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IIpegucnosue.

[Tpepnaraemoe yye6HOe mocoOue pacCYMTAHO Ha M3ydeHUe
Kypca «Bo3oOHOB/IseMble VICTOYHMKM SHEPIUM» II0 HaIllpaBJICHUIO
noAroToBKM «VIH)XXeHepHas 3alyuTa OKPY>KaroLiel Cpeb».

AKTyanbHOCTb y4eOHOTO IIOCOOMS B €ro HallpaB/IeHHOCT! Ha
dbopMMpoBaHNe Y CTYIEHTOB MH)XeHepPHOTro MbIlieHnsA Co-TBopIa ¢
[Ipupopoit, a He paspymnTena [Ipupopsl, co3maBaeMo UM TEXHUKO
VI TEXHOJIOTVISIMIA

OTmryne [JaHHOTO Y4eOHOTO MOCOONA OT aHA/IATUYHBIX U €TO0
OPUIMHA/ILHOCTD B PaCCMOTPEHMM HEeTPAJAVIVOHHBIX BO30OHOBIIAE-
MBIX MCTOYHVKOB SHEPIUM, KOTOpPbIE IO IPUHINIIAM IOCTPOECHNUA I
110 9P PeKTUBHOCTY OIM3KM K IIPUPOHOIT SHEPreTHKe.

Llenb yae6HOTO MOCO6MS - CHOPMUPOBATD Y CTYHAEHTOB IIPYUH-
IIVIIIBI HOBOTO MH>KeHepHoro MpinieHnsa XXI Beka. CTyneHTy fgaeTcs
KOHIIETII[VA, COIIACHO KOTOPOJT ero pa3paboTKM Kak OyAyIero MH-
YKeHepa MOJ/DKHBI ObITb OPTraHMYHBIM IIPOJO/DKEHVEM eCTeCTBEHHbBIX
npoueccos IIpupopbr.

Yd4e6HOe TOCO6ME TIOCTPOEHO TaK, YTOOBI B pe3y/nbTaTe ero
U3Y4eHNS CTYHEHT MOTy4YlT HeoOXOAMMble 3HAaHNUA U B JJa/IbHelIIeM
MOT CaMOCTOATEIbHO PabOTaTh CO CHEIMaNbHON TUTEPAaTypOIl, pas-
OuparbcAd B HENICTBYIOUIMX YCTPOVCTBAX HETPAfMIVIOHHBIX BO300-
HOBJIA€MbIX MCTOYHVIKOB SHEPTUY U MOT MCIIOTIb30BaTh TV 3HAHMA B
CaMOCTOATE/IbHOV MHXEHEPHOI NeATeTbHOCTI.

Yd4ebHOe mocobue mpegHa3HAuYeHO I 00Y4eHMs CTYAEHTOB
OakajaBpyaTa ¥ MaruCTpaTyphl.



BBenenue

Cnoco0 cyniecTBOBaHUs COBPEMEHHOTO YeJIOBEYECTBAa — He-
npumupumasi 6opsda ¢ Ilpuponoii. 3to o60cHOBaHO paboTamu yue-
HbIX [1-5]. UeM BbllIe MOTHUMAETCS YEIOBEYECTBO B CBOEM TEXHOKpa-
THYECKOM Pa3BUTHH, TEM 0XKECTOUCHHEE 3Ta 60pbOa, HECMOTPSI Ha BCE
HaIlld COBPEMEHHBIE KPUKU 00 DKOJIOTHH, 00 OXpaHe OKpy’Karomien
cpensbl, o ciacenuu [Ipupoasl. Ita 60pbda 3a/105)KeHa B COBPEMEHHOE
4eJI0BEUYECTBO FEHETUUECKH, HaUMHasi ¢ EBKIIMI0BON reoMeTpuH, KO-
TOpast SIBJISIETCS] OCHOBOW HAIIETO CYIIECTBOBaHMS, HA KOTOPOH Oa3u-
pyeTcst Hallle HHXEHEPHOE MBIIUIEHUE, KoTopas chopMHUpoBaia Halle
IJI0CKONIapaJuIeIbHOE CO3HAHUE.

HoBoe npencrasnenre 0 MUPOYCTpOICTBE TaHHOE B padoTax
yueHbIX [1-5] roBopur o TOM, 4TO OCHOBOW BceneHHON sBIsTOTCS
BUXpEBbIe MH()OPMAIIMOHHO-DHEPTETUYECKUE TMOTOKH, CIHPAJIECBU/I-
HbIE HEPIeTUYECKUE CTPYKTYpbl, BUXPEBOE U CIUPAJIEBUIHOE JIBU-
KEHHE MaTepualIbHBIX 00pa3zoBanuii. Bo BeeneHHON HET MpsAMBIX JH-
HUH, HET PAaBUIIbHBIX OKPYXHOCTEN, HET N30JINPOBAHHBIX TOUYEK, HET
NapaijIeNIbHBIX MPSIMBIX, HET YIIOB, HET IPSIMOYTOJIbHUKOB, Iapajuie-
JIENUNEI0B U IMIUHAPOB. TO €CTh HET BCETO TOrO, HA YEM OCHOBAH
MHTEJUIEKT COBPEMEHHOTO YeNIOBEeKa, Ha 4yeM OazupyeTcs COBpeMeH-
Has HayKa, 4TO SIBJISETCS KOHCTPYKTUBHOW OCHOBOM HaIllEH TEXHUKHU
U TEXHOJIOTUH, MPOU3BOJCTBEHHBIX MPOLIECCOB, NPEANPUATUN U JKU-
neIx 10MOB. Beero atoro Her Bo Beenennoit, net B [lpupone 3emin.
Ho EBxuinoBa reomeTpus N0J0kKEHA B OCHOBY MaTepUaIbHOIO MHPA,
C03/1aBa€MOI0 YeJIOBEKOM. Yesl0BEeK MBICIUT KaT€rOpUsIMH 3TOTO IUIO-
CKOIIApaJUIEJIBHOTO MarepuaabHOro mupa. llostomy coBpeMeHHBIN
YeJIOBEK Ha3bIBaeT ceOsi MaTepuanCTOM, COBPEMEHHAs HayKa Hazbl-
BaeT cebds — MaTepHaTMCTUYECKOM, a COBPEMEHHAsl CUCTEMAa MBIIILIe-
HUS — MaTepuaan3MoM. Bee, 4To BEIXOAUT 3a Npeiesbl MaTepuain3Ma,
CETOHsI OTHOCST K Ueanu3mMy, paHaTu3My, IU30(ppeHny, MamMaHnu3-
My U T.J. MarepuanucTuueckoe CO3HaHHE YeJoBeKa C(OPMHPOBAIIO
CIoco0 CyIIeCTBOBAaHHUS YEJIOBEUYECTBA, B KOTOPOM uenoBek BHe [Ipu-
ponsl, Hax [Ipupomoit, B 6eckoHeuHoii 6opnbe ¢ [Ipuponoii. Marepua-
JIMCTBI BHEAPSIOT B CO3HAHME YEJIOBEKa M MPOYHO 3aKPEIUIIOT Chop-
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MynupoBanHoe H.U. ByxapunsIM nipefcTaBieHHuEe O TOM, YTO TOJIBKO
B IIpoliecce JOJIrol U cypoBoit 00ps0ObI ¢ [Iprpoaoii uesoBek cMOXKeET
HAJIOKUTh HA HEE CBOIO XKEJIE3HYIO Y31Y.

«OKenesnas y3na» byxapuHna ceronss peaausyercs BO BCEX Ha-
npasieHusx 60psosl ¢ [Ipuposoit. B 310l 60pb0e MBI BHITECHSAEM U3
KHU3HM YeroBeka onocdepy, 3amensist ee TexHochepoit. [Tpuyem Tex-
HOC(epoii arpecCUBHOM, € KECTOKHM NPOTUBOOOPCTBOM ¢ [Ipupooii.

Crioco6 cymiecTBOBaHUSI COBPEMEHHOM LMBUIIM3ALMU OYECHb
TOYHO M JJAKOHUYHO copMmyinupoBan B Hadane XX Beka MudypuH:
«MBbI HE MOXKEM kaaThk MuiocTu oT [Ipuponsl, Hala 3aa4a B3ATh UX
y Hee». DTOT JIO3YHI' B TeUEHHUE 75 JIET BUCE B POCCUMCKHUX LIKOJIAX,
B BY3ax, B HayuHO-HCCIE10BaTENbCKUX UHCTUTYTAX, B Poccuiickoit
aKaJeMHH HayK. DTOT JIO3YHI IIOJHOCTBIO COOTBETCTBOBAJ XUIIIHUYE-
CKOMY OTHOIIEHMIO K [Ipupone npaBamux KiIaccoB 3araJHbIX CTPaH.
OTOT JIO3yHI CTaj CTpaTerueil uenoBeuecTBa Ha Becb XX BEK.

Pesynbrar 31O CTpaTeruu — IyOOKUH 3KOIIOTUYECKHIA Kpu-
3uc mIaHeTsl B Hadasne X XI Beka. buocdepa rianeTs He B COCTOSIHUN
IIPOTUBOCTOSTH YEJIOBEKY-MaTepHAIUCTy (XHUILHUKY), KOTOPBIH Hpo-
JoJpKaeT paspyuars IIpupoay U co3aBaTe MHOMKECTBO JKOJIOTMYe-
CKUX Ipo0sieM Ha IJIaHeTe.

B yuebHO-MeTOaMueckoM ocobuu [5] 060CHOBaHO, YTO dHEP-
reTuka Poccum camoe 5KOJIOTMYECKU OIAaCHOE HAIPABIICHUE XO35H-
CTBEHHOW J€ATEIbHOCTU uesoBeka, uTo 70% BceX JKOJIOTMYECKUX
npobiem u 70% BCEBO3MOMKHBIX BBIOPOCOB CBSI3aHO C SHEPreTUKOU
CTpaHbl. YKa3aHO, 4YTO CAMbIM [IEPCIIEKTUBHBIM HAIIPaBIEHUEM CMEHBI
SHEepreTUUeCcKoi napagurmel B Poccuu SBISI0OTCS Bce BUIbI BO30OHOB-
JIIEMOM DHEPIreTUKU: COJIHEYHOM, BETPOBOU, F€OTEPMAIBHON, MaJIbIX
pek, okeanoB, Kocmoca.

B yuebGHO-MeToqMueckoM nocobun [5] paccMOTpeHsl Tpaau-
LIUOHHBIE BO300OHOBIISIEMbIE MCTOUHUKU SHEPTUU: COJIIHEUHBIE SHEp-
TEeTUYECKUE YCTAHOBKHU, BETPOIHEPIETHUYECKUE YCTAHOBKH, IeoTep-
MaJIbHBIE JHEPreTUYECKUE YCTAHOBKM, TUAPONICKTPOCTAHIUU Ha
MasbIX pekax. B redenue nocnennux 20-TH JIET CO34aHbI U CO3/1AI0T-
Csl HeTPAJMLMOHHbIE BO300OHOBISIEMbIE MCTOYHHKH IHEPIUHU, KOTO-
pbI€ AEMOHCTPUPYIOT CBOXO BO3MOXKHOCTH BCTpauBaHus B IIpupony,
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CBOIO BBICOKYIO 3((PEKTHMBHOCTh B HAlpaBICHUH SHEPIETHUECKOrO
nepeBoopyskeHust Poccun u BpIBoa U3 SKCIuTyaranuu Kpymnueix ['9C,
TOL, ADC, I3C, kak 5KOJOTMYECKH OIACHBIX TEXHOTCHHBIX CO-
opykeHuil. PaccMOTpeHHIO NPUHIMIUATIBHBIX 0COOCHHOCTEH Takux
HETPAJAULIMOHHBIX HCTOYHUKOB 3HEPTrUU U IMOCBSILEHO 3TO y4yeOHOe
noco6ue. Llens mocobus — 1aTh CTyAEHTaM TEOPETHUYECKUE OCHOBBI
U MpaKTHYECKylo 0a3y (Ha MpUMepax CyIIECTBYIOUIMX pa3paboToOK)
(opmMHpoBaHus HOBOTO MHXeHEpHOTo MbliieHus Co-tBopua ¢ [1pu-
ponoii, mpoOyIuB B HUX >KEJIaHWE M3Y4eHHs 3akoHOB [Ipupomsl, mx
MOJICTUPOBAHUS U UCIOJIb30BaHUs B CBOEH Oyayluell MH)KEHepHOU
NeSTeIbHOCTH — BCTpAauBaHUS (BKUBJICHHS) HCKYCCTBEHHOW TEXHUKHU
U TEXHOJIOTUYECKHX MPOLECCOB B >kuBYI0 [Ipupony umm nenast uckyc-
CTBEHHBIE TEXHOJOIMUYECKUE MPOLIECCHl OPraHUYHBIM MPOJOKEHUEM
€CTeCTBEHHBIX nporieccoB [Ipupobl (0e3 BHIOPOCOB 1 HKOIOTHYECKUX
BO3MYILLIEHUN OKPYXKAIOLIEH Cpe/ibl).

BOl'[pOCI)I AJIsl CAMOKOHTPOJIHA

1. JlaiiTe XapakTepUCTHUKY COBPEMEHHBIX OTHOILLIEHUI YEJIOBEKa C
[Tpuponoi.

2. Jlaiite onieHKy JIo3yHTY MuuypuHa.

3. Ilouemy B HacTosiLiee BpeMs dyenoBek BHE [Ipupoasi?

4. KakoB OCHOBHOI NpUHIUI JieATeIbHOCTH HxXeHepa XXI Beka?

5. laiite xapakrepuctuky naxxenepy Co-teopuy c [Ipuponoit.

6. B ueM npuHIUNUAIBbHOE OTIMYNE HETPAJAULUOHHBIX NCTOUHUKOB
SHEPrUM OT CYLIECTBYIOLMUX?

7. HyxHo mu coBpemeHHOH Poccun miobanbpHOE npeoOpazoBaHue
SHEPreTUKU?

8. 3anHTEepeCcOBaHO JIM MPABUTENHCTBO PoCccuu B pa3BUTHU ACIICHTPA-
JM30BaHHOW SHEPTETUKU Ha 0a3e BO30OHOBISIEMBIX HCTOYHUKOB HEP-
ruun?
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I'maBa 1. HerpaauunoHHoe HCNO/Ib30BAHHE COJTHEYHOM YJHEPIrUA
1.1.  Coaneynas Tpy0a

OpuruHanbHbIN IPOEKT COTHEYHOM IEKTPOCTAHIMU MIPEAIIO-
KM HeMenkuii umkeHep Y. I1Ineiix. DIeKTpoCTaHIus IPeCTaBISIeT
co0oii TpyOy nmuameTrpom 50 m u BeicoToit 1000 m. KonycoBuaHoe oc-
HOBaHUE CTAHIIUU OCTEKJIEHO U umeet auametp 7000 m (puc. 1.1).

[Tpuniun paboTHl CTAHIMU 3aKIIOYAETCS B TOM, YTO BO3AYX
HarpeBaeMblii COJTHIIEM I0J] OCTEKJICHHEM YCTpeMIIIeTCsl B TpyOy co
CKOPOCTBIO /5,5 M/c ¥ IPUBOJUT B IBWKEHUE 32 BETPOIIEKTPUUECKUX
ycraHoBku. BOY pacnonaratorcs y ocHoBaHusi TpyObl. Ennnuunas
MoIIHOCT BOY 6,25 MBm. BonbIIMHCTBO HECYIINX KOHCTPYKIUI
CTAHLIMU BBITOJIHEHBI U3 TPYO, 110 KOTOPHIM LUPKYIHpyeT Boaa. [loTok
MHCOJISIUYU OTJAET TEIUIO KaK BO3AYXYy TakK M BOJE, LIUPKYJIUPYIOLIEH
B TpyOax M akKKyMyJIHpyeMoO# B 0akax akkyMmyssiTopax. Teriora Bosl
o0ecrieyrBaeT HarpeBaHue BO3/LyXa MO/ OCTEKICHUEM B HOYHOE Bpe-
Ms U B IaCMYpPHBIE JHH.

Momnocts COC onpenensiercs paBHoit 200 MBm. Kanu-
TaJbHBIE 3aTPAThl HA CTPOUTEILCTBO HA / KBm MOIHOCTH YCTaHOBKHU
onienuBaetcs B 2800 nomnapos CIHIA, 3T0 3HaUUTENBHO JICLIEBIIE YEM
CTPOUTENHCTBO TpaauliMoHHOH BOC Takoi e MOILIHOCTH.

Vcranopka . I1lneiixa B yMEHBIIEHHOM BapHaHTe (BBICOTOI
194 m, nuameTtpom TpyOsI /() M C KPYIJIBIM TEHTOM JHaMeTpoM 242 u,
M3TOTOBJIEHHOTO U3 IIJIACTHKA, BHICOTA TEHTA OT 3€MJIU 110 IEPUMETPY
— 2 m) Obula ycTaHoByieHa B Mecteuke Manzanapec (Mcnanus).

Ilon BO31€EHCTBUEM COJTHEUHOTO M3JIyYEHHUs BO3AYX IOJ TEH-
TOM HarpeBaeTcs (MapHUKOBBIN 3((deKT) u B pesynbrare BO3HHKAO-
LIe TATM BOCXOAUT Yepe3 TpyOy, MPUBOAS B JIEHCTBUE YCTaHOBIIECH-
HYI0 B HEM BETPORJIEKTPUUECKYIO YCTAHOBKY MOIIHOCTBIO 50 kBm.

BiamenpueM  JaHHOM  YCTAaHOBKU — SBJIIETCS  KOMITAHMS
Bundesministerium fur Forschung und Technologie (r. boun, I'epma-
HUSA).

VYcranoBka paborana ¢ 1989 no 1996 r. Ceituac oHa ocTaHOB-
JIEHA U CIIYXKUT JIUIIb JUIsl JEMOHCTPALMK IPUHIUIA PaOOTHI.
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B 2002 roxy aBcTpanuiickoe MUHUCTEPCTBO ITPOMBIIIIEHHO-
CTH, TypHU3Ma U pecypcoB nopyuuiio pupme Enviro Mission pa3pabo-
TaTh MPOEKT YCTAHOBKM, KOTOPAs JOJKHA CTaTh OOJIbIIIE U JIyUlle YeM
B MaH3aHapece — IPAaKTUYECKH pealn30BaTh EPBOHAYAIBHBIA TPO-
ext WM. IIneiixa. IIpoexTHas MOmHOCTH dnekTpoctanmun 200 MBm,
a KaluTalbHbIC 3aTPaThl HA €€ CO3/1aHue JOJIKHBI ObITh He Bhile 800
MiH. pomapo CIHOA (4000 mommapoB 3a / xBm ycTaHOBIEHHOHN
MoltHocTH). IIpoekTHas romoBasi BbIpaOOTKa 3JEKTpoIHEpruu 650
I'Bm-u (2,3:107 [oc/200). DT0 3HaYEHUE COOTBETCTBYET BBICOKOMY
3HAUYEHUIO KO3((UIIMEHTa MCHOIb30BAHUS YCTAHOBIEHHON MOIIHO-
CTH Ha ypoBHE 36%.

B cooTrBeTcTBUM ¢ mpeaBapUTENbHBIMU pacueTaMu 3JEKTpPO-
CTaHLUS JOJDKHA UMETh TEHT TUAaMETPOM 7 KM C HaKphIBAEMOM ILIO-
mazapo 38106 m°. Tlpy MUKOBO# TIOTHOCTH MOTOKA COJTHEYHOTO H3-
ayuaenust 1000 Bm/w? KITJ1 yctanoBku orienuBaetcs Bcero B 0,5%.

Tak kak 3()(HeKTUBHOCTH PHEPrOyCTAHOBKU 3aBUCHT OT BbI-
COTBI TPYOBI, TO MOTPeOyeTCsl CHPOEKTUPOBaTh TPyOy BricoTOM /000
m.Takast GamrHs JOJKHA BbIIEPKUBATh OIPOMHBIE BETPOBBIE HArpy3-
KM, TI09TOMY 3ajJaya €€ NPOCKTUPOBAHMSI SABJISETCS KpAallHE CI0KHOM.
CymecTBytomasi ceifuac camasi BbICOKas OalHs (MCKIIO4asi pajguo-
6amHn) HaxoauTcs B TopoHTo, ee Bricota 553 m (Canada’s National
Tower). B HacTosiiiee Bpemsi 1o HpOILECTBUM 7 JET MOcjie Hadajaa
MIPOEKTa aBCTPAJIMICKAs COIIHEUHas TpyOa BCe ellle HaXOAUTCS B CTa-
JIMH IPOEKTHUPOBAHUS.

1.2 OpoOnTajbHbIe COJTHEYHbIE JJICKTPOCTAHIIUA

H3BectHo, 4T0 '/, 0OBEMa NPUXOAAMIEH K 3€MIIE COIHEYHON
panuanuu oTpaxaercs arMochepoi U MOBEpXHOCTHIO 36MHOMN CYIIIH.
[TosToMy pazpabarbIBatoTCS MPOEKTHI (POTORIEKTPUUECKOTO MPeod-
pa3oBaHUs COJIHEYHOM 3HEPIMH B KOCMHMUYECKOM IIPOCTPAHCTBE Ha
OKOJIO3eMHOM opOuTe. B yclioBHsIX HEBECOMOCTH BO3MOKHBI MOHTaX
U SKCIUTyaTalysl TUTAHTCKUX COJHEYHBIX MaHesel Iuomaabio 0osee
100 xkm?, snekTpuvecKasl MOIIHOCTh KOTOPBIX MOKeT jocturars 700
I'Bm (puc. 1.2). [Ipu Bcex HEM30€XKHBIX MOTEPSX MPH Nepeade JieK-
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Puc. 1.2. IIpoexT opOUTAIBHON COIHEYHOMN AEKTPOCTAHIIUU YAJIEH-
HoM ot 3emuin Ha 36000 km

TpodHEpruu Ha 3emirto JokHO moctynark 60...80% obbema 3mek-
TPOSHEPIUU BbIPaOOTAaHHOW OpOUTAIBHON 3JIEKTPOCTaHIIUEN.

B. A. Tpunuxec mnpeamnonaraer, 4To TeHEpuUpyemMas MOII-
HOCTb KOCMHUYECKOW OpOHMTaIbHON (POTORNEKTpOCTAaHINUU OyneT co-
CTaBIATH §... 13 I'Bm. CraHuus npeacTaBiseT COO0H HCKYCCTBEHHBIN
CIYTHHK 3eMJH, 0OpaIaouicsl Ha Te0CTallMOHAPHBIN OpOUTE BBI-
coroit 35800 km, ¢ yriaoM HakjoHa K skiaunTuke — 23,5°. Ilpu atom

o0ecrieunBaeTcsl TMOCTOSHHOE NMPeOBbIBAaHUE CIyTHUKA B 3€HUTE HAall
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(UKCHUPOBaHHOW TOYKOM Ha ’KBarope 3emin. PazmerieHrne poKTeHHbI
(mpueMHOro ycTpoiicTBa) BO3MOKHO MOBCIOAY MeX 1y 7()° ceBepHOM U
70° 10kHOM UPOTHL. MOIITHOCTH Ha BBIXOJIE 3eMHOH Mpeodpasyromieit
CUCTEMBI ToJ1araercsi paBHou 3..10 I'Bm.

[To nanneiM KetoBa II.M. co3manue KpynHOH KOCMHYECKOM
COC oboitnercs 6onee yuem B 12 mapo. oonnapoeg CILIA.

CaMy uziero 3NeKTPOCHA0KEHUS 3EMITH € TOMOIIBI0 OpOUTATb-
HBIX 3JIEKTPOCTAaHUUI BIIEpBbI€ BbIcKa3all B 1960 roxy pycckuil nxxe-
Hep H.A. Bapsapos, kotopslii nucan: «Korna nronn Haydarcs nepena-
BaTh HIIEKTPOIHEPTHUIO U3 KOCMOCca Ha 3eMJTto 0e3 IpOBOAOB, 0J00HO
TOMY, KaK CErofiHs OCYILIECTBIISIETCS CBSA3b IO Paguo, TBOpUECKas
MBICJIb YEJIOBEKA HAIIPAaBUT CBOM YCHJIMSI HA CO3JJaHUE KOCMUYECKUX
reJIMOAJIEKTPOCTAHIIMN, CHAOXKAIOLINX KUTETIeH 3eMITU IIEKTPOIHEP-
rueii B HeorpanuueHHoM Konuyectse» (H.A. Bapsapos. Kocmuueckue
rearosniekTpoctanuuu // Texuuka mononesxu.1960.Nel.c.34-36).

TexHuueckue NpeiIokeHus O CO3AaHUI0 NEPBOM OpOUTAIIB-
HOW COJIHEUHOM 371eKTpo3Heprun 6butn onmyonukoBans! [1. [T133epom B
1968 . (P.E. Glaser «The future of the power from the sun». IECE-GS.
Record 1968.-p.98-104).

[Io »TUM mnpeanoXKeHUsIM JEeTalbHO MPOEKT ObUI mpopa-
6oran B HACA B xonue 80-x romoB. Pesymbrarom paccmotpe-
HUS IIPOEKTa CTAJI0 3aKIIOYEHHE O HEBO3MOXHOCTU €r0 peau-
3allUM Ha CYLIECTBYIOLIEM YpPOBHE Da3BUTUS TEXHMKH. B Hauane
2000-x romoB B CBSI3M CO 3HAYMTEIBHBIMU HAy4YHO-TEXHUYECKUMU
JIOCTHKEHUsIMM uHTepec K mnpoekry OCD BozoOHoBuics. B Ha-
CTOsILLIEE BpEMsI KPYNHBIE HAy4YHO-UCCIIEIOBATEIBCKUE IPOEKTHI
B 3TOM HampasieHuu peanusytorcs B CIIA, fnonun, Kanage,
EBpornelickoM coro3e M 0 OTAEIBHBIM HampasieHusM B Poccum.

Konuenuusa BeiiBunyTas II. I'33epom mpenmnosnaraer cosna-
HUE Ha TeocTalMoHapHON opburte rpynmupoBku OCD, kaxnas u3
KOTOPBIX OOecIieunBaeT nepejady He 3eMilto 5 [ Bm 31eKTpuuecKon
MOILIHOCTH.

Pa3paborka OCD comepKHUT YeThIpe KOMIIOHEHTA!

1) Cuctemy npeobpa3zoBaHusi SHEPTUU B KOCMOCE;
2) CucteMy nepeay SHEPriuy Ha 3eMIIIO;
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3) JlocTaBku 060pya0OBaHMs U MaTepUaioB Ha OpOUTY;
4) Coopxoit OCD Ha opbure.

1.2.1 IlpeoOpa3oBaHue 3HEPruM COJIHEYHOI0 M3JYYCHHS B JJICK-
TPHYECKYI0 JHEPrUI0 MOCTOSIHHOI0 TOKA

PaccMoTtpenue BapraHTa IpUMEHEHUS B KOCMOCE TEPMOMEXa-
HUYECKOTO crioco0a npeoOpa3oBaHMsl SHEPIUU Ha OCHOBE IUKIa Pen-
KHMHA MPHUBEJIO K BBIBOJY O MPEANOYTEHUHU (DOTORIEKTPUUECKHUX Ipe-
oOpasoBareneil. [Ipu 3TOM BO3MOXKHBI J1Ba BapUaHTAa: HCIIOIb30BAHNE
KPEMHHEBBIX (DOTOINEKTPUUECKUX IpeoOpa3oBaresiell 0e3 KOHIEH-
TPATOPOB COJIHEUHOTO M3IIy4eHUs U IpeoOpa3oBaresieii Ha OCHOBE ap-
CEHM/JIa TAJIUS C COTHEYHBIMH KOHLIEHTPAaTOpaMu, ¢ KO3 (PUIIEHTOM
KOHLIEHTpALM1 PaBHBIM JIByM, JOCTUIAEMBbIM C IIOMOIIIBIO OTpa)kare-
Jei TUna «KopbITo». JlaHHBIE pelieHus: 00yCIOBICHBI TEM, YTO Taj-
JM-apceHu 1 10IMycKaeT 6oee BHICOKYIO Temueparypy 3pQpeKkTuBHOM
skcrutyaranuu (125°C), uem kpemuuii (36°C). [lpu Takux Temmnepary-
pax KIIJ] moxet ObiTh 18,2% nns Ga As u 16.5% nst Si.

N3 10,5 I'Bm BbIpaOOTaHHON MOUIHOCTH ISl TMEpeaaqu
Ha 3emiro nocTynuT okono 8,5 /'Bm. Cronp 3HAYUTENBHBIE IIO-
TEpU CBSI3aHbI C TMOTEPSAMHU B AJEKTpoKadensx. MakCUMaiabHO J10-
nyctumoe Hanpsbkenue Ha CBUY-reneparope ouenusaercs B 40000
B. D10 OrpaHn4eHue CBS3aHO C PUCKOM D3JIEKTPUYECKOro MpoOost
B pa3peXkeHHON arMoc¢epe Ha BBICOTE T'€OCTAllMOHAPHOIO IOJIe-
ta OCD. YKa3aHHBIM 3HAYEHUAM OIJIEKTPUYECKOW MOIIMHOCTH M Ha-
IIPSDKEHUIO COOTBETCTBYET ANEKTpudeckuil Tok B 262000 A. Ilosto-
My 3JIEKTPHUYECKOE COINPOTHBIEHHE Kabeneil NOMKHO ObITh KpaiiHe
HHU3KHM, 4YTOOBI 00ECHEYUTh MHUHHUMAIbHBIC MOTEPH, paBHbiC I°R.

1.2.2 Tlepenava 3Hepruu ¢ opoOMTHI HA 3eMITIO

OnHUM M3 YHMKAJIbHBIX PE3YJbTATOB, MOJYYEHHBIX B IPO-
recce nmpopabotku konuemniuu OCD, ctan BBIBOA O TOM, YTO Mepeaa-
BaTh 3HEPruro Ha 3emutro Haubosee 3¢dexkTuBHO nocpeacrsom CBU-
U3IYYEeHHUs, YeM M0 3JIEKTPUUYECKUM MPOBOAAM COOTBETCTBYIOIIEH
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NpOTsKeHHOCTH. [IpenBapuTenbHble OLEHKM IOKa3aid, YTo C  IO0-
mourpto CBY-nyua sHepruto ¢ opOUTHI Ha 3eMIII0 MOXKHO Iepe-
nath ¢ 3PQPEKTUBHOCTbIO OKOJIO 74%, B TO BpeMs Kak IO MPOBO-
naMm — ¢ 3(@eKkTuBHOCThIO B 2 pa3a MeHblieil. bonee Toro, ObuIO
MokazaHo, 4to ¢ nomoupto CBY-u3nmyueHHss MOXHO THepenaBaThb
SHEPreTU4ecKue IOTOKM CYIIECTBEHHO Oojiee MOIIHBIE, YeM Cce-
rofHs OO0ECHeYMBalOT caMble KpYIHbIE JIMHUHM 3JEKTporepena-
g (camas KpymnHas JMHHS OJJIeKTponepenaun Mexnay HWraimy
n Can-llayno B bpasunuum umeer momHocts Bcero 3,25 [Bm).

[IpoexTrpoBaHue GeCrpOBOIIOYHON CUCTEMBI IIepeiaun IHep-
MM HaTaJKUBaeTcsd Ha psAJ orpaHuueHuilt B wactHOoCTH, MMeercs
OrpaHUYEHUE HAa MAKCHMAJbHYIO IJIOTHOCTH MOIIHOCTH BBICOKOYA-
CTOTHOTO IHEPreTUYecKoro Nnotoka depes uoHocdepy. Ilo ouenkam
OH JIOJDKEH ObITh He Bbile 230 Bm/m?, unadye HeluHenHbIe 3P deKThI,
CBSI3aHHBIE C €r0 B3aMMOJEHCTBHEM C MOHOC(HEPOH, MOT'YT BBI3BATh
HCKa)KEHUE PaInOCUTHAIIOB, PACIIPOCTPAHSIOLINXCS B aTMOchepe.

Jlpyroe BaxkHO€ TpeboBaHHE — orpanndenue Momuoctu CBY-
IyyKa 3a IpeaesamMu NpueMHON pekTeHHBbI. [lockonbky Qusnuecku
«00pe3aTb» TPaHHULIbl ITyYKa HE MPEACTABISETCS BO3MOXKHBIM, TpeOy-
€TCsl, YTOOBI PHEPreTUUYECKUN MOTOK, U3IydaeMblil ¢ OpOUTHI, UMel
raycCoBO PalMOHAIBHOE paclpeieNeHue MI0THOCTH.

1.2.3 AHTEHHA

MUKpOBOIHOBOE M3IIyUYEHUE HAIPABISAETCS HAa AHTCHHY Ye-
pe3 MOABMXKHOE IIapHUpHOE coenuHeHrne. HeoOXonumMocTh UCHOb-
30BaHMs LIapHHpa OOYCIIOBJICHA TEM, YTO aHTEHHAa JOJKHA OBITh
OpPUEHTUPOBaHA Ha Ha3eMHbIM NpPUEMHHK (PEKTEHHY), B TO BpeMs
KaKk TaHedb ¢ (DOTORIEKTPUUYECKUMH NpeoOpa3oBaTeIsIMU JI0JIK-
Ha «caenuThy» 3a «aBwkymumces» ConnueM. C yueTom psja orpa-
HUYEHUI IUIOTHOCTH IepeaBaeMONl MOIIHOCTH JOJDKHA OBbITh He
Boiie 22 kBm/w’. B 3TOM cilydyae IJoIaab aHTEHHBI JOJDKHA CO-
craButb 300000 m?, 9TO COOTBETCTBYET Kpyry auamerpom 600 m.

AHTEeHHa TpeAcTaBiIseT coO0OW IUIaHApHYIO (Pa3MpPOBAHHYIO
PEILIETKY, COCTOSIIYI0 U3 OOJBIIOr0 4ucia u3inydareneil, pasOuThIX
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Ha TPYyNIbl, KaKJIasg W3 KOTOPBIX JOJDKHA HAXOIUTCS Ha CTPOro
OJIMHAKOBOM PAcCTOSIHMM OT Ha3eMHOM 1enu. [lockonbKy Juist nepena-
4y HEepruu ObLIa BeIOpaHa JiuHA BOJHBL /2 cm (2,45 ITy), Kaxabii
WHAVNBUAYATbHBIN U3ITy4aTeNlb JOJDKEH ObITh BBICTABIIEH C TOUHOCTHIO
10 [ cm Ha BCeH IIIOIIAIA aHTEHHBI, 3aHUMarotei 80 ea, 4ToObI 00e-
creuuTh (hOpMUPOBAHKE MTyYKa C apamMeTpaMu, HEOOXOIUMBIMU IS
TOYHOI OPUEHTALMU HAa HA3eMHbBI IPUEMHUK.

B aBapuiinoii cutyauuu npu notepe GpazoBoro KOHTPOIIS Mpo-
UCXOTUT pac(hOKyCUpOBKAa aHTEHHBI, U MUKPOBOJHOBOE H3ITyuyeHHUE
pacceuBaeTcsi B IPOCTPAHCTBE.

1.2.4 PexkTenHna

Kak Ob1110 cka3aHO BhIIIE HA BBIXO/I€ HA3EMHOM MPUEMHOM aH-
TEHHBI (PEKTEHHBI) MOXKET OBITh MONYy4YeHO J, /5 I'Bm sHepruu, u3 Ko-
TOPBIX 5 [ Bm MOXeT ObITh IEPEAAHO B AIEKTPUUECKYIO CETh.

Ecnu 6b1 mpueMHasi aHTeHHa ObLTa PACIIONIOKEHA Ha HKBATOPE,
TO OHA JIOJKHA OBl UMETh PopMy Kpyra auaMerpoM /() km, a peKTeHHa
Ha mupote 40° — popmy sruurnica ¢ ocsimu 10 u 14 km.

HazemHas npuemHasi cucreMa COCTOMT M3 HEKOTOPOIO KOJIU-
YecTBa PEKTEHH — aHTEHH, CHA0)KEHHBIX MHIMBUIYaTbHBIMU BBITIPS-
muTtensimu. Takas cxema mo3BossieT u3dexarb He0OOXOAUMOM perysu-
POBKH paccoriiacoBaHusi a3 ¥ OTHOCHTEIBHO MPOCTO CyMMHUPOBATh
peoOpa3oBaHHbIC TOKU.

[TockonbKy AJIMHA BOJIHBI paBHO /2 cm, TO KaxKJas aHTEHHa
«BuauTY wiomaab 20 cv’. CyMMapHOE YKMCIIO aHTEHH MPU JHaMETPe
Bcel pekreHHb! /0 km coctaBisieT S0 mapa. s Toro utoOb! co31aTh
TaKO€ KOJIMYECTBO aHTEHH 3a 1 o1 HyKHO U3roTaBiauBaTh 1500 muxpo-
aHmeH B CEKYH]y, YTO SIBJIAETCS] UCKJIIOUUTENILHO CIOXKHOM 3aaayeil.

1.2.5 lIpocrpancTBenHas opuentanuss OCD u ynpasiieHue ee 10-
JIO’KeHHEeM Ha opouTe

H3meHeHue HINPOCTPAHCTBCHHOT'O IMOJIOKCHUSA OCD BbI3BIBaCT
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6o0Jib1I0€ YKCII0 (PAKTOPOB, CPEAU KOTOPBIX HAUOOJIEE CYIIeCTBEHHBI-
MU SIBJISFOTCS:

1) nputsxenue Conuna u JlyHsr,

2) OTKJIOHEHHE reorpaBUTALIMOHHOTO IOJIS OT ChepruuecKoil cumme-
TPUU;

3) naBieHUE MOTOKA COJIHEUHOTO U3IIy4EHUS;

4) oTnava npu U3ITyYEHUH ITyYKa MUKPOBOJIHOBOTO U3JIy4EHUS;

5) poTalMOHHOE TPEHUE B y3/1aX COUWICHEHUs JIEMEHTOB CTAHIUH;

6) B3auMOZICHCTBUE C TEOMAarHUTHBIM TOJIEM;

7) BO31€UCTBUSL, 00YCIOBICHHbIE TPAIUEHTOM I'PABUTALUMOHHBIX CHIL.

JUist KOppeKIMH TOJOKEHHsI CTAaHLIMK Ha OpOuTe Hpearoia-

raercsi MCIOJIb30BaTh aproHHble asurarenu. 1lo mpenBapuTenbHBIM
OLIEHKaM, Ha 3To norpedyetcst okosio 50000 ke aproHa exeroHo.

1.2.6 locTaBKka y3JI0B 1 MATEPHAJIOB HA OPOMTY M UX MOHTAXK

Pemenne npobiem goctaBku U cOopku KoHCTpyKuuid OCD sB-
JIAIOTCS CEPHE3HOM U MHTEPECHOW MHKEHEPHOM 3ajaudeii. SICHO, 4To
cOOpKa I0JDKHA OCYIIECTBISATHCS Ha OpOuUTe.

ITo ouenkam, 310 morpedyer He MeHee 850 yenOBEKO-JIET
TpyZAO3aTpaT Jake B TOM CiIyyae, €CJIM MCIOJb30BaTh CaMble COBpE-
MEHHBIE Pa0OTHI-COOPIIMKHU, T.€. HEOOXOHAUMO OyIeT 00ecneuuTh
JUIUTEIbHOE MPOKMBAHHUE OOJBIIOr0 yucia crenuanuctoB B Koc-
Moce. JlomKHBI OBITH CO3IaHbl KOCMHYCCKHE YCITHOKH, O00ECIeuu-
BalOIME JOCTABKYy Ha OpOUTY KaK MUHUMYM Ha MOPSAIOK OOJIBIINUX
Macc Tpy30B, 4eM 3T0 BO3MOxHO cerofus. [lorpebyercsa Gomnee 400
TPAHCIOPTHBIX SKCIEAWIMNA JUIsi JOCTAaBKM HAa OJHY OpOHTAlb-
HYIO COJHEYHYIO 3JIeKTpOoCTaHuio. Eciu mpuHATH MPOJOSIKUTEb-
HOCTbh CTPOUTEIHCTBA OJHOM CTaHIMH ~ 1 TOM, TO MOTpedyeTcs ocy-
IIECTBIIATh 3aIlyCKH YEITHOKOB C YaCTOTOW OoJiee OJHOTO B CYTKH.

1.2.7 IlepcniekTuBsbl co3xanusa OCI

[IepBoHauanbHbId 3HTY3Ma3M, BBI3BAHHBIA WACEH CO3aHUSA
OpOUTANIBHBIX COJHEYHBIX JJICKTPOCTAHIIUN, CUIBHO yracaeT, Koraa
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CTAHOBMUTCS W3BECTHBIMU pE3yJbTaThl HAy4YHO-TEXHUYECKUX U
9KOHOMMUECKUX OLEeHOK. [lenapramenT sHepreTuku CIIA oneHuBaeT
CTOMMOCTB OJHOM 1eMOHCTpaunoHHoN OCD ¢ yueToM CTPOUTENBCTBA
Ha3eMHOU npueMHoU anTeHHsbl B 100 Mitpa. nomapos.

B 1981 r. HauunonaneHbeill uccienoBarenbckuii coser CIIIA
OLIEHUJI CTOMMOCTBH IIPOrpaMMbl co3ziaHus rpynnuposku OCO B 3
TPWJIH. JIOJUIAPOB U €€ NMPOAOLKUTEIBHOCTD B 50 neT. Takoi mpoekT
BBI3BAJl BO3PAKEHUE CO CTOPOHBI BCEX IPYIII CIELIMAIUCTOB.

be3ycnoBHO, CTOMMOCTBH IIpOEKTa HepeanbHa. B 310l cutya-
LMY MTOSIBUINCH IIPEIUIOKEHUS 110 OPraHU3alMK IPOU3BO/ICTBA OCHOB-
HBIX MoayJaeil Ha JIyHe ¢ MCIOJIb30BaHMEM JIYHHOIO ChIPbsl. 3aIlyck
KopaOneli-uenHoKoB ¢ JIyHbl TpeOyeT MEHBIIUX YHEPreTHUECKUX 3a-
Tpar, 4eM ¢ 3eMJIN.

[Ipennonaraercs Takxe npopadoTaTh BOIPOC CO3JaHUS COJI-
HEYHBIX 3JIEKTPOCTAHLUN Ha MOBEPXHOCTH JIyHBI, HO BO3MOKHOCTb
Nepeaayy YHEPTUH OTTyAa Ha 3eMJTIO TTOKa €1l He MOJTy4nsia 000CHO-
BaHUS.

K coxaneHuro skcneprThl 3TUX IPOEKTOB HE 3aTPOHYJIN BO-
npoc Oe3omacHocTu HaceneHus 3emuu npu cozganun OCO. Benp
OZIHA W3 CJIOXHEHIIUX MpoOjJeM — TOYHOE HAaleIMBaHUE AHTEH-
Hbl OCD Ha pekrteHHy Ha 3emiie u ynepxanue CBU-imyua B rpanHu-
1ax pekTeHHsl. JIroOas aBapus, 110001 mepexonHblil mporecc, coon
B YIPAaBJICHUU AHTCHHOM, OO0 camblii MaJ€HbKUH METEOPUT MO-
KET MPUBECTH K KaracTpode paBHOU ThicAye 4epHOOBUILCKUX KaTa-
ctpod. Momneitmuit CBY-1y4 ¢ m101a b0 MoKpbITHS HOBEPXHOCTH
Ha 3emiie OKoo 78 kM’ MOXKET HadaTh MPOHM3BOJIBHOE IepeMerie-
HUE 10 NOBEpXHOCTU Hamed IlnaHeTel MIHOBEHHO YHUUYTOXKas BCE
KHMBOE: Jieca, IMOJs, 03epa, PEKH, OCTaBIsAsA IMOCNe ceOs MyCTHIHIO.
[ToaTomy peannsoBbiBarh NnpoekTbl OCD Henb3sd HU B KOEM CIy-
yae M3-3a UX YPE3BBIYANHON ONACHOCTH Ul YEJIOBEYECTBA 3EMJIU.

Crnenyer oTaaTh JaHb YBaXKEHUs JIOIIM, KOTOpble pabo-
Tald HajA STUMM MpoektamMu. OHU TOOYyAMIM YYEHBIX U HHXKe-
HEpPOB peIllaTh NPUHUUIHNAILHO HOBBIE 3aJa4M, PEIIEHUE KOTO-
PBIX JaJI0 TOJYOK K JajbHEHIIeMy pa3BUTHIO ocBoeHMs Kocmoca.
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Bonpocs! 1J1s1 CAMOKOHTPOJISA

1. IlepeuncauTe Bce CyLIECTBYIOIINE TEXHOITUN UCTIOIb30BAHUS COJI-
HEYHOM SHEPIUHU.

2. Ha3zoBute mpeumyiiecTBa conHeyHOM anekrpoctaniuu [llneiixa
nepesi CyLUIeCTBYIOIMMU COTHEYHBIMHU AIEKTPOCTAHIIUSAMH.

3. Ha3zoBute npeumyiiecTBa CoMHeUHOM anekTpocTaniuu [lneiixa mo
CPaBHEHHUIO C TPAJULIUMOHHBIMU BETPOAIEKTPOCTAHIIUSIMH.

4. Ykaxute HenocTaTtku uekrpoctanuuu Llneixa.

5. Kakum o0pazom B OpOMTAJIbHONW AJIEKTPOCTAHIIMU MPOUCXOIUT
npeoOpa3oBaHUe YHEPIUU COJHEUHOTO M3IIYYEHHS B DIEKTPUUYECKYIO
SHEpruo?

6. M3noxxuTe NpUHLIUT Mepeadyl SHEPTHH ¢ OpOUTHI Ha 3eMITIO.

7. Pacckaxkute Kak pabOTaeT aHTEHHAa OPOMTAJIBHOM AIEKTPOCTaH-
uuu?

8. Uto Takoe peKTeHHa, Kak OHa ycTpoeHa 1 paboraet?

9. OxapakrepusyiiTe MNPUHIUII MNPOCTPAHCTBEHHOW OpPHEHTALUU
0CoD.

10. Kakum 00pa3oM OCyIIEeCTBISIETCS TOCTaBKa Y3JIOB M MaTepUaIoB
Ha opouTy?

11. Kak 1 keM ocyuecTBisieTcsi MOHTax y3i108 OCO?

12. KakoBblI IEPCIEKTUBBI CO3JaHUSI KOCMUYECKUX JIEKTPOCTAHIUI?
13. Ilouemy Henb3s peanu3oBarhb IpoekTsl OCO?
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I'naBa 2. CostHe4HO-BOIOPOAHAS IHEPIEeTHKA
2.1 TouiMBO U3 CBETA, BOABI M BO31yXa

ComnHiie, BO31yX ¥ BOJIa — TPU OCHOBBI OMOIOTHYECKON KU3HH
Ha 3emie, TpU SHEPreTUYECKUX OCHOBHI yejoBeuecTBa. Hepocrarkom
sHeprun CoJsiHIa AJIs HAC JIFO/IEH SIBISIETCS TO, YTO MBI HE MOXKEM 3a-
JUTH €€ B KaHUCTPY WJIM 3alPaBUTh € MAIIUHY I YTOJHO M KOTJa
yrogHo. JIpyruMu clioBaMu, HY>KEH HaKOIHUTEIb SHEPIUH, KOTOPBIN
OyzieT 1efiCTBOBATh KaK CBS3YIOIIEE 3BE€HO MEX/Ty COTHEUHOM IHEpru-
el ¥ IoTpeduTeNEM.

OTO CBA3yIOIIEE 3BEHO JOJDKHO OTBEUATh CIEAYIOLIUM YCIIO-
BUSIM:

1) oHO TOKHO OBITH YIOOHO B XpaHEHUH U TPAHCTIOPTUPOBAHHH;

2) 3TO JMOMHKHO OBITh TOIUTMBO, KOTOPOE MOXKHO HCIIOJNB30BaTh Ha
TPAHCIOPTE, B JKUIIBIX JIOMaX, B TPOMBIIIJICHHOCTH;

3) OHO JIOJDKHO OBITh DKOJIOTHYECKH YHCTHIM;

4) ero pecypchl 10JIKHBI ObITH HEOTPAHUUYEHHBIMHU.

Jlyd1e Bcex MepeyrcIeHHbIM TpeOOBAHUSAM OTBEUAET — BOO-
poa. OH He MPOU3BOIUT HUKAKUX BEIIECTB, BBI3BIBAIOLINX TAPHHUKO-
BB AP PEKT, HUKAKUX XUMHUKATOB, 00Pa3yIOMIUX CMOT U KUCIIOTHBIE
JOXTU. Bee, 9To OH IPOU3BOAMT — 3TO AIEKTPUIECTBO U BOJISTHOH Map.

Bonopon ouenb BbICOKOA(hGEKTHBHOE TOIMBO. OH MOXET
OBITH TpeoOpa3oBaH B Apyrre GOPMbI FHEPTUH (MEXAaHUUIECKYIO, HIEK-
Tpudeckyio) ¢ BeicokuM KIIJI. Tak ero KII/] B aBTOMOOMISX coCTaB-
nsiet 60%, a B TOo BpeMs Kak 3PPeKTUBHOCTH OeH3MHA — Bcero 25%.

Ha 3emiie Bogopos B cBOOOHOM poMe HE CONEPIKUTCS, B OC-
HOBHOM OH COE/IMHEH C KHCIIOPOAOM, 00pasys Boay. Bomopoa xopoio
BOCTIOJIHSIET HEAOCTATKH COJTHEYHOM SHEPTeTUKHU, U 3TO 0ObEITMHEHNE
COJIHLIa ¥ BOJIOPO/Ia HA3BIBAIOT COTHEYHO-BOIOPOTHON SHEPTETUKOM.

Bonopoa mpou3BOIUTCS OTHUM W3 METOJOB €ro IMONyYeHHS
C HUCIOJIb30BAHUEM COJIHEYHOW JHEPIHU B €€ INPSMOM WM KOCBEH-
HOW (hopme. 3aTeM OH MOXKET IMEPErpaBisAThCS MO TPYOOIpPOBOAAM
WINA B TaHKEpax B pallOHbI MOTPeOJICHUs, TI€ ero MpeoOpa3oBhIBAIOT
B DJICKTPUYECKYIO SHEPTUIO WM HANPSIMYIO MCIIOJB3YIOT B Ka4eCTBE

22



TOTUIMBA JIJISl MAIIMH U Pa3JIMYHbIX HAPOJHOXO3SUCTBEHHBIX HYX].

TpaguuuoHHbIE TOIUIMBA YCHEIIHO 3aMEHSIOTCS BOAOPOIOM,
oJIyyasi py 3TOM OI'POMHYIO BBITOJY U YJTy4lllasi COCTOSIHUE OKpYyXkKa-
FOLIEH CpEMBL.

2.2. ®oTOKATAIUTHYECKHE TIPOLECCHI

B Ilpupozae ¢porokaranuTH4ecKuii mpoIecc CHHTE3a MITIOKO3bI
¥ KHCJIOpOZia M3 BObI U yriekucioro raza (CO,) npu HenpephIBHOM
MIPUTOKE COJIHEYHOH »Hepruu (HOTOCUHTE3) SBISETCS HCTOYHHKOM
JKM3HHU Ha 3emJe:

6CO, +6H ,0 +2,83xJac —2Z2% 5 C H .0, +60,

IIpexparmenue porocuHTE3a MPUBEIIO OBl K TOJTHOMY HUCUE3HO-
BEHUIO KUCIIOpoa u3 arMocgepsl manetsl B Teyerue 2000 ser.

B orcyrctBUM xnopoduiuia, 3€lI€HOro MUTMEHTa pacTeHui,
UMUTHPYIOLINE IPUPOAHBIH (HOTOCHHTE3 MPOLIECCHl 00ECIIEYMBAIOTCS
KaTaJln3aTopaMu:

1) BeicoKOAuCcTIepcHbIMU OaropogubiMu Metasmamu (Pt, Rh (III) B
KOMIUIEKCE C STHJICHAUAMUHOM);
2) reTepornoiinaHuOHAMH.

ConHeyHast SHEprHsl IPU 3TOM IOIVIONIAETCS KakK B (hopMme BU-
JMMOTO CBETA, TaK U YJIbTPa(rOIETOBOTO U3ITYyUCHHUS.

[Ipotekaroutue npu komHaTHOU Temmneparype (20°C) u aTMoc-
(depHOM naBiIeHUU (POTOKATATUTUYECKUE PEAKIIMU TTO3BOJISAIOT MOJY-
YaTh YIJIEBOJIOPOHBIC SHEPTOHOCUTEIN:

2H,0+C0, - CH,0H + 3, 0;;
MeEMAaHol

3H,0+CO, — C,H,OH +20,;

OMAaAHOJ
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2H,0+CO, — CH, +2H,0;

MemaH

Co, - Co+ Y50,

U aNbTEpPHATUBHBIE (HE COZleprKaIUe YITIEPO/l) SHEPTOHOCUTEH:

H,0—H, +%02;

3 1 3

3 H,0+ VIN, > NH, + ¥, 0,
ammuaxk

2H,O+ N, - N,H, +O,
2UOPasuH

Xumu3M (HOTOKaTaTUTHICCKUX TPOIIECCOB MO3BOJISIET CBA3ATh
B €IMHYIO CUCTEMY YIJIEBOJOPOAHYIO M COTHEUHYIO DHEPTETHKH.

B gactHOCTH OoMbIIOE 3HaYCHUE UMEET (POTOKATATUTHYECKAS
ra3uQuKanys BOJHON CyCIIeH3UH YISl , OUTyMa, TOPIOYETO CIIaHIIA:

C+H,0— H,+CO,

peakuys IpoTeKaeT Ha IUIaTUHUPOBAHHOM oKcuie TuTaHa (IV).
@DOoTOKATATUTHYECKUE TTPOLIECCHI CUHTE3a BOAOPOJA U CEPHOU
KHMCIIOTBI

SO, +2H,0 - H,+ H,S0,
U pa3JI0kKEHUs CEPOBOAOPOIA

H,S > H,+S

00yCIIaBIMBaIOT BO3MOXHOCTh nepepadoTKu COpPOCHBIX
CEepPHHUCTBHIX Ta30B IMPOMBINUICHHOCTH  (XUMUYECKHH, HEPTIHOM,
METATypPTHYeCKUA W T.J.) ¥ CEPOBOIOPOAHBIX Ta30B Ta30BBIX
MECTOPOXKACHUI Ha aJIbTEPHATUBHBIN — BOJOPOI.

D10 OyAeT eIWHCTBEHHAsi B CBOEM pOJIe DKOJOTUYECKH Oe3-
oracHasi TEXHOJIOTHS TIepepadOTKH, T/IE cepa U cepHasi KUCIIOTa Mpe/l-
CTaBJISIIOT COOOM IIEHHOE CHIPhE JJISI XUMHUECKON MTPOMBITTUICHHOCTH.
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OcHoBbIBasich Ha HercueprnaeMoil 3Heprun ConHua, Heucuep-
MaeMbIX 3aracax BOJIbl, YIIEKHCIIOrO raza B arMocgepe U MpOMbILI-
JICHHOM OCBOEHHUM (hOTOKaTasm3a, 4eJI0BEYEeCTBO MOJYUYUT B TOJTHOM
CMBICJIE AJIFTEPHATUBHYIO SHEPIE€TUKY — DHEPIETUKY U3 CBETA, BO3/Y-
Xa ¥ BOJIbI, BEICOKOA((HEKTUBHYIO M SKOJIOIMYECKH 0€30MaCHYI0.

2.3 IlpoMbINITIEHHBIC METOABI POU3BOACTBA BOAOPOAA

1. Memoo mepmonuza 600wl
B sTom merone BopsHoM nap HarpeBaetcst 1o /400°C, nociue
Yero MOJIEKYJIbI BOJIbl HAUMHAIOT PAcafaThCsl, 00pasys ra3000pa3Hble
BOJIOPOZ M KHUCI0pOoA. YeM BhlllIe TeMIlepaTrypa, TEM BBILLIE CKOPOCTh
pacnaga Mojekyn B mape. s mosyueHHst OOJIBIIOrO KOJIMYECTBA
BOJIOPOZIa HAarpeB HEoOXOAMMO MPOBOAMTH Npu Temmeparype 2500-
3000°C, 4TO BO3MOXKHO MPHU HCHOIB30BAHUM MapabOIUYECKUX 3ep-
KaJj, (POKYCUPYIOIIUX COJTHEYHYIO SHEPTUI0 Ha KOHTEHHEPHI C BOIOM.
2. Tepmoxumuueckuti memoo
[Tap ¢ Temneparypoit 300-1000°C npomycKaroT 4epes Kenes-
HBIM MOPOLIOK, YTO NMPUBOIUT K OKHUCICHUIO XKeJIe3a KUCIOPOLOM U
BBICBOOOXKJICHHIO CBSI3aHHOT'O Boiopoza. B HacTosiiee Bpems BeayT-
Cs1 UCCIIEZI0BAHUS 110 IPUMEHEHHIO PA3JIMYHbIX MAaTEPUAJIOB, KOTOPBIE
CZIENA0T ATOT METOJI OoJiee JICIIEBbIM.
3. DnexmpoaumuyecKkuii Memoo
Texnonorust 3Toro Metozna xopouo paspaborana. C ee mo-
MOIIBIO 3JEMEHTHI, IOJ00HBIE ABTOMOOWIBHBIM AKKyMYIISTOpaM,
UCIOJIB3YIOTCS Ul IIPOM3BOJCTBA BOJOPO/A U KUCIOPOAA U3 BOABI.
Kakaplii 271EMEHT COCTOUT U3 ABYX DJIEKTPOAOB, [IOMEIEHHBIX B JJIEK-
TPOJIUT (BOAY C XMMHMYECKUMH J00ABKaMH, MOBBIIIAOLINE €€ 3JIEK-
TPOIIPOBOIHOCTSD), U MOJCOEANHEH K UCTOYHUKY IOCTOSHHOIO TOKA.
Ecnu x anexkrponaM NpuIOKNATH HAIIPSDKEHUE, JOCTATOYHOE NIl BO3-
HUKHOBEHUS TOKA, TO KUCIOpO OyJIeT BBLACIATHCS HA aHOJIE, a BOJIO-
PO — Ha KaroJe.
4. @omonumuueckuii Memoo
B stom metone ConHile MCIONB3YIOT AJIS IPSIMOTO pasJioikKe-
HUS BOZBI Ha BOJOPOJ M KUCIIOPOJ, HE MpUOerasi K OMOIIY BBICOKHX
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TEMIIEPATYp WJIU AJIEKTpUYeCTBA. MOJIEKYJIbl BOABI IMOMIOLIAKOT COJI-
HeuHble (OoTOHBI. 3axBaTuB OOJNbIIOE YHUCIO (DOTOHOB, MOIEKyNa
BO/IbI CaMa paclajlaeTcs Ha KUCIOPOA U BOJOPOA. DTO SIBICHHE Ha-
3bIBaeTcs (hotonmmzoM. J1Jis HHUIIMUPOBAHUS PA3TIOKEHHS BOJBI B HEE
NOOABISIIOT pa3iNyHble HEOPTAHUYECKHUE BEIIECTBA, KOTOpbIE OymyT
nornomars 0onbine GOTOHOB, YeM 3TO cenaeT cama Bojxa. dDoronu-
TUYECKUM METOJ IOJIYYEHHs] BOLOPOJAa MEHEE IPOU3BOAUTEIIECH, HO
JICIIEBIIC, YeM OCTaJIbHBIC METOBI.

Taxum 06pazoM BOIOPOI SIBISETCS YKOJIOTUYECKH YUCTHIM TO-
CPEAHUKOM UCIIOJIb30BAHUU COJIHEUHOW DHEPTUH.

CHauana, WCIIONB3YsI CONHEYHYIO DHEPrui0 (MpsIMyr0 U He-
MPsIMYI0), TOTY4aroT AMEeKTpodHepruo. Jlanee, 37IEKTPOIHEPTHIO B
ANEKTPOJIM3HBIX YCTAHOBKAX, U3 BOJBI ITOJIYYaOT BOJOPOJ — KaK HO-
BO€ DJKOJIOTUYECKH YUCTOE TOIUIMBO U KHUCIOPOZ, KOTOPBIA MOXKET
OBIThH BBINYIICH B arMocdepy Wi Kak-HHOyIb ucnoib3oBaH. [Totom
C TOMOIIBI0 TAHKEPOB WK TPyOOTPOBOOB BOAOPOA TPAHCIIOPTUPY-
10T B LIEHTPHI oTpebneHusi. Tam Bogopos OyZIeT COKKEH B Ka4eCTBE
TOILJIUBA B JIBUTATENSIX BHYTPEHHETO CTOpaHUsi BMECTO OCH3MHA WUIIU
JIN3eJIbHOTO TOIUIMBA MJIM MCHOIb30BaH B TOINIMBHBIX DJIEMEHTAX IS
MOJIYYECHUS] MEXaHUYECKOM, IEKTPUUYECKOU U TEIIOBOM 3Hepruu. 1
KOHEYHBIM MPOTYKTOM BCEX ITUX MPOIECCOB (OTXOAaMHU, BBIOPOCAMU)
OyaeT yucTas Boja.

Takum 00pa3oM COIHEYHO-BOAOPOIHBIE YCTAHOBKU JIOJIKHBI
00eCeYnTh YEI0BEYECTBO B MOJIHOM CMBIC/IE DKOJOTHYECKH YUCTHIM
1 BBICOKO3(D(PEKTHUBHBIM TOTLITMBOM.
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2.4 Cxema 3J1eKTPOJIM3a BOAbI 3J1eKTPUYECKHM TOKOM, BbIpada-
ThIBa€MbIM IIyTeM NPSIMOro npeo0pa3oBaHMsi JHEPIrUU H3JIyde-
HusA Co/lHIIA B 3JIEKTPOIHEPIHIO € IOMOIIBIO COJTHEYHBIX OaTapei

Puc. 2.1.

1 — porosnexTporeneparop;

2 — npeoOpa3oBareib TOKA;

3 — sneKTponu3ep;

4 — XpaHWIUILE BOIOPOAA;

5 — NIPUTOTOBJICHHUE PACTBOPA;
6 — Hacoc.
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2.5 Cxema 3/1eKTPOJIM3a BOAbI 31eKTPUYECKHM TOKOM, BbIpada-
ThIBA€MbIM TEIJIOBOW COJTHEYHOH CTAHIHMEH ¢ MapPOBBIM LUKJIOM
OOLIYHOI0 THIIA

R’ ROMmpebLRen

Puc. 2.2.

1 — maporeneparop;

2 — Ttypboarperar;

3 — KOHJIEHCAaTOp;

4 — npeoOpa3oBareib TOKA;

5 — nnexTposmsep;

6 — NPUTOTOBJIEHHE PACTBOPA;

7 — XpaHWIMLIE BOAOPO/A;

8 — Hacoc;

9 — KOHLIEHTPATOPBI COTHEYHOTO U3ITyUCHHS;
10 — anexTporeneparop.
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2.6 Cxema noJiyuyeHusi ¥ Npeodpa3oBaHMs JHEPTUM B CHCTEMe Be-
TPOBOAOPOIHOM JIEKTPOCTAHUNH

Pacmeop

leo
1 42 Hj* |

Q|| Ha— & nompetiumenra

STERIRPOIHEREIA

% nompebEReTc

]
——(~H 5

Puc. 2.3.

1 — BeTpol’HEpPreTHUECKUil arperar;

2 — TpaHc(hOpMaTOPHO-BBITPSIMUTEIBHBIN OJIOK;

3 — BneKTpoIIn3eED;

4 — peccuBepbl 751 XpaHEHHsI BOIOPOA U KUCIIOPO/Ia;
5 — nBurarenb BHyTPEHHETO CTOPAHUS;

6 — BIEeKTporeHeparop.
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2.7 Cxema MMOJIY4Y€HMS BOA0OPOAA JIEKTPOJU30M BOIbI 32 CUET Ieo-
TepMﬂJ’leOﬁ JHEepPrum

nompebLmenn

| 11 p—H,O

it nompebumeno (:‘_?2 12 75
A

1 — moOBIBaroOIast CKBa)KMHA;
2 — Har"eTarelbHAs CKBAXKUHA;
3 — Hacoc 3aKauku 0TpabOTaHHON TepMaIbHON BOMBI;
4 — TerI00OMEHHUK — TIO/I0TPEBATENb;
5 — ucnapurens;
6 — TypOO3JIEKTpUUECKUIA arperar;
7 — KOHIEHCATOoD;
8 — TpaHCcHOPMATOPHO-BBIIPSIMUTENIEHOE YCTPOUCTBO;
9 — snekrpoinuzep;
10 — xpanunuie BoAOpoaa;
11 — mpuroToBI€HHE PacTBOpa;
12 — nHacoc.
B nannoil cxeme anekrpo3neprua I'eo OC ucnonb3yercs B
HOYHOE BpeMs JIJIsl TOJTyYeHHsT BOIOPOAA.
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2.8 XpaHeHue M HCIIO/Ib30BAHNE BOJOPOAA

B Gonpiux koauuecTBax BOJOPOJ JIyUIlle BCErO XPaHUTh O
3emJieid. J{s1 3TOro MOKHO HCIIOJIB30BaTh BHIPAOOTAHHBIE KOJUIEKTO-
PBI-ITYCTOTHI, OCTaBIINECS MOCTIE BHIKAUUBAHUS HE(YTH U IPUPOIHOTO
rasa, Wi IaxThl ¥ IPOYHeE MOI3eMHbIe coopykeHus. [lonoOHbIe xpa-
HuwIMma ecth B0 ®pannuu u B Benukodbpuranuu.

3amaceHHbIi BOAOPO B IajbHEHIIIeM He00X0UMO JOCTaBUTh
K MecTy noTpebieHus. B HeOONbIIMX KOJMYECTBAX €ro MOXKHO Tepe-
BO3UTH B IIMCTEPHAX-TOIIMBOBO3aX Kak ra3. Ho tam rme Tpebyercs
ero OOJIbIIOE KOJUYECTBO, TPYOOIPOBOABI SIBIISIIOTCS HanOoOJee KO-
HOMUYHBIM criocobom TpaHcnioptupoBku. B CHIA u EBpone yxe Ha-
KOIIJIGH HEKOTOPBIM OMBIT 0€30MacHON TPaHCIOPTUPOBKU BOJOPOAA
o Tpybam.

DJEeKTPOIHEPTHSI MOXKET OBITh MOJyueHa U3 BOJOPOJA TPEeMs
pa3HBIMU MyTSAMU — C UCIOJB30BAHUEM T'a30BOM TypOWHBI, TAPOBOM
TYpOWHBI ¥ TOTTUBHOTO JIEMEHTA.

I'a30BBIe TypOMHBI HCIONB3YIOT JUISI TIOTYYEHHUS MeXaHUue-
CKOH 2HEpruu U ee mpeoOpa3oBaHusl B IEKTPUUECKYIO IIPU COCTUHE-
HUU TYpOUHBI C DIIEKTPOTEHEPATOPOM.

bospiire konmMuecTBa MEXaHUYECKOW U 3JIEKTPUYECKOM dHEP-
T'MH TIOJTyYalOT OT MapOBbIX TPYOUH C HCIIOIB30BAHUEM YIIISl U Ma3yTa,
YTO MPUBOJUT K 3HAYUTEILHOMY 3arpsi3HEHUIO OKPY’KAIOIIE CPEJIbl.
3TO k€ KOJIMYECTBO Mapa MOXKHO MOTyYaTh 00Jiee YHCTHIM CIIOCOO0M,
CKUTask BOAOPOA B YHMCTOM KHCIIOPOAE, MPOAYKTOM CrOpaHHs HpU
aTOM OyzeT Bona (B BUJE Mapa).

Kak TomnmBo st TpaHcmopTa BOAOPOA ynoOHee u Oe3ormac-
Hee TPUMEHSTh B )KUIKOM Bujae. B mepecuere Ha / ke Macchl OH B
HECKOJIBKO pa3 MPEBOCXOIUT KEPOCHH IO TEIJIOTBOPHON CHOCOOHO-
cti. HO MIoTHOCTH JKUAKOTO BOJAOPO/A 3HAYMTEIHHO MEHBIIIE YeM Y
KEepPOCHHA, TIOATOMY Tpelyercss O0ibIuii 00beM TOTUIMBHBIX OAKOB,
KOTOpPBIE TOJKHBI IMETh BHICOKOKAY€CTBEHHYIO U3OJISIIHIO.

Haubonee 6e3omacHO akKyMyJIMpPOBaHHE U XPAaHEHUE BOJIO-
pona B TBepAo(a3HOM CBSI3aHHOM COCTOSHUU — B METaJUIOTHAPH-
JaX W KOMIIO3UTHBIX HAHOCTPYKTYPHBIX MaTepHuaiax, IJe BOAOPOI
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«XpaHUTCA» B MEXKATOMHBIX IPOCTPAHCTBAX KPUCTAJUIMYECKON pe-
ETKH MeTajuia. i BbIAEIEeHUs BOAOPOAa METANII HYKHO Harperhb
710 HEBBICOKOH Temneparypsl. McciaenoBanus U pa3pabOTKU TAKUX HO-
BBIX TEXHOJIOTUM OXBAaTBIBAKOT KaK CO3JaHHUE U MCCIIEJOBAHUE HOBBIX
METAJJIOTUAPUIHBIX CUCTEM, TaK U CUCTEM HAa OCHOBE HOBBIX BOJO-
POIONONIOIIAIOIIUX MATEPUATIOB.

B co31aHHBIX K HACTOSILIEMY BPEMEHU HU3KOTEMIIEPATYPHBIX
00paTHUMbIX METAJUIOTUAPUAHBIX CUCTEMAX XpPaHEHHs BECOBOE COJIEP-
’KaHHe JOCTYITHOTO BOJJOPO/Ia COCTABISAET He Oonee 2% mpu ero 00b-
€MHOM IUIOTHOCTH, IIPEBBIIAIOIIECH IUIOTHOCTh JKUIKOIO BOLOPOAA.
JU1sl NCnoIb30BaHUs B KPYITHOMACIITAOHBIX CUCTEMAX U Ha TPAHCIIOP-
T€ TaKO€ HU3KOE MAaCCOBOE COACPIKAHUE BOAOPOJA SBISAETCSA CEpbe3-
HBIM IIPETSATCTBUEM.

Cy1iecTBeHHO OOJIBIIETO BECOBOTO COZIEpKaHMsI BOJOPOAA (10
5% Beca) ygaercs AOCTHYB JJIsl BBICOKOTEMIIEpATypHBIX 0OpaTUMBIX
METaJUIOTHAPUIHBIX cucTeM. OHaKo 171 X GYHKUHMOHUPOBAHUS He-
00XO/IMMBI UCTOUHUKHU BBICOKOIIOTEHLMAIBHOTO TeIIa, YTO CHUXKAET
HKOHOMHUYECKYIO 3(p(peKTUBHOCTD TAKUX CUCTEM aKKyMYJIHUPOBAHUSI.

[TosTomMy BakHeiiel 3amaueit npu co3naHuu 3PPEKTUBHBIX
YCTPOWCTB Ul XpaHEHUsS BOJIOpPOZa B TBEPIO(A3HOM CBA3aHHOM CO-
CTOSIHMU SIBIISIETCSI pa3paboTKa HOBBIX MOMIOLIAIOIIMX MAaTepUaoB
(KOMITO3UTHBIX, KaTAIUTUYECKUX U HAHOCTPYKTYPHBIX) C YIy4IIeH-
HOM KUHETUKOW ITONIOLICHUS U IIOBBILIEHHON €MKOCTBIO 110 BOLOPOLY.

Hcnonbs3oBanue BOAOPOAa KaK SKOJIOTMYECKH YMCTOIO JHEp-
TOHOCHUTENIA U1 IIPOU3BOJCTBA 3IIEKTPOIHEPTUU BO3MOXKHO KaK B TO-
IJIMBHBIX DJIEMEHTaX, TaK U B BOJOPOIOCKHUTAIOIIUX JHEPIeTUUECKUX
YCTaHOBKaX.

2.9 Cocrosinue u npodJeMbl pa3BUTHS BOJIOPOJHOM IHEPIreTHKH

B cB0OOAHOM COCTOSIHUU U TIPU HOPMAJIBHBIX YCIOBUSX BOMIO-
pon siBisieTcs OECIBETHBIM Ta3oM, 0€3 BKyca M 3amaxa, MJI0THOCTHIO
0,084 xe/m°. B ra3000pa3HOM COCTOSHHM PH JIFOOOM JTaBJICHUU BO-
nopoj 001aiaeT MEHbIICH YHepruei, YeM MPUPOAHBIN ra3, METaHoI,
nponas, 6eH3uH (Ha eIUHUILY 00beMa).
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JKunkuii Bonopoxn (npu temneparype 20 K) 3amumaer '/,
4acTh €ero oobema B razoo0pasHom coctossHuM. [To yaenpHOMY Mac-
COBOMY DHEPIOCOIAEPIKAHUIO KUJIKUN BOAOPOA, UMEIOIINN BBICHIYIO
TEIUIOTY cropanust /42,8 M/[oic/ke, moutu B 3,5 pa3a mpeBbIIIaeT AaH-
HBIHA MOKa3aresib He(TSIHBIX BUJOB TOIIMBA. JTO IVIaBHAs MPUYUHA,
110 KOTOPOH JKUJKUN BOJOPOJ MCIIOJIB3YETCS KaK TOIUIMBO AJIS JIETa-
TENBHBIX aIlllapaToB, ITI€ BBICOKOE SHEPrOoCOAEPKAHME HA E€IMHHUILLY
MaccChl UMEET MEPBOCTENIEHHOE 3HAUYEHUE.

JUig ycemHoro pa3BuTusl BOAOPOJHON SHEPIETUKHU JTOJIKHBI
ObITH pa3paboTanbl H3PPEKTUBHBIE METO/IBI U MPOLIECCHI IIUPOKOMAC-
ITaOHOTO MOJTyYeHHs! JEIIEeBOro BOJOPO/A, a TAK K€ TEXHOJIOTUU €ro
XpaHEeHUs1, TPAHCIOPTUPOBAHUS U UCIIOJIb30BaHUS.

Ha coBpemenHoM stane pudopMuHr (KOHBEpCHs) YIIIEBOAO-
POJOB MOIYYWJI B MUPE MPOMBIIIIEHHOE pacnpocTpaHeHue. CeroaHs
Ha ero J0Jt0 npuxoautcs 96% MupoBoro npom3BoJCcTBa Bogopoaa (50
MIH. M), U3 KOTOPbIX 48 mpousBoautcs pudopMuHrom merana, 30 —
HedpTH, 18 — ymst. CTouMocTh BOAOPO/A, MTOTYYEHHOTO pU(OpMUH-
rOM MeTaHa, JUld MoTpeduTesns paBHO 4,5 MOJUIAPOB/KI, YTO HKBUBA-
JIEHTHO IieHe OeH3uHa ~ 1 gommap/i.

Ilena Bonopozna, nosyyaeMasi KOHBEpCHEH METaHa, IPUMEPHO
B 3-4 pa3a HIKe, YeM IOJy4aeMoro 3IeKTPoIn3oM Bojbl. Ho mpobie-
Ma 3TOM TEXHOJIOTMHU COCTOUT B TOM, BO-IIEPBBIX, B HAJIMYUH MOIYT-
HBIX BBIOPOCOB YIJIEKUCIIOTO T'a3a U JPYTUX HETaTHBHBIX SKOJIOrMYe-
CKHUX MOCJEICTBUM, BO-BTOPBIX, B UCUEPIIAEMOCTH NIPUPOIHOTO ra3a.

[TosTOMy anbTepHaTUBHBIM U 00Jiee MEePCIEKTUBHBIM BO BCEX
OTHOULICHUSAX OCTAETCsl CIOCO0 MPOM3BOJICTBA BOJOPOAA SJIEKTPOIH-
30M BoJbI (4 % MHPOBOTO MPOU3BOACTBA) C MOTPEOICHUEM HIEKTPO-
SHEPIu, TOIy4aeMOW pPa3IMYHBIMHM CIOCOOAMU. DTa TEXHOJIOTHUS
OYEHb MPOCTA U IKOJIOTMYECKH Oe30racHa, HO joporocrodiia. B Ha-
CTOsIIIEE BPEMsI LIEHA JIEKTPOJIM3HOTO BOAOPOAA B 3aBUCUMOCTU OT
Tapuda Ha SIEKTPOIHEPTHUI0O U 00bEMa MPOM3BOJCTBA COCTABIISIET
6-10 gonnapoB/Kr.

Takast s>xe cTOMMOCTb BOZIOPOZA U IPU NOJYUYEHUH €T0 C MC-
nosib3oBanueM BUD (Betep, conHeuHas sHeprus, CxuraHue Ouomac-
CBI).
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[Ipu perynsipHoii sKkcIuTyaTanuu anexkrponusepa (6bomee 5 000
4acoB B I'0J1) CTOUMOCTb Boioposia Ha 65-70% ompenensercs CTOUMO-
CTBIO JIEKTPOIHEPIUH.

Pa3zHuna B cTOMMOCTH BOJOPOAA, MOIYYEHHOTO MPU HCIIOJb-
30BaHUU DJIEKTPOIHEPTUM IO CPEAHEH IIeHE M IPU HCIIOJIb30BAHUU
«JICIIEBOI» AIIEKTPOIHEPTUU HOYHOTO BPEMEHH OTJIMYaeTcs B 2,5-3
pasa. [Toatomy 1esniecoobpa3Ho 3amycKaTh AEKTPOIN3Epsl B paboTy B
HOYHOE BpEeMs, YTO BBIPOBHSIET 0OJIbIIIE HATPY30K B SHEPrOCUCTEME.

OueHb BaXHBIM aCIEKTOM CHOCO00a MOJY4YEeHHs BOJOPOAA
AIIEKTPOJIN30M U3 BOJBI SIBJIIETCS] OTCYTCTBHE 3aBUCUMOCTH OT OCTaB-
IIMXCA 3a1aCOB YIIIEBOAOPOIHOTO TOIIIMBA, €T0 CTOUMOCTH, NepedoeB
C NMocTaBKaMH. B mepcnekTuBe 3TOT criocod nosyyeHus BOJOpoAa 3a-
HMET OCHOBHOE MECTO B IPOMBIIIUIEHHOCTH.

B03MOXHOCTh aKKyMYJIMPOBaHHsI XpPaHEHHUS M UCTIOJIb30BaHUS
BOJIOPO/IA B PA3IMYHBIX (OPMaAX U COCTOSTHUSX, TPAHCIIOPTUPOBAHHUS U
pacrnpocTpaHeHUs Yepe3 CETEBYI0 CUCTEMY U JIOCTaBKa MOTPEOUTEIIO
B HY)KHOE BpeMs M B HY)KHOE MECTO — 3TO Ba)KHEHIlee JOCTOMHCTBO
BOJIOPO/IA, OTCYTCTBYIOIIEE Yy 3JeKTposHepruu. IlosTromy Bomopon
paccMaTpuBaeTcs Kak MOTEHIIMAIbHO MEPCIEKTUBHOE SHEPrOaKKyMy-
JHMpYIOLee BELIECTBO.

Bomnpocel 11 caMOKOHTPOIA

1. TaiiTe XapaKTepUCTUKY (POTOKATATUTHYECKUX ITPOLIECCOB.

2. IlepeuncauTe CyLIECTBYIOIINE IPOMBIIIIJIEHHBIE METO/IbI IIPOU3BOJI-
CTBa BOIOPOJA. JalTe XapaKTEPUCTUKY KaKJI0TO.

3. Hapucyiite cxemy 2JIEKTpOJu3a BOJbI MIEKTPUUYECKUM TOKOM, BbI-
pabaTbIBaeMbIM COJTHEUHBIMU OaTapesiMH.

4. HapucyiiTe cxeMy 2JIEKTPOJIN3a BOJbI NIEKTPUUECKUM TOKOM, BBbI-
pabaTbIBaeMbIM TEIUIOBOM COMHEYHOH 3JIEKTPOCTAHLUEH C MapOBbIM
LIUKJIOM.

5. Hapucyiite cxemy BETPOBOLOPOJHOM JHEPreTUUECKON YCTAaHOBKH.
6. Hapucyiite cxemMy TreoTepMaibHOBOIOPOIHON 3HEPreTUYECKON
YCTaHOBKH.

7. PacckaxuTe 0 METOax XpaHEHUs BOAOPO/A.
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I'naBa 3. I'eoTepmMajibHbIC TENJIOHACOCHBIEC CHCTEMbI TEeNJIOCHA0-
JKEeHHU S

JUia yTuIu3aluy HU3KONOTEHIMAIBHOM SHEPruu BO BCEM
MHpE YCHEIIHO UCIOJIb3YIOTCs TeruioBblie Hacockl (TH).

TenaoBbIM HACOCOM SBIISIETCS BCSKAsl XOJOAWJIbHAS MAIIMHA,
IpeHa3HauY€HHas Ul Nepeiaul TEIUIOThl OT HU3KOTEMIIEPAaTypPHOIO
HCTOYHHUKA K cpesie ¢ Oonee BHICOKOW Temmeparypoii. TeruioBoi Ha-
coc paboTaet B [uarna3oHe 0osiee BBICOKMX pabouux TeMIleparyp, 4eM
XOJIOIMJIbHASI MAIIHA.

W3 Bcex HETpaAMLIIMOHHBIX METOAOB IMPOM3BOJCTBA TEILIO-
BOM SHepruu HauOoJbIlIee pa3BUTHE MOTYUHIIa BEIPA0OTKA TEIUIa IpU
nomou TH. B Hacrosiiee Bpemsi B psiae pa3Buthix cTpan (CHIA,
l'epmanus, Hanusi, @pannus, [IBeuus, Anonus, Ulseinapus) TH
MHTEHCUBHO BBITECHSAIOT TPAJUIIMOHHBIE CIIOCOOBI TEMIOCHA0XKEHUS,
OCHOBaHHbIE Ha MPSIMOM CXKUTAHUU OpraHudeckoro roruisa. Corac-
HO nporxHo3amM Muposoro sHepretuueckoro coera k 2020 . 75% te-
TUIOCHAOKEHUS B Pa3BUTHIX CTpaHax Oy/leT OCYIIECTBISIETCS C TOMO-
mpto TH. 1ot nporHo3 ycneniHo peanusyercs. B Hacrosiee Bpems
B mupe paboraer 6onee 40 muH. TH pasnuaHOl MOITHOCTH — OT He-
CKOJIBKMX KHJIOBATT J0 COT€H Merasarr.

Temnonacocusie ycranoBku (THY), ocymecTsisisi oOpaTHbIit
TEPMOAMHAMUYECKHI LUK Ha HU3KOKHIIALIEM paboyeM BeIIEeCTBE,
YepraroT HU3KOMOTEHIIHAIBHYIO TEIUIOBYIO SHEPTHIO JIMOO U3 OKpY-
JKaroulel cpenpl, IN00 U3 IPYyruX UCTOUYHUKOB U, 3aTpaynBasi HEKOTO-
PO€ KOJIMYECTBO MEXAHUYECKOW WIIN IEKTPUUYECKON SHEPTUH, OTIAIOT
MOTPEOUTEIIO TEIUIO IPU TeMIepaType He0OXOAUMOM JIJIsl TeTIIOCHA0-
HKEHHUS.

OddexruBHOocTs THY TeM BbIlIe, YeM MEHBINE Pa3HOCTH
MEXIy TeMIepaTypol, MOTPeOaIeMOi ISl TeTIOCHAOKEHHUS U HC-
XOIHOU TeMIIepaTypol HU3KOIIOTEHIUAIbHOTO TEILIA.

[Ipumenenne THY mnossossieT mepedTu K AEUEHTPAIU30BaH-
HBIM CHCTeMaM TeruiocHaOxeHus (0e3 MPOTHKEHHBIX JTOPOTOCTOSIINX
TEIUIOBBIX CETEH), KOI/la TEIUIOBasi SHEPTUSl TeHEpUpPYETCsl BOINU3H €€
noTpeouTens.
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BHenpenne Takux SKOHOMUYHBIX M 3KOJIOTMYECKH YHCTBIX
TEXHOJIOTUN TETIOCHAOXKEeHHsI HeOOXOIUMO B TEPBYIO OYepeab BO
BHOBb CTPOSILIUXCS pallOHax ropoJOB U HACEJICHHbIX MYHKTOB. [Tpu
9TOM MOXHO IOJHOCTBIO HCKJIIOYUTH INPUMEHEHHUE 3JIEKTPOKOTEIb-
HBIX, KOTOpBIE MOTPEOIIsAIOT B 3-4 pa3a 0oJIbllle ANEKTPOIHEPTHH, YEM
THY.

Eme onno npeumyiectso THY BecbMa nepcrieKTUBHO B KOM-
OMHHMPOBAHHBIX CHUCTEMAaxX B COYETAHHM C APYTUMHU TEXHOJIOTHSIMHU
WCIIONb30BAaHUS BO3OOHOBIISIEMBIX UCTOYHUKOB PHEPTHH (COJHEYHOMH,
BETPOBOM, OMOIHEPTETHKH), TAK KaK MO3BOJISET ONTUMHU3UPOBATH M-
paMeTphl COMPATAEMbIX CUCTEM M JOCTUY Hanboliee BHICOKUX IKOHO-
MHMYECKUX ITOKA3aTEIIEH.

B pa3Butbix cTpaHax 3ajaya CTaBUTCS HE JIOKAJbHOTO WU
OTPaHUYEHHOTO MPUMEHEHHS TEIUIOHACOCHOTO TEIUIOCHAOKEHUS, a O
MaKCHUMaJIbHOM OTKa3€ OT MPSIMOT0 CHUKEHHUS JJIA 3THX 1IeJIei opra-
HHUYECKOTO TOILIMBA.

Hns pacnpoctpanenuss THY B Poccum tpebyercst rocynap-
CTBEHHOE CTUMYJIMPOBAHUE KaK IPOU3BOJMUTEINS ITOM TEXHUKU TaK €€
10Jb30Barelisd. Takoe CTUMYJIMPOBAHUE UMEET MECTO BO BCEM MUDE.

Poccus pacnonaraer HeOOXOIUMBIM HAYYHBIM, WHKCHEPHBIM
Y IPOMBILJIEHHBIM MOTEHIMAJIOM U1l OCBOEHHUS U IPOU3BOJCTBA CO-
BPEMEHHBIX TEIJIOBBIX HACOCOB BCEX THUIIOB.

B kauecTBe UCTOUHMKA HU3KOIIOTEHIIMAIBHOM TeIoTsl B THY
MOTYT OBITh UCIIOJIb30BAHBI:

1) IpOMBIIIUIEHHBIE U OUUIIICHHBIE OBITOBBIE CTOYHBIC BOJIBI;

2) BOJla Pa3IMYHBIX TEXHOJOTHYECKUX [IUKIIOB;

3) TerioTa rpyHTOBBIX U TEPMUHATIBHBIX BOJ,

4) TeroTa HapyKHOTO BO3/AYXa;

5) Temnaora BEHTHJISIIMOHHOTO BO3/yXa, JABIMOBBIX I'a30B U JFOOBIX
COpPOCHBIX TEILIOBBIX MOTOKOB;

6) BOJIbI TIOBEPXHOCTHBIX UCTOYHHUKOB (PEK, 03ep, MOpei);

7) BOIIBI CUCTEM BOJIO- M TEIJIOCHAOKEHUS;

8) HU3KOMOTEHIIMALHOE TEIJIO TPYHTA.

THY cocrout u3 cobctBenno TemnoBoro Hacoca (TH) u cu-
CTeMbI, O0OecCIeurBaronleil MOABO Telia OT HU3KOMOTEHIIMAIBHOTO
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ucrounuka. B THY moryt Bxonuts Heckonbko TH.

3.1 CxeMa TeImJIOBOI0 HAcoca
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Kunkunii pabounit arent ¢ napamerpamu 7, u P, moctynaer
B MCIIAPUTEIIb, IJI€ IPOUCXOJUT €r0 UCIAPEHUE U MEPETPEB 3a CUET
obbema Tema (Q, ) ¢ HU3KONOTEHIHATIBLHOIO UCTOUHNKaA. Obpasyro-
IMACS TIEPETPETHIN Nap CKUMAETCSE KOMIIPECCOPOM J10 NaBiieHus P,
KOTOPOMY COOTBETCTBYET OoJiee BBICOKAasi TeMIlepaTypa HACBILICHUS
T, m nocTynaer B KOHJEHCATOP, T/I€ OTIAET HarpeBaeMoii cpese (Boze
CUCTEMBI TEIUIOCHAOKEHHUs) TeIIoTy (0 ) TEperpeBa U KOHIEHCa-
nun. [locne oxyaxeHus: B KOHAEHcaTope (TemI000MEeHHUKE) POU3-
BOJIUTCS CHWKEHHUE JIABJICHHs KOHJIeHcaTa pabodero arenra ot P 1o
P, B ipoccerie ¢ MOHMKEHUEM €r0 TeMIIEPATypsl 10 T, T.€. 10 UCXOM-
HBIX [IapaMEeTPOB U LIUKJI [IOBTOPSETCSI.
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Takum 00pa3oMm, B HEMPEPHIBHOM KPYrOBOM IpoIiecce TeIUIo-
Ta MEPEHOCHUTCS ¢ OoJiee HU3KOTO TeMIepaTypHOro ypoBHS Ha Oojee
BBICOKHUH C TMO/IBOJIOM 3HEPTUH U3BHE, 3aTPAYNBAEMON HA TOBBILLICHHUE
JaBiIeHUs apooOpa3Horo padouero BeuiecTBa (OOpaTHbIM TEpMOIH-
HaMHYECKUH IIHUKIT).
PazHo0Opa3zHoe MCIIOTHEHHE TEIUIOBBIX HACOCOB Kiaccugu-
LUPYETCs O Py NPU3HAKOB:
1) mpuHLMT AeHCTBUS (TAPOKOMIIPECCHOHHBIE a0COPOIIMOHHBIE, Tep-
MO3JIEKTPUUECKHUE);
2) Buay motpedisieMoil sHepruu (MEXaHW4YEeCKOH, IMEeKTPUUECKOH,
TEIUIOBOM);
3) Ucnonp3yeMOMYy MCTOYHHMKY HM3KONOTEHLIMATIBHOTO Teruia (BO3-
IyX, BOJa, TPYHT, CTOKH);
4) Buny npusoza (anexrpoasurarens, IBC u 1.1.)
Koaddunuent npeodpazoanus TH (u-oTHOmIEHHE OTIaBae-
MO TEIJIOTHI K 3aTPaueHHON HEPTuH) B MEPBOM MPHUOIMKEHUU 3a-
BUCHUT TOJIBKO OT Pa3HOCTH TeMIIepaTyp KOHICHCALUU M HCIAapEeHUs
(T -T,) nuskoxunsero paboyero arenra. Yem MeHbIIE 3Ta pa3sHOCTb,
TEM BbIIIE KOAPPHUIHUEHT NPeoOpa3oBaHUs U:
Q. N +0

Hn = UHN :1+ = LHEN

N, N, N

=] =] =]

=

rae O — TEWIoBas MOLUIHOCTh TEpeaBaeMas IOTPEOUTEIO;

N,— MOIIHOCTh 3aTpadynBacMasi Ha MPUBOJ KOMIIPECCOPA.

U3 dopmynsl crenyert, uTo u Oonblie eIUHULBI U OyAeT TeM
BBIIIE, YEM MEHBIIE BEIMYMHA DHEPIUM, 3aTPauUBACMON B KOMIIPEC-
cope. [locrneanee 3aBUCUT OT CBOMCTB paboyero areHTa u MpUHATOrO
YPOBHSI TEMIIEPATYP €r0 UCIAPEHUS U KOHICHCALIUH.

WneanpHblil pabounii areHT J0JIKEH XapaKTepU30BaThCs XUMU-
YeCKOH CTaOUIBbHOCTBHIO M HHEPTHOCTHIO MO OTHOIICHUIO K KOHCTPYK-
TUBHBIM MarepuanaM M pabdodyuM MaciaM, HEBOCILIAMEHSEMOCTHIO,
HETAKCUYHOCTBI0, HU3KOM CTOMMOCTBIO, HEBBICOKUM JIaBIICHUEM KOH-
JICHCAllUH, JaBJICHUEM KHUIIEHUs, OTU3KUM K aTMOoc(epHOMY, BHICOKOH
KPUTHYECKON TEMIIEPATypPOU U HU3KOU TEMIIEpaTypOil 3aMep3aHusl.
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[Tockonpky pabodero areHTta, KOTOpbIii OTBeuaa Obl BCeM Iie-
PEUUCICHHBIM TPeOOBaHUSAM HET, TO MPUMEHSIOT paOo4yhe areHTHI,
YAOBIETBOPSIOLINE HAUOOJIEE BAKHBIM TPEOOBAHUSIM.

Xmagon R12 HeToxcuyeH, obmagaeT Hamboyee BBICOKOH Te-
IUIOBOII MOIIHOCTBIO. IJIaBHBEIM HemocTaTKoM XnagoHa R12 sBnser-
Csl BBICOKOE JaBiieHHEe B (ha3e KOHIECHCAIIMH, BCJIEIACTBUE YETO MaK-
CUMaJjibHasl TeMIlepaTypa TEIJIOHOCHUTENIsA, JOCTUraemMasi B TeIUIOBBIX
Hacocax, He npesbiimaet 60°C.

C 5TOl TOUKM 3peHHUs NEPCIEKTUBHBIM JIJIsl IPUMEHEHHUSI OKa-
3bIBaeTcs xiaaoH R142B. Ilpu ero npuMeHeHuu TemMneparypy Temio-
HocuTens ynaercs noBeIcUTh 10 90-100°C. OCHOBHBIM HEIOCTATKOM
xnaznoHa R142B sBasiercs ero roprodecTs.

B TH B xauecTBe pabounx areHTOB MOMHUMO OOIIIEU3BECTHBIX
xnanareHToB R12, R22, R142B, ucnonb3yroTcsi HOBbIE€, OTHOCUTEb-
HO 030HOOe30mmacHbie xamagareHTel R407C, R410A, R134A.

Hnsa conocraBnenus: d¢pdexkruBHoctd TH U TpaauimoHHBIX
TE€HEPATOPOB TEIUIOTHI, HAIIPUMEP, KOTEIbHBIX, a TaK K€ CPAaBHEHMS
TH pa3HbpIX NpUHIMIOB ACHCTBUS HNPUMEHSIOT OOOOIIEHHBIN KpH-
Tepuii — k03 uIMeHT ucnonb3oBaHus nepBuyHOM Heprun K. OH
ONPENEIISIETCA KaK OTHOILIEHUE IOJE3HOM TeIUIOThl, oTaaBacMon TH
MOTPEOUTENIO K U3PACXOJOBAHHOMN SHEPTUU NIEPBUYHOTO UCTOYHHKA.

[IpaBunbHOE coueTaHHE MAPAMETPOB HU3KOMOTEHIUAIBLHOTO
WCTOYHHKA TeIjia U TPeOyeMbIX MapamMeTpoB TEIUIOTHl Y MOTpeduTe-
ns — BakHeliee ycnoBue dpdexruBHoct npumenenuss TH. Conu-
kenue temneparyp 7, u T JIOCTUTAETCSA NPUHLIKMITMAIBHO HOBBIMH
WHXEHEPHBIMH PELICHUAMH B CUCTEME OTOIUICHUs 37aHui. Tak juist
COBPEMEHHOM CHUCTEMbI HAlOJbHOI'O OTOIUIEHUSI TOCTATOYHO TEeMIIe-
patypsl 30-40°C, Torna Kak A TPaJALUOHHON CUCTEMBI OTOIUICHUS
yepes3 paguaropHble 0arapen Hyx)HO umetsb 70-90°C.
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3.2 Cxema JeiicTBUSI TENJIOHACOCHOH YCTAHOBKH TeIJIOCHAOKe-
HHSA C TOPU30HTAJIBHBIM KOJLJIEKTOPOM

Flondencamap

Tenawd noi

C (3

Tenno
FVHING

=
_<_|

Puc. 3.2

0 — ucnapurens;

1 — kommpeccop;

2 — TeII000OMEHHHUK;

3 — KOHJIEHCATOD;

4 — 3IEKTPOPETYIASATOP padOUC KUIKOCTH;
5 — KOJUIEKTOp;

6 — 3eMJITHOH KOJIJIEKTOP;

7 — KOHIEHCATOoD;

8 — LMPKYISIIIMOHHBINA HACOC;

9 — TerubIi oI,

40



3.3 TennonacocHble cuctemMsl TemjiocHadkenns (TCT) ¢ rpynTo-
BBIMH TeIJIOOOMEHHUKAMHU B BEPTHKAJIbHbBIX CKBAKHHAX

[Ipu orcyTrcTBUM Ha HEOONBLIUX TIYOMHAX TPYHTOBOM WU
HU3KOTEPMaIbHOM BOJbI B THY Manoi MOIIHOCTH 711 IPOMBILIIEH-
HBIX I[eJIeH M OTOIIJICHHUS MHOTOATaKHBIX JIOMOB MOXKHO HCITOJIL30BaTh
TEIJIOTY TPYHTa 3€MJIM 4Yepe3 IPYHTOBBIE TEINIOOOMEHHHMKH BEPTH-
KaJTbHBIX CKBAYKHH.

—=

W

Puc. 3.3. Cxema CKBaXHHBI C BEPTUKAIBHBIM IPYHTOBBIM TEILIO00
MEHHUKOM

HccenenoBanyst CBUIETEIBCTBYIOT O TOM, YTO C YBEIUYCHHU-
€M BpPEMEHH IKCIUTyaTallluu TEII00OMEHHUKA Y(PPEKTUBHOCTh CheMa
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TEIUIa C TOPHOHM MOPOJbl CHU)KAETCA, T.€. IPOUCXOIUT YMEHbBILIECHUE
ko3¢ ¢purmenta temonepenadu K or rpyHTa K IpoMexyTOYHOMY Te-
IJIOHOCUTEIIIO, 3@ CUET POCTAa TEPMHUUECKOTO COIIPOTUBIICHUS TOPHBIX
HOPOA.

3a cueT Toro, 4to Ko3((UIHMEHT TemIonepeaayu Npyu Majiom
BPEMEHM JKCILTyaTallui CKBa)KMHbBI 3HAUUTEJIBHO BBILLIE, YEM IIPU €€
9KCIUTyaTallud B TEUEHHE MPOAOIDKUTEIBHOIO BPEMEHH, TEII000-
MEHHUK 1yOuHou /00 m, HAXOASIIIUNACS B SKCIUTyaranuu 24 yaca, 1mo
oTOMpaeMoOMy TeIUTy IMPAKTUYECKH PABHO3HAYEH TEIJIO0OMEHHHKY
r1younoi 200 m, SKCIIaTHPyeMOMY MOCTOSHHO B T€UEHUE BCErO OTO-
IIUTEJIBHOTO CE30Ha.

W3Bnekaemasi U3 BEPTUKAIBHOTO TPYHTOBOTO TEIIOOOMEHHU-
Ka IPYHTOBAas SHEPrUsl JIMHEHHO 3aBUCUT OT IIyOMHBI TEIJI000OMEH-
Huka. [Ipu 3TOM ynenpHBIN cheM TeIula ¢ ¢ TOPHOU MOponbl Ha [ m
[TyOUHBI TETJIOOOMEHHHUKA COCTABIISET:

— JUIs TeTUI000MEHHUKA ITyOnHOM 200 M M ero 3KCIITyaTaluy B Te4e-
nue 150 cytok g=33 Bm/m

— npu rryoune /00 m 1 ero 3KCIUlyaTaly B Te€4eHUe 2 CyTok g=60
Bm/m.

IToaTomy ontumansHoi sBisgercss TCT ¢ 1ByMst TpyHTOBBIMU
TEMI000OMEHHUKAMH B BEPTUKAIbHBIX CKBR)XHHAX, PaOOTAIOIIUX I10-
MIEPEMEHHO B IIMKJINYECKOM PEKUME — OFHAa CKBaKMHa paboraeT 24
yaca, pyrasi HaXOIUTCs B IPOCTOE /1JIs1 BOCCTaHOBJICHUS TEMIIEpATyp-
HOTO I10JI1 BOKPYT' CKBaKMHBI.
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Puc. 3.4. Cxema TCT ¢ nByms BepTHKaJIbHBIMU I'PYHTOBBIMH TEILIO-
OoOMEHHUKaMHU

1,2 — BeHTHIIH;

3 — rpyHTOBOH TETNIOOOMEHHUK;

4 — Hacoc;

5 — UCTIapUTeb;

6 — KoMIIpeccop;

7 — 3JIEKTPOJBUTATEID;

8 — KOH/IeHCaTOoD;

9 — nmpoccenbHBIN KilanaH.
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3.4 DKO0J0ro-)KOHOMUYECKHE ACHEKTHI HUCIOJbL30BAHHUS TEIJIO-
BBIX HACOCOB

[Iupoxoe pazBuTHE 3a pyOEKOM TEIUIOBBIE HACOCHI TTOIYUMIH
Onmaromapsi:

1) PKOHOMHYHOCTH ([J1 IIepelaun B CUCTEMY oToruieHus: | KBm te-
TI0BOM 3HEpruu Tpedyercs 0,2 KBm 31eKTpOIHEPTHN);

2) SKOJOTUYHOCTH (TOILTUBO HE CYKUTAETCS ¥ BPEAHBIX BHIOPOCOB HE
IIPOU3BOAUTCS);

3) MUHUMaNbHOMY 00CTyXHBaHUIO (17151 06cmyxuBanuss THY momi-
HOCTB 110 /(0 MBm TpebyeTrcs OIMH Omeparop B CMEHY);

4) ManoMy CpOKy OKYITaeéMOCTH B CBSI3HM C HU3KOM ce0eCTOMMOCTBIO
IIPOU3BOAMMOIO TEILIA.

D¢ hexkTuBHOCTH MPUMEHEHHS TEIUIOBOTO HACOCA OIICHUBACT-
Csl B CPAaBHEHUH C TPAJAUIIMOHHBIMU CUCTEMaMH TETNTIOCHAOKeHHs. Tak
THY pacxoayer B 4 pa3a MeHbIII€ TOIIUBA, YEM YTOJbHAsI KOTEJIbHAS.

[To manubiM 3A0 «3ueprus» (r. HoBocubupck), npousBos-
IIETO TETUIOBBIE HACOCHI M MMEIOIIETO OOJIBIIION OIBIT UX BHEIPEHUS U
JKCILIyaTalluy, YKpynHeHHas crouMocts THY onpenensercs nuexonst
U3 ee TerioBoii MommHocTy u paBHa 3500000 py6. 3a [ I'kan/y.

Cpok OKymaeMoCTH TEeIUIOBBIX HAacocoB cocTamiser 1,5-2
roga, a croumMocTh Temia cocrasigeT 40-50% ot ctoMMoOcCTH TeInia
TOLI.

Heucuepnaemasi, terosass sHeprusi 3eMiauM — OJHO U3 OC-
HOBHBIX HampaBieHuil Oynymeit snepretuku Poccun. OHa MOXeET U
JIOJDKHA CTaTh MOCTOSHHBIM HaJIeKHBIM HCTOYHHKOM OOECTIEYECHUs
JIEIIEBBIMU U TOCTYITHBIMM 3JIEKTPOIHEPTUEH U TEIJIOM IPU BHEIpE-
HUU BBICOKMX 9KOJIOTUYECKU YUCTBIX TEXHOJOTUH MO €€ U3BJICUEHUIO
Y TIOCTaBKE MOTPEOUTEITIO.
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Bonpocs! 1J1s1 CAMOKOHTPOJISA

1. Yro Ha3bIBAIOT TEIJIOBBIM HACOCOM?

2. Kakue MCTOUHHMKHM HU3KONOTEHINATIbHON TEIUIOTHI MOYKHO UCIIOJIb-
30BaTh B TEIJIOHACOCHBIX YCTAHOBKaX?

3. Hapucyiite npuHIMIHATBHYIO CXEMY TEIJIOBOTO Hacoca M 00bsic-
HUTE KaK OHA paboTaer.

4. ITo kakuM IpU3HAKAM KJIACCU(PHUIUPYIOTCS TEIUIOBbIE HACOCHI?

5. Uro Takoe XJaJareHT TEIUIOBOrO HAacoca W KaKMX MapoK OHH Obl-
BaIOT?

6. Hapucyiite cxemy TeIIoHACOCHON CUCTEMBI TETIOCHAOXKEHHUSI C TO-
PHU30HTAIBHBIM KOJUIEKTOPOM M OOBSICHUTE €€ padoTy.

7. Hapucyiite cxemy TEIUIOHACOCHOM CHUCTEMBI TEIUIOCHAOXKEHUS C
BEPTUKAIBHBIM KOJUIEKTOPOM M 00BSICHUTE €€ padoTy.

8. Ot vero 3aBucHt 3pdextuBHOCTE THY?

9. Bo3MOHBI JIn KOMOMHAIIMH TEIUIOBBIX HACOCOB C JIPYTUMH B0O300-
HOBJISIEMBIMH UCTOYHUKAMH SHEPTUH?

10. ITo xkakuM cxemMaM BO3MOKHBI KOMOMHAIIMH TETIJIOBBIX HACOCOB C
JIPYTUMH BO300OHOBIISIEMBIMU UCTOYHUKAMH SHEPTUH?

11. Maiite ompeaeneHue KOd(UIMEHTAa NpeoOpa3oBaHUs SHEPIUU
(KIIQ) temnoBoro Hacoca.

12. Hanmmmure popmyny KIID reroBoro Hacoca.

13. Uem omimmuaercs K119 ot KIT?

14. IlepeuncnnuTe UCTOYHUKH HU3KOIIOTEHIIMAIBHOM TEIMJIOTHI, KOTO-
pble MOXKHO UCIONbL30BaTh B THY.

15. Hapucyiite cxemy TEIJIOHACOCHOIN CHCTEMBI TEIJIOCHAOXKEHHUS C
JIBYMsI BEPTUKAJIbHBIMHU IPYHTOBBIMH TEIUIOOOMEHHUKAMH.

16. OObsicHUTE TPU KaKUX YCJIOBUSX HEOOXOAMMO HCIIOIB30BAHUE
CXEMBI C JIByMs BEPTUKAJIbHBIMHU TEIUIO0OOMEHHUKAMH.

17. 3auHTepecoBaHo 1M IPABUTEILCTBO Poccuy B pa3BUTHH TEILIOHA-
COCHBIX cucTeM?
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I'naBa 4. Ucnosib30BaHHe TEPMOIEKTPUYECKOH JHEPIUH

TepMmosnekTpuueckas SHEprus — HeucuepraeMasi, SKoJIoruye-
CKM Oe3omacHasi, OecurymMHasi, Oe3aBapuiiHasi 1 TEXHOJIOTHYHAS — [TPHU-
BJICKJIA TTOBBINICHHOC BHUMAHHNC YYCHBIX U HHIKCHCPOB C HCJILIO €€
IIAPOKOT0 HCIOJIB30BaAHUSA B YAOBJICTBOPCHHUU SHCPICTUYCCKUX I10-
TpeOHOCTEH yenoBeka.

Yurareno He BCCra MOHATCH MPUHIUIT I[eﬁCTBHH TCPMODIJICK-
TPUYECKUX YCTAHOBOK, MOATOMY HM3JI0)KEHHE ITOTO paszieia HAaYHeM C
(U3MUECKUX OCHOB TEPMOIJICKTPUYECTBA.

4.1 ®usuveckne 0OCHOBBI TEPMOYNICKTPHUYECTBA

TepmoanexkrpruyecTBo 0a3upyeTcss Ha YETBIPEX OCHOBHBIX Me-
XaHU3Max:

1. Dpdexr Dypbe — TEMIONPOBOJHOCT. ITO ABICHUE XOPO-
10 U3BECTHO OOJBIIMHCTBY uMTaTenei. Termno MoxeT nmepenaBarbes
1100 TMpH JABWKEHUH HOCHUTENEH, JTUO0 MpH KoJeOaHUM KPUCTAIIIH-
4ecKoil pemeTku. TermmonpoBoIHOCTh «OTBETCTBEHHA) 32 YXy/AILICHHE
ko3¢ purrenTa npeoOpa3oBaHMs TEPMOIIAPHI.

2. JlxoyneBbl motepu. llpu mpoTexkaHUM TOKa IPOUCXOAUT
BBIJICJICHUE TEIUIA, CBSA3aHHOE C HAJIUYMEM 3JIEKTPHUYECKOrO COIpo-
TUBJICHUS. DTUM SBJICHUEM OOYCIIOBJIEH BTOPOH MEXaHU3M IOTEPh B
Tepmornape. JKOylieBbl OTepH BO3HUKAIOT B PE3yJbTaTe pacCcesHus
HOCHTEJIeH 3apsia 13-3a HECOBEPILEHCTBA KPUCTAIIIMUECKON peleT-
KU, KOTOpO€ 00YyCIIOBJICHO TETNIOBBIMU BUOpAIMSIMHU, HATUYHEM TPH-
MeceM, JuclIoKaIyei u T.11.

3. Dddexr 3eedbeka. IhheKT mposBIIETCS B TOM, YTO B TIPOBO-
JTHUKE BO3HUKAET 2JIEKTPUUECKOE HAIPSKEHHE, 00YCIOBICHHOE HAJH-
YHeM MPOIOJIBHOTO TpaJMeHTa Temreparyp. Pa3HoCcTh MOTEHIIMAIOB
SBJISIETCS CJIEACTBUEM TOTO, YTO B XOJOJHOM YacTH NMPOBOJIHUKA I1O-
BBIIIAETCS KOHLIEHTPAIMsI HOCUTENEH 3apsiza.

4. 3ddexr [lenbrhe. ekt mposBIsIETCs B TOTTIOMEHUH UITH
BBIJICJICHUH TEIUIa B MECTaX KOHTAKTA PAa3IUUHBIX TPOBOJHUKOB U 00-
YCIIOBJICH M3MEHEHHEM TEIUIOEMKOCTH HOCHUTEJIeH NMpH MX IHepexoie
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13 OHOI0 Marepuaia B IPyrou.

5. Dddexr Tomcona. ddexr 00ycnoBIeH TEMITOBONW KOHBEK-
el mpu apeidoBoM IBHKEHUH HOCUTENEH.

6. 3akoH Bunemana-®panua-JlopeHna. 3akoH ycTaHaBIMBaIO-
LUH 3aBUCHUMOCTb MEXAY TEIUIOIPOBOAHOCTBIO, IEKTPOIPOBOIHO-
CTbIO U aOCOJIIOTHOM TeMIepaTypoil.

4.2 TenJ1IoNpOBOIHOCTH TBEPABIX TeJI

B TBepmoMm Tese Ternno MoXeT pacpOCTPaHATCs IPU TOMOIIH
JBYX Pa3JIN4YHbIX MEXAHU3MOB:

1. Terno nepeHOCUTCS TEMU XKE HOCUTENISIMU, KOTOPBIE OTBETCTBEHHBI
3a IEPEHOC IEKTPUUECKOro 3apsiaa. COOTBETCTBYIOIAS TEIIIONPOBO-
JIHOCTB A MOXET ObITh Ha3BaHa TEIIONPOBOIHOCTBIO HOCUTENIEH TeT-
J1a. 3HaYE€HUE 3TOW TEIJIONPOBOJHOCTH CBA3aHO C AIEKTPOIPOBOJHO-
CTBIO 110 3aKoHy Bunemana-®panua-Jlopenna.

2. Tenno mepenaeTcst NOCPEICTBOM KOJeOaHUI KpHCTaNINYECKOM
peeTkH (T.e. GoHOHaMM). DTOT CIIOCOO Mepeadu Teria Ha3bIBaeTCs
PELIETOYHOM TEMIONPOBOIAHOCTHIO 4, .

IlepBrlii MEXaHU3M NIPEBAIIMPYET B METAIIAX, TAK KaK JUIsl HUX
XapaKTepHO N300MIMe HOCUTENEH, a peleTKa JOCTaTOUHO IIaCTUYHA.
B nonynpoBoaHukax HabiroqaeTcs MpOTUBOINONOXKHAS KapTuHa. Ha-
IIpUMEp, ajaMa3 MMEET HE3HAUUTEJIbHYI0 KOHLEHTPALUI0 HOCHUTEIEH
U, KaK CJIEACTBHE, HUYTOXKHYIO IEKTPOIPOBOJHOCTh. TeM He MeHee
TEIJIONPOBOIHOCTH aiMa3a B 11 pa3 Ooibllie, 4eM TEIIONPOBOIHOCTD
amoMuHus U B 30 pa3 Oonblue, yem xesne3a. PakTUYECKU aama3s sB-
JI€TCS HAWTYYIIMM IIPOBOJHUKOM TEIlIa U3 BCEX BEILIECTB, UMEIOILINX
IIPUPOAHOE IIPOUCXOKICHUE.

OOw1ast TEIIONPOBOAHOCTh TBEPJOIO Teja MPEACTaBIsAET CO-
0011 cyMMy TEIUIONPOBOAHOCTH, OOYCIOBICHHON HOCUTESIMH TeIia
¥ PELIETOYHOM TEMIONPOBOIHOCTU A= 4 .+ 4,.

4.3 dpdexT 3eedexa

PaccmoTpuM TpyOKy, 3alOJIHEHHYIO Ta30M M HMEOIIYIO
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OJMHAKOBYIO 110 JUIMHE TemIeparypy. JlaBjlieHne U KOHLEHTpauus 1o
JUIMHE TOXe OJMHAKoBbI. Eciin Temnepb oMH KOHEI| TPYOKH HarpeTb,
TO HOBBIILIEHHUE JJABJICHHS ra3a B HArpeTOl YacTU NPUBEAET K BO3HUK-
HOBEHUIO [IOTOKA r'a3a B CTOPOHY XOJIOIHOTO KOHIa TpyOKku. B HOBOM
YCTaHOBUBILEMCS COCTOSIHUM J1aBJIEHUE BBIPOBHAETCS U IIEPETEKAHUE
raza npekparurcs. CornacHo ypaBHEHUIO COCTOSIHUSL U1l HAEAIbHOIO
raza p=nK7T 1 Ipu NOCTOSSTHHOM JBIXKEHUU Npou3BenecHUue n1 1nocTo-
aHHO. OTcrofa ciieyeT, 4YTO KOHLEHTPALKs ra3a B XOJIOAHOM KOHILE
TpyOKu Oyzner Oosblie, 4eM B ropsiueM.

DNeKTPOHBI NPOBOAUMOCTHU BEIYyT ce0sl Tak ke, Kak u ra3. [Ipu
HAJIMYMM TEeMIIePaTypHOro IrpaJleHTa UX KOHIEHTPALHUs Y XOJIOAHO-
r0 KOHIIa MPOBOJHUKA OyJIeT BBIIIE, YEM Y TOPSYEro, U, CIEA0BaTEb-
HO, XOJIOJIHBII KOHEIl MPOBOIHUKA MO0 OTHOLLICHHIO K ropsyeMy Oyaer
3apsDKEH OTPULATENIbHO. Pe3ynbTupyromas pa3HOCTh MOTEHIMAIOB
HasbiBaeTcs HampspkeHueM (OJIC) 3eebeka. 3HaueHHE 3TOTO Hamps-
KEHUS 3aBUCHUT KaK OT Pa3HOCTH TeMIIeparyp, Tak U OT IPUPOJIBI IPO-
BoaHMKa. Eciin HOcUTeNsIMU 3apsiia B IPOBOIHUKE SIBIISIFOTCS ABIPKH,
TO XOJIO/IHBINM KOHeI[ OyJIeT MOJI0KUTEIBHO 3apsKEeH M0 OTHOLICHHUIO K
ropsiuemy. o 3Toif npuunHe nonsipHoCTh 3eebeKka 3aBUCUT OT MaTe-
puaa MmpoBOIHUKA.

Jliist TOrO YTOOBI CHATH HAIPSDKEHHE, BO3HUKAIOIIEE B IPOBO-
JTHHUKE, He00X0IMMO BHelIHee coeinHeHne. OJHAKO COeAMHUTENIbHBIN
IPOBOJ OyAET UMETh TOT K€ IPAMEHT TeMIepaTypbl, YTO 1 OCHOBHOU
IIPOBOJIHUK, a CJIEZOBATE]IbHO, B HEM BO3HUKaeT codctBeHHas DJ[C
3eebeka. Ecnu BHEMIHMI COEIMHUTENIBHBIN MPOBOJ CAETAH M3 TOTO
e Marepuaa, 4To 1 OCHOBHOM, TO HANpsKEHUsI 000UX MPOBOIHUKOB
B TOYHOCTU KOMIIEHCUPYIOT OZIHO Ipyroe. B ciyuae, eciu coeaMHEHbI
MIPOBOJHUKH M3 Pa3HbIX MaTEpUAIOB, BOSHUKHET HEKAsl pe3yIbTUPYIO-
11asi pa3HOCTh IIOTEHIUAJIOB.

Tepmomapa mnpencraBiseT coOOW COEIUHEHUE JBYX pas-
JMYHBIX MaTEepPHaJioB, IPUYEM Yallle BCEro COCIUHSIIOT MaTepuabl,
UMEIOIIME MPOTHUBOIOIOKHYIO MOJMSAPHOCTh dddekTa 3eebeka, uTo
npuBouT K cioxkeruto JJ[C 3eebeka AByX MCHONb3YeMbIX MaTepH-
anoB. IlockosbKy BHEIIHHME COEIUHUTENBHBIE IIPOBOJA IOAKIIOYA-
IOTCSl K CBOOOAHBIM KOHIIAM TE€pPMOIApbl, KOTOPblE OOBIYHO MMEIOT
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OZIMHAKOBYIO TEMIIEPaTypy, TO JONOJHUTEIBHOTO HampsiKe-
Hus 3eebeka 3a CYET COCNMHHUTEIbHBIX IPOBOJOB HE BO3HHUKAET.
Tepmomnaps! 061aaroNIMe HU3KUM MOJIHBIM CONPOTHUBICHUEM
(He0omNbIIIOe HANPSHKEHUE U OTHOCUTENBHO OOJBIION TOK) M B 0OJb-
IIMHCTBE NPHIOKEHUNH COEIUHSAIOTCS MOCIEeI0BATENBbHO, (HOpMUPYs
TEepMO3JIEKTpHUecKyto Oarapeto (puc. 4.1 u puc. 4.2).

ll.ll T h. ocaninrcieiias iU iy il:“l“ h
# 150 allk =100 mB
I = &N K SHl K

+ 250 mi

Puc. 4.1. Tepmonapa u3 AByX MaTepuasoB ¢ IPOBOAUMOCTbBIO pa3iiny-
HOTO TUIIa

Cow i eI niH TR LU OE M TE AR IEACTHI

TH = 1000 K

t 500 mB

Puc. 4.2. TepMonapLI, COCAMHCHHBIC ITOCJICI0BATCIIbHO B 6aTapeIO
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B Tepmosnexkrpuueckux OaTtapesix WHAWBUIYaJbHBIE 3lie-
MEHTHI (TepMoOmaphl) SIEKTPUYECKH COEIMHEHBI I0CIIEI0BaTEb-
HO, a B TEILUIOBOM OTHOILIECHMM — IapajuienbHo. B TakoMm ciyuae,
€CJIM TEIUIONPOBOIHOCTh OJHOTO IEMEHTA paBHA A, TO TEILUIONPO-
BOJHOCTh 0Oarapeu, COCTOAIIEH M3 1 3JIEMEHTOB paBHa nA. AHa-
JIOTUYHBIM ~ 00pa3oM  3JIEKTPUUECKOE CONPOTHUBIEHHE Oarapeu
paBHO nR, ecau R — CONPOTHUBIIEHUE ONHOM sSYEHKU. PasHOCTH 1O-
TEHIIMAJIOB, FeHepupyeMas NpHu pasHocTd Temneparyp B /°C (3k-
BUBAJICHT @ JUI1 OJHOIO 3JEMEHTa) B JaHHOM Ciydae paBHa nda.

4.4 D¢ pexr lleabrbe

PaccmoTpuM JBa pazIMuHBIX NPOBOAHMKA @ U b ¢ OIMHAKO-
BOM IUIOLIA/IBbIO MOIEPEYHOIO CeYeHMs A, KOTOPbIE COEAUHEHBI, KaK
9TO NO0Ka3aHo Ha puc. 4.3. [IoBepXHOCTH S ABISIETCSI KOHTAKTHOM T10-
BEPXHOCThIO NPOBOAHMKOB. O0a MPOBOIHUKA MMEIOT OIMHAKOBYIO
TeMIieparypy I, U 4epe3 HUX IIPOTEKAeT IEKTpUIeCKUi TOK /. ITycts
TEIIOEMKOCTD 3JICKTPOHOB B MPOBOJIHUKE @ PaBHA C , & B IPOBOTHUKE
b — c,. Torna TemnoBas SHEPIUsl, KOTOPOH 00NATAET SIEKTPOH, B KaX-
JioM mpoBojHuKe paBHa ¢ T'u ¢,T cooTBeTCTBCHHO. B ciyyae, eciu
IEKTPOHBI UMEIOT MAaKCBEJUIOBCKOE PACIPENEIICHUE 110 CKOPOCTAM,
10 ¢ T=c,T="/,kT.

DNEKTpUYECKUH TOK, IIPOTEKAIOUINM 4Yepe3 KOHTAKTHYIO IIO-
BEPXHOCTB S, B KaX10M HallpaBJICHUU

1= gnvA
B npoBoziHuKE @ BMeCTe C 2IEKTPUYECKUM TOKOM B HalpasJie-
HUU KOHTAaKTHOH NMOBEPXHOCTH IEPEHOCUTCS IMOTOK TEIJIOBOW IHEP-
THH,

P =nvdc,T
a B MPOBOJIHUKE b OT KOHTAKTHOW MOBEPXHOCTH YHOCHUTCS MOTOK Te-
IIJIOBOU DHEPIUH
P,=nvdc,T.
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Fetora Ienprve

[Tosepxuocrts §

Puc. 4.3. [lepenoc Temia nocpeAacTBOM IEKTPUUECKOTO TOKA

Ecnu P >P,, T0 Ha IOBEPXHOCTH KOHTAKTA JIBYX IPOBOIHUKOB
TEIJIOBAst SHEPIUs JOJKHA OTBOAUTHCS B OKPY)KAIOLIYIO CPEly U ee
MOTOK OyJeT paBeH

P=P —P, =nvAT(c, —cb):z(ca -¢,)J =nJ,
q

T
rie 1 — koo pumuent Iensthe = —(c, —¢;)
q

Ecnu s5ekTpoHBl IMEIOT MAaKCBEIJIOBCKOE pacTpeieieHue 1o
CKOPOCTSIM, TO B paMKax H3JIOKeHHON moxenu kodddurment [lennb-
The 7 Oy[€T paBeH HyIII0, MOCKOJBKY B 3TOM ciydae ¢, = c¢,. OnHaxo
OCHOBBIBasICh Ha (akre cymectBoBanus 3ddexra [lenbThe, cnemyer
ClleNiaTh BBIBOJ, YTO B MaT€pHaIaX UCIOJIb3YyEMbIX ISl U3TOTOBJICHHS
TepMonap, 3JIeKTPOHHBIH ra3 He TMOMYUHACTCS pacipeeieHuo Mak-
CBeJUIa.

4.5 Ipdext Tomcona

PaccmoTpuM oHOMEpPHBIN ra3, 0 TeIIONPOBOAHOCTH KOTOPO-
TO MBI YK€ TOBOPHJIM BhINIE. Terepb HaM HYKHO BBIBECTH (OPMYITY
JUTSI KOHBEKTUBHOTO TIepeHoca Teruia. Ha Bpemst mpeneOpexem apdek-
TOM TEIUIONPOBOIHOCTH, TOCKOJBKY MPU HEOOXOAMMOCTH €TI0 MOKHO
MIPOCTO HAJIOKHUTDH Ha PE3YNBTAT, KOTOPBIH OyJeT MOTy4eH.

[Ipenrnonoxum, 4T0O UMEETCA HEKUIM MOTOK /0 MOJIEKYJ U YTO
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TeMIepaTypa HeOIMHAKOBA BIOJIb CToN0a ra3a. PaccMorpum Tpu co-
ceanue Touku: 1, 2 u 3. Kaxknas mosiekyna, KoTopasi IBUKETCS U3 TOY-
ki | B TOUKY 2, IEPEHOCUT SHEPIHUIO, paBHyto cT',. 31eCh ¢ — cpefiHee
3HAYEHHE TEIUIOEMKOCTH MOJICKYJIBI (T.€. c= i OT TETJIOEMKOCTH,
N

KOoTOpOi obnagaroT N moneky:n). Kaxmoit Mmonekyre, KoTopast 10CTHUT-
Jla TOYKHU 2, MPUJSA U3 TOUYKU 1, MOXKHO MOCTAaBUTh B COOTBETCTBHUE
JPYTYIO MOJIEKYJy, KOTOpasi IOKUHYJIA TOYKY 2 ¥ HaIllpaBJseTcs K TOY-
ke 3, mepeHocs oHepruto ¢ 7,. Takum 00pasoM yBEIMYEHUE SHEPTUH
(mKOynH B CEKyHAY Ha €IMHUILY IUIOMIaAN) B TOUKE 2 BCICACTBUE IO-
TOKa raza cocrasur ¢(T -T,)nv.

Ecnu paccrosiare Mexay Toukamu 1 1 2 GECKOHEYHO Malio, TO
T -T,=dT v notok suepruu (Bm/m’)

dP=-cnodT,
rae P — mioTHocTh MoiHoCTH. Eciii BMecTo cTonba ra3a Mel paccMo-
TPHUM MPOBOAHUK C IEKTPOHHOU MPOBOUMOCTHIO, TO TEILIO MEPEHO-
CUTCS 2JICKTPOHAMHU H, CJIeI0BATEIbHO, J=gno,

dP = —ich

q

50071 1
dP = ——cdT.

q

HonyquHoe BBIPAKCHUC MOKHO IIEPCIUCATh KaK

dP =dT,

rne 7 — kodddunuent TomcoHa, u3MepsieMblil B BoJbTax Ha Kenb-
BHH.
O4eBUIHO, YTO

T=——
q

JlJ11 IpOBOJTHUKOB, B KOTOPBIX IS HOCUTENIEH CIIpaBeAIUBO
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c=—K
pacnpeznenenue Makcseiia, 2y xosddumment Tomcona

r=3K_ 129mB/K

24
MHorue mOXYIMPOBOIHUKH JODKHBI HUMETh Kod(duumeHt
Tomcona Ha ypoBae — /00 mxB/K. OmHako 1i1st 60jiee TOYHOTO pacde-
Ta 3TOr0 K03(pprmeHTa HeOOXOTMMO MPUHUMATH BO BHUMAHHUE BITHSI-
HHUE JBIPOYHON IPOBOAUMOCTH.

4.6 3axon Bunemana-®paunna-Jlopenuna

B cepenune XIX Beka skcnepUMEHTaJbHO OBLIO JI0KA3aHO,
9TO JUIs METAJIOB OTHONIEHHE '/ SABNAETCSA MOCTOSHHOW BETHYH-
HOM. 3Has 3TO OTHOIIEHHE, MOKHO ONPEAENIUTh TEIIONPOBOIHOCTh
J000r0 MeTajia, U3MEPUB €T0 AIEKTPUUECKOE CONPOTUBIICHHUE, YTO
JIOBOJIBHO TPOCTO. 3aKOH, YCTAaHABJIMBAIOIIUN 3aBHCHUMOCTb MEXIY
TEIIONPOBOIHOCTHIO, ANEKTPONPOBOJHOCTHIO U a0COIIOTHON TeMIIe-
paTypou, moy4dusl Ha3BaHue 3akoHa Buaemana-®Opanma-Jlopenua, u
€ro CIIpaBeIJIMBOCTh JIOKA3bIBAETCSI HA OCHOBE KJIACCHUECKON MO/
AJIEKTPONPOBOAHOCTH.

PaccMoTpuM TEmIOnpoBOAHOCTh OJHOMEPHOIO rasa, B Ko-
TOPOM HMEETCSl MPOJOJIbHBIA TeMnepaTypHblil rpagueHT (puc. 4.4).
[ToBepxHOCTh A, Haxondlasics B Hadajle KOOPAMHAT, IMEPHEeHIU-
KyJIsipHa HAalpaBlIeHUIO ABW)KEHUS Mosekyn. [lpumem, 4to cym-
MapHbIM MOTOK Macchl 4epe3 ATy MOBEPXHOCTh paBeH Hyiro. Torma

no,+np,=0
| — nmHA cBOOOMHOTO Tpobera MOJIeKyl. MOJIEKYIbI JBHKY-
IIMecs CJIeBa U MEePECEKAONINe IOBEPXHOCTh A, TPUXOAST B CPEAHEM
3 TOYKH C KOOPJMHATOH — 7/,
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Puc. 4.4. TCHJ'IOHpOBO,Z[HOCTB B OAHOMCPHOM Trase

Hycrs ux kuHeTHueckas sHeprus pasHa U . Torma more-

KYyJibl, ICPCCCKAOIIUC TINIOCKOCTDH A ClipaBa, UMCHOT KHMHCTHUYCCKYHO
OHCEPIUro U(l/z).HOJIOBI/IHa MOJICKYJI ABUXKXYTCs HAIIpaBoO, a JApyras I1o-
JIOBHMHA HAJICBO. CyMMapHBIfI 3HepFeTH‘leCKI/II>'I IIOTOK, T.€. IINIOTHOCTb

sHEPTUu, Bm/v’
pri, ’ no nov oU

pP= T[U(—z/z) ~Uinl= _751-

. 1
DHeprus KaxJ10M MOJIEKYJIbl paBHA > kT, mosToMy

T T
D= _m, or _ _,18_,
4  Ox ox
e A — TeTIONMPOBOIHOCTb.

Ecmu npeamnojararb, 4To B MCETaJlJIaX TEIJIO ICPEHOCUTCA

TOJIBKO C IMOMOIIBIO 3JICKTPOHOB U Ka)KI[bIﬁ OJICKTPOH IMEPCHOCHUT

1
3 kT enquHMII PHEPTUH, TO TEIIONPOBOIHOCTh MeTaJlIa Oy/leT paBHA

_ 3nolk
4

Koa¢ppumment 3 yuurbiBaeT TOT (akT, 4YTO pealbHBIA Tra3

A

54



ABJIACTCS TPEXMCPHBIM, U SJICKTPOHBI UMCIOT TPHU CTCIICHU CBO6OI[BI.
Tenepb pPacCMOTPUM SJICKTPUUICCKYIO [IPOBOAUMOCTD

G =qnp,

rAc u — OpoBOAUMOCTD, T.C. CKOPOCTb HOCUTCJIA 3apAaad, COOT-
BCTCTBYHOIAd CAMHUYHOMY 3HAYCHHUIO DJICKTPUYCCKOI'O I10JIA, BbI3bI-
Baromicro 310 ABMKCHUC. I[pyrI/IMI/I CJIOBaMH, 3TO OTHOIICHHC ,upeﬁ-
(bOBOﬁ CKOPOCTHU v, K BCJIMYMUHEC SJICKTPUYCCKOTO ITOJIA E:

u=“%

B mpearnonoxeHnu, 4To COyIapeHUsT M30TPOIHBI, CKOPOCTh
AIIEKTPOHA MOCIIE KAXKIOTO COYIapeHUsI CTAaTUYECKH paBHA HYJIO (T10-
CKOJIBKY BC€ HAIIPABIICHHS JBIKCHHS PaBHOBEPOSTHBI). B 3TOM city-
yae CpejiHss CKOpOCTh Apeida snekTpona OyneT pasHa '/, at, The a
— ycKopeHue, ¢/, , at—cpeHee Bpemst cBoOoiHOrO npobera /. 3nas,
YTO TEIJIOBasi CKOPOCTh JIEKTPOHA 0 MHOTO OOJIbIIIE CKOPOCTH ApEii-

(bavd M:qy
2mv
u
2
_qnl
6= 2mv

TakuM 00pa3oM OTHOIIICHUE
A/ _3mv'k/  _3k’T
Vo= Y = Vi
MOCKONBKY mv’=kT.

Tounoe BBIPAXKCHUC IJI1 HCKOMOI'O OTHOIICHHUA UMECT BU/

2 2 -
LY D) =LT=2.44-10°T.

DTO BBIpAKEHUE HA3bIBAeTCS 3aKOHOM Bunemana-®Opanna-Jlopeniia,

L=244-10" (f%)2
a TTOCTOSTHHAS —yucnom Jlopenua.
W3 sTOTO0 3aK0HA CIENYeT, YTO €CIIM YMEHbIATh MOTOK Terla,
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IIPUMCHAA MaTCpHaJibl C 0oJiee HM3KOM TCIIOIIPOBOAHOCTBIO, TO 3TO
MIPpUBCACT K aBTOMATUYCCKOMY YBCIIMUYCHUIO SJICKTPUYCCKOI'O COIIPO-
TUBJICHUS TCPMOIIAPbI, IMOCKOJIBKY CYHICCTBYCT HPSAMO HPOIOPLHO-
HaJIbHAs 3aBUCUMOCTb MCKIY Auo.

4.7 AHau3 3KCIIePUMEHTOB

PaccMoTpuM TemnonpoBoAAIUi CTEPKEHB, TOPLBI KOTOPOTO
UMEIOT pasin4Hyto temieparypy — I, u T,.. B aToM ciiyyae ¢ 01HOTO
TOPIIA B CTEPKEHb Oy/1eT BXOAUTH HEKUH TETJIOBOI MOTOK MOIIIHOCTBIO
P, ., a c Ipyroro Topua u3 CTepxkHs OyIET BBIXOIUTH TEIJIOBOM IOTOK
MOIIHOCTBIO P .. Eciin G0KoBast IOBEPXHOCTH CTEPIKHS HICAIBHO Te-

IJIOHU30JIMPpOBAaHa, TO TEIUIOBOM MOTOK 4Ccpe3 HCC OTCYTCTBYCT, U

P, =P =A(T,-T,),tne

/A — TenonpoBoaHOCT cTepikHs, Bm/K B cucreme CH, A=("/) 4, tne
A — nnomaap cedenwus; [ — ero anuHa; A — KOYPQPUIIMEHT TEIIONnpo-
BogHoctH, Bm/K B cucteme CU. Unnekc F' B 0003HAYCHUAX MPUHAT
B CBSI3U C TEM, UTO SIBJICHHE TEIUIONPOBOAHOCTH Ha3bIBaOT 3(hhekToM
Dypse.

Tenepp npennonaokuM, 4To CTEPKEHb UMEET OAMHAKOBYIO IO
JUIMHE (PMKCUPOBAHHYIO TEMIIEpaTypy, HO 3a CUET HarpeBa MOCpe-
CTBOM 3JIEKTPUYECKOT'0 TOKA €T0 TeMIepaTypa BbIIIe, YeM TeMIIepary-
pa Tell, KOTOpbIe COMPHUKACAIOTCS C TOPLIAMHU CTEpKHS. B 3TOM ciydae
TEIJIOBOM MOTOK Oy/IeT BBIXOAUTH U3 CTEpKHs. TernoBas MOIIHOCTb,
BBIJICJISIIONIASCS B CTEPXKHE BCIEACTBHUE INPOTEKAIOIIETO 3JIEKTPH-
YECKOIr0 TOKa, paBHa R, rae R — 3JIEKTPUYECKOE CONMPOTUBIICHUE
cTepkHs. [Ipu 5TOM 1MOJIOBMHA BBIJIENIUBLIETOCs Temia OyeT yXOAUTh
Yyepe3 OJMH TOPELl CTEP>KHS U IOJIOBHHA Yepe3 PYroi:

By =L, :%Rlz

WNunexc J yka3piBaeT Ha TO, YTO BBIJCICHHUE TEIUIa 00YCIIOB-
neHo 3dextom Jxoynsa. 3aMmeTuM, 4TO HampaBIEHUE TEIUIOBBIX T0-
TOKOB Ha puc. 4.5 u puc. 4.6 pazau4arorcs.



l

5 ]
Py Ty

Puc.4.5. CtepxeHb ¢ pa3HbIMU TEMIIEpAaTypaMH Ha TOpLax

Puc.4.6. CtepxeHb, HarpeBaeMblil NEKTPUYECKUM TOKOM

Ecou Bmons CTCPIKHA HUMCCTCA TI'paJUCHT TCMIICPATYpPbl U
4Cpe3 HCTO NPOTCKACT BHGKTpI/ILICCKI/Iﬁ TOK, TO Mbl UMCCM CYIICPIIO31-

uto 3¢ dexroB Pypwe u Jxoys:

P, p P =A(T,-T.)- "/,RF,
22 i8N

P.=A(T,-T)+'/,RP.
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30ech B KauecTBE IIOJOXKUTEJIBHOTO HAIPABJIEHUS Te-
IUIOBOTO TIOTOKa BHIOpaHO HAampaBlIeHUE yKa3aHHOE Ha puc. 4.5.

PaccMoTpuM Tepmornapy, COCTOSALIYIO U3 IByX Pa3JIM4YHBIX 110
CBOWCTBOM MaTepHajoB, COCIUHEHHBIX MEXIYy co00i. DT marepu-
anbl (ctepxHU A U B Ha puc. 4.7) MOTYT HENOCPEICTBEHHO COIPHU-
Kacarbcs, 1100 ObITh COETUHEHHBI C MIOMOIIBIO METAJNINYECKOM I1a-
CTHHBI, KaK II0Ka3aHO Ha pucyHke. [lo Tex nop, noka MeTajandeckas
IJIACTHHA UMEET MOCTOSIHHYIO TEMIIEPATYPY, OHA HE OKa3bIBAE€T HUKA-
KOTO BJIMSIHUSI Ha XapaKTEepUCTHKH TepMonapbl. CBOOOIHBIE KOHIIBI
CTepkHEN 4 U B 1101coeIMHEHb] K HICTOUYHUKY TOKA.

Crepmens

Mosogenna Ty
Crokrenna Te

Crepens
B

Merannmeckan coeauHTENbHaR
NAGCTMHE MEXAY CTePKHAMK A 1 B

Puc. 4.7. [Ipocras Tepmonapa (cjaeBa) ¥ TECTOBasi KOHCTPYKIIUS
(cmipaBa)

Ecnu coenunuTenbHble IPOBOIa UMEIOT TOCTOSHHYIO TEMIIE-
parypy, TO OHH TaKXe HE OKa3blBalOT HMKAaKoro BiausHus. [lycts me-
CTO KOHTaKTa (Ccraii) ByX MaTepuasoB, a TAKXKe UX CBOOOIHbIE TOPIIbI
TEPMUUYECKU CBSI3aHBl C ABYMS TEIUIOBBIMHU PE3€pByapaMu, KOTOpPbIE
UMEIOT IIOCTOSHHYIO TemIieparypy. PesepByap, collpuKacarouuiics
CO CIaeM MaTepuasoB, SBISETCS UCTOUHUKOM TeIUla (Jajiee HarpeBa
TeNb), U ero Temneparypa 7. Jlpyroi pesepsyap sBISETCS TONIOTH-
TEJIEM TeTa (alee XOMOAUILHUK) U ero Temneparypa 7. bynem cuu-
TaTh, YTO HArpeBareslb U XOJOIMJIBHUK HEKTPUYECKH M30JIMPOBAHBI
OT TEPMOIIApHI.

[lomaraem, 4To TepMmomnapa TEIIOM30JIMpPOBaHA OT OKpYKa-
IOLIeH cpenbl, TAK YTO OHA MOXET OOMEHHUBATHCS TEIUIOM TOJIBKO C
HarpeBaresieM U XOJIOMWILHUKOM. Ecin n3Meputh 3aBUCUMOCTD P,
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ot (T -T ) mpy1 OTCYTCTBUHM SIEKTPHIECKOTO TOKA YEPE3 TEPMOIIAPY, TO
BeM4uHa P, Oy/ieT NponopuroHaibHa pa3sHOCTH TEMIIEPATY P

P, =A(T,-T,).
B3sB B kauectBe npumepa A =4, /8 Bm/K, nonydaem

PH=4,18(TH-TC).
Ecnu uepes repmonapy, 00:1a1a1011y 10 AIEKTPUIECKUM COTPO-
THUBJICHUEM R, IPOTEKAET AINEKTPUUECKHM TOK [, TO

P,=4,18(T,-T)-'/ R,
€cIlM CompoTHBIeHue Tepmonapel R=2,6 107 Om, T,=1500 K u
T .=1000 K, To

P,=2090-1,3-10"F.

[Tonyuennas 3aBucuMocThb P, 0T / iokasana Ha puc. 4.8 mrpu-
XOBOW JIMHUEH.

DKCIEPUMEHTANILHO YCTAHOBJIEHO, YTO 3HAYEHUE P, 3aBUCHUT
HE TOJBKO OT BEJIUYMHBI TOKA, HO U OT €r0 HamlpaBlIeHUs. DKCIEPHU-
MEHTAJILHO YCTaHOBJIEHHAs 3aBUCHMOCTbL P, OT HampasieHus [ s
HEKOTOpOI TepMoIaphsl IIPeICTaBlIeHa Ha puc. 4.8 CIUIOIIHOMN JIMHU-
eil. /laHHast 3aBUCUMOCTb OIIMCBIBAETCSI IOJTMHOMOM BTOPOM CTENIEHMU:

P,=2090+1,81-1,3-10"F.

IlepBrlii ueH B ypaBHEHUH OINUCHIBAET TEIJIONPOBOAHOCTD U
HE 3aBUCHUT OT 3HAUEHUs TOKa. TpeTuii uieH ONMUCHIBAET HKOYJIEB Ha-
rpeB /,3-10~F. Bropoii 4jieH ypaBHEHUS TPOMOPLHOHANICH 3HAYSHHUTO
TOKA.

W3 aToro cnenyer, 4To €ciii TOK Te4eT B OJHOM HalpaBICHUU
U U TEIJIOBOM IOTOK HAIIPaBJIEH OT HAarpeBaress K XOJIOAWIBHUKY, TO
IIpU MIEpEMEHE HANpaBICHMsI TOKA U3MEHUTCS U HAIPaBJIECHUE IEpe-
Hoca Teruia. O4eBUAHO, YTO IEKTPUUECKHIM TOK IEPEHOCHUT TEILIO-
BYIO DHEpruio. SIpneHue obpaileHus nepeHoca Temia u ectb 3ddexr
[TenbTne.

Ecnu k Tepmonape BMeCTO reHepaTopa TOKa NPUCOETUHUTH
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BOJIBTMETP, TO MOXKHO U3MEPUTh 3aBUCUMOCTD MOJIy4aeMOM 3JIEKTPO-
neukymieit cunel (OC) V' oT pazHOCTH TemmepaTyp HarpeBareis U
xojomuinsHuKka AT=T H-T o DTa 3aBUCHUMOCTD SBIISIETCSI HEJIMHENHOM.
Ha puc. 4.9 npencrasnena 3aBucumocts JJ{C Tepmonapsl oT
TEMIIepaTypbl Harpesaress 7, B NPEANOIOKEHHH, YTO TEMIIEpaTypa
xonoaunbHUKA T MOAIEPKUBACTCS MOCTOSIHHON U PABHOM 173,3°K.
Koa¢ppunment 3eedbexa o onpeensercs Kak TAaHI'€HC yIvla Ha-
KJIOHA KpUBOH V 0T ocu T, v c1ab0 3aBUCUT OT TEMIIEPATyPhI
_ar
~aTl
Ces3p k023 dunuentoB [lenpre 1 3eeOeka BeIpaX)aeTcsi COOT-
HOILIEHHEM
n=aTl
Takum ob6pazom kodpdurment IlenpTbe CUIBHO 3aBUCHUT OT
TEMIEPATYPHI.
DIIEKTPOJABIKYILAsl CHJIa, pa3BUBaemasi TEPMOMapou, BbIpa-
KaeTcsl Kak

Ty
V= joch,

Te

WIN €CJIA IPUMEHSTH Kod(dureHt 3eebeka paBHbIM < 0, >, TO

V=<a>(T,-T,)
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Toxl A

Puc. 4.8 3aBucUMOCTb MEK/Ty MOILIHOCTBIO MOABOJIUMOTIO TEIIIOBOTO
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Puc. 4.9 3aBucumocts IJIC u koaddunmenra 3eedbeka oT Temnepa-
TYpBI
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4.8 TepmodiIeKTPHUYECKUH I'eHepaTop

CrocoOHOCTh TEPMOIIaphl TEHEPUPOBATH JICKTPUUCCKHUN TOK
MIPU UMEIOIIEH MECTO pa3HOCTH TEMIIEPATyp Ha €€ KOHI[aX MOXKHO UC-
M0JIb30BAaTh JJISi CO3/IaHUs TEILUIOBOIM MAallluHbBI, KOTOpas Mpeodpasyer
TEIUIOBYIO SHEPTUI0 HEMOCPEACTBEHHO B AJEKTPUYECKYH0. DPdek-
TUBHOCTb TAKOTO MIPe00pa3oBaHus, KaK U KOO0 TEIIOBOM MalllnHbBI
orpanuyeHa 3G ekTuBHOCTHIO MKIa KapHO U 03TOMY MOXKET OBITh
npeCcTaBiIcHa B opme

n=(T, _Tc)%H >

IJ€ 7’ 3aBUCUT OT T€OMETPUUYECKUX N1apaMETPOB YCTPOMCTBA,
CBOMCTB MaTepUajIOB U COMIACOBAHMSI TEHEPATOPA C HATPY3KOM.

PaccMoTpuM mpocteiiinyto Tepmonapy, cxema KOTOpoil IoKa-
3aHa Ha puc. 4.10. Ee anekrpudeckoe conpoTUBIEHUE R U TEILIONPO-
BOJHOCTB // MOXHO BBIPA3UTh CIEAYIOUIMM 00pa3oM:

[, [
R= + B
Ao, ’
_ A4, / Ay A, /
rae A — MJIONIa b MOMEPEYHOTO CEUCHHS KaXKJOTO CTEPIKHS,
[ — nyMHA KaXIO0TO CTEPXKHS; o — yAeIbHAs AIEKTPOIPOBOIHOCTD; A
— yaeNbHas TeTUIONPOBOAHOCTD. 3aMETHM, YTO CTEPXKHH B TEPMOIIape
PacIIOIOKEHBI TTapaJuIeIbHO Ha TAKOM PACCTOSTHUH, YTO TETUIOBOH I10-
TOK pacmpeiesicH MPAaKTHYECKH PAaBHOMEPHO, a DICKTPUYECCKHA TOK
MIPOXOJ/IAT MOCIICIOBATEIFHO CHAavYalla Yepe3 OIMH CTEPIKECHb, a 3aTeM
yepes apyrou (puc. 4.10.).

Ecnu uepes Tepmonapy npoxoauT TOK /, TO MOITHOCTb TEIIO-
BOTO MOTOKA, BXOJSIIETO B TEPMOIApy OT UCTOUHHUKA TEIlia, paBHA

1
P, = AT, —TH)+7rI—5RI ,
31ech T — ko3 duuuent Ilenbrbe, KOTOPHIH B TaHHOM Cllydae Mponop-
uuonanen 7,. Takum oOpasom,
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P, =A(T, -T,)+ aTH[—%RIZ.

Toxk, IpOTEKarOIINIi Yepe3 HarpysKy,
I= a(l, -T.)
R+R,

b

" CJICHO0BATCIIbHO, MOIIHOCTE BBIACIAIOMIAIOCA HAa HAIpPy3KE, MOXKXHO
MOJIy4YHUThb
2 2
p = a (T, -T.)'R,
L~ 2 .
(R+R,))

Koappunment 1o6poTHOCTH TepMoniapsl Z ONPEeseTcs] Kak

Koa¢ppumment Z nmeer pasMepHOCTh 0OpaTHOW TeMIlepary-
psl, mosToMy B cucteme CU oHa m3MmepsieTcs B KeIbBHHAX B MUHYC
MEPBOM CTENEHH.

R

Mosog Tenaa Ty
CroxTenna 1.

TennoWnpoeoaalLMe
SNEKTPOMIOAALMOHHDBIE
NOACCKH

Puc.4.10. Tepmonapa kak TEpMOIIEKTPUUCCKHUIN TEHEPATOP
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BHyTpeHHHME XapaKTepUCTHUKU TEPMOIAPHl «CHPATAHBD B Z.
UYewm Gosbiie Z TeM Bblie 3)(HEeKTUBHOCTD TEPMOIIApHI.

Jlist TOro 4ToOBl MOJTYYUTh BBICOKOE 3HAU€HHE JOOPOTHOCTH
Z, HeoOX0MMO BBIOMpaTh Marepuaibl JUIsl TEPMOINaphl ¢ OOIBLINM
3HaueHueM ko3 purmenta 3eedbeka. JKenarenbHo Takxke, 4TOOBI IPO-
u3BezieHne /AR ObIJIO KaK MO)KHO MeHbIIe. DTa 11eJdb MOXKET ObITh J10-
CTUTHYTa IyTeM BbIOOpa KaK COOTBETCTBYIOIIETO Marepuasa TepMo-
nap, Tak ¥ TeOMETPUYECKHUX MMapaMeTpOB YCTPOUCTBA. YMEHbIICHHE
JUIMHBl U YBEJIMYEHHE MONEPEYHOTO0 CEUYEHUS CTEP)KHS NPUBEAET K
CHIDKEHMIO JIEKTPUYECKOTO COMPOTUBIECHUS R, OJHAKO TEIJIONPOBO-
JTHOCTh /| TIPH 3TOM yBEITUYMBACTCS. YBEIMUCHHE JAJIHHBI U YMEHbIIIe-
HUE CEYeHMs NMPHUBEIET K YMEHBIICHUIO TEIUIONPOBOIHOCTH, HO CO-
IIPOTHUBJICHHUE TIPU 3TOM Bo3pacTeT. MOKHO BBIOpAaTh reOMETpUYECKHE
napaMeTpsbl IIPH KOTOPBIX NMPou3BeaeHne AR MUHUMAJIbHO . DTOT MU-
HUMYM OyJIeT UMETh MECTO, KOTJIa TeOMETPHs YCTPONUCTBA YIOBIETBO-
psIeT CIEeIYIOLIEMY COOTHOIIEHHIO:

L4y _
lB AA

IIpu aTOM yCnoBum:

AR = [(/1%/1 W2 4 (/1%8 2P

MaxkcumasnbHy10 3 (HEKTUBHOCTh TEPMOIIEKTPHUECKOTO T'eHe-
paropa MOYKHO MOJIyYUTh ITPH MPAaBUIBHOM BbIOOpE 3HAYEHUS HArpy3-
KU R, KoTOpast BeIpaxkaeTcs Kak R, =mR. OTCroza Ceyer, 4To HyKHO
no00paTh COOTBETCTBYIONIEE 3HAYECHHE /1

m=1+(T)Z,

T,+T
e <T>:( it C%

CyMMupys Bce BBILICH3IIOKEHHOE, TPUXOIUM K 3aKITIOYCHHIO,
YTO CYIIECTBYIOT TPU Pa3IMUHBIX criocoba ontuMu3anuu 3PGeKTHB-
HOCTH TEPMOAIIEKTPHUECKUX TEHEPATOPOB:
1) BEIOOp MarepuanoB, 0OECIIEYMBAIONINX BBICOKOE 3HAUYCHHE JO0-
OpOTHOCTH Z;
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2) BbIOOp TEOMETPUUECKHUX TapaMeTpoB, COOTBETCTBYIOLIUX
MUHUMAaJIbHOMY 3HaYE€HUIO PpOou3BeAcHUs /AR;

3) BEIOOP COOTBETCTBYIOIIETO COMPOTUBIICHUS HATPY3KH IO OTHOIIIE-
HUIO K BHYTPEHHEMY CONPOTUBJICHUIO YCTPOICTBA, T.€. BBIOOP OINTH-
MaJbHOTO 3HAYEHUs /M.

4.9 PacyeT TepMOIEKTPHYECKOI0 Ir'eHepaTopa

TepmosnekTpuueckuii reHeparop HMMeEEeT BBIXOIHYIO MOLI-
HoCcTb /00 xBm npu HanpsbkeHMM Ha BbiBojax //5 B. Temneparypa
ero ropsiueii creHku /500 K, a remneparypa xonoanou — /000 K. Ilpu
TaKOM JOCTaTOYHO BBICOKOM TEMIIEpPaType XOJIOJHOW CTEHKH TE€PMO-
ANIEKTPUYECKUI TeHEPaTOP MOXKET ObITh YCTAHOBJICH Ha MapOCUIOBON
YCTaHOBKE B Kau€CTBE HAJICTPOUKU K OOBIYHOMY TEIJIOBOMY LIMKITY.

XapaKkTepUCTUKU MaTepHalIOB TEPMOIMAPHI CIIEAYIOIINE:

— ko3¢ dunuent 3eedeka (yCpemaHEHHBIH MO pabovyeMy AHanazoHy
temmneparyp) — 0,0005 B/K.

— aNieKTpuueckoe conpotusieHue BetBu A — 0,002 Om-cm;

— 3IIeKTpUUecKoe conpoTusieHue BetBu B — 0,003 Om-cm;

— TEeIIONPOBOAHOCTh BeTBU A — 0,032 Bm/(cm K);

— TEeIIONPOBOAHOCTh BeTBU B — 0,021 Bm/(cm K);

— MaKCHMAaJIbHO BO3MOJKHAs! TNIOTHOCTD JIEKTpUUYECcKoro Toka — /00
Alem?.

Jlist IpOCTOTHI IPUMEM, YTO JJIMHA BeTBe A U B oIuHAaKOBa
(IpH 3TOM IIJIOLIA/IN UX MIONEPEUHOTO CEYEHUS MOTYT OBITh Pa3HBIMHU).
Ornpenenursb:

1) MakcUManbHYIO TEIUIOBYIO 3(PPEKTUBHOCTb;

2) 4KCII0 MOCIeI0BATENbHO COSMHEHHBIX TEPMOIIap;

3) pa3Mepsbl Kaxka0i U3 BeTBel Tepmonapsl (4 u B);

4) sanexrpoasuxyiryto cuny (3C);

5) TerIoByI0 MOLTHOCTh Ha BXOJI€ U HA BBIXO/IE MPH MOJIHOM (MaKCu-
MaJIbHOM) Harpy3ke; 0e3 Harpy3KH.
Pemenue:

O6o3naunm O/IC onHoli Tepmonaps! yepes V.,

V,.=o(TH-TC)=0,0005(1500-1000)=0,25B
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[Tycte I — TOK, IpOXONAIINN Yepe3 KaKIyr Tepmornapy (OH
paBeH CyMMapHOMY TOKY, TOCKOJIbKY T€pMOIIapbl COEAMHEHBI MOCIIe-
JIOBATEIIbHO),

1=100000 Bm/115 B=870 A
Ecnum mocnenoBarenbHO COCMMHEHBI /71 TepMOMap, Kaxaas W3
KOTOPBIX UMEET COMPOTHUBIICHHUE R, TO

nV,-nRI=115 B
Jlst Toro 4toOBl ONMpeneNuTh 1, HeoOXxoaumo 3HaTh R. [lpu
MaKCUMalbHOW 5(p(EKTUBHOCTH Harpyska R, mo/DkHa OBITh paBHa
mRban, U RLZmnR, roe M= \/1+<T >Z . 3nech R — CONPOTUBIICHUE
OIIHO¥ TepMonapsl, a R,  — CONPOTHBIICHUE BCEN OaTapeu mocienoBa-
TEJIBLHO COCTUHEHHBIX TepMoMap, KOTOpoe paBHO 1R.
B nannom ciyuae

R, =115 B/870 A =0,132 Ow,
Z=a’/(AR),
AR =[\JA,p, +~/25p, I =[/0,32-0,002 +4/0,021-0,003]* = 254-10° B*/ K,
2
P 0,000576
254-10

(T) =w=1250 K,

=980-10° K,

m=~1+980-10° 1250 =1,49,
nR = R = 0,132 =0,0886 Owm,
m 1,49
ne 115+nRI 115+0,0886-870
Voo 0,25
Takum oOpazom, B Oarapee HEOOXOIMMO MOCIEIOBATEIHLHO
YCTaHOBUTH 768 TepMorap.

=768,3.

V,.=3UC 6amapeu mepmonap=nV, =0,25-768=192 B,
PHno load =Abatt(TH_ TC) ’
4, ,7n/d, TOTOMY 4YTO HCXOIA W3 TEIUIONEPEIayd TEPMOIaphl
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YCTAHOBJICHEI ITapaJlJICJIbHO.

6
AAR__DHI0T 0 pik,
R 0.0886/768

A, =768-2,20=1690 Br/K,
P, . =1690(1500—100) =846 Br,
PCno load ~ 846 KBT’

1
By i g =846+ naTy [ =—I'nR =

=846 +768-0,0005-1500-870-10° —%8702 .0,0886-10 =1310 «Br,
_100_100 4 7,
P, 1310

P ot oua = Py ~100=1300-100=1210 kBr.

[TockonbKy njiMHA BETBEW B TEpMONIApe OJIMHAKOBA, TO

Ay _ [Aapy _ [0.032:0,003
A, \Ap, \0,021-0,002

Ipu [ W:] 00 A/cm* oAb MEHBIIETO U3 JABYX CeUeHHi 4 y
JoJDKHa ObITh paBHa 870/100=8,7 cm?. Tnomaab OOIBIIOTO CEUCHUS
AB:],5 1-8,7=13,1 cm’. DIeKTpUYECKOE COMPOTUBJICHUE KaXKIOH

TEpMOTIaphl

R="R 2956 _4 600115 O
n
0,000115= p, L+ p L = 2002, 0,003},
AA AB 8a7 13,2

OTKyqa nonydaem [=0,36 cm.
Ecam TeroBoi MOTOK, BRIXOASIINN U3 TEPMOIIEKTPHUICCKOTO

reHeparopa mpu Temmneparype 2000°C, TO SIEKTpUIECKast MOIHOCTS,
reHepupyemas eto, Oyznet paBHa (,3-1210=363 kB. C yuerom 100 kB,
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KOTOpBIE MBI [10JTy4aeM OT TepModarapen, CyMMapHasi BelpabaTbiBae-
Masi MOIIIHOCTb cocTaBisieT 463 kBT u 3¢ dexTuBHOCTL MpeobpazoBa-
HUS

463
n=——=0,35.
1310
Takum 0Opa3om, OYEBUIHO, YTO TEPMOIICKTPUUECKUN TeHe-
parop MOXKeT OBITh MCIIOJIb30BaH KaK BIIOJIHE MTPUEMIIEMBIN HaJICTPO-
€UHBIN ITUKII.

4.10 Cepbl npuMeHEHHUS TEPMONIEKTPUYECKHUX F'eHEPATOPOB

Bricokas HaZiexKHOCTD U MPOCTOTA YCTPOUCTBA TEPMOIIEKTPHU-
YEeCKHUX TeHepaTopoOB JeNIaloT UX MPUMEHEHHE MPEANOUYTUTEIbHBIM B
TeX CIyyasiX, KOIJia BO3MOKHOCTh MHOTOJIETHEH paboThl 3eKTpore-
Hepatopa 0e3 00ciy)kuBaHus1, 0€3 CMEHBI TOTUTHBA, 0€3 TTOTepU MOIII-
HocTu Oosiee BakHa, ueM ero KIIJI. [ToaTomy TepmosnekTpudeckue
reHepaTopbl MPUMEHSIOTCS:

1. B sHEpreTHYeCKUX MOAYISIX KOCMUYECKHUX KOpabiel, HaXOIsIIImX-
csl Ha yaaneHHbIX oT ComHIla opouTax, rae POToIIEKTPUIECKHE Mpe-
oOpazoBarenu yxe Hed((HEeKTHBHBI.

2. B HaACTPOEUHBIX IIUKJIAX CTAIMOHAPHBIX AIEKTPOCTAHIUMN.

3. Kak anextporeneparopsl 1j1st HepTe100bIBAFOIINX CTAHIINH (BKITIO-
qasi MOPCKHUE TIaT(GOpMBI).

4. Kak HMCTOYHUKHU DJICKTPOIHEPTHU HEOOXOAMMOU ISl OTKPBITHS
KJIallaHOB B TOTIOYHBIX ra3oHarpeBareiabHbIX cucTemax. [locne 3axu-
raHusi PacTOMOYHOro (hakesa TEPMOAIEKTPUUECKUE TeHepaToOpbl Ha-
YUHAIOT BBIPa0aThIBaTh AJIEKTPOIHEPTUIO, KOTOpAs MOIaeTCs Ha MeXa-
HU3MBbI OTKPBITHUS IIABHOTO KJlalaHa MmojJayy rasa.

5. Kak aBapuiiHble HCTOYHUKH 3JICKTPOIHEPTUH IIIUPOKOTO JHAIA30-
Ha UCMOIb30BAHUS.

Termo, HeoOxXoarMOE TSl pabOTHI TEPMOIIEKTPOTEHEPATOPOB,
MOJKET OBITh MOJIy4EHO OT Pa3INYHbIX HCTOYHUKOB:

— OT COKUTaHUS Pa3IMYHbBIX TOIUIUB;

— OT SIAEPHBIX PEAKIUIA;
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— OT XUMMYECKUX PEAKIIHA;
— MPOMBILIUICHHbIE BEHTUJIALIMOHHBIE BEIOPOCHI;
U T.J.

KonoccanbHbIM NpenMyIIECTBOM TEPMONIEKTPOTEHEPATOPOB
nepes; BCeMH OCTaJIbHBIMHU BO30OHOBIIEMBIMUA HCTOYHUKAMU SHEPTUU
SBJISIIOTCSL €r0 YPEe3BBIYAWHO MaJlas Macca, OCOOCHHO €CIIH y4YecTb,
YTO OHA BKJIIOYAET B ceOsl HE TOJIBKO IeHepaTrop, HO U «TOILIUBO» He-
00X01MMOe€ 1111 MHOTOJIETHETO (DyHKIIMOHUPOBAHHUS.

Jlaxxe caMblii JIETKUH U3 BCEX BO3MOXKHBIX OCH3MHOBBIX JIBU-
raresiei OyJieT Ha MOPAOK TsKeJee TeIUI0AIEKTPOreHepaTopa Toi xe
MoIHOCTH. [1o3TOMY 1O IIPOrHO3aM 3KCHEPTOB TEPMOIIEKTPOrEeHE-
paTtopbl — OJHO U3 MEPCHEKTUBHBIX HAIIPABICHUN HETPaJULIMOHHON
BO300HOBJISIEMOI SHEPreTUKH.

4.11 TepmodiiekTprnueckue reseparopsl komnanuu ASEA Brown
Boveri

B pacnonoxennsix B ['epmanuu naboparopusx ASEA Brown
Boveri (ABB) Benercst pazpaboTka TEpMO3JIEKTPUUECKUX TeHepaTo-
poB Tuna Amtec, NpeACTABIAIOMINUX COOO0H JeleBble U KOMIIAKTHbIE
ycranoBku ¢ KII/] B auanaszone 35...45%, MOIIHOCTH KOTOPBIX OyayT
BbIpabaThIBaTh OT HECKOJBKUX BAaTT /10 HECKONbKHUX MerasarT. [Ipen-
110JIaraeTcs 4YTo0 TaKUe reHepaTopsl OyayT padboTark OT J11000ro HCTOY-
HUKa TEIUIOBOM SHEPTUHU.

CxemMa 37eKTporeHeparopB Tuma Anitec mokasasna Ha puc. 4.1.

[lapsl HaTpust 4 BBICOKOIO JaBIEHHUS IIPU TEMIIEPaType
800...1000°C otneneHsl OT HarpeBaeMbIX MAapOB HU3KOTO JIABJICHUS
(remneparypa 200...3003°C) memOpanoii 6 u3 6era-ruHo3ema. ['pa-
JIMEHT JAaBJICHUA 3aCTABIISIET ABUTaThCsl HOHBI HATPUS Yyepe3 MeMOpaHy
6, ipu ’TOM MeMOpaHa JIelicTByeT Kak (pUIbTp, IPOIYCKAIOIIUI HOHbI
HaTpHUs, HO 3a/EpP>KUBAIOIIUN JJIEKTPOHBI BHEIIHEIO JIEKTPOHHOI'O
CJIOSl Ha CTOPOHE 30HBI BBICOKOTO JIaBi€HUsA. TakuM 00pazoM, cTOpo-
Ha MeMOpaHbl oOpallleHHast K 30He BBICOKOTO JABJICHHUS, 3apsKaeTcs
OTpHULATEIbHO, & IIPOTUBOIOJIOKHAS CTOPOHA — IOJIOKUTENIBHO, YTO
CO3/1a€T Pa3HOCTH MOTEHIMAIOB MEXIY JIEKTPOAAMU J, K KOTOPBIM
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MOXeET ObITh MOJKIIOYEHA IEKTPUUYECKasi Harpys3Ka.

OcraroTcst IOKa He peleHHBIMU HECKOJIBKO MpoliieM, caMoii
TPYAHOH U3 KOTOPBIX SBISETCS BBIOOP MarepuajoB M KOHCTPYKLIMHU
AIEKTPOJOB 5. DTU 3JIEKTPOABI JODKHBI UMETh XOPOILYIO JJIEKTPHU-
YECKYH0 MPOBOAMMOCTb, YCTOMYMBOCTH IPOTHB KOPpPO3MHM B Iapax
HaTpus, Malyro ucnapsemocts npu temuneparype /000°C, BbICOKYIO
MIPOHUIIAEMOCTD JUIsl ApOB HATPUSA U JOJKHBI 00Pa30BBIBATH JKECT-
Kyto (hopMmy 17151 MeMOpaHbl ¢ MaJIbIM KOHTaKTHBIM COIPOTHBICHUEM
MEXJy HUIMH. DTHUM TPeOOBaHUSIM COOTBETCTBYIOT JIUIIIb HEKOTOPHIE
METaJlIbl U CIUIABBI.

Puc. 4.1. TOII tTuna Amtec
1 — TeruIoBast M3OJIALIMS; 2 — BXOJI TETIa; 3 — JKUJIKUM HATPUid; 4 — mapbl

HaTpus; 5 — snexTpon; 6 — memOpaHa u3 Oera-TiIMHO3eMa; 7 — OTBOJ
TeTIa Yyepe3 KOHACHCATop; 8 — Hacoc; 9 — aneKTpuyecKast HarpyskKa.
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Bonpocs! 1J1s1 CAMOKOHTPOJISA

1. OOBsicHUTE SIBIIEHHE TETUIONPOBOIHOCTH TBEPABIX Tell.

2. Ilepeuncnute OCHOBHBIE (PU3NUECUKE MEXAHU3MBI TEPMOIIEKTPH-
YeCTBa.

3. B gem cyTh apdexra 3eedexa?

4. Yro obo3Hagaet kodpdunrent 3eedexa?

5. O0bsacuuTe puznyeckuit cMmpica 3¢ dexra [lenbrre.

6. Uto o6o3nauaet kodpdunment [enbrre?

7. O0bsicaute pusnueckuit cMbich 3¢pdexra Tomcona.

8. Uto o6o3HavaeT korpdunment Tomcona?

9. Packpoiite cyTh 3akoHa Bunemana-®panna-Jlopenna.

10. Hanmmmure opmyny 3akona Bunemana-®panma-Jlopenma.

11. Yro obo3Hagaet yucio Jlopenmna?

12. Hapucyiite cxemy TepMornap, COeIUHEHHBIX MOCIE0BAaTEIbHO B
Oarapero.

13. OOBsicHUTE KOHCTPYKIHIO U Pa0OTy TEPMODIEKTPUIECKOTO reHe-
paropa.

14. I'ne npuMeHSI0TCSA TEPMOAIIEKTPUUECKUE TEHEPATOPHI?

15. Kakre OCHOBHBIE MapaMeTphbl OMPEACISIOTCS PacdeToM TEepMO-
ANIEKTPUYECKOTO FeHeparopa.

16. OOBsICHUTE TPUHIHIT IEHCTBUS TEPMODIIEKTPUUIECKOTO TeHEepaTo-
pa Brown Boveri komnanuu ASEA.

17. 3auHTEepecoBaHoO JIM MPaBUTENLCTBO Poccun B pa3BUTHH TEPMO-
UIEKTPUUECKUX TEHEPATOPOB?
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I'maBa 5. ToniuBHBIE 3JIEMEHTDBI
5.1 BBenenmune

B cepenune XX Beka Bukrop [llayOeprep mokasan u jgokaszain
CBOHMMH OTKPBITUSIMH, YTO YEJIOBEUECTBO BHIOPAIO HEBEPHBIN MyTh B
CBOEM TEXHUYECKOM Pa3BUTUU. UeI0BEUECTBO ISl yAOBIETBOPEHUS
CBOUX PHEPreTHMYECKUX MOTPEOHOCTEH B35JI0 32 OCHOBY pa3pylICHUE
— B3phIB, Wi Kak ropopui Llaybeprep — sxcruiosuto. A Best [Ipupo-
Jla IOCTPOEHA HA UMIUIO3UU — KOHLIEHTPALMU SHEPTUH IIPOCTPAHCTBA
(cuHTE3€, CO3UTAHNH).

JleicTBUTENEHO KaK MOXKHO ObUIO pa3pylleHHEe B3ATh 3a OCHO-
By CO3UJaHMsI?

Tonpko MaTepuanu3M COBPEMEHHOI'O UEJI0BEYECTBA U IIOCKO-
NapaJijIeJIbHOE MBIIUICHUE JIIOAEH 3aHMMAIOIIMUXCSI HAYKOM M JIoNeH,
CO3JAI0IINX TEXHUKY, MOIIM OTOPOCUTH BeJMKUe OTKpbITUs LlaybOep-
repa.

Ecnu 61 ummo3us layGeprepa 6buta BocipusTa 1 0CO3HaHA
4eJI0Be4eCTBOM, TO Hauano XXI Beka ueaoBeuecTBO BCTPETHIIO OBl HE
100aJIbHBIM KPU3HUCOM, a TI00aJbHBIM PacliBETOM M Hay4HO-TEXHH-
YECKHUM U COLIUAJIbHBIM.

JleBATHaALATBI BEK IPUHATO CYMTATH BEKOM MAILIMHOCTpOE-
Husl, XX BEK BEKOM 3JIEKTpoHUKA, a XXI — Bekom Ouonoruu. A Ha
camMoM Jesie XX MOXKHO Ha3BaThb BEKOM MEXaHUYECKUX TEIUIOBBIX Ma-
muH. Eciin nogcuuTarh KOJIM4eCTBO MPOMBIIUIEHHBIX MAILIMH U MeXa-
HU3MOB pabOTaroOIMX Ha OCHOBE B3pbIBA — JBUTraresieid BHyTPEHHETO
CrOpaHMs: TPY30BHKOB, JIETKOBBIX aBTOMOOMJICH, aBTOOYCOB, Xele3-
HOJOPOKHBIX JIOKOMOTUBOB, CTPOUTEIIBHOM U JOPOKHONU TEXHUKH Ca-
MOJIETOB , KOpabiel ¥ HaKOHell MOTOLIMKIIOB TPOU3BECHHBIX B IIEpH-
on ¢ 1900 mo 1999 r., B o1HO# TOIBKO AMEPHUKE, TO M10JIy4aeTCsl OKOJIO
2 MIIpI. €IUHUL] TEXHUKH.

Bcest aTa TeXHHMKA OTHOCUTCSI K MEXaHUYECKUM TEIUIOBBIM Ma-
LIMHAM, UCIIOJB3YIOLIMM TEIJIOTY, KOTOpasl BBIAEISAETCS IIPU B3pPbIBE
CMECH XMMHYECKOT0 BELIeCTBa (TOIIUBA) C KUCIOPOJOM (OOBIUHO C
KHUCJIOPOZIOM, COJIep KalMcs B Bo3yxe). TerioBast sHeprusi B3pbia
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npeoOpasyeTcsi B MEXaHUUECKYI0 SHEPIHUIO C IIOMOIIBIO CIIOXKHEeHIIIe-
ro U TPOMO3JKOI0 MEXaHH4eCcKoro odopynoBanus. Takas cxema mo
cBoel cyTu ommOo4Ha, rpoMo3zika u HeadekruBHa. OHa sBISETCA
pe3yapTaTOM Halllero HEBEKECTBA, HE3HAHUS 3aKOHOB [Ipupozs! u He-
KEJaHUs MX 3HaTh, MHAU€ B OCHOBE JBUraresell TeXHUKH XX Beka
nexana 6s1 umiiosus llayGeprepa — sHepretudeckuit cunres Ilpu-
OBl — CUHTE3 SHEPIUU U3 OKPYKAIOIEN CPEb.

Ecnu npuHATH BO BHUMaHHUE 3JIEKTPUUECKYIO IPUPOAY XUMU-
YECKO CBS3U, COETUHSIONIEH aTOMBI B MOJIEKYJIe, TO PpeoOpazoBaHue
XMMUYECKOH 3HEPruu HEMOCPEICTBEHHO B AIIEKTPUUYECKYI0 — Oojee
IIPOCTOM, BBICOKOIHEPIeTHYHBIN, OECIHIyMHBIH, 3KOJIOrMYecKu Oe3-
OTACHBIM U YpE3BBIYAIHO MEPCIEKTUBHBIN CIIOCOO MOMYUYEHUS SHEP-
ruu. VIMeHHO 3TOT crioco0d — npeoOpa3oBaHNe XMMUYECKON SHEprUun
B DJIEKTPUUECKYIO Hcnonb3yeT [Ipupona, opraHusys BHyTpPEHHUE IIPO-
LIECChl B OMOJIOTMUECKUX OpraHU3Max.

C 6onbIIMM yIOBIETBOPEHHUEM MOXKHO OTMETHTH Hayallo pa-
00T MO0 CO3AAHUIO TOIUIMBHBIX 3JIEMEHTOB, KOTOPBIE MPEICTABIISAIOT
co0oit upe3BbIYaifHO 3((EKTUBHOE HANpaBlIEHUE B HETPAIUIIMOHHON
9HEPreTUKE YEJIOBEYECTBA. JTO HAIPABICHUE SIBIAETCA SIPKUM IIPHU-
MEPOM CO3JjaHMsI SHEPreTUUECKOM TEXHOJIOTUU KaK OPraHU4YHOTIO IIPO-
JOJDKEHUSI €CTECTBEHHOIO NPUPOIHOIO IIPOLECCa — TEHEPALIUS JIIEK-
TPO’HEPIUU B OMOJIOTHUECKOM OpraHU3Me.

5.2 KoHuenmnus TOIJIHNBHBIX JIEMEHTOB

TornmuBHbIif aneMeHT (T3) — 3T0 XMMHUYECKHI UCTOYHHUK AJICK-
TPUYECKOTO TOKA, €ro MPOCTEHIIMM aHAJIOTOM SBIISETCS OObIYHAS
anexTpuyeckas Oatapeiika. Buytpu TO pacnonokeHsl 2 31eKTpoja,
MEX]ly KOTOPBIMHU HaXOJATCsl MeMOpaHa U KaTajau3arop.

B TO Bomopox coenuHseTCsl ¢ KUCIOPOIOM M IPOU3BOAUT
UIEKTPUUECTBO, IIPU ITOM KOHEUHBIM IPOAYKTOM SBISETCS BOAA
— UCTOYHHUK BOJIOPOZA, TaK YTO MPOLECC MOIydaeTcs BO30OHOBIIsE-
MBIM U JKOJIOTMUECKM 4UCThIM. B TD peannsyercss pa3zoMKHYTHII
nporecc (OMu3KUi K U30TepMHUYECKOMY), a He nukia KapHo u orpa-
HUYEHMsI U pacyeTsl cBa3anHble ¢ KIIJ[ nukna, 31ech HenpueMieMsl.
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TeopeTnuecku BCsi XMMHUYECKasi SHEPTHsl TOIJIMBA MOXET OBbITh Ipe-
BpaiieHa B TO B 2JIEKTpUYECTBO.

Teopernueckuii KIIJ1 Bonopon — kucinopoanoro TO, paccuu-
TaHHBIM KaK OTHOLIEHHE IPOU3BEIECHHON IEKTPOIHEPI UM K TEILJIOTE
peaxiuu 6au30K K equHuLe. TD yke TaBHO U YCHEIIHO UCTIONb3YIOT-
csl Ha OOpPTy KOCMHMYECKUX KOopabiel i MpOM3BOACTBA MIEKTpUYE-
CTBa U BOABI 11 KOCMOHABTOB. DJIEKTPOCTaHIMs Ha TO MOUIHOCTHIO
4,5 MBm ycnemno padoraet B SIlnonuu ¢ 1984 rona.

TpynHocts peanuzauuu TO 3akiroyaercs B HEOOXOAMMOCTH
OCYLIECTBIICHUSI PEAKLUU TOIUIMBA C OKUCIIMTEIEM JJIEKTPOXUMHYE-
CKUM IIyTeM, Ul 4ero 00a KOMIaHEeHTa B HavyaJie I0JKHbI OBbITh Ipe-
BpaleHsl B HOoHbl. B TD noHM3auus TOIUIMBAa U OKUCIUTENS (BOXIO-
pOZa M KUCIIOPOJia) OCYILIECTBISAETCS IPU YMEPEHHBIX TeMIeparypax
3a cueT NIPUMEHEHMsI AKTUBHBIX KaTaJM3aTOPOB HA OCHOBE METAJNIOB
IJIATUHOBOM I'PYTIIIBIL.

5.3 DiekTpuYecKkHne Npouecchbl B TOIVIMBHBIX 3JIEMEHTaX

HaznaueHue 3IIEKTPOXUMHUECKHUX JIEMEHTOB 3aKIFOUaeTCsl B
00CCIICYCHNH JIBHYKCHHUS DJICKTPOHOB BO BHEIIHEH IEMH, B KOTOPYIO
BKJIFOUCHA [T0JIe3Has Harpy3ka. Takum o0pa3oMm Jist BBITIOJTHEHUS CBO-
il 3a/1auu TOIUIMBHBIN AJIEMEHT JIOJDKEH COJIEPIKATh UCTOUHUK U CTOK
anektponoB (Puc. 5.1).

Hemownux Homox anexmponos
p Cmox anexmponos
NEKINPOHOE .
p | (soccmanoatenue)
ORLCTEHLE £
' ; FATON
AHOI =t
Horoxcumenstoe
HANPA&IEH1E

FTENMPUHECKOZ0 MoK

Puc. 5.1. DneKkTpoXUMHUYECKUHA IEMEHT J0JIKEH COIEPKATh UCTOU-
HUK U CTOK JIEKTPOHOB

Peakuuu, KOTOpBIE IPOTEKAOT B JJIEKTPOXUMUYECKOM
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2JIEMEHTE, HOCAT HAa3BAHUE OKUCIIMTEIbHO-BOCCTAHOBUTEIBHBIX, TAK
KaK TEPMHUH «OKHCJIEHHE» COOTBETCTBYET IPOLECCY BHICBOOOKICHHE
UIEKTPOHOB, & TEPMUH «BOCCTAHOBJIEHHE» — IPOLIECCY 3aXBaTa JIEK-
TPOHOB.

B snekrpoxuMuueckoil stueiike o0Ias peakuus ASNUTCS Ha
JIB€ MPOMEKYTOUHBIE PEAKLMU, KOTOPHIE MPOTEKAIOT B PA3AEIbHBIX
o05acTax ycTpoiicTBa. DTH 00JaCTH COEAMHEHBI MOCPEICTBOM JIEK-
TPOJIUTA, KOTOPBIN SBISAETCS MPOBOJAHUKOM MOHOB, HO HE IPOBOJUT
AJIEKTPOHBI, BBICBOOOXKAEHHBIE B MIPOMEKYTOYHON PEAKLIUU OKHCIIe-
HUS. DIIEKTPOHBI MOTYT IIONACTh B Ty 00J1aCTh, IJ1€ IPOTEKAET PeaKLus
BOCCTAHOBIICHHSI, TOJIBKO Yepe3 BHEIIHIOW 1enb. TakuM o0pa3om, BO
BHEIIHEH LIENM BO3HUKAET NIEKTPUUECKUH TOK, a NIEKTPOXUMHUUECKAs
sUeKa SBJISIETCS] €r0 MICTOUHUKOM — B 3TOM M 3aKJIIOYAETCs €€ Ha3Ha-
YEHHUE.

[loo)KUTENBHBIM  HAIIPABJIEHUE 3JIEKTPUUYECKOTO TOKAa BO
BHEIIHEH 1IENH YCIOBUIUCH CUNTATh HAIIPaBJIEHUE OT BOCCTAHOBIICH-
HOW K OKHCJIEHHOW 00JIaCTH 3JIEMEHTA — EKTPUUECKUIN TOK BHIXOAUT
13 00JIACTH BOCCTAHOBIICHUS AJIEMEHTA, KOTOpas, TAKUM 00pa3oM, sIB-
JsieTCs KaToA0M TOIUIMBHOTO JIEMEHTA, U BXOAUT B 001aCTh OKHCIIE-
HUS, KOTOpast SIBJISIETCS aHOJIOM.

B xauectBe mpumepa 3JI€KTPOXMMHUYECKOM SYEHKH paccMo-
TPUM MEeMOpaHy, BBHIIOIHSAIOLIYIO poJib anekTponura. [lycts onHa u3
OOKOBBIX IIOBEPXHOCTEH MeMOpaHbl HAXOAUTCS B KOHTAKTe C BOJO-
poznom. IIpu HOpMalIbHBIX yCIOBUAX a3 OyleT COCTOSATh MPEeuMyIle-
CTBEHHO U3 MOJIEKYJISIPHOTO BOJOPO/A, OHAKO HEKOTOPOE KOJIMYECTBO
MOJIEKYJI MOXKET JUCCOLMUPOBATh HA aTOMBI

H,—2H,

a 4aCTh aTOMOB — OKHCJIUTHCS (MOHU3UPOBATHCS ), T.€. TIOTEPSATH CBOU
AJIEKTPOH:
H—->H +e.

Tak xak MemMOpaHa HENpOHUIAeMa JUIS 3JIEKTPOHOB, TO OHH
BCE OCTaHYTCs 10 OJIHY €€ CTOPOHY, B TO BpeMs KaKk 00pa30oBaBIINECs

MOHBI TOcpeacTBoM nuddy3un uepes MeMOpaHy OKaxXyTCs 110 APYTYIO
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€€ CTOpOoHy. B 1aHHOM ciydae MOHBI IEPEHOCAT NOJIOKHUTEIbHBIN 3a-
psijl, HOSTOMY Ta MOBEPXHOCTh MEMOpPaHbI, HA KOTOPOH HaXOJUTCA
BOJIOPOJI, CTAHET OTPULIATEIbHO 3apsSKEHHON U3-3a U30BITKA HIIEKTPO-
HOB, HAKOIMBIIMXCS HA HEH, a IPOTUBOIOJIOKHASL IOBEPXHOCTD — I10-
JIOKUTENIBHO 3apsKEHHON M3-3a MOJIOKUTENBHBIX HOHOB, OKa3aBLINX-
cs Ha Hell Bcaenctaue auddysun. BozHukinee snekTpudeckoe moie
3aCTaBIJISET YaCTh MOHOB JIBUraThCsl B OOPATHOM HAIpaBlI€HUH K «BO-
JIOPOJIHOM» MOBEpXHOCTU MeMOpaHbl. /IuHaMu4yeckoe paBHOBECHE B
paccMaTpuBaeMoOi CUCTEME yCTaHABIMBAETCs TOra, korna auddysu-
OHHBIN IOTOK HOHOB CTAHOBUTCS PABHBIM 0OpPaTHOMY TOKY.

Tenepp HaHeceM Ha 00€ MOBEPXHOCTH MEMOpAHBI IEKTPO-
MIPOBOHBIN MOpomok. Takum 00pa3oM MOIydaercs ABa MOPUCTHIX
ANIEKTPONPOBOAHBIX CJI0S, KOTOPbIE OYAYT BBIMOIHATE POJIb AIEKTPO-
noB. IloaxiouuM K 3JIeKTpoaM BHEIIHIOW Harpysky, obecrednB
AIEKTPUUECKOE COENMHEHUE NEKTpoAoB. CONpOTUBIEHUE HATPY3KH
0003Ha4uM R,. MOHBI HE MOTYT MEpeMEAThC BO BHEIIHEN 1IENH, &
ANIEKTPOHBI HAYHYT JBUTATHCS U3 «BOAOPOIHON» YacTH, I1I€ UX U30bI-
TOK, K IPOTHUBOIOJIOKHON CTOpOHE MeMOpaHbl, 00pa3ys BO BHELIHEH
LN AIEKTPUUECKUI TOK, KaK II0Ka3aHo Ha puc. 5.2. Peakuus, npen-
CTaBJISIOIIAs JJI HAC MHTEPEC, MPOTEKAET Ha «BOIOPOIHOM» DJIEK-
TPOZE U ONMCHIBAETCS YPAaBHEHUEM

2, —4H t+de” (aHomHas peaxius)

OnucanHass cxema palOTBI 3IEMEHTa UMEET  OJHH
CYLIECTBEHHBI HEIOCTATOK — OHA MPOTHBOPEUUT MEPBOMY 3aKOHY
TEPMOIUHAMUKH. J|eHCTBUTENBHO, IPU MPOTEKAHUU AIEKTPUIECKOTO
TOKa dYepe3 BHEUIHIOI HAarpy3Ky B HEW BBIAENSETCS TeIioTa,
KOJIMYECTBO KOTOPOM ONPENEIISIETCS IPOU3BEACHUEM FRL. IIpu aTOM
ANIEKTPOHBI, TMPHUIIEIINEe B KaTOIHYI OO0NacTh, COCIUHSIOTCS C
noHamu H", xotopsle npoauddynauposanu yuepe3z MemOpany, oopasys
aTromMbl BofiopoZia H M B KOHEYHOM CYETE PEreHEepUpys MOJEKYIbI
rasa H,, UCTONB30BaHHOIO B KAYECTBE «TOILIMBA». IIpu mporekanun
Mpolecca COrIacHO MPUBEACHHON CXeMe, MbI MOIYYUIU Obl TETIOTY
0e3 KaKux-Tudo 3aTpar TOIUIHBA.

Buemnsis menb o0pasyeT TONBKO MyTh Ui TEPEMEIICHUS
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3JIEKTPOHOB, OJTHAKO cama 10 cebe OHa He MOXKET ObITh IPUYMHOM BO3-
HUKHOBEHUS JIEKTPUUECKOT0 TOKA. TOYHO TaK ke, KaK €CJId OIyCTHTh
TpyOy OIHUM KOHIIOM B 03€po, cama Boja o TpyOe He noredet. s
TOro 4TOOBI BOJIa MOTEKJA, HY>KHO YTOOBI JAPYroil KoHel TpyObl Ha-
XOJWJICS HUXKE YPOBHSI IMOBEPXHOCTH BOJbl. AHAJIOTMYHO, I TOTO
YTOOBI HOJTYYUTh BO BHELIHEH 1IETIN 3IEKTPUUECKUN TOK, HEOOX0IUMO
MOHU3UTh MOTEHUHUAN (TEPMOAMHAMUYECKH) B KaTOJHON OOJIACTH.
IIpowie Becero 3To cuenarp, €CIM NOABECTHU TyAa KUCIOPO, MOJIEKYJIbI
KOTOPOT'O COEIMHSIOTCS C AJIEKTPOHAMU M MOHamu H*, B pe3yibrare
4ero o0pasyercst Boaa:

A4H" +4e +0, > 2H,0 (kaTtogHas peaKiusi)

Peakuust saBnsieTCs JK30TEPMHYECKOH, T.€. MPOTEKaeT C
BBIICTICHUEM MPEUMYIIECTBEHHO JJIEKTPUYECKOW SHEPruu, a He
TEIUIOBOM, KaK 3TO MPOUCXOAUT MPH B3pbIBE — MPHU COKUTAHUU
Bozopoaa. O4eBUAHO, YTO UMEHHO 3Ta SHEPI'Us U MUTAET TOIUIMBHBII
AIIEMEHT.

OnucanHas cxema dIEeKTPOXUMHUECKOM STUSHKH peIcTaBIeHa
Ha puc. 5.2.

—> -
H> iy
AHON Karos

MemOGpaHa, obGuraniaroiirasi
MOHHOM I1 POBO/J/IMMOCTBHBIO

Puc. 5.2. IIpocTeiimas anekTpoXxuMHuIecKas MeMOpaHa

77



[Ipu HOpMANILHBIX YCIIOBHUSIX JOJISI MPOAMCCOIMUPOBABIINX
MOJICKYJI BOJOpPOJIa B aHOAHOM oOsiacT Masia. Ee MOXHO yBEIMYHUTh
JBYMs Clioco0amu:

1) OBBICHB TEMIIEPaTypPy CUCTEMBI;
2) C MIOMOIIIBIO JICHCTBUS KaTajalu3aTopoB.

Bropoii cnoco® mpeanodTuTeNieH BO BCEX OTHOIICHHSX,
HO OoJiee JOpPOTrOH, T.K. B KA4eCTBE KaTaaU3aTOPOB HEOOXOIUMO
WCIIOJIb30BaTh METAUIBI IJIATHHOBO TPYIIITBI.

5.4 Knaccupukanusi TOIVIMBHBIX 3JICMEHTOB

CymiecTByeT HECKOJIBKO TUIOB TOIJIMBHBIX 371eMeHTOB (T2),
Pa3NUYAIOIUXCS  DJICKTPOJUTOM U HAIUYMEM IPOMEKYTOYHBIX
peaKuHuii:

HITD — TonauBHBIE 3JIEMEHTHI C LEIOYHBIM IEKTPOIUTOM;

MTD — MeTaHOIbHbIE TOIJIMBHBIE 3JIEMEHTHI;

@OKTD — ToriuBHBIE 311€MEHTHI ¢ (POCHOPHOKUCIBIM ITEKTPOTUTOM;

PKTD — TomiuBHBIE 3JIEMEHTHI C PACIUIABIEHHBIM KapOOHATHBIM
AIIEKTPOJIUTOM;

TOTD — TOIIMBHBIE AIEMEHTHI ¢ TBEPAOOKCUIHBIM JIEKTPOIUTOM;

TIITD — TOMIKMBHBIE HJIEMEHTHI C TBEPIOTIOTUMEPHBIM 3JIEKTPOIUTOM.

Knaccudukanust TOMIMBHBIX 3J€MEHTOB MOXET OBITh

IIPOM3BE/ICHA 110 HECKOJIBKUM KPUTEPUSIM:
1) pabouuii 1uamna3oH TeMmeparyp,
2) arperaTHoe COCTOSIHUE JIEKTPOJIUTA,
3) TuN TOIUIMBA,
4) XUMUYECKHI COCTaB AIEKTPOJIUTA.
Pab6ouuii ouanazon memnepamyp

Hanpsiokenue pa3oMKHYTOW LeNM HJEaIbHOTO TOIJIMBHOIO
SNIEMEHTa 3aBHCUT OT HCIOJIb3YEeMOIo TOIJIMBA U HE3HAUYUTEIBHO
MOHMKAETCS IPU yBEIMUEHUH Temneparypbl. OHako MaKCUMaJIbHas
IUIOTHOCTh TOKAa OBICTPO  YBEIUYMBACTCS MpPU  IOBBIILICHUH
TeMIeparypbl, TaKk KaK pPacTeT CKOPOCTb XUMHUYECKHUX peakLui,
KOTOpasl TAK)Ke 3aBUCUT OT BUJAA MUCIOJIb3YEMOIO TOIUIMBA U MOXET
OBITH yBEJIMUEHA C TIOMOILBIO KaTaau3aropoB. UeM Bblllle TeMIIepaTypa,
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TEM BBIILIE TUIOTHOCTh TOKA, KOTOPYIO MOXKET T'€HEpUPOBaTh TOILINB-
HbIN 371eMeHT. C Jpyroi CTOPOHBI BHICOKAsl TEMIIEPATypa MOXKET ObITh
HECOBMECTUMA C JIEKTPOJINTOM WM MaTepuajgaMu, UCIOIb3yEMbIMU

B 3JICMCHTC, YTO CYIICCTBCHHO OI'PpaHUYUBACT CPOK €Iro CJ'Iy>K6LI.

crg fieizg
mrs PKI3 TOT3 PKT3 TOT3

2]

]

50°C
70°C
500°C —
600°C —

150°C
220°C
350°C +—
700°C1+—
800°C
1000°C

Puc. 5.3. PaGounii nuana3on temmneparyp AJs pa3inyHbIX TUIIOB TO
BKJIIOYAET B c€0s1 I0BOJIBLHO y3KHe 001acTu. OTMETHM, YTO Ha pu-
CYHKE IIPUBEJIEHBI JaHHbIE AJIs ABYX pa3nuuHbix Tunos TOTI: CL/]
— IMOKCH] 11€3Us, JerupoBaHHbIil camapuem; [ICU — nupkonuit,
CTaOMIIN3UPOBAHHBIN HTTPHEM.

Jlnist KpyIHBIX AIIEKTPOCTAHIMK, pabOTArOIUX B HENPEPHIB-
HOM pPEXHMe, BBICOKHI yPOBEHb TEMIIEPATYP BBITOJICH: PEAKIIMU TPO-
TEKaloT OBICTPO, KaTaau3aTopbl JIMOO0 HE HYXHBbI, JIU00, €CIIM OHU BCE
TaK{ HEOOXOAUMBI, TO yCTOWYHMBHI K OTPABICHIIO MOHOOKCHIOM yTJIe-
pona CO. A otxonsiue ra3bl MOTYT OBITh MCTIONB30BaHBI JIJIs1 KOMOH-
HUPOBAHHOTO TIPOM3BOACTBA SHEPTUH, UTO MOBBIIIACT 00Ty 0 2P dek-
TUBHOCTBH AJIEKTpocTaHIMu. Ha snexTpocTaniusix, paboTalonmx mpu
0oyiee HU3KHUX TEMIIeparypax, MOXKET MPOU3BOAMTHCS ropsidas BOIa
JUTsL OOIIUX HYXI, YTO SIBJISIETCS IPEUMYIIECTBOM JIJIsl pAOHHBIX WIIH
aBTOHOMHBIX CTaHIIUIA.

J71s1 ucTioNb30BaHUs B TPAHCTIOPTE, 0COOCHHO B aBTOMOOMIIAX,
Ba)KHO, YTOOBI TOTIMBHBIM JI€MEHT padoTaj Mpu JOCTaTOUHO HU3KOMN
TeMIIepaType U COKpAIICHUSI BpEMEHH BBIXO/Ia Ha paboumil peskuM.

B Hacrosimee Bpemst HanOomee pacnpocrpanernbie TIITD pa-
6oratoT npu Temneparypax Huxe /00°C.

5.5 ArperaTrHoe cOCTOsIHME JJICKTPOJIUTA

Jlo HemaBHEro BpEeMEHHM B OOJBIICH YacTH TOIUTUBHBIX dJie-
MEHTOB HCIIOJb30BAJIUCh JJEKTPOIUTHI B JKHUJIKOM COCTOSHHH,
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HEIOCTaTKaMHU KOTOPOTO SIBJISIFOTCSI BEPOSITHOCTh YTEUKU, HEOOXOIM-
MOCTb KOHTPOJISI YPOBHSI M KOHLIEHTpPALMU IEKTPOJIUTA, KOPPO3UM-
Hasl aKTMBHOCTb. B coBpemeHHBIX TD Ipu BBICOKHMX TeMIIepaTypax
UCIIOJIB3YIOTCSl TBEPABIE KEPAMUYECKUE JIEKTPOJIUTHI, & NP HU3KUX
— TBEpJble NoNuMepHble. B HEKoTOpBIX T BTOPOro NOKOJIEHUS B Ka-
YeCTBE AIEKTPOJIUTA UCHIOIb3YIOTCS pacillaBlIeHHbIE KapOOHATHI.

5.6 Tun TomjineBa

Haubonee npocteiM BuoM ToruimBa ais TO sBisercs BoAo-
poa. OHaKo 3TOT ra3 TpyAHO XpaHuTh. OcCOOEHHO aKkTyalbHa 3Ta Ipo-
Or1ema JJ1s aBTOTPaHCIIOpTA.

[Iponiecc nomydeHus: BOIOpPoO/a Yalle BCEro BKIKOUYAET B ceds
IIpoLeCcC MapoBOM KOHBEPCUH, ITPU KOTOPOU MCXOIHOE CBIPBE, COLEP-
JKallee yrieBoJopobl, Mpeodpaszyercss B CUHTE3-ra3 win pedopmar,
COCTOSIIIMI IPEUMYLIECTBEHHO U3 Bofopona H, u yrapuoro rasa CO.
3aTeM MPOBOJAT PEAKLUIO CABMIra, B KOTOPOH IMOJYyYEHHbIH Ha Ipe-
JbIIyIIEM dTane yrapHbsiii ra3 CO BCTyNaeT B pEaklMIO C BOJIOH, B
pesynbrare 4ero o0pasyercs Bonopoa H, u yrekucinsii ras CO,.

5.7 Peakuuu, nporeKamue B TOIVIMBHOM JIeMEHTe

L]enounvie anekmponumoi
B BogoponHo-kuCI0pOaHBIX TD cO HIETOYHBIM IEKTPOIUTOM (00BIY-
Ho KOH) Tokoo6pa3zyromum siBistercsa non OH". Tak xak HOH copep-
KHUT aTOM KHCJIOPOJia, Ha aHOJIe 00pasyeTcs BoAaA.

Hucconmanus KOH B anekTposinTe OnMChIBA€TCS ypaBHEHU-
eMm:

KOH =2 K" +OH .
Ha OKCHJIEC HeﬁTpaﬂLHBIC aATOMBI BO,Z[OpO,Z[a COCOAUHSAIOTCA C

THUAPOKCHUIIbHBIMU MOHAMU, B PE3YyJIbTATC YCTO 06pa3y10Tc51 MOJICKYJIbI
BOJGI U DJICKTPOHBI, 06p3.3y}0H_[I/IC TOK BO BHEIIHEH IETIH:

2H,+40H — 4H,0+4c .
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Ha karone OJICKTPOHBI CHOBA 06pa3y}oT HOHBI THAPOKCHIIA:
4e” +0,+2H,0 - 40H .

DNeKTpONIUT B ITHX peakuusax He pacxoxyercs. OOmiee
YpaBHEHUE PEaKLUU:

2H,+0, - 2H,0.

Kucnommnuie anexkmponumor

Ecniu B kadecTBe »3JEKTpOJIMTAa HCIOJB3YETCS PAacTBOP
KHUCJIOTBI, TO B HEM IPUCYTCTBYET HOH H . OH MOXKET 00pa30BBIBATHCS
B pe3yJibTare MOHU3alMu BoAopoaa (kak 3to mpoucxoaut B TIITI)
00 BCJENCTBUE JUCCOLMAIMU MOJEKY1 KHUCIOTBI B pacTBOpe
anektponuta. s ¢ochopHOM KHUCTOTHI ypaBHEHUE PEaKIHH
JUCCOLMAIIMU UMEET BU/I:

H,PO, = 3H" + PO,”.

Bo BropoMm cityuae o6pazoBaHue MoHa ' MPOUCXOAUT 3a CUeT
aHO/IHOM peakiuu

2H, >4H" +4e .

Ha xarone B MPUCYTCTBUH MOJICKYJI KUCJIOPOAa 02 MMPOUCXOAUT
peKOM6I/IHaL[I/I$I HOHOB H' ¢ QJICKTPOHAMH, NPUIHCAITINMHA U3 BHEIIIHEH
Oenu, ¢ OGpaBOBaHI/IeM MOIJICKYJI BOIBI:

4H" +4e +0, > 2H,0

Pacnnasenennvie kapbonammuvie s1eKmponumol
DJEKTPONIUT U3 PacIUIaBICHHOIO KapOOHaTa He IOJBEpKEH
BIMSHUIO JMOKCHIA YIIepoAa. ITOT THUI D3JIEKTPOJIUTA MOXKET
HCIIOJIb30BaThCsl B BBICOKOTEMIIEpATypHBIX T3, a cienoBareiabHO MpU
Oosee BBICOKMX CKOPOCTSIX NMPOTEKAIOIINX MPOLIECCOB.
Ecniu B KadyecTBE TOIUIMBA HCIONB3YETCSd BOAOPON, TO
ypaBHEHHE pPeakuuu OyneT UMETh BHI:
H,+CO — H,0+CO, +2e",
1 _ 2
502 +CO, +2e — CO;.
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Ecnu Tomupom CJIIYKUT MOHOOKCH][T YITICpOJa CO, TO aHOAHas pCak-
IUs OIMUCBHIBACTCSA YPABHCHHUEM

CO+CO;” —2CO0, +2¢,

a KaToJiHas pCaKIusA Ta XK€, UTO U B CIIy4ac UCIIOJIb30BaHUs BOAOPOaa
B KQUE€CTBEC TOIIMBA.

Teepoookcuombvie snekmponunmol

TBepIOOKCHTHBIE ATEKTPOIUTHI OOBITHO SBIISTFOTCS IIPOBOTHH-
KaMU OTpHUIIaTeIbHBIX HOHOB. Ha karome MoeKyIbl KHCI0pOIa HOHH-
3UPYETCsI, 3aXBaThIBas JICKTPOHBI, IPUIIE/IINAE U3 BHEITHEH STIH:

0, +4e” =207

Ha anozxe monekyinbl TOIMIMBa BBICBOOOXKIAIOT 3JIEKTPOHBI,
COeMHSSACh ¢ noHaMu O, KOTOpbIC MEPEMEIIAOTCA OT Karoaa K
aHOJy uepe3 IEKTPOIUT. TOMIMBOM MOKET CIYKUTh KaK BOJOPO/I

2H,+20% = 2H,0+4e,
TaK U MOHOKCHU ] YITICpOAa

2C0+20" —2C0, +4e".

Memanonvuvie monausHwvie 21emMeHmaol
Peaxknus Ha oxcuue

CH,OH + H,O0 —» CO, +6H" +6¢e”

Peaxknus Ha xaroje

6H" +6e +§O2 —3H,0
2

VYpaBHeHue 0011el peakuun

CH,OH + % 0, — CO, +2H,0.
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5.8 llpunuun geiicteus T

[Tpunumn aeiicteust T npoiiie BCero NpouUIIOCTPUPOBATH HA
npumepe LITO, xoTopslil sBAseTcs nepBeIM TUIIOM T3, mpUMEHEH-
HBIM KaK MCTOYHMK IEKTPOIHEPIUH JJI1 KOCMUYECKHX allaparos.

it e
v
20" + 1,0, >H,0
&

Famanusamop Kamanuzamop

HenoyHelll 3IEKMpPOoTLm

Puc. 5.4. Cxema memounoro THO

Ha anozne TO, x koTopoMy OABOAUTCS] MOJIEKYJIIPHBIN Ta300-
OpasHbIil BOAOPO, IPOUCXOIAT €r0 JUCCOLUAINS U HOHU3ALINS:

H, >2H" +2e .

B kauectBe anekTponuTa ucnosb3yercs pactBop menoun KOH
¢ koHueHTpanueit 30-50%. [T pabotaet npu temmneparype 100-250
°C. ObpazoBaBIrecss HOHBI BOJOPO/A 32 CUET PA3HOCTH MOTEHIIHAIOB
aHofa u karofa nudyHAUPYIOT Yepe3 CIOH ANEeKTPOInTa K KaTomdy.
DJeKTpoHbl, 00pa3oBaBIIMECs HAa aHONE MPH 3aMbIKAHUU BHEUTHEH
ANIEKTPUYECKON Ienu (Harpys3ka) MpOTEKaloT MO HeW K KaTomy,
coBepiIas moje3Hyto padboty. [Ipu 3Tom Ha KaTozie MpoTeKaeT peakIius

2H*' +2e +%02 — H,0,
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T.€. €IMHCTBEHHBIM IIpoayKTOM Iipu padore IIITD aBnsercs Boaa (Bo-
JSTHOM Tap).

B TO anexTpoabl ¥ 3JEKTPOIUT B PEAKIMIO HE BCTynaroT. OT-
mnune TO oT rasibBaHUYECKUX 3aKJII0YAETCS B TOM, YTO B HUX UCIIOJIb-
3yIOTCSI HEPACXOyeMbIe AIEKTPO/Ibl, paboTaloKe JJINTEbHOE Bpe-
M.

D¢ (hekTUBHOCTH peasibHOTO TOIJIMBHOTO 3JIEMEHTA BO MHOI'OM
3aBUCHUT OT KaTaJIUTUUYECKHX CBOHCTB 3JEKTPOJOB, 00ECIEUMBAIOLINX
nonuszauuto peareHtoB. g LITO B kadecTBe Karanu3aropoB HC-
M0JIb3YETCsl HUKEIb, Cepedpo, METaJUIbI ITATUHOBOM IPYIIIIBL U JIP.

Jlist TpaHCTIOPTHOM SHEPreTUKHU HauOOJbIINI HHTEpeC Mmpe-
ctaBistoT TBepaononumepHsie TO (TIITI), B KOTOPBIX IPOBOAHUKOM
MOHOB BOJIOPOIA CITY>KUT TOHKasl TBepast HoIUMepHas MeMOpaHa. Pa-
6ouas temneparypa TIITD cymecTBeHHO HUXe, YeM JUIst Apyrux TO
u cocraiseT Bcero 60-80 °C. EqunctBennoit mpobnemoit ans TIITD
SBJISIETCS. OpTaHU3alMsl 0TBOJA BOJbI, 0Opa3yrolleiics Npu peakiuu
BOZIOPOJA C KUCTIOPOJIOM.

At 10, 14e 2H.(
i)

&

Kamanuzsamop / Kamanuzamop

i

TaepdononumepHulil 3TeKMPOILm

Puc.5.5. Cxema tBepaononnmepsoro TO

Paspaborka TIITD Obita nHawyarta kommanueit «General
Electric» B xonue 1950 IT. ¥ 0gHOW U3 OCHOBHBIX MPOOJIEM CTaJoO
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CO3/laHUE XMMHMYECKH CTOMKOIO 3JIEKTPOJINTA C HU3KUM YIEIBHBIM
COINIPOTUBJIEHUEM U BBICOKON MEXaHMYECKON MPOYHOCTHIO. [loaTOMy
ObUIM CO3/1aHbl TBEPIOINOIUMEPHBIE MPOTOHONPOBOAAIIME MeMOpa-
HBI — 3TO MOJIMMEPHI C HOHOTEHHBIMHU (JIUCCOLUUPYIOIUMHI HAa HOHBI)
rpymnmnamu, oOpasyromue BoAOHEPaCTBOPUMbIE HOHOOOMEHHBIE MEM-
OpaHbl 3a C4eT IPOCTPAHCTBEHHOM CIIMBKH ITOJUMEPHBIX LIENEH.

IIpu koHTakTe ¢ BOJIOW MeMOpaHa HabyXaeT M MPOUCXOIUT
JUCCOLMALMS MOHOTEHHBIX IPYII, B PE3YJIbTATE YETO HOHBI BOAOPOJA
MOJTY4ar0T BO3MOXKHOCTh IEPEMEIIATHC MEXTY (PUKCUPOBAHHBIMU B
MOJIMMEPE KUCIOTHBIMU IPYyTIIaMu.

XoTst MeMOpaHa U3 TBEPJIONOIUMEPHOTO IEKTPOIUTA OUEHb
TOHKasi (okono /20 mxm), oHa 00JajaeT HU3KOM ra3onpoHUIIAEMO-
CTBIO U CHUYKAET BEPOSTHOCTH CMEIIEHHUS B3PbIBOOIIACHBIX PEAreHTOB.
B xauecTBe 31€KTpOKAaTAIN3aTOPOB B TAKUX YCTAHOBKAaX MCIIONb3YIOT-
Csl METaJIIbl IUIATUHOBOMN TPYIIIBI.

5.9 TunoBasi KOHCTPYKIMSA TOIINBHBIX 3JICMECHTOB

Co3/1aTh TOIIMBHBII AIEMEHT JJIs1 ICMOHCTPALIMOHHBIX IIEJICH
J0CTaTOYHO TPocTo (pHc. 5.6).

TIICKTPOALI

Kpuinika
3 OPEAHHICCROTD
CTCRA

Kpuiiiika Heonpenoras
A3 OpraHMMcCROrG TTPORILKD

Bxoaon
NarpyooK

ek

Brixoanon
. ’ : T T narpybok
Myuiwrponaneras Bymara,  Ceraarhie saekTpoint Heonpenosas
potnias pacrnopos KOH C IAHECCHITON HPOKIGUIK A
TUETHHOBOM HEPHLIO

Puc.5.6. JleMoHCTpalimoHHasi MO/IE b TOIIMBHOTO JIEMEHTA B Pa3o-
OpaHHOM BuUjIe
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ITo 0G0y IBYX KpBILIEK, CCTAHHOTO U3 OPraHUYECKOro CTEKIa, Ipo-
CBEPJIEHO IIECTh OTBEPCTUH I10J] BUHTHI CKpeIUIomue kopmyc. ua-
METp yCTpOMCTBa ~& cM.

TonnuBo M OKMCIUTENB NOCTYNAKT U3 ABYX MHUHHUATIOPHBIX
0aJUIOHOB B OJJHOM M3 KOTOPBIX HaXOAMTCS BOJIOPOJ, a B IPYroM —
Kkuciaopon. M30bITOUHBIN Ta3 OTBOAUTCSA B CHELMATIbHYI0 €MKOCTh C
BOJIOM.

T3 nenaercs reoMeTprUueCcKy CUMMETPUYHBIM — MEX Y KaTOA-
HOU M aHOJIHOM 4acTsAMU yCTPOMCTBA pa3HULA B KOHCTPYKIMHU OTCYT-
cTByeT. CeTuarble AIEKTPO/Ibl BBINIOIHEHbI U3 IUIATUHBL. J[71s oBbILIe-
HUS KaTaJIUTUYECKOW aKTUBHOCTH NIEPE]] SKCILTyaTaluel TOIUIMBHOIO
2JIEMEHTA Ha CETYaThIC 3JIEKTPOIbl HAHOCUTCS TUIATUHOBAsI YEPHb.

Hanpspxenue pazoMmkHyToi 1ienu pasHo / B. ITpu noaxmiroue-
HUU Harpy3KH 3J€MEHT MOXET BbIJaBaTh BO BHEIIHIOK ceTh TOK 200
MA nipn HanpskeHuu 0,7 B, T.e. momHocTh TO cocrasisier 140 mBm.

B kauecTBe »IEKTpOIUTa UCHOJIB3YyeTCS AUCK U3 (UIbTpO-
BaJIbHOI Oymaru, mponuTanHoi pacrsopom KOH.

PaccMoTpeHHas KOHCTPYKLMsI 1OBOJBHO NPUMUTHBHA U OT-
HOCHUTCSl K TEM BpEMEHaM, KOTJia Co3JaHle HaHOOOMEHHBIX MeMOpaH
IIPEJICTABISUIO CEPhE3HYI0 TPYAHOCTh. B HacTosiiee Bpems s zie-
MOHCTPALIMOHHBIX LIEJeH PAIOM MPOU3BOIUTENCH BbIMycKaeTcs 00-
Jiee coBeplleHHbIe Mosienu T3.

Heo6xonumyro uHGOpMAIIUI0 MOKHO MOJIYYUTh B IOUCKOBOM
cucreme Google no nouckoBomy 3ampocy «Fuel cell demonstration
kit». HeKOTOpbIe U3 MpenIaraeMbix Ha0OpPOB XOPOILIO CIIPOEKTUPOBA-
HBI, U UX JIETKO U3TOTOBUTH U UCIIOJIb30BaTh JUIS IEMOHCTPALIMH.

5.10 IIlpumeHeHNe TONJIMBHBIX 3J1€MEHTOB

TexHonoruu cozgaHus M 3KCILTyaTallMy TOIUIMBHBIX 3JIEMEH-
TOB B HACTOAIIEEe BpeMs HAXOAATCA B CTAJUM OBICTPOTO Pa3BUTHUS.
Crano NOHATHO, YTO TOIJIMBHBIE 3JIEMEHTHI 001aJal0T BBICOKHM JKO-
HOMUYECKHM MOTEHIIMAJIOM U YHCJIO BO3MOXKHBIX 00acTeil mpuMeHe-
Hus TO nponomxaer pacTu.

Ho ocHoBHble ycunus 1o BHeapeHuto TO cocpenoroueHs! Ha
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ABYX HAIIPaBJICHUAX — CTAHUOHAPHBIX U MOOUJIBHBIX OHCPICTUUCCKUX
YCTaHOBKax.

Buiossprn i
HpHwi i
HICKTenT e
it K e =
Kpenemmmi_—" " - . Howana

MEMEHT [ LB LT LH]

-y

f
=T !““'J-r
I'r.l.l_”._l :
«f

Foprerie bt i
LICAEIE ]

Huencran

) Mpoksaea,
MHOTOCIORNAsS Gyar

PO THRKA

Puc. 5.7. Oqun u3 snemenToB ToruMBHOTO MemenTa Engelhard ¢
(hochopHOKUCITBIM AIEKTPOITUTOM

5.10.1 CranuoHapHbIe JHepreTH4eCKHe YCTAHOBKH HAa TOILIMB-
HBIX JJIeMEeHTax

K cranuoHapHBIM 3HEPreTHYeCKUM YCTaHOBKaM OTHOCSTCA
ANEKTPOCTAHIMH OO0JNBIIONH MOITHOCTU (0o I ['Bm), pacnpeneiacHHbIe
ANIEKTPOCTAHIIMU MEHbILEH MOITHOCTH (ecaTku Meraparr), a TaKxe
ANIEKTpOreHepaTopbl Manoil MoutHoctu (om 10 do 100 kBm), pacmo-
JIO)KEHHBIE HEMOCPEICTBEHHO B MECTax MOTPEOJICHUs 3IIEKTPOIHEP-
ruu. B o6nactu anexrposnepreTuku TO UMEIOT cleyonue npeumy-
1iecTBa nepes OObIYHBIMU TEIUIOBBIMU MAIIUHAMU:

1) oTcyTcTBHE LTyMa;

2) OTCYTCTBUE 3arpsi3HEHUsI OKPYKarOIEel Cpe/ibl;

3) JAerkocTh HapaI¥BaHUS MOLTHOCTH (O1arogapst MOIYJIbHOM CTPYK-
Type);

4) BO3MOKHOCTbh MaccOBOTO MPOU3BOACTBA (Oiarofapsi MOIYIbHOM
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CTPYKTypeE);

5) BO3MOXHOCTb PacCpeOTOUEHHSI AIEKTPOCTAHIIMN, TaK KaK JlaH-
HBI{ THIT YHEPrOyCTaHOBOK OTIIMYAETCS OTCYTCTBUEM IIIyMa M 3arps3-
HEHMSI OKPY’KaIOIIEeH Cpejl, SIEKTPOCTAHLUU MOTYT OBITh PacIoIoxkKe-
HBI JIAKE B )KWJIBIX PaiiOHaX, 4TO JaeT OOJIBbIIYI0 SKOHOMHIO Ha JIMHUSX
ANIEKTPONEepeIauy;

6) BO3MO>)KHOCTb MCIIOJIb30BaHUsI COPOCHOTO TEIIa ISl LieIel Teruio-
CHaO)KeHUsI, TaK KaK SHEProyCTaHOBKU Ha TD MOryT ObITH pacroio-
’KEHbI B HACEJIEHHBIX MYHKTaX, I7le UMEeEeTCs MOTPEOHOCTh B Topsiuei
BO/IE;

7) BO3MOYKHOCTh KOT€HEPALIMH AJIEKTPOIHEPTUN OT UCIOIb30BAHUS
BBICOKOTEMITEPATYPHBIX BBIXJIOMHBIX I'a30B YHEPTOYyCTAHOBOK HEKOTO-
PBIX TUIIOB;

8) ObICTpas peakiys Ha U3MEHEHUE YPOBHS MOTPEOICHUS 3IEKTPO-
SHEpIuu;

9) xopomast 3pPeKTUBHOCTH MPHU padOTEe B peKUME, KOIa BbIpada-
TBHIBAETCSI MOIIIHOCTh HM)KE€ HOMHUHAJILHOM;

10) upe3BbIYafHO XOPOLINE XapaKTEePUCTUKU MIPH paboTe B pekuMe
NeperpysKu;

11) MUHMATIOPHOCTb JIEKTPOYCTAHOBOK — HEOOJIbIIOE OTHOIIECHUE
Macchl 1 00beMa YCTaHOBKH K BbIpaOaThIBA€MON MOIIHOCTH;

12) BpICOKasi HAIE)KHOCTH;

13) MUHUMaITBHBIE 3KCIUTYaTallHOHHBIE PACXOIbI.

5.10.2 MoOniibHbBIe JHEepreTH4YeCKHe YCTAHOBKHM HA TOINIMBHBIX
3J1eMeHTax

JUia ncnonp3oBaHus Ha aBroTpaHcnopre kommakTtHeie TIITO
OAXOAT uaeanbHo. Cpeau MHOTMX IIPEUMYIIECTB, CBOMCTBEHHBIX
sToMy Tuily TO, Hy’)KHO IPUHATH BO BHUMAaHUE OTCYTCTBHE 3arpsizHe-
HUS OKPY’KaIOIIeH cpelibl, BBICOKYIO 3((EeKTUBHOCTH (UTO TapaHTUPY-
€T SKOHOMHIO TOILJIMBA), a TAK)KE HU3KUI ypOBEeHb paboueit Temrepa-
TYpPBI TO3BOJISIET OBICTPOTY 3aITyCKa CUCTEMBI.

barapeu TIITD OynyT uMeTh ATUTEIbHBINA CPOK CITYKOBI, UTO
MOXET IPUBECTH K HeoObIuHOM cutyaruu. [IpaBnonono6HbIil nepuosn
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ciryk0b1 6arapen coctasisieT 50 000 yacoB. ITO 03HAYAET, YTO JaKe
IIPU HU3KOW CKOPOCTH JIBUXKEHHS aBTOMOOWJIS, paBHOU 40 km/u, Oa-
Tapes MOXET IMUTATh JIBUraTeNlb HA MPOTSHKEHUU NMPUOIU3UTENBHO 2
MaH. kv TIpobera aBToMoOmst. T.e. cpok cirykKObI TOIUTMBHOTO 3J1€MEH-
Ta OKa3bIBAETCSI HA MHOTO OOJIbIIE CPOKA CIY>KObI aBTOMOOHMIIBHOTO
Ky3oBa. Takum 00pa3om, UMeeT CMBIC] HOBTOPHO HCIOJIb30BaTh 13
JUIsl yCTAHOBKH HA HOBBIE aBTOMOOMIIH.

OO6brynbiM TormuBoM uist TIITD sBnsercs Bomopoa. OH Mo-
KeT OBITh HCIIOJIb30BaH Kak B ra3000pa3HOil dopme (CKaThlii Win
COKMIKCHHBIN ra3) Tak U B BUJI€ BCIIOMOTaTeIbHOIO BEIIECTBA — HOCH-
TeJIs BOJJOPO/IA, TAKOTO KaK METaHOJ WK THOpua Metaia. Bemecrsa
— HOCHUTEJIN BOJIOPOJIa MOT'YT OBITh MOJIy4€HbI U3 UCKOIAEMBIX TOIUIUB,
13 OMOMACCHI WK TPSMBIM 3JIEKTPOJIN30M BOJIBI.

Heo6xonumbIM ycTpolicTBOM B aBTOMOOMIIe Ha TO sBisercs
YCTPOHCTBO aKKyMYJIMPOBaHMS U XPAaHEHUs SHEPruu (aKKyMyJsTOp-
Hble Oaraped WU YJIBTPAKOHJEHCATOPHI). DTU YCTPOMCTBA HY>KHBI
JUIsl oOecrieueHusl ABUraTessi SHEprueil Bo BpeMsi €ro 3aiycka, a Tak-
e U1 aKKyMYJIMPOBAHUS DHEPIMH IPU AMHAMUYECKOM TOPMOXKEHHUU.
AKKyMyIupOBaHHasl SHEPrHsi HEOOXOMMa NP OBICTPBIX YCKOPEHU-
X JBWKEHHS B JIOTIOJIHEHHE K DJIEKTPOIHEPruH, BbIPAOaThIBAEMOM
TOIUTMBHBIM 3JIEMEHTOM. TakuM 00pa3oM, 10OCTaTOYHO, YTOObI MOIII-
HOCTb 0Oarapen TOIUIMBHBIX 3JIEMEHTOB ObLIa OJIM3Ka K CPEAHEMY 3HA-
YEHHUIO MOIIHOCTHU JBUTATeNsl, @ HE K €€ MMKOBOMY 3HAYCHMIO. JTO
3HAUUTENIbHO CHU3UT rabapuTHbIE pa3Mepbl 1 CTOUMOCTb Oatapen TO
aBTOMOOMJISL.

Komnanus Ballard Power System. pacnonoxxenHas B . Banky-
Bep (bpuranckas Komym6us, Kanana) siBisieTcst oqHUM U3 IPOU3BOAU-
Tesiel, Hanbonee OMU3KO MOJOLISIINX K CEPUHHOMY MPOU3BOJICTBY
T3 g ucnonb3oBaHus HAa TPAHCHOPTHBIX cpeacTBax. B 1999 rony
aBTOOYCHI, paboTarolMe Ha TOIUIMBHBIX 3JIEMEHTaX 3TOW KOMIAaHMHU,
y’ke nmpuHocunu npuOslIs B Bankysepe u B Uukaro. B kauectBe To-
IUIMBA B 3TUX MalIMHAX MCIOJIb30BAJICS CXKATHIM Bonopo. JlanpHOCTb
npobera 0e3 no3anpaBku coctasisiia 580 km. ABTOOYyCBl UMENH Tpe-
KpacHbIE XapaKTEPUCTUKHM pa3roHa, a MaKCUMallbHas CKOpPOCTb HX
JBYOKEHMs mpeBblmana 95 xkm/u. Ha aBroOycax ObUTM yCTaHOBIIEHBI
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JIBUTATEIN MOLTHOCTBIO 275 J1.C., aDCOIIOTHO HE 3arps3HsIOIIUE OKpPY-
JKAIOLLYIO CPELy.

Komnanus Daimler - Benz, umeromas OCHOBHYIO JOJTIO B
Ballard. npou3BoauT rpy30Bble aBTOMOOMIM Ha TOIUIMBHBIX 3JIEMEH-
tax nox HazBaHueMm «Necar II», kotopsie OblIM ONMPOOOBaHBI 0OJb-
IIMM KOJIM4eCTBOM notpedureneit B 'epmanun. Komnanus manupyer
B Ompkaiiiee Oyyiiee BpeMsi HauaTh IPOU3BOJCTBO 3TUX aBTOMOOH-
JIeH Ha IIPOAAKY.

Bcenen 3a Daimler -Benz 06 aHanoruyHbIxX miiaHax 3asiBUIIU Ta-
kue aprorurantel kak Ford, Toyta, Mazda u Genaral Motors.

B 2003 rony xomnanueit Honda Ol BINyIieHbI IEPBBIE He-
CKOJIBKO aBTOMOOMJIEH Ha TOIUIMBHBIX 3eMeHTax mozenein FCX.

ABTONPOU3BOJUTENN HAKAIIMBAOT OIBIT, KOTOPBIA MO3BOIUT
OTOMTH OT MCIOJIb30BAHMS JBUIATEJIEW BHYTPEHHEIO CrOpaHMs. ca-
MblIe 3(ppeKTuBHBIE MOsIEIHN aBTOMOOUIIEH, Takue kak EV1 komnanuun
General Motors. moryT npeononets /80 km, 3aTpatus /4 kBm -y 351ek-
TPUYECKON 3HEPTrUH. DTO KOJIMUYECTBO AIEKTPOIHEPTUU MOXKET OBITH
IIOJIy4€HO U3 / K2 BOIOPOa, aKKyMYIMPOBAHHOI'O B THIPUIE MACCON
meHee /00 xe. Komnanuss Honda BelmycTHIa orpaHMueHHOE KOJIH-
4ecTBO aMekTpomoduieit nmox mapkoil «kEVPlusy. Kommanueit Toyta
ObUIO TPOJJAHO HECKOJIBKO THICSIY TMOPHUIHBIX aBTOMOOUIIEH (C AJIek-
TPUYECKUM JIBUTaTeIeM U JBUraTejIeM BHYTPEHHEro CrOpaHusi) Moj
Mapkoii «Priusy.

5.10.3 [Ipyrue 00;iacTi NpUMEHEeHHUs TOILIUBHBIX 3JIEMEHTOB

IlepBoe mpakTUYeCKOE€ NPUMEHEHHE TOIUIMBHBIE JIEMEHTBI
HAIIIM B KOCMOCE, T/1¢ IVIaBHBIM TPeOOBAHUEM SIBIISICTCS] HAJIS)KHOCTD
TEXHUKH, @ HE €€ CTOMMOCTb. DJIEMEHThl padOTald Ha BOAOPOIE U
KHUCJIOPOJIE, 3arac KOTOPBhIX YXKE MMEJICS Ha KOCMHUYECKOM Kopalie
Ui apyrux Hyxa. Ha Beixoge TO nonyvanace nutbeBas Boga. be3or-
X0JHast paboTa TOIUIMBHBIX JIEMEHTOB OKA3bIBAETCS OYECHb MOJIE3HON
IIPU UCHOJIB30BAHUH 3TUX YCTAHOBOK KaK Ha HEOOJIBIINX MOJBOAHBIX
anmaparax, Tak 1 Ha OOJIbIINX MTOJBOHBIX JIOJKAX.

Kak TONbKO TOIUIMBHBIE BJIEMEHTHI CTaHyT Oojiee JIETKUMHU
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Y KOMIIAaKTHBIMHU, aBUAKOHCTPYKTOPBI TYT K€ MPUCTYIIAT K CO3aHUIO
«XOJIOAHOTO» CaMOJIETa, HEBUIMMOTO Il PAKET C TEIUIOBOM CHUCTE-
MOM HaBEACHUS.

TonnuBHBIE 2JEMEHTHI MUKPOCKOIIMYECKUX Pa3MEPOB MOTYT
WCIIONIb30BaThCs JJI MUTAHUS MOPTATUBHBIX U MUKPOIIEKTPOHHBIX
YCTPOMCTB.

He3znopoBelit UHTEPEC, KOTOPBIM B OCIEAHEE BPEMS ITPOSBIIS-
I0T BOCHHBIE K 3TOMY HAIPaBICHHUIO, TOBOPUT 00 BBICOKON IPHEKTUB-
HOCTH U IIMPOKOM JMAIIa30HE IPUMEHEHUS TOIJIMBHBIX AJIEMEHTOB.

Bonpocel 11 caMOKOHTPOIA

1. Kakue ycTpoiicTBa Ha3bIBalOT TOIJIMBHBIMU JIEMEHTaMU?

2. ITouemy B3pbIB (pa3pylieHue) ObLT MMOJOKEH B OCHOBY MOJTYYECHUS
SHepruu B TexHuke XX Beka?

3. D¢ dexkTuBHBI IM MEXaHU3MBbI U IBUraTeNIN, padoTaroIye Ha OCHO-
B€ B3pbIBa?

4. Yem omHMuaeTcsi MPUPOIHBIE SHEPTETUUECKUE MEXAHU3MBI OT U30-
OpETEHHBIX YEJIOBEKOM MEXaHM3MOB, pabOTaIOLINX Ha OCHOBE B3phbI-
Ba?

5. Kakue BHyTpeHHHE CBA3M BHYTPH BEIIECTBA UCIIOJIB3YIOT IS Ipsi-
MOT0 IpeoOpa30BaHMsI XUMUUYECKON SHEPTUH B AJIEKTPUUYECKYI0?

6. OOBsICHUTE IPUHLIUIT ACHCTBHSI TOIJIMBHOI'O JIEMEHTA.

7. OnummTe 3MEKTPOXUMHUYECKHE MPOLECCHl B TOIUIMBHBIX AJIEMEH-
Tax.

8. Hapucyiite cxeMy NpocTeHe 3JEeKTPOXUMUYECKON TUEHKH.

9. Kak knaccuuupyorcst TOIUIMBHBIE YJIEMEHThI?

10. Hapucyiite cxemy pabouux Auana3oHOB TEMIIEPATyp Ul pa3ind-
HBIX TUIIOB TOTUIMBHBIX 3JIEMEHTOB.

11. Kakue peakiuu nIpoTeKaroT B TOIIMBHOM 3JIeMEHTe?

12. OnuiuTe NpUHUMI AEHCTBYS U HAPUCYWUTE CXEMY 11I€JI0YHOTO TO-
IUIMBHOTO AJIEMEHTA.

13. OnuiuTe KOHCTPYKIIMIO TOIJIMBHOIO AJIEMEHTA.

14. Onumure 061aCTh NPUMEHEHHUS TOIUIMBHBIX 3JIEMEHTOB.
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I'naBa 6. DHeprusi 6momaccnol
6.1 BBenenue

buonornueckoe BELIECTBO PACTUTEIBLHOTO IPOUCXOXKIACHUS
HaKaIlUIMBAe€T 3HEPIHI0 IOMIOIIAsl COJHEYHOE H3IIyuYEHHUE IOCTyIa-
IOlLlEe Ha MOBEPXHOCTh 3emin. [lomioméHHas conHedHasl SHEeprus
npeodpaszyeTcst XJI0pOPUIITIOM PACTUTENBHBIX KIETOK B XMMUYECKYIO
sHepruto. [lormomenue comHEYHOTO U3TyYeHHS B YIbTPaduoIeTOBON
U KPacHOM 4acTsSIX BUAMMOIO CIIEKTpa, pH JinHE BOIHbI (,45...0,68
MM, 00yCITaBIMBAET 3€JIEHBINA IIBET OMOMACCHl PacTEHHI — (huTOMac-
CBI.

Macuta0bl €XeroHoro MpUpoCcTa GHOMACChl Ha CyIIIE UCUHC-
nstotest 110 mapo. m, IpyudeM Ha JIOJI0 OKYJIbTYPEHHBIX, BO3/EIIbIBAC-
MBIX IJIOIA/IeH MPUXOAUTCS < 4% Ha3BaHHOTO 0OBEMa.

[IpuHSB CpenHIOI TEMJIOTBOPHYIO CIIOCOOHOCTH CyXOH OHO-
MAaccChl paBHOU 18 2/[oic/m, MOKHO ONPENETUTH KOTUIECTBO €XKETOTHO
MOJTy4aeMOM MPU CKUTAHUU CYyXOIYTHOTO MPUPOCTa (PUTOMACCHI Te-
TJIOBOM SHEPTUU aCTPOHOMUYECKOU 1upoit 2 mapo. T/orc.

ITpupoct Guomaccs B MUpOBOM OKeaHe MHOTO OombIIHid. J{is
ycioBuii nposiuBa Jla-MaH1 esxecyToO4HOE YBEIIMYEHUE CYyXOU MacChl
¢urtormnankTona coctanisiet /00...125%. TogudaHblil ypoxaii Ha TUIO-
maau B / kv’ OAHOTO JHIIb (PUTOTUIAHKTOHA OLIEHMBACTCSI PAaBHBIM —
2471,4 m. YautbeiBasi, 4T0 (UTOIUIAHKTOH COCTABIISIET TOJIBKO — /,83%
OT BCei GMoMacchl MOpPs, MOXKHO CJIENIaTh CAENaTh BHIBO, YTO TEMIIBI
BO300HOBJICHUsI OMOMACCHI MOPEH U OKeaHOB 3eMJTU TUTaHTCKUE.

6.2 CocTaB omomMacchnl

JIroboe pacTeHre MOXXHO paccMaTpuBaTh Kak HEKYIO CTPYyK-
TYpY CO CIIEHUAIN3UPOBAHHBIMU OpraHaMH, 00€CIIEUHBAIOIIMMHU €T0
poct u pazButue. Tak, 3a nporecc, pOToCHHTE3a B paCTEHUSIX OTBeYa-
0T JIUCThs, 4 4epe3 KOPHEBYIO CUCTEMY B PACTEHHE U3 IIOYBBI I1OCTY-
MAI0T BOJA U Pa3/INYHbIE MUHEPAJIBHBIE BEIIECTBA, KOTOPBIE PACIPO-
CTPaHAIOTCSI BHYTPH PAcTE€HUsI BBUJE COKA. Bce cTpyKTypHbIE yacTh
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pacTeHus: aKKyMyJIHPYIOT B ce0e SHEPIHIO.

JIucTes pacTeHui MOXKHO ipeoOpa3oBarhk B OHoras (CMech Me-
TaHa M IMOKCHJA YIVIEpPO/a) MOCPEICTBOM UX aHAPOOHOTO pasiioxkKe-
HUS, @ OMOJIOTMYECKHH 0CTaTOK (IJI1aM), MOJyYaroIuics mocie pas-
JIOKEHUSI MOXKHO HMCIOJIb30BaTh KaK OTIIMYHOE yoOpeHue.

CTBOJ pacTeHHI COCTOUT U3 LEIUTIONO03bl, FEMULICIITIONO3bI U
JUTHUHA B puOnu3uTensHoi nponopuuu 50/30/20%. Kpome Toro B
CTBOJIE COICPIKATCSI pa3IMYHbIC MUHEPAJIbl, KOTOPbIE MTOCIE CTOPAHUS
00pa3yroT 3011y B KolmdecTBe /% OT mepBoHavdaabHOU Macchl. Llen-
JI0JI03a M TEMULEIUIION03a SBJIAIOTCS yriieponamu. JIMrHUH nmeer
(eHOMEHANIBHYIO CTPYKTYpPY, TPYAHO TMOIJIAIOIIYIOCS Pa3I0KEHUIO
MHUKPOOPIraHU3MaMH.

DOHeprusi B pacTeHUSIX HAKAIUIMBAETCSI B BHJE YIIEPOJOB,
YIIIEBOAOPOIOB U CIOKHBIX 3(UPOB.

VYriieposbl COCTOAT U3 caxapoB M UX MOJUMEPOB, TAKHX KaK
KpaxMaJl, IeJUII0103a 1 reMulieunono3a. Caxapo3a 0ObIYHO HaKarlIu-
BAIOTCS B COKE, KIYOHSX M IUI0JIaX PACTECHHM.

Bonbiias yacth yrieBoJoOpOAOB, HAXOAALIMXCS B PACTCHUSX,
OTHOCHUTCS K MOJIMU30NPEHaM (TeprieHaM), T.e. K IoJIMMepaM yIIeBO-
JI0pojia aueTUIIEHOBOM Tpymmbl, usonpenos C H . Bonbuoe konnye-
CTBO 3TUX BEIIECTB COJACPKUTCS B MOJIOUAE U KaydyKOBOM JIEpEBeE.

6.3 Ucnoab3oBanue 0MoMacchbl

DHepreTuvyecKkoe MCIoib30BaHNE OMOMACCHl UMEET OJIHO HEO-
CIOPUMOE MIPEUMYIIECTBO 10 CPABHEHHIO C UCIOIb30BAHUEM HCKOMA-
€MOro TOIUIMBA: MIPU CKUTAHUM OMOMACCHI HE YBEJIMUYMBAETCs o0IIee
konuyecTBo CO, B arMocdepe. DTOT GakT 0OBIACHIAETCS TEM, YTO IIPU
C)KUTAaHUU OMOMACCHI BBIIEISIETCS POBHO TAKOE YK€ KOJIMYECTBO YIIe-
poza, Kakoe pacTeHHs MOMIOTWIM M3 arMoc(epbl U mpeoOpa3oBaiu
B KHUCJIOPOJ U opraHudeckue coeaunenus. [loatomy o6muii 6ananc
JMOKCH/Ia yIviepoa B aTMoc(epe He HapyIlaeTcsl.

B HacTosiiee BpeMs B CBS3M CO BCE HApacCTAIOIIUM HCIIOJb-
30BaHMEM HCKOIAEMOI0 TOIUIMBA KOHILIEHTPALUS YIJIEKUCIIOTo rasa
B arMoc(epe pacTeT B Yrpokarolleld MpOTrpecCUr. TaK, €XErogHoe
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norpebiienue 6eH3nHa Tobko B CILIA Ha ceroqHsImHui 1eHb TOCTUT -
70 7,3 man. G6aponei, uro coorBerctyet /,2-10° 1, vnu 0,7-10° Kt unu
700000 moun B nenb. Takoe noTpebieHre OEH3MHA PUBOIUT K BBI-
6pocy 61000 monn TuoKCcUAA yriepoa B IeHb UK 22 MIH. MOHH 6 200.

E>xeronHoe norpebieHne aBTOTpaHCIIOPTOM OEH3MHA YKBHBA-
JIEHTHO SHEPruy, NOJIy4yarollecs MpU CKUTaHUU 35 MIIH. KPYIHBIX
nepeBbeB. M Bce 3TO OTHOCUTCS TOJBKO K MCIOJIb30BAaHUIO OCH3MHA.
Ecnu paccmarpuBarh MCIOJIB30BaHUE B SHEPIETUKE BCEX MPOAYKTOB
HE(QTSIHON MPOMBIIUIEHHOCTH, TO 3TH LMU(PBI BHIPACTYT B 3-4 pasa.
IIpu 3TOM MBI YUHUTBHIBAJIN BBIOPOCHI, CBA3aHHBIE C MCIIOJIb30BAaHUEM
npupoaHoro rasza u ym (tak B CLLHA 56 % snexTposHepruu Boipada-
TBHIBAETCSI HAa YTOJbHBIX AEKTPOCTaHIUAX). TakuM 00pa3om, UCIIOIb-
30BaHUE HCKOMAEMbIX OPIaHUYECKUX TOIUIMB NPUBOIUT K CHIIBHEH-
LIeMY 3arpsi3HEHHI0 aTMOC(hepbl BHIOpOCaMU AMOKCHJIA YITIEPOAA.

OnHO U3 BaKHBIX MPEUMYILECTB TOIIMBA U3 OMOMACCHI — HU3-
KO€ COJep’KaHHE B HEM CEpbl, YTO CMArYaeT MpoOiIeMy KHUCIOTHBIX
OCaJIKOB.

E1e onHO BaxkHel1Iee IPEUMyIIECTBO OMOMACChI 3aKII0YAET-
csl B!

- pacpOCTPaHEHHOCTH,
- IOCTYIIHOCTH,
- BCECE30HHOCTH.

buomacca kak MICTOUHUK SHEPTUU UIPAET CYLECTBEHHYIO POJIb
B MHUPOBOM 3HEPreTHYeCcKOM OalslaHce.

Ceronns BkJax OMOMacchl B MUPOBOM 3HepreTudeckuii Oa-
JIaHC oreHuBaeTcsA B /2 - 13 %.

E>xeronHo B Mupe obpasyetcst okono 220 mapo. m. GuomMaccel
II0 CyXOMY BEUIECTBY, YTO IO TEILIOOTBOJHOCTH 3KBUBAJIEHTHO 4000
O/c. Ins cpaBHeHUs, o0I1ee KOIUYECTBO MOTPEOICHHs SHEPTUU B
Mupe cocTasisieT okono 430 3/[c.

HauOonpimmii ynenbHbli Bec OnoMacca UMeeT B SHEpreTuye-
cKux OajaHcax pa3BUBaIOLIUXCS cTpaH Adpuku, A3uu u JlaTuHCKON
Amepuku, 1€ A OPUTOTOBIEHHS MUIIM, 000TpeBa U OCBELICHUS
TpaZMLINOHHO UCIIONIB3YIOTCA IpoBa. B nmocnenHue rojpl 3Ha4NTENBHO
YBEJIUYMIACh A0 OMOMACCHl B DHEPTeTHUECKUX OalaHcaxX Pa3BUTHIX
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CTpaH. HpI/I‘lHHLI TAKOT'O YBCIIMYUCHUA KPOKOTCA B IIOCTOAHHOM POCTC
IOCH Ha HMCKOIIaCMbIC TOIIJIMBaA (B MEPBYHO OYCPCb Ha He(bTL u 1"33)
" B CTPEMJICHUHN CTpaH 00€eCIIeYnTh CBOIO OHCPICTUYCCKYIO Oe3ormac-
HOCTbD.

KOMMep‘leCKOC SHEPIETUYCCKOC HCIIOJIb30BAHUC Ouomacchl B
OCHOBHOM OPpHUCHTHUPYCTCA Ha OTXOIbI HeCHOﬁ, /:[epeB006pa6aTLIBa-
omen u LIeJ'IJII-OJ'IOSHO-6YMa)KHOI7I IPOMBIIIJICHHOCTH. B HCKOTOPOM
o0beme HCIIOJIB3YIOTCA CEJIbCKOXO3SMCTBEHHBIE OTXO/Ibl. YBEINUCHHUE
BKJIaga Ouomaccel B HOTpC6J'IeHI/II/I OHCPI'YU B pA3BUTHIX CTPAHAX B %
K O6H.ICMy HOTpe6J'IeHI/IIO SHCPTHHU IIPUBCIACHO B Ta6J'II/II_Ie.

Tabmuua 6.1.
Cmpana 1980 a. 1997 e.
Hanus 0,4 5,9
Anonusa 0,1 1,6
Tepmanusa 0,3 1,3
Hupepnanpb 0 1,1
[ Bemnsa 7,7 17,9
HIseiinapus 0,9 6,0
Benmuko6puranus 0 3,3
CIIA 1,3 3,8

B Poccun nmeeTcst orpoMHBIH OMOHEPTreTUYECKUI TOTeHIIU-
an (Tabmuna 6.2). [Ipexxae Bcero, 3To Jiec, 3aHuMarommii 60% teppu-
TOPHH CTPAHBI U TPOU3BOSAIININ €KETOIHO TIOYTH YETBEPTH MUPOBOTO
npupocrta onomaccsl. OHAKO BKJIAJ OMOMACCHI B TIOTPEOICHUN dYHEP-
run B Poccum BecbMma He3HauuTeNbHBIA. ECiii OpUEHTUPOBATHCS Ha
ounmansueie udpel PockoMcerara, TO BKII] 3TOT COCTABIISIET BCETO
20 man. m. y. m. no nanHbM Ha 2005 roza ob1iee KoJIM4ecTBO OPraHu-
yeckux oTxo0B AIIK cocraBumno 6425,2 man. m. (225 man. m. cyxux
BEIIECTB) ¢ OOIIUM BaJIOBBIM dHEprocoaepx anuem 80,6 man. m. y. m.
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Ta0imua 6.2.

Jpesecuna 800 mnn. m.
CenbCcKOX035CTBEHHbBIE OTXOAbI | 250 MJIH. T.
JlpeBecHbIe OTXO/IbI 70 MJTH. T.
Bo3o6OHOBsIeMbIe pecypchl 60 M/IH. T.
Topda

OTxo0pbl )KMBOTHOTO IPOMUCXOXK- | 10 MJIH. T.
OeHUs

TBepmbie OBITOBBIE OTXOBI 60 M7H. T.
(TBO)

Ocagky CTOYHBIX BOT, 10 mH. T.

6.4. TexH0JI0TMH UCIIOIb30BAHNUS YJHEPTHH OMOMACCHI.

MHorouuciieHHble TEXHOJIOTUH UCTIONIb30BaHUs SHEPIUU OHO-
Macchl MOJPA3JENAIOTCS Ha TPU KaTeTOPHHU:
- IPSIMOE CXKUTAHUE;
- (pM3HKO-XMMHYECKUE TEXHOJIOTUU NIepepadoTKU B Oosiee SHeproHa-
CBIIIICHHBIE BEIIECTBA;
- OMOTEXHOIOTUHU MepepaboTKU OnoMacchl OIM3KHE K TPUPOAHBIM.

6.4.1. Ilpsimoe cxxuranme.

OT1o Haumbosee APEBHUM Mpolecc BbICBOOOKICHUS SHEPTHH
O61oMacchl, M3BECTHBIN € TEX He3alaMsITHBIM BpeMEH, KOIza B KOCTpe
MELIEPHOTO YE€JIOBEKa cropajia JpeBecuHa. [ mpoMBIIUIEHHO clla-
O0pPa3BUTHIX CTPaH /10 HACTOALIETO BPEMEHH BEJIMKA POJIb OMOMACCHI
KaK OCHOBHOI'O BHJa TOIIMBA. Tak, B TOIJIMBHO — DHEPIEeTUYECKOM
6anance Hukaparya (LlenTpanbsHas Amepuka) mo coctostuuio Ha 1981
I. IpeBeCUHa, JPEBECHBIN yrojib (Kak ee MPOU3BOIHOE) U )KOM caxap-
HOTO TPOCTHHMKa — Oaracca COCTaB/IsUIM 56% BCErO TOIUIMBHOTO pe-
cypca. B 1980 r. apoBa cocTaBsiiu 4/5 06bemMa 3aroTOBOK APEBECUHBI
TaKUX PETMOHOB KakK:

- JlJarnnckas Amepuka - 80%;
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- Adppuxka — 88,4%;
- Oxnas u FOro-Bocrounas Aszus — 90%.

Otu uudpel 03HAYAIOT, YTO B OHOM TObKO JlarnHckoit Ame-
pUKE eKETOTHO BhIpyOasHch Jeca Ha IPoBa Ha IO 0onee 3 MiH.
2a. Kak ycoBepIlieHCTBOBaHUE MPSIMOTO CKUTAHUS OMOMAacchl (JIPOB)
paspaboTaH MeTo/ Ta3u(UKAIIUH IPOB.

6.4.2. I'n3nukanusa 6umoMaccsl.

HexBarka »xwuakoro tonnusa Bo BpeMs BTopoil MUpOBOH BO-
WHBI TIpUBETa K HEOOXOAMMOCTH MOMCKA HOBBIX BUJIOB TOIUIMBA. JTH
WCKaHUs MPUBENIN B pa3paboTKe mporecca ra3uukaiuy JpeBeCHHBI.
[TomydeHHBIN Ta3 UCMONB30BAICS B aBTOMOOWJIBHBIX U TPAKTOPHBIX
JIBUTATEIAX.

B nporiecce razudukaiuu TBEp10€ TOIUITUBO pas3aaraercs ¢ mo-
SBIIEHUEM 00Jlee SHEPrOeMKHUX ra3000pa3HbIX MPoayKToB. [Ipu sTom
HCIOJIB3YETCS TEIIO OT CKUTAHMS YaCTU UCXOAHOTO TOIUIMBA.

B coBpeMeHHBIX Ta3u(pUKaTOPHBIX YCTAHOBKAX HA BBIXOJIE TMO-
JIy4aeTcsl CHUHTE3 — Ta3, SBIIAIOLIUNICSI CMECBhIO BOAOPOAA, YrapHOTO
raza (OKCHUJ yIiieposa), TMOKCH A YIJIepo/ia, a30Ta U €r0 COSIUHEHUH.

CuHTe3 — ra3 MOXKHO HalpsIMyIO MCHOJIb30BaTh B JIBUTATENSIX
BHYTpEHHero cropanus. ['azudukanus sBisercss Hanboiaee MPoCThIM
CIIOCOOOM HCIIOJIb30BAaHUS IPEBECHUHBI B KAYECTBE TOILIMBA ISl JIBU-
rareinei.

B coBpemenHbIX razudukaropax moixydaemble TPOAYKTHI CO-
nepxkar 10 85% sHeprum cropaHusi HICXOAHOTO IpoAykTa. bombias
YacTb 3TOM SHEPrUU — ITO XMMHUUYECKAS IHEPIUS IOIYUMBIIUXCS Be-
LIECTB, a JApyras 4acTb — 3TO TEIUIOBasl YHEPIrUsl BBIXOIALIAS U3 ra-
3udukaropa raza. Ecnu momyduBIIMICS CHHTE3 — Ta3 OXJIaKIaeTCs
710 HOpPMaJIbHOM TeMIIeparypbl, TO OH COAEPKUT TOJBKO OKOJIO 65%
HWCXOJHOM DHEPIUU CrOpaHusl TOILINBA.

Haubonee coBepiieHHbIe TEXHONOTHH razudukanmuu pazpabdo-
TaHbl B bpasunuu, rae mu3-3a HemocTaTka HE(TH MIUPOKO MPUMEHS-
I0TCS aJbTepPHATUBHBIE BUBI TOIUIMBA (3TaHOma). Jms rasudukanun
TaM HCIHOJb3YETCS JIPEBECHMHA HBKAJIUIITOBOIO JI€peBa, PaCTYIIETO

97



OYEHb OBICTPO Jja’ke Ha OEIHON U CyXOil 3emIie.

B CHIA muist oTHX 1esel npennojaaracTcst UCIob30BaTh pas-
HOOOpa3Hble TMOPU/IBI UBOBBIX KYyCTAPHHUKOB, PACTYIIHUX CO CKOPO-
CTBIO 3 M. B TOM (40 cm. B MecsI).

6.4.3. Pu3nKo-xMMHYECKHE TEXHOJIOTHH NepepadoTKu OMoMacchl.

B OCHOBHOM 3TH TEXHOJIOTMM CBOJSATCS K YETBIPEM CIIEAYIO-
[IHAM:
- IUPOJINZY;
- THAPUPOBAHUIO;
- TUJPOIU3Y;
- KCTPAKIIUH )KUPOB.

OO6mue cBeneHus: 00 ITUX Mpolieccax MPUBEICHBI B TaOIHIIe
6.3.
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Tabnuna 6.3.

Texnonoeuss | Qusuxo-xumu- | IIpodykmoi Ha3snauenue
ueckoe codep- | nepepabomxu npooyxKmos
Hanue 6uomaccol
[Tnponuns HecTpyknusA Ia3, cmora, Ynorpebnsior-
IIpY CYXOil TBEPAbIN OCTa- | CA KaK TOIIMBA
IIEPETOHKE TOK
Inppuposanne | DecTpykuus, a3, xxugkuin CrIpbe, aHano-
IpeBpalleHNe |TUAPOreHN3ar |IUYHOe He(Ts-
HeTpeieIbHbIX HOMY
YI/IEBOJOPOJOB
B TIpefle/IbHbIe
Inpponus ITpeBpamenne | Monocaxapu- |Ilomseprarorca
nojucaxapu- | bl aspobHOMY
IOB B MOHOCA- cOpaKMBaHUIO
Xapujbl B TOIIVIBHBIN
3TaHOJI
OKCTpaKI U V3Bneuenue [TpupopnbIe Henocpen-
KIPOB KIPOB JKMPBI CTBEHHO W/
II0CTIE TIepe-
paboTku mc-
IIO/Ib3YETCA
KaK XIJIKO€
TOIUIVBO

ITuponus. B maboparopun I. Iepep n K.Ournep eme B 1888 .
TIOZIBEPI/IN IVPONIN3Y phIONIT (CEeNbAsAHOI) >XKMp mpu TepMobapude-
ckux ycnoBusax npouecca 400°C u 1 MIla. B pesynbrate Obl1a mMomy-
yeHa CMeCh >KMJKUX yITIEBOIOPOAOB OT IIeHTaHa I0 HOHAHa C IJIOT-
Hocteio 810,5 k2/m> u BeIXOHMOM 61 00. %. Ileperonka cmecu pana
CMa30YHbIe Mac/Ia U TBEPAbII MapadyH, aHAIOTMYHbIE HEPTAHBIM.

Cyxas 6uomacca, Iof00HO JPYTUM TBEP/bIM TOPIOYNM I1071e3-
HBIM JMCKOTIaeMbIM (YT/II0, TOp(y U T.1I.), IPM BBICOKOTEMIIEPATYPHOM
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pas3nokeHHUH 00pa3zyeT 4eTblpe OCHOBHBIX HPOIYKTa — ra3, CMOILY,
CMOJIbHYIO BOZy M TBepAbIil ocTaTtok. Hanbonee snepreTnyecku miot-
HBIN BUJ (pUTOMACCHI, IpeBECHHA, 1aeT pu Temneparype 400...800°C
TOPIOYMI IPEBECHBIN a3, CMOJY («OTCTOHHYIO» MaJIOPACTBOPUMYIO U
PacTBOPUMYIO), TIOACMOJIBHYIO BOJY («OKHIKKY») U IPEBECHBIN yTOJIb.
OnHako «OTCTOMHAs» cMoila He siBisieTcst aHasoroM Hedtu. OHa co-
JepKUT Ooratbie peHomaMu Maciia U Moriia Obl ObITh MepepaboTaHa
B JKHJIKO€ TOIUIMBO — CHHUPTHI U YIJIEBOAOPOABI — JHIIb Mocie ode-
cheHOoNnMBaHus, HEOJHOKPATHOW IMEPErOHKU U C HENPOMBIIIICHHO
MaJIbIM BBIXO/IOM. TeXHOJOrMM MUpoiIHu3a OMOMACChl HAINPABJICHBI B
OCHOBHOM Ha IIOJIyYE€HHE PHEPreTUUYECKOIO ra3a B Ia30reHepaTopax.
Kak mpaBuio, B mocieiHuUX Kamepbl NMUPOJIM3a 3arpy’KaroTcs Chl-
pbeM cBepxy. CHM3Y OCYIIECTBISIETCS Mojaya OKHCIUTENS (BO3IYX,
KHCJIOPOZ) CO CKOPOCTBIO, obecrneunBatoeil nepepaborky Ouomac-
cbl B BoccTaHoBuTelbHOU cpene (400...800°C). Ilpu npoayBke BO3-
JYXOM BBIXOSIIMN 3HEPreTUYECKUN Ia3 COCTOMT B OCHOBHOM M3
azora (puc. 6.1, a). DTOT HEroprOYMii KOMIIOHEHT MOHMXKAET TeIIOo-
TBOPHYIO CIIOCOOHOCTH ra3a 110 6,8... 7,2 M/{oc/ m?. Iluponu3 B atmMmoc-
(bepe 4ucToro KUCIopoja ¢ AONOTHUTEIbHBIM BBOJIOM apa MO3BOJISA-
€T MOJY4MTh Ta3z 06e3 OatacTHBIX mpuMeceH, o0nagaroImux cpeaHen
TEIJIOTBOPHON criocoOHOCThIO mopsiaka 11 M/ m? (puc. 16, 0).

I'a3 muponu3za OuoMacchl MOCiIe OYUCTKU OT YACTHIL JIETy4el
cMoubl siBisieTcst TorueoM st JIBC. Bo Bpems BTopoii MupoBoii BO-
HHBI TPYIHOCTU cO CHaOXeHUuEeM He(TeNnpoayKTaMH 3aCTaBUIIM MHO-
r'Me roCyAapcTBa pa3BUBATh Ia30r€HEPATOPHBII TpaHCIOPT. B nanHOM
cilyyae OOJIErYeHHbIH ra3oreHeparop ¢ KaMmepod MHUpojiu3a MOHTH-
poBaJICs Ha LIACCH TPAHCIIOPTHOM eAVHMIBI. B KauecTBe ChIpbs, Kak
IIPaBUJIO, UCIIOJIb30BAJIACH IPEBECUHA.

lasoreHneparopubiil Tpancnopt OpiBuiero CCCP motpe6isn
TaK Ha3bIBaeMYIO Ia304ypKy U3 0epe3oBOil, COCHOBOI WIN €T0BO
ApeBecuHbI ¢ pamepoM 70x70x70 mm. [Ina rpysosuka mapku «3VIC-
121» Tpe6oBanoce Ha 100 km. myT 90 Ke. Ta309ypKM. 3aIyCK ras3o-
reHepaTopa IIWICA OKOJIO Ionydaca. C TOYKM 3peHUs peHTabeNb-
HOCTM) ra30dypKa IJIs1 TPAaKTOPHBIX IeHepaTopoB obxomwack 6omee
4eM BTpOe HOpoke He(TAHOrO Comsipa. 3aMeHa CBIPOIl [PeBeCHHBI
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JPEBECHBIM YITIEM COKpallaja 3TOT pa3psiB B /,54...1,57 pa3za. Ilo-
STOMY B IOCJIEBOCHHBIE I'O/IbI OBLT MPEKPAIIEH U caM BBIITYCK ra3ore-
HUPATOPHOTO TPaHCIOPTA.

CHe2 %

n kucnopo 1 %

]

L

Puc. 6.1. CocraB sHEPreTHUECKOro rasa, MoJxy4eHHOIO Py ITUPOJIN-
3e OMOMacChl IPU MPOIYBKE BO3AYXOM (a) M KUCIOPOIOM IIPU BBOJE
napa (0). Ucxonusie mannbie B. Koznosa (2007 1), 1. ®enrens
u [. Berenepa (1988 1)

B Hacrosiniee Bpems ra3 nuposin3a UCIoJb3yeTcs B ra30MOTOp —
reHeparopax 3iekTpo’Hepruu. Hanpumep, aMmeprukaHckasi yCTaHOBKa
«buomakcy criocoOHa nepepadarbBaTh COPOCHYIO OHOMAcCy: IpeBec-
HBIE OTXOJIbI, MAKYJIaTypy, OTXO/IbI XJIOMYaTOOYMaKHBIX TKAHEH, KOXKHU
Y TIACTHYECKUX Macc. DHepreTudeckuil ra3 (puc. 6.1, a) mocrymnaer
B JIBC, mpuBozasmuii B AeCTBHE 3IEKTpOreHeparop. Temiora, Bbl-
JENSAIOIIAsACS B OKHCIUTENBHOM 30He Tazoreneparopa (800...1200°C),
YTHIU3UPYETCS B TeINI0OOMeHHUKe. B cpennemM mpu nepepabotke 1,5
Ke. OTXOJIOB ApPEBECHUHBI BbIpabaThiBaeTcs | kBm dleKTpudeckod u
7,21 M/]>c TeroBoii sHeprun. 3051a OMoMacchl HAXOAUT MPUMEHEHHE
B CEJILCKOM XO3SIUCTBE KaK ylnoOpeHue.

O BO3MOXKHBIX MacIITabax IKOHOMUU HEBO30OHOBIISIEMBIX pe-
CYpCOB YTIIIEBOAOPOIHOTO ChIPhS 32 CUET UCIIOJIb30BAHUS HYHEPreTUYE-
CKOTO Ta3za u3 OMOMacchl CBUAETEILCTBYIOT MPUMEPHI U3 OIBITA IKC-
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IUTyaTalK ra30reHepaTopOB PA3IUYHBIX KOHCTPYKUUH (Tabi. 6.4).

Tabnuua 6.4.
Crpana | ®upma | Bun Xapakrepuctuka | Komm- | Jlute-
U3roTo- | mepepa- | mpoiiecca nupo- | yectBo | paryp-
BUTENH | OaThI- nu3a coJisipa | HbIM UC-
BacMou BBIXO TEeIrI10- KaK TOYHUK
6uo- | rasac 1 |TBOpHAs | 9KBHBA-
Macchl | a3 6uo- | crtoco6- | JeHT 1
Maccel, | HOCTh | KT. ouo-
M3 rasa, MaccCHhI,
M Tx/ KT
M3
IOAP | «Puno | Hposa, - 5,5 0,28.0,4| B.I
DHep- | conoMma, He-
TOKHD noj- KpacoB
CyILIEH- [1991
HBII L]
HaBO3
Opan- | «llle- Hpe- 187,5 |[5,0..7,0( 0,33 AMN.
uus BENIb» | BecHHa Tumen-
(mena c ko[1987
BIIAXK- L.
HOCTBIO
20%)

Kak BUIHO, MONy4eHHBIN MpHU mepepadoTke / m. cOpOCHOM
O6uromacchl 00beM PHEPrETUYECKOTO T'a3a SKBUBAJICHTEH 0 BEIIMYUHE
TeTI0TBOpHOM criocoOHocTH 300...400 ke. HEPTAHOTO TOIUIMBA.

WHo¥i myTe monydeHus OWOTOIIMBA W3 IMUPOJIM3HOTO Tas3a
npemarator J. @enren u I. Berenep. Crauana ras (puc. 6.1, 0) cie-
JyeT OYUCTHUTH OT MpPHUMECEH, IPEBPATUB B CuHmMe3 — 2d3, CONepikKa-
Uit Tonpko okeua yrepoza (II) m Bogopon B cootHomenun 1:2.
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[lanee u3 cuHTe3 — rasa npy TepMobapuueckux ycnoBusax 450°C n 20
MIla mpou3BOJUTCA NIPUTOAHDIN HAa TOIUIMBO METAHOI:

CO+2H, - CH,0OH;

KaranmsaTopoM peakijuy CIy>kKUT OKCUJ IIMHKA, aKTVBU3M-
POBAHHBII MeJIbIO ¥ OKCY/IOM a/TIOMVHIIA.

Tudpuposanue. [lanHOe HanIpaBJIeHe IIePepabOTKY O1OMACCHI
COBMeIjaeT TepMIYecKoe JpoOIeH1e KPYIHBIX MOJIEKY/I €CTeCTBEeH-
HBIX [TOIMIMepOB (HaIpuMep, paCTUTEIbHOTO INTHIHA

C9H8.0902 [H20]o.37 [OCHS ]0.96 )
Ha Oosiee MeJKHe C MOCIeAYIOIINM THAPUPOBAHUEM MOTy4aeMbIX He-
HpeNeNbHBIX YIIEBOLOPOIOB, CEPO- M KUCIOPOAOCOICPIKAIIUX CO-
CIMHCHUH, T.€. 0 XMMHU3MY COOTBETCTBYET IIMPOKO MPHMECHIECMOMY
IJIsL IepepadoOTKU HE(TAHOTO CHIPhS TMAPOKPEKUHTy. Tak, mpu ru-
JAPUPOBAHUM CIIEpMalleTa — BOCKOIOAOOHOTO BEIIECTBA, COAEpPXKa-
IIErocsi B Yeperne KallajloTa, IMOIy4aeTcsl yIIEeBOAOPOA AJIKAHOBOTO

TOMOJIOTHYECKOTIO psijia reKcajiekan (uenar) , 77, - Hmwke OymyT
paccmMarpuBaTbCsl HEKOTOPbIE TEXHOJIOTMUYECKHME aCIEKTHI IIpolecca
THJIPUPOBAHUS OJJHOTO BUAA (PUTOMACCHI — BBIIICYTIOMSHYTOTO pac-
TUTEJILHOTO JIMTHUHA.

CoBMECTHO C IIEJUTIONO30M JIMTHUH 00pa3yeT ApEBECHYIO
TKaHb BbICIIMX pacTeHuid. CopeprkaHue JIUTHUHA B IPEBECHOIN Macce
BapbUpyeT ot /7,6 mac. % nns ocunsl 10 37,7 mac. % 'y appukaHcKo-
ro KkapanjaauiHoro aepesa. Ha puc. 6.2 npencraBieHbl XapaKTepUCTH-
KM COCTaBa Pa3/InYHbIX CEIbCKOX03HCTBEHHBIX OTXO/0B.

B omnnuue oT 1estono3HbIX ¥ FEMULIEIUTIONIO3HBIX KOMIIOHEH-
TOB (PUTOMACCHI JIUTHUH HE TOJBEPraeTcs ruApoian3y (CM. HUXKE) U
MPAKTUYECKH LIETUKOM UeT Ha coop. I1o cocrosauto Ha 1978 2. smon-
ckue crermanuctel S. Kobasmm u P. Maiyo onieHnBamu cOpOCHYIO
Maccy MIEJIOYHOTO JIMTHUHA B MUPOBOH IEIUTIOI03HO-0yMaKHON TIPO-
MBIIIJIEHHOCTU paBHOM 70 man. m.
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Puc. 6.2. CocTaB 110 Macce MOJCOTHEYHO Ty3ru (@), KYKYPY3HBIX KO-
4yepbDKeK (0) ¥ IPOCSAHOIL y3TH (B). MICXO[[HBIE TaHHBIE
H.J. JTazapenxko u gp. (1968 r.).

[upnpupoBaHue NUTHMHA B BOJHOJN/ILEIOYHON Cpefax Ipu
masnenun 30 MIla n Ha HUKeIEBOM KaTa/lIu3aTope IMO3BOJIAET IOJY-
YNUTD TOIUIMBHBIN METAHOJI, HEKOTOPBIE BBICIIIE CIIMPTHI (IIPOIVIIIN-
KJIOTeKCAHOJI 1 TIP.) ¥ BBICOKOKMIIAIIYIE CMOJIBI (TabI. 6.5).

Tabnuna 6.5.
ITpupopga nur- | CooTHOLIEHNE TPOJYKTOB IMIPUPOBaHM, Mac. %
HiHa METaHOJI BBICIIE CITAP- CMOJIBI
TBI
OcuHOBBIN 26,5 38,2 22,0
benoit enn 15,0 21,0 52,0

Vicionb3oBaHMe TUAPOKPEKMHIA IpeBpalllaeT JUTHIHOBbIE
CMOJIBI B CMeCh KUIKUX YITIEBOLOPOMOB, IPEUMYIIeCTBEHHO apEHOB.
XapakTepHbIIl IpUMep — TUJPOKPEKNHT B TEPMOOAPIYECKIX YCTIOBU-
ax 490°C u 4,5 MIla ¢ppaxiyy cMOJIBI IMPO/IN3a TUTHIHA, BBIKUIIA0-
et npu Temneparype <370°C. B pesynprare obpasyercs ppakuus ¢
IJIOTHOCTBIO 951 k2/m’ U1 97IeMEeHTapPHBIM COCTABOM
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2020 10 1 SO 91,86
110010 010 )1 OO 8,1

[Tpu Temneparype <280°C BbIKuIaeT nopsgka 42 06. % noiny-
yeHHOro npopaykra. [Tocmequnii 6omee yem Ha 4/5 cBoero o6bema co-
CTOWT M3 apeHOB, IJTABHBIM 00pa3oM Tomryona (~20%). OcTaToK Ipen-
CTaBJIeH a/JIKaHaMM U LMKIoankaHaMmu. Kak BUJHO, TMAPOKPEKVHT
JIMTHUHOBOJI CMOJIBI IMPOJIN3a C a/TFOMOKOOATbTOMONOIEHOBBIM Ka-
Ta/IM3aTOPOM JlaeT Ha BBIXOJE IIOJTHOIIEHHOEe 6eCCepHIUCTOoe >KMUAKOe
tonnuso mns IIBC.

[uppupoBaHue NTUIHUHA B HEBOLHON Cpefie IIPUBOANUT K He-
Mefl/IeHHOMY 00pa3oBaHuio HepTenogooHbIx Macen. OHM COCTOSAT B
OCHOBHOM U3 apEeHOB I IIVIK/IOATIKAHOB. B yacTHOCTH, B cpesie ¢heHONMA
npu temieparypax 400...500°C u xatann3atopom — CynbGHUIOM MO-
nbaeHa 0Koyo 54 06. % MICXOJHOTO ChIPbsI IIpeoOpasyeTcsi B Maco ¢
Temneparypoit kunerusa 300°C.

Ko Bpemenu omy6mukoanus pab6or B.M. Huknruna mpo-
MBIIIJICHHOE IPOM3BOACTBO XUJKUX MOTOPHBIX TOIUIMB TUAPUPO-
BaHMEM JIMTHNHA ObUIO HepeHTaOelbHBbIM. Telepb ke IONOXKeHUe
MI3MEHMJIOCh KaK 13-3a B3[[OpPOXKaHuUsA HeTH, TaK ¥ HEOOXOAUMOCTI
nepepaboTKy 60IBIINX 06beMOB COPOCHOTO TUTHMHA.

JlpeBecuHa, COCTaBHON YacTbl KOTOPOJ ABJIAETCA JUTHUH,
TU/IPUPYETCS aHA/JIOTMYHBIM obOpasoM. IIpu sToM Xujkue yrieBo-
JOpOZbI MPOAYLUPYIOT INIIb JIUTHYH, IIPOYJie KOMIIOHEHTHI JiepeBa
npeoOpasyoTcs B yIIeBOZOpOAHbIl ra3. Havamo momo6HbIX paboT
oTHOCUTCA K 1930 2. Torma u3BecTHasA repmMaHcKasa kopnopanus «VI
Dapb6eHNHYCTPY» OCBOWIA TEXHOIOTUIO TUAPUPOBAHNUA IPEBECHHEI
eBporeiickoit enu (Picea abies) B cmecu aTaHoNa 1 6ensona npu 280°C
n ~1,6 MIla. xaTanmu3aTOpOM IIpOLiecca BbICTyIIAI HUKeNb. [IpeBecHas
Macca IpeBpalanach B IeK, COCTOALINI Ha 3/5 1o 06 beMy U3 BA3KOI
cMonbl. [lasee cMo/a ¢ MOMOMLIBIO TYAPOKPEKMHTA VM TUAPOOUNCTKI
IpeoOpa3oBBIBA/IACH B IIOJTHOLIEHHBIN OeH3VH. VI3[ep>KKu ero mpons-
BOJICTBA COCTAaB/IA/IN JUIIb 72 % 3aTpaT Ha IIOJy4YEeHME U3 ITOM XKe
IpeBeCHHbI TOIUIMBHOTO 3TaHO/MA crocobom rupponusa. [mmpupo-
BaHIE JPEBECHOI CMOJIBI B Cpefie aljeTOHa, IIPOBOoJsAIeecs B Ooree
XKecTKUX — 250...340°C n 25 MIla - ycnoBUsAX, IEPEBOAUT B BHICOKO-
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copTHbIe HedTeno00HbIe Macta 98 % Macchl ICXOTHOTO ChIpbsA. Ecm
K€ B Ka4eCTBe XKUJKOCTU — HOCUTENA IPUHMMAETCS JUOKCaH, a KaTa-
NIM3aTOPOM CITY>KUT XPOMUT MEZIM, TO peBecuHa K/IeHa Ipeobpasyer-
Csl B METaHOJL.

Tuoponus. IlpupogHble mONUCAXapuUAbl, Kak IEJUII0I03a

(CsH,,O5)n crIOCOOHBI pas3naraTbCs BOAOM MPHU MOBHIIIEHHON TEM-
neparype (150...160°C) u B IPUCYTCBUY CEPHOII KUCOTHI IO MOHO-
Caxapu/oB:

(C,H,,O0,)n+nH,O —> C.,H,,O,

TJTFOKO3a
3areM Noay4YeHHbIE MOHOCAXapHU bl TIOABEPratoTCs CIUPTHOMY
OpOXKEeHHIO, TIPEOOPA3OBBIBASICH B ATAHOI

C.H,,0, — 2C,H,OH + 2CO,

OTaHOJI

B yacTHOCTH, CyXMe IpeBecHbIe OTXOAbI cofiepXKaT 55...65mac.
% MoHOcaxapuzioB (meHTo3 u rekcos). [Ipouecc mporekaet B 0,3...
0,5%-m pacTBOpe cepHoOIT KucnoTbl. OCHOBHBIE NOMK B OanaHce U3-
Iep>KeK TUAPONMM3HOTO IMPOM3BOAICTBA Ha CTOMMOCTD CaMOII [IpeBecu-
HBI (28...30%) ¥ CTOMMOCTD TEXHOIOTMYeCKOTo napa (32%), KoTopblit
HeoOXOVIM JI/151 TIOiepXKaHVs BBICOKOJI TeMIIepaTypbl cpenbl. Takxke
3HauYNTeNbHBI (>30%) sHepreTUUYeCKye 3aTPaThl Ha IUCTUISIUIO 3Ta-
HOJIa U3 IepeOpoIMBIINX MOHOCaxapuioB. Kak ciencTBime, sHeprosa-
TpaThl Ha mpoussoacTBo 1 m. C;HsOH on us npesecunbi IyTeM I'ii-
npomnusa gocturaloT 84 I/, Torma Kak TemIOTBOPHAs CIIOCOOHOCTD
BIMHHOTO crinpTa coctasyseT 27 I/]xw/m. Heobxomumoe 1yist foCTIOKe-
HVISI peHTa0e/IbHOCTU CIMPTOBOTO TOIIVBA YMEHbIIEHUE SHEPTreTH-
JeCKUX 3aTpaT Ha OCYIIeCTBJIeHe TUAPOIN3A IPEBECHOI (PUTOMACCHI
BO3MOYXHO [P TpuMeHeHnn 6rnoTexHosoruit. OfnHa u3 Hux, paspabo-
tanHasA B CIIIA, mpegycMaTpuBaeT I'MgpoIN3 € IOMOILIBI0 (epMEHTOB
LIe/ITI0NIO3B], CofieprKalleiicsi B copocHoit 6ymare. [Tocnentss Ha 70%
COCTOUT U3 KJIETYATKM, HOPSATKA TIOJOBUHBI KOTOPON JO/DKHA OBITH
IpeBpallieHa B ITIIOKO3Y IIpu TeMIepaType, pasHoit 50°C.
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[TpoMbinieHHOE 0CBOEHNE POTOKATATUTUIECKOTO TU/POIIN-
3a 6110MacChl IMeeT IIVPOKIIe NePCIIeKTIBBI

CH,NH,COOH +2H,0 - 3H, + NH, +2C0,

TTITMOVH aMMIaK

Vcnonp3oBaHye IJIATVHBI, HAHECEHHOJ Ha IOPOLIOK OKCH[a
tutaHa (IV), kak KaranmsaTopa I03BOJIAET IIPY YIbTPadIoIeTOBOM
067y4eHNN pasiaratb BOJOJ aMMHOKMCIOTHI, O€IKY U YKUPBI C BbI-
JieTleHVieM a/IbTePHATUBHBIX 9HEPrOHOCKUTENEN BOLOPOAA, B MEHbIIIel
Mepe aMMIuaKa. JJpyrie IpogyKThl pOTOKATAIUTUYECKOTO TUAPOTIN3a
MeTaHOJT 13 Ouomaccel 6arata (crmajkoro kaproderns), Wi U3 en-
JTIOTIO3BI X/TOMTYATHIKA — TAK)Ke IPENCTAB/IAI0T HTEPEC B 9HEPreTu-
4eCKOM OTHOLIeHNM. IIprMeHeHNe B POy KaTaan3aTopoB IUIATHHN-
POBaHHBIX NOPOIIKOB CyIbduaa kagmus U ¢pochupia ramms fenaeT
BO3MOYXHBIM (DOTOKATAINTUYECKIIT TUAPOIN3 B BUVIMOM CBeTe.

Bomnpocel g1 caMOKOHTPOIA.

1. Kakyto ponb urpaer 6momacca B 9HepreTuke?

2. OxapakTepusyiiTe TeMIIbI IPUPOCTa 6MIOMACCHI Ha CyIle 1 Ha
Mope.

3. ITayiTe MOHATIE COCTaBa OMOMACCHI.

4. [lajiTe cpaBHUTE/IbHYIO XapaKTePUCTUKY MCIIONb30BaHNA O110-
MAacChl ¥ MICKOIIA€MBIX TOIIVB JIJI ITOTyY€HN S9HEPTUIL.

5. Onunmmnre npeumyiecTBa ¥ HELOCTATKU MPAMOTO CKUTaHUA
Omomacchl.

6. Onuinre TeXHONOTMIO ra3udukanyy 6MOMacchl.

7 [lajiTe XapaKTepUCTUKY MMPONN3y 6YIOMACCHI.

8. [lajiTe XapaKTepUCTUKY I'MAPYPOBAHMIO OMOMACCHI.

9 [lajiTe XapaKTepUCTUKY I'MAPOIN3Y OMOMACCHI.
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I'maBa 7. DHepreTmyeckue 6M1OTEXHOIOT MM
7.1. IIpou3BOACTBO 3TAaHOIIA.

CrpaHbl, uMelonye 6oblINe TePPUTOPUN Y HeOObIINe 3a-
nacel He(TY, MOTYT MCIIONIb30BATh 3TAHON /I BOCIIOMHEHUA HeM0-
cTaTKa HepTAHOTO TomBa. KpoMe TOro, 4To aTaHONM 06/Ma/jaeT BbI-
COKVIMM aHTHUJIeTOHAI[MOHHBIMM cBoVicTBamMi. OH sABIAeTcsa 6oree
3¢ eKTUBHBIM TOIIMBOM, YeM OeHsuH (11:1 mpotus 9:1 s GeHsu-
Ha). DTO YaCTUYHO KOMIIEHCUPYET MEHBINYI0 0OBEMHYIO IJIOTHOCTD
SHEPTUY STAHOJIA.

OTaHONT MOXeT OBITb HONy4YeH U3 psAfa NPOAYKTOB PacTu-
TEJIbHOTO IPOMCXOXJIGHMA: caxapa, KpaxMaaa ¥ IIe/UIonosbl. s
IIOJTy4eHVsI 9TAaHO/IA Y3 OCHOBHOTO IIPOAYKTa peakuyu (Hampumep,
caxaposbl) TpeOyeTcs 3aTpaTUTh HEKOTOPOe KOMNYECTBO SHEPIMM Ha
Ipollecc AUCTWUIALMN. B 9T0it cBA3Y 60/IbIIOE IIPEVMYIIECTBO MMe-
eT CaxapHbIl TPOCTHMK, T.K. OH SAB/IAETCA MCTOYHMKOM KaK caxapa
(COK TPOCTHMKA) TaK U TOIUIMBA 13 H6eracchl (cTeOm Iocie OTXKIMa).

B Hacrosuee Bpemsa B bpasunuu ¢ 1 2a 3eMu B TOJL TIO/Ty4aIOT
[o 75 m. caxapHoOro TpocTHuKa. [loctaBnsiemplit Ha pabpukm, mop-
TOTOBJICHHBII K IlepepaboTKe TPOCTHUK — 0Ope3aHHbIN 1 IOACYIIEH-
HBIJ — COCTaBACT /7% Macchl CbIPOro TpocTHMKA. CpefiHAA yporKaii-
HOCTb IIOAITOTOBJIEHHOTO TaK/MM 00pa3oM TPOCTHIKA OKa3bIBaeTCs Ha
ypoBHe 58 m/ea B ropi. C KaX/[0if TOHHBI 00pabOTaHHOT'O TPOCTHUKA
MOYXHO TTONY4nTb 740 Ke. coka (135 ke. caxapossl u 605 ke. BOEbI) U
260 ke. ceporo >xMbIxa — 6araccs! (130 ke. BBICYIIEHHOTO0 >kMbIxa). [To-
CKOJIbKY Y/le/IbHasl TEIJIOTa CropaHusA caxaposbl 16,5 M/[x/xe, a Te-
IIOTa CropaHus >xmbixa 19,2 M/xc/ke, To B pe3ynbpTare U3 1 m. TpPOCT-
HIJKA MOYKHO IONYYNUTDb 4,7 I/[ TeII0BOV S3HEPTUH, U3 KOTOPOW 2,2
T[] oTHOCUTCA K caxapose, a 2,5 I/ — K )KMBIXY.

CaxapHblif TPOCTHUK, COOpaHHBI C 1 2a 3eM/IU B TOJ], MOXET
natb 0,27 T][# temnoBoit sHepruu. 1o coorBercTyer 0,86 Bm/m’
wia"HTanuu. IIpu cpemHeM moToke conHedHON papguanuu 225 Bm/
m? abdexTnBHOCTD HOTOCHMHTE3A CAXaPHOTO TPOCTHMKA COCTABIISA-
eT 0,38%. 135 Ke. caxapo3bl, IOJIy4€HHOI U3 I 1. TPOCTHMUKA, MOXKHO
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npeobpasoBarb B 70 7. 9TaHOJA C YeNbHON Hepruei cropanus 1,7
I'TTn. Teopetndeckas 3¢pPeKTMBHOCTD IMpeoOpa3oBaHMs Caxapo3bl B
aTaHON 97% (mpakTideckas 3pPeKTUBHOCTD — 76%).

Takum 06pasoM ¢ 1 2a caxapHOTO TPOCTHIKA MOYKHO ITOTTY4UTh
4060 n. sTanona B rof. IIpy 3TOM He YYUTHIBAIOTCA 3aTPaThl SHEPTUA
Ha 00X, cOOp, TPAHCIIOPTUPOBKY U T.J. HETPYAHO ITOCYUTATD, YTO
COJIHeYHas 9Heprus mpeobpasyeTcs B 9HEPIUI0 9TaHONA € 9P PeKTnB-
HOCTBIO 0KO7I0 0,13%. ITO TOpas/io MeHbllle, YeM ITPY UCTIONb30BaHUNI
(b OTO3NIEKTPUYECKUX MOJY/IeN I IpeoOpa3oBaHys COTHEYHOTO 13-
nydeHns. TeM He MeHee IPOM3BOACTBO 3TaHOJIA U UCIIONIb30BaHNE €TO
B Ka4yeCTBe TOIUIMBA ABJIAITCSA S9KOHOMIYECKN IPUBJIeKaTeIbHBIMIL.

M3 130 ke. cyXOro >KMbIXa, IIOIy4eHHOTO U3 I m. TPOCTHMKA,
52 Ke. HeOOXOOMMO Ha NUCTWUIALMIO 3TAHO/IA, 2 OCTAJILHON >KMBIX
MOXXeT VICIIOTTb30BAThCA JIA pas3/MYHBIX IPOMBIIIZIEHHBIX HYKH. Tak
€ro LIe/I/TI0/I03Y MOYKHO JICIIONIb30BATh B KaUueCTBE MCXONHOTO MaTepu-
aJIa I IpOM3BOACTBA OyMaru. VI3 reMuIie/IrIossl IIOCIe TUAPOTII-
3a MOYXHO HOJTyYUTD IATUYIIEPOIHbIE caxapa (IIeHTO3BI) 13 KOTOPBIX
B JIa/IbHeTIIIeM MOXeT ObITb monydeH Gpypdypon (Tommso s ro-
HOYHBIX OO/INIOB).

Camblil 60JIBIIOI 3TAHONMOBBIN 3aBOJ, B bpaswmuu nmpousso-
IUT 1,2 MAH. 71. TAHONA B JIeHb, YTO ABJIAETCSA SHEPreTMYeCKIM 3KBU-
BasieHTOM 5000 6appereit HepTH. ITOT 3aBOJ, epepabaTbIBaeT caxap-
HBIl TPOCTHUIK, PaCcTYLIVIT Ha IUIAaHTALMAX o61elt romasio 110000
2a. KpoMe sTaHoMa 3aBOfi IPOM3BOAUT eXKeJHEBHO 8600 m. Lie/I00-
3bl, 5200 m. reMu1e/I0103bI, 1900 m. MUTHUHA U PYTUX IPOAYKTOB
nepepaboTKM TPOCTHUKA.

[TpombliIZIeHHOE IPOM3BOACTBO 3TaHO/NA HAYMHAETCA C OT-
KUMa coka u otmenenust Oaraccel (Puc. 7.1). 910 ocymecTBiser-
cs1 MO0 MeXaHWYeCKMM OTXKMMOM, mnbo skcTpakiyeir Bopoit. Cok,
pa3baBIeHHBII BOZIOJI B HeoOXomMMOM s depMeTanyy MIpoIop-
1Y, TIOMeIaeTCsl B LMCTePHBI, Ky[ja BBOAUTCA KY/NIbTypa ApOXOKeN
Saccharomyces cerevisae. JKupkocTpb noaep>xuBaeTcs Ipy TeMIepa-
type 37°C, u Bckope HaunHaeTcs BijenieHue CO,. [Iponecc npogorn-
XaeTcsA OKoJo 36 4., B pe3y/nbTaTe 00pasyeTcs CupToBas 6paxxka, co-
mepxKaias okosno 10% cnmpTa, KOTopas IepeMeliaeTCs B AUCTUIATOP.
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O6pasyomuiicsi OHOBpeMEeHHO AMOKCUJ YITIepOofia coOupaeTcs U B
BIJIe C)KAQTOTO ra3a IIOCTAB/IAETCS Ha MPOJAXY.

TWapaTMpOBaHHE!
31aHon (95,6 %)
70 1 moskHO
Cok (740 kr) MCnonb3osars
135 Kr caxaposbl © B KauecTse TON/MBa
10% caxapa 2

CaxapHbli (npn HeoGxoAUMOCTH
TPOCTHUK [nobasnsetca Boda)
1T
OTHIM Ouctunnsumsa, e PekTUdUKansa,
BaKyyMHasA

[iaBeHrem 23e0TPOMHbIN

AGCAOIOTHBIIA 3TaHON
MOKHO 106aBNATD
K GeH3uHy

i LPONKIKAMU npouecc npu vcTunasums wn
—> Saccharomyceces atmochepHom 3KCTDAKUUA

IKCTPAKUUZ ; )
som0i Mttt sl (Geronom
P Bpakka nu HASP)

10% cnupTa

baracca Tennosas Bapaa

260 kr 3Heprua (6%-Har KOHLeHTpaLMA)
14 M/n 12,5 nHa 1 n31aHona
3TaHoNa

52 kr

Cywka CiRuraHve
78K

Llennionosa,
TeMULEAII0/I03a,
JMTHUH

Puc. 7.1. [ImarpaMMa IIOTOKOB BeL€CTBA NP ITOIyYEHUM 3TAHOJA
(Ha mpuMepe MpousBoACTBa B bpasnum)

CoBpeMeHHBIT OpasmMIbCKMIT STAaHOIBHBIN 3aBOJ TpPaTuT 14
M/I» TennoBOi 3HEPIUM ANA AUCTWUIALMK 1 7. 3TaHONA. DTO CO-
CTaB/IAeT 57% 9Hepruy, KOTOpas 3aTeM MOXKeT OBbITh HOTydeHa U3 I
71. 3TaHona. [ToaTomy c 11e1b10 SKOHOMUY SHEPTUY NP JUCTVIIIALNAN
VICTIOJIb3YETCA TEIJIO OT CKUTaHMsA YaCTy KMbIXa.

[Tpy pucTUNIALMY TOTyYaloT ABa MPOJAYKTa: KOHIIEHTPUPO-
BaHHBI 9TAHOJ U 6apAy, KOTOpast CONEP>KUT IMUTATe/IbHbIE BEI[eCTBa,
KOTOpbI€ CaXapHbIii TPOCTHMK B IIPOIECCE POCTA BBIHEC MX IIOYBBI
O6pasoBaHue Gapapl Ha 3aBOjie CO3JaeT NMPOOIEMBI 110 ee YTUIN3a-
. Ha xaxppii mutp cnimpta obpasyetcs 12,5 7. 6apasl, KOTOpast
IpefCcTaB/IsAeT cO00I TOKCUYHBIN 3aTpA3HUTENb U He MOXKeT COpachI-
BaTbCsA B KaHa/mM3aluio. Pa3paboTaHo HECKOIBKO CIIOCOOOB yTIIN3a-
v 6apabl. Cpeny HUX MCIIONIb30BaHME ee KaK yIoOpeHus, 4To Tpe-
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OyeT pasMelljeH!A 3aBOJOB II0 IIPOM3BOJICTBY 3TAHO/A BOMM3M IIaH-
TalMM CaXapHOTO TPOCTHMKA, MOCKO/IbKY 6apfy ¢ HMU3KOJ KOHIIeH-
Tpauyeyl IO/Me3HbIX BellecTB (00 6%) SKOHOMMUYECKVM He BBITOJHO
TPAaHCIIOPTUPOBATD Ha 3HAYNMTEIbHbIE PACCTOSHIAL.

MBI 0BONIBHO HOAPOOHO paccMOTpenyu OpasvIbCKUI OIBIT
IIPOM3BOACTBA a/IbTEPHATMBHOTO TOIUIVBA (3TAaHO/IA) J/IA TOTO YTOOLI
IIPOJIEMOHCTIPOBATDh KOHLIETIIINIO CO3IaHVA 9HEPIeTMYeCKOr0 TEXHO-
JIOTMYECKOTO TIpoliecca, Kak IMPOIO/DKeHNe eCTeCTBEHHOTO TIpoliecca
IPUPOJBI ITO BBIPALVIBAHMIO U YTU/IM3ALUY CAXapHOTO TPOCTHMKA. B
utore ataHon a¢dekTnBHee 6eH3MHA. bpasuansa npousBoguT ero B
TaKOM KOJIYECTBE, YTO MOXKET SKCIIOPTUPOBATb.

Takum o6pasom, ecmu B CTpaHe CKIAJbIBACTCA KPUTUIECKas
3HepreTryYecKas CUTyalus - HeT HeTH, TO CTpaHa UIIeT APyrue ajb-
TepHATVBHBIE ITyTU Y HAXOAUT UX.

Poccus Beerga >xmma MT03melt, 4To ee 3aracel HeTH, rasa,
yrs 6eckoneunsl. Ho B cepennue XX Beka 3Ta WITI03US paccesyiach
VI CTAJIO ACHO, YTO 3T 3aIIaChl CKOPO MCYEPIIAIOTCA, ¥ HAM HeoOXO0MM-
MO YCUJICHHO JICKaTh a/ibTepHaTuBY OeH3nHy. V bpasywmisa npogemMon-
CTpUpOBajIa TeHMAIbHOE PelIeHIe ITOV IPOOIeMbl.

Ha, B Poccum HeT caxapHOro TpOCTHMKA, HO B Poccum orpom-
HbIe 3aI1achl 6M10MacChl B BUfIe CTUXUITHBIX O€Pe3HAKOB U OCUHHIKOB,
KOTOPBIMI CETOf[HA 3apacTaiOT Ce/IbCKOX03ACTBEHHBIE YTO/IbA - COTHI
TBICAY TeKTapOB OPOIIEHHBIX TAXOTHBIX 3eMenb. [Ipupopa cama yka-
3bIBa€T HaM TEXHOJIOIMYECKOe HaIlpaBjIeHVe NeATENTbHOCTH, U caMa
3aceBaeT JUIA HAaC HEKOI/a TaXOTHbIEe 3eM/IM, KOTOpbIe Tellepb HaM He
HY>XHBL. DTO 11 He IposBeHne Benukoit Mynpoctu IIpupopsr u Be-
nvikont /Iro6Bu Ilpuponsl K 4enmoBeky (4enoBedecTBY), HECMOTPsSI Ha
BCIO MEP30CTb I IITHM3M OTHOLIEeHNA YesoBeKa K [Tpupoze u ero nso-
I[peHHbIe MeTOofIbI 60pbOBI ¢ Heit.

910 6MOCHIpbe (Oepe3HAKM U OCUHHVKY) TAI0T BO3MOXKHOCTD
OpraHM3aLUY IBYX TEXHOJIOTMYECKIX IIPOL[eCCOB: rasuduxanum 6mo-
MAacChl ¥ TIPOM3BOJICTBA 3TaHOMA. [/ cTabWIM3anyy 1 TTOBBIIIEHUA
HaJIeXXHOCTH CBIpbeBOil 6a3bl MOXKHO 110 npuMepy IlIBenun opranm-
30BaTh IUTAHTAIVM (IIO/IS1) ITO BBIPALIVBAHNIO TMOPY/IHBIX MBHSKOB C
OBICTPBIM poCcTOM GMOMacchl (o 3 M. B rof).
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[IpudeM ¢ 5TUM HeNMb3Ad MEIJINTDb, STUM 3aHMMATbCSA HY>KHO
yKe CerofHs, YYUTbIBas CKIa[bIBAIONIYIOCS SHEPreTHUYEeCKyI0 CUTY-
alMIo ¥ CIOXKUBINYIOCA KaTacTpaduiecKyro 9KONTOIMYECKY0 CUTYa-
nuio B Poccun.

TexHnonoruu nepepaboTky O6moMacchl 6asMpPyIOTCS Ha JIBYX
nporeccax: pepMeHTaluy ¥ aHa9pOOHOM COpPa>KMBaHUMU, KOTOpPBIE
MBI pacCMOTPUM O0J1ee ITofipOOHO.

7.2. DepMeHTALMA.

[Tpon3BOACTBO 3TaHO/NIA OCHOBAHO Ha (pepMeHTAIVIM IJIIOKO-
3bl, IEPBOJT CTajiMell KOTOPOIT sIB/IseTCs ee pepMeHTAaTUBHOE paclie-
IJIEHME Ha [IBE OJVHAKOBbIE TPEXYITIEPOJHbIE MOJIEKY/IBI ITINLIEPUHO-
BOT'O aJ/Ibieruyja:

H H H

| | |
cC —¢C—cCc —H
[l | |
O < O

H H

Hanee anbherny pearupyer ¢ BOJOV M OKUCIAETCA [0 I/INIe-
PVHOBOJI KVICTIOTBI C IIOMOIIbIO (hepMeHTa, KOTOPBIil OTILIEIIsET JBa
aTOMa BOJOPOJa.

-
H H H (|:J H H
é —é— | —H + Hzo—>é —é—rlz—H+ Ho=
[T I L]
LR L
[InuuepnHOBbIN Bopa Immuepnnosas Bogpopon
aJIbJIeT M KIICIOTA (cBsa3an
dbepmenToM)
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[nunepunoBas KIUCIOTa TepsAeT OAHY MOJIEKYTY BOJbBI U IIpe-
BpalaeTCs B MMPOBMHOIPAJIHYIO KIC/IOTY, KOTOpas pacUlenigeTCs Ha
YKCYCHBIIT a/IbfIeTVJ 1 YIJIeKMC/IbIiL Ta3. TakuM 06pas3oMm, mmecTuyrie-
POJHasA I/II0KO3a IIpeBpalllaeTCA B ABYXYITIEPOIHbIN YKCYCHBII a/lb/e-
T1J}, B KOTOPOM aTOMOB yTIJIEPOJA CTONIBKO JKe, CKOIbKO U B 9TaHOJIE:

H

I

= H H H

I I I I

c — o — o —H—> o — C —H + SO
1l 1l I Il I
L L H L H
IInposuHOrpagHas YkcycHblit

KICIOTA aIbIIeT]

HaxkoHel1, YKCYCHBIN a/bfieTusi B3aMMOJEICTBYeT ¢ (epMeH-
TOM, HECYLIVIM BOZOPOJ, U IIpeBpaliaeTcs B 3TAHON, NP 3TOM dep-
MEHT pereHepUpyeTCs:

H H H H

| | | I
c—cC—H+Hz2—>H—0O—C—¢C —H
| | I I
o H H  H
Ykcycublit Bopmopon 9TaHON

amppierny;  (cBsA3aH ¢ hpepMeHTOM)

ITocnemoBaTenbHOCTD, NPUBEIEHHAsA BbIIIE - ONVH W3 ITyTeil
VICIIO/Tb30BaHMA MUKPOOPTaHM3MaMy ITIIOKO3BL. DTO MyTb MeTabo-
mm3Ma Saccharomyces cerevisae - fpoxoKeit, 0OBIYHO IIPUMEHAEMBIX B

dbepMeHTaIMNU caxapoB [0 STAaHOIA.
[IpeobpasoBaHye IIIOKO3bI B MBIIIIAX KMBOTHBIX VIMEET TOT

K€ CaMblil Ty Th ;O MOMEHTA ITO/TyY€eH sl IMPOBUHOTPATHON KMC/TOTHI.
B MpImImax sTa KMCI0Ta HanpAMyo (6e3 momydeHns ameTiIanb/ern-
fia) B3aMMOZENICTBYeT C COeAVHEHHBIMM) C 9H3VIMaMM BOZOPOLOM. B
pesynbraTe oay4YaeTcs MOJOYHasA KUCIO0Ta:
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H H
I |
o H o H
I I I I
- < = H—+ He —> C — C
Il I I Il
() (e H -
IInpoBuHOrpagHas Bogmopom  Mosno4nas Kucnora
KICIOTA (cBsi3aH ¢ pepMeHTOM)

Ob6uas peakuus pepMeHTALN ITIIOKO3bI BBIITISUT CIIELYIO-
M 06pa3oMm:

(CH,0), — 2CO, + 2C,H,OH

Tenymota cropanms rmokossl 15,6 M/[x/ke. U, IOCKOIbKY ee
MOJIeKy/IsIpHasi Macca paBHa 180 0anvmoH, TO TEIUIOTa CropaHus I
KMO715 BellecTBa cocTapisAeT 2,81 I/[#. ITaHON MMeeT YAe/NIbHYIO Te-
10Ty cropanus 29,7 M/[/ke.  MONEKYIAPHYIO MacCy 46 0anvmoH.
Orcrofa ynenpHas TelioTa cropanus 1xkmons atanona 1,37 I'/]xc. Ilpu
cropauum 2 kmoseii OyneT monydeno 2,73 I)/[# TennoTsl COOTBETCBEH-
Ho. CriefoBaTeIbHO, IpeoOpa3oBaHe IJIIOKO3bI B 3TAHON XapaKTep-
3yeTcsi O4eHb BBICOKOI 3¢ dekTnBHOCTDIO: 2,73/2,81=0,975.

7.3. AHaspoOHOe cOpaKuBaHue.

DepmeHTALMS TPEBPAIAET TNIIb HEKOTOPbIE BXOMISIIINE B CO-
cTaB 6MOMacchl BellecTBa (caxapa) B CMeCh 3TaHOJIA C BOJOIA, 13 KOTO-
POJI CIMPT 3aT€M BBIIEISETCS Iy TEM AUCTUTUIALVIA.

AHaspobHOe cOpakMBaHMe B IIPOTUBOIIOIOKHOCTD hepMeH-
TAUMM TpPEeBpAIlaeT CYI[eCTBEHHO OOsblllee KOMNYIECTBO BEIECTB
PaCcTUTEIBHOTO 1 >KUBOTHOTO IIPOMCXOXK/IEHNSI B METaH - ras, KOTO-
PbIit IPAaKTUYEeCKN HEPACTBOPUM B BOJie, 00pasyeTcsi B IPUPOJie ecTe-
CTBEHHBIM IIyTEM I MOXKET OBITH HOMy4YeH B OOBUINX KOMNIECTBAX C
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MMHUMAa/IbHBIMM 3aTPaTaMy S9HEPTUN.

CopaxuBanue sABsAeTcs 3PQPeKTUBHBIM IPOIECCOM Ilepe-
paboTKM 6MOMACChI, TOCKONIbKY OOJIbIIAsl YaCTh SHEPIMUM MICXOJHOTO
CBIPbsI IEPEXOAUT B 0OPA3yIOLINIICS METaH, U TOIIBKO Masiasi ee 4acTb
HOTpeb/IAeTCS KIIeTKaMyU MUKPOOPTaHM3MOB.

PaccMoTpuM 6porKeHMe ITI0OKO3BI:

(CH,O), = 3CH, +3CO,

TenmoTa cropanus 1 kmons r1oKo3bl - 2,81 I, 3 moneii me-
TaHa - 3*0,89=2,67 I/]x. Takum o6pa3om 95% SHeprum IIOKO3bI I1e-
PEXOINT B METaH.

AnaspobHOe cOpakMBaHMe IPOXOANUT B TPU OTHE/IbHBIX ITa-
ma:

Ilepeuiii sman - COBOKYITHOCTb Pa3HOOOPA3HBIX peaKIuii, KO-
TOpbIe IPOXOJAT C YYacTHEM HeCKOIbKUX TUIIOB OaKTepuil M IpUBO-
IAT K Pas/IOXeHNIO BeleCTB Ha (PparMeHThbl C MaJIOil MOIEKY/IAPHOI
Maccoii:

- IO/IMCAaXapUbl IPEeBPAIIAIOTCA B caXapa;

- IPOTENHBI IPEBPALAIOTCA B IIEHTUBI ¥ aMUHOKVCTIOTBI;

- KUPBI - B TINLEPYUH U )KMPHbIE KUCTIOTI;

- HyKJIEMHOBbBIE KUC/IOTHI - B T€TEPOLMK/INYECKe a30THbIE COeIHE-
HIIS, pu003y 11 Heopraumndeckye Gpocdarsl.

Bmopoii aman - panpHellee pasnoXKeHue, MPOXOAsAlee Mpn
Y4acTHM alleTOTeHHBIX OaKTepuil, KOTOpble KOHBEPTUPYIOT CIIUPTHI I
BbICIINE KICTIOTBI B YKCYCHYIO KUCTIOTY, BOLOPOZ U JVIOKCUJ, yTI/IepO-
ma.

Tpemuti aman - yKCycHasi KUCJIOTa, BOJOPOJ, ¥ JUOKCUT, yTJIe-
poza, oOpa3oBaHHBIE Ha IIEPBOM ¥ BTOPOM 3TallaX, MCIIOIb3YIOTCA
MeTaHOTeHHBbIMU apxebakTepusamu (apxesimu) ¢ 06pa3oBaHueM MeTa-
Ha I JMOKCUJA YITIepoja U3 KICIOThI ¥ BOJOPOJA.
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Tabnuna 7.1.
OueHKa M3MeHeHMsI CBOOOTHON S9HEPTUYU B HEKOTOPBIX PEaKIMsIX
AHa3POOHOTO OPOXKEHU

Fosc e
DepmermansHsle Gakmeput
C,H,0, + H,0 - (CH,0), 77
(CH,0), = 3CH,C0; +3H° 1
(CH,0), +2H,0 - CH,CH,CO; + H" +3C0, +3H, 192
(CH,0), » CH,CH,CH,CO, +H" +2C0, +2H, 254
(CH,0), +6H,0 - 6€0, +124, 259
AuemogeHHsie bakmepuu
(CH,0) +2H,0 - 2CH,CO, +2H" + 200, +44, 216

CH,CH.CO; +H' +2H,0 > CH.CO, +H' +C0, +3H,| +117
CH,CH,CH,CO: +H +2H,0 5 2CH,C0; +2H" +2H,  +483

CH,CH,0H + H,0 -+ CH,C( + H™ +2H, 487

200, +4H, - CH.CO, +H” +2H,0 949
MemarozexHeie apxeu

CH,CO; + H = CH, +CQ, =358

200, +4H, - CH, +2H,0 13

HCO; +4H, + H - CH, +3HO, 1%

Venoeus: [=26°C, pH=7
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CoBpeMeHHasi TAKCOHOMYSI OTHOCUT BCe >KMBbIe POPMBI K OI-
HOMY U3 TPeX K/IacCOB: 3yOakTepuy (MCTMHHBIe 6aKTepyi, B KOTOPBIX
reHeTUYeCKUIl MaTepuan He coOpaH B sA/jpo), apxebakTepun (apxeu)
Y 9YKapMUOThl (OpraHM3MBbl, YbM KJIeTKM UMEIT sapa). Hexoropse
U3 apXxeil IPOSB/IAIOT HEOObIYHBIE CBOJICTBA, BBDKMBAS U IIPOLIBETAS
IIpU 9KCTPEMaJIbHO BBICOKUX TeMneparypax (csoiire /00°C); 310 TH-
nepromoduibl. B To e BpeMs apyrue MUKpOOPTaHU3MBI SIBISIFOTCS
NcuxpoGrIbHBIMUA, MEe30(UIBLHBIMU, TePMOPUIBHBIME U T.J. Dep-
MEHTBI U3 TUNEPTePMO(DUIIOB, CTAOMIIbHBIE MPU BBICOKHX TEMIEPATy-
pax, ObUIM aJanTHPOBAaHbl K MPOMBIIUICHHBIM IpOLEccaM, UIYIIUM
MIPY MOBBIIIEHHBIX TEMIEpaTypax. 3aMeTUM, YTO IPUBEICHHAS BBIIIE
KjaccuuKanus KUBbIX GOpM HeAeHCTBUTEIbHA I BUPYCOB, KOTO-
pBI€ C OMUCAHHOW TOYKHU 3PEHUSI HE MOTYT pacCMaTpUBAThCS KaK JKU-
BbIE OPTaHU3MBI.

B Tabmuie 7.1 moka3aHbl peakiMH, KOTOPbIE MPOUCXOIIT Ha
Ka)KZIOM M3 yKa3aHHBIX BbIIIE 3TanoB. Pe3ynbsraTtom mporecca copa-
KUBaHUS SIBISETCS 00pa3oBaHMe TaK HAa3bIBAEMOTo OMorasa - cMecu
MeTaHa (65%) u ymiekucioro rasa. Ha mepBom u BTOpoM 3Tamax B
nporuecce coOpaxuBaHUS MPUHUMAIOT y4acTHe, Kak 0OJIUraTHble aHad-
poOBI, Tak U (PaKyIBTaTUBHBIC aHAPOOHBIE OAKTEPUH, KOTOPHIE MOTYT
CYLIECTBOBATh MPU OTCYTCTBHM KHCIIOPOJA, HO HE TMOAABISAIOTCS UM.
Ha Tperpem sTame paboTarOT MCKIIOYUTEIHHO aHA’POOHBIE apXew,
KOTOpble HE MEPEeHOCAT MPUCYTCTBUE KuUcIopona. Takum oOpaszom,
Opo’keHUe SBIISETCS Pe3yJIbTaTOM COBMECTHON AESITENEHOCTH MHOTHUX
MHKPOOPTaHU3MOB - 1IEJTOCTHON SKOJIOTUYECKON CUCTEMBI.

CxopocTh MpoTeKaHus mpolecca COpaKUBaHUS JTUMUTHPYET
TPETHIi Tar, B KOTOPOM Y4acTBYIOT METAHOT'€HHbIE OPraHU3MBI.

bpoxxenune nerko MNpoAeMOHCTPUPOBATh B J1aOOPATOPHBIX
YCIIOBHUSIX, CMEIMBas, HalpUMep, OPraHMYECKHil Marephal ¢ BO-
IO W TIOMeIasi €ro B TepMETUYECKyr eMKocTh (puc. 7.1 a) UYe-
pe3 LIeHTpaJlbHOE OTBEpPCTHE JIAaOOPaTOPHOTO METAHTEHKa Ipo-
UCXOUT 3arpy3ka CMecH BOIbl C OpraHHMYECKHUM MaTepuajoM,
JIeBO€ OTBEPCTHE NpEIHA3HAYeHO JJII OTOOpa Mpo0 KUIKOCTH (B
OCHOBHOM Jutsi omnpenenenuss pH), mpaBoe - st BeIxoma Ouorasa.
Boigenstomuiicss ra3 MOXKHO OYHCTUTD, MPOITyCKasi €ro 4epe3 BOY..
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Temneparypy repMeTm4eckoil eMKOCTV (MeTaHTeHKa) HeOOXORVMMO
nopgepxuBathb okono 37°C. I1o ucreueHnn HECKOIBKUX JHEH 00beM
CMECH 3HAYUTENIbHO YMEHBIIUTCS, YTO CUTHAJIMU3UPYET O HACTyILIe-
HUU 3Tamna o0pa3oBaHus KUCIOTHI. [lepBoHauanbHO BBIAENAETCSA He-
00J1bI1I0€ KOJTUYECTBO rasa, Mpu 3TOM NMPOoObI MOKA3bIBAIOT, YTO MTPOUC-
XOJIUT MOTJIONIEHUE Kuciaopoaa. Beckope raz HaunHaeT BBIIEIATHCS U3
XKHUJKOCTH, IPUYEM B €r0 COCTaBE CHayasa npeodsiaaeT yrieKUuCIbIi
ra3. [Ipumepno uepes /0 Oreil B cOCTaBe ra3a HAYMHAET TOSBIIATHCS
METaH, U €ro KOHIIEHTpAIs OBICTPO HApacTaeT J0 HEKOTOPOTro TOo-
CTOSIHHOTO ypOBHSI.

QOrdop
npod

bBuoras
A

Puc. 7.1 a. JlabopaTtopHbIii METaHTEHK (YCTaHOBKA JJIS
aHa’POOHOTO COpaKUBAHUS)

CKOpOCTh MPOU3BOJICTBA T'a3a (CKOPOCTh COpaKUBAHMS) U3ME-
HSIETCA KakK MOKa3aHo Ha puc. 7.2. M3MeHsieTcs Takke U CyMMapHOe
KOJIMYECTBO ToJTydaemMoro ouorasa (puc. 7.3).

Ha npaxtuke npoMbliyieHHbIE METAaHTEHKH padoTaroT 1100
B peXHUMe NEepUOIUYECKOro IeHCTBUS, MO0 HempepblBHO. MeTaH-
TEHKU TIEPUOIMYECKOTO JIEUCTBUS 3arpyKaroTcsl TYCTON CyCIEH3HEMH,
3aTeM TepMETU3UPYIOTCS, U B HUX HAUMHAIOT MOCIEI0BaTeNIbHO pa3-
BUBAThCS BUJIbI OAKTEpUH, Kak yKa3bIBaJloCh paHee. B aTom ciydae B
CUCTEME HHUKOTJa He JOCTUTAeTCs COCTOSIHME PAaBHOBECHUS U MPOIIECC
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npopoKaeTcs gonro om 30 do 60 oneii.

o i0 20 30 40

Cropocms obpasoeanus Puosaia

Bpoae npoyecoa, dnie

Puc. 7.2. Tunu4aHblil XapaKkTep M3MeHeHUA CKOPOCTY MEeTaHOTeHe3a B
IIEPUOJMYECKOM IIpOLecCe.

Cyataproe konuiecso buozasa

i z0 30 4a

&

Bpoate mpoyecoa, R

Puc. 7.3. CymMapHOe KOMYeCTBO II0/Ty4yaeMoro 61orasa B epuom-
YECKOM IIpol1iecce.
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B MeTaHTEHKU HeNpepbhIBHOTO JIeVICTBMA CMeCh BOABI U Op-
TaHMYEeCKOTO BeIleCTBA HEIPEephIBHO (VUM MOPIVAMM) IIOfAeTCA Ha
BXOJl, B TO BpeMsA Kak IlepepaboTaHHas CMeCh YHA/IAETCA Ha BBIXO-
me. OpraHM4ecKmii MaTepuaa MelJIeHHO IBJDKETCS 4epe3 o0beM Me-
TaHTEHKA, I7ie IPOMCXONAT pas3MyHble peaKkIyy B IPpUOIN3UTETHHO
PaBHOBECHBIX YCTIOBUAX. B 9TOM crydae ocTUraeTcs 3HaYMTEIbHOE
yckopenne nporiecca 1o /0 - 20 oneti. CyiecTBeHHas IPOJIO/DKUTENb-
HOCTb IIpolecca IPUBOAUT K HEOOXOAVMOCTH CO3/1aBaTh METAHTEHKN
OOMBIINX pa3MepoB. A 3TO BeieT B CBOIO O4epefib K POCTY 3aTparT.

/I3 mopaBaeMoOro B METaHTEHKV CBIPbS - CMeCH BOJBI U U3-
Me/IbYeHHOI OPTaHMKM - JIVIIb YacTh TBEPHOTO BelleCTBA B BUJE CY-
CIIEH3MU MOXKET OBITh IOfiBepP>KeHa OPOXKEHNIO, a APyTast 4acTh - HeT.
I[TepByto IpMHATO Ha3BIBATh JIETy4el YacThIo TBepHoit ¢asspl (volatile
soliol - VS), a BTOpyI0 - HenmeTy4ell, XMMUYECKY CBA3aHHON 4YacThIO
TBeppoit daspl (fixed solid - FS). Jleryyas wactp VS - 3T0 Ta 4acTh
VICXOJ{HOVI 6110Macchl, KOTpasi MO>KeT ObITh KOHBepTHpoBaHa 1o CH,

[IponyKTUBHOCTBIO MeETaHOTE€He3a Y Ha3bIBAIOT KOJIMYE-
CTBO M€TaHa, noiydaemoro u3 [ xe. VS. B 3aBUcMMOCTH OT THIIA,
MOCTYNAIOMEr0 B METAHTCHKM BEIIECTBA MAaKCHUMaJIbHO BO3-
MOXHAasi TPOAYKTUBHOCTH Y, , COOTBETCBYIOIIAs IOJHOMY pa3-
noxenuio VS, m3mensiercsa ot 21 0o 29 M/ merana Ha [ xe. VS.

B MeTaHTeHKax BO3MOXKHO MOJBEPTHYTh COPa’KUBAHHIO TOJIb-
KO HEKYI0 4acTb R om VS, no3toMy peanibHasi IpOU3BOAUTEIBHOCTD

Y =RY,

YacTe R 3aBUCHUT OT KOHCTPYKLMM METAaHTEHKA, XapaKTepU-
CTHK IOCTYyHaroIeil Ouomacchl U BpeMeHu npouecca. OHa BappUpyeT
oT 25% npu cOpaxuBaHUU COIOMBI 10 50% npu cOpa’kuBaHUU aKTHB-
HOTO MJla OYUCTHBIX COOPYKEHUM.

Ha npaktuke 3¢p(peKTUBHOCTh TPOU3BOACTBAa METAaHA 3aBUCHUT
TaK)K€ OT JONYCTHUMON CKOPOCTH 3arpy3Ku METaHTEHKa L, usmepse-
MOIi B ke. V'S Ha Im 00beMa METaHTeHKA B CYTKU.
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OO11ast pOU3BOANUTENILHOCT METAaHTEHKA B UTOre paBHa ([orc/
M 6 cymxu)
P = LRY,

g npumepa npu YU = OMIwe(CH 4)1 x2(V%)

1 R=0,4 nponsBOAUTENbHOCTD P Ipyu U3MepeHun B
AT (CH ) A€ 6 cymKu paBHA:

P=10L
npu usMepennn B Erral T ) Al
F=100%

[Tpn paboTe METaHTEHKOB IIEPUOAVYECKOTO AEVICTBYSI MOXKHO
IOCTUTHYTb CKOPOCTD 3arpysku 1, 5xz(F8)a™ [ cym™ ¥ yAENTbHOI MOII-
HocT! 150 Bm B pacyeTe Ha 1a:*MeTaHTEHKa. MeTaHTEeHKM Helpe-
PBIBHOTO JIeVICTBUA BC/IEACTBME Oojiee BBICOKOJ CKOPOCTHU 3arpy3Ku

[206x=FS0ae™  aywe | MoryT 0BecneunBaTh IPOM3BOACTBO Me-
TaHa B KOJIMYECTBAX, XapaKTCPH3YIONIMXCS YACIbHON MOIIHOCTHIO
okono 500 8m ! ac Boree BbICOKAs TIIOTHOCTh SHEPIOMOTOKOB 03HAYAET
OOJIBIITYI0 SKOHOMHUYECKYI) PEHTAa0EIbHOCTh MPOU3BOJICTBA METaHA.
OnuH 13 croco0OB YITYYIIICHHS ITOTO MOKA3aTels - COKpAIeHHE Bpe-
MEHH MPOTEKAHUSI METaHOTCHE3a, YTO MOXET OBITh JOCTHUTHYTO pa3-
JMYHBIMU METOJIAMH:

1) obGecrnieueHre BICOKHX TeMITepaTyp OposKeHNs;

2) obecrieueHre mepeMenIiBaHus;

3) uMMOOMIIM3alueii MUKPOOPTaHU3MOB;

4) cenekiuen mTaMmMoB;

5) moCTOSTHHBIM JT0OaBJIEHUEM OMOMACCHI;

6) peaBapuUTEIIbHON 00pabOTKOM COpaKMBaeMO MacCHI.

buoraz ecrecTBeHHBIM 00pa3oM 00pa3yeTcsi B MYCOPHBIX

CBAJIKaX W Ha CTAHIUSIX OYMCTKU CTOYHBIX BOj. CBaJOYHBIN Ta3 NpU
3TOM BBLIEISIETCS B arMocdepy, 3arpssuss ee. [l mone3Horo uc-
M0JIb30BaHUS CBAJIOYHOTO T'a3a B TEJIE MyCOPHOH CBAJIKH COOPYKAIOT
KOJIOJILIBI, Yepe3 KOTOPhIe METaH COOUPAIOT B €IMHBIN KOJIJICKTOP U I10-
naroT (MIpeaBapUTEIbHO OYMCTUB) IO TPYOOTIPOBOAY K MOTPEOUTEINIO,

KaK MPUPOIHBII ras.
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CTaHIUM OYMCTKY CTOYHBIX BOJ TAKXKe OPraHU3yIT cOHOp
MeTaHa, O[HAKO Yallle CKUTAIOT ero B aKeraX, YTO B COBPEMEHHBIX
9HepreTNYeCKMX YCIOBUAX HELOIYCTUMO.

ITo omeHKaM, Ha CYILIECTBYIOUNX CTAHIMAX OUYMCTKY CTOUHBIX
BOJ KPYIIHBIX TOPOJIOB €KeHEBHO 00pasyeTcsa KOMMYECTBO MeTaHa
sHepreTnyecky skBuBaneHTHoe 5000 bappeneti HedTH, He UCTIONB30-
BaTb KOTOPbIE CETOIHS - IPECTYITHOE PacTOYUTENbCTBO.

Bomnipocskl 111 CAMOKOHTPOJIA:

1. JlajiTe CpaBHUTE/IbHBIN aHAAU3 MCIIOAb30BAaHMA 3TAHONA U
6ensuna B JIBC.

2. JlajiTe XapaKTepUCTMKY CaXapHOTO TPOCTHMKA Kak 3¢dex-
TUBHOTO ChIPbs JI/IA IPOU3BOACTBA STAHOA.

3. Onmmmre NONOXUTENbHBIN ONBIT bpasunmmm opranmsanum
3¢ eKTUBHOrO MIPOU3BOACTBA ITAHOIA.

4. Omnummnre TeXHOMOTMYECKUI MPOIecC MPOU3BOJCTBA 3TAHO-
na.

5. Packpoiite mpyHINI Tporiecca pepMeHTaIUN.

6. OnumTe TEXHONOTUIO aHA9POOHOTO COPAKMBAHMSL.

7. Hapucyiite KOHCTpyKuMio 1abOpaTOpPHOTO MeTaHTEHKa M
OIIMIINTE ero paboTy.

8. Onmmmre mponecc MeTaHOTeHe3a M YKaKUTe HaIlpaB/IeHNs

COKpallleH) s BpeMEeH! €0 IPOTeKaHMA.
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I'naBa 8. BelpamuBanne 0M03HEPreTH4eCKOro ChIpbsi

[Tepexop uenoBevectBa ~8000 nem Haszan ot cbopa auKopa-
CTYyILIeil NMNINeBOl OMOMAacchl K CO3HATeIbHOMY 3eMJIeHe/INI0 ObIT
3aKOHOMepeH U mporpeccuBeH. COBpeMEHHOE CeTbCKOe XO3S/ICTBO
VMHTEHCUBHO PasBMBAETCs 10 HAIPABACHMAM XMMU3ALVY Y TEHHON
MHXeHepuy. B 4acTHOCTH, BHeCeHe Ha OJHOM TeKTape OKy/IbTypeH-
HBIX 3eMeNb / 7 MUHepa/TbHBIX YIOOpeHMIT 5KBUBATIEHTHO JIOTIO/THY -
TETBHOMY YPOJKalo Ha 3TOJ ITomay (TOHHBI):

CAXAPHOM CBEKIIBL....uviuiiiniiniiiiieiiniisesenieiessesesessessesssssssessessesessessenessens 6...7
D:9) (0 102€: T 53 1'0) 1 €. OO 6...10
KAPTOPCTIA. . vovvreeeeeceaesesesesesesese e st st se s eeeeeaeaesesesenens .60...100

[lepemoBas arpoTeXHMKA IO3BOMAET PAVKATIBLHO YBEIUINTD
YPO’KallHOCTDb CaMbIX TPAAMIVOHHBIX CETbCKOXO3AICTBEHHBIX KYIIb-
Typ. B Ilepy Ha OCHOBe Kalle/IbHOTO OPOIIEHNsI ¥ BHECEHUs yoope-
HUIT TTOJ, KXKABII KYCT OBII JOCTUTHYT OAMH M3 MUPOBBIX PEKOP/IOB
no cbopy xaprodenss — 84 m/ea. Ilamna Jla-Xos. rje BBIpaCTIUIN
3TOT YpOXKall, OT/IMYAETCA COTHEYHBIM U MATKUM (IIPOO/DKUTENb-
HOCTb CO/IHEYHOro cuAHMA > 300 Ouell €XerogHO IpM 3HAYEHUAX
MUHIMAJIbHON ¥ MaKCUMAaIbHOM TeMnepatypsl + /0 u +25 °C') xnu-
MaToOM, HO IIOJTHOCTBIO JIMIIEeHA BOABL /1A CelMbCKOX03AICTBEHHOTO
OCBOEHM IUIOJOPOIHBIX 3eMe/b Ha IvTomaau > /(0 mulc. 2a MaMIIbI
0Ka3aJI0Ch HY>KHBIM CO3[IaTh TPY BOJOXPAaHNMININA OOIIM 00bEMOM
380 man. m? n IponoXuTh 80 KM. OPOCUTEIbHBIX KaHA/IOB U TYHHe/eN
OmnucaHHBI IpUMep AaeT MOHATIE O 3aTpaTaX KallMTa/TbHbIX BIOXe-
HUI U TPyZAa IPU BefleHNN JIeVICTBUTEIbHO MHTEHCUBHOTO arpapHOro
IIPOM3BOJICTBA.

PaBHBIM 00pa3oM IPEACTOUT BBIPALIVBATD U CHIPbE A1 O10-
sHepreTnyecknx neneii. Hanmpumep, 8 EBpomne g rogosoro mpous-
BoactBa /0 man.m.,— T.e. 1/10 06BéMa eXerogHo MOTPebIIeMOro
cosipa,— OMOAM3eIPHOTO TOIUIMBA M3 PAIlCOBOrO Mac/ia HOTpeby-
eTcs BeIpamyBaTh parc (Brassica napus) Ha o6eit mwiomany ~ /4.8
man 2a. JIna sroro B opHon mumb OPT cnepyer yBenmmyuTh moces-
Hble I7IoUIaAN 1oy, panc Ha /0 % u3[ep>KKi CeTbCKOXO03AICTBEHHOTO
IIPOM3BOJICTBA U YPOXKANTHOCTDb 9HEPTeTIYEeCKON OMOMACCHI [JO/DKHBI
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obecrieunBarh IpreMIeMylo LieHy Ha 6uoromnuso. B ctpanax EBpo-
coro3a / M’ 6mosTaHoNMa, yHOTpeO/IsIeMOro B KaueCTBe aBTOMOOWIIb-
Horo TormBa, crouna (2005 2.) 590...600 espo. OTcrofa U3Rep)KKM Ha

IIPOM3BOACTBO TOTO Xe 00béMa C, 77, OF 13 61I0MacChl 3ePHOBBIX
VULV CBEKJIBI He IOJDKHBI NpeBbIath 350 espo. B orHOMEHNY 6M101-
3€/IbHOTO TOIUIVBA HEOOXOAVIMAs yPOXKATHOCTDb PaIica OIpefieseTcs
KaK > 4 m/ea. EcTeCTBEHHO, 4TO [JOCTVDKEHME BBICOKOI IPORYKTVB-
HocTu BOC BMecTe CO CHMKEHMEM PacXOIOB Ha €ro IMPONU3BOJCTBO
BO3MO>KHBI OIISIThb-TaKV B YCIOBMSX PAa3BUTOI arPOKY/IBTYPHI.

8.1. JlecHble 3HepreTuyecKme MIAHTAIUM.

TepMUHOM «IHEpPreTUYeCcKue AEpeBbs» 0003HAYAOTCS Obl-
CTPOpacCTyILHE IPEBECHBIEC BUBI: COCHA, 0JIbXA, UBA U IIp. B ycnoBusx
YMEPEHHOIO KJIIMMATUYECKOIO I0ACAa OHU XApAaKTEPU3YIOTCS MHTCH-
CHUBHBIM IPUPOCTOM OHOMAacCCHI. Il TPOIMKOB « SHEPTreTUYECKUMID)
OynyT unble nepeBbs. B Pecnybnuke Konro, Hanpumep, mpu momo-
1 TEHHOM WHXEHEPUH CO3/1aHa OBICTPOpacTyIas GopMa 3BKAITUINTA.
JlepeBo B TeueHHUE rojia BeIpacTaeT Ha 7 M.

PasBenenue Ha maHTaUMAX SKCIIOPTHOW JIPEBECHHBI PEAKUX
MOPOJ TIOATBEPKAAET MHOTO 00JI€€ MHTEHCUBHBIN MPUPOCT OMOMACCHI
JIEPEBbEB B KYJIBTYPHBIX ycinoBusaxX. B KOxxHOM A3un roguuHblil npu-
POCT LIEHHOW IpeBeCUHBI (IIOpes, THK) BeChMa pa3iudeH (m¥/2a):

(IO NI N 15) 61503 1 GO 1,5
TUTAHTAITMOHHBIM . ......vviviiiiieiieeeeeeeeeeeeeeeseseeeseseseessseseeessesseseeenee 9,0...10,0

B ycnoBusix ®Pb Ha 3HEpreTMuecKuX IUIAHTAUUSIX PA3BOAAT
IJIaBHBIM 00pa3zoM 3BKanunt. [lociaennuii mpuBiekaTeneH ObICTPhIM
poctoM Ha OenHBIX TMouBax. Jl[peBecuMHa 3BKajHNTa mpeolOpasyercs
myTEM TUIPOSU3a B TOIUIMBHEIN 3TaHoN Kpome Toro, u3 He€ BbIpada-
TBIBAIOT JAPEBECHBIN YTOJb, UCIOIB3YEMBIH Opa3mIIbCKOW MEeTallTyp-
rUell KaKk BOCCTaHOBUTEb.

ITo muennio A.A.CamamoBa u I®.Hedénosa, B Manazuu
ObUTIO OBI TIesIeco00pa3HbIM pa3OMBaTh SHEPTETUUCCKUE TUIAHTAIIUN
caroBHuKa (Cycas) Ha c1ab0OKyYJIbTYpEHHBIX 3a00JI04EHHBIX 3eMJISX.
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CaroBHMK COJIEP>KNT B CepAlleBMHE CTBOMIA ¥ KOPHSX caro (Kpaxmai)
«OpHO fepeBo maeT 06bIKHOBeHHO 300 ¢hynmos, a MHOTHA MOXET
matb v oT 500 0o 600 ¢hymos. VI3 caro, BbIpalBaeMoro Ha IUIOLAN
100...125 muic.2a. BBIXOAWI 6bI TOIUIMBHBIA 3TaHo1 110 neHe 200...300
oonnapos CIIIA 3a I m°. YkazaHHbIl 00béM 610 C, 7O NO/KEH
ObU1 06ecreynTh NOTpebHOCTY Masaisuy B MOTOPHOM TOPIOYEM.

8.2. BripamuBaHue caXapOHOCHBIX U MACJTUYHBIX KYJbTYP.

BhIIeynmoMAHY ThIi paIiCc BHIPAIIMBAJICA Py ITOTydeHNA TeX-
HOJIOTMYECKOTO Mac/la Ha OOJbIINX IUTONaAax B EBporre yxe B cepe-
nuHe X1X éexa. B I'epmanun Brassica napus sanuman torga 0,3 man.2a.
CeMeHa parica cofiepykar (B IPOI[eHTax 110 Macce):

1Y Lol ) USRS 35...50
84010 Y3705 (o) - OO 19...31
ITETITTEOTIOBBL.cceeeiieuvrreeeeeeeireereeeesisrsreeeesssssereeeesssseseeesesssseseessnssssssessssnsnes 5...7

Ypo>kaifHOCTD 3TO KY/IBTYpPbI JOCTUTAET 25 m/2a, BHIXON, Mac-
na B cpefiHeM paseH 0,3 m/m. Ilopsapka 90 mac. % Macna MOXeT OBITH
npeoOpa3oBaHO B 3aMeHUTeNb HedTsiHOTO comsipa — MIYKK.

JIpyroit TepcHeKTMBHON MaclIM4YHOM KY/IbTypoil B Owmo-
SHEpPreTVKe MOXKeT CTaTh CYpeIMNIa, WM IojeBasd KamycTa (Brassica
campestris). OHa aéT cypenHoe Macio, 6113Koe IO COCTaBy U CBOJI-
CTBaM K paIlicOBOMY B 4acTHOCTH, 3HaUeHNs TeMIlepaTyphl 3acThIBa-
HUS /I PaliCOBOTO Y CYPeITHOTO Maces cOOTBeTCTBYIOT -/ 0 u —8 °C.
Cypenuna npeinoyTuTeIbHa TeM, YTO B YMEPEHHOM K/IMMaTe Ipo-
u3pacTaeT Kak cOpHAK. CleoBaTeNbHO, €€ KyNbTypPHOE pasBeJeHne
obelaeT BBICOKYIO YPOXKallHOCTb IIPU CPAaBHUMOI YCTOMYMBOCTU K
00Je3HsAM U BPEIUTEIISAM.

B ®PD 0CHOBHBIMU MCTOYHVKAMM 61IOMACCHI JIsI IOy YeH s
TOIIJIMBHOTO 3TAHOJIA CIY>KaT SHEPreTNYecKye IIAHTALUM CAXapHOTO
TpocTHUKa 1 MaHroka (Munihot utillissima) ITromasp 3aHATEIX MU
OKY/IBTYpPEHHBIX 3eMe/b npubmmoxaerca K [%. Ilo MHeHMIO cnerya-
JNIMCTOB, eC/yu OBl 9HepreTUYecKe IJIAHTAY 3aHsm /4% 1iomany
CENbCKOXO03AICTBEHHOTO Ha3HaYeHM, TO IIPOU3BOJVIMbIIL €XKETO/IHO B
06béme 30man. m>6uo C, H ;OF TIOTHOCTDIO 3aMeCTI/IObI HepTSAHOI
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MOTOPHBIN OEH3VH.
8.3. ToniuBHOE pUcocesiHUE.

B SImoHny nponsBoAcTBO 61103TaHO/A Ha TOIUIMBO BO3MOXKHO
Ha 0ase BbIpalVBaHMs puca Takue ero copTa, Kak QypakHblil «Xo-
KYpUKY-193» ,HEIPUXOT/IUBBI, XapaKTepU3ylTCs BBICOKON (Ha 23..
.37,5 % 6ornbliieii, 4eM y IPOUNX) YPO>KAITHOCTDIO U YIIPOIIEHHOII ar-
POKYIBTYpOIi. VIMeI0TCs MPOEKThI 3aHATD MOJ] TOIUIMBHBIN puc ~710
mulc. 2a 3eMeJb, IPUTOJHBIX /IS PUCOCEAHNA, B T. U U 3a0pOLICHHBbIE.
/3 6momaccsl puca pefIonaraeTcs eXXKerogHo IpousBoguTs /3... 150
moic. M*> 6uo C,H OH . Yka3aHHBII 00beM TOIUIMBHOTO CIMPTa
oberjaet rogoByo skoHomuto 0, 125...0,25 00. % nedrsanoro 6eH3uHa.

8.4. UcTouHMK OMOTeHHOr0 BOAOPOAA.

H, Kak yHUBEpPCA/IbHBI a/JbTEPHATUBHBIN 3SHEPTOHOCU-
Te/b MMeeT Oosbinoe Oynymee ITosToMy IpencTaBisAeT caMblil He-
IIOCPe[CTBEHHbIJI MHTEPeC 3eMHasg PacTUTEIbHOCTb, INPORYLUPY-
I0IIas BOIOPOJL B IIpoliecce >Ku3HefeATenbHOCTH buorennbimn H,
obpasyroumuiicsa U3 GUTOMACCHI, CYyTh IPOAYKT MeTabonn3ma Oakre-
puit Rhizobiurn, nmapasutupyromux B ramiax (runeprpodupoBaH-
HBIX PAaCTUTENbHBIX TKaHAX) 6000BbIx. [Tmantaumum com (Glucine
max) B CIIIA exerogHo BbIZensoT B arMocdepy nopsaka 30 mapo.
M ra3zoobpasHoro Bomopoga B cBA3M C 9TMM HeOe3bIHTEpPEeCHO
OKY/IbTypVBaHME C BO3MOXKHBIM TeHETWYECKUM M3MEHEHUEM M-
Kpoopraun3moB Rhizobiurn B 1jensax aganranum nocinefHux K morpe-
O/1eHMI0 pas3/INYHBIX BUJIOB PACTUTENbHOI O6MoMacchl. B cirydae ycre-
xa OyZleT OTKPBIT ¥ OCBOEH BO30OHOB/IAEMBIN MICTOYHUK BOZOPOJA.

ITlepcriekTuBbI HaseMHOro BblpamuBanua bIC Hepenko
OLIEHMBAIOTCA KpUTHYECKM. Tak Bech IIOCEBHON KIVH CaXapHOTO
TpocTHMKA Ha Kybe moutym BTpoe MeHblIe IUIONIAAV OpasmIbCKUX
3HepreTNyYecKux IVIaHTanyit. CirefoBaTe/IbHO, TOIUIMBHBIN 3TaHON
TPOCTHUKOBO-CaXapHOTO IIPOVCXOX/IEHNA He MOXKeT CTaTb OCHOBOII
KyOMHCKOJ 61I09HEePre TUKIL.
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Bobixomom 13 monoXXeHusa MOXKeT CTaTh aKBaKy/lIbTypa.

8.5. buosHeprernyeckasi aKkBakyJabTypa.

OcBoeHIe pecypcoB NMuleBoit 61omMaccs B MupoBoM OKeaHe
TPAUIIMIOHHO IPOBOAWIOCH EPBOOBITHBIM 00Pa3oM — COYETaHU-
€M OXOTBI U coOuparenbcTBa. ENMHCTBEHHBIM OT/INYNMEM TTOFOOHOTO
OCBOEHMsI OT CBOJICTBEHHOTO BpeMeHaM IIajIeOINTa SIB/AETCS IPU-
MeHEeHe COBEpIICHHBIX ¥ COBEPIICHCTBYIOIIMXCS OPYAUiL: TUAPO-
JIOKaTOpOB OOKOBOrO 0030pa, 37EKTPUYECKUX HEBOJOB, IIABYUUX
6a3-ppr603aBozioB 1 T. I1. OX0Ta Bef€TCs B OCHOBHOM Ha PbIOY, MeHee
Ha pakoo6OpasHbIX (KpaboB, OMapoOB); cOOMPATETLCTBO JKe KacaeTCs
MoTockoB bamanc Muposoro ynosa B /970 e. npusoput K.Pudddo (8
IIPOIIEHTHOM OTHOIICHWMN):

MHore crenyamicTsl OTMeYal0T MOHOKY/IBTYPHBII, HAaIlpaB-
JICHHBIJI IPEMMYILeCTBEHHO Ha PbIOOTOBCTBO, XapaKTep OXOTHUYbe-
cOOMpaTenbCKOro MOpPCKoro xossiicTBa. 1o muenuto Ix Kymmnnn,
emé B 70-x ee. mpoutoro Beka pbibonoBHblT ¢noT CIIA orbpako-
BBIBAJI JIO 4/5 Macchl yI0Ba, BK/II0Yas TAKVMX IUTATEIbHBIX U BKYCHBIX
rOJIOBOHOTUX, KaK KaJIbMaphl.

B ommcpiBaeMOM IpyMepe MHTEHCUBHBIN 00/I0B MEepPYaHCKIX
BOJ IIOBJIEK 3a CO0O0JI pe3Koe yMeHbIIeHMe IOTOOBbS M COOTBET-
CBEHHO 00beMOB JJ0OBIYM aH4YO pbI6. To XKe camMoe CIipaBeyIMBO IS
VIHBIX PeTVOHOB ¥ IomyAnmit pui6. ITo-BupuMomy, MoaToMy cpen-
Hss eXKerofiHas JoObI4a peIobl B MMPOBOM OKeaHe Koebamach OKOIO
55 mapo. m. DTOT yIOB COOTBETCTBYET IPEie/IbHBIM BO3MOXKHOCTAM
€CTeCTBEHHOTO BOCIIPOM3BOJCTBA PBIOBIX CTAT.

Heob6xomumocTh Ilepexofia OT OXOTBI M COOMpaTenbCTBa K
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IUVITAHOMEPHOI aKBaKYJIbType, PerylIupyeMOMYy pPa3BefieHNI0 BOTHOII
Omomacchl, Ha3peBaeT C JAaBHUX IOp. BuIpamuBaHye NpUrofHON B
nyIry 6MoMacchl IPOU3BOAUTCSA BIIOTHE YCIEIIHO B yacTHOCTH, Ha
Mopckont ¢pepme Jlymmn-Muguans (CHIA, mrar BammHITOH) Ky/b-
TUBVMPOBA/IVICD MUZIMY HA KaHATaX, CBMCABIINX C NOIUIABKOB Ha II0-
BepxHOCTU Mopsi. [Ipu rny6une Bogs! 20...300 m 31ech ¢ IIOWAAN B
opyH akp (~0,4 ea) caumanu 1o 60 m 6eIKOBOI MacChl MOJITIOCKOB.

PaccMoTpeHue okeaHCKOIT 6MOMacchl ¢ TOUKM 3peHusA 6mos-
HepreTUKY M03BO/IAET YACHUTD. YTO JI/I MACIITAOHOTO IIPOV3BOACTBA
9HEPrUM HENpUrofieH Hambosee pacpOCTPAaHEHHBII OOBEKT HpO-
MbIcTa — pbiba. [Ipex/ie Bcero, oHa MMeeT Hellpexofsdliee 3HaUeHe
Kak muira. 3aTeM, pplObI, 0COOEHHO KPYIIHbIE, BMECTE C MOPCKUMMU
M/IEKOTIATAIOIMMY BEHYAIOT MUIIEBYI0 «IIMPAMULY» OKeaHa. YCBO-
eHue / m. PUTOIUIAHKTOHA Yepe3 pacTUTENTbHOANHDIN 300IUIAHKTOH
npupamyBaeT pbiOHy0 6momaccy Ha [ ke. IToatomy BOC cnenyet
VICKaTh Ha HM3ILINX CTYIEHSIX «IMPAMU[IbI», Mes B BUY €r0 HeIu-
1[eBOJT XapakTep (BO BCAKOM CIydae, Majioe IIIeBoe IoTpebieHe)
Y CIIOCOOHOCTb MHTEHCUBHO IPUPACTaTh IPU MMUHUMAIBHOM YXO-
fie. DTUM KPUTEpUAM HaWIYYIIMM 00Pa3oM COOTBETCTBYIOT JJOHHbBIE
(6eHTOCHBIE) MOPCKIE pacTeHUs — BOLOPOCN U MOPCKME TPaBBbI.
JlocTonHCTBa pasBefeHNs MOLOOHOTO ChIPbs OYeBVTHbIL:

*IIVIPOKAs PaCIpOCTPaHEHHOCTb B MIPOBOM OKeaHe, He JC-
K/TI0Yast apKTUYeCcKyie ¥ aHTapKTUYeCKIe BOJbI;

«0obIIIas, 6BICTPO pacTymas 6uomacca;

*OTHOCUTETBHO HeOOJIbIION 00DbEM MOTpeONeHNsT B HUILY
TIOABMM ¥ CKapM/IMBaHUA JOMAITHEMY CKOTY;

eHA/TII4VIe OIIbITA OKY/ILTYPUBAHUA.

O nocregHeM HeoOXOAMMO cKa3ath nmoapobHee. B SnoHckoM
Mope, y 6eperos IIpumopckoro kpas, pecypc 610Macchl IMINEBO
BOJOpoc/y — simoHcKoy namyHapuy (Lammaria japonica Aresch)
B oThenbHble Tonbl gocturan 200...250 meic.m. ExeromHas no6brya
poxonuaa go 15 mwic m. B Bogax Oxotckoro mMops u Tuxoro okea-
Ha, OMbIBaoIX Kypuibckie ocTpoBa, TOHOBOIN BBIJIOB JTAMIHAPWUN
Mor 6bl ipeB3oiitu /00 muvic m. ITnantanym >xe Laminaria japonica
TpebyroT 6ompmmx Ha /0. 15 % IO CpaBHEHUIO C IIPOMBICTIOM
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AMKOPACTYIIMX BOJOPOC/El KalMTa/JbHBIX BJIOKEHWIT, HO U 6oree
npopyKTuBHbL. B IIpuMopbe ypo>kaiiHOCTb ITaHTAIIIOHHON JTaMIHa-
puy 6bUIa B cpefHeM paBHa /() m/2a TIpy MaKCUMaIbHOM 3HAa4eHUN
120 m. cpipoit 6uomMaccel ¢ reKTapa. 3aHAB IVIAHTALUAMU OKOMIO 5
MJIH. 2d. TIPUOPEKHBIX BOJ]. MO>KHO OBIIO OBbI €Ker0JHO CHUMATD ypO-
xait B pasmepe 200...350 mvic m. MeXAy TeM KOHCTPYKLUU COOPY-
YKEHMII I BBIPAI[IBaHNs BOZOPOC/Iel BecbMa rpoctsl (puc.8.1). Ha
1300pa)XKEHHON CXeMe HeCYIIMil KaHaT ¥ BBIPOCTHbIE BEepEBKM, CIIY-
CKAIOIIVIeCs ¢ HETO, CIIY)aT CyOCTpaToM [IAd IMPUKPEIUIEHN U pas-
BUTHUA BOJOPOCIIEN.

[MonomuTensHas

nnasy4ecTs MosepxHocTe MopA

Perynupyemsie nogoaus!

Axopuan

OTTAMKA BoipocTHbie sepésku

Akops

L AL LT AL L LTS EAA

Puc. 8.1. OnHa 13 KOHCTPYKUMII [T KYyIbTUBMPOBAHUS BOJOPOCIIENL.

B nuteparype oCBeIJAOTCA ABa HAIpaB/IeHUA SHEPIOTEXHO-
JIOTMYeCKO IepepaboTKM BOZOpocIeBoil 6momaccel. Ileppoe — 310
TUINYHOE aHaspoOHoe cOpakMBaHMe C monydeHneM Omomerana. C
LIleHTHepa MOKPBIX BOLOPOC/EN B MHTepBajie TeMneparyp 25...55°C

nomy4yaercsi B cpegHeM — 28,1 m® ducroro Cr7, . Beixon 6uome-
TaHa Npyu (epMeHTaluy 3TOM Pa3HOBUAHOCTU 0MOMACCHI BBILIE,
yeM npu Iepepaborke HaBo3a KPC, TpaBpl M KaHaNIM3alMIOHHOTO
orcTos. Bogmopocnu nepep 3arpyskoit B METaHTEHKM JO/DKHBI OBITH
U3MeJIbYeHbl U UCTEPTHL. B peakrop pobaBisercs Boma B KoMude-
ctBe 1/20...1/10 maccol Bogopoceit Pa3noxxeHne 61MoMacchl IINTCS
10...20 cymok. TBéppplit 0cTaTOK hepMeHTAILMN TIPEICTABIISAET COOOI
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BBICOKOKAJIOPUITHBIN 1 BUTAMUHHBIN KOPM I JOMAIIHEro CKOTa.

Bropoe 6e3 noppobHocTeit ynomunaer [x. Kymmmau. ®ep-
MeHTanys Omomacchl OYpbIX BOROPOC/El JTaMUHAapPUeEBbIX (PObI
Laminaria, Macrocystis, Nereocystis u ap.) n ¢ykycoBeix (popbr
Fucus, Sargassum. Ascophyllum u T. 11.) Mo>XeT mpoayIMpoBaTh CIInp-
TBI V1 )KVMIKVIe HU3KOMOJIEKY/LApHbIE yITIeBogopoysl. [TpogykTel copa-
KVBAaHMA B COCTOSHUM CTY>XNUTb TommuBoM A JIBC u 3amemars
He(Th B pomsBoacTBe IracTMacc. CyTh TEXHOTOTUM IepepaboTKM
He PacKpbIBaeTCs, UCKIII0Yasd yKa3aHue Ha HeOOXONMMOCTD MCIIONb-
30BaHMA MHOTUX TOHH BOJOPOCIIEIl /IS TIOJTy9eHMsI OHOTO 6apperd
(159 aumpog) xupkoro ropodero. OgHAKO C/IEAyeT OTMETUTD, YTO U
YPOKaitHOCTb OEHTOCHBIX MOPCKVX PacTeHMIT BeIMKA.

8.5.1. bypsle Bomopoc.iu.

JI14 KyIbTUBMpPOBaHNA IPeiCTaB/IAeT IPAKTUIeCKUIT MHTepeC
npexxpe Bcero Macrocystis pyrifera. B Bogax Tuxoro okeana y 6eperos
I0xHoit Kamudopuum cnoeBuia (puc. 8.2) oTpacTanT eXeHEBHO
Ha 3 Om. VHadye roBOpsI, TeMII IPUPOCTa OMOMACCHI ITOV TUTAHTCKOM
BOJIOPOC/IN COOTBETCTBYET /8 % B cyTKu CHATaA U UCIONIb30BaHHAA
BOZOpPOCTIeBasA Macca BO30OHOBIIACTCA B CPOK, MEHBIINII Hemenu. B
KoHIe 60-x 22. XX 6exa 3mech y»Ke 9KCIUTyaTMPOBAIUCh IIPOMBICTIO-
BbIe CAaMOXOJIHbIe Oap>xu foObiBaromye 1o 300 m/cym fUKOPacTyIINX
BOZOpPOCTIeNl. YOpaHHBIe C/IOEBUINA BOCCTAHABINBAINCH CIYCTA He-
CKOJIBKO HeJIe/Tb II0C/Ie OUePefHOI CTPYDKKIL.

CroeBu1la IOAEP>KMBAIOTCA B BEPTUKATIbHOM ITOTIOXKEHUY 32
CU€T HaJM4MA MHOXKECTBA ITy3bIPbKOB BO3[yXa y OCHOBaHMII IUCTO-
BUJIHBIX IIaCTVHOK. [ToaToMy KynbTuBMpoBanue Macrocystis pyrifera
MOXKeT IIPOBOAMTHCA HA «JIOXKHOM JHe», MM HATAHYTON Ha JETKYIO
CKJIaIHYI0 paMy (IIOIIepeYHMKOM JI0 HECKOJIBKMX COTEH METPOB) Hell-
JIOHOBOJI CeTH, MOAJEeP>KMBaeMOll CTONOOM B LieHTpe. B mmaHe mox-
HOe JTHO» MeeT BUJ| 3aTOIUICHHOTO Ha ITy61He ~2() M OIPOKMHYTOTO
30HTa. CTpIDKKA BEPXHIX YacTell BOLOPOCIIelt JO/DKHA 00ecrednBaTh
nomnydyenue 5,6.. 23,5 man. m. Cyxoit 6¥0Macchl eXKeTOHO C TUIOLIA/IN
B / xm’. Beixon 6muomeraHa B mpoljecce pepMeHTaLNM OLleHUBACTCS
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B nipefienax /57.. 660 man m?/200. roro KonuuecTsa C#7 ., , TOCTa-
TOYHO, YTOOBI 3aMECTUTD JJO HECKOIBKIX COTEH TBHICSY TOHH MOTOp-
HOTO TOIUIMBA MJIY CHAOMUTD OBITOBBIM Ta30M I...4 MIH. Uelo6ek.

B Poccun okynbTyprBanue OypbIx BOAOPOCIEH BOZMOXKHO HE
TOJILKO B J1aJIbHEBOCTOUHBIX, HO U B apKTUYECKUX MOpsX. B wacTHO-
ctH, B Tyoe Kucnoit Ha mutomanum /, I km? exxerogHo npupacrtaino /60 m
O6uomacchl Bogopocieit pona Fucus Oxono 1/4 3Toro o0béMa cpeiBaId
Y YHOCHWJIU IITOPMBI. BHOMPOTyKTUBHOCTH BCEX — 3€JIEHBIX, OyphIX U
KpacHBIX — BHJIOB BOAOPOCIEH ucUUCsIach B pacuéte Ha / ea cie-
TYIOIITUM 00pa3oM (m/200):

D28 0] 0 V) OO 50...60
CYOTIHTOPATID...ceoveeeriincecieeescaeseesesesessesesese st esesesseseaeseseseacseses 100...150
Boaayx
v
Bosa Bepxyuweynan
MepvcTema
<«—T[ly4ok Ha HOmKeE 15..24 m

Monogoe cnoesuuie
_.—Crapoe cnoesuuse

CnopoduneHbii
nyy4oK
[lepBruyHaA HOMK e
Ti?loma e O ~«— CnopodunbHbiid nyyok
(npuns)ennmoman " [lHo mopa
4acTb e £
BOAOPOCAHM "o iy o o mo i T P P

Puc. 8.2. Ctpoenne 6ypoit Bogopocinu Macrocystis pyrifera.

B Bogax benoro mops y nobepexxnit ComoBejKnx oCTPOBOB
IPUMUTUBHAS JOOBIYA TAMWHAPUM PYYHOII iparoii ¢ Kapbaca (Mope-
XOJHOJ MOTOPHOI! JIOJKY), OCYIIeCTB/IsIeMasl OfHUM YeJIOBEKOM, Ja-
Baja 3a BpeMs oTuBa (~5u) 6onee 0,5 m. ceipoit mamyHapun. Co60p
I TIOMOIIM MeTa//INYeCKNX CKPeOKOB, CITyCKaeMbIX Ha THO ¢ 6opTa
MOTOROPSI, gocturan /0...15 m. BIaXHOW 6MOMAacChl 3a OfVH BBIXOJ
CyZHa B MOpe ¢ yTpa jio nonyngHA. OgHaKo XapakTepHas A1d ApKTUKA
B 11e7ioM 1 CeBepHOro JIeoBUTOr0 OKeaHa B YaCTHOCTHU yA3BUMOCTD
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KVBOJI IPMPOJIbI HA/IaTaeT CYIleCTBEHHbIe OTPaHIYEeHNA Ha MacIITab
U TEMIIbI BCEX BUJIOB IIPOMBIC/IA, B T. Y. BOZOPOCAEBOro. Boccranos-
JIEHMe MacChl JTaMUHAPUM OIIpefenseTcs i ycnosuit benoro mopsa
CPOKOM B IIATb ieT. COOTBETCTBEHHO OM09HEPTreTIYeCKOe MCIIONIb30-
BaHMe aPKTUYECKUX BOJOPOCIIEN ITPeIIoIaraeT MMEHHO X BbIpalli-
BaHIeE.

8.5.2. Mopckue TpaBbl.

OTu BBICHIVE PACTEHNA XapaKTEPHBI JyIA IPUOPEXHBIX BOJ
Tpomdeckoit 30HbI Muposoro okeana Ha Ky6e Hambonee mmpoko
pacmpocTpaHeHa ceriba, wim yepenaiubs Tpasa (Thalassia testudinum).

B 6raronpuATHBIX yCIOBUAX CTeOMN Yepemnalnbeli TpaBbl OT-
pacTaoT Ha 2 cMm. B TedeHue Hemenu. VItak, B obuieM ciaydae CHA-
Tas MOJ KOpeHb Omomacca Jo/mKHa OyeT BO30OHOBUTHCA 3a 25 He-
Oenb, T.e. IMeeTCs BO3MOXKHOCTD ITOTy4aTh 10 fABa ypoxkas Thalassia
testudinum exxerogHo. OTM HeC/IOXHbBIE pacyeThl OTHOCATCA K IIPO-
MBICTTY JVIKOPACTYILell ceifobl, INIOTHOCTD 6110MacChl KOTOPOIT He J10-
cruraeT 40 m/2a. B IpUpONHBIX YCIOBMAX POCT TPaBbl Ha JIHE IIpK
rry6uHe Bopbl < // m. obecneunBaeTcs 2 % o6beMa COTHETHOI IHEP-
IY, IPOHMKAIOIIEN CKBO3b C/ION BOJABI. VICKyCCTBEHHOE BbIpallliBa-
HIIe CeifObI 3HAUNTE/IbHO YBEINYNT ee OMOIPOAYKTUBHOCTb.

[Tpupoct ¢uromaccel B MMpPOBOM OKeaHe JeICTBUTENb-
HO KojoccasieH. To/bKo 11 BOJOpOCyelt OH OleHEH B 550 mapo. m.
exerogHo. buomacca ¢puTOmIaHKOHA Ha / 2a. MIOBEPXHOCTY OKeaHa
BO3pacTaeT Ha 24,7 m/200. Jlo/s OpraHN4ecKoro BelecTBa B 00béMe
¢duTonIaHKTOHA cocTaBysieT [/4...3/4, cocTaB ke ero Takos (B Ipo-
IIEHTHOM OTHOIIEHMN IO Macce):




[TepepaboTka MOPCKOJ OpPTaHVKY B IIPUHINIIE CIOCOOHA JIaTh
TOIUIMBO M000r0 COCTOSAHMA U cocTaBa. VIMewTca coobijeHus o6
oIpo6OBaHHOI B SIMOHNY TeXHOMOruy mpeobpasoBanysi GUTOIIIAH-
KTOHHOJ OPraHMYECKOM MAaCChl B CMECh XXUJKUX YIJIEBOJOPOMIOB C
BbIXOJIOM () mac. %. 3areM U3 3TOJ CMeCU BBIJENAITCA KEPOCUH U
BBICOKOKA4YeCTBEHHBI (OKTaHOBOE YMCTO 95) OeH3MH ¢ BhIXOgoM /,5
u 6,2 mac. % cOOTBETCTBEHHO. buoMacca Bofopoceil He COlepKUT
JTUTHUH. B opraHmyeckoil Macce MOPCKMX TpaB OTHOCUTEIBHO He-
MHoro — 50...55 mac. % — Boppl. OTU KadyecTBAa IOBBIIIAIOT UX II€H-
HOCTb Ji/Is1 TIepepaboTKY Iy TéM aHa9pOOHOTro cOpakMBaHMs B 61oras.
DHepreTIecKnit pecypc MOpPCKOi 6¥OMacchl TONMBKO pacTUTEILHOTO
IIPOVICXOX/IEHUA OTPOMEH ¥ HelIpepBhIBHO BO300OHOBIIACTCA. VICTIONDb-
3oBaHue okeaHckoro bOC Oyzmer HamboIee TEXHOOTMYHBIM ¥ Haul-
MeHee 9KO/IOTMYECKY BPeHbIM B YCTIOBVIAX Pa3BUTON aKBaKy/IbTYPbL.

[TocnepHsaA 1A O6YpbIX BOJOPOC/E MOXKET OCYIeCTBIAThCA
Ha IUIaBY4MX IONTYNOIPYXEHHBIX IUIardpopmax. «OrpoMHble Operi-
dyronye Mopckue yieca, BEpOSTHO. OYAYT 0OCTy>KMBAThCS NTIOAbMU
Ha HeOOJIbIINX, HO MOPEXOAHBIX cyfax. OHM Oymy IIOCTOSHHO Clle-
IUTH 3a HAIIpaBJIeHVNEM ABJDKEHNUA STOTO OOJIBIIOrO, IOTPY>KEHHOTO
B MOpe IIPeNATCTBYA Bpemsa oT BpeMeHM BOJOPOCIN NPUIETCA OT-
BOJUTH OYKCMpaMM OT MOPCKUX ITyTeil ¥ OCTPOBOB... COOp ypoxkast
1 00pabOTKy MOXKHO OyZieT IIPOM3BOAUTH Ha IIABYYUX 3aBOJAX, I10-
CJIe 4ero CKIafiHble Mo/A (¢ KOHCTpyKumel «IoxHoro gHa».— C.JI.)
OymyT BO3BpawIaTbCsl B MCXOAHBINA IYHKT. ITo coobpakenmsam JIx
Kynnunn, «10kHOe ZHO» Ipu GOMBIINX pasMepax ¥ Macce pacTyILINX
Macrocystispyrifera 6yget TpynHO U fa’ke HEBO3MOXXHO 3asKOPUTD,
KaK 9TO IIPeAYCMOTPEHO /I HETIOABIDKHBIX BOJOPOC/IEBBIX CybCcTpa-
TOB. [Ipetid e MOCTIeHNX ¢ ceBepa Ha 0T B 30He KanndopHuiickoro
TeYeHNA PEelINT Ty Npob/emMy.
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BOl'[pOCI)I IAJIsA CAMOKOHTPOJIsA:

1. Kakue KynbTypbl 11€1€cOo00pa3HO BBIpALIUBATH JJISI BBIPAOOTKU
SHEpruu?

2. YT0o MOXKHO IIPOU3BONTH U3 parica?

3. Kakas muomane HeoOxoauma moj parc ks mpoussoacTsa 10
MJIH. T. comsipa?

4. PackpoiiTe NoHATHE « DHEPIETUUECKUH JIECH.

5. B uem cMbICII BbIpalMBaHMsI CaXapHbIX U MacIUYHBIX KYJIBTYp?

6. Uto naeT TOIUIMBHOE pUcocesHue?

7. PackpoiiTe TeXHOIOTHIO MOTYYEeHUsI OMOTEHHOTO BOIOPOIA.

8. B uem npeumy1iecTBa BeIpallMBaHNs aKBaKyJIbTYphl?

9. Pacckaxute 0 cTpoeHUH Oypoii BOIOPOCIIH.

10. HapucyiiTe noaBOAHYIO KOHCTPYKIUIO JUIsl KYJIBTUBUPOBAHUS BO-
JIOPOCIIEH.

11. OnumuTe mporece BhIpALIMBaHus, cOOpa W UCIOIb30BaHUs Oy-
PBIX BOLOPOCIIEH.

12. Kakumu mpuszHakamMu 000CHOBBIBAETCS 1IEIECO00PA3HOCTh KYIb-
TUBUPOBAHUS MOPCKHUX BOJOPOCIIEH?

13. M3n0:xuTe NEPCNEKTUBY Pa3BUTHS KyJbTUBUPOBaHUS JIECHOM (Ky-
CTapHHUKOBOM ) SHEPreTUYECKOM OMOMAacCHhI.

14. V3noxure NEpcreKTUBY pa3BUTHS KyJIbTHUBMPOBAHMSI MOPCKOM
HHEpPreTUUeCcKol OMOMACCHI.
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I'maBa 9. ®orocuHTE3, KAK NPUHIUINUAIBHAS OCHOBA OyIyLIMX
JHEPreTHYeCKUX TeXHOJIOTuil

VI3 npenbIAyIMX I1aB OYEBY/HO, UTO J/Is 0OecIiedeH st SHep-
TeTIYeCKOTO M300M/INA 4e/loBeYeCTBY HY>KHO ObUIO M3y4aThb [lpu-
PORY ¥ KOIMPOBATh €€ SHePreTUdYecKye MPOLecchl, a He HAIPaB/IATH
BCe YCU/IUA Ha JOOBIUY MICKOIIAeMBIX SHEPreTUYeCKIX PeCypCcoB Hefp
[TnaneTsr.

Bo-1epBbIX,aTH ycumms He Janu SHEPreTUIecKoro M300mmms;
BO-BTOPBIX, OH) NIPUBENNU K ITI0OQTBHOMY 9KOTIOTMYECKOMY KPUSUCY
[TnaneTsr.

[TepeopueHTMPOBABIINCH HA OMOIHEPTEeTUKY, Ye/IOBEYECTBO
OyZieT BBIHY)K/[ICHO pea30BaTh IPUPOSHbIE SHEPreTYeCKe IIPYH-
IIUIIBI B CBOMX T€XHOTIOTMYECKVIX ITPOI[eCCaX.

Korza uenoBe4ecTBO OCBOUT KYIbTUBMPOBAHIE SHEpreTnde-
CKIIX JIECOB I 9HEpPreTNYeCKIX aKBAIUTAHTAIVIL, eMy (4e/I0BeYeCTBY)
HeoOXOMMO OyaeT OCBOUTDb NPUPORHBIN POTOCHHTE3 KaK TEXHOO-
TMYECKYI0 OCHOBY OMIOHEPTeTHUKIL.

dorocuHTe3 - OCHOBA OMOTOTMYECKOI XXU3HY Ha 3emiie. ITO
Ype3BBIYAITHO CJIOXKHBII IIPOLECC, N3y4eHNeM KOTOPOTO 3aHMMAeTCS
¢dusuonorus u 6uoxumus. Ho Hac >KM3Hb 3€/I€HOTO NNUCTa pacTeHus
MHTepecyeT ¢ TOUYKY 3peHIsI NHXeHepa. ABTOp yBepeH, YTO IIOCTUTA
nponeccsl (OTOCHHTE3a, YeJIOBEK CMOXET CO3[]aBaTb TE€XHOJIOTIYe-
CK1e Iporiecchl 0 3¢ PeKTUBHOCTY IPUOIVDKAIONIECs K IpolieccaM
[Tpupopst. VinxeHepHOe M3ydeHue GpoTocuHTe3a OyfeT NpUOIIDKATD
Hac K OCHOBHOII LIe/IM, KOTOPYIO IIpeciefiyeT aBTOp B 9TOM y4eOHOM
noco6un: «3a7IoKNUTh B OyAyllero nHxeHepa co3Hanne Co-TBopua ¢
[Tpupomori». ABTOp yBepeH, YTO TOIBKO IIPY TAKOM YPOBHE CO3HAHNSA
U VH)XEHEPHOTO MBIIIICHNSI 4e/I0OBEYeCTBO 3eM/IN NPUJeT K 9Hepre-
TUYECKOMY U300M/IIIO0, KOTOPOE SIB/IACTCS OCHOBOI U300V KUSHY
JeI0BeYecTBa Ha 3eMiIe.

dopmanbHO POTOCHHTES - ITO MPOLECC, B KOTOPOM YITIEKIC-
JIBIVI Ta3 U BOZIa TPAHCPOPMUPYIOTCA B YITIEBOABI U KVICTIOPOJ, COT/IaC-
HO YPaBHEHUIO

135



nCO, +mH,0 - (CH,0), +mO,

DTO CIOXKHOE SIBJIEHHWE HEIIb3d CBECTH K MPOCTOM JUCCOIU-
Ay YIJIEKKUCIIOTO Ta3a ¢ MOCJEIYIONUM TPUCOSTUHEHUEM BBICBO-
OomuBIIETOCS YIIepoJa K MOJIEKYJIe BOJBI, KaK MOXKET TOKa3aThCs
Ha TEPBBIN B3IV MPU aHAIIW3E TPHUBEACHHOTO BBINIE XUMUYECKOTO
ypaBHeHUs. C OMOIIBIO PaIMOAKTUBHBIX U30TOMOB OBLIO AKCIIEpH-
MEHTAJIbHO YCTAaHOBJICHO, YTO BBIJCIISTFOITUICS KHCIOPOA 00pa3yeTcs
HE U3 MOJIEKYyJl O, , a u3 MoyieKya Boabel. Ha puc. 9.1. cxemaru-
YECKH TIPEACTABICHBI 3JIEMEHTHI TIporiecca OTOCHHTE3a B 3€JIEHOM
nucre. DOTOXMMHUYECKHUE PEAKIIUU MPOTEKAIOT B OpraHax, Ha3bIBae-
MBIX XJioporuiactaMu. OHU UMEIOT TIPOHUIIAEMYIO0 CTEHKY - BEPXHHI
AMUIEPMHIC, TTO3BOJISIONINNA CBETY ITPOXOAUTH uepe3 Hee. Kak BUIHO
W3 PUCYHKa, BOJIa TIPOXOJUT K XJIOPOTUIACTY Yepe3 MOPhI, B TO BpeMst
KaK YTJICKUCHBINA Ta3 MPOHHUKAET U3 aTMoc(ephl 1o KaHaiaMm, OTBEp-
CTHSI KOTOPBIX PacCIoyiaraloTcs B HWKHEM dIujiepMuce. Takue oTeep-
CTHsI Ha3bIBAIOTCS ycThuIa. O0a Ciios AMUAepMUCa MTOKPHITHI BOCKO-
BHJIHBIM CJIOEM HEMPOHUIIAEMBIX JJ1 Bojbl. [loaTOMY mToTepu BOABI B
JIUCTE MOTYT IIPOUCXOIUTH TOJIBKO Yepe3 yCThHIIA.

Bepoonnii
STIFISPMITC CeeT

. o =
e S

| s
o o CO
Hiszerririt / 2 = S oeTLIIL S

SIS PMILIC

Puc. 9.1. Cxema $hOTOCHHTE3UPYIONIECH €TUHUIIBI 3€JICHOTO JIUCTA.
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MorteKybl YIIEKUCTIOTO ra3a U3 aTMOChephl ABVKYTCS K XJI0-
porutactam nmocpefcTsoM auddysnn. Itot ardPy3noHHbI TOTOK W
IPOIIOPLMOHAJIEH Pa3HOCTY KOHIIEHTPALMII YITIEKICIIOTO Tasa B aT-

Mocdepe [(CO,) ;] U B XIOpoIIacTe [(€o,).]. Kpome Toro on mpo-
MOPLMOHAJIEH YCTBUYHONM IPOBOAMMOCTHI V), KOTOpas MeeT pasMep-
HOCTb CKOPOCTIL:

W= V[(CO2)A - (Coz)c]

(9.1)

Croxom CO, ABIAIOTCA TaKMM 006pa3oM, peakiuu GpoTocuH-
Te3a B X/IOPOIUIACTaX. B yCTOYMBOM COCTOSHMM CKOPOCTD IIOT/IONIe-
HUA YIJIEKVUCTIOTO ra3a B IepecyeTe Ha eUHUIY IUIOMIANN 3€/IeHOTO
NMCTa paBHA BXOJAIIEMY ITIOTOKY 9TOro rasa. OHa IIpOoIopIIOHaTIbHA
IJIOTHOCTY CBETOBOTO MOTOKA P(Bm/m”), KOHIIEHTPALMHU YITIEKUCTIO-
ro rasa [(CO,).. ] (kmonv/m?) u ckopoctu peakumu r (m*/ o). Takum
obpasom:

W:r[COz]kP 02

Torna u3 dopmyn (9.1) u (9.2) nonyuaem:

_ r(COo,),P
1+(r/V)P

(9.3)

3mece W moxkaspiBaeT konumdectBo CO, (kmonb), Tormoniae-
MBIX 32 CEKYHJY KBaJ[paTHBIM METPOM 3€/IeHBbIX JINCTbeB. [Ipu Hu3Ko
IVIOTHOCTM CBETOBOTO IIOTOKA, T.e. Korma P« V/r, mornomenne yrie-
KIICTIOTO Ta3a MPONOPLJOHAIbHO KOHIIEHTPALMM 3TOTO ra3a B aTMOC-
depe 1 IOTHOCTU TIOTOKA COTHEYHON IHEPTUM:

W =r(CO,) P o
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Korma aToT mOTOK Benuk, T.e. pu P»V/r, mornomenune yrie-
KIICJIOTO T'a3a OIpefensaeTcs BeMYMHOI:

w=V(Co,), 9.5)

Kak BupiHO, B 9TOM cydae BenmuuHa W He 3aBucut ot P u
nponopuuonanbHa CO,.

CKOpOCTb peakIiui 7 - OCHOBOIIO/IATAloIast XapaKTepUCTIKa
npoljecca GOTOCHHTE3a U AO/DKHA OBITH IO Mjee OAMHAKOBON s
BCEX M3BECTHBIX COBPEMEHHBIX pacTeHMIL. VIccmenoBanus, IpoBeeH-
Hble (PU3MOIOTaMM pacTeHMl, TIOATBEP)KAAIOT 9TO IPEAIIOIOKeHIe
IUIs 0OBIYHOI KOHLIEHTPALI KICIOPOJBI B aTMocdepe.

3HaveHMe 7 MOXKET ObITh OIpefie/IeHO IyTeM M3MePEeHNs CKO-
poctu nornomennss CO; B 3aBUCUMOCTY OT IVIOTHOCTY IIOTOKA COJI-
HEYHOVI 9HepPI'UM B 06/1aCTh 3HAUEHUI], JI1 KOTOPOJ BEPHO YpaBHEHUe
(9.4). B aToMm crrydae nmeeM:

1 w

*__

r=—
(€O, P (9.6)

N3 skcniepuMeHTaNbHBIX JaHHBIX BHUIHO, YTO yToJl HAKJIOHA
KpHUBOW 3aBUCHMOCTH W oT P B nuana3oHe JMHEHHON 3aBHCHUMOCTH
(puc. 9.4) naer 3Ha49enue 178%10" eyoms | Juc - VI3MEPEHNS TIPOBOIUIINCE
MPY HOPMAJIBHBIX YCJIOBUSX U KOHIEHTPALIMK TUOKCcHAA yriepoaa 330
ppMm, T.€. IPU MapUHAITBLHOM JaBieHuun 330 mxamm. Ilprn HOpMaIbHBIX
YCIOBUSX 00bEeM, 3aHUMAEMBbIH [ KMonem UAeaabHOTO ra3a, PaBeH:

*
V=E=M = 24,453 | wmony
P 1,0133*10

nostToMy 330 ppm COOTBETCTBYET
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_330%107
24,45

]

(C0,) =12,5%10 % kasoan | a8

Takum o6pazom

_178*107"

Wﬂiz*m%%ﬂm

y_13.2410°(C0,) P 178*10°P
[+13,2¢10°P/V  1+13,2¥10°P/V )

VYpaBuenue (9.7) mo3BOJISIET pacCUUTaTh CKOPOCTh MOTIIOIIE-
HUSI C O, B 3aBHCHUMOCTH OT INIOTHOCTH IIOTOKA COJIHEYHOU panu-
AUy JIJIs JTF000TO pacTeHUs] MPH M3BECTHOM 3HAYCHHH YCTHHUYHOMN
npoBoauMocTH V. Ilpou3BoiabHO Tpeanonoxus, uyto V=0,004 m/c n
HE 3aBUCHT OT IIOTHOCTH TOTOKA COJTHEYHOW HEPTHH, IMOJYIHM pPe-
3yJIbTaT, MPEJCTaBICHHBIN HA puc. 9.2.

Ha ocHOBe omuCaHHBIX BBINIE MPEICTABICHUNA MBI MOXEM
OTIPE/ICTTUTH 3aBUCUMOCTD 3PPEKTUBHOCTH (DOTOCHHTE3A OT TUIOTHO-
CTH TIOTOKa COJIHEYHOU 3Hepruu. [Ipu 3ToM mpomykrom (hoTocHHTE-
3a SIBJSIETCS HSHEprus, 3amaceHHas B oOpasyeMoii Omomacce — OKOJIO
440 M/[xc na 1 kmonw yriepona. DTO 3HaUYECHUE MPEBBIIIACT 3HAYE-
HUE SHTAIBIIUU 00pa30BaHUs yIIIEKHCIIOro Ta3a (393,5 M/c/kmony).
JIOTIONTHUTEIBHAST YHEPTHSI TOCTYIIAET OT BOJOPO/IA, KOTOPBIA TaK Ke
MIPUCYTCTBYET B TKAHSIX PACTECHUH.
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[Tornomenne I kxmons cOOTBETCTBYeT HaKorieHuto 440 M/[ic
3HEepruu, N03TOMY CKOPOCTb 3TOT0 HaKoIleHus paBHa 440 MBT/m’ n
torfa appexTuBHOCTL POTOCUHTE3a pPaBHA

n, ~4,4*10°wW /P

B TakoM cmyyae MaKCMMaabHO BO3MOXKHasA 3((eKTMBHOCTD
dorocunTesa byzner:

4,4%10°*178*107"* = 0,078

JI1st mpoBepKH NMPAaBUJIBHOCTH OIIMCAHHON HAaMU YIIPOLIEHHOMN
MOJIENTd HEOOXOIUMO SKCHEPUMEHTAIBHO H3MEPHUTh CKOPOCThH II0-
IJIOIICHUS YTJIEKUCIIOTO Ta3a B 3aBHCUMOCTH OT IUIOTHOCTH IOTOKa
COJIHEUHOM sHepruu. B skcriepuMeHTax, MONydeHHBIX Ui OOBIYHON
11e0enpl, OBUIO ITOKA3aHO, YTO BU 3aBUCUMOCTH W OoT P coBIAIaeT ¢
TeopeTnueckuM (puc. 9.3).

[Ipouecc perynupoBaHus YCTBUYHOM MPOBOJMMOCTH MOYKHO
ornucarp cienyromum oopazoM. Kpas yctbuir 00pa3oBaHbl Crieluab-
HBIMU KJIETKaMH, KOTOpble OyIydd HaroJHEHHBIMH BOJOH, pa3dyxa-
10T. [Ipy BBICBIXaHNUU 3TH KJIETKH CTAHOBSITCS INIOCKUMHU U 3aKPBIBAIOT
BXOJIbl. BO3MOXXKHO, 4TO Ha pa3Mepbl YCTBUYHBIX ILEIEeH Omocpeno-
BAaHHO BIIUSIOT WHTEHCHBHOCTH MAJAIOIIETO COJIHEYHOTO CBETA, IO-
CKOJIBKY B 3TOM CIIy4ae YCKOPSIFOTCS BBICYIIMBAHHE MTOBEPXHOCTH JIH-
cra. [loaToMy BHOJHE OMpaBAaHHBIM MOXET OBITh MPEINOJIOKEHHUE,
COIVIACHO KOTOPOMY 3HAu€HHE } yMEHBIIAETCS C POCTOM CBETOBOTO
noroka P. Torna yBenuueHue OCBEIICHHOCTH MOXKET BbI3BaTh MaICHHE
YCTBUYHOM POBOAMMOCTH M YyMeHbIIeHHE 3 pekTuBHOCTH POTOCUH-
Te3a.

DKCHepuMEeHThl ¢ JByMsl BHIaMH jebensl Atriplex rosea u
Atriplex triangularis moka3pIBaroT, 4T0 ()OTOCHHTE3 MPH OAMHAKOBBIX

ycnoBusax [77=25°C.(CO,),, =300 ppm] g Atriplex rosea cy-
mecTBeHHO Oonee a3 dexTuBeH, yem B Atriplex triangularis (puc. 9.4).

141



3aMeTuM, 4TO CKOPOCTb IOITIOLIEHNA YIIEKVC/IOTO Tasa i 06oux
pacTeHNI OCTUI/IA MAKCHMA/IbHBIX 3HAYEHUI IIPY IJIOTHOCTH TIOTO-
Ka COTHEYHON pajiyaliuy 3HaYnTenbHo ke 1000 Bm/m?, xapakrep-
HOV 1151 6€300/1a4HOT0 MOTyAeHHOro Heb6a. O4eBUIHO, YTO 3e/IeHbIe
pacTeHNA IPUCIIOCOOMINCH K HEKOTOPOTI BeMUYHE payaliui, ajia-
IOlIell Ha IOBEPXHOCTD JINCTA, @ He K MAKCUMa/IbHOMY ee 3Ha4eHMIO,
KOTOpO€ YacTO He HOCTVDKVIMO, ITIOCKOJIbKY JIMCThS 3aTEMHAIOT JpYT
Ipyra.

[t 06bsicHeHUSA pasnmn4uii, KOTOpble HaOMOAAITC B GOTO-
CMHTe3e IBYX BUAOB Atriplex, He0OXOAMMO IIPUB/IEYDb HOIIOTHNUTEb-
HYI0 MHGOPpMAIVIO 0 MeXaHu3Me GOTOCUHTe3A.

B 6onpmmHCcTBe pacTeHnit GOTOCHHTE3 IPOTEKaeT Iy yda-
CTUM IBYX IIUTMEHTOB — Xyopodwia a u xnmopodunna 6. OHu oba-
[AIOT 3€/IeHO OKPACKOIL, T.e. OTPAXKAIOT 3€/IeHYI0 YaCThb COTHEYHOTO
CIIeKTpa, KOTOpasi II03TOMY He MOXKeT MCIIONb30BaTbCsA pacTeHMEM I,
CTIefIOBATE/IbHO, TepsAeTcA. II0CKONbKY MNCThA MIMEIOT 3€IeHBI IIBeT,
OHU TaKXe He CIIOCOOHBI 3(pPEeKTMBHO UCIIOIB30BaTh YaCTh CIIEKTpPa
U IIpeoOpa3oBbIBATh 3HAYMUTENIbHYIO HOJI0 SHEPTUY COTHEYHOTO M3-
JTy4eHUs, OTHOCAILYIOCA K 3€/IeHOM YacTu ciekTpa. Ha puc. 9.5. npen-
CTaBJIEHbI CIIEKTPbI IOTIOMIEHNA /I IBYX BUJIOB X/I0poduIa.

Bo Bcex (HOTOCHHTE3MPYIOLINX pacTeHMsX Npeobpa3oBaHue
YIJIEKUCIIOTO Ta3a B YIVIEBOJBI IIPOMCXOAUT B COOTBETCTBUM C peak-
umen, HasBanHoi nukiaoM KanpBuHa — Bencona (Calvin — Benson).
MexaHu3M 9TOJ1 peakluy BKIIOYaeT B cebs B3aummopeiictBue CO, ¢
IATUYITIEPOIHOI MOJIEKY/ION caxapa pubynoso — 1,5 - 6udocdarom
(RuDP) ¢ o6pazoBaHueM JBYX MOJIEKY/T TPEXYIJIEPOJHOTO COEMVHE-
Hus — pocdormmiepnHoBoit Kucnotel (PGA). DT KUCIOTHI 3aTeM Ya-
CTMYHO KOHBEPTUPYIOTCA IO YITIEBOMOB, YacTM4HO B RuDP, 3ambikas
TEM CaMbIM LIMKJL.
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Otnuuane ot poTocuHTe3a Atriplex rosea n Atriplex triangularis
KpPOeTCsl He B OCHOBHOM IIVIKJIe, @ B TOM, KakuM obpazom CO, mo-
cTynaer B UK/ B cmy4ae Atriplex triangularis atmocdepHsit yrie-
KICJIBIN ra3 IIOCTyINaeT HernocpeacTBeHHO B RuDP, B To Bpems Kak B
Atriplex rosea paboTaeT IpPOMEXYTOYHBIVI BCIIOMOTATeIbHBIN «Ha-
KauMBAIOIINIT» MEXaHMU3M, KOTOPBINM JTOCTAB/IAET YIJIEKMC/BIN Ias K
RuDP cnioco60oM, HaOMUHAOIINM JJOCTAaBKY MOJIEKY/T KICIOpoaa K
YKMBOTHBIM KJIeTKaM IOCPeCTBOM IVMPKY/IALNU KpoBU (puc. 9.6).

«Iemorno6uHom» pactenuit sipnserca PEP (dpocdoskommm-
pyBar), KOTOpbIil uMeeT 6oybIoe cposcTBO ¢ CO,. KoHeunsie npo-
nyktsl peakuuu PEP — CO, - ato s6/104Hast M acnaparmHoBasi KIc-
70T, KaXK/Ias MOJIEKY/Ia KOTOPBIX COJIEPKUT YeThIpe aToMa yIJIepoja.
B npucyrcrBun dpepmenToB 06€ K1CIOTH BhIcBOOOXjatoT CO,, mo-
crapynasa ero RuDP, a camu BHOBB Tpanchopmupytor B PEP, 3ambikast
TaKUM 00pa3oM IUKIL.

Pacrenns, koropeie ncnonb3yoT PEP 1 cOOTBETCTBEHHO CUH-
TE3UPYIOT 4-yINIEpPOIHYI0 KUCIOTY B KadyecTBe IIE€PBOrO IPOAYKTa
IernovyKky GOTOCHHTe3a, Ha3bIBAlOTCA Cy - PaCTEHUAMIY; PACTEHUS Y
KOTOPBIX ITePBBIN NPOAYKT POTOCUHTE3A — 3 — YITIEPOfHAs KIC/IOTA,
HasbiBaeTcs C; - pacTeHMAMM. B mepBoM npuOMDKeHNM ImpakTide-
CKU BC€ JIepeBbs M KyCTaPHMKM MOXXHO cunMTaTh Cs - pacTeHUAMM, a
TpaBbl TPONMYECKMX CABAHH U O0COKa ABNAITCA Cy - paCTEHUAMM.

Yrekucblit Ta3 ropasgo 6omee akTuBHO pearupyer ¢ PEP,
yeM ¢ RuDP. Kpome toro, xorga cootHomenne CO,/O, cTaHOBUTCA
MaJIbIM, COBMECTHOE BO3ZeiicTBUe Kucnopopa ¢ RuDP mHrnbmpyer
npouecc porocuHTe3a. TakuM 06pa3oM, Ipy HU3KMX KOHIIEHTPAIM-
ax CO, pactenus - C; mpekpamaoT GOTOCKHTES, B TO BpeMs Kak B Cy
- PacTeHMAX 3TOT NpolecCc NpofoKaeTca. Huskue KoHIeHTpanyum
CO, B x70pon/IacTax BO3HUKAIOT B TOM CTy4yae, KOIJla B pe3y/nbTare
00e3BOXXVBaHNA YCTHIYHAA IPOBOAVIMOCTD CTAHOBUTCA HEOCTATOY-
HOL. ITO, C OJHOI CTOPOHBI, IPUBOANUT K COXPAaHEHUIO BOJBI B KJIET-
Kax, IIOCKOJIbKY MCITap€eHNe UJIeT MUMEHHO Yepe3 YCTbUIA, HO, C IPYTOli
CTOPOHBI, CHIDKAET IIOTOK YIJIEKVC/IOro rasa. TeM He MeHee 0OOMeHHbIe
IIPOLIECCHI B PaCTEHMAX IPOJO/DKAIOTCA ladKe MY MOfIaBIeHHOM ¢o-
ToCMHTe3e. Tak mpopio/mKaeTcs IbIXaHue, pacXoJOBaHMe YIIEBOJOB,
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BoigeneHne CO, — mporjecc, MPOTUBOIONIOXKHBI POTOCHHTESY, IPO-
VICXOOAIUI B MI000M pacTeHMy B TeMHoTe. OH HasbiBaeTcs GOTO-
IbIxaHMeM 1 He npoucxomut B C4 — pacTeHusax. B pesynbrate C; -
pacTeHNA IMpeKpamanT GOTOCHHTE3 IIPY BBICOKIX MHTEHCUBHOCTAX
COJIHEYHOJI pajjuallvy X CTAHOBATCA B 9TUX YCTIOBUAX IIPOU3BOANTE-
namu CO,.
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Ha npumepe MHTepecHOTro sKCIIepMMeHTa MOXKHO ITPOfIeMOH-
cTpupoBarhb paszmnuna Mexay Cs; — u Cy - pacCTeHMAMM: KMBbIE pacTe-
HIIS, OTHOCAIMECA K 000MM BUiaM, IIOMEIa/IVCh TI0f, CTeK/LTHHBIMMI
KOJIIaKaMy ¥ ocBemjanuch. O6a pacTeHMsa MpouBeTanmn o TeX Iop,
noKa 1ony4yany Heobxomaumoe konmmdectBo CO,. Bckope yrnekucnbiin
ras Ioj Ko/lmakaMu 3akoHumics u C; — pacTeHuA Iepexofmm Ha ¢po-
TofibIXaHMe, ycbixas u Bbifiensas CO,, kotopsiit Cy — pacTeHus 6aro-
IIOJTYYHO VICIIONb30BA/IN /1A COOCTBEHHOTO POCTa.

Korza obecrneyenne yrieKucabpM ra3oM HOCTaTOYHO, TO Cy —
pacTeHNA TepsIOT CBOe IPeVMYIIeCTBO, IIOCKONIbKY Ootee He TpeOy-
eTCsl MeXaHU3M «HakKayka» Ipu GoTocuHTe3e, KOorjga MoTpedsseTcs
IOTIONHUTeNbHAA 3Heprus. Puc. 9.7. mokasbiBaeT, 4TO IPY BBICOKMX
koHueHTpanuax CO, porocuntes Atriplex rosea (C,) meHee apdek-
TUBeH, 4yeM Atriplex triangularis (Cs).

ITpeumymectBo C4 — pactennii Hai C; — pacTeHUAMM MakK-
CMMAaJIbHO IIPU BBICOKMX 3HAYEHMAX COTHEYHON pajyalyy, BbICOKMX
TeMIlepaTypax U JIMMUTUPOBAaHHOM obecnedeHuy Bopoit. Takme yc-
JIOBMA UMEIOTCA B MOTY3aCyIIMBBIX TPOIMYECKUX pernonax. Hampu-
Mep, TaKoe TPOIMYecKoe pacTeHMe, KaK CaXapHblii TPOCTHUK, SABMIA-
eTcst uMeHHO C4 — pacteHueM. Ilogo6HbIe OpraHM3MbI IPEBOCXOTAT
C; taxke npu manbix KoHueHTpauusax CO,. Tak, nmpenmnomnaraercs,
YTO BO BpeMs IOC/IEHETO JIHHIKOBOro nepuopa (mpumepHo 20000
neT Hasaz) napuuanbHoe fasiaeHne CO, B aTMocdepe CHU3WIOCH 10
190+200 MKaTM 1 3TO BbI3BAJIO 3aMeEll[€HIE JIECOB TPaBaMy BO MHOTMX
pernoHax.

J1)14 BOZHBIX pacTeHMiT IpobieMa cOXpaHeHsI BOJHOTO 3alla-
ca, KOHEYHO, He CTOUT, ¥l MO>KHO IIPEe[IONOXKNTD, YTO UX YCTbMIIA He
MIMEIOT PeTyIMpPYIOIINX KIallaHOB; OTOPBAHHBIE INCTbS BOFHBIX pac-
TEHUI OBICTPO BAHYT. B TakyX pacTeHUAX yCTbUYHAA IPOBOAVMOCTD
He 3aBJICUT OT OCBEIL[eHHOCTU U CKOpOoCThb nornomenns nmu CO, He
yMeHbIIAeTCs IPY POCTe IOTOKA COTHEYHON pafinaliui.

Takxum ob6pasoMm, cocygucTble BOgHBIe pacTeHMs Oomnee -
(beKTUMBHO IPOM3BOAAT OMOMAcCy, YeM Ha3eMHble PacTeHUs. IJTO
HOZITBEPKAAETCA BBICOKOI IMPOAYKTUBHOCTHIO BOJAHOTO T'MAI[MHTA
Eichhornia crassipes.
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BOHPOCI)I A1 CAMOKOHTPOIA:

L. [l 9ero Hy>KHO MHXXeHepy usydeHue GOTOCHHTe3a?

2. B yem cyTb nporecca porocuHTe3a?

3. Hapucyiite cxeMy GpOTOCHHTEe3UPYIOIIEN eVHUIIBI 3€/IEHOTO
JIMCTA Y OIVIINTE OCYIIeCTBIIsAeMBI ell pOoTOCUHTE3.

4. [l 9ero HY>KHBI B POTOCHHTE3e IBa IIPOTUBOIIOJIOKHBIX IIe-

proanyecKux mpouecca: normomienue (Boigenenne) CO, u moroie-
uue (Boigenenue) O,?

5. Ot vero 3aBucKT ckopocTtb nornouienns CO, B porocunTesze?
6. Kak MHTEHCMBHOCTb COTTHEYHOTO V3/Ty4eHNs BINUAET Ha 3¢-
dexTUBHOCTBD npouecca porocuHTE3a?

7. Yro Takoe yCTbMYHAA IPOBOAVMOCTD Vi OT YeTO OHA 3aBUCHUT?
8. Kaxoit opranmndeckuit turMeHT HeoOXOAMM 1A rpolecca ¢ho-
TOCUHTe3a?

9. OO0bsacHUTE OMONOIMYECKUIT MeXaHu3M Lukiaa KajibBuHa —
Bencona (Calvin — Benson).

10. OObsIcCHUTE MeXaHM3M «HAKaYKM» PACTUTETBHBIX K/IETOK
YITIEpPOJOM.

11. B yem npunnunmanpaoe ormnane porocuuresa u Cs — n Cy—
pacTeHmii?

12. B yeM mpmHOVIMANIbHOE OT/INYME POTOCHHTE3a CYXOITy THBIX
Yl BOJJTHbIX PacTeHMII?

13.  Iloyemy cocynucTtble BOfHBIe pacTeHMs 6onee 3¢deKTUBHO

IIPOM3BOAAT 6MIOMACCY, YeM Ha3eMHbIe paCTeHUA?
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I'naBa 10. ITonyyeHme Bomopoja OGMOXMMMYECKMM Pas3IOKeHNEM
BOJBI.

Bonplras 9acTb XMBBIX OPTAaHU3MOB JIBIIINT, T.€. IIOTpebIAeT
KUCTIOPOJ, U1 BBIfIETIAAET YITIEKVC/IBIN I'a3 JI/I TOTO, YTOOBI IIUTATh IIPO-
Ilecchl aHabonMM3Ma B opraHusMe. B Haubosbleli cTerneHy 3To CIipa-
BEIUIVBO Il PaCTEHUI. B pacTeHMAX MpoTeKaeT U JPyTroil Mpolece,
oOpaTHBI JABIXaHUI0O — (OTOCUHTE3, B KOTOPOM M3 aTMOC(EpPHOro
BO3/[yXa IIOIVIOIAEeTCS YITIEKVCIIBIN I'a3, a BBIE/NAeTCA KICIOpOp. Ta-
KM 00pa3oM, Ha CBETY pacTeHUA ABJIAIOTCA Pa3BETBICHHON CETBIO
TI0 IIPOU3BOJICTBY KIIC/IOPOZIA, @ B TEMHOTE — CETBIO I10 ero IoTpebiie-
Hy10. HexoTopble BUJIBI pacTeHNIT MOTYT IIPOV3BOUTD KUCTIOPOJ, 13-
BJIEKasl €r0 U3 BOJBI, B Pe3y/IbTaTe 4Yero BRICBOOOX/JAETCS BOZOPO,.
Hamnpumep, Takoit crtocoOHOCTBIO 00/1a/Jal0T HEKOTOPBIE BOJOPOCIIIL.
Tak kak B TeMHOTe aKTMBHOCTD IIPOIIECCOB, IPOTEKAIOIIMX B PACTEHM-
AX, CWIBHO 3aTOPMO>KEHA, KOIMYECTBO BbIE/NIAEMOr0 BOOPOJA MaJIO.
3a BBICBOOOX/IEHNE BOJOPOja OTBeYaeT (pepMeHT ruaporeHesa. Ak-
TUBHOCTb 3TOTO (pepMeHTa ITOJAB/IAETCA B IPUCYTCTBUY KICTIOPOJA,
II09TOMY OH He paboTaeT, Korjja uzieT rpoiecc poTocuHTe3a.

HenocTarok cepsl, Ha000pOT, OAB/IsAET HpoLecc GOTOCUH-
Te3a, YTO II03BOJIACT IIOJIYINTD BOLKOPOS, B OOIBIINX KOMYECTBAX IIPH
BO3JIEVICTBMM CBeTa. DKCIIEPYIMEHTAIbHO IIPOJIeMOHCTPYPOBAHA BO3-
MOYXXHOCTD (POTOOVMOIOrMYECKOTO MOTyYeHNsI BOLOPOJia C ITOMOIIBIO
Bopopocmu Chlamydomonas Reinhardtii. 9ToT nporecc mpotekaer B
JIBE CTaJVII:

1) HOpMa/bHBI POCT BOROpOCeil U (popMMUpoBaHMe 3amaca Coefu-
HEHUI YTIJIepOJa;

2) ynaneHue cepbl 3 CHCTEMBI U 13 BOJOPOC/IEl, KOTOpbIe IPOo/Ka-
I0T OCTaBaTbCA HA CBETY U BBIJIEIAIOT BOJOPOJ, PACXOAYA YacThb 3a-
IIACEHHOTO YI/IepoJa.

[Tocie TOro KaKk Ha BTOPOJI CTa/{uy M3PacXOfoBaHa Oo/bIIas
JacTb YITIEPOJIA, IIPOL[eCC IOBTOPAETCS CHavYaIa.

OueBMAHO, YTO B HACTOAILIEe BpeMsA HYXXHBI Ooriee JeTasb-
Hble VICCIIeOBAHNA, LIe/IbI0 KOTOPBIX OBIIO ObI He TONBKO yIydIlleHue
IIapaMeTpoB OMOXMMMYECKUX CHUCTEM IONy4eHVSA BOJOpPOa, HO 1
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pasbopka 6osee MPOAYKTUBHBIX BOJOPOC/IEN MM IITAMMOB MUKPO-
OpraHN3MOB.

[IpenBapuTe/nbHble OLEHKNM IIOKA3ajM, YTO /IS YAOBJIETBO-
peHMsI BCeX 9HEpreTH4YecKux IOTPeOHOCTeNl Topofa ¢ MIUIINOH-
HbIM Hace/leHMeM IOTpeOyeTcss aKBaIIAHTALS C BOLOPOC/LAMM
Chlamydomonas Reinhardtii rmomaapio 18 kv,

DTO TOBOPUT O TOM, YTO HUKOI/IA YeJIOBEK He CO3/IACT TeXHO-
noruu appeKTUBHee eCTeCTBEeHHbIX TexHonmoruit IIpupogpsr. IToatomy
OCHOBHas 3ajiaya yenmoBeka (mmxeHepa XXI Beka) u3y4arb, MOJE/N-
poBaTh U BOCIPOM3BOAUTD B IPOMBIIUIEHHBIX MAcIITabaX MpUPOJ-
HbIe TeXHO/IOTUY XI3HeOOeCIiedeH s,

SIcHo omHO - 9TO OMOTexHONOrMYeckoe (IIPUPORHOE) Ha-
IpaBJIeHVe IPOV3BOJCTBA BOJOPO/iA YPE3BbIYAIHO IEPCIEKTUBHO 1
€ro peaansaluio HeOOXOANMMO CTUMY/IMPOBATh BCEMM BO3MOXKHBIMM
CPeACTBaMIL.

BOHPOCI)I A1 CAMOKOHTPOIA:

1 YTO Ha3bIBAIOT IIPOLIECCOM JIBIXAHVA PACTEHMI?

2 Kak cooTHOCcsATCS IBa mporjecca: apIxaHue u GoTocuHTe3?

3 Kaxkyto pasBeTB/I€HHYIO CeThb IIPEACTAB/IAIOT COOO0I pacTeHms?
4. Jpirar v pacteHns B Bofe (BOKopocin)?

5 3a 4yTO B pacTeHNM OTBe4aeT pepMeHT IrmaporeHesa?

6 Kaxoit xuMudeckuii s7ieMeHT IofaB/IsieT mpoljecc GOTOCHHTe-

7. Onumnre croco6 GoTo6MOTOrNIecKoro moxydeHus BOfopo-
Jia C IIOMOIIbIO BOLOPOCTIEN.
8. Kaxkoi1 mromany mo/mKHa ObITh aKBAaIIAHTALMA Ijid oOeclie-

YeHMS BOJOPOJIOM BCEX SHEpPreTMYecKUX IOTpeOHOCTell ropopa c
MIUIOHHBIM Hace/leHyeM?
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I'naBa 11. ImppoanexkTpocraHum 6e3 IIOTHH

OHeprua MajbIX PeK MCIIOIb30BaIach YEJOBEKOM €llé B Ha-
qajie Hauero ThicadeneTuA. CTponaach IJIOTHHA, TEM CaMbIM CO3/a-
BaJICA MOAIIOp BOJbBI, KOTOpas Iajjasd CBepXy Bpalljala JlepeBAHHOe
KOJIeco. BpaieHmeM Kojeca NpUMBOAMINCH BO BpallleHME >KEPHOBA
MeJIbHUL V/IU BEPEBOYHAsA CUCTEMA TI0fIauyy BOJIbI 3 PEKI Ha OpOIlla-
emble 1ojs. Co BpeMeHeM I'MJpPO3HepreTNYecKyie YCTAaHOBKM COBep-
IIEHCTBOBA/INCD, JePEeBAHHbIE KO/Ieca 3aMEHW/IN XKele3Hble TypOVHEI
Y HAa4yajloCh CTPOUTENBCTBO TUAPO3NTEKTPOCTAHIINI Ha MaJIbIX peKax
IUIAaHETHI, KOTOpbIe 0becIieunBaty s1eKTpOosHeprueii 6osbIie Topo-
ma. [MpposnekTpocTaHIMM Ha MaJIbIX PeKaX CTaly OCHOBOII 37IEKTPO-
9HEPreTUKU B IepBoil mojoBuHe XX Beka. Tak Ha 1940-1950 rr. (10-
cne Benukoit OTedecTBEHHOT BOVIHBI) IPUILIE/ICS UK CTPOUTEIbCTBA
Manbix ['9C B CCCP, xorjja eXxerogHo B 9KCIIyaTaLVI0 BBOJUIOCH O
1000 o6bexToB. ITo pasHbIM oljeHKaM K 1955 r Ha Teppuropun Espo-
nerickoir yactu CCCP Hacumranoch no 5000 MI'DC. A obiee xomnu-
yectBo MI'OC B CCCP nocite 1955 roma coctasisano 6500 equHmiL.

MupoBbIM MHIEPOM B Majlol TUJpOsHEpreTHKe sApsAercsa Ku-
Taii, rae ¢ 1950 mo 1996 r o6mas MomHoCTh Manbix ['DC BeIpocia ¢
5,9 mo 19200 MBr. B 6mmxarimem pecsatunernn B Kurtae nmmaHupy-
eTcst cTpouTenbeTBo 6omee 40000 manbix 'DC ¢ exKerofHbIM BBOLOM
1o 1000 MBt momHocTh. B VIHgum Ha KoHie 1988 r ycTaHOBIEHHaA
MoIfHOCTh Mainbix I'DC (emumunaHO MOIHOCTY 10 3 MBT) cocrabs-
na 173 MBrt u B craguu crpoutenbcTsa Haxoaatcs [DC obmieit Mo-
HOCTBIO flo 188 MBT. Onpenenennl Mecta cTpoutenbcTsa 4000 MambIx
3NIEKTPOCTAHLINI € 06111eit MOoLTHOCTBIO 8370 MBT. OddexTnBHO pas-
BuBaloTca Manble [9C B eBpomeiickux crpaHax: ABcTpanuu, Pus-
nanpuy, Hopserun, HIBenum.

CeropHaA TMApOsHEpreTMYECKNII IOTEHIMaI MabIX pek Poc-
cuy mcnonb3yerca Ha 0,5%. ITo MpoM30LIIO TOTOMY, YTO COKPATH-
mch Manble [9C B CCCP ¢ 6500 egyauny B 50-x rogax o 70 equHmI]
B 90-x rogax XX B.

B cepenune 50-X IT. B CBA3M C IIEPEXOMIOM K CTPOUTENbCTBY
KPYIHBIX TuaposHepretndeckux ob6bektoB B CCCP (rmob6anpHas
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omMbKa MOMUTIYEeCKast, 9KOJIOTMYeCKasi, MHXeHepHasi) U IpUCOoeay-
HEHIEM Ce/IbCKMX HOTpebuTeneil K IeHTPaIN30BaHHOMY 3/IEKTPO-
CHa0>KEHMIO, 3TO HAlIpaBJIeHNe SHEPTeTHKY YTPATUIO TOCYHapCTBEH-
HYIO IIOJJEPXKKY, YTO IpPUBEIO K MOTHOMY paspyLIEHUIO U YIafKy
CO3JIaHHOJI IpeXXe MHPPACTPYKTYpHl. IIpexpaTnioch npoexTuposa-
HIIe, CTPOUTENbCTBO, U3TOTOB/ICHNE 00OPY/OBAHNA 1 3allaCHBIX Ya-
cTeli 1 Mastoii tuapoanepretuku. K momenty pacnaga CCCP B 1990
I. IeMICTBOBA/IO TO/IbKO 55 MI'OC.

B cepepune 50-x rr B CCCP Tpe6oBanoch Bce 6omble s/ek-
TPO3HEPTUY ¥ BO3ZHMKA/IVM IPOEKTHI IOBOPOTA CEBEPHBIX PeK Ha Ior
Yl CTPOUTENIBCTBA Ha HUX OONBIINX 3/eKTpocTaHmit. K cuacTpio aTn
IIPOEKTBI He BOIUIOTIINCH B XV3Hb. HO 3aT0 BCIO HarpysKy Io CTpo-
utenbcTBY 6onmpinx ['DC nepenecnn Ha JiBe KpymHeimne peku Poc-
cun: Bonry n Kamy. Ha Bosnre noctponnu xackag ns 9 I'9C, Ha Kame
- n3 Tpex ['9C, co3maB MCKyCcCTBEeHHbIE TPOMOBI B “KPOBEHOCHON
cucteme IIraHeThl (OrpOMHBIE IIOTVHBI) C 3aTOIIEHVIEM IMIAHTCKIX
tepputopuit Poccun (caMbIX IUIOJOPORHBIX), C CO3JaHMEM MCKYC-
CTBEHHDIX MOpPeJl ¢ TUTAaHTCKUM 3epPKa/IOM BOZbI, I7I00a/IbHBIM Hapy-
IIeHVeM 9KOJIOTYIV HECKO/IBKMX POCCUIICKUX PEIVIOHOB.

Ho 510 HUKOro He ocraHoBMI0. Belb cOrTacHO MaTepuanmucTm-
YeCKOMY MIPOBO33PEHNIO Ye/IoBeK - “Iiapp” [Ipupopel n ero “sajava’,
B JUIUTENbHOI 60pbbe ¢ IIpupopoit, 3aBoeBBIBAaTh €€ MPOCTPAHCTBO.
Pesynbprar 3aBoeBaHMI cepeyHbI XX BeKa MbI IOXKMHaeM ceitdac (B
Havyasie XXI Beka) — I7106a/IbHBI 9KOJIOTMYECKUIT KPU3KC, OOTIBIIYIO
IOTI0 KOTOporo copMynmpoBana Oobinas rugposHepretnka Poc-
CHmL.

Ecmu 6b1 9TH cpefcTBa U TPYZ ObUIM BIIOXKEHBI B CTPOUTEID-
cTBO U pasButue Manbix I9C, To Poccus ceityac nmena 6bI MOIHYIO
[IeIleHTPa/IM30BaHHYI0 SHEPTOCUCTEMY — MOOVIIbHYIO, HE3aBYICUMYIO,
HaJe)XHYI0, 0€30IIaCHYI0 BO BCeX KaTaK/IM3MaX, HEIIeBYI0 B CTPOM-
TEbCTBE U B 9KCIUTyaTalluM, C CAMO JelIeBON 3IEKTPOIHEPIHEINL.

Ho 3To He cTyumnoch 1 OmMO0YHOCTD 3TOTO HAIIPaB/ICHN B
TU/IPOIHEPreTIKe OCO3HAHA TOJIKO celfJac.

[To MHeHUIO 9KCIEPTOB B OmypKaiimeM OyAylieM pOCT BbI-
pabOTKM 3/MeKTPOCTAaHIMIT OyIeT IPOUCXONUTh B peruoHax ¢
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IeIleHTPa/IM30BaHHBIM 37IEKTPOCHAOKEHNEM 32 CYeT BOCCTAHOBJIE-
HIIS pa3pyLIeHHBIX 11 CTPOUTENIbCTBA HOBBIX 9lI€KTPOCTAHIINIL Ha Ma-
nbIX pekax Poccum.

Ho 0oCHOBOII 3/1eKTPOIHEPTETUKY U SKONMOrMYecKnit 3 dexT
[afyT, paspaboTaHHbIE B MOC/IEIHEe BpeMs IMOTPY>KHbIE CBOOOITHO-
IIPOTOYHBIE TYUAPOTYPOUHBI, MCIOMb3YIONIVe I MOTyYeHUsA MOII-
HOCTM CKOPOCTb €CTeCTBEHHOI'O TeUeHMsA BOABI B BOJOTOKAX M He
Tpebyromye Bo3BeieHNA IVIOTVH. [/ pasMeleHns IOrPy>KHbIX TH-
npotypbuH (puc.11.1., puc.11.2) MOXXHO UCIIONB30BATH JTI0ObIE BOO-
TOKJ, MEIOIIJe JOCTaTOYHYI0 LIVPYUHY, IIyOMHY U CKOPOCTDb Tede-
HIA opAAKa 3 M/cexk.

Co3spaHne IOTrPy>KHBIX TYpOUH ¥ BO3MOXXHOCTb VX KaCKaJHOI
ycTaHoBKM (puc. 11.3) faroT IpMHIMINAIBHYI0 BO3MOXHOCTDH OCTa-
HOBKM 60mbpummx '9C 1 MMKBUAALNY VX BOSOXPAHVIINIL, BO3BpaIlas
peke e€ eCTeCTBEHHOE PYC/IO C eCTeCTBEHHBIM TeUeHMeM pekiL. B ecte-
CTBEHHOE PYC/IO MO>KHO YCTQHAB/IMBATh TF000€ KOIMYECTBO MOTPYIK-
HBIX IMAPOTYpPOVH, cOo3/jaBast Kackaj, KOTOPBIN 10 MOITHOCTI MOXKET
He TOJIbKO 3aMeHUTH ObIBIIYI0 6onburyo '9C, HO 1 IpeBbIIIATh €€ B
pasbl. Ilorpy>xHble IMapOTYpOMHBI MOKHO YCTaHAB/INMBATh B TIOOOM
MecTe PeKM C TI060I MPOTHKEHHOCTDIO VX KacKajla, He Hapylas 9Ko-
JIOTUW PEKMU, €€ TIOVIMbI Y IIpUJIETaIoIIeN K Hell TEpPUTOPUML.

CospaHbl TepeHOCHBIE IOTPY)KHbIe TUAPOTYypOuHbI (puc. 11.4,
puc. 11.5), KoTopble HAMAYT MIMPOKOE MpUMEHeHe Ipy Heobxomu-
MOCTH B OBICTPOM aBTOHOMHOM IOJTyYeHV 3/IeKTPOSHEPTUY C MUHM-
MaJIbHBIM BPEeMEHHBIMM ¥ (PMHAHCOBBIMU 3aTpaTaMIL.

O6rbeguuenrem “VMHCOT” (r. Cankr-Iletepbypr) cosmaHbl
Muxkpol'C (momHOCTBIO 0 100 KBT), KOTOpPBIE MOXKHO YCTaHABIINU-
BaTh IMPAaKTNYECK) B JII000JT BOJOTOK C YCTAaHOBKON Ha Oepery. Mu-
kpoI'DC coctout us sHepro610Ka, BOF03ab0OPHOro ycTpoiicTBa (py-
KaBa) 1 YCTPOJICTBA aBTOMATNYECKOTO perynmupoBannus (puc. 11.5).

MukpoI'9C ornmyarorca HpOCTOTON, HaJEKHOCTHIO, KO-
JIOTMYHOCTDBIO, KOMIIAKTHOCTBIO, OBICTPOIl OKymaeMocTbio. B mep-
BYIO ouepefib OHU OYAyT BOCTpeOOBAaHBI KaK MCTOYHUKMU IJIEKTPO-
3HEPIUU JyIA IepeBeHb, XyTOPOB, (epMEepPCKIX XO3ANCTB, MEIbHMAL,
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aBTOHOMHBIX YJa/leHHbIX ITPOM3BOJICTB, JAYHBIX ITOCE/IKOB, Ifie HeT
HO6/IM30CTY IHMIL 3/IeKTpoliepefad (a CTpOUTD TaKye TVMHUY ceifdac
IOTIBIIIE U OPOXKe, YeM nprobpectu Mukpol' 9C).

Puc. 11.1. Ilorpy>kHas IrMapo3IeKTpOTYpOUHa.

River Star — aTo Mmo6unpHas I'9C, KOTOPYIO MOXXHO yCTaHaB-
NMBaTh Ha peKax ¢ Masoi ry6uHoi. OXHa ceKIys CUCTeMbl BbhIpaba-
ThIBaeT 0Ko/Io 50 KBT. YcTaHOBKM MO>XHO MHTETpUpPOBATh B KaCKa/lbl.
9¢deKTBHOCTD CHCTeMbl IOBBIIIAETCSA B 3aBUCHMOCTY OT KO/Iude-
CTBa CeKLMIit 1 CKOpocTy noToka. CosmaTeny MO3ULNOHUPYIOT CBOI
IPOAYKT KaK pelleHye /I HeOOMbIINX ITOCE/IEHNUI U TyPUCTUIECKNX
neHTpoB. [9C MOXXHO MacKMpOBaTh TaK, YTO OT/[bIXAIOIUe He JI0-
raZlaloTCsA O TOM, 4TO PAJOM C HUMMU 371eKTpocTaHIusA. Ha nnaByuyro
9aCcTh YCTAaHOBOK OIEBAETCA CIIELMAIbHbIN «KOJMAK» MAaCKUPYIOIMI

TypOuHY.
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Puc. 11.2. ITorpy>xHas ruppotyp6mHa (Buj crepenn)
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Pyuc. 11.3. Kackag IOTpy>KHBIX IMAPO3TEKTPOTYPOUH.
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Puc. 11.4. IlepenocHble norpy>xuble MUKpoI'9C.
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Puc. 11.5. Texunueckue XxapaKTepUCTUKM EPEHOCHBIX MIOTPY>KHBIX
Mukpol'9C.
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Puc. 11.6. Muxpo - I'9C.

Bonbioe uncno Mukpol'9C MoxeT ObITh TOCTPOEHO Ha T'H-
[poy3/Iax BOJOCHAOKeHN U uppuranum. B cucremax BopgocHabxe-
HJSL Ha YYacTKaxX TPAcChl C OOJIBINOI pasHMIIEN OTMETOK IIOBEPXHO-
cT. Bmecto pasnmmyHoro popa racuresneit sHepruy (Hamopa) MOTYT
66T TocTpOoeHsl MUKpoI'AC. IIpn pacxomax BOAbI B Ipefiesiax oT 5
1o 100 7/c. X MOIHOCTb MOXXeT JocTndb oT 20 fo 200 kBm. Ilpu
HEIOCTAaTOYHON ITTyOuHe BOJNOTOKA MHTEepPeCHble KOHCTPYKTUBHbBIE
pelleHNs peau3yloT HeKOTopble 3apybesxuble ¢pupmbl. Ha puc. 11.7.
IpefiCTaBlIeHa KOHCTPYKIMA HaJyBHON BOJOCIVMBHOI IUIOTUHBI,
npepnaraemont pupmoit «Dyrhoff». BmecTo TpagnunonHbIx s mwio-
TUH MaTepuasoB: 0eTOHa, CTalyu U JepeBa GpUpMa MCHONb3YeT «IIy-
3bIpb» U3 apMUPOBAHHOI pe3VHbL [I/I1 CO3MaHuA Hamopa IVIOTVHY
HaJlyBalOT BO3/lyXOM WJ/IM HAIIOJIHAIOT BOZION C laB/ieHNeM, Ha 20-30%
6onpinM Hamopa (h).

Ha 6eTOHHOM OCHOBAaHUU «ITY3bIPb» YAEPKMBAETCSA C MO-
MOIIbI0 aHKepoB. KoMIpeccop mmm Hacoc ccBs3aHBI C BHYTpPEHHeI!
IIO/IOCTBI0 IUIOTMHBI 4epe3 TPyOOIpOBOJ, PAacHONOKEHHBII B Oe-
TOHHOM OCHOBaHUN. YIOOCTBO TaKO¥ KOHCTPYKIMM 3aK/TIOYAeTCH B
TOM, YTO, IIPY HEOOXOAMMOCTI MO>KHO OBICTPO M JIETKO BBIITYCTUTD
BO3/JyX U3 IOJIOCTI ¥ «IY3bIPb» OMYCTUTCS Ha JJHO, IO3BOJISSI BOJE
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OecIpenATCBeHHO IIPOXOANTDb BHN3 110 TeYEHNI0. DTO CBOJICTBO IIIO-
TYHBI HAWTY4YIINM 00pa3oM MOXKeT OBITh VICIIO/Ib30BaHO Ha peKax I
OOBIINX PYYbAX OBICTPO HAPACTAOMIVMI MHOTOBOJHBIMY ITaBOJKA-
MU I TPAH3UTHOTO IPOITyCKa BOAbL. BO3MOXXHO IpuMeHeHne 3Tux
IUIOTYH IIPY CE30HHOM IIPOITyCKe phIOBI 1 Iba. [JOCTOMHCBaMM 3TOI
IUIOTMHBI 110 JAHHBIM (QUPMBI - IPOM3BOAMTENA ABACTCA HUBKUIL
YPOBEHb CTOMMOCTH, IIPOCTOTA PAOOTHI ¥ MIHVMMaJIbHbIE 9KCIUTyaTa-
L[VIOHHBIE PACXOJBI.

Ah=(0,2-0,3)h
Pe3uHoBbifi «My3bipb» \:; i
S
=Ty = T == &\\H;,/
£
o MuHuManbHOR
é JaBJeHHe
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i prﬁonpoaon/ \\ I L
BOJOC/IHB

Tlonoxenue npu npo-
nycKe NaBoAKa

Puc. 11.7. HagyBHaA BOJOCINBHAA IUVIOTHHA.

Ceropgaa manble I'9C m Muxpol'9C yxe momyumnm pac-
IPOCTPaHeHNMe BO MHOIMX cTpaHax Mupa. OHM XapaKTepU3yHTCA
OOJIBIION YacoBOVl HApabOOTKOI, 3HAYUTETBHBIMU KOHCTPYKTUB-
HBIMM 3allacaMll ¥ BBICOKOJ HAJIeKHOCTBIO, He TPeOYIOT IIOCTOSH-
HOTO TIPUCYTCTBUA OOCTY)XVMBAOIIETO IepcoHana. IJKOTOTMYecKue
nocneacTBus oT Manbplx '9C muHMManbeble, 0T MUKpoI'9C ux HeT
coBceM. Majasi TMIpOSHEpreTHKa He 3aBMCUT OT IOTONHBIX YC/IO-
BUIL 11 CIIOCOOHA 00eCIeYNTh YCTONYMBYIO IIOfa4y 37IEKTPOIHEPIMN
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norpebureno. MI'OC BripabaTbIBaeT CaMylo JeIIeBYIO 3JIeKTPOIHEP-
IO ¥ CPOK UX OKymnaemocTty 1-3 roga.

Ho camprit 60mpu1oii mitoc o MI'OC - 3T0 He3aBUCUMOCTD €€
nonb3oarens. Pernon, ucnonssyromuit MI'OC, nmpuobperaer Hesa-
BIUCUMOCTD 1 HIOBBIIIEHHYIO0 SHEpPreTNdYecKyr 6e3omacHocTb. IIpen-
npuATHs, ucnonbsyonme MIOC, nmpuobperaloT He3aBUCHMOCTD,
geoBek ycnonb3youmin MI'DC, mpuobperaeT He3aBUCUMOCTb U
YXO[AT OT 3KCIUTyaTal[uy ofurapxamiu (B/ajenbljaMyi SHepropecyp-
ca).

Ecmy HeTpapmImoHHBIE BO30OHOB/IsAEMble MICTOUYHUKI SHEp-
TV, PacCCMOTPEHHbIe HaMV B IPEJBIAYIINX IaBaX TpeOyoT mbo
CO3/IaHVIA, MO0 M3TOTOBIEHNA, MO0 CTPOUTENBCTBA, TO MUKPOI'DC
He TpeOyIOT HUYEero: eCTb BOJOTOK M eCTb roroass Mukpol'DC. Eé
HY>KHO KYIIUTb, yCTAHOBUTD 1 3aIIyCTUTDb B paboTY.

[Toatomy ¢ Mukpol'9C n MyHuI'9C Heob6XOmMMO HauMHATD
9HepreTMYecKylo nepectpoiiky Poccun. Cnenyromuit atan — BoccTa-
HOBJIEHJ€ Pa3PyIIE€HHbIX MaJIbIX 3/IeKTpocTanuii. Caefyrommii aTamn
— crpoutenbcTBo HOBbIX MI'DC. [laee BeTpoBble 37€KTPOCTaHIIUNU
U IapajUIeIbHO C HMMM TeoTepMasbHble 3HeproycraHoBku. ITocme
3TOTO COJTHEYHO-BOJOPO/iHAS SHEPTeTNKA. A TOIIMBHBIE 37IEMEHTHI I
TEIUIOBbIe HACOCHI HEOOXOMMO Pa3BMBATh HE3aBUCHUMO HY OT 4ero
IPAMO C 3aBTPALIHETO JIHA.

Takasa mocnemoBarenbHO-IIapa/IeNibHasg cXeMa paboOTHl JacT
BO3MO>XHOCTb BbIBECTU M3 9KCIUTyaTaluu u octanoButhb ['DC, xpyn-
ubie T3II, ASC, I9C, uto sABIsgeTCSI OCHOBHON 3afaveir Poccun Ha
nBa crepyomux gecatunetua XXI Beka.
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3aKiaoueHue

B cBoeil “X0341CTBEHHOI” NEATEIBHOCTH YEIOBEK BEIET He-
npuMupumyto 60ps0y ¢ Ilpupomoii. B Teuenne XX Beka 3ta 6oprbda
CKOHLIEHTPUPOBAJIACh BOKPYI IHEPreTHUUYECKUX pecypcoB [lmaHeTsl,
KOTOpBIE HY’KHBI YEJIOBEUYECTBY KaK BO3AyX. JTO €CTECTBEHHO IOTO-
My, YTO PHEPreTHKA — 9TO OCHOBA CYILIECTBOBAHUS YEJIOBEUECKOM LU~
BUJIN3ALIUY.

Ecmu 6b1 yenmoBeyecTBO BbIOpasio OMOTEXHHUYECKHH (ecTe-
CTBEHHBII) CIIOCOO CYIIECTBOBAHMS, B KOTOPOM 4YeJoBeK — EnunHuia
[Ipuponel, ¢ ncnonp3oBaHUEM 3TUX 3aKOHOB IIpupoas! B ycTpoiicTBe
YeJI0BEYECKOro OOIIECTBa, B CO3JJaHUN TEXHUKH U TEXHOJOTHH KH3-
HeoOecCTeueHus1, B CO3JaHUN SHEPTreTUYECKOI Oa3bl UeIoBeuecTBa OC-
HOBaHHOM Ha dHepreTvke Hauel [ImaHeTs! (3HEprum BeTpa, SHEPTUn
COJIHIIA, SHEPTUU BOABI, PHEPIMHM BHYTPEHHETO TeIlla 3eMJIM, HEuc-
yepriaeMoil sHeprum okonozeMHoro Kocmoca, 3a cuet KOTopoi KUBET
BCE KMBOE Ha 3eMJIE U CYLIECTBYET Bcsl Marepust [lmaneTst), To uemno-
BedecTBO Obw10 OBl pyruM. Ecim Obl uenoBeuecTBO BBIOpano Ouo-
TEXHUYECKUH (€CTECTBEHHBIN) IMyTh pa3BUTHsL, TO B Hauano XXI Beka
OHO BOILJIO ObI B IITyOOKOM MPOLIBETAaHUH, C BHICOYAUIIIMM yPOBHEM
pa3BUTHS TEXHUKU U TEXHOJIOTHH, C ITOJHBIM cortacueM ¢ [Ipuponoii.

Ho, denoBeuecTBO BBIOPAJIO TEXHOTEHHBIH (HEECTECTBEH-
HBIN) MyTh Pa3BUTHUS — IyTh AHTarOHU3Ma U HEMPUMHUPUMON OOPHOBI
¢ IIpuponoii. ITosromy B XXI Bek 4enoBe4ecTBO BOILIO C INI0OANb-
HBIM KPHU3HCOM, KOTODPBII BKIIIOYaeT B ce0s BECh BO3MOXKHBIN HA00p
KPHU3UCOB: TyXOBHO-HPABCTBEHHbIH, MOJIMTUYECKHUH, aeMorpaduue-
CKHMI, JKOHOMHYECKUH, COLIUAJIbHbBIN, HAYYHbI, SHEPreTUYECKUI.

OueBUIHO, YTO MaTEPUATMCTHYECKUN 00pa3 MBIIIJICHUS CO-
BPEMEHHOTO YE€JI0BEYECTBA MOT IPUBECTU €TI0 TOJIBKO K UCKYCCTBEH-
HOMY—TEXHOKPaTUUYECKOMY IyTH pa3BuUTUS. Marepuanucrudyeckas
HayKa 4eJIoBeueCcTBa 3eMJIM HE YCTpEMMIIAa CBOM B30p BBEPX, U HE Ha-
IIpaBWJIa CBOW IIOUCK YHEPreTUUECKOM OCHOBHI uesnoBedyecTBa B Koc-
MOC — B OKeaH OeCKOHEeuHOH, Oe30macHOi M OecrIaTHOW PHEPrum.
Omna ycTtpemuia cBOi B30p BHU3 — B IIyOuHBI [laneTsl, B ee sHep-
reTUYECKHe 3aJIeXKH — yroib, He(Th, ra3z. OHa co3mana BapBapcKHe
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TEXHOJOTMU MX JOOBIYM, 3a/1aua KOTOPBIX ObLIa B yAOBJIETBOPEHHUH
OECKOHEYHO PACTYIIMX JHEPreTHYECKUX IMOTpeOHOCTEH dYenoBede-
CTBa, B M3BJICUCHUM U3 dHEPreTHdeckux pecypcoB IlnaneTsr Oecko-
HEYHO pacTyiuei cBepx npuosuin. [Ipu 3ToM OECKOHEUHO YBEIUYUBAs
MaccOBOCTb U MAaCHITaOHOCTh paspylieHuit [Ipupossl.

MarepuanucTuiyeckuii 00pa3 MbIIIICHHUS Y€JI0BEUYeCTBa OCHO-
BBIBAETCSl Ha TOM, YTO 3HEpreTuyeckue 3anexu Ilnanersr 6eckoHey-
HBl U BapBapcKas cTparerust otHoueHuit ¢ Ilpuponoit Bronue o6o-
CHOBAHHaA.

Ho B cepennne XX Beka cTajo MOHATHO, YTO HMCKOIIAEMBbIE
sHepreTuueckue pecypebl [lnaneTs! ObICTPO UCTOIAIOTCS U HACTYIIHUT
MOMEHT, KOIJJa OHU UCCSAKHYT. DTO IIOHMMaHUE BBI3BAJIO LIOK B IIpa-
BALUX U JEJIOBBIX KpPyrax pa3BUTHIX cTpaH. [locTeneHHo oTxons or
I0KA, IPABUTENIBCTBA 3TUX CTPAH HaYaJu MMOJUTUKY OOpBHOBI 32 SHEP-
reTudeckue pecypcesl [lmaHeTsl, Tak Kak SHEPreTHUeCcKue MmoTpedHo-
CTH UX CTPaH POCTYT OTPOMHBIMH TEMIIAMHU.

K sxectokoii 60opsbe ¢ [Ipupozoit 3a usbsatue u3z [Ipupoasr eé
HHEPreTUUECKUX PECYPCOB YEIOBEUECTBO J00ABHIIO KECTOYAMIIYIO
60pb0y MeXIy rocyirapcTBaMu 3a BiaJieHHE (IepepacipereneHue)
TUMHU pECYpPCaMHU.

JIBanuarelii BEK O3HaMEHOBajics |2-KpaTHBIM POCTOM O0b-
€MOB M3BJICYECHUI SHEPTOPECYPCOB UETIOBEKOM U3 IIPUPOIHOMN CpEABbI.
3a XX Bek MPOILIN TPU BOJIHBI KOJIUYECTBEHHOTO pOCTa 00EMOB MHU-
POBOI PHEPreTUKHU C MOCIEN0BATEIbHON 3aMEHON JOMUHUPOBAHUS
JPOB yIJIeM, YCTYIHUBILUM 3aTE€M MECTO HE(TH, KOTOpas Teneps dosee
MHTEHCUBHO 3aMEIIAETCs IPUPOAHBIM Ta30M.

BwmecTe ¢ TeM pa3BUTHE MUPOBOM 3HEPTETUKU UIET CO Claja-
MU, TIPSMO CBSI3aHHBIMM C BOMHAMM, PEBOJIIOLUSAMHU, BOOPYKEHHBIMU
KOH(JIMKTaMU BEJIMKUMHU JCTIPECCUSIMU. DHEPreTHKa cTaja OCHOBOM
TEONOJIUTUKY, OHA BCE CWJIBHEE BIMAET HA MUPOBYIO SKOHOMHUKY U
Ha PacCTaHOBKY cwi B mupe: B 70-X rofgax He(TIHOH KPU3UC CIIO-
MaJ (puHaHCOBYIO cucteMy Mupa; B koHle 80-X rooB HOJIUTHYECKH
MOTHBUPOBAHHOE CHIDKEHHE 1IeH Ha HE(Th CIIOCOOCTBOBAJIO Kpylle-
Huto Jareps conuannsma; B 2006-2008 rogax neperyinrpoBaHHbIN pbl-
HOK JJaJI CIIEKYJSATUBHBIN B3JIET LIEH Ha HEPTh, YTO CTAJI0 OCHOBHOM
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INPUYMHON COBPEMEHHOT0 INI00AJIbHOTO KpU3HCA.

Uwurareins, eciii B KAKOW-TO TOUKe Halen [1manersl HazpeBaeT
BOOPY>KEHHBIN KOH(IUKT U 3TO NPENOAHOCUTCS BCEMY MUPY Kak “Ha-
pooHOE BO3MYyLIEHHE NEUCTBUAMU NPABUTEIBCTBA B 3TOM PErHMOHE
— HE BEPHTE — CMOTPUTE B KOPEHb I'€ONOJIUTHUECKOrO Ipolecca - U
Bbl yBUnKTE TaM 3HEPreTUKY — UCTUHHYIO IPUYMHY BOOPYKEHHOI'O
KOH(JIMKTA WM CBEP)KEHMS BIACTU B PETHOHE. DTOT BOOPYKEHHBIN
KOH(IMKT pa3gyBaeT Ta CTOPOHA y KOTOPOIl HEJOCTAaTOK CBOUX pe-
CYPCOB M KOTOpasi XO4ET 3aXBATUTh UYXKUE IHEPrETUUECKHUE PECYPChI
0[] “KpacuBON MUHOW™ HapOIHOI'O THEBA.

Wrak, sHepreTuka — OCHOBA I'€ONOJUTUKY ITPUUMHA [Iepeiena
MHUpa, IPUYMHA MUPOBBIX BOOPYXEHHBIX KOH(IMKTOB, LBETHBIX pe-
BOJIIOLIMH M HELBETHOH (Oeno-4epHOit) SKCIUTyaTalliy OIHOTO Hapoa
(rocymapcTBa) IpyruM HapozoM (FOCyIapCTBOM).

DHepreTuka — OCHOBHAs MPHYMHA PACCIOCHUs OO0IecTBa U
KOpEHb KecTouaiiieil 60pbObl JTr0fei Mex 1y co00il — FKCILTyaTanuu
OJHUX JItofeN IpyrumHu. JIronu, 3aXBaTUBLINE SHEPTUYECKUE PECYPCHI
(Marsarbl) WM YKpaBIIME SHEPreTUYECKUE Pecypehl y Hapoaa (oiu-
rapxu) HelaJHO SKCIUIyaTUPYIOT JIOJCH Ha UX SHEpreTU4ecKoi 3a-
BUCHMOCTH. HeT Hu4ero Xyske B )KM3HH 4EJIOBEKA KAK “‘CECTh Ha UILY
— 3TO KatacTpoga s yesloBeKa, AJIsl ero CeMbH, JJIS ero JAea.

Kaxxaplii n3 Hac cerofHs MOCaKeH HE Ha OJHY, @ Ha TPU UIVIbL:
ANIEKTPOKaOeb, ra30ByI0 TPYOy M OEH3MHOBBIH LIJIAHT HA aBTO3AIPaB-
Ke. OTO TpU “UMIbl” KecToyallied U UMHUYHOM 3KcIuryatanuu. Ho
9Ta KCIUTyaTalys 3arpuMUpOBaHa Mo “3a00Ty 0 Hapojae” U B IbIMO-
BOH 3aBece MOJINTUYECKOTIO ITHapa IPOCTOMY YEJIOBEKY JEHCTBUTEIb-
HO HE pacro3Harhb 3TOro 311a. A OHO BOH3Aa€T CBOU “UIVIbI” B KaXJ0I0
YeJI0BeKa Bce MIyOrke U rryoxe.

W xaxercs, 4To Brepeau Oe3bICXOTHOCTh, HEBO3MOXKHOCTb
KaKMX-TO M3MEHEHWM HEeT ainpTepHartuBbl. M TyT ke Ham “nomaror”’
anbTepHaTUBY — miobanu3auuio. Yurarenp kak Bbl gymaere moue-
My ceidac CTOJBKO IlIlyMa, 3BOHA M BHM3ra 0 HEOOXOAMMOCTH I100a-
JIu3anuu yenosedecTBa? J[a TONBKO IOTOMY UTO CHIJIBHBIE MHUpa CEro
00sTCsI, UTO JIFOAW HAYHYT CPBIBAThCS C UX “UMIBI”. A mroOanu3anus
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00eCcreYnT UM BO3MOXHOCTh YACpKaHUS JTIOACH Ha «HUIJIeH.

N3 3TOr0 GE3BBIXOHOTO MOJIOKEHHS €CTh BBIXOJ — HETpau-
LIUOHHBIE BO300HOBIsIeMble UCTOUHUKH 3Heprun (HBUD). D1o myTh
K 9HEPreTUYecKoi cBoOO/Ie YeIoBeKa, IMyTh K HOBOMY 9KOJIOTHYECKO-
9HEPreTUUECKOMY YEJIOBEUECTBY.

Huurto He ynusnser B 3Toi cutyauuu. Hu nonutukuy — ux 3a-
Jla4a TMOHATHA - MCIOJIb3Ys SHEPreTUUecKUil AePULUT, yHnpaBisTh
mupoMm. Hu OusHec — ero 3ajaua MoOHATHA - UCHOJB3YS dHEpreTHye-
CKUIl Ie(UIUT U 3aXBaTUB SHEPIETHUECKUI pecypc, CPbIBaTh CBEPX-
npUOBLIb. YIUBIISET COBPEMEHHAsi HayKa — OHA CErOJHs BBIIOJIHSIET
poib”’AaMbl 110 BbI30BY . Hayka ceroiHs 3aHUMAaeTCs TEM, 3a UTO XO-
powo marar. Hayka ceronns He 3aHnMaercs uzydenueM llpuponsl.
IIpupona Bcerna naBanga BO3MOKHOCTb HAy4HOI'O IIPEIBHUIEHUS, OT-
KpbITUS (yHAAMEHTAJIbHBIX 3aKOHOB, 3akoHOB Kocmuueckoro sHep-
TMYECKOT0 B3aMMOJAEHUCTBUSA, NPUHLUIIOB HCIOJIb30BaHUS IHEPIUU
okojno3eMHoro IIpoctpancTBa — Hercuepnaemoii, 6e3onacHoi u 6ec-
IIJIaTHOM.

Ecnu 6b1 coBpeMeHHast HayKa BBIIOJHsIA CBOE MpeHa3Haue-
HUe, TO ¢ cepeanHbl XX Beka y He€ Oblila Takas BO3MOXKHOCTb — 3a-
HATBHCS UCIIOJIB30BaHUEM PHEPIUU OKosno3eMHoro IIpocTpancrsa. Tak
kak B 2050 rr XX Beka czenai cBOe reHuaJbHOe OTKpbITUE BUKTOD
[layGeprep Mo MCHOJIB30BAaHUIO CBOOOIHOW SHEPIHU OKPY’KAIOIIETO
IIpoctpancTBa. OH HE TOIBKO CAENANl OTKPHITHE, HO U CO3JAJl 1ECAT-
KU paboTaroimux TypOuH, KOTOpble JEMOHCTPHUPOBAJ HA CAMBIX BbIC-
LIIMX YPOBHAX: B MUHUCTEpCTBAX MPOMBIIIIIEHHOCTH ABCcTpun U ['ep-
MaHHMHM, B HayYHO-HCCIIEIOBATEIICKUX MHCTUTYTaX M J1abopaTopHsix
psna cTpas.

[MpunnunuansHas no3uuus Llay6eprepa: “B 3nopoBoM Mexa-
HU3ME HET HUKAKHUX NPSMBIX JIMHUM U NPABUIBHBIX OKPYKHOCTEH .
OTUM OH XOTeJ CKa3aTb, YTO NPUHIUIBI U (OPMBI €0 U300peTeHU
OCHOBaHbI Ha puHLKNAX U popmax IIpuponsl. OH oTKa3aICs OT MEPT-
BBIX JTUHUI U (hopM. Ero MexaHu3Mbl U TypOMHBI UMEIOT CIIMPAJIEBU/I-
HbIe (hOPMBI, peaTu3yIOlLIe BUXPEBbIE MaTepHabHbIE U SHEpPreTHYe-
ckue nortoku. Buxpessie notoku Illaybeprepa dopmupytror “3axsar”
CBOOOHOM PHEPruM OKPYXKAIOIIEro MPOCTPAHCTBA U 00ECIEUMBAIOT
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YCUJIEHHE U CaMOIIOIJIEPKKY BUXPEBOTO JABUKEHHUS B LIEJIOM.

C MOJIOKOM Marepu Mbl BIOUTAJIU IMOHSATUE 3JIEKTPUUYECKOTO
TOKa KaK I0TOKA IEKTPOHOB B MPOBOJHUKE OT UCTOYHUKA K HArpy3-
Ke (MoTpeOuTento). DNEeKTPOHBI MPU IBIKEHUHN (POPMUPYIOT Oeryiine
3JIEKTPOMArHUTHBIE BOJIHBI, B IPOBOJHUKE U AJIEKTPOMArHUTHOE I10JIE
BOKpPYT IpoBojHUKA. [Ij1s oGecrieueHus: HeMmpepbIBHOCTH 3TOTO MOTO-
Ka (QJIEKTPUYECKOTO TOKA) AJIEKTPUYECKas 1eMb JO0DKHA ObITh 3aM-
KHYTOM, T.€. ABYXIIPOBOAHOW. Ha 3TOM KOHUENLMU 3JIEKTPUUECKOTO
TOKa COBPEMEHHAs LIMBUJIM3ALMs CTOUT cO BpemeH Papajesa 1o ce-
TOJHSIIIHETO JIHS.

B utore He3pI0NIeMOCTh ATOW KOHIICTIIMU 3aTOPMO3Wia Kak
Pa3BUTHE IEKTPOTEXHUKHU TAaK M BLEJIOM Pa3BUTHUE DHEPIETUKHU Ha-
LIEH IMBUIIM3ALUH.

Cro ner Hazag Hukona Tecna onpoBepr 3Ty KOHUEMIHNIO, CO3-
JlaB YCTAaHOBKY OJHOIIPOBOJHOM IEperadu dJIEKTPUUECKOTO TOKa W,
[0Ka3aB, YTO BOJIHOBOW AJIEKTPOMArHUTHBIA PE30HAHC JIEKUT B OC-
HOBE IEKTPUYECKOIO TOKA U IPOCTPAHCTBEHHOM MEPEIaYu IEKTPO-
sHepruu. Tecna rmokasai, 4YTO TOK U3MEHSETCS 10 JJIMHE JIMHUU U B
Pa3HBIX YacTAX OAHOMPOBOIHOM JTMHUU TOK MOKET UMETh JIFOOBIE JI0-
KaJIbHbIE 3HAYEHUs, B TOM YUCJIE U paBHbIE HYIIO. bosee Toro B pas-
HBIX Y4acTKaX pa3OMKHYTOW OZHOIMPOBOIHOM IIEMU TOK MOXKET ObITh
HAIIPaBJIEH B MPOTUBOIONOXKHbBIE CcTOpOHBL. [locne atoro Tecna cos-
Jan cucteMy OecrpOoBOIHOM Mepeaady ANIeKTPOIHEPTUN Ha OONbIINe
paccTosHuUS.

D710 OBUT MIOK 711 BCETO HAYYHOTO JEKTPOTEXHUUECKOTO CO-
oOmiecTBa TOro BpeMeHu. ECTECTBEHHO, UTO BCSI apMUsl SIEKTPOTEX-
HUKOB 00pymniachk Ha Tecina, 4To ATOr0 HE MOXKET ObITh, IOTOMY YTO
OBITH 3TOTO HE MOXKET, ¥ uTo OH (Tecna) moapHIBAET OCHOBBI MUPOBOIL
ANEKTPOTEXHUYECKOM HayKu. [locie aTux BeinanoB Teciia BbIHYXKIEH
ObLT OpPraHU30BaTh M MMPOBECTH MOKA3ATENbHBIN MyOIUYHBIN dKCTIEPH-
MEHT:

- oH npurnacua 200 4enoBex,

- OHU B3S/INChb 32 PyKu 1 obpasoBamm Kpyr amamerpom 100
METPOB,

- B COe[IMHEHMe PYK Jofieli Tecma BIOXKII 11O OfIHOIA
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aNIEKTPUYeCcKoil 1amIiouke (200 maMIoyex),

- cucTeMy OecrpoBOJHON Iepefadn 3/1eKTposHepruu Tecma
IIOMECTUI B LIeHTPe CO3/IaHHOTO JIIOfIbMI KPYTa,

- KOTZIa OH 3aIlyCTHUJI CCTEMY - BCE JTAMIIOYKM B PYKax /IOfieit
3aropesnch.

OKCIEepUMEHT 3aKOHYMJ/ICA TIOTHBIM BOCTOPTOM €r0 YYacTHM-
KOB J ITOJTHBIM IIIOKOM MHOTOYVC/IEHHOJ I'PYTIIIbI YY€HBIX U 97IEKTPO-
VIHXEHEPOB, NIPUCYTCTBYIOIINX Ha 9KCIIEpUMEHTE.

Taknm o6pasom Tecma mokasast, 4To 9MEKTPUIECKIIT TOK - 3TO
He IOTOK 37IEKTPOHOB B IIPOBOJIHMKE U YTO HayKa B ITIOJIHOM HeBefle-
HUY O TIPUPOJie STIEKTPUYECTBA M €T0 KOJIOCCATIbHBIX BO3MOXKHOCTAX
B PyKaX 4eJIOBeKa.

B cBoeit 3HameHuTOl ek B Komym6uiickoM yHUBepcuTe-
Te 20 mas 1891 roga Tecna ckasan: «IIpupona XxpaHUT HeucdyeprnaeMble
3arachl SHepruy. BeyHbIl IpMeMHNK U IlepeflaTyiK 9Toil 6eCKOHed-
HoVt sHepruu -3¢up. [IpusHanme cymecTBoBanus a¢upa 1 GyHKINIL,
KOTOpPbIE OH BBITIO/HAET, - OJJH /3 CAMBIX BbIJJAIOLIMXCS PE3Y/IbTaTOB
COBPEMEHHOJ HayYHOJ MBICIN. .. IPU3HAHNE CYLIECTBOBAHUA CPEJIbI,
IIPOHM3bBIBAIOIIEl BCI0 MaTepUI0 OCBOOOAMIO YMBI MBICUTENEN OT
BEYHBIX COMHEHMI I OTKPBIJIO HOBbIE€ TOPM3OHTHI HENPEeJBUIEHHbIX
BO3MOXXHOCTEN».

Kasanocp Obl mocjie 3TOro Hayka JO/DKHA Oblla IIOMEHATD
IPUOPUTETHI, IEPErPYNINPOBATbCA ¥ HAIPABUTh BCE YCUIINA Ha I10-
CTVDKeHMe pa3paboToK M JeiicTBylomux ycrpoiicts Tecmel. Ho Bce
IIPOM30IIIO C TOYHOCTBIO 10 HaobopoT. HayuHoe 1 MH>XeHepHOe co-
obmecta CIIIA cmemany Buj, 4TO HUYErO He IPOMU3OILLIO, U Iiefle-
HaIlpaB/IeHHO IIpefjaiy OOIIeCTBEHHOMY 3a0BEHMIO M SIIOXaJIbHBII
IyO/IMYIHBI SKCIIEPUMEHT Tec/Ibl 11 ero reHyanbHble pa3paboTKIL.

3[paBOMBICTIALMIA YelloBeK 3afiacT Bompoc: «Ilouemy?». [la
TOJIBKO IIOTOMY, YTO y>kKe C TOro BpeMeHM (c Hadama XX Beka) Ha-
yKa CTaja TeM, 33 YTO XOPOIIO IJIATAT. A IUVIATUIM TOIZA XOPOLIO
3a pa3pabOTKM 3TEKTPOTEXHUKM, B KOTOPOIl STEKTPUIECKUI TOK
ObIT «IIOTOKOM 3/IEKTPOHOB B IIPOBOJHMKE». JTO JIETATOCh MIOTO-
My, 4to B CIIIA Hayascs 3/MeKTpOTeXHUYEeCKMil OyM, IPUHOCAILIVIA
OTPOMHbBIE [IEHbI'M, IIO9TOMY HMKTO HE XOTel MEHATDb Iapafiurmy
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37IEKTPMYECKOTO TOKA.

Tecna n He HacTauBa Ha BHE[[peHNe CBOUX pa3pabOTOK - OH
CUNTAJI, YTO YETIOBEYECTBY TOTO BpeMEHM 3TV pa3pabOTKM HaBaTb
He/Ib3s - OHO He roToBO. [103TOMY OH ObIT 3aMKHYT, OfTHOK ¥ Y HETO
He 6bUT0 y4eHUKOB. OH He MOT KOMY-/160 nepefath CBOM pa3padoT-
Ku. B ogHOIT 13 cBouX nexknuit Tecma ¢ BeIUKUM COXKaeHeM CKasajl:
«Moit mpoekT chep>xuBacs 3akoHamu [Ipupopsl, Mup He ObI1 TOTOB
Kk HeMy. OH koM o6rousn Bpems. Ho Te ke camMble 3aKOHBI BOC-
TOPXKECTBYIOT B KOHI[e 9TOI'0 BeKa J OCYIIECTBAT €TO C BETIVKIM TPU-
ympom».

Hactrymun XXI Bek - Bpems TpuyMda renus Tecbl u ero re-
HJAIBHOTO ITPOEKTA.

B 1985 ropy, Hudero He 3Has o pabotax Tecnsr n Illaybepre-
pa, aBTOp 3TOro y4eOHOro mocobus cospan «BuxpeByro pe3oHaHCHYIO
Mozienb BeeneHHOM», KOTOpasi BriepBble OblIa omybmukoBana B 1995
TORY.

Mogenb 1mokasana, 4TO COBpeMeHHasA IVBWIN3AVsA 6asupy-
eTCs Ha YeThIpeX KOHIIEIIVAX, KOTOpbIe 3aTOPMO3IIN e Pa3BUTHe:

1) 3aKOHe BCEMUPHOTO TATOTEHMS;

2) EBK/IMIOBOI reoMeTpu;

3) INeKTPUIECKOM TOKE KaK IIOTOKE 3/IEKTPOHOB B IIPOBOJTHUKE;
4) Yenopeke Kak BICIIEM CyLIeCTBe BO BeceneHnoii.

Mopernb 1mokasaa, 4To BO BcereHHOI [IeficTBYeT He OffHa CuIa
TATOTEHM, BO3BEICHHAA B 3aKOH, a JIB€ IIPOTUBOIIOIOKHbIE CUJIBI -
TATOTEHME U OTTAJIKMBaHNe, KOTpble HAXOMATCA B IOCTOAHHOM (6ec-
KOHEYHOM) B3aMMOJEVICTBUY. ITO B3auMOfeiicTBue (opmupyer
BpallleHNe (BUXpeBOe IIPOCTPAHCTBEHHOE IBJDKEHNE) SABIIAIOeIIeecs
OCHOBOJI CTPYKTypbl BceneHHOII, MPOCTPaHCTBEHHBIX BUOpanuil u
pe3oHaHca. BuxpeBoe IBIDKeHE OCHOBA CaMOTe€HepaLuy 1 BO30yx-
leHMsI He3aTyXaolyX IIPOLecCoB (B TOM YMC/Ie 37IeKTPOMAarHUTHBIX)
BO Bcenennoii.

«Buxpepas pesoHaHCHasA Mopenb Bcenennon» mokasasna, 4To
BO BcelleHHON HET NPAMBIX IMHWI, HET IIapaJI/IE/IbHBIX IPAMBIX, HET
M30/IMPOBAaHHBIX TOYEK, HET TPEYTOIbHMKOB, IIPAMOYTO/IbHMKOB, I1a-
pajIeIenuIeios, UMINHLPOB I T.JI.
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T.e. HeT Bcero Toro Ha yeM 0a3y pyeTcs Hallla HayKa, 4TO Jie-
XUT B OCHOBE MH>KEHEPHOTO MBINIIEHMAHANIEN IyBImM3annu. Bo
Bcenennoit Het EBK/INA0BON reOMeTpuM, HA OCHOBE KOTOPOI 4eyo-
BeK IOCTPOMJI OKPY>KAloLINii ero Mup (HeeCTeCTBEHHBINI MUp), BO-
LIeJIINI B aHTUPE30HAHC C eCTeCTBEHHbIM Mupowm - ¢ IIpupopoit. B
3TOM KpOeTCsA KOpHeBasA IpUYMHA I7T06aIbHOTO 9KOIOIMYECKOTO KpI
3uca Hamen Ilmanersr.

«BuxpeBas pe3oHaHCHasA Mofenb BcereHHOI» Mokasana, 4To
3NIEKTPUYECKIUI TOK - 9TO Pe3y/IbTaT pe30HaHCa BUOPAIVIi BUXPEBOTO
3JIEKTPOMAarHUTHOTO IIOTOKA B IPO BOJHUMKe (BOMHOBOJE) 1 BuOpa-
VI OKPY>KAIOIIET0 €ro IpOCTpaHCTBA. Pe30HAHCHBIN 3Te€KTpoMar-
HUTHBI/l BUXpPb IPOBOJHNMKA 3aXBaTbIBAaeT 3/IEKTPOMArHUTHYIO CO-
CTaBJIAOLYIO V3 CIIEKTPa SHEPTUIT OKPY)KAIOIIEro IPOCTPAHCTBA, YTO
obecrieyrBaeT cCaMOTeHePaIVIi0 BUXpeBOro npomecca. T.e. KoHIenusA
MOJIe/IV TIOJTHOCTBIO COBIIA/IA C KOHI[EIIIIMelT 9eKTPUIECKOTO TOKA I
IIPOCTPAHCTBEHHOII Ilepefady 31eKTposHeprun Tecipl.

bonee toro xkoHmennusa mojenu BcereHHOV coBHana C KOH-
nenmyei [llay6eprepa - BMXpeBbIX CaMOT€HEPUPYIOLINX IIPOLECCOB,
JIeXallell B OCHOBE €T0 MMIIIO3MOHHBIX aIlllapaToB U TypOuH, pas3pa-
6oTanHbIX [llaybeprepoMm, M3rOTOBIEHHBIX VIM ¥ YCIIIITHO UM JIE€MOH-
crpupyembix. Ho atu renmanbable paspaborku Illay6eprepa Tak ke
OCTAINCh B 3a0BITHY KaK U pa3paboTku Tecsbl.

C 2000 roma aBTOp 3aHMMAeETCs MCCIIeSOBaHUEM pa3paboTOK
Tecner u lllay6eprepa, ux ocMbicieHreM 1 peannsanueit. B 2012 rogy
cosflaHa 1abopaToOpHasA YCTaHOBKA, KOTOpas Jaja BO3MOXHOCTD I10-
BTOPUTD SMOXa/IbHBIN ITyOMMYHBIN skcepuMeHT Tecnpl. Ha ocHoBe
3TOJ YCTQHOBKM CO3JlaHa 1a00paTOpHass YCTaHOBKA Pe30HAHCHOI
BOJIHOBOJI Tlepefauy 3/1eKTposHepruu. Jlammsl (TpyOKu) JHEBHOTO
CBeTa 3arOpa0TCs HECKOHTAKTHBIM CIIOCOOOM NPY MX NPUOIVDKEHUN
K BO/MHOBOAY. [lo6aB/ieHne konmuyecTBa jaaMil (TpyOOK) B cucteMy
BJIO/Ib BOJTHOBOJIA He YBEINYMBAET IOTEPY B CHICTEME.

T.e. MBI BRI HAa QVHNIIHYIO IPAMYIO JOCTVDKEHUA MEUThI
Je/I0BEYeCTBA - IPOCTPAHCTBEHHON Iepefadn 37eKTposIHeprun 6e3
norepb. MHOTVe JCCIef0BaTeNN IIBITAINCh BOCIIPOM3BECTU paspa-
6oTku Tecnbl, HO 6e3ycCIelHO.
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HaMm noBeso 6osblie - Mbl BOCIIPOM3BEIN M YCTPOMICTBO U
pesynbrarel Tecnbl. Ha aTo ynuto 12 et uccnenoBanuii 1 pa3paboTok.

B nacrosiee Bpems aBTOp ABNAETCA aKTUBHBIM IIPOIAaraH/n-
CTOM Hay4YHOTO HaNpBjIeHNs, co3fanHoro Hukomoii Tecna:

«VccnepoBanne u pa3paboTKa IPOCTPAHCTBEHHOTO BUXPEBO-
IO p€30HaHCHOTO IeHepaTopa MeKTPOIHEPTUN».

OTO HampaB/eHMe UCIeOBaHUA OOOCHOBBIBACTCSA IBYMSA
NPVHIVMIINATbHBIMY MO3ULAMM:

1. Ilpunumnmanbhoit mnosunueit Tecnbr: «Y Hac B0OO-
me He OymeT HeoOXOLMMOCTHM IlepefiaBaTh SHepruio. CMeHUT-
C HEMHOIO IIOKOJIEHMEe JIIofell, KOIZa Hally MeXaHM3MBI Oy-
AYyT TPUBOAMUTCSA B [JBIVDKEHUE JHEPryeil, MOIydaeMoil B JH000I
TouKe BceneHHOI... DHeprus INpPOHMU3BIBAET BCE IMPOCTPAHCTBOY.

2. IlpyHIMIIMANIbHON MO3MLMEN aBTOpa: «Buxpesoil peso-
HaHCHOV MOJIe/IbIo BecemeHHOT».

Mogpenb 1oKa3ana, YTO OKOJIO3€MHOE IPOCTPAHCTBO IIPO-
HM3BIBAETCS IIOTOKOM CTOSYMX (IIPOJOIBHBIX) 3/IEKTPOMATHUTHBIX
BONH. VIx mpeo6pasoBanne B Oeryuiye (IomepeyHble) 3/IeKTpoMar-
HUTHbBIE BOJIHBI JJa€T BO3MOXKHOCTD IIO/Ty4€HNsA HEOTPAHNYEHHOT O KO-
NMYeCTBa 31€KTPOSHEPTUMNL.

Bermxwit Tecma ocymjecTBun aTo mpeobpasoBaHue U B Kade-
CTBE €ro JIeMOHCTPAIM CO3Ja/l aBTOMOOVUIBbHBIN JBUTATeNb, KOTO-
PBIIl pa3BUBAI CKOPOCTb aBTOMOOWMIISA 1o 150 KM/4ac. [JBurarens pa-
00Tay B Te4eHIe OJHOTO MeCAIIa, ITOC/Ie Yero Tecma yHUYTOXWII €ro.

9To HampaB/leHMe paboT [aeT 4eIOBEYECTBY BO3MOXKHOCTD
nocryna Kk Okeany KocMuueckoit QHeprum. 9To 1 He MedTa COBpe-
MeHHOTro 4enoBeuecTBa? V oHa ocymectsumal!!

Ho, mutocko-mapaiienbHoe MBIIUICHHE YYEHBIX M YMHOBHU-
KOB OT IPOMBIIIEHHOCTU OTBEPIVIO FeHUaNbHbIE pa3paboTku Tecisl,
He BocnpuHso renus IllayGeprepa, oTBEpIIO €ro reHHanbHbIE UM-
IUTO3MOHHBIE MAIIMHBI, KOTOPBIE YK€ TOTA MCIIOJIL30BAJIA SHEPTUIO
OKpYyXarolero npocrpanctsa. [lorpscaer Tot dakt, uyto 6med Teopun
OTHOCHUTEIBHOCTH, KOTOPBI Ha 100 jeT 3aTopMO3UiT pa3BUTHE MUPO-
BOM HayKH, ObUI IPUHSAT Ha “ypa” - Bce BU3XKaIU OT BocTopra. M 3a
9TOT Osie) DUHITEHH TOTydnIT HOOETIEBCKYIO MPEMHUIO.
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A Buxrop IlayGeprep — reHuanbHblil yueHslil — sxenept Hpu-
PO, KOTOPBI HE 3aHUMAJICS TeOpeTHYeckuM Onedom, a Ha OCHO-
BE€ CBOMX OTKPBITUI co3[aBasl TypOuHBI, paboTaromire Ha CBOOOTHON
sHepruu [IpocTpaHcTBa, KOTOpbIE CETO/IHS MOTPSICAOT IITyOMHON UH-
TEJUIEKTa U TeHUAJIbHOCTH 2TOT'0 YEJI0BEKA — YMEP B HEU3BECTHOCTU U
HUILETE, TaK K€ Kak ObL1 BceMM OpollleH U npeaaH 3a0BeHuto Benuit
Tecna. Pa3Be 3TOT ¢akT HE XapakTepu3yeT OJEepEBEHENIOCTb COBpPE-
MeHHoM Haykn? Ho rennansHoe Hacieaue Hukomnsl Tecnel u Bukropa
[TayGeprepa ocTanoch HaM — OHO /€T MOJIOJIbIE YMBbI, XKaJIHbIE 10
3HaHUi, ciocoOHble BocpuHATh hrunocoduro laydeprepa u Tecinsl,
CHOCOOHBIE U3y4aTh UX TYPOMHBI U TEHEPATOPBI U UIMEIOLIE KETaHue
peTBopATh UX B u3Hb. OTkpeiTus [aybeprepa u Tecisl xayT Bac
— Oynymue nnxeHepbl XXI Beka. BOIioTuB 3TH OTKPBITUS B KU3Hb,
Bbl nagure kaxaomy 4eaoBeKy Ha 3eMJIE CTOJIBKO YHEPIMH, CKOJIBKO
eMy HeoOX0oIuMO JUIsl KHU3HH. YeraoBeKk 00peTeT HHEPreTHUECKY0 He-
3aBUCUMOCTb, KOTOPast BBIBEAET €r0 U3 MOJ| SKCILTyaTalluu HeQTSIHbI-
MU MarHaTaMy 1 SHEPreTU4€CKUMU OJIMrapXamu.

BomiotuB B »xu3Hb renuansubie TBopeHus Tecnsl u 1layGep-
ra, Bel CHUMETE reonoIUTUYECKYI0 HANPSHKEHHOCTh B Mupe u Hel-
Tpaju3yeTe SHEPreTUKY Kak MPUYNHY BOEHHBIX KOH(IUKTOB. BoeBarhb
OyZeT He 3a 4To.

Kaxaplii uenoBek AOJKEH 0JIydaTh SHEPTUIO TaK Kak €€ Io-
JlydaeT KaxkJIoe AepeBo B jecy. He Moxer npuHajuiexars Marsary
(onurapxy) COTHEUYHBIH CBET, BO3YX, BO/Ia, BHyTPEHHEE TEIIO 3eMIIH,
SHeprus okoso3emHoro IIpocrpancrsa — 310 Bee npuHamuexur [pu-
poze, a 3HaYUT NIPUHAUICKUT KaKI0My U3 Hac, kak Enunune [pupo-
JIBI.

Bocrounas myapocTs macut: “Korzna yueHUK TOTOB — IIpUX0-
it Yuutens”. Eciu Banie cyiiecTBo BHyTpEHHE TOTOBO 3aHUMAThCS
CO37aHUEM IIPUHIUIINATIBLHO HOBOU dHEpreTuky IlnaneTsl, T0 s rOTOB
ObITh Bamum Yuuresnem 1o npaBy eIMHOMBIIUICHHUKA U IOCIIEI0BA-
tesist Bukropa Lllay6eprepa u Hukonsr Tecibl.

JXKenaro TBOPYECKUX YCIIEXOB U JIMUHOTO CYACTHSI TEM KTO BbI-
OepeT Ul CBOEH MH)KEHEPHOW NeATeNbHOCTU 3TO IUIAHETapHOE Ha-
IIpaBJICHUE YHEPIeTUKH — HallpaBlieHHe ykazaHHoe borom!!!
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