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BBEJAEHHUE

OHeprusi — He TOJIBKO OJIHO U3 00CYKJIaeMbIX CETOIHS TOHSITHI; TOMUMO CBOE-
r0 OCHOBHOIO (hU3M4ecKOoro (a B 060jee MUPOKOM CMBICIIE — €CTECTBEHHO-HAYYHOI0)
COJIep’KaHusl, OHO UMEET MHOTOUYMCIICHHbIE YKOHOMUYECKUE, TEXHUUYECKUE, MOIUTHU-
YECKUE U UHBIC aCMIEKTHI.

YenoBeuecTBY HY)KHA SHEPTHUS, MPUYEM MOTPEOHOCTH B HEMl YBEIMUYUBAIOTCA C
KaXIbIM TrojoM. Bmecrte ¢ Tem 3amachl TPaguIlMOHHOTO TMPUPOIHOTO TOIUIMBA
(nedTu, yrisd, raza u Ap.) koHeuHbl. OCTalOTCs JIBa MyTH: pecypcocOepekeHre U uc-
MOJIb30BAHNE HETPAIULIMOHHBIX BO3OOHOBIISIEMBIX HCTOUHUKOB SHEPTUH.

[Tomumo 3TOTO, HEPTETHKA ABISACTCSA OJHUM U3 TJIABHBIX 3arps3HUTENICH BO3-
ayxa. DIeKTPOCTaHINK, paboTaloIlIye Ha TPAAUIIMOHHBIX BUIaX TOIUIMBA, BHOCAT JI0
30 % obbema BpeaHBIX BHIOPOCOB aTMOC(Ephl, 3arpsi3HAIOT 3€MJII0 U BOJY MPOAYK-
TaMU CTOpaHUS U CTOYHBIMM BOJAMHU. Bpinenstoniyecs ra3pl B 3HaUUTENbHON cTemne-
HU CBS3aHbI C MapHUKOBBIM 3((PEeKTOM, KaTacTpo(PUUeCKHe MOCIEACTBUS KOTOPOro
MHUPOBOE COOOILIECTBO MBITAETCA MPEJOTBPATUTH CErOAHS C MOMOIIBI0 MEXAHU3MOB
Kuotckoro nporokoia.

K HOBBIM (popmam mepBUYHON PHEPIHM B MEPBYIO OYEPEIb OTHOCSTCS: COJI-
HEeYHas U reoTepMalibHasi SHEprusl, MIPUIMBHASL, SHEPTUs BETpa U SHEprus BojH. B oT-
JMYHE OT UCKOMAeMOT0 TOTUIMBA ATH (POPMBI DJHEPTHH HE OTPAHUYCHBI T€OJIOTUYECKU
HAKOIUIEHHBIMM 3aracaMu. JTO O3HAYaeT, YTO UX MCIOJIb30BAaHUE U MOTPEOICHNE HE
BEJICT K HEM30€)KHOMY MCUYEPITaHUIO 3aMacOB.

[Ipennaraemsiii kypc «Herpaauimonasie 1 BO30OHOBIISIEMbIE UCTOUHUKHU SHEP-
TUW» TPEJOCTABISIET HEOOXOuMYI0 MH(OpMaIuio Mo mpobiieMaM SHEPTeTHKH, HE
CBSI3aHHOM CO CYKMTAHUEM TOIUIHBA.

X034HiCTBEHHAs! JIEATEIbHOCTh UYEJIOBEKa COMPSIKEHA C PacXOJOBaHHEM TIpO-
MaJHOTO KOJIMYECTBA OPTaHUYECKOr0 TOIUIMBA, HAKOIJIEHHOTO MPUPOAOH 32 MUILIU-
OHBI JIET HBOJIIOIMU. 3HAYUTEIHHYIO YacTh MOTPEOISIEMBIX B MHpPE TOTUIMBHO-
HHEPreTUUECKUX PECYPCOB HCIOIb3YET SHEPTeTHKa — 0a30Basi OTPACIh COBPEMEHHOM
HYKOHOMHKH.

Cxxuranme OPraHU4CCKOro TOIinBa IIPUBOAUT K OIIACHBIM 3KOJOTHUYCCKUM I10-



CJIEICTBUSIM: 3arpsA3HEHHMIO aTMOC(EpPHI TUOKCUAOM CEpPbI, OKCUIAMH a30Ta, HECTo-
PEBIIMMH YTIEBOJIOPOAAMHU, 30JI0M U caxeil. BEIOpOCH yIIeKUCIOTH WM AUOKCHIA
yriepoaa CO, npUBOJAT K NapHUKOBOMY 3((PEKTy, NOTEIJIEHUIO KIMMAaTa IIAHETHI
Y TIOBBIIICHUIO YPOBHSI MHpPOBOrO OKeaHa C 3aTOIUICHUEM MPUOPEKHBIX YIaCTKOB
cyu. [IpobGnema ycyryOmisieTcst BRIpyOKO#l Jieca — OCHOBHOTO MepepadoTuuKa yriie-
KHCJIOTro ra3a B atMochepe 3eMIn.

AnpTEpHATUBOMN CXKUTAaHHIO OPTaHUYECKOTO TOIUIMBA CYUTAETCS aTOMHAs SHEP-

retuka. Bo ®@pannuu 6onee 70 % noTpebiisseMoit 3IeKTPOIHEPT U MPOU3BOAUTCS Ha

ADC, B benbruu — oxoino 60 % (B Poccun — 15 %). SAAnepHoe TomiuBo, mpuMeHsieMoe
B IIUPOKO PacCHpOCTPaHEHHBIX PEaKTOpax Ha TEIUIOBBIX HEHUTpoHaX, — 3TO ypaH. OH
ToXke rcuepnaeM. Kpome 3Toro, He 10 KOHIIa perieHa npoodieMa XpaHeHus U rnepepa-
OOTKHU PaMOaKTUBHOTO OTPAOOTABIIETO SIEPHOTO TOILIIUBA.

Hayka paboTaet HaJl OCBOGHUEM TEPMOSIICPHON SHEPTUM CUHTE3a JIETKUX dJIe-
MEHTOB, YTO Jaj0 Obl YeOBEUECTBY HEOTpaHUUCHHBIE HHEpropecypchl. ChipbeM
JUISL 3TOTO CUHTE3a SIBIISIETCA IEUTEPUN — HYKIIMJ BOJAOPOJA C aTOMHOM Maccou paB-
HOM nByM. B mpupoze Ha kaxapie 10 000 aToMOB 0OBIYHOTO BOJOPOJIA TIPUXOAUTCS
OJINH aTOM JEUTEPUS; SHEPTUS JEUTEPHUs, COIECPIKAILIETOCS B OJJHOM JINTPE BOABIL, K-
BuBajieHTHa 300 nuTpam OeH3MHA. 3anackl AeUTepus B OkeaHe rpoMaiHbl. OHAKO 110
HACTOSIIIIETO BPEMEHH PEaKIUsl TEPMOSIEPHOT0 CHUHTe3a 3(h()EKTUBHO peain30BaHa
TOJIKO B BOJOPOJHON OomOe. [[ns oCyliecTBIEHUS ITOM peakiuu HeO0OXOIUMBbI
OYEHb BBICOKHE TEMIIEPATypbl — COTHU MUJUTMOHOB TPAJTyCOB, YTO MOKA HE MO3BOJISIET
NPUMEHHUTH YIIPABIISIEMBIN TEPMOSIEPHBIA CUHTE3 B dHEPreTuke. MeXayHapOoaHbIM
KOHCOPLIUYMOM C Y4YaCTHEM POCCHUHCKHX YYEHBIX U HWHXKEHEPOB pa3padaThIBaIOTCS
SHEPreTUYECKHE YCTAHOBKU C YINPABISIEMBIM TEPMOSACPHBIM CHUHTE30M, OIHAKO
TPYJHO OKUJATh YCIIEITHOTO 3aBEPIICHUS STUX PaOOT B OJMKAUIIIKE TO/IbI.

B TpamunmoHHON SHEPreTUKE 3aMETHYIO POJib UTPAIOT THUIPOIIEKTPOCTAH-
muu. B Poccun o 18 % anexrposneprun npousBoautca Ha ['DC (B 'epmanuu —
okosio 1 %). I'mapocranuumu paboOTalOT HAa BO30OHOBIIIEMOM HSHEPrOHOCHUTENE —
yOBLIb BOJIBI B BOJOXPAHUIHUIIE BOCIIOIHsAETCS aTMOochepHbiMU ocaakamu. B CoBeT-

ckoMm Coroze noctpoensl kpynHble 'DC Ha monHOBOAHBIX pekax — Bounre, Enucee,



Amnrape. ['DC ocobenHo 3¢ (peKTHBHBI HA peKax ¢ OOJBIIUM PAacXOJ0M BOJIbI U MPHU
OONBIIMX TIEpenaaax BeICOT (Harmopax). B paBHUHHBIX MeCTHOCTSX, Hanpumep B I1o-
BOJDKBE, UX CTPOUTEIHCTBO MPUBOAUT K 3aTOTUICHUIO BOJOXPAHUIMIIAMHA OOJBIIUX
Ioael 3eMiId, KOTOpble TaKUM 0Opa3oM BBIBOASTCS U3 XO3SHCTBEHHOTO 3eMJie-
nojab30BaHus (mo3ToMy Tak Mana joJist I'9C B sHepreTuke rycToHaceIeHHON 3anai-
HO# EBporinl).

CrpoutenbctBo KpynHbx ['IC BiedeT psjl HEOIaronpUsTHBIX SKOJOTHYECKUX
MOCJIEICTBUNA. BhICOKHE TIIOTUHBI BBI3BIBAIOT MOJABEM YPOBHS BOJbI B BOJIOXPAHUIIHU-
1€, 4TO MPUBOAMT K 3a00JaurBaHuI0 Oeperos. B MecTax ¢ Cyxum KIIMMAaTOM MOABEM
TPYHTOBBIX BOJI, BHIHOCSIIMX HAa MOBEPXHOCTh PACTBOPEHHBIEC COJU, CIIOCOOCTBYET
3aCOJICHUIO TO4YB. B cTosiuell BoAE€ BOJOXpAaHWIMINA HAKAIJIMBAKOTCA B3BEILICHHBIC
TBEpJIbIE YaCTHUIIbI, MPOUCXOAUT 3ausiuBaHue. [IpM MTOPMOBBIX BETpax BOJIHEHUE
MOJIHUMAET WJI B BEPXHHUE CJIOH, 3arpsi3HEHHE BOJIbI TyOUTEIbHO i pbiObl. HeGmaro-
IMPUATHO CKa3bIBAIOTCS HA PEYHBIX JKUBBIX OpraHU3Max M MOIYCKH BOJBI MPU MMyCKax
1 OCTaHOBax TujpoarperatoB. JleqoBbIii MOKPOB B BOJOXPAHUIIUINAX BCKPHIBACTCS B
CpellHEeM Ha JIBE€ HEJIeNH IMO3Ke, YeM 3TO ObLIO B peke 10 cTpoutensctBa ['9C, cooT-
BETCTBEHHO 3a/ICPKUBAIOTCS CPOKM Hadajla peuHoM HaBuranuu. HakoHel, Hakoruie-
HUE MacC BOJIbI B BOJIOXPAaHUIIUIIE U3MEHSIET CIOKHUBIIEECS 3a T€0JOTUYECKUE IOXH
paBHOBECHE B 3eMHOU Kope. Pa3zpylieHue mioTUH pu 3eMIIETPSCEHUSIX WU O ApY-
UM MIPUYUHAM YPEBATO KaTACTPOPUUECKUMU MOCIEICTBUSIMH.

B cBs3u ¢ cokpanieHueM NpUPOJHBIX 3aMacoB TPAJULIMOHHBIX YHEPTOHOCHUTE-
nei (HedTH U TMPUPOJIHOTO raza), pOCTOM II€H Ha HUX, BOSHUKHOBEHUEM JKOJIOTHYE-
CKHX MpOoOJIeM MUPOBAsi SKOHOMUKA Bce OOJIbIIE YJEIseT BHUMAHUE MMOMCKY U OCBO-
EHUI0 HETPATUIIMOHHBIX U BO300HOBIIIEMbIX McTOUHMKOB sHepruu (HBUD). Paszpa-
0aThIBAIOTCS MEpbl AKOHOMUYeCcKo moanep:kku HBUD: Hanorossle, KpeIuTHbIE U
TapudHbIC JILIOTHI, PABOBAs MOJEPIKKA, TOCYIAPCTBEHHBIE MPOTPAMMBI Pa3BUTHS.

OcHoBHoll HenoctaTok HBUD — Hu3kue ninotHocTH 3Hepruu. Tak, AJjist BETpo-
BBIX, COJTHEYHBIX, T€0TEPMaIbHBIX YCTAHOBOK XapaKTEPHbI IUIOTHOCTH SHEPTUU Me-
nee 1 kB1/M?%, TOrja Kak B COBpEMEHHBIX KOTIIAX U SAEPHBIX PEAKTOPAX JOCTHIAKOTCS
B ThICAYY pa3 OOJbIINE TUIOTHOCTH TEMIOBOro MoToka. COOTBETCTBEHHO HETPAJAMIIU-

OHHBIC SHEPIrOyCTaHOBKHM HMMCIOT 3HAUUTCIIBHLIC Fa6apI/ITBI, MECTAJTIJIOEMKOCTDh, 3aHH-



MalOT CYHIECTBEHHBIE IUIOLIAAM MO cpaBHEHHUIO ¢ AevcTBytommmu TIOC, ADC, ko-
TEJIbHBIMHU.

B Poccum npaktuueckoe npumeHenne HBHUD orcraer oT MUpPOBOTO ypOBHS.
OCHOBHBIM MPENSATCTBUEM [IJIS1 UX OCBOCHHS SIBJISIFOTCS MaJible YAEIbHBIE MOIIHOCTH
YCTAHOBOK, BBICOKHE KalUTaJbHBIC 3aTpaThl, HU3KUI YPOBEHb TOCYAapCTBEHHOM
NOAJEPKKU. POCT MHBECTULIMI B 3TO HANPABJICHUE SHEPTETUKU CAECPKUBACTCS MOKA
OTCYTCTBHEM ILIaTEXecrnoco0Horo crnpoca. B Ommkaiimem Oyaymem nons HBUD B

sHEpreTHYeckoM Oanance Poccun, HECOMHEHHO, Oy/IE€T YBEINIUBATHCH.



1. Cocrosinue n NMEPCNEKTHUBLI UCITOJIB30BAHUA HETPAIUIIHOHHBIX
1 BO300OHOBJISIEMbIX HCTOUYHHKOB IHEPIrHH

1.1. TpaagMuMoOHHbIE U HETPAAMIMOHHbIE HCTOYHUKYU YHEPTUH

IIpy cymecTByrOlmEM ypOBHE HAYyYHO-TEXHHUYECKOIO IIporpecca 3HEProro-
TpeOJIEHHE MOKET OBITh MOKPBITO JIMIIb 3@ CUET MCHOJIb30BAHMS OPraHUYECKHUX TOII-
nuB (yrosib, HeQTh, Ta3), THIPOSHEPTUU U ATOMHOM SHEPTUU HAa OCHOBE TEILJIOBBIX
HEUTpOHOB. OJIHAKO, MO pe3yJibTaTaM MHOTOYHCIEHHBIX HCCIEJOBAaHUN OpraHuye-
ckoe TormBo K 2020 r. MOKET yJIOBJIETBOPUTH 3aIIPOCHI MUPOBOM YHEPTETUKHU TOJIb-
KO 4acTU4HO. OcTanpHas 4acTh SHEPTONOTPEOHOCTH MOXKET OBITh yIOBJIETBOPEHA 32
CYET JIPYTUX UCTOYHUKOB SHEPTUH — HETPATULIMOHHBIX U BO30OHOBIISIEMBIX.

Bo300HOB/IIeMble HCTOYHUKH JHEPrUM — 3TO UCTOYHUKH HA OCHOBE IMOCTO-
SHHO CYIIECTBYIOIINX WM NEPUOJNYECKN BO3HHMKAIOIINX B OKPYKAKOLIEH Cpele Mo-
TOKOB »Hepruu. Bo3oOHOBsieMasi SHEprusi HE SBISETCS CICACTBUEM II€JICHAIPaB-
JIEHHOM JI€ATEIbHOCTH Y€JIOBEKA, U TO SBIIIETCS €€ OTIIMYNUTEIbHBIM PU3HAKOM.

HeBo300HOB/IsIeMbIe MCTOYHMKHM JHEPrHM — 3TO IPUPOJHBIE 3aIachl Be-
IIECTB U MATEPUAJIOB, KOTOPHIE MOTYT OBITh MCIIOJIb30BAHbI YEJIOBEKOM JJISi MIPOU3-
BOJICTBA »HEpruu. [IpumMepomM MOTyT CIyKUThb SAEPHOE TOIUIUBO, YTOJb, HEPTH, ras.
DHeprusi HeBO300HOBISIEMbIX UCTOUYHUKOB B OTJIMYHUE OT BO3OOHOBIISIEMBIX HAXOAUT-
Cs B MPHUPOJIE€ B CBA3AHHOM COCTOSSHUM W BBICBOOOXKIAETCS B pe3yJbTaTe LEJeHa-
IIPABJICHHBIX JCHCTBHUM YEIIOBEKA.

B cootBerctBumM ¢ pe3omrouneit I'enepanbHoil Accambien OOH Ne33/148
«Kongepenuss OOH 1o HOBBIM M BO30OHOBJISIEMBIM HCTOYHHKAM 3HEPTHUU» OT
20.12.1978 . kK HETPAAUIIMOHHBIM U BO30OHOBIISIEMBIM HCTOYHHUKAM DHEPTHH OTHO-
CATCS: COJIHEYHAs! SHEPIUsl; reoTepMalibHas YHEPTHUS; SHEPTUSL BETPA; SHEPIUs CBETA;
SHEPIUs NPUIMBOB U OTIMBOB; SHEPIHsI BOJIH U TEPMAJILHOTO I'PaIUEHTa MOPS; SHEP-
rusi mpeoOpa3oBaHusi OMOMACChl; SHEPTUs, TOJydyaeMasi 3a CUET CXKUTAHUS TOIUTMBHOM
JPEBECUHBI, IPEBECHOrO YIJisi, Topda, TOPIOYNX CIaHIEB, OUTYMHUHO3HBIX ME€CUaHU-
KOB; HEPTHsI HCIOJIB30BAHMS TATJIOBOTO CKOTA M TUAPOIHEPTHSL.

Haunnas ¢ 1990-x rr. mo nannuatuse FOHECKO npu noaiepikke rocyapcTs-
wieHoB OOH u 3aMHTEpEecOBaHHBIX OpPraHU3alUi, MPOBOAATCS MEPONPUATHS IO
MPOJIBKEHUIO UJIEH IIMPOKOTO UCOIb30BAHUS BO30OHOBIIIEMBIX HCTOYHUKOB.

1.2. ITosmutuka Poccuu B 00J1aCTH HETPAAUIIMOHHBIX M BO300HOBJIAEMBbIX
HCTOYHHUKOB JHEPruu. 3anacepl M JMHAMMKA NOTPeOJICHUS] JHEPIOpecypcoB

Pacnopsikenuem IIpaButensctBa Poccuiickoit denepanuu Nel715-p ot 13 Ho-
s0ps 2009 r. VYTBepkaeHa «DHepreTudeckas crparerus Poccuu Ha mepuoj 1o
2030 r.» [23]. OnHUM U3 HaAMPaBICHUN JAHHOTO JIOKYMEHTA SBJISIETCS PACCMOTPEHUE
BO3MOXXHOCTEH MCIIOIH30BaHUS BO30OHOBIISIEMBIX HCTOYHHKOB PHEpruu. B kadecTse
MIPUOPUTETHBIX HAIMPABICHUN HAYYHO-TEXHUYECKOTO TpOorpecca MOTYT OBITh BbIJE-
JICHBI CIEAYIONIHE:
a) pa3BUTHE TEXHOJOTUN HMCIOJIb30BaHUS BO30OHOBIISIEMBIX HCTOYHUKOB JHEP-
TUH, a TaKKe MHOTOQYHKIIMOHATBHBIX DHEPTETHYECKUX KOMIUIEKCOB JIsl aB-
TOHOMHOTO 3HeproodecrnieueHus: moTpeduTeael B paioHax, He MO AKITHOYEHHBIX



6)

r)

n)

K CETSIM IICHTPAITM30BAHHOTO YHEPTOCHAOKEHNUS;

ocBoeHHe d(PPEKTUBHBIX TEXHOJOTHUH CETEBOTO 3JIEKTPO- M TEIUIOCHAOKEHUS
Ha 0a3e BO30OHOBIISIEMBIX HICTOYHHKOB SHEPTHUH;

0TpaboOTKa TEXHOJOTHII KOMOMHHPOBAHHOTO MCIIOIH30BAHMS BO30OHOBISIEMBIX
MUCTOYHUKOB JHEPTUH, a TAK)KE TEXHOJOTHH KOMIICHCAIIMH HEPaBHOMEPHOCTH
BBIJIaYM MOIITHOCTH T€HEPUPYIOIMHUMU 00BEKTaMU Ha OCHOBE SHEPTHH BETpa U
MIPUJIHBOB,;

pa3paboTKa U OCBOCHHE TEXHOJIOTHI MPUMEHEHHUS COBPEMEHHBIX MaTEpUAJIOB
MIpU TIPOM3BOACTBE 00OPYIOBAaHUS M KOMIIOHCHTOB JIJII TEHEPUPYIOIMUX O0B-
€KTOB Ha 0a3e BO30OHOBISIEMBIX HCTOYHHKOB JHEPTHUU C IICIBIO CHIDKCHHS
CTOMMOCTH UX CTPOUTEITHCTBA WM MOBBIICHUS 3(H(PEKTUBHOCTH (HYHKIIHOHUPO-
BaHWS,;

pacIIMpeHne MPOU3BOJICTBA M UCIIOJIb30BaHMUSI HOBBIX BHIOB TOILINBA, IMOTy4a-
€MBIX U3 Pa3INIHBIX BHJIOB OMOMACCHI.

[Iporuno3HeIil TOMIUBHO-3HEepreTudyeckuit 6bananc Poccuu Ha nepuon go 2030 r.

(tabnuua 1.1) npenycmaTpuBaert:

a)
6)

B)

CHIDKEHUE JIOJIM ra3a B NOTPEOJIEHUU MEPBUYHBIX TOIUIMBHO-IHEPTEeTHUECKUX
pecypcoB ¢ 52 % B 2005 1. mo 4647 % x 2030 r.;

YBEJIIMYEHHUE JI0JIM HETOIUIMBHBIX MCTOYHUKOB SHEPTUU B NOTPEOJIECHUU Tep-
BUYHBIX TOIUIMBHO-3HEpreTnueckux pecypcos ¢ 11 % mo 13—-14 % x 2030 r.;
MacIITaOHOE CHU)KEHHE YIEIbHON SHEPrOEMKOCTH YKOHOMHMKH M HYHEPTreTUKH
(B 2,1-2,3 pa3a) nmpu HE3HAUUTEIBHOM POCTE€ BHYTPEHHEro MOTpediieHus (B
1,4-1,6 paza), skcniopta (B 1,1-1,2 pa3a) u mpou3BoCTBa SYHEPTOPECYPCOB (B
1,3-1,4 paza).

CrpaTernuecKUMu LEISMH HMCIHOJIb30BaHUSI BO300HOBJISIEMBIX HCTOYHUKOB

OHCPIruu N MCCTHBIX BUJI0OB TOIIIMBA ABJIAKOTCA:

a)

6)

B)

CHIKEHHE TEMIIOB POCTa aHTPONOTEHHOM HAarpy3KHU Ha OKPYXKAIONIYI0 Cpely U
IPOTUBOJICHCTBUE KIMMATHUYECKUM U3MEHEHUSIM MPU HEOOXOTUMOCTH YIOBJIe-
TBOPEHUS PACTYIIETO NOTPEOJICHHS DHEPTUH;

paInMoHaIbHOE UCIOJIb30BAaHUE U CHUKEHUE TEMIIOB POCTa MOTPEOICHUS UMe-
IOLIUXCS PECYPCOB MCKOMAEMOTO TOILIMBA B YCIOBHUSX HEM30EKHOTO HUCTOIIIE-
HUS €r0 3aIacoB;

COXpaHEHUE 3[I0POBbs HACEJECHUS U KayeCTBa KU3HU IyTEM 3aMEJJICHUS TeM-
OB POCTA 3arpsA3HEHUS] OKPY>KAIOIIEH Cpeibl TPH UCTIOJIb30BAaHUHU UCKOIIAEMO-
ro TOIJIMBA, & TAKXKE CHIDKEHHE OOIEerocyJapCTBEHHBIX PACXOA0B Ha 3/IpaBO-
OXpaHEHUE;

3aMeJIEHHe TEMIIOB pOCTa 3aTpaT Ha paclpeielieHHe W TPaHCIOPTHUPOBKY
AJIEKTPUUYECKON PHEPTUHU U TOIJIMBA U BO3HUKAIOIIUX MIPU ATOM MOTEPb;
BOBJICUCHHUE B TOTUIMBHO-DHEPTETUUECKUN OajaHC JOMOJHHUTEIbHBIX TOIJIUB-
HO-3HEPreTHYECKUX PECYPCOB;

MOBBINICHUE YPOBHS DHEPTETHYECKOW OE30MacCHOCTH M HAJEKHOCTH IHEPTo-
CHAOXKCHMS 32 CUET YBEITUYCHUS YPOBHS €0 JEIEHTPATU3AIUH.



Tabmuma 1.1

IIporHo3Hblii TOIMBHO-YHepreTHdeckuii 6ananc Poccun Ha nepuox 10 2030 r.

2005 . 2008 r. 1-# Tan 2-1 Tan 3-i1 oTan
(dpakr) (daxr) (2015 T.) (2030r.)
Bryrpennee  motpednenne | g q 991 | 1008-1107 | 1160-1250 | 1375-1565
(MJIH T.y.T.),
B TOM 4YHCII€ M3 OOILEro Io-
TpeOiaeHus (MIH. T.Y.T.):
ras; 495 526 528 -573 | 592-619 | 656 —696
Z‘g‘_““e (nedTb m xomAeH- | 4gq 187 | 195-211 | 240-245 | 309--343
TBCPAOC TOMMBO  (yromk u 167 175 168 - 197 | 198-238 | 248302
npouee);
HETOIUTMBHBIC 106 0 117-127 130-147 163-224
a1.2%) [03 104%) 11511 696)|(11.2-11,8 %)| (11,8-14,3%)
BriBO3 (MJTH T.y.T.), 865 883 913-943 | 978 -1013 | 974-985
B TOM YHUCIJIC:
CHT, 177 162 172 - 175 174 -179 153-171
13 HHX Ta3; 110 91 101-103 100 - 105 90-106
nanbHee 3apyoexbe, 688 720 741 — 768 804 — 834 803 — 832
U3 HUX Ta3. 184 190 210-235 | 281-287 | 311-317
[Ipupoct  3amacoB  (MJH 1 10 5 5 3
T.y.T.)
Wroro pacxox (MiH T.y.T.) 1813 1884 1923-2052 | 2140-2266 | 23632542
Pecypchbl (MJIH T.y.T.), 1813 1884 1923-2052 | 2140-2266 | 23632542
B TOM YHCJIE:
UMIIOPT, 80 83 96 — 100 92-93 86 — 87
W3 HUX ras. 64 64 76 — 80 79 —-80 8081
?Iy";”;BOHCTBO - Beero (| 953 1803 | 1827-1952 | 20472173 | 22762456
U3 o0mero Mpou3BOACTBA
(MJIH. T.y.T.):
ras 736,5 760,9 784 -853 | 919-958 | 1015-1078
;‘g“‘“e (HeTe W KOHICH-| 647 5 6942 | 691-705 | 718748 | 760761
TBCPOC. TOINMBO (YTOMb 1| 55 g 221,8 | 212-260 | 246-311 | 282381
npouee)
HETOIUIUBHBIE 126,5 126,1 134 — 140 156 — 164 219 — 236
(7,3%) (7,0%) | (6,9-7,7%) | (7,2-8,0%) | (9,5-9,6%)

[To cymiecTByIOMUM OLIEHKaM, TEXHUYECKUI MOTEHIIMAl BO30OHOBIISIEMBIX HC-
TOYHUKOB SHEPTUH, MPe0OIaAAIONIYIO OO B KOTOPOM HMEET MOTEHLIMA UCTIOIb30-
BaHUs HHEPrUM COJIHLIA U DHEPTUM BETpa, COCTaBisieT He MeHee 4,5 MIpA TOHH
YCJIOBHOTO TOIUIMBA B roj (Tabmn. 1.2), uyto Oosnee yem B 4 pasza mpeBbIMIacT 00beM
noTpeOJIeHUsI BCEX TOIUTMBHO-3HEpreTuyeckux pecypcoB Poccum (okono 1 mupa
T.y.T. B TOJ.). DKOHOMUYECKUN MOTEHIHal BO30OHOBISIEMbIX MCTOYHUKOB HHEPTHU
3aBHCHUT OT CYIIECTBYIOLIUX IKOHOMUYECKUX YCJIOBHM, CTOMMOCTH, HaJIUUUs U Kaye-
CTBa 3aracoB HMCKOMAEMBIX TOIUTUBHO-IHEPTETUYECKHX PECypCOB, a TaKKe PEerruo-
HanbHBIX ocobenHoctei. I1o onenke cneunanuctoB OAO «Uuxenepusiii nentp EQC
CYMMapHBI{ MOTEHIIMAT BO30OHOBIIIEMBIX HCTOYHUKOB dHEpTuH B Poccnn HaxoauTes




B mipeaenax 320 MiH T.y.T./Tof, uto cocTaBiseT 30 % moTpeOHOCTH B DJICKTPOIHEDP-
run. @akTHyecku ucnobdyercs 21 MitH T.y.T./rox (6,6 % ot BoamoxkHoro) [24]. Hdo-
7Sl allbTepPHATUBHOM SHEPTreTHKU B sHepreTuyeckoMm OanaHce Poccum ocraercs Ha
yposHe 1 % [25].

Tabnuna 1.2

JHepreTH4YecKHil MOTEHIIMAJ HETPAAUIMOHHBIX BO300HOB/IsIeMbIX HMCTOYHUKOB YHEPIrUuH
B Poccum, MiTH T.y.T.

Buuet HBUD Basnosoit noten- | Texnuueckuii mo- | DKOHOMHYECKHUH MO-

g ua TEHIHAI TEHITHAI
Mautasi THApOIHEPreTUKa 360 125 65
I'eoTepmainbHast SHEPTHS *) *) 115(**)
DHeprust 6MoMacchbl 10-10° 53 35
DHeprus BeTpa 26-10° 2000 10
CosHeuHas SJHEePTUs 2,3-10° 2300 12,5
gEiI;OHOTeHHHaHBHOG TETLIO 595 105 315
Bcero mo HBUD 2,3-10° 4583 269

[Ipumeuanue:

(*) 1o mpubMM>KEHHOM OIIEHKE Pecypchl T€OTEPMalbHOM SHEPruu B BEPXHEH TOJIIE TITyOMHON
70 3 KM cocTaBnsioT okosio 180-10° MiH T.y.T., a HpUroAHBIE NS HUCTIONB30BAHHS — MPUMEPHO
20-10° My T.y.T.

(**) B xauecTBe 5KOHOMUYECKOT'0 MOTEHIIMAa B3sTa OLICHKA 3al1acoB IEPBOOYEPETHOTO OCBOCHHUS
reoTepMallbHbIX BOJ U IApOTUAPOTEPM C UCHOIb30BAHUEM I€OLUPKYISIPHON TEXHOIOTUH.

(***) HuskomoTeHIMaIbHAs YHEPTUS 3eMJIM, BO3yXa U BOJBI, IPOMBIIUICHHBIX U OBITOBBIX CTO-
KOB.

B memom rocynapcTBeHHast IOJUTHKA B cepe MCIOIb30BaHUS BO30OHOBIIsIE-
MBIX UICTOYHHMKOB 3Hepruu Ha nepuoj a0 2030 r. OyaeTr npeaycMaTpuBarh:

a) KOOpJAUHAIIMIO MEPONPUATUN B 00JIACTH Pa3BUTHS 3JIEKTPOIHEPIETUKH U BO3-
O0OHOBJISIEMOM YHEPTETUKU;

0) panuoHanIbHOE MPUMEHEHHE Mep roCyAapCTBEHHON MOIIEPKKU Pa3BUTHUS BO3-
OOHOBJISIEMOM PHEPIeTUKH, B TOM YHCJIE IIyTEM OIJIaThl 3JIEKTPUUECKON IHEP-
I'MH, IPOU3BEIECHHON C MCIOJIB30BaHUEM BO30OHOBIISIEMBIX HCTOUYHUKOB IHEP-
THH, TIPY €€ peajn3allii Ha ONTOBOM PHIHKE, C YI4EeTOM HaJ0aBOK K PaBHOBEC-
HOM IIEHEe ONMTOBOTO PBIHKA, a TAKXKE IMyTEM BO3MEIICHHUS MIaThl 32 TEXHOJIOTH-
YEeCKOE€ MPUCOSANHEHNE K CETIM;

B) pa3paboTKy KOMIUIEKCa Mep MO TOCYJapCTBEHHOMN MOIIEPIKKE MPOMBIILICHHO-
CTH M HAayYHBIX WHCTUTYTOB JJisi 00ECIEUeHUs OTPACIU BO30OHOBISIEMBIX HC-
TOYHUKOB PHEPTHUH POCCUMCKUM 000pYIO0BaHHEM, KOMIUICKTYIOIMMHU U TIepe-
JOBBIMU TEXHOJIOTUSIMH, B TOM YHCIIE C HCIOJIh30BaHUEM TpaHC(EpTa TEXHO-
JIOTUH U JIOKaJTU3allui Ha POCCUICKUX MPEANPUATUAX MPOU3BOACTBA KOMILIEK-
TYIOIIUX JJIS1 3JIEKTPOCTAHIUH, pabOTaOIIMX Ha BO30OHOBIISIEMBIX HCTOYHHUKAX
SHEPTUH;

r) co3gaHue OJIarONpPUITHBIX YCJIOBHM JJIsl MPUBJICUEHUS] BHEOIOKETHBIX HHBE-
CTHUILIMH C LIENBI0 COOPYKEHHUSI HOBBIX U PEKOHCTPYKIIMH CYIIECTBYIOIIUX T€HE-
PUPYIOMNUX O0BEKTOB, PYHKITMOHUPYIOIMIUX HA OCHOBE MCIIOIH30BaHUS BO300-
HOBJIIEMBIX MCTOYHHKOB SHEPTHU, M HCIIOJIb30BAHUE MEXaHHW3Ma BEHUYPHBIX
(GOHIOB JJ1s1 ”THBECTUPOBAHUS B 00BEKTHI BO3OOHOBIISIEMOM SHEPTE€TUKY;




1) MOJJEPKKY Pa3BUTHSA MaJbIX MNPEANPUITHHI, (YHKIMOHUPYIOIIMX Ha PBHIHKE
AHEPreTUYECKOro cepBuca B chepe BOZOOHOBIISIEMON SHEPTETUKH;
e) obecrneyeHue JOCTYMHOCTH HH(OpMAIMU O (OPMUPOBAHUU U peaATTU3ALMKU Me-

POTPUSITHI 110 PA3BUTHIO BO30OHOBIISIEMON YHEPTETUKH;

) OCYIIECTBICHHE TEXHUYECKOTO M TEXHOJOTHYECKOrOo KOHTPOJII M Haj3opa 3a
coOmroieHneM TpeboBaHUi OE30MaCHOCTH MPHU MCIOJIb30BAHUN BO30OHOBIIsIC-

MBIX UCTOYHUKOB YHEPTHH.
[TporHo3 mo3TarHoOro pa3BUTHUS MPOU3BOCTBA SJICKTPOIHEPTUN HA TIEPUO JIO

2030 r. mpencrasien B Taba. 1.3. [IporHo3 mo3TamHoOTo M3MEHEHHS YCTaHOBJIEHHOMN
MOIIIHOCTH 3JIeKTpocTaHuii Poccun ¢ yuyeToMm reHepupyrommux o0beKTOB, UCIOIb-
3YIOIIUX BO300HOBISIEMbIE HCTOYHUKH SHEPTUU, W TUAPOAKKYMYIHPYIOIIUX OSJICK-
TpocTanimii Ha nepuoa 10 2030 r. mpexacrasieH B Tadn. 1.4. B Ttabn. 1.5 mpencras-
JIeH TPOTHO3 HEOOXOAMMBIX WHBECTUIUI B Pa3BUTHE TOIUIMBHO-DHEPIETUYECKOTO

KOMILJIEKCa U SHEepProcHabkeHne 3KoHoMuku Poccun Ha nepuos 10 2030 r.

Tabnuna 1.3
IIporHo3 no3TanHoOro pa3BUTUs NPOU3BOACTBA JJIeKTPOIHepruu Ha nepuox a0 2030 r

2005 r. 2008 r. 1-i1 oran 2-1i aTan 3-i aTan

(dpakr) (dpakr) (2013 1.) (2030r.)
[Torpebiienne  3IEKTPOIHEP- 1041 1315 1740
MM, BHYTPEHHHUH  cHpoc, 941 1021
(wpa. kBT 1) 1218 1518 2164
[TIpon3BOACTBO 3IEKTPOIHEP- 953 1037 1059— 1350— 1800—
ruu - Bcero (mipa. kBr-u) 1245 1555 2210
B TOM YHCJIE:
ATOMHBIC AJICKTPOCTAHITUN 149 163 194 — 220 | 247 —-282 | 356 —437
TFeHEepUpYIOLUe 0OBEKTHI, UC-
HOJIB3YIOIUE  BO30OHOBIISIE- 175 1675 181199 | 224 —240 | 319422
MbI€ HCTOYHUKH DSHEPTUHU, U (183%) | (16 1’%) (16,0— (15,4 (17,7-
THJIPOAKKYMYJTHPYIOIIHE ’ ’ 17,1 %) 16,6 %) 19,1 %)
AIIEKTPOCTAHIIUHT
FOWACHEALIORHPIC  SHEKIPO™ | 977 322 | 299-423 | 432-592 | 620873
CTaHIINH
TETUIOAICKTPOIICHTPAITH 352 385 385—-403 | 441447 | 478 — 505

Tabnuna 1.4

IIporHo3 mo3TanHoro M3MeHeHusi yCTAHOBJIEHHONH MOIIHOCTH 3JIeKTpocTaHuuii Poccun
1o BUAAaM reiepauuu Ha nepuona ao 2030 r., ma kBt

2005 . 2008 r. 1-i1 sTam 2-i1 3-i oTan
(daxr) (daxr) (2015 .) JTan (2030r.)
VcranoBpneHnHas 275 — 355 —
MOIITHOCTb — BCETO, 216.3 2249 239 - 267 315 445
B TOM YHCJIE:
reHepupymoume oOBeKThl, UC-
MOJIB3YIONHE  BO30OHOBIISIEMBIE
WCTOYHUKHA JHEPTUU, W THIPOAK- 46,2 47,2 55 -59 66 —-73 | 91-129
KYMYIUPYIOIIUE dTEKTPOCTAHIIUU




[TonoxurenbHbIM dakTopoM s pazsutuss HBUD B Poccun siBnsiercst Hayas-
meecs co3fgaHue 3akoHojaTenbHol 0a3el. B 1996 1. 3akonom «O06 sHeprocoepexe-
HUW» YCTAHOBJICHA IPABOBAasi OCHOBA NMPUMEHEHUS SJIEKTPOr€HEPUPYIOIIUX YCTaHO-
Bok Ha HBUD, cocrosiiiasi B mpaBe HE3aBUCUMBIX MPOU3BOAUTEIEH ATOM 3JIEKTPO-
SHEPTUU Ha MOJICOEIUHEHUE K CETAM SHEPrOCHAOKAIOUUX OpraHu3aIui.

Tabmuna 1.5

IporHo3 HeoGX0AMMBbIX HMHBECTUIHI B Pa3BUTHE TOIIMBHO-IHEPIreTHYECKOr0 KOMILIeKca
U dHeprocHad:kenue YKoHoMuku Poccnu nHa nmepuoa g0 2030 r., miapx noyui. CIIA, B menax 2007 r.

0 1-ii sTan 2-1 sral 3-# aranm 20092030 rr.
allpaBJIcHHC (2015 1.) (2030T.) | BCero

Cdepsi sHEprocHaOxKeHHS — BCETO 85-98 125 -142 329 — 356 547 — 588
B TOM YHCIIE:

BO300HOBJIIEMbIC UCTOUYHUKH HEP-
MM (32 UCKIHOYEHHEM TUAPO3JIEK-

TPOCTAHITUN MOITHOCTBIO Oonee 25
MBT)

Hroro Ha peanmzamuto Ctpareruu 534 - 554 516 - 665 | 1308 —1552 | 2366 — 2765

7-9 24 - 28 82 -97 113 -134

B 1999 r. lN'ocynapctBennoit Jlymoii u CoBerom denepannu ObLIT NMPUHAT 3a-
KOH «O rocyapCTBEHHOU MOJUTUKE B chepe UCIOJIb30BAHUS HETPAJUITMOHHBIX BO3-
OOHOBJISIEMBIX HMCTOYHHMKOB 3HEprum». OIHAKO B JaylbHEWIIEM OH ObUI OTKJIOHEH
[Mpesunentom PO (25 HostOpst 1999 r.). [lombITkM pa3paboTaTh HOBBIH 3aKOHOMIPOESKT
Hadasmch B 2004 r. mo nnunmatuee PAO «EDC Poccum» B CBSI3M ¢ OTCYTCTBHEM
HOPMATUBHBIX U PETJIAMEHTUPYIOIIMX JTOKYMEHTOB /I MPAKTUYECKOU peanu3aiuu
npoektoB o HBUD. Tlpennonaraercs pa3paboTka JOKYMEHTOB JBYX YpPOBHEM: ¢e-
JIEpATILHOTO U OTpacieBoro. B nmepBoM citydae — 3TO MPOEKT 3aKOHA O BO30OHOBIIsIE-
MBIX MCTOYHUKAX HHEPTHH, MPEAyCMaTPUBAIOIIUN CUCTEMY Mep MOIJIEPKKH BO300-
HOBJIIEMOM SHEpreTuku. Bo BTOPOM — JOKYMEHTHI MO HU3bICKAHUSM, MPOEKTUPOBA-
HUIO, DKCIIEPTU3E MTPOEKTOB CTAHIMK U arperaToB, MpaBUJia UX SKCIUTyaTaluu, mpa-
BUJIAa MX TPHUCOCIMHEHUS K CETSIM OOIIEero MOJb30BaHMS, YTOUHEHUSI PACUETOB U
o0ocHoBaHus TapudoB u T.4. PazpaboTka JOKyMEHTOB BeneTcsi 1o/l KoHTpoJieM De-
nepanbHOil runporenepupytomein komnanuu OAO «I'napoOI'K», co3naHHoil B ne-
kabpe 2004 1. pamkax pedopMUPOBAHUS POCCUNUCKON IIEKTPOIHEPTETUKU (OTHOM U3
3a/1ay KOMITAaHUU SIBJISIETCS pa3BUTHE B Poccuu sHEpreTHKY Ha 0a3e BO30OHOBIISIEMBIX
HWCTOYHUKOB YHEPTHH).

16 oxta0ps 2007 r. 'ocynapctBenHast [yma Bo 2-M ¥ 3-M YTE€HUU MPUHSIIA 3a-
koHompoekT, a CoBer Deaeparuu 25 OKTAOpPsS 0700pUIT 3aKOH O 3aBEPIICHUU pe-
dopmupoBanus 3aekTposHepreTHK [19]. 3akoH «O BHeCEHMH U3MEHEHUH B HEKOTO-
pbie 3aKOHOJIaTeIbHbIE aKThl PD B CBS3U C OCYIIECTBICHHEM MEp MO pedhopMUpPOBa-
HUIO0 EQMHOM SHEPreTUUECKOM cUCTeEMBbI Poccrmy HalpaBJieH Ha YTOYHEHUE HOPM 3a-
KOHOB «O0 anekTposHepreTuke», «O0 0cCOOCHHOCTIX (PYHKIIMOHUPOBAHUS DJIEKTPO-
SHEPIreTUKHU B MEPEXOHBIN MEPUO U O BHECEHUH U3MEHEHUI B HEKOTOPBIE 3aKOHO-
JaTenbHble akThl PO U MpU3HAHUM YTPATUBIIMMH CUITYy HEKOTOPBIX 3aKOHOJATEINb-
HbIX akTOB P® B cBsi3u ¢ mpuHsatueM (enepanbHoro 3akoHa «O0 3JIEKTpOIHEPreTH-
Ke», a Takke 3akoHa «O TocyJapCTBEHHOM PETYJIMPOBaHUH Tapu(OB Ha dJIEKTpUUe-




CKYIO M TEIUIOBYIO SHEPTUIO B PO».

B 3akoH BONUIM OCHOBHBIE MMOJIOKEHUSI 3aKOHOMPOEKTa O BO30OHOBIISIEMOM
sHepretuke, kotopbii rotoBuwicss PAO EQC (I'mapoOI'K). Tak, Tenepb CTOUMOCTh
NoJKJIIOYeHUs TeHepaTopoB BUD k ceTsiM OyieT KOMIEHCUPOBATHCS U3 CIIEUATBHO-
ro enepanpHoro gponna noaaepxkku BHUI. B kakoM Busie Oyner co3nan 3ToT PoHI U
Kak OyZeT popMUPOBATHCS €ro OI0/KET — MOKa HesACHO. Takxke MonpaBku K 3aKOHY
MIPETYyCMaTPUBAIOT BBEJCHHE CIEIUATBHBIX HAI0ABOK-MPEMUN K PHIHOYHOMY TapH-
¢y, KoTopble OyIyT BHIMJIAYMBATHCS T€HEPATOPaM 3JIEKTPOIHEPTHH OT BO30OHOBIISIE-
MBIX UICTOYHHKOB 3HEPTHH, Ybsi MOIITHOCTH MeHee 25 MBT [19].

28 nekadps 2010 r. [Ipesuaent PO noanucan 3ak0H, BHOCAIIUNA U3MEHEHUS B
O3 «O0 >IEeKTPOIHEPreTUKE», MO3BOJISIOIIME 3aKII0YATh JTOJITOCPOYHBIE JOTOBOPA
KYIUTU-TIPOAAXH MOUTHOCTH, TPOU3BEAEHHON Ha 00BEKTaX ¢ ucnolib3oBaHueM BUD,
10 0CcO00i1 1IeHe, PEeryaupyeMoil ONTOBbIM PHIHKOM. HecMOTpst Ha TO, 4TO 3T JIOKY-
MEHTBI CO3/AI0T OIpeAesIEHHYI0 HHGPacTpyKTypy s pa3Butuss BUD B Poccun, no-
JNOOHBIX MEp B JIAaHHOM cllyyae HelocTaTouHo. Tak W He paccMoTpeH B ['ocynap-
CTBEHHOU /[ymMe IpOEKT 3aKoHa O Mepax rocy/1apCTBEHHOMN MOJIEPKKHU HCIIOIb30Ba-
Hust BUD B PO, noarorosnenHsiiit OAO «Pycruapo» COBMECTHO ¢ APYTUMHU DKCIEP-
tamu B 3T0# obnactu. OAO «Pycrunpoy, Ha kotopoe IIpaButenbctBo PO Bo3m0KHU-
70 (GYHKIMU 10 Pa3BUTHIO BCEM BO30OHOBIISIEMON SHEPTETUKH, a HE TOJIBKO THUIPO-
AIEKTPOCTAHIINM, HE UMEET MOKa JOCTATOYHO COOCTBEHHBIX CPEACTB JIJIsl peaainu3aiun
MPOEKTOB MO aJbTEPHATUBHON sHepreTuke. Ha cerogHsaami 1eHb KOMITAHUS pEeaIu-
3yeT COBMECTHO C PETMOHAJIbHBIMU BJIACTSIMH BCETO YEThIPE TAKUX MPOCKTA:

a) OuHapHbli 3HEeproosiok Ha [layxerckoi ['eoDC B KamyaTckoMm Kpae MOIIHO-
cThiO 2,5 MBT;
0) yBeIMYEHHE YCTaHOBIEHHON MoOIIHOCTU ToM *€ ['e0DC 3a cuér Hucnoiab3oBa-

HUsI BTOPUYHOTO Teruia 1o 13 MBrT;

B) CeBepHas NMPpUJIMBHAsS CTaHIMSA B MypMaHCKOM o0acTu MOITHOCTRI0 12 MBT;
r) JanpHeBOCTOUHAS BETPOANIEKTPOCTaHIMA B [IpuMOpcKOM Kpae MOUTHOCTHIO
36 MBT.

1.3. OcHoBHbBIE 00beKTHI HETPAAMIMOHHOM HepreTukn Poccun
1.3.1. Obwue ceeoenusn

OcTtaHoBuMCsl Temnepb NMOAPOOHEE Ha JEHCTBYIOLIUX U CTPOSLIUXCS SHEPro-
yCTaHOBKax B0300HOBIIsieMol sHepreTuku. Ha puc. 1.1 npusenena kapra Poccuu ¢
yKa3aHUEM Ha HEH MECT pacIoyioKeHus: Haubosee KPymHbIX 00bEKTOB BO30OHOBIIsIE-
MOW DHEPTEeTUKHU.

1.3.2. 'eomepmanvnan snepecemuxa

Poccust pacronaraer GOJIBIIMMH MMOTCHIMAIBHBIMHU 3allacaMu TeoTepPMaIbHOM
SHEPrUU B BHUJIE MApOTUAPOTEPM BYJIKAHUYECKUX PAiOHOB U SHEPreTUYECKUX TEp-
ManbHBIX BOJ ¢ Temneparypoir 60—200 °C B mnatdopMeHHBIX U MIPEATOPHBIX panio-
Hax. B 1967 r. Ha 10)xHOM OoKOHeuHOCTH KamyaTku Obljla co3/aHa IepBas B CTpaHe
[Tayxetckas ['eoTOC montHOoCTHIO 5 MBT, 0BEAE€HHAS BIOCIEACTBUU JO MOLIHOCTH



11 MBrT. IIpoOypennsie B IlayxeTckoil reoTepMaibHONM CUCTEME HECKOJBKO JECST-
KOB CKBKMH B CyMMapHOM OOBEME MPOU3BOIAT MAPOBOASIHYIO CMECh B KOJIMYECTBE,
noctatouyHoM i pacmupenus [layxerckoi 'eoTOC go 25 MBT.

KncnoryGekas II3C

MeseHckas IT3C (poekT)

JarorapHas BoC

Kymikonckaa BOC Kammpmrpay
BanrHiickasd B3C (MpoeKT)

" MyTHOBCKas Te0T3C
Bepxme-MyTHOBCKaA ['eoTDC

A\

OxeaHcrast I'eoDC (IpoekT)

Pocrtoeckast BOC

ExarepsuGypr May:kerckast TeoT3C

Craepornonbekai I'eoTIC

HoBocHGHpCK
Kanumenikas BAC

HpryTex

Tyrypekas II3C (npoexT)
BragHEROCTOK

IIpumopckas BAC (IpoekT)

Puc. 1.1. PacnoJio:kenne 00eKTOB HETPAAUIMOHHOH M BO300OHOBJIsIEMOM YHEPTreTUKH
Ha Tepputopuu Poccun

Oxonomuueckuit kpuszuc 1990-x rr. ckazancs W Ha cdepe HCIOJIb30BaHUS
HBUD. HecMoTpss Ha 3TO yAaloCh COXPaHWUTh HAYYHO-TEXHUYECKUN MOTEHUUANT U
OCBOUTH BBINTYCK HOBOM mpoaykiuu. Tak Ha OAO «Kamyxckuii TypOUHHBIN 3aBO)
IPOU3BOMSTCS KOHJIEHCAIMOHHBIE O10K-MoynbHble ['e0TOC MomHocThio 4 1 20
MBT. Tpu Ttakux Onoka «Tyman-4K» mo 4 MBT cmonTHpoBanbl Ha Bepxhe-
MytHoBckoi ['eoTOC Ha KamuaTke. B kauecTBe TEIUTOHOCUTEISI UCIIONB3YETCA Map
MytHOBCKOTO MecTopoxaeHusa npasiaeHueMm 0,8 Mlla. CrpourtensctBo Bepxne-
MytroBcko# ['eoTOC Obuto Hayato B 1995 r. u 3aBepmieno B 1999 r. B Hactosmiee
BpEMsI MOIIIHOCTh BBEJIEHHOU B dKcIutyaTanuio 1'eoTOC cocrasisier 12 MBT.

Ha MytHoBckon ['e0TOC, mpoekTHas MOIIHOCTH KOTOpOul cocraBiseT 80
MBT, 6ynyt ycranoBneHsl 4 sHepromomyis «Kamuarka-20» momHOCThIO 1O 20
MBT. CtpourenbctBo ['e0TOC HayaTo B 1992 r. Ha 2 muomagkax, Ha KaKJI0M U3 KO-
TOPBIX pacIoyiaraeTcs IJIaBHBIN KOPITYC ¢ ABYMs SHEPTroOJ0oKaMHu.

B 1989 r. na CeBepuom KaBkaze Obuta co3gana ombiTHas CTaBpOIOJIbCKas
I'eoTOC ¢ ucnonp3oBaHMEM JBYXKOHTYPHBIX SHEPrOYCTAaHOBOK. B KauecTBe Terio-
HOCHTEIIA PUMEHSIETCSl TepMalibHasg Bojaa ¢ Temmeparypor 165 °C, mobbiBaemoii C
riyounsl 4,2 kM. Texuonoruueckas cxema ['eoTOC Owuia paspadorana B DHUH
M. Kpkm>xkaHOBCKOTO.

KpoMe ykazaHHBIX reoTepMaibHbIX TEIJI0ICKTPOCTAHIIUM pa3paboTaH MpOeKT
U BBINIOJIHEHO TEXHUKO-3KOHOMHUYecKoe oOocHoBaHue Oxeanckoit I'eoTOC Ha o.
Utypyn B CaxanmHckod o00sacTh cymMMapHOM MomHOcThi0 1-ii U 2-ii ouepeneit
30 MBT. Haxonurcs B skcruryataunu Kypunsckas I'eoTOC momuocThio 0,5 MBT.

MecTopoxaenus: naporuaporepm umerorca B Poccuu tonbko Ha Kamuatke u
Kypunax, mo3toMy reorepMmalibHasi dHEPreTHKa HE MOXKET WUrpaTh 3HAYUTENIbHYIO
poJib B MacuITabax cTpaHsl B 1enoM. Ho anst yka3aHHBIX pailoHOB, SHEprcHaOKeHue
KOTOPBIX LIEJIMKOM 3aBUCUT OT MPUBO3HOIO TOIUIMBA, N€OTEpPMalibHAs SHEPreTHKa
CIOCOOHA PaIUKAIBHO PEIIUTH MPOOIEMY SHEProOOeCTIeYEHUSI.



1.3.3. Manwvie I'C

B cBoe Bpems B ObiBiieM CCCP mupokoe pacnpocTpaHeHHUe TMOJTYIHIN MaJlbie
I'DC, xoTopeie 3aTeM OBLINM 3aKOHCEPBUPOBAHBI WK ciiucaHbl. Celiuac ecTh Mpero-
ChUIKH BO3BpaTa K MaibiM ['DC Ha HOBOM OCHOBE, 3a CUeT IIPOU3BOJICTBA COBPEMEH-
HBIX THApoarperatoB MomHocThi0 OT 10 go 5860 xkBT. B Hacrosiiee Bpems eil-
cTBYIOT 0K0J0 50 mMukpol DC momuocTeio oT 1,5 10 50 kBT, B TOM 4mcie Kackaja
I'DC na p. TonmaueBa MOIIHOCTBIO TpeX ouepeaei okoio 45 MBT.

1.3.4. Bemposnepecemuka

DHepreTuyecKue BETPOBbIC 30HBI B HAIIICH CTpPAHE PACIOJIOKEHBI, B OCHOBHOM,
Ha nobepexbe u octpoBax CesepHoro JlemoButoro okeana ot Komabckoro momyocTt-
poBa 1o Kamuarku, B paiionax Hwmxnelt u Cpenneit Boirun u Kacnimiickoro Mopsi, Ha
nobepexne Oxorckoro, bapenneBa, banruiickoro, YepHoro m A30BCKOI0 MOpEH.
OtnenpHBIE BETPOBBIE 30HBI pacnoiokeHbl B Kapenuu, Ha Antae, B TyBe, Ha balika-
se. MakcuMalibHasi CpeiHssl CKOPOCTh BETPA B 3TUX pallOHax IPUXOJUTCS HA OCCHHE-
3UMHUHN TEepUoj] — MEepUol HauOoJbIIeH MOTPEOHOCTU B BJIEKTPOIHEPTUU U TEILIE.
Okono 30 % SKOHOMHMYECKOrO MOTEHIMAJa BETPOIHEPIETUKH COCPEIOTOYEHO Ha
Hansaem Bocroke, 14 % — B CeBepHOM 3KOHOMHYECKOM paiioHe, okosio 16 % — B
3amaaHoit 1 Boctounoi Cubupu [20].

Ilo oneHkam »sKCHEPTOB, BAJOBOM BETPOBOM moTeHuuan Poccum cocraBiser
80-10%® kBr-u/ron, TexHuuecKuii BeTpoBoi moteHnman — 6,2-10'° kBr-u/rox, sKo-
HOMMYECKUH BETPOBOM moTeHIman — 40- 10° xBtu/rox.

Oxozo 70 % Tepputopun Poccun, rae npoxuBaet 10 % HaceneHus, HAXOAITCS
B 30HAaX JEHEHTPAIU30BAaHHOTO YHEPTOCHAOKEHHUS, KOTOPhIE MPAKTUYECKHU COBIIAa-
10T C 30HaMH TOTEHIIMAJIBHO peaan3zyemMoro Betponorennuana (Kamyarka, Maragan-
ckast o0nacth, Uykorka, Caxanun, SAkyrus, bypsatus, TaitMbip u 11p.). DTo nenaer ie-
necooOpa3HbIM uctoyib3oBanue BOY s obecrneueHus 35eKTposHEprueil aBTOHOM-
HBIX TOTpeduTeneil. CBeneHus 00 yCTaHOBIEHHBIX MOIIHOCTSIX OCHOBHBIX JIEHCTBY-
rommx poccuiickux BOC npuBeaens! B Tadmwie 1.6.

Tabnuna 1.6
YcTaHoB/IEHHBIE MOIHOCTH JeiicTBYHmX poccuiickux BOC [20]
HasBanne AO Duepro Momnocts, MBT
Bopkyrunckas BOC AO «Komusuepro» 1,5
Kanmeinkas BOC AO «KanmaHepro» 1,0
Mapxkunckas BOC AO «PocroBanepro» 0,3

ITponomxenue Tabuuuepl 1.6

Kynukosckas BOC AO «SIHTapp3HEPTO» 51
BO9C na o. bepunra AO «Kamuatanepro» 1,2
Bbamkupckas BOC 2,2
Amnanpipbeckas BOC Uykorckuit AO 2,5
o 1500 manerx BDY momaocTh0 0,1-30 kBT 0,5

Hroro 14,3




Henaneko ot r. Dnucrta Obl1a mocTpoeHa mepBas odepeanr Kammbikoir BOC
(mpoekTHass MoIHOCTh coctaBisieT 23 MBT) Ha 6aze BOVY «Paayra-1» MOIHOCTBIO
1,0 MBT u ¢ utona 1995 r. nogkimrodeHa k sHeprocucteMe KamMpikuu. YcraHoBKa
paboTaeTr B KPyIriIOCyTOYHOM pEXKUME.

B PoctoBckoit o6nactu B coctaBe AO «PoctoBanepro» padboraer MapkuHckas
B5C, uzBectnag xak BOC-300. B ee coctaBe 10 BDY mommuocteio mo 30 kBT kaxk-
nas. BOVY npenocraBuina Hemenkas komnanuss HSW B pamkax npoekra «2ib1opaao
Bunny.

3anosnsipHas BOC momHocTeio 1,5 MBT (r. BopkyTa) ycnemHo 3KkCcIuryaTupy-
torcst ¢ 1993 roga. OHa moctpoeHa Ha 6a3e mectu yctaHoBok ABD-250 poccwuiicko-
YKPanHCKOI'0 MPOU3BOACTBA MOITHOCTHIO 200-250 kBT kaxknast.

B nacrosimee Bpems aeiicteyer BOC Ha 0. bepunra moutnoctsio 1,2 MBT (AO
«KamuaTanepro»).

B urone 2002 r. mpu noaaepxkke narckor kommnanun «SEAS Energi Service
A.S.» coctosinock oTkpbiThe KpynHoi BOC Bozne mocenka KynukoBo KanuHus-
rpajckoi obnactu. Kymukosckas BOC OA «SunTtapsanepro» coctout uz 21 BOY
JATCKOTO MPOM3BOJCTBA MOIIHOCTBIO 225 KBT kaxxnas, cyMMapHass MOIIHOCTb CO-
craBisgeT 5,1 MBT. B nanpHelineM miuanupyetcst co3nanue B KaaruauHrpaackon o06-
JIACTHU TIEPBOM KOMMEPUECKON BETPOIIEKTPUIECKON CTAaHIIMM MOPCKOTO 0a3upoBaHUs
MourHocThi0 50 MBT. Betpomapk Oyaer moctpoeH B 500 merpax ot Oepera Ha
menbde bantuiickoro Mops.

[TepBas Ha UykoTke BeTpoanektpocTanius (BOC-1) Obuta moctpoeHa Ha Mbi-
ce OOcepBanuu AHaJBIPCKOrO pailoHa. Y CTaHOBJICHHAas: MOIIHOCTBIO CTaHIUU 2,5
MBT, ona coctout n3 10 BerpoarperatoB AB3-250CM, HOMUHaIBHAs MOIIHOCTH
kaxgoro cocrasisietT 250 kBt. BOC-1 paboraer noctatouHo Hai€xXHO, 0€3 BpeaHbIX
BBIOPOCOB ¢ 00Jiee HU3KOM ce0EeCTOMMOCTBIO BhIpadaThIBAEMOM AJIEKTPOIHEPTUHU, YEM
Ha JU3EIbHBIX JIEKTPOCTaHIUAX. ExxeromHast BbIpaOOTKa SJIEKTPOIHEPTHUN COCTABIIS-
et ot 2,5 10 3,0 muin KBt'4, yto coctaBmsier 50 % motpebasieMoil 21eKTpOIHEPTHH
n. YroasHbele Konu u asponopra r. AHaabpIpb pacrooKEHHbIX HA TEPPUTOPUN AHa-
JBIpCcKOro paiiona [21].

[ToaroroBieHO TEXHUKO-3KOHOMHYECKOe 00ocHOBaHUe [IpuMopckoit BeTpoBoit
AJeKTpOocTaHuu o01Ieit MomHocThio 30 MBT. B KauecTBe OCHOBHOTO TEXHOJOTHYE-
CKOro O0OpYyAOBaHMS MPUHATH KOMIUIEKCHBIE aBTOMAaTuU3UpoBaHHbie BOY ¢upmel
«Panyra» enuunynoil moutHocThio 250 u 1000 xBt. BOC Oyzner pa3meniaercs Ha
Mbice JlykuHa, rae mnanupyercs yctaHoBUTh 80 BOY momuocTeio 250 kBT, u Ha
Mmeice [ToBopotHOM — 10 BOY momuocThIO 1,0 MBT.

Kpome nepeunciiennsix BOC B skcmuryatannu Haxonares 1o 1 500 Berpoycra-
HOBOK pazinuuHoi MomHocTH (ot 0,08 1o 30 kBT).

B 2012 r. B cene ['omoBHMHO Ha ocTpoBe KyHamup OyaeT mocTpoeHa 3Hepre-
trueckas cucrema (JIoOC) Ha ocHOBE BETpO-AU3EIbHON 3NeKTpocTanuu. ['ocyaap-
CTBEHHBIM KOHTpPakT Ha cTpoutenbcTBO noamucan ¢ OO0 «HI'K» (Mocksa). B
HACTOAIIIEE BPEeMs CHEIUATUCThl KOMIIAHUM 3aHATHl pa3MEIICHHEM 3aKa3a Ha U3To-
TOBJICHHE BETPO- U IU3ETH-TEHEPATOPOB Y XOPOIIIO 3apEKOMEH I0BABIIINUX C€0s1 MUPO-
BbIX Ipou3BoguTeneii — kommanmii Vestas ([anus) u Cammins (CIIA). IIpoekr
pazpaboTaH u (puHAHCHUpPYETCS B paMKax (efepalbHOM 1eeBON MPOTrpaMMBbI COIU-
albHO-d2KOHOMUYecKoro pa3sutus Kypui. IlepBeie maru s ero peaauszanuu ObUIH



cleNaHbl JIBa roja Hazaj, Korjaa Mexay cenamu ['onoBHHHO U JlyOoBO€ MPOTAHYIU
HOBBIE€ JIMHUM 3JIEKTporepeaadu. B pe3ynbprare 1BE aBTOHOMHBIE YHEPrOCHUCTEMBI,
KaXKJ1asi CO CBOEM NM3eIbHON CTaHIMEH, OOBEeIMHUIN B €IUHBIA KOMIUIEKC. B Oymy-
IIEM, KOTJIa OH JOTOJHUTCS BETPOIHEPIETUYCCKON YCTAaHOBKOM, MOTpeOUTENN Oy ayT
o0ecTieYeHBI JICKTPUIECKON dHEPIUeH U B O€3BETPEHHYIO MTOTOY.

1.3.5. Buosnepzemuxa

B Poccuu B Hacrosiiiee Bpemsi pabOTarOT HECKOJIBKO KOMILJIEKCOB ¢ OMOraso-
BBIMH yCTaHOBKamH, cpeau Hux: B [loamockoBbe — nrunedadpuka «HoBoMockoB-
CKasi», )kuBoTHOBOIUYecKas (hepma «IlosspkoBoy» arpodupmsl «Hckpay ComHedHOrOp-
ckoro paiiona MockoBckoin obmactu, CepraueBckas nrunedadbpuka B Huxeropo-
ckoit oomactu. B Poccuiickoit orpacneBoit mporpamme «ueprocoepexxenue B AITK»
Ha 2001-2006 rr., B pa3HBIX 00J1aCTAX, 3aIJIAHUPOBAHO CTPOUTEIBCTBO 126 Grorazo-
BBIX YCTaHOBOK. Kpome 3TOro MMeroTcsi TeXHM4ECKHe pa3pabOTKH MO HCIOJIb30Ba-
HUIO OMoras3a B KauecTBE aBTOMOOMIIBHOTO TOTLJIUBA.

1.3.6. Conneunasn snepzemuka

B BoceMunecsaTeie roasl B KpeiMy Oblila mocTpoeHa nepBasi SKCIEPUMEHTaTb-
Has conHevHas syekTpoctaniusa COC-5 momHocThio S MBT ¢ TepMoanHaMuYecKuM
LMKIJIOM MpeoOpa30BaHUs HEPIUH, a TaAKKE IKCIIEPUMEHTAIBHBIN KOMIUIEKC COOpY-
KEHUN C COJHEYHBIM TeIIO- W XiamocHaOkenneM. B 1960-1970-e rT. mosBUIHCH
TaKkke (HOTOIEKTPUUECKUE YCTAHOBKM aBTOHOMHOIO AJIEKTpocHaOxkeHus. K koHiy
1980-x rr. B 6piBiieM CCCP B skcruTyaTali HaXOJWJIMCh COJTHEYHBIE YCTAHOBKHU
ropsiuero BOJOCHAOXKEHUS ¢ o0uIel 1iomaabio okoio 150 Thic. M2, a MIPOU3BOICTBO
COJIHEYHBIX KOJUIEKTOPOB J0XOAMIIO 10 80 ThIC. M2 B rofI.

1.3.7. Ilpunuenan snepzemuxa

B 1968 r. B Kucroii rybe Ha mobepexne bapeHiieBa Mops MosBHIACh IKCITE-
pumenTanbHast Kucnoryockast [I9C momuocTeio 0,4 MBT, Ha cTpoUTENbCTBE KOTO-
pOii OBLI BIEPBBIE UCIIOIB30BAH OTEYECTBEHHBIN MPOTrPECCUBHBIN METO/1 HATIABHOTO
ctpoutenbcTBa MI0TUHBL. Ha I19C Obln ycTaHOBIEH OMH OOpaTUMbIN KarCyJIbHBIH
arperat ¢paniysckoit upmel «Helipniuky. Kucinorybockas [19C sBnsercss HaydyHOM
6a30it OAO «HayuyHo-uccre0BaTeaIbCKUi HHCTUTYT YHEPTETUYECKUX COOPYKEHUI.
B nocnennue roapl CTaHIMS HE SKCIUTyaTHpoBasiack, HO B utoHe 2003 r. pykoBoA-
ctBoM Mypmanckoit obsnactu u PAO «EDQC Poccuny» npuHATO COBMECTHOE PEIICHHE
0 €€ BOCCTaHOBJIEHUU. [ 'uapoarperarsl Jjisi BOCCTAHOBJICHUS CTAHIIUU U YBEJIMYCHUS
€€ MOIIHOCTH 3aKa3aHbl Ha MOpeanpusThuu «3Be3aouka» r. CeBepoJBUHCK ApxXaH-
TeJIbCKOM 001acTH.

B kauecTBe mepCrekTUB pa3BUTHUS NMPUWIMBHOW 3HEPreTUKU B Poccum cnepyer
oTMeTHTh MpoekThl Mesenckoit I119C nHa beirom mope (19 200 MBT), Tyrypckoit
I13C na Oxotckom mope (7 980 MBT). KomoccanbHble MOIIHOCTH MPOESKTUPYEMBIX
[12C, o0ycnoBieHHbIE TPUPOTHBIMHE YCIOBUAMH, TPEOYIOT OOJBINIOE YKCIOo (10 He-
CKOJIbKY COTE€H) TMJIpOArperartoB Ha Ka)KJIOW CTaHUUH, JUIMUTEIbHBIE CPOKU CTPOU-



TEIbCTBA, OTPOMHBIE KalUTAJOBJIOXKEHUSI KAaK HEMOCPEJICTBEHHO B CTPOUTEIHCTBO
[19C, Tak U B MepoOIpUsATUA MO0 UX afanTallii B paMKax 3Heprocuctemsl). Bee ato
nenaet coznanue »Tux [19C npeameToM OTAAIEHHOTO OYIYIIETO.

1.4. Pa3BuTHe aJibTEPHATHBHOI JHEPreTUKH B Mupe nmo uroram 2010 r.

[Io manHbIM MeXxAyHapOIHOIO 3Heprerndeckoro areHTctBa (MOA), nons
MPOMU3BOJICTBA JIEKTPOIHEPTUU € HCMoJb30BaHueM BUD (kpome 3Heprum Bojzibl) B
CTpaHax, BXoaamux B OpraHuzalnuio 3KOHOMHYECKOrO0 COTPYAHHYECTBA M Pa3BU-
tua (OECD), B auBape—ceHTa0pe 2010 r. Mo cpaBHEHHIO C aHAJOTUYHBIM MIEPHUOJIOM
2009 r. Beipocna ¢ 2 % 10 3 %, B TO BpeMsl KaK J0Ji1 aTOMHOM SHEPTreTUKN COKpaTH-
nack ¢ 22 % no 21 %. Jlonu npou3BOACTBA NEKTPOIHEPTHH U3 TOPIOYETO TOILIMBA U
Ha THIPOCTAHIMAX OCTAIKNCh MPEKHUMHU — Ha YpoBHE 62 % u 14 % cOOTBETCTBEHHO.

Crpanamu-nuaepaMu B pa3BUTHH ITPOU3BOJICTBA YHEPTUM U3 HETPAAULIUOHHBIX
UCTOYHUKOB sBJsitoTCS Mcnanaus (okomo 25 % npuxoautcs Ha nonto BUD, B ocHOB-
HOM HCHOJIb3YETCsS PHEPrUsl reoTepMalibHbIX MCTOYHUKOB), [anus (20,6 %, ocHoB-
HOW MCTOYHMK — 3Heprus Betpa), [Topryranus (18 %, ocCHOBHbIE UCTOYHUKHU — SHEP-
TUsl BOJIH, coyiHIa W Berpa), Mcnanus (17,7 %, OCHOBHON MCTOYHUK — COJTHEYHAs
sHeprusi) U Hosas 3enmangus (15,1 %, B OCHOBHOM HCIOJIB3YETCSI SHEPTUsl reoTep-
MaJIbHBIX UCTOYHHKOB U BETPA).

N3 ctpan, He Bxomamux B OOCP B pa3ButHe anbTepHATUBHOW DYHEPTETUKH B
2010 r. uaBectupoBanu Barukan, Kutait u Manus. B Batukane B 2010 r. Opu10 3a-
BEpPUIEHO CTPOUTENBCTBO caMOil 0oJiblIoi B EBporie COTHEYHON 3JE€KTPOCTAHIIUH,
KOTOpasi TO3BOJUT CTPAHE MPAKTUYECKU MOJHOCTHIO OTKA3aThCS OT HUCIOIb30BaHUS
JIPYrUX UCTOYHUKOB 3HEpruu. B cTtpoutenscTBo 3TOro npoekra B 2009 r. Obuio BiO-
#eHOo okoo 660 mutH mosut. OHa y»e roToBa H 3aHsia nopsaaka 3 kMm” psiaom ¢ CaHra
Mapus au ['anepua, a Takxke Ha Kpbiiie KoHpepeni-3ana umenu [1asna [llecroro.

NHaus Takke IJIaHUPYET WHBECTHPOBAaTh B IPOEKTHI Pa3BUTUSA COJIHEY-
HOM sHepreTuku. Oxumaercs, 4to K koHiy 2011 r. B mrare I'ymkapar Oyner mo-
cTpoeHa 3iiekTpocTanuus, renepupyromas 1 000 MBrt. [Ipoekt ouenuBaercs B 1,78
MJIpJ JTOJLL

B To e Bpems Kutaiickoe mpaBUTEIbCTBO MPOJOJIKAET aKTUBHO (PMHAHCUPO-
BaTh MPOEKTHl Pa3BUTHs anbTepHATUBHOW dHepreTuku. B 2010 r. Kurait BcTanm Ha
BTOpOo€ MecTo B Mupe nociie CIIIA no 06bEMy pon3BeAEHHON YHEPTUU C UCTI0JIb30-
BaHUEM CHJIbI BeTpa, 00orHaB ['epmanuto. [InaHupyroTCsl 1 HOBBIE MTPOEKTHI MO CTPO-
UTEIBCTBY BETPOIAPKOB.

[To nmporuo3zam I'mobansHOro cosera no BerposHepreruke (GWEC) u I'pun-
NUC, JOJIs 3JEKTPOIHEPTUM B MHpE, MPOU3BEAEHHON C MOMOIIBIO CHIIBI BETpa, K
2020 r. MmoxeT JOCTUTHYTh 12 %. OIHUM M3 UTOTOB 3TOrO MPOIECCA CTAIO MOANKCA-
Hue 3 nexadps 2010 r. MeMopaHayMa O peaiu3aliuu MpOoeKTa CO3JaHusl eANHONU 0d-
(IIOpHOM ceTH BETPSIHBIX 3JEKTPOreHepaTopoB Ha modepexxkbe CeBepHOro MOpst 00-
et momHocTeio 140 I'BT. Memopanaym ObUT MOANMUCAH TIPEICTABUTEIISAMH JIECITH
crpan EBpocoroza: /lanum, ['epmanuu, bensruu, Hopseruu, llIsennu, ®panuuu, Up-
nauauu, JlrokcemOypra, Hunepnannos u BenukoOpuTaHuu. ITOT MPOEKT MO3BOJIUT
HE TOJIBKO YCWJIMTh MO3ULMHU aJIbTEPHATUBHOW SHEPreTUKU B EBporne, HO U pa3BUTH
€IUHYIO JIEKTPOIHEPreTHIECKYI0 cucteMy EC.



Emé omHoW TeHIEHUMENW PA3BUTHUS AJIBTEPHATUBHOW DHEPIETUKM B MHUPE B
2010 r. MOXHO Ha3BaTh YCWJIEHHME BHUMAHHUS K BO3MOXXHOCTSIM OMOPHEpPreTHKU B
CBSI3U C TE€M, YTO HMCIIOJIb30BAHUE TAKUX TEXHOJOTHUW IMO3BOJMUT JOCTHYb OJHOBpE-
MEHHO JIByX LIeJIeH: MPOU3BOJICTBO PHEPTUU U cokpalienre oobéma CO;2 B aTMOche-
pe. DTa Tema cTajna OJJHOM U3 OCHOBHBIX BO BpeMms mpoieaniero B Kankyse B gexa0-
pe 2010 r. cammura mo mnpoOjeMe wu3MeHeHus kiumarta. HoBwle yriepon-
OTpULIATEIbHBIE TEXHOJIOTUH, OCHOBAaHHBIE HA MPOU3BOJICTBE PHEPTUU U3 PA3INYHBIX
BUJIOB OMOMACChI, IUPOKO OOCYKJaNd Ha CAMMUTE U 3aUHTEPECOBAIN MPABUTEIb-
CTBa MHOTHUX ToCyAapcTB. bemnona HeoIHOKpaTHO mucajga 00 3TUX TEXHOJOTHSIX H
BO3MOYKHOCTSIX JIJISl UX UCIIOb30BAHU.

Jlns pa3Butus MexayHapoAHoro corpyaHudectBa Ha ypoBHe OOH B cdepe
anpTepHaTuBHOU dHepreTuku B 2010 r. mmeno Oonplilioe 3HAYCHUE HAYaIO PabOTHI
co3ganHoro B koHIle 2009 1. crnenuanbHOTO0 MEXTyHapOaHOTO areHTCTBA M0 BO300-
HoBisiemonr aHepretrke (IRENA). K cornamenuro o pa3BUTHUM BO300HOBIISIEMOM
SHEPreTUKHU TOTJAa NPUCOEAMHWINCH 148 cTpaH, XOTS Ha CETONHAIIHHMA IAaJIEKO HE
Bce ero paruduuupoBanu. IPPEeKTUBHOCTb pPaOOTHI areHTCTBA — 3TO MOKa3aTeNb Ce-
PbE3HOCTM HAMEPEHUM CTpaH pa3BUBATh aJbTEPHATHBHYIO JHEPIETHKY B MHpE.
BcenenctBue Toro, 4to He BCe CTpaHbl BBITOJIHUIIM CBOM 00s3aTENIbCTBA IO NEpEUHC-
JICHUIO CPEACTB B OIOJKET areHTCTBa, HeAO(HHAHCUPOBAaHUE COCTaBWIO 8,4 MIH
nomt. 3a rofa. CaMbIMU KPYHNHBIMHA JOJDKHUKamMu okazanuch Anonus u CHIA. Ilpu-
yém CIIA noxka maxe He patuduuupoBanu cornamenue B Cenare. Hekoropsle ana-
JUTUKHA CUUTAIOT, YTO Takas cUTyauus ¢ (MHAHCHUPOBAHUEM MOTJIa ObITH BbI3BaHa
MOCJIEICTBUSIMU SKOHOMHYECKOTO KPHU3HCA, MOATOMY B CIEIYIOIUX Tofax TaKou
poOJeMbl HE BOSHUKHET. Mexny Tem, puHaHcoBas npodiieMa — He eIMHCTBeHHas. B
okTs10pe 2010 r. HeoxxkuaaHHO cHsuia ¢ cedst mosHomouuns aupekrop IRENA Xenen
[lenocce, x0TI M3HAYAJIBHO MJIAHUPOBAJIOCH, UTO OHA OYyJIET 3aHMUMAaTh 3TOT MOCT JI0
2014 r. Takum oOpazoMm, cedyac emi€é paHo cyauth 00 3(hHEKTUBHOCTH PaOOTHI
areHTCTBa, OHO HAXOAMUTCS B CTaauu (HOPMHUPOBAHUS U OPTaHU3AIMH CBOCH PabOTHI.
Kak 1 Bce MexmyHapoIHbIE HHCTUTYTHI, PEXKAe YeM OyAeT 3aMETHO €ro BIMSHUE Ha
MHUPOBOE pa3BUTHE BO30OHOBIISIEMON SHEPTETUKH JOJKHO MPOUTH MHOTO JIET.

Bonpocs k riiase 1

1. TpaauuuOHHBIE U HETPAAULMOHHBIE UCTOYHUKH SHEPTUU.

2. ITlomutuka Poccum B 007acCTM HETPAAULIMOHHBIX M BO300OHOBIISIEMBIX HC-
TOYHHMKOB HEPTUU. 3arachl U IMHAMHUKA OTPEOJIECHUS SHEPTOPECYPCOB.

3. OcHOBHbIE OOBEKTHI HETPAAULIMOHHOM 3HEepreTrku Poccum.

4. Pa3BuTHe anpTEpHATUBHOMN HEPreTUKH B Mupe no uroram 2010 r.

5. Kakue BuIbI BO30OHOBISIEMBIX MCTOYHHUKOB SHEPTHUHM AKTYyalbHBI MPH-
MEHHUTEIBHO K ycioBusaM Poccun?



2. IIpeoOpa3oBaHue COJTHEYHOM IHEPTHH B JJIEKTPUIECKY IO
2.1. UHTeHCHBHOCTDH COJTHEYHOT0 M3 Iy4YeHUsI

VICTOYHUKOM PHEPTHH COJTHEYHOTO U3ITyUEHUS CIIY)KUT TEPMOSICPHAS PEaKIIHsI
Ha ComHie. OCHOBHAs YacTh 3TOM YHEPTUU UCITYCKAETCS B BUJIE DJIEKTPOMArHUTHOTO
W3IydeHus B auamnazone niuuH BoH A =0,2 —3 mixM. [Ipu mpoxokneHun yepes at-
Moc(hepy COJTHEUHBIM CBET OCIabJIeTCs, B OCHOBHOM 3a CYET MOTJIONmeHus uHppa-
KPaCHOTO M3Jy4eHHUs TapamMu BOJbI, yJIBTPa(HOIETOBOTO W3IIyYCHHS — O30HOM H
paccessHUs U3ITyYCeHHsI MOJICKYJIaMH Ta30B M HAXOJSIIUMHKCS B BO3AyXE YaCTUIIAMU
BT U a’po30iisiMu. [lapameTpom, OTpaxaronuM BIUSHUE aTMOC(Epbl Ha MHTCH-
CUBHOCTH U CTICKTPAJIbHBIA COCTAB COJHEYHOTO M3IYUCHHUS, JOXOISIIErO J0 3€MHOM
MOBEPXHOCTH, SABJIsICTCS aTMocepHas (1n Bo3ayiiHas) macca (AM). [lpu nynesoit
BO3AyIIHOW Macce AMO y BepxHel rpaHuIllbl aTMOc(hepbl HHTEHCUBHOCTD H3JTyde-
uus paBHa E. =1360 Br/M?. Bemuunna AMI1 COOTBETCTBYET MPOXOMKIECHUIO COJI-

HEYHOI'0 U3JIydeHus yepe3 0e3001aunyro aTMochepy 10 YPOBHS MOPS IIPU 3€HUTAJIb-
HOM pacnojoxxkenun ConHua. BozmymnHas macca ais J1r000ro ypoBHsSI 3€MHOHM TO-
BEPXHOCTH B JIIOOOM MOMEHT JHS OIpenemseTcs no GopMyiie

AM(x) =21,
X, sSné

(2.1)

rae x —armochepHoe aaBienue, [la;
x, — HOpMasbHOE atMocdeproe nasienue (1,013-10° ITa);

¢ — yron BeicoThl CoHITA HAJl TOPU30HTOM.
Hanbonee xapakTepHOW B 3€MHBIX YCIOBHUAX sIBIseTcsS BennunHa AMI,5

(6=41°49"). Ona npuHATa 3a CTAHAAPTHYIO IPU HHTETPATBHON MOBEPXHOCTHOMN
IUIOTHOCTH COJIHEYHOTO u3inydeHus E. =835 B1/M?. DTO HE0OX0IuMO JUIsS obecrie-

YECHUHU CPABHUMOCTH PE3YJIbTATOB MUCCIICIOBAHUN PA3INIHBIX COTHCYHBIX AJIEMEHTOB.
Ha puc. 2.1 npuBeneHo CHeKTpadbHOE paclpeesieHne MoToka (OTOHOB BHEATMO-
chepuoro (AMO) u HazeMHOrO cTaHgapTH30BaHHOTO (AMI,5) conHeuHOTO M3ITy4e-
HUS IPY MIEPIICHIUKYIISIPHOM TMaJICHUHU JTy4Yel Ha MPUEMHYIO IUIOIIAAKY.

OHeprus GpoToHOB, 3B, B U3Ty4eHUH C JUIMHOW BOJIHBI A OIpeAenseTcs U3 co-

OTHOIIEHUS
=nS =22 (2.2)
A A
rae h — nocrosaHas Ilnanka, 6,626196(50)-10734 JTx-c;
¢ — CKOpOCTB cBeTa, 2,9979250(10)- 108 m/c;
A — IJIMHA BOJIHBI, MKM.

DJIEKTPOHBOJIBT — pab0Ta, KOTOPYIO HEOOXOJAMMO COBEPIIHUTH, YTOOKI ITepeMe-
CTUTB JJICKTPOH MEXIY ABYMS TOYKAaMHU C Pa3sHOCThIO moTeHmuayioB 1 B. 1 sB =
=1,6-10"1° k.

['paHnyHas JyIMHA BOJIHBI, MKM, HauWHas ¢ KOTOPOW (POTOHBI OyAyT IMOTIIO-
IaThCS B MaTepHalIe COJTHEYHOTO AJIEMEHTA C MMPUHOM 3alpeieHHOW 30HbI (Xapak-
TEPU3YETCSI OTCYTCTBUEM DHEPIEeTUUYECKUX YPOBHEH, pa3iMyHa MO MIMPUHE IS pa3-
HBIX MaTepuaios) £,




1,24
A, =22 (2.3)
E
g
Boiee JJIMHHOBOJIHOBOC HM3JIYYCHHUC HC IIOIJIOMIACTCS B ITOJIYIIPOBOAHHKC H,

CIIE/IOBATEIBHO, OECTIOIE3HO € TOUKH 3pEHUS (POTORIEKTPUIECKOTO PeoOpa3OBaHuSI.
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Puc. 2.1. CnekTpajibHoe pacnpejeieHHe MOTOKA (POTOHOB COJTHEYHOT0 M3JIyYeHHUS:
1- BHeatmocdepHoe uznyuenne (AMO); 2 — HazeMHOe cTaHAapTH30BaHHOE u3nydeHue (AML,5);
3 — CHeKTp M3JIy4eHus abcomoTHO YepHoro Tena nmpu 7. = 5800 K. Ha BcraBke 3amrpuxoBana

H0JIA MTOJIE3HO UCTIOJIb3YEMBIX (pOTOHOB

2.2. ®OTOIIEKTPUYECKHE CBOIICTBA P-N-Iiepexoaa

[ToyympOBOTHUKHN TIPEJICTABIISIIOT COOOM KJIAcC KPUCTALIMYECCKHX MaTepHAIIOB,
HE OTHOCSIIIUXCS HU K MPOBOJHUKAM, HU K n3oJiaropam. [Ipu komMHaTHON TeMmeparype
UX YJEIbHOE CONMPOTHUBJICHHUE JIGKUT B JIMANA30HE MPUOIMU3UTEIHLHO OT 10° no 10°
OM-cM. IIpakTudecku yneabHOE COINPOTUBICHHUE MOIYNPOBOAHUKOB, MPUMEHIEMBIX
JUTSL U3TOTOBJICHUS COJTHEUHBIX JIEMEHTOB, JIeXHT B muanazone ot 102 mo 102 Om-cm.
Haubonee pacnpocTpaHeHHBIN B HACTOSIIEE BpPEeMsl IMOYIPOBOJHUKOBBIA MaTepHas

COJIHEYHBIX JIEMEHTOB — KDEMHUM.
[Ipu WM3roTOBIEHUU KpPEeMHHUS P- WIM N-TUIMA B pacijlaB KPEeMHHUS JOOaBISIOT

OTIpENIETICHHOE KOJIMYECTBO TOM WIJIM MHOW PUMECH. DTOT MPOLIECC HA3bIBACTCS JIETUPO-
BaHueM. KpeMHuii N-Ttuma nosydaror, 100aBiisis B pacIuiaB KpEMHUS dJIEMEHT V TpyIi-
el [leprognuaeckoit cucremsl anementoB 1. . Menaeneera — gocdop, KOTOphIA nme-
€T MATh AJIEKTPOHOB Ha BHEIIHEHW 3JEKTPOHHON 000J0YKEe, Ha OAWH OOJIbIlIe, YeM Yy



kpemHus. [Ipumecu V rpymmbl Ha3bIBalOTCS TOHOPHBIMU. [ mosyyeHust KpeMHUs -
THUIA B paciuiaB KpeMHUs 100aBisttoT aneMenTsl 111 rpynmel, Hanpumep 6op. Atom Oopa
UMEET TPH DJIEKTPOHA Ha BHEIIIHEH 3JIEKTPOHHON 000JI0YKE, HA OMH AJIEKTPOH MEHBIIIE,
YeM aToM KpeMHUs, KOTOpbIM OH 3aMentaet. [1onoxkuTeNnbHbIi 3apsia, 00pa3oBaBIIMACS
U3-3a OTCYTCTBUS AJIEKTPOHA, OMY4rJ1 Ha3BaHue AbIpku. [Ipumecu Il rpymnmel Ha3bIBa-
IOTCSl aKIIETITOPHBIMH.

ONEKTPOHBI U JBIPKA MOTYT CBOOOJHO MEPEABUTATHCS M0 00BEMY MOITYIPOBOJI-
HUKA. DJIEKTPOH MOXKET 3aHUMATh MECTO JABIPKUA. DTOT MPOIIECC HA3bIBaeTCA PEKOMOU-
Haed. OqHaKo Ha MECTE NMPEXKHEro NpeObIBaHUS IEKTPOHA BO3ZHUKAET HOBAS JIBIPKA.
[lox neficTBHEM 3JIEKTPUYECKOTO MOJSI AJIEKTPOHBI ABHXKYTCS B OJTHOM HAlpaBJICHUH, a
JBIPKHA — B IPOTHUBOIIOJIOKHOM.

[TomynpoBoAHUKOBBIE MPHUOOPHI U3TOTABIUBAIOTCS U3 MCXOAHBIX 0a30BBIX ILIa-
CTHH P- WX N-THna. P-N-mepexo1oM Ha3bIBaIOT MOBEPXHOCTh Pa3/ieia MEXKAY CIOSMH,
UMEIOIIMMHU TTPOBOJIUMOCTH MTPOTHBOIIOJIOKHOTO 3HaKa. PaccMOTpuM MOIyIpOBOIHU-
KOBBII KpUCTAILI, COAepKaMid P-N-niepexon (puc. 2.2).

B (A
[IpoBoaHUK
Qd—=>CQe \ Oc—> (-
74 S [~
— Konrakr Konrtakr |d
(Tode: [ o :
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Harpy3ska Harpy3ska
P P
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a) 6)

Puc. 2.2. 'enepupoBaHue 3JIEKTPUIECKOT0 TOKA COJTHEYHBIM 3JIeMEHTOM
(3J1eMeHT 1aH B pa3pese):
a— o0pa3oBaHHE ICKTPOHHO-IBIPOYHBIX Map aa’u bb’ mox netictruem poroHoB A u B;
0 — JIBIKCHNE HEOCHOBHBIX HOCUTEJICH 3apsia JAbIPKU 2’ | AJISKTpoHa D 1 pekoMOMHAIHSI
3JIEKTPOHA { C ABIPKOW C’

[Ipu coearHEeHUU B OJJHOM MOHOKPHUCTAJUIE MOIYIPOBOJIHUKOB P- U N-TUMA BO3-
HUKaeT MU y3UOHHBIA MOTOK AJIEKTPOHOB M3 TOJIYIPOBOJHUKA N-TUMA B TOIYIPO-
BOJIHUK P-TUTIA U, HA0OOPOT, TOTOK JBIPOK U3 P- B N-TIOJIYPOBOAHKK. B pesynbraTe Ta-
KOTO Ipollecca Mpujieraronias K P-N-nepexoy 4acTh MOJYMPOBOJHHUKA P-TUMA OyaeT
3apsKaThCSl OTPULIATENILHO, a MPUIIeratonas K P-N-nepexoay 4acThb MOIyIPOBOAHUKA N-
THI1a, HA000POT, IPUOOPETET MOJOKUTENbHBIN 3apsia. 3MeHeHne npoBoAMMOCTH Ma-
TepUAJIOB IIPOUCXOAUT B 00JIaCTH mepexosa TonmuHoni MeHee 1| mxm. Takum obpaszom,
BOJIM3M P-N-Tiepexojia 00pa3yeTcsi TBOMHON 3apsbKEHHBIN CIIOW, KOTOPBIN MPOTHUBOICH-
CTBYyeT mporieccy auddy3un 31eKTpoHOB U AbIpoK. JleficTBuTenbHO, nuddy3us cTpe-
MUTCS CO3JaTh MOTOK 3JIEKTPOHOB M3 N-001acTU B P-00JacTh, a MOJIE 3apsSHKEHHOTO
1051, HA0OOPOT, — BEPHYTH AJIEKTPOHBI B N-00J1aCTh. AHAJIOTMYHBIM 00pa3oM IToJie B P-
N-nepexone NpoTuBojeicTByeT auddy3un Opipok U3 P- B N-o0nacte. B pesynbrare
YCTaHABJIMBAETCS] PABHOBECHOE COCTOSIHUE: B 00JIACTH P-N-Tiepexo/ia BOSHUKAET MOTEH-
UAJIbHBIA Oapbep, A7l MPEOJOJEHHUSI KOTOPOro 3JEKTPOHBI U3 N-TIOIYNPOBOJHUKA U



IBIPKH U3 P-TIOIYIIPOBOAHHUKA IOJKHBI 3aTPATUTh OMPENEIEHHYIO SHEPTHUIO.

[lepexon sBIsIETCA MACATM3UPOBAHHBIM 3JIEKTPUUECKUM TMOHATHEM, HE OTPAXKa-
IOIIMM BCE OCOOEHHOCTH PEATbHOTO (PU3MYECKOro IMepexojia OT Marepuana P-TUIa K
MaTepuany N-tuna. JInmb Kakas-To 4acTh peaabHOIro Mepexoa MOAYUHSAETCS TEOPETH-
YECKUM 3aKOHOMEPHOCTSIM, BBIBEIEHHBIM I UACAIBHOTO P-N-TIEpexo/a.

[IyCTh COTHEUHBIN AJIIEMEHT OCBEUIAETCA COJTHEYHBIM CBETOM. DOTOHBI € pazany-
HOU SHeprueil OyayT MOrJomaThCca B MOIYIPOBOJAHMKOBOM MaTepHaie Ha pa3indHOM
rmyoune (puc. 2.2, a). Ha pucyHke mokaszaHa Takke BHEITHsISI Harpy3ka (COMPOTHBIIC-
HUE), IPUCOCTMHEHHAS K KOHTaKTaM 3ieMeHTa. ®otonsl A u B BBIOMIHN 37IEKTPOHBI a
u b u3 coorBercTBYIOMMX aTOMOB MOMynpoBoaHNKa. DoTOH A HMeeT OOMbIIYIO SHEpP-
rvio (MEHBIIYIO IJUHY BOJIHBI), 4eM (poTtoH B. Ha MecTe BBIOMTBIX 3JEKTPOHOB 00Opa-
30BAIUCH JIBE DJICKTpUUEcKUe BakaHcuu — Jpipku @' u b'. T. e. doronsl oOpazoBam
SIICKTPOHHO-BIPOYHbIEe mapbl aa’' u bb'. Temeps HEOCHOBHBIE HOCUTENHN 3apsiaa (IbIp-
KU B N-TIOJYIIPOBOJIHUKE U AJICKTPOHBI B P-TIOIYIIPOBOAHUKE) MOTYT JIBUTAThCS MO Ma-
TepUaly MOJYIPOBOJHUKA MO/ JEHCTBUEM SJIEKTPUYECKUX IOJIEH, 00pa30BaBIIMXCS B
Marepuae o BIUSIHAEM P-N-Tiepexoaa. DIEeKTPOHbI IPUTATUBAIOTCS N-00J1aCThIO, TE
OHU CTaHOBSITCSI OCHOBHBIMU HOCUTSUISIMHU, a JABIPKU — P-00sacThio. B pe3ynbrare nomy-
MPOBOJIHUK P-THUIA MOJIy4aeT U30BITOYHBIN MOJIOKHUTEIBHBIN 3apsi]l, a MOJIYIPOBOTHUK
N-TUna — oTpULATENbHBIN. Mexay N- u P-o0nacTsiMu (OTOINEMEHTa BO3HUKAECT Pa3-
HOCTh NoTeHIuanoB — poroI/C, nnm HanpspKeHue B pexume xooctoro xoaa. [omsip-
HOCTh (h0TO0D/IC COOTBETCTBYET «IIPSMOMY» CMEIIECHUIO P-N-TIepexo/ia, KOTOpOe MOHU-
’aeT BBICOTY MOTEHUMAIBHOIO Oapbepa M CHOCOOCTBYET HMHXKEKUMHU JBIPOK U3 P-
o0nacTu B N-00J1aCTh U 3JEKTPOHOB U3 N-001acTH B P-001acTh. B pe3ynbraTte neicTBus
ATHX JBYX MPOTHBOIOJIOKHBIX MEXAHU3MOB — HAKOIUIEHUS] HOCUTENIEH TOKa MOJ AeH-
CTBHEM CBETA U UX OTTOKA M3-3a MMOHMKEHHSI BBICOTHI OTEHIMATIBLHOTO Oapbepa — Npu
pa3HOl MHTEHCUBHOCTHU CBETA yCTaHaBIMBaeTcs pa3Has BennuuHa GotoI/[C. [Tpu sTom
BesmurHa GpoTo3/IC B IMPOKOM Mana30He OCBELIEHHOCTEH pacTeT MPONOPLUOHAIBHO
Jorapu(My HHTEHCUBHOCTH CBETA.

[Ipr KOPOTKOM 3aMBIKaHUM OCBELIEHHOTO P-N-NIEPEXOAa B IEKTPUUECKOM LETIN
[IOTEYET TOK, MPONOPLHOHATIBHBIN [0 BEIMYMHE NHTEHCUBHOCTH OCBELICHUS U KOJIMYe-
CTBY I'€HEPUPOBAHHBIX CBETOM 3JIEKTPOHHO-IBIPOUYHBIX Nap. [Ipu BKIrOYEHMHM B 3IEK-
TPUYECKYIO 1IETb MOJIE3HOM Harpy3KH, BEJIMYMHA TOKA B LEMH HECKOJIBKO YMEHBIIUTCS.
[Ipoiias yepe3 BHEHMIHIO HArpy3Ky M3 N-o0jactd B P-00JacTh AJIEKTPOHBI 3aHUMAIOT
MECTO [IBIPOK, T. € PEKOMOMHHUPYIOT. llpr 3TOM OHU CTAHOBSITCS JIIEKTPUUYECKU
HEUTpaIbHBIMU JI0 TE€X MOP, MOKa HOBBIA (DOTOH CHOBA HE Pa3AEIUT UX HA HJIEKTPOHHO-
IBIPOYHYIO Mapy. OOBIYHO AIEKTPUYECKOE CONPOTUBIIEHUE TOJIE3HOW HATPY3KU B LIETTU
COJITHEYHOT'O 3JIEMEHTA BBIOMPAIOT TAKUM, YTOOBI MOJYYUTh MAKCHUMAJIbHYIO OTJaBae-
MYIO 3TOW Harpy3Ke 3JIEKTPUUYECKYIO MOIIHOCTb.

2.3. BoabT-aMnepHasi XapaKTePUCTHKA COJTHEYHOT'0 JJIEeMEHTA

[ToTok reHeprpOBaHHBIX CBETOM HOCHUTENeH oOpasyeT poTtoTok [ - BenuunHa
[, paBHa ynCIy (OTOreHEPHMPOBAHHBIX HOCHTENIEH, POIICAIINX Yepe3 P-N-repexon

B €JIMHUILY BpPEMEHU



P
| =g, (2.4)
¢ hv
rac q — BCIIMUHNHA 3ap;ma C-)J'IGKTpOHa;
Pu — MOIIHOCTB ITOT'JIOIIICHHOI'O MOHOXpOMaTI/I‘-ICCKOFO I/ISJ'IyT-IeHI/IH.

3nech mpenoaraeTcs, YTo B MOJYIPOBOIHUKE KaKIbIH MOTIOMEHHBINA (DOTOH
C oHeprueil iv = E, co3faeT OfHY 3JICKTPOHHO-IBIPOYHYIO Mapy. JTO YCIOBHE XO-

POIIO BBITIONHSETCS JJIsI COJIHEYHBIX AJIEMEHTOB Ha ocHOBe Si m GaAS (B KpeMHUU
BHYTpeHHU# (HoTor(h(DHeKT nMeeT MecTo AJs BOJH ¢ JIHHONH A <11 MKM, T.e. sl BU-
JTUMOT O, YIBTPadHOJIECTOBOTO U OIMKHET0 HHPPAKPACHOTO U3TyUYCHUH).

B pexxnme xomocToro xoaa GOTOTOK YPaBHOBEIIUBASTCS «TEMHOBBIM» TOKOM

III — MIPsIMBIM TOKOM 4Y€pe3 P-N-IepexXoa, BOSHUKAIOIIMM IIPHU HANPSIKCHUU CMCIIC-

Hust U =U__ . Ilpu aToM depes pP-N-niepexo] NpOTEKAOT CIAEAYIOUIUE TOKH: HEOCHOB-
HBIX HOCHUTEJIEH, OCHOBHBIX HOCUTENIEH U MEePBUYHBINA (POTOTOK. AOCOIIOTHOE 3HAYE-

HHUEC KTCMHOBOI'O» TOKa
au
_ kT
| =1, e —1, (2.5)

rae k — nocrosiaHast bombuMana, 1,38-1072% 1x/K=0,86-10* sB/K;
T — abGcontoTHas Temmeparypa, K;
I, — TOK HachIIEeHUs (IPEICTABISIET CYMMY TOKOB HEOCHOBHBIX HOCUTENEH);
[110THOCTH TOKA HACHIIICHUS OMPEEIAETCS ypaBHEHUEM
aD, Pro 9D, Ny
S LT (2.6)

L, L,

rac pnO 141 npo— KOHIOCHTPAIUU HCOCHOBHBIX HOCHUTENICH 3apsaaa, COOTBCTCTBCHHO

o

JBIPOK B N-00J71aCTH M 3JIEKTPOHOB B P-0071acTH;
D, u D, — koadduimentsr muddy3un COOTBETCTBEHHO JIBIPOK U JIEKTPOHOB

(3aBHUCST OT CBOMCTB MaTepHaa);
L, u L, — nuddysnonnas 1imHa, T. €. pacCTOSHHE, IPOXOAUMOEC HCOCHOBHBIM

HOCHUTCIIEM 3apsiia 3a BpEMA KU3HU 7, U T, COOTBETCTBCHHO.

p
BpemeneM xu3HU 7 HEOCHOBHOI'O HOCHUTENIS 3apsifia Ha3bIBACTCS MEPUOJ Bpe-

MEHHM C MOMEHTA MHKEKIIUU HOCUTENISA B Ty 00JIacTh MaTepuala, Ijie OH SIBJIICTCS He-

OCHOBHBIM, IO MOMEHTA €ro peKOMOUHAIIMU C OCHOBHBIM HOCHUTEJIEM 3apsja.
Huddy3uonnas nnvna onpeaensercs no Gopmynam

L, :m; (2.7)
L, =Dz, . 2.8)

[TonHbIN TOK Yepe3 P-N-niepexo paBeH

qu
=1, —lo| T —1]. (2.9)

Ota (opmysa OMKMCHIBAET BOJBT-aMIIEPHYIO XapaKTEPUCTUKY OCBEIIEHHOTO -
n-nepexona. Ha oCHOBaHMM 3TOr0 TEOPETHUECKOTO YPABHEHHSI MOXKHO IOCTPOWUTH



AKBUBAJICHTHYIO UACAIM3UPOBAHHYIO DJIEKTpUUECKYI0 cxemy (puc. 2.3). McTouHuk
TOKa CO37aeT TOK (POTOHOB |, 3aBUCSIIMIT OT yPOBHS HHXEKLHH (IUTOTHOCTH MOTOKA

M3JIYyYEHUs); B CBOIO OYEPE/]b BOJbT-aMIEpHAs XapaKTEPUCTUKA DJIEMEHTa (3aBUCH-
MOCTh IUIOTHOCTH TOKa OT HANpPsDKEHHS) ONPENENseTCs BENMIMHOW |, M MUIOTHO-

CTBIO TOKa |, IPOTEKAOIIETO Yepe3 HAeaTM3UPOBAHHbIN P-N-NIEPEXO IIPU OIPEIe-
JIeHHOU a0coMoTHOM TeMrepaTtype T U HampsbkeHuu Ha Bbixoge U .

. | —»o
+
DoTOHEI
AN~——> T) |q) Y ilﬂ
. o

Puc. 2.3. Uneanu3upoBaHHasi MO/eJb COJTHEYHOI0 3JIeMEHTA

[Ipy HynEBBIX BHYTPECHHUX OMHUYECKHX IOTEPSX B COJHEYHOM JJIEMEHTE pe-
’KUM KOPOTKOI'O 3aMBIKAHMs 3KBUBAJICHTCH HYJIEBOMY HAIIPSOKCHHUIO CMELICHUS P-N-
IIEPEX0/1a, IOITOMY TOK KOPOTKOIO 3aMbIKaHus /, , paBeH (QOTOTOKY

HaHpH)KeHI/Ie CMCIICHUA
I, +1

UKo g, (2.11)

q g

OTKYa HAIIPsKCHHUC XOJIOCTOI'O X0aa
|

U, KT | 22 pa . (2.12)

q l

PaccMoTpuMm mogkiroueHHE K P-N-mepexony BapbUPYEMOTO CONPOTUBIICHUS
Harpy3ku. HampaBrieHne Toka B Harpy3Kke BCEria COBMAJAcT ¢ HampasiaeHueM |, a

caM TOK Harpy3ku |, paBeH pe3ylbTUpYIOIIEMY TOKY uepe3 P-n-nepexon (2.9). Ilpu-
HUMasl HalpaBJieHHe ToKa |, 3a noJjoxKuTeNbHOE, /Uit |, MOXKHO 3anucarh

qu,
=1, —lo[ ¥ 1], (2.13)

H

rae U, — HampspkeHHe Ha Harpys3Ke, paBHOE HAIIPSDKEHUIO Ha P-N-Tiepexoe.

Bripaxxenue (2.13) onuceiBaeT Harpy304HYI0 BOJIbT-AaMIIEPHYIO XapaKTEPUCTHU-
Ky OCBELIEHHOro P-N-repexoja. B COOTBETCTBUM C JaHHBIM BBIPAKEHUEM OCBELIECH-
HBIM P-N-TIepexoa MOKET ObITh MPEJCTaBICH B BUAEC SKBUBAJIEHTHOW CXeMbl (pucC.
2.4, a). 3mech UCTOYHUK TOKA UMUTUPYET T€HEPAITNIO MMOCTOSTHHOTO (DOTOTOKA, HE 3a-
BUCSILIIETO OT HAIpPsDKEHUs P-N-Tiepexona, a JUoJl MPeACTaBIseT co00il HEeOCBEUIeH-
HbI1 P-N-nepexon. Harpy3ouyHas BoibT-aMIEpHAs XapaKTEpUCTUKA P-N-mepexona
n3zobpaxena Ha puc. 2.4, 6. Ilpu BappupoBanuun R, (HoTOTOK mepepacmpenessiercs

MEKy HArPpYy3KOU U P-N- IIEPEXOA0M.



ITorok
cBeTa p-cion I

,CD o, ¥ [] R, y

Puc. 2.4. JKBUBaJIEHTHAsI cXeMa OCBEIEHHOIr0 P-N-Mepexo/ia ¢ CONMPOTUBJIEHHEM HArpy3KkH (a)
U HArPy304Hasi BOJbT-aMIIEPHAsl XapaKTePUCTUKA P-N-Tiepexoaa

DnekTpuyeckas MOIIHOCTb, BbIAENsiEMas B Harpyske, ornpejaensercs mno ¢op-
myie (mpeHebperaem eaunuiieit B popmyse (2.13)
qu,

P=1,U,=U,|1, 1" |. (2.14)

rae A — K03 PUUUEHT, MOJYyYeHHbIM NPU CPABHEHUH TEOPETHUUECKON M 3KCIEpH-
MEHTAJIBHOW KPUBBIX BOJIBT-aMIIEPHON XapaKTEPUCTUKH, IPUHUMAET 3HAYEHUS OT
1 no 5.
B pexxnMax KOpOTKOTO 3aMbIKaHUA M X0J0cToro xogaa P =0, HoCKoIbKY 1100
U, , mu6o |, paBHBI HyIIO.

2.4. KoHCTpYKIIMM U MATePHAJIbI COJTHEYHBIX 3JIEMEHTOB

[Tpou3BOACTBO CTPYKTYp Ha OCHOBE MOHOKPUCTAJUIMYECKOTO KPEMHUS — IMPO-
L[ECC TEXHOJIOTMYECKHU CIOXKHBIA U Joporoctosimuid. [loatomy BHMMaHue ObUIO 00-
pallleHO Ha TaKWe MaTepHalibl, Kak CIJIaBbl Ha OCHOBe aMopdHoro kpemuus (a-Si:H),
apCeHU]I TS U MOJUKPUCTALITNYECKUE TOJTYITPOBOJHUKH.

AMop¢HbIH KpeMHMl BBHICTYIUJ B KauecTBe OoJjiee JENIeBOM aibTEepPHATUBBI
MOHOKpHUCTaJIIn4eckomy. [lepBbie COJIHEUHBbIE 3JIEMEHTHI Ha €ro OCHOBE ObUIA CO-
3nanbl B 1975 1. OnTrdeckoe nornouieHue aMop@Horo kpeMuus B 20 pa3 BbllLIE, YEM
KpucTamumyeckoro. [Ioatomy i CymecTBEHHOIO MOMIONIEHUS! BUIUMOIO CBETa J10-
cTtaTo4Ho TieHku a-Si:H tommmaOoM 0,5—1,0 MKM BMECTO TOPOTOCTOSIIIUX KpPEeMHHE-
BbIx 300.

MKM nojuioxkek. Kpome Toro, Omaroaaps cylecTBYOIIMM TEXHOJIOTHSIM MOJTY-
YeHHsI TOHKUX IUIEHOK aMOp(HOro KpeMHHUs OOJIbIION IJIOAAN He TpeOyercs orme-
paiuu pe3Kkd, HUTM(OBKH U MOJUPOBKH, HEOOXOAUMBIX I COJIHEUHBIX AJIEMEHTOB
Ha OCHOBE MOHOKpUCTAJUIMYECKOro kpemHus. [lo cpaBHEHHIO C MONIMKPUCTAIINYE-
CKMMH KPEMHHUEBBIMU 3JIEMEHTaMU W3lenusi Ha ocHoBe a-Si:H mpowusBoasT npu 0o-
nee Hu3kux temneparypax (300 °C): MOXHO MCMOJIb30BaTh JICIIECBBIC CTEKJISIHHbBIC
MOJJIOKKH, UTO COKPATUT pacxo KpemHus B 20 pas.

IToka MakCHManbHBINA K. II. J. DKCIEPUMEHTAJIBHBIX JJIEMEHTOB Ha OCHOBE a-
Si:H — 12 % — HecKoJbKO HMXKE K. M. JI. KpUCTAIUTMYECKUX KPEMHHUEBBIX COJHEYHBIX



ateMeHTOB (~15 %). OmHako He MCKIIFOYEHO, YTO C Pa3BUTHUEM TEXHOJIOTHMHU K. . .
AJIEMEHTOB Ha OCcHOBe a-Si:H nocturuer reopeTudeckoro norojka — 16 %.

ApceHu] rajiiigl — OJIUH U3 HauboJiee MEPCIEKTUBHBIX MATEPUAJIOB JIJISl CO-
3/1aHUs BBICOKOA((PEKTUBHBIX COJTHEYHBIX Oarapei. IT0 OOBSICHSAETCS CIEIYIOIIUMU
€ro 0COOEHHOCTSIMU:

a) MOYTH HJeajbHasl JJIsi OJHONEPEXOAHBIX COJHEYHBIX SJIEMEHTOB IIMPUHA 3a-
npenieHHoM 30u6I 1,43 3B;

0) MOBBITIICHHAS CIIOCOOHOCTh K TOTJIOMICHUIO COTHEYHOTO M3Iy4YeHUs: TpeOyeT-
Cs1 CJIOM TOJIIIMHOM BCETO B HECKOJIBKO MUKPOH,;

B) BBICOKAs paJHallMOHHAs CTOWKOCTh, YTO COBMECTHO C BBICOKOU 3(pPeKTUBHO-
CTBIO J€JaeT ATOT MaTepHal Ype3BbIYAHO MPUBJICKATEIBHBIM ISl UCIIOIB30-
BaHUSI B KOCMUYECKUX anmnaparax;

I') OTHOCHUTEJIbHAs HEUYBCTBUTEIBHOCTh K HarpeBy Oarapeit Ha ocHOBe GaAs;

1) XapaKTepUCTUKH CIIaBOB (GaAs C alllOMHUHHUEM, MBIIIBLIKOM, (ochopoM Hiu
UHJVEM JIOMOJHSIOT XapakTepucTUKH (GaAs, 4TO pacIIMpsieT BO3MOKHOCTHU
IIPU IPOEKTUPOBAHUH COJIHEUHBIX 3JIEMEHTOB.

['maBHOE TOCTOMHCTBO apCEHU/Ia TajuIUs U CILUIABOB HA €r0 OCHOBE — IIUPOKUIA
JIMaria30H BO3MOKHOCTEH NJIsl AU3aiiHa COJTHEYHBIX 3J1€MEHTOB. POTOAJIEMEHT Ha OC-
HOBEe (GaAsS MOXKET COCTOSITh U3 HECKOJIBKUX CIIOEB PA3JIMYHOTO COCTaBa. JTO MO3BO-
JeT pa3padOTUUKy ¢ OOJIBIION TOUYHOCTHIO YIIPABIATH FeHEpalue HocUuTenen 3apsi-
J1a, 4TO B KPEMHHEBBIX COJHEYHBIX AJIEMEHTAaX OTPAaHUYCHO JOMYCTUMBIM YPOBHEM
JEerupoBaHus. TUNMYHBIN COJIHEYHBIM 3JIEMEHT Ha OCHOBE GaAS COCTOMT U3 OYEHB
TOHKOTO cyiosg AlGaAs B kauecTBE OKHA.

OCHOBHOM HEJIOCTATOK apCE€HHJIA Talljiug — BBICOKAss CTOMMOCTbL. JIJIsl yaemieB-
JIEHUsI MPOU3BOJCTBA MpesjaraeTcsi (GOpMUPOBATh COJIHEUHBIE AJIEMEHTHI Ha Ooliee
JIEIIEBBIX MOJIOXKKaX; BhIpaliuBaTh ciion GaAs Ha yJaiasieMbIX MOAJIOXKKaX VI TOA-
JI0’KKaX MHOTOKPATHOTO MCIIOJIb30BaHUS.

Honukpucramimyeckne TOHKHE IUIEHKH TaKKE BECbMa NEPCHEKTUBHBI JJIS
COJIHEUHOW »HepreTuku. Upe3BbIYailHO BBICOKA CIMOCOOHOCTH K TMOTJIONIEHUIO COJI-
HEYHOTOo M3NyueHus y aucencHuaa meau u uuans (CulnSe;) — 99 % cBera noroiia-
eTcs B IEPBOM MHUKPOHE 3TOr0 Marepuaia (IuupuHa 3anpeiieHHou 30ue1 — 1,0 3B) [2,
5]. Hanbonee pacnpocTpaHEHHBIM MaTepraioM JUIsl U3TOTOBJICHUS OKHA COJTHEYHOM
Oarapen Ha ocHoBe CulnSe; aBnsercss CdS. MHorna anis ynydiieHus: Ipo3pavyHOCTH
OKHa B cynbpua kaamus n100asisitoT nMHK. HemHoro ramnus B cioe CulnSe; yBenu-
YUBACT MIUPUHY 3aMPEIICHHON 30HbI, YTO MPUBOJUT K POCTY HAMPSIKEHUS XOJIOCTOTO
X0J1a U, CJIeI0BaTEIbHO, MOBBIIIEHUIO 3P(HEKTUBHOCTH yCTpoiicTBa. OJIUH U3 OCHOB-
HBIX crocoOoB noiydeHus CulnSe; — a5ekTpoxuMHUUECKOE OCAKICHUE U3 PACTBOPOB
CuSOy, Inx(SO4); 1 SeO, B 1CMOHN30BAHHOM BOEC MTPH COOTHOIIEHUH KOMITOHCHTOB
Cu:ln:Se xak 1:5:3 u pH>>1,2-2,0.

HoBple ¢oTO3meKTpHYEeCKHEe SYSHKH COCTOSAT M3 MEAW, IIMHKAa M 0JIOBa
CuzZnSnS,; (CZTS) m cnocoOHBI MPeoOpa3oBBIBATH JIyUH CBETa B JJCKTPUUYCCKYIO
SHEpruio ¢ K. . A. B 11,1 nponenra. DToT nokazaTeiab HE MOXKET CPABHUTHCA C pe-
3yJbTaTaMU COJIHEUHBIX Oarapedt W3 KpemHus, HO pa3paborka IBM OGornee yem Ha
10 % sddexTuBHEE, YeM Bce OcTaabHBIE MPOAYKTHI B JaHHOM Kiacce. B YHuBepcu-
tere mrata Operon (CIIIA) pa3paboTaH HOBBIM CIIOCOO HMCIIOIB30BAHUS TEXHOJIOTHH
MUKPOBOJHOBOTO HarpeBa Jjisi mMpou3BojcTBa (porosrnemenToB Ha 6aze CZTS. Tex-



HOJIOTaM YAaJIOCh MOJIy4aThb TOHKOIUIEHOYHBIE COJIHEYHBbIE OaTapeu Mpu MOMOIIU
CMEIIMBaHUs HAHOYACTHUI] (PUHAIBHOTO BEIIECTBA B BUIE YEPHUJI, C MOCIEAYIOLIUM
UX HAHECEHHEM IO TPUHTEPHON TEXHOJIOTHUHU.

Teanypun kagvus (CdTe) — emie ouH NMepCEKTUBHBIA MaTepuai s GoTo-
BOJIbTAHKU. Y HEro MOYTHU UJeaabHasl HIMpUHA 3anpelieHHon 30161 (1,44 5B) u oueHb
BBICOKasi CIOCOOHOCTH K moronienuto uznydenus. [Inenku CdTe nocratouno nermie-
Bbl B M3rOTOBJICHUU. KpoMe TOTrOo, TEXHOJIOTMYECKH HECJIOKHO IMOIy4YaTh pa3HOOO0-
pasnbie cmaBel CdTe ¢ Zn, Hg n apyrumu snemMeHTamMu I CO3/IaHMsI CJIOEB C 3a-
JTAaHHBIMH CBOMICTBaMH.

[Togo6HO CulnSey, Hammyumme snemenTsl Ha ocHoBe CdTe BKiOUaroT rere-
porepexona ¢ CdS B kauecTBe OKOHHOTO c10s1. OKCHA 0JI0BA MCIIONB3YETCsl KaK Mpo-
3payHbIi KOHTAKT ¥ MPOCBETIIsAIONIee OoKphIiTHEe. Cephe3Has mpobiieMa Ha IyTH TIPH-
meHenus: CdTe — Beicokoe conpoTuBienue ciost p-CdTe, uro mpuBOIUT K GOIBIINM
BHYTPCHHUM ToTepssM. Ho oHa perieHa B P-I-N-CTPYKType C TeTEpONEpexoIoM
CdTe/ZnTe. I1nenku CdTe 061a1at0T BEICOKOH MOABHUKHOCTHIO HOCUTEIIEH 3apsa, a
COJIHEYHBIE PJIEMEHTBI HA UX OCHOBE — BBICOKMMU 3HAYECHHSIMU K. II. 1., oT 10 10 16%.

Cpenu COMHEUHBIX AIEMEHTOB 0C000€ MECTO 3aHMMAIOT OaTapeu, UCIIONIb3YIO-
e oprannvyeckue marepuajbl. KordduimeHT mone3sHoro AeHCTBUS COTHEUHBIX
AJIEMEHTOB HAa OCHOBE JUOKCHJA THUTAHA, MOKPBITOIO OPTraHUYECKUM KpPACUTENEM,
BechMa BhICOK — ~11 %. OcHOBa COJIHEUHBI JIEMEHTOB JAHHOTO THUIA — MIUPOKO30H-
HBI TOJYyNPOBOAHUK, OOBIYHO T102, MOKPBITHI MOHOCIOEM OPraHUYECKOT0 Kpacu-
tenst. IlpuHuun paboThl 3jeMEHTa OCHOBaH Ha (POTOBO3OYKICHUM KpacuTels U
OBICTPOM MHXKEKIMM 3JEKTpoHa B 30HY IHpoBoauMocTu TiOz. Ilpu 3ToM Mozekyna
KPAaCUTENsl OKUCIISIETCS, YEPE3 DIIEMEHT UJET JIEKTPUUECKUNM TOK U Ha TJIATUHOBOM
AIEKTPOJE MPOUCXOIUT BOCCTAHOBJIICHUE TPUUOAMAA 10 MOJAUA. 3aTEM UOIUJ MPO-
XOJIUT Yepe3 IEKTPOJUT K (DOTOANEKTPOAY, I'/I€ BOCCTAHABIMBAECT OKUCICHHBIN Kpa-
CUTEIIb.

Bonpocsl k riase 2

NHTEHCUBHOCTD COJIHEUHOTO U3ITyUYEHHUS.
DOTOANEKTPUUECKUE CBOMCTBA P-N-TIepexoaa.
BonpT-amnepHas XxapakTepucTUKa COJTHEYHOIO 3JIEMEHTA.
KOHCTpYKIIMU COJTHEYHBIX 3JIEMEHTOB.

Martepuanbl COTHEYHBIX AJIEMEHTOB.

agbrwhE



3. CucreMbl COJTHEYHOTI'0 TeIMJIOCHAOKEHUA

3.1. Knaccuduxanusi ¥ 0CHOBHBIE 3JIeMEHThI I'eJIHOCHCTEM

CucreMaMH COJIHEYHOT'O TEIIJIOCHAOKCHHUS Ha3BIBAIOTCS CUCTCMBI, HUCIIOJIb3Y-

IOI[ME B KaYECTBE UCTOYHMKA TEIIOBOM SHEPrUM COJIHEUHYIO paauanuio. Mx xapak-
TEPHBIM OTJIMYMEM OT JAPYTUX CUCTEM HHU3KOTEMIEPATypHOTO OTOIUVICHUS SBIISETCS
MIPUMEHEHUE CIEHHATIBHOTO 3JIEMEHTA — TEJIMONPUEMHHUKA, MPEIHA3HAYECHHOTO JIJIst
YJIaBJIMBAHUS COJIHEYHOM paJualiy U IpeoOpa3oBaHus €€ B TEIJIOBYIO 3HEPTHIO.

[To ciocoOy KCIoNb30BaHUS COTHEUHOM paJuallii CUCTEMBI COJTHEUYHOTO HU3-

KOTECMIICPATYPHOI'0 OTOIUICHUSA IMMOAPA3ACIIAOT HAa ITACCUBHBIC 1 AKTUBHBIC.

ITaccMBHBIMM Ha3BLIBAIOTCS CUCTEMbI COJTHEYHOI'O OTOIICHH, B KOTOPBIX I'C-

JUOTIPUEMHHUKOM SIBJIICTCS CaMO 3/IaHHEe WIH €ro OTJENbHbBIE orpaxacHus (puc. 3.1).
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a) 0) B)
Puc. 3.1. IlaccuBHbIEe HU3KOTEMIIEPATYPHbIE CHCTEMbI COJIHEYHOTO OTOIICHHS:

a — OTKpBITast; 0 — 3aKphITasi; B — 3aKpbITas Tpomba-Murens; 1 — conHeuHbIE Ty4H;
2 — OCTEKJICHHE; 3 — LIUPKYJISIMOHHBIE KaHaJIbl; 4 — CTEHA 3/1aHMs

[TaccuBHBIEC CHCTEMBI YCJIOBHO MOTYT OBITH ITOPA3/CICHBI Ha!

OTKPBITHIE (COJTHEUHBIC JIYYH MPOHHUKAIOT B OTAIUIMBACMbIC MIOMEIIICHHS Yepe3
OKOHHBIC TIPOEMBbI, 0OBIYHO YBEJIIMUEHHBIX Pa3MEpPOB, U HArPEBAIOT CTPOUTEIb-
HbI€ KOHCTPYKIIUU, KOTOPHIE CTAHOBSTCS MPUEMHUKAMHU U aKKyMYJISITOpaMU
teria (puc. 3.1, a);

3aKkpbIThie (MIOTOK COJHEYHOW pajMallid HEMOCPEICTBEHHO B MOMEIICHHUE HE
IIPOHUKAET, a TOTJIONIAETCS MPUEMHUKAMH COJTHEYHOU pajualiii, COBMEIICH-
HBIMH C HAPY>KHBIMU OTPAXKIAIONTUMU KOHCTPYKIIUSIMU, KOTOPBIE SIBIISIOTCS U
aKKyMyJsiTopaMu TerioTsl (puc. 3.1, 0).

[TomoGHBIE CHCTEMBI UMEIOT PsIJT CYIIECTBEHHBIX HETOCTATKOB:
HEYCTOHYNBOCTH TETIJIOBOTO PEKUMA;

00s13aTeJIbHOE MCIIOJIb30BAaHUE BCIIOMOTATEIbHON HarpeBaTeIbHONH CHCTEMBI;
HEPABHOMEPHBIN NIPOTPEB BHYTPEHHETO BO3yXa B IOMEIICHHUH;

OTCYTCTBHE BO3MOYKHOCTH OCYIIIECTBHUTH Iepeaady TEIUIOTO BO3ayXa B APYTHE
TTOMEIIICHHSI.

bonee a¢pdhexTuBHBIME ABISIOTCS cucTeMbl @. Tpomoba u J[)x. Mummens ¢ uup-

KYJISILIMEN TEeTJIOHOCUTENSI Yepe3 MacCUBHbIN renuonpueMHuk (puc. 3.1, B). I1o cpas-
HEHHUIO ¢ CUCTeMaMH 0e3 HUPKYJSIUU TaKue CUCTEMbl UMEET CYIIECTBEHHBIC Ipe-
MMYLIECTBA:



a) BHYTPEHHHUH BO3JAyX IporpeBaeTcsi 0ojiee paBHOMEPHO W HArpeB €ro HauuHa-
€TCs y’K€ B paHHUE YTPEHHUE YacChl;
0) mpeacTaBiIseTCs BO3MOXKHBIM 00€CIIEUUTh UPKYIISIMI0O BHYTPEHHETO BO3yXa

B ITOMEIICHUSIX, HETTOCPEICTBEHHO HE MPUMBIKAIOIIUX K TeIMONIPUEMHUKY.

AKTMBHBIMH HAa3bIBaIOTCSI CHUCTEMBI COJHEYHOIO HHU3KOTEMIIEPATYPHOTO
OTOIUJICHUSI, B KOTOPBIX TEIUONPUEMHHK SIBIISETCS CAMOCTOSITEIbHBIM OTACIbHBIM
YCTPOWCTBOM, HE OTHOCSIIMMCSI K 3[IaHWI0. AKTHUBHBIE T€TUOCHCTEMBI MOTYT OBITh
MO/Ipa3/IeJICHBbI:

a) MO HAa3HAYEHHUIO (CHCTEMBI rOPSYEro BOJOCHAOKEHUS, OTOIUICHHS, KOMOUHHU-

POBaHHbBIEC CUCTEMBI JIJISI LIeJICH TETUIOXO0JI0A0CHA0KEHUS );

0) 1Mo BUIY HCIIOIB3YEMOTO TETUIOHOCHUTENS (KUAKOCTHBIC — BOJAA, aHTU(DPU3 U

BO3/YIIHBIC);

B) IO MNPOJOJLKUTEIBHOCTH PabOThI (KPYTIOTOJUYHBIE, CE30HHBIE);
I') MO TEXHUYECKOMY PEIICHUIO CXeM (OHO-, ABYX-, MHOTOKOHTYPHBIE).

Bo3ayx siBisieTcsl IMPOKO paclpOCTPAaHEHHBIM HE3aMEP3AIOIINM BO BCEM JUa-
nazoHe pabo4yux mapaMeTpoB TeIuioHOcUTesneM. [Ipu mpuMeHEeHHUH ero B KauyecTBe
TEIJTIOHOCUTENSI BO3MOXKHO COBMEIIIEHHE CHUCTEM OTOIUICHUS C CUCTEMOM BEHTHUJIA-
nuu. OJHAaKO BO3AYX — MAJOTEIIOEMKUN TEIJIOHOCUTEND, YTO BEJET K YBEIIMUYCHUIO
pacxojia MeTajla Ha YCTPOMCTBO CUCTEM BO3QYIIHOTO OTOIUICHUS IO CPABHEHUIO C
BOJISHBIMH CUCTEMaMH.

Bona sBisieTcs TEIOEMKUM U MIMPOKOAOCTYIHBIM TeruioHocuteneMm. OaHako
npu Temieparypax Huxke 0 °C B Hee He0OXOIMMO JO0ABJISITH HE3AMEP3AIOIIUE KU~
kocTh. KpoMe Toro, Hy’KHO YyYUTBHIBAaTh, YTO BOJA, HACHIILIEHHAS] KUCIOPOOM, BbI3bI-
BAaE€T KOPPO3HIO TPyOOIPOBOJOB M ammapaToB. Ho pacxox Meramia B BOJSHBIX Ie-
JMOCHCTEMaX 3HAYUTENIBHO HUXKE, YTO B OOJIBIION CTENEHU CIIOCOOCTBYET OoJiee MH-
POKOMY UX IPUMEHEHHUIO.

Ce30HHBIE TETMOCUCTEMBI TOPSYETO BOJOCHAOKEHNS OOBIYHO OJTHOKOHTYPHBIE
U (QYHKIIMOHUPYIOT B JICTHHE U TIEPEXOJHBIC MECSIIbI, B IEPUOJIBI C TIOJIOKUTEIHLHOM
TEMIIEPATYPOIl HAPYKHOTO BO3ayXa. OHU MOTYT UMETh JOMOJHUTENIbHBIA UCTOYHUK
TETJIOTHI WM 00XOIUTHCS 6€3 HEro0 B 3aBUCMMOCTH OT Ha3HAYEHUs 00CTy>KHBAEMOTO
00BEKTa U YCIOBHM SKCIUTyaTallUH.

['enrocucTeMbl OTOTUICHHS 3[JaHUN OOBIYHO JIBYXKOHTYPHBIE WJIM Yallle BCETO
MHOTOKOHTYPHBIE, PUYEM JJII Pa3HbIX KOHTYPOB MOTYT OBITh TPUMEHEHBI Pa3Jiny-
HbIE TEMJIOHOCUTENIH (HAlpUMep, B TEIIMOKOHTYPE — BOJAHBIE PACTBOPHI HE3aMep3ato-
IIUX JKUAKOCTEH, B MPOMEKYTOUHBIX KOHTYpaxX — BOJIa, @ B KOHType MOTpeOUuTess —
BO31IYX).

KoMOuHHpOBaHHBIE TEIMOCUCTEMBI KPYTJIOTOAUYHOIO AECUCTBUS IS Liened
TEIJIOXO0JI00CHAOKEHUS 3JaHMH MHOTOKOHTYPHBIE M BKJIFOYAIOT JIOMIOJTHUTEIbHBIN
MCTOYHUK TEIUIOTHI B BUJIC TPAIUIIMOHHOTO TEIUIOTeHepaTopa, paboTaloIIero Ha op-
raHUYECKOM TOILTUBE, WIH TpaHChopMaTopa TETUIOTHI.

[TpuHIMTIUATBHAS CXeMa CHUCTEMBI COJIHEYHOTO TEIUIOCHAOKEHUS MPHUBEICHA
Ha puc. 3.2. OHa BKJIIOYAET TPU KOHTYpa HUPKYJIALUU:

a) TEPBBII KOHTYP, COCTOSIIIUN U3 COJTHEUYHBIX KOJUIEKTOPOB 1, IUPKYISIUOHHO-

ro Hacoca 8 M KUJIKOCTHOTO TEIUIOOOMEHHUKA 3;

0) BTOpPOIl KOHTYp, COCTOAIMN W3 Oaka-akKKymyjsiTopa 2, IUPKYJISIIHOHHOTO

Hacoca 8 ¥ TeII000OMeHHHKa 3;



B) TPETHH KOHTYp, COCTOSIIMKA W3 Oaka-akKymyssTopa 2, HUPKYJISIIHOHHOTO
Hacoca 8, BOJIOBO3AYIIIHOIO TeII000OMeHHUKa (Kamopudepa) 5.

8 4
\ X
D 0 .
3 Ot BOgomnpoBoaa Bosayx N\ 5

Puc. 3.2. lIlpyHMnMaJbLHAast cXeMa CHCTEeMbI COJTHEYHOT0 TEMJIOCHAOKEHUS :
1 — comHeuHbI KOJJIEKTOP; 2 — 0aK-aKKYMYJISITOP; 3 — TEIJI000MEHHUK; 4 — 3/I1aHUE;
5 — kanopudep; 6 — 1ydsep cucTeMbl OTOIUICHHS; 7 — yOJaep CUCTEMBI TOPSIUero BOJAOCHAOKEHUS;
8 — IUPKYISIIHOHHBIA HACOC; 9 — BEHTUIISITOP

OYHKIMOHUPYET CUCTEMA COJIHEYHOI'O TEIJIOCHAOXKEHMs CIeIyoMuM oOpa-
30M. Temnonocutens (aHTUPPU3) TEMJIONPUEMHOIO KOHTYpa, HAarpeBasich B COJIHEU-
HBIX KOJUIEKTOpax 1, mocTymaer B TEIMJIOOOMEHHUK 3, IZie TeIJIOTa aHTH(pU3a nepe-
JaeTcs BOJE, LUUPKYJIUPYIOIEH B MEXTPYOHOM IMPOCTPAHCTBE TEIJIOOOMEHHHMKA 3
noJ JedcTBUEM Hacoca 8 BTOporo koHrtypa. Harperas Boma mocrymaer B Oak-
AKKyMYJISITOD 2.

N3 OGaka-akkymyJssaTopa BojJa 3a0UpaeTcsi HACOCOM TOpSYEro BOJOCHAOKe-
HUsl 8, JOBOAUTCS IIPU HEOOXOAUMOCTH A0 TpeOyemoil TeMrieparypsl B ayosaepe 7 u
MOCTYNaeT B CHCTEMY Tropsiuero BojocHaOxeHus 31aHus. lloanuTka Oaka-
AKKyMYJISITOpa OCYILECTBIISIETCSA U3 BOJIOIPOBOJIA.

Jlns ororuieHusl Boja M3 Oaka-aKKyMyJssiTopa 2 MOJAETCs HACOCOM TPETHETO
KOHTYypa 8 B Kanopudep 5, uepe3 KOTOpbIi ¢ TOMOILIBI0 BEHTHIIATOpA 9 npomyckaeTcs
BO3/yX U, HarpeBUINCh, IOCTYMAET B 37aHue 3. B ciyyae OTCYTCTBHUS COJIHEUHOM pa-
VAl WM HEXBaTKU TEIUIOBOM 3HEpPruM, BbIpabaThIBA€MON COJHEYHBIMU KOJUIECK-
TOpaMH, B paboTy BKJItOUaeTcs yosep 6.

Bb160p ¥ KOMITOHOBKA 3JIEMEHTOB CHCTEMbI COJIHEYHOTO TEIJIOCHA0XXEHUS B
KaXXIOM KOHKPETHOM Cllydae ONpeAeNIioTCa KIMMaTHYeCKUMH (pakTopamu, Ha3Ha-
YeHHEM 00BEKTa, PEKUMOM TEILIONOTPEOICHUS, SKOHOMUYECKIMHU ITOKa3aTEJISIMU.

3.2. [li1ocKkue coTHeYHbIe KOJIEKTOPbI

ILi1ockni COJTHEYHBIH KOJJIEKTOP — YCTPOMCTBO € MOTJIOMIAIONIEH MaHENbIO
IUIOCKOW KOH(UTypalluy U TUIOCKOM MPO3pavHON M3OJISILUE JUIsl MOTJIOMICHUS SHEep-
MU COJTHEYHOTO U3JIyYEHUS U IPeoOpa3oBaHusl €€ B TEIJIOBYIO.

[Inockue cofHeuHbIE KOJUIEKTOPHI (pucC. 3.3) COCTOST M3 CTEKJISIHHOTO HWJIU
IIJJACTUKOBOTO MOKPBITUS (OAMHAPHOIO, TBOMHOIO, TPOMHOIO), TEILIOBOCHPUHUMA-
IOIeH TaHeNH, OKPAIIEHHON CO CTOPOHBI, OOPAIIEHHONW K COJHILY, B YEPHBIN IIBET,



U30JISIUU Ha OOpaTHOW CTOPOHE M KopIilyca (METANTIMYECKOT0, MIAaCTUKOBOTO, CTEK-
JITHHOTO, ICPEBSIHHOTO).

Puc. 3.3. [11ockuii coTHEeYHbIH KOJJIEKTOP:
1 — conHeyHble 1yun; 2 — OCTEKIIEHUE; 3 — KOPITYC; 4 — TEIIOBOCIPUHUMAIOIIAS TTOBEPXHOCTH;
S — TEIIOU30JIALIUS; 6 — YIUIOTHUTEIb; 7 — COOCTBEHHOE JJIMHHOBOJIHOBOE U3JIYYCHUE
TETJIOBOCTIPHHUMAIOIIEH TIIaCTHUHBI

B kadecTBe TEMIOBOCIPUHUMAIOIIECH IMAHEIW MOXHO HCIOJIb30BaTh OO0
METAUINYECKUN WIH IIACTMACCOBBIM JINCT ¢ KaHAJIAMM JUIs TerioHocutens. Msro-
TaBJIMBAIOTCS TEIUIOBOCIIPUHUMAIOIINE MTAHEIN U3 ATIOMUHHUS UIU CTAJINA IBYX TUIIOB:
JUCT-TpyOa U MITaMIOBaHHbIEC TTaHeH (TpyOa B jucte). [ImacTmaccoBbie maHenu u3-
32 HEJOJTOBEYHOCTH W OBICTPOTO CTAPEHHUS O]l JIEWCTBUEM COJHEUHBIX JIy4el, a
TaKXX€ U3-3a MaJIOM TEIUIONPOBOJIHOCTH HE HAXOJAT IIUPOKOTO PUMEHEHUS.

PaccmoTpum ypaBHEeHHE OanaHCa SHEPTUU TUIOCKOTO COJIHEUHOTO KOJUIEKTOPA
JUIsl CTAIMOHAPHBIX YCJIOBHM, KOTOPOE OMPENEIAET TEILIONPOU3BOAUTEIBHOCTD KOJI-
JIEKTOpA B pacyere Ha €IMHUIY IUIOIIAIA TEIIOBOCIPUHUMAOLIEH MOBEPXHOCTH KAK
PAa3HOCTH MOTJIOLIEHHOTO COJIHEYHOTO M3JIYYEHHS H. TEIUIOBBIX IOTEPh B OKPYXKAKO-
myro Cpeny

g, = f7,0- fk(f —t,, ). (3.1)
rae ( — MOBEPXHOCTHAs IUIOTHOCTh MOTOKAa CYMMApHOW (MpSIMOMl, OTPaKEHHOU M

G }y3HOI) COTHEYHOM paguanuu B IIIOCKOCTH KOJUIEKTOPA;
f' — kosdpdunueHt 3phekTHBHOCTH;

n, — onrnueckuii KIIJI, mpakTuyecku paBHBIA IPOU3BEACHUIO NIPOILYCKATECIBHOU
CIIOCOOHOCTH MPO3pPavyHON M3OJSIUU 7 Ha MOMVIONIATENbHYI0 CIIOCOOHOCThH MO-

TJIOIIAOIIEH TTAaHEeNIN @ B COTHEYHOM CIIEKTPE;
k. — oOmmit k03(h(HUIMEHT TEIUTonepeadn OT KOJIEKTOPa B OKPYKAKOIIYIO Cpe-

K
AY;
t . — cpenHsAs TeMieparypa TEIUIOHOCUTENS B KOJUIEKTOPE;
t,, — TemIepatypa HapyKHOTO BO3/yXa.



Koadduiuent apdpexruBroctr f' xapakTepusyeT CTeneHb HEPABHOMEPHOCTH

TEMIEPATYPHOTO TOJS B MOMEPEYHOM CEUCHHUHU TMaHeNH, T. €. 3(pPeKTUBHOCTD mepe-
HOCA MOTJIOIIEHHOI'O COJTHEYHOTO U3JTy4eHUs K ITOTOKY TeIUIOHOCuTeNs B TpyOax. OH
3aBUCHUT IJIaBHBIM 00pa3oM OT KOHCTPYKIMH MaHelId. MakcUMalbHOE €ro 3HaYeHue,
paBHOE 1, mocTuraercs B TOM ciydae, KOrAa TEILIONPOBOJHOCTh MaTepHaa JUCTO-
BOH 4acTU NaHenu A — 00, TEPMHUYECKOE CONPOTUBIEHUE KOHTAKTa MEXy JINCTOM U
Tpyooit R — 0 u xo3¢dduuumenT remnnonepeaayn oT CTEHKU TPyObl K TEIJIOHOCUTE-

0 K — oo, IIpu mpoeKTHpOBaHUM KOJUIEKTOPA JIJIsl 00ECTIEYCHHS €T0 MaKCUMAIbHOM
TEIJIONPOBOHOCTH HEOOXOIMMO B COOTBETCTBHM C ypaBHeHUeM (3.1) peanusoBaThb
10 BOBMOXKHOCTHU Oonbline 3HadeHus f' W 77, U CBECTH K MUHUMYMY TEIIJIOBBIE I10-
TEpHU.

OpHol U3 XapaKTEPUCTUK KOJUIEKTOpa SBIISIETCS MaKCHUMallbHAsl TeMIeparypa
t., 10 KOTOpOH HarpeBaeTcsl MOTJIOIIA0IIAsl MMaHelb, €CJIU OT KOJUJIEKTOpa HE OTBO-

auTcs Terora. [Ipy 3TOM Bce MOTJIOIIEHHOE COJIHEYHOE M3Jy4YEHUE MEePEeXOIUT B
TerioBble notepu. Eciu B ypaBaenuu (3.1) mpunsite , =0 u =t , T0
17,9
t, =t +-—°—. (3.2)

K

Cornacuo (3.2) npu q="750B1/™?, t,, =20°C, 17, =0,8 u k, =7,5 Br/(m*-°C)

(KOJJIEKTOp ¢ OMHAPHBIM OCTEKJICHUEM W MaHEeINbl0, OKPAIEHHOW OOBIYHON YepHOM
Kpackoit) 3nauenue t cocrtasuser 100 °C.

BakHOM XapaKTepHCTUKON KOJIJIEKTOpa SBJISICTCS €ro K. I. JI., KOTOPBIA OIpe-
JeseTcs KaK OTHOIICHHE TETUIONPOM3BOJUTEIIBHOCTH K MaJalolleMy IOTOKY COJI-
HeuHoi paauaruu. Cormnacto (3.1)

fk(f —t.,)

n=1n, - : (3.3)
q

3aBUCHUMOCTb 1] = f(’[_K —tp /q) rpauyuecku TpPENCTaBIsAeT COOOU MPSAMYIO

JINHUIO, KOTOPYIO PacCMaTPUBAIOT KaK TEIUIOBYIO XaPAKTEPUCTUKY KoJuiekTopa. [Ipu
stom f 7, — oTpe3ok, oTcekaemblii 3TOI MpsiMoii Ha oc opauHaT, a f Kk, — yrmosoii

ko3 unreHT npsimoit. B coorBeTcTBUM ¢ ypaBHEeHHEM (3.3) K. M. 1. UBMEHSETCS OT
MakcumainbHoro 3Hauenust 7, npu t =t mo myns mpu t, =t . Yacro ams cpaBHe-

HUSL KOJUIEKTOPOB MeX Iy co0oil mpumMenstor Benuuunsl fon u fgk, , roe fi — xo-
3¢} hunMeHT 0TBOAA TEIIOTHI U3 KOJUIEKTOpA, KOTOPHIH cBsi3aH ¢ ' BhIpakeHMEM

fk,
. )
fR:ng 1-e % |, (3.4)

K

rae ¢, — yAedbHbIM (Ha €QUHMILY IUIOLAJH TEMJIOBOCIPUHUMAIOIIEH TOBEPXHOCTH
KOJIJIEKTOPA) pacxo/l TEIMJIOHOCUTENS Yepe3 KOJIEKTOP;
C, — yZeJbHas TEIJIOCMKOCTD TEIIOHOCHTEIIS.
Ecnu B ypaBHeHuH (3.1) 3aMEHUTh CPEAHIOI TEMIIEPATypy TEIJIOHOCUTENS

Ha ero TeMIepaTypy Ha BXoje B KoyuiekTop t_ , To f' B 3TOM ypaBHeHHMHU cieayeT

BX ?



3aMeHHThb Ha f
O = Tr770— frk, [ty — 1o ). (3.5)

Jlnst moBblieHUst 3(HEKTUBHOCTH KOJUIEKTOpa U TOCTHXKEHHs 00Jiee BBICOKUX
TEMIIEPATYP TEIUIOHOCUTENSI MOBEPXHOCTh IUIACTUHBI MOKPBIBAKOT CIEKTPAIbHO-
CEJIEKTUBHBIMU CJIOSIMH, AKTUBHO MOTJIOMIAIOIIMMH KOPOTKOBOJHOBOE H3JIyYCHHE
COJIHIIA U CHIKAIOIIMMH €€ COOCTBEHHOE TEIJIOBOE M3Iy4YCHHE B JUIMHHOBOJHOBOM
YacTH crekTpa. Takue KOHCTPYKIHMH Ha OCHOBE «YEPHOTO0 HHUKEJSN», «YEPHOTO XPO-
May», OKUCH M€Y Ha AIFOMUHUH, OKUCU MEJIM Ha MEIU U JPYTHe TOPOroCTOAIN (UX
CTOMMOCTh YaCTO COM3MEPHMA CO CTOMMOCTBIO CaMOW TEIIOBOCIPUHUMAIOIIEH Ma-
Henu). JpyruM cnocoOoM yiaydyIIeHUs] XapaKTEPUCTHK IUIOCKUX KOJUIEKTOPOB SIBJIS-
€TCS CO3/IaHHE BaKyyMa MEXJIy TEIUIOBOCHPUHHMAIOUIEH IMAHENIbI0 W MPO3PavyHOil
M30JSIUMEN U1 YMEHBIIEHUS TEIUIOBBIX MOTEPH (COJIHEUHBIE KOJUIEKTOPHI YE€TBEPTO-
r'0 TIOKOJICHUS ).

OMNBIT 3KCITyaTaluy COJIHEYHBIX YCTAHOBOK HA OCHOBE COJTHEYHBIX KOJUIEKTO-
POB BBISIBIJI PsiJ] CYLLIECTBEHHBIX HEAOCTATKOB MOJI0OHBIX cucteM. [Ipexae Bcero 3to
BBICOKAsl CTOMMOCTh KOJUIEKTOPOB. YBenuueHue 3(p(PEeKTUBHOCTU UX pabOThI 3a CUET
CEJICKTUBHBIX NTOKPBITUM, MIOBBIIIEHUE ITPO3PAYHOCTH OCTEKIIEHUS, BAKYyMHUPOBAHMSI,
a TAaK)K€ YCTPOMCTBA CHCTEMBI OXJIAXKJACHUS OKA3bIBAFOTCS DKOHOMHYECKM HEpEHTa-
0enbHbIMU. CyLIECTBEHHBIM HEJIOCTATKOM SIBJIIETCSA HEOOXOJUMOCTh YacTOM OYHUCT-
KM CTEKOJI OT MbUIM, YTO MPAKTHUYECKH MCKIIOYAET MPUMEHEHUE KOJUIEKTOpa B MPO-
MBIIUIEHHBIX paiioHax. [Ipu MIATENBHONW SKCIUTyaTallMW COJIHEYHBIX KOJUIEKTOPOB,
0COOEHHO B 3UMHHUX YCIJIOBUSAX, HAOJIO1a€TCS YacThblid BBIXOA UX W3 CTPOs M3-3a He-
PAaBHOMEPHOCTH PACUIMPEHHS OCBEIICHHBIX U 3aTEMHEHHBIX YYaCTKOB CTEKJIA 33 CUET
HapyILIEHUs UEIOCTHOCTH OcTekeHuss. OTMedaeTcs Takke OOJbIION MPOUEHT BBIXO-
7la U3 CTPOsI KOJIEKTOPOB IIPH TPAHCIOPTUPOBKE M MOHTAXE. 3HAYUTEIBHBIM HEJ0-
CTaTKOM pPa0OTHI CHUCTEM C KOJIJIGKTOpAaMH SBIIAECTCA TAaKXEe HEPaBHOMEPHOCTh 3a-
I'PY3KH B T€UEHHUE rofa U CyToK. ONBIT 3KCILTyaTallMy KOJUIEKTOPOB B yCIOBUAX EB-
ponsl M eBpornelickoit yacti Poccuu mipu Beicokoi aojie nuddy3Hon paguanuu (10
50 %) moka3as HEBO3MOXKHOCTb CO3JaHHsI KPYIJIOTOJAWYHOW aBTOHOMHOM CHUCTEMBI
ropsiuero BOJIOCHAOXKEHUS U OTOIJICHUsI. Bce renmocucTeMsl ¢ CONMHEYHBIMU KOJIICK-
TOpaMH B CPEIHUX HIMPOTaX TPeOyIOT yCTpOHCTBAa OONBIIUX TO 00BEMYy OaKoB-
AKKyMYJISITOPOB M BKJIIOYEHHUS B CUCTEMY JAOIMOJIHHUTEIBHOIO MCTOYHMKA SHEPIHH,
YTO CHM)KAET 3KOHOMUYECKHI 3P(EKT OT UX nMpuMeHeHus. B cBsi3u ¢ 3TuM Haunbonee
L[E€JIECO00PA3HO UX UCIOJIb30BAHUE B PailOHAaX C BBICOKOW CpelHEel MHTEHCHUBHOCTBIO
conHeuHol paguanuu (He Huxe 300 B1/m?).

3.3. KoHueHTpHpYyouue reJJuONpUeMHUKH

KoHuenTpupymomue reJJMONPHeMHUKH TPEICTABISIOT cO00M chepuieckue
WM napadonmueckue 3epkana (puc. 3.1), BBIMOIHEHHBIC U3 TIOJUPOBAHHOTO METAILIA,
B (DOKYC KOTOPBIX MIOMEIIAIOT TETJIOBOCTIPUHUMAFOIIHHN 3JIEMEHT (COTHEYHBIN KOTEN),
4yepe3 KOTOPbIA [MUPKYJIUPYET TEIJIOHOCHUTEINb. B KauecTBe TEIUTIOHOCUTENSI HCIOJIb-
3YIOT BOJly WJIM HE3aMep3arouue KuakocTu. [Ipyu ucnonb30BaHUM B Ka4€CTBE TEILIO-
HOCHUTEJISI BOJIBI B HOYHBIC YacChl M B XOJIOJHBIN MEPHOJI CUCTEMY 00sI3aTeIhHO OIO0-
POXKHSIIOT JIJIs PEIOTBPAIIEHUS €€ 3aMep3aHus.



Jns oGecrieueHus: BBICOKOM 3(pheKTUBHOCTH TIpoIlecca yJaBIUBaHUS U TIPE0O-
pa30oBaHUS COJHEYHOHN paauaIiuil KOHIICHTPUPYIOIINI TeTHONPUEMHHK JOHKEH OBITh
NOCTOSIHHO HampasiieH cTporo Ha Comnnile. C 3TOM LEbI0 FeTMONPUEMHUK CHA0XKAIOT
CUCTEMOM CIeKeHUs!, BKIIIOYAIolel NaTyuk HarpaBieHus: Ha CoJHIE, SJeKTPOHHBIN
OJIOK TPeoOpa30BaHUs CHTHAJIOB, AJIEKTPOABHUTATENbh C PEIyKTOPOM JIJIsi MOBOPOTA
KOHCTPYKITUH TEJIHOMPUEMHHKA B IBYX IJIOCKOCTSIX.

a)

Puc. 3.4. KoHueHTpupyOLue reJiiONpueMHUKH:
a — mapaboIM4ecKuii KOHIIEHTPATOP; 0 — MapaboIOIMIIMHAPHYECKUI KOHIICHTPATOD;
1 — conHeyHble 1y4H; 2 — TEIUIOBOCIPUHUMAIOLIUI 37IEMEHT (COTHEYHBIN KOIJIJIEKTOP);
3 — 3epkaio; 4 — MEXaHU3M MPUBOJIA CUCTEMBI CIKEHUS; S — TpyOOIIPOBOIBI, TOABOASIIIE
Y OTBOJSIINE TEIUIOHOCUTENh

[IpenMyIecTBOM CUCTEM C KOHIICHTPHPYIOIIUMU TeTHONPUEMHUKAMHE SBIISICT-
Csl CITOCOOHOCTH BBIPAOOTKH TETUIOTHI C OTHOCHUTEIHHO BBICOKOW TeMIlepatypoi (1o
100 °C) u gaxe mapa. K HegocTaTkaM cienyeT OTHECTH BBICOKYIO CTOMMOCTH KOH-
CTPYKIIMH; HEOOXOAUMOCTh MOCTOSHHOM OYUCTKH OTPaXKAIOUINX MOBEPXHOCTEH OT
IBLIM; PabOTy TOJBKO B CBETJIOE BPEMsI CYTOK, a CJI€0BATEIbHO, TOTPEOHOCTh B aK-
KyMyJISITOpax OoJibIIOro oObema; OoJbIIMe 3HEepro3arparbl Ha MPUBOJA CUCTEMBI
ciexenus 3a xoaoM CoJHIIa, COM3MEpHUMBbIe ¢ BhIpabaThIBaeMOW dHEpTuei. DTu He-
JOOCTATKH CIACPKUBAIOT HIMPOKOE MPUMEHEHHE aKTUBHBIX HU3KOTEMIIEpaTYPHBIX CHU-
CTE€M COJTHEYHOTO OTOIUICHHS ¢ KOHIICHTPUPYIOUIMMH T'eTHOTIPHEMHUKAMHU.

Bomnpocs! k riiase 3

1. Knaccudukanuus u OCHOBHBIE 3JIEMEHTHI T€THOCUCTEM.

2. CHUCTEeMBI COTHEYHOIO TEMJIOCHAOXKEHUS, MPUHIUI ACHCTBUS, JOCTOMHCTBA U
HEJO0CTaTKH

ITnockue coHeYHbIE KOJIJIEKTOPBHI.

KoHueHnTpupytoiue reImonpueMHUKH.

B w



4. Teni0oBoe aKKyMYJTHPOBaHHE JHEPTUHU
4.1. DHepreTudeckuii 0aj1aHC TENJIOBOr0 AKKYMYJISITOPa

TenuoBoe akkKyMyJMpoBaHWe — 3TO (QU3NYECKUE WU XUMHUYECKHUE IpOLEC-
Cbl, IIOCPEICTBOM KOTOPBIX IPOUCXOAUT HAKOIUICHHWE TEIlla B TEIUIOBOM aKKyMYJIf-
tope 3ueprun (TAD).

AKKYMYJIITOP COCTOMT U3 pe3epByapa Juisl XpaHeHHs (OOBIYHO TEIJIOM30JIH-
POBAHHOT0), aKKyMYJIUpYIOmel cpeabl (padodero Tena), yCTPOUCTB ISl 3apsIKH U
pa3psIKH U BCIIOMOTaTEIIbHOTO 000PY10BaHUSI.

AKKYMYJHPYHOILIAS CHCTEMA XapaKTepU3yeTcs CocoO0aMu, KOTOPbIMU SHEP-
THSL AJ1S 3apSAKU aKKYyMYJIATOpa OTOMpaeTCst OT UCTOYHHKA, TpaHchopMupyercs (Ipu
HEO0OXOIMMOCTH) B TPEOYEMBIH BT JHEPTHH U OTJACTCS MOTPEOUTEINIO.

Ha puc. 4.1 nokaszaH npoiecc TEIIOBOro akKyMyJIMPOBaHUSI ¢ UCIOJIb30BaHU-
€M cocyaa-akkymyisstopa. banaHc sHeprum i 3TOro mporecca B OOUIEM BHJE
MOXHO 3aIlicaTh

Eex_Eebe:E (41)
rae E,. — noaseneHHas >Heprus, E,, . — OTBeACHHas dHeprusd, E, — aKKyMyJIupo-

ak !

BaHHAA SHCPI'HAA.

~— | =
dw
Puc. 4.1. Duepreruyeckuii 6ajJaHCc AKKyMYJATOPa

[IpumeHsst nepBbIi 3aKOH TEPMOJWHAMUKHU IS MOJBEACHHOW U OTBEACHHOU
SHEPTUU K ATOU OTKPBITON CHUCTEME, MOJTYYUM OCHOBHOE YPAaBHEHHE aKKyMYJIHUPOBa-
HUS SHEPTUU TSI OTKPBITHIX CUCTEM B AuddepeHImaibHoi Gopme:

c? c?
u+pv+gH+7 dm,, +dQ — u+pv+gH+7 dm,,, —
68X 8 blX
o2
—dW =d||u+ gH + ? m

ak

(4.2)

ak

rae m, — Macca akKyMyJIUPYIOLIEH CPenbl; ¥ — BHYTPEHHs SHEpIus (OTCUUTHIBaE-
Mass OT MPOU3BOJLHOIO HYJIEBOT'O YPOBHA); p — JaBJICHUE; V — YJEIbHbIA 00beM;
g — YCKOpEeHHuE Cuibl TskecTH; H — BbicoTa (OTCUMTBIBaEMas OT MPOU3BOJBLHOIO
HYJICBOTO YPOBHS); gH — yaenbHas NOTEHI[MaIbHAs YHEPTUSI; ¢ — CKOPOCTh TCUCHHUS;

2
C / 2 — yjaenbHas KUHETUYECKas dSHeprusi; dQ — Temio, MOABEIECHHOE K CHUCTEME;

dW — paboTta cucTeMbl, HE 3aBHCSIIAs OT NMEepeHOca MacChl (HampuMep, Mpu JABHXKe-
HUU CTEHOK CUCTEMBI, AJIEKTPUUECKasi SHEPTHUS, SHEPTUs BaJla JBUTATENS).



HccnenoBanue obmiero ypaBHeHus (4.2) mokas3bIBaeT, YTO aKKyMYJIHPOBaHUE
SHEPTUU MOXKET OCYIIECTBIISITHCS B PE3YJIbTATE U3MEHEHUS: a) Y/IeIbHON BHYTPEHHEH
sHepruu; 0) yIeIbHON MOTEHIMANIbHOW SHEPIUH; B) yJIETbHON KUHETUYECKON SHEp-
I'MH; T) Macchl cucteMbl. K TEerioBoMy akKyMyJIUpPOBaHUIO SHEPTHUH OOBIYHO OTHOCST
ciyyai (a), a Takxke ciydait (0), eciu yaeiabHas BHYTPEHHSISI SHEprus padodyero tesa
BBIIIIE, YEM OKPYKAIOILIEH CPE/Ibl.

Ecnu HakomieHue W KMHETHUYECKOW, M MOTCHIMAIBbHOW YHEPTUU HCKIOYEHO
(c,. =0, H, =0) u ecnu, kpome TOro, WieHs! ypaBHeHHUs (4.2), COOTBETCTBYIOIIUE
KUHETHUYECKOU U MOTEHIUATBLHON YHEPTUSM MOJBOAUMON U OTBOJUMOM Macc, IpeHe-

6p€)I(I/IMO MaJlbl, a pa60Ta OIrpaHHYCHA ABUKCHHUCM HOBerHOCTGﬁ, OIpaHHUYHMBAIO-
mux CUCTEMY, T. €. CCJIIN

aw =p,dv.

ak!

(4.3)
rae V, — o0beM akKyMylsTopa; p,. — JABICHHE B aKKyMYJSATOpE, TO ypaBHEHHE
(4.2) nmpeoOpasyercs K BHAY, CIIPaBEAINBOMY JUISI aKKyMYJISITOpa TeIlia
(u + pv)gxdmgx +dQ — (u + pv) dm,, =d (um)aK +p,av,... (4.4)
Vcnonb3yst onpeesieHue SHTAIbITHHA, UMEEM

6 blX

h=u+ pv, (4.5)
H, CJICI0BATEIbHO, dHEpreTnYecKuii Oaganc (4.1) mpuHUMacT BHI
hodim, +dQ = hydm,,, = d(um) .+ podV,. — (4.6)
CoOTBETCTBEHHO OaaHC MACChl 3aIHIIETCS KakK
dm, —dm,, =dm,,. 4.7)

[Iporecchl 3apsAIKu U pa3psiKU ONMUCHIBAIOTCS B OOIEM BUJIEC YPaBHEHUSIMHU
(4.4) wma (4.6) u (4.7). B mpocThIX Cllydasx BO3MOYKHO aHAJIMTHYECKOE pelicHue. B
Ipyrux, 0ojiee CIOXKHBIX CIydasX MOTYT OBITh MOJYYEHBl YHCIICHHBIC pelieHus (B
0COOEHHOCTH 3TO OTHOCHUTCS K MPOLIECCY Pa3psSAKH).

4.2. Knaccupukauust akKymyJISITOPOB Teljia

B cooTBeTcTBHM C MPUHSATHIMH BBIIIE ONPEICICHUSIMU U BBIBOJIAMU MOKHO
IIPOBECTH KJIACCU(PUKALINIO aKKYMYJISITOPOB TEIUIA.

1. AKKyMyJIMpYIOIIAsi U TEMJIOOOMEHHAas Cpe/bl.

a. [IpsiMmoe akKyMynupoBaHHUE: aKKyMYJIHUPYIOIIEH U TETNIOOOMEHHOM SIBIISIETCS
OJIHA M Ta ke cpefa. AKKYMYJIUPYIOIas cpe/ia MOXKET ObITh TBEPOH, KUIKOH, ra3o0-
oOpa3Hoi nwin 1Byxdha3Hou (KUAKOCTH IUIIOC Ta3).

0. KocBeHHOE aKKyMyJIUpPOBaHHE. DHEPTUS aKKyMYJIHPYETCS TOJBKO IMOCPE.-
CTBOM TeruiooOMeHa (HampuMmep, TEIJIONPOBOJAHOCTBIO Y€pe3 CTEHKH pe3epByapa)
00 B pe3yJbTaTe MaccOOOMEHa CIEeUUAbHON TErIO0OOMEHHON cpefbl (B KUIAKOM,
nByx(ha3HOM WU Ta3000pa3HoM cocTosiHun). COOCTBEHHO aKKyMyJIUpPYIOIIas cpena
MOXKET OBITh TBEPAOH, KUIAKOW WJIM Ta3000pa3HOl (MpoIecC MOXKET MpOoTeKaTh 0e3
¢dazoBoro nepexoza, ¢ $ha3oBbIM MEPEXOAOM TBEPIOE TEIO — TBEPIOE TEJO, TBEPIOE
TEJIO — XKHUJKOCTb WIIH KHUIKOCTh — I1ap).

B. [lomynpsimoe akkyMyiupoBaHHE: MpoliecC MPOTEKaeT Kak B ciiydae 0), 3a
WCKIIFOYEHHEM TOTO, YTO aKKyMYJIUPYIOIIasi eMKOCTh TETUIOOOMEHHOW CPellbl UTpaeT
OoJyiee BaXHYIO POJb (HampuMep, aKKyMyJIHpOBaHUE ropsued HedTH ¢ TBepAOr



HaCcaJIKoM).

r. CopOLMOHHOE aKKyMYyJIMpPOBaHHE: B ATOM CJIy4yae MCHOJB3YETCS CHOCO0-
HOCTh HEKOTOPBIX aKKyMYJIUPYIOIIHUX cpell aOcopOMpOBaTh Ta3bl C BbIACICHUEM
Teria (M MOorJIoEHUEM Teria pu Aecopouuu rasza). [lepenaya sHeprum MoKeT Ipo-
UCXOJUTh HEMOCPEICTBEHHO B (hopMe Teria Uil C MOMOIIIbIO Ta3a,

2. Macca akkyMyJIMpyIomie cpeabl.

a. IlocrosHHas macca (dm,, =0): 0OBIYHO 3TO Cilyuyail KOCBEHHOTO aKKyMy-

aupoBaHus. OIHAKO MOXKET UMETh MECTO M MPAMOE aKKyMyJIHpPOBaHHE, €CIH Tepe-
MelaeMas 9acTh MAacChl TIOCJIe OXJIKICHUS (TIpy paspsake) Wid Harpesa (Mpu 3a-
PSIKE) TIOTHOCTHIO BO3BPAIIACTCS B aKKyMYJISITOP (BBITECHUTEIBHOE aKKyMYJIHMpPOBa-
HUE).

0. Ilepemennas macca (dm,, #0): 3T0 Bcerna ciydail IpsSMOro aKKyMyJIHPO-
BaHMUS.

3. O0beM akKKyMyJIAATOpA.

a. ITocrostabI 00BEM (dV,, =0): 3TOT ciay4ail COOTBETCTBYET aKKyMYJIHPO-

BaHUIO B 3aKPHITHIX (MJIM ¢ MaJIbIM U3MEHEHUEM 00bheMa) pe3epByapax.
0. Ilepemennslit 00vem (dV,, #0): 3TOT cilyyail COOTBETCTBYET aKKyMYJIUPO-

BAaHMIO MPU aTMOC(EPHOM JABJICHHUH WJIH CO CICIHAIBHBIM KOMITPECCOPHBIM 000pY-
JIOBaHHEM.

4. JlaBjieHue B aKKYMYJISITOpe.

a. [locrossnHoe naBnenue (dp,, =0).

0. [Tepemennoe (cxomp3smee) nasieHue (dp,, #0).

4.3. CucreMbl AaKKYMYJIHPOBAHUS

Jlj1s BBINOJHEHMS CBOMX (DYHKLMH aKKyMYJHUpYIOLIas cCUCTeMa JI0JKHA UMETh
NOMHMMO aKKyMYJIMPYIOIIHUX COCYJIOB U UX BHYTPEHHUX YCTPOMCTB TAaK)K€ U BHEIIIHEE
oOopynoBanue. [Ipu TemnoBoM akkyMyJIupOBaHUU (KaK B TEIJIOBBIX IpolEccax Mpo-
MBIIIUICHHBIX YCTAHOBOK, TaK U B PAHOHHBIX OTOMHUTEIBHBIX CHCTEMaX) IS 3apsaKH
Y pa3psAIKi MOTYT MOHAA00UTHCA HACOCHI, TEIIIOOOMEHHUKH, UCIIAPUTEIIHN, KIIAMaHBbl,
TPyOOTPOBOBI.

OCHOBHBIE BapUAHThI CUCTEM aKKyMYJHUPOBAHUS JIJIsl SHEPIeTHUECKUX YCTaHO-
BOK TMOKa3aHbl Ha puc. 4.2. B ocHOBY kiaccuduKaluy MoJoKeHo JeeHne Ha Oe3Ha-
COCHBIE€ U HACOCHBIE CUCTEMbI aKKYMYJIMPOBAHUS SHEPTHH.

be3nacocHble CHUCTEMBI aKKYMYJIUPOBAHMS TOJYYatOT SHEPTHUIO JUIS 3apSAIKU U3
TETJIOBOTO IUKJIA SHEPTETUYECKON yCTaHOBKHU. B BepxHeii yactu puc. 4.2 moka3zaHbl
0e3HaCOCHBIE CHCTEMBI aKKyMYJIHPOBAHUS:

a) cCUCTEMa aKKyMYJIMPOBAaHHS SHEPIrUU MOCPEACTBOM CXKAThIX Ia30B, B YAaCTHO-
CTH, JUIS ra30TYPOUHHBIX IIUKJIOB;

b) cucrema akKyMyJIUpOBaHUS C pereHepaTUBHBIM MOJOTPEBOM MMUTATEIBHON BO-
JbI TAPOBBIX LUKIIOB;

C) cUcTeMa aKKyMYJIMpPOBAHMS Tellia MEePBUYHOTO IUKJIA ISl TEIUIOBBIX 3HEpre-
TUYECKUX YCTAHOBOK C Pa3JeibHBIMU TEIJIOOOMEHHBIM M pabOYuM LUKIIaMU
(aHAJIOTMYHO TOMY, KaK A3TO JI€JIAETCS B COJHEYHBIX TEIIODHEPTreTUYECKUX
YCTaHOBKaXx);



d, e) cucTembl aKKyMyJIMpOBaHHUS Teria B paboyeM LUKIIE MOCPEACTBOM aKKyMy-
JMPOBAHMS HACBIIIEHHOTO WM MEPErpeToro mnapa M BBICOKOTEMIIEPATYPHOIO
aKKyMYJIMPOBAHMs TEIlJIa B Ta30BbIX TypOUHAX.

4
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Puc. 4.2. OcHOBHbIE BAPHAHTHI CHCTEM TEIVIOBOI0 AKKYMYJIHPOBAHMS 1/l JHEPIroyCTAHOBOK:
| — Ge3HacocHBIE cHCTEMBI aKKyMYJIHPOBaHus; I — HaCOCHBIE CHCTEMBI aKKYMYJIHPOBAHUS,
1 — nepBuyHas sHEprus; 2 — npeodpa3zoBaHue SHEPTUH; 3 — MEXaHUUECKasi SHEPTUs;
4 — snieKTprYecKast SHEPrusl.

HanpHelmas knaccudukanys 6€3HaCOCHBIX CUCTEM aKKyMYJIUPOBaHHUS CBA3a-
Ha C BBIJIEJICHUEM JBYX I'PYIIIL:

a) BKJIIOYEHHBIE B PHEPrOYCTAHOBKY CHCTEMbI aKKyMYJUPOBAHUS C YCTAaHOBKOM
0a3uCHON Harpys3kH, KOTOpasl CIOCOOHAa MOKPBITh TaKyl Harpy3ky Oe3 wuc-
MOJIb30BAHUSI CUCTEM aKKYMYJIHPOBAHMS, WJIK C OCHOBHOM TypOWHOH i Oa-
3MCHOW Harpy3kv U OTAEJIbHOM MHUKOBOW TYpOMHOM, WJIM C OCHOBHOW TypOu-
HOM, CTOCOOHOM HECTH MOBBIIMIEHHYIO HAarpy3Ky, KOTOpasi MOKPBIBAET TAKKE U
MMKOBYIO HAarpy3Ky);

0) 0e3HacCOCHBIE CHCTEMBbI aKKyMYJIHUPOBAHHUS C OTICIBHBIM IpeoOpa3zoBaTeIeM
sHepruu (MaporeHepaTopoM) M OTACIbHBIM JBHUTaTeneM (TypOUHON I TUKO-
BOM Harpy3Ku).

Kpome Toro, ciienyer oTindarh akKyMyJIHPOBAaHUE C MOCTOSHHBIMU MapamMeT-
pami, pu KOTOPOM aKKyMYJUpYIOLIas cpesia 0TOupaercs U3 mpouecca 1 BBOAUTCS B
HEro U3 akKKyMyJsITopa B OJJHOWM M TOM K€ TOYKE IUKJA (Tak Ha3bIBaeMOe «00paTu-
MOE aKKyMYJIMPOBaHHE»), OT aKKyMYJIUPOBAHHS C MIEPEMEHHBIMU MapaMeTpamMu, pu
KOTOPOM BBOJI CPE€Jlbl OCYUIECTBIISIETCS B APYroi TOUYKE (HMXKE MO MOTOKY), WM CO
3HAUUTENTHHO OOJiee HU3KUMHU IMapaMeTpamu.



HacocHble cucTeMbl akKyMyJIMPOBaHUS TTOKa3aHbl B HUKHEN YacTh puc. 4.2:

f) cucrema MHEBMAaTHYECKOTO aKKyMYJIMPOBAHHUS C OTHACIBHBIM aKKyMYJISITOPOM
TEIJIOTHI CKATHs WU O€3 HEero;

g, h) cucrembl akKkyMyIMpOBaHUSI C UCIIOJIL30BAaHUEM IpOIlecca TEMIOBOT0 HACO-
ca (HampuMep, ¢ MapOBBIM KOMIIPECCOPOM), ¢ BepxHUM (g) u HmkHuM (h) ak-
KyMYJISITOpaMU; OJIMH W3 HUX, HalpuUMEp HIKHUM, MOXXET OBIThb 3aMEHEH
OKPYXKaOUIEN CPENIOH.

HacocHble cucTeMbl aKKyMyJIHPOBAaHHS 3apsDKalOTCS OOBIYHO OT DJIEKTpHUYE-
CKOI CeTH U MOATOMY MOTYT OBITh MOAKIIOUEHHI B IIOOOM MecTe ceTu. Takum oOpa-
30M, OHM MOT'YT ¥ HE BXOJUTh B COCTAaB SHEPIreTUYECKON YCTaHOBKHU. bpuin nmpemso-
KEHBI TAKKE BXOJSIINE B COCTAB SHEPIOYCTAHOBKU HACOCHBIE CUCTEMBI aKKyMYJIH-
pOBaHUs, 3apsAKAEMble MEXaHUYECKOW SHEPTUEN OT ra30BOM WM ApOBOM TYpOUHBI.

BepxHuil akkymyJnsTop OObBIYHO MMEET MapaMeTphl (JIaBJICHHE, TEMIEPATYPY)
BBIIIIE MTAPaMETPOB OKPY>KAIOIIEH Cpe/ibl, TOT/Ia KaK MapaMeTpbl HUKHETO MPUMEPHO
TaKue e, KaK U y OKpY’Karollell cpefbl, KOTopas, TAKUM 00pa3oM, MOXKET CIYXKHUTh
HIDKHUM aKKyMYJISITOPOM (CHCTEMBI aKKyMYJUPOBAHHUS C TEIUIOBBIM HCTOUYHUKOM).
HacocHble cucteMbl akKyMyJIUpOBAaHUS MOTYT OBITh CIPOEKTHPOBAHBI M TaK, YTO
OKpYXKarolasl cpella MCIOJIb3YETCs B Ka4eCTBE BEPXHETO AKKyMYJISITOpA, TOTAa Kak
napaMeTpbl HUKHETO aKKyMYJISITOpa BRIOMPAIOTCSI MHOTO HIDKE, YEM Y OKpYXKarollen
cpenbl (CUCTEMbI aKKyMYJMPOBAHUS ¢ HU3KOTEMIIEPATYPHBIM TEILIONPUEMHHUKOM). B
ATOM Ciy4yae TeIIo IS Mpolecca OTOMPAETCA U3 OKPYXKAIOIIEH Cpenbl, a HIKHUMA
(HM3KOTEMIIEpaTypHbIN) aKKyMYJISTOp OTOMpaeT OTpadOTaHHOE TEIJIO U HarpeBaeT-
cs. IInoTHOCTE 3amacaeMol SKCEpruu TaKUX CUCTEM C «OTPHUIATEIbHON 3KCEPrUei»
MOXET OBITh BeCbMa BbhICOKa (B npesene oeckoneuna npu 0 °K).

PaccMmoTpeHHast Bblllle Kiaccu(UKanus BakHa A OLEHKU 3(P()EKTUBHOCTH
CUCTEMBbI aKKyMYJIUPOBAaHUS, MOIIHOCTA U CKOPOCTHU 3apsiiIKU U pa3pssiKH, A Bbl-
6opa pexxrmMa paboThl, a TAKXKe JJIs1 KOHTPOJIS (YHKIIMOHUPOBAHUSI.

4.4, TenjoBoe aKKyMyJMPOBaHHE 32 CUET U3MEHEHUS I'PAIMEHTA
KOHLEHTPALUMH COJIK M UCIOJIb30BAHMS TEILUIOTHI (a30BOro nmepexoaa

ConHeuHbIi 0accelH, T1€ KOJUIEKTOP U aKKyMYJISITOP COBMEUIEHBI, SIBIISETCS
YaCTHBIM CJIy4aeM aKKyMYJIUPOBAHHUSI C UCIOJIb30BAaHUEM TOPSYETO TEIUIOHOCUTEs
(puc. 4.3). ComueyHasi paauanus MOTJIONIACTCS TOHHOW MOBEPXHOCThIO OacceitHa. B
TEIJIOHOCUTEJIE CO3/1a€TCsl U TOJICPKUBACTCS TPAJUEHT KOHIEHTPALUKU COJM (KOH-
LEHTpALMs YBEJIMUYUBACTCS C TITyONMHOM) MEX Ty BEpXHUM KOHBEKTUBHBIM CJI0€M (M0
NEeWCTBUEM BETpa) MU HUKHUM KOHBEKTUBHBIM CJIOEM (B pe3yJbTaTe OTBOJA TEILIA).
bnarogaps 3TOMy KOHBEKIMS M CBSI3aHHBIM C HEW TEIUIOOTBOJ K IMOBEPXHOCTH IO-
JABIIAIOTCA, U CJIIOM TOJIIMHOM ~ 1 M, B KOTOPOM HET KOHBEKLMH, CIIYKUT TEIJIOBOU
W30JISIHAEH.

Takum crocoboM MOXHO Aoctuyb Temmneparypsl Boasl 100 °C, a 90 °C sBns-
eTCsi OOBIYHBIM PACUYETHBIM 3HAUYEHHUEM B 30HAX C )KAPKUM KIMMATOM.
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Puc. 4.3. Cxema co/iHe4HOr0 facceiiHa ¢ rPaiIneHTOM KOHUEHTPALMHU COJIH:
1 — NOBEpXHOCTHBIN CIIOM BOJIBI; 2 — TOBEPXHOCTh 3€MJIH; 3 — BBIXOJI TOPSUYETO COJISTHOTO pacTBOpa
K ITOTPEOUTENIO TEIUIa WM K TeIJIO0OMEHHUKY; 4 — KOHBEKTUBHAs (aKKyMYIUPYIOIas) 00J1acTh;
5 — BO3BpAT XOJIOJAHOTO COJISTHOTO PacTBOpa; 6 — HEKOHBEKTHUBHBIN (M30JIUPYIOIINIA) CIOM

bbun mpeIokeHbl U pa3paboTaHbl CUCTEMBI aKKyMYJHUPOBAHHS Ha OCHOBE
UCTIOJB30BaHUS TEMJOTHI (Pa30BOro mepexoaa s 3apsAaKd U Pa3psaKd BO3TYyXOM
(puc. 4.4) wnm Bopoi (puc. 4.5).

Puc. 4.4. BjoK COJTHEYHBIX YHEPrOAKKYMY.JIupyommx crep:kHei ¢ 2 400 kr CaClz-6H20
(T9=27,2 °C) B mOJTUITHIEHOBBIX IUJIHHIPAX /ISl OTOIJIEHHSI KBAPTHPBI

Ha puc. 4.6 noka3aHn BapuaHT TEIJIOOOMEHHUKA ¢ OpeOPEHHBIMU KOJIBIEBBIMU
KaHaJlaMU € pa3JIeJIbHBIMU KOHTYpaMU 3apsIHON U pa3psaHon cped. Takum obpazom,
TEMJI000OMEHHUK IO03BOJIIET MPOBOJUTH OJHOBPEMEHHO 3apsAIKy U pa3psaky. Kax-
JbIA TETJIOOOMEHHBIN 3JIEMEHT COCTOUT U3 BHYTPEHHEW M HApY>KHOU TpyOOK, TETl1o-



BOM KOHTaKT MEXIYy KOTOPbIMU 00ECIIEYMBAETCS MPOAOIBLHBIMU peOpaMu U3 MaTepu-
ajyia ¢ XopouIei TerIoMpPOBOIHOCTEIO (HarpuMep, atoMuHus). KonbiieBoe npocTpaH-
CTBO MEXIy peOpaMu 3al0JIHEHO MaTEepHaAIOM, aKKyMYJUPYIOIIUM YHEPTUI0 Pa3oBo-
ro nepexoaa (paBHYIO TEIUIOTE IUIABJIEHUs). B 3TOM BapuaHTe cucTema TEemjIoBOro
aKKyMYJIUPOBaHUs pabOTaeT KaKk TMOPUIHBIN aKKyMYJISITOP, B KOTOPOM HCHOJIB3YIOT-
cs TeruioTa (ha30BoOro mepexo/ia u TEIioTa HarpeBa paboyero Tena.

Puc. 4.5. Arperatr CALMAC 1511 aKkKyMyJIHPOBaHHUS TeIJIOThI (pa30BOr0 nmepexoia
Ha Naz2S203-5H20 wim MgClz-6H20:
1 - cpemHas Kpbllika; 2 — ABUTATENb JUISl TEPEMEIIMBAHUS; 3 — BXOJ BOJBI;
4 — ruapat conu; 5 — MIACTUKOBBIN TEIIO0OMEHHUK; 6 — 06aK; 7 — BBIXOJ] BOJIBI
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Puc. 4.6. Ten1000MeHHUK ¢ OpedpPeHHBIMH KOJIbI€BHIMH KAHAJIAMH /I AKKYMYJIHPOBAHUA
IHEPIruM C UCMO0JIb30BAHUEM TEIJIOTHI (pa30BOro nepexoa:
1 — snemMeHT TemnooOMeHHOro 6J10Ka: 2 — TEPMOAKKYMYJIHPYIOIIEe BEIECTBO; 3 — MPOAOIbHOE
pebpo; 4 — ropsUMii TEMIIOHOCUTENB; 5 — pe3epByap (K0XKyX); 5 — XOJIOAHBIN TETNIOHOCUTEINb
JUTSL Pa3pAIKU

ALY

i

4.5. Boiijiepbl A5 TeJIMOTEXHOJIOT UM
4.5.1. Bueanenmmnule 60il1epvl 011 NPUZOMOBIEHUA 20PAYUEH PACXOOHOIL 800bl
buBanentHpie Ooitsiepsl (puc. 4.7) MPeTyCMOTPEHBI IS TEIHOTEPMUIECKOTO

MIPUTOTOBJICHUS TOpsiueid pacxoaHON Bojbl. [Ipu HEOOXOIUMOCTH €CTh BO3MOKHOCTh
TPAIULIMOHHOTO JIOTIOJHUTEIBLHOTO HArpeBa OT KOTJIa OTOIIEHUS.
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Puc. 4.7. KomnoHneHTbI 0MBaJIeHTHOTO DoiiJiepa:
1 — MarauueBbIi aHOI-IIPOTEKTOP; 2 — TEIUIOU3OJIALUS; 3 — BBIXOJI TOpsiueld BOAbI; 4 — pe3epByap
Oolinepa; 5 — BepXHUH TEMJI00OMEHHHK (TpyOUaTas HarpeBaTelbHas IOBEPXHOCTD
JUTSL TOTIOTHATEIILHOTO HarpeBa (TIOTarIMBaHUs) OT OOBIYHOTO KOTJIA OTOTUICHUS;
6 — TernI000MEHHUK reIMOKOHTYpa (TpyOuaTas HarpeBaTe/IbHas MOBEPXHOCTD);
7 — BXOJ XOJIOJHOH BOIBI

KoHcTpyKiusi TenaooOMEHHMKAa TeIMOKOHTYpa C OOJbIION IJIOLIAAbI0 IO-
BEPXHOCTH B OMBaJICHTHBIX Ooiliepax oOecrieunBaeT OYEHb XOPOILYIO TEIIonepeaa-
4y W BCJIEACTBUE ITOrO — BBICOKYIO Pa3HHUILy TEMIIEPATyp B T'EIMOKOHTYPE MEXKIY
MPSMBIM U OOpaTHBIM TPYOOPOBOAAMMU.

JI71st TOro 4TOOBI 1a)ke MPU HaWMEHbIIIEH HHCOJSIUMU BCerjaa Oblia ropsiyast Bo-
7a, B BEpXHEN yacTu Ooisiepa BCTPOEH TEMI00OMEHHHUK. C IIOMOIIBIO 3TOTO TEIIO-
OOMEHHHMKA CTAaHOBUTCA BO3MOXHBIM JOIOJHHUTENIbHBIA HAarpeB OT TPaAULMOHHOTO
KOTJIa OTOILIEHMSL.

4.5.2. Busanenmmuvie mepmocuponnvle 00iaEPvl O NPUZOMOBIEHUA 20pAYEH
Pacxoonoil 600l

TermnooOMeHHUK TeIMOKOHTYpa HarpeBaeT JIMIIb OTHOCHUTENBHO HEOOJIbLIOE
KOJIMYECTBO PACXOJHOM BOABI MOYTH A0 TEMIEpaTyphl MpsIMOro TpyOompoBoja re-
JMOKOHTYypa. Harperas pacxoaHas Boja MOJAHMMAETCS MO TEIUIONPOBOAHOMN TpyOe 6
(puc. 4.8) HEeMOCPEACTBEHHO B 30HY TOTOBHOCTH, B KOTOPOIl BO BpeMsi HOPMAaJIbHOM
MHCOJISILIMM YK€ Yepe3 KOPOTKUW MPOMEXKYTOK BPEMEHH JAOCTUTAETCS 3aJaHHasi TeM-
neparypa. BcneiacTBue 3TOro He Tak 4acTo TpeOyeTcs JTOMOJHUTEIbHBIM Harpes
(moaTaniaMBaHue) OT TPAAUIIMOHHOTO KOTJIa OTOIUJICHUS.

B 3aBUCHMMOCTH OT T€TMOTEPMUUYECKOIO0 HArpeBa pacxojiHas BoAa MOJHUMAET-
Csl BBEpX JIMIIb JJO T€X MOp, MOKA HE JOCTUTHET CJIOSl C TAaKOM K€ caMOil TeMIiepaTy-
poii. [Tociie 3TOro OTKPHIBAIOTCS TpaBUTAIMOHHBIC 3acTIOHKU 7 (puc. 4.8), ymnpasiisie-
Mble TIOILEMHOMN cuiion. TakuMm criocoOoM Ooiiep HarpeBaeTcsi MOCIOWHO CBEPXY
BHU3 (puc. 4.9).
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Puc. 4.8. YcerpoiictBo Tepmocuponnoro doiisiepa:
1 — MaraueBsbIii aHOJI-IIPOTEKTOP; 2 — TEILIOU30JIALUS; 3 — BBIXOJ1 TOpsiuel Bojibl; 4 — pe3epByap
Ooilsiepa; 5 — BepXHHUH TEII00OMEHHUK (TpyOuarasi HarpeBaTelibHasi TOBEPXHOCTH)
JUIs1 JONIOJHUTENIBHOTO Harpesa (OATAIJIMBaHKs) OT OOBIYHOTO KOTJIa OTOIICHMS,
6 — TeruronpoBoHAasA TPyOa; 7 — rpaBUTAI[IOHHAS 3aCIIOHKA; 8§ — TEIUIOOOMEHHUK T'€TMOKOHTYpa
(TpyOuatas HarpeBarolias HOBEPXHOCTb); 9 — BXOJ XOJIOJHOM BOJIbI

TepMmocugoHHbIM NPUHIMII BO BpeMsl HHTEHCMBHOM MHCcoJAuMU. Harperas
BO/Ia OBICTPO MOAHUMAETCA M Yepe3 KpaTUalIluil MPOMEKYyTOK BPEMEHH TOMAa1aeT B
30HY TOTOBHOCTH JUIS IOTpeOieHus1. boiiep 3anonnsercs cBepxy BHu3 (puc. 4.9, 1).

TepMmocudoHHBIA NPUHIMI BO BpeMs MaJjioil uHcoJasauuu. Ecim Boja
HarpeBaeTcsi, Harpumep, ToJbko 10 30 °C, oHa MOgHUMAETCS JIMIIb 10 CJI0S ¢ TAaKOH
kKe Temneparypoil. Boja mpoXoauT CKBO3b OTKPBITHIE I'PABUTALIMOHHBIE 3aCIIOHKH B
Ooilyiep 1 HarpeBaeT COOTBETCTBYIOIIYIO 30HY (puc. 4.9, 2).

BpIxon cKBO3b IpaBUTAL[MOHHBIE 3ACJIIOHKH MPEKPALIAECT JaJbHEUIINN NOABEM
BOJIBI TI0 TEIUIONMPOBOAHON TpyOe M TMPEMATCTBYET CMEIIMBAHUIO CO CIOSIMH BOJIBI
Oosee BeICOKUX Temreparyp (puc. 4.9, 3).

Tax kak B TEIJIONPOBOJHON TPyOe BO3JIE TETNIOOOMEHHIKA TeTHOKOHTYpa BO/IA
MOCTYIAET U JIBUTAETCA TOJIbKO CHU3Y, pa3HUIA TEMIEPATYP MEXIY OOpaTHBIM TpY-
OompoBooM Ooiiyiepa M TEIHOKOJUIEKTOpa ocTaércs Oonpimod. Takum crocobom
o0ecreynBaeTcst BBICOKUM BBIXOJT TEIIA.
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Puc. 4.9. IIpouecc 3ano,iHeHnst TepMOcH(OHHOr0 0oiijiepa BO BpeMsi HHTEHCUBHOI
HHCOJIAINH (2), BBIXOJ ropsiyeii BOAbI U3 TEIVIONPOBOIHON TPYObI
BO BpeMs MaJioil nHcosauuu (0):

1 — paznenurenbHas Npociaoiika MeXAY TEMIIEPATypHBIMHU 30HAMH; 2 — OTKPBITasi TPaBUTALMOHHAS
3aCJIOHKa B TEIUIONPOBOTHON TpyOe; 3 — 3aKkphiTasi rpaBUTAIIMOHHAs 3acioHKa; AW — BBIXOX
ropstueit Boasl; EK — Bxoa xonoaHo0i# Bopsl; R — 00paTHbIil TpyOOIIpOBOA I'€IMOKOHTYPA;

V — npsiMoii TpyOOTIPOBO/] TEIIMOKOHTYpA

Bomnpocs k riiase 4

DHepreTudeckuil 0ajgaHc TEIIOBOTO aKKyMYJITOPA.

Krnaccudukanus akkyMyJIaTopoB TEIUIA.

Cucrembl akKyMyJIUPOBaHUS.

TennoBoe akKKyMyJIMpPOBaHHUE 3a CUET MU3MEHEHUs I'PAaJUEHTa KOHLEHTpalUu
COJIM U MCTIOJIb30BaHUS TEIJIOTHI (ha30BOr0 Mepexoaa.

5. boiinepsl 1151 reTMOTEXHOIOTHIA.
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5. DHeprusi BeTpa U BO3MOKHOCTH €€ MCIO0JIb30BaHUs
5.1. [Ipoucxo:kaeHue BeTpa, BeTpoBbIe 30HbI Poccuu

Berep Bo3HUKAeT B pe3ysbTare MOCTOSHHOTO LUPKYJIALMOHHOIO HEPAaBHOMED-
HOT'O HAarpeBa COJHIIEM 3€MHOM MOBEPXHOCTH U SIBJISIETCSI OJJHUM M3 HEUCCSIKAEMbIX U
J0CTaTOYHO MOIIHBIX MTPUPOIHBIX SHEPTETUUECKUX HCTOYHUKOB.

Ha skxBarope y 36MHOI MOBEPXHOCTH JIEKUT 30HA 3aTHUIIbS CO CJIA0BIMU Iepe-
MEHHBIMU BeTpaMmH. Ha ceBep M Ha IOr OT 30HBI 3aTUIIbS PACIIOJIOKEHBI 30HBI Macca-
TOB, KOTOPBIE BCJIEACTBUE BPALICHUSI 3€MJIM C 3aIlajia HA BOCTOK UMEIOT OTKJIIOHEHUE
K 3anaay. Takum o0pa3oM, B CEBEPHOM MOJIYIIAPUU MOCTOSHHBIE BETPBI MPUXOSAT C
CEBEPO-BOCTOKA, B KO)KHOM C IOI0-BOCTOKA, KaK MOKa3aHO Ha cxeMe puc. 5.1. Ilacca-
ThI IPOCTHPAIOTCSI TPUMEPHO 10 30° CeBEpHOM U FOXKHOW IIUPOT U OTIMYAKOTCS PaB-
HOMEPHOCTBIO BO3AYIIHBIX TEUEHUH IO HAMpaBICHHIO U CKOpocTH. CpenHss cKo-
POCTh FOr0-BOCTOYHBIX I1aCCATOB CEBEPHOIrO IOJIYIIAPUS Y MOBEPXHOCTH 3€MIIU J10-
cTuraer 6—8 m/cex. DTU BeTpbl BOJIIM3HU OONBIINX KOHTUHEHTOB HApYIIAIOTCS CHIIb-
HBIMU T'OJIOBBIMH KOJICOAHUSIMHM TEMIIEpaTyphl U 1aBJICHUS HaJ MaTepukaMu. Beicota
105l accaTtoB npocTupaercs ot 1 1o 4 kM. Beie Hajx nmaccataMu HaXOAUTCS CIOU
IEPEMEHHBIX BETPOB, a HAJl ’TUM CJIOEM HaXOJUTCS 30HAa aHTUIACCATOB, AYIOUIUX B
HaIlpaBJIECHUH, MTPOTHBOIOJIOKHOM HAMpaBJICHUIO MaccaTtoB. BeicoTa cios aHTUnac-
CaTOB MEHSETCA OT 4 10 8 KM B 3aBUCMMOCTH OT BPEMEHHU I'0J1a U OT MECTA.

B cyOTponuyeckux mupoTax B IMOsACAaX BBICOKOTO JABJIEHUS 30HBI MACCaTOB
CMEHSIIOTCS IITHIIEBBIMU obOJsiacTsiMu. K ceBepy u 1ory ot 3Tux obyacteil mpubian3u-
TenpHO 0 70 © Ha BCeX BBICOTaxX AYIOT BETPBHI MEXIY 3alaJHbIM M FOr0-3aIlaHbIM
pymMOaMH B CEBEPHOM MOIYLIApUH U MEXKIY 3alaJHbIM U CEBEPO-3aMaJIHbIM — B FOXK-
HOM Tostymiapud. B 3Tux mmportax, KpoMe TOro, B arMoc(epe HEeNpepbIBHO BO3HU-
KaloT U 3aTyXalOT BUXPEBbIE IBUKEHUS, YCIOKHSIOLIUE MPOCTYIO CXeMy OO0IIel nup-
KYJISIITUU aTMOC(Ephl, MOKa3aHHYIO Ha puc. 5.1,

OcoOblie MecTHBIE YCIIOBHS pelibeda 3eMHON TOBEPXHOCTH (MOpPS, TOPHI | T. I1.)
BBI3BIBAIOT MECTHBIE BETPhI: OPU3bl U MYCCOHBI.

Paznuunbie 30861 Poccuy UMEIOT BETPOBBIE PEKUMBI, CUIBHO OTJIMYAIOIIMECS
OJIMH OT JIPYroro. 3HauyeHHe CPEIHEroJ0BOIl CKOPOCTH BETpPa B JaHHOM pallOHE AacT
BO3MOXHOCTbh MPUOJMKEHHO CYIUTh O LEIECOO0Pa3HOCTH HCIOIb30BaHUS BETPO-
nsuratenst 1 00 3pdekTuBHOCTH arperara. CpeaHEero0Bble CKOPOCTH BETPA Ha BbI-
cote 10 M st pa3nu4HBIX pernoHoB Poccuu mpeacTaBieHs! Ha puc. 5.2.

[TpubOpexHbie 30HBI CEBEPHOM yacTu cTpaHbl, Kacnuiickoe modepexbe u ce-
BepHas yacTh CaxaluMHa OTIMYAIOTCS, KaK 3TO BUJHO Ha KapTe, BHICOKON MHTEHCHUB-
HOCTBIO BETPOBOIO PEKMMA. 3AECh CPEAHETOAOBBIE CKOPOCTH BETPA MPEBBIIIAIOT
6 M/cex. B 3Tux paitonax yacto HaOm0Aa0TCsl yparaHHble BeTpbl (Bbime 30 M/cek),
KOTOpBIE CONMPOBOXKJIAIOTCS CHEXHBIMU MeTesiMu U Oypanamu. [loatomy B yka3aH-
HOM 30HE MOXHO HCHOJIb30BaTh TOJIBKO arperatbl ¢ BETPOABUTATEISIMH BBICOKON
OBICTPOXOAHOCTH (ABYX-TPEXJIOMACTHBIE), MPOYHOCTh KOTOPBIX paccuMTaHa Ha BET-
POBBIEC Harpy3Ku Mpu ckopocTsx BeTpa 40 m/cex. B ApkTuke u Ha mobepexbe Hanbo-
nee 3()PEKTUBHO NMPUMEHEHHUE BETPOIJICKTPUUECKUX CTAHIUH, pabOTaIOMUX COB-
MECTHO C TEIJIOBBIM PE3EPBOM, a TAK)KE€ HEOOJBIINX BETPOIIEKTPUUECKUX arperaTos.



______ |
[lepemennnie;

BETPBI,

Puc. 5.1. Cxema o011eii nMpPKYJISIUH 3eMHOH aTMocdepbl

bonsmmHCTBO 0OMacTet eBporneiickoi yacTu Poccuu oTHOCATCA K 30HE Cpeli-
HEW MHTEHCUBHOCTH BeTpa. B 3TuX palioHax cpelHeroaoBasi CKOPOCTh BETpa COCTaB-
nset ot 3,5 nmo 6 m/cex. K 3Tol ke 30HE OTHOCUTCA YacTh TEPPUTOPHUH, JIeKalas
FOT0-BOCTOYHEE 03epa baitkai.
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Puc. 5.2. CpeaHeroaoBbie CKOPOCTH BeTpa Ha BbicoTe 10 M

TpeThs 30Ha 3aHUMaeT OOMIMPHYIO TeppuTopuio Boctounoit Cubupu u Jlans-
Hero BocToka, HeKOTOphIX obJiacTeit eBporeiickoi yactu Poccun. B a10# 30HE cKo-
pPOCTH BETpa OTHOCUTENIBHO HEBEJIMKHU — 10 3,5 M/C, U IIMPOKOE MPUMEHEHHE 3ECh
BETPOSHEPreTUYECKUX YCTAHOBOK HE PEKOMEHIYETCS.



5.2. XapakTepUCTHUKH BeTpa

BaxHenien sHepreTHYeCKOr XapakTEPUCTUKON BETPa SBJISIETCS €r0 CKOPOCTh
v. Ilox nelicTBHeM psijia METEOPOJOTUYECKUX (DAKTOPOB (BO3MYILEHUS aTMOC(]EpHI,
MU3MEHEHHS COJIHEUYHON aKTUBHOCTH U JIp.), @ TAKXKE M3-3a BIUAHUS pesibeda MeCTHO-
CTU CKOpPOCTb Y HAIIPABJIICHUE BETPA U3MEHAIOTCA 110 CIy4ailHOMY 3aKOHY.

MrHaoBeHHasi CKOpPOCTh BETpA OINpPEAEISeT NMHAMUYECKOE BO3JACHCTBHE BO3-
AYUTHOTO TOTOKAa Ha BETPOJABHUraTENb U BIUAET HAa pabOTy aBTOMATHMYECKUX CUCTEM
perynupoBanusi. KoauuecTBo sHEprun, KOTOPYHO CMOKET BbIpaOaThIBaTh BETPOIJIEK-
TpUYECKasi YCTAHOBKA, 3ABUCUT B IIEPBYIO OYEPENb OT YCPEIAHEHHOW CKOPOCTH BETpa
KakK BO BPEMEHH, TaK U M0 IIOIIAJAN IOBEPXHOCTH, OMETAEMOMN BETPOKOJIECOM.

CpenHsist CKOPOCTB BETpa V., 3a BHIOPAHHbIM IIPOMEXYTOK BPEMEHH ONPELIIs-

€TCsI OTHOLLIEHUEM CYMMBI U3MEPEHHBIX 3HAYEHUN MTHOBEHHON CKOPOCTH V; K YHUCILY
U3MEPEHUM N

Vv =&. (5.1)

cp n
CpenHecyTo4YHyI0 CKOpPOCTh V., HaXOJT [ACJICHUEM Ha 24 CyMMBI CpeiHeva-

T

COBBIX CKOPOCTEH V,, & CPEAHETOJOBYIO V, — JCJICHHEM Ha 365 CyMMBI BCeX V., 3a

roJ.

I10CKOJIBKY CKOPOCTH BETpa MEHAIOTCS B Pa3IMYHOE BPEMs CYTOK, Pa3HbIE Me-
CSILbl U CE30HBI, MMPU BbIOOPE MeCTa pa3MEIIECHUs BETPOCTAHLUH, IIPU a3pOJIUHAMU-
YECKHUX M NPOYHOCTHBIX pacuetax BOY, mpu npoekTnpoBaHnM MEXaHHU3MOB, UX pe-
IYJIMPOBAaHUU U OPUEHTAIMM PacCMATPUBAIOT IpauKU CyTOYHOTO, MECSIYHOIO U Ce-
30HHOTO PACHPEIEIICHUS] CKOPOCTEM.

BaxHON XapakTepUCTUKON BETpa SIBISETCS BEPTUKAJIBHBIM MPO(UIb CKOPO-
CTEW B MPU3EMHOM CJIO€. BinsiHue 3eMHOM MOBEPXHOCTU HAa CKOPOCTH U HaIlpaBiie-
HHE BETPAa YMEHBIIAETCS IO MEPE YBEINUYEHHUS BBICOTHI, KOTAa CKOPOCTh ITOCTEIIEHHO
BO3PACTAET, a MOPBIBUCTOCTh U YCKOPEHHE MOTOKA CHMXKAETCA. ['paiueHT CKOpoCTeEn
JIETOM, KaK ITPAaBWJIO, MEHBIIIE, YEM 3UMOM, KOT/1a BEPTUKAIBHBIN IEpenaa TeMuepa-
TYyp OTHOCUTEILHO HEOOJBIION.

[Tpu agrabaTHvecKOM IrpaJiMeHTe BEPTUKAIBHBIA poduib BeTpa V = f(h) an-

MPOKCUMUPYETCS ClIeaytonieil (GopMysoid, MO3BOJSIOMIEH MOTYYUTh OCPEIHEHHbIE
JTAaHHBIE

v:vlhﬂ : (5.2)
1

r7ie V, — CKOPOCTh BETpa, U3MEpEHHast BOJIM3HM 3eMJIH Ha BbIcoTe N, ;

V — HCKOMasi CKOPOCTh Ha BbIcOTe N .

C touku 3peHust 3PPEKTUBHOCTU PabOTHI BETPOITEKTPUUECKOM YCTAaHOBKHU
HaIpaBJeHUEe BETpa OOBIYHO MIPAET MEHBIIYIO pojb. OAHAKO B PA3IMYHBIX JIAH]-
madTax BETpPhl pa3HbIX pyMOOB MUMEIOT HEOAMHAKOBYIO MOPBIBUCTOCTh U CKOPOCTb.
WX MOBTOPSIEMOCTh ONpPEAEISIOT 10 PO3€ BETPOB — rpaduKy, MOKa3bIBAIOIIEMY, Ka-
KOM MPOILIEHT O0IIEer0 BPEMEHH Trojla BETep MMEET TO WJIM MHOE HalpaBlieHUE. YTIo-
BbI€ IPaJUEHTHl CKOPOCTH CYIIECTBEHHO BJIMSIOT Ha pabOTy MEXaHHW3MOB aBTOMAaTH-



4eCcKOu OpUCHTAIWH N HA BEJIMYUHY 'HMPOCKOIINYCCKHUX HAI'PY30K.
Kunernueckas 9HEPIrug BO3AYIIHOI'O IMOTOKA OMPCACIIACTCA N3BCCTHBIM COOT-
HOIIICHUECM
mV 2
BO3I '
2

E (5.3)

Macca Bo3/yxa, IpoTeKarolas 4epe3 MolepeyHoe ceueHrue F co CKOpoCThIO
V , paBHa
m=pFV, (5.4)
rae p — WIOTHOCTH Bozayxa ( p =1,23 kr/m® mpu temmeparype 15 °C u armocdep-
HOM jAaBjieHuu 760 MM pT. CT.)
[ToxcraBuB (5.4) B BeIpakeHUE KUHETHUECKOM 3HEepruH (5.3), moaydnm:
pFV3

BO3M 2 '

E (5.5)

OTKYJla CJIEQYET, YTO SHEPTUsl BETPA U3MEHSAETCS MPONOPLUUOHAIBHO KyOy €ro cKopo-
CTH.

Cootromrenne (5.5) 11 kpyrioro cedenusi F = 7zR% MoxeT ObITh 3a[MCAHO B
BHJIC
_ paR¥V?®

BO3I 2 !

E (5.6)

rae R — paanyc ceuenus, m.

Takum oOpa3zoMm, KMHETHUYECKasi SHEPTUsl BETpa MpOIOpIHOHATIbHA KyOy ero
CKOpPOCTH U IUIOIIAJINA MOMEPEeYHOTo ceueHust F . DHeprum BeTpa CBONCTBEHHBI HHU3-
Kasi TUIOTHOCTh M HECTaOMIbHOCTh. VIMEHHO 3TO OOCTOSITENICTBO OO0YCIABIMBAET
TPYIHOCTH W CO3JAET OTPAaHUYCHUS ISl UCIIOJIb30BaHUSI YHEPTUM BETpa B MIUPOKHUX
Maciradax. st yBeTM4eHus: BHIXOHOM MOIIHOCTH BETPOIIEKTPUUECKUX YCTAaHOBOK
MIPUXOJIUTCS YBEJIMUMBATH JUAMETP BETPOKOJeca U o0ecrneurBaTh ONTUMAJIbHbBIC TTa-
paMeTpbl TpoduJIs JomacTei.

5.3. Kinaccudukanusi BeTpoaBurarTesiei 1o NpuHUuny padorbl 1 MX OCHOBHbBIE
XapaKTePUCTUKH

Cy1iecTByOIIME CUCTEMBI BETPOJBHUraTENEH IO CXEME YCTPOWCTBA BETPOKOJIE-
Ca ¥ ero I0JO0KEHUIO B [IOTOKE BETpa pa3IeisA0TCs Ha TPH Kilacca.

IlepBblil KJIaCC BKIIIOYAET BETPOABUTATENM, Y KOTOPBIX BETPOBOE KOJIECO pac-
II0JIAraeTCsl B BEPTUKAIBHOU INIOCKOCTH; IIPU 3TOM IIJIOCKOCTh BPALCHUS MEPIICH/IU-
KyJIIpHA HANpPaBJICHUIO BETpa, WM, CIEIOBATEIBHO, OChb BETPOKOJIECA IapajljieiIbHA
NOTOKY. Takne BETpOABUTaTENIN HA3BIBAKOTCS KPbLIbYATHIMU.

Ko BTOpOMY KJj1acCy OTHOCSITCSI CUCTEMBI BETPOJBUTATEIIEN C BEPTUKAIBHOM
OCBIO BpalleHusi BETpoBOro koseca. [1o KOHCTPYKTUBHOM cXxeMe OHU pa30MBaIOTCs Ha
TPYMIBL:

a) KapyceJbHbIe, y KOTOPBIX HepabouMe JOMACTU JIUO0 MPUKPHIBAIOTCS IIMPMOU,

100 pacnojiararoTcsi peOpoM MPOTUB BETPA;

0) poTopHbIe BeTpoABuUrarenu cucteMbl CaBoHUYCA,
B) BeTpojaBurarenu Jlapbe.



K TpeTbeMy KJiaccy OTHOCATCS BETPOIBUTATEIH, pabOTAIONIME MO MPUHITUITY
BOJISTHOTO MEJIBHUYHOTO KOJieca M Ha3bIBaeMble OapabaHHBIMH. Y ATHX BETPOJBHUTA-
TEJIeH OCh BpAIllCHHsI TOPU30HTANIbHA U MIEPIICHANKYJISIPHA HAIIPABICHUIO BETpa.

Kunernueckas sneprus Berpa (5.1) mpeobOpaszyercs BeTpoaBUTaTeIeM B MeXa-
HUYECKYIO DHEPTHUIO, M Jlajiee B 3aBUCUMOCTH OT Ha3HAYCHHUS BETPOYCTAHOBKH 3Ta
SHEPrUs C MOMOIIBIO TEHEPATOPOB, Mpeodpa3zoBaTeNiell WM UCIIOJHUTEIBHBIX MeXa-
HU3MOB MOXET OBITh MpeoOpa3oBaHa B ANEKTPUYECKYIO, TEIJIOBYIO, XHMHYECKYIO,
MEXaHUYECKYIO WU APYTUE BUIBI JHEPTUU

B wmexanuueckyro sHepruto E . BeTpoaBurareisb MoxKeT IpeoOpa3oBaTh

TOJIBKO YacTh IOJHON 3HEPTruy BO3AYIIHOTO MoToKa E IIPOXOJAIIETO Yepes ce-

BO31 !
YeHUE BETPOKOJIECA, OMPEACIICMYIO TUIIOM JIBUTATENS M PEKUMOM €r0 padOoThI, U4TO
OIICHUBAETCSA KOA(P(DUIIMEHTOM HWCIOIL30BaHMS dHEpruu Berpa &. MakcuManbHO
BO3MOXHOe 3HaueHue kodpdunuenta &=0,593. Ero Ha3pIBaloT TEOPETUYECKUM
npenenom beria. BriepBoie 3TOT KOd(PGUIIUEHT 1J1s BETPOABUTATENS, paOOTAIOIIETO
6e3 notepb, ObuT monyueH H. E. XKykoBckuM. B npakTudeckux pacdyerax yduThIBalOT
BIIMSIHUC HA BEMYMHY & THITA BETPOKOJIECA, B PE3ynbTaTe 4ero £ yMEHbBINAeTCs U
cocrasiget 0,18-0,48.

Memnbiiee 3Ha4eHHE & OTHOCHUTCS K MHOTOJIOMACTHBIM THXOXOIHBIM BETPO-

QJICKTPHUICCKUM YCTAHOBKAaM C BepTHKaJIBHOP'I OCbIO BpallICHU, OonblIee — K ropu-
30HTAJIbHO-OCCBBIM BCTPOIHCPICTHUYCCKHUM YCTAHOBKAM C ABYMA-TPCM:A JIOIIACTAMH
THIIA «HpOl’IGHHGp».

BBICTpOXOI[HOCTbI-O Ha3bIBACTCA OTHOLICHUC OKpY)KHOI?I CKOpPOCTH KOHIIa JIOIIa-
CTH K CKOPOCTH BETpaA:

7R (5.7)
Vv

["Opu30HTaTBPHO-0CEBBIE BETPOIHEPTETUUECKUE YCTAHOBKH B 3aBUCHMOCTH OT

THUTIA BETPOKOJIeCca U OBICTPOXOAHOCTH, PA3ACISIFOTCS HA TPU TPYIIIIHL:
a) BETPOIBUTATCIIM MHOTOJIONACTHBIC, THUXOXOJHBIC, C OBICTPOXOIHOCTHIO
Z, <2,

0) BeTpPOJABUTATEIN MaJIOJONACTHBIC, THXOXOHBIC, B TOM YHCJIC BETPSIHBIC MEIIb-

HUIIBI, C OBICTPOXOJHOCTBIO Z | > 2.

B) BETPOJBUTATENIN MAJIOJIONACTHBIE, OBICTPOXOHBIE, Z, = 3.
Kosdbdummentst & u Z sBIAIOTCS TIaBHBIMHU MapaMeTpaMu, XapaKTepU3YIo-

MU 3(PGEeKTUBHOCTh BETPOTYPOUHBI, — OHU OMNPEACISIOT CPEIHIOI0 BBIPAOOTKY
ANIEKTPOIHEPTUH Ha KOHKPETHOM YCTaHOBKE.

B paboTe BETpOyCTaHOBKHM BBIIETSIOT ABA MPEACIbHBIX PEXUMA: PEKUM C I0-
CTOSIHHBIM KO3 (ULHUEHTOM OBICTPOXOAHOCTU Z WU, CIIEIOBATEIbHO, C MOCTOSHHBIM
K03 (PUIIMEHTOM HCTIOIB30BAHUS SHEPTUH BETpa &, U PEXHUM C MOCTOSTHHOM 4acTo-

TOU BpAIllEHUs BETPOKOJIECA U, CJIEIOBATEILHO, C IEPEMEHHBIM KO3 duiineHTom & .

XapakTepucTuka BETpoKoJieca OOBIYHO JAeTCs B BUJEC 3aBUCUMOCTEN KoddduimeHTa
& u Bpamatomiero momenta M ot Beiauunubl Z (puc. 5.3).
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Zmin ZHOM Zmax
Puc. 53 MOIIIHOCTHLIe H MOMCHTHBIC XapPaKTEPUCTUKHU BETPOABUTIATEC/ISA

Bmecto momenTa M OTKJIaAbIBACTCS 3HAYCHHUC OTHOCUTCIbHOI'O MOMCHTA

- 2M

M=——. (5.8)
R pv

OCHOBHBIMHM BETUYMHAMH, XaPAKTEPU3YIOMHUMH BETPSIK C a3pOJAMHAMHYECKON

TOYKHN 3PCHUA, ABJIAIOTCA: ZHOM — HOpMaJibHasA CKOPOCTb UJIM HOPMAJIbHOC YUCJIO MO-

AyJei, Ipu KOTOPOM KO3(P(PHUIMEHT KCIOJIb30BaHUS SHEPrUM BETpa UMEET MAaKCH-
MalibHOE 3HaueHue & ; M = — HOpMalIbHBINI OTHOCUTENBHBIN KPYTSIIUI MOMEHT,

H

pa3BUBAEMBbIN BETPSAKOM IIPH HOPMAJIBHOM 4uciie Monyied; M ,— HadanbHBIA OTHO-
CHTEIbHBIH MOMEHT HJIM MOMEHT TPOTaHHs ¢ MecTa; 1pu 3toM Z =0; M, — Mak-
CUMAaJIbHBII OTHOCUTEIIBHBIM MOMEHT, KOTOPBIM MOXKET Pa3BUTh BETPsK; Z . — CUH-
XPOHHAs CKOPOCTb, T.€. YHCIIO MOAYyIeH, mpu kotopom M =0.

max 0

M
OTHoOmIEHHE — ONpeAeIIsIeT NePErpy3Ky, OTHOUIEHUE
HOM max

— cTparu-

BAaHUE.

BaxHOl XapaKTepUCTUKOM BETPOKOJIECA SIBISETCS TAKXKE YMCIIO Jonacren. B
OOJBIITMHCTBE MPUMEHAEMBbIX B Mupe BOY uuncino nonacreit He MpeBHIIACT YETHIPEX,
MIPYA 3TOM T€HEPUPYEMAST MOITHOCTh 3aBUCUT B OCHOBHOM OT OMETA€MOU IUJIOIIAAN U
MaJIO 3aBUCHUT OT YMCJIA JIONIACTEM.

5.4. KoHCcTpyKIUsi 1 OCHOBHBIE THIIBI TOPU30HTAJIBLHO-0CEBbIX BETPOTYPOUH

B ropn3oHTanbHO-0CEBBIX BETPOIHEPTETUUECKUX YCTAHOBKAX BETPOBOE KOJIE-
CO UMEET KPbUIOBUJHYIO (DOPMY M BpalaeTCsl B BEPTUKAIBHOW IIOCKOCTH, MEpIeH-
TUKYJSIPHOM HalpaBJICHUIO BETPA, & OCh BETPOKOJIECA MapauieabHa NoToKy. OCHOB-
HOM BPAILAOIIEN CUIION Y KOJIEC ITOTO THUIIA ABJISAETCA IMOJBEMHAS CUIIA JIOMIACTEN.

BeTpoTypOuHBbI ¢ TOpU30HTAIBHOM OCBIO BpAlllEHUSI MOTYT OBITh BBITIOJHEHBI C
Pa3JIMYHBIM YUCJIOM JIONACTEW: OT OAHOJIONIACTHBIX YCTPOMCTB C KOHTPrpy3amu A0
MHoOrosionactHbix. CUCTeMa, Ha KOTOPOH YKperieHa BETPOTypOMHA, BBIIOJIHIETCS
IIOBOPOTHOM, OPUEHTUPYIOLIEHUCS O HANPABJICHUIO BETPa C MOMOIIBI0 XBOCTOBOTO
ONEPEHUST WM BUHAPO3BL. JlJIsi OrpaHUYeHusl 4acTOThl BPAlIEHUs BETPOKOJIECA MpHU
00JIBILION CKOPOCTH BETPa MPUMEHSETCS CIOCO0 YCTAaHOBKH JionacTell BO (hIrorepHoe



MOJIOKEHHE, a TaKXKE YCTPOMCTBA JJIsl BBIBOJIa BETpOKoOjeca u3-moja BeTpa. Jlomactu
MOTYT OBITh HEMOCPEICTBEHHO 3aKPEIUICHbl Ha BaJly BETPOKOJIECA MJIM K€ Bpalllaro-
I MOMEHT MOXET Mepe/laBaThCsl OT €ro 000/1a Yepe3 BTOPUUHBINA BaJl K TEHEPATOPY
WM Apyroil padodeit mamnue. Berponpuemusie ycrpoiictBa 1-3 u 6—15 ucnons3y-

IOT ISl CBOEH paboThl MOIXBEMHYIO CHIy mpoduiieii, a 4,5 — CHly CONpPOTHUBJICHUS
(puc. 5.4).

11

Puc. 5.4. BerponpuemMHble YCTPOiiCTBA C TOPU30HTAJIBHOMH O0CHI0O BPAIllEHUS:

1 — oxHOMONIaCTHOE BETPOKOJIECO; 2 — ABYXJIOMACTHOE; 3 — TPEXJIONACTHOE; 4 — MHOTOJIONACTHOE;
5 — MHOT'OJIOTIACTHOE BETIOCUIIETHOTO TUTIA; 6 — KOMOMHHUPOBAHHOE BETPOKOJIECO C CHUMMETPUYHBIM
¥ HECUMMETPUYHBIM MPOopUIeM; 7 — BETPOKOJIECO, HAPABICHHOE HABCTPEUY OTOKY;

8 — BeTpoKoOIIeCco, PacloIOKEeHHOE TI0 MTOTOKY (3a OarrHeit); 9 — BEeTpoKoIeco ¢ MHeBMAaTUYECKOM
nepegaudeit MornrHoctH; 10 — mapycHoe kpbuio; 11 — Berpokoneco ¢ auddyzopom; 12 — BeTpokoeco
C KOHIIEHTPATOPOM SHEPruu; 13 — MHOTOBETPOTYPOUHHOE C HECKOJIBKUMU BETPOKOJIECAMU;

14 — BeTpokoseco quaMeTparbHOro Tumna ¢ guddyzopom; 15 — BeTpokoseca BCTPEYHOTO BpaIIEHUS

["opu3oHTabHO-0CEBasE BETPOIHEPreTHUECKasi YCTaHOBKA (pHC. 5.5) ComepKut
TPEXJIOMACTHYIO TOJIOBKY BeTpojBuratess 1, TpaHcMmuccuio (MyJIbTHUIUIMKATOp) 2,
BUHJIPO3Y 3, Baj 0TOOpa MOIIHOCTH 5 U 3JIeKTporeHeparop 5. ['oH0Ma ycTaHOBICHA
Ha (pepMeHHOM cBapHO# BhIlIKe 4. ['0JI0BKa BETpOABUTATENSI UMEET YCTPOUCTBA PyU-
HOTO YIpPaBJ€HUS U aBTOMATHYECKOW CTAaOMIIM3AalMM CKOPOCTU BpPAILEHHS BETPOKO-
Jjeca B Clly4ae U3MEHEHHsI CKOPOCTH BeTpa V. [ opueHTauuy BETPOJBHUIATEINS 110
HaIpaBJICHUIO BETpa B 3aJIHE YaCTU TOHAOJbI YCTAHOBJIEHA BUHJPO3a 3, IPUBOJIS-
asi B IBUKEHUE MEXaHU3M MOBOPOTA TOHOJIBI ITPU U3MEHEHUH HaIpaBJieHUsI BETpa.
K BbIXOJHOMY Baly TpPaHCMHCCHH PEIYKTOPOM MPUCOEAUHEH Ball 0TOOpPA MOLIHOCTH
5 ¢ renepaTopom 6



Puc. 5.5 KoncrpykruHas cxema BJY ¢ ropusoHTaibHOH 0CHI0 BpalleHUs
Tuna «lIponesiep»:
1 — paGoyast monacTp; 2 — TpaHCMUCCHS (MYJIBTHILIUKATOP); 3 — BUHPO3a; 4 — OanIHs;
5 — Bas1 0T0Opa MOITHOCTH; 6 —3NEKTPOTeHEPaATOP

5.5. KOHCprKHHﬂ H OCHOBHBIC THIIbI BEPTHKAJbHO-0CEBbIX BCTpOTypﬁl/IH

BerpoTypOuHbI ¢ BEpTUKaIbHONW OCHIO BpAIlEHUsS HUMEIOT HEKOTOPbIE MPEUMy-
II€CTBA ME€pel BETPOIIPUEMHBIMU YCTPONCTBAMU C TOPU30HTAIBHBIM PACIIOI0KEHUEM
OCH. Y HHUX OTCYTCTBYIOT Y3JIbl JJI1 OPUEHTALUU Ha BETEP, YTO YNPOIIAET KOHCTPYK-
U0 U CHI)KAaeT TMPOCKONUYEecKHe Harpys3ku. Pa3paboTaHo 6osiblioe KOJIUYECTBO
Pa3HOOOPA3HBIX YCTPOMCTB C BEPTUKAIBHON OCBIO BpaieHus (puc. 5.6), B KOTOPBIX
JUIS CO3/1aHUS BPAILlaloLEro MOMEHTA MCIOJIb3YIOTCS CHIIbI CONTPOTUBIICHUS U MO b-
€MHas cuja pabovMXx JIOMaCTEeu.

DTO yCTpoiicTBa € IJIACTUHYATHIMHU 8, YaleoOpasHbIMH WM TYpOWHHBIMU
aneMeHTaMu 4, a Takke poropamu CaBoHUyca ¢ JomactaMu S-06pa3zHoit popmer 1-3,
10 (puc. 5.6). YcrpolicTBa Takoro THIAa UMEIOT OOJNBIION HAaYaJIbHBIH MOMEHT, HO
MEHBIIIYI0 OBICTPOXOAHOCTh U MOIIHOCTH MO CPaBHEHUIO ¢ poTopoM (paniry3a [la-
pwe, KoTopbiit B 1920 r. mpenoxun KoHcTpykuio 5—7, 9 (puc. 5.6). IToT poTop uH-
TEHCUBHO pa3pabarbiBatoT, HauuHas ¢ 1970 r., cnenuaiucTsl BO MHOTHX CTpaHax. B
HacToslIee BpeMsl BeTpoJBUraTesb Jlapbe MOKET paccMaTpuBaThCS B KayeCTBE OC-
HOBHOI'O KOHKYPEHTa BETPOABUTATEIEH KPbUIbYATOrO TUIIA.

B potope apyroro Tuma ¢ BEpTHKaJIbHON OChbIO BpallleHUs HCIONIb3yeTcs (-
dext Marnyca (duszndeckoe sBICHHE, BO3ZHUKAIONIEE MPU OOTEKAHUH BPAaIAOIIETO-
Csl TeJa MOTOKOM YKHMJIKOCTH WJIM Ta3a, IpU 3TOM 00pa3yeTcs CHila, BO3IEHCTBYIOIIAs
Ha TEJIO ¥ HAlpaBIICHHAS MMEPIICHIUKYISIPHO HAMPABICHUIO MMOTOKA.); K TAKUM POTO-
paM ¢ BpalaIUMUCS IHJIMHAPAMHA MOXKHO OTHECTH KOHCTPYKIIMM Manapaca u
®nertHepa 11, 12 (puc. 5.6). OTH ycTpoiicTBa CIIOCOOHBI MPHUBOIUTH B JIBUKCHHE
CyJla WJIA CyXOITyTHbIE TPAHCIIOPTHBIE CPE/ICTBA.



/

IRz

l__=Z1)1

e

|
1
1

===3
S

13 14

Puc. 5.6. BerponpuemMHble YCTPOiicTBA ¢ BEePTHKAJIbLHOI 0CbI0 BPallleHUsI:
1 — potop CaBonmnyca; 2 — porop CaBoHHYCa MHOTOJIOTIACTHBIN; 3 — pOTOP TUIACTHHYATHIN;
4 — porop yameunblid; 5 — porop Jlapse 0-o6pa3nslit; 6 — porop dapse A-oOpa3Hsblii; 7 — poTop
C MPSAMBIMH KpbUToBbIME JonacTsiMu (Giromill); 8 — BeTpoTypOuHa ¢ KpHBOIMHEHHBIMU
IJIACTUHYATBIMU JonacTsmu; 9 — poropsl Jlapbe 0-006pa3usiii 1 CaBonuyca; 10 — porop CaBonuyca
meneBoi; 11 — porop ¢ ucnonszoBanueM >pdexra Marnyca; 12 — poTop ¢ HECYIIUMH MAPYCHBIMH
MOBEPXHOCTAMHU; 13 — BeTpoKoeco ¢ Ae(IeKTOPUBIM YCTPOHCTBOM; 14 — COTHEUHO-BETPOBOE
yCTpOMCTBO; 15 — BeTpokoiieco ¢ Tpyooii BenTypu; 16 — BeTpokoJieco ¢ BUXPEBBIM YCTPOUCTBOM

B3OV c BepTHUKanbHON OCHIO BPAILIEHUS BCIEICTBUE CBOEH F€OMETPUU MPHU JIIO-
OOM HampaBJIeHWU BETpa HaXOJSATCS B MPOU3BOJILHOM mojioxkeHuu. Kpome Toro, Ta-
Kasi cXxema MO3BOJISIET 3a CUET YJJIMHEHHUS Baja pacloyOKUTh PEIYKTOP C TE€HEpaTo-
poM B ocHOBaHuU OarrHu (puc. 5.7).

K naunbomnee pacnpoCcTpaHEHHBIM THUIIAaM BEPTUKAJIbHO-OCEBBIX BETPOKOJIEC OT-
Hocutcsi potop [apee. B HEM Bpaimarommii MOMEHT CO3JaeTCsi MOABEMHON CUJIIOMN,
BO3HUKAIOIIEH Ha ABYX WUJIM TPEX TOHKUX U30THYTHIX HECYIIUX MOBEPXHOCTAX, UME-
IOIIKUX a’poJiuHamMudeckuil npoduiib. [logbemMHas cuia MakcuMaiabHa B TOT MOMEHT,
KOTJIa JIONACTh ¢ OOJBIION CKOPOCThIO MEPECEKACT HAaOETaAIOIINI BO3IYIIIHBIN MOTOK.
Porop lapse packpyuuBaThCsi CAMOCTOSATEIBHO HE MOXKET, IIO3TOMY ISl €70 3aIycKa
OOBIYHO MCTIOJIb3YETCS TeHEPATOP, PAaOOTAIONIU B pEKUME JIBUTATENIS, UM CTapTep,
HOCAIIUNA Ha3BaHUe poTtopa CaBoHMUYcCA. ITO KOJIECO TAKKE MPUBOAUTCS B IBHKECHUE
CUJION compotuBieHUs. Ero yionactv BBIMOJHEHbI U3 TOHKUX H30THYTBHIX JIMCTOB
MPSIMOYTOJIbHON (DOPMBI, OTIIMYAIOTCSI TIPOCTOTON W JeIeBU3HON. Bpamatomuii Mo-
MEHT co3AaeTcs Ojarojaps pa3iIudHOMY COMPOTHBICHHUIO, OKa3bIBAEMOMY BO3IYIII-
HOMY TIOTOKY BOTHYTOM U BBITHYTOM JIOMAcTsIMU poTopa. M3-3a Gobiioro reoMmerpu-
YECKOTO 3aMOJTHEHUS 3TO BETPOKOJIECO 00aaaeT OONBIIUM KPYTSIIIUM MOMEHTOM.
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Puc. 5.7. KoncrpykruBHasi cxema BOY ¢ BepTukanbHoli ochlo BpameHusi Tuna «/Jlapbe»:
1 — craprep (porop CaBoHuyca); 2 — Bai; 3 — AIEKTpOTreHeparop; 4 — TOpPMO3HOE YCTPOMCTBO;
5 — pabouast 1onacTh; 6 — pacTsiKKU; 7 — pama; 8§ — mpeoOpa3oBaTelib HANPSIKEHUS,

9 — akkymynsTOp

Bomnpocs! k ri1aBe 5

1. TlpoucxoxxaeHue BeTpa, BETpoBbIe 30HbI Poccuu.

XapakTepuCTUKU BETPA.

3. Knaccudukanus BeTpoaBurateneil mo NpuHIUIy paboThl U UX OCHOBHBIC Xa-
PaKTEPUCTHUKH.

KoHcTpyKIns 1 OCHOBHBIE THITBI TOPU30HTAIEHO-OCEBBIX BETPOTYPOUH.
KoHcTpyKIus 1 OCHOBHBIE THUITBI BEPTUKAIBHO-OCEBBIX BETPOTYPOUH.

no

ok



6. Teopus uaeanbHOro0 BeTpsiKa
6.1. IloHsiTHE NAEATBLHOTO BETPSIKA

NaeanbHBIM BeTPAKOM Ha3bIBAIOT BETPOKOJIECO, Y KOTOPOTO:
a) OChb BpALECHU MapajjieibHa CKOPOCTH BETPa;
0) GeckOHEUHO OOJIBIIOE YHCIIO JIOMACTEH OUYEHb MaJIOH IINPHUHBI;
B) MpOQUIbHOE COMPOTUBICHUE KPBUIbEB PABHO HYIIO, U IUPKYISIHS BIOJb JIO-

MaCTU TOCTOSIHHA;

I') NOTEpPSHHAs CKOPOCTh BO3AYIIHOTO MOTOKAa Ha BETPOKOJECE MOCTOSHHA IO

BCEI OMETaeMOI IOBEPXHOCTH BETPAKA;

1) YIJIOBasi CKOPOCTh CTPEMHUTCS K OECKOHEYHOCTH.

Teopuro uueanbHOTO BEeTpsika BriepBbie paspadotan B 1914 r. B. I1. Betunnkun
Ha OCHOBE TEOPUU UJCAIBHOTO I'peOHOro BUHTA. B 3TOM paboTe OH yCTaHOBUI NOHS-
THE KO3(DPUIMEHTa NCTIOJIB30BaHUs YHEPTHH BETPA UI€aIbHBIM BETPSIKOM.

B 1920 r. mpod. H. E. XKykoBckuit nznoxun reoputo «BeTpsHoi MelbHUIIBI
HEX», roe caenan BbIBOA KO3 (UIIMEHTa MCHOJIB30BaHUS PHEPTUU BETpa H€ajb-
HBIM BETPSIKOM.

Teopus nneansHoro Berpsika mpod. H. E. XykoBckoro Hocut HazBaHue Kjac-
CUYECKON TEOpHH; OHA YCTAHABJIMBAET, YTO MAKCUMAJIbHBIA KOA3(PQOUIUEHT UCIOIb-
30BaHUs DHEPTUU BETPA UIICAIBHBIM BETPSIKOM paseH 0,593.

AHanoruyHele T€Opuu ObUIM pa3padOTaHbl MO3JIHEE TAK)KE B HAIEH CTpaHe
npodeccopom I'. X. CabununbiM u akagemukom I'. @. IIpockypa. Hanbonee nmosnHo,
C TOYKH 3PEHHS IPAKTUYECKOTO MPUMEHEHUS], TEOPUS UCATBHOTO BETPSIKA U3JI0KEHA
npodeccopom ['. X. CaOMHUHBIM, COTJIACHO KOTOPOM KO3(P(PUUKEHT UCIOIb30BAHMS
SHEPrusl BeTpa HaeaJbHBIM BeTpskoM paBeH 0,686. OTinuue 3TOi Teopuu OT Mpexk-
HUX TEOPHUH 3aKIHOYAETCS B TOM, YTO IPU ONPEIECICHUN OCEBOM CHJIbI JaBJICHUS IO~
TOKa Ha BETPOKOJIECO UMITYJIbC CHJI MOJCUUTBHIBAETCSA IO BUXPEBOMY COJICHOHIY B
TOM MECTE, IJIe OH MPHUHSII YK€ YCTAaHOBHUBIIYIOCS IMJIMHIPUYECKYIO (JOpMY, a HE B
MOMEHT €ro 00pa30BaHMs, KaK MPUHUMAIOCh MPEKHUMHU TeOpUsMU. Tak Kak cose-
HOUJ B IIMJIMHIAPUYECKON YaCTH MMEET IUIOIIA/(b CEYEHHUs OOJIBbIIYIO, YEM IIIOLIA b,
OoMeTaeMasi BETPOKOJIECOM, TO OCEBasi CHIIa U KO3(PPHUIIMEHT UCIIOJIb30BAHUS SHEPTUN
BeTpa, 1o Teopuu I'. X. CabuHMHA, TOJTYy4atOTCSI HECKOJIBKO OOJIBITUMU.

6.2. Kinaccuueckasi Teopusi HA€AJIbHOI0 BETPAKA

[IpencraBuM paBHOMEpHBIA MOTOK BETpa, HAOETAIOUINI Ha MaeaIbHOE BETPO-
KoJteco co ckopocthio V B ceuennu AA’ (puc. 6.1). B ceuennun BB’ Ha BeTpokoiece
ckopocTb Oyzaer V; =V —V;, a Ha HEKOTOPOM PACCTOSTHUM 103311 BETPSIKA B CEUEHUU
CC’ cxopocts Oyzer V, =V —Vv,.

[Ipu sTOM Bpamjarouieecss BETPOKOJIECO CO3AACT MOAINOpP, BCIEACTBUE YETO
CKOPOCTh TIOTOKA, TI0O Mepe MPUOTIKEHUST K BETPSAKY U HEKOTOPOE BpeMs 3a BETps-
KOM, MajaeT, Kak nokasaHo kpusoi | Ha puc. 6.1. BMecTe ¢ 3TuM naBieHue BO3ayxa
p, 0 Mepe MPUOIMKEeHUSI K BETPSIKY, MoBbImaercs (kpusast |1), 1 mpu npoxoxaeHnn

yepe3 OMETAaeMyIo MOBEPXHOCTh OHO PE3KO TalaeT. 3a BETPSKOM 00pasyercs HEKO-



TOpOE pa3pexeHue P, — P,, KOTOPOeE, IO Mepe yJAJIECHUs OT BETPsKA, aCCUMIITOTHU-

YeCKU MPUOIIKAETCS K HYJIO, T. €. BOCCTAaHABIMBAETCSI HOPMAJIbHOE JaBieHue (Kpu-
Bas |ll). Tlorepro ckopocT 3a HI€aTbHBIM BETPSAKOM MOXHO YCTAHOBHUTH IPU MOMO-
111 ypaBHEHUs bepHyum

2 2
PV oAl (6.1)

P + =po+T-

2
Tak kak p, < py,T0 V >V,

Puc. 6.1. XapakTepucTHKa BO3IYIIHOI0 MOTOKA, MPOTEKAIOIIET0 Yepe3 BETPOKOJIeCo

V2

Kunernueckast sHeprusi BeTpa Hepej BETPSIKOM paBHA

m\V -v, )’

, 4 3a BCTPAKOM

. Pa3HOCTB 3THX SHEpruil 3arpayeHa Ha BETPOKOJECE U, B CIIy4ae OTCYT-

CTBHS TIOTEPh, MOXKET OBITH MOJIydeHa Kak IMoJIe3Has padoTa
2 2
mv? m(V-v,)

T, = (6.2)
2 2
[IpeoOpazoBaB mpaByto 4yacTh ypaBHeHUs (6.2), MOTyIUM
m[\/ -V -v,) ]_%(ZVV2 —vg):mv{v —V?Z] (6.3)
CnenoBarenbHO
T, = mvz(v - V??j (6.4)

OHepruto T, BOCIPUHATYIO BETPOKOJIECOM, MOXKHO BBIPA3UTh KaK MPOU3BE/IE-
HUE U3 CUJIbI JJaBlieHusl BeTpa P Ha CKOpOCTh B IJIOCKOCTH BETPSIKA (V — Vl), T. €.

T, =PV —v,). (6.5)



Cuna 5no6oBoro napieHus P paBHa NPUPAIEHUIO KOJUYECTBA JABUKECHUS
CTpYH, IPOXOJIAIIEH Yepe3 OMETaeMyIO MOBEPXHOCTb, T. €.

P=mv,. (6.6)
[ToncraBnss 3nauenue P B ypaBHeHue (6.5), momyyum
T, =mv,(V -v,). (6.7)
CpaBuuBas ypaBHeHus (6.4) u (6.7) HaxoauM, 4TO
mvz(v —V?Zj:mvz(v ~v,), (6.8)
OTKYyJla
Vo
Vi = o (6.9)
WIH
v, =2v,. (6.10)

PaBenctBo (6.10) mokaspiBaeT, 4TO TOTEpPsS CKOPOCTH BO3AYITHOTO ITOTOKA
IIPOUCXOJHUT HE TOJBKO B CEYEHUH BETPOKOJIECA, HO TAK)KE€ M HA HEKOTOPOM pacCTosi-
HUU 32 BETPSIKOM, MPUUEM TOJIHASI TIOTEPs] CKOPOCTH B J1Ba pa3a OoJblle MOTepu Ha
BETPOKOJIECE.

UYepe3 oMeTaeMyl0 MOBEPXHOCTh F BeTpokosieca MpOTEKaeT Macca BO3IyXa
M, KOJIMYECTBO KOTOPOM 3a 1 cexyHty OyneT paBHO

m=pFV. (6.11)

[ToxcraBsisi 3HaUeHHE MACChl BO3/lyXa B BBIPAKEHUE KMHETHUYECKOW IHEPTUU
BETpa Nepel BETPOKOIECOM, MOJIYUHM:

mv?  pFV?®
2 2

B3siB OTHOILIEHHE CEKYHJIHOH paOOThl, BOCHPUHATON HJ€aJbHBIM BETPOKOJIE-
com (6.5) k To¥i HEepruM BETpa, KOTOpas MpoTeKaia Obl Uepe3 CeUCHHE, paBHOE OMe-
TacMOW MOBEPXHOCTH BeTpska (6.12), momyunM wuaeaabHbId KOI(DPHUIMEHT HCIOJb-
30BaHUs YHEPTUH BeTpa &;

(6.12)

gi _ P(V _Vl) . (6.13)

3
FAV-
2
[IpeoOpa3yem 3TO ypaBHEHUE

:P(\/—vl):2 P V-yv

: 6.14
§I F pV 3 va 2 V ( )
2
3AC€CH BBIPAKCHUC
g=_2" _ (6.15)
FoV

Ha3bIBAIOT KOA(DPHUIIMEHTOM HArpy3KH Ha OMETaeMYIO IUIOMIAh, WU KodpduimeH-
TOM JIOOOBOTO JTaBJICHUSI.
IMoxcraBuB B 310 ypasuenne P =pF(V —v, v, = pF(V —v; )2V, n 06o3Hauns



v .
Vl =€, I0CJI€ COKpAIEHUH IOIy4YUM

2RV —v )2y, AV -y )y

PRV 2 V2
[Toctynas Tak xe ¢ ypaBHeHueM (6.13), i &; nonydum
_ pFV -y, )2 2vy _ 4V -v,)’v, — 4e(1- e)zl (6.17)
pV?e V3

2

B =4e(1-e). (6.16)

S

F

v
OTtHo1IeHHE Vl = € Ha3bIBAIOT KOA(PPHUIIMEHTOM TOPMOKECHHSL.

OmnpenenuM 3Ha4eHUE €, IPU KOTOPOM &; OyIEeT UMETh MAaKCUMAJIbHYIO BEJIH-
yuHy. /711 3T0ro BO3pMEM NEPBYIO MMPOU3BOIHYIO U IIPUPABHAEM €€ HYIIIO, T. €.

dé& d 1 d 2 3
—2L=—|4e(l-e)" |=—\4e—8e” +4e”)=0, 6.18
de de[( )] de( ) (6:18)
i
98 4 16e+1262 =0 (6.19)
de
OTKyJa

3e? —4e+1=0. (6.20)

Pemast 310 paBeHCTBO, HAX0UM, 4TO &; MPUHMMAET MAaKCHUMaJbHOE 3HAYEHUE,

KOrza € = 3 IIPU 3TOM

2
& :4%(1—%) =0,593. (6.21)

N3 ypaBuenus (6.16) maxomum B kosdduiment Harpy3ku Ha OMETaeMYIO
IUIOIIAIb IPU MAaKCUMaJIbHOM &

B=41(1—1]:o,888. (6.22)
30 3

Takum o0OpazoM, M3 KJIACCHUECKOW TEOPUU HJICATHHOTO BETPSKA BBITEKAIOT
CJIETYIOIIE OCHOBHBIE MOJIOKEHHUS.

1. MakcumanbHbIN K03 (PUIIMEHT UCTIOIB30BaHUS SHEPTHH BETPA HUACATHHOTO
BeTpokosneca paseH ¢&; =0,593.

2. IToTepsti CKOpOCTH B INIOCKOCTH BETPOKOJIECA paBHA OAHOU TPETH CKOPO-
CTH BETpa
v 1
1= - .
3
3. [lonmHas moTepsi CKOPOCTH BETpa 3a BETPOKOJIECOM B JIBa pasza OOJIbIIE MO-

TCPpU CKOPOCTHU B INIOCKOCTHU BCTPOKOJICCA

V2 :§V .



TaxuMm 006pazom, CKOPOCTH BETpa 3a BETPOKOJIECOM B TPH pa3a MEHbBIIIE CKOPO-
CTH BETpa Tepe] BETPOKOJISCOM.

4. KoappuimeHT Harpy3kd Ha OMETaeMyl MOBEPXHOCTh BETPOKOJIECA PaBEH
B =0,888.

Vi

3anaBasich K03P(GUIUEHTOM TOPMOKEHUS € = v B npenenax ot 0 go 1 u nox-
CUMTHIBasI C TOMOIIBI0 ypaBHeHHH (6.13) u (6.16), momydnm ciemyronue 3Ha9CHUS
ko3pduuuentos & u B (tadm. 6.1, puc. 6.2).

Tabnuna 6.1
3HayeHus K03 (PUIHEHTOB UCIOIb30BAHUS H HATPY3KHU B 3aBUCHUMOCTH
0T K03(pHuHEeHTA TOPMOKEHHS
v
e:vl 0,100 | 0,200 | 0,333 | 0,400 | 0,500 | 0,600 | 0,700 | 0,800 | 0,900 | 1,000
& 0,324 | 0,512 | 0,593 | 0,576 | 0,500 | 0,384 | 0,252 | 0,128 | 0,036 0
B 0,360 | 0,640 | 0,888 | 0,960 | 1,000 | 0,960 | 0,840 | 0,640 | 0,360 0

&
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0 01 02 03 04 05 06 07 08 09 1

»—=—=-u KoacppuyneHT ncnonb3oBaHnA
e—e—e—o KoachhULMEHT Harpy3ku

Puc. 6.1. I'padpuxn 3aBucumocTu K03(pGUINEHTOB UCNOIb30BAHUS U HATPY3KH
0T KO3(pPpuueHTa TOPMOKEHHUS

Bomnpocs! k ri1aBe 6

1. TloHsiTHE UACATBHOTO BETPAKA.

2. YueHbli BIiepBbIe pa3pab0TaBIINii TEOPUIO HICATHLHOTO BETPSIKA.
3. Teopus «BeTpsHOIt METLHUIIBIY.

4. Krnaccudeckas TeOpus U1eaJbHOTO BETPsKa .



7. Teopusi peajibHOI0 BeTPSAKA
7.1. PaGoTa 3JieMeHTaApPHBIX JionacTeil BeTpokoJieca. [lepBoe ypaBHeHHe CBSI3U

Boigenum 13 nonacteil BeTpokoseca IByMs KOHIEHTPUYECKUMU OKPY>KHOCTS-
MH ¢ paguycaMu ' U I +dr koJbleBy0 moBepxHOCTh OF =2zrdr. 3To KOIbIIO HA
KPBUIBSIX BBIPEKET OTPE3KHU JUIMHOKO Or , KOTOpPBIE HA3BIBAIOTCS DIIEMEHTAPHBIMHU JIO-
nactsimu (puc. 7.1). Uepe3 Bce TOUKM 00EUX OKPY>KHOCTEHW MPOBENIEM JIMHUU TOKA,
obpasyromue nBe nmosepxHoctd ABC, A'B'C’ OyrtbuieobpasHoit ¢popmbl (puc. 7.2).
Kuakocts, 3aKIIOUEHHYIO MEXKIY STUMHU MOBEPXHOCTSIMHU, HA30BEM 3JIEMEHTAPHOM
KOJIBLIEBOM CTPYEM.

Puc. 7.1. BolaesieHue 3j1eMeHTAPHBIX JIONACTEl HA BETPOKoOJIece

Cnenaem mpennosiokeHue, 0ObIYHO MPUHUMAEMOE B aHAJIOTMYHBIX TEOPHUSX,
YTO Pa3HOCTh JABJICHUI 1O 00€ CTOPOHBI BETPOBOrO KoJieca, ACHCTBYIOIIAas Ha IJI0-
maab KOJblla, MOJYYaoIIerocss OT MEPECeUeHUs OMETaeMOM IJIOCKOCTbIO 3JEMEH-
TapHOU CTPYH, BOCIIPUHUMAETCS FJIEMEHTAPHBIMU JIOTIACTSAMH.

Ha ocHOBaHMM 3TOr0 COCTaBJIsEM IEPBOE YPABHEHUE CBSI3U

27rdr(p, — p, )=i(dY cos B + dX sin B3), (7.1)

rae Y — moabpeMHast cujla KpbUla, HalpaBlieHHas epIeHANKYISIPHO TTOTOKY;
X — cujia CONpOTUBIIEHUsI Kpblia (JIOOOBOE COMPOTUBIIEHUE KPbLIA), HaIpaB-
JICHHAsI 110 TIOTOKY;;
[ — yroi Mexay IUIOCKOCThIO BpAIllEHUS! BETPOKOJIECA M HAlpaBICHUEM BO3-
AYUTHOTO MOTOKA, HAOETaIoLIero Ha KpbLIIo;
| — 4mMCIo JomacTel BETPOKoJieca.

Jlyis ompeneneHus] HANpaBJICHUS CUJI, ACMCTBYIOLIMX Ha AJIEMEHTapHYIO JIO-
1acTh, U300pa3uM ee CeueHue Ha pUCyHKe 7.3, T1ie ochb Z HampaBiieHa M0 OCH BETpPO-
KOJIeca M OChb X — X B INIOCKOCTH €ro BpallleHus; V — HampaBlieHUE CKOPOCTH BETPa;
W — HampaBiieHHE CKOPOCTH OTHOCHTEIBHOIO IMOTOKa, HAOETaroIiero Ha 3JEeMEHT
JIOTIACTH.

Paznoxxum crry dR, nefcTBYOIIYO Ha 3JIEMEHTAPHYIO JIONACTh, Ha JIBE CHJIBL:
dX , meiictByroniyro mo nmotoky, u dY , HanmpaBJICHHYIO MEPICHAUKYISIPHO TOTOKY.



Cunma dX BBI3BIBAET CONPOTHBIIEHHE djIeMeHTa Kpbuta, (Y BEBI3BIBAET OKPYKHOE
b
YCHUIIME 3JICMCHTA Kpblila 1 HA3bIBACTCA MOABEMHOM CHJIOM.

A

Puc. 7.2. JnemeHTapHas KoJibLieBas CTPYs

BcenenctBue BpamieHus BETpOKoJieca B IJIOCKOCTH X — X BO3IYIIHBIA MOTOK
HaberaeT Ha BETPOKOJIECO HE CO CKOPOCThIO BeTpa V , a ¢ OTHOCUTEIBHON CKOPO-
cteto W, KoTOpasi ciaraercsi reOMETPUYECKH M3 CKOPOCTH BeTpa V M OKpPYKHOMU
CKOPOCTH @I , TI€ @ YTJ0Bask CKOPOCTh U I' — PACCTOSIHUE DJIEMEHTA JIONACTH OT OCH
BpaIllCHUs BETPOKOJIECa.

CkopocTh MOTOKa, HAOETalIIero Ha HJIEMEHT JIOMacTH, B OTHOCUTEIHLHOM
JBUKEHUU OYyJIeT paBHA

2 2
W=V + (- ar —u, ), (7.2)
rae V; =V —V; — CKOpOCTb BETpa B INIOCKOCTH BETPSAKA.
4 dR Z

Ochb
BeTpoOKoJIeca

N
dy

IImockocTs
BpaIIeHus

Hampasnenune \ \ [ |
BpAIlEHUS ¢
X

Puc. 7.3. Ilnan ckopocTeil BO3AYIIHOIO MOTOKA NMPHU HA0CTAaHUM €r0 HA 3JIEMEHT JIONACTH

CkopocTh U; MOay4yaeTcs Kak peakius OT KPYyTSIIEro MOMEHTa, Pa3BUBAEMOT0
JONacTAMH. DTa CKOPOCTh MMEET HalpaBjieHHe, 00OpaTHOE MOMEHTY; €€ BeIWYMHa
OepETcsl KaK cpeaHss IJig BCEH 30HBI, B KOTOPOW paboTaroT jomactu. B neicTBu-
TEJILHOCTH 3Ta CKOPOCTh IEPE] BETPOKOJECOM PAaBHA HYJKO M HEMOCPEICTBEHHO 3a



BETPSAKOM paBHa U,. Tak Kak 3aKOH M3MEHEHHS 3TOM CKOPOCTU HEU3BECTEH, TO, KaK
nepBoe NpuOIIKeHne, €€ MPUHUMAIOT PaBHOM

u
u, = ?2 (7.3)
Cunbr dY u dX MOXHO BBIPa3HTh Kak
dy = Cybdrgw 2, (7.4)
dX = bedrgw 2 (7.5)

rae b — mmpuHa 37eMeHTa JIONACTH Mo XOpIie.
Kpome Toro, Ha OCHOBaHMM ypaBHEHHUS ISl JIOOOBOTO JIaBJICHMS HA BETPSK (10
Teopuu uaeanbHoro Betpsika I'. X. CabunnHa) MOKeM HamucaTh

p
P — P2 :E = pVV,. (7.6)

1
[Moacramss BmMecto dY u dX u p, — p, ux 3HaueHus B ypaBHeHwue (7.1), mo-

JTIyYUM

27mrdr pVv, = i(bdrCy §W 2 c0s 4 +bdrC, gw 2 sin ﬂj ;

(7.7)
1OCJIe COKpAIICHUS MOTyYruM
. W 2 C,
2\, =ibdrC, ——cos S| 1+ —=tgp |; (7.7a)
2 C,
17001
47\Vv, =ibdrC W ? cos ﬁ[l + —tgﬂJ (7.76)
y
Ha ocHoBanuu puc. 7.3 MOKHO BBECTH 0003HAUCHHE
@r +u
ctgp = L=z, 7.8
9=y (7.8)
KOTOPOC HA3bIBAIOT YMCJIIOM OTHOCHUTCIBbHBIX MOILYJICP'I.
N3 ypaBHeHnus (7.8) umeem
—aor —u; =-2,(V —v,), (7.8a)
150) 051
(—or—u, )’ =z2(V -v, )%, (7.86)

u, 3Hasd, 4to V; =V —V,, ypaBHeHue (7.2) MOXKeEM MepenucaTb Tak

W=V —v, )2 +22(V —v, )2 =(V —v, |1+ 22 . (7.9)

3aMeHuM

-V, V —-v,

V —v W1+ 2] 1/1+z

. \Y
sin =

(7.10)



cosf = = =, (7.11)
W V —v Wi+22 1422
tgB=—1 (7.12)
ZU

r7Ic 00paTHOE KAa4eCTBO KPbLia
“o, (719

C,

U TIOJICTaBUM HX B ypaBHeHHE (7.70)
47V, =ibC, (v —v, L+ 22 )2 [1+ ﬁj. (7.78)
A1+ 23 Zy

v
BBOI[SI B 9TO YPaBHCHHUC e=vll/l 3aMCHUB V2 €0 3HAYCHUCM M3 PABCHCTBA
2V,

vV, = , TOJTYy4YUM

Vi
1+~
\%

e 1

L+e)r+e) (z, + Wi+ 22

DTO ypaBHEHUE HA3bIBACTCS YPABHEHHEM CBSI3M; OHO CBS3BIBACT LIMPHUHY JIO-
MacTv U KO3PUIIMEHT MOBEMHON CUIIBI ¢ AedopMaliueil MOTOKa, XapaKTepu3yeMon
BEJIMYUHOM €.

B34B cyMMy OpOEKUMIA CUJ 3JIEMEHTA JIOMACTH Ha KacaTEIbHYI0 K OKPYXHO-
CTH, 10 KOTOPOH OH JIBUKETCS, MOJYYUM OKPY>KHOE YCUJIME, Pa3BUBAEMOE AJIEMEH-
TapHBIMU JIONACTAMHU

ibCy =8ar

(7.14)

dQ = ibdrng(cy sin #—C, cos3).

Honcrasnss ciona snadenue W, sin S u cos 8 u BBous C, = 4C, , nomyunm

dQ=ibdr 2(v —v, {1+ 22)c, 142 (7.15)
2 J1+122

Honcrasnss crona suavenue iIbC, u3 ypasuenus (7.14) u caenas cokpaiienus,

HOJTYYUM

1 _

dQ = 4ardrp Sy 2= (7.16)
1+e Z,+u
MOMEHT OTHOCHTEIBHO OCH BETPSIKA paBEH
1 _
dM = dQr = 4ar2drp v 2 = *u (7.17)
1+e z,+u
CexyHaHas paboTa 3JeMEHTAPHBIX JIOMACTEM
1-—

dT = dMe = 4zrdrp———v3=—*2u ;. (7.18)

1+e z,+u



CCKYH,Z[HaH OHCPIrusd AJaJICKO IICPCJ BCTPAKOM, 3aKIIOYUCHHAsA B IIOTOKE, ITJIO-
majgb CCUCHHUA KOTOPOI'O OIPEACIIACTCA IIOIaAbl0 KOJIbd, CMETAEMOI'0 3JICMCHTAp-

HBIMH JIOIIACTAMMU, paBHA
3

dT, = andrp\/?. (7.18a)

[TonenuB cekyHAHYIO pabOTy AJIEMEHTapHBIX JONACTEN Ha 3Ty 3HEPIUIo, Io-
JyYHUM 3JIeMEHTAPHbIH KO3 ((PUIHEHT UCIIOIb30BaHus JHEPTUU BETPA
dT  4e 1-yz, ,

= = 7.19
g dT, 1+ez,+u (7.19)
YMHOXUB U pazaenus Beipaxenue (7.1.19) na (1— e) MOJIyYUM
—el-
5::4e1 el-m, 2 (7.19a)

lvez, +ul-e

1-e .
Tak kak BbIpaxkeHue 4e —— MpeAcTaBiIseT WaeaJbHbId KOIGPuuMeHT uc-

l+e
MOJIb30BaHUM SJHEPIHHA BE€TPaA, TO MOXKXEM HAIIMCATh!:
11—z, z
u
¢ =¢ S i l-e =&in, (7.20)
z,+ul-e
rae
1- z
_1TH T (7.21)
z, +unl-e
Ha3bIBAKOT OTHOCUTCJIBbHBIM KOI)(l)(l)I/I]_[I/IeHTOM IMOJIC3HOI'0 IleﬁCTBHSI QJICMCHTApPHO-
ro BETPSKA.
[Tpu 60abIIOM YKCIIE MOYJIEH MOXKHO MPUOIU3UTENBHO CUUTATH:
z
1-e
H TOTJIa
1- z
gt L (7.21a)
z, +unl-e

HanomMuuMm, 4TO 4nca0M MoayJiei, iy ObICTPOXOHOCTBIO BETPOJIBUTATEA,
HA3bIBAIOT OTHOIIIEHUE OKPYKHOM CKOPOCTH KOHIIA JIOITACTH K CKOPOCTH BETpa

@R
Z=—o.
\Y
Yucno MoayIieit 31EMEHTOB JIONACTEN HA paanyce I' paBHO
r
=—. (7.22)
Vv

Yucno Moaynen aiis aro0oro paauyca I BeTpsiKa ¢ U3BECTHOW OBICTPOXOIHO-
CTBIO Z MOXET OBITh BBIPAXKEHO TaK

2=7—, (7.23)

rae R — paagnyc BeTpokolieca.



7.2. Bropoe ypaBHeHH€ CBSI3U

MOMEHT OTHOCUTENBHO OCH BETPSKA a3pOJAMHAMUYECKUX CHUJI, JEUCTBYIOLIUX
Ha 3JIEMEHTApHbBIC JIOMACTH, PABEH IO BEJIMYMHE W MPOTHUBOMOJIOKEH MO 3HAKY MO-
MEHTY KOJIMYECTBA JIBMIKCHHUS, IOJIy4a€MOIO 3JIEMEHTAPHOU CTPYEM, YBJICYEHHOMU
BETPSAHBIM KOJIECOM. 3/I€Ch MPEANOJIAraeTCs, 4To B 3TOM MPOLIECCE NPUHUMAET y4a-
CTHE U IPUCOEANHEHHAs Macca, TaK Kak B MPOTUBHOM cilydae TeopeMa [ enpMronsia
0 COXpaHCHHUH BUXPs HE Obl1a ObI BHITIOJHEHA.

BTtopoe ypaBHeHUE CBS3M BHIBOAUM M3 pucC. 7.3.

i(dY sin g —dX cos B)r =d(m, +m, )2u,r. (7.24)
Ho
d(m, +m,)=2zardrpV .

[ToxcraBnss ykazanHoe ypaBHeHue u 3HadeHus dY u dX w3 ypaBHeHwit (7.4)

u (7.5) B ypaBHenue (7.24), momxydum

ibdr(C, sin 8 —C, cos ﬂ)gw 2y = 27rdr pV 2u,r . (7.24a)

3aMeHUB B ATOM ypaBHeHHH SiN f W COSS WX 3HAYCHUWSIMH W3 YPaBHEHUH
(7.10) u (7.11) 1 cnenaB COKpAIICHUS, TOJTYUYUM

. 1 z
ibC,——-C,—%— W?=8mVu,. (7.246)
RN zj}w
[MonxcraBnss croxa (7.13) u (7.9), monyumnm
Lo 1-
ibC, ~ 22 (v —vy ) [L+ 22 )=Barvu,. (7.248)
1+7z

u

u
N3 storo PaBCHCTBA HAXOJAHUM OTHOIICHUC vl, L 9CTr0 pasaciuM IIpaByIO U

v
JICBYIO 4aCTH Ha 8arV 2 N 3aMCHHUM OTHOLICHUC vl €ro 3Ha4YCHUEM € .
u, ibC, ) .
— = 1-e)(1- 1+z) . 7.25
v =g L8 - Witz (7.25)

ibC

[Toacrasnsist w3 ypaBuenus (7.14) 3nauenue U MPOBEIS COKpalleHUs,

MOy IUM
U, _ e 1- ML,
V. ltez +u
ITpeoOpasys ypaBHeHue (/.8), HAXOAUM COOTHOILIEHUE MEXAY Z, U Z

(7.26)

, _or+u aor V +u_1 V. 2 N u,
" V-vI VV-1 VV-1 1-e V(-e)
Uy

[ToxcraBum 3HaUeHUE v u3 ypaBHeHus (7.2)



1-—
7 =t T (7.27)
l-e 1-e° z,+u
1-—
7=7,(1-¢)- (7.28)
l+e” Z,+u
Pemaem sTo YPaBHCHUC OTHOCUTCIIBHO Zu
5 2,2 z e e
Z, + - - — + =0;
u lLlZU 1_e 1_e 1—62 1—62 ILIZU
) z e e z
20 -7, —— - - —u——=0;
’ u(1—6 # 1—e2ﬂj 1-e? “1-e
1| z e
Z,=—|——-u 1+ +
) 2{1—6 y( 1—ezﬂ
(7.29)

. .
1| z e e Z

+ 5 =1+ + + =0
\/4{1—e ”( 1—e2ﬂ 1+e2 T1e

Tak xkak g OOBIYHO MMEET Malyl0 BEIIMYWHY, TO, IpuHIB L =0, ypaBHEHUS
(7.28) u (7.29) MOXHO YIPOCTUTH

= Zu (1— E)— m (728&)
1+\/1+46(1_e) 1+,/1+é

Z, =1 22(1+e)—z 2° (7.29a)

. 20-¢)  20-e) -

VYpasuenus (7.14), (7.22) u (7.29) mo3BOJIAIOT ceNaTh MOJHBIH a3pOIuHAMHU-
YeCKUW pacy€T BeTpokoJieca Juisl 3aJjaHHbIX wR u V , a Takke popMbl ipodusist Kpbl-
na. Ipu sToMm mone3ytorest anarpammoit C, u C,, OCTPOCHHOM IJIst JAaHHOTO IPO-

bus.
3anaBasce € B npenenax 0,28 1o 0,35 u Haubosiee BLITOJHBIM YIJIOM aTaKu, 1O

IarpamMmme Cy u C, nis naHHOTO NpOoQUIiIs HAXOIAT: U = C—X .

y
[ToncraBnss 3HaueHust Z, € u 4 B ypaBHeHue (7.29), HAXOAAT YUCIO OTHOCH-

TEJIBHBIX MoAynel Z,. Jlanee, nosb3ysch ypaBHeHueM (7.14), HaxoIsaT cyMMapHYyO

HIMpUHY Jiomactedt ib

ib = o7 € 1 (7.30)

- :
Cy I+e)i-e) (z, + uW1+ 22
I/I, HAKOHCII, OIIPCACIIAIOT YIOJI 3aKIMHCHUS JIOITAaCTU @ Ha paanyce r
p=arcctgz, —«. (7.31)

Cy HaxOoJsIT MO JUarpaMme Cy 0 &, MOCTPOCHHOW Ha OCHOBaHUU DKCIEPU-

MCHTAJbHBIX JaHHBIX.




7.3. MOMEHT ¥ MOIIITHOCTH BCEr0 BeTPsiKa

MoMeHT Bcero BeTpsika MojayyuM, TPOUHTErPUPOBAB YpABHEHUE

1_
dM = dQr = 4zr2drp——v 2 =2
l+e z,+u

B mIpeaenax oT Iy 10 R , TNI€ Iy — pacCTOSAHUE OT OCHU BETPsAKA IO Hayajga JOIACTU U

R — PaCCTOAHUC OT OCHU BCTPAKA JO KOHIIA JIOITACTHU

R R
e ,1-
M = [dM = [4ar?p v 2 —— ugr, (7.32)
o o 1+e z,+u

BTOT MOMCHT O6BI‘-IHO BLIpa)KaIOT B OTBJICHCHHBIX BCIMYHMHAX U O603HaanOT

yepe3 M c geptoii BBepxy. [Ipu 3TOM mpaByio u neByro yacTu paBeHcTBa (7.32) ne-
2
3 PV =_ T
asT Ha 7R 5 U BBOJAT 0OO3HaueHue I = R’ Ha3bIBAEMOE OTHOCHTEJbLHBIM pa-

ANy COM
e 1- HL,

F2dr. (7.33)
l+ez, +u

R
M =8
R
Ypasaenue (7.33) ABISETCS OCHOBHBIM JJISI BEIYHUCIICHHS XapaKTEPUCTUKH MO-
MEHTOB. MM MOXHO MOJB30BaThCS MPU NEPEMEHHBIX 3HAYEHUAX € BAOJbL I, €Ciu
IIPEAIIOIO0KUTh, YTO JIEMEHTAPHBIE CTPYU HE BIMSAIOT JPYT HA IpYyra, 4yTo IpaKTHye-
CKH JIOIYCTHMO IIPH IUIABHBIX U3MEHEHHUSIX € .
JIist BETpsiKa € TIOCTOSIHHBIM € IO PaJnyCy MOKHO BBIHECTH € 3a 3HaK MHTE-
rpajia
R
M =8 jl M p2gr (7.34)
l+es z,+u

0

DTOT MHTErpaJl MOXKHO PEIINUTh, €CJIU IPEHEOPEUh KPYUEHHEM CTPYHU, KOTOPOE
y OBICTPOXOJIHBIX BETPSKOB HE3HAYUTEIHHO.
CnenoBarenbHO, MOXKHO NPUHATH U; =0 ¥ OTHOCUTENBHOE YKMCIIO MOAYJIEN Z,,

BBIPA3UTh TaK

or +U, r X z
Z, = = = = : 7.35
" V-v, V-v, V(-e) 1-e (7.39)
JIJ1s1 KOHIIa JIOMacTH UMEEM
@R
Z, = : (7.36)
PaznenuB ypaBuenue (7.35) Ha (7.36), mosrydum
r Z,
—=—; 7.37
227" (7.37)
dz
dr ~ 4 (7.38)
R Z

Cnenas psig mpeoOpa3oBanuii ypaBHeHus (7.34) u npenedOperas MalbIMU BeJU-
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MolHOCTh, pa3BUBacMasi BETPSIKOM, paBHa M@, a Tak Kak W3 ypaBHCHHUS
(7.33) MoMeHT paBeH

2
M = M7R? %, (7.33a)
TO MOIIIHOCTh, Pa3BUBAEMYIO BETPSIKOM, MOXKHO HamucaTh Tak
2
T:Ma):l\WﬂRspV?a), (7.41)
@R yAY,
[ToxcraBus croga Z = v BMECTO @ = R MOJTy4YUM
_ &
T:MﬂR2p7Z (7.42)
3amenuB M ero 3HaueHuem u3 ypasHenus (7.40), momydnm:
r o
2 - 1= 3
— r Z 2
Toger=8l|1- | o %u R R™ 1 R2p Y (7.43)
l+e 2 3 Z, 2 2

PaznennB MOIIHOCTH BETpPsAKAa HA CEKYHIHYIO SHEPIUIO ITOTOKA, MOJYYUM KO-
3¢ GUUHEHT UCII0/Ib30BAHUSA JHEPIMH BeTpa
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(7.44)




D2
p=l1-T | gty R__RT| (7.45)

[Ipu BBIBOJIE ATOTO ypaBHEHUs HE ObLIM MPUHATHI BO BHUMAHHE MOTEPH, MPO-
UCXOJSIINE BCIEICTBUE OO0pa30BaHUS BHUXPEW, CXOASAIIUMX C KOHIIOB JOMacTel, a
TaK)Xe MPUHATO KPYUYEHHE YXOISAUIEH CTPYH PaBHBIM HYJIIO, YTO JOIMYCTUMO Y OBICT-
POXOIHBIX BETPSIKOB.

CrnenoBatenbHO, KO3((ULIHUEHT UCIOJIb30BAaHUS IHEPTrUU BETPA, MOJICUMUTAH-
HBI 110 Qopmyne (7.44), OyneT 3HAUUTEIHHO BBHIIIE BO3MOXKHOTO K IMOJIYYEHHUIO B
IPAKTHKE.

7.4. IloTepu BeTPSIHBIX ABUTaTEI€eM

[ToTepn BETpSIHBIX ABUTATENICl Pa3JIEsAlOTCS Ha YETHIPE T'PYMIbI: KOHLEBHIE
notepy; NpouibHbIE NOTEPH; MOTEPH HA KPYUEHHUE CTPYH 3a BETPSIKOM; MOTEPH,
MIPOUCXO/ISIINE BCIEICTBUE HEMTOJIHOIO UCIIOIb30BaHUS BCE OMETaeMOM IO A/IH.

KoHnueBble morepn npoucxondr 3a cu€T oOpa3oBaHMs BUXPEH, CXOIAIIMX C
KOHLIOB JIONACTEN. DTHU MOTEPHU ONPENEIAIOTCS HA OCHOBAHWU TE€OPUU WHIYKTUBHOIO
conpoTuBieHUs. YacTp 3TUX MOTEPh YYUTHIBAETCS MPU BBIBOAE HJICATBLHOTO KO-
(uIMeHTa NCIOJIB30BaHUs YHEPrUuM BeTpa ¢&;. HeydureHHas yacTh KOHLEBBIX ITOTEPH

BbIpakaeTcsa popmyIon

T = A . (7.46)

iZ

7{1_;)

IIpoduabHbIe OTEPH BBI3BIBAIOTCS TPEHUEM CTPYHM BO3AyXa O IMOBEPXHOCTh
KpbUIA U 3aBUCAT TOJILKO OT MPOdUIIS JTOMACTEN.
Mo1HoCTb, nornoniaemMasi NpoQUILHBIM CONPOTUBIEHUEM AJIEMEHTAPHBIX JI0-

nacteit nuHOI0 dr , Ha paguyce I' BeTpsika paBHa
2

. W
dTp =ICpbdl‘p7W ) (747)

1+

rae C, — koo puureHT npodhuIbHOr0 CONPOTUBIEHHS, KOTOPBIH 115 Kpblia OeCcKo-

HEYHOTO pa3Mmaxa paBeH Kod(pduuueHnty mnob6oBoro conpoTtusieHusiC,, T.e.
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HpO(bI/IJII:HI)Ie IMOTCPH TaM, I'IC YK€ KOHYMJIACh JIOIMACTh, CYNICCTBYIOT B BUIC
COIMIPOTUBJICHUA Maxa, KOTOpPOC, TAKUM 06p8,30M, YUUTBIBACTCA HpI/I6JII/IBI/IT€JIBHO. B
PE3YIIbTATC HHTCIPUPOBAHUA I10J1y4acM HpO(l)I/IJII)HI:Ie IIOTCPH BCCI'O BCTPSAKaA
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rae y' = C_X €CTh CPEIHSS BEIMYMHA IO BCEU JIONACTH.
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Tak kak

3
\Y,
B JAHHOE YpaBHEHHE M Pa3[elUB ero Ha 7R° p7§i, MOJYyYUM OKOHYATEIbHYIO

dbopmynry mpodHIBLHBIX TOTEPh B O€3pa3MEPHOM 3HAUYCHUH

_ T _
ST P L S, | (7.48)
2PV - Z 3(1-e)
2 i

IHorepn Ha Kpy4eHHMe CTPYM 3a BETPSKOM PABHBI )KMBOM CUJIE TAHT€HIMAJIb-
HBIX CKOPOCTEN YXOASIIEN CTpyu. BennunHy 3TUX MOTEPH MOJTy4YHM, IPOUHTEPUPO-
BAB ’KMBYIO CHJIy OT TaHT€HIIMAIbHBIX CKOPOCTEW BCEX DJIEMEHTAPHBIX CTPYH B Ipe-
nenax ot Iy 1o R, a UMeHHO
2

T = (27zrdrpV)u72. (7.49)

S ) O

3aMeHUB B JAaHHOM BBIPXEHUM U, €ro 3Ha4eHHEeM, KOTOpoe paBHO 2U;, H
MIPOBEIS PsAl PEoOpa30BaHUM, TOTYUUM

U, =———4&n, (7.50)

1-yz
r1e 77 = ——— — OTHOCHTEJbHBIN KOO(P(UIMEHT MOJE3HOTO AEHCTBHS BETPAKA,;
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Z, = e YHUCJIO OTHOCUTEIBHBIX MOIYJICH.
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IToncrasinss 3HaueHue U, B ypaBHeHHe (7.49), nomyuum
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BpiHOCSI MOCTOSIHHBIE 3a 3HAK HHTCTpAJIa U 3aMCHHUB 7] HCKOTOPBIM €TO

3HAa4YCHHUCM 77, , CPCIAHHUM JJIAA BCCT'O pauyca I, 1OJIy4YuM
T :7ZR2pV glz ; R——ﬂ'RZpV §I 771
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HOI[CJ'II/IB 00€ YacTH 3TOro PaBCHCTBA HAa MOIMHOCTDb UJICAJIBHOI'O BCTPAKA

V3
T, =R 2,0 7 Si
MIOJIYYUM OTBJICYEHHYIO BeJII/ILII/IHy MOTEPHh HA KPYUECHUE CTPYH 3a BETPAKOM
érl 771
In — 7.51
=gt (751)

HOTepl/I, MPOUCXOAAIIMNE BCJICACTBHEC HCIOJHOIoO HCIOJIbL30BaHUSA BCeil
oMeTaeMoil mJiomaan, YHuTbIBarOTCA OTHOIICHUEM

&)

[Tone3HyI0 MOIIHOCTh, PA3BMBAEMYIO BETPAKOM, MOJIYyYHMM, BBIYTS BCE MOTEPH
13 MOIIHOCTH UI€aJIBHOTO BETPAKA
2
Fo
T=T1-2 |-T, -T, T,
RZ i~ 'p

Paznenus Ha T; momyyum

T o T T Ty
Ti R? Ti Ti Ti’
OTKyJa
2
r _ _ _
T=T[1- (S) ~T, =T, =T |- (7.52)

Pa3nenuB mpaByio U JIEBYIO YacTH 3TOTO YPaBHEHUS HA BBIPAKEHUE DHEPrUU
3

\Y
Betpa 7R > p7, MOTYyYrUM KO3(P(UIIMEHT UCTIOJIH30BAHUS YHEPTUU BETPA PEATTbHOTO

BETpsIKa

2
r _ _ _
gzgil—(éq -T,-T,-T, |- (7.53)

Tak kak, & =<7, HAX0AMM, YTO OTHOCHUTENBHBIM KO3(DPULMEHT MOJIEe3HOro
JNEUCTBHUS 7] BETPSIKA PABEH



Bomnpocs! k riiase 7

abrwnE

Teopus peanbHOro Betpska. [lepBoe ypaBHEHUE CBS3H.

PaboTa sneMeHTapHbIX JIonacTel BEeTpoKoJieca.

Teopus peanbHOTrO BeTpsika. Bropoe ypaBHeHUE CBS3H.

MOMEHT 1 MOIIIHOCTbh PEaJIbHOTO BETPSIKA.
[ToTepu BETpSIHBIX JBUTATEINIEH.

(7.54)



8. Tensi0BO¥ pexxuM 3eMHOI KOpbI. UCTOUYHUKH reoTepMAaJIbLHOI0 TemJia
8.1. Tem1oBoii pesKuM 3eMHOH KOPbI

[Tox reoTepMuKO# (OT TPEUECKUX CIIOB «I'€0» — 3eMJISI U «TEPMOY» — TEILIO) MO-
HUMAETCSl HAayKa, U3Y4arolllasl TEIJIOBOE COCTOSTHUE 3€MHOW KOPBI U 3€MJIM B LIEJIOM,
€ro 3aBUCUMOCTb OT I'€0JIOTHYECKOTO CTPOEHMUSI, COCTaBA TOPHBIX MOPOJ, MarMaTuye-
CKHUX MPOIIECCOB U LIETOT0 psifa Ipyrux (HakTopoB.

Kpureprem TEIIOBOro COCTOSIHHSI 3€MHOTO IIapa SIBISIETCA MOBEPXHOCTHBIN
rpaJeHT TeMIepaTypbl, MO3BOJSIONINN CYIUTh O OTEPSIX TeIia 3eMIu. JKCTparo-
TUPYS TPAAUCHT Ha OOJIBIITNE TITYOMHBI, MOXKHO B KAKOH-TO CTETICHU OIICHUTH TEMIIE-
paTypHOE COCTOSIHME 3€MHON KOpbl. BenmuunHa, COOTBETCTBYIOIIAs YIIyOJICHUIO B
MeTpax, Ipu KOTOPOM TemIiepatypa nosbimaercs Ha 1 °C, Ha3bIBaeTCs T€OTEpMUYE-
CKOM CTYIIEHBIO.

B cBsA3U ¢ U3MEHEHMEM MHTEHCUBHOCTHU COJIHEUHOI'O M3JIYYEHHUS TEIUIOBOU pe-
&KUM 1iepBbIX 1,5—40 M 3eMHOH KOpPBI XapaKTEPU3yeTCs] CYTOUHBIMU U TOJIOBBIMH KO-
nebanusimu. Jlariee UMEIOT MECTO MHOTOJIETHUE U BEKOBbIE KOJIEOAHUS TEMIIEPaTyphl,
KOTOpBIE ¢ TIYOMHOM MOCTENeHHO 3aTyxatoT. Ha moboit rimybune teMriepaTypa rop-
HBIX TTOPOJ MPUOTMKEHHO MOXKET OBITh OIpe/iesieHa 1Mo ¢popmyie

Tt ), 81)

rae t, — cpeqHss TemiepaTypa Bo3ayXxa JaHHOW MECTHOCTH;

H — rmyOuHa, 115 KOTOpou onpeenseTcst TeMnepaTrypa;
h — ryOuHa cJ10s MOCTOSHHBIX MOJOBBIX TEMIIEPATY;
O — Ire0TepMUYECKAsl CTYIICHb.

Cpennsisi BeIMUYMHA TEOTEPMUYECKON CTYNEHU paBHA 33 M, U ¢ yriiyOJieHHEeM
OT 30HBI MOCTOSIHHOW TEMIIEpaTyphl Ha Kaxable 33 M TemiepaTypa MOBBIIIAETCS Ha
1 °C.

['eoTepMuyeckue ycaoBHs UYpe3BbIYAMHO pa3HOOOpa3HbI. DTO CBSA3aHO C IeoJIo-
TMYECKUM CTPOCHHEM TOT'0 MJIM MHOTO pailoHa 3emiin. I3BeCTHBI Cily4yau, KOTrja yBe-
nuyeHue temmnepatypsl Ha 1 °C npoucxoauT npu yriyoneHuu Ha 2—3 M. DTU aHOMa-
U OOBIYHO HAXOJSTCS B 00JIACTSIX COBPEMEHHOro Byikanusma. Ha rimyoune 400—
600 M B HEKOTOPBIX paiioHax, HarpuMep KamuaTtku, Temneparypa moxoaut 1o 150—
200 °C u Gonee.

B nHacrosiee BpeMs MOJy4YeHbl JAHHBIE O JOBOJBHO TITyOOKOM MpOMEpP3aHUU
BEPXHEU 30HbI 3eMHOU KOpbI. ['eoTepMuyeckre HaOIIOACHHS B 30HE BEUHON Mep3Jio-
Thl TIO3BOJIJIM YCTAHOBUTBH, YT O MOIIHOCTb MEP3JBIX TOPHBIX MOPOJ JOCTUIAET
1,5 teic. M. Tak, B paitone pexku Mapxu (nputoxk Buros) Ha rimyoune 1,8 Teic. M
TeMmIeparypa coctapisier Bcero juub 3,6 °C. 3aech reorepMHuecKas CTyNEeHb CO-
craBisieT 500 m Ha 1 °C. Ha oTaenbHbIX IaTGOPMEHHBIX YacTsIX TeppuUTOpUU (HA
Pycckoit mmargopme) Temmneparypa ¢ rryOuHOUM npuMepHo cieayromas: 500 M — He
Beimie 20 °C, 1 Teic. M — 25-35 °C; 2 thIc. M — 40-60 °C; 3—4 TBIC. M — 710 100 °C 1
ooJee.



8.2. Iloa3zeMHbIe TepMAaJIbHbIE BOAbI (THAPOTEPMbI)

B 3emMHON KOpE CyIIECTBYET IMOJABUKHBIA M YPE3BBIYAUHO TEIUIOEMKHUH JHEP-
TOHOCUTENh — BOJ[A, KOTOpasi UTPaeT BaXKHYIO POJb B TEIUIOBOM OalaHCE BEPXHUX
reocep. Bona HaceiaeT Bce mopoabl 0cagouHoro yexsa. OHa coliepKUTCs B TIOPO-
JaX TPaHUTHOW U OCAJOYHON 000JIOYEK, U, BEPOSITHO, B BEPXHUX YACTAX MaAHTHUHU.
Kunkas Boma CyiiecTByeT ToJibko A0 riayoun 10—15 km, Huxke mnpu Temmeparype
okosio 700 °C Bojila HAXOAUTCSA UCKIIOUUTENIBHO B Ta3000pa3HoM cocTosinuu. Ha rimy-
oune 50-60 kM npu gaBiaeHusx okono 3-10* arm ucuesaeT rpanuna (GasoBOCTH, T.€.
BOJSTHOM ra3 MpuoOpeTaeT TaKylo ke IIOTHOCTh, YTO U JKUKAsl BOA.

B 51100011 TouKe 36MHOM MOBEPXHOCTH, Ha ONPEAECICHHON ITyOuHE, 3aBUCSILEH
OT T€OTePMHUYECKHX OCOOCHHOCTEH paiioHa, 3aJleraroT IUIACThl TOPHBIX MOPOJ, CO-
JepKalue TepMaJIbHbIE BOJIBI — TMAPOTEPMBI. B CBSI3HM ¢ 3TUM B 3€MHOM KOp€ ce-
IyeT BBIJCIATH €Ille OJHY 30HY, YCIOBHO Ha3bIBAEMYIO «THAPOTEPMaIbHON 000104-
Koi». OHa MPOCIEKUBAETCS IOBCEMECTHO MO BCEMY 3€MHOMY IIApy TOJIBKO Ha pas3-
HOU riyOuHe. B pailoHax COBpeMEHHOIro BYJIKaHM3Ma THJIpoTepMalibHas 000710YKa
WHOTJIa BBIXOJAUT HA MOBEPXHOCTh. 3/1€Ch MOXKHO OOHAPYXUTh HE TOJBKO TOpSYME
MCTOYHUKH, KUTISAIUE TPU(OHBI U Tei3epbl, HO U Mapora3oBbie CTPYU C TEMIIEpaTy-
poit 180-200° C u BbI1IIE.

TemnepaTypa NoJ3eMHBIX BOJ KOJEOJETCA B IIMPOKUX Mpeenaax, 00yCciIoBIIH-
Basl UX COCTOSIHUE, BIIUSSA HA COCTaB M CBOMCTBA. B 3aBHCHMMOCTH OT TeMIiepaTypbl Ha
YCThE CKBAXXUHBI, XMMHUYECKOTO U Ta30BOI0 COCTaBa I'€OTEpPMalIbHbIE BOJIbI KJIACCH-
Guuupyrorcs:

a) mo Temmeparype, t!

T?

°C  (cmaborepmainbhbie t! <40; TepMmaibHBIC
40 <t/ <60; BeicokoTepmanbsHbie 60 <t/ <100; meperpetsie t. >100);

0) mo munepamusanuu, C, /i (ynerpanpecubie C <0,1; npecusie 0,1<C <1,0;
cimabocosonoBatele 1,0<C <3,0; cunpHocomoHoBarele 3,0<C <10,0; coie-
ueie 10,0<C <35,0; paccomnburie C >35,0);

B) Mo oOmei xectkoctd, JK,, Mr-ake/n (odeHp wmsrkue K, <12; wmsrkue
12<7K,<28; cpennune 2,8<K, 6 <57; xectkue 5,7<K <117; oueHp
xectkue K, >117);

r) mo kuciotHoctH, PH (cmmpHokucasie PH <35; kucmeie 3,5< pH <55;
cnabokucineie 5,5< pH <6,8; nedtpanbupie 6,8< pH <7,2; cnabomienoynsie
7,2< pH <8)5; menounsie pH >8,5);

1) IO Ta30BOMY COCTaBY (CEPOBOIOPOIHBIE; CEPOBOIOPOIHO-YIIEKUCIEIC, yIie-
KHCJIbIC; a30THO-YTJIEKHUCIIbIC; METAHOBBIC, a30THO-METAHOBBIC, A30THBIE);

¢) mo rasonaceiennoctr, /1, mr/n (cmabas /7 <100; cpemnnss 100< /7 <1000;
Bbicokas /”>1000).

Kunkast paza BOJbI U TEIUIO MOTYT IMPOUCXOIUTH U3 OJHOTO MCTOYHHKA JIUIITH
B TOM CJIy4ae, €CJIM TaKOBBIM SIBJIAETCS OCTBIBAIOIIMKA MarMaTudeckui pacruias. [le-
perperas BoJia B BHJIC TTAPOBBIX CTPYH BBIICISACTCS M3 paciijlaBa BMECTE C razamMH H
JIETKOJICTYYMMH KOMITOHEHTaMH, YCTPEMIISISICh B BEpXHHE, 00Jee XOJOJIHBIE TOpH-

30HTHI. Y3ke mpH Temmeparypax 425-375 °C map MOKET KOHJICHCUPOBATHCS B KHU/I-
KYIO0 BOJy; B HEH pacTBOPSETCS OOJIBIIMHCTBO JETYUYNX KOMIIOHEHTOB — TaK MOSBIIS-



€TCsl TUIPOTEPMAJIbHBIN PacTBOp KWBEHMJIBHOIO (TepBo3naHHoro) tuna. [loxa roBe-
HUJIBHBIMU T€OJIOTH MOAPA3yMEBAIOT BOJABIL, KOTOPbIE HUKOTAA MPEXKIE HE y4acTBO-
BaJu B Boj0oOOpoTe. Takue TuaApOTepMbl B MPSIMOM CMBICIIE CJIOBA SIBIISIOTCS Mep-
BUYHBIMH, HOBOOOpazoBaHHbIMHU. [losararT, 4To mo00HBIM 00pa3oM chopMupoBa-
Jach BCS MOBEPXHOCTHAS THIpOocdepa MOpeld U OKEaHOB B AIIOXY MOJIOJION MarMaTH-
YECKOW aKTUBHOCTH IUIAHETHI, KOTJA TOJBKO-TOJBKO 3apOXKIAIUCh TBEPAbIE KOHCO-
JTUANPOBAHHBIE OCTPOBA» MATEPUKOBBIX IIATHOPM.

[IpssMOM POTUBOIOJIOKHOCTHIO FOBEHUIBHBIX BOJ SIBJIIIOTCS BOJAbI MH(PUIb-
TPAUMOHHOTO TPOUCXOXKIEHHUS. ECiiM 10BEHUIbHBIE BOJIbI, OTJIETSAACH OT MarMaTuye-
CKOI'O pacruiaBa, NOJHUMAIOTCS K MOBEPXHOCTH, TO NPeo0Iaarollee IBHKEHHE HH-
(UIBTPAIIMOHHBIX BOJ — OT MOBEPXHOCTU BIITYyOb. MICTOYHHMK BOJ 3TOTO THTIA TPE-
CTaBJIIET cO00W aTMOC(hEpHbIE OCAJIKU UM BOOOIIE MOBEPXHOCTHBIE BOAOTOKH. 1o
MIOPOBOMY MPOCTPAHCTBY MOPOJ WJIM TPEUIMHHBIM 30HAM 3TH BOJbI MPOHUKAIOT (MH-
buabTpyroTcs) B 6oJiee riry0oKrue ropu3oHThI. [10 MyTH ABUKEHUS OHU HACBHIIIAIOTCS
Pa3IUYHBIMU COJISIMU, PACTBOPSIIOT MOI3EMHBIE T'a3bl, HATPEBAIOTCS, OTOMpas TEIJIO Y
BOJOMIPOBOJISIINX MTOPO/I.

B 3aBucumocTH OT IIyOMHBI TPOHUKHOBEHUS MH(WIBTPAIMOHHBIX BOJ| OHU
CTaHOBSITCS O0Jiee UM MEHee HarpeThiMu. [Ipu cpemHuX reoTepMUUECKUX YCIOBUSIX
JUTSL TOTO, YTOOBI MH(DUIBTPAIMOHHBIEC BOJIBI CTAIM TEPMAIbHBIMU (T.€. C TEMIIEpATy-
poit 6onee 37 °C), HeoOxoauMo ux norpyxenue Ha rayouny 800—1000 m.

NudunpTpaiinoHHble TUAPOTEPMBI CIIOCOOHBI M3JIMBATHCS HA MOBEPXHOCTH B
BHJIE TOPSIYMX UCTOYHUKOB, €CIIU CYIIECTBYET BO3MOXHOCTh Pa3rpy3KH BOJIbI HA IO-
BEPXHOCTH IO Pa3jioMaM, BBIKJIMHUBAHUSIM CJIOEB, UTO MPOUCXOJIUT B O0Jee HUZKUX
OTHOCHUTEJILHO 00JacTu NuTaHusi y4dacTkax. [Ipuuem, 4yToObl BOJa OcTaBajach Tep-
MaJIbHOW, TIOJIbEM €€ K MOBEPXHOCTU JOJKEH MPOUCXOAUTH OYEHb OBICTPO, HAIPHU-
Mep, MO0 HIMPOKUM TpeHMHaM pasyioMoB. [Ipu MemyieHHOM moabeMe THUAPOTEPMBI
OCTBIBAIOT, OTJABasi AKKYMYJHMPOBAHHOE TEIUIO BMEIIAOIUM ropoaaMm. OnHako, ec-
U IpoOYpUTHh CKBOXHHY Ha TIyOMHY 3—4 ThIC. M U 00€CeUnuTh OBICTPHIA MOIBEM
BOJIbI, MOKHO TOJIYYUTh T€pMallbHbIN pacTBOp ¢ Temmepatypoi 10 100 °C. Bee 3to
KacaeTcs 00J1acTei co CpeTHUMH T€O0TEPMUUECKUMU TTOKA3aTEISIMU M HE OTHOCUTCS K
BYJIKAHUYECKUM paliOHaM WJIM 30HaM HEJJaBHETO TOPHOOOpa30BaHUSI.

ByJkaHuveckuid TUI TepMaJIbHBIX BOJ CIEAyeT BbIAEIUTH 0c000. Kak yxke
TOBOPUJIOCH, TOPSTYME UCTOYHUKH BYJIKAHUYECKUX PAiOHOB HEJb3S IIEJIMKOM CUUTATh
«HOBEHUJIBHBIMIY, T. €. MarMaTu4eckKuMu. OMBIT UCCIEAOBAaHUN MOKA3bIBAET, YTO B
MOJABJISIONIEM ClTydae BOJIa BYJIKAaHHMYECKUX TEPM MMEET MOBEPXHOCTHOE MH(UIIb-
TPalMOHHOE NPOUCXOXkAcHUE. [JoMMMO Tel3epoB BYIKAHMYECKHW THII THAPOTEPM
BKJIFOYAET Tpsi3eBbie TPU(OHBI U KOTJIbI, MAPOBBIE CTPYH U Ta30BbIe (DyMapOIbl.

Bce nepeudncneHHble TUIBI TEPMalIbHBIX BOJ MMEIOT pa3HOOOpa3HEHIINN XHU-
MUYECKUN W Ta3oBbIM cocTtaB. Mx oOmass mMuHepanmuzaiusi KoJieOJIeTcs OT Yilb-
TpanpecHbIx kateropuii (Menee 0,1 r/1) 10 KaTeropuii CBEpXKpPENKUX paccoiioB (00-
aee 600 r/m). ['mapoTepMbl cojiepKaT B paCTBOPEHHOM COCTOSIHHM Pa3JIMYHBIC T'a3bl:
AKTUBHBIE (arpECCUBHBIC), TAKUE, KAK YIIIEKUCIOTa, CEPOBOAOPOM, AaTOMAPHBIN BOJ0-
PO, U MaJIOAKTUBHBIE — a30T, METaH, BOJIOPO/I.

B reotepmanbHO# 3HEPreTHKE MOTYT OBITH WCIIONB30BAaHBI MPAKTHYECKU BCE
BUJIBI TEPMAJIBHBIX BOJI: TIEPETPETHIC BOABI — IPH JOOBIUE DJICKTPOIHEPTUH, TIPECHBIC
TepMaJIbHbIE BOJIBI — B KOMMYHAJBHOM TEIIO00ECIIEYEHUH, COJTIOHOBATHIE BOJIBI — B



0aTbHEOIOTUYECKUX TENISIX, PACCOJIBI — KaK MPOMBITINIEHHOE CHIPBE.
8.3. 3anacekl U pacnpocTpaHeHHe TePMAJIbHBIX BOJ

K oOnacTsiM pacmpocTpaHEHUsI MECTOPOKIECHUN TepMaJbHBIX BOJ OTHOCSITCS:
BYJIKAHUYECKOE KOJIbLIO OacceliHa Tuxoro okeaHa, ANBIMUUCKUI CKJIa4yaThld TOsIC,
puGTOBBIE JOJUHBI KOHTUHEHTOB, CPEAMHHO-OKEAaHHMYECKHE XpeOThl, miaThopMeH-
HBIC TIOTPY>KEHUS U IPEJATrOpHBIC KpaeBble mporuosl (puc. 8.1).

[To cBOEMY MPOUCXOXKICHUIO MECTOPOKICHUSI TEPMAIBHBIX BOJ MOXHO IO/I-
pa3aeNuTh Ha JIBa TUIA, PAa3IMYaIOIIMecs: CIOCO00M MepeHoca TEIIOBOM SHEPTHH.

IlepBblii THII 00Pa3yIOT TEOTEPMATbHBIE CUCTEMbl KOHBEKIIMOHHOTO MPOUC-
XOKIEeHUs, OTJIMYAIOIINECS BBICOKOM TEMIEpaTypod BOJ, pa3rpyKarolIUXCi Ha
JTHEBHYIO MOBEPXHOCTh. DTO paliOHBI PACIIONOKEHUS COBPEMEHHBIX HJIM HEJJABHO IO~
TYXIIHUX BYJIKAHOB, IJI€ HA MOBEPXHOCTh BBIXOJAT HE TOJBKO FOPSIYME BOABL, HO U Ma-
poBoisiHast cmech ¢ Temmeparypoi 10 200 °C u 6onee. Ha ceroansiiinuii 1eHb Bce
reoTepMajbHbIC SJIEKTPOCTAHIINK PA0OTAIOT B paifloHaX COBPEMEHHOIO BYJIKAHU3MA.
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Puc. 8.1. Ob6s1acTH NPOU3BOACTBA re0TEPMAIbHOM YJHEPIHU B CHCTEMe TPEeTHYHBIX
OpPOreHNYeCKHUX NMOsICOB (3AIITPUXOBAHO):

1 — Kamudopnus; 2 — Ceppo [Ipuero; 3 — Mekcuka, Mnanero; 4 — Can-CanbBagop; 5 — Unnw,
Artakama; 6 — Ucnanaus; 7 — Apaak-Jlak; 8 — Jlapnepemno, Monte-Amuara; 9 — Benrepckuit
Oacceiin; 10 — Aliqun-/lenusnu; 11 — KaBkas; 12 — Cymatpa; 13 — fBa; 14 — HoBas ['Bunes;

15 — Hosast bpuranus; 16 — ®umxu, Hossie 'edpunsr; 17 — Baiipakeii, Baitorany;
18 — ®ununmnuner;, 19 — fAnonus; 20 — KamuaTka

K MCCTOPOXKKACHUAM KOHBCKIIMOHHOI'O THIIA OTHOCATCA TAKXKC I'MAPOTCpMallb-
HBIC IMPOABJICHUA TAaK HA3BIBACMBIX pI/I(I)TOBI)IX 30H, XApPAKTCPUIYIOIINXCA aKTHBHBIM
TCKTOHUYCCKUM PCKUMOM U YMCPCHHO IOBBINICHHBIMU I'COTCPMHUYCCKUMU I'PAIUCH-



tamu — 45-70 °C/km. (PudToBbie 30HBI U CBA3aHHBIE C HUMU TEPMOAHOMAIINH, KaK
OpaBuiIO, TMPOCTUPAIOTCS HAa OrpomHble paccrosinua. Hanpumep, Ceepo-
MekcukaHckuil OacceiiH TepMajbHBIX BOJ MPOTAHYJCS Ha 1,5 ThIC. KM, OT ceBe-
poBocToyHOM uyacth Mekcuku 10 ®nopunbl. OnHa W3 CKBaXXKHH 371€Ch C TIIYOUHBI
5 859 M gaeTr mapoBOJAHYIO cMech ¢ Temreparypor 273 °C, nmpuyem 3TOT (Quirona
BBIXOJIUT MPU BHICOKOM JaBJICHUMU.)

BTopoii TN TeoTEepMAIBHBIX MECTOPOXKICHUN 00pa3yeTcs mpu npeodiagaro-
IIEM KOHAYKTHBHOM MPOrpeBe IMOJ3EMHBIX BOJ, COCPEJOTOUYCHHBIX B TIYOOKHX
m1aTOPMEHHBIX BIAIMHAX U MPEATOPHBIX Mporubax. OHU pacroiararoTcs B HEBYJI-
KaHUYECKUX paliOHaX M XapaKTEPU3YIOTCS HOPMAJIbHBIM T'€OTEPMUUYECKUM TPaIUCH-
ToM — 30-33 °C/xm.

bypenuem Ha He(Th U ra3, a YACTUYHO W HA BOAY OOHAPY>KEHBI COTHU TTO/I3EM-
HBIX apTEe3MaHCKUX 0acCEHHOB TePMaIbHBIX BOJI, 3aHUMAIOIINX TIJIOMAIN B HECKOIb-
KO MUJUIMOHOB KBaJIpaTHBIX KuiioMeTpoB. Kak mpaBuiio, apTe3uaHckue OaccenHbl,
PacIoJioKEHHbIE B PABHUHHBIX 00JIACTAX U MPEATOPHBIX MPOrudax, cojiepkar Bo1y ¢
temriepatypoit 100-150 °C na rmyOune 3—4 kM.

MoskHo 0e3 peyBeIuYeHus cKa3aTh, YTO JIF0OO0M OTMEUEHHBIN Ha KapTe Mpei-
TOPHBIN MPOTUO, KOTOPBIN ObLT CPOPMUPOBAH B AIOXY AJBIHUICKOTO TOPOOOpa3OBa-
HUSI, COJEPKUT OacCeiH TepMalbHBIX BOJ. TakoBBI apTe3naHCKHE OaccedHbI Mpe/-
ropubix niporu6oB ITupenees, Anwn, Kapnat, Kpsima, KaBkaza, Koner-/lara, TsiHb-
[Tans, ITamupa, ['mmanaeB. TepMasibHble BOJBI 3THUX 0aCCEHHOB JIEMOHCTPUPYIOT
YHUKQJIbHOE MHOroo0Opa3ne XMMHYECKHUX THUIIOB OT NPECHBIX (MUTHEBBIX) 10 pac-
COJIbHBIX, YIOTPEOJISIONIMXCSA KaK MUHEPAJIbHOE ChIPhE [JIi W3BJICUCHUS I[EHHBIX
AJIEMEHTOB. BoJblile OJIOBUHBI BCEX M3BECTHBIX MUHEPAIbHBIX (JI€4€OHBIX) BOJ BhI-
XOJISIT B BUJIE UCTOYHUKOB WJIM BBIBOASITCA CKBAXMHAMM B Mpeliesiax albIUNUCKUX
MPEATOPHBIX U MEXKTOPHBIX MPOTHO0B. ONBIT MOKa3bIBAET, YTO TEPMaJbHBIE BOJIbI
MOJIOOHBIX MaJIbIX OACCEHHOB SBJISIFOTCS HAMOOJIEe MEePCIEKTUBHBIMU ISl KOMILIEKC-
HOTO WCIIOJIb30BaHUS B MPAKTUYECKUX LIEIISIX.

[ToncyeTsl 3ammacoB TepMalabHBIX BOJ OCHOBBIBAIOTCS HAa MUMEIOLIUXCSA JTaHHBIX
00 0oOBbeMax rpaBUTAIMOHHBIX BOJI, 3aKIFOYEHHBIX B IUIACTaX, 00beMaX caMHuX BOJIO-
HOCHBIX TOPU30HTOB M KOJUIEKTOPCKUX CBOMCTBAaX CJIArarolIMX UX TOPHBIX MOPO/I.
3amacel TEpMaNbHBIX BOJ MPEACTABISAIOT COO0M 0O0Iee KOIMYECTBO BBISBICHHBIX
TEPMaJIbHBIX BOJ, HAXOJSIIMXCSA B MOpax M TPEIIMHAX BOJOHOCHBIX TOPU30HTOB,
umeronux temmeparypy 40-200 °C, munepanuzanuto 10 35 /1 u TyOuHy 3anera-
HHUS 10 3,5 ThIC. M OT THEBHOW MOBEPXHOCTH.

C pazButuem riryookoro Oypenust Ha 10—15 kM OTKpBIBaIOTCS MHOTOOOEIIat0-
M€ TEPCIIEKTUBBI BCKPBHITHSI BHICOKOTEMIIEPATYPHBIX UCTOUHUKOB Teruia. Ha Takux
IyOMHaX B HEKOTOPBIX pailOHax CTpaHbl (MCKITIOYas BYJKaHWYECKHE) TeMmIepaTypa
BOJI MOKET HOCTUTHYTH 350 °C u BblIIIE.

Paiionbsl BbIXOZ]a HA MOBEPXHOCTh KpHUCTAIM4eckoro (ynmamenta (bamruii-
CKM, YKpawmHCKWW, AHAOapCKUH IUTHI) W TPHUIOMHSITHIC TOPHBIE COOPY>KCHHUS
(VYpan, KaBka3, Kapnarsl u T. [1.) COBEPILIEHHO HE UMEIOT 3al1acOB TEPMaJIbHBIX BOJI.
Ha ydactkax morpyxeHust GyHaamMeHTa, T. €. IPU YBEITUICHUH TOJIIHHBI 0CAI0YHOTO
yexJia, B HeJlpax HaOmogaeTcss HekoTopoe «moterienue» 10 35—40 °C na miardop-
Max u 10 100-120 °C B riry0OKuX MpEArOpHBIX BIIATUHAX.

K uucny palioHOB, UMEIOIMNX MAaKCUMAJIbHO «TEIUIbIe» 3€MHbIE HEeapa, HEeCO-



MHEHHO, oTHOcuTca Kypuiio-Kamuarckass ByJKaHM4YecKas 30HA. 31€Ch HArpeTocTh
IOPOJT ¥ COAEPIKAILMXCS B HUX BOJ] 3aBUCUT HE TOJIBKO OT IIIyOMHBI UX 3aJI€TaHus, HO
B OOJIBILIEH CTENEHU OT OJIM30CTU K BYJIKAHMYECKUM LIEHTPAM U pa3jioMaM B 3€MHOM
KOpE.

Takum oOpa3oM, TeMiiepatypa MOpoJi, a CIEJOBATEIbHO, U BOJ HaXOAMUTCA B
3aBHCHUMOCTH OT IJTyOUHBI 3aJI€TaHusl U OT palioHa, KOTOPbIM XapakTepusyercs 00i1b-
LIEH WJIU. MEHBIIIEW Nr€0TEPMUYECKON aKTUBHOCTBIO.

8.4. CocTosiHMe reorepmMaibHOii 3HepreTuku B Poccuu

Bepxne-MyrtHoBckas I'eoTIC

Bepxue-MytHoBckass ['eoTOC momrHocteio 12 MBT (3x4 MBT) siBnsiercs
ONBITHO-NPOMBIIIIEHHON ouepeabto MyTHOBckoW ['e0TOC mpoeKTHOM MOIIHOCTBIO
200 MBT, co3naBaemoii aiist anektpocHadxkenus [letponasnosck-Kamuarckoro npo-
MBIIIJIEHHOTO paliOHa.

B HacTosiiee Bpems Ha IUIOIIAJKE MMEIOTCS TPHU IKCILTyaTallMOHHBIE CKBa-
’KUHBI, CYMMapHBIH JEOUT Mapa U3 KOTOPBIX MPEBBILIAET MOTPEOHOCTh TPEX yCTaHAB-
JUBaeMBbIX 3Hepromonyieid nmo 4 MBT ¢ mapoBeiMu TypOuHamu. Kpome Toro, stu
SHEPrOMOJYJIM HE IOJHOCTBIO HCIIOJIB3YIOT TEIUIO OTCEMAPUPOBAHHOW TE€PMaJIbHOM
BOJIbI, 3aKauMBAaeMOM B IuIacT ¢ temmneparypout 150 °C. B mpoekre nocimenyrommx
ouepenerr MytHoBcko ['eoTOC Taxkke HE mpeaycMaTpUBAETCs UCIIOJIb30BAHUE TEII-
Ja TepMalbHOW BOJbI, TO3TOMY C NMPUMEHEHHUEM TOJBKO MAapOBBIX TypOHUH OO0mIas
MomHOCTb ['e0TOC Ha MyTHOBCKOM MecTOopoxkAceHUU He npeBbicuT 200 MBT.

[Ipennaraercst B TeueHue Tpex JIeT pa3padoTarh W UCHbITaTh HA BepxueMyTt-
HOBCKOM ['€0TOC NMuiIOTHBIM IBYXKOHTYPHBIM aMMHAYHBIA YHEPTOMOYJIb MOIIHO-
cteio 6 MBT, paboTtarommii Ha U30BITOYHOM MMAape W3 CYUIECTBYIOUIUX CKBAKUH U
Teruie COPOCHON reoTepMaIbHON BOABI, KOTOPast OyIeT AOMOJHUTEIBHO OXIaKIaThCs
no 100 °C.

Co3naHue U UCIBITaHUS MHJIOTHOTO 00pa3ila aMMHUAYHOTO SHEPrOMOYJIS 1103~
BOMIUT (HapsAy C HapalMBaHWEM MOITHOCTH BepxHe-MyTHOBCKOM CTaHIMH JI0
18 MBT) na 40-50 % yBenuuuth MomHOCTh MyTHOBCKOM ['¢0TOC npu Tex xe 00b-
emax OypeHus MyTeM COBMECTHOTO NPHUMEHEHHUS MapoBbIX M aAMMHMAYHBIX SHEPTro-
ycTaHoBOK. [Ipu sTom cebectommocTh anekTposneprun cHmwkaetcss Ha 20-30 % 3a
cuet Oosiee 3(PPEKTUBHOrO UCTIOIB30BAHUS T€OTEPMATIBHOTO TEIUIA.

KomOunupoBannbie I'eoTIC — Oynyiiee reorepmaibHOl 3HepreTku Kam-
YaTKU

JIBa KpynHEHIIX MECTOPOXIeHUs nmaporuaporepM KamuaTtku — pazpabaTbiBa-
emoe MyTtHOBckoe U nepcrnektuBHoe Huxne-KoieneBckoe, cnocoOHble HAa MHOTHE
JECATUIIETHS TOJTHOCThIO O0ECIEUUTh DHEPreTHUECKUE MOTPEOHOCTH pEeruoHa, pac-
MOJIO’KEHBI B TOPHBIX MECTHOCTSIX C HEOJarompusaTHbIM KiaumaroM. CpeaHeroaoBas
TEeMIepaTypa oTpullaTenbHas, riayonuHa cuera 10 10 M. OT0 CyIiecTBEHHO 3aTpyaHSIET
Y yJIOPOKAET CTPOUTEIBCTBO U 3KCIUTYaTalUIO T€0TEPMAIIBHBIX 3JEKTPOCTAHIUH.

Kak wu3BecTHO, mocTynarom@as W3 TIeOTEPMAIBHBIX CKBAaXUH MapOBOASHAs
CMECh UMEET CJOXHBIN xumcoctaB. Cojepskanue cojeil B BoasHou (asze 1o 2 r/1, B
TOM YHCJI€ MHOTO KPEMHEKHCIIOTHI, B I1ap€ 3HAYUTEIBHOE KOJINYECTBO HEKOHACHCH-
pYIOIIMXCS Ta30B, BKIIIOYAsl CEPOBOJOPOA. DTO OTPAaHUYMBAET BO3ZMOXKHOCTH TITy0O-



KOr0 HKCHOJIb30BaHMS TEIUIOBOIO MOTEHIMAJa T'€OTEPMAIBHOIO TEMJIOHOCHUTEINS B
TpaauroHHOM 1ukie ['eoTOC ¢ KOHAEHCAIIMOHHBIMU MAPOBBIMU TypOWHAMHU, HE
M03BOJISISL TIOJy4YaTh JAOMOTHUTENbHBIN Map paclIupeHUuEeM BOJbI U IITyOOKHM BaKyyMm
B KoHjieHCaTope. CUIIbHBIN BeTep, MOPO3, OOUJIbHBIE CHETOMAaAbl B COUYETAHUU C BbI-
COKOM BJIQKHOCTBIO CO3/IaI0T YTPo3y 00pa3oBaHUs JbJa B OOBIYHO MPUMEHSIEMbIX Ha
['eoTOC BnaxkHBIX TPATUPHSIX, YTO MOKET MPUBECTH K OCTAHOBY HEProOJIOKOB U
JaXke K pa3pyLICHUIO IPaIUPEH.

Ha npennaraempix 'eoTOC xkoMOMHUPOBAHHOTO IMKJIA 3TH MPOOJIEMBI B 3Ha-
YUTENBHOM CTerneHu pematorcs. Eciau mpuMeHuTh mapoBbie TYpOUHBI ¢ OJMU3KUM K
aTMoc(hepHOMY TPOTHBOJIABICHHEM M HaIllpaBUTh OTPaOOTaHHBIM Map B KOHJICHCA-
TOP, SBIIAIOLIMIICS OJHOBPEMEHHO IMMapOr€HEPATOPOM HIDKHETO KOHTYpa CTaHLUU C
TypOMHaMH Ha HU3KOKHILSIIEM HE3aMep3arolleM padoyeM Tene, TO CYMMApHYIO BbI-
paboTKy AJMEKTPOIHEPTHH MOKHO 3HAYUTENBHO MOBBICUTH 3a CUET CHUIKCHUS TEMIIe-
paTyphl 0TBO/a Teruia u3 nukia. KonaeHcanus napa HU3KOKHUIISIIETo pabodyero tena
OCYLIECTBJISIETCS B BO3AYIIHOM KOHJIEHCATOPE, IMOATOMY I0JIE3HAs MOLIHOCTh CTaH-
U1 3UMOM 3HAYUTEJILHO BO3PACTAET BMECTE C POCTOM MOTPEOHOCTH B 3JIEKTPOIHEP-
run. KpoMe Toro, HeT 3aTpaT mapa Ha KEKTOPBI IJis yAAJICHUS HEKOHIAEHCUPYIO-
IIMXCSl Ta30B, MOYKHO TaK)K€ YAaCTHUYHO HCIIOJb30BaTh TEILJIO T'€OTEPMAIBHOW BOJbI
JUIA TIeperpeBa rnapa HU3KOKHIIsIero padoyero tena. O0neryaercst 3MMHsA SKCIUTya-
Talysl CTaHLMHU, TAaK KaK HET OTKPBITOIO KOHTAKTa BOJbI C BO3AYXOM (CTAHLHS «CY-
xas») , a TeMmIeparypa BOJbl B TEIUIOOOMEHHBIX ammaparax v TpyOorpoBoAax He
omyckaercs Hmxke 60 °C.

Komb6unupoBanubie ['eoTOC yxe paboTaroT 3a pyOexoM, HO B pailOHaX C TPO-
MMAYECKUM KIMMATOM, e UX 3(P(HEKTUBHOCTh HE MOKET MPOSABUTHCS B MOJHYIO CUITY
M3-32 BBICOKHX TeMIEpaTyp Bo3ayxa. i ceBepHBIX pailOHOB BBILIEYKa3aHHBIE ITpe-
MMYIIIECTBA TAKUX CTAaHUUK 00ECIEYUBAIOT OOJIBIINE MEPCIIEKTUBBI UX TPUMEHEHHUS.
B npoxogsiiem cerlyac MEXIyHAPOAHOM TEHJIEPE HA CTPOUTENBLCTBO MEPBOM Ouepe-
a1 MytHoBckoit ['eoTOC cranmms KOMOMHHUPOBAHHOTO IUKJIA PACCMATPUBACTCS B
KayecTBE OJHOTO U3 BO3MOXHBIX BAPUAHTOB.

Oxkeanckasi I'eoTIC.

B nacrosiiee Bpemst anekTpocHadxkenue r.Kypuibcka u mocenkos PeitnoBo u
Iopstune Kimroun ocymectBisercs ¢ nomompbio JI9C, a TerocHabxeHHue — ¢ To-
MOIIBIO YTOJIbHBIX KOTENbHBIX. J[M3TOMIMBO BBO3UTCS B KOPOTKUN NEpHOJ Ha-
BUranuu — Ha 0. UTypyn Het cBoero torumBa. Ha 3akynky TOMmiInMBa pacxo10BajioCh
16,3 man py06. B nenax 1988 r. B nmocnennue roasl n3-3a GUHAHCOBBIX TPYAHOCTEH
3aBO3 TOILJIMBA HA OCTPOB PE3KO COKPATHUJICS; JJIEKTPOIHEPTHUS MOAAETCS HACEIICHUIO
1o 2—3 4Jaca B CyTKH.

BmecTe ¢ TeM Ha ocTpoBe MMEIOTCS OoraTeiiire mo maciradaM OCTpoBa 3a-
Nachl BHICOKOMOTEHIIMAIBHBIX I€0TEPMAJIbHBIX UCTOYHUKOB dHEPTUH, KOTOPbIE K TO-
My K€ B OCHOBHOM Y€ pa3Benanbl. Ha runporeonornueckyro passeaky 1 HUOKP
no coznanuio ['eoTOC u3pacxonoBano okosio 75—80 mapa pyO. B TeKynux neHax. B
I'ocynapctBenHor komuccuu P® yTBepKAeHBI 3a11achl MapOTUIPOTEPM HA MOIIIHOCTh
15 MBT1(3). Y1Bepxkneno TOO crpoutensctBa Okeanckoir ['eoTOC ¢ MOUTHOCTHIO
nepBoi ouepenu 12 MBT u Ha nonHoe pa3Butue 30 MBT — npuka3 MuHTONSHEPro
P® ot 10.08.94 r. Ne 168. Croumocts anektpodHeprun Ha ['eoTOC B ABa ¢ nUIIHUM
paza "Hmwke dyem Ha JIOC. IlpuBo3Hoe TOmIMBO OyJEeT BBITECHEHO M3 pacuera 2,5—



3 ThIC. TyT./TOA-MBT. Yiydmurcs skojgoruyeckas 00CTaHOBKA Ha OCTPOBE.

IHayxerckas 'eoTIC.

Ha ITayxerckoit ['eoTOC momuocTeio 11 MBT ncnosib3yeTcss Ha MapoBBIX
TypOMHAaX TOJBKO OTCEMApUPOBAHHBIN reOTEepMalIbHBIN Map U3 MapOBOJITHON CMECH,
MOJIy4Ya€MOW W3 TEOTEPMAaJIbHBIX CKBAXKHMH. BOJBIIOE KOJIUMYECTBO TIEOTEPMAIBHOM
BoabI (0koJo 80 % obmiero pacxona [IBC) ¢ remneparypoit 120 °C cOpackiBaeTcs B
HepecToBYIO peky O3epHasi, UTO NPUBOAUT HE TOJBKO K MOTEPSIM TEILJIOBOTO MOTEH-
[[AaJia TEOTEPMaIbHOTO TEIJIOHOCUTENS, HO U CYIIECTBEHHO yXYJIIAET HKOJOTHYE-
CKO€ COCTOSIHHE PEKH.

[IpennaraeTcst UCMONMB30BATH TEIUIO COPOCHOM Te€OTepMaTbHOM BOJBI IS BBI-
pabOTKHM AJIEKTPOIHEPTUH TYTEM CO3/JaHUsI ABYXKOHTYPHOW SHEPrOyCTAHOBKH Ha
HU3KOKHUIIAIEM pabodem Tene. B kadecTBe pabouero Teia IenecooOpa3HO B3SIThH
M30IICHTaH WK N300yTaH, MPOEKT MOA0OHON MOIYIPHOU SHEPTOYCTAHOBKU pa3pado-
taHn i CraBpomonbckoir ['eoTOC. Pacxon cOpocHoM Boabsl Ha JeHCTBYIOIICH
[Tayxerckoit ['eoTOC mocTaTtodeH 1jisl 3HEPrOyCTaHOBKH MOLIHOCTHIO 2 MBT, ctou-
mMocTh obopymoBanus 1 000 $/xkBt. Temmepatypa cOpOCHOW BOJBI CHHXKACTCS J0
55 °C, TemM cambIM 3HAYUTEIILHO YMEHBIIIAETCS TETUIOBOE 3arpS3HEHUE PEKHU.

Bomnpocs! k ri1ase 8

TennoBou pexUM 36MHOU KOPBI.

[ToazeMHbIe TEpMaTIbHBIE BOJBI (TUAPOTEPMBI).

3anacel ¥ pacnpoOCTPAHEHHE TEPMAIbHBIX BOJ.

CocrosiHME TEOTEpMAITBHON dHEPreTUKH B Poccnu.

[lepcnekTHBBI HCIOIB30BAHUS T€OTEPMATBHON 3HEPTUH, JTOCTOMHCTBA U HENIO-
CTaTKH.
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9. Ucnosib30BaHMe re0TePMAaIbHOM YHEPTUH ISl BHIPA0OOTKH TEIJIOBOM
U YJIEKTPUYECKOM JHEPIrum

9.1. Ilpsimoe UCNOJIL30BaHHME Te0TEPMAJIbHOM YHEPTUU

['eoTepManbHble CTAHLIMU B BYJIKaHMYECKHX paloHax 0azupyrOTCs Ha MECTO-
POXKICHUSIX TAPOBOJISIHON cMecH, T0OBIBAEMON M3 MPUPOIHBIX MOJ3EMHBIX TPELIHH-
HBIX KOJUJIEKTOpOB ¢ TiyOunsl 0,5-3 kM. IlapoBonsHas cmech B cpelHEM HUMEET CTe-
nenb cyxoctu 0,2—0,5 u srTanemuo 1 500-2 500 k/[x/kr. B cpennem ogHa sKcmutya-
TallMOHHAsA CKBa)XMHA 00ECIIEYMBACT dJCKTPUUECKYI0 MOIIHOCTh 3—5 MBT, cpennss
CTOMMOCTb OypeHus coctaisieT 900 momt. 3a MeTp.

I'eoTepmajibHasi 3JIEKTPOCTAHIMSA C HEMOCPEACTBEHHBIM MCIIOJIb30BAHUEM
npupoaHoro napa. Camas npocrtast ¥ JOCTyIIHasi re0TepMalIbHasi YHEProyCTaHOBKa
npeacTaBisieT co00i MapoTypOMHHYIO YCTaHOBKY € IIPOTHBOJIABICHUEM.

[TpuponHbIil map U3 CKBaXMHBI NOJAETCS NPSIMO B TYpOUHY C MOCIETYIOIUM
BBIXOJ/IOM B aTMoc(epy WM B YCTPONCTBO, yJIaBIMBAIOIIEE [IEHHbIE XUMUYECKUE Be-
mectBa. B TypOuHY ¢ IpOTHMBOJABIEHUEM MOKHO IOJaBaTh BTOPUYHBIA Map WIU
nap, mnoyiydaeMblil u3 cemnapatopa. [lo 3Toil cxeMe a3nekTpocTaHuus pabdoraer 0e3
KOH/ICHCATOPOB, U OTNAJAeT HEOOXOAUMOCTh B KOMIIPECCOPE UIsl YAAJCHUS U3 KOH-
JIEHCATOPOB HEKOHJICHCUPYIOLIMXCS ra30B. JTa YCTaHOBKA HauboJiee npocTasi, Kanu-
TaJdbHbIE M SKCIUTyaTallUOHHBIE 3aTpaThl HA Hee MUHUMAaJbHbl. OHA 3aHMMAeT He-
OOJIBIIIYIO TUIONIAh, TOUYTH HE TPEOYET BCIIOMOTaTEILHOI0 000PY0BAHUS U €€ JIETKO
MPUCIIOCOOUTH KaK MOOMIIbHYIO T€OTEPMANBHYIO dJIeKTpocTaHIuio (puc. 9.1).

Puc. 9.1. Cxema reorepmajibHOM 3J1eKTPOCTAHIMH C HENOCPEICTBEHHBIM
HCIO0JIb30BAHMEM NPHPOJIHOIO Mapa:
1 - ckBaxxuHa; 2 —TypOuHa; 3 —reHepaTop; 4 — BbIXOJ B aTMOcdepy
WM Ha XMMHUYECKNI 3aBOJ

TypOoreHnepaTopHble YCTAHOBKH C IPOTUBOAABICHUEM HE MPEMSATCTBYIOT MPO-
MBIIIJIEHHOMY HCTIOJIb30BAaHUI0 XUMHUECKUX BEIIECTB, COJCPIKALIUXCS B MIPUPOTHOM
TerioHocuTese. Tak, Hanmpumep, B MPHUPOTHOM Mape HEKOTOPBIX MECTOPOXKICHUI
Urtamuu conpepxkutcst 150—700 mr/kr OOpHOW KHUCIOTHI, U TIPH MOMOIIM MOJOOHBIX
YCTAaHOBOK MOYXHO JTOOBIBATh 3TOT IIEHHBIA MPOIYKT OJHOBPEMEHHO C BBIPAOOTKOM
AIEKTPOIHEPT M.

PaccmoTpeHHast cxema MOXET CTaTh CaMOM BBITOJHOW TSI T€X PAMlOHOB, TIE
MMEIOTCSl JTOCTATOYHBIC 3amachl MPUPOAHOro mapa. PaimoHanbHas SKCIUTyaTalust
o0ecreunBaeT BO3MOXKHOCTh (P (HEKTUBHON pabOThl TaKOW YCTaHOBKH Ja)Ke TIPH Tie-
PEMEHHOM J1eOUTE CKBAKHH.

B nonmo0HbIX cxemax TpeOyeTcs 3HAUUTENbHOE KOJUYECTBO Tapa, KOTOPBIMA C
OOJIBIIIUM YCIIEXOM MOYKET OBITh UCIIOJIb30BaH B TYpOUHAX KOHACHCAIIMOHHOTO THUIIA.



I'eoTepMasibHasi 3JIEKTPOCTAHIMS ¢ KOHACHCANMOHHON TYpPOMHOM M TIpPs-
MBbIM HCIOJIb30BAHMEM MIPUPOJIHOTO Mapa — 3To HanboJiee COBPEMEHHAas cxeMa st
MOJIYYCHHS DJIEKTPUUYECKON IHEPTHUU.

[Tap u3 ckBaxkunbl 1 nonmaerca B TypOuny 2. OTpaboTaHHbI B TypOWHE, OH
MoMaiaeT B CMEIIMBAIOMIMKN KoHAeHcaTop 9. CMech oXJIaXk1arolie BoAbl U KOHICH-
caTta yXe 0TpaOOTaHHOTO B TypOMHE Mapa BBITYCKAeTCs U3 KOHJIEHCATOpa B MOJ13EM-
HBI 0ak, OTKy/Aa 3abupaeTcsl MUPKYISIUOHHBIME HacocaMu 4 W HampaBIIAETCS IS
OXJaXJCHUs B rpagupHio 6. M3 rpanupHu oxjaxaaromas BoJa OIMATH IOMAagacT B
KoHeHcarop (puc. 9.2).

[To Takoii cxeme paboTaeT reoTepMaibHas siekTpocTaHius Jlapaepemnno-3,
MCIIOJIB3YIONIasl MPUPOAHBIN Map, camas kpymnHas B Mtanuu. OHa Oblia CipoeKTHPO-
BAaHa B Ha4aJIe BTOPOM MUPOBOW BOWHBI, HO BCTYIIWJIA B CTPOM TOJBKO B ITOCJIEBOCH-
HbIEe TO/1bI. Ha 31eKTpoCcTaHIMK YCTaHOBIIEHO YEThIpe TypOOTreHepaTopa MOUTHOCTHIO
no 26 teic. KBT u nBa TypOoreneparopa mno 9 teic. kBT. [locnennue npeaHa3zHaueHsbl

HJISL IIOKPBITHUA COOCTBEHHBIX Harpy3o0K.
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Puc. 9.2. Cxema reoTepMajibHO#i 3JIeKTPOCTAHIMU ¢ KOHJIEHCAIHOHHOI
TYPOMHOI ¥ MPSAMBIM UCNIOJIb30BAHHEM MPUPOIHOIO NMapa:
1 — ckBaxuHa; 2 — TypOHHa; 3 — reHeparop; 4 — Hacoc; 5 — KOHAEHcATop; 6 — rpa upHs;
7 — xomripeccop; 8 — cOpoc

Hu onvH u3 yCTaHOBJICHHBIX 3/1€Ch TYpOOT€HEPATOPOB B TEUCHHUE MHOTHX JIET
He nepeBoawics B pe3epB. Koadduiment ncnoap30Banusi yCTaHOBJICHHONW MOIHO-
ctu coctaBisieT 98%. CrabuiibHast paboTa reoTepManbHOM dnekTpocTaniu Jlape-
pemio-3 OTKpbLIa MyTh K KOHCTPYMPOBAHUIO HOBBIX JIEKTPOCTAHIMI C UCIOJIb30BA-
HUEM KOHJICHCAIIMOHHBIX TypOuH. 1o Takoit cxeme ¢ HeKOTOPHIMHA H3MECHECHUSIMH Pa-
00TarOT MHOTHE TeoTepMalibHbIe dJieKTpocTaniuu: Jlapaepemno-2 (Uranus), Baiipa-
ket (HoBas 3enanaus) u ap.

bnarogapsi TeXHHUECKUM YCOBEPIIEHCTBOBAHUSIM MOTpeOICHNE Mapa Ha Kax-
JbI KMJIOBATT MOIIHOCTH CTaJI0 3HAYUTENbHO MeHble. Ceifuac pacxon napa Ha HO-
BOH anekTpocTaniuu Jlaro (Mranus) coctaBisieT yxe 8 KI/KBT 4.

9.2. 'eoTepMasibHbIE DJIEKTPOCTAHIMHU ¢ OUHAPHBLIM IIHKJIOM
['eorepmanbHas 3JEKTPOCTAHIMS ¢ TaporpeoOpasoBarenemM. KoHmeHcannoH-

Has TypOuHa ¢ maporpeoOpazoBaresieM padOTaeT Ha BTOPUYHOM Mape. ITU CTAHIINH
HanOoJiee BBITOAHBI TaM, TJI€ TPUPOJHBIA TMAp MMEET BBICOKYIO TEMIEpaTypy H



0oJplIOE cofepkaHue ra3oB. CxemMa AJIeKTPOCTAHIMK CIEAYIONIas: MPUPOAHBINA Map
U3 CKB)XHMHBI MOCTYMNAET B aporpeoOpa3oBaTeib U CBOE TEIJIO OTAAET BTOPHUUHOMY
TEIMJIOHOCUTENIO, TIOCIIE YEero YUCThIM BTOPUYHBIN Map HaIMpaBiseTcss B KOHACHCAIlU-
OHHYIO TypOuHY. OTpaboTaHHBIN Map UAET B KOHJeHcaTtop. HexoHaeHcupytoumecs
ra3pl, coJiep)Kaliydecs B MPUPOJHOM IMape, OTHAENSIOTCS B MapomnpeoOpa3oBaTese U
BbIOpackIBaloTCs MO0 B aTMocdepy, Tub0 UAYT Ha XuMUYeckue 3aBojibl. HemocTat-
KOM 3TOW CXEMBbI SIBJISIETCS CHI)KEHHUE MapaMeTpoB napa nepe Typounoi. [lo cpas-
HEHUIO C DJICKTPOCTAHIUSMH, HEMOCPEACTBEHHO HCIOJIb3YIOIMMU MPUPOIHBIN Map,
YAENBbHBIN pacxo mapa 31ech Menbine Ha 30 %.

['eoTepmanbHas 3neKTpocTaHus, paboTaromas mo dtor cxeme (puc. 9.1),
MO3BOJISIET MOJHOCTHIO MCIOJI30BaTh BCE XMMHUYECKHE BEIECTBA, COAEpKAILMECT B
MIPUPOJITHOM Tape.
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Puc. 9.3. Cxema reorepMajibHOIi 3J1eKTPOCTAHIINH C MAPONPeodpa3oBaTeieM:
1 — ckBaxkuHa; 2 — maponpeoOpa3oBarelib; 3 — TypOuHa; 4 — reHepaTop; 5 — KOHIECHCATOD;
6 — BakyyMHBII Hacoc; 7 — rpamupHs; 8 — Hacoc; 9 — gerazarop; 10 — copoc

OneIT MOATBEPKIAAET, YTO CTOMMOCTH CTPOMTENBCTBA I'€OTEPMAJIBHOMN 3JIEK-
TPOCTAHIMM C TMaporpeoOpa3oBaTesieM HEMHOro OOJIbLIE CTOMMOCTU 3JEKTPOCTaH-
LMW C NPSMbIM KCIIOJIB30BAaHUEM Iapa B KOHJAEHCAMOHHOM TypOuHe. Ilo cxeme ¢
napomnpeoOpazoBaTeieM ObLIM MOCTPOEHBI 3JiekTpoctanuu Jlapaepemio-2 u Ka-
crenbHyoBo (Mrtanus). Ha cranmuu Jlapaepemio-2 yctaHoBiI€HO 7 TYpOUH MOIIHO-
CThIO 110 11 ThIC. KBT. Y I€TBHBIN pacxo]l mapa Ha 3TOH 3JEKTPOCTaHUMU — 14 KI/KBT.

['eoTepmanbHble 3JIEKTPOCTAHIIMU C KOHJEHCAIMOHHOW TypOMHOM, paboTaro-
I[ME€ HAa OTCENapUpOBAHHOM I1ape, CTPOSITCS TaM, I/I€ U3 CKBAXKUHBI MOIYYarOT Hap C
00JbIIMM coaepkaHueM Bobl. [lap mnm mapoBoasiHast cMeCh U3 CKBaKMHBI HarpaB-
JSI€TCS B CIIELMAIIBHOE YCTPOMCTBO, PACIONIOKEHHOE Ha CKkBakuHe. [1o/ naBieHnemM B
cenapaTrope MpOUCXOAUT Pa3AeIICHHE MapoBOASHOM cMecu Ha map u Boxy. Orcena-
PUPOBAHHBIN Map 1Mo TPyOOIPOBOY HANPABISETCS B TypOUHY U T. [I.

Konzaencaunonusle TypOUHBI, paloTalolive Ha OTCEMapupOBAHHOM TMape,
HallUI NPUMEHEHUE B CTPOMUTENBCTBE I'€OTEPMAJIbHBIX 3JEKTpOCTaHIMil B Poccumn
(ITayxxetckoe mectopoxneHue Ha Kamuarke), Ucnannun (mectopoxaeHue Xsepa-
rep/ii) U B APYTUX CTpaHaX.

PaccMmoTpenHas cxeMa umeeT cBou npeumyiectsa. [lonydyeHHsli B cenaparo-
pe map NpakTUYECKH HE COAEPKUT ra30B, UTO o0jeryaer padboTy TypOuH.



9.3. Cxema Ilayxerckoii I'eoTIC

B Hacrosiiiee Bpemsi MpoOBEJEHBI M€0JIOTUYECKHUE, reoPU3nIECKUe, THAPOTeO-
JIOTUYECKUE U JIPYTUE UCCIIEIOBAHUS TEIUIO-aHOMaIbHBIX pailoHOoB KamyaTku; oOHa-
PY>KEHBI OOJIBIINE PECYPChl TEPMAIBHBIX BOJI C BEICOKOM TeMIiepaTypoH.

JI1st moTy4yeHus 3IeKTPUUECKOM SHEPTUH 3a CUeT TIIyOMHHOro Teria 3eMiid U
CTPOUTEIBCTBA OIBITHO-NPOMBIIIJIEHHON TI'€O0TEpMajJbHOM CTAHLUWHA THAPOTEOJIOTH-
Pa3BEIUMKHN COWIM HAWIYYIIUM PaliOHOM JOJMHY pekH IlayxeTku, pacroyioKEeHHYIO
Ha tore Kamuatkw, B 35 kM 0T mooepexbsi OXOTCKOTO MOPS.

B 1957 r. navanocs OypeHne pa3BemovHbIX CKBaxuH. [Ipyn OypeHnu Ha Tep-
MaJIbHbIE BOJIbI, OCOOEHHO B 30HE BYJIKAHWYECKHUX IMPOSIBICHUMN, TPUMEHSIN TJIMHU-
CTBI pacTBOP M, HENPEPHIBHO MPOMBIBasi, OXJIAXIAIN CTBOJI CKBaKUHBI, YTO IPENOT-
BpaTHJIO MApOBOIsIHBIE BBIOpOCHL. Beero Obuia mpoOypeHa 21 ckBaxxuHa riyOMHON OT
220 no 480 m. Kaxxmas B cpeaHeM gaBajia okosio 10 Kr/cek MmapoBOISHON CMECH C
TeriocoaepkanueM 170 kkan/kr. OgHa U3 HUX ¢ rayOuHbl 250 M BCKpbLUIa TEMIepa-
Typy 195 °C, npyras c rmyounst 375 m — 200 °C.

[To xumuueckoMy coctaBy [layxkerckue rMAPOTEPMBbI MPUHAMICKAT K THUITY
XJIOPUIHBIX HaTpueBbIX Boj. OOmias mMuHepanusamus ux cocrasisger 1,0-3,4 1/m,
TeMIieparypa Ha Bbixojie u3 ckBakun — 144-200 °C, naBiieHHE Ha YCTbe CKBaKHUHBI —
2—4 atm, pH ot 8,0 no 8,2. TepmanbHbIe BOJBI COMEPKAT MOBHIIICHHBIE KOJIHMYECTBA
KpeMHeKHUCIoThI (250 mr/i) u 6opHoit kucioTsl (150 mr/m). Ilap HackleH Takxe ra-
3aMu: yriaekucasiM — 500 Mr/kr, cepoBogopoaoM — 25 MI/Kr, aMMHakoM — 10 15
MI/KT | JIp.

[1o mpenBapuTenbHBIM JaHHBIM, [layKeTCKOE reoTepMaIbHOE MECTOPOKIEHUE
acT BO3MOXKHOCTh moisrydaTb 30-50 teIc. KBT 3nexkrpuueckont momuoctu. Cxema
ONBITHO-MIPOMBIIIJIEHHON CTAHLIMH, MPEAJIOKEHHAas: MHCTUTYTOM TernnosiaeKkTpornpo-
€KT, TIpe/icTaBlieHa Ha puc 9.4.

[TapoBoasHAas CMECh U3 CKBAXKMHEI OCTYIIAET B cenaparop (eMkocThio 10 M3, ¢
Harpy3Koi maposoro oosema 600-800 M3/uac), paconoKeHHbIH Ha CKBAXKHUHE. 31eCh
npu JaBiieHuH 1,5 aTM mpoUCXOOUT pa3iesieHHe napa U BojJbl. OTcenapupoBaHHBIN
map 1Mo MapomnpoBOAy MocTynaeT K TypOunam. ['opsuas Boma ¢ temmepatypoit 100—
110 °C cOpacsiBaeTcst B peKy, U TOJIbKO HEOOJIbIAs YacTh €€ HAET Mo TpyOam s
OTOIUJIEHUSI U TOPSYETr0 BOJOCHAOKEHHUSI KUIIBIX 3/IaHUI TTOCENIKA U 3JIEKTPOCTAHIUU.
Ha cranmum ycTaHOBJIEHBI CMEMIMBAIOLIME KOHAEHCATOPBI. [I0CKOJBKY KOHIEHCcAT
0oTpaboTaBIIEero B TypOMHAX Mapa 3/1eCh OECI0JIe3€H, TaKNe KOHAECHCATOPhl KOMITAKT-
Hee U TpeOyIOT MEHbIle oxJaxaatrouieil Boabl. s yaaneHus razoB U3 KOHJEHCATO-
POB YCTaHOBJIEHEI BOJOCTPYIMHBIE 2KEKTOPHI ¢ pacxoaoM Boasl 800-900 m3/uac.

Ha neii yctanoBiens! n1se Typounsl Tuna « MK-2,5» npousBojctea Kamyxcko-
ro TypOMHHOIO 3aBOJa MOIIHOCTBIO MO 2,5 Thic. KBT kaxpas. CrtaHuus naetr TOK
O3epHOBCKOMY MOCENKY, PhIOOKOMOMHATY U OJU3JIeKALIIM HACETICHHBIM TyHKTaM.
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Puc. 9.4. Cxema Ilay:keTckoii ONBITHO-NPOMBIIIICHHOH Ie0TEPMAJIbHOM 3J1eKTPOCTAHIIMM:
1 — ckBaxuHa; 2 —cemaparop; 3 —maponpoBoj; 4 —TypOuHa; 5 — reHeparop;
6 — cMemuMBarOmUK KOHJIEHCATOP; 7 — BOJAOCTPYHHBIN KEKTOP; 8 — KEKTOPHBIN HACOC;
9 — 6apomerpuyeckas Tpyoa; 10 — Gak oxnaxnaromend Boasr; 11 — ciimBHOM Komozer;
12 — Hacoc ropsueii Boabl; 13 — TpyOompoBo X0I0JHON BObI

Bomnpocs! k ri1aBe 9

Buapl reoTepmManbHbIX HCTOYHUKOB SHEPTHH.
Knaccudukanus reorepManbHbIX paiOHOB.

[IpsimMoe ncnosib30BaHUEe re0TepMaIbHON YHEPTUH.
['eoTepmanibHBIC 2JIEKTPOCTAHIIUN ¢ OMHAPHBIM ITUKJIOM.
Cxewma Ilayxerckoit 'eoTOC.

agbrwnE



10. Ucnosib30BaHUE re0TEPMAIbHON YHEPIUM JJIA TEIUVIOCHAOKEHUS JKUJIBIX
U MPOM3BOJACTBEHHBIX 3AHUI

10.1. OcHOBBI NOCTPOEHUSI CX€M U BHIOOPA 000pYy10BaHUS Ie0TEPMAIbHBIX
CHCTEM TeII0CHAOKEeHUA

[TpuHLIMNIHATBFHBIE CXEMBl T€OTEPMANIBHBIX CHUCTEM TEIJIOCHA0KEHUS JOJIKHBI
BBIOMPATHCS C YUETOM TeMIEepaTypbl 1 XUMHUYECKOTO COCTaBa re0TEPMAIbHOTO Tell-
JIOHOCHUTENS, XapaKTepa BO3MOXKHOIO MOTPEOJIEHHUS T€0TEPMAIbHOM TEIIOTHI, YCIIO-
BHI1 cOpoca OTpaOOTaHHOW re0TEPMAIBHON BOJIbl, HAIMYMS UCTOYHUKA MUTHEBOM BO-
7Ibl, B3aMHOTO PAcCIoOJIOKEHUsI TEPMOBOI03a00pa, MOTpeOuTENs1, MecTa copoca 1 uc-
TOYHHMKA BOJBI MUTHEBOI'O KAYECTBA, & TAKIKE PACCTOSIHUI MEXTy HUMU.

O6opynoBaHne re0TepPMAIbHBIX CUCTEM TEIJIOCHAOKEHUS JOJDKHO BHIOUPATH-
Csl C YYETOM JAHHBIX M0 XUMUYECKOMY M ra30BOMY COCTaBaM I'e0T€pMajbHOTO Tell-
JIOHOCHTEIS, @ TAKXKE UCIIBITAHUN €r0 Ha arpeCCUBHOCTD U CKJIIOHHOCTD K OTJIOKEHUIO
CoJIEH.

Ha tepmoBono03abope, kKak NpaBuio, MpeaycMaTpUBacTCsl cOOpHas €MKOCTb
reoTepMajibHOM BOABI. M30BITOYHOE MAaBlIEHHWE CKBaXXUH OOBIYHO HCHOJIBb3YETCS
TOJIBKO JUIsl TIOJIAYM T€0TEPMaJIbHOTO TEIIOHOCUTENSI B cOOpHYI0 eMKocTh. [lomaua
€ro MOTPEOUTENIO JOKHA MPOU3BOAUTHCA Hacocamu. OObeM COOpPHOM EMKOCTH
MIPUHUMAETCS B pa3Mepe He MeHee | yacoBoro nedura TepMoBO03a00pa.

[Ipu skcmTyaranuu TEPMOBOJ03a00pa B peKUMe OOpAaTHOM 3aKayKy MPUHLH-
MUajJbHasl CXeMa CUCTEMBI F€OTEPMAJIbHOTO TEIJIOCHAOKEHU AOHKHA 00eceurBaTh
BO3BpaT BCero o0beMa AOOBITON reoTepMaibHOM BOABI HA HACOCHYIO CTaHIIMIO 00-
paTHOM 3aKayKu IMOCJE MCIOJb30BaHUS €€ TEIJIOBOro MoTeHIuana. Temneparypa u
KaueCTBO IeOTEepPMalIbHON BOJIbI, MOCTYMAIOIICH HA HACOCHYIO CTAHIMI0 OOpaTHOM
3aKa4YK{ TOCJIE MCIOJB30BAHUS COIVIACOBBIBAETCS C OpraHU3alUei, 3KCIUTyaTUPYIO-
el TepMOBOI03a00p.

C6poc 0TpaboTaHHBIX reoTepMalbHBIX BOJA B OTKPBITHIE BOJAOEMBI IOCIIE HC-
MOJIb30BaHUsl UX TEIJIOBOIO MOTEHLMala MPOU3BOIUTCS B COOTBETCTBUU C TpeOoBa-
HusiMu «IIpaBui oXpaHbl TOBEPXHOCTHBIX BOJ OT 3arpsI3HEHUS] CTOYHBIMU BOJIAMI.

[Tpu cooTBeTCTBUM C1abOTEPMANBbHOIO U TEPMaJIbHOIO T'€0TEPMaIbHOIO TEM-
JIOHOCUTENSE TPEOOBAHMSIM ACHCTBYIOIIMX HOPM Ha MUTHEBYIO BOAY JOIYCKAETCs CO-
31aHU€ OAHOTPYOHBIX OTKPBITBIX CHCTEM TOpSYE€TO BOJOCHAOKEHMS 3JaHUM U olec-
MEYEHUEM OTOIUIEHHUS UX OT APYroro MCTOYHUKA TEIJIOTHL. |'e0TepMalibHbIE CHUCTEMBI
TEMI0CHA0XEeHUsI Ha 0a3e MECTOPOXKIEHUN BBICOKOTEPMAIbHBIX M MEPErPEThIX BOJ
MUTHEBOIO0 KAaYECTBA, KaK MPABUIIO, IPEICTABIAIOT COO0M OAHOTPYOHYIO OTKPBITYIO
CUCTEMY TEIUIOCHA0KEHUS C 3aBUCUMBIM IIPUCOEIUHEHNEM OoToruieHud. [lpu nucnomis-
30BaHUM T€OTEPMAJIbHBIX TEIJIOHOCUTENIEH HEMUTHEBOIO KAauecTBa CIEAYET MpuMe-
HATH 3aKPHIThIE TEOTEPMATIbHBIE CUCTEMBI TETUTIOCHAOKEHUSI ¢ 3aBUCUMBIM WJIM HE3a-
BHCHMBIM IIPUCOECIUHEHUEM CUCTEM OTOIUIeHUs. [Ipyu 3TOM 1Sl pa3smerieHust Tero-
O0OMEHHOr0 00OpYAOBaHUS CHCTEMbI TEIUIOCHAOXKEHUS JOJDKHBI BKJIIOYATh IIEH-
TpajbHbIE TeOoTepMalibHbIE TeIIOBbIE MyHKTHI (LI TTIL).

LTI cnemyeT pa3meniaTh TaKUM 00pa3oM, YTOOBI 10 MUHUMyMa COKPATUTh
MPOTSKEHHOCTh TPYOOIIPOBOJOB, IO KOTOPHIM LUPKYJIUPYET FreOTepMalIbHBIN Ter1o-
HOCHTEIb.



[Ipu cOpoce oTpaboTaHHON Te0TepMaIbHON BOJBI OJIM3 TEPMOBOA03a00pa MU
AKCIUTyaTaluy MOCIeaHero MetoioM ooparHoit 3akauku LITIID ciemyer pasmemniath
B HETOCPEICTBEHHOM OJM30CTH OT TepMOBO03a00pa. [Ipu oTcyTcTBUM 00paTHOH 3a-
Kauykl M pa3MelIeHuu MecTa cOpoca OTpabOTaHHOW reoTepMalbHON BOJABI BOJIM3U
notpebutens gomyckaercs pasmeniats LTI B HemocpencTBeHHOM OJIU30CTH OT T10-
cinennero. [Ipu aToM TpaH3uTHas (MarucTpaibHas) TEIJIOBas CETh T'€OTEPMATBHOTO
TETJIOHOCUTETIS IOJDKHA OBITh OJTHOTPYOHOM, a pacipeneIuTebHas TeTUIOBas CETh —
YEeTBIPEXTPYOHOH.

B reorepmanbHBIX cHCTEMax rOpsSYEro BOJAOCHAOKEHHS JIOMYCKAETCS MOHU-
’KEHHAs TeMIlepaTypa TEIUIOHOCUTENS B TOUKaxX Bogopazoopa (Ho He Huxke 45°C) mpu
YCJIOBHM COOTBETCTBHS MTOKA3ATENEN 3TOTO TEMJIOHOCUTEI HOpMaM MUTHEBOU BOJBI.

[Ipy MOBBIIEHHONW KOPPO3MOHHOM aKTUBHOCTH M CKJIIOHHOCTH K COJICOTJIOXKE-
HHUSIM T€OTEPMAJIbHOTO TETUIOHOCUTEN CIEAYET MPUMEHITH KOPPO3HOHHO-CTOMKOE
o0opyZI0BaHuE, a TaK)KE€ PEareHTHbIE U JIPYrue METOAbl 00paboTKU reoTepMaIbHOM
BOJIbI, IPU COTJIACOBAHUU C OPTaHAMU CAHUTAPHOIO HA/I30pA.

KoHcTpyKIuu 371€MEHTOB T€0TEPMAIbHBIX CUCTEM TEIJIOCHAOXKEHUS JOJKHBI
UCKJIIOYaTh KOHTAKT re0TepMalIbHOM BOJbI C aTMOC(HEPHBIM BO3/IyXOM. Takoil KOH-
TaKT JIOMYCKAeTCs MPU 0OOCHOBAHUU C YYETOM BO3MOXKHOTO TOBBILIEHUS MPU ITOM
KOPPO3UOHHOM arpeCCUBHOCTH I'€OTEPMaIbHON BOJIBI.

KauecTBO reoTepManbHOTO TEMIOHOCUTENS, MOCTYHAKOIIETO HA IOTPEB B BOJIO-
IpEeHbIE KOTJIIbI, JOJDKHO COOTBETCTBOBATH JACHCTBYIOIIMM HOPMAaM MPOEKTUPOBAHUS
KOTEJIBHBIX YCTAaHOBOK. JlOTpEeB reoTepMaIbHOTO TEIJIOHOCUTEIS, HE COOTBETCTBYIO-
IIEr0 yKa3aHHbIM HOpPMaM JOJIKE€H MPOU3BOAUTHCA B TEIIOOOMEHHBIX araparax.
JIs yTunu3anuu TerioThl COPOCHOM reoTepMalibHOM BOJBI B KaU€CTBE MUKOBBIX HC-
TOYHUKOB TEIUIOTHI JIOMYCKAETCS UCIIOJIb30BATh TEIUIOHACOCHBIE YCTAHOBKH.

10.2. lIpuHOMNMATbHBIE CXEMBbI MPOCTEHIIIUX CHCTEM Ire0TEPMATbHOIO
TeII0CHAOKEH U

10.2.1. OmKkpovimuie cucmembvl 2e0mMepmanbHO20 MEN10CHADIHCEHUA

Ha puc. 10.1 npuBeaeHa cxema OTKPBITOM CUCTEMBI TEIUIOCHAOXKEHMUS, oOecrie-
YMBAIOIIME TOJBKO Tropsiuee BOAOCHaOXkeHue. B cooTBeTCTBUM CO cXxeMoil reorep-
MaJjbHas BOJIa MO OJAHOTPYOHOI TEMJIOBOM CETU MOJAETCS HEMOCPEICTBEHHO Ha BO-
nopa3z0op. CyTouHasi HEpaBHOMEPHOCTb NOTPEOJICHHSI TOPSUYE BOIBI KOMIIEHCHPYET-
Csl C IOMOUIBIO0 0aKa-aKKyMyJATopa.

HenoctatkoM cxembl SIBIS€TCS OTCYTCTBHE LUPKYJSLMU TEMJIOHOCUTENS B
pacnpenenuTeNbHOM CeTH TOPSYero BOJIOCHAOXKEHMsI, B PE3YJIbTaTe Yero Hen30eKHO
OCTBHIBAHME TEIUJIOHOCUTENSI B MEpPUOJ OTCYTCTBUSL BOAOpa3z0opa Tropsiueil BOJIbI
(manpumep, HOUb10). [0 mpUUMHE 3TOrO HEeAOCTaTKa CXeMa MOXKET ObITh PEKOMEHI0-
BaHa K MPUMEHEHUIO TOJBKO MPH MAJIBIX PACCTOSHUAX MEXIY TEPMOBOA03a00pOM H
NOTpeOUTENEM re0TepMaIbHON TETIOTHI.

Cxema, nipencrapiieHHas Ha puc. 10.2 ornuuaercs ot cxemsl 10.1 Hanuunem
IBYXTPYOHOW pacrpefeuTeNIbHON CeTH, B KOTOPOM HUPKYIUPYET TreoTepMaibHas
Boja. [lonnuTka nmo mepe BOAONOTPeOIEHUSI OCYIIIECTBIISIETCS U3 OAHOTPYOHOM TpaH-
3UTHOU TeruioBoM ceth. CyTouHas HEPAaBHOMEPHOCTh BOJAOINOTPEOIEHUSI YpaBHUBA-



eTcsi 6aKoM-aKKyMyJsiTopoM. Cxema MOXKET ObITh PEKOMEHIOBAHA MPU CPABHUTENb-
HO OOJIBILIOM YJIaJIEHUU TEPMOBOI03a00pa OT MOTPEOUTENS T€OTEPMATBLHOM TETIOTHI.

4
2 3
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Puc. 10.1 OTkpbiTast 0IHOTPYOHAS reoTepMajibHasi CUCTEMA ropsavYero Bo0CHA0KeHUsI:

1 — reoTepmasibHas CKBOXXHHA; 2 — OaK-aKKyMYJISATOp; 3 — ceTeBOl Hacoc; 4 — BOA0opa300pHBIiA
KpaH ropsiuero BoJI0CHA0KEHUS
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Puc. 10.2. OTkpbITasi 0AHOTPYOHAS reoTepMAaJIbLHAsL CUCTEMA Fopsiuero Bo10CHa0KeH sl
¢ ABYXTPYOHOM pacnpeae/JuTeJbHON CeThIO:
1 — reoTepmalibHBIE CKBAXKUHBI TEPMOBO103200pa; 2 — COOPHBIIN OaK-aKKyMYJISITOP
reoTepMaIbHOM BOJBI; 3 — ceTeBOi Hacoc; 4 — 6aK-aKKyMYJISTOP pacipeleIuTeNbHOM CeTH;
5 — nByxTpyOHas pacnpeneauTeNbHas ceTh; 6, 7, 8 — ceTeBOM MUPKYISIIMOHHBIA U TIOITUTOYHBIN

HACOCHI pacipeaeauTeNbHON ceTu; 9 — Bogopa30opHblit kpaH; 10 — perynstop ciuBa;
11 — perynsTop HOANUTKA
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[IpuBeneHHbIE CXeMbl HE MOTYT OBITh MPUMEHEHBI NMPU HECOOTBETCTBUU T€O-
TEpPMaJIbHON BOJIBI HOPMATUBHBIM TPEOOBAHUSAM Ha BOAY MUTHEBYIO U TIPH €€ TeMIIe-

paTrype

t, <t +&,,, (10.1)

rae t' — Temmeparypa TepMaJbHON BOJABI HA YCThe CKBaXKHH, °C;

A, — CHIKCHUE TEMIIEPAaTypbl BOABI 3a CUCT OXJAXACHHS IPU TPAHCIOPTHPO-

Banuu, °C;

t’ . — HOpMHUpyeMas Temmeparypa BOJABI B CUCTEMaxX TOpsYero BOJOCHAOKECHUS,

°C
10.2.2. 3akpeimbie cucmemvl 260mepmMaibHO20 MENn10CHADHCEHUA

Ha puc. 10.3 npencraBieHa ogHOTpyOHAas 3aKpbITasi reoTepMalibHas CUCTEMaA
ropsiuero BogocHaOxeHus. [Ipumenenue 3Toi CXeMbl 1e1ecoo0pa3Ho MpU PacIoio-
KEHUHU MecTa cOpoca 0TpabOTaHHOUW re0TEPMATIBHON BOJIBI BOJIM3HM TIOTPEOUTEINS Te0-
TEPMAJIbHOM TEIUIOTHL. B COOTBETCTBUM CO CXEMOM I€OTEPMAIBHBIN TEIIIOHOCUTEIb



0 OAHOTPYOHOUM TPAH3UTHOM TEIUIOBOM ceTw mojaercs B TermiooomMeHHuk LITIIT
(KOTOPBIN PACIIOIOKEH BOJIM3U MOTPEOUTENS), MOCIIE Yero coOpachiBaeTcs.
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Puc. 10.3. OanoTpy0OHasi 3aKpbITasi reoTepMaabHasi CHCTEMA FOPsiYero BO0CHA0KeHUsI .

1 — reoTepmainbHbIe CKBRXKUHBI TEPMOBO03200pa; 2 — COOPHBIN 0aK-aKKyMYJISTOP T€0TEpMaIbHON
BOJIbI, 3 — OIHOTPYOHAs TPaH3UTHAS TEIUIOTpacca; 4 — CEeTEeBOW TEINIOOOMEHHUK; 5 — CETeBbIE
Hacochl; 6 — BoIOPa30OpHBIi KpaH; 7 — ABYXTpyOHas pacupeenuTeNbHas TeII0CETh;

8 — cOpocHas TeroceTh; 9 — paCIIMpPUTENBHBINA OaK

HereorepmanpHbIil TEMIOHOCUTENb NUTHEBOTO KAadyeCTBA, LUPKYJIUPYS IO
IBYXTpYOHOM pacrpenenuTenbHoil cetu, HarpeBaercs B termioooOMennuke LTI u
nojaercsi Ha BojopazOop. IlonmuTka ocymiecTBiseTcs W3 BOJONpPOBoJa. BBuay
CPaBHUTENBHO OONBIION MPOTSHKEHHOCTU TEIJIOBOM CETH, MO KOTOPOW TPaHCIOPTH-
pyeTcsl reoTepMalibHas BOAa, CXe€Ma MOXKET ObITh PEKOMEHJIOBaHA MPHU OTCYTCTBUU
ONACHOCTH MHTEHCUBHOM KOPPO3UU U COJNEOTIIOKEHUS.

Pacnonoxenue mecra copoca BOIU3HM MOTPEOUTENS, a TAKKE OTCYTCTBHUE I0-
BBILIIEHHOM KOPPO3WOHHOM AKTUBHOCTH U COJICOTJIOKEHHS JIEJIA€T BO3MOXHBIM CO-
3JaHUE CUCTEMBI C OJTHOTPYOHOU TPaH3UTHOW TEIJIOBOM CEThIO AJI TPAHCIOPTHPO-
BaHMA TeorepMasibHOM Bonbl A0 LITIII, pacmonoxeHHOro psiioM ¢ MOTpPeOUTEIEM.
[Tocne LITIII" reorepmanbHas Boma cOpacekiBaeTcsi. PacnpenenurenbHasi ceTh mMocie
LTIII', B 3aBUCUMOCTH OT KayeCTBa U TEMIIEPATYPbl T€OTEPMATIBHOIO TEINIOHOCUTE-
51, MOKET OBITh YETHIPEXTPYOHOU C 3aBHUCHUMBIM MPUCOEIUHEHUEM OTOIUICHUS (pHU-
cyHok 10.4) nu00 yeThIpeXTpyOHOH C HE3aBHCHMBIM MPUCOCTUHEHUEM OTOILICHHS
(puc. 10.5).

[Ipy HENUTHEBOM KA4yeCTBE I€OTEPMAIBHOTO TEIJIOHOCUTENSI U OTCYTCTBUHU
BOJIbl MUTHEBOIO KaYECTBAa BO3MOYKHO MPUMEHEHUE CUCTEM TeIIOCHAOXeHus, ooec-
NEYMBAKOLIMX TOJIBKO OTOIJIEHHUE 3JaHUN U COOPYKEHHUM.
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Puc. 10.4. 3akpsbiTasi o1HOTPYOHAS reoTepMAaIbHAS CHCTEMA TEMJIOCHAOKEHHS ¢ 3aBHCHUMbIM
NpucoeTUHEHHEM OTOMJIeHHs (pacnpeneuTe/IbHAs CeTh YeThIPEXTPYOHast):
1 — reorepmalnibHbIe CKBaXXHHBI; 2 — COOPHBII 0aK-aKKyMYJISITOP F€0TepMalIbHOM BO/IBI,
3 — cereBoit Hacoc; 4 — OqHOTPYOHAS TPAH3UTHAS TETUIOTPACCA; 5 — TEMIIOOOMEHHHK TOPSTYETo
BOJOCHAOXKEHUS; 6 — peryasaTop MOJIUTKY; 7 — OTOMUTENbHBIN TpuOop; 8§ — BOI0pa3O0pHbIN KpaH;
9 — pacmpuTenbHBIN 0aK
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Puc. 10.5. 3akpbITasi reoTepMaibHasi CHCTEMA TeNJOCHA0KeHHUS C He3aBUCHUMBbIM MPHUCOeIH-
HEeHHeM OTONJICHHS
1 — reorepmainbHble CKBaXXUHBI; 2 — COOPHBIN 0aK-aKKyMYyJATOp; 3 — CeTeBON HacoC
reoTepMalibHOW BOJIBL;, 4 — TPaH3UTHASI OJHOTPYOHAs TEIJIOCETh; 5 — TpAaH3UTHAsI COpOCHas
TEIJIOCETh; 6 — BOJOMOAOIpEBaTEb rOPSYEro BOJIOCHA0KEH!S; 7 — OTOMUTENIbHBIN
TETUIOOOMEHHUK; 8 — CeTeBON HACcOC pacIpeleIUTEEHON CETH OTOTUICHHS; 9 — CETEBOM HACOC
ropstuero BogocHaOxenus; 10 — Bogopaz0oopHblii kpaH; 11 — oTonuTenbHbIN nprooOp;
12 — pacmmpuTenbHBINA O0aK



10.3. lIpuHuMnuAJbHbIE CXeMbI CHCTEM Ire0TEPMAJIbHOI0 TEMJIOCHAOKEHUSI
¢ NOBbILIEHHOM 3(PPEKTUBHOCTHIO

10.3.1. Beccnuenas cucmema 2e0mepmaibH020 Mena0CHADIHCEHU

[Ipy COOTBETCTBUU KadecTBa I'eOTEPMAIBHOTO TEIJIOHOCUTENS TPEOOBAHMIM
Ha MUTHEBYIO BOJY MOXET OBITh MpUMEHEHA OECCMBHAs CHUCTEMa Ie0TepPMaibHOTO
terocHabxkenus (puc. 10.3.1.1), obecrneunBaronias MUHIMAJIBHBIA PACX0Jl Te0Tep-
MAJIBHOM BOJbI HA €IMHUILY PACYETHOW OTONMUTEIBHON HArpy3KH, paBHBIM CpeaHeda-
COBOMY pacxojly TOpsSUYero BOJOCHAOXKEeHHWSA. B 3Tol cuctemMe Npu HaWMEHBIIEM
YAECIBHOM Pacxo/ie BOJIbI (10 CPAaBHEHUIO CO BCEMU APYTUMH CXEMaMH) UMEIOT MECTO
HanOO0JIbIIas MOITHOCTh MUKOBOTO MCTOYHHUKA TEIJIOTHl U HAMOOJIBIIMKI pacxoj TOT-
nvBa. PerynupoBaHue OTONMMUTEIBbHOW HATPY3KH CHCTEMBI IMTPOU3BOAUTCS IMYTEM IO-
CTENEHHOTO COKpAIEHUS JIOJIM MHUKOBOTO JOTpeBa, padOTaromero OOJbIIYI0 YacTh
OTOIUTEIBHOTO CE30Ha C MOCJIEIYIONIUM TMEPEX0I0M Ha Mponycku. IPPeKTUBHOCTD
TaKOW CHUCTEMBbI T€M BBIIIE, YeM OOJIBIIE JIOJISI TOPSIYETO0 BOJOCHAOKEHUS B CyMMap-
HOU TEIUIOBOM HArpys3Ke.
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Puc. 10.6. IlpuHuunuaiabHas cxeMa 0ecCIMBHOI CHCTeMbI Te0TepMAaIbHOT0
TEeNJIOCHAOKCHHS |

1 — ckBaxuHa; 2 — cUCTeMa OTOIUICHHS; 3 — CHCTEMa TOPSYEro BOJOCHA0KEHNS,
4 — muKoBas KoTenbHast; 5 — 0ak-akKKyMYJsSITOp; 6 — Hacoc; 7 — peryyaTop MOCTOSHCTBA PacXo/a;
8 — perymisTop MoCTOSTHCTBA TEMIIEPATYPhI; 9 — 3eBaTop

Cucrema pabotaet cieayromum odpazoM. ['eorepmanbsHas Boaa o 0JHOTPYO-
HOM MarucTpaiy OT CKBOKHHBI 1 OAaeTCss K MMKOBOW KOTENbHOM. Pacxo 3Toi BOJbI
pPaBEH CpeIHEeYacoOBOMY pacxody Ha ropsiuee BojocHaOxenue G, , a B mojaroiiem

26
TpyOONpOBOAE NBYXTPYOHOW pacHpeneiuTeIbHON CEeTH CPEAHEYacoBOM pacxojl Co-
CTaBJISIET
G,,=G,, +G,,;, (10.2)
rne G,,, — 100aBOUHBIN pacxo TEIJIOHOCUTENS, PaBHBIN pacxoqy B 0OpaTHOM Tpy-
OOIpPOBOJIE pacHpeIeTUTENBHON CETH U ONpeAesieMblil o hopmyie
! !
G _ Q06 - Geec(tme B 5)
006 = (t' t ) :
¢ me - o

(10.3)

B nukoBoil koTenpHOU 4 cymmapHsbIii pacxon Boasl G,, norpesaercs 10 t,'n.2



U IIOJIAETCS B CUCTEMBI OTOIUIEHUS 2 Yepe3 peryJiiTop MOCTOSHCTBA pacxoaa 7 u de-
BaTOp 9, a TakKe B CUCTEMbI ropsiuero BojocHaOxeHus 3. CyTodyHasi HEpaBHOMEp-
HOCTb MOTPEOJICHUSI TOpsiuell BOABI YPAaBHUBAETCS OAKOM-aKKyMYJISITOPOM 5, ycTa-
HOBJICHHBIM Ha 0OpaTHOM TpyOONpOBOJE pacHpeIeIUTEIbHON CETH, UUPKYIISALUS B
ATOM CETH CO3JAETCSI HACOCOM 6.

Bo03MOXHBI Tpy BapuaHTa COOTHOLICHHUH MEXAY TEMIIEpaTypoill reoTepMalib-
HOM BOJBI U HOPMHUPYEMOU TEMIIEPATYPOU TEIUIOHOCUTENS B CUCTEMAX IOPSAYErO BO-
JIOCHA0XKEeHHUS.

1. t/ <t! .. Bes oTonmrenpHas Harpys3ka M 4acTh Harpy3kd TOpsiYero BOJO-

CHaAOKCHUS IIPpHU 3TOM ITOKPBLIBACTCA IMMKOBOW KOTEJIBHOM. I[OJIH Harpy3kKu ropsa4cero
BOI{OCH36}KCHI/IH 7 , IOKpbIBacMast IMMKOBOM KOTEJIBHOM B paCcdCTHOM PCKHUME, IIOI-

CUHMTBIBAETCS 1O (hopmyie
t! —t
__ “es m
26 -
[TukoBast koTesbHAs paboTaeT KPYTIIbINA TOJI.
2.t =t/ . IlukoBasg KoTelbHAs MMOJOMpPACTCS HA PACUECTHYIO OTOMHUTEIHHYIO

Harpysky, T.e. Q. u paboraer B Te4eHHE BCEr0 OTONMUTEIBHOIO CE30HA.
3.t >t/ . B aToM ciy4ae MUKOBBIN JTOTpeB 00eCIIeUNBAET YacTh OTONUTETh-

HOI Harpy3ku. PaboTa mMKOBOI KOTEIBHOM MPOI0IKAETCS A0 TEX MOp, MOKA BHOCHU-
MO€ re0oTepMajibHOE BOAOW KOJMYECTBO TEIUIOTHI HE CTAHET PaBHBIM HEOOXOAUMOM
TEIIONPOU3BOAUTEIBHOCTA OTOIIUTEILHON CUCTEMBI.

10.3.2. Cucmema zeomepmaibH0o20 menao0CHAONHCEHU C MENT08bIMU HACOCAMU

[Tpu TEXHUKO-PKOHOMHUYECKOM OOOCHOBAaHUU SKOHOMHH T'€OTEpMAaJIbHOW Tem-
JIOThl PEKOMEHAYETCSl TeoTepMajbHas CHCTEMa TEIUIOCHAOXKEHUS C NMPUMEHEHHEM
TeTrIoOHacoCHbIX ycTaHOBOK (THY). B nmetHuii mepuoa Takas cuctemMa MOXXET palo-
TaTh B PEKUME XJIaJOCHAOKeHHUs. TenIOHAaCOCHbIE YCTAHOBKU CIEAyeT pa3MeniaTh
Ha oOpaTHOW JMHUU reoTepMaiibHbIX cucteM. Ha pucynke 10.7 mokazana ynpouieH-
Hasi cXxeMa ¢ NUKoBOM kotenbHou 1 THY.

10.3.3. Komnaekcnasa cucmema 2e0mepmaibH0o20 menaioCHAOIHCEHUA

KommuiekcHble TeoTepMasbHble CUCTEMBI TEINIOCHA0KEHHSI MOTYT OXBaThIBaTh
OTOIUIEHHE U TOpsiuee BOJOCHAOKEHHE TPAKJAHCKUX W MPOMBIIUICHHBIX 3JaHUM, a
TaKk)Ke 00ecrieueHne TEXHOJIOTUYECKUX HYXKJI MPOU3BOJCTB (aBTOMOMKH, MpayeyHble
U mp.).

[TpuHIMNIHATBHBIE CXEMbI KOMITJIEKCHBIX CHCTEM I'€0TEPMAaJIbHOTO TEIJI0CHA0-
KEeHHsI, 00eCIeUNBAIOIIUX OTOIJICHHE TEIUIUI] U Topsiuee BOJOCHA0XKEHHUE IPYTuX
00BEKTOB (B TOM YHCJIE€ U HA TEXHOJOTHYECKUE HYXK]IbI), N300paKeHbl HA PUCYHKaX

10.8 u 10.9.



A
A

6L

7

Puc. 10.7. [IppyHIMIMAJIbHAS CXeMAa CHCTEMbI re0TePMaJIbHOI0 TeMJI0CHAGKeHUs
¢ NIpUMeHeHHueM MUKOBOI0 A0TrPeBa U TeNJIOBbIX HACOCOB!
1 — ckBaxkuHa; 2 — cucTeMa OTOIUICHHUS; 3 — CUCTEMA TOPSYEro BOJAOCHA0KEHNS;
4 — muKOBas KOTeNbHAs; 5 — TEIJIOHACOCHAs YCTaHOBKA; 6 — 0aK-aKKyMYJISITOpP; 7 — HAacoc;
8 — KoHAEeHCATOPBI; 9 — UCTIAPUTEIH

Hanuuue TpaH3UTHOTO yyacTKa pacHpeeUTeIbHbIX ABYXTPYOHBIX ceTel CBs-
3aHO ¢ HeoOxonumocThio pacrnonoxenust LITIII" Ha TepmoBo03abope BBUAY 0OpaT-
HOM 3aKaykH (B IpyroMm ciydae 3TO MOXKET ObITh MecTo cOpoca). CucteMbl paznuya-
IOTCS JIWITH BHJIOM MMUKOBOTO MCTOYHHKA TETIOTHL. B cxeme Ha pucynke 10.8 takum
HMCTOYHHMKOM CIIYKUT ITUKOBas KOTEJIbHAsl, pad0TaroIIasi HAa OPraHMYeCKOM TOIIUBE U
pacrnoJioKeHHasi B HAaceJIE€HHOM IyHKTe BOIM3M notpedutens I'B. B cxeme Ha puc.
10.9 sty ¢yHKIUMIO BRIMONHSIET TermtoHacocHas yctanoBka (THY), pacnonoxennas
Ha TepPMOBOJ103a00DeE.
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Puc. 10.8. KomnuiekcHasi AByXTpyOHAasl reoTepMajibHasi CHCTEMA TeNJIOCHAOKeHUsl
C MMKOBOM KOTEJIbHOM:

1 — reorepmainbHble CKBaXXUHBI; 2 — IPOMEXYTOUHAsA COOpHAsi eMKOCTh; 3 — HACOCHAsl CTaHIIUS;
4 — oToMIIeHNE TEINTMYHOr0 KOMOMHATA; 5 — HACOCHAs CTaHLIUS 0OpaTHON 3aKaukH; 6 — CKBaXKUHbI
o0paTHOM 3aKayKky; 7 — CETEBOI TEINIOOOMEHHUK; 8 — CETeBbIe HACOCHI; 9 — MOJIMUTOYHBIN HACOC;

10 — perynstop noanutky; 11 — cereBoii 6ak-akkyMmynsTop; 12 — Bogopa300pHBIi KpaH;
13 — nukoBas KoTenbHas; 14 — perynmpyromme 3aIBIKKe; 15 — perymnstop



[TonoOHbIE cucTEMBI MOTYT OBITH MPUMEHEHBI B TEX CilydasiX, KOrja reorep-
MaJbHBI TEIJIOHOCUTENNb HE OTIMYACTCS IOBBIIICHHOW KOPPO3MOHHOM AaKTUBHO-
CTbIO, HO €T0 Ka4eCTBO HE COOTBETCTBYET TPEOOBAHUSM, MPEIbSABISEMBbIM K IMUThE-
BOH Boze. [Ipr 3TOM MCTOYHUKOM MUTHEBOM BOABI CIY’)KUT BOJONPOBOJ HACEIIEHHOTO
nyHKTa. [Ipy ApyruX MCXOIHBIX YCIOBUSAX BO3MOXHBI M IPYTHE CXEMHBIE PEILICHUS
OJJOOHBIX KOMIUIEKCHBIX CHCTEM.

[Tpu pacnonoxeHuu MecTa cOpoca 61113 moTpeduTeNel reoTepMalIbHON TETI0-
Th1 LITTII" MokeT OBITH PAcToOJIOKEH B HAcEJICHHOM MyHKTe. OIHAKO Takoe ero pac-
MOJIOKEHUE YHJIMHIET MPOTSKEHHOCTh TEIUIOBOM CETH, MO KOTOPOM LUPKYJIHPYET
reoTepMajIbHbI TEIIOHOCUTEINb, YTO HEXKEJATEIbHO M3-3a PACIPOCTPAHEHHOM IO-
BBIIIIEHHOW KOPPO3MOHHOW aKTUBHOCTH reoTepMalibHOM BOAbl. CO34aHHE CHCTEM,
AQHAJIOTMYHBIX MPUBEIECHHBIM, BOBMOXHO TaKK€ MPHU HE3aBUCUMOM IPUCOECIUHEHUH
CUCTEMBI OTOIJICHUS TETUNIMYHOTO KOMOHMHATA.
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Puc. 10.9. KomnuekcHasi AByXTpyOHasi reoTepMajibHasi CHCTEMA TeNJIOCHA0KeHUs
€ TeMVIOHACOCHOI YCTAHOBKOM:
1 — reorepmainbHble CKBaXXUHBI; 2 — IPOMEXKYTOUHAS EMKOCTh; 3 — HACOCHAs CTaHIIMS;
4 — oTOIUIEHUE TEIUIMYHOTO KOMOMHATA; 5 — HacOCHAasl CTaHIMA 00paTHON 3aKayKH; 6 — CKBaKMHbI
o0OpaTHO#1 3akauku; 7 — ceTeBOM TeroooMeHHuK; 8 — ucnapurenu THY; 9 — konnencaropst THY
10 — ceteBble Hacochl; 11 —moanmuTOUHBIN Hacoc; 12 — peryiasaTop noAnuTKH; 13 — Bogopaz0opHbIit
KpaH; 14 —ceTeBoil 0ak-akKKyMynsTop; 15 — peryaupyromiue 3a1BHKKH; 16 — peryiastop

VYuuTteiBas peryjiMpoBaHUE OTONUTENIbHON HArpy3kd TEIIMYHOTO KOMOWHAaTa,
B FOJIOBOM IIMKJI€ paOOThl M300PAKEHHBIX KOMIUIEKCHBIX CXEM MOXHO BBIIACIUTH TPH
peXuMa SKCIUTyaTallid B 3aBUCUMOCTH OT KOd(@HUIMEeHTa OTHyCKa TEIUIOThl Ha
OTOIJICHUE:
a) B JIETHUH MEpPUOJ TEPMOBOJ03a00p UMEET MOCTOSHHBIN J1I€0UT reoTepMabHON
BO/IbI, 00€CIIEYNBAIOIINI TEIJIOBYIO HATPY3KY rOpAYEro BOJOCHAOKEHHUS;
0) ¢ HACTYIUIEHHEM OTOMUTEIBHOIO MEPUOJa 0 BKIIOUEHUS MUKOBOIO J0rpeBa



IeOUT TEPMOBOI03a00pa PETYIUPYETCS B 3aBUCUMOCTH OT HArpy3kH OTOILJIe-
HUSL U TOJHOCTHIO OOEcHeunBaeT Teo0TEepMalbHOW TEIIOTOM MNOTPEOHOCTH
OTOIUJICHUS ¥ TOPSYETO BOJIOCHAOKECHHS,

IPY HU3KUX TEMIIepaTypax Hapy>KHOTO BO3[yXa JeOUT TepMOBO/103a00pa Mo-
CTOSIHEH, paBeH MaKCUMAaJIbHOMY M 00ECIEYMBAET MOJHOCTHIO MOTPEOHOCTDH B
TEIJIOTE OTOTUICHUS TEIUIUII, B TO BPEMs KaK Ha HYXJbl TOpsYETr0 BOJAOCHAO-
KEHUsI TEIUIoThl He XxBaTaeT. HexBaTka reoTepmMaibHOM TEIIOTHI HA HYXIbI
ropsiuero BOJIOCHAOXKEHUSI KOMIIEHCUPYETCS MUKOBBIM JOTPEBOM. Perynupo-
BaHUE MPOU3BOAUTCS U3MEHEHHUEM TEIUIOBOM MOIIHOCTH MUKOBOT'O MCTOYHUKA
TETUIOTHI.

Bonpocs k riaase 10

1.

OCHOBBI ITOCTPOEHUS CXEM U BBIOOpa 00OpYIOBaHUS T€OTEPMAIbHBIX CUCTEM
TETJIOCHA0KEHUS.

[IpyuHIMNIHATBHBIE CXEMBI MPOCTEUIINX CUCTEM T€OTEPMalbHOIO TEILUIOCHAO-
KeHUsI. OTKPBITBIE CUCTEMBI F€OTEPMAIILHOTO TEMJIOCHA0XKEHHUSL.
[IpyHUMNIHATBHBIE CXEMBI MPOCTEUIINX CUCTEM T€OTEPMalbHOIO TEILUIOCHAO-
KEHUI. 3aKPBIThIE CUCTEMBI F€OTEPMAIIBHOTO TETJIOCHA0XKEHHUS.
[IpuHUMNIMATBHBIE CXEMBI CHCTEM I'€0TEPMAIBHOIO TEIJIOCHAOXKEHUS C MOBBI-
meHHo 3¢ @exTuBHOCTRIO. beccnuBHas cuctema, CUCTEMa C TEIUIOBBIMHU
HacoCaMH.

[IpuHUMIIMATBHBIE CXEMBI CUCTEM I'€0TEPMAIBHOIO TEIJIOCHAOXKEHUS C MOBBI-
meHHoW 3] dexTuBHOCThIO. KOMIUIEKCHas cucTeMa TreoTepMalbHOrO TEIUIO-
CHAOXKEHUS



11. DHepreTnyeckue pecypchbl OKeaHa
11.1. bananc B0O300HOBJIsIEMOM JHEPIrUM OKeaHa

OcHoOBHasi 10J1s1 SHEPruu, nocrynaromeid B MUpoBoil okeaH — pe3yJbTaT IMo-
TJIOHICHUS] UM COJTHEUHOT'O M3Ty4YEHUsl. DHEPrusl MOCTYMAET B OKEaH TaK)Ke B PE3YIib-
TaTe rpaBUTALUOHHOIO B3aUMOJEHCTBUA KOCMUYECKUX TEJI U BOJHBIX MAacC IUIAHETHI,
CO3/IA0IIET0 MPWIMBBI, U MOCTYIUICHHUS TeIUia U3 TyOuHbI miaHeTsl. [loBepxHOCTD
MupoBoro okeana 3aHuMaeT 0kosio 70 % MOBEPXHOCTU BCEW IUIAHETHI M COCTABIISET
npumepHo 360 MuH KM2. Bonbluas 4acTh 3TOM MOBEPXHOCTH MOCTOSHHO CBOOOIHA
OTO JIb/Ia U XOPOIIO MOTJIOIIAET COJTHEYHOE U3TydyeHrne. B okeaHCKO BOJE MPUMEPHO
65 % coNHEYHOTro M3ITyYeHHUs MOTJIOIIAeTCs MEPBIM METPOM BOIAHOW TOJIIM U JO
90 % — mecaTUMeTpOBHIM ciioeM. B mHEeBHOE BpeMs B HU3KHUX IIMPOTAX BOJAA MPOTpe-
BaeTcsa mpumepHo Ha 10 M u OoJiee 3a CYET MPOLIECCOB TEIJIONPOBOIHOCTH U TypOYy-
JICHTHOTO NepeMeIIMBaHus (TBep1asi HOBEPXHOCTh CYIIU MPOrpeBaeTcs He Oosee yem
Ha 0,5 m).

3anaceHHOE OKEaHOM TEIUIO YaCTUYHO B BHJIE JJIMHHOBOJIHOBOTO H3JIy4CHHS
(A >10 MKM) mepensaydaercs, a YaCTUYHO IepeaaeTcs B aTMocdepy TEIUIONpPOBO/I-
HbIM IOTPAHUYHBIM CJIOEM M BCJIEACTBHE HcnapeHus. OTHOCUTENbHAs POjb 3TUX
IIPOLECCOB PA3JINYHA IS PA3HBIX PAHOHOB IUIAHETHI, HO HA mMpoTax ot 70° c.mI. 10
70° 10.11. XapaKTepU3yeTCa MPUMEPHO OAMHAKOBBIMU 3HAYECHHUSIMHU: JTNIMHHOBOJIHOBOE
M3JIydeHue B aTMoc(epy U kocMuueckoe npoctpanctBo 41 %; nepenaya temia aTMo-
chepe 3a cUeT TEIIONPOBOIHOCTH 5 %; nmoTepu Ha ucnapenue 54 %.

3a cyeT NBWKEHHS BO3AYIIHBIX M BOJHBIX MAacC 3allac€HHas OKEaHOM 3HEprus
MIEPEHOCHUTCS 110 BCE IUIaHETE, MpUYEM B 00JaCTH MeXay 3kBatopoM u 70° c. ml. B
cpenaem 40 % Teruia MEpEeHOCUTCI OKEAaHCKUMM TeUYeHUsAMH, a Ha 20° c¢. 1. BKJIAJ
OKE€aHa B IIEPEHOC dHEPIUM cocTaBisieT 10 74 %. EKeroHo ¢ MOBEPXHOCTH OKEaHa
MCIapsAeTCs CI0M BOABI TOMIMHON npumepHOo 1 M (okomo 340-10'2 1) u okono
36-10%2 T Bo#BI BO3BpAMIAETCS CO CTOKOM PEK, JIEJHUKOB U T.II.

[TpumepHO 2/3 CyMMapHOTO COJHEYHOTO M3JIyYCHUS UCIIBITHIBAIOT B OKEAHE W
Ha TIOBEPXHOCTH CYIIIU pa3IMuHbIe U3MEHEHUs: npeodpasytorcs B temio 43 %; pac-
XOJIYIOTCSl Ha HUCMapeHue, oOpazoBaHue ocaakoB 22 %; cooOIIeHre YHEPTUH PEKaM,
BETPY, BOJIHAM, pa3InYHBIM BHuaM TeueHuit B okeane 0,2 %. [Tpumepno 0,02 % Bceii
SHEPTrUU BOCIPHUHATOTO COJHEYHOTO HM3JIyYeHHsS HAET Ha oOpa3oBaHHE MPOAYKIIUU
dboTOCHMHTE3a U YACTUYHO Ha 00pa30BaHUE UCKOMAEMOTO TOILIMBA.

CownsMepuM C 3TOM BEJIMYMHOW CyMMAapHBIN IIOTOK SHEPTHUH, ITOCTYHAIOIIEH U3
Heap 3eMJIM U B BHUJI€ NPWJIMBHOW >HEPruu. BhIIeanTh U3 yKa3aHHBIX MOTOKOB T€,
YTO HEMOCPEACTBEHHO MMEIOT OTHOIIEHHE TOJBKO K OKEaHy, JOCTATOYHO TPYIHO.
JIJist SHEPreTUKY BaXKHBI HE a0COJIOTHBIE BEIMYMHBI MOIIHOCTEN pa3IMYHBbIX UCTOY-
HUKOB, a JIMIIIb Ta UX YacCTh, KOTOPYIO MOXKHO MpeoOpa3oBaTh B TpeOyemble s XO-
35IMCTBEHHOM JESATEIIbHOCTH BUbI SHEPTHH.

Cotpynaukamu okxeanorpaduueckoro mHctutyra Ckpunrnca (CILIA) Beimosn-
HEHBI OLIEHKH CYMMapHbIX U JOMYCTUMBIX JJISl IEPEpadOTKU MOIIHOCTEN pa3InIHbIX
OKEaHWYECKUX UCTOYHUKOB 3HEPIUM 3a IATh JeT — ¢ 1977 no 1982 r. CooTBeTcTBY-
I0I[Me JIaHHBbIE MPHUBEACHBI Ha auarpammax puc. 11.1, Ha KOTOphIX OTMEUYEHBI JIBa
YpPOBHSI — CYMMapHBIM W JIOMyCKaroluid mpeoOpazoBaHue (3amTpuxoBaH). bosee



IMO3JHHUEC OLCHKH CACIaHbI C YYETOM LCJIOTIO0 psga TEXHOJIOTHYCCKHUX KW IKOJIOTHYC-
CKHUX (I)aKTOpOB. OHI/I, KaK ITpaBHJIO, B YaCTHU I[OHYCTPIMOﬁ K MCITOJIb30BAHUIO OHCPIrun
OKa3aJInCh HHUXKC.
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IIpunuBer  Teuenmss  buomacca Bomawsl ['paguent  ['paauent OkeaHckue
COJIEHOCTH TEMIIEpaTypsl BETpPbI

Puc. 11.1. PacnipeesieHne OKEAHCKUX HCTOYHUKOB YHEPTHH 10 MOIITHOCTH
(mpaBble cT0101BbI — 110 oneHkaM 1977 r., 1eBble — o onenkam 1982 r.)

[Ipu o1ieHKE BO3MOXKHOCTEW MPUIMBHON SHEPTreTUKU YUYTEHO, YTO paboTaTh Ha
noyHy MomHOCTh [I9C MoryT Tosbko B TeueHue 30 % BpemeHu. [JaHHbIE O OKe-
AHCKUM TEYEHHUSM IMOJYy4YeHbI ¢ yueToM | % JomycTUMOro 3aMemsieHus] CKOPOCTH
TeueHus. [Ipyu olleHKe BO3MOKHOCTEH AHEPrETUUECKOrO0 MCIOIB30BAHUS MPOAYKIUU
OoKeaHCKoro (porocuHTe3a MpuHITH BO BHUMaHuE 50 % sddextuBHOCTH TTpE0Opa3zo-
BaHUs OypbIX BOAOPOCIEH B METaH U BO3MOXKHOCThH Pa3MEIICHHSI COOTBETCTBYIOIIUX
dbepM B 20 % pallOHOB €CTECTBEHHOTO alBEJJIMHTA. ANBEJUIMHT — MOJAbEM TITyOUH-
HBIX BOJI, OOTaThIX OMOTEHHBIMHM BEIIECTBAMH, UTPAIOIIUMHU POJIb yAoOpeHuit. Jlis
npuOpEeKHBIX BOJMHOBBIX reHepatopoB ycrtaHoBieHsl KIIJI 50 % wu Bpems pabo-
ThI 40 % romoBoro OrokeTa BpeMenu. KIIJ[ mpeoOpa3oBanus rpagueHTa COJICHOCTH
NpUHAT paBHBIM 3%, a rpaaueHTa TemmepaTtyp — 5 %, npuyeM B MOCIEHEM Cilydae
CUMTAETCs] peajbHbIM Pa3MeCTUTh ITpeoOpa3oBaTenu Ha 2 % MOBEPXHOCTH OKEaHa B
Tpornuyeckon 30He. /{151 BeTpoBBIX cTaHIIUN KOd(PPUIMeHT mpeoOpa3oBaHus SHEPTHH
BeTpa mNpuHAT paBHbIM 60 %, U TOMYyCTUMBIM YPOBHEM H3BSATHS MOIIHOCTH CUUTA-
10T 1 % MOIIIHOCTH BETPOB, AYIOIIMX Ha yAaJIeHUU OT Oepera.

HeManoBaxHBI M TakMe «TEXHOJOTHYECKHE)» CBONCTBA OKEAHCKUX PECYpPCOB
SHEPTUU, KaK TUIOTHOCTh SHEPTUU M CTAOMIIBHOCTh MCTOYHUKA DHEPTUU. DTU CBOU-
CTBa OMPEACIISIOT pa3Mephbl Oyaylux mpeoOpa3oBaTeieii, He0OXOIUMbBIE YCTaHOB-
JIEHHBIE MOITHOCTH, PEKUMbBI UCTIOIH30BAHUS SHEPTHUH.

11.2. OcHoBBI IPe0OPa30BAHUSA IHEPTUHU BOJH

OrpomMHbIC KOJUYECTBA SHEPTHMH MOXHO TMOJYYUTh OT MOPCKHX BOJIH. MoTtil-
HOCTh, TIEPEHOCHMAs BOJHAMHU Ha TJIyOOKO# BOJIE, MPONOPIIMOHANIBHA KBAJApaTy HX
aMILTUTYI6I ¥ Tiepuoay. [loaToMy HanOoNbIINKT MHTEpEC MPEACTABISAIOT JJTHHHOIIE-
puonnbie (T =10 c¢) BogHBI OONBIION aMITUTY B (@ ~ 2M), TO3BOJISIOININE CHUMATh
C eIMHMUIIBI JUTMHBI TpeOHs B cpearem ot 50 qo 70 kB1/m.

HauGomnbiiee 4ncio BOTHOBBIX SHEPTETHUUECKUX YCTPOMCTB pa3pabdaThIBacTCs
JUTSI M3BJICYEHUS] SHEPTUM W3 BOJIH HA TIIyOOKO# Boje. DTO Hauboyiee OO THIT



BOJIH, CYLIECTBYIOUIUMI MPHU YCIOBHUH, YTO CpeAHss riayouna mopss D mpeBbliaer Be-
JIMYUHY TIOJIOBUHBI JJTUHBI BOJHBI A/ 2.

[ToBepXHOCTHBIE BOJHBI Ha TIIyOOKOW BOJE MUMEIOT CJIEIYIONIME OCHOBHBIE Xa-
pakTepHbIe OCOOCHHOCTH

— BOJIHBI SBJISIIOTCS HEPA3PYIIAOIIMMHUCS CHUHYCOMIAIBHBIMU C HEPETrYyJApPHOU
JUTMHOM, (pa30oii U HampaBICHUEM MIPUXO/A;

— JBWKEHHE KaKJOW YacCTHUIIbl JKUJIKOCTH B BOJIHE SIBIIIETCSI KPYTrOBBIM (B TO
BpeMs KaK U3MEHSIONIMECS OYEpPTaHUs BOJIH CBHUJETEIBCTBYIOT O PacnpocTpa-
HEHUU BOJHOBOTO JBUXKEHHUS, CAMH IO ce0e YacCTHUIIbl HE CBSI3aHbI C TUM JIBU-
KEHUEM U HE TIEPEMEILIal0TCs B €r0 HaIllpaBJICHUN);

— aMIUTUTyAa JBWKEHUS YaCTHUIl KMJIKOCTH SKCIOHEHIMAJIbHO YMEHBIIAETCS C
TTyOHHOM.

— CYWIECTBEHHO, YTO aMIUIMTY/Ia BOJIHBI & HE 3aBUCHUT OT €€ JJIMHBI A, CKOPOCTH
pacupocTpaHeHus C, nepuoaa T , a 3aBHCHUT JIMILb OT XapakTepa MpeamecTBO-
BaBILIETO B3aUMOJECHCTBUA BETPA C MOPCKOM MOBEPXHOCTEHIO.

B BonHax Ha riyOOKOH BOJIE HET MOCTYMATEIbHOIO JBW)XEHHS JKUIKOCTU. B
IOJTIOBEPXHOCTHOM CJIO€ KHUJAKOCTH €€ YaCTHUIBl COBEPIIAIOT KPYTOBOE JIBHIKEHUE C
paanmycoM OpOUTHI &, paBHBIM aMILUTUTY i€ BOJHbI (puc. 11.2). BeicoTa BoaHsl H oT
BEpIIMHBI TPEOHSI 10 OCHOBAHUS paBHA ee yaBoeHHOU amrumuryae (H =2a). Yriuo-
Basi CKOPOCTh JIBMKEHUS YACTUIl @ U3MEPSETCA B pajJuaHax B ceKyHAy. I3MeHeHue
(dbopMbI BOJIHOBOM MOBEPXHOCTH TaKOBO, YTO HAOJIOIAETCS MOCTYIATEIbHOE JIBIDKE-
HUE, XOTS caMa BOJAa HE MEpPEMEIIACTCS B HANPABICHUU PACIPOCTPAHEHHUS BOJIHBI
(cmeBa HampaBo). DTO Kaxylleecsl MepeMEIEHUEe eCTh pe3ysbTarT HaOmoAeHus (a3
CMEUIEHUS MOCJIEI0BATEIbHO PACIIOIO0KEHHBIX YaCTHUIl KUJIKOCTH; KaK TOJIBKO OJHA
yacTula B rpeOHe OIMyCKaeTcs, Apyrasi 3aHUMaeT €€ MECTO, 00ecrieunBas COXpaHeHHUe
(opMbI TpeOHS U PACTIPOCTPAHEHHE BOJHOBOTO JABU)KEHUS BIIEPE.

H=2a

Puc. 11.2. XapakTepuCTHKH BOJIHBI

CoOTHOIIIEHUE, YCTaHABIMUBAIOIIEE 3aBUCUMOCTh MEXAY YacTOTOM W JIJIMHOU
JUISl TIOBEPXHOCTHOM BOJIHBI Ha ITyOOKOM BOJIE
2
1= (11.1)
10}

[Tepron NBUAKEHUS BOJHBI

T:2_7r: 27 272'/1.
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CKOpOCTB qaCTUIbI )KUAKOCTHU B rpe6He BOJIHBI

(11.2)




v:aa)za,/zTﬂg. (11.3)

CKOpOCTb NEePEMCIICHUS ITOBCPXHOCTH BOJIHBI B HAIPABJIICHUM X OIPCACIIATCA

e _9_g | A _ |94 (11. 4)
2r o 279 2r

CkopocTh C Ha3bIBAIOT ()a30BOM CKOPOCTHIO PACIPOCTPAHEHUS BOJH, CO3/IaBa-
EMBIX Ha ITOBEPXHOCTH HUJIKOCTH. DTa BEJIMYMHA HE 3aBHCHT OT aMILIUTYbI BOJHBI U
HESBHBIM 00pa30M CBsI3aHA CO CKOPOCTBHIO JIBIKEHUS YaCTHII )KUIKOCTH B BOJTHE.

[TomHass KMHETWYECKasT PHEPTHsl HA €IUHUILY IIUPUHBI BOJHOBOTO (PpOHTA U
€IMHUILY JUTMHBI BIOJIb HAPABJICHHSI PACIIPOCTPaHEHHs BOJHBI paBHA

KaK

2
E, = pa4 9. (11.5)

HopmupoBaHHasi mOTeHIIMANbHAS YHEPTHS BOJHBI PABHA B TOYHOCTH TAaKOW Ke
BEJINYHHE

2
g,=29 (11.6)
4
HOHHaH OHCPI'WA Ha CAMHUIY INIOIIAaAW ITOBCPXHOCTHU BOJIHBI paBHA CYMMC KH-

HETUYECKOW U TTOTCHIIMAJIbHON SHEPTUM.
2

E:Ek+Ep:’0a2g. (11.7)

BolpakxeHue sl SHEPrUM Ha €AUHUIY IIMPHUHBI BOJIHOBOTO ()POHTA U HA €1U-
HUILY JUIMHBI BOJIHBI BJIOJIb HAIIPABIICHUS €r0 PACIIPOCTPAHEHNS 3AIIUILIETCS B BUJIE

2
E, =EA :paTg/i_ (11.8)
[MoacraBum A u3 (11.1)
2 .2
pa g
Eﬂ, :7, (119)
yT0 ¢ yueTom (11.2)
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E, =20 4gﬂT : (11.10)

BripaxxeHne st MOIIHOCTH, IEPEHOCUMOM B HAIIPABIICHUU PACHPOCTPAHECHUS
BOJIHBI HA €MHUILY ITUPUHBI BOJTHOBOTO (PPOHTA, UMEET BUJT

2 2
proP9R°C_pgath (11.11)
4 4T
C yuerom (11.7) u (11.11) momaocts P’ paBHa momHOM 3Hepruu (KMHETHYE-
CKas + MOTeHIUaJibHas) E B BOJIHE Ha €UHUILY TUIOIIAJN MMOBEPXHOCTH, YMHOKEH-

. Y . .
HOM Ha BCIMYHMHY U = E — I'PyHIIoBYHO CKOPOCTDb BOJIH Ha FHY6OKOI/I BOJC, C KOTOPOHU

BOJIHBI IEPEHOCAT 3HEPTUI0. C y4eTOM BBIPAXKEHUS ISl TPYIIIOBOM CKOPOCTH



P’:Eu:E%. (11.12)

Pazmuune mexmy rpynmoBod W BOJTHOBOU ((ha30BOM) CKOPOCTSIMU SIBISICTCS
oOIUM JIJIs JTFOOBIX BOJTHOBBIX IPOIIECCOB, MJIsI KOTOPHIX (ha30Basi CKOPOCTh 3aBUCUT
OT JIJIMHBI BOJIHBI (IUCTIEPCHS).

[ToncraBnsst B (11.11) dazoByro ckopocTs B Buje (11.4), moimyyaeM COOTHOIIIE-
HUE

242
P':pQS—aT. (11.13)
JT

CrnenoBaresibHO, MOIIHOCTh, NMEPEHOCHMMAs BOJIHAMH, YBEJIMYHMBACTCS MOPSIMO
MPOMOPLUUOHAIBHO KBAIPATy aMIUIUTY/IbI U nieprony. MIMeHHo nmosromy Juisl cnenua-
JUCTOB IO OKEAHCKON SHEpPreTUKE OCOOCHHO MPUBJIEKATEIbHBI JIMHHONEPUOIHBIC
BOJIHBI, 00JIaJaI0NTNe 3HAYUTETHPHON aMILTUTY IOH.

Ha mpakTuke BOJHBI OKa3bIBaKOTCS COBCEM HE TAKMMH UJICAIU3UPOBAHHO CHU-
HYCOUJATBHBIMH, KaK 3TO MOAPa3yMeBaioch Bhilie. OOBIUHO B MOpE HAOIIOAI0TCS
HEpETYJISIPHBIE BOJIHBI C IIEPEMEHHBIMU YAaCTOTOM, HAIIPABICHUEM WU AMIUIATYIOM.
[TockonpKy pe3yiapTUPYIOLIEE BOJHEHUE Yallle BCETO HENb3sl IPEICTaBUTh CYMMOU
BOJIH, JICUCTBYIOIIUX B OJTHOM HaIpaBJICHUH, TO MOUIHOCTh, U3BJIEKaeMas mpeoopa-
30BaTeNIIMU HAIPaBJICHHOTO JIEHCTBUSI, Oy/IeT 3HAYUTEIHHO HUXKE TOW; KOTOPYIO Te-
PEHOCST BOJIHBL.

11.3. IlpeoGpa3oBaTe/id JHEPTUH BOJH
11.3.1. Ilpeoopa3zosamenu, omcaexcusaroujue npohuv 601Hbl

B sTom kitacce mpeoOpazoBaresieil OCTaHOBUMCS B TIEPBYIO OYepe/b Ha pa3pa-
6otke npodeccopa DaunOyprcekoro ynuBepcutera Credana Conrepa, Ha3BaHHOU B
yecTh cozaarensi «yTtka Conrepay. TexHHMUecKoe Ha3BaHUE TAKOTO MpeoOpa3oBate-
151 — xoseOroneecs: kpouto. dopma npeobpazoBaresnss o0ecrnedynBaeT MAaKCUMAaIbLHOE
U3BJICUCHUE MOIITHOCTH (puc. 11.3).

BouHbI, MOCTyTaromuye ciieBa, 3acTaBlsOT yTKYy Kojebarbes. [{unmaapudeckast
¢dbopMa MPOTHBOIMOJIOKHON MOBEPXHOCTH OOECIIEUMBAET OTCYTCTBUE PACIPOCTpaHE-
HUS BOJIHBI HANpaBO MPU KOJIeOAHUSAX YTKH BOKPYr OCH. MOIIHOCTh MOXET OBITH
CHSITA C OCH KO0JIEOATEIbHOU CUCTEMBI C TAKUM PAcdyeToM, 4TOObl 00ECeYUTh MUHU-
MyM OTpakeHus sHepruu. OTpakas W MPOMyCKas JUIIh HE3HAYUTEIBHYIO YacTh
SHEpruu BOJIH (IpuMepHO 5 %), 3TO YCTPOHCTBO 00JiaaeT BechbMa BhICOKOU AhPek-
TUBHOCTBHIO TIPeoOpa30BaHUs B IIMPOKOM JHAIAa30HE YaCTOT BO30YKIAIOMIUX KOJIe-
Oanuii (puc. 11.4).
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Puc. 11.3. «YTka Coarepax:
a — cxema nmpeoOpa3oBaHusl IHEPTUHU BOJHBI; O — BApUAaHT KOHCTPYKIIMH ITpeoOpa3oBaTes;
1 — nnaByuas muatgopma; 2 — LUIMHIPUYECKas OOpa ¢ pa3MeIeHHbIMHU B HEH IPUBOJIaMU
1 DJICKTpOreHepaTopaMu; 3 — aCHMMETPUYHBIH TTOILIABOK
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Puc. 11.4. d¢ppexTnBHocTh «yTKH CostTepa» (Amamerp 15 M, och 3apUKCUPOBAHA)

[lepBonauanbHo ConTepoM OBLIT CO3/]aH MAaKET JOCTATOYHO Y3KOMOJIOCHOTO IO
yacToTe ycTtpoicTBa. B BoimHOBOM Oacceline oHo moriomaino 10 90 % mnanaromieit
sHepruu. [lepBbie UCTIBITAHUS B YCIOBUAX, OJM3KUX K MOPCKUM, ObUTH TIPOBE/ICHHI B
Mae 1977 r. Ha 03. Jlox-Hecc. 50-meTtpoBast rupisaaa u3 20-MeTpOBBIX «yTOK» 00-
el Mmaccoi 16 T ObuIa criylieHa Ha BOJly M UCHIBITHIBAJIACH B T€UEHUE 4 MECSIIEB NIPU
Pa3JIMYHBIX BOJIHOBBIX YCIOBUSIX. B nekabpe Toro ke roaa sta mojaenib B 1/10 Oyny-
1€l BeJIMYMHBI OKEaHCKOTro mpeoOpa3oBaress ObUla BHOBb CIYILIEHA HA BOJY W J1aja
NepBbI TOK. B TeueHne 3 Mec. OJJHOro U3 CaMbIX CYPOBBIX 3UMHHUX MEPUOAOB MO-
JieIb TIEpBOM aHTIMICKOM BOJIHOBOM 3iekTpocTaniuu padortana ¢ KIT oxono 50 %.

JanbHeitmme pazpadbotku Conrepa HampaBJIeHb HA TO, YTOOBI 0OECIICYHUTH yT-
K€ CIIOCOOHOCTh MPOTHBOCTOATH yJapaM MaKCHUMAaJIbHBIX BOJIH U CO3/IaTh 3asSKOPEH-
HYIO TUPJISIHAY MpeoOpa3oBaresici B BUAC JOCTaTOYHO THOKoM muauM. [Ipenmonara-
€TCsl, UTO XapaKTEPHBIN pa3Mep pealibHOM yTku OyneT paBeH npumepHo 0,14, uro s
100-MeTpOBBIX aTIAHTHYECKUX BOJH cOOTBeTCTBYeT 10 M. HUTh M3 yTOK MpOTSIKEH-
HOCTBIO HECKOJIBKO KHJIOMETPOB MPE/IOJIaracTcsi yCTAHOBUTH B palioHe ¢ Haubosee
WHTEHCUBHBIM BOJIHEHHEM 3amnajHee ['eOpuackux ocTpoBoB. MOIIIHOCTh BCEH CTaH-
uu 0ynet npumeprno 100 MBT.

Haubonee cepre3nbiMu HegocTaTkaMu it «yTok CoaTepa» oKa3alluch clie-
IYIOIIHE:

— HEOOXOIUMOCTh TIEpeIadu MEJICHHOTO KOJIe0aTeIbHOTO JIBIXKEHUS HA TIPUBO/T
reHepaTopa;
— HEOOXOIUMOCTh CHSITHS MOITHOCTH C IJIABAIOIIETO HA 3HAYUTEIHLHOUW TTyOnHE



yCTPOMCTBA OOJIBIION MPOTAKEHHOCTH;

— BCIIECTBUE BBICOKOM YYBCTBUTEIIBHOCTH CHUCTEMBI K HAMNPABJICHUIO BOJIH
HEOOXOIUMOCTh OTCIJICKMBATh M3MEHEHUE WX HAMpaBICHUS [JIS MOJyYEHUS
Bbicokoro KIIJI mpeobpazoBanus;

— 3aTPYIHEHUS TPHU COOPKE U MOHTAXKE M3-3a CIOXHOCTH (POPMBI MOBEPXHOCTH
«YTKI».

Jlpyroii BapuaHT BOJHOBOTO IMPeoOpa3oBaTessl C KAyalolUMCS DJIEMEHTOM —
KoHTypHBIH 10T Kokkepemna. Ero momens Takke B 1/10 BeTWYMHBI HCTIBITHIBATACH B
TOM 3Ke, 4To U «yTka Conrepay, romy B npoiuBe CojeHT BOiM3u T. CayTreMnToHa.
KoHTypHBII TJIOT — MHOTO3BEHHAsl CHCTEMa W3 MIAPHUPHO COEAWHEHHBIX CEKIUU
(puc. 11.3). Kak u «yTka», OH yCTaHaBIUBAETCS MEPIECHIUKYISIPHO K PPOHTY BOJHBI
U OTCIICKHUBAET €€ MPOdUIIb.

Puc. 11.5. BapuaHT BbINoJIHeHHs1 KOHTYpHOro miora Kokkepesia:
1 — konebmromasics cekus; 2 — mpeodpa3oBaTellb; 3 — Tsra; 4 — MapHUP

JleTanbHble TaOOpATOPHBIE UCIIBITAHUS MOJENHU ioTa B MacmTade 1/100 mo-
Ka3aiu, 4To ero 3¢p(HEeKTUBHOCTh COCTABISET OKOJIO 45 %. DTO HUKE, YEM Y «YTKI»
Conrepa (HO IMJIOT MPUBJICKAET APYTUM JOCTOMHCTBOM: OJIM30CTh KOHCTPYKIIMH K
TPaJUIIMOHHBIM CYJOCTPOUTENIbHBIM). M3roToBjIeHNE TakuX IUIOTOB HE MOTpedyeT
CO3/IaHUSI HOBBIX MPOMBIIUICHHBIX MPEANPUSATAN U MO3BOJUT MOJHATH 3aHSATOCThH B
CYIOCTPOUTEIHLHON MTPOMBIILIEHHOCTH.

11.3.2. Ilpeoopa3zoseamenu, ucnonv3yougue IHEPIUI0 KOJEOII0OULe20Ca 600AH020
cmonoa

[Ipn HaberaHuu BOJHBI HA YaCTUYHO MOTPYKEHHYIO MOJOCTh, OTKPBITYIO MOJ
BOJIOHM, CTOJIO JKUIKOCTH B TOJIOCTU KOJIEOJIETCS, BBI3bIBAasi U3MEHEHUS IAaBJICHUS B
rase HaJ *KuAKocTblo. [loocTh MokeT OBITH CBsi3aHa ¢ aTMoc(epoil uepes3 TypOuHy.
[ToTok MOXET peryimpoBaThbCsl TaK, YTOOBI NMPOXOJAUTH 4epe3 TypOUMHY B OJHOM
HampaBJI€HUH, WIK MOXET OBITh UCIIOJIb30BaHA TypOMHA Y3ica. Yke U3BECTHBI O
KpallHEel Mepe J1Ba NMpUMeEpa KOMMEPUYECKOrO0 HCIOJIb30BaHUS YCTPOWCTB Ha 3TOM
NPUHIMIIE — CUTHAJIbHBIC OyH, BHeApeHHbIe B SImonnn Macynoi (puc. 11.6) u B Be-
nukoOputanun cotpyaHukamu  Koponesckoro yHuBepcuteta bendacra. bonee
KPYITHOE U BIEPBBIE BKJIIOYEHHOE B SHEProCeTh YCTPOMCTBO mocTpoeHo B TodTe-
crouiene (Hopserus) ¢upmoit Kvaernor Brug A/S. OcHOBHOW TpUHIIUIN JEHCTBUS
KoJieOronerocs ctoyidoa nmokasan Ha puc. 11.7. B TodrectonneHe oH ucnonab3yercs B
500-kuI0BaTTHOM yCTAaHOBKE, MOCTPOCHHON Ha Kparo oTBecHOU ckaibl. Kpome Toro,
HallMOHAJIbHAs AyekTpudeckas nadboparopusi (NEL) BenukoOputanuu mnpesjaraet
KOHCTPYKIIMIO, YCTAHABIMBAEMYIO HEMTOCPEICTBEHHO HA MOPCKOM JIHE.



~

+y
74
7
W
e

Puc. 11.6. Cxema ycTaHOBKH, B KOTOPO# MCIOJIb3yeTCsl MPUHIMI KOJ1€0.II0IIerocst
BOJHOIO0 cT010a (pa3padorana HanmonanbHol nH:keHepHoi J1abopaTopueiit NEL,
BeaukoOpuranusi, pa3Meliaercssi HeNMoOCpeIACTBEHHO HA TPyHTe, TYPOMHA NPUBOJAUTCS
B JeliCTBHE I0TOKOM O/IHOT0 HATIPABJICHHS):

1 — BOJIHOBO# TTOABEM YPOBHS; 2 — BO3YIIIHBIN MOTOK; 3 — TypOMHA; 4 — BBIITYCK BO3/1yXa,

5 — HampaBJIeHHE BOJIHBI; 6 — OIyCKaHHe YPOBHS; 7 — BIYCK BO3AyXa

%4‘;
ﬁ_||

Puc. 11.7. IIneBmMoOyii Macyasbi:
1- xopmyc; 2 — anekTporeneparop; 3 — kiamnaH; 4 — BO3ylIHas TypOuHa

['maBHOE TIPEMMYIIIECTBO YCTPOMCTB Ha MPHUHIIMIIE BOJSHOTO KOJEOIIOMIEToCs
cT0J10a COCTOMT B TOM, YTO CKOPOCTbH BO3/yXa Mepea TypOHMHOM MOXKET OBbITh 3HAYHU-
TEJIbHO yYBEJIHWYCHA 3a CYET YMEHBILICHUS MPOXOHOI0 CEUYCHHS KaHalla. ITO MO3BOJIS-
€T COYeTaTh MEJJIEHHOE BOJIHOBOE JBHKEHUE C BBICOKOYACTOTHBIM BPALICHUEM TYyP-
ounbl. KpomMe Toro, 31eCh CO371a€TCSl BO3MOKHOCTD YAQIUTh TEHEPUPYIOIIEE YCTPOU-
CTBO M3 30HBI HEMOCPEACTBEHHOT'O BO3JCUCTBUS COJICHOM MOPCKOM BOJBI.

11.3.3. IloaBoaHbIE YCTpOIiCTBA

IIpenmymiecTBa MOABOAHBIX YCTPOWCTB COCTOAT B TOM, YTO 3TH YCTPOWCTBA
MO3BOJIAIOT M30€XkaTh IITOPMOBOIO BO3JAEHCTBUS Ha npeodOpasoBarenu. OQHAKO NpU



WX UCTOJIb30BAHUM YBEJIWUYMUBAIOTCS TPYAHOCTH, CBSI3aHHBIE C U3BJICUCHUEM DHEPTUH
1 00CITyKUBAHUEM.

Jlns mpuMepa MOXKHO PacCMOTpEeTh MpeoOpa3oBaTellb THIA «OPHUCTOIbCKUN
IIAJTHHIPY, OTHOCSIIUNCS K TPYIIIE YCTPOMCTB, pabOTAIOIIMX IMOJ ACHCTBUEM CKO-
POCTHOTO Haropa B BoJiHE. HamomHEHHBIN BO3AyXOM IUIaBYy4YUid Kopryc (IUIUHIP),
UMEIOIINI CpeiHIo TIoTHOCTH 0,6-0,8 /™3, 3aKpeIUIEH I0Ji BOJOW Ha Omopax,
YCTaHOBJICHHBIX Ha TpyHTE. [{unuuap xonebsercst B BOJIHE, COBEpIas JBUKEHHUE MO
AIUTMOTUYECKON TPACKTOPUHU U MIPUBOS B JICUCTBUE T'UJIPABIMYECKUE HACOCHI, BMOH-
THPOBAHHBIC B OMOPHI U MPE0OPa3yIOINe YHEPTUIO NBIKCHUS IunHapa. [lepexkaun-
BaeMas UMHU KHUIKOCTb MOXET IMOJaBaThCs MO TPyOONMpOBOAaM Ha T€HEPATOPHYIO
CTaHIIMIO, €UHYIO JJISl HECKOJIBKUX IIUITUH]IPOB.

OaHO W3 IPEeHMYILIECTB HAEH «OPUCTOJNBCKOTO LHIMHIAPAa» TO, YTO IOCHE
HAaCTPOMKHM HAa ONTHUMAJIBHYIO YaCTOTY OH HE OTPaKaeT SHEPrui0 JPYyrux 4acToT, a
JaeT el BO3MOKHOCTh PaCIpOCTPaHATHCS Aajee, e €€ MOTYT IOTJIOTUTH JPyTHE
npeoOpa3oBaTeIn, HAPUMEpP IUJIUHJIPHI C IPYTOM YaCTOTOM.

Bomnpocs! k ri1aBe 11

bananc Bo300HOBIIsIEMOI SHEPTUU OKE€aHa

OcHOBBI MPe0Opa30BAHMS SHEPTUU BOJIH.

[IpeobpazoBarenu SHEPrUU BOJIH, OTCICKUBAIOIINE TPO(UIIH BOJIHBHI.
[IpeoOpazoBarenu >HEPruy BOJH, MCIOJB3YIOLIME SHEPTHIO KOJIEOIIoIerocs
BOJSTHOT'O CTOJI0A.

5. TlonBoanbie ycTpoOMCTBA.

Hwnh e



12. Ucnosib30BaHue S3HEPTHH MPUJIMBOB M MOPCKHUX TeYeHU
12.1. O0mue cBeieHUs1 00 MCNOJIb30BAHUM YHEPTUU PUIUBOB

[TpunuBHbIE KOJ€OaHUs YPOBHS B OIPOMHBIX OKE€aHaX IJIAaHETHI BIIOJHE IpE[-
ckazyeMbl. OCHOBHBIE MEPUO/IbI ATUX KOJIEOAHUIN — CYyTOUHBIE IPOAOKUTEIbHOCTHIO
OKOJIO 24 4 W MOJIyCyTOYHBIE — OKOJIO 12 u 25 muH. Pa3HOCTh ypOBHEHN Mexay Io-
CJIEI0BATEIbHBIMU CAMbIM BBICOKMM M CaMbIM HH3KHM YPOBHSIMH BOJIBI — BBICOTA
npunuBa R. JIlmana3oH m3meHenus 3tou BenuuuHbl coctasisieT 0,5-10 m. Ilepsas
nugpa Hanboyee xapakTepHa, BTOpasi JOCTUTACTCA M JIaKe MPEBOCXOIUTCS JIHUIIb B
HEKOTOPBIX OCOOCHHBIX MECTax BOJIM3H MMOOEPEkKbs KOHTUHEHTOB. Bo BpeMst npuiu-
BOB U OTJIMBOB NEPEMEILIEHUE BOJHBIX MacC 00pa3yeT MPUIMBHBIE TEUEHUS, CKOPOCTb
KOTOPBIX B MPUOPEXKHBIX MPOIUBAX U MEXAY OCTPOBAMHU MOXET JOCTUTATh IPUMEP-
HO 5 Mm/c.

[TonHATYIO HA MaKCHMaJIbHYIO BBICOTY BO BpPEMS IIPWJIMBA BOJY MOKHO OTJIE-
JUTH OT MOpA 1aMOOH MM IJIOTUHOM B Oacceline mionaapto A. MecTa ¢ OosbIIuMu
BBICOTAMHU HPUIMBOB 00J1aJal0T OONBIIMMHU MOTEHLIMAJAMU NPUJIMBHON SHEPrHM.
OnHako He TOJBKO 3TOT (aKTOp BaKEH JJISl pa3BUTHS MPUIMBHONW SHEPreTUKHU: HAJ0
OPUHMMATh BO BHUMaHUE U KalMUTaJbHbIC 3aTPAThl, U OyAyIIyI0 IPpUOBLIb OT CO3/1a-
HUS COOTBETCTBYIOIIMX NPUIMBHBIX AnnekTpoctanuuii (I19C).

OHeprusi NPWIMBHBIX TEYEHUH MOXKET ObITh MpeoOpa3zoBaHa MOJAOOHO TOMY,
KaK 3TO Jenaercs ¢ sHepruei Betpa. [IpeodpazoBanue 3HEpruu NPUIMBOB UCIIONIb30-
BAJIOCh JIJIs1 IPUBEACHUS B JACHCTBUE CPABHUTEIHHO MAJOMOUIHBIX YCTPOMCTB €Ile B
cpenneBexkoBoil AHriuu U B Kurae. 13 coBpemennbix [19C nanbonee xopouo u3-
BECTHBI KpyHHOMaciiTaOHas 3iekTpoctaHuus Panc momuocteio 240 MBT, pacno-
JoXKeHHas B dctyapuu peku Jla Panc, Bnagatomeit B 3anmuB Cen Mano (bperaus,
Opannwsi), 1 HeOoJbIas onbiTHAs cTaHius MorHocThio 400 kBT B Kucnoit ry6e Ha
nobepexbe bapenuesa mops (Poccust). M3 Mect, koTOphle TaBHO TPUKOBBIBAIOT BHU-
MaHUe THAPOCTPOUTENEH, caeayeT Ha3BaTh dctyapuil peku CeBepH B BenukoOpura-
HuUM U 3anuB danau Ha BocTouHOM mNoOepexkbe CeBepHONM AMEpPHKM Ha TpaHMIIE
mexay CIIA u Kanagoii. XapakTepucTUKH MECT BO3MOXKHOTO cTpouTenbcTBa [I1DC

B Poccun npuBenens B Tabmuie 12.1.
Tabmuma 12.1
OcHoBHBIC MeCTa KOHICHTPALMK NPWJIMBHOM 3Hepruu B Poccun

Macropacnosnoxenue Cpennsist BbI- ITnomane [Torennman
cota mpunuBa, | OacceitHa, | Cpenmmsisi Momr- | T'omoBast BeIpa-
M KM? HOCTh, I BT o0otka. TBT u
Me3eHcKuii 3aJIuB 6,0 2330,0 15,2 50,0
[TemxuHckas ryba 6,2 20530,0 87,4 190,0
Tyrypckuii 3aymB 4.7 1800,0 10,3 27,6

BricoTa, X01 ¥ IEPHOIUIHOCTD MTPHUIIMBOB B OOJIBIIMHCTBE MPUOPEIKHBIX paii-
OHOB XOPOIIIO OIMMCAHBI M MPOAHAIM3UPOBAHBI OJIaro1apsi MOTPEOHOCTSIM HaBUTAIUH
u okea”orpaduu. [loBenenre npuauBOB MOXKET OBITh MPEACKA3aHO JOCTATOYHO TOY-
HO, C MorpenrHocTeio MeHee 4 %. Takum oOpa3om, MpUIMBHAs SHEPTHS OKA3bIBACTCS
BEChbMa HaJIeKHOUW (OopMOI BOZ0OOHOBIIIEMON YHEPTHUH.

[Ipu ee mpeobpa3zoBaHNM BO3HUKAIOT U ONPECICHHBIC HEY100CTRA!



a) HECOBIIaJICHHE OCHOBHBIX IMEPUOI0B BO3HUKHOBEHHUS MPWIUBOB (12 4 25 MUH u
24 4 50 MMH), CBA3aHHBIX C JABIWKEHHEM JIyHBI, ¢ TPUBBIYHBIM TSI YEJIOBEKA
MEPUOJIOM COJHEUYHBIX CYTOK (24 4), B CBS3U C YeM ONTUMYM IPUIUBHOM Te-
Hepald HaxoJUTCs He B aze ¢ MOTPEOHOCTSIMU B DHEPTUH;

0) U3MEHEHHE BBICOTHI IPUJIMBA U MOITHOCTH MIPUIMBHOTO TCUCHHS C IMIEPUOJIOM B
JIBE HEJICNIM, YTO MPUBOJUT K KOJIeOAHUSIM BhIPAOOTKH IHEPTHH;

B) HEOOXOIUMOCThH CO3JaHUS TTOTOKOB BOJIBI C OOJIBIIIUM PACXOJIOM MPU CPaBHHU-
TEJHLHO MAaJIOM TIEepernajie BhICOT, YTO 3aCTaBJISIET MCIOIL30BaTh OOJIBIIIOE YHC-
710 TypOuH, paboTaroNUX NapaJlieIbHO;

I') OYEHb BBICOKHE KalTUTAILHBIC 3aTPAThl HA COOPYKEHHE OOJBITMHCTBA MPEITIIO-
nmaraemerx 119C;

1) TIOTCHIIUAJLHBIE YKOJOTUYECKUE HAPYIIECHNUS U U3MEHCHHUE PEKUMOB ACTyapH-
€B U MOPCKHUX PaliOHOB.

12.2. MomHOCTH NPUJIMBHBIX T€YEeHHH M MPUJIUBHOIO NMOAbeMa BOAbI

Bomu3u mobepexbss U MEXIy OCTpOBaMHU IPHJIMBBI MOTYT CO37aBaTh JIOCTa-
TOYHO CHJIbHBIE TCUCHHS, NMPUTOAHBIC JUIS MPEeoOpa3OBaHMsS SHEPTUU. Y CTPOUCTBA
JUIS IpeoOpa3oBaHusl YHEPTUM TPUIUBHBIX TEUCHHH OyAyT NMPAKTHYECKU CXOJIHBI C
AHAJIOTUYHBIMH YCTPOMCTBAMU, TPUBOJUMBIMU B JCUCTBUE TEUEHUSIMU PEK.

CoOTHOILIIEHUS, TTO3BOJISIONINE OIEHUTh MOIIHOCTH NMPUJIMBHBIX TEUYEHUU, IO-
TOOHBI TEM, KOTOPBIE UCIIOJIB3YIOTCSI B BETPOIHEPIETUKE, ITPU ITOM CJICTYET UMETH B
BHUJY, YTO INIOTHOCTH BOJIBI BO MHOTO Pa3 BbIIIE TJIOTHOCTH BO3/1yXa, 4 CKOPOCTH Te-
YEHHS BOJIbI CPABHUTEIBHO HU3KHU.

[110THOCTH MOIITHOCTH TIOTOKA BOJBI, BT/M?, paBHA

V 3
B ClIydac IIPUIMBHOI'O WK PCYHOI'O TCUCHUA IIPU CKOPOCTH, HAIIPUMCED, 3 Mm/c

3
g =1000- 3? =13500 Bt /M2 TOIBKO 4YacTh IOJHOW SHEPTHU IIOTOKA MOXKET OBIThH

npeoOpazoBaHa B mosie3Hyro. Kak u ans BeTpa, 3TO 3HaU€HUE 77 HE MOXKET IpPEBbI-
math 60 %. Ha mpakTuke okas3piBaeTCs, 9TO 77 MOKHO JTOBeCTH MakcumyM 0 40 %.
CKOpOCTH MPUTTUBHBIX T€YEHUH U3MEHSIOTCA BO BPEMEHHU MTPUMEPHO KaK

V =V, sin 2 (12.2)
T

r7e 7 — IMepPUOoJl €CTECTBEHHOIO MPUIMBa, 12 4 25 MUH 1151 TOJTyCYTOYHOTO;
V, — MakcuMalibHasi CKOPOCTb T€UEHHUs, M/C.

Takum 00pa3oM, deKTpuYecKasi MOITHOCTh, CHUMaeMas ¢ 1 M2 TUTOIIAIH TI0-
nepeyHoro ceueHus noroka (¢ yuerom 40% 3ddexTuBHOCTH Mpeodpa3zoBaHUs dHEP-
MU MOTOKA B AJIEKTPUYECKYI0), B CPETHEM PaBHAETCS

q~01pV3. (12.3)

[Ipn MakcUManbHOW CKOPOCTH OKOJO S5 M/C, BCTpEYArOIIEHCs B TPOJIUBAX

MexIy octpoBamu, J ~14kBt/M?%. Ilepexpbi miomans 1 000 M?, MOKHO IIOTYy4HTE

MOJIHYIO CPEAHIOI MOIIHOCTh AJIEKTPOCTaHIIMU 0KoJo 14 MBT.



Vike pa3paboTaH LENbIi psif COBPEMEHHBIX YCTPOWCTB JJisA MPpeoOpa3oBaHMs
SHEPIruu MPUIUBHBIX TEUEHUM, OJUH U3 KOTOPBIX Mokaszad Ha puc. 12.1. Kanuranb-
HBIE 3aTpaThl Ha CO3JaHUe MOJJOOHBIX YCTPOMCTB B pacyeTe Ha 1 kBT ycraHOBIEHHOMN
MOITHOCTHU AOCTATOYHO BBICOKH, IIOTOMY HUX CTPOUTCIBCTBO HCJ’IGCOO6pa3HO JIMIIb B
OTOAaJICHHBIX paﬁOHaX C BBICOKUMHU CKOPOCTAMH IIPHUIIMBHBIX Te‘{eHHﬁ, rac JII00BIE
AJBbTCPHATUBHBIC HCTOYHUKHN SHCPIUH CIIC OoJtee A0oporu.
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Mopckoe aHO

Puc. 12.1. Cxema 3j1eKTPOCTAHIMHU HA IPUJIUBHOM Te4YeHUH

OCHOBBI TEOPUU NMPUIUBHOMN IHEPTETUKH JOCTATOYHO MPOCTHhI. [Ipenmnonoxum,
yt0 Oaccelin [19C HamosHseTCa MpU BBICOKOM BOJIE U OITyCTOIIAETCS Yepe3 TyPOUHBI
npu Masoii Bojae (puc. 12.2). Ilycts OacceliH MMeeT MOCTOSIHHYIO TIomaas A, ocTa-
IOIIYIOCS TIOKPBITOM BOJIOM TMpu Maiioil Boje. JlomycTuM, 4TO MOCTynuBIIas B Oac-

. R
ceiiH BoJa umeeT Maccy AR, cocpeloTOYEHHYIO B LIEHTPE TSAKECTU Ha BBICOTE 2

OT YpOBHA MaJiou BOJbI, M YTO BCiA BOJa BBITCKACT M3 OacceiiHa IIpu MaJioun BOJC. I1o-
TCHOHUAJIIBHO MAKCHUMAJIBHYIO DQHCPIUI0 OT IIPUJINBA MOKHO ITIOJIY4YHUTb, CCJIN BCA BOOA

IaJA€eT C BBICOTHI 7 B 3ToM citywae sHeprust npuiivBa

E= (pAR)g—ZR. (12.4)

[ToBepxHOCTH OacceitHa
IJIoMmaaAbpo A

Bricokas
BOJIa

BeicoTa
npunusa R

_________ °_______ - ——____Y Hus3kax
BOZA

[TnotunHa ¢ TypbuHaMu

Puc. 12.2. Cxema u3BJjieueHUs NPUIHBHOMH IHEPTHH

Ecnu sneprus mpeobpasyercs B T€UEHHUE MPOJIODKUTEILHOCTH TIEPHOJIA MPHU-
JIUBA, TO CPEIHsSA MOTCHIMAJIbHAS MOIIHOCTh 34 NMPWJIMBHBIM MEPUOJ OKa3bIBACTCS
paBHOU

2
AR
-9 (12.5)
2T
Ha npakTuke B CHCTEME, MCIONBL3YIOIEH cpabaThIBaHKE 3amaca BOIbI U3 3a-



MOJIHAEMOr0 B MpUIUB OacceilHa, HECMOTPS Ha JOCTATOYHO BBICOKYIO 3(PQexTuB-
HOCTh MPeOoOpa30oBaHUsl MOJTYYUTh MAKCUMAJIbHYIO MOIIHOCTh HEIb3d. DTOMY Ipe-
MSTCTBYIOT CJEAYIONINE 00CTOATENHCTRA.

['eHepupoBaHue 3JIEKTPOIHEPTUU HE MOXKET OBbITh 00ECrneYeHO BIUIOTh 10
yCIIOBUM MaJioil BOJIbI, TAKMM 00pa3oM, YacTh MOTCHIIMAIBHON YHEPTUU MPUIIMBA HE
MOXKET OBITh MpeoOpa3zoBaHa.

Typ6uns! [19C nomxubl paboTaTh IPU HU3KOM HAIOpEe W MpU OONBIINX  CKO-
POCTSIX MOTOKOB — YCJIOBHSI HEOOBIYHBIE JIJISI UMEIOIIEHCS OOBIYHOM TMIAPOIHEPTETH-
YECKOW MPAKTUKHU.

HeBo3MOXHO paBHOMEpPHO CHa0XaTh MOTPEeOUTENEH 3IEKTPOIHEPTHEN U3-3a
M3MEHEHUS YPOBHA BOJIbI B OacceiiHe.

Ha puc. 12.2 nokazano, yto [19C moxxeT paboTarh Kak MpH OMYyCTOIICHUU
Oaccelina, Tak W MpH ero HamojdHeHuu. ONTUMaNbHas CTaHIIMA, UCIIOJIb3YIOas pe-
BEpPCUPYEMBIE THAPOArPETaThl, KOTOPbIE, KPOME TOTO, MOXHO €IIIe UCI0Ib30BaTh U B
HAaCOCHOM pEKHMME JIJIs TIOBBIILIEHUSI YPOBHS B OacceiiHe, MOXKET nepepadaThIBaTh 10
90% noTeHManbHON YHEPTUH PHUIIUBA.

12.3. Ucnosib30BaHne JHEPTUM OKEAHCKUX TeYeHUil

Mexanuueckas MOHIIHOCTb, KOTOPYIO MOXHO HU3BJICYb U3 OKCAHCKOI'O TCUCHUS,
OIIpCACIIICTCA TCM K€ COOTHOLICHUECM, KOTOPOC MCIIOJIB3YCTCA AJId OLCHKHU 9TOM Be-

JIMYMHBI B BETPOSHCPICTHUKC!
3

P= nApV?. (12.6)

KoaddunreHt npeodpazoBanus SHEpruu, 3aBUCSIIIUNA OT TUIA TypOWHBI, JJIs
BBITIOJTHEHUST TPUOIMKCHHBIX PACYeTOB MOYKHO MPHUHSTH paBHBIM 0,6 1151 CBOOOIHO
Bpararonierocsi padouero koineca u 0,75 mist Toro ke xKosneca B Hacagke. CTpouTesb-
CTBO KPYITHBIX BETPOBBIX TypOuH (quamerpom 10 200 M) mpakTUYECKU HEBO3ZMOKHO
U3-32 OIPAHUYCHUMN, CBSI3aHHBIX C MPOYHOCTHIO MAaTEPUATIOB U MAaCCOBBIMU XapaKTe-
PUCTUKAMH TOJOOHBIX YCTpPOWCTB. [lnsi TypOuH, paboTarommx B MOPCKOH cpene,
MAacCCOBBbIE€ OTPAHUYEHUSI MEHEE CYIICCTBEHHBI H3-3a JCUCTBUS HA AJIEMEHTHI KOH-
CTpyKIMi cuiibl Apxumena. [loBbIIeHHAs MIOTHOCTh BOABI TTO3BOJISIET, KPOME TOTO,
YMEHBIITUTh CTOJIb CYIIECTBEHHOE ISl BO3AYIIHBIX TYpOWH BO3ICHCTBHE BHOpAIni,
BBI3BIBAIOIIUX YCTAJIOCTHOE pa3pyllIeHUe MaTepPHUAIOB.

BaxHO€ MOCTOMHCTBO OKEAHCKHMX TEYCHHH B KAYECTBE MCTOYHHUKOB DHEPTHHU
10 CPaBHEHHIO C BETPOBBIMH IOTOKAMH — OTCYTCTBHE PE3KHUX M3MECHCHHUUA CKOPOCTH
(cpaBHHUTE C I3MEHECHUSIMH CKOPOCTH TIPH MOPBIBaX BETpa, IPH yparaHax u T.1.). [Ipu
JIOCTATOYHOM 3aryiyosieHuu B ToJity Bojbl TypOuHbl OI'DC HageKHO 3allUIIEHbI OT
BOJIH Y IITOPMOB Ha MOBEPXHOCTU. (151 3dEeKTUBHOTO HCIONH30BAHMS TEUCHUN B
OSHEPTreTUKE HEOOXOAMMO, YTOOBI OHU OO0JaJalid OMPEJCICHHBIMUA XapaKTEPUCTHKA-
Mu. B gactHOCTH, TpeOyIOTCSI TOCTAaTOYHO BBICOKUE CKOPOCTH MOTOKOB, YCTONYH-
BOCTh TI0 CKOPOCTH M HANpPaBJICHUIO, YOOHAs 11 CTPOUTETHCTBA U 0OCITYKUBAHUS
reorpadusi THA U MOOEPEkKbA. YIAJICHHOCTh OT MOOEPEkKbS BIICUET YAOPOKAHUE
TPAHCTIOPTUPOBKHU SHEPTUH B OOCTYKUBAHUSI ITHX CTAHIIUN, KaK, BIIPOYEM, U JIFOOBIX
npyrux. bonbiue riryOnHBI TpeOYIOT YBEIWUYEHUS 3aTPAT HA COOpPYKEHUE U 00CTy-



KVMBaHUE SIKOPHBIX CUCTEM, Majble — CO3LAIOT MOMEXU CYI0XOICTBY. MIMEHHO reo-
rpadguueckue GakTopbl HE MO3BOJISIOT ceiluac roBopuTh o crpoutenbctee OI'DC B
OTKPBITOM OKEaHe, TJIe HECYT CBOM BOJbI Haubojee MolHbie TeueHus. [Ipu cpeanux
U MaJIbIX MIyOMHAaX, 0COOCHHO B MeCTax 00pa30BaHUs MPUIIMBHBIX TEUECHUN, BAKHYIO
poJib Urpaet tonorpadus gHa.

B kadecTBe HENOCTaTKOB MpeoOpa3oBaTesiel SHEPIMH OKEAHCKUX TEYEHUUH
ClelyeT OTMETUTh HEOOXOJMMOCTb CO3[aBaTh U OOCIYXUBAaThb T'MT'AHTCKUE KOH-
CTPYKIIMU B MOPCKOH BOJIE, MOJBEP>KEHHOCTh 3THUX KOHCTPYKLIUN OOpacTaHuio u
KOPPO3HH, TPYTHOCTH NIEPEIayil SJHEPTUU.

12.4. O61mas XxapakTepUCTUKA TEXHUYECKHUX pelleHui

[lo ananormu ¢ BDY cymiecTByromue mnpeoOpa3oBaTed SHEPTUU TEUCHUI
MO>KHO YCJIOBHO pa3JIeJIuTh Ha JBe rpyIbl. K nmepBoi 1enecooOpa3Ho OTHECTH T€ U3
HUX, B OCHOBY KOTOPBIX MOJIOKEH MPHUHIMI MPeoOpa3oBaHusi CKOPOCTHOIO Haropa
BO BparniaTeibHoe JBWKeHue TypOuH. Ko BTOpoli, MeHee MHOTOUMCIEHHOM, TpyIIe
OTHOCAT TpeoOpa3oBaTev, OCHOBaHHbIC Ha JIPYruX (PU3MYECKUX MpUHIHUIAX (00B-
€MHBIE HACOCHI, YIIPYTue peodpa3zoBaTeIu U Jp.).

JIisi XapakTepUCTUKH CXE€M YCTAaHOBKH MpeoOpazoBaTesiell MOXKHO BBIIECTUTH
JIBE OCHOBHBIC CXEMBI — COOPYKEHHM, 3aKPETUIIEMBIX HA MOPCKOM JTHE, M COOpYXkKe-
HUH, TUTABAIONUX B TOJIIIIE BOJBI U 3aSKOPCHHBIX K JTHY.

PononayansHUKOM yCTPOWMCTB NEPBOM T'PYNIBI IO NPABY CUHATAKOT BOASHOE
kojeco (puc. 12.3, a). B coBepmeHCTBOBaHNH BOASHOTO KOJjieca HAOMIOAAIOTCS JIBE
OCHOBHBIC TeHAeHIMU. OHA — COOCTBEHHO YIydIlIeHUE TTOKa3aTeliel Kojieca (3a cueT
ONTHMH3AINNA KOHCTPYKITUU (hepM, JIONacTel, MEXaHN3MOB TIepeIadn dHEPTUH, pac-
MTOJIOKEHUS TI0 OTHOIICHHUIO K TIOTOKY, IPUMEHEHHUS COBPEMEHHBIX MAaTEPHAJIOB U
T.I1.), Ipyrasi — IPUHIUMIINAIFHOE U3MEHEHUE TIPEICTABICHHM O KoJiece.

JlenTounoe koneco (puc. 12.3, 0) oka3piBaeTCsi 00Jiee KOMIAKTHBIM, TPeOyeT
MEHBIIIE MaTepHalioB, MEHEe IMOABEPKEHO Bo3nencTBHIO aTtMocdepsl. [logoOHoe
YCTPONCTBO MOKET OBITh YCTAHOBJIEHO B MOTOKE Ha MOHTOHAX C TAKUM PaCcueTOM,
yTOOBI HIDKHHE JIOTTACTH BXOJAWIM B BOJIY, @ BEPXHHE OCTABAJIUCh «CYyXUMU». Iddek-
TUBHOCTH MPe0Opa30BaHMs CKOPOCTHOTO HAMOpPa MOBBIIMIAETCS 32 CYET TOTO, YTO Ccpa-
3y HECKOJIBKO JIOMACTEN OKA3bIBAIOTCS MO BO3IEUCTBUEM MOTOKA. OQHAKO, TPOCTOE
YBEJIMYCHUE YHCIIAa JIOMACTEH JIGHTOYHOTO KoJieca HE MPHUBENET K CYIIECTBEHHOMY
YBEJIMYCHUIO MOMEHTA Ha Bajax.

Ha 6a3e 1eHTOYHOTO KOJIeca CO3/IaHbl YCTPOMCTBA, MOJHOCTHIO TIOTPYKaeMbIe
B TOJIITYy MOTOKOB (puc. 12.3, B, T). JIyIsl TaKUX YCTPOMCTB IpeaIaraeTcsi HECKOIbKO
CITOCOOOB YMEHBIIICHHSI COMTPOTHUBIICHHS JIBH)KCHUIO JICHTHI BO BpEMS XOJIOCTOTO XO-
7a. TO U COOPYKCHHUE BO3IYIIHOW KaMephbl HaJl KOJIECOM M IPUMEHEHUE Pa3TUIHBIX
BapUAHTOB MEXAHU3MOB CKJIQJIbIBAHUS JIOTIACTEH.



Puc. 12.3. DBoionys BOASIHOI0 KOJIeca:
a — KOJIECO-TIPOTOTHIT; O — ICHTOYHOE KOJIECO Ha IJIaByYeM OCHOBAHHH; B — JICHTOUHOE KOJIECO
B TOJIIIE ITOTOKA; T — JIEHTOYHOE KOJIECO CO CKIAIHBIMU JOMACTIMU

HaunGonbime Haaexapl THAPOIHEPTETUKY, 3aHUMAIOITUECs pa3paboTKoM Tpe-
oOpazoBareneil PHEPreTUKU OKEaHCKUX TEYEHHUH, CBS3BIBAIOT C arperaTaMu, ¢ MoMo-
IIbI0 KOTOPBIX MOTYT OBITH MOJIY4€HBI 3HAUUTEIbHBIE €IMHUYHBIE MOITHOCTU. B Ka-
YEeCTBE BAPUAHTOB TAKUX YCTPOMCTB paccMaTpUBAIOTCS paboyee KOJIeco B BUJE CBO-
0011HOTO Mpomeiepa, Mpornesiepa B Hacalke, BOJASHON aHanor Typouns! Jlapwe, cu-
CTEMBI C yIpaBisieMbIM KpbuioM (puc. 12.4, a-B). Bo Bcex 3THX KOHCTPYKIHSIX, TaK
K€ KaK U Y MEePCIEKTUBHBIX BETPOBBIX TYpOUH, TJIaBHBIN IPeoOpa3yronIuil 3J1EMEHT —
KPBUIOBOUM Tpouiib, 00TEKaHHE KOTOPOrO0 MOTOKOM CO3Ja€T TUIAPOJIMHAMUYECKYIO
CUITY, 3aCTaBIISIONLYI0 TYpOUHBI BpaIaThCsl.
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12.4. BapuaHThbI cXeM NepcneKTUBHBIX TYpOuH s OI'IC:
a — cBOOOJIHBIN POTOP; 6 — POTOP B HACAJKE; B — POTOP, YCTAHABINBAEMBIH MOTIEPEK MOTOKA

a)

Haunyumumu nokazatensmu obnagaeT TypOuHa, BHITIOJHEHHAs B BUIe pabo-
Yero Kojieca ¢ TOPU3OHTAILHON OCBhIO0 B Hacaake. DTO OOBSICHICTCS TEM, YTO TaKOE
pabouee KOJIeCO MEHBIIIE BO3MYIIIAET MOTOK, HE TaK CHJILHO, KaK CBOOOJIHOE, BOBJIC-
Kasi )KHJIKOCTh BO BpalaTeiabHOe IBKeHHe. Hacamok kak Obl OTIEISET BO3MYIICH-
HYIO YacTh ITOTOKAa OT HEBO3MYIIICHHOW M B TO € BpeMs 00eclieunBaeT HEKOTOPYIO
KOHIIEHTpaIruo sHeprun. PopMy Hacagka BBIOMPAIOT W3 TAKOTO pacyeTa, YTOOBI



o0ecreyuTh MIaBHOE 0€30TPHIBHOE TEUEHHE MOTOKA Ha MOAXOE K TypOuHe, clenarh
BCIO CUCTEMY YCTOMYHMBOIN Ha MOTOKE, MAaKCUMAJIbHO CHU3UTh 3aBUXPEHHOCTh MOTOKA
Ha BBIXOJIE U3 HEee.

VYBenuueHus: MOIHOCTH OJTHOTO TaKOTO arperara MOXHO JOCTUTHYTh 3a CUET
yanuHeHus Kpbuia. [lo cpaBHEHHIO ¢ BETPOBBIMH IMPEOOpPA30BATENSIMU OKEAHCKHE
TypOMHBI B 3TOM IUIaHE UMEIOT MPEUMYIIECTBO: KPUTHUECKHUI pasMmep Kpbuia, IMpH
KOTOPOM B HEM JOCTHTACTCs TMPEAesl MPOYHOCTH MATEPUATIOB I TaKOW TypOWHBI
BeIie. Ho ecTh orpaHnyeHus M B BOJE: MPU CIIMIIIKOM OOJIBIION JJIMHE Kpbhlia Ha
CMEHY HM3TMOAIONIMM MOMEHTaM, CO37aBacMbIM IMOJ BO3JEHCTBUEM CHIIbI TSXKECTH,
MPUXOJAT MOMEHTBI, CO3JaBaEMbIE CHJION AaBJICHUS MOTOKA.

Jlpyroe orpanudeHue guameTpa pabodero Kojeca CBsI3aHO C TEXHOJOTHYECKU-
MU TPYJHOCTSIMH TPHU MOCTPOMKE U YCTAHOBKE CTOJIb TPOMO3JKHX COOPYKEHUU B
okeane. CIenuaaucThl CXOIATCS BO MHEHUH, YTO JUAMETp TYpOUH B HAcaaKax BPSI
mu npeBbicuT 200 M (Mo rabaputaMm MojJoOHOE COOPYKEHHE HAMIOMHUHAET KPBITHIM
ctaavoH Ha 20 TeICsY 3puTeneil). HakomjieHHbI K HAcTOAEMY BPEMEHU OIBIT
CTPOUTEIBCTBA AKCILTYyaTAIIMOHHBIX MIATGOpM I 100bIYM HEeTH U Taza BOJOU3-
MEIIEHUEM B COTHH THICSY TOHH IMOKAa3bIBAET, UTO TaKHME OOBEKTHI MOTYT OBITH CO-
3/1aHBI.

PaccmoTpum mpeoOpa3oBaTean SHEPTUM IMOTOKOB, OTHOCAIIMECS I10 Halel
KJIacCU(PUKAMK KO BTOPOW TpyIIIe, U, IPEkKIe BCEro, yCTPOMUCTBA THUIIA 0OBEMHOIO
Hacoca. Ha puc. 12.5 n3o0pakeHa oiHa U3 CXeM TaKOro YCTPOICTBa, B OCHOBE KOTO-
pOro — HEMOABMKHO 3aKPEIJIEHHOE B MOTOKE coruio Bentypu. B nepexxarom ceuennu
COIUIa M3-3a YBEJIMYEHUSI CKOPOCTHU KUIAKOCTH MPOUCXOIUT MaJECHHE CTAaTUYECKOro
JABJIEHUS, KOTOPOE MOXKET ObITh UCIIOIb30BaHO, HAIIPUMED, JJIS 3aCAChIBAaHUS BO3/IY-
Xa C TTOBEPXHOCTHU. B BBIXOJIHOM CEUEHHUM YK€ CHKAThIH BO3YyX BBITECHSACTCS U3 IO-
TOKa B HAIIOPHYIO KaMepy, OTKyZa MO CTYIaeT B BO3AYXOBOJI TypOUHBI, COEUHEHHON
Cc anekTporenepaTopom. [Ipu yMepeHHBIX CTEMeHAX mepexaTs MoToka paboTa TaKo-
ro YCTpPOMCTBAa MOXXET OBITh OMHUCaHA C MOMOIIbI0 ypaBHeHUs: bepuymmu. B stom
Clydae nepenaj JaBJIeHHUM, KOTOPbIM CO31A€TC HACOCOM,
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4,
rae A /A, — OTHOIIECHHE IUIOIIA/CH BXOJHOTO ¥ MUHUMAIBHOTO CEYEHHH KOH]Y30-
pa.

[Ipon3BOAUTENBHOCTh TAKOTO HACOCA 3aBUCUT OT PACX0/1a )KUAKOCTU YEpE3 Ce-
YeHHE Hacoca M MOXET ObITh JoBeacHa mpumepHo A0 20 % oO0beMHOro pacxoja.
DKEKITMOHHBIE CBOMCTBA CHIIBHO 3aBUCAT OT CIIOCO0a BBOJIa B TIOTOK IMOJICACKIBAEMO-
ro rasa.

[lepedenb pa3IMYHBIX BapUAHTOB MpPeoOpa3oBaTesieid MOKHO MPOAOKUTh, HO
BaXHO OTMETUTh, YTO CO BPEMEHEM MOTYT OBITh OTKPBITHI KaK Oojee 3PdeKTUBHBIC
CrocoObl MpeoOpa30BaHMs YHEPTHH MOTOKOB B OKEaHEe, TaK U HOBBIE THUIAPOIUHAMU-
YECKUE SIBJIICHUS, KOTOpbIe MOTPEOYIOT MPUHIMIMAIBHO HOBBIX pa3pabOTOK. Yike
ceifluac MOXHO OOpaTUTh BHMMAaHHWE Ha DJHEPIHI0 OKEAHCKUX MPOTHUBOTCUYCHUH,
CKPBITBIX TOJIIEH MOBEPXHOCTHBIX BOJ M YACTO JIMIIb JOCTATOYHO TOHKUMH MOTpa-
HUYHBIMU CJIOSIMH OTJEJICHHBIX OT MOBEPXHOCTHBIX; SHEPIUI0 PA3JIUYHBIX BUXPEW,



BO3HHUKAIOLIMX B OTKPBITOM OKEaHE IOJ BO3JCHCTBUEM METEOPOJIOTMYECKHX BO3MY-
MIEHU W KpymHOMAacIITaOHOM TUAPOAMHAMUYECKON HEYCTOMYMBOCTH B OKEaHaX.
N3BecTHBI 1axke MOCTOSHHO JelcTBYyomme BUXpu. Onnd u3 Hux Haxogurcesa B 400 km
ot OracaBapsl (Snonust) B Tuxom okeane. OH mpeAcTaBiIsieT co00i BOJAOBOPOT AHa-
MeTpoM ok0Ji0 200 KM, MOJHUMAIOIIUIACS C TIIyOMHBI 3 KM MOYTH 0 CaMOM MOBEpX-
HocTH. [IprmedarenbHa oHa U3 0COOEHHOCTEN BOJOBOPOTA — MPUMEPHO UEPE3 KaxkK-
neie 100 mHeld oH M3MEHsSIET HalpaBlieHHE BpaileHus Ha oOpatHoe. Ilo orenkam
SAMOHCKUX YYEHBIX YJIEJIbHBIE SHEPreTUUYECKUE XAPAKTEPUCTUKU 3TOrO BOAOBOPOTA
3HAYUTEIIBHO BBILIE, YEM Y PSIJIa OKEAHCKUX TCUCHUMU.

Puc. 12.5. Cxema 00beMHOr0 Hacoca:
1 — nmpodmmpoBaHHBII KOPITYC; 2 — IIaXTa BO3AYX03a00PHUKA; 3 — BO3yXOCOOPHUK;
4 — BBIXJIOIHAS 1IAXTa; 5 — BO3/AYyILIHAs TypOMHA C 3JIEKTPOreHepaTopoM

Bonpocsl k ri1aBe 12

1. O6mume cBeaeHus 00 UCIIOJIB30BAHUYU YHEPTUU IPUIIUBOB.

2. MoIHOCTh MPUJIMBHBIX TEYCHUN U MPUIUBHOTO MOABEMA BOJIBI.
3. Hcnonwp3oBaHKe SHEPTHN OKECAHCKUX TCUCHUM.

4. OO1mas xapakTepUCTUKA TEXHUUECKUX PEIICHHM.



13. IlpeoOpa3oBaHue TEMI0BOI JHEPTUU OKeaHA
13.1. Pecypchl TenJioBoii SJHePrum oKeaHa

MupoBoOii OK€aH — KPYITHEHIIINK €CTECTBEHHBIM KOJUIEKTOP COJIHEYHOI'O M3JY-
yeHud. B HEM MeXay TEmIbIMH, MOTJIOMIAIOIIMMH COJHEYHOE HM3JIyYEHUE IMOBEPX-
HOCTHBIMH BOJAMH U 00jiee XOJOMHBIMU MPUIOHHBIMHA JOCTUTACTCS PA3HOCTh TEM-
nepatyp B 20 °C. D10 obecnieunBaeT HENPEPBHIBHO IMOIOJIHIEMBbIA 3amac TEII0BOU
SHEPTUU, KOTOpas NPHUHIIMIHAIHHO MOXKET OBITh IpeoOpa3oBaHa B JAPYTHE BHIBIL.
Cam TepMuH «rpeodpa3oBanue TerioBoi sHeprun okeaHa» (OTEC) — «ocean termal
energy CONversion» — o3HadaeT MpeoOpa3oBaHWE HEKOTOPOH YacTH ATOW TEILIOBOM
SHEPIUU B padOTy U Jajiee B AIEKTPOIHEPTHIO.

[IpeoOpa3zoBaHne TEIJIOBOW SHEPTHH, 3aIIACEHHON OKEaHOM, B MEXaHHYECKYIO
SHEPTHUIO U JIaliee B AJIEKTPOIHEPTHUIO TPEOYET CO3/IaHus TEIIOBOM MAIIMHbBI, TEM WJIH
WHBIM CIIOCOOOM HCTIOJIB3YIOIEH €CTECTBEHHBIM Tepenaj TeMIepaTyp MEeXIy Mpo-
IPETHIMU TOBEPXHOCTHBIMU M OXJIAXKJICHHBIMU TJyOWHHBIMHU CJIOSIMU Boj. B mep-
BOM MPUOIMHKEHUH J0JIA MpeoOpa3yeMoil SHEPTUH MOXKET OBITh ONpe/elieHa Yepes
KII/ repmoaunamuyeckoro mukia KapHo kak AT /T , Tne AT — BenuuuHa nepenajna

TEMIIEpaTyp MEXIy HarpeBaresieM U XOJOJWIbHUKOM; T — abCOJIOTHOE 3HAYEHHE
temrepaTypbl HarpeBaTens (K). CoOoTBETCTBEHHO ISl ONpPENENCHUsl PEeaTU3yeMbIX
3aMacoB TEIJIOBOM SHEPIHMH HEOOXOIUMBI CBEICHHS O PACIPENCICHUH TEMIEepaTyp
Ha MOBEPXHOCTU OKEaHa, TOJIIIMHE MPOTPETOro CJiosi, IITyOuHE 3ajleraHusl ciosl XO-
JIOTHBIX BOJI, CKOPOCTH IIEPEMELIECHUS BOJAHBIX MacCC.

[lepBas Takas mpuOIMKEeHHas OlleHKa Obula BblnosiHEeHa B 1977 r. Ona 0a3u-
poBaJiach Ha TOM, 4TO B CpeHEM M0 MUpPOBOMY OKEaHy pa3HOCTb TEMIIEpaTyp MEX-
1y TIOBEPXHOCTHIO U TiryonHamu npumepHo B 400 m coctasiser 12 °C, nuiib B HEKO-
TOPBIX paiioHax BOIM3U 3kxBaropa gocturas 20 °C. Cuurasi B cpefHEM, YTO Pa3HOCTh
temriepatyp B 12 °C coxpansieTcss Ha Bceld CBOOOJHOM OTO JibJa MOBEPXHOCTH ILIO-
maaeo okono 3-10 m? B cinoe Tonmmuoi 100 M, 06LIYIO TEIIOBYIO SHEPTHIO, IPH-
CYTCTBYIOILYIO B OK€aHE B JIIOOOW MOMEHT BPEMEHH, MOKHO OLIEHUTh KaK

W = e, AT, (13.1)

rae O — INIOTHOCTH BOJBI, KI/M>,

V — 00beM HarpeThix BOJ, M°;
C, — yAesnbHas TeroeMKocTs, Jhk/(kr-K).

Honaras ¢, =419 x/Dx/(xkr-K), Bennynna 3anacennoit sueprun W =15.10%

JIK.

Bbonee TouHbie OlIeHKU TPeOYIOT 3HAHUSI KAPTUHBI pacipeaesIiCHUs] TeMIepaTyp.
O pacmpezienieHUH TepernagoB TeMIepaTyp Ha MOBEPXHOCTH MHUPOBOro OKeaHa JaeT
npenacrasiaenue puc. 13.1. KapTsl moka3piBaoT, 4TO IJIONIAb 30HBI C MOCTOSHHBIM
MAaKCHUMAJIbHBIM TEPENajoM TEMIEPATYP HE TaK y>K BEJIMKA U COCTABIISIET IPUMEPHO
20 M kM?. Llenoii camxenus KI1J] uaeansHoro nukna Ha 1 % 5Ty 30Hy BO3MOKHO-
ro pa3MeNIeHHs] TEIUIOBBIX MpeoOpa3oBaTeiel MOXKHO YBEITUYUTh MPUMEPHO B 6—
7 pa3. IlocTosiHCTBO nepenajga TeEMIepaTyp B CIydae U3bATHUS YACTH SHEPTUU JOJKHO



o0ecreunBaThC IIPUTOKOM OHCPIrUM 3a CUCT MNEPCMCUICHHMA, BOJHBIX MAaCC U IIOIJIO-
ICHUA COJTHCYHOTO U3JTYUCHHU.

Puc. 13.1. Pacnipeaesienne nepenaaos TeMnepaTryp B NpUIKBaTOPHAJIBHBIX 30HAX
MmupoBoro okeana (IyHKTHPOM oTMedeHbI I1yOuHbI 1000 M)

Omnpenenenre pecypcoB TEIJIOBOW SHEPruH, CBA3AaHHOM C OKeaHOM, OyJeT He
IIOJIHBIM, €CJIH HE y4€CThb MMOTEHIUAIbHbIE BO3MOKHOCTH €IlIE JBYX TEMIIEPATYPHBIX
[EpPENaoB, CYIIECTBYIOIIMUX MEXKIY HNPHUIOBEPXHOCTHBIMU CIIOSIMH BO3yXa M IO-
BEPXHOCTHBIMU CJIOSIMU BOJIbI U MEXAY MPUAOHHBIMU BOJAAMHU M MOPOAAMHU, ClIararo-
IIUMH JHO. DTU PECypChl TIOKa HE OLICHEHBI, OJTHAKO YK€ BeAyTCsl paboThI 1O co3/a-
HUIO JICMCTBYIOIMUX MOJIeel mpeodpa3oBaTesieil, NCIOIb3YIOIIUX MEPBbIN Nepena,
KOTOPBIN MPEACTABISIET 0COOBI UHTEpPEC Il APKTHUKH, T/I€ B 3UMHEE BpeMs — IIpaK-
TUYECKH HE MEHEE 8 MECSIEB B oAy — TeMHepaTyphl Bo3ayxa Jexar Huke -20 °C
IPY OTHOCUTEIBHO MOCTOSHHBIX TEMIIepaTypax BoAbl Moo JpaoMm +2 — +3 °C. Pac-
YEeThl OKA3BIBAIOT, YTO IIPU TaKOM IIepenae Kaxabli 1 M° MOpCKoOi BOIbI, Oymydn



nporylieH 3a 1 ¢ yepe3 npeodpazoBaTeib, NO3BOJISIET MOJIYYUTh 0K0JI0 10 kBT Mom-
Hoctu nipu KIIJ[ ycranosku 5 %.

13.2. Cxema OTIC, padorawuieil 1Mo 3aMKHYTOMY LUKy

CxeMa ycTaHOBKHM, paboTaromieid M0 3aMKHYTOMY HMKJIYy, IIPUBEJEHA Ha
puc. 13.2. B Takoil cucteMe ¢ MOMOIIBIO TEIUIBIX MOBEPXHOCTHBIX BOJI, MPOKaYnBae-
MBIX HAaCOCOM 4Yepe3 TEIJIOOOMEHHUK HCIApUTEINsl, IPEBPAILIAOT B Map Kakoe-1n0o
nmoaxosmiee padodee Teno (aMmuak, (ppeoH, mporaH), CO3Ja0T Map MOBHIIICHHOTO
TABJICHUS, J1aBasi €My BO3MOXXHOCTh PACIIUPUTHCA Yepe3 TypOWHY B XOJIOAMIBHUK,
r7e map KOHACHCUPYETCS MPU KOHTAKTE C OXJIAXKJAEMbIMHU IMOBEPXHOCTSIMHU BTOPOTO
TEIJI000MEHHNKA, OMBIBAEMOTO BOJION, 3aKaYMBAEMOM M3 TIIyOMHHBIX CIIOEB OKEaHa.
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Puc. 13.2. Cxema TepMajIbHOM YCTAHOBKH, Pa00TAIOLICH 10 3aMKHYTOMY LHKJIY:
1 — nacoc Terioi Boibl; 2 — UCMIAPUTEIND; 3 — HACOC OCYIIUTENS TapooOpa3HOTro paboyero Tena;
4 — ocymuTenb; 5 — TypOUHA € AIEKTpOreHepaTopoM; 6 — KOHAEeHcaTop; 7 — Hacoc ajs 3abopa
XOJIOZHOM BOJIBI; 8 — HACOC IS To1auu paboyvero Temna

Ha puc. 13.2 nokazan TepMOJWHAMUYECKUM LIMKI TaKOW TEMJIOBON MalIWHBI
(mukn PenkuHa) B koopauHaTax abcomtoTHas Temneparypa-sHTponus. [lonesnas pa-
0oTa, coBepiiaeMasi MapomM B TypOWHE, ONpeAeNseTcsl BETBbIO 1-2, Ha ydacTke 2—
IPOUCXOAMUT KOHJIEHCAIUs], 3aTEM HacOCOM paboyee Teslo MOJAeTCsl B UCIIapUTENb 3—
4, rne HarpeBaetcs (BeTBb 4-5) u ucnapsercs (BeTBb 5—1). TakuM 00pa3om, MoIBOJ
pabouero Tena K CUCTEME TeIIa OCYIIECTBIISIETCS HAa BETBU 4—5—1, a OTBOJI — Ha BET-
BU 2—3. JlonoJHUTENBHYIO padOTy MPUXOINUTCS 3aTpaurBaTh Ha 3aKauKy KOHAEHcaTa
B ucrnaputens (3—4) 1 Ha mojavy BOAbl B HArpeBaTeNlb U XOJIOAWIbHUK.

Maxkcumanenbii Teopetnueckuid KIIJ Takoil cucteMbl omnpenenseTcs pa3Ho-
CTBIO TEMIIEpATyp BO/JIbI, ITI0JJABAEMOW B HArpeBaTelb U XOJOAUIbHUK, Kak KII sk-

To—T
~0L__02  Jlns mepenasioB TeMIeEpaTyp MEKIY I0-

Tog
BEPXHOCTHBIMU U TJIyOMHHBIMHU CJIOSIMH BOJBI B mipezenax ot 15 mo 26 °C oH cooT-
BETCTBEHHO M3MEHsETCS B auanazoHe oT 5 1o 9 %. Peansnbiii KIIJI, xak npasuso,
CYILLIECTBEHHO HMKE. DTO CBSI3aHO C KOHCTPYKTUBHBIMU OTPAHMYEHUSMH, HE TIO3BO-
JSIOIMMHA B pEaIbHOW YCTAHOBKE JIOBECTH TEMIEpaTypy MapoB M KOHJIEHcATa [0
TEMIIepaTypbl TEIJIBIX U XOJOJHBIX BOJI COOTBETCTBEHHO (Ha puc. 13.3 3T0 moauepk-

BHUBAJICHTHOTO nukna Kapuo 7 =



HYTO C IoMouipto pasHocreu temmeparyp AT, =T, —T, u AT, =T, —T,,. Kon-
KpETHBIE TEMIIEpaTypbl MPUBEIEHBI HAa pUC. 13.2. M0XXHO NOJICYUTATh, YTO MIPHU TEO-
petuueckom KIIJ[, paBHom 7,3 %, Ha TypOHMHE MOJy4aeMm BEJIMYHUHY IPUMEPHO B
2 pasa MeHbIyI0 — 3,6 %. [Ipudyem oHa HE yUWTHIBACT €IIl¢ TOTEPh HAa COOCTBEHHBIC
HYKJIbl cTaHUuu, KoTopble cBenyT KII/[ no BenuunHbl, MeHbIIeh 2,5 %. JT0, B CBOIO
odepe/lb, O3HAYAET, 4TO 1Jis nojydeHuss 1 MBT «1mone3Hoi» MOIIHOCTH 4Yepe3 Tell-
JT00OMEHHUKH TaKOW CTaHIIMM JOJKHO MpoiTy He MeHee 40 MBT TemnoBoit mMoiiHo-
ctu. Umenno nosromy OTOC TpeOyrOT OrpOMHBIX pacxoJl0B TEIUIOW U XOJIOJAHOU
BOJIbI, U3MEPSAEMBIX B ThICAYaX KyOOMETPOB B CEKYHY.
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Puc. 13.3. Tepmogunamudeckuii uka OTIC (uukia Penkuna)

Jljig TOro 4to0bl MpenCcTaBUTh cede, YTO K€ TaKOe peajbHasi MPOMBILIUICHHAs
OT3C, noctarouHo yKa3aTh TaKME€ OPUEHTUPOBOYHBIE LU(PBL: CTAHLIHUS MOLTHOCTBIO
40 MBrTt (nmaBy4ast) J0JKHA UMETh BOJOU3MEIEHHE NpuMepHO 70 ThIC. T, JUAMETP
TpyOonpoBoaa xonogHo BoAsl 10 M M padouyr0 MOBEPXHOCTh TEMIOOOMEHHUKA
0KOIIO 45 ThIC. M2,

13.3. Cxema OTIC, pabGoraiomieii Mo OTKPHITOMY IHKJIY

Cxema ycTaHOBKH, paboTarorieii mo oTkpeiToMy nukay Kioaa, mokasana Ha
puc. 13.4. B kauecTBe pabodero Teja 3/1eCh MCIOJIb30BaHa MOpPCKasl BOJia, IoaaBae-
Mas B HCTIApPHUTENb Yepe3 JIea’paTop, OCBOOOKIAOIINI BOYy OT PACTBOPCHHBIX B HEH
razoB. [IpeaBaputenbHO U3 MOJOCTEH MCIAPUTENS M KOHAEHCATOpa yAalIseTcsl BO3-
yX, TaK YTO JIABJICHUE HAJl MOBEPXHOCTHIO KUJKOCTU OINPEEISIETCA TOJbKO JaBiie-
HUEM HACBIIICHHBIX MMapOB, KOTOPOE CHJIBHO 3aBHCHUT OT TemIieparypsl. [Ipu xapak-
tepHbIX 111 OTOC Temneparypax 3TOT nepenaj cocrapiser npumepHo 1,6 klla (mpu
3aMKHYTOM ITKJIe HAa aMmMmHuake okoso 500 klla), moa aeficTBueM 3TOro mepenaja na-
PBI BOJIBI PUBOJIST B JIB)KEHUE TYpOMHY, MOIMAIAI0T B KOHAEHCATOP, TI€ U MIpeBpa-
IAIOTCS B AKUJKOCTb.
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Puc. 13.4. Cxema OTIC, padoTamiueii mo orkpoiToMmy nukiay (uukia Kiona):
1 — Hacoc Teruoi BoAbI; 2 — ea’paTtop; 3 — BaKyyMHBIN HAacoC; 4 — HCIIapUTeNh; 5 — TypOrHA
C JJIEKTPOTEHEPATOpoOM; 6 — KOHJIEHCATOP; 7 — HACOC JIJIs MOAbeMa XOJI0JHON BOJIbI

OCHOBHOE OTJIMYME LIUKJIA KAaK Pa3 U COCTOUT B MaJOCTU IIEPEIaa AABJICHUM,
YTO TpeOyeT HCHOJB30BAHMS COOTBETCTBYIOLUIUMX TMIAHTCKUX TYpOWH MaMEeTpOM B
HECKOJIBKO JECATKOB METPOB. JTO, MOXKAIYH, OCHOBHOM TEXHUYECKHU HENOCTATOK
CUCTEM OTKPBITOro 1ukia. OCHOBHOE K€ UX JOCTOMHCTBO — OTCYTCTBHE T'MT'AaHTCKUX
HETEXHOJIOTUYHBIX TerI000MeHHUKOB. Kpome Toro, npu paboTe cucteM OTKPBITOrO
[IUKJIa MOTYT OBITh IOJy4€HBI OOJIbLINE KOJMYECTBA MPECHOM BOJABI, YTO HEMAJIO-
BAJKHO B JKapKOM I105ICE IIJIaHETHI.

13.4. Ucnoab30BaHue Mepenaga TeMnepaTyp okean-armocgepa

Nnes vcnosib30BaHMs Tiepernaja TeMIepaTryp MEXKIy XOJOAHBIM BO3IYXOM M
He3amep3arolel (Termioi) Bo1oi no10 JIbJA0M APKTHUKH BIEPBbIE ObliIa BHICKA3aHa BO
O®panunu A. bapxo, pa3BuBimuM uzaero [’ ApcoHBaiisa o npeodpa3zoBaHUIO TEMJIOBOM
SHEPruM, 3aMaceHHON B OKeaHe. B Hamiell cTpaHe ¢ ee MPOTSIKEHHBIM apKTUYECKUM
menbPpom paboThl B 3TOM 00J1aCTH BCErJa BhI3bIBAIM MHTEpec. JOCTaTOYHO yKa3aTh
Ha nipoekThl ['. TlokpoBckoro (1901-1979 rr.), Ha paOOThI, BBITIOJIHEHHBIE MO PYKO-
BojicTBOM B. M. Mapoueka Bo BiaguBocTOKe, Ha TPOBEACHHBIE TaM K€ HCCIIECIOBA-
Huda A. K. nbuna u B. B. TukmeHoga.

Oco0eHHOCTh pabOThl TAaKMX CTAHIMA — TaK HA3bIBAEMBIN «TPEYTObHBIN
IIUKJI: HAaTpeB M HCHapeHue pabodero Tena B pe3yibTaTe MOJIUTPOITHOTO IMpoIlecca,
aanabaTHOe pacHIMpeHHue uepe3 TypOMHY, M30TEPMUYECKOE CKATHUE MPH Tojaye B
UCTIAPUTEIb C OJHOBPEMEHHBIM OTBOJIOM M30BITOUHOTO Teruia B XonoauiabHuke. KITJ]
TaKoOT0 ITUKJIA, KaK MOKa3aHo B ojHOU u3 paboT A. K. UnbnuHa, HI)KE TEPMHUECKOTO
KII/J nukna Kapao nmpumepno B 2 paza. C Tounoctsio A0 1 % oH ompenensieTcs: Bbl-

To, =T
paxenneM 17 =—2—22 rne T,; — Temneparypa temnon noienHou soast (275 K);
01

Ty, — Temmeparypa oxnaxaaromero Bosayxa (mo 233 K). 3HauuTenbHBIA nepenaj

TEMIIEPATYP CMOXKeT KomneHcupoBath cHuxkeHne KIIJ[. TeopeTnueckyro MOIIHOCTh
takot OTOC MOXKHO OLIEHUTH ¢ TOMOIILI0 (popMyIel B. A. AkynuueBa



To1—Top)
P= kapuAnM, (13.2)
2T,

rac k= H/L — OTHOIICHUC TOJIIHUHBI UCIIOJIb3yCMOI'0O CJIOA TEILION BOJHbI K XapaKTCp-

HOU JJIMHE BO3MYIICHHS CPEIbl BIOIb TEUCHUS;
U — CKOpOCTb TEUEHHUS;
A — momaab B3auMOICHCTBUS CTAHIIMU C OKEaHOM;
1 — k03P PUIMEHT NOTEePh B arperarax u CucTemMax.
Ecnu monoxuTh B 3TOM BhipakeHUU K =1 W cuuTath MEXaHHMYECKUE TTOTEPH B
arperatax CTaHLUH NPEHEOPEKUMO ManbiMu (77, =1), TO yaenbHas MOLIHOCTb, I1O-

NMydaemas ¢ 1 M? IIOmaayM OKeaHa P Pa3sHOCTH TEMIEPATYP BOIBI M BO3/IyXa, PaB-
noii 10 °C, cocrasser npumepHo 18 kB1/m? ipu pasnoctu 20 °C — 60 kB1/M?, a npu
pasnoctu 30 °C — 125 kB1/M2. B 5THX OLEHKAaX BEIMYUMHA CKOPOCTHU JIBHKEHHS BO-
ael puHsaTa paBHou 0,02 M/c — XapakTepHash CKOPOCTb JAJisi MPUOPEKHBIX palOHOB
CesepHnoro Jlenouroro okeana. Takum o0pa3oM, IpH OTCYTCTBHHM OTPAaHUYEHUH 110
rIyOMHe okeaHa B 30He pasMmertenus noisipHoit OTOC u momuoctu B 1 MBT onHa
OyZeT BO3MYIIATh TEIIOBOM PEXUM HA IIOIAAH BCEro 0Koyo 20 M2,

Ha puc. 13.5 npuBenena pazpaborannas A. K. UneunsiM 1 B. B. TukMeHoBbIM
cxema AOTOC ¢ 00yBaeMbIMH BO3JIyXOM TEILTIOOOMEHHUKaMU. B Hel ncnonp30Ban
JOTIOJTHUTENBHBIA KOHTYP C IIPOMEKYTOUHBIM TEILNIOHOCHUTEIIEM, MO3BOJIIOIINN CY-
IECTBEHHO CHU3UTH IMOTEPU YIHEPTHH Ha COOCTBEHHBIEC HYK/Ibl CTAHIUH.
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Puc. 13.5. Cxema apkruueckoit OTIC Ha nepenaje Boaa—B0O31yX:
1 — ucmapurens OCHOBHOTO KOHTYpA; 2 — TypOHMHA C AJIEKTPOTeHEPaTOpoM; 3 — KOHJIEHCATOP;
4 — TerI000OMEHHUK KOHTYpa OXJIaXKIEHHUs IPOMEXYTOYHOT0 pabodero Tena; 5 — Hacoc JUIsl o1a4yu
XJIaJareHTa; 6 — Hacoc /IS moaa4yn pabouero Tena; 7 — HacocC It IOJJa9d MOPCKON BOJIBI;
8 — Bo103a060pHUK; 9 — maTpybok cOpoca 0TpabOTaHHOH BOJIBI

Cxema HarOMUHAEeT OOBIYHBIC TEIJIOBBIE CTAHIIMM C TPAAUPHIMU JJIs OXJia-
XKIEHUs OTpaboTaBIlIEel BOJBI, HO JAHHBIE I'PAJAUPHU JCHCTBYIOT B YCJIOBHUSX, KOT/Ia
TeMIepaTypa HAPYKHOIO BO3JyXa MHOTO HUXE HYJSA, a OXJaxJaaemas >KUIKOCTb
MMEET TEMIIEpPATypy BCEro Ha HECKOJBKO IpajycoB Bhilie. [loaTomy B oxiaxaaro-
IEM KOHTYpe TaKOM CTaHIIMK HEOOXOIMMO HCIIOIB30BaTh PACCOJ C HU3KOU TemIepa-



Typoll 3amep3aHus. B kauecTBe NPOMEKYTOYHOTO TEIIOHOCHUTEINS MPUMEHSETCS
BOJIHBI PACTBOP XJIOPHUCTOTO KaJbIUsl C KOHILIEHTpauuei He meHnee 26 kr Ha 100 kr
BOJIbl, KOTOPBIM TOCTATOYHO LIMPOKO HCIIONB3YETCs B XOJOIWIbHOU TexHuke. Pabo-
YUM TEJIOM B OCHOBHOM KOHTYpPE€ CTAHIIMH CIYXHUT (peoH-12, mapbl KOTOPOTO MpH-
BOJSAT B IBUKECHUE TYPOUHY C DJIEKTPOTE€HEPATOPOM.

[TpoMekyTOUHBIN TEMIOHOCUTENbh OXJIAXKAAETCS yTeM pPa30pbI3TUBAHUS Yepe3
dopcyHku opocurenbHoro oxsagutens. [Ipudyem BaxkHO 00ecredynTh OIMpeIeIeHHOE
pacnblUIeHHE, YTOOBI, C OJJHOM CTOPOHBI, KAIUIA TEMJIOHOCUTENS HE BBIHOCHIINCH I10-
TOKOM XOJIOJTHOTO BO31yXa, a C IPYyroil — yCreBajau OXJIAJUThCS BO BPEMs IaJCHUS.
Jliis Toro yToOBI Karuist AuamMeTpoM 1 MM oxmaguiach Ha 2 °C npu JIBUKEHUH B BO3-
oyxe co cpemaHert pazHocThio Temmepatyp 30 °C el HeoOX0IUMO MPOJIETETh B CBO-
6o1HOM mageHuu 4yTh Ooniee 3 M. Pacmpuisis TakuMm oOpa3oM pacTBOP XJIOPUCTOTO
KanbLys, MOKHO JOOMTBCS YAEIBHOrO chema sHeprum 0onee 230 Bt/(M2K). Takue
3HauYeHUS KOA(P(GUIIMEHTOB TEIUIOOTIa4l, KOHEYHO, YCTYMAIOT MOJIy4aeMbIM B HACTO-
q1ee BpeMs B KOHCTPYKUHMSIX BOJO-BOJSHBIX TEIJIOOOMEHHUKOB TPAIUITMOHHBIX
OTOC (mo 5 kB1/(M?K)), HO IIPEBBILAIOT IPUMEPHO B 5 Pa3 XapaKTEPHbIE BEIMYHUHEL
U1 TMPOCTEUIINX BO3AYIIHBIX TEIJIOOOMEHHMKOB CTaHIMKA 0€3 MpOMEXKYyTOYHOTO
TEIJIOHOCUTENS. JTO MO3BOJISIET CHU3UTHh METAJUIOEMKOCTh KOHAEHCATOPOB M IPU-
MepHO Ha 20 % yBeTUYUTh BBIPAOOTKY MMOJIE3HON YHEPTHUU.

13.5. Ilpsimoe npeodpa3oBaHue TENJIOBOH IHEPTUHI

Cxema OTOC Ha TepMORIEKTPUYECKUX MpeoOpa3oBaTeisx MOKa3aHa Ha PHUC.
13.6. B ocHOBe ee neiicTBUA — sIBIEHHE 3eeOeKa, 3aKII0YaroIIeecs B BOSHUKHOBEHUHU
Pa3HOCTH MOTEHIIMAJIOB B JICKTPUYECKON 1IEMTH, COCTABIICHHON U3 MAaTEpUAJIOB C pa3-
JIMYHOW KOHILICHTPALlUEN HOCUTEIIEH 3apsifa, MeCTa COEUHEHUN KOTOPBIX HATPETHI JI0
pa3HbIX TemnepaTryp. BennunHy 3Toi pa3HOCTH MOTEHLIUAIOB MOKHO ONPEAEIUTD MO
U3BeCTHOU (popmyre:

£- K Do (13.3)
€ Ny
rae K — mocrosiaHas bonbiMana;
e — 3apsj DJIEKTPOHA,
Ngy» Ng, — KOHLIEHTPALMU HOCUTENIEH (3JIEKTPOHOB B MPOBOJHUKAX, 3JIEKTPOHOB
U JBIPOK B MOJYITPOBOJHUKAX);
AT — pa3HOCTh TEMIIEpaTyp MEXIYy HarpeBaeMbIMU U OXJIAXKIAEMbIMU CIIasIMU
(coenMHEHUsAMM) Pa3HOPOIHBIX JICKTPOMPOBOSIINX MATEPUATIOB.

JlelicTBHE TaKOW CUCTEMBI MOJHOCTBHIO OMMUCHIBACTCS 3aKOHAMU TEPMOJUHAMH-
ku, crpaBenauBbiMu 111 00bIuHbIX OTOC. KIIJ] Takoro mpeoOpaszoBaTesisi, BBINOJI-
HEHHOTO Ha TMOJYNPOBOAHUKOBBIX 3JeMeHTax, gocturaer 10 %. ITo 3HAYMTEIBHO
Oosiplle, 4eM y cucteMm, padbortaroniux no nukiay Penkumna u Kinoga. Kpome Toro, B
cuctemax Takux OTOC Kk MUHUMYMY MOTYT OBITh CBEJCHBI TIOTEPU HA COOCTBCHHBIC
HYXbl cTaHUuK. Benuunna tepmo-3/[C 115 moaynpoOBOJIHUKOBBIX AP MOKET JO-
CTUTaTh HECKOJbKUX MUJUIMBOJBT HAa rpaayc (IJs METAIMYECKHX TepMomap OHU
npumepHo B 1000 pa3 mmxke). Hanpumep, nmoctosiHHas 3eebexa 71l KPUCTAIIIIOB TeJl-
JypHaa BUCMyTa ¢ N- M P -OPOBOAUMOCTEIO paBHa 3,14-10* B/K. Ipyroe 1ocTous-



CTBO TOJIYIIPOBOJHUKOBBIX CUCTEM — BO3MOXKHOCTh OOECIEUEHHS I0OCTAaTOYHO BBICO-
KO TETUIOM3OJIAIIMN MEXy HarpeBaTeIeM U XOJIOAUIBHUKOM, YTO CUJIBHO BJIMSIET Ha
KIIJI cuctem.
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Puc. 13.6. Cxema OTIC ¢ npsiMbIM NMpeodpa3oBaHHeM TeIJIOBO YHEPTUH B 3JIEKTPHYECKYIO:
a — YCTPOMCTBO OTAEIBHOTO 0JI0Ka; O, B — BAPHAHTHI YCTPOICTBA TEPMOIIEKTPHUECKOTO
npeobpaszoBarens; | — KOXKyX; 2 — TEPMOIEKTPHUUECKUI reHepaTop; 3 — MOIYIPOBOJHUKOBEIE
asieMeHThl ¢ N- 1 P -POBOAUMOCTBIO; 4 — IOBEPXHOCTHOE U30JIUPYIOLIEE OKPBITHUE;

5 — U30JATOP; 6 — COeAMHUTEIHHBIC ITUHBI

K HepocTaTkam TakuX CHCTEM OTHOCSITCS JOCTATOYHO BBICOKAasi CTOMMOCTh Ma-
TEPUAJIOB, U3 KOTOPBIX HM3TOTOBJISIOTCSA 3JIEMEHTBI, U HEOOXOAUMOCTh H30JUPOBATh
CIau OT HEMOCPEACTBEHHOIO KOHTAKTa C MOPCKOM BOJON — MMPOUCXOAUT LIYHTUPOBA-
HUE 4Yepe3 BOJAY COCEIHUX 3JIEMEHTOB, OOJaJaolUX JOCTATOYHO BBICOKUM COO-
CTBEHHBIM COIIPOTHUBIICHHEM, U, CIEJOBATEIbHO, CHI’)KEHHE MOIIHOCTH, BbI1aBAEMOI
B LIENIb Harpy3ku. B cBOIO ouepenb, U30JUPOBAHUE CIIAEB MPUBOJIUT K YIOPOKAHUIO
npeodpazoBaresield U yXyIIICHUIO UX TToKa3aTesael. PaboThl, BBITIOJIHEHHBIE TPYIION
uccaenosareneil u3 ynusepcurera Ocaku (SImoHMs), TOKA3bIBAIOT, YTO MPHU OTCYT-
CTBUHU H30JIATOPA B HECKOJBKO Pa3 yBEIMYMBAETCS ChEM IOJIE3HON MomHOCTH. Of-
HaKO HEOOXOJMMO UMETh B BHUJY, UTO B OMbITAX SIMOHCKUX HCCIENOBAaTENE B Kade-
CTB€ HOCHUTEJSl SHEPIHM MCIOJIb30BaJIaCh HE caMa MOpCKasl BoAa, a (hropyriepoau-
CThIE COCAMHEHMUS.

OT3C, co3aHHBIE HA ONMCAHHOM IPUHLMUIIE, BEPOSATHO, MOKHO NMPUMEHHTH
U1 00ecrieYeHUsl HIIEKTPOIHEPTUEN KOMIUIEKCOB MOJIBOJAHOM TOOBIYM MOJIE3HBIX HC-
KOITA€MbIX Ha OKEaHCKOM JIHE.

Bomnpocel k riiaBe 13

=

Pecypchl TennoBoil 3HEPrUM OKEaHa.

2. CxeMa OKEaHCKOM TEIIOAJIEKTPUUECKON CTaHIINK, padOoTaroIel o 3aMKHYTO-
My LHKITY.

3. Cxema OKEaHCKOW TEeII03JIEKTPUYECKON CTaHLIUU, padOTaIoMIe MO OTKPBITO-

My LHKITY.

Hcnonb3oBanue nepenaaa TeMneparyp okean-armocgepa.

[TpsiMmoe mpeoOpazoBaHUE TETIOBOM YHEPTUU OKEaHa B DJICKTPUYECKYIO.

a &



14. TexHosorus moJiyueHusi 6UOTONJINBA
14.1. Cxxuranue
14.1.1. Oowue ceeoenus

[IpocTeliuM METOIOM MOJYYEHHUS IMOJE3HOM SHEPTUHM M3 CyXOl OHOMacChl
ABJISIETCA €€ CKUTAaHME HA BO3JIyXe. XMMHUYECKasl PEAKLINs TIOJIHOIO OKUCIIEHUS] MaTe-
pHAaoB, COAEPXKAIIMX B OCHOBHOM YTIEPOI, KUCIOPOA U BOAOPOJ, OIKCHIBACTCA
ypaBHEHUEM

Z
C,H,0, +[x+%—ﬂoz 5 xCO, +%HZO , (14.1)

rae X, Yy U Z — COACpKaHHUEC OCHOBHBIX DJICMCHTOB, BXOASAIIUX B COCTAB OMoMacchl.

Tennora peakuuu cocrasiger oT 16 n1o 24 I'Jlx/T abcomoTHO cyxoil Onomac-
Chl B 3aBUCUMOCTH OT €€ ThIa. Ecau Konu4ecTBO KUCIOpOo/ia HEAOCTATOYHO IS MOJI-
HOTO OKHCIIEHHSI TOPIOYEro MaTepHala, TOrJa MPOUCXOAUT oOpa3oBaHHUE YIiepoJa,
OKCHJa yIiepoja, YIJIeBOJOPOIOB U IPYTMX Ia30B, a TEIUIOTA PEAKIMH CHHXKACTCS.
A3OT U Apyrue 3JeMEeHTHI, IPUCYTCTBYIOIINE B OHoMacce, IpeBpaliatoTcsl B ra3000-
pa3HbIe IPOLYKTHI U 30I1y.

[TpucyTcTBHE BOABI B OMOMAacce HE CHMXKAET TEPMOJAMHAMUYECKOTO BbIXO/a
TeIUIa, OJHAKO MpakTHueckass 3(P(EKTUBHOCTh PEAKLUUU CHUYKAETCS BCIEACTBHE
HEOOXOAMMOCTH HarpeBa BOJBI U €€ UCHapeHusl MpH TemIiepaTrype ckuraHus. Bonaa
TAK)K€ CHIDKAET TEMIEPATYPY IUIAMEHU M CKOPOCTh Ckuranus. Conep:kaHue BOJBI
oonee 30 % He 1aeT BO3MOXXHOCTHU MPSMOIO CKUTAHUSI OMOMACChl, IO3TOMY MaTepu-
aJ JOJKEH OBITh BBICYIIEH WJIM K€ K HEMY CJeAyeT T00aBUTh TOIIUMBO. OJIHAKO HC-
MOJIb30BAHUE TE€YEH C MCEBIOCKIKEHHBIM CJIOEM MaTepHalia MO3BOJISIET MPOBOAUTH
CYKUTAaHUE TPU COAECP)KaHUU BOABI 10 55 %. Bbuiu npensioxkeHbl pereHepaTUBHBIE Te-
YH, TOBTOPHO HUCTOIb3YIOUIUE TEIJIO UCTIAPUBLIEHCS BOJIBI U ra3000pa3HbIX MPOIYyK-
TOB CrOpaHUs; B 3TUX YCIOBHUSAX TEOPETUYECKH BO3MOXKHO CHKMT'aHHE MaTepHUaJIOB,
HACBIIIEHHBIX Biarod. CXuraHue B COOTBETCTBYIOIIMX KaMepax CrOPaHUs MOXKET
SABUTbCSI OJIHUM W3 HamOojee 3()(PEeKTUBHBIX METOAOB MCIOJIB30BaHUSI IHEpPreTHye-
CKOTO mHoTeHIuana Ouomacchl. B medyax mpsiMoro HarpeBa M MapoBBIX KOTJIAX HC-
[I0JIb30BaHUE TeIula cocTaBisieT 85 %, OJIHAKO MHOTME YCTAHOBKH HA NPAKTHKE SIB-
JISFOTCS 3HAYUTENIBHO MeHee A (HEKTUBHBIMU.

14.1.2. Iloozomoexka duomaccwvl K cHCuzanuio

[lepen cxuranveMm TeM WJIM MHBIM CIIOCOOOM OOJIBIIMHCTBO THUIIOB OMOMAacc
HEO0OXOIMMO OIpeIeTICHHBIM 00pa30M MOATOTOBUTh. THUIIEI OMOMAcC MOTYT BapbUpPO-
BaTh OT IJIOTHBIX, OTHOCUTEJIBHO CYXHUX MaTepuasoB (IpeBEeCHHA), 10 OYCHb BIIAXK-
HBIX, 00J1aIa0IIUX HU3KON TEIJIOTBOPHOM CIIOCOOHOCTHIO (KaHAIM3AIIMOHHBIE CTOKH,
Mopckue Bogopociu). HekoTopeie Marepuansl (cojioma), o0aaasi HU3KOM BIIaXKHO-
CTBIO, UMEIOT MAIYIO IUIOTHOCTb, MMOATOMY pab0OTa C HUMU SIBIISETCS 3aTPYIHUTENb-
HOM.

HaunOosee Ba)KHBIMU dTallaMy ITOJATOTOBKH OMOMACCHI SIBJISTFOTCS U3MEIbUEHHE,



COpPTHPOBKA IO pa3MEPAM YaCTHII, CYIlIKa U XpaHEHUE.

Heobxoaumbie pa3mepbl IpeBECHUHBI MOJIYYalOT MyTEM paciuia, packojia U u3-
MmenbueHus. [IpenBapuTenbHas Cylika Ha BO3AyXe MPOBOAMUTCS HE BCErJa, a B 3aBU-
CUMOCTH OT TEXHUKHU CXUTaHHs. MCroyb3yloT U Ipyroil MeToa MOJArOTOBKH ApeBe-
CUHBI, B pe3yJIbTaTe€ KOTOPOTO MOIYYaloT TOIUIMBHBIC TPaHyJIbl WU NeJuieThl. B Xo-
Jie Tpoliecca IPEeBECUHY CYIIaT, U3MENbYaloT, COPTUPYIOT MO pa3MepaM 4YacTHIl U
N00aBISAIOT CBs3yOImMME areHThl. [lomydeHHBINM MaTepuan OpUKETHPYIOT WU TIpec-
CYIOT B 00Jiee TIOTHYIO Maccy C coaepkanueM Biard 8—12 %. DTa TeXHOIOTHS CITO-
cOOCTBYET YIYYIICHUIO CBOMCTB OMOMAcChl KakK TOIUIMBA, MPHUOJIMKAs UX K CBOU-
ctBaM yris. [Iporecc sBISETCS MTOPOTOCTOSIIIMM, HO OH OOECIIEYMBACT TOJIyYCHHE
Marepuaa, ClioCOOHOTO 3aMEHUTH OOBIYHBIE BUIBI TOTIIMBA.

Conomy 11 TPaHCHOPTUPOBKU K MECTY HUCIIOIB30BaHUSI MPECCYIOT B KUIIbI,
UMEIONIME HH3KYH0 INIOTHOCTH (60-200 kr/mM® B 3aBUCMMOCTH OT THIaA IIpecc-
noabopiuka). Kurbl J0DKHBI ObITH HEOOJBITUMHU JIJIE OOJICTUYCHHS IOTPY30YHO-
pPasrpy304HbIX pabOT BPYUHYIO, UYTO BEAET K BBICOKHMM TPAHCIOPTHBIM pacxoiam.
Kpome Toro, kumbl cOJOMBI HEYAOOHBI JJIsi aBTOMATHYECKOW MOJayu B MEYH JJIs
CKUTAHUSA, a W3MEIbUYEHUE COJIOMBI MEPE]l UCIOJIb30BAHUEM MPUBOAUT K yBEIUYE-
HUIO U3JIEPHKEK IO MOJATOTOBKE OMOMACCHI.

TBepable 0TX0/IbI )KUBOTHOBOJICTBA cojepxaT o0biuyHO 70—85 % Bnaru. Ilepen
CXKUTaHUEM HEOOXOoJMMa MpeABapUTENIbHAs CYIIKa, KOTOPYIO MOKHO OCYIIECTBUTH
MyTEM HCIIOJIb30BAHUS TOMOYHBIX Ta30B.

XpaHeHue OMOJIOTUYECKOTO CHIPhsl MPEACTABISET 0COOYI0 MpoOIeMy BCle-
CTBHE €ro OO0JIBIIOr0 O00BbEMa, 3a4acTyl0 CE30HHOTO €ro MOCTYIUICHHS, a TakKXKe
CKJIOHHOCTH K OHMOJIOTMYECKOMY Pa3yioKEeHHI0. B HEKOTOPBIX clydasXx HEBO3MOKHO
obecrneynTh Mojayy TOIUIMBA B COOTBETCTBUU C HEOOXOJIMMBIM BBIJICJICHUEM TEILa,
MOATOMY HEOOXOJMMa YCTAaHOBKa Ieuel, CIOCOOHBIX paboTaTh Kak Ha OOBIYHOM
TOILIMBE, TaK U Ha OMoMacce.

14.1.3. Memoowl corcucanus

CaMmblif TIPOCTOM METOJ| CX)KUTaHUSI OMOMACChl — ATO CKUTAHHE HAa OTKPHITOM
orHe. B atux cnydasx 3¢pGeKTUBHOCTh CKUTAHUSI OYeHb HU3KA. [Ipu cxxuranuu tom-
JUBA B TPAIUIIMOHHBIX TeYaX OTHOIICHHE BBIJICIUBIICHCS SHEPTHH K SHEPTUH T10]I-
BeJICHHOU MOXeT ObITh MeHee 10%. B mocnennue roapl ObUIM CKOHCTPYHUPOBAHBI 00-
nee 3QpeKTUBHBIE APOBAHBIE MEUU, HO UX CPeAHss 3PPEKTUBHOCTh MOKA HE MPEBBI-
maeT 50 %. OcHOBHOM Mpo0JIeMO HEOOJNBIIUX CUCTEM CKUTaHUS OMOMAcChl SIBIIS-
€TCSl HAaKOILJIEHUE arpeCCUBHBIX Macesl U CMOJI B XOJOJHBIX YaCTAX ABIMOXOJA. DTH
CKOIUTICHHUS] HEOOXOAMMO MEPUOINUECKHU YIaIsATh. [IbIMOXO/ TakK€ MOXKHO OUMINATH
yTeM MPOIYCKAHMS YEPE3 HETrO TOopsSYMX I'a30B, OJHAKO HAPALY C YAAJICHUEM Hexe-
JATENBHBIX COCTMHEHUN TEPSETCS U TIOJIE3HOE TEIIO.

B mpOoMBITIUIEHHOCTH B Ka4eCTBE TOIUIMBA OMOMAcCa MCIOJIb3YETCS TOJIBKO B
TEX CJIy4asiX, KOTja OHa MPEJCTaBIsAeT cOO0N OCTaTKU OT mepepaboTKu OMoIoTHde-
CKHMX MaTepuajoB B Jpyrue, 0osee IeHHbIe, MPOAYKTHI. J[Ba BHIa TOMIMBA OUOIOTH-
YECKOTO MPOUCXOKICHUS MCTIOIB3YIOTCS B MTPOMBIIIUICHHOCTH, M METOJIbI CKUTAHUS
WX SIBIISIIOTCS JJOKYMEHTAJIBHO OOOCHOBAHHBIMHU: COJIOMA, TOJIydaemasi B CEIbCKOM
XO035IUCTBE, U APEBECHBIE OTXO/bI AEPEBO0OPa0ATHIBAIOLIEH TPOMBIIIEHHOCTH.



[TpakTuKyeTcsa cxuranue cojoMmbl Ha gepmax. OJHAKO CrOpaHUE COJIOMBI He-
yCTONYMBOE U HEAPPEKTUBHOE, a IbIM U CaX<a BBI3bIBAIOT 3arPS3HEHUE OKPYKAIOLIEH
CpEIB.

Otpacian aepeBooOpadaThIBarOIel MPOMBIIUIEHHOCTH HCHOJIb3YIOT IpeBeEC-
HbIE OCTAaTKH I MapooOpa30oBaHUs Ha MeCTe NPou3BoAcTBa. [lap ucnonb3yercs 1is
HNOJJepXKaHUsl TEMIEPATYPHBIX YCIOBUU Mpoliecca U Ui BbIPAOOTKU 3JIEKTPOIHEP-
run. ['opsiurie mpoyKThl CTOPaHUsl UCIIONB3YIOTCS /Ui cymku. O01ue oTX0/bl 1epe-
BOOOpabaThIBAIONIEH MPOMBINIIICHHOCTH MOTYT COCTaBJsATh 10 50 % OT Macchl Chi-
ppsa. Conepxanue Biaru B otxonax coctasisieT 30—-50 %. B meuax cxuraercs kak
BraxHas (1o 30 % Biarm), Tak U cyxas ApeBecuHa. Kak mpaBuio, 000pynoBaHHE
JUIS CKUTAHMS BKIIIOUAET BHICOKOA((DEKTHBHBIC Ta30BbIE M MACISIHBIC YCTAHOBKH (Ha
Clly4aid OTCYTCTBHSI OTXOJIOB).

14.2. lIupoan3, ra3upuKanusa u C:KUKeHue
14.2.1. HHuponus3 (cyxasn nepezonka)

HarpeB O6uomMacchl pUBOJUT K YJIAJICHUIO BIIArd (SIPKO BBIPAXKEHHBIN 3HJI0-
tepmuueckuit mpoiecc). [Ipu remnepatype Boime 100 °C Guomacca HauYMHAET pasJia-
ratbes, a Mexay 250 u 600 °C 0CHOBHBIMU NMPOJIYKTaAMHU SIBJIAKOTCS YTOJb U MacCIsi-
HUCTasl KUCJIasi CMECh JETTS U Pa3IUYHbIX KOJUYECTB METAHOJA, YKCYCHOM KUCIOTHI,
aleToHa W JPYTUX OpraHMYecKux BemecTB. Jlo pa3BuTus HepTEeXMMHUYECKOW Mpo-
MBIIUIEHHOCTH UCTOYHUKOM 3TUX COECAUHEHUN Oblla MEPETrOHKA APEBECUHBI.

B pesynbTaTe nupoausa nemioao3bl 0opasyetcs okosio S % yris, 11 % Boasl,
12 % neryunx coenunenuu, 6 % yrnekucioro raza u 1o 60 % nerra. Ilpu Temnepa-
Type cBbiie 600 °C XuIKUEe TPOAYKTHI MUPOJIHU3a MOTYT ObITh Ta3u(PHUIIMPOBaHbI, a
csbimie 800 °C razudunmpyeTcsi TakKe U Yrojib B pe3yJbTaTe dHI0TEPMHUUECKON pe-
aKLUHU YTJIEPOJICOAEPKAIIUX MOJIEKYJ C BOJOW ¢ 00pa30BaHMEM CHHTE3-Ta3a, CMECH
OKCHJIa yIiIepoza U BOAOpOAa.

BcenenctBre odeHb CIOKHONW XMMHYECKOW MPUPOJIbI OMOMACCHI TPYIHO TOYHO
OTIPENEINTh, KaKue XUMHUYECKHUE PEAKIIMU MPOTEKAIOT B MPOIECCe TEIIOBON oOpa-
601ku. OTHAKO OCHOBHBIMH KOMIIOHEHTAMH MHOTHUX THIIOB PaCTUTEIHLHOTO MaTepua-
J1a ABJISIIOTCS LEJUTI0I03a U KpaxMall, a PEaKI[Uu CyXOW NEPETOHKHU ATUX MPOAYKTOB U
UX TepMOAMHAMUKA U3BecTHbl. CHavyasla MPOUCXOAUT KapOOHU3ALMS WK OOYTIJIMBa-
HHE (M3MEHEeHHE SHTAIbIuN -2,9 MJIX/KT)

[CsH.,05 Jn = 6nC +5nH,,0. (14.2)

Peakius ABisieTCs SK30TEPMUUECKOM, TAKOU K€, KAK U MOJYYEHUE TTUPOIUTH-
YeCKOro macia (B Ka4ecTBE CpeIHEH MOJCKYJISIPHONW (OpMYIbl MHUPOIUTHUYECKOTO
Mmaciia npuHumaercst opmyna C,HgO ) (u3menenue sntanenuu —2,1 MJx/kr)

[CsH,,05 Jn —>0,8nC H,O +1,8H,0 +1,2nCO,. (14.3)

OObpasoBaHue CHHTE3-Ta3a SBISETCS SHAOTEPMUUECKON peakirei (M3MeHeHNe
sHTANBIUM +14,6 MJx/Kr yraeposa)
C+H,0->CO+H,. (14.4)

[Ipu ObICTpOM HarpeBaHWM MLEIITIOJIO03bI, KAaK MPU «MTHOBEHHOMY MHPOJIM3E,
MOJKET 00pa30BaThC HEKOTOPOE KOJIMYECTBO OJIE(PUHOB B XOJI€ APYTrOd HIOTEPMHU-



YyecKou peakiuu (n3meHenue sHTanbnuu +0,24 MJk/Kr)
[CH ;05 ]n—2nC,H,, +nH,0 + 2nCO,. (14.5)

HecMoTpst Ha HEKOTOpBIE YTBEPKIACHHUSI OTHOCHTEILHO aBTOTEPMAJILHOTO Xa-
pakTepa mpolecca Cyxoi IeperoHKu OMOMacchl, TepMUYECKOe oborarienne duomac-
ChI OOBIYHO TPEOYeT 3aTpaT TETUIOTHI, COCTABIAIOMUX 10 10 % TETUIOTHI CHKUTaHUS
cyxoit 6uomaccel (mpumepHo a0 2 MJ[x/kr). Ota monst MOXKET ObITh 3HAYUTEIHHO
BBIIIIEC, HAIIPUMED, TIPU TPOU3BOJICTBE YIJIsf, TJI€ MPOUCXOIUT MOTEPS JIETyUUX IMPO-
TyKTOB.

3a UCKIIOYEHHEM MPOU3BOJICTBA BHICOKOLIEHHOTO JIPEBECHOTO YT CcyxXas Iie-
peroHka Omomacchl B MPOMBIIUICHHOM MaciiTabe He HCmoib3yeTcs. JIpeBecHblit
yroJib OOBIYHO MOJyYaloT MyTeM HarpeBaHus ApeBecusbl 10 350 °C B mupoiauTuyie-
cKoM peakTope. Brixon cocraBiser okosio 35 % TOIIMBA C YHEPrOEMKOCTHIO TIPU-
mepHo 29 MJIx/kr, T. €. coxpaHsiercst 0koyio 50 % sHepruu IpeBECUHBI.

14.2.2. Okucnumenvnan 2azuguxayus

["azudukanust OnoMacchl KHCIOPOJAOM JAeT a3 CpeJHEH SHEProeMKOCTH, CO-
JepXKaIlui B OCHOBHOM OKCHJ| YIJIEpOJa U BOAOPOJ. AHAJOTMYHAsl PEAKLMS IIPOUC-
XOOUT Ha BO3JyXe, HO oOpasyrommecs rasbl pa30aBisIOTCA a30TOM, CHUKAIOUIVM
TEIJIOTBOPHYIO CIIOCOOHOCTh. XUMHUYECKUU MNPOLECC Ta3u(pUKALMKU MPEACTABISET
co00l coueTaHne XUMHUYECKOTO MpoIecca CKUTAHUS C HEKOTOPBIMH PEAKLMSIMU MU~
poJsin3a. YTroub, IOJyYEHHBIN B pe3yJIbTaTe MUPOJIN3a, pEarupyer ¢ MapoM Uiu JUOK-
CHJIOM YIJIepoJia ¢ 00pa30BaHUEM CHUHTE3-Ta3a

C+H,0—->CO+H,; (14.6)

C +CO, —2CO. (14.7)

[TuponuTuyeckue Macia MPETEepPHEeBaOT aHATIOTH4YHbIe peakiuu. [Ipu Temrme-
patype Bbiie 1000 °C equHCTBEHHO CTaOWIBLHBIMH MOJIEKYJIAaMH TOIUIMBHOTO Ta3a
apisitoTest Mostekynnsl CO u H,. Ilpu Gonee HU3KUX TemnepaTypax CTaOMIbHBI MO-

JIEKYJIbl OTUJIEHA, METaHa U JPYTHe MOJIEKYJIbI C HEOOJIBILIUM BECOM.

["a3udukaTopsl KIacCUPUIUPYIOT HA Ta3U(PUKATOPHI BOCXOASILETO TOKA, HUC-
XOJIALLEro TOKa, KUIAIIErO CJI0sl U B3BEIIEHHOT0 NMOTOKa. CXxemMaTH4YecKue Auarpam-
MBI Ta3u(UKATOPOB BOCXOSLIETO U HUCXOAIIETO TOKOB IMOKa3aHbl Ha pucyHke 14.1.
Taxue razupukaTopbl HyX AarOTCSI B MOCTOSHHOM YXOJ€ M BHUMATEJIbHOM OTHOIIIE-
HUM NIPU 3aI1yCKe, PEryJIMPOBAHUU U TEXHUYECKOM 00CTY>KUBAHUU.

BoznymiHeie rasugukaTopbl NpeACTaBISIFOTCS KaK OHMOTOIUIMBHBIE CHUCTEMBI
U1 00ecrevyeHus MPOLECCOB HEOOXOIUMOM TEIUIOTON C HCIOJBb30BAaHUEM OTXOJOB
oTpaciiell MPOMBIIINIEHHOCTH, NepepadaTsiBatonux 6uomaccy. CoctaB ra3o, MOJy-
YEHHBIX C HCIOJIb30BAaHHEM Tra3u(PHUKaTOPOB, JA€T BO3MOXKHOCTb MX XHMHYECKOTO
NpeBpAaIlCeHUs] B METAHOJ U aMMUAK.
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Puc. 14.1. I'a3nduxanus cnocod0M HUCXOASAIIET0 U BOCXOASIIEr0 TOKOB
14.2.3. Corcusrcenue 6uomaccol

Cy1iecTBYIOT IPEMIOKEHHS IO MPEBPALLEHUI0O OMOMAcChl B KUJIKOCTb, HaIlO-
MUHAIOUTYIO TSKEIYIO TOIUTUBHYIO HEPTh, MyTEM PEaKIMU €€ C BOCCTAHOBUTEIbHbI-
MU Ta3amMu (OKCHJ YIJIEpoJa W BOJOPOA) B MPUCYTCTBUU Karanuzaropa. OOBIYHO
HeoOxonumo aasieHue 250 at™ u temnepatypa 60—700 °C. Ilporecchl CKIKEHUS
MPEANOIAratoT MOATOTOBKY BOCCTAHOBUTENBHBIX Ia30B MYTEM MHUPOIN3a WM OKHC-
JUTENbHOW Trazudukanuy OOJbIIEro KoJudecTBa OuoMacchl. B penkux cioydasx
MO>KHO ITOJYYUTh JELIEBBIM BOJAOPOJ U3 APYIMX MCTOYHUKOB, HAI[PUMEP IIPH DJICK-
TPOJIM3€ BOJBI HA TUAPOIIEKTPUUECKUX YCTAHOBKAX.

TUNUYHBIA TpOLECC CHKUKEHUS IPEBECHHBI BBIPAYKACTCS CIEAYIOIEH pPEeaKIn-

(V)

CH
0,61(CsHyg 130, 33 }+ 0,23CO +0,08H, —
6uomacca
: 14.8
— H,0 +0,64C0, +0,53(C4Hy 050, 7) (14.8)
CXKIDKeHHasHePTh
CxemaTtndecku npouecc rnokas3aH Ha pucyHke 14.2.
JlpeBecuna Pa3znenenune
——»|I3menbueHue »| Cxmxenue »| POIYKTOB
f Hedtsb + xaTanuzarop
CO (+Hyp)
[Tonyuenune Otxonsmue
TOTINBA ras3sbl
] Taszudukanms »|  Ormenenne CO, Y
— > coKaTue Hedts
O, + H,O X

TBepapIii OCTaTOK
Puc. 14.2. C:xnxenne qpeBeCHHbI

JpeBecrHy BBICYIIMBAIOT 10 BIAXKHOCTHU 4%, pa3MaJIbIBAIOT B MYKY U CMEIIH-
BAlOT C YacTbIO MPOAYLUMPOBaHHON HedTu. B kauecTBe karamm3aTopa H00aBISIOT
KapOoHaT HaTpus B KoymuecTBe 5 % 1o macce. CMech ipeBecrHbl, HeTH, Mapa U Ka-
TaJIN3aTopa MOJABEPTaloT TEPBOHAYATLHOMY JIaBICHUIO 29 aTM W HarpeBaroT [0
300 °C B Teuenue vaca st ooecnieuenust 99 % mnpeBpaieHus APeBECUHBI U BBIX01a



Hept 56 %. Hedts pexoMenmoBaHa IjIsl MCIIONB30BaHUS B KauyeCTBE OOMIEPHOrO
torumBa (QP =31,4 MJ[x/kr; coctaB C? =76,1 %; HP =7,3 %; OF =16,6 %).

14.3. T'naposn3, pepMeHTALMA U IIePErOHKA

14.3.1. I'uoponus

Bce Buabl pactutenbHoi Guomacchl cojiepKaT MOHO- M TIOJIMCAXapHJIbl, CIIy-
KaIlre Kak i1 akKKyMyJIMPOBaHUs SHEPTUH U YTJIEPO/Ia, TaK U B KAUECTBE CTPYKTYP-
Horo komroHeHTa. [lepen pepMenTanme onurocaxapuabl U NOJUCAXAPUABI OOBIYHO
cJelyeT TMAPOIU30BaTh JO MOHOCAXapuAOB B OTACIBHOM peakTope. [ 'uaponus ue-
JIIOJI03bI M KpaxMaja UeT CIeAYIOIMUM 00pa3oM

~[C¢H1,05 In— +nH,0 — nC¢H,,0; . (14.9)

['uaponn3yeMocTh MaTepuaioB (JIETKOCTh, C KOTOPOM MPOUCXOJUT THAPOIIU3)
B 3HAYUTEJILHON CcTereHu BapbupyeT. Kpaxman u nento3ansl (reMUIEIUII0NI03b) Tpe-
OYIOT OTHOCUTEIBHO MATKUX ycnoBui. [Ipu ux rumposnse ucnosib3yroT pa3zdoaBiicH-
HbIE KUCJIOTHI M HEBBICOKHE TEMIEPATYPbI; TUIPOIIU3 HEUTIOJIO3bI MPOXOAUT MIpH 60-
Jiee BBICOKUX TeMIlepaTypax, C MCIOJIb30BaHWEM 00Jiee CHIIbHBIX KHUCIOT U PEaKTO-
POB 101 1aBiieHneM. Bce nmonmcaxapuibl TakyKe pa3aararoTcsi 10 HEKOTOPOU CTETeHH
noj nerictereM GepmMeHToB. Kpaxman ruipoiau3yeTcsi OTHOCUTENIBHO JIETKO MOJ AeH-
CTBUEM KaK KHCIJIOTBI, TaK U (JEPMEHTOB, B TO BPEMS KaK LEJIII0JI03a OOBIYHO TpeOyeT
MpEeABAPUTEIILHON 00paOOTKHU JIJIsl BBICBOOOK/IEHUS CBA3AHHOIO JIUTHUHA TIEPE] TEM,
Kak OoHa OyJeT mojJBep:keHa (epMeHTAaTUBHOMY Tuaposin3y. CKOpPOCTh THUIpOJIH3a
LEJUTIONIO3bI MIpU yyacTuu (pepMmeHToB HHU3Ka. Hanbonee yacto BcTpedaromuecs: Mo-
HOCaxapusl B THAPOIM30BAHHON pAaCTUTENLHON OMoMacce — 3To TJI0K03a, (PpyKTo3a
1 Kcuio3a. [IpakTuuecku Bce MpUpOIHBIE caxapa UMEIOT B CBOEM OCHOBE IATH (MEH-
TO3a) WM MIEeCTh (F€KCO3a) aTOMHBIX YIJIEPOJHBIX TPYII. TeXHOJOTUSI TUIPOIU3a
Kpaxmaya SIBIIETCS XOpomio 000CHOBAaHHOW. OOBIYHBIM MPOMBINIICHHBIM CHIPbEM
SABJISIFOTCSL KYKypy3a U APyTHe 3epHOBBIC, a TaKkKe KapTodesb, mepepaboTka KOTOPBIX
IPOXOJIUT B OJHY WJIM JIBE CTaJuM (IBOMHAS KUCIOTa, KUCIOTAa/PEePMEHT WA JTBOM-
HOM depmenT). Kpaxman pacTBopsieTcss mpu HarpeBaHWHM B BOJIE, YTO BBI3BIBACT
«Pa3KIKEHNUE» TOJIMCAXaPUJIOB C PACIICTITIEHUEM MTOJIMMEPHBIX 1ETeH KUCIOTON Hin
anbda-amunazoil. ['maponus mo MoHocaxapoB (caxapuduKaius) OCYIIECTBISETCS
CHOBa KHCIJIOTOM WM aMWJIOIIIOKO3UAa30i. [IpogyKTUBHOCTH (hepMEHTATUBHOIO
rpoliecca SBISETCS HU3KOW MO CPAaBHEHHUIO C XMMHUYECKUMHU METOAAaMH, U ISl OCY-
IIECTBJICHHUS] MAKCUMaJIbHON caxapuduKkaiuy HeoOX0AUMO HE MEHEe TpeX JHEH.

B Hacrosiee BpeMsi IPOMBILUIEHHBIA THAPOIN3 LEIIOJIO3b HE OCYLIECTBIIA-
eTCsl, TaK Kak pa3pabOTaHHbIE paHee TEXHOJIOTUU SBJISIOTCS HEAKOHOMUYHBIMU. Pa3-
paboTaHbl YCOBEPIICHCTBOBAHHBIE MPOILECCHl KHUCIOTO THUIPOSM3a LEJUII0I03bI, a
TaK)Ke HOBEWIIe (PepMEHTATUBHBIC MPOIIECCHI, BKIIOYAIONTNE MHOTO()A30BBIE peak-
MY TPU Pa3IMYHBIX TeMIEparypax, MpeaBapUTEIbHYI0 00paOOTKY LEIUTFOI03bI H
WCIIOJIh30BAaHNE HOBBIX BHJIOB (DEPMEHTOB.



14.3.2. @epmenmanyusn

B aHa’poOHBIX YCIOBUSIX MOHOCAXapHAbl MOTYT OBITh MPEBPAIICHBI B CIIUPT C
MIOMOIIBIO PA3IMYHBIX MUKPOOPTaHU3MOB. BBIX0] crimpTa npu npeBpaiieHly TeKco3
C ydacTHEM ApoxoKed poja Saccharomyces cocTaBisieT Npu OIaronpusiTHBIX yCIo-
BUsAX 110 90 % OT TEOPETUYECKON CTEXMOMETPUN PEAKIUU

CeH,,0 > 2C,H.OH + 2CO,. (14.10)

OnHaKo 37ech MOKET 00pa30BBIBATHCS Psii APYTUX MPOAYKTOB, OCOOCHHO MPHU

BBICOKMX 3Ha4eHusX PH .

Ecnu peakuus AOXOOUT 1O KOHIIA, MpeBpalieHue PEepMEHTUPYEMBIX CaxapoB
MoskeT ObITh 100%. Eciam KoHIeHTpalys COUpTa TOCTUTaeT HHIUOUTOPHOTO YPOBHS
(8-10 %), mpeBpareHre MOXKET OBITh HETIOJHBIM. POCT IpOKKeH CTaHOBHUTCS Orpa-
HUYCHHBIM BCIIEJICTBHE HU3KOTO O0OECIIeueHHs SHEPTUEH B XO/I€ peaKInK; TaKUM 00-
pa3om, 00pa30BaBIIMICA CIUPT MPENATCTBYET YBEIMUCHUIO KaJOPUITHOCTH cyOcTpa-
Ta. MHOTHE Apyrue OpraHu3Mbl, BKIIOYas APyrue BHUIbI TPUOOB, OaKTepHil U 3eme-
HBIX PaCTEHUH, MOTYT B aHA3POOHBIX yCIOBUSIX MPEBPAIATh caxapa B CIIUPT, MPUIEM
HEKOTOPbIE OPraHU3Mbl OCYIIECTBIISIIOT 3TH MPEBPAIICHUS C BBICOKOW 3(PPEeKTUBHO-
CThIO, HarpuMep OakTepun Zymomonas mobilis. OgHako BBIXOJI CIIUPTa 4acTO ObI-
BaeT 3HAYUTEIHLHO MEHBIIIE, YEM IPU YUaCTHU JIPOXKEH, TIPU ATOM MPOUCXOAUT 00-
pazoBaHKUE OOJBIIOTO KOJUYECTBA JIPYTUX MPOIYKTOB, TAKUX, KaK alleTaThl, JAKTaThl
U TIIULEPOJL.

Hekoropsie Mukpoopranusmbl, Harpumep Buasl Clostridium, pasnaratomiue
[EJUTION03Y, MOTYT coueTaTh 00a Ipoliecca Tuapoiu3a u GpepMmeHTarun. Takue peak-
[IUU TIPOTEKAIOT MEAJICHHO, ¥ BBIXOJ] CIIUPTA SIBJISICTCS] HU3KUM.

[TpoayKTUBHOCTH CHUPTOBOTO OPOXKEHHUS SIBISIETCS BBICOKOM 1O CPaBHEHHUIO C
MPOAYKTUBHOCTHIO MHOTUX OMOJIOTMYECKUX PEaKIWid, HO HU3KOW MO CPaBHEHHIO C
MPOAYKTUBHOCTHIO PEAKIUH, MPOTEKAIOIINX B CPEJe CUHTE3-Ta3a, UCIIOIb3yEeMbIX IS
MOJTydeHHus1 OOJBIINX 00BEMOB XUMUYECKUX MPOAYKTOB. brojorndeckne karanmsa-
TOPBI (IPOKIKN) Takxke MeHee 3P (DEKTUBHBI, UEM XUMUYECKHUE.

B cBoeii npocteitmieii popme dhepmeHTaIus OCyIecTBIsSETCS MapTUIMU B CO-
cyaax BMecTHMOCTBIO 0T 200 10 2 000 M3, MukpoOHas «3akBacka» FOTOBUTCS 3apa-
HEe B HEMOJIHBIX a3pOOHBIX YCIOBMSIX C HCIIOJIB30BAHUEM TOIO XK€ cyOcTpara, 4Tto U
st hepmenTanuu. Peakius ¢pepmeHTanyu B pa30aBIeHHOM pacTBOpE caxapa 3aKaH-
YUBAETCS 4epe3 HECKOJBKO JHEH; oOpa3zoBaBmIascs KUIAKOCTh comepxutr 5-10 %
CIUPTa, B 3aBUCUMOCTH OT HCTOYHHUKA caxapa. 3a MocJieTHUE TO/Ibl ObLT UCTIOIh30BaH
PSA HOBBIX THUMNOB ()EPMEHTATOPOB, BKIIIOUAs (PEPMEHTATOPHI HEMPEPHIBHOTO JEH-
CTBUSI U THIIa KJIETOYHON permpKynsuun. Hekotopeie u3 3Tux (hepMeHTaTOpoOB HC-
MOJIE3YIOTCSl B MIPOMBIIIUIEHHOCTH, OCOOEHHO [IJIsl TIPOM3BOACTBA 3TUIIOBOTO CIIHPTA.
[leprognueckast QepMeHTaIMsl TPEANMOYTUTETIbHA TMPU TMPOU3BOACTBE CIUPTHBIX
HAIMTKOB, a TaKXe B OOJBIIMHCTBE CIy4yaeB MPOM3BOJCTBA STUIOBOTO CIUPTA, TaK
KaK TEXHOJIOTHUS TIEPUOJAMYECKOTO MPOM3BOACTBA OTHOCUTEIHHO MPOCTa, HE TpeOyeT
TIIATETILHOTO KOHTPOJISI, KaK MPU HEMPEPHIBHOM THIIEC TPOU3BOICTBA.



14.3.3. Ilepeconka

[lenp HAYaIBLHOTO 3Tama MEPETOHKH — OTIAEJICHUE KUIKOCTU OT TBEPJIbIX Ya-
CTUIl B cOpakuBaeMoi Macce. dDpakimoHUpOBaHUE MUCTHILIATA J1a€T PacTBOp, CO-
nepxamuit 50-70 % cnupTa, a IpH MOCISAYIONUX (BOJHBIX) MEPEroHKax KOHIICH-
Tpaius cnupta MoxeT ObITh 90-94 %. boiiee BbICOKHE KOHIIEHTPAIIMM OOBIYHO He-
BO3MOYKHBI BCJIEACTBHE 00pa30BaHMS a3€0TPOITHON CMECHU CIMPT-BOAA MPH KOHIICH-
Tpauuu 3Ta”ojia 0kojo 95 %. Takum oOpa3oM, B OCIEAYIOMINX MEPETOHKAX UCTIOIb-
3YIOT a3e0TpomnooOpa3oBaTenh (OCH30 WIM MHUKJIOTEKCaH) ¢ moirydeHueM 99,9%
JTaHOoJIA.

Kpome crimpra mporiecchl OpoKeHUs U MEPErOHKHU Tal0T OCTATKH U CTOKH, KO-
TOpbIe caeayeT yaarsaTh. OCTaTOK OT MEPETOHKHA UMEET BBICOKYIO CITIOCOOHOCTH K IT0-
TJIOMICHUIO KUCJIOPO/Ia BCIICICTBHE HAMYNS HECOPOIKEHHBIX CaXapoOB M JAPYTUX KOM-
MOHEHTOB OnomMacchl. O0BEM ATHUX OCTaTKOB B 15 pa3 Oosbie oObeMa Mpou3BeICH-
HOTO criupTa. OcTaTKy 0OBIYHO COPACBHIBAIOT B PEKU, & TAK)KE BHOCAT B IMOYBY.

Ha puc. 14.3 cxemarndecku Mmoka3aH TUIIMYHBIN MPOIIECC MOTYyUYCHUS TOTLIMB-
HOTO CITMPTa M3 Pa3IMUHBIX BUJIOB Onomacchl. B tabmuie 14.1 nmpuBeneHbl JaHHbBIC
10 TIPOU3BOJICTBY ATaHOJa U3 HEKOTOPHIX TEXHUYECKUX KYJIbTYP.

Hatypanbroe [Momyuenue Teria
C}Iilgpbe: g M3menbuenne|—pe-—p»| OTX05I _>BTOSI/I¥IHCBIC gpc?uyKT’H
TPOCTHUIK,
CBEKJIA,
GpyKTHI
Kpaxman: 'uaponu3
U3 3¢pHOBBIX, | | (HOmITAETCS | Pl P Caxap > }%poxorceBoe
13 KOPHEILIO/I0B JIETKO) pOKeHHUE

v

Huctnnsuus 1o |, OcHoBHOE
95% TOTIMBO
T'maponus +
eBecHast
551nr0n03a | (momnaetcs
TpyAHO OuucTKa s oIy~ 5
YCHUSI 00C3BOKCH- | A OOABKH K
HOTO CIIAPTa CH3URY

Puc. 14.3. IlpeBpaienne 6uoMacchbl B CIUPT

Tab6muna 14.1
Bbixoa 3TaHOIa M3 HEKOTOPBIX TEXHHYECKUX KYJIbTYP

Kynbrypa Boixon stanona, /T
CaxapHbIil TPOCTHUK 70
Manunok 180
Crnankoe copro 86
Crnanxuit kaprodenb 125
3epHOBBIC (KYKYpYy3a) 370
ITnonoBeie 160




CwMmech criupTa ¢ BOJOH, MOJTy4YeHHas B pe3yJbTaTe BOJIHOM MEPErOHKH, MOMKET
OBITh HMCMOJB30BAHA B KAa4EeCTBE 3aMEHUTENs] OCH3WHA B JBUTATENSIX BHYTPEHHETO
cropaHusi. MOXXHO BBOJUTH B HECKOJIBKO MepejeiaHHble OCH3MHOBBIC JBUTATEIH
npsaMo 95% 3TaHo1, a MOXKHO T0JIaBaTh B OOBIYHBIN JBUTaTENh cMech 100% sTanomna
(006e3BOXkEHHOT0) ¢ OeH3UHOM B cooTHOIIeHuu 1:10.

O0e3B0OKEeHHBIN ITAHOJ — XUIKOCTh B MHTEpBalie Temreparyp ot —117 nmo
+78 °C c Temnepatypoit BocmiameHnenust 423 °C. IlpumeHeHue ero B JBUTaTele
BHYTPEHHETr0 Cropanus TpeOyeT crnenuanpbHoro kapOropatopa. [losTomy OeH3uH
CMEIIIUBAIOT C 00E3BOKEHHBIM ATAaHOJIOM B cooTHomeHuu 20 % 1o o0bemy U HC-
MOJIB3YIOT ATy CMECh (ra30x0J1) B OOBIYHBIX OCH3WHOBBIX JBHUTATENSIX. ['a30X0i B
HACTOSIIEe BPeMs — OOBIYHOE TOILTMBO B bpasmmmu (3TaHOI U3 caxapHOTO TPOCTHUKA
1 MaHuoKa), ucnois3ytoT ero u B CIIA (3Ttanonm u3 kykypy3sl). Baxknas ocoOeH-
HOCTh ATaHOJIa — CITIOCOOHOCTH BBIJICP)KMBATh yJapHbIC Harpy3ku Oe3 B3pbIBa, W3-3a
ATOr0 OH ropa3/io MPeANnovTUTENbHEE J0OABOK U3 TETPAadTUIICBUHIIA, BBI3BIBAIOIIETO
cepbe3Hble 3arpsizHeHus arMocdepsl. [IpeBocxoaHble cBOKCTBA 3TaHOIa KaK TOprove-
ro obecneunBatoT jnBurareiasiMm 20% yBeIMUYEHHE MOIIHOCTH MO CPABHEHHIO C YH-
CThIM O€H3MHOM. MaccoBasi TNIOTHOCTh M TETNIOTBOPHASI CIIOCOOHOCTh 3TaHOIa HIKE,
yeM OeH3MHA, COOTBETCTBEHHO TemoTa cropanus (24 MJx/m%) Ha 40 % Hmxke, yeMm
Oemsuna (39 MJlx/m3). OmHako Jydilee TOPEHHE 3TaHOJA KOMIIEHCHPYET 3TO
YMEHBIIIEHUE TETTIOTBOPHOM CrTOCOOHOCTH. OTBIT MOATBEPKAACT, UTO ABUTATEIIH T10-
TPEOISIOT MPUMEPHO OJIMHAKOBOE KOJMYECTBO Ta30X0ja 1 OeH3MHa.

14.4. PacTureiibHBIE MACJIa

Macia, napaduH, cMOJIBI M IpYTHM€ PACTBOPUMBIE B PACTBOPHUTEIAX COCAUHE-
HUS BCTPEUAIOTCS BO BCEX PACTEHUSIX. MACISHUCTBIE COEAMHEHUSI MOTYT COCTABIISITh
10 40-50 % Ouomaccel, U OHU OTHOCUTEIBHO JIETKO SKCTPArUPYIOTCS.

Macna, napaduHbl 1 CMOJIBI B PaCTEHUSIX XapaKTEPU3YIOTCS MOUYTH TAKUM K€
CJIOKHBIM XMMHUYECKUM COCTaBOM, KaK U COCTaB ChIpOW HE(PTU. AJIKaHBI, U30aJIKaHBI,
HaTEHBI U CIIOKHBIE APUPHI XapaKTEPU3YIOTCS Pa3IMYHON CTETEHbIO HEHACHIIICH-
HOCTHM M 3aMEILEHHs B PA3JIMYHBIX JIpax MOJULMKINYECKOro coequHEeHHs. CHIIbHO
HACBIILIEHHBIE BBICOKOMOJIEKYJIIPHBIE COEAMHEHUS MOTYT HaXOJINUTbCS B TBEPJAOM CO-
cTostHUM (mapauHbl), B TO BpeMsl Kak MOJUMEPU30BAHHBIE YTIEBOAOPOAbI MOTYT
OBITh 3JaCTUYHBIMU (IPUPOAHBIN KayyyK WM ryTTanepua). BkitoueHue Kucioposia B
YTIIEBOIOPOAHBIN CKENIET BEET K YBEIMYEHUIO PACTBOPUMOCTH COEUHEHHS B BOJE U
MOSIBJICHHUIO CMOJIONOAO0OHBIX cBOMCTB. Hanbosee mosie3HbIMU COEIMHEHUSIMU C TOY-
KM 3pEHHUS MCHOJb30BAHMS MX KaK TOIUIMBA SBIISIIOTCA CMECH KUAKUX YTIE€BOAOPO-
noB. B 3HauMTenbHON Mepe 3TH COEAMHEHUS MPECTABICHBI TPUTIULUEPUIAAMH CO
cpenneit ammHoi nenu (Cg —C,y), a Takke HACBILIEHHBIMA U HEHACHIILEHHBIMU

KUPHBIMU KUCIIOTAMM.

Pecypcbl cbipoii OMoMacchl Kak ChIpbs JJ1s1 TPOU3BOACTBA PACTUTEIBHOIO Mac-
Jla MOKHO PA3JeiuTh Ha JIBE IIMPOKHE TPYIIIBL: CENbCKOXO3AMCTBEHHBIE KYJIbTYPBI
(cost, MOJICOTHEYHHUK, paric) U JpPEeBECHbIE KYJIbTYphl (MAaclIUyHasi U KOKOCOBAs Malb-
Mbl). Bo3zenbiBanue mocieHux B OCHOBHOM OTPAHMYEHO KapKUM KIMMAaTOM U SiB-
JseTCs TPYAOEMKUM, TaK KaK ypokaid yOUparoT BPyUHYIO, B TO BpeMs KaK BbIpallU-



BaHUE U COOp CEMSH MACIWYHBIX KYJIbTYp MPOBOJSATCA MPHU BHICOKOM YPOBHE MeXa-
HU3alUU.

Jns monmydeHus pacTUTENbHBIX MACENl MCXOJHBIE MaTepuasbl MOJBEPraroTCs
LEJIOMY PSAY IPEABAPUTEIBHBIX POLIECCOB ISl YAJEHUS UHOPOIHBIX BEIIECTB, Pa-
KOBHH U 3apOJBILIEH C OCIEAYIOINM Pa3MOJIOM. 3aT€EM MyKa HarpeBaeTcs, U Maciio
U3BJICKACTCS TPU HU3KOM UJTM BHICOKOM JIABJICHUH U (WJIM) ITyTEM SKCTPArupOBAHMUS C
HCIIOJIb30BAaHUEM TPUXJIOPITUJIEHA WM rekcaHa. KMbIX IO BO3MOKHOCTU CKapMJIU-
BAIOT CKOTY, a MPU COJAEP’KAHHUH SIIOBUTHIX BELIECTB B CEMEHaX (KJICIIEBHHA, TYHT)
OH uET Ha yaoOpenue. [lomyyeHHOe Macao OYMINAKOT MYyTEM HEHUTpaln3aliu, STUO-
JIMPOBAaHU, A€30JI0PAllMM U YJAJICHUS COCTABHBIX YACTEW C BBICOKOW TOYKOM ILIAB-
JICHUS; U3 Maclia TaKkKe YJAISIOT PACTUTENbHBIN KiIel myTeM (PUIbTpaluu yepes co-
OTBETCTBYIOIINE aJICOPOCHTHI.

Macna v cMOJIbI U3 XBOWHBIX JIEPEBBEB MPOU3BOIATCS B OOJIBIINX KOJIMYECTBAX
IpU MIEPUOJIMYECKON M HENPEPHIBHON CyIb()ATHONW BapKe JAPEBECHHbI XBOWHBIX IO-
poa. Ckunugap Noy4aroT MYT€M KOHJIEHCHUPOBAHUS MApPOB MPU CYXOMl NEPETrOHKE
JPEBECHOM CTPYKKH W M3 TAJUIOBOTO Macjia IMMyTeM MEXaHH4ecKoro cOopa MoJKHC-
JICHHOM XUAKOCTH NpH Bapke. TamioBoe macio cojuepkut 40—60 % cCMOJSHBIX KHC-
10T, 40-50 % xupHbix kucnotr u 5—10 % HeUTpadbHBIX BEWIECTB. BbIX01 3KCTpak-
THUBHBIX BEUIECTB COCTABIISIET 110 25 % OT MacChl IPEBECUHBI. BBIX01 TAJLTIOBOTO Mac-
na npu cyiabdaraoi Bapke coctaBisieT 10—100 kr Ha 1 T myJbIbL, IPU 3TOM MPHU Bap-
K€ COCHOBOW JpEBECHHBI BBIXOJ BbIIIE. Ejb U TBEpIbIE MOPOJbI JAIOT HEOOJIbLION
BBIXO/I TAJUTIOBOTO Macia.

O¢dupHbIE Macaa HKCTPArupyroT MyTEM NEPETOHKH C BOASHBIM MapoM IO J1aB-
JICHUEM B KOHTaKTe ¢ aOCOPOEHTOM, a TaKXKe CIIOCOOOM IKCTPAarupoBaHUS C PACTBO-
puTeneM U mnpeccoBaHueM. MHorna ass pas3iioxkeHus: OMOMacchl U BICBOOOKIEHUS
Macesl MPUMEHSIOT Ipolecc OpoxkeHus. s moJrydeHusl Macesl IUPOKO UCHOJIb3YIOT
neperoHHbie KyObl. CMOJbI COOMPAIOT OOJIbIIIEH YacThIO C MOBPEKICHHBIX y4aCTKOB
MOBEPXHOCTH pacTeHUi. [IpUroToBIeHNIO JTAKOB U MEIUIIMHCKUX MPENapaToB Mpei-
IIECTBYET psiJl 000TaTUTENbHBIX IIPOLIECCOB.

bnaronmapsi BBICOKO# TEMIOTBOPHOM CITIOCOOHOCTH Macja MOTYT MCIIOJIb30BaTh-
Csl B OTOMUTEILHBIX CUCTEMAX W B JIBUTATEJISIX BHYTPEHHETO CrOpaHus, TJIaBHBIM 00-
pa3oM B Au3enbHbIX. [Ipy ynaneHuu pacTUTENBHOTO KJi€s W BJIard OHU MOTYT HC-
MOJIb30BAaThCS HEMOCPEACTBEHHO 0€3 MoAu(UKAIMU JBUTATENICH. YIaleHUE BOJIbI
ABJISIETCS] BAKHBIM, TaK KaK pacTUTEIbHbIE Macia MPeICTaBIAIOT COO0M IIIaBHBIM 00-
pazoM CIOXHBbIE 3(UPBI, OTHOCUTEIBHO JIETKO THMAPOJIM3YIOLIUECS C 00pa30BaHUEM
[JIMIEPOJIa U KUPHBIX KUCJIOT. [locneqnue npu MOBBIMICHHBIX TeMIEpaTypax O4eHb
arpecCUBHBI 10 OTHOLIEHUIO K MeTajuiaM. COnocTaBlIeHHe CBOMCTB ParcoBOro Macia
Y JIM3EJIbHOTO TOIUIMBA IO pPe3ysIbTaTaM McCiiefioBaHuil [4] mpencTaBiieHo B TabIHIIe
14.2.

['maBHOM Tpo6sIEeMOii, CBS3aHHOI ¢ HaTypalbHBIMU MacjiaMH U HE yKa3bIBae-
MOU B OOBIYHBIX TEXHUYECKUX YCIOBHSIX Ha TOIUIMBO, SBISACTCA UX TEPMHUYECKas He-
cTabmIbHOCTh. B Kamepe cropanust mpoucxoauT OBICTPOE HAKOTUICHUE 0CajKa, 3a0u-
BaHHE (POPCYHOK, 3aKOKCOBBIBAHHE TIOPIITHEBBIX KOJICIT U 3aCTYTHEBAHHE CMA30YHOTO
Macna. B pesynbrare yxyamaroTcs pabodue XapaKTepUCTUKH JIBUTATENs W TajgacT
€ro MOIIHOCTb. [[pyras mpoOiiema cBsf3aHa C BBICOKOM BSI3KOCTBIO PACTUTEIBHOTO
MacJia, B pe3yibTaTe Yero CHUKAeTCs CTeNeHb paciblila Maciia U IpU HU3KUX TemIle-



paTtypax 3abuBatorcs GuiIbTpbl. MOXKET OKa3aThCs 3aTPYAHUTEIbHBIM IyCK JIBUTaTe-
Il Ha paCTUTEIBLHOM Macie, U JAJi 3TOM LeJU PEKOMEHYeTCs UCTI0JIb30BaTh AU3€Ib-

HOC TOIIJINBO.
Tabmuua 14.2

CaoiicTBa PaIcoBOro Macjia 1 IM3€¢JibHOI0 TOIJIiMBa

CBOMCTBO ParicoBoe macio Jn3enpHOE TOILIMBO
[I10THOCTD, KI/M° 917 800-845
TenoTBopHas crocobHocTh, MK/ 36 42
Kunemarnueckast BI3KOCTb, MM2/C 42,1 1,54,0
Temneparypa Bcnbliku, °C 100 55

Bomnpocs! k riiase 14

=

TexHnonorus nonydeHus: onoromnrsa. CKUraHue.

2. TexHomorus monydeHus OwoTtorumBa. [Tuponms (cyxas meperoHka), OKHCIIU-
TeNbHAs Tazudukaus, CxKuxKeHne OMoMacchl.

TexHoJsiorus nmoixyuyeHus: onorormpa. ['uaponus, hepMeHTaIus, eperoHkKa.
buotonnuBo. PacturensHble Macna.
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15. IlosryvyeHue u UCMOJIb30BAHUE OMOTa3a
15.1. Ceipbe AJ151 TPOU3BOACTBA OMoOrasa

B xauecTBe chIpbs 151 IepepaOOTKU B aHaIPOOHBIX YCIOBUSX MOTYT OBITh UC-
M0JIb30BaHbl PA3JIMYHbBIE OTXOJbI CEIbCKOXO3SHCTBEHHOIO MPOU3BOJICTBA, COJEpKa-
e OpraHndeckoe BemecTBo. Hanboee mpurogHsIMu B 3TOM OTHOIIICHUH SIBIISTFOTCS
HABO3HBIC CTOKH KMBOTHOBOJICTBA. KOMMYECTBO M CBOMCTBA HABO3a M IMOMETA 3aBU-
CSAT OT BO3pacTa, palioHa KOPMJICHHSI M CTIOCOOOB COJEPIKaHMsI )KUBOTHBIX W TITHII.
[Ipu KOpMIJICHHH TIOJHOIICHHBIMH KOHIICHTPUPOBAHHBIMU KOpPMaMHU BBIXOJ JKCKpe-
MEHTOB OT OJTHOT'O YKUBOTHOT'O CJIETYIOIIUN.

Ha cBMHOBOAUYECKUX MPENNpHUIATHSIX: OT XpsKoB — 11,1 Kr/cyT; OT CBUHOMATOK
XOJIOCTBIX — 8,6 Kr/cyT, cynmopocHsix — 10,8 kr/cyTt, moacocusix — 12,4 kr/cyT; ot
nopocsiT-orbeMbllet 1,8 Kr/cyT; oT cBUHEM OTKOPMOYHBIX Maccoil a0 40 kr —
3,2 xr/cyt, ot 40 no 80 kr — 4,5 xr/cyT, 6onee 80 xr — 6,2 kr/cyt. OOI11Ee COMEpIKa-
HUE 30JIbHOCTU B dKCKpeMeHTax cocTaBisieT 15-16 %. Cpeansisi BIaKHOCTh dKCKpe-
MEHTOB COCTaBJsIET: Y XpsAKOB 89,4 %; y ceBuHoMaTok 90,8-91,0 %; y mopocsT oTbe-
mbIieit 86,0 %; y cBuHel oTkopMouHbIx — 86,6-87,5 %.

Ha npennpusitusix no BeiBeAeHUIo0 KpymnHoro poratoro ckora (KPC): ot ObI-
KoB-ipousBogutTenei — 40 Kr/cyT; oT KOpOB — 95 KI/CyT; TelsT Ha OTKOpPME J0
4 mec. — 7,5 kr/cyT; MoJjiofgHsika Ha oOTKopme oT 4 g0 6 mec. — 14,0 xr/cyT, oT 6 10
12 mec. — 26,0 kr/cyt, ot 12 no 18 mec. u nerenu — 27,0 kr/cyT, crapuie 18 mec. —
35,0 kxr/cyT. Cpeansisi BMaXKHOCTh SKCKPEMEHTOB: Y KOPOB MOJIOYHBIX mmopoa — 88 %,
y OBIKOB, MOJIOJIHSIKA, MSICHOTO CKOTa U TeNAT — 86%, 30JIbHOCTh CYXOT'0 BEIIECTBA —
16 %. Bnaxuocts moactuinounoro HaBoza KPC 3aBucuT OT cmocoba comepikaHus
KUBOTHBIX ¥ KOJIMYECTBA TOOABIISICMOM TTOICTUIIKH.

Ha nTuneBogueckux MNpeAnpusTHsIX: OT Kyp SUYHOrO HarpaBieHusi — 170—
200 r/cyT; ot wmscHbIX Kyp — 276— 300 r/cyt; ot unaeek — 450 r/cyT; OT yTOK —
420 r/cyT; ot ryceit — 584 r/cyt. BnaxHOCTh TOMETa Kyp W UHACEK COCTaBISIET 73—
76 %, ryceii u yTok — 83-85 %. Ilpu kIeTouHOM COEpKaHUU YCYIIIKa MOMETa Kyp
Y MOJIOJHSIKA CTapllero Bo3pacTa B NTUYHUKaX yepe3 8 4 paBHa 10 %, yepe3 12 y —
13 %, uepes 24 u — 27 %, ycyuika nmoMera MOJoiHsAKa B Bo3pacte 1-40 aHeit 3a 8§ u —
12 %, gepe3 12 4 — 16 %, uepes 24 u — 32 %. OOwvemHas Macca momera — 0,7—
0,8 /M, 30mpHOCTD — 17,3 %, BIakuocTs — 55-60 %.

CyTOYHBII BBIXOJl 3KCKPEMEHTOB, KT, ¢ ()epMbl (KOMIUIEKCA) MOXKHO PacCyu-

TaTh 1o popmye
i=m

B, = Z B.,.n;, (15.1)
i=1
rae B,, — cyTouHBIl BBIXO DKCKPEMEHTOB OT OJITHOI'O JKUBOTHOTO ITPOU3BOJCTBEHHOM
TPYIIIbL, KT}
N, — IIOTOJIOBBE XUBOTHBIX IPOU3BOJICTBEHHOM I'PYIIIBI, OAHOBPEMEHHO COJEp-

Kanuxcs Ha pepwme;
M — KOJIMYECTBO MPOU3BOJICTBEHHBIX TPy Ha GepMme.
CyTOuHBIN BBIXOJ| KHJIKOTO HAaBO3a MJIM CTOKOB KpOME€ COOCTBEHHO JKCKpe-
MEHTOB OyJIeT BKJIIOYATh MAcCCy TEXHOJOTMYECKOW BOJBI, IMMOCTYMAIOIICH B CUCTEMY



HABO30YyIAJICHUs B CYTKH; MAcCy MOJICTUIIKU, UCIIOIb3yeMOM Ha (hepMe B CYTKH; Mac-
Cy MOIMABUIMX B CHCTEMY HABO30YAAJICHHUS KOPMOB; MAcCy 3€MJIM, IECKa U JAPYTUX
MOCTOPOHHUX BKIIOYEHHU.

OKCKPEMEHTBI KUBOTHBIX — 3TO HEOJHOPOJIHASI TETEPOTCHHAS] CMECh, COCTOS-
11asi U3 TBEPJBIX YACTHUII, COCTABIIAIONIMX JAUCIIEPCHYIO a3y, a TakKe >KUJIKOU (pa3bl
(mMcTIepCUOHHOM cpeibl), SIBISIONIEHCS BOJHBIM PACTBOPOM COJIEH, KUCIIOT U IIEJIO0-
Yyeil. 3HaUUTENbHYI0 YacTh B SKCKPEMEHTaX 3aHUMarOT rasbl. [lpu TmareiabHOM Iie-
pPEMEIIMBAaHNUN C BOJOW TBEPABIC YACTUILIBI IMOYTH MOJHOCTHIO BBIMAJAIOT B OCAJIOK.
[TnoTHOCTE XUAKOHN (Pa3bl IKCKPEMEHTOB )KMBOTHBIX PA3JIMUHBIX BUIOB HE OJMHAKO-
Ba, MIOTOMY YTO COJEPKUT pPa3HOE KOJIMYECTBO PACTBOPEHHBIX B BOJIE CYXHX Be-
mects. Hampumep, B JKCKpeMeHTax KopoB oHa pasHa 1017 xr/m®, cBuHell —
1010 kr/m3.

XHWMHUYECKHI COCTaB 3KCKPEMEHTOB 3aBUCUT B OCHOBHOM OT KOPMOBOTO Pally-
OHa, Ka4eCTBAa KOPMOB M BHJA KUBOTHBIX. XUMHUYECKAN COCTAaB TOMOTEHHOTO KHU/I-
KOr0 HaBO3a HAXOJIUTCS B MPSIMOM 3aBUCUMOCTH OT COJIEP’KaHHSI B HEM CyXOTrO Bellle-
ctBa (CB) u cyxoro oprannyeckoro Beuiectsa (COB). M3 obmiero xonuyecTa opra-
HUYECKOM Macchl, CKOPMIICHHOW XHUBOTHBIM, ¢ 3KckpemeHTaMu KPC BwinensieTcs
35 %, a ¢ BKCKpeMeHTaMH OTKOPMOYHBIX cBUHEN — 20 %. B cpeHeM B 3KCKpEMEHTax
OT OJIHOW YCJIOBHOHM TOJIOBBI CKOTa B CYTKH copaep:kurcsi okoio 5 kr CB. V¥V kyp-
HECYIIEeK cpeaHecyTounoe coaepkanne CB B skckpemenTax cocrasiser /0—-100 r Ha
onHy ntuny. Opranuueckoe BemecTBo cocrtaBisier 70-80 % cyxoir maccel Oec-
MOJACTHJIOYHOT'O HaBO3a U Yy Pa3JIMYHbIX )KUBOTHBIX UMEET HEOJMHAKOBBII COCTaB.

®U3MKO-MEXaHNYECKHE CBOMCTBA HABO3a 3aBUCAT OT PALlOHA, BO3pacTa KU-
BOTHBIX M JPYTUX (PAKTOPOB, OJTHAKO OCHOBHBIM (DAaKTOPOM SIBJISIETCSI BIIAXKHOCTH
HaBo3a. TexHonornyeckas BoJa, MOCTYIMAIOMIAsl B CUCTEMY, Pa3KUKAET dKCKPEMEH-
Thl. C yBEJIMYEHUEM BIJIAXKHOCTH BO3PACTAeT pa3HULA B IJIOTHOCTU TBEPAOU U KU-
koi a3. C qoOaBiieHHEeM BOJIbI TUCIIEPCUOHHAS Cpella pa3KIKaeTcsl, TUIOTHOCTH TO-
HUXKAETCSl, @ TUIOTHOCTh TBEPABIX YACTHUI[ OCTAETCS MOYTH HEM3MEHHOM, BCIEICTBHE
Yero MPOUCXOJIUT UHTEHCUBHOE OCaXJIeHUE. B HaBO3HBIX CTOKAaX BIIAXKHOCTHIO 98 %
u Ooiiee yxxe yepe3 15 MuH oTcTanBaHus B ocalok Beimanaet 10 80—85 % Bcex B3Be-
HIEHHBIX YacTHI, a uepe3 2 4 ocaxaaercs 90 %. JlanbHeliee HaX0kA€HUE HABO3HOM
MAacchl B [IOKO€ BEJET K YIUIOTHEHHUIO OCAJKa, CJIOM KOTOPOr0 YMEHBIIAETCS U Yepe3
HEKOTOpOE BpeMs TepsieT TeKyuecTh. Ha 7-8-e cyTkm B cioe ocaaka HauWHACTCS
OpoXeHue, OCHOBHAsI Macca €ro CTaHOBUTCS 0oJiee phIXJION, TaK Kak BHYTPHU MOSIB-
JSOTCS My3bIPbKH Ta30B. Ocafok CHOBa MpHOOpETaeT TeKy4dyr CTpykTypy. Ha qHe
OCTaeTCs JIUIIb TUIOTHBIA 0CAIOK MUHEPAJIbHBIX BKJIIOUCHHUM, KOTOPHIA, HAKAIJIUBA-
ACh, 3aTPYIHSET pa3rpy3Ky HaBO30XpaHWIUIL. KUAKAN HABO3 BIAXKHOCTBIO 10 94 %
paccianBaeTcsi MEHee UHTEHCUBHO, U KUJKOCTb OCBETIISIETCS C YETKO BbIPA’KEHHBIMU
rpaHUIlaMU CJIOEB B CBUHOM HaBo3¢ uepe3 25-30 cyT.

Ha ckopocTs mponecca OCaXIE€HHs B3BECEH 3aMETHOE BIIMSHHUE OKA3bIBACT
Temriepatypa Mmacchl. [Ipu Oonee BBICOKOW TeMIiepaType BS3KOCTh KHAKOW (pa3bl
CHIDKAETCSl M HaBO3 pacciiauBaeTcs ObICTpee.

Koppo3noHHbBIE CBOICTBA 3aBHCAT OT COJIEpKaHUS B HABO3€ KOPPO3UOHHO-
AKTUBHBIX BEILIECTB: YTIEKUCIOThI, AMMOHUHHOTO a30Ta, Cylb(aTHON U Cylb()UIHOM
cepbl. THTEHCUBHOCTh KOPPO3UU HAXOJUTCA B 3aBUCMMOCTH OT BHJIa HABO3a, TEMIIE-
paTyphl, TOCTYIa BO3/1yXa U JUTUTEIIbHOCTH BO3JICUCTBHS HA MaTepual, C KOTOPbIM OH



KOHTakTupyeT. Beauunna pH ObiBaeT HMke 5,5, 4TO HEOOXOAMMO YUYUTHIBATH MPU

OLIEHKE KOPPO3MOHHOIO JEHCTBHs HaBo3a Ha OeToH M acOouemeHT. Kopposuro me-
TaJJIOB BBI3BIBAIOT PACTBOPEHHBIE B HABO3€ BELIECTBA M Ta3000pa3HbIe MPOIYKTHI,
Takue, HalmpuMmep, Kak aMMHaK W Kuciaopona. HaBo3 oka3piBaeT MHruOMpyollee H
MacCUBUpYIOLIee ACHCTBHE HAa Yyr'yHHBbIE TPYObl, HanbOoyee NMPUTOAHbIE ISl TPyOO-
IIPOBOJIOB, IO KOTOPBIM HEMPEPBIBHO MOAAETCS KUAKUN HaBO3. [I[poMbIBKa YyTryHHBIX
TpyO YMCTON BOJOM BpEIHA C TOUKH 3PEHUS 3aLUThI OT KOPPO3HUHU.

KonmuecTBo ra3a, KOTOpoe MOXKET OBITh BBIJICICHO M3 PA3UYHBIX CEIbCKOXO-
3SIICTBEHHBIX OTXOJIOB, 3aBUCUT OT COCTaBa CyOcTpara, YCIOBHMH IMpPOTEKaHUs Mpo-
recca, 0COOEHHO OT KOJIMYECTBA BPEMEHH, B TEUEHHUE KOTOPOTO CyOCTpaT HaXOAUTCS
B OuMopeakTope, 1 6aKTepHaIbHOrO cocTaBa B OuopeakTopax. /laHHble 0 BbIXO/E rasa
BECbMa pa3HOpeunBbl. HEeKOTOphIE HaHHBIC, MOJYYEHHBIE Pa3HBIMU HMCCIIEI0BATENS-

MU, TIpUBEICHBI B Tabuie 15.1.
Tabnuna 15.1
Brixon Ouoraza (MeTana) npyM METaHOBOM COpaKUBAHUM Pa3IHYHBIX
CeJIbCKOXO0351/iCTBEHHBIX 0TX0/10B

Opranu4ecKue OTXO/IbI Beixoj 6uorasa, Conepxanue
M¥/KT 3arpy’KEeHHOTO MetaHa, %
COB

CBUHOU HABO3 0,580 77,6

HaBo3 kpymnHoro poratoro ckota 0,200-0,300 60,0

Konckuii HaBO3 ¢ COJIOMO 0,250 56,0-60,0

OsBeunii HaBO3 0,628 70,0

ITomer kyp 0,370 54,0

ITomer uHIEEK 0,640 62,2

15.2. buoxumusi ¥ MUKPOOHO0JIOT sl POIecCa AHAIPOOHOT0 COPAKUBAHUS

B GuopeakTopax MpOWCXOAWT pacmaj OPraHUYEeCKOrO BEIIeCTBA. 3HAYUTECIIb-
Has 9acTh KOMIIOHCHTOB TIEPEXO/NT B Ta3 M B pacTBOP. bposkeHne Ha3bIBaeTCs MeTa-
HOBBIM, TaK KaK OJHUM M3 OCHOBHBIX KOHEYHBIX MPOAYKTOB pacraja OpraHuIeCKuX
BEILIECTB sIBNIIETCS MeTaH. OCHOBHBIE TyTH Tpoliecca aHadpoOHON mepepaboTKU Op-
FaHWUYECKUX OTXOJIOB MMOKa3aHbl Ha puc. 15.1.

O6m1as cxema METaHOBOTO OpoxkeHUs mpeaioxkena bapkepom. OH paccmatpu-
BaJl BECh MPOIIECC, COCTOAMMUM n3 ABYX (¢a3. B mepsoii daze (kucioe uiam BoIopoO/I-
HOE OpO’KEHHE) U3 CII0KHBIX OPTaHMYECKUX BEIIECTB C y4aCTUEM BOJABI 00pa3yoTCs
KHUCIIOTHI (YKCYCHasi, MypaBbUHAsl, MOJIOUHAs, MacjsHasi, MPOMTMUOHOBAS U JIp.), CIIUP-
ThI (3TUIIOBBIN, POMUIOBBINA, OYTHIIOBBIN U Jp.), Ta3bl (YIJIEKUCIBINA, BOJOPO/, CEpO-
BOJIOPOJI, aMMHAK), aMUHOKHUCIIOTHI, TJIUIEPUH U Jp. DTOT pacmaj, OCYIIECTBISIOT
oObIYHBIC canpo(UTHBIE aHAPPOOHBIE OAKTEPUH, KOTOPBIC IMTUPOKO PACTIPOCTPAHEHBI
B Mpupojie, OBICTPO pa3MHOKaIOTCs U kuUBYT nipu PH cpenpr 4,5-7. Kucnoe 6poxe-

HUE XapaKTepu3yeTcs OOUIIbHBIM 00pa30BaHUEM M BBIJIEJICHUEM KHUCJIOT, YTO COIpPO-
BOJKJIA€TCsl OJKUCIICHUEM Cpefibl U cHkeHrueM PH 1o 5-4,5, a Takke MosiBJIeHUEM

HETIPUATHOTO 'HUJIOCTHOTO 3al1axa.
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Puc. 15.1. OcHoBHBIE YTH NpoLecca aHAIPOOHOI MepepadoTKN OPraHUYecKUX 0TX010B

Bo BTOpoi#t (aze (ienouHoe WM METaHOBOE OpOKeHHE) MeTaHOOpa3yIoIIHe
OaKTepuu OCYLIECTBIISIIOT JajlbHEIIee pas3iokKeHUEe BEIIECTB, 0OpPa30BaBIIUXCS B
nepBoi paze. [Ipu 3TOM BbIIENSETCS a3, COCTOSIINUNA U3 METaHa, YIIIEKUCIOro Trasa,
BOJOPO/Ia U a30Ta.

Cxema bapkepa He HMeEET CTPOrol TEPMOJAMHAMUYECKOW OCHOBBI. OHAKO
MIPEICTAaBJICHUE O BYX (pazax mpoliecca JOCTaTOYHO YI0OHO i BEICHUS TEXHOJO-
TUYECKOr0 KOHTPOJISA, ¥ 3TUM IIUPOKO MOJIb3YIOTCS HA MPAKTHUKE.

Jlpyrue uccienoBarenu CYUTAIOT, YTO B aHAPPOOHOM pa3pyIIEHUU OpraHuYe-
CKOT'O BEIIECTBA CJICYET BBIJCIUTh TPU CTAUU U BBIACISIIOT TPU (PU3HOTIOTUIECKHE



rpynnsl 6akrepuii. MakkapTt B 1964 . npeactaBui cXeMy ¢ MOTOKaMu cyOCTpaToB,
KOTOpOH MOoJIb3ytoTCs B Haie BpeMsa. C HEKOTOPbIMU U3MEHEHUSIMU 3Ta CXema Ipe/I-
cTaBjieHa Ha puc. 15.2.

buomornueckue TMOJIMMEPEBI

|. depmeHTATHBHBIN
TUPOIIH3
I'upponutnueckue
MUKPOOPTaHU3MBI
Y
CrmpThl, KUCIOTHL
(uckmrouast arierar)
4% 20%
Oo6yuraTHBIC
MPOTOHPEIYLIEPHI
I1. KucnoroobpazoBanue 24% 5204
ALlETOTE€HbI
Y, \/
H,; CO, Anerar
28% 72%
I1l. MeTaHorenes
CHy ; CO,

Puc. 15.2. Tpu ctagun aHadpooHOro pacnajga OpraHu4ecKoro BenecTsa u NpoueH THbI
nepexo FHEProcoiePKaAHus CJA0KHBIX OPraHU4YeCcKUX BelleCTB B METAH HA KAXKAO0M cTaguM,
NpeACTABJEHHbIC B BU/IE JAHHBIX 0 XUMHYECKOM NMOTPeOJIeHNH KUCI0Poaa

Ha nepBoii cTaanu reteporeHHas rpyIia aHa’ poOHBIX OaKTepuid, TaK Ha3bIBa-
€MbI€ «IEPBUYHBIE» aHA’POObI, MOABEPraoT (PEePMEHTATUBHOMY THIIPOJU3Y CIIOXK-
HbI€ MHOTOYTJIEPOAHbIE BELIECTBA, MPEACTABIIAIONINE COO0N OCHOBHBIE KJIacChl Opra-
HUYECKUX COCAMHEHUN — OCNKH, JIUMUIbI U noaucaxapusl. [Ipu sTom BmecTe ¢ O6ax-
TEPUSAMH, OCYLIECTBISIOIIUMU THAPOJIN3 MOIUMEPOB, GYHKIIMOHUPYIOT MUKPOOpra-
HHU3MBI, KOTOPBIE PACIICIUIAIOT MOHOCAaXapa, OpraHu4eCKUe KUCIOThI, CIUPTHI U Me-
TaHOJ. Pe3ynbTaromM JesTeNIbHOCTH 3TUX MUKPOOPIaHHU3MOB SIBJISIETCSI 0Opa3oBaHUe
BOJIOPOJA, YIJIEKUCIIOrO ra3a, HU3KOMOJIEKYJSPHBIX XKUPHBIX KHUCIOT U CIUPTOB, a
TaK)X€ HEKOTOPBIX JPYTrux CoequHeHU. B 3TON cTamuy y4acTBYIOT OOJUTaTHBIE



ana’pobnsie Oaktepun: Clostridium, Bacteroides, Ruminococcus, Butyrivibrio, a
taxke ¢pakynpratuBHbie: Escherichia coli u Bacillus sp.

Ha BTOpoii cTaguu amneTOreHHBIE MHKPOOPTaHHW3MBI, TaKue, Kak
Syntrophobacter, Syntrophomonas, Desulfovibrio, pepmentupyror H, u CO, u apy-

€ OJHOYTJIEPOJIHbIE COEANHEHUS, a TAKXKE HEKOTOPbIE OOJIEe CI0KHbBIE BEUIECTBA B
HU3KOMOJIEKYJISIPHBIE OPraHUYECKHE KHUCJIOTHI Yepe3 MPOMEXYTOYHOE 00pa3oBaHUE
anetni-KoA. Peakuyu npoxoasT 1o CIEIyOMNUM YPAaBHEHUSM.
OxucIIeHne OPraHUYECKUX KHUCIIOT:
a) MOJIOYHOM

CH,;CHOHCOOH + H,0 -»CH,;COOH +CO, + H,0; (15.2)
0) TpONMMOHOBOM
CH,CH,COOH +2H,0 - CH,COOH +CO, +3H,; (15.3)
B) MacisSHOMN
CH,CH,CH,COCOH +2H,0 — 2CH,COOH + 2H, . (15.4)
OxuciieHre CrupTOB, HAPUMEpP 3TaHOJa
CH,CH,OH +2H,0 - CH,COCOH + 2H,. (15.5)

Ha »Toil cramuu neHCTBYIOT alleTOT€HHbIE OaKTepUM, BKJIOYas KaK OOJUrat-
HbIe, TaK U (aKyJbTaTUBHbBIEC BUbI, CHOCOOHBIC COpaKUBATh OPraHUYECKUE KUCIOThI
1 HEUTpaJbHbIE COCIMHEHUS 0 BOAOPOJA U YKCYCHOW KMCIIOTHI, U TOMOAIIETOTEH-
HbIe OaKTEpHUH, CIIOCOOHBIE COpaXKUBATh OJTHO- 1 MHOTOYTJIEPOCOAepIKAIIUE COSIH-
HEHMS TOJBKO 10 YKCYCHOM KHUCIIOTHI.

Pacnag opraHnueckoro BeIeCTBAa Ha MOCJIEAHENH CTaJAUU OCYIIECTBIISICTCS Me-
TaHOOPA3yIIMKUMHU U CYyIb(aTpeayIUPYIOIIUMH MHKPOOPTraHU3MaMH, KOTOPBIE HC-
MOJIB3YIOT METaOOJUTHI, 00pa3yroluecs Ha MEepBBIX cTaausx. Ha 3akimroduTenbHOM
ATare aHadpPOOHOT0 PA3PYIICHUS OPTAaHMYECKOTO BEIIECTBA B IKOCHCTEMAaX ¢ HU3KUM
coJiepkaHueM cyibdaroB odpasyrorcs rinaBHeM obpazoM CH, u CO, u He3Haum-

TeJNbHOE KoanuecTBO H,S. B ecTecTBeHHBIX 3KocHcTEMaX Cylb(paTBOCCTaHABINBA-
fomye OakTepuu sIBIISIOTCS JoHOpaMu H, 11t metanoreHos. IIpy MoBbIIEHNN KOH-

LEeHTpaluu cynbdpaToB 10 0,5 MMob/1 cylb(aTBoCcCTaHABIMBAIOLIME OAKTEPUU CTa-
HOBSITCSI KOHKYPEHTOCIIOCOOHBIMUA C METAaHOTCHAMHM 3a DHEPTreTUYECKHEe CyOCTpaThI
(H, m amerar), Tak Kak oOpa3ylomuecs CyIb(QHI6I HHTHOUPYIOT POCT METaHOT€HOB.

MeTaHoreHHble OaKTepuu ABIISIIOTCS CTPOTMMH aHa’poOamMu, MO3TOMY IPUCYT-
CTBUE B OHMOpEAKTOpe KHUCIOPOJa U 3HAYMTEIBHOIO KOJUYECTBA HMOHOB HUTPATOB
MOET MPENsITCTBOBATh BBIAEICHUIO METaHAa. AHa’pOOHbBIE YCIOBHUS B OMOpEaKTope
CO3Jal0TCA NP MOTPEeOJECHUN KUcaopoaa (PaKyJIbTaTUBHBIMU aHAIPOOHBIMHU OaKTe-
pusimu (E. coli u np.), cHWKEHUE OKUCIIUTEIIbHO-BOCCTAHOBUTEIBHOTO MOTCHIINAIA
CIocoOCTBYET 00pa3oBaHMiO CYIb(PUAOB U Bogopoaa. OJHAKO HEKOTOPhIE METaHOTe-
HBI CIIOCOOHBI COXPAaHATh KU3HECTIOCOOHOCTh MPHU KPATKOBPEMEHHOM HAJIMYWU KHC-
jJopoaa.

[Tonapnstoiiee OOIBIIMHCTBO METAHOTEHOB JOCTUTAIOT MAaKCUMaIbHOU CKOPO-
ctu pocta ipu Temmeparype 3040 °C. UmeroTcst Takxke TepMOPUIbHBIC BUIBI C OTI-
TuMyMoM TemriepaTypsl oT 50 10 85 °C. BonbsIMHCTBO TIpeacTaBuTENe MeTaHOOpa-



3yIOIIKX OakTepuil pacTyT B cpeaax ¢ pH, 6muskum K HelTpaidbHOMY (OT 6,5 1o
7,5).

HcrouHrukaMu yriepoja ¥ S3HEPTUM AJIi METAHOT€HOB OOBIYHO SIBJISIETCS CMECh
BOJIOPOZIa M YIJIeKUcIIoro rasza. Hekotopsle OakTepuy HCHONB3YIOT 3Ty CMECh Kak
eIMHCTBEHHBIH cyocTpar pocrta (—139,2 x/[x/mMoms CH )

4H, +CO, - CH, +2H,0. (15.6)

[Tpy 3TOM KIETKH HCIOJIB3YIOT OJHOBPEMEHHO Ta3000pa3HbIi BOJOPO U BO-
J0POJ, BXOSIIUI B COCTaB MOJIEKYJI BOJIBL.

Crenyronum NOTEeHINAIbHO HCII0JIb3YEMbIM HCTOUHUKOM YTJIepo/ia U SHEPTUU
y MeTaHOreHOB siBisieTcs: popmuar. Ha nepsom stamne ¢popmuar pasnaraercsa 1o CO,
u H,, 3arem CO, BoccranasmuBaercst 1o CH, (130 x/x/mons CH )

4HCOOH — 4CO, + 4H,,
CO, +4H, - CH, +2H,0 . (15.7)

4HCOOH — CH,, +3CO, + 2H,0

HmeroTcs Takke JaHHBIE O TOM, YTO (DOPMUAT MOKET BKIIFOYATHCS B IPOLIECC
METaHOIeHe3a NpsMbIM TyTeM 0e3 obpaszoBanus H, u CO,.

bonee BaxxHbIM CyOCTpaTOM JJIsi METaHOTEHE3a sABIsAeTCs arerar. KonmnyecTBo
CH,, oOpa3yromerocs nu3 anerata B OMOpeakTope, 0 HEKOTOPhIM JaHHBIM, COCTaB-

asiet 72 % (-31 x/Ix/mons CH )
CH,COOH —»CH, +CO,. (15.8)
Bbpoxxenue mertanona ¢ obpazoBanuem CH, mpoxoauT B peakuuu AUCMYTa-
IIUY, B TEYCHUE KOTOPOI OJTHA MOJIEKYJIa YTHIM3UPYEMOTO CyOCTpaTa OKUCIAETCS 10
MYpaBBbHHOH KHCJIOTHI, Apyras — BoccraHaBiuBaercs 1o CH, u H,. Obpazyromuecs
3aTeM MypaBbMHas KuCJIOTa U H, cHOBa BKiItOYarOTCs B LieNb cuHTe3a MeraHa. Ko-
HEeYHBIH nporecc onuckiBaercs ypaBHeHueM (—105,0 x/x/moms CH, pu pH =7)
4CH,0OH —»3CH, +CO, +2H,0. (15.9)
Psin BunoB Gaktepuit 00pa3yror MetaH u3 okucH yriepoaa (—185,1 k/x/mMoib
CH, mpu pH =7)
4CO +2H,0 —-CH, + 3CO,, (15.10)

WIIN
CO +3H, > CH, + H,0O + sneprus . (15.11)

B OuopeakTopax mpu HOPMaJIBHOM XOJI€ TpOIlecca BCE TPYMIbl MUKPOOPTa-
HHA3MOB JICMCTBYIOT COTJIaCOBaHHO. Bce MpoMeKyTOUHbIE MPOIYKTHI pacnaja OJIHOU
CTaJunu mepepadaThIBAtOTCs OakTepusMu pyroit ctaauu. B olmem ciayyae B mporiec-
C€ Pa3JI0KEHUSI OPTraHUYECKOr0 BEIIECTBA KOJIMYECTBO KOHEUHBIX MPOIYKTOB MOKHO
MOJIYYUTh COIJIACHO YPABHEHUIO

CnHaOb+(n—§+9)H20—>(E+E+EJCH4+(E+§+EJCOZ. (15.12)
4 2 2 8 4 2 8 4

B Ka)x7J0M KOHKPETHOM cllyyae BbIXOJ OMOras3a 3aBUCUT OT COCTaBa OpraHuye-
CKOr'0 BEIleCTBa, YCIOBHH mpouecca u T. A. Hampumep, U3 IIroKo3bl MOJydyaeTcs
clleflyrollee KoJn4ecTBo KoHeuHblx mpoxykros: 1,0 r C;H,,O0, — 0,25 1 CH, +



+ 0,69 r CO, + 0,06 T kierounoit maccel + 632 k/[x sHeprum, niam u3 1 mous
CeH,,05 MoxHO nosyunts 2,8 monnst CH, u 2,6 mons CO,.

15.3. ®akTophl, BJAUSIONIAE HA MPOIECC AHAIPOOHOT0 COPAKMBAHUS
15.3.1. Ceoiicmea covipbs

CocraB ChIpbsl 1 €T0 CBOMCTBA OKa3bIBAIOT CUJIbHOE BIMSAHUE HA HOPMAJIbHBII
XOJl TIpolecca, Ha BbIxoJ1 6rorasa. K TakuMm cBOWCTBaM ChIPbsi OTHOCSITCS: COJIEpHKa-
HHE M COCTaB OPraHMYECKOIr0 BEIIECTBA, HAJWYWE MHUTATEIBbHBIX 3JIEMEHTOB, CBE-
KECTh, COAECPKAHNUE TBEP/IbIX YACTULL U JIP.

Ecnu opranndeckue 0TXobl CEIbCKOX035IMCTBEHHOTO IPOU3BOICTBA XPAHATCS
JUTATEITEHOE BpeMsl B OJIATOTPUATHBIX JUTSI KU3HEICATCTLHOCTH adPOOHBIX WIIM aHad-
POOHBIX MUKPOOPTaHU3MOB YCIIOBUSIX, U3MEHSIOTCS UX COCTaB M cBoicTBa. [Ipu pas-
noxxenun COB yBenuuuBaeTcsi cojiepaHue KUCIOT, udMensiercss PH cpeasl. Xa-

pakTEepHBIM IOKa3aTeeM SIBISETCA COJIep)KaHue JeTyuux KUpHbIX kucioT (JIKK).
bonemoe conepxkanne JOKK cBUIETENBCTBYET O TOM, YTO HCXOIHOE CHIPhE IS MPO-
1ecca aHa’poOHOU nepepabOTKU yKe He cBexee. Takoe Chlpbe IMpH 3arpy3ke B Ono-
pEaKTOp OKa3bIBAeT HEOJAronpHUATHOE BO3ACHCTBHE Ha IpoLiecC — MOHMWXkaeT pPH

cpenbl OMOpeakTopa, U3MEHSET ONTUMAJIbHOE COOTHOIICHHE MHUKPOOPTaHW3MOB B
OuopeakTope, BCJIEICTBUE YEr0 HOPMAJIbHBIN XOJ] MPOIIecca MOXKET HAPYIIAThCS.
JlaHHbIe pa3HBIX HCCIEOBATENIe O BBIICICHUM OHOrasa MpHU Pas3lioKECHUU
TPEX OCHOBHBIX TPYMI OPraHUYECKOI0 BEIIECTBA: KUPOB, YTIEBOJAOB U OEIKOB — He-
CKOJIbKO paznuuaroTcs (tabdn. 15.2). [Ipeanaraercs cnenytomas hopmyina s orpe-
neseHus cOpakuBaHuUs
a=0,92xc+ 0,62y + 0,346, (15.13)
rae orc, y, 6 — colepKaHue KUPOB, yrieBoioB U 6enkoB Ha 1 T COB opranudecko-

ro BemniecTBa (Kod(hPUIMEHTHl 03HAYAIOT YIEIbHBIM BBIXOJ Ta3a, JI/T, 3arpyxae-
MBIX B OMOPEAKTOp KUPOB, OCIKOB U YIJIEBOJIOB).

Tabmuua 15.2
BLIXOI[ 6n0ra3a l'lpl/l METAHOBOM Cﬁpa?KHBaHI/IH ?KI/IPOB, yFﬂeBOZIOB nu ﬁeJ'lKOB

KommoneHnt Brixos 6rorasa, Mo/Kr ConepxaHue
MeTaHa, %
YrneBoasl 0,790-0,886 50
Kupsi 1,120-1,535 62-72
Benkn 0,585-0,750 71-84

OT nponopiuii yrieBo 0B, ;KUPOB U OEIKOB B OTXOJaX 3aBUCUT BbIXOJ] Ouora-
3a B KOHKpeTHOM citydae. HoBeiiiue ncciae1oBaHus MOKa3bIBAIOT OOJBIIOE BIUSHUE
COCTaBa KOPMOB Ha BBIXOJ1 SKCKPEMEHTOB U OHorasa.

[Tpu mMeTaHOBOM OpOXEHHH OJHUM U3 HanOOJIee BAXKHBIX (PAKTOPOB SIBIISICTCS
cootHomienne C:N B accumumianpyemoir vactu cyOcrtpara. Ecnum cooTHolieHue
C:N B HaBO3€ UpE3MEPHO BEIIMKO, TO HEJIOCTATOK a30Ta OYAET CIYKUTh (PAKTOPOM,




OTPAaHUYHUBAIOIIUM TIPOIECC METAHOBOTO OposkeHus. Eciu ykazaHHOE COOTHOIICHHE
Ype3MepHO Majo, TO 00pa3yercsi TaKoe OOJBIIOE KOJIUIECTBO aMMHAaKa, YTO OH CTa-
HOBHTCS TOKCHYHBIM ISl OakTepuii. B mpoiecce MeTaHOBOTO OpOKEHUSI COOTHOIIIE-
Hue C:N MOCTOSHHO MEHSETCS, TaK KaK Yriaepo BIIEISICTCS C OMOra3oM MOCTOSH-
HO, a a30T COXpaHSETCsI B OMOPEAaKTOpPE M BBIXOJIUT TOJIBKO TPU BBITPY3KE IUIaMa.
Cootnomenne C: N B ceIbCKOXO3HMCTBEHHBIX OTXOJaX, MOCTYMAIOIINX HA Tiepepa-
00TKY, B CpeIHEM CIIeAyIoIee: Y CBUHOTO HaBo3a — 6,2—13,4; y HaBo3a KpymHOTO pPo-
raroro ckota — 9—15; y ntuubero nomera — /—15; y nomaanHoro Hasosa — 25.

15.3.2. Temnepamypa npoyecca

TemnepaTtypa — oJIMH U3 BaXKHEUITNUX (PAKTOPOB MpOIECCa METAHOBOTO Opoxe-
HudA. B npupone metan oOpasyercs pu WUPOKOM Auana3zoHe temmneparyp — ot 0 110
97 °C. OOBIYHO BBIIEISIOT TPU TEMIIEPATYPHbIC 30HBI KU3HENEATEIBHOCTU OaKTe-
puil: ncuxpoduiabHas, Me3opuiibHas U TepMoQuIbHasi. bonblIMHCTBO HccnenoBare-
Jel MpUAEPKUBAIOTCS CIEAYIOLIEr0 pa3/eieHHsl 30H TeMIlepaTyp: NcuxpoduiabHas
30Ha — 10 20 °C, me3oduibnas — 20-40 °C, trepmodunbHas — 50-60 °C. Ilpunsro,
YTO B KAXIOW 30HE OpOKEHHE OCYIIECTBISET CBOs clienupuueckas accouuanus
MUKPOOPTaHU3MOB.

bonbmas yacTe J1a0OpaTOPHBIX, MOJTYIMPOU3BOACTBEHHBIX M MPOU3BOACTBEH-
HBIX MCCJIEIOBaHMI ObLIa BBINOJIHEHA I ME30(UIBHOTO peXUMa M JIMIIb HEMHO-
rue — i1 TepMOPUIBHOr0. ITO O0OBACHSIETCS TEM, UTO COpakKMBaHUE OTXOAOB B TEp-
MO(UIBHOM pEXUME TEMIEPATYP CUUTATIOCh HEAKOHOMHBIM H3-3a BBICOKOW MOTPEO-
HOCTH B HEPrUU M OOBIYHOTO NPEICTABICHUS O HECTAOMJILHOCTH 3KCIUTyaTaluu
OMOpEaKkTOpOB MPHU BBICOKUX TeMIlepaTypax. B mocnenHee Bpems MOSBHIUCH COO0-
nieHus: 0 Oosee IMHMPOKOM HUCIOJIb30BAaHUU TEPMO(PHUIBHOIO MpoIlecca, TaK KaK OH
oOycioBnuBaeT 0osiee BBICOKYIO CKOPOCTh paciajia OpraHnyeckoro BeulecTna, donee
BBICOKYIO TPOAYKIIMIO OMOTa3a U HauMeHee BPEeeH JUIsl OKPY KaIoLIEeH Cpebl.

CBenieHUs! OTHOCUTENIBHO ONTUMAJIBHOTO PEKMMa TeMIIEpaTypbl, HEOOXOUMO-
ro JJIs Ipolecca METaHOBOIO OpOXKeHHUs, pa3inyHbl. 110 HEKOTOPBIM JaHHBIM OITH-
MaJlbHas TemIiepaTypa, Ipu KOTOPOH KHU3HEAESITeNbHOCTh OakTepuil mpoTekaer 60-
Jiee aKTUBHO, JUIsl Me30(uiIbHOTO Tiporiecca coctasisieT 32—33 °C, mist TepModuiib-
HOTO — 52-54 °C. Temneparypa 35-42 °C cuuTaercs CIUIIKOM BBICOKOU JJIsl KHU3HE-
NEeSATEIbHOCTH ME30(MIBHBIX METaHOOPa3yIOIIUX OaKTepuil U Majo OJaronpusTHOU
JUTS Pa3BUTHUS U POCTA TEPMODUITHHBIX.

15.3.3. pH, dygepnsie ceoiicmea cpeowt ¢ buopeakmope

B npouecce anaspoOHOro OpoKEHUST MOKHO BBIJICTUTDh KUCIYIO U IIETOYHYIO
(MeTtaHOBY10) (ha3wl. B Teduenue kucioi ¢asbl 3HaueHne PH cHuKaeTcs BCIEACTBUE

o0pa3oBaHMsl JETYINX KUCIOT. DTO CHIKEHHE OOBIYHO KOMIICHCHPYETCS paciieriie-
HUEM JICTYYHX KHCIIOT METaHOOPA3yIOIIMMHU OAKTEPUSAMHU M COOTBETCTBYIOIIUM TIPO-
TyIUpOBaHUEM OUKapOOHATOB.

[Ipn HOpMaJIBHOM XOj€ TIpoliecca KH3HEACATEIPHOCTh Pa3HBIX TPYIIT OaKTe-
puii obenx (a3 mpoTekaeT OAMHAKOBO YHEPTUYHO M COTJacoBaHHO. Bce mpomexy-



TOYHBIC MPOAYKTHI pacmana Kuciaon (asel mepepabaThIBAlOTCS OAKTEPUSMHU IICIIOU-
HoU a3bl. [Ipu kakux-1uO0 HapyIICHUSAX MpOIlecca BCICACTBUE Meperpy3ku Ouope-
aKTOpa, Pe3KOro M3MCHEHHUS TEMIIePaTyphl, HAJTMYUS HHTUOUTOPOB M IPYTUX MPUYNH
HapyIaeTcs JACSITeIbHOCTh METAHOBBIX OaKTepHi, HanboJiee YyBCTBUTEIBHBIX K H3-
MCHEHHUSAM BHEIIHEH cpenbl. B Takux ciiydasx B OMOpeakTope HaOJoaaeTcsl yBeu-
YCHHE KOJMYECTBA MPOIYKTOB KUCION (pa3bl. DTO CBUACTEIBCTBYET O «3aKHCAHUM)
Oouopeaktopa, korma OydepHas emMkocTh OyaeT ucropueHa w cHusutces pH . Jlus

BOCCTAaHOBJIEHUS! HOPMAJIBHOTO XOJa Mpolecca HEOOXOAUMO YCTPAaHUTh NPUYUHY
BO3MYIICHUS U J00aBUTH LIEI0Yb, B IEPBYIO OUepeb OMKapOOHAT HATPHUS.
OnTtumanbHbie 3HaUeHUs: PH , HeoOXoauMMBbIe IJis TPollecca METAaHOBOTO Opo-

KEHUS, TI0 JaHHBIM Pa3IMYHBIX HCCIENOBaTeNield HaxomaTcs B auamnazoHe 6,5-8,0.
OntuManbHbIM 3HaueHueM mienoyHoctu cuuraor 1 500-5 000 mr CaCO,/n cy6-

CTpaTa B 3aBUCHMOCTH OT COCTaBa CHIPbS.
15.3.4. /lo3a 3azpy3xu

Jlo3a 3arpy3ku — 3TO BEJIMYMHA 3arpy’KaeMOro B OMOPEaKTOp CBEKETO ChIPhS B
ONpeeeHHbI HHTEPBAJI BPEMEHH, OOBIYHO B CYTKH. Jl03y 3arpy3ku, %, MOKHO BbI-
pa3HuTh KaK OTHOLIEHUE 00bEMa 3arpy’aeMoro ChIpbsi K 00BEMY ChIpbI B OMOpPEAKTO-

pe
71 =100, (15.14)

co
rae V,; — 00beM ChIpbs B OMOPEAKTODE;

V,. — 00BeM 3arpy,KaeMoro ChIpbs B CyTKH.

Ho Takoe onpenenenue 1036l 3arpy3KH HE AAET MOJHOTO IPEACTABIEHUS O Chl-
pre. IM yn1oOHO NOoJab30BaThCs, KOTJA ChIPhE OJJMHAKOBO MO COCTABY U COJAEPKAHUIO.
Haubonee noiaHoe mpencTaBieHue O ChIpbe JaeT ONpeaeseHre 103bl 3arpy3KH 10 COo-
nepxanuto COB B ucxonHoMm ceipbe. J[03bl 3arpy3ku MO0 00bEMYy M COJIEP’KaHUIO
COB, a Takxe no conepxanuto CB B3aumocBszanbl. [lepecuer oIHON BEIUYHHBI B
Ipyryto Tpedyert 3HaHus BiaxxHocTH W u 30;1bHOCTH A mocTynarouei B Ouopeax-
TOP Macchl U MPOBOJAAT €ro no popmyse

J1(100 —W Y100 - A)
Hcos = - (15.15)
100

MHoOrumM# 3KCrepuMeHTalbHBIMA UCCIIEIOBAHUSMH YCTAHOBJIEHO, YTO OT J103bI
3arpy3kd HCXOJHOTO ChIpbsi B OMOpeakTopbl B OOJBLION Mepe 3aBUCUT 3PQPEeKTHB-
HOCTh IpoOllecCa METAaHOBOTO COpakMBaHUS, CTENEHb PA3JI0KEHUS OPraHUYEeCKUX
BEILIECTB, COJIEPXKAIIUXCS B HEM OOBEMBbI MOJTydaeMoro Ouoraza u OuopeakTopa W,
CJIEIOBATENLHO, BEJIMYMHA KAMUTAIBHBIX U OKCIUTyaTaI[MOHHBIX 3aTparT.

OntumanbHble 10361 3arpy3ku, kr COB/M3 CB B cyT, I mponeccoB METaHo-
BOro OposkeHus mpu Me30(UIbHBIX TEMIIEpaTypax AJii Pa3HOTO ChIPbs CIEAYIOLIHE:
HaBo3 KPC — 6,0; ceunoit HaBo3 — 3,0—4,9; kypunsiit nomet — 1,5-2,4.




15.3.5. IIpooonscumensvnocms oporcenus

[Tpo10KUTENTEHOCTH COpaKMBAHUSI B OOJIBIIION MEpe 3aBUCUT OT J103blI 3arpy3-
KU U TeMmrepartypsl mpoiiecca. [Ipu onpeneneHun npooKUTEIbHOCTA COpaKUBAHUS
MOJIB3YIOTCSl TEPMUHOM BpeMsi 000poTa OuopeaxkTopa.

Bpems o6opora 6mopeaxkropa (BOb) — 310 BpeMsi, B TEUCHHUE KOTOPOTO B
OMOpeaKTOp 3arpyKal0T CBEXKEE ChIPbE U BBITPYKAIOT U3 HETO MEpeOpOKEHHOE ChI-
pbe, paBHOE 00BEMY CBIphSl B OMopeakTope. B maeanbHOM ciiydae 3a 3TO Bpems 3a-
IPYKEHHOE ChIPhE MOTHOCTBIO 3aMEHSET NepeOpokeHHOe. B mpuOIM3uTENbHBIX pac-
YeTax MOXKHO HCIOJIb30BATh CIEIYIONIYIO (hOPMYITY

BOb _Ves : (15.16)
3C

B mporiecce MeTaHOBOTO OpOKEHHWsS BBIIEISICTCS OMOTra3 M, CIIEIOBATEIBHO,
00BEM CBIPBSI B OMOPEAKTOPE HECKOIBKO YMEHBIIACTCS, TIOATOMY €KECYTOYHO B OHO-
peaKkTop Ha 3Ty BEJIMYMHY 3arpy’KaeTcs Chlpbs OoJblile, YeM BhIrpyskaercs. [Ipu BbI-
6ope ontumanbHOro BOK B 1ENSIX ONTHMH3AINH MPOIEcca BaXKHO, YTOOBI CyTOYHAS
yOBUTH MUKPOOPTaHU3MOB TP BBITPY3KE M3 OMOpeakTopa mepepadoTaHHOTO CHIPhS
HE TIPEBbIIIaIa CyTOYHOTO MPUPOCTa MUKPOQIOPHI.

OnTumaneHasi MPOJOIKUTEIFHOCTh COpaKUBAHUS 3aBUCUT TaKXKe OT COCTaBa
3arpyKaeMoro OpraHM4ecKoro BEIECTBA, CTETIEHU €r0 Pa3I0KeHHS U KOHIICHTPAIIH
COB B Ouopeakrtope, a TaKKe YIKOHOMUYECKUX COOOpakeHH. /{151 pa3nuuHbIX 0TXO-
JI0B IIPU Pa3IMYHbIX J03aX 3arpy3Kd U TeMIlepaType mperycMOoTpeHbl pa3Hbie BOK .
HaBo3 KPC — 15 cyt, cBuno#t HaBo3 — 10—15 cyt, kypunsiii momet — 15-16 cyt. s
cOpaXHBaHUs OTXOAOB CEIbCKOXO3HCTBEHHOW MPOAYKIIMH, KOTOPBIE MIPETyCMOTpE-
HO HCIOJIb30BaTh KaK yAO0OpeHue, HelenecooOpa3Ho anutenbHoe BODL, Tak Kak
MaKCHUMaJjbHasl CTENEHb Pa3JIOKEHUs OPraHMYECKOro BelIecTBa HE 00s3aTenbHa, a
JOCTaTOYHO JOCTHUXEHUSI MAKCUMAJIbHOM CTENEHU CHATHUSI OPraHMYECKOro 3arps3He-
HUSL.

Ha npaktuke BOKB BbIOMpPAIOT B 3aBUCUMOCTU OT TEMIIEPATYPhI, CTENIEHU pa3-
JIOKEHHSI U COCTaBa ChIpbd B CleAylOIMX uHTepBanax: npu 10-25 °C — mo 30 cyr,
mipu 25-45 °C — o1 10 mo 20 cyt, pu 4560 °C — ot 8 10 4 CyT.

15.3.6. Ilepemewiueanue

Ha nporiecc MeTaHOBOTO OpO’KEHHSI OPraHMYECKOI0 BEIIECTBA BIMSET MpUMe-
HEHUE WIA OTCYTCTBHE NEPEMELIMBAHUSA U €r0 MHTEHCUBHOCTh. [IpuMeHeHue mpo-
1iecca rnepeMeIIrnBaius B OMopeakTope Mo3BOJIseT:

a) MOJAEPKUBATH OJHOPOJHOCTh PACIpPEACIICHHS 3arpy’KaeMoro ChIpbs U MOCTO-
SHHBIA KOHTAKT €ro ¢ MUKPOOPIaHM3MaMH, YTO JAET BO3MOYKHOCTb MAKCH-
MaJIbHO YTUJIM3UPOBATh CBEXKUE TUTATENIbHBIE BEILIECTBA;

0) coxpaHsITh Ha HHU3KOM YPOBHE KOHIEHTPALMIO MPOIYKTOB pacmajaa, Tak Kak
OHU PaBHOMEPHO PACIIPEAEIISAIOTCS IO BCEMY 00bEMY;

B) oOecrne4yrBaTh OJHOPOJHOCThH CpPEAbl KaK MO TeMIlepaType, TaK U MO KOHLEH-
Tpaly MUTATEIbHBIX 3JIEMEHTOB, YTO CO3/A€T HAWIYUIIHE YCIOBUS KU3HEe-
ATENILHOCTU OAKTEPHiA;



I) YCTpPaHATh KOHIIEHTPALMIO WHTUOMPYIOIIUX BELIECTB B KaKOW-TO OTIEIbHOM
30He OMOpEaKTOpa, YTO OTPAHMYMBAET MX BIMSHUE HA MPOIECC METAHOBOIO
OpOKeHHUS;

1) IPeaoTBPATUTh 00pa3oBaHHE KOPKH WJIM pa30MBaHUE €€ Ha TOBEPXHOCTH, a
TaKke 00pa3oBaHUE HETIOJBWKHOTO TYCTOTO OCa/IKa Ha JIHE;

€) YMEHBIIaTh KOJMYECTBO YYaCTKOB B OMOpEaKTOpe, B KOTOPHIX MOTYT COJIEp-
KaTbCsl HETIO/IBIKHBIC HEPa3JI0KHBIIUECS BEIIECTBA M OTPAOOTAaHHAS KH/I-
KOCTb.

[TpoBOIMIIACH SKCIIEPUMEHTHI 1O BIHMSHUIO TEPEMEIINBAHHS HA TPOIECC Me-
TAHOBOTO OPOYKEHHMS, 110 HHTEHCHBHOCTH ITEPEMEIINBAHUS, HO PE3yJIbTaThl HE BCET/Ia
Obun yOenuTenbHBIMH. TakuM 00pa3oM, BIUSHHE TEPEMEIIUBAHHUS HA HHTECHCHB-
HOCTh METAHOBOTO OpPOKEHUS 3aKII0YaeTCs B O00ECICUYCHHH TOMOTEHHOCTH COJIep-
’KHUMOTO0 B OMOpeakTope u iecopOiuu Ouorasa.

15.3.7. Huzuboumopwt npouecca

HMmeercs MHOTO OPraHMYECKHUX BEIIECTB, KOTOPbIE B PACTBOPEHHOM COCTOSIHUU
MOTYT TPOSIBJIATh JUOO CTUMYJHUpYIOIIee AecTBUe, b0 TokcuuHoe. Hampumep,
a30T aMMuaka B KoHIeHTparusax 50—200 mr/m BIusieT MOJIOKHUTEIBHO Ha IMPOIEecC
METAHOBOTO OpokeHwusi, a B KoHueHTpauusx 200-1 000 mr/n — He oka3bIBaeT ompe-
JICTICHHOTO BJIUSIHHS M TIPU 0OJiee BHICOKMX KOHIICHTPAIUAX SBISETCS WHTHOMTOPOM
npouecca. CuuTaercs, YTO HEBO3MOXXHO HCIIOJb30BATh NTUYUN MOMET U CBHHOU
HaBO3 B BBICOKHX JI03aX 3arpy3Ku, OCOOCHHO B TEPMODPUIHLHOM pEKUME U3-3a 00JIb-
IITUX KOHIICHTPAIIUK a30Ta aMMHaKa.

[Iporiecc MeTaHOBOTO OpPOKEHUS MOXKET OBbITh MHTUOUPOBAH TAK)KE BBICOKOM
KOHIICHTpAITUEH TSHKEINBIX, MEI0OYHBIX, IETOTHO-36MEIBHBIX METAIIOB, CYIh(HUIOB,
KHUCIIOpO/a, aHTUOMOTUKOB, NE3MHOUIUPYIOMIMX CPEACTB. TOKCUYHOCTH TSIKEIBIX
METaJVIOB (32 UCKIIIOYEHHEM XpOMa) MOXET OBbITh MpeNOoTBpaIleHa WIN HUCKIIYeHa
OCaXJIEHWEM HX B BUJE CYyIbGuI0B. Mcronb3oBaHNEe OCAKICHUS TSKEIBIX METAIIIOB
B BUJIE CYJIb(PHUIOB IS UX yAaJeHUsS 00YCIOBJICHO MPAKTUYECKH MOJTHOW HEPacTBO-
PUMOCTBIO CYTh(UIIOB TSDKEIBIX METaIoB. B kauecTBe MCTOYHMKA CYIb(UIOB pe-
komeHnayetcs ucnonb3oBath FeSO,. Cynbdunasl 6yayT 06pa3oBbIBaThCS MpU OMOJIO-

THYECKOM BOCCTAHOBJIEHUHU CYIh()ATOB U BBIBOJUTHCS U3 PACTBOPA MOHAMM KeJe3a.
PactBopenHbie cynbhuabl B koHIEeHTpauu 6osiee 200 mMr/n 00J1aiat0T TOKCUYHBIM
JIEUCTBHEM Ha MPOIIECC METAHOBOTO OpoxeHusl. Bricokas KOHIIEHTpaIusi pacCTBOPEH-
HBIX CYJb()HUIOB MOKET OBITH CHUKEHA TTyTeM T0OABJICHUS COJIEH Kele3a.

Voke npu HEOOJBIINX KOHIEHTPAIMSIX WHTHOUpYIOIee NeUCTBUE OKAa3bIBAIOT
taoke coequnenus CaCl,, CHCI,, CH,Cl, u CN ™, a Takue coequHeHus, Kak Qop-
manpaerus, SO, u H,S, craHOBATCA TOKCHYHBIMU MpU 00Jiee BBICOKOM MX KOHILIEH-
Tparym.

OnHUM W3 OCHOBHBIX YCJIOBHH 3(P(EKTHBHOW 3KCIUTyaTalldd OMOpPEaKTOPOB
SIBJISIETCS UCKJIIOUCHHE BO3MOXHOCTH JOCTYIa B HUX KHCIOpPOJa, TaK Kak, OKa3aB-
IIUCh B Cpejie, coJepxkaliei Kuciaopoa B KoHreHTpamusax Boime 0,1 %, metanoopa-
3yronue 0akTepun OBICTPO YyTPAauMBAIOT CBOIO KU3HECTIOCOOHOCTh. Ha mpakTuke co-
0JII0J1aTh TaKKe CTPOTO aHa’dpOOHBIEC YCIOBUS CJI0KHO. Heboubire KomuecTBa BO3-



nyxa (mo 1 % ot oObema 1uiamMa) B OMOpEaKTOpe HE OKa3bIBAIOT OTPULATEIBHOTO
BO3JICHCTBHSI HA MPOIIECC METAaHOBOTO OpokeHms. MccnenoBanus BO3IEHCTBUS TIPO-
TyBaHUS BO3AYXOM Ha MPOIECC METAHOBOTO OpPOXKEHUSI B OMOpEaKTOpax MepruoInde-
CKOTO JieiicTBUA HeOoIbIIOoro o0beMa mokasaiu, 4To npouecc oopasoBanust CH, mo-

CJI€ BO3JACMCTBUS KHCIOPOAOM PE3KO U3MEHSAETCS, HO HOPMAIU3yeTCs cnycTs 24 u.
Bonpocsl k riase 15
1. Ceipbe Ay mpousBoJCcTBa OUorasa.

2. buoxumus u MUKpOOHOJIOTHS TIpoIiecca aHadpOOHOT0 COpaKUBaHUA.
3. DakTophbl, BIUSIONIUE HA MTPOLIECC aHAIPOOHOTO COPAKUBAHUS.



16. buosHepreTudecKkne yCTAHOBKH
16.1. OcHOBHBIE Y3JIbI U CHCTEMbI 0MOPEaKTOPOB

CoBpeMeHHbIE OMOIHEPTreTUYECKHE YCTAaHOBKH COCTOSIT M3 CIEAYIOIIMX OC-

HOBHBIX CHUCTEM:
a) cHucTeMa IOATrOTOBKH U MOAAYU ChIPbsl B OMOpEaKTop;
0) 6uopeakTop (METAaHTEHK) C CUCTEMOMW MOAJIEP)KaHUs MMOCTOSHHOM TeMIieparTy-

PBI ¥ IPYTUMU KOMIUIEKTYIOIIUMU YCTPOMUCTBAMU;

B) CHCTEMa XpaHEHUs U UCIOJIb30BaHUs OMOrasa;
I') CHCTEMa BBIIPY3KH U TPAHCHIOPTUPOBKU COPOKEHHOTO IIJIAMA.

Camast OTBETCTBEHHAsI COCTaBHAsl YaCTh YCTAHOBKU — OMOPEAKTOP, OT €ro KOH-
CTPYKIMHU TJIABHBIM 00pa30M 3aBUCHUT, KaKu€ JOJKHBI ObITh KOMIUIEKTYIOIINE CH-
cTeMbl. B HacTosiee BpeMst M3BECTHBI OMOPEAKTOPHI PA3IMYHBIX KOHCTPYKIUN (pUC.
16.1).

C TOUYKM 3peHUsI NPOYHOCTH, CO3AHUS YCIOBUU IS NEPEMEILECHUS KUIKOTO
cyOcTpaTa (3aTpaT SHEpPrUM Ha TMEpEeMEIIMBaHUE), OTBOJIAa OCAJIKOB M pa3pylICHUs
IUTaBaIOIEed KOPKHM MPEIMOYTUTEIbHBIM TPEACTABISICTCS UCIOJIb30BaHUE SNIIE00-
pazHoro 6uopeakropa (puc. 16.1, a, 3). OnHako u3-3a TPYAHOCTEH B U3TOTOBJICHUM
KPYIHBbIE YCTAaHOBKU JENAIOTCSA LUIMHAPUYECKON (POpMBI M3 OETOHA WM METallla.
[IpenmyiecTBaMu UIMHAPUYECKOTO pe3€pByapa ¢ KOHYCHOM BEPXHEN WIIM HUKHEU
gacThio (puc. 16.1, 6) ABIAIOTCS: HATMYNE HEOOJIBIIOTO MPOCTPAHCTBA IS HaKOILJIe-
HUA Ta3a, KOHLEHTpalus IUIaBatouiell KOPKU B OTPaHUYEHHOM 00beMe, oOecrieueHue
XOpOILIEero 0TBoAA nuiama. PezepByapsl Takol (OpMbl UCHIOJIB3YIOTCS B KOMMYHalb-
HBIX YCTAaHOBKAX JJIT OYMCTKHU CTOKOB. [lmmanpudeckuii pesepsyap (puc. 16.1, B) mo
CPaBHEHUIO C pe3epByapaMu BBILICOMUCAHHBIX (DOPM CO3HAET XYALIUE YCIOBHS IS
nepeMenmBanus cyocTpata u u3-3a OOJBIION MMOBEPXHOCTH KOHTAKTa cpejl TpeOyeT
OoJiee BBICOKMX 3aTpaTr Ha yJajJeHUE 0CaJka U pa3pylIeHUE TJIaBaroIeil KOPKHU, U4TO
CBA3aHO C YBEJIMYEHHMEM pacxojla 3HEpruu Ha nepememmBanue. K ero nmpenmyuie-
CTBaM MO’KHO OTHECTH OTHOCHUTEJIBHO IPOCTYIO TEXHOJIOTUIO U3TOTOBJIEHUS, UCIIOJIb-
3YIOIIYK0 OIBIT CTPOUTEIBCTBA €MKOCTEU IJISI CEJIbCKOXO3AMCTBEHHBIX Lieneu. [{u-
JUHJIPUYECKHUI pe3epByap MOXKHO pa3[eiauTh Ha JBE WJIM HECKOJIBKO Kamep (puc.
16.1, r). IIpu Takoit KOMIIOHOBKE HE TOJBKO OTIAIAET HEOOXOIUMOCTh B TEIJIOU30-
JSUMKA HApY>KHBIX CTEHOK pe3epByapa, HO W YJIydllaeTcs TeIUlonepeaaya Mexy
o0erMH KaMepaMu 4Yepe3 NEePEropojKy, BBHIITOJIHEHHYIO M3 TEIJIOMPOBOJHOIO MaTe-
puana. BMOHTMpOBaHHOE B 3Ty NEPErOPOAKY HArpeBaTelIbHOE YCTPONCTBO JAET J10-
MOJIHUTEJIbHbIE KOHCTPYKTHMBHBIE M B3HEPreTHUECKHe MpeumylnecTBa. buopeakrop
MOXeT ObITh KyOnueckoi ¢opmsl (puc. 16.1, n). Takoit peakTop MOKHO Takxke pas-
JIEUTh Ha JIBE YACTH: IJIaBHYIO OpPOJIUIIbHYIO KaMEpy U KaMepy Jisi OKOHYATEIbHOTO
sTana COpaKMBaHUS U OCAKICHHUS IILJIaMa.

VY CTaHOBKM 3TOrO THIIA HE MO3BOJISIOT MOIY4YaTh BBICOKYIO CTEIIEHb pa3iloxKe-
HUS CyOCTpara, Tak Kak B HUX HE 00CCIICUMBACTCSI HU PABHOMEPHOE MEepEeMEIINBAHUE
MaccChl, HU YIIpaBJIEHUE 3arpy3Koi pabodero oobeMa peakTopa U BpEeMEHEM MpeObl-
BaHUS MacChl B PEaKTOPE, 4TO HEOOXOAUMO JUIsi MaKCHMAaJIBHOTO BBIX0/a ra3a. Pas-
pYIIEHUE TUIABAIONIEH KOPKH M OCaJKa CBSI3aHO C OOJBIIMMH SKOHOMUYECKUMHU 3a-
TpaTamMu. B ropuszoHTanpHOM pesepByape (puc. 16.1, e) cyGcrpar nepemeniaercs B



POAOJIHLHOM HampaBiieHnu. HakiIoHHOE pacrmolioskeHre MpoA0IbLHOM OCH pe3epByapa
o0jier4aer CTeKkaHWe IjlaMa IO HampaBlIEHUIO K BBITPY3HOMY OTBEpCTHIO. Takas
KOHCTPYKITUS YI00HA JIJIS pa3MEeIIeHHs MPOCTEHIIIET0 MepeMEeIInBalOIEero MeXaHu 3-
Ma. buopeaktop B Buje BRIPBITOI B TpyHTe TpaHieu (puc. 16.1, ) mo3possetr obpa-
OaTbIBaTH OOJBIIME KOJMYECTBA cyOcTpara. B kauecTBe CTpOMTEIHHOrO MaTephaia
UCTIONB3YIOT, Kak mpaBmio, 6eToH. Hambomee mpocT B M3rOTOBJICHUN U JKCILTyaTa-
A OMOPEAKTOp MWJIMHIPUIECKOW (hOPMBI, YCTAaHOBJICHHBIA TOPU30HTAIBHO (pHC.
16.1, k). Bcro eMKOCTh MOKHO pa3[ieuTh Ha HECKOJIBKO Kamep, UCKIIOYNB TEM Ca-
MBIM BO3MOXXHOCTh KOHTaKTa CBEKET0 HABO3a C BHITPY’KAEMBIM IIIJIAMOM, YTO OYCHBb
B)KHO JIJIS 3aIUTHI OKPYKAIOMIEH CPEIIbI.
a) 6) B)
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Puc. 16.1. KoncrpykrusHbie (pOpMBI OHOPEAKTOPOB:
a — stifieoOpasHast ¢ pacIIMPEHHbIM JHOM; O — HMIMHAPUYECKask BEpTUKAIbHAs C KOHHYECKUM
JHUIIEM; B — [IWIMHIPUYECKAasl BEPTUKAJIbHAS C 3aTPy3KOU M BBIIPY3KOM U3 BEPXHEHN 30HBI;
I — IWJIMHAPUYECKas BEPTUKAIbHAS C 3aTPY3KOH M BBITPY3KOM M3 HUYKHEH 30HBI;
1l — DWJIMHAPUYECKask BEPTUKAIIbHAS IBYXCEKIIMOHHAS C 3arpy3KOM B HUYKHEW 30HE U BBITPY3KOU
U3 BEpXHEW 30HbI BTOPOH CEKIINU; € — [IMITNHIpUYECKast TOPU30HTAIbHAS C HAKJIOHOM;
K — TpaHIIIEeHAs C TUTABAIOIITUM MTOKPBITHEM; 3 — MIapoo0pa3Hast; u — siieoopasHas
C pacIIMpEeHHON BepXHeH 4acThlO; K — FTOPHU30HTANIbHAS CEKIIMOHHAs

YT0oObI MOYyYHUTh HEOOXOAUMYIO JIJIsl TIpoliecca OpOXKEHUsl TeMIepaTypy U IO
BO3MOXXHOCTHU IIOJAEPKUBATh €€ Ha IIOCTOSIHHOM YPOBHE, CIEAYyEeT NIPEXIAE BCEro
[0JIOrPEBaTh MOIABAEMBII B peakTop cyOcTpaT 10 HY>KHOM TeMriepaTypsbl. JlononHu-
TEIbHBIA MOABOJI TEIUIAa HEOOXOAUM JIJIsl KOMIIEHCAIIMU TEeIUIOBBIX MOoTeph. [lockomb-



Ky Mepenajbl TeMIepaTypbl OTPUIIATENIEHO BIUAIOT Ha X0 OMOJOTHYECKOro Mpolec-
ca, He00XOJJMMO COYETaTh MOJIBOJ] TEIJIa C UHTEHCUBHBIM MEPEMEITUBAHUEM.

B kauecTBe HarpeBareiIbHBIX JIEMEHTOB Yallle BCETO MPUMEHSIOT TpyOdaThie
TEMJI000MEHHUKH PaCIOiOKEHHbIE BHYTPH peakTopa B BUje 3MeeBuKa (puc. 16.2, a).

TenmoHocuTeneM CIyKUAT ropsiaasi Boga temieparypoit okoso 60 °C.
a) 0)
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Puc. 16.2. Cnoco6s1 o0orpesa 6mopeaxropa:
a — ropsiuei BOJOM M0 3MEEBUKY; O — ropsiueii BOJOM € MOMOIIBIO CEKIIMI pagruaToOpOB;
B — C MIOMOIIbIO pyOaIliKy ropstueil Bozpl, 010rpeBaeMoi AJIeKTpOHArpeBaTeIsIMU; I — SJIEKTpUIe-
CKHMH TEIUIONPOBOAAMY; 1] — OJIOTPEB CyOCTpaTa B TEINIOOOMEHHUKE BHE OMOPEaKTOpa;
€ — MOJ0rpeB MOAABAEMOro B OMOPEaKTop cyocTpaTa OCTPhIM MapoM MIIU ropsiueil BoJon

Jl;1st HeOOMBIIUX PEAKTOPOB C MEPEMEITUBAIOIIUMH YCTPOUCTBAMH MOYXHO HC-
MOJI30BaTh TEIUIOOOMEHHBIE HArpeBaTeNbHBIC AJIEMEHTH (IMJIWHIAPHYCCKUEC WU
MJIOCKUE TEMII00OMEHHUKH ), Yepe3 KOTOPhIE TPOKAYMBAIOT TOPSIYIO BOAY M KOTOPHIE
MO>KHO BBIHUMATh U3 peakTopa npu ero ounctke (puc. 16.2, 0).

DnekTpooborpeB (puc. 16.2, B, r) TpedyeT MHOTO 3JEKTPOIHEPTUU U MOXKET
OBITH MCIIOJIB30BaH TOJIBKO JJIs1 HEOOJIBIIMX OMOPEaKTOPOB.

HarpeBaTtenu, BCTpOeHHBIE B CTEHKHM PEaKTOpa, IEIeCO00pa3HO NPUMEHSTh
JUIIH B TOM CJIy4ae, €Clii OHM MOTYT TepeaaBaTh TEIIO cyOcTpara ¢ 00eux CTOpPOH
CTEHKH, KaK ATO MPOMCXOAUT B JIBYXKAMEPHOM PEAKTOpPE C BHYTPEHHEH MEperopo/i-
koi. [logorpeB cyOcTpara MOKHO OCYIIECTBIISATH, HEIIOCPEACTBEHHO T10/1aBasi B HETO
ropsiayro Boay uim nap (puc. 16.2, e).

PaBHOMepHYIO mepenmady Teruia cyOcTpaTa MOXHO OOECIICUHUTH C ITOMOIIBIO
TEMJI000MEHHUKOB, PacloJIOKEHHBIX BHE peakTopa (puc. 16.2, x). Ux npumenstor



TOJIKO B COYETAaHWUHU C CUCTEMOW MPUHYIUTEIBHON ITUPKYJISIIUN CyOCTpaTa, 4To Mo3-
BOJIIET HAJCKHO PETyIUpOBaTh TeMIeparypy OposkeHus. brmaromaps omHOBpemeH-
HOMY IIOJIOTPEBY W MEPEMEIINBAHUIO CBEXETO W IHUPKYJIHUPYIOIIEro-cyocTpara pas-
HUIIA MEXIIy TeMIIepaTypaMH IMOCTYIAIOMIET0 B KaMepy M YXKE WMEIOIIErocsi B HEel
cyOcTpara OymeT He3HauUUTENbHOU. PacronokeHne Temio00MEeHHUKOB BHE pabodero
IIPOCTPAHCTBA PEAKTOPa 3HAUUTEIBHO 00JIerdaeT 00CTy)KUBaHUE U PEMOHT.

Hekoropsie BapraHTHl MEPEMENTUBAHUS TSI BEPTUKAIBHBIX PEAKTOPOB TOKA-
3aHbI Ha puc. 16.3.
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Puc. 16.3. [lepememmnBanue B OMOpeaKkTopax:
a — IIpU NepeIBUKEHUH Tras3roipaepa; 0, B — MEXaHUYECKOM MEUIaJIKO|; T — HAcOCOM (BBITpYy3Ka
HaJl KOPKOH); T — HACOCOM (BBITPY3Ka MOJI KOPKOil); € — MEXaHHMUECKOW MEIAIKON U CTPYSIMH
AKHUJIKOCTH; % — OMorazom; 3 — OMOra3oM U LHUPKYJSAILMEN JKUKOCTH; U — OMOTa3oM U KUKOCTBIO

B 6uopeakrope-raszromnpaepe (puc. 16.3, a) ¢ uiaBaromeii BepxHei ra3o0Boi Ja-
CTBhIO MEpPEMEIINBAHUE OCYIIECTBISIOT C MOMOLIBIO MPUKPEIUICHHBIX K IOJBHKHOM
4acTu OMOpeaKTOpa-ra3rojibjepa IIACTUHOK, PACIIOIO0KEHHBIX MO/ Pa3HbIMU yTJia-
MU.

Memanku (puc. 16.3, 6, B) MOXHO 3(PPEKTUBHO U C JOMYCTUMBIM PACXOJ0M
SHEPTUU TIPUMEHSTH JJI pabOTh HEOONBIIUX PEAKTOPOB MPU UCIIOJIH30BAHUU TSIKe-
JIBIX CyOCTpaTOB.

Conep:kuMoe KpYITHBIX PEaKTOPOB, B OCOOCHHOCTH IMUIMHAPUUECKOU (POpMBI,
MOHO MEPEeMENINBaTh T'UIPaBINYECKUM criocooom (puc. 16.3, r—e), T.e. Ipu MOMO-
M CTPYH JKHJIKOCTH.

Xopomiero mnepeMenrBanus MOXXHO JOOUTHCS, HarHETasl TMOJY4YCHHBIA B pe-
3yJbTaTe OposkeHHs Ta3 B xuAkui cyoctpar (puc. 16.3, x—u). OgHako npu 3ToM



cyOcTpaT He JIOJDKCH 00J1ajaTh CIMIIKOM OOJBIION BSI3KOCTHIO M OBITh CKJIOHHBIM K
00pa30BaHUIO TUIABAIOIICH KOPKH, B TIPOTUBHOM CIIy4ae CJIEAYET MOCTOSHHO yIasTh
BCIUTBIBAIOIINE YACTUIBI WM OTICNIATH KPYIHBIC YaCTHUIIBI TBEPAOTO MaTepualia OT
cyOcTpara nepe/| MoCTyIICHUEM €ro B peakTop.

Crioco6 xpaHeHHUs Ororasa 3aBHCHUT B MEPBYIO OUEpelb OT TOTO, JJIs KaKuX Ie-
Jiei OyJieT Ncnosb30BaH onoras. Eciiu nmpeaycMoTpeHo mpsiMoe CKUTaHUE B TOpPENIKax
KOTJIOB MJIM B TQ30TE€HEPATOPAX, TO OOJBINNE Ta3rOJIbACPHl HE HYXKHBI. B 3TOM ciydae
OHH HEOOXOJMMBI JUISI BEIPABHUBAHUS HEPABHOMEPHOCTH T'a30BBIJCIICHUS M YJTydIlie-
HUS TEM CaMbIM YCJIOBHI ropenus. HekoTopeie crmocoObl cOopa v XpaHeHHs Ouorasza

noka3aHbl Ha puc. 16.4.
a 6 B) < 50 mbap
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Puc. 16.4. Cnoco0b1 coopa u XxpaHeHHus1 Ouorasa:

a — cOop 1 XxpaHeHHe OMorasza B BepxHel yacTu Ouopeaktopa; 6 — cOop Ouorasza B niaBaroreit
BEpXHEH yacTu OuopeakTopa-ra3roiyipjepa; B — cOop Oruorasa B IiaBarolieil BepXxHel 4acTH
OnopeakTopa ¢ aBTOMaTHUECKUM PETYIUPOBAHUEM JaBIICHHUS;, T — COOp M XpaHeHHe Ororasza

B BEpXHEH yacTu OnopeakTopa U B ra3rojbJepe ¢ IJIaBarolleil BepXHEeH 4acThlo («MOKPOM»);

1 — cOop ¥ XpaHeHHe Ouorasa B HaJyBHOM ra3rojbjaepe («MeIike»); € — cOop U XpaHeHue ouorasa
B Ha/lyBa€MOM Ta3roJibJiepe Mo BECOM Jpyroro MaTepuaa; >k — 3aloJiHeHle ororasa
JUTSL XpaHEHUsI B eMKOCTH C TIOMOIIBI0 KOMITPECCOpa; 3 — XpaHeHHe OMoraza B eMKOCTSIX
10JT BBICOKMM JJaBJIEHUEM

[Ipu HEOOIBIIIOM AaBICHUU OMOTa3 MOYKHO COOUpATh U XPAaHUTh B OMOPEAKTO-
pax ¢ KOJIOKOJI000Opa3HOM M TepeMelaronieiics BepxHeil yacteto (puc. 16.4, a-r), a
TaK)K€ B ra3rojibjepax, B KOTOPHIX MOJ JaBJICHHEM OHOraza yBEIMYHUBAEeTCS 00bEeM
(puc. 16.4, r—e). B npOMBIIIIEHHBIX YCTAaHOBKAaX B LESAX YMEHbIICHUS] 00bEMOB ras-
TOJIbJIEPOB OMOTAa3 B Ta3rofibJep MOCTYyMaeT Mpy MoMoInu kommpeccopa (puc. 16.4, x,

3).



B uensax uHTeHCHMUKaAMM mpolecca OpoKeHUs M MOJydeHus: Ouorasza c
HauOosiee BbICOKUM cojepkanueM CH, HaBo3 mepen 3arpy3koil B OMOpeakTop moj-

JEXKUT MOATOTOBKE. Jlydlllne pe3ysbTaThl MOIYYarTCs MPU MOArOTOBKE HABO3a C
ITOMOILIbI0 KOHTAaKTHOT'O HarpeBa yXOASIIMMH Ta3aMd OT TONKHM KoTjia. Jis 3Toro
HAaBO3 M3 CBUHAPHUKOB COOMPAIOT B IPUEMHBIN pe3epByap, Aajiee MpU MOMOIIH HACO-
ca MEpPEKAYMBAIOT B €MKOCTh Ui MOATOTOBKH. llociie yero BakyyMHBIM HacoCOM
YXOJSIIME Ta3bl MPOCACHIBAIOTCA YEpe3 Maccy, oTAaBas cBoe Teruio. HaBo3 B eMKo-
CTH MOJOTPEBaOT 10 TeMmieparypsl 54-55 °C. Kpome moporpea raszbl nepeMenin-
BalOT Maccy. s oTaeneHus KPYMHBIX NMPEIMETOB B LENSAX NPeIOoTBpAllleHHs 3aCOo-
pEHUsI HAaBO30IIPOBOJIOB M HACOCOB B pe3epByape IMepes] 3aroJIHEHUEM B HACOC yCTa-
HABJIMBAIOT CHUTO.

W3BecTHBI pa3nuyHble CHOCOOBI BBITPY3KH IIiaMa. OOBIYHO HCIMOJIB3YETCS
OJIUH U3 HauboJiee MPOCTHIX croco00B — nepenuB. [Ipu nogade cBexero HaBo3a ypo-
BEHb IIUIaMa B OMOpPEAKTOpE MOJHMMAETCS M 4Yepe3 MEpesIMBHYI0 TpyOy IjlaM BbI-
rpy’KaeTcsi B eMKOCTb JUIsl €ro coopa.

16.2. YcTaHOBKH /1J151 IPOU3BO/ICTBA fUorasa

CymiecTByeT HECKOJIBKO CHCTEM IMOJIydeHHs Ouorasa: MpoTOYHas, C IMomepe-
MEHHBIM HCITOJIb30BAaHHEM PEAKTOPOB, C HAKOIUICHHEM Ta3a U 1niama (puc. 16.5).

B mpotounoii cucteme (puc. 16.5, a) cybcTpaT 3arpykaroT B peakTop HEmpe-
PBIBHO WJIM Yepe3 KOPOTKUE OTPE3KU BpEMEHU (HampuMep, €XKeCyTOYHO), yaajss co-
OTBETCTBYIOIIMIA 00beM InTaMa. [IpM onTHManbHBIX yCIOBHSAX (3arpy3ka HaBo3a,
Temneparypa OpoKeHHUs U Jp.) NPOTOYHAs CHUCTEMa IO3BOJISIET MOJYyYUTh MaKCH-
MaJIbHBII BBIXOJ Ta3a.

[Tpu momepemenHoMm wucmonb3oBanuu (puc. 16.5, 0) peakTopoB mporecc mpe-
PBIBUCTBIM M MPOTEKAeT HE MEHEE YeM B JIBYX OJMHAKOBBIX IO pa3mepam u (Gopme
peakTopax. B ciyuyae exxecyTOUHOM 3arpy3Ku CBEXEro cyocTpara peakTopbl mpu 00-
pa30BaHUM OMPEAEICHHOTO KOJUYECTBA IMIJJaMa TOMEPEMEHHO 3alOJHSIOT CBEXKUM
CyOCTpaToM W MO UCTEUEHUH 3aJJaHHOTO CPOKa OpOXKEHHUS OTOPOKHAIOT Tak, YTO B
HUX OCTAeTCs TOJBKO 3aTPaBOYHBIN 1LJIaM. DTa cucTema TpeOyeT 0oJibiiero paboyero
o0Bema, yem npotovHas. Hanuuaune rasronbaepa 00s13aTeNbHO.

Cuctema ¢ HakoruieHHeM rasa u nuiama (puc. 16.5, B) mpemxycmarpuBaet TOJb-
KO OJMH >KMJIKOCTHBIN PEakTop, KOTOPbIN SBJIAETCS OpOAMIIBHON KaMepod W Hakal-
JMBAET LUIaM /10 MOMEHTA BbIBO3a Ha moJje. [103ToMy peakTop HHUKOI/a HE OMOPOXK-
HSIIOT MOJIHOCTBIO, OCTATOK IIIJIJamMa CITY>KUT 3aKBAaCKOM JJI1 HOBOM MOpLMH cyOcTpaTa.
[Ipu HempepbIBHOM Mojaue CBEXKEro cyoOcTpaTra MOCTOSHHO YMEHBIIAETCs KOJnye-
CTBO BPEMEHH, OTBOJUMOTrO JiJIsl OpokeHus. B pesynbrare 3TOro ra3oBblil MOTeHLIHAT
HAKOMUBIIEHCS B pEaKTOpEe MacChl UCMOIb3YETCS HE TIOJTHOCTHIO.
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Puc. 16.5. Cucremsbl nostyyenusi 6uorasa:
a — IpOToYHas; 6 — C MONepPEeMEHHBIM HUCIIOJIb30BAHUEM PEAKTOPOB; B — C HAKOTIIEHUEM

M HAaKOIUJICHUA IIJIaMa, 5-— 3allOJJHCHUC, 6— CYTOqHLIﬁ BBIXO/] I'a3a

B Hacrosiiee BpeMs CO3JIaHbl IPOMBIIUICHHBIC OMOTra30BbIe YCTAHOBKH. Tex-
HOJIOTHUYECKasi CXeMa YCTaHOBKHU 10 TIepepadoTKe HaBo3a B OMOra3 U KOPMOBBIC JIO-

0aBKu TIpejicTaBiieHa Ha puc. 16.6.

16.3. Ikcmryaranus 0MOIHEPreTHYECKUX YCTAHOBOK

HaunGonee BaXHBIM MPHU SKCIUTyaTallMd OMOPHEPTETHYECKUX YCTAHOBOK SIBJISI-
eTcst mportecc mycka. [Iporecc mycka OuopeakTopa — 3TO Mepuo, Korja B OMopeax-
TOPE CO3/Aa€TCsl aCCOIMAIINS MUKPOOPTAaHU3MOB, CIOCOOHBIX K IMOCTOSHHOMY OCY-

IIECTBJICHUIO KOHBEPCUHU OPraHUYECKOTo BelllecTBa ¢ oOpa3oBaHrueM Ouorasa.
CyIecTBYIOT CIeAyOIIe OCHOBHBIE METO/IbI ITyCKa:



a) BBeleHHE B OMOPEaKTOp aKTUBHOW 3aKBACKH M3 HOPMAJBHO JIEHCTBYIOIIETO
OuopeaxkTopa;

0) nmoOaBiieHHE peareHTOB (M3BECTH, YIJICKUCIIOT0 aMMOHMS, IIeJIoUeH U T.1.),
00eCreYnBAIOIINX ONTUMATBHBIE YCIOBHS JKHU3HEICATEIBHOCTH aHa’po0-
HOU MUKPOQIIOPHI;

B) 3allOJHEHHE OMOpPEaKTOPOB CBEKMMH HABO3HBIMU CTOKaMH, KOTOPBIE CO-
JepKaT aHa’pOOHBIE MUKPOOPTaHU3MBI, B TOM YKCJIE U METaHOOPA3yIOIINE;

') 3arojHeHHEe OMOpPEaKTOPOB TEIUION BOJOM M TMOCTENEHHOE N00aBleHHE B
HEe HABO3HBIX CTOKOB;

1) 3arloJIHeHHE OWOopeakTopa TOpSAYMMM Tra3aMd W TOCTENECHHAs 3arpys3ka
HABO3HBIX CTOKOB;

€) 3alO0JIHEHHWE ONpENEJIEHHOM JacTh o0beMa OMOpeakTopa HAaBO3HBIMU CTO-
KaMHM, TOJJIepKaHhe HEeraTyOOKOTO BaKyyMa M IOCTEINEHHOE q00aBlicHHUE
CBEKHMX HABO3HBIX CTOKOB.
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Puc. 16.6. TexHosoruyeckasi cxeMa yCTAHOBKH MO0 NepepadoTKe HaBo3a B 6uoras
U KOPMOBBbIE 100aBKH:

1 — mocTyruieHne TBEPIOTO HaBO3a M3 OTKOPMOYHBIX MPEANPUATHH; 2 — pacXOJHBIN CKJIa HABO3a,
3 — pe3epByap-HAKOMUTEIb JJIsI TPUTOTOBJICHHS HABO3HBIX CTOKOB; 4 — KOHBEHEpHas YCTAaHOBKA,
5 — BoJoHarpeBarenb; 6 — METaHTEHK; 7 — Ta3rojiblep; 8 — pe3epByap s JKUIKOTO 0CATKa;

9 — menTpudyra; 10 — rurormaaka it cymku ocaaka; 11 — ¢yrar; 12 — 6uora3s i UCIIOJE30BaAHUS;
13 — 3eMyenenbUecKue Mos

OOmMM 171 BCeX METOJIOB IMyCKa SABJISIETCS MOJJEPKaHUE MO BO3MOKHOCTH
ONTUMAJILHBIX YCIOBUH KHU3HEACITETFHOCTH METAHOOPA3YIOIINX MHUKPOOPTaHH3MOB.
Meron a) siBisieTcsa caMbIM MPOCTBIM U 3P ekTuBHBIM. KonnuecTBo nobaBisieMoit
3aKBACKU MOXET OBITh Pa3HBIM B 3aBUCHUMOCTH OT COCTaBa ChIpbs. Tak, Hampumep,
JUTSI TTycKa OMOPEaKkTOpOB CO CBMHBIM HaBO30M B TepMmodriibHOM pexume (54 °C) B
OuopeakTop J00aBIAIOT 3aKBACKY W3 HOPMAJbHO JEHCTBYIOIIETO OMOpeakTopa mpH
54°Cu BOB =5 cyrt. , cocraBussiiyto 5, 10, 20, 25, 30, 50% ot coaepxaHust cBexe-
ro HaBo3a. BrieneHue Ouorasa HAaYMHAETCS YK€ B TIEPBBIE CYTKH, OJHAKO IPHU
oonpmux go3ax (25-50 %) ono mpoucxoauT OoJice MHTEHCUBHO YK€ B Havaje cOpa-



’KMBaHUS 10 CPABHEHHUIO C TAKOBBIM TIPU MaJIbIX J03ax 3akBacku (5-20 %). [Tpu no3e
3akBacku 25 % mpoiiecc OpOKEeHUS HAYMHAETCA JOCTATOYHO MHTEHCUBHO U YBEJU-
yeHus 1036l 3aKkBacku 10 50 % He Tpedyercs.

KoHTponb 3a nmporeccoMm MeTaHOBOTO OpOKeHUsSI HEOOXOAMMO BECTH MOCTOSIH-
HO C MOMOIIBIO KOHTPOJIBHO-U3MEPUTENBHBIX MPUOOPOB U MyTeM O0TOOpA U aHAIIM3a
npo6. YmpaieHrue mpoueccoM J0HKHO ObITh aBTOMATU3UPOBaHHBIM. O HapyllleHUU
mpoIrecca OPUEHTUPOBOYHO MOXKHO CYIUTH IO M3MEHEeHHWi0 PH B OmopeakTtope u

yBenuueHuto coaepxanus CO, B buorase.

16.4. Ucnnoib30BaHHE MPOAYKTOB METAHOBOT0 OpOKeHUS

B mpormecce MeTaHOBOro OpOKEHHs CENbCKOXO3SIMCTBEHHBIX OTXOAOB IOJY-
YaloT /IBa OCHOBHBIX MPOJYKTa — OMOTa3 U NMepedpoKeHHBIN 111aM, KOTOPbIE MOYXKHO
ucnoib30BaTh. K 0OCHOBHBIM KOMIOHeHTaM Ouorasa otHocstess CH, u CO,, coor-

HOLIEHHE KOTOPBIX 3aBHCUT OT MCXOJHOIO CyOCTpaTa M XapaKTEpHCTHUKHU Ipolecca
OpoxKeHHus (TeMIepaTypbl, BPEMEHH NPEObIBaHMS MAcChl B PEAKTOPE, A03bl 3aTPY3KH
paboyero mpoctpancTBa). Kpome 3TMX KOMIOHEHTOB OHMOra3 COAEPKUT HE3HAYH-
TenbHbIe KoaudectBa H,, H,S u N, (Tabn. 16.1).

Tabmura 16.1
COCTaB H XapaKTEPUCTUKaA 6noraza

XapakTepucTHKa Kommnonents! 6uorasa buoras
N, CH, CoO, H, H,S [(60% CH,+
40 % CO,)
O0bemuas gomnst, % <3 55-70 | 26-44 1 1 100
Tennora cropanus, MJIx/m° 35,8 10,8 22,8 21,5
[Ipenen BocriameHsseMocTH, % 5-15 4-30 4-45 5-12
Temnepatypa Bocrmamenenus, °C +65... +585 +650...
+750 +750
Kpurnueckoe nasiienue, Mlla 47 7,6 1,3 3,9 7,5-8,9
Kpurnueckas remneparypa, °C -82,5 +31,0 0,09 +100 -25
HopwmanbHast ioTHOCTS, 1/ 0,72 1,98 31 1,54 1,2
KpuTtnueckas mioTHOCTb, I/1 102 468 0,07 349 320

OObemMHas TEIIOTa CropaHMsi, TEMIlepaTypa BOCIJIAMEHEHHUs W TIpenes BOcC-
IJIAMEHSEMOCTH ONPEIENISIIOTCS B OCHOBHOM cozepkanueM CH,, MockoyIbKy He3Ha-

yurenbHble koauuectBa H,, N, u H,S He Bmustor Ha 3Tu nokaszartenu. Kpuruue-

CKHME 3HAYCHHS JABJICHUS W TEMIICPATyphl OTACIBHBIX KOMIIOHEHTOB ITOKa3bIBAIOT,
YTO CKIDKEHHE OMorasa HelenecooopasHo.

HauGoinee npocTeiM criocoO0OM SIBISIETCS CKUTaHuEe Ouora3a B ra3oBbIX TOpeli-
KaX, TaK Kak ra3 MOXKHO MOJBOJUTH K HUM U3 Pe3epByapa Moj| HU3KUM JaBieHueM. B
ATOM ciiydae sl 0OecriedeHusl Ta3oM B HEOOJBIIIOM KOJIMYECTBE MOXKET OBITh HC-
MOJIb30BaH METAHTEHK C TJIABAIOIIUM MEepPEKphITHEM. J[pyroil BapuaHT — CTPOUTEIb-
CTBO METAaHTEHKA C HETIOJBHKHBIM NIEpEeKpbITHEM. Tpy0a, TI0 KOTOPOii moaeTcs 6uo-
ra3, COCIMHACTCS C Ta3roJibJIEepOM C TIOMOIIILIO0 3alIOPHOTO KJlamaHa, a Ha TpyOompo-
BOJIE, COSJUHSIONIEM Ta3roJibJiep U Ta30BYI0 TOPENKY, YCTAaHABIMBAIOT TIAMETacH-
TEJb.



bosee npeanodTuTenbHBIM SBISETCS UCIOJIb30BaHUE OHMorasa B ra3oBbIX JBU-
ratensx. [Ipu 3ToM YacTh TOIIIMBa MPEBPAIIACTCS B MEXaHUYECKYIO WIIU DJIEKTpUYe-
CKYIO DHEPTHI0, YaCTh YHOCUTCS BMECTE C OXJIAXKIAIOMIEH BOJIOM U BBIXJIOMHBIMU Ta-
3amu. Eciu ucxoauTe U3 TEIIOBOTO OajaHca ra3oBOrO JBHUTaTeNsl, TO MOXHO CYU-
TaTh, YTO Ha MOJIE3HYI0 MEXaHUYECKYI0 paboTy pacxoayercs 20-25 % Teruia, BBO-
IUMOTO B JBUTaTeNb. OCTanbHOE TEIUIO Ta3a YHOCHUTCS ¢ oxXJlaxaaroniet Bojoit (30—
38 %) u BeIxsomHbIMU Tazamu (38—30 %).

Ot aBurarens oxnaxnpawoomas Boaa temneparypor 70-90 °C moxer OBbITh
HaIlpaBJjeHa N0 LHUPKYJISLHUOHHON CUCTEME B OMOPEAKTOPhI WM B CUCTEMY BOJSHO-
ro OTOIUIEHUS U ropsyero BogocHaOxeHus. [locie oxiaxaeHuss Boja CHOBa BO3Bpa-
maercss B ABUrarenb. [Ipu Takol cHCTEME MOYTH BCE TEIUIO OXJIAXKIAKOUIECH BOIBI
MOXKET OBITh HCIOJIB30BAHO, 33 HCKJIIOYEHHEM MOTeph B TpyOax (HE MpPEeBBIIIAIOT
10 %). Ot xaxmoro 1 m® rasa ¢ temmorBopHOCTBEIO 6 000 KKam MOKHO IIOTy4YHTh
1 500-2 000 xkax Temina U3 CUCTEMBI OXJIAXKICHU.

HayuHble ucciieqoBaHusi, SKCIEPUMEHTHI M IPOU3BOCTBEHHBIN OMBIT TTOKA3bI-
BAIOT, YTO OMOra3 3KOHOMHUYECKH 1€1ecO000pa3HO UCMHOIb30BaTh B Ia303JEKTPOreHe-
paTopax, mpu ToM cxkuranue 1 m° Guorasa 1mo3BojseT BhIpaboTath 1,6-2.3 kBT u
ANEeKTpo3HEPrun. I(P(HEKTUBHOCTH TAKOrO crioco0a yTUIM3alMKU Orora3a rnoBbIIIaeT-
Csl 3a CUET peKyIepaly TEeIJIOBON SHEPTUH, 00pa3yrolencss B TEXHOJIOTHYECKOH 11e-
4, JJ11 000rpeBa METAaHTEHKA.

OCHOBHBIMM MpPHUMECSIMU B OMOrase, mojay4yaeMoM IpH METAHOBOM cCOpakKHBa-
HUU OOJIBIIMHCTBA OTXOMOB, SIBISIOTCSA IBYOKHCH yriaepoma CO, um cepoBomopon

HZS . HpH HCIIOJIBL30BaHNH OMoTasa B KaueCTBE TOIUIMBA B 3aBHCHMOCTH OT COOTHO-

IIEHUS] KOJMYECTBA BO3yXa W KOJUYECTBA TOIUIMBA B TOIJIMBHOM CMECHU CEPOBOJIO-
pPOJI TIPU OKHUCJIEHHH 00pa3yeT CEpHYIO MM CEPHUCTYIO KUCIOTY. O0€ KUCIOThI BbI-
3bIBAIOT CHJIBHYIO KOPpPO3HIO MeETaiia, MOo3TOMY HeoOXoJuMa OYMCTKa Ouorasa ot
CEpPOBOJIOPO/A TEpE]] MCHOJIb30BAHMEM €ro B KauyecTBE TOIUIMBA MJisi JABUTAaTeNen
BHYTPEHHET0 Cropanus. J[Byokuch yrieposia u cepoBOJOPOJ YAAISIOT U3 OMorasa c
MTOMOILBIO «MOKPOW» OYMCTKH, IIETOYHOM OUMCTKH, )KUIKOCTHON abCOpOLMH, CYyXOil
OUYMCTKH B CKpyOOepe 1 HalopHOM cenaparuu.

Bomnpochel k ri1aBe 16

1. OcHOBHBIE Y3JIbI M CUCTEMBI OMOPEAKTOPOB .

2. YCcTaHOBKH JJIsl TPOM3BOJICTBA OMOTAa3a.

3. DkcrutyaTtanusi OMOIHEPTeTUYECKUX YCTAaHOBOK.

4. Vcnonb30BaHUe NPOAYKTOB METAHOBOT'O OPOKEHUS.



17. Ucnosib30BaHUE BTOPUYHBIX JHEPIropecypcoB
17.1. Knaccudukanusi BTOPUIHBIX JHEPropecypcoB

B ob6mem ciydae noa BTropuyHbIMU 3Hepropecypcamu (BOP) nonumaror xu-
MHUYECKH CBSA3aHHYIO M (PU3MUYECKYIO TEIUIOTY, HOTEHUHUAIbHYIO YHEPIHI0 U30bITOY-
HOTO JIaBJICHHUS, COJIEPKAILYIOCS B MPOAYKIIMH, OTX0AAX, IOOOYHBIX U MPOMEXKYTOU-
HBIX MPOJIYKTax, KOTOpPbIE OOpa3ylOTCS B SHEPreTUYECKOW WM TEXHOJIOTMYECKON
YCTaHOBKE, HE HCHOJB3YIOTCS B CaMOU YCTaHOBKE, HO MOTYT OBITb YaCTHMYHO WJIH
MTOJIHOCTBIO HUCIIOJIB30BaHbI I SHEProo0eceueHrs JPYruX MpPOLECCOB, YCTAHOBOK.
MOXHO CYuTaTh, 4TO BTOPHUYHBIE TOIUIMBHO-3HEPTETUYECKUE PECYPCBHl — ITO TOI-
JIMBHO-3HEPTETUYECKUE PECYPCHI, MTOIYUEHHBIE KaK OTXOAbl WM MOOOYHBIE MPOITYK-
TBI IIPOU3BOJICTBEHHOTO TEXHOJIOTUYECKOTO IpoILiecca.

OO11ue PHEPreTUUEcKue OTXOAbl — 3TO YHEPreTUUECKUN MOTEHLIMAI BCEX Ma-
TEPUAIBHBIX ITOTOKOB Ha BBIXOJE U3 TEXHOJIOIMYECKON yCTaHOBKU. KoIM4ecTBEHHO
oO1I1e SHEPIeTUYECKUE OTXO0/Ibl PAaBHBI PA3HOCTU MEXKY dHEPTUEH, TOCTYIaoEeH B
TEXHOJIOTMUYECKYIO0 YCTaHOBKY, U TIOJIE3HO UCIOJIb3yeMoil aHeprueit. OOiue sHepre-
TUYECKUE OTXO/BI MIOIPA3AEIIA0T HA TPU IIOTOKA:!

a) Hens0eXHble OTEPU SHEPTUU B TEXHOJIIOTUYECKOM arperare;

0) PHEpPreTUYECKUE OTXOJbl BHYTPEHHETO HCIOIb30BaHUSA — HEPreTHUYECKUE OT-
XO/JIbl, KOTOPBbIE MOTYT OBITh BO3BpAIleHbl OOPATHO B TEXHOJOTUYECKHI arpe-
raT 3a CYET PETCHEPALMU WIM PELUPKYJALUN U B PE3YJIbTATE COKPALIAIOT KO-
JIMYECTBO MOJABEICHHOW SHEPTUU B TEXHOJOTHYECKUI arperar;

B) DHEPreTUYECKUE OTXOJbl BHEIIHETO MCIOJIb30BAHUS — DHEPreTUYECKUE OTXO-
Ibl, TIPEICTABIISIIOLIME COO0I BTOPUYHBIE SHEPTETUUECKHUE PECYPCHI.
[IpyHIMNMaNbHAsA CXeMa HMCHOJIB30BAHMS JHEPrETUYECKUX PECYPCOB B YCTa-

HOBKax MCTOYHMKaX BOP u pacnpeneneHuss 3HEPreTHYECKUX IMOTOKOB MPH yTHIIN3a-
nuu BOP nokaszana Ha puc. 17.1.

JIns XapakTEepUCTUKU BTOPUYHBIX 3HEPrOpeCypcoOB, INMPUTOAHBIX I HEIO-
CPEICTBEHHOTO HCIIOJIb30BaHUs 0€3 MpeoOpa3oBaHUs SHEPrOHOCUTEINS, TPUMEHSIOT-
cs mokasarenu: Beixoq BOP, pakrnueckoe ucnonszoBanue BOP (koaddurueHT mo-
Tpebnenust BOP), peseps yrununzanuu, BO3MOKHas U (pakTHUeCKast 3KOHOMUS TOTLIU-
Ba 3a cueT BOP, koapduument yrunuzanuu BOP.

Boixoag BIP — xonmnuectBo BOP, 00pa3ytomuxcs B mpoliiecce Npou3BOICTBA B
JAHHOW TEXHOJIOTUYECKOW YCTAaHOBKE 3a €MHUILY BPEMEHH.

Koa¢ppuuuent BoipaboTku 3a cuer BIP — orHomenue axkrudeckoil (mia-
HUPYEMOM) BBIPAOOTKM K SKOHOMUYECKH LIENECO00pa3HOil (BO3MOKHOM).

Bo3moxkHasi BeipaboTka 3Hepruu 3a cuer BOP — 310 MakcuManbHOe KoIHue-
CTBO TEIJIOBOM, DJIEKTPUUECKON IHEPTUM WIIA XOJIOAA, KOTOPOE MPAKTHUYECKA MOMKET
OBITH MOJyYEHO 3a CYeT JaHHOro HU Aa BOP mpu ocHameHun arperara-ncTOYHUKA
BOP cootBercTBYyIOLIEH YTHUIN3ALIMOHHOW YCTAHOBKOM C YYETOM PEXUMOB UX pabdo-
THI.

dakTHyeckasi BeIpaboTKa dHepruu 3a cueT BOP mpeacrariser coboit momy-
YEHHOE KOJIMYECTBO TEIJIOBOM SHEPIWH, XOJIOAA M DIJIEKTPUYECKON DHEPIUU 3a CUET
BOP Ha neiicTByrOIMX YTHIM3aUUOHHBIX YCTAHOBKAX.

IInanupyemasi BoipaOoTKa 3HEpruu 3a cuer BOP — KoanM4ecTBO TEmIOThI, XO-



J0/1a ¥ AJIEKTPUYECKON SHEPrUU, KOTOPOE HAMEYAETCS MOTy4nuTh 3a cueT BOP B mia-
HOBOM IIEPUOJIE NPU OCYUIECTBIICHUH IIJIaHA PA3BUTHS JAHHOTO MPOU3BOJICTBA, MPEI-
INPUATHS, OTPACIN C YYETOM BBOJIa HOBBIX, MOJACPHHU3ALNH JIEVCTBYIOIINX U BBIBOJA
U3 SKCIUTyaTalMy yCTAapPEBIINX YTHUIN3ALMOHHBIX YCTAHOBOK.

Koy¢ppuuuent yruwamzanmuu BIP — orHomenue daxtuueckoil (riaHupye-
MOi1) 5KOHOMHUHU TOIUIMBA 3a cueT BOP k skoHOMHUYECKH 1iesiecoo0pa3Hoi (BO3MOXK-
HOH).

IlonBenennas sHEpTrUsS

=
S = -
>) o
o v S
=85
=B
O D
808 2z
O'ax o
ZEE S S IMoTepu >HEprun TexHomornueckue
0RO s 85 | B oxpyxaroliyro | arperarbl-UCTOYHUKH
= a Qg’ qgg ; Cpeny JHEPropecypcoB
< =
2 &8 oK IMonesHo
283 =Y HCIIOJIb30BAHHAS
SRl SHEeprust
g S L
o =
=
B3P rorossie k BO3P,tpebyromue
HEIOCPEICTBEHHOMY YTUIN3ALOHHBIX
HCIIOJIb30BaHHIO YCTaHOBOK

m
S l. —\ —
=) Bosmorxnas
N Heuns6exHble CTAHOBKA I > B
g, HOTEPH SHEPIrUU l YTHIJIN3aTOPOB 2
v BosmoxknHoe — o
= HMCIIOJIb30BaHHEC .- — 2
& BOP =
3 DKOHOMHYECKH g
£ 000CHOBaHHBIE g g
5 MMOTEePH DHEPTH — e %
g, DKOHOMHYECKH 2
o mesecoodpasztast 3
o yCTaHOBKa m
» yTaiMsaluu | =
4 OKOHOMHYECKHU — e— OKOHOMHYECKHU =
& 1esecooopasHas —> .- ————— <4—— qenecooOpasHas S
= ucnombsoBanue BOP Pezeps BBIPAOOTKA 2
S YTHIIH3aIU °
M elicTByrome =
E{ y”ﬁ/IJ'II/ISaL%II/IOHHLIe — %
s YoTanoprH dakTHueckas =
= N ~4—— (ruraHupyemasi)
S OTEpHU BBIPAa0OTKa
= dakTruueckoe BBIPAOOTKH
> nnaanyeMolg ““““““ —

ucrnosb3oBanue BOP —

IloTpebuTens |

DKOHOMWUSI TOILTMBA 32 CYET COKPAIICHUS MOTPEOIICHUS
IIEPBUYHBIX PECYPCOB

Puc. 17.1. IlpuHuunuaabHas cxeMa MCIOJIb30BAaHUS IJHEPropecypcoB

PazHooOpa3ue TeXHOJOTuH, CyIIECTBYIOUIUX B MPOMBIIIIEHHOCTH U KWL
HO-KOMMYHAQJIBHOM XO35ICTBE, MPOLIECCOB U YCTAHOBOK MX PEATM3YIOLINX, IPUBOIUT
K MHOroo0Opa3uio BTOPUYHBIX 3HEpropecypcoB. [l omnpeneneHus: BO3MOXKHOCTEMH,
00BbEMOB U PHEPreTUYecKux AP(HEeKTOB YTUIN3ALNUU, Pa3pad0TKU TUIIOBBIX TPHUEMOB
COKpAILEHHsI HEPronoTpedeHusl NpeanpusaTueM Bce MHorooOpasue BOP knaccu-
(GUUUPYIOT MO TPEM BUAAM: TOPIOYHUE, TEIUIOBbIE U U30BITOYHOTO JIABJICHUS.

I'oproune (tomnuBHbie) BIOP — 310 comepxkamye XUMUYECKH CBSI3aHHYIO
SHEPTUI0 OTXOJIbl TEXHOJOTUYECKUX MPOLIECCOB, HEUCIIONb3YyEMbIE€ HIIM HETIPUTOIHbIE



JUTSL TajbHENIIEe TeXHOIOTHYeCKO nepepaboTKi, KOTOPbIE MOXKHO HCIOIb30BaTh B
KAa4ueCTBE TOIIUBA.

TennoBbie BOP — 510 du3nueckas TemioTa OTXOASIIMX ra30B TEXHOJIOTHYE-
CKHX arperaTtoB, OCHOBHOM, MOOOYHOM, MPOMEKYTOUHOU MPOAYKIIMU U OTXO0B IMPO-
U3BOJICTBA, TEIJIOTa pabOUYUX TEJl CUCTEM OXJIAXICHHUS TEXHOJOTHYECKUX arperaToB
U YCTaHOBOK, ropsiuedl BOJABI U Tapa, OTpaOOTaHHBIX WM MOMYTHO MOJYYEHHBIX B
TEXHOJIOTUYECKUX U SHEPTrOTEXHOJOTUYECKUX YCTAaHOBKAX.

BOP u30bITOYHOrO 1aBJeHUs (CUJIOBbIE) — 3TO MOTEHIIMAJIbHAS YHEPTHUS Ta-
30B, BBIXOJSIIIUX U3 TEXHOJIOTHYECKUX arperaToB C MOBBIIIEHHBIM JaBJICHUEM, KOTO-
poe HEOOXOAMMO CHIDKATh TMEepea JAIBHEWIINM HWCIOJIb30BAaHUEM 3THX Ta30B WIIH
BBEIOpPOCOM B aTMOCdepy.

B KOMIUIEKCHBIX 3HEPrOEMKHX  TEIUIOTEXHOJOTUSX BO3MOXHBI HUCTOYHUKHU
Bcex BUAOB BOP, mpu 3ToM mMX KiaccuUKamus MO3BOJISIET OMPEISTUTh OCHOBHBIC
HaIlPaBJICHUS UCIIOJIb30BAHMUSI.

17.2. T'oproyue BTOPUYHbIE IJHEPTropecypChl

B depHoil MeTaimypruu UCTOYHUKaMu roprouynx BOP MoryT ObITh JOMEHHBIE,
(eppociiaBHble N€4H, KUCIOPOJHbIE KOHBEPTEPHI, U3 KOTOPHIX OTBOJUTCS JOMEH-
HbI1, KOHBEPTEPHBIN a3 U ra3 (eppocCIUIaBHBIX Meyel. 3a CUET UCMOJIb30BAHUS TO-
prounx BOP nokpeiBaercst 15-18 % Heo0X0quMoro TOmIMBONOTPEOICHUST OTPACIIH.

JIOMEHHBIH Ta3 I0CJIE OUUCTKH UMeeT TerioTy cropanus 3 140-4 600 k) [x/m°
Y UCTOJIb3YEeTCs B KauecTBe TomnBa. OHAKO HE BECh JOMEHHBIN Ta3 MOXKHO IOJIE3-
HO HCIOJIb30BaTh, TaK KaK BO BpEMs 3arpy3KH Me4d 4acTh ero tepserca. OObIYHO
HEn30€KHbIE MOTEPH JOMEHHOIO raza coCTaBJsOT okojio 5 %. Iloaromy Makcu-
MaJbHO BO3MOKHOE€ MCIOJIb30BAaHUE XMMUYECKOM 3HEPrUU JTOMEHHOIO raza paBHO
95 % BbIXOnA.

[Tpu BeImIaBKE (eppoCIIaBOB B KaYECTBE BOCCTAHOBUTEINSI MPUMEHSAETCS yT-
JEPOJ KOKCHKA, KOTOPBIM B 3JIEKTPONEYH OKHUCIISIETCS 10 OKCHJA YIIIEpoJa, SBIISIO-
IIETOCsl OCHOBHOM COCTaBHOM 4acThio (eppociiaBHBIX razoB. CopepkaHUEe OKCHAA
yriaepoja B razax kosedsnercs B npenenax 65-90 %, TemnoTa cropaHusi Takoro rasa
cocrasiser 8,4-11,3 MJIx/M>, u B psje Cily4aeB OH HCIONbL3YETCS B KAUYECTBE TOII-
JUBA.

Kongeprepnsie rasel coctosT B cpeaHeMm u3 90 % oxcupa yrnepoaa u 10 %
auokcuaa yrieponaa. TemmnepaTypa ra3oB Ha BBIXOJE M3 KOHBepTepa KoJyeOJeTcs B
npenenax 1 600-1 800 °C. I'a3pl comepxaT 3HAYUTEIBHOE KOJIMYECTBO MBUTH — JI0
120-180 /M3, a B oTaensHbIX cnydasx g0 220 r/M3, mo3ToMy 0043aTeNbHO TOKHBI
OT Hee ouMinatbes. VMcnosib3oBaHUE SHEPTHMM KOHBEPTEPHBIX I'a30B 3aBUCHUT OT BbI-
OpaHHOTO croco0a X OXJIAKJICHHUS U OUYHUCTKHU.

B depHoil MeTamnypruu akTHBHO HCIIOJB3YIOTCSI CXEMbl OOOPOTHOTO BOJIO-
cHaOxeHus. TexHuueckas BoJa OTCTaWBAETCs B Oakax OTCTOMHMKA OT Macell M OKa-
JMHBI U HaNpaBJsieTCs] BHOBb B CUCTEMY TEXHHUYECKOro BojpocHaOxeHus. OTaeneH-
Hble B 0aKax HUIaMbl UMEIOT B Pa3IMUHBIX OTPACIsAX MPOMBIIUIEHHOCTH CaMblid pas-
HooOpa3Hbiii coctaB. Ha Bepx-Ucerckom metammyprudeckom 3aBone (r. Exarepun-

Oypr) coctap 1mamoB cienyromuii: WP =80+85 %; AP =5+10 %; comepkaHue



macen (roprounx BemectB) 10+15%. CoctaB maciia mo roproueid macce npuOu-

eHHO npuHUMaroT paBHbiM: H' =10 %, C" =90 %. TerioTa cropaHusi muiamoB
KpaifHe HU3Ka U He oOecreynBaeT yCcToHYnBoro roperus. [loaromy mmamer moasep-
raloT OTHEBOMY 00€3BpPEKUBAHHUIO B ITUKJIOHHBIX TOMKax (puc. 17.2), cxxuras ux coB-
MECTHO C IPHPOJHBIM Ta30M TeMriepaTypa B IIMKJIOHHON TOIKE MOICPKUBACTCS Ha

ypoBae 1 110-1 300 °C.
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Puc. 17.2. Cxema orueBoro ode3BpexxuBanns mJiaMmoB Ha Bepx-Ucerckom
MeTaJLUIypruueckoM 3aBoje:
1 — uukIIOHHAs TOMKA; 2 — ra30Bble TOPENKH; 3 — POPCYHKH ISl paCIbIIIMBAHUS 1IIJIAMOB;
4 — epexuM; 5 — GopcyHKH IS pacbUTHBAHMS BOJBI, 6 — OYHKep st cOopa IuIaka,
7 —ra3oxoj; 8 — MeHHBII ra30npoMbIBaTeNb; 9 — perynupyomui muodep; 10 — KarieynoBuTeNb;
11 — nevococ; 12 — nuHMS ToAMeca pacKaJIeHHbIX ITPOAYKTOB CrOpaHUs

B XMMHYECKOM MNPOMBIIIICHHOCTH CYLIECTBYET PSAJ CHEUUAIU3UPOBAHHBIX
MOJIOTpaciield MPOU3BOJICTBA PA3TMYHBIX BUJIOB XMMUYECKOW MPOAYKIIMH, HauOoee
SHEPrOEMKHUMH M3 KOTOPBIX SBIISIIOTCS a30THAs, XJOpPHAas, COIOBasi OTPACIH, OCHOB-
Hasi XUMHUYECKas MPOMBILIJIEHHOCTD, IPOMBILIJIEHHOCTh XUMUYECKUX BOJIOKOH, JIAKOB
Y KPACoOK, a TAKXKE IMPOMBILIJIEHHOCTh IUIACTUYECKUX Macc. [Toutn Bo Bcex oTpaciisix
XUMHUYECKON MPOMBINUIEHHOCTH 00pa3yeTcsl 3HAUMTENIbHOE KOJMYECTBO FOPIOYMX U
TerioBbIX BOP, ncnoib30BaHME KOTOPBIX UTPAET CYIIECTBEHHYIO POJIb B TOKPBITUH
MOTPEOHOCTH B TEIJIOBOW 3HEPTUU OTAEIBHBIX MPOLECCOB XMMUYECKOTO MPOU3BO/I-
CTBA.

K roprounm BOP, Hanpumep XJIOpHOW IMPOMBILUIEHHOCTH, OTHOCSITCS TEXHU-
YECKUW BOAOPO/I, JKUJKHE TOPIOYUE OTXO/IbI, 3arpsI3HEHHOE TU3EJIbHOE TOILTUMBO, (e-
HOJIBHBIE CMOJIBL, U JP.

B HedTexumMuueckoil MPOMBINIIIEHHOCTH B TEXHOJOTHYECKUX TPOIleccax Mpo-
M3BOJICTBA CUHTETUYECKOT0 Kayuyyka Takxke oOpasyrorcs roproune BOP, coctosmme
13 BOAOPOAA, PA3IMYHBIX YIIIEBOJOPOI0B METAHOBOTO U ATUIIEHOBOIO PsAA.

Jnst caxeBOro mpou3BOACTBA XapaKTepHbIMU HCTOYHHMKaMu BOP sBusitoTcs
Ca)KEBbIE PEAKTOPHI U II€UH — arperatbl COBPEMEHHOM TEXHOJIOTHYECKOU CXEMBI IIPO-
M3BOJICTBA CaXM, OCHOBAaHHOM Ha BBICOKOM PacxoJ€ yIJIeBOAOPOIHOIO ChIpbs (pHC.
17.3). Vxonsmme Tas3bl IOCIE BBIACICHUS CaXH HMEIOT CICIYIOIIMA COCTaB:
H,=7+8 %, CO=6+8 %, CH,=0,1+2,0 %, O,=2+3%, N,=40 % u



H,0=40. Xumuuecku cBA3aHHAs dHEPrusl yxoIsamux rasos cocrasisieT 30-40 %

SHEPIUU TOIUIMBA U ChHIPbs (MACIO CIIEHHUAIBHBIX COPTOB), MOJBEIEHHBIX B PEAKTOP.
VY nenbHbI BBIXOJ T'a3a B 3aBUCMMOCTH OT MapK{ Ca)Xd U MNPUMEHSIEMOrO ChIpbs CO-
crapager 40-60 m3/kr caxu. OIHAKO HCIONL30BAHUE YXOISLIMX TA30B CaXKEBOTO
MIPOMU3BOJCTBA B KA4ECTBE TOIUIMBA 3aTPYAHEHO, MOCKOJBbKY MX TEIUIOTa CrOpPaHHs
cocrasnser 1,5-2,1 M/Ix/M® 1 HaXomUTCs HIDKE MpesieNa yCTONYMBOTO TOPEHUS.
benropoackuM KOTEIBHBIM 3aBOJOM pa3padOTaHbl CIEHHAIBHBIE MAKETHO-
KOHBEKTHBHBIE KOTIHI (puc. 17.4), B KOTOPBIX CaXKEBBIH a3 CKHUTaeTCs COBMECTHO C
OPUPOJIHBIM r'a30M JHO0 Ma3yTOM, a €r0 SHEPTHUsSl UCIIONb3YETCs AJIsl BRIpaOOTKHU Ma-
pa. Bo3nyx B komtax IIKK nogorpesator 1o temneparypsl 390 °C, mostomy BO3IyXo-
NIOZI0IPEBATENTL Pa3MELIAIOT 110 XOAY I'a30B IIEpesl SKOHOMaN3epoM KOTJa.
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Puc. 17.3. Texnosioruvyeckasi cxeMa NpoU3BOJCTBA CAKH:

1 — Ten00OMEHHUK; 2 — CBIPBEBOI HacoC; 3 — Meyb JAJ1s OJI0TpeBa ChIpbst; 4 — GUIBTD;
5 — peakrtop; 6 — mojorpesarenb BO3yXa BEICOKOTO JaBJIEHUs; / — OJI0TpeBaTellb BO31yXa
HU3KOTO JTaBJIEHUS; 8 — [TOI0TpeBaTENb ChIpbs; 9 — uKIOoH; 10 — pykaBHbIE (QUIBTPBI;
11 — xoren-yrtunuzarop; 12 — ¢popcyHka Juist mojiauu Bojibl; 13 — BEHTHIIATOPHI

KonnuecTBo mpUpoIHOro rasa, nojaBacMoro B MPEATONOK il 00ecnedeHus
YCTOMUYMBOIO FOPEHHUS, MOKET ObITh PACCUYUTAHO JTUOO MO 3aJaHHOW TEIJIOTE Cropa-
HUSI CMECH CaKEBOT'O U MIPUPOJHOTO Ta3a

e}
X=—QCM Q, : (17.1)
an B QCM
00 1o 3a1aHHOM Temmepartype ra3oB t. B mpearonke (1 150-1 300 °C)
I -QF
X =T o (17.2)
QHp B Inp

rae Qp, Q,, u Q,,, — TemIoTa cropanus COOTBETCTBEHHO CaXEBOTO Ta3a, MPUPO/IHO-

o rasa M ux cMecH, kJIk/M°;



|, u |,, — SHTaNBINKH COOTBETCTBEHHO NPOAYKTOB CTOPAHHS CAXEBOTO U MPH-

POJHOTO ra3oB, kJx/Mm>.
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Puc. 17.4. TlakeTHO-KOHBeKTHBHBIN KoTesa-yTuin3arop IKK-75/24:
1 —ropenka; 2 — Tonka; 3 — mMpMsl; 4 — maponeperpenareib; 5 — 6apadaH;
6 — BO3IyXOIOIOTPEBATEINb; 7 — YKOHOMaN3ep

B nemtrono31H0-0yMakHON TIPOMBIIIEHHOCTH roprourie BOP mpencrasiens! B
BUJIE PACTBOPOB, COAEPXKAIIMX MEIbYANIINE YACTUIbI IEJUIFOIO3bI U MOAJICKAIINX
pereHepanyu 1 KOpoAPEBECHBIX 0TX0A0B. Cxxuranue 3tux roprounx BOP no3possier
Ha 60-80 % mokpeIBaTh MOTPEOHOCTH LEIUTIOIO3HO-OYMaKHBIX MPEANPUITUNA B TOTI-
JIMBHO-3HEPTreTUYECKUX pecypcax.

Hcnonb3oBaHue KOPbl U JIPEBECHBIX OTXOAOB B KaUE€CTBE TOIUIMBA TPEOyeT UX
npeaBapuTesbHOro o0e3BoxkuBaHus 10 50-55 %. 3apyOekHbIi ONBIT MOKA3bIBACT,
YTO, IPUMEHSSI COBPEMEHHOE SHEPTreTUYECKoe 000pyI0BaHUE, UCTIOIB30BAHUE KOPbI
U JPEBECHBIX OTXOJ0B MOXHO cjenath BechMa d(exkTuBHbIM. Bo MHOTHX cTpaHax
MePEBO/JI CYNIECTBYIOMIMX MNapOBBIX KOTJIOB C Ma3yTa M MPUPOJIHOTO ra3a Ha KOpy U
JPEBECHBIE OTXOIbI SABJISETCS BAXKHBIM HAMPABICHUEM PEKOHCTPYKIIMH KOTJIOArpera-
TOB, YCTAHOBJIEHHBIX B DJHEPrOTCHEPUPYIONIMX CHUCTEMAaX I[EJUTFOJIO3HO-0yMaKHBIX
npeanpusatuil. Tonbko 3a nociienqnue 3—4 roja Ha 3TU LEU, a TAKKEe Ha YCTAHOBKY
HOBBIX KOTJIOB JIJISl CXKUTAHUSI KOPBI U ApeBecHbIX 0TX0/10B B CIIIA u3pacxomoBaHo
6onee 1 mupa mosn. [logoOnas Tenaennus HabmrogaeTcss U B CKaHIMHABCKUX CTpa-
Hax.

VYneneHblii BeIxon roprouunx BOP onpenpensercs npons3BeleHHEM YAEIBHOTO
KOJIMYECTBA YHEPrOHOCUTENS HA €r0 SIHEPreTUUECKUI MOTEHIHAI



yACJIBbHBIN BBIXOJ HATypaJIbHBIX Toprouux BOP, x/[>/en. npoaykiuu,

q° =mQy; (17.3)
YAETbHBIA BBIXOJ ropiounx BOP, BhIpakeHHBIM B YyCIIOBHOM TOIUIMBE, KI' Y.T./€I.
MPOAYKINH, KT y.T./4,

p
b=m Q ; (17.4)
y
rre M — ynenbHOe KOJMYECTBO TBEPIOTO, YKHUIKOTO, ra3000pa3HOro0 SHEPrOHOCHUTE-
s, kr (M%) Ha eMHMIlY IPOAYKINH, EAMHHUILY CHIPhs (TOIUIMBA) MM B €IMHHUILY
BpEMEHH (4);
Q, — Temnora cropanus ycnosHoro Tormsa, Q,=29,33 MJLx/kr (7 000

KKaJI/KT).

IIpu ucnosnp3oBanuu roprounx BOP B cmecu ¢ BBICOKOKAJIOPUIHBIM TOIIIMBOM
(YroJbpHOM MBUIBIO, PUPOJHBIM Ta30M WA Ma3yTOM) YacTO CHIDKACTCS K. II. [I. TOT-
JUBOCKUTAIONIEH YCTAaHOBKH BCIIEACTBUE POCTA MOTEPh OT MEXAaHUYECKON M XUMHUYE-
CKOM HEIOJIHOTHI CTOPAHMS, 10 CPABHEHHUIO C pabOTON Ha BBICOKOKAJOPUWHOM TOTI-
JUBE, & TAKXKE BCJIEICTBHE OTKIOHEHUH TEMIIEPaTYypPHBIX PEXKUMOB OT pPACUETHBIX.
Jlist ydaera 3TUX 00CTOSATEIBCTB BBOAUTCS MOMPABOYHbIA KOAP(GULIHEHT a. Y Iemb-
HBII BBIXOJ HaTypalibHbIX roprounx BOP, k/[x/ex. npoxykiuu,

q" =amQy. (17.5)
Jlnst pacyeTa & UCMOJIB3YIOT COOTHOLIEHUE
a=1-An,. (17.6)

rac AI]Y — CHMOKCHHC TCIIIOBOTI'O K. II. 1. TOHJ'II/IBOC)KI/II‘aIOHIeﬁ YCTaHOBKH.

17.3. TenjioBbIE€ OTXOABI

N3 omnpenenenus temioBbix BOP cieayer, 4To MX MCTOYHUKAMU MOTYT SIB-
JATHCS KOTEJIbHBIE YCTAHOBKM, KOHTAKTHBIE Ta30BbIE BOJIOIOAOTPEBATENN, TEXHOIO-
TMYECKUE TMeYH, PEKYyNepaTuBHbIE MapONOTPeOsSIONIMe YCTaHOBKH, amnmapartbl s
TEIMJI0BOM 00pabOTKU MPOIYKIUHU, TEPMUUECKUE U TEPMOCTATHbIE KAMEPHI, CYIINIIb-
HbIE YCTaHOBKH.

K TernoBbsIM BTOPUYHBIM SHEPIETUYECKUM PECYPCAM HE OTHOCSTCS:

a) TeIIoTa MPOAYKTOB (OTXOIAIIMX ra30B, OCHOBHOM, MOOOYHOM, MPOMENKYTOY-
HOW NpPOAYKIMM U OTXOJOB MPOM3BOJACTBA), BO3BpallaeMasi B arperar-
uctouHuK BOP 3a cuer perenepanuu uiam peuupKyIsaluy;

0) sHTaJBNUS KOHAEHCATa, BO3BPAIlaéMOT0 B MapOreHepaTopbl WIM HWCTOUYHUKU
MapoCHA0KEHUS;

B) SHTAJIBIHUS MPOJYKTOB, HANPAaBISEMbIX B CIEIYIOIIYIO CTaJAHI0O MepepabOTKU
0e3 U3MEHEHHs X apaMeTPOB U IHEPreTUYECKOTO MOTEHIHAIIA;

r') TemIoTa oOpaTHOM BOJBI B CHCTEMAaX TEIMJIOCHA0KEHUSI.

TermoBeie BOP B 3HeEproeMkux oOTpacisix NPOMBIIIJIEHHOCTH SIBJISIOTCS
HauOoJiee MpeCTaBUTEIBLHON TPYNION, HA J0JI0 KOTOpOoil mpuxoautcs 6onee 60%
NOTEHIIMaJIa SHEPrOCOEePEKEHNUS.

B uepHOii MeTauTypruu Bce JOMEHHbIE TIeYr 000pYAOBaHbl CUCTEMOM UCKYC-



CTBEHHOT'O OXJIAKJICHHS, NMPEAHA3HAYEHHON Uil 3alllMThl OT MEPErpeBa HECYIIUX
KOHCTPYKIIMI M JleTaneil, padoTalMX IpH BBICOKUX TEMIEpaTrypax, a Takxke s
NpeIoXpaHeHUs KOXKyxa U (pyHIaMEeHTa M€Y OT BO3JCHCTBUS BBICOKMX TeMIIEpaTyp.
Jlo HacTosiiero BpeMeHu Haubosee paciHpoCTPaHEHHBIM BUJOM OXJIAXKIACHUS SBIIS-
JIOCh BOJSTHOE OXJIAXKJEHUE, IIPU 3TOM C OOOPOTHOM MIJIM MPOTOYHON BOJOU YHOCUTCS
10 0,42—-0,50 I'JI>x/T 9yryHa moABEJICHHOM B IT€Ub TETIOTHI.

[Ipy1 BOASHOM OXJaXJEHUU IOBBIIICHUE TEMIIEPATYPhl OXJIAXKIAIOMIEH BOJIbI
BO M30&KaHME OOpa30BaHUS HAKWIK HAa OXJIAXKIAEMBIX DJIEMEHTAX JIOMYCKAETCS HE
6omnee yem Ha 15-20 °C. Ilpu 3TOM HE HCTOIB3YETCS OIPOMHOE KOJMYECTBO TETLIO-
ThI, OTBOJAMMOMN OT OXJIAXKJIAEMBIX AJIEMEHTOB METAJUIypTMUE€CKUX TeyeHd, BBUAY €€
HU3KOro mnoteHiuana. [lepeBosa 371eMEeHTOB TOMEHHBIX Teueld (XOJIOAUILHUKOB, BO3-
OYIMHBIX (ypM, KIANaHOB TOPSYEro AYThS) HA HCIAPUTEIHHOE OXJIAKICHHUE JacT
OOJIBITIE TEXHOJIOTHYECKUE TPEUMYIIECTBA, TaK KaK YBEIUYHBACTCS CPOK CITY>KOBI
OXJIAXKJAEMBIX 3JIEMEHTOB, COKPAIIAETCA PACXOJ OXJIAKIAIOUIEH BOIBI U, CJIEAOBA-
TEJIbHO, PACXOJ] AIEKTPOIHEPTUH HA €€ MEPEKAUKY.

Yxopsume razpl MApTEHOBCKHX IE€YEH Ha BBIXOJE U3 PETCHEPATOPOB UMEIOT
temneparypy ot 500 no 700 °C. Mcnosb3oBaHuE yXOASAIIMX ra30B ¢ TAKOW TeMIIepa-
TypOH MO3BOJISIET BhIpA0AThIBaTh B KOTJIAX-yTUIM3aTOpax Map JOBOJBHO BBICOKHUX
napamMeTpoB. IIpu BbITUIaBKE CTadu, 3HAYUTEIBHOE KOJIMYECTBO TEIUIOTHI BBIXOUT U3
neud B BUJE (PU3MYECKON TEIUIOTHl YXOASIIMX ra3oB, (PU3MUECKON TEIJIOTHI CTallu,
TEIJIOThI OXJIXKICHUS AJIEMEHTOB M€UU U TETUIOTHI IILJIaKa.

TeMneparypa yXoJsIIMX Ta30B HarpeBaTebHBIX YCTPONCTB KoyieOsieTcss B
odeHb mUpokux npenenax ot 220-250 °C mo 700-750 °C, a B mevax, HE HMEIOITUX
pekynepatopoB, nocturaet 900-1 000 °C, uro mo3BoJIseT B yTHIN3AUOHHBIX YCTa-
HOBKax BbIpaOaThIBaTh Map BHICOKUX MApaMETPOB.

B npokatHOM MpPOU3BOACTBE UMEIOTCS TEPMHUUYECKUE ME€UH, OCOOCHHOCThIO KO-
TOPBIX SBJISIETCS MEPUOAUYHOCTH padoThL. [loaTOMY BOMpOC O I1EIECO00Pa3HOCTH
YTWIN3ALUU TEIUIOTHl YXOJSIIMX Ta30B TEPMHUYECKUX NEYEH MOJKEH pellaTbCcs B
TECHOU CBSI3U C BO3MOKHOCTBIO MEPUOANYECKOTO HUCIIOIb30BaHUS YTUIN3ALMOHHOTO
napa.

B uBerHoit metamnmypruum ocHOBHbIMU BOP sBisitorcs ¢usmueckas TemioTa
MPOIYKIIMY TTOOOYHBIX U MPOMEKYTOYHBIX MPOTYKTOB U OTXOJIOB; (pr3nyeckas Ten-
J0Ta YXOJISIIMX Ta30B TEXHOJOTWYECKUX arperartoB W (Qui3nueckas TersioTa oxJa-
xaeHus neuer. TerioBsie BOP B 1IBETHON METAITypruM XapakTEpU3YIOTCS CIENY-
IOIIUMU OCOOCHHOCTSIMU: KOHIIEHTpalue 0obpiux koiaudects BOP B ogHoM arpe-
rate-uctoynuke (10 40 MBT); MOCTOSSHCTBOM peKHUMa BhIXOJa B OOJIBIIIMHCTBE CITY-
4yaeB; BHICOKOM 3albUICHHOCTBIO T'a30B PACILIABIICHHBIMU WJIM Pa3MSTUY€HHBIMHU TIPO-
JTYKTaMH YHOCA; arpeCCUBHOCTHIO YXOSIIUX Ta30B U3-3a COJICP)KAHUS B HUX CEPHHU-
CTOTO aHTUJPHUIA U PACTUIABIEHHOIO YHOCA. DTH OCOOEHHOCTH CBUJIETEIBCTBYIOT KaK
0 OOJIBIIUX TOTCHIIMAIBHBIX BO3MOXKHOCTSAX HCIMOJIb30BaHUus BOP mis sxoHOMMHM
TOTUIMBA, TaK U O TEXHUYECKUX TPYTHOCTSIX Pa3pabOTKH U IKCIUTyaTalluu yTHIIA3a-
IMMOHHOTO 000pynoBaHus. OCHOBHBIM HAMPABICHUEM HCIOJIb30BaHUS (DU3UIECKOM
TEIJIOThl YXOMSIIMX Ta30B B IBETHOM METAJUTYpIUu SIBJISETCS MPUMEHEHHUE CIECLH-
TBHBIX KOTJIOB-YTUIIU3AaTOPOB ISl TIOJYYEHHsI Tlapa 00 HarpeB BO3ayxa, UAYIIEro
Ha TOPEHUE B TEYb.

Ha npennpustusx mammHoctpoeHuss BOP cpaBHUTENBHO BBICOKMX MapameT-



pPOB 00pa3yroTCsi B OCHOBHOM B HArpeBaTEJbHBIX U TEPMUUECKUX I1€YaxX B BUJAE TEIl-
JOTBHI YXOJALIMX ra3oB U TEIJIOThl oxjdaxaeHus. Huzkonorenunansusle BOP o6pa-
3YIOTCSI B BHJIE TEIJIOTHI oTpaboTaBiero mapa aapiaeHueM 0,10-0,12 MIla ot npec-
COB M MOJIOTOB, SIBJIIIOILMXCSI OCHOBHBIMM NMOTPEOUTENAMHA TEXHOJIOIMUECKOIO Mapa
CPEIHUX [apaMeTPOB.

Hcnonp3oBanue (U3MUECKON TEIIOTHl TEXHOJIOIMUECKMX a30B Ha MHOTHUX
MPEANPUATHIX XUMUYECKON MPOMBIIUIEHHOCTH OCYIIECTBISIETCA C MOMOUIBIO Hapo-
BBIX KOTJIOB-yTWiIH3aTopoB (puc. 17.5). Tak, B mpou3BOACTBE aMMHaKa HadalbHas
TEeMIIEpaTypa ra30B, MOCTYMAIOMNX B KOTIBI-yTHIN3aTOPHI, Kojebnercss ot 900 mo
1 500 °C, B koTnax onHa cHrkaerces no 180 °C.

4 5 6

Puc. 17.5. T'opusoHTa/BHBIA KoTea-yTHIN3aTOp I'-25011:
1 — BxonHas kamepa; 2 — TpyObI aporneperpesarens; 3 — TpyObl HCTIAPUTES;
4 — mapocenapaluoHHOE YCTPOMCTBO; 5 — MOJIBOJ MUTATEIBHOM BOJIbI; 6 — MapOBOM KOJUIEKTOP;
7 — ucnapuTeNbHbIN OapabaH; 8§ — BBIXOIHAS KaMepa

KoTnbl-ytunuzatopsl cofep:kaT OOBIYHO SKOHOMAaM3epHbIe, HCHApPUTEIbHbIC
MMOBEPXHOCTU HarpeBa, u mnaporneperpeBaTeib. Y KOTIOB-YTHIN3aTOPOB OTCYTCTBYIOT
TOMOYHOE YCTPOMCTBO M BO3AyXOmojorpeBarelb. [IpoaykThl cropanust (OTXOIsIINE
TEXHOJIOTUYECKHE Ta3bl) B Ta30TPyOHBIX KOTJIAaX-yTHIM3ATOpax NPOXOIAT BHYTPHU
TpyO, pa3MelIeHHBIX B BOJISIHOM 00beMe OapabaHa. DTU KOTIbI UMEIOT CIIEAYIOIINE
JIOCTOMHCTBA: BBICOKAsl Ta30IJIOTHOCTh; HCIOJIb30BAaHUE OOJIETYEHHON TETIOBOM
U30JISIIIUU U3-32 CPABHUTEJIBHO HU3KOW TeMIIEpaTypbl CTCHKH HCIApUTEIHLHOTO Oapa-
0aHa; MPOCTOTa B M3TOTOBJICHUM M MOHTaxe. HemoctaTku ra3oTpyOHBIX KOTIIOB-
YTHJIN3aTOPOB: HHU3KOE 3HaueHue KOIPQPUIMEHTa TEIIOOTIayu TMPHU TMPOJAO0IHLHOM
JBIKCHUU Ta3a; HU3KOE JaBjeHue BbIpabaThiBaeMOro napa (kak mnpaswio, 1,4 MIla)
Y OIpaHUYEHHBIN quameTp OapabaHa; ObICTPBIA 3aHOC TBEPABIMH YACTHIIAMHU BHYT-
PEHHUX TMOBEpXHOCTEH TpyO. B 3aBUCUMOCTH OT KOHCTPYKTUBHOTO OOpMIICHHS Ta-
30TpyOHBIE KOTJIBI ST HAa TOPU30HTATBHBIE U BEPTUKAIBHBIE.

B nedrenepepadarpiBaronieil MpOMBIIIIIEHHOCTH OCHOBHBIMH TEIJIOBEIMU BOP
SIBJISIFOTCS TETUIOTA YXOSIIIMX JIBIMOBBIX Ta30B TPYOUaThIX MEYeH, TEII0Ta HarpeThiX
He(TEPOAYKTOB M TEIJIOTA OXJIAXKAAIOIICH BOABL. J[1s1 TpyOUuaThix medei OOIbIIIH-
CTBa TEXHOJIOTHYECKUX YCTAHOBOK TEMIIEpaTypa JBIMOBHIX T'a30B paBHA B CPEIHEM
400 °C, a 3a meyaMu KOKCOBBIX YCTaHOBOK M YCTAHOBOK IMHUPOJM3a OHA JOCTUTAET
600 °C. TemioTa ra3oB HCIOJIB3YETCS B PEKyIepaTopax JJjis MoJAorpeBa Bo3ayxa, mo-
JlaBaeMOT0 B TeYb MPHU CKUTAHWW TOTUIMBA, WU B KOTJIaX-yTHUIM3aTOpax JJiS BbIpa-



OO0TKH Mapa TEXHOJOTUYECKHUX MapaMeTPOB.

Huskoremneparypusie BOP Ha nmpeanpustusx MOXHO pa3ieluTh Ha Mapoo0-
pasHble, )KUJIKKE, ra3000pa3HbIe.

K mapooOpa3nbiMm Hu3koTemnepatypHbiM BOP oTHOCSATCA mapokoHIeHCcaTHAs
CMECh U BTOpUYHBIEC (COKOBBIE) maphl. MicTouHMKamMu apOKOHIEHCATHON CMECH SIB-
JISIFOTCSI BAPOUHBIE KOTJIBI C MAapOBBIMHU pyOalikaMu KOXXYXOTpYyOHBIE BOJIONIOJIOTpE-
BaTeJM, BBIMApHBIC U CYIIMJIbHBIE YCTAaHOBKH, Kalopu]epbl, CTEPUIU3aTOPhI, TPYO-
YyaThle MacTEpU3aTOPBI, 1€a3paTOPhl U IPYrUe anmnapaThl. JHEPreTUYECKUN OTEHIIU-
an (SHTAJBNNS) NAPOKOHACHCATHOM CMECH OMpEAEseTCa €€ JaBJICHUEM U COJlepxkKa-
HUEM B Hel «mposeTHoro» mnapa. CoaepkaHue B MAPOKOHACHCATHOW CMECH «IpO-
JIETHOT'O» Iapa 3aBHCHUT OT HAJIWYMUS U TUNA KOHJAEHCATOOTBOJAYHUKOB U COOIIOACHUS
TEXHUYECKUX YCIIOBUM DKCIUTyaTalllH.

K skmaxkum HuszkotemneparypHsiM BOP oTHOcATCS cOpOCHBIE rOpsiuMe U Tel-
JIbI€ BOJBI, KOTOPBIE 00pa3yroTCsl MPU MCIOIB30BAHUM Tapa B CMECUTEIBHBIX TEXHO-
JIOTUYECKUX armapaTtaXx. K HUM OTHOCHTCS TakKe OXJIaXK[Iarolasl Boja U3 pyoOariex
KOMIIPECCOPOB U KOHAEHCATOPOB XOJOAWIBHBIX YCTAaHOBOK. Boma ¢ temmeparypoi
Bbie 60 °C ycI0BHO OTHOCHUTCS K ropsiueil, a Hmxke 60 °C — k Temion.

K razoo0pa3sHbiM Hu3koTemneparypHbiM BOP oTHocsATCS yxonsmue IbIMO-
BbIE T'a3bl, OTPAOOTABIIMI BO3AYX M BEHTWISAIMOHHBIC BHIOPOCHL. MIcTOUHMKaMu JbI-
MOBBIX I'a30B SIBJIIIOTCSI KOTEJIbHbIE YCTAHOBKU U TEXHOJOTHYECKHE MEUYH, padoTaro-
IIME€ Ha ra3o00pa3HOM M XKUAKOM TOIUIMBE. DHEPreTHUYECKUIN MOTEHUUAT JBIMOBBIX
ra3oB 3aBUCHUT OT UX TEMIEPATyphl U COAEpKaHUs B HUX BOJASIHBIX mmapoB. Hanbonee
MEePCIEKTUBHBIMU I HUCMOJB30BAaHUSI B YTHJIM3ALMOHHBIX YCTAHOBKAaX SIBJISIOTCS
JILIMOBBIE Ta3bl, 00pa3yIOIIUEC IPU CKUTAHUM MPUPOJAHOTO raza, Tak Kak B HUX OT-
CYTCTBYIOT COCIMHEHUS CEPBI.

[Ipu pa3zpaboTke Meponpusatuid no yruiauszauuu BOP B nepByro ouepenp HEOO-
XOJMMO UCHOJIb30BaTh HanboJiee SJHEProéMKUE TEIJIOHOCUTEINH: MAPOKOHIEHCATHYIO
CM€Ch, BTOPUYHBIE NAPBI, YXOASUIUE IBIMOBBIE ra3bl KOTEIbHBIX YCTAHOBOK U TEXHO-
JIOTUYECKUX TICUECH.

VY nenvHbIi BeIX0 TeI10BBIX BOP, kJ[x/en. nmpoaykiuu,

q' =mAh, (17.7)
rie Ah — pa3HOCTh SHTAIBNUN 0 W TOCIE TEIUIOYTHIN3alMOHHONW YCTaHOBKH,
KJK/KT.

[Ipy yTunu3auuu TEIIOTHI YHEPTOHOCUTENS, HE MPETEPIEBAIOIIETO B TEILIO-
YTHIN3AIMOHHONW yCTaHOBKE (ha30BBIX MPEBPAIECHUMN, YAEIbHBIM BBIXOJ OMpEes-
10T, k/[x/en. nmpoaykuuu,

q" =m(ct, —c,t, ). (17.8)

[Ipy yTunuzanuu TEIIOTHl NAPOKOHAEHCATHOM CMECH €€ HadallbHas dHTallb-
nust h, kJ[K/Kr, 3aBUCHT OT aBjcHus P U comepikaHus «IpOJIETHOTO» Iapa.

h=m[h'(1-x,,)+h"x,,], (17.9)
rae X, — J0Jsl MPOJIETHOIO apa.

OmnbIT ucnonb3oBanust BOP cBunierenbcTByeT 0 ObICTpON OKyNaeMOCTH 3aTpar
Ha UCIIOJIb30BAHUE YTUIN3ALMOHHBIX YCTAHOBOK, KOTOPBIE B HECKOJIBKO pa3 MEHBIIE
3aTpaT Ha A0OBIYY SKBUBAJIEHTHOTO MO SHEPreTUYECKON IEHHOCTH KOJMYecTBa TOI-
JMBA.



17.4. Bropu4Hble 3Hepropecypcbl U30bITOYHOTO TaBJIE€HUsI

BOP nanHoro BHja xapakTepU3yHOTCS CICIYIONIUMH MapamMeTpaMu: U30bITOY-
HOE JIaBJICHUE JOMEHHOTO rasa, nepemnaj JIaBjICHU IPUPOJHOTO raza MEXIy J1aBJe-
HHEM B ra3olpoBOJIE U Y MOTPeOUTEIs, Meperal TaBiIeHUs mapa MEXIy J1aBJICHUEM B
KOTJIE U TPeOYEeMbIM JIaBJICHUEM B TEXHOJOTHUUECKON YCTAaHOBKE.

B uepHoOll MeTanmIypruu npu J0OMEHHOM MPOU3BOJCTBE BTOPUUYHBIM SHEPrope-
CYypCOM SIBIIIETCSI TOMEHHBIN a3, UMEIOUIUN HE TOJIBKO BBICOKYIO TEIUIOTY CTOpaHUS,
HO ¥ 3HAYUTENIHHOE M30BITOYHOE JIaBiacHHuE. M30bITOUHOE JaBIeHHE TOMEHHBIX ra30B
WCIIOJIB3YIOT JIJIs1 BEIPAOOTKH AJIEKTPOIHEPTHH B Ta30BBIX YTHIIM3AIMOHHBIX OECKOM-
MPECCOPHBIX TypOOoycTaHOBKax (puc. 17.6).

JloMeHHBIN Ta3 mocjae Ta300YMCTKH M OTACICHHS BJIard MOJACTCS B CMEIIMBa-
IOIIUI TOI0orpeBaTellb, B KOTOPOM 3a CUET CXKUTaHMS 4acTU JOMEHHOTO rasza oCy-
miecTBisAeTcs ero nogorpeB o temmepatypbl 100—180 °C. Bo3ayx, HE0OX0auMBbIH
JUISL CKUTAHMS YacTH JIOMEHHOTO ras3a, moJaeTcs OT JOMEHHOW BO3yXOJIyBKH C JaB-
nenueM 0,26-0,33 MlIa. ITocine cMemmBaroIIero MmoaorpeBarTesisi JOMEHHbBIN ra3 mo-
JaeTCs B Ta30BYIO PACHIMPUTEIBHYIO TYpOUHY, U3 KoTopol ¢ aaBienueM 0,015 MIla
MIOCTYIIAET B Fa30BYIO CETh 3aBO/IA.

JleTanaep-reHepaToOpHbIA arperatr MpeAcTaBisieT coO0N yCTpONWCTBO, B KOTO-
POM TIPUPOJIHBIN Ta3 UCIOIB3YETCsl B KauecTBe paboyvero tena (06e3 cxxuranus). B co-
CTaB arperaTta BXOJST JAETaHAEp, FreHepaTop, TEIII00OMEHHOE 000PY/I0BAHUE, CUCTE-
MBI KOHTPOJISI U PETYJIUPOBAHUS MapaMeTpoB paboThl. B aeTanaepe sHeprus ra3zoBo-
ro MoToKa mpeoOpaszyercsi B MEXaHUUECKyto paboTy. JlaBieHue u Temieparypa rasa
MPU 3TOM CHIDKAIOTCA. MexaHudeckas SHEpTusi, MOJydeHHasl B JI€TaHJIepe, MOMKET
OBITH MpeoOpa3oBaHa B JIEKTPUUYECKYIO SHEPTHUIO B COCIMHEHHOM C JICTAHAEPOM Ie-
Heparope.
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Puc. 17.6. Cxema ycTAaHOBKH € ra30BOi YTHJIH3AIMOHHON 0€CKOMIIPeCcCOPHOil TYpONHOIi:
1 — Bo3nyxonyBKa; 2 — JOMEHHas Neub; 3 — MbUICYJI0BUTEND; 4 — CKpyOOep;

5 — TpyObI-pacnibUIUTENH; 6 — BOJOOTACTHUTEND; 7 — 3IEKTPOPHUIBTPHL;, § — aBTOMATHYECKOE
JIPOCCENBHOE YCTPOMCTBO; 9 — CMENIMBAOIIMIA MO0TpeBaTeNb ra3za; 10 — razoBas yTriM3almOHHAs
6eckommnpeccopHast TypOuHa; 11 — anexkrporeneparop; 12 — Bo31yX Ha rOpeHHE B CMEIIMBAOLIHI
MoAorpeBaTensb; 13 — MarucTpainbs JOMEHHOIO raza



Ha puc. 17.7 npencraBiieHa TEXHOJOTHYECKasl cXeMa ra30TypOMHHOM pacripe-
JENUTENIbHON CTAHIIMM, MPEeayCMaTPUBAIOIIasi BO3MOXKHOCTh MapajuieIbHON padoTh
NETaHJIep-TEHEPATOPHOIO arperata M TPAJULMOHHOTO Ta30paclpeAcauTeENbHOTO
nyHkta (I'PIT). Yacte ra3a nmomaercs Ha JI['A, a ocTanpHas 4yacTh Tra3a MoJacTCs K
komiam 4yepe3 ['PII. IlocienHuil COCTOUT U3 YETBIPEX HUTOK, KaXJas U3 KOTOPBIX
paccuMTaHa Ha pelylHpPOBAaHHE Ira3a M0 OJHOCTYIIEHYAaTOM CXEME, IPUYEM TPU HUTKU
paccuuTaHbl Ha MOJHBIA pacxoj Kaxnaas, a ogHa — Ha Harpy3ky 30 % u sBasercs
PacTOMOYHOM.
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Puc. 17.7. Texnosiorudyeckasi cxema ra3oTypOMHHON pacnpeeuTe/IbHONH CTAHIMN:
1 — pacmupuTenbHas TypOUHa (JIeTaHIep); 2 — MOJOTPEBATENH Ta3a; 3 — ra30pacipeeTUTeIbHBINA
MYHKT; 4 — IUPKYIALUOHHBIA HACOC; 5 — IKOHOMa3ep

[Tpu napamnensHoit pabote TypOouHsl v I'PII onHa 13 ero OCHOBHBIX HUTOK pa-
0oTaeT B O€3pacXOoqHOM «ClesieM» pexxume. B ciiydae BHE3amHOTo oCcTaHOBA Typ-
OMHBI MMOTOK Ta3a nepekirovaeTcs noyHocThio Ha I'PII u aTa pe3epBHast HUTKaA niepe-
BOAMTCS Ha paboTy B pacxogHom pexkume. [Ipu stom ['PIT o6ecneunBaeT pemxytupo-
BAHUE BCEr0 pacxo/ia rasa, MOCTYIAOLIEr0 Ha CTAaHUHUIO.

TexHOIOrnYecKol CXeMOH MpeaycMaTpuBaeTCs MOJOTPEB rasza Iepes TypOu-
HOW I TOTO, YTOOBI TOCTIE TIOHUKEHUS JTaBJICHUS Ha JIOTIATOYHOM arrapare Temrie-
paTypa ra3a Ha BBIXJIONIE COXPaHSIach MOJOXHUTENbHOM. CHcTeMa MmojgorpeBa rasa
IpeCTaBisgeT cOO0M aBTOHOMHBIM KOHTYp: SKOHOMAaN3ep HHU3KOIrO JaBJICHHS, yCTa-
HAaBJIMBAEMBIN HEIMOCPEICTBEHHO HA OJHOM M3 JIECWCTBYHOLIMX KOTJOB, U JIBa MOJAO-
rpesarens rasza, pasmemaemsie B 31anuu ['TPC. B kauectBe rperomiei cpenbl HC-
MOJIB3YETCsA KOHJAEHCAT. B sKOHOMAl3epe KOHAEHCAT HArpeBaeTCsl 3a CYET TEIJIOTHI
yxoasumx razoB kotiaoB g0 170 °C. 3aTeM TemioTa 3TOro KOHAEHcaTa NepeaacTcs B
MOJOTPEBATEIIE TAa30B MPUPOJIHOMY Ta3y, B PE3YJbTATE YETO TEMIIEPATYypa MOCIEIHE-
ro nepea Typounoi noseimaercs 10 135 °C.

Pabora cymectBytomux JII'’A, HeCMOTps Ha HCIOJb30BaHUE H30BITOYHOTO
JABJICHUS TPAHCIIOPTUPYEMOTO MPUPOAHOTO rasza JUisl MOJYYEHHS BJIEKTPOIHEPTUH,
MIPUBOJIMT K 3arPSI3HEHHUIO OKPYIKAIOIIETO BO3IYITHOTO OacceiiHa n3-3a COKUTAHUS Op-



raHU4ecKoro TormBa. M30exarh 3TOro MOXHO, MOJAOrpeBas ra3 nepes AeTaHaepoM
C MOMOIIIBIO TeTuioHacocHoU yctaHoBkH (THY), ucnonb3yroiei 4acTh YHEPTUU, BbI-
pabaTteiBaeMoil anekTporereparopom JI'A, nis oGecrieduenus cBoeit pabotsl. [lpu
TaKOM TEXHUYECKOM PEIEHUU JIJIsi oOecrieueHusi HopMasbHOU pabotsl JI['A ucnons-
3yeTcsl JIMIIb MMOTEHIMAIbHASA SHEPrusl JABJICHHUS TPAHCIOPTHPYEMOTO HPHUPOIHOIO
raza u HU3KONOTEHIMAaJIbHas SHEprus. B kauecTBe HCTOUYHMKA HU3KONMOTEHIUAIBHON
SHEPrUU MOTYT OBITh UCIIOIb30BaHbl BTOPUYHBIE YHEPTETUUECKUE PECYPCHI WIIH TETl-
JI0Ta OKpYyXarorien cpenbl (puc. 17.8).
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Puc. 17.8. IlpyHunuaabHas cxeMa yCTAHOBKH /ISl peajiu3aluu crnocoda
NMPOU3BO/JCTBA JIEKTPOIHEPTHHU NMPHU UCIOJIH30BAHNU U30BITOYHOIO JaABJIEHHS
TPAHCHOPTUPYEMOT0 ra3a 0e3 CxKUraHHus:

1 — snekTporeneparop; 2 — netanaep; 3 — ra3ompoBO BRICOKOTO JIaBJIEHHUS; 4 — ra30MpOBO/I
HU3KOTO JIABJICHHUS; 5 — TEINI00OOMEHHUK MOI0TPEBa rasza; 6 — KoMIpeccop; 7 — ANeKTPOABUTaATENb;
8 — nmpoccenupyroiiee yeTpoicTBo; 9 — ucmapurens; 10, 11 — anekTpudeckue cetn

YcTaHOBKa COAEPKUT COCIUHEHHBIN C 3JIEKTPUUYECKUM reHepaTopoM 1 geraH-
nep 2. Jleranaep moAKIOYaeTCs NapajuieIbHO APOCCETUPYIONIEMY YCTPONCTBY, pas3-
TEJSIoNEMY TPYOOTpOBOABI BEICOKOTO 3 ¥ HU3KOTrO 4 faBieHus. TemiooOMEeHHUK 5,
CIyXalluyd Ui MOJOrpeBa Ta3a BBICOKOIO JABJICHUS, SBJISETCS OAHOBPEMEHHO U
AJIEMEHTOM TEIUIOHACOCHOW YCTAaHOBKHM, B COCTaB KOTOPOW BXOMST Kommpeccop O,
MPUBOAUMBIA B JEWCTBUE JJIEKTPOJABHUTATENEM 7, TPOCCEIUPYIONIEE YCTPOUCTBO 8§,
ucnapureis 9. Dnekrpudeckue cBsa3u 10 u 11 npenHasHadeHsl 11 MOJa4M SIIEKTPO-
SHEPIruM Ha AJIEKTPOABUTATEIh 7 TETJIOHACOCHOW YCTAHOBKM U BHEIIHEMY MOTPeOU-
TEJI0 COOTBETCTBEHHO.

VY nenvubiit Bbixoa BOP u3z0biTounoro pasienus, kJx/en. npoaykiuu, kBt

q® =ml , (17.10)
rae | — pabora agnabaTHoro pacmupenus, KJx/Kr.

PaboTa n303HTpOIHOrO (a11adaTHOT0) paCIIUPEHUs JJIsl Ta3000pa3HBIX dHEP-

rOHOCHUTEIIel paBHa Mepernay SHTaIbINN
| =Ah=h —h,, (17.11)

rae h, — sHTanpnus rasa mnepes pacliipeHueM NpH AaBICHUU P, U Temrepatype i,



kJx/kr; h, — SHTaNbNUA B KOHIIE M303HTPOITHOTO PACIIMPEHUs 10 JaBJIEeHHUI P,
npu Temmneparype t,, kJ[x/Kr.

Jlnst BoAstHOro mapa nepenaj 3HTAIBINANA B MPOLECCe U303HTPOIHOrO PACIIU-
pEHUsS OT AaBJIEHUS P, JI0 AaBIECHUS P, ompexaenseTrcs mo hs-muarpamme. s sxun-

KocTel paboTa annabaTHOTO paclIupeHus

p,-p
=P T P (17.12)
yo,
rac pl u p2 — COOTBCTCTBCHHO AABJICHUC XUJIKOI'O TCIIJIOHOCUTECIIA HA BBIXOAC U3

TEXHOJIOTHYECKOW YCTAaHOBKHM M MPU MOCTYIUICHHH Ha CIEIYIOUIYIO CTYIIEHb HC-
MOJIb30BAHUS WM JIaBJICHUE OKPYXKAIOIIeH Cpeibl IpU BHIOPOCE SHEPTOHOCUTES
B aTMOc(epy; 0 — IUIOTHOCTb KHUJIKOCTH.

Bomnpocs! k riiaBe 17

1. Knaccudukaiys BTOPUYHBIX SHEPTOPECYPCOB.

2. T'oproune BTOpUUYHBIE YHEPTOPECYPCHI.

3. Bropuunsie sHepropecypchl. TermnoBbie OTXOIbI.

4. BTopuuHbIe 3HEPTOPECYPChl U3OBITOYHOTO JIaBJICHUS .



18. DkoJiornyeckue NpodjaeMbl HCHOJIb30BAHUSA HETPAAMIMOHHBIX
¥ BO300HOBJ/IsIEMbIX HICTOYHUKOB HEPTHH

18.1. IIpodJema B3anMoaelicTBUSI JHEPTeTUKH M IKOJIOT UM

B xomMIiekce CymecTBYIOMUX SKOJOTHYECKUX MPOOJIEM dHEPreTHKa 3aHUMAET
OJIHO W3 BEAYyIIUX MECT. B CBSI3M ¢ WHTEHCHBHBIM BOBJICYCHHEM BO300OHOBIISIEMBIX
HMCTOYHUKOB PHEPTUU B MPAKTHUUYECKOE MCIOJIb30BaHHE 0CO00€ BHUMAHKE 00paIllaeT-
Csl Ha DKOJIOTMYECKUM aCTIEKT UX BO3ACHCTBUS HA OKPYKAIOUIYIO CPENY.

CymiecTByeT MHEHHUE, 9TO BBIPAOOTKA JIEKTPOIHEPTUH 32 CUET BO3OOHOBIISIC-
MBIX MUCTOYHUKOB MPEACTABISET COOOW aOCOIOTHO KOJIOTHYECKH «UHUCTHIN» BapH-
aHT. DTO HE COBCEM BEPHO, TaK KaK 3TH MCTOYHUKH PHEPruu 007aAar0T MPUHIIUIIU-
aJIbHO MHBIM CHEKTPOM BO3JACHCTBUS Ha OKPYXKAIONIYIO CPEAy MO CPaAaBHEHUIO C Tpa-
JUIAOHHBIMHA 3HEPrOyCTAHOBKAMHU HAa OPTaHHMYECKOM, MUHEPAJIIbHOM W THJIpaBIIAYe-
CKOM TOIUIMBE, MPUYEM B HEKOTOPBIX CIIydasXx BO3JCUCTBUS MOCIEAHUX MPEICTAB-
JISIFOT J1a’K€ MEHBIIIYIO OMAacHOCTh. K TOMy ke onpeneneHHble BUAbI SKOJIOTMYECKOTIO
Bo3aeiictBuss HBUD Ha okpyxkaroiiyr cpeay He SICHBI J0 HACTOSIIEr0 BPEMEHH,
0COOEHHO BO BPEMEHHOM acCIeKTe, a TOTOMY M3Y4YE€HBI U pa3pabOTaHbI €Ille B MEHb-
€N CTEMEHH, YEM TEXHUUYECKUE BOMIPOCHI UCIOJIb30BAHUS 3TUX UCTOYHUKOB.

Pa3HOBUIHOCTHIO BO30OHOBJISIEMBIX HCTOYHHKOB SHEPTUU SBIISIIOTCS THAPO-
SHEpreTUdecKkue pecypchl. Jloroe BpeMs UX TakKe€ OTHOCHIIM K IKOJIOTUYECKHU «UH-
CTBIM» HMCTOYHHKaAM 3Hepruu. He mpuHUMasi BO BHUMaHUE IKOJIOTUYECKHUE MOCIIEI-
CTBUSI TaKOTO HCIIOJIb30BaHUs, €CTECTBEHHO, HE MPOBOIAWIOCH JOCTATOYHBIX pa3pa-
OOTOK MPUPOAOOXPAHHBIX U CPEAO3ANIUTHBIX MEPONPHUSTUNA, YTO MPHUBEIO THUIPO-
sHepreTuKy Ha pyoexe 1990-x rogoB k ray0okomy Kpusucy. [1oaToMy BO3MOKHEIE
sKoJiorueckue nocieAacTBus npumeHenuss HBUD noimkHbl ObITH HCCIIEIOBAHBI 3a-
paHee.

[IpeoOpa3zoBaHue dHEPTUH HETPATUIMOHHBIX BO30OHOBJISIEMBIX UCTOYHUKOB B
HamOoJiee MPUTOIHBIE (POPMBI €€ MCIIOIb30BAHUS — DJEKTPUUYECTBO WM TEIUIO — Ha
YPOBHE COBPEMEHHBIX 3HAHUM U TEXHOJOTUNH 0OXOAUTCS JTOBOJIBHO Joporo. OmaHako
BO BCEX CJIy4yasX MX HMCHOJIb30BAHHE MPUBOJIUT K SKBUBAJICHTHOMY CHUKEHUIO pac-
XO0JIOB OPTaHUYECKOTO TOIUIMBA U MEHBILIEMY 3arpsi3HEHUIO OKpY»Karouieu cpeasl. Jlo
HACTOAIIETO BPEMEHM BO BCEX METOJUKAX, B KOTOPBIX MPUBOJUTCS TEXHUKO-
AKOHOMMYECKOE COMOCTABJICHUE TPAAUIIMOHHBIX BUJIOB MOJYYEHUS YHEPTUU C BO300-
HOBJIIEMBIMU UCTOYHHUKAMU, 3TH (PAKTOPBI HE YUUTHIBAIMCH BOOOIIE WJIM TOJBKO OT-
MEUaJIiCh, HO HE OIEHUBAIKNCH KOJIMUECTBEHHO. TakuM 00pa3oM, aKkTyaabHON CTaHO-
BUTCS 3ajJlaya pa3pabOTKU HAYYHO OOOCHOBAHHBIX METOJIOB SKOHOMUYECKOW OIEHKH
AKOJIOTMYECKUX TMOCJICACTBUNA UCIOIb30BAHUS PA3IMYHBIX BUJIOB BO30OHOBIISIOMINX-
Cs WCTOYHUKOB SHEPIMM M HOBBIX METOJIOB NpPeoOpa3oBaHUs IHEPTUH, KOTOPHIC
JOJKHBI KOJTMYECTBEHHO y4ecTh (haKTOPhl HHOTO, TT0 CPABHEHHIO C TPATUIIMOHHBIMHU
YCTaHOBKaMH, BO3JICHCTBUS Ha OKPY>KAIOIIYIO CPEy.

PaccMoTpumM OCHOBHBIE (PAaKTOPHI IKOJIOTUYECKOTO BO3ICHCTBUS HETPATUIU-
OHHBIX BO30OHOBIISIOIIUXCS UCTOYHUKOB SHEPTHH HA PA3IMYHbBIEC TIPUPOIHBIE CPEIIBI
1 00OBEKTHI.



18.2. Dkoa0oruveckne NoCaeACTBUS Pa3BUTHS COJTHEYHOH IHEPreTUKH

ConHeuHble CTAaHIUMU SIBIISIOTCS €Ie HEJOCTAaTOYHO M3yYEHHBIMU OOBEKTaMH,
MI03TOMY OTHECEHHE UX K SKOJOTMYECKU YUCTBHIM DJIEKTPOCTAHIUSAM HEIb3sl Ha3BaTh
MOJIHOCTBI0O 0OOCHOBAaHHBIM. B JyuIieM ciydae K SKOJIOTHYECKH YHUCTOM MOKHO OT-
HECTH KOHEYHYIO CTaJIuI0 — cTafuio skcruryataiuu COC, U TO OTHOCUTEIBHO.

ConHeUHbIE CTaHIMM SBIIAIOTCS TOCTATOYHO 3€MJICEMKUMHU. Y IeNbHAs 3eMJie-
emkocth COC m3mensercs ot 0,001 mo 0,006 ra/kBT ¢ Hanbosnee BEpOATHBIMU 3HA-
yerusamu 0,003-0,004 ra/kBt. OTo Mmensbie, yeM mis I'DC, Ho 6onbiite, uem it TOC
nu ADC. Ilpu 3TOM HaAO y4ecThb, YTO COJTHEYHBIEC CTAHI[MU BEChbMa MAaTEPUATOEMKHU
(MeTam, CTeks10, OETOH U T.J.), K TOMY K€ B IPUBEECHHBIX 3HAUCHUSIX 36MJICEMKOCTH
HE YYUTBIBAIOTCS M3BATHE 3EMJIM Ha CTATUAX JOOBIYM U 00pabOTKHU CHIphs. B ciydae
co3zganust COC ¢ COJIHEUHBIMU NPYAAMH yAEJIbHAS 36MIIEEMKOCTh IMOBBICUTCS U yBeE-
JUYUTCS OMACHOCTh 3arpsi3HEHUS OJ3EMHBIX BOJI PACCOJIAMHU.

ConHeuHble KOHIIEHTPATOPHI BBI3BIBAIOT OOJIBIIIKE MO TUIONIAIA 3aTCHEHUS 3€-
MeJb, YTO MIPUBOJUT K CUIILHBIM U3MEHEHHSIM TTOUBEHHBIX YCIOBHM, pAaCTUTEILHOCTH
u T. 1. HexxenaTenbHOe KOJIOTHYECKOE JIEHCTBUE B pailOHE PacloJIOKEHUSI CTaHIINH
BBI3bIBAE€T HArpeB BO3/yXa MPH MPOXOKICHUHM YEPE3 HETO COJTHEYHOTO W3IIyYCHHS,
CKOHIIEHTPUPOBAHHOTO 3€PKAJBHBIMU OTPAXKATEISAIMUA. DTO MPHUBOJUT K U3MEHEHHUIO
TEIUIOBOTO OayaHca, BIA)XKHOCTH, HANpPaBICHUS BETPOB; B HEKOTOPHIX CIIydasx BO3-
MOKHBI TIEPETPEB M BO3TOPAHUE CHCTEM, MUCIIOJIB3YIOIIMX KOHIIGHTPATOPHI, CO BCEMH
BBITEKAIOIIMMH OTCIOJIA MTOCIEACTBUAMU. [[puMeHeHne HU3KOKHIISAIINX JKUIKOCTEH H
HEM30€KHBIC UX YTEUKH B COJIHEYHBIX SHEPTCTUUECKUX CHCTEMaxX BO BpEMs JITUTEIb-
HOM KCIUTyaTallud MOTYT MIPUBECTH K 3HAUMTEIIBHOMY 3arpsI3HEHUIO TUTHEBOM BOJIBI.
Oco0yr0 0macHOCTh MPEACTABIISIOT JKUIKOCTH, COJACPKAIINEe XPOMAThl M HUTPHUTHI,
SIBJISTFOIITAECS] BEICOKOTOKCUYHBIMHU BEIIIECTBAMH.

['enuoTexHMKa KOCBEHHBIM OOpa30M OKa3bIBACT BIIMSHHE HAa OKPYXKAIOIIYIO
cpeny. B paiioHax ee pa3BUTHS TOJKHBI BO3BOAUTHCS KPYITHBIE KOMIUIEKCHI TIO TIPO-
U3BOJICTBY O€TOHA, CTEeKJIAa U cTanu. Bo Bpemsi M3roToBleHUs KPEMHHUEBBIX, KaJMHE-
BbIX U ApPCEHUIOTEIHMEBBIX (OTOITECKTPUUECKUX DIIEMEHTOB B BO3JyXE IMPOU3BO/I-
CTBEHHBIX TMOMEIICHUH MOSBIAIOTCS KPEeMHHUEBAs MbLIb, KaJMUEBbIE U apCECHUIHBIC
COEIMHEHMUS, OTIACHBIE JIJISl 3/TOPOBbSI JIFOJIEH.

Kocmunueckne COC 3a cuer CBYU-uzmydeHuss MOTYyT OKa3bIBaTh BIMSHHUE Ha
KJINMAT, CO3/IaBaTh MIOMEXH TeJIe- U PaTUOCBS3H, BO3JCHCTBOBATH HA HE3AIUIIICHHBIE
’KUBBIC OPTaHW3MBI, TIOMTABIIME B 30HY €ro BIUSHHUSA. B CBS3M ¢ 3THM HEOOXOAMMO
WCITOJIB30BaTh JKOJOTHYCCKA YHUCTBIA JWAIa30H BOJH I TMepeaadydl dHEPTruu Ha
3emto.

HeOnaronpusiTHbie BO3/ICUCTBUS COJTHEYHOM IHEPIrUU HA OKPYKAIOIIYIO Cpe-
Iy MOT'YT TIPOSIBIISITHCS B.

a) OTYYXXJCHUU 3eMEJIbHBIX IUIONIA !, NX BO3MOXKHOM JIeTpaIalny;
0) OOJIBIIION MAaTEPHATIOEMKOCTH;
B) BO3MOXKHOCTH YTE€UKH pPabOUYMX KHUAKOCTEH, COACpIKAIIUX XJIOPATHl U HUT-

PUTHI,

I') OIMACHOCTH IEperpeBa U BO3TOPAHUS CUCTEM, 3apa’KeHUS TIPOTYKTOB TOKCHY-

HBIMHU BEIIIECTBAMU TPHU HCIOJIH30BAHUM COJIHEYHBIX CHCTEM B CEIHCKOM XO-

3SMCTBE;



J1) U3BMEHEHUM TEIUIOBOro OajaHca, BJIAXXHOCTH, HaIpaBJIEHUs] BETpa B paiioHE
PacCIOJIOKEHUS CTAHIINM;

€) 3aTeMHEHUU OOJIBIIMX TEPPUTOPHM COJIHEUHBIMU KOHIIEHTpATOpPaMH, BO3MOX-
HOM Jerpajaluu 3eMelb;

) BO3JICMCTBUU Ha KiuMaT kocmudeckux COC;

3) CO3/IaHUM ITOMEX TEJIEBU3UOHHON U PaUOCBS3H;

1) mepegadye dHEPrUM Ha 3eMIII0 B BHUJIE MUKPOBOJIHOBOTO U3IYUYEHHsS, OMACHOTO
JUIS1 5KUBBIX OPraHU3MOB U YEJIOBEKA.

18.3. Bausinue BeTPOIHEPreTUKH HA MPUPOIHYIO CPeLy

®daxropsl Bo3aericTBrs BOC Ha npupoiHyI0 cpeny, a TAKkKe NOCIEACTBUSA 3TO-
IO BIMSHUS M OCHOBHBIE MEPOIPUATHSA MO CHUKEHUIO U YCTPAHEHUIO OTPULATENb-
HBIX MPOSBICHUN MpuBeaeHBI B Tabuumie 18.1. PaccmoTpum HekoTophie U3 HUX Oojiee
o ipoOHO.

[Ton mouinble npomsblieHHble BOC HeoOxoauMa 1omans U3 pacyera oT 5
10 15 MBT/kM? B 3aBHCHMOCTH OT PO3bI BETPOB M MECTHOTO peibeda paiiona. s
B3C momnocteio 1000 MBT motpebyetcst miomans ot 70 g0 200 kM?. Boinenenue
TaKUX IUIOMIAJEH B MPOMBIIUICHHBIX PETHOHAX COMPSDKEHO € OOJBLIIUMHU TPYI-
HOCTSIMH, XOTS YaCTHMYHO 3TH 3€MJIM MOTYT UCIOJIb30BAThCSA U MOJI XO3AMCTBEHHBIE
Hyx11b61. Hanpumep, B Kanudopuuu B 50 km oT r. Can-®paHuucko Ha nepeBajie Ajl-
taMOHT-IIacc 3emis, orBeAeHHas noA nmapk MomHod BOC, OIHOBPEMEHHO CIIYKUT
JUIS CEIbCKOXO03AMCTBEHHBIX IICIICH.

[IpobGnema uCHoIb30BaHUSI TEPPUTOPUU yIpolaercss npu pasmenieHun BOC
Ha akBaropusax. Hampumep, nmpemnoxkenns no cozpanuto Momubeix BOC Ha Mmenko-
BOJHBIX akBaTOpUAX PUHCKOro 3anuBa U JIamoxKCKOro o3epa He CBSI3aHbI C U3bSITHEM
OOJIBIINX TEPPUTOPHUN M3 XO3AUCTBEHHOTO, MOJIb30BaHMs. M3 OTBOIMMOM ILIOIIA M
akBatopuu 11t BOC HemocpencTBeHHO moj coopykenus st BOY monamoburcs
aunib okosio 2 %. B Jlanuu mamba, Ha KOTOpoi ycTraHOBieH mapk BDY, omHoBpe-
MEHHO SIBJISIETCS] MIUPCOM I PHIOOJIOBHBIX CyNOB. Vcnonap30BaHNe TEPPUTOPUH, 3a-
HSITOM BETPOBBIM MAapKOM, MO/ APYTHE LU 3aBUCUT OT ITyMOBBIX 3(P(PEKTOB U CcTe-
neHu pucka npu noiomkax BOY. V Gonpmux BOY nmonacte mpu OTphIBE MOXKET
ObITh 0TOpOIIeHa Ha 400—800 M.

HaubGonee BaxHbIid (hakTop BiustHUs BOC Ha okpyXkarolyro cpeay — 3TO aKy-
CTUYECKOE Bo3JeicTBHE. B 3apyOekHON MPAKTHKE BBITOJIHEHO JOCTATOYHO MCCIEN0-
BAaHUM M HATypPHBIX MU3MEHEHUM YPOBHS M 4YacTOThHI IIyMa I pasiaudHbeix BOY ¢
BETPOKOJIECAMH, OTIMYAIOIIMMHUCS KOHCTPYKLIMEN, MaTEpUanaMu, BBICOTOM HAZl 3€M-
JeH, ¥ JJI1 pa3HbIX NPUPOJHBIX YCIOBUHM (CKOPOCTh M HAMPABICEHHUE BETPA, MOACTH-
JIaro1asi TOBEPXHOCTh U T. II.).

[IymoBeie 3dpdextsr oT BOY uMeroT pazHyto Npupoly U Moapa3aeisioTcs Ha
MEXaHH4YECKHUeE (IIyM OT PEIyKTOPOB, MOJIIMITHUKOB U TEHEPATOPOB) U a3pOAMHAMH-
yeckue Bo3zzaeicTBus. [locnennue, B CBOIO o4yepeib, MOTYT ObITh HU3KOUYACTOTHBIMU
(menee 1620 I'n) u BricokouacToTHBIMU (0T 20 'y 10 Heckobkux KI'1r). OHM BBI3-
BaHbI BpallleHHEM paboyero KoJjieca U ONPEAeaOTCs CIeIyIOIIUMHU SBICHUSIMU: 00-
pPa30BaHUEM pa3psKEHUS 32 POTOPOM HJIM BETPOKOJIECOM C YCTPEMIIEHHEM IOTOKOB
BO3/lyXa B HEKYIO0 TOUKY CXOJa TypOYJEHTHBIX MOTOKOB; MYyJIbCAIUIMU MOJBEMHOM



CHJIBI Ha HpO(l)I/IJ'IC JOIIaCTH, BBaHMOﬂeﬁCTBHCM Typ6y.]I€HTHOFO IMOTIrPaHUYHOI0 CJIOA

C 3aJIHEM KPOMKOM JIOTIACTH.

Taomuma 18.1

MeToabl ycTpaHeHHs] HETATUBHOr0 BiausHusA BOY Ha okpy:kaomyio cpeny

®DaKkTOpbl BO3ACHCTBUS

MeTto/1b1 yCTpaHeHus

1. U3bsiTe 3eMeIbHBIX PECYPCOB, U3-
MEHEHHE CBOMCTB IOYBEHHOTO CIIOS

Pasmemienne BOY Ha Hencnonb3yeMbIX 3eMIIsIX
OnTumuzanusi pazMelieHusT — MHUHHMH3AIUS pacxoja
3eMJIU

[lenenanpaBiaeHHbIA y4€T U3MEHEHUN CBOMCTB MOYBEH-
HOTO CJI0sI

KomrmieHcalmonsple pacueTsl ¢ 3eMJIEN0Ib30BaTEISIMU

2. AKyCTHYECKOE BO3JIEHCTBHE

(urymoBbie 3(h(heKThI)

N3menenune yncia o6opotoB BeTpokojieca (BK)
Nzmenenne ¢popm nomactu BK
VYnaneane BOY oT 00beKTOB conMaibHOW MHPPACTPYK-

TYpBI
3ameHa matepuainoB jgonacteid BK

3. Biusaue Ha nanamadrt u ero Boc-
MIpUsITUE

Yyer ocobennocreit nanamadra npu pazmeniennu BOY
Pekpeanmonnoe ucnonb3oBanue BOY

W3bickanue pa3nuyHbIXx (OPM OMOPHBIX KOHCTPYKIIHIA,
OKpacKH ! T.1.

4. DnexkTpoOMarHUTHOE W3JIy4YEHHUE,
TENICBUJICHUE U PATHOCBS3b

CoopyxeHue peTpaHCIsITOPOB

3amena maTtepuaiioB jomnacreid BK

Buenpenue cnenuanbHOW anmapaTypbl B KOHCTPYKIIUIO
BOY

VY nanenue oT KOMMYHUKaUn

5. Bausaue Ha opHuTO(ayHy Ha me-
PEJIETHBIX Tpaccax U MOPCKYIO (hayHy
npu pasmenienun BOC nHa akBaTopu-
AX

Ananu3 nopaxaeMoOCTH NTHIl Ha Tpaccax Iepenera U
pBIO Ha MyTSIX MUTpaLUU
Pacuer BeposSITHOCTH NOpakeHUs NTUL] U PHIO

6. ABapuilHble CUTyallld, OMACHOCTb
MIOJIOMKH M OTJETa IOBPEXKICHHBIX
gacteit BK

Pacuet BepOsSTHOCTH IOJIOMOK BETPOKOJIECA, TPACKTOPHU
U 1aJbHOCTH OTJIeTa

Onenka Hasie’)kHOCTH Oe3aBapuiitHOi paboTsl BOY
30HHpOBaHKE MPOU3BOJICTBA BOKpYr BOY

7. ®aKTOPBI, YIYYHIAIOIINE 3KOJIOTH-
YECKYIO CUTYAINIO

YMeHblIeHne CUIIbI BETPA

CHuKeHue BETPOBOW IPO3HH MTOYB

YMEHBIIIEHHE BETPOB C AaKBAaTOPHUHM BOJOEMOB U BOJO-
XPaHWJINLLL

Vnaneane BOC oT HaceneHHBIX MyHKTOB M MECT OTJbIXa peIIaeT mpoodsiemy

nryMmoBoro sddexra nus moaet. OgHaKo IMIyM MOXKET MOBIUATH Ha ¢ayHy, B TOM
qucie Ha MOPCKYto dayHy B paiione skBaTopuanbHbix BOC. Ilo 3apy0OexHbIM gaH-
HBIM, BEPOSITHOCTh MOpaXEHMsI NTHULl BETPOBBIMU TypOuMHamu oueHuBaetcs B 10 %,
€CJIM IIyTH MUTPALMM MPOXOAAT Yepe3 BETPOBOMl mapk. Pa3MeleHne BeTpoBbIX Hap-
KOB TMOBJIMAET Ha MMyTH MUTPAIMK NITUL U pbIO 11 skBatopuanbHbix BOC.
Bricka3bIBatoTCs MPEANOI0KEHUS], YTO dKpaHupytouee Aeiicteue BOC Ha my-
TH €CTECTBEHHBIX BO3JYIIHBIX MOTOKOB OYJIET HE3HAUMTEIIbHBIM U €r0 MOXHO HE
OPUHUMATh BO BHUMaHUE. DTO 00BsCHsAETCSA TeM, uTo BOY ncnons3ytoT He0obIIoM
OPU3EMHBIN CIIOM NepeMelIarnmxcs Bo3ayHbx Mace (okono 100-150 m) u npu-
ToM He Oonee 50 % ux kuHeTmueckoil sHepruu. Onnako mourHsie BOC moryT oka-
3aTh BIMSIHUE HAa OKPY>KAIOUIYIO Cpelly: HapUMep, YMEHBIIUTh BEHTUIISLIMIO BO3/1yXa



B pailoHE pa3MEUIEHUs BETPOBOrO Mapka. JKPAaHUPYIOLIEE IEMCTBUE BETPOBOIO Map-
Ka MOYKET 0Ka3aThCsl IKBUBAJICHTHBIM JICUCTBUIO BO3BBIIICHHOCTH TAKOM K€ IUIOLIA-
11 ¥ BeicoTOM mopsiika 100—150 m.

[ToMexu, BbI3BaHHBIE OTPAKEHUEM AJIEKTPOMATHUTHBIX BOJH JIONACTAMHU BET-
POBBIX TYpOMH, MOTYT CKa3bIBaThCS Ha Kaue€CTBE TEICBU3MOHHBIX U MHUKPOBOJHOBBIX
paguonepeaay, a TakKKe pa3IMYHbIX HABUTAIIMOHHBIX CUCTEM B pailOHE pa3MeElICHUs
BeTpoBoro napka BOC Ha paccTosiHUM HECKOJIBKUX KujomeTpoB. Haumbonee panu-
KaJIbHBI CIMOCOO YMEHBIIEHHUS MOMEX — YIAJEHHE BETPOBOIO IMAapKa Ha COOTBET-
CTBYIOIIIEE PACCTOSIHUE OT KOMMYHHUKAIMI. B pssie ciiydaeB momMex MOKHO U30€XKaTh,
YCTAaHOBUB PETPAHCIATOPBI. DTOT BOIPOC HE OTHOCHUTCS K KaTErOpHH TPyAHOpa3pe-
ITUMBIX, U B K&KIOM CITydae MOXET ObITh HAlJIEHO KOHKPETHOE PEIICHUE

Hebnaronpustabie pakTopbl BeTPOIHEPreTHKH

a) IIYMOBBIE€ BO3JEHUCTBUS, DJIEKTPO-, PAIUO- U TEIECBU3UOHHBIC IOMEXU;

0) OTYYXIEHUE 3eMENbHBIX IJIOMIAEH;

B) JIOKaJbHBIC KIMMATUYECKUE U3MCHECHMUS;

I') ONAaCHOCTbH ISl MUTPUPYIOIINX MTHUI] 1 HACEKOMBIX;

n) nanamadTHAsS HECOBMECTUMOCTh, HENPHUBIIEKATEIIbHOCTh, BU3YaJIbHOE HEBOC-

IpUSITHE, TUCKOM(POPTHOCTH;

€) U3MEHEHHE TPATUIIMOHHBIX MOPCKUX IMEPEBO30K, HEOIAronpHUsTHBIE BO3JIEH-
CTBHSI HA MOPCKUX KUBOTHBIX.

18.4. Bo3Mo:KHbBIE DKOJIOrHYECKHE MpPOoABJICHNA FeOTepMaJILHOﬁ IHEPIrE€TUKHU

OCHOBHOE BO3JEHCTBHE HAa OKPYXKAIOLIYI CpeAy IeOTEepPMAJIbHBIE AIIEKTPO-
CTAaHIMU OKa3bIBAIOT B MEPHUOJ Pa3pabOTKH MECTOPOXKIACHUS, CTPOUTENbCTBA Mapo-
MPOBOJOB U 3/IaHUSI CTAHIUNA, HO OHO OOBIYHO OTPaHUYEHO PAOHOM MECTOPOXKIIE-
HUSI.

[Tpupoausiii map uau ra3 Jo0bIBalOTCS OypeHHeM CKBaXHH TiyouHoi ot 300
10 2700 m. [Tox neiicTBUEM COOCTBEHHOTO JIaBJICHUS Tap MOJIHUMAETCS K TOBEPXHO-
CTH, TJIe COOMpAETCs B TEIJIOM30JIMPOBAHHBIE TPYOONPOBOABI U TOJAETCS K TypOu-
HaMm. K npumepy, B nonuue reiizepoB (CILIA) mpou3BOAUTENBHOCTD KaXI0H CKBAXKU-
HBI oOecrnieunBaeT B cpennem 7 MBT monesnoit momuocT. st paboThl cTaHUU
mormHOocThI0 1 000 MBT Tpebyetcst 150 ckBakuH, KOTOpBIE 3aHUMAIOT TEPPUTOPHIO
oonee 19 km?.

[ToTeHIMaNPHBIMA TIOCICACTBUSAMH TE€OTEPMATBHBIX pPa3pabOTOK SBIISIOTCS
ocellaHue MOYBbI U ceiicmuueckue 3Pdextol. Ocenanve BO3MOXKHO BCIONY, T/I€ HU-
HKEJIeKAILME CIIOU MEPECTAIOT MOICPKUBATh BEPXHUE CIIOU MOYBBI U BBIPAXKAETCS B
CHUKCHUU JIEOMTOB TEPMATbHBIX HCTOYHUKOB M TEH3EPOB U JaXKe MOJTHOM MX HCUE3-
HOBeHuU. Tak, mpu sKcrutyaTanuu mectopoxkaeHusi Baiipokeit (CILIA) ¢ 1954 no
1970 rr. noBepXHOCTh 3€MJIA MpOCea MOYTH Ha 4 M, a TUIOIIAb 30HbI, HA KOTOPOM
IPOM30LLIO OCEJaHKME TPYHTA, COCTABMIIA OKOJIO 70 KMZ, IMPOJOIIKAs €XKErOQHO yBe-
JTUYUBATHCA.

Bricokas ceificMudeckass akTUBHOCTb SIBIISIETCS OJTHAM M3 MPU3HAKOB OJIM30CTH
reoTepMaIbHBIX MECTOPOXKICHUM, U 3TOT MPU3HAK UCIOJB3YeTCs TMPHU MOUCKaX pe-
cypcoB. OHAKO MHTEHCUBHOCTH 3€MJIETPSICEHUM B 30HE TEPMAJIbHBIX SIBJICHUH, BbI-
3BaHHBIX BYJKAHUYECKOW JCATEITHHOCTHIO, OOBIYHO 3HAYNTEIHLHO MCHBIIIC HHTCHCHB-



HOCTH 3E€MJICTPSICEHUH, BBI3BAaHHBIX KPYIHBIMH CMELIEHUSMH 3€MHOM KOpPBI IO pas-
aomaM. [loaToMy HET OCHOBaHMIl CUMTaTh, YTO pa3pabOTKa reO0TEPMAIIBHBIX peECyp-
COB YBEJINUMBAET CEHCMHUUYECKYIO AKTUBHOCTD.

Ha I'eoTOC He npoucXOoAuT CKUTaHMs TOILJIMBA, IIO3TOMY OOBEM OTpaBIISIO-
IIUX ra3oB, BEIOPAChIBAEMBIX B arMoc(epy, 3HaUYUTENbHO MeHble, ueM Ha TOC, u
OHU MMEIOT IPYrol XUMHUYECKUI COCTaB M0 CPABHEHUIO C ra3000pa3HbIMU OTXOJaMU
CTaHUMN Ha opraHudeckoMm Toruiuee. [lap, mOOBIBaeMBIil U3 reoTepMalbHBIX CKBa-
’KUH, B OCHOBHOM SIBJIsIETCSl BOASHBIM. ['a30Bble pumecu Ha 80 % cocTosT U3 ABY-
OKHCH YTIIEpOJa U COAEpKaT HEOOJBIIYIO JOJII0 METaHa, BOJIOPOAA, a30Ta, aMMHUaKa
u cepoBojiopona. Hambonee BpemusiM siBisieTcst cepoBoaopon (0,022 5 %). B reo-
TEepMaJIbHBIX BOJAX COJAEP)KATCid B PAaCTBOPEHHOM Bue Takue rasbl, kKak SO, Ny,
NH;3, HoS, CHg, Ho.

[TorpebHoCTh I'e0TOC B oxnaxnaromieid Boge (Ha 1 kBT 4 35ekTpo3Hepruun) B
4-5 pa3 Boie, yeM TOC, uz-3a 6onee Huzkoro KIIJ[. Copoc orpaboTaHHON BOABI U
KOHJIEHCaTa JUIsl OXJIaXK/ICHHs B BOJIOEMBI MOKET BBI3BATh UX TEIUIOBOE 3arps3HEHUE,
a TAK)K€ MOBBILICHUE KOHLIEHTPALMU COJIEHM, B TOM YHUCJIE XJIOPUCTOTO HATPUS, aMMHU-
aKa, KpEMHE3eMa, U TaKuX JIEMEHTOB, KaK OOp, MBIIIBSK, PTYyTh, PyOUAUM, 11€3Uil,
Kajuil, pTop, HaTpuii, OpoM, MO, XOTs U B HEOOJIBIIUX KoJudecTBax. C pocTom riy-
OMH CKBa)XMH BO3MO>KHO YBEJMUYEHUE ITUX MOCTYIICHUH.

OpHo w3 HeOmaronpusATHBIX mposiBieHU ['eoTOC — 3arpsi3HeHHe NOBEpX-
HOCTHBIX M TPYHTOBBIX BOJI B Clyyae BbIOpOca pacTBOPOB BBICOKOW KOHUEHTPALIMH
npu OypeHun ckBaxxuH. COpoc 0TpaOOTaHHBIX TEPMAJIBHBIX BOJ MOKET BbI3BATh 3a-
0o0JlauMBaHUE OTACJIbHBIX YYAaCTKOB MOYBBI B YCIOBUSAX BJIAXKHOTO KJIMMAaTa, a B 3a-
CYLUIMBBIX paiioHax — 3acoiieHue. OnaceH mpopbiB TpyOONPOBOJOB, B PE3YNbTATE
KOTOPOT'O Ha 3€MJIO MOTYT MOCTYNHUTH OOJIbIINE KOJMYECTBA PACCOJIOB.

I'eoTOC, nmes KIIJ B 2—-3 pa3a mensbire, yuem ADC u TOC, narot B 2—-3 pasza
OO0JIBIIIE TEIUIOBBIX BEIOPOCOB B atMocdepy. B kauecTBe mpocToro myTu COKpaiieHus
BO3JECHUCTBUI Ha OKPYXKAIOLIYIO Cpelly CIEeAyeT PEKOMEHIA0OBATH CO3JaHUE KPYTrOBOU
mupKyJsnuu TerioHocutenst Ha ['eoTOC no cucteme «CKBaKMHA — TEIUIOCHEMHBIE
arperartbl — CKBaXMHa — IJIACT». DTO MO3BOJIUT U30€KaTh MOCTYIUICHUS TEPMaIbHbBIX
BOJI Ha MOBEPXHOCTh 3€MJIM, B TPYHTOBBIE BOJbl U MOBEPXHOCTHBIE BOJOEMBI, 00€C-
IEYNUTh COXPaHEHHE IJIACTOBOIO JaBJICHHUS, UCKIIOYUTh OCEJaHUE TPYHTa U JHOOYIO
BO3MOKHOCTb CENCMHUYECKUX TPOSBICHUN.

Heb6naronpusTHele 3KOJOTMYECKUE BO3ACUCTBUS re0TepMaibHOM IHepPreTH-
KM Ha 3KOJITHIO!

a) OTUYXJCHUE 3eMEIIb;

0) U3MEHEHHUE YPOBHS IPYHTOBBIX BOJ|, OCEJaHUE TIOYBbI, 3200JIaYNBAHME;

B) MOJBUKH 3€MHOU KOPBI, MOBBIIIEHUE CECMUYECKON aKTUBHOCTH;

I') BBIOPOCHI ra30B (MeTaH, BOAOPO/I, a30T, aMMHaK, CEpOBOIOPOI) ;

1) BBIOpOC Teria B aTMocepy WIH B TOBEPXHOCTHBIE BOJIBL;

€) cOpoc OTpaBJIEHHBIX BOJ U KOHJEHCATA, 3arPsI3HEHHBIX B HEOOIBIINX KOJHYE-
CTBax aMMHAKOM, PTYTbIO, KDEMHE3EMOM;

) 3arpsi3HEHUE NOI3EMHBIX BOJ M BOJJOHOCHBIX CJIOEB, 3aCOJICHHE IT0YB;

3) BBIOPOCHI OOJIBIINX KOJUYECTB PACCOJIOB MPHU pa3phiBe TPYOOIPOBOIOB.



18.5. Dkosloruveckue nocjaeACTBUS UCMOJIb30BAHUS JHEPTUU OKEaHa

[Ipn npeoOpazoBaHUU JIOOBIX BHUJIOB OKEAHUYECKOW HSHEPIUU HEMHHYEMBbI
ONIPE/ICIICHHbIE U3MEHEHUS €CTECTBEHHOTO COCTOSIHUSI 3aTPAaruBaeMbIX SKOCHCTEM.

K oTpunarenbHbIM MOCHEACTBUSAM pabOThl YCTAaHOBOK, MCHOJB3YIOIIUX Tep-
MaJIbHYIO SHEPTUI0 OKE€aHa, MOKHO OTHECTH BO3MO>KHBIE YTEUKH B OKEaH aMMHAKa,
mpornaHa win (QpeoHa, a TakKe BEIIECTB, MPUMEHSEMBIX ISl TMPOMBIBKU TEILIO-
OOMEHHUKOB (XJIOp U JIp.). BO3MOXHO 3HAYUTENBHOE BBIJCICHUE YTIEKUCIOro rasa
13 TIOJIHUMAEMbIX Ha TOBEPXHOCTh XOJOAHBIX MTYOUMHHBIX BOJ| M3-32 CHUYKEHHS B HUX
napuuanbHoro aasneHus CO; u noBeilieHUs: Temieparypsl, Beinenenne CO2 u3 Bo-
11 TIpu pabote okeanndecknx TOC nmpeanonoxutensHo Ha 30 % Oosbie, 4eM mMpu
pabote 06b19HBIX TOC TOM K€ MOIIHOCTH, UCTIOIB3YIOIMIUX OPTaHMYECKOE TOIUIHBO.
OxJtakieHue BOJ OKeaHa BbI3bIBAET YBEIIMUECHUE COAECPKAHUS MUTATEIbHBIX BEIIECTB
B TIOBEPXHOCTHOM CJIO€ M 3HAYUTENIbHBIN pocT uTornankroHa. [lpu nogbeme K mo-
BEPXHOCTHU TITyOMHHBIE MUKPOOPTAaHU3MBbI OYIyT 3arps3HATh OKeaH U MpUJIeTCA Tpu-
MEHSTh CIIEHUAJIBHBIE MEPBI ISl €70 OUUCTKH.

CrpoutenbctBo [19C cka3piBaeTcsi HEOIArONPUATHO HA COCTOSHUU MPUOPExK-
HBIX 3€MEJIb, CAMOI'0 MOOEPEXkbsl U aKBAJTILHOM BOJLOEPErOBOM MOJOCHL: U3MEHSIOT-
Csl yCIIOBUS MOJTOIUICHUS, 3aCOJICHUS, pa3MbIBa Oeperos, (hopMupoBaHue IHKEH U
T. 1. I3MeHeHne NBUKEHUSI TPYHTOBBIX BOJI BIUSET HA JUHAMUKY 3aCOJICHHS TMPHU-
OpEKHBIX 3eMEb.

Ha II5C B KHP n3ydensl 3aKOHOMEPHOCTH OTIIOKEHUS HAHOCOB B BOJIOXPAaHU-
muuie [19C u 3a II0THHOM, a TaKke MEPONPUATHUS IO OOpbOE ¢ HUMH. DKCIUTyaTalus
I[19C «Pane» Bo ®@paHuuu Mokaszana, 4YTo IPUHATAs B €€ MPOEKTE OJHOOAacCeitHOBas
cXeMa JIByXCTOPOHHETO JEMCTBUS MAaKCUMAJIbHO COXpaHSAET MPUPOAHBIA LUKI KOJe-
OaHuii OacceliHa U TapaHTUPYET TEM CaMbIM 3KOJIOTHYECKYIO 0€30MacHOCTh MPUIINB-
HOM DHEPIHUH.

Hcnonb3oBanue sHEPruu BOJIH Ha TITyOOKOBOHBIX MECTaX B OTKPHITOM OKEaHe
CKa3bIBAaeTCsl Ha Ipoleccax B akBaTOpuM okeaHa. l[IpeoOpazoBaTenu pa3melnarorcs
JlaJIeKO OT Oepera W He OKa3bIBalOT OTPULIATENIBHOIO JIEHCTBUS Ha YCTOMYMBOCTH IO-
OCepeKbsl.

[Tpu ycranoBke npeoOpaszoBaresnieil BOJIM3U MOOEPEKbsI BOSHUKAIOT MPOOIEMbI
ACTETUYECKOTO XapaKTepa, TaKk KaKk OHM BUAHBI ¢ Oepera. Llemouka ycTpoicTB THMa
HbIpsitonx yTok Conrepa JJIMHON B HECKOJIBKO KMJIOMETPOB BBITJISAUT ICTETUYECKU
MEHE€ MPUBJIEKATEIbHO, YEM I'PYIINA MPOIYMAaHHO Pa3MEIICHHBIX OTAEIbHO CTOSIINUX
npeoOpa3oBaresneit sHeprur. Kpome toro, HenpepsiBHas JIMHUA IpeoOpa3oBartenei B
OTJINYUE OT OTAEJIBHO PACMOJOKEHHBIX YCTAHOBOK MOKET CTaTh MPEMSTCTBUEM JUIS
HABUTAIlMU U OKA3aTbCs OMACHOM JJIsl Cy10B BO BPEMs CUJIbHBIX IITOPMOB.

OauH 13 BaXKHBIX BOMPOCOB BIIMSIHUS Ha OKPYKAIOUIyI0 Cpely Mpeodpa3oBa-
HUS SHEPTUU BOJIH B MPUOPEHKHON 30HE — 3TO BO3/ACUCTBHE Ha MPOLIECCH B €€ mpeie-
nax. BemecTtBa, mepeMernaeMpie BOJTHAMH, HA3bIBAIOTCS MPUOPEKHBIMA HAHOCAMHU.
JIBIKeHNE WX HEOOXOJMMO Il CTaOMIM3aIuu OeperoBO IOJIOCHI, T. €. OajaHca
MEXIy dPO3HEH U OTIOKEHUSIMU. B CBSI3W ¢ 3TUM 11eMb U3 MpeoOpa3zoBarTeneii sHep-
T BOJIH 11€71eCO00pa3HO yCTaHABIMBATh B MECTaX HAMEYaeMbIX BOJHOJIOMOB, YTO-
OBl OHM BBITIOJIHSJIM JIBOWHYIO (DYHKIIMIO: MCIIOJIb30BAHUE DPHEPTUM BOJH U 3aITUTY
noOepexbs.



Heb6naronpusiTHbie 3KOJIOTMYECKHUE MOCIEICTBYS B THAPOTEPMAJIbLHOM IHep-
reTuke:

a) yTEYKHU B OK€aH aMMHakKa, GpeoHa, Xjopa u Jip.;

0) Beiaenenue CO; U3 BOIHI,

B) MU3MEHEHHE UHUPKYJSIUU BOJ, TOSBICHUE PErHOHANBHBIX U OHOJOTHYe-
CKMX aHOMaJui TMOJA BO3JEHCTBUEM THIPOJAMHAMHYECKUX U TEIJIOBBIX BO3-
MYILCHUU;

I') U3MEHEHHUE KIMMaTa.

Heb6maronpusiTHbIC SKOJIOTHYECKUE TTOCIIEICTBYS B MPUJIMBHOM IHEpPreTHKe:

a) MEepUOJAMYECKOE 3aTOIUICHHE MPUOPEKHBIX TEPPUTOPUNA, M3MEHEHHE 3EMIIe-
noJsib30BaHus B paitone [19C, dhnopsl u dayHbl akBaTOpuu;

0) cTpoUWTEIbHOE 3aMyTHEHNE BOIbI, TOBEPXHOCTHBIE COPOCHI 3arPsI3HEHHBIX BO/I.
Heb6maronpusiTHpIC SKOJIOTHYECKUE TTOCIIEICTBHSI B BOJTHOBO# YJHEpPreTHKe:

a) 9po3us MoOEpPexk bs, CMEHA JBUKEHUS TPUOPEKHBIX MTECKOB;

0) 3HAYMUTENIbHASI MATEPUATIOEMKOCTh;

B) M3MEHEHHUE CJIOXKUBIIUXCS CYIOXOHBIX MTyTeH BAOIL OEPEroB;

') 3arpsi3HEHUE BOJbBI B IIPOIIECCE CTPOUTENIBCTBA, TOBEPXHOCTHBIE COPOCHI.

18.6. Jko0ruUecKkas XapaKTePUCTUKA UCTOJIb30BaAHUS OMO0IHEPTreTHYeCKUX
YCTAHOBOK

buosHepreTnyeckue CTaHIIMU O CPABHEHUIO C TPATULMOHHBIMH 3JIEKTPOCTAH-
uuamu 1 apyrumu HBUD saBnsitoTcss Hanboliee skonoruyecku OezonacHbiMu. OHU
CIOCOOCTBYIOT M30aBJIICHUIO OKPY’KAIOIIEH Cpellbl OT 3arpsA3HEHUs] BCEBO3MOXHBIMU
orxoaamu. Tak, Hanpumep, aHa’poOHas ¢pepMeHTanuss — 3P(HEKTUBHOE CPEICTBO HE
TOJIBKO pealn3aliy OTXOJI0B KMBOTHOBOJCTBA, HO U OOECHEUYEHUsI HKOJIOTHYECKOM
YUCTOTHI, TaK KaK TBEPJIbIE OPraHUYECKUE BEIIECTBA TEPSIOT 3allax U CTAHOBATCS Me-
Hee TMPUBJIEKATEILHBIMU JJIsl TPHI3YHOB M HACEKOMBIX (B MpPOIIECCE TMEPEeTHUBAHUS
pa3pyuatoTcsi 00JIe3HETBOPHbIE MUKpoOopranusmsl). Kpome Toro, obpasyrorcs ao-
MOJIHUTETBHBIN KOPM JUIsl CKOTa (MPOTEHH) U yI00pEeHHUSI.

['opoackue cTOKM U TBEpJIbIE OTXO/bI, OTXOABI IpU pyOKax Jjieca U JepeBo0O-
pabaTpIBalOLIel MPOMBIIUIEHHOCTH, MpPEACTaBiss €000l BO3MOXKHBIE HCTOYHHKHU
CUJIBHOTO 3arpsi3HEHUs PUPOJIHOM CpeJibl, SIBJISIOTCS B TO JK€ BPEMsI ChIPbEM IS TTO-
JyYEHUs SHEPIUH, yAOOPEHUH, LIEHHBIX XMMUYECKHX BemecTB. [loaToMy mmpokoe
pa3BuTHE OMORHEPTeTUKU P(PPEKTUBHO B IKOJIOTUYECKOM OTHOIIEeHUU. OHAKO He-
OJlaronpuATHBIE BO3JACHCTBUS Ha OOBEKTHI MPUPOJHON Cpenbl MPU SHEPreTHUYECKOM
UCIIOJIb30BaHUM OHoMacchl MMEKT MecTo. lIpsimoe ckuranwe JpeBEeCHHBI JaeT
00JIBIIIOE KOJUYECTBO TBEPBIX YACTUI], OPTaHUYECKUX KOMIIOHEHTOB, OKUCHU YTJie-
pona u pyrux razoB. [1o KOHIIEHTpalMKU HEKOTOPBIX 3arpsi3HUTENEH OHU MPEBOCXO-
IST TPOAYKTHI CropaHus HepTH U ee MPOU3BOIHBIX. J[pYyrUM 3KOJIOTMYECKUM I1O-
CJIEICTBHEM COKMTaHUSl JPEBECUHBI SIBIISIIOTCS 3HAYUTEIBHBIE TEMIOBBIE IOTEPH.

[To cpaBHeHHIO ¢ IpeBecUHON OHMoOras — Oosiee YMCTOE TOIJIMBO, HEMPOU3BO-
JsilIee BpEAHbIX Ta30B U yacTHll. BmecTe ¢ TeM HE0OX0IMMbI Mepbl PEJ0CTOPOKHO-
CTH TIPH MPOU3BOJICTBE U MOTPeOIeHNN Onorasa, Tak Kak MeTaH B3pbiBoomnaceH. [1o-
3TOMY IIpY €r0 XPaHEHUH, TPAHCHOPTUPOBKE U HCIIOIB30BAHUU CIEAYET OCYILECTB-
JSATh PETYJSIPHBIA KOHTPOJIb JJ11 OOHAPY>KEHUS U JINKBUJAIUU YTEUEK.



[Ipu pepmeHTAIIMOHHBIX Tpolieccax Mo nepepadoTke OMOMAacChl B ATAHOJ 00-

pazyercsi OOJbIIOE KOJUYECTBO IMOOOYHBIX NPOAYKTOB (IIPOMBIBOYHBIE BOJABI U
OCTATKHU MEPETOHKH ), SBIIAIONINXCS CEPbE3HBIM UCTOUYHUKOM 3arps3HEHUS CPeIbl, MO-
CKOJIbKY MX BEC B HECKOJIbKO pa3 (110 10) mpeBbIlIaeT BeEC 3TUIIOBOTO CIUPTA.

He0saronpusiTHbie Bo3AeiicTBUS O0MOIHEPIreTUKU HA IKOJIOTHIO:

BBIOPOCHI TBEPJIBIX YACTHUII, KAHIEPOT€HHBIX U TOKCUYHBIX BEIIECTB, OKUCH yT-
nepona, buorasa, OMoCupTa;

BBIOPOC TeIUIa, U3MEHEHUE TEIIOBOTO OaaHca;

00eTHEeHNE TOYBEHHON OPraHUKHU, UCTOLIEHUE U 3PO3Us MOYB;
B3PBIBOOIIACHOCTH;

OOJIBITIOE KOJIMYECTBO OTXOJOB B BUJE MOOOYHBIX MPOIYKTOB (IIPOMBIBOYHBIC
BO/IbI, OCTaTKU MTEPETOHKH).

Bomnpocsl k ri1aBe 18

ook wnE

[IpoOGnema B3aMMOIEHCTBHS SHEPTETUKU U IKOJIOTHH.

DKOJIOTUYECKUE TIOCIEICTBUS PA3BUTUSA COTHEYHON YHEPTETUKU .

Binsinue BeTpOSHEPreTUKH HA IPUPOJHYIO CPEY .

Bo3MOXHBIE 3KOTOTUYECKUE TTPOSIBJICHUS T€0TEPMATIbHON SHEPTETUKU.
DKOJIOTUYECKHUE TIOCJIECICTBUS UCTIOIB30BAaHUS SHEPTUN OKEaHa.
DKoJioruyeckas XapakTepUCTHKa UCIOJIb30BAHUS OMOAIHEPTETUUECKUX YCTaHO-
BOK.



3AK/IIOYEHUE

[ToTpebieHne >HEpruM — BaXKHBIM MMOKa3aTeNlb KU3HEHHOTO YpOBHA. B Te
BpEMEHa, KOTrJia YeJIOBEK OObIBAJ MUIILY, COOMpas JIECHbIE IUIOIbI U OXOTSCh Ha KU-
BOTHBIX, EMYy TpeOoBaIoch B CyTku 0kosio 8 MJIx sneprun. [locne oBnageHus: oruem
ATa BeJMYMHA Bo3pocia a0 16 MJ: B IpUMHUTHB- HOM CEIbCKOXO35HCTBEHHOM 00-
niecTBe oHa cocrasiisuia S0 Mk, a B 6onee pazsurom — 100 MIx.

3a BpeMs CyILIEeCTBOBAHMS HallEH LUBWIM3ALUUU MHOTO pa3 MPOUCXOuiIa CMe-
Ha TPAJAWIIMOHHBIX UCTOYHUKOB SHEPTHH HA HOBBIC, OoJiee coBepiieHHbIe. I He mo-
TOMY, YTO CTApPhIF HCTOYHUK OBLIT UCUEPIIaH.

ConHile CBETHJIO U 00OrpeBajo 4esioBeKa BCETAa: U TEM HE MEHEE OJHAXKIIbI
JIOW TPUPYYHIIA OTOHb, HAYaJIA KE€Yb JIPEBECHHY. 3aT€M JIPEBECHHA yCTYINJIA Me-
CTO KaMEHHOMY YTJII0. 3amachl IPeBECHHBI Ka3aluCh OE3rpaHUYHBIMHU, HO TApOBBIC
MaIIuHBI TpeOOBaNIM O0JIee KaTTOPUMHOTO «KOPMay.

Ho u 310 ObUI NUIIb 3Tam. YToJib YCTYNAeT CBOE JIMJIEPCTBO HA SHEPreTHue-
CKOM phIHKE HeTH. B HamM AHU BeAyIIMMU BUIaMH TOILTMBA MOKA OCTAIOTCS HEPTH
u ra3. Ho 3a xaxapiM HOBBIM KyOOMETpPOM ra3a WM TOHHOW HEPTH HY>KHO UJTH BCE
Janbllie Ha CeBEep WJIM BOCTOK, 3aphIBaThCs Bce IiIyOxe B 3emito. HemyapeHo, 4To
HedTh U ra3 OyIyT ¢ KaXKIBIM T'OJJOM CTOUTh HaM BCE JIOPOKE.

3ameHa? HykeH HOBBIN JINJIEP SHEPTETUKH.

B noroHe 3a U30BITKOM 3HEPTUH YEJIOBEK BCE TIy0Ke MOTPYKAICA B CTUXUM-
HBI MUDP IPUPOJHBIX SBJICHUM U JO KAKOM-TO MOPHI HE OYEHBb 3aqyMBIBAJICSA O IIO-
CJIIEJCTBUAX CBOMX JIEJ U TOCTYIIKOB.

Curyanus ycyryossieTcs emie TeM, YTO MUPOBBIE U POCCUUCKHUE 3amachl Tpaau-
IIUOHHBIX BBICOKOIICHHBIX YHEPTrOHOCUTEIEH — HE(PTH, MPUPOJIHOrO Tra3a - OJU3KU K
ycuepnanuio. BeIOpocsl 1 cOpOCHI 3arpsi3HEHHUI B OKPYKAIOIIYIO CPEly MPEBBIIIAIOT
JIOIYCTUMBIE 3HAYEHHS MU MOTYT BBI3BaThb HEOOpaTUMbIC TIJIAHETAPHBIC KPU3UCHI.
HeyknoHHO pacTyT 1IeHbI Ha YHEPrOHOCUTENM U COOTBETCTBEHHO Tapu(bl HA HJICK-
TPUYECKYIO U TEIJIOBYIO dHEpruto. Jeduimr sHeprum He MO3BOISIET MEPEHTH K OCBO-
€HUIO HOBBIX OOIIUPHBIX TEPPUTOPUMN, MPUXOTUTCS OTKA3BIBATHCS OT HOBBIX TEp-
CIIEKTUBHBIX, HO JHEPrOEMKHUX TEXHOJIOTMA B METAJLUIYPIrUYECKOM U XUMHYECKOU
IIPOMBIIIVICHHOCTH. PacTeT ypoBeHb SHEPronoTpeOIeHHs B pa3BUBAIOIINXCS CTPAHAX.

B sTHx ycnoBusix 6a3oBas oTpacib MUPOBOTO HAPOJHOTO XO35MUCTBA — SHEPTre-
THKa — BBIHYXJ€HAa OCBauWBaTh HETPAAUIIMOHHBIE W BO30OHOBIISIEMbIE HCTOUYHHUKHU
sHepruu. 11 UX OCBOEHUs BEAYTCS CUCTEMATHYECKUE MCCIECIOBAHUSA OKPYKAKOIIEH
MIPUPOJHON CPEAbl C LIEJIbIO BBISIBICHUS M OLIEHKH BO3MOXHOCTEH HCHOJIb30BaHUS
pecypcoB HBUD. TTpobnema ocnoxHsAETCS HU3KUMH TUIOTHOCTSMHU SHEPIUHU B €CTe-
CTBEHHBIX M BTOPHUYHBIX HMCTOYHUKAX, COOTBETCTBEHHO YBEIMYMBAIOTCS HCXOJIHBIC
3aTpaThl Ha CTPOUTEIHCTBO, MATEPUATIOEMKOCTh M rabapuThl YHEProycTaHoBok. Ha
nepuoa a0 2010 roma mupoBas 3HEpreTuka MpeAIoaraeT JI0BECTH MPOU3BOJICTBO
AJICKTPOIHEPTHH M TEIUIOTHI ¢ uctoiab3oBanueM HBUD no 15-20 %.

Poccust B 3TOM OTHOIIEHWHM HAXOAMUTCSA HA OJHOM M3 MOCIEIHUX MECT B MUPE.
O6mrass nmomst HBUD B sHepreTmdeckom OanaHce CTpaHbl COCTABISIET HA HA4dajo
XXI B. gonu mporeHTa. OTCYTCTBYET TpaBoBasi 0a3a, HET CTUMYJIOB JUIsl Pa3BUTHS
aTOro HampamieHus. OTCYyTCTBYeT OTpacib, OOBEAMHSIONIAs Pa3pO3HEHHBIE pa3pa-
00TKHM B eAuHYI0 cTpaTeruto. B koHneniuu MuntonsHepro ocBoenuro HBUD oTBo-



JIUTCSI TPEThECTENEHHAs, BCIIOMOraTeslbHas poJjib. HECOMHEHHO, 3TO MOJOXKEHHE
CKa)XETCsl HA )KOHOMUYECKOM OTCTaBaHUM CTPAHBbI.

CrnenmanucraM B 00J1aCTU SHEPTETUKHU MPEACTOAT O0JbIINE paboThl B 001acTh
ocBoeHuss HBUD u coBepuieHCTBOBaHHS METOJOB SHEProcOEpeKEHUs, aKKyMYIHPO-
BaHUS U BTOPUYHOI'O HCIOJB30BAaHUS SHEPTrUM. DKOHOMHS SHEPTUU OTKPBIBAET HE
MEHBIIINE BO3MOXHOCTH, YEM OCBOEHHE HOBBIX €€ MCTOYHHUKOB. B paboTax mo ocBoe-
o HBUD HeoOXoamMo 3HaHWE SHEPreTHYecKOoro OamaHca, pecypcoB IHEPTO-
HMCTOYHHMKOB, BOJbI, 3€MEJbHBIX IUIOMIAJEH, IKOJOrMYEeCKUX Mokazareneil. HyxHo
YUHUTBIBATh KAaIIUTAJIOBIIOKEHHUS, LIEHBI Ha CBHIPHE, PACXO/Ibl HA IKCIUTyaTallUI0 U T€X-
HUYECKOEe 00CTy)KUBaHUE.

Celiuac HauMHAETCAd HOBBIM, 3HAYUTEIBHBIA ATall 3eMHOW 3HEepreTuku. 11osB-
JSI€TCS SHEPreTHKA «IKOJOTHYHas» U «4uucTash». [locTpoeHHast Tak, 4TOOBI YEIOBEK
HE pyOWJI CyK, HA KOTOPOM OH CHAMT. 3a00Twmics 00 OoXpaHe YK€ CHIBHO IMOBpe-
XKIECHHON OMochephl.

HecomHeHHO, B OyaylieM NapajijielibHO C JIMHUEH MHTEHCUBHOTO Pa3BUTHS
SHEPreTUKH IOIYYUT IIUPOKUE MpaBa rPAKJAHCTBA U JIMHUS DKCTEHCHUBHAS: paccpe-
JOTOYEHHBbIE UCTOUHUKH SHEPTrUU HE CIUIIKOM OOJIbIIOW MOIIHOCTH, HO 3aTO C BbI-
COKUM KII, DKOJIOTUYECKU YHCTHIE, y0OHbIE B oOpalleHuu.
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Hayxka, 1988. — 144 c.

17. PecypcHble, COLMAIbHO-D)KOHOMHYECKHE M 3KOJOTMYECKHE ACIEKThl Mpo-
MBIIUIEHHOTO MCIOJb30BaHMS TOpda, OMomMacchl U IPYrux HETPaJULIMOHHBIX
BO300HOBJISIEMBIX MCTOYHHUKOB »Hepruu B Poccum Ha mepcrnektuBy g0 2020
roga / Komuter IN'ocymapcTBeHHOM J{yMbI IO IPUPOIHBIM pecypcaM U MPUpPO-
nonoik30BaHmi0. — Pexxum mocryma: http://www.duma.gov.ru/cnature/.

18. Cunrorua B. 10. Pa3zpabotka mpoekta demepanbHOro 3akoHa O TOCYIap-
CTBEHHOW MOJHUTHUKE B 00JIACTH BO30OHOBISIEMBIX HCTOYHUKOB SHEPTUU: BTO-
pas momneiTka / B. FO. Cuntorun, A. E. Komsinos. — UHTEPCOJIAPLIEHTP. —
Pexxum noctyna: http://www.intersolar.ru/.

19. TlonpaBku K 3aK0HY O PeHOPMUPOBAHUU DIICKTPOIHEPTETUKH MO ACPIKUBAIOT
pazsutue BUD B Poccum / MHWaTepconmapuentp. — Pexum goctymna:



http://www.duma.gov.ru/cnature/
http://intersolar.ru/

http://intersolar.ru/news/novosti/policy/846.html.

20. Berposnepretrka: onbIT U nepcrnektuBbl / OAO «'uapoOI'K». — Pexum mo-
cryma: http://www.rosteplo.ru/Tech_stat/stat_shablon.php?id=690.

21. AnprepHatuBHas 3Hepretrka / OdunmansHbiii cadt Yykorckoro AO. — Pe-
KUM JOCTyTA:
http://www.chukotka.org/ru/economics/branch/energetics/alternate energetics/.

22. ®akTop BeTpa. DKOHOMHUYECKHE aCeKThl (POPMUPOBAHHUS CHCTEMBI MOAIEPIK-
ku ucnonb3oBanuss BUD B Poccun / A.E. KombutoB. — HesaBucuMmas rasera
Ne(027 (4269) Cpema, 13 depans 2008. — Pexum poctyma:
http://www.ng.ru/energy/2007-09-11/16_veter.html.

23. Duepreruueckas crpareruss Poccun Ha mepuox mo 2030 roma. — 3A0 «I'Y

N3C» . — Pexxum JOCTYIIA:
http://www.energystrategy.ru/projects/energystrategy.htm

24. BUD rtnazamu OAO “Umxenepubii nentp EDC” —  Pexum pocryna:
http://aenergy.ru/1170.

25. Utoru pa3Butus anbTepHATUBHON dHepreTuku B mupe u B Poccuu B 2010 ro-
ay/ BELLONA. . - Pexum JOCTyIIa:

http://www.bellona.ru/articles ru/articles 2010/vie-2010.

K Teme 2

1. AugpeeB B.M., I'punuxec B.A., Pymsanues B./[. @orosnexTpuueckoe npeoo-
pa3oBaHUE KOHIICHTPUPOBAHHOTO CoJIHEUHOTO M3nyueHus/ B. M. Aunpees, B.
A. I'punuxec, B. /1. Pymanues. — JI. : Hayka, 1989. — 310 c.

2. Aampee B. M . ®orosnekTpuueckoe MpeoOpa3oBaHUE COJHEYHOW JHEP-
run/B. M. Anapees // CopocoBckuii 00pa3oBaTeinbHbIA JKypHald. — 1996. —
Ne 7. - C.93-98.

3. bpunkBopt b. Conneunas sneprus st yenoBeka/b. BpuHKBOPT ; mep. ¢ aHIIL
B. H. Orno6nesa ; mox pea. u npeauci. b. B. Tapuuxesckoro. — M. : Mup,
1976. - 291 c.

4. Meittun M. ®oToBONIbTaMKa . MaTepHalbl, TEXHOJOTHUH, TEPCIEKTUBbI/
M. MutuH.

5. ®apopckuit O. H. YcTaHOBKH [1J11 HEMOCPEICTBEHHOTO MPEeoOpa3oBaHUs Terl-
J0BOM dHEepruu B dekTpudeckyro/O. H. @aBopckuii. — M. : Bric. mik., 1965. —
288 c.

6. Paymenbax I'. CrnpaBouHWMK MO NPOEKTHPOBAHHUIO COJIHEYHBIX Oatapeit/I .
Paymen6ax ; mep. ¢ anri. — M. : Daeproaromusaar, 1983. — 360 c.

7. Pa3paboTan HOBBIM cHOCOO CO3AaHUSI TOHKOIUIEHOYHBIX (DOTOIEMEHTOB. —
Pexxum noctyna: http://energy-fresh.ru/solarenergy/solarbattery/?id=4654

K Tteme 3

1. borocnosckwuiit B.H., CkanaBu A.H. Oromienue : yue6. nis By3os/B. H. boro-
cnoBckuii, A. H. CkanaBu. — M. : Ctpoiinzaar, 1991. — 735 c.

2. BCH 52-86. YcTaHOBKH COJTHEYHOTO Topsdero BogocHaOxeHus. HopMmbl mpo-
ektupoBanusi. — M. : ['ocrpaxnanctpoid, 1988.
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TernoHacocHbIE TETMOCUCTEMBI OTOIUIEHHUSI U TOPSIYET0 BOAOCHAOXKEHUS 37a-
auit/M. C. Ilnemka, I1. M. Beipaan, ®. U. Ctparan [u ap.]. — Kummnes :
IHtumana, 1990. — 122 c.

PJI 34.20.115-89. Metoanueckue yKa3zaHUsl IO pAacyeTy M MPOCKTUPOBAHUIO
cucteM cosiHeyHoro termiocHadxkenus. — M. : CI1O Corosrexsnepro, 1990.
[lepmres B. Conmueunsie cuctemsl TeriocHadkenust/ B. [lepmaes, H. dyna-
peB// CtpoutenpHas umkenepus. — 2006. — Ne 1. — http://www.stroing.ru/.
DHeprocOepekeHHE B CUCTEMaxX TEIIOCHAOKEHUSI, BEHTHIISIITUN U KOHIUIIAO-
HUpOBaHUs Bo3ayxa : cmpas. nocodue/ JI. 1. borycnasckmii, B. U. JluBuak,
B. I1. TuroB [u ap.] ; mox pexn. JI. 1. borycmaBckoro u B. . JluBuaka. — M. :
Crpoitnzaat, 1990. — 624 c.

Cuctembl COJIHEUHOTO TeTuIo- U xjagocHabxkenus / P. P. Asezos, M. A. bap-
ckuii-3opun, WM. M. BacunweBa [u ap.] ; mox. pen. O. B. Capnarkoro u
C. A. HucroBuua. — M. : Crpornzaar, 1990. — 328 c.

K Teme 4

1.

bexman I'. TemnoBoe akkymynupoBanue sHepruu/I. bexman, II. I'mmmm |
nep. ¢ aunt. — M. : Mup, 1987. - 272 c.

K temam 57

1.

2.

@®ateeB E. M. Berponsuratenn u BerpoycTaHoBKU/E. M. ®arteeB. — M. :
OI'M3—Cenpxo3rus, 1948. — 544 c.

[ledrep 1. . BetponacocHble u BeTpodsiekTpudeckue arperarsl/ 5. U. [ed-
tep, U. B. Poxnecteencknit. — M. : Kosoc, 1967. — 376 c.

Heucuepnaemast sHeprus. Ku. 1. BerpossnekTporeHepaTopbl : y4ueOHUK /
B. C. KpuBnos, A. M. OneitnukoB, A. 1. SkosneB. — XappkoB . Hai. aspo-
KOCM. YH-T «XapbK. aBual. uH-1» ; CeBactonoip : CeBacT. Hal. TEXH. YH-T,
2003. — 400 c.

Heucuepnaemast sueprus. K. 2. Berposnepreruka : yueonuk / B. C. Kpus-
noB, A. M. OneitnukoB, A. U. SkosneB. — XapbkoB : Hail. aspokocM. yH-T
«Xapsbk. aBuail. uH-T» ; CeBacTomois : CeBact. Hail. TexH. yH-T, 2004, — 519 c.
The American Wind Energy Assocication. - Pexxum  nmoctyma:
http://www.awea.org

The European Wind Energy Assocication. — Pexum  jgocTyma:
http://www.ewea.org

K Ttemam 8-10

1.

2.

HBopoB WM. M. I'eorepmannHas suepreruka/I. M. [IBopoB. — M. : Hayka,
1976. - 192 c.

BCH 56-87. I'eorepMalbHOE TEIUIOXIaJ0CHAOKEHHUE KUJIBIX B OOIIECTBEHHBIX
31aHuil U coopyxeHuil. Hopmel npoektupoBanus. — M. : Ctponusgart, 1989.
AnapromeHko A. M. OCHOBBI TEpPMOAMHAMUKHN IIUKJIOB TEIUIOIHEPTETUYECKUX
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YCTAHOBOK : y4e0. mocobOue sl TeIIodHepreT. cmell. By30B/A. M. Anapro-
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4. AnxacoB A. b. I'eorepManibHas sHEpreTUkKa: MpoOJeMbl, PECypChl, TEXHOJO-
run/A. b. Anxacos. — M. : DUSMATIJIUT, 2008. — 376 c.

K temam 11-13

1. Teaitmemn x. BoszoOHoBmsieMbie wucrounukum dHepruw/ k. Taaidmenr,
A. ¥Yoiip ; ep. ¢ auri. — M. Dueproaromusaat, 1990. — 392 c.

2. KopobkoB B. A. IlpeoOpazoBanue suepruu okeana/B. A. Kopobxkos. — JI. :
Cynoctpoenue, 1986. — 280 c.

3. BoxnoBble sHepreTuyeckue cranuuu B okeane / B. U. Cuukapes, B. A. Axynu-
yeB. — M. : Hayka, 1989. — 132 c.

4. Tlpunusnsle snektpoctaniuu / JI. b. bepumreitn, B. H Cunakos, C. JI. ['enb-
dep [u ap.] ; mox pen. a-pa texH. Hayk. JI. b. bepumreitna. — M. : DHeproaro-
muzaat, 1987. — 296 c.

K Temam 14-16

1. boitnc JI. buosHeprusi: TeXHOJOTHS, TepMOAMHAMUKA, u3aepxkku/Jl. boinc. —
M. : Arpo-npomuszaart, 1987.

2. llyoposckuii B. C. MetanoBoe cOpakMBaHHE CEIbCKOXO3SHCTBEHHBIX OTXO-
nos/ B. C. Jlyoposckuii, Y. 3. Buecryp. — Pura : 3unarue, 1988.

3. Trarigemn /. Bo3oOHoBmsemble uctounmku dSHeprum/ Jhx. Traitmenn,
A. ¥Yaup A. ; ep. ¢ anri. — M. : DHeproatomuznar, 1990. — 392 c.

4. A. A. Kocan. CpaBHeHHE (DU3UKO-XUMHUYECKUX CBOMCTB JU3EIHHOTO TOILIMBA

u paricoBoro macna / A. A. XKocan, 1O. H. Peoxos, A. A. Kypoukun // BecTHuk
Openl'AY. — 2011. — Ne 4(31). — C. 7274,

K Teme 17

1. Cubukun O. JI. HerpaguuronHsle 1 BO30OHOBISIEMbIE HCTOYHUKH YHEPTHUH -
yue0. nocoodue / FO. [I. Cubukun, M. FO. Cubukun. — M. : KHOPVYC, 2010. —
232 c.

2. backakoB A. Il. HerpaguunonHsie 1 BO30OHOBIISIEMbIE UCTOUYHUKUA DHEPTHH:
yueOHuk mns By3oB / A. II. backakoB, B. A. Myuu. — M. : Uznar. ngom
«bACTET», 2013. — 368 c.

K teme 18
1. BacunbeB FO. C., Xpucano H.M. Dxomorust ucnonap30BaHusi BO30OHOBIISIO-

muxcs sHeproucrounukos/ HO. C. Bacunses, H. Y. Xpucanos. — JI. : U3a-Bo
Jlenunrp. yu-ta, 1991. — 343 c.



