [1nanka, ¢ — CKOPOCTh CBeTa, A - JJIMHA BOJIHEI.
['pannyHas nvMHA BOJHBI, HAYMHASA C KOTOPOl (DOTOHBI OyAyT MOTJIOMIATHCS B
MaTepHaie COJTHEUHOI 0 AJIeMEeHTa C IIMPUHON 3anpeiieHHol 30161 E(
1,24
"TE,
bonee 1IMHHOBOJIHOBOE M3yYEHHUE HE MOTJIOMIAETCA B OJIYIPOBOAHUKE U, Clie-

JIOBaTEJIbHO, OECIOJIE3HO C TOUKHU 3pEeHHS (POTOIICKTPUIECKOTO MPeoOpa3oBaHusl.

A
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Ay Mim
2 1 0706 0.5 0.4

kv, 28

Puc.2. CnexTrpanibHOE pacrpeesieHue NoToka ()OTOHOB COJIHEYHOTO U3TYyUYEHUS:
1- BHeatmocdeproe uznyderue (AM 0); 2 — Ha3eMHOE CTaHAaPTU30BAHHOE U3ITY-
yeHue (AM 1,5); 3 — criekTp uzinydeHus: abComoTHO YepHoro Tena npu ¢ = 5800

K. Ha BcTaBke 3amrTpuxoBaHa J10Jis MOJIE3HO UCIIOJIb3yEeMbIX (JOTOHOB.

2.2. domoaniekmpuyecKkue ceolicmea p-n nepexooda

[IpocTeiimas KOHCTPYKIUSI COJIHEUHOI'O 3JIEMEHTAa HA OCHOBE MOHOKPUCTAJLIM-
YECKOTO KpeMHHUsI TIoKazaHa Ha puc.3. Ha manoii rimyOruHe OT MOBEpXHOCTH KpeMHUE-
BOU TUTACTUHBI P-TUTIA CHOPMHUPOBAH P-N-TIEPEXOT C TOHKUM METAJUTMYECKUM KOHTAK-
ToM. Ha ThUIbHYIO CTOPOHY IJIACTUHBI HAHECEH CILJIONIHONW METAJITMYECKUN KOHTAKT.
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Puc.3. KoHCTpyKIMs MpOCTENIIET0 COJIHEUHOTO 3JIEMEHTA

[Iycth p—N-mepexon pacmnonokeH BOJM3H OT OCBEIIAEMOW MOBEPXHOCTH IOJIY-
npoBojHuKa. [IpyU KCIONB30BAHWM COJIHEYHOTO JJIEMEHTa B KAayeCTBE HCTOYHMKA
AJIEKTPO3HEPTUU K €ro BbIBOJAM JOJDKHO OBITH IOACOEAMHEHO CONPOTHUBIICHUE
Harpy3ku. PaccMoTpum BHauasne ABa KpalHMX ciydas: R, =0 (peXuM KOPOTKOTO
3aMbIKaHUs) U R =oco (PEXKHUM XOJOCTOTO X0J1a). 30HHbIE AHArpamMMbl JJIsl 3TUX pe-
KMUMOB M300pakeHbl Ha puc.4 a, 6. B nepBoM ciiydae 30HHas Juarpamma OCBEIIEH-
HOTO P—N-TIepexo/1a He OTINYAETCS OT 30HHOH JAMarpaMMbl IPH TEPMOTUHAMUIECKOM
paBHOBecun (0e3 ocBenleHUs U 0e3 MPUIIOKEHHOIO HAMNPSKEHUS CMEIIEHHUs), IO-
CKOJIbKY BHEITHEEe 3aKopadrBaHWE 00ECIIEUYMBAET HYJIEBYIO PA3HOCTh MOTEHIIMAJIOB
MeXxIy N- u p- obnactamu. OnHAKO yepe3 P-N-1epexo/] ¥ BHEITHUN MTPOBOIHUK TEUET
TOK, OOYCJIOBJICHHBIN (DoTOTreHepaIuenl AIeKTPOHHO-ABIPOYHBIX Map B P-00JacTH.
DOTOAIEKTPOHBI, 00Pa30BABIIMECS B HETIOCPEACTBEHHOM OJIM30CTH OT 00s1acTu 00b-
€MHOTO 3apsja, YBICKAIOTCS JIEKTPUUECKUM ToJIeM P-N-Tiepexojia v MmonaaaroT B N-
ob6nacth. OcTanbHbIE ANEKTPOHBI TUDPYHAUPYIOT K P-N-TIEpexojy, CTapasich BOC-
MOJIHUTH UX yObUIb, U B KOHEYHOM UTOTE TaKKe MOMagaroT B N-061acTh. B nN-obnactu
BO3HUKAET HAMpaBICHHOE JBIKEHHE DJIEKTPOHOB K THUIBHOMY METaTHYECKOMY
KOHTAKTy, MepeTeKaHne BO BHEIHIOI IIEMbh M B KOHTAKT K P-ob0nactu. Ha rpanure
KOHTaKTa K P-007acTh MPOUCXOAUT PEKOMOUHAIMS TIOJOMIEANINX CI0/Ia JIEKTPOHOB
¢ pOoTOreHEPUPOBAHHBIMU JBIPKAMH.

[Ipu paszomkHyTON BHEmIHEW menu P-n-nepexona (puc.4., 6) GoTOINEKTPOHBI,
nomajas B N-00J1acTh, HAKAIUIMBAIOTCSA B HEW M 3apsKaloT N-001acTh OTPHUIIATEIBHO.
Ocraromuecs B P-007aCTH U30BITOYHBIC IBIPKHU 3apsKAIOT P-001aCTh MOJIOKUTEIHHO.
Bosnukaromas Takum 00pa3oM pasHOCTh MOTCHIIMAIIOB SIBJISICTCS HAMPSHKEHUEM XO-
goctoro xoaa Uy. Ilomsippocts Ui COOTBETCTBYET MNPSIMOMY CMEIICHUIO P-N-
nepexona.
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Puc.4. 3oHHBIE 3HEpreTHUECKHE JUarpaMMbl P-N-epexoja Npy OCBEIICHUH: d — B
pPEKHMME KOPOTKOTO 3aMBIKaHUS; O — XOJIOCTOI'O X0/1a; 6 — BKJIIOYEHHSI Ha CO IIPO-
TUBJICHUE HAIPY3KHU.

[ToTok reHepupoBaHHBIX CBETOM HOCHUTeNEH o0pa3yeT ¢poToTok lg. Benuuuna lg
paBHa 4yuCITy (OTOT€HEPUPOBAHHBIX HOCHUTENEH, MPOLISAIINX Yepe3 P-N-Tiepexo] B
€IMHUIly BPEMEHU

Iq) =q E_:l) ) (3)
r7ie (| — BeJIMYMHA 3aps/a JIEKTPOHA; P, — MOIIHOCTh MOTJIOMIEHHOTO MOHOXPOMATH-
YECKOT'0 U3JIy4YECHHUS.

3nech NpeAnoaaraeTcs, 4YTo B MOJTYIPOBOJHUKE KaXK bl MOTJIONIEHHBINA (DOTOH C
sHeprueit hv > E4 cozmaeT oHy 3JeKTPOHHO-IBIPOYHYIO Mapy. ITO YCIOBHE XOPOIIO
BBITOJTHSCTCS [T COJTHEUHBIX 3JICMEHTOB Ha ocHOBe Si n GaAs.

[Tpu HyEeBBIX BHYTPEHHUX OMHYECKUX TIOTEPSIX B COJTHEYHOM DJIIEMEHTE PEKUM
KOPOTKOTO 3aMbIKaHus (puc.4, @) SKBUBAJIEHTEH HYJIEBOMY HAINPSKEHUIO CMEILECHUS
p-N-miepexojia, MO3TOMY TOK KOPOTKOIO 3aMbIKaHus | paBeH (GOTOTOKY

l, =1
B pexume xomocroro xoma (puc. 3.2.2, 6) GOTOTOK ypaBHOBEIIMBACTCS
«TEMHOBBIM» TOKOM |; — IpSIMBIM TOKOM d4epe3 P-N-Tiepexo], BOSHUKAIOIIUM IPH
HanpsbkeHuu cMmeteHust Uy . AOCOIIOTHOE 3HaUeHHE «TEMHOBOT0» TOKa

qu
| =l,exp|| —2|-1|=1_, 4
e (N1, @
OTKyJa npu |, >> 1,
I |
UXX:A_kT.n(_q)H]z&.n_@
q 0 q g

rae & — nocrosiuHas bosibimana, T — abcomoTHas TmMiepatypa, K; lo — Tok HachI-

mieHus; A — mapaMeTp BOJIbT-aMIIEPHON XapaKTEPUCTUKHU P-N-Tiepexoaa, MEHS0-
ITUICS JJIS Pa3HBIX OTPE3KOB rpaduka oT 1 10 2 1o cleayrneMy 3aK0HY
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A=0434-2 AU
KT

rae AU — npupanieHne HanpspKeHUsl Py MPUPAIEHUU TUIOTHOCTH ToKa (Uiu ab-
COJIFOTHOT'O 3HAYEHHMS TOKA) [0 KacaTeIbHON Ha OJUH MOPSJIOK.

«TeMHOBOI» TOK COIPOBOXKJIAETCS PEKOMOMHAIIMEH HEOCHOBHBIX HOCUTENEH
TOKa (B JaHHOM CJy4yae — DJIEKTPOHOB B P-oOmactu). Ilpu akrax pekoMOMHAIUU
NOTEHIMAJIbHASI SHEPTUs SJEKTPOHHO-JBIPOYHBIX MMap BbIAENAETCA JIUO0 ToCcpe-
CTBOM H3JIy4eHHUs (GOTOHOB chv ~E_ , 1MO0 pacxoJyeTcs Ha HarpeBaHUE KPHUCTal-

JIMYECKOM PCHICTKH. Oo0a mponecca CXCMAaTUUICCKH IMOKA3dHbl JOIIOJTHUTCIIbHBIMU
CTpCJIKaMHM Ha pHC.4, 0. Takum 06p330M, PCXKHUM XOJOCTOro Xodga COJIHCYHOI'O
QJICMCHTA 5KBUBAJICHTCH PCXKHMY pa6OTLI CBCTOAUOAOB, a TAKIKC BBIIPAMHUTCIIb-
HBIX TUOAO0B B IIPOITYCKHOM HaIIpaBJICHHUH.

2.3. Bonbm-amnepHaﬂ xapakKkmepucmuKa COJIHe4YHO20 3JieMeHma

Haiinem o000011€eHHOE BBIpaKEHUE I BOJBTAMIIEPHOW XapaKTEPUCTUKH
OCBEILEHHOro P-N-mepexoaa. [ns 3TOro mpeanonaokuM, YTO K HEMY MOAKIIOYEH
UCTOYHUK MHUTAHUS C BapbUPYEMbIM HamnpsbkeHueM. [Ipu MmosioKuTeIbHOM Harpsi-
KEHUU cMelleHus] (POTOTOK |y BRIUUTAETCS M3 «TEMHOBOTO» TOKa P-N-miepexoia, a
IpU OTPULIATEIIBHOM — CYMMHUPYETCS C HUM. BbIpakeHue AJis BOJIbT-aMIIEpPHOM Xa-
PAKTEPUCTUKH 3alUCHIBAETCS B BUIE

I:IOexp[((ll\JT_T_j—l}—lq). (5)

PaccmotpumM moakiodeHue K P—N-Mepexoay BapbUPYeMOIo COMPOTUBIICHUS
Harpy3ku (puc.4, 6). HampaBiieHne Toka B Harpy3ke BCerJa COBIAJIACT C HaIpaB-
neHueMm lg, a caM TOok Harpy3ku |, paBeH pe3ynpTHpYIOLIEMY TOKY uepe3 P-n-
nepexof. [lpunumas HanpasiieHue Toka lg 3a monoxxkurenbHoe, A |y MOXKHO 3a-

UCaTh
QU

Bripaxenue (6) onuchiBaeT Harpy304HYIO BOJIBT-aMIEPHYIO XapaKTEPUCTUKY
OCBEILEHHOro P-n-nepexona. Harpy3zounas BAX apcenun-ramimeBoro p-n-
nepexoja ais 3HaueHus ¢otoroka |y =1 A uzoOpakeHa Ha puc.d, a, Ha 3TOM ke
pucyHke uzoopaxxensl BAX oMUYecKUX CONMPOTUBIEHUIN HArpy3Ku

I, =—". (7)

s R;1=0,1 Om, Rip=1,026 Om, R;;;=10 Om.

[Ipu u3BecTHBIX mapameTpax Harpy3ouHoil BAX (6) u 3amaHHOM 3HayeHUU
Ry Benuuunsl |; 1 U, HaXoasaTest METO0M MOCTIE0BATEIbHBIX MTPUOIMKEHUN TIPU
coBMeCTHOM petieHuu (6) u (7) nubo rpadguyecku, Kak 3TO CIeJaHO Ha PUC.d, a.
Eciu Ry mano, nepeceyenue rpamkoB MPOUCXOAUT HA TOPU3OHTAIBHOM Y4aCTKE
Harpy3ouHord BAX, T.e. Ha y4acTke, Iie «TEMHOBBIM» TOKOM 4epe3 P-N-nepexon
MOHO TpeHeOpedb Mo cpaBHEeHMIO ¢ (poToTOoKOoM. [lo Mepe yBennuenus Ry Tok
yepe3 Harpy3Ky YMEHbIIAETCs, T.K. C YBEJIMYEHHEM IMPSIMOTO CMEIIeHHs P-N-
nepexo/1 Kak Obl IIyHTUPYET Harpy3Ky.
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Puc.5. Harpy3ounas BAX p-n-nepexoaa B GaAS u xapakTepucTuku R, npu
3HaueHusix 0,1 (1), 1,026 (2) u 10 Om (3) (@) 1 SKBUBaJICHTHAs CXE€Ma OCBEIICH-
HOTO P-N-TIepexo/ia ¢ COMPOTUBICHUEM HArpy3Ku (0).

Takum 00pa3om, OCBEIICHHBIN P-N-TIEPeX0] B COOTBETCTBUU C BBHIPAKCHHEM
(6) MoXxeT OBITH IIPEJICTABJICH B BUJIE YKBHBAJIICHTHOW CXeMBI (pHC.5, 6). 31ech uc-
TOYHHUK TOKa UMHUTHPYET T€HEPAIMIO IMOCTOSHHOTO (DOTOTOKA, HE 3aBUCSAIIETO OT
HampsDKEHUsT P-N-mepexoia, a U0 TMPEeACTaBiIsSeT coO0H HEOCBEUIEHHBIA P-N-
nepexo. [Ipu BapsupoBanuu Ry GoTOTOK mepepacpenensercs Mex,1y Harpy3Koi
U P-N- IepexoIoMm.

DnekTpudecKkas MOITHOCTb, BbIJIENsieMasi B Harpy3Kke, ornpeaensercs mno ¢hop-
myJie (mpenedperaem equnuiei B popmye (6)

qUxx
P=1 U =1 U —I,U_ ex . 8
H > H b H 0~n p( ﬂij ()

B pexumax KOpOTKOTO 3aMbIKaHUS U X0J0CTOro xo/1a P = 0 , MOCKOIBbKY JIn-
60 Iy, mu60 U, paBHBI HYJIIO.

2.4. KoHcmpykyuu u Mamepuasibl COJTHEYHbIX 3JIEMEHMO8

IIpon3BOACTBO CTPYKTYp Ha OCHOBE MOHOKPHUCTAJUIMYECKOTO KPEMHHUS —
MIPOLIECC TEXHOJIOTUYECKH CIOXKHBIN U foporocrosimuid. [Toatomy BHUMaHKuE ObLIO
oOpallleHO Ha TaKue MaTepuabl, KaK CIUIaBbl HA OCHOBE aMOP(HOr0 KPeMHUs, ap-
CEHU/I TAJUIHS U MOJIMKPHUCTAIUINYECKUE TTOTYTIPOBOJHUKH.

AMopdHbIH KpeMHM BBHICTYIIUJI B KQUeCTBE 00Jiee JEIICBON aIbTepHATUBbI
MOHOKpHUCTAJUTNYecKOoMY. [lepBbie colHeUHBbIE IEMEHTHI Ha €r0 OCHOBE OBLIU CO-
3nanbl B 1975 rony. Ontuueckoe norjoiieHue amopduoro kpemuus B 20 pa3 Bbl-
i€, 4eM Kpuctammdeckoro. [1oatomy sl CylecTBEHHOTO NOTJIOMIEHUST BUTUMO-
ro CBeTa J0CTaTouHO IieHKU a-Si:H Tommmuoi 0,5-1,0 MKM BMECTO TOpPOTrOCTOSI-
mux kpemMHueBbix 300-MkM noasiokek. Kpome Toro, 6iaronapsi CylecTByOIIUM
TEXHOJIOTHSIM TMOJIyY€HUS TOHKUX IUIEHOK aMOp(HOT0 KpeMHHUs OOJIbIION IIIoma-
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1 HE TpedyeTcsl onepaluu pe3kd, MITUGOBKU U MOJUPOBKU, HEOOXOIUMBIX IS
CD Ha ocHOBE MOHOKpHUCTAIIMYECKOT0 kpeMHus. [Io cpaBHEHHIO ¢ TTOJMKpUCTAII-
JMYECKUMH KPEMHHUCBBIMHU JJIEMCHTAMHU H3Jes Ha ocHoBe a-Si:H mpowusBoasT
npu 6ojee HU3KkUX Temmneparypax (300°C): MOXXHO MCTOJIb30BATh JEIIEBhIC CTEK-
JITHHBIE TTOJI0KKH, YTO COKPATUT pacxol kKpemHus B 20 pas.

IToka makcumanbnblii KIIJl skCiepuMEHTaNbHBIX 3JEMEHTOB Ha OCHOBE a-
Si:H — 12% — neckompko Hmke KIIJ] kpucrammmdeckux kpeMHHEBBIX CO (~15%).
OnHako HE UCKIIIOYEHO, YTO ¢ pa3BuTheM TexHonoruu KIIJ[ ameMeHToB Ha OCHOBE
a-Si:H mocTurHeT TeopeTHyecKoro moroika — 16 %.

ApCeHu] raJluius — OJNH U3 HanboJiee TePCIEKTUBHBIX MAaTEPHAIIOB JIJIS CO-
31aHus BBICOKOA((EKTUBHBIX COJTHEYHBIX OaTapeil. DTO OOBIACHACTCS CIEAYIOIIN-
MU €r0 0COOEHHOCTSIMHU:

— TOYTH WjealibHAs JJIsl OJTHOTIEPEXOJIHBIX COJTHEUHBIX 3JIEMEHTOB IIUPUHA

3arpelieHHoi 30ub1 1,43 3B;

— TIOBBIIICHHAs! CIIOCOOHOCTh K TMOTIJIOIIEHUIO COJIHEYHOTO M3JIYUYEHUS: Tpe-
OyeTcs CI0M TOJNIIUHON BCEro B HECKOJIBKO MUKPOH;

— BBICOKAsl pajMalldOHHAsi CTOMKOCTh, YTO COBMECTHO C BBICOKOU 3(dek-
TUBHOCTBIO JICJIAET 3TOT MaTepual Ype3BbIYAHHO MPUBIICKATEIbHBIM JJIS
UCIIOJIb30BaHUsI B KOCMUYECKUX anmnaparax;

— OTHOCHUTEJIbHAs HEUYYBCTBUTEIBHOCTh K HArpeBy OaTapedi Ha OCHOBE
GaAs;

— XapakKTEepUCTUKH CIIaBoB GaAS ¢ amiOMHHHEM, MBIIIBIKOM, (hochopom
WJIM WHAMEM JOMOJIHSIOT XapakTepucTuku GaAS, 9To pacimpseT BO3MOXK-
HOCTH MPU MPOEKTUPOBAHUU COJIHEUHBIX JIEMEHTOB.

['maBHOE MOCTOMHCTBO apCEHM]Ia rajljiusl U CIUIaBOB HA €ro OCHOBE — LIUPO-

KW IMara3oH BO3MOKHOCTel it mauzanuHa CD. dorosnemenT Ha ocHoBe GaAs
MOXET COCTOSITh U3 HECKOJBKUX CIIOEB PA3JIMYHOTO COCTaBa. JDTO MO3BOJISIET pas3-
paboTYuKy ¢ OOJBIIION TOYHOCTHIO YIPABISATh T'eHEpaIuell HOCUTENeH 3apsia, 4To
B KPEMHHEBBIX COJIHEUHBIX 3JIEMEHTAX OTPaHUYEHO JOMYCTHUMbIM YPOBHEM JIETH-
poBaHusl. TUNMHUYHBIN COJHEUHBIN dJeMEHT Ha ocHoBe GAAS COCTOUT U3 OYeHb
ToHkoro ciios AlGaAs B kauecTBe OKHa.

OCHOBHOM HEJOCTAaTOK apCEeHMJIa TaJlIus — BBICOKass CTOMMOCTh. Jlns yae-
IIEBJICHUS] TIPOM3BOJICTBA TMpesaraetcss (GopmupoBath CO Ha 0oliee AEIIEBBIX
MO/IJTO’KKaX; BhIpammBaTh ciion GaAS Ha yAaIIeMbIX MOIOKKAX WU TIOIJIOKKaX
MHOTOKPATHOT'O UCTIOJb30BAHUSI.

Hoaukpucrauinyeckrue TOHKHE IJIEHKN TaK)KE BECbMa NMEPCIEKTUBHBI JJIsI
COJIHEUHOM AHEpreTuku. Upe3BblyaliHO BHICOKA CITIOCOOHOCTH K IMOTJIONIEHUIO COJI-
HEYHOTO M3Iy4eHus y aucenenuna meau u uaaus (CulnSez) — 99 % ceera mo-
[JIOIIAETCSl B MEPBOM MHUKPOHE 3TOr0 Marepuaia (IIMpuHa 3anpelieHHON 30HbI —
1,0 3B). Hanbonee pacnpocTpaHEHHBIM MaTEPHAIIOM JIUISI U3TOTOBJICHUS OKHA COJI-
HeuHoM Oatapen Ha ocHoBe CulnSe; seistercst CdS. Muorma mis yaydiieHus mpo-
3pa4yHOCTH OKHA B CyJIb(PUa KaaMus I00aBISIIOT IMHK. HeMHOrO Trammus B cioe
CulnSe, yBenuumBaeT MIMPHUHY 3alPEIICHHONW 30HBI, YTO MPUBOIAUT K POCTY
HaIpPsOKEHUST XOJOCTOTO XOJa M, CIEAOBATENbHO, MOBBIIECHUIO 3(h(HEKTUBHOCTH
ycTpoiictBa. OMuH U3 OCHOBHBIX crioco00B monyuenus CulnSe; — siaexTpoxumu-
yeckoe ocaxaenne u3 pactBopoB CuSOy,, IN2(SO4); u SO, B 1enOHU30BaHHOM BOJIE
pH COOTHOIEHNN KoMmoHeHToB Cu:In:Se xak 1:5:3 u pH>>1,2-2,0.
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Temrypun kaamusi (CdTe) — eimie oauH NepCNeKTUBHBIN MaTtepuan aust (ho-
TOBOJIbTAWKHU. Y HETO MOYTH WcalbHAs IHUPHUHA 3amnpernieHHoi 30861 (1,44 5B) u
OYCHb BBICOKAs CHOCOOHOCTH K moriomeHuio u3nydeHus. [Inenku CdTe nocra-
TOYHO JICHIEBHI B U3TOTOBJICHUUA. Kpome TOTro, TEXHOJIOTHYECKH HECIOXKHO TOJY-
4aTh pa3HooOpasHeie cruaBbl CdTe ¢ Zn, HY u apyrumu sieMeHTamu AJis co3/a-
HUS CJIOEB C 3aJaHHBIMHA CBOWCTBaMHU.

[Tomooro CulnSe;, Hammyumme 3;meMeHTsl Ha ocHoBe CdTe BkitoyaroT rere-
poriepexon ¢ CdS B kauecTBe OKOHHOTO ciiosi. OKCHJI 0JIOBA HCIOJB3yeTCsS Kak
MPO3PAYHbIN KOHTAKT M MPOCBETIIsIoNee MoKpeiTHe. Cephe3Has mpobiemMa Ha Imy-
1 npuMmeHnennss CdTe — Beicokoe compoTtuBiieHue ciiosi P-CdTe, uro mpuBOaUT K
OOJIBIIMM BHYTPEHHUM IOTepssiM. Ho oHa perreHa B P-i-N-CTPYKType € TeTeporie-
pexonom CdTe/ZnTe. Ilnenku CdTe 00mamar0T BEICOKON MOABHKHOCTBIO HOCHTE-
JIeH 3aps/ia, a COTHEYHBIE AJIEMEHTHI Ha X OCHOBE — BhICOKMMH 3HaueHussMu KI1/1,
ot 10 go 16%.

Cpenu COMHEYHBIX AJIEMEHTOB 0C000€ MECTO 3aHUMAIOT OaTapeu, UCIOIb3Y-
Iol[Me OpraHuveckne Marepuajbl. KosdhuimeHT noiae3Horo AeMcTBUs COTHEU-
HBIX 2JIEMEHTOB Ha OCHOBE JMOKCHA TUTaHa, TOKPHITOTO OPTaHUYECKUM KpacuTe-
JieM, BecbMa BBICOK — ~11 %. OcHOBa COJIHEUHBI 3JIEMEHTOB JIaHHOT'O THIIA — IIU-
POKO30HHBIM MOJIYINPOBOAHHUK, 0OBIIHO Ti10,, MOKPHITEI MOHOCIOEM OpraHuye-
ckoro kpacutend. [IpuHnun pa®oThl 3jieMEHTa OCHOBaH Ha (POTOBO3OYKICHUU
KpacuTells U OBICTPOM WHXKEKIIMH 3JICKTpOHA B 30HY mpoBogumoctu 110;. Ilpu
ATOM MOJIEKYJIa KPaCUTEIsI OKHCIISICTCS, Yepe3 AIEMEHT HJIET ICKTPHUCCKHA TOK U
Ha IJIATHHOBOM AJICKTPOJIE MTPOUCXOJUT BOCCTAHOBIICHHWE TPUUOAUJIA IO MOIUTA.
3aTeM Moau MPOXOAUT Yepe3 AMEKTPOTUT K (OTOIIEKTPOIY, T/Ie BOCCTAHABIHBA-
€T OKUCJICHHBIA KPACUTEIIb.
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3. CuctemMbl CONMHEYHOro TennocHabXXeHus

3.1. Knaccughukayusi u oOCHO8Hble 35IeMeHMbl 2eJ1UocucCmemM

CucreMaMy COJTHEYHOT'O OTOIICHUSI Ha3bIBAIOTCSl CUCTEMBI, UCIOJB3YIOIIUE B
KauyeCTBE TEIJIONCTOYHUKA SHEPTUIO COJTHEYHOU paauanuu. VX xapakTepHbIM OT-
JUYUEM OT APYTHX CUCTEM HU3KOTEMIEPATYPHOTO OTOIJICHUS SIBIISIETCS] IPUMEH e-
HUE CHEIUAIbHOrO AJIEMEHTa — TeIMONPUEMHHKA, TpeIHa3HAYeHHOIO JUIs yiaB-
JIMBAHUS COJTHEYHON paJiMaliii U peoOpa30BaHUsl €€ B TEIUIOBYIO SHEPTHUIO.

[To crocoOy HCHONB30BaHUS COJHEYHOW paguallid CUCTEMbl COJHEYHOIO
HU3KOTEMIIEPATYPHOTO OTOTUICHUS MOAPA3ACIAIOT HA TACCUBHBIC U AKTUBHBIE.

IIaccMBHBIMM HA3bIBAIOTCS CUCTEMBI COJTHEUHOI'O OTOIUICHHMS, B KOTOPBIX B
KAuecTBE 3JIEMEHTA, BOCIPUHUMAIOIIETO COJHEYHYIO paJualdio U Mpeodpa3yro-
IIEr0 €€ B TEIUIOTY, CIY’KaT CaMO 3/IaHUE WM €ro OTACJbHbIE Orpa)KacHus (31a-
HUE-KOJUIEKTOP, CTEHA-KOJUIEKTOP, KPOBJIS-KOJUICKTOP U T. . (puc.6).
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Puc.6. [TaccuBHast HU3KOTEMITEpAaTypHAasi CUCTEMA COJIHEUHOTO OTOIJIEHUS
«CTEHA-KOJUIEKTOP»: |1 — COJIHEUHbIE Ty4H; 2 — JTyUEpO3payHbIi 3KpaH; 3 —
BO3JIyLIHAs 3aCJI0HKA; 4 — HArpeThlid BO3AYX; 5 — OXJIaXJICHHBIN BO3IyX U3 IO-
MelieHus; 6 — COOCTBEHHOE JJIMHHOBOJIHOBOE TEIIOBOE M3TyYEHUE MacCcuBa
CTEHBI; 7 - YepHasl JIy4eBOCIPUHUMAIOIIIAsI TOBEPXHOCTh CTEHBI; 8 — KaI03H.

AKTHBHBIMH Ha3bIBAIOTCS CHUCTEMBbI COJIHEYHOTO HHM3KOTEMIIEPaTypHOTO
OTOIUICHHSI, B KOTOPBIX TE€IMONPUEMHUK SIBIISIETCS CAMOCTOSITENIbHBIM OTIECIbHBIM
YCTPONCTBOM, HE OTHOCSIIIMMCS K 3JJaHUI0. AKTUBHBIE F€JIMOCUCTEMBI MOTYT OBITh
NOJIpa3/IeJCHbI:

— 0  Ha3HA4eHHIO  (CHCTEMbl  TOpPSIYETO  BOJOCHA0XKEHHS,
OTOIUICHHUSI, KOMOMHUPOBAHHbIE CUCTEMBI JJIsi LEJeH TEerIoX0J0 -
CHAOXKEHMS ),

— MO BHJly UCHOJIb3YEMOT0 TEIUIOHOCUTENS (KUAKOCTHBIE — BOJIa, aH-
TU(PU3 U BO3IYIIHbIE);
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— M0 MPOJIOJDKUTETBLHOCTH pabOThl (KPYTI0TroIUYHbIE, CE30HHbIE);
— 10 TEXHUYECKOMY PEUICHUIO CXeM (OJHO-, JIBYX-, MHOTOKOHTYp-
HBIC).

Bo3nyx siBiseTcss MIMPOKO paclpOCTpaHEHHBIM HE3aMep3aroliuM BO BCEM
JManazoHe pabounx mapaMeTpoB TeIioHocHuTeNneM. [Ipu mpruMeHeHn ero B Kade-
CTBE TEIUIOHOCUTEISI BO3MOXKHO COBMEIIEHUE CUCTEM OTOIUICHHS C CUCTEMOMW BEH-
tansanud. OJHAKO BO3IYyX — MaJIOTEIUIOEMKUN TETUIOHOCHUTENb, YTO BEHET K yBE-
JUYEHUIO Pacxo/la METaula Ha YCTPOWCTBO CHUCTEM BO3AYIIHOTO OTOIUIEHUS IO
CPaBHEHHMIO C BOJSHBIMA CUCTEMAMH.

Bona sBnsieTcs TEMIIOEMKUM U MIHUPOKOJOCTYIHBIM TeIIOHOcHUTeneM. OTHaKO
npu temmneparypax Huxke 0°C B Hee HeoOXoAMMO M00ABIATH HE3aMep3arolue
KUIKOCTH. KpoMe TOro, Hy’KHO YYUTBHIBATh, YTO BOJA, HACBIIICHHAS KUCIOPOIOM,
BBI3BIBAET KOPPO3HIO TPyOONPOBOJIOB M ammapatoB. Ho pacxon meranna B BOJS-
HBIX T€JIMOCUCTEMAaX 3HAUYUTEIHLHO HUXE, YTO B OOJBIION CTENEHU CIIOCOOCTBYET
0oJiee MHUPOKOMY UX TPUMEHEHUIO.

Ce30HHbBIE TE€IMOCUCTEMBI TOPSAYEro BOAOCHAOKEHHSI OOBIYHO OJHOKOHTYP-
HbIe U (YHKIIMOHUPYIOT B JICTHUE U MEPEXOIHBIE MECSALIbI, B IEPUOJIBI C TIOJIOKH-
TEJIbHOW TeMIEPaTypoil HApYKHOTO Bo3ayxa. OHM MOTYT UMETh JIONOJTHUTEIbHBIN
HMCTOYHUK TEIUIOTHI WM O0XOJUTHCSI 0€3 HEro B 3aBUCUMOCTH OT Ha3HA4YeHUs 00-
CIIy’KUBa€MOI'0 00bEKTa U YCIOBUHN IKCILTyaTallUH.

['enuocucTeMbl OTOTUICHUS 3/ITaHUN OOBIYHO JBYXKOHTYPHBIE WJIM Yallle BCETO
MHOTOKOHTYPHBIE, TIPUYEM JIJIsi Pa3HBIX KOHTYPOB MOTYT OBITh NMPUMEHEHBI pas-
JUYHBIC TETUIOHOCUTENN (HampuMep, B TeIMOKOHTYPE — BOJIHBIE PACTBOPHI He- 3a-
MEp3arolUX KUJIKOCTEH, B MPOMEKYTOUHBIX KOHTYpax — BOAa, & B KOHTYpE IO-
TPEOUTENS — BO3IYX).

KomOuHMpOoBaHHBIE TEIMOCUCTEMBI KPYIJIOTOJUYHOTO JACHCTBUS ISl Iieieit
TEIJIOXO0JI00CHAOKEHUST 3/IaHU MHOTOKOHTYPHBIE M BKJIIOYAIOT JIOMOJTHUTEIb-
HBI UCTOYHMK TEIUJIOTHI B BUJIE TPAAUIIMOHHOIO TEIJIOTEHEpAaTOpa, padoTaoIIero
Ha OPraHUYECKOM TOIUIMBE, UK TpaHC(opMaTopa TEIIOThI.

OCHOBHBIMM 3JIEMEHTAMH AKTHUBHOW COJIHEYHOM CUCTEMBI SBJISIETCS TEIIHO-
MPUEMHUK, aKKyMYJISITOP TEIUIOTHI, JOTOJHUTEIbHBIM HUCTOUYHUK WU TpaHchop-
MaTop TEIUIOTHI (TEIIOBOM HACOC), €€ MOTPeOUTENb (CUCTEMBI OTOIJICHUS U TOPSI-
4Yero BOJOCHA0XKEeHUs 37aHuil). BeIOOp M KOMITIOHOBKA 3JIEMEHTOB B KaXKJIOM KOH-
KPETHOM CJIy4ae ONpEeNestoTCS KIUMAaTHIECKUMU (paKTopamMu, Ha3HauYE€HUEM 00b-
€KTa, PSKUMOM TEIJIONOTPEOICHNU S, dKOHOMUYECKUMU TTOKA3aTEISIMH.

3.2. KoHyeHmpupyrowue 2enuonpueMHUKU

KoHuenTpupyommue reJJMONPUEeMHUKH TIPEACTABISAIOT cOO00H cheprueckue
WM MapaboaruuecKue 3epkana, napaboomInHAPEI (prc.7), BHIIOJHEHHBIE U3 M10-
JUPOBAHHOTO MeTaia, B (POKYC KOTOPBHIX MOMEUIAIOT TEMJIOBOCHPUHUMAIOIIUI
AJIEMEHT (COJHEYHBIN KOTel), Yepe3 KOTOPhIN HUPKYJIUPYET TEIIIOHOCUTEND. B Ka-
YECTBE TEIUIOHOCUTENS MCIIOIB3YIOT BOAY WM He3amep3aroume Xuakoctu. Ilpu
WCIIOJIb30BaHUU B Ka4€CTBE TEIUIOHOCHUTENS BOJBI B HOYHBIE YaChl U B XOJOIHBIN
NEPUOJ CUCTEMY 00sI3aTEIILHO OMOPOKHSIOT JIsl MPEAOTBPAILICHUS €€ 3aMEP3aHusl.

Jlns obecrieueHust BICOKOM 3(P(EKTUBHOCTU MPOILECCa YIABIUBAHUS U TIpe-
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o0pa30oBaHusl COJHEYHON pajvallii KOHUEHTPUPYIOIIMHN TeTMONPUEMHHUK JOJIKEH
ObITh MOCTOSIHHO HampasieH cTtporo Ha ComHue. C 3TOH 1ENbI0 TeIUONPUEMHUK
CHAOXKAIOT CUCTEMOM CIIe’KEHHUS, BKIIOYAIOIEH JaTYuK HarpasieHus Ha CoiHIe,
AJIIEKTPOHHBIN OJIOK TPeoOpa3oBaHusl CUTHAJIOB, AJIEKTPOJBUTATENb C PEAYKTOPOM
JUTSl IOBOPOTA KOHCTPYKIMU T€IMONPUEMHHUKA B IBYX IUTIOCKOCTSIX.

Ha puc.8 npencraBinena nmpuHIMIUAIbHAS CXeMa KUIKOCTHOM KOMOH- HU-
POBAaHHOW JBYXKOHTYPHOM HM3KOTEMIEPATypHOW CHUCTEMBI COJHEYHOIO OTO-
TUICHUS C MapabOIOMINHIPUYECKUM KOHIICHTPATOPOM M SKUIKOCTHBIM TEIUIOaK-
KyMYJIITOPOM. B KOHType reauornpueMHUKa B Ka4e€CTBE TEIUIOHOCUTENS MpUMeE-
HEH aHTU(PU3, a B KOHTYPE CUCTEMBI OTOIUICHUS — BOJIA.

Puc.7. KoHueHTpupyoomnme reJIMonpueMHUKHI: @ — NapadOoJIMYeCKUil KOH-
LEHTPATOP; 6 — NapabOJOUUITUHAPUYECKUNA KOHLIEHTPATOP; 1 — CONHEUHBIE JTy-
4y; 2 — TEMJIOBOCTIPUHUMAIOIIUN JIEMEHT (COJIHEUHBIN KOJUIEKTOp); 3 — 3epKa-

710; 4 — MEXaHU3M NPUBOJA CUCTEMBI CICXKEHUS; 5 — TpyOOIPOBOIbI, TOABO-
JSIIMAE U OTBOJSAIINE TETNIOHOCUTEb.

0|z
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e

Puc.8. KuakoctHas KOMOMHUPOBaHHAs ABYXKOHTYpPHAs HU3KOTEMIIEpaTypHast
CHCTEMA COJTHEYHOT'O OTOIUIEHHUS C MapadooMINHAPUIECKUM KOHLEHTPATO-
POM U KUIKOCTHBIM TEIUIOAKKYMYJISATOPOM: 1 — napaboaouuIuHIpruiecKuit
KOHLIEHTPATOP; 2 — KUAKOCTHBIN TEMIOAKKYMYJISITOP; 3 — TONOJHUTEIIbHBIN
TEMJIOUCTOYHHUK; 4 — TEpMOMETP; 5 — KOHTYP CUCTEMBI OTOIUICHHUS; 6 — pery-
JUPYIOLIUN BEHTWIb; / — HIAPKYJISALIMOHHBIA HACOC.
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[IpeumMy11ieCTBOM CHCTEM C KOHIICHTPUPYIOIIMMHU TeIMONPUEMHUKAMU SB-
JSI€TCS CIOCOOHOCTh BBIPAOOTKU TETUIOTHI C OTHOCUTENILHO BBICOKOM TeMIiepary-
poit (mo 100 °C) u naxxe nmapa. K HegoctaTkaMm ciaeayeT OTHECTH BBICOKYIO CTOH-
MOCTh KOHCTPYKIIMH; HEOOXOJAMMOCTb MOCTOSTHHOM OYMCTKH OTpakarolIuX I10-
BEPXHOCTEW OT MbUIH; PabOTy TOJIBKO B CBETJIIOE BPEMS CYTOK, @, CIE€I0BATEIBHO,
NOTPEOHOCTh B aKKyMYJISITOpax OOJBIIOro o0bema; OOJIbIINE SHEPro3arpaTsl Ha
MIPUBOJ] CUCTEMBI ClIeKeHUs 3a XxoAoM CoJHIla, COU3MEPUMBIE C BhIpabaThIBAEMOM
SHEpPrueil. DTU HEAOCTATKU CACPKUBAIOT MIMPOKOE MPUMEHEHUE AKTUBHBIX HU3-
KOTEMIIEPaTypHBIX CHUCTEM COJIHEYHOI'O OTOIUIEHUS C KOHUEHTPUPYIOUIUMHU Te-
nuonpueMHuKaMu. B mocnennee BpeMsi HanboJiee 4acTo JIJisi COJTHEUHBIX HU3KO-
TeMIEPaTypPHbIX CUCTEM OTOTUICHUS] TPUMEHSIIOT IJIOCKUE TeTMONPUEMHUKH.

3.3. ConHeyYHble KOoJl1eKmopsbl

Ilnockue cosHeYHbIe KOJIEKTOPbI (pHc.9) COCTOAT U3 CTEKISTHHOTO MU
IJJACTUKOBOTO MOKPBITUS (OJUHAPHOTO, JABOMHOr0, TPOMHOTO), TEMJIOBOCIPUHH-
MAaloIlel MaHelu, OKPAIIEHHON CO CTOPOHBI, OOPAIEHHON K COJIHILY, B Y€pHBII
[BET, U30JISILIMM Ha 0OpaTHOM CTOPOHE U Koprnyca (METaJUIMYECKOTo, MIIaCTUKOBO-
r0, CTEKJISIHHOTO, IEPEBSHHOTO).

Puc.9. [Tnockuit comHeYHbIN KOJUTEKTOP: 1 — CONMHEUHBIE Tyun; 2 — OCTEKJICHUE;
3 — KOpITyC; 4 — TeIIOBOCTIPUHUMAIOIIASI TOBEPXHOCTH; 5 — TETIJIOM30JISAIINS; 6 —
COOCTBEHHOE JYTMHHOBOJIHOBOE U3JTy4YE€HUE TEMIOBOCTIPUHUMAIOLIEH Jia-
CTHHBL.

Ha puc.10 npencraBneHa npUHLMIMANIBHAS CX€Ma BOASHOW HHM3KOTEMIEpa-
TYPHOM CHUCTEMBI COJHEYHOIO OTOIJICHUS C COJTHEYHBIMU KOJUIEKTOPAMH, B KOTO-
POl MpPEeIyCMOTPEH ABTOMATHYECKUI APEHAXX KOJUIEKTOPOB MPHU MNPEKpPALLEHUN
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BO3/ICUCTBUS COJTHEUHOMN pahualliH.

i
Gy

i

ot

Puc.10. Cxema BOJSIHOM HH3KOTEMIIEPATyPHOM CHCTEMBI COJIHEUHOT'O OTOILJIe-
HUS C INIOCKUMH KOJUIEKTOPAMU U X ABTOMATHYECKHUM JIPEHAXEM ITPU MPEKpPa-
IIEHUU TUPKYJSIUA: | — COTTHEUHBIE TNIOCKUE KOJUIEKTOPHI; 2 — PaCIIUPUTEIb-
HBIN 0aK; 3 — JOMOJHUTEIIBHBIN TEIIOMCTOYHHK; 4 — TSINIOOOMEHHHK; 5 —
OTOMUTENbHBIC MPUOOPHI; 6 — MUPKYISLHOHHBIE HACOCHI; 7 — OaK-
TETUIOAKKYMYJISITOP.

B kauecTBe TerioBOCIpUHUMAIOIIEH MAHEM MOXHO HMCIOJB30BaTh JIFOOOM
METAJUIMYECKUI WA IUIACTMACCOBBIN JINCT ¢ KaHAJIAMU I TeImIoHocuTels. M3ro-
TaBJIMBAIOTCA TEIUIOBOCIPUHUMAIOIINE MMAHEIH U3 ATFOMUHHS WIA CTAlld ABYX TH-
MOB: JINCT-TpyOa M IITaMIOBaHHbIE MaHenu (TpyOa B nucte). [lnmactmaccoBbie ma-
HEJM U3-32 HEJOJTOBEUYHOCTH U OBICTPOrO CTapeHUs MO JEUCTBUEM COJTHEUHBIX
Jy4eH, a TaKkKe U3-3a MAJION TEIJIONPOBOAHOCTH HE HAXOMST MIUPOKOTO MPUMEHE-
Hus. [loxm pelicTBHEM COJIHEUHOW paaualuy TEIIOBOCIPUHUMAIONINE TaHEN
pasorpesatorca 10 temneparyp 70-80°C, mpeBbIIAIOMNX TEMIIEpATypy OKpyXKa-
IOIIEN CPEIbI, UTO BEAET K BO3PACTAHUIO KOHBEKTHMBHOW TEIUIOOTIA4YM MMAHETU B
OKPY’KAIOIIYI0 CPeAy U €€ COOCTBEHHOIo M3IyueHus Ha HeOocBoj. [l mocTuxe-
HUs 0oJiee BBICOKUX TEMIIEpATyp TEIJIOHOCUTENISI TIOBEPXHOCTh IJIACTUHBI TTOKPHI-
BAIOT CHEKTPAIbHO-CEJIECKTUBHBIMU CJIOSIMHA, AKTUBHO MOTJIOIAOIIMMHU KOPOTKO-
BOJIHOBOE M3JTyY€HHE COJIHIIA M CHIDKAIOIIUMH €€ COOCTBEHHOE TEIIOBOE M3ITyde-
HHE B JUIMHHOBOJIHOBOM YaCTH CHEKTpa. Takne KOHCTPYKLIHMHU Ha OCHOBE «YEPHOTO
HUKEJID», «4EPHOr0 XpOMay, OKHUCU MEIHW Ha aJTIOMUHUH, OKACH MEIHW Ha MEOU U
JIpYyrue JOpOrocTosy (MX CTOMMOCTh YacTO COU3MEpPUMA CO CTOMMOCTBIO caMoil
TEIJIOBOCIIPUHUMAIOLIEH MTaHEIIN ).

Jpyrum crocoOoM yIydIIeHUs] XapaKTePUCTUK TUIOCKUX KOJUIEKTOPOB SIBJISI-
€TCSl CO3/IaHME BaKyyMa MEXIY TEIJIOBOCHPUHUMAIONIIEH MAHENbI0 U MPO3pPAYHON
U3OJISALMEN 11 YMEHBIIEHUS TeTUIOBBIX MOTEPh (COJHEUHBIE KOJUIEKTOPHI YETBEP-
TOTO TOKOJICHHS). YCTPOMCTBO TEIJIOM3OJSAIUA YIOPOKAET U YTSKEIAET KOH-
CTPYKIIMIO TEJIMONPUEMHHKA.
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OneIT 3KCIUTyaTalMy COJHEYHBIX YCTAaHOBOK HAa OCHOBE COJIHEUHBIX KOJLIEK-
TOPOB BBISIBUJI PsiJ] CYILIECTBEHHBIX HEOCTATKOB MO0OHBIX cucteM. IIpexne Bce-
IO 3TO BBICOKAsl CTOMMOCTB KOJIJIEKTOPOB. ¥YBenuueHue 3(p(HEeKTUBHOCTH UX pado-
ThI 3@ CUET CEJIEKTUBHBIX MOKPBITUM, MOBBIIIEHUE IPO3PAYHOCTH OCTEKIICHUS, Ba-
KYYMHUPOBaHHS, a TAKXXE YCTPOMCTBA CUCTEMbI OXJIAXKIEHUS OKa3bIBAKOTCS IKOHO-
MUYEeCKU HepeHTaOeabHbIMU. CyIIECTBEHHBIM HEJOCTATKOM SBIIETCS HEOOXOMH-
MOCTh YaCTOM OYHMCTKHU CTEKOJ OT IbUIM, YTO MPAKTUYECKH HCKIIFOYAET IMPUMEHE-
HHE KOJUIEKTOpa B INPOMBINUIEHHBIX panoHax. [Ipu mmurenpHON 3KCIutyatanmuu
COJIHEYHBIX KOJUIEKTOPOB, OCOOEHHO B 3UMHHUX YCJIOBHSX, HAOIIOAAETCS YaCTbIA
BBIXOJl UX M3 CTPOS M3-32 HEPABHOMEPHOCTH PACUIMPEHHSI OCBEILIECHHBIX M 3aTEM-
HEHHBIX YYaCTKOB CTEKJIa 3@ CYET HAapYyIIEHHUs LEIOCTHOCTH OCTeKIeHus. OTMmeua-
€TCsl TaKkKe OOJIBIION MPOLEHT BBIXOJA U3 CTPOSI KOJJIEKTOPOB IIPU TPAHCIOPTHU-
POBKE M MOHTa)k€. 3HAUUTEIbHBIM HEJOCTATKOM PabOThl CUCTEM C KOJIJIEKTOpaMHU
ABJISIETCS] TAKXKE HEPABHOMEPHOCTB 3arpy3KH B TEUEHHE roJia U cyTOK. OmbIT dKC-
IUTyaTallly KOJUIEKTOPOB B yclloBHUAX EBpomsl u eBpomneiickoil yactu Poccun npu
BBICOKOHM foJie auddy3Hoi paauanmu (10 50%) nmokazan HEBO3MOKHOCTb CO3/1a-
HUS KPYTJIOTOIMYHON aBTOHOMHOM CHCTEMBI TOPSIYEro BOJIOCHAOKEHHS U OTOILIE-
Huda. Bee renmocucTeMsl ¢ COJTHEYHBIMU KOJUIEKTOPAMH B CPEAHUX LIMPOTax Tpe-
OyIOT yCTpoiicTBa OOJIBIINX 110 00bEMY OAKOB-aKKyMYJIATOPOB U BKJIFOUEHHUS B CH-
CTEMY JOMNOJHUTEIBHOTO UCTOYHUKA 3HEPruu (puc.11), 4To CHUKAET S3KOHOMHYE-
ckuil 3Q(DEKT OT uxX MpuMeHeHus. B cBs3u ¢ 3TuM Hambosee 1enecooopa3sHo UX
HCIIOJIb30BaHNE B PallOHaX C BBICOKOW CPEIHEW MHTEHCHBHOCTBIO COJIHEYHOU pa-
nuanuu (He Hike 300 Br/m?).

T =

73

Puc.11. XKuakocTHast IByXKOHTypHass KOMOMHHUPOBAHHAs HU3KOTEMIIEpATyp-
Has CUCTEMA COJTHEYHOT'O OTOIUICHHUS C INIOCKUMHU KOJUIEKTOPAMHU, TETUIOBBIM
HAcOCOM U JIByMsI )KUJKOCTHBIMH TEIJIOAKKYMYJIAITOPAMH: 1 — COJIHEUHBIE KOJI-
JIEKTOPBI; 2 — BO3IyXOCOOPHUK; 3 — HU3KOTEMIIEpATyPHBIN KUIKOCTHBIN TEIIO-
aKKyMYJIATOp; 4 — McrapuTelb TEIJIOBOTO HAcOCa; 5 — KoMmIpeccop; 6 — npoc-
CEJIbHBIN BEHTWIb; 7 — BBICOKOTEMIIEPATYPHBIN KUAKOCTHOMN TEINIOAKKYMYJISI-
TOP; 8 — KOHJIEHCATOP TEIJIOBOr0 HAcOCa; 9 — JOMOJHUTEIbHBIN TEINIONCTOYHUK;
10 — maruuTHBIN BeHTUIb; 11 — naTuuk Temneparypsl; 12 — oTonuTeNbHbIE
npuoOopsL; 13 —IUPKYISITMOHHBIA HACOC.
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3.4. ConHe4Hble abcopbepnbi

CosaHeunblie adcopOepbl COCTOST U3 TEIUIOBOCIIPUHUMAIONICH MaHENU C Ka-
HaJlaMH, 10 KOTOPbIM LUPKYJIUPYET TEIIOHOCUTENb. TemIoBOCIpUHUMANOIIas a-
HeJb HE M30JIUPYETCS] OCTEKJIEHHEM CO CTOPOHBI, OOpalleHHOW K COJHILy, a 4Ya-
CTUYHO M TEIUIOU30JISIUEN ¢ 00paTHOM CTOPOHBI. B CBs3M ¢ 3TUM OoTHamaeT HeoO-
XOJIMMOCThH B KOPITyCE, YTO 3HAYUTEIHHO CHM)KAE€T CTOMMOCTh JTAHHOW KOHCTPYK-
[IUU TI0 CPABHEHMIO C COJIHEYHBIMH KOJIJIEKTOpaMmH. TerioHOCUTENh MOAAETCS C
MOCTOSIHHOM Temneparypoi Ha 3-5 °C Hmke TeMIepaTypbl OKpYKarolero Bo31y-
xa. OxJaxJeHrue TEIIOHOCUTEINS MPOU3BOAUTCS C MOMOIIBIO TEIJIOBOTO HAcoca.
3a c4eT 3TOro BO3MOKHO IMOJIE3HOE UCIOJIb30BAaHUE HE TOJIBKO MPSIMOM U paccesiH-
HOUM COJTHEYHOW pajualiii, HO U TEIJIOTHI aTMOC(ephl, 0CaaKoB, (a30BbIX IMpe-
BpaIeHUH TIpU KOHACHCAIIMN U WHEee0Opa30BaHNM Ha WX TIOBEPXHOCTH. Bo3MoskHa
TaK)Ke yTHIM3ALMS TEIIONOTEPh YePe3 Orpak/Iarolue KOHCTPYKIIUU MPU COBME-
IIEHUH ¢ HUMU abcopOepa.

Conreunbie abcopOeprl paKTUYECKH HE UMEIOT moTeph Teria. Jlummb 5-10%
MaJlaloIieil Ha UX MOBEPXHOCTh COJTHEYHOM pajdalii OTpa)kaeTcs OT Hee B 3aBHU-
CUMOCTH OT I[BE€Ta U KauyecTBa MOKPhITUs. COOCTBEHHOE TEIIOBOE M3ITydYeHHE al-
copOepa Ha HEOOCBO/I M OKPY>KAIOIINE TOBEPXHOCTH TAKXKE WIIM OTCYTCTBYET, WM
abcopOep caM BOCIPUHHUMAET JUTMHHOBOJHOBOE M3JIy4eHHE HEOOCBOJIa U OKpYXKa-
IOLUX MOBEepXHOCTEH. AOGcopOepsl HE TpPeOYIOT OUYMUCTKH OT MbUIM, TaK KaK OHA
yBEJIMYUBAECT KOIPGUIIMEHT MOTIIONMICHUS COTHEUHON paJIhalluu.

K ycTpolicTBy comHeduHbIX aOcOpOepoB MPEABSBISIIOTCS CIEIYIONEe Tpedo-
BaHUS: BBICOKHE MOIJIOTUTEIbHBIE CBOWCTBA MOBEPXHOCTH 32 CUET €€ CTPYKTYPHI,
1IBETa, OPUEHTAIINH, BICOKHE TETIONPOBOJHOCTD, IOJATOBEYHOCTh (KOPPO3UOHHO-
CTOMKOCTb), HU3Kasi CTOUMOCTb.

B kauectBe aOCOPOLMOHHBIX TEIUOMPUEMHUKOB Yallleé BCEro HCIOIb3YIOTCS
TETJIOBOCITPUHUMAIOIINE ITAHEN JBYX THUIIOB: THIIA JINCT-TPyOa M IMITaMIIOBaHHBIC
MaHeNu U3 aTFOMUHMS K cTanu. KoHCTpyKIus TUNa JTUCT-TpyOa 0OBIYHO BKJIIOYAET
METATMYECKUH JIUCT, K KOTOPOMY MPUBAPUBAIOTCS TPYOBI Kpyrioro ceuenus. He-
JI0OCTaTKaMU 3TOW KOHCTPYKITUU SIBJSIOTCS HEOOJIbIIAs TIIONMIAh KOHTAKTa TPYO C
JUCTOM U pa3pyllIeHHe UX MeTajlia MPU CBapKe, YTO MPUBOJUT K YCKOPEHHUIO KO-
po3uu B MecTax cBapku. Hempoctatok BTOpPOro THMa TEIUIOBOCIPUHUMAIOIICH ma-
HEJM — HU3Kas JOJTOBEYHOCTh, TaK KaK Takas IMaHelb OBICTPO KOPPO3UPYET C
BHYTPEHHEU CTOPOHBL.

Conneunbie aOcopOephl YCTaHABIMBAIOTCS HA KPOBJIE UM MOTYT CIY>KUTh €€
KOHCTPYKTHUBHBIM 3JIEMEHTOM, a TaKXe IMPUMEHSIOTCS B BHJE OOJUIIOBOYHBIX
CTCH, OAJKOHHBIX OTPAXKICHUNU WM 3JIEMEHTOB orpajsl. [Ipm 3ToM HM3-3a UX He-
OOJIBIIIOTO BECa B OTJIMYMUE OT COJTHEYHBIX KOJUIEKTOPOB HE TPEOYeTCs yCHUIICHUS
HeCyIuX KOHCTpyKiuidi. Ha kpoBie 31anus abcopOoepbl MOHTUPYIOTCS O] YTJIOM
K TOPU30HTY, PaBHBIM reorpauyeckoil mupoTe MECTHOCTH +15°.

OCHOBHOM HEIOCTATOK COJIHEUHBIX a0COpOEepOB — HEOOXOIMMOCTh MOJIEP-
YKaHUSI TTIOCTOSTHHO HU3KOTO TEMIEPATypHOI'O YPOBHS TEIJIOHOCUTENS, U3-3a YEro
HEBO3MOXKHO €ro HCIOJIb30BaHUE JIJISi OTOIUICHUS U TOPSYErO BOJOCHAOKCHUS
31aHANW B 3UMHUU Tniepuol. JUIsi MOBBIIEHUS] MOTEHUHUAIA HU3KOTEMIIEPATYPHOIO
TETMJIOHOCUTENIS] IPUMEHSIETCS TETIOBOM HACOC.
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4. TennoBoe dKKymMmynmnpoBaHue aHeprmm

4.1. QHepeemuyeckul 6anaHc meny08020 aKKyMyJsissmopa

TensioBoe akKymMy/aupoBaHue — 3T0 PU3NYECKUE WM XUMUYECKUE TPOIEC-
Chl, MIOCPEICTBOM KOTOPBIX MPOUCXOJUT HAKOIUICHUE TeIljla B TEIUIOBOM aKKyMy-
nsitope sHepruu (TAD).

AKKYMYJISITOP COCTOUT U3 pe3epByapa Ajsi XpaHeHus: (0OBIYHO TEIIOMU30JI1-
POBAHHOT0), aKKYMYJIUPYIOIIEH cpelibl (pabouero Tena), yCTPOMCTB IS 3apsJIKU U
Pa3psAIKU U BCTIOMOTaTeNIbHOTO 000PY/I0BaHUSI.

AKKYMYJHPYOIIAs CHCTEMA XapaKTEPHU3yeTCs CIOCco0aMu, KOTOPHIMHU
DHEPTUS IS 3apSJIKH aKKyMYJISITOpa OTOMpPAETCS OT UCTOYHHKA, TPAaHCHOPMHUPY-
etTcs (mpy HEOOXOAUMOCTH) B TPEOYEMbIi BUJ] PHEPTUHU U OTAAETCS HOTPEOUTEINIO.

Ha puc.12 nokasan npoiiecc TeIIOBOr0 akKKyMyJIUPOBAHHUE C MCIIOIh30BaHU-
€M cocyJa-aKKyMyJisiTopa. bajmaHc sHepruum A 3Toro mnpoiecca B OOIIEM BUAE
MOYHO 3aMKcaTh

E, ~Eux =E,, (9)
rae Exx — monsenennas sHeprus, Eg,x — OTBeneHHas sHEpTus, E,c — akKyMymIupo-
BaHHAasl SHEPIusl.

1z Var | dmsyz
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Puc.12. DuepreTudeckuii 0amaHc akKyMyJsITOpa.

IIpuMeHnsist mepBbIN 3aKOH TEPMOJWHAMMKH IS TIOJBEICHHOW W OTBEJAECHHOMN
DHEPIrUM K 3TOW OTKPBITOW CHUCTEME, MTOJTYYUM OCHOBHOE YPABHEHUE aKKyMYJIHPO-
BaHUS SHEPIUH JIJIs1 OTKPBITHIX cucTeM B qudpepeHnnansuoil popme:

2 2 2
(u +pv +gH +%J dm_, +dQ—(u +pv +gH +%) dm_  —dw :d[(u +gH +%Jmak},

(10)
IJI€ T - Macca aKKyMYJHMPYIOIIEH cpejbl; U - BHYTPEHHsISI SHEprus (OTCUUTHI-
Baemasi OT IIPOU3BOJILHOTO HYJIEBOTO YPOBHS); P - AaBJEHUE; V - YACIbHBIN 00bEM;
g - yckopeHue cuibl Tskectd; H - BeicoTa (OTCUMTBHIBaeMasi OT MPOU3BOJBLHOTO
HYJIEBOTO YpOBHs); H - yneibHas MOTEHIMAIbHAsA YHEPTHUS; C - CKOPOCTh Teye-
uust; dQ - Temno, moaBeaeHHoe K cucteme; dW - paboTta CHCTEMbI, HE 3aBHCSIIAS
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OT TIepeHOCca MacChl (HarpuMep, MPHU IBIDKCHUH CTEHOK CHUCTEMBI, DICKTPHUIECKas
SHEPTHUS, SHEPTUS BaJIa IBUTATEIIS).

Uccnenosanue obuiero ypaBuenusi (10) mokaspiBaer, 4YTO aKKyMyJIHPOBAHHE
DHEPTUUA MOXKET OCYIIECTBIISATHCS B PE3YJIbTaTe M3MCHCHHUS: a) YIEIbHON BHYT-
peHHel sHepruu; 0) yAeNbHOW NOTEHIMAIBLHON SHEPrUM; B) YIEIbHON KUHE-
TUYECKOM SHEPTuu; I') MacChl cucTeMbl. K TemmoBoMy akKyMyJIHMpPOBAaHUIO SHEPTUU
0OBIYHO OTHOCAT ciydail (a), a Takxe ciydail (0), eciau yaenbHas BHYTPEHHSA
AHEPrus paboyero Tena BhIIIE, YeM OKPYKAIOIIEH Cpeibl.

Ecnu HakoruieHHe M KMHETUYECKOM, U MOTEHIMAIBHON SHEPTUU UCKIIOYEHO
(cax = 0, H = 0) u ecniu, kpome Toro, wieHsl ypaBHeHus (10), cooTBeTcTBYIOIITHE
KMHETHUYECKON M TTOTEHIIMATBHOM 3HEPTUSIM MMOJIBOIUMON U OTBOAUMOM Macc, mpe-
HEOPEKUMO MaJibl, a paboTa OrpaHUYCHA ABMIKEHUEM IOBEPXHOCTEH, OTpaHHYIH-
BAIOIINX CUCTEMY, T. €. €CIIU

dW =p,av,,, (11)
rie Va - 00beM aKKyMYJSITOPA; Pax - JABJICHHUE B aKKYMYJISTOpPE, TO YpaBHEHUE
(10) mpeoOpasyeTcst K BUIY, CIIPaBEIMBOMY ISl aKKYMYJISITOPA TeILIa:

(u+pv), dm,, +dQ - (u+pv),, dm,, =dum), +p,aV, . (12)
Hcnone3yst onpesenenye SHTaIbIINN, UMEEM
h=u=pv.
CrnenoBarenbHO, DHEPreTUUECKUN OaTaHC MPUHUMAET BUJT
h,dm,, +dQ —h,,dm,, =d(um), +p,dV,,.
Co0TBEeTCTBEHHO OajaHC MACChI 3aIUIIETCS Kak
dm_ —dm__=dm

BbIX aK

BBIX

[Ipotiecchl 3apsaku U pa3psiIKK OMKUCHIBAIOTCS B O0IIEM BUE MPUBEACHHBIMU
ypaBHEHHSIMU. B NpOCTHIX ciaydasx BO3MOKHO aHaJIUTUYECKOE pemieHue. B npy-
rux, Oojiee CIOXKHBIX CIIy4asiX MOTYT OBITh MOJyYE€Hbl YMCJIECHHBIE peleHus (B
O0COOEHHOCTH 3TO OTHOCUTCS K IPOLIECCY Pa3psIIKK).

4.2. Knaccugukauyusi akkymyrnsimopoe mernna

B cOOTBETCTBUU ¢ MPHUHATHIMH BHIIIEC OMPEACICHUIMHA W BBIBOAAMH MOXHO
MIPOBECTH KIACCU(PUKAIMIO aKKyMYJIITOPOB TeIlIa.
1. AKKyMyJIMpYHOIIAsi M TENJI000OMEHHAs CPebl.

1. [IpssMoe akKymMyJauUpOBaHUE: aKKYMYJIHPYIOUIEH U TETIOOOMEHHOU sB-
JSeTCS OAHA M Ta K€ cpefa. AKKyMYJIUPYIOIIas Cpela MOXKET OBITh
TBEPJIOH, KUIKOU, Tra3000pa3HON uiu AByX(a3HOH (KUIAKOCTH TUTFOC
ras).

2. KocBeHHOE akKyMyJIHWpOBaHUE: DHEPTHUST aKKYMYJIHPYETCS TOJBKO TO-
CPEeICTBOM TEIUIoOOMeHa (HampuMmep, TEIIONMPOBOIHOCTRIO dYepe3
CTEHKH pe3epByapa) JMOO0 B pe3ysbTaTe MaccooOMeHa CrelualibHON
TEII000MEHHOM cpefbl (B JKUIKOM, ABYX(ha3HOM WU raz000pa3zHOM
coctosiHuM). COOCTBEHHO aKKyMYJIUPYIOIIAsl Cpe/ia MOXKET OBbITh TBEP-
hi(0)78 KUIKON W ra3o00pa3Hoi (mporece MOKET
nporekath 6e3 (azoBoro mepexosa, ¢ GazoBbIM MEPEXOJIOM TBEPIOE
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TEJIO0 — TBEPJIOE TEJIO, TBEPIOE TEJIO — KUIAKOCTh WM KUJIKOCTh — MMap).

3. Ionmympsamoe akKyMyJIHpOBaHUE: MPOIIECC MPOTEKAET KaK B Cay4yae 3a
HCKIIFOYCHHEM TOTO, YTO aKKYMYJIHPYIOMas eMKOCTh TEeTNTIOOOMEHHOM
Cpenbl urpaeT 0oyiee BaKHYIO pOjb (HampuMep, aKKyMyJIHPOBAaHUE TO-
psiuelt HeTU ¢ TBEP0M HACATKOMN).

4. CopOLHOHHOE aKKyMYyJIUpPOBAaHUE: B ATOM CJIy4yae HCIOJb3YeTCs CIO-
COOHOCTh HEKOTOPBIX aKKyMYJIUPYIOIIUX Cpell a0COpOMpPOBATH Ta3bl C
BbIJICJICHUEM TeIula (M MOTJIOIIEHUEM Terlia mpu aecopoumu rasza). Ile-
penayda SHEpPrur MOKET MPOUCXOJIUTh HEMOCPEJACTBEHHO B (popme Ten-
JIa WIK C TTOMOIIIBIO Ta3a,

2. Macca akkymyJiupylouiei cpe/bl.

1. IloctosiHHas Macca: OOBIYHO ATO Ciydail KOCBEHHOTO aKKyMYJHpPOBa-
HUs. OHAKO MOXET UMETh MECTO M MPSIMOE aKKyMYJIMPOBaHUE, €CITU
nepemMeniaemMasl 4aCTh MaccChl MOCIE OXJAXKIAEHUs (IIPU pa3psaKe) WUiu
Harpesa (Ipu 3apsiKe) MOJHOCTHIO BO3BPAIIAETCS B aKKyMYJISITOP (BBI-
TECHUTEJIbHOE aKKyMYJIUPOBAHHUE).

2. TlepemenHas Macca: 3TO BCerJa CIydai MpsMOro aKKyMYJIHPOBaHUS.

3. O0beM akkyMyJIATOpA.

1. I[locTostHHBIN 00BEM: 3TOT CiIy4yall COOTBETCTBYET aKKYMYJIHPOBAHUIO B
3aKPBITHIX (MM C MAJIbIM U3MEHEHHEM 00beMa) pe3epByapax.

2. ITlepemeHHBIN 00BEM: TOT Cly4yall COOTBETCTBYET aKKyMYJIHWPOBAHHUIO
npu aTMOC(HEPHOM JABJICHUU WA CO CIEIUATBbHBIM KOMIPECCUOHHBIM
000pyTIOBaHUEM.

4. JlaBjieHHe B aKKYMYJISITOpe.
1. IlocTrosHHOE NaBIICHUE
2. IlepemeHHoe (CKoJB3sIIIEE) TaBICHUE.

4.3. CucmeMbl aKKyMysiupogaHusi

JIns BBINIOJHEHUS CBOMX (YHKIMH aKKyMyJIUpYyoIlas CHUCTeMa JOJDKHA
MMETh TOMHUMO AKKYMYJIUPYIOIIUX COCYJIOB U MX BHYTPEHHUX YCTPOMCTB TaKKe€ U
BHEIIIHEEe 000pyioBanue. [Ipu TEmIOBOM aKKyMyJIUPOBaHHUM (KaK B TEIJIOBBIX

MpOLECCaX MPOMBIIUICHHBIX YCTAHOBOK, TaK U B PAMOHHBIX OTOMMTEIBHBIX
CUCTEMaX) ISl 3apsIKU U pa3psiIKU MOTYT MOHAI00UTHCS HACOCHI, TEIJIO0OMEH-
HUKH, UCTIAPUTEIH, KJIallaHbl, TPYOOIIPOBOIBI.

OCHOBHBIE BApUAHTBHI CUCTEM AKKYMYJHUPOBAHUS ISl SHEPrE€TUUYECKUX YyCTa-
HOBOK MoOKa3aHbl Ha puc.13. B ocHOBY kiaccudukanuu MOJOXKEHO JeIeHUEe Ha
0€3HACOCHBIC U HACOCHBIE CUCTEMbI aKKyMYJIUPOBAHHS YHEPTHU.

be3nacocHble cuCTEMBI aKKYMYJUPOBAHUS TTOIYYAKOT SHEPTUIO Ul 3apsIAKA
13 TEIJIOBOTO IHUKJIAa YHEPTeTUYECKON ycTaHOBKH. B BepxHel vactu puc.1l3 moka-
3aHBI YETHIPE O€3HACOCHBIC CUCTEMbI AaKKYMYJIHPOBAHUS

a) cCUCTeMa aKKyMYJIMPOBAHHS SHEPIMH IMOCPEACTBOM CXAThIX I'a30B, B ya-
CTHOCTH, JJIsl Ta30TYpOHHHBIX ITUKIIOB;

b) cucrema akkyMyJIMpOBaHHS C pPEreHEPATHUBHBIM ITOJOIPEBOM IHUTATEIIb-
HOM BO/JIbI ITAPOBBIX LIMKJIOB;
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C) cUCTeMa aKKyMYJMPOBAHUS TEIJIa IEPBUYHOIO IIUKJIIA JJISl TETJIOBBIX SHEP-
TFETUYECKUX YCTAHOBOK C Pa3JeIbHBIMU TEIJIOOOMEHHBIM U PadOYMM IUKJIa-MHU
(aHAJOTUYHO TOMY, KaK 3TO JENAETCS B COJIHEUHBIX TEIUIOPHEPreTUYECKUX YC-
TaHOBKaXx);

d, ) cucTeMbl aKKyMyJIMPOBaHMsI TeIUIa B pabodueM IMKJIe MOCPEICTBOM akK-
KyMYJIMPOBaHMS HACBIIIEHHOTO WJIM MEPErpeToro napa v BhICOKOTEMIIEPATYPHOIO
aKKyMYJIMPOBAHMS TEIlIa B Fa30BbIX TypOUHaX.

(7} L
[ TR
4 Jepadnd » Paspadsa

Puc.13. OcHoBHBIE BapuaHThI CUCTEM TETJIOBOTO aKKYMYJIUPOBAHUS JJIsI
HHEProycTaHoOBOK: | — Oe3HacCOCHbIE CUCTEMBI aKKyMyJinpoBaHus; Il —
HACOCHBIE CHUCTEMBI aKKyMYJIUPOBAHUS; | — MepBUYHAS SHEPTHS; 2 — TIpe-
o0pa3oBaHUe YHEPTUN; 3 — MEXaHUUECKasl SHEPTust; 4 — NeKTpuIecKast
SHEprusl.

JanpHeimas kmaccudukaus 0e3HACOCHBIX CHUCTEM aKKyMYJTUPOBaHUS CBS-
3aHa C BBIJICJICHHEM JIBYX TPYIIIL:

— BKJIIOYEHHBIE B HHEPrOyCTAHOBKY CHUCTEMBbI aKKyMYJIMPOBAaHHUS C YCTa-
HOBKOM 0a3MCHOM Harpy3ku, KOTOpas CIOCOOHA TMOKPBITh TaKylo
Harpy3ky 0e3 HMCIOJIb30BaHUS CUCTEM aKKyMYJIUPOBAHHUS, WIA C OCHOB-
HOUM TypOuHOUN nJisi 6a3UCHOM Harpy3Kd M OTACIIBHOW MHKOBOW TypOu-
HOW, WM C OCHOBHOM TypOMHOW, CIIOCOOHOW HECTH MOBBIIICHHYIO
Harpy3Ky, KOTopas MOKPbIBAET TAKXKe U MUKOBYIO HATPY3KY);
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— 0€e3HacCOCHbIE CHUCTEMbI aKKyMYJIHUPOBAaHHUSA C OTAEIbHBIM MpeoOpa3oBa-
TEJEeM SHEpruu (MaporeHepaTopoM) U OTIEIbHBIM ABUTaTENeM (TypOu-
HOM JJIsl TUKOBOW HArpy3KH).

Kpome Toro, caeayer orianyath akKyMyJUPOBAHHUE C MMOCTOSSHHBIMH MapaMeT-
paMu, MpU KOTOPOM aKKyMYJUPYIOIIasi cpefia OTOMpaeTcs U3 Mmpoliecca U BBOAUT-
Csl B HETO U3 aKKyMYJIATOpa B OJTHOM M TOM K€ TOUKE LMKIIA (TaK Ha3bIBAEMOE «00-
paTUMOe aKKyMYJIMPOBAHHE)»), OT aKKyMYJIMPOBAaHUS C MEPEMEHHBIMU IMapaMeT-
paMu, Ipy KOTOPOM BBOJI CPEJIbI OCYIIECTBIISETCS B IPYroil TOUke (HUXKE 0 MOTO-
KY), AJIA CO 3HAYUTEIBHO 00JIee HU3KUMU TTapaMeTPaMH.

HacocHble cucteMbl akKyMYyJIUPOBAHUS 3aPSAKAIOTCS C MIOMOIIBIO JIEKTPUYE-
CKOH WJIM MeXaHW4YeCKOW sHepruu. B HmkHel yactu puc.1l3 moka3zaHsl HaCOCHBIE
CUCTEMBbI aKKyMYJIUPOBAHUS:

f) cucrema MHEBMATHYECKOTO aKKyMYJIMPOBAHHS C OTJICIBHBIM aKKyMYJISITO-
POM TEIJIOTHI CXKaTHsI WK 0€3 HEro;

g, h) cucreMbl akKyMyJaupoBaHHs C HCIOJIb30BAHHUEM IPOIECCa TEIJIOBOTO
Hacoca (HarpuMep, ¢ IapoBBIM KOMIIPECCOPOM), ¢ BepxHUM (g) U HibkHUM (h) ak-
KyMYJIATOpaMu; OJUH U3 HUX, HAlpUMEP HUKHUN, MOXKET ObITh 3aMEHEH OKpYXKa-
IOIIEH CPEIOM.

HacocHble cucTemMbl akKyMyJIHpPOBaHUS 3apsiKAlOTCs OOBIYHO OT DJIEKTpUYE-
CKOM CETH M MOATOMY MOTYT ObITh MOJKIIIOUEHBI B TI0OOM MecTe ceT. Takum 00-
pa3oM, OHM MOTYT U HE BXOJHWTh B COCTaB IHEPreTHUYECKON YCTAaHOBKH. bbuin
MPEIOKEHbl TaKXKE€ BXOJSIIME B COCTAB SHEPrOYCTAHOBKM HACOCHBIE CHUCTEMBbI
AKKyMYJIIPOBaHUs, 3apsKaeMble MEXaHUYECKOW PHEPruei OT ra3oBOM WIIM Mapo-
BOU TypOUWHBI.

BepxHuil akkyMynsiTop oOBIYHO UMEET TTapaMeTphl (JIaBjeHUE, TEMIEPaTypy)
BBIIIIE [TAPAMETPOB OKPY>KAIOIIEH Cpe/lbl, TOT/Ia KaK apaMeTpbl HUKHETO TIpUuMep-
HO TaKHE )K€, KaK U y OKPYKaIoIIeH cpelibl, KOTopas, TAKUM 00pa3oM, MOXKET CITy-
KUTh HUKHUM aKKyMYJISITOPOM (CHCTEMBI aKKyMYJHUPOBAHHS C TEIUIOBBIM HUCTOY-
HUKOM). HacocHbie cuCTEMBbI aKKyMyJTUPOBAHUSI MOTYT OBITH CIIPOEKTUPOBAHBI U
TaK, 4TO OKpY>Karollas cpe/la UCIOIb3yeTCsl B KAUECTBE BEPXHET0 aKKyMyJATopa,
TOTJIa KaK MapamMeTpbl HUKHETO aKKyMYJISITOpa BEIOMPAIOTCS MHOTO HUXKE, YEM Y
OKpY’Karoleh cpeabl (CUCTEMbl aKKyMYJIHPOBAaHUSI C HU3KOTEMIEPaTypHBIM TETI-
JOTIPUEMHHUKOM). B 3TOM ciyyae Temio i mpolecca OTOMpaeTcsl U3 OKpykKaro-
e cpenpl, a HWKHUN (HU3KOTEMIIEpaTypHbIN) aKKyMyJsTOp OTOMpaeT oTpa-
0OTaHHOE TEIUIO U HarpeBaeTcs.

PaccmotpenHast Bble kiaccuukanus BakHA JJIsi OLEHKH A((PEKTUBHOCTH
CHUCTEMBbl aKKyMYJIMPOBAHMS, MOIIHOCTU W CKOPOCTH 3apsiAKU U Pa3psaKd, IJIs
BBIOOpA peKrMa pabOThI, a TAKXKE JJISI KOHTPOJII PYHKIIMOHUPOBAHMSL.

4.4. Tennoeoe akKymynupogaHue OJisi COJIHeHYHO20 oboepeesa u oxna-
JXOeHus1 nomeweHull

TunuuHas cxemMa aAKTHBHOM CHCTEMBbI C TEIUIOBBIM aKKyMYJUPOBaHUEM
SHEPTUU IS TIOJIyHYeHHsI Topsiueit Boabl (puc.14) BKItoyaeT NepBUYHBIA KOHTYpP Ha
anTudpuse, TeT000MEHHUK B HMXKHEW YaCTU aKKyMYJUPYIOIIEro 6aka u J0mo-
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HUTEJBbHBIN HarpeBaTenb B BepXHel ero yactu. Tak xak 3(()eKTUBHOCTh COJTHEY-
HOI'O KOJUIEKTOPAa CHMKAETCS C YBEJIMYEHUEM PA3HOCTH TEMIEPATyp MEPBUYHOIO
KOHTYpa U OKPY’KaIOIIEN Cpepl, TEMIIEPATypPy MEPBUYHOIO KOHTYpPA CIEAYET MOA-
JepKUBATh Ha BO3MOXKHO 00Jiee HU3KOM ypoBHE. [[J1s1 3TOr0 creayeT oOecneunThb
HEOOIBILION nepenaj TeMIEpaTyp B TEIIOOOMEHHUKE, BOCIPEMSITCTBOBATH MEpe-
MEIIMBaHUIO B Oake M 00ecHedyuTh MOJBOJ TEIJIa TOJBKO B CaMYyH0 XOJOJHYIO
qacTh Oaka.

g

Puc.14. Cxema nosrydeHus ropsiaeil BoJbl JIj1sl OBITOBBIX HYXKJ C UCIIOJb-
30BaHUEM COJTHEYHOW SHEPTUM: | — COJIHEUHBIE KOJUIEKTOPHI; 2 — Mep-
BUYHBII UK (AaHTUPpH3); 3 — HUPKYJIALHOHHBIN HacOC; 4 — aKKyMyJIn-
pyrommii 0ak; 5 — COTHEUHbIN TEIIIOOOMEHHHUK; 6 — IM0Jja4a X0JIOIHON
BOJBI; 7 — JIONIOJIHUTENBHBIA HArpeBaTellb; 8 — JIMHUS MTOAAYN.

Bri0op cooTHOIIEHHST MEXKTy pa3MepaMu COJTHEYHOTO KOJUIEKTOpa U aKKyMY-
JATOpa i KPaTKOBPEMEHHOro (Topsyas ObITOBass BOJAAa) U JIOJITOBPEMEHHOIO
(o0orpeB) aKKyMyJUpOBaHMUS — WHTEpPECHAsl ONTUMHU3AIMOHHAs 3anada. OOmuit
ONTUMYM IMOJy4YaeTcs, KOrja ONTUMAJIbHbl XapaKTEPUCTUKU KAaK KOJIJIEKTOpa, TaKk
U aKKyMYJISITOpa. Y I€IbHBIE EMKOCTH aKKYyMYJIATOPOB [ KPATKOBPEMEHHOTO aK-
KyMYJIMpOBaHUs 00b4HO cocTapisioT 50—100 xr Boxsl Ha 1 M2 muomamy Koiek-
TOpa, a JJsl JOJTOBPEMEHHOTO aKKyMYJHpPOBAHUS B KIMMATUYECKUX YCIOBHUAX
IlenTpansHoii EBpoIsl HEOOXOIMMBI 3HAUEHUS yAENbHOM eMkocTH 1000 Kr/m?2,

CosiHeuHbIH 0acceiiH, re KOJUIEKTOP U aKKyMYJISITOP COBMEIIEHBI, SIBISIETCS
YaCTHBIM CJIy4aeM aKKyMYJHUPOBaHHS C MCIHOJIb30BAHHEM TOPSYErO TEILIOHOCUTE-
a5 (puc.15). ConHeuHast paauaiys MorjionaeTcsl JTOHHONW MOBEPXHOCThIO Oacceii-
Ha. B TerioHocuTesne co3gaeTcs U MOAACP>KUBACTCSA TPAJAUCHT KOHIICHTPAIIMHU CO-
71 (KOHIIGHTpAIUsl YBEJIIMUUBACTCS C TITyOMHOM) MEXAY BEPXHUM KOHBEKTHBHBIM
cinoeM (moja JEHCTBMEM BETpa) M HIKHUM KOHBEKTUBHBIM CJIOEM (B pe3ysbTare
0TBOJA Tera). brarogapss 3ToMy KOHBEKIMS U CBSI3aHHBIM C HEM TEIJI0-OTBOJ K
MOBEPXHOCTH MOJABIISIOTCS, ¥ CJIOW TOJIIMHON ~ 1 M, B KOTOPOM HET KOHBEKIINH,
CIIY’KUAT TEIUIOBOU U30JIILIUEN.

Takxum criocobom MokHO AocTudb Temnepatypsl Boasl 100°C, a 90°C siBnsiet-
cs1 OOBIYHBIM PACUYETHBHIM 3HAYCHHUEM B 30HAX C KAPKUM KIMMATOM.
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Puc.15. Cxema cosnHeqHOro 6acceiiHa ¢ Tpaiu€HTOM KOHLIEHTPALUU COJIH:
1 — moBEepXHOCTHBIN CIION BOABL; 2 — MOBEPXHOCTh 36MJIH; 3 — BBIXOJI I'O-
PSYEro COJITHOTO PacTBOPA K MOTPEOUTEIIO TEIla UM K TEMII00OMEHHHU-

KY; 4 — KOHBEKTHBHAs (AKKyMYJHUPYIOIIasi) 00J1acTh; 5 — BO3BpAT XOJIOA-
HOT'O COJITHOT'O pacTBOpPa; 6 — HEKOHBEKTUBHBIN (M30JIMPYIOUIUI) CIIOH.

boun npenioxkeHsl U pazpaboTaHbl CUCTEMbI aKKyMYJIHpPOBAaHUS HA OCHOBE
MCIIOJIb30BaHUs TEIJIOTHI (pa30BOr0O Mepexoda IS 3apsAaKd U pa3psiiKu BO3TyXOM
(puc.16) wmm Bomow (puc.17). Ha puc.18 moka3aH BapHaHT TEMJI0OOMEHHHKA C
OpeOpEHHBIMU KOJIBLIEBBIMU KaHAJIAMU C Pa3JeibHbIMH KOHTYpaMU 3apsiAHOU U
paspsiiHoit cpen. Takum 00pa3oMm, TEIIOOOMEHHUK MO3BOJISIET MPOBOJIUTH OIHO-
BPEMEHHO 3apsaKy U pa3psaky. Kakaplii TemiaoOOMEHHBIM 3JIEMEHT COCTOUT W3
BHYTPEHHEW M HapYy>KHOU TpYyOOK, TEIJIOBOM KOHTAKT MEXIYy KOTOPBIMU OOecre-
YUBAETCS MPOJOJIBHBIMU peOpaMy U3 MaTepHalla ¢ XOpOUIe TerIONpPOBOAHOCTHIO
(manpumep, amtomuHus). KonblieBoe MpOCTPaHCTBO MEXIY peOpaMu 3amOJHEHO
MaTepuaioM, aKKyMYyJUPYIOUIUM 3HEpruio (a3oBoro nepexoja (paBHYIO TEIJIOTE
riaByieHus1). B aTom BapuaHTe cucTteMa TEIIOBOTO aKKyMYJIMpPOBaHHUS padoTaer
KaK TUOPHUIIHBIM aKKyMyJIsITOp, B KOTOPOM HCIIOJIB3YIOTCS TeruioTa (a30BOTo Ie-
pexoJia U TemioTa Harpesa paboyero Tena.

KomneKkTopsl COMHEYHOro Teruia pa3fesisioTcsl Ha aKTUBHBIE M IACCHUBHBIC,
POJIb MOCJIETHUX YaCTO BBIMOJIHSIIOT CAMU KOHCTPYKIIMOHHBIC JeTanu 3aanus. Ta-
KH€ JeTalli JA0JDKHBI 00J1a/1aTh TPO3payHbIMU BHEIIHUMHU TTOBEPXHOCTSIMU (B BHJIE
OKOH WJIM MTPO3PAYHBIX MOKPBITHI) U BHICOKOH 3P(HEKTUBHOMN TETNTIOEMKOCTHIO.

[IpaBunbHO BBIOpaHHBIE CBOWCTBA cUCTeMbl TAD crOCOOCTBYIOT BhIpaBHU-
BaHUIO TEMIIEPATYPHI B TIOMELICHUH.

Ecnu takue cBoiicTBa cojiHeUHOM cucTeMbl TAD, Kak TOIIIMHA, TEIJIONPO-
BOJHOCTh U TEIJIOEMKOCTh KOJIIEKTOpa, BbIOpaHbl MPABUIIBHO, TO MPOXOJSIINE
Yyepe3 BHEILIHIOI MOBEPXHOCTh COJIHEYHBIE TEIUIOBBIE MOTOKU MOTYT OBITH 3a/iep-
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’KaHbl TPUMEPHO Ha 12 4, 4TO BHECET, TAKUM 00pa3oM, OJAaronpUsTHBIN BKJIaJA B
TEIJIOBOM OanaHC MOMELIEHUS Ha PEKUMaxX KaK HarpeBa, TaK M OXJIAXKICHUS.

1330MM

Puc.16. biiok coTHEUHBIX SHEPTOAKKYMYIUPYIOMUX cTepkHen ¢ 2400 kr
CaCly 6H20 (T4=27,2 °C) B MOJM3TUICHOBBIX [IWJIMHAPAX IS OTOIJICHUS KBap-
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Puc.17. Arperar CALMAC 11t akkyMyIMpOBaHUs TETUIOTHI (ha30BOTO Tepexoia
Ha Na,S;03-5H,0 n MgCl,-6H,0: 1 — cheMuast Kpbiiika; 2 — JBUTATEIb 1715
IepeMEeIINBaHUs;, 3 — BXOJ BOJBI; 4 — FUAPAT COJIM; 5 — MUIACTHKOBBIN TEILIO-

0OMEHHUK; 6 — 0aK; 7 — BBIXOJ BOJBI.
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Puc.18. TernnooOMeHHHUK ¢ OpeOPEHHBIMU KOJIBIIEBHIMU KaHATaMU
JUIS aKKyMYJIUPOBAHUSI SHEPTUH C UCTIOIb30BAaHUEM TEILIOTHI (ha3o-
BOTO mepexoza: 1 — aie-MeHT TerioooMeHHOoro 6Jioka: 2 — TepMOaK-

KyMYJIUPYIOIIEe BEIIECTBO; 3 — MPOA0TIbHOE peOpo; 4 — ropsuuit

TEIJIOHOCUTEIIb; 5 — pe3epByap (KOKyX); 5 — XOJIOAHBIN TEMIOHOCH-
TENb TSl pa3PSAKH.
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5. QHeprus BeTpa U BO3MOXHOCTU ee UCNOSIb30BaHuA

5.1. lIpoucxoxxO0eHue sempa, eempoesbie 30HbI Poccuu

OCHOBHOIl TPUYMHONM BO3HUKHOBEHHSI BETpa SBISIETCA HEPABHOMEPHOE
HarpeBaHUE COJHUEM 3€MHOW MTOBEPXHOCTH.

3eMHasl MOBEPXHOCTh HEOJHOPOJHA: Cylla, OKEaHbl, TOPbI, Jeca 00yCIOBIIN-
BAIOT PA3JINYHOE HATPEBAHME NMOBEPXHOCTHU IOJ OJHOM M TOM K€ IHpoTou. Bpa-
nieHue 3eMJIM TAKXKE BBI3bIBAET OTKJIOHEHHMs BO3AYIIHBIX TeueHui. Bce 3t npu-
YUHBI OCJIOKHAIOT OOIIYI0 HUPKYJIALKI0 aTMocdepbl. Bo3HUKaeT psij OTAENbHBIX
LHUPKYJISALWY, B TOX WIA HHOM CTENIEHU CBA3aHHBIX APYT C JPYTOM.

Ha skBatope y 3eMHOI MOBEPXHOCTH JIEKUT 30HA 3aTUIIbSI CO CIa0BIMU Mepe-
MEHHBIMU BeTpaMu. Ha ceBep ¥ Ha 10T OT 30HBI 3aTHILbs PACIIOIOKEHBI 30HbI I1AC-
CaTOB, KOTOPBIE BCIEACTBUE BPAILIECHUs 3EMIIM C 3alaja Ha BOCTOK MMEIOT OTKJIO-
HeHue K 3amagy. TakuM o0pa3oMm, B CEBEPHOM MOJYIIAPUMU MOCTOSHHBIE BETPHI
OPUXOAST C CEBEPO-BOCTOKA, B KOXKHOM C IOr0-BOCTOKA, KaK IIOKA3aHO HAa CXEME
puc.19. ITaccarsl npoctuparoTcss nmpuMepHo 10 30° CEBEpHON U FOKHOW IMIUPOT U
OTJIMYAIOTCS PABHOMEPHOCTBIO BO3IYIIHBIX T€YEHUH IO HAIIPABJICHHUIO U CKOPOCTH.
Cpennsisi CKOPOCTh FOr0-BOCTOYHBIX [1aCCATOB CEBEPHOIO MOTYIIAPUS Y TOBEPXHO-
CTH 3eMJM JocTthraer 6-8 m/cek. OTH BeTphl BOIMM3U OOJBIIMX KOHTHHEHTOB
HapyILIAKTCs CUIIBHBIMUA TOJIOBBIMU KOJICOAHUSIMU TEMIIEpaTyphbl U JAaBJICHUS Hal
MarepukaMu. BeicoTa ciost maccaToB npoctupaercs oT 1 1o 4 xm. Beire Hag nac-
caTaMy HaXOAMTCS CJIOW NEPEMEHHBIX BETPOB, a HAJ 3TUM CJIIOEM HAXOAMUTCS 30HA
AHTUIIACCATOB, QYIOIIMX B HAIPABJICHUH, IMPOTUBOIOJIOKHOM HAIIPaBICHUIO Mac-
caToB. BeicoTa ciios1 aHTHIIaccatoB MeHSETCs OT 4 10 8 KM B 3aBUCHUMOCTHU OT Bpe-
MEHU I'0J1a ¥ OT MECTA.

B cyOTponuueckux mMpoTax B MOsICAX BBICOKOTO JABJIEHUS 30HBI MAacCaToOB
CMEHSAIOTCS MITUIEeBbIMU obJacTsiMu. K ceBepy u 1ory ot 3tux obnacteit mpuOiu-
3UTENBHO 10 70°Ha BCEX BBICOTAX AYIOT BETPHI MEKY 3alaJHBIM M I0T0-3aI1aHbIM
pymMOaMH B CEBEPHOM MOJIYIIAPUUA U MEXKIY 3aMaJHbIM U CEBEPO-3aMagHbIM — B
I0O)KHOM Tostymiapuu. B 3TuX mmportax, KpoMe TOro, B arMocepe HenpepbIBHO
BO3HUKAIOT U 3aTyXalOT BUXPEBBIC IBUKEHUS, YCIOXKHSIOIIUE MPOCTYID CXEMY
oO1melt UpKyIaur atMochepsl, moka3zanHyro Ha puc.19.

Mectabie BeTpbl. OcoOble MECTHBIE YCIIOBHS peibeda 3eMHOM MOBEPXHOCTH
(Mopsi, TOPBI U T. 11.) BBI3BIBAIOT MECTHBIE BETPHI.

Bbpusbl. BeneactBue n3mMenenus temmnepaTtyp AHEM U HOUbIO BOSHHUKAIOT Oepe-
rOBBIE MOPCKHE BETPbI, KOTOPbIE HAa3bIBAIOTCS OpU3aMH.
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Puc.19. Cxema o011eii UpKyISIUy 3eMHOU aTMOC(EPHI

JIHEM TIpU COJTHEYHOM MOTroJie Cyllla HarpeBAETCsl CUIIbHEE, YEM MTOBEPXHOCTh
MOPsI, IO3TOMY HarpeTblii BO3AYX CTAHOBUTCS MEHEE IUJIOTHBIM M IMOJHHUMA-ETCSA
BBepx. BmecTe ¢ 3TuM Oosiee XOI0IHBII MOPCKOM BO3/IyX YCTPEMIISIETCS Ha CYIILY,
o0pazyst Mopckoit Oeperopoii Berep. [logHumaromnuiics Haj CyIIe BO3AyX TEUET B
BEPXHEM CJIO€ B CTOPOHY MOPSI 1 HA HEKOTOPOM PACCTOSIHUU OT Oepera omycKaeT-
Csl BHU3.

Takum 00pa3oM BO3HUKAET LUPKYJAIMS BO3yXa C HAMpaBJICHUEM BHU3Y —
Ha Oeper Mops, BBEpXy — OT cyliu K Mopto. Houbto Haj cymieil Bo3ayx OxJsaxkaa-
€TCs CWIbHEE, YeM HaJl MOpPEM, MOITOMY HANpaBJICHUE LUPKYJSLUN U3MEHSIETCS:
BHM3Y BO3/lyX TEYET HA MOPE, @ BBEPXY C MOPsI HA CylIy. 30HA paCIPOCTPAHCHUS

Opuza okoso 40 kM B ctopoHy Mopsi u 40 KM B CTOpoHY cymu. BeicoTa pac-
pocTpaHeHus: Opru30B B HamuX mupoTax pocturaet ot 200 o 300 m. B Tponuue-
CKUX CTpaHax Opu3bl HAOIIOJAIOTCS TIOYTH B TE€UEHUE BCETO Trojla, a B yMEPEHHOM
MOsICE TOJBKO JIETOM, TIPH JKapKOU morojie. Y Hac Opu3bl MOKHO HAOII01aTh JIETOM
y 6eperos Uepnoro u Kacnuiickoro Mmopei.

Mycconbl. ['o10BbIe M3MEHEHHS TeMIIepaTypbl B OEperoBbIX paiioHax 00JIb-
X MOpPEN M OKEAHOB TAKXKE BBI3BIBAIOT LIUPKYIISIUIO, AHAJIOTHYHYIO Opr3am, HO
C TOJOBBIM TEPHOJIOM. ITa IUPKYJALU, O0Jiee KPYIMHOTO pasmepa, yeM OpH3bl,
Ha3bIBaCTCS MyCCOHaMH. BO3HUKAIOT MYCCOHBI TIO CIEAYIOIUM MpUYrHaM. JleTom
KOHTHUHEHT HarpeBaeTcs CHJIbHEE, YeM OKPY’KaroIue ero Mopsi U OKeaHbl; Ojaro-
Japsi 9TOMY HaJl KOHTUHHEHTOM 00pa3yeTcs MOHUKEHHOE J1aBJICHUE, B BO3AYX BHHU-
3y YCTPEMIISIETCSl K KOHTUHEHTY OT OKEaHOB, a BBEPXY HA000POT, TEYET OT KOHTH-
HEHTOB K OKPYXAaIOIIMM OKeaHaM. DTH BETPhl HOCAT Ha3BaHHE MOPCKUX MYCCO-
HOB. 3UMOW KOHTHMHEHTBI 3HAYUTEIBHO XOJIOJIHEE, YeM MOBEPXHOCTh MOPS; HaJl
HUMU 00OpasyeTrcss 00JacTh MOBBIIICHHOTO JIABJICHHS; BCJICICTBHE STOTO HIDKHHE
CJIOM BO3/lyXa HANpaBJsIIOTCS OT KOHTHMHEHTa K OKEaHaM, a B BEPXHHUX CIIOAX —
HAa000pOT, OT OKEAaHOB K KOHTHUHEHTAaM. JTH BETPHl HA3BIBAIOTCS MaTEPUKOBBIMU
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MYCCOHAMH.

CunbpHBIE MYCCOHBI MOKHO HaOJIOaTh HA I0KHOM mobepexse Azun — B 1H-
IUICKOM OK€aHe U ApaBHIICKOM MOpeE, TJe JETOM OHM HMEIOT IOro-3amajHoe
HaIpaBJICHUE, a 3UMON — CEBEPO-BOCTOYHOE. ¥ BOCTOYHBIX OEPETroB A3HMH TaKKe
HaOJI0JAI0TCS MYCCOHBL. 3UMOIO TYIOT CYpOBBIE CEBEpO3aIaHbleé MAaTEPUKOBHIE
BETPBI; JIETOM FOTO-BOCTOYHBIE U I0KHBIE MOPCKHE BIIAXKHBIE BETPBHl. DTH BETPHI
3HAYNTEIIBHO BIMSIOT Ha KIUMaT J[aIbHEBOCTOYHOTO Kpasl.

PasimuyHbIe 30HBI CTPaHBl UMEIOT BETPOBBIE PEKUMBI, CUIIBHO OTJIMYAOIIKE-
Csl OJJUH OT APYroro. 3HauyeHUue CPpeIHEr0J0BOM CKOPOCTH BETpa B TaHHOM paioHE
JaeT BO3MOYKHOCTb NMPUOJIMKEHHO CYAMTH O LIEJIECOOOPa3HOCTH HCIIOIb30BaHUS
BeTpoaBurarens u o0 3pdextuBHoCTH arperara. Kapra BeTposHepreTudeckux pe-
cypco Poccuu npencrasnena Ha puc.20.

[TpuOpesxHbie 30HBI CeBepHON YacTu cTpaHbl, Kacnuiickoe mobepexne u ce-
BepHas yacTh CaxalMHa OTJIMYAKOTCS, KaK 3TO BUJHO HA KapTe, BBICOKOW MHTEH-
CUBHOCTBIO BETPOBOT'O pEKMMa. 371€Ch CPEIHET0J0BbIE CKOPOCTU BETpa IMPEBbI-
maroT 6 M/cek. B aTux paifonax yacTo HabIIOJAI0TCsl yparaHHbie BeTphl (Boiie 30
M/CE€K), KOTOPBIE COMPOBOXKIAIOTCSA CHEKHBIMU MeTeNsiMU B OypaHamu. [loaTomy
B YKa3aHHOM 30HE MOYKHO MCIIOJIb30BaTh TOJIBKO arperaTtsl C BETPOJABUTATEISIMU
BBICOKOW OBICTPOXOJHOCTH (ABYX-TPEXJIOMACTHBIE), IPOUYHOCTh KOTOPBIX PacCUH-
TaHa Ha BETPOBbIC HArpy3Ku Mpu ckopocTsx Berpa 40 m/cek. B ApkTuke u Ha 1no-
Oepexnbe Hanbosee 3PPEeKTUBHO MPUMEHEHNE BETPOIJIEKTPUUECKUX CTAHIM, pa-
OOTaIOUIMX COBMECTHO C TEIJIOBBIM PE3€pPBOM, a TAK)KE HEOONBLINX BETPOIJIEK-
TPUYECKUX arperaros.

& 1IeTpOrarJIoR CK-

Pocrtor
: ‘Kamarcmm

BnagHeoCTOK

Puc.20. Kapra BeTposnepreruueckux pecypcoB Poccun. Lluppamu 0003HaueHbI
30HBI CO CPEAHETOI0BBIMH CKOPOCTSIMU BeTpa: 1 — BhIlie 6 M/cek; 2 — oT 3,5 1o
6 M/cex; 3 — 10 3,5 m/cek.

BonbmimHcTBO 0OnacTeit eBpomeiickoir yactu Poccum oTHOCATCS K 30HE
CpeaHEN MHTEHCUBHOCTH BETpa. B 3THX palioHax CperHeronoBas CKOpOCTh BETpa
cocrtapisieT ot 3,5 1o 6 M/cek. K 3Tol e 30HEe OTHOCUTCS YacTh TEPPUTOPHUH, JIe-
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Kalllasi ;or0-BOCTOUHEE 03epa baiikai.

Tperbst 30Ha 3aHMMaeT oOWMpPHYI Tepputoputo Bocrounoit Cubupu u
Hansnero BocToka, HEKOTOpBIX obnacTeit eBponeiickoit yactu Poccun. B atoit
30HE CKOPOCTH BETPa OTHOCUTEIILHO HEBEIUKU — JI0 3,5 M/C, U HIMPOKOE MpHUMe-
HEHHE 3/1€Ch BETPOIHEPIreTUUECKUX YCTAHOBOK HE PEKOMEHYETCS.

5.2. Knaccudgpukayusi eempodeuzameriell no npuHyuny pabomsi

Cy1iecTByIOIIME CUCTEMbI BETPOJBUTATENCH MO CXEME YCTPONCTBA BETPOKO-
Jieca U €ro MOJIOKEHHUIO B TIOTOKE BETPa pa3/IelsItoTCsS Ha TPU Kiacca.

IlepBblii KjIacC BKIIOYAET BETPOJBUTATENM, Y KOTOPBIX BETPOBOE KOJIECO
pacroJiaraeTcsi B BEpTUKaJIbHOM MJIOCKOCTH; MPHU 3TOM IUIOCKOCTh BpalleHUs Mep-
NEHIMKYJIIPHA HAIPaBJICHUIO BETPa, W, CJIEIOBATENIBHO, OCh BETPOKOJIECA Mapa-
JeJbpHa MOTOKY. Takue BEeTpoABUTaTENHN HA3bIBAKOTCA KPbUIbYATHIMU.

BBICTPOXOIHOCTHIO HA3BIBAETCS OTHOILLIEHUE OKPY>KHOW CKOPOCTH KOHIA JIO-
NacTU K CKOPOCTH BETpa:

z- R (13)
\Y

Kpbuipuateie Betpoasurarenu, cornacHo I'OCT 2656-44, B 3aBUCMMOCTH OT
THUIIA BETPOKOJIeCa U OBICTPOXOIHOCTH, Pa3ACIAIOTCS Ha TpU IpymIibl (puc.21):

— BETPOJBUTATEIM MHOTOJIOMACTHBIC, THUXOXOJHbBIE, C OBICTPOXOJIHO-
CTbl0 2> 2 ;

— BETPOABUTATEIU MAJIOJIONACTHBIE, TUXOXOHBIE, B TOM YUCJIE BETPSHbBIC
MEJIbHHIIBI, ¢ OBICTPOXOTHOCTRIO Z > 2 ;

— BETPOJBUTATEIIM MAJIOJIONACTHBIC, OBICTPOXOAHBIC, Zn > 3.

Ko BTOpOMY Kij1accy OTHOCSTCS CHCTEMbI BETPOJBUTATENIECH C BEPTUKAIBHOM
OCBIO BpallleHUs BETPOBOTO KoJieca. [0 KOHCTPpYKTUBHOM CXeMe OHU pa30uBaIOTCs
Ha CPYIIIbI:

— KapycenbHbIE, Y KOTOPhIX Hepabouure J0MacTu JUO0 MPUKPHIBAIOTCS
HIMPMOH, MO0 pacronararoTcss peOpoM MPOTUB BETPa;
— PpOTOpHBIE BETPOJIBUTATENIN cUCTeMbI CaBOHUYCA.

K TpeTbemy ki1accy OTHOCSATCS BETPOABUTATENN, pa0OTAIOIINUE IO TPUHITUITY
BOJISTHOT'O MEJIbHUYHOTO KOJieca U HaszblBaeMble OapaOaHHBIMU. Y ATHUX BETPOIBU-
raTesiei och BpalleHUs rOpU30HTaIbHA U MIEPIICHIUKYJISIpHA HAIPABJICHUIO BETpa.

OcCHOBHBIEC HEJIOCTATKU KapyCeIbHBIX U OapaOaHHBIX BETPOJBUraTeNei BhITE-
KarOT U3 CaMOro MPUHIIKIIA PACTIOJIOKEHUS paboYnX MOBEPXHOCTEH BETpOKOjeca B
MOTOKE BETPa, & UMEHHO:

1. Tak kak pabouure JOMACTH KoJieca MEePEMENIAlOTCs B HAMPABICHUU BO3-
IYIIHOTO MOTOKA, BETPOBAsl Harpy3ka JEHUCTBYET HE OJIHOBPEMEHHO Ha
BCE JIONACTH, a MOOYEepEHO. B pe3ynbrare Kaxkaas J010acTh UCTIBITHIBACT
MIPEPHIBHYIO HATrpPy3Ky, KO3(DPHUIIMEHT HCIMOJIb30BAHMS SHEPTUU BETpa
MOJIy4aeTcs BecbMa HU3KMM M He npebimaetr 10%, 4To yCcTaHOBIEHO
AKCIEPUMEHTATBHBIMU UCCIIEI0BAHUSIMU.

2. JIBmkeHue MOBEPXHOCTEN BETPOKOJIECa B HANPaBJICHUU BETpa HE MO3BO-
JII€T pa3BUTH OOJIBIINE 00OPOTHI, TAK KaK MOBEPXHOCTH HE MOTYT JIBU-
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raThCsi OBICTpEE BETPA.

3. Pa3mepnl ucmonb3yeMoil 4acTd BO3AYITHOTO TOTOKa (oMeraemasi Mo-
BEPXHOCTbh) MaJIbl IO CPABHEHUIO C pa3MEpaMu CaMOro KoJjeca, 4To 3Ha-
YUTEHHO YBEIMYHUBACT €T0 BEC, OTHECEHHBIM K CIWHUIIC YCTAaHOBJICH-
HOW MOIIIHOCTH BETPOJIBUTATEIIS.

Puc.21. Cxembl BeTpOoKoOJIeC KPhIIbUATHIX BETpOABUTATENEH: 1 - MHOTOIONIACT-
HBIX; 2-4 - MaJI0JI0NaCTHBIX

VY poropHbIx BerpoaBurareieil cucrembl CaBoHumyca HanOonbIIMK KO3(hdu-
LHMEHT UCMOJIb30BaHuA dHeprun BeTpa 18%.

KpbinbuaTeie BeTpoABUTATEIN CBOOOJHBI OT MEPEUYUCIICHHBIX BBIIIE HEJO-
CTaTKOB KapycCeJbHbIX W OapabaHHBIX BETpOABUTATENICH. XOpOIIUe a’poaruHaAMU-
YECKHE KayecTBa KPbUIbYATHIX BETPOJBUTATENIC, KOHCTPYKTUBHASI BO3MOXHOCTh
U3TOTOBIIATh UX HA OOJBIINYIO MOIIHOCTh, OTHOCUTEIBHO JIETKUN BEC HA €IUHUILY
MOITHOCTH — OCHOBHBIE NPEUMYILIECTBA BETPOABUTATEIEH ATOTO KJlacca.

Kommepueckoe nmpuMeHeHne KpbUIbUaThIX BETpOABUTaTENEH Hayanoch ¢ 1980
roga. 3a nocieanue 14 jet MOIHOCTh BETpoJBUTaTeNe yBenudyuiaach B 100 pas:
ot 20-60 kBTt npu auamerpe poropa okosnio 20 M B Hayane 1980 romos go 5000
kBT mpu nuametrpe portopa ceimie 100 M x 2003 roay (puc.22). HekoTopsie mpo-
TOTHUIIBI BETPOJIBUTATENICH UMEIOT e11le OOJIbIITNE MOIIIHOCTh U IUAMETpP poTopa. 3a
TOT K€ MEPHUOJI CTOMMOCTh I'€HEpUPYyEMOI BETpsSIKaMU dHEPruu cHu3miIach Ha 80
%. 3aBUCUMOCTb CTOMMOCTH 3JICKTPOIHEPTUU OT MOIITHOCTH BETPOABUTATEINEH MPHU
WX PaCIOJIOKEHUU Ha MoOepeKbe W BIAIU OT MOpPS NpejacTaBieHa Ha puc.23 (B
nenax 2001 r.).
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Puc.23. 3aBUCHMOCTD CTOMMOCTH DJIEKTPOIHEPTHH OT MOIIHOCTH BETPO-
JIBUTATEJIeH MPU WX PACTIOJIOKEHUU Ha TOOEPEkKbEe U BAAIA OT MOPS

5.3. Paboma nosepxHocmu rpu delicmeuu Ha Hee cuJibl eempa

CxopocTbI0 BeTpa Ha3bIBAIOT PACCTOSHUE B METpaxX, MPOXOIMMOE MacCOM
BO3/yXa B T€UECHHE OAHOUN ceKyH/bl. CKOPOCTh BETpa MOCTOSHHO MEHSETCS MO Be-
JIMYUHE U HAIPABJICHUIO. [[pUUMHON 3TUX U3MEHEHUM SIBJISETCS HEPABHOMEPHOE
HarpeBaHe 3eMHOM MOBEPXHOCTU U HEPOBHOCTH pefibepa MECTHOCTH.

CkopocTh BeTpa SBIACTCA BAXKHEHIIECH XAPAKTEPUCTUKOM TEXHUYECKHUX
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cBOMCTB BeTpa. [loTok BeTpa ¢ momnepedHpM ceueHrneM F o0mamaeT KHHETHYECKON
SHEPTUEH, ONPEACIIEMON BBIPAKECHUEM:

mg?
2
Macca Bo3tyxa, mpoTekaroias 4yepes nornepeyHoe ceueHue F co ckopocTrio
9, paBHa:

: (14)

m = pF3. (15)

[ToacraBus (15) B BeIpakeHe KuHETHYECKOM 3HEepruu (14), noayyum:
pFY® 16
> (16)

OTKyJla CIEAYyEeT, YTO SHEPrUsl BETPA U3MEHSIETCS IPOIOPIIMOHAIIBHO KyOy €ro CKO-
pPOCTH.

[TocMOTpUM, CKOJBKO MPOLEHTOB HEPTUU BETpa MOXKET NPEBPATUTH B I10-
JIE3HYI0 pabOTy MOBEPXHOCTh, IMOCTABJIEHHAs MEPIECHIUKYISIPHO K HaIpaBJICHUIO
BETpa U NEepEMENIAIONIASACS B 3TOM € HAIPaBJICHUH, YTO UMEET MECTO, HAIIPUMED,
y BETPOJBUraTeNeil KapyCceabHOTO TUIIA.

MormurHocTs T onpeaensieTcs Npou3BeAeHUEM CHIIbI P Ha CKOpOCTh 9 :

T=P9

Opny u Ty %e paboTy MOKHO MOJIYYHUTh JIMOO 3a CUET OOJBIION CHUIIbI, PU
MaJIoll CKOPOCTH MepeMelleHnsl paboyeil MOBEpXHOCTH, JIMOO0, HA00OPOT, 3a CUET
MaJiOl CWJIBI, & CJIEJOBATEIbHO, U MAJION IOBEPXHOCTH, HO MPU COOTBETCTBEHHO
YBEIIMYEHHOM CKOPOCTH €€ MEePEMELICHUS.

JlomycTuM, MBI HMEEM TMOBEPXHOCTh F, MOCTaBIEHHYIO NEPIEHAMKYISIPHO K
HaIlpaBJIEHUIO BETpa. BO3MylIHbIN MOTOK BCIEACTBUE TOPMOKEHHUS €r0 MOBEPXHO-
CTBIO TIOJIYYUT MOATOP U OyIeT 00TeKaTh €€ U MPOU3BOIUTH JIaBJICHUE CUIION Py .

BcenenctBue nedcTBHs 3TOW CUJIBI MOBEPXHOCTh OYIET NEepeMelatbcsl B
HalpaBJICHUU MOTOKAa C HEKOTOpou ckopocThio U (puc. 6.3.3); pabota mpu 3TOM
OyIeT paBHa MPOU3BEACHUIO CHIIBI Ha CKOPOCTh U , ¢ KOTOpO# mepeMeniaeTcs mo-
BEpPXHOCTH F, T. €.:

T=P39, (17)
rne Px — cuiia conpoTuBiieHus, KOTOpas paBHa:
P, :CXF%(S—U)Z, (18)

rne Cx — adpommHaMuyecKkuid KOA(PGUIIMEHT JI0OOBOTO COMpPOTHBIEHUS;, F —
MOBEPXHOCTh MUJEJIEBOTO CEYEHMs] Telid, T.€. MNPOEKIMH IUIOMIa[Md Tejaa Ha
MJIOCKOCTD, TIEPIICHIUKYJISIPHYIO HAITPaBJIECHUIO BO3IYIITHOTO MOTOKA.

B aTom citydae BeTep HaOeraeT Ha MOBEPXHOCTh C OTHOCUTENBLHON CKOPOCTHIO,
paBHOW:

W=V -U. (19)
[ToncraBuB 3HaueHue Py u3 ypaBuenus (19) B ypaBuenue (18), monyqum:
T=CXF%(8—U)2U. (20)

OnpenenuM OTHOLIEHHE PabOThI, Pa3BUBAEMOI JIBHXKYILEHCS TOBEPXHOCTHIO
U BbIpakeHHOU ypaBHeHUEeM (20), K S3HEpruu BETPOBOr0 MOTOKA, MMEIOLIETO MOoIe-
pPEYHOE CEUEHHUE, PaBHOE ITOW OBEPXHOCTH, & UMEHHO:
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. U
g=— 2 =C.(9-U) 5 (21)

Py

- ;‘ ,J

Puc.24. JleiicTBUe cuiibl BETpA HA OBEPXHOCTh

ITocne mpeoOpazoBaHUil OTYUHM:
U

‘U
gzcx(l——j —. (22)
$) 9

Benuuuny & Ha3pIBatoT KO3()PUIIMEHTOM UCTIOIb30BAHUS SHEPTHH BETPA.

N3 ypaBHeHus (22) MbI BHAUM, YTO & 3aBHUCUT OT CKOPOCTH TEPEMEIICHUS
MOBEPXHOCTU B HampasieHuH Berpa. IIpu HekoTopom 3Hauenun ckopoctu U Ko-
adunueHT & nosydyaeT MakCUMaabHOE 3HaUYeHUE. B camMoM Jiene, eciau CKOpoCTh
nepemenieHus: moBepxuoctu paHa Hyiato U = 0 , To paboTa BeTpa Takke paBHA
Hymto. Eciin U =9 ,T.e. MOBEpXHOCTh MepeMEIIAeTCs CO CKOPOCThIO BETpa, paboTa
Takke Oy/eT paBHA HYJIIO, TaK KaK HET CUJIbI COMTPOTUBIICHHUS, 32 CUET KOTOPOM CO-
Bepiaercsi paborta. OTcrona cieayeT, 4To 3HadeHue ckopoctd U 3akioueHo B
npenenax mexay U=0u U =9.

Y cTaHoBI€HO, YTOOBI MOTYYUTh MAKCUMAIbHOE &, TOBEPXHOCTH JIOJKHA T1e-
peMenaThCsi CO CKOPOCTHIO:

u-1sg
3

MakcumanbHbld KO3()PUIUEHT UCNOJIB30BAaHUS SHEPIHM BETpa Mpu padore
MOBEPXHOCTH CUJION COMPOTUBIIEHUSI HE MOKET ObITh Ooubie &= 0,192,

5.4. Paboma eempoe020 Kosieca Kpblib4amo20 eempodeuz2amernsi

KpbuibuaTeie BeTpokoJieca pabOTarOT 3a CUET KOCOTo yAapa NpH JBUKEHUU
JonacTel MEepPHeHIUKYJISIPHO K HAMpaBICHUIO CKOPOCTH BETPa B MPOTUBOMOJIOXK-
HOCTb K MPSMOMY YJapy, paCCMOTPEHHOMY B MPEIBIAYIIEM ciydae. Y CTPOUCTBO
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TaKOTO KoJieca MOKa3aHo Ha puc.25.

Ha ropuzoHTansHOM Basly 3aKperjIeHbl KPbUIbs, YUCIO KOTOPBIX Y COBPEMEH-
HBIX BeTpojBHTaTeseii ObiBaeT oT 2 u Ooinbmie. Kppljio BeTpokoieca COCTOUT U3
Maxa a ¥ JIonmacTu 0, 3aKperuisieMol Ha Maxe Tak, 4TO OHa 00pa3yeT C IMIOCKOCTHIO
BpallleHUs] HEKOTOPBINA Yrod (. DTOT yroyl Ha3bIBAIOT YIJIOM 3aKJIMHEHHs JIOTACTH
(puc.25). IIpu 3TOM Ha ee dIeMEeHThI Ha0eraeT BO3AYIIHBIN MOTOK C OTHOCHUTEIb-
HOM ckopocThio W 1oJ1 yriioM o, KOTOPBII HA3bIBAIOT YIJIOM aTaKu, U JEHCTBYET C
ciwiioit R . Yrisl U o B 3HAYUTENBbHON Mepe onpenesitoT 3 (HEeKTUBHOCTh KPbLITb-
eB. Cuiy R packnaapiBator Ha cuibl Px u Py (puc.26, a). Cunsl Py mpousBomsr
JlaBJICHUE B HAIIPAaBJIICHUU BETPa, KOTOPOE Ha3bIBaeTCs JOOOBBIM AaBieHHeM. CH-
761 Py IEHCTBYIOT B TUIOCKOCTH Y - Y BpallleHUsI BETPOKOJIECA U CO3/AAI0T KPYTSIIHA
MOMEHT.

Puc.25. KoHCcTpyKTHBHAs cXeMa KpbLUIb4aTOro BETPOKOJIECa.

MakcuMainbpHbIe CHIIBI, TPUBOJSALIME KOJIECO BO BPALLEHHUE, MOJMYYaArOTCs MpU
HEKOTOPOM 3HAYEHUU yIJia aTaku o, T. €. yria HAaKJIOHA OTHOCUTEIBLHOTO MOTOKA K
MOBEPXHOCTH JIONACTH. BBUY TOrO 4TO OKpY)KHAsi CKOPOCTBIO JJIMHE KpbLIa HE
OJIMHAKOBA, a BO3pPACTAET MO MEPE YNAIECHHS €ro JIEMEHTOB OT OCH BpAILICHHUS
BETPOKOJIeca, OTHOCHUTENbHAsE ckopocTh W HaOeraHus mOTOKa Ha JIOMACTh TAKXKE
Bo3pacTaeT. BMecTe ¢ 3TUM yOBIBaeT yrojl aTaku oL U IPU HEKOTOPOM OKpPYKHOM
CKOPOCTH ®R, TIe  YIVIOBAasg CKOPOCTb, HTOT YrOJI CTAaHET OTPHULATEIIBHBIM
(puc.26, 6). CrnenoBaTenbHO, HE BCE JIEMEHTHI Kpblla OyAyT UMETh MaKCHUMallb-
HYIO TIOJJTbEMHYIO CUITY.
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Hanpasaenae
apatnexuy

Puc.26. a — cxema AecTBUS CHIT BO3IYIIIHOTO TTOTOKA HA AJIEMEHT JIONACTH; O —
rpaduueckoe n300paxxeHNue OTHOCUTELHOTO MOTOKA, HAOETaroIero Ha JIeMeH-
THI JIOMIACTH, PACIIOJIOKEHHBIC HA Pa3HbIX paJlycax BETPOKoJIeca.

Ecnu Mbl OyneM yMeHbIIAaTh Yrojl ¢ KaXkJ0TO 3JIEMEHTa JIOMAacTh MO Mepe
yIaJeHUs €ro OT OCH BpallleHUs TaK, YTOObI HAMBBITOJHEHIIINN YTOJI aTakKu O TIPH-
MEPHO COXPAHSIICS TOCTOSTHHBIM, TO MBI MIOJTYYHM YCJIOBHE, IPU KOTOPOM MPUOITH-
3UTEJIFHO BCE AJIEMEHTHI JIOMAcTH OyayT paboTaTh CO CBOCH MaKCUMAIbHON MOIb-
éMHOI cusoil. JlomacTe ¢ MEPEMEHHBIM YTIJIOM 3aKJIMHEHHUS CO MOJy4aeT (popmy
BUHTOBOM IMOBEPXHOCTH.

[IpaBusbHBIC YTIIBI 3aKJIMHEHUS JIOMACTH MPU XOPOIIEM a’3pPOJIMHAMUYECKOM
KayecTBe Mpo(uiisi, a Takke LIUPHUHE, COOTBETCTBYIOLIEH 3alaHHOM OBICTPOXO.-
HOCTH, 00ECTICUMBAIOT BBHICOKUN KOA(DPHUITMEHT MCTIONB30BaHNS JHEPTUU BeTpa. Y
XOpOUIO BBIMOJIHEHHBIX MOIeel oH nocturaet 46%.
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6. TennnoBON pPeXXUM 3eMHOM KOpbl. AICTOYHUKN reoTepManb-
HOro Tenna.

6.1. Tennnnoesou pe>xum 3eMHOU KOPbI

[Tox reoTepMuKoi (OT TPEUECKHUX CIIOB «T€0» — 3EMJISI U «TEPMO» — TEILIO)
IIOHMMAETCS HAayKa, U3y4arouiasi TeIIOBOE COCTOSIHUE 36MHOW KOPBI M 3€MJIU B I1e-
JIOM, €r0 3aBHUCHUMOCTb OT T€O0JIOTMYECKOTO CTPOEHUS, COCTaBa TOPHBIX IMOPOI,
MarMaTH4ecKuX MPOIECCOB U IEJIOT0 psaa IpYyrux (akTopos.

Kputeprem TEmaoBOro COCTOSHUS 3€MHOTO Iapa SBIISIETCS MOBEPXHOCTHBIN
IPaJMEHT TEMIEPATYPHI, TO3BOJISIIOUIMN CYAUTh O TIOTEPSAX TeIia 3eMJId. JKCTpa-
MOJIUPYS TPAJAMEHT Ha OONbIINE TITyOHHBI, MOKHO B KAKOM-TO CTENEHU OLEHUTH
TEMIIEpaTypHOE COCTOSIHME 3€MHOW Kopbl. BenwunHa, cOOTBETCTBYIOIIAs YriryO-
JEHHUIO B METpax, MpU KOTOPOM TeMIlepaTypa nossimaercs Ha 1° C, Ha3pIBaeTcs
re0TEpMUYECKOM CTYIIECHBIO.

B CBs3M C M3MEHEHHWEM HMHTEHCHBHOCTH COJHEYHOI'O W3JIYyYEHUs TEIIOBOM
pexum nepBbix 1,5-40 M 3eMHOM KOPBI XapaKTEPU3yETCs] CyTOYHBIMHU U T'OJIOBBIMU
kosiebanusiMU. [lanee Me0T MECTO MHOTOJIETHHUE U BEKOBbIE KOJIeOaHUs TeMIepa-
TYpBbl, KOTOpbIE C TIyOMHOI nocTeneHHo 3atyxatoT. Ha mo0oil riybune temnepa-
Typa ropHbIX opo (T) mpubanxeHHO MOXKET ObITh onpeeeHa mo Gopmyse

T=t + —(H +h)
(e}
rae t; — cpenHss TeMeparypa Bo3ayxa AaHHOM MecTHocTH; H — riyOuna, uis Ko-
TOPOM OMpeeseTcs TeMIepaTypa; h — rryOMHa CJI0sl MOCTOSIHHBIX TOJ0BBIX TEM-
nepaTyp; ¢ — reoTepMUYECKast CTYIIEHb.

Cpeassisi BeIMYMHA T€OTEPMHUUYECKOM CTyNEeHU paBHa 33 M, U ¢ yriiyOJeHuemM
OT 30HBI MOCTOSIHHOW TEMIIEPATYphl HA Ka)Kable 33 M TeMIlepaTypa MOBBIIAETCA
Ha 1 °C.

['eoTepMuyeckue yciaoBHs Ype3BbIUAHO pa3HOOOpa3Hbl. DTO CBA3AHO C reo-
JIOTUYECKUM CTPOEHUEM TOI'O WJIM MHOIO paiioHa 3emiu. M3BecTHBI citydan, Korjaa
yBenrueHue temrepatypsl Ha 1° C mpoucxXoauT pH yriryoJieHuH Ha 2-3 M.

OTH aHOMaJIMK OOBIYHO HAXOJATCS B O0JIACTAX COBPEMEHHOI'O BYJIKAaHU3MA.
Ha rny6une 400-600 M B HEKOTOpBIX paiioHax, HarpuMep KamyaTku, Temnepary-
pa poxonut g0 150-200 °C u Gonee.

B nacrosiiiee Bpemsi MoayyeHbl JaHHbIE O IOBOJIBHO IITyOOKOM MpOMEpP3aHUU
BEpPXHEU 30HbI 3eMHON KOpbI. ['eoTepmMuueckre HaOIIOIEHUSI B 30HE BEUYHOU Mep3-
JIOTHl TIO3BOJIMJIA YCTAHOBHUTH, YTO MOIIHOCTh MEP3JIbIX TOPHBIX MOPOJ JOCTUTAET
1,5 Teic. M. Tak, B paitone peku Mapxu (nputok Bumios) Ha riyoune 1,8 Tbic. M
TEMIIEpaTypa cocTaBiseT Bcero aumb 3,6 °C. 3nech reoTrepMuyeckas CTyleHb CO-
crasisier 500 m Ha 1 °C. Ha otnenpHbIX TIIaTQPOPMEHHBIX YaCTIX TEPPUTOPUH (Ha
Pycckoit mnardopme) Temriepatypa ¢ riryouHou npumMepHo cienytomas: 500 M — He
BeImie 20° C, 1 teic. M — 25-35° C; 2 1hICc. M — 40-60° C; 3-4 TBIC. M — 510 100° C 11
6oee.
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6.2. [Nlo03eMHbIe mepMaribHbie 800bI (2udpomepmMbi)

B 3eMHOM KOp€ CYIIECTBYET IOJBUKHBIN U YPE3BBIUYANHO TEIUIOEMKHMN SHEP-
TOHOCUTEJb — BOJIa, UTpAloIIasl BAXXHYIO pOJib B TEIJIOBOM OajlaHCE BEPXHHUX I'eo-
cdep. Boma Haceiaer Bce moposl ocagouHoro yexia. OHa coaep UTCs B MOPO-
JaX TPAHUTHOM M 0CaI0OYHON 000JIOUEK, & BEPOSTHO, U B BEPXHUX YaCTSIX MaHTHUU.
Kunkas Boja CyliecTByeT ToJIbkO 70 riyouH 10-15 kM, HUXke npu TemmnepaTrype
okoso 700 °C Bojga HaXOAUTCS MCKIIOUYUTEIHHO B Ta3000pa3HOM coctosiHuu. Ha
riry6une 50-60 kM npu mapiaeHusx okoso 3+10% arm ucuesaer rpanuna (pazoBocTy,
T.€. BOJSIHOM ra3 NpUOOPETAET TAKYIO K€ INIOTHOCTb, YTO U XKUAKAS BOJA.

B nmro60o¥ Touke 3eMHOM MOBEPXHOCTH, Ha OMpPEACICHHOW ITyOHHE, 3aBUCS-
e 0T re0TePMUYECKUX OCOOEHHOCTEH paiioHa, 3aJIeratoT IJIacTbl TOPHBIX MOPO/I,
coJiepiKallie TepMajbHble BOJBI (TUAPOTEPMBI). B CBsI3M ¢ 3TUM B 3eMHOH KOpe
CleAyeT BBIIEIATH €IIE€ OJHY 30HY, YCIOBHO HAa3bIBAEMYIO «THUIPOTEPMAIBHOU
000J104KOi». OHa MPOCIEKUBAETCS TOBCEMECTHO 110 BCEMY 3€MHOMY LIApy TOJIb-
KO Ha pa3HoM riayOuHe. B paifoHax cOBpEMEHHOTo ByJIKAaHU3MAa THAPOTEpMAaIbHAS
000J104Ka MHOT/Ia BBIXOJIUT Ha MOBEPXHOCTb. 3/1€Ch MOKHO OOHAPYKHUTh HE TOJIb-

KO TOpSYM€ WCTOYHMKH, KUISIIME TPU(POHBI U Ied3epbl, HO U MapOra3oBble
ctpyu ¢ temneparypoit 180-200° C u Bbime.

Temneparypa moa3eMHBIX BOJI KOJIEOJIETCS B IIUPOKUX Mpeaenax, 00yciaoBIIr-
Basi UX COCTOSIHME, BIIUSISL HA COCTAB U CBOWMCTBA. B COOTBETCTBUM C TEMIIEpaTypou
TEIUIOHOCUTENST BCE T€OTEPMAJIBHBIE MCTOYHUKHU IMOAPA3ACIAIOT HA DIUTEPMaJlb-
HBIE, ME30TEPMAJIBHBIE U TUIIOTEPMAJIbHBIE.

K anutepMasbHBIM HCTOYHUKAM OOBIYHO OTHOCSIT UICTOYHUKHU TOpsYeii BObI
¢ temmeparypoit 50-90 °C, pacnonoXeHHbIE B BEPXHUX CIOSIX OCATOYHBIX MOPO/I,
KyJla IPOHUKAIOT [IOYBEHHBIE BOBI.

K Me30TepMaibHBIM MCTOYHHKAM OTHOCSIT UCTOUYHUKH C TEMIIEPATYPOU BO-
el 100-200 °C.

B runorepmMaJibHBIX UCTOUHUKAX TEMIIEpATypa B BEPXHHUX CJIOSIX MPEBbBIIIA-
eT 200 °C u mpakTU4ECKH HE 3aBUCUT OT IIOYBEHHBIX BOJ.

[IpoucxoxneHne TepMajabHBIX BOJ MOET OBITh CBA3AHO C JIEATEIbHOCTBIO
TEIJIOBBIX OYaroB, HO Yalle BCEro BOJAA, TEM WJIM HMHBIM CIIOCOOOM Momnajias B
IJIACT MOPOJBI, COBEPIIAET IOITHM IyTh, IOKA HE MPUXOINUT B KOHTAKT C TEIUIO-
BBIM IIOTOKOM WJIM TIOCTETIEHHO Pa30orpeBaeTcs, 0TOUpas TEIo y NOpo/I.

XKunkast ¢paza BOAbI U TEMIO MOTYT IPOUCXOJAUTH U3 OJJHOTO UCTOYHHUKA JINIIb
B TOM CJIy4dae, €CIIi TaKOBBIM SIBJIIETCS OCTBHIBAIOIIAM MarMaTUYECKUM pPACIUIAB.
Ileperperas Boaa B BUJI€ IAPOBBIX CTPYH BBIAEIAETCA U3 pacIylaBa BMECTE C ra3a-
MU U JIETKOJIETYYUMH KOMIIOHEHTaMH, YCTPEMIISSICh B BEepXHHE, 0oJjiee XOIOAHbIE
TOPU30HTHL. Yke npu Temieparypax 425-375 °C nap MOKET KOHACHCUPOBATHCS B
KHUJIKYIO BOJAY; B HEW pacTBOpsAETCS OOJBIIMHCTBO JIETYYMX KOMIIOHEHTOB — TakK
MOSIBJISIETCS. TUAPOTEPMATILHBIN PACTBOP «HBEHWJIBHOT0» (IIEPBO3JaHHOIO) THUIIA.
ITox TepMUHOM «IOBEHWJIBHBIE» I'€0JIOTH MTOAPA3yMEBAIOT BOAbI, KOTOPHIE HUKOT 1A
IpEeXJie HE y4acTBOBAJIM B BOJOOOOPOTE; TaKWe TUIPOTEPMBI B MPSIMOM CMBICIIE
CJIOBA SIBJISIFOTCSI TIEPBUYHBIMU, HOBOOOpa3oBaHHbIMU. [lonararoT, 4To mogoOHBIM
o0Opa3zoM cdopmHpoBanach BCsS MOBEPXHOCTHAs ruapocdepa Mopeid U OKEaHOB B
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AMOXY MOJIOJOM MarMaTH4e€CKON aKTUBHOCTH IUIAHETHI, KOT/la TOJIBKO-TOJIBKO 3a-
POKIIATTUCH TBEPAbIE KOHCOJIUIUPOBAHHBIC «OCTPOBAY» MATEPUKOBBIX ITLIIATPOPM.

[IpsimMOii MPOTHUBOMOOKHOCTHIO «IOBEHWJIBHBIX» BOJI SBJISIIOTCS BOALI HMH-
GuabTPAUMOHHOTr0 TTPOUCXOXKICHUS. ECIN «IOBEHUIIbHBIC» BOJBI, OTAECHSAACH OT
MarmMaTH4ecKOTo paciuiaBa, MOJHUMAIOTCA K MOBEPXHOCTH, TO Mpeoliaaaroniee
JBWKEHUE MHQWIBTPAMOHHBIX BOJ — OT MOBEPXHOCTU BIiIyOb. McTOouHUK BOA
ATOrO THUIIA MPENICTABISAET cO00M aTMOC(hepHbIe OCaJKU UM BOOOIIE MOBEPXHOCT-
HblE€ BOJOTOKHU. [I0 mOpoBOMY MPOCTPAHCTBY MOPOA WM TPEUIMHHBIM 30HAaM 3TH
BOJIbI TIPOHUKAIOT (MHPUIBTPYIOTCA) B Oosiee TIyOOKHe TOpU3OHTHL [lo myTm
JIBUKECHHS OHU HACBIILIAIOTCS PAa3JIMYHBIMU COJIIMH, PACTBOPSIIOT MOA3EMHBIE Ia3bl,
HarpeBaroTcs, 0TOMpasi TEIIO y BOJONPOBOASAIINX MTOPOJ.

B 3aBucuMocTH OT TJIyOMHBI MPOHUKHOBEHUS MH(PUIBTPALIMOHHBIX BOJ OHU
CTaHOBATCA Oojiee WM MEHee HarpeTbIMH. [Ipu cpeaHuX reoTepMHUYEecKHX YCIO-
BUSIX JIJI TOTO, YTOOBI MH(MUIBTPAIIMOHHBIE BOJIbI CTAIN TEPMAIbHBIMU (T.€. C TEM-
nepatypoit 6osee 37 °C), HeoOXxoauMo ux norpyxkenue Ha riryouny 800-1000 m.

NudunbTpaliuoHHBIE THAPOTEPMBI CLIOCOOHBI U3JIMBATHCS HA MOBEPXHOCTH B
BHJIE TOPSYUX MCTOYHUKOB, €CJIM CYIIECTBYET BO3MOXKHOCTh Pa3rpy3Ku BOJBI Ha
MOBEPXHOCTh MO pPa3jioMaM, BBIKIMHUBAHHUSAM CIIOEB, YTO MPOUCXOIUT B OoJjee
HU3KUX OTHOCHUTENBLHO 00JIacTU MUTaHus yyacTkax. [Ipuuem, uToObl Bojia ocTaBa-
Jach TEPMAJILHOM, MOJBEM €€ K MOBEPXHOCTH JOJKEH MPOUCXOIUTH OUYEHb OBICT-
PO, HaIpuMep, MO MUPOKUM TPELIMHAM pa3iaoMoB. [Ipyu MeasIeHHOM noibeMe TH-
POTEPMBI OCTBIBAIOT, OT/IaBasi AKKYMYJHUPOBAHHOE TEIJIO BMEIIAIOUIUM MOPOIAM.
Opnako, ecnu MpoOYpPUTh CKBAKUHY HA TIIyOMHY 3-4 ThIC. M M 00€CTIEUUTh OBICT-
pBIil MOJBEM BOBI, MOKHO TMOJIYYUTh TEPMaJbHBIA PAacTBOpP C TeMIEpaTypor 1o
100 °C. Bce 310 Kacaercs ob6iacTelt Co CpeTHUMU T€0TEPMUUESCKUMU TTOKa3aTeNs-
MU U HE OTHOCHUTCS K BYJIKAHUYECKMM palioHaM WJIM 30HaM HEJaBHEro ropHOoOpa-
30BaHMUS.

Byjikanuvecknil TUN TEPMAJIbHBIX BOJ CIEAYET BBIAEIUTH 0c000. Kak yxe
TOBOPUJIOCH, TOPSIUUE UCTOUYHUKHU BYJIKAHUYECKUX PAHOHOB HEJb3S IEJTUKOM CUM-
TaTh «IOBEHUJIbHBIMWY, T. €. MarMaTudyecKuMu. OMbIT UCCIEAOBAHUN MTOKA3bIBAET,
YTO B MOAABJSIONIEM CJIy4ae BOJA BYJKAHUYECKUX TEPM HMEET MOBEPXHOCTHOE
UHQUIBTPAIIMOHHOE TpoucxoxkaeHue. [loMuUMoO rei3epoB BYJIKAHUYECKUM THII
TUAPOTEPM BKIIOUAET TPsi3eBbie TPUQPOHBI U KOTJIbI, MMAPOBBIE CTPYH M Ta30BBIC
bymapob.

Bce nepeunciieHHble THIBI TEPMAIBHBIX BOJ UMEIOT pa3HOOOpa3HEHUIITUN XH-
MUYECKUNA U Ta30BbIA cocTaB. Mx oOmas MuHepanmu3amus KoJeOJeTcss OT Yiib-
TpanpecHbix kareropui (menee 0,1 1/11) 70 KaTeropuil CBEpXKpENKUX PaccoiOB
(6omee 600 r/m). I'uapoTepmbl cofiepkKaT B PACTBOPEHHOM COCTOSIHUM Pa3uYHbIC
ra3pl: akTUBHbIE (arpeCCUBHBIC), TAKHE, KaK YIJIEKHCIOTa, CEPOBOJOPOA, aToMap-
HBIM BOJOPOJ, U MaJIOAKTUBHBIE — a30T, METaH, BOJAOPO/I.

B reorepmanbHOM 3HEpPreTUKE MOTYT OBITh MCIOJB30BaHbl MPAKTUUECKH BCE
BUJIBI TEPMAJIBHBIX BOJI: MEPErpeThie BOJBI — MPHU J00BIYE IJICKTPOIHEPTUHU, TIpEC-
HbIE TEPMAJIBHBIE BOJIBI — B KOMMYHAJIBHOM TETUI000€CTIeUeHNH, COJIOHOBATHIE BO-
JIbI — B OQJIBHEOJIOTHYECKHUX TIEJISIX, PACCOIBI — KaK MPOMBIIIIEHHOE ChIPBE.
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6.3. 3anacbkl u pacnpocmpaHeHue mepmasibHbIX 600

K obnactsiM pacmpocTpaHeHUsi MECTOPOXKIECHUN TePMaIbHBIX BOJ, OTHOCSTCS:
BYJIKaHMYECKOEe KOJIbII0 OacceitHa Tuxoro okeana, AJIBIMMACKUI CKJIaquaThId IMO-
sc, pudTOBBIC MOMMHBI KOHTHHEHTOB, CPEAMHHO-OKCAHWUYECKHE XpeOThI, TUIaT-
(bopMeHHBIC TTOTPYKEHUS M IPEATOPHBIC KpaeBbie MPOruobl (puc.26).

ITo cBOEMY MPOUCXOKACHUIO MECTOPOKACHUS TEPMATIBHBIX BOJI MOXKHO MO/I-
pa3enuTh Ha JBa TUIIA, Pa3IMYaroluecs CriocoOOM MepeHoca TEII0OBOM YHEPTUH.

IlepBblii THI 00pa3yIOT re0TEPMaAIbHBIE CUCTEMbl KOHBEKIIHOHHOTO MPOUC-
XO02K/I€HMsl, OTJIMYAIOIIMECS BBICOKOM TemmepaTypoll BOJ, pa3rpyKalolluxcs Ha
JHEBHYIO MTOBEPXHOCTh. DTO PAaMOHBI PACIIOIOKEHUSI COBPEMEHHBIX WUJIM HEIABHO
NOTYXIIUX BYJIKAHOB, ]I HA MOBEPXHOCTh BBIXOAAT HE TOIBKO TOPSYUE BOABI, HO
U TIapoBOJIsiHAsA cMech ¢ Temneparypoii 10 200 °C u 6onee. Ha cerogusmniauii 1eHb
BCE T€OTEpPMaIbHBIC IEKTPOCTAHIIMU PAOOTAIOT B pailoHaX COBPEMEHHOI'O BYJIKa-
HU3MA.

150 20 ol nii 36 u 30 A N 129 1y 180 130

Puc.26. O6nactu mpon3BOJCTBA re0TepMaIbHOM SJHEPTUH B CUCTEME TPETHUY-
HBIX OPOTEHUYECKUX TO0sICcOB (3amTpuxoBaHo): 1 — Kamudopuus; 2 — Ceppollpu-
eTo; 3 — Mekcuka, Unanero; 4 — Can-CansBagop; 5 — Uuinu, Atakama; 6 — Hc-
nanaus; 7 —Apaax-Jlak; 8 — Jlapnepemno, Monte-Amuara; 9 — Berarepckuii 6ac-
ceitn; 10 — Aiinun-/lennsmu; 11 — KaBkaz; 12 — Cymarpa; 13 — fBa; 14 —
Hosas I'Bunes; 15 — HoBas bpuranus; 16 — ®umxu, HoBeie ['eOpuapr; 17 —
Baiipakeii, Baiiorany; 18 — ®ununnunsl; 19 — Anonus; 20 — Kamuatka.
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K mMecTopoxaeHusM KOHBEKIIMOHHOI'O THUIIA OTHOCSTCA TaKXKe TUAPOTEp-
MaJbHBIC TTPOSIBJICHUS TaK HAa3bIBAEMBIX PU(PTOBBIX 30H, XapaKTEPU3YIOMIMXCS aK-
TUBHBIM TEKTOHMYECKUM PEKUMOM U YMEPEHHO MOBBIIIEHHBIMU T€OTEPMUYECKU-
Mmu rpaguerTamu — 45-70 °C/kM. (PudToBbie 30HBI U CBA3aHHBIE C HUMH T€PMOaH-
OMaJuy, KaK MMpaBwiIoO, IPOCTUPAOTCA HAa OrpoMHbIe pacctosHus. Hanpumep, Ce-
Bepo-MeKkcukaHCcKkuil 0acceiiH TepMallbHbIX BOJ MPOTSHYJCS Ha 1,5 ThIC. KM, OT
ceBepo-BOCTOYHOM yacTu Mekcuku 10 @nopubl. OHAa U3 CKBaXKHUH 3/IECH C TIIY-
OunHbl 5859 M nmaeT mMapoBOJSHYIO CMecCh ¢ Temmeparypoit 273 °C, mpuueMm 3TOT
(arou BEIXOAUT MPU BEICOKOM JIABJICHHH. )

Bropoii TMII reoTepMalIbHBIX MECTOPOXKACHUI 00pasyercs mpu mpeodiaia-
IOIIEM KOHAYKTHBHOM MPOrpeBe MOI3eMHBIX BOJI, COCPEIOTOUYEHHBIX B TITyOOKHX
mIaTGOPMEHHBIX BIAJAWHAX W MPEATOPHBIX Mporudax. OHM pacronararoTcs B He-
BYJIKAHUYECKHX PAiOHAX M XapaKTEPU3YIOTCS HOPMAJIbHBIM T€OTEPMHUUECKUM Tpa-
mruenToM — 30-33 °C/kMm.

Bypennem Ha He]Th U ra3, a YaCTUYHO W HA BOAY OOHAPY>KEHBI COTHHU IOJ-
3€MHBIX apTE3UAHCKUX 0aCCEMHOB TEPMaJIbHBIX BOJI, 3aHUMAIOIINX TUIOIIAIN B HE-
CKOJIbKO MWJUUIMOHOB KBaJIpaTHBIX KuJoMeTpoB. Kak mpaBuiio, apre3nanckue Oac-
CEHHBI, PACIONIOKEHHBIE B PABHUHHBIX OOJIACTAX W MPEATOPHBIX MPOrudax, co-
nepskat Bofy ¢ temmepatypoit 100-150° C na rimybune 3-4 km.

MoxxHo 0e3 mpeyBenudyeHHUs cKa3aTh, YTO JIFOOOW OTMEUYEHHBIM Ha KapTe
IPEATOPHBIN MPOTUO, KOTOPHINA ObLIT CPOPMUPOBAH B AMOXY AJTBIMUUCKOTO TOPOOO-
pa3oBaHUsl, COJECPKUT OacCeH TepMallbHbIX BOJA. TakoBBI apTe3naHckue Oacceii-
HBI nipeAropHsix nporudoB Ilupenees, Anbn, Kapnar, Kpeima, KaBkaza, Koner-
Hara, Tsup-Illans, [Tamupa, ['umanaeB. TepManbHble BOJBI 3TUX OACCEUHOB Jie-
MOHCTPUPYIOT YHUKAJIbHOE MHOTO00Opa3ue XUMUUECKUX TUIIOB OT MPECHBIX (MUTh-
€BbIX) JI0 PACCOJIbHBIX, YIIOTPEOSIIOIINXCS KaK MUHEPAIHHOE ChIPhE JIJIsl U3BJICY €-
HUSI IIEHHBIX 2JIEMEHTOB. BoJibllle MOJOBUHBI BCEX M3BECTHBIX MUHEPAIbHBIX (JI€-
4eOHBIX) BOJ BBIXOST B BUJIE€ HCTOYHUKOB WUJIM BBIBOJSATCS CKBXXWHAMU B Ipee-
Jax aJlbIMUUCKUX MPEITOPHBIX U MEKTOPHBIX MPOru0oB. OMNBIT MOKA3bIBAET, YTO
TEepMaJIbHbIC BOJIbI MOJOOHBIX MaJIbIX 0acCEWHOB SIBISIOTCS Hambojee Mepcrek-
TUBHBIMU JJISI KOMIIJIEKCHOT'O UCIIOJIb30BAHUS B MPAKTUYECKHUX LIEIIAX.

[ToncueTsl 3amacoB TepMabHBIX BOJ OCHOBBIBAIOTCS HAa UMEIOIIUXCS TAHHBIX
00 o0BeMax rpaBUTAIMOHHBIX BOJI, 3aKJIFOYCHHBIX B IJIACTaX, 00beMax caMuX BO-
JIOHOCHBIX TOPU30HTOB M KOJUIEKTOPCKUX CBOMCTBAaX ClararolIuX MX TOPHBIX IO-
poji. 3amackl TEpMaJbHBIX BOJI MPEACTABIISIOT COO0M 00IIIee KOJIMUECTBO BHISBICH-
HBIX TEPMAJIbHBIX BOJ, HAXOASUIUXCS B IMOPAX U TPEIIMHAX BOJOHOCHBIX TOPU30H-
TOB, UMeroLTUX Temiepatypy 40-200° C, Munepanuzaiuio 10 35 /11 U TIIyOuHy 3a-
Jieranus 10 3,5 ThIC. M OT IHEBHOW MOBEPXHOCTH.

C pa3ButueM riyookoro 0ypenus Ha 10-15 KM OTKpBIBAIOTCS MHOT00O€Ia-
IOIIME TIEPCTIIEKTUBBI BCKPHITUS BLICOKOTEMIIEpATyPHBIX HCTOYHUKOB Teruta. Ha ta-
KHX TJIyOMHaxX B HEKOTOPBIX paliOHax CTpaHbl (MCKIIIOYAsi BYJIKAHUUECKHE) TeMIIe-
patypa Boa MoxkeT 1ocTurHyTh 350° C u BblLIE.

Paiionsl BbIXOJ]a Ha TTOBEPXHOCTHh KpucTaumydeckoro ¢ynmamenta (bamrmii-
CKH, YKpauHCKHi, AHA0APCKUN IIUTHI) U TPUIIOAHSATHIE TOPHBIE COOPY>KECHHUS
(Ypan, KaBka3, Kapnatel 1 T. 1.) COBEPILIEHHO HE MMEIOT 3allacOB TEPMAJIbHBIX
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BoA. Ha yuacTkax morpyxeHus: GyHAaMeHTa, T. €. MPH yBEIWYCHUH TOJIIUHBI
0CaJIOYHOTO YeXJia, B Hepax HaOII0IaeTCss HEKOTOpoe «rmoTerwieHuey» a0 35-40 °C
Ha tuatgopmax u 10 100-120 °C B rimyOOKHX NMPEATOPHBIX BIAJHHAX.

K yuciy pailoHOB, UMEIOIIUX MAKCUMAJIBHO «TEIUIbIE» 3€MHBIE HEIpa, HECO-
MHEHHO, oTHOcHuTCa Kypuiio-Kamuarckas ByJkaHM4YecKas 30HA. 31€Ch HarpeTOCTh
HOPOJI U COZIEPKAIMXCSI B HUX BOJI 3aBUCHUT HE TOJIBKO OT INIyOMHBI UX 3aJI€TaHMs,
HO B OOJIbLIEH CTENEeHW OT OJIM30CTH K BYJIKAaHMYECKUM LEHTpaM M pa3jioMaM B
3EMHOM KOpE.

Takum o6pa3oM, TemmepaTypa MOpoA, a CIeI0BATENbHO, U BOJA HAXOJIUTCS B
3aBHCHUMOCTH OT IJIyOMHBI 3aJleTaHMsl U OT pailloHa, KOTOPBIN XapaKTepU3yeTcs
00JIbIIIeH WM MEHBIICH re0TePMUUECKON aKTUBHOCTHIO.

6.4. CocmosiHue 2eomepmarsibHoOU 3Hep2emuku e Poccuu

Bepxne-MyrtHoBckas I'eoTIC momuocteio 12 MBT (3x4 MBT) sBasiercs
ONBITHO-NIPOMBINUIEHHOW ouepeabto MyTHOBckol ['eoTOC mpoekTHONM MOUIHO-
cteto 200 MBT, co3maBaemoit s anektpocHaOxkenus [lerpomaBioBck-
KamMyaTckoro npoMsIIIEHHOTO palioHa.

B nHacrosiee Bpems Ha IUIOIIAJAKE MMEIOTCS TPU IKCILUIyaTallMOHHBIE CKBa-
WHBI, CyMMapHbIid 1€0UT mapa U3 KOTOPBIX MPEBBIIIAET MOTPEOHOCTh TPEX yCTa-
HaBJIMBAEMbIX sHEpromonynei no 4 MBT ¢ mapoBeiMu TypOuHamu. Kpome Toro,
ATU SHEPrOMOAYJIM HE IOJHOCTBIO HCIIOJB3YIOT TEIUIO OTCEMAPUPOBAHHOU TEp-
MaJIBHOM BOJIbI, 3aKauynBaeMoi B riact ¢ temneparypoit 150°C. B npoekre nocie-
nytouux ouepeneit MytHoBckor ['eoTOC Takxke He npeaycMaTpUBaETCs UCIOIb-
30BaHHUE TEIUIa TEPMAJIbHOM BOJBI, MTO3TOMY C NMPUMEHEHUEM TOJBKO IapOBBIX
TypOuH 061mast MomHocTh ['e0TOC Ha MyTHOBCKOM MECTOPOXKIECHUU HE MPEBbBI-
cut 200 MBT.

[Ipenyaraercss B Te4eHHE TpeX JIET pa3paboTaTh U UCHBITaTh Ha Bepxhe-
MytHOBcKOI ['€0TOC NuIOTHBIA ABYXKOHTYPHBIM aMMHAYHBIM 3HEProMOIyib
MOIIHOCThIO 6 MBT, paboraromuii Ha HU30BITOYHOM Mape M3 CYIIECTBYIOLIUX
CKB&)XHMH U TeIjie cCOPOCHOW reoTepMaibHOM BOJIbI, KOTOpast OyAeT JOMOJHUTEIb-
HOo oxJyaxzaaTtees 1o 100°C.

Co3aHve M UCHBITaHUS MUJIOTHOrO OOpa3lia aMMHUAYHOIO 3HEPrOMOJYJIS
MO3BOJIUT (Hapsiy C HapallMBaHUEM MOIIHOCTH BepxHe-MyTHOBCKOW CTaHIIMU A0
18 MBT) Ha 40-50% yBennuuth MouHOCTh MyTHOBCKOU ['eoTOC mpu Tex xe
obbemax OypeHHs MYTeM COBMECTHOTO IPUMEHEHHS MapOBBIX M aMMHAYHBIX
OHEPTOyCTaHOBOK. [Ipu 3TOM ce0eCcTOMMOCTh IIEKTPOIHEPTUU CHUXKaeTcss Ha 20-
30% 3a cuet 6oitee 3pHEeKTUBHOTO MCIIOJIH30BAHMS T€OTEPMAIBHOTO TEILIa.

KomounnpoBanubie I'eoTIC — Oynymiee reorepmanbHoit sHepretuku Kam-
yaTku. JIBa KpymHEHIIMX MEeCTOpOXIeHus maporuaporepm Kamuarku — paspada-
TeiBaeMoe MyTHOBcKkoe U mnepcrektuBHoe Hukne-Komenesckoe, cnocoOHble Ha
MHOTHE JIECATUIIETHS TOJHOCTHIO O0ECHEUNUTh dHEPreTUYeCcKue MoTpeOHOCTH pe-
TMOHA, PACIMOJO0KEHbl B TOPHBIX MECTHOCTSIX C HEOJAronpHsITHBIM KIMMAaTOM.
CpenneronoBasi TemMrnepaTypa oTpuliaTesibHas, riryouHa cHera ao 10 M. Dto cyiie-



51

CTBEHHO 3aTPyAHSET U YIOPOKAET CTPOUTEIHCTBO M IKCILTyaTaAlUIO0 F€0TEpMaib-
HBIX JIEKTPOCTAHIIUH.

Kak wu3BecTHO, mocTynaromiass W3 T€OTEPMaIbHBIX CKBaXKUH MAapOBOJSHAS
CMeCh UMEET CIOXKHBIN xuMcocTaB. Cojep:kaHue coyei B BoassHOU (aze 1o 2 1/,

B TOM YHCJIE€ MHOTO KPEMHEKHCIIOTHI, B Mape 3HAYUTEIBHOE KOJIMYECTBO
HEKOHJICHCUPYIOIIUXCS Ta30B, BKIIOYas CEPOBOAOPOA. DTO OrPAHUYHMBAET BO3-
MO>KHOCTh TJIyOOKOTO HCIOJIb30BaHUSI TEIJIOBOrO MOTEHIMAla T€0TepMaIbHOTO
TEIUIOHOCUTENS B TpaauMOHHOM 1uKIe ['e0TOC ¢ KOHJIEHCAIITMOHHBIMU MapOBBI-
MU TypOMHAMU, HE TIO3BOJISIS TIOJIy4aTh JIOMOJHUTEIBHBIN Map paciIMpEeHUeM BOIbI
U TIIyOOKu# BakyyM B KoHJeHcaTope. CHIIbHBINA BETep, MOPO3, OOMJIBHBIE CHETO-
najbl B COYETAaHUU C BHICOKOM BIIQXKHOCTBIO CO3/AI0T yIpo3y 00pa30BaHUsA JIbJa B
00b14HO npuMeHsieMbIX Ha ['e0TOC BnakHBIX rpaMpHAX, UTO MOXKET MPUBECTH K
OCTaHOBKE PHEPro0IOKOB U JaXKe K Pa3pyIICHUIO TPATUPEH.

Ha npennaraempix ['eoTOC kOMOMHUPOBAaHHOTO LMKJIA 3T MPOOIEMBI B 3HA-
YUTEIBLHOM CTeNeHU pemaroTcs. Eciyu npuMeHUuTh napoBbie TYpOUHBI C OJIM3KUM K
aTMoc(epHOMY MPOTHUBOIABJICHUEM M HAMPABUTH OTPAOOTAaHHBIN Map B KOHJEHCA-
TOP, SIBJISFOIIUIICS OJJTHOBPEMEHHO MapOoreHepaTOpOM HIXKHETO KOHTYpa CTaHIIMU C
TypOMHAMU HAa HU3KOKHIISIIEM He3aMmep3aroiieM paboyeM Teje, TO CyMMapHYIO
BBIPA0OTKY AJIEKTPOIHEPTUU MOKHO 3HAYUTENILHO IMOBBICUTH 32 CUYET CHUKCHUS
TeMIIepaTypbl 0TBO/A Teria u3 nukia. KoHaeHcanus napa HU3KOKUIISIIETO pado-
Yero Tella OCYUIECTBIIIETCS B BO3AYIIHOM KOHJEHCATOPE, MOATOMY IOJI€3HAas
MOIIIHOCTh CTaHIIMU 3UMOM 3HAYUTEIHHO BO3PACTAET BMECTE C POCTOM MOTPEOHO-
CTHU B 3JeKTposHeprun. Kpome Toro, HET 3aTpar napa Ha 3KEKTOPBI AJIsl yAAICHUS
HEKOHICHCUPYIOIIUXCSl Ta30B, MOKHO TaKXK€ YACTUYHO HCIOJb30BaTh TEIJIO T'€O-
TEpPMaJIbHOM BOJIbI JUIsl TIeperpeBa napa HU3KOKUIsAero paboyero tena. Obnerya-
€TCs 3UMHSSI DKCIUTyaTallis CTAHIIMHU, TaK KaK HET OTKPBITOTO KOHTAaKTa BOJBI C
BO3/IyXOM (CTaHIIMS «CyXas»), a TeMIeparypa BoJbl B TEINIOOOMEHHBIX allaparax
1 TpyOonpoBoaax He omyckaetcst Huxe 60 °C.

Komb6unupoBanubsie ['eoTOC yxe pabotaroT 3a pyOexoMm, HO B pailloHax C
TPOITUYECKUM KIMMATOM, T71€ UX 3()PEKTUBHOCTH HE MOXKET MPOSIBUTHCS B TIOJIHYIO
CUJIy M3-3a BBICOKMX TeMmmepaTyp Bo3ayxa. J[Jig ceBepHBIX pallOHOB BBIIIEYKa3aH-
HbIE MPEUMYIIECTBA TAaKUX CTAHIMN O0OECTIEYMBAIOT OOJBIINE MEPCHEKTUBBI UX
npuMeHeHus. B mpoxopsiiem ceiduac MEXIYHApOJAHOM TEHAEPE HA CTPOUTEIBCTBO
nepBoi ouepenn MyTtHOBckor ['e0TOC craHmuss KOMOMHUPOBAHHOIO ITUKJIA pac-
CMAaTpUBAETCS B KAYECTBE OJTHOTO U3 BO3MOKHBIX BAPUAHTOB.

Oxkeanckas I'eoTIC.

B nactosiee Bpemst anekrpocHadxkenue r.Kypunbcka u nocenkoB PeiiioBo u
INopstune Kitoun ocymiectsisiercst ¢ nomonipio JI9C, a TennocHabxeHue — ¢ mo-
MOIIIBIO YTOJIbHBIX KOTEIbHBIX. /[M3TOMIMBO BBO3UTCS B KOPOTKHI MEPUO HaBU-
raiuu - Ha o.MTypyn HeT cBoero TorumBa. Ha 3akynky TomivBa pacxoa0BajioCh
16,3 muH. py0. B ieHax 1988. B mocnennue roapl n3-3a (GMHAHCOBBIX TPYIHOCTEH
3aBO3 TOIUIMBA HAa OCTPOB PE3KO COKPATWUIICS; DJIEKTPOIHEPTUs MOJAETCs Hacere-
HUIO 10 2-3 yaca B CyTKH.

Bwmecrte ¢ Tem Ha ocTpoBe MMEIOTCS OoraTeiiime 1mo macirabam OCcTpoBa 3a-
Machbl BBICOKOIOTEHIUAIBHBIX T€OTEPMAIIbHBIX MCTOYHUKOB 3HEPTUHU, KOTOPBIE K
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TOMY K€ B OCHOBHOM Y€ pa3BefaHbl. Ha ruaporeosiorndyeckyro pa3BenKy H
HUOKP no cozganuto ['eoTOC u3pacxonoBano okono 75-80 mipa. pyO. B TeKy-
nmx neHax. B I'ocymapcrBennoi komuccnn P@ yTBepKIaeHbI 3amachl naporuapo-
TepM Ha MomHOCTh 15 MBT(3). Y1BepxkaeHo TOO crtpoutensctBa OKeaHCKON
I'eoTOC ¢ momHOCTHIO TIEpBOM ouepenu 12 MBT u Ha nosiHOe pa3zButue 30 MBT —
npuka3z MunrtomHepro PO ot 10.08.94 r. N168. CTouMOCTb 3JEKTPOIHEPTHH Ha
['eoTOC B nBa ¢ numHuUM pasza Hwke yem Ha JIDC. IlpuBo3Hoe TorumBo OyaeT
BBITECHEHO U3 pacyeTa 2,5-3 Tbic. TyT./ron-MBT. Yayummrcs sxonorudeckas 00-
CTaHOBKA Ha OCTPOBE.

Ha ITayxerckoit 'eoTOC momuocThio 11 MBT ucnons3yercs Ha mapoBbIX
TypOHHAX TOJBKO OTCENAPUPOBAHHBIA T€OTEPMAIbHBIA NAp U3 MAPOBOASIHOW CMe-
CH, MOJIY4aeMOM 13 re0TepMaIbHbIX CKBAKHUH. bONbIIOE KOJIMYECTBO reoTepMab-
HO# BojwI (0koJi0 80% obmiero pacxoma [1BC) ¢ remneparypoii 120°C cOpacbiBa-
€TCsl B HEpEeCTOBYIO peky O3epHasi, 4TO IPUBOJUT HE TOJIBKO K MOTEPSM TEILIOBOTO
MOTEHIMAJIa T€OTEPMAJIbHOIO TEINIOHOCHUTENS, HO U CYIIECTBEHHO YXYAIIAET KO-
JIOTUYECKOE COCTOSIHUE PEKHU.

[Ipennaraercst UCNOJIB30BATH TEIIO COPOCHOM reoTepMaIbHON BOJBI 1JIS BhI-
PabOTKH AIEKTPOIHEPTUH MYyTEM CO3JaHUS JIBYXKOHTYPHOH SHEPrOyCTaHOBKHU Ha
HU3KOKHUIIALEM paboueM Tene. B kadecTtBe pabodero Tena 1eaecooOpa3HO B3SITh
W30MEHTaH WJIK U300yTaH, MPOEKT MOJA00HOW MOMYJIBHOW SHEPrOyCTAHOBKHU pa3-
pabotan s CraBpononbekoi ['eoTOC. Pacxo cOpocHOi BOIbI Ha IEHCTBYIONICH
[Tayxerckoii I'eoTOC poctaTodyeH Jisi dHEPrOYCTAaHOBKM MOIIHOCThIO 2 MBT,
crouMocth obopymoBanus 1000$/kBt. Temneparypa cOpOCHOW BOJBI CHHUXKACTCS
10 55°C, TeM caMbIM 3HAYUTEIBHO YMEHBIIAETCS TEIVIOBOE 3arPSI3HEHUE PEKU.
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7. Ucnonb3oBaHue reotepmMmasibHOM 3Heprum Ans BbipaboOTKU
TEenoOBOW U 3NIEKTPUYECKON IHEPrumn

7.1. [Ipsimoe ucnosnb308aHuUe 2eomepmasibHOU 3Hepauu

['eoTepmanbHbIe CTAaHIIMU B BYJIKAHUYECKUX palioHax 0a3upyroTCs HA MECTO-
POXKJIEHUAX TMApOBOJSHON CMeCH, JOOBIBAEMON U3 MPUPOJHBIX MOA3EMHBIX Tpe-
MIMHHBIX KOJUIEKTOPOB ¢ riyounsl 0,5-3 kM. [lapoBojsiHas cMech B cpelHEM UMEET
crenenb cyxoctu 0,2-0,5 u srTanmemmio 1500-2500 x/[x/kr. B cpearem ogHa 3Kc-
IUTyaTallMOHHAsl CKBKMHA OOECIIEUMBAET 3JIEKTPUUYECKYO MOIIHOCTH 3-5 MBT,
CpeaHsisi CTOMMOCTh OypeHus coctapisgeT 900 nomiapoB 3a METp.

I'eoTepmajibHasi JIEKTPOCTAHLIMS € HEMOCPEICTBEHHbIM HCIOJIb30BAHM-
eM npupoaHoro napa. Camas npocras ¥ JOCTyIIHas TeoTepMalibHasi SHEProycra-
HOBKa MPEACTAaBISAET OO0 MapOTypOMHHYIO YCTAHOBKY C IMTPOTHBO/IaBJIEHUEM.

[TpupoaHblil Iap U3 CKBaXXUHBI MOJIAETCS MPSIMO B TYPOUHY C TTOCIIETYIOITIM
BBIXO/IOM B arMmoc(epy WM B YCTPOMCTBO, yJIaBIMBAIOIIEE LEHHbIE XUMUYECKHUE
BemecTBa. B TypOMHY ¢ MPOTHUBOAABICHHEM MOKHO MOJaBaTh BTOPUYHBIN Map
WIN nap, nojay4yaemblid u3 cenaparopa. [lo 3Toil cxeme anexTpocTaHuus paboTaeTt
0€3 KOH/IEHCATOPOB, U OTIAAAE€T HEOOXOIMMOCTh B KOMIIPECcope Uil YAAJICHUS U3
KOH/ICHCaTOPOB HEKOHJECHCUPYIOIIMXCS Ta30B. JTa yCTaHOBKAa HauboJjee mpocras,
KaluTaJbHbIE U DKCIUTyaTallMOHHBIC 3aTpaThl HA HEE MUHUMAaJbHBL. OHA 3aHUMaET
HEOOJIBIIYIO TUIONIAh, TOUYTU HE TPEeOyeT BCIIOMOTAaTEIbHOTO O0OPYIOBAHUS U €€
JIETKO MPHUCIOCOOUTh KaK MEPEHOCHYI0 T'€OTEPMaJbHYIO 3JIEKTPOCTAHIUIO (puC.
27).

TypOorenepaTopHble YCTaHOBKM C MPOTUBOJABICHUEM HE MPEMSITCTBYIOT
MIPOMBIIINIEHHOMY HMCHOJIb30BAHUI0 XMMHUYECKUX BELIECTB, COJIEPXKAIIMXCS B MPH-
pOIHOM TerioHocutene. Tak, HanpuMmep, B IPUPOJAHOM Mape HEKOTOPBIX MECTO-
poxknenuit Utamuu comepxkutcs 150-700 mr/kr OOpHON KHUCIOTHI, U TIPU TTOMOIIA
NOJJOOHBIX YCTAHOBOK MOKHO J0OBIBATH 3TOT LIEHHBIM MPOIYKT OJHOBPEMEHHO C
BBIPA0OTKOM 3JIEKTPOIHEPTUU.
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Puc.27. Cxema reorepMalibHOM 3JEKTPOCTAHIIMU C HEMTOCPEACTBEHHBIM MCITOJIb-
30BaHHMEM MPUPOJHOTO napa: 1 — ckBaxkuHa; 2 — TypOuHa; 3 —reHeparop; 4 —
BBIXOJ1 B aTMOC(epy UM Ha XUMUYECKH 3aBOJT
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PaccMoTpeHHas cxemMa MOXKET CTaThb CaMOW BBITOJHOM IS TEX PAallOHOB, TIE
HMMEIOTCSI JOCTATOYHBIEC 3amachl MPUPOAHOTO Napa. PanuoHanbHas SKCIUTyaTamus
o0ecreunBaeT BO3MOXKHOCTh 3(PPeKTUBHOM pabOTHl TaKOW yCTAHOBKH JaXXe MpPH
MePEMEHHOM JIeONTE CKBAKHH.

B Uranuu paboTaeT HECKOJIbKO TaKUX CTaHIMi. OJJHa U3 HUX — MOIIIHOCTHIO 4
ThiC. KBT mipu y nenbHOM pacxojie mapa okojo 20 kr/cek, win 80 T mapa B 4ac;
apyrasi — MOIIHOCTBIO 16 Thic. KBT, TIIe ycTaHOBIEHO 4eThipe TypOoreHeparopa
MOIIHOCTHIO 110 4 Thic. KBT. [locnennsist cHaGxkaercs mapom ot 7-8 CKBaXkKHH.

B nmono6HbIX cxemax TpeOyeTcsl 3HAaUUTENIbHOE KOJMYECTBO Mapa, KOTOPBIN C
OOJIBIIINM YCIIEXOM MOXKET OBITh HCIOJB30BaH B TYpOMHAX KOHIEHCAIMOHHOTO
THUIIA.

I'eorepMasibHasi 3JIEKTPOCTAHIUSA ¢ KOHACHCAIIMOHHOM TYpOMHOW M
NPAMBIM HCIOJIb30BAHHEM MPHUPOAHOr0 Mapa — 3TO HamOoJiee COBPEMEHHAS
cxeMa JIsl IOJIyYEHUS DIIEKTPUUECKON IHEPTUH.

[lap u3 ckBaxkuHbI nojaercs B TypOuny. OTpaOoTaHHBIM B TypOUHE, OH MO-
MAJIA€T B CMEMIMBAIOIINN KOHAEHCATOp. CMech OXJIaXKIatoIe BOALI U KOHIEHCATa
yKe 0TpabOTaHHOTO B TypOMHE TMapa BBIITYCKAETCSl U3 KOHJIEHCATOpa B MOA3EMHbIN
0ak, OTKyda 3a0upaercs HUPKYISIUOHHBIMHU HAacoCaMW M HampaBisieTCs IS
OXJIAXKJEHUS B rpaAupHio. M3 rpaaupHu OXJaXXJaromas BOAa OISTh MOMAaJacT B
KoHIeHcaTop (puc.28).

[To Takoit cxeme paboTaeT reoTepmalibHas 3JeKTpoctanius Jlapaepesmio-3,
UCIIOJIb3YIOIIasl IPUPOIHBIN Tap, camas KpynHas B Mtanuu. OHa Obula CIPOEKTHU-
pOBaHa B Hayaje BTOPOM MUPOBOI BOWHBI, HO BCTYIIHJIA B CTPOM TOJBKO B MOCIE-
BOCHHBIC To/ibl. Ha »3JeKTpOoCTaHIMM YCTAHOBJIIEHO 4YEThIpe TypOoreHeparopa
MOIIHOCTBIO MO 26 Thic. KBT u ABa TypOorenepatopa no 9 teic. kBT. Ilocnennue
MpeHa3HAYEHBI JIJIs1 TOKPBITHS COOCTBEHHBIX HArpy30K.
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Puc.28. Cxema reorepMaibHON 3JEKTPOCTAHIIMY C KOHACHCAIIMOHHON TYP-
OWHOI M MPSIMBIM UCIIOJIb30BAHKEM IPUPOTHOTO mapa: | — CkBakuHA; 2 —
TypOuHa; 3 — renepatop; 4 — Hacoc; 5 — KOHAEHCATOp; 6 — rpagupHs; 7 —

KoMITpeccop; 8— copoc.
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Hu onuu u3 ycTaHOBIEHHBIX 371€Ch TYpOOT€HEPaTOPOB B TEUEHNE MHOTHX JIET
He nepeBonuics B pe3epB. KoadduumeHnt ncnonbp3oBanusi yCTaHOBICHHON MOII-
HocTu cocTaBisier 98%. CrabmibHas paboTa reoTepMalIbHOM 3JIEKTPOCTAHIIUU
Jlapnepemnno-3 oTKpbUIa MyTh K KOHCTPYMPOBAHUIO HOBBIX JIEKTPOCTAHIIUHN C HC-
M0JIb30BaHUEM KOHJIEHCAIIMOHHBIX TYpOuH. 1o Takol cxeMe ¢ HEKOTOPhIMU H3Me-
HEHUSIMU pPAa0OTAlOT MHOTHE TeOTepMallbHbIE H3JIEKTpOoCTaHIMu: Jlapaepemno-2
(Uranus), Baiipakeit (Hosast 3enanausi) u ap.

brnarogaps TeXHWYECKMM YCOBEpIICHCTBOBAHUAM MOTpeOJeHUE Mapa Ha Ka-
Kbl KAJIOBATT MOUTHOCTH CTajo 3HAUMTEIBHO MeHble. Celfuac pacxo] mapa Ha
HOBOM anekTpocTaniuu Jlaro (Mramus) cocrapnset yxe 8 kr/kBr-u.

7.2. FeomepmarnbHbie afilekmpocmaHyuu ¢ 6UHapHbLIM UUKIIOM

I'eoTepmasibHasi 31eKTPpOCTAaHIMA ¢ maponpeodpasoBareseMm. KonneHca-
[IMOHHas TypOHHA ¢ maponpeoOpa3oBareaeM padoTaeT Ha BTOPUYHOM Mape. IDTu

Typy U OoJibllIo€ cojaepkaHHe razoB. Cxema 3J€KTPOCTAaHIUHU CIIEAYIOLIas:
OPUPOJHBIN Map U3 CKBa)XMHBI IOCTYMAET B MaponpeoOpa3oBaTesib U CBOE TEIIO
OTJAaeT BTOPUYHOMY TEIUIOHOCUTENIO, TIOCIE€ YEro YHCTBHIA BTOPUYHBIA TMap
HAIPAaBIIACTCS B KOHJICHCAIIMOHHYIO TypOouHy. OTpaOoTaHHBIHM Map UAET B KOHJICH-
catop. HekonneHcupyromuecs rassl, CoAep Kaluecs: B ape, OTASISIIOTCS B Iapo-
npeoOpa3oBaresne U BbIOPACHIBAIOTCS JMO0 B atMocdepy, MO0 UAYT HA XUMHYE-
ckue 3aBojbl. HepocTtaTkoM 3TOM CXEMBI SIBISIETCS CHUKEHUE MapaMeTpoB Iapa
nepea TypOuHoi. Ilo cpaBHEHHMIO C 3JIEKTPOCTAHUUSMH, HEMOCPEICTBEHHO HC-
HOJIB3YIOUIMMU MPUPOIAHBIN Tap, YAENbHBIN pacxo/ napa 37ech MeHblie Ha 30%.

['eoTepmanbHas a5eKTpocTaHLus, paboTaromas no 3toit cxeme (puc.29), nos-
BOJIIET MOJHOCTHIO HCIIOJIb30BAaTh BCE XMMMYECKHUE BELIECTBA, COJEpIKalUecs B
IPUPOTHOM Tape.
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Puc.29. Cxema reorepmanabHOM 3JEKTPOCTAHIIUM C ITapoIpeodpa3oBaTe-

neM: 1 — ckBaxkuHa; 2 — mapornpeoopazoBatenb; 3 — TypOuHa; 4 — reHepa-

TOP; 5 — KOHAEH-CATOP; 6 — BaKYyMHBIN HACOC; 7 — rpagupHs; 8 — HACOC;
9 — nerazarop; 10 — cOpoc.
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OnbIT NOATBEPKIAET, YTO CTOMMOCTh CTPOUTEIHCTBA T'€OTEPMATIBLHOM AJICK-
TPOCTAHIIMU € TapomnpeoOpa3zoBaTeieM HEMHOTO OOJbIlIe CTOMMOCTU JIIEKTPO-
CTaHUMU C OPSIMBIM HCIOJB30BAHMEM IMapa B KOHACHCAIIMOHHOM TypOuHe. [lo
cxeme ¢ maporpeoOpa3zoBarenieM ObUIH MOCTPOEHBI dJIeKTpocTaniuu Jlapaepeio-
2 u KacrensnyoBo (Mramus). Ha cranuuu Jlapaepenno-2 yctaHoBieHO 7 TypOWH
MOITHOCTBIO O 11 ThIC. KBT. Y AenbHbINM pacxon napa Ha 3TOM 3JIEKTPOCTAHIUNA —
14 kr/xBrT.

I'eorepMasibHbIE JJIEKTPOCTAHIUN ¢ KOHJAECHCANMOHHON TYpOuHOM, pado-
Tallie HA OTCENAapUMPOBAHHOM Iape, CTPOSTCA TaM, IJ€ U3 CKBa)XUHBI IMOJY-
YaroT nap ¢ OOJBIIMM coAepxaHueM Bobl. [lap ninu mapoBosiHast cMech U3 CKBa-
YKUHBI HAIPABIISIETCS B CIIELIHMAIBHOE YCTPOMCTBO, PACIOJIOKEHHOE HA CKBaXKUHE.
Ilon maBneHuweM B cemaparope NPOUCXOAUT PA3JAEICHUE NApOBOASHOM CMECH Ha
nap 1 Boay. OrcenapupoBaHHBINA Map 1Mo TPyOOIPOBOy HAMPABISAETCS B TYpOUHY
UT. .

KoHpeHcanmonnsle TypOHHBI, padoTarliie Ha OTCENapUpOBAHHOM IIape,
HallUT TPUMEHEHUE B CTPOUTENBCTBE I€OTEPMAIIbHBIX 3JEKTpocTaHuil B Poccun
(ITay>xerckoe mectopoxaenue Ha Kamuarke), Mcnannuu (MectopoxaeHue XBepa-
rep/iv) ¥ B IPYTUX CTpaHaX.

PaccmotpenHas cxema uMeer cBou mpeumyniectBa. [lonydeHHblll B cenapa-
TOpE TMap MPAKTUUECKU HE COJIEPXKUT ra3oB, 4YTO 00JierdaeT paboTy TypOuH.

7.3. Cxema lNMayxxemckou NeoTIAC

B Hacrositiiee Bpemsi mpoBeIeHbI Te0JIOTHYecKue, reopu3nuecKe, Tuaporeo-
JIOTUYECKUE U IPYTUE UCCIIEIOBAaHUS TEIUI0-aHOMAJIbHBIX paiioHoB KamuaTku; 00-
Hapy>KEHbI OOJIBIIINE PECYPCHI TEPMATILHBIX BOJ] C BRICOKOW TEMITEpaTypoOil.

J11st mosrydeHust JIEKTPUYECKON SHEPTHUH 34 CUET TIIYOMHHOTO Teria 3eMJIu U
CTPOUTENBCTBA OMBITHO-MPOMBIIIUIEHHOW F€0TEPMAIbHON CTAaHIUUA THAPOTEOJIOTHU-
pa3BEIYUKH COUJIM HAWIYUIIUM paioHOM JoJMHY peku [laykeTku, pacmnonokeH-
Hyto Ha tore Kamuatku, B 35 kM oT nooepexbst OXOTCKOro MOps.

B 1957 r. nauanocws OypeHue pa3BelOUYHbIX CKBaXHH. [Ipu OypeHun Ha Tep-
MaJIbHbI€ BOJIbI, OCOOCHHO B 30HE BYJIKAHUYECKUX MPOSBICHUMN, TPUMEHSIIA TJIU-
HUCTBIA PACTBOP M, HEMPEPHIBHO MPOMBIBAS, OXJIAXKIATU CTBOJ CKBa)KUHBI, YTO
MPEOTBPATUIIO TIApOBOASHBIE BBIOpOCHl. Bcero Owuwia mpoOypeHa 21 ckBakuHa
rryounoi ot 220 no 480 m. Kaxxnas B cpeaneM gaBana okojio 10 kr/cek mapoBo-
JSTHOM cMmecH ¢ TertocoaepxkanueM 170 kkan/kr. OnHa u3 HUX ¢ TayOunbl 250 M
BCKphLIa Temnepatypy 195 °C, apyras ¢ rmy6unst 375 m —200° C.

ITo xumuyeckoMy coctaBy llaykeTckue ruapoTepMbl MPUHALJICKAT K TUITY
XJIOPUIHBIX HATpUEBBIX BoI. O0IIast MuHepanu3anus ux coctasiset 1,0-3,4 1/,

TeMmreparypa Ha Bbixoae 3 ckBaxuH — 144-200 °C, naBieHHe Ha YCTbe
ckBaxuHbl — 2-4 at™, pH ot 8,0 no 8,2. TepmasibHBIE BOABI COMIEPHKAT MOBHIIICH-
HbIE KOJINYe-CTBa KpeMHEKHUCIOTHI (250 mr/im) u 6opHoit kuciotsl (150 mr/m). Iap
HACBIIIEH TaK)Ke Tra3zaMu: yrieKuciabiM — 500 MI/Kr, cepoBOJIOPOJIOM — 25 MI/KT,
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aMMHUAKOM — 110 15 Mr/Kr u ap.

Ilo mpenBapurenbHbIM AaHHBIM, [layKeTCkoe reoTepMaIbHOE MECTOPOXKIE-
HHAE JacT BO3MOXKHOCTBH noisiydatb 30-50 TeIc. KBT 3lEKTpUYECKOW MOIIHOCTH.
CxeMa OIBITHO-TIPOMBILIEHHOW CTaHIMHM, NPEIJOKEHHAass WHCTUTYTOM Termo-
AJIEKTPONPOEKT, NMpeacTapiaeHa Ha puc.30.
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Puc.30. Cxema IlayxeTckoi ONBITHO-IIPOMBIIUIEHHON T€0TEpPMalIbHON
ANEKTPOCTAaHUMHU: | — CKkBaxkuHa; 2 — cenaparop; 3 — mapomnposon; 4 —
TypOuHa; 5 — reHepaTop; 6 — CMEIIMBAIOLIUNA KOHACHCATOP; 7 — BOAOCTPYH-
HBIN 2KEKTOP; 8 — IIKEKTOPHBIN Hacoc; 9 — 6apoMeTpuueckas Tpyoa; 10 —
Oak oxJstaxkaaromieit Bojwl; 11 — cimuBHOM Komoaell; 12 — Hacoc ropsueid Bo-
Ibl; 13 — TpyOONpoBOA XOJIOAHOM BOJIBI

[TapoBosHAs CMECh M3 CKBaXKUHBI IIOCTYIIAET B cenaparop (eMkocTbio 10 M3,
c Harpys3koil maposoro oosema 600-800 M3/gac), pacroNoKeHHBII HA CKBaKHHE.
3nech npu JaBlieHUH 1,5 aTM IpoOUCXOIUT pa3zelieHre napa u Bojabsl. Otcenapupo-
BaHHBIN TIap IO MaponpoBOAY MOCTyMaeT K Typounam. ['opsuas Bojga ¢ Temmepa-
typoit 100-110 °C cOpacbiBaeTcs B peKy, U TOJIBKO HEOOJbINAS YACTh €€ HIET IO
TpyOaM JUIsi OTOTUICHHSI W TOPSIYETO BOJIOCHAOXKEHHS >KWIIBIX 3IaHUM TOCETKa U
AJIEKTpOCTaHIMU. Ha cTaHIMu yCTaHOBJICHBI CMEIIMBAIOIIME KOHACHCATOpHI. [lo-
CKOJIBKY KOHJEHCAT OTpaboTaBIIero B TypOWHaX mapa 37eCh OECIOJIe3€H, TaKue
KOHJICHCATOPbl KOMIIaKTHEE M TPEOYIOT MEHbIIIe oXJaxaarome Boabl. s yna-
JIEHUsI Ta30B U3 KOHJICHCATOPOB YCTAHOBJIEHBI BOJAOCTPYHHBIE KEKTOPBI C Pacxo-
oM Boasl 800-900 m3/4ac.

Ha neit ycranosnens! ne TypOunbl tuna «MK-2,5» npousBonacta Kamyx-
CKOTO TYpOMHHOTO 3aBOJia MOIIHOCTBIO MO 2,5 ThiC. KBT kaxnas. CtaHuus gaeT
TOK O3EpHOBCKOMY IOCEIKY, PBIOOKOMOMHATY U OJU3IEKAIUM HACEICHHBIM
MTyHKTaM.
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8. Ucnonb3oBaHue reotepmanbLHON 3Heprum Ansa Tensno-
CHabXXeHM1A XUnbIX U NPOU3BOACTBEHHbIX 34aHUN

Jl7is OTOIUIEHHSA W TOPSIYEro BOJAOCHAOXKEHUS >KUIIBIX M MPOU3BOJICTBEHHBIX
3MaHui HeoOXoauMa Temneparypa Bojbl He Huxe 50-60° C.

HaunOoiiee panmoHaibHOE UCIOJIB30BaHUE TEPMAIBHBIX BOJ MOXKET OBITH J0-
CTUTHYTO MPHU IOCJIEI0BATEIbHON MX 3KCIUTyaTallid: NEPBOHAYAJIBLHO B OTOILIE-
HUH, a 3aT€M B TOpsiueM BoJocHaOkeHuu. Ho 3To mpeacraBiseT HEKOTOpBIE TPY/I-
HOCTH, TaK Kak MOTPEOHOCTh B ropsiuei BOJIE 10 BPEMEHHU T'ola OTHOCUTENILHO T10-
CTOSIHHA, TOT/Ia KaK OTOIUICHHUE SIBJISIETCSI CE30HHBIM, OHO 3aBUCHUT OT KJIMMaTHUYe-
CKUX YCJIOBHUH pailoHa, TeMIlepaTyphl HAPY>KHOTO BO3/yXa, BPEMEHU roJia U CYTOK.

B Hacrosiee BpeMs pa3pabOTaHbl pa3aU4HbIC CXEMbl HCIOJIb30BAHUS TEp-
MaJIbHBIX BOJ JUIsl OTOIUIEHUS! U TOPSAYETrO BOJOCHAOKEHUS KUIIBIX M IPOMBILICH-
HBIX 3JaHUM.

8.1. TennocHabxeHue ebicOKOMemMnepamypHOU CuslbHO MUHepaslu-
308aHHOU mepmasibHOU eodoli

TepmanbpHasg Boga umeet temieparypy Bbiiie 80° C, HO CUIIBHO MUHEPAIU30-
BaHa. B 3THX yclNOBUSAX BO3HUKAET HEOOXOAMMOCTHh B YCTPONCTBE MPOMEKYTOU-
HBIX TEIUIOOOMEHHUKOB. [IpuHIIMNIMANBHOE PEIIeHHE TaKOW CXEMbl MOKAa3aHO Ha
puc.31.
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Puc.31. [IpuHuunuanbHas cxema reoTepMajibHOTO TeIIOCHA0KEHUS C
TEIIO0OMEHHUKaMHU: | — CKBaXKMHa; 2 — TETNIOOOMEHHUK CUCTEMbI OTOTI-
JeHUst; 3 — TeII00OMEHHUK ropsiuero BojgocHa0xeHus 1-if crynenu; 4 —

TO K€, 2-11 CTYIEHH; 5 — CUCTEMA OTOIICHUSI.
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371ech TepMalibHAsA BOJIA U3 CKBAKUH Pa3JIEseTCs HA JIBE NapaJlieIbHbIE BET-
BU: OJIHA HANPABISETCS B TEIJIOOOMEHHUK OTOIUICHUS U 3aT€M B TETNIOOOMEHHUK
1-i1 cTynenu momorpeBa BOABI ISl TOPSAYETO BOAOCHAOXKEHHUS; BTOpas - B TEIUIO-
OOMEHHUK 2-i CTyIIEHHU.

UtoOsl n30ekaTh 3apacTaHusi TpyOOIPOBO/a, TEPMAIbHYIO BOJIY UCIIOJIB3YIOT
C MPOMEXYTOYHBIM TEIJIOOOMEHHUKOM. BBICOKOMUHEpATN30BaHHYIO BOAY U3
CKBQYKHHBI IOJIAI0OT B PE3€pBYyap CO 3MEEBUKAMHU, 110 KOTOPBIM MOCTYIIAET MpECHast
peunas Boja. Harperas mpecHas Boja UIET K MOTPEOUTENIO, a BHIMAJAIOIINE U3
TEPMAJIBHBIX BOJI COJIM OCa)KJAIOTCS B PE3E€PBYyape U HA HAPY>KHBIX MTOBEPXHOCTAX
3MeeBuKa. HemocTaTkoM cXxeMbl ¢ TemI00OOMEHHUKOM SIBJISIETCSl COKpAllleHUE cpa-
0aTbIBaEMOro MOTEHIIMAa TEPMaJbHOW BOJABI (HA KOHEYHYIO Pa3HOCTh TEMIIepa-
Typ B TETUIOOOMEHHUKE).

Brimeonucannass cxema BecbMma mnpuMenuma s Kabapnuno-bankapuu.
TepmanibHast Bojia Ha Kypopte «Habunk» Kcronb30Bagach TOJBKO B 0agbHEOJIO-
rU4ecKux Lemsx. ['yOoKue CKBaKMHbI BCKPBUIN BBICOKOTEPMAIBHYIO BOJY, U TO-
SABUJIACH BO3MOKHOCTH OTOIUISTH €10 >KHWJIbIE M MPOU3BOACTBEHHBIE 3JaHUS, TEIl-
JMYHONIAPHUKOBBIE X035KcTBA. st 3TOTO BozIa ¢ TeMrieparypout 78° C n3 ckBa-HH
MOCTYIIAET B TEIJIOOOMEHHUK THUIIA «TpyOa B TpyOe», KOTOPBINA OTAAET YacTh TEIIa
IIPEeCHOM Bojie. 3aTeM MpEeCHAasi BOJa HAIPaBISETCS MO TPyOaM B JKHUIIBIE U MPOU3-
BOJICTBEHHBIC 3/IaHUS JJISI TOPSYETO BOJOCHAOKEHUS, TEXHOJIOTUUECKUX HYXK/, B
TEIUTMLBI, TAE€ BBIPAIIMBAIOT B TOJ JBa yposkas oBouled. OxnaxaeHHas B TEIUIO-
oOMeHHuKe 110 TemriepaTypsl 37-38° C TepmanbHas BoJa MOJAACTCs B BAaHHBI U J1y-
M 0ambHEOJICUCOHUIIBI.

8.2. TennocHab)xeHue HU3KOMemMIriepamypHoU MaJloOMUHepasiu308aH-
HolimepMmasibHOU 000U

TepmanbHas BOJa MAJIOMHUHEPAIN30BAaHA, HO C HU3KUM TEIUJIOBBIM MMOTEHIINA-
oM (temmneparypa Hike 80 °C). 3aech TpeOyeTcsi MOBBINICHUE MOTEHIIMaIa Tep-
MaJibHOM BOJIbI. OCYIIIECTBUTH 3TO MOXKHO Pa3HbBIMU METOJaMU, MIPUBEIEM OCHOB-
HBIE U3 HUX:

a) mojaya TepMaJIbHOM BObI MApaLIETbHO Ha OTOIUJIEHUE M TOpsiYee BOJO-
CHa0»EHUE U MUKOBBIN JOTPEB OTOMUTEILHON BO/IbI;

0) OecciauBHas cUCTEMa re0TepMalibHOTO TETIOCHAOKEHHUS;

B) NPUMEHEHHUE TEMIOBBIX HACOCOB;

I') COBMEIIEHHOE MPUMEHEHHE TEIJIOBBIX HACOCOB U MUKOBOTO JIOIPEBA.

ITo cxeme (a) TepManibHAsE BOJIA U3 CKBAXKMH IOCTYIIAET B CUCTEMY I'OPSYETrO

BOJIOCHAOKEHUS ¥ TTapaJIJIEIbHO B MUKOBYIO KOTEIBHYIO. 3/16Ch OHA JOTPeBa-
€TCs 10 TeMIepaTypbl, COOTBETCTBYIOIIEH METEOPOJIOTUYECKUM YCIOBUSAM, U TO-
naeTcst B cucteMbl otoruienus (puc.32). JlanHas cxema 0cOOEHHO IienecooOpa3Ha
JUTSI paliOHOB C JIOPOTUM OypeHHeM, TaK KakK MIUKOBasi KOTEIbHas TTO3BOJISIET COKpa-
TUTbh YKCIIO CKBAXKUH.
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Puc.32. TlpunnunuanbHas cxeMa reoTepMalIbHOTO TETIOCHAOKEHUS C
napajuiesIbHOM To1auei reoTepMalIbHOM BOJIBI HA OTOIJICHUE U Topsiuee
BOJIOCHA0KEHHE M ITMKOBBIM JIOTPEBOM BOJBI HAa OTOIUICHUE: 1 — CKBa-
JKWHA; 2 — TMKOBBIM JIOrpeBaTelib; 3 — CUCTEMa OTOTUICHUS; 4 — OaK-
aAKKyMYJISITOP.

Cxema (0) mpezacraBisieT OoJiee CIOXHBIM BapHAHT MNPEIBIIYIIEH CXEMBI.
3nech TepMaibHas BOJIa, MOCTYNAIONIAsl U3 CKBAYXKWUH, HArpeBaeTCsl 10 TEMIIEPATY-
pei 160-200 °C, uTo 00YyCIOBIMBACTCS KIMMATHYECKUMHU YCIOBUSIMU M MO3BOJISET
JOCTUYb PABEHCTBA BOJbI B TEIUIOBBIX CETSAX M CHCTEMAax TOpsUero BOJOCHa0Xe-
HUSL.
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Puc.33. [IpunuunuanbHas cxema OECCIMBHOW CHUCTEMBI T'€OTE€pPMaJIbHOIO
TeriorersiocHadkeHus: 0 — ckBaxkuHa; 1 — gerazarop; 2 — XUMBOJAOOYHCTKA; 3 —
BOJIOIIOI0TPEBATEND; 4 — CMECHUTEIIB; 5 — CUCTEMA OTOIUIEHHUS; 6 — CUCTEMA T'O-
psiYero BOAOCHA0XKEHUs; 7 — OaK-aKKyMyJIsITOp; 8 — KOTEJbHas.

Ha pwuc.33 nmpuBenena npuHIMNHUAIbHAS CXeMa TaKoW ycTaHOBKHU. M3 ckBa-
xuHbl 0 TepMalbHasi BOJIa MOCTYHAET B KOTEIbHYIO 8, 3aTE€M, PO uepe3 Jera-
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3aTop 7 W XUMBOJOOYUCTKY 2, mojaaeTcsi B HarpeBarenb 5. Ileperperas Bona
HaIpaBJsSIETCS. B KWIble JAoMa. AOOHEHTCKHMU BBOJI KaXKJIOTO JoMa 00O0pyJ0BaH
cMmecuTeneM 4, B KOTOPOM CETeBasi BOAA CMEIIMBAETCs ¢ 0TpaboTaHHOW BOIOH U3
cucteMbl otorieHus1. Cmech TpedyeMon TeMIeparypsl NOCIEA0BATENBHO MPOXO-
JUT CUCTEMY OTOIUICHHUS 5, a 3aTEM IMOJTHOCTBIO PACXOYyEeTCsl B CUCTEME TOPSUEro
BogocHaOxkeHus 6. [IpegycMoTpeHa BO3MOKHOCTh cOpoca OTpabOTaHHOW BOJIBI U3
CUCTEMBbI OTOIUICHUS B KaHAJU3alMIO, a TAKXKE YCTaHOBKa Oaka-akkymynsaropa 7
JUTSL OJTHOTO WJIA TPYIIIIBI 3aHUH.

C mnoBbIllIEHHEM TEMIIepaTyphbl Hapy>KHOTO BO3/yXa PAacxXoj] BOJbl Ha BBOJE
OCTaeTCsl MOCTOSIHHBIM, YaCTh BOJIbI MTOCTYIMAET B CUCTEMY rOpsYero BoAoCHa0ke-
HUSI, MUHYSI CUCTEMY OTOILJICHHUS 110 CTielManbHOM nepemsbiuke. [Ipu 3TOM ¢ momo-
IIbI0 TEPMOPETYJIATOPA NOAIEPKUBAETCS OJMHAKOBAs TEMIIEpaTypa BOIbI B CH-
CTEME TOPSYEro BOJOCHA0KEHUS B TEUEHHE BCETO OTOIUTEILHOIO CE30HA.

B netHuii nepuon TepManbHas BOJA MOJAETCA HA ropsdee BOJAOCHAOXKEHHE,
MUHYS IOJIOTPEBaTENh, IO 0OBOJHOMY TPyOOIIPOBOY B KOTEJIHHOM.

OcyiiecTBIeHUE TaKOW CXEMbI MO3BOJISIET MOJIHEE MCIOJIb30BaTh TEIJIO TEp-
MaJIbHOW BOJIbl, COKPATUB JO MHUHUMYMa YHCJIO CKBa)XWH, YMEHBIIUThH JUAMETP
TEIUIOBBIX CETE U UX MPOTSHKEHHOCTh, CHU3UTh METAJITIOEMKOCTh CUCTEM OTOILIE-
HUA. OQHAKO B TaKOW CUCTEME MHUKOBAas KOTEJbHAS MPEBPAIAECTCS MO CYIIECTBY B
0a3uCHBIN TeHepaTop Terla JJis OTOIICHUS, KOTOPhI pad0oTaeT BECh OTOMUTEIb-
HBI ce30H. OTcrofa Ooibilias yCTaHOBJICHHAs MOIIHOCTh KOTEIBbHON U OOJIBIION
pacxon TtormnuBa. CyniecTByeT MHEHHE, YTO TeMIepaTypa JOoTrpeBa HE JOJKHA
npesbimaTh 100 °C u3-3a 0MacHOCTH BO3HUMKHOBEHHUSI KOPPO3UU W Hakumu. B Ta-
KOM CJIy4yae pacipeaesuTeIbHbIe CETH PEKOMEHYETCS BBINOIHATH JIBYXTPYOHBI-
MU. DTO JAOMOJHUTENbHBIN (AKTOP, CHIKAIOIINKA 3(PPEKTUBHOCTD CUCTEMBI.

Bce ckazanHoe 3acTaBiisieT KPUTHUUECKH OTHOCUTHCS K JJAHHOW CXEME U BbI-
00p ee 00OCHOBBIBaThH TIIATEILHBIM SKOHOMUYECKHM PAcYeTOM B KaKIOM KOH-
KPETHOM ClIyJae.

Cxema (B) mnpeaycmaTpuBaeT YTWIM3ALMUIO TEIJIA HU3KOTEMIEPATYyPHBIX
TEPMaJIbHBIX UCTOYHUKOB MPU MOMOIIM TeIIoBoro Hacoca. Ha puc.34 mokazana
TUTIOBAas CXEMa TETUIOCHAOKEHHS C KOMIIPECCHOHHBIM TEIIOBBIM HACOCOM.

l'opsiuast Boga U3 CKBaKMH | momaeTcsi K MCIAapUTEINI0 TEILUIOBOIO0 Hacoca 2,
r7e IpPOMCXOAUT Iepenaya ee Teria ObICTpO ucnapsroleMycs pabouemMy Belle-
cTBy. OOpasyromuecs mapbl CKHMAIOTCS KOMIPECCOPOM 3 W HAMpaBiIsIOTCS B
KOHJIeHCaTop 4, T/ KOHJACHCHPYIOTCA Mpu Oojiee BBHICOKOM JaBJICHHUH, OT/aBast
TEIJIO BOJAE, MUPKYJIHUPYIOIIEH B cucteme oToruieHus. OxiaxaeHHas Boja copa-
CBhIBAETCS B KaHAIM3alM0. DPPEKTUBHOCTh CXEMBbI MOBBIIIAECTCS MPU padoTe Ten-
JIOBOT0 Hacoca JIETOM B PEXXHUME XOJIOAWIbHON MallnHbl. B 1ensx 0osee mojiHOro
cpabaTbIBaHUs TelJia TepMajbHOM BOABI ObLIa MpesioKeHa Oosiee CIoXKHasT MOIU-
dbuKaIus 3Toi CXeMbl C TETUIOBBIMU HACOCAMHU.
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Puc.34. IlpuanunuanbHas cxeMa reoTepMalibHOTO TETLIO-

cHaOKeHUs ¢ MPUMEHEHHEM TEeIJIOBOro Hacoca: 1 — ckBa-

KWHA; 2 — UCTIapUTENh; 3 — KOMIIpeccop; 4 — KOHJIEHCATOP;
S — peryJMpyroumii BEHTUIb.

Cxema (r) — KOMIUIEKCHAasl CHCTeMa TEIUIOCHAOXKEeHHUsI C TpaHchopmaluen

Teryia COPOCHOM BOJIBI B COUYETAHUU C MUKOBBIM €€ MOJOTPEBOM U Ka4eCTBEHHBIM
perynupoBanuem (puc.35).
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Puc.35. Cxema KOMIUIEKCHOTO Te0TepMaIbHOTO TETIJIOCHA0XKEHUS C PUMEHEHH-
€M TMTMKOBOTO JIOTPEeBa U TEIJIOBBIX HACOCOB: |1 — CKBa)KMHA; 2 — BOJJOOYHCTKA,;
3 — HacCOCHasl CTaHIMsl; 4 — TPaH3UTHBIN TEIJIONPOBOA; 5 — MUKOBBIM J10rpeBa-

Telb; 6 — cucTeMa OTOoIUIeHUs; 7 U 12 — cMecuTenu; 8 — KOHAEHCATOPHI; 9 — uc-
naputenu; 10 — cucrema ropsiuero BojgocHa0dxkenus; 11 — 6ak-akkyMyssiTop.
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Bona u3 ncrounuka 1, mpoias O4UCTKY 2, IEPEKAUYNBAETCA HACOCHOW CTaHIIM-
eil 3 B xomuuectBe Qa MO OAHOTPYOHOMY TEIUIONPOBOAY 4 M MOCTYyMaeT K IO-
TpOUTeNsIM ¢ TemmnepaTypoit t, . OauH noTok BoAsl Q1 JorpeBaeTcs B MUKOBOM KO-
TEIIBHOM 5 10 TEMIIEpATyphl Iy U MOCTYyNaeT B CMECUTEND 7, T/I€ K HEMY ITOAMEIIIU-
BaeTca oTpabOTaHHas BOJAA, MPEIBApUTEIHHO MOAOrPeTas B KOHAEHCATOpaxX Tell-
JIOBOTO Hacoca 8 A0 TeMIepaTypsl ty .

OtpaboTanHasi Bojia ¢ Temreparypoi to mocie cucTteMbl OTOIUIeHUsI O pas-
BETBJIsIETCA HAa TpU noToka. OHa yacTh Q3 MOCTYMaeT B KOHACHCATOPHI TETLIOBOTO
Hacoca 8 u cMecuTenb 7. Bropas yacTe ee HanpaBiseTCs B UCIIAPUTENN TETIOBOTO
Hacoca 9, Tlie OHa OXJIAKJAeTCs 0 TeMIiepaTyphl ty u coOpacbiBaetcs. TpeThs 4acTh
HANpPaBIIETCSA B CMECUTENb 12, U3 KOTOPOTro BOJA C TEMIIEPATYPOH {; B KOJIMUECTBE
Qr moctymaer B 6ak-akkymynsaTop 11 u cucremy ropstuero BogocHadxkenus 10.

Bropoit moTok Boabl uctounuka Q. depe3 BeHTWNIb B moctymaer B cmecu-
Tenb 12 u ceTh ropsiuero BogocHadxkeHus. Eciau TemrepaTypa reoTepMalibHON BO-
JIbl HIJKE TEMITEPATypHI ty, TO BoAa J0TpeBaeTcs A0 tr B KOTEJIBHOU 5 U 4epe3 BEH-
TIUIb B, mocTynaeT B cucteMy ropsigero BoJJOCHA0XKEeHHs B KoudecTBe Q.

C 1uenbio MOBBIIICHUS OTOMUTENHLHOTO KO3 duUllMeHTa U obecriedeHus: 0osee
rMOKOro peryJupoBaHUs TEIJIOHACOCHBIE arperaThl BKIIOYAIOTCS B CUCTEMY TeIl-
JIOCHA0XKEHUS M0 MOCJEI0BAaTEIbHO-IIPOTUBOTOYHON CXE€ME€ TakK, 4TOObl HarpeB
BOJIbI B KOHJIEHCATOpE 8 U OXJIaXKACHHE cOpachlBaeMOW BOJABI B MCHApUTENSIX 9
OCYILECTBIISUIOCH B HECKOJIBKO CTYIICHEH.

C u3MeHEeHHEM TeMIEepaTypbl HAPYKHOTO BO3AyXa Kau€CTBEHHOE PEryJupo-
BAaHHUE OCYILIECTBIIETCS NMUKOBOM KOTEIBHOW, TOIrAAa Kak TEILIONPOU3BOIUTEIb-
HOCTh TEIJIOBOTO HAacoca U MOTPeOJICHHE BOAbI U3 CKBAKUH OCTAIOTCS HEM3MEH-
HbIMH. [locne OTKIIIOUEHHS THMKOBOW KOTEIBbHOW Kaue€CTBEHHOE PETYyJMPOBAHHUE
OCYUIECTBIISIETCSI TEIJIOBBIM HACOCOM. DTO OOECIEYMBAET PAaBHOMEPHBIN T'0JI0BOM
rpauk noTpeOaeHus! BOAbI U3 CKBAXKUH.

B sroii cucteme A0 HMCHOJIB30BAaHUS TEIUIA T€OTEPMAJIbHOM BOJBI TEM
OoJblIe, YEM HMKE pacueTHash TemIeparypa B cucTeMax oTormieHus. [loatomy
3/1eCh 11e71ec000pa3HO MPUMEHECHHE KOHBEKTOPHOM WJIM MAaHEJIBHOM CHUCTEM OTOII-
JIeHus1, TAe pacuyeTHas Temneparypa 40-45° C.

CpaBHEHHE ITOW CHUCTEMbI C OECCIIMBHOM MOKA3bIBAET, UTO yEIbHBIN pacxos
reoTepMalibHOM BOJIbI B CXEME C TepMOTpaHc(hopMaTopaMy MOYTH B JBa pas3a mpe-
BBIIIIAET TAKOBOK B OCCCIMBHOM CHUCTEME, MEXIy TeM K03 duimeHT 3¢ ek TUBHO-
CTH OKa3bIBaeTcsl Oosbiie. CymMMapHast A0 TOIIMBOUCIIONB3YIOUINX YCTAHOBOK B
rOJIOBOM TEIUIOBOM OaniaHce MUHUMaJIbHA. JTO 0OCTOSATENBCTBO CO3/1a€T MPEIo-
CBUIKM ISl IPUMEHEHMSI JAHHOM CXEMBbI B paillOHaX, IJe 3aTpaThl HA MEPEBO3KY
TOIIMBA MOT'YT IPEBBICUTD 3aTPaThl HA OypeHHe OOJBIIOTO YHCIIA CKBAKUH.
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9. QHepreTuyeckmne pecypchbli okeaHa

9.1. BanaHc e0306HO8/IsI€EMOU 3HEepP2UU OKeaHa

OcHoBHas A0Js PHEPruu, nocrynarouieii B MUpoBoi okeaH — pe3yJbTaT MO-
[JIONIEHUSI UM COJIHEUHOT'O HM3JIy4YeHHUs. DHEprusl MOCTYINAaeT B OKEaH TakKe B pe-
3yJbTaTe T'PABUTALMOHHOIO B3aUMOJEHCTBUS KOCMHUYECKHX TE€I M BOJIHBIX Macc
MJTAHETHI, CO3JAIOLIETO MPUIUBBI, W MOCTYIJICHHUS TEIa U3 TIyOWHBI IJIaHETHI.
[ToBepxHOCTh MHpOBOTO OK€aHa 3aHUMaeT 0koy1o 70 % MOBEPXHOCTH BCEH IUTaHe-
ThI ¥ COCTABIISIET IPUMEPHO 360 MiH. KM%, BoJIbIast 4acTh 9TOM MOBEPXHOCTH MO-
CTOSIHHO CBOOOJIHA OTO JIbJIa U XOPOILIO MOIJIOUIAET COTHEUHOE U3IyueHue. B oke-
AHCKOM BOJIE MPUMEPHO 65 % COTHEYHOIr0 M3IyYEHHUs NOIJIOMAETCS IEPBBIM MET-
pom BogHOU Tosy U A0 90 % — necATUMETPOBBIM ciioeM. B nHEBHOE BpeMsi B
HU3KHUX IIMPOTaxX BoJa mporpesaercs npumepHo Ha 10 M u Goree 3a cueT mporuec-
COB TEIJIONPOBOAHOCTH U TypOYJIEHTHOTO NepeMelInBaHusl (TBepasi OBEPXHOCTh
CyIlIH mporpeBaercs He 6osee yem Ha 0,5 M).

3anaceHHOE OKEaHOM TEIUIO0 YaCTUYHO B BUJE JJIMHHOBOJIHOBOI'O HU3JIy4YEHUS
(A >10 MKM) mepeusayvaeTcs, a YaCTHYHO IepeaacTcs B aTMOC(epy TeIuIonpo-
BOJHBIM IIOTPAHUYHBIM CJIOEM M BCJIEICTBHE ucnapeHuss. OTHOCUTEIbHAs POJIb
ATUX IPOLIECCOB PA3JIMYHA JJI1 PA3HBIX PallOHOB IUIAHETHI, HO Ha mMpoTax or 70°
c.uL. 10 70° o.1I. XapakTepus3yercs NPUMEPHO OJMHAKOBBIMU 3HAYCHUSIMU: JIIMH-
HOBOJIHOBOE M3JIy4€HHE B aTMoc(hepy U KocMHueckoe npoctpaHcTBo 41 %; nepe-
Jada Teria atMocgepe 3a CYeT TEIIONpPOoBOAHOCTU S5 %; moTepu Ha ucnapeHue 54
%.

3a cueT ABMKEHUS BO3AYIIHBIX U BOJHBIX MAacC 3allaCeHHAasi OKEAaHOM DHEprust
MIEPEHOCUTCS 110 BCEH IJIaHEeTE, MPpUYEM B 00J1IaCTH MEXAy SKBaTopoM U 70° . 1. B
cpennem 40 % Teria NepeHOCUTCI OKEAaHCKUMM TeUeHUAMH, a Ha 20° c. 11. BKJIaJ
OK€aHa B MIEPEHOC JHEPTUU COCTABISIET N0 74%. EKErogHO ¢ MOBEPXHOCTH OKEeaHa
WCTapseTcs CIOM BOAbI TOMIMHON mpuMmepHo 1 M (okomo 340-10%2 1) u okono
36-10%2 T BB BO3BPAIIAETCS CO CTOKOM PEK, JIETHUKOB U T.I.

[TpumepHoO 2/3 cyMMapHOIO COJIHEYHOIO U3TYyYEHUS UCTIBITHIBAIOT B OKEAHE U
Ha TIOBEPXHOCTHU CYIIIHU Pa3IMYHbIe M3MEHEHHUS: MpeoOpa3yroTcs B Temio 43 %;
pacxoayrTcsl Ha uchapeHue, obpasoBaHue ocagkoB 22 %; cooOlieHne dHEpruu
pekam, BETpy, BOJIHAM, pa3iIu4HbIM BuAaMm TeueHuil B okeaHe 0,2 %. IIpumepHo
0,02 % Bcel PHEPTrUU BOCIIPUHSITOTO COTHEYHOTO U3IYYCHUS UAECT Ha 00pa3oBaHUE
npoAyKUUU (POTOCUHTE3a U YACTUYHO Ha 00pa30BaHUE NCKOMAeMOro TOILJIMBA.

CousMepuM ¢ 3TOM BEJIMYMHOM CYMMAapHBIM MOTOK YHEPIHH, MOCTYNAOIICH
U3 HeAp 3eMIIM U B BUJE NMPUIMBHOMN dHEpPruu. BoIIenuTh U3 yKa3aHHBIX TOTOKOB
T€, YTO HEMOCPEACTBEHHO UMEIOT OTHOILIEHHE TOJIBKO K OKE€aHy, JOCTATOYHO TPYA-
HO. JJi1 SHEpreTUKHU Ba)KHbI HE aOCOJIOTHBIE BEJIMYMHBI MOIIHOCTEN pa3IMYHBIX
MCTOYHHUKOB, a JIMIIIb T4 UX YaCTh, KOTOPYIO MOXKHO IpeoOpa3oBaTh B TpeOyembie
JUTSL XO3SIMCTBEHHOM I€ATETbHOCTH BUABI SHEPTUU.

Cotpynnukamu okeanorpagpuyeckoro uacruryta Cxpunimca (CILIA) Beimo-
HEHBI OIIEHKH CYMMAapHBIX U JOIYCTHMBIX JUJIsl epepaOOTKH MOUTHOCTEH pa3nind-
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HBIX OK€aHWYECKHX MCTOYHHUKOB 3HEPIuM 3a ATk JeT — ¢ 1977 mo 1982 r. Coot-
BETCTBYIOIINE JIaHHBIC MPUBEACHBI HA AUarpaMMax puc.36, Ha KOTOPHIX OTMEUEHBI
JIBa YPOBHSI — CyMMAapHbIi U JIONMyCKAaIOWUi npeodpa3oBanue (3amTpuxoBaH). bo-
Jlee T03/IHUE OLIEHKU CJIETaHbl C YUETOM IIEJIOr0 psjia TEXHOJOTUYECKUX U 3KOJIO-
ruyeckux ¢akrtopoB. OHH, KaKk MPAaBHUJIO, B YACTH JAOMYCTUMON K HCIIOJIIb30BaHUIO
SHEPIUU OKa3aJINCh HUXKE.

A8m 910"
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12 bt
f!.? - Z?-?ﬂ”ﬂ J_?ﬂﬂ' %fg
. R 9-p0? N
TN N
109 AN W

Npunuber Tegenun  Buoracca Banws 'paduesm  [padugum Oneucue
GaneHoLmy meMnepamypet  Bempet

Puc.36. Pacnpenenenne OK€aHCKMX NCTOYHUKOB SHEPIUH IO MOIII-
HOCTH (IIpaBbI€ CTOJIOLBI — MO OleHKaM 1977 ., n1eBbie — MO OLEH-
kam 1982 1.)

[Ipu oneHKE BO3MOXHOCTEH NMPUIMBHOM 3HEPIETUKH YUYTEHO, UYTO paboTaTh
Ha 1oJaHy0 MOIHOCTh [I9C MoryT Tonbko B Teuenue 30 % BpeMenu. /lanHbie mo
OKEAaHCKHUM TE€UYEHHUSM IOJYyYEHBbI C y4eTOM 1 % IOIMyCcTHMOro 3aMeieHnus CKOpO-
ctu TedeHus. [Ipu oreHke BO3MOXKHOCTEH SHEPreTUIECKOr0 MCIOIB30BaHUS TIPO-
OYKIUU OKEaHCKOTo (poTocuHTEe3a MpUHATH BO BHUMaHue 50 % sddexTuBHOCTH
npeoOpa3oBaHus OYpBIX BOAOPOCIEH B METaH M BO3MOXKHOCTh Pa3MEIICHHs COOT-
BeTcTBYIOUX (epM B 20 % pailoOHOB €CTECTBEHHOIO AIlBEJIJIMHTA.

ANBEJUIMHI — MOJTbeM TUIYOMHHBIX BOJI, OOTaThIX OMOTCHHBIMH BEIIICCTBAMM,
UTPAIOIIUMH POJIb yaoOpeHuit. [[nsi mpuOpekHbIX BOJHOBBIX T'€HEPATOPOB yCTa-
HoByeHsl KIIJI 50 % u Bpems pabotsl 40 % romoBoro Oromxera Bpemenu. KITJI
npeoOpa3oBaHus IPaueHTa COJICHOCTH MPUHAT paBHBIM 3%, a rpaJiueHTa TeMIIe-
patyp — 5 %, nmpudeM B MOCJIEIHEM CIIy4ae CUMTAETCS PEAIbHBIM Pa3MECTUTh TIpe-
oOpa3zoBatenu Ha 2 % MOBEPXHOCTU OKeaHa B TPONMMYECKOW 30HE. /{151 BETpOBBIX
cTaHIui KodhPUIMEeHT mpeoOdpa3zoBaHusl YHEPTUN BETpa MPUHAT paBHBIM 60%, U
JOITYCTUMBIM YPOBHEM H3BSITHS MOIIHOCTH CUUTAIOT 1 % MOIIHOCTH BETPOB, IYy-
IOIUX Ha yAaJICHUU OT Oepera.

HemanoBakHbI M TaKkue «TEXHOJOTUYECKHE» CBOMCTBA OKEAHCKHX PECypCOB
SHEPTUH, KaK MIIOTHOCTh SHEPTUU U CTAOUILHOCTh UCTOYHUKA SHEPTUHU. DTH CBOM-
CTBa OMPEACIISIIOT pa3Mephl OyAyIIMX MpeoOpazoBaTesieil, He0OX0IUMbIE YCTaHOB-
JICHHBIE MOIITHOCTH, PEKUMBI UCIIOJIb30BAHUS YHEPTHH.

9.2. OcHoebl npeobpa3oeaHusi IHepa2uuU 80JIH

OFpOMHI)Ie KOJIMYCCTBA S9HCPIrur MOKHO IMOJYIUTH OT MOPCKUX BOJIH. MOI]_[—
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HOCTh, IEPEHOCHMAas BOJIHAMU HA TITyOOKOH BOJIE, MPOMOPIIMOHATBHA KBAAPATY UX
aMIUTUTY6I ¥ Tiepuoay. [losToMy HanOOIBIIMN MHTEPEC MPEACTABISIOT IJIUHHO-
nepuoaHbie (T =10 c) BoJHBI OOJBIION aMILTUTYABI (& = 2M), TTO3BOJISIONINE CHU-
MaTh C €AMHUIIBI JUTMHBI TpeOHs B cpeaneM ot 50 mo 70 kB1/m.

HauGomnpliee 4nciao BOIHOBBIX SHEPTETUYECKUX YCTPONCTB pa3padaThiBacTCs
JUTSL U3BJICUEHUS] DHEPTUU U3 BOJIH Ha TIIyOOKOW Boje. IT0 Haubosee oOIuil Tum
BOJIH, CYIIECTBYIOIIUMU MPU YCIOBUH, YTO CpelHAs TiyorHa Mopsi D mpeBsbimaer
BEJIMYMHY TTOJIOBUHBI JTTUHBI BOJHBI A /2.

[ToBepXHOCTHBIE BOJHBI Ha TJIyOOKOW BOJE UMEIOT CIEIYIOUIME OCHOBHBIC
XapaKTepHbIE OCOOEHHOCTH:

— BOJIHBI SIBJISIFOTCSI HEPA3pYyIIAIOIIMMUCS CUHYCOUJAIBHBIMU C HEPETYJIsip-
HOM NJIMHOM, (Da30il U HAIIpaBJIEHUEM MPUXO0/Ia;

— JIBIDKCHHE KaXXIOW YaCTHUIIBI )KUJIKOCTH B BOJHE SIBIIICTCS KPYTOBHIM (B
TO BpeMs KaK U3MEHSIOIINECS OYepTaHUs BOJH CBUICTEIBCTBYIOT O pac-
MPOCTPAaHEHUW BOJTHOBOTO JIBIDKCHHUS, CAMH IO Ce0€ YacTHUIIBI HE CBs3a-
HBI C 9TUM JBIIKEHHUEM U HE TICPEMEIIA0TCS B €r0 HAIIPaBJICHUN ),

— aMIUTUTY/IA IBWKEHUS YaCTUIL KUJAKOCTU SKCIIOHEHITMAILHO YMEHBIIIAETCS
C TITyOUHOIA.

— CYIIECTBEHHO, YTO aMIUTUTY/a BOJHBI & HE 3aBUCHUT OT €€ JUTMHBI A, CKO-
pPOCTH pacnpocTpaHEHUs C, mepuoAa T, a 3aBUCHT JIHMIIh OT XapakTepa
MIPEAIISCTBOBABIIETO B3aMMO/ICHCTBUS BETPa C MOPCKOM MOBEPXHOCTHIO.

B BomHax Ha Ti1yO0KOH BOJE HET MOCTYNATEIBHOTO JBIKEHUS JKUIKOCTH. B
MTOATIOBEPXHOCTHOM CJIO€ YKHIKOCTH €€ YaCTHIIBI COBEPIAIOT KPYTOBOE JBMKCHHEC
C paguycoM OpOUTHI @, paBHBIM aMIUTATYAE BOIHBI (puc.37). Beicota BomHBI H OT
BEPIIMHBI TPEOHS 10 OCHOBaHUS paBHA ee yaBoeHHO# ammutyae (H = 2a). Yrio-
Bas CKOPOCThb ABMIKCHHUSI YACTHIl (® H3MEpSIETCS B paJWaHax B CeKyHmy. W3-
MeHEeHHE (POpPMBI BOJHOBON TOBEPXHOCTH TaKOBO, YTO HAOJIFOMAaeTCs IMOCTyTa-
TEIHHOE JBIDKEHHUE, XOTS caMma BOJa HE IMepeMeliacTcs B HalpaBIEHUU PacIpo-
CTpaHEHUs BOJIHBI (CJI€Ba HAMPaBO). DTO KaXKyIleecs MepeMeENIeHne eCTh Pe3yib-
TaT HaOmoaeHus $a3 CMENIeHUs TIOCIEA0BATEIFHO PACTIONOKEHHBIX YaCTHI] KU/ -
KOCTH; KaK TOJIbKO OJ[HA YacTHIla B TpeOHE OIMyCKaeTcs, Apyras 3aHUMaeT €€ Me-
cTo, obecreunBas COXpaHeHHe (POpMbI TpeOHS W PacHpPOCTpaHEHUE BOJHOBOTO
JIBWKEHUS BIIEpE].

Puc.37. XapakTeprucTUKH BOJIHBI.

CooTHOLIEHHE, YCTAaHABIMBAIOIIECE 3aBUCUMOCTh MEXIY YACTOTOM U JJIMHOU
TSl TOBEPXHOCTHOM BOJIHBI Ha ITyOOKOM BOJIE
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3= 29 (23)

T=2_n= 27 _ 2717». (24)
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CKOpOCTb YaCTHIIBI XKUJKOCTU B TPEOHE BOJIHBI

U:am:aW/Z%g. (25)

CKOpOCTB NEePEMCIICHUS ITIOBECPXHOCTH BOJIHBI B HAIIPABJICHUH X ONIPCACIIUTCA

ok g /L:JQ
C_Zn ) J 2ng 2n (26)

CkopocTh C Ha3bIBaOT (Pa30BOM CKOPOCTBIO PACHPOCTPAHEHHS BOJH, CO3a-
BAaCMBbIX Ha HOBerHOCTI/I KHUAKOCTHU. 9Ta BCIIMUYMHA HC 3aBUCHT OT aMHHI/ITyI[BI
BOJIHBI 1 HCSIBHBIM O6pa3OM CBs3daHa CO CKOpOCTBIO ABMKXCHHUA YaCTHUL ) KUAKOCTU B
BOJIHC.

IlonHasa xkuHeTHUECKas OHCPIHUA Ha CAMHHUIY HINPHHBI BOJIHOBOI'O (I)pOHTa )51
CIVMHHULIY OJIMHBI BAOJIb HAIIPABJICHHUSA PACIIPOCTPAHCHHNA BOJIHBI paBHA

£ _P20
4

HOpMI/IpOBaHHaH INOTCHIIMAJIbHAsA :')HeprI/IH BOJIHBI paBHa B TOYHOCTHU TaKOﬁ

K€ BCIIMYHUHC

HepI/IOI[ JABWKCHU S BOJIHBI

KakK

2
£ _Payg
P4
HOJ’IHaﬂ 3HepFI/I$I Ha eI[I/IHI/II_Iy I1omaan HOBerHOCTI/I BOJIHBI paBHa CYMMG

KUHETUYECKOW M TMTOTEHIINAJIbHON SHEPTHM.
2

E:EK+Ep:pazg. (27)

BripaxkeHue 11 HEPrUM Ha €AUHUILY IIUPHHBI BOJHOBOTO ()pOHTA U Ha
€IVHHUIY JJIMHBI BOJIHBI BJIOJIb HAIIPABJIEHUS €r0 PACIPOCTPAHEHHUS 3AINUILIECTCS B
BUJIC

2
E =E\= % . (28)
[ToxcraBum A u3 (23)
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®
TO € yueToM (24)
2,212
E, = patgT” (29)
dn

Bripaxxenue 1ist MOIITHOCTH, IEPEHOCUMON B HAIIPABJIEHUH PACITPOCTPAHCHUS
BOJIHBI Ha €IMHUILY IIUPUHBI BOJJHOBOTO (PPOHTA, UMEET BU]T
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. pa’gc  pa‘gh
P:p49 :p4T9 _ (30)

C yueroMm (27) u (30) momrHOCTH P’ paBHa MOJIHOM HEPTUU (KHHETHYCCKAS
+ moTeHnuanpHas) E B BoJHE Ha €MUHUILY TUIOIAAN TOBEPXHOCTH, YMHOKEHHOM

c . .
Ha BEMUHY U = — TPYNIIOBYIO CKOPOCTb BOJIH Ha riryOoKoi BoJie, ¢ KOTOPOH

BOJIHBI TTEPEHOCST 3HEpruio. C ydeToM BBIPKECHHUSI IJIS1 TPYITIOBOM CKOPOCTH
, c
PP=Eu=E-—.
2

Paznmuune mexmy rpynmnoBoil U BOJHOBOH ((pa3oBOil) CKOPOCTSIMU SIBIISIETCS
o0IIUM /171 JTF0OBIX BOJIHOBBIX MPOLIECCOB, JIs1 KOTOPBIX (ha3oBasi CKOPOCTh 3aBU-
CUT OT JUITMHBI BOJIHBI (IUCTIEPCHUS).

[Toactasmss B (30) dazoByro ckopocTh B BUE (26), MoydaeM COOTHOIICHHE

pr_PAQT
8n

CrnenoBarenbHO, MOITHOCTD, MTEPEHOCHMAsl BOJIHAMH, YBEIMUYMBACTCS TPSIMO
MIPOTIOPITMOHAIEHO KBApaTy aMIUTATYABI U Iepruoay. MiIMeHHO mo3ToMy ISl clie-
IIMAJTUCTOB 10 OKEAHCKOW JHEPTeTUKE OCOOCHHO MPHUBJICKATEIHHBI JJTMHHOIICPH-
OJIHBIE BOJIHBI, 00JIa/Ial0IINE 3HAYUTEIbHON aMIUTUTY/ 0.

Ha npakTuke BOJHBI OKa3bIBAIOTCS COBCEM HE TAKUMU HJICATTM3UPOBAHHO CH-
HYCOUJIATBHBIMH, KaK 3TO MOApa3yMeBaioch Bbilie. OOBIYHO B MOpE HAOIIOIAIOT-
Csl HEperyJsipHbIe BOJIHBI C MEPEMEHHBIMU YacCTOTOM, HAINPaBJICHUEM W aMILIUATY-
noi. TTockonbKy pe3ynbTHpYIOIee BOJIHEHHME Yallle BCETO HEJb3s MPEACTaBUTh
CYMMOM BOJIH, ICUCTBYIOIIMX B OJHOM HAaIPaBJICHUH, TO MOIIHOCTh, U3BJICKaeMas
npeoOpa3oBaTeIsiMU HAIPABICHHOTO JEHCTBUS, Oy/eT 3HAUYUTEIHLHO HIKE TOM;
KOTOPYIO TTEPEHOCST BOJIHEI.

9.3. [lpeobpa3zosamesniu aHep2uU 80JIH

IIpeoOpa3oBarenn, orciaexkuBammue npopuib BOJHBI. B 3TOM Kiacce
npeoOpaszoBaTesiel OCTaHOBUMCS B TIEPBYIO Ouepellb Ha pa3paboTke mpodeccopa
Onuabyprckoro ynupepcutera Credana Conrepa, Ha3BaHHOK B YECTh CO3/IATEIIS
«ytka Conrepay. TexHuueckoe Ha3BaHHE TaKOTO TIpeoOpa3zoBaTes — KOJIeOtoIIe-
ecst kpputo. @opma mpeoOpazoBaressi o0ecrneurnBaeT MaKCUMAaIbHOE M3BIICUEHUE
MoIHocTH (puc.38).

BosHbl, mocTymaronue ciieBa, 3aCTaBlISIIOT YTKY koJyie0atbes. [{umuuapuye-
ckasi ¢opmMa MPOTHUBOIOJIOKHON MOBEPXHOCTH OOECIEeUMBAET OTCYTCTBUE pac-
MPOCTPAHEHUSI BOJHBI HANPaBO MpPHU KOJIEOAHUSX YTKH BOKPYT OCH. MOITHOCTh
MOXKET OBITh CHSITA C OCH KOJIOATEIBbHOM CHUCTEMBI C TaKMM PacdyeToM, YTOOBI
obecrneunTh MUHUMYM OTpakeHUs dHeprun. OTpaxasi ¥ MpomycKasl JUIlb He3Ha-
YUTEJIBHYIO 4YacTh YHEPrUM BOJH (mpumepHo 5%), 3TO yCTpOMCTBO 0OJamaer
BeCbMa BBICOKOM 3((HEKTUBHOCTHIO MPE0oOpa30BaHMs B IIMPOKOM JHana3oHe Ya-
CTOT BO30OYXmarorux kojaedbanuii (puc.39).
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Puc.38. «YTKa Conrepa»: a — cxema mpeobpa3oBaHusl YHEPTHUH BOJHBI; O — Ba-

pPHAHT KOHCTPYKLUHU TIpeoOpazoBatens; 1 — miuaByyas atdopma; 2 — IUIHH-

JpHUYECKasl OIopa ¢ pa3MEIICHHBIMU B HEN MPUBOJAMU U 3JIEKTPOreHEpATOpa-
MU; 3 — ACUMMETPUYHBIN NIOTUIABOK.
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Puc.39. DddextuBnocts «ytru Conrepa» (muametp 15 M, och 3a-
bukcupoBaHa).

[lepBonavasnibHo CoaTepoM ObLI CO3AaH MAKET JOCTATOYHO Y3KOIOJIOCHOIO
M0 YacToTe ycTpoiicTBa. B BonHOBOM Oacceline oHO moryonano A0 90 % nana-
folield sHepruu. llepBrie WCHbITaHUA B YCIOBHSIX, OJU3KUX K MOPCKHUM, ObUIH
npoBeaeHbl B mae 1977 r. Ha 03. Jlox-Hecc. 50-merpoBas rupnsiuga u3z 20-
METPOBBIX «yTOK» 001Ieil Maccoil 16 T Obla ciylieHa Ha BOJY M UCIBIThIBAIACH
B TeueHue 4 MecsleB NpU pa3IMYHBIX BOJHOBBIX yCIOBUsAX. B nekabpe Toro e
rojia ata Mozenb B 1/10 Oyayreit Bemu4rmHbl OKEaHCKOTO MpeoOpa3zoBares Obliia
BHOBb CITyIlIEHA Ha BOJAY U Jlajia NepBblid TOK. B TeueHne 3 Mec. OAHOro U3 CaMbIX
CYpPOBBIX 3MMHHUX IEPHOJIOB MOJEIb IEPBOM AHIJMKUCKOW BOJIHOBOM 3JIEKTPO-
ctaniuu padotana ¢ KITJ[ okomno 50 %.

HansHelimue pa3padbotku CojTepa HampaBieHbl Ha TO, YTOOBI 00ECHIECUUTH
yTKE CIIOCOOHOCTh MPOTUBOCTOSTH yIapaM MaKCUMAJIbHBIX BOJIH U CO3/1aTh 3asKO-
PEHHYIO TUPJIAHIY IpeoOpa3oBaTeseil B BUAE JHOCTaTOUYHO TrMOkoi nmuauu. Ilpen-
[0JIaraeTcsl, YTO XapaKTEepHBI pa3Mep peajsbHOM yTKU OyAeT paBeH Mpumep-

H00,1 4, uto mas 100-MeTpoBBIX aTjaHTHYECKUX BOJH cooTBeTcTBYeT 10 M. Huth

U3 YTOK IPOTSKEHHOCTHIO HECKOJIBKO KUJIOMETPOB MPEANOaraeTcsi yCTaHOBUTH B
paiioHe ¢ HambOosee MHTEHCUBHBIM BOJHEHHEM 3amagHee ['eOpuackux ocTpoBOB.
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MomHocTh Beet cranuuu Oyner npumepso 100 MBT.

Haubosnee ceppe3HbIMU HeocTaTkaMu ISl «yTok Conrepa» OKa3aluch clie-
DYIOLIUE:

— HEOOXOAMMOCTb TEepelayd MEIJIEHHOTO KOoJIeOATEeIbHOTO JBM)KCHHS Ha
MIPUBOJ TEHEPATOPA;

— HEO0OXOIUMOCTh CHSTHUS MOIIHOCTH C IUJIABAIOUIET0 HA 3HAYUTENbHOM
TIyOMHE YCTPOMCTBA OOJBIION MPOTSHKEHHOCTH;

— BCJIEJICTBHE BBICOKOI YYBCTBUTEIBHOCTH CUCTEMBI K HAIIPABJICHHUIO BOJH
HEOOXOAMMOCTh OTCJICKUBATh U3MEHEHHE MX HampaBICHUS IS MOTyde-
Hus Beicokoro KIIJ] mpeoOpa3oBanus;

— 3aTPYyJIHEHUs MpU COOPKE U MOHTaXE M3-3a CIOXHOCTb (POPMBI MOBEPX-
HOCTH «YTKI».

Jlpyroil BapuaHT BOJIHOBOTO MpeoOpa3oBaTess ¢ KayarolMMCs 3JIEMEHTOM —
koHTYypHBIN WI0T Kokkepemna. Ero monens takke B 1/10 BeMUMHBI UCIIBITHIBA-
Jack B TOM Xke, 4To U «yTka Coisrepay, rony B nponue CosieHT BOM3uU 1. CayT-
remMnToHa. KOHTYpHBIN MJIOT — MHOTO3BEHHAs] CUCTEMA M3 IIAPHUPHO COEIUHEH-
HeIx cekiuil (puc.40). Kak u «yTka», OH yCTaHaBIMBAECTCS MEPHEHAUKYISIPHO K
(pPOHTY BOJIHBI M OTCIEKHUBAET €€ IPODUIIb.

Puc.40. BapuaHT BeinoJIHEHUS KOHTYpHOTO I1ota Kokkepenna: 1 —
KoJie0Ooascs cexuus; 2 — npeoOpa3zoBaresb; 3 — Tira; 4 — [apHup.

JleTanbHble TaOOpaTOPHBIE UCTIBITAHUS MOJIEH TIoTa B Macitade 1/100 mo-
Ka3aiu, 4To ero 3(PEeKTUBHOCTH COCTABISIET OKOJIO 45 %. DTO HUXKE, YeM y «yT-
ku» Contepa (HO IJIOT MPUBJICKAET APYTMM JOCTOMHCTBOM: OJM30CTh KOHCTPYK-
WU K TPAJAULMOHHBIM CYJOCTPOUTENbHBIM). M3roTOBIEHNE TaKUX IJIOTOB HE MO-
TpeOyeT CO3/JaHusI HOBBIX MPOMBIIIICHHBIX TPEANPUSATHI U TIO3BOJIUT MOTHATH 3a-
HATOCTb B CYJIOCTPOUTENBHON MPOMBIIIJIEHHOCTH.

IIpeoGpa3oBaTenu, HCMOJIb3YOIIHE IHEPTHIO KOJIEOJIIOIEr0Csl BOASIHOTO
croJi0a. [Ipu HaberaHuu BOJHBI HA YACTUYHO MOTPYKEHHYIO MOJOCTh, OTKPBITYIO
101 BOAOMW, CTOJO MKUIAKOCTH B MOJOCTU KOJEOJETCs, BhI3bIBAs U3MEHEHHUS JaBiie-
HUS B Ta3e HaJl )KUIKOCTHIO. [10J0CTh MOXKET OBITH CBA3aHa ¢ aTMocdepoil uepes
TypOuHy. [TOTOK MOXET peryinupoBaTbcs Tak, YTOObI MPOXOAUTH Yepe3 TypOUHY B
OJIHOM HaIpaBJICHUH, WK MOXKET ObITh MCIOJIb30BaHa TypOuHa Yaiica. Yxke Hu3-
BECTHBI 10 KpailHEll Mepe JABa MpuUMepa KOMMEPYECKOrO HCIOJIb30BAHMS
YCTPOWCTB HA 3TOM MPUHIUIIE — CUTHAJIBHBIC OyH, BHEApeHHBIC B SInonun Macy-
noit (puc.41) u B BenukoOpuranuu corpyaaukamu KopoJeBCcKoro yHHMBEpcUTETa
bendacra. bonee kpynHoe 1 BHepBble BKIIOUEHHOE B 3HEPrOCETh YCTPOICTBO MO-
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ctpoeHo B Todrecromrene (Hopserus) dpupmoit Kvaernor Brug A/S. OcHoBHOM
MPUHITUTT ACHCTBUS KOJeOomerocs: croiba mokazad Ha puc.42. B Todrecron-
JIeHe OH Hcnojb3yercs B 500-KMI0BaTTHOM YCTaHOBKE, IIOCTPOEHHOM Ha Kparo OT-
BeCHOU ckaibl. Kpome Toro, HanmoHanbHas snekTpudeckas saboparopust (NEL)
BenukoOputanuu npejuiaraéT KOHCTPYKIMIO, YCTaHABIMBAEMYIO HEIIOCPECTBEH-

HO Ha NN, AN TTLOA
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Puc.40. Cxema yCTaHOBKH, B KOTOPOU MCHOJIb3YETCS MPUHITUI KOJICOIIOIIErOCs
BOJIHOTO CcTOJ0a (pa3paborana HannoHansHOM MHXXKEHEpHOU 1abopaTtopueit
NEL, BenukoOpuTanusi, pa3MeniaeTcs HEMoCpeICTBEHHO HA TPYHTE, TypOuHa
MPUBOJUTCS B ICCTBUE MOTOKOM OJTHOTO HampaBjieHus1): 1 — BOJIHOBOM MOb-
€M YpOBHS; 2 — BO3YILLIHBIN MOTOK; 3 — TypOUHA; 4 — BBITYCK BO3AYyXa; 5 —
HaIpaBJICHUE BOJIHBI; 6 — OIyCKaHUE YPOBHS; 7 — BIIyCK BO3AyXa.

Puc.41. [TneBmoOyi#t Macynbl: 1— kopmyc; 2 — aiekTporeneparop; 3 —
KJanaH; 4 — BO3ayIIHas TypOuHa.

['maBHOE MPENMYILIECTBO YCTPOUCTB HA MPUHIUIIE BOASHOIO KOJEOIIOUIETOCs
CTOJI0A COCTOUT B TOM, YTO CKOPOCTh BO3/lyXa Mepea TypOMHOI MOXKET ObITh 3HA-
YUTEJIBPHO YBEJIMYEHA 33 CUET YMEHBIICHHWS NPOXOAHOTO CEYEHUs KaHaja. JTO
MO3BOJIIET COYETAaTh MEIJICHHOE BOJIHOBOE JBM)KEHHE C BBICOKOYACTOTHBIM Bpa-
nieHrueM TypouHsl. Kpome Toro, 37ech co3gaeTcsi BO3MOXKHOCTb YAAJIUTh I'€HEpPHU-
pyIollee yCTPOMCTBO M3 30HBI HEMOCPEACTBEHHOI'O BO3JECUCTBHUS COJIEHOW MOP-
CKOM BOJBI.

IMoaBoausbie ycrpoucTBa. [IpeumyiecTsa oaABOIHBIX YCTPOUCTB COCTOAT B
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TOM, YTO 3TH YCTPOMCTBA MO3BOJISIIOT M30€XKaTh IITOPMOBOTO BO3JECHCTBUS Ha
npeoOpazoBarenu. OQHAKO NPU UX UCHOJIb30BAHUU YBEJIMYMBAIOTCS TPYIHOCTH,
CBSI3aHHBIC C U3BJIICYCHUEM SHEPTUU U O0CITYKUBAHUEM.

Jlnis mpuMepa MOXKHO PacCMOTpETh MpeoOpazoBaTellb TUMA «OPUCTOIBCKHIA
LWIMHJP», OTHOCSIINNCS K TpYyMIE YCTPONUCTB, pabOTAaIOMINX MO JEHCTBUEM CKO-
pPOCTHOrO Hamopa B BojHE. HamosiHeHHBIM BO3AyXOM IUIaBY4Mil Kopmyc (Liu-
JUHJIP), UMEIOIIUNA CpeaHIo TIoTHOCTh 0,6-0,8 T/MS, 3aKpeIUIeH ToJ BOAOW Ha
OIIOpax, YCTaHOBJIEHHBIX Ha TpyHTe. Llumuuap kosnebieTcss B BOJHE, coBepliIas
JBUKEHHUE IO JJUIMINTUYECKOW TPACKTOPUM U MPHUBOJSA B JACHCTBHE TMApABIMYE-
CKHE HAacOoChl, BMOHTHPOBAHHBIE B ONOPHI U MpeoOpa3yrolinue YHEPTUIO IBHKEHUS
uunuHapa. [lepekaunBaemasi IMH JKHJIKOCTh MOJKET MOAABATHCA MO TPyOOIpOBO-
JlaM Ha T€HEepaTOPHYIO CTAHLHUIO, €IMHYIO JUIsl HECKOJIBKUX LIMJIMHIPOB.

OnHO W3 NMPEeUMYIIECTB HJIEH «OPUCTOJNBCKOTO IMIIMHIPA» TO, YTO IOCIHE
HAaCTPOWKHU Ha ONTUMAJIbHYIO YaCTOTY OH HE OTPAXKAET SHEPTHUI0 IPYTUX YacTOT, a
JAeT €l BO3MOKHOCTh PaclpOCTPAaHATHCS Jlajee, IAe €€ MOTYT HOIJIOTUTh JPYrue
npeoOpa3oBaTesy, HapUMep UUIHHAPKI C IPYTro 4aCTOTOM.
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10. Ucnonb3oBaHMe aHepPrumn NPUINBOB U MOPCKUX TeYEeHUN

10.1. O6wue ceedeHust 06 ucnonbLb308aHUU 3HepP2uU NpPUIUB0e8

[IpunuBHBIE KOJIEOAHUST YPOBHS B OTPOMHBIX OK€aHaX TUIAHETHI BIIOJIHE MPEe/-
cka3zyeMmbl. OCHOBHbBIE MEPUOIBI ITHX KOJIEOAHUN — CYTOYHBIE MPOAOJIKUTEIBHO-
CTBIO OKOJIO 24 4 U MOIXYCyTOUYHbIE — OKO0JIO 12 u 25 MuH. Pa3HOCTh ypoBHEN MEXK-
Jy TIOCJIEIOBATEJIbHBIMU CAMBIM BBICOKUM M CaMbIM HU3KHUM YPOBHSIMU BOJBI —
BbICOTa npuinBa R . Jlnanazon u3MeHeHus 3Toil BenuunHbl coctasisieT 0,5-10 m.
[lepBas mudpa Haubonee xapakTepHa, BTOpasi JOCTUTACTCS U JaXKe MPEBOCXOIUTCS
JUIIb B HEKOTOPHIX OCOOCHHBIX MecTax BONMU3M MoOepekbs KOHTHHEHTOB. Bo
BpeMsi MPUJIMBOB U OTJIMBOB MEPEMEIIEHUE BOJHBIX Macc 00pa3yeT MPUINBHBIC
TE€YEHUS, CKOPOCTh KOTOPBHIX B MPHUOPEKHBIX MPOJIUBAX U MEXIY OCTPOBAMHU MO-
KET JIOCTUTATh MPUMEPHO 5 M/C.

[TogHATYIO HA MaKCHUMaJIbHYIO BBICOTY BO BpEMsI IPUJIMBA BOAY MOKHO OTJE-
JUTHb OT MOps 1amMOOM WJIM TUIOTMHOM B OacceiHe 1uiomaapio A . Mecra ¢ 00Jb-
MIMMH BBICOTAMHU TMPWIKBOB O00JIaal0T OOJILIIMMHU TOTEHIIMAJIAMHU TTPUIMBHON
sHepruu. OAHAKO HE TOJIBKO ATOT (DaKTOp BaKeH VISl pa3BUTHUS MPUIIMBHON DHEP-
TFEeTUKHU: HAJ0 NMPUHUMATh BO BHUMAHHUE W KaNWTaJbHBIC 3aTpaThl, U OyIYyIIyIO
MPUOBLIL OT CO3[JaHUSI COOTBETCTBYIOIIMX MPWIMBHBIX AieKTpocTanuui (I19C).

DOHeprusi NPUIMBHBIX TEUEHUH MOXKET OBITh MpeoOpa3oBaHa MOAOOHO TOMY,
Kak 3TO JieJaeTcs ¢ 3Heprueit Berpa. [IpeobpazoBanuie 3HEPTUM TPUIMBOB UCTION b-
30BAJIOCH JUIsl IPUBEACHUS B JIEWCTBHE CPABHUTEIBHO MAJIOMOILIHBIX YCTPOWCTB
enie B cpenneBekoBoil Aurimu U B Kutae. 3 coBpemennsix [I19C nHaubonee xo-
pOIIIO W3BECTHBI KpYyMHOMAcCIITaOHasi »JekTpocTaHius Panc momHocThio 240
MBT, pacnonoxenHast B 3ctyapuu peku Jla Panc, Bnagatomeii B 3anuB Cen Maiio
(bperanb, ®panmus), u HeOONbINas OMbITHAS cTaHIUs MoiHOCThI0 400 kBT B
Kucnoit rybe na nodepexne bapennea mopst (Poccust). I3 mect, KoTOpbie JaBHO
PUKOBBIBAIOT BHUMAHHUE TMIPOCTPOUTENEH, CIEAYET Ha3BaTh 3cTyapuid peku Ce-
BepH B BenmukoOputanuu u 3amuB @annu Ha BocTouHOM Tobepexbe CeBepHOM

Awmepuku Ha rpanute Mexay CIHIA u Kanagoil. XapakTepuCTUKHA MECT BO3-
MoxkHOTO cTpouTenbeTBa [I9C B Poccnn mpuBeneHs! B Tabmuiie 2.

Tabmuma 2
OcHOBHBIE MeCTa KOHIEHTPALIMY NPUIIMBHOM 3HEprun B Poccun

MecrtopacnonoxeHue Cpennsisi BbI- | Ilmomans 6ac- [ToTenmman
COTa MPUIINBA, ceifHa, KM2
M Cpenuss I'onoBas BbI-
MOIIIHOCTb, pabotka, TBT
I'BT
MeseHckuii 3aJIUB 6,0 2330,0 15,2 50,0
[TemxuHCKas Ty0a 6,2 20530,0 87,4 190,0
Tyrypckuii 3auB 4.7 1800,0 10,3 27,6

BricoTa, X041 ¥ MepuOIWYHOCTh MPUIMBOB B OOJBIIMHCTBE MPUOPEKHBIX
pailoHOB XOpOIIO OMHMCAHbl U MPOAHAIM3UPOBAHBI Oarojgaps MOTPEOHOCTSIM
HaBUranuu U okeanorpaduu. [loBeneHre mpuIMBOB MOXKET OBITh MPEACKA3aAHO
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J0CTaTOYHO TOYHO, C MOTPEHIHOCThI0 MeHee 4%. Takum 00pa3om, MpHIMBHAS
SHEPrUs OKa3bIBACTCA BECbMa HAACKHOM POpMO BOZ0OOHOBIISIEMON SHEPTHH.
[Tpu ee npeobpazoBaHNK BO3HUKAIOT U ONpE/IETIeHHbIE HEYJ00CTBA:

— HECOBII/ICHUE OCHOBHBIX [IEPHOJ0B BO3HUKHOBEHMS NPUiIUBOB (12 y 25
MUH U 24 4 50 MUH), CBA3aHHBIX C JBM)XEHHEM JIyHBI, C IPUBBIUYHBIM
JUISL 4eJI0BEKa NEPUOAOM COJIHEUHBIX CYTOK (24 4), B CBA3M C YEM OITH-
MyM TPUIMBHON I'€HEpalMy HaXOAWUTCS HE B (a3e ¢ MOTpPeOHOCTAMHU B
DHEPIUU;

— H3MEHEHHUE BBICOTHI MPUIMBA U MOILIHOCTH MPHUJIMBHOIO TEYEHUS C Ie-
pPHOJIOM B JIBE€ HEJENH, YTO MPUBOJUT K KOJEOAHUSIM BBIPAOOTKU SHEP-
TUH;

— HEOOXOJIMMOCTb CO3/laHUsl NOTOKOB BOJIbI C OOJBIIMM pPAacXOIOM IpHU
CPABHUTEJIBHO MaJIOM II€pemnajae BBICOT, YTO 3aCTABIIIET HUCIIOJIb30BATh
00J1b1I0€ YUCIIO TYpOUH, pabOTaOLIUX AapAJIIEIBHO;

— OYEHb BBICOKME KaNHUTAJIbHBIE 3aTpaThl Ha COOPYKEHHE OOJIbIIMHCTBA
npeanosaraeMmsix [19C;

— TOTEHUMAIbHBIC KOJOTUYECKUE HAPYLICHHUSI U U3MEHEHUE PEKUMOB 3C-
TyapHueB U MOPCKUX PaliOHOB.

10.2. MowyHOCmMb NPUSIUBHbLIX MeYeHul U nNpusueHo20 nodbema eo-
Obl

BOnu3u nobepexbss 1 MEXIy OCTPOBAMU NMPWIMBBI MOTYT CO3AaBaTh JOCTa-
TOYHO CWJIbHBIE T€UEHHMSI, IPUTOHBIE JIJIsl MPEeoOpa3oBaHuUsl SHEPTUU. Y CTPOICTBA
JUTSL IPe0Opa30BaHUs SHEPTUU MPUIIUBHBIX TE€UEHUN OYTyT MPAKTUYECKU CXOJIHBI C
AHAJOTMYHBIMU YCTPOMUCTBAMHM, TPUBOJAUMBIMH B IEUCTBHE TEUEHUSIMHU PEK.

CooTHoOIIEHUS, MO3BOJIAIOIIME OLIEHUTh MOITHOCTh IPWJIMBHBIX TEUYEHUM, 110-
JNOOHBI TEM, KOTOPbIE UCTOIb3YIOTCSI B BETPOIHEPTETUKE, ITPH 3TOM CIIEAYET UMETh
B BHJ1Y, YTO IJIOTHOCTH BOJBI BO MHOI'O Pa3 BBIILIE IIJIOTHOCTH BO3/lyXa, & CKOPOCTH
TE€YEHUS BOJABI CPABHUTEIBHO HU3KH.

[110THOCTH MOIIHOCTH MOTOKA BOAKL, BT/M?, paBHa

V3
a=p— -
2
B ciiydae npuiamMBHOTO WM PEYHOTO TEYEHHS IIPU CKOPOCTH, Hapumep, 3 m/c
3° .
q=1000 =~ =13500 Bt /M? . TONbKO YacTh MOJHON DHEPIUM MOTOKA MOYKET OBITH

npeoOpa3oBaHa B MmoJyie3Hyr0. Kak u [1st BeTpa, 9T0 3HAYCHUE 1), HE MOXKET MPEBBI-
math 60%. Ha npakTuke oka3pIBaeTCs, 4TO 1), MOKHO JIoBeCTH Makcumym 10 40%.

CkopocTy NIPUIMBHBIX TEUCHUN U3MEHSAIOTCSI BO BpEMEHU IPUMEPHO KaK

V = V,sin 2
T

rJie T — Nepuosi €CTECTBEHHOro MpuiKBa, 12 4 25 MUH Ui MOIYyCyTOYHOTO; Vo —
MaKCHMaJIbHasi CKOPOCTh TEUEHHMsI, M/C.

Takum 00pa3oM, SIEKTPHYECKas MOIIHOCTh, CHUMaeMas ¢ 1 M? IIomaau mo-
MepevyHoro ceueHus motoka (¢ yuerom 40%-uoui 3¢ pexTuBHOCTH TTPeoOpa3zoBaHuUs
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SHEPIUHU MOTOKA B AJIEKTPUUECKYIO), B CPEAHEM PABHAETCS
q= 0,1pV3.
[Tpu MakcUMalbHOM CKOPOCTH OKOJIO 5 M/C, BCTpEUaIOIIEHCsl B IPOIMBaX
MeKIy ocTpoBaMu, § ~14xkBt/m2. TlepexpsiB maomans 1000 M2, MOKHO ITOTYYHTh

MOJIHYIO CPEAHIOI MOIIHOCTH AJIEKTPOCTaHIMK 0Kkojo 14 MBT.

Vxe pa3zpaboTaH LENbld Pl COBPEMEHHBIX YCTPOMCTB ISl TPEOOpa3oBaHUs
SHEPrUM MPUIMBHBIX TEUCHUH, OJIMH U3 KOTOPBIX MOKa3aH Ha puc.42. Kanuranb-
HBIE 3aTpaThl HA CO3JaHUE MOJIOOHBIX YCTPOUCTB B pacuere Ha 1 kBT ycTtaHoBneH-
HOM MOITHOCTH JIOCTATOYHO BBICOKH, ITOATOMY MX CTPOMTENILCTBO IEJECO00pa3HO
JUIIb B OTJAJIEHHBIX PallOHaX ¢ BBICOKUMH CKOPOCTSIMH IIPUJIMBHBIX TECUCHUH, T/I€
o0kl allbTepHATUBHBIE HICTOYHUKH SHEPTUH e11le 0oJiee T0pOru.

floBepxrocmy MOps

R, o e o R

.‘5.0'.‘?0.0:.“."
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MEeYeHLe
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Puc.42. Cxema QJICKTPOCTAHIWHU HaA ITPUIIMBHOM TCUCHHH.

OCHOBBI TEOpPHM NPUIMBHOW JHEPTETUKH NOCTATOYHO mNpocThl. [Ipenmomno-
xuM, yTo Oacceitn [1DC HamomHseTcs MPU BHICOKOM BOJIE U OMYCTOIIAETCS Yepe3
TypOuHBI 11pu Masoi Boze (puc.43). Ilycts OacceitH uMeeT MOCTOSTHHYIO TUTOIAb
A\, ocTaromnyrocst MOKphITOM BOAOH Mpu Mayion Bojie. JlomycTum, 4To MOCTYNUBIIAs
B OacceilH Bo/a MMeeT Maccy pAR, COCPEIOTOUEHHYIO B IIEHTPE TSHKECTH Ha BbI-

R . . .
COTC E OT YpOBHA MaJIOH BOJbI, U YTO BCA BOJA BBITCKACT M3 Oacceiina IIpyu MaJion

BOJC. HOTGHHI/IEUIBHO MAaKCHUMAJIbHYIO S3HCPIUIO OT IIPUJIMBA MOXKHO ITIOJIYUYHUTDb, €C-
R
JIK BOJa 11aJgacT C BBICOTHI E . B atom ClIydac SHCPIUs IIpHUINBa

R
E=(pAR) L.
2
fofepxuocms Saccedna nrowadsrg A
Brrcoxaa Goda

Bsrcoma npunufa R

... - . P Huswar Bl

fnomura ¢ mypdunarmit

Puc.43. Cxema u3BnedeHUs: NPUIMBHOW SHEPTHH.
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Ecnu sHeprus npeobpasyercsi B TeUEHHE MTPOJOJKUTEILHOCTH TIEPUO/IA TTPHU-
JIMBA, TO CPEJHSS MOTEHIUANIbHAS MOIIHOCTh 3a MPWIMBHBIM NIEPHO/]] OKA3bIBAETCA
paBHOU
_ pAR’g
o2t

Ha mpaktuke B cucteme, HCHOJb3YIOIIEH cpabaThIBaHUE 3araca BOJbI U3 3a-
MOJIHAEMOIO B MPUITUB OacceiiHa, HECMOTPS Ha JIOCTATOYHO BBICOKYIO d(PPeKTuB-
HOCTh ITpeoOpa3oBaHus MOJYyUYUTh MAKCUMAJIbHYIO MOIIHOCTh HEJB3sl. DTOMY TIpe-
MSTCTBYIOT CJEAYIONINE 00CTOATENHCTRA.

['enepupoBaHuE AJIEKTPOIHEPTUU HE MOXKET ObITH 00€CIEeUeHO BIUIOTH [0
yCIIOBUM MaJIoM BOJbI, TAKUM O0Opa30M, YacTh MOTEHUIMAIBLHON YHEPTUU MPUIUBA
HE MOXET OBITh MpeoOpa3oBaHa.

Typ6unsl [19C nomxHbl paboTaTh IPU HU3KOM HAMOPE U MPU OOJBIIMX CKO-
POCTSAX TMOTOKOB — YCJIOBUS HEOOBIYHBIC JJI1 UMEIOIICHCS] OOBIYHOMN THAPOIHEPTE-
TAYECKOU MPAKTUKH.

HeBo3MOXXHO paBHOMEPHO CHa0XkaTh MOTPEeOUTENICH JIEKTPOIHEPTUEH H3-3a
M3MEHEHHs yPOBHS BOJIbI B Oacceiine.

Ha pwuc.43 nmokazano, uto [19C mokeTr paboTaTh Kak MpH OIMyCTOIIEHUU Oac-
CeiiHa, TaK U MPHU €ro HamnoJdHeHUuH. ONTUMalibHas CTaHIMA, UCIOJb3YIOMas pe-
BEpPCUPYEMbIE TUpOArperarsl, KOTOpbIe, KPOME TOTO, MOXKHO €IIE UCIOIb30BaTh U
B HACOCHOM pEXHUME JIJIs TIOBBIIICHUS YPOBHS B OacceiiHe, MOKeT nepepadaThiBaTh
10 90% MmoTeHIanbHON SHEPTUU MIPUITUBA.

E

10.3. Ucnonb3oeaHue 3Hepa2uu OKeaHCKUX meqeHul

MexaHuveckass MOIIHOCTb, KOTOPYIO MOXHO H3BJI€Ub U3 OKEAHCKOrO Teue-
HUS, ONPEAENSIeTCS] TEM K€ COOTHOLIEHUEM, KOTOPOE HCIONb3YEeTCs NIl OLIEHKU
ATOU BEJIMYMHBI B BETPOIHEPT€THUKE:!

VS
P=nAp >

Koaddumment npeodpazoBaHust SJHEPTUH, 3aBUCSIINN OT THUIIA TYPOUHBI, JJIs
BBINIOJIHEHUS TPUOJIMKEHHBIX paCYETOB MOXKHO NMPHUHATH paBHbIM 0,6 11t cBOOOI-
HO Bpamjatouierocs padouero kosieca u 0,75 nist Toro e kKojeca B Hacaake. Ctpo-
UTEIBCTBO KPYMHBIX BETPOBBIX TypOHH (auamerpoMm 10 200 M) mpakTUYECKH He-
BO3MOXHO M3-3a OTPAaHWYEHUH, CBSI3aHHBIX C MPOYHOCTHIO MAaTEpUajIOB U Macco-
BBIMU XapaKTEPUCTUKAMHU MOAOOHBIX YCTpoWcTB. Jnsi TypOuH, paboTaromux B
MOPCKOM cpefie, MacCOBbIE OTPAaHUYEHHSI MEHEE CYIIECTBEHHBI U3-3a IEUCTBUS HA
AJIEMEHTBI KOHCTPYKIMI cuibl Apxumena. [1oBbIlIeHHAs MIOTHOCTH BOJbI MO3BO-
JSIET, KPOME TOTO, YMEHBIIUTH CTOJIb CYHIECTBEHHOE JJIsl BO3AYLIHBIX TYpOUH BO3-
neiicTBre BUOpalHii, BEI3BIBAIOLINX YCTAJIOCTHOE pa3pylIeHUE MaTEpHAIIOB.

BaxxHOE€ TOCTOMHCTBO OKEAHCKHX TEUEHUH B KaU4€CTBE MCTOYHUKOB 3HEPIHH
[0 CPABHEHUIO C BETPOBBIMU MOTOKAMH — OTCYTCTBUE PE3KMX MU3MEHEHUN CKOpO-
CTU (CpaBHHMTE C U3MEHEHUSIMU CKOPOCTH IPU MOPBIBAX BETPA, MPH yparaHax u
T.1.). [Ipu nocrarounom 3ariyOsieHun B Toiry BoAsl TypOounsl OI'DC HanmexHO
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3aIUIICHBI OT BOJIH M IITOPMOB Ha MOBEpPXHOCTU. J[J1s1 3(HEeKTUBHOTO HCTONB30-
BAaHUS TEUYECHUU B SHEPreTUKE HEOOXOAMMO, 4TOOBI OHU 00Ja1alIi ONpeIeICHHBIMA
XapakTepucTHKamMu. B yacTHOCTH, TpeOyIOTCS TOCTATOYHO BBHICOKHE CKOPOCTH TI0-
TOKOB, YCTOWYMBOCTH MO CKOPOCTH M HAIIPABJICHUIO, yIOOHAS I CTPOUTEIHCTBA
U 00cTy’)KUBaHUA reorpadus IHa U MOOEpexXbs. Y JAIEHHOCTh OT NOOEPEXkbs Biie-
YeT yAOPOKAaHUE TPAHCHOPTUPOBKH SHEPTUU U OOCTYKUBAHUS ITUX CTAaHIUH, KakK,
BIIpOYEM, U JIIOOBIX Ipyrux. bosjbime riyOouHsl TpeOyrOT yBeIWYEHHs 3aTpaT Ha
COOpPYKEHHE U 00CTyKUBAHUE SKOPHBIX CUCTEM, MaJIble — CO3JIAl0T MIOMEXH CYJI0-
xoacTBy. IMeHHO reorpaduueckue (pakTopbl HE MO3BOJISAIOT CEi4ac TOBOPUTH O
ctpoutenbctBe OI'DC B OTKPBITOM OKEaHE, T/Ie HECYT CBOM BOJBI HanboJjee Moul-
Hble TeueHus. [Ipu cpeaHnx u Masbix TiyOnHaX, 0COOEHHO B MECTaxX 0Opa3oBaHUS
NPWIMBHBIX TEUCHUH, BAXKHYIO POJIb UTPAET Tornorpadus AHa.

B kauectBe HemOCTaTKOB MpeoOpazoBareneil SHEPrUU OKEAHCKUX TEYEHUU
ClieyeT OTMETHTh HEOOXOIMMOCTh CO37aBaTh M OOCIY)XMBAaTh TMTAHTCKHE KOH-
CTPYKIIMU B MOPCKOH BOJIE, MOJIBEP)KECHHOCTh ITUX KOHCTPYKIMI 0OpacTaHWIO U
KOPPO3UH, TPYIHOCTH TIEpeIadnl SHEPTUH.

10.4. O6bwas xapakmepucmuKka mexHU4YeCKuUx peweHuu

[lo ananoruu ¢ BOY cymectByromue mpeoOpa3oBaTean SHEPTUUA TEUCHUN
MO>KHO YCJIOBHO pa3iesiuTh Ha JBe rpynmbl. K nmepBoi menecooOpa3HO OTHECTH T€
M3 HUX, B OCHOBY KOTOPBIX IOJOXXEH MPHUHIUII MPeoOpa3oBaHUs CKOPOCTHOIO
Hamopa BO BpalaTeiabHOe ABWKeHHEe TypOuH. Ko BTOpOil, MeHee MHOTOYMCIICH-
HOM, rpynme OTHOCAT MIpeoOpa3oBaTeId, OCHOBAHHBbIC HA JPYTUX (U3UYECKUX
npuHIHNnax (00bEMHbBIE HACOCHI, YIIPYTHE MpeoOpa3oBaTeu U Jp.).

JI1s1 XapakTepUCTUKU CXEM YCTAaHOBKH MpeoOpa3oBaTeieii MOKHO BBIICIIUTH
JIBE€ OCHOBHBIE CXEMbI — COOPY>KEHHH, 3aKpEIUIsieMbIX HAa MOPCKOM JIHE, U COOPY-
YKEHU, MJIABAIOLIKX B TOJIIIE BOJBI U 3asIKOPEHHBIX K AHY.

PoioHavanbHUKOM YCTPOWCTB IMEPBOM TPYIIBI MO IIPABY CUUTAIOT BOISHOE
kojeco (puc.44, a). B coBepIieHCTBOBaHMHN BOJSHOTO Kojieca HAOJIOMArOTCS JBE
OoCHOBHbIC TeHAeHIIMH. OaHa — COOCTBEHHO YIIy4YIIIEHHE TOKa3aTelel koseca (3a
CYeT ONTUMH3ALMU KOHCTPYKIMH (epM, JOoMacTe, MEXaHU3MOB Tepeaadnu dHep-
TUH, PACIOJIOKEHHUS O OTHOIIEHUIO K MOTOKY, TPUMEHEHUSI COBPEMEHHBIX MaTe-
pHUAJIOB U T.I1.), Apyrasi — MPUHIUITHAIIEHOE U3MEHEHHE MPECTaBICHUI O KoJiece.

JlentouHoe koJsieco (puc.44, 6) okasbiBaeTcsi 0ojiee KOMMAKTHBIM, TpeOyeT
MEHbIIIE MaTepuajaoB, MEHEE MOABEPKEHO BO3leUCcTBUIO atMmocdepsl. [TogooHOE
YCTPOMCTBO MOKET OBITh YCTAHOBJICHO B MIOTOKE Ha MOHTOHAX C TaKUM PacyeToM,
yTOOBI HMYKHUE JIOMIACTH BXOAWIM B BOAY, @ BEPXHUE OCTABAIIMCh «CyXHUMU». D P-
(eKTUBHOCTh MpeoOpa3oBaHUsl CKOPOCTHOT'O HANopa MOBBIMIACTCS 3a CYET TOTO,
YTO Cpa3y HECKOJIBKO JIOMACTEH OKa3bIBAIOTCS MO BO3AeHCTBHEM TTOTOKA. OTHAKO,
MPOCTOE YBEJIUYEHUE YMCJIA JIOMACTEN JIEHTOYHOTO KOJieca HE MPUBEAET K CyIlle-
CTBEHHOMY YBEJIMYEHHIO MOMEHTA Ha Bajax.
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Puc.44. BBOJ'II-OHI/IH BOISIHOI'O KOJICCA: d — KOJICCO-IIPOTOTHII, O — JIEHTOYHOE KO-
JICCO Ha IINIaBy4EM OCHOBAHHH, 6 — JICHTOYHOC KOJICCO B TOJIIIC ITIOTOKA,; 2 — JICH-

TNITLINA T'ONTTACN AN CTATTATTIOLTINATY TTNWTTAA~ATANMTY

Ha 6a3e 1IeHTOYHOr0 KoJieca CO3/JaHbl YCTPOMCTBA, MOJHOCTBIO MOTPYKAEMbIE
B TOJIILYy NMOTOKOB (puc.44, g, 2). Jlyis Takux yCTpOWCTB MpeaiaraeTcsi HECKOJIbKO
CIOCOOOB YMEHBILIEHUSI CONMPOTUBIIEHUSI JBUKEHUIO JIEHTHI BO BPEMs XOJOCTOIO
X0Jla. DTO M COOPYKEHUE BO3AYLIHON KaMmepbl HaJ KOJECOM U MPUMEHEHUE pas-
JIMYHBIX BAPUAHTOB MEXaHU3MOB CKJIaJbIBaHUS JIOMACTEN.

Haubonbimume Hanexabpl TUAPOIHEPIeTUKH, 3aHHUMAIOLIUECs pa3paboTKOil
npeoOpazoBaTesiell 3HEPreTUKU OKEaHCKUX TEUEHMM, CBSI3BIBAIOT C arperaramu,
HOMOIIbIO KOTOPBIX MOTYT OBbITh IOJYy4€HbI 3HAUUTEIbHbIE EAUHUYHBIE MOIIIHOCTH.
B kauecTBe BapuaHTOB TaKUX YCTPOMCTB pacCMaTpUBAIOTCs paboyee KOJIECO B BUE
cBOOOHOrO Iponeiepa, Nponesiepa B HacaaAKe, BOJASHONW aHAIOT TypOUHBI

Jlapbe, CUCTEMBI C YIIPaBIIeMbIM KpblioM (puc.45, a-¢). Bo Bcex 3TUX KOH-
CTPYKLIMSIX, TaK K€ KaK U Y MEePCIEeKTUBHBIX BETPOBBIX TypOUH, IJIaBHbIN Mpeoo-
pa3yIoluid AIEMEHT — KPBbUIOBOM Mpoduib, 00TEKaHHE KOTOPOro MOTOKOM CO-
3/1aeT TUAPOAMHAMUYECKYIO CHITY, 3aCTaBIISIONLYIO0 TYpOUHBI BPaIlaThCsl.

6) )

\\\

Puc.45. BapuanTsl cxem nepcnekTuBHbIX TypOuH uist OI'DC: a — cBoOOAHBIN po-
TOp; O — pOTOP B HACAJKE; 8 — POTOP, YCTAaHABIMBAEMbIH MONEPEK MOTOKA.

Haunyumumu nmokazarensimu o0s1aaet TypOrHa, BHIIOTHEHHAS B BUE pa-
0ouero Kosieca ¢ TOPU30HTAJIBLHON OCBIO B Hacagke. DTO OOBICHSACTCS TEM, UYTO
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Takoe pabouee KOJeCO MEHbIIIE BO3MYIIAET MOTOK, HE TaK CHJIBHO, KaK CBOOO/I-
HOE, BOBJICKas >KMJIKOCTh BO BpamlateabHoe ABMkeHHe. Hacamok kak Obl oT/e-
Js€T BO3MYILIEHHYIO YacTh IIOTOKAa OT HEBO3MYILIEHHOM U B TO € BpeMs obec-
[IEYMBAET HEKOTOPYIO KOHLEHTpaUio 3Heprur. @opmy Hacajaka BbIOMPAIOT U3
TaKOT0 pacuera, YToObl 00€CIEeUUTh IIJIaBHOE OE30TPHIBHOE TEUEHUE MOTOKA HA
HOJIXOJEe K TypOMHE, clielaTh BCIO CHCTEMY YCTOMYMBOW Ha IOTOKE, MaKCH-
MaJIbHO CHU3UTh 3aBUXPEHHOCTh IIOTOKA HA BBIXOJIE U3 HEE.

YBenuyeHuss MOIIHOCTH OJHOTO TAaKOIO arperara MOXHO JOCTUTHYTH 3a
cueT yJIMHEeHUs Kpbula. [1o cpaBHEHUIO ¢ BETPOBBIMM NPEOOpa30BaTENIMU OKe-
aHCKuE TypOMHBI B 3TOM IUJIaHE UMEIOT NPEUMYLIECTBO: KPUTUYECKHI pa3zmep
KpbL1a, IPU KOTOPOM B HEM JOCTHUIAETCS MPEAEI MPOYHOCTH MAaTEPUAIIOB IS Ta-
KOW TypOuHbI Bbllle. Ho ecTh orpaHvueHus M B BOJE: MPH CIMILIKOM OOJBLION
JUIMHE KPbLJIa HA CMEHY M3rM0aroIMM MOMEHTAaM, CO3/1aBa€MbIM T10]1 BO3/IEHCTBU-
€M CHJIBI TSKECTH, IPUXOIAT MOMEHTBI, CO3/1aBAEMbIE CHUJION AaBJIEHUS ITOTOKA.

Jpyroe orpaHnyeHue AuameTpa padoyero KoJjieca CBSI3aHO C TEXHOJIOrH4Ye-
CKMMH TPYIHOCTSMH IIPH ITOCTPOMKE M YCTAHOBKE CTOJIb TPOMO3IKHUX COOPYKEHHUN
B okeaHe. CreunamucThl CXOASTCS BO MHEHHH, YTO AUAMETP TYpOMH B Hacaakax
Bpsia nu npeBbicuT 200 M (1o raGaputam NoJO0OHOE COOPYXEHHE HAIIOMHHAET
KPBITBIM cTannoH Ha 20 Teicsay 3puTeneit). HakomieHHbIN K HaCTOSIIEMY BpEMEHU
OIBIT CTPOUTEIBLCTBA SKCILTyaTallMOHHBIX IMJIATPOpM A AOOBIYM HEPTH U Taza
BOJIOU3MEUICHUEM B COTHU THICSY TOHH IOKA3bIBAET, YTO TaKUE OOBEKTHI MOTYT
OBITh CO3/IaHBI.

Paccmotpum mpeoOpazoBaTesid 3HEPIrUU MOTOKOB, OTHOCALIMECS MO Hallel
KJIacCU(PUKALMK KO BTOPOW TpymIe, U, MPEXAE BCEro, yCTPOICTBA THUIIA OOBEMHO-
ro Hacoca. Ha puc.46 nuzo0pakeHa ofHa U3 CXe€M TaKoro yCTpOWCTBa, B OCHOBE KO-
TOPOTO — HEMOJABHUKHO 3aKPEIUIEHHOE B MOTOKE coruio BeHtypu. B nmepexarom ce-
YEHWHU COIUIA U3-3a YBEJIMYECHUS CKOPOCTH KUIKOCTH MPOUCXOIUT MMAICHUE CTATH-
YECKOI'o JaBJIEHUS, KOTOPOE MOKET OBITh MCIOJIB30BAHO, HAIPUMED, ISl 3aCaChI-
BaHMS BO3[yXa C MOBEPXHOCTH. B BBIXOAHOM CEUEHHMM YXKE CKATBIA BO3IYX BBI-
TECHSIETCS U3 MOTOKA B HAIIOPHYIO KaMepy, OTKY/a [0 CTYNAaeT B BO3AYXOBOJ Typ-
OMHBI, COEIMHEHHOM ¢ 3yieKTporeHeparopoM. IIpu yMepeHHBIX CTENEHsX mepexa-
THUS IOTOKa paboTa TAKOro YCTPOMCTBA MOKET OBITh OMMCAHA C MIOMOILBIO YpaBHE-
Hus bepryiu. B aTom ciydae nepenaz naBjaeHUM, KOTOPBIM CO34aETCI HACOCOM,

2
A
Ap=p, —p, = 05pv* (A_1] -1,

2

A o o
rac A_l_ OTHOLICHHUC IIJIOIMaJACH BXOJHOT'O I MUHUMAJIBbHOI'O CCUCHUHU KOH(l)ySOpa
2

[Tpon3BOAUTENHHOCTS TAKOTO HAacOCa 3aBUCUT OT Pacxoja >KUIKOCTH yepes3
CEUYCHHE HAcOCa U MOXET ObITh oBeAeHa mpuMepHo 10 20 % o0BeMHOTO pacxoja.
DXKEKLUHMOHHBIE CBOMCTBA CHJIBHO 3aBHUCST OT CIloco0a BBOJA B MOTOK MOJCachiBae-
MOTO Ta3a.

[lepeuens pa3nUYHBIX BApUAHTOB MpeoOpa3zoBaTeeld MOKHO MPOIOJDKUTE, HO
BaXXHO OTMETHUTb, UTO CO BPEMEHEM MOTYT OBITh OTKpBITHI Kak Oojee 3(hdexTuB-
HbI€ CIIOCOOBI MPeoOpa3oBaHUsl SHEPTUU MMOTOKOB B OKEAHE, TaK U HOBBIE TUIPO-
IMHAMHYECKHE SBIICHUS, KOTOPhIE MOTPEOYIOT MPUHIIMIHAIBHO HOBBIX pa3pabdo-
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TOK. YK€ ceifuac MO>KHO 0OpaTUTh BHUMAHUE HA SHEPTUIO0 OKEaHCKHUX MPOTUBOTE-
YEHUU, CKPBITHIX TOJIIIECH MOBEPXHOCTHBIX BOJ U YACTO JIMIIb JOCTATOYHO TOHKH-
MU TOTPAHUYHBIMU CIIOSIMU OTJIEJICHHBIX OT MOBEPXHOCTHBIX; SHEPTUIO PA3IUYHBIX
BUXpEH, BO3HUKAIOIINX B OTKPHITOM OKEaHE MOJI BO3JCHCTBHEM METEOpPOJIOrnye-
CKHUX BO3MYILIEHUM M KpPyMHOMACIITAOHON TUAPOAMHAMUYECKON HEYCTOMUYMBOCTU
B OKe€aHax. M3BECTHBI Ja)e MOCTOSAHHO ACHCTBYIOIME BUXpU. OANH U3 HUX HAXO-
mutcst B 400 kM ot OracaBapel (Anonus) B Tuxom okeane. OH MpejcTaBisieT Co-
00i1 BOJOBOPOT AuamMeTpoM okojio 200 kM, TOAHUMAIOIIUICS C TITYOHHBI 3 KM TI0-
YTH JI0 camoii moBepxHOcTH. [IpuMeyaTenbHa 01Ha U3 0COOCHHOCTEN BOJIOBOPOTA —
npuMepHo depe3 Kaxable 100 gHeil oH M3MeHsieT HalpaBJIeHHE BpallleHHUs] Ha 00-
patHoe. [lo olleHKaM SIMOHCKUX YYEHBIX YJEJIbHBIE SHEPreTUUYECKUE XapaKTEpH-
CTHUKH 3TOT0 BOJAOBOPOTA 3HAYUTENHHO BBIIIE, YEM Y Psiia OKEAHCKUX TCUCHUH.

Puc.46. Cxema o0beMHOr0 Hacoca: | — nmpodumupoBaHHbIN KOpITyC; 2 —
1axTa BO3yX03a00pHUKA; 3 — BO3yXOCOOPHUK; 4 — BBIXJIOMHAS I1axTa; 5 —
BO3/TyIIIHAS TYpOUHA C JIEKTPOTECHEPATOPOM.
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11. NMpeobpa3oBaHue TENNOBOU IHEPrumn okeaHa

11.1. Pecypcbl mensiogou 3Hepauu oKeaHa

MupoBoi OK€aH — KPYITHEUIINN €CTECTBEHHBIN KOJJIEKTOP COJIHEYHOTO M3J1Y-
yeHus. B HeM MeXay TEeIuIbIMH, MOTJIOMAIOIIMMHI COJHEYHOE M3JIyYeHHUE MOBEPX-
HOCTHBIMHU BOJIaMHU H 00JI€€ XOJIOJHBIMHU IPHIOHHBIMH JIOCTUTAETCS Pa3HOCTh TEM-
nepatyp B 20 °C. D10 obecrnieunBaeT HEMPEPHIBHO MOIMOIHIEMBIN 3amac TEMI0BOU
SHEPTUM, KOTOPasi MPUHIIMITHAIBHO MOKET OBITh MpeoOpa3oBaHa B APYTHE BHUJBI.
Cam TepMuH «mnpeobOpa3oBaHue TemioBoil 3Heprun okeana» (OTEC) — «ocean
termal energy conversion» — o3HavaeT mpeoOpa3oBaHUE HEKOTOPOW YaCTH ITOM
TEIUIOBOM 3HEPruu B paboTy U JJajie€ B AIEKTPOIHEPTHIO.

[IpeoOpa3oBaHue TEIIOBOM 3HEPIUH, 3al1ACEHHOW OKEAHOM, B MEXaHUYECKYIO
SHEPTUIO U Jajiee B AJIEKTPOIHEPTUIO TPEOYEeT CO3/1aHusl TEIUIOBOM MAalllMHBI, TEM
WJIA UHBIM CIIOCOOOM MCHOJIb3YIOIIEH €CTECTBEHHBIN Nepernaj TEMIEpaTyp MKy
IPOrPEThIMU MOBEPXHOCTHBIMU M OXJIAXKICHHBIMHU TIIyOMHHBIMU CJIOSMHU Boj. B
NEpPBOM IPUOIMKEHUU 0 TpeoOpa3yeMoi IHEPIUH MOXKET OBbITh ONpeiesieHa

AT
yepe3 KIIJ[ tepmonnnamuyeckoro nukia KapHo kak LT AT — BeJIMYUHA Iie-

penazga TeMIepaTtyp MEXIy HarpeBarelieM W XOJOMWIBHHUKOM; | — aOCOJIFOTHOE
3HadeHne Temmeparypsl HarpeBaTens (K). CooTBETCTBEHHO TSI OTIPECIICHHS pea-
JU3YEMBIX 3aIllacoB TEIJIOBOW YHEPTUU HEOOXOIAMMBI CBEACHHUS O pacIpeaeiieHuN
TEMITepaTyp Ha MOBEPXHOCTH OKEaHa, TONIIHWHE MPOTPETOTO CIIOs, TIIyOMHE 3ajie-
TaHUs CJIOS XOJIOJHBIX BOJI, CKOPOCTH MEPEMEIICHHS BOTHBIX MaccC.

[lepBas Takast mpubIMKeHHas olleHKa Obuta BbiTosiHeHA B 1977 1. OHa 0a3u-
poBajach Ha TOM, YTO B cpeaHeM Mo MHUpPOBOMY OKeaHy pa3HOCTh TEMIIEpaTyp
MEXTy TTIOBEPXHOCTHIO U MTyOnHamu nipuMmepHo B 400 M coctasisiet 12 °C, numib B
HEKOTOpBIX paioHax BOMM3M 3kBaropa nocturas 20°C. Cuutas B cpeHEM, YTO
paszHocTh Temneparyp B 12°C coxpaHsieTcsi Ha Bceil CBOOOIHOM OTO Jibja MOBEPX-
HOCTH IUIomaapio okoso 3-10% M2 B cinoe tommmuoit 100 M, o0LIyI0 TEMIOBYIO
SHEPTHIO, TIPUCYTCTBYIOIIYIO B OKEaHEe B JIIOOOH MOMEHT BPEMEHH, MOKHO OIle-
HUTH KaK

W = pVc, AT,

TJIE P — IUIOTHOCTB BOBI, KI/M®; V — 00bEM HArpeThIX BOJ, M, Cp — yIenbHas TEN-
noeMKocThb, JIx/(kr-K).
[onaras ¢, = 4,19 xJIx/(xr-K), Bennuuna 3anacennoi sueprun W =15-10% [Tx.

bosnee TouHble OolleHKH TPeOYIOT 3HAHWS KApTHUHBI PACTIPEICIICHHUS TeMIlepa-
Typ. O pacnpeneneHny MeperagoB TeMIepaTyp Ha TOBEPXHOCTH MHpPOBOTO OKea-
Ha JaeT npeacrapieHne puc.47. KapTel mOKa3bIBalOT, YTO IIOMIAAL 30HBI C TTOCTO-
SHHBIM MAaKCHUMAaJIbHBIM TIEPETaioM TEMIIepaTyp HE TaK YK BEJUKAa M COCTaBIISCT
npumepro 20 mun. kM2, Lenoit camxenns KIIJ| upeansHoro nukina Ha 1 % o1y
30HY BO3MOKHOTO pPa3MENICHHs TEIJIOBBIX MPeoOpa3oBaTeiecii MOXKHO YBEITUYHUTH
npuMepHo B 6-7 pa3. [locTosHCTBO miepenaga TeMIEpaTyp B CIydae U3bSITHS YaCTH
SHEPTUU JIOHKHO OOECIeYMBATHCS MPUTOKOM HHEPTUM 3a CUET MEePEeMEIICHUS,
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BOJHBIX MacC U MOTJIOIIEHUS COJTHEYHOTO U3ITyUYEHHS.

OnpeneneHre pecypcoB TEIIOBOM SHEPTHH, CBA3aHHOW C OK€aHOM, OyJleT He MOJI-
HBIM, €CJIM HE y4eCTh MOTEHIMAJIbHBIE BO3MOXHOCTH €II€ JBYX TEMIIEPATYpPHBIX
NepenayioB, CyIIECTBYIOIINX MEXAY MPUIOBEPXHOCTHBIMU CIIOSIMU BO31yXa H IO-
BEPXHOCTHBIMHU CJIOSIMHM BOJIBI M MEXKIY MPHUIOHHBIMU BOJAMH W IOPOJAMH, Clara-
IOLMMU JTHO. DTH PECYPCHI ITOKA HE OLEHEHBI, OJTHAKO YK€ BEAyTCsl paboThI MO CO-
3IaHUI0 JICUCTBYIOIIMX MOJeIel mpeoOpa3zoBareseH, HCIOIb3YIOMIMX MEPBbIi me-
penaji, KOTOPbI MpeACTaBIsIeT 0COObI HHTEpeC Jisi APKTUKH, T/I€ B 3MMHEE Bpe-
Ms — MPAKTUYECKH HE MEHEE 8 MECALEB B IOy — TEMIIEPATyphbl BO3AyXa JIEKAT
HIKe -20 °C pu OTHOCUTENBHO MOCTOSIHHBIX TEMIIEpaTypax BOAbI MO0 JbAOM 12
— +3°C. Pac4eThl IOKa3BIBAIOT, YTO IIPY TAKOM HEpenage Kaxabii 1 m® Mopckoit
BOJbI, OyIy4H MIpOIyIIEeH 3a | ¢ depe3 mpeoOpa3oBaTeb, MO3BOJIAET MOJIYYHUTh
okoJ10 10 kBt momHocTn npu KIIJ[ yctanoBku 5%.
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Puc.47. Pacnipenenenue mnepemnagoB TEMIIEpATyp B IPUIKBATOPHATBHBIX 30HAX
MupoBoro okeaHna (IyHKTUPOM oTMeueHbl ri1youHbl 1000 m)
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11.2. Cxema OT3IC, pabomarow,eli No 3aMKHYymMomMy UYUKI1y

Cxema ycTaHOBKH, pabOoTaromiel mo 3aMKHYTOMY HHKJY, IpPUBEICHA Ha
puc.48. B Takoil cucreme ¢ MOMOIIBIO TEIUIBIX IOBEPXHOCTHBIX BOJ, MPOKAYMBae-
MBIX HACOCOM 4epe3 TEIUIOOOMEHHUK UCTIapUTeNs, IPEBpaLIaloT B ap Kakoe-JInbo
nojxozsiiee pabouee Teao (aMMHaK, (pPeoH, MPOIaH), CO34A0T Map MOBBIILIEHHO-
ro JaBJICHMS, JaBasg €My BO3MOKHOCTh PACUIMPUTHCS Yepe3 TYpOHHY B XOJIOAWIIb-
HUK, TJ€ nap KOHACHCUPYETCS NMPU KOHTAKTE C OXJIAXKIAEMBIMH ITOBEPXHOCTIMH
BTOPOr0 TEIUIOOOMEHHHKA, OMBIBAEMOI'O BOJIOM, 3aKaYMBAa€MOM W3 IIIyOMHHBIX
CJIOEB OKEaHA.

@ 277
24% 2 4 t,=215%C;
T P, =1MNa.
3

8 5 =

5% 10,7
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Puc.48. Cxema TepMalibHOM yCTaHOBKHU, paOOTAIOLIEH 110 3aMKHYTOMY
muKiIy: 1 — Hacoc Temsoi BoAbl; 2 — UCTIApUTENlb; 3 — HACOC OCYIIUTENS
napooOpa3Horo padbouero Tena; 4 — OCylmuTelNb; 5 — TypOuHa C AJIEKTPO-

reHepaTopoM; 6 — KOHAEHCATOP; 7 — HAacoC 1Sl 3a00pa XOI0JHOU BOJBL; 8
— HacoC JUIsl Mo1ayu paboyvero Tena.

Ha puc.49 mnokazaH TepMOIMHAMUYECKUW IUKJI TAaKOW TEIMJIOBOW MAaIIUHBI
(muknn PenkuHa) B KoopAuHaTax aOCOJIOTHAs TeMiieparypa-sHTponus. [lone3nas
paboTa, coBepIiaeMas mapom B TypOUHE, ONpeesseTcs BeTBbIO 1-2, HA ydacTke 2-
3 IpOoUCXOIUT KOHAEHCAIMs, 3aTEM HACOCOM padouee Tello MOJAeTCs B MCMapH-
Tenb 3-4, rae HarpeBaercs (BeTBb 4-5) u ucnapsiercs (BetBb 5-1). Takum oOpazom,
MOJIBOJI paboyero Teja K CUCTEME TeIlla OCYIIECTBISIETCS Ha BETBU 3-4-5, a 0TBOA
— Ha BeTBU 2-3. JlONMONHUTENbHYIO paOOTy MPUXOIUTCA 3aTpauyvBaTh HA 3aKAUKY
KOHJIeHcaTa B ucnapurelib (3-4) 1 Ha nojavy BOAbl B HArpeBaTeNlb U XOJIOANIbHHUK.
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Puc.49. Tepmonunamuueckuit 1ukit OTOC (uukn Penkuna)
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Maxkcumanenbiii Teopetndeckuii KIIJI Takoi cucteMsl onpenensieTcss pa3Ho-
CTBIO TEMIIEPATYP BOJBI, I10JIABAEMOM B HArpeBaTelb M XOJOAWIbHUK, Kak KIIJI
AKBUBAJICHTHOTO 1ukia KapHo n, = @ Jns nepenanoB TeMmepaTyp MEXIY

01
MOBEPXHOCTHBIMHM M TJTyOMHHBIMH CJIOSIMH BOJBI B Tipenenax oT 15 mo 26 °C on
COOTBETCTBEHHO M3MEHAETCS B auara3oHe oT S5 10 9 %. Peanbnsiii K11/, kak npa-
BUJIO, CYILIECTBEHHO HIKE. JTO CBSI3aHO C KOHCTPYKTHBHBIMH OTPaHUYEHUSIMHU, HE
ITO3BOJISIOIMMH B PEAJIbBHOM YCTAHOBKE JIOBECTH TEMIIEPATYPy MTapOB U KOHJIEHCA-
Ta O TEMIEpaTyphl TEIUIBIX U XOJOJHBIX BOJ COOTBETCTBEHHO (Ha puc.49 sTo
MOIYCPKHYTO C IOMOIIbIO pasHoCTEN Temneparyp AT=T,-T, Hu

AT, =T, -T,, KonkperHsie Temneparypsl npuBeAeHbl Ha puc.48. MoxHO Moacuu-

TaTh, 4TO Hpu Teopetnueckom KII, pauom 7,3 %, Ha TypOuHE mosydaeM Beju-
YUHY OPUMEPHO B 2 pa3a MEHbIIYI0 — 3,6%. [Ipuuem oHa HE y4uThIBaeT eue no-
TEpb Ha COOCTBEHHBIE HYXKIbl CTaHIMH, KoTopble cBeayT KIIJ[ n0 BeauuuHbI,
MeHblen 2,5%. 9To, B CBOIO 04YEPEAb, 03HAYAET, UTO 1 nojiyueHuss 1 MBT «mo-
JIE3HOI» MOITHOCTH 4epe3 TEINIOOOMEHHUKU TaKOW CTAHLMU JIOJDKHO MPONTH HE
menee 40 MBT TeroBoit MontHocTd. MimenHo nmostomy OTOC TpeOyroT orpom-
HBIX PacxoJ0B TEIJION U XOJOJHOM BOJBI, U3MEPSEMBIX B ThICSYaX KyOOMETPOB B
CEKYHLY.

JIjia TOro 4to0blI MPEeNCTaBUTh ce0e, YTO K€ TaKOE peaibHasi MPOMBIILICHHAS
OTOC, noctaTtoyHO yKa3aTh TaKHME€ OPUEHTHPOBOYHBIE LIU(PBI: CTAHLMS MOIIHO-
cteio 40 MBT (muiaByyasi) Jo/KHA UMETh BOJIOM3MeElleHHe npumepHo 70 ThIC. T,
auameTp TpyOomnpoBoaa XosoAHOW BoAbl 10 M U pabodyro MOBEPXHOCTh TEIIO00-
MEHHHUKA OKOJIO 45 ThIC. M2,

11.3. Cxema OT3IC, pabomarow,eli N0 OMKpPbLIMOMY UUKIY

Cxema ycTaHOBKH, paboTaroiiei mo oTkpbiToMy nukiay Kiioga, nokasana Ha
puc.50. B kadecTBe pabodero Tena 3/1ech UCIOIb30BaHa MOPCKasl BOJa, TI01aBac-
Masi B UCIIApUTENb Yepe3 Jiea’paTrop, OCBOOOKIAOIINN BOJy OT PACTBOPEHHBIX B
Hel ra3oB. [IpenBapuTenbHO U3 MOJOCTEH UCTIAPUTEIIS U KOHACHCATOPA yAAISETCS
BO3/lyX, TaK YTO JAaBJICHUE HAJ MOBEPXHOCTBIO JKUJIKOCTH OMPEIETAETCS TOJIBKO
JIABJICHHMEM HACBIIIEHHBIX MApOB, KOTOPOE CUJIBLHO 3aBUCUT OT TeMmeparypsl. [Ipu
xapaktepHbix migs OTOC Ttemneparypax 3TOT mepenaj COCTaBiseT MpuMepHo 1,6
klla (mpu 3amkHyTOM 1UKIE HAa amMuake okoio 500 klla), mox nelicTBUEM 3TOTO
nepenajaa napbl BOJbI MPUBOAAT B ABHKEHUE TypOUHY, MTONAAAIOT B KOHJEHCATOP,
I7I€ ¥ IPEeBpaatoTCs B KUIKOCTb.

OCHOBHOE OTJIMYME LIUKJIA KaK Pa3 U COCTOUT B MAJIOCTH IEpeENajia IaBIeHUH,
YTO TpeOyeT UCIOIb30BaHUSI COOTBETCTBYIONIUX TUTAHTCKUX TYPOWH TMaMETPOM B
HECKOJIBKO JIECSITKOB METPOB. ITO, MOXKATY, OCHOBHOM TEXHUYECKUN HEAOCTATOK
CHUCTEM OTKPBITOro 1ukiaa. OCHOBHOE k€ UX JIOCTOMHCTBO — OTCYTCTBHE TMTaHT-
CKHX HETEXHOJOTUYHBIX TEII0O0OMEHHHKOB. KpoMe Toro, mpu pabore cuctem oT-
KPBITOTO ITUKJIa MOTYT OBITh MOJY4€HBI OOJIBIIINE KOJIMYECTBA MPECHOM BOJIBI, UTO



85

HCMAJIOBA’KHO B KaPKOM I1O0sCC IJIaHCTHI.
J

Puc.50. Cxema OTOC, paboTaromieii o oTKpeITOMY ITUKITY (ki1 Kito-
na): 1 — Hacoc Tertoi BoJibl; 2 — ea’parop; 3 — BaKyyMHBIN Hacoc; 4 —
WCIIapUTENb; 5 — TypOUHA C JIEKTPOTreHEepaTopom; 6 — KOHAeHcaTop; 7 —
HacoC IS OIbeMa XOJI0THON BOJIBI.

11.4. Ucnonb3oeaHue nepenada memnepamyp okeaH-ammocghepa

Wnes ucnonb3oBaHus mnepernajga TeMIepaTyp MEXKAY XOJIOJHBIM BO3IYyXOM U
He3amep3arollel (Terioi) BOAOU Moo JIbJOM APKTHUKH BIIEpBbIE Obljla BHICKA3aHa
Bo ®panuuu A. bapxo, pa3BuBmuM ujaewo J’ApcoHBais 1o npeoOpa3oBaHUIO
TEIUIOBOM 3HEPTUM, 3allaCEHHOW B OKeaHe. B Hamen crpaHe ¢ ee NpOTSKEHHBIM
apKTUYECKUM IIeTh(hoM paboThl B ATOM 00JacTH Bcernaa BbI3bIBaIM HMHTEpec. [lo-
cTaTouHO yka3aTh Ha mpoekTsl I'. TlokpoBckoro (1901-1979 rr.), Ha paboThI, BbI-
IIOJIHEHHbIE 110/ pyKoBoacTBOoM B.M. Mapoueka Bo BnaguBocToke, Ha pOBEICH-
Hble TaM ke ucciaenoBanud A.K. Minsuna u B.B. TukMmenosa.

Oco0eHHOCTh palbOThl TaKUX CTAHIUH — TaK HA3BIBAEMBIM «TPEYTOIHHBIM
LMKJI: HarpeB U UCHapeHre padoyvero Tena B pe3yibTaTe NOJUTPOIHOIO MpoLecca,
aanabaTHOE paclIMpeHue yepe3 TypOuHy, U30TEPMUYECKOE CHKATHE MPH MOJave B
UCIIApUTENh C OJHOBPEMEHHBIM OTBOJOM HM30BITOYHOIO TEIIA B XOJIOAWJIbHHKE.
KIIJI Takoro mukia, kak mokasaHo B ojgHoi u3 padbotr A.K. UnbuHa, HIXKE TepMu-
yeckoro KIIJI nukna Kapuo npumepno B 2 paza. C Ttounoctsto 10 1 % on onpene-

T, —T o o
JSI€TCS BBIpAXKEHNUEM n = —2—2% re T,,— TeMIeparypa TeIUION MOAIEAHON BOBI
01

(275 K); T,,— Temmneparypa oxyaxaarouiero Bozayxa (10 233 K). 3HaunTenbHbIil
repenaj TeEMIEpaTyp cMoKeT komreHcupoBaTh cHkeHue KIIJI. Teopernueckyro
MoIHOCTh Takoi OTOC M0KHO OLEHUTH ¢ momo1kio hopmynsl B.A. AkynuueBa

2
P= kapUAT] (T01 _Toz) ’
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rae k Zr- OTHOHICHHUC TOJIIMHBI HCIIOJB3YCMOI'O CJIOS TCIUIOM BOJBI K XapakK-

TepHOP’I JJINHE BO3MYLICHUS CpE€Abl BIOJb TCYCHHUA, U - CKOPOCTh TCUYCHMS, A -
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IUIOLIAAb B3aUMOICHCTBUS CTAHIIMM C OKEAHOM; 1) - KO3 (ULHUEHT NOTePh B arpe-
raTax U CUCTEMaXx.

Ecnu mosiosxuTh B 3TOM BbIpakeHUU K =1 U cuuTaTh MEXaHHMUYECKUE MTOTEPH
B arperatax CTaHIIMM MPEHEOPEKUMO MajbiMH (My =1), TO yaenabHask MOIIHOCTb,
nosydaemasi ¢ 1 M? IIomaaM OKeaHa NP Pa3HOCTH TEMIIEPATypP BOABI M BO3IyXa,
pasroii 10 °C, cocrasnser npumepHo 18 kBt/m? npu pasaoctu 20 °C - 60 kB1/Mm?,
a npu pasaoctu 30 °C - 125 kB1/M2. B 3THX OIIEHKaX BEJIMYMHA CKOPOCTHU JBHIKE-
HUs BOjbI npuHATa paBHou 0,02 m/c - xapakTepHasi CKOPOCTh AJIsl TPUOPEKHBIX
paitonoB CeBepHoro JleqoButoro okeana. Takum oOpa3om, mpy OTCYTCTBUH OTpa-
HUYCHUI 10 IIyOMHE OKeaHa B 30He pasmeleHus nojsipuoi OTIC u MomHocTH
B 1 MBT oHa OyieT BO3MyIIaTh TEMJIOBOK PEKUM Ha TUIOIIAINA BCero 0koio 20 M2,

Ha puc.51 npuBenena pazpadborannas A.K. nbuasiM 1 B.B. TukMeHOBBIM
cxema AOTOC c oOmyBaeMbIMH BO3JyXOM TEIUIOOOMEHHMKaMH. B Hel wuc-
[I0JIb30BAH JOMNOJHUTEIBHBIA KOHTYpP C MPOMEXYTOYHBIM TEIUIOHOCUTENEM, I10-
3BOJISIOLINI CYIIECTBEHHO CHU3UTH MOTEPU HHEPIHMM HAa COOCTBEHHBIE HYK]IbI
CTaHLUU.

CxeMa HanmOMHUHAET OOBIUHBIE TEIUIOBBIE CTAHIIMM C TPATUPHIMU JJIA OXJIa-
KJIeHUs 0TpabOTaBIIEH BOJIbI, HO IaHHBIE TPAJAUPHU JEHCTBYIOT B YCIOBUSIX, KO-
r71a TeMIeparypa Hapy>KHOTO BO3yXa MHOI'O HHMKE HYJIS, a OXJIaKJaeMas KU -
KOCTh UMEET TEMIEPATYPY BCETO HA HECKOJBKO IpagycoB Bbiiie. [loaTomy B 0x-
JaKIA0IIEM KOHTYpE TaKOW CTaHUMU HEOOXOJIMMO MCHOJb30BaTh PACCOJ C HU3-
KOW TeMIIepaTypou 3aMmep3aHusa. B KayecTBe MPOMEKYTOYHOTO TEILTIOHOCUTEIS
MIPUMEHSETCSA BOJHBIN PACTBOP XJIOPUCTOTO KaJbIUsl C KOHUEHTPAIMEl HE MEHee
26 kr Ha 100 Kr BOJIBI, KOTOPBI JOCTATOYHO MIHUPOKO UCIOIB3YETCA B XOJIOIUIb-
HOW TexHuKe. Pabo4ynM TeloM B OCHOBHOM KOHTYPE CTaHIIUH CIYXHUT (hpeoH-12,

napbl KOTOPOTO MPUBOJST B IBIXKEHHE TYPOUHY C DJIEKTPOTEHEPATOPOM.
2
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Puc.51. Cxema apkruueckoirt OTOC Ha nepenajae Boga-Bo3ayx: | — ucnapu-
TeJIb OCHOBHOTO KOHTYpa; 2 — TypOUHa C 3JIEKTPOTeHepaTopoM; 3 — KOHJIEHCa-
TOp; 4 — TETUIOOOMEHHUK KOHTYpPa OXJIAKICHUS POMEKYTOYHOTO pabodero Te-
7a; 5 — Hacoc Uil MOJavM XJaJareHTa; 6 — Hacoc JJisl mojiayu padoyvero Tena; 7
— HacoC ISl MOJIa4u MOPCKOM BOJIBI; 8 — BOJI03a00pHUK; 9 — matpyOok copoca
0TDAOOTAaHHOU BOIBL.
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[TpoMeKyTOUHBIN TETUIOHOCUTENh OXJIAXKTACTCS IyTeM Pa30pbI3TUBAHUS Ue-
pe3 GopcyHKH opocuTenbHoro oxjanutens. [lpuuem BakHO 0OecreyuTh Ompe-
JIEJICHHOE PacCIbUICHHUE, YTOOBI, C OJHOW CTOPOHBI, KAl TEIIOHOCUTEIIS HE BbI-
HOCWJIMCh ITOTOKOM XOJIOAHOTO BO3/yXa, a C IPYroil — ycreBalu OXJIAJUThCSA BO
BpeMsi najeHus. s Toro yToObl Karist guamerpoM 1 MM oxnaawnach Ha 2 °C
pU ABMKEHUH B BO3AYXE CO cpeliHer pasHocThio Temmeparyp 30 °C eit HeoOxo-
JUMO TIPOJIETETh B CBOOOIHOM NaJieHUH 4yTh Oosiee 3 M. Pacnbuisist Takum oOpa-
30M PACTBOP XJIOPUCTOTO KaIbIUsl, MOXKHO JOOUTHCS yIEIbHOTO CheMa SHEPTUU
oonee 230 Br/(M?K). Takue 3HaueHns KOY(PQPUIMEHTOB TEIIOOTIAYH, KOHEYHO,
YCTYMAIOT IMOJYy4YaeMbIM B HACTOAIIEE BpeMs B KOHCTPYKIMSX BOJO-BOJSIHBIX
TermnooOMenHnKoB TpaguiuoHHbix OTOC (mo 5 kBt1/(M?K)), HO HpEBBILAIOT
MIPUMEPHO B 5 pa3 XapaKTEPHbIC BEJIUUYUHBI 1JI IPOCTEUIINX BO3TYIIHBIX TEILIO-
OOMEHHUKOB CTaHIMK 0e3 MPOMEKYTOYHOrO TEIJIOHOCHTENS. DTO TO3BOJSIET
CHU3UTh METAJUIOEMKOCTh KOHJIEHCATOPOB M puMepHO Ha 20 % yBEJINYHUTH BBI-
pabOTKy MOJIE3HON SHEPIUH.

11.5. lNMpsimoe npeobpa3osaHue mernsioeol aHepauu

Cxema OTOC Ha TepMOAJIEKTPUUECKHX MpeoOpa3oBaTesiX ITOKa3aHa Ha
puc.52. B ocHoBe ee nelicTBUs — siBJIeHUE 3eeOeKa, 3aKIII0UaroIIeecs: B BOSHUKHO-
BEHUM PAa3HOCTU MOTEHIMAJIOB B AJEKTPUUYECKON LIETIH, COCTABICHHON M3 MaTepH-
aJI0OB C pA3JMYHOM KOHIIEHTpAMENd HOCUTENEH 3apsja, MECTa COCIUHEHUNU KOTO-
pPBIX HArpeThl J0 pa3HbIX Temneparyp. BeawduuHy 3Toil pa3HOCTH MOTEHIIUAJIOB

MOKHO OIIPEIETUTh IO U3BECTHOMN (opMyIIe:

E- Ko a7
e n02

rne K — mocrosiHHast bonbiiMaHa; € — 3apsi DJIEKTpOHA; Ny, N,, — KOHIICHTPAIUH
HocuTeNel (PJEKTPOHOB B MPOBOJHUKAX, DJIEKTPOHOB U JIBIPOK B MOJIYNPOBOIHU-
Kax); AT — pa3HOCTh TeMIEpaTyp MEXIy HarpeBaeMbIMU U OXJIAXKIA€MbIMU CIiasi-
MU (COETMHEHUSMH ) PA3HOPOIHBIX AIEKTPOIIPOBOIAIINX MAaTEPUATIOB.

JlelicTBME TaKOW CUCTEMBI MOJHOCTBIO OIMCHIBAETCS 3aKOHAMHM TE€PMOJMHA-
MukH, crpaBenuBbiMu 7151 00braHbIX OTOC. KIIJl Takoro mpeobpaszoBarters, BbI-
MOJIHEHHOTO Ha MOJYNPOBOJHHMKOBBIX 3JieMeHTax, aocturaer 10 %. OTo 3Haum-
TEIHHO OOJIBIIE, YeM Y CUCTeM, paboTaromux 1o nukiny Penkuna u Knona. Kpome
Toro, B cucreMax Takux OTOC Kk MUHUMYMY MOTYT OBITH CBE/ICHBI ITOTEPU HA COO-
CTBEHHBIC HYXJIbl cTaHIUU. Benmnunna tepmo-2/{C msig moaynpoBOAHUKOBBIX MHap
MOXKET JOCTUTaTh HECKOJILKUX MHJUIMBOJIBT Ha Tpaayc (I METAUIMUYECKUX Tep-
moniap oHu npumepHo B 1000 pa3 nmxke). Hanpumep, noctosnnas 3eebeka st
KPHCTAIUIOB TELIypUIa BUCMYTa ¢ N- U P-IPOBOAUMMOCTBLIO pasHa 3,14:10% B/K.
Jlpyroe JOCTOMHCTBO TMOJYNPOBOJHUKOBBIX CHCTEM - BO3MOXHOCTH OOCCIICUEHUSI
JIOCTATOYHO BBICOKOM TEIJIOM3OJISAIMUA MEXAY HarpeBaTelieM U XOJIOAUIBHUKOM,
yTO cuJibHO BausieT Ha KIIJI cucrem.



Puc.52. Cxema OTOC ¢ npsiMbIM npeoOpa3oBaHUEM TEIIOBOM YHEPTUU B
AJIEKTPUUECKYIO: @ — yCTPOUCTBO OTAEIBHOIO 0JI0Ka; O, B — BAPUAHTHI
yCTPOMCTBA TEPMORIIEKTPUUECKOTO ITpeodpa3zoBarens; 1 — Koxyx; 2 — Tep-
MORJIEKTPUYECKUI TEHEPATOP; 3 — MOIYIPOBOJIHUKOBBIE 3JIEMEHTHI C N- U P
-IIPOBOAMMOCTBIO; 4 — TOBEPXHOCTHOE U30JIMPYIOIIEE ITIOKPBITHE; 5 — U30-
JATOP; 6 — COEMHUTEIBHBIE

IIUHBI.

K HemocraTkam TakMX CHCTEM OTHOCSTCS JOCTATOYHO BBICOKAas CTOMMOCTH
MaTepuasoB, U3 KOTOPBIX U3TOTOBISIOTCS 3JIEMEHTBI, U HEOOXOJUMOCTh U30JIUPO-
BATh CIIal OT HEMOCPEACTBEHHOIO KOHTAKTAa C MOPCKOW BOJAOW — MPOUCXOAUT
LIYHTUPOBAHUE YEpPE3 BOAY COCEIHUX DJIEMEHTOB, 00JIAJAIONINX JOCTATOYHO BbI-
COKUM COOCTBEHHBIM CONPOTUBIIEHUEM, U, CIEI0BATEIHbHO, CHUKEHUE MOIIHOCTH,
BBIJJaBa€MOM B LIETIb HAIPYy3KU. B CBOKO ouepenb, N30JIMPOBAHNUE CIIAEB IPUBOAMT K
YIOpOXKaHHUIO IpeoOpa3oBareie U yXyAUIEHUIO X MToKa3zareneil. PaboTsl, BbINOJI-
HEHHbIE TPYNNou uccieaoBareneid u3 ynusepcurera Ocaku (SInoHust), mokas3biBa-
0T, 4TO IIPU OTCYTCTBUU M30JISITOPA B HECKOJIBKO Pa3 yBEINYMBACTCS ChEM I10JIE3-
HOW MourHOCTU. OHAKO HEOOXOJUMO UMETh B BUY, YTO B ONbITaX SMOHCKUX HC-
CleA0BaTeIe B Ka4eCTBE HOCUTENSA DHEPIMM MCIOJIB30BAJIACh HE camMa MOpPCKas
BOJa, @ PTOPYIJIEPOJUCTHIE COCTUHEHMUS.

OT3C, co3naHHbIE HA ONMCAaHHOM MPHUHLUIIE, BEPOSITHO, MOXKHO MPUMEHUTH
i o0ecredeHusl IEKTPOIHEPIHe KOMIUIEKCOB MOJBOJHOM J0ObIUM MOJIE3HBIX
MCKOIIAEMBIX Ha OKEAHCKOM JIHE.



89

12. Ucnonb3oBaHue buotonsniuBa A1 dHepreTU4Yeckux ueneun

12.1. Mpou3eodcmeo 6uomacchi Osisi 3Hep2emuYecKux yesneu

Tepmun 3HepreTuyeckas pepmMa KCIOIB3YETCS B OYECHBb IIMPOKOM CMBICIE,
0003HayYasi TPOU3BOJICTBO YHEPTUH B KAYECTBE OCHOBHOTO WJIM JIOMOJHUTEIHLHOTO
IPOAYKTa CEIbCKOXO03SMCTBEHHOIO MPOM3BOJICTBA, JIECOBOACTBA, aKBa-KyJIbTYPHI,
a KpOMe TOT0, T¢ BH/IbI ITPOMBIIIICHHON ¥ OBITOBOM JEATEILHOCTH, B PE3yJbTaTe
KOTOPBIX 00pa3yroTCsi OpraHuueckie oTxo/pl. OCHOBHOM 11€J1bI0 MepepabOTKH Chi-
Pbsi MOTJIO OBl OBITh MCKIIOYHUTEIBHO MPOU3BOACTBO SHEPTUH, HO 00JICe BBHITOIHO
HANTH HAMIy4IlIee COOTHOIICHHUE MEXIY MOIYUCHHEM M3 Pa3IHYHBIX BHIOB OHO-
MacChl SHEPTUH U OMOTOILINBA.

Hawubosnee xapakTepHbIii IPUMEP SHEPTETHUSCKUX (HepM MPEACTABISIOT OO0
HPEANPUATHS 110 BBIPAIIUBAHUIO ¥ KOMIUIEKCHOM MepepaboTKe caxapHOTO TPOCT-
Huka (puc.53).
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Puc.53. ArponpowmelnuieHHast mepepaboTka caxapHOTO TPOCTHUKA

[Tpou3BOACTBO 3aBUCUT OT CXKUTAHHUS OTXOJOB MEpPepadOTKH TPOCTHUKA, HeE-
00X0IMMOTO JJ11 CHAOKEeHHsI SHEPTUEH BCel TexHoIorudeckou nenu. [lpu Hame-
Kalel MEeXaHU3alUuh MOKHO ObUIO ObI MOJYYUThH JOMOTHUTEILHYIO DHEPTHIO IS
MIPOU3BOJICTBA HA MPOAAKY TOOOYHBIX MPOAYKTOB (MMATOKH, XUMUKATOB, KOPMa IS
KUBOTHBIX, ATHJIOBOTO CIHPTA, CTPOUTEIBHBIX MATEPHUAIOB, AJIEKTPOIHEPTHUN).
Crnenyer OoTMETUTh, YTO 3TUJIOBBIM CIUPT U JIEKTPOIHEPTHUIO0 MOKHO HCMOJIB30-
BaTh ISl BHIPAIIMBAHUS KYJIBTYP U BBITTOJTHEHHS] TPAHCIOPTHBIX OIEPALUH.

Pa3BuTHe 3HEPreTUKH 3a CYET UCIOIb30BAHUS CEIbCKOXO3SIMCTBEHHBIX KYJIb-
Typ UMEeT KaK JOCTOMHCTBA, TaK U HejocTtaTku. OauH W3 Haubosiee CyIIeCTBEH-
HBIX HEIOCTAaTKOB TO, YTO MPOU3BOJICTBO SHEPTUM CTAHET KOHKYPHUPOBATH C IMPO-
U3BOJICTBOM muiu. KpynmHomaciitabHoe yBeJIMueHre o0beMa Mpou3BOICTBA OMO-
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TOIUIMBA (HANpUMep, 3TUIOBOTO COUPTA) MO 3TOW MPUUYMHE MOKET OKa3aTh CyIlle-
CTBEHHOE OTPHIATEJIbHOE BIIMSHHE HAa MHPOBOM PBIHOK MHILEBBIX IMPOIYKTOB.
BTopoii cepbe3Hblii HEAOCTATOK — BO3MOYKHOCTh OOEHEHUS U 3PO3HH IOYB B pe-
3yJbTaTe MHTCHCU(PUKAIIUHA BHIPAIIUBAHMS «IHEPTETUUCCKUX» KyIbTyp. OueBu-
Has CTPATErus CIaceHUs OT ATUX SIBJIICHUM — BbIpAILlUBAHUE KYJIbTYD, IPUTOAHBIX U
JUTsl o0ecrieueHusl YenoBeKa (3epHo), U ISl SHEPTeTUYECKUX HYXKJ MPU OHOBpE-
MEHHOM COKPAILICHUHU YaCTH ypOxkKasi, CKApMIMBAEMOT0 )KUBOTHBIM.

JIyist BeIpalivBaHusi U nepepaboTKU ypoxkas HeoOxoauma sHeprusi B Gopme
COJIHEYHOTO M3Ny4eHHUs U B opMe, IPUTOAHON ISl TIOJTyUYeHHUs TOIJIMBA Uil pa-
OOTBI CENbXO3MAIIIMH, CO3/JaHUSI CAMUX ATUX MAIIUH, MMOJTY4YeHUsl YAOOpEeHUs U T.
n. Jna oueHkd 3(PpPEeKTUBHOCTU TMONTYUYESHHs] SHEPTMH M3 TOTO WJIM MHOTO BHJA
O6romMacchl He0OX0IUMO MPOBEICHUE PHEPTETUYECKOTO aHATIN3a.

JHepreTU4ecKMil aHAJIU3 — 3TO ONpPENEICHUE 3aTpaT DPHEPrUU SHEProIo-
TPEOJSAIOMMUX U SHEPrONPOU3BOJAIINX CUCTEM, MO3BOJISIIOUIUI BBIIEIUTh TEXHU-
YECKUE U TEXHOJOTMYECKHUE aCTEeKThI MpoIiecca.

Ha npakTtrke sHepreTMyeckuil aHallu3 U CBA3aHHBIM C HUM aHAJIA3 YKOHOMU-
YeCcKUX (PaKTOPOB MOJYUYEHHUS U TTepepaboTKH OMOMACChl arpOIPOMBIIIIJIEHHBIM Me-
TOJIOM OKa3bIBAKOTCS JOCTATOYHO CJIOKHBIMU. OJHAKO MCIOJIB30BAHUE IS IIOJY-
YEeHMsI TeIla U 3JEKTPOIHEPTUH JCIIEBBIX OTXOJ0B OMOMACChl MOXET UMETh pe-
IIaolllee 3HaYeHHE MPH OLEeHKE AP(PEKTUBHOCTH TOTO WJIK HHOTO IpoLiecca.

12.2. NMuponu3 (cyxas nepe20HKa)

[Tox mupoM30M TTOAPA3YMEBAIOTCS JIFOOBIE MPOIECCHI, TIPU KOTOPBIX Opra-
HUYECKOE CHIPhE TOJIBEPralOT HATPEBY WIIM YACTHUYHOMY CXKHUTAHHUIO JJIS TTOTyde-
HUS TPOW3BOAHBIX TOIUIUB WJIM XMMHYECKUX COSAMHEHUH. 3Ha4anbHBIM CHIphEM
MOTYT CIYXXUTh JIPEBECHHA, OTXOABl OHMOMACChI, TOPOJCKON MYyCcOp M KOHEYHO
yroyb. [IpoaykTamu nuposnsa sBISIOTCS Ta3bl, )KUJIKUH KOHJEHCAT B BUJIE CMOJI U
MaceJs, TBEPJbIE OCTaTKW B BUJE APEBECHOTO yriis W 30Jbl. ['azudpuxanms — 31o
MUPOJIU3, TMPUCTIOCOOIEHHBIN IS MAKCUMAIBHOTO TMOJYYEHUSI MPOU3BOJHOTO Tra-
3000pa3HOTO TOIUIMBA. Y CTPOMCTBA JJIsi YACTUYHOTO CXKUTaHUSI OMOMACChI, TIPOSK-
TUpPYEMbIE B pacueTe Ha MOJyYeHHE MAKCHMAaJbHOTO BBIXOJIa Ta30B, HA3bIBAIOTCS
razoreneparopamu. CxemMa yCTaHOBKHU JIJIsl OCYIIIECTBIICHUS MUPOJIN3a MPUBEICHA
Ha puc.54. Haubonee mpeanoYTUTENIbHBIMUA CYUTAIOTCS BEPTHUKAIBHBIC YCTPOW-
CTBa, 3arPyKaeMbI¢ CBEPXY.

KITJI muponu3a ompenenseTcss Kak OTHOIIEHWE TETUIOTHI CrOpaHUs IPOM3-
BOJIHOTO TOIUIMBA K TEIUIOTE CTOpPaHUsI UCIIOIB3yeMOM B mporiecce duomacchl. J[o-
cturaemeiii KIIJ[ BecbMa Bwicok: 80-90%.

YtoOBI mpoIIece MUPOJIH3a I YCIENTHO, TOJDKHBI COOTI0IaThCs OMpe/IeICH-
Hbele ycioBus. [logaBaeMbIii MaTepual TMPEIBapUTEIBLHO COPTHPYIOT ISl CHIDKE-
HUS HETOPIOYUX TPUMECEH, MOCYIUBAIOT U U3MEIbYaIoT.
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Puc.54. YcranoBka u1st OCyIIECTBIICHHS] TUPOIU3A

Kputnueckum mnapameTpoM, BIUSIONIMM Ha TEMIIEpaTypy U Ha COOTHOIIICHUE
BUJIOB NOJyYaeMBbIX MPOJYKTOB, SIBJSIETCS COOTHOILIEHUE BO3/lyX — roprouee. [Ipo-
IIe BCET0 yIpaBisaTh 0J0Kk0oM, paboTaromuM npu temmneparype Hiwke 600° C. Ilpu
STOM MOKHO BBIJICIUThH YETHIPE CTAJNU MEPETOHKH:

1. 100-120 °C — mogaBaeMbIif B ra30reHEpaTOp MaTepHall, OMyCKasCh BHU3,
OCBOOOXK/IAaeTCA OT BJIary;

2. 275 °C — orxomsmme ra3sl coctosaT B ocHOBHOM u3 No, CO u CO; ; us-
BJICKAIOTCA YKCYCHAsl KHCIIOTAa U METaHO,

3. 280-350 °C — HauMHAIOTCS PK30TEPMUUYECKHUE PEAKIIMH, B TpoIecce Ko-
TOPBIX BBIJEISACTCS CIIOKHASI CMECH JIETYUMX XUMUYECKUX BEIIECTB (Ke-
TOHBI, ATBACTUIBI, (HEHOJIBI, IUPHI);

4. cBbimie 350 °C — BBIOETSAIOTCSA BCE THUIIBI JIETYUYUX COEAUHEHUN; OHO-
BpeMeHHO ¢ oOpazoBanueM CO mpoucxoauT yBennueHue oOpa3oBaHUS
H, , vacTe yrinepona coxpansiercss B (opme APEBECHOTO YIJIsl, CMEIIaH-
HOTO C 30JIbHBIMH OCTaTKaMH.

Pa3HOBUIHOCTH TOIUIMBA, MOJY4aeMOro B Pe3yJibTaTe MUPOJIM3a, 00JIagatoT
MEHbIIIEH 10 CPAaBHEHHUIO C UCXOJHON OMOMaccoi CyMMapHOM 3HEprueil cropaHus,
HO OTJIMYAIOTCS O0IbIIeH YHUBEPCATBHOCTHIO TIPUMEHECHUSI.

TBepawblil ocTaTok (MakcumanbHas MaccoBasi A0Jist 25-35%). CoBpeMeHHbIE
YCTAHOBKH JIJIsl TIOJTYYEHHUS JPEBECHOIO yIiis, paboTtaromniue npu temmnepatype 600
°C, mpeoOpa3ytoT B TpedyeMblii nmpoaykT ot 25 no 35% cyxoii 6uomaccel. [pe-
BECHBIM yroyib Ha 75-85% coctout u3 yriepoja, 00JiaiaeT TEIJIOTOM CropaHus
oko0 30 MJIx/kr.

KuakocTn (KOHICHCUPOBAHHBIE MCTAPEHUsI, MAaKCUMalbHAsl MaccoBas JOJIs
okoiio 30%). denstcs Ha Ba3kue (HEHOTBHBIE CMOJIBI M TEKYYHE KUIKOCTH, ITHUPO-
JIMTE€HHbIE KUCIIOThI, B OCHOBHOM YKCYCHYIO KHCIIOTY, ME€TaHOJ (MakcuMyM 2%) u
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aneToH. JKUAKOCTH MOTYT OBITh OTCEMapUpOBaHBI JIMOO MOTYT HCIIOIh30BATHCS
BMECTE B KauecTBE HEOOPaOOTAaHHOTO TOILIMBA C TEIUIOTOM CrOpaHus OKOJo 22
MJIx/KT.

I'a3bl (MakcuManbHas MaccoBasi J10Jis, MOJydaemas B Ta30r€HepaTopax, CO-
ctaBisieT npuMmepHo 80%). CMmech BBIACIAIOMMXCSA MPU MUPOJIU3E Ta30B C a30TOM
U3BECTHA KaK JPEBECHBIM Ia3, CHHTETUYECKUHN ra3, reéHepaTOPHBIN a3 WU BOIS-
HoM ra3. Temora cropanus Ha Bo3ayxe cocrtaBisger 5—10 MJDx/kr (ot 4 nmo 8
M]Ix/M® TIpE HOPMANBHBIX YCJIOBHUSAX). DTH Ta3bl MOTYT OBITH HCIIOJH30BAHBI
HEMOCPEJICTBEHHO B IM3EISIX WU B KapOIOPATOPHBIX JBUTATENSAX C UCKPOBBIM 3a-
KUTAHUEM, TP 3TOM OCHOBHAsl TPYJIHOCTb — M30€KaTh MOMAJlaHUs B IVJIMHJPHI
30J1bI U KOHJICHCUPYIOIIUXCS TPOJYKTOB MUPOJIM3a. ['a3bl B OCHOBHOM COCTOSIT U3
N2, H> u CO ¢ maneiMmu nodaBxkamu CHsu CO,. X MOXHO HakarmjiuBaTh B ras-
TOJIbJIEpax MPH JIaBJIICHUU, OJIM3KOM K aTMOC(HEpPHOMY.

12.3. TepmMoxumu4yeckue npouyecchbl

buomacca MOXKET CKUTaThCSl WM MOJBEPraThCs MUPOJIU3Y HEMOCPEIACTBEHHO
1ocJie MpeABAPUTEIILHON COPTUPOBKU U u3Menbuanus. OIHAKO, OHA MOXKET OBbITh
emie U o0paboTaHa XMMUYECKU JJIsE TOTO, YTOOBI MOJMYYUTh MCXOJHBIM MaTepHual
JUISI COUPTOBOM (PEpMEHTAIIMK WJIM BTOPUYHOE TOIUIMBO. PaccMOTpUM HECKOJBKO
HanOoJiee BaKHBIX MPUMEPOB U3 OOJIBIIOrO YUCIa BO3MOKHBIX.

I'maporenusanms. lV3MenpyeHHYIO, pPa3IOKUBIIYIOCS WM MEPEBAPEHHYIO
Ouomaccy, HalpuMep HaBO3, HArpeBalOT B aTMoc(hepe BOJAOPOJa 10 TEMIEPATYPbI
okoso 600 °C npu masienun okoisio 5 Mlla. [lonyyaemsie pu 3TOM ropro4ymue ra-
3bl, TPEUMYIIIECTBEHHO METAH U 3TaH, MPHU CKUTAaHUU Aat0T 0kojio 6 MJ[x Ha 1 kr
CYXOTO CBIpPbS.

I'mpporenusanmus ¢ npumenennemM CO u mapa. Benercs aHaJIOrMYHO
peabIAyIeMy Ipoleccy, Ho HarpeBanue npousoautcs B armochepe CO u Boas-
Horo napa npu Temnepatype 400 °C u naBnenuu 5 Mlla. I3 npoayKToB peakuuu
U3BJICKACTCSl CUHTETUYECKasi He()Th, KOTOPYIO MOYKHO HCIIOJIb30BaTh KaK TOTUIMBO.
CoOTBETCTBYIOIIME PEAKIIUU UYT B IPUCYTCTBUH KaTaanu3aToOpa:

CO+ H,O — COx+ Hy,
Cn(H20)n+(n+1)H; —» nH,O+H(CH>)H

[TocnenHsist peakiiys OMMCHIBAECT MPEBPAILIEHNE YTJIEBOIOB B HE(PTEO100HbBIE
yraeBoAopoabl. DPGHEeKTUBHOCTH MPeoOpa3oBaHUs YHEPTUU B ATOM IPOIIECCE CO-
cTaBisgeT npumMepHo 65%.

I'mapouus moa Bo3geiicTBHEM KUCJIOT U GepmeHTOB. [lemtrono3a, cocras-
JSrOIIas OCHOBHYHO Maccy cyxoro ocratka pactenuit (ot 30 mo 50%), TpyaHo
NOJJIAeTCs TUAPOIN3Y U COpaXMBAHUIO C TIOMOILbIO MUKpoopranu3MoB. [Ipespa-
[IEHUE IeJUTI0N03bl B caxapa, KOTOpbIe MOTYT COpa)XMBaThCs, BO3MOXKHO IyTEM
HarpeBaHus B CEPHOU KUCIOTE WM MO BO3JeHCTBUEM (hepMEHTA LIEJUTI0I03bI He-
KOTOPBIX MHUKPOOPraHu3MoB. [lomyueHHbIe TPOAYKThl MOYKHO MCIIOJIb30BaTh B Ka-
YEeCTBE MUIIM J1JIs1 KPYITHOTO pOraToro CKora.

IIpeoOpa3oBanmne mMacjia KOKOCOBBIX opexoB B 3¢upbl. benas MIKoTh Ko-
KOCOBBIX OpexoB (korpa) npuMmepHo Ha 50% coctout u3 macna. KokocoBoe macio
MOKET OBITh HEMOCPEJCTBEHHO MCIOJB30BAaHO B KAYECTBE JM3EIHHOTO TOILJIMBA B
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JBUTATENSX, OCHAIICHHBIX CHEIHATbHON CUCTEMOW MOJa4uu, OJHAKO MPHU ITOM 00-
pasyeTcs SIIOBUTHIM JbIM, KPOME TOTO, IpH TeMiiepaType Hmxke + 23 °C macio 3a-
TBepaeBaeT. Jlo6aBuB B Macimo 20% (mo oO0beMy) METHIOBOTO WJIM STHUIOBOTO
CIHPTA, MOKHO TOIYYUTH JIETy4re d(PUPHI, SBIAIOUIUECS MPEKPACHBIM JU3CIbHBIM
TOTUIUBOM, U riuiepo. [lonydaembie 3pupbl UMEIOT TEIIOTY CropaHusi Okojo 38
MJIx/KT, 4TO BBIIIE, UEM y MepepadaTbiBAEMOro Macia, U MpUONIMKaeTCs K COOT-
BETCTBYIOIIIEMY TOKa3zaTento Oensuna (46 M/Ix/kr). lpyrue pacTurenbHble Macia
TaK)Ke€ MOTYT OBITh IepepadoTaHbl AHATIOTUYHBIM 00Pa3oM.

MeTHI0BBIii CHHPT B KayecTBe TOILINBA. MeTHI0BBIi clTUpT (METAHOJI) —
AJIOBUTAsA KUIKOCTh, MOJydyaeMasi B MPOIECCe KATATUTUYECKON PEaKIUu MEKITY
H, u CO npu Temnepatype 330 °C u naBnennn 15 Mlla:

2H,+CO=CH;3;0H

DT Ta3b6l — KOMIIOHEHTHI CUHTETUYECKOIO ra3a, OHU MOTYT IMOJIy4aThCs MPH
razupukanuu 6uomaccsl. MeTaHoJ MOXHO MCTOJIb30BaTh B KAUYECTBE 3aMEHUTEIIS
OeH3MHa ¢ Ter1oToi cropanus 23 MJxK/Kr.

12.4. Cnupmoeas ¢ghepmeHmauyus (6poxeHue)

MeToabl noJIy4eHHs] CIUPTA.

OtuiaoBblii ciiupTt (3TaHoa) C,HsOH B ecTeCTBEHHBIX YCIOBHSIX 00pa3yercs
U3 CaXxapoB COOTBETCTBYIOLUIMMH MHKPOOpPraHM3MaMH B KUCIOH cpene, pH — ot 4
1o 5. [TogoOHbI TIporiecC cUPTOBOM (hEepMEHTAIMM BO BCEM MHUPE HUCIOJIB3YIOT
JUTSL TIOJIy4E€HHSI TUTheBOro cnupra. Hambosnee yacTo Mcnosib3yeMble MUKPOOpPra-
HU3MBI — JIPOXOKU BUIa Saccharomyces cerevisiae — moru0aroT npy KOHIIEH TPAIH
criupta Bbiie 10%, Mo3TOMy [Ji MOBBIICHUS! KOHLIEHTPAIIMM UCIOJIB3YIOT Iepe-
TOHKY WiH ¢pakuroHupoBanue (puc.55). Ilocne neperoHku (AUCTUILISALNN) MOTY-
YaeTcs KUMSAIAs Py MOCTOSHHOM Temrieparype cMech: 95% astanona u 5% BoOJbI.
OO0€e3B0OKEHHBIN ATAHON B MPOMBILIUICHHBIX YCJIOBUAX NMPOU3BOJIUTCS IyTEM COB-
MECTHON NMEPEroHKH C pacTBopuTeneM Tuma OeHzoina. Ilpu OpoxkeHun tepsiercs
b 0,5% sHepreTuueckoro NoTeHIuaNna caxapoB, OCTAIbHBIE 3aTPAThl SHEPTUN
CBsI3aHbl C meperoHkoid. HeoOXoauMyro TEMIOBYIO SHEPTHUI0 MOXHO MOJYYHUTh,
COKHUTasi OCTAIOILIUECS OTXObl OMOMACCHI.
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Puc.55. IIpou3sBoicTBO 3TaHONa

Hwuxe NEPCUYNCIICHBI MMPOUCCChI IMTPOU3BOACTBA 3TaHOJIA U3 PA3JIMYHBIX KYJIb-
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Typ B HOPSAKE BO3pACTaHUs TPYAHOCTEHN nepepaboTKH.

1. HenocpeacTBEHHO M3 caxapHOro TPOCTHHKA. OOBIYHO MPOMBIIUICHHYIO
caxapo3y MOJy4arT W3 COKAa CaxapHOro TPOCTHHKA, a OCTAIOUIYIOCS MAaTOKYy HC-
MOJIB3YIOT JUJIS MOdy4YeHus cnupta (puc.55). OCHOBHAs peakiys MpeBpalieHus ca-
Xapo3bl B ATAHOJ UMEET BU/T

C12H2,011+H,0 — 4C2H;0OH+4CO,.

Ha mpakTuke BBIXOJ OrpaHUYMBAETCS KOHKYPUPYIOIIMMHU PEAKUUAMH U
MOTPeOJICHNEM caxapo3bl Ha YBEJIMYECHHUE MACChl Apoxokei. [IpoMbIuieHHbII
BBIXO]1 cOCTaBJIsIET 0k0J10 80% BBIX0OJ1a, ONIPEACISIEMOTO PUC.SS.

2. U3 caxapHOil CBEKJIBI BHaUaje MOJIy4aloT caxap Ijsi cOpakuBaHHsI, HO
CBEKJIa HE JJaeT AOCTaTOYHOI'0 KOJMYECTBA OTXOAOB JIJIsl MOJIy4eHHs Teruia. W3-
3a 3TOT0 ATAHOJ JOPOKAET.

3. U3 pacturenbHOro Kpaxmaia, HapuMep, U3 3JIaKOBBIX WM MaHHOKA;
KpaxmaJl MOXHO TaKXe IMOJABEPrHYTh I'MAPOJIM3Yy Ha caxap. OTO OCHOBHOM
DHEProaKKyMYJIUPYIOIUI yriaeBox pacTeHuil. COCTOUT U3 JBYX KOMIIOHEHTOB
¢ OOJIBIION MOJEKYJISPHONH Maccod, aMUJIO3bl M aMUJIONIEKTUHA. DTH KPYITHbIE
MOJIEKYJIbI YETKO JIMHEHHBI U COCTOST U3 IIHOKO3HBIX OCTAaTKOB, COCIMHEHHBIX
YIJIEPOJHBIMH CBA35IMHU, KOTOPBIE MOTYT OBbITh Pa3pylICHbI (hepMEHTaAMU COJIO-
71a, COJEPIKAILErocsl B HEKOTOPBIX KYJbTypax, HapUMEp B slUMEHE, uiu ¢ep-
MEHTaMH{ MOAXOASIINX IuleceHer (rpuOKoB). Pa3pylinTh yriepoaHble CBS3H B
KpaxMaJie MOKHO U MpU 00paboTKe MX CUiIbHbIMU KuciaoTamu (PH =1,5) npu
nasinenun 0,2 MIla, HO BBIXOJ caxapoB MPHU 3TOM CHHKAETCA, a CaM IPOIIECC
10 CPaBHEHUIO CO COPaKMBAHUEM YAOPOKAETCS.

4. U3 uenmionossl, kotopas cojuepxkut 10 40% Bcelt cyxoit OMoMacchl U Mo-
TEHLUAJIBHO SBJSIETCS OOMIMPHBIM BO30OHOBIISIEMBIM UCTOYHUKOM 3Heprun. me-
€T MOJUMEPHYIO CTPYKTYPY CBSI3€l MOJIEKYJ ITFOKO3bl. COOTBETCTBYIOIUE MO-
JIEKYJl TJIFOKO3bl B LEJUIIOJIO3E€ 3HAYMUTEIBHO TPYAHEE IMOAJAOTCS THIPOJIU3Y,
4eM y Kpaxmajia. B pacTeHusx LeiIoa03a TECHO CBs3aHa ¢ JINTHUHOM, IPENsiT-
CTBYIOILIUM €€ TUAPOIH3Y /10 caxapoB. [1o100HO Kpaxmaily BO3MOXKEH TUAPOIIN3
LEJUTIO03bl B KUCJIOW Ccpefie, OJJHAKO ATOT IMpPOLEecC JOopor U TpeOyeT MmojBoja
sHepruu. ['uaponns yaemeBnasieTcss U CTaHOBUTCS MEHEE SHEPrOEMKUM IIPU M C-
MOJIb30BAaHUU T'PUOKOB, HO B ATOM CJIy4ae MpoLecC UAET CIUIIKOM MEJJIeHHO. B
OCHOBE MPOMBIIIJIEHHOTO MPOLEcca JIEKUT UCIOJIb30BaHUE U3METbYEHHOU JIpe-
BECHOM Macchl WJIM CTapbIX raser. MexaHu4eckoe pa3pylieHUuE JIPEBECHUHBI —
HanOoJiee SHEProeMKasl M Ioporasi CTaaus mpoecca.

[IpombllIIEHHOE MPOU3BOJCTBO 3TAaHOJIA 3aBUCUT U OT MHOTUX (DaKTOPOB,
BKJIIOYAsl SHEPreTUYECKHe U dKoHoMuYeckue. HeoOxonumo oOpatuth BHUMAaHKE
Ha TO 00CTOSATENBCTBO, YTO UCIOJIb30BAHNE PA3IMYHbBIX BUIOB OTX0/I0B OMOMac-
Chbl JUIsl BBIPAOOTKU AJIEKTPOIHEPTUU U 00ECIedeHHs] MPOU3BOJACTBA TEIIOM —
OCHOBa PEHTA0EIHHOCTH TMOMY4YeHUs dTaHoJa. B Ta01.3 mpuBeneHbI JaHHBIC 110
IIPOU3BOJICTBY 3TAHOJIA U3 HEKOTOPBIX TEXHUYECKUX KYJBTYP.

Tabmuua 3

Kynberypa Bexon stanona uz 1 T
KYJIbTYpBI, JI/T
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CaxapHbIil TPOCTHUK 70
Manunok 180
Cnagkoe copro 86
Cnankwuii kapTodenb 125
3epHOBBIE (KYKYpYy3a) 370
[TnonoBbie 160

Hcnoab3oBanue 3TaHO/Ia B KayecTBe TOILINBA. JKUIKUE TOIUIMBA YPE3BHI-
YailHO Ba)KHBI U3-3a YJ00CTBA UCTIOIb30BAHUS U XOPOIIEro yNpaBlICHUs] CrOPaHU-
€M B ABuTaTeNsiX. MOKHO BBOAUTH B HECKOJIBKO TMEpeeIaHHbIe OEH3MHOBBIC JIBU-
ratenu npsmMo 95%-Hbli 3TaHOJ, @ MOXKHO T0/IaBaTh B OOBIUHBIN JIBUTaTeNlb CMECh
u3 100%-Horo sTaHosa (00€3BOKEHHBII) ¢ O€H3MHOM B cooTHOIeHuH 1:10.
O0e3B0OKeHHBIN 3TAHOJ — XKUJIKOCTh B MHTEpBaNIe Temneparyp ot —117 mo +78
°C ¢ Temnepatypoit BocriameHenus 423 °C. [IpumeHeHue ero B IBUTATEIE €T0 B
JIBUTATEJIe BHYTPEHHETO CropaHusi TpeOyeT crnenuraibHoro kaporoparopa. [lorTto-
My U CMEIIMBAIOT OCH3UH ¢ 00€3BOXKEHHBIM 3TaHOJIOM (20 % 1o o0beMy) U uc-
MOJIL3YIOT 3Ty CMeCh (ra3oxojl) B OOBIYHBIX OCH3MHOBBIX JIBUTATEISX
BalOT OEH3MH ¢ 00€3BOKEHHBIM 3TaHoJI0oM (20 % mo o0bemMy). ['a30x041 B HaCcTOS-
mee Bpemsi — 00bIYHOE TOIUIMBO B bpasmiuu (3TaHO Tam MOJIy4aroT U3 CaXapHoro
TPOCTHHUKA M MaHHOKa), UCTIONB3YIOT ero u B CIIIA (sTanon u3 kykypyssl). Bax-
Hasi 0COOCHHOCTh ATaHOJIA — CIIOCOOHOCTH BBIICPKUBATH yJIapHbIE HArpy3ku 0e3
B3pbIBa, U3-32 3TOT0 OH TOPa3o0 MPEANOUTUTENbHEE T00aBOK U3 TETPAITHUIICBUHIIA,
BBI3BIBAIOIICTO CEpPbE3HBIC 3arps3HEHUs aTMocdepsl. [IpeBocxomHble CBOMCTBA
ATaHoJa Kak roprouero odbecneynBaroT asuraresisiMm 20%-Hoe yBeJInueHUe MOIIHO-
CTH TI0 CPAaBHCHHMIO C YHCTBHIM OCH3WHOM. MaccoBas TUIOTHOCTh M TEIUIOTBOPHAs
CIIOCOOHOCTH 3TaHOJIA HIKE, 4eM OCH3MHA, COOTBETCTBEHHO TEILIOTa cropanws (24
MIx/m%) Ha 40% Hmxe yem Oensuna (39 MJx/M3). OmHako Jydilee TOpPEHHE
ATaHOJIa KOMITICHCHPYET 3TO YMEHBIIEHHWE TEIUIOTBOPHOW CIOCOOHOCTH. OmbIT
MOJTBEPKIACT, YTO JBUTATEIH MOTPEOISIOT MPUMEPHO OJMHAKOBOE KOJIUYECTBO
ra3zoxoJja v OCH3MHa.
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13. Akonorunyeckue NpoodremMbl UCMONbL30BaHNUA HETpaauLM-
OHHbIX U BO30OHOBMNAEMbIX UICTOYHUKOB 3HEpPrum

13.1. lNMpobnema e3aumodelicmeausi 3Hep2emMuKuU U 3Kosio2uu

B xomriekce CymecTBYOMUX SKOJOTUIECKUX MPOOJIeM YHEpreTHKa 3aHNMa-
€T OJIHO W3 BEAYIIHNX MeCT. B CBS3M C MHTEHCUBHBIM BOBJICUEHUEM BO300HOBJIsIC-
MBIX UCTOYHUKOB SHEPIUHU B MPAKTUYECKOE MCIOJIH30BaHUE 0c000€ BHUMaHUE 00-
palliaeTcs Ha YKOJOTUYECKUIN aCTIEKT UX BO3JICHCTBUS Ha OKPYKAIOIIYIO CPENyY.

Cy1miecTByeT MHEHHE, YTO BbIPAOOTKA AJIEKTPOIHEPTUH 3a CUET BO30OHOBIIS-
€MBIX UCTOYHHUKOB IPEACTABIACT CO00i aOCOMIOTHO SKOJOTMYECKU «IUCTHIN Ba-
pUaHT. DTO HE COBCEM BEPHO, TaK KaK 3TH MCTOYHUKH DHEPTUM OO0JIaal0T IPHUH-
IUMHUAJIBHO UHBIM CIIEKTPOM BO3JICMCTBHS Ha OKPYKAIOIIYIO CPEly IO CPABHEHUIO
C TPAJAUIMOHHBIMU SHEPrOyCTAHOBKAMU Ha OPraHMYE€CKOM, MUHEPAJIbHOM W THJ-
PaBJIMYECKOM TOIUIMBE, MPUYEM B HEKOTOPBIX CIIy4dasX BO3JCUCTBUS IMOCICIHUX
MPEJICTABISAIOT JaXK€ MEHBIIYIO OMACHOCTh. K TOMY € OnpeneieHHbIe BUIbI SKO-
nmoruyeckoro Bozaencteuss HBUD Ha okpyxkarolnyro cpeny He SICHBI JO HAaCTOSIIE-
ro BpeMeHU, 0COOCHHO BO BPEMEHHOM aCIIEKTe, a TOTOMY M3Y4Y€HBI U pa3paboTaHbl
€lIC B MEHBIIEH CTENEHU, YEM TEXHUYECKHE BOMPOCHI MCIIOJIB30BAHHS ITHUX HC-
TOYHHUKOB.

Pa3HOBHUIHOCTEIO BO30OHOBIISIEMBIX HMCTOYHUKOB DHEPTUU SIBIISIOTCS THIPO-
SHEPTETUYECKUE pecypchl. Jlonroe BpeMs MX TaKKe OTHOCWIM K 3KOJIOTHYECKH
«YUCTHIM» UCTOYHUKAM dHepruu. He npruHUMas BO BHUMaHUE SKOJIOTUYECKUE T10-
CJICJICTBUSI TAKOTO HCMIOJIb30BAHUS, €CTECTBEHHO, HE MPOBOAUIIOCH JOCTATOYHBIX
pa3paboTOK MPHUPOJIOOXPAHHBIX M CPEIO3AIIUTHBIX MEPONPUITHH, YTO IMPUBEIIO
TUAPOIHEPreTUKY Ha pyoexe 90-x rooB Kk riaybokomy kpusucy. I[losTomy BO3-
MOXHBIE HKOJOTHYecKue nociencTsus npumenenuss HBUD nomxHbl ObITH HCCIiE-
JIOBAHbBI 3apaHee.

[IpeobpazoBanue YHEPTUM HETPAAUIIMOHHBIX BO30OHOBISIEMBIX HICTOUHUKOB B
HanOoJsiee MPUTOoIHbIE (DOPMBI €€ UCTIOIB30BaHUS — SJIEKTPUUECTBO WM TEIUIO — Ha
YPOBHE COBPEMEHHBIX 3HAHUI U TEXHOJOTUM 00XOAUTCS TOBOJLHO q0poro. OaHa-
KO BO BCEX CIIy4asiX UX HCHOJIb30BAaHWE MPUBOIUT K IKBUBAJIECHTHOMY CHUKECHUIO
pPacXo/I0B OPTraHUYECKOTO TOIUIMBA U MEHBILIEMY 3arpsi3HEHHIO OKPYXKAIOILIEH Cpe-
nbl. JIo HACTOAIIEr0 BPEMEHU BO BCEX METOJUKAX, B KOTOPBIX MPUBOJUTCS TEXHU-
KO-KOHOMHMYECKOE COIOCTABJICHUE TPAJUIIMOHHBIX BUOB IOJYyUYEHUs SHEPTUH C
BO300HOBJISIEMBIMA MCTOYHUKAMHU, 3TU (AKTOPHl HE YYUTHIBAIUCH BOOOIIE WIIH
TOJIBKO OTMEYaJINCh, HO HE OICHUBAINCH KOJUYECTBEHHO. TakuM 00pa3oM, aKTy-
aNBHON CTAaHOBUTCS 3a7ada pa3pabOTKU HAyYHO OOOCHOBAHHBIX METOJIOB DKOHO-
MHUYECKOW OLEHKHU SKOJOTUUECKUX TMOCIEICTBUNA HCMOJIb30BaHUS PA3IUYHBIX BHU-
JIOB BO30OOHOBJISIFOIIUXCSI UICTOYHUKOB YHEPTUHU U HOBBIX METOJIOB MPeoOpa3oBaHus
SHEPIruH, KOTOPhIE JOJDKHBI KOJIMYECTBEHHO YUeCTh (DaKTOphl MHOTO, MO CpaBHE-
HUIO C TPAJUIIMOHHBIMHA YCTAaHOBKAMH, BO3/ICHCTBUA Ha OKPYKAIOIIYIO Cpey.

PaccmoTpum oCHOBHBIE (PAKTOPBI IKOJIOTUYECKOTO BO3JACHCTBUSI HETPAIUIIU-
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OHHBIX BO30OHOBJISIIONTUXCS ICTOYHUKOB SHEPTHH Ha Pa3IUYHBIC TPUPOHBIE CPe-
bl 1 OOBEKTEIL.

13.2. Skosnro2uveckue nocsedcmeusi pa3eumusi COJIHeYHOU 3Hep2e-
muku

ComnHeyHbIe CTAHIINU SIBJISIIOTCS €II€ HEJJOCTATOYHO U3YYEHHBIMU 00OBEKTAMU,
MIOATOMY OTHECEHHWE HX K HKOJIOTUYECKHM YHUCTHIM 3JIEKTPOCTAHIIMSIM HEJb3s
Ha3BaTh MOJHOCTHIO 00OCHOBAaHHBIM. B mydrieM ciydae K 9KOJOTUYECKH YHUCTOMN
MOYHO OTHECTH KOHEUHYIO CTaJIMI0 — cTaauto skcmryatanuu COC, U ToO OTHOCH-
TEJBHO.

ConHeYHBIC CTAHIIUM SBJISIOTCS JOCTATOYHO 3EMJICCMKUMH. Y IeIbHAS 3eMIIC-
eMkocTh COC m3mensercs ot 0,001 go 0,006 ra/kBt ¢ Haubosee BEpOSTHBIMHU
3HauenusMu 0,003—-0,004 ra/kBt. D10 Mmenbmie, yeMm g ['9C, Ho Oonblile, yem
st TOC u ADC. TIpu 3TOM Hag0 y4eCTh, UTO COJIHEYHBIE CTAaHIIMK BEChbMa MaTe-
pyagoeMKH (MeTasl, CTEKJIO, OETOH U T.J.), K TOMY K€ B IIPUBEICHHBIX 3HAUCHHUSIX
3eMJICEMKOCTH HE YUUTBIBAIOTCS M3BATHE 36MJIM Ha CTAIMSIX JOOBIYM U 00pabOTKH
ceippia. B ciaydae cozganusi COC ¢ COMHEYHBIMM MpYyJaMH yJeJIbHas 3E€MJICEM-
KOCTb MOBBICUTCSI U YBEJIMYUTCSI OMACHOCTH 3arpsi3HEHUS MOJ3EMHBIX BOJ Pacco-
JIAMHU.

ConHeyHbIe KOHIEHTPATOPhI BBI3BIBAIOT OOJBIIME MO TJIOIMIAAN 3aTECHEHUS
3eMeJb, YTO MPUBOJUT K CUIIbHBIM U3MEHEHUSIM MOYBEHHBIX YCIOBUM, paCTUTEI b-
HOCTHU M T. . HexenarenbHOE 3KOJIOrMYECKOe AEUCTBUE B PAiOHE PACIIOIOKEHUS
CTaHILIMM BBI3BIBAET HATPEB BO3/yXa MPHU MPOXOKIECHUU YEPE3 HETO COJIHEUHOIO
W3JIYy4YEHUSsI, CKOHIICHTPUPOBAHHOTO 3€PKATIbHBIMU OTpakaTeIsIMU. ITO MPUBOJUT
K M3MEHCHHMIO TEIJIOBOTO OaylaHca, BIAXKHOCTH, HAIPaBJIICHUS BETPOB; B HEKOTO-
pPBIX CIydasix BO3MOXKHBI MEPErPEB U BO3TOPAHUE CHUCTEM, HMCHOJIB3YIOIIUX KOH-
LEHTPATOPbl, CO BCEMM BBITEKAIOIMIMMU OTCIOAA mocieACTBUSIMU. [IpuMeHeHue
HUBKOKHISIIUX KUIAKOCTSH U HEM30€KHBIC UX YTCUKH B COJTHEYHBIX dHEpPreTHYC-
CKHX CHUCTEMax BO BpeMs JJIMTEIbHOW SKCITyaTallMd MOTYT MPUBECTH K 3HAYM-
TEJILHOMY 3arpS3HCHHIO MUTHEBON BOJIBI. OCOOYIO OIMACHOCTH MPEACTABIISIOT KU I-
KOCTH, COAEpKaIue XpoOMaThl U HUTPUTHI, SBJISIOMIMECS BbICOKOTOKCUYHBIMU Be-
IIECTBAMH.

I'ennoTexHuKa KOCBEHHBIM 00pa3oM OKAa3bIBAET BIIMSHUE HA OKPYKAIOIIYIO
cpeny. B paitoHax ee pa3BUTHSI JOJDKHBI BO3BOJUTHCS KPYIHBIE KOMIUICKCHI IO
MPOU3BOJICTBY O€TOHa, CTEKJIa U cTalu. Bo BpeMs M3roTOBIICHHS] KPEMHHUEBBIX,
KaJIMUEBBIX U apCEHUJIOTEIUEBBIX (DOTOICKTPUUECKUX HIIEMEHTOB B BO3AYyXe
MIPOU3BOJICTBEHHBIX TMMOMEIICHUM TMOSBISIOTCS KPEMHHUEBAsl MbLIb, KaJMHUEBbIC U
apCEeHUHBIC COSMHEHUS, OTACHBIC JJIs 3[I0POBbS JIIOJICH.

Kocmuueckne COC 3a cuer CBY-n3imydyeHHs MOTYT OKa3bIBaTh BJIMSHUE HA
KJIMMAT, CO3/1aBaTh MOMEXH TeJe- U PaIUOCBsI3H, BO3/ICCTBOBATh HA HE3alUIICH-
HBIE KUBBIE OPTraHU3MBbI, MTOTABIIIKME B 30HY €ro BIUSHUA. B CBsi3u ¢ 3TUM HEOOXO-
JMMO HCIIO0JIb30BaTh YKOJOTMYECKH YMCTBIM JHana3oH BOJH IS Mepeladyud dHep-
UM Ha 3eMIIIO.
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HeGnaronpusiTHbie BO3IEHCTBUS COJTHEYHOH JIHEPrUM HA OKPYKAIOIIYIO
Cpeay MOTYT MPOSBIISITHCSA:

— B OOJIBIIION MAaTEPUATIOEMKOCTH;

— B OTUYXJCHHH 3€MEJbHBIX IIONIAJICH, MX BO3MOXKHOM JAerpaaaluu;

— B BO3MOXKHOCTH YT€UYKH PabOUUX >KUAKOCTEH, COJIEpIKAIIUX XJIOpAThl U
HUTPUTHI;

— B OINIACHOCTH TEperpeBa M BO3TOPaHUS CUCTEM, 3apPAXKCHUS MPOITYKTOB
TOKCUYHBIMU BEIIIECTBAMHU MPU HCHOJIb30BAHUU COJIHEYHBIX CHUCTEM B
CEILCKOM XO3SIMCTBE;

— B W3MEHCHHMH TEIJIOBOTO OajaHca, BJIIAXKHOCTH, HANpaBJICHUS BETpa B
paiioHe PacIioa0XEHUs CTAHIINY;

— B 3aTEMHEHUU OOJBIINX TEPPUTOPHUN COJIHEUHBIMU KOHIIEHTPATOPaMU,
BO3MOYHOU JIETPAJIalluu 3€MEIb;

— B BO3JCUCTBHU HaA KIUMaT kocMudeckux COC;

— B CO3JIaHMM TTIOMEX TEJICBU3MOHHOU U PAIMOCBSI3H;

— B mepefadye SHEPruy Ha 3€MIJII0 B BHUJIE MHUKPOBOJIHOBOTO HU3JIY4YCHUS,
OMAaCHOTO JJIsl )KUBBIX OPraHU3MOB U YEJIOBEKA.

13.3. BnusiHue eempo3aHep2emuKu Ha NMpupooHyro cpedy

@akrtopel Bo3aeiicTBus BOC Ha mpupoaHyro cpefy, a TakkKe MOCIEACTBUA
ATOTO BIIMSHUS U OCHOBHBIE MEPOMIPHITHUS [0 CHUKEHHUIO U YCTPAHEHUIO OTpHUILIA-
TEJIBHBIX MPOSBIICHUM MpUBENICHHI B Tab1.4. PaccMoTpuM HEKOTOpPBIE U3 HUX OoJiee
MOAPOOHO.

[Tox mouHbie poMbinuieHHble BOC HeoOxonuMa miomaas U3 pacdera oT 5
10 15 MBT/kM? B 3aBUCHMOCTH OT PO3bI BETPOB M MECTHOTO penbeda paiiona. Js
BOC mommuoctsio 1000 MBT notpebyerces miomans ot 70 1o 200 kM2, Beigene-
HUE€ TaKUX MJIONIA/IeH B IPOMBIIIUICHHBIX PETMOHAX COMPSKEHO ¢ OOJBITUMU TPY-
HOCTSIMH, XOTSI YaCTUYHO ATH 3€MJIM MOTYT UCIIOIb30BAThCS U MOJI XO3SIICTBEHHbIE
Hyx1b6l. Hanpumep, B Kanudopauu B 50 kM ot r. Can-®OpaHIKCKO Ha MepeBaje
Antamont-Ilacc 3emnsi, orBeAeHHas mnoi mapk momHod BOC, ogHOBpeMEHHO
CIIY’KMT JUISl CEJIbCKOXO3SIMCTBEHHBIX LIEJIEH.

TabOmuma 4
MeTobl yCTpaHEHUS HEraTUBHOTO BiIMsiHUSA BDY Ha okpysKarolyro cpeay
|. U3bsiTHE 3€MENbHBIX PECYpPCOB, Paszmenienne BOY Ha HEnMCHonb3yeMbIX 3eMIISIX
M3MEHEHHE CBOWCTB MOYBEHHOTO CIIOS OntuMu3zaus pa3MerieHus: — MUHUMHU3aIus

pacxona 3eMiu
I{enenanpaBieHHBIM y4€T U3MEHEHUI CBOWCTB
IIOYBEHHOT'O CJIOS
KoMmieHcanimoHHbIE  PacyeThl C 3€MIIETIONB30BATENIAMU
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II. Akyctnueckoe Bo3aeHcTBHE (IITY- N3menenne umcima oO0OpOTOB BETpOKoOJIEca
MOBBI€ 3((HEKThI) (BK)
N3menenue hopm nonactu BK
Ynanenue BOY oT 00BEKTOB CoOLMANbHOU

UHPPACTPYKTYPHI
3amena maTtepuaiioB jomnacteir BK

II1. Bnustaure Ha manamadr u ero Boc- | Yuet ocod0eHHOCTeH TanamadTa npu pasmenieHun BOY

MpUATHE Pexpeanronnoe ucnonszoBanue BOY M3bickanue pas-
JUYHBIX (HOPM OTIOPHBIX KOHCTPYKIIHIA, OKPACKH U T.JI.
IV. DnekTpomMarHuTHOE U3ITy4EHHE, CoopyxeHue peTpaHCiIsiTOPOB
TEJIEBUICHUE U PATUOCBA3b 3ameHna Matepuainos jonacreid BK
Brenpenue criennanbHON annaparypsl B KOHCTPYKIIHIO
B2V

VY nanenue oT KOMMyHUKaIUNA

V. Brnusinue Ha opautodayHy Ha repe- | AHAINU3 MOpakaeMOCTH MTHIl HA Tpaccax nepeuera
JETHBIX Tpaccax U MOPCKYIo (payHy | M pbIO Ha MyTsX Murpanuu Pacuer BeposTHOCTH mopa-

npu pazmenieHuu BOC Ha akBaTOpHUsx JKEHUS IITUIT U PBIO
VI. AsapuiiHble  cUTyaluu, orac- Pacuer BEepOATHOCTH TOJIOMOK BETPOKOJIECA,
HOCTb TIOJIOMKH U OTJIETA MOBPEKICH- TPAEKTOPHUH U TAJILHOCTHU OTJIETa
HbBIX yacTeii BK OrneHka HaIEKHOCTH Oe3aBapUitHON pabOTHI
B2Y

30HUpOBaHKE MTPOU3BOJICTBA BOKpYTr BOY

VII. ®akTopspl, yJIydlIaOIIHe 3KOJIO0-| YMeHbUIEHUE CUilbl BeTpa CHH)KEHHE BETPOBOM 3PO3UHU
TUYECKYIO CUTYaLUIO MOYB Y MEHBIIEHHUE BETPOB C aKBATOPUIM BOJOEMOB U BO-
JOXPaHUIIHILL

[IpoGnema ucnonb30BaHMs TEPPUTOPUN YIIPOIIAeTCs Tpu pasmenieHun BOC
Ha akBaTopusx. Harmpumep, npemsioxkeHus mo co3ganuto MourHeix BOC Ha menko-

BOJHBIX akBaropusax duHCkoro 3anuBa M JIamokKCKOro o3epa HE CBS3aHBI C
U3BIATHEM OOJIBIIUX TEPPUTOPUN U3 XO3SHUCTBEHHOTO, MOJb30BaHUs. M3 O0TBOIH-
MOM iomaay akBaropuu 11t BOC HenmocpeacTBeHHO noja coopyxkeHus s BOY
noHanoouTcs muib okono 2 %. B Jlanun namba, Ha KOTOpOM YCTaHOBJIEH MapK
B3OV, ogHOBpeMEHHO SBISIETCA MUPCOM JIs PHIOOJIOBHBIX Cy/10B. KMcnonb3oBanue
TEPPUTOPUHU, 3aHSATON BETPOBBIM MAPKOM, MO JPYTU€ LETU 3aBUCUT OT IITYMOBBIX
3¢ dekToB U cTeneHu pucka npu nojomkax BOY. ¥V Gonbmmmx BOY nonacts npu
OTpbIBE MOXKET ObITH 0TOporieHa Ha 400800 M.

Hanbonee Baxubiii ¢gakrop BausHus BOC Ha okpykaromyro cpeay — 3TO
aKycTudeckoe BozjencTue. B 3apy0ekHo# PakTUKE BBIMOIHEHO IOCTATOYHO MC-
CI€OBaHUU U HATYPHBIX U3MEHEHUN YpOBHS M YACTOThI IIymMa JJIS Pa3IU4HBIX
B3OV ¢ Berpokonecamu, OTIMYAIOMIUMUCS KOHCTPYKIIUEH, MaTepragaMu, BEICOTOM
HaJl 3eMJIEH, U U1 pa3HbIX TPUPOHBIX YCIOBUH (CKOPOCTh U HaNpaBJIEHUE BETPA,
MOJICTUJIAIONIAS TOBEPXHOCTH U T. [1.).

[ITymoBsie 3¢ dexTs 0T BOY umeroT pazHyro Opupoy U MoapasiesroTcs Ha
MexaHu4yeckue (IIyM OT PeAYKTOPOB, MOAMIMITHUKOB U TEHEPATOPOB) U adpOAHHA-
Muyeckue BosnaencTsus. [locneanue, B CBOIO ouepesib, MOTYT ObITh HU3KOYACTOT-
HbIMU (MeHee 16-20 ') u BricokouacTOoTHbIMU (0T 20 I'it 10 Heckoabkux KI ).
OHu BbI3BaHBI BpallleHHEM paboyvero Kojeca U ONpeestoTCs CIEeAYIONIMMHU sIBJIe-
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HUSIMU: 00pa30BaHUEM Pa3psLKEHUS 332 POTOPOM WIIM BETPOKOJIECOM C yCTpemile-
HUEM MOTOKOB BO3/lyXa B HEKYIO TOUKY CX0Jia TypOYJICHTHBIX MOTOKOB; MyJIbCaIH-
MU TIOJTEMHOM CHJIBI Ha Tpoduie JOMAcTH;, B3aUMOJCHCTBHEM TypOYJIEHTHOTO
ITIOIPAHUYHOTO CJIOS C 3aHENU KPOMKOM JIOIIACTH.

VYnanenne BOC oT HaceneHHBIX IMYHKTOB U MECT OT/AbIXa peliaeT npodiemy
rymMoBoro s¢¢ekra ans mojaed. OJHaKko IIyM MOKET MOBIHUATh HA (ayHy, B TOM
quclie Ha MOpCKylo (ayHy B paiioHe skBaropuaibHbix BOC. Ilo 3apy0OexHbIM
JaHHBIM, BEPOSITHOCTh MOPAKEHUs NTHUI] BETPOBBIMU TypOMHAMHU OLIEHUBAETCS B
10%, eciu myTH MUTpaluu NPOXOAAT Yepe3 BeTpoBoi napk. Pa3menienue BeTpo-
BBIX IIAPKOB MOBJIUSAET HA IIyTH MUTPALMK NTHUIL U pbIO /Ui SKBaTopuanbHbiXx BOC.

Bricka3zpiBaloTCsl TPEANONIOKEHUS, YTO 3KpaHupytoee neiicteue BOC Ha
IIyTH €CTECTBEHHBIX BO3JYIIHBIX MOTOKOB OYyJIET HE3HAUUTENIbHBIM M €r0 MOYKHO
HE NPUHUMATh BO BHUMaHHE. JTO 0OBsCHSAETCA TeMm, yTo BOVY ucnonb3yror He-
OOJIBITION TTPU3EMHBIN CIIOHN MepeMeNaloInuXcsl BO3AYMHBIX Macc (okojo 100-150
M) u nputoM He 6omnee 50 % ux kuHernueckoil aHeprun. OgHako mouiHsie BOC
MOTYT OKa3aTh BIMSHUE HA OKPY’KAIOIIYIO CpEAy: HANpUMEp, YMEHBIIUTh BEHTH-
JSLMIO BO3AYyXa B paliOHE pa3MENICHUs BETPOBOIO IApKa. DKPAHHUPYIOLIEE JIEH-
CTBHE BETPOBOI'O MapKa MOYKET OKa3aThCsl SKBUBAJICHTHBIM JIEWCTBUIO BO3BBIILICH-
HOCTH TaKOM K€ IO U BbicoToM nopsaaka 100-150 m.

ITomexu, BEI3BaHHBIE OTPAKEHUEM 3JIEKTPOMArHUTHBIX BOJIH JIONACTSAMH BET-
POBBIX TypOUH, MOTYT CKa3bIBaThCsl HA KAYECTBE TEJICBU3MOHHBIX U MUKPOBOJHO-
BBIX paJuoNepeay, a TAKKE PA3JIMYHbIX HABUTALIMOHHBIX CHCTEM B paillOHE pa3-
MenieHuss BeTpoBoro mnapka BOC Ha paccTOSHUM HECKOJIBKMX KHJIOMETPOB.
Haunboinee pagukaibHbIi c1oco0 YMEHBIICHHS TOMEX — yIAJIEHUE BETPOBOIO Hap-
Ka Ha COOTBETCTBYIOLIEE PACCTOSHHE OT KOMMYHHKaUui. B psae cioydaeB momex
MOHO M30€XaTh, YCTAHOBUB PETPAHCISATOPBI. ITOT BONPOC HE OTHOCHUTCS K KaTe-
TOpUU TPYJHOPA3PEIIUMBIX, U B KaXKJOM CJIy4ae MOXKET ObITh HAWJIEHO KOHKpET-
HOE pelIeHue

Heb6naronpusitHeie (pakTOpbl BeTPOIHEPreTUKH:

— I[IyMOBBIE BO3ACHCTBUSA, JIEKTPO-, PAJUO- U TEIEBU3HOHHBIE [IOMEXU;

— OTYYXKJEHUE 3eMEJIbHBIX IJI0IAIEH;

— JIOKaJIbHbIE KJIMMATUYECKNE U3MEHEHUS;

— OIAaCHOCTH JJII MUTPUPYIOLIUX NTHIl U HACEKOMBIX;

— na"amwagdTHas HECOBMECTUMOCTb, HENPUBIEKATEIbHOCTh, BU3YaJbHOE
HEBOCTPUATHUE, TUCKOM(POPTHOCTD;

— W3MEHEHHUE TPAJULUHUOHHBIX MOPCKHUX MEPEBO30K, HEOIArONMPUATHBIE BO3-
JEUCTBUS HA MOPCKUX >KMBOTHBIX.

13.4. Bo3MO)KHbIe 3KOJ/102UYeCKUe rnposiesieHUsi 2eomepmarsibHoU
SHepa2emukKu

OcCHOBHOE BO3JIEUCTBUE HA OKPYKAIOILIYI0 CPEeAy T'eOTepMalibHBIE 3JIEKTPO-
CTaHIIMU OKa3bIBAIOT B TIEPHOJ pa3paOOTKH MECTOPOKICHUS, CTPOUTEITHLCTBA Ta-
POTIIPOBOJIOB U 3/IaHMsI CTAHIIMI, HO OHO OOBIYHO OrPaHUYEHO PAllOHOM MECTOPO K-
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TEHUSL.

[Tpuponnslil map wiu raz 100bIBaloTCA OypeHneM CKBaKUH Triryounoit ot 300
10 2700 m. [Tox neicTBueM COOCTBEHHOTO JABJICHHS Map MOJHUMAETCS K MOBEPX-
HOCTH, TJIe COOMpaETCs B TEIUION30JIMPOBAHHbBIE TPYOOIIPOBOABI U TIOJIAETCS K Ty -
ounam. K npumepy, B gonune reizepoB (CIIA) mpou3BOAUTENBHOCTh KaXKIOM
CKBa)XHMHBI oOecrieunBaeT B cpeaHeM 7 MBT monesHnoi momiHocTH. s paboThl
ctaHuuu MontHocThi0 1000 MBT Tpebyetcss 150 ckBakuH, KOTOpbIE 3aHUMAIOT
TeppuTopHIo 6onee 19 kM2,

[ToTeHIMaNbHBIMU TIOCIEACTBUSAMH T'€OTEPMAJIbHBIX Pa3paOOTOK SBIISIOTCS
ocelaHue TMouBbl U cericMuyeckue 3¢ dektsl. Ocenanne BO3MOXKHO BCIOAY, Te
HIDKEJEeKAIME CIOU MEPECTAIOT MOAIEPKUBATh BEPXHHUE CIIOM MOYBBI M BhIpaXa-
€TCSl B CHUKEHUU J1€OUTOB TEPMAJIbHBIX HCTOYHUKOB U T'€M3€pPOB U JaXKe IMOJTHOM
UX ucue3HoBeHuu. Tak, mpu 3KcIuryaTauuu MectopoxaeHus Baiipokei (CIIA) c
1954 no 1970 rr. OBEpXHOCTH 3€MJIM MPOCEIIa MOYTH Ha 4 M, a IJTOIAb 30HbI, Ha
KOTOPOI HPOM30LIIO OCEJaHHE I'PYHTA, COCTaBMia OKoJo 70 KM?, IpomosmKas
€KEroHO YBEIUYUBATHCS.

Bricokas celicMuyeckasi akTHBHOCTD SIBJIIETCS OAHUM M3 IPU3HAKOB OJIM30CTH
reoTepMaIbHBIX MECTOPOXKIACHUM, U 3TOT IPU3HAK MCIOJB3YETCs MPU MIOUCKaX pe-
cypcoB. OJTHAKO MHTEHCUBHOCTb 3E€MJICTPSICEHUN B 30HE TEPMAJIbHBIX SIBICHUM,
BBI3BAHHBIX BYJKAHUYECKOM JEATEIBHOCTHIO, OOBIYHO 3HAYMTEIBbHO MEHBIIE WH-
TEHCUBHOCTH 3€MJIETPSICEHUM, BBI3BAHHBIX KPYIHBIMH CMELIEHUSAMU 3€MHOM KOPBI
no pasznomam. [1o3ToOMy HET OCHOBaHMN CUMTaTh, YTO Pa3pabOTKa re0TEPMaIbHBIX
pPECYPCOB YBEIMYHUBAET CEICMUYECKYHO0 aKTUBHOCTb.

Ha I'eoTOC He npOouCXOIUT CKUTaHUs TOIUIMBA, TO3TOMY 00BEM OTPABIISIO-
IIMX T'a30B, BEIOpAChIBa€MbIX B aTMOC(hepy, 3HAUUTENBHO MeHblIle, yeM Ha TOC, u
OHHM MMEIOT JIPYrol XMMHYECKUI COCTaB MO CPaBHEHHUIO C Ta3000pa3HBIMU OTXO-
JlaMU CTAHILIMKM Ha opraHudeckom Torumse. I1ap, 1oObIBaeMblil U3 re0TepMalIbHBIX
CKBQ)KHMH, B OCHOBHOM SIBJISIETCSI BOASHBIM. ['a30Bbie npumecu Ha 80 % cOCTOAT U3
JIBYOKHUCH YTJIEpOJa U COJIEepKaT HEOOJBIIYIO AOJI0 METaHa, BOAOPO/ia, a30Ta, aM-
MHakKa U cepoBogopoaa. Hanbomnee Bpenubim sBisieTcs cepoBogopos (0,0225 %).
B reorepmanbHbIX BoJax coiepkKaTcs B pACTBOPEHHOM BUJE Takue rasbl, kak SO,
N2, NHz, H2S, CH4, Ha.

[TorpednocTs 'e0TOC B oxnaxnaromei Boae (Ha 1 kBT u anexkTposneprun)
B 4-5 pa3 Boinie, ueM TOC, uz-3a 6onee auzkoro KIIJ[. Copoc orpaboTanHOM BOIBI
U KOHJEHCaTa JJIsl OXJIAXJICHHUS B BOJAOEMBI MOXKET BBI3BaTh UX TEILIOBOE 3arps3-
HEHUE, a TAK)KE IOBBIIICHHE KOHLEHTPALMH COJIEH, B TOM YHCIIE XJIOPUCTOTO
HATpHsl, aMMHUAKa, KpeMHE3eMa, U TAKUX 3JIEMEHTOB, KaK 00p, MBIIIbSIK, PTYTh, PY-
Ouaui, 1e3uid, Kanuid, GTop, HaTpuid, OpoM, WO, XOTS U B HEOONBIINX KOJUYE-
ctBax. C pocToM riyOUH CKBaXXUH BO3MOKHO YBEIMUYEHHUE 3TUX MOCTYIUICHU.

Opno u3 HeOnaronpusATHbIX mNposiBiieHuid ['eoTOC — 3arpsizHeHHe NOBEpX-
HOCTHBIX U TPYHTOBBIX BOJ] B Cllydyae BbIOpOCA pacTBOPOB BHICOKOM KOHLIEHTpAIUU
npu OypeHun ckBakuH. COpoc OTpabOTaHHBIX TEPMAJbHBIX BOJ MOXET BbI3BATh
3a00JlayrBaHUE OTAEIbHBIX YYaCTKOB MOYBBI B YCJIOBHIX BJIQXXHOIO KJIMMaTa, a B
3aCyILIUBBIX pailoHax — 3acojieHue. OmnaceH npopsiB TpyOOIPOBOIOB, B pE3yJIbTa-
T€ KOTOPOT'O Ha 3€MJII0 MOTYT OCTYIHTH OOJIbIINE KOJTMYECTBA PACCOJIOB.
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I'eoTOC, nmes KIIJ B 2-3 paza mensbliue, uem ADC u TOC, pator B 2-3 pa3za
OOJIBITIE TEIJIOBBIX BRIOPOCOB B atMoc(depy. B kauecTBe mpocToro myTu cokparie-
HUS BO3ICICTBUM Ha OKPYXAIOLIYI0 CpeAy CIEAyeT PEKOMEHAOBATH CO3JAaHHE
KpYTrOBOM HUPKYJISIUU TerioHocutens Ha ['eoTOC o cucrteMe «CKBaKMHA — Tel-
JIOChEMHBIE arperaThl — CKBaXXHUHA — MJIACT». JTO MO3BOJIUT U30€XKATh MOCTYILIE-
HUSI TEPMAJIbHBIX BOJI HA TOBEPXHOCTh 3€MJIM, B TPYHTOBBIE BOJbI U TTOBEPXHOCT-
HbI€ BOJOEMBbI, O0ECIIEYUTh COXPAHEHUE TUIACTOBOTO JABJICHUS, UCKIIOYUTH OCe-
JaHUE TPYHTA U JTIO0YI0 BOBMOXKHOCTh CEICMUYECKUX MPOSBICHUH.

HeGnaronpusTHbie 3KOJIOIMYECKUE BO3JCUCTBUS Te0TePpMAJIbHOW JHepre-
THKH Ha KOJIOTHIO

— OTYYKIEHUE 3EMEJIb;

— W3MEHEHHE YPOBHS IPYHTOBBIX BOJ, OCEJaHUE TIOUBbI, 3200JIa4NBAHNUE;

— TIOJABWXKH 3€MHOU KOPBI, TOBBIIEHUE CEUCMUYECKON aKTUBHOCTH;

— BBIOpOCHI Ta30B (M€TaH, BOJIOPO/I, a30T, aMMHUAK, CEPOBOJIOPO/I) ;

— BBIOpOC Temya B aTMOC(EPY MM B IOBEPXHOCTHBIE BOABL;

— cOpoc OTpaBIEHHBIX BOJ U KOHJIEHCATA, 3arPsI3HEHHBIX B HEOOJIBIIIUX KO-
JMYECTBAX AMMHUAKOM, PTYThIO, KDEMHE3EMOM;

— 3arpsA3HEHUE NOJ3EMHBIX BOJ M BOJOHOCHBIX CJIOEB, 3ACOJICHHE [10YB;

— BBIOPOCHI OOJIBIIIUX KOJUYECTB PACCOJIOB IIPHU pa3pbiBE TPYOOIIPOBOIOB.

13.5. Skosno2uveckue nocsedcmeusi UCNONb308aHUsI IHepP2UU OKeaHa

IIpu npeoOpazoBaHMM JTHOOBIX BHAOB OKEAHMYECKONM SHEPIMH HEMHUHYEMBbI
OIPEEIICHHBIE U3MEHEHUSI ECTECTBEHHOT'O COCTOSIHUS 3aTPArnBa€MbIX SKOCUCTEM.

K oTpunartenbHpiM mocieAcTBUSAM pabOThl YCTaHOBOK, MCHOJIb3YIOIIUX Tep-
MaJIbHYI0 SHEPTUI0 OKEaHa, MOXHO OTHECTH BO3MOXKHBIE YTEUKH B OKE€aH aMMHUa-
Ka, MponaHa Wik GpeoHa, a TakKKe BEIIECTB, IPUMEHSIEMBIX JJIs1 IPOMBIBKU TEILJIO-
0OMEHHUKOB (XJIOp U Jp.). BO3MOXXHO 3HAYUTEHHOE BBIJICJICHUE YTIEKUCIIOro ra-
3a U3 NOJHUMAEMbIX Ha TTOBEPXHOCTh XOJIOJHBIX TNIYOMHHBIX BOJI M3-3a CHUKEHUS
B HUX napuuanbHoro aasineHuss CO; W MOBBILIEHUS TeMIepaTypbl, BwineneHue
CO; u3 Boabl npu padote okeannueckux TOC npennonoxutenbHo HA 30% 00Jb-
e, yeM npu padbore oObrdHbIX TOC TOM ke MOILIHOCTH, UCIIONb3YIOIIUX OpraHu-
4yeckoe TOIUIMBO. OXJaXXI€HHE BOJ OKEaHa BBI3bIBAET YBEIMYECHHUE COJEPIKaAHUS
OUTATEIbHBIX BEIIECTB B IOBEPXHOCTHOM CJIO€ U 3HAUUTENBHBIN POCT PUTOIIaHK-
ToHa. [Ipu moxbemMe K MOBEPXHOCTH MTyOMHHBIE MUKPOOPTaHU3MBbI OyIIyT 3arpsi3-
HATb OKEaH U MPUAETCS NPUMEHSTh CIELUAIBHBIE MEPBI ISl €70 OUYUCTKH.

CrpoutenbctBo [I9C cka3piBaeTcs HEOIAronpusiTHO Ha COCTOSHUU TIPHU-
OpEKHBIX 3eMeJlb, CAMOTO MOOEPEXbsI M aKBAJIHLHOW BIOIHOEPETOBOM MOJIOCKH: W3-
MEHSIOTCSl YCIIOBUS TOJITOTUICHHUSI, 3aCOJICHHSI, pa3MbIBa OeperoB, (hopMupoBaHue
WisbKe u T. 1. 3MeHeHue BUKEeHUsI TPYHTOBBIX BOJ| BIIMSET Ha JUHAMUKY 3aCO-
JIEHUSI TPUOPEKHBIX 3€MEllb.

Ha II5C B KHP u3y4eHbl 3aKOHOMEPHOCTH OTJIOKEHUS HAHOCOB B BOJOXpa-
Humuiie [19C u 3a MIOTUHOM, a TaKKe MEPOIPHUATHS TT0 00phOEe ¢ HUMU. DKCIUTY-
ataius [19C «Pane» Bo @paHnuu mokasajia, YTO MPUHATAS B €€ MPOEKTE OJHO-
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OacceliHOBas cxema JABYXCTOPOHHETO JIEHCTBUS MaKCHMAaJIbHO COXPAHSIET MPUPO/I-
HBIN UK KoyieOaHui OacceiiHa M TapaHTUPYET TEM CaMbIM IKOJIOTHYECKYHO 0e3-
ONACHOCTb ITPUJIMBHON SHEPTUU.

Hcnonb30BaHrEe PHEPTUU BOJIH HA TITyOOKOBOJHBIX MECTaX B OTKPBITOM OKeE-
aHe CKa3bIBaeTCs Ha Mpoleccax B akBaTopuu okeaHa. [IpeoOpazoBarenu pazme-
IIAIOTCS TaJIEKO OT Oepera U He OKa3bIBalOT OTPUIATEIBHOTO JEHCTBUSA HA YCTOM-
YUBOCTH TOOEPEKbSI.

[Ipu ycranoBke npeobpaszoBareneii BOIM3U MoOEpeXbsi BOZHUKAIOT TPOOIEMbI
ACTETUYECKOTO XapaKTepa, Tak Kak OHU BUIHBI ¢ Oepera. Llemnouka ycTpoicTB Tuna
HeIpsAonMX yTok Conrepa JUIMHONW B HECKOJIBKO KUJIOMETPOB BBITISIIUT 3CTETUY €-
CKH MEHEE IMPUBJIEKATEIbHO, YEM Ipylna NPOAYMAHHO PA3MEUIEHHBIX OTAEIIBHO
CTOSIIUX MpeodpaszoBareneld sHepruu. Kpome Toro, HempepwsIBHAS JTUHUAS TIPE00-
paszoBarenieil B OTJIMYKE OT OTIAEIBHO PACIOJIOKEHHBIX YCTAHOBOK MOKET CTaTh
MPENSTCTBUEM JJI1 HABUTALMU U OKAa3aThCs OMACHOW JJIA CYJOB BO BpPEMS CHJIb-
HBIX IIITOPMOB.

OnuH U3 BaXKHBIX BOIPOCOB BIMSHUS Ha OKPYKAIONIYIO Cpeay ImpeoOdpa3oBa-
HUS 3HEPTUH BOJIH B IPUOPEKHOM 30HE — ITO BO3/ACHCTBUE HA MPOLIECCHI B €€ Tpe-
nenax. BemiecTBa, nmepemeniaeMble BOJHAMU, Ha3bIBAIOTCS MPUOPEKHBIMU HAHOCA-
MU. J[BH)KeHHE MX HEOOXOAMMO JUis cTaOmiIM3aluu OeperoBoil mojockl, T. €. Oa-
JaHca MEXIy dpO3Uel U OTIOXKEHUsIMH. B CBsA3M ¢ 3TUM 1ienb U3 mpeodpas3oBare-
JIel HEPruu BOJIH LIEJIECO00Pa3HO YCTAaHABIMBATh B MECTaX HAMEYAEMBIX BOJHO-
JIOMOB, YTOOBI OHU BBIMOJHSUIM JBOMHYIO (DYHKIIMIO: HMCIOJIb30BAHUE IHEPTUU
BOJIH U 3aIIUTY MOOEPEXKBbS.

Heb6naronpusTHbie 3KOJIOTHYECKUE TIOCIEICTBUS B THAPOTEPMAIbHOM 3HEep-
reTmke:

— YTEYKHU B OK€aH aMMHaka, (peoHa, xjopa u Jip.;

— BeIAeseHne CO, u3 BOHI,

— W3MEHEHHUE IUPKYJAIHNHN BOJ, MOSBJICHUE PETHOHAIBHBIX M OMOJIOTHYE-
CKUX aHOMAJIM{ TIOJl BO3JEHCTBUEM THAPOAMHAMHUYECKUX U TETUIOBBIX
BO3MYIICHU;

— W3MEHEHHUE KJIMMATa.

HeGnaronpusTHbie 3KOJIOTMYECKUE MTOCIEICTBYS B IPUJIMBHOM JHEPreTHKe:

— MEpUOAMYECKOE 3aTOIUIEHUE MPUOPEKHBIX TEPPUTOPHI, N3MEHEHUE 3EM-
nenosib3oBaHus B paiione [19C, dbmops! u GayHbl akBaTOpUY;

— CTPOMTENbHOE 3aMyTHEHHE BOJbI, MOBEPXHOCTHBIE COPOCHI 3arpsi3HEH-
HBIX BOJI.

HebnaronpusiTHble SKOJIOTMYECKUE TIOCTEICTBYS B BOJTHOBOI JHepreTuKe:

— 9po3us MOOEPEkKbs, CMEHA JBMIKEHUS TPUOPEKHBIX MTECKOB;

— 3HAYUTEJIbHAS MAaTEPUATIOEMKOCTh;

— W3MEHEHHUE CJIOKUBILUXCS CYIOXOJHBIX MyTeH BAOJIL OEPEros;

— 3arps3HEHUE BOJbI B IIPOIIECCE CTPOUTENILCTBA, TOBEPXHOCTHBIE COPOCHI.
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13.6. dkosr02uvecKkas xapakmepucmuka ucnosib3oeaHusi 6uosHepze-
MmuyYyecKux ycmaHo8OK

buosneprernueckue CTaHIMM MO CPABHEHUIO C TPATUIIUOHHBIMHU SJIEKTPO-
ctaniusamu U apyrumu HBUD saBnsroTcs Haubosee 3K0I0ruuecku 0€30MacHbIMU.
OHu cnocoOCTBYIOT M30aBICHUIO OKPYXAIOLIEH Cpelbl OT 3arps3HEHUsI BCEBO3-
MOKHBIMHU OTXOJaMU. Tak, Harpumep, aHaspooHas dhepmeHTaIus — 3PPEeKTUBHOE
CPEIICTBO HE TOJILKO pea3allii OTXO/I0B )KUBOTHOBOJICTBA, HO M O0ECIIeUeHUs

AKOJIOTMYECKOW YUCTOTHI, TaK KaK TBEP/bIE OPraHUYECKUE BEIIECTBA TEPSIOT
3amax M CTAHOBSITCS MEHEE IMPUBJICKATEIbHBIMU JIsl TPHI3YHOB U HACEKOMBIX (B
Ipolecce MEPErHUBaHUs Pa3pylIAlOTCs OOJIE3HETBOPHBIE MUKPOOPTAaHU3MBI).
Kpome Toro, 00pa3yrorcst JONOJHUTENBHBIN KOPM 7151 CKOTa (TpoTerH) U yaoope-
HUSL.

I'opoackue cToku U TBEpAbIE OTXO/bl, OTXO/bI MPU pyOKax jieca U 1epeBO00-
pabaThIBalOIIe TPOMBIIIJIEHHOCTH, MPEACTABIIsAsI COO0M BO3MOKHBIE MCTOUHHMKHU
CUJIBHOTO 3arps3HEHUS PUPOJTHON CPEIbI, SBISIFOTCS B TO YK€ BPEMS CHIPhEM IS
MOJTYYCHUS SHEPTHUH, YAOOPEHUH, IIEHHBIX XUMUYECKHUX BemiecTB. [loaTomy mmpo-
KO€ pa3BUTHE OMOIHEPTreTUKU IP(HEKTUBHO B IKOJIOTMYECKOM OTHOIICHUH. O1Ha-
KO HEOJaronpusiTHbIC BO3JIEHCTBUS HA 0OBEKTHI IPUPOJTHON CPEIbI IPU IHEPTETHU-
YECKOM HCITIOJIb30BAaHUU OMOMacchl UMEIOT MecTo. [IpsiMoe cxxuranue JpeBeCHHbI
JaeT OO0JIBIIOE KOJUYECTBO TBEP/IBIX YACTHUII, OPTAHUYECKUX KOMIIOHEHTOB, OKHCH
yriaepoja u Apyrux ra3on. [1o KOHIIEHTpaAIllMM HEKOTOPBIX 3arpsi3HUTENICH OHU Mpe-
BOCXO/ISIT IPOYKTHI CTOpaHUsI HEPTH U €€ MPOU3BOIHBIX. JpyryM 3KOJIOTHYECKUM
MOCJIEACTBUEM COKUTAHUS JPEBECUHBI SBJISIIOTCS 3HAYUTEIbHBIC TEIJIOBBIE TOTEPH.

[lo cpaBHeHMIO ¢ IpeBeCcMHON OHMoras — 0ojee YUCTOe TOMIMBO, HEMPOU3BO-
Jis1ee BPEAHBIX Fa30B M 4acTull. BMecTe ¢ TeM HEOOX0AUMbI MEPHI MPEIOCTOPOK-
HOCTH TP MPOU3BOACTBE U MOTPEOJICHUH OMOrasa, Tak Kak METaH B3PbIBOOIACEH.
[ToaTOMY mpu €ro XpaHEeHWH, TPAHCIOPTUPOBKE M HCHOJIB30BAHUM CIEAYET OCY-
IECTBJIATH PETYJISIPHBIN KOHTPOJIb I OOHAPYKEHUS U JIMKBUIAIINN YTCUCK.

[Ipu hepMeHTaIMOHHBIX MpoIleccax Mo nepepadboTke GOoMacchl B 3TaHOI 00-
pasyeTcsi OOJNBIIIOE KOJWYECTBO MOOOYHBIX MPOAYKTOB (ITPOMBIBOYHBIE BOJBI U
OCTAaTKU TIEPETOHKH), SBIISIFOIIUXCSI CEPhE3HBIM MCTOUHUKOM 3arpsi3HEHUS CPEIIbI,
MIOCKOJIBKY MX BEC B HECKOJIbKO pa3 (10 10) mpeBsbiiiaeT BeC STUIOBOTO CIIUPTA.

Heb6naronpusitHbie Bo31eiicTBHS OMOIHEPTeTHKH HA IKOJIOTHIO:

— BBIOPOCHI TBEPABIX YACTHUII, KAHIICPOTCHHBIX M TOKCHYHBIX BEIICCTB,
OKHCH yTJiepoja, bruorasza, OMocnupra;

— BBIOpOC TeIJia, K3MEHEHHE TEIJIOBOro OajaHca;

— o0eaHEeHNE TOYBEHHON OpTraHUKH, UCTOIICHHUE U dPO3US TIOUB;

— B3PBIBOOIACHOCTb;

— 00JIBIIIOE KOJTMYECTBO OTXOA0B B BUE MOOOUHBIX MPOAYKTOB (ITPOMBI-
BOYHBIC BOJIbI, OCTATKH TIEPETOHKH).
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14. HeTpagnuMoHHbIe NepCcneKTUBHbIe MeTOAbI Nepeaayun
3NEeKTPUYECKOU IHeprumn

B nHacTosimiee BpeMs U3BECTHO HE TaK MHOT'O HETPAJIUIIMOHHBIX MEPCIEKTUB-
HBIX CIOCOOOB TIEpeayll SHEPTHH B YCIOBHSIX aTMOC(Ephl: BpEMEHHAS «HAKH]I-
Has» MPOBOJIHAS JIMHUS; MJIA3MEHHBIM MOHU3UPYIOMIUNA CTOJIO (KaHaN); Ja3epHbII
MOHU3UPOBAHHBIN KaHaJ; Mepeaada dHEPTUH Ha PacCTOSHUE OE3MPOBOIHBIM CIIO-
co0OM B BakyyMe: Jla3epHOE M3Iy4Y€HHE; KOPOTKOBOJHOBOE H3ITYUYCHHE; «IHEpTre-
TAYECKass Topnena» Tecnbl; MIa3MouAbl, 3Hepromnoprauusa. Huxke kpaTko pac-
CMOTpPHUM HX.

BpeMeHHasi «<HAaKWJIHAs» MPOBOIHAN JIUHUSL.

OpnHopasoBasi KOPOTKOKHUBYIIA MPOBOJIHAS JIMHUS JIJISl Miepeadr OOJIbIINX
HaIpPsHKEHUN Ha MPAKTUKE YXKe Ucnosb3yeTcsa ¢ 1970-x ronos, B HEKOTOPBIX CTpa-
HaX JUIsl pa3ps/IK TPO30BBIX TYY C MOMOIIBIO HEOOJBIIONW PaKEThl TOCTABISIICS
pa3maThIBaeMblii Ha JIETy IPOBOJ OJMH U3 KOHIIOB KOTOPOTO 3a3eMJiieH. B mpoBo-
nusiuxcs Bo @nopunae (CIIIA) MaccoBBIX 3alMyCKOB TaKUX MPOTHUBOIPAIOBBIX pa-
KeT 3(pPEeKTUBHOCTh UX (IIPU CTOMMOCTH Kaxzaoro oopasna 1200 mommapoB) co-
crasisiia 1o 60 %, 1.e. y 40 % pakeT mpoucxoauian MpoMaxu, pa3pbIBbl IIPOBOIA
WU «HecpabaThIBAHKUE» MOJHUEBOTO Mpo0Oos. [Ipu 3TOM B HEKOTOPBIX CiIydasx
0TMEYaoCh, YTO MOJIHUEBBIN 3apsi 1IeJl 10 IPOBOAY HE JI0 3a3€MJICHHOTO KOHIIA,
a Ha HEKOTOPOM PACCTOSIHUM OT 3€MJIM OTPBIBAJICS U YXOJUJ PYKaBOM B CTOPOHY.
Bce cnyudan, korja BOSHUKHOBEHUE 3TUX HECAHKIIMOHHUPOBAHHBIX OTPHIBOB IPOBO-
JSIIEro KaHalla He MIPUBOJUIIO K TpareInsiM, 3aCUUTHIBAINCH KaK y/IauHbIE.

Koneuno, MOxHO ObLIO OBl MCMHOJB30BaTh TOT K€ MPUHIUI IS TOAMUTKU
AIEKTPOIHEPTHEN MPOJIETAIOIIET0 HAJ 3€MJIEH JIETaTEeJIbHOTO arapara, OJHAKO,
ATO OYJET CBsSI3aHO CO MHOTMMH HeynoOcTBaMu. Bo-mepBbIx, HENlb3s MpU3HABATH
YAAUHBIMH CIy4ad HEMOJIHOTO MPOXOXKIEHUS AJIEKTpO3apsia Mo MpoBOIYy, a 3HA-
YUT, Ha TIEPBBIX MOpax MPUIETCS JTOBOILCTBOBATHCA A(D(PEKTUBHOCTHIO OKOJIO WUIIU
Menee 50 %, T.e. TONBKO Kaxaasi BTopas pakera OyJeT JOCTUTaTh LU U JIUIIbH Ha
HECKOJIbKO CEeKYH]I 3aMbIKaTh 1IE€Th MEXIy Ha3eMHOU (BO3IYIIHON) 3apsaHoN Oa-
30 M PA3rOHSIONIMMCS JIETaTEIbHBIM amnmapaToM, BCETro K€ Il pa3roHa MOXKET
MOHAJO0UTHCS O HECKOJIBKUX JECATKOB TAKUX BPEMEHHBIX MOJMUTHIBAIONINX JIH-
Hui. CTpensATh pakeTaMH Mo ABMKYIIEMYCS O0BEKTY PeaibHO, HO OMACHO MPEkKIE
BCErO JUIsl CaMOro JIETATEJIbHOTO arapara; OCTAeTCs 3alyCcKaTh pPaKeTHbIE MPO-
BOJHBIC JMHUHU C JIETAIIETO amnmapara B HampaBlIeHWW HA3eMHOU (BO3IYIIHOW)
MHUIIEHN, HAXOIAIEHCA MO HanpshkeHueM. M3 ImrocoB TakoM CHCTEMBI MOYKHO
Ha3BaTh OOJBIIYI0 MOMEXO03ANTUIIIEHHOCTh U CIOCOOHOCTh YaCTUYHOTO HCTOJB30-
BaHUS €€ B BaKyyMe, a U3 MUHYCOB - HU3KYIO HaJ[e)KHOCTh OCOOCHHO Ha OOJBIINIX
PACCTOSIHUSIX U HEOOJIBIIIOE BPEMsI MCIOJIb30BaHUS - B TEUYCHUM HECKOJIBKUX Ce-
KYHJ[ 10 TeX TOp, TIOKa MPOBOJ HE MOPBETCS MPU ABUKEHUU 00BEKTa. DTO BpeMs
MOHO TPOJJIUTh, €CJIU 3HAYUTEIHHO MOBBICUThH NEpeaBaeMblid 1O MPOBOIY TOK,
IPU JOCTAaTOYHO BBICOKOM CHJIE TOKA MPOBOJ MEPETOPUT, U AIEKTpopa3ps Oyaer
POJIOKATh JIBUTAThCS MO KaHATy MOHU3UPOBAHHOTO Bo3ayxa. Ilocnenuuii cro-
c00 CXOX IO CBOMCTBAM C ONMMCAHHBIM HIKE M, 4YTO 0eCCopHO, 00J1a1aeT crnocoo-
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HOCTBIO 3()(PEKTUBHO NEMCTBOBATh TOJIHKO B BO3AYIIHON aTMOC(epe, MPoIece ke
MIPOTEKAHUs TAKOI'O TOKA B BAKyyME JI0 CHX IIOp HE U3YYEH.

Ils1a3MeHHbIH HOHU3MPOBAHHBIM KaHAJL.

NonuzupoBaHHbBIN KaHAll BO3/lyXa, CIIOCOOEH MPOIYCTUTh 4Yepe3 cedsl mpak-
TUYECKHU JIt0ObIE, KaK Majble, Tak U 00JbIIre Toku. MHunuanus (OTKphITHE) HOHU-
3UPOBAHHOTO KaHaja B BO3AYIIHON aTMocdepe TOCTUTaeTcs 3a CUeT IIIa3MEHHOTO
BBIOpOCa (cTos10a).

OKCHEpUMEHTHI TIO CO3JaHUIO0 IUIA3MEHHBIX Jy4yel (IJIa3MEHHOTO OpPYXKHs)
ycnemHo Bench B CCCP u B apyrux crpaHax. OJIHaKo, B MPOBEIECHHBIX JKCIIE-
pPUMEHTaxX Ha COBPEMEHHOM 3Talle Npu BbIOpOCE MIa3MEHHOIO CTOJ0 OB TOCTUT-
HYT PE3yJbTAT BCETO JUIIb B HECKOJIBKO METPOB (1-2 M y P.dD. ABpameHko; 4 My
A.A. JloGporaesa).

[Ipu 3TOM coxpaHsieTcs TeopeTHIECKasi BO3MOKHOCTh YBEITUUYEHHS TATbHOCTH
(He0OX0UMO HE MEHEe YeM Ha 4 MopsiKa), HO 0CTaeTCsl OTKPHITHIM BOIIPOC O O€3-
OMACHOCTU MOJA3apSIIKK TaKuM crocoOoM. Tak Kak MpsIMOM BBICTpPEN U3 IIa3MEH-
HOTO OPYXHUS [0 00BEKTY UMEET AJI HETO CaMble MeYallbHbIE MMOCIEACTBUS, UMEET
CMBICII KCIIOIb30BaTh 3TOT METOJ TOJIBKO B KOMILIEKcE ¢ Jpyrumu. Hampumep,
BO3MOYXHO BBICTPEIMBATh MOHU3UPOBAHHBIM JIy4YOM MHMO IEJIH C OOKOBBIM IPO-
MaxoM (HO HE€ C NEPEeJHUM YIPEXKJIEHUEM) B HECKOJIBKO JECSITKOB METPOB, a C
MPUEMHHKA SHEPTUM 3aIlyCKaTh B ATOT KaHAJ BPEMEHHYIO0 HAKHIHYIO MPOBOJIHYIO
auHuo. OHAaKO YCIIO)KHEHHWE CHUCTEMBbl U HEPELIEHHOCTh MPOOJIEMbl JabHOCTU
JeJaeT TUIA3MEHHbIE KaHajdbl MAJIONEPCHEKTUBHBIMU JJIs LEJIEH MOAMUTKHA pa3-
JIMYHOTO POJIa MPUEMHUKOB.

JlazepHblii HOHM3UPOBAHHBIN KaHAJ.

NoHn3upoBaHHBIN KaHAJ BO3/1yXa, BOSHUKAIOIINWN ITPU MPOXO0KICHUHU 4Yepe3
aTMoc(epy MOIIHOTO JIA3ePHOI0 UMITYJIbCa, TAKKE TEOPETUYECKH CIIOCOOEH MpO-
MyCTUTh Yyepe3 ce0s MPaKTUUYECKH JI00bIe, KaK MaJible, TaK U OOJIbILINE TOKH.

BrnepBble uies MCNOIb30BaHMS TaKOrO METOAAa NEpelavyd SHEPTHH B a’po-
KOCMHUYECKOW TEXHUKE BO3HMKJIA MPU MPOEKTUPOBOUYHBIX padoTax B «KocMonouc-
ke» (mpoekT «pmay, 1990).

Kak BbersicHuiiocs noszxe, B CIIIA Takke BO3HHMKJIA WJI€d CO3JAHUSI TaKOTO
IPOBOJIHUKA C OoJiee MPO3andecKoi 1ebIo (711 TPOMOOTBOIOB), B Havaie 1980-x
roZI0B OHA CTaJIa MOABEPraThCs SKCIIEPUMEHTAIBHOM ITPOBEPKE. MOIIHBIN JIyY, KaK
0Ka3aJ10Ch, CIOCOOEH BBIPHIBAThH 3JIEKTPOHBI U3 aTOMOB I'a30B U CO37aBaTh B BO3-
JyXe TPOBOJISANIMNN MOHHBIA KaHal. Toraa ske OblT perieH BOMpPOC 3alUThl CaMOn
JIA3€pHOM YCTaHOBKM OT MOPAKEHUS MOUIHBIM Pa3psaoM 3JIEKTPOTOKA: JJI 3TOTO
MPOBOJISIINI MOHHBIN KaHaJ MOJydaid (MHUITMUPOBAJIN) HE Cpa3y OKOJIO Jia3epa, a
IIPOMYCKAJM JIyd Yepe3 MPEIBAPUTENBHO 3a3€MIIEHHOE WM OKPY>KEHHOE TPOMOOT-
BOJaMH 3€pKalio, KOTOPOE TaKXe ObLJIO CIOCOOHO OCYIIECTBIISITH POJIb MPHULIETHU-
BaHMS Ha OOBEKT.

C 1993 rona cepbe3HbIE SKCIIEPUMEHTBI IO CO3JaHUIO JTA3€PHOT0 TPOMOOTBO-
J1a TPOBOJAT yueHble u3 yHusepcurera Heto-Mekcuko (CLLIA) nmog pykoBoACTBOM
Kan-Knona JIBEJIA. OcHoBHOM 3a7aueil OHU BUAST YBEJIIMUECHUSI JAIbHOCTH JI€H-
CTBHUS TaKOTO TPOMOOTBOIA. B ombITax ucnonb3yercs yabTpadroiIeTOBBIN Jla3ep C
MPOJIOJDKATENHLHOCTHIO uMITysibca 200 dhemTocekyHa. XOTs TaKOU JIyd HOHU3UPYET
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b 1 u3 10 MmummapioB aTOMOB, TONABLIIMXCSI HA CBOEM ITyTH, 3TOrO JI0CTAaTOY-
HO JIJISl TOTO, YTOOBI MOIIHOE AJNEKTPUUYECKOE TOJIE TIOTSHYJIO BHIOUTHIC AIEKTPOHBI
BBepX (K Tyue), pasronsas ux jao ckopoctu 0,1 C (100 km/c), mo mopore oHU CTa-
KHBAIOTCS C IPYTUMHU MOJIEKYJIAMH, T€ MOCJIE HOHU3ALUUN COCTUHSIOTCS C MOJIEKY-
JaMH CBOOOJHOIO KHcioponaa, u Bcero 3a 50 mukpocekynn (0,00005 ¢) co3naror
IPOBOJSIINI NyTh, COCTOAIINN U3 OTPULIATENBHBIX HOHOB. Tak Kak MOHBI MPOBO-
JISIT TOK HECKOJIBKO XYK€ TUIa3Mbl U3 JIEKTPOHOB, ISl BEIOWBAHMS MPUCOETMHIB-
MIMXCS 3JIEKTPOHOB, IO MHEHMIO J[belis, cieyeT 100aBiIsITh K yabTpadruoieToOBO-
My Jla3epy KpacHbIN Jy4, €ro PHEPruu Kak pa3 I0CTATOYHO, YTOOBI BBIOUTH AJIECK-
Tponbl. Cneayromasi mpobyiemMa - BCEMOTOAHOCTh - petiaeTcsi J00aBJIeHUeM B 00-
I JTa3epHBIA MyYOK JIy4a HHPPAKPaCHOTO CBETA. DKCIIEPUMEHTHI MMOATBEPAUIH,
YTO TaKOW JIyd OyJeT UCMApATh KalelbKW BOJBI HA CBOEM IYTH, YTO U MO3BOJIUT
HCIIOJIb30BaTh CUCTEMY B TYMAaHHYIO MOTOAY WM J1aK€ B CUJIbHEWUIIWHN JIMBEHb.
IlepBbie 1abOpaTOPHBIE OMBITHI MOKA3aJIU CIIOCOOHOCTh TAKOW «CBSI3KW» JIy4el CO-
3/1aBaTh MOHU3UPOBAHHBIN MPOBOASIINNA KaHAJ AK€ IPHU HAINPSIKEHUU Ha BJIEK-
Tpoae B 4 pa3a MeHbIE, YeM HEOOXOAMMO JJIsi MpoOOs BO31yXa, Ha oOIIeH
JUIMHE 25 CM IIpHA pa3Mepax JIa3epHOW YCTAHOBKM OKOJO JeciITKa MeTpoB. ['oro-
BUTCS HOBAsI CEPUsI SKCIIEPUMEHTOB C YJIYYIIEHHON 2-METPOBOM MOJEIIBIO MOIIHO-
ro J1a3epa, 0JJHaKo, HE0OX0AUMOe (PMHAHCUPOBAHUE ITUX PadOT (5 MIIH. 10JJIAPOB)
3a/iepKUBaeTcs ekTpudeckumu komnanusamu CIIA.

ANbTepHAaTUBHBIA MPOEKT BeleTcs U B SMoHuH, rae ucnonb3yercs uHppa-
KpacHbIi Jla3ep ¢ OoJjiee BBICOKMM K.ILJ., 4YeM Y yibTpaduoneroBoro. B nanHom
ClIydae JIyd HarpeBaeT Bo3QyX 10 10 TeIC. TpagycoB, IIpU 3TOM pacIiaatoTCs C Bbl-
JIEJICHUEM DJICKTPOHOB JIFOOBIE 3arpsi3HEHUS (MbUIb, AbIM), BCETJa UMEIOIIUECS B
aTMocdepe, aanee IMEKTPUUYECKOE IMOJIE YCKOPSIET CBOOOJHBIE SJIEKTPOHBI, MPH
ATOM YHCIIO MPOBOISIIMX YACTHUILL PACTET JIaBUHOOOpa3HO. C MOMOILBIO TAKOTO Me-
TOJA YK€ YJIAJIOCh MOJYYUTh MPOBOASIIMNA KaHAJ JIIMHOM 12 METpoB, MpHU 3TOM
CUMTAETCs], 4TO I (PYHKUMOHUPOBAHUS TPOMOOTBOJA JOCTATOYHO CO3/IaHUE Ka-
Hana anuHoil Oonee 100 M. Ho B ciydae, ecnu MCHOJIb30BaTh 3Ty CUCTEMY IS
HNOJMUTKY 3HEPTUel JIeTAEero B aTMocdepe JieTaTesIbHOTO armnapara, AJuHa Mpo-
BOJISIIIETO KaHaja JI0JKHA COCTABIATh O HECKOJIBKUX JECATKOB KUJIOMETPOB.

B CIHIA B Hacrositiee BpeMsi BeIyTcsl pa3pabOTKH MO CO3IaHUI0 UMEHHO Ta-
KOT'O JIa3€PHOr0 OPYXKUsl, IOPAXKAIOLIETO LETb MOIIHBIM 3JEKTPUUECKUM HUMITYJIb-
COM Ha PacCTOSIHUM B HECKOJIBKO KHJIOMETPOB. XOTsS HUKTO HUKOTAA HE BBIJBUTAI
UJIEU MCIOJIb30BAaHUSI TOTO K€ METOoa AJsl Mepefadyd SHepruu 0e3 paspylieHHs
IeJIM, TEM HE MEHEee, MOXKHO CKa3aTh, UTO MPU COOJIIOJIEHUN MEP MPEJOCTOPOKHO-
CTH TIOCTABJICHHAS 337]a4a CTAHOBUTCS BBITOJHUMOM.

JlazepHoe usiyyenue.

Cucrembl nepeayvl SJHEPTUU HA PACCTOSIHUE C MOMOUIBI0 MOIIHOTO JIA3€pHO-
ro Jy4a TO>KE€ MMEIOT NEePCIEKTUBHBI ISl IPUMEHEHHS B aBUALIUU U KOCMOHABTHKE
Oyymiero.

B 1980-90-x romax Hauaau npopadaThiBaThCA BOIMPOCH MPUMEHEHUS JIa3€pOB
MMEHHO JUIS Niepeadn 3Hepruu mapiuesbiM asuraressim KJIA, nersmero B atmo-
cdepe. Bo Bcex CymiecTBYIOMUX MPOEKTAaX MCIOJIb30BAaHUS JIA3EPHOTO Jyda Impe-
noyarajioch, yTo Ha KJIA Oyner ycTaHOBJEH clielualbHO NMpeIHa3HAYSHHBIN IS
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stoit uenu Jlazepueiii TemnoBoi Asuratens (JITL), KOTOpsIil co3maer TAry 3a cyeT
MpeoOpa3oBaHUs SHEPTUU JIA3EPHOT0 U3IIYYCHUSI B KUHETUYECKYIO SHEPIHUIO JBU-
KEHUSI MOJIEKYJl paboyero rasa MmyTeM HarpeBa 3TOr0 rasa U €ro pacuiupeHus B
coruie. Takasi cxema JBUrartesis MPUBIEKAET T€M, YTO, BO-TIEPBBIX, pabouee Teyo
MOYHO HAarpeTh /10 CPaBHUTEIBHO BBICOKOW TEMIEPATYPhI U, BO-BTOPBIX, MOKHO
VCTIOJIb30BATh a3 ¢ MaJON MOJIEKYJIIPHOM MacCOM.

Hpyrum 6ojee yHUBEPCAIbHBIM MPOEKTOM, pa3padaTbhiBA€MbIM ISl 3TOMU 11€-
nu, ObLa Jiazeporiepearoas cucreMa, paspadoTka KOTopoi Benack B 1976-86
rogax B Mucturyre obment puszuke PAH usukamu I A. AckapsHom, I'.I1. Ky3b-
MuHbIM U M1.M. PaeBckum. Llenp nccimenoBanui - CO3MaHUE JIA3EPHOTO MEPEAr0-
METO0 W MPUEMHO-TIPEOOPA3yIOIIET0 yCTPOMCTBA, CIIOCOOHOTO IS Tepenadyu U
MpUeMa SHEPruu ¢ 3eMJId Ha KOCMHYECKUU armapar ¢ MOCIEIyIOle ee TpaHC-
dbopmanmeit B AJIEKTPpUUECKYI0 3HEpruio. OMNBITHI MPOBOJAWINCH HA HEOAMMOBOM
Ja3epe ¢ JJIMHOM BOJHBI 1,6 MKM, CBETOBAs YHEPTHS Jiydya cocTasiisuia okoio 200
MBT, maHupoBanoch, 4TO C MOMOIIBIO 3TON CUCTEMBbI MOXKHO OYJIEeT IepeaBaTh
Ha ciyTHUK 0K0J0 200 kBT 31ekTposHepruu, Ha BbIXOJIE MOcIe MpeoOpa3oBaHus
cBeTOBOM 3HEpruM - TOK 110 1000 A nHanpsbkenuem 1o 200 B. JlanpHeimme onbIThI
U cepuifHble 00pa3iibl TUIAHUPOBAJIOCH CHAOXKATh YK€ a30THBIMU YIbTpaduOIeTO-
BbIMHU JlazepamMu. HacKOJIbKO HM3BECTHO, OMBITHI 3TH OBUIM MPEKpAIlEHbI BCIIE-
CTBHE TEXHUYECKUX TPYyIHOCTEH. [ 1aBHBIE BOMPOCHI, BO3HUKAIOIINE MTPU 00CYXK-
JNEHUU peau3aliy 3TUX U JIPYTUX Ja3epHBIX SHEPTONEPENAOIINX CXEM, CBSI3aHbI
C MEXaHM3MaMHU TOTJIOMICHUSI JIA3EPHOTO U3TyYEHHUsI, BHIOOPOM JIJTMHBI BOJIHBI Ja-
3€pHOr0 U3JIYYEHHS] U METOJaMH MHUHUMU3ALUU U OLICHKU MOTEPh SHEPTUU U3 pa-
Ooueii cpe/ibl OCIIe MOTJIONICHHUS JIA3€PHOIM YHEPTUH.

[IpoxoxxaeHue JiazepHOTO Jyda uepe3 atMmochepy OyaeT COmpOBOXKIATHCS
MOTEPSIMU SHEPTUU U3-3a TOTJIOMICHUS M3JIyYeHUsI aTMoc(epoi, TemIoBOro pac-
MJIBIBAHUSI, TYPOYJIEHTHOCTU U APOKaHUs Jiyda. J[omoTHUTEIbHBIE MOTEPU BO3HU-
KaloT HM3-32 HEBO3MOYKHOCTH TOYHOIO yAep:KaHus JMHUM BusupoBanusa KJIA ot
MCTOYHHMKA WJIM OIIMOOK cucteMbl crnexenus 3a KJIA. PacueTsl mpoxoxaIeHus y-
4a, pacXxoJIMMOCTh KOTOPOTO MPEBHIIIACT AUPPaKIIMOHHBINA nipeaen B 1,3 pasa, or
ypOBHSI MOPs1 J10 BbICOTHI 100 KM moKa3aiu, 4To Ha JjiuHe BOIHBI 10,6 MKM TOJIBKO
ok0110 30% HavyanbHOU JIa3€pHOM MOLIHOCTH JOCTHUIaeT MPUEMHOTO 3epKajia, pas-
Mep KOTOporo BeIOpaH u3 pacyera nepexnara 80% MOITHOCTH M3IyYCHHS, TOCTH-
raroIiero 3TOM BBICOTHI. JTa JIOJA MmagaeT Hike 25% Ha IIMHE BOJIHBI 2,7 MKM
(cootBercTByromer minmydeHuto HF-mazepa) m gocturaer mourn 60% Ha qiuHE
BoJiHbI 3,8 MkM (DF-nazep).

Takum 00pa3oM, CyIIECTBEHHBIE MOTEPU MOIIHOCTU CBSA3aHBI C MPOXOKICHHU-
€M JIa3epHOTO JIy4ya uepe3 arMocdepy, NprUieM BeJIMUYMHA dTUX MOTEPh CUJILHO 3a-
BUCHUT OT JIJIMHBI BOJHBI U3TyYCHUS. DTH TTOTEPU MOKHO YMEHBIIIUTh, PACIIOJIOKHUB
Jla3ep Ha BEPUIMHE TOpbl WM Ha camosere. [loTepu mpu mpoXOKIAEHUU MOTYT
OBITh TaKXe€ 3HAYUTEJbHO CHHUXKEHBI, €CJIU HCIIOJb30BaTh U3JIyYEHUE C JIJIMHOU
BOJIHBI 2,1-2,2 MKM, A1 KOTOpoi arMmocdepa nmoutu npo3pauna. Vcrnonab3oBaHue
Ja3zepa B OTKPHITOM KOCMOCE MO3BOJISIET eIle 00JIee YBEIUUNTh PACCTOSIHIE MEXTY
KJIA u BHEHNIHMM 3HEPrOMCTOYHUKOM. B 11e70M K€ MJer MCIOJIb30BaHUS Ja3ep-
HBIX JIy4del juis nepeaaun sHeprud Ha KJIA mmMeeT onpeneneHHbIe TEPCIEKTUBHI,
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HO B TO K€ BpeMsI B HUX 3aJI05KE€HbI U CYIIECTBEHHbICE MUHYCHI: BO3MOKHOCTb I10-
BpexaeHus kopnyca KJIA npu ucrnonap30BaHMs] MOIIHOTO Ja3epHOro Jiyda, HeoO-
XOJIMMOCTh BHEJIPEHHSI HOBOU CTapTOBOM MH(PPACTPYKTYPHI.

KoporkoBo/iHOBOE H3Iy4yeHHe.

N3nydyeHune Ha KOPOTKUX BOJIHAX - OJMH U3 Haubosiee pa3pabOTaHHBIX CIIOCO-
OOB Mepeavyn SHEPrUK Ha PACCTOSTHUE.

[Ipu BBIOOpE MapaMeTpOB HHEPrONEPENAONICH CHUCTEMbI CIEIHAINUCTHI CO-
[UINCh BO MHEHUH, YTO B Ka4eCTBE pabouell 4acTOThl ONTUMAJILHOU SIBIISIETCS Be-
muurHa nopsnka 2,45 [T (mymmHa BosiHbI 12 ¢M); OCHOBHBIMU KPUTEPUSIMHU BBIOO-
pa MOCIYKWIIO TO, 4TO cooTBeTcTBYIOMmAas CBY-anmapaTtypa ye JOCTaTOYHO XO-
POIIIO OCBOEHA U UMEET BBICOKMM K.1.JI. [ TaBHBIM MUHYCOM CHCTEMBI JIJIsl Iepeia-
YU SHEPrUM HA TAaKOW 4YacTOTE SIBISETCS HEOOXOAMMOCTH CTPOUTEILCTBA J0CTa-
TOYHO OOJIBIION MepeAaroliel U MPUEeMHON aHTeHH (ropsaka 1 KMm), 4To He mpe-
CTaBJIICT 3HAUYUTEJIBHBIX HEYJIOOCTB Jisi JIETAIONIMX Ha OpOUTE MEPCHEKTHUBHBIX
COJIHEYHBIX KocMHueckuX 3iekTpoctanuuii KOC (mog HuX, cOOCTBEHHO, U pac-
CUMTHIBAJIACH TaKasl dHEprolepeaaroas CUCTeMa), HO HAKJIAIbIBAET OIpPEaeIICH-
HbI€ TPYJAHOCTH MPU UCIIOIB30BAaHUU CUCTEMBI JIJI1 OAMUTKH KOCMUYECKUX amia-
paToB sHepruer oT BHemHero 3Heprouctounuka (KOC) u3-3a Toro, 4yto Ha mpu-
€MHHKE SHEPrUU JTIOCTATOYHO TPYAHO Pa3MECTUTh MPUEMHYIO aHTEHHY pa3MepoM
okosio 1 kM. Tem He MeHee, yMEHBIIICHUE TUIONIAJN MMOBEPXHOCTU OOBEKTa BO3-
MOXHO, B IIEPBYIO OUEPEb - 32 CUET YBEINYEHUS IUIOTHOCTH MEPEIABAEMOMN dHEP-
ruu (pu 3TOM OOJIbIIas €€ YacTh MPOXOJAUT MUHYS NpueMHyto anTeHHy). B CILIA
y’Ke ObLJT YCTICIIHO UCTIBITaH HEOOJIBIION AJIEKTPOCAMOJIET, MOTYyYaBIINi BO BpeMs
HEJIETILHOTO T0JIeTa HaJl MOJIMUTHIBAIONIECH aHTEHHOW, MPU ATOM K.I.J1. TPUEMHUKA
u nBuratens He npeBbiman 0,4 (K.1.J. KOMIUIEKCa B I€J0M OblIa 3HAYUTEIBLHO
MEHBIIIE BBUAY MOTEPb DHEPTUU Jiyda MPU MPOXOXKICHUH B Bo3ayxe). B cye-
CTBYIOIIMX MPOEKTaX MPEIoaraeTcsi 3HaYUTEIbLHO MPEB30MTH ATOT pe3yJbTar.
Ve gocturHyt K.m.a. 0,7-0,75 3a cdeT MCHONB30BaHUS B MEPEAAIONICH AHTECHHE
MHOT'OPE30HAHCHBIX KJIMCTPOHOB. [lmanupyercs npu yneabHOU Macce KIUCTPOHOB
0,8-1,0 xr/kBT u mnotHoctu CBY-uznydeHus: y MOBEpXHOCTH Mepearoieii aH-
TeHHBI 23 KI/KB.M noBectH K.11.1. 1o 0,8-0,85.

JHepreTuyeckKas Topueaa.

«QHeproTopriesia» - YCIOBHOE Ha3BaHUE Coco0a repeaadyn dYHEPruu Ha pac-
CTOSIHME, OTKPBHITOE U, BO3MOKHO, UCIIBITAHHOE FOTOCIaBCKUM (puznkoM Hukoroit
Tecna B 1902-1908 romax. Panee, B 1898 rogy Tecina ckoHCTpyupoBana MalllvHY,
KOTOpas «JlaBaja B BLICOKOYAaCTOTHOM MMIYJibce 20 MIIH.BOJIBT», Ha3HAYEHUE KO-
TOpOH - nepeaayda suepruu Ha 30 Muiib 6e3 npoBoaoB. [lo3ke UM Obla MOCTpOeHa
emie OoJjiee MOLIHAS YCTAHOBKA IS NEpPelayd SHEPrHM OT AJIEKTPOCTAHLUMU Ha
Huarapckom Bomomnane B Ilapuk, omHako, mepBas MUpOBas BOWHA HE Jaja BO3-
MOHOCTH JOBECTH ATOT MPOEKT J0 KOHI[A. XOTs MO HEKOTOPHIM JaHHBIM, HCIThI-
TaHUsI IKOOBI MOKA3aJId MHOTOOOEIIAOIINE BOZMOKHOCTH 110 TIEPEU3ITYUEHUIO BhI-
COKOPHEpPreTUYECKOro 3apsja Ha JOCTaTOYHO OTAAJIEHHOE PAacCTOSIHUE, TEM HE
MEHEEe aBTOp MPEKPATUII CBOM PabOThI B 3TOM HANpPABJICHUH SKOOBI M3 COOOpaXke-
HHUU OCTOPOKHOCTH.
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