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Hpenucnosue

B nocnemnvie ronsi Bce Gombluee BHMMAHME APHBIEKAIOT NpobmeMel uc-
IOJIL30BAHMA YHCTBIX HETPAXULIMOHHBIX BO30OHOBIAEMBIX HCTOYHHMKOB DHEPTUI
(HBH3) nnn nyxa sHeprocHabmenns PasIM4HBIX CENbCKOXO3AMCTBEHHBIX U
TPOMBILUIEHHBIX O0BEKTOB. AKTYAJILHOCTh W NEPCHIGKTHBHOCTL JaHHOTO Ha-
TMPABJICHAsS 3HEPTETHKH OOYCIIOBNEHA IBYMS OCHOBHBIMM (akTopamu: karact-
POPUYECKH THKENBIM MOJIOHEHUEM 3KONOTUM H HEOOXOAUMOCTBIO OMCKA HO-
BRIX BWIOB 3Heprud. TpagMUMOHHbIE TOMIUBHO-3HEPTETHUECKHE Decypehl
{yrosn, HedTh, ras  T.4.) NPH CYLIECTBYIOWIMX TEMIIaX PA3BHTHA HAYYHO-TEXHM-~
YECKOTr'o MPOrPecca, 110 OLIEHKAM YUYeHbIX, HCCIKHYT B Ginoxaimue 100-150 ner.

IpakTiyecky BCe pa3BHUTBIE CTPAHbI MHPA YACIAIOT CEPbe3HOE BHMMaHME
nipobneme ucronbiosanus HBHUD. B Poccny Takoke pazpaboraHa KOMIUIEKc-
Has NPOrpaMMa NPOBENEHAA HAYYHO-HCCIENOBATENbCKHX, ONbITHO-KOHGTPYK-
TOPCKHX pador no ucnons3osanuto HBUD. IIporpammoit npenycMoTpeH psn
OPraHM3aUMOHHbLIX MEPONPHATUI 110 OCBOSHMIO IIPOMBILUIEHHOCThIO NPOU3-
BOJCTBA M IIMPOKOMACIITAOHOI0 BHEJPEHUS CHCTEM HeprocHabxenns, pado-
Tarommx Ha HBHS,

Hcnonssopanue HBUD B Jarecrane umeeT CBOH 0COOSHHOCTH, CBA3AH-
HBIE C €€ NPUPOSHO-KIMMATHIECKHMH YCIIOBMIMH, Ieorpad@HyecknM Pacnoo-
JKEHMEM TEPPUTOPMM K TIPOMBILIIIEHHO-XO3AHCTBEHHOH HHPPACTPYKTYDOH, .
onpeensgoedl pacnpereneHue M NOTPeOIEHHUE IHEPTHM,

Lens arolt paboTsl -  pACCMOTPETE BAXHLIE AN MPAKTHKY CBOMCTBA
Tenna, CONHEYHOH, BETPAHOH, IMIPO-, XMMHUYECKOH M NEKTPHYECKOM sHep-
ruf, HX B3aHMOCBS3b, a TaKXKe IPeBpPalleHNe PA3NMYHLIX BUXOB DHEpIrvii B
nonesHywo padoty. HoBonsHo noupofHO ONUCLIBAIOTCA METOALL MONYUYEHUA
HBUDS, nperMyiuecTBa ¥ HEXOCTATKH KaXuIoro suna sHeprunid. 060 Bcex a3THx
npobnemMax B CTPOTQ Hay4HOM, HO BMecTe € Tem TMPOCTOR U OCTYNHO# popme
v3jaraercs - B pabore.

Hocobue npegHazHayeHO a7 cTy,ueHTon MIIa X xypcos BY30B, 4 TaK-
e OHO @PECOBAHO M TEM, KTO He ABIAACH CIIELMATMCTOM B JanHOH obnacty,
xoTen 6ar- nonyuu'rb 06 "2TOH BaxHOW C TEXHMYECKOH 1 IKOHOMHYECKON TO-
4YeK 3peHuA pobieMe 6omee rayBOKME NPEACTABIEHMS .



BBEJIEHME. IMPOBJEMbI 3HEPTETHKH

MUUIMOHE! JIET Ha 3eMIe B pe3yiibrate GOTOCHHTE3a HeNpepbiBHO HAKa-
nauBanack Jyuucras sneprag Connua. JdpeBHUe PACTEHHA W XXHBOTHBIE, N0~
IPY3MBIUMECS HA JHO MODE U BOJOEMOB, OTHAIOT HAM ee Tenepk B BUAE YIIA,
He(TH U TPUPOJHOTO I'a3ad ~ HALUMX OCHOBHBIX HCTOYHMKOB SHEPIHH,

OrpomHble MPHPOIHBIE PE3EPBLI YEIOBEUECTBO TPATANO NOCTENEHHO B
TEYECHHE THICAYECIETHH CBOETO CyLuecTBoBanuA. TexHH4YecKkHi nporpece Herpe-
PLIBHO YBENMYMBALT CKOPOCTh MCTOLIEHHA YTHX 3414coB. BOT movemy Bce ya-
1¢ HAYHHAIOT Pa3JaBaThCA I'OJIOCA O NEPCNEeKTHBE DHEPTETUYECKOrs oJoad U
1eneco00pasHOCTH IKOHOMHY NPHPOIHLIX pecypcoB. M 970 TONKAET YueHbIX
H MHXEHEPOB Ha MOMCKHM HOBBIX NyTeH, KOTOPble NOMOrYT YAOBIETBOPHTH
Oyaywne NOTPeOHOCTH B 3HEPTHM.

B kaxux e HANPABIEHUAX WAYT NOUCKH YHeHLIX? ATOMHAR JHEPIeTHKA,
KOTOpax YK€ CTaja PealbHOCTBIO; MPOEKTH! UCIIOIb30BAHHUA TENNOBOrO I'pa~
OHEHTA B MHPOBOM OKEAHE M 3HEpPruM [PHUIMBOB; CO3JAHME LeoTepMuye-
CKUX 97eKTPOCTRBLMH; ynpaBiseMas TEPMOSAEPHAd Peakuus, HaX KOTOpOH
paboTaoT Ha MPOTMEHMH MHOTHX [IeT yueHble, H, HAKOHel, Haubosee oye~
BHIHOE - HCNONB30BAHKE COMHEUHOR oHeprHu, Ilo MHEHHMI0 MHOIMX YUEHbIX, B
PELICHNH IHEPTETHYECKMX fIpobaeM Oyoyuiero orpoMHYIO PoIb JOJDKHA Chil-
PATb XUMHA - TANLBAHKWYCCKHE IEMEHTH U AKKYMYIATOPL!, TOILTHBHbIC 3JIC~
MEHTR! ¥ BOAOPOJHOE roproyce. '

Cask Mexay 671arococTOsSHHEM OOLIECTBA U PA3BUTHEM B3HEPTETHKH H3-
BECTHA. JHEpreTHKa JendeT BKIan B GnarococrosHue, obecneunBas Takue 06-
NAacTH NOTpeOIIeHHs, KaK OTOMIEHHe, OCBElleHue H MPUrOTOBIEHHE MUILH, 8
TaKKe cHabxaeT HeodXoAMMOH sHepruel MPON3BOACTBO H TPAHCNOPT.

Jo HemapHero BpeMeHy B COOTHOWIEHHH "IHEPreTrKa - GarococTosaHme"
Ha NEPBOM MECTE CTOANA NPEMMYLUECTBEHHO 3Ta BhIrOfHas cropoHa. Bmecte ¢
TeM 34TPATHI Ha 3HEPIETHUKY, BKIFOYAA HE TOJbKO JEHENKHRIE H JAPYIHE PEcyp-
chi, obpawieyHble Ha MOJIYYEHME | HCMONbL3OBAHUE DHEPTUM, HO W MIIEPKKH,
CBA3AHHBLIE C 3AWMTON OKpYXKAIOWeH cpembi ¥ COLMANLHO-TOUTHYECKUMH
nprBTIMAMH, CHIKAXOT YPOBEHE OIArococTos N,

B nocnennee BpeMs nepBoOvepenHOE 3HAYEHHE NPHOGPETAIOT UMEHHO
PTH - HETATHBHbLIC TEHXCHUNW. BO-fIepBhIX, BO3HMKIA CTOMKAS TCHAEHLHA K
pocTy cToumocty aeprun. Tax, B CIIIA 3a nocnegnue 20 net peHexHble 3a~
TpaThl Ha cHafxeHHe HePTENPOLYKTAMH BO3POCIH Ha 25 %, a CTOMMOCTE
MPOM3BOJACTBA HNEKTPOIHEPTHH HA TEMIOBBIX U ATOMHbBIX 3JEKTPOCTAHLMAX
ysemuuunock #a 40 % u Gomee. Tlpu CyLIecTBYIOMMX IHEPreTHUSCKUX CHCTe-
Max M TEXHOJOIMAX MCIONL3OBAHMSA SHEPTHM noTpedureneMm U NpH CIOWKHB-
LIMXCH CXEMAX ee TOTPedeHrA OONbIIMHCTBO MPOMBILITIEHHO PASBHTLIX CTPAH
YKE [OMOLIO K TOMY pyOexy, KOrza ¢ JasibHeHLUHM POCTOM NPOU3BOICTBA
IHEPIUH H3JEPHKI HAYMHAIOT NPEBBILATL NPUOLLIb.

Bo-BTOpPBIX, OrpOMHAs [OJIA SABIECHMS HA OKPYXAIOWYIO CPEny, MpHXO-
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IUIAACK HA 2HeprocHAOXEHHE, TENeph HAPYLIAET NMPHPOIHBIE MPOLECCH YiKe
B WHPOKOM MaciuTabe. -

Cpeny 3KOJIOTHYECKUX NPOGIIEM, CBA3AHHBIX C PA3BUTHEM DHEPUETHKH,
camoi yrpoxaouieil SBisercs npobnema CHMILHOTO noremsteHys. Knumar on-
penenger GOMBLIMHCTBO 3KOJOTHYECKHX MPOLECCOB, HMEIOMIMX pelualolee

3HAYEHHE DA GHACOCOCTOAHMS HACENEHHA. YITIeKMCIbill ras, HaKarMBaio-
muHcs B aTMOC(Hepe B PEIYILTATE CKUTARKA MCKOTIAEMOr0 TOMNKBA, CO3AAET
YCIOBHE IS BO3HMKHOBEHMS NApPHMKOBOTO Jh(exTa W H3MEHEHHA KIuMa-
ta.TpeBora mexuyHapoAHOH OOILIECTBEHHOCTH MO ITOMY ITOBOAY IOCTOSHHO
3BYUMT B 3a4BIIEHMSX KOH(pEpeHUUH MeTEOPONIOTOB, OKEAROIOroB H NpejcTa-
BHTENEH Apyrux o0siacTeit reoHayk.

IpoBmeMel 3arpa3sHeHus OKpyxKarowel cpelp M ONACHOCTH JKCIIyaTa-
1IMH IHEPTONPOUIBOIALYETO 0GOpYnOBAHMA, ObIBIINME O CHMX IOP JIOKANbHLI-
MM, TPUHIMAIOT PErHOHANBHBIR HIIH rI00aNbHbIHA XapaKTep.

CrocoGHOCTs OKPYKAIOIIEH Cpelbl MMOrNOINATH ra3oBble BEIOPOCH U
NPYTHE OTXOIb! IHEPreTHKH He GecnpenensHa, e MOXHO OTHECTH K TAK Ha3bl-
BAEMbIM OTPAHHYEHHLIM PECYpPCaM. DTa OrPAHUYEHHOCTL MATEPHANM3YETC B
OBYX BHMIAX PACXOJ0B Ha OKpyXalowyw cpedy. "Buewinue” pacxombnl oOuie-
CTBO HECeT H3-3a paspylueHHs OKPYXarowWeH cpenbl, HO OHM He OTPAKAIOTCH
Ha JEeHEXHLIX cyetax norpebureneit u npoussogurened sHeprud. "BuyTpen-
Hye! Pacxoipl - 3TO YBENMUYCHHE JCHEXHbIX H3XEDXKEK B CBA3IW C TEMM WIH
MHBIMHA MEPAMM OPTAHOB OXPAaHbl OXPYXKAkOWIEH cpenpl, NPUHUMAEMBIMM IS
CHKEHHSA "BHEIMHMX" PACXOIOB.

Y "maemnve" ¥ "BHYTpeHHUe" PACKOIBI HA OKPYXAIOIUYIO CPely PACTyT
1 BynyT pacTd Mo UeNoMy PALY NMpuudH. Bo-NepBbiX, NPH MCIONbL30BAHMA
TPANUIHOHHEIX BUAOB TOMIHBA Bee Oojee XyJIEro Ka4yecTBa yBEIHYMBAETCA
Macca nepepabaThiBacMbIX M NEPEMELIAEMBIX MATEPHANOB, YINIMHAIOTCH Nepe-
BO3KH, CTRHOBATCA HEOOXONMMBIMU BCe BONEE MOIHbIC IHEPTOCOOPYIKEHHS W
YCTAaHOBKHM. BO-BTODBIX, pacTYHii 06beM BEIOPOCOB W OTXOMIOB IHEPreTHYE-
CKHMX CHCTEM NMPHBEN K TOMY, YTO JOCTHINA Mpefena crnocobHOCTL OKPYIKAIO-
el cpexb! IOTNOLIATE 3TH BLIOPOCH! 1 0TX0L! Ge3 yimepba ma cebs.

B HacTosluee BpeMs YEIOBEYECTBO CTOMT Nepel JHIeMMOH; ¢ OXHOR cTo-
pOHbL, 6e3 aHepruK Hemb3n 0BeCreYuTs MaTepHalbHOe GHaronoly e moueH,
¢ APYroH - COXPaHEeHHE CYIECTBYIOLIHX TEMIIOB €¢ NOTPEONEHMA MOXKET MpH-
BECTM K DPa3pYLIEHWIO OKpyXaiowwe# cpelibl M Kax CNEICTBHE - K CHIDKEHUIO
KUIHEHHOT'O YPOBHS U JAXKE K YIPO3€ HALIEMY CYLIECTBOBAHMUIO.

s roro, 4ro6bl  CrIATMTE IPOTHBOPEUHS MEXY DHEPTeTUKON, 3KOHO-
Muxoft M skonorHeH, HeoOXoEUMO HocTHYL GONeE IPABUNLHOrO NOHWMAHMA

' HbIHEUIHEH CHTYAUMH,BOSMOXKHOCTEH M XKeTaTeNLHOrO HAMPABICHUS ee pa3-
sutus. Hyxro wmpoxoe mybnnunoe obcyxpeHne, KOTOPOE AOMKHO GbITb
NMOOKPEIUIEHO MHTCHCHBHBIMM HCCASIOBAHMAMK NS OMPEIEHCHHUSA CXeMbl
IHEPTETHKH OYAYLLEro.

TTpobnema noMcCKa pPa3yMHbIX ¥ He IPO3ALMUX THKENIMY NOCTEACTBHS-



MU MYTeH pasBUTHS JHEPreTHKH - OCHOBHAS 3aJaya Npu pa3spaboTKe dHepre-
THYECKOH TMOJIMTHICH.

B xayecTne peuieHus npobiieMbl BO3HEHCTBHA SHEPrETHKM HA OKPYXalo-
HIYI0 CpeNy YAacTo MPeiaraloT 3KOHOMHIO dHepruu. BesycnosHo, 3aech ume-
10TCH BONMBIUME PE3EPBBI, M YEIOBEYECTBO NOCTOSHHO MAET 110 ITOMY MyTH. B
KAKOH CTereHU NPOMbILLIEHHbIH NPOTPEct NMPUBEN K JOCTHKEHHIO IKOHOMHM
ITepBHYHOH sHepruy 3a nocneguue 100 ¢ neGombuiuMm neT, NETKO BUIETh HA.
npumepe napoebix MawiuH. Fenu KITI napoBbix MaIHH B CepeliMHe MPOMNo-
ro peKa cocTaBisit 3-5 %, To coBpeMeHHble KOMOHHHPOBAHHBIE CHCTEMbI, NPO-
M3BOJALIME IHCPTHIO W COCTONIIME M3 ra30oBoi ¥ mapoBOH TYpOmH, UMeEOT
KITJ, mocrurarowmi 42 %, 1.e. Hanuio 10-kpaTHas IKOHOMUS JHEPTHM,

K ananornyHoMy pesyiabTaTy NPUBOIWT BHEApPeHUe Dosee COBEPILUCHHDbIX
TEXHOJIOIMH HCIIONB30OBAHUS JHEPTHM AN MPOM3BONCTRA SIMHHUBI HPOIYK-
uun. Tax, 8 Aurmuu 3a nocneguMe 100 JieT MHTEHCHBHOCTbL NOTpeOJIeHHA
9HEPrHH HA eAMHMIY BAIOBOLO MPOAYKTA CHH3Mnach Oomee dem B 2,5 paja.
TeM He MeHee TPOUSBOJCTBO NEPBHYHOM SHEPTHH MPOJOIDKATIO BO3PACTATD H
N0 CPABHEHMIO C CEPEIMHOA NMPOIJIOTrO BEKA B PACHETE HA YLKy HACEIEHMS B
AHIIIMK, HATIPUMED, YBEJHUMIOCH B 1,5 pa3sa u COCTABNAET B HACTONIMIES BPE-
Mg 6 T y.T. (yenoeHoro tornuuea) B rox, B CIIA ewe 6onbuie u cocrasiaeT 12
T y.7. QmHAKO, JaXKe eclIM MPOM3BOACTBO DHEPTMU OCTAHETCS HA CYLIECTBYIO-
WEM YPOBHE, OCTPOTA MPODIEeM, CBA3AHHBIX C SHEPreTHKOMN, HE YMEHbLUMTCH.

Kaxosul ke TEHIEHLMH W TIPOTHO3L! Pa3BHTHA dHepreTukn? B npouwiom
HAUOONMbIIAA O SHEPIMH, VCIIONB3YEMAas IS [POMBILUICHHLIX Leel, npu-
XOIUNACh Ha HedTh W a3, a Nx norpebreHue yBeHYnBaIoch xaxasie 15-20
ner. Eciu takas cKkOpoCTh COXpaHWTeA, To B Ommxaiume 30-40 ner nepaoHa-
YaNbHbIE 3AMAChl HeyeprnaloTca Ha 88 Y.

Cymecrpyor 60jiee 3HAYMTENbHBIE 3ANACH npyroro MCKONAEMOT'0 TOT~
JIMBA - KAMEHHOTO YIIIA, OAHAKO ero A00bhIMa H HCIIONL3OBAHHE COZAAOT MHO-
KecTeo 3Kxonoraueciux nmpobnem. Ilonyuenne saepHoit 3Hepruy BpAL, i HAR~-
LET WIMPOKOe MPUMEHEHHe, npexie  4eM OyAyT co3maHbl peaxTopbl HOBOTO
MOKONEHHS € 3AMETHO YIYYWWEHHLIMH XapakTepucTHKaMu 0e30nacHocTH U
npexne.uem npobnema ynaneHns pauuoaKTnBbex OTXOHOB OYIET peuicHa pe-,
aNsHo, a He Ha Bymare.

A Toro, 4To6H! TIOAAEPIKHBATS COBPEMEHHBIH YpOBEHb BRATOCOCTOS-
HUS(, YETIOBEYECTBY NPUAETCA NepeiiTH Ha HOBBIC CHCTEMBbl SHEProCHABKEHHUS.
Bes atoro cymMmapHot HOTPEONEHMA  BHICOKOKAYECTBEHHBLIX 3HEPTEeTHYECKHX
PECYPCOB Npu Bee cHInKAIoleHcs crnocoOHOCTH OKpYXawlel cpeipl crpas-
ASTHCA ¢ JABNEHMEM 3HEPLeTHKH [TPHBEIET K POCTY OOLMX PAcXOJoB Jaxe
[TPH TIOCTOSHHOM ypoRHe 3HepronotpebneHns. Yrobe obecnieynTh IKOHOMM-
YECKOE PA3BUTHE YenoBeuecTBa §e3 3HAYMTENbHLIX HIAEPKEK, KOTOPbie MOTYT
CBECTH HA HET BCE BLITOIBI, HYXHO ellle GhicTpee MEPexoauTh HAa DKONOTHYE-
cxy Bonee YUCThIE TEXHONOTHH NPOU3BOICTEA IHEPTHM.

T BeipaGoTKK Pa3yMHOM CTPATErHH B DHEPreTHKE XpajiHe BAXKHO YCKO-
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peHue ucenenosanuil w paspaboTox MO HCIIONb30BAHMIO MEPCHEKTUBHBIX AJlb-
TEPHATHBHBIX UCTOUHUKOE JHEPTHH U B MEPBYIO OUEPENL COMHETHON SHEPIUH.

TIporHO3Bl OTHOCHTENILHO TEHASHUHH PA3BHTHS SHEPreTHKH TOBOPAT O
TOM, YTO JOJS CONHEUHOH IHEPeTUKH B PAINUUHBIX ee tdopmax Byner nenpe-
PBIBHO BO3PACTATh.

Tax, ecnu 8 CIIIA B 1989 r. Ha BO30GHOBIAEMbBIE MCTOYHUKY IPUXOIN-
nocw 7,6 %,a Ha spepHoe TOrmBo - 6,6 %, TO cormacHo nporuosy k 2000 r.
JIONSA SLEPHOTO TOIITNBA OCTAHETCA HA IPEXHEM YPOBHE, B TO BPEMS KAK HOJIA
CONHEYHOH 3Hepruy BospacreT go 23,8 %, sHeprusa Betpa - 1o 5.9 %, rPUOpO-
aneprus 8yer cocrarmaTs 4,2 %, SHeprus 6uomacce - 17,9 %.

IUnpoxoMy BHEXPEHUIO CONHEHHOH 3HEPIeTHKM NPenATCTBYET ee LOpOo-
rosusHa. OHa HACTOIbKO B'beaCh B OOIECTBEHHOE CO3HAHME, YTO HOIIONbL30-
Banue 3Heprun COJIHHA OTHOCAT K JasekoMy OyIoyliemy, HE OTpHLAA NpH
3TOM TIEPCIIEKTUBHOCTY KCIMOAL30BAHNA COTHEYHOMR IHEPTH M, IIIA JTOKANBHBIX
HyxI. s ee oueHK HeOOXOJMMO IIPMHAMATE BO BHHMAaHHE CYUIECTBYIOLIHE
TEHIEHLUMH H3MEHEHHS [eH SHEepruH nonydyaemoii or ConHua ¥ TpagMLHOH-
HEIX MCTOUHMKOB. Kax MOKa3’bIBAET Pa3sBHTHE 3HEPTETHKH, STH TEHISHUHH
POTUBOTIONOXKHBI: LEHbl HA COJHEYHYIO HHEPTHIO HENPEPLIBHO CHUKAIOTCH,
3 Ha SHEPIUIO OT TPALNLMOHHBIX MCTOYHUKOB - TIOBBILIAIOTCA. YKe B HACTOA-
M MOMEHT CTOMMOCTh SHEPIMHM, MTOJyyaeMait ¢ oMoLpIo npeobpasoBanus
CONHEYHOM IHEPIUM TEPMOAMHAMUHECKHM METOLOM, NTPHOIN3MIACL K CTOM-

. MOCTH BHEPTHH TEIIOBBIX CTAHLIMIL.

BumecTe ¢ TeM MMeIoTes 0COBEHHOCTH, KOTOPBIE IPHBOAAT K BOJHUKHOBE-
HIIO pAfa OpoGieM NpyH KCITONL30BAHMK CONHEUROMN dHEPrHH. OHA UMeeT HHU3-
KYIO TUIOTHOCTb [OTOXa, KOTOPAs B ThICAYY PA3 MEHLLIE, YEM B COBPEMEHHBIX
naporenepatopax. Jpyroli oco6eHHOCTbIO CONHEUHOH 3HEPTMM, 3ATPYRHAIO-
el ee UCITONB30BAHME, SBJIAETCH HEMTOCTOSHCTBO MOTOKA COJMHEYHOYO H3NYyye-
HUS; OH MEHSETCA B TeUCHMUE cyTox W roja, a TAKKE B 3aBUCUMOCTH OT METeo-
yCHOBHH.

OCHOBHBIMH METOAMH npeobpazoBaHMA COMHEYHOR IHEPTHU ABIAIOTCA
Tepmonnﬂamuqecmu umcn (oroanexTpuuecxoe npeobpazobarue u GHOKOH-
BEPCHA, KAKILIA H3 KOTOPBIX OT/eNbHO He pewaer 3anauy. Ofnaxo oObenuHe-
HHE BCEX METOLOB MPeoOpa3soBaHii B IMOPHIAHbIX CUCTEMAX TTO3BOJIAET NPHH-
WHOMANBHO MPOHIBOLHTE CAMYIO JELUEBYIO SHEPIHIO M NPEONOJETh TPYIHO-
CTH, CBS3aHHBIE ¢ CYTOUHON U Ce30HHOH LUKITMUHOCTHIO TIOCTYINEHHS CONHEY-
HOrO H3NYYEHHA Y 3ABHCHMOCTBIO OT IOTOAHBIX. YCIOBUHA.



FIHABA I

SKOHOMMYECKHUE, SKOJOT'MYECKHE U
COI_[I/IAJII)HBIE ACHEKTBI PASBUTHS SHEPTETUKIA

§1. COCTOSIHE 1 TEHJEHOWW PASBUTHHA
OHEPTETUKH JATECTAHA

DHepreTHKa ABIAETCH GA30BBHIM 3BEHOM 3KOHOMHUKH. IIpOH3BOACTBO Ba-
JIOBOT'0 HALMOHANLHOIO MPOJIYKTA, POCT MATEPHANEBHBIX H TPYAOBLIX PECyp-
COB B pelialeil cTeneHy ONpPeNeNsioTCS COCTOAHNEM TOTIMHBHO-3HEpreTHYe-
CKOT'0 KOMIIIEKCA H BENHYHHON Mpou3BOIMMOM 3Hepru. B crity aToro, HauH-
Has CTPYKTYPHYIO MEPECTpONKY 3KOHOMMWKH, HEOOXOMUMO NpPEXAE BCELO 06-
PATHTL BHEMAHHE HA COCTOSHUE M TEHIEHIIMH DASBUTHS SHEPTETHKH, HAJTHTHE
B Hed moTeHumana 3HeprocOepekeHUs H BHEAPEHMA pecypcocﬁeperammnx
TEXHONOI M,

AHayu3 SHepreTHyecKoii 6a3bl W TOMIHBHO-3HEPreTHYECKMX OanaHCoB
Iarectana MoxasbIBaeT, YTO OCHOBA €€ (YHKUMOHHPOBAHMSA TOIJIHBHBIE
SHEPTOHOCUTENH M TOIIMBOCKUTAIOLHE TeXxHOTOTHH. TIo cTpykType moTped-
ASEMBIX 3HEPrOPEeCYPCOB B IKOHOMMKE Ha JONKO Torumea (yrosb, HedTh, a3,
nposa) npuxomutes 80 %, a anektposnepruu - 20 %. IIpn aToM Habmogaercs
NOCTOSHHOE HECOOTBETCTBUME MEXAY CODOCTBEHHBIM MPOH3BOIACTBOM TOILIHEA
¥ €ro nOoTpebIeHHeM: CKOPOCTh HapacTaHuA 1oTpebiieHHs TOMIMBA B pecnys-
NMKE MPERBILAECT CKOPOCTb €0 MPOMRIBOACTBA R 5 pa3. B To ke Bpems cpex-
HEroJ0BOH MPUPOCT COBCTBEHHOTO MPOH3RONCTBA JIEKTPOIHEPIMH COCTABIIN-
er 24 %, a npupoct ee notpebneHus seero 3,4 %. B remiax norpebnenus
MEKTPOsHepriny JlarecTaH OTCTAeT OTHOCHTENLHO NIPOM3BOACTBA BCel 3HEp-
run Honee yem B 2 pasa.

He nyu4iue noxoxeHye U ¢ NeilieBbIM HOTPEOIEHHEM IIEKTPOIHEPTHU: IO
YPOBHIO €ro CpegHerofoBoro notpebnesus HarecraH orcraer oT PoccuH R
IPYTHX CTpaH Mupa B 3-4 pasa, a Mo OTHEeIbLHLIM TOPHEIM paioHam B 10 pas.

Croxugmiancs cutyauus kpaiine HeGnaronpustHa nns JarectaHa. Bo-
MEPBBIX, COXPAHAIOIIMECT TEHACHIMH PA3BUTUS IHEPTOKOMITIEKCA IIPOTHBOPE-
yaT 0bEMHPOBLIM: MOBCIOLY B MMpE MOTPEOIIEHHE 3JIEKTPOIHEPIUM OTEpe-
AT ee NPOMIBONCTRO BIBOE.

Bo-pTopbix, yTobb! obecneunTh crabuabhoe (YHKUMOHRPOBAHHE 3KO-
HOMUKH, pecnyOauKe NPUXOOHTCR MMMOPTHPOBATE 3HAYHTEIbHbIC TOILIHB-
HBIE PECYPCHI, CUTAHKHE KOTOPBLIX OCIIOKHSIET YKOTMOTHYECKYIO CHTYALMIO.

B-TpeThux, HCMONb30BAHAE IPHHIUMIOB LEHTPAIM3AUHH 3Heproobecne-
YEHUA CTAHOBUTCH (AKTOPOM TOPMOXKEHHA 3HEPTocOepeXeHHA H ONACHOCTH
IUIA OKpyxarouei cpenpl. [1o 5KCMEPTHBIM OLEHKAM, BBITOTHEHHBIM HA OCHO-
Be HHHOPMALKHOHHLIX MATEPHAIOB TOILIMBHO-3HEpreTHueckoro Gananca PJI,
CyMMapHble MOTEPH 3HEPrHy B pecnyOiiike x Hadany 90-x TOXOB AOCTHrad
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BEIHYMHB], DABHON NIOYTH TPEM YETBEPTAM COBMECTHOIH rOmoBOH BLIpabOTKH
Yuproprosckoit 1 Muatnuuckoit FOC,

ITonobHoe cocTosHKUe CBUACTENLCTBYET Npexne Beero 06 orcyrersun B P
KaKoH-1nbo CHCTEMBI SHEProcOepeNKeH s H O HEAOMYCTHMO HU3KOM YDOBHE OCHA-
IEHHOCTH O0BEKTOB IHEPreTMKH M MPOMBILIEHHOCTH COOTRETCTBYIOIMMHU TeX-
HHYECKMMH CPEICTBAMM Y4eTa H KOHTPOIN pacxomyeMoit aHeprud. OcobeHro aTo
OTHOCHTCA K CHCTEMaM TOTUIMBA M 3HeprocHabxeHus. A M3-3a GaKTHYECKOro oT-
CYTCTBUA JOCTOBEPHOCTH M3MEPUTILHOM MHOopMauny Henb3s foOnTses addex-
THBHOCTH IPUHHMAEMbIX pellleHuit B ogHoil 3 BaxHemx obracreil snepreTu-
4eckoil NOMMTHKM - 3HEPrOCOEPEIKEHHH.

;, HTax, HeobxoauM KopeHHO nepecMOTp 3HepreTHueckoi nomuTuxy Ha-
recraHa ¢ y4eTOM COCTOSHHA OCHOBHBIX CHCTEMHBIX 3BEHBEB TOMIHBHO-3HED~
FeTHYECKOrO KOMIUIEKCa, MECTHBIX (PerMOHAILHEIX) ocobeHHOCTed W NpK-
POIHBbIX YCIOBHH, a TaKKe IPOrPECCHBHBIX TEHASHUMA PAIBMTHA MHUPOBOH
IHEPTETHKH. '

§ 2. OCHOBHBIE 3BEHLSA 1 SKOHOMHWYECKHE
MPOBJEMBI TAK
(TOIUIMBHO-SHEPT ETUYECKUIA KOMILIEKC)

TommBro-9HEPreTHHECKUHA KOMIUIEKC PECTYONHUKH - OMHH U3 CAMBIX Ka-
NUTATOEMKHX YacTell 9koHOMHKH. B ero pasBuTie 1 GYHKIHOHHPOBaHUE BO-
BIIEKAETCA 3HAUMTENBHOE KOJIMYECTBO MATEPHANBHBIX ¥ TPYAOBLIX PECYpCOB,
OT ero COCTOSHUS B 3HAYHTENbHON CTEIEHY 3ABUCAT XU3HECTOCOBHOCTD 9KO-
HOMWKH Y NOBLILIEHUE YPOBHS DNAIOCOCTOSHUA HACETIEHNA.

(OCHOBHbLIMH 3BEHLAMH TOMIMBHO-IHEPTETHYECKOr0 KoMILIexca B Jare-
CTAaHE ABJIAIOTCH CHCTEMb! AMEKTPOCHAGKEHUA U TPAHCIIOPTHOMH IHEPreTHKH.

IleHTpanu3oBaHHaA CHCTEMa IEXTPOCHAOMEHUA BKIIOUaeT B ce6x BCIO
SIEKTPUYECKYIO CETh, HE3ABMCMMO OT BEJOMCTBEHHOH rogunHesHocTH, Len-
TpaIM3ALUs anekrpocHabxerus Ospina obycnosneHa TpeOOBAHMAMH MAaKCH-
MATLHOH KOHLEHTPaLMH IIPOMLIHJJIGHHHX npomnoncm HO 9TOT NPHHUHI
HMEET OYEeBHXHbIe HEROCTATKH,

Hpﬂﬂuﬂl’lbl LEHTpaliu3aLMM, BO-NEPBLIX, nmc'ryio'r KpynHomacmTabHoe
OCBOEHME TONbLKO THIPOPECYPCOB MOCPEACTBOM CTPOMTENLCTBA OONBIINX
I'3C, xors JarecTan pacrojaraerT i ApyrHMHU BO3OGHOBIIAEMBIMHM 3Heprope-
cypcaMy. Bo-BTOpBIX, 3TO TPeDYyeT cO3MaHMs JaNbHMX DAEKTPONEPEAAY BHICO-
KHX HAMpMOKEeHUH I TPaHCMOPTHPOBKH 3HEPTHM B OTHANCHNbIE paitonsl. B
PE3YILTATE - YANMHNIOTCS CPOKU OCBOGHUS I'MAPOIYHEPTOPECYPCOB, YCHUIIMBA~
ETCH TIPOTHBOIKOIOTHUYECKOE BO3LEHCTRHE DHEPTETHUKM, YBENHYMBAKIOTCH Ka-
NUTANOBNOKEHHS, [TOTEPH IMEKTPOIHEPTHH M B KOHEUHOM CUETE CHIDKAETCH
aiheKTHBHOCTS HCNIDIL3OBAHMA Hepropecypcos. IlocnenoparenbHas cxema
OCBOEHMA FHAPOIHEPrOPECYPCOB, NMPHHATAA B 3HEPreTHYeckol npaxktuke PJI,
‘0ByCIaBNUBaeT QUCIPONOPLMH B COLMATIBHO-3KOHOMHYECKOM PA3BHTUN OT-
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AENbHbIX TEPPHTOPHANLHBIX IHEPTETHYECKHX 30H, BbI3bIBAA CYLIECTBEHHOE OT-
CTaBAHME B yPOBHE 3NEKTPODUKALMH, OCOGEHHO TOPHBIX PaiiOHOB.

Cy1uecTBeHHbIM HEIOCTATKOM CIIOXKUBIIEHCS CHCTEMBI SBIAETCA TO, YTO,
HECMOTDPA Ha HAIMYME B PECNyOINKe ONpPENENeHHOTo M3GBITKA 3IeKTPOIHE-
THY, Mbl HMITOPTUPYEM €XErOAHO U3 00BENHHEHHON sHeprocucTeMsl Kaskasa
Gomee | mnpx ¥Br/u onepruu. OcoleHHO CHNBLHA SHepreTMuecKas 3aBHCH-
MOCTL  JlarecTana OT BHEUIHHX MCTOUHMKOB B OCEHHE-3MMHMH mepnod. Ilpu
ITOM CTalla [OCTOAHHON TEHAEHLHA POCTA CTOMMOCTH HUMIOPTHPYEMOH ek~
TPOIHEPTHH, T.X. BbIPabaThIBAETCA OHA B OCHOBHOM Ha TEMIO3NEKTPOCTAHIH-
siX. Pacuernl nokaspiBaioT, YT0 JehMUMT OCEHHE-3UMHETO TMEPHOAA MPH BOC-
CTAHOBIEHHH O0BbEMOB NPOMBILLIEHHOTO TPOM3BOKCTBA B JlarecTane He MO-
XKeT 6bITh OKPRIT JaXe ¢ BBOJOM B crpoil Mprauaiickoii I'DC.

IIporpaMma OCBOEHHS IMApOdHepropecypcor Jarectana, NpUHATAS JO
2010 1., TpeByer cyMMapHbIX KalUTATOBIOKEHHH OKONO 3 MIpPH JOJLIADOB.
OTo xenaer nporpaMMy HaKTHYECKH HEOCYIECTBHMOL.

HeobxonM HeOTIIOKHBIA NEPEXON K MHOH - MapannensHoi - CXeMe mH-
POKOMACTAGHOTO OCBOEHUS BCEX OCHOBHBIX BO3OGHOBINEMBIX 3HEPropecyp-
COB peCybIKH. : ‘ ,

IenrpanusoBaHuas cucrema tonumpoobecneuenns PJI comepxut opra-
HH3ALUMOHHbLIE H TEXHHYECKHE 3BeHbS, YUACTBYIOMIME B JoObIYe U 06eCneueHHH
pecnyGIHKN TBEPABIM, KHAKAM H Ia3006pa3HbIM TOIUTMBOM M TEMIOBOH 3HEp-
ruci. Iennto ee ABNAETCA NEPENAYA TENIOBOW IHEPTHM U TOPSUEH BOILI KOM-
MYHANbHO-OBITOBOMY CEKTODY. ’

TToxpbiTHe NOTPEGHOCTH TOMIHBHO-3HEPreTHYecKoro Kommiekca PJI B
TBEPIOM TOIUIMBE (YIOllb, OTOTIMTENLHbIE APOBA) TPAIHLMOHHO OCYLECTBIA-
eTCH 34 CYeT BHEMIHUX MCTOYHMKOR. B CBA3IM ¢ OTIIYCKOM LEeH Ha SHEProHOCH-
TEIH ¥ YBENHUCHHEM CTOMMOCTY YIS, OTOMTENLHLIX APOB, HeDTEIPOXYKTOB
¥ NIPUPOJHOTO Ta3a COKPATHIIOCH M TOTPeONeHHE OTIEIbHBIX BUAOB TOMIHBA.
B raxenroe MONOKEHHE Nonaiu ropHeIE paiioHsl. , 4

CoxpaHeHHe TPAAMUMOHHBIX METONOB M CPEICTB, PEaNU3yIMHX TOM-
JIMBHYIO KOHUENUHIO YHEPreTHKH, MOMKET ABHThCS OJHOH B3 IPHYMH JATBHEH-
LIEro YCUNeHHs! HAMPAXKEHHOCTH B SHEPTETHKE H JKONOTHH, 3 TAKKE CYIIEecT-
BEHHOrO neduumra B GromKere pecrydmuku. ECIM OpHEHTHPOBATLCA HA LEHbI
1993 r. u ypopenb ToruBonorpebnenus 1990 1., To cyMMapHbie exXerofHbie
PACXOOBI TONBKO KOMMYHATLHOTO OLITOBOYO CEKTOpPa HA TOMIHBO COCTABIA-
10T oxono 31 mapn pyoaeit. :

IetictByromasn cuctema nedrerazocHabxenns ot yxe Gomee 10 jer pa-
Goraer B pexuMe NedUUNTA TOIIMBA, KOTOPBIA MTOKPHIBAETCA 32 CYET BHEl-
HMX MCTOYHHUKOB. [IpHHATHIE B pecyOIuKe PELIeHUs He TOJIbKO HE Harpasie-
HBI HA M3MEHEHMEe 3TOrO TOJIOXEHHS, a elle bomee ycyrybsaT ero. Ilporpamma
rasuduxaium pecnybrmxn no 2005 r. norpebyer s cBOeH peanusalui Kanu-
TAOBIIOXeHM I oxolro 59 MiH noanapos. Poct noTpebresns NpUPOSHOTO ra-
32 Bymer Bce GoNblue NOKPHIBATHCA 33 CUET BHEPECTYOIMKAHCKAX UCTOUHH-
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KOB, W ero geduuuT no cpaBHeHuio ¢ 1990 r. k 2005 r. Bozpacrer B 5 pas. B
JanbHeduieM, TPU NEPEXOE HA MUPOBLIE LEHbI, PEANM3alus NPOrpamMmbl ra-
3udukaluy OyEET eXerogHo TpefoBaTh HA NOKPLITHE AEPULMTA NPHPOAHOLO
rasa oKono 84 MJIH JOJIAPOB, UTO BPAZ JIH OCYUIECTBIMO C TOYKH 3PEHHS CO-
CTOSAHMA pecnybiukanckoro GopKera.

Hrak, ubtHewnsis nporpamma razudukauud PIl He yunTbBaeT H3MeHE-
H} B IHEPreTMYECKOH TNONMWTUKE POCCHH, COBPEMEHHBIX TEHAEHUMH B MUDOBO#H
IHEPTeTUKE, [IOTEHLHANA MECTHEIX BO30GHOBISEMbIX 9HEproHocHuTenet. ByuuH-
CTBEHHBIH BBIXOJ M3 CKNAALIBAOMEHCS CUTYalHH - 9TO pa3paborka HOBOIH
PETMOHAILHONW 9HEPTETHYECKOH MOMUTUKM, OCHOBAHHOW Ha GECTOMIMBHOM
KOHLIENMUHAN IHEPTeTUKH, U l.lIPIpOKOMELCI.I.lTa6HblH Hepexon K BecTonnuMBHbIM
SHEPTOTEXHOJOTHAM, MCHOJIB3YIOWIMM MECTHBRIE BO30OHOBIEMbIE IHEPrOHO-
CHUTEIH.

CyltecTsyioluas CHUCTeMa TPAHCIIOPTHOM »HepreTuku [arecrana Bxmio-
yaeT B €04 9IEMEHTHI BBOJHOIO0, BO3AYIIHOIO, KENEIHONOPOXHOIO # aBTO-
MOGHITBHOTO TPAHCIOPTA. IocnegHuid BUL TPAHCHIOPTHBIX CPEACTB NMpeBay-
pyeT B TpaHCHOPTHOM 3HepreTxe. MowHocTs aBrorpancrniopra PI Gonee
ugMm 3 7 pa3 npesbiunaerT MogHocTs Yupkeiickodi I'DC u npencraenser cepb-
€3HYIO YI'PO3Y AMIH 3KONOTHH. B CTPYKTYpPE TONIMBHO-IHEPIETHHYECKHUX pecyp-
COB, PACXOAYEMBIX TPAHCIOPTHOM 3HepreTnkoi, 11 % cocrabnuser snexTpo-
sHeprHA, a 89 % ~ ronnuso. CoxpaHeHHEe CYILeCTBYIOWEH CTPYKTYPBI IpHBE-
HET K TOMY, YTO EXErOAHbie 3aTPaThl HA TOIJIMBO NMPH MHPOBLIX LEHaX Ha
HedTeNpPOXYKTHI JOCTUTHYT 0kono 500 MIH nomrapos.

Jlaxe ecHu phIHOYHAs LEHA Ha 3JIEKTOIHEPCHIO OT CYLIECTBYIOWEro npe-
jena Bospacter B 20 pas, TO M J0NA ©KerONHbIX 3aTPAT Ha Hee OT TeKYLIMX
TOMAMBHBIX W3AEPIKEK TpaHcnopTa cocTaBuT Beero 10 %. TToaToMy mmpoxo-
MAacInTabHbIl Mepexod B MepCHeKTHBE KaK MATMCTPATLHBIX (KETe3HOLOpOXK-
HbIX, TPONMEHOYCHBIX, HA PABHHHE U NIPEITOPLAX), TaK H ABTOHOMHBIX TPaHC-
[OPTHBIX CPENCTB HA OeCTONIMBHBIE YHEPIOTEXHOIOTHH MO3BONMT EXErofHO
JKOHOMHTL COTHH MMJUTHOHOB nonnapos. O4eBnzaHO, 4TO NomoOHbIi nepexon
HEMbICIMM 63 OCYILECTBICHHS PAAMKAILHON CTPYKTYPHOM nepecTpoiiky Kax
B DHEPI'ETHYECKOM, TAK U B MPOMBILUIIEHHOM MPOHM3BOICTBE,

§ 3. SKOJIOTHYECKHME ITPOBJEMBL TOK PJ{

IIpeobnapaiomas 4acTe MHPOBOH IHEPreTHKH, BRIpAOATLIBAA IHEPTHIO,
OJHOBPEMEHHO YBENHYUBACT JKW3HEHHBIA PHCK JUIA HaceNeHHA nmaHerst. la-
recTaH B 3KONOFMYECKOM IIAHE TPYAHO OTHECTH K oasucy. Bonee 80 % anep-
My, TIoTpebisemoit s5xoHomMukoi PJI, reHepHpyeTca HoCpencTBOM TOIUIMBOC-
JKHATAIOWIMX ¥ PUCKOBAHHBIX SHEPTOTEXHOJIOTHI, OKa3bIBAIOILMX UENbIH KOM-
TUIEKC OTPHUATENBHBIX BO3JeHCTBMI Ha pupodHyro cpeny pecnybnuxu. Oc-
HOBHAS YACTb ITHX BO3KEHCTBMH 3(P(PEKTHBHO HE KOHTPONMMPYETCS W He y4H-
ThIBAETCH.
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DKCMEPTHBIE OUEHKM MpPOTHBOIKONOrHyeckoro sospeiicteua TOK PI
CBMIETENLCTBYIOT, YTO €T0 3BEHbLA HAHOCAT CYLIECTBEHHBLIR yiep6 npuponHoit
cpene. Tax, TOMIMBOCKUIAXOWME 3BEHbA €XErOJHO MCNONb3yioT Gomee 2,7
MJIH TOHH aTMOC(HEPHOIO KHCIOPOJA U BEIOPACHIBAIOT B OKPYXKAIOWIYIO CPENy
Goree 5 MAH TOHH BpeQHbIX Ta3000PA3HbLIX COEAMHEHHWI yIIepota, a3ora, ce-
pel 1 ap. CepbesHod 3KOIOTHYSCKON M 9KOHOMMUeCKOH mpobnemoit xax ma
PecnyBIMKH, Tak M IUIA ee CTOJMLbI CTAHOBHTCA (YHKUMOHMPOBAHHE ABTO-
TPAHCIOPTHOTO napka. OH okuraer Gomnee 1,5 MIIH TOHH KHCIOPOAA B TOL H
BuibpaceiBaeT B aTMocepy Gonee 1,3 MIIH TOHH BpPEIHBIX BELIECTB, oﬁnaﬂalo—
VX BBICOKOH TOKCHYHOCTHIO.

Exceronnoe YHOBNETBOPEHNE HYK[ IKOHOMMKM B TEIUIOBOH 9HEPTHH 3a
CYET OTONMTENbHLIX ADOB PABHOUECHHO COXPAIUCHMIO JIECHBIX MACCHBOB MO
Harecrany Ha 567 ra. A mec - OOMH U3 BaXKHeMIMX NPHPOJHLIX TEHEPATOPOB
KHCIIOPOJa.

Oxonorndeckuit ymep6 HAHOCMT M PA3BMIME HIEKTPOCHAGNKAXOWHMX
3BCHBEB KOMIIIEKCA HA MPHHUKIAX UEHTPAH3ANKY H MAKCUMAIBHOR KOHLEH-
TPALMK NPOU3BOACTBA INEKTPOIHEPTHH, TIpH KpyHIHOM THIPO U BIIEKTPOCETE-
BOM CTPOHTENLCTBE B JECATKM Pa3 [IOBLIIACTCS HHTEHCHBHOCTL WM3NYYMEHUA
MCKYCCTBEHHBIX 3IEKTPOMATHHMTHBIX [TOMEH, PACTYT IUIOMEANM 3eMelb, U3bA-
THIX U3 COLHANBHO-IPOH3ROACTBEHHOR cdhepbl. YKPYNHEHHEIE OUEHKH N0OKa-
3bIBAIOT, 4T0 Ha 1990 r. non Bogoxpanunuwamu nawmx I2C wascerna ocra-
110Ck G0see 5 THIC. T 3eMelb, A MOX TPACCAMM NHHUH DNEKTPONepeayun Bbi-
COKOIO M CBEPXBBEICOKOTO HAMPANKEHUK B UEJAX WNCKINOMeHHS BOINCHCTBHA
ONACHBIX 03 JEKTPOMATHHUTHOrO M3NYUeHHsA OTuyxzeHo bonee 8 Thic. T4,

DKONOTO-3KOHOMUYECKHE yulep®, HAaHOCHUMBIH XeHCTBYIOIUMI 3BEHBAMHY
TOIIMBHO-3HEPTETHYECKOTO KoMmtekea PJI, cocrasmnser 6omnee 105 mnu. nom-
napos B roa. Ciona He BXOAMT OLIEHKA COKPAUIEHMA 3EMENbHbBIX MIOIaneH,
LIEHa KOTOPHIX NOCTONHHO PACTET.

ITporHO3HbIC OLIEHKH OTPHLATENLHBIX BO3AEHCTBHIIT snepreTakH PJI B yc-
JOBHMAX COXPAHCHMSE MMewmuxces TengeHunit va 2010 r. cBuaeTensLCcTBYIOT,
UTO JAXKE ITPU MAKCHMMATILHOM COKPALISHNH HMAOPTA KAMEHHOTO YISl ¥ pac-
wurpeHun 00beMOoB razonoTpebieHus B pecnybIMKe aHTPONOTEHHAL HATPY3Ka
BO3PACTET MOYTH BJABOE, CYMMapHas NMIOWANL M3IBATLIX U3 [ONL3OBAHHA 36-
Menb socTurHer Gostee 30 Thic. ra B TO BPEMsA Kak IUIOLLANL SKEMOJHOrQ Co-
KPAWEeHYs JECHLIX MACCUBOB U3-34 WCMONIB30BAHUS JPOB IJIA OTONKTEILHBIX
HYXL TOABKO N0 pecityOinKe YBEeNHYMTCA ITOUTH BUETBEPO H ROCTUrHET Bonee
2 Tuic. ra, IIpu 9TOM HYXHO OTMETHTE, YTO B CBA3W C NOITAMHBIM [EPEBOIOM
INEKTPOIHEPTHH U TOIUIMBA HA MMPOBbLIE LICHbI HH3KMM COLHANIbHO-IKOHOMH-
YECKUM ITONIOXKEHHEM Cenbekoro nacesnens PJI v ero aucnokanuedl B palionax
NECHBIX MACCUBOB COXPAHEHHE TOIINBOCKHIUIOWMA OCHOB B SHEPIeTHUECKOM
KOMIITEKCE MOKET UPHBECTH K JIABHHOODPAIHOMY EXKErOAHOMY POCTY noTpedH-
JCHHMA OTONMMTENLHBIX Apon (Hanpumep: Apmeuns u I'pysus). Tlpu taxom
YHEPrO3KOJOTHUECKOM KPHBHCE CKOPOCTb COXPALUCHHS JIECHBIX MACCHBOB MO-
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XeT Ro3pacTH o 10 pas, 4TO CO3TACT PealibHYIO YrPo3y MOMHOr0 MCHEIHOBE-
Hug recos B Harectane B Guuxaiimue 20 ner.

M3 pe3yiabTaToB BRINMOIHEHHOTO AHANIN3A KOMIJEKCA B3AHMMOCBA3AHHBIX
3]IEMEHTOB JeHcTByIoliei aHepreTiiu PJI, a Takke MHPOBOIG 3HEPreTHYECKO-
O ONBITA CIIEAYET, YTO NO MEPE e¢ JANbHEHILEro PA3BUTHS 110 NYTH TPAIMIH-
OHHOH TOMIMBHOH KOHUENMUHMH 00bEM COLMANIBHO-IKOHOMHYECKOro yiiepba
OT TOITIUBOCKHIAIOMX TEXHONOTMit B6yIeT NprOMKATLECS K pasMepy Nnony-
yaeMolf OT Hee SKOHOMMUYECKOH monbabi, OBECTBO MOXET CTaTh Nepes au-
neMMoit: apeprus umM umcras armocdepa. Ho, xors B Oyaywem yuepbuocrs
TPANMLUHOHHBIX YHEPrOTEXHONOrHWH H cTaHeT BceM Goliee HArNMAAHOIM, yeM Ha
HACTOSIIEM 3TaNE, YPEIMEPHAS MHEPIIMOHHOCTb COBPEMEHHBIX KOMIIJIEKCOB BO
MHOTHX CIIyYasx IPaKkTHYECKH He MO3BONHUT NPOBECTH YCKOPEHHYIO CTPYKTYP-
HYI0 NepecTpoiixy 3HEPLeTHKH W NEPEBOJ ee HA MEHee ONACHLIC A KUAIHY
MPUHLMIIB! OTYIEHNS SHEPTHH.

BoT moyemy yKe ceromHs HeOXOZMMa M 3KOHOMHUYeCKH lenecoobpasHa
NEPEOPHEHTALMS TOMIMBHO-3HEPTETHYECKOrO KoMmuekca PecriyGnnkn Jare-
CTAH HA NPHHLUANHATIBHO HHYIO KOHLEMLHIO -~ GECTOMIMBHYIO,

§ 4. BECTOIIIMBHA S KOHIIEIILWAS SHEPT ETHKH -
IIYTH IMMPOTPECCA SKOHOMUKU JATECTAHA

Benyueit uaeeil NpuHUMNNATBHO HOBOM NPOCPAMMBI PAIBUTHA IHEpPre-
THYECKOTO KoMIulexca JlarecTana HOIDKHA CTATh MBICIL 08 OTKa3e OT TOI-
JIMBHOM KOHLENLUHH PAIRUTHSA U NIepexolie K 3HepreTHKe, OCHOBAHHOM HA LIK-
POKOMACIITAOHOM OCBOSHNU BO30OHOBNIAEMEIX SHEPTOPECYPLOB.

Becronnueras KOHLENIAA SHEPrETHKH - 3TO HE roJlas MAes, a pesyapTar
060061LIeHnS TPOrPECCHBHBIX TEHAEHUMH MUPOBOIO 3HEPreTHYECKOTO OMbITa,
M3YUEHHS ee TEXHHYECKHMX, IKOHOMHYECKHX H IKOTIOTHHYECKHX ACIEXTOR, OLLEH-
KM XApaKTepUCTHK NeliCTBYIOLIETO TOMIHBHO-IHEPIreTHYECKOr0 KOMIUIEKCA H
noTeHUMAna Bo30GHORAsEMbIX aHeprowocurenelt PIL w nxp. Ilpennaraemas
DECTOMNUBHAS KOHUENIMS ~ 3TO HE OYCPEIHAS MONbITKA BHEIPEHHA B TPAIH-
LIMOHHYIO 3HEPTETHKY 3apYOexHOro NEPEROBOro OMbITA KAK TOIOJHHTETbHO-
IO ee 3MEMEHTA, YTO HMEET MECTO BO MHOTHX CTPAHAX MMpPA, B TOM YMCIE U B
Poccnu, a eguHas METOZONOIMYECKAs OCHOBA CO3AaHMA OECTONIMBHLIX 3Hep-
CETHYECKMX KOMILIEKCOB B TOOOM PECMOHE, THAE eCTh JOCTATOYHBIA NOTEHLM-
an Bo3obHOBIIEMBIX BHEproHocuTeneil. Ona BKIIOYAET B ce0d KOHKpETHbIE
CXEMbl OCBOEHMS IHEPTOPECYPCOB, BECTONNMBHBIE TEXHONOTMM, TPOEKTH M
[IPOrPaMMbl PEANM3AUEH IHEProoOBEKTOB M MEXAHH3Mbl OPrAHU3ALMONHOrO
YOpaBIeHHs. ‘ .

OmuuM M3 THABHEIX K HEODXOAMMBIX YCHOBHH CO3MAHMA GeCTOMNUBHbIX
SHEPrOKOMIUTEKCOB B . JIIOOOM pPErHOHe SBNAETCH YPOBEHL TPUPOAHOIO No-
TEHIMANA €0 BO30OHOBAAEMbIX SHEPTOHOCUTENEH. .

Jlarectal pacnionaraer BCEMM BUXAMM BO3OOHOBIIAEMbIX IHEpropecyp-
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COB, KAKHE U3BECTHbI Ha 3EMIIe: CONIHEYHBIMH, BETPOBbIMH, PHAPABIHYECKHMH,
OMOTa30BBIMH, FEOTEPMATIBHBLIMHI, BOTHOBBIMH.

JocTHrHYTBIH HA CeroiHs MUPOBOM YPOBEHb Pa3BUTHA TEXHOJOLMA MC-
MONb30BAHUA BO3OOHOBIAEMbIX DHEPIOPECYPCOB BeChbMa Pa3liMyeH, TI03TOMY
HE BCEr/Ja BO3MOXHO M 9KOHOMMYECKH LeNecoobpasHO HX MPOMBIINIEHHOE
ocsoenue. OmHaKo yxe ceiyac BIIOIHE IKOHOMHYECKH BBHITOJHO UIHMPOKOMAC-
wrabHoe pa3BepThIBaHHE PaboOT 10 OCHOBHLIM BO30OHOBIAEMbBIM IHEPrOHO-
CHTENIAM: IMApPO-, BETPO- M reHO3HEpreTHyeckkm pecypcam. Hanbonee orpa-
60TaHO B MHPOBO# NPAKTHKE OCBOEHHME rm:r.popecypcon nocpeucmom cozjxa-
Hus IOC cpenxeit 1 Manoil MOIHOGTH. .

TlpenBapuTenpHble 3IKCNEPTHBIE OLEHKH CBHIETENLCTBYIOT, YTO CYMMAp-
HblE MPHPOIHBIE PECYPCEI BO30OHOBIAEMBIX 3Hepronocureneit P/l mpepocxo-
AsT BCe ee IHepronorpedHocTH (1990 r.) Gonee yem B 6000 pas, a npaxTHYECKH
HE HCIOb3YeMbie B HACTOALIEE BPEMS B NPOMBILIEHHbIX MacuiTabax BeTpo-
Bbl€ H COJIHEYHbIE IHEPTOHOCUTEIH 001aNarOT NOTEHUUANIOM, KOTODBIH Ha HE-
CKONBKO MOPANKOB NPEBOCXOMUT NMPHPOLHBIE BOSMOXKHOCTH THIPOIHEPrope-
CypcoB. B YACTHOCTH, IO pPacyeTaM CHEUUATMCTOB, NPUPOIHBIA MOTEHIMA
BO30OHOBIAEMBIX SHeproHocuTeelt P/ cocraBnser: COMHeYHBIX ~ 23,6 MApI T
y.T.[roX, BeTpOBHIX - 4,6 MIPA T Y.T./TOA; BOMHOBBIX - 308 MIH T y.T./AOK;
rugpasnudeckux - 18 muH T y.T./rog.

Cpenu 6rmaronpusaTHbix paifoHOB AN pasMeleHHs KPYIHBIX BETPOCTAH-
uuit spigenserca w Jarecran, Hawa pecniyfnyka oTanyaercs MocTOSHCTBOM
BETPOBOT'O PeXHMa. B mpuMopckoii yacTn pecnybimMKH, 0cOOEHHO B paiioHe
r. Maxayxamsl, CPEAHErOROBbIE CKOPOCTH BETPa COCTABNSUIOT DOJee IMecTu
MeTpoB B cexyHay. Ilepeas BerpoBas 3NMEKTPOGTAHIHA Jarecrana tuna "Hun-
KNOH - 6" 6blma rocTpoeHa B 1980 romy. OHa pa3smewena Ha mobepexee Kac-
[HsL HA TEPPUTOPHH Kacrnufickoro Hay4Ho- HCCITRNIOBATENbCKOr0 HHCTATY TR
PLIGHOTO XO3AHCTRA.

Jarectan - OIMH M3 NEPCeKTHBHLIX PalioHOB ¥ B 06JacTH pasBUTHA re-
NMO3HEPTETURM, 3TECh MMEET MECTO 2KTUBHOE CONHUECTOAHME. B OTAENbHBIX
paionax pecriybnuku cpeaHeroJoBas NpogOIDKHTEILHOCTh CONHEYHOro CHUA-
HUA IOXOmUT 1o 2500 yacomr, a KONMYECTBO COJHEYHBIX JHEH B CPEAHEM CO-
crapaseT 7o 310 u 6onee B rony.

B Maxauxane nyuien B cTpoii aeicTBylowmuii creLManu3upoBaHHbiii 3a-
BOJ 110 NPOU3BOACTBY PA3NHYHBIX BHACB COITHEYHbIX YCTAaHOBOK, Paa yerano-
BOK JUIf TFOPAYErc BOJOCHAOXKEHUs, OTOMIESHMS, CYLIKH CelbCKOXO3ACTBEH~
HbIX MTPOJYKTOB U MATEPUANIOR YKE YCIEIHO MPUMEHSETCS B KOKHBIX paifonax
Harecrada. B T'ynuGe ewe ¢ 1980 roga GyHKLUMOHHPYET NATMKOMHATHLIA TOM
¢ CONHEYHBLIM OTOMIEHUEM U ropsyMM BojocHabxenuem. B cesenun Tumpol
renroTexHUYeckas ycranoska obecneunsaer pabory obwectpennoit Ganm, a
na Typbase "Pybac” - nywepas na 250 mecr. Beero B pecnyGaMKe HECYT CIy K-
By Gosee 20 TaKMX reNMOCTAHLMIA.

OCHOBHBIMHK TEPPHTOPHAILILIMK IHEPTETUHECKUMH 30HAMM IUCIIOKALIMK
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BO30GHOBIAEMBIX SHEPrOHOCHTENEH MO BLIMOJHEHHLIM OLEHKAM SABISIOTCS:
Ieutpamshas (Cynaxcias), Cesepnas (Tepcko-Kymckas), FOxnas (Camyp-
ckas), Mopekas (Kacnimiickas). Bee onn oxpaTbiBaioT Tepputophio larecra-
Ha, 4 TAKKE €r0 MOPCKYIO aKBATOPHIO. DTOT $aKT, a TAKKe HAIMUME B KaXk-
noif 30He OT 3 O 5 BHIOB BO300HOBIAEMbIX 3HEPIOHOCHTENEH MO3BONAIOT
pasBepHyTh WUMPOKOMACIITAGHYIO IIPOTPAMMY HX MCHONB3OBAHMS IO napan-
JIEIbHOM CXeMe OCBOEHMA M CO3NAHMA HeUEHTPATHIOBAHHBIX CHCTEM IapaHTy-
POBAHHOTO 3HEProobecIeYeHNA.

- 'Vxe Ha HACTOALIEM 3Tane, 0e3 CO3NAHMA TOMOMHUTENLHOI0 HAYYHO-TEXHH-
YeCKOTO 341ENa, MOKHO MPUCTYIHTD B I1EPBYIO O4EPEbh K LUIMPOKOMACIITAGHO-
My OCBOGHHIO rpopecypcoB. Peanusaiua Mambix W cpemtux I'OC no mapan-
JIERLHOM cXeMe (B TPEX 30HAX PECNyDIMKH, ¢ NPOIBIKEHVEM CBEPXY BHM3 IO
peuHbM GacceiiHaM) yMeHbIIHT 06beMbl HEOOXONMMbIX KANBIIOKEHHH, YBeNH-
YT 3PDHEKTUBHOCTb X COKPATUT CPOKH HCIIONb30BAHUS THOPOIHEPTOPECYpPCOB,
CyLIECTBEHHO ‘M3MEHHT NpOTHROIKONOrHYeckoe Bosueifcteue I'DC, yckopur
PA3BUTHE COLMANBHO-3KOHOMUYECKO HHPACTPYKTYPEI TOPHBIX PAHOHOB.

PacueTH! IOTEHHATA OCHOBHBIX BO30OHOBIISEMbIX IHEPTOHOCHTENEH MO-
Ka3LIBAOT cleAyloliee: NPH cTabunM3auMi IKOHOMUKHM JIarecTaHa U eXero-
HOM ycTOMYMBOM pocTe 3HepronoTpednenus (4 % B ron), ocBoeHHE XOTA Obi |
% DPHPOLHBIX BO30OHOBNAEMBIX PECYPCOB MO3BOMT MEPEKPHITH BCE SHEpPre-
Tuueckde notpebHocTy pecnybnnku Gonee uem B 53 pasa. Taxum obpasom,
noCTaToYHo OpakTHYeckoro ocsoeHMs 0,02 % rpMpPOIHLIX pecypcos, pacno-
JAraeMelX IHEPTOHOCUTENAMM, AU TOXO YTOObI YAOBIETBOPHTH BCE BHEPIETH~
yeCKHe M TPAHCHOPTHbIE NOTPEOHOCTH 3KOHOMHUKH JlaTecTaHa Ha MEPCreKTH-
By 10 2010 roga 6e3 HMIIOPTA BCEX BUIOB TOTUIHBA,

§ 5. 92KOHOMUWYECKHNE MEXAHM3MBI BECTOILIBHOM
KOHITENIHM SQHEPI'ETH K

HoBas per#oHanbpHAs YHEPTETHHYECKAS NMOJIMTHKA B PecIybiHKe AODKHA
BKIIOYATh B ce6f PSR TAKTUYECKHX Y CTPATErvyeckux 3axad. B kavecrBe Tak-
THYECKHX 32724 MOXHO ITPEMLTIONKHTL KOMIUIEKC MEP TI0 BHEProcOepeReHHIo BO
BCex EHCTBYIOL{HMX CHCTEMAX TOMNIHBHO-3HEPTreTHUECKOT0 KoMIuekca. Ilepso-
ouepepHOM 3ajauei spusercs pedopMa LienooGpaszosanus. HbiHeiuHee co-
CTO#HHE LEH Ha MPOHM3BOACTBEHHbIE TOBAPLI M IHEPTOHOCHTENM, 3 TAKKE
NPMHUMIE QOPMHPOBAHHSA LEH HA IHEPTHIO haKTHYeCKH He 00yCNaBIMBaIOT
SKOHOMHYECKHE CTHMYJIbl K 3HEPTOCOSPEKEHHIO.

C TOYKH 3PEHMS MUPOBOTO OINbITA U SKOHOMHUYECKOH HayKH NepBHYHOR
HeHOoOpasyolel OCHOBOMR BHEPIUM ABAACTCA CeOBCTOMMOCTH MPOH3BOJCTBA
W TOCTAaBKH €€ J0 NoTpebuTens.

Crenyroueli TakTHiecKo# 3amayeli HOBOH pervioHaNbHOR 2HepreTHue-
CKOM NOIIMTHKM SRIAETCA MPOBEAEHHE SHEPreTHUECKOTo OOCIEemOBAHMA BCeX
LeHCTBYIOWUX 3BEHBER IKOHOMMKH HA NPEAMET BbIABJICHHSA PE3EPBOB IHEPTO-
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cOepexxeHust ¢ Bblxaueil peKOMEeHIALMH NO IKOHOMHKE SHEPIHH, OTPAKAEMBIX
B cneipansiom nacnopre. Iipy aToM nomksa ObITL BBELEHA CHCTEMA ILTPE-
$os 1 HagbaBok K TapH(aM Ha SHEPIUIO, Pa3MeP KOTOPLIX YCTAHABIHRACTCS
B 3aBHCMMOCTH OT BBbIIBIIEHMS PE3EPBOB IKOHOMHHM 3HEPIMH, 3KOJIOTHUECKOH
HMCTOTbL NPOU3BOIMMON M noTpebnsemoill sHeprHH. MoXHO npenycMOTpETh
ILroTHOE (BecnpOUEHTHOE) KPEAUTOBAHNE MED 11O BKOHOMWH JHEPTHH H 5KO-
JoruyeckoMy oGecreyeH IO 3a CHeT CITEMANBHOro pecnybuukanckoro GoHaa
sueprocbepexenns. Pewuenue sTol 3agauud, eCTECTBEHHO, HERO3MOXHO be3
YBEMHYCHHSA U YILYYIICHHS YPOBHA OCHALIEHHOCTH CHCTEMB! YUeTa M KOHTPONd
3HEPIHM BO BCEX 3JIEMEHTAX KOMMIEKCA,

ITo pacueram CEUMAIMCTOB, EXKEFOXHBLIA CYMAPHLIA MOTEHLHAT IHEPTO-
chepexcenns B pecrybnuKe B HACTOSLIEE BPEMs cocTaBiseT S8 MIH Nonrapos.
3to Morno Gbl CTATH BaXKHERIIHM cbamopom COKpaLeHHA XPOHHYECKOTO e~
duunra Gromkera arecrana.

Crparersueckiii MexaHusm peanuzaunn  GecTONNMBHON KOHLenUUK
IHEPTETHKH TpebyeT 00f3aTENBHOrO HANNYUS 3-X TIaBHbIX COCTABMISIOLHX:
1EPBad - IHEPTOIKONOTNUECKHH KATTUTAJ, T.e. JOCTATOUHbIH NS HYXI PErHo-
Ha NPHPONHBEIA MOTeHUMAN BO30CHOBISEMbIX IHEProHOCHTEeNnedl; BTOpas -
HayYHO-TEXHUYECKHUH KANWTAL, T.e. JOCTUTHYTHIH MHPOBOH YPOBEHbL M CyMMa
NIEPENOBLIX IHEPrOTEXHONOTH, TpeThe - (PUHAHCOBBIA KaruTan, T.e. CymMma
JEHEXKHBIX CPEIXCTB, HEOOXOIMMbIX Il PASBEPTHIBAHMS W yrpaBieHus Gecron-
JIMBHBIM 3HEPreTHHECKUM KOMITJIEKCOM.

IMepsas cocrapimiowas B Jarecrane umMeercs 8 uzbeiTke. UTo xacaercs
BTOPO# COCTaBJsIOIEH, TO B HACTOALlEE BPEMs MHUPOBOH SHepreTMyeckui
OINBIT JOCTHE BHICOKMX TEXHUKO-3KOHOMWUECKHX nokasareneit no Oecronnus-
HbIM TEXHOJIOTMAM, MPeobpasyioluM IHAPOIHEPrOPECYPChl, H CPEAHUX - 110
npeodpasyruIM BETPO- H renuopecypchl. JlarecTan WMeeT ONMpelereHHbIHA
HAYYHO-TEXHHYECKMH TOTCHUMAN ¥ NPAKTHYECKHH OfbIT (10 3TUM TEXHOJNOTH-
M, & TAKXKE PACMONATAET JOCTATOYHBIM MPOMBIIUIEHHLIM M HEPrOCTPOM-
TETbHLIM NOTEHUMATIOM,

OnHaxo OCHOBHBLIM TOPMOSSIMM (HAKTOPOM B MEXAHM3IME pemnaaunn
HOBOH KOHLIETINMM SHEPTETHKH ABIAETCH OTCYTCTBME TPETheH cocTaBiAroweH
- HeobxonuMoro obbema cTapToBOro GMHAHCOBOTO KallMTaNla.

Tlpoexr peany3zanmyu GecTONNMBHON KOHUETNUHH SHEPreTHKN BaXEH HE
TONLKO Iiis JlarectaHa, Ho MMEET M MEXIYHAPOAHOE 3HAYEHHE - 34ech GymyT
oTpabaTEIBATECA BCE MEXAHU3IMbI CO3NAHHA OECTOMIHBHBIX IHEPTOXOMILIEK~
co Bymyuwero. Ero uenm n 3ajavyt moONXHOCTHIO oTBeaoT pemennam OOH,
Bcemuproro SHEPTETHUECKOTO KOMUTETA, EBpone#ckoit 3nepreruueckoil xap-
THH, TONOXKEHWSIM HOBOH 3HEPreTHYECKOH nouTHkH Poccu.

B cxopom 6ynyuxeM Tepputopuio Jlarecrana MoxHo Hassars Ilepsoit
KOMITIEKCHOH 30H0H GeCTONMUBHEIX 3HEPrOHOCHTENER MUpa, Tae 6yRyT oTpa-
6aTHLIBATLCSA M PETYNMPOBATHCS MEXAHNIMbI M 3NIEMEHTBI CO3AaHMA GeCcTOMmINB-
HOTO SHEPrOKOMILIEKCA C YUETOM ONbITA MUPOBOH UMBHIM3AUMH,
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TJIABA II
SHEPTHSA
' § 1. PABOTA H DHEPTHIA

Cnoso "pabora" u3pectHo KaxgoMmy. Pabora urpaer OrpoMHYIO polb B
HN3HH KAK OTAENLHOTO YENOBEKa, TAK M BCErO YeroBeyeckoro obuwecrsa. B
NPOLEcce IBOMOLMH XKHBOH NPUPOALI HMCHHO TPYH BLILENMIA HeloBexa M3
JKHBOTHOTO MHDA. :

O6kIupO NOX PaGOTON Mpl TOHMMAEM PA3IMHHOTO POXA ,E(eﬂTeJIbHOCTb
monell B HapojgHOM XxossiicTBe, KOTOpas HANPABIEHA Ha yXOBIETBOpEHME
norpedHocTel 0bluecTBa. 10 - ceB M yOopKa ypoxas, nobbiya pyasl, pasius-
Ka MeTansa, BOXIEH e [T0e3)a ¥ ABTOMAIUMHEI, TTHISHHE H CTPOTAHME, CTHpKA
W IOMAaIIHAS YOOPpKa, JeaTeIbHOCTh MHXEHepa, Bpaya H MucaTens, GyHKIHO-
HUpOBAHKMe FOCYHAPCTBEHHOTO anmapara M npasocyaud. A Takue BUIbl Jesd-
TENLHOCTH, KaK TYPH3M, lIaXMaTHaf UIPa, TAHLB! M MHOTHME Ipyrue obbiu-
HO CYMTAIOTCA OTHBIXOM H PAcCMATPHMBAIOTCH KAk pa3BledyeHHe.

B melicTBUTENnBEHOCTH Xe paboTa HeoTAENHMMA M OT 3TMX BHIOB JEATCNb-
HOCTH 4emoBeKa. PaccMOTpeHHOE Bbllle MOHATHE paboThl HEOOXOMMMO OTIH-
YaTs OT [OHATHA PaboTel B H3MYECKOM CMBICTIE, KOTOPOE HAMHOTO LIMpE W
CIIOXKHEE.

Jlerde BCEro HaTh ONPEACHEHHME MEXaHMUeckOH paboThl, koTopasd 6buia riep-
BOH CTYNEHRIO B TO3HAHMH XapaKTepHbIX ocobeunocrell pabotel. Yrobbr npous-
BOJMTE paBoTy, Hy}HA CHJIA, M [I0 M3BECTHOMY BCEM ONpENeNeHuIo paboTa A, co-
BEPILEHHAS NIPH NOMOIUH cultbl F, pABHA NPOW3BENEHMIO 3TOM CHIIbI HA NYThL S B
HanpapieHuu aefcTBus, TO ecth A = FS | eclii CHIA IPH 3TOM HE MEHSETCS.

B kayecTBe IpocTOro npuMepa MexaHuueckod paboThl npusenem paboty,
COBEPLIASMYIO TENIOM C MacCcol m NpH cBOGOAHOM NAAEHHM TOX NEHCTBHEM
38MHOTI'0 IPUTAKEHHA (XAPaKTEPH3YEMOTO YCKODEHHEM CHITLI TAKECTH £) C HEKO-
TOpO# BbICOTHI h. DTa paora B cooTBETCTBUM ¢ hopMynoi paBua mgh. Taxum
ofpa3om, Teno, Ha BeicoTe h, oGnazaer TeM CBOMCTBOM, YTO NPH ONpPENEIEHHbIX
YCIOBMSAX, T.€. IPU NAJEHNH, OHO MOXET MPOM3BOIHTL paboTy. B Takom cnyyae
TOBODAT, YTO TEIIO ¢ MAcCOH m Ha BbicoTe h (OTHOCHTENBHO BbIcOTh h=0) 06ma-
JAeT MOTeHUHANLHOR 9HeprHel (aneprueit nonoxenus) mgh. [locne nanedns Ha
ypoBeHb h=0 NOTeHLMATILHAS IHEPIUA CTAHOBHTCHA PABHOM Hymo (TENO yxe He
CIOCOGHO NMPON3BOAMTL JanbHedwyro pabory), HO Temepb OHO NpUOOpeTaET
"HoBog" CBOMCTBO, @ UMeHHO ckopocTh V (V=2gh), u, cnenoBaTensHo, 06nanaer
KMHETHYecKkoH sHepruel (anepruefl maykeHus) paBHoOH mV?2/2.

Wrak, mexanudeckas pabora coBeplUaeTcs NPH M3MEHEHWH COCTOAHMA
Tena, npouzeojAuiero pabory. B npHsemeHHoM npuMepe TENO B HAYAILHOM
COCTOSHMH BCICACTBHE CBOETO MOIOXEHMA 00Nanano cnocoOHOCTHIO MPOU3-
BOAMTL PaboTy, a B KOHGYHOM COCTONHMM EFrO MOJONKEHUE yXke He obecneym-

k8



BAJIO €My 3TOH BO3MOXHOCTH. OnHAKO crnocoBHOCTS Tena Npou3BOaUTh pabo-
TY HH B KOSH Mepe He HCcue3Na, OHA JMIUb BHIOM3MEHUNach. Tenephb Teno cro-
coOHO MPOH3BOAWTL PAbOTY 33 CUET CKOPOCTH; OHO MOXeT maxe (IIpH ycro-
BMH HE3HAYUTEILHOIO TPEHWA BO BPEMS JBMXKEHMA) MNPAKTHHECKM NPOU3BE-
CTH CTONIBKO PaboThl, CKONBKO €€ MPOH3BOIMT B CBOEM HAUAJILHOM COCTONHUM
Ha BbicoTe h. IIpumepoM MOryT cliykMTh KOoIeOaHua masTHuka 6e3 TpeHus
(puc.1). Ecru npHHsaThb, UTO B CaMOM HMpKHeM nonoxeHun h=0, To MagrTHuk,
TPEACTABIAIOLMH coBOH apuK, BUCIIHMH HA TOHKON HUTH, OTKIXOHWBINKCE
B NeBoe kpaiiHee MojoxerHne, OYReT HAXOIZMThLCA Ha BbicoTe h=0 1 braronaps
3TOMY npoussomuT paboty mgh. Camoe HmxHee nonoxenue (h=0) on mpoxo-
INUT CO CKOPOCTLIO V, JOCTUTHYB B PE3YJLTATE 3TOTC ABHXKEHHMA, TAK KAaK Ero
NOTEeHUMANTbHASA SHEPTH mgh MepeLa B KHHETHYECKYIO aHepruio mx V%2, Ec-
T TPEHUE MAsSTHHKA HHMTOXHO MAT0, TO nprodpereHnas ckopocTs obecrie-
YMBAET LIAPHKY BOSMOMNHOCTH NPOHTH YEPE3 HMKHIOI TOYKY M NOXHATHCA HA
Ty e BbicoTy h. IIpu sromM OH coBepinaer paboTy mgh NPOTHB CHIL! rpaBu-
TALUKOHHOTO [OMNA, a ckopocTh ero nagaer fo 0. Taxum obpazom, pabora co-
. , Beplaercs  GnaroJaps  MOCTOSHHOMY
- " ripempattennyo sHeprud. IIpu crobop-
HBIX KONeGAHMAX MasTHHKA Ge3 TpeHus
OYLeT HENPEPBLIBHO [TPOMCXOMUTDL Nepe-
'XOI NOTEHUHMATLHON 9HEPIUM B KMHETH-
YECKYIO W OOpaTHO.
‘ Haww paccyxaesus ACHO NoKasbl-
gt . fro  BEIOT, YTO MEXAHMYUECKAS SHEPrHs O3Ha-
e e e e SR o e QBT cnoco6Hocrb NpPOM3BOAMTL paborty,
HO OHa He MAEHTHYHA camMoit pabore. Pa-
Puc. 1. BaanmMuoe npeapainenue KuneTHye- Gora e cosepimaerca fpn npelipamenun
CKOMH M NOTEHUNANBION SHepruit npH kone-  OFHOTO BHAA SHEPTUM B APYTOM, IIpUHEM
6aHan MasgrTMKa. ) PEIYIALTATOM TaKOro IpPeBpalIEHys HE
| BCErpga ABJACTCH HMEHHO MEXaHMueckas
pabora, xax B paccmarpnnaemom BuIlIe NpuMepe. Ecnu, HATTPUMED, MagTHUK
ByneT ABUCAaTbCA C OYEHDb CHABHBLIM TPEHHEM (IONYCTHM, B BA3KOH JXMIAKOCTH),
TO TIPH BOIBPAIUCHHH U3 BEPXHErO NOJIOXKEHHMSA B HIDKHEE OH OCTAHOBMTCH, TO
ecTh €ro CKOPOCTh yMeHbluwTes A0 0. B 3TOM ciiyuae MOTEHUMATLHAA JHEPTHS
MAATHMKA TNPEBPAINAETCH B KHHETHYECKYIO JIHINL BPEMEHHO; K KOHLY JBHXKE-
HAA BCA IHEPTUA MAITHUKA [EPEXOIHT B TEIUIO, BCIEGACTBHE HETO IOBLILIAETCH
BHYTPEHHSA YIHEPTHS BCell cUCTeMbI MASTHHK-OKpPYXaowas cpena. Pabora, ko-
TOPYIO Mbl MOEM HENOCPENCTBEHHO BOCIPHUHATH HALUMMH OPraHaMy YYBCTE,
cosepuuaeTcs Guarogaps MBHMEHHIO Maxpockomumueckux Tes. CrnocoGHocTb
MPOU3BOIUTL PaboTy, 4 CNeSOBATENbHO, X IHEPTHS HEPA3PLIBHO CBA3AHAI C ABH-
xenueM. OJHAKO 9TO - HEOGA3ATELHO HENOCPENCTBEHHO HABMIONAEMOE IBIKE-
HHE MAKPOCKITUUECKHX TEL, JHEPrus MOXeT OuITh Taxke oDyCIOBIEHa JIBHKe-
HMEM ATQMOB M MOJIEKYJ, KOTOPOE HE BOCIPHHMMAETCH HALIWMM OpraHamu
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yyBcrB. K TaxoMy ABIDXEHHIO OTHOCUTCS, HATIPUMED HENPEPHIBHOE XA0THYECKOE
IRWKEHHE ATOMOB M MOJIEKYH, COOTBETCTBYIOLIEE TEPMUUECKON sHeprum (aHep-
THH TETUIoBoro meikeHus). IIpH onpeneneHHbIX YCHOBUAX 3TO IBIKEHHE BCE XKE
YACTHYHO MOXKHO YIOPAKOYUTE, ¥ TOrIA OHO MPOABIACTCH MAKPOCKONMHYECKH K
MOKET GLITh UCIIONL30BAHO IS HOTyYeHs paboThl.

BoiBofibl, MOJIyYeHHBIE W3 NpUMepa ¢ MEXaHW4ccKOR 3Heprueit 1 pado-
TOiA, MOTyT 6bITh 00061IeHbl,  PaBoTa - 9TO BCEIIA PE3YILTAT MPEBPALIECHUS
OmHOH (OpMbI SHEPTHH B APYIYIO, M OHA HEM3OEXKHO CBA3AHA ¢ KAKMMU-IIU-
60 ¥3MEHEHHUAMM, TIpOLIECCaAMM.

CyinecTBOBaKME PA3MMYHBIX BHIOB YHEPIHMH BhI3LIBAETCH pasHooGpasu-
em GopM mBIOKEHWH (KMHETHUYECKas JHEPIMS HANDUMED, YNOPANOUCHHBLIM
ABHIKEHHEM TeNTa KaK LEeJIOro, TEPMHYECKas IHEPI U ~ XAOTHUYCCKHM IBHXKEHH-~
€M’ MOJEKYJI HIIM aTOMOB, 3JIEKTPHYECKAS - ABIOKEHMEM IEKTPOHOB UITH APY-
T'¥X 3apsKeHHbIx yacTuu). CienoBarenbHo, paboTa NMPOM3BOAMTCA MPH B3a-
MMHOM TNIPEBPAIUEHHH PATHYHBIX GOPM ABKEHMS PA3NHYHBIX Ten. MHBIMM
cHOBaMH, paboTa eCTh KOMMYECTBEHHAA MEPA KAYECTBEHHOI'O B3AMMHOYO Tipe-
BpaweHHa. OTH QOPMEI IHEPTHHM MOTYT NPEBPALIATLCA APYT B JAPYIra WM fie-
PEXONUTL OT OZHOTO Tela K ApyruM. PaboTa BOZHMKAET UL KAK CIEACTBHE
3THX rpeppamennit. Kpome Toro pabora, koTopas ABIACTCH PE3YALTATOM W3-
MEHEHMS COCTOSNHMS TENA MM CHCTEMbI TeJl, MOXKET MIMEHMThL COCTOSHUE APY-
THX Tel. B npemenax, YCTAaHOBICHHBIX 3aKOHAMH MPUPOIbl TPAHMI, MBI, MO-
KeM 1enecooOpasHO YIPABIATE ITHMH TIPEBPALIEHHAMM B HYXHOM [IIS Hac
Hanpasneny. HanpiMep, B BOASHBIX MeIbHULAX MPEBPATHTE KMHETHYECKYIO
SHEPIHIO PEUHOH BOABI BO BPALUATENLHYI0 IHEPTHIO XKEPHOBOB M MCIIONB3O-
BaTh €€ AT PA3MOIA 3ePHA MIIM XMMHYECKYIO SHEPTHIO, OCBOGOXIAIOMIIOIOCA
IPH CKUraHMK YIis, HATPEBAOUIErD KOTEN, - B MEXAHHYECKYIO SHEPTHIO U C
NOMOLIBIO TIPOM3BEIEHHOH MTPH 3TOM paboTh! U3COTOBUTL M3 METANNIMUYECKHX
BomBaHoK HeoOXOXUMbIE HAM [IPEOMETHI, U3 HUTEH - TiaHW M T.J1. TaxkuM 00-
pasoM, paGoTa CTAHOBHTCH CPEACTBOM JUI NepepaGOTKH NMPHPOAHBIX MaTe-
PHAJIOB H TEM CcaMbiM BaxkHeHlinm ¢axkTopoM InA 4YenoBekad M obliecTea B
uenoM. Tak KaK MOXHO HakarIMBaTh TONBKO IHEPruIo, a He paboTy, To Bax-
Heilllag Hama 3ajaya - HalWTH BeLeCTBa, COJEpPXKAILME TaKOH BHI IHEPIUM,
KOTOpPbIfl IpH MPOU3BOACTBE PAGOTH OTHOCUTENBHO NPOCTO NMPEBPALIAETCS B
OpYTOH BHA YHEPTHU. DTH BELIECTBA Mbl Ha3bIBA€M MCTOUHMKAMM WIIM HOCH-
TENAMM IHEPTUH (SHepI‘OHOCHTeJ'[ﬂM ).

§2. HEOEXOJII/IMBIE IUISI OBUIECTBA ®OPMBI OHEPI'IH

TIpocrefiias JesTENbHOCTL YENOBEKA ~ LENECOOGPAZHOE H3IMEHEHHE MEPBO-
HAYaNbHBIX IIPOJYKTOB MPHPOZH], 3AIMTA OT HEONATONPHATHBIX BHELUHHX YCIIO-
BHH (X00[d, HENOTOMBI M JMKHX 3Bepeid) - Tpebyer B NepByko odepenh MeXaHHYe-
ckoit paboTel. Bomsiioe 3HAYEHNE U1 HENOBEKA MMEET M TEILIO - SBIEHHE, TAKKE
CBA3AHHOE C U3MEHEHHEM SHEPTHH U B H3BECTHOM CMBICIIE aHATIOTHYHOE paboTe.
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TlepBobeITHBIA YemoBeK coGupan MUILY, COIAABAN CBOM NMPHUMHTHBHbIE
OPYIHA, OXOTHICA H PhIGaYHi, YCTPaWBAJ XHNbE, NPHAMEHAS MEXAHHYECKYIO |
pabory. [{axe B COBPEMEHHOM O0IHECTBE SHEPrUs UCTIONB3YETCH [IPEUMYLIECT-
BeHHO B hopMe MeXaHMJYEeCKOH paGoThl: B NPOMEIIIIEHHOCTH B CEECKOM X0~
3glCTBE, CTPOHMTENLCTBE M TPaHCHopTe, 61Ty B T.4. KpoMme ToOrO, €ule U cero-
IHA OYeHL BANHA MeXaHuyeckas paboTa, MPOUIBOAHMAS CAMHM YEIIOBEKOM.

Oronb

Hapsny ¢ MexaHuyeckol paboToil ¢ ApeBHHMX BpeMeH GONBLINYIO PONL B
KHIHM YEIOBEKE, HIPATo Tenno. B ApeBHOCTH, JUIA MOIYYEHHA €ro HCKYCCT-
BEHHBIM [yTeM, T.€. JOOBITE OrOHb, HYXHO OBIIO 3ATPATHTL OYEHb MHOIO Me-
XaHuyeckoif paboTsl, YTO6L! pacrepeTh CyX0¢ AEPEBO H Pa3orperb €rp Ao Ta-
KOH TeMmepaTyphl, KoTopoli oHO OBl BocruraMenmiock. Mbl u ceifuac He Mo-
KeMm oboliTice 6Ge3 MeXaHWYECKOH SHEPryM JNIA MOYYEHUS OTHA, HO HallH
HBIHEIHAE NPHCIOCOONEHNS (CIHYCH, 3aXKHUIANKH) HO3IBONSIOT 9TO CAEIATE ¢
HHYTOXHBIMH 3aTpaTaMi cull. OTKpeITHE criocoba noﬁbmu OCOHS O3HAYANO
6oJb10H AT B PAa3BHTHY YEIIOBEYECTBA.

- Temmo, kOoTOPoe 0CBOGOXKAAELTCA B PEIYNLTATE XHMHYECKOrO npcha—
IIEHHS ¥ MPOSBIACTCA B BUIE OCHA, HCNOJNB3YETCA COBPEMEHHBIM YEIOBEKOM
HE TONLKO HENOCPENCTBEHHO d oborpena, HO M Kax Hekas nepexogHas CTy-
NeHb NpeBpalieHHs XUMHYECKON HHepruM B MexaHugeckyro pabory. Hyxio
3aMETHTH, YTO 06pa3oBaHme Teruia He Bcerna XenarenbHo. OIHAKO NOYTH
KaXJI0e PeBpPAlIEHHE IHEPIUM CONpoBOXIaeTcs obpazopanneM temna. Ilo-
CKOJILKY TEIIO He MOXeT OBITh IONHOCTHI0 NMpeppaimieHo s pabory, B page
cllydaeB (HApUMep, P TPEHHU) ero MOXKHO cudTaTh hopmolt axepruy, nom-
HOCTBIO NIOTEPAHHOMN JUIs yeltoBexa.

Xumuueckas IHEPrHs

TlepBbiM B HCTOPHM YeNIOBEUECTBA MCKYCCTBEHHO BBLI3BAHHLIM XHMHYe-
CKUM MPOLECCOM OBUTO, TOXKANLYH, TOpeHUe - PA3TIOKEHHE NPH NOMOIIH OKHC-
JIeHHs pACTUTENbHOM Macehl, mMerolel cIOXKHEbIR XMMHYECKHI cocTas, Ha Be-
njecTsa Dosiee MPOCThIE TaKHe, KAK BOAA, YIIICKUCLIA ra3 1 ap. Orous noMor
YEOBEKY MCNONB3OBAThL H IPYrHe XMMUIYEcKHE [TPONecehl: HMEHHO Onaroiaps
OTHIO YENOBEK CMOT GENaTh CBOM NMPOAYKTHI THTAHUA MSIde, BKYCHEe H yHo-
foBapumMee.

Co BpeMeHeM IOAM HAYYHIIHCH MCIIONB30BATE HE TONLKO OFOHb, HO M
Apyrue XHMuyeckue npouecchl. Onnaxo Toneko k xoHuy XVIII seka monu
OBNIAJIETA 3AKOHAMHA NPHUPOALI HACTONBKO, YTO HAYYHIMCH HCKYCCTBEHHO Bbi-
3pIBATE XMMIIECKHE IIPOLIECCH! M NPOBONMTS WX LieleHanpasnesHo. Ho Tenepsb
yXke B OONBIIMHCTBE CHYYAEB LEIbIO ITHX NPOLEcCOB ObUI0 HE PA3NOKEHHE
BelleCTBa, T.C. IMOIy4YCHHE 6onee MPOCThIX N0 CBOEMY COCTABY COCJIHHCHHFI, a
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Hao00pOT, CHHTE3 BELISCTB HOJIEE CIONKHOIO COCTABA K3 MPOCTHIX "KUPIHUN-
KkoB". PazyMeeTcs, XMMHYECKOE PA3OKEHHE CAOMKHBIX BEWECTB HU B KOeH Me-
Pe He NOTEPAIO CBOETO 3HAYEHHMA: HA HEM OCHOBAHA, HAIIPMMED, BBITLIABKA
METAJLIOB M3 PYIb!, IPH KOTOPOH METalIbl BEICBOBOXKIAIOTCS U3 COEQMHEHHH.
ITpogyxuusa MHOTHX APYTHX orpacnei/i MPOMBILIIEHHOCTH €CTh PelyIhTAT pas-
TIOXKEH KA BEIECTBA CIIOXKHOr0 cocTaBa Ha Goxee npoctsie. [Ipespaimenue op-
HHX XMMHYECKHX BEILECTB B OPYIHE CONPOBOXIAETCA W3MEHEHHEM XuUMMUe-
cxoit aneprum. LenecoodpaiHoe M XOpOUIO NPOJYMaHHOE NPHMEHEHHE OfIpe-
JENEHHBIX BULOB IHEPIHM LAeT BO3MOXHOCTE B IPAHMIAX, YCTAHOBJICHHBIX
OOBLEKTUBHLIMH 3AKOHAMHU IPUPOILS, MIAHOMEPHO YIIPABIATL XMUMHYECCKHMMU
peaxuusmu. Ha aToif ocHoBe B nociefee BpeMs CTPEMHTENLHO PASBUBAETCA
XHMMYeCKas MPOMBILIEHHOCTb, TPebyoLas Bee GONbUIMX 3ATPAT SHEPIHH.

CseToBan JHepria

Jlonroe BpeMs YENOBEK MONYYA CBETOBYIO SHEPIHIO MCKIIOYUTENLHO
IIpH FOMOMH OKATaHWg (OKMCIIEHHS) HATPETBIX . JO KAJNEHHS TBEPALIX Be-
wecTs. B (axenax, MaCIAHbIX JAMIaX, B CBEYAX, KEPOCHHOBBIX JAMNAX ra3o-
BBIX OHAPAX CBET M3IYYAIOT MO0 BOIHHKAIOLIME B PE3YNbTATE HEMONHOIO
CrOpaHHg DPACKANIEHHBIE YTONBHbIE YACTHHUKY, MO0 BBEIECHHRIE B TUIAMA APY-
rYie TBEPABlE BELIECTBA. B COBPEMEHHbIX IAMITaX HAKaTWBAHMS CBET JAET Tak-
3E PACKATeHHOE TBEPAOE BEILECTBO (BonbGpaMoBas HATh HAKAJNMBAHMUA), HO
3J6Ch CBET HILy4aeTCq He Omaroxaps ocBoOOxmaromeHcs B pe3ynbTaTe OKHC-
JIMTETHHOTO IPOLecca XHMUYECKOH 3HEPIHH, 4 3a CUET IIPEBPALUEHHS 3JIEKTPH-
Yyeckoi SHEPTUM B CBETOBYIO.

Bee xe npeBpalieHHe SMEKTPUHECKOH 3HEprMK B CBETOBYIO [IPH NMOCPE-
CTBE TeNia He IKOHOMHYHO. JIO3TOMY. HBbIHE NPHIIATAIOTCH YCHIIMS K UCKIIO-
YEeHHIO TEMTA KAK NOCPEAHMKA IPH 3TOM NpeBpaileHHH. B HoBelIunX ocBeTH-
TelbHBIX NpUOOpax 3NMEKTPHYECKAs IHEPIMs MpeBpaliaeTcs B CBETOBYIO Oe3
CKOJIbKO-HHOY b 3HAYHTENLHOTO BbITENEHUA TENIa, MO3TOMY TakHe npubo-
DBl OTOAIOT NPH OJHHAKOBOM NMOTPEBIIeHUH 3IMEKTPUYECKOM IHEPIUU B TPH-1e-
Thipe pasa OOoAbLUE CBETOBOH SHEPIUMM, YEM JIAMIIbI HAKAIMBAHNS,

DiieRTprIECKAs SHEPTHA

B sHepreruyeckoM Ganance COBPEMEHHOIO BBICOKOPA3BUTOrO obuecTRA
IJCKTPHYECKAN IHEPTHS HIpaer Bce DONMbUyI0 ponb. B ACHCTBHTENLHOCTH
HAM, Pa3syMeeTcdA, HE HYXKHA 3SNEKTPO3HEPCHA KaK TAKOBAs, TOCKObKY Mbl He
MOJKEM ee HU BOCTIPHHUMATL, HY HEMOCPEACTBEHHO YNOTPebaaTL. DaexIpuye-
CKYIO 3HEPTMIO MOXHO, OJHAKO, OTHOCHTENLHO. MPOCTLIMY CPENCTBAMM Npe-
BpallaTh B TEIIO, MEXaHNuecKyro paboTy B apyrue popMel sxeprun. Ilpo-
H3IBOJCTBO NIEKTPOIHEPTHH, T. € NPEBPALUEHHE HMCIOIMXCA B IPHPORE ApY-
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X GOPM SHEPIUY B AMEKTPHUUECKYEO, B BONBLIMX MACITABAX 3IKOHOMHYECKH
CPABHHUTEILHO BBLITOJHO.

DNEKTPUYECKYIO SHEPIMI0 MOXHO NEPeaaBaTh HA OONbLINE PACCTONHAS C
OTHOCUTENLHO MAJBIMM NMOTEPAMM M, TaKUM 0D6pa3oM, JIErko IMOJBOIMTL K
NOTPEOUTENAM, MOITOMY €€ CHERYET CUNTATH Myuulel i HanGolee Nerko nox-
JAIOWEHCE MCITONB3OBAHMIO GOPMOH SHEPIHM, C MOMOMBIO KOTOPOIl MMelo-
IuMecs B MPUPOAE BHEPTETHUECKHE PECYPChI PACTPEHENAOTCA B COOTBETCTBHH
C HAIIMMH HYXIAMH, ' )

Huige anexTpuyeckas 3HEPrUs DPOM3BOAMTCA B OCHOBHOM B PE3yJbTaTe
NPEBPALIEHHA XHMMHUYECKOH SHEPIHK YT MY HedTH CcHadyana B TEruo, KOTo-
PO€ aeT BO3MOXKHOCTh MONMYYaTh MexaHHyeckyis paboTy; 3a cueT aToilt pabo-
Thl M IONY4aeTCHd B JANbHEHILEM 3JeKTpHYecKas 3Heprus. Takoe HenpsMmoe
[PEBPALIEHHE BECHMA HEIKOHOMHYHO, TAK KaK NMPH 3TOM NPpoNazaerT 3Hauyu-
TenbHas 4YacThb 3HePrun.JIpH COBPEMEHHOM COCTOAHMH HAyKU U TEXHHUKH He
ofoitcy Oe3 TAKOre, CBA3AHHOIO ¢ BOALIMMH NOTEPAMH, crnocoba monyye-
HUA 3TEKTPHYECKO IHEPIMHM, XOTA TEOPETHUECKH H3DECTHO, KaK MOXKHO n3be-
XaTh 9THX noTeph. COOTBETCTBYIOUIME METObI yXKe NPMMEHAI0TCA B Tabopa-
TOPHBIX YCHOBHAX. ONHAKO HAJEHHOE M IKOHOMMYECKH ONPaBJaHHOE Heno-
CPENCTBEHHOE IpeBpallieHre B HoasmnX Macwrabax XMMHYECKOH 3HEPIHM B
SJIEKTPHIECKYIO noTpebyer eie oueHs Oonplloi HecneaoBaTeNbCKOH paboThl.

HesnaynrensHas 4acTh 9JIEKTPHYECKOR 3HEPTHH NPOH3BONUTCH HE U3 XU-
MHYeCKOH, 2 M3 MeXaHHueCKOH ([IOTeHUMaNbLHOH M KHMHEeTHYEeCKOH) IHEpruu
BOIbl HA THAPO3NEKTPOCTaHUMAX. B nocnemHee BpeMs HayMHAET NONYYATh
HEKOTOPOE PACHPOCTPAHEHHME HOBBIH METOJL MONYYEHHUA 3NBKTPOIHEPI UM - Iy~
TEM OPEBPALICHUS ATOMHOM 3HEPTMU B 3JEKTPUUECKYIO, - OIHAKO W 3/1ECh I10-
TepW SHEPTHH B BUJIE TENIIA 3HAYUTETIbHbL.

B HacTosee BpeMs HAXOIAT TAKXKe [TPHMEHEHHe, ITPaBJa B BEChMa orpa-
HUYEHHBIX MacuTabax, Takue BU/Ibl 9HEPIHH, KAK aKyCTHYECKAs H MATHUTHAS.

HerodHumicH aHepriu

B GomplunHcTBE ClyvyaeB NPUpPOAa NOCTABISCT HAM JHEPIMIO HE B TOH
dopme, B Kakoi oHA HYKHA AJIA HAIUUX KOHKpeTHBIX ueneii. IToaToMy MLl Bbi-
HY>KZEeHB] TPeobpasOBLIBATE UMEIOLIYIOCH B HALHEM PACHOPMKEHHM IHEPTIMIO.
s nonyuenus paBoTbl Mbl JOJDKHB HANTH COOTBETCTBYIOLIME HCTOUHWKH
SHEPTHH, T. €. TAKHE BEUIECTBR, KOTOPbIE ABNAIOTCH HOCHTENAMM Haubonee
[PMIOXHOrO JUIst Peaiin3aiiii BUIA IHEPI M.

Crenyer OTMETHTb, YTO MHMBbIE OPTAHUIMEL (B TOM YKCIE YEJNOBEK) CAMH
SBJITIOTCA HOCHUTEIAMM 3HAUUTENLHbIX 3a1acoB aHepryy. JKuBbie OprasnusMbl
COIEPXKAT OTHOCHTENLHO GOMbLIOE KOJIUYECTBO XHMHUeckol axepruu. B xone
TAKMX M OO CHX [OP HEXOCTATOYHO M3YYEHHBIX XUMHYECKMX IIPOLECCOB NPO-
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HCXOIUT MPEeBPAIUEHME FHEPreTHdecKy BOTaThIX CIIOXKHLIX BELIECTB XHBOTO
OpraHu3Ma B DPOCTHIE BELIECTBA, KOTOPOE CONPOBOXIAETCA BbLICHEHHEM
Jueprid. DTH NPEeBpaLleHHs ABIAIOTCS UCTOUYHHKOM MYCKYJIbHOH paGoThl ue-
JIOBEKA M >KHBOTHBIX, [IPH IIOMOINM KOTOPOH OHM MMOAIEPXMBAIOT CBOH XH3-
HeHHble yHKUKE, MepemeniaroTed, obecneyusarT cebe nponuTaHme, a TAKKE
MOTYT IPOH3BOAUTHL HEOOXOIMMBIE 1 ONE3Hbie H3MEHEHNA OKpYyXalolel cpe-
Apl. ITH "ecTeCTBEHHBIe” MCTOUHMKH 3HEPIMH, NHTAEMbIE XUMHYECKOH IHEp-
ryeit coBCTBEHHOTO TelNa, YIOBNETBOPSIIN YETOBEKA TONLKO HA panHelt cTagnm
YeIOBEUECKOro O0IECTRA, MIMBIUCHCS, OMHAKO, MHOTHE ThICAUeNeTHs. YKe B
epBOBLITHYIO 3MIOXY 4YeJOBEK NMOCTABMWI cebe Ha cyxOy "BHeWHMH" oHepre-
THYECKHH HCTOMHMK - MYCKYJIGHYIO CHITY KHMBOTHEIX, YTO TO3BOJIHAC CMY 3HA-
UUTENBHO YBEMHUMTE 00BeM IPON3BOAUMLBIX paboT. B manbHeilueM B cBASH ¢
pa3feNeHieM TPYAa ONHI MIOAM CTANM NPETeHAOBATH HA MYCKYILHYIO CHIIY
npyrux. IlosgHee, ele Yepe3 MHOPHE THICIYENIETHA, YEI0BeK 3acTaBHI pabo-
TaTh Ha ce68 IHEPTHIO BOIELL, KOTOpAsd NPHBOMUIA B ABMKEHME MENbHUYHbIE
KOJeCca M yCTPOHCTBA OPOCHTENLHLIX CHCTEM W BeTPA, a OH BPALAT XPhllbs
METbHML M HATYBAN fapyca CyaoB.

MoOXHO CUHMTATH, YTO IEPBLIE COSHATEMbHbIE NeHCTBMSA IJA NMORYyYeHMA
SHEPTHHM UYEJOBEK COBEPUIMII TOTHAA, KOTAA HAYUMICA M3BJIEKATH OTOHbL M3 Cy-
XHX pacTenuii. OroHb JABAJ YENOBEKY TEMIO, MOMOTAN YIyYlIaTh NHILY M OT-
NyCHBaTh JUKHX 3Bepeii. OHAKO MCTONL30BATh OTOHb IIA ONYYEHHA MeXa-
HHYeCKOH paboThl HallW NpegKH ele He yMenH. FI3BecTHO, YyTo yxKe BO 2 Beke
1o Hamel 3ps! T'epoH B ANekcaHapuy OTKPLII cnocob nperpalieHus Tenma c
MOMOLIBIO MApa B KUHETHYECKYIO 3HEPTHIO BPAIMAIOILErocs Tena (B CYIHOCTH,
OH OTKpbUI NApOBYI0 TYPOHHY), HO B TeYEHME IBYX THICSYENCTHH HMKTO He
ILITAJICA UCIIONb30BATE 9TO ABIEHHE NS nomyyeHHs paborsl. Taxoe npeHe6-
pEXeHHE K HEeXMUBBLIM MCTOUHHKAM DHEPIHMY OOBACHACTCH HE TONLKO OTHOCH-
TeIbHO HH3KUMH MOTPEOHOCTAMM TOTAALUHErO OOWIECTBa, HO ¥ JEeBU3HOH
paboueif cuibl, TETKOCTHIO €6 IKCIUIYATALMH - He ObUTO HYX bl B U306peTeHHH
CIIOKHBIX OPYIWH A 3aMeHbl 9TOH CHITBI.

ToALKO ¢ PA3BHTHEM KAMMTAIMCTHYECKOTO criocoba NpoM3BOACTRA MOTpe6-
HOCTH B SHEPIHU HACTOILKO BOZPOCHH, YTO HE MOTJIH YXKE NOJHOCTBIO YXOBIETBO-
PATHCS 32 CYET SKCIUIYATALMY CYIECTBOBABLIMX B TO BPEMsi HCTOWHHKOB 3HEPIHH.
TIpnmepro 200 met va3an ObUI OTKPLIT NAp KAX HOCHTEIb IHeprud. Bo BTOpOi
nonosuge XVII Bexa 8 AHrIHH, B TC BpeMs HauDojee pasBUTON HHIYCTPHAMNL-
Ho# crpane, BblUTa CKOHCTPYHPOBAHA NAPOBAS MALIMHA, KOTOPas Hayalla puMe-
HATLCA B UIMPOXKMX MaciuTabax W obecreutia HeBepOATHO BLICOKHMH, HEBUMIAH-
HbIH IO TeX HOP TeMN NpoMeiitmentoro passurus. [losromy XIX mek, a Taioke
Hagano XX, o npasy cyuTaroT BekoM mapa. Ha ucxofe npownoro cronerus y
NapoBoli MAINHHBI MOABANICE KOHKYPEHTbI - JBHTATENH BHYTPEHHETO CrOPAHMs
(bensnHoBBle U Au3eNbHbIE). [IpenMyuiecTBa OBHCATENEH BHYTPEHHETO CrOPaHUs
0cOBEHHO BEMMKH LIS MALRMH MANOM W CPeNHeH MOIHOCTH, i1 OueHb 60LLIHX
MOILIHOCTEH BCE JKe BLITOAHEe NAPOBasg MallyHa,
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Voke B wonue XIX Bexka Hapsay ¢ napoM HOJNYYMsia PacnpoCTpaHeHHe
IAEKTPUYIECKAN 33eplus, a B niepBbie gecaTuneTia XX oHA 3aHANa BeIyluee me-
cro. Mbl MOXEM ¢ [IOJIHBIM FIPABOM CKa34Th, YTO MBEM B BEK NEKTPHYECTBA.
[pasma, GONBLUIYIO YACTL MEKTPUUECKONM SHEPIMK €IUE M CETOIHS MONYYAIOT C
NOMOLIBIO MTAPOBLIX MAIIHH, HO MPOUIBOICTBO €& COCPEJOTOUEHO NPEHMYLUECT-
BEHHO HA OTDOMHBIX TEIIOBBIX 3NEKTPOCTAHUMAX. MolLHbIe NApOBLIe TYPOUHLI
SNEKTPOCTAHUMH ropasno pedTabeNbHee MAILIX NAPOBLIX MALUHH. DIEKTPHYe-
CKMe MOTOPb! 1 ABMIATEIH BHYTPEHHEIO CropaHus Bee OONbLIe BLITECHAIOT Na-
POBYIO MAIUMHY KaK CHIIOBYIO YCTAHOBKY. ODJEKTPOMOTOPbl MMEHOT BLICOKMH
KILI, paboTaror Ge3 0TX010B M GECIUYMHO, 3JIEKTPOIHEPIUS MONET Iepeia-
BATHLCA [10 NPOBOAAM HA MHOTHE THICIYH KHIIOMETPORB OT HCTOYHHKA.

Hapsny ¢ TennoBbIMU 3JIEKTPOCTAHLIUSIMM PACTET 3HAYEHHE THAPOIIIEK-
TPOCTAHLIMIL, I'lie. TeHepaTOpPh! SIMEKTPHYECKOr0 TOKA PUBOLATCS B ABIDKEHHE
He NAPOBBLIMM, & rHAPOTYpOuHaMu. QIHAKO IPH CTPOUTENLCTBE COBPEMEHHbIX
TUAPOINEKTPOCTAHLNH HEOOXOAMMO COOPYKATh BOASHLIE NNOTHHE] U MPOU3-
BOJUTE JPYIHE IONOIHUTENbHbIE PAGOTHI, U B OONBIIHHCTBE CBOEM OHM Tpe-
OYI0T OONBIUKMX KANUTAIOBIONKEH M, YeM TENNOBLIE 3JleKTpocTaHMM. Bee xe
NPOU3BOACTRO 3JEKTPOIHEPIMM HA THAPOCTAHUMAX obxomuTes newenie Ona-
rogaps MCriob30BaHMIO PHEPTHH BOMbI, MOCTABALEeMON caMoi npuponoi, Ho
PacIpOCTPAHEHHE MX OTPAHHYUEHO B CBA3M C TEM, YTO 3KOHOMHYHb] OHH TOMb-
KO TaM, T[JE JOCTATOUYHO BOAB! M GnaronpusTed penbed mecTHocTH. Tonnueo
Me LIS KOTIOB TEIIOBBIX 3NEeKTPOCTAHUHA(Yrob, HedTh WK ra3) Heobxomu-
MO HOOBIBATb M3 Help 3eMIM BeChMa pr,uoemch NyTeM ¥ AOCTABIATE K MEC-
Ty noTpednennus,

DHepreTHdecKne neTounmey oyayuero

Hapsagy ¢ TeryosbiMK 2JEKTPOCTAHUHAMHA, HCTIOMb3YIOWMMH XHMRYECKYIO
JHEPTMIO, HCTOYHMKAMM KOTOPOI SBISIOTCA YroJh, HedTh M ra3, HAUHHAET 3a-
BOEBLIBAThL IIPH3HAHME ATOMHAS SHEPTHs, HOCHTENEM KOTOpOH B Hacrogiuee
BpeMs IPAKTHUECKH Mpexe Beero spiserca ypau. Ilepsas aToMuas 3JeKTpo-
CTAHLMA, JABLIAS NPOMBILUNEHHEIA TOX, ObLta nocrpoeHa B 1954 r. 8 CCCP, a
B 1959 r. co craneneh 6but cnymen atomoxon "Jlenun”. C Tex nop MocTPoOcHO
MHOro ©0Jiee MOLIHBIX ATOMHBIX 3NeKTpocTaHLmit. 3anacel ypaHa JOCTATOYHO

“BEIIMKH, OH HEUIeR I TPAHCIIOPTHPOBKH, OTHANCHHOCTL MECT €ro no0GLIUK He

AMEET SKOHOMMYECKOro 3HayeHus, Ecnn B OyoylueMm. yOACTCS OCYILECTBHTH
YIpaBIAeMYI0 TEPMOSIEPHYIO PEaklVIo, T.€, CHHTE3 fAllep Ielus M3 BOAOpOJa,
TO TONNHEBO (BOJOPOM, TIONYHAaeMbIi U3 BOMILI) VIS [IPOU3BOLCTBA JICKTPOIHEP-
MY Mbl OyIeM MMETh NPAKTHYECKU B HEOIPAHMYEHHOM KOJTUMECTRE.

B nacToAuee BpeMs 5NEKTPOIHEPTHA B OOMBIIMHCTBE CIYYAEB NOIy4a-

€TCH C MOMOINBIO MEXAHHMYCCKHX yCTpOir‘ICTB, OTAENBHLIE YACTH KOTOPBIX NBH-~

HYTCA CO FHAYNTENBHBIM TPEHHEM. Ha QNEKTPOCTAHUMAX XHMUYECKas sHeprns
npeBpalniacTCsa B TEMJIO IYyTEM OKHCIICHMS TOTUIMBA, & ATOMHAs B ALEPHBIX pe-
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aKTOpax - B PE3YNHTATE ANEPHLIX NpeBpalueHni. YonyyeHHbIH Py NOMOIM
9TOrO Tenia nap HPHBOIMT B JBIKEHUE TYPOMHbLI T€HEpaTOpOB TOKa. DTD B
00LIeM He BBHILOAHO, M HE TONBKO MOTOMY, Y4TO 3HAUMTENLHOE KOIHUECTBO
JHEPTUM H3-3a TPEHHA YacTel MAIIMH ApeBpaniaeTcs B TMNO (MPH 9TOM YacTh
NONE3HONH MOIIHOCTH NPONANALT), HO rHAaBHLIM 0OPA3OM BCIENCTBME TOTO,,
YTO TN, ABIAIOMIEECH 37eCh NPOMEXYTOYHBIM IIPOAYKTOM IpPEBPALIEHHS
IHEPI MU, MOXKET NEPEXOANTDL B IPYTHE, HYXKHBIE BIIbl JHEPTHH JIMIUbL C OUEHb
au3KkuM  koaddunmenTtoM nonesHoro pJeiicreus. IlosToMmy uenecoofpasHee
NPEBPALLATL IHEPIHIO, 3AKITFOUEHHYIO B SHEPTOHOCHTENAX, B 3NEKTPHUECKYIO,
MHHYS CTaJAI0 TENa, TOCKONLKY WIEKTPHHECKas IHEPTHS MOXET ObITh NPHH-
UMIHATILHO [MOJNHOCTHIO, 4 npakTHyeckn ¢ xopowmnM KITM nepesenena B pabo-
TY. 34eCh OTKPBIBAIOTCS OONBLIME BOIMOMKHOCTH, npaxmqecxcoe oCyliecTBie-
HHME KOTOPBIX - 3afaya OnmmKaiinero Oyayiuero.

OnHa U3 9TUX BOIMOXHOCTEH 3aKTIOYAETCA B TOM, YTO B HEKOTOPLIX XH-
MHYECKHX COSIMHEHMSX JION BO3HEHCTBMEM CBETA MOXET BOIHUKATH IO He-
KOTOPO#l CTEMEHH HANMPABIEHHOE IBMKEHUE 3JI€KTPOHOB, T.e. HAYMHAET TeUb
TOK. D10 Tak HasbBacMbli GoTOINEKTpUUECKH 3 deKT, KOTOPLIH HCTTONL3Y-
ered B GoToameMeHTax. 3xech MOXKHO TOBOPHMTHL O NPEBPALUEHHH CBETOBOMH
JHEPTUN B 3NEKTPUYECKYIO Ge3 BLINENCHHA CKONbKO-HUOYAL 3HAUMTENLHOTO
KOJMyecTBa Tenna. [IpuHiumIansHo ceeTosoe M3myuerue CoNHLA MOXHO Ta-
KHM 00pa3oM NpeBpallaTh B 3IEKTPUYECKYI0 DHEpruio 6e3 noteps. Ha npax-
THKE U3-32 TEXHHYECKOro HecoBepIUeHcTBA GOTOEMEHTH paboTaioT noka ¢
KII[, ve npepnimaowuM 10-12 %, cnegoBaTenbHO, MPEBPAINAIOT B ONEKTPH-
4ecKy10 dHepruo Toueko 10-12 % mnagarowero Ha HUX M3nmyveHus. Ha myTu
IIHPOKOTO BHEAPEHNA OTO3TEMEHTOR B TEXHUKY UMEIOTCA W ApYyrHe Npenr-
CTBHUA, OJHAKO B OCOOBIX yCoBMaX (HampuMep B npHbopax, yCTaHOBNEHHBIX
B OTJAJEHHBIX IYHKTAX; HA KOCMH4ECKMX KOpabiIaX ¥ T.1.) OHH HE3AMEHNMbI.

B ranmnBaHHYECKMX 3JIEMEHTAX BO3IMOXHO NMOYTH NOITHOE ITpeBpallEHHAE
XMMUYECKOH SHEPTHH B 2IEKTPHYECKYIO, MHHYS CTRAMIO TEMa.

Ha 06pIYHBIX 3NEKTPOCTAHUMIX [MOTEPH MONE3HOH pabBoThl BOIHMKAIOT
HE TONILKO B CBS3H C TEM, YTC NPH NPEBPALIEHMH SHEPT MY OHA BHAvase nepe-
XOOAT B TEIUIO, HO TAKKE M3-3a TPEHHA M M3HOCA TBEPIbIX HACTEH MAlUMHBI.
IlosToMy MpeanoYTHTENbHES TAKME MAUIMHLI, KOTOPbIE HE MMEIOT TBEPARIX
IBHXKyIMXCs yacteil. Teoperruecky, a B KakoH-T0 Mepe U IPaKTHYECKH TaKoe
YCTPOICTBO MO>XHO BBIMOIHUTE NPU MTOMOILH TEPMO3IEMEHTOB, COCTOSLINX
U3 ABYX PABMHYHBIX CHANHHLIX MeXAy ¢o60it METAMTOB WM MONYNPOBOJHH-
KOB, Ti¢ TeHJI0 HENOCPEACTBEHHO NPEBPALIAETCS B SEKTPMYECKMHA TOK.

MarsuToruIpoaMHaMuYecKHe IEHEPATOPD! TAKXE He COJSPHAT TBepAbIX
FABWKYLIMXCA JACTeH, 3NMEKTPHUYECKMH TOK BO3HMKACT 3HECH B CHIBHO Harpe-
TOM HOHH3HPOBAHHOM Ta3e, IPONYINEHHOM Yepe3 MarHuTHoe none. OaHako
9TH YCTAHOBKM BCIEINCTBHME MX TEXHHYECKOTO HECOBEPLUEHCTBA YOKA elue He
MOTYT obecneynTs MPOM3BOICTRO 3MEKTPOIHEPIHH B IUMPOKUX MaciiTabax.
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§ 3. KO3SOOUUMEHT ITIOXE3HOTO JEVCTRYS
TIPOIECCOB ITPEBPAIUEHUS SHEPT I

3aKOHBI COXPAHENHA M IPEBPALTEHHS SHEPIHM

TolcsyeneTHUH OMBIT HAYKM W TEXHMKH, GecuuceHHbIE IKCHIEPUMEHTBI
[PUBENM HAC K BBIBOJY, YTO IHEPTUSt HE MOXKET HUM BOSHHKHYTb M3 HUYUEro, HU
HCuesHyTh. MeuTd MHOTUX M306peTaTeNneil o MatuHe, KoTopas TIPOH3BOIKNIA
651 Mexanmueckyro paboTy, He IMTAsACh OT BHEUIHErO JHEPLETHYECKOFO MC-
TOYHMKa (nmepreryym Mobuie), Tax M ocTanach Meytold. Itoro dakra GHIIO.
LOCTATOYHO JUIA TOTO, 4T06bl CHOPMYIHPOBATL OMHH H3 OCHOBHBIX 3aKOHOB
NPUPOJbI, TAK HA3BIBAEMbIH 32KOH COXPAHEHUSA SHEPTHM.

3aKOH COXpaHEHHs IHEPTHH BO MHOIMX CIy4YasX MPOTHBODEUMT HALIMM
HEMOCPENCTBEHHBIM BOCOPUATUAM. YacTo kaxercd, 4To sHeprus 6yaro Obl
nponanaer. [loaMacTepbe KHAAET KAMEHIHMKY KAPNMY BBEPX: KMHETUHECKAS
IHEPrHA KMPIHYA HCYE3NIA, NOCKONbKY HABEPXY OH YIKE HAXOMUTCA B COCTOSA-
nuy ioxos. Iloesn saropmosnn. Ero kunernyeckas sneprus ucuesna. Barapes
HALIEro KapMaHHOro GoHaps HCTOWMIACh - GONbliIag YacTh €6 XMMHUECKOMH
JHEPIMH ucye3nd. MOKHO NMPHUBECTH ele GecuuCcneHHoe KONHYECTBO NpHMe-
poB. Ha xaxxpom wary HaOmiomarorTcs ABIeHus Hcue3HOBeHUs SHeprun, OnHa-
KO TIpH OmikallieM paccMOTPEHHHM 3TOTO BOMPOCA MOXHO YOEIMTHCSH, YTO
NpH HCYE3HOBEHUH OIHOTO BMJA HEPIHM BCETTA ONHOBPEMEHHO BOIHMKAET
10 MeHblued Mepe OIOMH HOBBIH BH]( 9HEpPrHH; B BONBIIMHCTRE CIyYyaeB BOIHH-
KAET HECKOJILKO HOBBIX BMAOB sHepruu. Takyum 06pa3om, 3HEpIus He HCUesTa,
a NPEBPATHIIAC, B OIMH WM HECKOJNbKO APYFMX BMAOB 3Hepruu. Kuneruye-
CKasl IHEPTS KUPITHYa B OCHOBHOM MEpellNa B NOTEHUMAILHYIO M B MEHbIIEH
CTEMEHH ~ B 3BYKOBYIO M TEIUIOBYH; KMHETHYECKAs SHEPTUA 3aTOPMO3ZUBIIETO
Moe3ja - B TEMUIOBYI), XHMUYecKas SHeprus, comepxamascs B 6arapee kap-
maHHoro doHaps, npu ero padore nNpeBpalacTcA B CBETOBY U TEIIIOBYIO
IHEPIUM; B PAOHMOIPHEMHHUKE BIIEKTPHYECKAR JHEPIHA - B 3BYKOBYIO, Terio-
BYIO Y CBETOBYIO JHEPIMH.

Ilepexon 0OAHOTO BHAA SHEPIUM B JPYIOif MOXET COBEPIIATbCH PA3IHY-
HbIMH cnocobamu. Eciu He NPHHMMATh BO BHHMAHWE TEXHUYECKUX HECOBED-
IEHCTB, TO MOXHO CKA3aTh, YTO M3 ONPENENeHHOTO KONUYECTBA IHEPIUH Of-
HOT'O BUJA BCErIa BOIHHKAET (B CIyYae MOJHOTO MPeBpPALICHHS) BIOAHE Onpe-
[ENEHHOE KOMMYECTBO APYLOro BHJIA IHEPTMM HE3ABMCHMO OT TOTO, KaKHM
cnocoGoM M ¢ MOMOLIBLK KAKOrO yCTPOHCTBA COBEPILEHO 3TO MpeBpalyeHye.
Tax wanpumep, u3 1k’ MexaHnyeckoil paGoTbi Beerna BosHukaer 2,34 xam 1
13 1 KBy asexTpryecKkoil 3HepryH - Reerfa 860 xxan Temia (eCId NMPH ITOM
He BOSHHKAIOT Apyrue popmbl.aHepriu). Korza B nporecce mpespanieHis 0b6-
Pa3yIoTCs HECKOMLKO BHNOB IHEPIMM, HYXHO YUATBIBATE CYMMY JHEPrui BCex
BUIOB, BLIDAXEHHbIX B ONMHAKOBLIX eauHuuax. HMexons M3 3TOTO, CHenaeMm
BLIBOJI, YTO 3AKOH NTPEBPALIEHNS IHEPTHHM ABJIAETCH COCTABHON YACTHIO 3aKOHA
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COXpaHEHMA SHEPTHH.

Tak xak 9HEPrHs eCTb Mepa JABHMKEHUS TEJA M COCTABIAIOIIHX ErO aTo-
MOB M MOIIEKYJ, 3aKOH COXPAHEHHS YHEPTHH MOXET ObITh BBLIDAXEH TAK: {BH-
KEHHE COXpPAHAETCH W HE MOXET BbIThb OCTAHOBIIEHO, OHO ECTh BaXHelee
cBoicTBO MaTepnit. 3 3aK0HA mpespauleHHs IHEPTHH BUIHO, YTO CYLIECTBYET
MHOI'O BHJIOB IOBMDKCHMS, HAIPHMEpP MEXAHUYECKOE, TEIIOBOE, NEKTPHUBCKOE
U T.Z., KOTOPHIE MOTYT ObLITh MPEBpAIIEHb! APYT B APYra, U BCErJd CTPOro co-
OmofaeTcs NPHHLIMN "YKBUBAJEHTHOCTH", T.€. B 3THX NPOLECCAX JBHXKEHHE He
YHHYTOXASTCA, HE CO3TABTCA "U3 HuYero".

TloTepu asepruu

B cBx3M ¢ NMPAKTHUIECKMM MCHIONL3OBAHHEM IHEPTMH OOLIYHO TFOBOPAT O
NoTepe IHEPTUHK C TOYKH 3penHs sKoHOMMKH. OZHaKo Taxas MoTEPs SHEPrHM
HE MPOTUBOPEYUT 3aKOHY COXPAHEHMs 3JHEPLMH. DHEpPrus, NOTEpAHHAA LN
IKOHOMHKY, HE IIPEBPATUIIACH B HUUYTO: PEYhL WAET TOMLKO O TOM, YTO YaCTh
JHEPTHM [PEBPATHIACH HE B Ty HOPMY, KOTOpPAS HAM B JAHHOM CIIYYARE HYXHA.
Korpa Mbl myckaeM napoBYIO MAUIMHY, TO LeflagM 3TO ¢ HAMEPEHMEeM IpeBpa-
THTE XHMHYECKYIO SHEPIHIO TOMnMBa (yris, HedPTH M T.0.) B MEXAHHYECKYIO
JHEPTHIO, ITOCKOJILKY B JAHHOM CIIyyae OHAa MPENCTABNAET AN HAC LEHHOCTD.
Ha npaxThie, ogsaxo, B NapoBoi MallMHe HAPAAY C MEXAHMYECKOH sHepruei
Hen30eXHO BO3ZHHMKAET TEIUIO, KOTOPOE B JAHHOM CIY4ae MOXHO CHMTATb NO-
TepAHHOHR aHeprieil. KoHeuHo, B IPyrux cilyqdasx, HapUMeEp NpH OTOomme-
HHM, HeHHO uMeHHO Terno. Ho He cnenyer AyMaTh,yTo NPH 3TOM B NEYaX HeT
notepy aHepruM. TONbKO YACTh TEIUIA, MOy YEHHOTO W3 XMMUYECKOH 3Heprun
TONJIMBA, JOCTHIAET HAIUEH KOMHATHI MAM OTOMMTENLHOrO KoTia, fonpiias
€ 4ACTh YXOBMT B TPYOY, Uepe3 cTeHbl KOMHATB], Y CHeNOBATEILHO, TEPALTCS.

Hrak, noTepy 3HEPrHM O3HAYAIOT HE &6 UCHE3HOBEHHE, 2 TONBKO MpEBpa-
LICHHA, KOTOPbIE HE COYXAT HALIMM LEniM ¢ nosromy GecnonesHsl. B atom
CMBICIIE [IOTEPH IHEPT MM MOACOHB! BCeM MPOYUMM TTOTEPAM: TIOTEPS IIANbI HITH
KapMaHHOT'O HOXa He O3HAYAET YHUYTONKEHHE ITHX NMPEAMETOB, APYTHM JIiO-
JAM OHM MOTYT [IPHHECTH TYXKeE FOIb3Y.

KoshduupenT noxe3noro neiicTBHsA NPoLECCOB NPeBPaIeHNA IHCPruy

OXBUBAJEHTHOCTH PA3lIMYHBIX BMIOB IHEPIMH, NOCTOSHCTBO KOJIMYECT-
BEHHBIX COOTHOLIEHMH MPH MX B3aMMHBIX NPEBPALNESHUIX HALEKHO MOLTBED-
KIAKOTCA TLIATEILHO MPOBENEHHBIMM HAYYHBIMM MCCREXOBAHMAMU. OnHako
Ha NPAKTHXE OYeHb TPYAHO CO3JATh YCIOBUS ANsl MOJHOTO MpeBpauleHus of-
HOTO BH/I2, DHEPFHH B JPYroM, HyXHbIH Js Kaxko#-mbo KoHKpeTHOH Lemu. B
GOMbIIMHCTBE CIyyacs obpa3syioTcs HERYXHbIE, Ui JAHHOLO CHyYas, a MHO-
raa ¥ BpenHbie MOPMbI SHEPTMHK., Tak, HANPUMEDP, B YCTPOHCTBAX, COnEpKa-
IWMX MAKPOCKONMYECKHE OBYKYIIMECS YACTH, HMKAK HETb3S U36ETHYTh Tpe-
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HHUS, TPOTEKAIOLErO C BhlAeeHHEeM Tenna, Tenno aTo B OonpUIMHCTBE CIIyYacs
HE MCTOIb3YETCS, HAMPOTUB, Hen3DeAHOE HAIPEBAHIE BPEAHO CKARIBACTCH HA
MaTepuanax KOHCTpyKumit. [IoaToMY Ha NPaKTUKE COBEPIIEHHO 00OCHOBAHHO
TOBOPHTE (B S3KOHOMHUECKOM cMbIcIE) 0 KO3 PHLMEHTE NONEIHOT0 NeHCTBUS
IPOLIECCOB IPEeBPALLEHHSA FHEPIHH.

Kospduuuent nonesHoro neHcTsMs AAHHOTO [POLECCH npedemeHHﬂ
JHEPI'MH TIOKA3bIBAET, KaKas 4YacTb MCXONHOM sHeprau (BblpaxeHHas B IIPO-
ieHTax) npeobpazyercd B HYXHYIO Ham Qopmy 3Hepran. Hanpumep, korga
Mbl FOBOPHMM, YTO TENIoBag snekTpocTaHuus paboraer ¢ KITI 35%, ato o3uHa-
uaer, 4T0 35% (0,35) xuMHYecKod 3Hepruu, ocBOGOMIANOIEHRCA MPH CKKHra-
HUHM TOIJIMBA, IIPEBPALIACTCSA B HICKTPHYECKYIO IHEPTHIO.

KIIJ pasnuusbix NpPOLECCOB MWW YCTAHOBOK, IAE IPOHCXONMT IpeBpa-
LIEHKe 9HEPIHH, CUITbHO OTIMYAIOTCH APYr oT aApyra. Kax npasuiio, ¢ Hau-
GonsmnM KIIM nporcxomyT npespauicHue B Tenmo. Mexanudeckas, JEKTPH-
yeckas, XMMUYECKas M APYrHe BUIbLI IHEPTHA MPAKTUHECKH MOTYT ObITh Ha
100 % npeepauenst B Terno. KIIJ npu npeBpalieHHH MEXAHMUECKON SHEP-
I'HH B 3JEKTPHMYECKYIO Ha TMAPOINEKTPOCTAHIMAX JOCTATOMHO BbICOK 90-
95%. Xopowmii KIT/I Mul uMeeM TakKe [TPH HENOCPSACTBEHHOM (MUHYA CTa-
IMIO Tenjla) NMPeBPALEHAM XUMHYECKOHR 3HEPTHH B JJIEKTPHYECKYI0 B rajbBa-
HMYECKHX seMeHTax. OIHAKO B HACTOSALICE BPEMA B CBA3H C TEXHMHCCKMMH
TPYAHOCTAMM TaNbBaHWYECKUE 3JEMEHTEI HE MOTYT MCHOIb30BATLCH A 1O~
TY4EHUS SNEKTPOIHEPrUH B ONBIIHX KOINYECTBAX.

3HAYUTENBHO Xy)Ke OOGCTOMT AeM0, MNP IEpeBofe XMMHYECKOM 3HEPruM
B JNEKTPHUSCKYIO He cpa3sy, a ITOCTENeHHO: CHAyama IperRpaidaeM ee B Ter-
0, ¢ MOMOILUBIO KOTOPOro NMPOU3BOLKTCA MexaHuyeckas paboTa, a nmocnen-
HIOIO B JMEKTPHYECKYXO 2Hepruio. IIpu aTux yemosuax nuskuit KITJL obycsos-
NEH He TOIbKO TEXHWYECKHMMM TDYXHOCTAMM, HO W creumduxoi npouecca
NPEBPAILEHHMA TENTIA B APYI'HE BUIBI IHEPIMH.

CospeMmeHHble DONLIIKE TENNOBLIE 3NEKTPOCTAHIMY MPEBPARAIOT XH-
MUYECKYIO IHEPTMIO, OCBOOONIAIUYIOCH MPH CKMIAHHW TOMIMBA, B 31EK-
Tpuueckyto ¢ KII or 35 no 40 %. HuzenbHbie apurateny paborator ¢ KITJL
HE BBIUE 40 45 %, a KIIJ naposo3oB 06biuno He npespiuaer 6-7 %. KITJ
OCBETHUTEMLHDIX npu60poa eule HWKe: oObluHas 40-BaTTHAA JAMNA HAKAIM-
BaHUA MPEBPAILACT TOAbLKO  OKoNo 1,5 % 9leKTpuuecKoll IHEPTUH B BHIM-
MYIO CBETOBYIO SHEPIMIO; HAXe CAMBIE TYYIIME aMilbl HAKAAUBAHMS HMEOT
KILI He Buiwe 5 %. B KEPOCHHOBLIX JIAMITAX TONBKO 0,1 % ocsoBoxnennoit
MpH CTOPAHIA KEPOCHHA XMMHYECKON SHEPTUH NPEBPAILALTCA B CBETOBYIO.

IIpaBomepHO 3amaTh TaKOHW BOMPOC: €CIM BKIIOYEHUE TEIIOBON IHEp-
TMM KaK NPOMEXKYTOUHOHN CTafui NpH APeBpallleHHl XMMHYECKON 9HEpTHH B
PaboTy MM SIEKTPUYECKYIO BHEPIMIO CTOJb BLIFOAHO, TO NOYEMY Xe 0OJb-
ag YacTb MEKTPHUECKOH PHEPIuM W MeXaHMueckoi padoTel Ha CeroaMail-
HU# JeHb [IPOUIBOJMTCS NPH TOMOLUM TEMIOBLIX ABMraTeNeH (MapoBble Ma-
HKHBL, OeH3HHOBEIE M guzenbHble aBuraTenn)? [Ipuunna samouaeTcs B TOM,
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YTO JIJISt CO3AHMS HANEKHO PAGOTAIOMMX TEMNOBBIX ABHraTeNeH JOCTATOYHO
3HAHWA 3aKOHOB JBMXKEHMS MAKPOCKOMMYECKMX Tel, 2 TAKKE MAKPOCKONHue-
CKHMX CBOHCTB Terura. JIng co3aHns e ralbBAHWUECKHX 3JIEMEHTOB, He HME0-
HX MaKPOCKONMHYECKH IBMXYUIMXCA AETaNeH, HalJEKHO M 9KOHOMWYHO pa-
00TAIOUIMX B [TPOMBINIIEHHBIX MACITA6AX, HYXHO IMyOOKO U3YYHTL COOTBET-
CTBYIOIL{HE 3aKOHBI IBMXEHHS MONEKYN, ATOMOB H 3JEKTPOHOB. TONLKO B Ta-
KOM CIIy4ae BOIMOXKHO COZanne GONBIOro KOMMYECTRA JEeLIEBbIX TAILBAHH-
YECKMX JNIEMEHTOB, HAZEXHO paboTaloluX B yCnoBUAX npouspojcTsa. Hs-za
HETOCTATOYHOCTH 3HAHWI B 9TOH 0ONIACTH YENOBEYECTBO W3 FOJA B FOJ He-
ceT NMOTEPH IHEPTHM, pasMep KOTOPhIX Aake He moamaerct ouenke. [losTomy
BBICOKODPE3BHUThIC CTPAHBI BKIIANLIBAIOT CPENCTBA B upesm:manno JOpOTrHe He-
CEIOBAHKS C LENbIO BOCNOIHUTD 3TOT Hpoben.

TeopeTuuecky IIPEBPALIEHMA 3HEPTHN 6€3 MPOMENXYTOYHON CTAIMM TEN-
na BoaMoxkusl ¢ KITJ, pasupiM 100%. B Hacrosmee spems KITJ] takux npe-
BPAILEHHH elNe OYEHb HHM3OK KAK BCIEJCTBHE CIIAb0r0 3HAHHA MEXAHW3MOB
MMKPOIPOLIECCOB, MPOUCXONAIMX NPH ITHX MPEBPAILIEHHAX, TaK H W3-3a OT-
_ CYTCTBMS COOTBETCTBYIOLIUX MATEPHATOB JUIA M3COTOBIEHHS HYXKHBIX YCT-
policTe. Takix MaTepUANIOB B [IPHPOJE HE CYLIECTBYET, [OITOMY UX HYXHO
co3aasaTh HCKyccTBeHrO. [1paBia, B KABBIX OPraHH3MAaX MPOLECCH ITPeBpa-
LIEHHs SHEPTHH MPOMCXOIAT ¢ OUeHb BhicokMM KITJI, HO OHM MAYT ¢ yuacTHeM
BELIECTE, UMEIOLUHMX YPE3BLIMAHHO CHOKHYIO CIPYKTYPY. DTH XHMHYECKHE CO-
eIAMHEHUS H 3aKOHbI MX NPEBPAILEHMH HE M3YUEeHbl HAMU HACTONILKO XOPOLIO,
9100l IPUMEHATD HX JUIS IPAKTHYECKOTO IIONYYEHHA SHEPIrUM BHE MHUBLIX Op-
Cavu3sMoB. MBI OKa elle HE MOMKEM CHMHTE3HPOBATb BCE CHOMHbBIE BOUWIECTBA
KUBBIX OPTraHM3MOB W TeM Goliee MOCTABNATE WX JJIA HYXKI ITPOU3BOLCTBA.

§ 4. IPOUCXOKIEHUE ITPUPOIHBIX HCTO‘IHI/IKOB SHEPTHU

M¥upoBOE [IPOMSBOLCTBO IHEPTUM CTPEMHTENLHO pacteT. B 1962 r. owmo
yxe nocturao nmppMepro 33x1015 xkan, Bonbluyio 4acTh 3TOro KONMYECTBA
YENOBEYECTBO MCIIONb3YeT MIA MeXaHudeckoil paborst v oTonnenus. Henpe-
PBHIBHO BO3PACTAET KOJIMYECTBO HIEKTPHUCCKOH IHEPIHH, BKIIOYAEMOH B 3TOT
[pOLECcC B KAYCCTBE NOCPENHHKA.

Kax yxe ropopunocs, paboTy Helb3s HAKAMJIHBATL, TAKHM 00pasoM, B
npupofe He MOXET 6biTh "3amaca paboret”. Her na 3eMmne Takxke amexTpHUUe-
cko# 3Hepriy B opMe, NOCTYNMHOR AIs HENOCPEACTBEHHOI'C MAKPOCKONMYE-
CKOro HCroib3oBanus. JI0aTOMY JUIS NOKPbLITHA HEPIeTHHYECKHX NOTpeGHO-
creil 06IECTBA MBI BLIHYXASHE! O0PATHTHCH K NPYIHM HUCTOYHNKAM.

TMockoneKy 3HEPIMIO HENB3S "CO3TATL" M3 HMUErO, Mbl BLIHYXK/EHLI PO-
H3IBOAUTL HEOOXOAMMbIE JUIS HAC BHIAB! 3HEPIUM MyTeM npeobpasoBaHus apy-
rHX HOpM, NPHUYEM 3TO NPEBPAUIEHHAE TOMAHO ObITh 3KOHOMHUHLIM M BO3-
MOXHBIM B UIKPOKHX ITPOM3BOJCTBEHHBIX Maclrra®ax, K HocuTenaM Takux
BHLOB 3HEPTHH CITEAYET OTHECTH B JIEPBYIO OuePenb YroJb (KaMeHHbiit # Gy~
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phIA), a TakKke HedTh M NPUPOAHBIN ra3, MPHMEHAIOLIMECA B HACTOALICE BPC~
M B IPOMBILITIEHHOCTH B KAYECTBE TOIUIMBA JUIA JBMraTelcH, NpOM3BOIAMIMX
MeXaHu4ecKyro paboTy MM IMEKTPHUYECKYIO IHEPruio. IIOMHMO YKa3aHHAIX
BBIUE HOCUTENEH 3HEPIUM, B CTPAHAX C NOIXOASIUMM penbedoM MECTHOCTH
HOBONLHO IIMPOKO MCIONb3YeTcd Heprus Bogs! ("Genplii yronn™) H B MeHbL-
el Mepe Berpa. B pa3sBUTLIX CTPaHAX MPHMEHEHHe MYCKYIbHOH SHEPIHH XKH-
BOTHHIX Bce Gonbine M Gonbine OTXOANT Ha safmHuil nuan. B HacTosuce spe-
M3 TTOCTOAHHO PACTET JOIA ATOMHBIX AEKTPOCTAHUNH B 061IeM NIPOH3IBOICT~
BE SIEKTPHYECKOM 3HEPryH. B CBAIM CO CTPEMHTENILHBIM POCTOM MOTPEGHOCTH
B 9HEPIMH BO BCEM MHPE NPEHNPHERMAIOTCA TOTIBITKH HCIIONL30BATHL B PO~
U3BOJCTBEHHDIX LIENAX HOBhIE MCTOYHHKM IHEPIMM, HATIPUMED COHEMHOE U3~
nyuenye. IIpemnaraerca, B YACTHOCTH, KOHUEHTPUPOBATL CONHEUHYIO 3HEP-
THIO C-TIOMOLIBI® 3epKal, a KoOHITOe TakUM 06pa3oM TEINIo MCIOJb30BaTh
IUIS NOMy4eHUs Mapa, KOTOPHI CMOXET NPHBOOHTL B KBHXXEHHME TYpOuHbL.
Hocnenosanna  06aacTH NPOBOIHHUKOB elle He Janu GonpUInX Pe3ylbTaTos,
HO B HACTOSAINEE . BPEMA OHH YK€ 0DecrieunBaoT BO3MOXKHOCTh H3TOTOBIEHHNA
TEPMO- M (POTOSIEMEHTOB, HPH IOMOIH KOTOPLIX 3HEPrUA TEIUIOBOIC HIM
cBeroporo miryyenus: ComHna MoxxeT OBITh MpeBpalieHa B HIMEKTPHUICCKYIO
sHepruio ¢ KITT 10-13 %. Vuenble 3aHuMaloTcs Taxkxe NpobaeMOoi HCRoyb-
sopanus Tenna 3emns. Temmeparypa BuyTp 3emin pacter ¢ rayOuHoi. Ecmu
TMOZBECTH TerIo ¢ HOMBIUMX TIyOHH X IIOBEPXHOCTH 38MIIM, TO MOXHO [1OHH-
Kasx 3Ty TEMIIEPATYpPy YacTHYHO NpeBpaTHTh Temno B pabory. Ha atoMm
NPHHIMIIE YXKe NOCTPOSHBI re0TePMHYECKHE 3NeKTpocTaHnuu. OxnaKo Ha ny-
TH BX Oonee WIMPOKOTO. PACIPOCTPAHEHUA CTOAT €l HE NPEONONEHHbIE TeX-
HUYECKHE TPYIHOCTH,

IIpennpruHMMAIOTCA TAKKE MONBITKH HCIOI30BATEH SHEPLHIO, COOTBETCT-
BYFONIYIO PA3HOCTH YPOBHEHR TOBEPXHOCTH BOABI BO BPEMA MPHIHMBA M OTIIHBA.

Bce 3TH HOBBIE MCTOMHHKH 3IHECPIMM, B HACTOAINEE BPEMS NOKPLIBAIOT
BECEMa MAJIYX) YAaCTh MEUPOBOTO noTpebnenus dHepruu. Hune noTpeGHOCTD B
IHEPTHH YAOBIETBOPACTCA B OCHOBHOM 32 CYET YIIA, HEQTH ¥ NPOPOHOIO ra-
32; TAKOE MOJIOXEHHE, OYEBUIHO, COXpaHUTCH M B Gmmxaiiuiem Gynywmem. B
¢BA3H ¢ 3TUM HECOMHEHHLIH MHTePEC NPEACTABNALT BONIPOC. O NPOKCXOKIAEHHN
IHEPIUM, HAKONISHHOH B 3THX NPHPOINHBIX HCTOYHMKAX,

HPOHCXOMCHHC KAMEHHOI0o yIJisa

Vronb (kamennbii 1 6yppiif), ynorpebiseMblii Kak ropioyee HIH TONNN-
BO, B DONBIUAHCTBE COyYyaeB 3aleract B 3eMie (JACTHYHO HA TyOHHE MHOTHX
COTEH MeTPoB). TONLKO HEKOTODLIE 3anexy Oyporo yriis BCTPEUANOTCH Ha
MOBEPXHOCTH 3eMIM HIM HENOCPEACTBEHHO BONM3H NOBEPXHOCTHLIX CIIOEB.
JoBbITEI yrodb, KpOME YTIEpola, COJEPXKHAT PasIuYHOe KOIHMYECTBO COCHAM~
HeHuil (TTaBHLIM 00pa3zoM coenuHeHHH yriiepoia ¢ KHCIOPOZOM H BOXOPO-
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JOM, H B MEHBIIfEM KOIMYECTBE - C A30TOM, Cepoil I APYTMMM 3NeMeHTaMu).
OCHOBHBLIMA XHMHYECKHMH 3JIEMEHTAMH, BXOJALIMMHM B COCTAB YIS, ABIAOT-

CH yriepol, KHCIOPOH H BOROPOXL.

Bypele 1 KaMeHHble YN B GONLIUIHHCTBE CBOEM MMEIOT DPACTHTENbHOE

-H(dmumqwmmua
| T g -
==
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Muazuonst  imowr. yein

1900 1920 1940, 1960
* Pue. 2. Tipamepioe pacipenetesme MUpoBo-
T0 NpOM3IRONCTBE Hepruw  (munipaxenitod
“epe3 TEMIOTY CTOPAHMA YINA ¢ TeMA0TBOp-

Ho#t cnocoGHoeTIo 7 KKaNT) 10 pRrHLIM
BHIAM 3HeprorocHTeel

IPOUCXOXKIEHHE U CONEPIAT B HeDONDb-
INOM KOJMYECTBE MUHEPANbHEE Bele-
crBa. OHy ofpajopaliuck B TEIIOM H
CHIPOM KJIMMATe B IIyboxoit mpesHo-
CTH. M3 CHIIbHO PA3POCIINXCA PACTEHMH,
KOrIa oMM nocie rubenu norpyxanuch
Ha JIHO BOJIOEMOB M IIO3TOMY He MOJI-
BEPralich TIEHHIO M TOPEHMIO, TIPH
KOTOPBIX - COAEPNAIHICH B PACTEHMAX
yriepon GoNbmuei 4acTei0 npeBpama-
eTCS B YrIEKHCIbIA ra3 W Apyrue Jery-
yue BewlecTBa. B nponeccax pasinoxe-
HHSA DTHX. pacTeHmii (TyapHbivM 06pazoM
MOJ BO3FEHCTBHEM MUKPOOPTaHHIMOB)

" M3 HMX BbICBOGOXAAIOTCA COSIMHEHMA,
~ BoraTble BOAOPOAOM H KHCIODOIOM, &

comepXKanue yriepona pacrer - obpa-
syerca Topd. Topd 3arem noxpuisaer-
€A IPYTHMHM OTIONEHHAMH ([IECKOM,
TINHON) W B pe3yIbTare reoJOTHYE~
cxux asuxeHuit onyckaercs B IayOb
3EMITH, TAE MOJ HABIEHHEM W NIPH Bbi-
cokoil TemnepaType npouece Tophcod-
Pa30BaHUA NEPEXOTHT B NPOLECC yrie-
oOpazopanns (TIOBBIMIEHHE CONEPIKA-~
HHA yraepoxa). B xome cBS3aHHOM ©
3THM NIPOLIECCOM MHI'DAIMH 2IEMEHTOB
COZEPXKAHHE BOJOPOXA M KUCIIOPOXA
IIPOJIOTIKAET YMEHBIIATLCA, & COJEPKa~
HHE YIIIEPOAA - PACTH; B PEIYNLTATE H3
Topda noxyuarorca Oypblii yrois, Ka-
MEHHBI YTOllb M, HAKOHEL, AHTPALUT.
Bypele yrmu ob6pa3syrores B Teyende 40-
60 MMIIHOHOB JET, 4 BO3PACT KaMeH-
HOY'O YLIIA COCTABJIAET MO Kpaiineil me-

pe 200-300 musminonos ner. CreneHb oOKaMeHeHHs yris (0GOTalIEHAS yrepo-
ZIOM) 3aBHCHT, OJHAKO, HE CTOJIBKO OT BO3PAcTa, CKONMLKO OT APYTHX (axto-
POB, NIPEXE BCEr0 OT TEMIIEPaTyPhl B JABIECHHS.
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IIponcxomnenne neTd H OPHPOJHOTO rasa

HedTbs ¥ npuponHelii ra3 cOCTOAT MMAaBHBIM 06Pa30OM M3 YIJIEBOIOPOIOB
{coepmHenuit yrnepona ¥ BOJOPOJAA), & TAKXKE B HeDOILIIOM KOJMYECTBE W3
APYTHUX 37IEMEHTOB (Cepkl, a30Ta, kncaopona v T.4.). Hedrs comepxnt 82-87 %
yrepoga i 11-14 % Bomopopna. ITo Bormpocy npoHcxoxaeHus HedTy cyuect-
BYIOT Pa3sIM4Hble Touky 3penMsi. HaubBonee npuiHaHHOW sBuseTcs Teopus,
COTNIACHO KOTOPOH ra3 ¥ HedTh COCTOAT M3 OPrad4ecKuX BEHIECTB, MiIaBHbLIM
00pa3oM KHBOTHOTO MPOHCXOXKIEHWA (HEKOTODLIE YYEHblE NONAraIoT, YTO
HEQTH ¥ TA3 BO MHOTHX cyyasx 06pa3oBamich B riyGMHAX 3EMIIH B Pe3y IbTa-
Te AeHCTBUA BOJL! HA KapOuasl MeTamios). JKuBkIie OPraHu3Mbl, NOruGLIMe U
OIYCTHBIIKECH HA MOPCKOE JHO, NONAJAIOT B TAKME YCIOBUS, IIE OHH HE MO-
I'YT HY PACIAJATLCH B PE3YNbTATE OKHCIIEHHA, HY YHHUTOXKAThCS MHKPOOPra-
HU3MAMHU, & BCIEACTBHE OTCYTCTBUS KOHTAKTA C BO3AYXOM 06pasyroT UIHCTbIE
ocazku. B pesynbTare reonornueckux OBMXKEHHH 3TH OCaJIku IMPOHHKAIOT Ha
6onbluke rnyOunabl. Tam mox BIMAHUEM JABICHHA M BLICOKOH TeMIIepaTyphl, a
BO3SMOXHO, H IO BO3JEHCTBHEM MHKDOOPTaHM3MOB B TEUEHHE MHIUIVOHOB
JeT NPOXOMUT NPOUECE CYXOH BO3rOHKH, IPH KOTOPOM cozepskaimnifcs B ocaj-
Kax yriepox B G0biuelt  CBOEH YACTH MEPEXOIMUT B YINEBOJAOPOAHbIE COEANHE-
HMSA, B.-TO BPEMSA Kax BONbIIAS YACTH KUCIOPOJA ¥ APYIHX 3I€MEHTOB MUIPH-

pyer. Xunxas cyOGcTaHImA, COCTOAIIAS IIABHBIM 00Pa3soM M3 CMECH Pas3iny-
HBIX [0 MONEKYIAPHOMY BECY YITIEBOIOPOLOB, MOXKET U CAMOCTOATEILHO MU~
PHPOBATH, IPOHUKAS Yepe3 IIOPbl M TPEHIMHBI 3eMHBIX Help. OCHOBHBIMU CO-
CTABHBLIMH UACTAMM IPUPOJHOTO ra3a SBISIOTCE HUIKOMONEKYNSPHbie yrie-
BOZOPOXb] (PEXIE BCETO METAH M 3TaH), HedTh XKe npexcrasnder coboit Bbl-
COKOMOJIEKYIAPHBLIE YTEBOLOPOALI.

Haspauus kaMeHHbH yrodib, HedTh, YKA3LIBAIOMME HA HX TPOMCXOXIEHWE
M3 HEXHBONO Marepuana (Ieosiorndeckoe, a He BMONOIHYECKOe), ONpaBIAHbI
TONLKO OTYacTH. B NeHCTBMTENLHOCTH 3TH IPONYKTH 06pa3oBanuch M3 Be-
WECTB, BOHUKIUMX B PE3YIILTATE XHUIHEAEATENBHOCTH KUBOTHBIX H PACTEHHH, U
NI03TOMY MMEIOT OuoNnoruyeckoe npoucxoxaende. OIHaKO Te MpPeBpaLIeHHUA,
KOTOpble MPUBETM K 00Pa30BaKHNIO U3 KHBOTHLIX M PACTHUTENLHBIX OPraHM3MOB
KaMeHHOro yris, HehTH W raza, B GONbLIMHCTBE CBOEM HE HOCST OBHOIOrHYecKko-
[O XapaKTepa, a4 ABIMIOTCH CHEACTBUEM IEOJONHYECKMX W TEOXMMHMYECKUX YCII0-
By (DaBneHWe, TeMrepaTypa KW T.O.), CO3NABLIMXCK B OKpyXaroweld HewuBoi
cpene. FI3BeCTHbI M NPYTHE MMHEPANLI, KOTOPhIE TPeNCTaBsoT cobokl TPOJYK-
Th! MPEBpALLEHUT BHOJIOrHUECKHX BEILIECTE (HATIpHMeED MeTT).

TIpomcxomqeHHe HHeprum Yras, HedTH i NPUPOXHOro ra3a

Taxum 0Opa3oM, OCHOBHLIE IPUPOIHbIE HMCTOYHMKHM 3HEPIHM MMEIOT
BUONOrHYGCKOE NPOHCKOXKICHHE W CONCPXKAT IIaBHbiM obpasom yrnepox, B
_CBA3ZH € THM " @CTECTBEHHO BOBHHKAIOT PA3NU4HbIe Bonpockl, OTkyma Hepercs
JHEPTHA Y XUBLIX cywecTs? Kaxymo pols HIpaeT yriepog B SHEProHOCHTE-

3 3aka3 10 33



nax ? Kak MpoHCXOOMT HAKOIMTEHHE SHEPTMH B HUX M €€ IOCNeAyIollee npe-
BpalleHue B Tenno uau pabory? I'my6oko He BaaBasch B noapobHocTH OHO-
JIOTHYECKHMX NPOLIECCOB, MOXHO CKAa3aTh, YTO B PAIBHUTUH XUBOTO MMpa pe-
IAIOWYI0 POAb MIPAIOT PacTeHus. FI3BeCTHO, YTO PacTeHus MOTYT CYIUECTBO-
BaTh 6e3 KHBOTHBIX, 4 XXUBOTHble Oe3 pacTeHHH HeT. 3Ha4YMTENbLHAN 4acTh
JKUBOTHBIX TMOERAET PACTEHMS, OCTANbHBbIC (MIIOTOANHbIE) IHUTAIOTCH MACOM
TPaBOAAHAIX (3TO OTHOCHTCA TAIOKE K 4elloBeky). TakuM o6pa3oM, KOCBEHHO,
ouH OOBIBAIOT CBOKO MUILY TAKKE U3 PACTUTENBHOTO MHUpa; nocneaHuit cuy-
HUT HE TOILKO MATEPHANIOM IS CTPOMTEILCTBA TKAHEH Tena, HO W HaeT He-
06xonuMyio MM 3Hepruro. Mrak, uToObl Y3HATL MPOMCKOMACHHES IHEPTHH Y
KUBBIX OPIAHM3MOB, HOCTATOYHO HCCHEAOBATH BOIPOC O NPOHCXOKIEHMH
9HEPTMH, AKKYMYIHPOBAHHO B pacTeHHAX.

Borpoc 0 NpOMCXOXKACHUHN BEIIECTBA, H3 KOTOPBIX CTPOATCA PACTUTENb-
HBIE OPraHM3Mbl, COCTABIAET NPEAMET HAYYHOrO CIIOpa YXe B TEYEHHE CTole-
TUH, MOCKONLKY MpOLEce MUTAHNY PacTeHMH (B OTAMUME OT KUBOTHLIX) He
NONAAETCH HENOCPEACTBEHHOMY HabmoneHno. Tonbko B XIX cronernn 6bu1o
OKOHYATENBHO YCTAHOBJIEHO, YTO PACTEHHA CTPOAT CBOM OPraHW3Mbl U3 aT-
MOC(EPHOTO YITEKMCIIOLO Ia3a, BCAChiBAEMOH K3 M04YBbLI BOIbI, @ TAKXKE a30Ta,
tochopa, cepbl, Kanua H APYTUX IMEMEHTOB, BXOIAHNX B COCTAB HEOPraHuye-
CKHX BEIECTB, KOTOPLIMH ITHTAIOTCA PacTeHUs. YIJEKHCIILIA ra3 u BoJa; CRy-
Kaue OCHOBHBIM MM TAHKEM, PACTEHUH,- OYEHb NPOCTbIE, SHEPrETHYECKH Oeln-
HBEI¢ COGIAMHEHHNS, XapaKTEPHU3YIOUMECH HH3KOH XMMHYECKOH aKTHBHOCTBHIO,
TOFNA KaX OCHOBHBIE COENMHEHNA PACTUTENILHOTO {a TaK¥XKe XXUBOTHOTO) PO~
MCXOXKJICHHS UMEIOT, KaK [IPABHIIO, OYEHb CIIOXKHBIA COCTaB, BHICOKOE 3HEepre-
TUYECKOE COAEPXAHME K, IPH ONpeIelIeHHbIX YCIOBHAX, OTHOCHTEILHO DOJib-
WYI0 XMMHYECKYIO aKTHBHOCTb. TakuM oOpa3oM, €CTECTBEHHO MNpPEeNoo-
HHTh, YTO [TOCTPOEHWE PACTHUTECIILHbIX OPraHH3IMOB U3 ITPHPORHOIC "Chipbs"
NOJDKHO TIPOMCXOMTE O] BO3ASHCTEHEM HEKOEr0 MOIIHOTO UCTOUHMKA Hep-
I'K, KOTOPas MOXeT ObITh NPEBpPAIIEHA B XMMWHECKYIO IHEPIHIO CHOMCHLIX
coequHennii. Toarko Bo BTOpOi nonopune XIX cronerna GbLUIO TOYHO yCTa-
HOBIIEHO, YTO HCTOUHHKOM 9Toft aHepruu sminsercs ConHue (ero cBeropas
JHEPTHH).

DHEprs COMHEYHOr0 M3IIYyHEHHS, EXENOAHO JOCTHraloas 3eMIu, paBya
102! xkan. Bomburas ee 4acTh NpeBpalLiacTCs B TEIO WM CHOBA OTPAXKAETCH
B MHMDOBOE MPOCTPAHCTBO.

HesnauprenbHyo HacTsb (CoThle ZONIH npoueHTa) olmaxo norpeﬁmuo’r
DACTEHHA U C [IOMOLWIBLIO XHOPOQMIIIA, CONEPKAMIErocs B MX 3ENEHBIX YACTHX,
B npouecce POTOCHHTESA CTPOAT U3 YITIEKHCAOTO I'a3a, BOOb] U SPYTHX 3HEpre-
THYeCKH O€IHBIX BEU{ECTB caxap, Kpaxmall, TIIIOKO3Y, NPOTEeHH, HYKITEUHO-
BbI€ KHCIIOThI, AJKANOMABl M APYTHe 3HEPTeTHUYECKM BoraThble ¥ CIOXHbIE MO
cocTaBy coefHHeHHs. B oBWMX YepTax aTO COBepUIAETCA CUEAYRUWM obpa-
30M: G MOMOIIBIO [OrTOWAEMOH XIOPOQUMIATIOM CBETOBOK IHEPIUM XUMMUE-
CKME CBA3H B YIVIEKMCIIOM rase, BOJEC M APYTHX THTATEbHBLIX BEWECTBAX OC-
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nabnAroTcs MM Pa3spLIBAIOTCH, BpeMeHHO ofpasyrorca GoraTbie sHeprvei
aTOMBI M PATUKANb], H3 KOTOPBIX B XONE PA3IMYHbLIX XHMHYECKHX NPOLIECCOB
BO3HHKAQKOT BellecTBa CO BCE GoJlee ClOXHBLIMM MONCKYyIIaMH. Mpmuorouncnen-
HLIE ATOMBI CBSI32HBI B HHX JPYT C XPYIOM GONBINMM YHCIOM PAsIAYHBIX XH-
Mudeckux cpasef. ConHeyHas 2HEPrus aKKyMyNHpPYeTcs, TAKAM ofpasom, B
BHIE XUMHUECKOH sHeprun. CxeMaTHIeCKH peakiuio HOTOCHHTEIA MOXHO Ha-
DIKAHO NOKA3ATh Ha npoLecce obpasosanus | MO rImOKO3BI: |

6CO; + 6H20 + 674 xxan —» CsHi206 + 60x.

IIpu borocunTese ocBoboxmaeTea kucropon. Peakuun ¢ obpazosanneM
KHCIIOPOZA HA3bIBAIOTCA BOCCTAHOBHTENHLHBIMH.

CrienopaTensHo, XHBKE OPraHH3Mbl YEPNAIOT CBOKO XMMHYECKYIO 3HEp-
ruio U3 sHeprum usmydenus Comxna. KoHneHTpauus cOIHEMHOH SHEpTHH
NPOMCXONMT IJIaBHEIM 0Gpa3oM B yriieBoAax: (COeNUHEHHS COCTOAIME U3 YT~
nepoxna, Bogopoga ¥ kucnopona) riokosa (CeHi206), coexmornumeili caxap
(Cl2H220I 1); kpaxman H uemonosa (CsH1wOs)n, rie n-nepemMenHas Bemmyuua. B
JanbHefileM 4acTh YriIeBOHOB OKHMCIAETCH, MPH STOM, HAIPHMEP, H3 Imons
[JIOKO3b! o6pa3y19'rcx YIIIeKHCIbIH ra3 n 1 BOJIa B COOTBETCTBHH CO cne;r.ymmeﬁ
XHMHYECKOH peakiueii:

CeH1206 + 602 —» GCOz + 6H20 + 674 kxan.

OHeprug, 0cBOOOKIAIOWANCA TIPH 9TOM M3 YITIEBOJOB, HIET HA IIOCTPOS-
Hue HeoOXOZAMMBIX VA PYHKIMOHAPOBAHUS OpraHH3Mma ewe Gonee CHOKHLIX
¥ SHepreTMuecky GoraThix coenmHenui (KUPOB, NMPOTEHHOB, HYKIEHHOBLIX
KMCIIOT, AKANOKUAOB M T.1.). HacTh ITHX BeleCTB (PEXME BCETO XHUPBI) OKHC-
TAETCA, BRIJENAIOWAACH MPH 3TOM IHEPrAA KOHUEHTPHpPYETCH B OpraHM3Me u
MZET Ha MOKPHITHE ero 3HEPreTHUECKUX noTpebHocTel.

- B pesynbTate OKMCIIEHHA CIOXHbIE OPraHHYECKHE COETAHEHHS, TONyYeH-
HbIe B Tipotiecce POTOCHHTE3A, CHOBA ITPEBPANIAIOTCS B MCXOXBbIE SHEPreTHYE-
cku GenHble BellecTsa - YrIeKHCIbIl ra3 ' BOAY. B KoHeYHOM cueTe BeCh pac-
THTENBHEIN OpraHuaM 60 oTMHpaeT, TGO CTAHOBHTCA KOPMOM AJIS HKHBOT-
Heix- (vnu mozell). CoenuHeHns B OTMEpPIUEM OPraHM3IME HAYMHAXT pacra-
BATHCA M NO7 BO3ACHCTBMEM MUKPOOPTAHNIMOB OKHCIATHCS.

Kpyrosopot yriepona, Bogopoa 4 KMCIOpoia
Yraepog, BONOPOX M KUCHOPOX - COBEPILAIOT, TAKHM 00Pa3OM, KPyroso-
POT B IIPHPOAE: U3 SHEPreTHYECKH GEAHBIX YINEPOMHbIX COSNMHERMI B MIBhIX

OpraHM3Max Mo Bo3xelcTRHEeM colHewHOI! 3Hepruu obpasyercs aHepreTHye-
cku 6oree BoraThie OpranHyeckyse COCIHHEHMS, IPH HTOM 0cBOGOXIAeTCH K-
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COPOJ; 3aTEM B XOJE JUIMHHOLO PANA CIOXKHDBIX NpeBpalleHuH Ipy ITormome-
HUH KHCIOPOAA BHOBL 00pa3yeTcs YITIEKUCIBIH a3 H BOAa # T.J1. .

IMuxnuueckuii xapakTep XHMHH XKHBOI'O MUpA, T.¢. TO O6CTOATENLCTBO,
YTO MPH paCHafe CHOBA 06Pa3yIoTCA MCXOIHbIE IPOAYKTH {"chipbe"), upes-
BRIVAHHO BaXKEH, TAK KaK B PE3yNbTATE 3TOTO CLIPHEBON GaNaHC KUBLIX Op-
PAHH3MOB HHMKOLIA He Moxer ObiTh Hapymen. Ecnu O6bl; HanpuMep; MHKPO-
6Bl HE pasnaraim OTMepmue OPrasu3MEl, TO XH3HL Ha 3eMie He Morna Obi
TONTO NPOIOIKATECSH, TAK KAK B 3TOM CJIy4ae MMEIOINHIACA B HalleM pacno-
PAOKEHHH 3anac yriaepona "3a KOpoTkHil cpok” (¢ reoornyéckoll TOUKH 3pe-
HuA) ocen Obl B OTMEpLIHX opranusMax. He cnemyer 3abbiBaTh, 4TO M3yUeH-
HaA yacTh 3eMiun (3eMHax Kopa Bosnyx) comepxuT muub 0,09% yriepona.

B redenye cBoero "HOpPMaNEHOTO" KPYroBOpPOTA YITIEPON 3aIepXuBa-
eTCS B KHBBIX OpPraHHU3MAX OTHOCHTEILHO KOPOTKOE BpemsA (camoe Some-
1Ioe - HeCKONbKO COTeH JeT). Vike 37ech OH MOXeT ObIThH HCIIONb30BaH! ApE-
BECHHA M OCTANBHBIE YACTH pacrcnnﬁ TAIOKE ABJIAIOTCA IHEPTOHOCHTENAMH,
MCTIOML3YEMBIMH JHOILMH ¢ ApeBHedmux BpeMe. C pocroM noTpeGHOCTH
ofuecTpa B IHEPIHH ACPEBO yKE He MOINO GoNbiue yXOBIETBOPUTH 3TOMH
NOTPEOHOCTH, @ CTPEMUTENHHOE YMEHBUIEHHE JIECHBIX MACCHBOB IIPUBENO
K HaCTOATENbHOM HeOGXOMUMOCTH UCNONIb30BATH BMECTO JlepeBa ApYIrue Hc-
ToyHukH 3Heprun. B XIX croreTuH 6GpICTpO BO3pacno 3HayeHHE KAMEHHO-
TO YIIIA KaK UCTOYHHMKA HEPruM. Yroms Haganu nobnsath yxe ¢ XIII Bexa,
Ho 10 XIX Bexa ero B OCHOBHOM HCIIONB30BANM JNHIMb T OTOIICHUSA.

Hapynienne Kpyropopora

Kawmersbiit yronb daxTuueckn o6pa3oBaics BCHEACTBHE HApylWeHHs €C-
TECTBEHHOI'® KPYroBOPOTA YIIEpOZA, KOIJA PACHAJ CIOKHBIX YITEpOSHbIX
COEIMHEHMUIL. JKHBBIX OPrAHU3MOBE HE JIOLIEN JO CaMOrO HH3KOIO 3HeprerHye-
CKOTO COCTOSIHMA (IO YIAEKUCIOro Ta3a), 4 OCTAHOBHIICA Ha IDOMEXYTOYHOH
cryneny. Jns GecnpensTcTBEHHOro KpyrosopoTa Yriepoja, T.e, MONHOIO 3a-
BepUICHHA MpolLecca pacnana, HeOOXOMMMO CTONLKQ KHCIOPOHA, CKONBKO
MOXHO BBIIENHTD M3 BO3xyxa. ECIH e B X0Jie NpoLecca pacnafa opraHuve-
CKHME BElIeCTBA OBUIM 10 KAKHUM-THGO0 NPHYHHAM TeOJOrHYecKoro XapaKkrepa
JIMITEHB] ROCTYNA BO3AYXA, TO TEYEHHE IO HIMEHANOCH - OH 3HAYNTENLHO 3a-
Memics. B 3THX YCIOBHMAX BCIEACTBHE HEAOCTATKA KHCIOPONA OKHCIIMTEb-
HbIE IPOLECCH] YCTYNAM MECTO BOCCTaHOBHTEIbHBIM, IPOAYKThI KOTOPHIX BO
MHOT'OM 3aBHCAT OT (U3HYECKMX ¥ XUMHYECKUX YCIOBUIL MpeBpalieHus (1as-
JNEHHE, TeMIepaTypa, MUXPOOPraHu3Msl B T.X.). Ilpu oOpazoBanuu HedTH M
ra’a M3 COEAMHEHHN OPraHMYecKOro MPOUCKONIECHHS, COCTOAMIHX IIIABHBIM
0Gpa3oM M3 yriepona, B IEPBRYI0 OYepels BOIHUKAIOT YIIIEBOXOPOKLLI, B TO
BpeMS Kak B Xoze 06pa3oBaHHA Yrid U3 6onblueil YacTH BemecTs noru6umx
OPraHu3MOB yriepox BbicBoSoxxaercs. Kak yraepoaopoael, Tak 4 jNeMeH-
TAPHLL YITIEPON COAEPX AT GONbIIE XMMHUECKON HEPrMH, YeM YLTEKHCIbIH
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ra3, IO3TOMY OHM CHKHMIAIOTCA (COSTHHAIOTCA ¢ KHCIODOAOM) ¢ BBIZEICHHEM
TEIUIa ¥ pH 9TOM obpasyerca Gonee OenHblii sHepruel yraexncibiii ras:

CHs +20; — COz+ 2H;0 + 210,8 xxan,
CsHs + 502 — 3CO2 + 4H20 + 526,3 kian,
C+0z — CO2+ 94,3 Kacan,

VrnexMcnbii ra3 HecropaeMm, OH HE MOXET ITPH COSNUHEHMH C BO3TYXOM
(xuCnOpOaOM} BEICBOOOXIATE IHEPTHIO.

Kaxoe cocronnme BeuecTna Hauﬁq.nee crabunnbno?

Ha niepsbiif B3rIS MOXET IOKA3aThHCA HEOXHIAHHBIM, YTO BEMEHTAp-
Hag popMa yriepona sHepreTHYeckH He caMas Oemuas, He caMmad cTaOuIbHasA.
CnenyeT 0OTMETHTB, YTO Hauboliee CTAGHIBHBIMH ABISIOTCH TAKUE COCTOSAHMSA
BEUIECTB, HPH KOTOPLIX B JAHHBIX YCIOBHAX ¥X 3Heprua YMEET HaMMeHbINee
3HaYEHHeE,

Paccmorpum TPHMED H3 MEXaHHKH. HYCTB B KOMHATE Ha HETBEPTOM aTaxe
AP HaXOUTCA B-YCTOWIMBOM IIOJIOXKEHHH TOTA, KOrA OH JIeXHUT Ha rony. Ha
CTOIle WIIH Ha mxady cocrogrue mWapa MeHee YCTOWYLHBO: OTCIONA OH MOXeET
"caM o cebe" (Bes mogBOJa IHEPTHH) YIACThH HA IO, IPHYEM €ro NOTeHIHATS-
Had OHEpPrus OPEBPALIAETCH B KMHETHYECKYIO, a 3aTeM Npu yaape of moli - B
TEIJIOBYIO U 3BYKOByI0. B 06paTHOM HampaBleHHH 5TO npouecc "cam o cebe”
HIOTH HE MOXKET. I'Iepenecm Iap Ha CTON WK Hxad BOIMONKHO JIMILb TIPH 3a-
Tpare onpeneaeHHol sueprun. Ha mony (npH ycnoBuu, 4To 0H POBHBIM M CTPO-
ro YOpM3OHTaIbHLIN) mWwap cam o cebe He GyeT nepeMeiaTecs, ero CoCToAHHE
crabunbgo. OmHaKo 3ta crabAIbHOCTE OTHOCHTENEHA M HE 03HAYaEeT, 4TO Map
fonpie He 06IaaeT NOTEHUMANLHOM 3Hepryeil - BeAk OH. HAXOAHTCA HA 3HAYM-
TeIBHOM BLICOTE HAY 3eMiei. B JaHHOM Clly4ae MMEET MECTO TONBKO OTHOCH-
TENLHBIH MHHMMYM SHepruy. IIpu M3MeHeHMW ycnoBui MoXer HpoHM30HTH
JabHerince peicsoboxAEHHE oTeHUKansHoH sHeprun. Hanpumep, ecin Ha no-
Jy OK&KETCA AbIPa, TO ap yrnaneT Ha 3Tax HIDKe, eClIM K 37ieck OyaeT aplpa, T0
OH YNIAJIET ele HroKe M T.4. OH MOXKET JOCTHYh TaKHM 00pa3oM 1epBOro sTaka,
NPH 3TOM NOTEHLUHAIBHASA 3HEPTHA WIAPA NEPEXOAUT B Apyrue BHAbL CTabums-
HOCTb IIapa JaXe Ha epPBOM 3Taxe He abcomoTHa. IIpyu COOTBETCTBYIOLIX YC-
TOBHAX OH MOXET YNacTh B OXBAN WM KOCTHYL AHA IMyOoKo# WaxTbl ¥ T.4,

AHanornysas KapTHHA HAOIXONAETCS HPH IPEBPALEHHAX MPUPOIHBIX
IHEPrOHOCHTEIEH, COJEPXKAINMX YIVIEPOA. B yrIepoIHbiX COSIMHEHUAX opra-
HAYECKOTO MPOMCXOXKIEHHNA HAKOIUIEHO MHOI'O XHMHYecKoll aneprun. B xoue
XAMHYECKHMX IPeBpalteHMi 3Ta SHEPrad MOXET YaCTUYHO BLICBOOOXIATHCA
v, Oynyun npeobpazosaHHOR B XPyrye BUIBL, HCNOML3OBATLCH. Camu no ceBe
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NPOUCXONAT TONBKO TaKWe XHMMYECKHE NpPCBPAIlCHMS, KOTOPLIE CBA3AHMI G
yMeHbLIEHHEM CBOOOMHOI IHEPTHH, H TOIBKO OHM MOryT GBHITH MCIOML30BA-
HBI JUT4 nonyyerna aHepruu. ComepixaHue SHEpriMM B BelecTBaX, ofpa3oBas-
HIMXCA B NPONIECCE NIPEBPALIEHHSA, MEHBIIIE, YEM B HCXONHOM BEleCTBe, KAK pa3
HA KONHYECTBO OCBOGOMUBINEHCS 3Heprud. XUMHYECKHe NpeBpalleHHd B 3a-
BHCHMOCTH OT YCIIOBMH MPOMCXOMAT OLICTPO WM MENIeHHO (MHOrja Jae
MHIUIMOHB! JIET) M HAYT A0 TeX NOp, MoXa He 06pasyIoTcs NpoIyKTh, 3HEPTHI
KOTOPEIX NIPH JAHHBIX YCIOBHAX YXe He MOXET YMEHbIIAThCA (TAKHe NpPOXyK-
Tl BYAYT CTAOMILHEY).

Eciu OKHCIIEHHE YITEPONHBIX COEMMHEHHH MPOMCXOOUT NPH HANHYHH
JOCTATOYHOr0 KOMHYECTBA BO3AYXa, TO BOZHHKAIOT COENUHEHMsA, BCe Golee
GoraTble KHCIIOPOJOM, [I0KA, HAXOHEL, YITIEPON He npencTaHeT B GopMe yrie-
KHCIIOTO ra3a, a BoJopox - B popme BOAbI, ITH COeIMHEHHUA HE MOTYT Hanee
OKHCIIATLCS, H U3 HUX NMPH OOBIYHEIX YCIIOBMAX HE BHICBOGOKHACTCA XHMHYE-
ckas sHeprua. COz m H20 B €CTECTBEHHLIX YCIOBHAX NPEICTABINOT coboi
cTabHImLHOE COCTOAHEE YITEPOAa ¥ BOROposa. Takum oﬁpaaom, Ta3 ¥ BOJA -
3TO CcaMblc CTaGUILHbIE KOHEUHbIE MPOAYKTHI, KOTOPbie MOTYT GhiTh Npenpa-
WEHE B IPYTHE BEMIECTBA TOMBKO ¢ IOMOUILIO IOMONHATELHON IHEPrHY MHO-
TO MPOHCXOXTEHUS (Hanpnuep CONMHeHOMH WK 9TIeK! TprYeckoi).

AXKYMYNSUHA CONHEMHOH SHePTHH

OtzensHEIe_NIEPHOALI KPYTOBOPOTA YIIEposa B mpupone (o6pasosauue
3HEPTETHYECKH BOraThIX YrIEPOMHbLIX COSIUHEHHH U3 YIIEKHCIIOTO Ta3a H BO-
MBI ¥ MX NOGNENYIOMWKH PACTIaz Ha Te e COeJHHEHH) HMEIOT NPONOIDKHTENb-
HOCTE OT HECKOTMLKHX MecqLes 0 HeCKONBKHX cronernit. Ecomm ke obuiuubie
YCHOBHS MEHATCH (KK 3TO HPOH3OMUIO, HAUPHMED, TIpH '00pasoBaHuH Hed-
TH, Ta3a ¥ YIif), NPOLECCH! NPEBPaleHHs MOI'YT NPOTEKATH HCKITIOYHTENLHO
MeUTEHHO, B TeueHHe MHIUTHOHOB JIeT,

B 3emHoH xope 6e3 ocTya BO3AYXA YINEBOIOPOIL H YIONb OTHOCH-~
TENBHO CTAOKIBLHDI, H YaCTh XMMHYECKOH IHEPTHUM B HHX €le COXpaHHNAch
B HEH3MEHHOM BMJIE: OHM KaK OBl 3aKOHCEPBHPOBAIM CONHEYHYIO BHep-
ruio. 3xeck OUEBHIHA AHANOTHA C PACCMOTPEHHBIM BbIIIE NPUMEPOM C
mrapoM. IIpy #3MeneHHN yCIIOBUH (M3BIIeYeHAH HedTH, YITIM WM ra’a Ha
MOBEPXHOCTD 3EMIIH M MX MCINOJIbL3OBaHKM) CTAGUIBLHOCTE COCTOAHMSA ITHX
BEIMIECTB HADYINACICA: IPH CTOPAHMH OHH COETHHATOTCA C KHCIIOPOZOM,
obpasys ymexmcnbm ras 4 sony. Ha atom ‘.prronopo'r yriepoia # Boxo-
pOXa, HOPMAaNbHLIH XOX KOTOPOIO IO FEONOTHYECKHM MPHUHHAM 3a1ep-
XAJCA HA MUJUTHOHBI JIET, BHICTPO 3axanumBaeTca, TIpu CXMraHuM 0CBOGO-
KOALTCA IHEPTHA COMHEYHOIO H3NYUEHHA, KOTOPYIO PACTEHHS JONTO¢ Bpe-
Ms xpasuin B-cebe. Taxum obpasom, HedTb, NPHPOIHEIH ra3 H KaMEHHEIH
YIOllb - 3TO 3aKOHCEPBUPOBAHHAA YHEPTHS, ABNAOMIAACH YACTHIO Korna-'ro
nornamenuoﬁ conueuHoM 3Heprm1.
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Ilponcxoxzexue HePrun BOAEI U BeTpa

H3pecTHO, 9TO TMAPOCTAHIMH NOTPEGIAIOT Ty NOTEHUHANLHYIO HEP-
THIO BOII B PEKaX W BOAONAJAX, KOTOpad 0cBoOOKaeTCA Graroaaps ecrecr-
BEHHOMY nepenazy BeicoT. Ho Bona B cBOEM BEYHOM KPYroBOpoTe Homajgaer
Ha BO3BBINCHHbIE YYACTKH 36MIM B DE3YIBTATE UCTIADEHHS MODeH, peK M
03¢p, KOTOpOe NPOUCXONHUT B MEPRYIO OYepefh MOK HeHCTBMEM CONHEYHOTO
u3nydenus. Iap, npespamadcy B kanmi Bogs!, cofupaerca B o6iaxa Win Ty-
Y¥, OTKYNa BOJA B BUIE HOXAA MM CHera nomnajaeT o6paTHO Ha 3eMINO, B
TOM YHCIE H HAa BOIBBILICHHOCTH. CxammuBarolnascs 37ech Boja obnamaeT
SonbLIMM 3an1acoM NOTEHUMANbHOM IHEPIUH, KOTOPAs 3aTeM IPH IOMOIH
TYpOHH,IIDHBEACHHLIX B JXCHCTBHE €CTECTBEHHBIME MIIH HCKYCCTBEHHO CO3IAH-
HBIMHM BOIONANAMH, MOXET ObITh IPEBPAMIEHA B  3IEKTPHUECKYIO HSHEPTHIO
JITH MeXaHrdecKyto pabory. Taxum obpa3om; Gonbiras YacTb IHEPTHH, NONY-
4eHHOHM Ha I'MAPOCTAHLMAX; TaKKe 00A3aHa CBOMM IIPOHCXOXICHUEM COII-
HeYHOMY M3Iy4eHHIO. TO/IbKO He3HAYHTENbHAA YaCTb SHeprHH, NoTpebise-
MO NPH MCHAPEHHH PA3IMYHLIX ., BOKOEMOB,~ 3TO TEINO 3eMIM, KOTOPOE B
CBOXO OYEPEeAp. OCBOGOX/RETCE B PEIYNBTATE IPOUCKOIMIMX BHYTDH SeMJm
MPOLECCOB, PAAHOAKTHBHOTQ PACHANA.

DHeprys. BETPa  TAKKE B 3HAYMTENBHON cTeNeHH obx3ana CBOHM nponc-
xoxzesueM CONHIY: pa3sHHUa B HArpeBe OTHENLHBIX obnacreit 3eMHOH HO-
BEPXHOCTH BLI3BIBAET aTMocrpepHmc TeyeHud (1.¢. Berep)

Xopomo ] ucno.nbayercu COJIHEHHAR 3ﬂeprm|"

Kak mp1 yxe y6exnmmcs, 6onbinas yacTh Haieli NOTpe6GHOCTH B SHEPTHU
TIOXPBIBAETCA 32 CHeT CONMHevHoi aneprun. Ho X COXaleHHIo, KuBas IpHpoia
HCIIOJIL3YET 3TY CONHEYHYIO SHEPFHIO HEMOCTATOYHO 3DPHEXTHBHO. _

. Condue H3mMy4aeT ©KETOAHO OTPOMHOE KOJHYECTBO JHEPIUM, PaBHOE ~
3x10% xxan, u3 nee 3emmu goctaraeT okono 102! xkain. Ilpumepno 60% 3Hep-
THH TIOTJIOINACTCH BO3AYXOM. (2,5% ee mpeBpamuaerca B. 3HEPLHIO BETPa);
25,5% pocturaer BogHON NMOBEPXHOCTH, HO M3 3TOr0 KOINMYECTBA TOILKO
0,04% mnepenaercs Bone; oueHb: HE3HAYHTENbHYIO 4acTh NOTPEBISIOT BOXHBIE
pacteHus; 14,5% 3JHEPIHM COMHEUHOrO M3MYYEHHA HOCTHTAET CYLUM ¥ TONBLKO
0,12 % ee Gnaronapﬂ DPacTeHHAM [peBpallaeTcs B XUMHYecKyo sHepruio. "He-
UCIIONB30BAHHAA" FHEPTHA CONHEUHOTO HINMYSEHUA 3eMIIH NEPeX0HT OOpaTHO
B MMPOBOE NIPOCTPAHCTBO. 3eMis OTAaeT GONbINE BHEPTHM, YeM NONyYaer oT
Connua, Tak Kax OHa MAJyYaeT elle M IHEPFHIo, 0CBOOOXIAWYIOCH B pe-
3yJbTaTe PAANOAKTHRHBIX MPOLECCOB, TPOHMCXONALIMX B €€ HEAPAX.

Taxum Opa3oM, PacTUTENLHbIN K XXUBOTHLIK MHD, BKJIOYas 9eNOBeKa,
HCIIONH3YET COBEPUIEHHO HHYTOXKHYIO JOINIO. CONMHEYHO! 3HEprHH, Nonaaaro-
weif Ha 3emio. 3anaya Oyaywero - yadTy H pa3paborarh CpeACTBA H METO-
Abi, KOTOPBIE MOMOTYT YEJOBEKY Goiee MOMHO HCNONB3OBATHL 3TY SHEPIHIO.
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I'ny6oxoe MpOHUKHOBEHUE B TaHHE! NPHPOJIbI, NO-BUIHMOMY, NOMOXET OT-
KPBITh NPHHUKIIHAIEHO HOBbIE BOSMOXHOCTH B 9TOH 06MacTH.,

Oman w3 MeTomoB Oomee 3ddeXTHBHOrO MCNONL3OBAHHMS COJHEYHOMN
3HEPTHH, Tpebylolmil manbHelimei TeopeTHYeckol paspaboTKH,-3TO HHTEH-
cHMKALHs CRICKOIo XO3AHCTBA 3a cueT Iyumei 06paboTKH MOYBbI ¥ BHECE-
HHUS UCKYCCTBEHHBIX YHOGPeHMi, a TakxKe KyIbTHBUPOBAHMA TAKKX DPACTeHHI,
KOTOphle 6olree PANHOHANLHO HCOONLIYIOT 5Ty 3xepruwo. Jpyroi meron -
CO3TaHHE TEPMO- U (POTOIMEMEHTOR, IIe MPOHCXOAMUT HEITOCPEACTBEHHOE Mpe-
BpalleHUe CONHEYHOH SHEPTHH B HEKTPHIECKYIO.

3anacm npupo.mnblx HCTOMHHKOB IHEPriy

anepo,u (kax SHCPI‘OHOCHTCJIB) pacmpenensercs Ha 3JeMie CHEAYIOMLINM
ofpazom: B armochepe ero comepxurcs 640 MIPA.T B BUAE YITIEKHCIOTO ra-
3a, TIPH 3TOM 0K0JI0 150 MIPIL.T exeroqHO NOTPESIAXOTCA PACTEHHAMH B ITPO-
uecce OTOCHHTERA, B PACTHTENBHEIX OPraHH3Max 3anmaceHo 500 mupn.T, a B
MHBOTHBIX - 5 MIADA.T yriepoaa: Boubias 9acTh yriuepond, coUepKallerocs B
KHBBIX OPraHu3MaXx, IOCNe OKUCIEHHS CHOBA OCTYIIaeT B arMocdepy B Buue
YITEKHCNOTO rasa. YITEepoX, He YYaCTBYIOIINI B OKHCHUTENBHBIX MPOLECCAX,
HaXOIUIEH B HEOpPaX 3eMiM B BHIE Topdha (~1000 MIPA.T), YIS (~10000
MIIPA.T), Hedri (~20 MApE.T).

O6pasopanne HedTH, Irasa M yrird - IPOUECS, " MTHBIMACT MHOTO MMJI-
JHMOHOB JIET B CreUM{pHUUecKUX YCIOBMAX, KOTOPBIX HET B HACTOAILEE BpPEM],
noaToMy B Ompoxaiimem OyIyILeM Henb3A PACCUNTHIBATE HA IOABIEHHE HOBLIX
MECTOPOXNEHMI. '

H3 3anacon yris, cocraprsomux oxono 10000 Mapx.t, yenoreyecTso Ha
CErOAUMUBMA AeHh HCIONL3OBANIO0 npnﬁnnamenmo 60-70 Mapx.r. B macros-
mmee BpeMs exeropnas nOTpebHOCTL coCTamNseT Gonbie 2 MIPA.T. DTO HE3HA-
YHTENbHBIA PACXOR N0 CPABHEHHUIO ¢ HMEIOLMMHCA 3aniacaMu. TaKoe ke nono-
xenue 1 6 Hedrri0. KpoMme T0ro, 61aronaps NpAMEHEHHIO HOBEHIIHX METOXOB
TE0NIOrOpa3BeIKH OTKPBIBAIOTCH HOBBIE MECTOPONIEHHS, GIHAKO BCe OHU He
HeHcYepnaeMbl M PACIOPAKATECS HMH Cleayer pasymHo. HyxHo Taxxke
ydecTb, 4TO HE(Th, MPUPOIHBIH ra3 ¥ yrob ABIAIOTCA HE TOMBKO HCTOUHHKA-
MH JHEPIHH, HO H BAXKHEHIINM ChHIPhEM IUIS XMMHYECKOH MPOMBILICHHOCTH.
M3 HEX NONYYAI0T HCXOXHEIE NPONYKTHI JUIA IPEANPHATHS OPraHUYeCKol Xu-
MMM, OHM CIYXKAT CBIPEEM JUIS NPOW3ROJACTBA MCKYCCTBEHHLIX ymobGpenuii u
B3PBIBUATHIX BELIECTB, MOCKONBKY BOXOPOJ, HEOOXOMMUMEIN A NOXyYeHwus
ammuaxa NHs, 0CHOBHOTO HCXOJHOTO NPOXYKTa ITHX OTPACIell IIPOMBIILIEH-
HOCTH, S5KOHOMMYHEE BCETO NONydYaTh U3 Hedr wnu rasa. [losTtomy naxmeil-
meil 3amadell HAYYHEIX M MPHKIANHBIX MCCIEAOBAHNH ABNAETCH paspaborxa
HOBBIX METOOB TIONYYEHHE SHEPIHHK, YTO' nowom»rr nepenaTs Hedrb ¥ ra3 Xy~

' MMYECKOH TIPOMBIIIIEHHOCTH.
Hrak, moyTH BO BeeX MPUPOXHLIX HCTOYHHKAX DHEPTMH B OCHOBHOM 38-
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nacesa sneprus Connua, MoxHo ckazaTh, YTO B HacTOALIee BPeMsA Kaxmas
EKTPOCTAHLMSA" MM JIBHTaTeNb MHTAIOTCH (akTrueckn er0. VIcKmoueHueM
ABJIAIOTCA ATOMHEIE SNEKTPOCTAHLMH, OMHAKO B 06IeM NMpOM3BOACTBE IMNEK-
TPOSHEPIHMH OHH NOKa HIParoT HHYTOXHYIO ponb. Ho M aToMHas dHeprus
KOCBEHHEIM 00PasoM CBA3aHA C CONHEYHLIM H3IIyYeHHeM, -TaK kak obpasosa-
HHE YpaHa, KaK M IPYTHX XHMHYECKMX 3I1EMEHTOB, CBA2aHO ¢ CONHIEM, C BO3-
HuxkHoBeHUueM CollHEUHOH CHCTeMBL.

§ 5. COJIHIE KAK BAKHEVIIFI MCTOIHIK SHEPTHN

HOCKOJII:KY SHCPFPI}I BCEX npaxmqecxu UCTIONB3YEMBIX QHCPFOHOCHTCJIGPI
NponuCXoauT OT COJIHIIH. TO €CTECTBCHHO BO3IHHKAET BOIIPDOC O l'IpOPlCXO)lC,ZIe-
HHH SHEPTUN camoro Connua.

Pannue ripencmn.nennn O IIPONCXOMACHEN COTHEIHOM DHEPIHM

ITpobiema nponcxoxcnennn CONHEYHOTO. CBETA 3AHAMANA monelh eme ¢
IaBHuX op. B apeBHOCTH Aymanu, yro COJHIE - 3TO HeYTo, NoxoGHoe Mol
HOMY ropsiemy paxeny. Onsaxo yxe B nepsoii noyosrse XIX cronerus 6ui-
70 JOKA3aHO, YTO B TAKOM CIyvae¢ IPOJNOIKHTENBHOCTL CYLCCTBOBAHMA
ComHna He npespiIana f 651 6000-8000 mer. M3 reosornyeckux ¥ NaneoHTONO-
THYECKUX MCCIEOBaHMil M3BECTHO, UTO Mo Kpaiinel mepe 3a mocienuue 3-4
MIIPX.JET MHTEHCHBHOCTD CONHEYHOrO M3IYYEHMA MIMCHMIACH BECHMA He3HA-
ynTenbHo. IIpUMepHO CTO NeT Ha3ay GLUTH NMONLITKA OGLACHHTL COMHEYHYIO
BHEPrUI0 NOCTOAHHO Majaommmy Ha CoNHUe METEOPUTAMH, KMHETHYECKas
3IHEPrUS KOTOPBIX IpeBpainaeTcs 8 Tenno. ONHAKO pacueTsi IOKA3LIBAIOT, YTO
3TO HCKIIIOYEHO X0TH Obl moTOoMy, 9TO YBENMYeHHe Macchl CONHIA 32 cuer Me-
TEOPUTOB JOMKHO OblN0 6L NMPHBECTH K 3aMETHOMY YBEIMMUYCHMIO CONHEY-
Holt rpasuTanuy. IIpennonaramu taxxe, 4To mox KelicTBuem coBCTBEHHOH
rpaButary CoXHue CXKUMaercs, W OCBOOOXKITAIOWIANCH PH 3TOM 3HEPIus
npespamaercs B-remno. Ho 370 HomKkHO 6BIM0 Obl NPUBECTH K 3aMETHOMY
yMmesbIeHuio quaMerpa Conxua, u Gonee TOro, Kak [MOKA3BBAKT NOACYETHI,
0HO 6l yXKe 0CTBiI0. TaK 4TO U 3TA TEOPHA OKA3ANACH HECOCTOATENLHOM.

Taxum o6pazom, Knaccriueckan GHIHKA B XHMHA HE CMOTIN OTRETUTb HA
BOIPOC O NPOHCXOMASHHW SHepTHH, uanyyaeMoll COnHUEM B TEUEHHE MUILIH-~
apoB jeT. TONBKO COBPEMEHHAA ATOMHANL QU3NKA TIOKA3aNa, YTO HCTOUHM-
KOM COIHEUHOH SHEPTHH ABNSIOTCA AXEPHBIC NPEBPALLEHNS, MPOUCXOALIHE B
Heppax ConHna.

A nepusie peariuy - ncrounux sxepru Conmua
Pesomouus B Gusmuke, copepmusiuagsca Ha pyoexe XIX n XX sexos B

yacTHOCTH BiraroZiaps OTKpPLITHIO papuoakTuBHocTH (Bexkepens,1896), pasz-
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paborke keanTosoii Teopuy (Ilrank,1900) u Teopun oTHOCHTeNbHOCTH (DiiH-
wreln,1905), npusena X OTKPHITHIO AACPHbIX peakuni, MPH XOTOPHIX OCBO-
Soxpacrcs B MIJDIMOHBE pa3 OonbIne IHSPIHM, YeM NpH XHMUYeckuX. B xoxe
SHePHBIX peakunii (DAXMOAKTHBHOTO PACNAENA) aTOMHbIE AJpa (nenemumele <
TOYKH 3PEHMA KIACCHIECKOH (PHIMKH) ONHUX Pa/\HOAKTHBHBIX 3IEMEHTOB npe-
BPAAIOTCS B ATOMHBIE P2 APYTHX. B NPHPOME MPOUCXOMMT eCTECTBEHHNbIH
PafMOAKTHBHBI pacriaf paxa XHMHYECKHX d1eMenToB. B naboparopubix ye-
JOBMAX B HACTOSIIEe BPEMA BO3MOXHO MCKYCCTBEHHOE NIPEBPAIIEHHE ATOM-
HbIX fifiep BOEX XMMHHECKHX JNEMEHTOB. DTH NPOLECChl COBEPIIANTCH TIPH
GoM6ApIMPOBKE ATOMHBIX ANEP PAsMUYHBIX 3JEMEHTOB BLICOKOIHEPTETHYE-
CKHMH AIePHbIMH YACTHIAMH.

Ha ocuose naGopaTopHbIx HCCIEROBAHMIT snepHBIX peakiuii Bete (1938)
TIpHIIEN X 3aKIIOYSHHI0, YTO SHEPrud, usiryyacMmas COIHIEM, - 3TO MPOAYKT
npoucxozsero Ha Connue npouecca cAMAREA (CHHTE3a) AUEP ATOMOB BOKO-
pona (nporonon) B aTOMHbIE AApa Teins. IIpH 5TOM BOIHMKAIOT TAKKE MO3H-
TpoHsI (¢*) M HelTpuHO (V) B COOTBETCTBHM C '6pyrToypaBnenyeM [oTHecer-
HBIM K OZIHOMY MO0 (4 1) He.

s

4H —He+ 2e* + 2v + 580-106xkan.

Cunres sfep, BeXyHMi K 0BPA3OBAHUIO TS, NPOUCXOMMT NPH TeMIle-
paType B MAUIMOHBI IPanycoB (NMO3TOMY 3TH MPOLECCH! HA3BIBAIOT TEPMO-
AMEPHBIMH PEAKIHAMH) H IPH OYeHb BHICOKOM JABICHHH.

JIna HarIsXHOTO NpPEACTaBNeHMA OO0 HCTHHHBIX pasMepax aueprmi,
ocBOGOKIAOMENCA IIPH AAEPHOM - CHHTE3e, WHTEPeCHO CPABHMTH €ro ¢ pe-
aKITHAMH OKHCJICHHA BOJOPOAA WM YITIEPOAA, KOTOPbIE OTHOCATCH K. 4MCIY
HauGolnee "amnepreTHyecky GOraThIX" XUMMHECKHX IIPOLIECCOB: |

2H2 + O2 — 2H20 + 137 kxan,
C + 02— COz + 94 xxan.

Bugno, 4T0 3HEPrus, BHIEIAIOMALCK NPH TEPMOSIEPHBIX peaxkiuugax, BO
MHOTO MIJLTHOHOB pa3 NpPeBOCXOZHT TernoTy cropasud. C MoMolbio crex-
TPOCKONHYECKHX HCCIEHOBAHMI ycranopaeHo, yTo CoNHie B OCHOBHOM CO-
CTOMT U3 BOKOPOAA: Ba KAXK/AbIC YEThIPE ATOMA BOAOPONA NPHUXONHTCA TONBKO,
OIVH aTOM renmd. B Tedenne 5-6 MMILIMApIOB JieT, NPOIUEHUINX CO BPEMEHH
Bo3HAKHOBeHMA CONHIA, TNLIL OTHOCHTENLHO HeGONbIIAR YACTh COAEpKALE-
YOCs B HEM BOJOPOXA Npesparwrack B rexnuii. Cregosatensio, ConHue MoXer
H35y4aTh SHEPTHIO €LIE B TEUSHHE HECKONLKUX MUIJIMAPROB JIeT.

Taxum obpazoM, Glaronaps ycrexaMm coBpeMeHHOMH GHIMKH Ioxa3aHo,
YTO HOTPEOHOCTH B SHEPIUN XKUBOK ¥ HEXMUBO NPUPOIL, & TAKKE YeTOBEYe-
ckoro ofuiecTBa, B XOHEYHOM CHeTe YHOBIETBOPACTCA 3@ CUET TEPMOANEPHBIX
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npoueccos, npoucxonaumx Ha Connue. IIpn coBpemensbix criocobax nonyye-
HHA aTOMHOHN SHEPIHM €€ MOXXHO HCNONB30BATh NHUIL [OCHE MHOTOYHCIEH-
HbIX nipeoOpasoranmii. OCcylecTBIEHUE B HCKYCCTBEHHBIX YCIHOBUSAX YripapJise-
Mol TepMmosmepHOlt peakiuy Hano Gbl YENOBEYECTBY MOIUHEIH HCTOYHHK
sHepruM. Bot noyeMy Hag sTo#i mpobnemoii paboTaioT QUIHKH BCEro MHpA.
Heynpasnsgemsiit mepﬂmﬁ CHHTE3 C OTPOMHOM CKOPOCTHIO COBEPINAETCA MPH
B3phHIBE Boxopo,u;nou HoMOBI.

§ 6. XUMWYECKHE CBS3U KAK HAKOITUTEM SHEPI M

Kak yxe oTMeueHo Boiule, GOMLIIMHCTBO HCTOYHMKOB SHEPTHA HECeT B
cebe IHEPTHIO CONMHEUHOrO UANMYYEHHS B BHJIE XUMHUECKOH SHEPIHH, KOTOPAs

PAIMYHBLIME crioco6aMu MoxeT GbITh npeBpalieHa B GopMy, yAOBHYIO A%
HCNOJIL3OBAHHS. S

XnmruecKkas SHEPrus ¢ TOYKH 3PEHHA Tepmonnnamnxn H Teopun crpoenns
BELIECTBA

K MccnemoBaHMIO XHMHYECKOH SHEPTUM MOXKHO NONOHTH IBYMH pasivu-
HpIMH yTAMH. IIpyu MakpoCKOIMMYIECKOM MOAXO0ME JOCTATOYHO OTPAHHYUTHCS
HENOCPEACTBEHHO HAOIIONACMbIMH DHEPTETHYECKHMH IPOLECCAMY, HE NPUHH-
Masd BO BHHMaHHME MEXaHH3MA STHX NPOLECCOB. VIMeHHO TaKHM IyTEM HIET
TEPMOIMHAMKKA, KOTOpas ofecneaupaeT TEOPETUYECKYIO OCHOBY NpH paipa-
GoTxe TennoBbIX HBUTaTelnel. A ONPENENEHHOIO YPOBHA PAKTHYECKHMX TpPe-
GoBaHMA TAKOM MOXXOM BIONHE YIOBIETBOPUTENEH.

Opnaxo bonee rmy6oxoe MOHMMaHUE NPOLECCOB IPEBPAIIEHHA SHEPTHH
BO3MOXKHO TOIBKO YIPY NPOHHKHOBEHUM B MHKPOMUP, T.6. IPH HCCIENOBAHIN
CBOMNCTB ATOMHBIX H MOJIEKYIAPHBIX CTPYKTYP, KOTOPbIE IEXKAT B OCHOBE ITPO-
LIECCOB BOBHUKHOBEHHS W PA3IPHIBA XUMHUYECKMX CBA3EH. DTHMH BOMPOCAMH
3aHMMAETCH HAYKA O CTPOEHHMM BEUIECTBA, B YACTHOCTH aToMHas QM3AKA M
KBaHTOBaA Teopus. CTPYKTYpa ATOMOB H MOIEKYI UPe3BLIYAHHO CIIOXKHA, HO-
3TOMY YIpPOILEHHOE NPENCTaBIIEHHE O Hell (XOTA OHO H BO3IMOXHO) BecbMa
rpybo orpaxaer nefcrBuTeNbHOCTE. IloNyYeHHbIC HA OCHOBE TAKOrO Npeld-
CTABJIEHMA PE3YNbTATH! YaCTO HELOCTATOYHO XOPOLIO COTNACYIOTCH € IKCIe-
PHMEHTANILHBIMH JIAHHBIMH, CIEIOBATENLHO, HX TPHMEHEHHE HA NPAKTHKE
BECbMa orpaHuieno. Jansuetuee PA3BUTHE HAyKH norpeboBano paspaGorku
Teopuii, BOllEe TOYHO OTPAXAIOIMX NEHCTBHTIENLHOCTh, & NMO3TOMY Gonee
CHOXHBIX ¥ TOPA3fo MeHee HArmAmHbix. Taxoll Teopuel sBIseTCA KBAHTOBAS
TEOPHA (KBAHTOBAA MEXAHUKA M KBAHTOBAA XMMHS), HIyUaIomas CTPyKTYpy
TIPEBPALIEHHUI ATOMOB ¥ MOJNEKYIL. DTa TEOPHS JHIIEHA HATHANSOCTH, OHA 3a-
HHM2ETCA CKPBHITHIMH ARNEHMMAMU NIPHPOILI, HUTIE HENOCPENCTBEHHO HE BCTPE-
YAOUMMAICS, KOTOPBIE HE BOCTIPHHUMAIOTCA HAIKHMH OPrasaMH YyBCTB.
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Xumuueckue Chgsy H XUMHYSCKAA OHEpIrus

IIpn o6pasopaHuH XUMHYECKHX CBA3EH MEXIy aToMaMy ocBoboxaaercs
3Heprus. OTa sHeprus B 60JIb1HHHCTBe CIYYAEB BBIAENAETCA B BHIE TeNIa, HO
IPH OTIPENENEHHBIX YCIOBHAX MOXHO GOMbUIYIO YACTh OCBOGOXAATOMEeHcs X1
MHYECKOH 3HEPIMH NepeBecTH B paboty. JpyruMu clioBaMH, MeXIy ATOMaMM
BO3ZHHUKACT CHIIA XUMUUECKOTO MPUTSKEHKA, KOTOpad NpH o6paaonauuu XH-
MMYECKOR CBA3M MEKXY NBYMs aToMamM npoussomuT paboty. Ecmu, nampo-
THB, MBI XOTUM pasjelinTb 'yxce CBA3AHHbIC ATOMBI, PA30pPBaTh XHMMHYCCKYIO
CBA3b, TO H)’)KHO I‘lpOHBBCCTPl paﬁoTy, T.€. 3aTPATHTh SHCpI‘PlIO CJIC,I.IOBaTCJIb-
HO, CYMMapHas JHEPIUs JBYX OTAENbHbIX APYT OT JPYTa aTQMoB GoJibiue, YeM
SHEPrHs ABYX XHMMYECKH CBAZAHHBIX aTOMOB. PazHuLa 3TuX 3HEPTHil M ecTh
JHEPTHA CBA3M, IKBHBaJieHTHas Toi paboTe, KOTOPYI® HeoOXOMMMO 3aTpa-
THTEL, YTODbI pAa30PBATE XHMHYECKYIO CBA3b MEXAY IBYMS aTOMAaMH,

Jneprus CBSIN

JHepras, KOTopas Ha3bIBAETCH XHUMUYECKOH, - 3TO COBCTBEHHO 3HEp-
CHUS, BBIRENSIOUIAACH IIPH OOPA3OBAHMM XUMMUYECKHX CBA3EH B BelECTBAX,
ABIAIOWMXCH NPOIYKTAMH XMMAYECKOro NpeBpatieHus. ECTeCTBEHHO, YTO MO-
JIEKYJIH] HONBIIHHCTBA BEILECTB COCTOAT He M3 ABYX, @ K3 OONbIIEro KONUecT-
Ba ATOMOB; XHMMYECKas IHEPTUA TAKUX BELIECTB - CYMMa IHEPTHH - TEM BhILLE,
yeM GONBLIE YKCIO ATOMOB, BXOASLIMX B COCTAB MOJNEKYJbI, H TEM MEHBLIE,
yeM Gonbile CyMMa 3HEPIMH CBAZH 3TUX ATOMOB.

DHEprus CBA3aHHOTO COCTOSHMA KAXHOHW Napbl aTOMOB MeHblue, YeM
3Heprus cBOOOIHOTO cocTosHMA. B Monexyne, cocrosuieil 6onee yeM H3 ABYX
ATOMOR, SHEPTUS CBA3Y [IBYX &TOMOB 3aBHCHT HE TOIBKO OT CBOHCTB 9THX
ATOMOB, HO M OT CBOMCTB OCTaJIbHBIX ATOMOB M MX TOJOXEHHA B MOJEKYNeE.
JBa OZMHAKOBBLIX AaTOMa B PA3IH4YHbIX COEAHHEHMAX MOTYT DbITh NMO-pasHo-
MY CBA3AHb! JPYT C OpYroM (Hanpumep, OIHO-, ABYX- MIIH TPEXBAJIEHTHLIMU
cBi3Aamu). Tak, B ciyyae OXHHAPHOH CBS3M ATOMOB YIIIEPOAA M KMCHOPOJA
(C-O) aneprus cBsasu Ec = 85 xxan/mMons, a B cioyvae ﬂBOﬁHOﬁ caszm (C=0)
Ecs =180 kxan/mons:

OHeprueil ca3u OONANAIOT He TONBKO COGOMHEHMA, HO H XUMNYSCKHE
3TeMEHTB], TIOCKONBKY XMMHYECKOE NPHTAXKCHHE MOXKET ACHCTBOBATL TAKMKE
MEXTY ORMHAKOBBIMM aTOMAMH. B 36MHBIX YCHOBHAX GOJLLIMHCTBO 3JIEMEH-
TOB CyWECTBYET HE B BHIE H3OJMPOBAHHBIX ATOMOB, 4 B BUJE ABYX- HIH MHO-
roaTOMHBIX MOIEKYL B HEKOTOPhIX BEUIECTBAX, HAXOJAUMXCA B TREPHOM HIIH
KHAKOM arperaTHOM COCTOAHMH, BOZMOXHO CYLIECTBOBAHHE XHUMHYECKHX CBS-
3eit Mexy aTomMamu 6e3 o6pasoBaHHA MOIMeEKyI (TaK, IHEPrUs CBI3M. MEXIY
aTOMaMu YIIepoaa paBHA 85 KKAI/MONb HA XaXIYIO ¢BA3b). JIMWE HEMHOIHE
BEIIECTBA COCTOAT U3 OTAENBHBIX ATOMOB (HATpHMeEp Mapbl METAINOB WIIM
MHEPTHEIE I'a3kl), KNCIOPOJ, a30T U BOAOPOX 0Bpa3syioT ABYXATOMHbIE MOJIE-
KyIbl, IAE JBa OJMHAKOBLIX aTOMA OBJANAX0T 3HAUMTENLHON IHEPrui CBA3M:
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02-Ex=96 xxan/mons; N2-Ee=226 Kanrlmom Hz-Ew=104,2 KKA/MOIb.
Takum oﬁpa;aom, XHMHYecKas CBA3L MEXAY JBYMA ONUHAKOBBIMM HITH Pa3-
THYHLIMA aTOMaMH 06pasyeTcs B TOM Clydae, eClid [IPH 9TOM CTAGMIBHOCTS MX
BHEIIHHEX 37eKTPOHHEIX 000NOYEK YBEIMYHBAETCH, & X IHEPTHA YMEHbIIACTCS.
OcBo6oXaAIOIMASCA 3MECh IHEPTUA HA3LIBAETCH DHEPrHeil XUMHUYECKOH CRA3M.
Bonpockl XHMHYECKOH CBA3M PACCMATPHBAIOTCA B KBAHTOBOH XHMMH, KOTO-
past NO3BONAET B OTHOCHTENBHO IMPOCTBIX (IyYasX YCTAHOBHTb, KAKME aTOMBI H
TPH KAKKX YCHOBHAX MOLYT 06pa3oBbIBATL XHMHYECKYIO CBA3b, KaKas TIDH 3TOM
BLIIENACTCA SHEPTHA, KakoBa cIPYKTYPa BHOBb 06pa30BaHHOI MONEKYIIEL.

§7. OCBOBO)ICIIEHHE 151 HPEBPA[HEHI/IE XI/IMI/I‘IECI{OK
BHEPI'PIH

Ecnu H3BECTHBI COCTaB M CTPYKTYPA COSNHUHEHNS, CBONHCTBA COCTABIRIOIINX
€r0 aTOMOB, KAKHM 06pa3soM 3TH ATOMBI CBA3aHbI Mexny coboif u xaxas suep-
'Sl COOTBETCTBYET PasIMYHbIM CBAIAM, TO MOXKHO BLIYHCIATL CYMMY BCEX 3HED-
THA CBA3Y, T.C. KOIIHYECCTBO XHMH‘ICGKOH JHCPIvH Ha 1 ‘MOIIb DaHHOTO BEIUECThA.

Kaxkue pewiecTsa MOXKHO PACCMATPUBATE KaK JHEPrOHOCHTENNH?

XuMuueckas IHEPrus MOXKET GbITh IpeBpalleHa B Tenno, B paGoTy HIX B
JIpyrof BHI DHEPTHH TOJBKO ¢ NMOMOINBIO XHMHUecKol peaxuuH. Eciu mpo-
IYKThI MIPEBPAIIEHNS COMEPHKAT MeHbIIE XMMUYECKON IHEPTHH, YeM UCXOIHBIC
BELNECTRA, TO PEAKUMA MIET C BLIASTEHHEM Hepruu. IIpUroxHoCTh BENECTBA
JIA NIPOM3BOLCTBA JHCPIHK 3aBHUCHT OT TOr0, K KaKHM npenpameHHaM OHO
cniocobxo. [IpoBeneM aHATOrHIO ¢ MPOUECCOM MCITOJIL3ORAHMA 3HEPTHH BOIbI.
B xaxzmoMm o3epe Wi APYroM BoJOeMe BOxa 00Ianaer moTeHUHANLHON 3Hep-
ruei, BeTHYMHA KOTOPO#H, OTHECEHHas, HAIIPHMED K | KI' BOJbI, 3aBHCHT OT TO-
ro, Ha XaKOH BLICOTE 3Ta BOA4 HaXomgHuTcd. OOHAKO TONBKO BRICOTA CLIe HH-
Yero He FOBOPHUT O TOM, MOMHO JIH 3TY 3HCPIHIO BOILL HCIONBLIOBATL MIA MO~
yYeHHs BMEKTPOIHEPTHH Ha ruaposnekTpocranuny. Econ nanpuMep o3epo,
Haxouseeca Ha BeicoTe 500 M Haj YyPOBHEM MOPA, OXPYXEHO CO BCEX CTOPOM
BBICOKHMH OTBECHBIMH CKalaMM MM OONBLIMMI MIIOCKOTOPBAMHE M HET HHKA-
KOH BO3MOXHOCTH OTBECTH 3TY BoAy Ha Golee HH3KHI YypOBEHB, TO €€ NOTEH-
NMATbHAK 3HEPTHA NPaKTHYeCcKM He MoXxeT GuiTh ucnonszopaxa. Ho ecnn
BOIM3M TAKOr'O 03Epa MMEETCH MECTO, Nexalee HECKONILKO HIDKE, KyJa MOXeT
6LiTe OTBENEHA BOJA, TO PA3HMIY B NOTEHLMANLHOM 3HEPrUM Ha 3THX ABYX
YPOBHAX MOXHO YIPEBPATHTL B APYroi BUJ SHEPIHH, cnenona'rcnbuo HCNOTh-
30BaTh BOIY 3TOTO 03€pa UL NPON3BOJCTBA IHEPTHM.

TaxuM oBpasom, 4ToGbl CyaUTH O TOM, MOXKHO JIH JaHHOE BELECTBO pac-
CMATPHBATh KaK-IHEPrOHOCHUTENb, HELOCTATOYHO 3HATH TONLKO XHMHYECKYIO
SHEPTHUIO, CONEPKALNYIOCA B BemiecTne (2Hepriio ceg3m). B ucxogHoM cocton-
HUM XHMHYECKAst JHEPrUA INs HAC TaK Xke Hecrmonesna, Kak H NOTeHIMANLHAA
SHEPrus noxosuuelics B osepe Boabl. Heo6xonuMo 3HATH, BOIMOXHO JIB NIPH
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J2HHBIX YCIIOBHAX TAKOE XHMHYECKOE NpeBpallieHi e, IPH KOTOPOM KOHEYHbIH
npoaykr Gyner sHepreTHuécku Gonee GenHbIM, ueM HcXopubii. Hanpumep,
9HEPrus cBA3M yriexucioro raza COz uiau azora N2 cOCTaBIAET COOTBETCT-
BeHHO 360 1 226 xkan/MoNb, HO HY ORMH M3 5THX Ia3oB HENb3A PACCMATPH-
BaTh KaK SHEPTOHOCHTEIH, TAK XAk Ha 36Mie B €CTECTBEHHBIX YCIOBHAX He-
BO3MOXHO OCYIECTBHTL TAKOW NpOLECC ¢ HX YYacTHEM, KOHEYHBIH MpOIyKT
KOTOPOTo ObLI 651 9HEPreTHIecKH Gollee OEIHAIM BEIIECTBOM, YeM HAHHbIE HC-
XomHble mpoaykThl. Hanporus, yrnepons v MeraH (BaxcHeHmud xoMrioHeHT
TIPUPOIHOTO TA3a) - 3TO SHEPrOHOCHTENH, KOTOPbie HAXOAAT NMPAKTHYECKOS
TIPUMEHEHNE, MOCKONEKY NIPM OKHCIEHHH CBEPXCOOTBETCTBYIOIIHX 3THM CO-
efuHeHuaM dHepruit casu (170 u 396 xxan/Monk COOTBETCTBEHHO) JOIOIHM-
TENLHO OCBOBOXIAETCH YacTh co,txcp;xamcncx B HUX XHMHYECKOH 3Heprun (c
GOIII:HIGH sHepruei cnaau)

C + 02— CO2 CH4 + 202 —»CO2 + 2H20
170xxan 96xkanm 360xxan 396 192 360 - 440

" Mtak, B 1 mone COz 3Heprx«m CBAIH Ha 94 xxan Gom:me 4eM B 2 MoJje yr-
JIEpona M 1 MONE KHCIOPOJA; 3TA Pa3HOCTh €CTh XMMHYECKAA IHEPTHA, BEI-
ceoboxnaomancs py cropanus. B | mome COzu 2 momsax H20 cymma anep-
it cBa3m Ha 212 xKkan Gonelue, yem B 1 MoJe MeTaHa ¥ 2 MOJIIX KHCIIOPOJa.
DTa pa3HOCTE H €CTh MTOE3HAL XMMUHEECKAs SHEPTHA, IoydaeMas npH cropa-
HHH MeTaHa. JToCKOMBXY 3TH NPOLECCH COBEPIIAIOTCA TIPH OYEHD NPOCTHIX YC-
nonusx, 1o 1 C 1 CH ABIIOTCA SHEPrOHOCHTENAMM.

" CKOpOCTH NPONECCOB, WIYIIHX ¢ BHICBOGONK ICHUEM dHEpPrHi

CylnecTByeT. eme OfHO TpeboBaHHe K 3HEPTOHOCHTENAM: MPOUECE, Hy-
il ¢ BBIIETEHHEM TEMIA MPH JIETKOOCYIECTBIAEMBIX YCIOBAAX (MHOr4 MO~
Clie COOTBETCTBYIOMIEro Bo3CYx/enus), NOIKEH MPOTEKATh € JLOCTATOUHO
GonbIoii ckopocTEIO. TIpU OUEHE MEUIEHHBIX HPOLECCAX B CAMHMLY BpPeMeHM
BBIJEIAETCA TAK MAJIO 3HEPrHH, UTO OHA MPAKTHYecKH He MoXxer Gbirh Hc-
none3osana. Tak, HanpuMep, H3BECTHO, 4TO YroJk cnabo rpeer, ecid B neun
OH MEZJIEHHO TOPMT, TAK KAK TEUIO CLOPAHHS, ONY44eMOe B eAHHHULY BpeMe-
HH, yCTieBaeT YATH Uuepes ALIMOXOM HITH CTEHE, He oborpee xoMHarel. OxHaxo
CITAIIKOM YCKOPEHHBIH npouecc B Gonbmnucme CIIy4aeB TAKXKe HexenaTelleH,
TAK KdK B 9TOM CAydYae TEMIIEPATYpa NOBbILAETCA GONbINe, YeM 310 Heobxo-
EUMO,- TIOSBNACTCS ONAcHOCTh B3phiBa. Takum oOpa3oM, cKOPOCTH NpoOLEC-

/COB, B XONE KOTOPEIX BHIZIENAETCSH IHEPTHA, JOJDKHA XOPOILO PEryIHPOBATLCA.

Xopomo peryaupyeMbie OKHGIHTENIBHbIE .POLECCH, IOCTABIAIOLING
3HEPTHIO, NPOTEKAYOT, HAIPHMED B XKHBBIX OPraHM3MaX. 3eck TONLKO YacTh
XMMHYECKOH 9HePTHW NPEBPAIIACTCS B TEIUIO, YACTh NPOM3BORMT paboty, 3Ha-
YHTENBHAS XKe YACTE HIET Ha nocTpoerue Gonee CNOXKHBIX coeauHeduli, copep-
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Halux Gonbiue 3HEPTUY, YeM UCXOAHLIE BeniecTaa. TaK BOIHUKAOT' Heoﬁxo-
IaMBle 11 ©6eCedeHHS KUBHEHHBIX dysxumit pasHoofpasHeIe COCAUHEHNA,
IHEPrETHIECKH Bonee. Gorarele, yeM HEMOCPEACTBEHHO O0ODPA3IYIOMMECH MO
BO3NEHCTBEEM CONHETHOTO CBETA YIIEBOLI (ITHOKO3A HIH xcpaxman) Jyqura-
MH PEryTOPAMH [POLECCOB NIPOM3BOACTBA IHEPIHMH ABIAFOTCA KaTAIH3aTO
PBl. B 3KHBBIX OpraHH3Max HX pPojtb BHUIONHAOT SH3HMBI H (epmenTDI.

PeatoMHpYs MOXHO CK&3aTh, YTO SHEPIHA, 3AKIOUEHHAR B XMMHYECKHX
COEIMHEHHUSX W 3JIEMEHTAX, 0CBOGOXTAETCA B XUMHYECKHX peakuusax npu ob-
PasoBaHHM MEKATOMHBIX CBA3CH - B MPOMYKTAX 3THX peakiMii H wacTHyHo (32
BLIYETOM MEXATOMHBIX CBA3EH HCXOIHBIX BGHJCCTB) moxer GbiTh DpEBpallcHa
B IPYTHE BUABI SHEPIHU. '

Ecam MBI IIPOCTO CKHTaeM SHEPrOHOCHTEIH, TO TOYTH BCE KONHYECTBO
0cBOBOIMBIIEHCH XHMHUIECKOH SHEPIMH  NPEBPALIAETCH B TEIO, HAyllee Ha
HarpesaHue OKpyxalomei cpefibt. II0MyYeHHYIO TEMIOBYIO HEPTHIO MOXHO
Da3YHBIMH CIOCOGAMU IPEBPATHTE B APYTHeE, HYXKHbic HAM BUABI SHEPIHH.
Onnaxo B paze cyuas ocBOGOKIAIOMAACH XMMHYECKas 3HEpruA npenpamaeT—
c4 B IpyrHe BUILI HEIIOCPEACTBEHHO, €3 npomexyToyHol cTamun tenna. Ha-
NpUMep, B TabBAHUIECKHX DNEMEHTAX SJICKTPHYCCKAN SHEPIHA NpAMO oIy~
YaeTcs M3 XMMHYCCKOM; B NMpoleccax, CONPOBONAAIOIMXCE XUMHYeckOH 00~
MHHECHEHIMEH, YacTh XMMMYECKOR 3HEPIUH HENOCPENCTBEHHO npeodpasyercs
B SHEPTHIO ONITHYECKOTO H3IYYEHHA; B XKMBLIX OPTaHH3MAX YACTH SHEPTHH, OC-
Bo6oXaroLelica IPU pacnaje Pa3mUIHEIX nexuecrn HCONb3yercs I CHHTe-
3a anepre'rullecxu Gonee GoraTeIx COENUHEHMI. ,

Ilpu 06BIMHOM NONXYyYEHHH IHEPTHUH BHE JXKHBBIX OPraHU3MOB (NipH rope-
HUM) XHMHYECKAsA SHEPrHsA NOYTH NOJHOCTBIO MPEBPALLAETCA B TEIIO - HUKA-
Kag paboTa HenOCPEACTBEHHO HE NPOM3BOANTCA. Takoe noIoXKeHMe NpHeMIle-
MO JIHIIL B TOM Cly4ae, KOTAa UCIONLIYeTCd IHEPrud IS OTONNeHUs, HO He
TOIM&, KOTZa B3 3TOr'0 HCTOYHMKA HYXKHO ITONYYUTh APYroi B SHEPTHH: Me-
XaHHYECKYIO, FIEKTPHYECKYIO, CBETOBYIO M T.JI. TaKuM 0Bpa3oM, HEMOCPENCT-
BEHHOE MpEBpPAIlEHHE XHMHYECKOH SHEPIMH B MICKTPHUCCKYIO - 3ajada nep-
BOCTENCHHOM BaXHOCTH. Takoe NpeBpaliesHine MOXHO OCYIIECTBUTh B IallbBa-
HMYECKHMX 3TeMeHTax. OXHaxo MaTepualbl, HeOOXOMUMEBIE I W3BECTHEIX B
HACTOALIEE BPEMA, HANEKHO PabOTAIOHX raTsBAHHYECKHX INEMEHTOB CIHIL-
KOM HOpOrH,YToOBI MCIIONB30BATh 3TH 3JIEMEHThI B IIMPOKHX MaciuTabax B
Ka4€CTBE MCTOYHHKOB 3HEPTHM. B HACTOsIIEe BPEeMs BECEMa HHTEHCHBHO NIpo-
BOJATCH MCCHESOBAHMA ¢ LENLIO CO3MABNA HAALKHLIX B 3KCIULyaTALUM TAbLBA-
HUHYECKMX SNIEMEHTOB (TaK HA3h(BAEMbIX TOINIMBHEIX BJIEMEHTOB), B KOTODLIX
HCTIONL30BATHCH Gbl 2HEPTOHOCHTENH, MMEIOIIMECS B IOCTATOYHOM KOJIHYECTBE.

§ 8. IOYEMY XMMITYECKAS SHEPT A HE
BBEICBOBOXKIAETCH CAMA COBOI?

TToyeMy XMMUYECKHE MPOLECCH, MAYLIME ¢ OBpa3OBaHMEM DHEPIETHYECKH
Gonee GeNHBIX COENUHEHM, NPOTEKAIOT HE CAMONIPOM3BONBHO, & TONLKO NOCHE
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COOTBETCTBYFOIIErO BO36YXIEHIA HIIM B NPUCYTCTBHH KaTammsaTopos? [Touemy
NPH OOLIYHBIX YCIOBHAX KHCIOPOX H BOXOPOJ CAMONPOM3BOLHO He 06pasyior
BOMY, & a30T H BOAOPOX - aMMHax? OTBETHl Ha 3TH BOIIPOCK! CBA3AHMI ¢ ONHO
13 GYHIAMERTANLHBIX TPOGIIEM HE TONLKO XHMHKH, HO H BCei JKHBOI IPHpOABI.

Kaxue coempsenns craGuannni?

Ecmm 611 MBI paccMaTpHBANM Tella TOMLKO ¢ SHEPreTHIECKOH (repmonn-
HaMHYeCKOH) TOUKH 3PEHHA, TO IPHILTH OBl K 3aKIIOYEHHIO, YTO B NPHpPONE
MOTYT CYINECTBOBATh JIMINL NPOCTEHINHE COCNHHEHM, KOTOpbie SHEepreTHYe-
cxu Haubomee craGunLHLL, B HEliCTBUTENbHOCTH 3TO HE TAK: CYLIECTBYIOT MHJI-
ITHOHbI COENMHEHNH, DONBITMHCTBO H3 KOTOPHIX IHEPreTHUECKH GOraThl, A Clie-
TOBATENLHO, 3HEpreTHdeckH HecrabumbHpl. Taxum o6pazom, oxHa TONLKO
SHEPreTHYECKan CTAGMIBHOCTD eme He OOBACHSET, IOYEMyY CYMIECTRYIOT pas-
JM4HbIE XMMHYECKHE BEMIECTBA M BCK XKHBASA NPRIPOLA.

OHepreTHUecKas CTabUIBHOCTL YKA3BIBACT JIMIUb HA BO3MOXKHOCTS T1po-
[ecca MpeBpalieHns, HO HHYEro He TOBOPHT O TOM, MPOM3OHIET JH OHO B
JefCTBUTEEHOCTH H KAaKOBA CKOPOCTb 5TOTO NPOLecca.

. DHEPrus AKTHRALMH

Ipexme Bcero paccMOTPUM ONUH npuMep H3 mexanukH. Fmeores tpu
Tea ¢ ONMHAKOBOH MAcCCO# m, HO pa3THuHOM GOPMBI (PHC.3) ¢ LEHTPAMH TH-

Dol <m0 on
o L deencesnus snepramisveoo opolevecm

" AN o . . . L N e
i < cmgy < omghy
o Seeswvanus winemuserod yomibiusocms

Pae. 3. Coaze Mexny norennmanenoll speprueil rena u ero yeTolunmocTs1o,
JKECTH §, PACIIONONKEHHBIMH Ha Pa3NMIHON BLICOTe OT o6meH omopHoi noc-
xocTH. Bee TpH Tena MOXHO ONPOKHHYTH TAK, ¥TO MPH JAHHBIX YCIOBMAX HMX

LEHTD TSDKECTH 3ajiMeT HauHH3mIEee onokeHue. C TOYKM 3PEHHS NOTEHIHA T b-
HOMf JHeprun Haubomee cTabMIbHBIM GYNET COCTOAHME TeNa, obnagaromero
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HauMeHblueH noTeHuHanbHol sneprueid (En), HeHTp TaKecTH KOTOpPOro pac-
MOJIOXKEH HHXE, yeM y Zpyrux. [loTeHuMansHas sueprus 3THX TPeX Ten yBe-
NMYMBAETCS B CHEAYIOWElH nocnenopaTenmsuocTH: mghy < mgha < mghs (toe g-
YCKOPEHHE CHIIBI TKeCTH; hi, h2, hs-HaMenenye BbICOTE! UeHTPA TAKECTH NPH
onpoxuasBanny Tex 1,2, 3 COOTBETCTBEHHO). ECIH HeXoauTs U3 YUCTO IHEpre-
THYECKHX COOTHOIUEHUH, TO CaMbIM CTABUIIBHBIM HOIDKHO BbiTH TENO L. OxHa-
KO JJaXe ¢ [IepBoro B3rJMia BHIAHO, YTO €ro IOJI0XKeHHe HAHMEHEE YCTOMYHBO.
Jaxe ecmt HaMm YHACTCA MOCTABMTL €I0 B MOJONCHHE, uao6paxeHHoe Ha
puc.3, To yXKe NpH ManeiiiueM co-rpace}mn OHO YNAJEeT, TaK KAK er'0 LUEHTD TH-
ECTH HAYMHACT ONYCKATHCA, 8 MOTCHUHANLHAA SHEPIMA COOTBETCTBEHHO
ymemma’mcx I'Io*reﬂuuanmaa sHeprus Tena 2 Gonvine, yem Tela 1, Ho ero
nonoxeHue Gonee YCTONYHBO U3-32 HANHWYMA TIOLCTABKH H, yTOOBI NPUBECTH
TENO 2'B HAKJIOHHOE NOTOXEHHE, HANO CHAYANA MONHAThL UEHTP THKECTH Ha
BBICOTY hz, coaepmvm paboty mghz Ipu ONPOKNJIBIBAHAM TeN@ €rO USHTP TA-
XKECTH OTIHCHIBAET HEKOTOPYIO TPAEKTOPHIO, H TeJO HAYMHAET NAlaTh CaMo,
KAK TONBKO HEHTP TAKECTH NPONHIET BHICIIYIO TOUKY TpackTopHH. [IpH sTom
ocBOGOXMaeTCs MOTeHUHANbHAS sHepria mg(ha+hz), Ho MOCKOMBXY BHATAjE
Obua yxe 3aTpadena 3Heprus mghy, To B KOHEYHOM HMTOre IOTEHUHANbLHAN
3HEPIUA TeMA YMEHbINAETCA TONBKO HA BenuunHy mg(hathy) - mghe = mgho;
CHETOBATENLHO, B APYTHE BHOBI MEPEXOMUT HMEHHO 3TO KONHYECTRO IHEPruH,
Eme Gosee yero#umso Teno 3, MOCKONLKY JUIS ErO ONPOXMILIBAHMA Heobxo-
RMMO 3aTPATHTE SHEPIHIO mghs .

“TakuMm 06pa3oM, IS TOro 4ToBE ONPOKHHYTh Tena 2 1 3, HeobXxommmo
BHAYaJIe UX "aKTHBHPOBATH", 3aTPATHB Ha 3TO HEKOTOPYIO SHEPTHIO, IHEPTHIO
axruBanmy Ea= mgh?' nmu mghsy'. O;maxo 3TA SHEPTMS HYXKHA TONLKO BPEMeH-
no. ITocne Toro xax Ml MOXHHMEM LIEHTP TAKECTH HA HYXHYIO BBICOTY M lpH-
BCIEM TENO B AKTHBUPOBAHHOE COCTOSHHE, YHEPTUA AKTHBALIHH BBIJCIHTCA
00paTHO NPH ONYCKAHMA LEHTPA THKECTH X0 BricoThl hy nim hs. Tonsxo no-
clle 3TOTO HAYHET BBLIENATHCA 3HEPrHd, 0OYCIOBIIEHHAS Pa3HOCTLIO SHEpruii
HAYaNLHOTO H KOHEYHoro coctoaumit. H3 atoro npuMepa BuaHO, uTo "KuHe-
THYeCKas" cTabUILHOCTh COCTOAHMA 3@BUCHT HE CTONBKO OT MOTEHUMATLHON
SHEPTHH TeNa, COOTBETCTBYIOUIEH 3TOMY COCTOAHMIO, CKONBEKO OT BEIHYHHE]
IHEPrHU AKTHBAUMM,

[TpuBenesnsIl NpHMep MOMOTAeT NOHATS, NOYEMY He HPOHCXOIUT CaMo-
MpeBpalteHuii Bo BCEX BEIIECTBAX, KOTOPbIE CIOCOGHBI K TAKMM TIPeBpalleHy-
M € TOUKM 3PeHMA 3anacenHolt (NoTeHuNanbHOR) xuMudeckoif anepruu, Xors
B PE3YNHTATE NPEBPAICHHS IHEPTeTHIECKH HeCTADMILHBIX COSXMHEHMH B cTa-
OUIbHLIE BLIIENACTCA HEPrHS, HO C HAYANa ITOTO INPOLEcca COOTBETCTBYIO-
JLMe BEemecTBA HEOOXOMUMO aKTHBMPOBATh, 3ATPATHE HA 3TO OMNMpPeleNeHHyIo
3HEPrHIO aKTHBALMM, KOTOpPAd, OHAKO, HE YUUTHIBAETCH B CYMMAPHOM 3HeEp-
reTHdeckOM HamaHce nmpouecca.

B xayecTBe OTHOCHTEIILHO NIPOCTOTO NPHMEPA PACCMOTPHM Boxee moa-
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po6HO 06pasoBaHKe CONSHOM KMCTOTH M3 BOXOPOAA U XIOpa:
Hz + Cla —» 2HCI + 44 kxan. ‘

B naHBOM mpolecce BEIACIAIOTCA 44 KKaI :éHepruu DO3TOMY 2 MONs CO-
TAHOM KHCIOTE! CTAbHNbHEE, YeM cMech | Mot razoo6pasHoro Bogopoxa u 1
MOJIA ra3oo6pasHoro xiopa. HBCMOTP}I Ha 9T0, B TEMHOTe TAKOH Ipouecc He
uner. O6pasoBaiiMe CONMHOM KHCTOTHI, KaK  Jio6oH mpyroit xuMmyeckuii
[pOLeCe, NPOUCKOINT ¢ MEPErpyNIMpPOBKOi aTOMOB U ¢ M3IMEHEHHEM CBsA3ei
MEXZY HIMH. B HMCXOJIHBIX Bemccmax (momexynax H u Cl) xumuuecku cas-
| "t . - | JAHHBIC ATOMEI JOIDKHbBL OTHENMTLCS JIPYT OT

e *2'61)- .. npyra, 4yT00bl 3aTEM COEHHHHTBCA MO-TPYro-

g © 01 My M OBPA30BATE MPOAYKT PeaKUyH (B HALEM
cyuyae COMAHYIC KHcHoTy). Yrobel Tako#
[ MPOLECC CTAI BOIMONKEH, JOJLKHBL ObiTh paso-

| PBaHBI MM 1O Kpaitneil Mepe ocnabienst cos-
i 31 MEeXOy aTOMaMH BO ‘BIANMONEHCTBYIOUMX
. MoleKynax, ans yero Tpebyercs aHeprus ak-
" thBauuy. ECIM NpesnoNoXuTh, YTo IS 06-
| pazoBaHMA cONAHON KUCHOTBI HEoOXOaUMO
PAmIOKHUTL Ha ATOMBI MOIEKYJIY XJIOpa, TO
noTpebyerca 57 Kxan sHeprvM B cixyvae Ha -
103 xxan. CroBoaHBIE ATOMBI MOTYT TaK pac-
[OJaraThca BOKpYr Moyiekynsl Hz, uro on-
Prc, 4. DnepreTnueckue cooTHomenns HOBDEMEHHO - ¢ obpazoBaHuem cBasedl H-Cl
npu oGpasomaunk conanoll kuciotel.  GyAyT pa3puiBaThes cBasu H-H W npu atom
- o6pazossisarsca Monexynsi H-Cl Ha puc. 4

CXeMaTHYECKH npencmnenm 3TH 3HepreTHyeckne cooTHowenna. Jns npuse-
NEHHA CHCTeMBbl B aKTHBHPOBAHHOE COCTOAHHE, HMeollee dHepruio 217 kkan
(Hz2+2Cl),. HeoOxopumo x XMMHYecKOH aeprun (3HepTHu cBA3M) B 160 xkan,
cooTeTcTRyIomEl cocToanuio Ha+Cla, m06aBuTh M3 BHELUHEro HCTOYHMKA
eme 57 xxan. NomBeACHHOI HEPIrHM aKTHBALMH H 44 KKal B BHAE TEMIOTHI.
OTa mocHeIHAA BETHYMHA M eCTh PA3HULA YHEPrHH MEXIY KOHEUHBIM COCTON-
HueM 2HCI u HavanbHBIM cocTosiHueM Ha+Cla. IlpuBeneHHas cxeMa ACHO mo-
Ka3bIBAET, [I0YEeMy Hepexod B Gomee crabUNBLHOE COCTOAHHME HE NPOUCXOAUT
CaMONpPOHU3BONEHO. Bexte st 97010 CIEAyET [IOIBECTH M3 XAKOr0-MG0 BHEI-
HErO MCTOYHHKA 3HEPTHIO AKTHBallnH. BO3HMKAET BONPOC, OTKYAAZ MOXET
6uiTh nonchﬂa 9HEpPrud, Heob6xoxumas And aKTUBALEK nponecca obpasona-
HHSA CONAHOM KHCIOTHL B TemuoTe U npu xoMHATHOH TeMnepatype H u Cl ne
BCTYNAIOT B PEAKNMIO ¢ 06pa30BAHNEM CONAHOM KUCHOTHI. ITO CBAACTENLCT-
BYET O TOM, TO IHEPTHS, BEACIMOMAACH TPU CTONKHOBEHMM MOJEKYI, MCHb-
1€ 4eM 9HepruA akTUBauuu. Ho Npu BEICOKHX TeMIEPATYpaX Peakiys IpoTe-
XaeT oueHs GYpHO i Jaxe cO B3phiBoM. C MOBLINICHHEM TEMIEPATYPE! YBEIM-
YHBAETCH CPEOHAA CKOPOCTb JBIKEHMA MOJNEKYI M, CIEXOBATENEHO BO3PACTA-
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€T HX KHHETHYECKas IHEPIUs; IPK CTONKHOBEHMAX BRIZeNsercs Hopias SHep-
[HA, KOTOpas 3aTPAYMBACTCA HA PASPHIR MM OCTabeHHe XHMUYECKHX CBAZEHH.

Hrak, npu "06bIYHOM" XMMHUYECKOM COCOBE MOTYYEHHS CONTHON KHCIO-
Thl SHEPTHS AKTHBALMH YEPIACTCA H3 TEPMHYECKOM 3HEPrHH MONEKY N (TepMM-
yeckas akTupanui). TaxHe XHMHYECKHE NPEBPAIIEHHS HA3LIBAIOTCH: Tepmwxe-'
CKHMH PEaKIIHAMM.

- DKCIIEPHMEHT MOKA3BIBAET, YTO 3TO HE ezmucmeﬂﬂmii UCTOUHHK 9Hep-
THH aXTUBALMH.-AKTHBALMSA MOXET TIPOHCXOMUTDL TAKKe MO BO3HEHCTBHEM
CBETA, IPH PATHOAKTHBHOM OO/IYIeH Y, IMEKTPHUECKOM PAIPAAE H T.A.

Emm BO3IEHCTBOBATH HA XJOPOBOAOPOIHBIH rpemyqnﬁ Ta3 CBETOM Bbi-
COKOW YacTOTHI, TO ra3 B3OPBETCA [AXE NPHM KOMHATHO! TeMmepaTtype - ¢
GonbuIOl CKOPOCTHIO MPEBPATHTCA B CONAHYIO KHCIIOTY. DHEPrHg HOTOHOB ¢
A < 4785 A° nocraToyHa, YTOGBI IPEBBICHT IHEPIHIO dKTHBALMH, HEODXOHH-

MYI0 I8 06pazoBaHMs CONAHONIKUCIOTEI, BLI3BATEL peaxumo " nolmepxm-
BaTh ee.

Oﬁmue« YCOROBHSA TNPOTERAHAA XEMHUECKHX npoileccdi N

Kax npapuito, g Havana XMMHYECKOrO MPOLECCa HYKHA JHEPIHA aKTH-
BaUKH, MPUUYEM JAXe TOTHR, KO KOHEUHBIM Pe3yILTATOM Npouecca ABIsET-
c1 Oonpuioe KONMYECTBO OCBOOOXNeHHOH sHepruy. Braronaps sHeprus ax-
TUBALMM PA3PLIBAIOTCA (WM ocnaﬁmnorcn) XMMHYECKHE CBA3M, CYUIECTBYIO-
HIME MeXCIy ATOMaM¥ B HCXOJHOM BELIECTBE, H ATOMEI MOTYT MeperpynnHpo-
BaTLCH B COOTBETCTBHH ¢ XHMHYECKAMH npesBpaiyeHusmy. OcBoOOXIEHHbIE
aTOMBbl B Pe3yILTATE CTOMKHOBEHNA MOTYT COEIUHATHCS APYT ¢ APYroM H oB-
Pa3soBaTh CTPYKTYPY, COOTBETCTBYIOMIYIO IPOXYKTY PEAKUMH,

DHeprua akTasauuyu Eq, HeoGXomumas Ins BO3OYXKIEHUA peakuiH, KAK
y’Ke OTMEedaoch, He YYABCTBYET B OKOHYATEILHOM 3HEpreTHYeckoM Oasance
BCEro nmpouecca,

Karanus

KaranusaToph! - 3T0 BelecTBa, KOTOPHIE YCKOPAIOT XHMHYECKHE [IPOLeC-
Chbl, HE H3MEHAACH NIPH ITOM caMi. CyluecTsyer o4eHb HONBNIOE KOJIHYECTBO
TAKHX BEINECTB, ¥ OHU MIPAIOT HCKITIOYHTEILHO BAXHYIO POJb B PEryupoBa-
HHMHM DPONECCOB, NPOMCXONAILAX B HEOKHBOH M 0c0OEHHO XUBOH npUpoze.

OnBITHRIM NYTEM MOXHO YCTRHOBMTb, YTO KaTANHU3ATOPBI YMEHBIUAIOT
JHEPrHI0 AKTHMBALMH NPOLECCa M TEM CaMbIM YCKOpAIOT ero. JelicTBue TeEp-
IbIX KATAJM3ATOPOR OCHOBAHO INTABHLIM 06pazoM Ha TOM, YTO OHH CBA3BI-
BAIOT MOJEKYIH UCXOXHBIX BewecTs Ha cpoeH momepxHocT (amcopOupyroT
¥X), IPH 3TOM MOJEKYIBl TAK AEPOPMHPYIOTCH, YTO OCNAONAIOTCE Te CBA3M,
Pa3phiB KOTOPBIX Heobxoaum 1 xumHueckof peaximu. OnHako xaTanusa-
TOp OYLeT NeHCTBEHHBIM JIMIUL B TOM CJIyYae, KOTAA NPOAYKTH PEAKLHH He

'
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OCTAIOTCA CBA3AHHBIMHM HA €I'0 MOBEPXHOCTH, TAK KaK B MPOTHBHOM Ciyyae
310 6yHET NPENATCTBHEM. LTI ocna6nemm CBA3eH B pYrUx MOJEKYJaxX u, cie-
JIOBATEIILHO, A "HOATOTOBKH" K TIPOAIOIDKEHHIO PeaKLUA.

Ananomqna JDeHCTBYIOT ra3006pa3sHbIe Wil PacTBOPEHHBIC KATA/M3aTO-
pbl. Monexynsl KaTauu3aTopa BCTYNAOT B (Habyio CBA3b ¢ PeardpyiolyMu
MOJIEKYIIaMH, necl)opmupyx HX HACTONBKO, YTO B HHX OCIABIAIOTCH HMEHHO Te
CBA3H, XOTOPHIE IOIDKHBI GBITh PacclaGuens! s AAHHOH XUMUYeCKoH peax-
HHH. IIocne NPEBPALIEHMS TPOJYKTEI PeaKiuu Gombine He B3aNMOASHCTBYIOT
¢ KAaTaNH3aTOPOM; €r0 MOJEKYIbI CHOBA TOTOBbI K BBIIOJHEHHIO CBOCH PO
"nocpemuuxa”. Karanusarophl yekopsior "crapenue” (THHEHME, PA3NoKeHHe)
MHOTHX OPraHMYeckMX BeIecTB, B YACTHOCTH NMPOAYKTOB IHUTAHMA, YTO BO
MHOTMX CIIy4asX HeXeIaTelnbHO. ’

Hanpammmne neﬁc'mlm lcaTa.nuaaTopa

PasnHunble KATANH3ATOPEI NI0-PA3HOMY BOBJICPICTByIOT HA CBA3U B MOJe-
KyJIe, M COOTBETCTBEHHO MPOAYKTHI PEAKLIMH NONYYAI0TCH Pa3UyHbIMAU. TIpo-
cTefilMMY IPUMEPAaME 5TOTO CIYXKAT KATANMTHYECKHE PEaKiiHH PA3IONEHHS.
Hanpnuep, criupT IpH HArpeBaHHA B JIPHCYTCTBHHM KATRIH3aTOpa (OKMCH
Me'ra:ma) Tepner BOZY U NPEBPALIAETCH B ITHIIEH

CH3 - CH2- OH — CHz= CH; + H:0

cupT ] ITHICH Boza

B npucyTCTBUM K€ METAILTHYECKHX xa*ranmaropon CIIUPT TEPAET BOMO-
pox u obpaszyer KUCIOTY: -

CH: - CHz - OH - CHs - CHO + Hz

CIHPT VKCYC. KHCIL

"TaruM 06pa3oM, KATAM3ATOP HE TOILKO YCKOPAET XUMHYECKYIO peak-
(HI0, HO MOXKET TAXXKe ONPElEHTh e HANPABICHHUE,

Braronaps cBOeMYy BIHSHHIO HA XHMHYECKHE IIPOLECCH! KATAIU3ATOPHI MI-
paloT OYEHb BAXHYIO PONb KaK B NPHPOJE, Tak H B TexHuke, DYHKIHH XKHBbIX
OPraHH3MOB BO3MOXKHEI TONBLKO NPH BO3NEHCTBUM COOTBETCIBYIOWMX KaTannia-
TOpOB (OHOKATANIM3ATOPOB, IH3UMOB U (pepMenToB). BoNbIMHCTRBO NPOLECCOB B
" XMMHAYeCKOH MPOMBIIUIEHHOCTH TAKKE OCYIIECTRIIAETCA IPH YMACTHH KaTannsa-
TOPOB.

CrabunsHOCTDL BEllecTB

" Teneps U3BECTHO, YTO YCTOMYHBOCTD XMMUIECKUX COEIUHEHUM ¥ CKOPOCTD
X IIpeBpaIeHMit ONPEAENAIOTCA He HX XMMHYECKOH aHepriei, a iiaBHbIM 0bpa-
30M MX sHeprueil axkTtasauun (puc.5). CoenuuenHs ciGOnLIION XUMUYeCKOM
3Heprueii (TepMOIHHAMMYECKN MeHee cTabHNbHbIE) He 00x3aTeNbHO Oyuyr Me-
Hee YCTOMYMBBLIMM, YEM BEIIECTBA ¢ Manoi XxuMHYeckoi sHepruell (TepmMonuga-
MHUueckH Goliee crabunbHbie). BoiBaer, 4ro 3Heprus akTHUBALMHM COETMHEHMI,
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6oraTeix xaMuyeckoi sHepruel, ogers BeHKa, mo3TOMY OHM §OJIEE YCTOHYIMBEI,
4YeM MHOTHE BEIIECTBA C MATOH XMMHYECKOH SHEPTHel, HO Tpebyroye M1 CBo-
€ro PasNOKEHUA MEHLUIYIO IHEPTHIO AXTHBAUMH. DTO 06CTOATENLCTBO ALIAET
BO3MOXHBIM UIMTENLHOE  CYIIECTBOBAHHE MHIUTHOHOB coefuHenuit, oGpasyio-
LHXCH B XKHUBLIX OPTAHM3MAX HITH COINAPAEMBIX HCKYCCTBEHHO, XOTS nojaBIIAO-
1wee 5ONbLIMHCTBO 3THX COSNHHEHMY SHEPreTHyYecKy HecTabWILHO.

Bes 6ompimoro NpeyBeNMMYeHHA MOXHO YTBEPKIATH, UTO CyIeCTBOBAHUE
Beel JKMBOH TPHPOZIBI BO3MOXHO HMEHHO ‘BCTIEACTBHE OTHOCHTENBHO BBICOKOH
IHEPTHH AKTHBALMM PA3TIOKEHHS SHEPIETHYECKH HECTaGUIBHBIX COCMHEHHI
yraepopa. I3 Beex NPOAYKTOB MATAHUSA KUPbI oﬁnazxaxoT ‘HanGombLIeH XuMHYe-
CKOM 3HEpPrHei, OHAKO OHU OTHOCHTENBHO YCTOWYHBEI H coxpa}morca B Teye-
HHE MHOTHX MECSLEB, YTO 0OBACHACTCA HOCTATOMHO BbICOKOMN IHEPrUe aKTHRA-~
M OKMCIeHHs XKupoB. KoHeyHble npoayKThl OKHCTEHHA KHDOB - 3TO CO:u
H:0. Caxap obnanaer MeHbInel XMMHUECKOH 3HEpIiell # 3HAUMTENLHO GOMB-
nieif SHeprueil aKTHBALMM Pa3NOXKEHHS, NOITOMY OH Gornee: craGuneH, yeM KA.
H3BecTro, YTO caxap MOXET, HE PA3IArasch, XPAMHTHCS HEOTPAHHIEHHO JIONTOe
BpeMsa. XuMudeckas 3Hepruf Gemka NouTH He OTIMYACTCA OT IHCPIUH caxapa,
OJHAKO BENTOK HAMHOI'O CHIThHEE MOIBEPKEH PasioeHmio. FISBeCcTHO, YTo MACO
M MOJIOKO, COHEPXALIHe MHOTO Gelka, MOTYT, HE NIOPTACh, XPAHHTHCHA B 00~
HBIX YCTIOBHAX BCErO HECKOJLKO NHeH. DHEPris akTHBAUMHU PasioXKeHus Heika
ovenb Mana. B xuBbix opraHusMax caxap u Genox npx cnoeM OKHCIIEHHH IpO-
XOILAT Hepes pasIHyHble npomexcy'roqm,le CTARMH.

U

& 4
: Puc. 5. Coornomenue Mexny TemsroToi peax-
T 1 “wim (Q) M oneprueit axcrusammm (Ea):
. : 14 . .7 @a- B OTCYTCTRME KATATHIATOpa; G- MpM AANN-
. | Kowowwpe. UMM KATANHIATOPA, CHHEKAIOMIETO DHEPIHIO k-
,‘) L.J.wy. THBAUNY OT IHa%eHHs Ka Ao :umtlenml E%
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TJIABA II
TEILIO
§ 1. YTO TAKOE TEILIO?

. Xouon 1 TemIo - NOBCETHEBHO BCTPEMAIOIUMeEcs NOHTHA. Kaxaomy ns-
BECTHO, HANIPUMED, YTO TEMIO BHIAENALTCH, KOTKA CLOPACT YIONb WIM ek~
TPMUECKHUIA TOK MPOXOJMT Yepes HArpesaTellh yTiora. B 10 %e Bpemsa. Tenmo
obnapaer COBEpLIEHHO 0coBBIMM CBOHCTBAMY M HIPAET HCKITIOYHTEILEO BAX-
HYI0 PONb B HEXHBOH M XuBoit npupoae. IloaTOMy 3TO ABIEHHE CTOMT pac-
CMOTpETh Noxpobiee.

Yro xe, cobGcTBEHHO, npeacTaBaieT coboil temno? MHorue cronerma
3TOT BOTIPOC 3aHHMAN YueHbIX. B TeueHHe n0onroro BpeMeHM TeIIo paccMat-
PHBAIIM KK HEKYIO HEBECOMYIO KMIKOCTh (TernoBoil (IIoMa), KOTopas TeyeT

0T GoITee HArPETOro TElla K MEHEE HATPETOMY.

Tenno kak (opma 3Hepruu

Tom;xo B xoHue XVIII Bexa obpaTninM BHHMAHKE HA TO, YTO MeXaHHye-
ckas paboTa MOXET mpeppauiaThcs B Tenno. Hanpumep, npu paccrepaeHdu
CTBOJIOB NyLIEK BhIAENserca Tenno. B cepegnne XIX Bexa Ha OCHOBaHMHM pa3-
JTHUHBIX Habmomenuii Gwino YCTAHOBIEHO, YTO TEMIO ecTh OJMA U3 tdopm
IHEPTHH, A HE XAKAA-TO 0c00asf KHIAKOCTh; CNIEAOBATENbHO, 3AKOH COXPAHEHHA
¥ TIDEBPALUEHHS SHEPTHHU CIPABEIHB i TS TENNa: PYTHE BUIL! 9HEPIHU MO-
TYT NPEBPAATLCS B TEMIO M HA0BOPOT; TEIIO HE MOXET HH BO3HHKHYTh M3
HUYEro, HU MCYe3HYTh DeccnenqHo.

HITak, TeNuo €cTh OfMH MX BHIOB BHEPrMHM. YIMBHTENLHO, YTO TEruio
MOBCIOAY BO3HUKaET kak Obl camo no cebe, 6e3 NOCTOPOHHErO BMEILATENLCT-
Ba, a 3TO B PALE clyyaeB BechMa HexenaTenbHo. Korga kameHp NajaeT ¢ Bbi-
COTBI HA 3EMJIIO, YaCTh €ro KHHETHYECKOH IHEPrUM NePeXOLUT B TeNN0; eclu
MBI JBIDKEMCS NEIIKOM, TO KHHETHYECKas SHEPTHA BOIEACTBHE TPEHUA YaCTHY-
HO MEPEeXONT B TEJIO. B faMnax HaKanHBaHWA, MPEAHASHAYEHHBIX I OCBe-
LEeHMs, 3HAYUTENBHOE KOJMYECTBO 3AEKTPMYEcKOi sHepruM Taxxe Gecnosnes-
HO MpeBpaiiaeTcs B Tero u T.J. CIOBOM, COBEPLISHHO QUEBHIHO, YTO KaX-
JB1 BUX 3HEPTHE OTHOCHTENLHO JIECKO MOKET OBLITh NMPEBPAILEH B TEIO0. DTO
npouece uueT caum o cebe.

Onnaxo obpaTHBIA NPOUECC - CAMONMPOU3BOJBHOE IPEBPAILEHUE TEIIA B
xaKywo-mbo mpyryio $opmy 3HepTHU - He npoucxonut. [Ipespamenne Tenna -
B NOJIE3HYI0 IUTY HAC pabory TpeBGyer npuMeHeHHs BeChMA CIOXHBIX MAIMH,
KOTOPBIE CaMH JOIDKHB! HONYYATh 3HEPTHIO OT Kaxoro-mibo Ipyroro weroy-
ruka. TakuM 06pazoM, TEIUIO ¢ MOJHBIM NPABOM MOMHO CYMTATL ONHHM M3
BHIOB SHEPIMH, CHOCOOHLIX K pasinyHbiM npeppainednam, Ho BMmecre ¢ Tem
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OHO 06JTANAET U HEKOTOPBLIMH OTANYUTENLHLIMM CBOMCTBAMH.

TIpexie yeM OTBETKTDH HA BOIPOC, MOYEMY TEIUIO Tak Nerko oGpasyeres,
HO ¢ OONBIIMM TPYLOM MpPEBpal{aeTes B APYyrue GOPMbI IHEPIHH, HeoGx oM~
MO BbIACHHTD, YTO e IpencrasBuser coboil Teno, )

Tenno ¥ TepMUyeCKan SHEPrun

TIpu compuKOCHOBEHMHM Tell ¢ PA3TMUHON TeMIepaTypoil XOIOAHOE TCIO
HArpeBaeTcs, a Harperoe oxnaxzaercs. IlpoucxonuT TemtoBoil 0GMEH. H?l
4TO XKe KPOETCA 32 YTBEPHIEHUEM "OLHO TeNo Teruiee, yem apyroe"? "Terno
v "X0NoA" XapaKTepU3yIOTCA TEMIEPATYPOi 1 06ycnosieHsl XaOoTHYCCKHM
ABIXXEHHEM 2TOMOB WM MOJekys1. H3BECTHO, YTO aTOMBI H MONEKyJInl Gecnpe-
PBIBHO JBMXXYTCH M 3TO IBVXKCHME He NMPEKPALUAETCs Naxe NMPH caMOi HH3KOH
TeMIEpaType - abComoTHOM Hyle, YeM Goiblle cpeaHas KUHETHYeCKas IHEP-
I'Hfl IBUXEHHS, TEM BBILE TeMINepaTypa,; nom;om'y TAKOE [IEHXeHVEe Ha3kIBaeT-
¢Sl TERUTOBBIM BHKSHHMEM, & COOTBETCTBYIOLIAA eMy SHEprus - TepMHUMeCKOH
sHepruedl (sHeprueit Termoporo asmxenun). Hanbonee npocro noxasarh Xa-
PAKTEP ITOFO ABMIKEHHMA Ha PUMepe onnoaromyo”i‘o ra‘sa,»cxa)!ceM HEOH4,

Pacuer noxasbiBaeT, o rnpu Temnepatype 0 C v gasieHHH B 1 aTM. KX~
Ablil 2TOM HeOHa B TeyenHe | ¢ crankupaeTes ¢ Apyrumu 4,2x1010 pas. CpenHee
PACCTOAHUE, KOTOPOE ATOM HEOHE MPOXOIMT MO NPAMON MEXITy ZBYMA CTOIIK-
HOBEHUAMH, cocTaBmseT 1,3x10-5 M, ero HasbIBaIOT cpenHelt AnuuoH npobera.
C yMeHblleHUeM [JaBNEHHS CpeNHAA AnuHAa npobera yselnqyuBacTCA M IMPH
nasienun 0,00 {mM.pT.cr. Docruraer ~ 10 cM.

Kunernveckas TeOpHs ra3on

Ewe B cepegnue XIX cromerus Maxcsenn u BonbumaH, aHaNHAINPYSA

% o CBOWCTBA I'a30B M XaPAKTeD ABH-
HEHHUA MOIEKYN rasa, NMpHUUIH K

a0 : BLIBOJY, 4YTO XOTH 3TH MOJIEKY-
\ " bl MMET caMble PAas3UUHBIE

CKOPOCTH, COOTHOLIEHME MENLY
YUCIIOM MOJEKYN ¥ MX CKOPOCTA-
MH He mnpoussombHo. HacTwie
sl ' CTOJAKHOBEHUSA NPHBOOAT K TOMY,
UTO YCTAHABIMBAETCY HEKOTODOE

O F— . &t " BEPOATHOE DABHOBECHOE COCTONH~
W0 do0 800 06 f000 20U MID WU yye OpHM KOTOPOM MOJIEKYIIbI T'd-
Puc. 5. Pacnpeneensie MOJEKY/I KNCAOPOXA NO CKO~ 38 G PasTIHLIMA CKOPOCT“MH
poctam npk Temmepatype 0 1 3000 pacnpenelieHbl B COOTBETCTBHM ¢
: ONpeAceHHbBIM YHCIOBLIM COOT-
HOMIEHHEM. DTO COOTHOLIEHHE HALO MOHHMATh CTATHCTHYECKHM, TAK KAK B pe-
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3yNbTATE CTONKHOBEHMH CKOPOCTh KAXLON MONEKYIbl NPaKTMUYECKH Henpe-
PhIBHO H3MeHAeTCA. MOXKHO TeM He MeHee BhIHHCIHTh, KAKOH NPOUEHT BCex
MoONeKyJI 6yIeT uMeTh ckopocTs, Hanpumep 100, 101, 102 m/c u T.0. M1 npu-
XOOMM K TAaK Ha3blBAEMOMY pacnpefeleHuIo ckopocreil mo Maxcsemry-
BonslMaKy, KOTOpPOE MO3BONAET YCTAHOBMTb, KakKOM MPOLEHT MOJIEKYH B
CpeIHeM ABIXKETCA ¢ TEMH MIIM MHRIMA ckopocTami, Ha puc. 5° npeacrapneno
B Ka4ecTBe NpUMepa paclpenelieHue CKopocTed Moiexyl B kMcnopoge. Ha
ocH abCLHCce OTIOXEHb! GPEHME CKOPOCTH B eHHs Monexya. Kpusas noka-
3BIBAET, KAKOE KOJMMuecTBO (B %) MOXEKyN ABHIKeTcH ¢ TOH MIH UHOH ckopo-
CThIO, BUAHO, YTO N1 JAHHOH TeMNepaTypbl MMeETcs Haubomee BepoATHAs
CKOPOCTh (OHA COOTBETCTBYET MaKcuMmyMmy Ha kpusoi): npu 0°C 2,2% Becex
MOJIEKYTT KMEIOT ckopocTs npuonusurensio 380 m/c. Uem Gonblie ckopocTs
MOJIEKYJI OT/iMYaeTca OT Hauboree BEPOATHOMH, TeM MEHbIIEE YMCIO MOJIEKYJ
IBYDKETCA € TAKOH CKOPOCTHIO; TaK YHCIO MOJEKYI, HMelownx ckopocts 1000
mfc, BecbMa Malro. I'Ipu ApYroil TeMIEPAType KPUBAA PACHDPEAENEHHA CKOPO-
creil npro6peraer nHok Bux. Hanpumep, npu 300°C s kMCHOpoOaa Hanbonee
BEPOSTHAA CKOPOCTh, C KOTOPOH JBHXKETCA HaHOONbLIIKIA NPOLUEHT BCEX MOe-
xyn, pasra 500 m/c. OnHako TonbKo 1,6% BCEX MOJIEKYI MMEIOT CKOPOCT,
Omuskyio x 3toil. Mtak, ¢ pocTOM TEMIEpaTyphl MAKCHMYM Ha KpHBOH pac-
. TIpeHeNieHHs COBHIAETCA B CTOPOHY Gonee BBHICOKWX CKOPOCTEH, YMEHblUAACH
IpH 3TOM 110 BenyuHe. PacteT yueno yactil ¢ GONBLIMMHE CKOPOCTAMY. DTOT
daKT oyeHb BaKeH I OG'BACHEH NS YBEIMYCHHA CKOPOCTH XHMHYECKHX peaK-
il C pOCTOM TEMIIEPATYPHI.

§ 2. IPEBPAIIEHUE PA3JINYHBIX BI0B SHEPTHH B TEILTO

3Has cBofcTBA TEPMHMYECKOH IHEPIMH MIIH Tenna, MOXHO MOHATH, Noue-
ty moboe IpeppalieHue 3BEPTHH BCErId CONPOBOXIAETCA BhIAENEHHEM Ten-
4, TOYHEE YBEIHYEHMEM TEpMHYEecKOH JHepruM. Bein Tepmuyeckas sHeprus
)BycrnoBneHa XAOTHYECKMM IBHXEGHHEM ATOMOB M MOIEKYJ, B TO K& BPEMS
KaK OCTajlbHbIE BHIb! SHEPTHM CBA3aHb! ¢ GONIEE MM MEHEE YITOPATOYEHHBIM
ux mewxendeM. OOHAKO YNOPALOYEHHOE ABIDKEHHE JIETKO MOXET CTATh Xa0-
THYECKHMM, TOTHA KaK YIOPALOUEHHE XAOTHYEKCOT'O IBIKEHNA HATAIIKHBAETCH
Ha 3HAYHTEAbHbIE TPYAHOCTH.

YHOPRJIO‘{BHHOG H Xa0THYECKOEC ABHKeHHe

B 7

PaccMOTpHM CBOJCTBA YNOPANOYEHHOTO JBMIKEHHMS B €rO CBI3H C MEXa-
HHyeckoll aneprueil. Hanpumep, xaMmeHb, najgawowyii Ha 3emmo, obnaaaer
TEPMHYECKOH 9HEPTHEH, ero aTOMbl ¥ MONEKYJIbl ABHIKYTCS XAOTHYECKH, HO
BCHEICTBAE TATEHUT MMEETCH HEKOTOPOS MPEMMYLLECTBEHHOE HAPABJIECHHUE UX
ckopocted B cTopoHy 3emin. Mnaye ropops, MpH NafeHHy KaMBs K CpenHei
ONMHAKOBOH BO BCEX HAINPABIEHNAX CKOPOCTH TEIUIOBOIO JBHXKEHMS €ro MO-,
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nexys1 npubaBiIseTcs elle OQHA KOMIIOHEHTA, HarpasieHHas BHM3. IIpasna,
IpPH 3TOM XAOTHUHOCTE ZIBIMKEHUS COXPaHALTCH, TEPMHUECKAA IHEPTHA OCTa-
eTCs HEH3MEHHOM, HO Gmaroiaps 3TOH HanpaBIeHHON BHH3 KOMMOHEHTE CKO-
POCTH PACTeT KMHETHUECKas 3Heprus dactau. Takol poct sHepriy He NpHBO-
IUT, OXHAKO, K YBEIHYEHHIO TEPMUYECKOH DHEPIHM, TAK KAK MPHYIHHON €ro
CIYXKHT YIIOPAJOUSHHOE ABMXKEHWE. DTHM OOBACHAETCH, NOYEMY SHEPIUIo Ma-
FAIOWEro BHU3 TENA MOXHO WCIONb3OBATh AN nonyyeHus paborni (HanpH-
Mep NaJalOULyIo BHH3 BOMY [UIs BPALIEHHS MeTbHHIHOrO Koneca). Pabora Tpe-
GyeT UMEeHHO YIOPANOYEHHOI'O JBHXKEHAA, TAK KAK TONbKO BlIaromaps eMy Mpl
MOXEM H3MEHATH COCTOAHHE MAKPOCKOIHYECKOro TENd B MAKPOCKONKHYECKHX
macwtabax., UTo e NpOMCXOIUT ¢ KMHETHYECKOW sHeprued Maxaiouiero Te-
na? Ecnm oHO najaer B Baxyyme, BCAEACTBUE CIIbI TAKECTH €r'0 CKOPOCTL BCe
BPEMA PACTET, YTO, OAHAKO, HE OKA3blBAeT BIMAHWA HA XaOTHYECKOE IBHXE-
HYeE - TeMNepaTypa Tea He u3Menserca. Ho ecm oHo mazaeT B BO3AyXe, TO BO
BpeMs NBHXEHHMS CTAIKMBAETCH C XAOTHYECKU JBHXKYIHMMHCA MOJIEKYJIAMHM
BO31yXa (BO3HMKAET TPeHHE). B pe3ylbTaTe 3THX CTONKHOBEHMHM pacTeT sHep-
CHA XAOTHYECKOro JBHXKEHMA KaK MOJEKYI IaRaiouero Tejia, TaK. M rasa, T.c.
PACTET MX TEPMUUYECKAs JHEPIHsd, NOBLIACTCH TEMIEPATypa. 1epMHUUYCCKAs
IHEPrHA B BUAE TEIUIA MEPEXOSMT B Bo3ayx. [lepexox Temia nuer B HANPABIIEC-
HHM BLIDABHUBAHMA TEPMMUYECKOH SHEPI UM,

CTONKHOBEHME YAaCTHL TeNa, HAXONSLETOCs B Maxpocxonnqecxom JBH-
XKEHNH, G MOJIEKYNAMH OKPYXKaloleH CPe/ibl MPMBOAUT K TOMY, YTO KOMITOHEH~
Thl CKOPOCTH, HANpABJIEHHbIE B CTOPOHY IBHXEHHSA, YMEHBIUAIOTCA: MAKPO-
CKOMMYECKOe ABHiKeHue TopMosnTes, CKOPOCTh Tena, cBo00AHO NaJAIOLIEro B
BO3AYXe, MeHblue (B WMAKOCTH elle MEHblUE), 4eM oHa Obina Gbl npu naje-
HWH B BAKYYMeE C TOH e BbICOTbI.

Taxum 06pazom, 4acTh KHHETHYECKOH 3HEPTHH YIOPSHOUYEHHOTO IBHKE-
HHA, KOTOpoli obnanaer najamolee Teno, npeobpasyercs u3-3a TPEHHS B Tep-
MHYCCKYIO SFHEPTHIO M PACCEMBACTCH.

Hacrynaer MOMeHT, KOPa 9TOT IPOLECC KOHYAETCA: KAMEHb YAAPAETCH O
3EMJTI0, KHHETHYECKAS SHEPTHUS NOCTYATELHOTO IBYKEHMS TIEPEXOJMT B APY-
rue Gopmel. Bonblwias yacTe KMHETHUECKOH SHEPruM NAJAoIero Tena npe-
BPALAETCA B TEPMHUUECKYIO IHEPFUIO, A MEHBLINAS - B 3BYKOBYIO (B 3HEPIHIO
KONehAHNA BO3AyXa W 3eMIIM) - Mbl CIBILIMM 3BYK yIapa. Brinenenue repmuve-
CKO# 9HEPrHH I'OBOPHT O TOM, YTO CPEAHAS CKOPOCTb XAOTHUYECKOTO [BHXKE-
- HWA 4ACTHL{ BO3POCIA 32 CYET YNOPAOOYeHHOH koMmoHeHTh:. B MecTe ynapa
MOBBLILAETCS TEMIIEPATYPA MO CPABHEHMIO C KPYXaIOWied Cpenon, u TepMuye-
ckas aHeprud B GopMe Terna NepexoJHT U3 HArpeTbix cloeB B Gollee XONom-
Heie. Taxum obOpasom, M sgeck Godblias YacTk BHEPFHM YIIOPALOUEHHOI'O
HABMKEHWS pACCEMBAETCH B BUIE TEPMUIECKOH 3HEPriu.



Paccestane suepruu

B XuMuuecKHX MpOLIECCAX JHEPIHA YIOPANOYEHHOTO IBIMKEHHS TAKKe
PacceHBAETCH B BUJie IHEPTHH Xa0THYECKOro apwkenns. Hanpumep, npu cxu-
IaHMK METana, CONpOBOXKIAOLIKMMCA YMEHbLIEHNEM XHMHUECKOH IHEpTUn uc-
XORHBIX BEIUECTB, 00PA3YETCH YIUEKMCIbIL ra3 # Boaa, XHMHUCCKAN IHEprHd
3aBHCUT OT CYMMBI 3HEPIMH CBASH MEXIY aTOMaMH TNPOAYKTOB XMMHYECKO
peaxuuy, XHMHYECKH CBA3AHHBIE MEXKAY COG0H aTOMbl HE HAXOJATCA B CO-
CTOSHMH TTOKOA, a KoNeBmoTes, DTr konebaTenbHble JBHKEHHUS OTYACTH XA0-
THYHbI (HampaBiieHde M JHEPrHs KolebaHMH MOCTOAHHO WMIMEHAIOTCA), M B
3TOM CMBICIIE MX MOXHO OTHECTH K TEMUIOBOMY ABMIKEHMIO, HO OTYACTH OHM
YIIOPAZOYEHDI, TAK KaK B ABYXATOMHbBIX MOJIEKYJIAX ATOMbI BCErfa MOTYT KO-
nebarecs NPUOAMIUTENLHO BAONL HAMpPABICGHMA cBi3ell. XOTS B MHOroaToM-
HEIX MONEKYNaX KONeDATENRHbIE JBHMEHUS TOPA30 CIOXKHEE, HO IO HU3BECT-
Ho#t cTerenn H ynopanoyesbl. IIpu OObIMHOM CTOpaHMH MacTh OCBOGOIUB-
wefics B mpoliecce XMMMYECKOro NpeBpauiens (OKMCTeHHs) XHMMUYeckol
IHEPTHM MEPEXOAMT B TEPMMHYECKYIO SHEPIHIO NMPAKTHYECKH HEe3ARMCHMBIX
JIpYT OT JpYyTa MONEKYN ¥ B TAKOM BUJE PACCEHBAETCH.

IIp¥ cOOTBETCTBYHOLIMX YCTOBUAX (HAMPUMEDP B HKHUBbIX OPFaHNH3MaX MIIH
B TaNbBAHUYECKMX 3JIEMEHTaX) OCBOOOAMBIUAACK XMMWHECKAs JHEPIUS CIO-
coberayer 06pasoBanmIo ddepreTnyeck Gosee GOraThlX COENMHEHUA, a TaK-
*ke MoxeT BbITb HCIONB30BaHA AN Mony4deHus pabotel. Onnaxo W B 3TOM
CIIyyae 4acThb XHMHHYEcKOH aHepruu paccenBaercs. '

DHeprus 3NeKTPHYECKOr0 TOKA eCTb, B CYIHOCTH, SHEPrUs ABMXKYLUMXCA
B NPOBOAHMKAX 3NEKTPHYECKH 3APKEHHBIX YacTHL (MEKTPOHOB - B MeTaN-
Jlax, WOHOB - B amekTponuTax). CaMy 3apaieHHbIe YaCTHIbL IBHXKYTCH Xa0TH-
YeCKH U, CIEAOBATENBHO, 00ManaoT TepMuueckol sneprueii. Ho npu npore-
KaHWM 3JIEKTPHYECKOI'0 TOKA BO3HMKAET TAKXKE YIIOPAJOUCHHOE IBMKEHHE
YaCTHL B HAMPaBIEHHU APOTEKaHHS TOKA, NPH 3TOM ¢ MAKPOCKONHUYECKOH
TOUKH 3PEHHS MX JHEPTHA YBENHUMBAETCH. DIEKTPHUECKH 3apsiKeHHbIE vac-
TULB! MPH CBOEM OBIDKEHWH B MPOBONAIWIMX cpelax (MeTannax, XHAKOCTAX)
CTATKHMBAIOTCA C JAPYTMMH YaCTHHAMM CpPelbl, IHEPTHA XAOTHYECKOTO NakxKe-
HUS ITHX YACTHL PacTeT. B pesynbrare 4acTh MMEKTPUYECKON IHEPIMH TaKXKe
PACCEHBAETCH, IIPEBPALIACTCS. B TEIIO.

Tlono6Hble HABIIOMEHUS NO3BOMSIOT CIAENATh CIEAYIOLIEE 3aKIIOUCHHE: B
CYLIECTBYIOLIMX Ha 3€MIIE YCHOBMAX BO BCEX E€CTECTBEHHbIX MAaKPOCKONMUYE-
CKMX SBIEHUAX MO MEHbLUEH MEpe YacTb SHEPIUH YHOPAHOYECHHOTO ABMXKEHHNS
PACCEMBAETCA B BUJIE DHEPIUH - TETUIOBOTO (XAOTHYECKOTO) ABMIKEHMS. DTOT
BaxCHEeHIMHA 3aKOH NPUPOMALI U3BECTEH KAaK BTOPOE HAYANO TEPMONMHAMHUKN
(nepBoe Hayanmo TEPMOAHHAMMKHY - 3TO 3AKOH COXpAHEHUs anepruy), Ilpuun-
Ha JAHHOro ABIEHUA 3aKIIOYAETCA B TOM, YTO NPH JBMXEHHH MaTEPUANbLHbIX
Tell OTHOCUTENbHO APYL APYra MX YacTHLb! B3aUMOJEHCTBYIOT Mexny coboii

58



TaKKM 00Pa3OM, YTO SHEPTHA UX XAOTHUECKOTO NBHIKEHMS YBETMYMBAETCS.

BTopoe Hayano TepMOIMHAMMKHM [O3BONSET OTIPENEIHTE HANpaBIEHME
TPOLIECCOB, KOTOPkIE B NIPUPOJE MPOTEKAIOT CAMONPOM3IBONBLHO. Kak Mbl BU-
RUM; BbIIENEHME TEMIa CBABAHO C YBENHYEHHEM TEPMWUHECKOH 3Heprum, T.e.
AHEPIHH XAOTHUECKOro MBMKeHus. Buigenenue Tenna sto sceobuiee spieHue,
MOCKOILKY YIOPAAOYEHHOE NABIMKEHHE JIEIKO CTAHOBUTCH XaO0THYecKiuM. O6-
PATATH HTOT TIPONECT, T.C. MIEPEBECTH TEIIIO B APYroH BHI 3HEPTHH, TOPa3No
TPYAHEE, TAK KAK Xa0THYECKOe IBIKEHHUE CaMO No cebe He CTAHOBUTCA yNops-
MOYCHHBIM, 4 PACCESHHAS TEPMUUECKAS SHEPTHS HE KOHLEHTPMPYETCH cama
no cebe, yTo6sl BHOBL CTATH 3HEPIHENl YIIOPSIOUEHHOTO IBIKEHH.

1 Bce e TeNIo MOXHO NPEBPATUTH B PaGOTy (MPHMEPOM. TOMY CILYIKHT

BCAKMH TerIOBOM JABHTaTeNb), HO UL 3TOr0 TPeGYIOTCA COBEPLIEHHO 0COGHIE
YCTIOBMA, ‘

§ 3. IPEBPALUEHVE TETLIA B PABOTY |

HeBo3MoxHOCTL CO3NAHHSA BEYHOrO ABHIATENS

B Teueuite, ThICAUENETHH €CTECTBOMCIIBITATENM M M30BpeTaTenn 6e3yc-
MEWHO. NRITAINCE CKCHCTPYHPOBATh MALUKHY, KOTOPas MOraa Obl HEOTPAHH-
YEHHO coBeplIaTh PaboTy 6e3 moTpebieHHs HEPIMM OT BHELUHENO MCTOYHU-.
Ka, - nepreryym Mobune (Beunsid asuratens). UToGbl OCTAHOBHMTL MOTOK
MHOTOYMCIEHHBIX NPeIIOXEeHUH U npoexTos, MpaHuyickas AKaxeMus Hayk
eme B xonue XVIII Beka nprHaia pelisHie paccMATPUBATL U300peTenys nep-
METYyM MOBHIE TONBKO TOTHA, KOTAA BMECTE C IPOSKTOM OYAET NpeacTaBieHa
neiicTByrowan Monenb, DTOW MOJEIH, ECTECTBEHHO, HHKOMY HE YIIOCh CO3-
JaTth. OIHAKO €11e M CEero/iHg CYMIECTBYIOT haHTa3ephl, MPULYMbIBAIOLINE BCE
HOBbIE U HOBbIE HEOCYLUECTBUMbIE KOHCTPYKIMH. OObluHO H300peTaTenu oT-
HOCAT CBOU HEYJAUM 33 CUET KAKMX~TO MEIKUX OIUMOGOK WM HEAOCTATKOB, HO
3TH "Menoyn" OKa3bIBAIOTCA NPYHLMIIHANLHO HeycrpanuMeimy, Heynauu
MPUBENM YYEHbIX K BbIBOAY, YTO MEPHETYYM MOOHJIC MPOTHBOPEYUT HEKOTO-
pPOMy BceoBlueMy 3aKOHY IPUPOALI. DTOT 3aKOH €CThb 3aKOH COXPAHEHHS M
MpeBpALeHHs 3Hepruy (epBOe Hayano TepMoAuHaMukx). OH YTBEPKOAET,
YTO JHEPIUf HE MOXKET HY BO3ZHUKATbL U3 HUYETO, HY YHUYTOXATHCA: OTIEIb-
Hble BMIBI IHEPIMH MOTYT JMLIbL EPEXOAUTHL APYT B Apyra. Takum obpasom,
nepreTyym Moduie (Nepsoro poja) NpOTHBOPEYNT 32KOHY COXPAHEHNS 1 Npe-
BPALYCHMA YHEPTHM, MOITOMY €r0.CO3NAHHE HEBO3MOKHO.

CornacHo rnepBoMYy Hauayy TEPMOJMHAMMKH, PA3IM4HbIC BUIb! SHEPTHH
MOTYT IIEPEXOMNTL OPYT B OPYra B ONPEAENEHHbIX KOMHYECTBEHHbIX COOTHO-
weHmsx. TaK,HanpuMep, eci peBpalieHne OyAeT NONHbIM, T.€. 6e3 Bo3HuK-
HOBEHMA OPYTMX BHIOB SHEPIUHM, U3 1 KM MEXaHHYeckoil paboThl BO3HUKALT
2,34 xan tenya, ONHAKO 3aKOH COXPAHEHWS JHEPIUM HHUYEro He TOBOPHT O
TOM, MOGOH N¥ BUA HHEPTHY MOSKET NPEBPAILATLCA B APYTOi H B KAKOM Ha-
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TPABIICHHM HIYT TPOLECCH MPpeBpaileHns 3Heprui. C TOUKY 3peHUs 3TOro. 34-
KOHa BCE BUJbl 3HEPIUH M HANPABIEHUT X NPeBpauleHH paBHOIHAYHEL.

TTosTOMY 3aKOH COXpaHEHHs SHEPIrHH (XOTs OH 26CONMOTHO BepeH) -
JULIb YacTh HCTUHBI. OMNbBIT MOKA3LIBAET, YTO PA3NHUYHBLIE MATEPHANLHEIE Npe-
BpALIEHHA TPOTEKAIOT [0 BNONHE ONPENeNeHHbIM HAIPABIEHUAM, KOTOpbIE B
KKIObIX KOHKPETHBIX YCIOBMAX ONPENENAIOTCA OAHO3HaYHo. Tak, HanpuMep,
TNPH OTCYTCTBHH BETPa KAMEHb ITAJaeT Ha 3eMII0 BEPTHKANbHO (CHIBLHBIH Be-
TEP MOXET H3IMGHHThL 3TO HANPaBIEHME); Caxap B BOIOYXE CrOpAer, npespa-
wasch B COzu H20, a He B Kpaxman, XOTA B APYIHX YCIOBUAX (B XHBbIX Op-
raHM3Max) TaKoH NpoLece BO3MOXKEH.

3aKOH COXPAHEHHS IHEPIMH HUYErO He FOBOPUT 06 0COBEHHOCTSX Tera,
NO3TOMY NOJHOE NPEBPALIEHHE TEPMUYECKOH IHEPTHU B TENIIO eMy He NPOTH-
BOpednT. MMEHHO 5TO HATONKHYNO MHOrHX H300peTaTene HA MBICIb CKOH-
CTPYHPOBATEL MALIKMHY, CIOCOOHYIO NPOH3BOAUT, pabOTy Ha OCHOBE BO3MOXK-
HO Bonee MOJIHOrO NpeBpalueHHs TepMudeckoif IHeprun. Hanpumep, Ha xo-
pabne Taxas MaliMHa Moria 6l paboTaTh CeAYIOIMM 00pa3oM: oHa OTOUpa-
na 6bl OT BOABI TEPMHYECKYIO SHEPTHIO B BHJE TOIlla, HECKOIBKO OXJIaXIas
npu sToM Bofy. Ilpn noMolM cyNeBOro IBHTATENS 3TAa DHEPrMs, IpeRpala-
nach 6b1 B MEXaHHYECKYIO pAGOTY, IPH 3TOM TEIIO, BBIAEIAEMOE B PE3YBTATE
TPEHUA PAINMYHBIX yacTedl JBUraTens, CHOBa Obl HepeNaBanoch BOAE, CErKa
ee Harpepas. Kpyrosoii npouecc mosTopsics 6l Ha NPOTHKEHUH BCEro JBH-
KEeHHA CyaHa, 00ecriednBas 3TO JBHKEHHE.

//p TEHHO\
—— remroe—""

TEPMUYECKasi SIHEPIUd MéxaHH'{ECKaH IHEPIUA

TMoxobuas Mammba npeppaiyana Obl, TAKMM 0DpPa3OM, TEPMHYECKYIO
JHEPTHIO B MEXAHHYECKYIO B ONPENENEHHBIX MPOMOPLMAX, BHITEKAOWINX M3
HEepBOTO Havalla TEPMORUHAMAKH, a 3aTeM repesonMna Oul ee 06paTHO B TEP-
MUYECKYIO B TeX e MpoNopuuaX. BoaMOXKHOCTL CO3MaHUA MALIHHB!, TPOH3BO-
Ismied noxesHyro paboTy yepes HOpMaNbHbiH KPYroBoH LUK MPEeBpalieHHUs
IHEPTHH, He NPOTHBOPEUMT 3aKOHY coxpaHenHs sxeprun. Ho npakruyeckn
TaKas MallHHA, BPEMEHHO 3a0Hpalolas JHEPIHIO M3 NOYTH HEHCYEPTIAEMOTo
BOJHOT'O pe3epByapa 3eMiM B BO3IBpAIIAONIas 3Ty SHepruio o6paTHO, Bee Ke
Obia 6bl nepneTyyM Mobuie.

H3BecTHO, uro Ha 3emile HMeeTcs npuﬁnmurenbﬂo Immpa.xm?® Boae!. Ec-
JIX OXIIaguTh 3TY BoRy Tomsko Ha 0,001 rpamyca, To 3THM MOXHO oTOGpaTSH ¥
Boapl 10 xBr/u aueprun. Ins CPAaBHEHUA YKAXKEM, YTO COBPEMEHHOE MHDPO-
BOe noTpebienue 3MeXTPOIHEPruM coctanaseT okono 102 xkBr/u, Takum 06-
Pa3oM, JAKE HEIHAYMTEALHOE OXIDKISHHE MUPOBOTO OKEaHa ITO3BONMUNIO Gbl
TOJYYATE CTONBKC IHEPIUH, CKOJILKO XBATHIO OBI NPY COBPEMEHHOM YPOBHE
notpebnenms ua 1000 ner. Bonee Toro, nomoOHbie MalMHbL, IpEBpALNAN DTY
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TEPMHYECKYIO 3HEPIUIO B MEXAHMYECKYIO, BOBCE HE NOTpebiany 6bl SHEPTHH -
0e3BO3BPATHO, TAK KaK H3-3a TPEHMA MEXaHMYECcKasd IHEPrus BHOBb IIpe-
spamanack 6bl B TepMU4ecKyr0, ITpaxTideckd 310 6611 611 MEpnETYYM MOGU-
Jie, HEOPPAHWYEHHO nNpoM3IBOOAMHA paboTy, MUTasch M3 HEMCUEPIIAEMOTO"
IHEPreTHYECKOro pe3epByapa. B ominume ot mepreryym MoGuie, HeBORMOX-
HOCTb CO3J@HMSA KOTOPOIO BbITEKAET W3 MEPBOTO HAyalra TePMOIMHAMHKH,
OMUCAHHAA BbIlE MAIMHA HAZBIBALTCH NEPIETYYM MOOUIIe BTOPOro poja.

Ieprieryym MoGuile BTOPOro Poja — 3TO MalllMHa, KOTOpas HENpepbis-
HO oTOupaeT TEPMHYECKYIO SHEPIHIO M3 OKPYXKAlolel cpeibl, npeoﬁpaayer ee
B paboTy 1 BHOBb npenpamae'r MOCTIEAHIO B TEPMUYECKYIO 3HeprHIo. OnHa-
KO BCE NOINBITKH CO3JAaTh TAKYI0 MAUIMHY OKA3AIMCh Ge3pesynbTATHbIMYU, KAk
H IIONBITKH CO34aTh NepneTyyM Mobiue neporo posa. Io-uaumMomy, cyie-
CTBOBAHHE NMEPIeTyymM MOBUIE BTOPOro POJa TakXke MPOTHBOPEYHT KAKOMY-
TO 3aKOHY MPUPOALL. B ueM saxnoyaercs 3ToT 3aKoH ?

Hanpan.rxenue NEPEXonA Tenaa

Ha paHHbiid Bonpoc MOJKHO OTBETHTS, Habmonas 1 NPABHJILHO OUEHHBAS
ABJICHUA NDPUPONIBL, C KOTOPLIMM MBI CTAIKUBAEMCR B MOBCEAHEBHOM MTPAKTHKE,
Korna y Hac MEP3HYT PYKH, MBI MX TpeM, PEBpaIias Takum oGpaaoM Mexa-
HUYECKYIO IHEPTHIO B Tepmuqecxym vty npubmKaeM K ropavell neus, ¢ TeM
4TOOB! TEPMUYECKAS IHEpruA 3 Hee B (opMe Teruia nepewsia B HalUK PYKH.
MBI 3HAEM W3 OMBITA, YTO GECNONE3HO MPRKNAJLIBATE PYKM K HETOTUICHHOH
fIEYH WK CTEHE - OHHM HE CTAHYT OT ITOLO TEMee, — XOTH KAK HETOMsNeHHaAs
Meyb, Tak M CTenwa obNafaioT 3aNacoM TEPMHYECKOH aHepTHH, a NEPeXo] Jac-
TH €€ B HALUM PYKH M MX COIPEBAHME HE NPOTHBOPEUUIN Obl 3aKOHY COXpaHe-
Hust 3uepruM. C TOYKH 3PEHMA ITOTO 3akoHA 6e3Pa3NMYHO, B KAKOM Hampas-
TEHHM IPOYICXOMHT NIEPEXO TEPMUYECKON 3HEPTHM.

Cywectsyrowme $aKTbi OXHO3HAYHO MOKA3bIBAIOT, YTO €CTh BceobUIHM
38KOH OPHPOJbI, N0 KOTOPOMY TEPMHYECKas 3Hepruu cama mo cebe He MOXKeT
MepefiTH OT MeHee HATPETOro Tena k Gonee HarpeToMy. JPyTHMK CIOBAMH,
3TOT 33KOH [AACKT, YTO MPA HENOCPEACTHEHHOM KONTAKTE ABYX TE TEPMMUe-
CKas IHEPTUs MOXET nepeiiTh o1 GoJiee HATPETOrO Tena K MEHEe Harperomy,
HO He HaobopoT.

BoiuieckasaHHOE He, 03HQYa€ET, YTO TEPMHUECKYIO SHEPrHIO BOOGLIE He-
BO3MOXHO ITEPENATh OT MEHee HarpeToro Tena x 6onee Harperomy. Bens npo-
MCXOMHT XK€, HANIPHMEP, STOT IMPOLECC NOCTOAHHO B XOJOAMIILHUKE, FAE OT OX-
MAKTAEMbIX TE, HAXOAALUMXCH NPHUMEPHO 0°C, OTHUMAETCH Tcrmo H ,r;cpena—'
€TCSl OKPYXKAIOLIEMY BO3IYXY, TEMIIEpaTypa KOTOPOTO, GiaxeM, 20 "C. Onuako
OCYLIECTBHTH 9TO MOXHO TONBKO B TOM GIIYYae, €CIM MOMABECTH K XOJONMIb-
HUKY 9HEPr{i0 M3 BHEUHErO MCTOYHMKR, T.C. IIHTATL ero NEKTPHUYECKOH HUIH
xuMHUueckoi sneprueit. Flo kax TOIBKO Mbl IPEKPATHM NOAAYY DHEPTHH, PO~
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Liecc noiiner B 00paTHOM HaNpaBIeHMH, H BCE, YTO HAXOIMTCH BHYTPH XOJO-
OUIBHEKA, HAYHET OTOMPATE TEMIO OT OKpyxalouero pozayxa. HepozmoxHo
TaKKe COIAATH TAKYH ANMTENbHO paboraromyo MaluHy, B KOTOPOH IIpouc-
XOomui Bbl Nepexos TEPMUYECKOH IHEPTHM MEXIY ABYMA TelaMH ¢ OJMHAKO-
BOH TeMrepatypoil. '

TepMpueckas sHEprHA B GOPME TENIa MOXKET MEPEXOIUTh CaMa o cebe
oT GoJiee HarpeToro Tena k MeHee rarperomy. IlpH aToM nporecce M3 Tenna
MOXHO MOIYuiTh paboTy, HO M B AaHHOM cllyyae B HenpepbiBHO paboTaowel
MALIHHE HeJIb3S TOTHOCTLI0 IIPEBPATHTH TEIT0 B paboTy.

HeBo3MOXHOCTL COZAAHUA NEPNETYYM MOGHIIE BTOPOro POAA ClEAYeT U3
TOTO, YTO TEPMUYECKAA SHEPrUs HE MOMKET ObITb NMOJHOCTHIO NpeBpalleHa B
paGoty. ITommoe ke nMpeBpamieHHe MEXaHMYeCKOH PaboTbl B TEPMHUYECKYIO
ocymectiMo. CyIECTBYIOT TH OTPAHMYEHMs IS B3IAMMHOTO MpPEBPAIIEHMA
Opyrex Bunos sHepru’? OTbIT MOKA3bIBaET, YTO He cyulecTByIoT. Jpyrue su-
IIbI SHEPTHH MOTYT MPHMHLIMITHANLHO Ge3rpaHMYHO NEPEXOAMTL M3 OJHOrO B
APYrOH, XOTS NPH 9TOM KAKAK-TO HEIHAUMTENBHAS YACTL SHEPTUM moboro Bu-
I3, XaK MPABIIIO, IEPEXOJHUT B TEPMHUECKYIO. B pesynvrare KILJ] Tdxnx npe-
ppawennii Beerga Menblie 100%. TlosToMy Bechma HEBLIFOAHO MCIONL30BATh
XHMMHHECKYIO 3HEPIUI0 TOINIMBA TEM CrnocoOoOM, KOTOPLIA HA CeroMHALIHHH
HJeHb hanbonee pacmpOCTPAHEH: BHAYANE MYTEM CXUTaHKsA NPEBPAINATh €€ B
TEPMMUYECKYIO IHEPTUIO, & 3aTeM W3 TepMMUecKoi IpM NMOMOIM ABHraTene
nonyyars pabory wnu anektpuueckyio aHepruio. IlenmecoobpasHo xummde-
CKYIO DHEPruI0 HelOCPEICTBEHHO APEBRPAIaTh B JEKTPUUECKYIO, YTO MOMKET
OCYI{ECTBJATHCA B FaTLBRHHYECKHX INEMEHTAX.

§ 4. ABA HAYAJIA TEPMO/IMHAMEKH

Kak Mbl BUEEIH, TEPMHUECKas SHEPCHSA, ¢ KOTOPOH Mbl MOCTOAHHO CTAM-
KUBAEMCS B XKH3HY, 0ONagaeT HEeKOTOPEIMH 0COBLIMK CBOHCTBAMH IO CpaBHE-
HUIO ¢ APYTHMH BIIAMK SHEPIUM. DTH 0cOObIe CBOWCTBA, XapaKTEPHbiE HMEH-
HO JUIS TEPMHYECKONM JHEPIHH KIH TENNa, NPHBENM K CO3JAHHIO H PAIBUTHIO
CaMOCTOSTENLHOH HAYKH, HA3LIBAEMOH TEPMOIMHAMMKOMR, KOTOpas u3ydaeT
NpOLECCRI TEPMUYECKOH IHEPryH, ee NpeBpalieHus B paboTy W Apyrue BUIBI
SHEPTHH TONBKO C MAKPOCKOMNHUECKOW TOUKM 3peHMA, 6e3 ydyeTa CTPYKTYPHI
MaTepHH. AHAH3 TEPMHYECKHX SBJIEHUH Ha MONEKYNAPHOM YPOBHE MPOU3BO-
IOUTCH NPH CTATHCTHYECKOM PACCMOTPEHMM KHHETHHMECKUX M XPYIMX CBOWMCTB
MONEKYT (HanpuMmep B KHHETHYECKOH TEOpHM I'a30B).

~ TlockonbKy H3MEHEHHE TEPMUYECKOH SHEPTHH CBA3AHO C NEPEXOJOM ec B
dopMe TensIa oT OIHOTO TENA K APYroMY, MOXHO CKa3aTh, YTO TEPMOAHHAMH-
Ka — 3T0 HAYKA, 3aHMMaouiascs M3yYeHHEM NPOLECCoB NpeBpalleHus Terla.

OCHOBY TEPMOAMHAMMKY COCTABIIOT [BA 32XOHA, TAK HA3LIBAEMBIE Ha-
yasna TEPMOJHHAMUKH, KOTOPBIE BbITH BEIBEASHHI ITPH o6o6meﬂnn HaKOIIEH-
HbIX OTIBITHBIX (HAKTOB.
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Ilepsoe Hauano

TlepBoe HA4AMO TEPMOLHHAMUKN ~ 3TO 32KOH COXPAHEHHS SHEPIUM NPH-
MEHMTENbHO K TEM [PEBPALIEHMAM, NP KOTOPHIX NPOMCXONUT Npcodpa3oBa-
HHE TEPMUYECKON IHEPIHH, COTIPOBOXKAAEMOS BBIIENEHHEM TEIIA,

Bce pasnooBpaznble GOpMBE 3HEPrUU, BCTPEYAIOLIMECS B IIPHPOIE, MOX-
HO € TOYKHU 3PEHMA TEPMOJMHAMHKH OO0'bEXHHHTE B TPH rpynmbl:l) BHYTpeH-
H#A 3Heprus, 2) Terno, 3) pabora. CormacHo 3To# KnaccHduKayHy, NOX BHYT-
pennedt sneprueil (U) noHMMaroT BCi0 BHEPIHIO, COAESPKALLYIOCH B JAHHOM Te-
1 (HanpuMep B 1MOIE), T.¢. CYMMAPHYIO SHEPIHIO BPALATEILHOIO H IOCTY-
HATCIBHOTO ABMKEHHA MOJEKYI, KONEOAHHUS AaTOMOB, OBHXEHHA 3JICKTPOHOB,
a TaKXKe OBIDKEHMA ATOMHbLIX ANEP KaK LENOro M 3MEMEHTAPHbIX YACTHL, M3
KOTOPLIX OHM COCTOAT, ¥ T.0. Takum 06pa3oM, BHYTPEHHSS SHEPIHs 06beaH-
HAET TEPMHUYECKYIO M XHMMYECKYIO SHEPTMM, HE BKIIOUAA HH KHHETHYeCKkOoH,
HM MOTEHLIHATLHOR IHEPTHH TeNa KaK Lienoro.

‘Hawmm yyeHbie ToKa €llie He MOTYT XaXe ANA MPOCTEHILHX TeN TOYHO On-
penenuTL BENWYHHY BHyTpeHuei sxepruu. Henocpencreenro xe B axcriepH-
MEHTE IPOSBIAIOTCA TONBLKO UBMECHEHNS BHYTpeHHel sHepruu (A U), u Bce 3a-
KOHOMEPHOCTHM, YCTAHOBJIEHHbIE HA OCHOBAHHM JKCHEPMMEHTA, TAKHKE OTHO-
CATCA JIMIb K M3MEHCHUAM BHYTPEHHEH 3HEPTHH, DTH H3MEHEHHUA NP OABIAIOT-
e mmbo B Bupe Tenna (Q), mbo B BHAE Kakoi-To Apyroil Gopmsl IHepruy.
IlockompKy BCE BMABI 3HEPIMH, 3a MCKJIIOYECHMEM Teryia, MOr'yT ObITE B IpUH-
uurie 6e3 BCAKMX OrpaHUdeHHi npeBpaileHbl B paboTy WM OPYr B Ipyra, B
TEPMOJUHAMKKE BCE OHM OO'beJ(MHSIOTCS 110/ OJHUM HaszBaHMeM - paboTa (A).

Taxas xnaccuukalMd pasAUUHbIX BULOB 3HEPTHH NMO3BONAET chopMmy-
JIMPOBATh NEPBOE HAYATO TEPMOAMHAMHKM: YBEAUUSHHE BHYTDCHHER SHEpriMM
(A U) xaxoro-mifo Tena onpefenserca KOIMYECTBOM MOABEAEHHOrO TEMia 1
paboToil, MpoM3BENeHHON HA 3THM TENOM WM cHcTeMol (paboTy mpousBo-
AT BHELIHKE CHITbl). MaTeMaTHYeCKH 3TOT 3aKOH BhIPAXKAETCH TAK:

AU=Q+A. ().

Ecny B 3yuaeMoM MpOLECcce TENO TEPHET TEMIo, TO Q oTpruaTenbHO (ec-
NK TENIO MPOUSBOLAKUT BHEHIOO PaboTy, TO OTPHLATENBHO A).

M3 nepporo Hayana TEPMOJUHAMMKM BhITEKAET LENbIR pAll 3aKOHOMED-
HOCTEH, NPEACTABILIIOUINA HE TOJILKO TEOPETHYECKHH HHTEPEC, HO ¥ MMEICIIHX
BAXHOE TPAKTHYECKOE 3HAYEHME, HAITPMMED NIPH KOHCTPYWUPOBAHUM TEILIO-
BBIX gBuratened. OJRAKO 3TOT 3AKOH, HECMOTPA Ha €ro 0cobyi BAXKHOCTE M
BCeODIIHOCTE, OTPAKAET ML OJHY CTOPOHY sBieHuMs. ITeppoe Hayano Tep-
MOIHHAMHAKH TOKA3LIBAET B3aMMOCBA3L PAINHYHBEIX BUIOB SHEPTHH B MPOLEC-
CC MX MPEBPALICHUA, HO HE FOBOPHUT O TOM JEACTBUTENLHO TH IPOMU3OHICT B
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JAaHHBIX YCIIOBMAX 3TO NPEBPALICHHE, B KAKOM HANPaBJIEHUH NOHJeT mpouece
H XaxoB GyIeT pe3ynbTaT NPEBPALICHHS: BOSHHKHET M OJHH MK HECKOILKO
BuoB 3Hepruu. IlepBoe HAYANO TEPMOSUHAMHUKY He YKA3bIBAET HA 0CODEHHO-
CTH TEPMHYECKOH SHEPIMU MIIM TEIUIa, OTIMYAIOIMX MX OT APYruX BHOOB
sueprun. Ocobple CBOHCTBA TEPMHUECKOH IHEPIHU W OTPAHHYEHYA, HATIOKEH-
HEle Ha BO3MOXKHOCTh €€ NPEBPALICHUS B IPYTHUES BUIBI IHEPIHH OTPaXeHhl BO
BTOPOM HAMANE TEPMOJMHAMMKH, DTOT 32KOH OTBEYAET HA OCHOBHOH BOIpoC:
NP¥ KAKAX YCIIOBHAX M B KAKMX COOTHOWIEHMSX TEIIO MOXET GBITh NMpespalie-
HO B paboTY WM IpYTHE BUIBI 3HEPTHHUT

Makcumanpias paGora

KosthduumeHT nonesHoro JEHCTBAS MALUHHL] 3aBHCUT OT €¢ NPHHLHNA
NeHCTBUS, KOHCTPYKIMM M KayecTa. Bolee MOMTHOE MCIIONB3OBAHME CIOCOB-
HOCTH MAIHHB] IPOU3IBOIUTH paboTy MoxeT nopbicHTh ee KITM. OpHako sta
CIocO6HOCTL CAMa 3aBHCHT OT MHOTUX JXONMONHUTENbHBIX YCIOBHH, U I09TOMY
HEBO3MOXHO TOYHO YCTAHOBHTH, HACKOILKO MNOJHO MALHHA MOXET ObITh HC-
nons3oBana. o echiw MawiMHa, OCYLIECTBIAIOINAA NPEBPALIEHHE JHEPIUH,
TEXHHYECKH COBEPLUEHHR, & €€ CIIOCOGHOCTS MPOMIBOANTE PABOTY NOTHOCTHIO
HCITIONB30BAHA, MOXHO JIATh OJHO3BHAYHBIA OTBET HA BONPOC O BENHYMHE MAK-
cuManLHO# paboThl, NPUHLKMNHATLHO 10Ny4aeMOil B KakoM-IHGO onpenesneH-
HOM mpouecce (HanpyMep NpH cropauu 1 xr yrns). Jna 3TOro HyXHO BbI-
ACHWUTb, IPH KaKHX ycaosuax Maiunna paboraer ¢ Hanbompium KIT.

Paa6epeM 3TOT BOMPOC HA NMpHMepe NPocTeilieil MAlUHHEI, COCTONmEH H3
LMTABAPA ¢ HEBECOMBLIM TMOPLIHEM, IBIKYLHMCH 6€3 TpeHHa, HO TEpPMETHYE-
CKH TIPHJIEralolMM K CTEHKaM UunHpapa. KOoHCTPYKUMA MHOTMX PealbHbIX
MalllHH OCHOBaHa Ha takoif cucreme (puc.6). ITycTs ras B HUIMHIpPE NepBOHA-
yajJbHO HAXOAMTCA Mof JasrendeM P atM. (P>1aTM.) u pacumpsercs ot o6be-
ma Vi 1o o6bema Va, mpy 5TOM MOpIIEHb MPOXOMHUT NYTh S (B CAHTHMETPAX).
KakoBa e BennynHa paboThl, NPOM3BEAEHHOH [a30M, MPH TAKOM npouecce?
OHna 3aBHCceTH OT BECA T'PY3a, NOALIMAEMOTO nopluHeM. EcnM cmenaTh Haj
TOPLIHEM BaKyyM, & BECOM I'Dy3a NpeHeOpeyb, TO MOXHO CUMTATb, YTO raz
NPH PACIMPEHUM HE [POM3IBOAMT HuUKakof paBorel. Ecmu e Ha moplueHn
JefcTByeT aTMocdepHOe AABIEHME ¥ IPY3, TO a3, PACIMPAACH, COBEPILAET
paboTy NpOTHE 3THX CHI TeM 0OmbLIyIO, yeMm Oonbiue Bec rpy3a. Mbt BUaKM,
qro paboTa, COBEpIIAEMas Ta30M NPH OJHOM H TOM & HIMEHEHNH COCTOSHNA
(pacwupenne rasa or obvema Vi go obvema Vi npu nocrosHdo# remnepary-
PE), 3aBHCUT OT YCIIOBWI, B KOTODHIX MPOTEKAET 3TOT Npolece. YBelnunsas
TPY3, MOXHO YBEIRHMTL ‘paboTy rasa, HO TONLKO A0 TOT'O MOMEHTA, KOTIa
YPaBHUBAJOTCA CHJTBbI, HelCTBYIOIME Ha NOpUIEHs cBepXy (rpys H atMmocdep-
HOE JaBIeHWE) W CHU3Y (1aBneHHe rasza). B 9T0T MOMEHT NMOpLIeHh ocTaHo-
BUTCH, Hala "cHereMa” (NOpLUeHs M ras B LMruH/pe) ByHeT HAXOXUTHCA B €O-
CTOAHUH paBHOBeCHA. EcM Rambine YBEIMHHBATE IPY3, TO HPOLECC HOHAET B
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006paTHOM HaNpPaBIEHNH, TO €CTh HEPACLUMPAIOLIMICS ra3 6yLeT NpOU3BOANTh
paboTy, 4 BHEWIHUE CHIIbI PafOTAThL HAJ Ta30M, 3ACTABINS €r0 CHKHUMATHCS.
[Ipn 3amaHHOM RaBIIeHMM rasza P Mbl IMONyYuMM MakcuMansHyio pabory, ecau
BEC IPY3a HAJ MOPIUHEM Ha DecKOHeUHO Malyio BEAWUYHHY MeHblie Beca, Heob-
XONMMOTO [UIA MONIEPKAHHSE PABHOBECHS. DTO~HAWOOMBINMIA BO3ZMOXKHBINA
IPY3, KOTOPHIH PACIIMPAXOLIMIACA a3 MOMET MOJIHATh B JAHHBIX YCIOBUAX. B
TAKOM CIIy4ae ra3 NpPOM3BOANT MAKCHMANLHYI0 paboTy, HO NpH ITOM 00bEM
rasa He MOXeT M3MEHMTBCA HA KOHEYHYIO BeNMuUWHY (Hanpumep ot Vi oo Vo),
MOCKONBKY [OCHE PACUIMPEHUSA Fa3a HA GECKOHEUHO MANIYIO BEJHYWHY HACTY-
NAaeT HOBOE COCTOfIHYE paBHOBecHs. ECIH ra3 paciudpsiercs npH NOCTOAHHONA
TEMNEPATYPe, TO eTr0 HaBJIEHME MTaJaeT, MOITOMY MOCHE HOAbEMA HAIIETO MAK-
CMMANBLHOTO rpy3a Ha OCCKOHEYHO MATYI0 BeJIMYWHY PABHOBECHE MOKINY B~
COM I'py3a U CHJIAMH, JeHCTRYIOLMMH Ha NMOPHIEHb CHU3Y, MICHOBEHHO BOCCTA-
nosures. s Toro uTofbl ra3 ganbuie MOT NPOM3BOLNTL PaBOTyY, HYKHO CHO-
BA YMEHLINATL Bec Ipy3a. MakcuManbsHas paboTa noyyaeTcs TOMLKO B TOM
cllyyae, eCIM KaXIoe yMeHblLUeHWe Beca Ipy3a oOecneunBaer pacludpeHHe
ra3a Ha GecKoHeYHO MalyIo BelmvuyMHy. MakcumanpHas padbora ckirazbiBaercs
13 OonbUIOro yncia HeCKOHEYHO MAaNbIX NOpLMiA. DTOT npouecc Mbl Gymem
BECTH JIO TEX MOp, MOKA I'a3 HE PACLUMPUTCH [0 3ajanHoro obbsema Va2 ¥ nop-
IWEHH HE MOJTHUMETCH Ha BBICOTY S cM.
EcrettBenno, BosauxaeT BONpoOC, NOuUeMy
IS IOCTHKEHHA MaKCHMAaILbHOH paboThl HYKHO
YMEHBLIATL BEC FPY3a OTHENbHBIMU FIOPLHAMM,
He npoute Bb1mo Obl MoCNE XOCTHXEHNS PABHOBE-
CHS CPa3y CHATHL CTOJILKO CPY3a, CKOJbKO HEOO-
XOJMMO I8 PACLUIMPEHUS Iaza 10 3aJAHHOTO KO-
HEYHOro 00beMa V2 W NogbeMa MOPIUHA Ha BbICO-
Ty S oM 33 ogun MkN? HecoMHeHHO, 3TOT nyTh
Dosee POCTOH, HO raz COBEPUIMI ObI MEHLIUYIO .
paBoTy, NOCKOJILKY HA HAYAIHOM STame pacil- ‘2
PEHMS eMy NPUINNOCH Obl MOJHMMATSL FPY3 MEHb- |
AR, YeM OH crocofeH NONHATbL NPY Havalb-
HoM Jasnenud P. VITak, Mbl BHAMM, UTO JAXKE B
WIEANEHOM MBICTEHHOM 3IKCIIEPUMEHTE BeChMa )
TPYOHO OCYIUECTBHTL MPOLECC, B KOTOPOM CO- fo'::‘;o‘;a‘ﬁll.]ﬂ‘;“:f‘"“:l‘;’;m;‘;?l““c’
Bepluanack 6s1 MaxcMManbHas paboTa. HOpIINCM, B KOTOpOil paGoTY
Ka)KJ.IbII?'l pa3, no HNOCTHMKEHMH COCTOAHHS apou3BeanT paciumpsomica
paBHOBecHs, HEOBXOIUMO YMEHbILATL BEC rpy3a, Fas
JNABSLIErO Ha [OPLUeHb, BECKOHEYHO MANLIMU NOPUMAMM, YTOOKl ra3 paciuu-
pAICS TAIOKE Ha BECKOHEYHO MAIYI0 BENMYHHY W MPOW3BOIMII NPH ITOM COOT-
BETCTBYIOIYIO MAXCHMaNLHY0 pabory. DTOT rpouecc HeoBXOXMMO MOBTO-
PATL IO TeX MOp, noka He OyAeT JOCTHIHYTO 3a1aHHOE KOHEYHOE COCTOAHUE.
Ecii Mbl mpocyMMupyeM pafoTy, COBEPLUEHHYIO Ta30M Ha KaWIOM lare, TO
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MOJAYYUM MAKCHMATIbHYIO paboTy, JOCTHXNUMYIO B JAHHOM OpoLiecce. Xapak-
TepHas 0COOEHHOCTh KaXmoH (a3l Taxoro npolecca — 3T0 BECKOHEMHO Ma-
JI0E OTIIMYME COCTONHMS CHCTEMbI OT PABHOBECHOI'O H BO3ZMOXXHOCTL BEACHMA
npouecca He TONLKO B MPAMOM, HO U B 00paTHOM HAMPABIEHUH, ECTIH BMECTO
YMeHLLIEHNS TPY3a Mbl ByeM ero yBeIMUYHBATL Ha TY K& DECKOHEUHO Mallyio
pemmymEy. Ilpoueccsl, TPOM3BOLAUMbBIE 10 TAKOMY METOLY, HA3LIBAIOTCA 00pa-
THMBIMH, HTak, MaxcUMabHyo paboTy MOXKHO NOJNYUHThL TOMBKO B TOM C/Iy-
yae, eciy Npouecc seperTcs obpaTuMo. B o6paTUMOM npouecce MaTepHanbHas
CHCTEMA MOCHEAOBATENLHO MPOXONUT PAL COCTOAHMEA, KaXA0e H3 KOTOPbIX
fecKOHEYHO MAJI0 OTJIMYAETCA OT pasHoBecHoro., Ilo 3Tof npuuumHe Takue
NIPOLECCH] HASBIBAIOTCH TAKAKE PABHOBECHBIMH.,

OcywecTBUM 1M BooO1e ofpaTuMblid npouecc? M3 ckazanHoro sbiuie Bu,u-
HO, YTO BPAKTHUYECKH HU OJUH MPOLECC HE MOXKET 6bITb TPOBENEH crporo obpa-
THMO Y€ [I0 TOi MPOCTOM MPUYKHE, YTO B TAKOM MPOLIECCE HYXKHO YMEHbIIATD
npomno;xencmyfomylo cuny GeCKOHEYHO MAaNbIMH TIOPUHAMH H OECKOHEYHO
MHOI'O pa3s, Ha 4TO, ECTECTBEHHO, IIoTpedyercs mMTenbHoe Bpemsa. Kpome roro,
HEBOBMOXKHO TIOJHOCTHIO YCTPAHHTD TPEHME 1 APYTHE MOTEPH.,

Kax xe Toria y3HaTh BEIHMYHHY MakcumanbHo# paboTsi?

H3BECTHO, YTO HEBO3MOXHO OCYILECTBUTH 0BPATHMbIH MPOLECE, HO MOXKHO
MPOBECTH MPOLECC TaK, YTOOLI OH AOCTATOYHO MAN0 OT/IMYANCA OT 00paTHMO-
ro. Ecnu cooTBeTcTByIOlMM 06pasoM peryiupoBaTh BEIHUNHY MPOTHBOACHCT-
BYIOLUEH CHIIbI H MAKCHMATbHO YMEHbUINTL CHIIY TPEHHS, TO NolyyeHHas pabo-
Ta 6yner Malo OTIMYATHCA OT MAKCHMANIbHO BOIMOKHOH. DTO OTIMUME TeM
MeHblIe, 4eM GOMblUe YIACTCS CHM3HTh HeoOpaTHMOCTD npouecca. H3 nanubx,
TMONYYEHHBIX B PEASTLHOM 3KCIEPHMEHTE, MOXHO TEOPETHYECKH (C JOCTATOUHOI
TOUHOCTHIO) BLIYUCANTE MAKCUMATIbLHYIO pabOTY MHOTUX TIPOLIECCOB.

IpaxkTHueckoe 3HaYeHMe 0GPATHMBIX NPOLECCOB

3Hanue BeITHYHHbBE MAKCUMATLHOR PaBoThl, KOTOPYIO MOXHO NOXYUUTH B
0BpaTHMBbIX MPOLECCAX, BO MHOIKX Cly4asx HMeeT OOIbLIOE NPaKTHYECKOE
3Hayenpe. Tak, HanpuMep, 3HAHHE MakcMMmanbHOH paboThbl, JOCTHKHUMONH B
HeKOTOpOM mpouecce, no3sonseT oueHHThs KIII mawmsel, Henonesyrowedd
TaKOH MPOUECC, U ONPEJENMTh BO3MOXKHOCTH PEANbHON MAIUMHBI, 4, CIEAOBA-
TENbHO, CaMy LEIECO00Pa3HOCT €6 CO3MAHMA W BO3MOKHOCTH YCOBEPIUEHCT-
BoBaHMA. ECH, HalpuMep, pacyeTbl NMOKaXyT, Y4TO Kakoi-nnbo npouecc npu
0OpaTHMOM €ro IIPOBEINCHUM: HOJDKEH [ABaTh B ¢JMHHLY BPEMEHH 100xI'm pa-
00Thl, & peanbHad YCTaHOBKE ,naeT T0JIbKO 8kI'M, TO COBEpPLIEHHO OYEBUIHO,
YTO 3TA YCTAHOBKA BECbMA HECOBEPLIEHHA NO CPABHEHHIO ¢ 3aJI0XKEHHBIMM B
HEH PEATbHBIMU BOMOXKHOCTAMM, H O6HbEKTHBHO UMEET CMbICH PabOTATL HAl
JanbHeHIIMM COBEPIIEHCTBOBAHMEM €€ KOHCTPYKLUMHU. ECIH e oKaxeTcs, 4To
mawyHa gaer 90 xI'm, To acHo, uro KIIL MOXHO yBEIHYMTL MAKCHMANLHO Ha
10% u moaTomy BPAX JIKM LeNecooOpasHo BKIALLIBATE CPEACTBA B JalbHEHAILNE
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uccnenonsannia. QuesupHo, GecembICieHHO OT ITOH yCTaHOBKH A0GUBATHCH,
nanpumep, 200 xI'm pabotsl. 3Has paGoTy, nonyyaemyo B 086paTHMOM Npo-
LIECCE, MOXHO CYIMTL O PeHTabeNMbHOCTH MAIUMHB! M DRpenenuTs Hanbonee
11e71€CO000pA3HOE HANPABIIEHHE HAYUHBIX HCCIIEXOBAHMI ¥ PASBUTHSA TEXHUKH.

OnsHocryneyuaroe npespanienye Tensa s patory

PaccmoTpuM eme pa3 MpHMep C Ta3oM, 3aKITIOYEHHBIM B LMIHHIDE C
MOPUIHEM. DTO NPOCTOS YCTPOHCTBO, SBIAIOLICECH CYUIECTBEHHOM YaCTBIO
HanboNee pacnpoCcTpaHeHHbIX ABUraTeneil (mapoBoil Mawybel, GEH3HHOBOrO
W AU3EILHOTO JBHraTeNel), MOMOKET BhIACHHTL HEKOTOPHIC BAXKHLIE MOMEH-
Tbi IPOLIECCA PEBPALUEHHS TEPMMUYECKOH 3Hepruy B pabory.

TIyers UHAMHAD HANOJHEeH UAeaIbHBIM Ta3zoM. B TakoM rase MOJIEKY bl
MOXHO PACCMATUBATbL KaK TOUKM W [peHedpeus ux nputsxenveM. B aeicTen-
TENbHOCTH HACATLHOTO ra3a HE CYU(ECTBYET, HO MHOIHE peanbHble rassl (Hz,
02, N3, He u 1p.) npw He CIMIUKOM HHU3KHKX TEMMEPATYPAX U HE OUEHb Bone-
MK JABJEHUSX (HAnpHMep ITpH KOMHATHOH TeMupepatype M amocdnepuom
IABIIEHHW) BeOyT Cebs MOUTH Kak MaeanbHLIH ras. BakHelee cBoHCTBO Mae-
ANBHOTO TA34 — 9T0 HE3ABRHCUMOCTh BHYTPEHHEH IHEPIMH ONPERENEHHOrO KO-
nuvecTBa rasa (danpumep I1molis) oT o6vema (Wi xasienus). Tak, BHYTpeH-
HAA HEPTUA 2 T BOXOPOJA IPH JABICHHH B 5 aTM. NMPAaKTHUECKH HMECT Ty XKe
BEIIMYMHY, 4TO ¥ IpH | aT™M. '

TloMecTIM UUITMHIP C ra3oM B 00MbLI0H COCY ¢ BOAOH, B KOTOPOM TIpH 110~
MOLIM XOPOLUETO TEPMOPEryNATOPa IOANEPIKUBAETCS NOCTOAHHAS TeMNEPATYPA.
[Tocne Toro kax TemnepaTypa rasa ¥ UMIMHIPA ¢ TOPLIHEM CPABHAETCH ¢ TEMIE-
patypoit Boms!, 6yIeM MEHATh IPy3 HA MOPILHE TaK, YToOkl ra3 paciuupuics o6-
patumo ot o6eemaVy o o6vema Va Ilpu 3TOM ra3 npowsseJeT NPOTHB CHI, Jek-
CTBYIOUIMX HA MOPLIEHb, MAKCUMATLHYIO paBoTy, KOTOpPYIo Mbl 0603HAUNM A.

OTtkyga Geperca a1a pabora? OTEeT HAST HAM MEPBOE HAYANIO TEPMOIH-
wamuxu, ComiacHo cootHoweHHo (1), pacunpsatommpiics ra3 cosepiunaer pa-
60Ty (A) nub0 3a cHeT yMeHblUeHH s CBOEi BHyTpexHel aneprum (- A U), mu-
60 3a cuer orobpannoro y soasl Temia (Q), nM60, HAKOHEL, 32 CYET TOIO U
apyroro emecre. Tax kak B JAHHOM ciyyae paBoTy COBEpIIAET WASATLHbIH
ras, TO ero BHYTPEHHSAS JHCPIMA He W3IMeHsercs: npu obbeme V2 oHa Taxas
xKe, kak npu obbeme Vi. D10 3HaunT, yro AU = 0, otkyaa A = -Q.

Taxum o6pasomM, paciiMpsowmiics ra3 npespaiaer B paboTy Temo, oTo-
GpaHHOe OT OKPYKAIOLIEro npocTpancTsa. Ecnu paclunpeune nporucxopur ob-
PATMMO, TO €CTb DECKOHEYHO MEIEHHO, TO MEXAYy ra3soM W BOJAHOH BaHHOI
HET Pa3sHOCTH TemrepaTyp. Ha nepsblil B3rAsa KaxeTcs, YTo TakuM obpazom
Mbl MOXEM OCYLUECTBHTL BEYHbIH ABMIATEAbL BTOPOrO poja — NONHOE NpeBpa-
LUEHME TEPMUYECKOH BHepIuH B paboTy. OLHAKO BOIMOXHOCTh IIPOBEIEHNA Ta-
KOT'O MPOLecca JAXKE MPH YCIIOBMH ero 00paTHMOCTH OMEHb OTPAHKHYEHA.
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T'a3 B uumuBzIpe MOXET PACLUKPATHCA TOMBKO [0 TeX MOp, MOKa CUa ero
JaBICHHUs Ha TTOPIICHD HE CPABHAETCH © CHIIOH aTMOCHEPHOTO JABIIEHMA U BECOM
rpysa. Ilo DOCTHXEHHM Taxoro paBHOBECHS ra3 He Moxer Holee NPOHIBOANTL
paboTy. OTO 3HAYMT, YTO HALIA MPOCTAA MALUVMHA MOXET IOJHOCTBIO [IpeBpa-
THTb B paboTy OXHY-eAHHCTBEHHYIO OPUMIO TEPMHUECKOH SHEPTHH, IOCIE Y€~
rO OHa, NPK JAHHBIX YCIOBUAX, HE CIIOCOGHA BHOBL Npou3BoauTh pabory. Ove-
BHIHO, YTO TaKaA MAMHA HE HMEET HHKAKOI'O MPaXTHIECKOro CMbIcha.

TIpenpaltienue Tena B paGoTy B UMKIHHECKOM NpoLecce

BosnukaeT BONpPoOC, MOXHO JH KakMM-1M00 criocobom BHOBE BOCCTA-
HOBUTE PAbOTOCIIOCOGHOCTL YCTAHOBKH, NOTEPSHHYI) €0 B PesyabTaTe pac-
IMpeHus rasa. OueBHIHO, 3TO BO3MOXKHO, €CIH Mbl C [OMOLILIO JaBREHUS
BHOBb COXMEM r'ad, XOTH, KOHeuHo, Takoll npouecc norpebyer sarpatsl pa-
6oTbl. ECIM MBI COXMEM a3 J0 NepBoHavyamrbHOro ofbseMa Vi, TO OH BHOBb
OKQXKETCA B MCXOJHOM COCTOSHMM W Oyner, Takum obpasom, criocoben aarth
OUEPENHYIO MopLKIo paboTbl. Takad NocuegoBATENLHOCTE M3MEHSHMHA, KOTO-
pad B KOHLE KOHUOB NIPUBOJMUT CHCTEMY B MEPBOHAYANLHOE COCTOAHUE, HA3bI-
BaCTCs HMKIHYECKHM IPOLECCOM.

JIs yCTaHOBIEHHS IHEPreTHUECKOTO Ganaica LMKJIIMYECKOTO MPOLBCca
Mbl ZOIDKHbBI BLIACHHTb, B KaKOM COOTHOLUEHUM HaXOAHTCA pabora, MoyyeH-
Hai [pd pacHIMPEHMM rasa Ha nepsoit craaud, H paboTa, 3arpayeHHas Ha
BOCCT2HOBIIEHHE IMEPBOHAYANLHOTO COCTOSHUA. Ecny Ha nepBoi crafnu Mbl
nomyuyum 60IbILEe PabOThI, UeM €8 HYXHO 3aTPAaTHTh HA BOCCTAHOREHME Nep-
BOHAYANbHOI'0 COCTOAHMS, TO LMKIIMUECKMIH MPOLIECC AAET BLIMIPLIL B 9HEp-
CHH 1 MHOTOKPATHOM [10BTOPEHUH 3TOLO NPOLIECCA MOKHO IIOIYHnTh PaboTy.
B npoTHBHOM Cityuyae yCTPOHCTBA TAKOIO TMIIA HE MPUTOXHLI % 3TOTO.

Ha nepsoit craguu npy oBpaTHMOM PaciiUpPeHMU I'a3 NPOU3BOIHT Hau-
Jombuiyio paboty. Paccyxuas aHanorM4HO TOMY, KaK B Ciiyuae paclHpeHus
raza, MOXKHO NOKa3aTh, YTO CKAaTHe raza noTpebyer HaumeHbweR paboTsl, ec-
a1 npouece 6ymer MATH oGpammo Ho maxe B 3TOM HIEAILHOM NPEACTbHOM
clyyae ofpaTHMOe CKATHE as’a KO MCXOAHOXO COCTOSHMA NOTPEBYET TOYHO
TAKOIO JKE KOJIHMYeCTBa paboTbl, KAKOE JAET r'a3 NpH 06PATHMOM PACIIHpPE-
Hui. TakuM o6pasoM, 6amaHc 3HepTHM BCETO KPYLOBOTO MDOLECC, Jaxe B
3TOM ITPHHUHIHATILHO BO3MOXKHOM BIAronpHaTHOM clyyae, PaBeH HYIO: [
TOrO YTOOL! BHOBbL BOCCTAHOBUTH CIIOCODHOCTH MAIUMHB! COBEpUIATL paboTy,
Mbl JOJDKHB! [OJHOCTBIO 3ATPATHTH TY pa60Ty, KOTOPYIO Mbl ITONYYMM Ha
nepsoit cramn. CnenosaTenbHO, 3TO YCTPOHCTBO Jae B MACATLHOM mnpe-
JeIbHOM Cly4ae He CMOXKET HIMTENLHO nponaaoumb pabory.

HeficrBurenpnoe nonoxenne Bewed eie MeHee BraronpusTHO, TAK Kak
LWMKIMYECKHH MPOLECC HUKOTAA HENb3s MPOBECTH 06paTHMO Heo6patnmocTts
NPHUBEAET K TOMY, 4TO paboTa, HONyYeHHas Ha-NepBOH cTaauu, 6yNeT MeHblle
MAKCHMAaNLHOM, 1 Mo TOH Xe NMpUuMHe paboTa, 3aTpayeHHad Ha BTOpOil cra-
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anu, ~ Gosiblle MMHUMaNEHO HeoOXxomumol. MiTak, Bech MpoUece 3aKaHy1Ba-
ETCS C OTPHUATENLHBIM YHEPTETHYECKUM DaTaHCcoM.

PaGoTa, nosy4aeMan npy HATHYMM PA3HOCTH TEMNEPaTyp

Taxym 06pasoM, LMKIHYeCKUi MpOLece, COCTOAIMH M3 pacIHpeHns U
CXATHA [a3a, HE NOAXOAMT ANA NOMyyeHus paboTsl, TaK Kak cxaTHe Tpebyer
ciuwkoM GonbuioH ee 3aTpaThL. Henesst ni yMeHbWWTE 3Ty paboTy HacTONb-
K0, uTOOBI IHEpreTHUEeCKHi BATAHC LIMKIHYECKOTO IpoLecca BCe JKe CTall 110~
JIOKUTENbHBIM H Mbl MOy YHITH 6b1 BeMrpbi B pabote? s aToro sasneHue
rasa Ha CTAJMU OKATHA JOIKHO ObITb MEHDBIUE, YEM HAa COOTBETCTBYIOLEH
CTauN PACIIMDPEHHs. DTOT0 MOXHO nobuThes, OXTTaX([iast Ia3 Mepell HAYaIoM
BTOPOH cTagMH. C MOHIKEHHEM TEMIIEPATYPbI KaBIIeHHEe JAHHOW MACChl rasa
TAKOKE TIOHIKACTCA, ECITH MPH ITOM HE n3MeHseTcs ero obbvem. CooTHoWeHUE
MEXIy TABIEHMEM, OOBEMOM M TeMIepaTypOi WHEATLHOTO ra3a ONMUCHIBAETCS
0B'beHEHHBIM IA30BLIM 3aKOHOM, OH YTBEPKAAET, YTO JUIS OFHOLO MOJIA I'a-
3a COOTHOUIEHHE Mexay aasneHdeM P, o6ueMom V u aﬁcomomou TeMIlepaTy-
poi T MMeCT BHIL

PV=RT, ()

rae R = 1,98 xam/(KMOJIB) ~ TaK HA3blBAEMAs YHHUBEPCANLHAS Ta30Bas MOCTO-
AHHASA, HE 3aBHcAas oT cBoicrs rasa. Ilpu samanHom 3Ha4yeHny V gaBneHue
rasa PONOPUMOHATIBHO TEMIEPATYPE.

C y4eroM NpUBENEHHOIO COOTHOUICHHS OMMUCAHHbIN BhIIE LUKIHYECKHH
TPOLECC MOKHO cAeNATh "PeHTaBEIbHbIM": [10CAE TOTO KaK JAHHOE KOIMYECTBO
npu Temnepatype T2 pacimpures oT o6sema Vi 0 06bema Vau corepumT npH
9TOM PaboTy Az, Ta3 B LIMIMHAPE HY>XKHO OXIIAAMTL A0 TemitepaTyphl T 1 OxaTh
ero o obbema Vi, npy atom copepuins paboty Ar. Haxonen, s HocTrKeHNs
NCXOIHOIO COCTOAHHS Ta3 HYKHO BHOBb HArpeTh X0 TemepaTypsl Ta.

3nech uummqecxnm npouecc 3aKaHuMBaeTes (puc 7) ra3 Bosnpamaercn B
MCXOQHOE COCTOAHME M Mpouecc' MOXKeT BbiTh MOBTOPEH BHOBL. Ilposepum
JHEPreTHyeckHit Bananc 3TOro KPYroBoro MpoLecca B MeallbHOM cyvae, Ko-
TAA Ha BCeX CTaguax npouecc uper obpatumo (umuxn Kapho). Tenepn on 3a-
KOHYHTCA HHCTBIM BbIMTPHIILEM B paboTe, Tak Kak paboTa, Heobxonnman Ans
BOCCTAHOBJICHUS MCXOLHOT'O COCTONHMS, MEHbUIE, YEM ITOTYYEHHAN MPH pac-

WKPEHHH rasa \A ‘ <‘A2i. Pasnocts ~ 970 "upcras” paboTa UHMKIIMYECKOLO

npouecca!AI !A l—]AI Hdns  uuxmMyeckoro npolecca, KOTopbm BeneTC

npH ABYX pasnmﬂbrx TemnepaTrypax, HeobX0QUMO MMETb IBa "TEMNIOBbIX pe—
sepByapa", HalpuMep JBa cocysa ¢ Bonoi ¢ temneparypamu Tz u T1. Ha nep-
BOW CTAIMM MPOLECCa UWIMHADP HAXOMUTCA B pe3epsyape ¢ Donee BHICOKOH
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temneparypoii Ts. Pacumpsiomuiics ras npomwssoaur pabory A; 3a cuer
' .. TEPMHYECKOH SHEPIMHM pe3epByapa, M3 KOTOPOIo
: oH 3albmpaer Tenmo Q2 ¥ NMONHOCTLIO NpeBpaliaeT
ero B paboTy. 3aTem MIHMHAD nepeHocHTCR B 60-
! Iee XONOXHBIN pe3epByap, COOTBETCTBEHHO ra3 B
| HeM OXNAXKTAETCA M CKHMAETCA, IPM TOM 3aTpa-
uppaerca pabora Ai. Tak xak oGpammoe cxaTye -
.| NpOMeEcc, CTPOTO NPOTHBONIONONHLIH 06paTHMOMY
.| paclMpeHuio, TO Tenno Qi, IKBHBAIIEHTHOE 3aTpPa~
. -qeHHOM pafoTe Ai, nepexonur B Gonee XOMONHBIN
. pesepByap. 3aTeM LUMIHHAD KakuMM-HUGYIb "mon-
- e XOIAWHMM criocobom” (ammabaruyeckoe CKATHE)
g'cn:oua"::’“';';"’:;:m: 'HarpesaloT o Temmneparypsi Tz Moxuo moxa-
pabora , CopepIIAETCH 3a 3aTh, 9TO B IIHKIHYECCKOM MPOLIECCe a3 IpH oXna-
cueT HATpeBANMS H OXJ&%- MIIEHWH OTHAeT. CTONbKO SHEPTUM, CKONLKO ITOJLY-
nemms raza (men Kapro). ey NPH HArPEBAHHH, TO €CTh CYMMAPHBIN IHepre-
: THYECKAH BaaHc NPOUECCOB OXNAXIEHN H HArpe-

BaHHA ra3a paaeu 0, moaTomy ero He HaZo IPHHHMATb BO BHHMAHKE,

Taxum o6pa30M, B PAcCCMATPHBAEMOM ciyyae ras orGupaer u3 Gonee te-
nnoro pesepsyapa rerro Q2 v oTHaeT 60Mee XOTOZHOMY - Termno Qt, pu ITOM
Q: npespamaerca B paboTy IHIIb YACTHYHO:

A =Q:-Q1, 2 Qi nepexonuT B TEPMUUECKYIO aneprmo fonee XONOAHOTO

pesepayapa.

Bropoe Haua/i0 TEPMOAMHAMBKH

Wrax, B LMKIMYECKOM TpOLECce NOMYUUTh NomesHyio pabory H3 Temnua
MOXHO TONBKO TOIAa, KOr/la TepMMueckas IHeprus B GopMe Temra nepexo-
JAT 3 pe3epayapa, ¢ 6onee BrICOKOI TeMIEpaTypoil B pesepByap ¢ Gonee HU3-~
KOi, W IpH 3TOM B paBoTy npeBpamaercs TOMbLKO YacTh Temna. B pe3ynbTaTe
JOBOJBHO CHOXHOTO PAcuCTa NONYYEHO BHIPAXCHHE JUIs ONpETENeHus 1oNes-
Hof paGOTBI COBEPUIAEMON B PACCMOTPEHHOM NpoLecce:

T:-T
An=-Q — . (3
. T2 . ‘

3neck (T2 — T)/T2 = N — x03dULHEHT 1M0NEIHOTO JEHCTBHSA UMKIAYE-
CXOTO NpOIIecea. ’ '

Ha ocHOBaHHH ONMLITHBIX JAHHBIX YCTAHOBIEHO, YTO ypaBHeHue (3) cnpa-.
BEWTUBO A M060ro 06paTHMOro LMIIIHYECKOro NpoLecca, B KOTOPoM pabo-
T4 NONyyaercs 13 Tenna, CenoBaTelsHO, 3TQ YPaBHEHHE YHHBEPCANLHO, OHO
ABNISETCA MATEMATHYECKHM BBIPAXKEHHEM BTOPOTO HAYANa TEPMOXHHAMAKH.
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§ 5. KOO@OHUIINEHT ITOJIEIHOI'O JEACTBUASA IPOLIECCA
IIPEBPAILEHMS TEILTA B PABOTY

Bropoe Hayamo TepMOTHHAMHKM YTBEPXKIAET, YTO [OJIyYeHHe paboTel H3
TEMIA BO3MOXHO TOJBKO NIPH HANHMYMU HATPEBATENd H OXNAIUTENs, MEXIY
KOTOPBIMH IOJIEPXKUBAETCA ONpele/ieHHad PasHOCThL TeMmneparyp. Otobpar-
HOE OT HarpesaTenx Terno Q2 YacTUHHO NpeBpamaerca B pabory, a 4aCTHYHO
nepexomuT x Gomee xomoxHoR wacTH ycTaHOBKM (oxnanmremo). KM obpa-
THMOTO IPOLECcca. MoNydeHHs paboThl 1| He 3ABHCHT HY OT BEL{ECTBA, HOMOb-
3yeMOoro Ui MONy4YeHHs paboThl, HH OT yCTPOHCTBa MalIMHBL, 4 JIAIUL OT Pas-
HOCTH TEMIIEPATyp MEXJy HarpeBaTereM H OXNaJMTENEM. K].'IJI TAKOTO HJie-
aLHOro o6 paTHMOrO NPONECcca HMEST MAKCHMANBHOS 3HAUEHHE, KOTOPOro OH
MOXET JOCTHIHYTE. B peanpHbIX IPOLECCAX M3-3a HEyCTPaHUMOM HeobpaTH-
mocTh KTIJT 3HaunTensHo Hike. Pasnocrs Mexay dakriueckum KITJ peans-
HOH MaumHel, nonyyarowe pabory u3 terna, n uaeanspiv KITT (T2 -T1)/T2
€cTh Mepa HeoGPATUMOCTH COOTBETCTBYIOILEro MPOLECCa.

Yeeanuenne koo@clmunem‘a TOJIe3HOTO NelicTBus

Hs BTOpOI‘O HAYana 'repmo,uuuamnxn cmeayet, yro KIII uneansroi ma-
IHHB, nponssoyAmed pabory M3 TepMHdecKkol 3HEprHH, GyneT TeM Bble,
4eM Gonbme Pa3sHOCTb TEMIEPATYD MEXIY HarpeBaTeleM H OXJaguTeneM (pa-
IMaTOPOM) ¥ YEM HIXKE TeMneparypa pamuaropa. Ha npakrike _TeMneparypa
OXJIAAUTENS HE MOXKeT ObITh HHXKE 'remnepa'rypm oxpyx(alomeu cpenl, Xax
IIPaBMIIO, OHA MOYTH BCET A BBIIIIE.

TemnepaTypa HarpeBaTeNs 3aBHCHT OT MHOTHX ¢axTopos. Tak kak Ten-
7o, nepesoauMoe B pabory, moiygaeTcs B Pe3yNbTaTe COPAHHA PA3IMYHbIX
BHIOB TOIMBA, TO TEMIIEPATYpa HATPEBATENA B MEPBYIO OYEPENb 3aBHCHT
OT TEIIOTH ¥ cKOpocTH cropanus. CoBpeMeHHbIE YCTPOHCTBA TO3BONAIOT XO-
POINO PEryNHPOBATHL 3TY CKOPOCTh M IOJIYYAaTh OYEHL BBICOKYIO TEMIEPATy-
PY, HO IPAKTHYECKM BETHUHHA TEMUEPATYPhI OrpaHHYeHa, TaK KaK MPH BBICO-
KOii TeMmepaType B MeTAILIaX M APYrHX MeTepHanaX BO3MOXHbBI HEXEIATEb-
Hble H3MeHEeHHA. B coBpeMeHHbIX ITapOBbIX MAIIMHAX KOTEN HArpeBaeTcs IIy-
TeM BHEWIHEro CropasMs ToMBa. B Taxdx MalMHAX TIAp MOXHO Harpersh
o T2=6500C (923 K). Ecnm npu 9THX yCHOBMAX TeMiepaTypa OXNanHTens

=60°C (333 K); To KIL npu o6paTHMOM Npo1ecce CoCTaBIseY

923-333

N = - 100 = 63,8% .
923
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B neitcranrenshocTr KIT/K 3HaYHTENBHO HIKE.

Jaxe na coBpeMeHHbIX Honbumix anexTpoctanumax KIII rermosbix Typ-
Gun e npesbimaer 45%, WIS MANbIX MAMH OH ewe Hdke narnpumep KITJ
[APOBBIX ABHraTeNeil Ha MAPOBO3AX COCTABIAET ML 5-7%,

B mpuratensx BHyTPeHHEro cropanns (OeH3MHOBBIX M OM3ENbHBIX MOTO-
pax), B KOTOPbIX 'OPIQYEE CrOPAET B CAMMX LYMHADPAX, TEMIEPATYDA MOXET
mocTurath 1600-1800° C 6e3 ywepba ang MATEpUANIOB UWHIMHAPA M NOpHEH
oxnaxgaemsix cHapyxu. KITJ Ju3enbHbIX TOKOMOTHBOR MOXKET MPEBBILAThL
25%; B CTANMOHAPHBIX MOTOPAX ABHTATENeH BHYTpPeHHero cropanus KITI
nmocruraet 45%; eme 6ompunit KITJ uMeroT razoBuie TypOHHLI,

Taxum 0bpasoM, U3 BTOPOro Hauaia TEPMOJMHAMAKH BBITEKAET, YTO B
OIHTeALHO paGOTaromeu MAaLIHHE TeMIO JAXE NMPHHLHNMAILHO HE MOXeT
GbITb TIONHOCTBIO NPEBPAEHO B PABOTY ~ 4aCTh TEMNa MAET HA NMOBLILIEHHE
TepMHUecKkOl aHepruu oxmajyurens. C TOUKU 3PeHHs MPOUIBOTHUMON paGOTbl
3Ta PHEPTHA TEPAETCA. Hosrouy TENUIOBbIC ABHTATENH NPHHUMINATEHO He-
PeHTAbENbHEL.

B TenIoBbIX MALIMHAX xumuqccxaa 3Heprm; TOnuMBA (yriis, He(TH, ras)
CHAYAJIA NIPEBPAILALTCS B TEPMHUECKYIO 3HEPIHIO, a [TOCNEXHAA UCTIONL3yeTes
3aTeM [N NOAy4eHUs paboTht, npuueM ¢ oueHs HuskuM KIILHA. Tlpu Taxom
Npeobpa3oBaHMM Mbl, N0 CYLUECTBY, "06ecLieHMBAEM" XUMHUCCKYIO SHEPTHIO,
KOTOpas B NPUHUMIE MOXeET ObITh HENOCPEACTBEHHO M MOHYTH MNOJHOCTHIO
npespaluesa B paboty. TepMuueckas 3HEpIr{s KaX NepexofHas CTYNeHb HC-
TOB3YETCA B HACTOAILCE BPEMSA ITABHBIM 00Pa30M NOTOMY, YTO €€ PEBpalle-
Hue B paboTy MOXHO OCYLIECTBUTE ¢ NOMOWIBIO OTHOCHTENBHO NPOCTHIX YCT-
POHCTB, /il KOHCTPYMPOBaHMS KOTOPbIX IOCTATOYHO JTUUIL SHAHHS 3aKOHOB
IBYKEHUS MAKPOCKONHYECKHX COCTABHbIX HacTel MALINH.

_ CyILUecTBYIOT YCTPOICTBA, B KOTODbIX XHMHWYECKas DHEPris HemocpencT-
BEHHO, 6€3 NPOMEXKYTOUHOrO MPe0GPA3OBAHMS B TEIUIO, PEBPALIAETCS B HIIEK-
TPUMECKYIO SHEPTHIO,~ 3TO LAILBAHHUECKUE INCMEHTb] (cyxue 3JEMEHTHI W AK-
KYMYJISTODbI), IPUMEHAEMbIE [IOKA JIMLIb IS TONYYEHHS OTHOCHTENLHO MATIbIX
KOJMYECTB SHeprHy. MaTepualbl, MCOAb3YEMble [ CO3TAMMS WIBECTHBIX HA
CErONHAHWA NeHb HANEKHO PabOTAIOWMX MANLBAHMYECKUX 3IEMEHTOB, CITHII-
KOM JOPOTH NI NPOW3BOACTBA 3Hepruy B Gompuinx Maciurabax. [lo cux mop
ellie He YHATIOCh CO3JATDb M3 JELIEBbIX MATEPUANIOB HAAEKHO PaboTaloliHe rallb-
BAHHYECKUE DBJIEMEHTHI, IPUIOIHBIE ANA LWHPOKOro npuMeHeHns. Kpome toro
ele HENOCTATOYHO M3YMEHB! 3aKOHbI IBWKEHMS MONEKYN, ATOMOB H SJEKTDPO-
HOB, KOTOPbI® ONPEAEISIOT AAHHbIE XUMUYECCKUE IPEBPAILEHHS.

Yo Taxoe aGCONOTHRIH HYTb?

HArax, B AnuTensHo paboTaroulell MalumHe (B UMKIMYECKOM MpOLECCE)
NPUHLMITMATILHO HEBO3MOXHO TOJIHOCTBIO IIEPEBECTH BCe Teruo B pabory.
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OpHako OKa3pIBAETCA, YUTO NOSHOE [IPEBPALICHHE B PAOOTY 6bl10 Bbl BOIMOXK-
HO, eclii OBl yAAIIOCh JOBESTH TEMIIEPATYPY OXJALMTENN A0 A6COMOTHOTO Hy-
na (Ti=0). Hmenno B 31oM ciyuae KITJ o6paTnmoro npouecca 6bin 66l pa-
Ben | B cooTBETCTBMY ¢ ypaBHeHueM (4). ITpasna, [is MPAKTHKK 3TO He HMeeT
HHKAKOrO 3HAYEHUS, TAK KAK TEMNEPaTypa OXNaJvTeNeil B TemnoBLIX ABHUIa-
TENAX BCErA BbIE TEMNEPATYDbI OKPYXAIOEeH Cpefibl, KO10pas, eCTECTBEH-
HO, BCEFJa HAMHOTO Bbilue abCONIOTHOTO HyIf. DTO OBCTOATENHLCTBO MOXKET
ObITh UCMONB3OBAHO ANA TEPMOJAMHAMMHUECKOI'O OMPENEIEH s MOHATHA abco-
MOTHOrO HyNA. AOCOMIOTHBIN HY/Ib — TAKas TEMNEPTYPA OXJGAMTENA, KOTO-
pas B obparumon uukie Kapuo o6ecrnieunsaer KILI n=1.

§ 6. OXJIAJKIEHHE HATPEBAHMEM

B npupone TepMuyuecKkas SHEPrUS CAMOMPOMBBOIILHO BCErA 1EPEXOIUT OT
" Gostee HarpeTbIX TEN K MeHee HarpersiM. Ha npaxruke xe uHoraa HeoOXomMo
NPOBECTH OBPATHBIH NPOLIECE, TO eCTh MEPEHECTH TEIUIO OT MEHEE HATPETHIX TEl
x Gonee HarpeThiM. Taxoil Nporecc, HAIPUMED, OCYLIECTRIAETCH B XOIOLMIIE HU-
Ke. Tam TepMuveckas sHePrus OTOMPALTCS y OXNAKAAEMBIX TET M OFBOMTCA B
OKPYXAaIOILEE NPOCTPANCTBO, TEMIIEPATYPA KOTOPOro oobuHo 20- 25'C. Ouxaxo
Taxoi nponecc Tpebyer 3aTpaThl paboTsl. Ilo npuHLMTY paboThl XOMOIMIIbHHK
~ 3T0 TENNOBOH ABHIATENb, pAOOTAIOMI B 0BpaTHOM HAITPABIEHUH.

XonoauiLHAK — 0GpaeH kI TenJIoBo# aBurarens

Kpariko pacemorpum pabory xomoauisuuxa. B xonopunshuxe Tpyow,
npoBefieHHble B 0OnheMe, MOLNEKANIEM OXTAKIECHHIO, HATONHAKTCS XHIKO-
CThIO, MMEIOLIEH HHU3KYIO TEMINIEPATYPY KUIICHHS U BBLICOKYIO TEIUIOTY MCnape-
Hua (Hanpumep ammuak, dpeord C:F2Cla u ap.) DHepruio, HeoOGXOAHMYIO NS
MCTIAPEHHA, XKUIKOCTb DepeT U3 TepMUUECKO IHEPTMH  oxXIaxaaeMoro ofme-
Ma, TeMIepaTypa KOTOPOro BCIENCTBME 3TOro mnoumxaercd. [locne ycra-
HOBJICHUA 3a0aHHOH HU3KOH TeMnepaTyphl JOCNeNHIS noanepKuBaeTca 6na-
TORAPS MCTIAPEHHIO OXIIAMKIAIOLIEH KM AKOCTH,

BruyTpennsas aHeprud rapa 6osblie, HeM BHYTPEHHAsS YHEPrUs COOTBETCT-
BYIOWEH KUIKOCTH. B XONOIMIbLHUKE NTPOLECC OXMAKIEHHS OCYLUECTBIAETCS
32 cYeT TOro, 4To pabouee BEWECTBO NPEBPALIAET TEPMHUYECKYI0 IHEPIHIO,
oTOOpANHHYIO H3 OXNKAAEMOro 00BEMa, B 9HEPIMIO CBOEro napa. 3aTem map
OTBOJUTCS H3 OXNAXITAEMOTO 00BeMa, CHIILHO CKHMAETCS B KOHJIGHCATOPE
Tp¥ NOMOMIM KOMITPECCOPOB, TIPEBPALAACH, TAKHM 0Opa3loM, CHOBA B WU~
KOCTb, KOTOPas BO3BPALIAETCS B OXJTaXAaeMblid o6beM. Tak 3aKaHYMBaeTcs
OmMH UMK polecca. C HOBLIM UCNAPEHUEM HAYMHACTCS HOBBLIA LMKIL K T. J.

Teno, 0CBOBONNAIOUISECS TTPH CIKIKEHHH [APA B KOHIEHCATOPE XONO-
IHTEHMKA, OTHAETCH B OKpYKATOUlee npocTparcTro. KonvuecTso 3TOTO TEnIa
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TeM Oosblue, 4eM OTOOpaHHOE Y OXNAXKIAEMOH KaMepbl, TAK KaK B TEILIO re-
pexomuT K paboTa, HeoOXomumMas I TepeHoca ero X TenaM OKPYXaiomero
IPOCTPAHCTEA, MMEIOIUHM DoNee BLICOKYIO TEMIEPATYPY; OTAACTCS 3/IECh H TO
JONOIIHUTEILHOE TEIUI0, KOTOPOe BO3HUKIIO B XOJOAMIbHHKE H3-3a HeH3Gex-
Holl HeobparumocTH npoueccos. CIeNOBATENbHO, HYXHO YHTHIBATh, HTO XO-
JIIOAMNBHUK B TO KE BPeMA HArpeBaeT OKPYXalowWyko cpeay.

He B xaxaoM XoXoaWiIbHEKE MMeeTcs koMmpeccop. EcTe M Takue, B KO-
TODPBIX 3HEPrHA, HEOOXOIHUMAs M MEPEHOCA B OKPYXKAIOLLEE MPOCTPAHCTBO
Temna, 0TOOPaHHOTO OT XONOMHMILHOH KAaMEpbl, TIOCTABIAETCS HE MOCPEICT-
BOM MexanWyeckoit paboTsl, a yepes Tenyo. Pabouee BewIeCTBO XONOAMILHON
MAHHB! (HANpUMeEp aMMHAK) He CKIDKAETCS 34eCh NoJ JABICHMEM, 4 PACTBO-
pAeTcH B BOJE W BuIapuBaeTcs kungueHneM. IIpu xureHun terno oTbupaercs
M3 OKpYxKaowed cpeapl (OXNKAAEMOT0 00BEMA) — 3TO CTAJHA OXJANIEHHA.
HanpoTus, npu pacTBopeHHH aMMMaKa B BOOE OCBOOOMIAETCA TEMNO — Ha
9To# cTagny padoyas KUIKOCTL HAIPEBAET OKPYXAIOLIYIO cpe,u,y DTO TaK Ha-
3niBAEMbIE ADCOPOIMOHHBIE XOIOAMTbHbIE MALIIMHBI.

Kax MoxHO cornacosarts TOT GaKT, YTO TEMIO MepexoiUT OT XOMOIMIb-
10 KaMepsl ¢ HU3KOH TEMIIEPATYPOIl B OKpPYXAIOWIEe NMPOCTPAHCTBO, HMEIO-
Iee Gonee BLICOKYIO TEMMEPATYPY, ¢ BCEOOLIMM 3aKOHOM, B COOTBETCTBHH C
KOTOPBIM TEINIO caMo N0 cefe MepexomuT TONbKO oT boee Harpe'rbxx TEN K
MEHEE HATPEThIM?

TIpexne yem OTBETHTH Ha 3TOT BONPOC, NONpoOyeM [Uis CpaBHEHNA pa3o-
Hpath npumMep u3 obnacry MexaHukn. HasecrHo, uTo non HeHcTBUEM CHILb] TS~
JECTH BCE TENA NANAIOT BHM3, OJHAKO C MOMOILLIO CHJILI TAMECTH TENA MOXKHO
NogHUMaTh BBepX. Ecnn X OXHOMY KOHLY TPOCa, INEpPEeKHMHYTOrO Yepes 0ok,
NPHBI3aTh TENO, KOTOPOE Mbl XOTHM TOJHATE, & K APYrOMY - TeNo Gojmueit
MACChl KaK JIPOTHBOBEC, TO TIEPBOE FIOJAHUMAETCK BBEPX, a TIPOTHBOBEC OMYC- .
THTCA BHHU3. DTO CTAJIO BO3MOXKHLIM B pe3ylbTaTe TOro, 4TO OLHOBPEMEHHO
Teno GoNbLIOH MACChE OMYCTHIOCH BHM3, 3ATPATHB 6onbmc paboThbl, yem He-
06X0MMMO [T TOJHATHA Ipy3a. EclH paccMaTpuBaTh 00a TeNa Kak eIMHYI0
MaTepHaNbHYI0 CHCTEMY, TO €€ NOTEHLMANbHAS 3HEPTHA YMEHBUIMIACK, TAK
KaK UEHTD THKECTH CHCTEMbl JBYX TEJ TEMEPh JNEKHT HIKE, 4eM npexze. Ta-
KMM 00pa3oM, CHCTEMa KAK LieJIoe MoJ AeHCTBHEM CHUIIbi TAXKECTH OMYCTHIACS,
HO OJJHA YACTb e¢ BCE Xe NOAHAIACL. PaboTy, HeOGXOAUMYIO VIS ee MOMHATHA,
COBEPIIMNIA BTOPAA, ONYCTHBLUAACA 4aCTh. TaKue ABNEHNS, KOLAA B CIOXHbBIX
npoueccax Ha KaKHMX-TO 3Talax COBepLIAIOTCA H3MEHEHHS, MIYILHE B HANpaB-
TEHMAX, KA3a0Ch Gbl MPOTHBOIIONIOKHBIX OBIUMM 32KOHAM NMPHPOIbI, BCTPE-
YAIOTCH HE TONBKO B XONOJHIBHLIX MAIUWHAX HIIH B MEXAHHYECKHX MpoLeccax,
HO M B Jpyrux ciyyasx. Hanpumep, B XHBbIX OPraHU3Max MPOUCXOAUT IO~
CTPOEHME 3HEPreTHYECKH BOTAThIX coelHHeHui W3 MeHee HoraThix. CHHTE3
3HepreTiyecky Oomee GOraTRIX BEWECTR MPOMCXOSHT TAKKE M BHE XXUBOIO Op-
ranusmMa. Bo3HMKHOBeHME BHepreTHaeckH 6OraThiX COEIMHEHNH OCYLIeCTBIIS-
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eTCH 32 CYET YMEHbLUEHHUA SHEPIUKN APYTHX COCOUHEHHIT, HeOOX0MMMAas e I
CHHTE32 NONONHHTENLHAS XMMHUECKas JHEPTUS MOXKET YEpnaThes ¥ U3 Jpyro-
[0 SHEPreTHYECKOrO HCTOUHKKA, BraHo, YTO HECMOTPA Ha OZHO3HAYHOCTHL OC-
HOBHBIX 3AKOHOB HPUPOALL, SBICHUA, & TAKKE HCKYCCTBEHHO OCYECTBIREMBIE
YENOBEKOM NPOLECchl, OTAMYaloTed OonbiinM MuorooGpasuem. st noHama-
HHA 3THX ABJNEHHE, Kpome 3HaHuH obuIMX 3aKOHOB NPHPOALI, HEOBXOIUMO
NORPOOHO M3YYHTL MEXAHM3IMbI PA3IMHYHBIX FHEPrEeTHUECKUX NPEBPALIEHNH,
MPHYEM OJIHOTO TONBKO TEPMOIHHAMMUYECKOI'O [OAXONA ABHO HEAOCTATOYHO
— TpebyeTcs MPOHUKHOBEHUS B MHKPOMMP 3THX sBlenumit, Benb TepMoamuHa-
MHK2 UMEET JEJIO TONHKO ¢ MAKPOCKOMMYECKH H3MEPAEMbIM IHEPLETHUECKKM

6ananHcoM pesyNbTHPYIOWETO NPOLECCa, COCTONUIEr0 U3 MHOTMX OTHENBHBIX
[POMEXCY TOUHBIX [TPOLECCOB,

§ 7. KAK IPOTEKAKOT ITPOIECCHI B TPUPONIE ?

Mo¥HO PHBECTH MHOKECTBO NPUMEPOB .TOT'O, YTO B €CTECTBEHHBIX YC-
JTOBUAX MPOLECChl M W3IMEHEHMA MPOTEKAIOT MO BIIONHE OMPENEHEHHLIM Ha-
NpaBJieHUIM: BOJA B PEKE TEYET BHM3 10 JONMHE, 4 B BOAONAIE NANALT CBEPXY
BHHM3 M, IOK& HAXOUUTCA B BO3AYXE, HE PACTEKAETCSA OPH3OHTAILHO, TeM Go-
Jee He TeUEeT BBepX; I'adbl PACLUNPAIOTCS, MOHMKAS [IPH YTOM CBOE NABIEHHE,
TEIUIO MEPEXOIMT OT HOoJiee HArPETHIX TN K MEHEe HAIPETHIM; CHIIbHbIE KUCITO~
Thi B3AMMOAEHCTBYS CO Lenovamu, obpasyioT coliv M BOLY, KOTOPbIE CaMO-
MPOH3BONLHO HUKOTAA HE MOCYT TPEBPATHTLCA B KUCIIOTY W WIENOYb; YITIepod
WM BOXOPOA, cropas B Bo3uyxe, obpasyior coorsercrseHHo COz wnn Ho0,
KOTOpblE [MPH KOMHATHOH TeMIlEpaType CaMONPOW3BOJIBHO He pasnararTcs
00paTHO Ha KHCIOPOX M yriiepoll (MM BOLOPON); INEKTPHUECKMH TOX TedeT
OT TOUKH ¢ 60J1ee BRICOKHM NOTEHLMATIOM K TOUKe ¢ Hoslee HU3KHM MOTEHIHA-
JIOM; ¢axap CaMOITPOM3BONIBLHO PACTBOPAETCS B BOJE, OOHAKO 0BpaTHO U3 pac-
TBOPA He BhINaaeT (eciiv Mbl He OyJeM HCHapsTh KUXKOCTE) 1 T 1.

Y10 e o3nayaer 3T0T paxt? He cywecTsyer mm BeeoOWMHA 3aK0H npy-
DO, TIO3BONAIOUWME MPERCKA3ATh, KAKHE H3IMEHEHHUA OYAYT NPOMCXOIMTH B
OAHHOH MATepHanbHOM cuMcTeMe NPy 3ananueix yornosuax? Hensss am Ha oc-
HOBAHUM ITOFO 3aKOHA JENATh HAJICKHLIC HAYYHbIE NporHo3s!? MoxHo i Bo-
0611e HA OCHOBAHMM 3AKOHOB MTPHPOB! NPEACKA3EIBATE HCXO NIPOLEcCOB]

daxrop, onpeneLoMMIi HaNpaBIeHte npolecca

Ecnu Mbl CONOCTaBHM PA3HOOOPA3Hble [TPONLECCHI, CAMOIPOM3IBONLHO
NPOXOAALIKE B PUPOZE, TO ODHAPYNKMM ¥ HMX HEKOTOPbie obiMe 4epThi.
Tax, ¢ DABHMX BPEMEH PEKM M BOJOMAABI IPHMBOAAT B ABMKEHHE MENIbHHYHbIE
KOJIECA; BETED BPAILAET KPbLIbi BETPAHLIX MEIBHMIL, IMEKTPHUECKHH TOK Npy-
BOJMT B HBUKEHHE 31EKTPOMOTOPh! H T. ML,

Hroboit, caMONPOH3BOIILHO NPOUCXOAAHE TPUPOAHbIHR npouecc MOXKHO
C MOMOLILI0 COOTBETCTBYIOLIMX YyCTPOHCTB HCIONL30BATL JIS MOXYYEHHS pa-
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Gotel. CrioHTAHHO (CaMONPOM3BOJILHO) NMPOTEKAUIME Mpouecesl He obA3a-
TeALHO [IPOM3BOIAT PABOTY — OHH TOJILKO TAAT B cebe 3Ty BOZMOXHOCTL, KO-
TOpas MpPH OMpeIeaeHHbIX YCIOBHAX MOXET ObiTh peannzoBaHa. Boma, pexu,
BETEP WM MOJHNSA, BO3HHKAIOW[AsT BCOEACTRHE PA3HOCTH 3NEKTPUYECKHUX MO-
TEHIIMAJIOB, B OOLEM HE NPOM3BOIAT HUKAKOH none3Hoi paboTs! (MX sHeprus
paccedBaeTcs B GOpMe TEMIA), HO ECIIH BECTH Npotiece HALIexauM obpasom,
UCAOAL3YA TYPOUHY, BETPAHOR ABUrATENb UIIM JIEKTPUYECKHHA MOTOP, TO NIO-
JE3HYIO PAGOTY MOIy4rTh MOXHO. IIpd 5TOM BenuurHa npou3sogMMoii pabo-
Thl 3aBUCHT HE TOJILKO OT CAMOI0 Mpoliecca (HalPHMEP OT KOJIMYECTBA BOIBI,
npoTeéKaowWel B eOMHHIY BPEMEHU YEpe3 BOJONak, WK OT ero BbICOTbI), HO M
OT MAPAMETPOB YCTPOMCTB, MCMONBL3YEMbIX IS MPEBpalleHHe dHEPTHH B pa-
Gory. Tax, Ha 0HOM M TOM ke pexe cTapoe, BpaLameecs ¢ OONbLWUM TpeHH-
€M MENLHUYHOE KONECO NPOM3BOAUT MEHbile paboThl, YeM COBpeMeHHas, Ja-
e HeOOoIbIas THAPOCTAHLHS.

Mpl yxKe BHAETH, 4TO TOJBKO CAMOMPOM3BOMbHO APOTEKAIOUIMH npoLece
P HCTIOTb30BAHMM COOTBETCTBYIOMIMX YCTPOWCTB 0BecneunBaeT BO3IMOX-
HOCTb HonyyeHusa padboThl. CHpaBeqUBO U OOPATHOE YTBEPKICHME: B OIpeme-
JIEHHBIX YCTIOBHAX CAMOIPOM3BOJILHO MOXET IIPOTEKATh TOJNbLKO Takoil rpo-
Liecc, KOTOPbI# MpY MOMOLIM COOTBETCTBYIOLIETO YCTpoMicTBa cnocofien na-
BATb PaboTy.

Ha ocHoBanuy 3TOro yTeepXueH st MOXKHO, HATIPUMED, MPEHCcKAa3aTh, UTO
npomoune'r eCNH OTKPHITH KPAaH pe3epByapa, PacnoyoKeHHOIO HA HEKOTO-
poit Boicore. TloTeyer M Boga BBepX, HIIH BHM3, MK, MOXKET ObITb, pacre4eT-
¢S FOPU3OHTANBLHO? {71 3TOTO TONBKO HY)XHO YCTAHOBHTL, B KAKOM cly4ae
TEKyLla® BOA4 CMOXET NpoussecTd paboty. Pasymeercs, 4TO OHA CMOXKET
NPOM3BECTH PAGOTY NUILL B TOM Clyyae, KOTNA BOIA [OTEUET BHU3, ClIeA0OBA-
TEILHO, OHA JOJKHA Teub BHM3. ECIM Npy onpezieNeHHBIX YCIOBHAX MpoLece
Hellb3f MCIONIb30BAaTh LA MOLyYeHUsA paboThl, IaXe eclid BECTH ero odpaTH-
MO, TO 3TOT MPOLECC HE MOXET MIITH CAMONPOMU3BONBLHO. B TaxoM cnyyae Mbl
rOBOPHM, UTO IPU JAHHLIX YCHOBHMAX CYUISCTBYET paBHoBecHe. Ecin HaMeHsaT-
C YCIIOBMS, TO PABHOBECHE MOKET ObITh HAPYLUEHO.

Ypapnenne I'n66ca-I'enbmMronnua

Ot KakiX (AKTOPOB 3aBHCHT BOSMOKHOCTb NOJIYUEHHs PaBoThi MpH Ka-
koM-u60 mpouecce? Mcxons M3 kxakux JaHHbIX, MOXKHO PACCYMTATb MAKCH-
MalbHO BO3MOXHYI0 pabory npouecca? DTH npobnemsl Mel OyjaeM paccMar-
PHBATL NPEXAE BCErOo NPHMEHUTENHO K XMMHYECKNM (peBpalleHusM. B cpg-
31 ¢ TOJIyueHHeM PaGOThbl MPH XMMMYECKHX MPOLECCAX CMPABEAIMBO MOCTa-
BHTb BONPOC, BO3MOXKEH JIM INONHBIA nepesol B paboTy BRYTPeHHEH sHepruum,
0CBOOOKIAIOIEHCA MPH XUMUYECKUX PEBPALIECHHAX.

Benencraue paccesnmust 3HEPIUM fpH PealbHbIX, TO €CTh HEOOPaTMMBbIX
IPOLECCaX TONLKO 4acTh 0¢BOOOKAarOWecs BHYTPEHHER 2HEPruy rpespa-
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aercs B paboTy, a OCTaNbHAA PACCEMBAETCA B BUAE TEDMHUYECKOH 3HEPTHM.
Ho HexoTopoii crereHd BOIMOXHOCTE 60Jiee MONHOTO IpeBpaleHus 0cB06o-
KOAIOWEHCS IHEPIHM B pABOTY 3ABUCHT OT TEXHHUECKOTO COBEPLIEHCTBA 060-
PyLOBAHMS, NPEAHAIHAUSHHOTO AJA nonyyeHus paGoTsl. BoaMoxHO M nom-
Hoe npespaluerne B pabory ocsoGoansueiica B 06PATHMOM NPOMECCE BHYT-
penHed aneprun?

B cOOTBETCTBHU C MEPBLIM HAYANIOM TEPMOAUHAMHMKHM H3MEHEHHE BHYT-
petiHeit anepruu cuctemel (A U), paborta (A) n tenuo (Q), KOTOPLIM cHCTEM2
obmenupaeTcs ¢ oxpyxaroeh cpeyol, CBA3ANbI COOTHOILICHIEM

AU=Q+A. (5

Ilpu ymenblueHun BHyTpeHHeif sueprun A U orpuuarensso (A U<0),
€CIIA JAHHAS MATEPUANbHAS CHCTEMA (POM3BOAMT Paboty, TO A OTPUUATENb-
Ha, M €CIIM TEIUO NEPEXOAMT B OKPYKAIOIYIO Cpely, TO Q OTPHUATENbHO.

Onuako neppoe HaAYAIO TEPMOJUHAMMKH HUUETO HE POBOPUT O TOM, Ka-
KKMH PAKTOPAMH ONPESENAIOTCA BEIIMIMHBLI CAMMX ClAraeMbix B popmyse (5).
Mosxer nu Q paBusTeca Hymo? ITO 03HAYANO Obl, 4TO 0CBOGONAGHHAS B XH-
MHHECKOM [POLECCE IHEPIHA MOJHOCTHLIO nepeiuna B pabory. K3 nepsoro Ha-
yana TePMOIHMHAMHMKKY HEBOIMOXKHO ONPEACIMTDb, NPH KAKUX YCIoBMAX A<0,
CTeNOBATENLHO, B KAKOM HANPABIEHWH MAYT IPOLIECCHL.

B Kaxo#-TO CTeNEeHH OTBET HA 3TOT BOMPOC AAET BTOPOE HAYANO, KOTO-
poe NO3BONSET ONPEAS/IMTL HAIPABNICHKE NEPEXOAA TEPMHUECKON DHEPIHH.
CornacHo BTOPOMY Haualy, 4acTb Telia Q, oTOGPAHHOTO B IUKIHYECKOM
npouecce y rena ¢ abcomoTHoN Temneparypoi T2, NpeBpaTHTCA B NOJE3HYIO
paBoTy TOJBLKO B TOM Cllyyae, CCIN OCTAlbHas €ro YacTb - DyJer oTHaHa Teny
¢ remneparypoit Ti. MakcumanbHas paboTa, KOTOpad MOXET ObiTh NMOJIyYeHa
nipu 00paTHMOM NpoLEcce, ONPEACNAETCS (POPMYIOL

Tz-Ti
Anm = *Qm .
T2

Ecnu xonuuecrso Temna Q, nepexojsuiee OT Teia ¢ TeMmreparypoi
T+dT(=Ti) x Teny ¢ reMmrnepatypolt T(=T)), BECKOHEYHO MaNo, TO MOJIYYeHHAA
Npy 3TOM MakeuMalbhsz pabora (dAm) Taxke HeckoOHEUHO Maa.

Ilo sBropoMy 3akoHy

dT

dAn=-Q——, (6)
. T
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dAm

otkyma Q=-T 0]

dT
Eciu Msl BBETEM 3TO BHIPAXKEHHE B ypaBHEHHE (5), TO MOXYy UMM

dAm
AU:Am"T o
dT

TaxuM 06pa3oM, MaKcHManbHas pabora obpaTHMoro npouecca

' dAm

An= AU+T ®)

dT

Cnenonarenmo MakcuManbHas paboTa 3aBHCHT OT TeMmmeparypbl, B
ypaeuenns (8) dAm BoIpaXxaeT yBenwdeHHEe MaKCHMANLHOM paﬁorbx TAHHOTO
npouecca npu nopbimeHun Temmeparypel Ha dT. B npocreiimem cnydae
dAw/dT — 370 yBEMIUEHNE MAKCAMANBHOM PabOTEI NPH TOBLIEHNH TEMIIEPA-
TYpEI HA ORUH rpagyc, ApyraMu crosaMH, dAm/dT — memnepamypnviii ko3 -
Juyuenm MaxcuManbHOH paboth. Ypaphenue (8), HasuiBacMoe ypasreHuem
T'ubbca-TI'enbmzonsya, 06bEIMHAET NEPBOC M BTOPOS HAYANA TEPMOJHHAMUKH.
OHO 1OKA3BIBAET, YTO Am, NOJYYEHHAS MIPH XMMHUECKON peakuuu ¥ Jaxe
npH 06paTHMOM BeIEHUM NpoLiecca He paBHA BbICBOOOXRABINEHCA BHYTPEH-
neii sneprim dU, Tax xak TeMneparypHeif koadduument B obiiem cyyae He
PaBEH HYIO, B MCKIMIOYHTEIbLHEIX CIOyYaaX 3TOT KO3DPHUHEHT Bce ke MOXKET
pasnatscs Hymo (dAnw/dT=0), Torma Am= A U, u ocBoboxnarowascs B obpa-
THMOM MpOLecce BHYTPEHHAS JHEPTHs NOTHOCTHIO PpeBpamtaerca B pabory.

CBoboaHAN 3HEPTHA

Teunepa'rypﬂr.rﬁ Kosd)d)uuueﬂ'r MakcHManeHON paboTel B GONbIIMHCTBE
CIIy4aeB TOJIOXKUTENbHbIH, BCIEACTBYE 3TOTO BHEWHAA paboTa, coBepuiaeMas
B KakoM-TH60 nponecce, HECKONLKO MeHblle ocBobomuBLieiics BHYTpenHei
anepray. [TosToMy Faxe B 06paTHMOM NPOUECCe YACTL SHEPIHM CAMONPOU3-
BONLHO B (OpMe TEIUTa NMepexojUT B OKPYXaiollee IMPOCTpaHcTBo, YacTh
DHEpPryH, IPEBPAICHHAs B 00paTHMOM nipoliecce B paboTy, HasLIBaeTCA H3Me-
HeHHeM CBOOOIHOM 3HEpIHH, 4 YaCTh, MPEBPALIEHHAN B TEIUIO, — H3IMEHEHMEM
cBa3anHol sHepruu. TaxnuM o0pa3oM, H3MEHeHHe CBOOONHON 3Hepruw (NpH
NOCTOAHHOH TeMIepaType) PaBHAETCS MAKCHMMAaNbHOI paGore. B onmucaHioM
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npuMepe U3MeHeHue ¢BOBOAHONH IHEpruKM MeHbiue, yeM obilee yMeHblLIEHHE
suepruu (A U). Temneparypuslil k03GdPUUMEHT MAKCHMALHOM paBoTl 6bi-
BAET M OTpUUATENbHLIM, B 3TOM cnyuae MaxcumansHas pabora 6onelue, eM
YMEHbLIEHHE BHYTPEHHEH 3HEPTHM: TaKWe XUMMYECKHe DeaKiMH, ecili BeCTH
ux obpaTHMO, NPEBPAAIOT B PaboTy He TOJILKO OCBOGOXIAWOUIYIOCH BHYT-
PEHHION JHEPIHIO (B OCHOBHOM XHMMUYECKYIO), HO M HEKOTOPYIO YACTh TeP-
MHYECKO IHEPIMY OKpYXKaroweH cpenbl.

C yueroM nojly4eHHOI'0 COOTHOILEHNS MeXIy MAaKCUMalbHoil paboToi 1
BHYTPEHHEH 3HEepruell CHCTEMBbI MBI MOXEM CHENaTh CNSAYIOLEe 3AKIIOUCHHE.
Iponeccsl NPOTEKAT CAMONPOM3BONLHO B TOM HAIMPABIEHHM, B KOTOPOM
M3MEHEHHE CBODOMHON 3HEPTHMM WIET B CTOPOHY €€ yMeHblIeHHs (cHeTeMa
NPOH3BOIUT BHELIHIOW PaboTy). DTO OLHO U3 OCHOBOMONATAIOIMX ONpeRene-
Byl TEpMOSMHAMMKY, OHO NO3BONAET NYTEM PACYETOB 3apaHee yCTAHOBHTD, B
KaKOM HaltpaBIIEHUH B 3aJaHHbIX YCIOBMAX MONHAET CAaMONPON3BOIbLHBIA PO~
liecC B CHCTEMe, cocToselt N3 JauMbix, Belwects. ToyHoe NMpeacka3aHue Ha-
TIPABJIEHHS NPOLECCA NO3BONAET PACCYUTATH MAKCHMAIILHO BOIMOXHYIO MPH
onpexeNeHHbIX YCHOBUAX paborTy.

TemnepaTypHbiii Ko3dHHUMEHT MaKcMManbHOU paboThl, KaK MpaBHIO,
man. IToaromy uamenerne csoBoaHOM 9HEPIHH (NPH KOMHATHOH TemriepaTy-
PE) HE3HAYMTENLHO OTHHYAETCSH OT OOIEro WIMCHEHMS SHEPTHH,

§ 8. XAOTUYHOCTH U VIIOPSAOYEHHOCTh
B MHUPE MOJIEKYJ

CocrosiHie MOIeKyJI B Ia3ax, ONPSAENAEMOE HX PACIONONKEHHEM, 4 TaK-
K& BENMYMHAMH M HATIPABIENHAMM CKOPOCTEH TENNOBOTO ABHXEHNS, Xa0THY-
HO. OZHAEKO 3TO COCTORHHE HE HBIISETCA AOCOHMIOTHO XAOTHUHBIM: B PEASILHBIX
YCIOBMSAX MOJIEKYTILI I'a3a HAXOJATCA MO ASHCTBUEM CHIbI THAXECTH, Hanpas-
neHHOM Kk HeHTpy 3eMau. Ecmu 681 Ha Mofekynbl geficTBOBaNA TONLKO 3TA CH-
na, OHM Bee coOpanmnch Obi HA [HE COCYHE, TO €CTh B M3BECTHOM- CMBIONE YI10-
pagounIuce 6u1. C Apyroif CropoHbl, BCHEACTBHE TEMIOBOIO IBHXXEHHA MOTe-
KyJbl ra3a, 3ak/0YEHHOTO B COCYIE, C OAMHAKOBOH BEPOATHOCTLIO MOLYT Ha-
X0IHTHLCH B JE0boOM MecTe 9Toro cocyna (HabmrogaeTcs paBHOMEPHOE CpEHes
pacnpeleneHHe MOIEKYT B cocyle c rasom). OnHako ZeliCTBHE CHIIBI TAKE-
CTHM NPUBOIMT K TOMY, YTO B HIDKHMX CIIOSX MOICKYJIbI PAcHOIoKeHbl bonee
TUIOTHO, 4YeM B BEPXHMX, TAM CO3JAETCA HEKOTOPOE NoKobHe ynopsaoueHHOCTH.
IToaToMy MIIOTHOCTL ¥ JAaBleHHME rasa (MPOMOPLHOHANLHDI HHCILY MOJEKYH B
emHuLe 06beMa) yMeHbwaTes ¢ BeicoTod, IIpn HeGombwoid BhICOTE cocyna
ITHM, TAK Ha3blBAEMbIM GAPOMETPUHECKUM NEPENAIOM NABNCHUA, WK Iepena-
JIOM TIOTHOCTHM, el1e MOXHO npeHebpeus, HO IIPH GOJbLLIMX BhICOTAX pasHMLA
oyeHp 3HayuTenbHa. Hanpumep, Ha BeicoTe 5400 M JaBieHYe COCTABIAET JIHLIb
0,5 arM. B cocyne BLICOTOH HECKONBKO CAHTUMETPOB BIHUAHKE CHUITbl TAXKECTH MC~
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Ye3aK0lIe MAJIO, TIO9TOMY COCTOSHHE MOJEKYI MOXHO CUMTATh XAOTHHECKHM,
He JomycKas pH 3ToM KAKoH-Inb0o cyiuecTseHHON oMby,

CosepiueHHO HHaye 0OCTOMT AENO CO CKOPOCTAMH MOJIEKY rasa. XoTs
9TH CKOPOCTH HE YITOPALOUEHB!, BCE e HENb3SI CUUTATD, UTO OHH MOIHOCTHIO
Xa0THYHLL. Eciu mpeHedpeys ASHCTBMEM CHMIILI TSHKECTH, TO MOMHO CKa3aTh,
YTO B HBWKEHHMH MOJIEKYJ HET HMKAKUX ITPEHMYILLECTBEHHBIX HANpaBIeHMI,
BCE HANDABIEHUS NBMKeHHS pasHoBepoATHB. C TOYKM 3peHMS BEIMYNH CKO-
pocTell COBEPLIEHHO XAO0THYECKOE COCTOSHHE O3HAYALT, YTO ¢ PasMHYHLIMM
CKOPOCTAMH (MAJIBIMH, CPEAHUMH M OONLUIMMH) B CPEAHEM JAODKHO ABUraThCs
ONHHAKOBOE KOMMYECTRBO MONEKYN. OIHAKO B Pe3ylbTATe CTOJKHOBEHWIH CKO-
POCTh Kak[o# MOJIEKYJIb! NOCTOAHHO H3MeHAeTcs. CTONKHOBEHHA MPOHCXO-
AT TPUOIIMBUTEIBEHO 110 3aKOHAM CTOIKHOBEHMSA YMPYIUX LIAPOB, U B 3aBH-
CHMOCTH OT YCIIOBHH CKOPOCTL (a BMecTe ¢ Hel M KHHETHUEcKas JHEPrus) of-
HHEX MONEKYI BO3DACTAET, APYIMX yMeHbluaeTcd. Haubonbiiyo BEpOsSTHOCTh
MMEIOT, TakuMm 0bpa3zom, CpefHKe CKOPOCTH,

- OTo CrpaBelIMBO HE TONBLKO U1 3HEPTHM IMOCTYNATENbHOTO [BHKEHHA
MOINEKYJl [d3a, HO M [UIf IHEPrUM BPAUICHHS MOJIEKYJ M KojeGauus aToMOoB
BHYTPH HiX. ITpU CTONKHOBEHHAX MOTEKYIL ITPOUCXOIUT HEMpPEPLIBHLIH 0OMeH
IHEPFUAMH MEXIY PAITHYHAIMA BHIAMMH JBUXEHHS.

CocTOsHHE Ta32, BLI3BAHHOE B3AMMONEACTBUEM BCEX MOJIEKYIT, MOAYMHA-
eTCA CTATHCTHYECKMM 3aKOHOMEPHOCTAM. CTATHCTHYECKAs TEOPHA H3YYaeT Te
CBOWCTBA KOJUIEKTHBA, COCTOALLETO M3 OYEHb MHOTHMX MHAMBHIYYMOB, KOTO-
Dhle XAPAKTEPHBI [UIS HEro Kak eauHoro uemoro. CTATHCTUKA HE 3aHWMAETCs
OTHENLHBIMI MHIMBHIYYMAMM, €€ JaHHbIE AN HUX COBCEM HE MOKA3ATENbHbI,
NpUYeM He [IOTOMY, YTO CyAhDa KaXIOro He 3aBUCUT OT COBOKYITHOCTH JeHcT-
BYIOWMX (HAKTOPOR, & MOTOMY, YTO Il CTATHCTUKH BaX(Hbl CBOHCTBA TONBKO
BCELO KOJUIEKTHBA,

IIpH OTCYTCTBMH BHELIHErO BOZMEHCTRUA B ra3e B PE3YNLTATE BIAMMHBIX
CTONKHOBEHMH MOJIEKYN BCEIla YCTAHABIMBALGTCA PACMPENCIEHHE SHEPruid Mo
Maxcemny-bonpuMany. 3To W eCTh TO COCTOSHHE, B KOTOPOM 'a3 MOXET Ha-
XONUTHCH TIIHTEILHOE BPEMS.

DTO coCTOSHME MOKET BBITh HAPYLIEHO, HATPUMED NPH HAJIOWEHHMH 9IIEK-
TPHMYECKOT'O MIIM MATHHTHOTO [OJeH; OMHAKO MOCNE YCTPaHEHUS BO3MYLIAKOLIE-
ro GaxkTopa nepBOHAYANLHOE PACAPEIECTICHHE IHEPTUH BHOBL BOCCTAHABIMBALT-
cs1. MIx cocTosHME 32aBHCHT TOJIbKO OT YCIOBUiA B AaHHbI MoMenT (P,T).

MoXHO rOBOPHTL KaK O NMPOCTPAHCTBEHHOM, TAK ¥ O BPEMEHHOM pac-
IpefeneHu MOJeKya o 3HeprusMm. Ecnu paccMaTpuBaTh Ta3 B Kakoi-nubo
orpeaeiieHHbHT MOMEHT BPEMEHH,; TO B 3TOM CIy4ae MOXHO FOBOPHThL O ITpO-
CTPAHCTBEHHOM PACHPEAENeHHH OOJIbIIOTO YHCIA MOIIEKYJ 110 JHEPIUAM, KO-
TOPOEG COOTBETCTBYET 3aK0oHY Makcsesna~-bonbumana, Ecnu ke B TeueHue on-
PEIENEHHOr 0, ROCTATOMHO MPOLOJDKHTEALHOTO, OTPE3KA BPEMEHN HABMOAATE
3a JBMIKEHMEM ONHOM-eNUHCTBEHHOM MOJIEKYJIbL 1 MOACYUTATh, CKONBKO Pa3
3a 9TO BPEMS IHEPTHS MOHeKyJIb] MPUHUMAET PA3JIHYHblE 3HAYEHUA, 4 3ATEM
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NOCTPOMTL 3TY 32BHCHMOCTb, TO MOMHO BUIETb, YTO H OHA COOTBETCTBYET
pacnipegenenuio Makceemta-Bonpimana. 3To yXe BpeMeHHOe pacrpefene-
nue, CpeaHecTaTM4eCckoe PacrpeNelieHHe MONEKYN MO SHEPTHSM B JAHHbI
MOMEHT TIOJIHOCTBIO COOTBETCTBYET PACIIPEACTEHHIO  SHEPIHH OXHOH Mole-
Kyilkl B TEUEHUE IJIMTEIHHOTO BPEMEHH.,

Pacnpenenenve Maxkcpenna-bonbumana 1o sHEPrUMAM ecth Hau6onee BE-
POATHOE COCTOSHME, KOTOPOE HACTYNAET BCeNCTBME 06MEHa SHEpTHER MeX Ly
BCEMM MOTIEKY IAMHY.

ITon BHemHuM BO3acHcTBHEM 4MCNO Hanbolee BEPOATHBIX COCTOAHMIA
YMEHBLLACTCH,

YHOPH,IIO'-IEHHOCTB MOJIEKYJI B JKMAKOCTAX N KPHCTAJINAX

MEI BHASIH, 4TO B ra3ax, HECMOTPS Ha XA0THYECKOe ABKEHHE MOJIEKYT,
BOE XK€ MMEETCA HEKOTOPas YNOPSIOYEHHOCTR, KOTOPAS NPOSBIRETCA B CTATH-
CTHMECKOM PACHPENENeHHH dHEPIuk. B JKUIKOCTAX paccTosHMe MEXIy MoJe-
KYJ8MH HAMHOTO MEHLLIE, COOTBETCTBEHHO B3AMMOIEHCTBME 3HAYMTENLHO
CHIIbHES, YEM B ra3ax, N03TOMY YNOPALOUEHHOCTh HeCKONbKO Gonplue. B kpu-
CTANIAX YIOPANOUSHHOCTh YACTHL, (MOJIEKY, ATOMOB, HOHORB) elle GOoJbIUE:
OHJ PACIIOJIOMKEHB] B TAK HAILIBAEMBIX KPUCTAIUTHUECKHUX PELIETKAX W Koneh-
NIOTCA (B OTHENLHLIX CAYUAAX BPAUIAIOTCA) BOKPYL BMOJHE ONpeleleHHbIX 10-
oxkeHnil pasrosecus. Ho U B KpucTaNnax yrmopaaoyesHe HermonHoe: aToMbl U
MOHB! KOJNEOIIOTCH BO BCEX HAMPARIIEHHMSIX, MX SHEPIUS PA3NMUYHA K BCE BpPEM1
MeHseTcs. BHYTPEHHAS SHEPIUA KUAKOCTH M TA30B CKIAALIBACTCA U3 KUHETH-
YEeCKOH IHEeprvn BPALUATE/LHOrO ¥ KONebATENEHOTO NBHKEHUHA YACTHL K M0~
TEHUMANLHOM IHEPIHi, CBAZAHHOM ¢ X B3AHMHBIM TIPHTIOKEHHEM.

Ipuuunsb! ynopagovenHocTs 1 Gecnopsixa

[purkenue, HeHCTBYIOWEE MEXKIY YACTHLAMH, CIIOCODCTBYET YHOPSNO-
YEHMIO, B TO BPEMA Kax TEMIOBOE JBMXXEHME ero paspywaer. B pesynwrare
ITUX IBYX BOZAEHCTBMH B 3aBMCHMMOCTH OT YCIOBMI B CUCTEME YCTAHABNHBA-
eTcs ONpeldeneHHAS CTeneHs ynopaaoueHHocTH. ITpH HU3KKX TeMmepaTypax
Hanbonee CTAOMIBHO YNOPAAOUEHHOE KPUCTAUIHYeckoe cocTosHME. C noBbI-
LUEHUEM TEMIEPATYPbl CTAGHMNLHBIM CTAHOBUTCA MeHee YNOPSIOYEeHHOE XM~
KOE M, HAKOHEL(, HauBoJiee XaoTHUecKkoe razoobpasHoe cocrosuue. C nosblue-
HHEM TEMIIEPATYDHI CTENEHb YIOPAAOUEHHOCTH ra3000Pa3HOr0 COCTOSHNS CHH-
JKAETCS, HA UTO YKA3ZLIBAET YMeHblUSHWe MakcUMyMa Ha KpuBod Maxceenna-
Bombumana (pue.5'). Pacnpenenedne YacTUL NO CKOPOCTAM MIIM OHEPTUAM CTa-
HOBHTCA BoJiee pABHOMEPHbIM, YTO 03HAYAET, B cyuwocfm pocr Gecnopazka.

IToHuxKeHHe TEMNEPATYPbI, HAPOTHB, OPUBOANT K GonklueMy ynopsiode-
w0, Yem Gomblue MONEKYISPHbIA MOPISAOK B HEKOTOPOM MAKPOCOCTOSHHHU,
TEM MEHBILE YMCTIO OCYLECTBIAIOMX €0 MMKPOCOCTOSHHUHA, T.€. YMEHbLIUACTCS
TEPMOJIMHAMHMYECKAS BEPOATHOCTL COCTOAHMS. COINACHO KBAHTOBOH TEODHH,
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np# abCOMOTHOM HYJIE COCTOSHHE YHCTOTO KPHUCTAIHYECKOrO BellecTBa Mo-
XKeT OCYUIECTBJIATHCH TOJBKO B OJHOM-GAHHCTBEHHOM BHAE (a MMEHHO TaK, YTO
BCE aTOMb! OYIYT HAXOOUTLCA B KBAHTOBOM COCTOAHMM C MUHMMAaNbHOM 3HEpTH-
eif); TepMOIMHAMIYECKAS BEPOSTHOCTS ITOIO COCTOAHMS PaBHA EIHHHMIIE.

3navenme CPERHEroO pacnpene/iCHHA

Pacemorpum cienyrownii npumep. Ilycrs u3BecTHO, YTO cpedHUil BO3pACT
NIONeH B HexoTOpO# Tpymnme, coctosuei 13 100 yenosek, cocrasuser 40 ner.
2TOT cpenHuit BO3PACT MOXET OblTh MONYUEH H3 MHOIUMX PA3IHYHBIX KOMOWHA-
LU, IOITOMY Ha OCHOBAHMH TOJIbKO TAKHX CBENEHHH HENb3A CYAHTH O COCTOR-
HMM JaHHOrO KomiekTnBa. OnuH U TOT e Pe3yNbTaT NONYUMTCH, eClIH, HAnpH-
mep, 50% muy umeroT Bospact 39 ner, a ocranbisie 50% — 41 rox, wecmn 50%
g 6ymyr umeTs sospact 70 ner v 50% - [0 ner. B neprom cnyqae peus uaeT o
TIOAAX, B CYWHOCTH, OIHOTO BO3PACTA, BO BTOPOM Xe Cllyyac KOJJIEKTHB COCTO-
WT M3 COBEPIUEHHO Pa3TMYHbIX BO3PACTHLIX PYIIT H3 JeTei W BeckMa ITOXH-
nbix oned. JaHHblil npyMep TOKa3kIBAET, YTO B CILYyJae, ECIIM CPERHNE 3HAYe-
HHA Kaxof-nnbo BENUIMAb! IS PA3NHMUHLIX CHCTEM OJMHAKOBLI, HO e pacnpe-
HENEHWS IS KAKIOH CHCTEMBI MOTYT CYLIECTBEHHO OTIMYATHCA.

B xuHeTHUeckoil TEOPUH Ia30B MBI HHTEPECYEMCSA PACIIPEAENICHHEM MoJIe-
KYJ 1O 3HEPrUiM ¥ rOBOPUM O HEKOTOpol cpemHed (TepMUuecKoi) aHEpPrun
CHCTEMBl M TEMIIEPATYPE Kak Mepe 3ToH cpended snepruu. OXHAKO MBI yxe
BUIENH, YTO CBOICTBA CHCTEMBI ONPEXETAIOTCA HE TONBKO CPEIHHUM 3HAYEHH-
€M SHEPIHu, HO K ee pacnpeneneHueM. [losromy non TemnepaTypoil cucTeMsl
MBI TTIOHMMAEM MEPY TEPMHYECKOH SHEPIMi TAKOH CHCTEMbI, B KOTOPOIf aHep-
I'Hs pacapeleieHa no sakoHy Makcsemna-bonbymana.,

§9. 3HTPOIINS

Kax yxe cka3zaHo BhILle, NPH OCYIUECTBIICHHH Pa3ziIM4HbIX [POLECCOB
MPEBPAIIEHHS XUMHYECKHX COeIMHEHHH OUeHb BAXKHO 3HATh, B KAKOM HalpaB-
JeHUH NOANET U3MEHEHWe B COOTBETCTBYIOUICH MaTepnanbHON cucreme. Myl
¥XKE NOZHAKOMMIIMCH C JHEPTeTHYECKHUM KPHTEPHEM ITOrO HaNpAaBJICHU: W3-
MEHEHHS POUCXOAAT CAMOITPOM3BONIBHO B TOM HANPABJICHWH, B KOTOPOM CHC-
TeMa criocobHa nponspoduTh padoTy. Tlpn paccMOTpeHHH BONPOCA € MO3MLMHA
KMHETHYECKOH "TEOP1M 3TOT KpHTepHii opMyaupyercd cnegyoumm obpasom:
IIPOLECCHI TIPOTEKAIOT CAMOTIPOM3BOIILHO B TEX HANPABIEHUAX, B KOTOPbIX CHC-
TEMA NEPEXOJUT B COCTOAHME ¢ Donplied TepMOAHHAMHUECKOH BEpOATHOCTHIO.
CrnenoratenbHo, 3HAHME COCTOSHNS CHCTEMbI [TO3BOJISET HAM CYIMTh O HANpPaB-
NCHUM XUMH4ECKKX mpotieccoB. O0a 9TH CHENCTBYS, NOIYYEHHbIE TIPH PACCMOT-
PEHMH peallbHbIX POLECCOB C ABYX PasNMYHbIX TOYEK 3PEHNA, MOXHO B H3BECT-
HOM CMBICTIE 00 BETUHUTD, €CITH BBECTH HOBYIQ BENUWIHY, KOTOPAS ONPENEIseTCs
MCXOMA U3 06eMX ToUeK 3peHMs. ITa BEIMUHHA ECTh SHTPOMNHUSL.
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JHTpONHsA KAK Mepa BEPOATHOCTH

HanBonee HarnanHo sHTPONMUA ONMpPEJETIACTCS U3 KMHETHUECKOH TEOpHU
KaK HerOCPEeNCTBEHHAS MEPA TEPMOJMHAMHYECKOH BEPOATHOCTH., DHTpONUA
(S) nauuHo¥ crcTeMbl, HAXOMAMIEHCS B ONPENEIEHHOM COCTOSHHH, MPONOPLUO-

HAJbHA HATYPANLHOMY JlorapudMy TepMOJMHaMHYeckOH BeposTHOCTH (W)
3TOTO COCTOSHUSA:

S=k W, (9)

roe k=1,380 x 10-19 3pr/K - mocrosHHas LonsliMana,

Kax ycraHoBieHHO, MaTepHaibHas CUCTEMA M3 COCTOSHUA ¢ MAJIOH Bepo-
ATHOCTLIO CAMONPOMIBONBHO MEPeXOAHT B COCTOAHME ¢ GONbILEN BEPOATHO-
cThio. CIefoBaTeNnbHO, B IIPENOCTABIEHHOM camMoii ceGe (M30nMpoBaHHOi) Ma-
TepUANbHOH cHcTeMe (OTCYTCTBYeT 0OMEH SHeprueil ¢ OKpyXarwied cpemnoi)
MPOTEKAIOT TOJNLKO TAKHE POLECCH, B KOTOPLIX JHTPONUS YBENHYUBAETCA.
Tax xax BEPOATHOCTL KaKOTO-IMGO COCTOAHMS PACTET C POCTOM MONEKYIAp-
Horo Gecrnopsaka, TO BbIIEUINOKEHHAS GOPMYIMPOBKA O3HAYAET TAKKE M
TO, YTO NPOLECCH MPOTEKAIOILME B H30JUPOBAHHBIX MATEPHATIbHBIX CHCTEMAX,
MPUBOJAT K YMEHBIUEHUIO OPALKA B HHX,

BHTPOHHﬂ C TOUKH 3peHHa TePMOAMHBAMHKH .

Kurernueckas Teopus JaeT BO3MOXKHOCTb AOBOIBHO HATNMIHO [IPEACTA-
BUThL (u3nyecknii cmblen sHTponuH. TepogrHamuyeckuit Moaxon k oObIcHe-
HHUIO 5TOrO NIOHATHA JIMILEH TAKOH HALNSIAHOCTH ¥ OCYLUECTBIIRETCA YEPE3 BTO-
poe HAUATIO TEPMOANHAMHKH HA OCHOBAMMM OBPATHMBLIX TPOLECCOB: &CNH B
KaKo#-To "MoMeHT" 00pPATHMOrO MPOUECCA CHCTEMA MOITOLAET KOJHYECTBO
tera dQ npu abconoTHOMA Temneparype T, To npu 3TOM NPOUCXOAMT Gecko-
HEYHO MAJIO€ M3MEHEHHE IHTPOMHUH:

dS=—.  (10)
T

ViaMeHeHMe IHTPONMMU B KOHEYHOM (MAKPOCKOIIMHECKOM) MPOLECCE MBI
TIONIyUUM ITYTEM CYMMUPOBAHHS TAKMX DECKOHEUHO MATIBIX H3IMEHEHHH.

Hanpumep, npy nocTOAHHOM TemriepaType usMeHeHue snTporun A S B
TakoM 0BpaTHMOM IpOllECCe, NPH KOTOPOM CHCTeMa OTOMpPAeT OT OKpY-
Karouied cpebl komMuecTo Temia Q,
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Q
AS=—. (11)
T

Ecnm cuctema npu oOpaTMMOM OPEBPAllEHHN H30IMPOBAHA OT OKpY-
sazowmeit cpeapl, Q=0, a nostomy u A S=0. 310 03HauaeT, 4TO B Npouecce 06-
PATHMOTO NPEeBPALLCHUS B H3OIMPOBAHHON CHCTEME YHTPOIIMA OCTAETCH IO~
CTOSHHOH (ee M3MEHEHUE PABHO HYIIO).

Tperne Ha4AN0 TEPMOTHHAMHKH

Ha ocHOBaHMM nepBOro U BTOPOTO Hayald TEPMOJMHAMHKH MOXHO Omnpe-
JENUTb NHMb M3MEHEHHe SHTponuM. JIId TepMOIMHAMMYECKOTO ONPEACIeHUs
aGCOMOTHOrO 3HAYEHMA SHTPONUH HEOOXOMMMbl HOBbIE JAHHbIE, KOTOPhLIE MO-
Iyt 65T NONYYEHB! NMpPH  MCCIESOBAHMA PAa3TMYHBbIX XMMHUECKUX K u3Hye-
CKHMX DPOLIECCOB IIPM OYEHb HUIKHX TeMnepaTypax. DKCIEPHMEHTAIbHO yCTa-
HOBJIEHO, YTO SHTPONMA YMCTOT0 KPHCTAIINHYECKOro BEILECTBa npy abcoaror-
HOM HyJe (MM Py TemrepaType, GIM3KoH K Hemy) paBHa HYJo. DTO M ecThb
hopMyIMpoBKa TpeThero Hauana TepMoIHHAMUKH. Flcxons u3 9Toro sxcrepu-
MEHTANLHOTO 3aKOHa M ¢ HCITONL3OBAHMEM JPYTHX 3aKOHOB TEPMOTUHAMMKM,
MOXHO BBIYMCITHTL SHTPOIMIO BELECTBA H IIPH DOMee BbICOKMX TEMIIEPATYpax.

Tperbe HAYANO TEPMOAMHAMAKM HE BbITEKAET U3 MEPBBLIX ABYX. DTO ca-
MOCTOATENbHEIA (YHIAMEHTAIbHbIN 3AKOH, OCHOBAHHbII Ha 2KCIIEPHMEHTANb-
HbIx aHHbIX. [Ipu aBcos0OTHOM HYyJie BCE ATOMbl HHCTOTO KPUCTATLIMYECKOIO
COEMHEHHI HAXOJATCH B COCTOSHMI C MUHMManbHOMK sHepruei. TepmoanHa-
MHYECKAs BEPOATHOCTL TAKOrO COCTOSIHHSA II03TOMY PABHA EIAHMLE, 1 B COOT-
BETCTBHH ¢ ypaBHeHMeMm (9) SHTpONMS paBHA HYIIO.

' TepmomuHaMHyecKas TPAKTOBKA SHTPOMMH CBA3AHA C OOPATHMbBIMM TIPO-
LECCAMH, KOTOPblE MPAaKTHYeckd He MOTYT ObITh ocyluecTBieHbl. OnHaxo
MOKHO TOBOPHTBL M 00 S3HTPOIMY HA OCHOBE PEANLHBIX HEOODATHMBIX ITpoLec-
€OB, TaK KaK B HEOOPATHMBIX [IPOLECccax, NPOTEKAIOINX B TEPMHYECKH H30IH-
POBAHHBIX CHCTEMaX, FHTPOINNA Beeraa pacreT. Takum o6pa3soM, B peanbHbIX
M30MMPOBAHHbBIX CHCTEMAaX OYAYT UATH TONLKO TakKHe ITPOLECChl, KOTOPLIE
NpPOTEKAIOT ¢ BO3pactaHueM sHTponuu. Ecin npouecce! He MOTYT BATH C yBe-
IMYEHHUEM IHTPOTIHM, TO ECTh B JAHHLIX YCIOBHAX YHTPONHA UMEET HANDOIb-
WYIO BEAUYHUHY, TO B CHCTEME HE MPOMCXOANT HUKAKAX W3MEHEHHH: CHCTEMA
Gyner HAXOAUTHCA B PABHOBECHH. CNEOBATENBHO, MAKCHMYM IHTPOMMM — YC-
JOBHE PABHOBECHSA IIPOLIECCOB,

- 3aKOH 3HTPOIHH IO3BONAET MpencKasats Hanpameune TEPMOAHHAMHYE-
CKHX TIPOLECCOB, OJIHAKO 3TOT 3aKOH JeHCTBUTENEH MU IJIA TAKHX MpOLEC-
COB, B KOTOPEIX YYACTBYIOT BEILECTBA, TEPMHYECKH H30JIMPOBAHHBIE OT OKPY-
xawweit cpenpl. IIpy aToM IelcTBUTENBHO NPOMCXOUAT TOJBKO TAKME Npe-
BPALUEHHS, B KOTOPBIX PACTET SHTPOIMNA.
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Ecmm sewecrsa, yyacTByiomue B IpeBpaLien iy, He MOTHOCTHIO TepMuue-
CKH U3OJIMPOBaHbL! OT OKPYKAIOWEH CPeabl, TO BO3MOXKHBI IPOLECChI, [IPH KO-
TOPBIX SHTPONUA yMeHbInaeTes. Ho B aToM cnyyae B oxpyxaromeii cpege npo-
MCXOZAT MPOUECCHL, B KOTOPBIX 3HTPONMS PACTET, IPHTOM B GoNbILeH Mepe,
HeM YMEHbLUACTCA B MCCIENYeMOM Hpouecce. TakuM o6pazoM, cyMMapHas 9H-
TPOINUA JAHHOHN CHCTEMB! 1 OKpYKAIOLIEH CPEJlbl PacTer.

Tax xax 2HTPONKS €CTb Mepa MONEKYIAPHOTO BECHOPIIK, TO NpHBEIEH-
HO€ BbIlUE YTBEPKHEHUE MOXHO eHOPMYIMPOBATh TAK: GECMIOPAKOK MOMKET
YMEHLIIMTHCA B IAHHOM KOHKDETHOM MECTS, HO NPH STOM Ha ,upyrom "co-
cefiHeM" yYACTKE OH YBEMYMTCH B BOMbIIEH CTEfe !,

HanpuMep, B XHBBIX OPraHM3Max M3 BELECTB OTHOCHTENLHO npocToro
cOCTaBa (BOJA,YTJIEKMCTBIH Ta3 ¥ Caxap), B KOTOPbIX YIOPSA0YEHHOCTh 0YeHb
HM3KA, OOPA3YIOTCS MHOTHE CIOXHO MOCTPOEHHbIE COSNUHERMs (GEMKH M T.IL.),.
MMEIOIHE BECBMA BBICOKYIO YIOPAIOYEHHOCTh aTOMOB. TakHe ripoweccsl (Ha-
NpUMEP CHHTE3 HENKOB) HAYT ¢ YMEHBIICHHEM IHTPOMKH. 3aT0 OTHOBPEMEHHO
ApYrHe BewecTsa (MOJeKybl caxapa, ®Upbl H T.0.) B Pe3YNbTATE OKHMCIEHHS
pacragatores Ha Gonee NPOCTLIE COSAMHEHHA (B KOHEYHOM CYETE Ha' YLIEKHC-
JibtH Ta3 M BOMY), @ NPH ITOM CHOBA MPOHCXOIHMT 3HAYNTEIbHBIH POCT IHTPO-
nui. KOHEUHO, B PACTEHMAX W3 YTAEKMCIOTO Tasa U BOAR B rpouecce GoTo-
cHHTe3a 06Pa3yIoTCA TAXKe caxap M JApyrue yriesBoIs!, HO 3TOT NPOLECC UIeT
He H30JHPOBAHHO, & ¢ NOTTOILEHHeM SHeprii usnyyedust Conuua,

B naGopaTopHbIX M NPOMBLILLIIEHHBIX YCIOBHUAX NPOLECChI, CBA3AHHbIE C 110~
Ny<MEeHHEM TaKMX COEAMHEHHH, B KOTOPLIX YNOPANOYEHHOCTb OonblUE, T.€, H-
TPOIHA MEHBLIE, YEM B MCXOIHbIX COENMHEHHAX, TAKKE OCYIIECTBIAIOTCA C I10-
TpebIeHHEM HEPTHU H3BHE; YALLE BCELO €€ NONYYAKOT NPU CKUIaHMM KAMEHHO-
ro yruis. Yrojb COCTOMT B OCHOBHOM W3 KPHCTAIHKOB rpaduTa, Ie B KpucTani-
JIMYECKOM PEIIeTKE YNOPAIOUEHHO PACHOIOKEHE MUIUTHAPAbI ATOMOB YITIEPO-
na. Ilpu cropanuu yris o6pasyiotcs Monexyssl COz u H20, B XoTOpbIX ynops-
JOYEHHO CBA3AHD! TOILKO TPH ATOMA, B TO BPEMSA KaK CaMH MOJIEKYJIbl Paciosio-
KEHDbl XA0THYHO. DTOT NPOLIECC UIEY, TAKWM 06pa3oM, ¢ 6oNbIHM PHPOCTOM
IHTPONHM, NOITOMY CyMMAPHAA FHTPONUS YBEAMUNBALTCA.
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TIHIABAIV,
- COJTHEYHASA DHEPTETHKA

§1. Xapamepuc'rulga COJIHEYHON panMALHH

Komauectso myuncToii aHeprun ColHLA BO BCEM NMANA3OHE JITHH BOJH,
nonyqaemou B eMMHHIY BpEeMEHH eNUHHMYHON ITOAmKOiH, NepreH UKy ap-
HOI COMHEYHBIM yYaM, BHe 3eMHOM aTMoctepnl Ha paccToaHuy OHOM acTpo-
HoMKuecxo emuuunpl oT ConHua, Ha3bIBACTCA CONHEYHOH MOCTOAHHOMH. 3Ha-
YeHAE COMHEUHOMN TOCTOAHEOM, NONYYEHHOE B PE3YALTATE PAMBIX H3IMEPEHMMH
C KOCMMYECKIX ANIapaTOR U pexoMeHnoBaHHOe NASA B xauecTse craHjapr-

HOH :

To= 1353 BriM2+ 1,5%.

LLa,BrftnBain)

2005}
7500}
W

o0

10 12 M " 8 2,0 5,2 24 26 28
.D.mzmr Jo.wm r;m-n 2’ 2,)1

Puc. 8. Criextpanboe pacnpeesene RUTSRCHBHOCTH COVIHEYHOTO WMy eHMs:
1 - 3a mpegenamn aTMoChepsl; 2 - Ha yponne Mops nps m=1; 3 - Manyuenne aGcomoTno YepHoro
" Tena nps Temueparype 5800 K; 4 - nuddysnan cocrasasiomas npu Jerkoil nvivMice; 5 - nudipyanan
COCTABJIIIOANA NIPH ACHOM Hebe.
DTO0 3HaYeHuE HCIONXL3YCTCH OO0 HACTOALIETO BPCMBHPI B renuorexHuxe. B

MOCICAHHE rOAbI INOABUNMCE pa60n.1, B KOTODPBIX Npemaaracercs yTOYHCHHOC
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3HAYEHHE COMHETHOH NOCTOSHHOM, paBHoe 1373 Br/ma+1,2%. Tlockonbky pac-
crosnue Mexay 3emieil v ConHLEM MpPEeTEpNEeBAET Ce30HHbIE HIMEHEHHA, HH-
TCHCHBHOCTb CONHEYHOH pammaimM, NMajarowell Ha eAMHMYHYIO NNOIALKY,
TAKKE HE OCTACTCA MOCTOAHHOM. DdiheKTHBHAS CONHEYnas NocTOAHHAA Lo ap.
YHMTBIBAIOWAA 3TH CE30HHBIE KONEGAHMA, MOXKET ObiTh paccyuTaHa no dop-
MyJie:

(360° x n ))
Isap. = 1+0,033 e — ‘o,
Y [ cos ( 365 I Q)]

A€ N - OPANKOBBIA HOMED JHA, OTCYHTAHHDI OT | AuBaps.

Baxno#l XapaKTepHCTHKON CONHEYHOrO HINYYeHHs ABIAETCA €ro cliek-
TPaNbHOE pacripenencHye (puc. §).

Hons 3Hepruy COMHEYHOr o M3y YCHHS, NPUXOMAMANACS Ha HHTEPBAT JUTHH
Boutk 0T 0 o A (fo-A), npusenena B Tabmaue 1, M3 KOTOPOH BUANO, 4TO HOYTH
BCA BHEpTHA, M3nydaemas CoNHUEM, NPHXOJUTCH HA Y3KMif MHANasoH UMM
BOJH B BHIMMOI H Oinokuel HK-o6nactu (8 muanasone 0,24-4 MM 3aKmioue-
HO 98% sHeprum Hanyyenns),

Tabnruya 1. [Jonn snepzuu conmennozo UNyueHus, npuxoORUWascR Ha uw-
mepsai dnun aon om 0 o ho(lo = 1353 Bmiu )

A fo-A A fo-A A - fesh
0.24 00.014 -~ 0.47 0.1817 1.2 '] . 0.7840
0.25 00.019 0.48 0.1968 1.4 0.8433
0.26 __00.027 0.49 0.2115 1.6 1 0.8861
0.27 00.041 0.50 0.2260 1.8 0.9159
0.28 00.056 0.51 0.2420 2.0 0.9349
0.29 00.081 0.52 02538 |. 22 0.9433
0.30 0.0121 0.53 0.2674 .24 _0.9586
0.31 0.0166 0.54 0.2808 - 2.6 0.9667
0.32 0.0222 0.55 0.2938 2.8 -~ 09731
0.33 0.0293 0.56 0.3065 3.0 0.9733
0.34 0.0372 0.57 - 0.3191 3.2 . 0.9822
0.35 0.0452 0.58 0.3318 3.4 0.9830
0.36 0.0532 0.59 0.3444 3.6 0.9872
0.37 0.0615 0.60 0.3568 38 0.9891
0.38 0.0700 0,62 0.3810 4.0 . 0.9906
- 039 0.0782 0.64 0.4042 .| .45 | 09934
~0.40 0.0873 0.66 0.4266 - 5.0 0.9951
0.41 0.0992 0.68 0.4481 6.0 -+ 0.9972
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0.42 0.1122 0.70 04688 | 7.0 0.9982
0.43 0.1247 0.75 0.5169 8.0 0.9988
0.44 0.1373 0.80 - 0.5602 10.0 0.9994
0.45 0.1514 0.90 | 0.6387 50.0 1.0000
-0.46 0.1665 1 0.6949

Tlpr npoxoXkIeHMN Yepe3 aTMocepy CONHEYHOE H3IyUEHHNE ocnaldnseTca
32 CYeT NPOLIeCCOB NMOITONIEHHS M paccesHHA. OTo ocnabiedue 3aBHCHT OT
IUTHHBI TIyTH CONTHEUHBIX JMydelt B aTMOchepe, KOTOpas Ha3biBaETCA Maccoil aT-
mocdepsl. Macca arMocdepst m=1, Korza JIHHA MYTH OTCYMTAHA OT YPOBHA
Mopsa no seprTuxamy (nonoxenue Connua B 3enute). IIpu 3enmurnom yrie 6z
(yrox Mexay BEPTHKAIBIO ¥ HANPABICHACM Ha Commc) Macca atMochepsl
m=secH..

Iornomenue conHeunoil paguamuu atmochepoit 0BYCIOBIEHO B OCHOB-
HOM npncch'aneM B Hell 030Ha, BOJAHBIX MTAPOB U COz. O30H T104TH HOIHO-
CTHIO NOTJIOHIAET M3Ny4YeHWue B ynabTpaduoneropoil wacru cnexrpa po 0,29
MKM, - Torouraér g0 0,35 MxM M He MOrnoIlaeT B OCTANLHOH YacTH creKTpa
334 HCKIDOYEHHEM yaxoii 30HLL AiMd BONH BOMM3N 0,6 MxM. Boxsauele napel U
COz BHIBIBAIOT noxnneﬂne JOCTATOMHO MIKPOKAX 30H nornomeﬂm B OIHxK-
neit UK-o61acTh.

onayueHHbIE IPH MPAMBIX namepeﬂuxx JAHHBIE 1O COJIHEYHOW paxualyu
06pabaTeIBAIOTCA M MPEACTABIOTCA B TAOMHYHOH Hin rpadmaeckoit popme.

VYroJX naficHMs COJNHEYHbIX Jyyeit 6 Ha paccMaTpPUBAEMyIO IJIOCKOCTh B
3aAHHBIH MOMEHT BPEMEHH MOXeET GbITh BLIYHCIIEH C IOMOILLEO CIENYIOLIEro
COOTHOWICHAA:

cosd = sind - siny " cosP — sind - cosg - sinf - cosy+cosd - cose - cosp - cosw +
cosd.. sing - sinf - cosy - cosm + cosd - sinf - siny - sinw, ] 93]

" TAe ¢ - IHHpOTa Mecmocm
§ - cxIoHenue (yIIoBoe nonoxerne COMHIA B COTHEYHBIA MO OTHO-
- CUTEJNBHO ITIOCKOCTH 3KBATODA); _
B - yron MexAy pacCMaTPUBaeMOH IIIOCKOCTBIO H FOPH3OHTANLHOM IIOC-
KOCTbIO,
¥ - a3UMYTANBHBIN yToN (yron Mexy MpOEKIUEd HOPMaIM K pac-
'CMaTpMBACMOM IITOCKOCTA M MECTHLIM MEPHIMAHOM);
® ~ yacosoif. yroy (OTCYHTAHHBIH OT COJNHEYHOTO NOIIHA, YIIIOBOE CMe-
menme ConHua OTHOCHTENBHO MECTHOTO MEpMIMAaHa, oﬁycnonneﬂnoe Bpane-
HMeM 3eMITH M cOOTBETCTRYIOLIee 15° B wac).
TIpu otcgete YriuoB coBIONAIOTCS CIEAYIONHE IIPABHIIA: ;
3HAYEHMA @ B O IOJIOXATENbHB! I CEBEPHOTO MONYIIAPHA ¥ OTPHIA-
TENbHBI AJIA I0XKHOTO; Y OTCYATHIBACTCH OT IOXKHOIO HAITPABIICHHS ¥ HMEET NO~
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JIOUTENBHEIN 3HAK NP OTKIIOHEHIH K BOCTOKY H OTPHULATENBHEIH - It

KIOHEHHH K 3anajy; O PaBHAETCA HYO B CONHEMHLIH NONIEeHE nonnolilu OTS;

UMEET OTPUUATEILHbIC SHAYCHHUA, TIOCIIE MONYIHS — nonoxcmenu’lme e
CxroHenue & onpenensercs no dbopmyae: : o

8 = 23,45 - sin (360 x Lin )}

365 ?
IZe N - NOPATKOBLI HOMEp IHA TOxA.

Yacro n3 ﬂHTepaTyprIx HCTOYHHKOB M3BECTHEI JaHHbIE IO com-xémoii
PaManyy, NPHXOAIIEHCS Ha FOPH3OHTAIBHYIO MOBEPXHOCTD, & IpPH pacuere
PENHOTEXHUMECKOTO O0OPYNOBAKKA OGBIYHO HYXKHbBI JAHHBIE 1O CONTHEYHOH
PAaTHALNK, NPUXONAEHCS HA HAKTOHHYIO TIOBEPXHOCTS, o

Ecnw u3BecTHOM BenMUyuHOl apigetcs CPEHEMECS UHbIH JHEBHOW NpUXON

CYMMapHoit PalMalMH HA rOPUIOHTANBHYIO . moBepxHocth H, TO
CPERHEMECAUHbIH IHEBHOH NPHXOX CYMMAapHOH DAfiMaUMH HA HAKIOHHYIO

nosepxHocts Ht Moxer 6with paccunran no dopmyue:
HT =RxH

rae R - xosdduupent 3apucsaiupii oT WHPOTE MECTHOCTH ¢, VI HAKNOHA K
TOpU3OHTY B M nNokasatens obnaunocta Kr. Ioxasarens ofnaunoctu K on-
PERENACTCS Yepe3 CPENHEMECATHEIN JHEBHON IPUXO] CONHEUHOR Pa ALY HA
TOPH3OHTAIILHYIO IIOBEPXHOCTS 33 MPENeIaMu 3eMHOI aTMochepst Ho.

H
K1-= == .,
o 8]

§2. Tepmoannamudeckoe NpeoGPasoBAHNE COTHEMHOTO A3JIYHEHHS

Komnonenmel  mepmodunamuneckozo  npeoBpasosanus  CONHEYHOZ20
UIRYHEHUA, ' S
[TpeoGpasoBaHHe COMHEYHOTO H3IYYEHHA B MEXaHHUECKYIO MIIM 3JIEKTDO-
JHEPIMIO HE ABNAETCS COBPeMeHHBIM M306perennem. IlepBas MalliiHa, Kayas-
was BOAY NOA JaBIEHHEM PACIIHPSIOINErocs BO3NYXd, HATPETOLO COMHIEM,
6ri1a paspaborana 8 1615 r. Bo ®paHnuH. AHaTOrHYHAS YCTaHOBKA, NIPHBO-
OBl B AeWCTBHE NeYATHBIH CTAHOK, NEMOHCTPHPOBANACh Ha BBICTABKE B
Tapmxe 5 1879 . Jo 1950 r. aeiicTBOBANO XOBONLHO MHOTO MamMH, pabo-
TABIINX HA CONHEYHOH IHEPrUH, MOLIHOCTHIO OT HECKONBKMX BATT A0 50 XBr.
B GonbMHCTBe MOJENEH KOHUEHTPHUPYIOIHE KOMIEKTOPE! UCIOIb30BaNMChH
VIS HATPEBA BOMLI MJIY BO3YXA SO TEMIIEPATYP HOPA/KA HECKONBKUX COT Ipa-
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mycos. IlosyyeHHbli nap WK HATPETHIH BO3AYX IIPHMCHAIHCh 32TeM I CO-
BEpIICHHA MexaHudeckol paboThl MO TEPMOTHHAMUUECKOMY LIAKITY.

W3 conHeuHo 3HEPIHH METOXOM TEPMOMIHHAMHYECKOTO npeoﬁpasonaﬂm
MOXKHO TIOJNYYATH DIEKTPHYECTBO NpPAKTHYECKH TaX Xe, KAK W M3 JPyrux Hc-
ToyHpKoB. OZHAKO COMHEUHOE MINMydeHHe, Najaloiee Ha 3emumo, obnanaer
PAIOM XapaKTepHbIX ocobenHocTed: HU3KOH TIOTHOCTHIO MOTOKA IHEPIHH,
CYTOYHOH K cE30HHOMR IUKIMEHOCTHIO, 3aBUCHMOCTEIO OT NOTOJHLIX YCIOBHI.
TlIoaToMy npU TepMOAMHAMMUECCKOM NMpeoOpa3oBaHyy 3TOH SHEPIHH B JMEK-
TPHYECKYIO CEYET CTPEMHTbCA K TOMY, 9T00BI H3MEHEHHA TETUIOBBIX PEXM-
MOB HEé BHOCHIIM CEPbE3HBIX OTpaHKIeHH B paboTy CHCTEMEI M HE BOZHHKAJIO
IATPYAHEHUH, CBA3AHHBIX C €€ MCIONL30BAHKEM. JKenaTenbHO TaKoKe, YTOOb:
CHCTEMA JOMYCKANA HIMEHEHHE MPON3BOACTEA EKTPOIHEPTHH BO BPEMEHU B
COOTRETCTBHU ¢ HEoBX0aUMOCTEI0 NoTpeOmenns. CnegoBaTenbHo, nogobuas
CHCTEMA HOJDKHA HMETh akKKyMYJIMPYIOIEee YCTPOHCTBO IS MCKINOYEHUS CIIy-
yaifHEIX KoneGannii PeXHMOB IKCIUyaTAllMH WM ofecneueHus Heo6XoaMMO-
I'0 W3MEHEHHS MpPOH3BOJACTBA SHEPTHH BO BpeMeHH. TIpH MpOeKTHPOBAHUM
COTHETHBIX YHEPreTHIECKHUX CTAHUMI BAXKHO ) MIPABUIILHO OLEHHBATE METEOPO-
moruyeckne paxropsl. YacTo MecTo MOCTPOHKH 3516npaerca VCX04 JIHIIL 13
OJHOrO XPHTEPUH: TONOBOTO YHCHA YACOB CONHEYHOTO CHSHMA, IPH 3TOM He-
penko npeneGperaoT ApyruM GakTopoM — oOMauHOCTHIO.

TepmomunamMuueckult npeobpasoBarent CONHEIHOH SHEPTHM JOIDKEH CO-
HEPXKATH CIEAYIOMHE KOMIIOHEHTEL:

4) CHCTEeMY YHABIMBAHMA NAJAOMEH paguanum;

0) NpHEMHYIO cCHCTEMY, NpeoOpazyIoUyIO IHEPTHIO CONHEYHOro HM3Nyye-
HHA B TEII0, KOTOPOE NePEefAeTCA TEIUIOHOCHTEIIID;

B) CHCTEMY IEpPEeHOCa TeTUIOHOGHTENA OT IPHEMHUKA K AKKYMYJIHTOPY MIH
X OJHOMY HJIM HECKONBKHMM TelT00o0MeHHHKaM, B KOTOPLIX Harpesaerca pabo-
Hee Teno; _

r) TEIIOBOM AKKYMYIATOD;

) TennoofmeHnnky, oOpasyromue ropayMii K XOJMOXHbIA HCTOYHHMKH TeN-
JIOBOH MalllHHBI,

Koucrpyxusu Tepmbnpeoﬁpaaonawueii

. BoamoxHeI NBe NPHHIMIIHANLELIE cXxeMbl. B nepsoil (puc.10,a) B npneM-
HHKE HATPeBAETCH TEMIIOHOCHTENb, B CBA3M C YeM obecrieuHBaeTCs TenaoBas
3arpyska akkyMmyiaTopa. IIpu aTomM pabotee TeNO HarpeBaeTcs OT aKKyMyJsi-
Topa, KOTOPHIi CrIaXuBaeT M3MEHEHHA B [OCTYTUICHHH CONHEYHON paaualyy,
Tamm 06pasoM™, aKKyMYIATOp NOCTOSHHO Mrpact poib 6ydepa, a cBs3k cHc-
TeMBbI "NPHEMHHK -aKKYMYJIATOP" ¢ TENIOBOH MallIMHON OCYINECTBIAETCA C 110~
MOLIBIO IO MEHbIIEH MEPE OZHOrO TEMIOOOMEHHHKA. ‘
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Bo-sTopoii cxeme (puc.10, 6)

B -NPHEMHHKE HENOCPENCBEHHO

‘ampammmg Harpepaercs pabouyee Teno. 3a-

"”""‘"""“ PANKA AKKYMYIATOPA OCYLIECTB-

JIACTCA NMYTEM OTBOAA YACTH Ha-

TPETOro TEMA, 4 CBA3bL G TENNo-

BOH MammHOH npoucxomur Oes
MPOMEXYTOUHBIX YCTPOMHCTS,

B nepmoii cxeme no cpaBHeHHIO

€O BTOPOIl MMeET MeCcTO B cpel-

HeM 6OJbllee CHUMEHME TEMIle-

.\ PaTypHOrCe Hanopa, T.e. pas-

‘ HOCTH TEMIIEPATYD MEXIY Harpe-

- Ba,'IeHCM H XONOOUIIBHHKOM Terl-

IOBOW MalmMHbL. Bo BTOpO# cxe-

Mée TENJIO TEePAETCH JIMIUL IIPY ax-

. KYMYTHPOBaHHH W Bozrpare, On-

\ . HAKO B NMEPBOM CliyYae TEIIoBas

o S — ﬂmpaxmma{ur MAILUHA W €€ BCIIOMOTATENbHbIE

e . roeneEm . ycTpoCTBa He NOXBEPIKEHbI CiIy-

: o yalueIM  KoNebaHMAM TeMIepa-

TYPbI BaXe NPH OTCYTCTBHH CHC-

TEMBl pErynmupoBanua. Kpome

TOrO, BO MHOTHX CIIy4asAX TEIIOHOCHTENb CaM UIPAET POJlb TEMJOBOIO aKKy-

MyJIAaTOpa,

Puc. 9. l]nocxne dmlwmm-
'@ - DOROCEXHUONHBIE, 6 - MBozZocexyuonbili

Cucremb! YIaBJIMBAHMHS COXHEUHOMN PaIHALHK

CucreMsl YIapNMBAHMY CONHEYHOH pagvaliM obecreyHBaroT pa:mue
CTeneHH KoHueHTpanuu (puc.9).

Manas crenens kKoHUeHTpauuu (nopsaaxa 100) TIOJYHAETCH, TIPH MCTIONb-
30BAHMM OTPAXAIOLUMX TTOBEPXHOCTEH, KOHUEHTPUPYIOLIUX IHEPIHIO PH JIo-
60M HampaBieHMH NpHXOZa colHeynpx myueill. Habmomesne 3a ComuueM
OCYLIECTBIAETCA B 9TOM CIydae ¢ MOMOILBIO YIPOWEHHOH CHCTEME! yIpaBle-
Hug. K yerpoiicTBaM TAKOTO THIA OTHOCITCS NOpaboloNHIMHIpHYECKHE OT-
paxaTen, 0Ck XOTOPHIX MO0 ropu3oHTaNbHa, THOO0 NEPHeHANKYIAPHA IHOC-
kocTH Apwokenns Conmua. YIpasiigercs Takas yCTAHOBKA TOJNBKO B COOTBET-
CTBUM ¢ H3MeHenueM nonoxeuna CoyiHna Ha HeGocsoe B TeueHwe aus. Hame-
Henve nonoxenus CONMIA B TeueHne Tofa MPHU 3TOM HE YYHTHIBAETCH, H IPH-
HHMAIOTCH MEpBI JHLIb K TOMY, YT06B! (oxanpHoe H306paKeH e He BBIXOXHIIO
3a Npeaensl NOBEPXHOCTH NPHEMHHUKA KOHUEHTPHPOBAHHOTO M3IYUCHHA.
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Puc. 10, CxeMa TepMOAHHAMIIECKOro NpeobpasoBans conmednol smeprm:
2 - CXeMA ¢ TelwioodMennnion; 6 - cxema Ges Tenoobmenmmxa,

Cpennaa creneds xonuentpauuu (nopsanka 1000) momyuaercs npw wc-
noNp30BaHNy HOKYCHPYIOIMXK TeMOoCTaToB, YIPABIAEMbIX N0 ABYM Bpamia-
TEIbHBIM crefeHsaM cBobonpl. TakuM resuocraToM Moxer ObiTh 3epxanc B
¢opme nopabornouna BpalieHUs, 0Ck KOTOPOro opHenTHpYeTca Ha Connue.

Broicokas cTeneHh KOHUEHTPAUMH OCYLUEeCTBIIAETCH E€AMHMYHON onTHYe-
cKOif cHcTeMoilf (TUToCKKe remuocTaThl U mopabonounHeii oTpaxarens). Oua
[O3BONSET HOCTHYE BECHMA BRICOKHX TEMIIEPATYP.

CKOHUEHTPHPOBAHHOE CONHEYHOE MANYYCHHE TMOINOIIAETCH NOBEPXHO~
CTBIO TIPHEMHMKA M TIpeoOpasyercs B Tenno. YrobObl CHH3MTL TIOTEPH Temia,
CBA3AHHEIC C H3JIYUEHHEM HATPETHIM NPUEMHHKOM B TennoBoil ob6macTy cnex-
_Tpa, [OBEPXHOCTh TIPHEMHHKA NOKPHIBAIOT TOHKOH NIEHKON M3 CENEKTHBHO
NOrROIAOIHX MATEPHANIOB. 3TO IO3BONAET 3HANHTENbHO MOBLICHTL KITJK
CHCTEMBI. .

AKKYMY.JSTOPbi SHEPIHA

ITockoneky conmuedHas pajualys NMOCTYNAeT Ha MOBEPXHOCTL JEMIH TIEPHO-
JHYECKH B IOCTATOYHO CIYYaHHO, CONMHEYHAN DHEPIETHYECKAA CTAHUMSA ¢ Tep-
MOTHHAMKYECKHM [HKIOM JOIDKHA MMETh YCTPOHCTBO JUI aKKYMYIHPORAHMUS
sHepram. IIpx paspaborke TakuX ycTpoicTB HEOOXOAUMO BLIACHHTD, KK IO~
ABJICHHE JONIOMHUTENBHLIX YCTAHOBOK IOBIMAET HA OOMYI0 CTOMMOCTE Bbipa-
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OaTbIBaeMON SHEPTHM M T.N. AXKYMYIMPOBAHHE MOXET GBITH KPATKOBPEMEH-
HbIM, Ha 1-2 u. B nepuoxn obrauHocTy, mim NPENOTBPALIEHUs xonebanuid Ten-
JIOBOM HATPY3KM CTAHUMH U CLIRKHBAHHSA PE3KUX H3MEHEHMI BBIXOXHON Mol
nocty. Heo6X0MmMmMo TakoKe aKKyMyNMpOBATh SHEPTHIO B TEUEHHE AHA A Bbi-
paboTKK ee B TEMHOE BPEMS CYTOK, @ TAKKS B YAChl IMKOBBIX HArpYy30K. B ciy-

'4ae YBEMHYEHHA CTOMMOCTH IHEPTHH B YACHI MUK AKKYMYIHDOBAHUE MOXET
CHH3HTb 3aTPAThl HA CO3NAHHE aKKyMynmupyromel ccreMer. Kpome toro, ne-
06XOMMO TaKXKe CE30HHOE aKKYMYJIHpPOBaHHe L1s obecneueHns sHepruei no-
TpeGuTeneil B NEPUONLI JUIHTENBHOIO M HeOIIATOTIPHATHOXO CE30HA 33 CYET
IHEPTHY, 3ATNACEHHOH BO BPEMS IIOCTYIIIEHHS CONHEYHON PaHaLHH.

ARKYMYJATOPBI TERIA

B nacrosuiee BpeMs HAKOILICHHE SHEPTMH OCYL{ECTBIINETCH 32 CHET aKKy-
MYJIMPOBAHMA TEIIA.

Tennoso#l axkyMynsTop - noporocrosiumii sneMent. B 3aBMcHMOCTH OT
TEMIEPATYPRI CHCTEMBl AKKYMYIHPOBAHMA YHEPIHA OOBIMHO MOZPA3NENsOT
Ha HuskoTeMueparypsse (mc 100°C), CPERHETEMIIEpaTy PHbLC (or 100 mo
550°C) n BbicOXOTEMNEpaTypHbie (> 550°C).

HuakoTeMnepaTypHble aKKyMYIATOPbl, B YaCTHOCTH BOJAHEIS, HALLIH
LIHPOKOE NPHMEHEHHE B IeHOTEXHIKE IS OTONICHMA JaHKH K FOPAYEro BO-
pocHabxeHus. g HM3KOTEMNEPATYPHOrO AXKYMYJIHPOBAHHA MCIIONB3YIOT
TaKXKe 0OpaTHMBbiC PeaKUUH IUAPATALME W CONLBATALMM CONeH M KHCHOT, 2
TAKOKe npouecch! Hazoporo nepexosa. Jng 3THX Lened B XauecTse TennoakKy-
MYTMPYIOIIMX BELIECTB MCNONMb3YIOT NapadHHel ¥ 3MYIBECHH, COCTOAIAE M3
napaduna ¥ Boxwsl. CxphiTas TeIuioTa nuaBdeHHs napadusa nopanxa 44
Kan/r, a TeMnepaTypa nuasneHus 35-50°C,

Hopptli THI CHCTEM TEPMOXMMMYECKOTO aKKYMYIMPOBaHHA - "Tcnm(yc
paspabarrisacrcs B IIsenun. B sroli ycranoske ucmonsayercs npouecc BbIIE-
JICHUH TENIA NPY THXDOTALMM CYIIb(GHNa HATPUY,

JNs CpenHETEMIEPATYPHOrO AKKYMYIIHPOBaHHUA, 4 TAKXKE B Ka4ecTBe Ten-
JIOHOCHTEIIA HCTIONB3YIOT CONH M MX 9BTEKTHKH, XApaKTSPH3IYIOMHBecs Temme-
PaTypOil MABJEHUA B HECKONBKO COT IPANYCOB M Go;ru:moii BENHYMHOH- CKpbI-
TOH TenNOTEl $HazoBoOro nepexoma.

BeceMa nmepenexTHBHBL JNA cpezmcremnepa’rypﬂoro axxymynuponaﬂm
TAAPATEl OKCHAOB LIETOYHO3EMETBHBIX METAILIOB. HICIIONb30BaHNE MPOLIECCOB
AKKYMYJTHPOBAHMA PEAKIMH THIPATAUMH OKCUIOB OTIIHYAETCH LENLIM PAIOM
JOCTOMHCTB.JTO BBICOKAA IUTOTHOCTH 3aNiacaeMol IHEPrHM, POCTOE HONIO-
CPOUHOE AKKYMYTMPOBAHHE IPH TEMIIEPAType OKpYXalomei cpesbl, KOMIaKT-
HOCTh TBEPHOI'O IHEProaKKYMYINPYIOUIEr0 BEIECTBA, HH3KAA €ro CrOMMOCTh,
NONYYEHNE HOCTATOYHO BRICOKONOTEHIMAIBLHOTO TEINA Ha CTAJHH TAXPATa-
HMH.
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BrICOKOTEMIIEPATYPHOE AKKYMYNHPOBAHHE OCYUIECTBIACTCA C TOMOLIBIO
o6paTHMBIX IKZOIHAOTEPMHYECKUX Peakiii. [IpH 9TOM peakiu MOXHO pa3ie-
JATH HA JBE IPYNDLL Peakiiy KaTATHTHYECKOT'O PA3IOXEHH, IPOAYKTHI KOTO-
PBIX MOMKHO HE PasfieNATh M XPaHUTE BMECTe, U PEAKLMH, poTeKaoiue 6e3 Ka-
TaNH3aTOPOB, PORYKTH KOTOPIX JOIDKHbI OBITh pasieNeHb! NpH TeMueparype
CONHEYHOT0 IPHEMHMKA, YTOOR! IPENOTBPATHTL 06PATHYIO PEAKIIHIO. ;

Bei6op THN2 TEPMOAMHAMMYECKOTO IMKIIA ¥ IPUpOobl paGoyero rena on-
penensiercs o6IacTsI0 paGoYHX TEMIEPATYP TENIIOBOTC ABWIATENA, T.€. Xa~
PAKTEPUCTHKH CHCTEMBI KOHLUEHTPAUNK, AKKYMYIATOPA M 1apaMeTpOB LKA
TeCHO B3aHMOCBA3aHBL. B COMHEUHBIX YCTAHOBKAX ¢ KOHUEHTPpaUHeH npennoy-
TEHHE OTHACTCH NAPOBOJAHEIM UKIIAM.

JiBa THOA COMHEMHBIX YCTAHOBOK

CymiecTsyeT 1iBa NOAXOAA K CO3NAHNIO CONHEUHBIX CTAHIMUIA, paboTaomux 1o
TepMOAMHAMHUECKOMY nukiy. IlepBeiii - Henonk3opanne HeGONLINMX LEHTPA-
JAMIOBAHHBIX CTAHUHK I OTHANEHHBIX, paioHos. BropoH - cosmanue xpyn-
HBIX COMHEYHBIX FHEPIETHYECKHX YCTAaHOBOK MOLTHOCTBIO B HECKONBKO JECAT-
xoB MBT, paccunTaHHEIX Ha paGoTy B UEHTpaNbHOMR AnexTpoceTH (puc.11-14).
B ycrasoBkax Ha HECKONBKO JecaTkoB MBT mcnomszoBaTh yeTpoHcTBO A7IA
IPOMEXYTOUHOTO NIPOrPeRa Napa HeBBLIFOJHO, IIOCKOIBLKY €r0 CTOMMOCThL He
OKYNAETCs IIPHPOCTOM MOLHOCTH. 31ech NpeIaraercs HCnonb30BaTh ABA TH-
na apuraTteneit. JIng coOXHEYHLIX CTAHUMIE, BKIFOYEHHBIX B 9HEproceTh, Haubo-
Jiee NONXOAXUIEMHE ABISHOTCA TYPOHHEI, XOTA HX JHANa3’oH paGouux pexuMos
JOBONIBHO Y30K M CIOKHBI KOHCTPYKLMH.

Pue. 12, Tleprpaisunil npHesm-
HHK NOJOCTHOTD THNA; )

- Pume. 11. réllnocwar. ' - ' 1 = sonomaiizep; 2 - HenapHTENb-
1 - 3eprcana; 2 - onopHas KOHCTPYKIMS; Has ceiupn; 3 - maponeperpens-
3 - eucTema noBopoTa Telth,
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[l aBTOMATHYECKHX CTAHIMHA ¢ NEPEMEHHON Harpy3koi MOTYT OKa3aTh-
cst Gonee ahexTHRHEIMU NOPUIHEBBIE IBHTATENH, 061ACThL PABGOUHX PEKUMOB
KOTOPEIX Gosree mMpoKa. ‘ :

Tun yuxna v npuposa paboyero Tela onpenensiorTea obnacteio pabouux
TEMIIEPATYP TENINOBOrO ABMraTeNd. ITO IPERTONAraeT B IEPBYIO OYEpelb
B3AHMOCBA3bL MEXIY XaPAKTEPHCTHKAMM CHCTEMbl KOHLEHTPALIMH, aKKYMYIs-
TOPa M mapamerpamMu unxna. MneanbHpiM paboduM Terom ¢ 3TOH TOYKM 3pe-
HEA ABIACTCH BONA, HO IIf paboThr ¢ Hell TeMirepaTypa ropsyero UCTOYHHKA
IomxHa 6urTe 200-500° C. '

Yrobrl OGUTHCA TAaKKX TeMmIepaTyp, HEOGXOMMMO Ha MPHEMHHKE NONy-
unTe 500-KpaTHYIO KOHUEHTPALMIO COMHEYHON paznaling, a C y4eTOM NOTEPD
HA W3IyYEHHME H KOHBEKIMIO TPeOyeTCH KOHUEHTPAHA BaBoe Gonbiue. Taxue
3HAYEHNA MPAKTHYECKH HEBOZMOXHO O0ECIICYHTE C IIOMOIUBIO JIMHEHHBIX KOH-
LIEHTPATOPOB, MO3ITOMY pPa3pabaThIBAIOTCA KOHUEHTPUpYIOLIHE yCTpoiicTBa,
GoxycupymouHe pagHalpIio B TOUKY IPHEMHHKA.

2
Vd

Puc. 13. puHiUMOHAILHAS TEILIOBAA CXeMAa
oppokontyprolit  CIOC ¢ meHTpaILBbIM
NpHeMBRKOM BHeiunero ofayuenns (Baperoy,
CHIA, 10 Me1); 1 - nenrpanbuniii npuem-
nHK; 2 - TypGung; 3 - Tenmosoll aKKyMyasTOp,
cofepxamiuit 7 Toic. T rpasus u necka u 900
THIC. J1 TepMocToiikoro mMacaa; 4 - muporese-

parTop CHCTEMBI RKKYMY/mpopaums; 5 - pac- - chrec'meuno, Takue ycTpoicrsa

mwpuresmiil Gai; 6 - oxamMTeI. WAPR, oTKHLI  CHEOHHTH 3a  JBHKEHMEM
MAYLIEro HA 3APAAKY CHCTEMBI AKKYMYIMPO-

BRNBN; 7 - NPOMEXYTOHHLI HATPERATENb CHC~ ConHua, Bpamasch BOXPYT ABYX OCEH.
TeMBI UKKYMYJHPOBAHME TenioThy 8 - pere- 1PEOYEMYI0 KOHUEHDAUMIO MOXHO Ge3
HeparHBHLIC NIOJOTPEBATECIIH; 9 ~ DeaIpaTep. prna 06@0[[87-[[,[']_‘}, ¢ NMOMOUILIO - Hé-

Gonpmux mnapabononI0B, HanNpHUMep
IUAMETPOM 6M, QIHAKO OHU MMEIOT JBA CYLIECBEHHBIX HeXocTraTka. Bo-nep-
BBIX, JUIS K2XHOI'0 T2KOTO OTpAXaTeNnd Tpebyercs JOCTATOYHO CHOXHBLA 1O
KOHCTPYKIMH TEMNEPaTYPHRIN MpUEMHHK, KOTOPBIH pa3Mewiaercs B ero do-
xansHol obmactd. Bo-BTOpHIX, MIs cheMa aHepruy ¢ 10-20 Thic. napabono-
HOHLIX OTpaxaTened, obccneunBaromipx npuBox B JeHicIBMEe reHepaTopa

Puc. 14. Nipyauunsansiiag Teviopas exeMa
CIC ¢ rpnGoRMONMM BEHTPATLHBIM IPHEMHH-
xom (Huo, Anonng, 1 M)

L-nenrpancumit npnemuni; 2 - akKymyasrop-
nete Gaxu ¢ nonol; 3 - vypiuma; 4 - paciuspis-
TelbHbIH Gak. '
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MoiHocTeio 100 MBT, neobxomuM DOpoToH BICOKOTEMNEPATYpHBIH 00-
MEHHBIH XOHTYD, COERMHSIOMIHIE paccpeROTOYEHHBIE KOHLEHTPATODH,
Vkazauubie Bellle TPYZHOCTH pa’lpemiaiorcs, ecny sMecto 10 — 20 Toic,
NIPHEMHHKOB CHENATh ONMH, AHATIOTHYHBIHA 110 CBOMM IapaMeTpaMm H pa3MepaM
NAPOBOMY KOTIIy OGBIMHOTO THIA, H NOJHATH €TI0 HaJl IOBEPXHOCTEIC JeMITH,

I‘enuoc'rammn ﬁamem{oro THIIQ

- B cnyqae remlocraﬂnmx Samennoro THIIA (pnc. 15-17) Bce mapabonouns:
3AMEHAIOTCH npaxchcxn [UTOCKHMH O'I‘pa)l(aTeJIﬂMH TeX e pasMepos. Kax-

. g ge e e o JTBIH TEIIHOCTAT OTPaxcaeT " CONH-
f A gh se LLEPNTAUR S PR "

e e "ﬂfm;u, ”u;;_ - c~ - . Oe " Ha JIEMEHT NOBEPXHOCTH

Pttt e - .} [EHTPAJNbHOIO NPHEMHHKA, T.C.

AL | BHepruA Nepelaercsd K IpHeMHH-

KY ONTHYECKHM CNOCOOOM BMe-
CTO TPAHCMOPTHOH CeTH Mapo-
MpOBOMOB, TpeOyeMoH B ciydae
TMPUMEHEHUA CHCTeMbi ¢ paccpe-
» JOTOUYEHHBIMH  KOIUIEKTOP2MH.
Puc. 1. Cxem npeoﬁpaaonnnuu cunne-lmn 3m:pmu CTOoMMOCTb TENHOCTATOB COCTAB-
nooncpmomy marcny Bpafirona, mer oxono 80% CTOMMOCTH
CTAaHIMM, [I0ITOMY B HACTOALLEC
BpeMs OCHOBHOE BHHMAaHHUE oGpamaeTcx HAa KOHCTPYKTHBHYIO pa3paboTKy re-
JIMOCTATOB JUIA 0ONErYeHUs HX H3TOTOBIEHHS npu MaccoBOM nponsnoncme
VhpasmaTe TemHo-
CTaTaMH MOXHO [BYMA |
cocobaMu: ¢ BOMOIILIO
OOTHYECKOH cucTeMbl H ©
HCIIONL30BAHUEM BBLIYUC-
JIEHHBIX  KOOPIHHAT.
Tpebyemas  TOYHOCTH
(OKYCHPOBKH Ha [IPHEM-
pux cocrasiger 103 pan.
IIpn  wcnoab3oBa-
HHH KOOpIMHAT YNpaB-
JIeHHE OCYLIECTBIACTCS ©
- NIOMOIIBIO BLIYHCIIUTEN b~
Hoit MaumHei. CKOpOCTh-
BHIUMOT'O JBIOKEHUA
Conuna _cocTapmsier  Pue- 16 ngMa ycrpoﬁcma costresmoll cranumy Gamen-
20"/c. 3a 6 ¢ oHO mepeme- "o o YA
waerca 6onee yeM Ha 2',
H reIMOCTaT NOJDKeH MOBEPHYThCA Ha ', YTOOB COXPAHHTHL MOCTOSHHBIM Ha-
[PABJIEHHE OTpaXKeHHbIX IyyeH. Kaxnpie 6 ¢ Tpebyercs onpenenuts HOBOE MO-

. o
| Homgwmans ¢ v <
Wﬂefﬂmwmm

!
;
:
}
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JOXKEHME KAXKJOrO TeMocTaTa. D70 MOXHO 3(HEKTHBHO OCYIECTBUTS IHIIL
LEHTPATM3OBAHHBIM ITYTEM JUIA BCEX TeMOCTaTOB. Tako# cnoco6 yrmpasneHus
Mo3BOJIseT CuenuTs 3a CONHLEM axke IpH NacMypHo# norome. :

ITockoNpKy CTOMMOCTb TEMHOCTATOB cocrasnset 1o 80% Beeit CTOMMOCTH
MOACHCTEMBI cOOpA COHEYHOM BHEPTHHM, TO OCHOBHBIC YCHIHA NPH HX paspa-
foTKe HanpaBlEHbl HA CHIJKEHHE 3aTDPAT IPH COXPAHEHHH TPEeDYEMBIX 3KC-
IIyaTartMoHHbIX KavecTB. OCHOBHAS 3aaUa COCTOMT B CO3NAHAM MAKCUMATb-
HO IKOHOMMYHBIX I'€JIMOCTATOB M [OCIEAYIOUIMM DA3MEWEHMN HX B [1OJIe 0T-
PAXCHUS TAKMM 0OPa3OM, YTOOB! CBECTH K MMHMMYMY CTOMMOCTb JIHEPIMM,
obecicunsaemoit cucremoii c6opa.

IIpuMepoM paccMaTPUBaeMON YCTAHOBKH MOXET CIYXKHTh CTAHLUHA MOLI-
"Hocreio 10 MBT, mocrpoennas B ceBepo-3anananoi wact MekcHin, BOIH3H
ropona DpMocHnb0. DTO 3acyIUIMBLIH paloH, rae COnHLE PeryispHO CBETHT
B TegeHue 95% cBetnoro BpeMeHH ToA. 3uechk Taike HABmMOKAeTEA BBHICOXAA
NIXOTHOCTH CONHEeUHo# paguaivn, pocruraromas 0,8 - 0,95 xBr/M2 B cpennem
32 CONMHEYHBId nedsb, KoTxo- ' (y =~ T oo T
poiit moarest 10-13 u. B pait- | 3oy | e 'M ‘ .
OHe TOCTOAMHAA Hexsarka =~ N - )
BOJbl, ¥ CHENOBATENLHO, BO-
Iia CTOMT JOPOTO, JIOITOMY B |
KayecTBe paboyero Tena nma |
craHuuM 66UT BLIOpaH BO3-
Ayx kax gaubomnee AeieBbld
M IOCTYNHBIA TEeMIOHOCH- |

Lp g e

Tenng~
ofpinpum, -

" & P

ot PR gl

TEMb. o b seetamenn 4 & O pandenn -
Croumocts | xBt yeranos- . heoon o Syt 2 LA
TNEHHON MOMIHOCTHM NS Ta- 7« : =+ &+t it k:}!
KoM CTAaHUMHM COCTaBjseT ! B d
1800 monn., Torpa xak mis | ' R » Co
OGBIMHEIX TOINHBHBIX CTAH- | ' o IR > S

ek 200-300 xonr. b e i
ITpenmywecTBO cTaH- Puc. 17. Cxema comseauoil cramun ¢ napaGonomumni-
u“ﬁ 6aHICHH oro THIA 3a- pHYSCKHMM KOHI[eHTpFTOpaMH.
KIIOYaeTcss B TOM, YTO He ’
HYXHO . OCYIIECTBIIATL TPAHCIOPTUPOBKY paboueil >kuaxocTH Ha Gombiume
PACCTOAHMSA OT NPHUEMHHKA IO TYyPOMHbI, OJHAKO B HHX cuCTeMa ¢Bopa corn-
HEUHOM pamManuy OKasbiBaeTcesa Joporoit u HemocTaTouno addexrunnol. Ua-
32 NOTPEMHOCTEN B CAEKEHUN, BO3MOXKHBIX TIPH HAMHYHK 60MBIOTO KOnHYe-
CTBA TEMHOCTATOB, JeHCTBUTENLHEIH KOdhDUIHEHT KOHUEHTPANMH Y TEPMO-~
INEKTPOreHepaTopa YacTo cocTanuset 1/3 pacuernoro.
Kax noxaseisaer onsit, 60J1ee NEpPCHCKTHRHBIME OKA3bIBAIOTCH CTAHUH C
pachpeneneHHbIM [IPHEMHEKOM SHEPIHH. B 3THX CTAHIHAX KOHLEHTPATOPHI,
npexcrasisionue coboit napaboNMOUHUIMHAPHYECKHE OTPAXATENH, BPaIAKOT-
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Csi BOKPYT OXHOM OCH M MMEIOT TpyOuATEIE IIPHEMHHKH, COBMEILIEHHbIE ¢ (o~
xansuoii miamei (puc. 17). Bpanjenue mo ofHoH 0CH NO3BOJIIET CYLISCTBEHHO
YMEHBIIMTL CTOMMOCTh KOHIEHTPATOPpA NPH YMEHLIICHHH KOJHYECTBA YOIy~
yaeMoll 3HepruM Beero Ha 5% 1o CPaBHEHHIO C CHCTEMOM CIEXEHUS, HCIIONb-
syroileli BpallleHHe BOKPYT JBYX OCeH. ,

TlepBoif cTaHumMedl JAHHOTO THIA, CTOHMOCTL SIIEKTPOIHEPTHH KOTOPOi
CpaBHHMA €O CTOMMOCTBIO TEIIOBHIX CTaHIMIA, crana CTAHMSA, TIOCTPOCHHAA
avepuxanckoli ¢upmoit "My3", ocrosanwoi B 1979 r. B 1985 r. a0l pupmoit
TIOCTPOEHA CONHEYHAA HMeKTpocTaHuus B xamubopuuiickoli mycroine Moxase,
xoropas 3auuMaer 340 ra. Eme Ha paccBeTe KOMNBIOTEPHAN CHCTEMa HAYHHAET
opHeHTHPOBaTh 540 THICAY NapabonOUMAMHAPHIECKHX 36PKaJ1, 4TO0b! OHI MOT-
7H YUABIMBAThL CBeT. PaCTIONOXEHHbIE DANOM 3¢PKala MOBOPAYMBAIOTCH 33
COJIMIIEM ¢ BOCXOJA O 3axaTa. OHH QOKYCHPYIOT COMMEYHEIE JIYYH K HaNpaBis-
JOT MX Ha TOHKYIO TPYDy M3 HepXaBeroleH CTAllH C MepHBIM IoKpuTHeM. ITo

Tpy6e HPOTEKAET CUHTETHYECKOE MAciIo, KoTopoe Harpesaercs 1o 390° C. Ilepe-

Tperoe Macno NMOCTyaeT B Tenno0oOMEHHHKH, TIE OTAAET CBOE TEMWIO BOIE, Ipe-
BpAlas ee B Nap, KOTOPBIA IPUBOMUT B JeicTBHE TypOOreneparop. 06piynoro
THNA, BHIPabaTHIBAFOMHI ANEKTPOIHEPTHID.

Cucrema c6opa cONHEYHOM paIHATHH

JrereMa cbopa commewnod papmauuv crasuuu "Jlys" BeicokcaddexTunHa.
O s e CIIEXKEGHHE TIPOH3BOAMTCH TIO OXHOM
| KOOpHMHATE BIONbL OCH, HANDABMNEH-
. HOJ¥i C ceBepa Ha 0T ¢ MOMOIBIO IPO-
| CTOH rMOPOAMHAMHYECKOH CHCTEMBI.
ITpueMHUKOM SBISETCH HEpPXKaBelo-
was Tpyba ¢ CENCEKTHBHBIM MOKDHITH=
. em. ITpreMHHK 3aKMOYEH B CTEKIIAH-
. ' Hyw Tpybky, B KOTOpOH co3faercs
" BaKyyM, UTO 00eCeyrRaeT YMeHhlte-
Coavéurst | Ype KOHBEKUHOHHBIX MTOTEPH.
3. ConHeunsie JNEKTPHYCCKHE
| CTAHIMM, COOPYXaeMble KOMIAHueH
i "JIy3", HMEIOT. BAKHYIO OCOOGEHHOCTD:
| OHM MCIONB3YIOT B pabore npupon-
" HBli ra3s K08 KOMIEHCAIIMH HEMEHE-
. HMf MOCTYIDIEHHS CONHeuHol panua-
. . DMK, T.e. ABIAIOTCA CHODHIHBIMK
¢ | crasumamu.  Konuenuus rubpuna
. | "comHeuHas IHEPrud - NPHPOAHBIH
| ra3" oKkasajiack O4eHb YIAYHOH, 41O
FIO3BOJIMIIO IPH OYeHb HEOONBLIHX 3a-
a - neTHRH penb; 6 - Inmnui nens, . Tparax rnony4arh MakKCHMYM  I10Je3-

»

" eannaE .




HOM MOWHOCTH. PexcuMpl paboThl CTAHLMM B ETHHH H 3UMHHH TeHb NpHBeae-
Hel Ha puc.18. ToauyHoe pacnpeneieHue sNeKTPOIHEPIHH, TPOUIBOAMMON ©
MOMOLUBIO COTHEYHOH PAmMAINHE M ra3a JId CTaHuME MouHocThio 80 MBT,
npeacTaBneno Ha puc.19. Kak Buano u3 pucyHka, 2/3 37eKpOIHEPTUH CTAHIMN
TCA ¢ UCTIOMb3OBAHNEM CONMHEYHOMN paiHALIMH.

TlepBas M3 MATH HOBBIX YCTAHOBOK MOLUMO-
cte10 80 MBT navana pa6Gorats B 1989 rony u |
kBr-u amextposnepruu croun 24 yenra. Hosbie
YCTAHOBKY CTOAT OKOIO 1 MIpH. ot K BeipaGa-
THIBAKOT JEKTPOIHEPIHIO CTOHMOCTHIC MeHbLue 8
WEHTOB 32 KBar/4.

s H
”,f,ﬁ,:,f,f :,§~ ~Conueunsie cranmmum "Jlys" obecnedmBaior

JAOTIONHMTENbLHYIO HEKTPOIHEPTHIO MPH MHKOBHIX
Harpyskax, 0cOGeHHO NETOM, KOFAa HOTpCGHOCTb
B 3NeKpHYecTse Gonbian,

Pre. 19. Tomwanoe pacopene-
NEHAE DEKTPOIHEPIME, NPOR3-

BOIMMOH. ¢ NOMOLULIO conHer- IInockuii COMHEYHBIN KOMIEKODP NPeacTanis-
solt pagmaumH K raza iR

crammm Mousocsio 80 MBr, €T co60if TennooOMeHHHK, NPeHATHAYEHHBIH JUIA
HarpeBa MMIKOCTH WIM Tala 33 CUET COJMHEeYHOMH
snepruy. O6nacTs NMPUMEHEHH TIOCKHX COMHEUHBIX KOMIIEKTOPOB - CHCTEMbI
OTOIVIEHHA JKHIBIX H MPOMIBONCTBEHHEIX daHull, TopAYero BoJoCHaOXeHns,
4 TAKKE JHEPreTHYeCKNe YCTAHOBKH ¢ HM3KOKHIAIUMM paboyum Tenom. Oc-
HOBHBIMH NIEMEHTAMH IITIOCKOr'0 CONHEYHOTO Kommexropa (puc.20) ABnaiorea:
TIOBEPXHOCTh, HATPEBAIOIIAACH 34
CYET TOrJOLIEHUs CONHEeYHOH paxua-
LUMH U NepeXaolias TeIioTy paboye-
MY TeJXy; CTEKNO, NOJABNAIOMEe MOTe-
DH TEMNOTHI 33 CYET MIMYyYSHMSA; Terl-
noBas M30JALMA M xopiryc, CoBepuien~
CTBO KOIUIEKTOPAa OIPENENIercs ero
onTHyecknM ¥ Terurosbivg KITII,
Onruueckuit KITJ no noxaswea-

°1, Kakas qac:rb CONHEYHOM pajHari, ‘Pnc. 20. I[.noclcnii comle-muii lco.rmelc'mp
AOCTHTAIOLIEH NOBEPXHOCTH OCTEKNE- y . popenvuocrs, moriomaiomas coumes-
HEHYA KONINEKTOpa, OKa3bIBACTCA NO- nyio panuaumio; 2 - TpyOKH ¢ TENNOHOCHTE-
rnomeHoli abcopOupyromeit mamyde- Jem; 3 - crewno; 4 - wopuyce; 5 - Teniosan
HHE YEPHON NOBEPXHOCTHIO, H YUUTHI- HIOTAMIA

BAET MOTEPH 3HEPrHH, CBAIAHHLIE C MOLIONIEHUEM B CTEKIE, orpa)lceﬂuem 7
oTm4MeM KoaddHLeHTa TenIoBOro u3nydeRns abcopobupyromel nosepxHo-
CTH OT exMHUULL [N KOJUIEKTOpa ¢ ONHOCIOHHBLIM OCTEKIEHHEM IIPH HOD-
MaJbHOM NaJeHHH NyYel Ha ero IOBEPXHOCTE!

TLlnockue conHeuHble KOMLIEKTOPHI
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Ne=(1-0), ]

TAe T - Kod(pHIMERT NPONYCKAHMS CTEKNIa; o - Koacb(buuuemr TOTAOUEHNS
abcopbupyioutel u3nyyeHHE NOBEPXHOCTH.

B ToMm ciydae, eclM YroXx majeHds IydeH oTAMYacres OT HPAMOTro, BBO-
JUTCS NONpaBOYHEN xoadduument K, yuuTLBAOWuMIA YBENHYEHNE NOTEPh HA
OTPAXEHHUE OT CTEKIA M DOBEPXHOCTH, NOITOA0MEH COMHEUHYIO DaAHaLHIo:

K =1 /t)n ,

r7ie 10 OTHOCHTCH K MIPOU3BONLHOMY YIIly MajeHus Jy4ei.
S , Ha puc. 21 npusexessi rpabuxu K =
LK : — + £[(1/cosB)—1] mas XOMNEKTOPOB ¢ OXHACHONH-
‘ HBIM M JBYXCIOMHBIM OCTEKIIEHHEM.
Onrnuecknii KITJ ¢ yaeTom yrna naxe-
HUA JyYeif, OTIHYHOI'G OT [IPAMOLO,

Temexne ©

]
>
Ll

_ Zemenne o= K(t0)a . - @
e o Kpome 3Tux noTeps, B KOJUIEKTOPE HI0-
; GoH KOHCTPYKUMH INPHCYTCTBYIOT IIOTEPH
: bide Ll Lo} TEITOTHL B OXPYXAXOINYIO cpeny Quor, KOTO-
¢ gz 4% 48 B T pole yurThiBaoTcs ero terurosiM KITJI, Te-

! ] ~y . -
o (e 4)-1 oo ToOBOM KTIJ] paBeH OTHOUICHHIO KONHYECT-
Puc. 21. I'lonpauo‘muﬁ xoaq;dmunenr,

. Ba MOJIEIHOM TEMIOThI Qnox, OTBENEHHON OT
YUHTEBAIOWME OTPAKEHNE COTHCHHLIX }
Tyselk 0T HopepXROCTH eTeicia W o7 wep- KOUIEKTODA 33 ONPENENEHHOE BPEMS, K KO-

noli aGecopOupysomeil norepXHOCTH. JAHYECTBY SHEPTHH, NOCTYNaoweH K Hemy oT
ConHua 33 TO Xe BpeMs:
Qn on
n= &)
I-8°

rae S - NIomams AnepTyphbl KOMekTopa; I - HHTEeHCHBHOCTL COMHe4HoH pa-
AHALHH,

OnTuueckuii ¥ Temmonoit KITJT xomiexTopa cBs3ausl Mexay coboit oTHo-
HIEHHEM .

Q noem
=M —22. “
I-S
TemnoBele moTepH Qnor XaPaKTEPHIYIOTCH MOJIHBIM Koaci?d)uuiaeHTOM NoTephb
U= _...B'LQL’L.,. , ) (5)
S(T, - T,) '
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rae Ta - TeMuepaTypa uepHOl nOBepXHOCTH, aGCOPOUPYIOLER COTHEYHYIO pa-
maanmnio, K; To - TemnepaTypa oxpyxarowmeii cpensi, K. Bemiunua U ¢ gocra-
TOYHOH JUIs PACYETOB TOYHOCTHIO MOXKET CUHTATLCS KOHCTanTOH. B sTOM City-
yae MoJACTAHOBKA Qnor M3 PopMymnel (5) B (4) NIPUBOIMT X YPABHEHHIO NMPAMOi

U(T, - T
n=no~——————( = T) ©®
Termoso#t KIIA konnexropa Moxer 55!".[‘13_’33{1}1{031-[ TAKKE 4epe3 cpen-
HIOIO TEMIIEPATYPY MPOTEKAIOMWErO YePe3 HErO TEIIOHOCUTENA:

T . ,
n=F ( ~U IT), Q)

rae Tr = (Tex + Toux)/2 ~ cpequsas TeMnepaTypa TentoHocurens; F' - mapamerp,
06BpIYHO HazkIBaeMbIil " 3 e THBHOCTHIO KOIUTEKTOpA" H X4paKTepH3yromui
3¢ heKTHBHOCTE MEPEHOCca TENNIOTHI OT MOBEPXHOCTH; MOTIIOMArOMeH CoHed-
HOE M3NYYEHME, K TEMIOHOCHTENIO; 3ABMCHT OT KOHCTPYKUMH KOJJIEKTOPA #'
HMeEeT 3HaYeHHe, CIabo 3aBHCAILEE OT APYrUX (GakTOpPOB; THIHYHBIE 3HAYCHNSA
napamerpa F": 0,8 - 0,9 - wna nnockux Bo3mywHex xomrexropos; 0,9 - 0,95 -
JO0ST TUTOCKMX KUIKOCTHEIX KOMIEKTOPOB; 0, 95 -1,0- s BaxyyMHbe KOJIEK-
TOPOB.

B pane cnyuaer yaoGHee (B IPAKTHHMECKOM o'momeunn) BHIPASKTD TEIIo-
sofi KIT[ xonuexropa yepes TeMIepaTypy TENIOHOCHTENA Ha BXoHe Tax

T,.~T,
n=FR (no U ﬂxI )9 : (8)

B 3roM cinyyae 3amena Tr Ha Tex yunToHIBaeTes Koadpdunnentom Fr, koT0-
puiif HaskiBaeTcs xoathduumenTom oTBOAA TEMIOTH. B 06meM BuAe dopmyna
st rerutosoro KITJT xonmexTopa MOXKeT ObITh 3afucana B BUIE

T-T, ]
=F , [
! ( - ®)
e :
I,ecin T =T,
F= Fleetu T =T,

Fr, ecmu T = Tax .

%

Ha rpaduxe n = f [(T - To)/ I] npamas, cOOTBETCTBYIOWAA YPABHEHHIO
(9), npu T = T, orcexaer Ha OCH OpAMHAT OTPe3oK Frjo = F(ta)n ¥ nMeeT HA-
KJIoH, coorBercrByrommit FU (puc, 22).
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Bemuuunst F(to)s 1 FU #enonsayoTes IpH ONPeIeNeHHH XapaKTePHCTHK
CHCTEMBI CONHEYHOr'O TEIIOCHAOKCHHA M B MPHHOMIE MOIYT OniTh
PAcCYRTAHLI TeopeTHIecKH. OAHAKO Yalle BCEro. 9T BENMYHHDBI OLPENeNAIOY
Ha OCHOBAHMWH CTAHIAPTHBIX UCIILITAHMA KOIUIEKTOPOB H NOCTPOECHHA 3ABHCH-
MoCTeH, 2HATOTHYHBIX PHC. 22.

IIpu HexoTOpPOM 3Ha4YeHHH TeMnepaTypesl T
rermopoi KITI{ xomrexropa okazniBaercs pas-
HeiM 0. DTa TeMmepaTrypa SBIAETCH IPENENbHO
NOCTIKHMOHR I JAHHOTO THMA KOJUIEKTOpa.

B cxeMax CONHEWHOTO TEMIOCHAOGXKEHHS BO
H3bexkauue 3aMepIaHuii TeMIOHOCHTENA YacTo
HCTIONB3YIOTCA JBYXKOHTYPHBIG CXEMBI ¢ aHTH-
o . (pH30M B NEPBOM KOHTYPE H HPOMEXYTOUHBIM
‘—IJr TEI000OMEHHUKOM.

S e . e - TlonesHoe KONHYECTBO TENNIOThI, OTBOIMH-

Puc. 22. Teuneparypilan a4BHCH- KOILIEXTO e e o
mocTs Tennosore KEL conseyno- ,Aoe OT X0 Pa B [IEPBOM KOHTYPE, pABH

YO KOJNEeXTOPA. Qrox = Fr S'[VITIO -U (Tax - To)]. ’ (10)
. Xna ynobcTea pacteroB BBOAAT NOHATHE 3didexTHBHOro x03dpduienTa
. OTBOJA TEINIOTRI F;,‘nonc'ranosxa KOTOPOTO B ypasuenue (10) Bmecto Fr

kA v
TO3BOJIAET PACCUMTHIBATL XAPAKTEPHCTHKH KOJUICKTOPA C YYETOM IPOMEKY-
TOYHOTO TEIIIOOOMEHHHUKA., :

[ B

¥
¥

BaxyymBbie KOJLIEKTOPb!

Tinockue coltHedrbie KOMIEKTOPL! HMEIOT MPH MOBLUNEHHBIX TEMIepaTy-
paxX CpaBHUTEIHHO 600N NONHEIH KO3GGHIHEHT NOTEPh H HH3KHHA Tenxo-
poii KIIJ1. B cuiy 3roro 065IYHO HX MCIIONB3YIOT B CHCTEMAX, TIE YPOBEHD Ha~
rpesa TennoHoouTeNs He npensimact 50 ~ 80°C. B Tom cny4ae, ecnu Heobxo-
JHM Harpes o Gollee BLICOKHX TEMIEPATYP, HCIONb3YIOT BAKYYMHbIE KOJLIEK~
TOpBL. B BAKYYMHOM KOIIEKTOpe 06b€M, B KOTOPOM HaXOMHUTCA 9YepHAA NO-
BEPXHOCTS, MOTJIOHIAA CONHEYHOC H3NyueHHe, OTHENEH OT OKpyXKawomel cpe-
Kbl BAKYYMHMPOB2HHEIM POCTPAHCTBOM, YTO [103BONAET NPAKTHYECKH T10IIHO-~
CTBIO YCTPAHKTH IIOTEPH TEIIOTHI B OKPYXAIOWIYIO CPERy 3a CYET Tennonpo-
BOJHOCTH ¥ KOHBEKIIHH.

IloTepy H2 M3Ny4EHNE B 3HAUMTEIBHOM CTENEHY MOKABINFOTCA 33 CUET
FIPHMEHEHHS CENEKTHBHOrO MOXphiTiA. Tak xax momnubii xoadduLmeHT no-
Tepb B BAKYYMHOM KOJUIEKTOPC Mall, TENIOHOCHTENb B HEM MOXHO HATpeTh Ko
Honee Boicoknx Temnepatyp (120 - 150 °C), yem » naockoM xomiexrope. Ha
pHc.23 nokasanb! IPHMEPh! KOHCTPYKTUBHOTO BEINOJNHEHMS BAKYYMHLIX KO-
TIEKTGPOB.
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CenexTHBHBIE THOKPbITHR

OPpdextuBHOCTL paboTel renmo

SHCPreTHYCCKHMX YCTAHOBOK BO MHOIOM

3aBHCHT OT ONITHYECKHX CBOHCTB NOBEPXHOCTH, NOMNOL(AOMER CONHEYHOS H3-

=,/4=>@
ALBT R @

Prc. 23, Trnbt BRKYYMEBIX KOJNEKTOPOB:

1 - TpyGiKa ¢ TemIonocHTeNeM; 2 ~ ILVACTHHA C
CeJICKTHBHEIM MOXPLITHEM, TOTJOMAOIIAN
coNTHeqHoe H3Tyenne; 3 - Tenosas TpyGa; 4 -
TENOCHEMELI SjteMenT; S - creimmHan
Tpybxa ¢ cenexrumunM noxpoirmen; 6 -
BHYTPERHAN TPYGKA NONAYM TEIUIOROCHTRIA;
7 -napyawnil crexnsnubil Gwuion; § - paxy-
y™.

CBOMCTR, PA3THYAIOT YETHIPE IPYIITIbI
CelIEKTHBHBLIX MOKPLITHIL:
co6CTBEHHEIE; 2) HBYXCIIOMHBIE, Y KO-
TOpHIX Bepxumi cioit  obnamaer
Gonemum  koddduLMenTOM  NIOTIO-
LIEHUA B BHIMMOH O0OIaCTH H MaTbIM

B MK-06:1acTH, a HEOKHMI ¢TI0 - BBI- -

COKHM K03 GHLHEHTOM OTpaXeHHs
B MK-o6macti; 3) ¢ mukpopense-
dom, obecneumparomumM TpeSyempii
atpexr; 4) nurephepeHIMOHHbIE.

CobcrBennoii  M3bupaTensRo-
CTBIO ONTHYECKHX cBOMCTE oOnajaer
HeOONBINOE YHCIO U3BECTHRIX MATE-
puanos, Hanpumep W, CuzS, HfC.

- Hanbonemee pacupocTpanenne
NONYYWIM HBYXCIOMHBIE CENEKTHB-

1y

nydenue. nsa cBeIeHUS K MHHHMYMY 110~
Teph SHEPIUK HeoOXxomumo, aTobkl B BH-
ouMoR B GnmxHed uHdpakpacHbix 06-
JIACTAX COJIHEYHOI'O criekTpa xo2pduum-
EHT NOIMOIMEHUA 9TOH NOBEPXHOCTH
OplI KaK MOXHO GIIHXe K eTHHMILE, 2 B
obnacTi AMMH BOIH COGCTBEHHOrO Tem-
IOBOXC MITYYCHHS TIOBEPXHOCTH K e-
HHLE JOIDKEH CTPEMHTHCA KOIDDHIHEHT
OTpaxenHa. TakuMm  oGpaioMm, moBepx-
HOCTb JIOIDKHA 0DNazaTh CeNexTHBHBIMM
CBOMCTBAMM ~ XOPOLIO NMOITOWIATH KO-
POTKOBOJIHOBOE H3NyYEHHE H XOpOLO
OTPaXars JIHHHOBONHOBOE,

Ha puc.24 noxaszaHsl coexTpsl u3-
aydenns Comina u abcomoTHO YepHOro
Tella B CPABHEHAH CO CHEKTPOM OTpaxe- -
HHUA CENEKTUBHOTO NOKPHITHA "yepHBIHX
xpoM".

Ilo Ty Mexanuima, o'rne'rc'meﬂ-
HOrO 32 nsGupareanoc'rb on'm'-xccxnx
Ra
Y
4
g2

100

§ 10 38 50

85 1 2

ZJnuna aonnst, suxm

a8z

Puc. 24. KosgduumenT oTPaMKeHUS CeNeKTHRHOM
NOBEPXHOCTH B cMexTpoB HyTyvenus Comng u
aGCoMOTHO “ePHOro Tella NPH TEMIIEPATYPAX:

1 - xooddmusent orpamenus cenexynnuol no-
BEPXHOCTH “depusiil Xpom™; 2 - CReKTp MaTyde-
i Cosnua mpu m=2; 3 - CnekyTp HUTYeHus a6~
COJIEOTHO. EPHOTO TeJIR TpM -reunepmypnx 30(aj,

40(6) u 100°C(p).

Hbie nokpuiTus. Ha nosepxHocts, koTopoii HeoGXoaUMO nppma'rb CcelleKTHB-~
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HbI¢ CBOHCTBA, HAHOCHTCA CIOH ¢ GONBIHM KOI)GHUHEHTOM OTPRXKEHRH B
JUIHHHOBONHOBON ODNACTH CHEKTPa, HATIPHMED MeAb, HUKEDb, MOJIHOAEH, ce-
pebpo, amomunyii. ITosepx 910ro cnos HAHOCHTCA CIIOH MPO3PAYHOR ANHHHO-
BOJHOBOI 061aCTH, HO MMEIOIIMI BEICOKHH KO3DHIHEHT OTTIOMIEHHS B BH~
mumoit u Gmaxueit MK-obnacTax crexrpa. Taxumu cBoiicTBaMM 006Najfaror
muorge okucibl. Ilpocredmuii npumMep nolnydyeHus IABYXCHOHHOM celexTHB-
HOM MOBEPXHOCTH - OKUCIIEHHE MOBEPXHOCTH Metawia. JIByxcioiuan cemex-
THBHAA TOBEPXHOCTH BOIMOXHA Takxke B "o6parHom" BAPHAHTE, KOTJA Ha-
3BAHHLIE BHIE CJICH PACIIONATAIOTCA B 00paTHOM TOpAmKe: cnon, oTpaxaro-
M JBTHHOBONHOBOE H3IIYYEHHE, - CBEPXY, 4 CIIOH, TMOIIOIAIOLHA BRAMMYIO
u Gixrroto UK-o6nacru cnekrpa, - cHH3y. B aToM ciyuae sepxauif cnoil mus
BHIMMOIL JACTH CITEKTPA KOIDKeH ObITh Npo3pader (Hanpumep SnO:z, Inx0s).

CelexTMBHOCTb IOBEPXHOCTH MOXeT OBITH oDecneueHa 3a CYeT UMCTO
TeOMETPHYECKHX (haxTOPOB: HEPOBHOCTH TOBEPXHOCTH HOIDKHEI 6biTh Gonbrue
JUTHHBI BONHEI CBETA B BHAUMOM 1 6minknelt K- obmacTax criexTpa U MeHbIne
JUTMHEL BOJIHBI, COOTBETCTRBYIONIEH COGCTBEHHOMY M3IYYEHMIO MOBEPXHOCTH.
Takas MOBEPXHOCTD JUIA NEPROH M3 yKasaHHbIX oOmacTteif cexTpa Oyaer uep-
HO#H, a JUIa BTOPOH - 3ep1<am,ﬂou

CeneXTHBHEIMHE CBOHCTBAME 00NANIRIOT nonepxnocm ¢ DeHIPUTHON HITH
NOPUCTOH c'rpyk'rypon IP¥ COOTRETCTBYIOWIHX PasMepax HEHIPHTHLIX WIT
HIM TIOP.

I/IHTch)epeHuﬂouume CeNEKTHBHBIE NOBEPXHOCTH 0GPA30BAHD] HECKONb-
KHMH TEPEMEeXATONMMHCA CIOSMH METAJUIA M IHAJEKTPHKA, B KOTOPHIX KO-
POTKOBOIHOBOE M3JTy4eHHE TACHTCA 3a CYET MHTEPHEPEHIMM, a JUTHHHOBOITHO-
BOE - cB0OONHO OTpaxaeTcs.

CHeTeMBI COTHEUNOro TENJIoCHAGKEeHHUS.

Harpetsiii B KOILIEKTOPE TEINIDHOCHTEIL MOXKET OBITh MCIONB3OBAH B
CHCTEMAX OTOIUIEHHS, [OPAYEro BOXOCHAOKEHHS W A TeXHUYecKuX Hyx . Ha
PHC.25 HOKA3aHLI IPUMEPHI CHCTEM COJHEYHOTO I'OPSYEro BOMOCHADXKEHNS.

Cxema puc. 25, a pabotaer o npuHuMny tepmocudora. Bax ¢ Boxoif B
ITOM CIy4ae paciioNaraeTcs Bhllre konnekTopa. Harperas Bona mocrynaer B
BEPXHIOIO 4acTh 0aka, a ee MECTO 3aHHMAeT XOIOIHAA BOIA H3 €rc HIDKHEH
yacrw. CHCTEMBI TOPAYEro BOJOCHAGKEHHS C MCTIOIb30BAHWEM TEPMOCH(OH-
HOTo 3ddexTa ABIAOTCH MPOCTHIMH (HET HACOCA H CHCTEMbI PECYIHPOBAHHSA)
A NOTOMY HONYYHIN Hanboliee IIPOKOe pacipoCTpaHeHne.

B cxeme puc. 25,6 npefycMOTpeHa NPUHYAUTEIbHAS IUPKYIIALMUS BOXb! B
KOHType ¢ HOMOLIBIO Hacoca. Hacoc BKIIOYAETCH aBTOMATHYECKH, KAK TOJIBKO
Pa3HOCTh TEMIEPATYP B BepXHeH YACTH KOINEKTOPA M B HWKHeH Yactu Haxa
JIOCTHrAeT 3a5aHHOTO 3HAYeHHs. Bak B 3TOH cxeMe MOXeT pacnonaraThes Hu-
XKE KOJUIEKTOPOR. ,
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Ecnm cucrema paccumTana Ha paGoTy B YCHOBUAX OTPUNATENLHBLIX TeMrie-
PATyp, HCIONBL3YIOT ABYXKOHTYPHYIO CXeMY C aHTHHPU3OM B IEPBOM KOHTYpE.

Puc. 25. Cxema coMeuROro ropstiero BojocHalbxenns.
1 - xonnextop; 2 - fax-axKymymaTop; 3 - npoMexyTouRLI TennoobMenHHK; 4 ~ XyGampyo-
Wi HCTOMHHK Tenua; 5 - ropayAs BoJa K MOTPeGHTeNO0; 6 - CHCTEMA ABTOMATHYECKOIO pery-
JlH[!OBaIlIIR.
Ilepenaya TenmyoTH OT au’mtbpma X BOJIE MOXeET OCYIIECTBIATLCA JTHBO B aK-
KyMyJsTOpHOM Gaxe (puc. 25,8), mubo B OTAETBHOM NPOMEKYTOMHOM TENIO-
obMmenBuke (puc. 25,r).

Kax TIPABAUIIO, B CHCTEMAX LOPAHEro LBO,ZIOC’HaG)KeHHH NpenycMaTpPHBAETCS
BCIOMOTATENbHBIA HCTOYHHK TEIIOTH (ancx'xpmccxuu MITd TOTMNMBHBIH), K0~
Topbifi 6o BCTPAHBACTCH B AKKyMyIATOPHbIH Gak, Jmﬁo ycrauannnnac’rcx
Ha JYMHUH, Naylueit K Harpyske.

B npuHLIe cHcTEMa TEMIIOCHAOXKEHHS MOXET GLITh cnpoexcmponaua Ta-
kM 06pa3oM, 4ro6bl HOIHOCTHIO YIOBIIETBOPATH noTpeGHOCTH B TEIIIOTE 38
cuer Connua, OaHaKe SKOHOMUYECKH Takoi BApPHAHT, KaK NPABHIIO, OKA3HI-
BaeTcs . HEONPABAAHHLIM, TAK KaK B JIETHUHA NEpHON JOPOrocTosiiee relHo-
ofopyIoBaHye OKa3bIBAETCA CHIIbHO HEXOTPYKEHHDBIM., _

Ha ocHOBe NeTanbHOrO MAaTeMaTHYECKOro MOJCIHPOBAHUA YCTAHOBIEHA
KOPPENALMA MEXXY HONTOCPOYHBIMM XaPAKTEPHCTHKAMU CHCTeMb! ¥ Ge3pas-
MEPHBIMH NapaMerpaMi. 3Ta KOPPeNILUs TIOTI0XKeHa B OCHOBY TaK HasbiBae-
moro f- Merofa pacyera, MO3BOJLMOWIErO OUEHHTH Jomo f obwelt Ternnopoi
HATPY3KH, KOTOPYIO LENecoobpasHo BOIMOKUTL HA A CONHEYHYIO CHCTEMY Ten-

JIOCHADXKEHHA.

B f-merone xoadduuuenT 3amemenus f cnnabmaercn ¢ ABYMSA 6capasmep-

HBLIMH KOMIINIEKCAMHU:

~Fl -
x=FRUEFL (100-to) At —— ; -

.3 Mec
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Y= Fk(m)-——(ﬁ_g-)—~1N S

B (o), Qi

TAe AT - YHCIIO CeKYHI B MECALE; fo - CPEXHEMECAHAS TEMIIEPATYPA OKPYHAIO~

meit cpenst; U - nonublil KOsQPUIERT TEIIOBLIX NOTEPh KomiekTopa; Q0"

~ MONHAS MECAMHAA TEINOBAA HATPY3KA — OTOINICHHA ¥ I'OPAYEro Bonocuaﬁ-
sxenng;, Hy - cpemHeMecsuHniii THEBHOM NPHXON CYMMApHOH COIHEdIHOH pa-
JUAUMH Ha HAKTIOHHYIO NOBEPXHOCTh KOWIeKTOpa; N - unclio gHel B Mecaue;
TOL - CpEAHEMECAYHAA TIPUBENEHHAA MOINOMATENbHAA CIIOCODHOCTD NPH HOP-
MAILHOM U MPOU3BOIBEHOM MAAESHWH JTydei Ha ero MIocKoCTb.

3nauenne FrU n Fr(ta)n = Fane ONpenensoTcs fI0 pesynbTaTaM cTaH-
JIAPTHBIX WCIbITAHHHA Ronnex'ropa Dusyueckuit EMbICT Ge3pazMepHEIX KOM-
TIIEKCOR X nyY:

MECAYHbIC TEMIOBBIE IOTEPH KOIIEKTOPa npH e, 100°C

nojgHad MCCAYHAR TChnNoBas HAIPY3IKa
IHCPIAA, NOrIOM@AacMan KOINCKTOPOM B TEYCHHE MeCaAla

TNOJXHAA MeCATHAA TeIJIOBax Harpy:ncé

3aBUCHMOCTb mexay fu XY mns cucremst ¢ KHAKOCTHBIM TeMTOHOCHTE-
JeM aNMpOKCHMMHpYyeTcs ypasHenueM f = 1,029Y - 0,065X - 0 245Y% +
0,0018X2 + 0,0215Y3, cripasemesiM i 0<X <18 0<Y<3 ‘

BMecTUMOCTE BOIAHBIX AKKYMYIATOPOB B CHCTEMAX OTOIUICHHMS ¢ KHIKO-
CTHBIM TEIUTOHOCHTENEM cocTaBiser oObuno oT 50 1o 100 n B pacuere na | m?
TIOIA/M KOIIEKTOopa. B f-MeTone BMECTHMOCTD AKKYMYJIATOPA COOTBETCTRY-
€T cTaHAapTHo# BexmunHe 75 11 BoAk! Ha M2 KowIEKTOpA.

B cucTeMax ¢ BO3AYIIHBIM TEIUIOHOCHTENEM 3aRMCHUMOCTS mexay fu XY
- ANIPOKCUPYETCH YPABHEHHEM:

f = 1,040Y - 0,065X - 0,159Y2 + 0,001 187X2 0,0095Y3, cnpanennunmwﬂmx
0<X<l8 HO<Y<3, ‘

CraHgaprHas BMECTHMOCTb I'ajIEYHOrO TEMIIOBOTO aKKYMyIsTOpa npu
aroM coorsercresyer 0,25M3 Ha 1M2 rutomanw xomxemopa & CTAHJAPTHBIH
PacXox BO3AyXa depes xonnexTop paseH 10-2m3/c Ha- IM2 nowanmu KOIIeKTo-
pa. IIpu ucronpzoBanmu f-Merona snavenne f BBIYHCIAETCH N KOKAOTO Me-
cAlja, & MecAYHOe KOMMYECTRO TENIIOTHI, ONYYAeMOil CHCTeMOM TenNocHa0Me-
yus 3a cuet CONHUA, ONPEHEITeTC KaK

con., __ nox
Quec. - fQMec.“
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Honst ronoBolt TenNoBOR HarpysKH. n ‘ '
0K ..
SHEPTMH, PaBHA TPY3KH, MOKPHIBAEMOR 34 CueT colHeyHOH

ZQC Qm .

= MeC

Qnom- ?
ron
noxn '

rae Q ., x. ~ [OJHAR rOJOBAA TENNOBAS HATPY3Ka.

§3. ®OTOSNEKTPUYECKOE NPEOEPAZOBAHME CONHEYHOL'O
H3IYYEHVIA (D31)

Ipunuwn neficrsus 1 xapaxTepucraku OIL

coﬂﬂ‘::;’?;’;;‘;'fpﬂ“ecmﬁ (wu poToBomETAMYECKHIT) MeTON MpeobpasoBanKA
PrHH B 3TIEKTPHYECKYIO ABIAETCA B HACTOAMIEE BpeMA Hanbolee
pa3paGoTaHBLIM B HAYYHOM W NPAKTHYECKOM Mane. Brepsbie Ha NEPCHEKTH-
BY €ro HCIOIL30BAHHA B KPYNHOMacITabHOH 3HepreTHKe 06paTHI BHUMaHHE
eme B 30-¢ TOMBI OIHH U3 OCHOBaTeNE COBETCKOM hH3HYECKOI HIKOMbI AKAAE-
Mk A. ©. Modde. Onnaxo B To, Bpems KI1JI comgeusrIx 3meMeHTOR He npe-
Bulat 1%. B nocnexyromue necaruneTus 61aroqaps 3HaYMTeILHOMY 06meMY
MCCNEROoBaHUM B 06MACTH PHINKM M TEXHONIOTHH 3TOT NIOKA3ATENb YBEIMIMICH
o 20-25% . , , S :

Mexanusm npeo6pa3zopaHus COMHEYHOrO CBETA B 3NEKTPHIECTBO OT/IHYA-
eTCs OT JPYrHX CIoco0oB nony4yeHus diekTpadecra. OcobeRnoCTH 3TOrO Me-
TOZA ONPEIENMIOT BOIMOXHOCTH U MEPCIEKTHBEI ET0 HCIONH30BAHAS B IKHPO-
KAX MaciTadax. ~ ‘

TIpu moBoM criocobe MPOU3BOICTBA JNEKTPHYECTBA HEOOXOAHMO HMETH
INEKTPUYECKUE 3aPATbl ¥ 0OeCre Ty MEXaHH3M HX pasaeincHAs. B muxyxum-
OHHOM METOHE JUIA MOMyYEHHUSA HIEKTPHYCCTBA HCIIONMLIYIOT cBODOIHEIE 3PS~
Jibl METAJIM4ECKRX NPOBOAHNAKOB, a HX PA3feiicHHE OCYIECTBISETCA B PE3Yab-
T4Te NEPeMEIEHHs IPOBOJTHUKOB B MATHUTHOM MOJE.

B (pOTOBONLTAMYECKOM METOJIE NONyJeHHs 3AEKTPRIECTBA HET MeXaHHYe-
CKHX TepeMelesnii aeraell KoRCTpyKuu. OH OCHOBAH HA CBOHCTBAX TONy-
NPOBO/HMKOBHIX MATEPHANIOB H HX B3aHMOXEHCTBIH cO cBeTOM. B doToBOmb~
TAWYECKOM 3JIeMeHTe cBOGOHbIC HOCHTENIN OOpa3yIoTCH B pesynbTaTe B3au-
MOZGHCTBHA HOMYNPOBOJHWKA CO CBETOM, @ PAsAENMIOTCA NOJ JeHCTBHEM
SNEXTPUYECKOrO IO, BOSHHKAIOIMErO BHYTPH 3MEMEHTA. Jlo HegaBHero Bpe-
MEHM NIPAKTHYECKH Bee (JOTOINEMEHTHI H3TOTOBIIIKCH M3 KPUCTAIIHYECKOrO
KPeMHHUSA, OHAKO cefiyac Bce Gornee WHPOKOE NPHMEHEHME HAXOMIAT H ZpyrHe
MaTepuansl.
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Puc. 26. Cxema yc'rpoﬁcma CONHEYHOTO MIBMEHT].

Hsnenve dorosdpdexta oc-
HOBaHO Ha mpeobpasopannm
CBETOBOH DHEPrUH = (3HepTHM
QNEKTPOMArHUTHOTO H3MYJeHHR)
B 3NeKTpHuecKyw. Pasmigaror

: Tpu Brxa horosddexra:

1) pHemHsMii - BBIpHIBAHHE
STEKTPOHOB M3 NIOBEPXHOCTH TEN
MOX JefiCTBHEM CBETa;

2) BHYTDCHHHEH ~ M3MEHEHHE

| INEKTPONPOBOAHMOCTH nony-

NPOBOJNHHUKOB U JUIIEKTPY~
KOB IMOJ DeHCTBHEM cBera,
3) sanuparomerocs cios -

BO30YXIICHHE 3JIEKPOABHKYIIEHR CHIIbI HA TPAHMIE MEXAY npoaozmﬂkom 44
CBETOUYBCTBUTEILHAIM NOJYTIPOBORHHIOM.

Jns pemeft npeoGpa3cBaHuA IHEPTMH 3NMEKTPOMATHHUTHOIC M3NYYEHHS
MPaKTH4ECKH MOXET. ObITh IPUMEHEH TONBKO q)omaqnpem 3annparomerocsn
CIIoA ((boroacbtbcxr Ha p-n nepexozze)

/"“"“"’I mun| ‘ i
° mmv
- Moo : . l.‘la_r-l’
i’ mp'm‘ — . _:: —
l o oty N e
il ' 7 — ¥ . sl
. Smenmryrons! [
owry B W
e HESSHOTNE e ﬂ -— P P

Puc. 27, OcHonnsle npouecch B p-n-nepexo,ue.
2 - B Temuore; 6 - mpn npamou CMeleHUM; B - NPY oﬁpamum cmemenuu, T - IpH OCHEMEHNN

Snexpoﬁno-nmpoqﬁbm TEpEXox WM p-n nqpcxop; npenc'rannnc'r coboit
HexoTOpyIo 061acTh MeXAY ABYMSA YACTAMM BEIHECTBA C Pa3HLIM THIIOM Npo-
BoyiuMocTH. B H3onupoBanrHoM oT BHemEMX BoaZelicTBAN (CBeTa H TEILTOTHI)
obpasue B 5TOH DEpexonHOl 30He BO3HMKAET B3auMHas MU ysus WIbrITOY-
HBIX HOCHTENeH TOKA, MPUBOIAWIAL K O6Pa3soBaHUIO ABOHHOTO 3NMEKTPHYECKO-

- TO cHIO% OOBLEMHBIX 3aPAKOB - KOHTAKTHOTO 3IEKTPHYECKOro MO, HANPMKeH-
HOCThH KOTOPOr'0 HAIIPaBieHA OT OGJIACTH N-THNA K 06NacTh p-THIA,
VeTaHOBUBINAACS KOHTAKTHAN PA3HOCTH NIOTEHIIHANOB ONPEAENeTcs KaK
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ve= Kljp e KT B A& KT) VoV

cnpep“eeNN

TO€ Nn, Np ~ KOHUEHTPALAS 3NEKTPOHOB; Pn, Pp -~ KOHLEHTPALHA JbIPOK B
MATEPHANAX N M P-THIA; AL, - IIMPHHA 3anpeiieHHON 30HLI BEeCTRa,;

va=2 (2nm , KT)¥h3, vp =2 (2um, KT)¥2h? -

- 3¢pexTuBHAL MITOTHOCTh COCTOAHHIA 3TEKTPOHOB H [ABIPOX B 30HE [IPO-
BOJMMOCTH (BaeHTHOH 30He); Na, Ny - KOHIEHTPaIHA aKUenToOPOB U JOHO-
pos; T - Temnepartypa nonynposoxuuka, [TojyuedHas xapTHHa NpeacTaslieHa
Ha puc. 27,a.

TToTok ocHOBHBIX HOCHTeNEH 3apaNa Yepes p-n Nepexol IpeJCTaBIieT co-
6ot muddy3uonnsi Tok Iy , NOTOK HEOCHOBHEIX HOCHTENeH - MpeiOBEIA TOK
I:. IIpu paBuoBecuu Toxu I 1 Is 1o abCoNroTHOM BelMMHNeE PABHBI U Pe3yik-
TUPYIOIMI TOK 4epes p-n nepexox paBeH HYMoO.

IMpunoxenue X p-n mepexoAy nonoxurencHoro norenyuana (U>0, nps-
MO€ CMELEHHE) IPUBONUT K MIMEHEHHIO B3aMMHOIO DACTIONOKEHU YPOBHEH
®epmy (prc.27,6), yMEHbIIEHHIO MOTeHIHaIbHOTO Gapbepa, pocry auddysu-
oHHOTO ToXa (apekdoBrlli TOK OCTACTCH HEM3MEHHBIM). Pe3ynbTUDYIONHEA TOK
4epes P-n Nepexok HOCKT HasBaHue npaMoro Toxa. Ecxm U<0 (obpatHoe cMe-
BleHHE), TO bapeep yBenuuueaerca (puc.27,8), mudhy3HOHHLIE TOK YMEHbIA-
ercs, npeiihonblil Tox ocTaeTca HEM3MEHHLIM. PesynbTupyomuid Tok HasbiBa-
ercs oGpaTHEIM TOKOM. YpaBHeHue BOIbT-aMnepHoi xapaxrepuctakn (BAX)
P-n epexona B 9TOM CIYYae HMEET BUMN;

I =1(2eUKT = 1), - @

rie U - BHewIHee HapAXeHue, nprmoxcem—xoe K P-N NEpexoity, C YHETOM
3naka; L - 3HaYeHHE, K KOTOPOMY CTPEMHUTCA OOPATHBIH TOK NPH YBENHYCHMH

06paTHOI‘O HATIPAKEHHA, .

. Korna moHOoxpoMaTuyeckoe M3IydeHue ¢ 3Heprueil PoTOHOB, Mpesbl-
maronell IMpUHY 3aNPelieHHONM 30HbI, NaflaeT Ha MOMYIPOBOTHHK BOIH3MN P-
n'repexoza, 8 Hem 00pa3yroTcs HOBbIE Iaphl 3MEKTPOH-IBIPKA. 3TO NPUBOJAT
K BO3HMKHOBEHWIO JONONHHTENLHON PASHOCTH NOTeHUMANoB (puc. 27,r), uro
B CBOIO OYepe/s BHIBLbIBACT 3PeKT NPAMOTO CMEIICHHA H YBEIUUCHUA TOKA
OCHOBHBIX HOCHTEEH.

" Ecnn BHEWHAA LENb Pa3OMKHYTA, TO YCTAHABIMBAETCH JHHAMHYECKOE
PABHOBECHE NIEPBHYHOIO CBETOBOrO TOKA M3OBITOYHBIX HEOCHOBHBIX HOCHTE-
neil lea, CO3MAHHBIX KBAHTAMH CBETA, ¥ TOKA, OOPATHOrO €My MO HAIpaBie-
HHIO, 00YCIIOBIIEHHOrO HAKOMIEHHEM IIPOCTPAHCTBEHHEIX 3apAnoB. PesynbTu-
pylolas pasHOCTh MOTEHUMANOB npencrapiser coboi ¢poro-DAC. Ilpu non-
KIIOYeHHH BHEIUHei HArpY3KH NPOMCXOAMT OTBETBIICHHE TOKA BO BHELIHIOW
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nene. CyMMapHbiil TOK No-npexHeMy Oymer paseH cBeToBoMy. Ilockombky
Hanpasneune $oTo-3/IC 1 KOHTAKTHOH Pa3HOCTH MOTEHUMATIOB NPOTHBONO~
TIOXKHO, TOK Iy BO BHemHel nenu 6ymeT paBeH:

IH = Ic!_IHac(chq,/kT - l) > ’ (3)

rae Tuac = Is -~ TOK HEOCHOBHBIX HOCUTENCH, MPOXOIAMMX depe3 HeocBe-
WEHHBIA p-n Bepexoy, pasHbiil Toky Hackuenys; Uy - HanpsKeHHe Ha 3a%H-
Max GOTO3TeMeNTA TPH BKIOUEHHH HAIPY3KH BO BHEIIHIOKO LEITb,

1o ypaBHenue mpexcrapier coboi BAX ®BII. 3nauenne Uy paBHo:

KT (I.,-1

Up= —In| -2—2 411, )
e I

H ac

s pasomxryroii temu In = 0, orkyma 9JIC dorosnemenTta

gy X Leamle g} 6
e I o

Hdc

‘MaxcumansHoe 3Ha9eHne eEg He MOXeT ObiTh Gonbite AE.. Inayenue re-
HEPUPYEMOTO CBETOM TOXa KOPOTKOI'O 3aMbIKAHHS Ixs—-' Ies onpemensercs
bopmymoit

Io=lw=e- | Qs (hv)No(hv)d(hv) , 6
A AE,=hv A |

rae Q«(hv) - xo3pdhuumeHT cobupanns HEOCHOBHLIX HOCHTENEH (Mnu ab-
COOTHAA CHEKTPANbHAA 4YBCTBUTENBHOCTH 3nemen’ra), KOTOpHI COrNacHo
ONpENENEHNIO MOKA3BIBAET, KaKajd YacTh HOCHTENEH, renepnponauﬂmx p¥
nornoueHuy GOTOHOB ¢ 3Heprueil hv, maer Bxian 8 Iu 3; Np(hv) ~ mornocrs
noroxa GoToHoB ¢ 3Heprueit hv, nagaromux na Q1L

Texnomorns npoussoxcrea DIII gomxkua obecrieumparh X03dduIMeHT
cobupanud, GIM3KKE X enMHMUE, YIS BCeX ¢0T0Hon COITHEYHOTO CIEKTPA,
IHEPTHA KOTOPLIX GoMblie IAPHHbI 3aNPeuIeHHOM 30HbI.

Ha dopmy BAX cymecTBeHHOE BIHAHHE OKa3bIBAET CONIPOTHBIIEHME DTe~
MeHTa: IpM ero ysexmaenun dopma BAX cranorurcs Bosee miockoi, xoad-
(MIHEHT 3aMONMHEHHUA H MOIHOCTE yMeHbuIaoTes. Ilo BAX MoxHO ompene-
JUTH 3HAYCHHA HAnpsokeHns Um B Toka Im, cCOOTBETCTBYIOMME PeXUMY MAKCH-
MaNbHOM MOLIHOCTH: '
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el eEp .
(HET)GKT =ekT . . M

Liae) eU
Im = Ten = Toac ECUm/KT — 1 = Je (1 + i 80) . m ) g
[ | 1,) ¥rreu, @

ca

JLt MAKCHMATBHOM MOIIHOCTH HMEST BHA

‘ . 2
Nu=InUn=IenUm (1 + IH ac) . c‘U’m GI U )
S 1) kT+eU, kT+eU

CH

Y cepuunblx KPEMHEBBIX DIIEMCHTOB. l'lpPI COIIHB‘IHOM OCB&H.ICHI/I!{

Tox = 354402 M Tiae = 10-8AS0?, T4 25 <10+,

CR

Maxcumansueiii KT, t.e. KITJ npu cornacosanuoil Harpyske, mpen-
CTABJACTCA BIPAKEHHEM

1,U, el, U2 _"k I.E

c¢BETm

N,,w, (kT+eU,, )Nmmm N

Tmax =

(10y

noxs

rae k - Koatbdmuuem 3AIIONHEHU, KOTOPbIi onpe,u;emer cTenenb npu-
6mmxerns BAX x npamoyronsnoit gopme. Tipu Icn/Im>104 K>0,72, T.e.
Mmax2 0 72(Ian/N nomx)

Ilpu nocrymuennu na ©III, umeromwmi remneparypy Tz, sHeprau B y3-
: ‘ kT,
KOM CIEKTPAbHOM MHTEPBANE OT YIOPOrOBOH YaCTOTH! Vmin AC Vmin + | —=

U3 o0uwiero mnyt&cnnx aGCOoMOTHO YEPHOTO TENA, HATPETOTO O TEMNEPATYDLI
Ti, ero npenensusptii KI1 6yaer pasen KITJ nuiora Kapro:
n =T -TYTu (i

C y4eTOM IDKOYAEBLIX JOTEPL B camoM DO maxcumanbhbiid KITJ umeer
CHexyomuil BAA:
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. In é—gﬂ(l—:&J+l
T, kKT, \' T,
m={1-—=%]-11~ =M (12)

e
kT, U T,

L. ~4

Hpepensueiit KIIH doroameMenTa, hpeoﬁpa-

3YIOWETO COHEYHOE HATYYeHHE, HMEET BHI o r% i
P e
_ %0
N = Nole, /
S
rae ne — KIIJ npeobpazonaHus conneu- :
HOTO CBETA, PABCH OTHOIGHWIO MOmHocTH 27 /
HCIOJIB30BAHHOTO M3YHEHHA IKBUBANEHTHO- . g9
TO YEPHOTO Tela K MOINHOCTH CONHEYHOIo .
MITYYEHNS W MOXKET GBITh ONIpeNeel W3 3a- oy 2 g # § "n‘

BHCHMOCTH 1o = 0T Xo (pHic. 28) Puic. 28. 3anucumocts NeOT Xo

(3]

kT

C

e = f(Xo), THE X0 =

Te¢ - Temneparypa morepxHoctit Connua.

3nauenvie Mo BhraUcHRercs 10 Qopmyne (12) npH NoECTAHOBKE IKBHBA-
JIeHTHOI TeMIepaTypsl abcomoTHo YepHoro Tena T,

3ravenns nNpenenbHLIX KHJI DOII ang pazsmayHBIX MATEPHATIOB NIPK pa3-
HBIX TEMIIEPATYPAX OKpPYXalomiel cpenbl NPUBENEHbI Ha PHCYHKE 29.
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Marepuaym GoTosneMenTon

15

]
1

|

j

ONTHMANLHBIMA MATEPHANAMM DI CONHCUHBIX  7pen¥ Td s ALSH
@OII sensmoTcs coenunenns AUBY i B neppyro |° SeAs ]
ouepenb apcenun ramma (GaAS). PaspaGorka R NN
BbicOKO3DdexTuBHLIX OIII Ha ocHOBe Mate- 25— St
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Buenpenne conHeunsix ®3IT ¢ KoHuenTpa-

TOPaMH B NPAKTHKY BO MHOTOM 3aBHCHT OT Pa3paloTKu JenieBsix K NPpOCTHIX
cucTeM crexenns 3a ConmHleM, a TakKe oT pa3paboTKu HEJOPOTHX KOHIEH-
TPATOPOB, CTAOMIBLHBIX MPH ANMTENLHOM SKCIUIyaTalid B HEOXAroNPUATHBIX
KIMMATHYECKHX YCIOBMAX, YTO ABJIETCA CIOXHOM TEXHUYECKO#H 3a1ael.

B kayecTne OTpaxaroLuero noprmm CONHEYHBIX KOHLEHTPATOB HCTIONE-
3yercd, XaK NPaBHIIO, AMOMHUHUIA, KOTOpIH MeeT HanboJee BHICOKMHA MHTe-
rpabHBIH K0aQPHIMEHT OTPaXKEeHHS B UaNIa3pHe BOJIH CONHEYHOIo CNeKTpa,
XOTS B HEKOTOPHIX CIyYAsX PUMEHSETCH ¥ cepebpo.

Jliis 3ammThl OTPAaXAXOWEro NOKPLITHA OT BHEUIHMX Boazxcncmuﬁ HA He-
ro HanocsT menxn Si0, Si0y, $1203, AL20; u ap. Ilpu BriGope 3amuTHOrO 10~
KDBITHA JHOJDKHBI YUMTHIBATECA CIIEKTPANBHbIE XapPAaKTEPUCTUKH NpeoGpa3opa-
TeNs CONMHEYHOM IHEPTHM, TaK Kak, Hanpumep, nueHku u3 SiO u Si20s 3naun-
TENLHO CHUXAIOT OTPAXKATENBHYIO CNIOCOGHOCTE 3epKall B KOPOTKOBOTHOBOH
06IaCTH CIEKTPANbHOH YYBCTBHTENLHOCTH COMHEYHDIX 3/IEMEHTOB.

 JAns MITeHOYHBIX KOCMHMYECKHX XOHUEHTPATOPOB HCTIONB3YIOTCA MeTalin-
3UPOBAHHBIC ITOTMMEDPHEIE ITEHKH Pa3IIMIHOrO XuMHIecKkoro cocrasa. I1o co-
BOKYITHOCTH CBOHCTR Haubonee MOIXOMAUMM ¥ B KOCMHYECKUX KOHCTPYKLMAX
ABNAFOTCH INICHKY M3 Maiinapa K KanTOHA.
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Bo3MoXHOCTH 3Q(eKTUBHOTO MPUMEHEHHA HA KOCMHYECKHX anmapaTax
(KA) XOHIEHTPRTOPOB B 3HAYATEILHOM CTEMEHH ONPENENATOTCH HX COCOGHO-
CTBIO ANUTENbHOE BpeMs paGoTaTh B yCIOBHAX KOCMMYECKOH Cpenbi, COXpanas
BBICOKHE ONTUKO-IHEPTeTHYECKHE XAPAKTEPHCTHKH.

3a aBaguAaTh JET NPOMBILUIEHHOIO HCIIONL30BAHIA B OCHOBHOM B KayecT-
Be 60PTOBBIX MCTOUHHKOB Ifif KocMuyeckux annaparos ®III nonyunmm goc-
TATOYHO WMPOKoe paspuThe. [ HanGONEe OCBOCHHOTO THIA KPEMHHERBIX
@®3IT pocTuruyTeie B aKkcnnyaTanus 3nadenus KL cocrasnaior oxono 15%.
®DIT na 6asze GaAS B mabopaTopHbIx yenosusx noxasam KT no 20%. On-
Hako ceropest OOIT Bee el oueHs TOPOrH.

B nocnemuee BpeMsl MIA U3TOTOBIEeHMS (OTOIIEMEHTOB CTANO BO3IMOX-
HbIM MCNONL30BAHKE PSfa HOBBLIX MaTepuanoB. OnuH U3 Hauboiee mepcenex-
THBHEIX ~ aMopfbelﬁ KPEMHHI, KOTOPbIH B OTIIHYHE OT KPHCTAIMYECKOTO He
HMEET PeryaspHoit cTpykTypsl. [ns aMophHOH CTPYKTYPb BEPOATHOCTH NO-
rIowuleHus oToHa H nEpexosa B 30HY TPOBOXMMOCTH boJibIIIe. Tang obpa-
30M, IT0 [IOTMOMATENLHOR CIOCOBHOCTH 3TOT MATEPHAT 3HAUMTENLHO NPEBOC-
XOZMT KpUcTammueckuil kpemunii. Jna HyXx nOIynpoBOXHMKOBOR 3HEpre-
THKH €r0 MOXHO HCIONB3OBATh, B BHIE TOHKHX, TONUHHON okomo 0,5 MKM,
mienok. Tlockoabky Ha 3meMeHThI H3 aMOPGHOro KPeMHHSA PACXOAYETCH MeHb-
IlIe MATEPHATIA M TEXHOIOTHA WX W3TOTOBNEHHA IIPoLLe, OHM JellieBIie.

JpyraM ZOCTHKEHHEM B TEXHOJOTMH TOHKOILUICHOYHBIX CONHEYHBIX 7€~
MEHTOB CT4NO MOJYYEHHE MHOIOCHOMHBIX JIIEMEHTOB, NO3BOIAIOIMX OXBa-
THTH GONBINYIO YACTH CMEKTPA CONHEYHOro H3nydeHua. Tak, HaANpUMeEp, Bepx-
HM# CII0# TAKOro MaTepuana MoKeT cobupaTh cBeT U3 cHHEl YyacTH cnexTpa,
MO3BOILA KPACHOMY CBETY APOXOMTL K TOMY CIIOK0, KOTOphIH Gonee adex-
THBEH MMEHHO B 3TOH obrmacTH CrICKTpA.

PepMernuecknii GIIOK M3 NIEMEHTOB, COENUHEHHBIX Mexc,uy coboli B npo-
MBIIDIEHHBIX YCIOBHAX, HA3EIBAETCA (borosncmpnqecxnm Moxynem. Heckonnb-
K0 MomyJeii o6pasyroT GaTapero. Boicokas CTOHMOCTH CONHEYHBIX 3EMEHTOR
— 3TO MMEHHO TO, UTO 3aePXKUBACT PAIBHTHUE KPYIHBIX q)oroaneprechcxcux
ycranoBok. B 1974 r. cTOMMOCTb MOKYNS CONHEYHBIX 3TEMENTOB COCTABIANA
50 nonn. va 1By muxoBoit MomHocTH. CTOMMOCTD ANEKTPOIHEPTHH, TIONyYae-
MOH OT Takoro MoAyJs, 6biya MCKIMOYMTENLHO BbICOKA: 3 moim 3a IxBr/u.
CTOMMOCTb 3IIEKTPOIHEPTMH, NPOHIBOAMMOM 3JICKTpOCTaHquMH, paboraro-
OIUMM HA HCKOTIAEMOM M AXEPHOM TONIMBE cocTaBifaeT oT 5 qo 10 uenron 3a 1
KB1/4. Takas pasHuUa MO6yIuIa NPHUIIOKATE OXPOMHbIE YCHIIMA K CHUOKEHUIO
CTOMMOCTH 3Hepruy, BRIpabaTnBaeMOi CONHEUHBIMHI YeTaHoRKaMy. Ucenemo-
BaHNA OXBATHIN MATEPHAJIbl, U3 KOTOPBIX WICOTABIMBAIOTCA CONHEYHBIE 3JIe-
MEHTBI, CTPYKTYPY 3IAEMEHTOB H NPOLECCHl MACCOBOTC NIPOH3BOACTBA,

JABRXXeHHE Ha [YTH K ITOH LM HE 3aMEAIAETCA: IOCTOSHHO POXIAIOTCH
HOBBIE UJIEH U paspaﬁorxu He 32 FOPAMH H MPOHIBOMCTBO KPYMHBIX GIIOKOB.
OXuNaTh CHMKEHUA CTOUMOCTH 3JIEMEHTOB MOXHO TOTZA, KOTAA HayHETCA
MAaCCOBOE IIPOM3BOJCTBO HOBBIX MATEPUAIIOB.
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KOHUEHTPATOPSE COHEROM SHEPIHY

OnHuM M3 NPEeNATCTBUM HA ITYTH MCTIONB3OBAHMUS COHEYHOTO H3TYIEHHS
B OHEPTETHKE ABNACTCA EIO HMU3KaA MIOTHOCTh. IIpeononeTs ato npensTeTxe
MOXCHO ITyTEM KOHLIEHTPHPOBAaHUA H3NyueHHA. IIpuMeHeRHe KOHIEHTPATOPOB
RO3BONAET HEe TONLKO MONHATL IHEPTeTHHECKYI0 3(PIEeKTHBHOCTE COMHEUHBIX
GOTOINEKTPHECKHX YCTAHOBOK, HO M YIYUIIHTE WX 3KOHOMHYECKHE TT0KA3A-
TEIH 34 CYET YMEHBINEHUS PacXxoda JeHIUTHBIX TOJyIPOBOSIHHKOBBIX MATe-
PHANOB, CHIDKEHHA CTOMMOCTH H MacCCHI, TIOBbILIEHHS YCTOHYMBOCTH K HeHCT-
BHIO BHEMHMX ¢axropos. [Ipn ucnonp3oBanuM KOHINEHTPUPOBAHHOTO M3NY-
YEHUA [UIN OCBELUEHMA MOZIyNeH CONHEYHBIX 3IEMEHTOB ONHHM M3 BaXHBIX
TpeboBanuit SBIIsETCH PABHOMEPHOCT: [UIOTHOCTH YYHCTOIO TIOTOKA HA NpH-
eMHuKe. [N CO3AAHMS TAKOTO TOTOKA MCMIONBIYIOTCH KOHIEHTPATOPDI € MO~
CKHMH OTPaXaIOUUMH NOBEPXHOCTAMM - TUTockue doxmunbl. Ecmu o6pazyro-
A% KOHLEHTpAaTOpa ABIAeTcA NPAMOH NHHEMeH, X Ha3bIBAIOT OJHOCEKLMOH-
HbIMH (puc.9,a), ecnu moMaHo#H - MHOroceKuoHHbIME (pre.9,6). Koxuenrpa-
LHA CONHEYHOTO H3IYYEHNS B HHX JOCTHTAETCA B PEIYNLTATE MHOIOXPATHOI'O
OTPAKEHHA OT 3epKaNbHBIX MOBepXHOcTeH. ONHOCEKUMOHHbIE IIOCKHE CHOTE-
MBI [IO3BONSIOT YBENAYMTE B 2-10 pa3 KOHUEHTPAUMIO COMHEYHOT'0 HINMYUEHS
¥ BO CTONBKO XK€ Pa3 CHHIUTH [UIOMIAE IOJNYNPOBOIHUKOREIX 3IEMEHTOR JUIA
NONyYEH¥A TOH Ke SHePIYH. ‘

Jois 7ol uenyt MpUMEHAIoTC TaxKe GOKYCHPYIOUINE KOIDIEKTOPHBIE CHC~
TEMBI, B KOTOPBIX HCIONB3YIOTCA OTPAKATENN H JHH3BI, HOKYCHPYIOLIHE JTyH
Ha CONHEeYHBIX 3neMeHTaX. Xapakrep paboThl ycTpoiicTB ABYX THIOB pailiu-
YeH, TAK KaK ILTockas cucrema 3dgdexTuBHa faxe B oOnaynyio norony, B 1o
BpeMs Kax POXYCUPYIOUIHE CHCTEMBI ONIPABBIBAIOT CeOst TOMBLKO NMPY IPAMOM
comHeuHoM crete. OXHAKO CTeneHs KOHLEHTPAMH ¥ HHX Ha MHoro Bbite. He-
noctaTky $okycupyroweli cHCTEMbI MOYKHO YACTHYHO KOMNEHCHPOBATD, ECIH
cHAOMUTS ee BLICOKODHEKTHBHLIMI CONHEYHBIMY SMEMEHTAMH, BKIIOYAS 3j1e~
MEHTBH! Ha MOHOKPHCTAITAYECKOM KpeMHUH i apcennge ranmis, KIL xoro-
phiX B HACTOALIEE BpeMA HocTHraer 20-26%.

Hcnom,30Banue KOHUEHTPUPYIOIMX CHCTEM IO3BOJAET CHH3HIL CTOM-
MOCTB CONHEYHBIX BIEKTPOCTAHUMHM, TAK KAK OHM TEWIEBJE CONHEUHBIX 3IIe-
MEHTOB, TOJTOMY WX NPHMEHEHHE Ha CONHEYHBIX CTAHIMAX JACT BOIMOXK-
HOCTb CIKOHOMHTb Ha (OTOIHEPTeTHIECKHX YCTPOMCTRAX, |

TiepcneKTHBBI PAZBUTHS COTHEYHALIX (POTOIHEPTETHIECKHX YCTAHOBOK

Tlo Mepe TOrO Kax 3a mocienuue 10 yeT CHIKAIHCh HEHb! Ha COHEUHbIE
3IEMEHThI, MOABHIIACE BOIMOXKHOCTD MOCTPOHKH KPYNHBIX (OTOINEXTPUUC-
cxux yorafopok. B CIIIA B 70-e ronpi ObUIM BHIIENCHEN CPEICTBA HA CTPOH-
TEABCTBO 9 3nechpoc*raHunu cpeaneit mounocTy oT 10 o 100 xBr. K 1984 r.
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6bir0 mocTpoeHo 14 OTHOCHTENBHO KPYHHBIX CONHEYHBIX 3IEKTPOCTAHUMA
MouHocTEIo oT 200 kBt o 7 MBr B CHIA, SInonnn, Hranuu, Caynosckoi
Apasnu n OPY.

Esponeiickoe coobmectso o pAX OTHENBHBIX CTPaH pa3pabaThiBaloT
20 [eMOHCTPAUMOHHBIX YCTAHOBOK MOIHOCTIO OT 15 mo 300 xBr. B SAnouun
paboTaer cBritte 10 IMEKTPOCTAHUNM TaKOTO THTIA, HMEIOUMX MOIIHOCTH OT 3
Zto 200 xBr, a B 1985 . pounta B cxpoif crannua Mouocreo 1MBT, nocrpo-
ERggas oprasuzaumeit paspaﬁomu HOBBIX MCTOUHMKOB 3Heprud. Anoxckuit
npoexT "ConHeyHoe cusHue"”, KOTOPBIM Havas ocyuiecTnaTecs B 1974 roay,
oOpemuHsier paboTh! Mo M3YUEHMIO BO30OHOBINEMbIX HCTOYHMKOB IHEPTHM, C
TeM uTo6bl k 2000 I. B 3HaUMTENLHOH Mepe YXOBIETBOPUTH 33 CUET HHX 3HEp-
TeTHYEeCKHE NOTPEOHOCTH CTPaHbL.

KpynueHmas ¥3 CYLECTBYIOIIMX CONMHEYHAA SIEKTPOCTAHLMA HAXOXUTCH
8 Kapuca - ITnefins 8 Kamnpoprun. Ona 6b11a mocTpoeHa MeHee 4eM 3a FOK M
HMEET IIHKOBYI0 MOMIHOCTD, paBHyk0 7,2 MBT. YuuThiBas BO3ZMOXHEIE YCOBED-
ILICHCTBOBAHMA B NIPOH3BOACTBE HOBBIX MATEPHANOB M CO3JAHMH HOBBIX YCT-
POJCTB, CleayeT OXHIATh, 4TO K 2000 r. 3JeKTPOIHEPTUa, BhipabaTeiBaeMas
$HOTOIHEPreTHYECKUMHY YCTAHOBKAMH, CMOXET KOHKYDHPOBaTh MO LEHE C
9Heprueil, BeipabaThiBaeMoil O6BIaHRIMH sNekTpocTaHusMu. ITocnennue 6y-
YT TIPOH3BOAUTD 3AEKTPOIHEPTHIO IO LieHe oT 3 mentoB 3a 1xBr/y (raapo-
3NexTpocTanumg) 1o 35 nenros 3a 1kBr/u. (Ternoseie cTaHIUH, paboTaromye
Ha yIye).

K Tomy Bpemenn QJomaHepremqecme YCTAHOBKH GYIyT BHIPAGATHIBATH
ITIEKTPOIHEPTHIO MO UeHe 15 nento 3a 1xBr/4. IIporHosnpyemoe JanbHei-
{llee yCOBEPIICHCTBOBAHME B 3TOH O6NACTH ROIDKHO MPUBECTH K CHIDKEHHIO
CTOMMOCTH IHepruH Ao 8 UeHToB 3a IKBT 4.

Conneynas $OTOHEPrETHUECKAA YCTAHOBKA oﬁnanac"r pxnom HOCTO-
MHCTB, NIOMHMO TOT0 YTO MCIONL3YeT YACTHIA M HEHCTOMMMBIA MCTOYHMK
sxeprun. OHa He MMeeT IBIKYIIMXCS YacTell U No3ToMy He TpebyeT NOCTOSH-
HOro XOHTPONA CO CTOPOHE! obcnyxupatomero nepconana. ComHeuHEIe dNe-
MEHTHI JIETKO NIPOM3BOJNTE MACCOBBIMM NAPTHAMH, NOAOOHO TOMY Kak cefiyac
NIPOH3BONATCA TPAHINCTOPL! H MHTEPANBHEIE CXeMBI. ITO JOIDKHO JIPUBECTH
K CHHOKCHWIO MX CTOMMOCTH 3a CYET CHIDKEHHA 3aTpaT, JOCTUIAaeMOro NpH
MAaccoOBOM HPOUIBOICTRE,

ONeKTPOCTAHLHEA, MOIWHOCTS KOTOPOH M3MEPAETCA MEraBaTTaMM, MOKET
ObITh DOCTPOEHA MEHee 4eM 33 rOJ - 3HAUMTENLHO GrhicTpee, ueM 0ObluHas
9JIEKTPOCTaHUMA, i TeM Oojnee - aToMHasf. [lo 3ToH NMpHYHHE €CTH BO3MOX-
HOCTb THOKO YUMTEIBATS M3MEHEHMA, OGYCJIOBIICHHHG TpeboBaHMAMH MOTpe-
Gureneil.

BricTpoe chykenme CTOMMOCTH PoroanexTpHUECTBA (or 60 momn. sa
1xB1/u. zo 1 momn. » 80-e romsi u 20-30 nenToB ceroms) 1 66pazopanite B
9TO# 006MACTH PEIHKA NOBBRICHIM NOTPEGHOCTh B TAKOTO POJA IHEPTHH, IIPH-
YEM OHa Bo3pacTaeT Ha 25% B ro. CeromssuuHAs CTONMOCTE GOTOIIEKTPHYE-
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CTBA BCE €IIE NPUMEPHO B 5 pa3-Bbliue CTOMMOCTH 3IIEKTPHYECTBA OT TPAJAHLH-
OHHBIX MCTOYHHKOB, HO POTrPECC B 3TOM obnacru obronser MIPOTHO3BI.

KIIL HPCOGPMOB:‘ HH3 SHEPTHU B poTONUeHKE B TaGOPATOPHBIX YCHOBM-
AX noselcHicH ¢ 16-18% B cepennme 70-x romor no 28% B HACTOSIIEE BpeMs
Ans AYEHKH ¢ KPHCTAIL ~

JIHIECKHM KpeMHEM u 10 35% nna siyediku ¢ momynpo-
BOIHMHKOM HA OCHOBE apCCHUAA raHs (f4elika ¢ ABYMS COAMH, KOTOpBIE I10-
TTOWAIOT PA3IHYHBIE YACTH COTHEYHOTO CHEKTPa). L : :

TlosBHICA HOBBIH KITACC MEPCIIEKTUBHBIX ¢poroMaTepranos ua Hase TOH-
KHX [IICHOK. MOJYNPOBOJHMKOBLIX MATEPHANOB, XOTH 3TH sueiiku B oOwWmeM
cnyuae menee sdoexrusun (KM 16%), notenunansio oHu GyIyT HMETb
O4CHB HUIKYIO CTOMMOCTB, BO3MOXHO, B 10 pas MeHbIte cromMocTH B Macco-
BOM [TPOM3IBOZCTBE CYLIECTBYIOINX HOTOIMEKTPHYECKHX MOy eil. ToHKOMIE-
HOYHAA TEXHOJIOIHA OCOOEHHO LEHHA [N CHIDKEHHS CeBeCTOMMOCTH B MAcco-
BOM NIPOM3BOJCYBE M [UI HEE NOCTATOYHO OUYEHb MAlble KOJMMUECTBA AKTHBHO-
ro marepuana. POTOINEKTPUYECKIE CUCTEMEI TPEGYIOT MEHEMANILHOTO 06Ciy-
KHBAHMSA, HE HYXKARIOTCA B BOAE M NMOITOMY XOPOWIO IPHCNocobieHs! I OT-
JaleHHBIX ¥ MyCTbIHHBIX paiioros. [{uana3on ux MommocTel 04eHb IHPOK -
OT CPABHHTENBHO HEOONBIIMX NOPTATHBHbIX YCTAHOBOK B HECKONBKO BATT IO
MHOTOMETaBATTHBIX JMEKTPOCTAHIMI, ITOKPHIBAIOIMX MMILTHOHBI KBaApaT-
HBIX METPOB Momami. Mansie ‘GoTo3meKTpHYECK E CHCTEMBI ABISIOTCA 110-
TEHLHAbHO IKOHOMHYECKH BBITOIHBLIMH JaXe B OTHOCHTENHHO OOIayHBIE
JOHH WIH HA BBICOKUX HIMPOTAX, TIE HCMONL30BAHUE CONHEUHOH JHEPTHH Npex-
crapnserca HeaPQEKTHBHBIM. - ‘

B wacraoctn B OPI" Gbura xokasaHa 3KOHOMMYHOCTh HCIIONB3OBAHHA
CONHEYHON YHEPTHMN A 3HeprocHalXeHHa noTpeluTeneii B Tex Mecrax, Toe
He MpPOJOXKEHB! elie pacpemenuTenbHble ceTH. Hanpumep, ans obecreuenus
3JICKTPONIMTAHHEM OTIENLHBIX TOPHBIX IPHIOTOB HIIM ABTOMATHYeCKHX Pagdo-
CTAHUMI, MaJIbIX TelenepeRaonux yerpoHcers, THHeHHbIX TeaeGOoHOB HA aB-
TOCTPANAX MIM JJIX TAJbBAHHYECKOH NPOTHBOKOPPOIHOHHOM 3aIWMTHI MarH-
CTpanbHbLIX TPYGOIpOBOJOB. : T

IlockoNbKy MOCTYIUICHHE CONHEYHOH IHEPIHH NEPHOTMIHO, (HoTOINICKpHYe-
CKHE CHCTEMBbl HauboJiee pauMOHATBHO BKIOYAIOT B THODHIHBIE CTAaHIMH, MC-
TIONB3YIOUIME M CONHEYHYIO SHEPIUIO, M IPUPOMHLIA ra3. I'HOpHHbIEe MATOMOIY-
HbIE CTAHIMHM, COCTOAUIME H3 HOTOINEKTPHUECKHX MaHellel H NH3eIbHBIX TCHEPa-
TOPOB, YKe ABIMOTCHA HAJEKHBIMU IOCTABIUKAMH SHEPTHH (puc.18-19).

§4. BHOKOHBEPCHS COJIHEYHOM SHEPTHH
Crocolst nony-lennﬁ SHEPrHM U3 froMacchi ' "
BuoMacca, ecild MMeTh B BUAY APEBECHHY, COTOMY, ABIACTCH OTHUM H3 Ca-

MBbIX JPEBHHX BO300HOBISEMBIX IHEPTOPECYPCOB, HCIONb3yEMbIX YEIIOBEKOM. -
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B buomacce - 3eneHOM Macce pacTeHMil, coznaBaeMoii B npouecce goro-
CHHTE32, ~ CONHEYHAs IHEPIHA 3AMACAETCA B BUAC XHMMYECKOH IHEPIHH, KOTO-
pas MoXeT OBITh BBICBOOOXKIEHA PASTHIHBIMH MYTAMH.

PacrurenmsHbIA nokpos 3emmn cocrasnser Gonee 1800 mupa. T cyxoro Be-
LIECTBA, YTO  FHEPreTHYecKH skBuBateHTHO 3-1022 [Ix. Dra undpa coorsercr-
BYeT M3RECTHBIM 3arIacaM IHEPIUM Irole3nbiX HekonaeMsix. Jleca cocrasnsior
68% Gnomacch! CymM, TpaBAHbIE 3KOCHCTEMEI ~ mpuMepHo 16%, a Bo3nenbiBae-
MEie 3eMii - 8%. B nenoM Ha 3emie npy nmoMomy GOTOCHHTE3A EXErOXHO
npoussopures 173 MIpA.T cyXoro BemecTsa, uro Oonee uem B 20 pa3 nosbi-
IIAET HCTIONBL3YEMYIO B MHDE 3Hepriio H B 200 pas - aHepruIo, cofepxamyiocs
B nnmie Beex Goxee 4 Mapx, obuTaTenei naHeTsL.

BanaceHuas B GHOMACCE SHEPTHA OPraBHYECKHX COSTHHEHUIT MOXKeT ObITh
HCIONS30BaHA HETIOCPEACTBEHHO B BUIE MHINEBLIX MPOAYKTOB YENOBEKOM HIIH
HHBOTHBIMH HITH XK€ TS IIONYYeHHA SHEPTHH B NPOMEILTIEHHBIX HENAX.

- Curanae

Jpenueiimuii cnocob npaMoro NOAYHEHHS 3HEPIHU W3 OHOMACCH - 3TO
€e CKUTaHHe. l[a;ke B HacTOAllee BPEMA OH ABNAETCA CAMBIM PACTIPOCTPAHEH-
HBIM B CENbCKOH MECTHOCTH, TAE CBhIILEe 85% 3Hepmu nonytxamfr HMEHHO 3THM
nyTeM. '
- BHoMacca XKax TOYUIMBO HMEET PAX HOCTOMHCTB. B oTImume OT uckonae-
MOrO TOYIMBA NPH € CXMraHuM Bohinenserca Menee 0,1% cepnt & or 3 o 5%
sonst 8 cpasnenyu 2-3 u 10-15% coorpercrBerso [ yrms. KonwyecTso yrie-
KHCTOro rasa, BeicBOGOXKIAOMErocs NPH CKUTAHHK ODHOMACCH, KOMIEHCHPY-
€Tcs KONMHYECTBOM YIVEKHCIOro rasa, norpebusemoro npu dorocuurese. B
peaynsTare comepxantie CO2 B aTMocdepe ocTaeTcs HEM3MEHHBIM,

STunoBEI CrMPT (3TAHO.T)

DHEPro MOXKHO MONYYHTH U3 CENbCKOXO3ANCTBEHHBIX KYILTYD, ClelHalb-
HO BHIpAIMBAEMbIX 1014 31Ol Uemn. DT0 MOTYT OBITh 0cobble BUABI GbicTpOpa-
CTYIIMX /ICPEBhEB, pacTenns, GorarTple yrieBogaMu, U3 KOTOPBIX IONYYal0T 3TH-
nosbiit cupT (3Tanor). st npowssoacTEa STHIIOBOIO CIIAPTA W3 TAKOH PACTH~ .
TemsHoll 6uOMacchi HeO6XOOUMO 3KCTParMpOBAaTh H HOOBEPTHYTH THIPOIH3Y
3ay7aCeHHBIE YIIIEBOMBI € MOCIEAYIOMUM HX COPaXMBAHHEM B CITUPT.

M3 pacrennii, npoayHpyOMX 3THIOBLIH CIMPT, HaHOONee WHPOKO MC~
MONB3YETCH CAXAPHBIH TPOCTHHK. DTAHON H3 CaXapHOrO TPOCTHHKA B GONbIUHX
KOJTHYECTBAX NPOM3BOAHTCA B Bpasmnuu. B ceau ¢ pacrymmM nedWLHTOM TOD-
rosoro Gaxanca, BLI3BAHHOTO PEIKHM YBEIMYCHHEM LieH Ha HedTh B IOCTeIHNE
romel, B Bpasmwimg GhUI0 PELIEHO HCNONB30BATh B KAYECTBE ABTOMOGHIBHOrO
TOMIHBA He 6EH3HH, 3 YHCTRIH 3TAHON U cMech 9TaHoaa ¢ Gensurom. I1o cpasxe-
HUIO ¢ BeH3UHOM 3TaHON 00NdnaeT He TOMLKO SKOHOMHYECKHUMHE, HO M TEXHUYE-
CKMMM TIPeHMYILECTBAMH, HaNpuMep Goliee BHICOKHM OKTAHOBBIM yHCIOM, IIpo-
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M3BOJICTBO 3TAHOJIA MyTeM (EPMEHTALMH COKa CAXAPHOI'0 TPOCTHHKA BO3POCHO
¢ 900 Mmma. B 1973 1. mo 6 Mupa. B 1992 r., U3 HuX 2,2 MIIPAL.J HOLLTH HA 10TY-
YeHue cMecH DE3BOMHOTO 3TAHONA C 66H3HHOM. Bnaronapx HCIIONL30RAHHIO 9TA~
HOJIOBOI'O TOILIMBA BO3YX B TAKUX B3AIPA3HEHHEIX ropoxax, kax Cau-Ilaono u
Puo-ne-KaHelipo, CTall 3SHAYHTEABHO YHILIE. ,

Croumocts 31aHONA, POHIBONHUMOTO Ha Xore Bpasujiun, COCTaBIAET B
cpemtem 18,5 uenta 3a 1 11. XIpu Taxoli CTOMMOCTH OH MOT 6t JIETKO KOHKYpH-
poBaTh ¢ UMIIOPTHOMH HedThIo, ecau Gbl LIEHA HA MUPOBOM PHIHKE OCTABANAChH
paBHO# 24 nonn. 3a 6appens. DddeKTHBHAS CTOUMOCT 3T2HONA MOXET CHH-
3uThCH emme Horee, ecau map, DOAYYEHHBIH PH CKUTAHKN BLPKUMOK CaXapHO-
o TPOCTHHKA, HCIONL30BATS JUIS BripaboTku anexTposnepruy. B Hacronimee
BPEMA NMAPOBbIE TYPOUHB! HU3KOTO JABIEHHA CIOCOOHLI IPOM3BOIMTh OKONO
20 xBt/y. 3meKTpO3IHEPrHH NPH CHUTAHUM BHIKHMOK, OTYYeHHbIX M3 | T ca-
XapHoro Tpocrauka. C NOMOWLIO MAPOBBIX TYPOHH BLICOKOIO NABIIECHHS
MOXHO ObiTo Osf NPOUMBBOANTL B 3 pasa, a ¢ IOMOIUBIO rajoBeix - B 10 pas
Gomeie anekTposHepruy. KoMOMHALMH NOXOOHEIX TEXHOJMOTHIl NpeRCcTaBis-
I0TCA BEChbMa NEPCHEKTHBHLIMM, H Oraronapa BM caxapHbie 3aBOALI MOLYT
CTATh 9KCIIOPTepaMHU IHEPTHH, .

B CIIA HeGonmpioe KOMHYECTBO 3TAHONA, NONYYAEMOT0 M3 3EPHOBBIX,
MCHOJIB3YeTCA B KayecTBe NoOaBKH K OeH3MHY. 3TOT 3TaHON OTHOCHTENbHO
JAOpOT, OOHAKO B HACTOsLIEe BpeMs pa3pabaThiBaeTCA TEXHONOIHS IOy YeHUA
CHIPBA C HCTIOML30BAHUEM q)epuemon CreyuMasucTsl U3 HAYYHO-HCCIef0Ba-
TENbCKOr0 MHCTUTYTA COJHEUHOM 3HepTHy cuHTaIoT, yro X 2000 r. sTanoin, mo-
Ny4daeMbii W3 AeLUEBHIX HCTOUHHMKOB, Oymer xonxypemocnocoﬁeﬂ MO OTHOWIEe-
HUW0 X Oenzuyy. A

broras

Jpyroii cnioco6 NMpoH3BOICTBA DHEPIUH U3 OMOMACCE! COCTOUT B (OIIyYe-
Huy OWorasa nyreM aHappoGHOro nepeGpaxuBanui. Taxol ra3 npeNcTaBnsier
coBoii cmeces U3 65% Merana, 30% yraexucnoro rasa, 1% ceposomopona # He-
3HAYMTENLHOIO KONMMYECTBA a3oTa M Bojopona. Meranosoe "Gpoxenne”, Miau
BHOMETaHOreHE3, — JABHO M3BECTHBIH Npouecc NpeBpaiieHa GnoMacce! B 3Hep-
ruto. O Guut oTKpsIT B 1776 . BonbToH, KOTOPHIH YCTAHOBMIT HAIMUHE METAHA
B 6onoTHoM rase. BeagpiMuoe roperye G0IIOTHOrO ra3a MPUYUHAET JIOLAM ro-
P3N0 MeHbIe HEYAOGCTB N0 CPABHEHMIO CO CI'OPAHHEM JPOB M HABO3d., DHEp-
rus, 3akxmouennan B 28 M3 Griorasa, sxsyusaneHnTHa 3nepruy 16,8 M3 npupomioro
rasa, 20,8 i1 Hedrou wim 18,4 1 AM3EIBHOTO TOMIMBA.

Buoras JaeT BOIMOMXHOCTh MCIIONL30BATh CAMbIE COBPEMEHHBIE CPEICTBA
TEJIO3HEPreTHKH ~ Ta3pBhble TYpOUHBIL, B 5THX ycTaHOBKaX raz cropaer, npu-
BOOA. B JBIOKEHHE TypOMHY, KOTOpas BpaulaeT reHepaTop, NPOU3BOAAMIMI
© ANEKTPOSHEPrHIo. B cBOIO 0uepenp rasooGpasHeie MPONYKTEI CTOPAHHA 3ATEM
HanpaBIAIOTCH B KOTENX A HAIPeBaHHA BOABI H TOJNYYEHHMA NApa, KOTOPhiH
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MOXET GBITH MCIONB30BAH B MPOMBIINICHHOCTH WM A JONOJIHUTENLHOTO
FIPOM3BOZCTBA SHEPTHH,

- T'a3oBrie TypOUHEI NpoLe M XeliteBie TPAIUIMOHHAIX NAPOBLIX. B TO Bpe-
Mf Kak Y HOCHeNHHX 3didex THBHOCTL He yly4uanace ¢ KOHna 50-x ronos, ra-
30BLIE TYPOUHEI HENPEPLIBHO COBEPIIEHCTBYIOTCA.

_ Haunbonee MHOroo6emaroaM BapHaHTOM MCIIONb30BaHMA OHOMAcCHi B
ra3oBelX TypOUHAax ABIAeTCA ee ra3sudHKaLUg. OPH B3AUMOTEICTRHH ¢ BO3NY-
““XOM M M2POM NPH BLICOKHX NABIIEHMAX H OYNCTKE I'a3a OT NPHMecei, XOTOopbie
MOTYT MOBPEAATH JONAcTH-TypOud. Jlns nosbiuedus 3QdEKTHBHOCTH NpPo-
necc ra3suduKayy ¥ IPOU3BOACTBO 3MECKTPOSHEPTHA CIeAyeT CMemaTh B O
HoH ycraHoBKe. Takas TeXHONOrUs paspabaTeiBaercs ceifuac mg yrug. OpHa-
KO 9Ta TEXHOIOTKHA MOXeT naxe GricTpee HAWTH KOMMEPUECKOE IIPHMEHEHHE C
MCIIONG30BAHMEM OHOMACCHL, HEXENH YITIE, TaK Kax Ouomaccy nerve rasvdu-
IUPOBATEL ¥ OHA OOLITHO CONEPIKUT Malioe KoJuuecTso cepwl. Ilpensapurens-
HbIE OUEHKH MMOXA3BIBAIOT, YTO IHEPIUA, NONYUYEHHAA HA YCTAHOBKE ¢ razodu-
nupoBaHMeM GHOMAacCHl M Ta30BOH TypOuHO, Mo CTOMMOCTH MOXET OWITh
CPaBHHMA C BIIEKTPO3Heprueii, NPOU3IBOAUMON Ha OOLIYHEIX YTONLHBIX WIIH
ADEPHBIX MEKTPOCTAHUMIX B Gonsumucrne npommmnenﬂux H' pasBHBAYO-
LIUXCA CTPAH.
©OppuM ©3 HaNpaBNeHHil NPH NoJNyYeHUH 6uorasa ABIAETCA MCIIONB3OBA-
HHE OPraHAYECKUX OTXONOB M MOGOYHBIX MPOMYKTOR CENLCKOTo XO3SHCTBA M
" mpoMeIIeRHOCTH. 1Ipon3BoncTeo GHoOra3za B Hpoluecce METAHOBOTC Opoke-
HUS <~ 'OJTHO M3 BO3MOXHbIX DEliIeHHIt JHepreTHYecKo NpoGIeMbl CebCKOX0-
3siicTBeHHBIX paitoHoB. TlepcIreKTHBEI 3TOr0 HANpPABICHHS BeChMa MHOroo6e-
warowmpe. HeictBurensHo, ecmu 300 MIIH. T cyXoro BemecTsa, COXEPKAMETOCH
B HaBO3€, NPEBPATHTE B OMOTa3, TO BEIXOX SHEPTHH GocTaBUT 33 M.t Hed1s-
HOro 3KpHMBaJieHTa. IIpPOMIBOACTBO MOKHO TAKKE YBENHYHTH 33 CYET TAKHX
CENbCKOXO3AMCTBEHHBIX OTXOMIOB, KaK COJIOMA, XKOM CaXapHOro TPOCTHHKA H
ap. B Auman ¢ 1980 o 1984 rr. 6511 NOCTPOEH |MIIH. HEGOMBINMX YCTAHOBOK
A IPOU3BONCTRA Huorasa, ynonne'mopnmmnx no'rpefiuocm B SHEPIUM OT-
IeNMBHBIX ceMel:

IIpowsBoncTBO GBOTa3a H3 CENBCKOXO3AHCBEHHBIX mxonon BO BCE 60ncc
Bo3pacTarouux MacuTabax ocymecrsisercs Takxe B Kurae. Tak, yxe B XOH-
ue 1978 r. 3meés paborano 7,15 MmH. ycraHOBOK IS NOMYYEHMT 6|rrora3a B
15 pas 6omemwe, geM B 1975 r. K 1980 r. 6nino nocrpoeno ewme 20 MaH., a

- 1985 - 70 mH, wt0 no3nonser 70% KPECTBAHCKHX cemeﬁ ucnom:aona'rb 6Hora3
JUIS [IPHCOTOBIICHHUSA TTHUIH. :
IIpeuMyniecTBO NMpoH3BOACTBa OHorasa U3 cenbcxoxoss!ﬁc'rncunmx oT-
XOMIOB 3aKIIOYAETCA B TOM, YTO OHH ABIISIOTCH CPEHCTBOM TONYYCHHS IHED-
T'HH, ROCTYIIHbIM JaXxe Ha ceMeHOM ypoBHe. OTXOXBI MPOLECCA CIYXKAT BbI-
COKOKAYEeCTBEHHBIM YIOOPEHHEM, a caM Npolecc CIOCOOCTBYET NnoaIep a-
HMIO UHCTOTHl B OoKpy:xaromed cpege. OOHAKO KOMHYECTBO GMOMACCHL JaH-
HOT'0 BHIa OTPaHHYEHO 3eMENBHOM MIOLIaABI0, Ha KOTOPOH ocyuecTBIgeT-
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¢4 CeJIbCKOXO3SHCTBEHHAA HeATENbHOCTh. CyleCTBEHHOE yBeIHUeHHe TpU-
TOXHBIX NS KYILTUBHPOBAHMSA INOUIAXell BpSA MM peansno, BMmecte ¢ Tem
HMEETCA BO3IMOXHOCTh HCIONB30BATH HNA IMONyJeHHS! GHOMACCH BOJHYIO
CPEny, 2 MMEHHO - OCYWIECTBIATS KYIbTHBHPOBAHME Boxopocneﬁ B HACTHO-
CTH MUKPOBOIOPOCTEH, ‘

Hrak, nocrouscrsoM 6Horasa MOXHO CYHTATh CIEAYIONICE: BOIMOX-
HOCTh MONYYeHHS €ro M3 6pPOCOBOrO ChIPbA (CENLCKOXO3AMCTBEHHMIX, FMPO-
MBILIIEHHBIX U TOPOACKUX YITIEPOXOCONEPKALIMX OTXOAOB), NOMYTHOE MOKY-
YeHHE NP 3TOM BHLICOKOIDDEKTHBHLIX YIOOGpenunii U . KopMOBBIX H0BABOK,
OYHCTKA CTOYHBIX BOJ. HemocraTkaMu NONyueHHS M MoTpeOnenus Guorasa
ABJIAKOTCH PACXOA KHUCIOPOAA M BBLIGPOC YINIEKHCIOrO ra3a IPH CKULAHHH
Guorasa, HeynpaBIAEMOCTb M IIMTEILHOCTD Mpolecca GpoxeHHs, HeOOXOHU-
MOCTh HMETHh EMKOCTH 3HAYHTEIbHOrO 06bema zum ocymecmneﬂm npouecca
OpoxeHus.

Muxposoxopocis

IepBrie co0bMEHNA 0 BOZMOKHOCTH MCIIONB30BAHMS MHKPOBOIOPOCIEH
U NPOU3BONCTBA IHILEBIX NMPOLYKTOB oTHOoCcATcA K XVI B. B 1521 r. Bep-
Hon Jlnac ymmoMsHy O rajnerax, KoTopsie npogasanyce Ha 6azape B Mexuko u
COCTONTM K3 BLICYIEHHBIX CII0EB MUKPOBOIOPOCIH cUpyHHEl. JanspeHmmni
TIMATENLHEI ananu: o6pasuoB COMPYIHHBI ITOKA3AN, YTO OHA COINEPKHT KO
70% 6Genka, 19% yrieronos, 6% nurmeHTon, 4% IMOANOB, 4% HYKIEHHOBBIX
KHCIOT. BO3HMK MHTEepeC K MACCOBOMY KYNbTHBHPOBAHHIO MUKPOBOXOPOCHEH.
CHayaya OCHOBHOE BHUMAHUE OBUTIO CKOHUEHTPHPOBAHO HA IOIYMEHMH IIPO-
AYKTOB INTAHMA, HO 38TeM BhLISBHIM IPYTHE O0JACTH MPUMCHEHHA MHKDPOBO-
nopociel, pxmoyas OHOKOHBEPCHIO COJIHEYHOH 3HEPrUH. DKCTEPHMEHTHI 11O
MACCOBOMY KYJILTHBHPOBAHHMIO MUXPOBOTOpOCHeif mpoBoasTcs Bce Gonee HH-
TEHCHBHO ¢ Havana 50-x romos.

3a nepuox ¢ 1950 mo 1970 r. 611 ZOCTHIHYT 3HAYMTENLHLIH NpPOrpece B
TEXHOJIOTHH MACCOBOTO KYJIbTHBHPOBAHMA MHKPOBOIOPOCHEeH B TAKHMX CTpa-
nax, kax Snouns, ©PT, Hapanms, ®pannns, CIIA v Mekcuxa. KynsTusu-
POBAHME MPOUIBOAMIOCH KaK B CIELMANBHO MOCTPOEHHDBIX IUIA 3TOH UEnH Y-
TAHOBKAX, TAK H B €CTECTBEHHBIX Boxoemax. B aTHX ¢TpaHax OblIa NonyueHa
‘cneyiomas cpexuss nponykrusHocTs: B CITTIA 30 r/m2 B nexs, SInonuu - 12
r/m2 B menn, Uapaune - or 10 go 40 v/M2 1y1s 3UMHUX M JIETHHX YCIOBHH COOT-
BETCTBEHHO. ‘
~ B 3aBHCHMOCTH OT Uenell MCIONBIOBAHWA KYNbTHBHUPYIOTCH DA3NMYHBIC
mukposogopocii. Hexoropbie M3 HU3 B pouecce MeTabousMa nponyuupy-
JOT YITIEBOMbI, KOTOPBIE MOXKHO HCIONB30RATh A NONMYYEHHS raaooﬁpa;:ﬂo-
ro, XUIKOro Wi TBEPAOTO TOTUIHEA,

Unes mcrnonb3oBAHML YINIEBOXOPONOB, BhIpabaTbiBacMbIX pacreummu
me HoBa. B CIITA w3 Morouas YHMHOBHIHOTO, pacrnpocrpanenHoro B Kamm-
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¢$opruy, noxyyator 3000 1 macna ¢ 1 ra. Takoe e KONTHUECTBO KAET MONO-
vaif, kymsrunpyemsiid B Snonuu. 13 HepraHOrO Opexa, pacryiero Ha Pu-
Mnmubax, noxyyawoT 300 1 macia, conepxauero 75-80 nonei oxrana.

Tossunmcs coobienys O cnocoGHOCTH HEKOTOPBIX BONOpOCiel Bripaba-
THIBATh YLIEBOAOPONSI, 00 YCIEIIHOM HX MCIIONb3OBAHHHK JUIA NPON3BONCTBA
nedru. Tak, 8 M3paune B 1976 r. Obina 1oxydeHa BHICOKOCOPTHaA HedTh M3
BOAOpOCIEl, OOUIBLHO Pa3pacTAIOIMXCA B COJNEHBIX BOHOEMAX NPH JPKOM
CoNHeyHOM cBeTe. O6Hapyx ¥ OLICTPO PacTyWIyIo 3edeHYI0 BOZOPOCHL HY-
HATMEILY, KOTOPAA B €CTECTBEHHBIX YCIAOBMAX IPH MHHHUMANBHBIX 3aTPaTax
JaeT 3HAYMTENbHEIH "ypoxait”. BuiIo NOKa3aHo, YTO W3 GHOMACCH! XyHAIMeN-
L, TONEyYaeMoli ¢ IM2, B JIeHb MOXKHO BBIIIGIIMTL ir np0TenHa 8 r rnunepx-
Ha, 0,4 Hera-xapoTuHa.

HecnepoBasue BO3MOXKHOCTH MPUMEHEHHA paa:mtmux BHJOB BOJXOPOC-
neif B NMPOMBILITEHHBIX LEMAX TPOBOAMINCEL B MHCTUTYTE MccnenoBaHmil
conuevnoit aneprud (CIIA). H3yuus HecKOIBKO THICAY BHAOB BoJopocCiei
poigernn 10-12 nanbonee mepenexTBHbIX. OoHaX0 MCCIENOBARKA HOKA3A-
JK, 41O B OONBLIUMHCTBE CIY4acB KONMYECTBO YIJIEBOJOPONOB COCTABIAET
mamb npuMepHo 0,1% cyxoro Beca 6uomacchl. EMHCTBEHHBIM HCKIIOYEHN-
€M faBIgercd GOTPHOKOKKYC GpayHHH, KOTOPas HMECT HBE PA3HOBHIHOCTH:
3eNeHaA - Ho 36% yrueBogoponoB U KOpHUHERas - Ko 86% CyxoH Macchl Kie-
“TOK BOTOPOCIIH.

Vraesomopons, BuipabaThipacMble O0TPHOKOKKYCOM OpayHWM, B OCHOB-

- HOM JIOKaJHM30BaHbl Ha HAPYXKHOMN MOBEPXHOCTH KIETKM ¥ MOTYT ObiTh yaame-

Hbl [IPOCTBIMH MEXRHHYECKHMMHM MeTomamH. OCTarOWyrocs BMOMaccy MOXHO
60 BO3BPATUTH B KyIbTHBATOP, TMG0 NOABEPrHY T FHIAPOKPEKHMHTY, B IPO-
Liecce KOTOPOTO U3 Hee Nomy4atoT 65% razonuxa, 15% aBHANHOHHOIO TOMIM-
Ba, 3% ocTaTouHbIx Macen. Takum o6pa3oM, 3aada KYIbTHBHPOBAHMS MMK-
poBopopocheil Uit NPOU3BOACTBA SHEPIHY NPHHUHNNANLHO PElleHa: co3ga-
HBEI COOTBETCTBYIOINHE YCTAHOBKH, HAalAEHB! MOAXOXALINE BHALI BOAOpOCHei,
BsecTe npH nOTy4YeHHH TAKHM CTIOCOGOM 9HEPIHMH, CPAaBHUMOH IO CTOMMOCTH
¢ anepruell oT TPaZHLHOHHBIX HCTOUHHKOR, BOSHUKAET PAX npobiem.
Onna U3 HUX - noBbiueHne 3GOEKTHBHOCTH H NPORIBOAMTEIILHOCTH YCTaHO-
BoK. Jins uHTeHcHpUKALMH MpoLecca oOpasoBaHus HHOMacChl Hallo OTHOBDE-
MEHHO JOBHTHCK HEOOXONMHMONH OCBEIIEHHOCTH KIIETOXK, 0BeCneduTs MX HYX-
HeiM kommagecTeoM CO2 B MAKCHMANBHO YBEIHYHTE KOMNYECTBO KIETOK, NOJ-
BEPralOMINXCA OCHCTBHIO CBETA M CIIOCOOHEIX TOTIOTHTE ETO,

PaccmoTpum yeTpoiicTBO Ul KYIbTHBHPOBaHUA MHKpOBOL(OpOCJIePI, co-
nepxampx GorobNok ¢ npoduaMpoBaHHEIM QHOM U GapOoraxHble TpyOxH,
pacrnionoxeHHble Ha aue porobioka (puc. 30). JJHo horobnoxa BrINONHEHO B
BHJIE BONHHCTOH [TOBEPXHOCTH, BIONb KOTOPOH PACMOIIOMKEHb! Gapﬁoramubxe

TpyOKH, cHabXeHHbIe NaTpyOraMu, Hanpannennbmu BHH3 MO XACATENLHOH K
OBEPXHOCTH J{HA.
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Yerpolicrso paboraer
cnenyloiisM  obpaiom. B
dorobnox HamWBaleT Cyc-
TIEH3HIO, COREPKALIYIO MH-
TATENbHLIH pacTBOp H pac-
camy MHKPOBOZOPOCHEH, W
HPOITyCKaroT 1o GapGorax-
HBIM TPYOXaM razoBo3myls-
'HYIO CMECh, COJEPXaLIy
0,5-1% CQO2. Heobxouu-

Pt 36 _ MBIA 178 QOTOCHHTE3a cBeT
He. 30, Cxema yeTpoiiersa Ana KyJITHBRPOBIHMSA MHKPO- NOCTYNAeT K BOXOPOCHAM

Bopopocheit ¢ GapGoTHpoBandeM KYNLTYPANLMON KHUKOCTH

» doTobuoke. Yepes BEPXHIOD OTKPBITYIO

yacTk Gorobaoxa oT BHEW-
Hero ucrodyHuxa ocseuwieHHs (CONHUA HIIH HMCKYCCTBEHHOLO HMCTOYHHKA).
Crpys razoBosmywmoi cmecd, oboromarnomas cycrnensmo COz, onnoBpeMeH-
HO HCTONIB3YETCA JUIS BEPTHKATLHOIO NEPEMEIIHBAHHA KMAKOCTH: PACIONO-
xenue 6apOoTaXHBIX TPYOOK M PopMa JHA MO3ZBONAIOT CO3HATH MOTOKHM XKMA-
KOCTH BO BceM paboyeM obGbeMe cpeabl KyIbTHBALIMH.

Huaxas sdpexTuBHOCTL YCTAHOBOK HOKA HE NACT BOZMOXHOCTH IPUCTY-
IUTE K NPOMBILIEHHOMY KYJbTHBUPOBAHUIO MHKPOBONOPOCHEH IUIA MPOM3-
BOJCTBA JHEPTHH. CYI.HCCTBCHHBIM NPEMATCTBHEM Ha 9TOM OYTH ABIACTCH HE-
0BXONUMOCTE OTTOPXKEHHUSA MOJ| Pa3MeNIeH)e YCTAHOBOK CONbIMX nuomanek
3EMIIH, 4TO IPAKTHYCCKH HEPECAJIBHO.

Gapdomam nse o
mpybca ¢
. frampydname

.
Rgoradias

-~

Fad b
\,«
1 00y ~dusdyn

§5. THEPHTHBIE COJTHEYHEIE CTAHITNHA

PaccmoTpenne OCHOBHBIX METOHOB NpeobpazoBaHUs CONHEYHONH SHEPTAN
MOKA3BIBALT, YTO KAKMBIH U3 HHX MMEET ONPEAEIEHHbIC JOCTOHHCTRR, ONHAKO
HH OJIMH HE MOXKET 0GeCIeuTh HaZIeKHOE IPOH3BOJCTBO SHEPLHH,

DOTOINEKTPUIECKHE CHCTEMB! NAIOT BOIMOXKHOCTE IPOM3BOIXMTH JIEK-
TPUYECTDO B CBEITIOE BPEMsA CYTOK, P 3TOM PANMALNA MOXET GbITh MPAMOH
nid paccesuHol. J{ma ux pa6oTst He TpebyeTcs BbicOKas CTENeHh KOHUEHTPA-
uur. OIHAKO B TEMHOE BPeMs CYTOK IPOH3BOIACTBO JHEPTUH C MOMOIIBIO T~
KKX CTaHIMi HEBOZMOXHO.

CosHeYHbIe CTAHIHH, chonbsylomue TepMo,uuHaMuqecxnu LAKIT, MOTYT
npeoGpa3’oBbIBATh TOMBKO NIPAMYIO CONHEMHYIO PATHALMIO, TOCKOILKY IIA KX
paboTel TpeGyeTCA BBHICOKAA CTENEHD XOHUCHTPALMH CONTHEUHOTO M3ITY4EHUA.
IIpeMyIecTBO CONMHEWHO-TEPMATBHBIX CTAHIMI B. TOM, YTO OHM IPHCIOCOG-
JEeHb] K BLICOXOTEMIEPATYPHOMY aKKYMYIHPOBAHHIO TEMJIa B IpeAenax CyToOK,
YTO ITO3BOJAET IPOUIBOUTE STEKTPHIECTBO B TEMHOE BPEMS CYTOK MM B yC-
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JOBUAX KpaTKospe-

S SR S

T+ MEHHOI'C  OTCYTCT-

T Gdmees L T BHA TPAMON  con-
L S .;‘ g -+ Heuoll pamal.

T e A BICOKOTEMIIEpa-
HREI™E N TYPHOE AKKYMYJIH-
’ T ; POBAaHHE Tellla B
1 Fan ‘ HACTOAIIEE  BpeMA
- :ﬁ,’f,},m e s »  TOTEHUOHAIbHO 60-
X P Jee  9IKOHOMMYHO,
) 77 :a}:,;;,,' - " wem Oaraped WM
i A = - JPYTOe  HETOIUIHB-
Puc. 31, Cxema ruOpuaroit conneynoit CTaNIMR HOE HaKONNeHue,
ocobenno KOrIa

KHIKOCTH-TEMIOHOCHTENE TAKKE H aKKYMyTHpyeT Terro. OnHaKko NpH JUIH-
TELHOM OTCYTCTBHM NPAMOH CONHEYHOH pafMalyH TAKUE CTAHUMK paboTaTs
HE MOTYT, IOCKONBKY CONHEUHAS SHEPIHS axxymynupyercn HEHAIONro.

JOIrocpouHyro akKyMyJIaLUIo 1aeT
buoxonsepens. CneunansHoe BBIpAIIN-
BanKe GHOMAcChI ¢ TOCIEAYIOMUM ¢ ne-
pebpaxuBaHeM B CIIMPT HIIM MET2H I10-
3BOIIET CO3HATh UCKYCCTBEHHbIE aHAJIO-
rHY TIpoHecca 00pasoBaHHs opraHHge-
CKOT'O TOIUMMBA,BO MHOTO Pa3 NPeBOCXo-
AAWHE [I0 CKOPOCTH eCTECTBEeHHBIe MPo-
neccsl. HemocTaTkoM cHcTeMbl GHOKOR-
Bepcuu aBngercs wasxmit KITJ npeob-
pa3oBaHHA conHeuHoH oHeprum. Own
00ycrmoBeH HM3KOH 3(heKTHBHOCTHIO
porocunresa, B pesynarraTe KOTOpOro
TONY4AeTCS  OpPraHWyeckoe TONIUBO,
rpebyiomiee HONONHUTETEHOrO Npeos-
pascBaHHd, YT0 eme Oonbiie yMeHbILA-
et KIIJI cucremp!.

OnuH U3 BO3MOXHBIX myTeH NOBbI-
INEHNA HAIEXHOCTH COJIHEYHBIX CTaH-
muit - noaxioyende k Conneudoif cue-
TEME HEJOPOTOM CHCTEMBbI HA WCKOTIAe-
MOM TOIUIHBE, SHEPTHA OT KOTOPOH Mo-
XKET KOMNEHCHPOBATE KoneGanus "co-
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HeuHoro cxabxenns". OfHako rHOPHIHBIC CHCTEMbl TAKOIO THNA YXKE HE AB-
JAFOTCA CONHEYHBIMM CTAHNHAMH B TIOJIHOM CMBICTIE CIIOBA,
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Pnc. 33. Cxema BIIOUEHNS cnc‘reMu 6uoxonaepcuu BOJHOrO Gmuponnuﬂ
B THOPIINYIO CTAHMNIO.

BMmecte € TeM 33124y HAZEKHOTO ITPOM3IBOACTBA IHEPIUM C HCIMONbBIOBA~
HHEM TOTbKO CONHEYHOM PAIHALMH MOXHO DEMIMTD, €CIIM NOCTPOMUTSL FHOPKI-
HYIO CTAHUMIO, COBMEIIAIOIYIO B ceGe Bce TPH MeTONa npeobpasopanus con-
HeuHOM 3Hepruv: GpoToaNekTpUUecKHi, CONHeUHO-TepMaIbHLIH ¥ HHOXOHBED-
cHio. JleicTBUTENBHO, B Taxol CTaHUHH (OTOIICKTPUYCCKAd CHCTEMa NPAMO
npeobpasyer CONHEYHYIO PATUalMIc B ICKTPHYCCTRBO, KOTOPOE MOXET NO-
TPeGIATHCR CPA3y B MOMEHT er'0 IPOU3BONCTEA. TePMOIMHAMHYECKAS CHCTEMA
AKKYMYJMPYET COJIHEYHYIO IHEPIUIO U PaBOThl CTAHLUHM B HAChl MHK B B
TEMHOE BpeMA cyTok. Cucrema GrHoxoHBepcHH obecrieuuBaer paboTy CraHuuu
B MEPHOJBI IIMTENLHOI0 OTCYTCTBHA conneqﬂon PAIvanyy 3a cYeT AKKYMY-
TMpOBAHMA GUOTOILIMBA.

Tpebyemoe KOIHYECTBO aKKyMyJIHPOBaHHOH IHEPIUH 32BUCHT OT pacrio-
JTOMeEHHs CTaHUMK B MoXeT GpiTh HeGombpuNM. OGRMHO NOTPeGHOCTE B NEK-
TPOIHEPIMH HMEET CYTOYHBIE MTHKK B CEPEIMHE JHA M CE30HHpIE B Havale nera,
T.6. TOrJa@, KOrJa BOIMOXH2 MaKCHMANbHAA BbIPAOOTKA SHEPIHH OT COHEY~
HBIX YeTanoBsoK. IlosToMY A YXOBNETBOPEHHS HYXKI JTOBONBHO MIHPOKOrO
Kpyra norpeﬁmeneﬁ BrLOJIHE HOCTATOYHO YMEPEHHOI'O KONMYeCTBaA alcxymynﬂ-
POBaHHOM 3HEPrHH.

. Cxema BO3MOXHOTO BapuanTa ruGpuanol conuednoi CTanLnM NoXa3aHa
Ha puc. 31-33. Tlockoabky 3TO HE NMPOCTO MEXAHMMECKOE COCHMHCHME TPEX
cucTeM NpeoGpa3oBaHus CONHEYHOH 3JHEPTMM, a eNHHAs B3aMMOCBA3AHHAN
CUCTEMA, CTOMMOCTD CTAHLMY 3HAYUTENBHO CHIMKALTCH. ‘

Cucrema uMeer oS1ui cumoBol BII0K ZUA MPOM3BOMCIBA 3NMEKTPOIHEP-
THH ¢ DOMOLIBIO TEMIOHOCHTENS 1 GuoTommsa. B cBoIo oMepenk, TEMNO ¥ yr-
NEKHCHBIA Ta3, MONYYAIOLHECs NMPH COKUraHWH OHOTONNMBA, MCMIOMb3YIOTCH
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npH BRIpanMBaHMM OmoMmacchl. B pesyneTare cHCTEMa OKA3BIBAETCH 3aMKHY-
ToH 110 CO2, a HCIONL3IOBAHNE TEIUIA MO3BOJNIET CYLIECTBEHHO MPOLIHTE Ce-
30H BLIpaUIMBaHKs OHOMACChI.

B xaKoM e cOCTOAHHM HAXOATCA PaspaboTiy PasNHUHBIX KOMIOHEH-
TOB THODHIHBIX CONHEUHHIX CTaHIMH, KOIZa MOXHO JXIATh OCYLIECTBIIEHHS
ITHX TIPOCKTOB, KAKNE TPYRHOCTH TIPENATCTBYIOT CO3JAHMIO CONHEYHBIX CTAH~
LA ¥ KAKOBLI BOZMOXHBIE NYTH HX NPEOHONEHUA?

Haufonee pacnpocTpaHeHs! B HAacTOsUIee BPEMA CONHETHO-TEPManbHbIE
CTAHLMM, YTO B 3HAYATENLHOH Mepe CBA3AHO ¢ YCIeXaMH, JOCTHTHYTHIMM KOM-
nanweii "JIy3". CrouMocTE SHepriH, BEIpaOaTEBAEMOH ee CTAHLIMAMM [OCIEN-
Hero 06paslia, COMOCTABHMA CO CTOMMOCTBEO SHEPTHH TEINIOBLIX CTAHLMIA.

B uacrosmee Bpema cyuiecrByeT 3ddexTusHBIH onocol yMessIIeHMs
CTOMMOCTH POTOINEXTPHUUECKIX CTAHUKMH DaXKE NPH CYIICCTBYIONMEH TEXHOIO-
ruu npoussoxcria gorobarapeii. On pazpaGoraH B 1abopaTopuH Bo30OHOB-
NSEMbIX HCTOHHUKOB 3Hepriuy MIYV ¥ oCHOBaH Ha HCIIONB3OBAHHM HAXYBHBIX
IVIEHOYHBIX KOHUeHTpaTopoB. Ero cxeMa mpencrasiena na puc.32. Ou cocro-
HT M3 nHeBMOORIUIOHA, WITOTOBNECHHOrO M3 TOHKOM NMIIEHKH, K BHyTpeHHeH
MOBEPXHOCTH KOTOPOIo NPHKPEIUIEHBl ABE IONOCH! MIEHKH C HANbIIEHHBIM
METAIIHYECKHM NoKpbITHeM. IToBepXHOCTh NHeBMOGAINOHA, OPHEHTHPOBAH-
Has K CBETY, MPO3pPayHa. HOBCPXHOCTL co cropom.r BBIXOAHOTO OTBEPCTHS
Taxke MOXeT GBITh IPO3PATHOM.

OTpaxarolyuMH IOCKOCTAMY HanyBHoro $OKMUHE CIIYNAT METAILIHI-
POBAHMBIE TIIEHKH, KOTOPbIE HATATHBAIOTCA 32 CUET HATSKEHHS CTEHOK IHEB-
MobammoHa Nox KelicrsHeM HaBIEHHA Ta3a. KIU[ YCTAHOBKH MOXET COCTAB~
a9tk 6-7%.

OTHHYHTENLHOH OCOBEHHOCTRIO mﬁpmmmx cTaHUMil SBIAETCA TO, YTO MX
pa3MenieHHe TOIDKHO TPOU3BOMMTECA HA OCHOBE yueTa pANa GM3MYECKHUX NaH-
HBIX, BRXHEHLIHMHE U3 KOTOPLIX SBJIAIOTCA [IaPAMETPEI CONTHEUHOMH pafaLtu.

§ 6. COJIHEYHBIE NEY

B npusnmme, BCNONL3yS KOCTATOYHO OONBILNE KOHIEHTPATOPHI, MOXKHO
NONYYHTDb B UX GOKYCE 0YSHE BHICOKYIO TEMIIEPATYPy. HomoOHbie cucTeMBbl Jie-
¥A4T B OCHOBE TAK HA3bIBAEMBIX COMHEYHBIX Ieyel.

3ameyarelbHbIE BO3ZMOXKHOCTH COIIHC‘]HO-BCpKaJIbHOH 3HepreTmcu apexn-
eumen K. 3. uoncorckuii. OH mHCall, YTO B KOCMHYECKOM NPOCTPRHCTBE
"MOXKHO HenocpeacTBeHHOH cuiroii CoNHILR € MOMOIIBIO 3ePKAI M CTEXON MO~
JyYMTH OYHEHHBIE O4arH mo0oil BeHunHEI ¢ TeMnepaTypoii ot 273 rpagycon
xomoma fo 6000 rpaxycos rterna. IIpeoOpazoBanyeM CONHEYHON IHEPIHM...
MOXHO moxyumrh 10 20000 rpagycos u 6onee.” .

B nepenle mocneBOeHHbe oAbl B TAMIKEHTE MOXHO ObIIO YBHIETL Yalgy
HeCATUMETPOBOTO NapabooMIa, MOKPEITYIO KBagpaTUKaMu 3epkan. B rteue-
HHe MHOTHX JeT TUTanTCKMil Keme306eTOHHBIH NOACONHYX BO3BBINIATCH HAL
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KOPIlyCaMH KOHCEPBHOTO 3aBOJA, IWTAA Er0 TENNOBON sHeprreil. B ynuxans-

HOM [0 TEM BPEMEHAM YCTAHOB ‘
Ke TeMIeparypa B GoKyce npepbii °
Coppemennan conueynas neus Ipame e o

TpoM 10 M, pabotaro
otaeneiud BHUHT, soimonnena us 2 a e oAt e

epKaln-haler, KOTophle YCTaHOBNIEHH! Ha
METAINAIECKOM Kapkace. COHEYHOE M3Ny4YeHHe ITOAAEeTCd B Mevh OT TefHo-

oy o o SO, Seprao ot et yotess e
BLina BepTHXAILACS Dro. mous € TaKUM 00pa3oM, 9100b! ONMTHYECKAd OCh
rarmsx. B hoeyce Kc;ﬂuen oar O;me'r TIPOBOJHTL TIIARKH B BEPTHKANBHbIX
HBblE YCTAHOBKH nepcnexrn:gbl e epepamipa Rocraract 210°C. Tonot-
AJiA PenieHKS MHOTHX IPAKTHYECKMX 3a/aq.

ITpunumMn sepkan-ganer npuMeHeH B Gollee 3HAYMTENLHBIX KOHCTPYKUH-
ax. Ha rore Opapnuy, s6nusu cenenus Opelio, TOCTPOEHA CONHEYHAA TeYb.
CepepHas CTeHa NEBATHITAXHOrO 3J@HMA NpencTapiser coboli mapabommye-
CKOe 3epKano. PasMepsl ero BHywmTeRbHs! - 40x50 M, HO COCTOMT OHO U3 Cier-
K& 3aKPYIIEHHbIX 3ePKATLHLX NTeMenTon. MX anecs 9500. [epex 3nanuem xa
nowaxy 3000 M pasmectunoch 63 NOABMKHBIX MIOCKMX 3epkana (reamocTa-
TOB) Mowangeo 45 M? xaxmoe. OHM HANPABIAOT CONMHEYHbIE JIyYd Ha rapa-
Gonuyeckoe 3epkano, dokaubHas 30Ha KOTOPOTO MMeer Auamerp oxoio 40
CM, TeMIiepaTypa B 30He naTHA gocruraer 3800°C. OTaensHbBMYU 3TEMEHTAMH
COHEYHOM reyy ynpasnser DBM. ‘ ‘

B CHI' yxe nOCTpOEHO M CTPOSTCH HECKONBKO MOW[HBEIX COJHEUHBIX Ie-
yei -~ B8 Tamkente, Epepane, KpoiMy u gpyrux Mecrax. B HUX MOXHO NONy-
ynTh paboune Temneparypsi oT 2500 mo 4000°C. TIpumenenue ConHETHBIX NE-
Yell MOXET OYeHb MHOTOE JATh HayKe M TexHnke. Cero/Ha Mbl BIIpPaBe roBO-
PHTh O POXIEHHN HOBBIX 06ACTel - TEIMOXHMUM M TenaomeTamnypray. leno
B TOM, YTO MO CPABHEHHIO ¢ "KIACCHYECKHMA" NEUAMM COJHEYHbIE MEUH obna-
JAIOT PANOM CYLIECTBEHHBIX NpeuMylnecTs. Iipexe BCero OHI AT BO3MOX-
HOCTDb TIOJYYMTDb PE3KMk CKAaYOK TeMmepaTyphl. CkOpOCTh "TeMI0BOro yaapa"
. B HMX BPEBBIIACT THICAYY IPALyCOB B CEKYHIY. Bo-BTOPBIX, pacnyiaBIeHHOC
BEIIECTBO He CONPHKACAETCH HY C TOTUIMBOM, HE C YTOIbHbBIMA 3NCKTPONAMH,
KOTOpbIE OGBIYHO JBISIOTCA UCTOUHHMKAMH 32rPA3HEHYA MPOJYKTOB ILIABKH.
[poHMKHOBEHUIO IpHUMeceit 3 HOPMBI, Hen3OGeKHOMY PK TOBBIX HHBIX CIIO-
co6ax IIaBKH, MPENATCIBYET TO, UTO CKOHIEHTPHPOBAHHBIH conHeunslit Xyy
MOMKET NIABHTH BEIECTBO B y3KOH 30He - Xax 651 B Hopme 3 TOTO XKe BeecT-
Ba. MOXHO BECTH TUIABKY B OKHCIHTENLHOH MM BOCCTAHOBATENBHOH aTMO-
chepe. Bee 370 BaXHO LA NOTYYEHHUA 0cOB0 YMCTHIX METAJUIOB M COIABOB,
JUIS MPOM3IBOZCTBA PEAKO3EMENBHBIX METAIOB, HANPUMED CKAHINA, HTTPUS,
MAHTAHA, KOTOPHIE YIAETCA BBIIENHTL U3 MX OKHCIOB TOMbKO TIPH TEMUCPATY-
pe 6omee 2000°C u Mpy yCHOBUH, YTO HCTOUHUK SHEPIHA He BIIENseT 3arpAs-
HEHMIA. o

BhICOKOTEMIEPATYPHbIE CONHEUHbIE YCTAHOBKH IaRyT BOSMOXHOCTh BhI-
IABIATH 06060 YHCTOE CTEKIIO I BOTOKOHHOH OIITHKH, cnocobHOM nponsBe-
CTM PEBOIIOLIMKC B TEXHHKE CBA3H. CosHE4HbIE TIEYH OYeHb YROOHDI 1% MOpOoIL-
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KOBOH METAITYPTHY, JUI NONYYeHMS! XUMHYECKH YMCThIX W TYTOIUIABKHX MATe-

PHANOB, NPHMERAEMbIX B ABHALINH, }XOCMOHABTHKE U ANEPHOI sHEpreTHKe.
BaxHoe NpedMYINECTBO CONHEUHBIX IEYeH COCTOMT B TOM, YTO MX BKC-

IUIyaTalis He 0Xa3bIBACT BPEXHBIX BO3ACHCTBHIT HA OKPYXAIOMWYIO Cpeny.

§7. CONHEYHAS KOCMUYECKAS] BJIEKTPOCTAHIII/IH‘(CKBC)

B 3aKIIOYeHNE - HeMHOro aHTacTHKH, XOTA WIeH, JeXalHe B OCHOBE
9TOrO NPOEKT4, B HAIUM JHY COBEPUIEHHO HE BHLIIJAST (QAHTACTHYHBLIME B
TPaAHLMOHHOM CMBICIIe 3TOTO cioBa. EcTh Mecto, rae Comule CBETHT BCEra,
a [TapaMeTpbl U3MyUYeHUs IOCTOAHHbLI, BHE 3AaBMCHMOCTH OT reorpadmuyeckoii
WHPOTHI, BPEMEHH CYTOK M XOJia, JIeHb TaM HE CMEHACTCA HOYBIO, JIETO - 3u-
MOii, HeT 0611ak0B MITH aTMOChEDI, KOTOpble MOTJIH 6b1 GCHabUTh CONHEYHbIE
xyys. OTKPBITBIH KOCMOC - JIydlliee MecTO AIs PA3MELUCHMS CONHETHBIX IIEK-
TPOCTAHIMHA.

B 1968 1. aMepm(aHCKHM yueunm IirasepoM Osin n.pe,unoxceu U B HACTOS-
Iee BPEMS CepuesHo chyxc;xae’rcx NPOEKT CO3NAaHMs Ha relMOCTAMOHAPHOH
opbute COJIHEYHOMN KOCMHYECKOH 3IIeKTPOCTaHLKH {CK3C) ¢ momynpoBoyHH-
xoBbIM CD, 3HeprHs KOTOpo# nepenaetcs Ha 3eMiTo B BHAC CBY B nenpmer-
poBoM uanasone. Heo6xoquMo OTMETHTD, 4TO NEPBBI IPOEKT, npenycmar-
PHBAIOIMI KPYIHOE MaciiTabHoe npeoﬁpasonanne KOCMHYECKOTO CONHEYHO-
IO M3NYYEHHS B MEKTPHUECKYIO SHEPIHIO JIA ITMTAHUN JBHraTeNel renmmopa-
KeTOIIaHa, ObUT peaoxer i paspaboran B. I1. Inymxo B 1928-1929 rr.

Yro ke npencTapisier coboil comHeyHas KOCMHYECKA anex'rpocraﬂum?
PasMecTuThCA OHA JOIDKHA GyleT Ha TAak HASLIBAGMOMN reoCTalHOHAPHOM op-
BuTe - KPYroBoii TpaekTOpHH pagnycoM 35800 xm. OGpamascn, BOXDPYT 3emnu
3a 24 yaca, CTAHLHA IBHKETCA CHHXPOHHO C nnaHeToli ¥ xax Obl TOBHCAET HAX
onpeneTeHHOMN TOUKOH ee NOBEPXHOCTH (Ha TaKHE OPOUTHI B HAIUM THY 3anyc-
KAIOT TPAHCII{HOHHLIE CIYTHAKH CBA3H - IIHPOKO H3BECTHBIE "JKpaHsl" M

ap.). Cranuua, HaxoasmAasck Ha TakoH opbuTe, cBRe 99% Bpemenn Oymer
OCBEMAThCA COMHEMHBIMU Ny HAMH. Kaxnblil xBanpaTHBIH MeTp POTOINEKTPH-
geckHux "kphimben" cTaHuuu noxyunt ot Conxua oxono 1,36 xBT momHoCTH.
B npuHUMNE HET HHYEL'O TPYAHOLO B TOM, YTOObI TIOCTPOUTH "Kphimba" MmIo-
IANBI0 HECKONIBKO AECATKOB KBaJAPATHRIX KHJIOMETPOB M BoIpabaThiBaTh MU
JAHOHBI KUJIOBATT INMEKTPOIHEPrHH. CorjlacHO ORHOMY H3 NPOEKTOB COJIHEY-
Has JIEKTPOCTAHLMHA C ABYMA "KPBUIbAMH" pasMepoM 5x6 kM, KaxIoe Npu xo-
addunmente npeobpazoBaHMs cBeTa B 3MekTpuuectso 0,1, cMoXer ZaBaTh
5MaH. KBT - CTOIBKO 3Ke, CKONBKO JAIOT CErONHA HAM KpylHeduue rHgpo-
3JIEXTPOCTAHIUHE.

EcTh u Opyro#l NMPOEKT, B COOTBETCTBHU C KOTOPLIM BMECTO (OTO3NEK-
TpHucckuX GaTapeil B XOCMOCE H3 OTAENLHBIX MOXyIelt cobHpaloTes THIaHT-
ckue sepkajga. C HX NMOMOIURK MOXKHO CPOKYCHpOBATh COMHEYHbIE JNYHYH ©
fonpIIOH MIOIafy HAa MOLIHBIA NapoBoi KOTeN, a Jaiblie NO NPHUBLIMHOM
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cxeme: obpasyroumiics meperperelii nap Bpaiaer TypOUHY, Ta, B .CBOIO OYE-
pelib, NPHBOJMT B ABHXKECHHE DIIEKTPOTEHEPATOP.

Macca obopymosanms CKIC MomdocTbhio 10 MuH. ¥BT ¢ coNHeunsiMK
farapeaMm cOCTaBHMT OKOJIO 35 ThIC. T, @ CTAHWHA ¢ TYpGoreHepaTopamy - 50-
nee 100 teic. 1. Kak xe 3a6pocnTh Takyo MaxuHy B xocMoc? SIcHO, c6opKy
CK3C nyuuie Bcero, BeposTHO, MPOBOXUTEL HA OKOIIO3EMHOM opbuTe No yac-
TAM, HCIONB3YR UIA UX HOCTABKH AaBTOMATHYECKHE TPAHCIOPTHHE Kopabmu,
IPOTOTHIE! KOTOPLIX - "IIporpeccs!” - cTamy yxe MPHUBLIYHBIM ATPHGYTOM Ha-
1OHX . KOCMHYecKHX sxcneamuui. Korza cranimg OyHer cMOHTHpOBAHA, € C
MOMOLULIO PAKETHBIX IBHTaTened MEINSHHO W AKKYPATHO - YToObI He CO3Na~
BATh OONBIUMX NEPErpy30K M HE OBPEIUTL KOHCTPYKIMH - EPEBEXYT HA re0-
CTAIHOHADHYIO 0pOuTY.

Honycram, aro Bce npobieMsl, cBa3anubIe co crporrenserBoM CKIC u BbI-
paborkoii Ha Heil snexTpodHepruy, perenst. CraHUMA BbIpabaThIBaeT MIILUTAAP-
Ibl KMJIOBATT-YACOB IJICKTPUYECTBA, HO 4YTO C HMM NEJIaTh Janbiue? SHEprAro
WIYT NoTpeOyTeNM Ha 3emire, HO KaK ee Tya IepeNaTh, He IO PpOBOJaM Xe?

B npunmine ecrs 1ea cooco6a: caenaThk 370 160 ¢ MOMOIIBIO NA3ePHOTO
ny4a, MMH0 ¢ NOMOUIBI0 CBEPXBLICOKOYACTOTHOTO 3TEKTPOMATHHTHOIC 3Ny~
yenus. HanGonee orpaboran ceronusa BTopoli cnocod, B pacyeTs! M MpaKTAYE-
CKOE OCYINECTBIEHHE X0TOoporo- HonbuIoil BKIAN BHEC BhIAlolHiics coper-
ckuii duank, maypear Jlenunckoit u Hobenesckolt npemmii axagemux IT.JI.
Kannua, Mcnons30BaHMe 3IEKTPOMATHUTHOTO H3IYHS€HHS CYIMT OTPOMHbLIE
BBITOIBL; 3JIEKTPHYECTBO MOXHO OyleT mepexaudBaTE 110 BOJHOBOAAM - TPY-
6aM, nogobHo HediTe- ¥ rA30NPOBOAAM, MPOIOKEHHLIM MO 3eMIIei.

Ho Benp u3 xocMoca He IPONOXUIIE TPYOyY A0 3eMiH. A oHa M He noTpe-
6yerca. B ycnosmax xocMuyeckoro saxyyma sHeprus CBU-nyueit 6ymer pac-
NpPOCTpaHAThCA pakTuecku 6e3 paccesHus ¥ notepe. B aTmochepe nox nei-
creveM CBY-usnyuenus BO3HUKAET Y3KMA KaHal, o0pa3oBaHHbIA HOHU3IUPO-
BaHHBIMH MONEKYXaMu rasa. 1o s3ToMy Kanany sHeprus B hopme slexTpoMar-
HHUTHOTO W3ny4enus 6yaer GecnpensTCIBEHHO IEPENaBAThCS HA NECATKH Thi-
csy kuroMerpoB o1 CKIC x norpebutenmsM Ha 3emie. Ha ee moBepxsocTH Ha~
1A IPHEMHON AHTEHHbI AMAMETPOM B HeCKONbKO KHIoOMeTpos mpumer CBH-
H3Iy4EHHE, KOTOPOE 3aTeM Gymer npeobpazoBaHo B oOBIMHBIA nepeMeHHbIH
HITH TTOCTOAHHBIA TOK U OCTYNHT B 3JIEKTPHYCCKYIO CETh.

OaHAKo KH3Hb MOXET BHECTH B 3TOT NPOEKT cyLHCCTBeHHbIB KOPPEKTH~
8oL, Bee waille B 3¢MHBIX YCIOBMAX, KEJIaA OTPAHHYMTE NPOTAKEHHOCTE BBICO-
KoponeTHBIX JIBII M yMEHBIMUTL MOTEPH 3TMEKTPO3HEPTHMH, PACXOABLI HA
CTPOUTENECTEO, HEMPOM3BONUTENILHOE OTYYKNEHHE 3€MENb, MbI CTPEMHMMCS
NpHOIM3ATL IHEPrOEMKHE NPOM3BONCTBA K HOTOUHMKAM 3Hepruu. Tak moge-
My Obl:He NOMTH MO 3TOMY NYTH H B KOCMoce]

.. HpuHupn pasMelteHus Ha2 KOCMHYECKMX OPOHTAX B €MUHCTBEHHOM KOM -~
miexce c0 CK3C Takux npou3BOACTE, KaX METAIUTYPIus, XMMMSK, NOXYNpO-
BOJHHUKOBAS 3NEKTPOHUKA, HMEET MHOXKECTBO JOCTOMHCTB, B yCIHOBHAX KOC-
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MHYECKOTO BAKyyMa M HEBECOMOCTH Jierde, deM Ha 3emne, nonydars ocobo
YHCTHIE BEIIECTBA MM MATEPHAIL! 3aaHHBIM PACIIPEIENCHHEM KOMIIOHSHTOB,
BLIPAMMBATL OXHOPOAHBIC OONBINHE KpHCTALIbE ¥ T.4. [lepable sKCHEpHMEN-
Thl HA COBETCKMX OPOMTAIILHBIX CTAHLMAX TIOKA3AIH NIePCIeKTHBHOCTE KOCMHU-~
YECKHMX TeXHONOrHH, 1, 0e3yCIIOBHO, HE 32 TOPaMH CTaiud NPOMLIIIIEHHOIS
OCBOCHMA 3THX HOBBIX IIPOLIECCOB. .-

ME1 BHANM, KaK HIEA CONHEYHOH DIeKTPOCTAHIMH B KOCMOCE HAYHHAET
cpacTaThed ¢ UAEAMM KOCMUYECKUX IToceneHuil, "s¢mpHbIX ropoxos”, Tpaxc-
dopMEpyAch B nipoekT cBoeobpasnoro "kocMudeckoro TIIK", nogobuo Tomy,
KaK JHEPreTvYecKHe UEHTPhI Ha 3eMie CTAHOBATCA CEPAUEM TEPPHTOPHANLHO-
NPOK3BOJCTBEHHOTO KOMIEKCA, BKIIOYAIOLIEro B ce0s pasnu4HbIe IPOMbilii-
JICHHBIE NPENIPHATYS.

- JIna ocBOEHMS XKOCMUYECKOrO MPOCTPAHCTBA M aﬂepromaﬁxcenm byny-
X KOCMHYECKHX WHIYCTPHANLHBIX KoMmnekcoB Hues CKIC seckMa akty-
ajbHA M IEPCHeKTHBHA, MOCKOALKY B 3TOM CIydae TPAJHLIHOHHBIE CHOCO6HI
Hepeiayy 3HepTHH HempueMieMmbl. OQHAKO IPH OHEHKE CXEMbl KPYMHOMAac-
WTaOHOro NPOM3ZBOACTBA 3HEPTHYU IS INMEKTPOCHAONKEHNA 3eMIH TEXHHKO-
SKOHOMHYECKUE, IKONOTHYECKHE 1 COUMANbHbLIE (GaKTOPHL ABIAIOICH PEINA0-
MY, | TpeOyeTcd TIMATEIbHOE H3YUEHHE BCEX ACIIEKTOB NPODIeMbI.

B neperix paborax o CKIC ykasbBanocs, 9o 3GQeKkTHBHOCTE HCITONb-
sosanusa CKOC Ha reoCHHXpOHHOH OpOHMTE OXa3bIBaeTCH HA MOPANOK BbILIE,
yeM Ha 3emire. Brin mpoBesen 6onee TIHATENBHBIN pacyeT ¢ YYeTOM 3aBUCHMO~
cta KITJ] C3 oT cnekTpansHOro cocraBa M3NyYEeHHA M TeMIIepaTypsl, KOTO-
PHIfi OKA3AM, YTO KOJMMYECTBO 3MEXTPOIHepruy, Bupaborannoii CKIOC, oxa-
3bIBAcTCA B Hale Bpemsa B 1,5-3,5 pasa, a B 6yAyuwieM ¢ Y4ETOM MOBBILIEHHA
KIIJ CBY-tpaxra, B 2,25-5,17 pasa Gonblie KOJNHYECTBA BHEPTHH, BLIpabo-
TanHOM Hazemuoit COIC, yeTraHoBNEHHOMH B paiionax ot 20° no 55° c.um.

Ecmn ucnionssopats B CKOC xonuenTparopsl, Temneparypa C3 3nauu-
TEILHO BO3PACTAET, HO B HA3EMHbIX YCIIOBHAX OHA MOXET OBITh caenana Gomnee
HU3KOH Jaxce mpH. 6olee BHICOKOH KOHLEHTPALMH H3nyueHud, a sddexrus-
HOCTH Hcnonb3oBanust CO Ha 3emire Oymer Oosee Bhlcoxoi 6maromaps BO3-
MO>KHOCTH IPMMEHEHHSA TEIUIOBO 3HEPTHH B IPOMBIIIIEHHOCTH, KOMMYHAIL-
HBIX CHCTEMAX OTOILIEHHA, TOPAYEro BOJOCHAOKEHRA H KOHANIHOHMPOBAHHA.

VuuThiBas BHICOKYIO CTOMMOCTh BBIBOAA Ha OpOUTY, cOOPKH H 06CIyKH-
BaHua opburansaoro kommaekca ¢ CKIC, npeanonaraeMoe yBelHdeHne Bbi-
pabOTKH 37MeKTpo3Hepryy B 2-5 pa3 no cpaBHeHMIo ¢ HazeMHoH COOC sBna-
€TCA HENOCTATOMHLIM AT KOMIEHCALMH 3aTPAT, CBA3AHHAIX C MPOEKTHPOBA-
HMeM M H3TOTOBJIEHHEM KOMIlIeKca.

ITupornas cxeMa pacronoxeHus Hasemubix COIC, 0OBLEAMHEHHBIX B
9HEPTOCHCTEMY, [IO3BOJMT UCKIIOUMTE OMHH M3 OCHOBHBLIX HEXOCTATKOB CON-
HEYHOTO M3IIyYeHH Ha 3eMile - 3aBHCHMOCTDb €r0 OT BPEMEHH H TIOTOIHBIX yC-
noeui. N4 co3maHus MHPOBOH# WM perHOHaNbHOH 3HEProcHCTEMBI B Oymay-
INEM MOXET OKa3aTbCA Lemecoobpa3HbIM CO3AAHME CHCTEMBI CHIYTHAKOB M
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NPHEMHBIX CTAHUMH IJIA TpaHCHSUHH ¢ 3eMua GOJBIUMX NOTOKOB 3HEPTHH C
nomouiero CBY min masepHbIX YCTPORCTB B paiOHbl ¢ MHTEHCHBHEIM SHEPrO-
norpebienneM. Ocofenno Gonbiuoe 3HAYEHNE NEpefaya IHEPTHH Yepes - cryT-
HHKH-OTPANATENH OYNET MMETb Ui PA3BUTHA TPYAHOAOCTYIIHBIX palioHon
Cubupn u cerepHuIX paiionos Poccuu.

TeXHUKO-5KOHOMHYECKHE IIPEHMYLISCTBA HCIONL30BAHAA CITYTHHKOB-
PETPAHCIATOPOB He BRI3LIBAET COMHEHHH, ONHAKO NOIDKHO ObITh TIMATENBHO
u3yueHo BmAnHe CBU-moroxor Ha 6uochepy u xmumar Semnm.

Momnbie nyuxn CBY-n3nydyenns npoHssT uoHochepy u arMocdepy. Kax
9TO CKAXeETCA Ha HX cocrosHuM? A uro ByZieT ¢ NTHIAME, TONANAIOIMAMH B 30-
Hy MomHoro CBY-usnyuenns? B npunuune CBU-nyus NpeacTaBisior onac-
HOCTB ¥ JUIA JIOJEH, Ty TEIIECTBYIOMIHX [0 BO3AYXY. ITo upee, xopnyc caMole-
Ta JOMKeH 3al0UTUTHL, PKPAHUPOBATH IKHMNAXK M TACCAKUDPOB OT BPEAHOTO
po3nelicreus nyueii. Ho He BoznuxayT v nipu 3rom cbou B pabore Hoprosoii
3JIEKTPOHHOM anmapaTypbl, rubebHble I camoneTa? Bo3sMOXHO, YTO KAKHE-
TO 30HbI IPUIETCA OOBIBUTE 3AMPETHEIMH L% BO3AYWIHOTO TpaHcnopTa, Ca-
MOT'0 BHMMATENLHOrO M3yueHnd TpeGyer H npobiieMa pasMellieHHA Ha3eMHbIX
NpHEMHBIX AHTEHH ¥ KX BIMAHUE HA OKPYXAIOMYIO cpeny.

ECTL eine ofHa cepbe3nas onacHocTs. OHa, BIPOYEM, MOKET CTaTh Npe-

""" "iyTi He Tonbko CKIC, HO H MacCOBOro KOCMH4YECKOrO TPaHc-
nopra. COBPEMCHHBIC PAaKeTHBIC HBUraTeNH, paboTaoUiHe Ha XMMHYECKOM TO-
nnuse, BuibpacsiBaior B aTMOchepy HOIBINOE KOIMYECTBO OKHACHOB azoTa. Ha-
KalUTHBasCh B PaliOHAX KOCMHYECKUX Tpacc, OHU OyoyT BIMATL Ha COCTaB H
CBOMCTBA BEpXHUX ¢loes aTMocdepnl. B 9acTHOCTH, OKHCIBI 230Ta cnocobeT-
BYIOT PACHANY MOJEKYI 030HA, YTO B KOHEUHOM CUETE MOXKET MPHBECTH K pa3-
PYIHEHHIO O30HOBOTO NIOACA - CBOEOOPA3HOrO IIHTA, YKDPHIBAIOWETO BCE HHBOE
Ha WIaHere OT ry0uTeNpHOro NeHcTBHA XKECTKOTO YIhTpadHoNeToBoro Hny-
yenua Connua. Mexy tem crpouTtenscTBo n sxcrnyatanus CKIOC u apyrux
06BbeKTOB KOCMUYECKOll HHIYCTPHM moTpedyer cO3TaHHsI MOUIHOI'O KOCMHYE-
ckoro §uroTa, KoTophif MOT ORI PETYIAPHO AOCTABIAT, OONbIINE NAPTHH IPY-
30B. Kax nosemer cebs 030HOBBIH IIOAC MO TaKOM OrpoMHoil HAIPY3KO#H, CKa-
3aTH TPYXHO.

IlpoexT conneyHOH 3MERTPOCTAHLMH, NpeNoXeHHbIH B Poccuu, npenrno-
JaraeT BLIBOK HA TEOCTAUMOHAPHYIO OPOMTY CHCTEMEl TeHOCTATOB, OTpA-
KAIOUIUX CONHEYHOE M3NYYEHUE HA HA3EMHYIO NPHEMHYIO CTAHLMIO, CONEpkKa-
Y0 KOHIEHTPATOPHI M3IyYeHHS Ha OCHOBE IapaboNOMIHBIX OoTpaxcarenei
uin meus Opedend ¥ NOTYHPOBOXHUKOBLIC oxaxnaemele CD. emHocTarthi,
BBLIMOJMHEHHBIE U3 CTEKIA WK TOHKOH MEeTannu3vpOBAHHONH INIIEHKH, MMEIOT
- ONTHYECKHE (MIBTPBI, OTPANKAIOMME HA JeMIIO MITYYeHHEe B auanasone 0,4-
1,1 mxM. JIns renmocrauMoHapuoif opOHTH MakCHMMAalIbHbIH oOImi anamerp
HA3eMHBIX KOHLEHTPaTOpoB cocTaBuT 336 kM. Ilnomans C3 U3 KpeMHus npu
KOHIUEHTpauuy 5103 cocraBuTt 22,6 xM2, Macca - 5-106 xr.
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3neKTpHYecKas MOIUHOCTb, BhipabatsiBaemas COIC, 3aBMCHT OT Jgua-
METpA reNMocTaTa U Hasemuol cranuuy. ITpH Anamerpe renocraTa 10 xm oc-
BeteHHocTs C3 U ajlexTpHyecKkas MOIIHOCTh OYAYT paBHbI [IOKA3aTENAM aMe-
PHKAHCKOTO MpOeKTa HpH ocBelmeHHocTH Hazemuod CDIC, cocramiomed
toneko 0,5 Br/mM2 Onruueckunit KITJ remnocrara. mpuuat pasubiM 0,85, koH-
uenTparopa - 0,85, nponyckanue arMochepbl B nuanasone 0,4 - 1,1 MM -
80%.

C ysenuueHdeM IUIONUIIH TeNHOCTaTA MM Ha3eMHOH CTAHUMK JHHeHHO
BO3pACTaeT ocBeleHHOCTs CO U 3mexTpryeckas mouwnocts CKIC. Sxexrpu-
yeckag Momuocte COIC, coOTBETCTBYIOMIAA CYMMAPHON YCTaHOBIEHHON
MOLHOCTH Ha BCeX anekTpocTanmuax Poccun, byneT nomydyeHa npu aruamerpe
renocrata 55 KM 1 Haszemuoil CODC 336 xuM, npu ocsemeHHoctH CI nipu-
mepHO 10 BT/CM?, MHTEHCHBHOCTH OCBelleHUs Ha3eMHOH craHumu 25 Br/m?
(0,025 conne4yHo# nOCTOAHHOH).

3AKIIOYEHHE

K Hac:roxmemy Bpemema AOCTHLHYT Gom,mon nporpecc B npeoGpazoBa-
HMH COMHEMHOH dHePrHM pa3mHYHBIMA MeTomamy. IIposenenne sqmwmnanoﬁ
NOJIATHKH YCKOPEHHA NEpexoia K COIHEYHOH dHepreTuke ABIMETC PasyMHO#H
CTpaTerveil B yCIOBHAX BCEBO3PAcTaomero HecrnoxkoiicTsa o NOBOLY COCTOA~
HUA OKpyxaomei cpegpl. CoMHeuHas 3HepPreTHKA IPH ¢e IIOBCEMECTHOM BHE-
OPEHUM NPHBOIHT K GOPMHPOBAHHIO HOBOTO THIA KYNhTYPbI, KOTAA 3KOJOTH-
YECKME HEHHOCTH BBLIMIYT HA XICPBOG MECTO.

OaHaKo OIBIT MOKA3LIBAET, YTO MMEETCA CIUE PAJI BOIPOCOB, KOTOPbIE He-
06X01MMO petnTh, YToObl BHEAPHTH COJHEYHYIO BHEPTETHKY. DTH BONPOCH
HOCAT NPEXHE BCErO MCHXONOIHYeCKMid, OPranH3auMOHHbIH M 9KROHOMHUECKHH
XapakTep, TaK KaK B NPHHITHITE TEXHONOIHYECKHE BO3ZMOKHOCTH I DIHPOKO-
Y0 BHEIpEHHs CONHEYHOH JHEPreTHKH cyulecTByIoT. ONUH M3 HHMX - BONPOC
uen Ha 3xepruio. HecMoTpa Ha 6onpuioii nporpece, JOCTUIHYTHIH B MPOLLIOM
JICCATHIICTHY B TEXHONOTHM CONHEYHOH SHEPTETHKH H CHIKGHMM CTOMMOCTH
CONMHEYHOM CTAHIIMH, MHOTHE M3 HHX BCE eHle He KOHKYPEHTOCHOCOOHE! ¢ Tpa-
JHUMOHHOH SHEPreTHKOR B CMNy CYLUECTBYIOUIEH CHCTEMb! LEH HA 3HEPIHIO,
KOTOpas He OTPAXAeT MHOTHE KOCBEHHbIE CONHMAILHbIE 3aTPATHI HA IPOHU3-
BOJICYBO H MCIIONb3OBAHHE SHEPrHH, BKIIOYAdA 3arps3HeHHe BO3JyXa, onac-
HOCTH AICPHOM PHEPreTHKH, BIMAHHE IIOOANLHOIO H3IMEHEHMA KIMMATA Ha
OKOHOMMKY, 3KOJIOTHIO H 340pOBhe /mojeil. IleHsl ¢ y4eTOM 3THX daxTOopoB
* Obln Obl 3HAYHTEILHO HHUXKE IS CONHETHBIX CTAHLMIA.

Hpyroit npo6nemMoil BIAETCH NMOBHIUEHHE HALEXHOCTH NPOH3BO/ICTRA
SHEPTHH CONHEYHBLIMH CTAHIMAMM. IIpHHIMIManEHOE priueHne 3Tol npobie-
MBI CYILIECTBYeT Ha Da3e co3MaHus THOPHAHBIX CONMHEUHBIX CTAHNMM, OHaAKO B
3TOH 0GnacTH HEOOXOAMMO NPOBEACHHE HAYYHO-MCCHEMORATENBCKHX U ONIBIT-
HO-KOHCTPYKTOPCKHX paspaboTOK, OCHOBAHHBIX HAa MOAYNBHOM NPMHLIMIIE
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NIOCTPOCHHA CONHEYHBIX TEXHONOTHH, It

H3BOACTBA MO oOpasLy NpPeLNPHATHI, Bhil
I} ‘ , YCKaOWuX MacCoBYIO MPOJyKIH
Jlywwuit nogx o sgeck - coacHcTaoBaT N vy

b 00bEANHEHHIO HCCTENOBATE M. N
As ! o-
uanoxxmeﬂelqg W NOTEHNHANBHEIX MOTpebuTeneii MM co3manmus conmec’:'mizx
NPEANPHATAM, YCKOPSAA TEM CAMbIM MPOXBUKEHUE B mabopatopuu, Ha 3aBoge
¥ B chepe nOTPe6neHus.

rax :g{;ylz(?:;:gg}xxy[;:M:l;::xﬁn:c:ea OKa3bIBATHCA Kak dyHnamMeHTabLHOIM,

\J , IDEHHIO B NIPOMBILITEHHOCTh TEXHWYe-
CKMX DELICHMM: HYKHO NOOWPATL Pa3paboTKy, pasMelleH’e H IKCILIYATALUIG
CHCTEMBI COTIHEYHOM SHEPTETHKU. BBITONHEHHBIE MPOEKTH HOLKHEL CTUMYIIH-
POBaTh NPOXPEcC TEXHOIOTMHM W Pa3BUTHE NPOH3BOACTBEHHBIX MOMIHOCTEH
FIpH 3TOM 3ATPATH! NOJUKHB GBITh INOENEHb! MEXIY TOCYAAPCTBOM, npon:s}so-’
HHTECINMM M ITOTEHIHATILHLIMH NOTpebuTenaMu.

InasHOM TPYAHOCTRIO SBISETCA CO3TAHUE npompiiensod undpacrpyx-
TYpbl WA conHeuyHoi sHeprermxn. HanGomee nmpuemnemble Bapuants! mc-
MOJIL30BAHMA OYAyT 3aBUCETh OT BLIGPAHHOM TEXHONOTMK M paitona pasMenie-
HHA. XapaKTep pecypcoB CONHEYHON IHEPTHM U TEXHONOTHH INpPENNIONATAIoT,
4TO, XOTA WHIYCTPHA CONHEYHOH 3HepreTHKH Oyaer, BOIMOKHO, HMETh HEKG-
TOpbI¢ CTPYKTYPHLIE OCOGEHHOCTH, OTIMYHbIE OT CETOAHAIIHEH CTPYKTYpEHI
IHEPTETHYECKONR HHIYCTPHM, CYIIECTBYIOMHE OTPACHH HMMEIOT BOIMOXKHOCTE
TIOMOYB CONIHEYHOH 3HepPreTUKe 3a0e/iCTBOBATh BeCh CBOM MOTeHLHAT,

peanonaraouiux Opranuzanuio Inpo-

Ocnosnnbie nanpasnenus pabom no coaneunoli Imepzenuxe ciedyrwupe:

oBecnegenye Onaromapa HCNOJL30BAHMIO CONHEYHOH 3HEPTHH MaKCH-
MAJTHHO BO3IMOXHON dKOHOMHM TONNINBA B HapOXHOM XOBHﬁCTBe;

coopyxcnn‘e CHCTEM COJIHEYHOIO rOpA4Ero BOI[OCH&GX(BHHS[, OTOQIINIEHUA
¥ KOHXMLMOHUPOBAHUA BO3AYX2 JUIM XKHILIX KOMOB ¥ OOMECTBEHHO-KOMMY-
HANLHLIX YUPEKICHWUI;

CTPONTENIHCTBO CE30HHBIX YCTAHOBOK Jif JETHHX 6a3 OTABIXA, KEMITHH-
rOB, NETCKUX. JIArepeii ¢ CHCTeMaMy rops4ero BofocHabxenus;

CO3JAHME L[EHTPAIM3OBAHHBIX CHCTEM CONHEYHOTO TEIUIOCHACKEHUS WL
HEeGOMbLIIMX HACEIEHHbIX NIYHKTOB U MHKPOPalOHOB;

CTPOHUTENBCTBO TN HYXAX CEbCKOTO XO3fHCTBA IelMOTeIUINL, reNHOCY-
LIMJIOK CellbCKOXO3AMCTREHHON MPOLYKLUHU, COMHEYHBIX ONPECHUTENEH BOABI,
BOJONOABEMHBIX YCTAHOBOK, (PePM C CHCTEMaMK CONHEYHOro TEIio- ¥ XNano-
cuabKedns, COMHEYHLIX YCTAHOBOK 110 nepepaboTke Gmomacchl;

CTPONTEIILETBO IKCIICPHMEHTANIHBIX H ONBITHO-NIPOMBIIEHHBIX COMHEY -
HBIX DJEKTPOCTAHIMH C TEPMOIHHAMHYECKMM LIHKIOM Jid KOMOMHHMPOBaHHOH
peIpaboTKH TEnna 1 IMEKTPHUECKOH IHEPIHH; :

CTPOMTEIbCTBO KPYITHBIX INERTPOCTAHUMHA ¢ GOTOINEKTPHIECKHM npeob-
pasopaHueM COJHEYHOHN IHEPIUH B NEKTPHIECKYIO, COeMHEHHBIX C SHEPTOCH-
CTEMOM MK THXPOAKKYMYRHpYomen cTaHLuelk;
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CO3JAaHHE W TIPOM3BOJICTBO MANOrabapHTHEIX HOTOINEKTPHYECKHX CTaH-
i MomgrocThio 0,01-10 kBT s crabxeRHA aBTOHOMHEBIX TOTpebuTENCH;

CTPOMTENBLCTBO CONMHEYHBIX BRLICOKOTEMITEPARTYPHBIX YCTAHOBOK INA TeX-
HONOrHYEeCKHX LENeHd, B YaCTHOCTH A NMONYYEHHA TYTOIUIABKHX W CBEPXYMC-
THIX MATEPHATIOB. ’ ‘
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T'JIABA V.TEOTEPMAJIbHAA SHEPTETHKA

§1. McTOYHHKH Tema B HeApax 3eMJlH

B cooTBeTCTBHM ¢ COBPEMEHHBIMH TIPEACTABICHUAMH BbieeHHE TeIio-
Thbl B HeApax 3eMIIH CBA3AHO C COBOKYIHOCTHIO CIIEAYIOLIHX [IPOLIECCOB.

1. PaiHoOaKTHBHBLH pacia] 3MeMEHTOB: SMEMEHTHI C IIEPHOAOM IOIypacha-
12, MEHBINMM Nepuoza GOPMHUPOBARMUS 3eMIH, PACHAUCH LIPH NEPBOHAYANIL-
HOM Pa3’Orpepe IUIAHETHOTO BEIIECTBA; PACTak JOJIOXHBYIHX JNEMEHTOB Npo-
OIDKAETCA B HacTosLee BpeMs. Obumiee KOIMYECTBO TEIIOTh!, BhICNHBIIEHCH 32
CYET PANMOAKTUBHOrO pacnana, oneHusaerea B (0,6-2,0)-10% hx.

2. Bosaeiicteue npursxernd Connia 1 JIyHst, MPUBOAAILEE K 3eMHBIM NPH-
JMBAM ¥ TOPMOXKEHUIO 3emid. 3a cyet 3Toro GaxTopa 3a BpeMs CyUECTBOBAHHA
3emnn BRIZENHIOCH X0 30% TEITOTHI PAZHOTEHHOrO MPOHCKOXKICHHS,

3. T'paputauuonnas nmehopManma Matepuana 3emiaud ¢ obpasoBaHHeM
IIOTHOTO ANPA M MeHee MIOTHOH 06oNoYKK BEI3BANA (MO OLEHKAM) BLIAENE-
nue (1,5-2,0)-10% 1K TemnoTsL. ‘

4. TexTOHHYECKHE [IPOLECCH], BLI3BIBAIOUIMEG BEPTHKANBHEIE ¥ TOPHU3OH-
TallbHBIE CMEIEHNs KPYIHLIX GIOK0B 3eMHOM KOpHI M ee ynpyrue nedopma-
UMH, TPABORAT K ¢XeroaHoMy BeiaeneHyio 3- 1018 Ik Tennorst.

5. Ilpepnonaraercs, YTO XUMHYECKNE IPEBPAICHUR B BeApax JeMiu Mor-
JIY IPHBECTH K BhixeneHuro: [,2-103! JPk TenmoTst.

B penrpe 3emnu TeMmueparypa Haxomurca s mpemenax 4000-5000 K, s
MarMaTHYeCKHX OYarax, CPABHUTENBHO OIM3KHX K ITOBEPXKOCTH, JOCTUraer
1200-1500 K. IInorHOoCTb TENTOBOrO MOTOKA M3 BHYTPEHHUX obnacted 3emim
K €e TIOBEPXHOCTH B CPeIHeM cocTasnser 6-10-3 Br/m2 DTOMY COOTBETCTBYET
TeMIIEpATypPHBIA rpaguedt okono 30 K/km. B paiionax MONOZBIX CKIANYATHIX
obmacreit TennoBol nmorox Moxer moxomuth Ko 0,3 By/m? npe teMieparyp-
Hom rpamuenTe 200 K/xm wu Gonee.

§ 2. 'eoTepmanbHbie PECYPChI 3EMIH

TeoTepManbrbie pecypebl KIaccupHIMPYIOTCA 10 YeThIpeM Pynram:

1) MECTOPOXKIEHMS CYXOTO [apa ~ Pecypchi CPABHUTENBHO JIEFKO OCBanBa-
IOTCA, HO BCTPEYAIOTCH PEIKO;

2) MECTOPONIEHHA BIAKHOTO [1apa ~ PAacIipocTpaenbi B Honbined cremne-
HH, OHAKO NPH OCBOEHWH BOZHUKAIOT NpobieMsl, CBA3aHHbIE ¢ KOPPO3Kel H
NOBLIUEHHEIM COJEPKaHHEeM comeH;

3) ropsyas Boxa - pecypcsl 6ONbIIMe, HCIIONAL3YIOTCA INIABHLIM 06pasoM
JUIS OTOILIEHHA B TEIUTHYHOM X035 CcTBE; :

4) TeruroTa CyXMX FOPHBIX MOPOZH, - _pecypent GONbIIMe, OIHAKO TEXHONO-
CHS HCIIONBIOBAHUA HAXOMUTCA B PAHHEH CTAIUH OCBOCHMS.
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Ilo xapaKkTepy CKOIMUTEHHS TEPMAIbHBIE BOIB! JEIAT HA TPEIMHHO-KUIb-
Hble ¥ IacToBbIE. TPeIMHHO-KUBHBIE TEPMAJILHBIC BOJB! BCTPEYAIOTCA B rOP-
HO-CKIANNATHX OONACTAX M XapaKTEPH3YIOTCH TNOKATbHBIMH BBIXOJAME TEp-
MAJbHBIX HCTOYHHKOB 1 naporpmpompm ¢ remneparypoif zo 370 K u Bbime.

o ITnacToBrie TepMaNbHbIE BOIKL 3a1e-
- TAIOT B TpeReNaX KOHTHHEHTAIBHBIX
wiathopM, KpaeBbix NpPOrHOOR M
ropHuIXx BrampH. Takue Oaccelsbi

! MOCYT 3aHUMATb IIOWIAAH B COTHH
g THICAY 1 MUILTHOHb! KBAXDATHBIX KH-
‘ear NOMETPOB. |

ear . . o GTBHCHPI MHHEDRTHIALUN

B v Pa3IMYAIOT: | TEPMANIBHLIE BOXBI €
Hu3Koi Munepanmnsanueit (o 10 r/n),
KOTOpbIE MOTYT HCHIONb30BaTheA He3
NpeNBAPHTENLHOH MOArOTOBKH; Tep-
MAalLbHBIE BOABI CO CpexHed MMHEpa-
ymasanueid  (10-35 1/n), Tpebyrompue
OUHCTKH, TEPMaIbHbie BOAL! ¢ BHICO-
xo# Tepmanmzaimed (35-200 r/in U
fonee), KOTOPHIE MOTYT HCHONL3O-
BATLCA B JBYXKOHTYDHBIX CXEMaX.

‘HawnGonee nepcHeKTHBHBIMHK 30-
HaMH ¢ OOJIBIIMMH TEOTEPMATBHBIMK
pecypcamMu ABIRIOTCA 30HBEL THXOOKE-
AHCKOrO M  CPElHE3eMHOMOPCKOro
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Puc.. 34. Conpemennoe HCHIOL30BANNE reorep—-
MENLALIX PECypCon 3a pyGeiom:

1 - % BEPAGOTKH 2EKTPeIHEPIANH; 2 - LA Ten-
nocabxenmit 3nanvii; 3 - 8 cenpckoM xosniicTne;

BYJKAHNYECKOro HOKCa, TAE COCPEeno-
toueno o 80% mcex Aelicreyrommx
ByNKaHOB Ha 3emne, B OTMEMEHHBIX
paifonax Ha riy6use 1-2 XM Heeneno-

4 - B TPOMBILLIEHBOCTY; 5 - B GRIBHEONOTHH,
o ’ pado 6omee 100 reoTepMANLHEIX CHC-

TeM, B GONBINHHCTBE KOTOPBIX TeMuepaTypa oxono 450 K, 8 20 paionax 6o-
nee 510 K, B 6 6omee 570 K, a B reorepmannroii cucreme Kamru @nerpeid
(WUtanus) 738 K.

B OTHOCHTENBHO HEGONBLIOM KOJIHMECTBE B NAPOrHApOTEPMAXx npeobmna-
HaeT nap ¢ Temnepatypoii Gonee 500 K, B 0CTaNbHBIX CHCTEMaX BOJIA.

JlanHbIE IO FEOTEPMANBHBIM PECYPCaM M MX NPAKTHUECKOMY OCBOEHMIO
NpeACTaBieHb! Ha pHC. 34.

AKTHBHOE MCIIOJIb30BAHHE FE0TePMAIIbHBIX pecypcon MOXET OKA3RIBATE
He6MaronpuATHOE BO3HEHCTBHE Ha OKpyXawomyio cpeny. OCHOBHBIMHM Hera-
THBHBIMH DaxTOPAMH ABNAIOTCA: TOBBICHHBIH YPOBEHD. IIyMa HA BRIXONE M3
CKBAXHHBI, 3ArPA3HEHME BOZOEMOB IIpH cOpOce B HUX TEPMAJIBHBLIX BOK ¢ NO-
BRILIEHHBIM COTEPKAHHEM CONeil; 3aTpA3HEHNE OKPY/KAIOILEro BO3yXa ronyT-

136



HeIMH rasamu (H2S, CHs, NHd); TeruroBoe 3arps3Hensie oxpyxaroled cpemnls
MOBBIUEHHE BIAXKHOCTH BO3AyXa 33 cUeT HCIAPEHHA B IPAfHPHAL.

Bo MHorux crpaHax npoBOAATCS MCCIENOBATENbCkMe PaboThl, HapaB-
JIEHHBIE H& OYMUIEHHE OKDYXKAIIEH cpeldbl OT MOCHENCTBHH IKCIUyaTaL[PIH
reoTepManbHLIX Mecropoxc;ueﬂuﬁ PaspabaTeiBaloTcs 3BYKOTACHTENH, METOHBY
3aKa4KH MCNONB30BAHHON BOAbI B IUIACT, METOARI NPEAOTBPAILCHISA Bbleoca

BPEJ.IHLIX Ta3oB.

§3. Cxemn1 aejicryromux FTEQOTIC

Tunuynsie NPHMEPBI  TCNAOBBIX CXEM

neifereyromux ['eoTOC npeacTaBrenbt
HHXE. ‘

Cxema | (puc.35). Cyxoi map u3
CKBAXHH TI0CIE OTENEHUS B CErapaTo-
pe TBEPMBIX BKIOYEHHH HANpaBIsercs
HEMOCPENICTBEHHO B TypOMHY, OTTYHA B
KOHJEHCATOP CMEMMBAIONIETO THNA.

Kongencar oxnaxc,uaercx B I‘p&JIPIpHC

YacTs OXNAKAEHHOro KOHNEHCATA He-
MONB3YETCSH A KOHAEHCAUMH NAPA, Bbi-
IIeHero W3 TYpOMHLI, a QCTanbHasx -
3AKAYNBAETCA oﬁpa'mo 8 mmacr. IIpu-
Mep PeaH3ali TAKoM CXeMBbI - GIIOKH
I'eoTOC "Teifseprl”, BBENEHHBIE B 3KC-
nayatanuio no 1979 r.

CxeMa 2 (puc.36). Orimuaercs
OT mpeasyieil TeM, YTO Nap Nocne
TYpOHHL HANPABIAETCH B KOHIEHCA~

i
Pric, 35. Cxema TeoaTIC, paGoraomedt we
CYXOM TIape ¢ KORMIHOUEPOM CRIEUIHBRYC—
mwero TANa:

1 - nap w3 cxsamuang; 2 - Typbung; 3 - eme—

mmaayommii KouxeHcaTop; 4 - rpmmpm, 5 -
3aKAYKA B IWTACT.

TOP HOBEPXHOCTHOTO THNA, & COILYT-
CTBYXOM(HE Ta3bl OTBOAATCA 3XKEKTO-
POM H OYMINATCH OT CEPOBOJOPO-
na. Ilo Taxoi cxeme paboTaror 6Jo-
kut F'eoTOC "Teiizeprt”, BBEIEHHBIE B
axcruyaTanuio nocne 1979 r.

Cxema 3 (puc.37). Ucioneayer- =

CA B TEX CIy4adx, XOrxa B reorep-

Puc. 36, Cxema IeoTIAC, padoraromeil Ha cy-

MamsHOi cpefie MpeobnaxaeT BOMA. xom nape ¢ KOIIEHCATOPOM MOBEPXHOCTHONO
Hapono,u,maﬂ CMeCh NOCTYNIACT B CC- THIA:
MapaTop, B KOTOPOM Iap OTHEAAETCH 1 - nap u3 ckpaxmmby; 2 - axeKrop; 3 - cHeTeM”R

OT XHAKOCTH H HAIPABIAETCA B TYp-
BuHY, & PAcCcON 3aKayuBaeTca obpar-
HO B FIACT,

yaaxenus HzS,
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Cxema 4. (puc.38). OTmuastcs OT CXeMbl 3 HATUYHEM, KPOME CENapaTo-
pa, eme H paclupuTens. Wcrnois3osanme’ pacmupmm YCTOXKHAET CXeMy,

o0ycnaBnupaeT HeOOXOMMMOCTE HCHIOIIL30BA-
HHUA IBYX DAPOBIYCKOB B TYpGHHEI, HO no-
3BOJAET CYWIeCTBEHHO (Ha 15-20%) noBricHTh
BRIPABOTKY 3NEKTPOSHEPIMH Ha EXHHHLY
MAacchl PACCONA, MOJHMMAEMOrO M3 CKBAXH-
HBL ‘ :

Bropas cTyneHs paciupesus BOLEL MOr-
na Obl ewye Gosee yBeIUYHTE CTENEHD HOIONh-
30BaHHA PACCONA, OOHAKO M3-3a GOABLWOro

YCIIOXXHEHHA. CXEMBI 3TOT BapHaHT OXa3spiBa- -

€Tcs SKOHOMMUYECKH HEBLITOJHBIM # NpPaKTH-
yeckH He ucnonbayerca. 1o cxeme ¢ cenapa-
TOPOM M pacuInpHTeNieM paGoraer ycraHoska
molHocTso 5¢ MBT Ha snonckoit FeoT3C
Xouebapy, ycranoska Mompuocteio 40 MBr
Ha crannuy Ok CaneBagop (Camepaznop).

Pac. 37. Cxema FeoTIC, paboraws-
wmeil Ha napoBoawHo# cMecH ¢ onHO-
CTYIEHYATHIM PacLIHPenHem:

1 - napoBongHAs CMECh M3 CKRAKHNEL:
2 - pacumpuTens; 3 - JaKAYKA B
IacT.

Puc. 38. Cxema.I'eoT2C, paboTatomell va napo-
BOEHON CMeCH ¢ NBYXCTYNEHYATHIM PACIIHpPeHH-
em:

1 - maporonaARan cMCChH M3 CKBRANHEL 2 ~ NepBas
CTYNERS pacumpATens; 3 - BTOPas CTYNeHb pac-
IMPITENN; 4 - 3AKAYKA B ILIRCT.

Cxema 5 (puc.39). HBYyXKOHTYpHBI#
UK, B KOTOPOM FeoTepManbHas
cpena nepesacT TeNoTy B IPOMEXY-
TOYHOM TEIIIOOOMEHHHKE Ipyromy
pabouemy Tenmy. IIpeumyumiecrsa
JABYXKOHTYPHOTO LHKIA:

1) 6onee nonHoe HCMONBIOBAHHE
TEIIOTHl PACCONA H 3aKAYKA €ro B
NNACT ¢ MeHbitel TeMnepaTypol;

2) BO3MOXKHOCTb HCIONb3OBAHUA
reoTepMaNbHEIX CPel ¢ NOHMKEHHOM
TEMIEpaTypoi;

3) arpeccuBHBIE KOMIIOHEHTEI I'eo-

- TEPMAJILHOM CDefibl HE TIONANA0T B

TypOuHY, KOHIEHCATOD M apyroe 060-
PYHOBaHHE, ¥TO obecnieunsaer Gonee
}IIIHTCJIthm CPOK HX 3KCILTYATAaUMH,

4 cony'rcrnylomue BpenHble Ta3bl HE MONAJAOT B OXPYKAIOLIYIO CPERY.

Oxnuoii-u3 npo6neM Npu HCMONLIOBAHWH IBYXKOHTYPHAIX LUKIOB HBIIS-
eTcst HeOBXOMMOCTh YCTAHOBKH TOrPY/HEHHBIX HACOCOB I NOANABIMBAHUA
reoTepMAILHOM cpefbl H 0beciiedeHHs e¢ OFHO(PA3ZHOCTH B IIPOMEKYTOUHOM
remrooOMennuke, TIponomknTebHOCTE PabOTEI TAXMX HACOCOB HEBEIHKA M3~
3a GonpwIoit arpeCCHBHOCTH CPEME], B KOTOPOH OHU HAXOXATCA.
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- i : B Poccpmv B HACTOSIIEE BpEMS
. © TIOM3EMHas TennoTa HCHONb3YeTCs Nt

BLIPaGOTKN 3mexTposHEpriM Ha May-
xerckoi T'eoTIC (Kamuatka). Momt-
HOCTh cTanuuu 11 MBr, mapamerps
flapa B yCTbe CKBAXHH: TEMIEpATypa
417-473 K, nasienue 0,2-0,4 MIla;
. rnybuna cxsaxuu 220-480 M. Mune-
Wgz - pammzamua sogei 1,0-3,4r/n. Kongen-
‘ CalliA HEKOHIEHCHPYIOMHMXCA Fa30B:

fﬂc. 39, Cxema I‘eo’lé((?p ¢ Gunapbv waknom:  CO2 500 mr/xr, HaS 25 mr/kr, NH; 15
- aponojsHan ¢Mech (paccour) M3 CKBAKMWKREL MT) -
2 - Maporenepartap roumme oL r/xr, Bonma nocne cenaparopa, umeio

BePXHOCTALI KoHNeHcATOD; 4 - nakauka B Iax Temnepatypy 370-380 K, HacTuy-
wiacr, L HO HCHONBL3YETCA AR TCHJIOCHaﬁ)Ke-

~ HH#, YacTHYHO cOPACHIBAETCA B PEKY.
Bonee momuas T'eoTIC npoekTupyercs B paitone MyTtHOBCKOTO MecTO-

POXNeHAA. 31eck BHISBIEHO 4ETRIPE MePCIIEKTHBHBIX yaacTKa: Jaunkni, Cepe-
pO-MyTHOBCKHI, IZe CKBAXHMHBI JAIOT CyXoH "HACHINIGHHLIA map, HKupnos-
CKHA W 3anamHbii, e reoTepMaNbHAA CPeNa NpENCTABIEHA MAPOBOATHOH
CMeChI0. B cOOTBETCTBHHM ¢ 0COBEHHOCTAMM re0TEPMANLHOFO TEIIOHOCHTENA
TETIOBbIE CXeMbl GIIOKOB Ha 9THX yYacTKaX pasnmuuarorcs. PaspaboTanHuii B
OHHUH nM. I'. M. KpXmKaHOBCKOI'O NpeABapUTENLHEI BAPHAHT TEIIOBOI
cxeMbl MyTrOBCKOHR T'e0oTIC na Jaunom u CeBepo-MyTHOBCKOM MECTOPOX-
ACHUSAX MPeNyCMATPUBAET MOJAYY CYXQIO Napa H3 CKBRKHH HENOCPEACTBEHHO
B TypOuHy ¥ nocienyromeii 3axaukoll 9acTH KoHxeHcaropa B miact. Ha 3a-

nagHoM i JKMPHOBCKOM YYACTKAX IUIAHUPYETCH Peanu30BaTh TEILIOBYIO CXe-
MY C CEIIAPATOPOM M pacupuTeneM. B oGomx ciygasx NMPETIONaraercs Hc-
MONB3IOBAHKE CMECHTENBHEIX KOHIEHCATOPOB W BEHTHIATOPHBIX IDANHPEH C

3aKa4KON TEPMANLHLIX BoA B muract. O6mas MOIHOCTE poekTHpyeMol MyT-
nonsckoi I'eoTAC cocrasur 200 MBT.

§ 4. locTOMHCTBA H HEAOCTATKH Ie0TEPMATLHON IHEPreTHRH

TeoTepManbHas 3Hepris BCeria NpHBIIEKana MOoAeH BO3IMOXHOCTAMH 1IO-
JE3HOTO TpUMEHEHNS. [IaBHBIM TOCTOMHCTBOM TEOTEPMANLHON SHEPIHH AB-
JISETCH €8 NMPAKTHUECKAS HERCCIKaeMOCTh H NOIHAS HE3aBUCUMOCTh OT yCIlIO-
Buif OKpyXarolle# Cpels!, BpeMEHH CYTOX M roja. I'eoTepMaribHas SHEPTHA
CBOMM "MpOEKTHPOBaHMEM" 0053aHA PaCKATEHHOMY HEHTPATIBHOMY AAPY 3em-
JIM, C TPOMA/IHLIM 3AI1ACOM TEMIOBOH 5Hepryuu. TOMBKO B BEPXHEM TPEXKUIIO-
METPOBOM ClI0e 3eMIIM 3aIIACceHO KONHIECTBO TENOBOH SHEPTHH, IKBHBANICHT-
woe sxepruy npumepso 300 Mapa. T yrid. Tenno UeHTPaIbHOTO S7Ipa Semiu
MMeeT IPAMOH BHIXO/I Ha IOBEPXHOCTH 3eMITH Yepe3 Kepiia ByIIKAHOB M B BHAE
ropsyei BOJBI K napa. ' .
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Kpome Toro, Marma nepemaer CBOE TEINIO FOPHLIM IOPOJAM, NPHUEM C
POCToM IyOHMHBL UX TeMIlepaTypa NoBbliaeTcd. I1o MMEIOMMMCH JAHHBIM,
TEeMneparypa FOPHbBIX MOPOJ NOBBHIACTCA B cpeaHeM Ha 1°C Ha xaxxeie 33 M
TIEyGuHB! (TeOTEpMUUECKAd CTYNEHb). JFTO 03HAYaeT, 4ro Ha ruybune 3-4 kM
BO/a 3aKuNaeT; a Ha rry6une 10-15 XM TemnepaTypa DOpOJ MOXET AOCTHIATE
1000-1200°C. Ho HHOTZA re0TEpMAYECKas CTYIEHb HMEET APYroe 3HaueHHe,
HanpuMep, B palioHe PACIIONOKEHNA BYJIKAHOB TEMIEPATYPa NOPOL, HOBLINA-
erca Ha 1°C Ha kaxgpie 2-3 M. B paitone Cepeproro Kaskasa reorepMuyeckas
CTyneHb cocTaBser 15-20 M. I3 3THX NMPUMEPOB MOXHO CAENATh 3AKTIOYeHHe
O TOM, 4TO MMEeTcs 3HAYUTelbHOe pasHoobpasue TeMIEPATYPHBIX YCIOBHIH
T'eOoTepMaNbHBIX HCTOUYHHKOB SHEPTHH, KOTOphle OyoyT onpeleniTh TEXHHYe-
CKHe CPefCcTBa IUIA e¢ MCIIONb30BAHMA, H YTO TEMIIEPATYpa ABIACTCH OCHOB-
HBIM NapaMeTpoM, XapaKTepH3YIoIUM Ire0TepMaIbHOE TEIIO,

TywecTsyIoT CleAyOMINe NPHHIMIHATILHBIE BOSMOKHOCTH MCHIONL30Ba-
MM Telna 3eMBbIX IIy6un. Boxy umm cMech BOJb: M Mapa B 3aBUCUMOCTH OT
MX TEMITEPATYDPEl MOXHO HANPABIALTH A TOPAYEro BOAOCHAGKeHUs H Tenno-
CHafKeHHns, AN BbIpAOOTKH 3MEKTPOIHEPrHH MO0 OXHOBPEMEHHO IIA BCEX
TPex Lenell. BeicoKOTeMIIEpaTypHOE TEIIO OKONOBYJIKAHMYECKOro paona M
CYXHX TOPHBIX IIOPOA NPEANOYTHTENEHO UCITONB30BATh A1 BHIPAOOTKM IIeK-
TPO3HEPTrHA ¥ TennocHabxenuda. OT Toro, Kaxod MCTOYHHK reoTepMalbHOM
DHEPIUH HCHONB3YETCH, IABUCUT YCTPOFCTBO CTRHLIHH.

Ecnu B JaHHOM perHoHe HMEIOTCH MCTOYHHKH ITOJ3EMHBIX TepMallbHbIX
BOJ, TO HenecooOpa3HO HX UCHONb30BATH IS TENAOCHAOXEHHUA H ropaYero
BojocHabxenua. Hanpumep, mo UMeEIOUMMEA JaHHbIM, B 3ananHoit Cubupr
MIMEeTCS MOM3eMHOe Mope Iomansio 3 MiH M2 ¢ Temneparypoi Bonpt 70-
90°C. Bonsuine 3anackl MON3¢MHEIX TEPMATbHBIX BOJ HaxomatTcs B Harectanue,
Cesepnoit Ocetun, Yeueno-Hurymeruu, Kabapauno-Bankapuu, 3akaskasbe,
CraspononsckoM u KpacHongapckom Kpasx, Kasaxcrane, na Kamuartke u 8
PpAzne ppyrux paionos Poccum,

B [Jarecraue yxe JIMTeNbHOE BPEMA TEPMAlbHbie BOIbI HOMOIL3YIOTCA
JUts TerrocHabxenua. 3a 15 ner orkauano 6omee 97 Mun.M? TepManbHOil Bo-
I 7Ts TeIUIOCHAOXEH A, YTO MO3BOMHIO CIKOHOMUTH 638 Thic.T ycnopHoro
TOIUUBA, '

B Maxaukane TepMaibHOH BOXOM OTAIIMBAXOTCS XHUIBIE 30aHUA 0bmIEH
nnowansio 24 teic.M?, 8 Kuzmsape - 185 Thic.M2. IlepcnexTHBHEL 3anacel Tep-
ManbHBIX Bog B I'py3un, KoTophie ROMyCKAOT pacxoA, B cyTku 300-350 Thic.M?
¢ Temneparypoit xo 80°C., \CTOJmua Upysuu naxonurca Hap MECTOPOXKIEHHEM
TEPMAITbHBIX BOJI C MCTAHOBOA3OTHBIM M CEPOBONOPOIHBIM COCTABOM M TeMIIe-
patypoit no 100°C.

Kaxue npo6memp1 BO3SHUKAIOT NPH HCIOMBIOBAHKM nonseMHblx TePMAILL-
HiIX BOX? Tnasnas W3 HilX 3aKioyaeTcs B HeoOX0XMMOCTH 06paTHOH 3axauKH
oTpaboTaHHOH BOMEI B IOM3EMHLIH BOXOHOCHBIM rOpM30OHT. B TepMambHbIx
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BOJAX CONEPKHTCS OONBIIOE KONMWYECTBO COJell pasmHyHBIX TOKCHTHBIX Me-
TAINOB (HANpPHMEpP OOPa, CBHHLA, OMHKA, KAAMHA, MBILBAKA) M XHMHYECKHX
coenuHenui (aMMHuaka, GpeHonos), yTo uckmodaeT c6poc ITHX BOMA B NPHpOa-
HbIE BOIHBIE CHCTEMbI, PACIIONOXEHHBIE HA NMOBepXHOCTH. HanpuMeEp, Tep-
MambHbie Bozbl Bonbiebansoro Mecropoxaenus (1a pexe BanHas, B 60 kM ot
Ierponasnoscka - KamyaTckoro) comepxar pasmuaipix coned xo 1,5 rfx,
dropa - 1o 9 Mr/i, KpeMHMEBOH KMcHOTH - A0 300 Mr/ir. TepmalibHble BOIb!
TlayxeTCKOro MecTOpPOXIEHHS B TOM JKeé peruoHe (TemmepaTypa 144 - 200°C,
I@BJICHUE HA YCThE CKBAXUHBI 2-4 atm) comepxkar or 1,0 mo 3,4 I/J1 pasiHuHbIX
coIei, KpeMHHEBOH KUCIOTEI - 250 Mr/, GOpHOl KMCIOTHL - 15 MI/N, pacTao-
PEHHBIX ra30B: yriuekucnoro — 500 mr/n, cepopogopona — 25 Mr/JX, aMMHaKa -
15 mr/n. Teotepmanbubie BOgs TapyMOBCKOro MECTOPOXKACHUA B Harecrane
(remnepatypa 185°C, naBnenne 150-200 aTm) conepxar xo 200 x/x coneil 1 3,5
—4 M* MeTaHa B HOPMANLHBIX YCIIOBHAX Ha 1 M3 BOZLL. -

(Hau6ompmmit UHTEpeC MPEACTABIAIOT BHICOKOTEMIIEPATYPHEIE TEPMATb-
HBIE BOIB! HIIM BBIXOAbI [1APa, KOTOPbIE MOXHO HCIIONB30BATh JULA NPOH3BOK-
CTBa 3NEKTPOIHEPTHM M TeIrocHabxeHua. Y Hac B cTpaHe DKCIIJIYATHPYETCA
aKkcriepumenTantbHan Ilaysxerckas reorepManbHas anexrpocTanupa (eoTIC)
YCTAHOBIEHHOM 3MeKTpuyeckol Momuocreio 11- MBT, mocrpoeHHas B 1967
ropy Ha KaMuarke.

OpHaxo ee PoIb B 3HEProoGecITeYeHHH PETHOHA GHUIA He3HAYHTENLHOMH.
Kpome Toro, B 1967 roay 6nu1a BBeeHA B SKCIULYRTAHNIO IKCIICPMMEHTANbHAA
I'eoT3C moummpocTeio 0,75 MBT Ha HHMIKONOTEHHHANHHOM TCOTEPMAILHOM
MECTOPOXIeHUH (Temueparypa Boas 80°C).

HTax, AOCTOMHCTBAMH TeOTEPMATLHOM 3HEPTHA MOXKHO CUHTATH NPAaKTH~
YECKYIO HEHCUEPNAEMOCTh PECYPCOB, HE3ABMCMMOCTh OT BHELHMX YCNOBMH,
BPEMEHM CYTOK H I0Jia, BO3MOMXHOCTH KOMIUIEKCHOTO MCIOJIB3OBAHUA Tep-
MATRHBIX BOX JJIA HYXI TEINIOIEKTPOIHEPTeTHKY M MEIHIMHEBL. Henocrarka-
MM e¢ ABJIATOTCA BBICOKAA MEHEPATU3ALMA TEPMANLHBIX BOJ CONBIIHHACTBA M-
CTOPOXKJCHUH M HAMMYKE TOKCHYHBLIX COeMMHEHUHE 1 METAILTOR, YTO HCKIKYa-
eT B GoNeMINHCTBE Cyyaer c6POC TEPMANbLHBIX BOA B NPHMPOTHEIE BOTOEMEI.

§ 5 TlerporepmannHan BHEPIrHs.

Ee He HATAXEHO NPAKTHYECKOE MCIIONE30BAHME 3anexeii "cyxoro" ren-
Ja, aKKyMYIHMPOBAHHBIX B FOPAYHX FOPHLIX NOPOAAX, TAK HASLIBACMBIX 1ET-
poTepmManbHOH 3HEpruKM. Mexay Tem 9710 Hanbonee KPYITHBIE H LIMPOKO pac-
[OPOCTPaHEHHbIE MCTOUYHUKH JHEPTHH, IIOTOMY YTO TOPAYHME CKalIbHbIE NOPO-
Bl 3ANCralomye, NPasaa, Ha pasHLix rIybHHax, ecTb NOBCIOTY.

TIpoMBININIEHHOE HCIIONL3OBAHKE NeTPOTepManbROM aHepruu GyleT Ha-
TAXEHO MPEKAE BCEro B MECTAX € MOBLIUEHHBLIM TEMIEPATYPHBLIM rpPagHex-
TOM, T.e. TaM, Ii¢ Ha nryGune He Gonee 2 kM TeMmneparypa 80-100°C. Takue
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30HKl OOHapyxensl B Jlarecrane, ApMenuu, 3anagHoli Yxpaune - pajioHax,
rie NOTPeGHOCTH B HEPrUH OveHb BeNWKH. ITpoBeaeHHbBIe OLICHKH NMOKA3AIM
SXOHOMMYECKYIO [IENeco00pasHOCTE CTPONTENLCTBA 3eCh YIEKTPOCTaHIMA.

Tax, o MPOrHO3HbIM OLIEHKAM, HA TEPMOAHOMANBHLIX TUIOIUAAX TONLKO
eponeiickoii yact Poccuu ¢ royOuHHEBIME Temneparypamu go 150-170°C
MOXHO COODYNHTH I'€OTePMANIbHbIE INEKTPOCTAHINM 00WeH MOWHOCTEIO 1O
160 M. xBr. _ ‘ ‘

Yrumauna "cyxoro” riaybuHHOrO TEIA MOrna Okl OTKDPEITE IS 3HEP-
TeTHKH MOUCTHHE HemcuepraeMble 3o3MoxHocTH. Korna 6ypenue Ha 8-10 xm
CTAHET JIEIOM TEXHOJIOTHYECKH OCBOSHHBIM H 9KOHOMHUHBIM, ['eoTOC Monto
6ynmer coopyxate B moboil reorpaduueckoil TOUKe, LAE BOIHHKHET Ham06-
HocTh B aHepreruke. OcoGeHHO HYKHOH METpOTepMAallbHAS IHEPTHA MOXKET
oxa3aThcx B paioHax ocsoerus Cubupu i Cedepa.

Cyts npo6iaeMsl 31eCh NPHMEPHO Ta XKe, MTO M B CONHEYHOH SHepreTHKe:
YTOGLI NOBLICHTS SAUHUYHYIO MOLHOCTE CTAHIHH, COGHPATE TEINO ¢ KaK MOX-
‘Ho Gomsineli mromany. Ectb npoeKThl 10 cO3maHuio QONBIUINX NOA3EMHBIX 1O~
JocTell KK pasBeTRIIEHHLIX CUCTEM TPELMH B TOPHBIX NOPOAAX OOLIYHLIME HIIH
spepaniMa BapeiBaMy. Ho oma atoro TpeBGyercsa TIaTeNbHO H3YIMTH MAcCy BO-
TIPOCOB, NPEXNE BCErO BHIACHUTH, HE BbI3OBET JIM HAIIA CTONbL AKTUBHAA JeA-
TETHHOCTL HEXETATELHBIX H3MEHEHNH B TEKTOHMKE 3EMHOM KOPBI.
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TJIABA VI. BETPODHEPTETHKA

.§1. Pecypcu nerpoaoii 3HepfunA M3 TEPPHTOPHH Poccnn

OuHeprus Berpa TaK e KaK H conneqnax, OTHOCHTCA K noaoﬁnommemum
anepropecypcam. Hnorna B 6bITy MOXHO YCIRIIATh TAKOW TepMUH oTHOCH-
TeJIbHO CONHEYHOM M BETPOBOMH IHEPTHMH - HApOBas, HeHcdepriaeMan, Y Jonei,
KHBYIUMX B MECTHOCTAX, FAE NOCTOSHHO IYIOT BETPhI, BOZHHKANA ECTECTBEH-
Had MBICHE O MONE3HOM MCIONb30BAHMH Hepruu. Bexk Bee Tak nmpocTo - mo-
CTaBb BETPAK H nonyqaﬁ SHEPIHI0 JUIA XKUIHIIA, OCBEIICHAS MasKa, IOXbeMa
BOIB! M3 APTEINAHCKOHR CKBAaXMHBI WK Apyrax mened - DOBMO)KHOCTH niofie3-
HOTO HCHIONB30BAHMA IHEPTHH PAIHOOOPasHbI.

BoT Taxoe cooblieHue NosBHROCE B meyaTy Goxnee 100 JIe’l‘ Ha3ax B 1887
rogy: " Y I'aesckoro masxa 6ius Taspa (Opannus) CTaBAT xonoccanbuuﬁ
BETPAHOMR ABUraTeNlb C LENBIO YTHIN3HPOBATH CHILY Berpa U spameﬂwl -
HaMONEKTpHueckoil MammHel, [BHraTens 3ToT aMepmcchxou CHCTEMBI.
Kpsuies ero uMeior 12 M B HuaMerpe H BeckMa IPOYHBIA CTAHOK, B KOTOPOM
Ha KaMeHHOM (byHIaMenTe, CKPENIEHHOM JKENC3HLIMA CBASKAMH, TIOKOUTCH
ock. Tok AuHAMOMAIMHSI MPEATIONAraéTcH CHaYalla COGMPaTh B 2XKYMYIATOP
¥ IOTOM YXe€ yNOTpeGIATh ero As nonyyenns ceera. Tax xak Ha Gepery MOps
GespeTpeHHbIE IHH PEKH, TO HAIEIOTCA, YTO KONMYECTHO XOBHBAEMOTO 3THM
cnocoBboM aNexTpUYecTBA Beera Goee JOCTATOYHO A1 OCBEIMIEHHA MasKa",

KaxoBb! 0cOGeHHOCTH BETPOBOH HMEPrUMM W YCIOBHMS €€ TONE3HOTO Wc-
nome3opanua? Kak cnenyer u3 onyGnuxosanuol HudopMaun, nepeMeiicHRA
BO3MYIIHBIX MACC, BRI3BAHHbBIE CIIOXKHLIMH reodH3INYEcKMMHY NPONECCaMH, Hpo-
HCXONAUIMMY HAJ 3¢MHOH MOBEPXHOCTHIO, XaPAKTEPHIYIOTCA HANPABIICHHEM,
CKOPOCTBIO, BEPTHKANLHBIM NPodHIIeM, BEITHUAHON NOPLIBUCTOCTH, CYTOIHBI~
MH ¥ Ce30HHBLIMH H3MEHEHMAMM. TeopernyeckH npeackasath 3TH XapakTepH-
CTHKH € JOCTATOUHON CTENeHpI0 AOCTOBEPHOCTH s xouxpemoro padiona
KpaiiHe CIOXKHO,

ITo3TOMY MOMBL3YIOTCA HAOMIONEHUSIMHM CETH METEOPONOTHYECKHMX CTaH-
1uff, KOTOpBIE NAIOT BO3MOXKHOCTh. NIOMYYHTh HEKOTOPHIE CPEIHECTATHCTHSE
CKHe€ I10Ka3aTeNH 1A JaHHOK MECTHOCTH M OJDKHBI CIXYXHUTh OCHOBOH 17 pe-
LIEHHA BOIIPOCA O COOPYXCHHM ne':poaﬂepre'chcxou YCTAHOBKM MIIH BeTpO-
9HEPIETHHECKON CTAHIMM.

Cuyuraercs, YTO COOPYKEHNE BETPOBOI YCTAHOBKM MOMIHOCTBIO KO 5-6 ‘:
KBT 3KOHOMHYECKH ONMpaBJaHO NPH CKOPOCTH. BeTpa, npessimarouei 3,5-4,0
w/c. Jyia Gonpmipx ycTaHOBOK TpeByeTcs ckopocTs Berpa 5,5-6,0 m/c.
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Puc. 40. Cxema palionapoBaing BeTpOBOTO pexuma a Teppuropun CCCP,

W3 3apybexHsIx DTaHHBIX BHAHO, YTO UL COOPYXKEHUS BETPOBOH sHepre-
THYECKOH ycrau’onxn MOIIHOCTREI0 B HECKOJBKO METABATT PCANOUTHUTECILHBI
pailoHbl cO CpenHeroIoBoll CKOPOCTRIO BeTpa & M/c Ha BBICOTE pa3MEMIEHHA
perpoxoneca. IlpuseneM pausbie 0 CKOPOCTH BETPA INA OTACILHBIX PAfiOHOR
Poccun (puc.40). Cxopocty Berpa 8 M/c ¥ Gonee HabMIOTAIOTCS B CHEAYYOLINX
nynkTax Poccud (B ckofKax yxasaHel 3HAUEHWS CPEXHErONOBON CKOPOCTH
BeTpa Ha BeicoTe 10 M B M/c): Amaepma (8,0), Mapxorckuii nepesan s Kpac-
Honapckowm kpae (9,3), mpic XKenauus B Apxanrensekoit o6nacry (8,0), Mecr-
pas Jpecsa na Marapmane (9,0), Cumyrup na Kypunsckux ocrposax (10,4),
Cropkyns B Xabaposckom kpae (10,4), ropa Susbpyc (8,7). Cxopocty Berpa
or 7 10 1,9 m/c XxapaxTepHpl s CAEAYIOIHX TYHKTOB: AHaneips (7,6), Balina-
I'yba B Mypmauckoii obnacty (7,5), Banxapem (7,9), I'oxura B Marananckoit
obnacr (7,9), Komoruno na Yykotke, (7,4), Kpectsr Ha Tabimuipe (7,3), Ile-
rponasnosck-Kamuarcexuit (7,0), lymmy na Caxamune (7,9). '

B 10 ke BpeMa B palionax Bocrounee peku Exnmces no nobepexbs Oxor-
CKOr0 MOps npeoBinanaxnT seTpot cafoil MHTEHCUBHOCTH - oT 1,5 1o 3,5 M/c:
TOIBKO HA CAMOM NMOOEPexKhE OHa ITOBLILIAETCS. ,

M3 9T0T0 NMepeuHs MOKHO YBHAETH ONPENEIeHHYI0 3AKOHOMEPHOCTh ~~Bhi-
COKHE CKOPOCTH BETPA XaPaKTEPHBI LI MOPCKUX NOGePexkuil W TOPHLIX nepPe-
BAJIOB. JTa 3AKOHOMEPHOCTh MOXTBEPHKAAETCA TAKKe 3aPYOENHBIMU HCCTEHO-
pareiamMyu. Hanpumep, 3ananHorepMaHCKHe CHELMATMCThi, H3Yy4YaBIIHE BO3-
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MOXKHOCTL CO3NAHMS CUCTEMBI MOIMHBIX BETPOBBIX anexTpocTaHumil B Iepma-
HUM, COOBIIAET O TOM, YTO CKOPOCTH Betpa Ha Banruiickom noGepexpe Tep-
MaHWH Haxonsres B nHTepsane 6-7,5 M/c, Bo BHYTpeHHNX Xe PaHoHax 3TH 3Ha-
YEeHUA MEHbLIe, O.I(HOBDGMCHHP OHH NPUBONAT JaHHBIE O NEPHONE 3aTHILBY.
OKa3sanoch, YT0 NEPUONbI 3ATHILLS (wTHig) FAGMOAAIOTCS, KAK MPABHIIO, Tie-
TOM, Ha MOPCKOM noGepexve T'epMaHHH NPOJOIKHTENLHOCTHIO 7-10 4, BO
BHYTPEHHMX palioHaX CTpambl - 16-30 4 MakcuManbHO 10 130 0. DTH XKe cre-
LHATMCTE] YKA3bIBAIOT €1e HA ONHY AETANb NPH ONpPEAENeHUH CKOPOCTH BET-
pa.

CucreMaTryeckie METEOHAGIIONEHHA H OINpPEHeNeHUs CKOPOCTH BETpa Be-
JYT, KaK IPaBUIIO, HA BHICOTE 10 M, a BETPOKONECO PACONOKEHO HA BHICOTE
100 m. To avoit npuunse Haxoqlgneuue pacdyeTHoM CKOPOCTH Ha BeicoTe 100 M
OCYLIECTBIAETCA MYTEM KCTPATIONALMH, XOTOpPas He BCEINA JaeT HaJeKHbie
Pe3ynbTaThl., JKOHOMUYECKH ITPUEMIEMOH cunTaeTcs paGota BeTpoBoit yera-
HOBXM B TeyeHue npamepHo 2500 u/rox,\Cpasy ke BOIHHKaeT BONPOC: YTO He-
ATk NOTPEOUTEMO B TO BPEMSA KOILAA, BETPA HET MIM er0 CKOPOCTh HEMOCTa-
TOYHA I obecneuenys paboThr ycraHoBku? B 9TOM Cllydae HMeETCs HECKOIb-
KO Bo3MOXHocrell. OfHa M3 HMX - MCHOJLIOBAHME PE3EPBHOTO HMCTOYHMKA
3HEPIMH, B YACTHOCTH|IOMKIIOYEHNE APYIOH IHeprocucTeMbr+Jipyroi sapu-
aHT NpeIycMATPUBAET paboTy BETPOBOH YCTAHOBKHA B KOMOMHALMH € AKKYMY-
FATOPOM HEPIUM, (MEXAHUYECK WM, TETIOBLIM WIN 3eKTpHuecKnM). 3apy6enc-
HbIE CIICIHATMCTE! OTMEYATOT, UTO. TOMBKO AKKYMYJIMPOBAHHE SHEPIUH ONHOH
JTH HECKONILKUX BETPOBLIX YCTAHOBOK 3KOHOMUYECKM HEBRITOAHO. Lienecoob-
Pa3HO TIPYMEHATHL AKKYMYIATOPHI BETPOBOH YCTAHOBKH B KOMOMHAIMM - C
JHEPrOCHCTeMON, NpHYeM PEKOMEHAYETCS HMETh HX 3JEKTPOEMKOCTh 1-2
¥Br/u Ha | KBT ycTaHOoBIeHHOM MOMHOCTH BeTpoBoif yeTaHoBkH. Hakoner,
TPETUH BAPUAHT - 3TO KOMOUHAIKMS BETPOBOH X CONHCUHON INEKTPOCTAHIIHM,
KOTOPHIE B IPUHLIANE MOT'YT PE3ePBHPOBATH OPYT APYyLa.

§2. Tpasuunsl HpeoGpa3oBaHMs BETPOBOH HEPIHA

KuneTHYecKas IHEPIus MOTOKA BO3AYXa, 3anuMarollero o6veM V, umero-
JETO MITOTHOCTh P H ABIKYIEL OCH CO CKOPOCTHIO V,

' 1
E=—pV-v2.
2
MOIHOCTb BETPOBOr'0 IOTOKA, IPOXOJAIMEro Yepes miowmans S,

!
N=—pvsS.
7PV
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|_C noMonipio BeTpOIHEPreTHYECKOM YyCTAHOBKH B MEXAHHYECKYIO SHEPTHIO
MOXeT ObITh NPeoGpasoBaHa TONLKO YacTh SHEPIHH BETPOBOrO MOTOKA, OT1-
HOIIEHHE KHHETHYEeCKOH DHEPIUU BETPOBOro nmoToxa EB, npeobpasopanyoii ¢
HOMOMILI0 BETPOBOM TYPOHHEI B MEXaHHYECKYIO DHEPruio, K KHHETHYECKOH
3HEPTHH HEBO3MYILIEHHOT0 BeTpoBOro notoka E Hasbmaercs kxoaddumenToM
MOIHOCTH, HI¥ K03 QUUMEHTOM HCNOTBIOBAHHA SHEPTHH BETPA

C yuerom x0a(pPHIHEHTa MOILHOCTH MOILHOCTH BETPOTYDOYHEI
| N L Ep-v3-8§
B = - p » ‘ -
2 B

B 60mbIMHCTBE KOHCTPYKUME BeTpoO-
SHEPrEeTUYECKUX YCTAHOBOK JUIA Mpe-
obpazoBaHus KMHETHHECKOH 3HEprMH
BETPA B MEXAHHUYECKYIO 3HEPIHI0 MC-
MONBIYETCA MPHHLMI NOTbEMHON CH-
Jipt Xphina (puc. 41).
_ Ecnn nomacrs, HMeNIafs fpo-
Pue. 41.' Cunnr, Jleiicniyloume HA JIONACTh, chJIb KpBiid, OMBIBACTCH NAMHHAD-
[IBWKYULYIOCH B BETPOBOM NOTOKE. HbIM NOTOKOM BO3AYXa, TO 32 Cuer
PasHof CKOPOCTH BO3AYXa B HMXHe
H BepXHei YacTH JOMACTH BO3HUKAET PasHoOe JABICHAC M Ha JONacTh JeHCTBY-
er nogbeMHan cuna F u cuia no6osoro conporusienns F'. Ipu paspaGotke
npoduns cTpeMATcs K ToMy, 4To0b! cuna F Opuia MakcuManbHoM, a cunia F' -
mMunuMansHo#l. Cuita F1 o6ecrieunpaeT niepeMeIieHie JIONacTH B MIOCKOCTH ee
Bpaiuedus, cuiia Fz ocipuuuMactces onopoii. Yron f Mexay xopxoi Jonacru
W HalpaBIeHHEeM NBIKEHUA JIONACTH HA3IbIBACTCH. YIIIOM YCTAHOBKH, YION Y
MEXIY XOPHOH W HANpPaBIeHWEM OTHOCHTENLHON CKOPOCTH BETPAa W' - YITIOM
aTaku. YToll B 3aBHCHT TOJLKO OT OPMEHTALMM JIONIACTH, YTON ¥ - OT CKOPOCTH
BETPA M CKOPOCTH IepeMelieHus nonactd. CKopocTh V MEPEMEIEHIA JIeMeH-
TA JIOMACTH 3ABUCHT OT PACCTOSHMA I' ITOT'O INEMEHTA, OT OCH BpPAIEHMs U OT
YACTOTHI BPALNEHUS )

Y=1o.

Takum ofpasoM, 0pu PEKCHPOBAHHOM YIJIe YCTAHOBKHM YION ATAKM ¥ Ha
Pa3HBIX YYaCTKaX JIONACTH OKA3ZBIBAECTCA PasHbiM. UToOui BhinepXarbh yrox
aTakd B Hpelenax ONTHMAILHOIO, MPUOEraioT K 3aKpyTKe JIONACTH MO ero
IiHHe,
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Puc. 42. 3aBHCHMOCTS, MOIHOCTH nerpimbﬁ :

Typbumnt w Kodddunmenta ucﬂo.rlbaanauml
BETPA OT CKOPOCTH mpa

B GONBLUIMHCTBE COBPEMEHHEBIX BET-
POBBIX TYPOHH ¢ NOMOILBIO *CTIELHATS-
HBIX YCTPOHCTR (HEHTPOOEWHBIX, U~
PaBaMYECKHX H Xpyrux) obecneunBaercs
BO3MOXHOCTE NMOBOPOTA Beel Jromactu
HIIM ee YacTH, H3MEHEHMA 34 CUET 3TOTO
YINA ATAKH M PETYIHPOBAHMA MOUHOCTH
Ha BaJy 110 3aNaHHOMY 32KOHY.

- IIpu cxopoctyt BeTpa, MeHbIUEH HO-
MHHaNLHOH, JOMAcTh Pa3sBOPAUHBAETCH
TaKiM ob6pa3oM, uTobb! yron ataxy 6bin
ONITHMABHBIM H KO3 ULHMEHT HCTOMb-
30BaHMA BeTPa MaKCHUMamhEeIM. Iipu
CKOPOCTH BeTpa, Oonblel HOMHHANL-
i HOW, pa3BOPOTOM JIOMACTH AOGHRAXOTCA

YMEHLIICHH . Koaq;q»muema ncnonbaonauua SHEPIHM BETpPa HO 3HAYCHMA,

IPH KOTOPOM MOLXHOCTb Ha Bany.

coomemmye’r nomunansxoif. Ha puc. 42

Ha TIPAMEpe BeTPOBOH TYpOUHEI HOMHHAIBHOW MOWHOCTLIO 2MBT moxazaua

3ABHCHMOCTS MOITHOCTH M XK03bpHIMEeHTa MOITHOCTH OT BETPA.

VYrosx aTakm v, onpe,uenmomui‘{ KO-
aqxbxmnemn MowmHocTH Ep, 3aBH-
CHT OT CKOPOCTH BETPA W M 4acTo-
Thl BPAWEHMA poropa @. B cuny
3TOro  Xo3gburpenT MOIHOCTH
yoo6HO BBIpaXaTh C NOMOIILIO
NAPAMETPA, YYHTLIBAIOMEr0 U W B
o. TakuMm napamerpoM sBIFETCH
K03 duLmeHT GHICTPOXOTBOCTH'

W
z- 1@

w

?

CAE T - MAKCHMATbHBIR PaiH-,
YC OKPYXXHOCTH, OMETaeMOl POTO- .

poM. .
i BerpoBpie TypOHHBL pasmmy-
HBIX THIIOB MMEIOT CYIIECTBEHHO

onyanromaTnyeckan
SEMPOINEKMPUNECKAR
craruys [1-20 ¢ Temno-
BLIM PEICPBHEIM ABHIA~
TeseM

s "’Kpu.nwa‘ruii ‘MBOTO-~
TOMACTALIN sempodoil
denzamens

OTAUMAIOINHECA 3ABHCHMOCTH KO-

abdunmenTa HCIONL30BAHNUA

Pue. 43

3HEPTHH BeTPa OT xoaq)tbuuuema,

OBICTPOXOIHOCTH, (pﬂc. 43).
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Prc. 44. IpuHupnHaTELe KOHCTPYKIMN OCHOBHEIX THHOB BETPOBBIX TYPOMI:
1 - onponenacTHLIE poTop; 2 - NBYXNonaACTHRI poTop; 3 < TPEXIONACTHRIA poTop; 4 - MEOrOAON~
cTHbIi poTop; 5- PO TOP THNAA BENOCHIEAHGE KONEco; 6 - Potop Jlaphe; 7 - ¢ rOpHIOHTAIBHOM 0ChI0
ppannennst; 8 - ¢ nuepMonepenayefi Momuocr; 9 - Mapycnoro Tuna; 10 - c nwddysopowm; 1t - ¢
Konuenrparopom; 12 < muoroporopuas; 13 - nayxporopuas; 14 - puxpensie

Ha puc.'44 npemcrasiedsl NPUHLUUNHMANBHBIE KOHCTPYKUMH OCHOBHBIX
THIOB BETPOBBIX TYPGHH. ‘

Pac. 45. Ocnonmeie YAkl BeTPOIHEPreTHLIECKON YCTAHOBKH ¢ TOPHIOHTLNLRON GCLIO BPAIEHUR
1 - nonmacte; 2 - cHcTeMa pa3sopoTa JONACTH 3 - BYYAKA; 4 - MHCKOBLIK TOPMO3; 8 ~ MyJib THIL-
KaTop; 6 - tuapoMydTa; 7 - rereparop; § - MEXaUM3IM cHCTEMBI IIOBOPOTA; Y - TOPMO3 CHCTEMBI O~
popora; 10 ~ BATYHK CHCTEMEI BOBOPOTR
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IIpuMep KOMIIAHOBKXHM OCHOBHBIX Y370B BETPOIHEPTETHYECKOH YCTAHOBKY
C TOPH3OHTANLHOM OCLIO BpalleHHA IIOKa3aHa Ha puc.45.

§3. JocToHHcYBa K HELOCTATKH BETPOIHEPTETHKH

KaxoBsl HEAOCTATKH BETPOBBIX IHEPIETHYECKHX YCTAHOBOK? -

IIpexne Bcero ux paGora HeONATONMPUATHO BIMAET HA PaboOTy TENeBUIH-
OHHO#M ceTH. BoT Kakolt MO6ONLITHEI NPHMEP MOXXHO NPHBECTH B 3TOH CBA-
3d. Heckonpko et ToMy Hasax oT xurered OpkHelickux octposos (Benuxo-
OpUTAHMA) CTANIN OCTYNATh HeOGbIYHEIE XKano6bl. Okazanock, 4T NpH pado-
Te BETPOBOM CTAHLUK, HOCTPOEHHOMN Ha OTHOM MX XOIIMOB, BOSHAKAIOT TAKUE
CHIIbHBIC OMEXH B paboTe TEICBHIHOHHON CEeTH, YTO HA IKpPaHAX TENEBH30-
PoB nponagaet u3obpaxenwe. BIXOX HAIUIM B CTPOUTEIBCTBE PATOM C BeT-
pPoBOIl YCTaHOBKOH MOIHOTO TENEBU3UOHHOTO PETPIHCAATOPA, KOTOPLIH 110~
3BOJIMIT YCRMHBATE TENEBH3HOHHbLIE cUrHamb) IO MMenuyMes JaHHBIM, BeT-
poBas GHEPreTHYECKas yCTaHOBKA MomHocT 0 0,IMBT MOXeT BBI3BATE HeKa-
XKEHHE TENEBU3HOHHBIX CUTHANOB Ha PAceTOAHKNH 10 0,5 KM.

. Jdpyra# HeOXHTAHHAY 0COGEHHOCTE BETPOBLIX YCTAHOBOK TPOABHIACHE B
TOM, YTO OHH OKa3alMCh MCTOYHHKOM JOCTATOYHO WHTEHCHBHOro MHGpassy-
KOBOYO uiyMma, HeOGIaronpHiTHO HeHCTBYIOIWEro Ha YETOBEUECKHA OpTaHM3M,
BbIZLIBAIOINETO MOCTOSHHOE YrHETEHHOE COCTONHHE, CHIbHOE GecrpHUMHHOE
6ecrioxoffcTBo M XuU3HeHHLIH suckompopT. Kak rnoxasan onsiT sKCIIIyaTaluy
6onboro wica BerpoBbiXx ycranoBok B CITIA, 3ToT myM He BBUIEPKUBAIOT
HH JKHBOTHBIC, HH NTHUbI, NOXHIAA PajfioH pa3IMElleHHs CTaHUHUY, T.€. TeppH-
TOPHH CaMOH BETPOBOYM CTAHIMH H IPHMBIKMONIME K Hei CTAHOBATCH Henpy-
I OIIHBIMH AJIA KH3HH JI!O,IICH XHBOTHBIX H [TTHL.

“ - OMHAKo TIABHBIH HENOCTATOK 3TOr0 BUAA 3HEPIHH HAPAXY ¢ HAMEHYHBO~
CThIO CKOPOCTM BETPA - 3T0 HU3KAA HHTEHCHBHOCTB, YTO TPeOyeT 3HAMMTENb-
HOH TeppUTOPHN INIA pasMemieHuna BerpoBoii ycranosxn. M3 nposeneHHbix
CHEHANMCTAMH PacYeTOB CNEIYET, YTO ONTHMANBHBIM UL BETPOBOIO KoJieca
asnsercs graMerp 100 m. TIps taxnx reoMeTpHUYSCKHX pasMepax B IJIOTHOCTH
3JHEPTMM Ha EIMHMNY INIOWanyu BeTposoro Koseca 500 Br/M? (ckopocTh BeTpa
9,2 m/¢) M3 BETPOBOI'O NOTOKA MOXHO HONYYHTE MICKTPRYECKYIO MOI(HOCTD,
6muzkyo x 1| MBr. Ha momazau | kM? MOXHO pa3MecTHTh 2-3 YCTAHOBKH
yKkasaHHON MOIHOCTH C YYETOM TOI'0, YTO OHH JNOIKHLI HAXOAHTHCH OJHA OT,
Ipyrof Ha PaccTOAHHM, PABHOM TpeM HX BBICOTAM, 9TOOB! He MeWaTh APYT
APYTY, H He cHxaTh 3 dheKTHRHOCTH CBOEH paboThL.

ITpumeM s OUEHKH, YTO Ha romamy 1 kM2 pasMenieso 3 yCTaHOBKH, T.€. C
I xm2 MOXHO cHATh 3 MBT 3mexTpHUecKOil MOMHOCTH. DTO 03HAYALT, UTO N
pPa3MenieHus BeTpOBOH CTAHUMKM 3eKTpHYeckoil mMounoctsio 1000 MBT nyxHa
nmowaxs, pasHas © 330 kM2, Eclii CpaBHHBATL BETPOBbIE M TEIUIOBLIE 3EKTPO-
CTAHLMH ITO SHEPIOBRIPAGOTKE B TEUEHME TOMA, TO TIOMYIEHHOE 3HAYCHHE CIIEAyeT
YBEIIMYUTH He MeHee JeM B 2-3 pasa. [ cpasHeHus yxakeM, uTo moiomans Kyp-
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cxoit AIC Mowpoctso 4000 MBT BMecTe ¢ BCIIOMOTaTENbHEIMI COOPYXEHHAMH,
BOTOEMOM-OXIATNTENEM H XKHIbLIM NOCENKOM cocTaBiser 30 kM2, T.e. Ha 1000
MBr snexrpryeckoil MomuocTH nprxomTes 7,5 kM2, JIpyrHMH ClHoBaMH, pasMep
TEPPHTOPHH BETPOBOIT cTaHNMHK B pacueTe Ha 1000 MBr na 2 nopsnka npesbiiua-
€T IUIOLIA]Th, 3AHHMaeMyIc coBpeMenHoil ADC,

TlpuBenennas OLEHKA PAcXoia 3eMeIbHBIX PECYPCOB A PA3MEIEHHA MOLU-
HOM -BETPOBOH HIIEKTPOCTAHUMH, BO NMEPBLIX- CBUAETENLCIBYET 0 HeoOXoaHMOCTH
TINATEIBHOTO BIOOpA MIOLIANKH VI Hee, HMes B BUAY HCTIONB30BaHHe OPOCOBbIX
3eMelTb, He MPHTOMIHBIX U1 CeNbCKOXO03AHCIBEHHOro 060p0Ta; BO-BTOPHIX, CTABUT
BOTIPOC O 1EJIECO0OPASHOCTH COOPY>KEHNS MEHEE MOILIHBIX BETPOBBIX CTAHIMI 1A

" cHaG)KeHAs 3Heprueii HebonbiIoro pafoHa WM HacelnenHoro nyukra. Cosuanie
TAKKX IAEKTPOCTAHIIMH (BMECTE C AKKYMYIATOPOM IHEPIHH) MOXKET OKA3IATHCH Y10~
TE3HBIM UTA 3nemp006ecneqeﬂm OTAANEHHBIX MOCEJIKOB M HEpeBeHb, 8 TAKKe
PAINMHUHBIX CENBCKOXO3AHCTBEHHbIX PAbOT,

HecmoTps Ha 3710, OTHENbHBIE y4eHbIE CUHTAIOT, 4o ClIeEyeT: PA3BUBATE
KPYIHOMACIITaOHYI0 BeTpO3HepreTHky. Ilepen BoiHOM’ y Hac B.CYpaHe-TONBKO B
KONIX03ax 1 cosxosax paborano 6onee 8000 serpossix-yeraHosok. B 1930r: Ha
6aze oraena perpomsurareneii [NATH 6pin cozman IeHTpansHeiil BeTposHepre-
THYECKHH MHCTATYT, B 1938 . G510 OPraHM30BAHO KOHCTPYKTOPCKOE 610po o
BETPOBBIM JHEPTETHYECKAM YCTAHOBKAM. B ITpeiBOSHHbIE FOAbI W NOCHE BOHHbI
fbuto paspaboTaHO M BBINYILEHO - JOBONLHO Gonpluoe unciao (mpumepHo 10
THIC.IIT.) PasHOOOpasHBIX BETPOBLIX YCTaHOBOK. YIHTeHCHBHAA paboTa NO MC-
TIONIL3CBAHUIQ 3HEPIUM BETPA BEICTCH B PANE 3aPYOEXKHBIX CTPAH,

Wrtak, MOXHO Yxa3aTh CEAYIOMIME JOCTOHHCTBA H HETOCTATKH 3HEPIHH BeT-
pa: OTCYTCTBHE BIMSHHA HA TEIUIOBOH banmaHc aTMocdepbl 3emm, notTpebieHus
KHCTIOPOZA, BHIGPOCOB YITEKMCIOTO T'a3a M APYIUX JarpPA3HATENCH, BOSMOXHOCTD
upeobpazopaHus B PAINYHBIC BUIbI 3HEPTHH (MEXaHUYECKYIO, TENIOBYIO, ek

'PHYECKYI0), HO NIPH 3TOM HHAKAA INIOTHOCTb IHEPTHHM, MPHXOIALICHCH HA SIMHM-

Iy IIOWANH BETPOBOTO KOJIECA; HENPEICKAa3yeMble M3MEHEHHS CKOPOCTH BeTpa B
TEYeHHE CYTOK H CE30HA, TPEOYIOINHE Pe3ePBHPOBasHs BETPOBOH CTAHUHH HIH aK-
KYyMYIHDOBAHHA NPOM3BENEHHOR IBEPrHM;  OTPHLATENLHOS BIHAHME HA CPEy
oOHTaHNA YENOBEKA H KHBOTHBIX, Ha TEJEBH3HOHHYIO CBA3L M TYTH CE30HHON M}-
rpangn nrun. OTedecTBEHHBIH ¥ 3apyOSKHBIH OIBIT CBHACTENBCTBYET O TEXHHYE-
CKOM OCYIIECTBHMOCTH H LIeJIECOOOPAIHOCTH COOPYXKEHNA H IKCIULyaTalluy BETPO-
BBIX 9HEPIreTHYECKHX YCTAaHOBOK HeGONBIIOH MOIMHOCTY VT YIANeHHBIX NOCCIKOB
M OTTOBHBIX NIACTEHI, & TAIOKE B arPapHOM CEKTOPE.

§ 4. BeTpodnexTpHIECKHE CTAHIHY
BetpoanekTpHueckas CTaHUMA - YCTAHOBKA, Npeobpasyomas KuHeTHYe-
CKYKO SHEPCHIO BETPA B HMEKTPUUECKYIO aHepruto. CocTOMT OHA M3 BETPOIBH-
TaTens, TeHepaTopa 3MEKTPHUYECKOTO TOKA, aBTOMATHYECKOrO YCTPOHCTBA
ynpapieHus paboTol BeTpoaBUraTens ¥ reHepaTopa, COOPYXEHUR II8 HX Y-
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TAHOBKH M obciyxusanus. Ha nepuoxn Gesperpys BETPOINEKTPHYECKAS CTaH-
M HMELT pe3epBHBI TEINOBOMH HBUraTeNb. PazinyaoT KphIIATHIE BETPOABH-
rateau ¢ xo3dduIHEeHTOM UCNOIK30BaHNS SHepruy BeTpa a0 0,48, kapycens-
HBIE W POTOPHBIE, ¢ KOIPPULIMEHTOM HCIONB30BaHHA He Gonee 0,15 u 6apa-
6anHble. BerpomsuraTes MpUMEHSIOT B BETPOIHEPIETHYECKHX YCTAHOBKAX,
KOTOphIE COCTOAT M3 BeTpoarperara, ycTpolicTBa, aKKyMyJIHPYIOIUEIO 3IHED-
THIO MIIH PE3EPBHPYIOUIErO MOIHOCTD, H CHCTEM aBTOMATHYECKOTO YIpaBie-
HHUS H PEryIMPOBAHNA PEKHMOB PaboThl ycTaHOBKH. Pa3inHyaroT BeTpodHep-
PETHYECKHE YCTAHOBKH CHELHAILHOTO HA3HAYCHUA (HACOCHLIE HIIH BOJONONE-
CMHbIE, JNIEKTPUYECKH 3APAHbIE, MEMLHHUHbIE, BONOONPECHUTENbHbIE H T. 1n.)
H KOMIUTEKCHOTO NPUMEHEHHS (BETPOCUIOBbIE M BETPOINCKTPHUECKHE CTAH-
uuH). MousocTs BETPOIHEPreTHYSCKHUX YCTAHOBOK - OT 10 no 1000 Br.

Ha puc. 43 noxasanbl KPbUILYaThiH MHOTONITACTOBLIH BETPOABHIATENb H
noyaBToOMaTHYeCKas nerpoanexrpuqecxaa cranups JI-20 ¢ TemioBbiM pe-
3EPBHBIM IBHTaTENEM.
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T'JIABA VII. THAPOSOHEPT'ETHKA
§1. XapaxTepHcTHKA MHAPOIHEPTeTHRY

- IlepOHAYaNLHO 3HEPTHIO MOTOKA BONBI MCMONL3OBANM B NPMBONAX pa-
Hounx MALIHH - 'Menbﬂnu, CTAaHKOB, MONOTOB BO3AYXONYBOK M T.1. C n306pe-
TeHWEM THAPABIHYECKOH TypOUHBL, INeXTpUIECKOH MalmHEl # crocoba nepe-
JAYH MEKTPOIHEPTAN Ha 3HAUMTENbHLIC PACCTONHHA THEPOIHEPTeTHKA NPH-
obpena HOBOe 3HAYEHME YXKe KaK HaNpaBleHHe BIEKTPOIHEPreTHKH, CBA3AH-
HOE C OCBOEHHEM BOIHOMN JHepTMM nyTeM NpeobpaszopaHuMA ee B SIeKTpHYe-
CcKy¥o Ha TaapodrekTpudeckux crannusx (I'2C). IOC asnaroTcs MOOUILHBIMA
JHEPreTHYCCKUMH YCTAHOBKAMM, BHITOAHO OTIHYAIOMMMHCA OT TEMNOBBIX
SNEKTPOCTAHUMIT B OTHONICHHH DEryIMpOBAHMS YACTOTEI, IOKPLITHS HMKOBBIX
Harpy3oK H ofecredenis aBapHAHOro pe3epBa 3HEPLOCHCTEMEL.

Texnuueckuil MOTEHIHAT IUAPOIHEPTETHUECKHX PECYPCOB KPYNMHLIX H
cpemuux pex Poccun ouenusaercs MolqHocrsio B 240 mmu. xBr wmu 2100
MIpA. XBT/4 ronoBoil BHIPabOTKH 3MEKTPHYECKONH IHEPTHH, A SKOHOMMYECKH
adhexTHBHEIE THIPOIHEPreTHUECKHE DEcypchl CcOcTapisiorT okono 125
M. xBT umn 1095 mapa.xBr/u. T3C yaoeneropsior oxone 15% obmeH no-
TpebHOCTH B 3MeKTpoIHeprun. B pane paiionos Poccuu (ocobenno B Asuar-
ckoil 9acTH) I'IC coCTABIAIOT OCHOBY 3HEPIETHYECKOr0 X034 CTBA.

OIHAKO MCMONB3OBAHME THAPOIHEPTUH NPUMEHHTEILHO K Hallel cTpane
nMeeT HeKOTOPEIe ocofennocTH. [To MeromuMes NaHubIM, 7% peyHoro croka
NPUXONMTCA Ha pexy, Bnagaroune B barruiickoe, Uepnoe u Azosckoe Mops,
npuMepHo 21% - B Bepunroso, Oxorckoe, SInonckoe mops, 9% - 5 Kacnuii-
ckoe mope u Apait, 63% - B Mmopsa Ceseproro JIeZoBHTOrO OkeaHa, TO €CTh OC-
HOBHAA MacCa SHEPTOPECYPCOB HAXOIUTCA B BOCTOYHBIX PalioHaX, B TO BpeMs
Kax bonpllas YacTh HACENCHHA HPOXHBAEeT B 3alafHbIX H IOXKHBIX paifoHax
CTpAHBbIL.

Jpyras BaxHas oCOGEHHOCT HCIONB30BAHHA IHAPOPECYPCOB 3aKIOYA~
¢1CcH B 3HAUMTENLHONH HEPABHOMEPDHOCTH PEYHOTO CTOKA BO BPEMEHH, 3aBUCH-
meit 0T pa3sHOoObPa3HEIX NPHYHH (BENHYHHBI BOJOCTOKA, ero peaseda, ximma-
THYeCKoH 30ubl ¥ T.4.). Ilo parHbIM uHCcTHTYTA "THOponpoekt”, crok B Gac--
celinax Boary, Joua u J{Henmpa B MHOrOBOIHLIE TOIBI MOXET NPEBLUUATEH
CPEeNHIOK BeWIUHY B 1,5-2 pasa, a B MaNoBOHEE - yMeHbINATheK g0 0,7-0,6
OT cpeauero 3uavenns. To e XapakTepHO W g KPYrux pex. ITo BELET K TO-
My, 4T0 Yactb arperatoB I'DC He paboTaeT H BHIPabOTKA 3MEKTPOIHEPTHH Cy-
IECTBEHHO NajaeT Mo CPaBHEHHIO ¢ NpockrHoH. Hanpumep, B ManoBoaHbie
TOJIBI H TP HH3KOM YpoBHe Bozoxpanmmmiia Ha Kpacxospekoi ['3C pabora-
ot [-2 arperata obureii momuoctbio 500-1000 thic.xBT BMecTo yeTaHoBNEH-
ueix 12 arperatos. Kpome Toro, npossusercs enle oiHa 0COGEHHOCTh B 3KC-
miyaTauu reapopecypcos. B nerHee spema TpebGyercd 3anmoiHATL BOXOXPa-
e I'9C, 4To6kl CPABHUBATHCH ¢ MAKCHMANBHBIMUA HATPY3KAMHA OCEHBIO
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¥ 3UMOH, 2 BOJA B ITOT IEPHOX TPeOyeTCA LI MOIHBA CENbCKOXO3AHCTREH-
HBIX KYJIbTYP.

§2. TIpuunumne npeoﬁpa:wnamm runpoanepmn

I"anoanel('rpnqecxaa CTaHIUA (I"SC) --3TO KOMILIEKC coopyxeHnii u
060pynOBaHNS, TIOCPEINCTBOM KOTOPLIX SHEPris BOKOTOKA NpeobpasyeTca B
3MEKTPUYECKYIO 3HeprHio. TDC COCTOMT M3 THAPOTEXHHYECKHX COOPYXCHHMI,
obeceunBaIOIIEX HEOGXOXMMYIO KOHUEHTPALMIO NOTOKA BOAB! CO3MAHME CO-
CPENOTOYEHHOTO HAIIOPA, & TaK)Ke IHEPreTHIEcKoro 06opynosanus, npeodpa-
3YIOIIEro 3HEPIHIO ABIOKYIEHCS 10 HANOPOM BOABI B 3JIEKTPHYECKYIO.

OcHoBHOe 3HepreTHYecKoe 00OpyIOBaHHe pasMelaor B 30anknn FOC: B
MAILIMHHOM 3aJIe - THAPOArPEraThi, BCIIOMOTraTelbHOe oG0Py ROBaAHHAE, YCTPOli-
CTBA aBTOMATHYECKOTO YNPAaBIEHHS - NMYJbT ONEPATOPA-AUCHETYEPA HWIH aB-
ToonepaTop. IloBpimaromye TpaHchOpMaTOPhI, KaX NPaBHI0, PACIONAraloT-
cay npo,uonmoﬁ cTeHbl 3ganna I'DC Ha OTKPBITOM BO3AYXE, Pacnpeneni-
TellbHble YCTPOHCTBA, BBICHIErO HAMNPSDKEHHS - Ha CTSUMANbHBIX OTKPRITLIX
nnomamcax. ITo maropy I'DC menstcs Ha BbicoxoHanopHbie-(Gonee 80 m),
cpenuenanoprsie (o1 80 70 25 M) # HusKoHanopHele (xo 25 M). Ha Beicoxona-
nopubix I'3C ycTaHaBMBaeT KOBINOBLIE H PaJHAILHOOCEBbIE TYPOHHDI ¢ Me-
TANUTHYECKUMH CILHPATbHLIMH KAMEPaMM; HA CPEIHEHANOPHEIX - TOBOPOTHO-
JOTIACTHBIE B PAAMAIIBHO-OCEBhIE TYPOHHEI ¢ Xene306eTOHHBIMA K MeTa1Ye-
CKHMH CITHPATLHLIMH KaMepaMH; Ha HH3KOHANOPHBIX - TOBOPOTHONONACTHLIE
TYPOHHBI B GETOHHBIX H 3KeHe300eTOHHBIX CIMPANBHBIX KaAMepax, HHOrLa ro-
PU3OHTANbHBIE TYPOHHEI B KAIICYTIAX MIM B OTKPEITBIX KaMepax.

Puc. 46. Cxema nepunanmonnoll rexposexTpreckoii-cTanmu;
1 - nyoTHEAa; 2 - BoJoNpHeMANK; 3 ~ oxcTolnmic 4 - NepunansonHLLt kanas S - Gacceltu cyvounore
perymponanns; 6 - nanopabiit Gacceitn; 7 - TypGannurit sooson; 8 - pacnpeNeMTENLHAA YCTAHOB-
xa; 9 - ananne FI3C; 10 - sopochpoe; 11 - noxseanmoil nyTe
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CymecrByror ocHoBHuIe cxembl I'DC (puc.46,47): muoTHHHAK (C MCKYCCT-

BEHHBLIM NOANIOPOM YPOBHA PEKH 3a CUET IIOTHHBI) H JIEpUBALMOHAAs (C OTBO-
IOM BOZBI M3 PYCiIa PEKH 10 CHEeUATLHOMY BEIBOIY K MecTy ¢ Gonsiuok pas-
HOCTLIO -ypoBHe#f). B 3aBHCHMOCTH OT 0COGEHHOCTel BLIMONHEHWA THRPOTEX-
HHYECKHX COOPYXEHRi pazmuyaioT pyciaossie IOC. (3ganue CTaHIHM BXOAUT B
COCTaB BONOHANOPHBIX COOPYXeHH), mpumnoTiHAbie I'DC (3xanue cTaHINM
pacronaraeTca 3a IroTHHOW), aepusanuonunie ['3C. Ilnpoxoe pacripocrpa-
HeHWe ONyYHiu coBMelieHHble ['3C, y KOTOpbIX 31aHHE CTAHUHH OJHOBpE-
MEHHO BRINONHAET PYHKUMIO BOAOCOOPHOrO COOPYKEHUA.
Ocoboe Mecro cpemi I'DC 3aHMMAIOT TUAPOIKKYMYIHPYIOUME M NPUIHBHBIC
anextpoctadumy. OrnensHble FOC nmu kackaapl IIC, kak npaBuio, padboTaroT B
BHEPrOCHCTEME COBMECTHO C KOH/IEHCAITHOHHBIMY 3IEKTPOCTAHLMAMH, TEIUIOAIEK-
TPOLEHTPATAMH, ATOMHBEIME 3JIEKTPOCTAHLMAMH, Ta30TyPOMHHBIME 3NEKTPOCTAH-
nuAMyA. B 3aBHCHMOCTH OT XapakTepa YYacTHA B NOKPLITHH rpadHKa Harpysku
T3C moryT ObiTh 6A3MCHBIMH, HONYIMHKOBLIMA H IIHKOBLIMM.

Puc. 47. Cxema rmppoysna Hypexckoit T3C na p. Baxu: 1 - nhothna; 2 - sogonpuemank 1'9C; 3
- HATIOPHSLIE BOJIONOABOARUIME TYHHEM; 4 - YPpaRBHHYEILHEIC PeaepByapss; 5 - TypGinubie BopNOBO-
JnL 6 « OTKpLITOR pacnpeaeIHTeIsnoe yerpoiicrao; 7 - snanne IIC; 8 - nepxosan 1 nusonasn nepe-
MbI'TkcH; 9 ~ OTKPBITHIN BogocOpoc ¢ oTBOAAUMM KanaioM; 10 - cTpouTenbibIe Ty

HanGonee xpynsbie THApo3mekTpocTanuuy B Poccun: Bomxckas ['OC
uM. B. Y. JTlenuna moumpocreio 2400 MBT, Bomxckas T2C v, XXII cvesna
KIICC - 2650 MBr, Bparckaa I'9C (Ha pexe Anrapa) - 4500 MBr, Kpacnosap-
ckas ['OC (sa pexe Enuceif) ~ 6000 MBr, Casno-Ilymenckas I'OC (Ha pexe
Ennceif) - 6400 MBr. Ha puc.46, 47, 49 noxa3ansl ¢XeMb! HEKOTODBIX THIIOB
I'HAPO3NEKTPOCTAHLMIA.
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§ 3. Tnnpasnnyecxkas Typouna

yeckoil TypOrubt: a - pabo-,
yee Koyeco; 6 - cona -

Cxema neakriauni

L LYY DTSN

A

3 Cxema peakrusrolt rupas-
Jmecicoit TypGrumea:
a - paGouee xoxeco; 6 - Ha-
npaBamoiunii amiapar

Puc. 48. Dunpoarperar:

1 - ruapassecKan Typﬁmlé; 2-

rRaporederaTop

. -]

o
g

1
.l

Tuaporexyuteckice 3aTROPLL:

a ~ ockui; § - cerMenTHBIA; B - cexr~
Topubiii;-1 - Goie; 2 - 1ara; 3 - Teto
anrBopay4 - nas; 5 - 3aTeop; 6 - wap-
WupHag onopsa; 7 - HOrW 3aTROpa; 8 -
‘o0uxusica; 9 - HHLNR 3ATBOPR
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Puc, 49, Cxema rapoaIeKTPHIecKoi cranmumm:
1 - nnormna; 2 - 3aTs0psl 3 ~ MAKCHMANLHLE YPOBeHL BEPXBEro
Gueda; 4 - MmumEMANLULEE yposéss Bepxuero Gheda; 5 ~ MIPARIH-
aeckuili NOaLEHMIMIG 6 - cOPOYACPRMBAIOLIAS Pelieria; 7 - THEpoTe-
HepaTop; 8 - rApaniRuecican TypOmHa; 9 - MEEMMANLHLN ypOBeHD
mazmero Goeda; 10 - MAKCHMABILIH NABOAKORLIE ypoBens

I'noporypbuna
(puc. 48) sto nona-
TOUHAA MALINHA, [pPH-
BOAUMAA BO Bpalule-
HHE NOTOKOM XHIKO-
cTH, OOBIYHO peuHOoi
ol Ilo mpuHLpNY
IecTBHA IHIOpaBlH-
yecKkue TypOuHBI mon-
pa3aeNsIoT HA AKTHB-
Hele  (cBOGOAOCTPYH-
HbIE) M peaKTHBHEIC
(HamopocTpyitHbie);
MO0 KOHCTPYKLMY - Ha
BEPTHKANbHBIE M TO-
pusonTansHbe.  na-
MeTp pabouero xone-
ca Y KpYNHBIX THIPO-
TypOun nocruraer 10
M, MOLUHOCTh - OOllee
500 MBr. U3 axtus-
HBIX rHEpPOTYpOuH
Haubonsluee pacnpo-
CTpaHEHME JIONYYHIH
KOBLIOBbIE TYpOHHBI.

PeaxruBHbie ragpo TypﬁPleI O HAIPABJICHHIO ITOTOKA HCIIATCA HA OCEBBIC U

PaMalbHO-0CeBbIE TYPOHHbL.
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K peakTHBHBIM mgporypﬁnﬂam OIMHAPHOTC DErYIHPOBAHMA OTHOCAT
TYPOUHbI, HMEIOIIHE HANPABNAIOUMI annapaT (Mo paﬁoqce KOAECO) C TOBO-
POTHBIMH JIOMACTAMHU (onaTtkamu). Y THMAPOTYPOHH ABOHHOrO peryinposa-
HUA H BANPaBIAIOWHHA amrtapaT u paGodee KONECO ~ € OBOPOTHLIMM JONACTA-
MH. OGBIYHO MHAPOTYPOUHL HCTIONMBIYIOTCH B IHAPOIEKTPHYECKAX CTAHIMAX
11 [ipHBOIa 3MEKTPUYECKHMX T'EHEPaTopOB.

I'naporenepaTop - CHHXPOHHbII reHepaTop, npnnop;umm BO BpAUIEHHUE
ruapasaKaeckoit TypGunoi,(puc.50).

B 3aBHCHMOCTH OT PacnoNoXKeHns OCH BpalleHus Pa3IHYAIOT nepmxcann-
HbIE M FOPH3OHTAIbHBIE THAPOTEHEPATOPSI; IO YACTOTE BPAIIEHHUS. - THXOXON-
uble (10 100 06/Mux) u 6sicTpoxonHsie (cepme 100 06/mun). MommocTs rua-
POreHepaToOPOB OT HECKONBKHX HECATKOB X0 HECKOMbKHX coven MBT.

. §4. I"wxpoalmymynnpymman mexrpoc'r'anuun (I‘ABC)

HacocHo-akKyMympyromas 3nempocrauunx - rwxpoanempmecxax cTaH-
Lus, NPRHUKN XeHCTBUA KOTOPOH 3aKImOuaeTcs B MPeoGpasoBaHMH INEKTPH-
4eckOH SHEPruu, NoNMy4aeMoii OT APYruX 3NEKTPOCTAHLMHA, B IIOTEHIHATHHYIO
SHEPIHIO BOMBL (axxymynuponauue) C MIOCTIERYIOMMM - N0 Mepe HeoGXOmIMO-
CTH - npeoﬁpasonaunem ee BHOBb B 3JIEKTPHYECKYIO IHEPIHIO, OTAABACMYIO B
3HEpPrOCHCTEMY, IIABHEIM oﬁpaaom Ha NOKPHITHE NUKOB Harpy3KH. }
- TASC coc’ro;n‘ H3 XByx Gacceii-
HOB (BOZOXPAHHIIHIL), PACIIONOKEH-
HEIX OJMH HAJ APYTHM H COEAMHEH-
HbIX Tpy6onposoaom (puc. 51). I'na-
POATPETaThl, YCTAHOBJEHHBIE B 37ia-
Bun TADC y HRKHEro KOHUA TPY-
Gonpososa, MOTYT COCTOATE U3 06-
. DATHMOM 3MEKTPHYECKOH MAIUHHEL
(reHepaTOp-XBUIaTenh), THIPOTYD-
OUHBI M HACOCA UMM K3 OBpaTHMON
Piic. 51. Cxema yerpolicrsa rHApoaKKyMyHpYlo- oK IPOMALIMHLI M obpaTuMoii ria-
weif BIeKTPOCTARIN: poMammuHbl, KOTOpas Moxer pabo-
1 - nepxnee Booxpanmimuie; 2 -~ Bogovo; 3 - re- TATh KaK HACOC WM Kak TypOuua. B

"epﬁ::p-wgwxmﬁ"bz 4- WWPEAE‘C; 5 nounnle uacsl TADC nepexaunBaer
~ HHXKHee BOKOXP: €; O ~ rHApeYYypoRBa-Ha- . 5
coc3 7 - B, WA KoTopoM pasvemtent rmporyp. MACOCAMH BOJLY H3 HIKHETO Gacceii
fuma-macoc W  reneparop-snexrpopenrarens HA B BEPXHMI - (akkymymupylowui).

B mepnozas! niKos HArPY3KY BOKA M3
BepxHero bacceiina no Tpybonposony nocrynaer x arperaram [A3C, sximo-
YeHHBIM Ha paboTy B reHepaTOpHOM pexume. Kommuectso axkyMmynupoBaH-
HOW HEPrUM ONpEHEeNseTcs BMECTHMOCTbIO OacceifHOB H pabouHM HarmopoM
TASC. Bpems nycka B cMeHbl PeXXHMOB paloThl N3IMEPAETCH HECKOIBKHMU
MUHYTaMH.
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§ 5. locTouscTsa ¥ HENOCTATKH THAPOIHEPreTHRN

I'umposHepras B Ka4ecTBE JHEPrOpecypca MMEET NPHHUMIMATIbLHbIE
NPeHMYNICCTBA IO CPAaBHEHHIO C YIIIeM MM AREPHLIM TommueoMm. Ee e
HYXHO Ro6sBaTH, Kak-1n60 06pabaTsBaTh, TPAHCIIOPTHPOBATL, €€ HC-
NONL30BAHAE HE JaeT BPENHBEIX OTXONOB M BHIGpocoB B atmochepy. B He-
KOTOPbIX CIy4aAX IUIOTHHB! THIPOCTAHIMM MO3BONAIOT PETYIMPOBATH
pPegHOli CTOK, OHM HAJEXHBI, NIPOCTLI B SKCNIyaTALMH (NG CPABHEHMIO €
T3C u ABC), memees. Boma BoROXpaHHINL] MOXET MCIIOJIL30BATHCS B
CETbCKOM XO3AHCTBE JUIA NMONMBA, B HUX MOXHO Pa3sBOXUTh peiby. OnHuM
cnosoM, nocrouHcTBa I'DC JBNAIOTCA MOCTATOUHO CEPHEIHMIMH A
NPHMHATHA PEIIEHHS O UX CTPOUTENLCTBE.

OnHaxo NpH. pa3MeNIeHHH I'2C Ha paBHHHHBIX PeKaX OTUYXKIAWTCA IO~
KOPOfHbIE TOAMEHHbIE 3EMIH, UTO, 6e3yCHOBHO, SBIAETCH OTPHUATENbHBIM
MoMenTOM. HeoBXOMMMO YUHTBIBATL TAKXKe, UTG C POCTOM IUTOMAIH BONO-
xpauumuiy [3C NPOHCXONT CHIKEHHE CKOPOCTH BOABL, YTO HeGnaronpuar-
HO CKa3LIBAETCA Ha HX BOXHO-XMMHYECKOM M THAPOGHONOIHYECcKOM PeXuMax,
Hanuuue NiIoTaH, B GONBINHHCTBE CBOEM Ge3 PBIGONOABLEMHAKOB, OKa3BIBAET
CEPhEIHOE OTPULATENRHOE BIHAHME Ha [IEHHBIE TIOPOJB! NPOMBICTIOBLIX PHIG.
HaxoHew, cepbe3HyI0 ONaCHOCTh MPENCTABNAIOT BLICOTHBIE IIIOTHHBL NPU ¥X
CITY4aiHOM WM HAMEPEHHOM paapymeﬂnn. Vka3aHHBIE HEXOCTATKH FHAPO-
3HEPFHH cnwxe'renbcmylo'r 0 HEOOXOZIMMOCTH BCECTOPOHHETO IKOJOTHYECKOTO
COTIOCTABIICHU S BapHAHTOB coopyxenms T'OC ¥ Apyrux anbTepHATHBHBIX HC-
TOYHHKOB.

XoTtemoch Gbl OGPATHTE BHHMAaHKME HA BOIMOXHOCTH GeCHNIOTHHHBIX
I'DC, KOTOpbIE MOTYT BEITE COOPYXEHEI Ha MANbIX PEKaX M JaXe Pyybsx.
Hanpnmep, no coobutennsM newat, Kamkucadickuit snexTporexsmwde-
cxuil 3apof B KHPru3HH M3roTOBAN ONBITHYIO MHKPO-I'DC MOmHOCTHIO
1,5 xBt nna ycTaHomm HA HeOONMBIHKX PYUbAX € ZOCTATOYHBIM HAMOPOM M
TOATOTOBHI X CEPUAHBIA BBIMYCK. Bec MuxpoI'DC * 90 xr, e MOXHO Gbi-
CTPO YCTAHOBHTE HAa MECTE, OHA HANEXHa ¥ mpocta B obcnyxusanuu. Io-
3TOMYy yBemuueHHe uucxa becnnoTHHHEIX I'OC Ha Mankix peKkax MOXer
0Ka3aThLCA TONE3HLIM JUIsl YIOBIETBOPEHHA 3HepronorpebHocTel mocen-
KOB ¥ JepeBeHb. DTo TeM 6oiee HEOOXOXMMO B CBA3M C MCYEPNAHIEM U1~
popecypcoB B esponeiickoil yacTd Poccuu u He06xonnmocrbm nepexayy
sxepruy u3 Cubupu.

§ 6. BO3MOKHOCTH Oy eHAS SHEPIHH U3 OKeAHA
ECTh HECKONBKO TEXHWYECKHX Pa3paboTOK NMONyYEHHA DHEPTHH M3 OKea-

Ha, XOTA €ro BKNaJ B SHEPreTHYECKHUit 6ananc Jaxe B NEpCneKTHBE OLEHUBA-
€TCH HEBBICOKO. .
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3Hepmn‘npnnn‘non

IlepBas BOIMOXKHOCTH - 3TO HCIIOJL30OBRHHE IHEPTHH NIPUIMBOB. Bo Bpe-
MA NPHIHUBa yPOBEHb MOPCKO BOXEI MOBBIIIAETCA, H ITHM MOXKHO BOCIIONBIO~
BaTbCA IUIA 3aNONHEHHMs kakoro-nubo pesepsyapa. Ha nyTu moroxa BONb
MOXHO IOCTaBUTEL TYpOUHY, koTopas Gyaer BbIpabaThiBaTh 31EKTPOIHEPTHIO.
OG6patHbiil MOTOK BOMBI BO BpeMA OT/JMBA TAKXKE MOXET BpamaTh TypOMHY,
€CIIA €e KOHCTPYKUMA 0GecneyuBaeT BO3MOXHOCTb MPAMOro W ofpaTHOro
BPAIUEHUA ¥ BLIPAOOTKY HPH TOM 2MeKTPOIHEPTHH.

B Mupe sKCrulyaTMpyroTcs HECKONBKO 3KCTIEPHMEHTANBHBIX IPHIMBHBIX
anexrpocTanuui (IISC). V nHac B crpane Ha nobepexse Bapunnesa Mops ¢©
1968 r. paboraer Kucnory6cxas IIOC, Ha KOTOpO# YCTaHOBIEHBI 2 TYpOUHBI
1o 400 xBT xaxnad. Bonpas npuiIMBHas CTaHUMA IKCILTyATHDPYETCH HA pexe
JIa-Panc (@panuma), ee Mowuoctb - 240 Thic.kBT. MMeloTCa IpOEKTH! COOpPY-
KeHHA NpYTHX mpuiaMBHBIX craHuui. Hanpumep, B yerse pexu Cesepu (AHr-
TuA), AMeronel caMbiii BHICOKME YpOBeHb HpUNIHBA Ha 3emie, paspaboTaHsi
PasnuyUHblie BAPHAHTH COOPYXKeHUs cTaHuuil. MoumHocTs TypGoredepaTopos
3TOH CTaHWHH COCTABILNIA 110 11poexTy 7,2 Mmu.kBr. IlpasuTenscTBeHHbIH KO-
MHTET, PACCMATPHBAIOIINIL 3TOT NPOEKT, PEKOMEHIOBAN NPOBECTH H3Y4eHHE
BO3MOXHOI'O BIHAHUSA €€ HA OKPYIKAIOLIYIO CPEAY, OMPEREICHUA 6 IKOHOMH-
4eCKOH 3P PEKTHBHOCTH M T.X,

Ha cxoxeM ¢ DpHIMBHLIMY IPHHLANE MOTYT paG0TaTh SNEKTPOCTAKIHH,
HCNOTB3YIOLIME BHEPTHIO MOPCKHX BOJIH.

Ounuy 13 BapHAaHTOB BONMHOBOM 3JIEKTPOCTAHIHA TAKOB: MOPCKHE BOJHbI
NEPUOANYECKH CHHMAIOT BO3JYX, HAXOAALHIICA BHYTPH BEPTHKAILHO pacno-
NOXEHHOH KaMephl. BuIxoms U3 kaMeps!, BO3IYX IPUBOIMT B IBMKEHHE Jona-
cri TypOuHel. Onyckaich, BOJHA CO3AACT BHYTPH LHIMHApDA BaKyyM, B pe-
3YALTATE YEro MIBHE 3aCachiBACTCA BO3OYX, KOTOpblﬁ NPOoAOIDKAET BpallaTh
1ypbuny. I'masnas TpyHHOCTh 3aXm0OYANace B TOM, YTOOBI 0OeCHedHTE Bpa-
IeHHe TYPOUHBI B OTHOM M TOM XK€ HAIpPAaBJIEHHH HPH MpAMOM i oOparHoM
TOKE BO3AyXa. A

B mpyroii KOHCTPYKIHE HMCIIOIB3YETCH pe3epByap, paamemae’mmii BbILIE
YPOBHA MODA H ,COC,E(HHCHHBII:‘I HAKJIOHHBLIM KaHaJIOM € €ro HOBCPXHOCbeO.
IIpu BONHEHHH MOPCKAaA BOLA 3ANOJHAET PE3EpPBYap, BHITEKAS W3 HEro, OHa
ppamaer Typbuny. Takag BOTHOBAA INMEKTPOCTAHLUMA HEGONBUION MOIHOCTH
Obina cnana B axcumyaTtanuio B Hopserun B 1985,

PaccMaTpuBas BONMHOBYIO SHEPIMIO B KAHECTBE OJHOIO M3 BOSMOMKHBIX
3HEPrOPECYPCOB, CIEAYET yKa3aTh Ha 3HAYHTEILHYIO €6 HEPABHOMEDHOCTD,
CBA3AHHYIO ¢ M3MEHEHHeM WHTEHCHBHOCTH BOSZYLIHOIO MOTOKA Hai NOBEpX-
HOCTBLIO MOPCKMX BOI. TeM He MeHee MMEIOLIHHcA ciocob aKCnIyaTaunm Boj-
HOBBIX 3MEKTPOCTAHIMA HeOONBLUIOH MOLIHOCTH CBHIETENLCTBYET O MIONE3HO-
CTH HX TIPYIMEHEHHA.
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B nacrosiuee BpeMa B psiie 3apyOexHbIX CTPAH BEJYTCH IOHCKOBLIE pabo-
ThI HO M3YYEHHIO BOIMOXXHOCTH HCIIOIB3OBAHHS TEINOBON SHEPIrHH OKeaHa.
ITo peayneraTam 3TOTO HIYMEHHA MOXHO GYAET CYAMTH O BCEX HOCTOHHCTBAX
¥ HEJIOCTATKAX TOrO BHAA S3HEPropecypea.

DHeprus BOIH

MupoBsie 3anack! BOTHOBOR SHEPTHM COCTABJIAIOT OKONO 2,7 mapa.xBrT.
Hpo6nema COCTOHMT B TOM, YT00BI HAWTH 3QEKTHBHBIE IO CTOHMMOCTH CNOCO-
6b! peobpazoBanys IHEPTHH ABIKYIIMXCE BOIH B MEXAHMYECKYIO MM MHEB-
MaTHYECKYIO GOpMY, KOTOPYIO MOXKHO MCIIONL3OBAT I MPMBOXA B AeHcrare
typboreHepaTopoB. ITockombKy ¥y MOPCKHMX BOIH IIHPOKHI TWAN@30H JIHH W
aMnutyn, mo6oe 3pdexTuBHOE YyeTpoXicTBO NHOO KOMKHO OBITH MHPOKOMNO-
TIOCHBIM, THGO HMETE YaCTOTHYIO PETYIHPOBKY. 31eCk TEXHHYeCKasd 3a5ada B
HEKOTOPOM CMBICIiE CXOAHA ¢ 3aKa4ell HCIONMh30BAHUA BETPOBOM SHEPTHH.

Hurepec x npobieMe HCNONb30BRHAA IHEPrHM BOJH ocoeHHo NposBUi-
¢i B MOCIEAHME 10-15 ner. HIﬂpoxue HCCNEROBAHHA ¢ "MPAKTHYECKHM BBIXO-
IoM" CO3NaHUS YCTAHOBOK HE TOJBKO OIBLITHBIX, HO W AJIS MOBCEAHEBHOH
NPAKTHKH NPOBOASTCH, Hanpumep B Jnoxun. BJxecx. HA DHEPIUH MOPCKUX
BonH aeficreyioT ceritte 300 Oyep u masxos. B Aurmun Taxxe payara coor-
BETCTBYIONIAA Nporpamma. B DauHOYpPrekoM YHHBEPCHTETE CO3NAHA Cheuy-
aNpHag NabopaTOpHA ¢ OMBITHLIM GacceflHOM AN SMHTALHM DA3HBIX BHIOB
MOPCKOTO BOJIHEHMSA - OT JerKoi 36161 g0 10-6ampHoro mropma, HecaenoBa-
HHA U KOHTPOIA 32 XONOM npoileccos. Benyres nofobusie paborst 1 8 Poc-
CHH.

Kaxos npuHpmn npeficTBHA BONHOBBIX 3NexTpocTaHiuMii? Kakoswl BO3-
MOXHbIE TeXHHYECKHE peleHus?

{, Henonsaopanue BepTUKATBLHBIX NOABEMOB A CITAJIOB BOJHBLY I 1IPH-
BOJIa B [IeiCTBHE BOJNHBIX MM BO3AYIIHBIX TYPOUH, COEAUHEHHBIX C 3NEKTPO-
reHepaTopaMy. ' ’

2. Wcrionn30BaHHE TOPHIOHTANLHOTO MEPEMELICHUS BOIH C JIOMOUI[LIO
YCTPOICTB (NIOTEpHOIO THUNA VI ITONYYeHHS Hepes CNCHHaNbHYIO Nepenayy
BPALIATENEHOO NBHKEHNA.

3. KoHueHTpalya BONH B CXOJALIEMCA KaHamle, B KOTOPOM WX KHHETHYe-
cKaf 3Heprus noxmepxmsana Ol HANOP BOMBI, HOCTATOUHLIA HMI% MPHBONA B
neiicTBHe TypOUHBL

OnHo w3 yerpoiicrs NepBoil rpyuns! nmpeacrapiser coboi BEPTHKANLHYIO
Tpy6y, NOTPYKEHHYIO HIDKHHM OTKDBITHIM KOHIIOM B HOCTATOYHO CIOKOHHLIG
CTIOM MOPA ¥ 3aKpEITYIO cBepXy. Tpyba 3axpenneda Ha nonnaske. B sepxueif es
YacTH, B "BONHOBOI" kaMepe, Bona HMeeT cr0OOARYIO oBepxHocTs. TIpn moas-
€Me BOJIHEI YPOBEHb CBOOOAHON NOBEPXHOCTH B "BOJIHOBOH" KaMepe NoJHHMA-
€TCA ¥ CKMMAET BO3/YX, KOTOPBIH NPUBOJUT B HeHCTBHE BO3TYLIHYIO TYPOHHY,
COENUHEHHYIO ¢ anexTporeHepaTopoM. Ilpu cname Bombr uepes armochepHbili

P
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KIanaH B "BONHOBYIO" KaMepy 3acachIBaeTcs HOBaf nmopuus sBo3gyxa. M manee
npoxecc HopTopsercs. Ilepuon xoneGanui ypoBHS BOxbI - 5-6 ¢.

TepMaaLHaA SHeprus OKkeana

Hnest noxyyennus SHEPriy 3a CYET PASHOCTH TEMIIEDATYD BOMBI B MOBEPX-
HOCTHBIX M IITyOMHHBIX CIIOAX OKeaHa ObUIa BHICKA3aHA YYeHRIMH okone 100
et Hasax. Ho mmMpokxue mpakTHyecKne HCCNENOBAHUSA B 3TOM HANPABIEHHH
paseepHyTH THMb nocne 1973 r.

TloxTBepXIeHa NPHHIMIIHANBHAAS BO3MOXHOCTD COINAHMS MPOMBILIIEH-
HEIX STEKTPOCTAHIMHA Ha OCHOBE HCIIONBb30BAHMA TEMIIEPATYPHOI'O TPAZIUeEHTA
OKeaHCKOH BOMBL.: - o ‘ :

OKCHepHMEHTANBHEIE YCTAHOBKH paboTator Ha Iasaiickux ocTposax, e
PA3HOCTh TEMNEPATYP ¥ MOBEPXHOCTH BOMBI H HA IIIyOHHE OKONO KHIOMETpa
cocrasmser 22 °C. YCTaHOBKA COCTOMT M3 KOHACHCATOPA, HCIAPHTENA, HAcOoCa
U TypOuHbI, paboTalomux B 3aMKHYTOM Lxe. Ilo coemuusiomum ux Tpy6am
nipoTexaer pabovee Tenmo - ¢peon. KoHmeHcaTop oxmaxaaerca NoaMsToit ¢
Gonbwroii rayGunel Bogoit npu Temneparype +8°C. Mcnaputens HaxomuTes
Np¥ TeMIepaType rosepxHocTHOM Boawsl +30°C. Ilepemenumaii B ucnapurele B
ra3oo6pa3soe cocTosHue PpeoH NPMBOAUT BO BpameHHe TypOuuy, ocHe ye-
TO OXJIaKTAETCA B KOHAEHCATOPE H CHOBA IIOXAETCA HA HAIPeB B HCHAPHTEINk,

TinaByuyne rUEpOTEpMHYECKHE INEKTPOCTAHIMA MOIYT PacmoIararhes
TaM, THE TEeMIIepATYPHbIE YCIIOBHA B TOMIE BOABI Hauboee GaronpusTHLI 1
Ja0oT HAHBBLICIIMIA rpagueHT, B TOM YHCIC B MOKIYHAPOMHBLIX BOOAX HA HE-
06%ATHBIX NPOCTOpax Mopell H okeaHoB. Bolee TOro, Takue 3NMEKTPOCTAHIME
MOrYT OBITE MUIDHPYIOIMMH, T.6. OHH He NPUBA3AHBI K KAKOMY-TO CTPOTO
ONpENIEIIEeHHOMY PAORY, 4 MPH W3MEHEHHH TeMIIEPATYPHBIX YCIOBHH MOryT
nepeMelaThca TyAa, Tie TPaI¥eHT TEMICPATYp HauGoNbIIMi ¥ COOTBETCTBEH-
0 3QHeXTHBHOCTL UX pabOTH HANBBICIIAS.

CoBpeMeHHas TEXHHKA NO3BONSET ONPEAENATh HanOolee NepCneKTUBHBIE
B 3TOM TUTaHe pafonsl ¢ noMolpio ey THHxos 3emnu. Ho 3xeck, ecrecTaenyo,
BO3HHKAET NpobieMa: kKak ObITh ¢ BeIpabaTeiBaeMol anexTposneprueii? Bos-
MOXHOCTB TPAHCIOPTHPOBKYM 3NIEKTPOIHEPIHH HA Oeper 1o JIUHUAM 3IEKTPO-
nepegayu - OIBOXHAIM KabenaM - 3a JaNbHOCTLIO PACCTOAHHSA, ECTECTBEHHO,
uckimouaercs. Co BpeMeHeM, XoHeuHO, OyayT oTpaboTanm cnocobpi nepenadu
JEXTPOIHEPTHH HA RaNbHUE PAccTOSHHA 6e3 MPOoBOMOB. A NOKa HANPaIIKBa-
€TCA BBIBOJ: NIOTPeOUTENM 3JIeKTPOIHEPTHH JOIDKHEI OBIT 31ECh XKE, HA MECTE,
T.6. COOPYXAThCA HE MPOCTO IMEKTPOCTAHLHH, 2 3TEKTPOTEXHOIIOrMHYECKHe
KOMILIEKCHI, MPOH3BOAALIME Ha Gase BolpabaTeiBacMOH 3NEKTPOIHEPTUM pas-
JIMYHBIE BUB! BTOPHYHON MPOLYKLIMN.

Creyua HcThl, 3aHMMAIOLINEC] MPOEKTAMM HCMIONL30BAHNA TEPMAJILHOH
IHEPrHM OKeaHa, CYHTAIT, MTO HOJIOGHBIC YCTAHOBKH HMEOT 3HAYUTCILHLIC
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NPEHMYILECTBA Nepel IPYTHMU YCTPOHCTBAMM, peally3yIoMiMMH- SHEPTHIO BO-
306HOBIAEMBIX HCTOUHUKOB - BETEDP, COJHIIE HIIH MOPCKHE BONHLL, [ TaBHOE M3
HMX - TIOCTOSHCTBO TeMIEPATYPHOTO I'PANHEHTA BO BPEMEHHK M, CICHOBATEIb-
HO, €r0 HanexnocTh. Kpuruyeckas teMnepaTypHas pa3sHOCTh, IIPH KOTOpOH
OKEAHCKHE INEKTPOCTAHIMHE CTAHOBATCA peHTabenbHbiMu, 22°C. TakHx MecT B
Muposom oxeane Hemano. Ellje OfUH apTYMEHT - HU3KBE TeKyLHe 3aTPATsH! 32
cuer "OecrmaTHoro rommMea”. Qs cocrasmmior or 0,02 no 0,08 monn. 3a |1
kBT/u. o : e ' ; :

KpynHble oKeaHCKHMe SIEKTpOCcTaHMu MomuocTeio 200-400 MsT, cMon-
THPOBaHHbIC Ha INIABYYHX nnaTdgopmax, Mo MHEHHUIO. MX NPOSKTHPOBIIHKOB,
HallyT npaMeHeHHe B KayecTBe PabpHk 1o ZOOHIYE MONEIHbIX HOKONAEMBIX
u3 okeaHa. Manrle cranuun MOLHOCTBIO 40-50 MBT GyayT nonesus! naa paz-
BUBAJOIINXCA CTPAH TPOIHUECKOro MOsCa, TAK KaK, IOMHMO 3JIEKTPOIHEPTHH,
OHM cnocoOHel onpecHaTs Boay. C HCHONL30BAHUEM ITPOLIECCOB 3JIEKTPONH3A
MOYHO TIONY4ATh U3 BOJbLI BOXOPOX M KACTIOPOS. :

.
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T'IABA ‘VIH. TEPMODJIEKTPOI'EHEPATOPEI

§ 1. TEPMOJHHAMIIKA TEPMOSJEKTPHYECKOTO
IIPEOBPA3OBAHMA

B ocnose pabothl TepMmoanekrporeseparopos (T3I) exar Tpu TepMo-
Honamuyeck o6paTUMEIX TepMmoanexTpHueckuX sddexToB — 3eebexa, Ilemn-
The W ToMcona, TepMOINIEXTPHUECKAMH SBICHUSMH NPHHATO Ha3uBaTh 3¢-
dexTol BOZHHKHOBEHMA B NPOBOJAIIHX CPENAX SJIEKTPOABHKYLIMX CHI H
INEKTPHYECKMX TOKOB IO BO3-
IeHCTBHEM TEILTOBLIX FIOTOKOB
u 3¢dexTa BOSHUKHOBEHHS Te-
TUIOT, EOTIOMHUTENLHBIX K IDKO-
yneBoit TeNnoTe, NpH NpoTeKa-
HHM 3JEKTPUYECKOro ToKa, -
dexr 3eebexa, obycnoBIeHHbIH
‘ nepepacnpeneyiehiieM  HOCHTE-

Prc. 52. bxeMa TEPMOIIEKTPHIECKOro anementa: Teif 3apanoB BCNENCTRAC HATH-
1 - coenupuTeNLAAY IINNA TOPSIErD cnaf; 2 - KOMMY- A TEMIIEPATYPHOTO TPANHEH-
TAUWOHMELH. npnnoﬁ Fopsero cias; 3 - xommyTauy- Ta, HPOABJIAETCA B TOM, HTO B
ounbtil Mpnoit xo.rlo)mom cnag; 4 - p-BeTBL TepMo- 3ne]c'rppmecxoﬁ Lenm (Pm:_ 52),
JieMenTa; § - f-BeThb TepMolTeMenta; & - Harpy3ia © cocTaBneHHcm H3 OBYX PasHO-
pozxﬂux NPOBOJHUKOB (TEPMO-

MexTponoB A u B), eCili TOUKH HX CIAEB MOMIEPKUBAIOTCH NPH PA3HBIX TEM-
TepaTypax, BO3ZHHKAET anexrpo.unmxymax cuna, Hasmnaeuaﬁ _TEPMO3C

(I3AC):

1

AEAB=(1AB(T 1-—T2) = OLABAT, ey

rae Tt v T2 — TeMrepaTypsl FOPAYEro M XONOJHOIO CNAEB; tas — KO3~
buumeHT Jeebexa umn orHocuTenbRbiil koadbuunent TIAC, 3aBucaumii ot
CBOMCTB TEPMO3NEKTPOAOB M TeMiepatypri. Ddpdexr Ienptre, 00ycnopieH-
HBIH PA3NMYHBIM PACHpPEnceHHEM HOCHTENEH 3apiloB 0 IHEPrHAM B Npo-
BogHMKaX A ¥ B npH onuHaxoBo# Temneparype, 3aKoyaeTcs B TOM, YTO NpH
IIPOXOXIEHMH ANeKTpUudeckoro Toxa I yepes cnail A-u B B aTOoM criae oisens-
ercsl WK IOrJIomaeTcd Termota. Qn , NPONOPLHOHANLHAL TOKY ¥ 3aBHCHLIAN
OT THIIA KOHTAKTUPYIOIMX MPOBOAHHKOB!

Qu=Mas (1)1, (2)
rae [lap — xoadduument NPONOPUHMOHANLHOCTH, HA3LIBaeMBIH ko3ddu-

inentoM IlenbThe, 3aBHCANIE OT CBOHCTE MATEPHANOR H TEMIIEPATYDPHI CHasl.
[Ipu nanwo¥# Temneparype BbinonHsercs ycnosue Ilas = — Ipa, T.€. mpu Hame-
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HEHHY HanpasNeHud ToKa uaMenserca 35ax rennots embrbe.

3bddext Tomcona, 06YCHOBIECHHBIH 3aBUCALIMM OT TEMIIEPATYPLI pac-
IIpenencHueM HocHuTeneii 3apaga MO SHEPIHAM B DPOBOJHUKE ¢ TOKOM, KIPONB-
JISIeTCA B TOM, YTO IPH NPOXOXKIOCHUH 3MeKTpudecKkoro toka I 4epes nposog-

HMK, BIONb KOTOPOr0 CYIMECTBYET TPANHEHT TEMIIEPATYpPhl—— , B HEM Bhije-

JEsieTCAd WM TOIIOIAETCA TeIIoTa, npondpuuoaanmax TOKY M TpazMeHTy
TEMIIEPATYpPhI

dr
t::.I.——-——- f’ 3
dQ. =1 dfd 3)

rae dQ, — KOIMN4ecTBO TEMIOTHI, BHIISTAEMOE B eJUHHIYY BPEMEHH Ha ITHHE
nipoBoxuuka df mNpH YCIOBMM, uTO IPagyeHT TEMIIEPaTYPhi Ha 3TOM y4acTie

paseH _C}Z , aTok I, T — k03 HIHERT MPOMOPIHOHANEHOCTH; HA3LIBAEMbIL KO-

2 duuucHToM TOMCOHA! OH 3aBHCHT OT CBOHCTB NPOBOJHHKA U OT TEMIEPATY-
Pl T > 0 IpH 0/IMHAKOBOM HANPABIIEHWH TOKA M TPATMEHTa TeMIepaTyp.

CooTHOWEeHNE MEXIAY TPEMA TEPMOINEKTPHUECKHMH KoadduupenTamu
HAa3bBAT COOTHOIUEHHAMH ToMCOHA:

aofl,;

Olap=1Ts —Ta t+ s ITae = oaeT. “
aT

TepmosnexTpuyeckuii anement, IlpocTelimell MOAENBIO TEPMO3NIEK-
TPHWHECKOro 3EMeHTa ABJIETCA 1eNb, COCTOAAN N3 IBYX Pa3nMYHbIX OIHO-

POMHBIX IPOBOJANINX MATEPHATIOB, ClIad KOTOPOH HaxounTCﬁ npu PasTHYHBIX
Temneparypax Tt H Tz.

OnTuMambHbIH xoaq)qmuuem HOGPOTHOCTH TePMOBNEKTPHUECKOTO e~
MEHTA! :

T Garian) ®

TAE A — TEIONPOBOMHOCTD; P — YAENBHOE CONPOTHBIEHUE.

Koaddunuent nonessoro n,eucmm MIPH MAKCUMAaNLHON 3NMexTpHYecKOoi
MOIHOCTH BO BHELUHEH Lierm:

=Ny~ [
=T g ; ©
rae Nk — KL, uukna KapHo.
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§ 2. OCHOBHBIE HATIPABIEHHS B CO3JAHMH -
TEPMOJIEKTPUYIECKUX MATEPHAJIOB

B HACTOAIEE BPEMA B CBA3M C MHTCHCHBHLIM OCBOCHHEM KOCMOCA H FIIy-
6HH MOpeEil M OKeaHOB, OTHATCHHBIX H TPYAHONOCTYNHEIX PAHOHOB 3EMHOIG
rapa, BO3pacTaeT NOTPe6HOCTL B ABTOHOMHBIX HCTOYHHAKAX 3NEKTPOIHEPIHH.
Haun6onee nepcneKTMBHBIM METOZOM TIPAMOTO Tpeobpa3oBaHUA IJHEPIHH, T10-
3BOJUIOIIMM CO3NABATE ABTOHOMHBIC MCTOYHHMKH MMTAHHA H MOXYYUBLIMM
ITHPOKOE NPAKTHUECKOE NIPHMEHEHH E, ABNACTCA TEPMOIEKTPHYECKHH METOX,

B cBs3u ¢ MHKPOMHHHATIOpH3AUMEH PafO3NEXTPOHHONR ANNAPATYPH
BO3HHKIH NMOTPeGHOCTH KAk B MATOTaGapHTHBIX MCTOYHHKAX 3IEKTPONHTA-
HHA, TAK ¥ B MMHHATIODHBIX OXJNAXAAIOWHNX U TEPMOCTAGHIMINDYIOMMK YCT-
policTeax, crocoGHbIx paboTaTh IPH CTATHYECKHX M JWHAMUYECKHX HATDY3-
Kax, Pe3KHX TEMINEPATYPHBIX KONEOAHUAX, B HEBECOMOCTH M 6e3BO3YIHOM
MPOCTPAHCTRE, YCHEWHOe PeleHne NePeIHCIeHEbIX NPoGieM B ONpeXeNeH-
HOH Mepe CBA38HO C COBEPUICHCTBOBAHHEM TEPMO3JIEKTPUUECKHUX METOJOB
[peobpa3oBaHNs SHEPTHK. G , ‘ SRR

TepMoanexTpHueckas IHEPTETHKA ABJIAETCH CPABHHTENLHO HOBOH 067a-
CTRIO TEXHHKH, M HEPHOX €€ PA3BUTHS HACUUTHIBAET, TIO CYLIECTBY, JIHIIb JBA-
TPH AecaTuneTns. I103TOMy npencraBlser HeCOMHEHHBIH HHTEpEC M3yUCHHME
HAKOIJICHHOTO  ONBITa pa3spaboTOK TEPMOINEKTPHYECKHX MaTepHANIOB
(TOM), ABIAIOLMXCA OCHOBHBIM 3BEHOM, 06eceunBaronuM 3¢ dexTUBHOCTS
paboTEI TEPMOANEKTPHUECKUX renepaTopoB (TO1) # TepMOINEKTPHYECKUX OX-
naxparomux yerpoiicts (TO0VY), nccneqopaHue pasBUTHA TEXHHYECKUX pellre-
HRI B 3TO# 001acT 1 BpisBAcHKE HAUDOEE NEPCIEKTHBHAIX HapaBIeHHA.

AHATNI UMEIOIMXCH IKCIEPHMEHTANbHLIX JaHHLIX B 06nacTa paspabor-
KM TEPMO3NEKTPMYECKHX MATEPHANOB CBUJIETENLCTBYET O CHEHYIOMIEM.

1. OCHOBHYIO YaCTh TEPMOINEKTPHUESCKHX MATEPHATIOB COCTABIIAIOT CHC-
teMsl Ha ocHoBe Bi, Te, Se, Sb, Cd, npumensembie 1A cO3AaRMA FeHEPATOP-
HbIX ¥ XONOMUMIBHBIX TEPMOITEKTPHIECKHX YCTPOHCTB. TR »

2. PaspuTie TEPMOIJIEKTPHYECKHX MATEPHATIOB UIET 1O INyTH. paspabor-
KH MHOTOXOMMAHEHTHBIX CHCTEM ¢ BBEeHHEM OOIBLIIOTo KOJMHYECTBA JIETH-
pyromux no6anox. , .

3. Pa3pa6oTka MHOTOKOMIIOHEHTHLIX CHCTEM HIET IO [y TH 3KCHEPHMEH-
TaNsHOTO Noabopa KOMIIOHEHTOB, BXONAIIHX B TEPMOINMECKTPUYECKHE MATe-. :
pHansl, . S

4. Hccneqopanne CBOMCTB TEPMOINEKTPHYCCKHUX MATEPHANIOB OCHOBAHO °
HA 3KCTIEPMMEHTATILHOM ONPERENCHHH XapaKTepHCTHK PaspaboTaHHbIX COCTa-
BOB, YTO MOPOXIAET HEONPABJAHHOE KONHMYECTBO MENKHKX HAYYHO-HCCHENOBA-
TENbCKUX paboT B YKa3aHHOM HAlIPABICHHM. ;

JUns pemeHus BOIPOCca O BHIGOPE COCTaBA MaTepuana ¢ HeOGXOMMMBIMU
cBOMCTBAMH UTA Lejell TEpMO3MEKTPHYECKOro NpeoOpa3oBaHNs SHEPIUH He-
06XOMMMO NPOBECTH AHANK3 MMEIOMINXCA B HACTOAINEE BPEMS TEPMOBTIEKTPH-
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YeCKUX CBOWHCTB Maréepuainos OOHO- M ,I[BYXKOMHOHGHTHOI‘O COCTaBa M BbI-
SBUTb HX 3aKOHOMEPHOCTH ¥ B3aHMOCBA3H.

K TepMoamexTpHuecKkuM MaTeépHallaM € TOYKM 3peHMs 3¢eKTHBHOCTH
npeoGpa3soBaHUA 3HEPIHH U CTAOHILHOCTH MX TEPMOSNEKTPHYECKHX CBOMCTB
NpegbABIAIOTCS CHENYIOUME TpeOoBaHuA,

1. Bricoxas MexaHHYecKas ¥ 3NeKTpHYEecKas IPOYHOCTb,

2. Cnabasi TeMnepaTypHas 3aBHCHMOCTb XapaKTepHCTPIK B paboyeM ama-
TIa30He TEMIIEPATYP.

3. Beicoxan TepMOB(l)(I)eKTI/IBHOCTb

4. Bricoxast TEXHOIIOTHYHOCTb HArOTOBJIEHHS Ma'repuanon

5. Bricoxas XHMHUYECKas CTOHKOCTD.,

" 6. Huzxag cTOMMOCTS nonynpononﬂnxonmx TepMO:)JICK’I’pH‘ICCKHX Mare-
PHANOB H T.X.
Hecmorps Ha GonbluHe JOCTIDKCHHA B PaccMaTpuBaeMol obiactu, euie
eCTh BOBMOXKHOCTH YIYYINIEHAS TEPMOINEKTPHYECKHX MATEPHATIOB,

~ Pemenne npoGiieMbl CO3TaHHA BhICOKOI(PEKTHBHEIX TEPMOBIIEKTPHYE-
CKEX MATepHAIOB, KAK U APYIMX — CBEPXIPOBOIALMX;, 1iHE30MEKTPHYSCKIX,
3NEKTPOIPOIHOHHOCTORKHUX U T.J. — UAET O JBYM HalpaBIEHHAM:

1) paspaboTka HOBBIX COCTABOB. TEPMOJTIEKTPHYECKHX MATEPHAIIOB;

2) ycoBepIIEHCTBOBAHKE TEXHOMOTHH UX H3TOTOBIICHMA.

-Bonbmyo PoAb 3M€Ch TAKKE HIPACT BLUABICHME B3AHMOCBAIM MEXIY
IHEPTETHUECKHAM COCTOSHHEM. Tepmoanewrpnqecmx MATEPHATIOB 1 MX CBOHCT-
BaMH.

§ 3. OCHOBHBIE XAPARTEPI/ICTHKIE‘I TEPMOBJIEKTPH‘IECKMX
MATEPHAJIOB

1. Ocuosnoit xapaxc'repucrmcou MaTepﬂanon,'uxymﬂx Ha' CO3TaHMe Tep-
MO3JIEKTPHYECKMX NPUOOPOB, ABAAETCH TEPMOITEKTPHYECKAA 3D PEKTHBHOCTS,
onpenenseMas 1o dbopmyne:

2 : :
2= 0

THE G — 3NEKTPONPOBOIHOCTD, O — Koaq)tpnuueu'r TEPMO3IC, A - xoadpdu-
[{HEHT TEIUIONPOBOIHOCTH. '

2. BenuynHa TEPMO3JC 3aBUCHT OT CBOICTB MaTepHala H IHANA30HA TEM-
nepaTyp, B KOTOpPOM M3Mepsercs o. Flconemopanne BENMYHHEI O I Pa3iny-
HBIX MATEPHANOB MPOU3BOIMTCA B NAPE ¢ KAKAM-TO NPYTHM BEMIECTBOM, MO-
3TOMY MPAKTHYECKH HEBO3MOXHO COMOCTABHMTE BEMUYHHBI O JUTA PAITHUHBIX
MaTepHalIOB, YTO NPEIATCTBYET OCYUICCTBIIEHHIO HAYYHOTO NMPOLHO3a B 06-
TIACTH PAIBUTHS TEPMOITEKTPHIECKHX MaTepuanos, obecieunBaomux adpdek-
THBHOE NMpeoOpas0oBaHNe TEMUIOBOH SHEPTHH B NEKTPHULCKYIO K HA060POT.
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JICJIBJIHCB TEOXIBITKM TEOPETHYECKH PacCUUTATE IHAUCHUR TEPMOIIC IUid
METAJLIIOB:

1 5, 5yl 1 ?dE
oa=—nK ,
3 (“ Jae) . 9

TOE P — XHMWYeCKUH MOTEHIMAT anemponon £— mmma cnoﬁonnoro
npobera aNEKTPOHOB ¢ KHHETHIECKOH aHeprueii E.
Bripaxenue ms onpeeesus o. TOIYNPOBOAHHKOBLIX MaTepHaJIOB ¢ yge-
TOM KaK CBOGOXHBIX SNEKTPOHOB N., TaK H JLIPOK N+ HMEET. CJICJI)’IOIIIKH BHI:

I;{U n_ [A+h12(2"“’:“)3 ] U,n [A+1 —~—-2(2’““'”)’ ]} (3)

3Hauenme MOCTOAHHOMN A 3aBUCHT OT MeXaHM3Ma paCCC}IHPm 3nexxponon

Onwaxo Teopernueckue Gopmymsi s PacyeTa TEPMOIJC KaK METAILIOB,
TaK ¥ NOIYNPOBOJXHUKOBBIX MATEPHATIOB MPAKTHYECKOH LEHHOCTH HE HMEIH.

B X E)Jxexc'rponpononuoc'rr, Tepmoanexrpnqecmx MaTepHanos - xaparc:repu—
crq;ga, KOTODAs xe ¢ GOJIBIHHM TPYAOM [OIAETEL TEOPETUUECKOMY pacue-
TY H 10 TIOp B OCHOBHOM onpez[emerca 9IKCTIEPHMEHTATBHBIM. Ty TeM.

4, TennonpoBOAHOCTL TEPMOITEKTPHYECKHX _MATEpHAIOB - CTPYKTYPHO-
YyBCTBUTENBHAA XaPAKTEPUCTHKA, B 3HAYHTENBHOM CTENEHH 3aBHCANIAd OT Co-
lepxanvs npuMeced, Buaa o6paboTku, napaMerpos COCTQAHMA, TAKKE ONpe-
henserca IKCIIEPHMEHTAJIBHLIM NNYTEM.

§ 4. MOMCKY COCTABORB, JIEFHPOBAHI/IE
TEPMOBJIEK’I’PI/FIECKI/IX MATEPI/IAJIOB

TepMmoaaekTpHYecKHe MaTepHabl npumno xcnaccudmuuponam KaK

HU3KOTEMIIEPATYPHBIE, CDEHETEMITEPATYPHBIE U BHICOKOTEMIIEPATYPHLIE.
1. HuskoTeMnepaTypHbie — paGounii ueTepsan Temuepatyp, 100-600K.

B nmuanazone 3THX TEMUIEPATYP OKHCIEHEHE, muddyIus B MecTax KOHTAKTOB,
YIETYYMBAEMOCTS IPUMECeHl i OCHOBHOIO BEUIECTBA HIYT CPABHHTEILHO MeX-
nedHo. FCXOMHBIMH KOMIOHEHTAMH HH3KOTEMIIEPATYPHBIX MaTepuanon ABIIA-
1oTea Bi, Sb, Se n Te.

2. CpepgnereMnepaTypHbie — paﬁoqpm HHTepBall TemnepaTyp 600 —
1000K. K cpenHeTemMnepaTypHbiM MHTepBaNaM oTHocaTcs PbTe, PbSe, GeTe.

3. BeicoxoTeMmnepaTypHble — - paGouuii HHTepBaN. TeMIEPATyp 950
+2000¥. BricOKOTeMIIEpATYpHBIE TEPMOINEKTPHUECKHE MATEPHATILL paboTaoT
B OYEHb JKECTKHMX YCIOBMAX: OKHCISEMOCTh, JETY4eCTh NMpHMeceH, NaBlicHue
napos, MudGYINA ¥ PACTBOPUMOCTD Jerupyromux nobasok u T.4. K HumM o1-
HocaTcs Haubonee uayuennas cucreMa Ge-Si ¢ HENPEPHIBHBIM PAZOM TBEPALIX
PACTBOPOB, HMEIOIIMX TeMrepaTypy miasienus ot 1230 (Ge) xo 1693K (Si)..

TIo cocTaBy ABYXKOMIIOHEHTHEIE TEPMOIEKTPHYECKHE MATEPHANLL Jie-
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JATCA HA:
1) XaJILKOI‘CHPIJIBI STIEMEHTOB:
- I rpynns! - Cu, Ag, Au;

I rpynuw - Zn, Cd, Hg; -

III rpynmst - B, Al, Ga, Jn u Tl;

IV rpymnel - P, As, Sb u Bi.

2) @®ochunpr: Zn-P,Cd - P,

3) Apcennanl: Zn - As, Cd - As.

4) Anramonngst: Zn - Sb, Cd - Sb.

Bonpmoi HHTEPEC KAK ABYXKOMHOHEHTHEIE TEPMOOIEXTPHYESCKHE MaTe-
PUANEI NPENCTABAANOT HWOKHE HOJNYNPOBOXHMKOBLIE cucTeMbl: AlSb, JnSb,
PbSe, PbS, BizTes, BizSes, SbaTes, Mg:Si, Mg:8Sn, Mg:Pb,

HekoTOpEIMH YHAKATBHBIMY TEPMO3TIEKTPHYECKHMH CBOMCTBaMH -06na-
JIAI0T paciiaBbl coieil, X xoropeiM oTHocarca: AgF, AgBr, Agl, AgCl,
LiCl, NaCl, KCl, CdClz, PbCla, ZnCs, CuBr, Cul.

Om-laxo AHANK3 CBOMCTB TEPMOINEKTPHYECKHIX ABYXKOMINOHEHTHBIX CHC-
TEM CBHIETENLCTBYET 06 OTCYTCTBHM GYHKIMOHANLHEIX 3ABHCHMOCTEH MEXTY
Humd. Kaxmas cucreMa MCCHEAYeTcd IKCIEPHMEHTATBHBIM TyTEM. Baaumo-
CBS3b MeX[Y COCTaBOM BYXKOMITOHEHTHBIX CHCTEM, MX cnoncrnamu u pabo-
YHM HHTEPBANOM TEMIEPATYD TAKKE OTCYTCIBYET.

§ 5. OCHOBHBIE TEXHOJIOI'MY U3I'OTOBIEHISA
TEPMODJIEKTPHMECKIX MATEPHAJIOB

TeXHONOrHA UITOTOBICHUS TEPMOINEKTPHYECKHX MATEPHATIOB OKA3biBa-
€T 3HAYMTENLHOS BIMAHME WA MX cBOlcTBA. B HacTOsMEe BPEMA I H3rOTOB-
JIeHHUS TONYNPOBOAHAKOBbIX TEPMOIIEKTPHYECKMX MATEPHATIOB MPUMEHAIOTCH
BCE MEPESOBBIE TEXHONOIHH, @ UMEHHO nosncﬁc’rnne Ha TEPMOBIIEKTPHYECKHE
CBOHCTBA MaTEPHANOB: .

'a) TeMIepaTyphsl ¥ XABICHAS;

6) AmepHBIX u:myqenuﬁ :

B) MarHMTHBIX NOJIeH — TEXHOIOIHA, KOTOPAS B NOCHENHEE BPEMA MOy~
yaeT WHPOKOoe pacnpocrpaﬂenuc

I) 3eKTPHYECKUX ToNeH U T.X.

Hepequcneunue METOIBE! [O3BOJIAIOT M3MEHATH B 3aJaHHOM Halpapite-
HVM CBOHCTBA TEPMOSJIEKTPHUECKHX MATEPHANIOB, I'IOJIy‘leHHle nyTeMm:

a) ropA9ero NpeccoOBaHUSA TOPOLIKOB;

6) akcTpy3ueH;

B) HaIlbUICHHUEM H IP.

Ha s>ddexTHrHOCTE paboThl TOT BaugoT 3HAYCHHA O, A, p, BXOMALLME B
xo3hduuuent HoGpoTHOCTH. DTH BETMYINHBI CBA3AHLI APYT ¢ XPYTOM yepes
KOHLIEHTPAIMIO HOCHTENeH 3apaoB M TPaHCHOPTHBIE CBOICTBA.
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2,1#;;’ T T I T an ONEKTPOTIPOBONUMOCTE G M
75% Bi Toy+ 25% BiySey JMEKTPOHHAS YACTH TENNONPOBOJ-
20 < T PETe TS ST HOCTH A CBA3AHBI Mexny coboii ro
N~ . 3axoHy Bunemana-®panua.
1,8 47 N
\  Bez@y-Lr,
%2 ‘
. 'I %\\ ‘_X_z-“‘ roe k = 1,387103{x/K - no-
a8 4 N '\\ crosHuas bonsumana;
I T N € — 3apAx 3NEKTPOHa,
| : ! ' A L = 2,457-10% Br/OwK2) -
4 | co~60 uucao JlopeHna. ,
A } I il B cBs3an ¢ 3ToM 3aBHCMMO-
0 CTBIO M MANOCTHI0 ko3hduumenTa
p-mun
,%\;5% Sb,'ra;* ”,‘ “;.n' TepMO3ac Z M N MeTAIIMYECKHX
: B { — T3I" HA3KY H NpaKTHIECKH He Mo-
0% BeTo+10% Ang"ng © TYT OBITH YNYYLIEHBHI HE3ABHCHMO
i ‘ OT FIPHMEHEHHA MO60T0 CoMeTaHNs
g5 o;Te L MeTANIHYECKUX nap.
+5% BlaTey 3HAYUTENLHO NYYIIMMM  Tep-
1 MO3TEKTPUYECKUMHE  CBOMCTBAMH
o A \ $1+6s|. 1 obnamaror  NONYNPOBOAHHKOBLIE
10}—1y ; ra NGe-77] MATEpHANbi, KOTOPHIE H HCTIONb3Y-
% | ;\__K/ FOTCH CETONHA JUiM co3umanus TOT
85 1 I - (puc.53).

wo 400 800 1000 1200 T,X

Pue. 53. TemnepaTypnas 3a8HCHMOCT: L0GpoT-
HOCTH TEPHMOINEKTPHILCKAX. MATEPHANOB.

§ 6. CXEMBI TEPMO3JEKTPOTEHEPATOPOB

B enurylo 2NEKTPUYECKYIO LeNb BETBH TEPMOIIEMEHTOB COEKHHAIOTCH
CrIeHANBHBIMH NWHAMHA (PHC.52) C MCTIONB30BAHHEM KOMMYTALHOHHBIX Ma~
TEpPHAIOB.,

IMonynpoBoXHUKOBEIE MATEPHAIIBl B YCIOBHAX IKCIUTyaTalMH 06nafaoT
BLICOKOH du3nKo-xuMmyeckoif axTiBHocThI0. KonTakTHpOBaNHE MeTANLIMYE~
CKOM KOMMYTAUMOHHOM WMHBI M MaTepHAIA BETBEH TEPMOINEMEHTOB CO-
npoBoxnaerca p3anmpoil muddysned MaTepHaNoB, YTo BEAET K OTPABICHHIO
H OKCHIHUPOBAHHIO MOJYNPOBOOHHKOBOTO MATEPHANA.

B nacrosuiee BpemMs M3BECTHO JOBOJBHO MHOTO KOMMYTAIMOHHBIX MaTe~
PHUAIIOB ¥ METOIOB KOMMYTALMH.
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Ha spdextusnocts TOI cymecTBeHHOE BIMAHUE OKA3BIBAIOT TAKKE TEP-
MHYECKHE CONPOTHBJIEHHA Ha ropsA4ed H XONOAHON IOBEPXHOCTAX.

TepmosnemenT, paGoraromuii B MHTepBaTe TEMOEPATYD, AOJDKEH HMETh
NIEPEMEHHYI0O KOHUEHTPALMIC HOCHTeNned Toka no mimHe. Taxoll TepMosie-
MEHT CO3JACTCA U3 OTHENBHBLIX YACTeH — KacKaJoB ¢ ONTHMAIBHOH KOHIEH-
Tpallel HOCHTENeH TOKa, COOTBETCTBYIONIHMX cpenHeil Temnepatype. Mcnone-
3YIOT KaCcKafibl M3 PasiMUHBIX MATEPHAJIOB, NOMENIAs KaXAbIA U3 HAX B HaH-
BLITOMHENIM I Hero TeMIlepaTYpPHLI THANa30H. 3TO MOXKHO COENaTh ABY-
M3 TIYTHMH — CErMEHTAPOBAHNEM WIN KaCKATHPOBAHUEM.

Obwmit KITA TOI' xonednercs ot 2 go 10% B 3aBHCMMOCTH OT THNIA,
MOMIHOCTH ¥ YCIIOBHil ero skcrulyaTauyu. B nyumux naGoparopsnix obpas-
nax 5Ta BENWYMHA gocruraer 15%, o ecTh npennonoxcenue, YTO OHA MOXET
ObiTh yBenMyena mo 20-25%.

W3-3a BLicokoii croumocti TAI He MCMONB3YIOTCA B KPYIHON CTanpoHap-
Holt snepreTuke. OO1acTE WX NPHMEHEHMS — CPABHATENLHO MEIKHE ABTOHOM-
Hbie MCTOYHMKH 3JeKTposHeprun. TIo-BHANMOMY, ¥ B MepCnexkTHBe Onu OynyT
TPYIMEHATHCSA TONBKO B ABTOHOMHBIX YCTAHOBKAX HeOoNMbnoli MOMHOCTH.
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I'TABA IX. TEPMOSMHUCCHOHHGIE IPEOEPA3OBATEH
§ 1. KILE TEPMOSMHUCCHOHHOI'O IIPEQOBPASOBATEIH

TepmoIMucCHOHHOE NpeoGpasoBaHue IHEPIHH OCHOBAHO HA HCHONHIO-
BaHHH NBYX QU3HYECKHX ABICHUI — TEPMOINEKTPOHHON IMUCCHH W KOHTAKT-
HOH Pa3HOCTH NOTEHIMANIOB, BOSHUKAIOWIEH MY NOBEPXHOCTAMH MBYX
PA3HOPONHBIX TN, MEKTPHYECKH CBAGHHBIX APYT ¢ APYrOM M HMEIOIIHX Pa3-
Hble paboTHI BLIXOIA 3NEKTPOHA.

MaxcHManbsHO BO3MOXHAS 1IPH JAHHOM TeMNEepaType MoBEPXHOCTH H OT-

CYTCTBHM 3JIEKTPHYECKHX MOMNEH MIOTHOCTH TOKA IMHCCHH ONpeNeNseTcd Mo
ypaBHenuro Puuapncona

Je = AT?exp(-0/KT) , (1)

rne A = 4nmek?h-3 = 120,4 A(cm?K?) — yHHBepCalbHAY MOCTOAHHAA Py~
HapCOHa,

MM ¢ - Macca ¥ 3apsAM ANEeKTPoHa; k — nocrosuuas bombumana; T — abeo-
JIOTHAA TeMIepaTypa roBRepxHocTH; h — ’ '
nocrosuyas IInanka; ¢ — HCTHHHAA pa-
60Ta BEIXOA OFHOPOIHOM ITOBEPXHOCTH,
3B, npexncraBismomas cofoil pasHOCTE
MEXIY JHEPrHel 3NEKTPOHOB B TOYKE &

: A s
MUHHMANLEOTO YIANCHMS H XHUMUUECKUM CZZD | C:'-JQ
‘ ; -

N\
2

HOTEHUMANIOM 2NEKTPOHOB B NPOBOIHH-
ke. J[Ng 31eKTpOHHOro raza BHYTPH Me-
TANIA XWMMYECKHMId TNOTEeHUWANn pased
sueprian Pepmu.

Teoperuueckan dopmyna (1) maer
IHe KAYECTBEHHO NPAaBHIbHbLIE 3HAYE- é
Hus ToKa IMuccHu. IlosToMy Ha mpakTH- —{ 1
Ke nonb3yiorca GopMyrnoit, B koTopoil gr Puc. 54, IMpupumnpansias cXeMa Tepmo-

IMMCCHOHOTO NPecipasonaTens:

NPE/CTaBIISET PHUAPICOHOBCKYIO PAOOTY 1 pasyymmo-miomunilk ysem; 2 - repmerss-
BHIXO/IA, @ KOHCTAHTA A=AR ONpENETAET- wniii xopryc; 3 - smMuTTED; 4 ~ KOREKTOP; § -
CH IKCHEPUMEHTATILHO. WONBOAMMANR TCIOTA; 6 - OTBONHMAN TEILI0-

TIpUHUMNKAILHAS CXeMa [pOCTel- 7% 7~ Narpyska.
IUErO TEPMOIMUCCHOHHOTO Tpeobpaszo-
patens 3Hepruy {TOIT) npusenena Ha puc. 54. BaxHeHuMMM XapakTepHcTH-
Kamu TOII sBmaroTcsa paGoThl BBIXOAA SMUTTEPA U KOJIIEKTOPA,

WNpeaneusiv TOIT HaswiBaeTca BakyyMHBIH IHOX, B KOTOPOM 3JEKTPO-~
Hbl, TIOKUAAIOMIME IMUTTEpP, OEcrnpensaTCTBEHHO AOCTHIAIOT KOIIEKTopa, OT-
CYTCTBYIOT IDKOYIIEBBI IIOTEPH IHEPTHH B IIEKTPONAX M TOKOBBOJAX, SMHUTTED
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ABIIRETCA U3OTEPMMYECKHM, 4 TEMNEPATYPA KOIIEKTOPA HACTONBLKO HM3Ka,
YTO IMHUCCHOHHBIM TOKOM C €TI0 NOBEPXHOCTH MOXHO Nperebpeys.

BonwT-aMepnas XapaKTepucTHKa ¥
(BAX) (puc.55) npeansHOro Huoxa oInpe-
JIEIACTCH PACTPENICIIEHNEM JNEKTPHYECKOTO 5
MOTCHLMANZ B MEXIMEKTPOHHOM 3a30pe ,
(puc.56).

VBenuueHue CONPOTHBICHUS HATPY3-
x¥ W sospactanue V (puc. 55, ysactox BC,
puc.56, B) MpUBOIMT K TOMY, YTO TOK C
IMHTTEPE YMEHBILACTCA B COOTBETCTBHM C
dbopmynoii

Puc. 55. BoabT-aMEepTHAS XapaKTepi-
eTnka TII1

j=jsa€xp

v-vi )
kr )

KoadduunenT rnoxesHoro AeHCTBHA HALANLHOIO [E0JA B PEXKUME MAKCH-
MalbHOH MOINHOCTH ‘ :

- ) 1
.]s((pa _(pK)g

MNmax = 2
Vjs(gi + ggri) + Ec(T: - T;)

< €

&)

rae £ — shdexTuBHbIE KOIQPUIMEHT H3AYYEHHS METANNA B CHCTEME
IMHTTED-KOIIIEKTOP;

o = 5,67+104B1/(M?K*) — nocrosxHnas Credana-bBonbumMana;
€ — 3apAL SNEKTPOHA,

ey pﬁ"%«a
1 VK
, Spolens Soobems
Pu | “hooem - :
o | g Dos | Wmm . o,
3 - HAITVNCRa B r-r. 7 . ®

- = A LT [ s .
Puc. 56. Pacnpesencnyie 35eKTPHIECKOT0 NOTCHUHANR B MEKIICKTPOIHOM 3A30pe:
2 -~ PEKHM KOPOTKOT0 3aMeikamms V=0; 6 - peuM MaKcHmMans ol MOUWHOCTH: B - Pexkum ¢ j<jn

TIporexanue Toka depes TOII cBA3AHO ¢ HANMYMEM B 3230DE MeEXKIY
SMHTTEPOM M KOJUIEKTOPOM GOJBINOTO KONMYECTBA MEKTPOHOB. ITH 3MeEK-
TPOHBI CO3NAIOT B 3a30PE TAK HA3LIBAEMBIH OTPHLATENbHbIH NPOCTPAHCTBER-
HbH 3apajl, NPUBOAAIIMH NPA HOCTATOYHOMN €ro IIMOTHOCTH K BO3HMKHOBE-
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HHIO B 3a30pe NOTeHUUansHOro Gaphepa BHICOTOH 8§, Kax 3TO NOKA3AHO HA
pHC.56,B (peanbHoe pacriperneneHue).

Ang nomyyenus Boicokoro KIIL TG)I'I Heobxomumo YOTPAHHTh HITH
CKOMIIEHCHPOBATE NMPOCTPAHCTBEHHBI 3apAX B MEXIIEKTPOAHOH obmacth,

IS Yero UCHONB3YIOT PAN Me-
Tonos. HanGonee npocroii me-
TOX 3aKIOYAETCA B YMEHbILE-
HHM PACCTONHMA MEXIY IMMT-
TEPOM M KOIUIEKTOPOM: IS
TIOTY4eHHS IpYeMIEMOM
MOWHOCTH (HECKONBKO BATT Ha
cM?) HeobX0aMMO HMETh 3a30p
d He Goxmee 0,01 MM.

ITpr Buicoxnx. T, BCENACT-
BUE KOpOoOIeHUs WM pasbyxa-
HUS ITOBEPXHOCTH BBIUEPHH-
BaTh TAKOH Mamnnlif 3a30p B Te-
YeHUEe INMTENBHOIO BPEMEHH
ouens Tpyano. Kpowme toro, B
HACTOsIEE BPEMA OTCYTCTBYIOT

2500 2000 1250 000 T.K
Aern* N 571 A
o \ J_c»(\
ANAN N
AR\NaY =
10" — D )
2l = 4 AN
10 ) <E \-;15 I
107 -—:?":‘a & > >,¥
10— —13eX. A% ><
Ja" - \ ﬁ‘ .
mE N X «I/\
Wiy 5 6§ 7 8 8 W naw'rt

Puc. 57. IMBCCHOHHALE TOK HACKIUCHNA ¢ NOBEpX~
HOCTH BOJILGPAMA NPH PAITHYABIX IHAYCHMEX TeM-
NepaTYPs! SMHTTEPR ¥ Eanienns napos Cs

MaTEepHaJIbl, PUTOMHEIE 1A PAGOTHI B BAKYYMHOM DEXHME NOCTATOYHO JTH-
TENBHOE BpeMd. Ma'repuam,l ¢ BeICOKO#M amuccueil (oxoino 10 A/eM?) npu T ~

I}

Tovka A
4

=d Touxa 8

ﬁ\«

mz[.'

Au

Ugsn

?

Tayxi

?

Touxa A

gf

T

Touxat!

Pue. 58, Bonr-aMuepuas XapakreprcTHKa Jyroso-

ro pexuma TIKN:
AUk~ npuxaTomubil cxanok noTemana;
Ussax - BRIXO5OC Hanpsxenue TOLL

2300K #MeroT HEeROIIYCTMMO Bbl-
COKYI0  CKOPOCTH  MCTIapeHus.
CKOpOCTh HMCIAPEHMA METAIIIOB
B BaKyymMe MNpONOpLHOHAIBHA
eFwKTs,  IMUCCHOHHAN  CHocob-
HOCTh NPONOPLHOHANBHA € */KTa,
IMosromy vem Oolbiie OTHOWIES-
Hue Faf@;, Tem Gomee mpuroaes
maTepuan mua aMutTepa TOII.

Jpyroi MeToj 3aKIoUaeTcA
B YBETHYEHWH CKOPOCTH YACTHI,
OBYOKYINUXCH MEXAY 37EKTPOHa-
MH. OH OCHOBaH Ha NPUHLIMIE Pa-
60THI MATHETPOHA B 3AEPTOM pe-
HUMe,

B ornensuyio rpynny Bbixe-
JIIOTCA METOHE!, TIE UCIONb3YeT-
€ KOMIEHcAlHA OTPHHATENbHOr0

0b6LEMHOTO 3aPANa MOTOKUTEIISHLIMA HOHAMH, KakuM-1u60 crocoGom nony-
YeHHBIMH B 3a30pe. B aaBucumocrn oT 06pa3oBaHus MOHOB Pa3lIMYAlOTCA pe-
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AHMBI C NTOBEPXHOCTHOMH M 00beMHOM HOHM3anuell. B nepsom ciyyae B mexs-
TEXTPOIHOM NPOMEXYTKE co3naercs arMochepa napor Cs. 3a cuer BricoXoi
paboThl BHIXOJA TYTrOMIABKHX METALIOB (U1t W, ¢ > 49B) Kaxuwiii aToM e
3, ONAKAOMUIA HA ero NOBePXHOCTL, HOHHAUpPYyeTca. Ilapsi nesus MrparoT
B TOII Tposxyio pois. Bo-nepnblx #3 aToMoB Cs cosnarorcs Houbl Cs, KoM~
MEeHCHPYIOMIHE OTPHLATENbHbLIH OObEMHBIH 3apAN 3MEKTPOHOB. B0~BTOprX,
arombl Cs, ancopbupysch Ha MOBEPXHOCTH KOJUIEKTOPA, NOHUXAIT MX pa-
6oty BpIXOma 1 cMewsaloT BAX BieBo (puc.57, 58). B-TpeThux, npu 0OMBIMX
JaBIeHHsX 11apoB Cs ATOMEI Er0 MOTYT aicOpOMPOBATECA M Ha IOBEPXHOCTH
ropsyero SMUTTEPA, TAIOKE cHIKas paboTty BrIxona.

Bo3MoxHb TpH ocHOBHLIX pexuma paborer TOII ¢ mapamu uesus: 1)
KBa3uBakyyMusti; 2) nuddysnonnnii; 3) nyroeoi.

Ama npaxTideckux pacseTon dddexTrBHy0 paboTy BhIXOmA TYromias-
KHX METAIIIOB B NapaX I11€3Hd YZ0DHO MpPENcTaBMTh B BHOE 3ABHCHMOCTH
@ (T/Tcs), the T — TeMneparypa NOBEPXHOCTH. Ans suaqeﬂuq T/I‘c5>2 7 MOX-
Ho Mcnonsaonan aunnpnqecxyro popmymy

-1

p=gr-¢2{1+exp (B —_;i) —alr . ¥0))
o | | Tabanua 1.

Suauenns KOHCTAHT B dopmy.ie (4) I8 HEKOTOPEIX
MATEPHAJIOB 3MATTEPOB

Koncranra I ] Re | W Mo Ta
01,98 1,99 1,57 2,08 2,15 1,86

¢2,5B 3,19 3,57 2,48 | 2,35 2,44

o 3,96 563 | 11,76 | 10,76 | 11,15

B 40,93 | 20,83 | 40,77 | 37,83 | 36,75

§ 2. PEEXHMMBI PABOTHBI T311

BaxyyMHbIi, KBa3zuBakyyMueli #H IuGQyIHOHHBIE pexciMbl B HACTOSWEE
BpeMs XOPOMIO H3YHEHBI, ¥ TEOPETHYECKOEe OMHMCAHNE HX YBA3LIBAETCS € IKCMEPH-
MeHTOM. B IyroBoM pesxmMe MHOT'G HESCHBIX BOTIPOCOB H NOKA OTCYTCTBYET Teo-
PETHYECKAS MOJIENb, JOCTATOYHO XOPOILIO COTTIACYIOMIAACSA G BKCNIEPHMEHTOM,

XOTs 3TOT pexXHM ABIAETCH OAHHM M3 Hanbonee NEPCIEKTUBHEIX, NPH
pacyeTe IreHepaTopa NPUXORUTCA OCHOBBIBATHCH OONBLIE HA IKCIIEPHMEHTAITL-
HBIX ZAHHBIX, YEM Ha TEOPETHUYECKHX XapaKTepHCTHKAX.

TTpn paspaGorke peanbHoro TIII paxHeHmAMI TpoGAEMaMK ABILOTCA:

174



1) cosmanue anexTPONOB ¢ OUpeaEIeHHON paboToil BHIXOXA, MHHHMANb-
HOH MCNAPAEMOCTBIO M MaJIbIM CONIPOTHBIIEHHEM;

2) perynupoBaHde M NOJAEPXKAHKUE HEOGXOAUMOTO BaKyyma u JABIIEHUS
napos Hanomawrens (Cs, Cs+K, Cs+Ba);

3) paspaGoTka KOPPO3HOHHO-CTOMKOM oGomouku opmyca TOIII, na-
AENKHOTO COEMHEHHS PA3TIMYHbIX yacTelf npeobpasopaTes;

4) nomBOX K 3MHTTepy TemnoBoro noroka 10-20 Br/cM? u OTBOK €ro ¢
xormexropa TOII.

OmutrepHsiif ysen TOIT o6BIYHO COCTOMT H3 IMUTTEPA H TOKOBBOXA, C
TIOMOMIBY0 KOTOPOTO IMUTTED NPUCOCTMHAETCA MHGO K TOKOBERYLIEH uHe 1
TEPMOBBOLY, JMGO X KoJekTopy cocemuero TIIL:

PaGoune TemriepaTypsl 3MuTTepa 0ObluHO Nexar B Auanasone 1600-
2100 K. ToxoBnoz sMuTTEpa obecneyunaer nepenan Temueparyp go 1500 K.
OMHTTEPHBIH y3e]I B GONBIMMHCTBE CIIyYacB HAXONMTCA B CPENE HApOB LE3MA
upk Pcs no 20103 I1a. Yepes aMuTTep MOLYT NPOXOAMTH TOKHM nopamka 50-100
A. MaTtepnan sMHCCHOHHOTO IMOKPHITHA JOIDKEH MMETh TeMIIEpATYPY IaBie-
aux 2000 K, a marepuan o6onouky — ve menee 2700 K.

CxopocTh HCHApeHHs MaTepdana 3MUTTEPA He JODKHA npeskiuars 10
MKM/IOX, 4TO COOTBETCTBYET NABIEHUIO NapoB aMuTTepa He Gonmee 106 ITa. B
KaYeCcTRE MATEPHANOB IMUTTEPHOTO Y314 MCHIONB3YIOTCA TYXONIaBKHEe MeYan-
Tel, crulaBbi, coemuHeHHa: W, Re,Ta, Mo, Nb, UC, ZrC, UN.

Konnexropusiit yzen TIII o6biuno Bxmrovaer B cebf  KOIIEKTOD M 3a-
IHUTHBIA YEXOJN, TEPMETHYHO OTHEILIOIHNE MEXINEKTPOAHYI0 monocTs TOIL
OT BHEIIHEH MONOCTH, KOTOpad MOXeET ObITh BAKYYMHPOBAHA MIIM 3alIOJIHEHA
ra3amMM WIH OXIaXJaMUMK *XUaKocTaMu. PaGouse TemmepaTyph! KOjJiex-
TOPHOTO y3ana cocTaBnAoT oObaHO 700-1300K. Yepes kOMNEKTOP M 3AUIHT-
HbIH YeXom MOTYT MpOXOIUTH snekTpHueckue Toku Ho S00A. Temmeparypa
NIABICHHA MATEPHAIIOB KOJUIEKTOPA H 3alUMTHOIO YeXJia ZODKHA ObITh He Hit-
xe 1300 K, paboTa BhIxoma xomnexropa — npumepro 1,6 3B, nenapsaeMocTs -
oxoxo 10-2m/c, naBnenue napa-npubnusurensao 10-6T1a-

Pe3ynmnTaTsl SKCMIEpHMEHTOR [10Ka3LIBAIOT, UTO B KAYeCTBE MATepPMA-
JIOB KOIIEKTOPA MOXHO MCMOJNIB30BATL: HEPKABEIOUIYIO CTANL, MEb U Melb,
nokpheiTyio Ni, Mo, Nb u citas Hso6us ¢ 1% uMpkoHus, HAKENs, peHuii.

B xadecTBe KOHCTPYKUMOHHBIX MATEPHANOB MOXET HCAOIbL30BATHCH
MeIb M €€ CIUIaBbl, HUKENb M €70 CIUIABbl, HEPXABEIOLINE CTANA.

Ins cBA3bIBAHUA BLIAENAOIIMXCA B mpouecce pabotat TOII razos Bo
BHyTpeHHEM 00beme TOIT pasMeniaoTes ra3onorIoTHTENH — reTTepel. B ka-
YecTBE TeTTEPOB OOLIYHO UCIONL3YIOT aKTHBHEIE METANNLI, Takne kak Nb, Ti,
Zr, Ba, a Taoke crutambl Zr-Al, Zr-Al-Ni, Zr-Ti u ap.

B kauecTBe M3ONMALMOHHBIX MaTepwanos B TIII HMCEnomb3yIOTCA Hawe
BCETO MaTepHanss Ha ocHose okcHAOE Alz03, BeO, V02, MgO.

TepMOIMUCCHOHHDIE NTPEOOPA3OBATENM YIAYHO COYETAIOTCHA C ATOMHBIM
peaxTopoM. MHOTOYHCIICHHBIE PAaCUeThl TOKA3ANHK, 4TO MAacca U rabapuTHbie

175



pa3sMeps! TakoH aTOMHON SNEKTPOCTAHLMH OTKPHIBAIOT GIaronpHATHbIE Nep-
CIIEKTHBEI TPHMEHEHUs ee Ha KOCMHYecKHX o0beKTax Ins nutanus Goprosoit
annaparypel H 3NEKTPHYECKUX JBHIaTeneiH.

Ieppuiv B Mupe (1970) TepMOIMUCCHOHHBIM PEAKTOPOM-TIPEOOPA30Ba-
TeNeM CTaJ poccHHCcKkMil peaxTop "Tonas". AHalorHyHbIe PeaKTOPhI-peobpa-
30BaTen paspaGaTHIBAIOTCS ¥ B APYTUX CTPaHax. Tak, B YACTHOCTH, JOCTHT-
HyTa crabunsHas paota TOII B 1a6OpaTOPHBIX UCHBITAHKUSX ¢ BONLGPaMo-
BLIM SMUTTEPOM H HHOOHEeBEIM komnexropoM (KITM 17%, yaensuas snexTpi-
yeckas MoiHocTh 8 Br/em?) B Teuenne 46000 4.

OcHoBHAA Lie/b TEPMOIMUCCHOHHOTO TNPeoBpa3OBAHMS 3HEPIHH COCTOMT
B [CHEDALNM 3NCKTPHYECTBA JUL KCIIONL30BAHMA B YIOANCHHBIX MOJAPHBIX
paiionax, nox BoZo# M B xocMoce. McuHcnsioTes Talke BO3MOXHOCTH HC-
nons3osanns TOII B xauecTBe HANCTPOHkH K oBbaabM TIC.,
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I'TABA X. MI'I-IIPEOBPA3OBATEA
§ 1. IPVHIIAL JEMCTBUA MII-TEHEPATOPA

MaruuTorunpogHHaMugeckuii redeparop (puc.59) npencrasnser coGoit
yerpoicTso, npeoGpasyiouiee KHHETHYCCKYI0 3HEPTHIO 3JEKTPONPOBOASLIE-
r0 NOTOKA, ABHMKYHIETOCH B AOMEPEYHOM MACHUTHOM IIOJIE, B 3JEKTPO3HEp-
0. B noToxe HHIYLMPYeTCA BIEKTPHYECKOE TIONE C HATIPSKEHHOCThIO Eung

= [VB], rne V — ckopocTs MoToKa; B — MAarHUTHAs AHIYKLIHS.

Ecnu xaHam HMeeT INHPH-

* Hy 4, TO Ha CTEHKAax XaHaja, na-

paneNbHBIX HANPABIEHMIO Mar-

HHTHOT'O noJs  (3MEKTPONHKIX

CTeHKax), BO3HHKaer 3ac E

=V.B-¢. JIo Tex mOp, MOKA 3JeK-

" TPOZBI HE 3AMKHYTHI HA HATPY3KY,

‘ " 3eKTPOMATHUTHBIE CHIBI HA 0O0-

Puci 89, Cxienia Mnl_mmwupona“m smepra;  TOK HE IEHCTBYIOT. Tpu 3amei-

1- XN B kanan; 2 - anexponts; 3- narpyska  KaHMM LU B [OTOKE pabouero

: Tena (KMAKOCTH MIM raia) more-

Yer Tok I = E (l-k)/R'r; rie Re — BHYTpeHHee conpoTUBieHHWE reHepatopa; k
= U/E - xoapduument Harpysxu; U — HanpsxeHune Ha HArpy3Ke.

B cooTBeTCTBUM ¢ 3aKOHAM¥ 3JIEKTPONMHAMMKHM HA eRWHMUY TTHHEI
NPOBOIHMKA ¢ TOKOM I, HaXoJsMEerocs B MCNEPedHOM MArHHTHOM none B,
neitcteyer cuna F = IB, xoTopas TOPMO3UT NOTOK H TNpeobpasyeT ero KHHe-
THHECKYIO IHEPHIO B AEKTPHYECKYIO IHEPTHIO MPOTEKAIOLIEI0 TOKA.

- DnexTpHyeckas MoMHOCTE' N, BelpabaThiBaeMas B KaHANe I'eHepaTopa,
MOXeT OBITE onpezneneHa MMGo xak MPOM3BEICHYE TOPMO3ALIEH CHIIBI HA CKO-
POCTh ITIOTOXA!

N =bIBU = U2B2{i-k)ob £ , (1)
b0 xax n:ponane;xcﬂné-anc Ha TOK:
N=EBI=UB2(I-K)obyl , (2

rae y 1 £ - BelcOTa W NIMHA SJEKTPOJHON CTEHKH, O — Koaq)(bnuuem‘
IEKTPONPOBOAHOCTH.
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- Honesnas, BoigenseMas Ha Harpyske yAelabHas MouHocrk Nv, reHepu-
pyeMas B eMMHHIE 0ObeMa Kadama (0ObeM kanana paseH by £ ), onpenemns-
eTcs hopMynoi

Ny = % =UBK (Ko . ()

: - HIQ~ yemanodnu
4, 7o prewe yusna: H
padaveso ‘/‘nm w‘;‘{ﬁ’.‘,’a”ﬁ‘ “ S :

&0 ud Kowmypa nocre codes Ommpsrrmaze | ‘
. enuw mdo/m/ upwr/m ' .?mmr:ao:ﬂ
padovew jmmr o LUCOTunanuvecKue

8. o ORO0Y  QreaiudayuL ‘ ‘
. IMIOKOLIENG v b Noudynauownsne HANTyrisuonnsse

4 o duly mona Hocmonwnozo || Nepeneinoro || Hocmonimoze \| fisveneswoze
) v . mona oG mona NG

y ”ar;wzml(m o 3
mona NENE nY mmnge. HNanpalbmenue nanesvosa .
WD KX lg{mapy ongo00TH MoK NODNUMNE fe fﬂ?’ﬂlﬂﬂﬁu
romona - ’ : K QDT ITIEYENUR onna

£ flo Wé ravana ; ‘
o Aureivwe - l“,',‘:%"”"" _‘ﬂf’ "5532" Paduamwse
wdanmwsre)

~ Puc.'60. Knacenducanusg ME H-ycranopor ‘

Knaccupuxamus MII-ycTaHOBOK, NMpeJHA3HAYEHHBLIX Ui paspaboTru
3JIEKTPOIHEPIHH, NPEACTABIIEHa cxeMoii Ha puc.60.

§ 2. IITASMEHHBIE MII-TEHEPATOPBI

Pabouum TemoMm B MI'J-ycTaHoBKaX MOXKET ObITh 3MEKTPONPOBOIHLIA
ras-miasMa, OpecTaBIsonas co6oif KBasHHEHTPATEHYIO COBOKYIHOCTL HO-
HOB, 3JIEKTPOHOB, HeHTpPaJNbHBIX ATOMOB HIH Moyekyl. ['a3 npeppamaercs B
Ia3My TIpH €ro HoHm3auuu. Ecin HOHM3AlMSA NOCTHTAETCA 33 CYET BHICOKHX
TeMneparyp, OHa Ha3bIBaeTCH TepMHYECKOH. TepMuueckas HOHH3ALNA TONIH-
HAETCA 3AKOHY HEHCTBYIOIMX MAcC NOR0OHO M0OO0H XMMHYECKOH PEaKLMH.

Ternora peakiy HOHH3ALNH, BLIPAXKEHHAA B JIEKTPOH-BONLTAX, HA3bi-
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BAETCH NOTEHLIHAIOM noumaunu 3axoH NeHCTBYIOIMY Mace (ypanneuﬂc Ca-
X&) NS TEPMHUECKON HOHU3ALMM HMEET BH:

Nell (2r mekT)¥2  2g eV ‘
exp ( —_ ) . @
KT

I

Do . h? o

L€ Ne, Ni, No — KOHUEHTPALMA COOTBETCTBEHHO JJIEKTPOHOB, HOHOB, Heli-
TPANLHLIX ATOMOB HITH MOJIEKYN B IIasMe; h — nocrosHuas mianka, Vi — no-
TEHLMAT HOHH3ALMH aTOMA; g, o — CTATHCTHYECKHE BECA OCHOBHOTC COCTOS-
HHA HOHA H OCHOBHOTO COCTOAHMA HelTPaJbROIG ATOMA.

B MI'I-ycranoBKax OTKPHITOrO IMKIIA pabounM TEIoM ABIILETCH Ia3Ma

NPOXYKTOB CrOpAHMA OPTaHMYECKMX TOMNMB. Teoperndeckas Temmeparypa
ropeHns GONBLIMHCTBA OPraHWYECKHX TOIUIHB B amocd;epnom BO3JyXE HE
npepbiuaer 2300K, 4T0 SBHO HENOCTATOYHO Ui TEPMHUYECKOH HOHM3ALHH.
IlomaaTs TeMnepaTypy ropeHHs HO3BOJAET NPENBAPHTEILHbII TIOZIOTpEB BO3-
Ayxa ¥ oborameHus BO3AYXa KHCIOPOIOM.
"0L0. 9TOGBL NOILyYHTh MIA3MY C SIEKTPHUECKOH POBOMMOCTRIO He
HIDKe 10 CM/M ‘B BPOMYKTLI CrOPAHHS BBOXAT BeleCTBA ¢ BO3MOXHO Bonee
HU3KHM TIOTEHUHAIIOM HOHM3AIMH, TAK HA3BIBAEMYIO HOHH3APYIOINYIO MpH-
caaKy. HanMenniuuil noTEHIMAT HOHH3ALNH HMeeT Le3Hik.

TIpucagxa noipkHa OBITH 0O BO3MOXHOCTH Hemepol, n6o HecMOTPS Ha
10, 4TO B cxemax MI J{-ycTaHOBOK OTKPBITOTO HMKIA €€ HIBJIEKAIOT W3 [PO-
AYKTOB CrOpaHds, PETCHUPYIOT M BHOBE IIYCKAIOT B JEJIC, HEKOTOPOE KoJye-
CTBO &€ HEeMHMHYEMO TepaeTcs. TO KOIMYECTBO MPHCANKH, KOTOPOE BCE e BE-
OpachiBaeTcH C IBIMOBBIM Ta30M, HE HOIKHO OKA3bIBATE BPEIHOrO BO3AEHCT-
BHA Ha OKpyXamowymw cpeny. Ilpicanka He IToJDKHA BO3zeicTBOBATH Ha 3jc-
MeHTBI KOHCTpYKimu MI'Jl-ycTanoBin, OHa HOJDKHA GbITh TEXHONOTHYHOH -
BBOJ Y BBIBOJ €¢ — JOCTATOYHO MPOCTBIMH.

Hcexona n3 npusenessbix npuwaud mis MII-ycTaHOBOK OTKPEITOTO HHK-
4 Yalge BCEro B Ka4eCcTBE IMPHCATKM NPHMEHAIOTCH COEIHHEHMS Kamus:
K2CQO3, KOH.

OnexTpuueckas MPOBOAUMOCT, MIA3MbI ONPEAENIeTCa KOHIEHTpaumeH
3EKTPOHOB M UX PACcCEAHMEM HA JACTHLAX, COCTABIAIOLINX, nnazmy,

0,532en.
L 0=

— 1)
(MeKT)2 [ZQeana + ZQeni]

rae Qes U Qei - CEUEHHA PACCEAHHS TIEKTPOHOB HA ATOMAX U-HOHAX.
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§ 3. MI'i-YCTAHOBKH OTKPBITOI'O INHKIA

MI/I-reHepaTop B yCTAHOBKE OTKPBITOTO LMKJA MOXET paboTats 3¢-
(EeXTHBHO IMINB MPH JOCTATOYHO BLICOKOM 3JIEKTPHYECKOH MPOBOIMMOCTH, B
4aCcTHOCTH, TeMNepaTypa Ha Beixome 13 MI'JI-reneparopa He HOIoKHA GbITh
awke 2300K.

Ta3sl ¢ TaxoR TeMIepaTypoi NpecTaBsIOT elle HONbINYIO SHEPreTHYe-
CKYIO IEHHOCTDb M JOIDKHBL OBITh HCIIONL30BAHBL.

Cxempt MI'/I-reneparopa moryT ObiTh pasnuynsiMu. Ha puc.59 nsobpa-
xeH MI'/I-reneparop ¢ Tax Ha3bIBAEMbIMH CIUTOMIHBIMM 371eKTpozamu. Jing
peanpHOro nnasMennoro MI'J-reHepaTopa Takas cxeMa B DONBIIMHCTEE CIy-
YaeB OKAa3LIBACTCA HempHeMileMoHd W3-3a Hamuuuy 3¢dexta Xomna, KOTOphI
BOBHHKAET B [IPOBOAHMKE C TOKOM, HAXOMAILEMCA B MATHHTHOM roxne. ITo 3a-
KOHAM SIEKTPOAMHAMMKH B TAKOM INPOBOTHUKE BOIHHKAET 3NEKTPHYECKOE
T[I0MIe, BEKTOP - KOTOPOIO NEPHCHAMKYIAPEH BEKTOPY TOKAa B NPOBONHMKE M
BEKTOPY MarHBTHOro mojus. HMusivu crnosamu, 8 ciyvae MIJ-remeparopa
BEXTOP JTOTO DNEKTPHHECKOrO MOJA MAPAILIENEH OCH KaHana. B pesynbrare
Ha BCel [UTHHE KaHana BosHMKaeT 54¢ Xomna, ¥3-3a Gonbiuoi AMHE! KaHana
31C X0IUTa MOXET JOCTHTaTh HECKOINLKHX, A HHOIJA ¥ JECATKOB KMIOBOIBT.

Hamywe sddexra Xomna npuBoguT X TOMY, 4To 3akoH OMa Ans kawaja
MI'[i-reneparopa B ero mpocreifureii GopMe CTAHOBHTCA HECNPABELTHBLIM.
Bumecro aroro CYIENYET MCTIOML3OBATH YPaBHEHHE 0606meHHoro 3axona Owa,
KOTOpOE B BEKTOPHOI hopMe nmeeT BHX

l

i=c{{UBJ+E} - %[iﬁl , %)

rae j - BeKTOp TIOTHOCTH TOKA;

E - BeKTOp HANPAKEHHOCTH 3IEKTPHYECKOTO IOJA, CO3NABAEMOIO Ha-
Ipy3Koii;

B = exB/me — napamerp Xonna;

Me, & — MACCA U 3apsf HNEKTPOHA;

T — BpeMA MEXIY CTONKHOBEHHAMH,

Jns xoopaunarHoii cucreMsl, Tokasanuoif Ha pwuc.59 , W3 ypaBHEHMN

{2) TP HEXOTOPHIX YHPOIIAMOUIMX MPEXITOIOXKEHHAAX NMONYYAIOTCH CIELYIO-
1} YPABHEHHA ITIA MPOEKUHU ToKa:

. _ 6 3 _

b UB-EBED 5O
: 8

= 1+B2 [B(UB_Ey)+Ex] - (4)
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Puc. 61, Cxembr smoternst MI'{-renepatopa:

I)l( =~ cexionnponanuniit MI/I-reneparop; 6 - auaronansumoe coenumenue; n - MIJI- remeparop
onna )

H3 3rux ypaBuenmii cnemyer, uTo Hamduue s¢dexra Xouta NpUBOIMT K
TOMy, 4TO TOK B MI'/I-reneparope Teuer He TONBKO B HANPABREHMH OCH ¥,
KaK 3TO MpeioNaraeTcs. NpyY 3NeMEeHTAPHOM PAacCMOTPEHMY, HO H BICTL OCH
X. Hampasnenue pe3yabTHPYIOMEro TOKA CYLIECTBEHHO 3aBHCHT OT MapaMer-
pa Xomia B. B sasucuMoct oT napamerpa f§ uenecooOpa3sHo NPHMERUTD O
Hy M3 cXeM BKmoueHWs MI[{-reHepaTopa, H306paxeHHbIx Ha puc. 61. Ipu
ManoM - B mydue ucrons3osath Gapaneesckuit MI'JI-reneparop (pHc.61.2), B
KOTOPOM XKaXKJAas fapa 3NeKTPOJOB 3 FEHEpaTopa NPHCOCHHHEHA Ha CaMo-
crosTensHylo Harpysky H. Tlpn cpenHux 3HadeHHAX  HCHONB3YETCH CXEMA T
IOUaTOHATbHBIM COEIUHEHHEM 3JIEKTPOXOB M ¢ HeOONBIIAM YHCIIOM HArpy3ox
H (puc.61,6). CMBIcH TaKOro JHACOHATRHOrO COENUHEHHS 3NEKTPOJOB 3a-
KIIOYAeTCH B TOM, YTO 33 CUET CYLIECTBOBAHHA XOJUTOBCKOH U dapaneepckoi
3¢ Pe3YNBTUPYIOMIMH BEKTOP HANPSHKEHHOCTH 3TEKTPHYECKOTO NONA HATIpan-
JeH JIOJ HEeKOTOPBIM YIJIOM K ock KaHaia. Hanpapienue neprneHAHKYIAPHOE
3ITOMY BEKTODPY, OKA3bIBAaeTCH SKBHIOTEHUMANbHBIM. Tak, 3leKTpoxb! a1 M 03,
az ¥ B4 ¥ T.1I. OK2XKYTCA NEXAMKMMHE HA SKBUIOTEHUMATIAX ¥ MOPYT OBITE 3aMK-~
HYThI HAKOPOTKO.

Haxouey, npu Gonbux B npeAnoYTHTENEH TAK Ha3biBaeMbii XOIIOB-
cxuii xanan (puc.61,B), B KOTOPOM NIPOTHUBOMOIIOKHBIC JIEKTPONb! JIEKAT HA
SKBHIOTEHUHANE U MOryT GbITh MOMAPHO KOPOTKO 3aMKHYTHI, & XHHCTBEH-
Hag Harpyska H npucoemuHena x KpafHUM napaM 3MeKTPOROB.

Tlapamerp Xomna 3aBHCHT 0T (U3NYECKHX CBOMCTB INa3Mbl, IPEXHE Bee-
I'0 OT CeYeHWH B3aUMOJEHCTBUA IITEKTPOHOB C APYIMMH YACTHLAMM; KPOMe
TOr0, OH NPONOPUHOHATIEH HHAYKIMK MarnuTHoro nons B. TIpu nocrosnnoi
TeMIepaType § pacTeT ¢ YMEHBLLUICHHEM JABIICHHA.

Ha ocHOBaHHM 3KCIEPUMEHTOB M PACUETOB paiMep SNEKTPOIA B Ha-
NPABIEHUH OCH X CNENYET BHIOHPATHL TAKMM, YTOObI 34 CYET XOJLTOBCKOH Ha-
TPANKEHHOCTH 3IEKTPHHIECKOrO MOJA PA3HOCTh HOTCHUHAIOB MEKIY COCENHU-
MH 3nexTporaMu He npesbimana 30-40B. TIpu 6omee NpoTHKEHHBIX JIEKTPO-
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Jax 3Ta PA3HOCTE BO3PACTAET, U BO3MOXKER HyroBoil npoboil npoMexyTka Me-
Ay NEKTPONAMH.

CyniecTBeHHOH XapakTepHCTHICOH MI‘,II—reHcpa'ropa ABIACTCA CKOPOCTD
IIA3MBl HA BXOJC B TEHEPATOD M €€ H3IMEHEHHE [T0 JUIMHE. YBelIH4eHue cKopo-
CTH 111a3Mbl MOXeT ObITh JOCTUTHYTO 32 CUET YBENHUYEHAL OTHOLIEHHA NaBie-
Hui B cormre. CraTnaeckoe gasienue B camoM MI[l-reneparope 06bIYHO MpH-
HEMaeTeH GMM3KHM K aTMochepHOMY. APryMeHTHI [IPK BHIOOpE 3TOTO JABIIE-
HUS CAENYFOLIHE:

a) namnenue nocie guddysopa MOMKHO OBITH JOCTATOYHLIM I TOIO,
4yT006bl MPOTONKHYTh NPOAYKTHI CTOPAHHA YEPE3 BCE 3MIEMEHTHI Ta30UHAMM-
yeckoro Tpakra MI' {-ycTraHoBKH, BO BCAKOM Clydae A0 AbIMOCOCA, CTOSIEND
nepen JEIMOBOH Tpy6Oit;

0) CHIXeHHE CTATHYECKOI'0 HABIEHUS B MI‘I[-reHepaTope TIO3BOJISET HO-
BBICHTH 3JIEKTPONPOBOIHMOCTE IIIA3MB;

. B) CHHXeHMe CTATHYECKOTO JaBIEHHA YBEMHUHBAET napaMeTp Xomna.

Tlo 3naveHmio ckopocru B kaHame MI[l-resicpatopst pasnnyaioTcs Ha
JO3BYKOBLIC M CBEPX3BYKOBbIe. ORHAKO CIIOXHOCTH, CBA3AHHBIE CO CBEPX3BY-
KOBBIM NIOTOKOM, IIPHBOJAT K TOMY, YTO HA MPAKTHKE CKOPOCTh TUIA3MBI B
MI'J{-reneparope npHHUMAOT okolo3Bykosoil (M ~ 0,9). IIpu Temnepary-
pax, XapaxrtepHnix s MI'/I-reHepaTopoB OTKPBITOr'0 NHKIA, 373 CKOPOCTh
cocTapsgeT okoxo 1000 m/c wa sxone u 0,8 oT 370l BeTMUHHLL HA BbIXOIE,

§ 4. MIJI-YCT AHOBKH JAMKHYTOI'O INHIJEA

B MI'[I-ycraHOBKaxX 3aMKHYTOI'0 UMK pabOYnM TENOM MOXKET CIYXHTh
60 NIa3Ma WHEPTHRIX ra30B (AProH WM TeNHii), TH0o. KUIKMe MeTaUIb,

B cnyvae mrasmerueix MI'/I-ycTaHOBOK 3aMKHYTOrO WMKNE € SHEPHLIMH
PeAKTOpaMH HAYANBHBIA HAIPEB rasa HE MOXET OBITb OCOOEHHO BBICOKHM.
Temneparypa rasoe He Oyaer npesocxoruth 1500 K winn B nmydiueMm cay4vae
1700-1900K. Taxue TeMiepaTyps! HEAOCTATOYHO BBICOKH, 4T00L! 00eceunTh
TEPMHYECKYIO MOHM3ALMIO AaKe HOHUWMpYoIleics npucanku. OxHaxko B
MIa3Me HHEPTHBIX ra30B MOXHO obecne4uTsb HEPABHOBECHYIO HOHH3ALHIO,
OpH KOTOPOHl OCHOBHOH Ia3, COCTOSLMIl H3 MOHOB U HEHTPANLHLIX ATOMOB,
HMeeT CPaBHUTENBHO HH3KYIO TEMIEPaTypy, a 3NeKTPOHb — 60JMee BBICOKYIO,
Dra Gonee BLHICOKAA TEMUOEPATYPa IEKTPOHOB HMOMICPKHBACTCH 3a CUET KX
Pa3roHa B AMEKTPUIECKOM 10JIE,

Haubonee 3xoHOMHYHBIM H 3(b(1)eKTﬂBHb1M METOIOM TIOBBIILIEHUS 3nel<~
TPOHHOM TeMnepaTyphl M MONYYEHHS HEPABHOBECHOM MOHM3ALMM ABIAETCH
HarpeB 3NEKTPORHOrO I'as3a 32 CYeT UCTIONb3OBAHMSA UHAYLHPOBAHHOTO 3IIEK~
Tpyueckoro nous. IIpu npoTekaHMHu TOKA uepes MNA3My BHAYANe 3JEKTPOHbI
pasrousiorcs ¥ npuoBperaror Goiee BLICOXYIO TEMIIEPATYDY, 3 3ATEM OTHAIOT
CBOIO SHEPTHIO B BHZE MKOYIIEBOIl TEIIOTEI IPU CTONKHOBEHHAX ¢ MONEKYNa-
My. H3-3a OONbIIOro pasmuaus B Macce NPH KAXKAOM YIPYroM CTONKHOBE-
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HUM C aTOMOM WJIM MOIEKYIOH 37e | .

KTPOH TepseT

ateprrL y. P PACT JMHWB HeGOMbIIYIO HacTh
Jna nomo}‘{ NIOTepH HAYaNBLHON JHEPTHHU 3TEKTPOHY HEOGXOMMMO COBEP-
g;u’er oxono 104 ynpyrux cromkHoBennif. 3a 310 BpeMa anexkTpoHaM Gyaer
¢ obena ropas,aoﬁﬁon‘bnpxax 3HEPIHA, B PE3YNBTATE YETO HX MOMHAA SHEPTHA
03pacTacT, a 3HAYUT TemrepaTypa nosuimaerTca. IIpH 5J1eKTPOH-2JIEKTPOH-
HBIX CTOJIKHOBEHMAX BOIMOXHBII H3GBITOX IHEPTHH PACXOLYETCS IPH EPBOM
e CTOJKHOBEHMH, TakK YTC 3NMEKTPOHLI OBICTPO HOCTHTAIOT Mexny coboi
PABHOBECHS, BCIIEZICTBHE YEro MM M MOXHO MPHUIHCHIBATE OPEETECHHYI0 TEM-

‘ o dm ' o
nepaTypy. Ecnu o6o3naunts uepes ——= OTHOCHTENbHEIE HOTEPH SHEPTHHA B
CTONKHOBEHMAX MEXAY SMEKTPOHaMy (MAacchl Me) H aroMamu (Maccw Ma), a
APYTrAMU, NIPOLECCAMH, NPUBOSAIMMU K NOTePAM SHEPTUM, NpeHeGpeub, TO
CPEJHAN KMHETHYECKAR IHEPIHA AEKTPOHOB ONPENEIIeTCS BRIPAKEHHEM

KT, =KT + s J_
; 36 nee

LA j - MIOTHOCTL TOKA, HPOXOAAWIEro 4yepes mnasmy. Jng ympyrsx -
CTONKHOBEHHKH 3HaYeHHE & ~. 1+2, nanomy MOXHO IONY4HTh ropasjo Gonee
BBICOKHE 3HAYEGHHUS 3NEKTPOHHOH TeMNepaTyphl, MIOTHOCTH U INMEKTpuye-
CKOii IPOBOARMOCTH. L R '

B mMonexynspHeix ra3ax, HAMPOTUB, UMEIOT MECTO KolebaTeNbHbIE H Bpa- '
WATENbLHbIE COCTONHUA ¢ SHEPIUAMH, Goliee GIMIKMMH K TETUIOBBIM, I0STOMY
HEYNIPYIHe CTONKHOBEHMA MPOHMCXOMAT YALle W MOTEPH SHEPIHH 3NEKTPOHOB
ropaszno seiwe (5 ~ 50+100). IIpu 3TOM 2NEXKTPOHHAA TeMIEpPaTypa YBEIH-
YMBAETCH HE3HAUMTENBHO. JINs TOro YTOOH! CBA3ATL IMEKTPOHHYIO TeMrepa-
TYPY M ' NApaMeTpsi, ONpenenseMbie €10, ¢ Xapakrepucruxamu MI'J{-renepa-
TOPA, UCTIONB3YIOTCH ypaBHeHns Oanmanca sHepruu A 3JIEKTPOHOB M . JDKO-
ynepoit zuccunauun B kanane MI'[{-rencpaTtopa :

L Ewvepron) .
T 33 ‘ ’

rae k - moka3zarens anuabaTsl s rasa;

T - TeMnepaTypa mIasMel;

M - yucno Maxa;

P - napamerp Xonna; ,

Mo~ amexrpryeckuit KIJ MI'[{-reneparopa, ' paBHBbI# OTHOMICHHIO MO~
NE3HON TEKTPUUECKOH BHEepriM, BhIIENEHHOH Ha paboueil Harpyske, ko
Beell anexTposHeprud, BbipabaToiBacmoit B MIJI-reneparope.

DneKTPUUECKAS NPOBOAMMOCTL MNNA HEPABHOBECHOM TINA3MBI MOXET
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6BITh B IEPBOM NPHOIMKEHNH ONPENENeHa IO TOMY e YPABMEHMIO, 4TO M AN
DPABHOBECHOH, HO KOHIEHTPALMIO BJIEKTPOHOB B 310 YPABHEHME CHELYeT H0g-
CTaBIIATh, OOpeHeNss ero u3 Gopmyinl Caxa I INEKTPOHHON TEMICPATYPhI.

B 6onsIrnHCTBE CIyddeB HEPABHOBECHAA HPOBOMMMOCTb, & OTCIONA M
sHeprerudeckue noxasarenw ML -renepaTopos He CTOb BBICOKH, KAK MOX-=
HO OblNO OXMAATH M3 pacyeroB. IIpHuvHAaMH 3TOTO ABIAITCA PAZHOIO POLA
HEOAHOPOAHOCTH B NIfA3Me, KOTOPEIE NPUBOIAT K HEYCTOHYHMBOCTH W CHYDKE-
Huio 3¢ eKTHBHOM TeKTPHUUECKOH NPOBOIHMOCTH.

Kunxomeraxmaueckue M {-yCTAHOBKH MOKA HE BBIULIM M3 CTANUM JIa-
GopaTopHbIX dccnenoraumii. Hanbonbmas TPYyQHOCT COCTOHT B pasToHe
XHIKOTO MeTayna. PasnmuuMble pasrOHHBIE YCTPOHCTBA, MPELTOKEHHbIE JUIA
2TOM LIeH — CellapalUoHHble U HiDKeKTOpHbie, HMeioT KITM cocrasasiommii
B Iy4eM caydae oxoio 10%.

§ 5. JOCTOMHCTBA 11 HEJOCTATKY MII-TEHEPATOPOB

I'masuoe mocronHcTBO MI'JI-reHepaTOpPOB COCTOMT B TOM, YTO OHH, IO-
Buimas Ha 10-20% xoadduumerT noNe3Horo AEHCTBUA N0 CPABBEHWIO ¢ Teri-
JIOBBLIMY 3JIEKTPOCTAHLMAMH, MOL'YT B HACTOALNEE BPEMA BhIpabaThiBaTh M€K~
TPOSHEPIHIO B POMBILIIECHHBIX MacIITabax.

B MI'I-renepaTope, kax OIMMCaHO Bhilie, 3nclc1‘pnqecxuifl ToK mpouIBo-
IUTCA TIOTOKOM MOHM3OBAHHOTO Ta3a (MIa3Mbl), HaNpPaBIeHHLIM TIONEpex
MATHWTHOTO OMA. OTPUUATENBHBIE H NONOXKATENLHEIE 3APSAB!I B MATHATHOM
10JIe OTKIOHAIOTCA B Pa3Hhle CTOPOHbI M HANPABINIOTCH KaXIbiH Ha cBOH
anexTpol. Mexay anexTpomaMu obpasyercsd pasHOCTh NMOTEHIHANOB, M IPH
3aMBIKAHMHM BHEIIHEH LM BO3HMKaeT deKkTpuueckui rox. s nomyueHus
HOHORB ToruBo ckuraercd npy 3000K B cneunansHoi kaMepe, B KOTopoH Jns
oberucHHA BOSHHKHOBEHHS HOHOB K HEMY JODABILIIOTCH CONMM KATHA WITH 1e-
aun. Tak xax 6oNbuIas JONA IHEPIUM NIPEBPAINAETCH MPH STOM BCE JKE B TEI-
10, 1o B cnygae MI'J{-reneparopa He BIIOTHE MOXHO FOBOPHTE O HENOCPERCT~
BEHHOM NPEBPANIEHHH XMMAYECKOil 3HEPTHH B dJIEKTPHYECKYIO. TeMmneparypa
raaa, otpaborannoro 8 MI'/[-renepaTope, cocrasnger 2000K. HMcrionssys ero
no o6euHOK cxeme, TYypOHHA BhIpabaTsIBAET €UIE NPHUMEPHO CTONBKO Ke
EKTPOIHEPI MM, CKkoIbKO npomssogutr MI'J{-reneparop. IlosTroMy cpashHu-
TenbHO BhlcOXH ko3(dHUHEHT HolesHoro AeHcTBHA BeeH ycraHoBku (50-
60%) JocTAraeTCs ¢ NOMOUIBIO JBYXCTYIIEHIATOTO NPOLECEa.
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TIABA XI. XHMWYECKHUE HCTOYHMKH SHEPT M

§1. HEHOCPEJICTBEHHOE IIPEOBPA30OBAHNE XUMHYECKOH
BHEPI“I/I]/I B PABOTY

B Gom,mnncrne CIy4aeB YenoBeK MoJlyyaeT HeoOXOMMMbIE eMy BHIbI
BHEPTHH M PaboTy M3 IHEPruy, 0CBOGOKAAIOIWIENCS MPH XMMHYECKHX IpeBpa-
IeHAAX. XHMHUECKA® DHEPIMS - 3TO CONHEYHas FHEPruf, aKKyMyNHpOBaH-
Had B GopMe, XOCTYNMHOM Ik €e MCTIONBL3OBAHMS YEIOBEKOM.

IIpespaineHne XHMHYECKOM SHEPIHH B TEINO MPOMCXOANT HEMOCPENCT-
BEHHO, 6e3 XKaKHX NHGO NPOMEXYTOUHBIX rporeccon. CXHIaHHE PasIHYHbIX
BEWIECTB - 9TO CAMBIH XPEBHMIA M IPOCTON METOX MONYYEHHA TEIIa U3 XHMH~
YecKOM dHeprum,

- 3HAYHTENLHO' CIIOXKHEE U3 xumnqecxcou IHEPIUM TONYYHTE PpaboTy wnm
9NEKTPHYECKYIO0 dHeprUro. VI3BECTHO, YTO TEOPETHYECKH HEPEXOX OIHMX BH-
J0B 3HEPTNM B APYIHE BO3MOXEH, ONHAKO NPAKTHYECKH HENOCPEHCTBEHHOE
NpEBpAINCHAE XHMHUYECKOH SHepriuy B paboTy Mt SJIeKTPHYECKYIO DHEPIHIO B
HACTOfI{ee BpeMs OCYIIECTBIHETCA TONBKO B MCKITIOUMTENbHBIX clryyanx, Kax
NPaBHIIO, 0cBOBOXKNAIOMAACH XHMUYECKAN FHEPTHA BHAYANE OHOCTLIO Nepe-
BOJIMTCH B TINN0, KOTOPOE 3aTeM MPH MTOMOIUH TENIOBLIX BUraTeNed npespa-
mwaerca B paboTy - Win anekTpuyeckyio sHepruio. HexocraToynoe sHanne me-
XaHM3MOB HETOCPEACTBEHHOIO NpeBpalleHus XMMHYECKOi sHepryn B paboTy
WIH STICKTPUIECKYIO SHEPTHIO BEIHYXIAET HAC HCTIONB3OBATD TEINIO B Ka4ecT-
BE ITOCPEMTHHUKA.

Brmouaenue Tenna Kak NOCPEOHAKA MEXAY XHMHYecKOH H anekmnqe-
cKOil SHepruaMm WM pa601~on HEBBIIOTHO TTaBHBIM ODOpazoM ¢ IBYX TOUEK
3peHds. Bo-nepBbiX, XaxOeiil peannHell npouecc Heo6pamm MO3TOMY OH
APOTEKAET C paccesHMeM aHepruyd. Yewm Goimille cTyneHeil, uepes KoTopsie
OpPOXOAMT mponecc, TeM Gonbie MbI TepseM 2Heprun. EcTecrBedHo, uTO B
MHOTOCTYIIEHYATOM [IOCHENOBATEILHOM nponecce (XMMMYECKas 3HEPrHA —»
TEMNo — padoTa —> VIEKTPHUECKAS IHEPTHS) PacCesHUE SHEPIHUA BHAUMTENL-
HO GOTbIIE, 4EM B OHOCTYTIEHYATOM MPEBPALICHUH (XMMMUECKAA SHEPIHA—>
IMEeKTPHYecKads SHeprus). Bo-BTOPBIX, B COOTBETCTBHH CO BTOPHIM HAYANOM
TEPMOINHAMHUKH TEIIO He MOMET OBITh NMOTHOCTHIO TPEBpAlleHo B paboTy.
Taxum obpaszom, ecim Jaxe HONYCTHTH BO3MOXHOCTL 0BPaTHMOro nporeje-
HH BCEX MPOLECCOB, TO W TOTHA BKIIOYEHHE NPOMEXYTOUHOIO NPOLiecca npe-

BPAIIEHHA B TEMIO NPHBENO Obl K OONBINUM NOTEPAM 3xepruy. BoT nouemy
MHOTOCTYNEeHYaTHIA npouece npenpameum XMMHUYECKO! SHEPIHH B 3JIEKTPH-
YeCKYIO HEBBIFOJEH HJIA HAC:

HexocraTokx Hampx 3AaHMI 4pe3BpIUaliHO HOporo obxouuTcs MupoBok
akoHOMuKe. Tonsko rnyfokoe IHAHNE 3AKOHOB JBYUKEHMS PAITMYHBIX BHOR
MATEPHY JAET BO3MOXKHOCTE HAXEKHO H 3KOHOMMYHO IMPOBOIHTL B HYXKHOM
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HANPABIEHMH . IpoLiecchbl, HeobxonuMble UIA NpeppamieHus 3Hepruu. [loka
HEIL3A HCKIIOYHTH TEIUIO U3 3TOI'O IHKIIA, IOCKONbKY HET BOZMOXHOCTH O3~
JaBaTh YCTPOKCTBA, B KOTOPLIX XMMHYECKAA SHEPrUA HAJEKHO M ¢ GonbumM
xo3ddunuenTom nonesHoro JeficTBUA NpeBpamanack 6bl B SHEPTHIO YNIOPS-
HOYEHHOr0o MBHKEHHS MOIeKYN (npu modyyenud pabortni), mmbo B SHEPTHIO

YHOOPATOYEHHOI0 IBHXKEHMA 3JJIEKTPOHOB (NPH NONYYeHHH IIEKTPHYeCKOH
SHEPTHH).

Bo3MOKHOCTH MCKTIOYEHMS TEILIa

A MOXHO 11 BoOGIIE HCKITOYHTH MCIIOJIB3OBAHKE TENNA KAK NOCPEIHUKA?

BO3MOXKHO N B NPHHLMIE HENOCPEACTBEHHOE NpPEBpPALEHHE XMMMYe-
CKO#f 3HEPTHHM B pabOTy HUIIH SIIEKTPHUUECKYIO IHEPTHIO?

Tepmomnnamuyeckas TeOpHua B COCTOAHMM JaTh ONHO3IHAYHLIH OTBET HA
aToT Bonpoc, CormacHo OBYM HadanaM TEPMOIHHAMMKHM, T4 4acTh BHYTPEH-
Hell SHEPTHH, KOTOpas OCBOOOXNAeTCs B IIOOOM TepMOTMHAMUYECKOM NPO-
ecce (i MX YMCTY OTHOCATCH M XMMUUYECKHE NPOLECChL), MOXET HeoCpenct-
BEHHO IpeRpamaTLCH B paboTy.,

B camom OnaronpMsTHOM HASATLHOM CiIyyae 0OpaTHMOro BENEHUH HpO-
necca Mexay (MakcuManbHOH) paboToit Am, monyueHHOH npH abcomoTHOMH
Temneparype T, u ocBoboxmarolelica BuyTpenneii sneprueit AU cymecrsyer
CNeAyIouiee COOTHOIEHHE: ’

“ dAm :
CAm=AU+T , 4y
dT

ecm dAn/dT > 0, sueprus, pasuas T(dAm/dT), nepexogur B TenNo, TO &CTH
MaKcHMalbHAA pafora, KOTOPYI0 MOXET JaTh MPOLECC, MeHbILIe, YeM U3MeHe-
Hue BHyTpeHHeil osHepruy. ITockoneKy W3 ONBITA HAM HU3BECTHO, UTO Maxcu-
ManbHas paboTa, nolyyaeMas B XHMHUYESCKHX MPOLECCaX, OYEHbL MANO HIMEHs~
eTCH ¢ TEMIIEPATypoOl, TO TeopeTHyecKH GoNbINas acTh IHEPTHUH, OCBOGOXK-
Jaroreics NpH XHMHYECKMX NPOIECCaX, MOXKET ObITh HEMOCPEACTBEHHO Ipe-
BpaweHa B paGory. 3Ta wacTb 3HEPrHH TeM Gombpuie, HeM HHXKE TEMNEPATY-
pa T. Hanpumep, B npouecce FopeHus BOXOPOaa

2H2 + Oz—)inO

npu 25°C B pacuere Ha | MOJIL BogsaHoro napa (18r) ocBoGoxaaeTcs XvumMuge-
cxas sneprug AU = -58 kxan/mons, KOTOpas COOTBETCTBYET TEINIOTE Cropa-
Hag Bogopona. [Ipu o6paTMoM BeleHMH MPOIecca TEOPETHUECKH Am = —55
kxan/Mons. TakuM 06pasoM, TONBKO 3 Kka/Molb Temia Q HeusbexHO nepe-
XONAT B OKpYXaroulee NpocTpancTso. Medee Gnaronmpuate ciyval, korxa
Boja obpasyercs B KMHKOM arperaTHOM COCTOAHWM: mpw 3ToM AU = —68
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KKa/MOJIb, Am= -57 KKa/MONbL H, TakuM 06Pa3oM, B TEIJO MPEBPAIAETCH
{1 xxan/mons. Termnora cropanus oxucH yriepoxa CO (0CHOBHOK cOCTaBHOM
YaCTH EHEPATOPHOrO, a TaKke OBITOBOIO rasa), ynorpebuseMoii A Harpe-
BAHHA KOTNOB, COCTaBIeT — 68 kxan/mMons, a pabora Am = —61 xxan/Mons.
IIpu cropanny MeTana (OCHOBHOM COCTABHOM Y4CTH NPUPOIHOIS ra3a U Cy-
ecTBEHHOM YacTH GpIToBOrO rasza) AU=-213 kkan/mons, a pabota Am=—196
KKan/Monb. BHYTpeHHAS 3HEPTHA, OCBOGOXKAAIOMAACS [IPH CLOPaHMH YA,
AU = -94 xxan/MoJb TEOPETHUYECKH MOXET GBITh MOTHOCTHIO MPEBPAIIEHA B
pabory, .

B JICHCTBPITCJ'IBHOCTH xe, nocxomucy HeoOpaTUMOoCTh Heu30eXHa, ronyyae-
Mas pabota cymecTBedHo MeHbwe, KITJL peamsHoro mpounecca BCernia  HHE.
Tem ne Menee KIIJI soboro HEMOCPEMCTBEHHOTO MPEBPALICHHSA 3HAUHTENLHO
6ONBINE, YeM IPH HANMYMH IPOMEKYTOUHOR CTANMY MPEBPAIICHUA B TEILIO,

TaRHM obpa3oM, B nponeccax, HCHONB3YEMBIX AT TIPOH3IBOACTBA IHEP-
THH, TEOPeTHYeCKH BO3MOXHO NpeBpalleHue B paboTy Goabliel YacTH oc-
Boboxmasweiica anepray.  KITI nporecca mpeBpaiieHus XMMUYeCKoil 3Hep-
THH HeNnoCPEACTBEHHO B paGoTy B GONBLUIMHCTBE CIIyYyaeB TEM BhILIE, Yem Hu-
XKe TemIepatypa, Tak kax wied TdAw/dT B ypasHenuu (1) TeM MeHbIue, deM
mensue T, Ho 1pH HH3KEX TeMuepaTypax CKOPOCTh MPONEcca HeBETHKA.

Hrax ¢ TOYKHM 3PEHHS TEPMOAMHAMMKH IpEBpalleHne 0CBO6oXNatouIeH-
€A B XMMHYEeCKHX npoleccax 3Heprua B pabory Bo3moxso. Ho ocymecrsu-
MO JIH OHO NpaKTHYECKU B HacTosgwee BpeMa? [l HeKOTODHIX XWMMUECKUX
NPONECCOB B MPHHLMIE MOXHO CKOHCTPYHPOBATH YCTPOMCTBA, B KOTOPBIX
XYMUYECKAS 3HEPTHA HEMTOCPEACTBEHHO IPEBpaltacTes B paboTy, ofHAKO npy
COBPEMCHHOM TEXHHUECKOM ypOBHE OHM Ol(aSHBaIOTCH HACTONBKO CIOXHbI-
MH, YTO NPAKTHYCCKH HE MOLYT OBITH HCIOIB30BAHEI.

bonee peanbHoit B HACTOSIIEe BPEMsA IPENCTABINETCA BOSMOXHOCTh He-
TIOCPENCTBEHHOTO , NPEBPAINCHMA XMMUYECKOl 3HEPIHM B aleKTpUHYeckyto. Ta-
Koe npeBpameﬂx}Ie OCYIIECTBIACTCA B rallbBAHHYECKHUX 3JIEMCHTAX, HCKOTOPHC
H3 HUX yXKe IMPOKO NPHMEHAIOTCH Ha NpakTHxe (HanpuMep 6aTapeHKn s
KapMaHHOTOo GoHApA WITH AKKYMYJIATOPLI).

T annBanuYecKue 31eMEeHThbI

WiamecTHO, 4TO 3MEKTPUUYCCKAL IHEPTHA MOXeT DBITh NOYTH NOTRHOCTHIO
(32 WcKIIOueHWEeM MNOTeps, OOYCIOBIEHHBIX HEOOPATHMOCTHIO) MPEBpAIIEHA
B MEXaHHyecKyio paboTy unu B apyrue (OpMbI 2HEPTHH, TOITOMY MOXHO
CYHTAThL, HTO TANbBAHMYECKHE BIEMEHTHI JO HEKOTOpOil creneHH obecneun-
BAIOT BO3MOXHOCTb MPEBPAIICHNA XHMUYECKOH 3HEPTHH HENOCPeACTBEHHO B
pabory.

B rampBaHHYecKMX 3NIEMEHTAX B TEMUIO IPEBPAILAETCH JIMIUL HEGOMTb-
Wwas 9acTh OCBOGOKMAIOWIEHCA XuMNYecKkoif aHeprud. OCHOBHAS Ke 4acTh XH-
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MHYECKOH 3HEPI'MH HEemOCPEICTBEHHO IMEePEXOIHT B 3NCKTPHYECKYIO, YTO B
KOpHE OTIHYAeTCs OT MPOLECCOB, NPOTEKAIIMX B TENJIOBLIX MALIKHAX, IIE
0CBODOXDAIOMAACH XUMHYECKAH JHEPTMA NMPEABADUTENBHO KOIHOCTHIO Ipe-
BpALIAETCH B TEILIO.

Eciu no;p308aTHCA A3IKOM KHHETHYECKOHE TEODHH, TO 3Ty MbICTh MOXK-
HO BBHIPA3MTh CleayomuM obpazoM. B rampBanryeckux 3JeMEHTaX XHMMYe-
CKYIO 9HEpTHIO (TOTEHUMATEHYIO ¥ KHHETHYECKYIO SHEPTHIO YIOPALOUEHHOTO
JBMDKEHHS YACTHI, COOTBETCTBYIOLIErO NAHHOH CTPYKTYDE) HE HYKHO BHAaYa-
ne MONHOCTBIO MPEBPAIATh B IHEPIHIO XAO0THYECKOTO ABHXEHMS, 4T00bI 1O~
TOM H JIMIUb BEHOIO OTPOMHBIX OTEPL XOTA Dbl YACTHYHO YHOPSAOUMTS HBH-
JEHME YACTHIL H, CEIOBATENLHO, OYYHTh paboTy.

OnexTpHyecKas 3HEPIHU ecTh SHEPIHA HAMPABICHHOI'G, TO €CTh B OCHOB-~
HOM YNIOPAROYSHHOTO NBHXKEHHSA 3JIEKTPOHOB (MIIH HOHOB), KOTOPAx TEOpeTH-
geckH 6e3 HoTeph MOXeT ObITh ligpeselicHa B paﬁo-ry, OBYCHOBICHHEYIO yIODS-
NOYEHHBIM ABHKEHWEM APYIHX JacTHLL.

§ 2. IIPHHITI T ,I[EFICTBI/ISI I“AJIBBAHH‘]ECKHX BJIEMEHTOB

Hepexo00 3nexmpor08 KaK UCMOYHUK INeKMpudecKoti 3Hep2uy

HockonbKy Kaxmaas XHMHYIecKas CBA3L U KAXKT0e XKHMHYecKoe NpeBpae-
HHE 3aBHCHT OT NBYOKEHMS BHEIIHUX 3TIEKTPOHOB aTOMOB, TO B MHPC ATOMOB
H MONEKYI KaXIO¢ XHMHYECKOE ABICHHE CONMPOBOXIACTCH MIMEHEHHEM CO-
CTOAHMA DICKTPHYECKH 3aPHKEHHBIX YacTHl. B OGLIMHBIX XHMHYECKHX po-
HeCCaX 9TO 3MEHEHHE 3aKIIOYALTCA B TOM, YTO 3NEKTPOHL! NEPEXOIAT OT Of-
HOTO aTOMa X JApYroMYy, cocemHeMy. Taxue M3MeHeHMS, IpOHCXoAslupe B
aTOMHBIX MacwTabax, o3HaualoT TGO BOIHHKHOBEHHE, MHOO TepeMEllEHHE
XUMHYECKHX CBf3el - OHH NPOABIAIOTCA He KaK INMEKTPHUICCKHEe HEHOMEeHBI, a
KAK XHMHYeCKHe MpeBpamiennda. Ecom Mel, Hanpumep, NOTPY3NM LUHKOBBIH
cTep:KeHb B PACTBOP. CEPHOKMCIOH MENM, TO MENb M3 pacTBopa OymeT ocax-
JaThCA HA UHHKC, OKPAWIMBAS €I'0 [IOBEPXHOCTH B KPACHOBATHIA UBET, & LIHHK
B BUJIC HOHOB -IIEPEXOAUTD B pacTBOp. CEPHOKMCIAL Meh B BOJHOM PAaCTBOpE
NPAKTHYECKH IMONHOCTHI0 IMCCOUMHPOBAHA, MOITOMY TAKOH XuUMHdecKull
TNPOXIECC ONMUCHIBAETCH CEAYIOMUM YPABHEHHEM:

Zn + Cu?* + SOsr — Cu + Zn?* + SO42- .

Takx kak cyrmbaT-HOHEI B 370il peakuHH OCTAOTCA HEHM3MEHHBIMH,
JPaBHEHME MOXHO 3aTIACATHL B BUIE:

Zn + Cu?* - Zn?* +Cu.  (2)

CymHoCTh AaHHOTO MPONECCA COCTOMT B TOM, YTO B PACTBOPE MOHEI Me-
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IH, OKa3aBLIMECA B PE3YNbTATE TEMIOBOTO XBIKEHHA BOIHIM MOBEPXHOCTH
UHHKOBOTO CTEPXKHSA, OTHUMAIOT OT 6nu3nexalinx aTOMOB UMHKA [ABA 3IIeK-
TPOHA. ATOM UMHKA NIPEBPALAETCH B HOH n ncpexonm c noaepxuoc‘m METAT~
Ja B pacnaop, B TO BpeMsA KaK MOH MCJIH crauoaurcn HCHTpaJIbHHM aTOMOM l
KOTODEIH He PACTBODPHM B BOJIE H II03TOMY OCXKTAETCA HA BHEWIHeH I10Bepx-
HOCTH uuHKa (puc.62). DToT mpouecc nporelcae'r g xBe danL

1. ATOMBI INHKA OTHAYOT 3NEKTPOHDI

Zn —Zn?* + Ze-

2. Uous! Menu 3a0HpaloT 3EXTPOHEL -

Cu2++ 2e-»Cu .~

Haxe B 9TOM HPOCTOM NpoXecce BHJICJMCT-

CA BIIEKTPHYECKAA SHEPTHA, OAHAKO OHA NPOfB-

. JIgercd TonbKo Ha aTOMAPHOM ypoBHe. Eciu Mbl

' XOTHM TIONYYHUTh MAKPOCKOTIHYECKHH 3NeKTpH-

Y YecKui  TOK NIpH MEPeXORe 3IEKTPOHOB OT Me-

Puc. 62. Tipouece myammoneii- TAJIHYECKOTO LMHKA K HOHAM MEIH, MBI JOIDKHbI

:::::m‘él“;‘;ii e;“ _PAcTBOPOM  1oGHMTHECA TOTO, UTOGE! IIHHK OTHABAN CBOM 3/IeK-

Znt Culos Zn*4-Ca, TPOHKL .6ONee OTHANEHHBIM HOHAM MENH, a He

R - (HHK TOTPYXEH B CRPHOKHLAYIO TEM, KOTOPBIC HAXOMATCA ¢ HUM B HENOCPEHCTBCH-

meas; 6 - Tor me nponece » ranksE-  HOM KOHTaxTe, [ 3TOro HeoOXomUMO, YToOhl

HHYLCKOM 3JIeMeMre, .

9MEKTPOHbI MEPETEKANM OT LIMHKA K MeIH 1o

BHEUIHEMY NPOBOJHHMKY, CO3KABasg TeM CaMbM

3MeKTPHYecKnil ToK. Jma ocyulecTBIEHHA NpeBpAIeHMs XUMHU4ECKOH 3HE-

THH B MAKpPOCKOIMYECKM WCHONL3YEMYIO JIEKTPHYECKYIO IHEPTHIO HYXHO
NPOCTPAHCTBEHHO PA3NENATH NMPOLECCH! OTHAYN U NPHEMA INEXTPOHOB,

Dnement JHaumons

Pabora ranmpBaHHYECKMX JNEMEHTOB OCHOBAHA HA (POCTPAHCTBEHHOM
PA3NENEHUM NMPOLECCOB NMPHUEMa M OTHAYA TEKTPOHOB. PaccMOTPHM OIMH
13 Hanbolee CTaphbiX rajlbBAHUYECKUX 3JIEMEHTOB - sneMenT Janmans. O co-
CTOMT M3 LMHKOBOIO 3JIEKTPOJA, NMOTPYKEHHOTO B PACTBOP CEPHOKHOIONO
UHMHKA, H MEAHOTO, [IOrpyXeHHOr0 B PACTBOPD. CEPHOKUCION Menu. OBa pac-
TBOPA pAa3feNeHbl LMAHHAPOM K3 MOPUCTOro MaTepuaia. CXeMaTHUecKH
KOHCTPYKIMIO 3TOT'O 3IEMEATa MOXHO NPENCTABHTL CIIEAYIOmuM obpaszom:

(-)Znl ZnSO4 - pactop | CuSO« - pacraop| Cu(+)
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JelicrBue sneMenTa JJaHHI OCHORAHO HA TOM, YTO C IIOBEPXHOCTH LUHH-
Ka B PaCTBOP NEpeXOAST HOHBI LIMHKA Zn2*; npy 3TOM HO MPOBORHMKY, CO-
eqUHAIOIIEMY HHHK ¥ MeAb, SNEKTPOHLI OT LMHKA JIEPETeKaroT K MEAH, e
OHM B3AaUMOZAEHCTBYIOT ¢ HoHaMu Menn (Cu?*), HaXOMAIMMMMCA B COTPHKOCHO-
BEHHH ¢ MOBEPXHOCTHIO MEAH, M HEHTPaMU3yIoT UX. [[HHK npelncTaBiger ¢o-
60# oTpHIATENLHBIH IMEKTPON INEMEHTA, MENb ~ IIOTIONUTENbHBIH,

Ecnug, noMUMO yXa3aHHbBIX, HE MPOMCXOIUT HHKAKUX APYLHX NpOLieccos,
TO BCKOPe OOMEH 3NeKTPOHAMHM IPEKPAIAeTCs, TAK KaK BOIUIM NOBEPXHOCTH
HMHKA CKANNUBAIOTCA [TOTMOXKUTENRHO 3apMKeHHbIe HOHBI Zn%*, KOTOphIe Ha~
CTOABKO CHIBHO MPUTACHBAIOT 3JEKTPOHBI H3 LMHKOBOTO SJEKTPOAA H Ipe-
OATCTBYIOT BBHIXOZY W3 METajUla TOTOBBIX K PAaCTBOPEHMIO HOHOB Zn2*, YTo
NPOLIECC HOHMIALMKM OCTAHABIMBACTCA. TO JKe NPOMCXOAUT W B HENGCPeNCT-
BEHHOI 6IH30CTH OT TIOBEPXHOCTH MelH. 3Hech BCIENCTBHE OCAKIEHHS WO~
HOB Cu?* OTpUIIATENLHO 3apsDKeHHbIe CYNb(aT-HoHE!l cobuparoTes y nosepx-
HOCTH MEIHOI'O 3eKTPONA, W 110 MCTEYEHHH KOPOTKOrO BPeMEHH M3-3a OT-
TAKHBAHUA DIIEKTPOHOB M YIPHTATMBAHWUA HMOHOB MENM CTAHOBHTCH HEBO3-
MOXHBIM HadbHelitnee ocaxaenme uoHoB Cu?t, Ecnmu ranbBanuueckuil 3iie-
MeHT GesmedcTBYeT, TO TAKOE COCTOSHNE NEHCTBUTENBHO HacTynaer. B pado-
TAIOIEM Ke 3EMEeHTe, KOIIA TIOJHOCA er0 COeNHHEHb! IPOBOAOM, YCIOBHS CO-
BCeM TpyTHe. BereacTeue Pa3HOCTH MOTEHLHATIOR MEXAY TONIOCAME 3MEMeH-
T4, 4 TAKKE B PACTBOPE 3[EKTPOINTA BCE BPEMA TEYeT NEKTPHUECKHH TOK,
NpHYeM TOK B 3JIEKTPONUTe O0OYCIIOBIEH NEPEHOCOM cBOOOXHO mepeMelaro-
IHXCA TIOJIOKHUTENbHLIX MOHOB (KaTHOHOB Zn2t, Cu?*) B OJHOM HANPABICHUM
¥ OTPHIATENbHBIX MOHOB (aHHOHOB SO4%) - B IPOTHBONONOXKHOM. Braropaps
3TOMy TPOLECC HOHM3aUHM ATOMOB MW Daspsia (HeHTpanu3auun) HOHOB,
MOXET MJTU HENPEPHIBHO. PacTBOp CepHOKHCNION MeIH JOIDKeH GbITh OTAENEH
OT PACcTBOPA CEPHOKKCIOTO, UMHKA, TaK KAk B HPOTHBHOM CIy4ae CEPHOKHC-
mad Mefip OymeT MmeTh NpAMOlt KOHTAKT ¢ LMHKOM - MEKIY HUMM HAYHETCH
HEMOCRERACTBEHHBIH OOMEH 3IIEKTPOHAMH, MTO HNPHBEAET K NPEKPAICHHIO MAK-
POCKOMNIYECKOTO TOKA. Takoe pa3peneHme, OXHAKO, HE JOIDKHO 03HAY2Th
INEKTPHUECKYI0 M3ONALMIO, TAK KAK B 9TOM ClIyyae INEeKTPHYECKNH TOX Wit~
TH He Moxer. IlosToMy oba pacTBOpa HEOOXOEHMO PA3LENUTh HOPHCTOI
CTEHKOM, KOTOPAS IIPeNSTCTBYET CMELIEHHIO PACTBOPOB, HO TMO3BOJAET MO-
HaM CcBOGOIHO MUIPHPOBATE CKBO3b HEE, :

Onement Janwona npepcrasnser coboi npubop, KOTOPLIH HEIOCpPENcT-
BeHHO (MuHY® Qasy Teria), TEOPETHUYECKH MOIHOCTLIO, HpeBpallaeT ocBoGo-
KUAIOHYIOCS XHMMUYECKYIO 3HEPTHIO B SI6KTPHUYECKYIO B COOTBETCTBHH C pe-
axumeit (2). CJ’IB}IYCT UMETH B BUAY, 4TO pedb MAET, KOHEYHO, TOILKO O TOR
YaCTH XHMHYECKOH DHEpPrHH, KOTOpas MoXKeT ObiTh HpeBpalieHa B pabory. B
paccmarpmsaeMOM npouecce npu 15¢C ocBoGoxmaercs 56,1 Kkan/Mons XHMH-
yeckoll 3HeprHH. B cooTBeTCTBYMH C ypaBHeHueM (1) B 3MeKTPHYECKYIO 3HEp-
MO MOXHO nNepepecTH (mpy 0OpaTUMOM BeleHNH Iponecca) 50,4 xxam, a 3,7

190



KKaJI [IPH BCEX YCIOBMAX NpeBpamaioTes B Tenno. TakuMm obpasom, koadu-
LMEHT HUCNOJNb3OBAHMA XMMHYECKOH JHEPrHM B TalbBaHHYECKHX JJIEMEHTAX
MOXeT HOCTHMIaTh NouTH 90%. XoTa npoueccs! B HUX He ABIAIOTCH 00paTHMbI-
MH, HO BCE XK€ HEKCTODHIE M3 ITHX 3JIEMEHTOB [IPH NPAKTHYECKOM HCIOJNB30-
BaHHH paboTaioT ¢ ropaszzo Gombuiel CTemeHpi0 OOPAaTHMOCTH, YeM Apyrie
YCTPOMCTBA, IPOM3BOJAINME SHEPTHIO.

Korga-to snemedT [anuona npHMeHsUICs Ha npaxrmce B TIONYYEHHS
aNexTpHyueckoli sHepray. C TOYKM 3peHMA cOBpPEMEHHBIX TpeOoBaHMA OH He
NPHIONEH A IIPOM3IBOACTBA OONbINMX KOMMYECTB 3MEKTPHUECKOH SHEPIHU, B
YaCTHOCTH [I0TOMY, 4TO MCIIOL3yEMEIE B HEM MaTepHaibl (MERs W HUHK) CIMI-
KOM JOPOTM JUIf 3THX Heieif. Baxweiinieil 3amaveii nccnepopanuii » obxactu
raIbBaHUYECKMX TEMEHTOB ABILETCA PA3paboTKa TAKOro 3JIEMEHTa, B KOTOPOM
HCIOMLIOBATHCE ObI JEIeBHIE ¥ HMEIOILHEcS B JOCTATOYHOM KOJHYECTBE MaTe-
PUATIEL, 2 IPONECcChl- POTeKaNH 661 BO3MOXKHO BI1kke X 00paTHMBIM.

HexoTopbie crojicraa Ya.IbBAHHIECKHX IEMEHTOR

I'Ipem,ue BCErO YCTAHOBIEHO, YTO npnnuunnanwo HeIb3f CO3JATH [allb-
BAHWYeCKMI BMEMEHT, COCTOSMMi U3 OofumMX Tonsko meTawmioB. h B mecre
KOHTAKTa ABYX METAUIOB BO3HHKAET PA3HOCTh NOTEHIIHANOB, IPHYEM ce Be-
THYHHA OCTAETCA HCH3MEHHOH HE3aBHCUMO OT TOT'O, CONPHKACAIOTCH U DTH
METAJLIbl HENOCPENCTREHHO MM MEXAY HUMM HAXOAUTCS JT000e KOMUNECTBO
TUIACTHH W3 Apyrux merayutos (npaBwio Bomwra). Hanmpumep, B MeCTe KOH-
TaKTA MEJHOTO M LUHKOBOTO CTEpPXKHEH BO3ZHWKAET PAIHOCTh MOTEHUMATIOB
(E), HO OHA He MOXET BLI3BATH BJIeKTPHUECKHit TOX. Eciy 651 MbI COCTMHATK
yKa3aHHbIil MeXHBIH CTEpKeHb € LWHKOBBIM IPH IOMOIIM MEJHOTO IPOBOJAA
{puc.63,a), TO HHKAKOTO 3NEKTPUYECKOT'O TOKA He MOSBUNOCH Db, TAK KaX B
MECTE KOHTAKTA MEIHOTO NPOBOAA C LIMHKOBLIM CTEPXKHEM BO3HUINA Obi pas-
HOCTh MOTEHLMAJIOB TOM K€ FeNHYHMHBL, YTO ¥ B MECTe KOHTAKTa MeJHOr'o ¥
LMHKOBOTO CTEpXKHEH, HO MpoTHBOMONOXHOro 3Haka (-&). TakuM oOpazowm,
BO BCeH 3aMKHYTOMH UeNd PasHOCTh TOTEHIMATIOB CYMMApHO DaBHANACH Obl-
Hymio (E-£=0). OOHAKO TOK He HOTEUYET ¥ B TOM CIydae, €CIH MEXIY MEILIO
¥ LIMHKOM MBI TIOMECTHM eie ¥ apyrue metamwnsl (Fe, Pb). Ilpu srom pas-
HOCTE TMOTEHLUMATIOB MEXITY LHHKOM M MeAbIO He M3MeHurca (puc.63,6), rTax
Kax, COTJIACHO YUIOMAHYTOMY npaBuiy Bonbra, £ + €+ &3 =£. ‘

Yro6bl MONMYYHUTH raTbBAHAYECKHI 3TIEMEHT, HeOOXORMM 1o KpaiiHeil Mepe
OIUH 3NEKTPONMT, TO €CTh TAKOE BEIMECTBO, YEPE3 KOTOPOEe TOK NMpPOTEXacT
BCIGACTBHE MUTPAllHH IIOJNIOKHTENLHBIX W OTPULIATENbLHBIX HOHOB. MOXHO co-
CTABHTH TabBAHHYCCKME 3]IEMEHTDI, CONEPMAUIME ONHH INEKTPONUTH, OnHAKo
BCE NPHMEHSEMbIC HA NPAKTHKE TaJbBaHUYECKHE 3JEMEHTbI COCTOAT M3 3JIEK-
TPONATOB M METAINIOB. B KaXIOM ranbBaHHYECKOM SJIEMEHTE MMEIOTCA [IBA Me-
TAINHYECKHX MeKTpoaa (Momoca), MEeXIy KOTOPHIMH BOIHUKAET Pa3HOCTh 10~
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TEHLMANIOB (HaMpMAenHe). Ecin coelMHHTD
o6a 31eKTpoIa NPOBOAHUKOM, TO B HEM 1O~
TeUeT aNexkTpAdYeckui Tok. Mcrouwmixom
. MEKTPUYECKOM SHEPIHH B TANLBAHHUECKUX

_ 3NIEMEHTAX ABJSIOTCS XMMHYECKHE Npespa-
ILEHUS, TPOMCXOIAIIME B TEX MecTax, Iue
MEKTPOIHT CONPHKACAETCH ¢ METalIiye-
CKHMH 3IEKTPONAMHM,

. Puc. 63. Pamsmocre mnoTenumanos DNCKTPOABHAKYINAS CHIIE
(upn  oocrosnroli - TevmepaType)

MY ABYMS METRLNAMH B CHYIaE o '
HéIDE BeHBOro HX KouTakTa (a) OI_IHHM H3 BAXHCHINHX noxasa'reneﬁ

H OpH BRMOYewdH wexny wuww  T2IBBAHHUECKOTO EMEHTA SBIAETCH Pas-
apyrux meramnos (6). HOCTh TIOTEHIL{ATIOB (Hanpnxceﬂne) Mexpy
ﬂ:"&ﬁ%““““”m OAHH"  ero MOJIOCAMH. 3TO HAIpMKEHNE HasbIBA-

eTcd SNEKTPOmBMKYIEH cHiok (3mc). C

TOYKH 3peHus T&pMOImHaMHKH BENHYHHA HC 3aBHCUT OT CBOFCTB MaTepHa-

108, Konueﬂrpannu 3NEKTPOJIATA, TEMIIEPATYPHI IIEKTPONIOB H HIIEKTPOATA

4 He 3aBACHT’ ‘07 GopMBl, BETUMHEI, BHYTPEHHETO COMPOTHBIEHHS IEMEHTA H

T.JX. v

* Kaxue e daxropsl onpemensyoT BenuuuHy paboThi, NonyyaeMoil npu
oMoy ransBasuueckoro sneMenra? Ecimu momoca raasBaHHYECKOTO 3ire-

MEHTA [POCTO COENMHEHBI NMPOBOAOM, TO BCH OCBOOOKIAIODIANCS B XHMHYE-

CKOM HpOIecce SHEPIUA MOJMHOCTbIO NMEPEXOANT B Temno. Eciu ke npucoenu-

HUTE K IIOJIOCAM raJbBaHHYECKOTO AIEMEHTA COOTBETCTBYFOLUMIA IIEKTPOLBH -

TaTenk MOCTOAHHOIO TOKA, TO BCA 9TA CHCTEMA B EIOM GYIeT MpOoH3BOAMThH

paGory. C MOMOLIBIO CHCTEMBI, COCTOSIEH H3 rallbBAHMYECKOTO JNEMEHT4,

3NEKTPOMOTOPA M COOTBETCTBYIONIHX MEXRHHUECKHX MPHCIOCOGNEHNH, MOXK-

HO, HANIPMMED, TOJTHATH HA OIIPENEICHHYIO BBICOTY IDY3, IPHYEM IPOH3BEEH-

Has sneMeHTOM paboTa Byzner 3aBuceTh OT Beca Ipy3a (puc.64).

VBenuuynBaA BeC MOXHO YBETHYHTD H-3TY paboTy, HO TONBKO JO Onpene-
neHHoTo Npexena. [Ipy AanbHelinesM yBETMMEHHH Beca rpy3a NPOLIECE MOXET
MOHTH B 00OPAaTHOM HAIIPBIEHMH: TPY3 HAYHET OMYCKAaThCs. BCrencTBHE 3T0T0
MOTOp GyJeT BpaliaThed B MPOTHBOIIONOXHYIO CTOPOHY H HeHCTBOBATEL YXKE
Kak regeparop. TOk yepes ranspaHHYECKUi 3MeMEHT TIOTeYeT B OOpaTHOM Ha-
NpaBJIEHHH, YTO HPHBEET K BOSHHKHOBEHHIO XMMHUECKOTO MPOLIECCa, NPOTH-
BOTIONOXHOTO nepaouaqamnomy Ot MCD;HOI‘O NEKTPONA WOHbBI MEaM Tepe-
XOIAT B pacmop

Cu—+ Cu?* + 2e .

B TO BpPEMA K4K HA UMHKOBOM 3JIEKTPOJE MOBbLI LMHKA HEHTPANU3yIOTCS:
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Zn? + 2e— Zn .

O606mas 3TH COOTHOWIEHHY, MOXHO CKa-
3aTh, 9TO B IPOLECCE

Cu + Zn?* — Cu** +Zn

SJIEKTPUUECKAd IHEPTHUA NPEBPANIAECTCA B XHMH-
YECKYIO. TaHBBaHHHECKHC INCMEHTHI, KaK ¥ o-
Gnie Jpyrue ycTpoicTBA, MOLYT NMPOH3BOXHTH
MaXCUMAIbHY0 paboTy TONBKO B TOM ciyvae,
L €I NIPOLECChl, Ha KOTOPhIX OCHOBAHO HX Heli-
Puc. 64. Cucrema, cocronman 3 U1 oHC) ABISIOTCA TEPMOIHHAMUTIECKH OGpaTH-
FANLBAHWMECKODO - dNeMenta u MbIMH.

rpyan. s ‘

Cucrema’  cobepiaeT  paGory

Tepmommamn-iecxn oﬁpﬂ'l‘llMO.

§3 OCOB EHHOCTH I‘AJ]LBAHI/I‘IECKHX DIEMEHTOB KAK
HCTC O‘IHI/lKOli TOKA, WX IIPEFMYHIECTBA X HEOCTATKH

B Hacrosiee Bpem He CTOMT BOMPOC O NOJNYUEHHH ¢ nomou;mo raneBa-
HMYECKMX 3JIEMEHTOB OONBIIMX KONHUYECTB 3NEKTPHYCCKOH JHEPIHH M 3TO
BPAZ JIM LeNecoo5pa3Ho, MOCKONbKY NoTpebHOCTH coOBpEMEHHOTO obiecTsa B
9EKTPOIHEPTHH BIONHE YIOBIETBOPAIOTCS 33 CYET CETH dneKTponepenay. On-
HAKO B TEXHHMKE ¥ GbITY NOCTOAHHO PACTET YHCHO TAKHX NPHOOPOB, MAMH K
CHIHANBLHBIX YCTPOMCTR, IR KOTOPBIX TpeOYyIOTCE aBTOHOMHbIE, Manoraba-
PUTHBIE JIEFKHE H HAJEXHbIE UCTOYHHKM TOKA. 3TeCh MOXHO HA3BATh AKKYMY-
JATOPLL LA aBTOMOOMIEH H caMONETOB, HCTOYHHUKYH TOKA JJIA 3MEKTPOMHCT~
PYMEHTOB, CHI'HAIIBHBIX YCTPOHCTB, TPAHIHCTOPHBIX [IPHEMHMKOR, 3JIEKTDHYE"
CKHX KapMaHHbIX GOHAPHKOB, HAPYYHBIX YACOB U T.J. H, KOHEUHO X€, JUII MC-
KYCCTBEHHBIX CIIyTHHKOB 3eMIIM ¥ KOcMHyeckux naboparopuid. Ianbsannye-
CKUE 3NIEMEHTEl HAXOIAT TAIOKe NPHMEHEHHE B PAa3IMUHBIX NMpeJoXpaHuTelkb-
HBIX YCTPOMCTRAX.

IIpaxTuxa opexbLaBIfeT K COBPEMEHHbIM I'aTbBAHUYECKMM 3IIeMEHTaAM
BechMa pasHoobpasnele Tpebopanus. BeencTBHEe BCE BO3PACTAIOIIETO U BECh-
Ma pasHOoOPa3HOro CIpPoca Ha rajlbBaHNYeCKHe 3IEMEHThI B ITOCIEHEe BPeMA
BHOBE PACIIMPAIOTCH HAYUHbIE MCCIETOBAHUA, HATIPABICHHbIE Ha paspaboTiy
HOBBIX ¥ YCOBEPIIEHCTBOBAHUE CTAPBIX THIIOB 3EMEHTOB.

TansBaHHYECKHE DIIEMEHThI KAK HCTOYHUKH 3IEKTPHYECKON 3HepruM 06-

_JAJAl0T CYLIECTBEHHBEIMH IPEHMYIMECTBAMU: OHH MOLYT ObITh PazIMYHBIX

pa3Mepos B GOpM, He HMEIOT MAKPOCKOIIHYECKH [1OABIKHEIX, NOABEPKEHHBIX
H3HOCY Yacreii, OTHOCHUTENBHO JErKH M ABTOHOMHBI, MAIIO YYBCTBHTENEHBI K
prOpauun ¥ xonebaKHAM TEMIIEpaTypbl, paboTaloT HecllyMHO, XOPOLLO pe-
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rynupyrores. Mx KIT/ rosonbro BicoK (10 90%), Tak Kak [IPEBPAIUCHHE XK~
MHUYECKOM SHEPTHH B INEKTPHYECKYIO cOBEpLIAcTCs B HUX Ge3 mMpoMeXyTouHoH

TEMNOBOA CTAIMM, A INEKTPOKHLIE npoueccm B HEKOTOPIX CIydYasx OiIHIKu K
obpaTHMBbIM.

4

Baxueifue THRBI TANLBAMHUECKKX DIIEMEHTOR

lanpbaHWdecKHE SJIEMEHTEI, NPUMEHACMbIC Ha NPAKTEKE A TOMLYy4e-
HHA SMEKTPHYSCKON IHEPrHM, JEIATCA Ha IEPBUIHEIE H BTOPHUYHbIE,

Iepsuusnbie sMeMeHTH HE MOrYT OBITL Bo3BpalieHsl B pabouee cocTon-
HHE IIOCIIE TOT0, KaK WX HAONHUTEIb (AKTHBHOE BEEcTBO) Obi yKEe OHHAaX-
Ikl H3pAacXofoBaH. B 9TOM Ciiyyae rOBOPAT, YTO 3AEMEHT MCTOLIEH. Y TAKHUX
IMEMEHTOR HENp3d WIM MO MeHbINel Mepe HEIKOHOMHYHO 0OpawaTs 3mek-
TPOAHbIH NpONECC, NPOMycKas TOK B OOPATHOM HaNpaBleHHH. OTOT THI
0OBITHO HA3BIBAKOT MPOCTO 3MEMEHTOM.

Bropuunbie 37eMEHTHI WM aKKyMYITOPbl MOXHO PereHepHpoBaTth 1o-
Clle HCTOILICHHA, E€CIH MPOIYCTHTh 9EPE3 HUX TOK B OOpaTHOM HANpABIEHHR
(3apAMMTh), TOTOMY 9TO ITPOLIECCHI TeHEPAIUM TOKA, NPOHCXONALIMS HA X 37EK-
TPOJAX, ¢ XOPOUIMM NPHOTKEHHEM TEeXTPOXHUMHUYECKH obpartaemst. HpuHuy-
[HAITBHOTO e Pa3IHYHA MEXKTY EPBHYHBIMH i BTOPHYHBIMH 3JIEMCHTAMY HET.

OCHOBHBIMH TPeOOBaHHAME K TATbBAHMYECKHM JIIEMEHTaM HBIAIOTCA
cueayiompe: GOMBMIOR CPOK CIykObi, BBICOKHE IJIOTHOCTh TOKA M HAaIpsxKe-
HHE Ha KneMMax. JKelaTelbHo Taioke, YToOn! onu obnaxami sbicokum KN,
HCTIONBL30BAJiM [CLICBLIE AKTHBHBIE BELIECTBA, HMEIM Manbie pa3Mephl ¥ BEC,
GBI IPOCTHI O YCTPOHCTBY H HONTOBEYHEL.

OcnoBHsIe napaMeTpbl FANbLBAHHYCCKHX 2AEMENTOB

- PaccMOTPHM OCHOBHBIE ITaPaMETPhI IaJIbBAHHYECKUX 3]IEMEHTOB. _

Inexmpodsudcyuyas cuna - pa3HOCTh OTEHIUATIOB MEXIY 3NEKTPONAMM
raJbBAHMYECKOTO IIEMEHTA, KOTHA MEXIY 3JEKTPOLAMH H PACTBOPOM Cykje-
CTBYET PaBHOBECHE M 4epe3 3IEMEHT He NPOXONUT ToK. 3HaueHHe 3/C He 3aBH-
CHT HH OT Pa3MEPOB IEMEHTA, HU OT ero BHYTPCHHETO CONPOTHBIICHNUA, 2 AB-
ngerc M GYHKIMEH coCTABA IMEKTPOIOB B KOHLEHTPALMH JICKTPOIUTA,

Hanpﬁoiceuue HA KIEMMax - Pa3sHOCTh NOTECHITHAJIOB MEXNY NONIOCAMH ‘B
nponecce MPOXOKACHAA TOKA, KOIIa HOMOCA COSHHHEHK Mexny cobol yepes
conpoTHBicHue. HanpsxeHHe Ha KeMMax MeHblIe, YeM 3IC, TPUYEM pasiu-
gHe MEXZy HUMM Te€M MEHbLIE, YeM MEHBIIE BHYTPeHHee COXIPOTHBIICHHE 3Ile-
MEHTA TI0 CPABHEHMHIO C BHEIIHHM M YeM MEHBLUIC MONSPHU3OBAHBI AICKTPOLbL.

Buympennee conpomusienue - BLIDAXEHHOE B OMaX CONPOTHBICHHE DIIEK-
TPOIOB H HAXONALEr0CA MEXAY HHMHK PACTBOPA 3IIEKTPONIATA.

Emxocmy anemerma - BRIPOKEHHOE B KYNOHAX MITH aMmITep-4acax KOIWIecT-
BO MEKTPHYECTBA, KOTOPOE IEMEHT CHOCOOEH OTHATE IPW COOTBETCTBYFROLIUX
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YCHOBHAX. ¥V aKKyMYJIATOPOB CIIEAYET OTINYAThH PAPASHYI0 EMKOCTh OT 3ApPsiji-
HOH. OGBIYHO EMKOCTH BHIPAXKAIOT Yepe3 IEKTPHUECKYIO SHEPTHIO U B 607b-
WIMHCTBE CIIYYacB HIMECPAIOT BATT-4acaX WIK KUIOBaTT-9acax. EMkocrs 3ne-
MCHTa HNaHHOro THria TeM 6ojbile, YyeM Golblice KONHYECTBO 3NEKTPOXHMHUYe-
CKH aKTUBHBIX BELIECTB, KOTOPLIE MPEBPAMIAIOT XHMMYECKYIO JHEPTHIO B 3IIeK-
TPHYECKYIO0, OH COZIEPXUT ¥ YeM MEeHBllie INIOTHOCTE TEHEPHPYEMOro TOKa.

Mowpocms snemenma. - 3T0 KOJMYECTBO IEKTPHYECKO IHEPTHH, TIoMy-
YaEMOe 33 CEKYH/Y, PABHOE HANPKEHMIO HA KIEMMaX, YMHOXEHHOMY Ha CU-
1y TOXa, KOTopylo Ge3 ymepba MOXET naTh MeMenT. Makcumanbuag cuna To-
Ka, KOTOPYIO MOXKHO IIOTYYHTh OT IIEMEHTA, OTIPENENIETCH 3TOH MOIHOCTEIO,
JEeReHHOH Ha HATIPSOKEHME HA KIleMMax.

CyuecTBeHEEIM HEJOCTATKOM TANIbBAHHYECKHX BIIEMEHTOB SBIIETCA Ca-
MOpA3psd - PACXONOBAHME MMH SIEKTPOXMMHYECKH AKTHBHBIX BEMIECTB IpU
OTCYTCTBMH BHeWIHero Toka. IIppunHol aTOro Moxer ObiTk HanmpHMep, pac-
TBOPEHHE METAIUIA 3NICKTPOKOB BCIEICTBHE obpasoBanus Tax Haabmaeuux
JOKATBHbIX 3NEMEHTOB, HJIH, nporcxaxme Tporecca, TeHEPHPYIOMEro TOK, "He-
NOCPENCTBEHHBIM XHMHYECKAM" NYTEM, HIIK e HeOCTATOUHAS H30nHEpyIONas
cnoco6HOCTD nmnexrpuqecxux neTamed neMeHTa. Camopaapsm yMeBbIIaeT
cpox cnyxcfSu 3MEMEeHTa, II0CIEeNHUH co BpeMeHeM CTAHOBMTCS HENPHTOLHBIM,
| Jae ecu OH BooOmIe He ncnom,sonancx ANIA TIOIY4eHMA aﬂepmu.

§ 4. BOMOPOAHAS BHEPI‘ETI/IRA

Onpa 13 HOBBIX HEPCIEKTHR, KOTOPAs Cefuac MHTEHCHBHO chymaeTc;n -
3T0 BONOPOAHaA sHepreTuxa. Ilpeanaraercs UCTONL30BATL BMECTO Genzuua
JUIs  aRTOMOOWIBHBIX NBUraTenell XKUIKWE BOFOPOR. BOIOPOL MOXHO NOIY-
yaTh, pasnaras BOLY 3NEKTPONMTHYECCKMM MeTOZOM (kpoMe BOJOpOJA NONy-
yaeTcs eue ¥ kucnopon). IIpu cxuranuy BoIopona B ABHTATENE OH COENMHA-
eTCR ¢ KUCIOpOHoM aTMochepHOro BO3oyxa, ¥ BHOBE oOpasyerca Boxa. Hu-
TJIE HE MPOUCXOMUT HAKAKOTO 3ArPAIHEHNS CPENbl, KPOME Y3IIOB NPOU3BONICT-
B2 3JIEKTPOIHEPTHH H ee Mepelaun | npeobpazoBaHus.

Bonee nogpo6Hoe pacCMOTPEHHE NOKA3BIBAET, 4YTO TIPH CXKHIAHHK BOJO-
poza B BO3AYXe BCE X BOIHUKAIOT TOKCHYHEIE OKMCH a30Ta. YTobe1 n3bexaTsb
3arpA3HEHHA MMM Cpelibl, BepoATHO, Gomnee npaBUNbHBIM 6biI0 6B 32MpaB-
NSTH aBTOMODMAH TaxKe M KHCiopooM. Torga Ipu cropaHvi B KamMepax, He
TOCTYNHBIX ATMOCHEPHOMY BO3AYXY, AeHCTBHTENLHO BO3HMKNA Obi UHCcTas BO-
na. Koneuno, aBToM061ts ¢ aByMs 6axaMu, B OXHOM M3 KOTOPBIX BOJCOPOA, &
B JIPyrOM - KUCIOPON, ABIAETCA B3PBIBOOMACHBIM.

Oco6rle cBoiicTBa Bogopona (Hawnerdaimui, umerowmii Hanbonbuyo
TEMIOTY CrOpaHus W Ap.) OTKPHLIBAIOT 3aMAHYMBLIE NEPCIIEKTUBbI €0 MPHME-
HEHMA JUIA 3KOJOrMYeCKH YMCTOTO TONYYeHHA aHeprHu. M Tonsko TpyaHo-
CTH €ro MmoJydyeHus, XpaHeHMs, dKCIUIyaTaluH CHEPXHBAIOT Pa3BHTHE BOXO-
ponxoii snepreruxu. TeM He MeHee "BOIOpORHAas Npobnema” npuBiekaer cefi-
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4ac 60IB1I0E BHUMAHHE CTICIIHATUCTOB BO BCEM MHpE N0 MHOTHM NPHYHHAM;
nepBasg - BOXOPoOJa Ha 3eMile MHOIO, BTOPas - OH KaK TOXWIMBO 3¢ dexTunen
H 9KOIOrnyeckH Geaynpeuer, TPETbs - BOAOPOL, NO3BONSAET AKKYMYIMPOBATD
GonbIume 3anacsl IHEPIHH, YETBEPTASA - IEPEKAYKA BOLOPOLA K MECTY CKMIa-
HUA ¥ IONy9eHua axeprin B 10-15 pas newesne, yeM TPAHCHOPTHPOBKa 3MEK-
TPHUYECTBA. ‘

B manbix MacmTabax UCHONb30BAHHE BOXOPOJA KAK UCTOYHUKA IHEPrUM
yXKe HAYalioch, HapHUMep B apToMoGumecTpoeHud. Vike 10 et npoxogatr ue-
neitasus apToMmobumu PA®D u "Bonra", cHabxeHnHble qpurarensmy, paboraro-
LMMH ¥ Ha BOROpoxe, ¥ Ha Gensune, u Ha GensoBogopoaHoi cmecu. Coanan B
HalleH cTpase M NEPPBIil B MEPE CAMOJIET Ha BOXOPOAHOM TOIMHBE ~ TY-155.
ITpy omHOM u Toll XKe ¢ camofieTaMy IPYror¢ THHA PY30NOXBEMHOCTH €ro
HanbHOCTB NoNeTa B 1,5-2 paza Bonbiue, 4To 06YCIOBIEHO 3HAUUTENEHOMN Te-
nno'rou CrOPaHBA BOIOPOIA.

- Jina TopxkecTBa "BOZOPOIHOMR HAEH" HYXHO GOIbIIOE KOMUYECTBO BOKO-
pora. Guun U3 BOZMOXHBIX TIyTeidl MONYYSHHs TAKOT'0 KONMHIECTBA BOXOPOLA ~
3IEKTPONH3 33 CYET FHEPTUM Berpa, Mopckux BolH ¥ Comana. 31oT cnocob
NoMOXeT M36exaTh neperpepa 3eMIH, NOCKONBKY NPH CKHIaHMH BOAOPOIA
BBIIEIHTCA 3HEPrud, KOTopas BCe PpaBHO nocrynuia 6s1 Ha 3emivo, Ho Gbuta
H3pacXoIOBaHa Ha TIONyYeHHe BOXOPOTA. '

JlerxomocTynHbie SONbIIHE KOTUIECTBA ASWEBOrO BOJOPOLA H KUCIOPO-
na cnoco6erBoBamy Gbl NOMCKAM H BHEIPEHUIO HOBLIX 3(Q(EKTUBHBIX TEXHO-
JOrHYECKHUX MPONECCOB, B TOM YHCIE M B JIEATENBHOCTH, HANPABICHHOH Ha
BOCCTAHOBIICHHE M yIy4IIeHHe oKpyxalowei cpenyl. Hanpumep, moxko 6110
Obl MOKATBHO W B HYXKHOE BpEMA pcrynnponarb CONepHanMe Kucnopoaa u
Boanyxe H BOJIOEMaX.
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CNPABOYHbIE TABMNLIbI O COCTOAHUA
SHEPIFETUKU OATECTAHA






1. DaexTpuyeckne cetn AO “I{aranepro” na 1.01.94 r.

A. HNonmwmrensusie 35 « 330 kn

1400 @Kon-so, en

[ B MowHocTh, MBA
1200 4
1000 +

900

800 } S
600 +
400 }
200 |

B, Tpancdopmarophiie MyHxTE
6 - 35/0.4 xB

8000 ¢
7000 T 8 Koruo, o,
B8 MownocTe, MBA

6000 +
5000
4000 +
3000 +
2000 +

1000 { 674

0
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B. Boaaymmbie JMHMM NOACTAHLBH 35K TPONCPEIAtH, KM

20000 - 18409
18000 ;
16000 |
14000 1
12000
10000
8000 §
6000
4000
2000

0,4 kB 6-1- kB 35-110 kB 330 xB

2. Manste I'3C 1 HeTpaIHusonyas JHepreTHKa

AQ “Marssepro” sefer pabory 110 OCBOEHHIO THIPOIHEPTrETHICCKUX pe-
cypcoB Haroproro Jlarecrana, 0OCBAHBAET HETPANMUMOHHYIO JHEPreTHKY:

- HAYATO CTPOHTENLCTBO Kackaka XHonckux I'DC momuocrsio 7,2 MBr

- CO3[aH YYACTOK IO CTPOMTENLCTBY M HAUATO CTPOMTENLCTBO AXTbIH-
ckoit MI'3C momnocrsio 4,55 MBT

- 3aKaHYHBAETCH NpoekTupoBande XyHiaxckoit MI'DC mouHocTsio 600
BT 1 Kapatuackoii MI'SC momnocreio 300 xBr

- [POEKTHPYETCHs AAreCTAHCKAN BETPOINIEKTPOCTAHUMS MOUHOCTHIO 6
MBT

- cO3JaeTca SKcIepAMeHTanbHas 0Oasza He'rpanuuuonﬂou IHEPrETHKH
mouocreio 5,5 MBr.
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3. BeipaGotxa u nm‘peﬁ.tieuue 3NeKTPOIHEPrHK

4500
4000 B Buipabotka
3600 @IoTpatnenne
3000
MNH. 2500
kBr.u 2000
1500
1000
500
° haad 2 . ‘ i oy e
1980 1970 1977 1978 1982 1987 1890 {993
TOALt
Bncm THEpOoArperaTop

Ynpxeii IDC: 1. Ir.-a. 22.12.1974 1.
- - 2. Ir.-a 28.09.1975 r.

3. Ir~a 30.12.1975r.

Y 4, Ir.-a 30.06.1976 r.
Mnamunclcaﬂ IDBC1. Ir.-a 31.12.1985r.
2. 11.-a.30.07.1986 r.

4. YienbHelii pacxo/l yCIOBHOTO TOILTHBA HA OTNYUMIEHHYIO TENIOBYIO SHEPIHIG
no AO “J{aranepro™
{Cpennuii moxasaTens no PP 173,5 kr/rkan)

L1 T PRHA
176 :
171,8

177

Kkr/rkan 176,5
176

175,5

B i/
174,5

19885 41987 1989 1994 1993
Tonel

203



5.»3nem~po¢Tanuuu AO “JIaraﬂepro”

1 T'uapoanekTPOCTAHLHM.
YeTaHOBICHHAAR MOWHOCTL - Mp1/
Ne C , ) BripaGoTka ONEKTPO3IHEDPrHM  MIH
n/m- IIC - . |kBr/a '
1 | Yupkeiickas 1000/2220
2 | MuaTauHckas - g - 220/656
3 [Kackag Yupropros- 81/526
ckux I'2C
4 | eprebunnckasx 17.8/61
I1. TenmoanexTpocTaHINK
Ne 1| Ver. su. MowH. Buipa®. sn-u
o/ MBTt MIH. KBTY
jc) sl 2 Tenn. momH. OTtnyck Tenna
rxa 1/y 1. 'xan
1 | Kacnuiickas 1:14;2:234 1. 45; 2: 540
2 | MaxaukanmHckan 1:6;2: 212 1:6; 2: 520
I Htoro
1 Yer, an. momaocrh MBT | Ver. rermn. Moy, I'kan/u
2 Boipa6. s5-u MiH. KBy OTnyck.Tenna 1. Ikan
2C 1: 1318,8; 2: 3463 i e
TII 1:20;2:70 . 1:446; 2: 1060
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6. AO “Naranepro” - y4acTHHK KOHBEPCHH NPOMBIULIEHHOTO

TIPOMIBOACTBA PecHy G.miH

3anox “JATIDTO"

~ H3rOTOBJIEHHE KOMITIEKTHRIX TpaHcHOPMATOPHBIX MIOH-
CTaHuHH
- HaroToBNeHne pasbemuunreneli PIHLT - 10
< HIrOTOBNIEHHE KPIOKOB Hya-muanif0.4-10 xB
- HITOTOBJIEHHE KROEILHBIX HAKOHETHHKOR
- KaNMTaIbLHBIN pemom CHJIOBBIX TPAHC(HOPMATOPOB 1-2
rabapuToB :
- M3rOTOBIIEHME KOMNAYKoB A1g Maoiaropos B 0.4-10 xB
~ H3rOTOBJICHHE CHIIOBBIX mancd)opua'ropon {-2 ra6apn-

ToB

crcxo:muuﬁ :
32BOJL "AAFOI"HI/I” )

*| - naomerops Tenos JUC-10ru HC-l 8 anx pacnpmmm

TEMLULIX anempoecrcit

AO “CTPOMHUHIY-
CTPHSA" r.Maxauka-
na

- xenesaberonitie oropil Tuna: CB’ BT10-3.5; CB 95-2 ke
ne3aobetornbie npucraBky Thna T 43-2

PemonrHO Mexammye-
cknit 3aBog r.Maxau-
Kaua

- HHeHbIe ABTOMALUMHLI CO CABOeHHOM kaGuyoif Ha mac-
cH YA3-452

3aBox
KUEBA

MM IAD-

AO “NATIH3EIL”

- peneitnsie wixadst LIOH u P mys sauwrel o6opynosa-
HHSA JIEKTpHYECcKUX ceTel

AO  “HATONEK-

'~ KIIT 10/.0.4 aBTOMAT - OGMOTIH K CHITOBBIM

TPOABTOMAT" _ TpacopMaTopamM
3anox TOYHOH | - kyxoHHbIC GLITOBbIE 57IEKTPORNIATHI - MEUHHIIEKZDHH - CHC-
MEXAHHUKH

TeMa YIIPaBJIeHNs THAPOArperaTaMu Manoii MolHOCTH

7. Yaeabuntii pacxo] yCAOBHOIO TOILIMBA HA OTNYIEHHYIO 3JIEKTPOIHEPrHIO 1O

AQO “HNaranepro”

Cpennuii noxasarens no P® 330 r/kBr. uac

185
180
175 ¢
rikBy.4 170
165
160
155

180,5 1804 . 1799 179,8

1965 1087 1989 1991 1693
roR
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8. Tpancopmaropusle nopcranman 35-330 kB
AQ “Marsnepro”

3000 @ Konuuecrro, Wt s ' 2510,6 25888

2500 t | gMowmocTs, T.ABY
2000

1. kBTt 1500
1000
500

0 t

81

1881 1985 1989 1993
ron

1973 1977

9. CTpyxrypa NoTpEGaeHHs ek TPI4ecKOoii 3HePruM, JHHAMBKA OX0N0B

AO “Iaranepro”
Ne ' ' 1979y, | 1993 1. | 1995,
/n : ‘
1 | IloTpefaeHue 3MEKTPOIBEPT AN 1679,8 .| 2702,8 { 2185,6

BCEr0 MIH. KBT/4
B TOM YHCJE HACCIICHHEM ‘ 372 1102,8 | 1034,1
BOJIs, NOTpebnseMan HaceeHHeM 219 40,7 47,3
BY" ’

2 | loxopmel OT peanm3anuu snektpu-{ 31,5 7369,2 | 130948
YecKkOl SHEPTHM BCETO MIH, PYO.

B TOM YHCIE NOXOmbl OT peammsa-| 13,6 1525,2 | 19796,8
THH 3XEKTPOIHEPTHH HACETEHHIO

moma AOXOAOB OT peamwsawmu| 43 | 20,7 151
3EXTPOIHEPrHH HateeHnio B % i o
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10. JIunun saekTponepesayun 0,4-330 xB

AO “daranepro”
20000 ( -
Bnan4110-330xB
EN3n3sxk8 |
15000 tmnane-10 k8
BN3Mo,4xB
Z 40000
0 i %
1970 1975 1980 1985 1980 1953
o C
11. Yaenunpif pacxoR BOILI HA FHAPOINEKTPOCTAHIMAK
" AO “[lar3nepro”
Ynpkehckas Muazymnckan Yuproprosckaa | FepreGuimcxas
3C 9C C I3C
PacyeTHpiit 175 54 49 44,5
Hamop (M)
YaemsHbIH
pacxos BOMbI 2,32 7,72 9,98 10,0
(M3/xBr.4.)
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12. ToTeHuMaNbHEIE THOPOSHEPIeTHYECKHE PECYPChI OCHOBHBIX # MANBIX pex

Ceneproro Kasxkaza
Inomans Iunposneprers- | Y. Ha-
. | TEPPHTOPHUH YecKH , | owi,
‘Paitonsr : ‘ OTEHIHAT THC.
. o KBT.M, -~
THIC, % or MIIPIL. % ot Km?
) Km2 HTOra | KBT.M. | HTOra
KpacHomapcekuii 83,6 23.4 21,7 16,9 259,0
Kpai - - :
CraspononsCKHix 80,6 22,7 228 1 11,7 285,0
Pocronckas obmacts | 10038 28,2 1,4 1,1 14,0

{Rarecrancxan ACCP | 50,3 142 | 508 39,6 | 1010,5
Kabapmmno-Bankap- |- 1 ’

cxas 12,5 35 | 142 11,1 1120,0
ACCP '

Cenepo-OcernHcxasn ,

ACCP 80 " 25 10,1 1.9 1250,0
Yeueno-HArymckas

ACCP 19.8 5,5 714 5,7 3850
HUTOTO . 355,1 100 1284 100 3614
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13. Pacnipexesiense pex no BeJIH4NHE PACcXona Boapi {mY/cex)

a)
Pacxon ozt Gonee.|.0150 | or 10 [or 5 or3 |or! 10 0,5 {Bcero
M3/cex, 50,0 | mo'10 | o5 |mo3 zo | x0 0,5
Konuuectso pex 5 8 13 | 16 53 55 135 285
b) i
HanMeHoBaHHE pex Pacxon HaumenoBanye pex ‘ Pacxox
M3/ceK. L M¥cex
Tepex 360,2 | Ynpaxvail . 58
Cynax . 176,0 XBapIMHUTIAD - 55
Apapcxoe Kolicy 99,2 Xumpux. | 5,2
Camyp . .= 27 85,97 ["Kypax 52
Anmmiickoe Koticy .T2,0 | Vimyualt 50
Kapakoiicy 31,8 | Veyxuail 4,6
JoxympyT Kapanasynop L4,2
Menmora - Manacosenn 4,2
X3aHop &P Taxko 4,1
Axtam 18,1 | Mnan-xesu 40
Axreryai - 158 Pyrtayx; & 40
Kasuxymyxckoe Koiicy . 13,0 CaBaxyHuc-xesu 38
Tomreprigait 11,5 Kym 3,6
Axcaif 82 ypaosens 36
Kapacamyp 7,9 XKekona 35
Treitcepyx 1,6 ' PyGac 3,5
Liemepop 1.3 Tlemunacab 34
CumGHpHC-XeBH 6,9 Kypayn 32
Pucop 6,7 Axpaxtiap 32
Jonwrsiaat 6,5 Capaop 31
Kuna 59
14 3aka3s 10
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Cxemia peunoit cery Ipearoptoro Harecrana,
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Cxema peunioit cern Lienrpansnoro Jarecrana.

213



4
b
>
Q
<1
T

Cxema xcackana IS C ua p. Cynak.
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CMPABOYHbIE TABIULIBI O COCTOAHWM
SHEPTETUKW POCCUN



PocT MOIHOCTH 3/IEKTPOCTANLMI 1 NPOH3BOACTEA dekTpodusprau 8 CCCP

JiparpamMma, XapakTepu3yiollas POCT MOIIHOCTH 3JEKTPOCTAHUMH ¥
TIPOM3IBOLCTBA SJEKTPOIHEPTHH B CTPAHE, H306paxeHa Ha pucyHke. IIpous-
BOICTBO EKTPOIHepruy Boipaxeno B TBr.u (Mnpa. xBr.4), a MOIHOCTR
snexTpocTanumii - B BT (M. kBT).

B 1987 r. peipaborka snextposueprun B CCCP cocrasmna 1665 TBr.4,

“gro B 3300 pa3 Gomeime, yeM B rox poxuenus miana FODJIPO (1920 r),as
1988 r. serpaGorasno 1705 TBt.4. ,

K mauany 1986 r. B CTpase HaxOQHIOCh B 3KCIIyaTaunu 84 snekTpocTan-
LMK ¢ YCTAHOBIERHOM MomuocTeio | TBT # BBUNE, H3 HHX 36 umenu Moul-
nocts 2 TBT 4 6ornee, B TOM yscie 22 TENOBbIX, 7 ATOMHBIX H 7 rUApO3JIEK-
TpoCTAHUMH.

© Bupadomre

INCKIMPOIHELRUL

Puc. 1. Pocr MoumoeTn wlempocramhm ] npomhoucnn
SUIEKTPOIMEPIHH 110 TOAM
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1. ITpou3BOJCTRO 3/IeKTPHUECKO JHEPIHH B COI03NLIX pecnybamKax

, TpoH3BOACTBO INEKTPOIHEPIHH
Coroanan pecrrybmixa Ter.u (Mipa. kBr.y
1913r. 11940 r. | 1950r. | 1970, | 19801, | 1987 r,

PCOCP 13 30,8 63,4 470 805 1047
Vxpaunckag CCP 0,5 12,4 14,6 138 236 282
Benopycckan CCP 0,003 0,5 07 15,1 341 37.8
Vabexckan CCP 00033 ] 05 27 183 339 54,8
Kasaxcxass CCP 00013 | 06 2,6 34,7 61,5 88,5
Tpysunckas CCP 0,02 0,7 1,4 9.0 14,4 14,5
Asep6alizpkanckan CCP 0,11 1,8 29 12,0 15,0 229
JIuroBckas CCP 0,0057 ] 0,08 0,2 7,4 11,7 22.8
Mosnnasckas CCP 0,0009 | 0,02 0,1 7,6 15,6 17,4
Jatpniickas CCP 0,015 1 0,25 0,5 27 1 47 I 59
Knprusckas CCP 0,05 0,2 3,5 9,2 9,3
Tamxuxckas CCP 0,06 0,2 +3,2 3,6 15,9
Apmauckaa CCP_ 0,005 | .04 0.9 6,1 13,5 15,2
Typxmenckas CCP - "~ | 0,0025 { 0,08 0,2 1,8 6,7 13,3
Deronckas CCP 0,0055 0,2 0,4 11,61 18,9 17.9
Bceero: 2.1 49 91 1 741 1294 | 1665

2 Coxpamenﬂue 0603HAYeHHA 3ﬂempocraﬂuuﬁ
Pa3IHYHOIO THNA

TOC (renmobas 3MEKTPOCTAHUMA) — IEKTPUUECKAs CTAHLMA, Npeobpa-
3ylomas XMMAYECKYIO SHEPIMIO TOIUIMBA B JJIEKTPHYECKYIO IHEPIHIO WM B
BIEKTPUUECKYIO SHEPIHIO H TENJIO.

TPAC (rocynaperseduas paiOHHAAL MEKTPOCTAHUNSA) — TEILIOBAA SEKTPH-
Yeckas CTAHLMSA, BLIpaGaThIBAIOMWIAA TONLKO 3MEKTpHYecKyio 3Hepriio. Cefiuac
nox tepmunoM “I'POC” MOHUMAIIOT KOHAECHCAUMOHHYIO INEKTPHUECKYIO CTaH-
o (K3C) 6onbuuoii Momnoct (6onee 1 I'BT, 1. e. 6osee 1 H. XBT).

KOC (xoHmeHCALMOHHAS 3EXTPOCTAHIMA) — TEMJIOBAA 3IEKTpPHUeCKan

cranuus, 06opyaoBaHHaS NApOBLIMH TpyGamy, paboTaroMMMH MO KOHEHC A
HUOHHOMY LMKIY.

TOU (TermoaneKTPONEHTPANb) — TEMIOBAA 3NEKTPUYECKad CTaHLus ¢
KOMOHHHPOBAHHBIM ITPOH3BOJICTBOM INEKTPHIECKOH YHEPIHA U TEIa.
ADC (aroMHaA 3MEKTPOCTAHLMA) — HNEKTPHYECKad CTaHuuA, npeobpa-

3yIOIas SHEPrHIO NENEHHS A/lep ATOMOB B 3JIEKTPHYECKYIO BHEPIMIO MIM B
3JIEKTPHUECKYIO FHEPTHIO W TEIUIO.

CAC (comMeunas SMEKTPOCTAHUMS) — BICKTPUYECKAS CTAHIHA, npeoGpa-
3VIONIAN FHCPLAIO CONHEYHOTO M3y HEHNS B 3IIEKTPHYECKYIO YHEPTHIO,

TIC (raxpodieKTpryecKkas CTAHUMA) — 3NEKTPHYECKAA CTaHUMA, fpeob-
Pa3yIoIas 3HEPTHIO BOLLI B 3JIEKTPHYECKYIO JHEPTHIO.
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T'ASC (ruapoakkyMyaupyOMAs 31eKTPOCTAHIMA) —~ THAPOINEKTPOCTAH-
s, mpeofpasyomas 3EKTPHYECKYIO IHEPIHio, NOIYyYaeMylio OT APYTHX
SIEKTPOCTAHIMH, B IIOTCHIHANBHYIO SJHEPIHIO BOMDI C MOCNEAYIOWMM €6 npe-
0o6pazoBaHHEM B JNEKTPHYECKYIO IHEPTHIO.

2C (npunMBHAA 3JIEKTPOCTAHIMA) — THAPOIEKTPOCTAHLMA, npeoﬁpa-
3YI0N§asi SHEPIUI0 MOPCKUX NIPHIMBOB B 3JIEKTPHIECKYIO JHEPIUIO.

ATIL (aroMHas TEIUIOMEKTPOLICHTPANIE) — ATOMHAA STEKTPMHECKAS CTAHLHA,
cHabxarolas TOTPeOHTENeH OMHOBPEMEHHO 3MIEKTPHYECKO 3HEpruel 1 TEruiom.

B3C (BeTpodneKTPOCTAHIMA) — BETPOINEKTPHUECKAs YCTAHOBKA, Npeoh-
pasyiouias KMHETHYecKylo 9HEPIHIO BETPa B SJIEKTPHYECKYEO SHEPTHIO.

3. Kpynue#imne ruaposnexrpocranumy CCCP

. E [ -4
, Gee!l. &
g8 S E $E6 |8 g
IR R 18
IMokasaremn g= [ E%s =g B2 5 220
as géa = |EG% | ERE|§3C
: an 8 »E i E S8
_fa
Mowmnrocrs  crad-| 2300 | 2540 | 3000 [4320 {4500 |6000
o, MBT * .

Mownocrs oxHOTrO
rugporexneparopa, |115 115 330 240 |[250 |500
MBT

MomHocts opHoif| 118 118 [335 {245 |255 [50%
TypbuaL, MBT

Pacxon Bommi wepes|713 | 7143 | 155 {300 257‘ 615
TYypOuHY, M3/c

Yucno mnpoarpe- 20' 22 9 . 18 18 ‘12
TaToB - - -4

BripaGorka anempo-
Jnepruu B rof, TBT.Y

(su mpx. kBr.9) 1,0 {11,0 (11,2 {219 1226 (204

Mmna Gerowsodt mo-{1,0 [1,5 |- (1,5 |14 |10
THHBL, KM e

BeicoTa muoTuHbI, M | 40 44 315 - 105 125 |124

Pacuernrniit ranop Bo-{ 20 22 233 (86 |96 93
I, M

Ton mycxa. nepsoro 1955 |1958 |1972 | 1974 [1961 |1967

arperara

IMpumevanue, CM. Takxe Tadmu, 5
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4. PocT eAMHMYHON MOIHOCTH FHAPO3IEKTPOCT AT

HuarpaMMa pocta  eXMHUYHOH  MOI[HOCTH  IMIPOZNEKTPOCTAHLMA
CTpaHBI NpHBeNeHa Ha pucyHKe 2. BepxHue nudpsi NOKA3LIBAIOT MOIUHOCTE

AMEKTPOC-TAHIMH B METraBaTTaX, HIKHHE - TOL BBOJA JICKTPOCTAHLHH Ha
FOJHYIO MOIIHOCTb. ‘

7000

6000

7 8
6400

5000
4000
3000
2000
1000

0

Puc. 2. PocT epumuanoft Mommocern I'IC crpansr.

6 6000

1939 19150' 1957 1962 1866 1879 ° 1971 .

-JInenpomc nM. B. U1 Jlenuna ; 2 - Juenporac um. B, A. Jleumna nocie soccranonnenun; 3
- Bosmekas TIC . B. H. Jennna; 4 Boaxcxaa I'DC um. XXIK cnesna KIICC; 5 ~ Bparckan
I3C um. 50-nerun Benukoro Okrabps; 6 - Bparckan [DC um. S0-nernn Besmxoroe Oxradpa noc-
JI¢ YCOBEpIIeHCTROBANNA MHpoarperaton; 7 - Kpacuospekan I3C um, 50-nerus CCCP' 8~ Can-

no-IHymencian FIC um. B. H. Jennna.

5. CauHo-HJymeHcRan I3C nm. B. K. Jiennua

Momnocts I'DC, I'Bt (W Mus. XBT)........... veerenrrenee vereebereinns 6,4

BripaboTka anexTpoIHepruy B roy,
TBT.u (mnu Mapa. KBT.4)
YHCIIO CHAPOATPETATOB ....evtererrevvensiornns
MoHocTs 0HOro ruapoarperara, MBr
Pacxo/l BOABI 4ePe3 TYPOHHY, M3/C .couvvvcrricrncs g srovee 358
MaxcuManbHBI HATIOP BOLbL, M .vvevveenn. pr——ens
PacueTHBI HAMOP BOMBI, M «..verecrenrirreessisrcnesrenscsnnses
Juamerp pabouero koneca TYpOMHLI, M
KL TYPOMHBL, Y0 ooveireierieir e eaie e s ses e eas s ereanns
KIL rupporeHeparopa, %
BricoTa ImOTHHEL, M

........................................................

.................................

....................................................
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CTaHIus COOPYKEHA B BEPXHEM TeueHuH p. Euces, Hemaneko ot cena Ily-
meHcKoe, rie ¢ Masd 1897 no SHBAPb 1900 r. maxomurca B cebime B. W, Jlennn

Tleperie rumpoarperaTtst Ha Casu-xo—[llymencxon I'SC 6bu BBENEHDI B
HefiCTBUE B FOAB! NECATOH MATHIETKY.

6. Tnapoakkymympyiouqe :memrpocmuuun (TA3C)

TIpunnun geficrsuas TASDC cocrour B npeobpa’oBaHMM 3IEKTpHUe-
CKOH SHepruM,; molyyaeMoH OT APYrHX 3MEKTPOCTAHUHH, B MOTEHUHANbHYIO
IHEPTHI0 BOJRBI C MNOCHEAYIOMMM NpeoOpa3oBaHMeM ITOH 3HEPIMM BHOBL B
JIIEKTPHYECKYIO, OTAABAEMYIO B IHEPTOCUCTEMY.

‘Ha ruapoaxxymyiupylomieif 3/exTpMuecKoil CTAaHUMA Halle BCEro ycTa~
HaBJMBAIOTCA TAK HA3bIBAEMbIE OOPATUMbIE MALIMHBI - IEKTPHYECKHE ¥ T~
pasnvueckue, OGpaTHMBIE 3IEKTPHYECKME MAIUWHBI MOLYT paboTaTh Xax
O6LIYHbIE HHAYKUHOHHBIEC PEHEPATOPhl HIIM KAaK ONEKTPUYECKUE JIBUIATENH
(“reHepato-phl-ABHIraTeNH”), & OOpaTUMbIe ruxpannmecme ‘MalHHBI - Kak
TypOHHB WM KaX BOISHbIC HACOCHI (“Typﬁuﬂm-uac(’)‘m”) Housro, a Tawxe B
BBLIXO/HEIE JHU PACXOJ IIEKTPHYECKOI S3HEPTHH HAMHOTO cHuKaercs. Ha aro
Bpemsa FADC Bxmiouaercs B pabory B kayecTse 0ObIMHON HACOCHON CTAHIHM,
ee reHepaToPhI-IBHIATEIH, OTPeOIAs . BIEKTPOIHEPTHIO, NABAEMYIO IDYTHMH
3TEKTPOCTAHUMAMH, IPHBOZAT B MBIKEeHUE TYpOHHALI-Hacockl. Tlocmennue ne-
PeKaYMBAIOT BOAY M3 HHOKHETO BOJOXPAHUIHINA (DEKH) B BepXHee (aKkyMymu-
pyioee). Korna e norpebaenne 3JEKTPOIHEPTHE B IHEPIrOCHCTIEME PE3KO
poapacraer (B yack “nuKoBBIX” Harpy3ok), FTADIC naymuaer paborars Kax
0OBIYHAA THOPOINEKTPOCTAHUMA ¥ NPOM3IBOAMMAA Ha Hell JJeKTpHYecKas
SHEPrUA HANPABJIAETCA B 3Heprocucremy. Bpems, HeobxomuMmoe s xycka
TASC uinn cMeHbl pexuMa ee paboThbl, U3MEPAETCH HECKOMbKUMU MUHY TAMH.

B Tabnuie npuseneHsl HEKOTOPbIE IOKa3aTenu AeicTeyomeif U coopy-
KAEMBIX THAPOAKKYMYIHPYIOIMK SMEKTPHICCKUX CTAHLIHH

=
Haspanue o 1o |8 é Hiokuee sono-
rA3C Pexa EE 2 5 § | xpamwome | Tonsumnycxa
=]
i= = 'éf :
Khuenckas Juenp | 225 65 1270 | MUcnompayercs 1973
: : BOIOXPAHUITHIIE
Knesckott TOC
3aropckas Kysea | 1200 | 113 | 720 | Cneunameho co-| B reucnne
(Mockosckas . opy»aercs Ha p. | mpenamparoi
obm) - Kynbs TIATHICTM
Katimspopexas | Heman | 1600 | 115 1840 | Byger vcriomsao- .
(JIuxToBCKas BaHO BOZIOXpa-
CCP) Hume Kaynac
cxoif [BC
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OCHOBHLIMH HANIPABIEHUAMH 3KOHOMMYECKOTO M COLMANBHOTO pPa3BH-
st CCCP Ha 1986-1990 romer u Ha nepuon ao 2000 roga npeaycMaTpuBaeTcs
BBENICHHE B IKCIIyaTaunio 3aropckoil TADC, passeproiBaHAe CTPOHTENbLCT-
Ba JlenunrpanckoH, J[HecTpoBCKOIA, KaHeBclcoﬁ THAPOAKKYM YIIHPYIOILHX
INEKTPOCTAHIMIL, BBEICHNE B NelicTBME Kaumxnopcxou TADC. Pazpaborann
OpOEKThI ,npyrux T'ADC, :

7. prnnenume TenoBsie 3nem~poc*rauuun CCCP (na 01 01.1988 r_)

. :
‘ . é 8 .
o [0 [
gS Q‘ ] 2 g5
1 - Ao § 23
DuexTpocTaHIus a g : gé 81 2 ;E
~ FE | FE|ER| & | 2E
E B R H
Jxnbacrysckas [PIC-1 4000 8 500 Yroms 1984
Pedrunckan FPIC 3800 6 300 | Vrom 1980
4 500 |-
anopxckas 'FOC 3600 4 300 Yrom 1977
i 3 800 MazyT
Yoteropexas TPOC ¥ 3600 4 300 Yrom, 1977
3 800 MasyT
Kocrpomckas FPOC : 3600 8 300 Masyr 1980
1 1200

8. TenuioBsle 3K TPOCTAHUME H OXPAHA NPHPOILE

3IeKTPOIHEPTUA B MUDPE B HACTOALIEE BPEMSA MPOU3BOLUTCA B OCHOBHOM
Ha TennmoBbIX dekTpocTaHuuax (T3C) pasnMUHLIX THIOB (npumcpuo 80 %
Bcell BrIpaGaThiBaeMOii BNEKTPOIHEPIHH).

B pesynsTaTe cropanMa OpraHH4ecKoro Tommesa ofpasylorcs ra3oob-
Pa3Hbie ¥ TBEP/BIC NPOLYKThI, KOTOPHIE, BHIXOIA ¢ HBIMOBLIMM Ta3aMH, MOTYT
3arpA3HATL aTMochepy. B Tabmune npHBOIATCA NPUMEPHLIE JAHHEIE, XapaK-
TEPU3YIOIHE CONEPXKAHUE TREPHbIX YACTHL B ABIMOBBIX rasax TOC Mommuo-
crero 1 IBt (1 muan. xBT).

Tonnuso, nenonmsazyemoe a TOC
IToxazaTema Yrofh MasyT npupoaubti
ras

Macca TOIUMBA, CKHTAEMOro B{ 2,3 MIH.T Lo wm, T | 1,9 mompr, M3
torkax TAC B rox

Macca TBepmix uacTHy (30Jm1),
06pAYIOUKXCA BPY CTOPAHUM TO- 4500 736 460
IIHEA, T/TOX
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JUIst OYMCTKH HBIMOBBIX ra30B, BLIGPACHIBAEMBIX B aTMOCHEDPY, OT COAED-
KAIMNXCH B HUX TBEPABIX YACTHL HA TENIIOBLIX 3NEKTPOCTAHIMAX MCTIONB3Y-
IOTCH CHIENMANbHbIE ATHIAPATHI - 3000YyIoBATENN. B MexaHnyecknx (UHEPHHUOH-
HBIX) 30JI0YIOBHTENAX OTHENEHHEe 307kl IPOUCXOAMT B PE3YIbTATE H3IMEHESHUA
HaIpaBJIeHHs JBIOKERHS NOTOKA ABLIMOBLIX ra3oB (IPH 3TOM TBEPHbIC YACTH-
[pl, COXpaHAA IO UHEPUHHM HaNpapIcHHE JABHKEHUA, CTATKUBAIOTCA CO CTEH-
KaMM annapaTa ¥ OCaXJaloTCAd Ha HHX). B 3IeKTpPHUECKHX 30II0yIOBHTENAX
YHOCHMBIE THIMOBBIMH Ta3aMM TREpAblE ACTHUBI IIPOXOAAT YEPE3 MEKTPO-
craTHyeckoe rnonue Goxpnoil HANPOKEHHOCTH, COZAABAEMOE METAIMYECKIMHU
ONACTUHAMH (37EKTPONAMH), HECYI(HMH PA3HOMMEHHBIE 3apAlbl (HANPIKCHHG

* Mexcay nnacruHaMu mpuMepro 30-50 xB). B atom mnone, ABHrasch BMecTe C
IBIMOBBIMH Fa3aMH, YACTHIB! JEKTPU3YIOTCA (06BIYHO OTPHUATENBHO) H ITPH-
TATHBAIOTCA MONOKUTENHHO 3APTKCHHBIMH SJIEKTPOIAMM,

DnexTpAYEcKHe 30]I0YIOBHTENM MONYYHIN HauGonbiee pacnpocTpade-
uie Ha XpynHeix TOC. Oy 06ecreynBalOT CTENEHD YIABIMBAHAA® 30JIbI XO
99, 5%. Crenensh yAaBIHBAHHA MEXaHHIECKUX (MHEPUHOHHLIX) 30J0YIOBHTE-
neif - 82-96%,

Npumevanue. J{na oUMCIKA LIMOBBIX 308 OT rasooOpasHEIX NPOIYKTOR CropaHus, 3a-~
rPAZHSTIONINK BOIMYIIHEIA SacceliH (OXCHIOB Cephl H I[P.) MCMONMEIYIOTCH XHMBYECKHE METObE,

e e g —-

* Creretib yTaRIHBAHHA - OTHOWIEHHE MACChI YIOBIEHHOM 3011 K mocTynuamel,

9. ContHeyHas 3JIeKRTPOCTAHIMSA

B rabnmne npuBemeHbl JaHHbIE O FEPBOH CONHEYHOH BIIEKTPHYECKOH
cranuu CCCP.

*

MomHOCTE, MBT.... 0o ivrmessserrnieeneas vevecareaes SOOI
Bricora fanHM, Ha xompou yc'rauonneﬂ '
naporeseparop (Iaposoi KO’I’CII), M cvernennererssemnsorsrsmssssessrensssensas 10
Yscno nIockHx 3epKal, o-rpaxcaronmx

COJTHEUHOE U3IIYYEHUE HA MAPOTEHEPATOP ..ovveeven- e 1600
TInomans NOBEPXHOCTH OXHOTD )
BEPKATIA, M2 Leeeieiinireesiiessirinrearecamrareerecssnsaneeesseasarasressesasinses veenr 23
[Inomans noBepXHOCTH Harpesa ‘

TAPOTEHEPATOPA, M2 ....oiiricrrenricronsee s inrasrnesssnessesansieraencneseenses 1 94
O6uas mowans MOBEPXHOCTH , :
3EPKAT, M2 ..eierrecrnneenne crrsrresamssenens s 40000
IlapameTpst napa:

TeMrepaTypa, °C. .o it ereeeriaeeenne e 250,

HABAEHHE, MITA ..ot snnescnsnnscasssreieend
Macca napa, apaeMoro '

2
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NAPOTEHEPATOPOM B HAC, T .vvvuiiveruernses ceereresmnerressasssessenessenseeriens 28

Yucno yacos (pacyeTHoe)

PaBOTHI CTAHIMH B TON eovverreeererenens e reerrrerererreses 1920
T'omosoe npoussoncrao ‘
(pacuernoe) BuipaGaThisaeMoi

NEKTPOIHEPTHH, MIIH. KBT.4............... e s 58
MecTo MOCTPORKH ,....erveervirrevnien. TIOC Ilenxuno Kprimcxolt o6

Ipameyanue. 3epxana 06OPYAYIOTCA CHCTEMOM CIEXEHHA 3a TIONOXEHH-

eM Connna Ha HeGocBoxE.

10. MI“II; reuepa'rop

B tabmuaue npuBeAeHS! KaHHBIE O coopyxcacmon Ha Pasanckoii I"PBC“ .
MOIUHON MATHHTHO-THAPOAMHAMHYECKOM OSHepreTHYeckod ycTaHoBKe, DTa -
YCTaHOBKa COCTOMT U3 cobcrBeHHoro MIJI - redepaTtopa u us paGOTaiomeH'

BMECTE C HUM OOBIYHOM NapoTypOHHHOM YCTaHOBKH.

Tonnuso, nogaBaeMoe B kaMepy CropaHus

MAT - reuepar’opa’ . npupoﬁﬂmﬁ ras

Oxncmarens, nonanaemm B TY K¢ kaMepy
CropaNus
Temnepatypa nponyxron cropamm (rmaxo-
TEMIIEPAaTYPHOI MIIA3MBI), TOCTYHAIOLIHX K3
KaMepel cropaHus B kKanan MI'J] - reﬂepa'ropa, °C
O6was gurua kanana MI/I - reneparopa, M
B TOM MHCJIe JMHa paGoyero yyacTka XaHana .
Cxopoctb mBHXEHHA NTPOIYKTOB cropanm B
xanane MI'J{ - renepaTopa, M/c '
Macca NpOAYKTOB CIOPAHMS,, €XKECEKYHAHO
nocrynaomux B kanan MI'/] - reHepatopa, Kr
Temnepatypa nponyKTOB CTOpPaHuA,
noxuaaomux xanan MI'/] - reneparopa, °C
MomtocTs MarHHTO-THIPOXMHAMIYECKOr o
sHeproGuoxa, MBr,
B TOM YHCIE:
MomHocTs cobcrBeHHoro MI[] - reHepaTopa
MOIHOCTb NapoBoil TypOHHM

i S armocdepnniii Bo3gyX

2650
30

17,7
1300
230
2000
582

270
312

Mowmnoe marunThHoe none B xaname MIJL - renepatopa Gyaer cosza-
BATHCA CREPXNPOBOAAILEH MATHUTHOM CHCTEMOM, 0OMOTKA KOTOPOH norpyxe-
HA B XUIKHA renuid, XIpoxyK sl cropanus, nokupasowme xanan ML - rene-
paTopa u HMeroUHe TeMiiepaTypy oxono 2000 °C, SymyT HCIoNL30BATLHCH LI
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NOXyueHHs BOAAHOrO napa, Npusoxsmero B pabory naposyio typ6uny, co-
€HHEHHYIO ¢ OOBIYHBIM TYPGOTeHEepaTOPOM, BHIPABATHIBAOIIMM INEKTPUYE-
CKYIO 3HEPTHIO.

11. CoBpemennbie rHAPOreHepaTOpbi 60BIIO0R MOKIHOCTH

Ae CTAHOBIICH FHRPOTCHCP%TOD
@
B
. é E Bo 8 E g;‘ B
Tlokasarenm g < a E g g
| Ceall o § gEC
¥
E p
Momuocts renepaTopa, MBT (mm 115 250 500
Thic. KBT) .
Hanpaxenne, B ‘ 13800 15750 | 15750
Yacrora BpaleHns poTopa, . ‘
¢t (06/c) ~1,1 A 1,6
MHH - (06/MHH) - 68,2 125 93,8
Juamerp regeparopa, M 17,4 13,6 19,1
Koapdument nmonesnoro geitcrema | 97,3 98,2 98,25,
reHepartopa, %o - ; N
Macca reneparopa, T 1650 1310 1650
12. Compemennnie TypioreseparTophi
TokasaTem . TypGorel;\epaio b1 MOIHOCTHIO o
. 200 MBT 300 MBr | 500 MBr 800 MBx
Hanpmxenvie, kKB 15,75 20 20 24
Yacrora BpallieHHA po- 50 50 . 50 - 50
Topa, ¢! (06/c) .
yur! (06/MHR) : 3000 3000 3000 3000
KIIJA rtypboremeparo-| 58,7 98,7 i 98.6 98,8
pa, % . : f
Oxyaxuenne BOJOPOMHOE | BOTOPOHHOE | BOAOPOAHO- | BOKOPONHO-
: : BOJSIHOE BOIBIHOE
- | Macca TypGorenepato- 308 350 384 526
pa, T
KoaddmumenT MOIHO- 0,85 0,85 . 0,88 0,9
cru {(cos @) )
Jruna TypSoreneparo- 13,9 . 155 17,3 20,4
pac BOIOYINRTENEM, M ) '
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13. TypforeneparTop pexop,unou MOIKHOCTH

MouHocTs TYpOOTeHepaTopa, MBT ...ccvvvievvecevnerccvaneenerennns 1200
Hanpsoxenue, KB ..oovvvereeenrinnen, TR ereraana vevereens e 24
YacroTa BpaleHus poropa, ¢!
KIIJ ryp6oreneparopa, % .....ccoeeenue...

K03 GHUNEHT MOIIHOCTH ..covevvcvveerene e mrneee e e s eeserensesresenns

OXNaXTEHHE ............ ereesimcsnisninain reerereannens BOZOPOAHO-BOJAHOE
JmiHa TYPOOreHepaToPa, M. ... ccovveeeriererernencennennns ressarseriensns. 24,6
MaCCa POTOPA, T.erovvierriirieeie i vereems e e b v e sbeseasesnas 104
Macca TYPOOreHEPATOPE, T..ocvvrrirereerirversrrnsieeeseesaaveinnseeaneneens 610

IIpumevanme. TypGoreHeparop yeraHorneH Ha KocrpoMckoif I'PIC u# paGoraer ¢ napo-

BoH TypOuHoii MomHocTsio 1200 MBr.

14. TlotpeGienne 2.1eKTPU4ECKOfi SHEPrHN B HAPOAHOM Xo3nficTRE,

MJPX. KBT.“ﬂ
1 HoTpebiaeno anexTprdeckol sHepruy

%k | B, |20 | B |31 | FE| B

HANIEEI NN AN A

S5 | eE |88 | E | BE|F| S

ge° | 2F | 24| & | %
1913 2,0 1,6 0,001 0,02 0,4 0,07 -
1928 50 34 0,035 0,3 0.9 04 . -
1940 48,6 34,8 0,5 2,6 7,2 35 -
1945 43,3 31,0 0,4 1,8 6,5 36 -~
1950 91,2 652 1.5 37 14,5 6,3 -=
1960 2923 207,53 10,0 17,6 394 | 178 0,03
1970 740.9 488,4 38,6 54.4 96,0 583 52
1980 1293.9 7729 110.9 102,8 181,3 06,9 19,1
1987 1664,9 957,1 1604 1313 235.5 142.0 34,6

15, “ITena” cH3KOHOMJIEHHOTO KHAJIOBATT-42CA 3JICKTPOIHEPTIH

1 KBT.4 37€KTPOIHEPTHH DPACXOIYeTCH B CPERHEM Ha

- npou3soacTBo 2,7 kr raseTHo#l wiwm |,5 xr nmucyeit Symaru, Wi 13 3 kr
OKOHHOT'O CTeKNa, Wik 39 Kr caxapHOro Mecka, WiIn 2,8 KI [UIaBIeHoro chipa,

v 1 w2 xnonqaroﬁymaxcﬂon TKaHMU,
- BBINEUKY 36‘1(1“ xneba;

- no6biuy 30 xr vedri wiy 15 xr xenezHnoi pyawi, vau 40 kr yrus;

- Boimasky 0,5 Kr aNeKTpoCTany;
- padpuHupoBKy 0,5 KI Meu;
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- TIONy4eHye NP 3nekTporuie 0,2 Kr AMOMHHHS;

- M3TOTOBNEHHE 2,5 map pe3auHoBoit 00yBH.

Ha usrorosnenne ofuoro sexocunena pacxoxyerca 25 xBr.y snextpo-
3HEPTHH, 2 HA H3TOTOBIIEHHE OIHOTO aBToMO0unA - 1000-1500 xBr.y. -

Js peipaborky | XBT.4 3N€XTPOIHEPTHYU HA TEILIOBBIX 3JIEKTPOCTAHLMAX
cxuraercs npuMepHo 600 r xaMerHoro yras unn 300 r masyra.

16, BuexTpoduicanss ceThCKOro X03micTna

Lo

[Tokasarenu .
1950 § 1960 | 1970 | 1975 1 1980 | 1987

Bcero  morpebrieHo
ICKTPOIHEPIUH B :
cenpcKoM Xoasifcree, | 1,5 | 10,0 | 38,6 | 73,8 | 110,9 | 160,4
Tet.4 {Mapa. xBr.4) '

Uucno 31exTponBH-
rareneif 8 xomxosax:|-105 | 774 | 4760 ] 8837 | 12794 | 16657
H COBX03aX, ThIC. T,

MomtocTs 3JIEK- A
tpoxsurarened, IBr| .. 4,4 | 251 | 46,2 | 68,1 | 904
(v, kBT) -

Tlpumeuaune. 1. B Hacrosilee BpeMst IOYTH BCE KONXO3BI H COBXO3b1, & TAKNKE KHUNLIC HOMa
CEIILCKHX XUTeNIel ATeKTPOPHLIHPOBAHEL.

2. B cootBercrann ¢ IIpomosonecrpennol nporpammoit CCCP na nepuon ao 1990 ropa
OTHYCK MEKTPOIHEPTHH cenbekoMy Xo3siicray 8 1990 r. cocrasur 210-235 TBr.u.

17. Conpemennbie 3K YPOBO3bI

BHeKTPORO3 NOCTO- | JICKIPOBO3 NEPCMEH-
TToxazarem SHHOLO TOKa. HOI'O TOK&
: : BJI8 BJILO BII60X 1 BJig0X
HanpsxeHue KORTAKTHOM ce- 3 3 - 25 25
TH, KB
YHCIo TACOBBIX INEKTPOIBI- 8 8 6 8
raTemeif AEKTPOBO3a
MotHocts 0JHOrO TArOBOro. -
INeKTpoFBUTaTens, XBr : 525 650 75 790
TAara 351eXTpoBOo3a, . .
xH 346 387 310 462
Xrc 35300 39500 32000 47100
Cropoch Ipy YKa3aHKoii Tare, 43 47 52 - 52
¥M/4 : : :
Hau6onnumas ckopocTs 30eK- :
TpOBO3a, XM/Y 100 {00 100 100
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18. PocT npoTskeHHOCTH 31K TPHOHIHPOBAHELIX xeie3npx gopor 8 CCCP

Jrarpamma pocra HPOTAKEHHOCTH IeKTPHOHIAPOBAHHLIX KETEIHOLO-
POXKHBIX THHMI (B THIC. KM) NPUBEIEHA HA PHCYHKE 3,

48,4

: . {09t
1950 1955 1960 1965 1970 1975 {980 1985

Puic. 3. Poct mpoTsxeHEOCTH 35eKTPHQMEPOBAHABIX
HENEIHONCPOMKHBIX AHHAH

19. BoicoxOBOJLTHBIE JIMHHH 3K TPONEpe ayuH
B 1abnuuax npuBeNeHbl DAHHBIE O Pa3sBUTHM JIMHMIA 3MeKTpOnepenayu B

CCCP v pasmiyHbie TOKA3aTENH INEKTPOTICPERAYY CBEPXBLICOKOTO HAMPIDKE-
HuA.
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Tomei | 35xB | I110xB | 154xB § 220m 400 » 750 n

TIpoTaKEHHOCTD (B THIC. KM) 3JEKTPOCETEH HAMTPKEHHEM

330xB | 500 xB | 800 xB

1940 | 80 | 106 | 05 | 1,1 = -

1950 | 11,9 | 165 [ 05 | 25 - =

1960 | 36,7 | 64,6 2,0 16,7 a4 -

1965 | 1223 128,1 5,1 42.5 8.3 0,5

1970 | 175,7 185,8 5.8 64,4 13,2 0,6

1975 | 241.8 2440 7,1 89,7 194 2,2

1980 | 303,7 309.1 9,7 117,1 25,5 34

1987 | 3618 395,2 11,5 154,3 38,6 8,1

K navairy 1988 r. cyMmmapHas NpOTAXKEHHOCTh BCEX JIMHMH JIEKTpOMeEpe-

nagu HanpmkenneM 35-800 kB cocrasuna 969,5 Thic.KM.

HexoTopsie nokasaTesu Jaextponepenaun Bomkexas I'IC
uM. XXTII crezga KITCC - Mocksa (I) u Boskekas I'3C
M. B, K. Jlenmna - Mockgra (11}

Tlokasarenu 1 I
Hanpsoxenue TuHmii, kB 500 500
NpoTAKEHHOCTE, KM 1050 900
Jrucno nenel yauuii 2 2
Ilepenapaemas mouHocTs, MBT xo 1500 zo 1800

OnbITHO-NPOMBINLLTEHHAA THHUA 3neKTponepenadn Konaxonsckas I'PIC -

Mocxsa npoTsxessoctsio 90 xm (1-1 ouepens) umeer Hanpsokenne 750 xB u
Mourrocth 1,2 MBr.
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~ Snexrponepenaua NOCTOAHHOIO TOKA
Bomxexan TOC mv. XXIT cpespa KIICC - Jonbace

Hanpmxense XHHHEA, KB .........ccoeviivrirvmerrcirnecencreeeseevnnenns 800
IIPOTAKEHHOCTE, KM ..vovrniriieniseietrin et cnannais s 473
IlepenasaeMas MOMHOCTE, MBT .....c.covvniinneniinncriians o 750

KITI MMM, Y0 coocniinis et sannsa, e 94



B 1987 r. ycranoBieHHas MOINHOCTH SNeKTpocTaHuMH EmuHoH snex-

tposHepreruyeckoi cucrempl CCCP mocrurna 270 I'Br (270 M. XBr).

20. JIanbHOCTH Nepeadi 35eKTPOIHEPrHH H MOIIHOCTh TMHIM NEPeNas B 3a-
BHCHMOCTR OT HANPSUNEHUA JIHHEH '

Hanpsxenne, B | Mompocts ymsun anex- | JanbuocTs nepenayn
Tponepenayn, MBT IMCKTPOIHSPIHH, KM
127 0,002-0,01 Menbive 0,1
220 0,005-0,04 » 0,2
380 0,02-0,1 » 1
660 . 0,05-0,5 » 2
6000 2-6 8-3
10000 3-10. 15-4
35000 10-30 " 50-10
110000 35-50 120-20
220000 o 100-200 200-160
330000 300-400 ~300-200
500000 o 1000 1200-600
750000 1800-2500 1500-800
1150000 4000-6000 2000

21. Tinan FODJIPO

IInan TO3JIPO Obix ePBLIM MEPCIIEKTHBHLIM TUIAHOM BOCCTAHOBIEHHS
¥ Pa3BMTHA HapoXHOro Xxo3aicrea Coserckoil pecnybmuKu HA OCHOBE 3II€K-
TpuduKauua cTpaHel. B Tabmuiue NpUBENEHLl OCHOBHBIE HAHHDIE, XaPAKTEPH-
3yIOniMe 3aa4n 3texTpuduxanun crpans no muany F'OSJIPO.

Yucno, pafiOHHbIX INEKTPUYECKHX CTAHUMH,

HaMEUEHHAIX NITAHOM K MOCTPOMKE .....vvviiiiniiansinensrananeesssraanyains 30
M3 HEX ' ;

TEIIOBBIX MEKTPOCTAHIIMI .eotiinri i criiinsiininr i eessen e sas 20
THOPOIIEKTPOCTAHLIAM .eveeverarrrmreveressarssssernssatasressniinstavasssnasas 10
MOoIHOCTE 2MeXTPHYECKHMX CTAaHUMHA,

KOTOPYIO HAMEYAIOCh BBECTH N0

wiany, TBT (M MITH. KBT) ..ooieeiieiee s cveenenere e vercsnenadeeaas 1,75
H3 Hee . ‘ ‘ : :
Ha TEMIOBHIX IMEKTPOCTABLIVAX ... eereceemmsieniirassssesrssiinesnnntossenss i
HaA THAPOINCKTPOCTAHLMAK ..cvvitnmsarreesronsarssons ISR PS | X .7 S
TomoBoe MPOMIBOACTBO IMEKTPOIHEPTHH,

KOTOPOE HaME4aNioCh NOCTHIHYTH, :
TBT.9 (M MIPIL KBTHJ . oeiivieiieaen e esreeaceeneeeeereseesmeesassrsens 8,8
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T'on npussaTus nmana TOBTIPO ... 1920
VpoBeHb NPOU3BOICTBA HIEKTPOIHEPTHH : :

BcrpaneB 1920r., TBr.¥ .............. e s 0,5
Moumocts anekTpocTaduui B 1921 £, I'BT..cocvevvivcencenn 1,2
VpoBeHs NPOH3BOACTBA INEKTPOIHEPIUM

B 1931 £, TBT M i ieeniescresnirsemecnsrasssamssssesansssssarsesens 10,7
Mownocts 3mekTpocTanuyii B 1931 1, IBT .ocvvecvevrennnnee e 4,0
YpoBeHb NPOH3BONCTBA 3JIc1ch03Hcprmr '

- B1935r., TBT™...... trtereenaresterineainrrneannrensrarirenn eiemreerenennnnersenns 20,3
Momnocrb 9Jle1c'rpoc'ranuun B 1935, TBT... veenn8,9
Uuceno smexTpocTaHuui, nocxpoeuﬂmx B ; .
CTPAHE K 1935 X iuciiiririncviirrsren v ncesiecnssrssresisssinssnesnnnes 40

IInan TODJIPO, pacumrannsli Ha 10-15 mer, T. e. o 1931-1935 rr., B oc-
HOBHOM OBLI BRITOTHEH yxke B $931 r.

B 1935 r. CCCP 1o rpou3BOACTBY 3IEKTPOIHEPTHH JOTHAN M Teperdan
MHOTHE enp"oneﬁcxne c'rpaHm H 3aHAN TPETHE. MECTO B MUpE.

22. DuepreTnyeckast nporpamma CCCP

DHepreTuyeckas nporpamma, npuHsras B 1983 r., ocHoBBIBAETCH Ha pac-
yeTax PasBUTHA 3KOHOMHKH cTpaHbl no 2000 r. B Heli comepxarcs Hayy-
HOOBOCHOBAHNBIE IPHHIHILI, TIARHEIE HAPABIEHHA H NepedeHhb BaXHeHnx
MEPOIPHATHIH [0 PaCIIHPEHHIO 3HepreTHYeckoil 6a3bl H XauyeCTBEHHOMY CO-
BCPUICHCTBOBAHHIO TOTUIHBHO-3HEPT€THYECKOTO KOMILIEKCA CTPaHbI.

- OcymecTBIeHHE IPOrpaMMBbl PACYMTAHO Ha 1Ba 5Tana. Ha nmepsoM srare,
KOTODRIi 3aBepuractcs Ha pybexe 80-90-x rr., OCHOBHOE BHMMaHHe yHenfeT-
o YBeNHYEHHIO 06eMa JOOLIYM rasa, yCKOPEHHOMY Pa3BUTHIO JuepHoll sHep-
FETHKH B €BpONEHCKOH 9acTH cTpaHbl. JTO NO3BOJMIIO CYUIECTBEHHO YMEHh-
IHTh PacXxoX Masyra Ha anektpocranuusx. Heqre Syner skonoMuTscs u 3a-
MELIEHHEM €€ IPHPOMHBLIM Ta30M 34 CYET NEPEBOIA MOTOPHOTO IapKa Ha AH-
3eNbHOE TOIUIMBO ¥ ra3, a TakXe 32 CYeT 3NMeKTpudMKanmy Xene3HsiX JOpor.
K XOHIy IEPBOTO 3Tala NPeAyCMOTPEHO B OCHOBHOM PeLIHTh BaXCHeHIIyIO
32724y NPeKPaleHAs PocTa NoTpebieHus HedTH I TONINBA.

ByayT co3xaHsl NPEONoCLIIKH U1l HHTEHCHBHOIO HAPAWMBAHKA NOGLIYH
YIJIA, TOXTOTOBJIEHbI YCIIOBHS JUIA UIMPOKOrO NEPEBOia IKOHOMUKH Ha Hep-
rocGeperatomiuii nyTh passuTHi. HaMeueHo JeMOHTHPOBATE B MOKEPHUIUPO-
BaTh Ha INEKTPOCTAHUMAX ycTapeslulee W MamodpdexTHBHOe oDopynoBanue
obmeit MomHOCTBIO 55-60 MuH. KBT. IIpenycMOTPEHO CO3MATH MATEPHANLHO-
TEXHATECKYIO 623y JUIs IIMPOKOTO MCTIONMB3OBAHMA HETPATHIHOHHBIX HCTOY-
HMKOB DHEPTUM - CONHEYHOM, reoTepMalbHOIl, BeTpOROH, NMpUIMBHOH, SHo-
MAcCHl (OTXOHOB CeNbCKOT0 XO3AHCTBA K Ap.); YBETHYHMTE HCNONL30BAHKE BTO-
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PYYHBIX 3HEPTOPECYPCOB; - OCYMIECTBNATEL CTPOMTENLCTRO SNEKTponepenay
CBEPXBLICOKOI'O HANPMKEHUS.

Ha BTOpOM 5Tane, 3aKkaHYMBAIOIEMES HA Py6exe XX u XXI BB., J0OBI-
Ya NPHPOJHOIO ra’la MOCTHTHET CAMOI0 BBICOKOTO YPOBHA, ONPENENCHHOTO
nporpaMmoi, DHepreTHuecKue pecypcst OYAYT pacTH INIaBHBIM 0OpasoM 32
CUET HICPHOH SHepruu, ROObIYM YINA OTKPbITHIM CrIocOOOM, BOBIEYCHHA B
anekTpobananc 3 HEXTHBHEIX MHAPOIHEpTeTHYeckHX pecypcon. [Ilupokoe uc-
NONL30BAHME NONy4YaT He'rpannuuonme 9HEPrOHOCHTENH, HHTEHCHBHOE
sHeprocGepexenye.

HameuyeHo JeMOHTHPOBATH H MO}ICpHPI:inOBaTb Ha MEKTPOCTAHNMAX YT~
Tapesmee 060pyaoBanue obmel MomuocTeio 70-80 mun. kBT, co3naTs Heob-
XOJHMBLI HayYHO-TEXHHYECKHI NOTEHUHAT I8 TPOM3BOJCTBA MEKTPOO6O-
PyZOBaHMA HA OCHOBE 3(hdexTa cnepxnpono,uumocm ‘

Ha wsropom 3tane Gyner 3a.nepmeﬂo (bopmnponauue EnuHoit 35exTpo-
SHEePTeTHYECKOH CHCTeMBE CTPaHbI, -
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PEINIEHME HAYYHO-TEXHHYECKOI'O COBETA
PAO "E3C POCCHIA"

Pacemorper "IIpemnoxensisa 1 nporpammy paﬁoT TIO CO3TAHHIO CONHEY-
HEIX cbororepmo;muamnqecxux 3NEKTPOCTAHIHI HOBOIO NOKONEHUA", OCTY-
TMABLIAE OT HAyYHBIX, NPOEKTHBIX, MPOUIBOACTBEHHBIX OpraHusaluii i Gupm,
CEKIMA HAYIHO - TeXHudeckoro Cosera PAO "ERC Poccuu” oTMeudaer.

1. Vuutsisas o6pawenne 8 DHWH npencraputenelt sneproobbenuuenuii
W AIMHHUCTPALHH HEKOTOPKIX PErHOHOB POCCHN, 3aHHTEPECOBAHHMIX B OCBOE-
HUHK MECTHBIX PECYpCOB CONHEUHOH 3HSPrUM, B LENAX 9KOHOMHH CTPEMHTENDb-
"HO AOPOXAIOUIero TOMNNEA (rasa, HehTH, YINIA M T.J.) ¥ HCKIICUEHMA 3arps3-
HEHMA IPHPOL! MpoayKkTaMH ero cropanut DHWH coBmecTHO ¢ XoHBEPCHOH~
HbIMH NPEINPHATHIME TIOArOTOBUN M PA30CHal NOTEHUHANILHLIM COMCIIONHH-
TEMAM H 3aKA3YMKaM NPEIIOKEHHs TI0 CO3TAHKIO COTHEYHBIX AMEKTPOCTAHIMUHA
HOBOT'O OKOJEHUS.

TIpemnoxennas OHWHoM conneunas ¢oTosnexTpuyeckas TepMOXWHE-
MHYEcKas SMEKTPOCTAHIUA, COCTONT U3 20 OTHeNbHbIX MOy, B KoHOTpYK-
M MOAyMell NpeanoraraeTcs MCIOIb30BATh 3EPKANbHbIE TapadonouunuH -
PHUECKHE XOHINCHTPATOPR! COMHEYHOMH sHeprHH co 00-KpaTHBIM KOHUEHTDH-
POBAHMEM H MPHEMHHKH ¢ APCEHUI-TANUEBBIMK GOTOINEKTPHUECKUME MTpe-
obpazoBarenaMu, paboyas Temneparypa koropex cocrasaser 100-110°C. Te-
YLI0, CHHMaeMoe TipH oxgaxaeHuu ©3TI, yrunmsupyercs Ha napoBoM GyTaH-
mponanosoM Typboredeparope.

Konuenuus sosoii COTIC npemiokeHa Ha OCHOBAHUH BLINOIHEHOTO
DHHHowm B 1989-93 rr. anaym3a 4-x paHee npopabaTeiBaeMbiXx B POCCHM W
CHIA cxem CIC: 1) dorosmexTpudeckod ¢ nMIockuMH xpemiueBbiMu ©TT
6e3 KOHUCHTPHPOBAHHS CONHEYHOH 3HEPrHH; 2) 3epkanbHOH TepMOIHHAMHIE-
cxoii "Gamennoro Tuna"; 3) 3epxanpHON TepMOAHHAMHYECKOI ¢ napaboror-
JIMHAPHYECKHMH KOHIeHTpaTopamy Tana dupmel LUZ; 4) xomGunnposanuoit
3epKanbHON TEPMOOMHAMUYECKOH CO MHOXECTBOM MeNKuX asurateneit Crup-
JIMHra ¢ NapaboNoUMIMHAPHYECKMMH KOHIIEHTPATOPAMH ¢ HHIKOTEMIIEpaTyp-
HeMu kpeMaueBbiMi OOI1 npu 10 — 20-KpaTHOM KOHLEHTPHUPOBAHWK COJI-
HEYHOIf 3HEPIHH.

Kosuenuus mpemnaraemoit COC ocHOBaHA HA CPaBHMTENbHO HEHABHEM
otkphiTan B Poccun (OTH nM.A.© . Uodde), 3akmodaroimeMcs 8 TOM, 4TO
npu paboueil TemmnepaType HOLYTPOBOAHMKOBLIX APCEHUI-TANIMEBLIX NPeod-
pazoBareneii okono 110°C, coxpauserca sdipexT MOBBIGIEHHOTO (OTOBIIEK-
TpHueckoro knx (>20%) npu crokpaTHoM (M BhILIE) KOHLEHTPUPOBAHHM CON-
HEYHOH 3HEPTHH. v

Coememenne GOTOIMEKTPAULCKOrO H TEPMOTUHAMUYECKOTO MPOIECCOB
JIAeT BOIMOXHOCTE TMONYYEHHA CYMMAPHOT'O KII MCIQRL3OBAHUA COMHEYHOH
aHeprud Ko 40%.
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2. IIpuMenenue apceHum-rajmuenbx CIOC OTKPBIBAET HOBYIO BOIMOX-
HOCTb NoBbIIIERHs 3(PEKTHBHOCTH TEPMOIMHAMUYECKOH YacTA ¥ ee NPAKTH-
veckoll peannzanmu x 1998 r.

B wacTHOCTH, uenecooﬁpasno IPAMEHEHHE nuecro MHOKECTBZ MEITKHX
TEIUIOBLIX JBUraTeNeli OmHoro TypGorenepaTopa MONIHOCTEI0 Ha YpOBHE I
MBT ¢ 6yTaH-NpONAHOBLIM TEMIIOHOCKTENEM B IIAPOCUIIOBOM [IUKJIE.

3. Tlpu paspaboTke NpPemIOKEHMHE NHO NPOEKTY. APCEHHA-TAIUTHEBOH
COTOC SHVHOM, B OCHOBHOM 34 CcueT COGCTBEHHLIX CPEACTB W KPEOUTOB,
cosMecTHO ¢ ucronHureneM (HTO "BOT" u np.) 8 1989-93 rr. Guint BrITOMHEH
3HAUMTENLHBIH 00BEM AHANUTHIECKHX, HAYIHO-HECCTIENOBATEILCKMX, TEXHONIO-
IUYECKHX M OIBITHO-KOHCTPYKTOPCKHX paﬁor (HAOKP), NpOBe/EH PAL CEMHM-
HapoB, oﬁcymcunn M Ip. MEPOUPUATHH C IPHBIEYEHHEM BHIHBIX YUYEHRIX H
CTELUANKCTOB BhICIIEH kBaMAGuKaLu.

4. BeimonHeHHbIH HA OCHOBAHHH paboT no 1.3 npexBapHTenbHbIN TeXHM-
KO-3KOHOMMYECKHH aHanu3 C-)HI/IHa H TOII noxaspiBaer, YTO B CPABHEHHH ¢
YHCTO TEMIOBHIMM ANEKTPOMAUIHHHBIMH COMHEUHBIMH TEKTPOCTAHUNAME C
napocuioBbiM koM (Tna Kpeimckoit COC-5, LUZ 1 np. yxasaHHBIMM Bhi-
we COC), nopas COTIC obnamaer pAIOM MONOKHATENLHLIX ocobenHoCTEH, B
TOM YHCIIE:

- noskimeHHbLIM 10 40% cymMapHbIM doToTepMomaHaMuaeckuM KITI u
COOTBETCTBEHHO ITOBBIIIEHHOM 3JeKTPHIEcKOH MOLIHOCTHIO;

- CHH)KEHHOR COOTBETCTBEHHO IIOYTH BABOE YJENBHOH MIOWAIbIo mapa-
GONOLMMAHIPUIECKHX 36PKAT NPMEMa COTHEYHON SHEPTHH, CTOHMOCTB KOTO-
PHIX COCTABNAET. OKOMO MOTOBHHbI CTOAMOCTH COHEUHBIX ANEKTPOCTARIMH; .

- CHUXeHHOH Bomee dem B 10 pa3 NIOWANBIO MONYIPOBOIHHKOBbIX (OTO-
npeobpaszopateneit GaAs B CpaBHEHHN ¢ KPeMHHEBBIME NpH ux pabore ¢ 10-
20-xpaTHBIM KoHNEeHTpHpoBanueM K B 100 pa3 npu pabore 6e3 xonuempam—
POB,;

- CHEDKEHHBIMH Ha 15-20% KamMTANOBIOKEHHAMH B CTPOUTEIBCTBO COJI-
HEeYHOH SIEKTPOCTAHLAM M COOTBETCTBEHHO CHMXKEHHOM LEHOH Ha oTmyckae-
MYI0 3NeKTpo3HeEpTMIO (¢ yueToM 3atpar Ha HAOKP);

- IOBBIEHHBIM ITOJIEIHLIM SKONOTHIECKUM PHEKTOM 34 CHET CHUNKEHMA
Ha 10-15% TennoBoro 3arpA3HeHHd OKpPYXaromei cpenbl, CBA3aHHOLO C Bbi-
6pocoM napos BOZIEI Hepes rpaaupHIo TypboreHeparopa;

- CHIDKEHHBIM, COOTBETCTBEHHO, PACXOAOM BoAk! npu pabore COTIC.

Mpu paspaboTke ocHoBHOTO TOC YKA3aHHBIS NAPAMETPbE JOTAHbBI ObITh
YTOYHERDI (C BOIMOXCHEIM HX [OBBIINEHUEM).

ITockonbky cxeMa HoBoH COTIC cOCTOMT U3 3EPKANbHBIX MOIYIeH Nno
50 kBT, 3T0 MO3BONAET TAKKE HAPATY CO CTPOHTEILCTBOM Ga30BOT'O BAPHAHTA
¢ ogHuM TypOoreHeparopom Ha 1 MBT B nmapocuiioBoM LHKIE, CTPOUTL Ma-
nbie, B T.4. MoGuibHbIe COTOC ¢ MunHK Typboarperatamu na 25 (1/2), 50, 100
1 250 kBT o cren3axasy s yAaJeHHbBIX TOCENKOB, hepM H T.1. 06BEKTOB, HE
NOJKIIOYEHHBIX K IIEKTPOCETAM.
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Vuensiit Coser OHHMH um. T'. M. KpxikaHOBCKOTO NOJIEPKHBACT MHE-
HHE DPa3pabOTYHKOB, YTO HA KOMIUIEKTAIKIO HoBo# COTIC Mommoctsio |
MsT nipy 100-kpaTHOM KOHUEHTPHUPOBAHHM COJIHEYHOR 3HEprHu norTpebyerca
oxono 25 xB.M G4As ®3II, B To BpeMs Kak Jyt Kpemuuenbix OOIT npu 10-
KPAaTHOM KOHLIEHTPHPOBAHHMH B JIECATH pa3 Oousire,

Opraumsainag nsrorosnerus GaAs OOI1 Ha cymmapﬂyro MOIHOCTE
COTIC Gonee | MBT obecnevena HayuHo- npomnoncrneﬂﬂou H CbIpbEBOM
6a3oli, co3manHOf JUIA BBHINOJNHEHHA PAKETHO-KOCMMYECKOH NpOrpammet B
1985-1991 rr. .

5. Jnst Hayana MPOM3BOICTBA M crpoMTensctBa COTIC ¢ npuMenennem
GaAs OIII TpebyeTcs BHINONHHT: OFHOBPEMEHHO ¢ npoexTHpoBapdeM Ilpo-
rpaMmy Hayqﬂo-nccnenoaa'renbcmx PaboT Mo PEIHEHNIO CIeXYIOIMX npoGJIeM.

- HCKITIOUeHHs TemmepaTypHoii aerpaganun GaAs O3 npn anurensHoOM
3KCITyaTauuH (o 25 1eT) B pexume paboTel npu 100-120°C;

- oBecneuerns CTaGPUIbHOCTPI ONTHUECKHX xapax’rcpm:'mx CHCTCMH W Te-
[ICBOTO PeXUMA B TAPOCHIIOBOM HMKIIE;

- IPUMEHEHUA KOHCTPYKIMOHHEIX MaTEPHATIOB, PELICHUHR I8 TOKOOTBO-
JSAI{HX, OBBIMEHHOW MOWHOCTH, snexTponoB DT, a TaxKe cxeM KOMMYTa-
IIHH pH cGopKe OTAENbHBIX POTOIMEKTPHUECKUX 6II0K0B;

- obecrieyeHHA TETIOOTBONR NPH MHHHMANLHOM Ieperaje TeMIepaTyp
GaAs ©3II ga p-n nepexone ¢ BEIGOPOM HEHTPANBHOIO TENNOHOCHTENS B
KOHTYPpe TeIUIONepefaiy NAPOCKIOBOTO LMK TypGoreneparopa;

- CO3RAHMS aNbTePHATHBHOrO BapHaHTa GaAs ©OD]I ¢ MUHMMaNEHO KO-
nycTHMol TommuHo#i (Menee 30 MKM), B TOM YHCIIE HATOTOBIAEMBIX ¢ UCIIONb-
soBanueM KLIFT - MeTOIWKH ¢ MHOTOKDATHO HCIONB3YEMOW TIOIJIOKKOH ¢
pa3paboTKoil TOBKOINEBOYHbIX 3AIHTHBIX ANOAOB Ha Haze GaAs;

= [IPOBCACHHA TCPMOTHHAMHYECKHX uccncnona’nuﬁ o ONTHMH3IANMK Ten~
noBoii cxembl COTIC ¢ NapocHIIOBBIM [[HKIIOM;

- co3manus ¥ oTpaboTku obopynosauns s npeanaraemoit COTIC xax
B YACTH (OTOIMEKTPHUECKOTO MPeoDpa’loBaHHA COMMEHHOMN HEPIUH, TaK U B
YacTH Typ6oarperaToB. M NPHMEHEHUA TEIUIOOOMEHHOH anmapaTypsl Uit yTH-
JH3ALMH CHAMAEMOTO TeMJd B NAPOCUIIOBOM LIMKNE H3-3a OTCYTCTBHA HeobXo-
JIUMOro onbiTa;

- CO3JaHMA H OTPaGOTKH ONTHMAIILHLIX HECYWHX KOHCTPYKLHHA 3€HHU-
TANBHON paMbl M A3UMYTAILHOM IaTdOPMBI;

- BBIGOpa M CO3/JaHUA PACYETHOM H MATEMATHYECKOH MOIENIH 110 ONITHMH-~
3auuy MpoTHLIX BapHaHToB COTIC ¢ 0HOOCHOH ¥ ABYXOCHOH cHCTEMaMHu
OPHEHTALMH C LENBI0 MAKCHUMANLHOTO HCIIOIB30BAHHA COHEYHOM SHEPTHH Ha
3aaHHO0M MKpPOTE NI BEIPAOOTKH INEKTPOIHEPTHH.

J14 BBINONHEHNA 2THX paﬁor HEOBXOZMMO CO3MaHKe CTEHIAUMUTATOPE
CONMHEYHOro M3NYHYEHUS C YAETBHOM MIOTHOCTRIO Jo 150 kBT/M2, a Taxoke neil-
CTBYIOIEro MUHU-MakeTa COTIC.
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3acnymas u oGeymur nomoxenus SHUHa no nporpamme paspaborku
CONHEYHBLIX (POTOTEPMOMUHAMMYECKHX TEKTPOCTAHLMH HOBOTO TOKONEHHS €
apCeHUI-raJuIMeBLIMUE HOTOITEKTPHYECKIMA NpeoOpasoBaTENMH, pe3yibLTa-
ThI BHIJONHEHHBIX B 1992-1994 rr. npenpapurensabix HAOKP B nannoM no-
BOM HAY4HO-IHEPreTHUECKOM HanpasneHnd, cexuus "HerpamguuoHHsie Hc-
TogHHMKH 3neprun” HTC PAO "E3C Poccuu" nocTaHoBuseT:

1) omo6puTH HOBOE HAYYHO-3HEPIETHYECKOE HAIPABIEHHE W [IPOTPaMMYy,
npemioxennyo JHUHOM o pesynsTaraM BHIIOTHEHHBIX HM IPeNBAPHTENb-
uerx HUOKP ¢ ygacTHeM KOHBEPCHOHHBIX TIPEXNPHATHE [UIA CO3MAHMA CON-
HeYHBIX QOTOTEPMOTHHAMHYECKHX 3IICKTPOCTARIHHA HOBOTO MOKOJIEHHA.

2) pexoMeHI0BaTh BKINOYHTE B OTpacienyio nporpammy 09 "Herpanuanu-
OHHBle Bo300HOBNAEMBIE HeTOYHHKY 3HepTuH” PAO "EDC Poccnn" nonornHe-
HuUs, W3oXKeHHsle B ucbme DHMHa 12-6/281 or 14.11.94 PAO "E3C Poc-
CHK" C 3a9BIeHHLIM 06BeMOM QUHAHCHPOBAHMS ¢ COMCIONHHTEIAMH: HBCTH-
tyroM "Temmoanextponpoext”, HIIO "Mammnocrpoenne”, ITHUUCM,
HITO "Ksant", CIIGOTH, HIIO "Caypr", HT® "BOT", TIOMO u ap.

3) onpenenats SHHH B kayecTBe BAyYHOro PYKOBOIMTENA MO TIPOrpam-
me paspaborku coopyxenus COTIC - 1, a HHCTUTYT "Tennoanewrponpoem
rONOBHBIM paspabotuuxom 1 nocrapmukoM COTIC-1.

4) PAO "EBC Poccuu” B 1995 r. onpenenurh Mecro crpom:enbcma
COTIAC-1 p anbTEPHATUBHEIX BAPHAHTAX: Kpacuo,uapcxun xpan Kanmsuep-
1O, lIaraHepro, Amypaﬂepro

Mocxsa 23.12.1994r. .

235



OCHOBHBIE HATIPABIEHHS SHEPTETHYECKOE
- IMOJIMTUKH POCCHIICKOM PETEPAITIM HA
IIEPHIOJ KO 2010 ro;_m

OuepreTudeckas MOIHTHKA “Poccutickoii Qenepauyy, - Onpenenas YCIoBH
JUIl KOHCTPYKTHBHOIO B3aHMOJEHCTBMA (eNepaNbHbIX OpPraHoOB . - HCHIOMHH-
TeNLHOH BIACTH, OPTAHOB HCMOJIHATENLHON BiracT cyOBekTOB Poceuiickoi
Pegepauns, OPraHOB MECTHOTO CaMOYNPaBIeHMs, NPEANPHATHH, yupexme-
HHUH, OpraHMzaluii (B TOM YMCIIE HEKOMMEPYECKHMX) H MpeNpUHUMAaTENed B
chepe SHEPIeTHKM, HCXOJUT M3 CIIeXYIOIIHNX MPUOPUTETOR: -

ycTofiuuBoe oGecniedeHue CTpatbl SJHEPTOHOCHTENAMH;

" NOBLINECHNE 3QPEKTHBHOCTH. MCNIONLIOBAHHSA. TONSHBHO-3HEPTETHYECKHX,
PECYpPCOB U CO3JaHHE HEOBXOMMMBIX YCIOBHM IUIA EPEBOAA SKOHOMHKH CTPa-
HBEI HA 3Heproc6eperammﬂn TyTh PasBUTHS;

CO3AHNE HANEXXHOK CchipbeBOH Oa3bl M oﬁecnc'-xcunc YCTOHYMBOIO PA3BH-
THH TOHJIHBHO-EPHCPI‘CTH‘{CCKOFO KOMILIEKCA rbopmuponanm pblHO'lelX OTHO-
IEeHHIH;

yMGHLIIJCHPlC HEraTHBHOTO BO3IEHCTBHA 3uepreTm<u Ha OKPYXKAIOLLYIO
NPpUPOIHYIO Cpeay,;

NOJEPXKaHNe 3IKCIOPTHOrO. IIOTEHIHANA Tonnnnﬂo-aucpremqeckoro
KOMIUIEKCA ¥ PRCIIHPEHHE SKCNOPTA Er0 NPOAYKINY;

COXpaHEeHWe IHEPreTHYeCKOH He3aBUCHMMOCTH M obecreveHne He30nacHOCTH
Poccuiickoif enepaumm.

OCHOBHO# 3a71aueil 3HepreTHYecKoil TOMMTHKM Poccuiickoit cpe;(epauw
Ha sTane mo 2010 roxa asngercd crpyKTypHas nepecrpodka orpacueHl Tor-
NHBHO — IHEPTETUYECKOT'0 KOMILIEKCa, IPEAYCMATPHBAIOL{AA:

yBEIHYEHHE JOJM NPHPONHOTO ra3a B CYMMapHOM [IPOM3IBOJNCTBE SHEDIE-
THYECKUX PECYPCOB M DPACHIHPEHHE €I'0 WCIONb3OBAHMA B IKOIOTUYECKY He-
BnarononyyHbiX MPOMEBIIIIEHHLIX LEHTPAX B IA rasuduKaniy cena;

JansHeiinee pasBHTHE 3MeKTPUHKANMM, B TOM YHCIE 34 CYET IKOHOMHU-~
YeCKH M 9KOJOTHYeCKH 00OCHOBAHHOTO HCTIONB3OBAHHUA ATOMHBIX M I'MIPO-
IMEKTPOCTAHIHHN, HETPAXHUMOHHBIX BO3OGHOBIACMEIX HCTOYHHKOB SHEPTHH;

crabunusarmio nobviun HedTu B 3anaanoit CubUpH K APYIMX peruoHax,
cozmanme yCIoBHHA s HopMUpOBaHMA HOBbIX HE(DTErasonoOLIBAIOMUX pe-
THOHOB;

yBeJIHYEHHE IPOH3BOACTBA BHICOKOKAUECTBEHHBIX CBETILIX HeTENPONYK-
TOB 3a cueT nosbiueHws sdpdexTuBHOcTH NepepaboTk HedTr;

ofecneyeHHe HEOOXOMUMEBIX 06beMOB JOOBIYH YINIA C YYETOM IKOHO-
MHYECKUX, COLHANbHbIX ¥ 3KOMOrHYeCKMX PAaKTOPOB, NajbHeHIIee pa3By-
THE yraeoOoraneHns 1 KOMIIEKCcHOH nepepaGoTKH YINIA C UENbIO NOayYe-
HUS 3KOJOrMYECKH NPHEMIIEMBIX ¥ KOHKYDEHTOCHOCOOHBIX IPOAYKTOB, B
TOM YHCJIE BRICOKOKAYECTBEHHOTO OLITOBOXO TOMIIHBA,
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PaCIMPEHHE HCTIOIB30BAHUS MECTHBIX TOMIMBHO-9HEPreTHUECKHX pecyp-
COB, BKIIIOYAs HETPANHLMOHHbIE BO3OOHOBNAEMbIE MCTOYHNKH IHEPTHM;

PeaTH3ALKIO TIOTEHIKANa IHEProcOepSKeHUA 38 CYeT CO3NAHMA BbICOKO-
sthdexTuBHOro TOMIMBO- K 3HepronoTpedivowEro oﬁopy;mnaﬂm Tenno-
H30JALHOHHBIX MATEPHATIOB K CTPOUTENBHBIX KOHCTPYKUMIL. :

B HayuHo-rexHMueckoi  cdepe 3Hepremqec:1can momuTrka Poccuiickoi
denepaunu MpexycMaTpHBAET:

paspaboTky Texuonomu, ofecrieqHBAIOLIHX ycxopeﬂﬂoe TEXHHYIECKOE T1e-
PEBOOPYXKeHHE NSHCTBYIOLIUX U CO3JaHHE HOBhIX 00HEKTOB 3HEPTETHKH;

obecnieuenne 6e30nNacHOCTH ACHCTBYIOAX ATOMHbIX CTaHUMMH, CO3JAHKE
HOBOTO NOKONCHHA O0¢30NMacHbIX ICPHBIX IHEPIETHYCCKHMX YCTAHOBOK B Lie-
JAX PA3BUTHA ATOMHOM 3HEPreTHKH B 3KOHOMMHYECKH LENecoOOpa3sHbIX Mac-
wrrabax;

CO3aHHE opraﬂmaumo CepHAHOTO MPOM3BOACTBA YCTAHUBOK MasIOR
IHEPreTHKH, B TOM UMCIE C MCTIONb30BAHNEM THAPOIHEPTETHYECKHX PeCypCcoB,
CONHEYHOM, BETPOBOMy re0TepMaJIbHON IHEPIUH - M JPYTHMX HETPAMMUHOHHBIX
MCTOYHHKOB PHEPIUM; '

nosblenne 3pPEKTHBHOCTH paboT 1O NMOUCKY, Pa3BElIKe H pa3spaboTke
MECTOPOXIEHHH TOIUTHBHO-3HEPTETHYECKHX PECYPCOB C YJETOM 3KONOrH4e-
CKMX TpeboRanuii;

ry6Goxyro nepepaboTky H KOMIUIEKCHOE KCTIOMb30BARMKE Tommnﬂo-auep-
TETHUECKHX, PECYPCOB.

OcywecTieHue 3Hcpre'rnqecxou noauTHKH - Poccuickoif (I)cﬂ.epaunw
BO BHEIUHEIKOHOMHIECKOH cepe JOmKHO COMeHCTBOBATE:

B3aMMOBHLITONHOMY COTpYAHHuecTBY Poccuiickoit @enepauuu ¢ rocynap-
cTBaMH - yyactaukamu Coapyxecrsa HesasucuMeix locynapcrs;

CO3AHUI0 MPABOBLIX M OKOHOMHUECKHX YCIOBHH BLINONHEHHA o6a3a-
TELCTB, BHITEKAKNIMX U3 MEKAYHAPORHEIX norosopos. Poceniicxoii Pepepa-
UM,

PACIIUPEHHIO Baanmoablrommro corpyauugecrra Poccuiickoit ®enepa-
MK ¢ 3apy6exHBIMA CTPaHAMM MO OCBOEHHIO HX TOIIMBHO-IHEPreTHYECKHX
PECYPCOB M NPOMBMXKEHMIO POCCHACKHMX 3KCIIOPTEPOB HA HOBblE IHEPreTHYe-
CKHe PbIHKH. C

OHepreTuyeckas noautHka Poccuiickoit Menepanun peanusyerca Ha de-
HepansHOM H PerHOHANbHOM ypOBHAX Ha ocHope Koncruryumu Poccuiickoi
Denepanuy, 3aKOHOAATENLHBIX H HHBIX HOPMATUBHBIX AKTOB M HIPEAYCMaTPH-~
BAET: :

IIPaBOBOE PEryINMpOBaHKe OTHOIIEHU B cdepe TOMNMBO- U IHEproobec-
TIEYEHHS,;

COTEICTBHE CO CTOPOHBI defepaNbHLIX OPraHOB HMCIOAHHTENLHOMH Bia-
¢t cy6vexkTaMm Poccuiickoll @emepaiuu B PelNCHHH 3HEPreTHYeCKUX Npo-
6newm;
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y49€T HHTEPECOB JHEProM3OBLITOYHBLIX M IHEProJePUIMTHBLIX PErMOHOB
TP COXPAHEHHM €NHHCTBA H PONH denepaNbHEIX IHEPTETHIECKHX CHCTEM KAk
OIHOro H3 BAXHERIHX QaKTOpoB yxpemxeﬂm SKOHOMHYECKOH H TONMHTHYE-
CKOM HHTETpaLH¥ CTPAHEI, :

y4acTHE OPraHOB NCHOJNHHTENbHOM BIAcTH cyOBexToB Poccuiickol De-
IEpallid ¥ ODPraHOB MECTHOTC CaMOYIPABICHHUA B IPENEaX HX KOMUETEH~
uud B obecneueHuy HajgexHoro, GezomacHoro H 3¢QbexTHBHOrO 3HEProcHas-
KEHHA HACETEHUH U npennpnxmu

COCPEIOTOYEHNE OCHOBHOW DPaboThl MO HCIONB3OBAHHIO | norenuwana
sneprocOepeXeHys B perHOHAX .
‘ DuepreTndeckas nomurnka Poccriickoli Geaepany ocymMecTBASETCH ny-
TEM!

perymuposanns Ha (enepansHOM M PErMOHANLHOM YPOBHAX LieH {Tapu-
¢oB) Ha sHepropecypchl B' DODSAKE, ONPENEICHHOM 3aKOHOAATENbHLIMH H
HHLIME HOPMATHBHEIMH 4KTAMMU;

HOpMHUPOBAHUS SHEPTETHYESCKOTO PLIHKA M CO3JaANKA KOHKprHTHOH( cpe-
Ib1 B chepe NPOU3BOACTBA U nox‘peﬁncnux IHEPIOHOCHTEIIEH; -

COBEPIIEHCTBOBAHHA HANOTOBOH MOMMTUKH;

NOOHEPXKA CTPOHTENCTBA HaXHeHIMX 00BEKTOB TONNHABHO-3HEPreETH-
YeCKOTr0 KOMILIEKCA H PeaNM3aHy 3HeprocOeperamoux NpoeKToB;

pa3paBoTKH H OCYLECTBIEHHS MEpOTPHATHI, CBA3aHHAIX ¢ CO3TAHHEM Ce-
30HHBIX 32[ACOB TONNHMBA Ha 3JIEKTPOCTAHNMAX H UIX HACEIEHNA, 3aKavKoi
rasa B fioJ3eMHBIC XPAHMIMILA H 3aBO30M TOIUIHBA B CEBEPHbIS PEFHOHLI CTPA-
HBE; '

CENEXTHBHOM MOATEPXKH NMPENIPHATHA H 0OBeKTOB coluanbHOM che-
Pl YrONBLHOM NPOMBIIIIEHHOCTH;

ajipecHOM NOIEPKKHU MATIOHMYIHX CITOEB HACENEHUA ¢ LIENbIO KOMIEH a-
LHH PACXONOB, BHIIBAHHKIX NPUBEACHAEM LieH (rapudor) Ha TONIUBO K aHep—
THIO B COOTBETCTBHE ¢ MX pealibHOH CTOMMOCTBIO;

peamzanun denepannroil UereBoii nporpammbr “Tomanso u aﬂeprﬂa »
HHBECTHLIMOHHbIX, HAYYHO-TEXHMYECKMX M ADYLHX 3Hcprcmueclmx npo-
rpamm. ,
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