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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-
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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

27



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-
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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

45



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
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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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