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NPEANCNOBUE
HAYYHbIX PEAAKTOPOB MNEPEBOA

Oxkoo 80 % cyMMapHOro MAPOBOTO IOTPEOICHMSI SHEPTAM CETOAHS
TI0Ka enie 00ecreurBaeTCs 3a CYeT HCKOMAEeMbIX OPTAHWYECKHUX PECYPCOB: HedTH, YIid
¥ TIPUPOMIHOTO rasza. B nponsBosicTBe HambosIee LEHHOTO BULA SHEPITUU — SJIeKTpUYe-
CKOH — yToJIb, Ta3 X He(Thb TAKXKE SBSIOTCS MTPEBATUPYIONIUMHU MEPBUYHBIMI UCTOY-
HHMKaMu 3Hepruy (Gonee 65 %), XOTsI 3HAYMTENBHBI BKIIAJ B 3TOT CEKTOP 3HEPTCTUKU
BHOCHT TPAJIMIMOHHBIE THAPO- K aTOMHBIE 3JeKTpocTaHUH (B cyMMe 6ornee 30 %).

H3sBecTHBIE ClHEHapHH Pa3BUTHS YeJOBEYECTBA IMPENCKA3bIBAIOT CYIIECTBEHHOE
M3MEHEHNE TOTUIMBHO-3HEPIETUNECKOTO OajlaHca IUIaHeThl yxXe B Omikaninme fecs-
TWIETUS ¢ HEM30eXKHBIM COKpallleHUeM AoJiel moTpebiaeHnsa HedTH, ra3a 1 yIis Kak
IO TIPUYKUHE TIOCTETICHHOTO MCTOLIEHUSI WX OTPAaHWYCHHBIX ACHIEBBIX 3aMacoB, TaK
¥ 11O 5KOJIOTMYECKUM IpuuuHam (amuccust CO, u Ipyrue BpeHbIe BO3NEUCTBUS Tpa-
JULIMOHHOM SHEPreTMKHM Ha OKpyKalouyio cpeay). Bce 3T cueHapuu yKa3blBaloT Ha
HEOOXOMUMOCTh IIMPOKOTO OCBOEHMS BKOJOTMYECKM UUCTBIX BO3OOHOBISIEMBIX MC-
TOYHUKOB 3Hepruu (BMD) yxe B Ommxkaiiiee BpeMs.

Pecypcst BUD Bo MHOTrO pa3 MPEBOCXOAIT CETOIHSIHAN ¥ MPOTHO3UPYEMBIA Ha
0003pIMEI TIEPHOJ BPEMEHU YPOBEHE 3Heprornorpednenusi. Mcnonbs3oBarnue BUD,
Kak MpaBUJIO, HE OKa3bIBACT CEPHE3HOr0 HEraTUBHOTO BO3JEHCTBHUS HA OKPYXAIOIYIO
cpelly, B OOJIBIIMHCTBE CBOEM OHY SIBJISTIOTCS 3KOJOTHYECKU YHCTHIMHM U TTOBCEMECT-
HO JOCTYITHBIMM MCTOYHHKAMH 3HEPruyd. B ommyme oT MCKOMaeMbIX (B TOM 4ucie
SIEpHBIX) TOIUB pecypchl BUD Gonee-MeHee paBHOMEPHO pacIpesiefieHbl TIo Tep-
PUTOPUHM 36MHOI'O IIapa, He HaxOASTCS B MOHOIIOJIBHOM BJIaICHWM OTPAHUYEHHOIO
JuUCiIa CTPaH ¥ [O3TOMY PacCMATPUBAOTCH KaK NCTOYHWKYN SHEPTUU, UCIIONIH30BaHUE
KOTOPBIX CITOCOOCTBYET MOBBIIICHUIO HEPTETUIECKOI Ge3011acCHOCT MHOTUX CTpaH,
CHIXEHHIO 3aBHCHMOCTH OT UMIIOPTA DHEPreTUYECKUX PECYPCOB U COOTBETCTBEHHO
YKPEIUIEHUIO ITOJIUTUYECKOA CTA0OUTBPHOCTH B MYIDE.

IepBrlit cepre3Hblii Beiuieck MHTepeca K BD B MUpe BO3HMK Kak pe3yibTaT TaK
Ha3bIBAEMOTO «MHUPOBOTO SHEPTETHUESCKOTO KPU3HCa», pa3pasuBliierocs B cepeaune 70-x
FOIIOB TIPOLILIOTO CTOJIeTHs. bhia HauaTa pa3paboTka KpYMHBIX HALMOHATBHBIX M MEX-
IYHAPOIOHBIX TIPOrPaMM MCCIIENOBAHMIA, pa3paboTOK M MPaKTHYecKoro ocBocHus BUD.
3ateM K koHily 80-x romoB uHTepec K BHD HECKONBKO yrac B CBS3M CO CHIDKEHMEM
ueH Ha HedTh Ha MUPOBOM phiHKe. OnHako B 90-x rogax M 0COGEHHO B HaYajle HOBOTO
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BEKA B CBSI3U C HOBBIM PE3KHMM POCTOM HE(MTSIHBIX LIEH M POCTOM 03a00YEHHOCTH 13-
MEHEHHUEM KJIMMaTa yCWIvsT OOJILIHMHCTBA BEAYIIMX CTpaH Mupa B obaactu BUD 6buin
MHOT'OKPaTHO YCWIEHBI. B pe3yibTaTe aKTUBHBIX MCCIIENOBAHMA U pa3paboToK U peaiu-
3a1{UU KPYTIHBIX TEMOHCTPAIMOHHBIX IPOEKTOB OBIIO 00eCIIEYeHO CYIECTBEHHOE CHUA-
KEHUe CTOMMOCTH SHEPTVH, TIOy9aeMO# OT AIbTEPHATHBHBIX NCTOYHUKOB, ITOBBIIIIEHUE
KOHKYPEHTOCIIOCOOHOCTA MHOTUX JHEPIeTHYECKNX TeXHOJIOTHil HMCIIONb30oBaHus BUD
YA HAMETWICST 3aMETHBIN POCT WX BKJIAJIa B 3HEProGajaHChl CTpaH U PETMOHOB.

BaxxHO NOTYEPKHYTH, YTO 10Jis 00BEMOB UCIIONb30BaHus1 B D, npuxonsamascs Ha
passuBaomuecs cTpanbl cocTaBisieT MeHee 40 %, B To BpeMsI KaK Ha pa3BHTBIE CTPAHBI —
6osiee 60 %. DTOT haKT OMPOBEpPracT pacnpocTPaHEHHOE MHEHUE, YTO HCITOIb30Ba-
Hre BUD — ynen pa3BUBAIOIIUXCS CTPaH €O claGo pa3sBUTON SHEPreTHYECKON WH-
bpacTpyKTypoii.

OCHOBHBIM MOTUBOM YCKOPEHHOTO Pa3BUTHS BO30OHOB/IAEMO 3HepreTMku B EB-
pone, CIIJA u MHOTMX ZpYrux CTpaHax SBJIsgeTcd 3a60Ta 00 DHEPreTHYECKO# 6e30-
IIACHOCTH ¥ 3KOJIOTHYECKasi 03a004eHHOCTh. Tak, B EBponeiickoM coio3¢ MpHUHSITA
nporpamMma goctkeHus Bkiana BUD B sHepretrueckwmii 6ananc x 2020 r. mo 20 %,
a x 2040 r. — o 40 %. Cepbe3Hble 063aTENBCTBA 110 UCTIONB30BAHMIO 3KOJIOTMYECKU
yucTelXx BUD B3smu Ha cebs GonplimHCTBO mtaToB CeBepHoit AMepukuy, SImoHus,
Kwuraii, Bcero 6osee 70 cTpaH Mupa, B KOTOPBIX YCTAHOBJIEHBI UHINKATUBHEIE TTOKA-
3aTeny BKiaga BUD B sHepretuyeckue G6anancel k 2020 r. ot 10 mo 30 %.

Kax cnipaBeyiiBo OTMEYaET aBTOp KHWIHM B CBOEM NPEAUCIIOBUM, JaAHHAS «KHUTIA HE
OPUEHTHPOBAaHA Ha TIOATOTOBKY CICIHATUCTOB-MIPAKTAKOB, 3aHUMAIOIIUXCI HEIO-
CPENCTBEHHO Pa3pabOTKOM U MPOEKTUPOBAHUEM KOHKPETHEBIX YCTPOMCTB M CUCTEM.
OnHako OHa TO3BOJISIET OBJIAAECTb HEOOXONMMBIMHM (GyHIAMEHTAILHEIMYU 3HAHUSIMU
B pacCMaTpUBaeMOii 00JIaCTH IUISE TOTO, YTOOBI IIPH HEOOXOAMMOCTHA MOXHO OBLIO OBI
IPaMOTHO Pa300paThCsl ¢ TEXHUMYECKUMH BONPOCAMHU C MOMOINBIO 0ojee Creuan-
3UPOBAHHBIX M3MAHUM U PYKOBOICTB».

BaxkHBEIM TOCTOMHCTBOM KHUTH SIBJISIETCST IOCTATOYHO SICHOE U 9ETKOE ONMMCaHue pu-
3UYECKUX ITPUHLMITOB, JIEXANIMX B OCHOBE MPeo0pa3oBaHUsI IHEPIUU C IIOMOINBIO pa3-
JIMYHBIX TUNOB YCTPOMCTB, OOBSICHEHUEC TEPMOTMHAMUYCCKUX W APYTUX OrpaHUYEHUN
10 [OCTVIKCHHUIO IIPEACIBHBIX 3HAYCHUI 3(DQPEKTUBHOCTH SHEPTETHYECKUX YCTAHOBOK.
B 3TOM mnaHe maHHadg KHWTa KpaifHe I0oJIe3Ha M i1 OOBEKTHBHOM OIIEHKM PAacTYILEIo
qHCTIa NIPEUTOKEHUM Pa3HOTO PoJia «M300peTaTesicii» o CO3NAHMIO CIT HE «ITePIEeTYYM-
MOOMJIE», TO MHXXEHEPHBIX TBOPEHUI ¢ HEOOOCHOBAHHO 3aBhIILICHHBEIMU K03 dUIEHTa-
MU TOJIE3HOTO JCUCTBUSI.

Hapsiny ¢ omiicanuneM ¢GW3NYECKUX NPUHIMIIOB MPeoOpa3oBaHys SHEPTHU B KHHUTE
COIEPXATCsl BEChMa IMOJIE3HBIE OLIEHKU SKOHOMIYECKOM 2(DMEKTHBHOCTH SHEPIETUYECKIX
YCTPOIACTB, pACCMaTPUBAIOTCS BOIIPOCHI M OCHOBHBIE (Da3hl MPOIBIDKEHV HOBBIX BUIOB
OPOIYKTOB Ha PHIHOK, YTO KpaliHe TMOJIC3HO IJIS TIOHUMAHUS OOIUX 3aKOHOMEPHOCTEMH
Pa3sBUTHSI HOBBIX TEXHOJIOTHI B YCJIOBHAX PHIHOYHOM SKOHOMMKH,



IIpeducnosue nayynvix pedaxmopos nepesoda .A,. 13

KHuira oxBaTbiBaeT IIMPOKHIA CTIEKTP SHEPTETHYECKUX TEXHONOTWI NPEeOoOpa3oBaHUs
COJTHEYHOH IHEPruM, IHCPTUN BETpa, OGHMOMAcChl, SHEPruy BOJMH W NPWIVMBOB, SHEPIUU
OKeaHa. 3HAYMTEIHHAS] YACTh KHUTH MIOCBSIICHA TEXHOIOIMSIM «BOIOPOIHOMN SHEPTETUKI»,
TIEPCITEKTUBBI KOTOPOU OPraHUYHO COYETAIOTCS C Pa3BUTHEM BO30OHOB/ISIEMBIX NICTOUHNKOB
SHepruM. Bomopon He SBIISETCST HOBBIM BHAIOM TOIUIMBA MM HOBBIM UCTOUHUKOM 3IHEP-
MM B TPaZMUMOHHOM NIOHVIMAHMM 3HauyeHul 3TuX oioB. Bomopon mpencrasisier coboit
JIKIIb BECbMa YAOOHBIM 1 2h(PeKTUBHBIN SHEPTOHOCUTENTH, IS IIPOM3BOACTBA KOTOPOIO
HeoOXOIMMO 3aTPAaTUTh TOT WIM MHOM MEpBUYHBIA MCTOUHMK 3Hepruu. BozoGHOBIsIC-
MbIe HCTOUHNKY 3HEPIHU HapsiTy ¢ aTOMHBIMUA HEPrOYCTAHOBKAMU ABJISTIOTCS HE TOJIBKO
HauboJiee TIEPCIIEKTUBHBIMU TIEPBUYHBIMU NCTOYHUKAMY SHEPIUM TS TIOIYYEHUST BOLO-
poda, HO U €ro «[I0TPeOUTENIMK» KaK BecbMa 3¢DEKTHBHOTO MOITOCPOYHOIO aKKyMy-
JISTTOpa SHEPTHH, CIIOCOOHOTO COXPAHSATh €€ B XUMUYECKOW (opMe CKOJIb YrOIHO IOJT0
MPaKTU4YeCKU 0e3 noTeps. BomopoaHBIE HAKOTMTENN 3HEPTUN, COCTOSIIUUE U3 JIEKTPO-
JM3epa BOAbI, aKKyMYJISITOPOB BOIOPO/A U KUCIIOPOJa M 6aTapey BOILOPOL-KUCIOPOIHBIX
TOIUTMBHBIX 3JIEMEHTOB, pACCMATPHUBAIOTCS KaK NEPCIIEKTUBHBIA KOMIIOHEHT aBTOHOMHBIX
BETPOBBIX, COMHEYHBIX Y IPYTUX 3HEPrOYCTAHOBOK, OCOOCHHOCTBIO KOTOPHIX SIBJIIETCA CY-
TOYHASI, CE30HHAS Y TIOTOIHAs HECTAOWILHOCTh Y U3MEHYHMBOCTH NEPBUYHBIX SHEPIETU-
YeCKMX IIOTOKOB M HecoBMafigHNe rpadMKoB BO3MOXHOIO TIPOM3BOACTBA U MOTPEOIEHUS
BBIPA0ATHIBAEMOI SHEPIUMN.

IIpu mepeBoje KHUTY YCTAPEBINNE TaHHBIC 00 MCITOIB30BAHUY BO30OHOBISEMBIX
VICTOYHHMKOB 3HEPIHU JIHOO OIYCKaIHCh, THOO KOPPEKTHPOBATUCH B COOTBETCTBUH C
uMeloleiics csexeid nHbopMmanmeii. CokpalileHbl TaKXe HEKOTOPHIE ITIaBbl KHWUIH,
KacalolHecsd YaCTHBIX MCTOPHIECKUX BOIPOCOB Pa3pabOTKM SHEPreTHYECKUX yCTa-
HoBOK B CIIJA, He mpencTapisgoIie, IO MHCHHUIO PEIAKTOPOB, TPUHIUITUAILHOTO
HMHTEpeCca U POCCUMCKUX YATATENCH.



NMPEANCIIOBUE ABTOPA

JlaHHasi KHWTa MOCBSIIEHA PACCMOTPEHUIO (DYHIAMEHTATILHBIX OCHOB
Tpeo6pa3oBaHtst BO30OHOBISIEMbIX W HETPAIUIIMOHHBIX HCTOYHUKOB SHEPTHU. B KHuTE
TaKXe MPUBOAUTCS KpaTKasi nH(OpMaIHs O COCTOSHIM Pa3BUTHSI 3THUX HEPIeTHUCCKUX
TEXHOJIOTUI Ha MOMEHT e¢ moAroToBKH (2004-2005 rT.), XOTS ICHO, YTO B CBSI3H C OYPHBIM
IPOTrPECCOM B pacCMaTPUBAaeMOlN SHEPIeTHYECKON OTPaciiy MMPUBOAMMEIC B KHUTE dak-
TUYECKUE JaHHBIE JOCTATOYHO OBICTPO YCTapEBAOT. B TO XXe BpeMsT H3/IaraeMbie B KHUTE
¢drsndeckre NPUHIUIIBI TIPeoOpa30BaHUSI SHEPTUU SIBISIOTCS HEM3MEHHBIMH M JIEXaT
B OCHOBE B TOM YHCJIE OYAYHIETO Pa3BUTHS TEXHOJOTHIA.

KHura He OpHUeHTHpPOBaHA Ha TOATOTOBKY CHELMATMCTOB-IIPAKTHKOB, 3aHMMAIO-
LMXCS HETIOCPEICTBEHHO pa3paboTKO W MPOEKTUPOBAHMEM KOHKPETHBIX YCTPOMCTB U
cucreM. ONHAaKO OHa MO3BOJIAET OBJIaNeTh HEOOGXOMMMBIMHY (QYHIAMEHTAILHBIMH 3HAHHT-
SIMH B pacCMaTpUBacMON OOJNIaCTH IUIST TOrO, YTOOBI TIPU HEOOXOTUMOCTH MOXHO ObLIO
rPaMOTHO DPa300paThCsl B TEXHUYECKHUX BOMPOCAX C HNOMOILIBIO CHEIHAIN3UPOBAHHBIX
W3JaHVA U PYKOBOJICTB.

TemaTrka KHUTH OXBaTHIBACT ILIUPOKHI CIIEKTP SHEPIETUUECKIX TEXHOJIOTHI, OTOOP KO-
TOPBIX HE BCETIA OCYIIECTRIISUICS 1O IPUHITUITY YX HAUOOJIBIIIEH MPAKTHIECKOM 3HAYUMOCTH.
BaxXHBIM KpuTEpHEM SIBJISUIACh BO3MOXHOCTD IEMOHCTPAIN IIPUMEHEHHST (PYHIaMEHTATHHBIX
¢$r3rYeCKVX TPUHIMIIOB U CO3aHMsI 3HEPTETUYECKIX YCTPONCTB HE3ABUCUMO OT TOTIO,
HACKOJIbKO OHM aKTYaJIbHbI CETONHS I KOHKPETHBIX [PAKTHYECKUX TTPAMEHEHHIA.

B ciydasx, Korma 370 6BUIO HEOGXOAMMO, aBTOpP TIPM M3IOXEHWM MAaTepuana BbI-
HYXXIIEH OBLT XEpTBOBATb CTPOTOCTBIO, OTAABas IPUOPUTET SICHOCTM M3noxeHus. [Ipu
MOATOTOBKE KHUIM MPEANOJIarajoch, YTO 4YHUTaTeNb 00jamaeT HEOOXOAMMBIMU Hayajlb-
HBIMH 3HaHWSIMU B 00JMacTv (M3WKH, XMMHHM M MaTeMaTHKW, aBTOp crapajics B GOJb-
LIMHCTBE CJIy4acB HAaYMHATH MIJTOKEHHE C MCXOMHBIX IPUHIIMIIOB U OIMUCAHMsA 0a30BBIX
MEXaHH3MOB PAcCCMaTPHUBAEMBIX TIPOIECCOB. ABTOP CTPEMUIICS AHAIM3UPOBATH TOJb-
KO HETPaiMIMOHHBIE TPOLECCH; GH3MIECKUE MPOIIECCHI, JICXKAINe B OCHOBE TPay-
LHOHHBIX METONOB IIPEOOpa30BaHMUA JHEPIUM, KaK HMPaBWIO, HE PacCMaTpPHBAINCD.
C Ipyroil cTOpoHBI, B paMKax NaHHOM KHWTH, O€3yCJIOBHO, OXBATHTh BECh CIIEKTp He-
TPaIUIIUOHHBIX 3HEPTreTUYECKUX NPOLecCOB OBLTO HEBO3MOXHO. VX BEIOOp ompeIeisuics
B OCHOBHOM TIPEATIOYTEHUSMH aBTOpa.

BaxHoit 0c006HHOCTBIO KHUTH SIBJISICTCSI TO, YTO B OOJIBIIMHCTRE IJIAB KHUTH IIPUBO-
IUTCS Habop 3a/1a4 ¥ IPUMEPOB, CAMOCTOSITETFHOE PEUICHHE KOTOPHIX MOXET ITO3BOJIUTh
YMTATENTIO JIY4Ile TOHATh U OCBOUTH M3JIaTaeMBblii MaTepual.



FMABA | OBLUME NOHATUA

1.1. EANHNLbI N3MEPEHNA U KOHCTAHTbI

s u3MepeHust SHEPTuM U pabOTHI CYLIECTBYET MHOXECTBO EIMHUIIL.
OaHaKo B 3TOil KHUTE MBI OyZieM CTPEMUTHCS TOJIb30BATHCS MEXIYHAPOTHOU CUCTE-
Moii m3mepenuii CH. D10 03Havaer, 4TO B KAY€CTBE OCHOBHBIX CAWHUII U3MEPEHUS
SHEPrud M MOIIHOCTU NpwHUMaloTcs mkoynb (Jx) u Barr (Br). Ecnu peus ugmer o
GOJBIIMX KOJIMYECTBAX 3HEPTHH, TO OyayT ucmoiab3oBatbeas MJIx, T/Ix, T/Ix u B/Ix,
KOTOpBIE cooTBeTcTBeHHO B 106, 109, 102 1 1013 pa3 Gonbime, yem Ix.

BMecTe ¢ TeM Mbl HE CMOXEM HEIMPEPBIBHO COIPOTHUBIATHCS TpamuimsMm. Ilo-
3TOMY B OOJBIIMHCTBE CIydyaeB IJII M3MEPECHHUS NaBlicHUSA OynyT TPUMEHSITh-
¢ mackany (Ila), HO u3penka u TpamunuoHHas atMocdepa (atM). WHorma siek-
TPOH-BOJBTEL MCIIOJB30BaTh Gojiee YAOOHO, YeM JXoyiu. V3MepsiTh 3HEpPruio
B Gappeisix HedTH, KOra peds HaeT 00 9KOHOMUKE, YI0OHee, 4eM B KIJIOBATT-4acax
(xBT-9). B 11e;10M Xe MBI, HECMOTpSI Ha aMEePUKaHCKYE TpaIUIIUuK, OyIeM cTapaThCs U3-
OeraTh eNVHUILL U3MEPEHWI, He Bxoaamux B CU, nocKoibKy mocieqHrue 6osee IpOoCThI
B MICIIOJIb30BaHHMH, YACTO JyYIlle ONpPeAeJeHbl U MPHUHSTH B OOJBIINHCTBE CTPaH.

Hekotoprie pyHIaMeHTabHBIE KOHCTAHTHI, UCITOJIB3YeMble B KHWUTE, ITPE/ICTABICHBI
B Tabi. 1.1, a KoapduumeHTH MpeoOdpa3oBaHys WIS Pa3IMIHBIX eAUHUI U3MEPEHUA
3HEPruy Y MOILHOCTH IpHUBeaeHbI B Tabn. 1.2.

1.2. SHEPITUA U EE KAMECTBO

B CesepHoit KamudopHuu, obnamaronieil 60NbLINAMHA JIECHBIMU Mac-
cuBaMu, B 1990 r. 1 M3 mpoB cromr okosno 100 momr. TemioTa CropaHusa IpeBecu-
HbI BappupyeTcs B nuanaszoHe ot 14 no 19 MJIx/kr. Takum oOpa3oMm, B pacueTe Ha

| TIX CTOUMOCTH SHEPIHd, IOIYyYaeMOW IIPU CXUTaHWUM OPECBECUHBI, COCTaBisIa
okono 3 momr./T]ix.
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Ta6numa 1.1. OynaaMeHTaIbHbIE KOHCTAHTDI

BenmuuHa O6o3HayeHe 3HaueHue EnuHWLE d3MepeHust
Yuciao Asoraapo N, 6,0221367 - 10% 1/kMO1B
IMocrosiuHas BoapiMaHa k 1,380658 - 10-3 Ix - K
3apsy a7eKTpOHA q 1,60217733-10°19 Kn
T'azoBag nocrosiHHAS R 8314,510 JIix - kmonp™ - Kt
rrlngz;f{’:;zm{aﬂ G 6,67259 - 10°1 W o2 k!
Hocrosinnas [TnaHka h 6,6260755 - 10-34 JIx-c
ﬁf}?;;::;ocm BaKyyMa Ho 4107 H/m
ﬂ;jgf{‘;‘;ﬁﬁ‘f}i‘axwa & $,854187817 - 10-12 /M
CKOpOCTb CBETa c 1,99792458 - 108 M-c!
e | % | e | wecs
Ta6amna 1.2. Koadipuuuenarsr nepecuera eaudnn B cucremy CH
WUcxonHast BeIu4YMHA Envnuna waMeepHus MHoxwurensb
B cucteme CH
DHeprus
HedraHoit 6appenb IJIx =6
Bpuranckag terutosas enunuia (BTU) Jx 1055,87
Kanopus JIx 4,18674
BnexkTpoH-BOIBT ITx 1,60206 - 10-1¢
Spr IIx 1,0 1077
Kwiosarr-uac JIx 3,6 10°
ToHHa TPUHHUTPOTOIYONa Jx 4,2-10°
MomuocTs
Jowmanunas cuna Br —[ 746
Mpyrae
AtMmocdepa Ma 1,0133 - 10°
JlaneToH KT 1,660531 - 10727




1.3. Coxpanenue suepeuu

B o xe BpeMs B ToM xe 1990 1. crommocTs Oensmna B CIIJA cocrapisiia 0KoJI0
1,2 moJul. 3a Ta/UIOH, 4TO 3KBHBaJIEHTHO 0,5 mot. 3a 1 Kr. TeruroTBopHas criocod-
HOCTh OeH3MHa paBHa 50 M/IX/KT, 9TO COOTBETCTBYET YICIbHON CTOUMOCTH SHEPTHUH,
copepxaiterics B 6eH3uHe, okoao 10 mown./TOx, T. e. B 3 pa3a 6ojiee BbICOKOI, YeM
B BapMaHTE C APOBAMMU.

CTOUMOCTD 2JIEKTPOIHEPTUU AJId ObITOBBIX TIOTpebuTeseit TaM xe B 1990 r Guina
paBHa 4 tieHTam 3a | kBru, wim okono 11 gomn. 3a 1 Txk.

[IpuBeneHHbIe BbIli€ MPUMEPH MOKA3bIBAIOT, YTO HAM IMPUXOMUTCH IUIATHTHL 34
3HEPTUIO, KaK MPaBWIO, TEM DOJBIIYIO IIEHY, YeM BHIIIIEC €€ Ka4eCTRO.

IToHsTHe «kayecTBa» SHEPrUU, KOHEUHO, yciaoBHoe. Tak, Ui KaMWHA VCIONb30-
BaTh IpoBa ynoOHee, ueM OEH3UH, a ]I aBTOMOOWIEH OEH3UH TIpearIoUTUTEILHEN
3JEKTPOIHEPTUH, TI0 KpaiHel Mepe ceromHsi. JUIsi TPaHCTIOPTHBIX CPEICTB XHMIKOE
TOTUIMBO MPEICTAaBISIETCS OONlee KaueCTBEHHBIM, YeM Ta3000pa3sHoOe, B TO BpeMsl KaK
[UTSI CTALIMOHAPHBIX SHEPTETHUYECKIX YCTAHOBOK WCITO/NIB30BaHWE Ira3000pa3HOro TOI-
NvBa 00JIce TIPEIIIOYTUTEILHO.

Takum 00pa3oM, OTHOCUTEIPHAS CTOMMOCTb YHEPTMK B TOM WIW MHOM BUWIE OM-~
pelenseTcs He TONbKO e KayecTBoM. Tak, 1 OGappenb HeDTH coOTBeTCTBYET 159 1,
unu okosio 127 xr. Ilpu terore cropanust 47 MJIX/kr 310 3kBUBaieHTHO 6 TJIX
aHepruu. B cepenune 90-x romoB 1ieHa HeTH cocrapasaia 12 moan. 3a bappens, Wi
BCETro oKoJio 2 mojut. 3a | TIIX, T. e. CylIECTBEHHO AeHIeBIIE APOB, XOTA B OOLIEM 110~
HUMaHWK HedTh SBIAETCI ropa3no 60jiee KaueCTBEHHBIM TOILIHBOM.

CrnenyeT OTMETUTDH, YTO CTOMMOCTh DHEPTUHM B TOM WJIM MHOM dopMme ompene-
jiISeTCS HE TOJBKO 3KOHOMWYECKHUMU WM PHIHOYHBIMH (haKTOpaMH, HO W IIOJIM-
TUYECKUMU 06CTOSITeNbCTBAaMU. BO MHOTHMX CTpaHaX CTOMMOCTb SHEPrOHOCUTEICH
PEryJIUpPyeTCsl TOCYJaPCTBOM, HMCXOMSl M3 BHYTPU- U BHEIIHEIIOJIMTAYECKUX CO00-
paxXeHWl.

1.3. COXPAHEHWE SHEPTUN

DHEPrust He MOXET OBITh MOTHOCTHIO HCITONMB30BaHA, OHA MOXET OBITH
TOJIBKO MpeoOpa3oBaHa M3 OJHOTO BUIA B JAPYroi. DTo oguH u3 HyHIaMEHTAIBHBIX
3aKOHORB NPUPOABI — 3aKOH COXpaHEHus 3Hepruu. Tak, Ipy CKHUraHuu HedTH MBI
MoJlyyaeM B KAaYeCTBE TIPOAYKTOB CropaHus TPEHMYINIECTBEHHO YITIEKHUCILIA ra3 u
BOZY, a2 XUMHUYECKast HEPrus npeobpasyercs B TEIUIOBYIO 3Hepruio. Bo Becex sHepre-
TUYECKMX MPOLIECCAX IHEPTUS He McUe3aeT, OHa Ipeobpasyercs. Kak npasuiio, sHep-
TUsl, KOTOPYIO MBI MOTpeGIsieM, MpeBpalllaeTcss B KOHEYHOM WUTOTE B TEIUIO, KOTOPOE
pacceMBaeTCsl B OKPYXaIOLIYIO Cpeay.
DHeprus B IpUPOJE HAXOMUTCS B pa3Iu4yHBIX BHAAX, U OCHOBHA Hallla 3aJa4ya —
Hay4YUTHCSI U3BJICKATh IOJIC3HYIO Ui HAC SHEPTUIO, IIPeoOPa30BLIBATH K UCTIOIB30BATh
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€€ B CBOMX LIeJIIX TaKUM Xe 00pa3oM, KaK Mbl M3BJIEKaeM XKeJIe30 U3 PYIH U oTOpa-
ChiBaeM HEHYXHBIN IUTaK. [IpakTHUecKy BCS SHEPTUsl, KOTOPYIO YEJIOBEK TIOTpebIsieT
IUTSL CBOEH XKM3HEAESATSIFHOCTH B KOHEYHOM HUTOTE MPeoOpa3yeTcs B TEIUIOBOE M3ITy-
YyeHHe, cOpackiBacMoe B KOCMUYECKOE TIPOCTPAHCTBO.

[IpuHIMIHATIbHAS BO3MOXHOCTD KCIIONb30BAHMUS SHEPIMM CBA3aHA C TEM, YTO
3HEPIrUs HAaXOAWTCA B IIPUPONAE B PA3IUYHBIX COCTOSTHUSIX, SHEPTHS IIOCTOSIHHO fpe-
obpa3syeTcsl M3 OJHOTO BHIA B APYroil. Mepoil 3HepreTMYecKOi HEPaBHOBECHOCTU
(HECTaOWIBHOCTY) CUCTEMBI SBISETCS DHTPOIMS. DHTPOITMS 3aMKHYTON CUCTEMBI C
TE€YeHHEM BPEeMEHM MOXET TOJIBKO YBEIMUMBATHCA. TaK MIACHUT BTOPOIl 3aKOH TEPMO-
NUHaMKUKH. BoJee JeTalbHO 3TOT BOMpOC OYIET pacCMOTpEH B T 2.

1.4, NAAHETAPHbIV SHEPTETUYMECKU BANAHC

OTHOCHUTENbHAS CTAOMIIBHOCTE TEMIIEPATYPhl 3€MJIM CBUJIETEILCTBYET
0 HEKOTOpOM OajiaHce 3HEpPTUM, TPUXONsHIel K Hell M3 KOCMOCa U YXOISILENH OT Heé
obpaTHO B KOCMWYECKOE TTPocTpaHcTBO. OCHOBHYIO YaCTh 3HEPIUH, ITOCTYIAIONIEH Ha
3emito, COCTaBIISAET COJHEYHOE U3ydeHHe. [IOTOK SHEPrHH COMHEYHOTO W3IyYCHUS
K 3emite onenusaercs B 173 000 TBt (173 000 - 1012 Br).

Kpome comneyHoro manydeHns Ha 3eMIJIIO U3BHE IOCTYIIACT SHEPrUs [IPHIMBOB,
BO3HUKAOLIMX W3-3a TPAaBUTAHOHHOTO BAUSAHUS peuMyinecTBeHHO JIyanl. CpenHsas
MOIIHOCTb TTOTOKA 3TOM SHEPTUM cocTaBisieT 0Kojio 3 TBT. BHyTpeHHUM HCTOYHUKOM
SHEPIrUM 3eMIIM SIBJISIeTCS TEIUIOBAs SHEPTHS OT PaAVOAKTHBHOIO paciiafa HeKOTOPHIX
XUMHYECKHUX 3JIEMEHTOB BHYTpH 3eMHOro siapa (32 TBrT).

Oxoso 52 000 TBr (30 % moCTYIIaloUEero COMHEYHOIO H3IYY4EHUsI) OTPAXACTCS
atMocdhepoli ¥ TIOBEPXHOCTHI0 3eMJTM 00OpaTHO B KOCMOC, YTO XapaKTEPU3YeET ajibbe-
1o 3emiu. OcTtalbHasi SHEPTUS «TIPOHUKAET» K IMOBEPXHOCTH 3eMiH, IIpeodpasyercs
B TEIUTO Y MEPEen3JyyaeTcs] B KOCMHUYECKOE IIPOCTPAHCTBO B BHAC IIMHHOBOJIHOBOIO
nHDpakpacHoro usydeHus. OCHOBHBIE TIPOLIECCHI, KOTOPBIE XapaKTEPU3YIOT 3HEpP-
robanaHcC IUIaHETHI IToKa3aHbl Ha puc. 1.1.

Habmonaemoe B TeueHMe JUTMTEJIBHOTO BPEMEHU U3MEHEHHE TPaHUIT apKTHYECKUX
U AHTApKTUYECKUX JIbIOB TOBOPUT 00 OCHWLIAPYIOUIEM XapaKTepe SHEPTeTUYECKOro
Oananca rutaHeTsl. B mocieaHue qecsaTiieTys OaceHUs BBI3BIBACT YBEIUYEHYE OOILEro
YPOBHSI YIJIEKCHJIOTO Ta3a B atMocdepe, KOTOpOe MPUBOAUT K YBEJIMUECHHUIO IIOITIONIE-
HUst atMocepoil TEILUIOBOTO M3IyYEHUs M, KaK CIeJCTBHE, K YBEJIUYEHUIO CpeIHEll
TEMIIEPATyPHl TIOBEPXHOCTU 3eMi. B pe3yiibTare 3TOTO mpoliecca OXMAACTC TassHUE
OTPOMHOM MacChl MOJISIPHBIX JIBIOB, KOTOPOE MPUBEHET K 3aTOIUICHHIO 3HAYUTETHLHOK
4acTU NIPUOPEXHBIX TEPPUTOPUIA. YBETUUCHUE COMECPKAHUS YIJICKUCIOTO ra3a B aTMOC-
(epe MPoUCXOANT U3-3a CKUTAHUS BO3PACTAIOUINX OOBEMOB UCKOIIAEMOTO YIJICBOIO-
POIHOIO TOITIMBA U W3-3a COKpaUIeHWs OOIIel TUIOMaAu JiecoB Ha maHere. Cienyer
MIPU 3TOM OTMETUTH, YTO MCIIOJIb30BaHNE OMOMACCH B KAYeCTBE TOIUTMBA HE TIPUBOIUAT
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K yBEJIMYEHHIO OOIIEro YPOBHST YIJIEKUCIIOTO ra3a B atMocdepe, TaK KaK MONTOLECHHBIH
B pe3yabrarte QOTOCHHTE3a YIIEKUCIBINA ra3 JUIIb BHOBD BBIAEJIAETCS B aTMocdepy.
Bosiee monpobHo 06 3TOM OyieT pacckasaHo B 1. 11 «buomaccar.

Ipsimoe oTpakenue 52000 TBr (30%) KoporkoBonHOBoe H3nyyeHHe
Conneuynoe | IIpsMoe mpeoGpa3oBaHHE B TEILIO 78 000 TBt (45%) ]
u3nydeHne < Hcnapenue Boasl 39 000 TBTt (22%)
173000 TBT | Beren u pommm 3 600 TBt (2%)
DOTOCHHTE3 40 TBT
TTpunuBe 3 TBt JIMTHHHOBOIHOBOE
U3ITy4eHHe
Bysakausr 1
TeotepmansHas CaMOM3IHBAOIIHECT
— rOpAYHE UCTOUHUKH 0,3 TBt
Tennopoi noToK
u3 sapa 3emin 32 TBt J

Puc. 1.1. DHeprerudaeckmii 6amaHc 3eMin

1.5. TEMMNbl SHEPIOMNMOTPEBNEHNA

TeMmisl ipeoGpa3oBaHUsl YeJOBEKOM 3HEPIUU M3 OJHOTO €€ BHIA B
JIPYTO¥i B TeueHye BEKOB HEMPEPHIBHO BO3pacTaloT. Tak, B IPEeBHUE BPEMEHA YEJIOBEK
He yMeJl MCIOJIb30BaTh JAaxe 3Hepruio OorHs. OH MMoydan 3HEPTU0 UCKIIOYUTENb-
HO Yepe3 IHILY, MOTJIoWad B JeHb mpubausurenpbHo 2000 KKajil, YTO COOTBETCTBYET
molHoctd 100 BT. 3HauynTenbHO 1MO3XE, KOIMA JIOAW CTaJiM MOJb30BATHCS OTHEM,
‘JHEpPreTHYECKoe NoTpediieHne yeanawiock npumepHo 1o 300 Bt B pacdere Ha on-
HOTrO YeJIOBEKa.

B Meconoramuum (4000 r. mo H. 3.), e JIOOA 3aHAMAINCh NPUMUTUBHBIM CEJIb-
CKUM XO3SICTBOM, BIIEPBBIE CTaJIM UCIIONH30BaTh SHEPTHIO XUBOTHBIX JUIST TPAHCIIOP-
TUPOBKH IT0JIE3HBIX IPY30B U ITOAbeMa BO/lbl. COTHEUHAsI 3HePrusl CTajla IIPUMEHSATLCA
JUIsl CYLIKU 3€pHOBBIX KYJIBTYp M [UISI U3TOTOBJIEHUSI CTPOUTEJIBHBIX MaTepHAIOB U3
1iuHEL TakuMm 06pa3oM, SHepreTUYecKasi MOIIHOCTh, KOTOPYIO CTal NOTPeOsaTh s
CBOEN XKU3HEAEATEbHOCTH YeJIoBeK, yBenuuwiack npumepro ao 800 Bt B pacuere
HA OJIHOTO YEJIOBEKa.

Nned o BO3MOXHOCTH IIONyYEHHUS] MOJIE3HOW SHEPIVM C TIOMOIIBIO BETpa, BOIBI
H OP'HSI M3BECTHA C IPEBHUX BPeMeH. TakK, 3Hepryio BETpa CTAJIM IPUMEHSTD 1S TLIa-
BaHUs Ha HeOOJBIINX MAPYCHBIX jIoaKax eie 3a 3000 et no H. 3. A iepBbie YITOMUHA-
1ML O TIPOCTEHINMX BETPSIHBIX MeIbHHUIIaX oTHocATed K 100 r. H. 3. Okosno 300 1. H. 5.
BCTPSIHBIE MEJIbHHUILIBI TIONYYWIN 1IMPOKO pacripoctpaHeHue B [lepcum, Toraa Xak B
Espone n KnTae X HayamM MCIOJIb30BATh TOPA3I0 TO3KeE.
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Inaea 1. Obwue nonsmus

K Tem >xe BpeMeHaM OTHOCUTCSA ONMUCAaHWE TPOCTEHUIMX apOBBIX JBHUTATEIEH,
KOTOpBIE IIPEANONOXUTEIBHO TOTIA X€ UCHOJb30BAIHMCH LTSI TIPUBOIa MEXaHUYECKIX
yctpoiicTs. Butpysuyc (Vitruvius), 3BeCTHBIN pUMCKHII apXUTEKTOP, WHXEHED U aB-
TOP KHUT, U3IaBaBIINXCs BO BpeMeHA IepoeB AJIEKCAaHAPHH, ONKACAJ IIPUHLIMIT paboThl
BOJASIHOM TYpOMHBI, KOTOPYIO MIPMMEHSUTH JUIsSl TOBEMA BOJBI, LIEALIEH Ha OPOIIEHHE
rosneii. BMecTe ¢ TeM, IOCKOJBKY B IPEBHUE BpeMeHA SHEPreTUYeCKHE TEXHOJIOTHU
OBUIM AOCTATOYHO TPHMMUTHBHBIMU, JIOMUA IPEUMYIIECTBEHHO JIOBOJILCTBOBAIUCH
COOCTBEHHOM CWJION UM CWJIOM MBIIII] XHUBOTHBIX.

K 1200 1. MOIIHOCTB UCITOTB3YEMOI UEIOBEKOM DHEPTUM YBEIMUYMIACH 10 2 KBT.
DT0 OBLIO CBSI3aHO C pa3padOTKON HOBBIX TEXHONOTHII BEIEHNS CEIBCKOTO X03SiCTRA,
C HCTIONBb30BaHUEM KAMWHOB [UTST 000TPEBa XUJIBIX [IOMETIEHUI B 3MaHMSIX, C 1300-
peTeHNEeM HOBBIX TEXHOJIOTUMI TIPOM3BOACTBA CTPOUTEIHHEIX MATEPHAIOB, a TAKKE C
AKTUBHBIM HCTIOJb30BAaHWEM SHEPTUU BETPa M BOALL. IloTpebieHne sHEpTUU YeaoBe-
KOM CTajJi0 PacTH BBICOKMMU TEMIIaMU.
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Puc. 1.3. VisMeHeHre TEMIIOB pocTa
Puc. 1.2. I'paduk usMeHEHUsT MOUHOCTH, MOTPEOIIAEMOM  [OTPeGNEHNS YETOBEKOM SHEPTUW
YCIOBEKOM C TCUCHUEM BPEMEHM (C IDEBHEMIUNX BDEMEH B TedeHHe YKA3aHHOTO WCTOpPMYE-
JI0 HALIKX JHeit) CKOTO Tieproaa

Ha puc. 1.2 npencrasnena olicHKa W3MEHEHHUSI MOIIHOCTH, KOTOPYIO MCIIOJIb30-
BaJl YEJIOBEK [ CBOMIX HYXI ¢ TeueHHEM BpeMeHU. OCHOBaHHBIC Ha 3TUX JaHHBIX
pe3yJbTaThl OLIEHKN W3MEHEHUS TEMIIOB MCITOJIb30BAHUS SHCPIUM YETIOBEKOM IIPEM-
cTaBieHBl Ha puc. 1.3. XoTd TOYHOCTh MPHMBEAEHHBIX JAaHHBIX, OYEBUAHO, HE SIBJISI-
€TCS1 BBICOKOM, OJJHAKO C OOJIBLION CTENEHBIO YBEPEHHOCTH MOXHO YTBEPXKIATh, YTO
00111asT TEHIEHITNS POCTa XapaKTepPUCTHK BITOJIHE JOCTOBepHA. Tak, 10 XIX B. TeMmsl
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poCTa UCIONb30BAHUS SHEPTUM OCTABAIVCH IIPAKTHYECKH MMOCTOTHHEIME (MeHee 1 %
B rof), IIOCJ/Ie Hayaja IPOMBILUICHHONW PEBOIIOIIUH TEMITH POCTa SHEPTOMOTPEOICHUS
NOJIYYIIM OTPOMHOE YCKOPECHHE, M Ceiiuac MX YyBEWYCHWE NaXe BBI3bIBAET OMpEle-
JeHHoe OecIoKOCTBO.

OmHOl M3 OCHOBHBIX IBWXYIIMX CHWJI, TIPUBEAlIEH K TakoMy De3KOMY YBe-
JVYEHUIO TEMIIOB NOTpeO/ieHus1 PHepruu B XX B., CTaja OTHOCUTEIBHO HU3Kasl
lieHa HedTH, OJHAKO TTOC/Ie SHepreTHYeckoro kpusuca 1973 r. HedTh cTana cuiib-
Ho mopoxatb. o kpusuca 1973 r. e€ ueHa Gbuta Bcero 2—3 mosul. 3a Gappeib,
8 2000 1. yxe 10 momwn. 3a Gappenb, a B 2008 r. e€ mena npessiciia 100 monsi. 3a
Oappesb M, IO MPOTHO3aM SKCIEPTOB, B HEJAICKOM OYIylieM MOXET NPEB3OWTH
200 monn. 3a Gappeb.

Yxe B cepenpHe TIPOILUIOrO BeKa HACTYIWIIO TIOHMMAaHWE TOTO, YTO OBICTpOE UC-
yepraHue MUPOBEIX 3aT1aCOB IEIIEBOI HETH MOXET BBI3BATH ITIOOATBHBIN SKOHOMMYE-
ckmit kpusuc. B 1954 r. 6pi1a yupexaeHa OpraHusalus CTpaH-3KCIopTepoB HedTH
(OI1EK), xoTopasi (hpopMUpoBasiach HE KaK KapTesib JUIST U3BICYEHUST MAKCUMAILHOM
1pUGBLLIN OT TIPOAaXU HedTH, a KaK OpraHM3alus, CO3AaHHas IS «IPefOTBpallcHUs
XU UWHHYECKOTO OTpeOaeHS HepTH ¥ rapaHTHPYIOHIask €€ pa3yMHOE 'YMaHHOE pac-
iipefesieHre B TEUEHUE BpEMEHH, HEOOXOIUMOE JUTS CO3IaHUS SKOHOMUKHY Ha OCHOBE
BO300HOBJISICMBIX ICTOYHUKOB SHEPTUU».

Onuoit u3 rnaBHbiX 3ama4 OTTEK sipnsieTcs peryaupoBaHue LieH Ha He(QTb € LENBIO
CTUMYJIUPOBAHMS Pa3BUTHSI MUPOBOM SKOHOMUKU IIPY OTHOBPEMEHHOM COKPAICHAH
TEMIIOB TTOTPEOJiCHUST He(TH.

B nocnenHue rogbl BaxHbIM (pakKTOpOM, CTHMYIUPYIOUIUM POCT TIOTPEOICHUS He-
(T 1 UeH HA Hee, CTaJo OypHOE Pa3BUTHE SKOHOMHUKH HEKOTOPBIX Pa3BUBAIOLIMXCSA
crpan (Kurait, Uunus u ap.). BMecte ¢ TeM cpefHeaylieBoe NOTpedIeHne SHEPTUr
110Ka OCTaeTcs B MUpe HepaBHOMepHEIM. Kak wtioctpupyet puc. 1.4, 72 % HaceneHust
3emun moTpebiisieT B cpeHeM He Gosiee 2 KBT/4es. MOIIHOCTH, Torna Kak 6 % Hace-
JICHVIST MHAYCTPUAJIBHO PA3BUTHIX CTPaH NMoTpebisieT 6osee 7 KBT/4en. MOIIHOCTH.

[peacraBiaeHHBIE JaHHBIE SHEPrONMOTPEDICHUSI CTPAH JOCTATOYHO XOPOIIO COOT-
HOCATCSL C MX BaJOBBIM HalMOHaIbHBIM TipoaykToM (BHIT). Ouenkv moka3biBaloT,
‘['TO B CPeJIHEM Ha KaXJbIii moyuiap npounsseneHHoro BHIT npuxomures okono 2,2 BT
MolHocTH, Wik okojio 70 MJIX sHepruu B roa. CieayeT OTMETHTb, UTO «3HEpre-
r'MuecKasi CTOMMOCTB» JoJuIapa U3MeEHsieTcs rof ot rofga. CHIIbHOe BIVSHHAE HAa 3TOT
110Ka3aTeIb OKa3bIBAIOT SHEPTETHIECKUE U GMHAHCOBBIC KPU3WCHI, B PE3YIBTATE KO-
TOpbIX «IHEpPreTHUYECcKas lieHa» J0JUIapa Pe3KO YMEHbIIAETCS.

[MpoMbllIEHHOE pa3BUTHE CTPaH, €CIU HCIIOJB30BaTh MPOrPECCUBHBIC TEXHOJIO-
Ir'u 3 GbEKTUBHOTO IIPeoOPa30BaHUs YHEPTUM M IHEPTrOCOEpeXeHUsI, HE 00s3aTeNb-
HO JIOJDKHO COIIPOBOXIATHCH 3HAYMTENbHBIM YBEJTMIEHUEM CPEIHETY1IIEBOTO YPOBHSA
siepronorpednenns. Tak, B CIIA u B EBpomne ynensHoe (B pacdeTe Ha OTHOTO XHUTe-
J1s1) SHEPTOIOTPEONieHHE B MOCIETHUE ACCATHISTHS! IIPaKTHUECKU HE BO3pacTaer. DTo
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CBSI3aHO TIPEXKJIE BCETO C M3MEHEHUEM XapaKTepa CTPYKTYPH OCHOBHBIX IIPON3BOJACTB
Y U3roTaBiuBaeMoil nponykuuu. Tak, B CIIA Tsxenas mpoMbIIDIEHHOCTH (TPOM3-
BOJZICTBO CTaJIW M TIP.) B KOHIIE NIPOIILIOrO BeKa BRIBOMWIACH 3a TpeAeiibl CTpaHbl, TOLIA
KaK BBICOKOTEXHOJOTHUHBIC ¥ OTHOCUTEIHHO MAaT0IHEPTOEMKUE OTPAcin (IEKTPO-
HYKa ¥ TeHHAsl UHXEHEPHST) MePEeXKUBaTU OYPHBIN POCT.

80 —
60 % o61lei TOMyIsAINK
o
= 72 %
= .
5 .
é 40 [ :
9 Al e m 22 9 IR RTINS >
2 : :
5 ) |
S 20 : i
2 0 3

KBT/4yesioBeK (YCTAHOBJAEHHOW MOIIHOCTH)

Pnc. 1.4. PacripeneneHue 3HepronoTpeGieHUs MEXNYy CTpaHAMU M HacelcHHEM
3emn

Texnonornyeckue MHHOBALIMM BO MHOTOM HaIIpaBJIeHbl Ha Gojiee 3(hpeKTHBHOE
UCTIIONb30BaHKE sHeprun. [IpuMepaMu MOTYT CIIYKUTD JIy4IlIee YTeTUleHWe TOMOB, Be-
nIyliee K COKpAlleHUIO 3aTpaT 3HeprUM Ha oToruleHue, nopsiiienue KIT/ neurarenei
C COOTBETCTBYIOLIMM YBEIMYCHWEM IpobGera aBTOMOOHMIIEH NIPH TOM K€ CyMMAapHOM
noTpebneHnu 6eH3uHa. [Ipu 3T70oM Bece Goliee HIMPOKOEe NMPUMEHEHUE ATbTepPHATHB-
HBIX HCTOYHUKOB JHEPTHU CHIDKAET MOTPEOHOCTH B UCKOMACMOM TOIUTHBE JUISL HYXI
SHEPIETUKYU W TIPOMBIIUICHHOCTHA. Tax, 3TaHON, KOTOPHIf MOAYYAIOT M3 CaXapHOTO
TPOCTHUKA, MOXET CIYXHUTh OTJIMYHBIM aBTOMOOHIIBHEIM TOTUINBOM. Mcriob30BaHme
TEPMOSAIEPHBIX PEAKTOPOB, BO3MOXHO, B OyAyllleM Takke HMPUBENET K COKPAIIEHUIO
MOTPeOHOCTU B TPAZULIMOHHOM TOILIUBE.

Paspabotka u cozgaHue 6oiee 3¢dHEeKTUBHBIX YCTPOUCTB Mpeobpa3oBaHus IHED-
T'UVi HE 1aeT MFTHOBEHHOTO PE3YIIFTATa B IKOHOMUU IHEPTUU — TPeOyeTCs OCTATOUHO
IUTATENABHOE BpEMSI UISi MX LIMPOKOTO BHEAPEHHS. Peakiis 5KOHOMUKH Ha MHHOBA-
LIMOHHBIC HOBOBBEACHMA MMEET 3HAUUTENBHYIO BPEMEHHYIO WHEPLMIO. PaccMoTpum
3TO Ha IpUMepe aBTOMOOMIILHOTO PHIHKA. Pe3koe NoBwillleHMe 1leH Ha GEH3MH BHI3Ba-
JI0 HHTEpec K Gojiee 3 DEeKTUBHBEIM aBTOMOOMISIM. OHAKO CIIPOC HA HUX BBIPOC HE
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MTHOBEHHO, ITOCKOJIbKY aBTOBIAEIbIIL €Ille [IIMTEIIFHOE BPEMS TIPOXOIKAIA €3[UTh
Ha CTaphIX aBTOMOOMIISAX. B pe3yiibTaTe COKpaluleHue NMoTpeOIeH!sl aBTOMOOMILHOIO
TOIUIMBA HAYAIOCh JIMILUB MHOTO JIET CIIYCTd, KOrna 3HaYuTe/lbHas A0S napka aBToO-
MoOuIe# OblIa 3aMeHeHa HOBBIMU, 0ojiee 3D OEKTUBHBIMMY.

VHBeCTALIMK B HOBbIE TEXHOJIOTHH AAIOT 3¢ deKT oT pa3paboTKy B co3MaHus 00-
Jiee TEPCIEKTUBHBIX U 3(DGHEKTUBHBIX CUCTEM CO 3HAYUTENbHON BPEMEHHOMU 3aiepX-
Koil. OEHUTh XapaKTepHbIe BpeMEHA 3allepXKeK TO3BOJISIET UccenoBanue GyHKIINN
MPOHUKHOBEHUS Ha PhIHOK (market penetration function), 6onee nonpobHO paccMar-
puBaemoit B § 1.7.

1.6. POCT HAPOLOHACENEHUSA

B mpenpiayiiem maparpade 6bUTA pacCMOTPEHBI TEMIIbI POCTa MC-
fI0Ib30BAHHKS SHEPIMM B pacueTe Ha OXHOTO YejioBeka. SICHO, UYTO CyMMapHOE SHEp-
ronoTpediieHNe MPONOPIUOHAIBHO YHCICHHOCTH HaCeNIeHUs 3eMJIN, KOTOpasi TAKXe
pacTeT YCKOPEHHBIMU Temmamul).

Peskuit poct HacejeHUs TUIAHETHI SBISETCS OQHOM U3 cephe3HeHIuX mpodiem.
Ceituac exxerofHasi CKOpoCTh IPUPOCTA HACETEHUS IUIAHETHI COCTaB/IsAeT oKono 1,4 %
8 roa. Y cornacuo mporHo3aM K 2010 r. HacejieHUe 3eMJTM CTaHET paBHBIM 7 MIIPZ Ye-
NIOBEK. DTa TEHAEHIIUA COXPAHUTCA AaXe B TOM ClIydae, ecJiv NIpsSiMO ceifyac Kaxblil
XUTENb 3eMJIM COITIACUTCSI MMETH He 0oJiee ABYX Aerei B ceMbe. [Ipu BBITTOTHEHHHA
TaKHX «00S3aTEbCTB» HACENEHHOCTh 3eMIM CTaCWIM3upyeTca Ha ypoBHe 11 mupn
yesiosek Jimuib K 2050 r. Takoe orpaHHUYESHHOE YBEIWYCHUE YHUCICHHOCTH HACEIEHUS
BBI30BET POCT CIIpOCa Ha 9Heprulo nmpuMmepHo Ha 1,4 % B rom.

Ecnu k 2050 r. kaxaeri u3 11 Miapa xuteelr 6yner uMeTs MOTPeOHOCTH B SHEP-
FMU (B CMBICJIE YCTAHOBICHHON MOIHOCTU) Ha YPOBHE coBpeMeHHoro xuremss CHIA
(11 xBr), TO 0b1IEE 3HEpTOTOTpeONIeHKe BhpacTeT 0o 122 TBr, yro B 15 pa3 Gosblie
COBpeMEHHOrO 3HepronoTpetieHus (okoio 8 TBt). Takoit pocT mpoOU3BOACTBA JHEP-
'Y BO3MOXEH VICKJTIIOUMTEIBHO TIPY MCIOTE30BAHUN HHHOBAIMOHHBIX TEXHOJIOTWNA 1
fonee athdeKTUBHOTO TTpeodpa3oBaHUs SHEPIHH.

bonee peajbHbI CIIEHApWii Pa3BUTHSA COOLITHI OyIeT MMETb MECTO, €CIIH CPEe/l-
HUil ypoBeHb sHepronorpetienus K 2050 1. 6yner paBeH 5 xBt/gen. [1pu aTom 3Hep-
rorotpednerue B 2050 r. coctapur 65 TBT, yto ToXxe moctaroyno MHoro. Ecam xe
cpeaHuil ypoBeHb SHepromnoTpebieHus OyneT Bcero 2 KBT, TO B CepeIMHE 3TOTO BEKa
JHeprormorpedieHre okaxercsd Ha yposHe 26 TBrt. CeronHs nocTaTOYHO CIOXHO Npef-
CTaBUTH cebe, KakuM 06pa3oM MOXHO obecrieunTs 11 MIpH xuTeneit 3eMiId TakuM
KONMYecTBOM 3Hepruy. OaHMM 13 cioco0O0B pelieHus MpoGIieMBl pOCTa HACEeeHUs
BUIMTCS pe3KOe OrpaHUdIeHUE POXIAEMOCTH B ITCPEHACEACHHEBIX paifoHax.

Heo6xommMMOCTh OTpaHnueHUs] POXIAEMOCTU MMEET M APYIYI0 HEMAJIOBAXHYIO
nupnundy. CeroiHsa Uld CEIbCKOXO3AMCTBEHHBIX HYXI MCIIonb3yercss okono 10 %

i 10 pexabpsa 1999 r., mo marueiM OOH, ponunica 6-MIINHAPIHBIA XUTEIb 3eMITH
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BCEX 3eMeNb Ha IUTAHETe, TaK Ha3bIBacMbIE MAaXOTHBIC 3eMyi. Ha GoJblueil yacTy BbI-
palmuBaIOTCA 3€PHOBBIE KYJIBTYPBL. TO €CThb 0KOJIO 15 MJIH KBaIpaTHBIX KHJIOMETPOB,
v 1,5 - 10° ra 3eMiIM OTBeeHHI AT CENBCKOro xo3siiicTBa. B koHie XX B. 1 ra 3eM-
JI 00ecIIeurBal MPOLOBOJILCTBUEM OKOJIO ISATH XUTeNel. TakiuM o6pa3oM, CeJIbCKOoe
XO35IACTBO MOIJIO OBl 00ECTIEYUTh TIPOTOBOILCTBUEM TOJIBKO 7,4 Mulpn, yenoBek. ITpu
YBEJIMYEHUM YUCIEHHOCTH HaceneHus 10 11 Miupa motpelyroTcs GOnbIINe CeIbCKOo-
XO3SIMCTBeHHBIE Itomany. KpoMe Toro, OmHMM M3 BaXXHBIX [UIA CETLCKOTO XO3SMCTBA
(akTOpOB SBISIETCST UCIIOB30BAHYE a30Ta: VIS TIPOU3BOACTBA | KI' IPOTEMHOB Tpe-
Oyercs 1 xr a3oTa. XOTS a30T U SIBJISIETCS OMHUM M3 OCHOBHBIX KOMIIOHEHTOB BO3LY-
Xa, pacTeHUs He MOTYT OpaTh €ro OTTyAa HaIlpsSIMYIO: TpeOyeTcsl BHECEHHE B TOYBY
CIIeHMaIbHBIX a30THBIX yAoOpeHuii. BHeceHne a30THBIX YI0OpEHUI MOXET YBEJTUYUTD
MPOAYKTUBHOCTD CEIbCKOXO3SICTBEHHBIX IIOYB B HECKOJILKO Pa3.

[1aBHBIM KOMIIOHEHTOM Uit IPOU3BOACTBA a30THBIX YIOOPEHUH CIIyKUT aMMHUaK.
IIpou3BoncTBO yIOOpEeHUIA SIBIIIETCS JOCTATOYHO PHEPTOEMKHM, M €T0 HEOOXOIMMOE
Pa3BUTHE NPUBEIET K COOTBETCTBYIOIIEMY POCTY SHEProOmoTpeOIeHusI.

1.7. ®YHKLUNA NPOHUKHOBEHNA HA PbIHOK

HoBble TeXHOMIOTHUM M yCTPOWCTBA, KOHKYPUPYI C YK€ UMEIOIIUMH-
¢ Ha PBIHKE, HC MOTYT Cpa3y 3aHSITh 3HAYUTEIbHYIO JOJI0 PBIHKA M3-3a BIUSHUS
6ospLioro yucia dakropoB. PaccMoTprM Bompoc 0 TOM, KaKMM 0Opa3oM IMPOUCXO-
AT BHEAPEHWE WHHOBAIMOHHBIX TOBAPOB Ha PHIHOK, T. €. KaK U3MEHAETCS CIIPOC Ha
HHUX ¢ TCYCHUEM BPECMCHH.

ITycTb f— 3TO 4acTh MAKCUMATIBHOTO YPOBHS BHEAPEHMA, KOTOPEII MOXET UMETH
HOBBII TOBap Ha pPacCMaTpUBAacMOM pBIHKE. C TeueHHEM BPEMEHH [ YBEIMYHUBAETCS OT
HyJIST 10 3HAYEHWSI, PaBHOTO WJIM MEHBINETO equHUIEL. Ilocie MoCTIKeHUs! YPOBHS,
PaBHOI'O €IVUHULIE, JAHHASI TEXHOJIOTHS WIH YCTPOMCTBO CTAHOBSITCS «CTAPBIMU» M HX
HYXHO 3aMeHsTh 0ojiee HOBBIMH. B xolle 3aMeHBI CTApOro M3Nenus f YMEHBIIAeTCS
OT €IMHUIIBI IO HYJIS.

I'padux /B 3aBUCUMOCTH OT BpeMEHH, TIOCTPOEHHBIH IT0 3MITMPUYECKHUM J3HHBIM,
IIpeACTaBiIsieT coboil S-00pa3Hy0 KpHBYIO, NPEACTaBIeHHYIO Ha puc. 1.5 (ciesa).
Bpewmsi BHenpenust Ha poiHok AT, onpenensietca Kak AT = (¢, — t,), Tae #, — 3To Bpe-
Msi, 32 KOTOpoe GyHKIMs f CTaHOBUTCA paBHOM 0,5 = f,, U #; — 3To BpeMs, 3a KOTO-
poe dyHKuus f usmenserca ot Hyasa o 0,1 = . Benmunna AT MOXeT MMeTb OTpH-
LIATETbHOE 3HAUEHWE B TOM CJydae, KOTMa JaHHAs TEXHOJOTUS yCTapeBaeT U e€ 3a-
MEHSIOT HOBOM. B 3TOM ciyyae oHa Ha3bIBA€TCSI BpeMEHEM BLIBOIA C jprHKa. ®uniep

(Fisher, 1971) u Ilpn (Pry, 1973) nokasaiu, 4To 3aBUCUMOCTb /#

OT BpeMeHHU

MIPEeNCTaBisIeT co60il TUHEWHYIO (DYHKIIUIO, BO3PACTAIOLIYIO ¢ TeueHueM BpeMenn. Ha

puc. 1.5 (cupaBa) MOKa3aHO, KaK SMITHPUYECKHE JaHHBIE KOPPEIMPYIOT C JAHHBIMH,
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nonyyeHHBIMU 110 Teopun Ouinepa-ITpu. Ha naHHom rpadrke npencrasjieHa KpuBast
BHEJPEHUs] Ha PLIHOK CTAIEIMTEHHON TEXHOJOIMU KMCIOPOIHOIO OYyThA B YETHIpEX
pPa3IMYHbIX cTpasax. IIpsiMble JIMHUYM Ha TpadriKe U300paxaoT QYHKIMIO, MOTyYEeH-
HYI0 [0 YPABHEHHIO

S

ln1 fsat+b, (€))]

t/le KOHCTAHTHl @ U b XapakTepu3yloT OCODCHHOCTH PBIHKAa U KOHKPETHYIO TEXHO-

1d
Jloruio. MOXHO oXuarh, 4To TEMI NPOABIXKCHMS TCXHOJIOTUW HA PBIHOK, 1y ,
fdt

OyneT mpomopLuoHaseH pasHoctd (1 — f) LIS y4acTKa, COOTBETCTBYIOLIEIO Havaly
POABIKEHUS Ha PBIHOK:

1dr _
f dr
YpaBHeHne (2) MOJHOCTHIO YIOBIETBOPSIET SMIIMPUYECKMM NaHHLIM rpaduka 1.5

(cripaBa) ¥ JaHHBIM, TIOTYYeHHBIM U3 YpaBHEHH (1), TOCKOIBKY ITOCIENHEE ABJISIETCS,
MHTErpanoM TePBOTro.

a(l-f). 2)

f ] = 100 F

B CuA -
u l'epmanus
08 b—-t— — 0 3 j
! - SAnouus N
= —
0.6 - —— s i
f 1-f. _
............. 11 =
04 I B CCCP -
ol - N
0,2 — | c .
- -
A : _ -
0 e 0.01 .
1960 2000 2040 1950 1960 1970 1980
Tonbt Tomet

Puc. 1.5. TunuuHag QyHKUMS NPOHUKHOBEHMsI Ha PHIHOK (cieBa). PyHKuus
BHEJIPeHWS] HOBOW CTAICIMTEHHON TEXHOJIOIMHM B Pa3iMYHBIX CTPaHAX
(cripaBa) 1o GakTHYECKUM JaHHBIM M 110 3akoHy Pumepa-Ilpu

BeMyuHbl ¢ W & 3aBUCAT OT caMOil TEXHONOTHH W OT PBHIHKA, Ha KOTOPBI OHa
BBOOUTCA. B 06iieM ciaydae B ypaBHenny Ouinepa-TIpy MOXHO W36aBUTHECS OT MO-
CTOSTHHBIX a U b.
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Anst=1t, f=0,5

~

In =at,+b=0,wm b=-at,. 3)

1-

~

Hiat=1, f=0,1

In

[ th =22 4

CoBMecTUM IIOJIYYCHHBIC YPABHCHUA:

2,2
22=a(t,-t)=aAt, wiu a = e

&)

TakuMm oOpaszom, dbopmyna s PyHKIIUK TIPOHUKHOBEHWS! HOBOW TEXHOJIOTHM Ha
PBIHOK MOXET OBITh 3aIlMCaHa B CJAEAYIOLIEM BUIE:

[ _y,lt=t)
gl =225 (6)

VpaBHenue (6) mpencrapisier co0oi (YHKIHMIO OT Oe3pa3sMEPHON HE3aBUCUMOM
HepEMEHHOM (f — £,)/Af. OHO JaeT BO3MOXHOCTb OTOOPa3UTh HAHHBIE sk 3aBUCH-
MOCTEM € pasnuyHbIMU Ko duimeHTamMu ¢ u b Ha onHOM rpaduke. [Ipumep Takoro
rpauka mokasaH Ha puc. 1.6. BunHo, 4ro 17 sMOMPHYECKUX TOYEK IS Pa3TAYHbIX
TIPOAYKTOB W PHIHKOB MMEIOT AOCTATOYHO Malbiif pasOpoc OTHOCUTENBHO KPUBOH
Ouinepa-Ilpu.

Ha puc. 1.5 nmokasaHa cKOpoCTbh BHEAPEHMS METONA KUCIOPOIHOTO AyThs Ha PHIHKAX
SAnonun (5 net), l'epmanuu u CIIA (6 net) u CCCP (8 set). CKOpoCTh BHEIpEHNS
B HEKOTOPOH CTEIIEHU 3aBUCUT OT OCOOEHHOCTEH CTPaHbI, ONIPEACISIOIINX BHEAPEHUE
HOBBIX TEXHOJIOTW# (HampHUMep, OT OCOGEHHOCTEW TEXHUYECKOM IOJUTHKHU U 3aKO-
HOZATENLCTBA B 3TOH 00JIaCTH), U OT TEXHUYECKHX BO3MOXKHOCTEl 3aMEHBI CTaphIX
TEXHOJOTWYECKUX JIMHUA HOBBIMU.

3aKOH NPOJBUXKEHUS HOBOU MPOAYKIIMY HA PHIHOK IIPMMEHUM TaKXe U JUI SHEp-
reTuyeckux TexHonoruit. Ha puc. 1.7 nmokasaHo U3MeHEHHMe TPEMIOXEHHS pasing-
HBIX KCTOYHMKOB 3HepruM Ha peiHke CHIA. W3 rpaguka BUaHO, Kak K KoHIy XIX B.
YeJIOBEK MEPEXOAUT OT UCIONb30BAHUS IPOB K MCIOIB30BAaHUIO VIVIS B KAYECTBE OC-
HOBHOTO TOILTHBA.

Yrosis nocjie JOCTIDKeHNS] MAKCUMyMa HUCTIOJIb30BaHMS B cepeiiHe XX B. HAUUHAET
BBITECHATBCS HE(DTHIO U NPUPONHBIM ra3oM. Kak BHIHO, BBOI U BBIBOJ 3HEpreTUYe-
CKMX [IPOIYKTOB C pbIHKA 32aHUMAIOT Tropa3jio OoJblIce BpeMs, YeM I OOJNbIIHHCTBA
OCTaJIbHBIX TOBAapoOB M TexHONOruit. B Tabn. 1.3 mokasaHo XapaKTepHOe BpeMs Ipo-
JBIDKEHUS ¥ BBIBEACHUS C PBIHKA Pa3IMYHBIX UCTOYHUKOB SHEPTHH (BpeMs BBIBOIA
vMeeT OOpaTHEIN 3HAK).
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10

0,1

0,01
-3 -2

Puc. 1.6. I'padpuk Ouinepa-Ilpy m SMIUpPHUYECKUE TaHHBIE

Ta6amma 1.3. BpeMs upoasmkeHHs H BHIBOAA
€ PHIHKA PA3JHYHBIX HCTOYHUKOB SHEPrud

- MepeBo —38 et
Yrone 38 et
Yrone -50 ner
Hedte 30 net

Ta6auma 1.4. Koapdumuenrsi @umepa-Iipn nna nepesa, yris u rasa

DHepProHocuTeNb a b
JlepeBo -0,0585 110,20
Yrons -0,0439 85,18
Ta3 -0,0426 -84,64

PaccMoTpuM nepuon BpeMeHH ¢ HavajioM B 1920 1. [iepeBo, yronb U IPUPOAHBIIN
ra3 XapakTepu3yloTcs TaHHBIMU, [TOJIHOCTHIO COOTBETCTBYIOIINMHU Mozenu Puiepa—
Ipu. B Teyenue 3T0r0 NEPHOIA NOTPEOICHE SHEPTUY, IPOU3BOANUMON TUIPOIICKT~
POCTAHIMSIMA, OCTAETCA IPUMEPHO TTOCTOSHHBIM M COCTaBsieT okoio 3,6 % obmero
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SHepromorpebnenus. Perpeccuonnbie kKoadduuueHTs @uiirepa-IIpu mis opeBecH-
HBI, YIJIA ¥ Ta3a MMEIOT 3HaYeHNs, IpuBeacHHbIe B Tabn. 1.4. TTockoubKy I Kax-
JIOTO MOMEHTa BPEMEHU z f =1, 9acTb phIHKa, 3aHUMaeMasi HeQTbIO, MOXET GBITh
OnpeJesicHa IIyTeM BLIYMTAHUS W3 €AWHULIBI IPYTUX YacTeil PhIHKA, OTHOCSIIUXCA K
JApYrviM MCTOYHMKaAM 3HepruM. I'paduk mis HedTn nocrtpoeH Ha puc. 1.7 ¢ UCTIOIb-
30BaHWEM MMEHHO TAKOTO ITOIXOJa.

0,1

0,01 _ |

1850 1900 1950 2000
Tomsr

Puc. 1.7. i3sMeHeHUe TPEITOKCHUS PA3IMYHBbIX UCTOYHMKOB SHepruu Ha poiake CILITA
B TedeHue XIX u XX BB.

KoadpduumenTtsr @uiepa—IIpu GbiIH MONYYeHB Ha OCHOBE JaHHBIX 3a ITEPHOJL
¢ 1920 mo 1950 rr., ocranbHasg UHGOPMALMS — IIyTEM SKCTPATIOISIIUHN JIMHEAHBIX
3aBucuMocTei. PacueTHas KpuBas I He(TH TIOKA3bIBAET, YTO CHUXEHHUE IIO-
Tpebienns HedTH LOJXHO 6BUTO HauaThes B 1970 T., YTO M CIYYUIIOCH B NEMCTRU-
TeJBHOCTH. UYpe3BRIYaliHO MHTEpECEH TOT (GakT, YTO CHUXEHME YPOBHS IOTpeO-
JTenus HeTU HauuHast ¢ 70-X TOZOB MOIIIO GBI OBITH MpeacKasaHo ewe B 1950 1.,
T.¢. 10 co3nanus OIIEK! TakuM o6pa3oM, MOXHO NMPUUTH K BEIBOAY, YTO CHH-
XEHHUE TIOTpeOsieHUs] HEDTH NOKHO OBLIO TIPOM3OUTU HE3ABUCUMO OT NEHCTBUM
OINEK! Coznanue OIIEK moBnusio MUIIb HA ypOBEHb LEeH HAa HedTh U Apyrue
3HEpropecypcs!
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1.8. SHEPTETUYECKUE PECYPCbI MANAHETbI 3EMJIA

B §1.5 GBUIO IIOKA3aHO, YTO YHEJIBHOE YHEPTOMIOTPEOIEHNE B pacyeTe
Ha OJHOrO XUTeJs B XX B. 3HAUNTEITHHO YBEIMYMWIOCh. YUNTHIBAs POCT HapoaoHace-
snenys naHeTsl (§ 1.6) cTouT 3ayMaThCs O TOM, K KaKUM ITOCIEACTBUAAM 3TO MOXET
HAC MPUBECTU U CMOIYT JIM COXPAHATHCS 3T TeHAeHLIUHr B OyayuieM. st Toro 4ro0nt
pPacCMOTpETh 3Ty MpoOGaeMy, TIPeXAe BCero, cielyeT OUEHWTh, KAKUMH JHepreTuie-
CKUMH pECYPCaM¥M pacIiojiaraeT Halla TulaHeTa W KakK MBI JOJDKHBI UCIIOIb30BaTh 3TH
pecypcHl CETONHS.
Ha puc. 1.8 noxasaHsl JOCTYIIHBIC Ha HAIlEH TUTAHETe HCTOYHUKM >Heprud. Onu
NeJISITCSI Ha BO30OHOBIISIEMbIE Y HEBO30OHOBIIIEMBIE.

BoszobHOBNIsIEMEIC Heso3zobHOBIgEMEBIE

Puc. 1.8. DHepreTnueckuie pecypcst 3emiu

TeotepManbHas SHEPTHS FOCTATOYHO JABHO CTAJ1a HCIIOJIb30BATECS B TAKUX CTPAHAX,
kak Ucnannua, Hosas 3enapmus, CIHA u Poccus. OnHako, K 00JIBLIOMY COXAIEHUTO,
€€ 3HAYMTENBbHBI BKIAA B OOLLYIO BHpaOOTKY SHEPIMH B LIOOATBHBIX MaciuTabax He
NpPeACTABISAETCS TEXHUUECKH BO3MOXKHBIM.
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I'paBUTaIIMOHHAA 3HEPrUsl — 3TO SHEPrusl, KOTOPYIO HECYT B cebe NPHIMBEI W
OT/IMBHI (CM. T1. 16). YcraHOBKM IS €€ TIpeoOpa3oBaHus NMOCTpoeHs! Bo PpaHLmy,
Poccun 1 B apyrux ctpanax. HemocTaTkoM 3TOro HCTOYHUKA SIBJISAETCS TO, YTO SHEP-
I'¥si IPWIUBOB ¥ OTJIUBOB 3 (hEKTUBHO MOXeT OBITh MCIOJMB30BaHA JIMILG B OIPaHK-~
YEHHOM KOJIMYECTBE reorpadrdecKUX TOUEK HA 3eMHOM IIape, I BLICOTA IPWIHBOB
JIOCTUTAaeT HECKOJIIBKUX METPOB.

Cpenv BO30OHOBISIEMBIX MCTOYHUKOB 3Hepriun (BUD) mmupyromniee MecTo 3aHMMaeT
SHEPIUA COJHEYHOro uanyyeHus. CollHeuHas: S3HEPrus JOCTYIIHA TIOBCEMECTHO B I0CTa-
TOYHO GOJIBIIMX CYMMapHBIX KOJMYECTBAX, OMHAKO, K COXAIEHUIO, [IPY OTHOCUTEIHHO
HeOOJIBIION IUIOTHOCTH U3JTyYeHMsI B pacuyeTe Ha €OUHHIY IUTOINAIU TIPUEMHUKA, 4TO
3aTPYAHAET €€ SKOHOMUYECKU (P PEKTUBHOE NPaKTHUECKOe MCIIOIb30BaHue. HeGobIlyio
4aCTh COJIHEYHOI'O UTYYEHHS], TTOCTYTIAIOUIET0 Ha 3eMITIo, TIOTTIOMIAIOT PAaCTeH|s i (o-
TOCHHTe3a. VI3 MeperHHUBIIMX paCTeHHI B TeUYeHHE MIULIHAPIOB JIET 00pasyloTcs yrodb,
HedTb 1 ra3. OLEHKU 3a11acOB OPTaHWIECKUX TOIUTHB (TaK XKe KaK M sIEPHOIO TOILIMBA)
Ype3BEIYaiHO HEOTIPEAEIEHHBI U, O€3YCIOBHO, 3a11achl HEIOOLIEHEHEI B CBSA3H C HEAOCTa-
TOYHBIMH I'€OJIOTUYECKMU M3bICKaHUAMU. B Tab. 1.5 npuBe/ieHB! AaHHBIE O pa3BeJAHHBIX
3aracax UCKOIaeMOr0 OPraHMYeCKOro TOIUINBa, a B Ta0A. 1.6 MOKa3aHE! pa3BelaHHbIE 3a-
TIaChl MATEPHAJIOB, U3 KOTOPBIX SHEPIUSI MOXKET ObITh TOTyYEHA ITyTEM SIEPHOIO NEICHHS.
B 311t otieHKM He BKmOueHE! 3anachl GuBiiero CCCP u Kuras.

Tabaumna 1.5. Pa3Besannble 3amachl HCKOMAEMOrO YTJIEBOIOPOAHOrG Towmsa, DK

Mertan (THIpaTel) Bonee 100 000 (1998 1.)
Yroms 39 000 (2002 1.)
Hedts 18 900 (2002 r.)
Ta3 15 700 (2002 r.)
CXVDXeHHBIE ra3bl 2 300 (2002 r.)
loproune caaHIBI 16 000

Ta6axuua 1.6. Pa3sBenanHbple 3anacbl MATEPHAIOB, KOTOpbIE
MOTYT OBITb MCHOJL30BAHbI B ANEPHBIX PEAKTOPAX JENCHHS
(6e3 yyera 3anacos GpiBmiero CCCP u Kurasn), D/

B5y 2 600
238y 320 000
232Th 11 000

BenuuuHbl, IpUBeAeHHBIE B Ta0l. 1.5 1 1.6, BO3MOXHO, JaJIEKX OT WCTUHBL, OI-
HAaKO MX MOXHO MCIIOJIb30BaTh M1 OLCHKUA HUXXHETrO IIpejiesia 3alacoB MCKOIIAeMOro
ToruuBa. CrenuanucTel, KOTOPhIC 3aHUMAIUCh OLEHKOM ITUX BEIWUUUH, CTAPATUCH
OBITP NOCTATOYHO KOHCEPBATHUBHBIMU U ONEPUPOBAIN TOJBKO IMPOBEPEHHBLIMUA [aH-
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HbIMU. B KauecTBe IprMepa MOXHO CKa3aTh, YTO YTBEPXKIECHHBIC 3aMIaChl IPUPOIHOTO
raza B 1976 r. ouenuBanuch B 2200 BIx, Torza kak B 2002 r. 3Ta OlleHKa BO3pocia
foJiee yeM B 2 pa3a u coctaBuia 5500 Bx.

MeTaHoBbIe KNaTpaThl

Clathra — ot nart. KjieTb.
ATOMBEI B MOJIEKYJIaX HEKOTOPHIX BEIIECTB MOTYT I'PYIIIMPOBATLCS ONPEICIEHHBIM
06pasoM, 00pa3ya 3aMKHYThIC CTPYKTYPHI ¢ BHYTpeHHEI nosnocThlo. Haubonee pacnpo-
CTPaHEHHOM CTPYKTYPOH SIBIISIOTCS TaK Ha3bIBagMble «ITI00YIIBI» (6aKUOOIBI) MOMEKYIT,
cofepxallnx B cebe 60 aToMOB yrjiepoaa, KOTOphie TPYNNUPYIOTCS B mofible cdepsl,
CIIOCOOHBIE IPUCOENWHATD K ce0e HEKOTOPOE KOJIMYECTBO NpyruX BeulecTs. OHM ObUTH
OTKPHITH! B 1980 . 11py M3yYeHUN Pa3IMUHHIX «ITOJBIX» MoNeKyl. [Ipy onpeneneHHBIX
YCJIOBUSX BOIA MOXET 3aMep3arh, (DOPMUPYS 3aMKHYTYIO DELIETKY, COAEPXKAaILYIo
nHorna 20, a yame 46 MOJNIEKYI. DTa CTPYKTYpa SIBJIsieTCA HECTaOWIBHOM, €CU B 10-
JIOH [IEHTPATBHOM YaCTH «0O0NbIION MOJIEKYJIbl» He OyIeT NPUCYTCTBOBATH HEKOTOpOE
KOJIMYECTBO MOJIEKYJI ra3a (MMEHHO IO3ITOMY KPHCTAJUIBI JIBAA NIETKO Pa3pyIialoTcs).
Bakubosbl MOTYT 3aXBaThIBATh MOJIEKYJIBI TaKMX Ia30B, KaK MeTaH, 9TaH, IPOINaH,
n300yTaH, n-0yTaH, a30T, YIJIEKHCIBIIA ra3 U CEpOBOAOPOL.
Kpucraut nbaa, comepxalimii B cebe 46 MOIeKya BOJIbL, CIIOCOOEH 3aXBATHTh JIO § «roCTe-
BBLIX» MOJIEKYJI I'a3a (COOTHOIIEHHE BOJIA : ra3 pasHO 5,75 : 1). B IIpUpOIHBIX MECTOPOX-
JIEHUSIX METaH SIRISIETCS HaubO Iee PacIipoOCTpaHEHHBIM Fa30M Y MPECTaBRIsieT HaMOOMbIIMIA
WHTEpeC ¢ SHEPIETYECKOM TOUKM 3penwst. [IpakTuuecku 96 % Bcex MMEIOIIMXCS Ha 3emie
6aKHGYI1 TTOTHOCTHIO 3aITOJTHEHEI Fa30M. DTH TBEPAbIE TUIPATHL Ha3bIBAIOTCS €1LE KIATPaTAMH.
Paspa6oTka criocoGoB M3RICUEHHS Ta3a U3 KJATpaT, KOTOPBIC UMEIOT IOCTATOYHO IIMPOKOE
PacIIpOCTPaHEHIe, BRI3BIBACT OCOOBIA MHTEPEC WIS TIEPCTICKTUBHON SHEPIETUKY.
[110THOCTL KJaTpaT cocrasiger okono 900 kr/m>. MeTaH B HMX HaXOOUTCS IO HO-
BOJIbHO OOJIBIINAM JaBlicHWEM (CM. 3amauy 1.27). Boiblloe KOJMHYECTBO KIIATPATHBIX
o6pazoBaHuit HaXoaUTCs Ha THe MUPOBOro okeaHa. XoTd OHU ¥ 00J1alaloT HEBBICOKOH
IUTOTHOCTBIO, OHU HE BCIUTBIBAIOT HA IOBEPXHOCTH, MTOCKOIBKY HAaXOAATCA MO MOD-
CKUMH JIOHHBIMHM OTJIOXCHUSIMU U CAEPXKUBAIOTCS UMM.
KuatparHbie 06pa3oBaHust GOPMUPYIOTCS MPH BHICOKOM JaBJI€HUH W HU3KUX TeMIIepa-
TYpax B MOPCKMX DTyOMHAX M HAXOASITCS B CTAOWITBHOM COCTOSHUM TIPU TaKUX YCIIOBUSX.
Meran 06pa3yeTcst B HUX B Pe3y/IbTaTe aHa3pOoOHOTO COpaXXMBaHM s NaJalolIMX Ha THO
MOpsI OCTATKOB OPraHMYECKHMX BEIIECTB (CM. . 13).
Ha nmauHBIii MOMEHT KakoW-JIu00 IpUEeMJIEMOIl TEXHOJIOTUM M3BICYEHWsS] METaHa U3
KJIATpaTHBIX 00pa3oBaHuil He pa3paboraHo. IIpemiaraeMele CrIocoObl OpHEHTHPOBAHLI
Ha HecTabWIM3alvIo KIaTPaTHBIX CTPYKTYP CIeAyIOIMMHY METOLaMH:

1) yBenudeHeM TEMIIEPATyphl KIaTpaTHOTO 06pa3oBaHus;

2) yMEHBILICHUEM JaBJICHYS;

3) BBeACHMEM METAHOJIA WM APYTUX KJIATPaTHBIX UHTUOUTOPOB.
[MToceqHUi MIPONECC BPSIL JIM TIPUEMIIEM ¢ TOYKU 3pEHUSA COXPAHEHUs OKpPYyXaroulen
cpembl. CyIIeCTBYeT psifi OaCHOCTEM, CBSI3AHHBIX C U3BJIIEYCHUEM METAHA M3 JOHHBIX
KJaTpaTHbBIX 0Opa3oBaHuil M ApyruMu Mmetomamu. Hambosee CylleCTBEHHON M3 HUX
SIBJIIETCS OIACHOCTh BEPOSTHBIX YTEYCK MeTaHa B aTMocdepy, YTO IIPUBENET K YCHUIIE-
HUIO TapHUKOBOTO 3deKkTa Ha 3eme.
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Tnaea 1. O6wue nouamus

Wndopmanusi o6 yTBEPXKISHHBIX 3aMacaX OPraHUYECKMX TOIUIMB IIEPUONANYECKI
ny0auKyercs, HanpuMep, B xXkypHane Oil and Gas Journal.

PeanbHble 3anackl He(TH, TIPHPOIHOTO Ta3a W YINsA, 6E3yCIIOBHO, CYILECTBCHHO
Gosblle, YeM NpuBeNeHO B Tabauie. PasBenodnnie paboThl BEAyTCS HA BCEX KOHTHU-
HEHTaX, YT0 BpeMs OT BPEMEHU MPUBOJUT K OTKPHITHIO HOBBIX KPYIHBIX MECTOPOX-
JCHU.

OtnensHOR cTpoKoit B TaGn. 1.5 mokasaHbl 3amackl TUAPATHOTO (CBSI3aHHOIO)
MeTaHa (methane clathrate), olleHKa KOTOPBIX ABJISETCA BeChbMa nmpuOmkeHHoi. Cy-
IIECTBYET MHEHHE, YTO peajIbHBIE 3allachl TAKOTO MeTaHa Ha HECKONBKO TIOPSIKOB
607blle, OMHAKO MBI [OJTE3YEMCST KOHCEPBATHBHBIMU OLIEHKAMU.

1.9. NCronb30BAHUE SHEPTUN

PacrnipeneneHue WCNONB30BaHUS Pa3IMYHBIX MCTOYHUKOB SHEPTUH,
BKJII0Yas BO30OHOBJIAEMBlE, IT0 jgaHHBIM Ha 2001 r. mra Bcero mmpa m mwia CILIA
B YaCTHOCTH ITOKa3aHo Ha puc. 1.9 u 1.10. Pacnpenenenue mcnoab3yemeix B CLIA
HMCTOYHUKOB SHEPTUH NPAaKTUYECKU HE OTJIMYAETCS OT CPeTHEMHUPOBOTO, YTO HEYIH-
BHTEJIbHO, NOCKObKY 3HepreTuka CLHA mpenctapnsieT cob0il 3HAYUTENBHYIO YacTh
OOLIIEMUPOBOI SHEPTETUKMU.
Ha puc. 1.11 nmokasano, uTo B 1997 . TonbKo 12 % 31eKTposHepruu, BoipabaThiBa-
emoii B CIIIA, npuxonuIocs Ha BO306GHOBIISICMbIE HCTOUHUKHT SHEPIUH, pndeM 83 %
Y3 HUX IPUAXOAWIOCH HAa TPAAULIMOHHBIE KPYITHBIE THAPOIJIEKTPOCTAHIINHY.

OcrantbHble

g
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Puc. 1.9. Pacupenenenue MCIOMb30BaHUS Puc. 1.10. PacnpeneneHue WCIONL30BAHUS
VICTOYHHUKOB SHEPTUM B MUpE UCTOYHMKOB 3Hepru B CIIIA
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T'eoTepmaipRas JHeprus

BosobHosaseMble
HCTOYHUKH
12%

DNIEKTPO3HEPTETUKA B0300HOBNSIEMBIE MCTOYHUKU 3HEPIUH
CIUA, 1997 CIIA, 1997

Puc. 1.11. BripaGotka snekrposnepruu B CIITA (13 SCIENCE, 285, P. 880, 30 JUL, 99)

N3 BO30GHOBIISIEMBIX NCTOYHUKOB SHEPIHS BETPa M COJIHLIA MCIIONB3YETCS MEHBIIE,
ueM reoTepMalbHask SHEPIusi. BTopoe MECTO MOCe THAPOIHEPTHH CPEIH BO30GHOBISE-
MbIX MICTOYHMKOB 3HEPrUM 3aHumMaer 6momacca (13 %)V.

1) Mpmm. pex. K 2008 . cuTyanmsi ¢ MCIONB30OBAHKWEM BO30OHOBISEMBIX MCTOYHUKOB JHEPIHM B
mupe ¥ B CIIIA cyiiecTBeHHO U3MeHUIaCh. YCTaHOBJIEHHAS! MOLIHOCTD 3JICKTPOT€HEPUPYIOIINX YC~
TaHOBOK Ha BUD (6e3 kpymubix I'DC) 8 2007 r. mocturna 240 IT'BT. 310 coctaBisieT 5 % cyMMapHO#K
MOLLIHOCTH BCEX DJIEKTPOreHePUPYIOLINX YCTAHOBOK, JIEUCTRYIONMX B Mupe. Bknag BUD B Muposoe
[IPOM3BOICTBO 37eKTposHepruu noctur 3,4 %. TIpom3BoAcTBO 3JeKTposHepruu or BUD mocturio
1/4 snexTpoanepriu, eipabaTeiBaemoit BceMun ADC. CyMMapHast MOIIIHOCTb CETEBLIX BETPOCTAHLIUM
8 2007 1. mpesoickiia 100 TBT, exxeronHoe HapauluBaHHe MONTHOCTEH 3a IIOCIEAHUE S JIeT COCTABMAIO
okoio 30 % B rox. CyMMapHas MOTUIHOCTE GoTo2IeKTpIIecKuX npeobpasosateineit (OIIT) conHewHON
sHepruu B 2007 1. nocturia 7,7 [Br, exeroansiit poct 50 %, 1,5 Muih ioMoB B Mupe ocHateno O3I1.
CyMMapHast TEIUIOBAask MOLUIHOCTD YCTAHOBOK COJTHEUHOTO TerurocHabxeHust B Mupe gocturia 120 I'Br
(6osiee 160 MiTH M? CONMHEYHBIX KOJUIEKTODOB), COJIHEYHOE ropsidee BOLOCHAGXeHue uMeior Gomnee
50 MJIH IOMOB B MApE, €XETONHbIE TeMITsl pocTta 19 %. TTponu3BoACTBO GHOTOILMB (STAHOM U GHMOIU3ENb)
B 2007 r. mOoCTUINIO 53 MIIpH JI, YTO COCTABIAET OKONO 4 % OT €XerofHOro MUPOBOr0 MOTPeO.IeHUA
6ensuHa. TeMmBl pocTa NMpou3BoAcTBa Gronusens 6onee 50 % B rox. B 30 ctpaHax mmpa OeiicTByeT
6oJiee 2 MIIH TEIUIOBBIX HACOCOB, YTIIM3MPYIOIIUX TIPUPOAHOE U COPOCHOE TETUIO U OGECIIEYMBAIOIINX
TETUTO- ¥ XOJIOMOCHAOXEeHNe 3TaHuit. JIons pa3BUBAMOLUXCS CTPaH B ucionb3oBaHuu BUD cocrapisaeT
meHee 40 %. Bonee 60 % npUXOOUTCs Ha pa3BUTHIE cTpaHbl. B cepe BUD B Mupe HeiicTBYIOT COTHU
MaUibIX, CPETHMX M KPYITHBIX KOMIaHwmit. Kanuramisamis Haubosee KpynHbX 140 crielinani3supoBaHHbIX
koMmauui B8 2007 1. upessicuna 100 mapn gon. Co3gaHo oxoao 2,5 MIH paboynx MecT. 66 cTpaH
UMEIOT ClennaibHbIE IPOTPaMMEBI o pa3BuTvio BUD, NpuHsM 11e1eBble MHAUKATOPHI UX Pa3BUTHUSL
Ha nepcrekTuBy. Tak, mapiameHT EC B 2007 r. yTBepAmI moka3satens Bkiana BUD s sHeprobananc
EC B 2020r. — 20 % u x 2040 r. — 40 %! B 60 crpanax npyHSTO CIIeLMATBHOE 3aKOHONATENLCTBO,
cTumyMpymolee passutie BUD. Kak MpaBuio, YCTaHOBICHH! JIBTOTHBIE TApUGBI BbIIaYl SHEPTUU
B ceTh (feed-in tariffs), B 40 cTpaHax PWHSITH TAKETHl CTIEUWANTM3NPOBAHHLIX CTAHIAPTOB B 00JIACTU
BUD. OcnoubiMu cTUMYIupyOIyMI pazputie BUD MOTHBaMu B OONBIIMHCTBE CTpaH SABISIOTCSH
COOOpaXKEHNUST SHEPTETUIECKON M SKOJIOrMIecKOr 0e30IMaCHOCTH.
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TaGauwa 1.7. Wenom3osanue sneprun B CIIIA, 2001 r.

SHeprus chog;(:alme, MOI?;(:CTI:, KUYM, %
Tennosas 9,69 600 51,1
Anepuas 2,71 98 87,6
I'mapaBnnyeckas 0,97 99 31,1
T'eoTepMabHAS 0,26 - -
DHeprua seTpa 0,0208 4,28%) 15,4
Jlpyrue BuabI 0,015 - -

* [aHHbIE B3ATHI U3 HCTOYHUKOB AWEA (American Wind Energy Association). OcTanbable JaHHBIE —
u3 EJA (Energy Information Administration).

,’:[)'IH BCCX MCTOYHHUKOB SHEPITUHU CTOMMOCTb TEXHOJOTHYECKOIO O60py110BaHI/IH,
KaK IpaBWJIO, IPOIMOPUHOHAIbHA yCTAHOBICHHOU MOIIMHOCTU, B TO BpeMs Kak
BBIpY4KA OT UPOAAXW SHEPTrUM NPOIOPIMUOHANIBPHA KOIWUYECTBY BBIpa6OTaHH0171
sneprun. Koaddunmuent ncnoap3opanns ycranosienasoil momnocta (KUYM) 3Hepro-
YCTaHOBKU MpPEACTaBAsAET cO00M OTHOILEHUE BHIpaOOTAHHOM 32 ONpPeaeaeHHbIH e-
PYOJ BpEMEHM JHEPIUH K TON 3HEPruH, KOTOpasi MOrja Obl ObITh MONyYEHA, €CIH
(931 QJICKTPOCTAaHIIUS BCE 3TO BPECMS pa60TaJIa HEMNpEpHIBHO HA HOMHUHAJIBbHOM DPEC-
xume (tadm. 1.7).

MyHnuumnaisHbe
TpaHcnopr HYXIBL
252 % 19,2 %

Tponaxa HacelIeHUIO
134 %

IMpoMBILLIEHHOCTD
41,2 %

Puc. 1.12. IMTorpeburemu sHeprau B CIIIA

ATOMHEIE 3JIEKTPOCTAHIIMM UMEIOT caMblii Bhicokuii KMYM, Torma xax BeTpos-
JIEKTPOCTAHIIUM — CaMBlid HM3KUI U3 BCEX IPEICTABJIEHHBIX B Ta0iuile. 3TO CBsI3a-
HO C HECTaOUIBHOCTBIO CKOpPOCTH BeTpa. KUYM 1t coMHEYHBIX YCTAHOBOK TaKKe
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HEBBICOK, TTOCKOJIBKY OHH He paboTaloT B HOYHOE BPEMsl, M IIOCTYTUICHUE COTHEYHOM
pagyallii U3MEHSETCS B TeYeHHUe JHS, @ TAKXKe ¢ U3MEHEHMEM MOTOIHBIX YCIIOBUIL.

B CHIA xwmmniusnii cexrop motpebiser Toabko 20 % Bceit BripabaThiBaeMOM
yHepruu (puc. 1.12). boneuas 4acTs 3TOH IHEPTUU MAET HAa 0BOTPEB XWIBIX NOME-
illeHNi. DTH 3aTpaThl MOXHO 3HAYMTEILHO YMEHBIINTD, €CJIM CTPOUTH XOPOIIIO TEI-
JIOU30JIMPOBAaHHEIE ToMa ¢ 3 (PEKTUBHBIMU CUCTEeMaMU 000rpeBa.

TelIUTOBBIE BHIOPOCHL 3JIEKTPOCTAHIIMI MOXHO MCIIONB30BATh IS HYX/I TEIDIOCHA0~
xeHud. Tax, B [lIserium, Jlanvm v B Poccyum mmmipoko pacnipocTpaHeHo 1IEHTpajTi30BaH-
Hoe terwtocHa0oxeHne ot TOI. Cpenrnit KT/ TemnoBbIX 3eKkTpocTaHinii B IIBerun
[1PY TIPOM3BOICTBE JIEKTPOSHEPTUU COCTABISIECT 0KOJI0 29 %, OMHAKO AOTIOJIHUTEIHLHO
24 % oT 3Hepruy TOIUIMBA HA 3TUX CTAHIMAX WIET HAa HArpeB BOABI, IIOCTYIAIOIIENA B
CUCTEMY PaiOHHOTO OTOIUIeHUsS. TakuM obpa3oM, morepu MectHbIX TOLI cocrasns-
10T ToJibKO 47 %. B CIIIA 3¢dHeKTUBHOCTD TEIDIOBBIX JIEKTPOCTAHLIMI COCTABISIET B
cpenHeM Beero 32 %, T. e. 68 % sHepruy BHIOPACHIBAETCS B OKPYXAIOIIYIO cpeny. LieH-
TPAIM30BaHHOE TEIUIOCHAOXEHUE TpeOyeT pa3MeLeHUS 3EKTPOCTAHIIMIT HEBIAJIEKE OT
ryCTOHACEJIEHHBIX paloHOB. SICHO, YyTO Bcnoab30BaTh ADC I HEHTPATH30BAHHOTO
TeIUIOCHAOXEHUST TIPOGIIEMAaTUIHO MO MPUYHWHAM Ge30MaCHOCTH, @ KPYITHBIE JIEKT-
POCTAHLIMHK Ha YIJIE — [10 3KOJOTMYECKHUM MPHYMHAM (BEIOPOCH! MOCIEAHUX CHJIBHO
JArpsA3HAIOT OKPYXKAOILYIO cpey). B To Xe BpeMsi 3HEProyCTAHOBKU HA TOIUIMBHBIX
3leMEHTaX (CM. 1. 7) MOXHO YCTAHABJIMBATH JaXe B LIEHTPe rOPOAOB, IOCKOJIbKY OHU
HPAKTUYECKH OECUIYMHEI M HE Jal0T BPEAHBIX BHIOPOCOB B aTMOChepy.

TpaHCIIOPTHHIM CEKTOp, WCTIONB3YIOUIMI 25 % 3HEPropecypcoB, SIBISETCS TaKXe
1IpUBJIEKATEIbHBIM IS BHEIPEHMs HOBHIX, 9 deKTUBHBIX TexHosoruii. CeronHs yxe
CO3/1a10TCSI aBTOMOOWIN Ha TOIUIMBHBIX 3JIEMEHTAaX, KOTOPhIEC HE 3aTPS3HSIOT OKpPYXKa-
01LLYIO CPEIY M MMEIOT BLICOKYIO 3(D(heKTMBHOCTh. ONHAKO MOKAa UX CYLLECTBEHHBIM
HEJOCTATKOM OCTA€TCsI HU3KMI PECYPC M JOBOJIBHO BEICOKAs CTOMMOCTbD.

1.10. BOMPOCbI 3KONOrnun

Kak oTMeuasioch BrIllie, B OyayIieM 3HepromotrpedieHne OyAeT TOJIb-
KO yBeJIMuuBaThea. B Hacrosmiee Bpems 85 % BceX SHEProycTaHOBOK paboTaloT Ha
MCKOIIAEMOM OPraHWYeCKOM TOIUTMBE. BBUTO Takke TMOKas3aHO, YTO 3alachl MCKOMa-
CMbIX MCTOYHHUKOB BHEPTrMM HAa 3eMJIe JOCTATOYHO BEJMKM M B IIPUHIIATIC MOTJIA ObI
obecrneyrTh GOJBIIYI0 YACTh IHEPTETUYECKUX HYX], YEJIOBEYECTBA M B TEKYILEM BEKE.
Tak B yeM Xe Torza npobiema?

Haubosnee TOCTYNHbIE MECTOPOXICHUS JCIICBBIX U JIETKO M3BICKAEMBIX U3 3€M-
HbIX HeAp He(THU U IPUPOIHOTO Tra3a B HACTOSIIEEC BPEMsI yX€ MOYTH UCYHEPHAHBI.
Yeenwuenue H00bMM TPeOyeT BCe OONBIIMX 3aTPaT, KOTOPBIE OVAYT HEVKIOHHO BO3-
pactaTh. TakuM oOpasoM, oHA yacTh npobieM siBisieTcss 3KoHoMuyeckoi. JIpyras
YaCTh TPOOJIEM — NMONUTHYECKAs!. BOJIbINIAS YACTH SHEPTUH, TIOTPEOIIsIeMast pa3BUTHIMU

35



36

Ihaea 1. Obwue nouamus

CTpaHaMW, UMIIOPTUPYETCS U3 JPYTUX PETMOHOB MUpPA, U TTO3TOMY BCTaeT BOIPOC 00
SHEPreTHYECKOW 0€30TacHOCTU 3TUX cTpaH. CyIeCTBYIOT TaKXe OIpeAeeHHbIE TEX-
HOJIOTUYECKUE TPYTHOCTH, CBSI3aHHbIE C HEOOXOMMMOCTBIO Pa3BEAKM U JOOBIYM UCKO-
11aeMOro TOIUIMBA B YAAICHHBIX paitoHax. OMHAaKO IJIaBHOMH BCe-TaKH MPEACTABIACTCH
3Konornyeckas mpobyemMa. [1ocKoNBKY HCKOTIaeMOe OpraHMdYecKoe TOIUIMBO BCE elle
ocTaeTcsl Hanbosiee NENIEBHIM UCTOYHIKOM SHEPTUH, TO OOJBIIMHCTBO SHEPreTHUECKNX
00BeKTOB paboTaeT MMEHHO Ha HEM. DTO IIPUBOJUT K OTPOMHEIM BEIOPOCAM BPEIHBIX
BEILIECTB B aTMOC(hEpY, M MBI OBICTPO IIPUONIIKAEMCS K CUTYyalluM, KOTAA 3TO MOXET
BbI3BaTh KaTaCTPOGHUICCKHUE TTOCTCACTBHS.

B pesynbrate cxxuraHust yrIeBOIOPOIHOIO TOTIMBA B aTMOCdepe pacTeT coaepxa-
HUE YIJIEKUCIIOTO Ta3a, yeenmauslieecs ¢ 270 npommuie B 1800 r. o 365 npomMuuie
B HacTosimee BpeMsi. PocT KOHIIEHTpaluy yIJIEKUCIIOTO Ta3a BEET K HAPYIIEHHIO pa-
IHalMOHHOTO DajlaHca 3eMJIM U TIOTETUTEHHIO KiIMMara. JIJisi OObeKTHBHOCTH CIICAYET
OTMETUTH, YTO HEKOTOPHIE CNENHUATMCTE U YYEHBIE CUMTAIOT, YTO JaHHasA mpobjieMa
He gBJIFeTCs CyllecTBEHHON. BMecTe ¢ TeM MBI HaGmomaeM, 9TO TONINMHA JIbAa Ha
CeBepHOM TOJIOCE TONBKO 33 HECKOJIBKO TTOCTSTHMX NeCATWIETHI YMEHBIIWIACh Ha
40 %. B netnee BpeMs Jaxke Ha caMoM CeBEPHOM IIOJIIOCE CTATM TOSBIISTBCS «IBIPhI
BO JIBAY, Y€TO HE OTMEYAIOCh paHee.

Hcxona u3 mpearnosioxeHus, 4yro yBeauueHue koHuenrpauun CO, B atMocdepe
BEIET K IIOOATBHOMY MOTEIUIEHUIO, HEKOTOPBIE «CIIELIMAIMCThI» TIPEIaraloT IS CTa-
OWIM3aLUY TEMIIEPATYPbl YBEIMYUTH BHIOPOCH! IMOKCHIA CePHI B aTMOcdepy, TaK KaK
3TOT Ia3 UMeeT oxJaxaaruil 3¢ dekT. SIcHO, OIHAKO, YTO 3TO IIPUBEAET K YBEITUUE-
HWIO BHITIAZICHUS] KUCIOTHBIX HOX/ICi, U JaHHAS WUMes IBIACTCS TaKoi Xe abCypIHoii,
KaK ¥ ¥Jes HarpyxaTb KaMHSIMH [MOJHUMAIOILYIOCS 9aCTh TOHYIIEH JIOAKU C HEJIbIO
€€ OalaHCUPOBKH.

ITonasnsouiee GONBIIMHCTBO CMENUANMCTOB M YYEHBIX MPUACPXKUBAIOTCH TEO-
PHH, IO KOTOPO# YBEJIMYEHUE COMEPXKaHMSI YIIIEKHUCIIOTO Ta3a B atMocdepe TIPUBOIUT
K IOBBIIIEHUIO Cpe/HE TeMmepatyphl 3emin. ConepxaHue TMOKCHUIA YIaepoaa B aT-
Mocdepe CTaHOBUTCS TOJl OT rojia Bce OObILE, YTO YCUIMBAET MAPHUKOBHIN 3G deKT.
Bmecre ¢ TeM cTporo mokasarb, 9TO B KOHIIE KOHIIOB 3TO TIPHBOANT K YBEIHMYEHUIO
TEMIIEPATYphl 3EMJIM, HE OUeHb MpocTo. CyILECTBYET Pl HPUPOIHBIX MEXaHU3MOB, KO-
TOpPBIE TIPY YBEJIMYECHUN KOJTUYECTBA IAPHUKOBBIX Ta30B B aTMOCc(depe MOTYT IIPUBECTHU
7 K TIOHUXCHHUIO TeMmepaTypbl. OIWH W3 TAKAX MEXaHM3MOB COCTOHUT B CIICAYIOLLEM.
B pesynbrate mapHUKOBOTO 3(hdeKTa B 3KBATOPUAIBHBIX palfoHaX BO3PACTET UCIape-
HUE BOJBI C OKEAHCKOW MOBEPXHOCTHU. IToBBIIEHNE KOHIICHTPAIIUK BOASTHEIX MApoB
B aTMocthepe M MHUTpalvs BJIard K II0JI0CAM MOTYT BbI3BaTh YBEAMYEHUE CHEXHBIX
OCafKOB, YTO MOXET MOBJIHATh Ha aIh0eI0 3¢€MHOM ITOBEPXHOCTH ¥ TIPUBECTH K CHU-
JKE€HUIO NOTJIOIIEHWST COTHEYHOM SHEPTUM W OXJIAXACHUIO 36MHOM ITOBEPXHOCTH.

Hekotopble yueHble ¥ MHXEHEPHI IIPEJIaraloT peryJaIupoBaTh BHIOPOCH BPEIHBIX
BELIECTB B arMocdepy MyTeM MCHONb30BAHNS TEXHOMOIUI, YMEHBIIAIOMINUX WK, TI0
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KpaitHeil Mepe, CTaOWIM3HUPYIONIMX BpeNHble BBIOPOCH AUOKCHAA YIJIEPOAA B aTMO-
cepy. BrIGPOCEL MOryT OBITh COKpAIleHEI ITyTEM YMEHBILEHMSI OOIET0 3HEPTOIOT-
pebeHns (HEpealUuCTUYHBINA BapWaHT), IIyTEM MCIIONb30BAHUS aIbTEPHATUBHBIX UC-
TOYHWKOB 3HEPTMH, 4 TAKKE TyTeM IOBBIICHUS 3(DGHEeKTUBHOCTA 3HEPTOYCTAHOBOK,
00eCIIEYNBAIONIUM YBEJIMYCHUE BhIPAOOTKY TIONE3HOI SHEPTMHM MPU CHUXEHHUM BbI-
JIEJICHUS YTJIEKHCAOro rasa.

IMpu cxxuranum 1 kmonsa Merana CH, Hapsaay ¢ 06pa3oBaHNEM OCHOBHBIX IIPOIYK-
TOB peakuuy — YIJEKUCIIOro ra3a U Boawl — Beiengercs 889,6 MJIIx tera. OnHo-
BpeMeHHo obpa3yercsi 1 kMons yrmepona. [Ipu cropanum 1 kmosnsi n-tenrana CH ¢
Bbiaessiercs 4820 MIIx remwiotsl u 7 kMoneit CO, T1.e. B 3TOM cilydae 1 KMok yrie-
KHUCJIOTO ra3a BLIAe/eTCs Py BeIpabotke 688,6 M/ sHeprum. I1puBeIeHHBII IpUMED
MOKA3bIBAET, YTO YeM OOJIBIIIE aTOMOB YTJIEPOaa COMEPKUT CKUTAEMBIA YIIIEBOIOPOL,
Tem Oonbiiee konuaectBo CO, OyIeT BBIIENATHCS B pacyeTe Ha OJIMHAKOBOE KOJIMYe-
CTBO HOJy4aeMoil TeruloTel. IMeHHO TosToMy MUTa cHMKeHUS BrI6pocoB CO, nmpes-
NMOYTHTEILHEE UCTTO/Ib30BaTh MeTaH BMECTO HEDTH 1 HeDTh BMECTO YIUISL.

AJIbTepHATUBHBIE UCTOYHUKU SHEPIMU B HACTOsIIEE BPEMs IIOKAa MMEIOT BBHICO-
KYIO CTOUMOCTH M C TPYAOM COCTABIISIOT KOHKYPEHIIMIO HCKOITAEMBIM OPraHU4YeCKUM
TOTUTUBAM.

OnHMM #3 paccMaTpHUBAaeMBIX MYTell YMEHbIIEHUS IKOJOTUYECKOW OMacHOCTH
SIBJITETCSL YTHIU3ALUS YTIJIEKHUCIOTO ra3a, TaKk Ha3bIBaEMOE «CEKBECTHPOBaHWE» V-
okcuaa ymiepoga. OnHaKo TIpexie YeM AyMaTh O CO3MAaHUM TEXHONOTUI MO yTHIN3a-
UMK YIJIEKUCIIOTO ra3a, CIenyeT MpoaHaIM3UPOBaTh, B KAKOM BUIE MOXET XPAHUTHCA
YIJIepOs.

B ta6n. 1.8 moKasaHO comepXaHue yIiepoaa B Pa3IMIHBIX TPUPOAHBIX hopMax.

Tab6auma 1.8. 3amacel yriepoaa Ha 3emie, KT

B okeaHe 45- 10

HckomaeMoe TOTLTBO 10- 108

OpraHudeckass MaTepus 2,410
B armocgepe 0,825 - 1013

MeTtoasl yMeHbIIEHUs YPOBHS BbIOPocoB CO, MOTYT OBITH CIEAYIOIIAMHN.

1.10.1. Buonornuyecknin MeToA, cHxeHus Bbibpocos CO,

B mpouecce dorocuHTesa, mpoucxoasmeM B pacteHusx, CO,,
Haxoasuuiics B atMocdepe, mpeobpasyercs B Kuciopon U yriepon. [locneaHwit
HeOOXOUM [JISI pocTa pacteHus. Eciy BIOCHeNCTBUM CXe€4Yb 3TO pacTeHUE, HE
naBasi emy TeperHuth (¢ 6ecronesnnM Beienennem CO, Hazan B armocdepy), TO
MOXHO TTOJIYYUTD IMOJIE3HYIO SHEPTUIO M YMEHBIINTD COIEPXAHUE YTIEKHUCIIOro ra3a
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B atMocdepe. OmHaKO 3TOT OMONIOTUIECKON METO CEKBECTHUPOBAHUS YIJIEKUCIO-
ro ra3a B atMocdepe MOXET UMETb JIUIUb OTPAaHUYEHHBIC MAacCIUTa0bl, TIOCKOJILKY
CKOpOCTHh OMONOrMYECKOTO Pa3ioXeHUs YIJIEKUCIIOro rasa ¢ o0pa3oBaHHEM yIjie-
poJa HeBeIMKA W COCTABNSET B MaciuTabax IraHeTsl TOJIbKO okoso 0,002 - 1015 kr
yrjiepoia B TOJ.

ATMOCEPHIN yriepos,

CKOJIBKO X€ BCe-TaKW YIJIEPOJA COOEPXMTCS B aTMochepe?

Inowane moBepxHocTd 3emun paBHa 510 - 1012 M2, a BeICcOTa aTMOCcthepsl okono 8800 M.
(cM. § 2.20 «3axkoH bonbimMana» B 1. 2). ClrenoBaTebHO, 00beM aTMocepHOro BO3NyXa,
TIPUBEIEHHEIN K aTMOC(hepHOMY AaBieHuro, 510 - 1012 - 8800 = 4,5 - 1018 M3,

Ha cerognsuiHud NeHb KOHUEHTpauus coaepxaueroca B atMochepe CO, okomo
13,5 - 10-% kmons/m>. Takum obpasoM, B atMocepe conepxurcs 13,5106 - 4.5- 1018 =
61 - 10'2 kmonb yruIexucioro rasa, T. €. 61 - 102 kmons yriepona. Tak Kak atoMHasi Macca
yriaeposa cocrasisieT 12 nansToH, Macca atMocdepHoro yriepoaa passa 0,73 - 1015 kr. Do
CPaBHUMO C JaHHBIMH Taba. 1.8.

Ectb Gonee mpocroit cnocob ornpenenuts conepxanue CO, B atMocdepe. JaBneHue at-
MocdepHOTo BO3IyXa HA YpOBHE Mops pasHO 1 kr/cm?, mnu 104 xr/m2. CrenopaTtesibHoO,
obmast Macca armocdepsr 510 - 1012+ 104 = 510 - 1016 xr. U3 e 360 - 10-° kT mpuxoauTcst
Ha JUOKCHUJ yriepona u 12/44 — Ha yriepos. OTciona Macca yriiepoia, COIEpXKaLlerocsi B
armoctepe, pasaa 510 - 1016 - 365- 106 - 12/44 = 0,51 - 10!5 xT. DTOT PE3yIIBTAT CPABHUM
C NPERBIAYIIUM.

1.10.2. MuHepanbHbi MeToq

Jnoxcun yriepona MOXeT BbIBOTUTBCS U3 BO3yXa MyTeM 00pa30BaHUs
KapOOHaTOB (IIPEMMYILECTBEHHO MarHusi M Kajiblusi). OH M3BJIEKACTCS U3 BO3/AyXa B
pe3ybTaTe peakiliy C crinkaTamu. OHaKO 3TOT €CTECTBEHHBIN MPOllece IMpoTeKaeT
CJIMIIKOM MEIUIEHHO MO CPAaBHEHMIO C CYIIECTBYIOIIUMHU TEMITAMHM SMUCCHH YITIEKHC-
JIOTO Ta3a B 3HEProyCcTaHOBKaX.

HmeroTcs mpeUioXKeHWsT UCTIONh30BaTh CHUTMKATEI MAarHUS ULl TIOIIOLUEHMS OU-
OKCMJa yriepojia M3 30HBI TOPEHUS YTJIEBOAOPOXHOTO TOrummBa. OTpOMHBIE 3aIlachl
OKCHJA MarHusi, 000ralieHHOrO CUJIMKATaMU, CYILIECTBYIOT B (hopMe OIMBUHOB (XpH-
3IMTOB) U CEPIEHTUHOB.

15 cepeHTHHOB COOTBETCTBYIOIIAS PEAKLHS BRITJISITUT CIEAYIOIIMM 06pa3soM:

Mg,Si,05(OH), + 3CO, — 3MgCO, = 2Si0, + 2H,0.

3aMeTHM, YTO KOHEYHBIE TIPOIYKTHI peaK].[I/II/IlCYI_ueCTBy}OT B IIpHUpOJE B HOMBIIOM
KOJIHYECTBE.

JLs1 Toro 4ToOBI clienaTh MpejiaraéMblii METO TeXHOJIOTHYECKHA W SKOHOMUYECKHU
TIpUEMJICMBIM, HY>XHBI OCHOBAaTeIbHBIC HAyYHBIC Pa3spaboOTKU B 3TOM cdepe.
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1.10.3. MeTop, NOA3E€MHOro XxpaHeHus

VTIEKHCIIBIM I'a30M MOXHO 3aIIOJIHATE €CTECTBEHHBIE [TOA3eMHbIE Xpa-
HUIMILIA TaK Xe, KaK 3TO JejiaeTcs ISk JOJITOCPOYHOTO XpaHeHUsI HedT yxe Gomnee
50 ner. KonuyecTBo BHIOpachIBaeMBIX MPOXYKTOB CTOPAHUSI OPTraHUYECKOTrO TOTLIMBA
B 3HEPTETHYECKHUX YCTAHOBKAX CETONHS CTOJIb BEJIMKO, YTO OHW MOTYT OBITH TTOIBEP-
FHYTHI TAKOW YTWIM3allMK B IIEPBYIO ovyepenb. [Ipr 3TOM BaXHON TEXHUYECKOM 3a-
Nayei TBISIETCS OTHEICHIE MUOKCHAA YIJIEPOJa OT OCTAbHBIX ITPOJYKTOB CTOPaHMS.
JTa 337a49a HE UMEET IIPOCTOrO TEXHONOTMUECKOro penieHusa. OAuH U3 BO3MOXHBIX
MOJAXONOB COCTOMT B CleXyIolieM. [isi cXuraHus TOTUTMBA B KAYECTBE OKWCIIUTEIIS
BMECTO BO3IyXa MOXHO MCITOJIB30BaTh YKMCTBI KHUCJIOPOX, BBIIEIAEMBIA U3 BO3IyXa
JIOCTATOYHO XOPOLIO OTpa0OTAHHBIMH Ha CerofgHs Meromamu. B 3TOM cimydae mpo-
JlyKTaMM CTOPaHUs TOIUIMBA OyIyT MPeUMYyLIeCTBEHHO BoasHoM map u CO,. Ilpu
BLICOKOM JaBJICHHHW M BBICOKOM TEMIIEpaType OHU HAINpPaBISIOTCA B TYPOUHY, TAe
paclIMpsioTcs, IipousBonas pabory. [Ipu sTom TeMnepaTypa MPOLYKTOB CHUXAET-
¢si, BONSIHOM Map KOHAEHCUPYETCS, a YIJIEKWCIBIA ra3 ocTaeTcs B ra3oo0pa3HOM
coctosauu. Otnenensbiit CO, MOXHO cxaTh NpuMepHo 10 200 aT™M ¥ HanpaBUTh
B MOA3EMHOE XPaHWJIHIIE.

Crenmyer OTMETHUTD, YTO MCIIONB30BAHME KHCIOPOAA B KAYECTBE OKUCIHUTEIS I103-
BOJISIET CYILECTBEHHO ITOBBICUTH TEMITEPATYPy MPOAYKTOB CTOPAHUS U COOTBETCTBEHHO
KT sHeproyctaHoBokK. OIHAKO B HACTOSIIEE BPEMsl TTOKA HE CYILLECTBYET TYpOWH,
¢cnocoOHBIX paboTaTh MpH TeMIieparypax Gomsiie 3000 °C.

1.10.4. NopBoaHasa cMcTeMa yTUnmsauumn

IMpaButenbcTBO HOopBEerny yCTaHOBUIO AOCTATOYHO BEICOKMII Ha-
JIOT Ha BHIOPOCHI YIIEKUCJIOTO Ta3a. DTHU JeHbIW MONUIM Ha CO3JAHHE CIeiHalb-
HOI 3KCTIEpUMEHTAJILHOM MOABOAHON CHCTEMBI €ro yTUiaM3auuu. B 3Toil cucre-
Me XHUIKWM AUOKCHI yIiiepola IOoX OOJbIIMM JABICHUEM 3aKaYHMBACTCI B MOpe
Ha 6osbluyio IybuHy. B xunkoM coctosiHuM CO, MOXET XpaHUTLCHA JINTEILHOE
spemsi. Ho 11s1 TOoro 4ToOH CO3JAaTh TAKYIO CHUCTEMY U CAEIaTh €€ 3KOHOMMYECKHU
IpUeMIIeMOil, TpeOyeTCsl IPOBeIEHUE AOMOJHUTEIBHOTO 0O0JIBIIOTO 00beMa UcCiie-
JIOBAHUM U pa3paboTOK.

1.11. ANEPHASA SHEPTUA

XuMudyeckre BUIBI TOIDIMBA, TAKHE KaK METaH U HeMTb, BBUICSIOT
JHEPIUIO 334 CUET TOTO, YTO MOJIEKYNIBI IIEPErpyITUPOBHIBAIOTCS B KOHOUTYpallvu C
MCHBLLEH BHYTpeHHEe sHeprueil. IIpy 3TOM BBIACIAETCS SHEPTUA MOJIEKYJIAPHBIX CBS-
sci, M3MepgeMas JecITKaMH Meraaxoyieil Ha KiioMonb. Koria nepectpoiike rmoasep-
AU0TCSI KOMIOHEHTHI HE MOJICKYJI, @8 aTOMOB, TO BBLIEJISIETCA DHEPIUs, Ha HECKOJILKO
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nopsakoB oonpiasg (I'IX/kMojb). DTo CBS3aHO C TEM, YTO SHEPTHS BHYTPHATOMHBIX
CBSI3EU CYILIECTBEHHO OOJBINE, YEM MOJIEKYISIPHbIX.
BHyTpeHHSsSIST CTPYKTYpa aTOMOB MOXET U3MEHATHCA PA3THIHBIMU CIIOCO0AMH:

1. AroMHOe siIpo GoMOapIUPYETCss HEMTPOHOM, KOTOPBIi UM IIOIJIoLIaeTcs ¢ 06-
pa30BaHuEM HOBOT'O aToMa.

2. CTpyKTypa aToMa MOXET U3MEHUThCS TIpU CITOHTAHHOM HM3ITYYEHUN MM JIEKT-
poHa (B-u3IyyeHue) Win siapa reiust (o-u3nydeHue). [lpu TakoM pagHoakTHB-
HOM Dpacnale, CBSI3aHHOM C BBIIEJIEHHUEM SHEPrUM MOTYT paboTaTh, HAIIpUMep,
paMoON30TONHbIE TepMoaiekTpuuecKue reHepatopsl (RTG), o KOTOphIX Oyier
PacCcKa3aHo TMO3Xe.

3. ATOMBI ¢ GOJIBILIMM ATOMHBIM YHCJIOM MOIYT PacmafaThCsl Ha HECKONBKO aTOMOB
C MECHBUIVM aTOMHBIM YHCJIOM. DTOT MPOLECC HA3BIBACTCS SACPHBIM PacIagoM
W MOXET TPUHIUITAATFHO [IPOUCXOAUTE JINIIE IS BEIIECTB C AaTOMHBIM YHCIOM
Z 6onblie 26.

4. ATOMBI ¢ MAJTBIMU ATOMHBIMA YHCJIAMU MOTYT COEAMHUTLCA B OOUH HOBBIA 6O-
Jiee TSKeNbI aTOM C BBUICJIEHUEM SHEPIUU. DTOT TPOLIECC HA3BIBAETCA Slep-
HBIM CHHTE30M W MOXET UMETh MECTO JIMILb JUIST aTOMOB C aTOMHBIM YHUCIIOM
MeHbLe 265,

SnepHast sHepreTHKa 3apaboTayia cebe IUIOXYIO PENyTalMIo MMOoCie psiia aBapui
Ha aTOMHBIX 3JIEKTPOCTAHLIMSX, KPYTHEHIAss 13 KOTophlX Onuia B YepHoOwute. Ho,
HECMOTpA Ha 3TO, aTOMHbBIE 3JIEKTPOCTAHIIMH IPOAOJIKAIOT MCIIOIh30BaTh BO MHO-
TMX CTpaHax. B Havdane Tekylero Beka ycraHoBleHHass MourHocTh ADC B CIIIA co-
crasisiia 98 BT, Beiien 3a HuMu i @panius 60 TBr (1996 r.) u Snonus 42 TBr
(1996 r.)

KoadpduiireHT UConb30BaHUs YCTAHOBIEHHOM MOIIHOCTH AaTOMHBIX 3JIEKTPO-
CTAaHIIN{ UMEET OYEHb BBICOKOE 3HAYEHUE 1O CPABHEHUIO C APYTUMM TUTIAMU CTaH-
LM M COCTaBIsIeT, KaK npaBuio, He meree 70 %. B CIITA nHa ADC BripabaTeiBaeTCs
okono 18 % Bceit anexTpo3Hepruu, a Bo Opanuuu — Gonee 76 %, 8 Anonun —
33,4 %.

B 2000 r. I'epMaHus DpUHsUIA PEIIEHUE BBIBECTH M3 SKCIuryatanmu 19 aToMHBIX
3JIEKTPOCTaHIMN. Penienue OBIO CBSI3aHO MpeXIe BCEro ¢ TeM, YTO JaHHEIE CTAaH-
WY BeIpaboTaM CBOM pecypc, mpopabotaB Gosee 32 yeT. CeromHst GOJbBIIOE YHCIIO
ADC B I'epmaHuM BpIpaboTaiu O0ee MOMTOBUHLI CBOETO pecypca, W HX TOXe BCKOPE
TIPAAETCS BHIBOAMTH M3 3KCIUTyaTarlii. BBOM HOBBIX SIIEPHBIX SHEPTOOIOKOB TOKA He
OCYILIECTBJISIETCS B CBSAI3U C IIPOTECTHBIM OOLIECTBEHHBIM MHEHHEM.

CTOMMOCT®D SePHOH SIeKTPOIHEPIriK JOCTATOYHO BhIcoKa. Tak, 8 1996 1, B CIIIA
CTOMMOCTB JIEKTPOSHEPTUH, TToydaemoit ot ADC, cocraBisia 7 HeHToB 3a 1 xBT - 4,
TOIZA KaK CTOMMOCTD JIEKTPOIHEPTUHU, TTOJTyYaeMOM OT SJIEKTPOCTAHIMH, paboTaroIe
Ha IIPUPOJHOM ra3e, Obiia Bcero 3 1ieHTa 3a 1 xBr * 4. [Ipy nCnosib30BaHUU COBpEMEH-

1) Peanusanms Takux npeBpallieHHit 6bUIa MEYTOH CPETHEBEKOBBIX ATXHMUKOB.
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HBIX PEAKTOPOB, OCHALIEHHBIX D0JIee HaIeXXHBIMY CUCTEMAaMM GE30TIaCHOCTH, CTOMMOCTD
BLIPAOOTKY 3JIEKTPOSHEPTUU MOXET CYIIECTBEHHO COKpaTuThesl. [1oBhIIEHUE HANeX-
HocTu ¥ 6e3onacHocT ADC B COYETAHUM C MX HECOMHEHHBIM IPEUMYLIECTBOM —
OTCYTCTBMEM BHIOPOCOB MAapHUKOBBIX a30B — II0-BUAWMOMY, JOJDKHO IPUBECTU
K HOBOJM BOJIHE TONYISIPHOCTH M aKTMBHOTO CTPOUTENHCTBA TAKWX CTAaHIIMN B pas-
JIMYHBIX CTpaHaX MUpa.

OCHOBHO IPOGJIEMOI MCIOJb30BaHUS SIAEPHBIX PEAKTOPOB SIBJIIETCS HE Ofac-
HOCTB CaMOro MIPOoLECca SKCIUIyaTalluH, KOTopasi B COBPEMEHHBIX PeakTopax CBEAcHa
K MHHUMYMyY, a TpobjieMa YyTWIH3alluU JOJITOXWBYILHAX PAIMOaKTUBHBIX IPOAYKTOB
SIICPHOM pEaKLny.

SlmepHbIe peakTOPHE HOBOI'O IMOKOJIEHUS JIO0JDKHBI YIOBICTBOPSTH HAOODY CIEAYIO-
LLMX OCHOBHBIX TPeOOBaHUI:

1) 6e3omacHOCTs DKCIDIyaTalMy (C YYeTOM BO3MOXHOCTH TEPPOPHCTHYECKUX
aTak);

2) SKOHOMMYHOCTD;

3) HameXHOCTBH;

4) OTCYTCTBHE TIPONYKTOB PeaKilMW, MPUTOIHBIX 1S CO30aHVs SIECPHOIO OPYyXVs;

5) OTCYTCTBHE IIPOMYKTOB PEAKIIMH C JUTATEIbHBIM MTEPUOIOM IIOAYpacIaja,

6) BO3MOXHOCTH IIPe0Opa3oBaHUs PAIMOAKTABHBIX MPOAYKTOB pEaKiWHU C IJIU-
TEJIbHBIM IIEPUOIOM TOJiypaciaa, moaydaeMeix ¢ ADC, B «<KOPOTKOXUBYLIME»
XUMHYECKUE 3JIEMEHTHI.

B Hacrostniee speMst pa3pabOTKa SIEPHBIX PEaKTOPOB, YIOBIETBOPSIOWINAX OO0JIb-
UTMHCTBY U3 DEPEYHC/IEHHBIX TpeGoBaHM, akTUBHO BelleTcsd. ONHOM U3 Takux pa3pa-
0OTOK SIBJISETCS, HAIPUMED, pa3padoTKa peakTopa ¢ KAAKOMETAINHYECKMM TeIIo-
HocureaeM. JlaHHAag TEXHOJIOTHS JIOCTATOYHO CJIOXHA, HO OHA MO3BOJSIET M1OJIYYaTh
MPOAYKTHL peaKLIMU ¢ HU3KUM TieproioM mmojiypacnana (100 sieT) mo cpaBHEHUIO CO
crappIMH THIIamMy peaktopos (100 000 xet), mpudeM 3TU OPOAYKTHI TOPA3L0 JIETUe
YTIWIN3MPOBaTh. PeaxTophl ¢ XKMAKOMETaUTMIECKUM TETUTOHOCUTENEM TOJKHEI pa-
0oTaTh IPU BHICOKKX TEMIIEPATYpaX U HU3KOM JABICHUH, YTO B IPUHIIUIIE TO3BOJISET
[10/Iy4aTh Ha HUX TEPMOJMATUYICCKHIM BOAOPON (CM. TII. 8), KOTOpBII MOXHO HCIOJb-
30BaTh KaK TOTUIMBO B TOTUTMBHBIX 3J€eMEHTaX.

TIpoGaeMbl YTUIU3AIVH PalUOAKTUBHBIX IIPOJAYKTOB OTCYTCTBYIOT B TePMOSIED-
HBIX peaKTopax cuHTe3a. K coxaneHuio, B HACTOSIIIEE BpeMsl He CYIIECTBYET HU O[-
HOTO paboTAINEro MPOTOTUTIA TEPMOSIIEPHOTO PeakToOPa, HECMOTPS Ha IECATUICTHS
YIIOPHBIX MCCNEJIOBaHU.

J1is1 TOro 4TOOHI IPOU3BECTH XOTs ObI TOBEPXHOCTHBINM aHAIA3 SIEPHBIX PEaKLWiA, HAM
HeOoBXOMIMO 3HATHL ATOMHBIE MACCHl YAaCTHII, YYACTBYIOIIMX B HUX (Tabxn. 1.9). Yuraremo
MOXET ITOKA3aThCsl, YTO TOUHOCTH 3HAYCHUI NPEICTABIEHHBIX BETMYUH HEOOOCHOBAHHO
BbICOKASI, OIHAKO JaXe Takasl Majasi pa3HOCTh MEXy MaccaMy MTPAET OTPOMHYIO pOJib
NpU pacyeTe BbIIEICHNS SHEprUu. Mbl TOKaXeM 3TO B JAJIbHEHINMX pacyeTax.
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Ta6anna 1.9. Maecs HeKOTOPBIX YACTHL, NPEACTABIAIONIMX HHTEpec AJsA SAEPHO

JHEPreTHKH
Yactuna CuMBoJ Macca, nanpron* Macca, kr
DneKTpoH € 0,00054579903 9,1093897 - 1073
MiooH u 0,1134381 1,883566 - 10-28
Iporon P 1,007276467 1,672648 - 10-%7
HeiitpoH n 1,008664909 1,6749286 - 10727
}H 1,007825032 1,673533967 - 10727
fD 2,014101778 3,344496942 - 10777
31T 3,016049278 5,008271031 - 10°%7
fHe 3,016029319 5,008237888 - 1027
‘}He 4,002603254 6,64683555 - 1077
Anbda o 4,001506175 6,644661810 - 10777
;Li 5,01254 8,323524107 - 10777
SLi 6,015122794 9,988353127 - 10~
;Li 7,01600455 1,165035751 - 10726
B 10,012937 1,662688428 - 1026
1;1?, 11,009305 1,82814 - 10726

* labToH Bee elle He sBgercss obHUHAIBHOM eNUHUIEH aTOMHOI MAaccChl.

IlpencraBreHHbIe B TabMMIIE MAcCChl OTACIbHBIX HYKJIOHOB (IIPOTOHOB M albda-
YacTUL) NPAaKTUYECKH PaBHBI MAaccaM COOTBETCTBYIOIMX MM YacTHL| Oe3 yuyeTa Mac-
Chl 3JIEKTPOHOB, CBSI3aHHBIX C HUMHU. C APYrofl CTOPOHBI, CYIIECTBYET JOCTATOYHO
GonbnIas pa3HUIA MEXIY Maccoil HYKJIOHA U CYMMOM MAacC COCTABJISLIOIINX WX KOM-
IOHEHTOB (IIPOTOHOB M HEWTPOHOB). Tak, B ciy4yae aabda-dyacTUIB, CYMMa Macc
IBYX OTAENbHBIX IPOTOHOB M ABYX HEWTpoHOB paBHa 4,03188278 mansToHa, a Macca
caMmoii yactuiibpl paBHa 4,001506175 nanproHa. PasHuia MexXIy MaccaMy COCTABIISET
0,030376606 nanbroHa, YTO B SHEPreTHYCCKOM DKBMBAJIEHTE COOTBETCTBYET 28 M»aB.
DTa 3HEPrus sIBISETCS 3HEPrHei CBA3M JIeMEHTAPHEBIX YACTHI] B aTOME.

1.11.1. Peakuuu peneHusa

Ha naHHBIA MOMEHT CyIIECTBYET TPH HANOOJIEE TTOMY/ISIPHBIX JIEMEH-
Ta, KOTOPbIE IIMPOKO MCIIONB3YIOTCS MPH SIepHBIX peakwsix: U, 2°Pu u U,

M3 Hux TOABKO 235U MOXHO TOOBITH Ha 3emiie B JAOCTAaTOYHOM I IPAKTUYECCKOTIo
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uCrosb30oBaHus Komuecte. > Pu u U MoryT 6BITh IOJy4eHBI yTeM TpaHcdop-
Mauuu apyrux semects (22U u **Th).

Peakius sinepHOro AeJIeHUs ¢ HOCEAYIOIVIM BRIIEIICHHEM TeTLIa UMEET MECTO TIPU
paspylieHHH aToMa MEIUIeHHBIM HEWTpoHOM. CTOJKHOBEHME OBICTPBIX HEUTPOHOB
¢ atoMoM 23U BBI3BIBAET WX OTPAXXEHUE OT HETO, TOTIa KaK IIPH €ro CTOJIKHOBEHUH
¢ HEATPOHOM C HU3KOMR 3HEprueil IPONCXOMUT CICAYIoNiast peakiivsi:

235 1 236

Monyuaromuiics: B pe3yibrate peakumu - U pacnanaeTcsi ¢ BbIAeJIeHNEM alb(a-dac-
THLEI (BpeMs Xu3HU 7,5 ¢). bosee 3HaUMTEIEHON B OTHOWIEHUY BBIIEIEHNA SHEPIUHA
SIBJISETCS. PEeaKilns CIIOHTAHHOTO pacliajia 3TOro aroMa:

25U + 3¢n + mpomyKTHl pacmana +...+3-107!! ®)

Taxkum 06pa3oM, IpU COOTBETCTBYIOLLIMX YCIOBUSAX 233 U aGcopbupyeT HEUTPOH U
MOJIYYMBIIHMIACS aTOM pacHICIUISCTCS Ha sifpa MEHBIIETO pa3Mepa C BBIICICHUEM TPEX

HeilTpoHOB ¥ okono 3+ 107! [Ixx s"eprun:

25U + ¢n — 3¢n + mponyxTel pacnaxa +3- 107" JTx. 9

[pw pacnage 1 xr 23U 6ymeT monydeHo okono 77 TIx sHepruu:

3.107" Ix/atom x 6 -10% aToMoB/KMOIb
235 kr/kMonb

=77 TOx/xr

[lanHoe 3HaYeHWE MOXHO COITOCTaBHUTH C IHEPTHEH, BBIICSIONICHCS MPU XUMMYE-
CKOM peaklMM, KOTOpasi COCTABIISIET AECATKM MEramkoyieil Ha xunorpamMm. To ecThb
B JIAHHOM CJIyyae 3HepruM OyaeT BBUIENSITHCS Ha HECKONBKO MOPSAKOB OOJbIIE, YEM
MPU XUMUYECKON pEaKLUU.

Peakuys pacrniaza ypaHa MOXeT MMETh IIETHOM XapakTep. DTO CBA3aHO ¢ TEM, UTO
B pe3yjIbTaTe paciajga aroMa MOSIBISETCS TPY CBOOOJHBIX HEUTPOHA, KOTOPHIE 3aTEM
MOTYT TIPHBECTH K pacliafy elie Tpex aToMOB ypaHa. OZHaKO NpH NOMBITKAX CO31aTh
TAKOH SIEpHBIM PEaKTOP YYEHBIE CTOIKHYIVCH C LIEBIM PSNIOM TPYIHOCTEM:

I. Peaxuusi 2°U + jn TpebyeT HanMuus TEIUIOBBIX HEWTPOHOB. BhICTpBIE HEWTpO-
HBI, KaK OTMEYAJIOCh BHIIIE, HE 3aXBATHIBAIOTCS aTOMOM YypaHa. Takum o0pa3oMm,
OBICTpBIE HEMTPOHBI HYXHO «3aTOPMAXXUBATh», IIPOIYCKas UX Yepe3 CrieliNaIbHBIA
MaTepual, TOPMO3SAIIKii, HO He abcopbupyroumit ux. [IpuMepom Takux 3ameIn-
TEJIEH MOTYT CIIy>KWTD TsDKEJIasg BOAa u rpadur.

2. BreIcTphie HEHTPOHBI MOrYT abcopOMpOBaThCHd TPUMECAMHA B SAAEPHOM TOIUIN-
BE WIH B 3aMeMTelIe (TOpMO3siliieM BeluecTBe). Hale Bcero sygepHoe TOIUIVBO
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TIPEACTABISIET COOOH CMech ) 5, U . llocnenuuit siBisieTcs 6aiacToM, Ko-
TOPBI abcopOupyeT OLICTPbIe, @ He MeUTEHHBIE HEUTPOHE!. JIIs1 yMeHbIIeHHS T10-
TE€Pb HEUTPOHOB HEOOXOMHMMO OOOTATUTH TOIUTHBO, T. €. YBEINYUTL COOTHOLIEHUE
73U /33U . Bro Tommeo nomemnaeTcs B Anuknble crepxHu (TBAJIb), KoTopsle
MTOMEIIAIOTCA B CPelly 3aMEMIUTENA HEUTpoHOB. [1pu Takoit KoHdurypauun GBICT-
pbl€ HEATPOHBI BLIXOIAT 13 TBBJIOB, TOpMO3ATCS B 3aMEITUTENE M BO3BPALLAIOTCS
06paTHO B CUCTEMY TOIUIMBHBIX cTepxuei. ITpu 5TomM OHM He 0ONALAlT JOCTa-
TOYHOW SHEprueid, YTOOK OBITh aGCOPOMPOBAHHBIMU 23§U , HO yX€ MOTYT pearu-
pOBaThH C QSQSU. 3HayUTENBHOTO O0OTalleHHs] YpaHa He TPpeOyeTCs B peakTopax, B
KOTOPBIX B Ka4eCTBe 3aMe/UIUTEN UCnonb3yeTcs Tsaxkenast soga D,0O. Tlpumepom
Takoro peaktopa saBasercs peakrop CANDU (Canadian Deuterium Uranium), rie
B KaYeCTBE TOILUTMBA UCHONB3YETCsl HEOOOTAIICHHBII ypaH, B KA4eCTBE 3aMeUIMTENS
U OXJIAOUTENS] — TSKENas BOJa. _
AcHo, 9To mia obecrneueHus CTabUIBHOM paboOThl peakTopa HEOOXOMNMO, YTOOBI
Kaxzas nmpeapyiylnas peakuus AeJAeHUSI WHULHUHAPOBAJia CTPOro OMHY ITOCIEAYIOLIYIO
peakuuo, B MPOTHBHOM CiIyd4ac CKOPOCTb peakiuu OyaeT JU00 3KCIIOHEHIUAIBHO
pacrty, 1ub0 cHUXAThCs. JIJIs momaepKaHusT TAKOTO PABHOBECHUST UCTIONB3YIOTCA Clie-
LYabHble perylupyroliye cucTeMsl. [1py onmpeleeHHBIX YCIIOBUSX IIPOLIECC SAep-
HOTO JeJIEHUsI, K CYACThIO, MOXET OBITb U CAMOPETYJTUPYEMBIM, TIOCKOJIBKY C POCTOM
CKOPOCTH P€aKlLIMM PacTET TEMIlepaTypa CUCTEMBI, a 3TO IMPHBOAUT K YBETHUYCHHUIO
3HEPIUU (Pa3roHy) HEHTPOHOB.
N3sorornbl ypaHa MOTYT IMETE aTOMHYIO Maccy B muanasoHe ot 227 no 240, onHako
B IIPUPOIHBIX YCIOBUSX YpaH BCTPEYAETCsT TONBKO B Buje U3oTonos (Tabda. 1.10):

Ta6anua 1.10. A3oTonsl ypana

Hsoron Pacripoctpanennocts, % Bpewmst xxu3Hu, roapl
2y 99,283 4,5-10°
By 0,711 7,1-108
2;3U 0,005 2,5-10°

OueHKM [10Ka3bIBAIOT, YTO B 3AMAlHBIX CTPaHaxX 3amachl okcuaa ypada U,Oq co-
CTaBJISIIOT OKOJ10 6 * 107 KT, U3 KOTOPBIX TOJIBKO 34 + 10° KT MOTYT OBITh MCTIOTH30BAHBI
IUIA SIIEPHOTO IEJIEHHS, YTO COOTBETCTBYET dHepruu 2600 DxX. D1y nudpy MOXHO
CPaBHUTH C OOIUMMU SHEPreTUIECKUMH 3anacaMu yrolbHoro tormsa 40 000 DIx.

OTHOCUTENBHO CKPOMHEIE 3a1achl ypaHa /Ul peaKTOpOB AeJICHNS MOTYT OLITh yBe-
JITYEHBI IIPA UCTIONB30BAaHUH TaK Ha3bIBAEMBIX pEaKTOPOB-Pa3MHOXUTENEH (OpHAEPHBIX
pPEaKTOPOB, WIIM PeaKTOPOB Ha OBICTPBIX HEMTPOHAX), B KOTOPHIX SIEPHOE TOIUIUBHOE
CBIPbE MOXET ObITh TPAHCHOPMUPOBAHO B MOIHOLEHHOE SIIEPHOE TOTUIABO.
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PaccmotpumM, K Tnipumepy, 238U , KOTOPHI TIPA CTOJKHOBEHUN MOrIOLaeT OBICT-
pble HEUTPOHBL:

U+ n—> 33U Je+ ZNp > Je+ 3Py, (10)
w 2Th:
2Th+ (n— 53Th > Je+ 3Pa - Je+ U (11)

TlyreM noynydeHus MIYyTOHHS B OpUAEPHBIX peaKTropax OOLIMA 3HEPTeTMYeCKUi
NOTEHLMA)I YPAHOBOIO TOIUIMBa yBenmampaetrcd no 320 000 Bx. A ¢ yueroM BO3-
MOXHOCTH HCIIOJIB30BaHNs] TOPUS 3TOT MOTEHIIMAI MOXET OBITh AOTIONHUTEIBHO CY-
HIECTBEHHO YBEJINYEH.

1.11.2. pepHbIA CUHTE3

OCHOBHBIMM HEJIOCTATKAMH PEAKTOPOB SICPHOTO JieJIEHVs] SIBJISTIOTCS He-

6e30MacHOCTE DKCIDTyaTalliyl, PAIOAKTUBHBIE OTXObI, HEAOCTATOK SAEPHOTO TOIUIHBA.

Vcnonb3oBaHne siiepHBIX CUHTE3-PEaKTOPOB IMMO3BOJISIET MIPEOAOJETh YKa3aHHBIE

Hegoctatku. Haubonee mpoctoil peakiiveil siiepHOTO CMHTE3a IBJISETCA PEAKIMsA CO-
enUHEeHUs] CATEPUS U TPUTHS

3T+ D - jHe + (n. (12)

)IJIH OIIpCACIICHN S KONMNYECTBA BEIIEISIEMON SHEPIruu NMOACYMNTACM MMOTEPIO MACCHT

KOMTIOHEHTOB peaknuu. Macca 31T cocrasnser 5,00827 - 10-27 xr. Macca neiitepus
pasHa 3,3434 - 10-27 xt, no3TOMY CyMMapHasi Macca BEUECTB JICBOI YaCTH YpaBHEHUS
8,3526 - 10-27 kr. Macca KOMIIOHEHTOB TpaBoii yacTu pasHa 8,3214-10-?7xr. Ona
COCTOMT M3 MAacchl aib(pa-4acTHIIbI (MOHA Teusg) M Macchl HeiTpona 3,12 - 1072 kr.
[Tpu YMHOXEHUH Macchl NEHTepUs U TPUTHS HA KBAAPAT CKOPOCTU CBETA ¢ MBI MOy~
YUM OGILee KONMYECTBO SHEPTUM MapHh BewlecTs 2,8 + 10712 [k, DKClepuMEeHTATBHOE
3HAYEHME ITOI BEJIMUMHE! cIerka Gonplie TeopeTudeckoro (2,81 « 10712 [Ix). Dro He-
00J1bINOE OT/IMYKE CBA3aHO C TEM, YTO B pacdyeTax MbI MCIONb30BAJIM MACCHI aTOMOB,
a He MOHOB. B pe3ynprate MaHHOM peakiyu ¢ 1 KT CMECH TPUTUH-IEUTEPUIT MOXHO
noayunts 337 THX sHeprun, wiu 562 TIX ¢ 1 KT TpUTHA.

DHeprusd, BHIIESIAIONIASCS B XOAE PEakKIUM, MEPEHOCUTCS albda-yacTUuaMu
1 HelitpoHaMu. TIpeoGpazoBanyie SHEPIUY, CBSI3aHHOM ¢ MOTOKOM HEWTPOHOB, B JICK-
TPUYECKYIO MOXET ObITH OCYIIIECTBIICHO JIMLIE B TETUIOBOM UUKIIE € 3¢ DEKTUBHOCTBIO
oKkoJio 40 %. DHeprud, CBg3aHHasl ¢ 3apsDKEHHBIMU ajb(a-4acTUIIaMU B IMPWHLIMIIE
MOXeT OBITh HANPAMYIO IIpeoOpa3oBaHa B 3JIEKTPOIHEPTHIO € 3D PEKTUBHOCTRIO OKO-
10 90 %. CnenyeT OTMETUTh, YTO IMOTOK TSIKEIBIX HEMTPOHOB BBI3BIBACT MPOOIIEMEI
PagMOAKTUBHOCTH M ACCTPYKLUU KOHCTPYKIIMOHHBIX MatepuasioB. CleqoBaresbHoO,
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BaKHO IMOHATH, B KAKOM COOTHOLICHWH SHEPTHs pa3ie/sieTcss MEXIy alb(a-yacThiia-
MU Y HEUTPOHAMH. DTO COOTHOIIECHUE MOXHO OIIPENEIIUTh, IIPUPABHAB MEXIY CO60i
KUHETUYCCKUEC MOMEHTHI ABYX TUIIOB YaCTHIL

Mo, = mp, (13)
U NIOACTAaBUB 3TO COOTHOLICHHWUE B YPABHEHUE DHEPTUU

1 2 1 2

Emava+5mnvn=W=Wa+I’Vn. (14)
3necy m, — Macca anbga-4acTHIL /7, — Macca HETPOHA; v, — CKOPOCTh albba-
YaCTUIIBl; v, — CKOPOCTh HEUTPOHA; W — obliee KOMMYECTBO SHEPIUHU Naphl ATOMOB.
COBMECTHO pelIasi 3TH ypaBHEHUS], TTOIyYaeM

w (15)

o= my/m, +1

A (16)
m,/m, +1

W3 (16) MOXHO BEIUMCIINTE, YTO HEWTPOHBI IIepeHOCaT okosio 14 MsB sHepruu, Torma
KaK Oonee MaccUBHbIE anbda-dacTuiil GepyT Ha ceds Tonbko 3,5 Ma3B.

Peaxins T + D aBnsiercsi onHOM U3 caMBIX TOMYISPHBIX B SAEPHOM CHHTESE, TaK
KaK OHa JIETYe BCEro MOXET OBITh WHMITMUPOBaHA. M3-3a HU3KOIO aTOMHOFO 4MCJia
KOMIIOHEHTOB SI€PHOIO TOIUIMBA peaklus AaeT HAUMEHbBIINE PagUallIOHHbIE TI0TE-
PH, KOTOpBI€ IPONTOPLHOHANBHE! Z2. OIHAKO 3Ta peaxliusl HMEET U HEKOTOpBIE Cy-
LLECTBEHHbIE HETOCTATKH.

1. Ilpu naHHOW peaKIMu CHHTE3a MOSABICHUE ONHOTO CBOGOMHOrO HEHTPOHA COOT-
BETCTBYET BEICBOOOXIeHHIO 2,8 - 10712 ]Ik, Torma Kak Ipy SAepHOM paciafe Ha
1 HeiTpoH mpuxoauTcs 3Heprus mopsaka 10711 k. To ects GoMGapaupyroniee
BO31eHCTBYE HENTPOHOB Ha OKPYXAIOIMe MaTePUaIbl CTAHOBUTCS Ha IOPAI0K
Gonmee MOIUHBIM. DTO TMPUBOTUT K OOJNbilied HaBeAeHHOW DPamMOaKTUBHOCTH,
ITOSIBJIEHUIO OOJIBLIETO KOJIMYECTBA JUCAOKANIMI B KPUCTAIUIMIECKOM PELIETKE,
00pa30BaHUI0 BOAOPOJHBIX TOJOCTEH M TIOCIEAYIOLMIEMY pa3pyLICHUIO BCETO
MaTepHaia.

2. TlockoibKy, KaK OTMEYaJIOCh BHINIE, GOJIBINAs YACTh BRIIESIONIEHCS SHEPTUM Tie-
pemaercs HEWTPOHaM, CHIKAIOTCS NOTEHLUATbHbIE BO3MOXKHOCTH BBICOKO3(hdeEK-
TUBHOTO €€ MpeoOpa3oBaAHUS.

3. Xots #eiTepuii 1 He ABJISIETCS] PAIMOAKTHBHEIM 3JIEMEHTOM, TPUTHIl UMEET 3HAYM-
TEJIbHOE BpEMs XHM3HM U COXpaHsIET PaluOaKTUBHOCTh B TeueHue 12 yet. Tpurnmit
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HMeEeT CBOMCTBO «IIPWIMIIATE» K OKPYXAIOIIUM MaTepualiaM, 3aMelnasi OObIIHBIA
BOZIOPOJ B MOJIEKYJIaX BOJBI.

4. B nipupoje He CYIIECTBYET €CTECTBCHHRBIX 3alacOB TPUTHSA, OH JOJDKEH OBITh 1O-
JIy4eH U3 JTMTUS:

Li +n—> 3T+ %He+ .. +7,7-107° ix. (17)

IpeoGpa3oBaHHE OOHOTO aToMa JIMTHS cOOTBeTCTByeT 2,8 10712 + 7.7-10°13 =
= 3,57 - 10712 Ixx. Ha 1 xr muTus BeIXOA 3HepruM coctapisieT 350 TIx.

MupoBbie 3anachl IUTHS Ha TaHHBIM MOMEHT TOYHO He U3BecTHH. ITo KoHceppa-
THUBHBIM OLIEHKAM OHHM COCTaBIIoT ropsgaka 100 xr. OnHaxo GOJNbINYIO YacTh M3 HUX
coctapasier 'Li. Heobxoxumerit wis peakuuu (17) msoron ®Li cocTaBaser Bcero
7,4 % obweii Maccel. ClleoBaTeIbHO, MBI MOXEM PACCUMTHIBATL ML Ha 740 + 106 k1
w 260000 DIx >Heprun.

JInst Toro 4ro6s! 0OGNErYUTH HHUIIMHPOBAHUE TIPOLIECCA, PEATM3YIOTCS CEAYIOIIHE
[IBe peaKiluy, IPOTeKAI0INe IPUMEPHO C PABHOM BEPOSITHOCTHIO:

2D+2D > JHe+ n+...+523-107" Ik, (18)

D+2D 3T+ ' H+...+6,45-1075 Ix. (19)

[Monyyasommiica B peakuuu (19) Tputuit OymeT pearuposarh ¢ JeATEPUEM COITIACHO
nponeccy (12). CpemHmii BEIXon 3Hepruy 1o peaknuu D + D cocrasnsieT

(5,23 +6,45+28,0)- 107"
5

=7,94-107" I Ha atom D. (20)

Peaxiua D + D sBasieTCS OTHOCHUTENIBHO «TPA3HOM», IOCKOJIbKY CBS3aHa C BbI-
JeICHUEM OBICTPHIX HEMTPOHOB M paguOakTUBHOrO rasa (Tpurtus). OIHAKoO B ciiydae
3TOM peakIin He TPEOYeTCsl JOMOTHUTENIbHOE TOIUTMBO JUIs IIOMyYEHUs] TPUTUSL, TAKOE
KaK JIATUH. 37eCh MUCIONB3YETCs TONBKO IeHTepmii, KOTOPHI HaXomuTcs Ha 3emiie
PaKTUYECKU B HEOTPAHMUEHHOM KOJIMYECTBe. B 0ObIYHOI Bosie Ha Kaxzbie 6700 mo-
nexyn H,O npuxoaurcs onHa moiexyna D,0. M3 3T0r0 JJETKO MOXHO ITOACYUTATD,
KaK MHOTO JieTepHsi UMEETCsl Ha 3eMIle.

OxeaHbl 3aHUMAIOT IPUOIU3UTENIFHO 2/3 IUIoImAaAy MOBEPXHOCTU 3eMIIM, KOTopas
paBHa 5,1 - 1014 m2. [IpuHKUMas CpeIHIO0 IIyOuHy OKeaHcKoro aHa 3000 M, moxydnm,
yTO 0BINMIT 00BEM BOIBI Ha 3eMiie paseH 1018 M3, uto coorBercTByeT 102! K. M3 HUX
| /9 mpuxomuTcs HAa Bogopond U 2/6700 Ha aeitrepwii. Do coorsercTyeT 3,3 + 1016 kT,
wiu oxono 103! JIx. Takue 3anachl SHEPIMHU MbIl MOXEM CUMTATH MPAKTUICCKUN HE-
OrpaHUYEHHBIMU.
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Crenyrolieit 110 CIOXHOCTA aKTHBallMu sBisgercd peakuust D + >He , kotopast
TIPOMCXOANT JOCTATOYHO YHUCTO: O3 BBIACTEHUS PalOaKTUBHBIX BELIECTB U HEHTPO-
HOB. Elle onHOW yucToi peakuueit cunrtaeresd peakuns °H + *He .

OCcOBEHHOCTBIO 3TOM PeaKIMK ABIAeTCS To, 9T “He He CyIIecTBYeT B IPUPOIE B
€CTeCTBEHHOM BHUIE W €TI0 HYXHO TOJYYaTh C UCTIONb30BAHUEM «TPSI3HOM» TEXHOJIO-
ruy myteM cuHTe3a Li u H. OnHako ecTh mpenmonoxenus, uro Ha JIyHe Haxomarcs
MWIJIHAp/IBl TOHH 3TOrO BEIECTBA.

TputHii nocTynaer Ha MOBEPXHOCTb JIYHbI ¢ CONHEYHBIM BETPOM B TEUEHUE MUII-
smapnos ner. Ha 3emne xe *H 3azepxuBaetcs B atMocdepe M B KOHEUHOM HTOTE
HcnapgeTcsl Ha3al B KOCMIYECKOe IIPOCTPAHCTBO.

PaccMOTPHM MHTEPECHYIO PEaKIIMIO C yqacTHeM !B — pacrpocTpaHeHHOTo u30-
Tona fopa:

1 1 2t 4 8
sBe+ H— ¢(C — jHe+ ;Be. (21
3nech '§C° — 370 M3BeCTHHI B A1epHOI HU3MKe HECTAGMIBHBII H30TOMN YINEpOLa,

KOTOpBIl CIIOHTAHHO JAeJMTCS Ha anbba-yacTuly, ;Be — KpaliHe HECTAOWIBHBIIA
U30TOT C BpeMeHeM XU3HU 2 - 10716 ¢, sipsommitcst MCTOUHMKOM albdha-9acTUIL

8Be — 23He. (22)
OGurag peakiusg
''Be + |H — 34He (23)
Wi
1H + '1Be+ — 3. (24)

Peakust sBsieTcst TPoiiHo#l anwha-peakumeil, 1 OHAa MOXET Jiedb B OCHOBY CO-
3IMaHUA CTOJIKHOBHUTEJIBHOIO CHHTE3-peakTopa. Takoil peakTop IO CHX IIOp €lle He
cosgaH. Ecim 651 oH 3apabotail, TO MBI MMeJTU OBl SKOJIOTMYECKH YUCTHIN SNEPHBIA
PEaKTOp, UCTOJL3YIOWINIA TOIIMBO, KOTOPOe B U300WINMK HaxoguTcd Ha 3emte. Ilpu
5TOM MHHUMAJIbHAS MOIIHOCTb Y TaKUX PEAKTOPOB MOXET OBITh HE CIIUIIKOM OO0JIb-
II0M, KakK, HanpuMmep, y Tokamaka, KOTOpbIii, Uit TOTO 4TOOBI CTa0MILHO paboTaTsh,
II0 OLCHKAaM, JAOJKEH UMETh MOUTHOCTH He MeHee 10 ['Br.

HyXHO Takxke OTMETUTH, uTo ’B pmaet TPOiHYyIO axbda-peakuyio NMpH B3AUMO-
NEUCTBUU C IEUTepUEM:

B+ 2D - 33He, (25)

O6a paccMaTpHBaBIIMXCS BBILIE W30TOTA 60pa IIUPOKO PACHPOCTPAHEHB] B [IPU-
pole, KpOME TOro, OHM CTaOWIBHBI U HEPAAHOAKTUBHEL. Bop, KOoTOpHIi HaxoguTcd Ha
3emie, na 20 % cocrout u3 '°B u na 80 % u3 ''B.
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TpoitHas aneda-peaknus TakKke MOXET WUTPATh BAXHYIO POJIb B PEAKLIMHA XOJIOA-
HOTO SiICPHOrO CHHTe3a (eC/Y TaKOil MpolieCC MOXET CYLUECTBOBaTb B INPHUHLUIE,
CM. HIZXE).

B 1a6:. 1.11 npuBeneHE JaHHEIE O AOJIe SHEPTUH, KOTOPas IIEPEAaeTCs HEMTpOHaM
Ha pa3/IMYHBIX 3Taiax SACPHBIX PEaKIUid.

XOTS Ha TaHHBIIf MOMEHT W HE CYIIECTBYET AEACTBYIOLINX IPOTOTUIIOB PEAKTOPOB
5IIEPHOTO CHHTE3a, OHM MOTYT CTATh OCHOBHBIM MCTOYHUKOM 3HEPruu Jiet yepe3 50.
Eciu 310 npowu3soiiger, TO oHU OyayT yOOBJIETBOPSITh OCHOBHBIM IOTPEOHOCTAM ye-
JIOBEUYECTBA B IHEPTHHU W TTO3BOJAT M30€XaTh OYVAYINIETO SHEPTETHIECKOTO KOJLIallca,
CBSI3aHHOTO C MCUYEPIIAHUEM TPAAUILMOHHBLIX UCKOIIAEMBIX MCTOYHUKOB SHEPTHM.

Ta6anma 1.11. DHeprud HEHTPOHOB

Peaxuus | Hdonst SHEpruu, NPUXOMIIASCS Ha HEWTPOHEI, %
A+T 65-75
A+T 65-75
A+A 20-45
B+H Mesee 0,1

1.11.3. XonogHbin agepHbIn cuHTe3!)

Ha MoMenT HanmMcaHWsI JTaHHOW KHUTHY IIPO0JIeMa XOJI0JHOTO SIAEPHO-
ro CHHTE3a OCTAeTCsI HEpeImeHHON. [ UTToTe3y O BO3MOXHOCTH peAIN3alluU XOJIOAHOTO
TEPMOSIAEPHOTO CHHTE3a IMOKAa HMKTO HE CMOI HHU YBEPEHHO MOLTBEPAUTH IKCIIEPU-
MEHTAJIEHO, HU OIPOBEPTHYTH.

M CTOYHMKOM 3SHEPTUM NPH MOIBITKAX pealu3alliid XOJOJHOI0 TEPMOSIAEPHOIO
CUHTe3a npeaitonaraercs jgeirepuii. Kak yxe 6puio ckaszaHo B . 1.11.2, woH neit-
TepUsi MOXET CIIOHTAHHO BCTYTATh BO B3aMMOACICTBUC C APYTMIM MOHOM AEUTEpWs
CAEAYIOIIUMHU CIIOCOOaAMMU:

iD+1D - T+ H; (26)
D+3D — 3He+ ¢n. 7)

21! PCaKIInu l'[pPI6J'[I/I3I/IT CJIbHO PABHOBCPOATHBI, 1 B HUX BBIACISICTCA 3HAYUTEIIbHOC
KOJIMYECTBO 3HEPIUHU. HDO6IICM3. COCTOUT B TOM, 4YTO BEPOATHOCTh OCYIIICCTBJICHUSA
3THX peakiyid MPY HOPMAJBHBIX YCIOBUSIX YPE3BBIYAHO Maya. Kak IyTsT y4eHsbie:
OJHa p€aKkuus B TAJTAKTHKE 3a CTO JICT.

D TIpum. pen. 3HaYUTENIbHAS YACTh TAHHOTO TTYHKTA ObIIa COKpallleHa, TOCKONBKY AeTaNBHbIN aHAIN3

3KCIIEPUMEHTOB, HE TIOJYYHUBINUX HE3ABUCUMOTO TIOATBEPXACHUS, BPAL JIN 3aCiyXUBAacT BHUMAHUS
YNTaTCIIA.

49
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SICHO, 9TO «3aCTaBUTL» MOHBI 2D TIPOB3aMMONEHCTBOBATb UPE3BBIYAIHO CIIOXHO:
OHHM 00a SBISIIOTCS OJIOKUTEIBHO 3aPSKEHHBIMU U OTTAIKABAIOTCSI OUH OT APYTOrO.
Jnsi IpeononeHus cuil OTTAIKWBAHUSI WOHAM HYXXHO IIpMAATh 3HAYUTE/IBHYIO KUHE-
THYECKYIO SHEPTUIO, HAT[PUMED, HATPEB MX JI0 CBEPXBLICOKOI TeMIIepaTyphl, KaK 3TO
NPEATIOaraeTcsl Ipy OOBIMHOM TEPMOSIIEPHOM CHHTE3E.

JIoBOIBHO NOBKMH TPOK Obu1 MpemIoxed AlbBapecoM (nipodeccop Kamudop-
HUWCKOTO YHUBepcHUTeTa B bepxiin u HoGereBckwmit aypear). Ce4eHHE CTOIKHOBE -
HUS pacCMaTPUBAEMBIX YACTHII MOXET OBITh YBEIIMYEHO IIPHMEPHO B 85 pas, ecin
3aMECTUTh OPOWTAIBHBIN 2JIEKTPOH aToMa JAeHTepHsa MIOOHOM, KOTODHII TsaXesee
anekTpoHa B 207 pa3. ATOM JeUTEepHsT ¢ MIOOHOM UMEET CYIECTBEHHO MEHBIIWIA
pa3Mep Mo CPaBHEHWIO C Pa3MEPOM aToMa ACUTEepMsi C 3JIEKTPOHOM (IIPUMEPHO
B 300 pa3), B pe3yJibTaTe aTOMbI MOTYT OJIMXE TTIOAXOIUTH ONHMH K APYTOMY, UTO YBE-
JIMYMBAET BEPOSATHOCTD UX cnussHUsL. [IpUHIMTTIAaNbHAS BO3MOXHOCTh Peain3aliuu
TaKOro CUHTe3a ObUIa ITPOAEMOHCTPHUPOBAHA B JIAOOPAaTOPHEIX yCIOBUSX. OmTHAKO
abCypIHOCTb JAHHOTO MPEIJIOKEHUS COCTOUT B TOM, YTO Ha MOJIYICHHE MIOOHOB
TpedyeTcs 3aTpaTUTh SHEPTUU GOJbIlie, YeM €€ MOXHO TOJYYUTh B TTOCIEAYIOIEH
peakuuy CUHTE3a.

B nmutepaType ommcaH psii 3KCITEPUMEHTOB, SIKOOBI JEMOHCTPHUPYIOHINX BO3MOX-
HOCTh peaM3alUU «XOJOMHOIO TepMosama». JIsT KCIIEpHMEHTOB HCHOIB30BAIMCH
pPa3sIAYHOrO THUMA MEKTPONUTHIECKIE TICHKN C TSOKEJIOU BOAOM B Ka4eCTBE JJIEKT-
pOJINTA, KABUTALMOHHBIE STYEHKN, B KOTOPHIX PEAKIUsI CUHTE3a «MHUIIMAPOBAIACH> B
CXJIONBIBAIOLIMXCSA KaBUTaLIMOHHBIX MY3bIPbKaX, BO3HUKAIOUIUX B PE3yJibTaTe MPOITy-
CKaHUs Yyepe3 XKUIKOCTh MOIITHOM YBTPa3BYKOBOMH BOHEIL. P «3KCIIepUMEHTATOPOB»
ObU1 yaW4yeH B HAy4YHOH HEZOOPOCOBECTHOCTH.

Bax#Ho oTMETHTB, YTO GOJTBITMHCTBO M3 IPOBOMHUBIIMXCS SKCIIEPUMEHTOB He HALIUTH
HE3aBUCUMOTO MOATBepXAeHUs. UHTepec K CEHCAIIMOHHBIM IIONBITKAM Pean3allin
«XOJIOHOTO TEPMOSAa» B TIOCIETHUE TOOBI CYIIECTBEHHO CHU3MWICI. XOTS B HEKOTO-
PBIX HayYHBIX LICHTPAX MCCNENOBaHUs B 3TOi 00JIaCTH MPOXOIKAIOTCH.

Bo3MoxHO, CyIlieCTBOBaHHME XOJIOMHOIO SIEPHOIO CHHTE3a KOIAA-TO OYVAET BCe-TaKu
JTIOKa3aHO. DTa uaes CIMUIKOM XOpOolla i YeJIOBEYeCTBa, YTOOKI OBITh MPaBaoii, H B
TO X€ BpEMsI CIWIIKOM IUIOXa, C TOYKW 3PEHUS KIACCUYECKUX SIACPHBIX CITEUAINC-
TOB, YTOOBI ACUCTBUTEIIBHO CTaTh PEATbHOIA.

1.12. OKOHOMWYECKUE ACMNEKTbI SHEPTETUKIA

Hcrionp3oBaHre HEKOTOPBIX ATBTEPHATUBHBIX HCTOYHHUKOB, HAIIPHMED
TEPMOSIIEPHOM IHEPTHH, HEBO3MOXHO 0€3 OCYINEeCTBICHUS MaNbHENIINX Cephe3HBIX
Hay4yHBIX pa3pabotok. Jlpyrue TpeGyIOT MONOTHUTEILHBIX TEXHOJIOTHYECKHNX YCOBED-
IICHCTBOBAHM (BOJHOBBIE SHEPTOYCTAHOBKY H JAP.). JUI1 OCTANIBHBIX, JOCTUIIINX VXE
IIOBOJIBHO BBICOKOTO YPOBHST TEXHOJMOTUYECKOM TOTOBHOCTH, HYKHO TOJIBKO CO3JAHKE
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OJIArONPUSATHBIX SKOHOMHYECKHX YCIIOBHUH TS UX GoJiee IMUPOKOro BHEAPEHUS, (JIbrO-
Tbl, yBeJIMYeHHE LIeHBI HAa HedTh U ap.). K 3T0# Tpyrime oTHOcsTCSI, HAIPUMED, TIPO-
H3BOICTBO CHHTETHUECKOIO TOIUIMBA M3 YIVIS U UCMOJb30BAHUE TOPIOUMX CIAHLIEB.

Cam 1o cebe MoyucK HOBBIX MCTOYHHKOB SHEPTUH OTHIONL HE caMasi CJIOXHAas 3a-
java. 'opasmo Gojtee CIOXKHOM MPOBJEMOM SIBIISIETCS TIOUCK IKOHOMUYECKU NPUBAEKAa-
MenbHbIX UICTOYHUKOB HEPTHM. [109TOMY OY€Hb BaXXHO YMETh OLICHUBATh CTOUMOCTD
JHEPrUM, MPOU3BOAUMON Pa3IMYHBIMH CIIOCOOaAMU.

3a4acTyo TocyIapcTBO IIPUHUMAET y4acThe B (PUHAHCUPOBAHWM HOBBIX NTEPCIIEK-
THUBHBIX IIPOEKTOB, OCOOEHHO Ha HAYAJIbHBIX CTAINIX, XapaKTePU3YIOIIUXCH BEICOKAM
)KOHOMHYECKIM PUCKOM (PUHAHCOBBIX BIOXeHMI. [TomTideckoe pelitleHue, pruHaHCH-
POBAaTDh WIX He GUHAHCUPOBATh TOT WM MHOM YHEPTETUYECKUI TIPOEKT, O4EHD BAXHO
Juist Kaxnpoit crpadsl. Hanmpymep, MHOroo6e1aonieil B OTHOIIEHWH IIEPCIEKTUBHOIO
HHEPrOoCHAOKCHUS 3eMIIU SIBISCTCS IporpaMma paspaboTku OpOUTANBHEIX COTHEYHBIX
wekrpocTanuyii (OCY). OgHako WIS peai3alliy 3TOH MPOrpamMMBbl, o IpeiBapu-
TC/AIbHBIM OLIEHKAM, TpeOyeTCsl 3aTpaTUTh OKOJIo 80 MIIPH [OJUI., YTO HEMOCUIIBHO HU
JUISl OJHOM KPYIHOM YaCcTHOM KOMIIAHUU B M¥pe. TakuM obpasom, nmporpamma OCH
MOXET OBITh OCYLIECTBJIIEHA TOJIBKO ¢ (PMHAHCOBOM MOMOLILIO TOCYIapCTBA WIM Ha
OCHOBE MEXIYHAapOJHON KOOTEepPainu.

[Mpolue meno 06CTOUT C OCBOEHUEM YK€ TOTOBBIX K BHEAPEHHIO SHEPIeTUUECKUAX
ICXHOJIOTUHA M yCTaHOBOK. Kak mpaBWio, pelieHUE O CO3AAHWU JHEPrOyCTAHOBKM
1IPMHUMAETCS Ha OCHOBE pacdeTa OXMIACMOUW CTOUMOCTH SHEPTHUH, KOTOPYIO MOXHO
110JIy4UTH C TIOMOLIBIO 3TOM YCTaHOBKH. I1p1 3TOM HEOOXOAUMO YYUTHIBATE CTOMMOCTD
JACMHEBIX CPEJICTB, IIPHBJICKAEMBIX IS peaIM3al[iA MPOEKTA.

IMpeamonoxuM, 410 MBI OepeM KpeauT B 6aHKe U OyaeM BO3BpallaTh €ro Mocpen-
CTBOM DETYISIDHBIX M OOWMHAKOBHIX N IUiaTexXeil. Pacuer BHINOMHUM IUIS 3aiiMa Be-
auunHoit 1 momn. IlycTh x — cTaBKa MpolleHTa (WUIM CCYIHBIM IIPOLIEHT) 3a TEPUOL,
MCX/Y BO3BPATHBIMHU TUIATEXaMH (IIPEIITONIOXKUM, €XKeMECSYHBIMU), & p — pasMep
CKCMECSYHBIX BO3BpATHBIX BHIIUIAT B pacueTe Ha 1 josui. 3aiima. B 3TOoM cityyae k
KOHLLY IIEPBOro MecsIia Hall JOJT OaHKY COCTABUT

l+x-p, (29)
B KOHLIE BTOPOro Mecsua
(1+x-p)(1l+x)-p=(1+x)-p(1+1+x), (30)

i K KOHLY TPETHEro Mecsana
[+ x7 - p(1+1+x)|(1-x)- p= (1 +x) = p[1+(+x)+ (1+x]]. 3D

K KOHILLY N-ro Mecsmia KPECOUT JOJDKCH OBITH ITOJTHOCTHIO BBIIUIAYEH U, CIIEIOBATEILHO,
Halll A0JT CTAHET paBHBIM HYIIIO!:

51
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(1 x)" = p[ 1 (e ) (14 xf 4 (14 )] =0, (32)
OTKyZa
! i 33
P ) (e xa v (L) Yzf ’ &)
rac
z=(1+x)" (34)

Ecnu IIPUHATH BO BHUMaHue, 4TO

_ N+l
szzl_z-_lj (35)
y=1 1-z
TO
1-z X
p= 1= — - (36)
2= o (e xy

CootHomenue (36) TOKa3pIBaeT 3aBUCUMOCTD Pa3Mepa eXeMeCIUHbIX BO3BPATHBIX
TUIATEXEN OT MPOLIEHTHOM CTaBKM DAHKOBCKOro KPeIUTa U KOJTMIECTBA IUIAHUPYEMbIX
MECSIYHBIX BBIILIAT.

B kadecTBe mnpuMepa pacCMOTPUM HeGONMBIUYIO MU3ENbHYIO 3JEKTPOCTAHIIUIO,
VIenbHBIE 3aTpaThl HA KOoTopylo coctasasiior 1000 mosut. B pacuete Ha 1 kBT ycTaHOB-
NeHHo! MomHocTr. KosbduiMeHT HCTIONb30BaHUST YCTAHOBICHHOM MOLIHOCTY TaKOM
3HEProyCTAHOBKY COCTABIISICT, KaK MPaBMIO, OKOJOo 50 %, T. €. ¢ KaXIOoro KWIoBaTTa
YCTAHOBJICHHON MOIIHOCTH €XETOTHO MOXHO MoiayuuTh 4380 KBT * 4 351€KTPO3HED-
TMU. YCJIOBHO TIPUMEM, UYTO €XCTONHBIC OTYMCICHUs Ha HAaJIOrOBBle W CTPaXOBLIE
BBIILIATHL cOCTaBISIIOT 50 nosul. B rog Ha 1 KBT yCTaHOBIEHHON MOUIHOCTH. 3aTpaTh
Ha TOTUIMBO, OOCITYXXMBaHWE W OIUIATY TlepcoHaNa MpUMeM paBHBIMH 436 A0JUL. Ha
1 xBt ycTaHOBNeHHON MoiHOCTH B ron. CraBKa Kpeaura cocTaBiger 12 % B rox,
u 3aeM Oepetcs Ha cpok 10 set. [laBafite moicIUTaeM CTOMMOCTb F€eHEPUPYEMOI Ta-
KOW YCTaHOBKOM 3JIEKTPOIHEPTHH.

3a ron Ha 1 3aeMHBIA TOJJI. MBI JIOJDKHBI BHITUTATUTH DAHKY

(1+ x)!'2=1,12, otkyza x = 0,009489. 37)
Yucao MECSTYHBIX IDIaTeXen
N=10 ner - 12 mec/ron = 120. (38)
ExXxeMecsUHBIE BBIIIATHI
p= 0,009489 =0,013995 gosm. (39)

1-(1+0,009489) "%



3adauu 0na camocmosmenvHo2o peulenus _A, 53

A 3a rox Mbl JOJDKHBL OYyAEM 3aIUIaTUTD
P =12p =0,167937 nomnn. (40)

W3 sroit cymmel 0,1 momn. moimeT Ha ITOTamieHUE OeCIpPOLEHTHOTO KpelauTa, a
0,067937 mojul. — Ha TIPOLICHTHBIE TIIATEXMU.

IIpencraBieHHble BhIlllE pacyeThl OTHOCWIMCH K CYMME KpenuTa, paBHOU | mom.
IMpu ymenpHOM cromMmoctd yctaHoBkU 1000 mosur. 3a 1 kBT ycraHoBieHHON Molu-
HOCTY €XErOofHble BBHIIUIATHI 110 KPEAUTY AOCTUTHYT 167,94 B pacuere Ha 1 kBt ycra-
HOBJIEHHOM MOIIHOCTU. K 3TOMY 3HAYEHHIO HYXHO IIPMOAaBUTh pa3Mep CTPAXOBBIX U
Haytorosblx BeITIIAT 50 mowr. Torma romoBwle BeITIAThI cocTaBsit 217,94 momn./xBr,
T. €. eXeroIHble 3aTpaThl OyayT paBHHI 21,79 % ot 00mIeil CyMMBI.

INockoapKy Ha Kaxabiid 1 KBT ycTaHOBJIEHHOK MOIIHOCTH B roji GyAeT nmpousse-

nero 4380 kKBt - 9 371eKTpO3HEPTUH, TO BKJIAJ KalMTaJbHBIX 3aTpaTrT B €€ CTOMMOCTH
COCTaBUT

217,94
—— =(),0497 . - ). 41
1330 ,0497 nonn./(xBT - u) 41)
YienpHBIE 3aTpaTHl Ha TOIUIMBO, OOCTYXMBAHUE W 3apIuiaTy epcoHaia —
1?86-0 =0,0995 momn./(xBT - 9). (42)

To ecThb ¢ y4ETOM BCEX 3aTpart MOJTHAsT CTOMMOCTB TTPOU3BoACTBA | KBT * U 2/1eKTpOsHEprun
coctasut 00,1492 gomt./(xkBr - u), wm 149,2 nojur./(MBT * u), unm 41,4 nosn./TIIx.
Crporo roBops, 1o npomrectsuu 10 €T, Korna KpenuT OyeT NOJHOCTBIO BhIILia-
YyeH, SHEPrOYCTAHOBKA HOJIKHA TEPEUTH B IMOMHYIO COOCTBEHHOCTH 3aemiiuka. On-
HAKO B C/Iydae AM3eJbHOM 3HEProyCTaHOBKY, PECYpC KOTOPOl HEMHOTMM IIPEBBINIA-

et 10 sner, ckopee BCero, ee COOCTBEHHUKY TIPUAETCS 3ayMaThCsi O NPHOOpeTeHUM
HOBOU YCTaHOBKM.

3A0AYN A9 CAMOCTOATENIbHOIO PELLUEHASA

1.1. TlpeanonoxuM, 9to HaymHag ¢ 1985 r. eTMHCTBEHHBIMU MEPBUYHBIMUA UCTOYHU -
KaMH SHEPIUH SBJISIOTCS:

1) yrosb (IpsIMO€ CXXHUTaHUE);

2) HedTh;

3) TIPUPOTHEII Ta3;

4) XHIKOE CMHTCTHYECKOE TOIUIMBO (M3 YIJIsi).

[Mycth UCTOUYHMKHU 1, 2 ¥ 4 TOOYMHSIOTCS CIeAYIONIEMY 3aKOHY MPOJABIKEHUS Ha
PBIHOK:

f

ln1 =aft+b,
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rae f — 3T0 YacTh SHEPTeTUUYECKOTO PhIHKA, CHabXaeMas MpEICTaBIEHHBIM BHIOM
TOIUTHBA, & f — KOHKpeTHBIA ron (Hanpumep, 1988). KoadbduiiveHts a u b npumem
(Ha OCHOBE peaNbHBIX UCTOPUUESCKUX M3MEHEHMIA B JAHHOM 00/1aCTy, TIPOMCXOAMBIINX
¢ 1975 r.) paBHEIMU:

Tommso o B
Yronp -0,0475 92,14
Hedr1s -0,0436 86,22

Llenp gaHHOTO yNpakKHEHUST COCTOUT B TOM, YTOOBI OLIEHUTh BIUSIHUE, KOTOPOE MO-
XET OKa3aTh Ha PHIHOK MCIIOJIb30BAHWE TEXHOJOIWM TIONYYEHUSI XMIKOTO TOILUIHMBA
W3 YIS,

B mpenmonoxenuu, 4to cBOGONHOW TEPEMEHHOW BEIWYMHON B PacCMaTpUBAEMOM
pUMepe SIBISETCA YacTh PHIHKA, CBSI3aHHAsI ¢ MOTpeOIeHMeM MPUPOAHOTO rasa Jre.
KOTOpoe OymeM CYHTaTh HE MOTYMHSIIOUIMMCS BbILIEONIMCAHHOMY IIPABUILY TIPOHUK-
HOBEHMA TOBapa Ha PBHIHOK, CJIEAYyeT ONpPEIeINTh:

B KaKOM rony fng OyeT UMETh MMKOROE 3HaucHue?
4eMy paBHO IIWKOBOE 3HAaYeHHUe f 7

B pacuerax MOXHO IIpHHSITB, 4YTO Jfiyn (4aCTh DBIHKA, 3aHMMaeMasi CHHTETHYECKUM
torumeoM) B 1990 1. coctasnsuia 0,01, a 8 2000 r. — 0,0625. TipoxoMmeHTHPYitTE

TIOJTyIeHHBIE Pe3YIIbTaThl.

1.2. CkopocTh TOZOBOIO TPUPOCTa 3HEProNOTPedNeHrs B MMpEe B NIEPUOI MEXIY
1950 u 1973 rr. cocraBnsna 3,5 %. CKONBKO JIET HaM IOTpe6yeTcs [UIsl TOTO, YTOOR
M3PacXofoBaTh BCE MOCTYITHAIE 3allachl TOTUIKBA, €CJIU TOOBAst CKOPOCTh IIPUPOCTa
3HEPronoTpebieHys ocTaHeTcs W B OyayuieM Ha TOM Xxe ypoBHe 3,5 %. IIpenrno-
JIOXWTE, YTO MIOOAIBHBIX 3HEPIETHYECKUX PECYPCOB TIPH COXPAHEHMU CYILIECTBY-
IOLIETO YPOBHs MOTpediieHud (0e3 yuerta ero pocta) xBatwio Os: @) Ha 1000 JeT,
6) Ha 10 000 ner.

1.3. ABTOMOGWIb ABUXETCS 1O TOPH3OHTAIBHON IOPOTE C MOCTOSTHHOM CKOPOCTBIO
80 xm/4. ITpu stom MammHa notpe6isier 0,1 1 GensuHa Ha 1 kM nyta. TpeHue kaue-
HHST aBTOMOGWITEHBIX KOJIEC MTPOTIOPIIMOHAIBHO CKOPOCTH IBHXeHMS U mpy 80 KM/4
cospaet cuity conporusienus 222 H. Cua a3poanHaMHUYECKOTO CONPOTUBICHUS aB-
TOMOOMITA NIPONOPUMOHANBEHA KBAIpaTy ero CKopocTH ¢ Kos(pduiimenTtom 0,99, ecnu
CKOPOCTBb U3MepAETCsl B METPax B CEKYHIY, 4 CHJIa — B HBIOTOHAX.

YeMmy paBHa 3¢bdEKTHBHOCTD HCIOJIB30BaHUsT TowmBa? Kakoe paccTostHUE MOXeT
IIPOEXaTh aBTOMOOWIL B pacyeTe Ha 1 ;1 GeH3WHA ITpH CKOPOCTH ABHXeHUS 50 KM/d,
ecar 3(PQGEKTUBHOCTD UCTIOIB30BAHUS TOTLTMBA CYUTATH TOCTOSTHHOI, HE 3aBUCALLCH
oT ckopocTr? [InoTHOCTE GeH3MHA IPUHATL paBHO#M 800 Kr/M3, TEIUIOTY cropaHus —
49 MJIx/xKT.
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1.4. Temrepatypa BeHepsl 0ueHb BHICOKAsI, B YACTHOCTH, WU3-3a TOTO, UYTO PACCTOSTHUE
mexny Heit 1 ConHuleM cocraniser Beero 0,7 acTpoHoMudeckux enuumi (1 a. e. pas-
Ha 150 MuiH KM — cpenHeMy paccTosgsHUIo Mexiay Comnauem u 3emiieit). [Ipencrasum
Terephb, YTO HaM HEeOOXOAMMO TepeMeCTUTh €€ Ha pacctossHue 0,95 a. e. or ConHua.
Jns peaqnzaliviy 3TOM UOCY NPEAMOI0XAM BO3MOXHOCTD HUCITOIb30BaHUA CleLAAIIb-
HBIX PAKETHBIX IBUTATENICH, KOTOPbIe IPeobpa3yioT 4aCcTh MaCChl INTIAHETHI B IHEPTHIO
co 100 %-noit spdekTuBHOCTHIO. [TyCTh BCs 3Ta SHEPrUs UAET HA NepeMeLIeHUE TTa-
HeThl. Kakyio 4acTh MacChI IIaHETHI HYXXHO NPE0OPa30BaTh B 3HEPIUIO TS BBHITIONHE-
HUS 3TOro MpoekTa? YYTHUTE, YTO B XOJ€ TepeMEIIeHUs MEHSIETCS KaK KUHETHIeCKasl,
TaK M IOTEHITUAIbHAS SHEPTUS TLIAHETHL.

1.5. PaccMOTpHM 3auB, OTJCIACHHBIM OT MOpS y3KuM mpojuBoM. [IponuB mepe-
ropaxuBaeTcs namMOo0ii, U co3naercs OTAeleHHOe oT Mops o3epo. Ilox neiicTBueM
COJIHEYHOrO M3IYUSHHUSI BOAA B O3epe 3a HEKOTOPOE BPEMsl UCIAPAETCS, U YPOBEHD
MOpsI CTAHOBMTCSI Ha A METPOB BhIlile, YEM YPOBEHB BOIBI B 03epe. CBsIKEM TEIEph
MOpE C 03ePOM CIEIMAIbLHBIM TPYOOITPOBO/IOM, B KOTOPOM YCTAHOBHUM THAPOTYpOW-
Hy. Pacxon Bomst yepe3 TpyOOTpoBo OyIeM MOAREPXUBATh TAaKAM, UYTOOB COXPAHAThH
[IOCTOSTHHBIM Tieperian yposHeil Boapl. [lpeanonoxumM, uto 3¢dEKTHBHOCTh Mpeod-
pa30BaHUs THAPABINYECKON SHEPTUM B SJIEKTPOSHEPIHio cocTaBisier 95 %. [Tpumem
TaKXKe, 4TO TEIUIOMOTEPH, OOYCIOBIEHHBIE TEIJIONPOBOTHOCTHIO W M3JTyUCHNEM, OT-
cyrcTBYIOT. AnbGeno o3epa paBHO 20 % (1. €. 20 % COMHEYHOro M3NTyYeHUsT OTpaXa-
eTCA OT IOBEPXHOCTH, OCTABINASCS JAaCTh M3IYYCHUS TIOTJIONIAETCS BOMOI B 03€pe).
VienbHas Teruiora MCIapeHys BOABL IPY CTAHIApTHRIX yeaoBusax 40,6 MJIX/KMOJb.
CpenHecyTOYHAsA IUIOTHOCTD COJTHEYHOTO uanyueHus 250 Br/m2.

Kakyio cpefHi010 3JeKTPHUIECKYI0 MOLTHOCTh MOXET BHIpa0daThiBaTh '’MIpOyCTaHOBKA,
ecJIM IUTOIIAAb MOBEpXHOCTH o3epa paBHa 100 xm%? KaxoBa 3¢GheKTHBHOCTH BCETO
nponecca? [IpeacraBbTe Baly pe3yIbTaThl B 3aBUCUMOCTH OT 4. EcTh 11 Kakue-1ubo
nupeneisl K9 3(p¢GeKTHBHOCTH TIPEITAraeMoro croco6a mpeoOpa3oBaHMs SHEPruu?
OOBsICHHATE CBOM OTBET.

1.6. PaccMoTpuM peakiifio TEPMOSICPHOIo CUHTE3a

1B+ H - 3jHe,

KOTOpasl SABJSIETCS OUYEHb NPUBICKATEILHOW, MOCKONBKY €€ TPOAYKT IIPEACTABISET
co00M HEPaNMOAKTUBHBIN M30TOI, 4 WCXOAHBIE MATEPHUANBl JOCTATOYHO IIUPOKO
pacIpOCTPAHEHHI B MIPUPOIIE.

Kakoe KOIHM4EeCTBO SHEPTMY MOXHO OBLIO OBl MOJXY4nTh M3 1 KT 6opa? Mcnosbayiite
AaHHBIE 13 3amaum 1.11.

1.7. U3BecTHO, uTO 3G PEKTUBHOCTL POTOCHMHTE3a cocTaBiseT MeHee 1 %. Jlng ympo-
WEHKs TIPUMEM, 9TO oHa paBHa 1 %. Kpome Toro, mpearnonoxuM, 4ro Tonsko 10 %
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(B HepreTMYeCKOM 3KBHBAJIEHTe) BCel MMeIOILENcs Ha 3emiie GHOMACCHI MOXHO HC-
TI0JTh30BaTh KAK MHIILY.

Kaxyio nonio 3eMHO# ¢y HyxKHO UCIIOIB30BaTh I BRIPAUTUBAHUS 6MOMACCHL, 4TO-
OBl HAKOPDMUTb HaceleHUe B 6 MIIPI YeloBeK?

1.8. Tpu kaxaoM pacmaze siep > U B cpeaHeM BbIessiercss okomo 165 MaB 3HEP-
M U 2,5 HeiTpoHa. YeMy paBHa Macca IPOIYKTOB meneHus?

1.9. JoctaTouHo OOOCHOBAHHOM SIBISICTCS TCOPHs, TOBOPSIIIAsi O TOM, YTO B APEBHUE
BpeMeHa B aTMocdepe He COEePXKAIOCh CBOOOMHOTO KUCAOpoAa. IIpearonoxum, 9410
BECh KUCJIOPOJ, CCTOJIHS UMEIOIIMIACS B 3eMHOU atMocdepe, 00pa3oBancs B pesyiib-
Tare oTocuHTe3a. CKONBKO MPU 3TOM MOINIO OBITH IIOJIVYEHO YIIepoga M CKOJIBKO
€ro B Pa3JIMYHBIX COCAUHCHUAX HAXOOUTCS B 3eMJTe (ITOTEPSIME MOXHO TTpeHeOpeyb)?
CpaBHHTE TOTYyYEHHBIE JaHHBIE C TPEMNONAracMbIMK 3aTlaCaMKi MCKOIIAEMOI0 Opra-
HUYECKOTO TOILINBA. OGCYIUTE Pe3YIIBTATHL.

1.10. Yemy paBHa cyMMapHas Macca yriepoja, cogepxainierocs B atmocdepe? Ha ce-
POIHAIIHMIA NeHb KoHuenTpaus CO, B armocdepe cocTasisieT okono 330 mpomiie,
OIHAKO OHa AOCTAaTOYHO OBICTPO pacTeT!

Kakoii 6yner koHueHtpaumsi CO, B atTMocepe, €ClI MBI COXOKEM BCE UMEIOLIMECsT
3arace uckornaemoro tormea? Mcrons3yiite ganuee § 1.8.

1.11. Kax yxe OBLIO CKa3aHO, ICHTEpHMH SBISIETCS BELIECTBOM, KOTOPOE B H30-
OWwInM HaxomuTcs Ha 3emute. Bosbliiass €ro 4acTh CONEPXKUTCA B BOJAX MUPOBOTO
okeaHa. TeopeTudyecku AefiTepuii MOXET BCTYIATh caM ¢ coGOi B TPH pasiuyHbIX

peakuuu:
‘D+D 3T+ H; (1)
ID+2D - jHe+ (n; )
‘D+D > 4T +hv. 3)

ITocuuraiite sHepreTMUeCKUii BHIXOX [UTST KAXIO0# peakildu. 1IpeanonoXB paBeHCTBO
KMHETHYECKUX MOMEHTOB Y IIPOAYKTOB PEAKIIAM, ONPEAEIINTE, KaK SHEPTHS pacrpe-
nensgercsa Mexny Humu. Yemy pasHa 3Heprusi GoToHa B peakiuu (3)?

Huxe npencTaBiieHbl HEKOTOPhIEe BEIMYMHBI, HCITOJIb3YEMBIE B SIEPHOM (DU3UKE.

U151 KOHBEPTUPOBAHMSI TANBTOHOB B KIJIOIPAMMBI HEOOXOAMMO Pa3/ie/IuTh COOTBET-
CTBYIONIYIO BeJIMIMHY Ha 6,02213670 - 10%.
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Yactuua Macca, nansToH Yactuna Macca, JalnbsToH
DNeKTpoH 0,00054579903 Anpda 4,001506175
MrooH 0,1134381 SLi 5,01254
Ilpoton 1,007276467 ‘Li 6,015122794
Heiitpon 1,008664909 TLi 7,01600455

'H 1,007825032 B 10,012937
D 2,014101778 "'B 11,009305

T 3,016049278
%He 3,016029319
g He 4,002603254
Koncranra
X 2,998 - 108 m/c
n 6,625-103* Ix - ¢

1.12. Komnsrorepraa Z-RAM namats (Random access memory) Ha ocHOBe 3ddekTa
3unra (Zing Effect) BnepBble mosiBMIach Ha pelHKe B 1988 r., B 1990 r. 06beM npo-
nax coctasui 6,3 % Bcero peinka RAM. B 1994 r. o6opor goctur 712 MITH 0. U3
obpeMa Mpoaax Momy/el maMsaTd Ha o6IIyio cymmy 4,75 mnpa nosn. B 1997 r. o6vem
npojax Bcex THIMOB RAM maMgTu cocTaBisin yke 6 MIJIpIL JOJUL.

IMomorute xoMilaHuu, BHeapsiioneir Z-RAM-naMsTh, IOACYUTATH TIAHAPYEMbBII
o0beMm 1poxax cBoel maMstd B 2000 1. Ilpu pacueTax IMpeAIIONOXUTE, YTO TOL0-~
BOI TeMN TMpHpocTa 00beMOB Ipogax B mepuoa ¢ 1990 mo 2000 r. mocTossHHBIA
(1pomaxu €XerogHO YBeITUUUBAIOTCS HA OJWHAKOBBINA NPOLIEHT).

1.13. AsromMoOwIbL Maccoit 1500 xr mBurascs mo mpaMoii Tpacce B 6e3BeTPEHHBIN ACHb.
Mocse TOro XKaxK oH pa3orHajcs Ko ckopocTu 128,7 kM/4, 6bUTa BKITIIOYEHA HEUTpaIb-
Has riepefada, U OH CTaj JABUTATHCS IO WHEPLMU. TIpU 3TOM €ro CKOPOCTb H3MEpPI~
nack Kaxaoie 10 ¢ (cM. Tabnmy HUXe).

Wcnonb3yst NpeACcTaBIeHHBIE JaHHBIC, TTONYYUTE 3aBUCUMOCTD CHIIBI COMTPOTUBIICHUS
OT CKOPOCTH.

[MoacunTaiite, KaKyio MOLIHOCTD JOJDKEH PAa3BUBAThL IBUTATENb JUTS TOTO, YTOGH 00ec-
NEYMTEL ABUKEHHME aBTOMOOUIISI C TIOCTOSTHHOM CKOpOCThIo 80 KM/4.
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Bpems nsrxenus, ¢ CKopocCTh, KM/4 Bpems mBuXeHwus, ¢ CxopocTh, KM/4
0 128,7 100 30,6
10 110,8 110 25,9
20 96,2 120 20,4
30 84 130 16,2
40 73 140 12,2
50 64,2 150 9,2
60 56,4 160 5,1
70 43 170 2
80 41,8 180 0
90 35,8 '

1.14. B 1995 r. B KanudopHuu Grula ycTaHOBJIEHA TIpelenbHasi HOPMA BBIGPOCOB
CO, 14 MUBYUB3HOB (MHKpPOABTOOYC C YHMCIOM MACCAXMPCKUX MECT MEHBUIE BOCh-
M) 200 T/kM.

Kakoil MakcUManbHBIN yAeHbHBIA pacxon TorumBa (i1/100 kM) [OJDKEH UMeTh MH-
HUB3H € 1995 ., 4yTOOBI YIOBIETBOPATH COOTBETCIBYIOLIE HOpMe. Ilpemmonoxure,
4TO GEH3UH MO COCTaBy SKBUBaNEHTEH neHTany C H,, U uMeeT IUIOTHOCTB 626 Kr/M1.
AToMHas Macca BOAOPOJA paBHA eaMHMIIE, yIlepoaa — 12 u kuciopoga — 16.

1.15. B CesepHoil KammdbopHun TeMnepatypa ropHbIX ITOpoI Ha HEKOTOPOI TITy6uHE
npocturaeT 600 °C. [y MCTIONB30BaHMSI 9TOTO TeOTEPMATBLHOTO pecypca 6su1a Ipoby-
pEHa CKBaXMHA W Ha €e KOHILIEe CO3/laHa KaBepHa 1apooOpa3Hoil HOpMEL TUaMETPOM
10 M. B 3Ty mosiocTs 3aKayMBaeTCs BOAA [IPU HadalbHOM TeMriepatype 30 °C, rie Ha-
rpesaetcs fo TeMiepartypsl 200 °C, ocTaBasiCh B XUIAKOM COCTOSTHUM (IIpH COOTBETC-
TBYIOIIIEM BBICOKOM HABJICHUM), & 3aTEM €€ TIONHUMAIOT Ha MTOBEPXHOCTL U TOJAIOT B
MTapoByIO TypOuHY.

B npeamonoxenuu, 9to TeMnepaTypa CTeHOK KasepHH! pasna 200 °C, a TeMmeparypa
ropHbIx TTopoy, coctassieT 600 °C Ha paccrossHud 100 M OT CTEHOK OJIOCTH, OLICHUTE
Pacxo BOAB! U MOMIHOCTL TYPOUHLL. TernnonpoBogHOCTh ropHoit noponsi 2 Br/(M - K).
Temnoemkocts Boxsl paBHa 4,2 MJIx/(m3 - K), a yaenbHbiif TewoBoit motok (BT/M?2)
PaBeH NPOU3BEACHUIO TEIUIONPOBOAHOCTY TPYHTA Ha TPAnMEHT TeEMIIEPATyPHhI.

1.16. Crenytompe BenMYUHBI MOXHO HAWTK B JI0G0M LIKONLHOM y4eOHWKe PUINKHA:
a) colHewyHas noctossHHass C (IWIOTHOCTh MOTOKA COJHEYHOTO M3JIydeHHs), Ha
3eMHoOI opbute — 1360 Br/m?;
6) acTpoHOMMYECKas €UHMIA cocTaBudgeT 150 MIH KM;
B) yrnoBoi aumamerp ConHiia paseH 0,5°.
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Mpennonoxus, yro CoIHIE SBISETCS aOCONIOTHO YEPHBIM TEJIOM, OTIPEAENIUTE €T0
TeMITepaTypy.

1.17. Ucnomne3ysa pe3yiabTaT 3amaud 1.16, onpenenute oObeMHYIO IUIOTHOCTb MOIL-
Hocti ConHla (4MCio BaTT, reHepupyeMbix B 1 M 06bhema CONHLA) U CPaBHUTE ee
C YAEABbHON TEIUIOBOM MOUIHOCTBIO, BBIICISIEMON CPEIHUM YEJIOBEKOM.

1.18. B cBsizu ¢ IPOrpecCUpyOIIMM POCTOM BPeIHBIX BEIOPOCOB 4aCcTO paccMarpuBa-
eTCsl BOIIPOC 00 OrpaHMYeHUM MCIOAB30BaHUs apromobiieil. Ho xorna Mbr roBOpUM
0 BpeIHBIX BEIOPOCAX, BaXKHO YYHUTHIBATH HE TOJBKO BBIOPOCHI, KOTOPBIE ITONYyYarOTCH
NpyU CXKUraHWM TOIUIMBA B aBTOMOOWIJIE, HO U BBHIOPOCH B IpOLECCE NPOU3BOACTRA
camoro tormmBa. C 3TOH TOYKM 3peHus OCH3UH SIBISAETCS OAHUM K3 CaAMBIX <«IDS3-
HbIX» TOTLIMB. Bribpockt CO, Ha HedTemepepabaTHBAIOIINX 3aBOJAX MOYTH B 5 pa3
MPEBHIAIOT ABTOMOOMIBHEIE BRIOPOCH! B pacdeTe Ha 1 1 Tornuea. [IpumeHeHve Ha
ABTOMOOWISAX TOTUTMBHBIX 3JJEMEHTOB (CM. [ 7), paboTaromux Ha YMCTOM BOAOPOIE,
O3BOJISIET TIONIHOCTHIO MCKITIOUMTH BpemHble BeIOpockl CO, B atMocdepy. Onnako
BCTAET BOIIPOC O TOM, HACKOJILKO BPEIHBIM SIBISIETCSI IIPOM3BOZACTBO CaMOT0 BOJOPOIA.
D10 OYyAET 3aBUCETh OT TOr0, KdKasl TEXHOJIOTHA UCTIOAB3YeTCs TSl TIONyYEHMs BOIO-
poma (cM. 1. 8). Haubosee meineBbiii criocod moiydyeHUs: Bonopona — pucopMUHT
NPUPOTHOro Ta3a, OJHAKO 3TOT NPOHECC CONPOBOXIAETCS NOCTATOYHO OOJIBbIIUM
KOJIMYECTBOM BPEIHBIX BHIGPOCOB. CaMbIM YHCTHIM CIIOCOOOM MOJYYeHMSI BOAOPOAA
SIBJIAETCH DJEKTPOJIM3 BOAbI, ONHAKO M B 3TOM CJIydae OMNpeEAeSICHHOE KOIMYECTBO
BbIOPOCOB MMEET MECTO IIPU TIPOU3BOACTBE 3JICKTPOIHEPIWH, MTOIBOAUMON K 3JIEK-
TPONM3EPY. A 3TO TAKXE 3aBUCHT OT CIlocoba MOoTydeHHs 3JIeKTposHepruy: o1 TOL]
Ha KCKOMaeMOM TOIUIMBE, KOTIA BPEIHBIX BHIOPOCOB Gojbile Bcero, Wwiu oT TOC,
y KOTOPOI HET BPEIHBIX BLIOPOCOB.

KoHe4Ho, ropa3mo JIy4iiic HCIIOIb30BaTh TAKHE YCTPOHCTBA, KOTOPHIE He JAJOT BPEIHBIX
BbIOPOCOB, TeM O0JIee UTO TaKKe TEXHOJIOTHM yXXe CYIIEeCTBYIOT, HO Ha CErOMHSLIHNA
[eHb CTOMMOCTb MX TPAaKTUYECKOTO IIPUMEHEHUS BCE €IlIe¢ BHICOKA.

Japaiite OTpELINMCH OT IKOHOMUYIECKHUX aCIEKTOB, MPEAIIONIOXKNB, 9YTO JAHHBIE TEX-
HOJIOTHMH SBISTIOTCS LIKPOKO AOCTYITHBIMH. PacCMOTPMM aBTOMOGIIL HA TOTUTMBHBIX
37leMeHTax, pabOTAIOINX Ha YMCTOM BOIOPOJIe, KOTOPHIA XpaHWTCS B BUAE THIApHAA
(cMm. t. 9). TIpencraBuM, YTO BOAOPOM MPOU3BOJIUTCS NECKTPOINU3OM BOIBI C UCIIOJb-
JOBAHMEM 3JIEKTPOSHEPTMM OT COJIHEYHBIX (POTOIEKTPHUIECKUX IpeodpasopaTesieid
(cM. . 12). SIcHO, 9TO IMpH TAKOM ITOAXONE MBI He OyleM UMeTh HMKAaKUX BBIOPO-
cos CO,.

lMpuMeM, 4TO MalIKHa NPOXOAUT B cpeaHeM 1000 kM B Mecsl, a pacxon OeH3WHa
cocrasisier 10 1 Ha 100 kM. ABTOMOGIIb HA TOILTMBHEBIX 3JIEMEHTax OyneT Gonee 3¢-
(heKTUBHBIM: €ro MpoOeT MpH PacXoJe PHEPTeTUYECKH 3KBUBAJIEHTHOIO KOJIMYECTBA
TOTJIMBA OYIET MpUMEPHO B 3 pa3a OoablIE.
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Kakoe konmmuecTso BoOpoaa B AeHb (B KWIOrpaMMax) NOTpeOyeTcst aBToMoGWno Ha
TOTUIMBHBIX JIEMCHTAX?

Kaxkyro momans JOKHBI 3aHUMaTh COJTHEYHbIE (DOTOINEKTPAYIECKUE [Ipeobpa3oBa-
TeJTA SHEPrun?

Jannsre 1o 3¢dexTBHOCTH (HOTOINEKTPHYECKUX 1peobpasoBateneit U 3 dHeKTUB-
HOCTH JIEKTPOJIA3EPa MOXHO HAHTH B COOTBETCTBYIOIIUX I1aBaX KHUTH.

1.19. CniopTuBHBIe (GPU3NOIOTH MONB3YIOTCSA U3BECTHBIM IPAKTHYECKUM TIPABUIIOM: JTIO-
60if 31I0POBBIIT YETIOBEK BO BpeMsi Oera TpAaTUT OKoIo 1 Kkax Ha | KM ¢ 1 KT Macchl Tena.
HHTEpecHO OTMETUTH, YTO 3TO MPABUIIO HE 3aBUCUT OT TOTO, HACKOJILKO HATPEHUPO-
BaHHBIM SIBJSIETCS YenoBeK. ONHAaKO HATPEHNPOBAHHKBIN aTjieT NpoberaeT KWJIOMETD 3a
ropa3io MeHbllice BpeMs, 4eM I1pOCcToil GeryH. 3 aToro cnenyet, 4ro atier pa3BUBaeT
GONBLIVIO MOIHOCTH HPK TeX XK€ 3aTPATaxX 3HePruu.

B deKTUBHOCT TPe0Opa3oBaHMsl YETOBEKOM ITHIIU B MEXAHHYECKYIO SHEPIUIO VM-
BUTEJIBHO BBICOKA W paBHa NMpUMepHO 25 %!

Xopowwit atner npoGeraer 1 Mumio 3a 4 MuH ¥ MapadOHCKYIO AUCTaHIHIO (42,8 KM)
HEMHOTHUM OoJjiee yem 3a 2 d.

1. Ompenenute pa3BUBaEMyIO aTJIETOM MOIIHOCTh HA 3TUX JABYX IUCTaHIMsIX. [10BTO-
pHMTE BBIYMCIIEHUS JUIA CITy4yas, KOrJa YeJOBEK ITPOOETaeT MepByIO AUCTAHIIMIO 33
8 MuH, a BTOpyIO 3a 5 4. Macca 6eryHa pasua 70 Kr.

2. HcmiapeHue ToTa SBISIETCS OMHUM M3 OCHOBHBIX MEXAHHM3MOB OXJIAXICHHS Tela
yenoBeka. JIeHCTBYeT JIu 3TOT MeXaHM3M st cobak? s jowmaneii?

3. Ycnosuo npuMeM, 4TO TETUIO, BBUIEHsIONIEecs py Gere, cOpachBacTCs B OKPY-
JKAIOLIYIO CPENY TOJNBKO MyTeM MCNapeHus moTa. Kakoe KoJMYecTBo MoTa JOJDKHO
HCIapUTLCA C Tena CNopTCMEHa Tipu Oere Ha ABe NIPENCTaBIA€HHbIE TUCTaHLUN?
CxKpbiTas TerioTa ucnapenus soast 44,1 MJIx/xMoiib.

1.20. OnHO# W3 IIaBHBIX 9KOJOTUYECKUX MPOGIEM ABISETCS SMHCCHS MApPHUKOBBIX
ra3oB, CPEM KOTOPBIX IMaBHLIM ABjsieTcs CO,.

Ha smexTpocTaHLMsX OOBIMHO HCITONB3YETCA CXHTAHUE TIPUPOIHOTO a3a WIU YIJIS.
I1prponHbI ra3 cOCTOMT rnaBHbIM 06pasoM u3 MetaHa CH,, a yronb aist o1oii 3aza-
uM OyIeM CunTaTh UMEIOWMM XuMIYecKYIo hopmyny C, H,,. Briciuast TeruioTBopHast
crocoGHOCTh MeTana 55,6 MJIx/kr, a Cy H,, 47,2 MJIx/Kr.

Kakol#t u3 BuaoB ToruuBa sBisieTcs 6ojice 9KOTOTHUECKH YHCTHIM C TOYKW 3PEHHUS
BeIOpocoB CO,? KakoBo COOTHOLEHHE BHIGPOCOB CO, B ABYX BapHaHTax IEKTPO-
CTaHIUI OMUHAKOBOM MOIIHOCTH?

1.21. TlycTb Hekasi TiaHeTa UMeeT CPENHIOn TUIOTHOCTL 2500 Kr/M3 U paguyc
4000 kM. E€ armocdepa coctout Ha 30 % n3 amMmuaka, Ha 50 % u3 qUOKCHUIA yIie-
pona u Ha 20 % u3 a3oTa. (3aMeTUM, 4TO ILTOTHOCTh 3eMiu paBHa 5519 kr/m3.)
YeMmy paBHO yCKOpeHUE CBOGOIHOIO TANECHMSA HA TMOBEPXHOCTH JAHHOW TUTaHETHI?



3adauu 0ra camocmosimenbHo20 peuienus _N. 61

1.22. Ha paccrostimy 100 MyIH KM OT 3Be3Mbl IUIOTHOCTb MOIIHOCTH €€ M3My4YeHMS
2 xBt/M2. YeMmy paBHa MOLIHOCTb M3IYYCHUs, KOTOPOE HOXOOUT JIO TUTAHETH M3 3a-
naum 1.21, ecnu paccrogHue OT Hee A0 3Be3nnl paBHOo 200 MH kM. L1 cpaBHEHUs
CyMMapHOe u3Jiy4eHue, IocTyamlliee Ha 3emmio, coctasnsier 173 000 TBr.

1.23. Tenmit ;He TpeanoNoXWTeNbHO MOXET ObITh HCIIONBb30BAH B THIIOTETUYECKOM
peaxiyy XOJIONHOIO SIIEPHOTO CUHTe3a. B pesynprare 3T0H peaknyy He oOpasyercs
HY PAIMOAKTUBHBIX BEUIECTB, HM MOTOKA HEUTPOHOB. [Ipy 3TOM BO3MOXHO CyLUECT-
BOBaHME CJICAYIOLINX ABYX PEaKLIMiA:

2D+ 3He — !H + jHe, (1)

3He + 3He — |H + |H + jHe. (2)

1. Jlnsa Kaxaoit U3 BeIIEOMUCAHHBIX PEaKiyil OACUNTaliTe BHIXON SHeprud (kBT -« 9)
clxr ;He. Ha 3emne %He cocrasisieT 0,00013 % Bceil Macchl resvsi, KOTOPBL
MOXHO W3BJIEYb XUMIYecKUMHU MeTogamu. IIponssonctso renmst 8 CLITA B HacTO-
siliee BpeMs coctapisieT okonio 12 000 T B roz.

2. Ecmm Becw mpoussoanMelii B CUIA reimii Mcrmoab30BaTh MIsl OYYEHUS SHe, yemy

OYIET PABHO I'OJOBOE TIPOW3BOACTBO 3TOTO SAEPHOTO TOIUIUBa?
CylEeCTBYIOT IPEANOIOKESHUS, UTO JOCTATOYHBIE 3aI1achl gHe HaxoasTcst Ha JIyHe.
ITpoBeaeM NPUOIHKEHHBIH 3KOHOMUIECKHI aHATA3 SHEPTOYCTAHOBKH, paboTaro-
1€ Ha 3ToM ToIuivBe. OOHOU M3 MPUBIEKATENBHBIX PEaKIAi ANepHOrO CUHTE3a
ABJISETCA T4, B KOTOPOI B KAYeCTBE IPOAYKTOB PEAKLMU MOIYYaloT 3apsiKeHHbBIE
yacTyIs! (IIPOTOHEI K AlTb(ha-YaCTHITbl). DHEPTUIO 3aPTKEHHBIX YACTUL] MOXHO 60-
see 3¢ eKTHBHO Mpeotpa3oBaTh B IICKTPUICCKYIO FHEPTMIO, YeM 3HEPIUIO Heli-
TPOHOB, KOTOPYIO CHaYajia HYXKHO NMpeoGpa30BbIBaTh B TETUIOBYIO U JIMILIL [IOTOM B
MeEXaHWYeCKYIO 3Hepruio. [losToMy Hallli OolieHKY OYIlyT HECKOJIBKO 3aHVDKEHHBIMH,
€CJIM MBI TipMeM 3G HEKTUBHOCTh IPE0GPA30BAHUS SHEPTAH SIIEPHOTO CUHTE3d B
371eKTPO3HEPTHIO paBHOM 30 %.

3. Cxonbko 3meKTpo3Hepruy (KBT * 4) MOXHO TOIy4uTh € 1 KT %He? s pacyeToB

BBEIOEpUTE HANOOJIEE PKOHOMUYHYIO U3 ABYX IIPEICTABICHHBIX BBIIIE PEAKLNI CHH-
TE€3a.
[MpuMeM, uTO0 KOIGDOPUIMEHT HUCIOIb30BaHMUA YCTAHOBJIEHHOM MOIIHOCTH 3HED-
royctaHoBku 70 % (T. e. ee CpemHsIst MOIHOCTh paBHa 70 % MOIIHOCTH, KOTOpast
BhipabaThiBaachk GBI TIPY TIOCTOSIHHOM paGoTe B HOMMHATBHOM pexume). CTou-
MOCTh YCTaHOBJICHHOW MOUIHOCTH peakTopa JUIS SACPHOrO CHHTE3a IIPHUMEM paB-
Ho#t 2000 monn./xBr. Insi ero coopyxenus 6buta B3sTa ccyaa B G6aHke nox 10 %
ronoBuix. CTOUMOCTh 06CIyXMBAHUS peakTopa mpumeM 30 1osut./kBT B rox.

4. YeMy paBHa crouMocTh 1 KBT * 4 IpOM3BOIMMOI JIEKTPOIHEPTUN, ECIIU CIUTATE,
YTO TOITIMBO GecrulaTHO?
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5. KakoBa nogxsHa ObITh MaKCUMAaJIbHAsi CTOMMOCTH | Kr %He , YTOOBI CTOUMOCTH
[IPOM3BOIMMO 3NEKTPOIHEPTMY He NMpeBbIiaia S 1enroB 3a 1 kBt - u.

1.24. 3a nepuon ¢ 1955 mo 1995 r. cpenmsst reMmeparypa MHUpoBOTro OKeaHa YBElU-
quiack Ha 0,06 °C.

IoncunraiiTe, HACKOJIBKO YBEIUMYHIACH TEIUIOBas 3Heprusi Muposoro okeara. Kakas
TTOJIt SHEPTUY COJIHEYHOro U3JNyYeHNS, NOCTYNMBIIEH Ha 3eMmro 3a tu 40 jiet, 6buIa
JIOMOJIHUTENBHO NIOMIOLeHa MUPOBEIM OK€aHOM?

1.25. Bcee Gonee peanbHOI KaXeTCss CUTYaluMs, KOTAa B CBSI3H ¢ KIIMMAaTHYECKIMU U3-
MEHEHMAMHU HAYHYT TaATH (1OJSIPHBIC JIbAbL. KONMUYECTBO JIbAA B AHTAPKTUKE HACTONb~
KO GOJIBIIIOE, YTO €CIIM 3TU JIBIBI PACTAIOT, TaKMe KPYNHbIe Topona, Kak Hrio-Mopk
u Jloc-AHIXelec, MOMHOCTRIO YIAYT NOK BOAY.

OneHnTe, Ha CKOJBKO YBEJIMYHTCS YPOBEHb MUPOBOTO OKEaHa, €CIIU PACTAIOT JIbIbI
TobKO Ha CeBEpPHOM IOJIOCE.

1.26. 3ampaska 50-murpoBoro Gaka JerkoBOTO aBTOMOOWIS OEH3UHOM B HACTOSILEE
Bpems 3aHrMaeT Beero 5 MuH. Kakoe Kou4ecTBo sHeprun (B BUAE OeH3UHA) U C Ka-
KO CKOpOCTBIO MOCTyMaeT B 0aK aBTOMOOWISA?

Eciu ipeanonoxuts, 4to 3¢ dheKTHBHOCT GeH3MHOBOro aBroMo0ma 15 %, a sddek-
THBHOCTb 3JIEKTPOMOOWIst 60 %, olieHHTe, KaKyio MOLIHOCTh JO/DKHA UMETh 3apsiTHast
cucTeMa 3eKTpOMOOHIs, YTOOB! 3apsAUTh aKKYMYJISITOPEL 38 5 MUH 10 3HepreTnye-
CKOTO YPOBHS G€H3MHOBOTO aBTOMOOWJIA ¢ MOJXHBIM 50-THTPOBEIM 6aKoM?

1.27. HanbGonee yno0HBIMA IS UCIIOAb30BaHMS, KaK IPaBHIO, SIBISIOTCS Ira3000-
pa3sHbIC BUABI TOIUIUBA. B 4aCTHOCTH, 3T0 OTHOCUTCA M K Bomopony. TexHomorun
XPaHEHHUA Ta30B B GOJBIIMX 00beMax (CM. TUI. 9) CTAHOBATCS ONHON M3 AKTyallb-
HEIX 3a/la4 COBPEMEHHOM SHEPreTUKU. JIJiT KPaTKOBPEMEHHOTO XPAHEHUS CMECH
IeATepysi C TPUTUEM IIpeJIaraeTcsl MCITOIb30BaTh CTEKISHHBIE MHKPOOGAUIOHBI.
Takye MUKPOEMKOCTH HCIONB30BANNCE, B YACTHOCTH, B JKCIIEpMMEHTaX IO Ja-
3¢PHOMY MHULUHPOBAHHUIO TEPMOSIEPHOTO cHHTe3a. HamonHeHue Muxpobaiio-
HOB OCYILUECTBJISETCS IIPH ITOBBILIEHHOW TeMIIepaType, KOTAa CTEKJIO CTaHOBUTCSH
TIOPUCTEIM M BOAOPOJ JIETKO MPOXOAUT BHYTPL MUKpobawionos. Tlpu oxnaXaeHUN
ITOPBI 3aKPBIBAIOTCA U HEKOTOPOE KOJIMUYECTBO BONOPONA <«3aMHMPAETCsS» BO BHYT-
pEeHHEH TONOCTH.

Knarpater (cM. Bblllie) SIBISIOTCS IPUPOAHBIMU HaKONUTEAMU MeTaHa. HecMotpst Ha
HEBO3MOXHOCTb Peau3aliy, PACCMOTPUM UICIO UCITOIb30BAHNS KJIATPATHOIO MEXa-
HU3Ma Ul TPAHCITOPTHPOBKY rasa.

MetaHOBBIe KIIaTPaThl COCTOSAT U3 46 CBA3aHHBIX MeXIy coboit Monekyn H,0, 3axsa-
ThIBaloLllX BoceMb Mosiekysr CH,.
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YeMy paBHa BeCOBasi KOHIICHTPAIlUsI MeTaHa, colepxaiierocsi B Kiarpare? Becosas
KOHIIEHTPALIMI — 3TO OTHOIIIEHHE MAacChl HAKOIUIEHHOTO ra3a K ODLIEH Macce rasa
U KOHTelHepa.

PaccMOTpHMM repMeTUYHEBIN KOHTEWHED BHYTPEHHUM 00beMOoM 1 M3, KOTOpLIIT 3a110JI-
HEH BBIILICONMMCAHHBIMY KJIATpaTaMU, IMEIOLUMHY ILI0THOCTh 900 kr/M3. TlpuMeM, 410
npy YBEIMYEHHHN TeMIiepaTyphl 10 298 K kiatpartsl «pacTaioT» U HaKOILIEHHBI MeTaH
BBIAOET U3 HUX. JIONYCTUM TakKe (XOTSI 3TO M He COOTBETCTBYET IEHCTBUTEIILHOCTH),
YTO METAaH HEPacCTBOPUM B BOJAC.

KakoBo Oyzer naBieHne METaHa B KOHTeliHepe?

1.28. Panuou3oToIHEBI TepMoanekTprdeckuil reHepaTop (PTI) BeipabareiBaeT Mol -
HocTh 500 Bt npy HanpsKkeHnu nocrosHHoro Toka 30 B. DddexTBHOCTD TeHEpaToO-
pa (OTHOILIEHNE FeHEPUPYEMOM 3JIEKTPUUECKOH MOIIMHOCTH K TEIUIOBOH MOLUHOCTH)
pasHa 12,6 %. Temieparypa ropsgeii CTOPOHbBI TEPMO3IIEKTPUUECKOIO IeHeparopa
(narpesareist) 1200 K. TeMrepatypa X0J10/1HO# cTtopoHbI (xonoamibHuKa) 450 K. Uc-
TOYHMKOM TEIUIOTHI SABJSIETCA IUIYTOHHI-241. DTOT pamMOaKTUBHBIN U30TOM UMEET
nepuon nonypacnana 13,2 roma. [Tpu pacriage oH U3IydaeT o- U f-4acTHLBI SHEPTUEH
5,165 M3B. B TepMO3/IeKTPUYECKOM TeHepaTope HCIToNb3yeTcs 85 % TerioBoi Hep-
rMH, BhIpabaTeiBacMoii nosionueM. OCTaibHAsi SHEPTUS TEPACTCS.

CKOJNIBKO KWJIOTPaMMOB TUIYTOHMSI TpeGyeTcst Uit HopMaabHOU paboTer PTI? 3ame-
THUM, YTO PaJMOaKTUBHLIE BEIECTBA PACHAAIOTCS CO CKOPOCTHIO, IIPONIOPIIOHATLHOM
KOJIMYECTBY BEILIECTBA:

dN

5
1.29. B CIIIA ot cxxuranus yr noay4aior IpuomusurensHo 150 I'Br TeroBoi Momnoc-
TH, OT cxuranus HedrenponykToB 40 I'Br ¥ or cxuraHus npupopHoro rasa 70 I'Br.
MpuMeM cienyioniee: 3HaueHus TEIUIOTHl CTOPaHWs ISl YIUISL, COCTOSILETO IIPEUMY-
wectBenHo u3 C, H,,, — 40 MJLx/kT; st HedrenponykTos, coctosiiux u3 C H,,, —
45 MIx/xr; pns npuponHoro rasza (CH,) — 55 MIx/kr.
CKOJIBKO KWIOTPaMMOB YIJIEPOJA €XEJHEBHO HCIOJB3YyeTCS IMPU CKUTaHWHA YS!
AHAJIOTMYHBIM 06pa3oM MOXeTe ONpPeNeNIUTh, CKOJIBKO YIIepOoIa €XeIHEBHO UCIIONb-
3yeTCd NIPH CKXUTAaHUW HeTETIPOTYKTOB U MIPUPOAHOTO Ta3a.

-AN .



FNABA | OCHOBbl TEPMOAVUHAMUKW
N KNHETUYECKO TEOPUU FA30B

2.1. ABVXXEHME MONEKYN

JI1o60¥1 ra3 npexacrasaser co6oil HaGoOp YacTUIl (MOJIEKYI), KOTO-
pBI€ B [IEPBOM IPUONMXKXEHUU B3aUMOIEUCTBYIOT TOJLKO YEPe3 yIpyrue CTONKHO-
BEHUS — IPYIMMHU CIIOBAMU, Ye€PE3 CTOJKHOBEHWMS, TPYU KOTOPBIX COXPAHAETCS KaK
SHEPTUs, TaK U KOMNYECTBO NBUXEHUSA. ECIU MONEKYIH NPEACTaBUTH B KAYECTBE
6e3pa3MepHBIX, T. €. TOUCYHBIX OOBEKTOB, TO MX TEILIOBAsI JHEPTUS ONPEAEIIETCS
SHEPTUEN NOCTYATENbHOIO ABUXEHUS B TPEX HATPaBICHMAX, MTOCKOILKY KaXaas
TaKasl MOJIEKYJIa UMEET TOJILKO TPH CTeNeHU CBOOOAbl. ONHAKO AaXe IIPOCTHIE OJi-
HOATOMHBIC MOJIEKYJNIBI, HAIPUMED, Takue KakK Tejiuii, MMEIOT KOHEYHBI pa3Mep,
MO3TOMY y HHX BO3HHKAET NONOJHUTENbHAS CTell€Hb CBOGO/BI, CBSI3aHHAs C Bpa-
MIATSILHBIM ABMXKeHWeM. MHOT0aTOMHBIE MOJIEKYJbi, KPOME TOTO, MOTYT MUCIIBI-
TBIBATh KOJieOaTeIbHbIE IBUXEHUS, YTO TaKXe MPUBOAUT K BO3ZHUKHOBEHUIO J10-
TIOTHUTENBHEBIX CTCIICHEW CBOOODI.

B HeKOTOpEIIT MOMEHT BpEMEHHU OJIHM MOJIEKYJIbI UMEIOT GONBIIYI0 KWHETHIECKYIO
SHEPIUIO, APYTUE MAIEHBKYIO. OIHAKO yCPeAHEHHAS 3a JOCTATOYHO OOJIbIIOM TTEPUOL
BPEMEHU CPCAHAS KUHETHUYeCKasi IHEPTUSI IUIST KAXI0M MOJIEKY/IBl HMEET OJIHO U TO XK€
3Hayenne <W_ >. DTO NHTYWUTUBHOE 3aKJII0OYEHNE Ha3bIBAETCSA NPUHLIMIIOM PABHOTO
pacnpeneaeHusT SHEPTUH T10 CTENEHsM cBOGOAbl. He cTo/Ib 04eBUIHO yTBEPXKICHIE,
YTO YKa3aHHBI NPUHIVII CIPaBETUB /IS aHCaMOJISI MOJIEKYJ, MMEIOIINX PasIny-
HYI0 Maccy, IIOCKOIBKY 00JIee TSXeJIbIE MOJIEKYIIbl OYAYT UMETh CPEHIO CKOPOCTh
MEHBIIIYIO, ueM Gonee jerkue. TeM He MeHee CPEHSIS HEPTHS PasHbIX MOJIEKYJI OyIeT
oIMHakoBOH. ComlacHO 3TOMY NPWHLIUITY, SHEpPIusi, NPUXOAAIUAsICA Ha pa3InJyHbIe
CTEIIEHN CBOOOMBI, ONMHAKOBA. MTHOBCHHBIE 3HAYEHUsS CKOPOCTU MMEIOT MaKCBEN-
JIOBCKOe pacnpenencHue (cM. § 2.18).
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2.2 TEMMNEPATYPA

Heobxonumo pa3an4daTrs ABC COCTABJIAIOLINE CpC}IHCfI SHEPIruu MoJe-
KyJL: < Wmol, linear” < Wmol, spin & Vibl> ’

W = <W,, >+ <W,, > (1)

ol, linear ol, spin & vibr ” *

HMasiienue rasa Ha CTEHKY €CTh Pe3YJIbTaT CTOJIKHOBEHHS ¢ Hell MOJIeKyl. O4eBU-
HO, 9TO TOJIBKO ITOCTYIIATEIbHOE TBIMKEHNE MOJIEKYJI MOXET ObITh OTBETCTBEHHBIM 34
JAaBJICHNE, BpalllaTeibHOe ¥ KOJieOGaTeIbHOE NBUXEHUE — HET.

Temneparypa ecth mepa <W, ) yi...> OHa ompenensieTcst Kak

T=1<W

3/( mol, linear >. (2)
MHoxuTenb «1/3» B KOHCTaHTE MPOMIOPLUMOHATIBHOCTH «2/3k» BBITEKAET U3 HAIMYUSA
TpeX cTeneHel CBOOOMBI; kK — KOHCTaHTa bonbliMaHa, ¥ OHa, eCTECTBEHHO, UMEET pasMep-
HOCTB HEPTUM, OTHECEHHOH K Temmeparype (B cucteme CU k= 1,38 - 10723 Ix/K).
B emuHmmax teMmepatypsl CpelHsISI SHEPTHUS MTOCTYIMATENBHOTO JABYKEHUS] MOJIe-
KYJIBI Ta3a B TPEXMEPHOM ciIydae

k
< Wmol, linear> =3 ‘2— T, (3)
W Ha OJHY CTCIICHDb CBO6OI[BI HPUXOOUTCA
k
< Wmol, linear per deg. of freed” = 5 T. 4)

Tak KaK Ha KaXIyio CTeleHb CBOOOMBI (CBA3AHHYIO C MOCTYMATEeNbHbIM, Bpauia-
TEJIbHBIM W KOJIeOaTEIbHBIM ABIKEHUEM) IIPUXOJUTCS OXHA U Ta Xe YHEPIUs, TIoTHas
CpeRHsIst SHEPTUST MOJIEKYJTbI

<W. >—%kT ' ()

mol” —

e v — YHCNO CTeneHeil CBOGOIbI.

2.3. YPABHEHUE COCTOSAHUA MAEANIBHOIO TA3A

OueBHIHO, YTO MEXAY TEMIIEPATYPOH U AaBJICHUEM JOKHO CYIIECT-
BOBATE IIPOCTOE COOTHOIIEHUE. PaccMOTpUM OIHOMEPHOE ABMXKEHNE B HAIPABJIEHUH,
[ICPIIEHANKY/ISPHOM ITOBEPXHOCTU. [1pH CTOJKHOBEHUM MOJIEKYJIA TIEPENAET CTEHKE
UMTYJIBC, paBHBIN 2mp (K03 OUIMEHT 2 YYUTHIBAET TO OOCTOSTEIBECTBO, YTO TIPU OT-
PaXEHWHU OT CTEHKU abCONIIOTHOE 3HAUCHUE CKOPOCTH COXPAHSIETCS, & 3HAK MEHSIETCS
HA TIPOTUBOMONIOXHEIN). [TOTOK MOJIEKYT (T. €. YUCIIO MOJIEKYJI, B €AMHULY BPEMEHH
NPOXOISIINX Yepe3 CAMHIYHYIO IUIOIAaAb) paBeH 1/2nv, THe n — KOHIIEHTpAaUs MOJe-
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KYJI (T. €. YMCJIO MOJIEKYJI B EIMHUYHOM o6beMe). 3meck KoadduumeHr 1/2 yaureisaer
TOT (haKT, YTO MOJIOBUHA MOJIEKYJI ABUXETCS B OMHOM HATIPABIEHUH, B TO BpeMs KaK
Ipyrasi TIOJJOBUHA — B TIPOTUBOIIOJIOXHOM (TIPEAIIOIATAETCS, YTO ABMXKEHUE MacChl
rasa Kak IIeJIoTO OTCYTCTBYeT). Mi3MeHeHue UMITYJIbca B €AMHUILLY BpEMEHU, OTHECEH-
HOE K €IMHULC IUIOLIAH, T. €. AaBJeHHWEe, OKa3blBAEMOE T'a30M, BRIPAXKAECTCA KaK

p = nmv?, (6)

Tax xak KUHETHYeCKas IHEPTUS MOJIEKYJT, TBUXKYINUXCS B BBIIEJEeHHOM Hanpasiie-
HuM, paBHa 1/2mv? U, B TOXE BPeMsi, OHa MOXET OBITH MIpecTaBiaeHa Kak 1/2kT, 1o

p=nkT. %)

TakuMm 06pa3oM, HaplIeHHE TPONOPIUOHATILHO KOHIIEHTPALIMY Ta3a ¥ €10 TeMIIe-
paType. BTO TaK Ha3bIBAEMOE YpPaBHEHME COCTOSIHMS MACATIBHOTO ra3a IMPHMEHUMO
K WACAIbHBIM ra3zaM, B KOTOPBIX MOJIEKYJbl HE TIPUTATUBAIOTCS OIHA K JPYIoM U HE
orrankuBaiorcs. IloBemeHNe peasbHBIX ra30B MOXET He COOTBETCTBOBATh 3TOMY 3a-
KOHY M3-3a HaJIMYUsl C1aboro BaHAEPBAATBCOBOIO B3aUMOACHCTBISA MEXIY MOJIEKYJIa-
MH ¥ M3-3a KOHEYHOT'O pa3Mepa MOJIEKYII, B Pe3yJIbTaTe 9ero 00beM, JOCTYITHBIA U1
MOJIEKYJN ra3a, MEHblIe, YeM OOBEM cocyla, B KOTOpPOM Haxomurcs ras. Yem Brpime
KOHIIEHTpallMsl MOJIEKYJT, TeM OOJbille OnIMOKa, CBA3aHHAsA C MPUMEHEHMEM 3aKOHA
HIeanbHOro rasa. Bo MHoOrMX ciyyasix 3ta own6Ka Maia. Tak, IpuMeHEeHUEe 3aKOHA
HICATbHOrO Ta3a 1pH pacyeTe 06beMa Bo3znyxa Tpu Temiepatype 300 K u maBieHuu
100 xI1a npuBenet K oumbke He Gonee 0,07 %.

Y1no6GHO BBIPAXATh YUCIIO MONEKYJ, UCMONb3Ys SAMHUITYY KWIOMOIb, 1 KMOJIb COOT-
BeTCTBYeT 6,022 1076 Monexy. BTa BeIMunHA Ha3bIBaeTCs YHCIOM ABoranpo!) N,.

3amerum, uto n = uN; /V, tae p — 4ucno KuioMoreif, a ¥ — obvem cocyna. Torma

_ NkT _ RT

;R (8)

Bto gpyrasi GopMa 3aIMMCU YpaBHEHUS COCTOSTHUS HAEATbHOTO rasa, 31ech R — ra-
30Basl IOCTOSHHAA,

R=kNy=1,38-102 - 6,022-10% = 8314 JIx/(K - xmop). ©))
2.4. BHYTPEHHSAA SHEPTNA
Tlonnasa BuyTpeHHss sHeprus U rasa ecTb CyMMa SHEPTHM BCEX MO-
JIEKYII,
v v
UEZWmOI,- =uN0(Wmol>=uN0§kT=u5RT. (10)

) Ecnu B xauecTBe uncna ABorajpo MPHHATE YUCIO MOJIEKYI B MOTE (BMECTO MOJIS, KAK [IPHHATO B
cucreme CH), To oHo 6yzer paBHO 6,022 - 102,
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TakuMm 06pa3oM, BHYTpeHHSI SHeprisa U HEKOTOPOTO KOMMYECTBA | I'a3a 3aBUCUT
TOJIBKO OT TeMITeparypsl 7 W OT 4MC/Ia v CTEMEHER CBOOOIBI, KOTOPOE UMEIOT COCTaB-
JSIOIINE €T0 MOJICKYIIbI.

2.5. YAENbHAA TEMJIOEMKOCTb NP NOCTORHHOM OBbEME

IMpu H3MEHEHUU TeMIiepaTypbl HEKOTOPOTO (DPUKCUPOBAHHOTO KOJIH-
yecTBa rasza OyIeT MEHSATHCS €TO BHYTpeHHsA 3Heprus. Eciu npu atom o0beM rasa
0CTaeTCs MMOCTOSTHHBIM (HaITlpUMep, ra3 IOMEIIEH B COCYJ C XXKECTKUMU CTEHKAaMM), TO
U3MEHCHUE €ro BHYTpeHHEN YHeprun py HarpeBaHud Ha 1 K (oTHeceHHoe K 1 KMo-
JII0 ra3a) Ha3bIBACTCS YAETBHON TEIUIOEMKOCTBIO TIPH MIOCTOSHHOM 00beMe ¢,

=140 _vp, (1)
wd?” 2
Temnnora, mepenaHHasi ra3y, OyIeT paBHOMEPHO PACIIPENEISITEC MEXIY pasimd-
HbIMH CTETIEHSIMU cBoGoabl. CreoBareibHO, YeM OOJIbLIE CTETeHEi CBOOOIBI, TEM
Oosiblile HEPTUH TpeOyeTcsT 3aTPaTHTh MUISI TOTO, YTOOBI HarpeTh ra3. MeHHo moa-
TOMY YI€JTbHAST TETUIOEMKOCTh ra3a MPONOpLUOHAIBHA BEJIMYUHE U.
13 ypaBHeHnus (11) caeayeT, YTO Npy HArpeBaHUWH L MOJIEH ra3a, €ro BHYTPCHHSIA
‘JHEPIUs. MEHSIETCS Ha

T
AU =ufcdT. (12)
7

0

OTMGTI/IM, 4YTO BCINMYHHA Cv ocCTaJ1aCh OO 3HAKOM MHTETpaja ajisl TOro, YTOOBI npu
HEOOXOIMMOCTA MOXHO OBLIO Y4CCTh €€ 3aBUCHUMOCTD OT TEMICPATYPhI, XOTs CyHie-
CTBOBaHME TaKOW 3aBUCUMOCTH HE CJAeAyCT U3 HalllnuX paCCYX(ﬂeHHﬁ.

2.6. MEPBbIA 3AKOH TEPMOAVHAMMWKU

IlonBeneM HEKOTOPOE KOJUYECTBO (@ TETUIOTHI K ra3y, HaXOoSIIeMy-
¢sl B LWIMHAPE € aguabaTHYeCKUMU CTEHKAMU ¥ TIOPITHEM BHYTPH, KOTOPBII MOXET
1epeMeraThest 6e3 Tpennst. Hanmmume aqnabaTHIeCKX CTEHOK O3HAYaEeT, YTO TEIUIO-
0OMEH MeXIy ra3oM BHYTPHM LWIMHIApA U BHEUIHENW Cpenoi oTcyrcTByeT. Ilpm OBH-
KCHUM IOPIICHb MOXET COBEPIIATL PaboTy W, CBS3aHHYIO C IIOTHATHEM HEKOTOPOIO
seca. Ecou mopiiieHs HenmoABUXEH, To paboTa He coBepiiaercs. Boobie ropops, W
# Q. ®aKTHYECKH U3 3aKOHA COXpaHEHUs 3HEPIuu cienyet, uto W< Q. Uto xe mpo-
MCXOAUT ¢ M3OBITKOM 3Heprun Q — W?

3aKOH COXpaHEHHS PHEPrUu Tpedyer, YTOOBI BHYTPEHHSSI SHEPTHS ra3a YBEIUYM-
JAch Ha

AU= Q- W. (13)
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B mupdeperumanbHoit dopme ypaBHeHHe (13) Moxer OBITh MEPEMUCAHO KaK
dU =dQ-dW . (14)

VYpasHeHus (13) ¥ (14) ABIAIOTCS MaTeMaTUYECKUMU BBRIPAXXEHHSIMH TIEPBOTO 3a-
KOHAa TEpMOJWHAMMKHU, KOTOPBIA M0 CYIIECTBY KBHBAIEHTEH 3aKOHY COXPaHEHUU
sHeprud. Bo Bcex MHTepecyrolmmx Hac B 3TOM IJIaBe CIydasx BHYTPEHHSSI SHEPrus
€CTb 9HEPrus, CBsI3aHHAsI C 9HEPTACH XaOTUIECKOr0 ABUXKEHUSA MONEKYI, T, €. Tell-
JoBasi sHeprus. B Goisee cloXHBIX CHUCTeMax yBeNMYE€HUE BHYTPEHHEW 2HEPIUHU
MOXKET OBITh CBSI3aHO ¢ TAKWMHW MEXaHHU3MaMU, KaK BO3OYXIEHHE aTOMOB U MOJ€e-
KyJ, X NOHU3ALMS U T. I

Ecyiv HarpeB NpoOUCXOOUT NIpH MOCTOSSHHOM 00beMe, TO Ta3 He CoBepIaeT paGoTe
(dW=0) u, cnenosarenvHo, dU = dQ. Torna ynenpHas TEIUIOEMKOCTD TIPH TIOCTOSH-
HOM 00beMe paBHa dU/dT (Ha 1 XMoub):

v _do

Wo =37 ar- (15)

2.7. PABOTA

Briie MBI TOBOPUIIM O TOM, YTO ra3, HAXOMUSIIUNACS B IIMIAHIPUYC-
CKOM cocyle C TOpIITHEM, MOXET coBepmIathk paboty. Kakosa 3ta pabora?
Cuna, nefcTBYIONIAs Ha TIOPIIEHb CO CTOPOHKI ra3a, paBHA pA, e A — TIONIAab
TMOBEPXHOCTU TOPIHA. Eciy MopIieHp ITepeMeCcTICS Ha paccTosiHue dx, To ras co-
BEPIUWI paboTy

dW = pAdx (16)

O0BeM, 3aHATHIA Ta30M, U3MEHWICA Ha:

dV = Adx. 17)
Takum obpazom,
dV = Adx (18)
U
W=[pav. (19)
2.8. YAENbHASA TEMJIOEMKOCTb NP NMOCTOAHHOM AABJNIEHUU

BenuunHa ¢ €cTh KOJIMYECTBO TeIUla, KOTOpOE HEOOXOoMMO Tepe-
JIaTh | KMOMIO rasa, JUist Toro 4roObl HarpeTh ero Ha 1 K mpm ycmosunm, uro oonem
rasa He uaMeHsieTcs. JIJIsT crcTeMBbl, NIpeACTaBICHHO Ha puc. 2.1, 3TO 03HAYaeT, 4To
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HOpLIEHD OCTaeTcs HenoABMXKHBIM. C Ipyroil CTOPOHSHI, €Ciii JaBjiCHUE B CUCTEME
OCTAeTCS MOCTOSHHBIM, TO JUIS YBeIM4YeHUs TemuepaTyphl ra3za Ha 1 K Heobxommumo
HOABECTHU GOJIBIIOE KOJIMYECTBO TeTuia. M30BITOUHOE TETUIO He0OX0MUMO TIOTOMY, YTO
TEIUIO MAET HE TOJIBKO Ha YBeIMYEeHNE BHYTPEHHEH SHEPIUH ra3a, HO U Ha COBEepIICHUE
paboThI TIO TIEPEMEILIEHNIO MMOPUIHA. DTa paboTa (B pacueTe Ha €NUHULY M3MEHEHMA
TeMmIepaTypsl) paBHa pdV/d T, nim

dv d RT

P—==P=—=R,

ar dT p
IOCKOJIBKY p OCTA€TCS IMOCTOSTHHEIM. OTCIONA CIIeAyeT, UTO TEIUIOEMKOCTh IIp MOCTO-
SIHHOM JaBJIEHWH

(20)

P v

¢, =c +R=ER+R=(1+%)R T/ (K-KMOJTE). @

CooTtHolieHUE MEXAY ABYMA YVACJIABHBIMH TETVIOCMKOCTAMMU

c, R(l + v/2) 2
o U TUA) g4t
¢ = Ro2 i (22)

Y

Puc. 2.1. [IuvHIADP ¢ TTOPIIHEM, TiepeMeLaroIuMcs 63 TpeHust

2.9. AJQNABATUHECKMUE MNMPOLIECCDI

Uit 3aMKHYTOM CHUCTEMBI, KOTOPYIO MBI paccMaTpuBaaud IO CHUX
110p, MBI BBIBEJIH COOTHOLICHHME MEXAY BHyTpeHHel sHeprueit U, paGoroit W
¥ KoaudecTBOM Terula Q. HanGoinee mpocToi CUCTEMOM ABISIETCS CUCTEMA, B KOTO-
poit COCyI ¢ Ta30M TaK XOPOULIO TEIJIOW30JMPOBAaH OT BHENTHEH CPelbl, YTO TEIIO
HUOTKYNa He IOCTYIIaeT M HUKyla He yXoauT. B Takoil annabaThdecKoi cucTeMe
AQ = 0. Ilpn nepemMeleHUN NOPITHSI BHU3 padoTa, KOTOPYIO OH COBEPIUAET, MOJ-
HOCTBIO MAET Ha YBeJIMYEeHHWe BHYTpeHHeill sHeprud raza: AU = W. Cxkatue rasa
MOXHO TIDOBOIUTH HACTOJIFKO MEJIEHHO, YTO B JIIOOOU 3aJaHHBIII MOMEHT BpeMe-
HY JaBJIEHHE, OKa3bIBaEMOE TOPIIHEM, OyIeT IpeBHIIATh AaBIeHUe ra3a Ha Oec-
KOHEUHO MaJIyIO BEJIMYUHY. B 3TOM cilyyae Tpoliecc cXaTus MPeACTaBIseT coOoi
1OCJIEA0BATEIPHOCT, KBAa3UPABHOBECCHBIX COCTOSSHUH M NaBJAEHHWE OAWMHAKOBO IO
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BceEMy 00BeMy raza. Takasi cuTyalusi peaau3yeTcsi, HampuMep, KOorga IOpIIeHb
CBsI3aH € IATYHOM MEXaHUYECKOHN TETUIOBOM MammHbl. BO3MOXHO Takke GHICTpoe
(ckaukooOpa3Hoe) cxkaThe, Korda 3aUKCHPOBaHHBI B HEKOTOPOM ITOJIOXEHUU
W HarpyXeHHBII OONbLUINM BecOM IOPIIEHb BHE3aHO ocBoboxaaercsa. Torna gas-
JICHWE ra3a HEMOCPEeACTBEHHO ITOA MOPINHEM OBICTPO BO3pacTaeT, HO Tpebyercs
ONpEAEIEHHOE BpeMs U1 TOro, YTOOBI U3MEHEHUE JAaBJIEHHS PacIpOCTPaHUJIOCH
1o BceMy o0beMy rasza. BosHuKaeT HepaBHOBecHas cutyauus. [lepspiii cimydait —
MeIJIECHHOC CXXaTHEe — SABsieTcs 6oJiee oO1KUM U Oojiee BaXXHBIM. TeM He MeHee MBI
CHayajla paCCMOTPWM BapHaHT OBICTPOIO CXATHs, IIOTOMY UTO MeMJIEHHOE CXaTue
MOXHO TPAaKTOBaTb KaK OECKOHEYHYIO ITOC/IeHOBAaTEIbHOCTH OECKOHEYHO MAJIBIX
OBICTPBIX CXATHIA.

2.9.1. bbicTpoe OkaTne

HauHeM c KayecTBEHHOTO OMHUCAHMS Ipollecca OBICTPOro (CKAuKo-

00pa3HOro) cxaTus, a 3aTeM pacCMOTPUM MIpUMep.

IIpennonoxum, 4T0 cCUCTEMa, COCTOSIIIAs U3 IWJIWHIAPA M TOPUIHSA, HAXOIWUTCH
B paBHOBecHH. [loplueHs, rioualb MOBepXHOCTH KOTOPOTO paBHa A, pacIiolioXeH
Ha BBICOTE /) OT 1HA IMIMHApPA, & 00beM, 3aHMMaeMBIA rasom, V= hjA. Ilycth
cwial), meiicTByOmAd Ha NoplueHb, paBHA F,, Taxk uro maBienue rasa p, = F, /A.
ITopuieHp XecTKO 3akperuleH Ha MECTe U He MOXeT mepeMellarbesa. Ha Hero cra-
BUTCH JOTIOJHUTENBHBIN TPY3, YTO MPUBOIUT K YBEIMYEHHIO CHUIIBI IO 3HaueHus F.
B kakoii-To MOMEHT NOpIIEHh OCBOOOXIAETCSI, YTO IPUBOIUT K CO3IAHMIO JABJICHUS Ha
ra3 p, = F, /A, Ho ra3 ellle HaXonUTCA NpU Gojiee HU3KOM NABJIEHNH p,,. [TopleHb HauHeT
OBICTPO OIMYCKATBCA U YepPe3 HEKOTOPOE BPEMsI OCTAHOBHUTCS Ha BBICOTE /1, TIpH 5TOM
masneHue rasa Gyaet pasHo p,. Han rasom Oyaet copepiena padota W, = F,(h, - h,),
M Onaropmapsl anabaTMUECKUM YCJIOBUSIM 3Ta paboTa MOJIHOCTHIO MepeiaeT BO BHYT-
PEHHIOIO SHEPTHIO rasa, KoTopas yBemnuntes Ha AU = nc (T} - T;). Cxartue npuseset
K YMEHBIICHUIO 00beMa Ta3a W YBSIWIEHHUIO €0 AaBICHUAS ¥ TeMIIepaTyph.

Ecnau 3areM cuja, meicTByiollas Ha TMOPLIEHb, TTPUMET TpeXHee 3HAYEHMUE,
F, = F,, T0 IOp1I€Hb IIOJHUMETCH BBEPX M OKAXETCS, YTO OH HAXOAUTCS HA BBICOTE
h, > h,. TemnepaTypa rasa npu 5TOM ynageT OoT 3HaueHMs 7;, KOTOpoe ra3 uMeln
nocie cxarusi, 1o 3Hauenus T, > T,. Cuctema He BEPHETCS B UCXOJHOE COCTO-
sIHUE [0 TOM MMPUYMHE, YTO CXKATHE Ta3a IMPOUCXOAMJIO MO ACHCTBUEM CHIBI F),
a pacuIMpeHne — MPOTUB MeHbIeH cuibl ). Takum 06pasoM, coBeplieHHAs IIpH
pacurupeHnH pabora 6puta MeHbLUe Ha BeauuHy (W, — W, _,). B atoMm cneundu-
YECKOM LIMKJIE SHEPTUA Obula mojBeaeHa u3BHe. CieToBaTeIbHO, MO OINpeaeIeHUIO,
3TOT MPOIECC HEOOPaTUM.

1) Cuna, meiicTByrolasi Ha MOPILEHE, SBISAETCS CyMMOM ABYX CIUT: CHJIBL, OOYCIOBIEHHOI aTMocdep-
HBIM JIaBJICHWEM, U CHWIbI, PABHOM BeCy IOPLIHSA.
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MNpumep

PaccMoTpuM anmabaTUdecKylo CHCTEMY LWIMHAP-TIOPIIEHD, U300paXeHHyo Ha puc. 2.1.
IycTh B Heil Haxomutes p = 40,09 - 1070 kmoneit taza ¢ v = 1,4 (y He 3aBUCUT OT TEMIIEpa-
Typel). Temnepatypa rasza T, = 300 K. ITonepeunoe cedenne mumunnpa 4 = 0,001 M2
[opiieHs MOXET TepeMenIaThed 0e3 TpeHHs, H Ha Hero geictByer cwia F, = 1000 H.
CnenoBare/ibHO, IOPIIEHD CO3MACT JaBjeHue p, = F,/A = 1000/0,001 = 10° [Ta.

O06beM, KOTOPBII 3aHUMAET ras,

_ WRT, 40,09-10°-8314-300
D 108
[MopmieHs Haxoaurcsi Ha BeIcoTe /) = V/A = 0,0001/0,001 = 0,1 M Hax IHOM LMIMHADA.

B paBHOBECMHM HaBII€EHUE ra3a paBHO AABJICHHUIO, KOTOpPOE Ha HErO0 OKa3bIBacT IOPLUCHbB.
YaenbHasi TETUIOEMKOCTD T'a3a TpU NOCTOSIHHOM o0beMe

Vo =0,0001 ™ (23)

¢, = il = 20,785 k/(K - xmons). (24)
’Y o
BHyTpeHHsIs1 3Heprus rasa
U, = uc,T, = 40,09-1075-20,785- 300 = 250 [, (25)
d NMPOU3BCACHHUC
pVy =10%.0,0001" = 2,51. (26)

TakuM 06pa3zoM, GUKCUPOBAHHbBIE XaPAKTEPUCTHKHM CHCTEMBI PABHbBI:

wromans A = 0,001 M2,

KOJIMYECTBO rasa p = 40,09 - 106 kmonei,

ramma y = 1,4,

yIebHas1 TEIIOEMKOCTD ra3a IIPY NOCTOSIHHOM 00BbeMe ¢, = 20,785 ITx/(K - kmoub).

HauansHble 3HaYeHUSA mapaMeTpoOB:

cuna £y = 1000 H,

o6weM ¥, = 0,0001 M3,

masrneHue p,= 10° I1a,
temmieparypa 1, = 300 K,
HayajipHas 3Heprusa U, = 250 JIx,
BeICOTa Ky = 0,1 M,

PVl = 2,51,

JlaHHBIE TIO BCEM CTaIWsIM TIPOILIECCa, PACCMOTPEHHOTO B 3TOM NpuMepe (IIPUBEACHBI
B Ta6n. 2.1).

Yro mpou3oMIeT, eCV CWiIa, NEMCTBYIOLIAS HA TIOPIIEHB, Pe3KO (CKaukooOpa3Ho) yBe-
nuunres B cTaHeT pasHo# 10 000 H? Ilopiiens omycTHTCss ¥ OCTAHOBUTCA HA BHICOTE A;.
(B meficTBUTENTLHOCTH MOPILEHB CHAaYalIa IIPOCKOYMT 3TY BBICOTY M HEKOTOpPOe BpeMs OyzieT
COBepIlaTh KoeOaHMs OKOJIO Hee, IIEPEMENIasiCh BBEPX U BHM3 JI0 TEX 10D, MOKa BHYTPEH-
HUe NOTEPH B ra3e HE MPUBEAYT K 3aTyXaHUIO 3TUX KoNiebaHWIi.) B MoIoxeHur paBHOBECHST
[aBJICHUE Ta3a CTaHET PaBHBIM:

_F 10000

=d-_——— 10
P = 70001 Ma. : @7
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1Ipodoaxc. npumepa

Ilpu nepemenieriny ¢ BBICOTH! /4 Ha BBICOTY A, TIOPILEHb COBEPIINUT pabory Wy
Woi=H (ho - hl)' (28)

Tak KaK cHCTeMa gBISIETCA a/:ma6aTquCK017[, BHYTPEHHASA 3HCPIAA ra3a JOJ/DKHA YBCIH-
YUTHCA Ha

AU, = e, (T; - T) = Fy(hy — h) 29)
rae 7; — TeMIlepaTypa rasa [ocsie Cxartus,

Vi _pAl _ R
T =£1_ 8771 _ 71, 30
L7 uR uR ~ uR" G0

IMoxcrasnas Beipaxenue s 1; u3 (30) B ypaBHeHue (29), momyyaeM

Il(ho_hl)z%llhl_ucu%' G1)
Pewas (31) oTHOCHTENBHO £, MeeM
y-1 T
h.=1—"|ph -0 32
= ( o + e, F (32)

Iloacranss 3HadeHust BeMMuMH B (32) nomydaeM, uro /, = 0,0357 M.
O0BeM rasza mocie CxKaTus

V, = Al = 0,001-0,0357 = 35,7-1075 m3. (33)

Temmneparypa rasza

pV,  107.357.10°°
T =01 = =50 " _10714K. 34
"" uR  40,09-10°.8314 (34

¥ TIPOU3BEIeHNEe
PV =107 (357-10°)" = 594. (35)
Taxkum o6pazoM, Tocae cKaTHd MBI UMEEM:
cwia F; = 10000 H,
obbeM ¥, =35.7- 100 M3,
nasieHue p, = 107 I1a,
Temueparypa 7; = 1071,4 K,

BEICOTA Ay = (,0357 M,
iV Y=3594.

BOHeprusi, NepenaHHast [IOPIIHEM Ta3y,
Wy = F(ly — i) =10000(0,1 - 0,0357) = 643 JIx. (36)

B sToM npumepe MraHOoBeHHO TipwioxeHHas cwia 10 000 H (ysenudenue Ha 9000 H)
IpHBeJa K BOSHUKHOBEHUIO CWIBHO HEPaBHOBECHOM cHTyallMi. B MoMenT, korna Gsu1a
NPWIOXEHA JIONOJHUTENbHAST CHIa, TIOPUICHE pousBomun gasienue 107 I1a, B To Bpe-




2.9. Aduabamuueckue npoyeccsl

Okony. npumepa
Msl KaK BCTpEUHOE JaBJIeHHE Ta3a COCTaBisuIo Toabko 106 Ia. IopmeHs o4eHb GHICTPO
OIYCTHJICS B HOBOE ITOJIOXeHHe paBHOBecHsI. [lombITaemcsi 0OpaTUTh CUTYalUIo, CTapTys
OT ITOJIYYEHHBIX BEILIE 3HAYCHUM TapaMeTpoB, KOTOPEIE yKa3aHbl TAKKE BO BTOPOil CTpOKe
Tabi. 2.1 (6ricTpoe cxarue). MBI MrHOBeHHO yMeHbIIaeM ycuiaue Ha 9000 H (ocrapmsis
1000 H, xoTopsie mMenud NMEPBOHAYAJIBHO). BBIUMCICHUSI, NOJHOCTHIO aHaJIOTHYHEIE
IpoaeJaHHBIM paHee, IPUBOIAT HAaCc K HOBBIM 3HAYCHUSIM MCKOMBIX BETMYNH:

cuwna F, = 1000 H,

o6pem V, = 268 - 1076 M3,
nasnenue p,= 10°Tla,
Temmeparypa T, = 795,6 K,
BBICOTA A, = 0,265 M,

V' =9,98.

Cwia, neiicTBRyomIas Ha IOPUIEHb, paBHA TiepBOHaYaIbHOMY 3HaueHuio 1000 H, HO cocTo-
STHUE€ Ta3a JAaJIeKO OT TOTO COCTOSIHMSI, B KOTOPOM OH HaxOAWICS B Hayajle SKCIIEPUMEHTA.
DTOT0, KaK TOBOPIIIOCH BHIIIIE, CIEAOBATIO OXHUAATh. MBI CXXMMAJU Ta3, IPUKIIaAbBast CUILY
B 10 000 H, a nopieHs mogHUMaNCs BBEPX, npeonoieas cuwiy B 1000 H. Hecmotpst Ha TO
YTO KOHEYHAasd BHICOTA OOJIbIIE, YEM MCXOIHasI, HEKOTOpast 10 paboTHl HE BOCIIONHEHA.
Jeno B TOM, 9TO BHYTPEHHS SHEPrus Ia3a Temepb paBHa U, = uc, T, = 663 [Ix, uro Ha
413 [Ix Gonbine, yeM HayanbHoe 3HaveHue Uy = puc, T = 250 Ix. ITonyyeHHas pa3sHOCTD
3HAaYCHUI BHYTpeHHEHl 3HEpPTUU, €CTECTBEHHO, paBHA PAa3HOCTH MeXIy 3HAUYCHUSIMH
NIpOM3BENEHHOM Hal razoM paborsl W , m paboTel, COBEpLIeHHOM rasoM W, _,.

2.9.2. MeaneHHoOe OkaTue

MoxHO I aguabaT4ecKd CXaTh Ta3 TAKUM 00pa3oM, YTOOBI NpU
paclIMpeHu OH BEPHYJICH TOYHO B UCXOmHOe cocTosiHue? MHBIMM clioBaMM, MOXET
JM agrabaTudeckoe cxaThe OBITh o6patuMeiM? [la, MOXET, IIPU YCJIOBUH, YTO CUNIA
NMpUKIAnbBaeTcsa nocreneHHo. Cxatne (WM paclIMpeHue) JOJDKHO TIPOUCXOIUTH B
pe3ynbTaTe HEKOTOPOTO YHCIIA 11IArOB, Ha KaXAOM M3 KOTOPHIX I'a3 OCTAETCs B KBa3M-
PaBHOBECHOM COCTOSTHHH. CUMYJISILIMIO TAKOTO TIPOIECcCa MOXHO ITPOACMOHCTPHPOBATh
YHCIIEHHO JOCTATOYHO TMPOCTHIM CITOCOOOM, UCTIONB3YsI UTEPALIMOHHBIA aJITOPUTM.

CrapTys ¢ yCIoBUiM, KOTOPEIE Mbl MMEJTM B Havajie SKCIIEPUMEHTA, IIPUMEM He-
GosblIOE IIpUpamieHKe cubl AF TaK, uro F, = F, | + AF. BeiunciuM BenuuuHy

y-1 T,
h=——-7oI1h = 37
(] Y [ i-1 +Ue, E ( )
Boruviciium 7, M3 BhIpaXeHUs
Fh
T =L 38
=R (38)

byneM nosropsiTh MpOLEAYpPY A0 T€X MOp, NoKa F; He cTaHeT paBHBIM F, . 31ech

F, ., — KOHeUHOe 3HadeHMe CUIHl (B HameM npumepe 10 000 H).
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Ta6aumua 2.1. 3HAYCHUA NEPEMEHHLIX HA PA3INYHLIX CTAANAX JKCIEPHMENTA

Hoactpounsiit | O6beM, | JaBnenue, | Temnepa- | Bricora, Cuna,
Y
Cramus HHIEKC a MITa Typa, K cM PV H
Hauyaio 0 100 1 300 10 2,51 1000
baictpoe 1 35,7 10 1071 3,57 | 594 | 10000
cxatie
bricTpoe
pacuimpe- 2 265 1 796 26,5 9,98 1000
Hue
Meunetitioe ofp 19,3 10 579 1,93 | 2,51 | 10000
cKatHe

IIp¥ mocCTaToYHO ManbiX 3HaueHUSAX AF moayyum, 4ToO Peow=0,0193 M
u T . =579,2 K. Kpome TOro, npu pacUIMPeHHH, OCYLIECTRISIEMOM TaKMM Xe 00pazoM,
MBI BEPHEMCS K MCXOIHBIM 3HauYeHWsIM A, V'u T. Vitak, niponiecc obpatum. OtMeTnM, 4TO
KOHEYHOC 3HaYCHWE BETWYMHBI p VY cOBMaaeT ¢ ee HadaIbHBIM 3HaYeHHeM. B neiictau-
TENMBHOCTY pVY OCTaeTCs HEM3MEHHBIM Ha BCEX IAraxX BBEMUCICHUI. DTO He CIydaiiHOe
coBriageHye. ITozxe B 3TOM [J1aBE MBI ITOKAXEM, ITO JUIS 4TMabaTHIECKOrO 00pPaTHMOro
nporiecca BenMIMHA pV'Y dBnisieTcs: KOHCTAHTOU. Jlajiee MBI TAKXKEe MOKAXeM, 4TO 3TOT
TaK Ha3bIBaeMblii IIOJTUTPOITUYECKUI 3aKOH!) MPUMEHUM KO BCEM alMabaTUIeCKUM IIpo-
ueccam. Microib30BaHNeE MOJTUTPONMYECKOTO 3aKOHA MO3BOJISIET PACCYUTATE OOPATUMBIIA
annabaTyecKif Mpotiece JOCTATOYHO IIPOCTHIM CLIOCOOOM, He NMpUberas K UTEpALoH-
HO¥M IPOLEAype, KOTOPYIO Mbl UCIIOIB30BAIH BHILIIE.

PesynbraThl, rojsy4yeHHble ST O6PaTUMOTO annabaTHYecKOro CXATHH, IPUBEe-
HBl HUXE:

obvem V5, = 19,3 1076 M3,
naenenue ps = 107 Ma,
Temmeparypa 7. = 579,2 K,
BBICOTA hog = 0,0193 M,
Py = 2,51,

Fys, = 10 000 H.

o

2.9.3. p,V-pnarpamMmmbi

Jlerko npencTaBUTh MPOLECC CXXATHS, HAPUCOBAB 3aBUCUMOCTD J1aB-
JIeHUsI Ta3a OT ero o0beMa, KaK 3TO CIENaHo Ha puc. 2.2.

) TIpum. pen. Ypasuenue pVt = const HaspIBaeTCs ypaBHeHHEM afuadatsl. AnuaGaTHyecKuil poLecc
SIBJISETCS YACTHBIM CIYYacM NONUTPOIMUYECKHX MIPOIIECCOB. T10MMTPOIUYECKHM TIPOLIECCOM HA3BIBAETCS
TIPOLECC M3MEHEHMS COCTOSIHUSL, PHA KOTOPOM TETUIOEMKOCTh Ta3a OCTACTCsl TIOCTOSIHHON W PaBHOM
dQ/dT. YpaBHeHre MONUTPONE uMeer Bui pV” = const, tae n = (¢ — cp)/(c -c¢,). lpr dQ/dT=0
n=c, /e, =



2.9. Aduabamuyeckue npoyeccol

Tak Kaxk Tpoiiecc 0O6PATUMOTO CXaTHsl €CTh PE3YIbTAT O0IBLIOTO YKCIIA TTOCIEA0Ba-
TeJILHBIX PABHOBECHBIX 1IATOB, TO MBI MOKEM BBIYMCIIATH 3HAUEHUSI JaBJIEHUSA U O00b-
eMa rocie Kaxaoro u3 3tux maros. Ha puc. 2.2 3TOT npouecc MpeacTasiicH IMIaaKon
KpuBoii. OTMeTHM, YTO IUIOWIAAb 3aTEHEHHON O0NacTW TOI KPUBOH COOTBETCTBYET
paboTe, IIPOU3BEIEHHOI B IIpouecce cxkarust. CxKaTue HaurHaeTcs ¢ napnerus 1 MIla
(npu 3ToM 06beM rasa paseH 100 JmTpam) K 3aKaHdHBaeTcs Tipu dasiaeHud 10 MIla
(coorBeTCTRYIOIIMN 00beM 19,3 7).

Jasnenne, MIla

20 40 60 80 100
Ob6beM, 1

Puc. 2.2. TIpu o6paTuMOM afuabaTMIeCKOM CXaTUM TMEPEXO] U3 HAYAJIBHOIO COCTOSHMS A
B KOHE4yHOe coctogHue C sBIgeTcs TUIaBHBIM M Tipeicka3yeMbIM. [Ipn 6picTpoM
CXKATHU HEBO3MOXHO TOYHO OMUCATh TPACKTOPUIO U3MEHEHHUS

Ilycrs mpu GBICTPOM CXATHM HAYaIbHOE COCTOSIHHME ra3a A COBITAfaeT ¢ €ro Ha-
“aIbHBIM COCTOSTHUEM B MPEABIAYIIEM ClIydae, a KOHEYHOe cocTosiHue B xapakrepu-
syercst TeM xe gapienueM (10 MIIa), koropoe uMen ra3 B pe3yjIbTare MEIJIEHHOTO
c¢xarus. B cuny Toro, 4To B pe3yibTaTe OBICTPOro CXaTHs ra3 UMeeT 00Jiee BBICOKYIO
TEMIEPATYPY, OH 3aHMMaeT Gonbimit oobeM (35,7 1 BMecTo 19,3 ). Ilpu 5T0M NYyTH
13 HAYAJIEHOTO B KOHEYHOE COCTOSTHUE HE OIIpe/ieieH, Ha PUCYHKE OH YCJIOBHO 0003-
HayeH [ITPUXOBOM JmHMeH. B mpomecce OBICTpOro cxkaTusl MaBJIE€HUE M TEMIIEPATY-
pa HEe MOIYT OBITH OMHO3HAYHO YKA3aHBI, MIOCKOIBKY OHW HEOAWHAKOBHI 110 0OBEMY
raza. [To Mepe TOTO Kak MOPHICHB OIYCKACTCS, Ta3 HE YCIERAET MPUATH B OMHOPOI-
HOE COCTOsIHME.
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TepMHMHBL «MEIJIEHHOE» U «OBICTPOE» CKaTHE ABIAIOTCH B KAKOM-TO MEpE YCIIOB-
HbIMHA. B GONBLHIMHCTBE MAIIUH CKOPOCTH MPOLIECCOB BEJINWKA, TeM He MEHEE MpoLlec-
CHl CXAaTusd WIM PacHIUPEHUs ¢ HEGOMBLIOH OIIMOKOH MOXHO CYHTATH JOCTATOYHO
MEJIEHHBIMM, YTOOB! TIPEATNONATaTh OLHOPOMHOE O 06BeMY pacHpeleileHie BHYT-
PEHHUX MapaMEeTPOB.

2.9.4. NonuTtponuyecknin 3aKoH

Tpemmronoxum, 9TO cHUcTeMa, OOGCYXAABIIAACSA BBIIE W COCTOSIUAS
W3 HWIWHAPA Y TIOPITHS, TETUIOU30IMPOBaHa TaK, YTO MEXIY Ia30M U OKPYXAIOIIEH
Cpeod HeT OOMeHa TeIUIOTod. B 31oM citydae Mbi MMeeM anuabaTHyYeCKHe YCIOBUS
U MOXEM 3allMcarh, 4YTO

dg=0. (39)

PaccMoTpuM GeCKOHEYHO Mallblii IIAr B TIPOLIECCE CKATUs. Torga paboTy MOXKHO
TIPCACTABUTE B BUJIE

dW = pav. (40)
3 IIepBOIro 3aKOHA TEPMOIANHAMUKHA UMEEM
dQ =dU +dW =0. A1)

I/ICHOJH)BYH YPaBHCHUC COCTOSHMA UACAJIBHOTO rasza

== 42
P=p (42)
TIOJIyYaem
aw = urrY 43)
V
dU =pc,dT, (44)
dar dav
— +pR—=0 45
he, — +HR=2 =0, (45)
¢, InT + R InV = const. (46)
TMockomeky R = ¢, = €,, AMEeM:
In7 +(y-1)InV = const, 47
TV = const. (48)

Tak xak pV = uRT, T0
pV7¥ = const. 49)
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D10 TaK Ha3bIBAEMblil OMUTPOIIMYECKUI 3aKOHY), KOTOPHIH OMMCHIBAET MPOLECC
06paTMMOro anMabaTUUYECKOTO CXATHS M PACIIMPEHUS.

2.10. M30TEPMWNYECKWIA MPOLIECC

Bel111e MBI 06CYXIAIM UCKITIOUUTETHLHO BaXKHBIM IUTST TEPMOIUHAMUKH
apuabaruyeckuii npouecc. IlepeiiieM K pacCMOTPEHHIO APYroro, He MEHee BaXHOTO,
U30TEPMHUYECKOTO TIpoLecca.

ITpu mo6BIX YeaoBUsIX paboTa, coBeplllaeMasi IPY PaCIIUPEHNH rasa oT obbema
ao obvema V| (cm. § 2.7), paBHa

4
Wy, = [pdV (50)
B U30TEPMHUICCKUX YCIOBHAX &
PV = pli p= L (1)
[ av " Py y40
Woa =P0V01_/[T/—=P0V()IHVO=POVOIHEZHRT 1n;1—. (52)

TTony4ynM 3TOT Xe pe3yiIbTaT, UCTIONB3ys 00Jice IETANBHYIO IIPOLIEAYPY B HaJIeXIe
HA TO, YTO TAKOE PACCMOTPEHME IPUBEACT K Ooliee ICHOMY MOHUMAHUIO GyHIaMEH-
TAJBHBIX MEXAHU3MOB, JIEXALIMX B OCHOBE PacCMaTpUBacMOro MPOLECCa.

IMpeanonoxuM, 9T0 MMIMHIP OoJiee He SIBISICTCS TEIUIOU30JIMPOBaHHBIM OT BHE-
LIHEN cpelbl U HAXOAWTCS B TEIUTOBOM KOHTAKTE C Pe3epByapoM, IIOALIEPXKUBAEMbIM
pU NIOCTOAHHOMI TeMriepartype, paBHoit 300 K. IlopiueHs, KOTOPbI MOXET ABUTATh-
cs1 6e3 TPeHUsL, HAXOMUTCA B MTOJIOKCHUN PABHOBECHSI, OTIPEACTISIEMOM BECOM CAMOI0
MOPLUHS U IABTCHUEM Ta3a, paBHBIM p,. Hac MHTepecyeT, Kakoe KOJIMIeCTBO SHePIun
BBLIEMTCA TIPH PAcLIMPEHMM Ta3a, €CJIM KOHEYHOe [aBieHUe GyneT paBHO p,. [ls
OCYILECTBIIEHNS 3TOTO TIPOIlEcca HEOOXOAMMO YMEHBITUTH BeCc MoplIHs. Ilpenmnono-
XWM, 4TO atMocdepHOe HaBlieHre OTCYTCTBYET.

IlycTh B HaYaJIbHOM COCTOSTHUM MOPLIeHb uMel Maccy 10 Xr ¥ MBI MOMEHTAJIb-
HO yMeHbMIM ee Ha 9 xr. [lopileHb B3JICTUT BBEpX, MOJHUMAS Maccy B 1 KT.
Tak Kak TpeHUEe OTCYTCTBYET, TO TTOPIIEHB OYAET OCLWLINPOBATH OKOJIO MTONIOXKE-
HUA paBHOBECHsA JIO TeX ITOp, IOKa KoleGaHWs He 3aTYyXHYT 3a CYeT BHYyTPeHHEH
NUCCHUITALIMY B raze. a3, oXJIaxmalolniics pyW paciIiMpeHuu, OyleT HarpeBaThCs
3a cueT TEIUIOTHI, MOCTYMAIoMeil OT pe3epByapa, ¢ KOTOPHIM BCA CHCTEMa Haxo-
JUTCH B TEIUIOBOM KOHTaKTe. IIpeaIronoXuM, 4YTO Iocie TOTO KaK yCTaHOBMTICSH
HOBOE ITOJIOKEHUE PAaBHOBECHS, TTOPIIEHb Maccoil 1 KT OKaxXeTcsl Ha BbIcOTe 1 M.

D TIpum. pen. Kax yxe yKasplBaoch B TPUMEYaHUU K 1. 2.9.2, MpuUBENEHHOE YPABHCHHUE SIBISCTCS
ypasHeHdeM anuadaTel. TaMm XKe MPUBE/JACHO YPaBHEHHUE IOJUTPONIBL
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CopeplueHHada NpH 3ToM pabota W= mgh=1-9,8-1=9,8 Ix. HecMoTps Ha To
9TO KOHEYHaA TeMIllepaTypa paBHa HavyajbHOM, pacCMATPMBAEMEII IIPOLECC HE
ABJIAETCS U30TEPMUYECKMM, MOCKOJBKY B TIPOIECCE pacIHIMpEHHs TeMIeparypa
ra3a CHayajla YMEHBIUWIACH, a4 3aTeM MOJHIIACH O NMEPBOHAYANLHOIO 3HAYCHWA.
B n3zorepMuyecKoM mpoliecce TeMIepaTypa J0IKHA OBITh HEM3MEHHONU B TeYeHUe
BCEro Ipoiiecca.

JlaBaiiTe MOBTOPUM 9KCIIEPUMEHT, TOJLKO Ha 3TOT Pa3 OCTABUM Ha IIOPLIHE MACCY
2 Kr. ITocie Toro Kaxk NopiIieHb NOAHUMETCS U KOJIeGaHUs B KOHIIE KOHIIOB 3aTyXHYT,
YMEHBIIUM Maccy nmopuHs eige Ha 1 kr. [Ipouecc noBropurcd. KoHeunoe cocrosiHue
TO K€ CaMOe, YTO U B IIEPBOM 3KCIIEPUMEHTE, HO COBEpIIeHHasT paboTta Terepb paBHa
2:9,8-0,444 + 1-:9,8-0,556 = 14,2 JIx, IOCKOJILKY Ha TIepBOM ILIare IOPIIEHb OC-
TaHoBHUTCA Ha orMeTke 0,444 M (cM. 3amagy 2.3). [TpudunHa, 110 KOTOpPO# BO BTOPOM
cllydae cOBepHieHHas paboTa 60Jbllie, JOCTaTOYHO OYEBHIHA: XOTA B UTOre TOJBKO 1 KT
IIOJHAT Ha BBICOTY 1 M, LieJIbIX 2 KT OBUIM HOMHSITH HAa HIPOMEXYTOYHYIO BLICOTY.

MakcumanbHas pabota Gymer coBepllieHa IpH OECKOHEYHOM YHCIIE IIaros, Ha
KaXJOM M3 KOTOPBIX Macca yMeHbIIaeTCs] Ha 6ECKOHEYHO Majylo BeJMuuHy. [Ipu
COOJIONEHUU 3TOrO YCIOBMS MPOLECC PAaCHIMpPEHUS SBISAETCS M30TEPMUUYECKMM,
ITOCKOJIBKY TEIUIOTa OT pe3epByapa NOCTYIIAET B Ta3 IPH KaXI0M DECKOHEYHO MaJIOM
OXJTAXOEHUU TIOCJIEHET0, TEM CAMBIM MOMIEPXKUBasi TEMIIEPATYPY rasa Ha MOCTO-
aHHoM ypoBHe 300 K. KakoBa MakCcHManbHasI COBEpPILIEHHAs IIpd 3TOM pabora?

OGo3naguM K03hOULMEHT AeKOMITPECCUN (TIOHVDKEHIE JaBIeHNS) YEPEs 7,

% . (53)
f
HYCTL JABJICHUEC B HpOHCCCC HCKOMHPCCCI/II/I MECHSICTCS IO 3aKOHY T COMCTpI/I‘ICCKOﬁ
IIPOTPECCUM C IIOCTOSHHBIM IIAroM, a 4MCIO 1aros pasHo n. Torna

r

Pin = % : (54)

Paborta, coBepmiaeMas Ha i-M 111are
W= (hi - hi—l)E > (55)
rae F, — Bec, NOXHATHINA Ha /-M 1uare,
F = pi A 5 (56)
A — TIOINaAh MOBEPXHOCTH ITOPILHS.
BricoTta, Ha KOTOpYIO MOJHHUMETCS MOPIICHDb Ha i-M I1I1are,
h=-+ (57)

CJI€O0BaTCIBbHO,
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V.

V..
W= ’I*A—HPiA =Vp, =Viap: =Voby = Viipi » (58)

11I0CKOJIBKY TTOC/IE KAXIOTO [Iara TeMIieparypa IpUHUMAET HauajabHOe 3HadeHue 1) 1
B pesyibrate pV = p,V, To

W, =V,p, (1 - i) =V,p, (1 - r-l/"). (59)
it
[Monuas padota
W=VOPOZ(I—r_I/”)zVopon(l—-r_l/"), (60)
i=1
W =V,p, Inr. (61)

DT0 BBIpaXeHWE COBIAAAET C BRIBEICHHBIM paHee. TakuM 06pa3oM, ra3 COBEpHIAET
MaKCHMAJIbHYIO paboTy IPU M30TEPMUIECKOM PACIIMPEHUN.

2.11. PYHKUUN COCTOAHUA

CocTosTHHE 3aJaHHOTO KOJJMYECTBA UICAJIBHOTO ra3a MOJHOCTHIO OIl-
penesnseTcs NOObBIME JIByMS U3 TpeX TEPeMEHHBIX: IaBJICHHEM, OOBEMOM, TeMIIEpa-
Typoii. TpeThs riepeMeHHast MOXET OBbITh BHIYMCIICHA, €CIIM 3aJaHbl IBe Apyrue mepe-
MEHHbIC (IIPY YCIOBYMM, YTO M3BECTHO KOJIMYECTBO ra3a, BHIPaKeHHOE B KUJIOMOJIAX),
M3 YPaBHCHUS COCTOSHUS HMIEaJIbHOIO rasa.

Ecim ra3 mepexoguTt M3 OZHOTO COCTOSTHUS B APYro€, TO MOXHO BBHIYUCAUTL W3-
MeHEeHUe ero BHyTpeHHel sHepruu. s Toro 4TobH 3TO CAENaTh, AOCTATOYHO 3HATH
KOJIMYECTBO Ta3a, €ro VACIHHYIO TeIUIOEMKOCTh IIPU IIOCTOSSHHOM OOBEME, a TaKXe
HAYANBbHYIO ¥ KOHEYHYIO TeMmIepaTypsl. [Ipy 3TOM HEBaXHO, KAK MEHSJIACH TEMIIE-
paTypa B IIPOLIECCE IIEPEXOfa ra3a M3 OAHOIO COCTOSIHUS B APYroe.

C apyroit cTOpOHSI, JUIST TOTO YTOOBI BEIYMCIUTDL PAGOTY, COBEPILICHHYIO MPHU Ile-
PEXORE U3 ORHOTO COCTOSHUSA B JIPYTO€, BAXXHO TOYHO 3HATh, 110 KAKOMY ITyTH OBLI
COBepIIICH pacCMaTPUBAEMBII ITEPEX0l. 3HAHUS TOJIBKO HAYAIBHOTO M KOHEYHOI'O
COCTOSSHMI B 3TOM CJIydae HEZOCTATOYHO. B sKcrepuMeHTe, OMMCAaHHOM BBIINE,
paboTa, coBepllieHHas MPH MNEPEXoJe B KOHEYHOE COCTOSTHWE, 3aBUCENa OT TOrOo,
KakuM o0pa3oM nmpoTtekan npoiecc. HUKTO HE MOXET cKa3aTh, Kakyio paboTy Hano
COBEPIINTH IUISI TOTO, YTOOHI TIEPEHTHA M3 OJHOTO COCTOSHHS B JAPYroe, Onmupasich
TOJIBKO Ha 3HaHMe 3THUX cocTogHni. Eciin Bol yBHUenu Koro-to Ha BepILINHE TOPHI,
T0o BEI He MOXeTe 3HaTh, KAKUX YCHJIHA CTOUIO 3TO BOCXOXAcHHUE. MOXHO BEIOpaTh
JIETKYIO, BEIMOIIEHHYIO JOPOTY, @ MOXHO TOWTH IJIWHHBIM YCESIHHBIM KaMHSIMU
nyreMm. dpyrumu cioBaMmu, paboTta He siBisieTcsi GYHKIIMEH COCTOSIHUA rasa.
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2.12. SHTANbLNNA

Jlo cHX TIOp MBI MMENU JEN0 TOJABKO C 3aMKHYTHIMU CUCTEMAMU, B
KOTOPBIX paccMarpuBaiach HeKasl PUKCUpOBaHHAs Macca raza. MHorue yCTpoicTBa,
HarpuMep, TakKue Kak TypOWHa, SBISIIOTCS OTKPBITBIMH CUCTEMaMH, depe3 KOTOphbIe
MPOXOAWT MOTOK Ta3za. BMecTo Toro, 4ToOsl GUKCUPOBATL CBOE BHUMAaHHE Ha 3aaH-
HOM Macce ra3a, Mbl JOJDKHBI PacCMaTpUBaTh 3aIaHHBIN 00beM, Yepe3 KOTOPHII [IPo-
XOIWT MOTOK Ias3a, MpEeTeplieBaLIUi HEKOTOPEE TEPMOIUMHAMUYECKHE U3MEHEHWS.
J1a Toro 9To0bI BEIYMCIUTD U3MEHEHUE SHEPTUH, IPOUCXOISIIIEE B TAKOH OTKPHITOH
CHCTEME, MBI JOJLKHBI BEUUCIUTh 3HEPIUIO, IPHHOCHMYIO B He€ TIOTOKOM, U SHEp-
VIO, YHOCUMYIO U3 Hee.

1 Toro yTobbl cO30aTh IIOTOK B OTKPBITOU CHCTEMe, U300paXeHHOI Ha puc. 2.3,
TIpeIcTaBuM cebe Hekuil (BooOpakaeMBlil) TOPIeHb, CO3NAIOIINIA AaBICH)E p M IPO-
TAJIKMBAIOIIUN 00beM rasa V uyepes Hame yctpoiictso. IlopiieHs cosmaeT cuny pA
¥, TOJKAst Ta3, MEPEMEIIIAETCs Ha pacCTosiHUE L, coBepiiasi IpH 3ToM paboty pAL = pV.
OHeprus, BBoAMMAs B yCTPOHCTBO, paBHa p, V. . Ha BbIxole M3 yCTpO#cTBa ra3 YHO-
CHT 3HEpruio, pasuyio p, V. . Torna sHeprusi, HaKOIUIEHHasi B YCTPOMCTBE, paBHA
PixVx = Poux Verx- ECTIH TIPH 3TOM Ta3 U3MEHIIT CBOIO BHYTPEHHIOK SHEPTHUIO, TO MO~
Hasl paboTa, COBEpIUCHHAS YCTPOMCTBOM, BBIPAXAETCS KaK

W =A(pV)+AU =A(pV +U) = AH. (62)

IIpenrnonaraercsi, YTO YCTPOMCTBO SBIAETCSA agdabaTUyecKuM (T. €. HET TEMmIo00-
ME€Ha ¢ BHEUIHeW Cpefoit yepe3 CTCHKU YCTPOUCTBA).

—

Prc. 2.3. OtkpsiTas cucTeMa, B KOTOPOii TIOTOK rasa COBEPHIAET paboTy

Cymma pV + U gacrto uctionb3yetcst B TePMOIMHAMUKE, U ONpeeIseMas ¢ ee 11o-
MOIIIBIO BETUYHMHA HA3BIBACTCS SHTANBIIAEH

H=U+pV. (63)

Benuuuuet H, U n pV, Gynyuu 3HEpreTMUECKUMU XapaKTEPUCTUKAMU, SBIISTIOTCS
OTHOCHMTENTBHBIMY, T. €. OHU MOTYT OBITh OTCUUTAHB! OT HEKOETO IIPOM3BOILHOTO YPOB-
HA. VIX abCOoMOTHBIE 3HaUeHNs HE CTONb BaxXHbl. HanGobIIvii HHTEPEC MPEACTABISET
VW3MEHEHNE 3TUX BETMIHH:
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AH = AU = A(pV)= AU + pAV +VAp. (64)

ITpu mocrostHHOM HaBieHun AH ectb npocto AU + pAV u, clienoBaTeabHO, PABHO
rerty AQ, KOTOPOe BBOJUTCSI B CUCTEMY,

AH =AU+ pAV=AQ. (65)

Mo 3Toit NpUYMHE SHTATLIWIO MHOTA HA3BIBAIOT TEIUIOCOAEPKAaHUEM. DTA BEIU-
YMHa, KaK TIPaBWIO, MUCIIONB3YETCA B XMMUH, TIOTOMY YTO 3a49acTyIO peaKlluu NMpoTe-
KAIOT B OTKPBITHIX COCY/AX, T. €. TIPU MOCTOSIHHOM IABJICHUH.

U3 ypasrenus (12) crenyet (B pacueTe Ha 1 KMOJIb)

T
AU = [c,dT. (66)
T,
Wcrons3ysi ypaBHEHHE COCTOSIHUS AJII MICATBHOTO Ta3a (Takke Ha | KMOJIb) U
ypaBHeHHe (64) moiydaeM

T T T T
AH = AU + A(pV) = AU + A(RT) = [ ¢, dT + R[dT = [(c, + R)dT = [ c,dT.
L r, L I,
(67)
CormocraBbre ypaBHeHus (66) u (67).

2.13. CTEMEHW CBOBOAbI

B dopMybl, KOTOpBIe MBI HOJYYWIN IS YACIBHBIX TEIUIOEMKOCTEMN
W IUISL BEIMYMHBL Y BXOUT BEIMUMHA V, PABHAS YUCTY CTEMEHEN CBOOOIBI MONIEKYIIBL.
M3 HalIMX pacCyxXIeHUI CIeHyeT, YTO V SBISETCS LEJIbIM YHUCIOM M He [O0JKHA 3a-
BUCETh OT TeMIepaTyphl. UTO MOKa3BIBAIOT 3KCIIEPUMEHTAIBHBIE JaHHbIE?

PaccMOTpUM ONHOATOMHBIE ra3bl. ATOMBI, U3 KOTOPBIX OHM COCTOSIT, MMEIOT
TPU TIOCTYIIATeIbHBIE CTEIICHU CBOOOABL. B 2TOM ciyuae BelIMUKMHA Y TOYHO paBHA
I +2/3=1,667 (cm. ypaBHeHme (22)). Kak cienyeT M3 HaHHBIX, MPWBEICHHEBIX B
Tabn. 2.2, 3HAYCHUE Y JUIs TeIMSL, aPTOHA U KPUNTOHA NPUOIU3UTENBHO (HO HE TOYHO)
PABHO OXKMIaeMOMY 3HaUYeHHIO. IT0CKOJIbKY pealbHBIE aTOMEI NTEPEUUCICHHBIX Ta30B
HE ABNSIOTCS TOYCUHBIMU O0BEKTaMU, T. €. UMEIOT HEKOTOPEIN 00beM, TO Y HUX IO~
XCcH OBITh CITMH U IO KpaiiHeil Mepe OITHA NOIOJTHUTEbHAS CTENIEHb CBOOOIBI JOJIK-
Ha OBITH TIPUTTMICAHA BPAIEHUIO BOKPYT COOCTBEHHOU ocu. B 3TOM ciy4ae cTemeHei
¢BOOOIBI 1OKHO OBITh HE MEHBLIE YETHIPEX U, CIIEHOBATENIBHO, Y= 1 + 2/4 = 1,5, uTO
3JAMETHO MEHBIIIC HA0IIONaeMbIX 3HAUCHW.

PaccMoTpuM IBYXaTOMHYIO Mosiekyily Bogoponaa H,. OHa moikHa UMETh TPH I10-
CTynaTeJIbHEBIC ¥ IBe BpalllaTe/IbHEBIe CTETIEHU cBOOOIb. KpoMme TOro, oHa MOXET COBEp-
111aTh KOJleGaTeabHble JBMXCHWSI, KOTOPHIE JAIOT €Il B CTeNeHU cBOOOABI (0mHa —
UL KUHETHYECKON 3Hepruy KojeOaHwil, apyras — Uil MOTeHUUaibHOW). Takum
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00pa3oM, MOJIHOE YKCIIO CcTeTleHel CBOOOMBI MOJIXKHO OBITh, IO MEHBIIIEH Mepe, paB-
HO CEMM M COOTBETCTBeHHO Y= 1 + 2/7 = 1,286. [Ipu temneparype 2300 K y mist
BOIOpOda paBHa 1,3, 4TO COOTBETCTBYET 3HaueHUIO v = 6,67. Kax MOXHO BHAeTs U3
puc. 2.4, TOJIBKO TIpu 60Jiee BRICOKON TeMIIepaType YHCIIO CTeIeHeH CBOGOIEI MOXKET
JOCTUTHYTH ceMHU. IIpu oueHb HU3KUMX TEMIIEpaTypax 3HAYEHUE V CTPEMMTCA K TpeM
¥ MOJIEKYJIAPHBIA BOAOPOM BeAeT ce0sl, KaK TOYeUHasd OJHOAaTOMHas MOJIEKYJIa.

Mexny 3TUMU KpailHUMH TEMIIEpaTypaMH v TUIaBHO MEHSETCs, IpUHUMas Apo6-
HblE, HE LIeJbIe, 3HaUeHUs. SICHO, YTO MOJIeKyJia MOXET MMETh TONBKO IEI0€ JHC-
JI0 cTeneHeit cBOOONBI, HO ra3, COCTOSIIIMMA M3 OOJIBHIOrO0 KOJUYECTBA MOJEKY,
XapakTepU3yeTCs CPETHUM 3HAUYECHUEM V, KOTOPOE MOXET OBITH TPOOHBIM YKCIIOM.
IIpu n1060i1 3amaHHOM TeMIlepaType y HEKOTOPHIX MOJIEKYN BO3GYXIaeTcss MeHb- |
11Iee YUCJIO CTEIEeHeH CBOOOABI, B TO BpeMsi KaK y Npyrux — Ooubliee. MHBIMU
CIIOBaMM, MPUHIMII PABHOIO PacHpeieeHNs FHEPrUu MEXAY CTeNeHsAMHU ¢BOOO-
Bl (KOTOpbIiA TpeOyeT paBHOTO paclipelelieHUs SHEPTUM MeXAy BCEMHU CTEIeHS-
MU CBOOOIBI BCEX MOJEKYJ) HapylliaeTcd. TakuM 0o0pa3oM, IS PECAIbHBIX Ia30B
YIEJIbHbIE TEIUIOEMKOCTH M WX OTHOIIEHHE Y 3aBUCAT OT TEMIIEPATyphl, XOTs U HE
CJIUIIKOM CUJIBHO. '

Crenenu ¢BoOOIBI V

0 1000 2000 3000
Temnepatypa, K

Pnc. 2.4. 3aBHCYMOCTD Y¥C/Ia CTETIEHEl CBOGOIBI MONEKYIIPDHOIO BOAOPOAA OT TEMIIEPATYPHI

L7151 OleHOK MOXHO TOCTATOYHO MPEATIONOXHTE, YTO BEJTUYHHDI, O KOTOPHIX MAET
peub, SBJISI0TCI KOHcTaHTaMu. [1py ipoBeneHUM Goiee TOYHBIX PacueTOB HEOOXOIUMO
00paTUThCS K TaOJIMYHBIM JAHHBIM (CM., HAallpUMED, MepedeHb IKCIIePUMEHTAIBLHBIX
maHHbIX 110 ¢, 1 y Wit Hy, O, u H,0, npuseneHHbix B tabn. 7.5).



2.14. Sumponus

HekoTtopble oOIIHE MOJOXEHMS, KOTOpble HEOOXOMUMO 3allOMHUTb, COCTOSIT
B CJIEAYIOLIEM: IIePeXo/l K GoJiee CIOXHBIM MOJEKYJIaM M 60Jiee BEICOKMM TeMIle-
patypaM IIpUBOJUT K YBEJMYEHMIO YUCIIA CTEeTIeHEH CBOOONEBI ¥, CIIENOBATEIHHO,
K OOJNBIINM 3HAYEHUSAM yISIbHBIX TEIUIOEMKOCTENH M MEHBIUIUM 3HAYEHHUAM BEJIH-
YUMHBI Y.

Tabanma 2.2. OTHOIIEHHE yNeJbHBIX TEILIOEMKOCTEH A1 HEKOTOPBIX OXHOATOMHBIX 4308

Ta3 Temmeparypa, K ¥
Tenmit 93 1,660
AproH 298 1,668
Kpunron 298 1,68
2.14. SHTPOMNA"

Paznvutbie BUIB SHEPTUH MOXHO YCIIOBHO PACIOJIOXHUTH B MOPSIIKE
UX «IIEHHOCTH». DJIEKTpUYecKast SHEPrusi MokHa ObITh HauboJiee «1IEeHHO» — OHa
MOXET JIETKO TIEPEXONUTH B JII0O0OH APYroil BUI SHEPrUHM. 1o Xe caMoe CIIpaBemiN-
BO U JUISI MEXaHWYECKON BHEepIHMM, TOCKOJIbKY OHAa MOXET (10 KpalHEH Mepe, Teo-
PETHYECKH) MEPEXOIUTh B SMEKTPUYECKYIO IHEPTHIO H 00paTHO 6e3 noreps. Terwro-
Basl DHEPIUs JAOJDKHA OBITH PacIofioKEHA B CAaMOM HU3Y, TaK KaK M3BECTHO, YTO OHa
He MOXET OBITh MOJNHOCTHIO TIEPEBEACHA HU B 3JEKTPHUIECKYIO, HU B MEXaHNYECKYIO
(hopmy sHEprUH (32 UCKIIOUEHUEM CIy4asi, KOTIa XOJIOAWIbHUK HAXOOUTCA IIPA TEM-
fiepaTtype abCOIOTHOTO Hylist). XMMHUYECKask SHEPIUsI UMEET «LIEHHOCTb> HUXE, YeM
JNIEKTPUYECKasi SJHEPTUSI, HO BBIILIE, YEM TETIOBAS.

Kpome Toro, MOHSITHO, YTO YEM BHILLE TEMIEPATypa, TEM BHIIIIE COOTBETCTBYIOLIAS
«LIEHHOCTR» TEIUIOBOM SHEPIHH, TOCKOJIBKY OHA MOXET ObITEL 60nee 3¢ deKTUBHO Ipe-
obpa3oBaHa B Ipyr'oil BUJ SHEPIUU.

Hapaiite monpoOyeM MOABECTH 1OI 3TU PACIUIBIBYATBIC YTBEPXKICHMS KOMUYECT-
BEHHYIO 0a3y.

PaccMoTpuM aBa GoNbIIMX anfnabaTHIeCKUX TEIUIOBBIX pe3epByapa: ONVH (B Jajlb-
Helilem OyaeM Ha3bIBATH €70 UCTOYHMKOM) IIpU TeMmieparype 1y ¥ ApYyroi (Temio-
IIPUEMHUK) TIpU Oonee Hu3Koil Temieparype T Pe3epByaphbl CBA3aHBI TOHKHM Me-
TAUTMIECKUM CTCPXKHEM, OCYIIECTBIISIIONINM TEIUIOBOM KOHTAKT Mexny HuMH. [lanee
[IPETNONIOXKMM, YTO 33 BpeMs JKCIEPUMMEHTa KOJIWYECTBO TEIUIa, Iepenlefiiiero OT
MCTOYHMKA K TEIUIONPHEMHUKY, MATO IO CPABHEHMIO C KOITMYECTBOM TeIUIa, 3aIia-

D TIpum. pea. Dot maparpad, KacaloIriicst TAKOro BaXHOIO B TEPMOJAMHAMUKE NOHSITHS, KAKOBBIM
SIBJISICTCSA SHTPOIMS, B KHUIE W3JIOXEH BeCbMa yIpollleHHO. [Ins Gojee neTaJbHOrO O3HAKOMIICHUS
MOXHO PEKOMEHIOBATh coorercTBytontue pasmensl KUt A.K. Kuxkonrna u M.K. Kukouna «Moie-
Ky/lsgpHasa ¢pusuxka». M.: Hayka, 1976.

83
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CEeHHOTO B pe3epByapax. M3 3toro mpeamnoioXeHus clieayeT, 4YT0 TeMITEpaTyphl pe3ep-
ByapoB OCTaHYTCSl HEM3MEeHHBIMHU.

TTpennonoXuM TakKe, YTO CTEPXKEHb, OCYIIECTBISIONIMI TETIOBOW KOHTAKT MEXIY
pe3epByapaMu, TEIUTOM30IMPOBAH OT BHEIIHEU cpennl. CreaoBaTeNbHO, KOJIMYECTBO
TeIUIa, IOTEPSTHHOTO OAHUM PE3€PBYapOM, TOUHO PaBHO KOJIMYECTBY TeIlIa, IIpuodpe-
TEHHOTO IPYTUM pe3epByapoM. TeM He MeHee TETUIO TEPSIET YaCTh CBOCH «LIEHHOCTH»,
TTOTOMY 4TO HOBas TEMIepaTypa MeHble npexHei!). TakuM o0pasoM, «LEHHOCTb»
TeTUIa TepsleTcs Npu TeIutonepenaye.

3ammuem otHoteHne Q/ T i 060uX pe3epByapoB, rie ( KOJIMYECTBO TeIUia, KO-
TOPBIM OHYM OOMeHIUCE. SlcHo, uto Q/T, < Q/T,. MBI MOXeM paccMaTpuBaTh 3TO
OTHOILICHNE KaK Mepy «LIEHHOCTW» (WUIM OTCYTCTBHUS «II€HHOCTH») TE€ILIa. DTO OTHO-
IIEHNE Ha3bIBAIOT 3HTPOTTHEH
Q
T

BaxHo nmoHuMaTth, 94TO B paCCMOTPEHHOM NpHUMeEpe TEIUIOBAasi SHEPTHSI COXPAHH-
Jlach, HO €€ «Le€HHOCTb» ObUIa YaCTUYHO yTepsiHa. OHa Mcuesjia U3 SKCTIepPUMEHTAIIb-
HOW CHCTEMBI HE IJII TOTO, YTOOBI MOSIBUTHCSI B IPYTOM MeCTe — OHa Obljla MoTepsi-
Ha B NMPUHIINTIIE. 3aKOH COXpaHEHWsI SHTPOIIUM HE CylIecTByeT. B 11000 3aMKHYTOIT
CHCTEME SHTPOIIHS B JIYYLIEM CTy4ae He MEHSIETCSI, HO €CJIM OHa MEHSETCSI, TO TOJIbKO
B CTOPOHY YBeIM4eHUs?. DTO YTBEPXKIECHUE HOCUT Ha3BaAHME BTOPOTO 3aKOHA Tep-
MOIWHAMUKH.

S

(68)

HyXHO MOHUMATh, YTO 3HTPONUS ABISAETCS KaK MepOi KauecTBa TEILIOBOM 3HEP-
THH, TaK M Mepoil Gecropsiaka cUcTeMbl (xaoca). YeM BEIIIE TeMIlepaTrypa, CBS3aH-
Hasi C KOJIMYECTBOM Teilla , TeM HiXe cooTBeTcTBytouiast sutporms Q/T. C apyroit
CTOPOHBI, YeM BbIlIe TEMIIEpaTypa ra3a, TeM Bbllle 0eCTIOPSIOYHOCTD ABMXKEHUS MO-
JIEKYJI €TO COCTaBJISIOLINX, CIIeIOBATEbHO, BhillIe 3HTpOMUsI. UTOOHI pa3peniuTh 3TOT
KaXYUIMICA NapasioKC, PaCCMOTPUM KOJIMYeCTBO Terna Q. , MepeIaHHoe IpH TeMITe-
patype T, HeKoTOpoMy 0ObeMy rasa HeaguabaTyeckum nytem. IIpu 3toM B ras Gyger
BJIOKE€HA KaK 3Heprusi, TaK W SHTpoNus. SICHO, Y4TO yBeJIMUEHUE SHEPTUU MPUBEAET
K POCTY TeMITepaTyphl Ta3a 1, B TO Xe BpeMsl, K YBeTHIEHUIO SHTPOITUH Ta3a, TTOCKOJIb-
KY, XOTSI SHTPOTIVSI HE COXPAHSETCS, OHA COTIIACHO BTOPOMY 3aKOHY TEPMOIUHAMUKY
HE MOXET NPOCTO UCYE3HYTh. OTCIOAA CIENyeT, YTO C YBEIMYCHUEM TeMIIepaTyphl rasa
YBEJIMIMBAETCST TAKXKE 1 €TO SHTPOIIHS.

D Ilpum. pea. CHIKeHME «IIEHHOCTH» CBSI3aHO, B YACTHOCTHM, C TEM, YTO TEIUIO CTAHOBHTCH MEHEE
JOCTYITHBIM AJIST ero MpeoOpa3oBaHHs B MEXaHUYECKYIO paboTy.

2 QaHaxo MPOM3BOJTBEHAS CHCTEMA HE BCEINIA CTPEMMTCS B CTOPOHY MakcuMyMa Gecropsika. Cucre-
MBI MOTYT CIIOHTAaHHO CO3/IaBaTh CIIOKHBIE CTPYKTYPHI, TAKWE, HAPUMED, KAK XW3HEHHBIE HOPMBI,
BO3HMKAIOIINE U3 HEKOI TEPBO3JAHHOMN Cpebl.
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Bosspainasces K Bompocy 0 GyHKIMSX COCTOSTHUSI, BAXHO OTMETUTD,
YTO BHTpOINMS ABJISAECTCS GYHKLUWeH cocToAHUA. s Toro 9robbl onpenenuTh u3Me-
HEHHE SHTPONUY B IIOO0M MpOIIECCe, TOCTATOYHO ONPENENIUTb SHTPOIINIO KOHEYHOTO
7 HAYaJIbHOI'O COCTOSIHMM U BBIYMCIIWTD UX PA3HUILY.

B pesyabraTe psiia MpolecCOB CUCTEMa MOXET IPOUTH IMOJHBLI UUKII H3MEHEHUI
(maBneHus, o0beMa, TeMIIEPATYPhI) TAKMM OOpa3oM, 4TO, KOIIA MWK 3aBEPLIMTCS,
cUCTEMA BepHETCST B UcxonHoe cocrosuue. st Toro urobsl mpouecc ObUlI OOpaTy-
MbIM, CYMMapHOe TeILIO M IIOJHasl paboTa, MOJyYeHHBIE B KPYTOBOM LIMKJIE 3a CUET
0BMEHA C OKPYXAaIOlIeil CPpefoif, OJXKHEI OBITH paBHBLI HYMO. J1s1 1100bIX 00pPaTUMBIX
rpoieccoB)) M3MeHeHWe SHTPOIMMA BEUleCTBA B Pe3ysibTaTe MEPEXoAa U3 COCTOSHUSA
«1» B cocTosiHHE «2»

2.14.1. N3ameHeHKe 3HTpONMUN

«2»
Y
AS = | =, (69)

«I»
3mech S — sHTponUs, a AS — ee U3MEHEHWE.
Jnst agnabaruveckoro mpoinecca dQ = 0. CienoBarenbHo,

S = const. (70)

Hna usorepmudeckoro mpoiiecca AS = Q/T, tak kak T sABiAsSeTCS] KOHCTAaHTOM.
3aMeTMM, YTO COIJIACHO IIEPBOMY 3aKOHY TepMomuHaMuku AU= Q - W, Ho 1mpmn
nszorepmmdeckoM ipouecce AU =0, caegosarenpHo, Q = W. Tak kak npu 3TOM
W = pyV,In p,/ p,, TO

as < YoPoin PR B (71)
T 2] %)
J1st m306apuyecKoro Imporecca
«2»
d7T
AS=plc,—> (72)
W eCIU ¢, SIBISIETCS TIOCTOSTHHOM BEJIMIMHON, TO
T,
AS =uc, In=2%. 73
ue, 7 (73)
Jlist M30XOpMYECKOTo 1Ipoliecca
«»
dT
AS = ¢, — 4
u J v T > (7 )

«I»

) TIpum. pea. Ecau KpyroBoi mpoliecc sipisieTcd OOpaTHMBIM, TO KpPYyTrOBOi J.dQ/ T =0. Orcrona
CIIEIYeT, YTO TP BCAKOM OOpaTUMOM HE KPYTOBOM IIpoliecce U3MEHCHME SHTPOIUM HE 3aBUCUT OT
NyTH, TI0 KOTOPOMY IIPOMCXOAUT NPOLECC.
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U eClu ¢, SIBISIETCSt NOCTOSTHHOU BEIWYUHOMN’, TO

T
AS =pc,In2 . (75)
T
V3MeHeHMe SHTPOIUKM KONMYECTBA BELIECTBA |1 B KIWIOMOJISIX B PE3YIIbTaTe M30-

Hapmyeckoro ¢a3oBoro nepexona
(3
T b
rae @, — cKphITas TemioTa $aszoBoro mepexosna (Ha 1 xmone), a 7 — Temieparypa,
IPA KOTOPOH OH ITPOUCXOIUT.

Bce nonyyeHHbie pe3yiabTaThl COOpaHb! B Tad1. 2.3.

AS =p (76)

Ta6anuna 2.3. A3venenne sHTponuun

[Ipouecc AS VYpaBHeHue
AnrabaTHYeCKIit 0 (70)
W3otepMudeckuit MR In ‘;)—' 7

p)
«2» dT
U306 I —_— 72
sofbapuyeckui M«'L ¢, T (72)
" T,
H3o6apuueckuii (¢, — KOHCTaHTa) pe, ln-]T (73)
1
«2»
M3oxopuueckuit i} cud—TT— (74)
«»
, T,
Wzoxopuueckuit (cv — KOHCTAHTA) ue, In T (75)
1
®dazoBrIii Tepexon u% (76)
|
2.15. OBPATUMOCTDb

B MBICIEHHOM 3KCTiEpUMeHTe, O KOTOPOM 1iTa peys B § 2.14, HeBo3-

MOXHO CHeiaTh OOPaTMMBIM TEILUIOBOY IMOTOK 63 KapAuHATIBHBIX H3MEHEHHI COOT-
BETCTBYIOUIMX Temriepatyp T, u T, DTo HEOOpaTMMBI Ipolecc.

Ut wumocTpatii HeoOpaTUMOCTH IaBaiiTe MPOAHATH3HPYEM APYION CIIYYail.

OnATe paccMOTpUM amuabaTHUeCKUil UMIMHAP C mopluHeM 6e3 tpenus. Ilycts
B HeM Haxomutcs 10 M? mieansHOro OgHOATOMHOro rasa (y = 1.67) TipM naBleHUH
100 xI1a u temueparype 300 K. ITpocienyM noseneHue ra3a B IPOLECCE CXATHSI U
TIOCJIEAYIONIETO pacCIUupEeHNUst ¢ HOMOLIUbIO p, V- u T, V-auarpamMm, NpeacTaBiIeHHbIX
Ha puc. 2.5. HauanbsHoe cocTosiHue Ha 06eux muarpaMMax oTMedeHo Lndpoii 1.
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[Mpu ABYDKEHMU NOPLIHS, IPUBOASILEM K YMEHbIIIEHHIO 06beMa rasa 1o 2 M3, nas-
NeHMe Ta3a GyueT MeHAThCA TIo agvabaTte TaK, YTo IIpou3BeneHue p VY OyneT ocraBaThCs
HensMeHHEM. TIpy JOCTYDKEHHW COCTOSTHUS 2 napieHue BospacteT no 1470 xlIla, a
TeMIrepatypa noguumercs 1o 882 K. Pa6Gota, coBepiiieHHasl B IPOLIECCE CKAaTHsl, paBHa
[pdV u nponopumMoHankHa IOWAAN MOX KPUBO, coequHsionteil Touku 1 u 2.
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Puc. 2.5. Juarpammet p,V u T,V nnsa axkcnepIMeHTa, ONIMCAHHOTO B TEKCTE

Eciv nopiiieHr BEPHETCST B MICXOXHOE COCTOSIHUE, TO Ta3 PACIIMPUTCS] U OXJIANUTCA,
BO3BpAIAsich B HAUYaANbHOE cocTosiHMe (Touka 1). [Iponecc momHOCTHIO OOpaTM. Te-
11epb IIPEAIIOIOKMM, YTO BHYTPY LIMJIMHAPA HAXOAUTCS TBEPHAOE TENO, TEIIOEMKOCTb
KOTOPOTO paBHA TEILIOEMKOCTH Ta3a. Ecim MBI OBICTPO COXMEM ras, a 3aTeM HeMell-
JIEHHO €r0 pacIIKpHUM, TaK 4To Uikt 0OMeHa TeIIOM MEXIY Ta30M M TBEPABIM TEJIOM
HEJOCTATOYHO BPEMEHM, TO TBEPHOE TeJo OymeT OCTaBaThCs B MCXONHOM COCTOSTHAM
npu temueparype 300 K. Iponecc mo-mpexHeMy sIBsieTcsl OOpaTHMBIM.

OnHAaKo €CIM CXAaTh Ia3 ¥ MOJOXAATh, I0KA MEXIy Ta30M ¥ TeJIOM YCTaHOBUTCS
TENJIOBOE PABHOBECHE, TO MOJIOBMHA TEIUIA TiepeiiieT B TBEPAOE TEJIO U ra3 OXJIaIuTCs
Jio Temmepatypsl (882 + 300) = 591 K, a ero mapjieHHE COINIACHO YPAaBHEHHIO MAEAJIb-
Horo ra3a ymaneT xo 985 kIla. O603Ha4MM 3TO COCTOSIHME TOYKOH 3.
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Ilycte Teneps ra3 GeICTpo pacimpurcs g0 ooneMa 10 M3, TIpu 5ToM OH oxjamurcs
Jo Temneparypbl 201 K, a ero marneHue ynaaet o 67 xIla (touka 4). HerocpeacTBeHHO
rocJie paCIIupeHud TeMIlepaTypa TBepaoro Tena oyaet parsa 591 K. [o ucreuennu we-
KOTOPOro BPEMEHH 4acTh TEILIA IEPEHET OT TBEPAOTO TeJIa K ra3y, TEMIIEpaTypa KOTOpOro
craset paBHOI 396 K, a nasnenvie moganmercs mo 132 xIla (touka 5). Takum o6pasom,
ra3 IIpOLLES IMOJIHBIA UKJI, HO He BEPHYJICSA B HadajlbHOe cocTosiHue. Ero Temmeparypa,
a CJIeOBATENIEHO, 1 BHYTPEHHSIT HEPIUs TEIleph BHILIE, YEM B UCXOTHOM COCTOSTHWH.
VBelmyeHrue BHYTpCHHEW 3HEPIMU HOJDKHO OBITh PaBHO paGoTe, NPOU3BEACHHONW Han
rasoM (T. €. OHO JOJDKHO OBITH IPOMOPIMOHAIBHO IUIOLIANM, 3aTEHEHHON Ha BepXHei
Ivarpamme puc. 2.5, KoTopasi, B CBOIO OUepelb, paBHA ILTOMIAIN IO/ KPABOM, XapaKTe-
pu3yIoLIeil mepexoa U3 coCTosHUA 1 B COCTOSIHME 2, MHHYC IUIONIaAb TIOR KPUBOM, Xa-
PaKTepU3YIOLIEN ITepexol U3 COCTOSIHUSA 3 B cocTosiHue 4). IIpoliecc HeobpaTum.

YTo NPOUCXOAUT B CNIyuae, KOTHA CKATHE H pacHIMpPEHUE ITPOU3BOASITCS GECKOHEY -
HO MeIUleHHO? SIBasieTcs U Ipyu 3TOM Tiporiecc o6patuMbiM? PaccMorpes 3amauy 2.2.
Bbl YBUIWTE, YTO B 3TOM Ciyyae NIPOLSCC ACHCTBUTEILHO 0DpaTUM.

2.15.1. NpuymnHbI HeO6pPaTUMOCTIN

Cpenn pasnvyHbIX SIBICHUN, IPUBOALIINX K HEOOPATUMOCTH TEPMO-
JUHAMWYECKUX IIPOLECCOB, MOXHO BBIIEIIUTh CIEAYIOLINE:

2.15.1.1. Tpenue

W3 Bcex mpUYMH, TPUBOASIIAX K HEOOPATUMOCTU, TPEHUE SBISETCS Hanbomee
OYEBUIHOM npuunHOi. Hanpumep, B ciyyae ¢ CUCTEMOI MMIUHAD — IOPLUEHD, €CIU
HEKOTOpasl JI0MA FHEPTUM TepsieTCsS B MPOIECCE CKaTyd 3a CYET TPEHUs, TO OHa HE
BOCTIOJIHAETCS B Ipoliecce pacluupenusi. boree Toro, monosHuTEIBHEIE IIOTEPH UMe-
IOT MECTO TP PacCIfUpPEHUM.

2.5.1.2. Tenaonepedaua 3a cuem zpaduenma memnepamyp

PaccMOTpUM METAUTMUECKYIO CTEHKY, OTACISIONIYI0 MCTOYHMK TEILIA — CKAXEM,
IwIamMst — OT BXOJa TEIoBOW Mawmuuel. [IycTe Bee Tetio , B3gTOE OT MCTOYHMKA,
nepemaercd 4epe3 CTEHKY 0e3 moteph. [Ind mepenayu TeIuia HeoOXOIMMO HaIMYHUe
TpafyenTa TeMiieparyp nomnepek creHku. [IycTh TeMmieparypa MOBEPXHOCTH CTEHKU,
ObpallleHHOM K NCTOYHUKY TeIIa, papHa 7}, a npoTusononoxHoi — 7,. [Tpu stom T, ec-
TECTBSHHO, I0JDKHA ObITh GoJibiie, YeM T,. MameHeHnne sHTpomui# paBHO pa3HOCTH 3HaYe-
i Q/ T, m Q/T,. Takum 00pa3oM, B IpoLIECCe TEIUIONEpeiady SHTPOTINS BO3PACTAeT —
TETUIO «00ECLIEHNBAETCS» ¢ TOYKK 3PEHUST BOSMOXHOCTH COBEPIIIEHNA PaOOTEL

B 1. 3 Gyner nokasaHo, 9To MakcHMaIbHas d(PGhOEKTUBHOCTD TETUIOBOU MalllMHbL
N = (Ty- T/ Ty Eciu mainna Oynet pabotats 6e3 IIpOMeXyTOUHOI CTEHKH, TO ee 3¢-
(bexkTUBHOCTb MOXeT fiocTurath N = (7, — T,,)/ T}, KoTopasi Gombie, yeM 1| = (T,-Tp/T,
COOTBETCTBYIONIAS] MAKCHUMATBHON 3DMEKTUBHOCTY pabOThI TEIUIOBOM MAlUMHBI, OT-
JIEJIEHHOW OT MCTOYHUKA TeIUIa TIPOMEXYTOYHOM CTEHKOI.
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2.15.1.3. Hedemngpupyemoe cocamue u pacuiuperue 2a3a

B § 2.9, nocBsmieHHOM anpadaTU4eCKUM MPOLIECCaM, Mbl PACCMOTPENN IIPUMED C
ObICTPBIM pacIIMpEeHNeM ra3a U MoKa3ajiv, YTO TAKOE PacIIMpeHUE NPUBOIAUT K He-
00paTHMOCTH.

2.16. HEMHTPONUA (OTPULLATENIbHASA SHTPOMNAA)

Eilte pa3 moguepKHEM, YTO SHEPTUSI HE MOXET OBbITh YHUUTOXEHA. 3a-
KOH COXPaHEHHs SHEPTUH — OJIMH U3 3aKOHOB NMPUPObl. I1py UCIIONB30BaHUK SHEPTHNA
Mbl KaK OBI IOHMXAEM €€ CTaTyC, IIOCKOJBKY B KOHEYHOM CYETE BCS UCIOIb3yeMast
IHEPIud NEePEeXOaUT B TEILIO U, NO-BUANMOMY, M3IYYACTCsA B OKPYXAoIlee MPOCTPaH-
CTBO B BUIE [JTMHHOBOJIHOBOI'O MH(PPAKPaCHOTO U3TyYEHUS.

PaccMoTpuM oauu ripuMep. I1ycTh Hekasi MallliHA TIPOM3BOIUT paboTy, oTOupas
TEILIOTY C TIOBEPXHOCTH OKCaHCKOH BOJIBI, TeMIepaTypa Kotopoii pasHa 300 K, u me-
pedaBasi HEKOTOPOE KOJIWIECTBO TETUIOTHI XOJI0MHOW BOJE Y THA OKEaHA, TeMIlepaTypa
koropoii pasHa 275 K. Bea pabGora, npousBeneHHAsE MalIMHOW, UAET HA annabaTu-
yeckoe cxatie 10 000 kMosneit raza ot maeiaeHus 105 mo masnenus 107 ITa (T. e. oT
1 oo 100 atM). Ecaum HavanpHas TeMmepartypa rasza osp1a 300 K, To xakosa Oynet ero
KOHEUYHas TeMIieparypa?

IlycTh py ¥ py; — HadaIbHOE ¥ KOHEYHOE JaBJICHUE COOTBETCTBEHHO, a Tyu Tp —
COOTBETCTRYIOIIME TeMIlepaTypsl. Torma

y-1

Ty _ E’i]y. 77
T, [1’0 7D

[Tpumem y= 1,4, 4TO COOTBETCTBYET ISATU CTENEHAM cB0O0oabl. COOTBETCTBYIOIIAA
yleJIbHasl TeIIOEMKOCTh TIPH MTOCTOSSHHOM 06beMe pasHa 20,8 xJIx - K1 - kmons1.

IIpn agmabatudeckoM cxarum 100:1 oTHouleHWE TeMIlepaTyp COCTaBUT 3,7
M KOHeuHas Temmeparypa Oyner pasHa T = 3,7+ 300 = 1110 K. ITocie cxarusa o6b-
eM Oymer

Vy = uﬁTi =10 000% = 9230 m>. (78)

Py
PaGoTa, KOTOpy10 HEOOXOAMMO IPOBECTHU ISl TAKOTO CXaTHs,
W =20,8-10°-10000- (1110 — 300) = 168 ITx. (79)

Oxu1anuM ras 10 TeMIIEpaTyphl, PaBHOM TeMITEpaType OKEaHCKOH BOIBI Ha TIOBEPX-
HocTH, T. €. 7o 300 K. Bcee Termno (168 I'/Ix) BepHetcs: Boae. Ecu pesepByap ¢ razom
BLITAHYTE Ha Oeper, MBI He 3a0epeM V OKeaHa HUKAKOM IHEPIWM, XOTS MBI OyaeM
uMeTh 10 000 xkMoJteit ra3a Mpy JaBJIEHUH
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RT 8314300
TS Y T e il
p=b 9230

BHyTpeHHSII HepIrus CXaToro rasza He OOJbIIe, YeM BHYTPEHHSS SHEPrUs TaKOroO
K€ KOJTMYECTBA ra3a NMpu TOU Xe TeMIepaType, HO MpH ropasno 0ojiee HU3KOM JaB-
JICHUHU, TOCKOJIbKY BHYTPEHHSISI SHEPIUsi HE 3aBUCHUT OT JapjieHUd. [[aBaiiTe Temepn
MPOM3BEEM pPaclMpeHwe ra3a 10 Aasinenus 105 Ia, ucnons3ys TypOuHy, 00Nafatouyo
100 %-woit adpdexruBHOCTHIO. PaGoTa TypOHHEI GyfeT COBEPIIEHA 3a CYET BHYTPEHHEN
SHEPTUU Ta3a, W, CIeHoBaTeIbHO, a3 JOJIKEH oXIaguThesa. OTHOIIEHUE TeMHepaTyp'
coctaBUT 2,56 [cM. ypaBHeHUe (77)]. TakuMm 0Gpa3oM, ra3 Ha BBIXOIE M3 TYpOWHBI
OyneT umeTs TeMaeparypy 117 K. '

DHeprys, BeipaboTanHas TypOUHOM,

W = 20810000 (300 ~ 117) = 38 T1Ix. 1)

=27 MIla. (80)

Mpn1 «creHepupoBain» 38 I'IX sHepruu, KOTOpyioo, Ge3yCcIOBHO, B3UIM HE U3
okeaHa. OTkyna Mel ee noiayuywnu? OHa ObUla BeIpa0OTaHa CaMWM ra3oM, BHYTpEH-
HSISI QHEPTUsi KOTOPOTO YMEHbBIIWIACH Tipy oxnaxnenuu mo 117 K. ®aktnyeckn, oHa
IPOMCXOANT U3 OKPYXAIOIIETO BO3AyXa, KOTODBIM OXJIaXAAaeTCs B pe3ybTaTe BhIOPO-
ca U3 TypOuHBEL. PaGota, mpou3sBenieHHasi TYpOMHOM, OyeT B UTOre mpeodpa3oBaHa
B cOPOCHOE TEILI0, a HarpeB OKPYXAIONIEH CPENbl 3a CYET HETO OyIeT TOYHO TAKUM XK€,
KaK ¥ oxnaxjeHue. TakuMm oOpa3oMm, B IIEJIOM SHEPIUsA COXPAHSIETCS, HO MBI CMOIIN
BBITIOJTHUATH TIOJIE3HY10 paboTy (MOJMYy4eHHYIO Ha BEIXOJE M3 TeHEepaTopa), B pe3yJIbTaTe
TOTO, YTO 3aMMCTBOBAJIM YTO-TO U3 OKeaHa. UTo xe 3T0?

Mbel npou3Benu pa3ynopsiIoYMBaHUE B OKEaHE IyTeM CMEIICHUS XOJMOTHOM npu-
JIOHHO BOIEKI C TEILTOM MMOBEPXHOCTHON — MBI YBEJTMYIUIM SHTPONUIO OKeaHa. Pesep-
Byap C ra3oM 3a0paj HEKOTOPOe KOJIUYECTBO HETSHTPOMMUU. 31AeCh MBI UCIIOIB30BAIA
CEMaHTUYECKU OoJiee MpUEMIIEMYIO KOHLIEIILIMIO OTPUIIATEbHON 3HTPOIIMU, HEKOTO-
pO€ KONUYECTBO KOTOPOI MOXET OBITh M3pacxomoBaHo. Mapuertu (1976), KoTopsrit
TPUIYMaT TEPMUH «HETIHTPOIHUS», IIPEUTOXIII OIIMCAHHYIO BBIIIE CXEMY KaK METOJ
«obecrieueHus IHEprUeii 6e3 pacxoJOBaHUsl IHEPTHUN». DTO UMEHHO TO, YTO JE/IaeTCs
BO BCEX CITy4asiX, KOT/Ia SHEPTHS UCTIONB3YeTCsl. XOTS CUCTEMA TEXHUYECKU OCYLLECT-
BHMMa, OHa C KOMMEPYECKOI TOUKH 3peHHs] HEMPUBIeKaTeIbHA, IIOTOMY YTO €MKOCTh
pe3epByapa IUIsi HETSHTPOIIMM CIWINKOM MaJjla 110 CPaBHEHHMIO C CEphe3HBIMH MaTe-
pUAJTBHBIMU 3aTpaTaMHM Ha ero usroroBieHMe. OCHOBHOI BBHIBOM, KOTOPHINA JOLKEH
OBITh U3BJICYEH U3 ITOTO TIPUMEPA, COCTOUT B TOM, YTO PACXOIYEMOI SIBJISICTCA HEI'SH-
TPOMHS, 2 He SHEePrus.

2.17. KAK OTOBPAXKATb CTATUCTUMECKUE AAHHbBIE

CornacHo cnipaBouHuKy Hacesienne CIIIA pacnpeneneHo mo Bo3pac-
THBIM KaTeTOPUSIM CIEAYIOIUM obpa3oM (1adi. 2.4):



2.17. Kax omo6paxcams cmamucmuyeckue 0aHHble _Ar 91

Tabanma 2.4. Pacnpenenenne Hacenenus CIIIA no BO3pacTHBIM KaTeropusm

Bo3spacTHoii MHTEepBaj, TOAbI YHCIeHHOCTh, MIIH
Ho 5 15,2
5-13 32,2
14-17 16,8
18-20 12,8
21-44 72,0
45-64 43,8
65 u cTape 23,5

Ta6anuma 2.5. Pacnpenenenue Hacelennss CIIIA no Bo3pacTHBIM KaTeropusm

BoapacTtHoit Cpennuit BoapactHoit YnenbHasd yuc-
YHCIEHHOCTS,

VHTEPBAL, BO3pacT, HWHTEPBA, UH JIEHHOCTb,

L TOOBI TOABI TOIIBL Yer./Ton
0-5 2,5 5 15,3 3,07
5-13 9,5 9 32,2 3,58
14-17 16 4 16,8 4,20
18-20 19,5 3 12,8 4,26
21-44 33,0 24 72,0 3,00
45-64 55,0 20 43,8 2,19

Crapitie 65 — — 23,5 —

B nouckax 6osee yIauyHOTO M BRIPA3UTENBHOTO CITOc06a rpadMuecKoro TpeIcTaB-
JeHUS MPUBEACHHBIX BBHINIC JAHHBIX MOXHO TTOCTPOUTH TUCTOTPAMMY, TIPUBEIACHHYIO
Ha puc. 2.6. OTHAKO B CHJTYy HECOMMOCTABUMOCTU BLIOPAHHBIX BPEMEHHBIX WHTEPBAJIOB
TMCTOrpaMMa He SIBISICTCS HarsigHoM. JIydiiie uCroTh30BaTh OAMHAKOBRIM BPEMCHHOMN
MHTEpBaJ, TIPY 3TOM YeM OH MEHEBINE, TeM Jiyuilie. B npenene HaWIyyliiuM crmocobom
OyneT mocTpoeHye 3aBucUMOCTU dN/JdA ot A, rie N — 4ucno moaeit, A — UX BO3-
pacr. JIist Toro 4To0H caeaaTh 3To, COOpMUpYEM APYTYIO TabaUIly Ha OCHOBE TaHHBIX,
NpUBEICHHBIX B Ta0l. 2.4.

Jlansbie U3 MOCTeAHEN KOJIOHKM Ta0i. 2.5 HaHeceHbI Ha pucynke 2.7. CoeqnHuM
JIKCIIepUMEHTAIBHBIE TOYKM HETIPpephIBHOI KpMBO#. [1n01anb 11oa moOCTpOSHHOM KpU-
BOW MPOITOPLUOHAJIEHA YMUCICHHOCTH HACEJICHUS B CTpaHeE.

AHaJIOTUYHO, IS TOTO YTOOBI pacIipeAc/iCHUE IO SHEPTUAM, HaTIpUMEP, MOJIEKYJI
raza, mpeiacraBjieHHOe B rpaduyeckoil opMe, ObUIO JOCTATOYHO WH(MOPMATHUBHBIM,
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LIeJIECOOOPA3HO TTOCTPOUTH 3aBUCHMOCTh dN/dW ot W unu ot v (1. €. 160 OT 3Hep-
ruM, U060 OT CKOPOCTHU), a He CTPOMUTh 3aBUCUMOCTE N oT W, Kak MHOTIa 3TO IThi-

TATCA ACHaTh.
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Pnc. 2.6. Heymaunblit ciioco6 ortoGpaxeHus 3aBucumocTd  Puc. 2.7. 3aBUCHMOCTH yieib-
YUCICHHOCTH HACENEHUA OT Bo3pacTa. [[nomaas ox KpuBoii  HOW YUCJICHHOCTH HaceleHWs
HE MMeeT Pa3MEPHOCTH YHCIa JTofiel OT BO3pacTa

2.18. MAKCBE/NJIOBCKOE PACMNPEAENEHUE

Kaxkoe 4ucio MosieKysl HMeeT CKOPOCTH MEHBIIME 3aMaHHOW BEIUYA-
HEI [v]|, €CJIM MOJIEKYJIbl PABHOMEPHO paclpeiesieHbl Mo ckopocTam? st Toro 9To0s!
OTBETUTDH Ha TOT BOIIPOC, 1aBaliTe BCTIOMHUM, UTO B JTFOOO MOMEHT BpEMEHM KaxXIasi
MOJIEKY/Ia MMEET KOOPAMHATHI X, y, Z M TPH KOMIIOHEHTBI CKOPOCTH: v,, v, v, Eciu
peub UAET 00 SHEeprUH rasa, To TOYHOC TOJOXEHNE MOJIEKYII, ETO COCTABISIOILNX, HE
MMECT 3HAYEHUA, HO CKOPOCTH MOJIEKYJ BaXHBI. XOTS WHAWBUAYATHHBIE CKOPOCTH
MOJIEKYJT MEHSIOTCS BO BpEMEHH, B Ta3e ¢ IIOCTOSTHHOM TEMITEPATYPOI COCTOSTHMA a3a
B PasIM4Hble MOMEHTH BpEMEHU CTaTUCTUIECKU 3KBUBAJICHTHBI. MHBIMM CIOBaMH,
MTHOBEHHAs1 KapTHHA PacIpele/ieHUsI CKOPOCTeH B JIIOG0M MOMEHT BPEMEHHU TIPUTO-
Ha Ul aCKBATHOIO OMMCAHUSI CTATHUCTUYECKOrO IIOBEAEHUS ra3a.

HagaiiTe rpadruecku 0TOOpa3MM CKOPOCTH MOJNEKY] B OPTOTOHAIBHOM CHCTEME
KOOPJVHAT v, v, ¥ v, — UHBIMH CJIOBAMH, B NPOCTPAHCTBE CKOpocTel. B xauecTse
aIbTEPHATHBBI Mbl MOXEM M300Pa3UTh UMITYJIECE MOJIEKYJT /v, mv,, 1 My, B IPOCTPaH-
CTBE MMNYJBLCOB. I10CKOIBKY MBI TIPEATONIOXHIN, YTO MOJIEKY/IBI HMEIOT PABHOMED-
HO€ PACIPEIEIEHUE 10 CKOPOCTIM (MJIH [0 UMITYJIBCaM), TO IIPOCTPAHCTBO CKOPOCTEM
(WM MMITYITBCOB) PAaBHOMEPHO 3acesieHo. Toria YMCo MOJIEKYIl, MMEIONIMX CKOPOCTH
MEHBIIE HEKOTOPOrO 3HA4YEeHU |v|, MPONMOPLMOHATBHO 00BEMY chepsl paauycoM v
(unu p) B paccMaTpuBaeMoM mpoctpaHcTBe. OTCIONa CIeAyeT, YTO YUCIO MOJIEKYI CO
CKOPOCTSIMM MCHBIIE [v| (WM C UMITyJIbCAaMU MEHBUIE |p|) HOJIXKHO OBITH MPOTIOPIU-
oHambHO v? (1mu p). Toraa YMCIO MOJEKYI €O CKOPOCTSIMM B MHTEPBAIE MEXIY v
v+ dv (Wi uMITyIscaMyd MeXay p U p + dp) NOJDKHO OBITH IPONOPLMOHAIBHO
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dv3/dv, T. e. v2 (winm p?). B pealbHBIX CHCTEMax PaBHOMEPHOE paclpeleNeHMEe MO
CKOPOCTAM MpaKTUYECKH MCKIII0YeHO. B OGBIMHBIX Ta3ax pacrpesiesieHHe, OATBEPXK-
JAIolIeecs FKCTIEpUMEHTATLHBIMY HAOMIONEHUMM, TAKOBO, YTO BEPOSTHOCTD f HAUTU
MOJIEKYITY, o0Ianaiolryo 3Hepruei W, pasHa:

W
f= exp(—k—T). (82)

B 3T0M Cly4ae 4ucio MOJIEKY/ CO CKOPOCTSMU B MHTEpBaTe MeXIy v M v + dv
paBHO

oN mv?
= p(iﬁ) (83)
159071
ON 22 /4
5—{/{; 3/2 AW exp(—ﬁ (84)

rae A — KOHCTauTa, a W= mv?/2.
DTo TaK Ha3BIBAEMOE MAKCBEIUIOBCKOE PACIIPEICICHUE.
OueBUIHO, YTO

2kT

rae N (MoJHOE YKUCIIO MOJIEKYJ1) He 3aBUCUT OT TeMIIepaTyphl.
Wurerpupyd, noayyaem

N = j—dv,Ajvexp(-—ﬁ)du (85)

v2 72 (2T \?
LA L 6
jv exp( T dv ) ( p ) (86)

Torna
12 2%T 3/2 3/2

N=AZ_|Z2L 4N "/2[ ) 7
A ( p” J ; A=4Nn *%T) (87)

oN m 2 mo?
Z - —4NnV? (_) 2 —— 88
90 \kr) VP (88)

U
oN. w2 w

= 4N 2 (——). 89
aw = ey PR )

®opma 3asrucumMocTd N/dv OT v, KOHEYHO, MEHSIETCS ¢ UBMEHEHHEM TEMIIEPATY-
pbl. DTO U3MEHeHNe MOXHO BUAETh U3 puc. 2.8, rae T, — NMpOU3BOJIbHAS peTiepHas
TemrnepaTypa. OIHAKO TUTONIANb IO KPUBOH, OyAyIr MepOii IIOJTHOYO YKCIa MOJIEKYIT
B rase, HE 3aBVICUT OT TeMIIepaTyphl.
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ITuk 3aBucumMoctu d N/dv paBeH

TR )m ©0)
v e \nkT) ’

U OH UMeeT MecTo mpu v = (2kT/m)'/2, uyto >xBUBanenTHo W= kT.

clz

1/5 T,

CkopocTh

Puc. 2.8. MakcBe/UIOBCKOE pacnpeliefieHHe 110 CKOPOCTSIM ISl TPEX PAMTUYHBIX 3HAYEHUIL
TEMIIEPATyPhI

Korma T crpemurest K Hymo, 0N/dv, ., CTPEMUTCA K GECKOHEYHOCTH, YTO UMEeT
Mecto npu v = 0. Pacnipenenenue npuHuMaet BuI aeibra-GyHkuun npu 7 = 0.

DT0 03HAYaeT, YTO COIIACHO OMMCAHHON KIIaCCHMYIECKOM TeopUH IIPU TeEMIIEpPAType,
PaBHOI aGCOMIOTHOMY HYJIIO, BCE MOJEKYJIbl MMEIOT HYJIEBYIO CKOPOCTH M HYNEBYIO
SHEPTHIO.

2.19. PACNPEAENEHUE ®EPMUN-AUPAKA

Pacnipenenenue 3eKTpOHOB B METAIUTAX HE SBISCTCS MAKCBEJUIOBCKMM
pacrpeneneHueM. DIeKTPOHBl MOMUUHSIOTCS TPUHIMITY 3ampera Ilayid, COIrJIacHO
KOTOPOMY B 3aJaHHOI CUCTEME HE MOXET OBITh JABYX 3JIEKTPOHOB, MMEIOIINX OLUHA-
KOBBIC KBAHTOBBIE YHCJIA, U, CJIENOBATENBHO, BCE NEKTPOHBI HE MOTYT UMETh HYJIEBYIO
SHEPIUIO NpU A6CONMIOTHOM HyJie. TouHee, Py abCOMIOTHOM HYJIE 3IEKTPOHB] JOJDKHEL
OBITH PABHOMEPHO PAcTIPE/ieICHBI 10 HEPIMAM BILTIOTH 10 HEKOEro 3aNaHHOIC YPOBHS
SHEPruy. DIEKTPOH He MOXET HMETh SHEPTHUIO, TPEBILUAIOLIYIO 3TOT SHEPreTHYECKHIA
YPOBEHb, Ha3blBaeMbIil ypoBHeM DepMu. B 2TOM ciryyae BEpOSTHOCTH HAXOXIECHUS
3JIEKTPOHA HA HEKOEM NaHHOM 3HEPreTHUeCKOM YPOBHE paBHa:

f=1mpu W< W,u f=0mnpu W> W, 91
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Kak ¥ paHblie, YUCIO Pa3pellleHHbIX COCTOSHUN C MMITYIbCOM, MEHBIINM |p| (00-
palliaeM BHUMaHHe Ha H3MEHeHNe TEPMHUHOIOTIH), MTPONIOPLYIOHAIBHO 00beMy chephl
¢ paguycoM |p| B IPOCTPAaHCTBE UMITYJIbCOB:

N (c ©MITyJIbCOM, MEHBIIUM |p|) = %(% np3) .

3nech BermuuHa 2/ /43 gpngercsa xoahduimeHToM nponopuyoHansHocTy. He Brasasice
B JETAIM, OTMETHUM, YTO MHOXUTEIb 2 SIBJISIETCS CICIACTBMEM HAIMYUA y SJIEKTPOHA
ABYX BO3MOXHBIX COCTOSHUM, OTIMYAIOIIMXCS CIIMHOBBIM YKHCIOM, & Pa3sMEPHOCThL
COOTBETCTBYET TOMY, ‘JTO N — 4HCJIO 3IEKTPOHOB B 1 M3,

Tak Kak p = mv, 10 p* = 2mWn

N (C VMITYJIbCOM, MEHBLIMM |p|) =h£§ Cmw ). 92)

Torna
oN 8\/51'5 3/2W1/2
oW~ B
HpH TEMIIEPATYPEC ooJbLIE HYJIA BEPOSITHOCTH TOIO, YTO HEKOC NAaHHOE SHEPIeTU~
YECKOC COCTOSIHUEC 3aHSATO, BhIPAXKACTCA KakK

1
f_1+ex (M)
PUTkT

BenmunHa | HasbiBaeTesl XMMUYecKuM roreHuuanom. Ilpu 7'=0, u= W, u Be-
positHOCTb f= 1 ipyt W< Wpu f=0 nipu W > W, kax 310 u 1pebyercs. [lpu 7= 0
BEJIMYMHA || HEMHOTO MeHblie Wi

Hcnonb3ya ¢yaxumio (94), MOXHO HalTH IUIOTHOCTH COCTOSHUM

N _82n s, w2

ow - w " 72
1 DA ol
+exp( T )

93)

4

95)

8\/— 2n 3/2 J‘ Wl/ 2
77
01+exp Lt
kT
Tak xak N He 3aBHcUT oT 7, TO MHTerpajl Takxe JOJIXKeH He 3aBHceTs oT 1. M3
3TOrO CJIEAYET, YTO XUMWYECKMI TOTEHLIMAN | JOJDKEH 3aBUCETh OT 1 HEKUM OIIpe-

JIETICHHBIM O0pa3oM.
s kT << u

N = aw . (96)

= w2 2 2
[ — s W = S0 = LW, ©7)
0

1+ exp(WkTu)

T. €. MHTeTpal He 3aBHCUT OoT 7, a u = W
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ITpu Gonee BBHICOKWX TEMIEPaTypax, Ui TOTO YTOOB! GHITh YBEPEHHBIM B UHBApU-
AHTHOCTH MHTEIpajla, HEOOX0MUMO, YTOOKI | 3aBUCENIO OT T MpUOIU3UTENLHO, KaK B
BHIpAXCHUY

2
(nkT)

—w, )
H=Tr T o,

(98)

Pasunua mexay p u W, He3HaunTenbHa. st ypoBHeit DepMu ¢ SHEprHeil oT
5 3B nmpu Temmepatype mopsinka 2000 K ona cocrasuser toiabpko 0.1 %. [Moato-
MY JUis GOJBIIMHCTBA MPUAOKECHUNA XUMAYECKUI TIOTEHIIMAT MOXET OBbITh IIPUHST
paBHBIM 3Hepruu ypoBHs Pepmu. OnmHO MCKIIOYEHME W3 3TOTO TIpaBUja MMeEET
MECTO IPY PACCMOTPEHHUM TEpMolJieKTpuueckoro 3¢ dekra. Ha puc. 2.9 mokaza-
HBI 3aBUCHMOCTH TUIOTHOCTH COCTOSHUN oN/dW oT W niist Tpex 3HAYECHWUH TeMIIe-
patypbl. OTMETUM, YTO XUMMYECKHIT MOTEHLIMAI, KOTOPbIH COBNanaeT ¢ yPOBHEM
@epmu nipu T = 0, nipu Gosee BBICOKUX TEMIEpATypax CABUHYT B CTOPOHY GoJee
HU3KHUX 3HAYECHUIA.

N 1.0 —— ) )
oW T=0
0,8
T / ~| [« kT (5000 K)
0,6 —
04 /T= 1000 K
~ /
0,2 S .
2 T=5000 K
3
0 4 f\<f>__Lﬁ__
Lo 2 3 4 5
Oueprus, W

Puc. 2.9. Pacripesienenne 34eKTPOHOB O SHEPIMSAM B METAJUIE TP TPEX Pa3IuIHBIX TEM-
TiepaTypax

2.20. 3AKOH BOJIbLIMAHA

Becpma BaXkHBIM 3aKOHOM, BBITEKAIOIUUM K3 CTATHUCTUYECKON Me-
XaHUKH, ABISETCS 3aKOH BojbliMaHa, KOTOPHIN ONMCHIBAET KOHICHTPALIMIO YACTHUIL
B Ta3e KaK (PYHKUMIO WX MOTEHIIUATBHON SHEPTUM M TEMIIEPATYPEL. DTOT 3aKOH UC-
MIOJIB3YETCS B Pa3sNUYHBIX TiaBaX 3TOM KHWTH.
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[TycTh Ha KaXOBIA aTOM JEHCTBYeT MOTEHIMANbHAs criia F, HanpaBjIeHHast BJIOJb
ocy x. Torma nF npencrasaser coOo MONHYIO crily, AeiicTBylonyio Ha 1 M3 rasa. Eciu
Mbl OTPaHWYUM ce0s1 pACCMOTPEHUEM IPSMOYTOIBHOTO NapajUIesienuIea ¢ TUIOIIAIbIO
OCHOBaHHS A U BeICOTOI dx, TO cuia OyneT paBHa nFAdx M COOTBETCTBEHHO HaBJje-
HiMe Ha ocHOBaHWeE Oymer paBHO nFdx. B paBHOBecHMM 3TO JaBIeHHE AONXKHO OBITH
YPABHOBENMICHO HaBlcHUEM ra3a kT dn.

Fdx =kT d;” . 99)
[NoreHIIManbHAasT YHEPTUS
W

pot

= kT Inn, (100)

Otcrona MBI IMoJilyyaeM ypaBHeHUE borbliMaHa

n ~exp(—%ﬁ). (101)

Mpumep

Ammocgeproe dasaenue

Kaxnag Mosekysia BO3/yXa, HaXoIsICh Ha BBICOTE A/ Hall MMOBEPXHOCTHIO 3eMiIH, obnamgaeT
NMOTeHLUAITBHOW IHEPTUCH, PABHOU mgAh.

CorniacHo 3akOoHY BolbIIMaHa KOHIEHTpAIls MOJIEKYJT TOJDKHA MEHSTECA C BBICOTOM KakK

n=n exp(—%ﬁh). (102)
3amernM, 9T0 kT/mg uMeeT Pa3MepHOCTD IUTHHEL. DTO TakK Ha3bIBaeMast IIKajia BEICOT H.
n=n, exp(_%), (103)
v eciu T He 3aBUCHT OT BBICOTHI, TO
P = py €xXp (— A—:'—] (104)

B npuGamkenny n3oTepMUdIeckoil aTMocdheps! JaBIeHTE BO3AyXa ajJaeT SKCIIOHSHIUATBHO
¢ YBEJUYEHUEM BBICOTHL.

[puHuMasT cpenHee 3HAYEHHE MAcChl MOJIEKY) BO3OyXa PABHBIM 29 JanbTOHAaM W 3Hafd,
'TO JUIst TIEPEBO/A NAJFTOHOB B KMWJIOTPAMMBI IOCTATOYHO Pa3le/IUTh HA YHCIHO ABOrasipo,
Mbl HaXOIMM, 9TO MAcca Pelpe3eHTaTUBHON MOJIEKYNILl Bo3nyxa pasHa 48 - 10-27 xr, Cre-
JIOBAaTEbHO, IIKAJA BBICOT 3eMHOM aTMochepbl (B M30TEPMHUYECKOM TPUOIVDKEHUN TpPU
temneparype 300 K) cocraBiser

_1.38-107%-300

_138-1077-300 _ gen . 105
43.102 .98 M (103)
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NPUNOXEHUE

0O06o3HayeHus

Mput 6yz[eM UCII0JIb30BATH HIKETIPUBEACHHBIE YCIOBHBIE 0003HAYEHHUS
IUIA TIPEACTABICHUA TCPMOAUHAMHUYCCKUX BEJIAYUH:

G — cBoOOIHAs IHEPTH,
H — suaTanenws,

Q — Ttemwno,

§ — sHTpONHS,

U — BHYTpeHHSII SHEPTHUS.

1. HpomucHble 6yKBB 0003HAYAIOT KOJTMYECTBO BEIMIMHE], 4CCOLIMMPOBAHHOE C IPO-
V3BOJbHBIM KOJIMYECTBOM BEHIECTBA WIW SHEPTUH.

2. CtpoyHsle GyKBBI 0603HAYAIOT KOJTMIECTBO BEJIMYMHbI, HOPMUPOBAHHOE HA EIUHUALLY.
TloacTpouHble UHAECKCH 0603HAYAIOT pacCMaTPUBAEMBbIif BUJL (HAaIPUMEDP, CBOOOIHAS
aneprust 1 kmonst H, 06o3Havaetest Kax gy,):

g — cBoOoaHas SHeprys 1 KT BelllecTBa;

g — cBoOonHag 3HePIus } KMo,

g — cBobomHas 3Heprus | Kr npH aTMOchepPHOM IaBICHHY;
g — cpobomnag 3Heprus 1| KMoy Npu JaBieHuH 1 at;

g e CBOOOIHAS 3Heprusa obpa3oBaHus 1 KMOJS;

g/? — cBoOoHAaA sHeprus obpa3zoBaHus 1 kMo nipu Temnepatype 298 K u nas-
JeHun | at™, T. €. cTaHmapTHasi CBOOOAHAS 3HePTHsl GOPMUPOBAHMSL.

st 6onee neTaIbHOIO 03HAKOMJIEHHUS C HEKOTOPHIMU TEMAaMH, PACCMOTPEHHBIMH
B OTO IVIaBe, PEKOMEHIYEM IIPOYECTh:

Cengel, E. A., and M.A. Boles, Thermodynamics, an engineering approach, McGraw-
Hill, 1994.

3AL0A4YUN

2.1. BopnsHoit map ¢ pacxogom 10 kr/c (y = 1,29) npu naBnenuu 2 MITa nocrynaer Ha
BXOJ anyabatudeckoi Typobunbl (addekTBHOCTL TypouHbl 100 %). ITap Ha BEIXOIE
u3 TypouHsl umeer gaeneHure 0,2 MIla u Temneparypy 400 K.

1. Kakosa teMrneparypa Ha Bxone B TypOuHY?

2. KakoBa MOIIHOCTb TYpOHHBI?

2.2. TTokaxwute, 9TO B IKCIEPHMEHTE ¢ CUCTEMOM LIWIHHAP-TIOPIIEHD, OMUCAHHOMN B
§ 2.15 (cnygati, KOTa BHYTPH HWIMHIAPA HAXOAUTCS TBEPIOE TEJIO), TIPOLIECC SABISIETCS
0oOpaTMMBIM IIpYA YCIIOBUH, YTO CXKATHE BHINONHAETCA GeCKOHEeYHO MemneHHo. Crne-
Jlafite 9TO yucyieHHo. CoCcTaBbTe KOMITBIOTEPHYIO MPOTPAMMY, B KOTOPOM cXaTve U
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paclIUpCHUEC MOOCIUPYIOTC C JOCTATOYHO MaJIbIM IIiaroM, TakK 47O Ha KaXJIo0M Hiare
JIOCTUTACeTCd TEMIICPATYPHOC PABHOBCCHUC MCXAY Ira3oM M TBEPDABIM TEJIOM, HAaXOns-
IIIUMCA B DUIVHIAPE.

2.3. OGpaTuMcs K 3KCIIepUMeHTY, onucanHomy B § 2.10. ITokaxwurte, yTo pabora 1o
1104beMy Macchl B | KT, BBITTOTHEHHAs B JIBa 3Tamna (CHayana 2 KT, 3aTeM | KT) paB-
Ha 14,2 IIx. Tlokaxwurte, 9T0 Macca B 2 kr momummercs Ha 0,444 M. Ilpenmonaraer-
¢sl, YTO M3MEHEHME MPOWICXOMUT AOCTATOYHO MEUIEHHO, TaK YTO ra3, OXJIAXIasch
8 npoliecce pacliMPeHUs, TEM HE MEHee NOCIe KaXI0ro miara MMeeT HavaibHOe 3Ha-
YCHUE TEeMIIEPATyPhI.

2.4. PaccMotpum o6bem V) = 10 M3 rasa (y = 1,6) npu gasreHun p, = 10° [1a u tem-

nepatype 7;, = 300 K.

1. Kakoe KoJM4YecTBO ra3a B KWJIOMOJSIX Mbl pacCMaTpuBaeM?
2. VizoTepMHUYECKH COXMEM Ta3 0 AaBJICHUS pp= 1 MIla.

2.1. KakoB HOBBIH 00beM raza?

2.2. CKoJpbKO 3HEpPruM OBUIO 3aTpadeHO Ha cxaTue?

3. BepHemcs K MCXONHBIM IapameTpaMm rasa ¥, p,, T, 1 BMECTO M30TEPMUYECKOIO
npou3sBeeM ainabaTHYECKOe CXKaTHe A0 HaBiieHus p,. [Ipu 3TOM ra3 Harpeercd 10
Temneparypsl 1,,. 3aTeM oXJIanyM ra3 M30XOPUIECKH (T. €. 6€3 M3MEHEHUS eT0 00beMa)
o temneparypsl T3 = 300 K u maBnenus p; = 1 MIla. TakuM o6pa3om ras nmpuaer B
COCTOSTHME, KOTOPOE OBIIO IMOC/Ie M30TEPMMYECKOTO CXATUS.

3.1. Kakoso napieHue rasa p,?

3.2. Kakosa teMmieparypa 7, rasa mocnie aguabaTH4eCKOro CxXaTns?

3.3. Kakas paboTta ObUIa COBEpII€HA B MpOIiecce afnabaTHIECKOTO CXXaThs?

3.4. BpiutuTe TEIUio, OTOOpaHHOE Y Ta3a B MPOIIECCe N30XOPUIECKOTO OXJIKICHUSA,
n3 paboThl, COBEPIICHHON B IMPOIECCe aanabaTHIeCKOro CXaTus, IS TOTO
4yTOOBI TOJNYYUTh NOJIE3HYIO PabOTy, COBEPIIEHHYIO B Mpoliecce, OMMCAHHOM
B 1L 3.3.

2.5. Tlpu pacmmpeHUN Ta3 COBepIIaeT paboTy

4
W = _[ pdV .

VO
Lcu pacummpeHre MPOUCXOIUT anuabaTMYeCKu, TO MOXHO IPUMEHUTE TTOJATPOITH-
YCCKUI 3aKOH, U TOTIA MATErpajl paBeH

v

PV 1- -

W= S50 (1 _ ).
v-1

ITokaxuTe, UCTIO/B3YS OMPEIEICHHS C, U Y, YTO 3Ta paboTa paBHA SHEPTUM, HEOOXO-

JIMMOIi JUIS HarpeBa rasa oT TemrepaTypbl T, 1o TemnepaTypbl 1) Ipu YCJIOBHH, YTO
0o6beM raza He MeHsIeTCo.
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2.6. OpueHTan Mg TOMEHOB B HEHAMarHN4YeHHOM (PepPOMATrHUTHOM MaTepHasie HOCUT
OecriopsiouHbIi Xxapakrep. [1py HaMarHMYMBaHUM OPUCHTALIMSI HOMEHOB YIIOPSIOUM-
BaeTCs. DTO 03HAYAET, YTO B HAMArHUYEHHOM COCTOSHHU IIOJIHAST SHTPOITUI MEHBIIIE,
YeM B pa3sMarHHYeHHOM.

VY psana martepuanoB (Hanpumep, ranonvinusi Gd) 3ToT 3(pdEKT CWILHO BEIPAXEH.
Ilpu temnepatype 290 K moiukpucTaINIeCKIii TagoiuHMi (atomyas Macca 157,25,
IUTOTHOCTH 7900 KT/M3) MMeeT noyHyIo sHTponwio 67,6 kJIx « K-! - kmoms~! B HeHamar-
HUYEHHOM COCTOSHUHM U 65,6 kJIx + K- - kMonb~!, KOTa OH HAXOAUTCA B MATHUTHOM
nojie 7,5 Tn.

IMpeanonoxum, uro 10 Kr ragoMUHAS PacIIONIOXEHB BHYTPHA aaqiabaTHYeCKOTO KOH- *
TeilHepa B Bakyyme mnpu temnepatype 290 K. /it mMpoCTOTHI MPEAIOI0OXHUM, YTO
TEIUIOEMKOCTBIO KOHTeHepa MOXHO MpeHeOpedb. TeIloeMKOCTh TafoddHuA IIpU
temnepatype 290 K pasua 38,4 x/Ix « K-' - xmoms!

OueHuTe TEMIIEPaTypy TAOIUHUS TIOCE TOro, KakK ero MoMeCTIT B MATHUTHOE HOJE
7,5 Tn.

2.7. ®panuysckmii umkenep Guy Negre MpeIoXuI MPOEKT «IKOTAKCH» — TPaHCTIoPT-
HOTO CPEACTBa C HM3KUM COJEpXKaHWEM BpEeIHBIX BEIOPOCOB, K CO3JaHUIO0 KOTOPOTO
JOJDKHBI OB TIPUCTYNUTb B Mexuko ¢ Hadana 2001 r. B kagecTse akKKyMy/Iupyro-
LIEW DHEPTUI0 CUCTEMBI NMPEANATAIOCH WCTIONB30BaTh DAJTIOHBI C CXKAThIM BO3IYXOM,
KOTOpPBII CAYXWI paboduM TeloM ABuraresi (3T0 Moraa OBITh TypOUHA WIW, KAK
NpeUIarajoch Uisi aBTOMOOWIISI, MOPIITHEBasl MallliHa).

PaccMoTpuM HEKOTOpBIE BOTIPOCH!, BO3HMKAIOUIME B CBA3W C JAaHHBIM IIPOEKTOM.
[apaiite ocTaHOBUMCS Ha 3M(HeKTHBHOCTH DHEPrOaKKyMYIUPYIOIEeH cucTeMbl. Jinsa
CpaBHEHUS HAIlOMHMM, 4TO CBMHI[OBasi Oartapesi umeeT 3(@PEKTUBHOCTL HA YPOBHE
70 %, a MaxoBoe koneco — Gosee yeM 90 %. CoBpeMeHHBIe GAUIOHBI I CXKATOTO
Tasa paccuuTaHsl Ha 500 aTMm.

1. Beuucinte 3HepTUI0, HEOOXOAUMYIO LIS M30TEPMHYECKOIO CXaThs 1 KMOJIS BO3-
ayxa (y= 1,4) ot 1 go 500 atm npu Temmepatype 300 K.

2. Toro xe pe3yibTaTa MOXHO JOCTUIHYTH MyTeM ainabaTiyecKoro CKaThs BO3NYXa
H ITOCNIEAYIOIIEro oxnaxaeHusa ero qo temmnepatypst 300 K. Buuuciaure sHEpruio,
HEOOXOAMMYIO [UISI OCYIIECTBACHUST 3TOTO Ipoliecca.

3. Cxarsrit Bo3myx (npu Temreparype 300 K) nanpasisieTcs B TypOUHY (B Impemio-
KEHHOU (DpaHIy3CKUM HHXEHEPOM cXeMe — B MOPLIHEBO# asurareis). [Ipeamno-
JIOXUM, YTO TypOMHA MPEACTABIAET cO00il eaNbHYI0 aqiabaTuIeCcKylo MalluHy
¥ BbIpa0aTBIBAET MEXAHWYECKYIO JHEPTUIO B KOJUYECTBE, PABHOM M3MEHEHHIO SH-
TAALIUM Ta3a NPy pacivpennu. Kakoe KoiuecTBO Hepruu OyleT BhpadoTaHo
1 KMoOJieM raza MpH pacliUpEHUN B YKa3aHHBIX BBIILE YCJIOBHIX.

JL1st pelieHust TOCTaBACHHOM 3a/1a4M MCIIOJIb3YATE OITUCAHHYIO HIDKE CXEMY.
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3.1. 3anumure ypaBHEHME Ul U3MEHEHMS SHTAIBITAN Ta3a, MPOXOASIIIETO Yepe3
TypOUHY, KaK QYHKIUIO OT TEMIIEPATYPEL HAa BXoA¢ B TypOuny (300 K) u He-
U3BECTHOM TEMIIEPaTypPhl Ha €€ BHIXOJIE.

3.2. Hcnonp3yiiTe ITOJIUTPONMUYSCKUI 3aKOH JUIS HAXOXICHUS TEMIEpaTyphl Ha

BbIXOJIE M3 TYPOMHBI KaK (PYHKIIUU OTHOILLIEHHS JaBIeHHI Ha BXOJIe U BBIXOJE
U3 TypouHsbl. [Ipeanonaraercs, YTO JaBIECHUE HA BBIXOAE U3 TYPOUHBI PABHO
1 atMm.
Ecnu BBI Bce caenaere MpaBWIBHO, TO YBUAWTE, YTO TEMIIEPATYPa HA BBIXONE
13 TYpOMHBI OKAXETCS HWXE TEMIIEPATyphl OXWKEHUS1 Ta30B, U3 KOTOPHIX
COCTOMUT BO3AYX. DTO OOCTOSITENBCTBO, OE3YCIOBHO, SIBISETCS MPENATCTBAEM
U1 paGOTHI TYpOMHBI, HO MBI IIPEHEOPEKEM M.

3.3. Tlocne TOro Kak BHI ONPEACTIIN TeMIIEpaTypy ra3a Ha BBIXOJAE M3 TYpPOMHEI,
BBIUMCITATE MEXaHMYECKYIO SHEPIUI0, BEIPAabOTaHHYIO TYpOMHOHN.

4. YT0o MOXHO CKa3aTh 1o moBoay 3¢ eKTUBHOCTY MCTIONB3OBAHMST CKATOrO BO3Y-
Xa B JHEPrOaKKYMYJIHPYIOIIEH CUCTEME, T. €. KAKOBO OTHOIICHWE BO3BPAILEHHOMH
SHEPIVU K DHEPIHMHM, IIOTPAYeHHOI Ha NOoJIyIeHUe CKaToro Bosmayxa?

2.8. [HunuHap, n3o06paxeHHbIH HA puc. 2.1 U NMeLIH HaYaThHEIR 006eM 1 1, 3a-
110/JHEH Ta30M, HaxomsumMmcst 1pu TeMreparype 300 K u nasnenanu 10° ITa. Llwmsap
MMeeT HUACATLHYIO TEIUIOM30JIAIIUIO U PACIIONOXEH Ha ypoBHE Mopst. [lopiiieHs MOXeT
asuratecst 6e3 TpeHust. TeIUIOeMKOCThIO TOPIIHS, IWIVHAPA U pesuctopa B | OM,
PACITONTOKEHHOTO BHYTPH LIWJIMHIIpa, MOXHO IpeHeOpeub. B Havasie sKcrnepuMeHTa
HOpLIEHB 3aKpeTUieH Ha MECTE TaK, YTO OH HE MOXET JBHUTaThCS.

[MocrossaHb TOK 10 A ponyckaeTcd 4epe3 pe3ucTop B TeueHue 1 ¢, YTo IPUBOIAUT
K ToBbImcHno masnenus mo 1,5+ 10° ITa. Tlocne 3Toro mopiieHb OCBOGOXAACTCH U
1HOJHUMAETCS. BBEPX.

Kakyto pabory coBepmmT MOpIeHb?



rnABAa | MEXAHUYECKUE
TEMJIOBbIE ABUTATENA

3.1. TENMJIOTA CTOPAHUA

Hannuue pa3HOCTU TeMIlepaTyp SBISETCS OCHOBHBIM YCJIOBUEM LA
obecrieyeHHs: paboTHl TEIUIOBBIX ABMraresicil. [ToaTOMY TEIUIOBBIE JBUTATENU HOJLK-
HbI UIMETh Harpepatesb (MICTOYHUK TEIUTOTH) M XOJOMMIbHUK (YTHIM3aTOP TEILIOTHI).
MICTOYHNKOM TEIUIOTHI MOXET ObIThb COJHEYHOE HM3TYYEHUE, TeOTEPMANIbHEIE BOIBI,
TPAIMEHT TEMIIEPATYP B OKEeaHe, SHEPIHsl AAEPHOTO pacnaga WM 3HEPTUsl CrOpaHMs
MCKOaeMOoro TOIUIMBA. B NMpOMBINUIEHHO Pa3BHUTHIX CTpaHaX okojio 90 % Bwipaba-
TEIBAEMOM 3HEPIYU NOJIYYaIOT B PE3YJIbTATE CKUTAHUS Pa3IMIHEIX BUIOB TOIUIVEBA,
GOJBIIYIO YACTh KOTOPOTO COCTABJIIET MCKOTIAEMOE YIIEBOLOPOIHOE TOILIUBO.

Ilpr monHOM cropaHum yrieponaa B atMocdepe KUCIOpoia 06pa3yerTcss NUOKCH
YIJIepoaa, KOTOPHIA IIPM HOPMAJIBHBIX 3€MHBIX YCJIOBUSIX HAXOAMUTCS B Ta3000pas-
HOM COCTOAHUU. OnHAKO GONBIIAs YaCTh MMEIOIIErocs Ha 3eMiie TOTUIUBA CONEPKUT
B ce0€ HE TOJIBKO YIJIEPO, HO H BOAOPON, IIPH CXUTAaHHK KOTOPOIro 06pasyeTcs BOAA.
Bopa soiBoputcsi 13 paGoTatoniero apurarelisi inbo B BHAE XWIKOCTU, MO0 B BUIE
napa. B nepBoM ciiydyae TeIuioTa KOHIEHCAMM BOIBI YTHIM3UPYETCS B IBUTATEIE.
OT1HM 00BsICHSIETCS TOT (HAaKT, YTO BOMOPOACOMEPKAIINAE TOIUIMBA XapaKTEPU3YIOTCI
ABYMSI pa3sNAYHBIMU BEIWNYMHAMU: BBICIIECH TEIIOTOH CropaHdsA, KOTOpast OTHOCHTCS
K cliyyaro o6pa3oBaHMs! BOAH B KUIKOH ¢ase, 1 HU3LIEH TEIIOTOM CropaHus, COOTBET-
CTBYIOLIEH BOASAHOMY ITapy.

Bricnias terora cropanus somopoaa 143 MJIX/Kr, Torna KaK ero HU31as Terio-
Ta cropanud Bcero 125 MJIx/kr. 1ns cpaBHEHMs TIUIOTa CrOPaHus yIjiepoja paBHA
32,8 MIx/xr. Hpubnkennasi GopMyia Ulsi onpeneieHHs BBICLIEH TEIUIOTH Cropa-
HuA yrreBogopona tuna C H, BBILISIUT ClIeayI0lUM 06pa3oM:

12n-32,8 +143n

AH =
12n+m

0]

B atom cJIy4ae IoCC€ pe€akluy BOAa HAXOANUTCA B XUIKOM COCTOSSHUMU.
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a6amma 3.1. Beicmas Temrora cropamus, ompeienenHas no dopmyne (1), n 3KcnepuMeH-
TaJibHble pe3y. IbTaThl

Tas AH, MIIx/xr, AH, MJix/xr, OumGka, %
TEOPCTUICCKAsA 3KCHIecpMMCHTAJIEHAA
CH, 60,4 55,6 8,3
C,H, 54,8 52,0 5.3
C,H, 52,8 50,4 4,6
CHy, 49,9 47,4 5,0
CyoHyy 49,2 47,2 4,0

B Ta6n. 3.1 g cpaBHEHMSI INPHUBEACHBI JAaHHBIE O BBICIUEH TEIUIOTE CTOPaHMUs,
[OJIY4eHHO TyTEM pacyeTa Mo YIPOILUEHHOW (hOPMYJie, U Pe3yJIbTaThl 3KCIIEPUMEH-
TAIBHEIX M3MepeHuid. @opMyna (1) JaeT HECKOJBKO 3aBbILIEHHBIE PE3Y/IBTATH U3-3a
TOrO, 4TO OHA HE YYUTHIBAET SHEPTHUIO YIJIEPOJA-BONAOPOAHBIX U YIIIEPO-YIIAEPOIHBIX
ceasei. OnHako 3Ta ¢GopMysia JOCTATOYHO TOYHO OTPAXKAET 3aBUCHMOCTH TEILUIOTHI
CrOpaHus OT MOJIEKYJISIPHOM MaccChl.

Y1i1eBonOopoanl BHICHINX MOPSIKOB, B MOJIEKY/IaX KOTOPHIX CONEPXKUTCS GOJIbIIOE
KOJINYECTBO aTOMOB VIJIEPOa, UMEIOT MEHBIIIYIO TEIDIOTY CropaHusi. Tak, y METaHa,
11CPBOTO IIPOCTEILIETO YIIEBOAOPOAA, TEIUIOTA CrOpaHusi CocTaBisieT 55,6 MIIx/Kr.
C yBeqnyeHUEM YWCIAa CONSPXAIIMXCS B MOJIEKYJIE aTOMOB YITIEpOAA TEIUIOTa Cro-
pauus ymenpinaerca no 47 MIDk/kr. Dra 3aBUCUMOCTh WDTIOCTpUPYeTcs: puc 3.1.
AHaJloTWYHAas 3aBUCUMOCTH HaOMofaeTcsd MU y APYTUX TPYII YIJIE€BOAOPOLOB.
B Tabx. 3.2 3Ta 3aBMCMMOCTH NMOKasaHa Ha npumepe rpymst C H, .

CriupTsl IOTYYAlOT U3 MOJIEKYIT YIJICBOAOPOIOB 3aMEIIEHUEM aTOMa BOJOPOJa pa-
jwmkaioM OH (puc. 3.2). I1pu 5ToM razoo6pasHble YIJeBOIOPOLbl MOXHO Npeodpaso-
BaTh B CIIUPTHI, IPH HOPMAJIBHBIX YCJIOBHAX HAXOASAIIUECS B XXUIKOM COCTOSTHUM. DTO
0OCTOATENILCTBO OCOOEHHO BaXHO It TpaHCIopTa. st moaydeHust XUIKOTO TOILTH-
Ba UL TPAHCITOPTA IEXeco00pa3HO UCXOHbIe Ta3000pa3Hble TPOAYKTHI MOABEPTHYTH
YACTUYHOMY OKMCJIEHMIO, HECMOTPSI Ha TO, UTO TIPU 3TOM UMEET MECTO HEKOTOPOe
CHUXEHWE TETUTOTHl CTOPaHMS:

CH, (55,6 MIx/xr) — npoaykr CH;OH (22,7 MJIx/xT),
C,H; (52,0 MIIx/kr) — mponyxt C,H;OH (29,7 MIx/Kr).

M3 1 kMo metaHa (16 Kr) monygaercs 1 KMosb MeTaHosa (32 xr). CienoBarenib-
Ho, | Kr MeTaHa MOXeT OBITh IPeoOpa30BaH B 2 KT MeTaHONa C 3¢ EKTHBHOCTBIO
. 2-22]7

- S5 - 0,82. (2)
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Tabauna 3.2. Boicwas Tennora cropanus yriesoxoponos rpymust C H, , , MJx/kr

a
n
2 0 -2 —4 -6 -8 -10
0 143
1 55,6
2 52,0
3 50,5
4 50,2
5 49,1
6 48,5
7 48,2
8 47,9
10 474 47,3 46,2 45,3 444 429 41,18
16 47.4
20 472
[ Bl
MeTtaHoBag Tpymma
YEJIEBOXOPOIOB
50 — CH,,.

2

X

=

=

- MeratoBag rpymmna

S 40 CITHPTOB

/ CnH2n+10H
30
]
| 10 20 n

Puc. 3.1. Teriora cropaHus yIIEBOAOPOIOB U CIIMPTOB

B ta6a. 3.3 npuBencHBI meopemuteckue 3HaYeHUS 3 PEKTUBHOCTU Npeodpa3oBa-
HMSI YIJIEBOJOPOIOB B COOTBETCTBYIOIINE CITAPTHL.
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Ta6anma 3.3. DPpdeKTHBROCTL NPe0OPA3OBARASA YIIEBOJOPONOB B CIUPTHI

MertaHa B METaHOJ 0,82
DTaHa B 3TaHOI 0,88
Ilponana B MponaHo 0,91

Kpome yrieBomoponoB H CIUPTOB B JAHHOM IJiaBe OYIYT paCCMOTDEHB! M HEKO-
TOpbIE IPYrye BUIBI TOIUIMBA.

TomwInBo MOXHO HOJIYIUTh, HATIpPUMED, U3 6uomaccs! (cM. 1. 11). Onnako Takoe
TOIUTMBO COLEPXUT B CBOEH CTPYKTYPE aTOMBI KMCIOPOIA, YTO IPUBOIUT K TOMY, UYTO
€ro TEIUIOTa CTOPaHNs OKAa3bIBAETCsl MEHBIIE, 4eM Y yriieBoaoponos. Llemamonosa, Ha-
IpuMep, UMeeT TeIUIOTy cropaHus Bcero 17,4 MJIx/kr.

Puc. 3.2. [lonyueHue crmMpra MyTeM 3aMELIEHMASI aroMa BOAOPONA B MOJIEKYJIE YIJIEBO-
JIOPOfia Ha TMIPOKCUJIBHBIA pamgukan. Ha pucyHke m300paxxeHbl CTPYKTYPHl MO-
JIEKYJIBL ME€TaHa X COOTBETCTBYIOLLEH €l MOJIEKYJIH METAaHOJA

3.2. 3O DEKTUBHOCTb LIMKNA KAPHO

MexaHuyeckas U 3JIeKTPUICCKAst IHEPTUS OTHOCSATCS K TaK Ha3bIBa-
€MBIM «0JIaropogsbiM» GopMaM SHEPTUM, C KOTOPEIMA He aCCOMUAMPYETCI TaKoe I10-
HATHE, KaK 3HTponusi. CaenoBaTe/IbHO, UMEETCS TeOPETUIECKass BOSMOXHOCTD Ipe-~
06pa30oBbIBaTL OMHY GOPMY TaKOi IHEprUU B APYryIo Oe3 noteps. Jpyrumu ciloBaMu,
1IPU 3TOM [Ipe0Opa30BaHHH He IIPOUCXORHT BhIIEICHHS TeIDIOoTEl. COBpEMEHHEIE Npe-
obpasosatenu (anexrporeHeparopsl) nmeior KIT[ Gonee 99 %.

Terutopele ABUratesd oGECHEUMBAIOT NMPpeodpa3oBaHKe TEILUIOBOW 3HEPruM B 00-
Jee «OIaropoIHyIo» HOpMy FHEPTUN — MEXAHWYECKYIO WIH JEKTPUYECKYIO. A 3TOT
NPOLECC HEBO3MOXHO OCYLIECTBUTH 0€3 YaCTUYHOTO OTBONA TEIUIa (32 UCKIIIOYEHHEM
TMITOTETHYECKMX IBUraTeieii, B KOTOPHIX TeMIieparypa xojomwibHuKa paBHa 0 K).
TakuMm 06pa3oM, TeopeTudeckd 3G GhEKTUBHOCTD TEIUIOBLIX ABUraTesieil TOJDKHA ObITh
MEHBIIIE eTUHUIIEL.

Ha puc. 3.3 nokasan 1ukj paboTsl TEIoBOro apurarensi. K aBurarenio ImogBso-

JMTCS TeTioTa Q, , KOTopasi YaCTUYHO 1peobpa3yeTcs B nojesHyio paboty W, a oc-
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TaBLIAsICS TEIUIOBas SHeprud O, OTBOAUTCS U3 ABUrateis. DQPeKTHBHOCTH TAKOTO
IBUTATENS ONPENENsICTCs KaK OTHONIEHWE TIOJIe3HOM pabOThl K MTONBOIUMOMN TEIUIO-
BOH 3Hepruu:
- LV__z Qin ~Qout .
Qi Qi
DHTPONHSA CHUCTEMEI JOJIKHA BO3PACTH WIH B MACATBHOM CIy4ae OCTAThCS HEW3-
meHHO. Hanbonbiias addexkruBHOCTh Mporiecca (3didekTuBHOCTS MUKAa Kapno) 6y-
JeT MMETh MECTO TOT/d, KOIAa SHTPONHA Ha Boixone Q. /T OyAET paBHA SHTPONUH
Ha Bxone @, /T,. CooTBeTcTBEHHO

n (3)

G- O, 4)
H C
T
out TH
T, - T,
NCarnot =LT;—C‘ (6)

Taxum o6pazom, 3¢ dekTUBHOCTS KA KapHo 3aBUCKT TONBKO OT MUHUMANBHOM U
MakKCUMAaIbHOM TeMMepaTyphl, B JUANa30He KOTOPHIX PabOTAeT TEIUIOBON ABUTATEN.

Qin

ﬁW

O v

Puc. 3.3, lluxkn paGoTH! TEIUTOBOTO NBUTATENS

[Ipy cTartMOHAapHBIX YCIOBUAX

el (A .S N
Qout_ W _W 1 1 L (7)

VMeHblieHne korbduurenTta moae3Horo QeicTBIsA ABUTATENS 1) BEOET K poOc-
Ty oTHoumeHHA B BbipaxeHuu (7). KI1[ coBpeMeHHBIX MapOTYPOUHHEIX 3HEpPro-
YCTaHOBOK, paboTalolIMX HAa KWCKOIAaeMOM YIJIEBOLOPOZHOM TOIUIMBE, JNOCTHIAET
40 %. To ects ipy mosrydeHnu 1 JIX TOJIe3HOM 3HEPIUH «BBIOpackiBaeTcsa» 1,5 JIx
Ternosoi sHepruu. KITJ TpaaMMOHHBIX aTOMHBIX 3JIEKTPOCTAHI MM HIxXe 28 %,
YTO CBS3aHO C OrpaHuyeHueM Io temneparype 7. Ilpu Takoif sddexTUBHOCTU
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cOpocHOE TeIUTo B 2,6 pa3a mpesbliliaeT BbIpabaTbiBacMylo 3HEpruio. B pesynbpraTte
rPaJUPHKA ATOMHBIX 3JIEKTPOCTAHIINM, C TOMOIIBIO KOTOPBIX COPOCHOE TEILIO OTBO-
JUTCSL B OKPYXAIOIILYIO Cpely, UMEIOT Topa3ao 6obUIne pa3Mephl, Y4eM Y OOBIYHBIX
TEIUTOBBIX JIEKTPOCTAHIIUHA.

V aBrOMOOWIBHBIX Asuratesei eme MmeHbiie KITL (n = 0,2) 4, clenoBaTenbHo,
60JIbIIIE KOMUYECTBO COPOCHOM TEIUIOTHI, YTO UISI HEKOTOPBIX TUITOB JIBUTaTeNei co-
3/1aeT CEpPhE3HBIE TEXHMYeCKUe MpobiieMEl. CliefyeT OTMETHTD, 4To ABUrareau O1To u
IM3EJIbHBIE JBUTATENIM He TPeOYIOT UCIIONB30BAHUS CITEIIMAIBHOTO TEIUI00OMEHHOTO
000pyI0BaHUA U OTBOJA TerlTa (TEIUIo cOpachiBaeTcs ¢ MPOAYKTAMU CrOpPaHUs), a
AMEOIIUCH B aBTOMOOWIIE paguaTop o0eclieUrBaeT JTUIb OXJIaXIEHUE CaMOro IBU-
raTeisi.

3.3. TUNbI ABUTATENENA

Pa6oT1a Bcex MeXaHMYECKUX TETUIOBBIX ABUTATE/ICH BKIIIOYAET YETHIPE
OCHOBHEIX TIpoliecca (CTaauu):

1) koMmpeccus (cxartue);

2) TI0ABOZ TEIUIA;

3) pacuidpeH¥ue;

4) orBon Temna.

Ha puc. 3.4 nokasansl 5TH 4eThIpe MpoIlecca, TTPOUCXOIAIINE B IBUTaTeNe, pabo-
TaIOILEM 110 3aMKHYTOMY LMKy PeHkuna. B aToM cityyae mponecc paciimpeHus Iipo-
HMCXOOWT B TYpOMHE WIH B CIIEHHABHBIX MOPIIHEBBIX MEXaHU3MaX, HPUMEHABUINXCS
Ha IEPBBIX XeJIe3HONOPOXHBIX IOKOMOTHBAX.

Pacimiipenue

Kunkocts

Puc. 3.4. Yernipe ctamuu upkia Penkuna. [Ipy 3aMKHYTOM IMKJ/IE CKOHIEHCHMPOBAHHOE
paboyee Teo CHOBA MOJACTCS HA BXOZ,

TMapossie asuratennm Hadana XX B. mMmenn 3ddextuBHOCTL MeHee 10 %.
B pesysbTaTe KOJIMYECTBO OTBOAUMOTrO Terlia GBUTO OTPOMHBIM: oKoyio 9 JIX Ha Kax-
IBII KOV NoJIe3Hoi paboTel [cM. ypaBHeHMe (7)].

J171s1 TOro 4TOOBI HE MCIIO/IBL30BaTh TPOMO3IKIE KOHACHCATOPHI, Ha TAKUX JIOKOMOTH-
BaxX IPUMEHSUICI COPOC Mapa HEMOCPEACTBEHHO B OKPYXaoLIUi Bo3ayX (puc. 3.5).

107
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B MamimnHax OTKPBITOTO LIMKJIA MCIIONIb3yeMasi BOJA HE BO3BpAIIAETCS 00paTHO B
uuki. [losromy B napoposax TpeGoBaicsi GoNBINOM 3aI1ac BOAbI, KOTOPBIA [EPUOLU-
YECKH MOTIONHSUICS HA XeJIE3HOMOPOXHBLIX CTAHIMIX. Pa3dMep BousiHoro Gaka orpa-
HHAYUBAICS JIULIb Pa3sMepaMy CaMOTO IOKOMOTHBA.

Tlap Map
Brixiion

Puc. 3.5. B oTKpbITOM VKJIe PeHKUHA OTPabOTaHHEII T1ap OTBOIUTCA B OKPYKAOIIYIO CPEY.
Ilpu sToM Tpebyercs 6OMBIIOIH 3anac MOABOAUMON B CUCTEMY BOIELI

Terutora nokHa ObITh MOMBENEHA B IMKII OT BHEUIHEro ucroynuka. Tax, Hanpu-
Mep, B urkie PeHkuHa WCTioNb3yeTcs BHELIHEEe CXKUTaHUEe TOILTHBA.

JIpyruM NpUMepoM ABUTaTesICii OTKPBITOTO LUK SBJISIETCS TyporHa, paGotaromas
0 UMKIY bpaiiToHa ¢ BHYTPEHHUM CXKMFAaHHEM TOMIMBA, KOTOpas Hauula MIMPOKOe
UpUMEHEHNE B aBHannu (puc. 3.6).

ITonson
Cxartue TETLJIOTEI Pacnmpenne

Bo3Bpar TeIUioTHI
B CUCTEMY

Boszmyx

Tomuso

Puc. 3.6. Uuxn BpaiitoHa, WCIONb3yeMblli B TypOOPEAaKTUBHBIX ABHTATENSX C OTKPHITBIM
TVKIIOM

Tipumeps asurateneii, paGoTalonUX MO 3aMKHYTOMY LIUKITY:

NapoBOiH ABUTraTeN b, paboTatoniuii Mo nuKiry PeHkuna,
nsuratesis CTUPJIUHTA.

TlpyimMeph aBUTaTE IEN C OTKPRITHIM IHKIOM:

asuratens OTTo (C UCKPOBBIM 3aKUTAHHEM),
apuratenb Juszens (¢ MOIKUTOM TOTUIMBA 34 CYeT KOMIIPECCHH),
ABUTaTeb C OTKPHITHIM TMKIOM bpaiitoHa.

Mg uuxna PenknHa XapaxTepHo T0, 4To pabouee Temo MpeTepresaeT uU3MeHeHHE
arperaTHOro CocTostHUA (Hap~Xuakocth). [Ipu 3ToM pabodme Tesla MOTYT OBITH pas-
JIMYHBIMU. [17151 pabOTHI ITPU OUeHB HUIKUX TEMIIEPATYPax (HATIpUMED, KOIia TeMIIepa-
Typa HarpeBa COCTaBJIsieT BCEro 25 °C, Kak MpH HCIIOb30BaHUH OKEaHCKOM TEIUIOBOM
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SHEPTUM) B Xa4ecTBe pabouero Teja MOXeT MPUMEHSTbcsi aMMuak. s paGoThl 1pu
YMEPEHHBIX TeMIIepaTypax, HallpuMep B CIy4Yae HCIOJb30BaHMS COJNHEYHBIX Harpe-
Batesieif, MOXHO TIPUMEHSTh ¢GpeoHbl. B MapoBbIx MalinHax, paboTaoLIMX MO0 LHAKITY
PenkyHa Ha TPAMUIIMOHHBIX SJIEKTPOCTAHIIMAX, THE CXUTAeTCd HCKOTIaeMOe TOILIIUBO,
pabo4YrM TETOM CIIYXHT BOAA, XOTs, BO3MOXHO, 3(hdeKTuBHee GbUI0 OBl UCIIONB30-
BaTh GoJiee OMacHYIO PTYTh.

[lapoBeie OBUTATEIN HE TPUMEHAIOTCS B aBTOMOOWISIX M3-32 TOrO, 4TO OHU HYX-
JAIOTCSL B TPOMOBIKOM KOHJEHCATOpe VI B Gake ¢ Bojoi. bpafiToHoBckue TypOUHBI
OTKPBITOTO [IUKJIA BEIBOISIT TEIUIO BMECTE C paBoyuM TEJOM M HE TPEOYIOT NOIONIHH-
TEALHBIX YCTPOMCTB IS OTBOJA Tellia, B pe3yJbTaTe YeTro X MPUMEHSIOT B aBUAllUN.
JIBUrareny, UCHOJL3YIOIME B KadeCcTBe paboyero Teja ras, MMeOT HECKOJIbKO MO-
mubukamait (tadu. 3.4). BaxHeifuieit 0COGEHHOCTBIO IA30BBIX ABUTATENECH ABJILETCH
TO, YTO JUISI IoadydeHus BricoKuX 3HaueHuil KITJI TpeGyercsa oGecTieuwTh BBICOKWE
CTEeMEeHU CXaTus paboyero Tena.

B razoBeIx TypOMHAX MOTYT OBITH ABa THIIA KOMITPECCOPOB: OCEBbIE U PaIVaIbHBIE
(ueHTpobexHEe). CTyIeHb LEHTPOOEXHOIO KOMIIpeccopa MOXET OGecledrTh CTe-
nmenb cxatust okosio 3:1. TlostoMy g monyyenus creneHu cxarus 9:1 nmorpedyercst
UCTIONB30BATh JBe CTYNeHW. HemocTaTkoM Takoro TUIa KOMITPECCOPOB SIBISETCS OT-
HOCUTEIHHO HEBbICOKAA 3G HEKTUBHOCTh, KOTOPAas CHUKACTCA C YBEIWYEHUEM UHCia
MOC/IEHOBATEABHO YCTAHOBJICHHBIX CTYNEHel. DT0 CBSI3aHO C TEM, YTO B pafvaibHBIX
KOMIIpeccopax TpedyeTcsi M3MEHATh HallpaBjJICHWEe TOTOKA rasa MpHu IepenycKe
13 OJHOI CTYIICHU B APYTYIO, YTO CONMPSKEHO C BHICOKMMU Ta30JUHAMUYECKUMU
MOTEPSIMH: 3HAYMTENbHAS YACTh SHEPTUH BXOMNSIIETO MOTOKA TepseTCs NPU BUX-
peobpa3oBaHUH.

OceBbie KOMIIPECCOPHI IMEIOT HEOOMBINYIO CTeNEeHb MOBMIUEHUS ABJIeHNA B CTY-
neuy (oxono 1,2:1). OmHAKO 3TOT HEHOCTATOK KOMIIEHCUPYETCS ITOCIEAOBATE/IbHOMN
YCTAHOBKOI HECKONLKUX CTYIIEHEH ¢ MATBIMH Ta30AMHAMUYECKUMM MOTepsiMu. Tax,
ABUALIMOHHEBIA Ta30TYpOMHHBIN ABHTATENL «Tyne» Mpom3BoAcTBa KoMmmaHuU Rolls-
Royce uMeeT cyMMapHYIO cTeleHb MoBbiieHus AapiaeHus 13,5:1. Komnpeccop 3toro
JBATATEJIA COCTOUT M3 15 cTyrieHel, CpefHsis CTeTIeHb TOBBIILEHMS B KaXION U3 KO-
Topeix 1,189:1. B ciygae oceBoro xoMnpeccopa NoTepu P IEPEXoe IOTOKA MEXIY
CTYIIEHSIMM MUHWMAIbHBI, TIOCKOJIBKY BBIXOASUIMIT U3 ONHOM CTYNEHU MOTOK Cpasy
Xe TIOCTYNaeT B MOCenyIolyo 0e3 nu3MeHeHus HampasieHust. OQHUM U3 HENOCTAT-
KOB VICTIOJIb30BAaHUSA OCEBBIX TYPOWH SIBIAETCS CHUXEHUE UX 3PGHEKTUBHOCTH IPU
YMEHbBILIEHNH TabapuUTHEIX pa3MepoB TYpOMHBI, UTO OOYCJIOBIICHO YBEITWYEHHUEM IIO-
TEPh, CBA3AHHBIX C IePEeTeKAHWEM ITOTOKA Yepe3 paNaIbHBIN 3330p MEXTY TOTIaTKaMy
U KopIycoM TypOuHbl. I1o 370l npuunHe B Ta30TYPOMHHBIX NBUTATENSIX HEOOMBIION
MOILIHOCTH, paboTaiomumx 1o MuKiIy bpaiiToHa, NCTIONB3YIOT, KaK MPaBWIO, PalAaib-
Hbl€ KOMITPECCOPHI.
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TaGauua 3.4. [Ipupoaa yersipex- OCHOBHBIX CTAAUIA B PAIMYHLIX THNAX NBHraTeNeil

Huxor Cxatne Mouson Termnoret Pacumpenue OTBOZ, TETIOTHL
Kapuo Amuabara H3orepma Anmuabata U3sortepma
OTtr0 Anuabara H3oxopa Anuabata H3oxopa
HMusens Aguabara WUzobapa Amabara Hszoxopa
Bpaitrona Anwuabara N3o06apa Anmabara H3obapa
CrupiauHra H3zorepma H3oxopa H3zotepma H3oxopa
DpUKCccoHa W3sotepma Mzobapa H3zorepma WN3o6apa

T'azoBbie TypOMHBI B NEPCIIEKTUBE MOXHO OyaeT 3(h(EeKTHBHO NPHUMEHSATH COB-
MECTHO C TBEPAOOKCHIHBIMM TOILUIMBHBIMU 3JIEMEHTAMU: TOPSIYMIA I'a3 U3 TOIUIMBHBIX
3JIEMEHTOB MOXET OBITH HAMPABJICH B Ta30BYI0 TYPOUHY IUISI HOMOJHHTEILHOTO Cpa-
0aThIBaHUA €r0 TEMIEPATYPHOTO MOTEHIIHAIIA.

B mBuratensx, paboTtaolyx Kak no mukiy PeHKuHa, Tak U IO MUKy BpaiiToHa,
KaXJIbIi M3 YeThIpEX IIPOLECCOB MPOTEKAeT B OTACIBHOM ycTpoiictBe. Kommpeccop
obecrieyuBaeT cxaTue paboyero Tejla, TYpOMHA — paclIMpeHue, a TTOABOM, TEILIOTH
POU3BOIUTCA B CHICHUATBHON Kamepe cropaHusi. TakuM o0pa3oM, B STUX JBUTATENSX
MOXHO OTAEJIBHO MPOBOAUTH ONTUMH3AIMIO KaXIOr0 U3 3JIEMEHTOB.

B msurarensx OTro u AU3eNbHBIX IBUTATENsIX BCE OCHOBHBIE ITPOLIECCHI, 34 UC-
KIIIOYCHUEM OTBOJA TEIUIa, IIPOUCXONSAT B OOHOM ycTporictBe (mmwiuHape). OTBog e
TEIUIOTHI OCYILECTBIISAETCS B OTACABHOM ycTpolicTBe. Takass MHOro(pyHKIMOHAJIBHOCTD
paboThl WIMHAPa TPeOyeT NMONCcKa KOMIIPOMHCCOB B ONITHMHM3ALIMM BCEX IIPOLIECCOB
JUTA ITOJIy4€HUsT HauOOobIIed cCyMMapHOH 3(PheKTUBHOCTH.

B 1o Bpems kak B aBuratensx PenkuHa u BpaiitoHa ropeHue ocyliecTsasercsl B
HEIPEPHIBHOM PEXUME B KAMEpe CropaHusi, B aBuratessix O1ro u JAu3ens oHO Mponc-
XOIUT nieproguuecku. I[lpy 3TOM, B CBA3U C T€M UTO MIUTEIBHOCTE OTACIBHBIX 1PO-
LIECCOB KpaiiHe Majia, BO3MOXHO UMETh JJOCTATOYHO BEICOKYIO TEMIIEPATYPY TOPEHMUSL.
Kpome Toro, TemioTa CropaHus BhIfie/iieTCsi HEMOCPENCTBEHHO B paboueM Tele, a He
ITOBOIUTCS Yepe3 TEITOOOMEHHUKY, YTO JAaeT HECOMHEHHOE IIPEUMYIIIECTBO JBATaTe-
JIAM ¢ BHYTPEHHUM CTOPaHMEM IO CPaBHCHHMIO C IBUTATEJIIMHA BHEUIHEIO CIOPAHHUA.

JiBvrarens BHelIHero cropanust CTUPIIAHIA, TIPO KOTOPHIii GoJiee AeTAMLHO OYAET pac-
CKa3aHO B KOHIIE 3TOM IVIaBHI, XOTA M ObUI pa3paboTaH JaBHO, HO He Halllel TTOKa IIUpo-
Koro npumeHeHus. [1o KkpaiiHeit Mepe, TeopeTUYECKH 3TOT OBUTATEh MMEET JOCTATOYHO
GOJIBLIYIO IO CPABHEHWIO C OCTATHHBIMH TUTIAMH ABUTATENEN pacuyeTHYIO 3 (PEeKTUBHOCT.
OH sBJIseTCS IKOJIOTMYECKU O0JIee YMCTHIM, YeM IBuraTeb OTTo, H3-3a TOro YTO CTOPAHME
POUCXOHT BHe €ro. KpoMe Toro, mockonbky B aBurateie CTUPIMHTA HE TPOMCXOIUT
B3PLIBHOTO CTOPAHUsL, OH paboTaeT IUIaBHee u GeciryMHee Apyrvx apuraresneii. Hecmorpst
Ha TO YTO B JaHHOM JBUTaTele UCTIONB3YETCS 3aMKHYTHIHM WKL, B CBSI3M ¢ BhICOKUM KI1/]
JIBUATATENs1 He TpeOyeTcsi yCTAHOBKY CJIOXHOTO TEIUIOOTBOAAIIETO O00PYIOBAHML.
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TaGauma 3.5. Hekoropbie XapakTepHCTHKHM Hanbosiee MONYISAPHLIX THIOB JABHraTeaeH

. OTHOCUTETEHAS
Temmeparyprbii | DddeKTUBHOCTD OtBon
Hukn TEPMOAMHAMUYCCKAS
IHATa30H KOMIIOHGHTOB TEIUIOTBL
3¢ dekTHBHOCTH
OtTo Bricokuit IIpeBocxonpHas Huskasg MuHMUMaTbHBIH
Juzens Bricoxuii TIpeBocxomHas Huskag MuHUMATBHEIH
Penxwna Huzkuit Xopoilrag TIpeBocxomHas bomsnon
CrupimHra CpenHuit Xopoinas OueHpb Xopolnas Cpenuuit
bpaiiToHa Cpennuii .
P . p u/ OdeHb Xopomas Xopormiast MuHuManbsHbBIM
(OTKDHBITHII) BBICOKHIT
bpaitroHa -
p . Cpennuit OdeHp xoporast Xopouast Cpenumit
(3aMKHYTBIH)

Hrxn CTupiuHra cerogHs HAXOOUT MPaKTHUYECKOe IPUMEHEHHE B XOJIOIWIBLHON
TexHuKe. Y HOCKONBKY ero paboyrMHM TeJlaMy SBIISIIOTCA TeNIi, BOZOPOJ WiH BO3AYX,
B OIMYME OT (HPPEOHOBBIX XOJONVIBHBIX MAIIMH OH SIBISIETCS 3KOJOTMYECKU Oornee
6€30MacHbBIM.

CpaBHUTENHHEIE XaPaKTEPUCTUKHA HAaUGO0IIee MOIYJISIPHBIX TETUIOBBIX MEXaHAYECKUX
IBUTATENICH IPUBEACHEI B Ta0r. 3.5.

3.4. SOPEKTUBHOCTb ABUTATENA OTTO

B uneansnoM mukie OTTO TOILTHBHO-BO3MYIUHAS CMECh afuabaruye-
CKM CX¥IMaeTcsI OT 06beMa V) no obnema V,. Ha p, V-narpamme, npencTaBieHHON Ha
puc. 3.7, 3TOT IIpoLECC ONMACHBACTCS TMHUEH Mexay Toukamu 1 ¥ 2. Taxk,

n_(B) ®

y2i Y .

VI3 3aKoHa MIeanbHOro raza
124 _ £1_Iﬁ 9
T )]
y-1
PV, "

T,=T£2_7| L} | 10
: ! A4 l(Vz) (1o
T, =T, (1)

rae r — crenens cxarus V;/V,. Tlpouecc cXaTtvst MOXHO CUATATh anrabaTUIECKIM,
FIOCKOJIEKY 3TOT IIPOUECC TMPOMCXOIUT HACTONBKO OBICTPO, YTO TETUIOOOMEH C OK-
PYXAOWIEH cpenoil Yepe3 CTeHKH IIIMHAPA NPOM30MTU NPAKTUYECKH HE YCIIEBAaeT.
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CreoBatenbHO, 3aTpaueHHas IIPU CKATUM PAGOTa PaBHa YBEAMYCHUIO BHYTPEHHEH
SHEPTUH rasa:

Wi, =uc, (I, -T;) = pc, (1 - r"”}. (12)

Jasnenue p

Lnxor Ousens

Pac. 3.7. p, V-nuarpamma uukia Otro

B xoHeuHO# TOuKe (aswl ckaTva (TOYKA 2) 3IEKTPAYECKAs MCKpA MOAXHUraeT
pabouyro cmech, KOTOpasi B MIealbHOM cjlydyae JOJDKHA MTHOBEHHO cropartb. Ilpw
STOM TeMITeparypa W JaBJIeHHe MTHOBEHHO yBEJIMYMBAIOTCS U pabGodee TEIO Iepe-
XOIUT B COCTOSAHME, M300paXXEHHOE Ha AMarpaMMme Toukoii 3. B xome srtoro mpo-
mecca (IIOABOJ TEIUIOTH) 00BeM pabouero Tella He MeHsieTca. KommuecTBo momse-

JCHHOTO TCIUia
0y =ue,(-T). (13)
IToBemeHue pabodero Teja B MPOLECCE PACLIMPEHNS AHATOTUYHO OBEACHUIO TIpv
CXATUH.
Wyg = ne,Ty(1-r1). (14)

Taxkum obpasom, Ipy paboTe ABUTATENS TIOMydaeTcs Mojie3Has paboTa W,s= W,
TIpY NOABENCHHOM dHepruu @, ;. CienoBatensHO, 9(hdeKTUBHOCTD ABUraTeNs

n= Wi Wiy _ 73(1—1'1_7)—7"2(1-;-1‘7)

=1-r"7, 15
0, T T, ’ ()




3.4. Dghpexmuenocmo deuzamens Ommo _A,. 113

Ecnu ygects, uro cormacHo ypashenuio (11) #1-7= T,/T,, cootHoweHue (15) Mox-
HO 3ammMcaTh Kak
_%_ T27—:Ti = NKapro®

2 2

W13 sToro cieayer, yto upeanbHbIN UK OTTO MMeeT 3(PEKTUBHOCTh, PABHYIO
s¢dexTHBHOCTH HKiIa KapHO, COOTBETCTBYIONIETO MUANA30HY TEMIIEpaTyp MeEXIy
MaKCHMaTbHOM «Z0B3PBIBHOM» M MUHMMAIBHOM TeMIteparypoii apuratens Orro. IIpu
9TOM MAeanbHbIA HUKIT OTTO HUKOTrIA HE CMOXET MMETh 3(hGheKTUBHOCTE paBHYIO 3¢h-
(pexTrBHOCTH 1IMKIa KapHO, COOTBETCTBYIOILETO CaMOii OOJBIION U CaMOil HU3KOM
Temmepatype nukia OTro.

=1 (16)

80
R
A 60 -
Q
S)
T
m
=
£ 40
o
i=y
g usens
20 - Hwuzens Otro
bensun  Cnupt
0 ) , ]

0 4 8 12 16 20
CreneHb cxarus, %

Puc. 3.8. DddektnBHOCTh ABHrateneit usens 1 OTTO B 3aBUCHMOCTH OT CTETICHU CXKATHUS

Teoperuyeckas 3pheKTUBHOCTS M300paXeHa Ha pHc. 3.8 B 3aBUCHMOCTH OT CTEle-
HU cxaTusl pabouero Tena. DhhEeKTUBHOCTD ABUTATeNs JIU3€iIs HILXE, YEM JBATATENS
OTTO, TaK KaK y Ju3es CTOPaHue TIPOMCXOANT IIPH ITOCTOSTHHOM JaBJIe€HUU (CM. TUIOT-
HO 3aKpallleHHy10 o0nacTh Ha puc. 3.7), Torja Kak IIpM HCKPOBOM 3aXXKUTAHUM —
11IpH [IOCTOHHOM 00beMe. IToaToMy o61Ias riiolanb UK Ha p, V-quarpaMMe y 1BU-
ratens Jdusens OyneT MeHblie, deM y nsuraresns Orro. MaeanbHas 3¢(eKTHBHOCTE
Jurarenst Jluzenst onpenensieTcss Kak

v
] (17)

tne r, = V3/V, (eM. puc. 3.7) — Tak Ha3bIBaeMBIil KO3GOUIMEHT CIPIMICHUS, WK
CTEMEHb PACIIUPECHUS B TeYCHUE IIEpHOIa CrOPaHUA.



114 _A,. Trasa 3. Mexanuueckue mennogoie dguzament

Ha mpakTHKe IU3eNbHbIE ABUTATENN TEM HE MEHEE WMEIOT GObIIYIO 3PPEKTHB-
HOCTB, 4eM aBurareny OTTo, MOCKONBKY IocHeaHMe paboTaoT C MEHbIIEH CTEIEHBIO
cXaTust BO n3bexkanue aeroHaumu (cMm. § 3.6).

B PHeKTUBHOCTH MOXKET ObITh YBEJIMUECHA CIEAYIOLIMM 00pa3oM:

1) myTeM TIOBBILLIEHHS 7,
2) TIyTeM ITOBBILICHMS CTETICHU CXATHUS.

Taxk xaKk y y Bo3ayxa OoJiblile, YeM y TapoB TOIUIMBA, TO paboTa Ha OOEIHEHHOMH
cMecu Oynet 6onee apbdexruBHa. HeraTUBHBINA MOMEHT UCIIOJIB30BAHUS OGEIHEHHON
CMECH COCTOUT B TOM, YTO €€ CIrOpaHHMe NMPOTEKACT MEIICHHEE, YEM CrOpaHHE 000-
raieHHoN cMmecu. Ecnu ke cMech OyleT oyeHb OeMHOM, TO CrOpaHMEe MOXET CTaTh
HeCTabWIbHBIM, a pad0Ta IBUTATE/Isl HEYCTOMUMBOM, B PE3yNbTaTe YBEIUIUTCS BEPO-
SITHOCTh BO3HMKHOBEHUS] OOPATHON BCITBIIKU HA BHIXJIONE.

CTexuoMeTpHYECKOE COOTHOUICHWE TOIUIMBHO-BO3AYIIHOM CMecH IS OEH3MHA
pasHo 14,7:1. OnHako MakCMMaibHasi MOLIHOCTh NOCTHMIAETCH TPU CHIBHO 0DOra-
IeHHON cMecH ¢ cooTHolueHreM oT 12:1 mo 13:1, Torma kak mMakcumansHbii KI1/]
pEeaJIM3yeTCss [Ulsl OTHOCUTENBHO OEJHON CMECH C COOTHOIIEHHWEM TOILTUBO/BO3MYX
ot 16:1 10 18:1. B aBurarenax co cTparu)UMUMPOBAHHBIM IOPEHNEM PEAJI3yeTCs UH-
TEPECHBI KOMIIPOMMCC: NPU TAHTCHIMAJIBHOM BIIPBICKE TOIUIMBA W BO3AyXd B LIU-
JIUHIp OOOralieHHas CMeCh 3a CUEeT NeHCTBUS UEHTPOOEKHBIX CU obpasyercst y
CTEHOK UMJIMHJpa, a Oojee 6exHast — y ocu. [opeHHe WHULIMUPYETCI YV CTEHOK U
Jlajiee paclpoCTpaHseTCd K LUCHTPY MWIMHApA. TakuM o6pa3oM, mid 06eIHEHHOMI
B cpefHeM cMmecH mocturaercs: Bercokuit KITJL nuratens u pemaercs npoGieMa
YCTOWYHUBOTO TOPEHMST TOILIMBA.

Kak Mbl y3HaeM 1o3xe, npu padote asurateis OTTO TOILUIMBHAY CMECh MMEET
BEPXHEE OTPAHWUCHUC CTENCHU cKatws. IIpy OONBINOI cTeneHMn CXaTHsl BO3MOXHO
BO3HUKHOBEHWE JACTOHAITMOHHOTO PeXMMa BOCTUIAMEHEHUSI TOIUIUBHOM CMECH, OCO-
OeHHO NIpM YCKOpeHUN asuraress. CTeneHd CXaTHs, TIPH KOTOPBIX JBUTATEb MOXET
YCKOpATECA 6€3 IeTOHALMU, HACTONBKO MAJTBI, YTO TIPUMEHSITh TAKOE CXaTHe IIPH pa-
OoTe ABUTATENS HA CTAIIMOHAPHBIX PEXUMax OKasbiBaeTcs HeaddekTBHO. Pelenue
Ipo0JIeMBl 0DECIIEUMBAETCS ITyTeM aBTOMATUYCCKON 3aIepKKM MOMEHTA MCKPOBOIO
3aXXUTaHWA BO BPEMs YCKOPEHMUsT ABUTaTeNsl. VICKyCHBIN METOI BADFHPOBAHUSI CTEIIE-
HY cXaTus ObUI npuayMmaH B kopriopauu Daimler—Benz. [lunuuap B 9ToM ciydae
nMeeT aBa nopiuHs. OnuH, KaK 00BIYHO, C ITOMOIIBI) KPUBOLIUITHO-INATYHHOTO Me-
XaHU3Ma COEMHEH C ITIABHBIM BaJIOM, 4 BTOPOI HAXOMUTCA B IJIMHIPE B CBOOOIHOM
TMOJIOKEHUW HAM MEpBBIM. MeXny 3TMMHU MOPITHSMA BIIPBICKMBAETCS HEoOXOOUMOe
KOJIM4ECTBO TOTUINBA, YTOOH! U3MEHUTH OObEM MEXIYy HUMM U 00eCTTeYHTh 3aJaHHYIO
CTETICHb CXXATWST B KaXKIbIN KOHKPETHLIA MOMEHT.

PaccMmoTpum OeH3MHOBLII ABUraTesb CO CTETIEHBIO CXKaThs 9:1, B KOTOPOM MCTIOJNb-
3yeTcsl TOIUIMBHO-BO3NylIHast cmechk ¢ ¥ = 1,3. Ero teopernyeckasa 3¢p@dekTMBHOCTD
Oyaer paBHa puMepHo 50 %.
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Puc. 3.9. Ilorepu B KOMIIOHEHTaX aBTOMOOIIS ¢ MCKPOBBIM 3KUTaHHUEM CMECH 1 pacripelieieHe 3aTpat sHepruu. CTeneHb CKaTus
JBHraTesst 9:1, TOIMMBHO-BO3OYIIHAA CMeCh UMeeT v = 1,3. Teopernyeckmii (upeansusiit) KIT neurarens 50 %. ITocie yuera
BCEX MOTeph KOHeYHasd 3(h(HeKTHBHOCTE paOOTHI ABUIATENSA ¢ COIYTCTBYIOLIMM O0OPYNOBaHHEM COCTaBisAeT MeHee 18 %.
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Peanbuptii KITJI nBuraresis oTaMvaercs OT TEOPETHUYECKOTO TI0 CIEAYIONINM TIpH-
YUHAM:

1. T'opeHHe MTPOUCXOAUT HEXOCTATOYHO ObicTpo. CropaHue TOIUIMBA IIPOMCXOIUT
HE I1pY NOCTOSIHHOM 00beMe. C MPYyroi CTOPOHEBI, B MU3eJie TOPEHUE PEATLHO
TIPOTEKAET HE MPU MMOCTOSHHOM JAABJICHUM, a TIPH €I0 HEKOTOPOM POCTE.

2. VIMCIOT MECTO TeILIOBBbIE MOTEPH Yepe3 CTEHKH LIIMHADPA W YEPEe3 COENMHU-
TE€JIbHBIC 3JIEMEHTHI MOPUIHA. TakuM 06pa3oM, TeTIo, BBIIEISIEMOE TIPH rope-
HWH, TiepenaeTcs paboyeMy TeJly He MOJTHOCThIO, a TUIIb YACTHYHO. Beaymmecs
KOHCTPYKTOPCKUE Pa3pabOTKN HAIIpaBIEHBI HA CHMKEHME ITHUX TEIUIOBBIX I10-
TEPhb C TeM, YTOOBI MAKCHMAIBLHO TPUOIM3UTH TIPOLIece K aqnabaTUIeCcKOMY.

Kak npaBuiio, BAUSHUE MepeurCIeHHBIX (akTOpoB NpUBOANT K cHxennio KIT
peasibHOTO nBUTaTenst A0 80 % Teoperwuyeckoro, T. ¢. peanbHbiid KIII ommrcaHHOTO
BBILLIE ABUTATENS Oyner okono 40 %.

VBenmmuenue 3pheKTUBHOCTH pabOTHL ABUIaTe/Isl BOSMOXHO 34 CUET:

1) yBeaWueHMS CTENIEHM CXaTHS;

2) ycKOpeHHUs Mpoliecca IMOJHOTO CKUTAHWS TOTUINBA;

3) 1o BO3MOXHOCTH OO0eIHEHUS TOILIMBHO-BO3AYIIHON CMECH;
4) yMeHbIIIEHUS TEIUIOBHIX TTOTEPh B IMJIMHIPAX.

Kpowme Toro, cyliecTByeT psii IOTEPb, CBSI3aHHBIX C TPEHUEM JBKYILIUXCS JIEMEHTOB
JBUTATeNsi (TPeHUe CKOMbXKEHHs) M C rA30JHHAMMYECKHM TPpeHHeM pabouero teja. Tpexue
CKOJIbXEHWST MOXXHO YMEHBIINTH KOHCTPYKTUBHBIMU METONAMU, UCTIOJIb3YS MOAXOISILTE
MAaTeEpHAIBI M CHELUAIBHYIO cMa3Ky. |'a30IHAMWYECKIE TIOTEPH MOTYT OBITh YMEHb-
LIEHBL [IyTEM IPaMOTHOIO MPOCKTUPOBAHMS CHUCTEM TONAYy M OTBOJA pabodYero Teja.
Hampumep, 3TH MoTepu MOIyT OBITH YMEHBIIEHBI YBEIMYEHHEM YKCIIA ITOIBONSIINX
W OTBOJSILLMX KJIAAaHOB (OTCI0NA Bce 6ojiee HNUPOKOe MPUMEHEHNE HAXOASIT ABUTATE N
C YETHIPHMSI KJIallaHaAM¥ Ha IWIMHAPE). MOIHOCTD ABUTATEII YaCTUYHO MOXHO PeEry-
JIUPOBATh MyTEM U3MEHEHUS JUTUTEIILHOCTA OTKPBITUS BIIYCKHBIX KJIAIIAHOB C YMEHDILIE-
HMEM Tra30gMHaMHMYEeCKUX IOTeph Ha BXofe. Bexercst pa3paboTka CrielUaIbHbIX 3JIEKT-
POHHBIX CUCTEM TIOAABJICHMUSI 1ITyMa, KOTOPBIE TTO3BOJISIT U30aBUTLCS OT TPALULIMOHHBIX
aBTOMOOWJIBHBIX DIYLIMTENEl, Onarogaps 4eMy BEIXJIOII OTpa0OTaBIIMX Ta3oB Oyaer
OCYILECTBIISITHCS C JIyYILIMMH Ta30IMHAMUYCCKHUMUI XapaKTepUCTHKAMH.

Benercs 6opnba 3a moeiIeHNe 3DGHEKTUBHOCTA KAXIOTO KOMIOHEHTA aBTOMO-
0w, BAMSIOLLETO HA UHTETpalIbHYIO 3((MEKTUBHOCTL IBUraTels B LieIoM. OmHuMH
W3 TaKUX KIIIOYEBBIX KOMIIOHEHTOB SIBIISIIOTCS] TeHEPATOP, BOASHON HACOC, BEHTIIIS-
TOP paAuaTOPHON CHCTEMBI U p. B cOBpeMEHHBIX aBTOMOOWIISIX Ha paboTy 3THUX YC-
TPOMCTB MOXET YXOIWUTH JO IMOJOBUHBI BCEid BhIPAOATHIBAEMOM IBUIrATEEM SHEPTHH.
ITosTomy cnieuuanbHO pa3pabaThIBAEMBIE CHUCTEMBI ABTOMATHYECKOTO YIIPABICHMS
BKJIIOYAIOT 3TH YCTPOMCTBA TONBKO TOTAA, KOIna 3T0 HeoOXoauMo. B cTaphIx ke aBTo-
MOOWIIX OHU paboTaloT HenpepbiBHO. /1o 20 % sHepruu MOXET YXOOUTH HA obecIie-



3.5. Pensun

tleHHe paboThl KOHOUIIMOHEPA, YCUJIUTENS PYyJisl, aBTOMAaTUIECKOW TPAHCMUCCHH U TID.
JPhekTHBHOCTD TOCTENHEH cocTapisieT 0Koo 90 %. C yyeToM noTeph M 3aTpar Ha
obecrneyeHue KoMpopTa, ynoOCcTBa yIPaBJICHUS M Ha IPYTUE «COOCTBEHHBIC HYXKIbD»
HETIOCPENCTBEHHO HA JBILKCHKME aBTOMOOWISL B Cpe/lHEM pacxonyetcs jiuiib 10 18 %
JHEPTUU CXUTAEMOTO TOTUIMBA.

3.5. BEH3UH

Be3 coMHeHHs1, caMmoe MOMYJIIPHOS aBTOMOOWILHOE TOIUIMBO B Ha-
cTosiiee BpeMsl — OeH3WH. OH HE IBISICTCA KaKVMM-TO OINPEACICHHBIM XUMHAYECKUM
BELIECTBOM — €ro COCTaB M CBOMCTBA MOCTOSSHHO W3MEHSIOTCS M YJIYYILIAKTCS CO
BpPEeMeH ero NepBoro npuMeHeHus. beH3uH mpeacTapisieT coboil cMech bonee YeM u3
500 KOMITOHEHTOB, CpPeIM KOTOPBIX JOMUHUPYIOT YIJICBOOOPOILI, B MOJEKYJIax KO-
TOPBIX cOIEpPXKUTCS oT 3 1o 12 atomMoB ymiepoaa. OHI UMEIOT BETBUCTYIO CTPYKTYPY
(cM. obcyxIeHHe pa3HMIB MEXIY OKTAHOM M HM300KTaHOM Jajee). B paMkax HacTo-
sSIIEH KHUTH B Ka4€CTBE OCHOBHBIX PAaCCMAaTpHMBAIOTCS CICIYIOIIME XapaKTePHUCTUKA
OeH3MHa.

3.5.1. Tennota cropaHusa

B c¢BsI3M ¢ TeM YTO COCTaB OCH3WMHA MOXET OBITh Pa3JNYHBIM, €0
TEIUIOTa CTOPAHUS TakKKe BaphUPYETCS B 3aBUCMMOCTH OT KOHLEHTPALIMU COCTaBIISI~
IOIKMX €r0 KOMTIOHeHTOB. Ho B npuOIM3WTENBHBIX pacyeTax MOXHO MCITONB30BaTh
TEIUTOTY CTOPAHMST TENTaHA MM OKTaHa (IpHOIu3uTeIbHO 45 MJIK/KT) KaK BBICIIYIO
TETUIOTY CTOpaHusl OeH3uHa.

3.5.2. AHTnaeToHaLNOHHbIE XapaKTepUCTUKn

[MockompKy OEH3UH UMEET 00JIee BHICOKOE IHEPrOCOACPXAHUE, YEM
COUPTHI, TO OH IT0 CPABHEHUIO C HUMU OOJNIaNacT OTpPEACICHHBIM MPEUMYIECTBOM.
OnHaKo cAeNyeT UMETh B BUIY, YTO DHEPrOCOAEPXaHNE HE SIBISIETCS KPUTHUYECKAM
napameTrpoM. bonee Baxubiil dbakrop — 3¢h(HEKTUBHOCTD UCIIONB30BAHUS TOILINBA,
KOTOpasi, KaK OTMEUYAJIOCh BHIILIC, B 3HAYUTENEHOI MEpe 3aBUCUT OT CTETIEHU CXaTus,
KOTOpasi OTPaHUYMBAETCS BO3MOXHOCThIO BOZHUKHOBEHUS JeToHalWu. [omycTrmast
CTENEHDb CXKATHS CIUPTOB CYIIECTBEHHO OoJiblle, 9eM v 6eH3uHa. Ilostomy addex-
TUBHOCTH CIIUPTOB BhILIE, U 3TO KOMIIEHCAPYET UX OTHOCUTENIBHO HU3KOE SHEPTOCO-
JcpxaHue. Bmecre ¢ TeM GEH3UHEI C XOPOIIMMU aHTHIACTOHAIIMOHHBIME XapaKTepu-
CTUKaMH (BBICOKOE OKTAHOBOE YMCIIO) HE 00I3aTeIbHO OYyAyT UMETh OOJblICe YACIb-
noe sHeproconepxanve. M maxe Hao0OpOT, NPAaKTHKA MOKA3BIBAET, YTO C POCTOM
OKTaHOBOIO YMCJIa OHO yMeHbImaeTcs. [103ToMy TOCTaTOYHO pa3yMHBIM IIPEACTABIS-
CTCH UCIIOJIb30BaHUe OoJiee AeUIEBOTO OEH3MHOBOIO TOILUIMBA C HU3KMM OKTAaHOBBIM
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yuciaoM. Ho ¢ Apyroii cTOpoHbI, MTPH MCIONb30BAHUN TAKOTO TOIUIMBA B MPOAYKTAX
CTOpaHusl BOZMOXHO 00pa30oBaHME CMOJ U APYIUX BElECTB, HETAaTUBHO BO3JEICTBY-
JOIIMX Ha OKPYXAIOUIYIO CpeNy.

3.6. AETOHAUMSA

Kak yxe HEomHOKpaTHO oTMedasiioch, 3(PGEKTUBHOCTD ABUTATEINS
pacTeT mpH YBEJIMYEHUU CTETICHH CXAaTHs paboyero Tesia. B IBHUTaTensix ¢ MCKPOBBEIM
32KUTAHUEM CTETIEHb CXKAaTHS MOXET ObITh OTpaHMYEHA B 3aBUCHMOCTH OT UCHOJIb-
3yeMoro TorouBa. IIpu mocTaroyHo GOJNBINOIN CTETEHH CXATHS B TAKUX JABUIaTeNsax
BO3HWKAET AeTOHANMS TOIUTHBHOM CMECH, KOTOPast IPUBOAMT K TOBBIIIEHHOMY H3HOCY
TIOPIITHEH W YMEHBIICHHIO MOIIHOCTA MOTOPA.

Pazmrarie Mexay B3pbIBOM U JleTOHANMeR 3aKTI0YaeTcsl B CKOPOCTH Ipouecca. Ilo-
DOX, HaIIpUMEDP, B3PBIBACTCST TOJBKO TOTHA, KOT/a 3aK/II0YEH B 3aMKHYTOE IPOCTPaH-
cTBO. Ha OTKPHITOM BO3Iyxe OH MOXET TOJBKO ropeTh. C JPYToil CTOPOHBI, TAKOE
BEIIECTBO, KaK TPEXHOMUCTHIN a30T, OYIEeT pa3iaraThCs HACTOJNBKO OBICTPO, YTO JaXe
Ha OTKPBITOM BO3/YyXe BBI3OBET CHJIBHBIN IIYM.

IIpoiie roBopsi, B3pbIB BHYTPH LIWJIMHIAPA CO3MAeT CTALMOHAPHOE YCUIue, AcHc-
TBYIONICE HAa MTOPUICHb AHAIOTHYHO YCHINIO, KOTOPOE CO3IAET BEJIOCHUITEAMCT, aBsi Ha
neaanb HOrou. JleToHalus XXe aHaJTOTMYHA CUTYalluH, KOTJa BEJIOCHTIEUCT He KPYTHIT
OBl NefaTM HOTAMU, a IMMEPUOAMYECKH OWI OBl TTO HUM MOJIOTKOM.

Crioco6HOCTh TOIMBA paboTaTh [PU BBICOKMX CTENEHSIX CXaTus 0e3 JeTOHALIMU
onpeneseTcs M0 €r0 OKTAHOBOMY YHMCHY. ['0BOpAT, YTO TOIJIMBO MMEET OKTAHOBOE
uncyio Oy eCiT ero IeTOHALMOHHOE HOBEICHHE COOTBETCTBYET NOBEICHUIO MOIEIbHON
CMECH M300KTaHa ¥ n-TellTaHa, coaepxalteil O IPOLEeHTOB OKTaHa.

KakuM GBI CTPaHHBIM 3TO HH Ka3a710Ch, OKTAHOBOE YHCIIO TOILINBA O, MOXeT GbITh
ooseme 100.

Jeno B TOM, YTO 3KCIIEPUMEHTAIBHO OKTAHOBOE YHCIIO TOIUIMBA OMNpEHEIIseTCS
IyTEM CPaBHEHMUS C U300OKTAHOM, K KOTOPOMY Ao0aBisiercs o0beMHast oy L TeTpa-
stuincsrHua (C,H;),Pb. Torma okTaHOBOE YHCIIO paccUUTHIBAETCS TIO HopMyJie

107000L
(1+2786L) + {1+ 5572 - 5040001

0, =100+ (18)

Ho6asnenve 0,7 % (1. e. momu 0,007) TeTpasTHICBUHIIA B U300KTAaH NMPUBOIHUT K
TOJYYCHUIO TOIUINBA C OKTAHOBBIM YHCIIOM 120, KOTOpOe SIBIACTCS XapaKTEPHBIM st
aBHAIlMOHAOIO OeH3WHa.

Crnenmyer OTMETUTD, YTO B BKCIIEPUMEHTAX UCIIONb3yeTCs U300Kkman. JIeno B TOM,
4YTO 1-OKTaH — HOPMAJIBHEIN MIIM HEPAa3BCTBICHHBI OKTaH — 00JIalaeT SKCTPEMATb-
HO CJIa0BIMM AaHTUAETOHALIMOHHBIMYM CBOWCTBAMH, B TO BPEMS KaK W300KTaH XOPOILIO
33aTOPMAXMBAET NCTOHAIIMOHHBIE [TPOIIECCHL.



3.6. Hemonayus

KpuTtuueckas cremeHb CXaTHUsl YIJIEBOAOPOAOB (BBIIIIE KOTOPOi MPOUCXOIUT JIe-
TOHALIMST) YMEHBIIAETCS C POCTOM YHCJIa aTOMOB YIJiepola B MoJyiekyse. Tak, MeTaH
MMEET KPUTHIECKYIO CTENICHb CXaTHs 13, Torma Kak n-reliTaH TOJIBKO 2,2.

OnHako y pasiuYHBIX M30MEPOB CTPYKTYypa MOJIEKYJIBl MOXET OBITh M3MEHEHa
¥ COTIPOTUBIICHUE AETOHALIMM MOXET CYIHECTBEHHO YBEIUUMTLCS: M300KTaH UMeeT KpH-
THUYECKYIO CTEIIeHb CXaTusI 6, a 6EH30JI, OCHOBHO apOMaTYECKUii yrieBogopon, — 15.
C yueToM 3t0or0 (hakTOpa B OEH3MHE BMECTO CBUHILIOBBIX 10DABOK MOXET COLEPXKAThCS
psll ApOMATUYECKHX BEHIECTB, YBEIMIUBAIOLIX €T0 OKTAHOBOE YHCJIO.

CpaBHUM CTPYKTYpY ABYX OKTaHOBbIX u3oMepoB CoH g

N-OKTaH HHHHHHHH

MU300KTaH

H
I
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®opMya MOKa3bIBAET, YTO U300KTAH IIPEACTABIIIET CO00M MOJIEKYIIy IIEHTaHa, B
KOTOPOJi 1Ba aTOMa BOAOPO/A 3aMelleHbl MeTUIOBbIMM panukanamu CH,. [Ise 3ame-
HBI B MOJIEKYJi€ IIPOBEACHBI HA TTO3UIMHK 2 (OKOJIO BTOPOTO CJIEBa aTOMA YTJIEpoJa) u
olHa 3aMeHa Ha no3unH 4. ITo3ToMy HM300KTaH IPEACTaBIgeT coDOM HE UYTO HMHOE,
Kaxk 2,2,4-TpUMETWITICHTaH.

BdbdekTNBHOE OKTaHOBOE YHMCIIO TOIUIMBA TAKXKE 3aBHCHUT OT YCJIOBHIA, B KOTOPBIX
oHO pabotaeT. [103TOMY C OJHMM U TEM Xe TOIUTMBOM MOTYT acCOIIMUPOBATLCS HE-
CKOJIBKO OKTAHOBBIX UHCEJI.

Hexoropble 106aBKY YBEJUYUBAIOT OKTAHOBOE YMCIO 6eH3uHa. OHO MOXET OBITh
MOBBILICHO, HAIIPUMEDP, IYTEM N00aBJICHHUSA B TOIUIMBO H0la, OMHAKO 3TO CIMIIKOM
npoporo. JnureapHOe BpeMs B Ka4eCcTBE MOOABKHM K TOIUIABY B HEKOTOPBIX CTpaHax
MCTIOJTb3YeTCSl TETPASTIWICBUHEIL, MPOTUB KOTOPOTO YMOPHO Gopiorca 3komoru. [lo-
BbILLICHHE OKTaHOBOTO YMCJIa CETOIHS BCe Yallle 00eCIeurBaeTcs 3a cUeT YBEIMYCHUS
CONEPXKAHNS UUKIIMICSCKUX YIIEBOTOPOIOB (OeH30JBHOIO psina). Takoe TOTUTUBO SIBJISI-
CTCA MeHee KaHIICPOreHHEBIM, HO 0ojice HOPOTMM, YeM CO CBUHIIOBHIMU AO0aBKaMU.

[TpucyrcTBue B GEH3MHOBOM TOIUIMBE 3TAHOJA YBENWYUBAET COMPOTHUBISIEMOCTD
JIETOHAIIUM, KaK 3TO IToKa3aHo Ha puc. 3.10. JobGaBnenue 30 % sTaHona B OeH3WH
MO3BOJISIET YBEJIMYMUTh €0 OKTaHOBOe Yucio ¢ 72 1o 84. OKTaHOBOE YNMCJIO ra3oxojia
(cMech GeH3uHa co cnupToM) O,, MOXET ObITh PACCUMTAHO U3 OKTAHOBOTO UHCIIA HMC-
XOIHOTO OeH3MHa Og M OKTaHOBOI'O YMCJa CIIMPTOBOTO pacTBopa B:
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0, =Bx+0,(1-x), (19)

TI€ X — OTHOILIECHUE 100aBICHHOTO 00beMa K MCXOMHOMY 00bheMy OcH3MHA. B 3aBu-
CHUMOCTH OT MCXOOHOTO OKTaHOBOIO ynciia OeH3WHa, OKTAaHOBOE YMCJI0 CMECH MOXET
6bITh yBerueHo N0 160. MeTtaHon umeeT B = 130, XOTS, KOTa OH MCIIOIb3YyeTCH BHE
cMecH, 3HadeHue B ymeHsInaeTcst 10 106. OxTaHOBOE YKCIIO Ta30X0a MOXHO YBEIN-
YUTb TaKXKe IyTeM NOOARICHUS B HETO LUMKIWYECKUX YIIEBOAOPONOB. B monmonHenue
K 3TOMY Ta30XOJI SIBISIETCS 3KOJIOTMYeckd GoJiee YHCTHIM TOIUIMBOM. XOTS BPEIHBIE
BBIGPOCEHI BCE X€ OYIYT MMETh MECTO, OCOOEHHO TIPH MCIIOJIB30BAHUKA METaHOJIA.

=
/

80—

DKBHBAIEHTHOE
OKTaHOBOE YMCIIO

70 | 1
0 10 20 30
Hoss sranona, %

Puc. 3.10. [loGasneHne sTaHONA B GEH3UH NPUBOOMT K OGPA30BAHMIO CMECH C GOIBLIMM
OKTaHOBBIM YHCJIOM

C 1516 1. Bpaszwms SRJISIeTCSI MUPOBBIM JIMAEPOM I10 IIPOM3BOCTBY CAXaAPHOTO TPOCT-
HyKa. OHa MMeEeT MpeKPacHbIe BO3ZMOXHOCTH IS MMPOM3BOJICTBA Ta30X0Ja, ITOCKOIBKY
o0JaznaeT JOCTATOUHBIM KOJIMYECTBOM CHIPhS IS TIPOM3BOACTBA cIUpTa. B roasl, Korma
MHPOBasi 1ieHa Ha caxap ObUla HEBBICOKOM, 3HAUMTEIbHAS YaCTh TPOCTHMKA TepepabaThI-
BaJIaCh B CIUPT, JOJISI KOTOPOro B o0HieM 00beMe aBTOMOOIIBHOIO TOIUTMBA B Bpasmwinu
Jnocturaia npuMepHo 24 %. TIpu BBICOKMX IlgHaxX Ha caxap JOJS CIHpPTa B TOIUTMBHOM
GajlaHce CTpaHbl cHIXaiach 10 5 %. Haumnas ¢ 1970 r. B Bpaswimn 6pu10 1puHATO
pelleHNne TPOAaBaTh Ha OEH30KOJMOHKAX YUCTBIA CIUPT IS 3alIPABKH CHEIMAIBHBIX
aBTOMOOWIEH, paboTaIOUTUX Ha HEM. DTO IO3BOJIIO CTPAHE YAaCTHYHO M30ABUThCS
OT HEOOXOIVMMOCTH UMIIOpPTA 3HAYUTEIPHOTO KOJIMYECTBa MPOLYKTOB HedTermepepa-
60TKH.

CHuupT MOXET CIIyXKUTb HE TOJILKO J00AaBKOM B OEH3MH, HO U MOJHOLEHHBIM TOI=
JuBoM. OHAKO €ro yaejabHOE IHEPrOCOACPKAHHE HIKE, 4eM Y GeH3uHa (Tabi. 3.6).
B pacuete Ha equHMIlY 00BEMa 3TAHOJ COAEPXHUT 71 % 3HEpPrUH, IOMEIOILENCSI B OC-
HOBHOM KOMIIOHEHTE O€H3WHA renTaHe. 1eM He MeHee Opa3sHIbCKHME MALIMHBI, pa-
foTarIKe Ha CIMPTE, UMEIOT PacxXoll TOTUIMBA HA KWJIOMETD, [PAaKTUYECKH PaBHBII
pacxomy TOILIMBa OEH3WHOBBIM JBUTATE/IEM. DTO CBSA3AHO C TEM, YTO CIIMPTOBHIE JBU-
ratenu 6osee 3¢hHeKTUBHBI W3~3a BRICOKOM CTEIEHU CXATHUSI pabodei CMeCcH.
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Tabnuma 3.6. CBOACTBA JABYX OCHOBHBIX CUMPTOB N0 CPABHEHMIO CO CBOWCTBAMM IeNTAHA
¥ OKTaHa. Bpicumias Temgora cropanus tomsa (1as 25 °C)

Torumso M;];itzaﬂ KT/1 MIIx/xkr | M/Ix/n (OTII:/:;J(::[ITT/;FLHO (OTHI\;[(J::IL:ZJ;LHO
OKTaHa) OKTaHa)
Meranon 32 0,791 22,7 18,0 0,475 0,534
Jranon 46 0,789 29,7 23,4 0,621 0,697 o
H-TeTITaH 100 0,684 48,1 32,9 1,006 0,979
W3ookTax 114 0,703 47,8 33,6 1,000 1,000

Braromapst ToMy, YTO CIIUPT MMEET CBOMCTBO XOPOLIO CMEIIUBATLCA C BOJOM, BCE
OpasWILCKUE 3aTPaBOYHbIE CTAHIIUM CHAOXEHB! H3MEPUTEISIMU TUIOTHOCTH I KOH-
TPOJIsE KAYECTBA CIIUPTA.

3.7. MBPVAHbIE ABTOMOBWJIbHbBIE ABUTATENIN

CraHaapThl aBTOMOOHIBHBIX BBIOPOCOB (BBIXJIONOB) YCTAHABIMBAIOTCA
WHIUBUAYAJILHO B KaXzoil crpade, a B CIIIA B kaxnom mtare. OTHMM U3 JIMAEPOB
B 0071aCTH 3aKOHOAATEILHOIO OrPaHUYEHYs BHIOPOCOB siBisiercs wtar Kanndopuus,
B KOTOPOM JEHACTBYIOT OJHM U3 CAMBIX XECTKMX 3aKOHOB B 3Toil ob6nacti. B yacTHO-
CTH, OBUIO TIPUHSTO TPeGOBaHKE O TOM, 9TO HE MeHee 2 % Bcex TpopaBaeMsuix B Ka-
JOPHUM aBTOMOGUIEH, TOKHBI KMETh «HYJIEBEIE» BHIGPOCH (zero emission vehicles
(ZEV)). OnHako npakTuyecKasl peain3aiiust 3Toro TpeboBaHMsT ObLIa OTJIOXEHA U3-3a
HETOTOBHOCTY NIPOM3BOIUTENEN YIOBIECTBOPUTH STOMY TPEOOBAHKIO TIPY NIPUEMIIEMOM
1ieHe aBTOMOOWIsL. BMecTe ¢ TeM paspabOTKH B HAIIPaBIIEHUY CO3IAHNS aBTOMOOUNei
¢ MUHUMAJILHBIMYA BPEAHBIMU BEIOpOCAMM aKTUBHO BEIYTCS BCEMU BELYLUAMM aBTO-
MOOIIBHBIMM KOMIIAHUSIMU B MHUDE.

SIcHO, 9TO 3IEKTPOMOOMIM YIOBIETBOPSIOT TpebopaHusiM ZEV, MOCKONbKY He
BBIIEJTIOT HUKAKMX BBIXJIOMHKIX ra3oB. OQHAKO OHU MOTPEOISIOT 3€KTPO3IHEPTHIO,
KOTOpasi MoJIydeHa IyTeM CKXUTaHWsI MCKOTAeMOTO TOTUIMBA, COIPOBOXAAIOLIErocs
CYLIECTBEHHBIMY BBIOpPOCAMU 3arpA3HSIOINX atMocdepy BeimecTB. TakuM obpazom,
MCOO/Ib30BaHKE 3JIEKTPOMOOMIICH TAKXKE CBSI3aHO C 3aTPSI3HEHHEM OKPYXKalOIIeH Cpensl,
XOTS1 ¥ B MEHBIIIEH CTeleHn, Y4eM aBTOMOOMACH ¢ ABUTATEIAME BHYTPEHHETO Cropa-
Hug (IBC). Muorue CremratucThl MpeiIaraloT cyurarts asroMobmns ¢ JABC ynos-
JAeTBopsomuM TpeboBaHusaM ZEV, ecnu cyMMapHO€E 3arpsi3HEHUE OT €TO BBLIXJIONOB
OyIeT PaBHO HJIM MEHBIUE <«3aTPA3SHEHHUS» OT 3NMEKTPOMOOWIS C y4eTOM BbIPabOTKU
37eKTposHepruu. BoJblioli HHTEpeC K TaKUM aBTOMOOUIISIM TOATBEPKIAeT BhICOKAA
MonyaApHOCTs aBTOMOOWIST Toyota Prius.

'uOpuaHBIM TPAaHCIIOPTHBIM CPEICTBOM HA3BIBAIOT 3JIEKTPOMOOWIIb, OCHAILIEHHBIN
JIOTIOJHHUTEIBHBIM NCTOYHUKOM DHEpPIruM, paboTaollMM Ha TPaJULMOHHOM TOIUIMBE.
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CYH_IGCTBYCT HECKOJIBKO IpUYHH, 110 KOTOPBIM I‘I/I6pI/II[HBIC JBUFATCIIU NO3BOJISIT CO-
KPaTUTh KOJIMUYCCTRO BPCOHBIX BbI6p000BZ

1. OOGBbIYHEBINA aBTOMOOWIIBHBIN ABUTaTedh PA6OTAET B LIMPOKOM JAUATIA30HE MOILI-
HOCTEH (OT XOJIOCTOrO XOAa JO MaKCUMAallbHOM MOINHOCTH), TOTOAa KakK IBH-
raresib Ui NOA3apsiIKU aKKyMYJISITOPHBIX Oatapeil J0/DKeH paboTaTh TOJIBKO
B HOMUHAJIBHOM DPEXUME C TIOCTOSITHHOM MOIIHOCTBIO. IT03TOMY €ro MOXHO
U3TOTOBUTH TaK, YTOOB! OH paboTan ¢ MakKCUManbHON 3((MEKTUBHOCTHIO U C
MMHHMAaJNbHLIMU BEIOPOCAMU BPEIHBIX BEINECTB.

2. BpenHblie BBIOPOCH! OTCYTCTBYIOT NpH pabOTe ABUTATENA HA XOIOCTOM XO/Y, YTO
OCOOEHHO BaXKHO TIPH IBIKEHHM B TOPOICKHUX NMPOGKAX.

3. Bo3MoxXHa pereHepaiys SHEPruy: P TOPMOXEHNM aBTOMOOHIISL UCTIONB3YeTCs
3JIEKTPUYECKUI TOPMO3, BO3BpAIAOIWii SHEPTHIO AKKyMYJISITOPaM.

CyIecTBYIOT 1B€ OCHOBHBIE CXEMBI IBUTATENIEH THOPUIHBIX TPAHCIIOPTHBIX CPEACTB:
TIOCTICAOBATEIbHAS M NapajUIeibHas.

B nocnenoBarebHOM cXeMe SHEPTHs IepeaaeTcs K KOJecaM HEIMOCPEICTBEHHO OT
5JIEKTPOMOTOpA. A TOIUIMBHBINA JABUTATENb CIYXHUT TOJBKO JUTS TOA3APSAKA aKKYMY-
JIATOPHBIX Oarapeil.

B mapajuieibHOM cXeMe SHEPTHUS K KOJIeCaM MOXET MOOBOMUTEC KaK OT 37€KTPU-
YECKOro ABHUrareiid, Tak U oT ToluusBHoro asuratens (ABC). CrenuanbHble MyQTHI
CLICTUTCHUS] TIPUMEHSIIOTCS JUIST paclipeieieHHsI MOIHOCTH, TTOABOAUMOM K KOJIecaMm
OT pa3TU4YHBIX UCTOYHUKOB.

IMocnenoBarenbHas cxeMa OTHOCHTENLHO 00Jiee MPocTa, OJHAKO TpeOyeTcs: ycra-
HOBKa 2JICKTPMYECKMX JIBUTATENEN GOJbIIeil MOIHOCTH JJI1 OOeCIe4eHUs1 YCKOpe-
Hust. KpoMe Toro, Ha aBTOMOOWIEC HOJDKHO MMETHCSA JOIIOMHUTENBHOE YCTPOWCTBO
IUIS 3apsiIKK aKKyMYJISITOpoB (reHepartop). TakuM o6pa3oM, Ipu MOCIeIoBaTeTBHOMN
CXeME HYXHBI MOILHBIA 3JIEKTPOMOTOP, JABUTaTelIb BHYTPEHHETO CTOPAHMS U 3JIEKT-
poreneparop. CyMMapHasi MOIHOCTh 3TUX TPEX KOMIIOHEHTOB CYLUECTBEHHO IIPEBHI-
LIAET MOLIHOCTb, HEOOXOAMMYIO [UIS IBUXKEHUSI TPAHCTIOPTHOTO CPEACTBa, YTO JETACT
JTaHHYIO CXEMY JOBOJIBHO JOPOrOCTOSILIEH.

[Tpu mapamrenbHON CXeMe 3NMEKTPOMOTOP MOXET MMETHh CYIIECTBEHHO MEHbINe
pasMepel, MOCKOJIBKY AOTIONMHUTETbHAsI MOIITHOCTH MOXET HOCTYIIaTh HEMOCPENCTBEHHO
ot JIBC. Kpome Toro, B ruOpuaHBIX apurateliax sMecto JBC MOXHO MCIIONB30BATh
OoJiee NEPCIIEKTUBHBIE TOIUIUBHBIE 3JIEMEHTHL. OTO CIENaeT TaKylo YCTAaHOBKY €llle
6oJee IKOJTOTHIECKH JHUCTOM.

3.8. RBUTATENb CTUPIIUHTA

Morm 11 niepBble IPOU3BOANTEIIN ABTOMOOKIIEH 0OBICHUTD, II0YEMY
OHM IIPEJIIOWIN Pa3pabaThIBATh MUist CRBOUX Matme aeuratenu Otro, a He CrupiuHra?
Bo3MOXHO, y HUX OB CROU COOOPAKEHHS Y TIPSIAIOYTEHUS HAa ITOT CYET. XOUETCs
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BEPHUThL, YTO OT ABUrarencit CTUpIKMHTA OTKA3aIMCh He HABEUYHO M UX ILMPOKOE UC-
MOJIb30BaHKE B OVAYILEM BCe ellle MOXET CTaTh NePCIIeKTUBHBIM.
Jpeurarem CTupagHra o61anaioT CIeayoMMI MPEMYIIECTBAMHU:

1. Hx teopernyeckas 3hdeKTMBHOCTD OoNbille, yeM y npurareneit Orro u Ausers.

2. OHM MOTYT pabOTaTk Ha Pa3IMYHBIX BUAX TOIUIMBA.

3. Byayuu ABUTaTeiIMU BHELUTHETO CTOPAHWS, OHU OKA3bIBAIOT MEHBILIEE BPEAHOE
BO3JEMCTBYE Ha OKPYXaIOIIyIo cpeny. XOTs IMpU ux padoTe TaKXe BhIAETAECTCH
IMOKCHJ YITIEpoJa W Ipyrue BelllecTBa, HO Oraromaps BHICOKOU 3(dbeKTuB-
HOCTH, VIAEABHOE KOJHYECTBO BHIOPOCOB HeBBICOKO. OHM MOIyT paboTaTh Ha
TOIUIMBAX, MMEIOLIVX HU3KOE COOTHOILIEHWE YIIIEPOAa U CoAepXKalllerocs BOo-
pojia, YTO ITO3BOJISIET IPOU3IBOAUTE OOJIbIIIC SHEPTUU HA CAUHULY YIIEPOIHBIX
BBIOPOCOB.

4. OHH ABASIOTCS YCTPOMCTBAMM C HU3KUM YPOBHEM LIyMa, [TOCKOJIBKY BHYTPH
HHMX He TIPOMCXONUT B3pbiBa TOILIUBA.

B nobaBiieEMe MOXHO CKa3aTh, 4To UMK CTHpIMHIA MOXET HATU TIPUMEHEHUE
B XONOOWILHOM TeEXHHKE. B 3TOM cilyyae OTHajeT HeoOXOMUMOCTh MCIOIb30OBAHMUS
3KOJIOTHYECKY OMAaCHBIX PEOHOB.

B ¢Bs131 ¢ 0YeHBb BEPOSTHRIM HACTYIUIEHUEM 3Bl TOIUTMBHBIX JIEMEHTOB Oyayniee
HOBBIX MEXaHMYECKUX TEIUIOBBIX ABUTATEJICH CTOUT MO BOIIPOCOM. TeM He MeHee He
CTONT 3a0BIBATh O TEIUIOBBIX JBUTATENSIX W, B YACTHOCTH, O NBUraTene CTUPJIMHTA.

Huxn CtupnuHra COCTOUT U3 MPOIECCOB U30TEPMUIECKOrO CXaTHs, N30X0puye-
CKOTO IOABOAA TEIUIOTHI, U30TEPMUUYECKOTO PACHIAPEHUS U M30XOPUIECKOrO OTBO-
Ia Te1uIoThHl (cM. Tabn. 3.4). DddexTUBHOCTE PaGOTHI IBUTATENIA MOXHO YBEJIWYUTD,
WCTIOJNb3YS pereHepaluio BEIXOMHOrO TeTuia, OoJiee AETaIbHO OMMCAHHYIO YYTh ITO3XE.
CyllecTBYeT UENbil psal pa3sHoOOpasHbIX Moxudukanuit Asuraresnss CTUpAUHIa, KO-
TOpble 3aCHyXKVWIM PENyTALMIO HAEXHBIX npeodpas3opaTeieit sHeprun. B Tadi. 3.7
[pUBeACHEI Hanbo/Iee N3BECTHRIE U3 HUX.

Bo Bcex xoHOUIrypallMsX HCHOJB3YIOTCS JIBa NOPIIHA. B HEKOTOpHIX cUTyalll-
SIX OIVH TIOPILIEHDb SIBISIETCS CHIOBLIM MOPIIHEM, a IPYrOoi BbITeCHUTENeM. Pasmmane
MEXIy HIMY CTaHeT GoJiee IMOHSTHBIM, KOTIa MBI PACCMOTPUM HECKONBKO NIPUMEDPOB.
Ho cpa3y oroBopuMcCsI, YTO CHJIOBOI TTOPIIEHb CKMMAeT ra3 Wi, HaobopoT, CoBep-
naeT paboTy MpH paclIMPeHUH ra3a. BuITeCHUTENTb He COBEPIIAET HUKAKON PaboTHI.
O0a oHM ciayXar I Iepenayn padodero Tejia U3 ofHoii 0061acT MalllMHEL B IPYIYIO.
B KuHeMaTHYeCKHX ABHTaTeqaX 006a MOpIIHA dYepe3 chHcTeMy My(dT nprucoeivHEHBI
K OHOMY BeaylueMy Baty. B Monudukaimy «cBoOGOIHbINi NOpUIeHb» caM TIOPIICHD HE
coeIHEH MEXaHW4IeCKU HY C OJHOW YaCThIO JBUIaTENd.

B momvdukanum «Ringbom» MpuUMEHSIOTCS OAWMH KUHEMATUYECKHIA ¥ OIUH CBO-
OOMIHBIN ITOPIIICHbD.

IMockonsKy MogupHKaus «Abdar SBITETCS CaMOi MPOCTOM’, 346Ch MBI 06CYAUM
e€ OoJee neTabHO.
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TaGauua 3.7. Heckonbko mogudukaumii neuratens CTupimHra

JBurarenn Monudukarms

«Anbda» (1Ba LIWIUHAPA, ABA MOPLIHA)

Kvnematuyeckmii | «beta» (omMH LMIMHAD ¢ MOPIIHEM M BHITECHUTEIEM)

«'amMma» (ofvH IMUMHAP ¢ HOPLIHEM, BTOPOM LWWIMHAD C BHITCCHUTEIIEM)

Co CBOOOIHBIM

He nMmeeT MexaHHUECKUX COeOMTHEHWUN C YaCTAMM IBUTATENs
TIOPIIHEM

Ringbom OouH KMHEMAaTHYECKUI 1 OIH CBOOOMHBIN ITOPLIEHD

PaccMoTpyM Ba LIMITMHIPA, COSMMHEHHBIX MEXIY COB0I TPYOKOIA TaK, KaK 3TO [TOKa-
3aHO Ha puC. 3.11. OnvH HUIMHAP (HA30BEM €TO «I'OPSUMii») TIOCTOSHHO TIOLOTPEBAETCS
BHEIIHUM UCTOYHUKOM TEIUIa, KOTOPHIM MOXET ObiTh OTOHb, PAXHMOU30TOITHAS KATICYJIa,
CKOHLIEHTPUPOBAHHOE COJTHEYHOE M3TyYe€HUE M T. A. TeMmeparypy raza B LIWUIHHIDE
npuMeM paBHOM T, [pyro# IIMHAP (HA30BEM €ro «XOJIOIHbII») TIOCTOSTHHO OXJIaX-
JaeTCs IIPOTOYHOM BOJOM, HAIIPABIEHHBIM HA HETO XOJIOMHBIM BO3/IYIIHBIM IIOTOKOM,
a B HEOOJIBIIUX ABUTATENSAX OH MOXET OXJTAXIATLCS ITYTEM €CTECTBEHHOM KOHBEKLIVH.
Temneparypa rasa B oTom umiuHape paBHa 7. To ecTs, kak u Jo06oii Apyroii Term-
JIOBOIA IBUraTeslb, OH UMECT HCTOYHHK TeIUIa 1 XOJOIMIbHUK.

«[opstanit» «X OJIOMHBIIT»
T

TMomoxenne 0 TTonoxenne 1
Puc. 3.11. Ilepsrle aBe da3bl B MomuduKamnu «Anboa» asuratens CTUPIMHTA

ITpocTpaHCcTBO HAA MOPITHEM 3aMIOMTHEHO PabOIMM ra30M (Ha IIPAKTUKE 3TO MOXET
OBLITH BOIOPOA WM reNvii). B manAOM ciyyae mpeArionoXuM, 4To pabodrii ra3 UMeeT
Y = 1,4. O6beM KaXaoro IIMHAPA B PE3yJIbTATe IBUXCHUS ITOPUIHA NYCTh U3MEHS-
ercst ot 1073 M3 1o Hysia, T. e. oT 1 11 10 HynA.

NsnHavanbHo (monoxenne ()) «XOMONHBIN» MOPIIEHD HAXOANUTCS BHU3Y CBOETO IIM-
muHapa. O6wveM paGodero Tera B umHApe 103 M3, Temneparypa T co= Te=300K
U naBneHue (B 000MX UHIMHADPAX) Py = Pp = 10° IMa, wiu 1 at™.
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W3 3akoHa naeatpHoro rasa pV = uRT Mbl MOXeM OMNpPeleiuTh KOMUYECTBO ra3a B
xonogHOM 1tmHape: 40,1+ 1076 xMoub.

KosmmuecTBo ra3a, HaXOOSIIETOCS. B COEAMHUTEILHONW TPYOKE MEXIYy [IUIMHAPAMMU,
OymeM CUUTATh MPEHEOPEXUMO MAJIbIM.

T=652K[[ _JIT=300K || T=652K[[—  _J|T=300K_ || T=652K[[— ]| T=300K

| Tlonoxenue 2

Puc. 3.12. Koneunsle dasel Mmogudukaimu «Anbba» neurateis CTHpanHTa

Daza 0 — 1 (usomepmuneckoe cycamue)

«XOJOAHEI» TIOPIIEHB IBMKETCS BBEPX J0 TEX MOP, MTOKa 00beM Ta3a B IWIMHIPE
V- HE CTaHeT PaBHBIM 10~4 M3 (crenens cxatus r= 10). ITocKONBKY AAHHBIH LTTAHITDP
HaxOOUTCSL B HENOCPEJACTBEHHOM KOHTAaKTE C XONOAWJIBHWUKOM, TO BbIAEIsieMas IIPH
CcXKATAK TEIUIOTa HEMEIJIEHHO OTBONMTCS U, CleNoBaTelbHO, TeMreparypa pabodero
Tejia ocTaeTea HEU3MEHHON. A pyriMu CIOBaMH, CKaTUE MIPOUCXOANT H30TEPMHYECKH.
TpebGyemas Wisi €0 OCYLUECCTBICHUS] SHEPTUS

Ve
Wit = Weompress = RRT¢ an—C“ = 230 Ix. (20)
1

B sTOM mpolecce TeMiiepaTypa OCTaeTCsl HEM3MEHHOM, TOTa KaK JaBlIeHHE BO3-

pactaet B 10 pas.

CocrosiHue ra3a B TOUKe | uMeer crenyiomme napamerpst: ¥y, = 107 M3, T.= 300 K,
Poy = 108 Ia.

Daza 1 — 2 (nepemox 2a3a 6 opy20li nopuienb, U30XOPHbI HAZPEE 243a)

«XO010AHbII» TTOPIIEHE TOJHUMAETCS BBEPX /10 KOHIIA, TOTIA KaK «IOpsYuii» nop-
LIIEHb ONycKaeTcst BHU3. I1pu 3toM V), = 107 M3 u Vi, = 0. Kak BiIHO, o6umit 06bem
raza He M3MeHwiIcA. Haxonsdace B rops/ueM HWJIMHIpPE, Ta3 HArpeBaeTcsl OT UCTOYHUKA
TeruioTel. TIpeanonoxum, 4To ra3 Harpeercs ao temrepatypsl 652 K. Jlns Harpesa
IO 3aJaBHOIl TeMIeparyphl HCTOUHWK TeIlla JOJDKEH MepelaTh rasy HEKOTOpoe KO-
JIMYECTBO TEIUIOTHL O 5.

Ta3, HaxomguIviicsg B JIBUTATENE, WMEET CIEAYIOIIMe XapakTepuctuku: y = 1,4
u ¢, = 20,8 kIx/(K - kmoib). CrienoBaresibHO, KOJIMYCCTBO TEILTOTHI, HeobXoaMoe
JUTSL U30XOPMYECKOTO yBemueHus Temiepatypsl ¢ 300 mo 652 K, ©ymeTt paBHO
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Oy = Quua = B, AT = pe, (Ty - T¢) = 40-107 - 20,8 -10° (652 — 300) = 293 JIx.
(21)
ITockonbeKy TemMmepatypa rasa yBeJIMYMBAETCS IIPH IOCTOSIHHOM 00beMe, TaBJICHHE
ra3a Takxe JI0JDKHO Bo3pacTaTh. CoCTOsIHHME ra3a B Touke 2: Vyp = 1074 M3, T, =652 K,

652
P, =-—"10° =2,17- 10 1a.
0 3000 , IMa

Dasza 2 — 3 (uzomepmuueckoe pacuwupenue)

Bricokoe mapieHne paGoyero Tesa ACHCTBYET Ha «TOPSYHil» MOpPLIEHD, OIMYC-
Kas ero BHM3 10 TeX 0P, [0Ka 00bEM ra3a BHYTPU LMIUHIPA HE CTAHET PABHBIM
10-3 3. JlanHoe pacHiMpeHHe Ta3a B cOOTHOIIEHHM 10:]1 TIPUBOIUT K €ro OXJIax-
NEHMIO, OQHAKO TEIJIOBOM MOTOK, UAYIMI OT UCTOYHWKA TEILIA, MOANEPKUBAET
ITOCTOSIHHYIO TeMIlepaTypy paboyero tena. To ecTh UMeeT MECTO M30TEPMUYECKOE
pacliMpeHne, Npyu KOTOPOM Ha Baj ABurartens repemaerca 500 Ik MeXxaHM4eCKoi
SHEPTUM:

Vv,
Wy 3 = Wepan = URTy In VHJ =40,1-107°-8314- 652 In10 = 500 JIx. (22)
H,

MBI 3apaHee BHIOpai TEMIIEPATYPY «TOPSYEro» HIWHAPA paBHoi 652 K tompko
U3 TEeX YCIOBHMI, YTOOH! MONYyYUTh KPAaCHBOE 11€JI0€ 3HAYCHUE COBEPLIEHHOM paboThl
(500 Ox). ITpu 3TOM MCTOYHMK TEILTOTHI TIEPENACT pabodeMy Tely COOTBETCTBEHHO
Q2-—>3 = Qexpan =500 I[)K

XapakTepUCTUKH Ta3a B TOUKE 3: Vi = 103 M3, Ty = 652 K, Py = 2.17 - 10° IMa.

Daza 3 — 0 (uzoxoproe oxaaxOenue 2aza)

B KoHeyHOM HTOre HMOPLIHM BO3BPAILAIOTCS HA HMCXOAHBIE MO3MLIUU. Ilpu
9TOM 00mMit 06BEM ra3a He U3MEHsIeTCsl. a3 MPOCTO TIEPEXOMUT U3 «TOPSYEro» B
«XOJIOOHBIM»> LWJIMHAP, B KOTOPOM H30XOPUYECKH OXJTAXKAAETCS IO TEMIIEPaTyphbl
300 K, mepexonst B cocTosiHHE coOoTBeTcTByOLIee Touke 0. Takum ob6pazoM, Tep-
MOOVWHAMUYECKUI LMKII NIOJIHOCTHIO 3aBepieH. OTBeIeHHOE B IIPOLECCE JAaHHOM
¢dhaswr Temwio

Qs0 = NC,AT = 40-107°-20,8 .10 (652 — 300) = 293 [Ix (23)
30 v

¥ B TOYHOCTU COOTBETCTBYET O, ...

3a OIMH LMK KOJIEHYATHIi BaJl IBUTATEIS TIPU PAaCIIUPEHNH rasa nonydaet 500 Ik
3HEPTHU OT «rops14ero» nopiuHs (W, ;) u Bosppamaet 230 /Ix Bo Bpemst da3sl cxa-
ia (W,_,;). CymMmapHas MexaHHUecKasi SHEpPrusi, KOTOpasi MePeAaeTcss ABUraTeeM
BHENIHEMY notpedutemo, coctapiseT 500 — 230 = 270 JIx. IIpu 3ToM TeluioTa ABaX-
Abl TOABOOMTCS K pabodemy teny: Q) ,, u @, ;. OOLlee KOTMYECTBO MOABENCHHOMN
TeroTel 793 JIx.
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D(PHeKTUBHOCTE IBUATATEIS

I/Vexpem _Wcompress _ 500 - 230 _ 270 _

= =——=0,34.
Qadd + Qexpan 293+500 793

BddexkTuBHOCTh LHKIa Kaprao B auanasone Temreparyp 652 u 300 K

652 — 300
M Karnot = ‘-E— = 0,54 : (24)

DPGhEKTUBHOCTL PACCMOTPEHHOrO 1MKia asurarenst CTUPIMHTA CYLIECTBEHHO
MeHblIe, yeM 3(¢EKTUBHOCTD COOTBETCTBYOIEro eMy unkia Kapho. OnHako oT-
HOCUTENLHO TIPOCThIe MOTU(MHWKALIMM JaHHOTO ABUTATeNsi MO3BOJSIOT CYILECTBEHHO
YIYYIUIUATH CUTYALIKIO.

IMoxson Termna TlomBox Terma

&
g, [TopuieHB
! 2 C HEIUIOTHEIM
opuietty = NpUIETAHIEM
C HETUIOTHBIM g A
nipUIeraHueM Orson Otsox
TpuBonHAi TeIia IIpuBoaHoOH Teria
nopmeﬂg\ MOpilieHb

Puc. 3.13. Cxema ycTaHOBKM pereHepartopa Ha 6era-momubukauuio asurarens CTUpavHra

PaHee MBI paccMaTpUBall CUTYauMIio, Korna Q, = @, ,,. Temora, xoropas 0TBO-
auTcs Bo BpeMst dasbl 3 — 0, MOXET OBITh pereHepupoBana, T. €. C IIOMONIBIO CIIELH-
ATBHOTO TEIUIOOOMEHHOTO allliapaTa YacTh 3TOM TETUIOTH MOXET OBITh MCIIONB30BaHa
B pouecce 1 — 2. B uneasbHOM cilyqae MOXHO NOJHOCTBIO 3aMEHUTH O, , TEIUIOTON
pereHepaliyu. Toraa K JaHHOMY ABUTATEIIO ITOTpeOyeTcst TOABOAUTD 3a LIUKII TOJIBKO
temnory Q, 5, paBHylo 500 Jx. Taxum 06pa3zom, Ipy «ujiealbHOM» TIpOLIECCe peTe-
HEpALMY MOXHO MONYYHTh 3()heKTUBHOCTD ABHTaTessi CTupiuHra

270
=Z_—=054. 25
=200 (25)
Kak BUIHO, OHa paBHa 3¢ (PEeKTUBHOCTH COOTBETCTBYIOMEro nukia KapHo.
B JABUTraTeIe CTI/IpJII/IHFa ﬁeTa—MO,Z[I/I(I)I/lKauI/II/I HUCTIOJB3YCTCA TOJBKO OAUH LA~
AMHOP (CM. €ro cxeMaTWdYHOe u3o0paxenue Ha puc. 3.14). HuxHwuit nopmeHb

B JAHHOM CXE€Me Ha3bIBACTCH CHJIOBbIM VI MOIIHOCTHBIM. OH 0YeHb TUIOTHO npujic-
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raer K CTeHKaM LWIMHAPA, 4TO BECbMa BaXKHO JJIs1 XOPOIIIETO CXXaTHa paboduero Tea.
BepxHuil mopiieHb Ha3bIBACTCS BHITECHUTENEM, OH IIPUJIEraeT K CTEHKAM LIIIMHAPA
HE COBCEM IUIOTHO, C 3a30POM U NO3TOMY JIETKO MOXET NepeMellaTbcsl BHYTPU -
auHApa. OCHOBHOU (YHKUMEH BRITCCHUTEIS SIBIISIETCSL BRITECHEHHE paboyero teja
M3 XOJIOAHOM 30HBI UWINHIpPA (30HA 2) B HAXOMSANIYIOCS B BEpXHEH YacTH LIWINHADPA
ropsayio 30HY (30Ha 1).

®assl 9TOTO LIWKJIA MPAKTUYECKH TTOJHOCTBI) COOTBETCTBYIOT (Da3aM pacCMOTPEH-
HOro BbilIe OUKIa anbda-monudukanuu. Ha puc. 3.14 nokasano, yro dasa 1-2 mo-
XeT ObITh pasgesnieHa Ha ABe noadasel. B meproii mondase 1-2* BuITecHUTEND ITEPE-
MeIIAeTCsA BHU3 U BBITECHSET ra3 U3 30HHBI 2 B 30HY 1. B maeancHOM cilydae BO Bpems
3TOTO TIPOLIECCa IHEPTUS HE NOTPEOAIETCS, IIOCKOJIBKY CYUTAETCS, YTO a3 CBOOOLHO
TIPOXOAUT YePe3 3a30P MEXIy NIOPLIHEM U IIWIMHAPOM. B mepuon moadassr 2*-2 mpo-
HMCXOIUT U30XOPHYECKUI HarpeB pabodero Tena.

OcHoBHoO Npo6eMoil TaHHONH MOINGMUKAIINN CINTACTCS TPYIHOCTH OCYLIECTBIIE-
HUS PEreHEepaTUBHOTO TIpolecca, I KOTOPOTO TpebyeTcs MCIIONMb30BaTh BHEUIHEE
COeTMHEHNE 30H 00BbeMOB 1 U 2, KaK 3TO MmoKa3aHo Ha puc. 3.13.

3.9. NPAKTUYECKOE UCITONHEHWE ABUTATENS CTUPNIMHTA

Onna 13 BO3MOXHBIX pealiusaiiuii apurartensd CTUPINHTA I0Ka3aHa Ha
puc. 3.15. ATMocepHBIi BO3IYX OT IYThEBLIX BEHTHIATOPOB HATIPABJIAETCS B KAMEDPY
CTOpaHus, Tle CMEIIMBACTCS ¢ TOIUIMBOM, U 0Opa3oBaBliasics cMech cropaet. Topsi-
e MPOAYKTHI CTOPAaHMS MOCTYIAIOT B TEIIOOOMEHHUK W TIEpeNaroT CBOIO TEIUIOTY
pabodemMy Teiry u3 30HLI 1 (cM. puc. 3.13).

Ha BpIXOoz€e M3 TeILTIOOOMEHHHWKA MPOAYKTE CTOPAaHUs BO3BPAIIAIOTCS OGPATHO
B 30HY NYTHECBHIX BEHTWISATOPDOB M 4Yepe3 BTOPOM TEIUIOOOMEHHMK ITOHOTPEBAIOT
WYL B KAMEPY CTOpaHUS YMCTHIH BO3ayX. [logorpeB BO3ayxa MO3BOMLAET CHE-
JaTh nporecc ropeHus 6ojee 3¢ GEeKTUBHBIM U TEM CAMBIM 00eciIeYnBacT SKOHO-
MU0 TOIUIMBA.

OxaxaeHne paboyero Telia B 30He 2 MMIMHAPA OCYILECTBISIETCS YEPE3 OTHETbHBIA
OXJIAXIAOIIHAI TeTUIOOOMEHHUIK.

Kak v B pyriix Tumax IBUTATeNIel, pealbHOE MOTPeOIEHHE TOIUINBA JABUTATEICM
CrupiMHra OKa3bIBaeTcs OOJNbINE, YeM TEOPETHYECKM NPEANOJIaracMoe, YTo CBf-
3aHO C PAIOM pa3NMYHBIX hakTopoB. TpeGyeTcs HajibHEIee COBEPILEHCTBOBAHME
3TUX ABUraTeliei, Mjis TOrO YTOOBl OHM CMOTJIU 3aHSTH CBOE MECTO B aBTOMOOMIIb-
HOM MMpe. BO3MOXHO Takoro m He CIYYUTCS BOBCE, TaK KaK 3IM0Xa ABUTATENICH Cro-
paHus, TI0 MHEHMIO HEKOTODBIX CIELHAIUCTOB, IpUOIMXaeTcsl K KOHIY. BeposTHo
B OyZmylleM TOIUTMBHBIE 3JIEMEHTHI MOTYT C YCIIEXOM HCIIONB30BaThCA B TeX cdepax,
I7e TPagULMOHHO NPUMEHSUIUCH IBUTATENW BHYTPEeHHETO cropaHust. OQHAKO, eCiid
5T0 HUPOU3OUAET, TO, B CBA3M C TeM YTO aBTOMOOMJIbHAS NPOMBIIUIEHHOCTH UMEET



®aza nukna—y 0 1 2% 2 3 0

IopiieHb
C HECIUTIOTHBIM
TIPIJICTAHHEM
[MpuBoaHOU
TTOPIICHD
v, — 107 104 M® 104 m 10 M3 103 M3 103 M3
7, — 300 K 300 K 300 K 652 K 652 K 300 K
p, ™ 10°Ma 10° Ma 10° Ma 2,17-10° Ta 2,17+ 10° Tia 10 Ma
— R —> R —>
HzoTepMuueckoe ITorok Uzoxopuyeckuii Pacuinpenue H3oxopuueckuit
CXATHE rasa TOABOL, o M30TepMe OTBOJ TEIUTa
Teria
W, =BRTnr= 0, x=0 Qp.y=pe (Ip=-T)) = Wy 3=pRT3Inr= Q3 o= pc, (T3-Tp) -
=230 OIx =293 Ax =500 AK = Q>3 |
x Perenepanus /

Puc. 3.14. ®a3pl 6eTa-monudnkanuu gurarens CTUPIMHTA

DeHNYdNUY) KUIUDINIY SNHIHYOUIN JONIZHUNDAL] 6°¢

./V_

671
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IrpoMaIHbe MAaclITalk!, Ipouecce nepexona ot JABC K TOIUIMBHBIM 3JIeMeHTaM Gyaer
OTHOCHTEJIbHO MEIJIEHHBIM. BaXXHBIM MPOMEXYTOYHBIM 3BEHOM B 3TOM IEPEXOIHOM
npolecce SABISAIOTCS TMOPUIHBIE aBTOMOOWIIH.

Toruuso
¢ Kamepa cropanus

Bxonmoi
TETUIOOOMEHHMK

TIpeaBapuTeNbHbL
TEIIOOOMEHHUK

Boxion  «— ;

Boznyx

OT HarHerareias

Pereneparop

OxmaxaeHne

TermioobMeHHUK
OXJIAXIEHUS

Puc. 3.15. OnHo u3 ucnionHeuuit ABuratens CTUpIMHra

PeanbHast a¢pdekTuBHOCTD aBUratens CTHPINHTA OTIHYAETCS OT TEOPETHIECKOMN
10 CJIEAYIOIIUM TIPUYMHAM:

1. DddexTMBHOCTE MEXaHUYECKUX TEIDIOBBIX ABUTATE]ICH PACTET ¢ YBETMYEHUEM CTeE-
neHu cxatus. Jpurarens CTUPJIMHTA He SBISIETCS ICKIIOYEHMEM M3 STOTO IPaBIiia
(cM. 3amauy 3.1). Hanmuuue BHYTpEHHUX 00BEMOB TETUIOOOMEHHMKOB U pereHepa-
TOpa OTPHLIATEJBHO CKa3bIBAETCS Ha CTETIEHU CXATHSI. OHA HIDKE TI0 CPABHEHHUIO
C BapMaHTOM, B KOTOPOM TEILIOTA IIOABOAWIACE OBl B 30HY 1 HAmpsIMyIO.

2. OtpabortaBliyie Tops9re Ta3bl [OCIE BBIXOAA U3 TEIUIOOOMEHHUKOB COAEPXAT
ellle JOCTaTOYHO OOJIBIIOE KOJMMYECTBO TEIUIOTHL. I103TOMY, TSI TOrO YTOGHI
0oJiee MOJIHO MCIOJIB30BaTh PACIIONAraeMylo TEIUIOTY, VCTAHABIMBAETCA NO-
TOJTHUTENBHBIN TEMIOOOMEHHYK JUIS IPEIBAPUTENILHOIO TIOAOIPEBA BXONAILETO
B KaMepy CropaHUs BO3AyXa.

3. Pereneparop ne obecrieunBaer 100 %-Hyo nepegady Temia pabodeMy Teay.

4. VMeroT MecTo NOTEPH TPeHUS IIpU TiepeTeKaHny pabouell XUAKOCTH U3 OTHOMI
30HBI B IPYIYIO YEPE3 PEreHepaTop Tella. DTO ABIIETCS OCHOBHOM MPUIMHOMN
WICTIONIb30BaHMs BOAOPOAA B KadyecTBe paboyero Teja, IOCKOJBKY OH obecrie-
YMBaeT MUHHUMAJIBHBIEC TTIOTEPH.
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5. B upeanbHOM Cllydae OBIDKEHME TOPIIHEN HODKHO OBLIO OBl OBITH MPEPHIBUC-
TBIM (ITY/IBCUPYIOUIUM), OIHAKO 3TOTO CJIOXHO JIOOMThCA B MalllMHaX, paboTa-
IOLIMX C OOJIbIION YACTOTOM Ha BHICOKMX O00OpOTax BBIXOAHOTO Bajia. B Takoit
CATYalMH TpebyeTCs] MONCK KOMIIPOMUCCHOTO PEIIEHUS TI0 aBTOMaTHIECKOMY
PEeTYJTMPOBAHUIO IBIDKCHMS TTOPIIHEHN.

6. OrpaHmYeHHOE BpeMs NpeObIBaHHUS PabouYmX XHUIKOCTEH B TEINIOOOMEHHMKAX

HE€ JacT BO3MOXHOCTH OPraHuW30BaTb CTaI.[I/IOHapHI)II}'I TGHJ'IOO6MGH, 9TO BCICT
K COOTBECTCTBYIOIIIMM TCIUIOBBIM ITOTCPIAM.

MouHoCTh, BhipabaTeiBacMas apuratesieM CTHUPIMHTa, MOXET PETyJUpOBaTh-
¢sl IyTeM M3MEHEHHUsI KOJUYecTBa pabodero Tejia, ydJacTBYWUIero B nukie. s
YMEHBIIIEHHST MOILIHOCTH KOMIIPECCOP BBIBOJUT YACTh pabOYero Teyia u3 ABUIaTess
B HAKONUTENb. IS yBeIUYEeHUSI MOIHOCTH ra3 U3 3TOro pe3epByapa MOXeT ObITh
ObLICTPO MOAaH OOpaTHO B ABUTarenb. TeMIlepaTypa Ha BXOli€ B TEIJIOOOMEHHMK
HETIPEPHIBHO KOHTPOJIHUPYETCS CUCTEMOM peryJMpoOBaHuUs TIOJa4Yy TOIJIMBa B Kame-
Py CTOpAHMSL.

3.10. KPUOTEHHbIE ABUTATENTN

Kaxk yxe OBLI0 CKa3aHO, U1 pabOTHI TEIUIOBOTO ABUTATENs TPEOYIOTCS
WCTOYHMK TEIUIOTEL U XOJOAMIBHUK, KOTOPBIH ITO OIIPENEICHHIO TOJIKEH HMETh OoJee
HU3KYIO TeMiepatypy. I1ouTH Bcerma TeMIiepaTypa XOJIOOWIbHMUKA paBHA TeMITEpaType
OKPYXAaIOILETO BO3IyXa, TOTIAa KaK TeMIIepaTypa UCTOYHHWKA TETLIa KaMEPbl CTOPaHMUs,
SIIEPHOTO peakTopa WM COJHEYHOIO KOJUIEKTOpa MOXeT BapbupoBarhecsi. OOHAKO B
Ka4eCTBE NCTOYHUKA TEIUIa MOXHO HCIOJIB30BATh TEJIO C TEMIIEpaTypoil OKpyXarollei
cpensl. Ilpy 3TOM XOJOMWIBHUK HOJDKCH OymeT uMeTh 0oJiee HU3KYIO TeMIIEparypy,
KOTOPYIO MOXHO [OJIYYUTE C IIOMOIIBI0 KPUOTEHHBIX XUIKOCTEU.

Takue ABMraTeIn IMOJIYYMIM Ha3BaHUE KPUOTCHHBIX. W3BECTHH pa3paboTKu
JKCIEPUMEHTANIBHBIX JABUTaTelIeli, paboTalolIMX MO OTKPHITOMY LUKIYy PeHkuHa
¢ MCIoJb30BaHUEM Xuakoro asora. Ha puc. 3.16 mpeacrapieHa cxeMa TakKoil yc-
TaHOBKH.

Kuakuif a30T HAaXOOUTCS B CIIEIIMAIBHOM KPHMOTEHHOM pe3epByape MoJl JaBICHU-
¢M p,. Y3 aToro pesepsyapa XUIKOCTb HANpPAaBIAETCA B TEIUIOOOMEHHHK, Yepe3 KO-
TOPHIA K paGoyeMy TeJly MOABOAUTCA HEKOTOPOE KOJWYECTBO TEILIOTHI, TOCTATOYHOE
11s ero ucnapenus. I1py 3ToM MBI ITOJIy4MM yXe Ta3000pa3HbIA a30T C JaBJIEHUEM p,
u TeMmIepatypoit 7.

B MCXOIHOM TIOJOXEHUH BHIITYCKHOM KJIarmaH pabodero UWINHAPA 3aKPhIT, a BITyCK-
HOM OTKpLIT. B 1ivMHAp mocTynaeT i KMOJNEH McmapuBuIerocs azora. JeiicTByoniee
Ha MOpLIeHb JABJEHHUE ra3a 3aCTaB/ISICT €ro OMycKaThca. JIaHHBIN MIpoliecc MPOUCX0-
JIMT C TIOABOIOM TeIUla ITPYU ITOCTOSIHHBIX AaBJIeHUM (p, = p;) ¥ Temneparype (T, = T))
/10 TeX 1IOp, NOKA Ta3 HE 3aTOJHHUT 00heM LIWIHHIPA v,.
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Mzui nmeem:

RT, RT,
y=p—t=p—2=. (26)
P D

Pa6ota, npon3BeaeHHasT TOPIITHEM,

Wi = poy = URT;. 27

Teruiosbie paxraTopsl
Teronsonanus Ta3 TennooGMeEHHUK

BrimyckHoit

" KJIanaH
"BriyckHO
- —_—

o KJTATTA =

Tlopuwefn |

AKunkwii azot

merm{

Puc. 3.16. KpuorenHsrit auraresib, paboTaommii mo LUKy PeHKMHa

B crnenyromiem paboueM TMOJOXEHWM BIYCKHOM KilamaH 3aKpbiBacTcsa. Bricokoe
JIaBIeHHUE ra3a BHYTPHU LWIWHAPA NPUBEAET K MPONOJDKCHUIO ABUXKECHUS TIOPIIHS U
YBEIMUEHUIO 00BbeMa IO TeX Iop, TIOKa JaBJIeHHE ra3a He CTAHET PaBHBIM P, @ 3aHU-
MaeMblii UM 00bEM — v;. DTOT IPOLECC MOXET MPOUCXOAUTh KaK U30TEPMHYECKH
(T; = T)) ¢ mponoIXeHHEM ITOABOMA TEIJIa, TaK U aguabarndecku (7 3 < T}) B 3aBU-
CHMOCTH OT THIIa UCITOJIb3yeMOTO YCTpoiicTBa. PaccMoTpuM Gostee npeanoyTHTEIbHBIA
M30TEPMUYECKHUI TIpoliece:

Wy, = pRT, In 23 (28)
12!
Pabora, coBepireHHast mopiHeM B mpoliecce 1 — 3,
Wi, = uRT +uRT,In 2 . (29)
P

OnHako MBI He MOXeM IIOJHOCTHIO UCITOJNBb30BATh AAHHYIO paboTy, MOCKOIBKY
4acTb €€ MOMAET Ha NIPeooeHrHe aTMOCHEPHOTO AaBICHUS:

W = ParuV3s (30)

aTt™

rae

RT,
vy =p—L. (31)
b3
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W, =uRT,. (32)

at™M

CrenosarensHo, npuHuMas 1) = T, , momyqaeMm

ITonesnasa pabora
Wnet = I/Vl3 —Wami= URT| ln& ) (33)
41
Bunno, uro mosie3Has pabota B TOYHOCTM paBHa padoTe, MOJIYYEHHON NpPU U30-
TEPMHUYECKOM PACIIHPEHUHM rasa.

MNpumMep

Ipumem,urop, =1 MIa, I;=T, =298 Kup,=p, =0.1 MIla. Crenienb pacumpenvisi r = p,/p; =
=10 : 1. [one3nas pabora, mpousBoAnMas | KMOJEM «TOILIMBa», paBHa 5,7 MJIX/KMoJb
N,, i 204 x/Ix/xr N,.

O0ecIeynTs W30TEPMUYECKOE PaCIIKpeHe JOBOJIBHO CIOXHO. ST peausanuu
3TOro Ipolecca TpeGyeTcsl co3maHue NOMOJIHUTEIbHOTO TeIIO0OMEHHUKA ISl TOo-
JIOTPEBA a30Ta IIPU €T0 PacClIUpeHUH. 3aMeTUM, YTO HEUYTO MOTOOHOE HYXHO U IS
napuratesiss CTUPIMHTA U B TIPUHITUITE TEXHUYECKH PeaTU3yeMo.

PaccMoTpyM Temeph clTydaii aiMabaTUyeCcKoro pacliupeHusl, KOTOPHI B peaJIbHBIX
YCITOBHSX OCYIIECTBUTH ropasfio jerde. Ecim Bo BpeMsl pacIiMpeHUs] TETJIO00OMEH OT-
CYTCTBYET, TO TEMITEPATypa Tra3a OyJeT U3MEHSTHLCS IO CIeAyIolIeMy 3aKOHY:

1
E=ﬂ(ﬂy : (34)
P

3mech wis asora y = 1,4. [IponsBoanMast Ipy paclinpeHuun pabora

Wy =ue, (- T5), (35)

roe ¢, = R/(y - 1) = 20,8 xIx/(xmonb * K).
B HareM nipuMepe, Koraa p, = 1 MIla, nonysaem 7= 154 Ku Wy; =3 MIIX/KMOJb.
Korzna 06beM rasa CTAHOBUTCS PaBHBIM V4, Fa3 puobpeteT remnepatypy 7. [lpu stom
RT,
vy =p—2, (36)
Ps

CJIeIOBATeNbHO, paboTa, 3aTpayeHHasl Ha TIPEONoIEHUE aTMOC(EPHOro NaBieHUs,

W= Py V3 = URT; . (37)

aT™

B 31OM cygae mofie3Has paboTa OygeT paBHa

Wit = BRT] _uRT3+VV23 = }‘LRT(Ti _73)+ucv(Tl —TS)= M(Ti _E)Rﬁ (38)
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Takum 006pa3oM, B pacCMOTPEHHOM BHIIIIE IIPHMEPe KOHEUHAst paboTa, ToJIydYeHHas
TIpH pacluMpPEHUH, OKaxeTcda paBHO# 4,2 M]Ix/kmonb, wiu 150 kIx/kr. CpaBHUM
oty uudpy ¢ 5,7 MIx/xmonb, win 204 xJIK/Kr, I ciryyasi i30TepMHUYECKOTO pac-
INWPpEHUS ¥ € YAEIbHOM TeruloToli cropanusi 6eHsuHa 47 000 k/Ix/Kr.

ScHo, 4TO yAenbHast HepIHsi KPUOTEHHOTO Pabodero Tejla MOXeT OBITh YBEJIMUeHA 3a
CYET MOBKIILICHUS pabodero AaBieHst. OMHAKO 3TOT IIPUPOCT NOMIUHSIETCS JIoraprudbMiye-
CKOMy 3aKoHy. Tak, nipu yBenudeHuu napneHus B 10 pas (o 10 MIla) yaensHast sHep-
rusi BospacteT A0 11,4 MIX/KMonb, UnA BCero B 2 paza. 3aMETHM, YTO JaBJICHUE
10 MIla cootserctByer 100 atM. Co3naHpe ABUTATENST Ha TaKoe pabouee NaBIEHHE —
CJIOXHAsl TeXHUYECKAs 33[1a4a; IBUTATENIb OKAXETCS TSKEIBIM W OYCHB JOPOTTM.

BeH3MHOBBIE JABUTATE/IM BHYTPEHHETO cropaHusa umelot cpeaHuii KI1J1 Ha ypoB-
He 20 %. To ectb none3Has pabora B pacyete Ha 1 kxr paGodero tena B GEH3MHOBOM
nasuraresne paBHa 8000 k/Ix/kr v Gonee, unu oyt B 40 pa3 Gonblite, yeM B KPUOTEH-
HOM JIBUTATEJIC.

B co3naHHBIX MEPBBIX 3KCIEPUMEHTAIBHBIX 00pa3iiax KPMOTEHHBIX IBATATEIEN 10-
CTUTHYThI€ 3HAYEHHUSI YAEIbHON paboThl cocTaBsuin MeHee 50 kx/kr. B neMoHcTpa-
IIMOHHOM aBTOMOOWJIE C TAKUM JBHUraresieM Ha 0,3 MIWIK ITyTH 3aTpayuBaiIcs | Ta/uIoH
asora. To ecTh MOKa He yIaaOCh CO3AaTh JOCTATOYHO MPAKTUYHBIN KPUOTEHHbIHA IBH-
raresb. Bo3aMOXHO, 4TO TIOC/IE COOTBETCTBYIOINUX NOPabOTOK 3(PHEKTUBHOCTH TAKHUX
JBHTaTeeil MOXHO 3HAYUTENBHO YIy4IIUThD.

3AKNIOYEHUE

KpuoreHHbIe JBUTATENH OISl TPAHCITOPTHBIX CPENICTB He 00ECTIEYMBAIOT
ToKa 6onbLIoro npodera. B HacTosiLee BpeMsI CTOUMOCTD XXKUIKOI'0 a30Ta PaBHA OKOJIO
0,5 nomn./xr, wnu 1,52 momn./rauron. C y4€TOM HOCTUIHYTHIX 3HAYEHUM YIEIbHOTO
npoGera 3TO 3HAYUT, YTO NMPU OJAUHAKOBOM TIPOOETE CTOMMOCTh HCITOJIL3YEMOTO IS
3TOTO TOITABA OYIET B NeCATKH pa3 OOJIbIIE, YeM Yy OEH3MHOBbLIX JBUraTeJCi.
Ilpu sTOM OOJNIBLINI YAETbHBIH pacxoll «TOIUIMBa» TpeOyeT GOJILIIEro ero 3amaca
Ha TPAHCIIOPTHOM CPEJICTBE. A 3TO, B CBOIO OYepels, MPUBOINT K YMEHBIIEHHUIO T10-
JIE3HOTO TPY32, KOTOPBlil MOXET TIEPEBO3UTh ABTOMOOUIIE.

) Ipam. pen. TlepBbiM ¥ OZHMM M3 HEMHOIHX Pa3PaBOTYMKOB KPHOTEHHOTO ABUTATEIS SIBJISIETCS
Bammnrronckuil yHusepcuter (CLLUA), kotopsiii cosnan cso npotoruit LN2000 na 6ase nourosoro
asTomo6unsa Grumman-Olson. Ha aBToMOGUITE GbUT YCTAHOBJEH OIBITHBIN S-HWIMHAPOBLIHA IBUTATE b
MOIIHOCTBIO 15 Ji.C., paboTaromuii Ha XHUIKOM a30Te M0 OTKPBITOMY MKy Penkuna. KpuoreHHsrit
JBUTaTeNb 06ecIeYuBal MaKCMMA/IBHYIO CKOPOCTh aBToMoOuNs 35,4 kM/4, a cocyn [Joapa o0seMoM
80 51, KOTOpKIIT UCTIOIB30BAICS 1S XPAHEHHsI JKMIKOTO a30Ta MO JAaBjieHHeM 24 Gapa, oGecrieuuBan
3amac xofia okoJo 2 Muib (3,2 kM). KproreHHsIi aBTOMOGWIB ObUT CO3AaH B cepeanHe 90-X romoB B
XOJIe TIOMCKa SHEPTOYCTAHOBOK SISl aBTOMOOWIS SKOIOTHYECKOl Kateropul ZEV (¢ HyJIeBHIMU BBI-
Opocamir), abTEPHATHBHBIX JIEKTPONIPUBOLY. B PocCHM Takke MMEIOTCS SHTY3UACTH, IILITAIOLIMECS
co31aTb 3¢ eKTUBHBIA KPUOTEHHDLH ABUraTestb. OMHAKO 3HAYUTEIBHBIX YCITEXOB, TOBOPAIIUX O TEp-
CIIEKTUBHOCTU M aKTYaTbHOCTH 3TOIO HalPaBJICHKS U1 aBTOMOGWIBHOIO TpaHcmopTa, Hu B Pocewnu,
HH 32 pyOeXoM, TIOKA HEe MOCTUTHYTO.
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EnvHCTBEHHBIM HECOMHEHHBIM IIPECUMYIICCTBOM KPHOI€CHHBIX JIBUTATEJICH SBJISIET-
cd ¥X dKoorndeckasi Yuctota. OmHAKO 3KOJIOTMYECKas 663BpeI[HOCTL TAaKUX CUCTEM
JaJI€KO HE HYyJICBad, HOCKOJIBKy JUTS TIOJTYYECHU A XKMIKOro a3ota HEeOOXOIUMBI 3aTparhbi
3HEPruy, COIMpOBOXKIAOIINECA BpCAHBIMHA BI)I6p0021MI/I. BOHpOC COCTOHT B TOM, KOM-
NMEHCUPYIOT JIX 3KOJOrMYCCKUE MPEUMYIICCTBA CEPBE3HBIE HEAOCTATKM KPUOTCHHBIX
JABUTaTENEH, OTIMCAHHBIE BBIILIE.

3AJA4HN

3.1.
1. JokaxuTte, 4ro TeopeTHueckast 3¢hdeKTuBHOCTL ABuratenss CtupianHra 6e3 pere-
Hepalnuu

-1
UNcarnot )
b

= 1
n nCamot ( + 2 lnl‘

TIE Neymor — 2PPEKTHBHOCTE 1IMKIA KapHO, COOTBETCTBYIOIETO JAaHHOMY TeM-
MEpaTypHOMY JIHAla3’oHy; U — 4YHCJIO CTeleHed CBOOOABI pabodero Tena (Tasa);
F — CTEIIeHb CXAaTusl.

2. Kakoit ra3 jydiie HCITOJIb30BaTh B KayecTse pabouero tena? OObsCHUTE TToYeMy?

3. B npumepax Mbl NIPUHUMAJIM CTeleHb cxarust paBHoM 10. Kakoil 6buia 661 o¢-
dbexTuBHOCTH ABUTATENS IIpH cTenieHU cxaTtusi 20?7 Kakue Henocratku OymyT UMeETh
MECTO ITpH 00Jiee BBICOKOI cTereHu cxxatusi? ECTh A CMBICT YBEIMYUBATE CTENIEHD
cxXartus?

3.2. Hapwcyiite mpoliecChl, XapakTepHble it neurarensi CTUPJIKWHTA, B IMarpaMMax
p,Vu T,8 s npuMepa, TpUBEIcHHOTO B TekcTe. Kakoil husnyeckuii CMBICT UMEIOT
NJIOLIANM TIOX KPUBBIMH p, V- u T,S-3aBUcUMOCTei?

3.3. PaccMoTpuM aBa UuMnIvHApa A M B, BHYTpH KOTODHIX HaxXomATCs MOpIUHWU. Pa-
foure 0OBEMEI BHYTPH INUIMHIPOB MOTYT MEHSITHCS HE3aBUCUMO. MaKCUMalbHBIA
00BEM KaXIOTO U3 3THX LIUHAPoB 10 M3, MMHMMAJBHBINA 06BeM HyleBoit. [umuaa-
pbl THAPABIMYECKH COEMMHEHBI MeXy co0Oil Tak, 4TO ra3 B JI060H Touke 0OBEMOB
J)TUX HWIMHOPOB OYIET MMETh OAMHAKOBOE NaBjicHWE. B HayambHBIA MOMEHT BpeE-
MEeHH 00beM muTuHIpa A paseH 10 M3, a mwiuHIpa B — Hymo. JIpyrTiME CIOBaMH,
nopiieHs A Oyler MOMHUMAaThCs, a TIOpINeHb B omyckaThed. [lokasarens annabaTsl
paGoyero Tena y = 1,4.

1. Ecau cunrtaTh paboyee TeJI0 MAeaTbHBIM Ta30M, YEMY DAaBHO KOJIMYECTBO CTENeHEN
CBODOJIEI €r0 MOJIEKYNI U YeMy paBHa yaelbHast TEIUIOEMKOCTh IPU TIOCTOSHHOM
o0beme?

2. CkoJbpKo rasa (KMoJib) Haxomutcs B cucteMe npu JasineHuu 0,1 MIla u remnepa-
Type 400 K.
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3. Temneps IpeacTaBUM, YTO TTOPLIEHb A OAHSIICS TaK, YTO OOBEM B IMJIMHIPE YMEHD-
umiacs 7o 1 M3, a 06beM B IMITHHAPE B OCTalICA HEM3MEHHBIM. YeMy paBHBI TeM-
TiepaTtypa rasa u ero JaBjlcHWE IPU YCIOBUH aamabarudeckoro mnpoilecca? Kakas
SHEPrus 3aTpavyceHa MpH CXaTuu?

4. 3aTeM TOPIIHHU CTajy JABUTAThCS OMHOBPEMEHHO JI0 TEX IIOP, IOKa 00LEM B IU-
TVH/pEe A He CTAT PaBHBIM HYIO, & B winHIpe B — 1 M3. UeMy paBHEI JaBleHHE
U TeMIepaTypa ra3a B mmwimHape B?

5. CnepyiomuM 3TaloM SBJIsIETCS Iepemada TETUIOTH B LMJIMHAP B Tak, ytoOnI
o6bem yBenmumicsa no 10 m3. Temneparypa raza Bo BpeMsl Tporecca He M3-
MeHsieTesi. CKONTBKO TETUIOTHI GBUIO MpeaaHo Tasy BO BpeMs 3Toro mpoiecca?
Kakyto pabory cosepuri mopiieHs B? KakoBo gaplieHUe ra3a B KOHEYHOM CO-
CTOSTHUK?

6. Terepp TOpleHbs B HAUMHAET MOIHUMATLCS, TOTAA KaK MOpIIeHb A OMyCcKaeTCs.
IlpoucxomuT nepeTekaHue rasa M3 ONHOTO LIMIMHAPA B APYroi. DTOT IMpOLECC
TeopeTUdeCKM mpoucxonur 0e3 3arpart sHepruw. M3 munuHIpa A Teruiora copa-
CHIBACTCSA B OKDYXAloOUIyl0 Cpely, M Ta3 oxjaxmnaercs mo Temreparypsl 400 K.
B KOHEYHOM MOJIOKEHUH, KOTa IWIMHIAP A UMeeT MaKCUMATLHBINH 06beM, LIHAKIT
CYUTACTCS TIOJHOCTHIO 3aBEPIICHHEIM. CKOJIBKO 3HEPTHU B TEUEHHE 3TOrO IIPO-
ecca O6bUI0 COPOLIEHO B OKPYXKAIOIIYIO cpemy?

7. Yemy paBHa 3(heKTUBHOCTh MTaHHOW MAIIUHEL, T.€. Y€MY PABHO OTHOIIEHUE CYM-
MapHOH IIPOU3BENEHHON pabOTHI K MOCTYIIMBIUEH OT HArpeBaTesa TEIoTe?

8. Kak 312 3@ deKTHBHOCTh COOTHOCHUTCH ¢ 3(PPEeKTUBHOCTLIO IiuKkiIa KapHo?

9. Hapucyiite paccMOTpeHHBIE IPOLECCH B p, V- u T, V-nnarpamMmax.

10. Tlonyyute dopmyny st 3¢dHEKTUBHOCTH B 3aBMCHMOCTH OT CTEIIEHU CXATHS F.
Hapwcyiite kpusyio 3aBucumoctu KIIJI ot r B amanasone 1 < r < 100.

11. Eciim nosyyeHHoe 3HaueHne 3(PGHEKTUBHOCTH OKAXKETCs SIBHO 3aBEIIIEHHLIM (He-
pEeaTMCTHUYHBIM), HanipuMep, paBHBIM 10 000, Kakoii Torma Oyaer AefcTBUTEIbHAS
addexTnBHOCTE? MOXeT /11 OHA TMpeBhIIaTh 3 dekTuBHOCTb IMKIa Kapro? O6b-
SICHUTE CBOU BBIBOJBL.

3.4. IpencraBum ceGe HEKOTOPYIO MaIlUHY, CHAGXKEHHYIO HCKPOBBIM IBUTATEJIEM
BHYTPCHHETO cropanus (1ukin OTTo). DTOT ABUTATENb UCTIONbL3YeT OEH3MH (IUIs 11po-
CTOTBI JOIYCTAM, YTO GEH3WH COCTOMT M3 YUCTOTO TIEHTAHA), U TIO3TOMY €r0 CTEIEHb
CXaTus OrpaHuyYeHa ¥ paBHa neBsATH. HOMUWHAIBHBIN YIEIBHBIN pacXo TOILINBA aB-
Tomobunst 40 MUJTb/TaJUTOH.

TlockonbKy B 6EH3WHOBBIX IBUTATENSIX B KaueCTBe TOIUIMBA MOXHO UCIIOJIb30BATh 3Td-
HOJI, BJIaIeJIEL] MAllIMHBI PELII IEPEBECTH €€ Ha 3TOT BU TOILIMBA. [Ipy 3TOM CTerneHb
cxarus ysenuaunach 1o 12. [lpumem, 4Tto B Jil060M ciiydae peajibHast 9 HeKTUBHOCTD
aBTOMOOWIIS ITPUOIM3NTENILHO PaBHA TIOJIOBHHE TeopeTHyecKoi ¢ dexrusHocT. Yemy
PaBeH YIOENbHBIN PacXon TOIUIMBA aBTOMOOCMIIEM Ha 3TaHoie?
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Huzmasg Teruiota cropaHusi U TWIOTHOCTh PACCMATPUBAEMBIX BEIIECTB: TEHTaHa —
28,16 MOx/n, 0,626 kr/i; stadona — 21,15 MIIx/nx, 0,789 xr/n.
Penure 5Ty 3apady aBaxkapl, OUH pa3 wist v = 1,67, a apyroi mns y = 1,4

3.5. PaccmoTpuM upmMHApP ¢ 6ecHPUKIIMOHABIM HOpUIHEM. B HayaipHOH cTanuy 5K-
criepMMeHTa oH coaepxurt 1 i rasa (y = 1,4, ¢, = 20 k/Ix/(K - xMoib)) nipi Temrepa-
type 400 K u marenuu 10° IMa.

1. CKOJIBKO rasa B KMOJISIX HAXOOWUTCSE B LIMTHMHIpE?
2. YeMy B JAaHHOM cjyJae paBHO MpousBeneHue ph?

[TycTh Tereps MoplneHkb NepEMELIAeTCsi ¢ YMEHblIeHneM oobemMa rasa no 0,1 1. Cxa-
THE TIPOMCXOIUT anradaTUIECKu.

3. Yemy paBHO AaBJIcHHE Ta3a TOCIe CKATHS?
4. YeMmy cTajia paBHa TeMmHOeparypa ras3a?
5. Kakas pabGora Gbula coBepilieHa KOMITpecCopom?

Tenepb K rasy uzorepMudecku noaseaeM 500 X TEIUIOTHL.

6. Yemy mocje 3TOro CTaji paBeH oobeM raza?

7. UeMy cTajio paBHO JaBJieHue?

8. TTOCKOJBKY IPH IOABOMAE TEIUIOTHI ra3 paciuupsiercs (TOpIIeHb MepeMeEIlacTcs),
Kaxyio paboTy OH coBepuIaeT?

[TycTh Temeps ra3 pacimpsieTcsl anuabaTU4ecKy 10 TeX Mop, MoKa ero 00beM He CTa-
HET paBHBIM | 1.

9. Yemy paBHO JaBJIeHHe rasa Ioclie aTnabaTUIeCKOro pacumpesus?
10. Yemy paBHa TeMmepaTypa rasa?
11. Kakas pabota coBepilieHa [py anuadbaTuyecKoM pacliupeHn?

Temnepk IyCcTh TEIUIOTA OT ra3a OTBOAMTCS M30TEPMMUYECKU, MOKa €r0 AABJIICHUE HE
craneT pasHeIM 103 [Ta. [Ipu 3TOM cucTeMa BO3BpallaeTcsl B cocTosiHuE 1.

12.9YeMy paBHa cyMMapHas paboTa TOpILUHS, TiepefaHHasl BHEIIHeH Harpy3ke?

13. KakoBo 006i1ee KOJUUECTBO TEILIOTH, ITOJIYYEHHOM CUCTEMOM (OTBENCHHYIO TETl-
JIOTY 31€Ch HE YYHUTHIBAEM)?

14. YeMy paBHA 3P PeKTUBHOCTH ycTpoiicTBa?

15. YeMmy paBHa COOTBETCTBYIONIAs 3(heKTHBHOCTD LiuKiIa KapHo?

16. Hapucyiite 1mpoliecCH ¥ BeCh IMKI B p, V-nuarpamme.

3.6. TIpuMeMm, uTo GEH3MH COCTOUT TOJHKO U3 MeHTaHa (B AEHCTBUTENBHOCTH OH TIPE-
CTaBiIsAeT COOOI CIIOXHYIO CMECh YIeBOTOPONOB, B KOTOpPOH MpeoliamacT renTaH,
a He TIeHTaH). PaccMoTpyM cMech GeH3HHA ¢ STAHOJIOM B OOLEMHOM COOTHOIIEHUH 1:4.
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IIpeanonoxnm, yTo 6GEH3UH UMEET OKTAaHOBOE YUCIO 86. OKTaHOBOE YUCIIO 3TAHONA
paBHo 160. [TpumeM v = 1,4.

1. Kak v3MeHUIach TEMIIOTBOPHAS CIIOCOOHOCTH 1 J1 CMECH 110 CPaBHEHMIO C TETUIO-
TBOPHOU CIIOCOOHOCTBIO YHCTOTO OeH3MHA?
2. YeMy paBHO OKTaHOBOE YHCIIO BCeil cMecu?

IIpumeM, YTO MaKCHUMAJIBHO NOIMYCTUMAS CTENEHb CXaThsa Torumsa r = 0,093 0, roe
O, — OKTaHOBOE YMCITO.

3. Yemy paBHa MaKCUMaJIbHasl CTEIIEHb CXaTHsl GEH3MHOBOTO nBuraresi? JIsuraresns
paboTaoIIEro Ha CMETIAHHOM TOILIMBeE?

4. Yemy paBHa OTHOCHTENbHAS 3 PEKTUBHOCTE ABUrATENS?

5. Yemy paBeH yIeJbHBIN PAacXol TOTLUTMBA Ha eIUHUIY IPOMNEHHOrO NYTH B CJIy-
4yae, KOrJa MCITONb3YeTCSI YUCTBIM OCH3MH W KOra IPUMEHSIETCS TOIUIMBHAA
cMmech?

3.7. IlopuiHeBO# gBUTaTeNb OTKPBHITOTO LMKIIA paGoTaeT Ha aTMOC(HEPHOM BO3LYXE,
KOTOpBII MOCTYIaeT B Hero B komuyectse 23+ 106 kmonb mpu temmeparype 300 K
u nasnennn 103 TTa. CreneHb cxarus gBurateis: pasHa 5,74.

CXaTHe U pacIuMpeHHUe MPOUCXOMAT aarabatiuecku. [IoABON TEIIa OCYLIECTBISICTCS
U300apUYECKHU, 4 €r0 OTBOI — U30TEPMHYECKU. 3a MUKII K rasy noasoautcs 500 Jx
Teruiothl. Bosayx umeer ¢ = 20 790 [Ix/(K - xmonb) u v = 1,4.

Yemy paBHa TeopeTuueckas 3ddexrusHocts apurarens? Cpabhute e€ ¢ 3pdeKTUB-
HOCThIO 1MKIia KapHo.

BrimotHUTE CrieAyIOIMe IeACTBHUA:

paccyuTaiiTe HaYaTbHBI 00BEM LIITHH/IPA;

OTIpEZeNIUTE TSl IPOLECCa aMabaTIeckKoro CXaTis KOHeuHse 3Hauenus V, p, T
1 TpeGyeMoit paboTht;

OTIpe/ieNTUTEe TEPMOIUHAMWYECKHE MAPaMETPhl CHCTEMBI TIOCIE TIOABOMA TeTLIA;
BBHIYMCIHUTE COBEPIIEHHYIO B IpoLiecce pacillMpeHus paboTy.

3.8. Hekotopmiit gBuratens CTUpAMHTA peaiusyeT upu paboTe TOILKO NOJOBUHY
cBOel TeopeTHyecKoil 3ddhekTUBHOCTH. JIBHTaTEL paboTaeT B AMAlIa30HE TEMIIE-
patyp ot 1000 no 400 K. Kakoit Oyner sddhekTHBHOCTD YCTPOMCTBA B CIEAYIOILUX
cayYyasiK:

1. Ecnu ucrions3oBath UIealbHbIN pereHepaTop TeIUla, aproH B KA4ECTBE pabovyero
Tena, u crerieHb cxxatus 10:1.

2. Tlpm Tex Xe, YTO U B M. 1, YCIOBUSIX CTEIEHE CXaTHs pasHa 20:1.

3. Ilpm Tex xe, 4To ¥ B 1. |, ycinoBusbX, HO 0€3 UCHOAL30BAHNS pPEreHepaTopa.
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4. Tipu Tex Xe, 4TO U B II. 2, YCAOBUAX, HO 0€3 UCIOIB30BAHUS PETEHEPATOPA.

3.9. TIpu UCTONBE30BAHKH O0OTAWEHHBIX CMecelt YMeHb1IaeTCsT 3D (OEKTHBHOCTD IBY -
ratejqg OTTO, TOTA2 KaK Npy padoTe Ha 00ETHEHHON CMECH MOIYT BOZHUKHYTh IIPO-
OJIeMBI €€ TTOIDKMTa. PellieHeM 3TOro BONPOCa MOXET GHITh TIPUMEHEHNE JBUTATENEH
€O CTPAaTUUIIUPOBAHHBIM TOPEHHEM.

PaccmoTpyM nBuraresb co cremeHblo cxarus 9:1. Boraras cMech umeer vy = 1,2,
a bemHasg cmech ¥ = 1,6. TIpH Bcex MPOUYMX PaBHBIX YCIOBUAX YEMY PABHO OTHOILCHUE
2(pOEKTUBHOCTH HCIIONBI0BaHUs 00enHeHHON cMecH K 3MOEKTHBHOCTH HCIOIB30~
BaHUsA 0OOTalEHHONW cMecU?

3.10. PaccmorpumM asuratens OTTO ¢ HCKPOBBIM 3aXHUTaHAEM, UMEIOINUA CIEAYIOIINe
XapaKTepUCTHKHU:

MaKCUMATLHBIA 06beM twmmHapa Vo= 11 (1073 m3);

CTeIeHb cxatug r= 9:1;

IaBJieHME B KOHIE BMycKa p,= 5 * 10% ITa;

TeMriepaTypa cMecu B KoHue Brycka 7= 400 K;

cpeadee 3HaUeHUE TIoKasaTesst aguadarsl cMecu 1,4;

y/Ie/IbHas TeTUI0eMKOCTb CMecH (IIpy IocTosiHHOM obbeme) ¢ = 20 k/Dx/(K - KMOJTB).

[py BeMUCTEHUAX OyaeM CYUTATh, YTO pacCMarprBaeMblil LUK UACATBHBIA U He
uMeeT NOMONHUTENBHBIX [OTEPh. TOILTMBHO-BO3AYIIHAS CMECh IOMKUTAaeTCs IPU
MaKCHUMAIBHOM CTETIEHM CXATHs M [IPU 3TOM Bbutensercs 461 [Ix sHepruu.

Kakas MOUIHOCTL epeaeTcsl Harpy3Ke, eCTM Bajl IBUTATENSI BPAIAeTCsA ¢ YaCTOTOMH
5000 o6/MuH?

3.11. Ecnu cudTaTh, YTO IIEHTAH CTOPAET B BO3MYXE CTEXHOMETPUYECCKH (TIPEAIONOXHUM,
4YTO B BO3ayXxe comepxurca 20 % xuciopona), 4eMy paBHO MacCOBOE COOTHOILECHHE
TOIDIMBHO-BO3EYIIHOM CMECH?

Aromusie Macen: H — 1 pansron; C — 12 mansron; N — 14 manproH; O — 16 naje-
ToH. TIprcyTCTBHEM aprotia B CMECH MOXHO NIPeHEOPCYD.

3.12. Bricuias Terwiora cropatusi n-renrada (pu 1 atm u 20 °C) pasta 48,11 MJLx/kr.
YeMy paBHa HM3IIAS TEIUIOTA CTOPAHUSA?

3.13. 1 Monb Hekotoporo raza (y = 1,6, ¢, = 13,86 JIx/(K - kmonb) npu 300 K 3annMaer
00beM 1 1. IS Kaxmnoro mara, ofIHCaHHOTO HiKe, OTIPEAe/IuTe BeTMYUHH p, V' i T.

Ilar 1 — 2.
Anuabarydeckoe cxatue ra3a o oowvema 0,1 1. Kakoe xosimuectso sneprun W, ,
OBUIO 3aTPAadcHO TIPH CKATHU?
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IIar 2 — 3.

H3orepMmudeckas nepemaya pabouemy temy 10 xIx teruia. Yemy paBHa BHELIHsS
pabota? '

Ilar 3 — 4.
Annabatudyeckoe paciumpenue raza 10:1.

Ilar 4 — 1.
H3oTepMuyeckiii OTBOM TEIUIOTHI ¢ BO3BPATOM Ta3a B cocTostHue 1. YeMy paBHa
OTBEICHHAS IHEPTUS?

Yemy paBHa obmias 3¢b(HeKTHBHOCTE IUKIIA?

Yemy paBHa 3 GeKTUBHOCTL COOTBETCTBYOIIETO LuKia KapHo?

Kakyo MolHOCTE OyneT UMeTh JABUraTeNlh, €CJIM €ro BajJl BPAILAETCS] C YacTOTOM
5000 06/muH (5000 1IUKIOB B MHHYTY)?

3.14. B gsuratenie CTUpIIMHTa, PACCMOTPEHHOM paHee, IPOUCXONUT U30TEPMUYECKOe
cxkarwe, 32 KOTOPBIM CIIENYET U30XOPHUYECKUIT IOBOM TEIUTA, U30TEPMHUUECKOE CKATHE
U U30XOPUYECKWI OTBOX TeIlIa.
M3orepMudeckoe cxatme NOCTATOYHO CIOXHO ODECIIEYNTb, OCOGEHHO B IBU-
raTeysx, UMEoIUUX OOJBIIYI0O 9acTOTY BpalleHus. I103TOMy NpealnosoXuM,
YTO ABHUTATENb IPU padoTe OCYUIECTBIsIeT anmabaTudeckoe cxkarue. Ilpumem,
4T0 fpyrue dassl paboTH paccMaTPUBAEeMOTO ABMTATENss COOTBETCTBYIOT (ha-
3aM paHee ONMWCAHHOTO aBurartesisi. Tak, mpu M30TEPMHYECKOM IIOJBOLE TeILia
K pabouemy Teny noasoantcs 293 Jx. To ectp «ropsauii» WIMHIpP MOCIE Npolecca
amMabaTHIecKoro cxarTust Oyner umers Temneparypy 652 K 1o oxonvanus niporecca
MOIBOJA TEILUIOTHI.
Onpenenure TeopeTMYecKylo 3 deKTUBHOCT, aBUTaTeNs1 (6€3 pereHepaluy Tera)
1 cpaBHUTE €€ ¢ 3QPEKTUBHOCTHIO COOTBETCTBYIONIETO IuKia KapHo.
OripenenyTe MOIIHOCTD, MPOU3BOANMYIO OHNM LWIHHAPOM JaHHOTO JABUTATEIA, IPH-
. HUMas ycioBue, 4To 3¢Q@HEeKTHBHOCTh PEAJTLHOTO ABHUrare/iss 6yaeT NMpUbIu3UTeIbHO
B 2 pa3a MeHbIIe, 9eM 3¢h(HEKTUBHOCTE MaearpHoro. YacToTa BpaleHus Bana JBUTa-
Tesst 1800 06/muH. Kaxnplit 060poT BpallieH!s Bajia COOTBETCTBYET OMHOMY HOJIHOMY
UKy asuratend. J1as pacyeroB npumnTe v = 1,4.

3.15. I1penronoXuM, 4To ABHTATENb pAGOTAET B TEMIIEPATYPHOM AMANa30HE MEX-
oy 1000 u 500 K ¢ abdextrBHOCTRIO mBuratens KapHo. VICTOYHWK TerUIOTH MMeeT
momHocTe 100 KBt 1 Temneparypy 1500 K. lanHoe Temio nepemaercs paboyeMy
TeJly paHee OHMCAHHOIQ JABUrarenst. JlomycTuM, 4To mepefada TeIUIOBOIO IIOTOKA
OCYWIECTRIIACTCA MPU TEMTIEPATYPHOM TPAIMEHTE, CHIDKAIOLEM TeMnepatypy ot 1500
o 1000 K. BddexkruBHOCTS MEepenay TeIUla MPY 9TOM NIpHMeM pasHoit 100 %, T. e.
MoiwHocTe 100 kBT moaroaurcs Kk aBuratesio 6e3 MoTeph.
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Yemy paBHa 3PEKTUBHOCTH OMHCAHHOTO BBIIIE ABUIATENSI, pabOTAIOIETO 110 LIMKIY
Kapro? YeMy paBHa Tojie3Has MOIIHOCTb JaHHOM CHCTeMBI (IBUTATENS)?

3.16. ITapoBoit KoTel moxaeT Map B MapoByl TypOuHy. B creHkax xoTia uMme-
I0TCSI KaHaJIbl, 110 KOTOPHIM IIPOTEKAET Iap. DTU CTEHKHW C OAHOW CTOPOHH! Ha-
XOIATCH B 30HE INelcTBUA INaMeHu Ttonky. Temmeparypa Harperoro mapa 500 K,
TeMilepaTypa CTEHKH, KOHTaKTHpyiomeil ¢ ruameHem, 1000 K. Yepes xaxnbli
KBaApaTHbI CAHTUMETD MOBEPXHOCTU HATPEBa MPOXOAUT TeIUIOBOK NMoTok 1 KBT.
TeImonpoBOSHOCTE METAUTMYECKUX CTEHOK KaHajla A 3aBMCHT OT TeMuepaTyphl
o cienyloieMy 3akony: A = 355 - 0,1117 (8 cucreme CH). Temneparypa mnox-
CTABJISICTCSI B KEJbBUHAX.

1. PaccuurtaliTe TONILMHY CTEHKU.
2. Omnpeneaure TeMIIepaTypy B CpelHel TOUKe MEXIY BHYTPEHHEH U BHEIIHEH CTEH-
KOH KaHaJia.

3.17. YeTnipexTaKkTHbIH ABuratenb OTTO ¢ HICKPOBBIM 3aXXKHUTaHNEeM UMeeT 00Ut 00beM
IWITMHAPOB 2 JI U paboTaeT Ha MeTaHe (BHICIIAs TETUIoTa cropaHus 55,6 MIIx/Kr).
Cremnreds cxatust B asurarene 10:1. JIig BOpbICKa TOIUIMBA MCITONBL3YETCA WHXKEK-
TOpHas CUCTEMA, KOTOpas MOIaeT TOILTHBO TaKUM 00pa3oM, YTOOB! BBIAEPXKUBAIOCH
3alaHHOE CTEXMOMETPUUECKOE COOTHOLIeHwe. [1oka3arens annabaTsl cMecH paBeH 1,4.
CucreMa 00mafiaeT CPeIHECTATHCTAYECKNM YPOBHEM TIOTEPH, MO3TOMY IEHCTBUATEIIb-
Hasl MOILHOCTh, KOTOpYIO BEIpabaTeiBaeT ABWratesb, cocraisieT 30 % uneanbHOM.
B Hauase IpolLecca CXaTusl JaBjIeHne pabodeil CMECH COCTaB/sgeT ToMsKO 5 - 104 [la
npu TeMreparype 350 K, Tak Kak TUOpaBYeCcKHe TOTEPU HA BXOAE MOXHO CYHUTATh
MPeHEOPEKUMO MaJTbIMU.

YeMy paBHaA MOIIHOCTB, Niepe/iaBacMasl IBUraTelieM Ha Harpy3Ky, €CIM 4acToTa Bpa-
wennsa ero Bana paBHa 5000 06/MuH? C y4eTOM OCOOEHHOCTEU NBUTATENs pacyeT
HEOOXOAMMO MPOM3BECTH WICXOMS U3 HU3MIEH TEIUIOTHI CrOpaHvsl TOIUINBA.

3.18. PaccMoTpyM ABUTATENb ¢ UCKPOBBIM 3aXHUTaHUEM, CTENEHb CXATHSI KOTOPOTO

pasua 9:1. a3 BuyTpu mmimHapa nmeet y = 1,5.

B HayaJbHOM COCTOSIHUM pabodee Telo MMeEeT CCAylollfe MmapaMmeTpel: V), = 1.1

p, = lamm; T = 300 K.

B xomile mpollecca cxatusi BnpeickuBaercs: 10 Mr 6eH3MHa, 3aTEM CMeCh MOMKUTra-

erca. CropaHue TOIUTABA MPOMCXOOUT MTHOBEHHO. IlprMeM, UTO yaellbHas TEIUIOTa

cropanus 6eH3uHa 45 MIIXK/KT.

1. Onpenaenute uaeatbHy0 3OGEKTUBHOCTD IBUTATENS.

2. Tlonpcuwraiite 3(PHEKXTUBHOCTE COOTBETCTBYIOLIETO 3aNaHHBIM YCIOBUSAM ULHUKIIA
Kapno.
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3. Jloxaxure, YTO YMEHBIIIEHHE KOJMYECTBA BIPHICKMBAEMOrO TOIUIMBA 32 OTUH LMK
NpUBENET K NMpUOIxXeHuIo 3¢ dexkrusHocTy 1ukia OTTo K 3QHEKTUBHOCTY LKA
KapHo.

3.19. B nu3enbHOM ABHTaTesie TOILTHBO BIIPHICKUBACTCH B TOPAYMI CXATHI BO3AYX,
HaxOMAILIMICA B UMIMHIPE, IOCHE YEro CMECh CAMONPON3BOJIbHO BosropaeTcs. Ipen-
MOJIOXKUM, YTO TOTUIMBO ITOAeTCS OTHOCUTEIbHO MENJICHHO, TaK YTO CTOPAHUE CMECU
MIMEET MECTO TIPAKTUYECKU IIPU NOCTOSTHHOM JaBiieHUn. CTeTieHE CKaTus 7, NCITO/Ib3Y-
eMas B OOJIBLUMHCTBE AU3EJbHBIX IBUTATENCl, HAXOMUTCS B AUANa3oHe Mexay 16:1 u
22:1. B Ow3eqpHBIX JBUIaTeNsIX CaMONPOM3BOIbHBINA ITOIKUI HANEXHO MPOUCXOMUT
IIpU TeMnepaTtype Bo3ayxa He Hke 800 K.

Bo3nyx MMeeT OTHOMICHUWE YACIBHOU TEIJIOEMKOCTM IPU MOCTOSHHOM IaBJICHUHU
K YICAbHOU TEILIOEMKOCTH TPy IOCTOSIHHOM o0beMe, paBHoe 1,4 (y = 1,4). Ilycts
TEMIIEPATypa BO3/yXa Ha BXOJ€ B XOJOMHBIN mu3enbHbIN asurarens 300 K.

Kakoii nommxHa GbITh MUHUMANLHAS CTEMEHb CxarTys, Tpebyemast /I 3amycka IBU-
raresa?

3.20. PaccMOTpMM MallIPHY, KOTOPAst HCIIOJIb3YeT B KA4ECTBE paboYero Teaa BO3AyX
(y = 1,4) ¥ BHIIIOJIHSIET MOCIEAOBATENbHbIN PSAI TEPMOAMHAMUYECKMX MPOLECCOB.
B koHUe Kaxaoro npouecca onpeieauTe XapaKTePUCTHKI COCTOSTHUS ra3a (JaBlicHHE,
00beM U TEMIIEPATYpPy), a TAKKE SHEPIHIO, XapaKTepHYIO IS KakIO0ro Hpolecca.

B nayaneHOM cocTostHMM (cocTosiHMe 1) ra3 uMeeT CICAYIOLE XapaKTePWCTHUKM:
p,=10°Ta; ¥V, =103 m% T, = 300 K.

1. 1-# mpouecc (mar 1 — 2); anmabaTHyecKoe CXaTWe, YMEHBIIEHUE 00beMa Jio
104 M3

2. 2-it npouecc (mar 2 — 3): uzobapmyeckuii noxsoxn 200 JIxX TEIUIoTHL.

3. 3-# mpouece (mar 3 — 4): amuabatiryeckoe pacmmupenue 1o V, = 1073 M3,

IToncunTaiite BCIO TEIUIOBYIO U MEXAHWYECKYIO SHEPIHUIO, KOTOPasi IIOBOINTCS K ABH-
raTeio, ¥ BCIO MEXaHWYECKYIO DHEPTHIO, OTBOMMIIYIOCA OT Hero. VMicxoma m3 3Toro,
onpeaenute >phekTMBHOCTL MalMHEL. (IToackaska: He 3a0yabTe y4eCTh BCE MPOLEC-
Chl, B KOTOPBIX OTBOJMTCS SHEPIUSL.)

3.21.B nuxie QU3eIbHOro IBUraTelsl MOXHO Pa3IM4YUTh CIEAYIOUe (a3bL:

$aza 1 — 2. AnmabaTudeckoe cXaTHe YUCTOrO BO3Iyxa OT 00beMa V, no obbema V),
(daza 2 - 3. CxuraHue TOTUTMBA TIpU IIOCTOSIHHOM NaBJICHUH C PACLIMPEHUEM OT
obbema ¥, 1o obvema Vi;

¢asza 3 — 4. AnnabGatnyeckoe pacuMpeHHe ot obveMa V; 1o obvema V;

¢daza 4 — 1. M30xopryecKuii OTBOJ TeIUIa, IIPU KOTOPOM T'a3 OKa3biBaeTCs B IiEp-
BOHAQUANBHEIX YCIOBHSX.
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DTOT LUK ITOX0X Ha 1Mk OTTO ¢ ToM JIUIIb pa3Huiei, 4to B ke OTTo cropanue
[POUCXOIUT U30XOPHYECKH, TOTJA KAK B JM3CIHHOM JBHUTraTelie — U300apuyeckKul.
Paccvotpum 1ui, B KoTopoM V) = 1023 M3, ¥, = 5010063, ¥, = 100106 M3,
py = 10°TIa, T, = 300 K u ;1 BCex mpolieccos GyaeM cuuTath v = 1,4.

1. IoagcuuTaiiTe TEOPETHYECKYIO 3(PHEKTUBHOCTDL LIAKJIA,

2. TlomcyuTaiite 3(hPeXTUBHOCTh C IMOMOLIBIO YpaBHEHHS 3(M(PEKTUBHOCTH LMKIA
nsens, moay4eHHOTO B 1. 4.

3. Topcuwuraiite 3¢ eKTUBHOCTD ITYTEM OLICHKH BCE MEXaHNYECKOH SHEPTUH (CXXaTHS
¥ PaCHIMPEHUsT) ¥ BCEX TEILTOBBIX MPOLeccoB (MMOABOAA W 0TBOAA Temna). bynpte
JOCTAaTOYHO OCTOPOXHBIMM TIPH AHATH3E TOTO, YTO TMPOMCXONUT BO Bpems asel
cropanms (2—3), Korna BeUICISECTCS] IHEPTUS CrOpaHUsl TOTUIABA ¥ OMHOBPEMEHHO
TIPOM3BOIMTCS HEKOTOpasl MexaHWyecKasi pabota.

Pesynprarsl no mim. 2 1 3 IOXHB! OBITH OAWHAKOBBEIMH.



FNABA | OKEAHCKME TEMJIOBbIE
NMPEOBPA3OBATEJI/ SHEPTUN

4.1. BBEAEHUE

Bonplias yacTh BO30GHOBJISIEMBIX MCTOUHHKOB SHEPIMM Ha Hamieii
TUIAHETE UMEET NPUPOLLY, CBSI3AHHYIO C COJTHEYHBIM U3JYUCHHEM, CYMMAPHEI ITOTOK
KOTOPOTO Ha NOBEPXHOCTh 3eMJIH cocTaBisieT okoso 170 000 TBt. C6op m ucmonsso-
BaHME 5TOU SHEPrUY TEXHUYECKHU OCIOXHAIOTCS M3-3a Majoi TJIOTHOCTU YW Hepery-
JISPHOCTH COJIHEYHOTO SHEPreTHYeCKoro MmoToka. TpeOyeTcst co3naHule IMPUEMHHKOB
COJIHEYHOTO U3JTy4YE€HHs OOJIBIION TUTOIAAN U MPUMEHEHUE aKKYMYJIAITOPOB SHEPTHU
00JIBIION eMKOCTH. B Kakoil-To Mepe 5TH [IBe 3aiadu pelllaeT okeaH. OKeaHBI 3a-
HUMalOT 71 % moBepxHOCTH 3eMiid. B TpOIMYecKHMX pailoHAx 3a CUET IOITOLICHMS
3HEPIUH COJIHEYHOTO U3IYYEHMS IIOBEPXHOCTHEIE CJIOM BOIBI Harpesawotced no 25 °C
u Bbuie. Telinle 3KBaTOPUATILHBIE BOAB! MEPEMENIAIOTCS K MOJI0CaM, YTO IIPUBOIVT
K TagJHUIO APKTUYECKMX M aHTapKTHUYECKHUX JIHIOB. XOJOJHAA BOIA BO3BPAIAETCI K
3KBAaTOPY C NOMOIIBI0O MOPCKUX TJIYOOKOBOAHBIX TEUCHMI, L€ HAIPEBAETCH BHOBbD.
TeM campiM peanmayeTcsi MOLIHBINM IUTAHETAPHBIM TepMOCHGOH, O00ECIICYNBAIOIIUMA
repepacrpeeicHIe TETUIOBOI 3HEPIrHM.

DHepreTyecKyie IIOTOKH, CBSI3aHHBIE ¢ PACCMOTPEHHBIMU ITPOIIECCAMM, YPE3BBIYANHO
seniku. Hampumep, tedenue Tonbsdberpum rnepesocut B neHb okono 2,2 - 1012 m3 Bompt,
TeMIlepaTypa KoTopoif npuMepHO Ha 20 °C BbIllle, YeM TeMIlepaTypa [JIYOMHHONW BOJIBI.
Pacnonaraemasi TeTuioBasi MOLI{HOCTb TAKOTO IIOTOKA, KOTOpasi MOXET GBITh OIlEHEHA KAK
TIPOM3BEJICHHE TEILIoeMKOCTH Bombl 4 MJIx/(M3 + K) Ha MacCoBBliA MOTOK U Pa3sHOCTb
TeMIIepatyp, cocrapistieT okoio 1,8 - 1020 [Ix/mens, wm okomno 2100 TBt. 3ametum, 9To
CETOIHALIHES SHEProTOTPEOICHNE YeJIOBEIECTBa paBHO nprMepHO 8 TBT. BolonHeHHblE
OLICHKH ITOKa3bIBAIOT, YTO OKEAHCKasi TEIUIOBAas 3HEPTHSA MOXET PacCMaTpUBATBhCA KAK
TPOMAIHBIA MOTEHITUANBHBIN UCTOYHMK SHEPTUU IS IPAKTUYECKOTO MCIIOIb30BAHMS.

Ha puc. 4.1. nokaszan TMNUYHBIA IpoDWIL paclpeneeHHs TEMIIEPATYPhl BOALI B
OK€aHe, PacIONOXKEHHOM B Tpomuueckoii 3oHe. IlpuMepHo 10 myouHbl 50 M BCie-
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CTBHE TypOYJCHTHOCTH M IIepeMelIMBaHUs ITOBEPXHOCTHBIX CJIOEB TEMITEpaTypa BOIBI
NMOCTOSIHHA M cocTaBisteT okosio 25°C. Hanee Ha rryoune 500-600 M TeMreparypa
cHIKaeTcs rmpuMepHo 1o 4-5 °C. IIpodumm TeMrieparypbl, KOHEYHO, U3MEHSIIOTCSI B
3aBHCHMOCTH OT MeCTa U OT BPEMEHHU TOAA.

M

- 200+

I'ny6una
e
[
()

600 L 1 L L
15 25
Temnepatypa, °C

Puc. 4.1. Tlpodwie TeMnepaTypsl BOOLI B TPONHUYECKOM OKeaHe

4.2. KOHOUINYPALMN OKEAHCKWX TEMNOBbLIX
NPEOBPA3OBATEJIEW SHEPTUU

H3BecTHBI ABa OCHOBHBIX MTOIX0/1a K CO3MaHUIO0 OKCAHCKUX TETUIOBBIX
3JIEKTPOCTAHIINIA: ¢ TUAPABIMYECKAM TYPOWMHAMM; C NapOBBIMHA TYPOUHAMH.

B mepBoM ciydae 3a CYET Pa3sHOCTH TEMIIEPATyp IIOBEPXHOCTHOW M TIyOWUHHOW
BOJBI CO3AAeTCs rMAPABIMYECKUIA HAITOP, UCITOB3YEMBI [JIsT IPUBOIa OOBIYHBIX BO-
JSHBIX TYpOUH. [ TaBHBIM NMPEeUMYILECTBOM 3TOTO MOJAXOA SIBISIETCS OTCYTCTBUE TETI-
JIOOOMEHHOIO 00OPYAOBAHUSI.

PaccMmotrpuM nonycdepuueckuili repMETUIHBIN KOHTCHHED, M300paxkeHHBINH
caeBa Ha puc. 4.2. JnurHasg Tpyba 3al0JHEHA XOJIOJAHOHM BOIOH, a KOpOTKas —
Terutoii. Bo3ayliHoe TTpOCTpaHCTBO BHYTPW KOHTEHepa BaKyyMUpyeTcs TakK, 4TO
CBOOOMHBINA 00beM 3alOJHSIET TOJILKO BOISHOW map. B peajlbHOCTH moAa KYyIOJ
HENPEPLIBHO BHIAEISIOTCSH Ta3bi, PACTBOPCHHBIC B BOLES, U OHU JOJDKHBI HENpe-
PBIBHO YAQIATHCS.

IIpu remnepatype 15 °C mapieHue BOASHBIX MTAPOB MO/ KYIIOJIOM COCTaBIISIET OKO-
a0 15 kIla (0,017 atm). [Ipu TakoM JaBI€HUU TEIUIask BO/a, UMEIOLIAasl TEMIIEPATYPy
25 °C, BCKHITaeT ¥ 00pas3yIonuiicss BOASHONM map KOHISHCUPYETCS Ha TIOBEPXHOCTSIX,
OXJIAXKAAeMBIX XOJOMHOUM Bomoii. KoHmeHcar cOpachiBaeTcs B OKeaH. OmnucaHHBIC
npoLecchl IPUBOAST K HEMPEPLIBHOMY TTOTOKY TEIUIOW BOAB B KOHTeiiHep. Ha atom
MOTOKE MOXET OBITh YCTAaHOBJIEHA TMApaBINYecKasi TypOMHA, BhIpabaTeIBaolas mo-
JIE3HYIO SHEPrulo. DKBUBAJIEHTHBINA IMAPAaBIAICCKUI HAIIOP, KOHEYHO X€, HCBEIUK,
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U An8 BHIPaOOTKM CYLIECTBEHHOW MOUIHOCTH TpebyeTcs TypOuHA OGONBLINX
pasMepos.

Cxema, nzobpaxeHHasi Ha puc. 4.2 cnipasa, obecreunBaeT HEKOTOPOE TIOBBILICHIE
TUAPABIMYECKOTO HAropa 1o CpaBHEHUIO CO CXEMOIi clieBa. B aToM citydae xononHom
BOJOU OXJIAXIAETCSI HE KYNOJI, a BHYTPEHHSSI MOBEPXHOCTh TPYOLI, paCIONOXEHHOM
B LIEHTPe O KYIONOM. [Ipu 3TOM KOHIEHCAT COOUPAETCS MPENMYILIECTBEHHO BHYTPU
TPYOBI, CO3AaBasi THAPABIMYECKUI HATlOP, TIPUBOMSILMI B ABIDKEHHE THAPABINYECKYIO
TYPOUHY, YCTAHOBICHHYIO Ha IIOTOKE KOHACHCATA.

Crenka, oxjiaxmgaemas Kunsas CreHka, oxiaxnaemast
XOJIOJHOM BOIOK TeIlIasg BOJA YacTHUYHbIE  XOJOAHOM BOIOH
Ba KYHOJI

YacTuausri
BaKyyM YpoBseHb
Hacoc Konnencar KOHAEHCaTa
Brixon

XOJIOXHOMI
KOHACHCATA

“Bxon
XOJOAHOM
BOABI

Bxon ||
XOJIONHOH ¥

BOJABI

Pne. 4.2. I'inpapiyecKrue OKEAHCKHE TEILUIOBBIE 3JIEKTPOCTAHIIUI

OHeproyCcTaHOBKH, pa3paboTaHHbIe B 80-X U ITOCIEIYIOIIMX TOJaX, OCHOBBIBAIOT-
C4 IPEUMYILLECTBEHHO Ha MCIOJNb30BaHUHM HE TUAPABIMYECKUX, a MAPOBHIX TYPOMH.
OHu MoryT ObITh OTKpbITOro (puc. 4.3, A m b), 3amxuyroro (puc. 4.3, B) win cme-
wanHoro uykiaa (puc. 4.3, I'). B ycTaHOBKax OTKPHITOrO IMKJIA HE TPeOYyeTCs Tel-
JI0OOOMEHHMKA (WIM Xe, ecnu TypOuHa paboTaeT Ha BOASHOM Ilape IPECHOM BOIHBI,
HYXEH JUIIb ONUH TEIUIOOOMeHHUK). HemocTtaTKoM 3TOro BapHaHTa ABISETCA TO,
YTO [PU pacCMaTPUBAaEMBIX TeMIlepaTypax NaBJICHHME BOASHOTO Iapa BeCchbMa MAajo
¥ HeoOXOoaUMBI MAapOBOASHBIE TYPOUHBI 04eHb OOJNBIIOrO AMAMeTpa. DTa npobieMa
MOXeT ObITh pellleHa MyTeM Iepexoja K 3aMKHYTOMY (MJIM KOMOMHHPOBAaHHOMY)
LUKy C UCIOAb30BaHMEM HUM3KOKHMILAIIETro pabodero Tena, HampuMep aMMHUAKa.
BOoNBIIMHCTBO MOCTEAHUX pa3paboTOK OTHOCHTCA MMEHHO K 3aMKHYTBIM LIMKIaM,
KOTOpBIE ITOTEHIIMAIBEHO MOTYT 00€eCIEYnTh GOMbIyI0 3¢PEeKTUBHOCTD IIpeodpa3oBa-
H¥s1 SHEPTUHU. BMecTe ¢ TeM o6GopynoBaHue ISl pean3allii 3aMKHYTOTO LIUKIIa Gojiee
JIOpOT0, YeM IUJIST OTKPBITOTO.
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HexoHaeHCHpYeMbIE
ra3sl MouHOCTD

Jlerasa-
A T()p

Tennas Boxa Terutag Bona XostogHas Boma

Hexkonzaencupyemeoie
rassl MourHocTs Konzen-

Heraza- Vcnapu- | 12p
b TOp Telb
A v

Temmas Boma Tennas pona XostonHas Bona

Huctiwim-
> POBaHHas
BOma

MoitHoCTh Konnen-
carop

Hcnapurtens

TMaper NH3 |y |

ITapsr NH;

TypGuna

Hacoc l—ﬁ

Kuaxnin
NH;

w
Temnas Boxa

ITaps1 NH;

XonoaHad Boza

HekoHueHCUpyeMble
Tashl Tennas soma TermooOMeHHUK

Tap Hacoc | AMcTimm-
> */\/\/\f - KOHIEH- poBaHHas
~ \/\/\ﬂ cara BOJA

Tennas poga

Kunxuit NH; 3 Y Mapsr NH;
Kugxuit

| toon |2 Ko
caTtop
A

XonoxHast Boia

Tapsr NH; M
OLIHOCTH

Puc. 4.3. OxeaHckue TEIUIOBHIE NTPEOOPA30OBATENA IHEPTUU C OTKPHITHIM IIUKIIOM 6€3 Mpo-
W3BOACTBA AVICTWLIMPOBAHHOM BOABI (A), C OTKPHITHIM IIMKJIOM C IIPOM3BOJ-
CTBOM omnpecHeHHO# BonHl (B), ¢ 3aMKHyTHIM IMKIIOM (B) M cO CMelaHHBM
mukioM (IN)
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4.3. TYPBUHbI

TypOuHa reHEPHpPYeT MEXaHUIECKYIO YHEPTHIO 32 CUET UCIIONbL30BAHMS

pa3HocTH laBneHnil. OOBIYHO AaBICHHUE Ta3a Ha BXOJE U BBIXOAE TYpOMHBI M3BECTHO.
Iycts p, v T,, — naeneHue u TemImepaTypa Ha Bxole B Typouny, a p,, u T, —
COOTBETCTBEHHO Ha €€ BBIXOJE. TypOMHA BBIIOIHSET
MexaHH4YeCKylo pabotry W. B GonplumHCTBE CiiydaeB
EIpabaTEIBaEMAas TypOMHA JOCTATOYHO XOPOMIO TETUIOM30JINpPOBaHa OT
oneprus W OKPYXAIOIUEH Cpelbl U MPOLIECC paclUMPEHUs B Hel
TIPOMCXOOUT aguadaTuyecku. B sToM ciydae oOMeH
TEIUIOM C OKpyXamwulei cpenoit orcyrcrByetr: Q = 0.
Eciu sHTanpnus rasa Ha BXxojae B TypOMHY paBHA

Bxop,
Tin, P,

H,, a na BbIXOnE M3 Hee H |, TO
Puc. 4.4. Typbuna W =H, - H, (1)
im7d
W = Wil = Boulow = 1 (B = o) @

TTOCKOJIBKY B CTAllMOHAPHBIX YCIOBUSX My = [ = U, TI€ [l — KOJHYECTBO BEILECTBA,
KMOJIb, / — SHTAJIBIIUA B pacyeTe Ha | KMOJb.
J1st iAeaTbHOTO Ta3a

w= | c,dT. 3)

Hpennonaraﬂ IMOCTOSHCTBO TCINTOCMKOCTH, ITOJIYYUM

hin - hout (T TZ\ut) (4)
W= ue, (7;11 - 7:.)ut); Q)
T, T
W = e, Ty == = 16, Tcamor: (6)
in

[TpuBEeaEHHBIE BB COOTHONICHMS HATIOMWHAIOT COOTHOINEHMSI, KOTOPHIC paHee
OBLIM TTOJIYYEHBI I TEIUIOBBIX ABHUTrareiieii. OqHAaKo BeJIMYMHA uc, T, XOTsl M uMeeT
Pa3MepHOCTb SHEPIUH, He SIBISIETCS. KOJMYECTBOM TEIUIA, ITOJABOAMMBIM K YCTPOICTBY,
a 9T0 — DHTAIBIIKA Ta3a Ha BXxoae. IIpy 3aMaHHBIX YCIOBHSX HA BXOIE W U3BECTHOM
JaBJieHUHW Ha BBIXOJC BhipabaThiBacMast MEXaHMYeCKas SHEPIUS pacTeT MPU CHIDKEHIH
TeMIIepaTyphbl Ha BbIXOAe. MUHHMMANLHO BO3MOXHASI TEMITEPATYpPA Ha BBIXOLE Orpa-
HUYMBAETCS] BTOPBIM 3aKOHOM TEPMOAMHAMUKH, KOTOPHII TpeOyeT, 4Yro0bl 3HTPOINS

BBIXOMSINMX ra30B OblIa paBHA WM OONbLIE, YeM SHTPOMNHS BXOISIIUMX Ta30B. MUHH-
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MaJibHasl TeMIIEpaTypa Ha BBIXOIE pealu3yercsi, eciu TypOWHa paboTaeT M303HTPO-
NUITHO, T. €. SHTPOIMS ra3a B MPoIEecce paciiupeHus He U3MeHsieTcsl. OTKIIOHEHUS
OT N309HTPOIMUAHOCTU CBA3aHbBI ¢ TIOTEPSIMU U COOTBETCTBEHHO C BBIIETICHUEM TeTla,
4TO BeeT K TOBBIIEHUIO TEMIIEPaTyphl Ha BBIXOE.

VI303HTPOMWIHBIE NPOLECCh

[Ipouecc B TypbuHe, MpoTeKaAOIIXN 6e3 UBMEHEHUSI SHTPOITUHY Ta3a, HA3bIBAETCS U303H-
TPONUMHBIM.
M3 nepBoro 3akoHa TepMOAUHAMUKA

dQ=4dU + pdV, )
a U3 BTOPOTO 3aKOHA TEPMOIWHAMUKU
dQ=TdS, (®)
TdS =dU = pdV. )
W3 onpenenenusi satanermy Kak H = U + pV, cneayer
dU =dH -V dp- pdV. (10)
CrremoBaTeibHO,
Td8S=dH -Vadp, (11)
dH V
TdS =—-—dp. 12
T 177 (12)
Ho dH = cpdTn V/T = R/p, cnenoBatenbHO
ar dp
dS=¢c — - R-Z. 13
cP T p ( )
Eciu mpoliecc SBasieTcs M303HTPONUMMHBIM, TOo dS=0 1
ar dp dp
—=R—=={(¢,-¢,}|—; 14
CP T P (CP c”) P ( )
9_7_:(1_1]9’1, (15)
T Y) P
1-v
InT +| —* |Inp = const, (16)
Y
1y
Tp ¥ = const. a7n

W OKOHYATENFHO U3 YpaBHEHUS UICATBHOTO rasa
pV? = const. (18)

TakuMm 006pa3oM, MOJUTPONUYECKHI 3aKOH, BbIBEACHHBIM sl ciy4yas aguabaTUyecKoro
cxatus (CM. T/ 2), DPUMEHUM JIIsT TIO0TO U303HTPONUMHOTO Mpoliecca.
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Yemy paBHa TeMIlepaTypa ra3a Ha BBIXOAE W3 M303HTPOMUMHON TypOUHBI?
Hcnonb3ys MOJUTPOIMHYECKII 3aKOH, TTOIYYUM

pinVig = poulV(;{n' (19)

HpI/IMeHHH YPaBHCHHC HUACANTBHOIO rasa, JICIKO IMOJYYHUTh COOTHOLUCHUA!

i URTY = PLURT Y ins (20)
¥l
Toutanin = i (’;—] " @21)

DHeprus, BhIpabaTbiBaeMas U303TPOIMMIAHON TYPOUHOM,

y-1

W =pe, T |1- [-”—“‘) bt (22)

in

TypbuHa MOXeET paccMaTpuBaThCsl KaK aarabaTUdecKasi B TOM CMBICIIC, YTO IIpO-
TEKAIOIINI Yyepe3 Hee ra3 He OOMEHMBAETCs TETUIOM € OKpyXatwoleil cpenoil. OnHa-
KO TaKOM MpOoLEeCcC MOXET OBITh CBSI3aH C BHYTPEHHWMH IOTEPSIMH, IPUBOISAILIMMU
K TIOBBILICHWIO TeMIIEPATyphl Ta3a Ha BbixoAe. OHA OKa3bIBACTCs BHIIIE, YEM JaeT
pacdeT Mo cooTHOIIeHUO (21).

N3o3HTponuiiHas 3¢ deKTHBHOCT TYPOMHBI OTIPEIC/ISIETC KaK OTHOLUEHHUE pe-
aJIbHO BBIMOJIHEHHOW PaboTHI K paboTe, KOTopass MOIJa OB OBITh IOJYYEHa B M303H-
TPONTUITHOM IIpOTIECCE.

4.4, 3DDEKTUBHOCTb OKEAHUYECKUX TEMNOBBLIX
NPEOBPA3OBATEJIEW SHEPTUU

Koadduniment nmonesnoro aeiicteus 1nukia Kapmo i okeaHudec-
KUX TEIUIOBBIX IpeoOpa3oBare/ieii Ml BCAECACTBUE MAJIOH Pa3sHOCTU UCIOJIb3YyeMBIX
TeMrieparyp. [IpeoGpa3oBaTenn AOKHBI OTOMPATh OOJIBINIOE KOJWYECTBO TeIlia OT
TIOBEPXHOCTHBIX TEIUIBIX BOA M cOpachiBaTh GOJBIIYIO €TO YacTh B NIYOWMHHYIO XO-
JIOAHYIO BOJy. DTO TpebyeT NpoKauyku OOJBINMX Macc Bombl. IlpoBemeM cpaBHEHUE
C TUAPOCTAHIIUSAMY TOI Xe MOIITHOCTH.

ITycTs pasHOCTb TeMIEparyp TEIUION 1 XononHo# Boabl AT = Ty — T(.. MoxHo mo-
Ka3aTh, YTO B MpeoOpa3oBaresie, paboTalolieM 1o 3aMKHYTOMY LIMKITY, MUHHUMAaJTbHbI
PaCXOJl, BOZBL MMEET MECTO, KOT/A MIOJIOBMHA PACIIONAraeMOro TeMIIepaTypHOTO nepe-
Taja peanusyercd B TypOWHe, BTopas NojaoBuHa AT/2 NpUXOAWTCS Ha TEMIIEPATYp-
HBII Hamnop B JBYX TEILUI00OMeHHUKAX. IIyCTh MoMIoBMHA OT 3TOM MOJOBUHBI CBSA3aHA
C TEIUIOOOMEHHHMKOM TETUION BOJBI, TOTA MOIBOAMMASI B IIMKJIE TEILIOBAasI MOUIHOCTD
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paBHa 1/4(A TCI./). Toraa KITJ uuxna KapHo pasen AT/(2T,). Eciv npeanoaoXxurb,
YTO PAcXoJl XOJIOMHOM BOIbI PABEH PACXOAy TEIWIOH BOAM, Vi = 2V, renepupyemas
MOIIHOCTD (IUTSI MACANBHOM TYpOUHBI) OKAXETCS PaBHOMN

Porpe = —— AT W1 = 850AT Wiy (23)
16T,
Hycre T, = 296 K. OOpatyiM BHUMaHHE Ha TO, YTO MOIIHOCTD IPOITOPIMOHAIb-
Ha AT2
MOILIHOCTb TUAPOCTAHLIMH

Priyaro = OZARY, 4)

roe 8 — motHocTs Bogbel (1000 kr/M3); g — yckopeHue CBOOGOIHOrO HameHUs
u h — mepenan BBICOT BXO/a U BBIXOAA BOJIBI.

HMHTEepecHO OLIEHWTh BEIWMYMHY AA A THIPOCTAHLIMM OAWHAKOBOW MOLIHOCTH
C OKEAHCKOM TEIUIOBOM 3IEKTPOCTAHIMEN [IPH YCIOBUM MCTIOIb30BAHUSA OJTUHAKOBBIX
pPacxo/l0B BOABIL:

AT

Ah=—2 S
167,08

= 0,085AT2. (25)

O1leHKHY TIOKa3bBaJOT, YTO OKEaHCKas CTaHIIMs, paboTamolias Ipu TeMIlepa-
typHoM Hanope 20 K, 6yneT BrIpabaTeiBaTh OMMHAKOBYIO MOLIIHOCTE C TUAPOCTAH-
LMeil, MCIOJIb3YIoleit rApaBJIndecKuii Hamop 34 M, 9TO COOTBETCTBYET BIOJIHE
peaJbHBIM XapaKTepUCTUKAM CYIIECTBYIOMIMX THApOCTaHIMi. Kak BuUaHO, pac-
XOJ, BOIBI, TPEOYIOIIMICH I paGOThl OKEAHCKOM 3JIEKTPOCTAHIIUM, HE CTOIb yX
¥ Ype3MepeH.

BrInos1HEHHBIE BHINIC OIICHKH, OJHAaKO, OBUTM HECKOJIBKO ONTHMUCTUYHBIMH. He
VUATHIBAIACH, HATIPUMEP, 3aTPaThl SHEPTMH Ha MPHUBOJA PA3IMYHBIX HACOCOB, OCO-
OeHHO Ha HACOC XOJIOAHOH Boxel. TeM He MeHee OCHOBHas MpoliiemMa OKEaHCKHUX
TEIUTOBBIX 3JIEKTPOCTAHIMN CBSI3aHa He ¢ OONBIIIMMH PacXojaMK BOIEI, a B OOJIbIICH
Mepe ¢ TeIToOOMeHOM. B cpaBHEHUM ¢ TETUTOOOMEHHUKAMH TPAAUIIHOHHBIX TEILIO-
BBIX DJIEKTPOCTAHIIMI TETUIOOOMEHHHUKNA OKEAHCKUX CTAHIIWNA BBITJISISAT OTPOMHBIMH,
¥ He MeHee TNMOJIOBUHBI CTOMMOCTH TaKOW CTAHUWH IMPUXOAUTCS UMEHHO Ha TEIUIO-
0oOMeHHOE 00OpyIOBaHME.

4.5. NMPUMEP NMPOEKTA OKEAHCKOW TEMNJIOBOW
3NEKTPOCTAHLUN

OkeaHcKue 3HEProyCTaHOBKU IIPOCKTUPYIOTCA HEC HA MUHUMYM Pacxo-
Ja BOJbI, 4 HA OCHOBE KPUTCPpHA MUHHMMYyMa KAalIWTAAbHBIX 3aTpart. DTO BHOCHUT OHpEic-
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JieHHbIe OCOOEHHOCTH B paclipelielicHue TeMIieparyp B cucteme. Ha puc. 4.5 noxasaHsl
XapakTepHbie TeMriepaTypsl Aisi JIOKXMACKOTO MPOEKTa, B KOTOPOM HCIIOIB30BaHBI 3a-
MKHYTBEII UMK 1 aMMUAK B KadecTee pabodero tena. CpenHuii TeMrepaTypHbiii Harop
paseH 18,46 K. Pacxon terutoit Bomsl cocraBusier 341,6 m3/c. Teriag Boia BXOAWT B
TEIUIOOOMEHHUK C TeMITepaTypoii 26,53 °C U BRIXOIWT 13 HETO ¢ TeMiteparypoii 25,17 °C,
oxJIaxaasch Beero Ha 1,36 °C. I1pu 3ToM B MK BHOCUTCS TETJIOBAS MOLLHOCTG

P, =341,6-4,04.10° 1,36 = 1876,9 MBT (Tern.). (26)

ITape1 aMMuaka Ha BXOJIe B TYPOMHY UMEIOT TeMIiepartypy 23,39 °C, a Ha BeIXO#E —
11,11 °C, uto coorserctByer KI1/ umkima Kapro

26,5°C Hepenan Temmepatyp 25,7°C
B - . Ha TEITOOOMEHHHUKE
11,36 K TEIUTION BOIBL L AMMUaK

% 1.78 K Temnasn
& ! o, =1,36/18,46 = 0,074 Bola
g :;l— £ ] )
5 S Tlepenan Temneparyp 26,53°C 23,39°C
5 = MEXIy TeILI00OMEHHUKOM
E § EM u TypOuHOM W
j SNV s\Q
BX  BES  a, =1228/1846 = 0,665
A= — — T
E 32 9,06°C | LL11°C
= & epenan Temneparyp XomonHast
s = [ P MEXIY TypOuHOI ) BOAA
= i
g 2,05 K< <
<
A~ _10,99 K_ Tepenan TemrepaTypsr 8.07°C

8.07°C Ha TEIUI0OOMEHHUKE ’

XOJNOAHOW BOIBL

Puc. 4.5. TeMnepaTyphl B XapaKTePHBIX TOYKaX 3HEPTOYCTAHOBKH 110 JIOKXUICKOMY MPOEKTY

_2339-1111
fcamot = 5733773339

Kosddunuent nonesHoro neifcTBus peaabHOro 1ukKiIa paseH 90,2 % ot KITJL
muxina Kapro. OnHako 3aTpathl 9JeKTpOHEpIMM Ha paboTy HacocoB (Tabm. 4.1),
COCTaBJSIIOT OKONO 28 % BHIpaOOTAHHOM DIEKTPUYECKON MONIHOCTH. 3aMETUM,
YTO B OOBIYHBIX MAPOBBIX MallWHAX B OTIMYKE OT PACCMOTPEHHOI'O BapHaHTa OKe-

=0,041. Q27

U Jing syyniero mpeacTaBleHHs O XapaKTEPHBIX PACXOAAX OTMETHM, 4TO JAHHBIH pacXom COOT-
BETCTBYET CIIYYalo 3alOJHEHUWs TUIABATENbHOTO GacceiHa mromansio 25 + 12 M Bomoif MeHbie
geM 3a 2 ¢!
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AHCKOM BJIEKTPOCTAHIIMKA MOINHBEIC HACOCHI OOBIYHO HAXOASATCA HAa OLHOM Bajly
¢ TypOHHOI 1 UMEIOT MEXaHUYECKUM MPUBOI.

Ta6aumua 4.1. 3aTpaThl MOMHOCTH HA CoOCTBeHHbIe HYXKbI B JIOKxuIcKoM mpoekre, MBT

KoHaeHcalyoH bl HACOC (U1 PeUMPKYIISIIMY aMMWAKa) 2,54
Hacoc aist opollieHus aMMOHUS (JUTST pEUPKYJIALKA HEeUCIIapyBLIeH- 0.04
cS IONVT aMMHaKa) ’

Hacoc Teruioid Bomst 4,83
Hacoc xomoaHoi#t BOgbI 12,14
Bcero 19,55

OCHOBHBEIM TIOTpPeOUTENIEM MOIMHOCTH Ha COOCTBEHHBIE HYXIBI SIBJIIETCA HACOC
XOJIOMHOM BOIBI, 3aTPATHl SHEPIUH Ha KOTOPOM MIYT He TOJBKO Ha MepeKayKy OoJb-
LIOTO KOJIMYECTBA BOMBI, HO ¥ HA MIPEONOJICHUE COMPOTHBICHUS IMHHOM TPyORl, IO
KOTOPOM MOCTyIaeT IIIyOUHHAs XOJIOAHAsT BOIA.

TeHepupyeMasi 3JIeKTpUdecKast MOLTHOCTD

P =18769-0,041-0,902 = 69,4 MBT. (28)

gen

OnHako pacrioyiaraeMasi 3JeKTpHUYecKass MOIIHOCTh, OTHaBaemasi Ha BHELIHIOI
HAarpy3Ky, COCTABJISIET TOJBKO

B, =694-19,6 = 49,8 MBT. (29)
TakuMm 06pa3oM, MonHast 3PHEKTUBHOCTD OKEAHCKOH 3JIEKTPOCTAHIINH

49,8

= 13769 - 0 30)

Hauusle 2,65 % MOTyT OBIThH pealvi30BaHbl HAa TIPAKTUKE TOJIBKO Uit OYEHb XOPOLIO
CIIPOEKTHPOBAHHOM 3CKTPOCTAHIIHH.

JlaBneHue aMMuaKa Ha BXoae B Typouuy pasHo 0,96 MIla (9,7 atM), a Ha BbiXO-
e 0,64 MIla (6,5 atM). B xomonHyio Booy 4yepe3 TEIUIOOOMEHHMK XOJOTHOH BOALI
JOJDKEH OBITH COPOIEH TEIUIOBOM MOTOK, paBHBIA 1876,9 — 69,4 = 1807,5 MBT. 310
MOXeT ObITh 00eCTIeYeHO TIPH PacXo/ie XOMOAHOM Bombl 451,7 M3/c ¢ BXOMHOI TeMile-
patypoii 8,07 °C u npu Harpese ee Ha (0,99 K — no 9,06 °C.

Cnenyer uMeTh B BHLY, IT0 COPOC MOAOrpeTON XONOAHON BOABL JOJXKEH OCY-
LIECTBAATHCSA Ha 3HAYMTEIBHOM pPAaCCTOSHUU OT MecTa 3abopa XOJIOOHOH BOIBI,
4yTOOHI M30eXaTh UX MepeMelnBaHusg. [Ipy OTCYTCTBUM IIIyOOKOBOIHBIX T€4CHMI
C LIEJIbIO MPENOTBPAIleHUs MTeEpeMEIINBAHYS TETUIOH W XOJIOMAHOM BOABI M CHUXKe-
HUA 3PPEXTUBHOCTH pabOTHl CTAHIIMM MOTpeOyeTcsi mepeMelnars mwiaThopMy co
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CTaHILIUEH ITO IIOBEPXHOCTH OK€aHa, IIPUYCM I 3TOr0O MOXeET OBITH MCIIOTB30BaHA
SHEPTUS BBIXOASINEH U3 CTAHLMH CTPYHU BOIHI.

4.6. TENNOOBMEHHUKN

Monnerii KI1JX okeaHCcKOM 3/1eKTPOCTAHIIMH BeCbMa MaJl. B paccMoT-
peHHoM npoekTe 1877 MBT TeIU10BOI MOUIHOCTH KOHBepTUpPYETCS Beero B 49,8 MBr
NIOJIE3HOM 3JIEKTPOIHEPTUH, T. €. BCero OKoyo 2,6 %. OmHako MCIONbB3yeMOe B OKe-
AQHCKMX TETUTOBBIX CTAHLUMSX «TOIUIMBO» a0CONIIOTHO OecIiaTHO, U, TaKUM 06pa3oM,
KIT[I He sBAsieTcs KIMIOYEBLIM NokasartedeM addextusHocty. Haubonee BaXHBIMHI
CUMTAIOTCS KallMUTAJIbHBIE 3aTPaThl, pa3MEP KOTOPLIX B TEPBYIO OUYEPENb 3aBUCHUT OT
CTOMMOCTH TEITIOOOMEHHOTO 000pYI0BAHUSI.

MomHocTs, TIeperaBaeMasi 9epe3 TeIIO0OMEHHUK,

Pierm = YAATxp, 3n

e Y — KooQUUUCHT TernoobMeHa;, 4 — iomanb TenIoooMeHHNKa U ATpyp —
CPCAHUI TEMIIEpAaTYPHBIM HaNlOp B TEIIOOOMEHHHKE.

B paccMoTpeHHOM mpoekTe npeamonaraercs noctudb y = 2800 Br/(M? - K). Tpn
ATgyg= 2,5 K Py = 1877 MBT Tpebyemas IUIolIanpb TEIUIOOGMEHa COCTABISAET
oko710 270 000 M2, win npumepHo 500 x 500 M.

CHuxeHue k03¢ duileHTa TEIUIONEpeaYy BCIEICTBHE 3arPA3HEHMUS [TOBEPXHO-
CTeH TeTUI00OMEeHa BOIOPOCISIMU WIH OTIIOXEHUSIMU — CEPhe3HAA IKCIUTyaTALMOHHas
TIpo0JieMa, KOTOPYIO MOXHO PELIUTh, HAlIpUMEp, MyTeM SJIEKTPOJH3HON 06paboTKu
YaCTH BXONAILEH B TEILTOOOMEHHUK BOAH C BRUICICHUEM M3 Hee TPEIOTBPallaoniero
pa3BUTHE BOAOPOCEH xJopa.

C KOHCTPYKTHUBHO# TOUKW 3PCHUS NyJIINM MaTePHAIOM JUI M3TOTOBJIEHUS TEIl-
JJOOOMEHHUKOB ABJIAETCS THTAaH, CTOMKHI K MOPCKO# Bole. PaccMaTpuBaeTCs Takxe
BO3MOXHOCTh MCTIOJIb30BaHusI Ooiee NEIEBRIX AMIOMUHHUEBLIX CILIABOB.

4.7. MECTOPACNONOXXEHUE OKEAHCKUX CTAHLWIA

Mp&b1 Bumenu, 9TO KPUTHYECKUM IMapaMeTpOM JUIS OKEAHCKMX Tell-
JIOBBIX 3€KTpOocTaHLUi gBisgeTcs AT. COOTBETCTBEHHO JIYYINMMU MECTAMU TSl CO-
30aHUS CTAaHUMU SBJISIOTCS Te, TOE MOXHO obecrieydnTh Hambosbiuee 3Hadeuue AT,
B obiem, HETpYnHO HAaWTH B TPOMHYECKOUM 30HE YYACTKM BOLHOM MOBEPXHOCTH
C IOCTAaTOYHO BBICOKOV Temiieparypoii. bornee clioxHoii npoGieMoil AB/ISIETCS ITIOUCK
X0JIogHOH Boapl. Kak nparuno, 310 TiyGOKOBOXHEIE MOPCKHE aKBATOPMY, PacHoso-
KCHHBIE BIaNW OT cylUd. B CBSA3HM ¢ 3TUM 00Jjiee NIPUBIEKATEIbHBIMY IIPEACTABIAIOT-
Csl OKCaHCKME 3JIEKTPOCTAHIIMM, pa3MEILEHHbIE Ha IUIaBalolluX IUardopMax, a He
Ha Oepery.
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Boiblroe 3HadeHHe AT (0koso 17 K u Belle) He sIBASIETCA CAUHCTBEHHBIM Tpebo-
BaHveM. I TyGMHA PACIIOIOXKEHUS XOJIOMHBIX CJIOEB BOIBI C TEMIEPATYpOil HE BHINIE
6 °C momxHa OBITh He oyeHb Gobmoi (He Gomee 1000 M), MHAYe CTOMMOCTL TPYObI
UId TIONAYX Ha MTOBEPXHOCTD XOJOMHOM BOAB CTAHET CIIMIIKOM BBHICOKOM. st mpu-
€MJIEMOTO PEIIeHMS TIPoOIeMbl 3aKpellIeHUs TUIaBalolleil iaTtopMel Ha SIKOpE He-
00X0IMIMO, 4TOOBI IITyOUHA BOABL He fpessbiinana 1500 M, a CKopocTh MOBEPXHOCTHBIX
TeyeHHul GbLia He Oosee 2 m/c.

Ty6KMHa okeaHa B MeCTe IPEAIO;IaTaeMOro COOPYXEHWS CTAHUWW HE SIBISETCH
KPUTHYECKIM (PAKTOPOM, €CJIU TIPeTyCMAaTPUBAETCs CTPOUTENBCTBO NTOABHKHONI 3HEP-
rOYCTAHOBKH, MCTIONB3YIONICH TATY, CO34aBAEMYI0 IIOTOKOM BBIXOISILEH U3 CTaHIIUM
Bonnl. Kak orMeyaioch Bblllie, TAKOE PELIEHNE MOXET OBITh OOYCIIOBIEHO OTCYTCTBHEM
[MOABOMHBIX TeYEHUIK U HEOOXOANMOCTBIO TIPECAOTBPALICHIS NEPEMEINMBAHUS XOJI0 -
HOH ¥ NIOAOrPETOA BOIKI.

BaxseIM (haKTOPOM IpU BEIGOpE MECTa JJIST SJIEKTPOCTAHLIVH SIBJISIETCS PAaCCTOSIHUE
0T 6epera, Ha KOTOPBIi HAIO IepeaaBaTh 3MEKTPOIHEPTUIO TI0 SJIEKTPUYECKOMY KabeIo.
BmecTe ¢ TeM BO3MOXHO CO3IaHNE SHEPTOEMKUX OKEAHCKUX SHEPIOTEXHOIOTUYECKHX
KOMILIEKCOB, NPOU3BOAAIIMNX B OKE€aHE 3HEProeMKUe MAaTepualbl U MPOOYKTH. Tak,
Ui BRIpaOOTKHM aMMuaka TpeOYIOTCS TOJIbKO BOjla, BO3IYyX U J1eKTposHeprusd. OH 8-
JIFeTCS MACANBHBIM MPOAYKTOM LTSI TIPOU3BOICTBA Ha OKEAHCKUX DJIEKTPOCTAHLIMAX.
AMMH#MaK TOpasio Jierde JOCTaBIATh Ha Oeper, yeM 3nekTposHepruioo. IIpu 3toMm Ha
Oepery M3 HEro MOTYT ObITh TIOJTyUeHBI YIOOPEHUS U, €CJIM HEOOXOOUMO, TO Y IJIEKT-
POSHEPTHUS, HAIPUMEP C ITOMOIIBIO TOTUTUBHBIX 3JIEMEHTOB (CM. L. 7).

OnHa U3 KOHIEHIIHI OKCaHCKOU 3MCKTPOCTAHIINN MPEeayCMaTpuBacT UCIIONL30-
BaHHE TOJBKO XOJOJHOM OKEAaHCKOM BOABI. DTa BOJa BHayale MPOKAYMBAETCS 4epes
TEIUIOOOMEHHMK, a 3aTeM HaIIPaBJISICTCS B TaK HA3bIBAEMBIE MEJIKUE COJTHEYHEBIE TIPY-
IbI, PACIIOJOXECHHEBIC Ha TIOBEPXHOCTU 3€MJIY, Ille HArpeBaeTCsl COMHEUHBIM U3Jyde-
HHEeM JI0 OoJiee BBICOKOM TEMITepaTyphl, Y4€M 3TO BO3MOXHO Ha MOBEPXHOCTH OKEaHa.
JaHuoe penieHMe 103BossieT MoBEICUTh KIT/] aekTpocTaHuiy.

ConHedHble IPYAB MOTYT OBITh MCIIOJB30BaHBI HE TOJIBLKO I Harpesa BOIHI,
HO H JJId pa3BE€ICHUS MODPCKUX XMBOTHBIX M PACTEHHY B €CTECTBEHHBIX YCIOBUIX.
OxkeaHckas BoJa Ha OOJBIINX TNTyOMHAX HAChHIIEHA Pa3HOOOpPAa3HBIMU MMUTATENb-
HBIMU BellleCcTBaMHU M, OyIy4M HAarpeToil COJMHEYHBIM W3NY4CHHEM, IIPEeACTaBJIS-
eT co0OH MACANIBHYIO CpeAy Uil OBICTPOTO pa3BUTHS MHUKpoBomopociei. Bona ¢
MWKPOBOAOPOCHAMHU HOCTYIIaeT BO BTOPOWA TPYA ¢ MOIUIIOCKAMHU, ITHTAIOLINMICS
UMH. 37eCh BHIpAIMBAIOTCS YCTPUIIBI ¥ Jpyrue MoJumocku. Haubonee KpyrHbie
13 HUX HAIpaB/ISIOTCS B TOPTORBIID, 4 MEJIKUE Pa3MajibIBAIOTCS W 3arpyXxaroTcs B
TpETU# MPYI ¢ pakKooOpasHbIMU (KPEBETKM, JOOCTEPHI U Ip.), NOTPEOIAIOIUMEI
ux. CToYyHast BOJa M3 3TOrO MpPyHda HE MOXeET ObITh COpOILEHa B OKEAaH B CBSA3M C
e¢ 3arPA3HEHHOCTHIO TIPOAYKTAMU XHU3HEIeSITCIbHOCTH MOPCKUX XMBOTHBIX. [lo-
3TOMY MPEAyCMaTpUBACTCA €IIE¢ OJUH — YETBEPTHIN NMPYA, B KOTOPOM BBIPAIIHBa~
I0TCSL MOPCKHE BOJOPOCHTM, OYMUIAIOUINE BONY OT 3arpsi3HEHUH W MICIIOJIb3yeMBIE
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KaK MCTOYHHUK arapa, KappareHa Wil Xe KaK CHIpbe ISl IIPOU3BOLCTBA Ouorasa
(MeTaHa) B MeTaHTeHKax (cM. r1. 11), Teruras Boga U3 3TOTO NPyaa UCTIONb3yeTCH
B KayeCTBE UCTOYHMKA TEIUIa JJIsi OKEaHCKOM BIEKTPOCTAHLIUM.

3A4A4YN

4.1. OkeaHckas 37MeKTpoCcTaHUUA BhigaeT B ceTs 100 MBr. Temras Boga mogaet-
Cd M3 COJIHEYHOTO npyaa ¢ temieparypoii 33 °C. U3 temmooOMeHHHKa 3Ta BOAa
BO3BpalliaeTcsl B TOT Xe npyn ¢ temmeparypoii 31 °C. (TemwntoBeie moTepu B TPy-
GonpoBosax MOXHO CUWTATb HE3HAUYMTEAbHBIMK.) HarpesB BOXLI IIPOMCXOZUT 3a
CYeT COJIHEYHOro M3TyyeHUs. IIpenmomoXuM, 4To CPeAHEeCYTOUHOE TTOCTYIUIEHUE
SHEPr¥¥ CONHEWHOTO u3NydeHus cocramigeT 250 Br/M2 1 B BoJe MOTJIOUIAETCS
80 % aroii sHepruu. XonoaHas BoAa uMeer Temneparypy 8°C. OcTaibHble UCXOIHbIE
JIaHHBIE CM. Ha PUCYHKE.

T W8T
. §§ AT = 1,84°C
< e | .
s ATgr B
=
§ u_o(j
20 > YS‘:"
2 g T
w
£&Q S8 [:qn
g0 < S R
~ —
2 g 0
2 ~—
15} a3
=]
£ =
= M~
[=]
5 y ATrc 19
& &8
EE AT.=135C
-
=g I
L [

B reruioobMeHHUKe Tefias Bofa oxiaxmaercsa Ha 1,84 K, B To BpeMsI Kak XOJIONHAS
BOJa B CBOEM TEILUIOOOMEHHMKe HarpeBaercd Ha 1,35 K.

IIpennosnoxumM, 9to 80 % oOcTaBierocs TEMIIEPaTypHOTO Haropa cpabaTbhIBaeTcs
B TYpOMHE, OCTaIbHAS YaCTh HATIOpA B PAaBHBIX AOJAX pachpeaeieHa MEXIY XOJIOIHOMN
CTOPOHOH TEILIOOOMEHHMKA TEIUTOM BOABI (SBISIOIICHCS HCIIApUTEIEM) W BXOAOM
B TYPOMHY W TEIUIOW CTOPOHOIN TeIUi0OOMEHHMKa XOJIOAHOU BOABI (KOHAEHCATOpa)
U BBIXOAOM M3 TYpOuHBI (AT, u AT~ Ha PHCYHKe). 3aTpaThi MOLIHOCTH Ha COO-
CTBCHHBIC HYXIbI (IIPUBOA HAcOCOB M 1p.) coctasasdior 40 MBrt. BddekTnBHOCTE
TypGoreHeparopa paBHa 90 %.
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Paccumraiite pacXomb! XOJOMIHOM M TEILIOW BOOBI.
Omnpenenure HEOOXOMUMYIO TIIOLIANL COJTHEYHOTO MpyAa, MpeHedperas UCapeHUueM
BOJIBI C €T0 TIOBEPXHOCTH.
VcXomd U3 IIPEAIIONIOXEHHUS, YTO KPaTHOCTL OOMEHa BOIBI B IIPyAE COCTaBiuser 1 pas
B 3 cyT, olpeaeiiure TpebyeMyio IJIyOuHy Mpy/aa.

4.2. Tonbhcrpum nepeHocut 2,2 - 1012 M3/cyr poawi. CpenHsisi TeMriepatypa BOMBL
paBHa 25 °C. OueHnTe pa3Mep IUTOLIANN MOPCKOM TTOBEPXHOCTH, ¢ KOTOPOii cobupa-
eTCA SHEPTUs CONMHEUHOro U3Y4cHHS, o0ecneynBarollas SHEPrueil BOSHUKHOBEHUE
TAKOTO MOIIHOTO TEYCHUSI.

4.3. TlpeamnonoxnM, 9T0O aMMHUaK UCTapsieTcsl B MCMapUTeJe OKEaHCKOH 3JIEKTpO-
CTAHIMU TIPU TMOCTOSHHON TeMmepaType (HoayMaiiTe, CTPOrO JiM BBIIOIHAETCS DTO
ycrosre). Eciiu TeMIiepatypa TeIUIoi BOIBI Ha BXOZE B TEIUIOOOMEHHYK Ha AT Bhllle
TEMITEPATYPhl KUTIEHUST aMMHaKa, a Ha BBIXOJE M3 TEIUIGOOMEHHUKA ¢€ TEMIIEpaTypa
OTIIYAETCST OT TeMIlepaTypsl KulleHUst Ha AT,, TO KakoB OyneT cpeIHUI TeMIiepa-
TypubIi Hamop A7? CpaBHute Bamy pe3yabTaTsl ¢ KOHTPOJIBHBIME: ecu AT} = 4 K,
aAT, =2 K, 10 <AT> =2,88 K.

4.4. Atomuast 31eKTPOCTaHIMsa MOIIHOCTRIO 1,2 TBT pa3meniieHa Ha Oepery peku, Bona
KOTOPO# cryXuT mst oxnaxaenusi. KI1/1 anekrpocTaHuyy (OTHOIIECHUE ITPOU3BOAUMOR
3JIEKTPOHEPTHY K MoTpebnseMoMy Tetury) — 20 %. Oxitaxaaroniasi BOAa BEIXOIUT U3
TerLto00OMeHHMKa npu TeMiepatype 80 °C. [Ipenyaraercs UCIONB30BaTh 3Ty HATPETYIO
BOJly Ha 3JIEKTPOCTAHIIUM, TIOJO0HO OKEaHCKOM.

[penmonoxure: TeMnepatypa pedHoil Boabl paBHa 20 °C; KIIJ 31eKTpOoCTaHIUN
cocrasiser 1/2 ot KIT[ uvxna KapHo; moloBrUHA paclonaraéMoro TeMIiepaTypHoro
HATIOpa TIPUXOIUTCS Ha TypOUHY.

1. KakoB pacxon 3Toif BOABI?
2. Kakyio MakcUMAalIpHYIO 3JEKTPUYCCKYI0 MOIIHOCTD MOXHO [OJYYUTb Ha TaKOH
3JIEKTPOCTAHLIUK?

4.5. Hacocsl OKeaHCKOI CTaHLIUH IIPOKaYMBAIoT yepe3 TelroobmMeHHMK 200 M3 Ten-
JIOWi BOIBI B CEKYHIY, TEMIEpaTypa KOTOpOi B HeM cHuxaercs Ha 1 %. Bce cHu-
MaeMoe TeIUIO HalpaBisdeTcs B MCIIApUTeNh aMMuaka. TeMieparypa aMMHaka Ha
BXo[e B TypOMHY paBHa CpeIHell TeMrepaType BOIbBl B TEIUIOOOMEHHMKE MUHYC
I K. TeMnepaTtypa KoHAeHcaTopa IojaepxuBaeTcss Ha yposHe 10 °C 3a cuer
npokadku 250 M3 B CEKYHAY XOIOAHON BOmbl. DbdeKTUBHOCTh TypOoreHeparopa
pasHa 90 %. Ha coOGcTBeHHBIe HYXObl 3arpadmBaeTcsi 12 MBT npoussomumoit
3JIEKTPOIHEPIUH.

Kakoii moiokHa ObITh HauaIbHAs TEMIIEPATypa TETUION BOIbI, YTOOBI OGECIIEYUTH I10C-
TaBKy B ceThb 20 M BT 31exTposHepruu?
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Kaxo¥i nomxHa ObITh TeMIlepaTypa TEILION BOABI, YTOOBI 0GECIIEYUTD JIMIIb 3aTPATh
SHEPIUH Ha COOCTBEHHBIE HYXIbI?

4.6. PaccMOTpUM THIIOTETHYECKYIO OKEAHCKYIO 3JIEKTPOCTAHIHIO, 3()HeKTHBHOCTD
npeo6bpasoBaHus dHEPrUU Ha Kotopoit pasua KITJ nukna Kapuo. Temnepatypa Ha
BXOAe B TYpOuHY paBHa T}, a Ha BeIxofe U3 Hee 7.

Teri006MeHHUKU

TennoBoit
peobpa3oBaTesb
<—7 > = T\Camot
THOL\( TCDU[

Temno momsoauTCA yepe3 TEILTIOOOMEHHMK, HA BXOIE KOTOPOTO TeMIepaTypa BOIbL
pasHa T}, . a Ha Bexone Ty .. Pacxon Bomsl Yepes TeII00OMEHHUK paBeH V.
Crok Temia obecneynBaeTCsl APYTUM TEIIOOOMEHHUKOM C TEMTIEpaTypoil BOIBI HA
Bxone 71, ¥ Temreparypoii Ha Beixone u3 Hero T, ... Pacxox Bomsl yepes Tem006-
MeHHUK V.

Bce Temno, cHuMaeMmoe ¢ TeIUIOOOMEHHMKA TEIUION BOABI, TEPENaeTcd Ha BXOJ
Typ6uHsl. Bce Tetuto, cOpachiBaeMoe M3 TYpOMHBI, CHUMaeTCsI HA TEILTOOOMEHHUKE
XOJIOAHOW BOJIHI.

out®

TlapameTpsl nporecca:
Ty = 25°C;
TC in = SOC;
T, — cpennss Temmneparypa Mexay T win ¥ Ty
T, — cpenusaa temnepatypa mexay T, v T
Vy=Vo=V=420 M/c;
Ty ot B T gy HE 3aNaHBL

out?

out?

Acno, yto ecnu Ty, Oyner paBHOU Ty ,» TETUIO B LMK TONBOOUTHCA HE OyneT
¥ MOIIHOCTb CTaHUMHU OyneT paBHa Hymio. C Apyroi cTopoHsl, eciun T out OVIET
paBHa T, , MaKCMMaJbHasl TEIUIOBasi MOIIHOCTb Oy/JeT U3BIEKAThCS U3 TEIUIOi
BOZbI, HO MOIIHOCTh CTaHUMM TakXe OymeT paBHA HyMo, Tak kKak KITI uukna
KapHo oka3pIBaeTCsl paBHBIM HYIIO.

Mexny >TMMM DpeneNbHBIMU CIy4asiMd MMEETCS ONTHUMAlbHBI BapHaHT, IpH
KOTOPOM pealu3yeTcsi MaKCUMaJIbHAsI MOI[HOCTb JIEKTPOCTAHLMMU. Haitnure 3T
ONTHMalbHBIC YCIOBUS U 3HaYeHue T, ., ipu kotopoM KITJT nukna Kapuo 6ymet
MaKCVIMAJIbHBIM.

out?



rMNABA | TEPMODJNEKTPUYECTBO

JIo cux nop MeI 06CyXIaIM 001LMe TPUHLMIIE YCTPOMCTBA TEMIOBBIX
MaIliuH, TIpeoOPa3yIoINX TETUIOBYIO SHEPIUI0 B MEXaHAYECKYIO.

B 5T0#l M ciaeayolKX IaBax OyIyT pacCMOTPEHBI YCTpOWCTBA, KOTOPHIE Ipe-
00pa3yIoT TEIUIO HAIPIMYIO B 3JEKTPUUYECKYIO SHEPTUIO, 2 UMEHHO. TEPMOIJIEKT-
puYecKe U TEPMO3MUCCHOHHBIE Tpeodpa3oBareny. B rmaBe, MOCBIIEHHON ¢o-
TOSIEKTPUUECKHAM IIpeobpa3oBaTeiiM, OMHCHIBAIOTCS TEPMOPOTOIIEKTPUUECCKUE
npeoGpa3oBaTesiv, KOTOPbIe MPEOOPa3yoT TEIUIO B SHEPIUIO U3IMYUYCHHUS, a 3aTEM
B DJEKTPUYECKYIO 3HEPrulo. JIpyrue TUlinl mpeobpasoBaTeneil, Takue Kak, HaIlpu-
MEDP, MarHUTOra3oNWHAMMUYECKHN TeHepaTop, KOTOpHii Ipeobpa3yeT TEILUIOBYIO
SHEPIUIO B KMHETMYECKYIO SHEPTHIO TUIAa3MBI U Jajiee B 3JEKTPOSHEPIUIO, B 3TOH
KHHUI€ HC paccMaTpPHBAIOTCS.

B mpenplayluux riasax 3TOW KHUTHM TPU HM3JIOXEHWM MaTepHajia MBI CHadaja
obcyxnanu PU3NYIECKYIO CYLIHOCTh SIBJICHUS, JieXallero B OCHOBE paboOTHI TOTO
W UHOTO YCTPOMCTBa, a 3aTeM NEPEXOJMIM K KOHCTPYKIIMHU U XapaKTepUCTUKAM
YCTPOMCTB, UCIMOJB3YIOIINX 3TO ABJCHKE. B 3TOl riaaBe MBI OTOWIEM OT IIPUBBIY-
HOI cXeMBI ¥ CHAayaJia PaCCMOTPHM CBOMCTBa TEpMONApP U TOIBKO IIOTOM MOAPOOHO
OCTAHOBMMCS Ha CYTH CaMOro sBJIeHUs. Takoll mOaXo/ CBSI3aH C TEM, YTO ONMMUcaTh
XapaKTEPUCTUKH TEPMODAEKTPUUECKMX Npeodpa3zoBaTeneil NOCTATOYHO IIPOCTO,
HO JOBOJIbHO CIOXHO OOBACHHUTH IPOIECCH, B PE3YJAbTATE KOTOPHIX BO3HUKA-
eT TepMosekTpuyeckuii 3pdekT. JeiicTBUTEIbHO, OCHOBLIBASICH HAa 3aKOHAX
KJIACCUYECKOM MEXaHHUKM M MAaKCBEJIOBCKOM pacIpeleleHUU 3JIEKTPOHOB ITO
SHEPIUM, MH MOXeM y6eauThbCs B TOM, 4TO 3ddekra Ilenbrbe HE CyIIECTBYET,
a 3¢ ekt ToMcoOHa B MeTaIax ZOJXeH OBITh Ha ABa Mopsiika Ooiblie, YeM OH
ecThb Ha caMoM gene. UmenHo 3ddexTol Ilensthe 1 ToMCOHA NEXaT B OCHOBE
TEePMO2JICKTPUIECTBA.
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5.1. AHANN3 3KCINMEPUMEHTOB

PaccMoTpyM TeTIONpOBOMALLIMIA CTEPKEHb, TOPIIBI KOTOPOIO MMEIOT PasINUHYIO TEM-
niepatypy — 1y u T OueBuaHO, YTO B 3TOM CJIydae ¢ OJHOTO TOPHA B CTEPXEHD OyIeT
BXOIHUTH HEKWIA TEIUIOBOI IIOTOK MOIHOCTBIO P, @ ¢ APYroro Topra mu3 CTepxKHst OyaeT
BBIXOIUTB TETUIOBOM TIOTOK MOIUHOCTBIO P .. Eciin 60KoBast NOBEPXHOCTD CTEPXHST HAe-
aJILHO TEIUTOM30/IMPOBaHa, TO TEIUIOBOH MOTOK 4Yepe3 Hee OTCYTCTBYET, U

Py = Pop = AM(Ty - Ty (1)

B dopmyne (1) A — reronposonHocTh cTepxHs, Br/K, B cucteme CU, A = (A4/) A,
rie A — TUIoLIanb CeYeHNs CTEPXHS; [ — ero MinHa; A— Ko3hGHUIUEHT TETUIONPO-
sonHoctH, Br/K B cucreme CU. UHnekc F B 0003HaueHMSIX NIPUHAT B CBSA3U C TEM,
4TO SIBJIEHKE TEIUTONPOBONHOCTH WHOTIAA Ha3biBaloT dddekTomM Pypre B uects JKaHa
bamrcra Xozeda @ypve, TeM caMbiM OTMEYasi €r0 BKIAH B M3ydeHHe MPOLECCOB
paccesTHUSI TeIla.

Pcr Py

Puc. 5.1. CrepxeHb ¢ pasHbIMU Temriepaty-  Puc. 5.2. CTepXeHb, HaTpeBAEMEBIH 3IEKTPH-
paMu Ha Topiiax 9eCKUM TOKOM

Teneps npennoIoXuM, 9T0 CTEPKEHb UMEET OMUHAKOBYIO IO JIMHE GUKCUPOBAH-
HYIO TEMIIEPATYPY, HO 3@ CUET HarpeBa MOCPEACTBOM IEKTPHIECKOIO TOKA Er0 TEMIIE-
parypa BHIILIE, YeM TEMIIEpaTypa Tel, KOTOpbIe COMPUKACAIOTCS ¢ TOPUAMH CTEPXKHA.
B 3TOM ciygae Teru1oBoif mOTOK Oy/IeT BRIXOAUTH U3 CTEPXHS. TeIutoBas MOIIHOCTD,
BBIIEJIAIOMIASACS B CTEPXKHE BCIEICTBUE ITPOTEKAHUS 9JIEKTPMUYECKOTO TOKA, paBHa RI2,
rae R — 31eKTpUdecKoe COMPOTUBIICHUE CTEPKHsL. TIpH 5TOM IT0JIOBMHA BBIIEIMBILE-
rocs TeIuia 6yaeT yXoauTh Yepe3 OIUH TOpell CTEPXKHS U TIOJOBHHA Yepes3 NPYTOii:

Py;= P = 1/2RI2. 2

WHpekc J yKa3sIBaeT Ha TO, YTO BbIIEJICHUE TEIUIA B CTEPKHE 00YCIOBIEHO 3 dheKToM
Jxoynsa (Ixeitve [Ipeckorr [0yib). 3aMETHM, UTO HATIPABIECHMA TEIIIOBBIX TIOTOKOB
Ha puc. 5.1 u 5.2 paznmuatorcs. Eci 3a HarnpaB/ieHue TEIUIOBOTO NOTOKA BBIOPAaTh Ha-
NpaRjieHUe, YKa3aHHOe Ha PUC. 5.1, TO MOTOK Py, OyJeT OTpHLATEIbHBIM.

Ecmu nipencrasath cebe, YTO BOOMNb CTEPXKHS MMEETCs TPaIMEHT TEMIIEPATYPHL U
yepes3 HETO MPOTEKAET 3JIEKTPUYECKUI TOK, TO MBI OyIeM UMETh CYIIEpPITO3UIMIO 3h-
dextoB Dypre 1 KOy
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P,=A(T,- Ty -1/2RD, 3)

3nech B KadecTBE IOJIOXMTEIHHOTO HafpaBIeHUsT TeIUIOBOTO TIOTOKA BBIOPAHO
HampaBJieHHe, yKazaHHoe Ha puc. 5.1. OxHako B 0ojee CIOXHBIX KOHCTPYKIIMSX Ha-
paBieHUE TEIUIOBOTO MOTOKA MOXET OBITh IOBOJIbHO HEOXHIAHHBIM.

PaccMoOTpMM TepMoOIiapy, COCTOSIIIYIO M3 ABYX PAa3UYHBIX 10 CBOMCTBAM Mare-
pHAIOB (TIPOBONHVKOB WY TTONYIIPOBOAHUKOB), COSAMHEHHBIX OMUH C APYTUM. DTH
marepranbl (crepXHu A U B Ha puc. 5.3) MOTYT HENIOCPEACTBEHHO COIIPUKACAThCH,
100 MOIYT OBITh COCAMHEHBI C TIOMOIIBIO METATMYECKO TUIACTUHBI, KaK ITIOKA3aHO
Ha pucyHke. o Tex mop, 1moKa MeTaUTIMYecKasl IDTaCTMHA NMeeT NTOCTOAHHYIO TeMIe-
PaTypy, OHA HE OKA3bIBaCT HMKAKOTO BIVSHMS Ha XapaKTepUCTUKY TepMOIapst (Ipef-
IOJTaraeTcs, YTO BIEKTPUYECKHM COIPOTUBIEHUEM TUIACTAHBI MOXKHO IIPEHEOpeYb, a

ee TeIUIONPOBOAHOCTh MPAKTHYECKN OecKoHeuHa). CBOOOAHBIE KOHIBI CTEPXKHENH A
1 B mojcoennHeHbl K MCTOYHUKY TOKa.

Pe=A(T,- Ty + 1/2RI2. *

TUIacTHA MEXNy

crepxHsMu A u B

Merammyeckas

COeMHNTEbHAs
Toason Terwna Ty
Crok ermia T

TennonpoBonsue
3JIEKTPOU30ISLIMOHHBIE ITOJIOCKU

Puc. 5.3. IIpocras TepMomnapa (c/eBa) ¥ TECTOBask KOHCTPYKIUsA (CIpasa)

Eciy coeIyHUTEIbHbIE TIPOBOIA UMEIOT IIOCTOSTHHYIO TEMIIEPATYPY, TO OHU TAKKe
He OKa3bIBAIOT HUKAKOTO BAHAHUS. I1ycTh MECTO KOHTaKTa (Crai) AByX MaTepHuasos,
a TaKkXe WX CBOOOJHBIE TOPIIBI TEPMUUYECKH CBS3aHBI ¢ ABYMS TEIUIOBBIMU pe3epBya-
paM¥, KOTOpBIE NMEIOT TIOCTOSTHHYIO TeMilepatrypy. Pe3epByap, conprKacaoluica
CO CITaeM MAaTepHayioB, SABJISETCS MCTOYHMKOM TeIUIa (Jajiee HarpesaTesib), U ero
temmnepatypa T, [lpyroii pesepsyap SIBIAETCS NOIJIOTHTENEM Temia (Janee XoJo-
IWIBHYK), U ero Temmeparypa I Bylem c4urtarh, 4TO HarpesaTeb U XOJOIMIIb-
HUK 2JIEKTPUYECKM M30JMPOBAHBI OT TepMorapel. Criocod M3MepeHUs] MOIIHOCTH
TEIUIOBOIO MOTOKA P, MAYIIETO OT HarpeBaTeNsi K XOJOAUIbHUKY, OyneT onucad
B KOHII€ 3TOro maparpada.

IIpeacTaBuM, 9TO TEpMOIlApa TEIUIOM30JIMPOBAaHA OT OKPYXAIOIEeH CPelbl, TaK YyTO
OHAa MOXET OOMEHUBATKLCS TEIUIOM TOJILKO ¢ HarpeBaTelieM M XonomwibHUKoM. Ecim

161
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M3MEPHTD 3aBUCUMOCTDL Py OT (T — T) B cilydae OTCYTCTBHSI IEKTPHUIECKOTO TOKA
4epe3 TepMOoIapy, T0 OKaXeTcsl, YTO BeNMYuHa P, IponopUHOHAIbHA Pa3HOCTH TEM-

niepatyp (cM. ypaBHeHue (1)):
Py=A(Ty-T)). (5)
BasB B kagectBe mpumMepa A = 4,18 Br/K, nmoiayyum
Py=4,18 (T, - Tp. 6)
Ecnu yepe3 TepMonapy, 061aaloyio SIEKTPUYECKHM CONMPOTUBIEHNEM R, TIpO-
TEKAET 3NEKTPUIECKUNA TOK I, TO COIIACHO ypaBHeHHIO (3)

Py=A(Ty,-T,)-1/2 RI?, (7
WIN €CJIU COMPOTHBIEHHE TepMorapsl R = 2,6 - 10~ Om, TO
P, =2090 - 1,3- 10472 (8)

B (8) MBI, B KadecTBe npuMepa, NpUHSUH, 4T0 15 = 1500 K u T.= 1000 K.

= 4 4

[24]

]

]

g2

&

o |

g

= 7

A

g | w = 1500 K

= = 1000 K
5 l
~2000 ~1000 0 1000 2000

Tox I, A

Prc. 5.4. 3aBUCHMOCT MEXITY MOLIHOCTBIO TIOABOAMMOIO TEILIOBOTO MOTOKa P M CHIION
ToKa [ IUIsl TepMOTIaphl

[MonyyeHHas 3aBUCMMOCTb P, oT [ moKa3aHa Ha pucC. 5.4 HITPUXOBOW JIHHHEIA.

B 1eiicTBUTENBHOCTH OKa3bIBAETCA, UTO 3HAUCHUE Py 3aBUCUT He TONBKO OT TOKA, HO
Y OT €T0 HAIPaB/ICHHS. DKCICPUMEHTAILHO OINPE/IeIeHHas 3aBUCUMOCTb Py, oT 1 s
HEKOTOPOU TEpMOIIAaphl MPEACTABICHA Ha PUC. 5.4 CILIOIWIHOM TuHHeH. JlaHHas 3aBH-
CHMOCTH XOPOIIIO OMUCHIBAETCS IIOJIMHOMOM BTOPOI CTEIIEHU: )
Py =2090 + 1,87-1,3-10*472 9

Tlepsruiii wien B ypagHeHUU (9) omuChIBaeT TEIUIONPOBOJHOCTb M HE 3aBUCHUT OT

3HAYECHMA TOKa. TpeTwii wieH onmchiBaeT jokoyes Harpes 1,3 - 10472, Kpome Toro,
B ypaBHeHHHU (9) UMeeTcs YWIeH, NPONOPIMOHANLHEIN 3HAYEHHIO TOKa /.
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W3 3TOTO ClleayeT, YTO €CTU TOK TeYET B OAHOM HAMpPaBICHWH W TETUIOBOU ITOTOK
HanpapjieH OT HarpeBaTelIsl K XOJOMWIBHUKY, TO NIpHU NEPEMEHE HaIIPaBJICHHS TOKa
U3MEHUTCS U TIepeHoc Tema. OYeBUIHO, 9TO 3JICKTPUIECKUN TOK NEPEHOCUT TETLIO-
BYIO Hepruio. fpjeHue oOpalleHH IIepeHoca Teiuia HaszbBaeTcs addrerrom IlenpThe
(Kan Illapnb Acanac Ilenbthe, 1785-1845).

DMIIMPHUYECKU YCTAHOBJIEHO, YTO IIEPEHOC TeIlia, OOYCIIOBICHHBINH 3¢ dexToM
[enpThe, NIPOMOPIIMOHAIEH CHJIE TOKA, T. €. MOXHO 3alucaTh

P Peltier — /. s (10)
rae © — Koadbdunuent [lenbToe.
400
100 (56666Ka’a\
Gl :>X 320
80 QQQ\D' ] P
L
% f‘f} 240
;" (b.q’, q
i !
g[ s
® 40 . o
% T.=173,3 K =~
. < 2
20 OTL[eJIILHbIFI 3JI'ICMCHT Eﬁ
MOmyJisi 3
CAMBION 3958-01
0150 250 350 450

Temmeparypa T, K

Puc. 5.5. 3asucumocts 3JIC u xosbduimenta JeeGexa OT TEMIIEPATYPhL

Ecau K TepMoltape BMECTO TeHEpATOpa TOKA TIPHCOSIUHUTD WACATbHbBIA BOJIBTMETD,
TO MOXHO M3MEPUTH 3aBUCHMOCTD TIOJTy4aeMoi aekTpoaBrxymeit cwel (BC) Vor
Pa3HOCTU TEMIIEPATYP HarpeBartesid ¥ XonoamnbHuka AT = Ty — T DTa 3aBUCHMOCTh
sIBJSIETCST HeuHeiHoi. Ha puc. 5.5 npexacrasinena 3asucumocts 3/1C TepMomnaps ot
TCMIIEPaTyphbl HarpeBates 1, B IPEANIONOKEHNH, YTO TEMIIEPATYpa XOJIOAMIbHUKA T
[IOIIEPXKUBAETCSA TTOCTOAHHOMN ¥ paBHOM 173,3 KY.

Koagdpumment 3eebeka o onpenensieTcsi KaKk TAHTCHC yIjla HAKJIOHA KPWBOil V oT
T}, u cmabo 3aBUCHUT OT TEMIIEPATYPLI

o= av
=37
B manpHeiieM MBI MOKaXeM, YTO CBS3b Mexay kKoadbduumeHtamu 3eebGeka
u [lebThE BBIpaXaeTcs COOTHOIICHUEM:
w=oT. (12)

(1

" 3aBucHMOCTh V oT AT 0CTATOMHO TOYHO MOXET GHITh IpeicTaBieHa B Buae V= gAT + aAT? +
b @ AT? + ... 3HaueHUs KOIPOULMEHTOB 4, CTab0 3aBHCAT OT TeMIepatypsl 7.
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Taxkum obpazoM, koadduireHT [lenbThe CHIBHO 3aBUCUT OT TeMIEpaTypHI.
DJIeKTPOABUXKYIIAsl CIIA, pa3BUBacMas TEpMONAPOli, BeIpaKaeTcsd Kak

V= jadT, (13)

WY, €CJIN TPUHSTH CpedHee 3HaUYeHUE KoddduineHTa 3eebeKka paBHbIM <0.>, TO
V=<o> (T, - Tp. (14)

B nanpHeEIEM B 3TOM T71aBEe MBI, TTIOApa3yMeBasi CpefiHee 3HaueHne KoadbuimeHra
<>, OyAeM 3alUChIBaTh €ro IIPOCTO KaK . I10IB3yAChk CpeHIM 3HaYeHNEM Koaddu-
mreHTa 3eebeKa o, Mbl MOXEM JOCTATOYHO TOYHO ONMHUCATh paboyKe XapaKTePUCTUKU
TEpMOIIaphbl, OCHOBBIBASICH TOJILKO HA YETHIPEX BBIICONMUCAHHBIX 3(hdeKkTax, a UMEHHO:
®ypoe, [xoyins, [TensTbe u 3eebeka, ¥ MOJHOCTHIO MpeHeoperas agekTom TomMcona.
CripaBeTUBOCTb TAKOTO To/ixona O6yaeT 000OCHOBaHa B KOHIIC IJTABBIL.

TouHOCTE U3MEPEHUS TEMITEPATypHI TEJIA C TIOMOIIBIO TepMotiapsl (puc. 5.5) onpenensercs
KJIaCCOM BOJIBTMETpA, u3MepstonmmM 31 C TepmMonapsr (CpeIHII BOTBTMETP MMEET IIOrPel-
HOCTB M3MepeHnd okoio 0,1 % moiHoi mKkanbl). TOYHOe OMNpeie/ieHUe TEILUIOBOrO II0TOKA
sIBNIsIeTCs OoJiee CAOXKHOM 3amaveii.

Xpomens

/A Koncrantan KoncranrTal Tc

Prc. 5.6. CxeMa w3MepeHus TEILIOBOTO IOTOKA B TEPMOTAPY

B npuHOMNE TEMIOBOM MOTOK MOKXHO OPTAHM30BaTh IMYTEM TIPOITYCKAHUS JICKTPUIECKOTO
TOKA 4epe3 pe3ucTop. ECTeCTBEHHO MPHW 3TOM HE JOJIKHO OBITh 3JIEKTPUYECKOr0 KOHTaK-
Ta MEXIY TEPMONAPOl M MCTOYHUKOM TeIutd. B 3ToM cityuae sieKTpudecKasi MOIIHOCTb,
HeoOXoanMasi Tl MOICPXKaHWs TTOCTOSTHHOTO 3HAYEHWs] TeMIEPATYpPhl, SIBISIETCS MEPOM
TETUIOBOI'O TIOTOKA OT HATpeBare/Isd K TepMoriape.

OOBIMHO A5 UI3MEPEHUST TETUTOBOTO TIOTOKA MCTIONB3YETCST MeTA/UIMICCKIN oOpasen (Tipearo-
JIAraeTCs, YTO 3aBUCUMOCTD €T0 YIIeJIBHON IIPOBOAVMOCTH OT TEMIIEPATYPhI XOPOLIIO H3BECTHA),
KOTOPBIii pacIoiaraeTcst MEXIy MCTOUHHUKOM TeILIa 1 TepMomnapoil. Eciiv TerLIoBbie notepy |
yepe3 MOBEpXHOCTh 00pa3lia OTCYTCTBYIOT, TO TETUIOBOM TIOTOK B TEPMOMApPy MOXET ObITh
paccYMTaH MCXOAs U3 naneHus Temueparypsl (7, — Tp) BIOIL METAUIMYECKOTO 0b6pasia.
Temmeparyprl Ty* m T, Tak Xe, Kak u Temneparypa T, U3MEPSIOTCS JOMOJHUTENbHBIMU
TepMOIIapaMH, KOTOPbIE COMIPUKACAIOTCSA C COOTBETCTBYIOIIMMH MECTAMH YCTPOMCTBA.
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Tepmonaphl HaXogAT IIPUMEHEHNE B CICAYIOLINX YCTPOICTBAX:

1) TepmMomeTpax;
2) NpsSMBIX IIPEOOPa30OBATENAX TEIUIOBOM SHEPIUM B JJIEKTPUUECKYIO;
3) TEIUIOBBIX HACOCaxX U XOJOMUIbHMKAX.

5.2. TEPMOS3NEKTPUYECKUE TEPMOMETPDI

B cuny Toro yro 3/1C TepMoniapH sIBASIETCS MOHOTOHHON (yHKUIMEH
TeMIIEPATyphl, TEPMOIAPHl MOXHO WCIOJIb30BaTh B Ka4eCTBE TEPMOMETPOB. Bymyuu
TUATEJLHO OTKAJIMOPOBAHHBIMU, TEPMOTIAPLI MOTYT C OY€Hb OOJBILIONW TOYHOCTHIO
U3MepSTh TeMilepaTypy B auamnaszone ot 20 mo 1700 K. Ognako, misg Toro yToOH! me-
PEeKPHITh BECh YKa3aHHBIM MUANa30H TEMIIEpaTyp, MPHUIETCS MCIIOIb30BaTh Pa3ivd-
HbIE TEPMOITaphI.

H3-3a Toro uto TepMoDIC He sBisieTcs TMHEHHON QYHKIMEN TEMIIEPATYPHI, IS
nepecyeTa 3HaYEHUS U3MEPEHHOTO HAaNPSUKEHUS B TEMIIEPATYpy HEOOX0IMMO UCIIONb-
30BaTh CIIPABOYHBIC TAOIHMIIBL.

JI1s1 U3roTOBJICHUS TEPMOTIap MOXHO WMCIIONB30BaTh JOCTATOYHO OONBIIOE KO-
4yeCTBO KOMOMHAIMK U3 Pa3IMYHBIX MAaTePHUAIOB, OJHAKO CTAaHOAPTU3NPOBAHBI JIUIIh
HEMHOTHE U3 HUX. [{eBITh N3 9TUX KOMOWHAIUI, 0003HAYEHHBIE COOTBETCTBYIOILINMM
UIeHTU(UIUPYIOIINMHY OYKBaMu, IIPUBEJAEHEI B Ta0m. 5.1.

ITepBrlit MaTepHall B KaXIOM Itape, IPEACTABICHHON B TaOJMUIlE, SBISIETCS IO-
JIOXUTEIHHEIM BBIBOIOM TE€PMOIIAphl, BTOPOM — OTpuUllaTeNbHBIM. COCTaB CILIaBOB
yKa3aH B IIPOLIEHTaXx.

Tabamuga 5.1. CranaapTH3HPOBAHHBIE NAPbl MATEPHAJIOB /LISl TepMONap

Tun Marepuan PexomenmyeMbIit
JIMaria3oH temIeparyp, K
B Pt +30% Rhu Pt + 6 % Rh 1640-1970
C W+5%ReuW+26% Re 1920-2590
E 90 % Ni+ 10 % Cru 55 % Cu + 45 % Ni 370-1170
J 99,5 % Fe u 55 % Cu + 45 % Ni 370-1030
K |90%Ni+10%Cru95%Ni+2%Al+2%Mn+1%Si 370-1530
N n 89‘; ZUO ilx :— 11‘,‘5%‘}Z>CSri_i:l- 10’,5 1 7;6 SI\I/Ig 920-1530
R Pt + 13%Rh u Pt 1140-1720
Pt + 30%Rh u Pt 1250-1720
T Cu u 55%Cu + 45%Ni 70-620
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HeKOTOpHe M3 ITUX CIINIaBOB UMCKOT KOMMCPUYECKOC HAa3BaHHUEC!:

55 % Cu + 45 % Ni — KoHCTaHTaH, KyIpoH, aaBaHc, TepMokanTans JN (Con-

stantan, Cupron, Advance, ThermoKanthal JN);

90 % Ni+ 10 % Cr — xpomenp, Todens, TepmokanTans KP, T-1 (Chromel, Tophel,

ThermoKanthal KP, T-1);

99,5 % Fe — tepmoxantais JP (ThermoKanthal JP);

95% Ni+2%Al+2%Mn + 1 % Si — amnomens, HAan, TepMokaHTais KN,

T-2 (Alumel, Nial, ThermoKanthal KN, T-2);

84 % Ni + 14 % Cr + 1,5 % Si — uukpocun (Nicrosil);
95 % Ni+4,5% Si + 0,1 % Mg — ancun (Nisil).

I[J'[H I/I,ZleHTI/I(I)I/IKaIII/II/I NIOJIAPHOCTU BBIBOMOB TEpMOIIAphl MCIIOJIBL3VIOTCH 6YKBBI

P u N, xoTopbie NpHUCOEAMHSIOTCS K OYKBE, 0003HAYarOILe THII TepMonaphl. Tak, Ha-
nprMep, oGo3Hadenre EN yka3biBaeT Ha OTpUIIATEILHEBIN BLIBOA TepMoOnaps tura E.
TlpuB BBIGOpE MaTepuanoB IS W3TOTOBJIEHUST TEPMOIAPH HEOOXOAUMO YYUTHIBAThH
C/IEAYIOLIME XapaKTePUCTUKU:

1.

Cmabuavnocms. CBOICTBA MaTepyaia TEPMONAPE! HE JOJDKHBI M3MEHATLCS B IIPO-
Liecce MX SKCIUTyaTaluu. MaTtepuan AOJDKeH 00J1agaTh XUMIIECKOMA CTaOMITbHOCTERIO
[0 OTHOILEHUIO OKPYXAIOLIEH Cpefie, B KOTOPOi oH padotaet. Tak, [ng uaMmepe-
HHU¥ TIpDM BBICOKHX TEMNepaTypax B OKUCIWTEIBHONI Cpejlie JIydllleé BCETO HCIIOJb-
30BaTh TEPMONApHI U3 OJArOpomHbIXx MeTauioB. Kpome Toro, marepuasn I0JLKEH
ob6nanath GU3MIECKOi CTabMIILHOCTBIO. B HEM He IODKHBI IIPOUCXOIUTH (ha30Bble
IIEpeXObl, YTO OCOOEHHO BAXXHO TP paboTe B 06TACTH KPHUOTEHHBIX TEMITEPATYP.
Martepuan He DOJXEH M3MEHSATLCA TPU MEeXaHWuyeckoii oOpaboTke (Hanpumep,
HE JIOJLXEH TepsTh T'MOKOCTh). MaTepraibl HOJKHBI OBITh HEYYBCTBUTEIbHBIMHA
K BO3JEHCTBUIO MAarHUTHBIX ITOJIEH.

O0nopodnocme. BaxHo, uToOBI MaTepra GEUT OHOPOIHBIM HE TOIBKO B KOHKPET-
HOM 00pasle, HO ¥ 0T 00paslia K o0pa3iy, YToOsl BHIITOIHEHHAs | pa3 KaauOpoBKa
ObUIa CIIpaBeIuBa IS BCell mapTHM.

Boicoxasn mepmossexmpuneckas mouwgpocms. HIxHwmit ipesient HI3MepeHUs TeEMIIEpa-
Typbl ¢ IOMOLIBIO TEPMOIEKTpUYecKoro TepMomeTpa (okono 20 K) obycnosnen
HeboJIpUINM 3HaueHUeM KoddduureHTa 3eebeka o MpH TeMIlepaTtypax, OIM3KHX
K a0COIIOTHOMY HYJIIO.

Husxas menaonpoeodnocms. D10 CBOMCTBO BAXHO NIPH paGoTe B 06JIaCTH KPUOTEH-
HBIX TEMIIEpaTyp.

Br16op THNa TepMOIIapsl B OCHOBHOM OTIpeleisieTcsl 06JIaCThIO TEMIIEPATYD, B KO-

TOpOIl OHa OyaeT UCIOIb30BaThes (CM. Tabi. 5.1).



5.3. Tepmoanexmpuueckuii eenepamop _A,. 167

JI7nst nOCTVKEHIASI BRICOKOM TOYHOCTY U3MEPEHMI HEOOXOAMMO TPOBOANTE TIIATETh-
HYIO KaJIMOpOBKY TepMOIIaphl. B KadecTBe mpMMepa yKaXeM, 4TO IIpH Hamlexaleit
KaTHOpPOBKE TEPMOITAPH MOXHO YMEHBIIUTh IIOrPEITHOCTE M3MepeHus tepmoI/IC B
nuamazone Temnepatyp ot 0 1o 1450 °C mo 3 mxB. ITockonbky TepMo3/1C mist naH-
HO# TepMOITaphl IPH MAKCUMAIBHOM TeMriepaTtype paBHa 14 940 MKB, To norpeirHocTs
M3MepeHust TIPH 3Toil TeMIieparype He mipesbiniaet 0,02 %.

0,5 —— —
0,4
)
g 0,3
%ﬁ 5
)
€02 — —
o
o
[—1
0,1 —
TC =[ 0°C
0 |
0 100 200 300

Temmneparypa Ty, °C

Puc. 5.7. Tepmo3AC tepmonapsl Tina B (nanubsie NIST)

Ionpobuyio nHpopMaimio o 3aBucuMocty TepMoBIC oT TeMIeparypsl, Tabynu-
POBAaHHYIO C MHTepBaioM 1 °C, Aid pa3IuyHbIX THIIOB TEPMOIIAp MOXHO HAiTH Ha
caite NIST ITS-90 Thermocouple Database http://srdata.nist.gov/its90/main/. I1pu-
MepP TAaKOI'0 THIA MaHHBIX NpuBeAeH Ha puc. 5.7. OTMETHUM, YTO NMPUHIIAN pabOTHI

TepMOIIap BO MHOT'OM CXOX C NMPUHIUIIOM pa6OTLI TEPMOJJICKTPUICCKHUX TCHEPATO-
poOB, OIMMCAHHBIX HVIXKE.

5.3. TEPMOSJEKTPUYECK FEHEPATOP

CriocoOHOCTH TEpMOTIAaphl TCHEPUPOBATH HATIPSKEHWE TIPH UMEIOLIEH
MECTO PA3HOCTH TEMIIEpaTyp Ha €€ KOHIIaX MOXHO WMCIIONL30BaTh NS CO3JAHWM
TEIUIOBOII MAIiMHBI, KOTOpAasl IPeoOpa3yeT TETUIOBYKD SHEPTHI0 HEMOCPEICTBEHHO
B 2NMEKTPUIECKYI0. D PEKTUBHOCTh TAKOTO IIpeoGpa3oBaTens, KaKk U JI000H TETio-
BOU MalllMHBI, OrpaHUYeHa 3P GhEeKTUBHOCTBIO IUKIa KapHO U MO3TOMY MOXET OBITh
npeacraBieHa B (popme

'n=(TH—Tc)Tl*/TH, (15)

rae m* 3aBHCHT OT TeOMeTPUYECKUX TIapaMETPOB YCTPOMCTBA, CBOMCTB MaTepHalioB
M OT COIJIACOBaHMSI F€HepaToOpa ¢ Harpy3KOoi.
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PaccMoTpuM mipocTeiiniyio TepMoniapy, cxeMa KOTOpOi IToKa3aHa Ha puc. 5.8. Eé
SJIEKTPUYECKOE CONPOTUBICHUE R M TEIIONPOBOIHOCTH A MOXHO BEIPA3HThL CHEHy-
IOIYM 00pa3oM:

R=1/(A,c,) + l,/(A505p), (16)

A=A N/ + Aghy/ly, (17)

e A — IUIOINAAb TIONMEPEYHOIrO CeYeHHs KaXIOro CTepxHs; /| — IMHA KaXAOro
CTEPXHS; G — YACTbHAS AEKTPOTIPOBOHOCTD; A — YIEeNbHAs TEIIOIPOBOIHOCTE. 3a-
METHM, YTO CTEPXHU B TEPMOIIAPE PACTIONOKCHEI [IapaJLICTLHO HA TAKOM PaCCTOSHUN,
4TO TEIUIOBOI IOTOK pacnpenesieH MPaKTUYECKY PaBHOMEPHO, a 3JIEKTPUUECKHI TOK
ITPOXOAMT MOCIEAOBATENbHO CHAYajla Yepe3 OMUH CTEPXKEHb, a 3aTEM Jepe3 JAPYTOi.

Monson Terna T,
Crok temna T
lja

TemnonpoBoasime
3JIEKTPOU3OISIIMOHHEIE
[MOJIOCKU

Puc. 5.8. TepMonapa Kax TepMORJIEKTPUYECKII TEHEPATOD

B cryyae ecnu 4epe3 TepMOImapy NPOTEKAST BJIEKTPHUECKUH TOK /, MOIHOCTH

TEIJIOBOTO TIOTOKA, BXONSIIErO B TEPMOIIAPy OT MCTOYHHKKA TEIUIa, KaK ObUIO CKa3za-
HO BBIIIE, paBHA

P, =A(Ty- Tp) + =l - 1/2RI2 (18)

3necy ©m npeactapasger coboit Koapduumenr IensTbe, KOTOPBIH B JaHHOM Clydac
CorIacHO ypasHeHuio (12) nponopumonaiex temneparype T, Takum o6pasom,

Pyu=ATy— Ty +olyl-1/2RI. (19)
Tok, NpoTeKaroUnii Yepe3 HArpy3Ky,
Ty —T¢)
— 20
R+R; 20)

M, CJ1eAoBaTeIbHO, MOILIHOCTH, BBUIC/IAIOLIYIOCS Ha HArpy3Ke, MOXHO IIPCACTABUTH
KaK

I=
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2 g2
PL - o (TH TC)2 RL . (21)
(R+R,)
BbPeKTUBHOCTh YCTPOUCTBA

-1

2
(ReRY A1 LR ART]

=P, /P, = (T, - T.)/T Al LR
n= PPy = Ty =T/ T\ 27, Y2, T 2R, T,

VI06HO BbIpasuTh CONMPOTUBIICHME HArpy3K# Yepe3 COMPOTUBIIEHUE TEPMOIIaphbl
R, = mR. Torna, NoACTaBHMB 3TO BhIpakeH¥e B Gopmyny (22), monyuum

-1

1 .\ (m+1)? 1
N = Ncamot 1+§;(1+_C)+_m__§Z— = Ncamot N (23)
riae Ko3(¢pHauenT 100pOTHOCTH TEPMONAPDI Z OTIPEACHACTCS KaK

0(2

=27

KoadduiineHT Z nMeeT pa3MEPHOCTb OOpaTHOM TeMIIEPATYPhI, IIOITOMY B CHCTEME
CH onHa m3MepdgeTca B KeIbBMHAX B MUHYC IIEpBOii cTenenu. B BoIpaxeHW™ IS n*
BCe ITapaMeTpPhl, 3a UCKIIIOUEHMEM TlapaMeTpa Z, SIBISIOTCS BHEIIHUMH. BHyTpeHHME
XapaKTepUCTHUKU TEPMOTIAPHl «CripsATaHs» B Z. Yem Gombiie Z, Tem Oonbine 3¢ dek-
TUBHOCTh TEPMOTIAPHI.

Jist TOro yToOs! TIOJIYYMTH BEICOKOE 3HAYeHHE [O0OPOTHOCTU Z, HEOOXOIMMO BbI-
6UpaTh MaTepHAILl IUI TEPMOIIAPHI ¢ GONbIIMM 3HaueHeM ko3ddwmieHT 3eebeka.
KenatenbHO TakxKe, 4TOOB IpousBeaeHne AR ObUIO KaK MOXHO MeHbIIe. DTa 1enb
MOXeT OBITh JIOCTUTHYTA TTyTeM BBIOOpa KaK COOTBETCTBYIOLIETO MaTepyaa TepMoIiap,
TaK ¥ TEOMETPUYECKUX TTAPAMETPOB YCTPOCTBAa. YMEHBIICHUE AJIMHEBL U YBEIMYCHUE
[IONEPEYHOIO CEYCHMS CTEPKHS TIPUBENET K CHIDKEHWIO 3JIEKTPUYECKOTO CONIPOTHBIIE-
HuA R, OIHAKO TEILUIOPOBOIHOCTD A [PH 3TOM YBEIWMUUTCH. AHAJIOTMYHO YBEIUYeHUE
JUIMHBl ¥ YMEHbIICHUE CEYCHHUS MPHUBEAET K YMEHBIIECHUIO TEILIONIPOBOIHOCTH, HO
COTIPOTUBIIEHKE TIPU 3TOM BospacteT. K c4acThio, MOXHO BBIOPaTh F€OMETPUYECKUE
nmapaMeTphl, TIpY KOTOPHIX MpOM3BeAeHUEe AR MUHUMaIbHO. DTOT MUHMMYM Oyner
UMETH MECTO, KOIZa FeOMETPHUs YCTPOICTBA YIOOBIETBOPSIET CIEIYIOIEMY BBIpaXe-

Huto (cM. Ilpwroxenue):
4 Ag A sS4
428 = A4 25
IpA, \] AgOp 25)

AR = [(L/o )12 + (hgfop) P2 (26)

MaxkcuManpHy10 3 (heKTUBHOCTD TepMO3JIEKTPUYECKOTO TeHEPaTopa MOXHO IIOJLY-
YWMTb TPU TPABIIFHOM BBIOOpE 3HAYEHUS HArpy3Ku R;, KOTOPYIO MBI BBIDA3HIM Kak
R, = mR. Otciona cieiyeT, 4T0 HEOOXOMMMO TI000PATh COOTBETCTBYIOLICE 3HAUCHHE !

24)

IIpu sTOM yCcnoBuu
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é% L+£;b+;%)+gligifig =0, (27)
OTKy/a Moay4yuM
m=+<T>Z, (28)
rac
<> =(Ty+ Tp/2. (29)

ITopcTaBUB ITOJIYYEHHOE 3HAYCHKME M B YPaBHEHUE ISt *, HONYUMM
n

L (+<T7>2)"7-1 m-1
T+ <T>2) T T, m+T Ty

*

(30)

CyMMupys Bce BBIIICCKa3aHHOE, MOXXHO MPANTH K 3aKJIIOYCHHMIO, YTO CYLLECTBYIOT
TP pa3sINyHBIX criocoba onTUMU3alnK 3GOEeKTUBHOCTH TEPMOIIAPHL:

1) BHIGOp MaTepHaoB, OOECTIEUMBAIOIINX BHICOKOE 3HAYEHUE TOOPOTHOCTH Z;

2) BBHIOOP TEOMETPUUECKHX NAPaMETPOB, COOTBETCTBYIOIMX MUHIMAJILHOMY 3Ha-
YEHHIO NPOU3BEeNCHUS AR,

3) BBIOOP COOTBETCTBYIOLIETO CONMPOTHBICHUS HATPY3KH 110 OTHOIUEHHIO K BHYT-
pEHHEMY CONPOTHBIICHUIO YCTPOWCTBA, T. €. BHIOOP ONTHMAJIBHOIO 3Haye-
HUS M.

W3 ypaBHenus (23) cnenyet, 9To 1pu Z — oo
1

U A Gh
iy il 08
1141

MakcuMaibHOe 3HaueHue N* Oy’eT UMETh MECTO TP M = oo, DTO O3HAYAET, YTO
COTIPOTUBIIEHUE HATPY3KU HOJDKHO OBITH OECKOHEUHO OOJBIIE CONPOTHBICHNUS CaMO
TepMonapsl. JIpyramMu cioBaMM, CONMPOTHBIEHWE TEPMOIIAPHI AOKHO ObITH PaBHO
HYJIIO, 9Y€T0 MOXHO JOOUTHCS, TOJBKO €CJIA B KAUECTBE MATEPUAJIOB VISl TEPMOIIAPEI
MCTIONIB30BaTh CBEPXIIPOBOAHUKM. K COXaJIEHMIO, CBEPXIIPOBOIHUKY UMEIOT IIPAKTH-
YeCKuil HyseBoM KoapduumneHT 3eebeka. CrreloBaTelIbHO, MaXe TEOPETUYECKM He-
7634 MOTy4nTh 3G GheKTUBHOCTE N* = 1. Jlaxe ¢ TIOMOINIBI0 HOBEMIIUX pa3paboToK B
00JIacTH MaTepuajoB TPYIHO NOOMTHCS 3HAYeHUs No6poTHOCTH Z 6oubine 0,004 K1,
DTUM 0OCTOATENLCTBOM OOBSICHSIETCS, MOYEMy 3(h(HEKTUBHOCTh TEPMOIIAP CYLICCT-
BEHHO MEHBILE, YeM TePMOMEXaHMYECKUX JBUATEIEN.

Ha puc. 5.9 npencrasnena 3asucumocts n* ot T, (pu T, = 300 K) mis aByx pas-
JIMYHBIX 3HAaYEHUHA JOOPOTHOCTH Z. B KaXIIoM M3 NpeCTaBICHHBIX CIYYAEB M UMEET
ontuMajbHOe 3HaueHue. U3 3Tux rpadukoB ciemyeT, uto 3¢ (HEeKTUBHOCTh TEPMO-
[1ap, M3TOTOBJEHHBIX 10 COBPEMEHHBIM TEXHOJIOIHISIM, MOKET COCTABISAThL (TEOPETH-
yecku) okono 30 % KIIJ nukna KapHo. CoBpeMeHHbIE TEIUIOBBIE 3JIEKTPOCTAHLIMH
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umetor KITJT Ha ypoBHe 40 %. Eciu Temnieparypa mapa Ha BXofe B TypOWHY paBHa
812 K, a remneparypa Ha Brixoge — 311 K, To KITJI iukina Kapso cocrasut 61,7 %.
10 03HAuaeT, 4To peamusyercsa 64 % sddekTrBHOCTU IMKIa KapHo, yTo GoJee yueM
B 2 pa3a [IPeBbIIIAeT AHAJOTHYHEINA ITOKA3aTellb B TEPMOIJIEKTPOTEHEPATOpax.

0,4
N
tx%
\
* //°§
=031
g 42
3]
e]
iz
)
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=02
@™

0’ i ! 1 ]
400 600 800 T, K

Puc. 5.9. DddekruBHOCT TEPMONIAPHl B 33aBUCUMOCTH OT TEMTIEPATyphl

5.4. AOBPOTHOCTb MATEPUAIJIA

J1o TOro MOMEHTa Mbl TIPUMEHSUIN TIOHSITHE TOOPOTHOCTH Z UCKITIO-
YUTENLHO K [1Ape MATEPUANIOB, M3 KOTOPHIX CliejlaHa TepMoriapa. Y 100HO UCII0/Ib30BaTh
NOHATHE JOOPOTHOCTH, KaK XapaKTePUCTUKY OTIEJIbHO B3SITOTO Marepuaia. JTo Mo-
MOXET HaM 10J06paTh ONTUMANBHYIO TIapy MaTEpPHAIOB /ISl TEPMOIIAaphl, HO CHavala
HeoOX0AMMO PACLIMPHTH Olpeae/ieHrue KoabduumenTta 3ecbeka.

N3MepeHHs U TEOPETHUECKHE pACYeThl MOKa3bIBaIOT, 4T0 KoadduuueHT 3eebeka
JUIs1 JII00OTo CITasgi CBEPXIIPOBOAHMKOB PAaBEH HYIIO. DTO OOCTOSITENBCTBO MO3BOJISIET
BBECTM IOHATHE abCONOTHOTO KoadduiuenTa 3eedeKa Uist OOBIYHBIX TPOBOAHUKOB,
ONpeACINUB €0 KaK 3HaueHue KoadduumenTa Jeedeka s napbl MaTepUaJIOB, OILHAM
U3 KOTOPBIX SIBJISECTCS] TaHHBIA MaTepuall, a JPYTUM — CBEPXIIPOBOJHMK.

EcrtecTBeHHO, 4TO 3HaYeHUE abCONIOTHOTO Koapduimenra 3eebeka MOXeET OBITh
M3MEDPEHO U TEMIIEPATYP, IIPY KOTOPHIX Habmonaetcs 3¢ deKT CBEpXIIPOBOIUMOCTH.
Tak, xoapduimeHT 3eedeka st CBHHUA ObUT U3MEPEH TP TeMITepaTypax B AUana3oHe
or 7,2 no 18 K. IIpm temneparypax Hvxe 7,2 K cBAHEI[ caM CTaHOBUTCS CBEPXIIPO-
BOOHHMKOM U 3hdekT 3eebexa npomnagaet. s temiieparyp Boillle 18 K Ha MOMEHT
NpPOBENEHNS IKCTIEPUMEHTOB HE CYIIECTBOBAJIO CBEPXIIPOBOIHUKOB.
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Kosdpduupent 3eebexa 1y CBUHIA pU TeMIepatypax Buiure 18 K Gt paccyu-
TaH Ha OCHOBE TIIATENLHEIX U3MepeHu 3¢gdexTa ToMcoHa no ypaBHeuuto (138) (cm.
§ 5.14) ¢ ucnoap30BaHKMEM YpaBHEHUS

do _z (u3 138)
dT T

A6comnoTHBIi K03¢hduULeHT 3eebeKa T APYTUX MAaTEPUAIOB ObLT OIpEACICH HA
ocHoBe u3MepeHuii TepmoBJ1C Anst TepMoIIap, B KOTOPBIX OJHUM M3 MaTepUalioB SIB-
JISTICSL MICCIIEAYEMBII MaTepuall, a APYruM — cBHHeIl (cM. puc. 5.10).

Teneps, 3Hasa koadduuueHT 3eebeka, MOXHO BBIYMCIMTHL JOOPOTHOCTH Mate-
puana

o QGA_[_ 2

oA I _ 32
AR VR (32)

S
.
B dopmyne (32) Bce mapaMeTpbl OTHOCSTCSI TOJIBKO K BHIOPAHHOMY MaTepualy.
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Temmepatypa, K

Puc. 5.10. 3aBucuMocts koabdunuenta 3eebeka 1jId repMaHus OT TEMIEPATYPHI

SIcHO, 4YTO AN TONY4YeHUS MaKCHMMalbHOW JOOPOTHOCTH HEOOXOIMM Ma-
TepHaJl ¢ Hauboyiee BBHICOKMM 3HAYEHHEM O M HACKONBKO BO3MOXHO HH3-
KUM 3HaueHUeM A/c. K coxaneHuwo, 3T0 OTHOLIEHHE NMPUOIU3UTEILHO OIM-
HaKOBO JUid Bcex MeTajnoB. -Huxe 3ToT Bompoc O6ymer pazobpan Goiee
moapo6HO.
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5.5. 3AKOH BUAEMAHA-®PAHLA-NTOPEHLIA

B XIX B. pu3WKU CTAIKVBAIUCH ¢ OOJIBIINMHA TPYTHOCTSIMU TIPU IKC-
TIepUMEHTATILHOM ONpee/IeHNI TeIUIONMPOBONHOCTH MaTepraioB. B cepennne XIX B.
SKCOEPUMEHTANLHO OBLIO MOKA3aHO, YTO, TIO KpaliHeit Mepe, UTsi METaJUIOB OTHOLLE-
HUe A/C SBISeTCS IOCTOSIHHOM BeauunHoil. TakuM o6Gpa3oM, 3Hask 3TO OTHOILEHHE,
MOXHO OIIPENeNINTh TEIUTOMPOBOTHOCTD JIIOOOTO METAIIA, U3MEPUB €TO 3JIEKTPUUECKOE
COTIPOTUBJIEHHE, 94TO JOBOJIBHO MPOCTO. 3aKOH, YCTAaHABIMBAIOLLINI 32aBUCHMOCTD MEXIY
TEIUIOMPOBOIHOCTBIO, SJIEKTPOIIPOBOTHOCTHIO U aOCOMIOTHOM TEMITEPATYPOM, OIYY LI
HasBaHMe 3aKoHa Bumemana—®Ppanua—JlopeHiia, ¥ ero CripaBeTMBOCTh B MPUHITHAIIE
MOXeT ObITh JOKa3aHa Ha OCHOBE KJIACCUYECKOH MOIEIH 3JIEKTPOIPOBOIHOCTH.

PaccMOTpUM TEILIONPOBOAHOCTL OTHOMEPHOTO Ta3a, B KOTOPOM UMEETCsl MPOAOIb-
HBII TeMIrepaTypHEIA TpagueHT (puc. 5.11). TloBepxHocTh A, Haxoxsiasicad B Hada-
Jie KOOpIMHAT, MEPIIEHANKY/ISIPHA HATIpaBIeHUIO MBIDKeHWs Mosekyn. [Ipumem, 9Tto
CYMMAapHBIi [TOTOK MAacchl 4epe3 3Ty ITOBEPXHOCTh paBeH Hymo. Torma

n, + nyw, = 0. (33)

B nanpHeiieM MBI OyaeM MCIIONB30BaTh CHMBOJ [ st 0003HAYEHUST IJIMHEI CBO-
GOIHOTO 1TpoGera, a He IIWHBI 06pasiia, Kak 3T0 GbUIO paHblile. MOJEKYJIBI, IBU-
XKyIIMECd CjIeBa M IE€pPeceKalouIre MOBEPXHOCTh A, IPUXOAAT B CPEITHEM M3 TOUYKU
¢ KOOpauHaToi —I/2.

1 | 2
|
#_F___)
|
|
|
n ny
> | —
1 A vy

Puc. 5.11 TewtonpoBoIHOCTh B OMHOMEPHOM Ta3e

TlycTb ux KuHeTHIeCKast 9Heprus pasHa U ;. Torna MOJIEKyJIBl, nepeceKatoime
MOBEPXHOCTh A CTIPaBa, UMEIOT KHHETHIeCKyIo aHepruto U ;. [TonosrHa Monekyn
JBUXETCS HAJIEBO, a APyrasi [T0JI0BMHA HanpaBo. CyMMapHBiiA HEPTETHYECKUIA TIOTOK,
T. €. TUIOTHOCTb 3Hepruu, B1/m2,

nv nv oU
P= = W = Ul =75 31 (34)
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DHeprus KaxJioii Moxekyssl pasHa (1/2) kT, nostomy

p= 9T _ 9T (35)
4 ox ax
34echk A, KaK ¥ paHbllie, MPEACTAaB/IsgeT COG0H TEIIONPOBOIHOCTD.
Ec/n npenmonoxuTs, 4ro B MeTajLIax TEIUIO IEPEHOCHUTCS TONBKO ¢ IIOMOUIBIO SM1eK-
TPOHOB (4TO SABISAETCS BIIOJHE PA3yMHBIM NPEATIONOXEHHEM) M KAXIbLiA 2MEKTPOH TIepe-
HocuT (3/2) kT enuHWLl SHepruu, TO TETUIOMPOBOIHOCTh MeTa/Ula OYIET paBHa

3nvlk
4
Kosdpduuuent 3 yautsiBaeT TOT (akKT, YTO pealbHBI a3 SABISETCS TPEXMEPHBIM
¥ 3JMEKTPOHBI UMEIOT TP CTEIIEHU CBOOONEI. B IEVCTBUTENBHOCTH MBI 3aBHLIBIacM
peajibHOE 3HaYeHHE TEIUIONPOBOAHOCTH, IIOCKOIBKY HE YUUTHIBAEM CTATUCTHUECKOE
YHCJIO 3JEKTPOHOB TPEXMEPHOTO Ta3a, KOTOPhIE TIePeceKaloT 3aMaHHyI0 IOBEPXHOCTD
B €IMHULY BpeMeHU. XOTs ITOJYYSHHBIN pe3yJbTaT M HEJIb3sl CUUTATh KOPPEKTHEIM
B YMC/IOBOM BBIPAXEHUH, BIUSHUAE PA3IMUHBIX (HPU3HYIECKHUX (PAKTOPOB Ha TEIIONPO-
BOAHOCTB BBIPAXXEHO TIPABIILHO.
Ternepb paccMOTpUM SIEKTPUIECKYIO TTPOBOAUMOCTD

A=

. (36)

G =gnp, (37)

TAe 1 — MOABUKHOCTE, T. €. CKOPOCTh HOCUTENS 3apsifia, COOTBETCTBYIOMAs EIMHIYHOMY
3HAYEHHUIO ITEKTPAYECKOTO ITOJISL, BBI3BIBAIOILIETO 3TO ABHXEHME. [IpyrHMU CIIOBaMH,
9TO OTHOLIEHME APeiidoBoli CKOPOCTH v, K BETMYHHE EKTPUIECKOro nosst E:

w=u,/E. (38)

B rpeaiionoxeHi#, IT0 COyAapEHN U30TPOIIHBI, CKOPOCTD JIEKTPOHA TIOCHIE KAKJIOTO
COyAapeHns CTaTUCTUYECKN PABHA HYJIIO (IIOCKOJIBKY BCE HAnpaBlIeHUS ABWKECHUS PaB-
HOBEPOATHEL). B 3TOM Ciydae cpenHsist ckopocTs Apeiida snexTpona Oyaer pasna (1/2)at,
IIe a — yckopenue, gF/m, a t — cpearee BpeMs cBobonHoro rnobera l/v. BenomuuM, uto
TEIUIOBasi CKOPOCTb 3MCKTPOHA v OOBIMHO MHOTO 0OJIbLLE CKOPOCTH Apeiida, v,

w = ql/(2mv) (39)
"
o = ¢* nl/2mv). ‘ (40)
Taxum 06pazoMm, OTHOICHUE
A6 = 3mu? k/(2¢%) = 3K2T/(24%), 41)
TIOCKOJIBKY
mv? = kT. (42)

Tounoe BbIpaXeHUe 11 NCKOMOTO OTHOHICHMS UMEET BULL
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Mo = 1/3(K2T/q?) = LT = 2,44+ 10T (43)

DTO BRIpaXEHHE Ha3bIBaeTCs 3aKOHOM Buaemana-®panna-Jlopenna, a ocTosiHHAS
L =2,44-108 (B/K)> — uncnom Jlopenua.

W3 3TOr0 3akoHa CleOyeT, 4TO €CIM YMEHBIIATh IOTOK TeIjla, IPUMEHSIST MaTe-
pUaJibl ¢ Dojiee HU3KOH TEIUIONMPOBOTHOCTBIO, TO 3TO MPHUBEACT K ABTOMAaTHUYCCKOMY
YBEJIMYECHUIO JIEKTPUYECKOTO COTIPOTHBJICHUS] TEPMOIIAPHI, TTIOCKONIbKY CYILECTBYET
MpsSIMO MIPOTIOPLMOHANIEHAS 3aBUCHMOCTE MEXIY A U ©.

Takum 0b6pa3oM, HEBO3MOXHO JOOHUTHCS HUKAKOIO YJIYUYILEHUs ITyTeM BapUallvu
9TUX ABYX IApaMETPOB, U TIO3TOMY Yy OOJBUIMHCTBA METAIUIMYECKUX MPOBOIHUKOB
N0OPOTHOCTD 3aBUCUT TONBKO OT Ko3dduimenTa 3eebeKa u oT Temneparypsl, K-!

Z=0o?/(LT)=4,1-1076?/T. 44)

3aMeTuM, 4TO Z 00paTHO INpoNopuyoHanbHa L.

3akoH Bunemana-®panua—JlopeHia HOCUT OTHOCUTENEHBIA XapakTep, OCKONb-
Ky OH JIMIUG BeChbMa MPUOIM3UTETBHO OMUCHIBAET MOBEACHUE OOIBIMMHCTRA METAJUTOB
¥ HenpuUMEHHUM KO BceM MatepuaiaMm. Yucro JlopeHia Takke He SBISETCS KOHCTaH-
TOHM, KaK 3TO MPEAIUCHIBAETCA TEOPUEH — €ro 3HaYCHUE MEHSETCS MPU TIepeEXoe OT
MeTaJLIa K MeTauty (cM. tabn, 5.2).

Ta6nuna 5.2. Yncao JlopeHua aisi HEKOTOPbIX METAJLIOB

Mertamn 108 (g /K2 . Meramn 108 (LE: /K)?
Ag 2,29 Mo 2,65
Al 2,10 Na 2,18
Au 2,53 Ni 2,03
Be 1,60 Os : 3,00
Cd 2,44 Pb 2,51
Co 2,11 Pd 2,62
Cr 4,56 Pt 2,57
Cu 2,13 Sn 2,75
Fe 2,68 Ta 2,37
Gd 5,07 Ti 3,45
Hg 2,82 w 3,24
Ir 2,65 Zn 2,32
K 2,33 Zr 3,10
Mg 1,71
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CrneayeT OTMETUTB, YTO TOYHOCTh 3HAYEHWH, NPHUBEACHHBIX B Tabn. 5.2, HEBBHI-
COKd, IMOCKOJIBKY OHU IIOJIy4€HBI HA OCHOBE PE3YJIbTATOB HE3aBUCHMBIX M3MEPEHUI
TEIUIONPOBOIHOCTH M 3JIEKTPUYECKOM IIPOBOAMMOCTHU, OIyOJIMKOBaHHEIX B CripaBoy-
HuKe 1o xumun U usuke «Handbook of Chemistry and Physics» (CRC). Ckopee
BCETO, U3MEPEHUST TEIUIONPOBOIHOCTH M JICKTPUUECKON IMPOBOIUMOCTH MaTepHAJIOB
ITPOBOIMJINCH ISl PAa3NUYHBLIX 00pa3ioB O6e3 ydera TOro ¢hakTa, YTO IIEKTPUIECKass
TIPOBOAVMOCTD BeCbMa YYBCTBUATEIbHA K TIpuMecsM B marepuase. C y4€TOM 3TUX 00-
CTOSITENILCTB TMPUBEICHHBIE 3HAYCHUS L SIBISIIOTCS TIPHUOIM3UTEIHHBIMU.

JOnoMHUTENEHO MOXHO OTMETUTH, UTO TEILIONIPOBOAHOCTD Yallle BCErO U3MEPS-
€TCS C TOYHOCTBIO He BhIIIE BTOPO 3HAvameit imdpsbl. BaxxHbsiM daxTopom sBIsieTCs
TaKXe IPEATIONOXEHUE O TOM, YTO 3JICKTPOHBI — €IMHCTBEHHBIE IIEPEHOCYUKY TeIlIa
B TBEPAOM Telie. DTO TMPEIITOJIOKEHNE ¢ HEKOTOPO HATSIKKOI CIPABEUIMBO TOJIBKO
U METAJUIOB U HECIIPABEIMBO TSI OOJNBILMHCTBA OCTAJIBHBIX MaTepHaioB. B gans-
HeMIeM MBI OOCYIMM 3TH BOIIPOCH H0Jiee TToapoOHO.

5.6. TEMJIONPOBOAHOCTb TBEPAbIX TEN

B TBEPAOM TEJIC TEIUIO MOXET PACIIPOCTPAHATHCS IMPU MTOMOUIU ABYX
Pa3INYHbIX MCXaHU3MOB!:

1. Temno nepeHOCUTCH TEMHU XK€ HOCUTENSIMU, KOTOPbIe OTBETCTBECHHLI 32 TIEPEHOC
MEKTPUIECKOTO 3apsna. COOTBETCTBYIONIAsA TETUIONPOBOIHOCTD A, MOXET ObITh
HAa3BaHa TeIUIONPOBOAHOCTHIO HOCHTENeH Teia. 3Ha9eHME 3TOi TEIUIOMPOBOIHOCTIA
CBA3aHO C 3EKTPONPOBOAHOCTERIO TIO 3aKOHY Bumemana—-®paniia—JlopeHua.

2. Temro nepeAaeTcst MOCPEICTBOM KOJIEeGAaHHI KPUCTAILUTMIECKONA pemeTky (T. €.
boHOHaMm). BTOT CTIOCO6 TIEpefaud Tella Ha3hbIBAETCS PeleTOYHOM TelIonpo-
BOIHOCTBIO ;.

ITepBBiii MexaHW3M TIpEBATMPYET B METALUIAX, TaK KaK i1 HMX XapakTEPHO
n300MIMe HOCHTeICH, a pelreTKa JOCTATOYHO ILIACTHYHA. B MOJIyNpOBOIHHMKAX
HabJ0IAeTCA NPOTUBOIOJIOXHA KapTuHa. Hanpumep, anmas nMeeT HE3HAYNATED-
HYI0O KOHIICHTPAIMIO HOCUTENCH U, KaK CIEICTBUE, HUYTOXHYIO IEKTPUYECCKYIO
IIPOBOIMMOCTD. TEM He MEHee TEIJIONPOBOAHOCTh aiMa3a B 11 pa3 Gosiblle, 4eM
TEMIONPOBOAHOCTD antoMuHUs U B 30 pa3 Gouiblle, yeM xeiae3a. DakTUYecKu aj-
Mas3 ABJIAETCS HAWIYUIUUM [IPOBOTHUKOM TEILIa U3 BCEX BEIIECTB, MMEIOMNX IPU-
POLHOE NPOUCXOXIeHUS D,

1) CuHTeTHYECKME KPUCTAUTBI, Takue Kak HATpUA KpemHusa SiN u Hutpun amomuHus AIN, npu
TIIATEJIbHOM U3rOTOBIEHMHM MOTYT MMETh TEIUIONPOBOMHOCTD GOJIBINYIO, YEM Y ajiMa3a.

Anmashl, U3rOTOBIECHHBIC METOIOM OcaXueHus U3 ra3oBod dassl (CVD) Ha MOMIOXKY ¥ MMEIoue
auaMeTp no 15 cM u TommuHy Gonee 2 MM, 06iamaoT TeronposoaHocTeio 5300 Br/(M -+ K) npu
118 K u 2200 Br/(M - K) mipu 273 K. /Ina cpapHeHWs TEILIONPOBOAHOCTD MENK B TOM X€ UHTEPBaJE
TEMITEPATYp cocTaisieT okoso 380 Br/(m - K).
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O6uIasg TEIUIOIIPOBOIHOCTh TBEPAOTO Tela MPEACTABSIET COO0M CyMMY TEIIO-
[IPOBOJHOCTH, 00YCIOBICHHOI HOCUTENSIMH TEIUIa, ¥ PEIIETOYHON TEIIOMPOBOI-
HOCTH,

A=A+ Ay (43)
YuyuTeIBas 310, MONIyJdaeM BBIPAXKEHUE i1 JOOPOTHOCTU B BUIE
Z=0o/( ke + Ap) = 0¥/(Ae/o + Ay /o) = /(LT + A, /o). (46)

B pesysbTate OGPOTHOCTD Z, BRIYMCIIEHHAsA O hopMyiie (44), sBiIseTCs] BEpXHUM
[IPEACOM it TOOPOTHOCTH.

W3 naHHEBIX, IPUBEAECHHBIX B Ta0J. 5.3, MOXHO BHAETh, YTO B TBEPHABIX MOJIYNIPO-
BOOHMKAX (HAIIpMMep, B KPEMHWY U T€PMaHWM) PEeUIeTOYHAsl TEILIONPOBOIHOCTL Ha
HECKOJIBKO ITOPSAIKOB BEJTMIMHEI OOJIBIIE, YEM WX TEILIOTIPOBOAHOCTD, OOYCIIOBIEHHAS
HocuTeasiMu. Tak, HarpuMep, Y KpeMHUSL pellieTOYHas TeTUIoNnpoBoaHocTh B 400 pa3
60JibllIe TETUIONPOBOXHOCTH 3a cUeT HocuTeseit Terna. C Opyroi CTOPOHBI, OTHOIIE-
HUE TETUIOTIPOBOAHOCTEN B MSTKUX IMONYIIPOBOAHWKAX ropa3fio MeHblie (HalipuMep,
i BiTe oHO paBHO NPUOITH3UTENLHO YETHIPEM).

[To cCpaBHEHMIO ¢ META/UIAMM ITONYIMPOBOAHUKN HMMEIOT HEOIAronpusTHOE OT-
HOIIIEHUE A/C, HO 3a CYET OOJBIIOro MPeMMyIIecTBa B 3HAYEHHMH (0 OHU LIHPOKO
[IPUMEHSIOTCS IIPY M3TOTOBJICHWM TEPMOJNIEKTPUUECKUX TE€HEPaTOpPOB, XONOAWIb-
HUKOB U TEIUIOBBIX HAaCOCOB. MeTajuibl UCMIOB3YIOTCSI B OCHOBHOM B TEPMOMETPHH.
Bo3MOKHO CO3IaHUE MAaTepHAOB ¢ CYINeppelleTKaMMd, WMEIIUMH ITpeHeOpexu-
MO Majlyl0 PEeLETOYHYIO TeILUIONPOBOAHOCTh. CyneppelieTka COCTOUT U3 TiepeMexa-
IOILMXCS CJIOEB JIBYX Pa3IMYHBIX TTOJIyTPOBOTHHUKOB. PaccTostHue MeXIOy ClI0sIMA MO-
XeT OBITh CHETaHO MEHBIIe, YeM CpelHSA ITMHA CBOOOTHOrO Mpobera 3JeKTPOHOB
NPOBOAUMOCTH, HO GoJbiile, 4eM CpemHdsd IIHHA CBOGOAHOTO mpodera QOHOHOB.
B 3ToM cliy4ae MEXaHHU3M 3JIEKTPO- W TEIUIONIPOBOAHOCTH, OOYCIOBIEHHBIN HOCUTE-
JAMU, IIPAKTUYECKU He OyHeT HapylleH, a peIleTOYHAas IIPOBOOUMOCTD OyJeT B 3HA~
UUTENHHON CTEIICHW YMEHBIIICHA.

Ta6auwma 5.3. TensonpoBogHOCTH HEKOTOPBIX MONYNPOBOAHUKOB, Br/(M - K), npu koMHaTHOH
TeMIepaType M JEernposanuu, coorsercTeyomem o= 200 MmkB/K

Matepuan Ay Ac A/Ae
Kpemnawuii 113 0,3 377
IepMmanmit 63 0,6 105
InAs 30 1,5 20
InSb 16 1,0 16
BiTe 1.6 0,4 4
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Ecnu ctonp HU3Kasl TEIUIONPOBOTHOCTh PEIETKH MOXET OBITh JOCTUTHYTA Ol1-
HOBPEMEHHO C IOCTUXEHUEM 3HayeHus o Ha ypoBHe 350 MxB/K, To myist repMonap
MOXHO HOJY4YWTH Mpou3BeneHue Z71 = 5, 94T0, COIIACHO 3KCIIEPTHHIM OLIEHKAaM,
OTKPOET NIMPOYAMIINe BO3MOXHOCTH MPAKTHYECKOTO MCIIONb30BAaHUA STHX YCT-
DOMCTB.

5.7. KO3®DDULIMEHT 3EEBEKA Ang NOAYNPOBOAHUKOB

Hu onuH u3 metawioB He uMeeT koadduuueHt 3eebeka Goiblie
100 MxB/K. Kak BuAHO W3 TaONX. 5.4, M MOAABIAIOLIETO QONBIUIMHCTBA METAIUIOR
3HaueHHe KoadduineHTa 3aMmerHo MeHblie 10 MkB/K. HekoTophbie MOIyIIpOBOIHUKHA
B MPAKTUYECKM BaXHOM NMAalNa30HE TeMIEepaTyp MMeloT KoadduiueHT 3eebeka Ha
yposHe 300 MxB/K. Tak kak foOpOTHOCTH NMPONOPIMOHATBHA KBaApaTy Ko3hduu-
eHTa 3eebeka, MOXHO C YBEPEHHOCTBIO YTBEPXKIATh, YTO MPUMEHEHUE TAKUX ITOJIY-
MPOBOOHUKOB rOpas3fio MPEANOUYTUTEIbHES, YeM METAILIOB.

n p—

Konuenrtpaius
HocHTeNnei

Puc. 5.12. Koadpdunuenr 3eebexa, 31€KTpo- U TEIUIONPOBOAHOCTH IOJYIPOBOJHUKOB
B 3aBMCUMOCTH OT KOHIICHTPAIlUU HOCUTENCHT

JlaHHbBIe, IpUBeOCHHbBIE B Ta0J. 5.4, B3ATH U3 CIIPABOYHHKA I10 TEPMOIJIEKTPOHY-
K€, KOTOPHIi COOpaH M3 Pa3IMYHBIX MCTOYHMKOB. Bce 3J1eMEHTHI, IpeacTaBlIeHHbIE
B Ta0i. 5.4, aBnsA0TCA MeTajulaMu. 3HadueHUe Koaddunmrenta 3eeGeKa i ITONYTIPO-
BOOHUKOB CWIBHO 3aBHCHUT OT YPOBHsI npumeceid. IIpn 37oM noasspHOCTE 3ddekTa
3eebeka 3aBUCUT OT TOTO, SIBISIETCS JIM TOJYIIPOBOAHUK ITOJNYIIPOBOAHUKOM p- WIU
n- Tuna. J{is uucThix (0e3 npumMeceii) moNynpoBoAHUKOB Koa3dduimeHT 3eebeka pa-
BEH HYII10. JIJI1 MONyNIPOBOAHUKOB C MaJIOM KOHIIEHTpaMeH IIpUMeCH KO3(DPUIIMEHT
3eebeka OLICTPO pacTeT, JOCTUTask MaKCUMAJILHOTO 3HAYEHHS, a 3aTEM YMEHBIIIAeTCs,
Kak T10Ka3aHo Ha puc. 5.12.
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Tabauna 5.4. Koagduument 3eedeka mis merauioB MkB/K npu temneparype 300 K

Ag 1,51 Eu 24,5 Nb -0,44 Sr 1,1
Al -1,66 Fe 15 Nd -2,3 Ta -1,9
Au 1,94 Gd -1,6 Ni -19,5 Tb -1
Ba 12,1 Hf 5,5 Np -3,1 Th -3,2
Be 1,7 Ho -1,6 Os -4.4 Ti 9,1
Ca 10,3 In 1,68 Pb -1,05 Tl 0,3
Cd 2,55 Ir 0,86 Pd -10,7 Tm 1,9
Ce 6,2 K -13,7 Rb -10 U 7,1
Co -30,8 La 1,7 Re -5,9 \% 0,23
Cr 21,8 Lu —4,3 Rh 0,6 \ 0,9
Cs -0,9 Mg -1,46 Ru -1,4 Y -0,7
Cu 1,83 Mn -9,8 Sc -19 Yb 30
Dy -1,8 Mo 5,6 Sm 1,2 Zn 2,4
Er -0,1 Na -6,3 Sn -1 Zr 8,9
5.8. XAPAKTEPUCTUKI TEPMODIJNIEKTPUYECKUX MATEPUAJIOB

He ciremyer BEIOMPATh TEPMOIIEKTPUYECKIE MAaTEPUATEI, OCHOBBIBASICh
TOJABKO Ha MX T0OpOTHOCTU. MaTepuasl ¢ BHICOKUM 3HAYCHUEM HJOOPOTHOCTU Z MOXKET
ObITh HEMPHUTOAEH, HAaIIpUMeEp, M3-32 HU3KOW TeMIlepaTyphl TuiaBjicHus. B tabx. 5.5
1IPUBENICHB! 3HAYCHMS: JOOPOTHOCTU Z, MAaKCUMalbHOU pabGodedl Temmepatyphl 1y,
npousseneHusa ZT,; U 3GGEKTUBHOCTH 1) IS HECKOJIBKUX MaTepuaioB. DhQeKTHB-
HOCTb BBIYHCIIIIACH 1O opMyIie:

n=[(1+Z<T)H2 - D)/((1 + Z<TH)'2 + T /T ) Ty- T/ Ty 47)

upu 7= 300 K. Xots BiSb4Te7’5 HMEET CaMO€ BBICOKOE 3HaYeHHe AOOPOTHOCTH M3
BCEX MATepHaJIoB, NMPEICTABICHHBIX B TAaONWIlE, HU3KOE 3HAYEHHUE €r0 MaKCUMalib-
HOU paGodyel TeMIIEpaTypsI JejiaeT MPAaKTHYeCKOe UCIONB30BAHHE STOTO MaTepuaa
OTHOCHUTEIbHO HedbdeKTUBHBIM. C Ipyroil CTOPOHBI, TEJUTYPHJA CBHHIIA MMEET 3a-
MCTHO MEHBIIYI0 JOOPOTHOCTh, HO MOXET paboraTh Ipu TemmepaTypax ao 900 K,
U nosToMy ero 3¢ deKTHBHOCTL pocturaeT 12,6 %, eciau XOJNOmHBIN Topel oOpasma
Jicpxats pu Temreparype 300 K.
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Ta6nmma 5.5. XapaKTepHCTHKH HEKOTOPbIX TEPMOIJIEKTPAYECKHX MATEPHAIOB

Marepuan Z, 10-3K-! T, K ZTy, n, %
Bi,Te, 2,0 450 0,9 5.4
BiSb, Te, ; 33 450 1,5 7,6
Bi,Te,Se 2,3 600 1,38 11,1
PbTe 1,2 900 1,08 12,6
CeS (+Ba) 0,8 1300 1,04 14,3
T T 1 T T T T 1T T T 1 ]

- Zn,Sh, —

- T Ge/Sb

12 |- /i/’i” :

B / Bl'zTe:; \ \7

0,8 —
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- 4
04 | // i
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Puc. 5.13. 3aBucuMoctb ZT OT TeMITepaTyphl Ul Pa3IMYHbIX TOMYIPOBOIHUKOB p-THUITA

[poussenenne Z7T HocuT Ha3BaHue Oe3pasmepHoli moOpoTHOCTH. /I KAXJIOrO ITo-
JYNPOBOJHUKA CYLLECTBYET AMANIA30H TEMIIEPATYP, B KOTOPOM 3HaveHMe Ge3pasMepHOil
Jo6potHocTH ZT MakcuManbHO. B o6mactu TeMmeparyp okono 100 °C nydie Bcero pa-
6oraer Bi,Te,. ITIpn 60mee BeICOKMX TeMeparypax (okoio 500 °C) MOXHO UCHOJIB30BATh
PbTe, xotopsriit npuMeHsioT eule ¢ 1960 r. B macrosmee BpeMd B 3TOM IMana3oHe TeM-
TiEpaTyp NPeAoYUTaIoT TaK HaseiBaeMbrit TAGS (tellurium/antimony/germanium/silver).
B 2003 r. paspabotanv matepuan Zn,Sb., KOTOphilt HIMECT OTIMUHLIC XapaKTepHCTHKH B
MMPOMEXKYTOYHOM JHara3oHe Temrepatyp B paiiode 350 °C. Ha puc. 5.13 npeacrapieHs!
JAHHbIE IO TIOTYNPOBOJHUKAM p-Turia. OTMeTnM, 9to PbTe spisieTcss moaynpoBomHu-
KOM p-TUIla, KOTZa OH JIETUpOBaH HatpueM. EcIu Xe B HEro BBEAEHBI IPMMECH Honua
CBUHIIA, TO OH 00JIaTaeT CBOWCTBAMU IOMYIPOBOAHMKA 1-THIIA.

T'opasno Gonpilive 3HaueHNs BenMIUHbL Z 7T TIpY KOMHATHOM TeMIlepaType ObUIM I10-
JIyYCHBI B JIAOOPATOPHBIX yenoBusx. Tak, juis monynpoBoaHuka p-tuna Bi,Te, /Sb,Te,,
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MMEIOLLETO CYNEPPEILETKY, JOCTUTHYTO 3HAYeHue NpousseacHus Z1 = 2,4 Ipy KoM~
HATHOM TeMIIEparype.

5.9. HEKOTOPbIE COEPbI IPUMEHEHNSA
TEPMO3JIEKTPUYECKUX FTEHEPATOPOB

Bbicokass HageXHOCTh M MPOCTOTa YCTPOUMCTBA TEPMOINEKTPUYEC-
KWUX TEHEPATOPOB JeJIAI0T UX IIPUMEHEHKE MPEAMTOYTUTENBHBIM B TE€X CIIy4asix, Koria
BO3MOXHOCTE PabOTHl 2JIEKTporeHepaTopa 6e3 o0ciyxuBaHus 6ojiee BaXkHa, YeM €0
KII. TTo3ToMy TEpMOIJAEKTPUIECKIE T€HEPATOPHI IPUMEHSIIOTCS:

1. B sHepreTHyecKMxX MOOYJISX KOCMHUYECKMX Kopabjel, HaxomInIMXcd Ha yaa-
JeHHBIX oT CojHIIa opouTax, rie (GoTO3NeKTpUIeCKre nMpeodpa3oBaTeiv yxKe
Hea(hDEeKTUBHEL

2. B HaACTPOEYHBIX HMKIAX CTALIVIOHAPHBIX JIEKTPOCTAHINN (TIOTCHIMAIBHO).

3. Kak reHepartops! Wit He(PTeTOOBAOIINX CTAHLMI (BKIIOYasi MOPCKHE TUIAT-
topMmsI). .

4. Kak HUCTOYHMKHU 3JICKTPHUYCCKONH MOIIMHOCTH [JISI BEHTWISATOPOB B CHUCTEMax
000rpeBa XWIBbIX TTIOMENIEHUI MPU MOBPEXACHUY WIM aBapyul OCHOBHOTO MC-
TOYHUKA 3JIEKTPUYECKONA 3HEPTUM.

5. Kaxk MCTOYHWKM IEKTPOSHEPTHH B aBTOMOOWIE, KOTOPBIE MO3BOJSIOT YTHIU-
3UPOBaTh U3OBLITOYHOE TEILIO ABUTATEIIS.

6. Kax MCTOYHUKHM 3JEKTPOSHEPruu, HEOOXOAMMOM UL OTKPBITHS KJIAITaHOB B
TONOYHBIX Ta30HArpeBaTe/JbHBIX cucTeMax. [locae 3aXuraHusi pacTOMOYHOIO
dakera TEpMOIJIEKTPUIECKIE TEHEPATOPHl HAYMHAIOT BhIpabaThIBaTh 3JAEKTPO-
SHEPIUIo, KOTOPasi IOJIacTCs Ha MEXaHW3M OTKPBITHUS TJIABHOTO KJIaraHa [oaadu
rasa.

Temno, Heo6XxoMUMOE JIs1 PaOOTHI TEPMOINEKTPUUECKUX TEHEPATOPOB, MOXET OBITh
HOJIYYEHO OT Pa3IMYHbIX UCTOUHUKOB. MOXHO HCIIONB30BaTh TEIUIO, 00pa3yolLeecs
B Pe3yjIbTaTe CKWTAHWMS TOTUTHBA WiV TPOTEKAHMUS SACPHBIX Peakiivii; TeIuio, COaep-
Xalleecss B BBIXJIOITHBIX Ta3aX aBTOMOOWJIeH, U Tip.

DHeprysd pacinaga paTdoHYKIMIOB MOXET YTUIM3UPOBATECS B CUCTEMaX 3HEpPro-
obecrieueHUsT KOCMUYECKHX Kopabiieit (Tabi. 5.6).

TIpyM UIHTETBHBIX KOCMUYECKHX TIOJIETaX WCIIONb3YeTCs 3Hépr1zm TUTYTOHUA-238,
KOTOpPHIN MMeeT GOJIbIIONW Iepuol mojypacnana. OLHaKO CTOMMOCTb TaKo-
0 TOILUIMBA OKAa3BIBAETCSl YPE3BHIYAHHO BBICOKOW: HECKOJIBKO MWLIKOHOB JOJI-
JApOB HA OIMH pajHOU30TONMHBIN TepMo3NeKTpudecKuit reaepartop (PTOT).
B HazeMHBIX ycTaHOBKAX GoJnee mpearrouTuTeNieH cTpoHIMii-90. Okono 500 takux PTOT
ObUIY ycTaHOBNIEHBI B ObiBiIeM CoBerckoM Colo3e sl crienuanbHbix Heieid Ha Konb-
CKOM TIOJIYOCTPOBE Ha rpanmiie ¢ OursHmueii u Hopeerneii.
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Tabanma 5.6. PaiHOHYKIWIBI, MCHOAb3YEMble B PAJHOM30TONHBLIX TEPMOIJIEKTPHYE-
CKHX reHeparTopax

Iepuon VaenpHas temoBast | YaenbHasi CTOUMOCTD
DeMeHT Tonypacnana, MOIIIHOCTb, YCTAHOBKY,
rofabl kBt/xT noml./Br

Hesmii-144 0,781 25 15

Kropwuii-242 0,445 120 495
TLryronuii-238 86,8 0,55 3000
ITononnii-210 0,378 141 570
CrpoHuuii-90 28,0 0,93 250

TaGanmma 5.7. XapakTepUCTHKH PaJHOM3OTONMHOT0 TEPMOITEKTPHYECKOro reHepatopa,
YCTAHOBJIEHHOTO HA KOCMHYecKoM annapate «[ajiujieo», OTHDPaBIEHHOM
K IOnaTepy B 1981 1.

[lokasarens Emvnvia BOL EOM
Temno, BblpaGaThIBaEMOe U30TOTTHBIM UCTOYHUKOM Bt 2460 2332
Temno, TOCTyAIOLIES HAa peolpa3orareib Bt 2251 2129
Terno, mocTymamwinee Ha TEPMOITEMEHThE Br 2068 1951
Temmeparypa ropsiaero criast K 1133 1090
TeMriepatypa x0M0IHOTO crias K 433 410
TepmoanexTpuyeckast 3¢dGHeKTHBHOCTD % 11,1 10,8
Db deKTUBHOCTS TEHEpaTOpa % 9,4 8,6
BrixogHas MOLIHOCTH Bt 230 201
Macca KT 41,7 41,7
BrixonHOE HampspkeHUE B 30 30
YaenpHast MOITHOCTH Bt/xr 5,52 4,82

Panuou30TONMHEI TEPMO3JIEKTPUYECKIH FeHepaTop OBUT YCTAHOBJIEH HA KOCMUYEC-
KoM arnmapare «[anuieo». B HeM HCIIONB30BANIACH OPUTHMHANBHEIE 110 TEM BPEMEHAM
MOJTYIIPOBONHUKY Ha OCHOBE ceJicHa. XapakTepucTuku 3toro PTOI mpeacrasieHsl
B Tabu. 5.7, Tme maHBI TapaMeTpsl ycTpolicTsa B Havdaie moiaeta BOL (Beginning Of
Life) u mocne 3aBepiieHus mMexiuianeTrHoro mepenera EOM (End Of Mission).
Hyxno ckaszatp, uro PTBI Mor 6n paboTtars euie MHOTO JIET ¥ IIOCJIE 3aBepHIE-
HUSl MEXIUUIAHETHOTO Tiepenera. B maHHoM ciyyae MomeHT BOL coorBeTcTByeT

1000 4y, a EOM — 59000 u (mouru 7 JeT) mociae YCTAHOBKM PaXMOM30TOINHOTO
HMCTOYHHUKA TerUla.
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Pasnocth Temnepatyp AT 3a BpeMsi TTojieTa NONIepXKUBANach NPaKTUYECKU Ha I1O-
croguuoM yposHe 700 K. TepMoanekrpudeckasi 3hGeKTUBHOCTh 32 7 €T paboTh
YMEHBIIIACH HECYIIIECTBEHHO.

Eme omumMm mpeumylilectBoM PTBIT gBisgeTcA €ro Ype3BhYaifHO Majas macca,
OCOGEHHO €C/Id y4YeCTh, YTO OHA BKJIIOYAET B ceOSI He TOJNBKO I'€HEpaTop, HO U TOM-
JIMBO, HEOOXOAMMOe Il MHOTOJIeTHero MyHKIIMOHMpOBaHUsA. Jlaxe caMbiil JIErKuit
13 BCEX BO3MOXHBIX OEH3MHOBBIX JBHraTelleil OyleT Ha TIOPSIIKA BEJIMUMHBI TSIKE-
nee PTOT. [iBUrateny caMoJIeToB MOTYT HMETh YAeabHYIO MolHocTh 1500 Bt/KT, HO
K UX Macce HYXHO NOOABUTH MACCY TOIUIMBA U OKUCIIUTENS, HEOOXOANMBIX IS JOJI-
rOBpeMEHHOM paGoTH. YAeIbHbIN pacxo/l TOTUIMBA B 66 H3UHOBBIX ABUTAaTEIsIX COCTAB-
astet okoi0 0,2 Kr/(1. ¢. - 9)V. Ha Kaxaplii KIJIOrpaMM TOIUTMBA ABUTATENIO TpebyeTcs]
npumepHo 3,1 xr kucnopona O,. Takum o0pa3oM, ydeavrblil pacxo0 moniuea u OKuc-
Aumena B OGEH3WHOBBIX ABWrarelsix cocrabisget 0,8 kr/(. c. - 9). Ilockonsky 200 Bt
coorBeTcTBYIOT 0,27 J1. €., YaCOBO¥M PacXo/ TOTUTMBA Y OKWCIUTENS B TAKOM JIBUTATEIIE
pageH 0,22 kr. I1py LIKTEILHOCTH TT0R€eTa, cocrapmsioueit 59 000 4, Ha 6opTy AOMIK-
HO HaxomuTbest 14000 KT TOIUTMBA K OKUCIUTENs. TakuM 06pa3oM, TOMBKO Mac-
ca HeoOXOOMMOro TOIUIMBa M okMciauTeias OyaeT B 300 pa3 Gonbine Maccel PTOT.
Kpome Toro, B PTOI" HET mOABUXHBIX YacTell 1 MEXaHM3MOB, [I03TOMY HE TpeOy-
eTcd o0cayxuBaHMe. B To xe BpeMss HEBO3MOXHO MpeACTaBHThL cebe OeH3MHOBBIA
JABUTATENh, KOTOPHLII MOT 6B paboTaTh Ha MPOTSIXEHWU 7 jJeT 6e3 TEXHUYECKOro
00CITy>XMBaHUS U PEMOHTA.

5.10. PACYET TEPMO3NEKTPUYECKOTO rEHEPATOPA

Mpnmep

TepMO3IEKTPHYECKHIA TEHEPATOP MMEET BHIXOOHYIO MOIIHOCTE 100 KBT NpM HampsoKeHUU
Ha BeiBoaax 115 B. Temmnepatypa ero ropsiueit crenku 1500 K, a Temmepartypa XxonogHoil —
1000 K. IIpu Takoii AOCTaTOYHO BHICOKOM TEMIIEPAType XOJIOMHOW CTEHKU TEPMOIIECKT-
PUYECKHII T€HEpaTOp MOXeT OHTHh YCTAHOBJIECH Ha MAapOCWIOBOH YCTAHOBKE B KauyeCTBE
HaACTPOHKY K OORIYHOMY TEILTOBOMY LIMKNY (CM. I, 3).

XapakTepHUCTUKY MATEPHAJIOB TePMOIIAPHI CAENYIOIIUE!

k03bdurmeHT 3eebeka (yCpeIHEHHBIH 10 pabouyeMy Muana3oHy TeMIEpaTyp) —
0,0005 B/K;

anieKTpudeckoe corporupieHue Bersu A — 0,002 OM - cvm;

37eKTpUUeCKoe conporusiaeHne Betsd B — 0,003 Owm - cM;

TemronposonHocts BeTBu A — 0,032 Br/(cMm - K);

TETONpPoBOAHOCTL BeTBU B — 0,021 Bt/(cMm * K);

MaKCHMAaJIbHO BO3MOXHAs IUIOTHOCTb JIEKTpUYecKoro Toka — 100 A/cm?2,

" OpHuM K3 HanboJiee SKOHOMMYHBIX CaMOJIETHBIX JABUTATelNeif, KOTHa-NMuG0 pa3paGoTaHHBIX, ObLT
Jsuratenb KoMnaHun «Jlokxum». Ero yaempHbIi pacxol Torumsa He Tpesbiiman 0,175 kr/(1. c. * 9).
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IIpodonxc. npumepa

1151 IpoCTOTHI MpUMeEM, YTO JUTMHA BeTBe A M B ogMHakoBa (IpH 3TOM IUIOLIAIU UX I10-
TIEPEYHOI0 CCUEHUSI MOIYT OBITH pasHbIMu). Onpene/inTh:

1) MaKCUMAJIBHYIO TEILIOBYIO 3(hbeKTHBHOCTE,

2) YHUCNIO MOCAEIOBATENbHO COSAMHEHHBIX TEPMOTIap;

3) pa3Mephl Kaxioit 3 BeTBel TepMonaph (A u B);

4) snextpoaBuxyinyto cuny (B1C);

5) TEIUIOBYIO MOLIHOCTB Ha BXOJE U Ha BHIXOJE NPU MOTHON (MAKCUMAIBbHOIM) HArpy3Ke;
0e3 Harpy3Ku.

PewteHue.
O60o3naunM DJIC onnoii TepmMonaps! 4epes Ve,

V =o(T,- T, =0,0005 (1500 - 1000) = 0,25 B. (48)
oc H C

Ilycts 7 — TOK, NPOXOMSILLUH Yepe3 Kaxmylo TepMonapy (OH paBeH CyMMapHOMY TOKY,
IIOCKOJIBKY TEPMOIaphbl COEAMHEHBI ITOCIIEN0BATEBHO),

I=100000 Bt/115 B = 870 A. (49)

Ecmm nocnienoBaTebHO COSOUHEHBI # TEPMOTIAP, KAXKIAs U3 KOTOPHIX UMEET CONMPOTUBIE-
Hue R, To

nV, - n RI=115B. (50)

Hnsa Toro yToOBI ONIPENENUTh #, HeobxonuMo 3HaTh R. TIpM MakcUMaiabHON 5(deKTUB-
HOCTH HAarpyska R; moskHa ObiTb pasHa mR .., wiu R, =mnR, toe m= 1+ <T > Z
(cM. ypasheHus (28) u (29)). 3mech R — cONpOTHBIEHWE OTHOH TepMOmapkl, a Ry, —
CONIPOTUBIEHUE BCeit 6aTapeu TMOCIENOBATENBHO COeIMHEHHBIX TepMONap, KOTOPOe
paBHO nR.
B maHHOM ciyuae

R; =115B/ 870 A =0,132 Owm, (51)

Z=oY(AR), (52)

AR= [ Ao, +Rspy ]2 = [/0,032-0,002 + /0, 021- 0,003]2 =254-10° BY/K, (53)

0,0005%
=—2—""_-980.10° K, 54
254.107° 49
T @%&% 1250 K, (55)

m=+1+980-10°.1250 = 1,49, (56)

R = R, 0,132 = 0,0886 Owm, (57)
m 1,49
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IIpodonxc. npumepa

n_115+nRI_115+0,0886-870
7 - 0,25

oc

Takum o6pa3oM, B 6aTapee HEOOXOOMMO HOCIEAOBATENILHO YCTAHOBUTD 768 TepMonap.

= 7683 (38)

Voe= DAC Garapen Tepmonap = nV, =0,25-768 =192 B, (59)
Pyt toad = Mvart (T —Tt) (60)
Apge = MA, IOTOMY YTO MCXOAA M3 TEIJIOMEPEadn TEPMONAPHL yCTAHOBJICHBI Iapai-
JICIBHO.
AR 254.10°
=== =" _=220Br/K, 61
R 0,0886/768 / D)
Apae = 768-2,20 = 1690 B1/K, (62)
Py ioaa = 1690(1500 — 1000) = 846 kBT, (63)
P Cno load = 846 KBT’ (64)

PH full load — 846 + n(XTHI - %]an =

= 846 + 768 -0,0005 - 1500 - 870 - 1~ - %8702 -0,0886-107 = 1310 kBt, (65)

100 100
19200 o, 07, 66

P, 1310 (66)

Pegons = Py — 100 = 1300 ~ 100 = 1210 KBr. 67)

TlocKoNbKy JIMHA BETBEH B TepMOIIape OOWHAKOBA, TO YpaBHEHUE (25) ynpouaerca

Ap _ MPp _ 0,032-0,003 - 151, (68)
Ay AgPy 0,021-0,002
Ipu I, =100 A/cM? Iionians MeHbLIEro M3 ABYX CeUeHMit A, HomxHa ObiTb paBHa

870/100 = 8,7 cm?2. Ilnomans Gomblrero ceyeHusa Ay = 1,51+ 8,7 = 13,1 cM2, DIIEKTPHYECKOE
COIIPOTHBIIEHNE KaXAOW TepMOIlaphl

nR 0,0866
R="R_DI80 4 0001150 69
n 768 M (69)
/ [ (0,002 0,003
0,000115 = p, ——+ py—— = | 202 00D 70
iy TP, ( 87 13,2) (70)

oTKyna mojyyaem /= 0,36 cMm.
Ecnn TemnoBoii MMOTOK, BEIXOOAIIHIT U3 TEPMO3IEKTPHYECKOTO T'eHepaTopa IpYU TeMIIepaType
1000 °C, HampaBUTh 3aTEM B TIAPOBYIO TypOHHY 2¢hbekTuBHOCTHIO 30 %, TO 31eKTpUYeCKast
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IIpodonxc. npumepa
MOILHOCTb, TeHepupyemad €10, OyaeT paBHa 0,3 + 1210 = 363 kB. C yuerom 100 kBT, KoTO-
pHIE MBI IIONIyYaeM OT TepMobaTapen, CyMMapHasi BBIpadaThiBaeMasi MOIIHOCTE COCTABJIAET
463 xBT 1 3¢bdeKTUBHOCTD TIpe06Gpa3oBaHus

463
1310

Taxum 06pa3oM, OYEBHIHO, YTO TEPMOINEKTPHIECKUI TEHEPATOP MOXET OBITH MCIONB30BaH
KaK BIIOJIHE [IPUEMJIEMbIM HAACTPOECUHBIN LIMKII.

n 0,35. (71)

5.11. TEPMOSJEKTPUYECKUE XONT0AUNTbHUAKHA
N TENNOBbLIE HACOCbI

SbdekT IenbThe 00paTHM, MOCKOJBKY HAIIpaBIEHHE TEIIOBOTO
TMOTOKa 3aBUCHUT OT HaIpaBJIEHWA MPOTEKAIOIIETO Yepe3 TepMoIapy Toka. TeIuioBoi
MOTOK MOXET NEePEAaBaThCA OT XOJOJHOM CTOPOHBI TEPMONAPH K TOpAYeil, U, CIEHO-
BaTEeJIBHO, TEpMOMapa MOXeT paboTaTh KaK XOJIONWILHUK WU TEIUIOBOM Hacoc. Kakoe
KOJINYECTBO TEIlIa MOXeT OBITh TepefiaHo B 3ToM ciydae? Jia yrpomieHus 3amayu
MPEANONIOXUM, UTO o, R 1 A HE 3aBUCAT OT TEMIIEPATYphl, YTO HE BIIOJHE COOTBET-
CTBYET HEHCTBUTEIBHOCTH.

¥

5.11.1. PacueTt xapakrepncTmk Tepmonap

[Tycts uMeeTca HekoTopast GaTapesi M3 TepMOTIap, /Ul KOTOpOU mapa-
METpHI 0., R U A u3BecTHEIL. [IpenmonoxumM, HarpuMmep, uto o = 0,055 B/K, R=4,2 Omu
A = 0,25 Br/K. TIpearono)uM Takke, UTo TEIUIOBOM IMOTOK HATIPABIIEH OT CTEHKY ¢ TEMIIE-
partypoit T,.= 278 K x cteHke ¢ Temneparypoit Ty = 338 K. B atoM ciyuae AT = 60 K.
[lycte P, — TemnoBas MOIIHOCTH, OTHMMaeMasl OT XOJNIOAHOIO pe3epByapa,

P = —AAT + 0TI — % RI*. (72)
B maHHOM ciyuae
P.=-15,0+15,297 - 2,177 (73)

KonugecTBo anekTpuueckoil 3Hepruu, TpeGyeMoii UTst OCYILECTBIEHUS 3TOIO IIPO-
ecca,

P, = aATI + RI?. (74)

OTHOWIEHHE TETIOBOM MOIIHOCTH, OTOMpaeMOU OT XOJIOOHOW CTEHKH, K 3aTpa-
YEHHOH 3JIEKTPUYECKOII MOUIHOCTH HAa3BIBacTCsl K03G(HIHEHTOM Npeodpa3oBaHHsn
TEIUIOBOTO HAcoca .
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_AAT + 0TI - %RP
oATI + RI?

st «<upeambHoM» Tepmonaphl (R =01 A = 0) u 0 = T,/AT. B10T KO3 D bULIKEHT
Ha3eBaeTcs 3ddextusHOCTHIO (KIL) 1uKkia Kapuo mis TEIUIOBHIX HACOCOB Oy,
(cM. 3amauy 5.34). B HameM c1y4ae ¢c,m, = 4,63. Peanbnas tepmMonapa umeer Koad-
¢duLmeHT peobpa3oBaHus ropasno 6ojiee HU3KUMA, YeM G, ..

oc = (75)

20 - —50

—
[l
—

425

MOLHOCTh, OTBOIUMAS
oT XoytoqHoM cTeHku (BT)
T
KoapduumeHt nipeobpazoBanust (%)

— [ [ { i

-10

Tok (A)

Puc. 5.14. 3aBUCHMOCTH TEIDIOBOI MOIITHOCTH, [I€PEAABAEMON OT XOJOOHOW CTEHKH K rops-
4yeil, ¥ KO3 bUIIMEeHTa MPeoOpa30oBaHUs TEILTOBOIO HacoCa OT BEIHYUHEI 3/I€KT-
pudeckoro Toka I. OTMETHM, YTO NPUBEICHHbIC 3aBUCHMOCTH UMEIOT MAKCUMYM
IIPU pa3jiMYHbIX 3HAYEHUSIX [

Ha puc. 5.14 nmokazaHa 3aBUCUMOCTh MOUIHOCTH, OTOMPAEMOIt Y XOJIOAHOTO pe-
3epByapa, P, OT 3JIEKTPMYECKOTO TOKA, MPOTEKAIOLIErO Yepe3 Tepmorapy. B Tom
ciyyae, eciau I < 0 (He moka3aHO Ha PUCYHKE), TEIUIOBOM MOTOK OyneT HAllpaBJIeH
B CTOPOHY XoJoAHOTO pesepByapa. Ilpm /= 0 (Takke He MMOKa3aHO Ha PUCYHKeE)
3¢ dekT IlenpThe OTCYTCTBYET U TEIUIOBOM MOTOK, OOYCIOBICHHBIN TEILIONPOBOX-
HOCTBIO, TIO-TIPEXHEMY HAIpaBleH B Ty Xe CTOpoHy. Ilpu ganbHeluieM yBeaude-
HUK TOKa H3-3a 9¢dekra IlejbThe TENNOBOM MOTOK HAYMHAECT YMEHBUIATHCS U B
KAKO{-TO MOMEHT (B yCTPOMCTBE, CKOHCTPYHPOBAHHOM JOJIKHBIM 00pa3oM) TEeILIO-
BOIl MOTOK MOMEHSAET HAIMpaBJICHUE, T. €. TEMJIO OYIET MnepesaBaTbCcsl OT XOJIOTHOM
CTEHKHM K ropsiyeii. BHauaje KOJIMYECTBO TETjia, NMEpelaBacMoOro B 3TOM HaIlpaB-
JeHuu, OymeT pacTH ¢ poctoM Toka /. Ho 3aTem yBenmveHMe KoamyecTBa TeIla,
BBIAEJISEMOTO B pe3yJibTaTe JKOYJIEBa HArPeBa, MPUBEACT K MOJaBiACHUIO 3ddeKTa
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ITenbThe ¥ COOTBETCTBYIOIIEMY YMEHBIIEHUIO TEIJIOBOTO IOTOKA, HATIPABIEHHOIO
OT XOJIOMHOWM CTEHKHU K ropsiuei.

Jlerko BBIMMCIATH TOK, MPH KOTOPOM TEIUIOBOM NOTOK P, GyleT UMeTh MaKCH-
MaJIbHOE 3HAYeHHe,

dp,

& ol - RI = 6
5 - T 0, (76)
OTKyza
Imax cooling = OCTC/R’ (77)
IIpU 3TOM MOIITHOCTH TE€IJIOBOI'O Hacoca
22
o7,
Proax = —AAT + —£ | 78
Cmax IR ( )

B HalueM ciy4ae TOK, COOTBETCTBYIOIINIA MAKCHMAIBHOI MOIHOCTH, paseH 3,64 A,
a caMa MakcUMaJIbHasA MOIUHOCTh paBHa 12,83 Br.

MuHuManbHasg TEMIIEPaTypa, KOTOPYIO MOXHO JOCTUYH C TOMOIILIO TETLUIOBOTO
Hacoca, COOTBETCTBYET TEMIIEPATYpe, NMpH KOTOpoit P .. = 0:

2712
o7,
2RC = A(TH — TC) , (79)
OTKyZa
-1+ 1+ 27Ty,
Toin = —— 1, (0)
Z=02/AR. (81)

B HateM mpuMepe Mel umeeM Z = 0,00288 K-1u Topmin = 249 K:ToK, IIpy KOTOpOM
IoJIyJaeTcd MUHMMAJIbHasi TeMOepaTypa, paBeH 3,26 A, TIpH 3TOM IepeKayuBaeMas
MOIIHOCTh paBHa Hyo. TakuM o0pasoM, Jitobast Temrreparypa sbiure 249 K moxer
OBITH JOCTHUTHYTA.

AHTOTMYHEIM 00pa30M MOXHO BBIYHCIHTH 3HaYeHHE TOKA, ITPU KOTOPOM OyAET
HMETh MECTO MaKCHMMAaJbHOE 3Haue€HHe KO3 (DULIMEHTA TTPeobpa3oBaHus TEIUIOBOIO

Hacoca
doc 1o 2y2
= | MAT+olel - RI (~1)(«A T + RI?) ™ (0AT +2RI) +
+(0ATT + RI?) (aTz - RI) =0, (82)
OTCIOoAa NOJIy4YuM
[=28T iy, (83)

a<T >
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310 BBIPAXKCHUE MOXET OBITh 3alIMCAaHO B BUIE

oAT
I=—70——, 84
R(m-1) &)
(cM. 3amagy 5.33).
Moncrasnss Belpaxenue 115 [ B ypaBHenwue (75) v mpoBos anrebpanyeckue mpe-
006pa30BaHyA, MOXHO TI0Ka3aTh, YTO MakKCHMaJIbHOe 3HaueHue KoadduliveHTa npe-

O6pa30BaHI/IH TEPMO3JICKTPAYECCKOI'0 XOJ0AMJIBHUKA paBHO

_ T (m=Ty/T,

tne m= N1+ Z <T >, a T,/AT, cOracHo JaHHOMY BHIILE OTIPENEICHUIO — 9(1)(1)61(—
TUBHOCTb LIMKJIA KapHo JUTST XOJIONUJIBHUKA.
B naniem ciyyae mMeeM

—1+Z<T>-= \/1 + 0,00288(335—;37—8) = 1,374, (86)

278 (1,374 - 338/278

= = . 7
Ocont = 335278\ 1374 +1 ) 0,308 @7

Ipu 3TOoM TOK OYIET paBeH

aAT _ 0,055(338 - 278)
/= = =210 A. 88
Rm-1)  42(1374-1) ()

B TaGu. 5.8 mpoBogUTCS cpaBHEHUWE ABYX OaTapeil, U3rOTOBJIEHHBIX U3 MIECHTUY-
Hbix TepMomnap. Kaxnas u3 6arapeit orBogur 100 Bt Teruia OT CTEHKH C TEMIIEPATYPOi
ot 258 x 323 K. Onna Oarapest paboTaeT ¢ MUHUMATBHBIM YUCJIOM 3JIEMEHTOB, T. €.
Mpy TOKE, KOTOPBIH COOTBETCTBYET MAKCUMAILHOMY 3Ha4eHHIO P.. Bropasa Garapest
paloTaeT B peXuMe, IIPU KOTOPOM TOK MMEET 3HAUYEHNE, COOTBETCTBYIOIIEE MAKCH-
MAaJIbBHOMY 3HaueHMIo Ko3(dpuitnenrta npeobdpaszopanusi. bonpimasa 3¢ pekTUBHOCTD
BTOpOI GaTaped HOCTUTAETCS 3a CUET OOJIBIIETO YMCHA UCIONb3YEMBIX 3JIEMEHTOB.

OOGBIYHO XapaKTEPHCTUKK TEPMOTIAp, MCTIONb3yEMbIX B Ka4ECTBe TEIUIOBOTO HAcOCa,
NPEeACTAaBAsLIOT Ha rpaduKe, mogo0HOM U306paXxeHHOMY Ha puc. 5.15, rae npuseacHa
XapaKTepUCTUKA YCTPOMCTBA U3 HALIETO NMPUMEPA, KOTOPAs B ONPEAEICHHOM CTENIEHI
COOTBETCTBYET Xapaktepuctuxe Moaysa Tellurex CZ1-1.0-127-1.27, npeACTaB/IsIOLIETO
co06oii Gatapero u3 127 3ieMEHTOB, COeAMHEHHBIX MOCIEN0BaTeNIbHO. bonbioe 3Hade-
HUE o, TIPUHATOE BHIIlIE, OTHOCUTCS KO BCEMY MONYIIO, ¥, CIENOBATE/IBHO, O OIHOIO
sneMedTa pasto 0,055/127 = 0,000433 B/K.
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Ta6awna 5.8. XapaKTePUCTHKH YCTPOACTBA, Pa0OTAIONIETO B pexKMME MAKCHMAILHOTO TEILTOBOTO
noToka P u orrumanbHoro ¢ npu P = 100 Br

Uncno syeex Py, Br Py, Br o, %
Maxcumym P 100 540 640 18,5
OntumMyM ¢~ 161 336 436 29,7

Pc, Br

0

90 80 60 40 20 0
AT, K

Puc. 5.15. TunuvHble XapaKTePHUCTHKH TePMOIIAphI
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5.11.2. PacyeT reomeTpuyYeCcKnMx napamMeTpoB

Eciau nonyripoBogHVKOBEIE MaTepHaIbl YK€ BBHIOpaHBI, a pa3Mepbl
TEpMOIIap €lle HE ONPEACIICHBI, TO, HECMOTPSI Ha U3BECTHBIE 3HAYEHUS BEJIUYMH O, P
v A, 3HadeHUd R MU A HeoOGXOOMMO paccuuTaTh. IIpy 3TOM XeaaTeNbHO, YTOOBI pa3-
MEpHI BETBEil TepMOMAPEI OBUIN ONTUMAJIBHBIMHU. DTO TPeOOBaHUE IPUBOAUT K YXE
U3BECTHOMY COOTHOIICHHUIO MEXITY A U R:

2
AR =[hps +\fhaps | =B. (89)
IMonctaBuB B B ypaBHeHUE (72), HOITyIUM

P. = -ﬁATlmTCI—lRIZ. (90)
R 2
Ecyu Tpebyemas MOIIHOCTh P, 3alaHa, TO KaKOBO JOIXHO ObITh 3Ha4YeHUe R, coO-
OTBETCTBYIOLIEE MAKCUMATILHOMY KO3(hGHUIIMEHTY IIpeoOpa3oBaHus?
kR _ K

= C 91
P, oATI + RI? ©D

o¢

PemmuB ypaBHeHue (90) oTHocuTenbHO I, MOMY4YUM

aTe - Jo’T2 - 2BAT - 2P.R
I= = - (92)

3HaK «MHHYC» Tlepel KBaJpaTHBIM KOpHeM ObUT BHIOpAaH M3-32 TOTO, YTO MBI XOTHM
OTIpefeIUuTh MUHUMAJIBHOE 3HAYeHHe Toka. Torma

P.R
(xAT(ocTC — Jo?TZ S 2pAT - 2PCR) + (aTC ~ Jo?TZ - 2BAT - 2FcR)

bc = 5. (93)

d
IIpupaBHIB TPOU3BOTHYIO doc K HyJIIO U PELB NOJIYy4CeHHOE yPaBHEHUE OTHO-

dR
CUTENIBHO R, moaydynM
R —2BAT? (2B + o’T,) + B(a’B?ATT, T, - 28"*AT?)
B o’TZE,

; 4

rae
T,=AT+27;; 95)

B = 4B+ 20T, . (96)

Tak KaK 3TOT pe3yJbTaT JOCTATOYHO CJIOXEH JUIS BBIBOJA, TO PEIIUTh NIOCTABJICH-
HYIO 3a1a9y MOXHO METOJIOM Toadopa.
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MNpumep

Heo6xoammo, 4To6b! XOJOAWILHUK OTBOMMI 10 BT Teruia oT X0JIOmHOTO Tejla, HaXomsIIe-
rocs npu Temneparype —5 °C, M IepefaBall 3TO TEIUIO B OKPYXAIOUIYIO CPedy, MMEIOIIYIO
Temneparypy 30 °C.
W3-3a nepenajga TeMIiepaTyp B TEIDIOOOMEHHHKAX XOJOMHBIA CIail JOJDKEH MMETh TeMIIe-
parypy -15 °C, a ropstamit 40 °C.
Marepuansl TepMonapsl UMEIOT CIIEAYIOIINE XapaKTePUCTHUKM:

o = 0,0006 B/K,

A= 0,015 Br/(cMm - K),

p.= 0,002 Om-cMm,

Ay = 0,010 Br/(cMm " K),

pg=0,003 OM-cm.

TeMrepatypsl paBHBIL:

Ty = 313 K (40 °C),
T, =258 K (-15 °C).

OnrumanbHOMK T€OMETPUH COOTBETCTBYET

u3 (26) AR = [Jo,015 -0,002 +/0,010- 0,003]2 =120-10°B¥/K. 97

WUcnonesys ypasuenust (94), (95) u (96), nmomryuum:
u3 (95) T,=55+2-258=571K;

u3 (96) B= \/4 -120-107 +2-0,0006% - 571 = 0,02985 B« K-2

(13 94) R = {—2 .552.120-10°° (2 -120-107% + 0,00062 -571) +0,02985 x

x[0,00062 (120-10)"” 55.258. 571 - 2(120-10°)"* 55 ]} / (0.0006” - 5712.) =

_ 0.00335
-

Hicnonb3oBaHne OMHONW TepMOIIApHl MPUBEAET K CIMIIKOM GOJLIIOMY 3HAYEHHMIO TOKA
M YPE3BHIYAHO MAJICHBKOMY HallpspkeHuio. ['opasfo syyire ucnons3oBate 100 TepMorap,
KOTOPBIE C TOYKU 3pEHHA IMEKTPHUIECKOTO TOKA COEAMHEHBI TIOCIEAOBATEILHO, a TCILIOTPO-
BOIHOCTY — TapauiebHO. B 3TOM ciiyyae Ha KaXxaylo TepMoIiapy MPUXOIUTCS TEIUTOBast
MOILUHOCTD, paBHaq 0,1 Bt (P, = 0,1 B1),

R =0,0335 Om. 98)
W3 ypaBHenwus (97) ornpeaeauM TETUIONPOBOIHOCTE

_ B _120-10°
=R~ 00335 - 0,00358 Br/K. (99)
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[Tpodonsc. npumepa
TpebyeMblii JIEKTPUYECKII TOK MOXHO HaWTH W3 ypaBHeHUA (92):

10,0006 258 — 1/0,0006% - 2582 —2-120-10° - 55~ 2-0,1-0,0335

1 =272A. 10
0,0335 (100)
Dnexrpudeckass MOIHOCTh
P, = oATI + RI* = 0,0006-55-2,72 +0,00335 - 2,72* = 0,337 Br. (101)
KoadduuunenT upeobpasoBaHust
0,1
=—> =029 . 102
be 0,337 ’ (102)

Ty Xe BeIMYMHY MOXHO IIOJIYyIHTh, HCTIONb3ys ypaBHeHue (93).

Teneph, 3Has TpeGyeMble 3HAUCHNS BeJIMYMH R M A, MOXHO ONIPENEIUTE T€OMETPUUECKIE
napaMeTphl BETBei TepMonapsl. MI3roToBAeHIE TepMOMapsl YIIPOILAETCs, eCIH JUIMHA 00EHX
ee BeTBeil onuHakoBa, T.e. [, =1l,=1

/

[
R=p,— —. 103
Pa 4, +Ps 4, (103)
Hcrons3ys mojlydeHHbIE paHee YUCIICHHBIC 3HAYSHMsI, OIIPEACIIUM:
fo 00335 . (104)
0,002 N 0,003
A, Ag
AzxAélA+7»BATB; (105)
_ 00154, +0014; (106)
- 0,00358
IMpupapuss ypasaeHus (104) u (106) mMexny coboit, MOTyIUM
A= .;_ 4, (107)

Benen 3a 3TMM HeOOXOAMMO OTOBOPUTH MaKCHMMATBHO AOIMYCTUMYIO IUIOTHOCTD 3JIEKTPH-
yeckoro Toka J_ . . flpumem, uro J_ . = 300 A/cM? M 4TO MAKCHMABHO HOIYCTUMBIH TOK
yepe3 TepMonapy paseH 4 A. CrienopartebHO, paboyHit TOK MOXET COCTaBIATh 2,7 A. OTciofa
noiyIaeM MPHGIM3UTEIBHYIO TUTOIIAb I ONHOU U3 BeTsel A, = 4/300 = 0,013 cm2. Torma
MIOLIANb OPYTOH BETBH Ay = 0,02 cM2. TToACTaByB NOMyYeHHbIE 3HYEHHUA B ypaBHenue (104),
onpeneauM, 94To JIMHA 3JeMeHToB paBHa 0,11 cM.

[Mpu TerutoBoit montHocTu 10 BT momy4aem HampsiKeHUE

_100P; _ 100-0,337

Vv =
I 2,72

- 12,4 B. (108)
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5.12. TEMMEPATYPHAS 3ABUCUMOCTb

B § 5.11 6puI0 cenaHo NpeATonoXeHne, yTO BEeIMIUHE o, A U R He
3aBUCAT OT TEMIICPATYPHI, YTO HE B MONHOW MEPE COOTBETCTBYET NEeMCTBUTEIbHOCTH.
Eciii MBI TTONBITAEMCSI YYECTh BIIMSIHUE TeMIIEPATYPHI, TO CYIIECTBEHHO YCIOXHHUM
pacueT ¥ IPOeKTUpOBaHue Ipeobpa3oBatesicii. B aToii KHUTE MBI He 6yIeM YYUTHIBAThL
5TO BIIMSIHME, @ YIOBJIETBOPUMCS NMPUONU3UTEIbHBIMU PEe3yIbTATAMH, KOTOPHIE ObLIN
MOoJIy4eHBl B NpeapnymneM naparpage. TeM He MeHee HEOOXOOIMMO MOMHUTE O TOM,
YTO IMEPEUYNCIIEHHBIE BBILIE ITAPAMETPBl MEHAIOTCS ¢ U3MEHEHUEM TEMIIEPATYPHI, UTO
WUIIOCTPUPYETCS JAHHBIMH, IIPEACTaBICHHAMHU Ha puc. 5.16 u 5.17.

5.13. APXUTEKTYPA BATAPEUN

Beile O6bUTM paCCMOTPEHEBI pa3TMUHEIE (hakTOPHI, BIUSIOLME HA pa-
60Ty TepMONapbl, ONTUMU3ALUS KOTOPHIX JaeT BO3MOXHOCTD YIyYUIUTh €€ XapaKTe-
puctuku. Cpeau HUX BLIGOp MaTepuaia, TeOMETPHS BETBEi TEPMONAPhl, COMTACOBAHUE
BHelIHel Harpy3ku. Cyniectsyer enle oniH GakTop, KOTOPii HEOOXOIUMO YUUTHIBATE
IIpA ONTUMU3ALUMKY paboThl OaTaper M3 OXJIAXKIAIINX YCTpoiicTB. OGBIYHO TeMrle-
patypsl T- ¥ Ty ONMHAKOBBI ISl BCEX JIEMEHTOB, COCTaBISIOMNX Gatapero. OmIHaKo
KO3 OUIUEHT MPeoOPA3OBAHIT MOXHO YIAYULIMTE 33 CUET HEKOTOPOM «UTPHI» C TeM-
JIOBbIMHM IIOTOKaMW ¥ ONITUMU3ALAN apPXUTEKTYPhl (KOMIIOHOBKM) GaTapen.

5.14. OUN3NYECKUE OCHOBbI TEPMOJ3IEKTPUYECTBA"

Ilpu u3yyeHUH pabOTHI TEPMOIIAPE! MBI PACCMOTPEIH YETHLIPE OCHOB-
HBIX MEXaHU3Ma:

1. Tenaonpoeodnocnis. D10 sIBIEHUE XOPOIIO U3BECTHO GONBIIUHCTBY YUTATENCIH.
Temnio MOXeT IepeaaBaThcs JUO0 NP IBHKCHHM HOCHTENEH, Jubo MpU KO-
J1Ie0aHUM KPUCTALTMIECKOM pelIeTKu. TertonpoBOJHOCTE «OTBETCTBEHHA» 32
yxymaeHue ko3dbduureHTa npeobpa3oBaHus TEPMOIIAPHL.

2. Jixcoyaesvt nomepu. Ilpy MpOTEKaHWM TOKAa NMPOMCXONMUT BBHLIEJEHUE TeEILIa,
CBSI3AHHOE C HAJIUYMEM DIJIEKTPUYECKOTO CONPOTUBICHHSI. DTUM SIBICHUEM
00yCNOBNEH BTOPON MEXaHU3M TOTeph B TepMotnape. [KOyieBEl OTepH BO3-
HUKAIOT B pE3YJIbTaTe PACCESIHUS HOCHTENEH 3apsiia M3-3a HECOBEpIICHCTBA
KPHCTAJUINYECKOHN pEIeTKH, KOTOpoe OOYCIOBICHO TEIUIOBBIMU BHOPAITUSIMH,
HJIMYUEM TIpUMeEcei, IUCIOKAUMi U T. 1. TloaraeM, 94To 3TO SIBJIEHUE TaKXKE
XOPOLLO U3BECTHO YHTATEIIO.

3. Ipgexm 3eebexa. DbdexT NPOSIBAAETCS B TOM, UTO B NPOBOJAHUKE BO3HU-
KaeT 3JIEKTPUYECKOE HANPSIXKEHNE, OOYCIIOBJICHHOE HATHUMEM IIPOAOJILHOIO

1) Bosee NoiHOE U3IOXEHHWE 3TOTO BOIPOCa MOXHO HaitTu B Kaure Lomucmura (Goldsmid).
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rpagdeHTa TeMieparyp. Pa3HOCTE MOTEHUMANOB SIBASIETCA CIEACTBUEM TOTO,
YTO B XOJIOMHOU YaCTH IMPOBOJHMKA ITOBLIIIAETCS KOHLIEHTPAI[HI HOCUTENCH
3apsaga. OnucaHue MexaHu3ma, oObsScHsmEro 31oT 3¢ddeKT, IpuBeacHO
B I. 5.14.1.

4. Bppexm Heavmoe. DbdheKT NPOSBIICTCS B NOIIOIEHUN WIH BEIEIECHIH TEI-
jJa B MecTax KOHTaKTa pa3IMYHbIX IIPOBOJHUKOB U OOYCIOBIEH M3MEHEHHEM
TETUIOEMKOCTU HOCHUTENIEH NP UX MEPEXOIE M3 OXHOTO Marepuaja B APYrou.
B § 5.1 mexnapupoBanoch HaMuue cBsI3u Mexay 3ddekramu 3eebeka u [enb-
Tbe. 3[1ECh Mbl BHIBEIEM TIPUBEACHHOE paHee COOTHOLIeHHe. MexaHn3M 3ddekta
[MeapTRe OOCYmUM B 1. 5.14.2.

J1o cHX TTOp TIOJTHOCTHIO MTHOPUPOBAJICS €lle OAUH, NAThiH, 3(pGdeEKT, a UMEHHO
abdext Tomcona. Kak Gynet mokazaHo HWXe, Ha TO OBUTH BECKIE OCHOBAaHUS.
Kpome Toro, B nanpHeiiem OyaeT I1oKa3aHa B3auMOCB3b 3pdexToB 3eebeka,
[MensThe 1 TOMCOHA.

5. Iggpexm Tomcona, oOyCIOBICHHBIH TEILIOBOH KOHBEKIIMEH mpU apeiipoBoMm
JIBVXEHUW HOCUTENIEH, OyaeT MoapoOHO oIvcaH B . 5.14.3.

5.14.1. ddekT 3eebeka

PaccmoTpum TpyOKY, 3a0JIHEHHYTO ra30M M UMEIOIIYI0 OAMHAKOBYIO
10 JUIMHE TeMIIepaTypy. JaBieHue ¥ KOHIIEHTPaHs ra3a o JUIMHE TAKKe ONMHAKOBHI.
Ecau Teneps 0AMH KOHEL TPYOKW HarpeTh, TO TMOBHILEHNE HABIEHMSI Ta3a B HATPETOM
YaCTU MPUBEIET K BOSHUKHOBEHMIO ITOTOKA Ia3a B CTOPOHY XOJOJHOTO KOHIIA TPYO-
k4. B HOBOM YCTaHOBMBIIIEMCSI COCTOSHWH AaBjicHKE BHIPOBHSETCS M TEpeTeKaHUe
rasa rnpexpaturcs. CorjlacHO YpaBHEHUIO COCTOSIHMS TSI UIeAbHOTO Ta3a p = nkT
W IIPU TTOCTOSTHHOM JIaBJICHWM Tiponu3BeaeHue n1 moctosHHO. OTCIOIa ClEAyeT, YTO
KOHIIEHTpAuA rasa B XOJOJHOM KOHIIe TpyOKW OymeT GONbilie, YeM B TOPIYEM.
DNeKTPOHBI MTPOBOAMMOCTH BellyT ce0s TaK e, Kak ras. [Ipi panuuum TeMiepa-
TYPHOTO Ipafi€HTa WX KOHIEHTPANUS Y XOJIOAHOTO KOHIIA IIPOBOIHWKA OyaeT BhIlIE,
YeM Y ropsiuero, u, CJIeAOBATEJIbHO, XOJOMHBIA KOHEL IIPOBOAHUKA II0 OTHOIIEHHUIO
K ropaueMy OyIeT 3apsikeH OTpuiiatenbHo. Pes3ynbTipyioliias pa3sHOCTh MOTEHITNAIOB
HasbiBaeTcs HanpsokeHNeM (3/1C) 3eebeka. 3HaueHNE ITOTO HANIPSLKEHMST 3aBUCHUT KaK
OT Pa3HOCTH TEMIIEPATYP, TaK U OT MIPUPOILI MIPOBOAHUKA. ECIM HOCHTEISIMH 3apsiaa
B MPOBOJHUKE SIBISIIOTCS ABIPKU, TO 00Jjice XOJOMHBINA KOHEIl OYAeT IOJIOXUTEIBHO
3apsDKEH N0 OTHOIIEHHIO K TopsiueMy. 110 3Tol TIpUUYMHE TOJSIPHOCTE HAIIPSKCHUS
3eebeKa 3aBHCUT OT MaTEpHaIa ITPOBOAHMKAD.
J1st Toro 4ToOBI CHSITh HATPSDKEHME, BOSHUKAIOIIEE B MIPOBOJHUKE, HEOOXOAUMO
BHEITHeE coenrHeHue. OMHAKO COSAUHUTELHELA IPOBO OYICT UMETH TOT XK€ Ipaiu-
eHT TeMIlepaTyphl, YTO U OCHOBHOW ITPOBOJIHMUK, a CIeI0BATEIbHO, B HEM BO3HUKHET

D TIpuuaTo cuwnrars, uto o < 0, KOraa XOAOAHbLINA KOHEL TPOBOJHNKA 3apskeH OTPUIIATEITHHO.
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cobcreeHHas DI C 3eebeka. Eciti BHENTHMI COeTMHUTENBHBIN ITPOBOJ CAENaH U3 TOIO
Xe MaTepHaja, UTO W OCHOBHOM, TO HaIPSKEHUsS OOOUX IIPOBONHHKOB B TOYHOCTH
KOMIIEHCHPYIOT OIHO ApYyroe. B ciyyae, ecim coeiHeHB IIPOBOTHUKY U3 Pa3THIHBIX
MaTepHaJIOB, BO3SHUKHET HEKasl Pe3yJbTUPYIOIlas pa3HOCTh ITOTEHIINAIOB.

Tepmomnapa npencrasisieT coboii cOeqVHEHYe IBYX Pa3THYHBIX MaTepHaloB, IPH-
YeM 4Yallle BCEro COeOWHSIOT MaTepHaibl, UMEIOIIHUE TIPOTUBOMOIOXHYIO ITOJIIPHOCTD
ypdexra 3eecdeka, 4yTO NMPUBOIUT K ciaoxeHuio BJIC 3eebexa IBYX MCIOIb3YEMbIX
matepraioB. [IOCKOTBKY BHEIIHUE COEIUHMUTEIbHEIE TPOBOIA IOAKIIIOYAIOTCS K CBO-
OOAHBIM KOHIIAaM TE€PMOTIApHI, KOTOphlE OOBIMHO WMEIOT OJMHAKOBYIO TEMIIEpaTypy,
TO AOMOTHUTETHHOIO HAUpPsKeHUsA 3ee0eKa 3a CUeT COSMMHUTENBHBIX TIPOBOAOB HE
BO3HHKAET.

TepMonapbl 06121a10T HA3KWM I10OTHBIM COTIPOTUBJICHUEM (HEOOIIbIOE HATIPSIKE-
HUE U OTHOCUTEILHO OGOJIBLION TOK) H B OONBIIMHCTBE IIPMIOKEHUI COETUHSIIOTCS
110CJICIOBATEILHO, (POPMUPYS TEPMOIJIEKTPHIECKYI0 OaTapelo (puc. 5.18 u 5.19).

OCAMHHWTECIIBHASA IUTaCTUHG 1000 K

T, = 1000 K
+150 MB 100 MB

T,=500K - 500 K

+ 250 MB -

Puc. 5.18. Tepmomnapa u3 ABYX MaTepUaNOB ¢ IIPOBOAMMOCTBIO PAa3THYHOTO TUIIA

OCMUHUTEIIbHASA TU1aCTUHA . OCAHHUTCIIbHAS TDIACTHHA — 1 000 K

7.=500K

+ 500 MB —

Puc. 5.19. TepMormaphl, coeIHHEHHBIEC NOCIEA0BAaTENBHO B GaTapeio

B TepMosmekTpUUecKHX OaTapesiX WHAWBHIAYaAbHEIE 3JIEMEHTH (TepMoIla-
pbl) 3IEKTPUYECKU COCIMHEHBI MMOCJIEHOBATEIbHO, a B TEIZIOBOM OTHOIIEHUHU —
napauteJibHO. B TakoM clydae, eCliM TeIUIONPOBOAHOCTh OIHOTO SIIEMEHTA pPaB-
Ha A, TO TEIUIOIPOBOTHOCTH OaTapeM, COCTOSILIEH M3 1 3JEMEHTOB, PaBHA nA.
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AHanorAYHeIM 00pa3oM, 3NEKTPUICCKOE COIPOTUBJIICHHE OarapeW paBHO HR,
ecau R — conpoTHBICHHME OOHON sYeMKHW. Pa3sHOCTh MOTEHIWANOB, TeHEPUDY-
eMas Tpu pa3HoCTH TeMmeparyp B 1 °C (3KBHUBAJEHT o IJIS OJHOTO 3JIEMEHTA),
B JAHHOM ciyJae paBHa no. CliefoBaTelIbHO, TO0OPOTHOCTh OaTapeH, COCTOSIUECH U3
1 OMMHAKOBBIX 3JICMEHTOB,

_ (noc)2 _of

= =, 109
nA-nR AR (109)

T. €. COBIANAECT C I[O6p0THOCTbIO OAHOI0 2JCMCHTA.

IpencrasneHHoe Beillie 0ObsiCHeHUE 2ddekTa 3ecOeka cwiIbHO YIpoueHo. OHO MOXeT
paccMaTpUBaThCA KAaK MEPBOE IPHUOIVDKEHHE, KOTOPOE CIIOCOOCTBYET TOHUMAHUIO MMPUHIIVAIA
pPaboTHI TEPMOTEKTPUIECKUX YCTPOMUCTB.

Iepemenienne HocuTeNel K XOJMOAHOMY KOHITY IPOBOAHHMKA CO3/JAET 3JIEKTPUIECKOE TOJIE,
KOTOPO€E, BO3IEHCTBYS HA 3JE€KTPOHBI, 3aCTaBISIET UX ApeiidoBaTh B 0GpaTHOM Hampasiie-
HHH, T. €. K TOPSTYEMY KOHIIy NMPOBOIHHKA. [JMHaMuveckoe paBHOBECUE YCTAHABIMBACTCS
TOTAd, KOIJIAa YMC/IO HOCHUTENEH, ABVIKYIIIUXCS IO/l IeWCTBUEM TpPAIvieHTa AaBNcHud, OyAeT
B TOYHOCTH PaBHO YNCITy HOCUTENEH, ABVXYIIMXCS IIOJ ASHCTBUEM JIEKTPHUIECKOTO TOJIS,
T. €. B 0OpaTHOM HallpaBJeHUN. ‘

IIpu IYHaMUYECKOM DAaBHOBECHH HET NEPEHOCa 3apsia OT OJHOTO KOHILIa TIPOBOJHHMKA
K IpyroMy — MOTOK /v OJMHAKOB B 000MX HarpaBleHMsIX. OqHAKO HOCUTENH, IepeMeniaio-
urecs U3 obiracTyu ¢ 6osee BHICOKOH B 00JacTh ¢ Gojiee HU3KOI TeMIeparypoi, 00/1aaaioT
OosiblIed SHEPTHEH U, CIENOBATENbHO, NMEPEHOCAT OONbLIE TEeIUIa, YeM HOCHUTENH, [BUXY-
HIMecsd B IPOTUBOIIOJI0XHOM HamnpaBieHUH. TakiuM 06pa3oM, 1axe TMPU OTCYTCTBHM ITOTOKA
YacTHL] B MAaTepHaJie CYILECTBYET TETUIOBOM MOTOK. DTUM OOBACHSETCS TEIUIONPOBOIHOCTD
METaJLIOB.

W3 aroil mpocTeifieil MOIENH Clie/lyeT, YTO B MPOBOIHUKAX C 3JICKTPOHHOU IIPOBOTHUMO-
cThi0 TepMoanekTprueckass DJIC oTpuuarenbHa, a ko3bdunmnedT 3eebexa MEHbIlE HYJIS
(B COOTBETCTBUH C YIIOMSIHYTOM BHIIIE JOTOBOPEHHOCTHI0). B TO X€ BpeMst NOAYIIPOBOIHUKY
Pp-THTIA, B KOTOPBIX HOCUTENSIMU 3apsifia SIBASTIOTCS BIPKH, OJLKHBI UMETh ITOJIOKUTEIbHBIH
ko3t dumment 3eedexa. Takas MOAETH He COBCEM afieKBaTHA AeHCTBUTEILHOCTH. HecMoTps
Ha TOT §aKT, YTO OONBUIMHCTBO METAJUIOB MMEIOT OTpULIATEIbHBINA KoodduimenT 3eebexa,
IUISL HEKOTOPBIX U3 HUX, B YACTHOCTH IS MeIH, KoadduuueHt 3eebexa MOMOKUTEICH.
JInst ynydnieHusi paCCMOTPEHHOM BBILIE MOJENU TIONMBITAEMCS YIECTh pacCesTHUe 3JIEKT-
POHOB B IIpOLIECCE MX IBUXEHUsS B NpoBOXHMKE. ECIM ceueHme paccessHUS HE 3aBHCUT
OT TEMIIEPATYpPhI, TO CAETAHHEIE BBIILIE BRIBOABI OCTAIOTCS B CHJIE, TIOCKOJIBKY 00a IOTOKA
(110 TeMIepaTypHOMY TPaZveHTY W MPOTHB HEr0) BO3MYIUEHHI ONMHAKOBO. OAHAKO eCau
CYILIECTBYET HEKMIA MEXaHM3M, B pe3y/IbTaTe ASHCTBUS KOTOpOro 0ojee «ropsdues» 3JI€KT-
POHBI UCTILITHIBAIOT OOJbIlice paccesHiie, TO 3TO MPUBEAET K CHILKEHUIO TIOTOKA «TOPSTYMX»
SJEKTPOHOB U, CJICIOBATENIbHO, K YMEHBIUEHUIO 3HAYeHUST OTprIATeNbHON TepMOoDJIC min
Jaxe nepeMeHe ee 3Haka. C Apyroil CTOPOHBI, €CNM PACCesiHWe CUIIbHEE TSI «XONONHBIX>
3JIEKTPOHOB, TO 3HaY€HHE OTpHUIIaTe]IbHOI TepMODIC BO3pacTeT.

Kak BunHO u3 puc. 5.10, i1 HEKOTOPEIX MaTepuanoB HabmomaeTcs ycuieHue s¢pdekra
3eebeKa IpH MOHKEHMH TEMITepaTyphl. Takoe MOBEICHNE MATEPUATIOB SBJIAETCS CIIEICTBUEM
3J1eKTPOH-(DOHOHHOTO B3auMoneicTBusl. Kak yxe ymoMuHanoch B § 5.6, B Marepuaiax ¢
XECTKOW KPUCTALINMYECKON PellleTKOW HANWYME TEMIICPaTypHOro rpaineHTa NMPUBOAUT K
BO3HHMKHOBEHMIO BOJIH KOJieGaHUH pPELIeTKH, KOTOPhIE OTBETCTBEHHBI 3a TEILIOIEPEHOC.
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Oxonuanue
Takuie BOJIHBI MOTYT MHTEPIIPETUPOBATHCS KaK IIOTOK KBa3wyacTHLl, Ha3bIBaeMbIX (hoHoHamMH.
3mech MBI CHOBA CTAJKMBAeMCsl C TIPMHIUIIOM Iyajlu3Ma B OTHOILEHWM MOHATHUHA BOJHA
1 yacTriia. @OHOHBI MOTYT B3aMMOJIEWCTBOBATH C APYTUMH (hoHOHaMHU u 31eKTpoHamu. [1pu
BBICOKHX TeMIlepaTypax (GOHOH-(DOHOHHOE B3aMMOIEICTBHE SBISIETCS JIOMUHMUPYIOLINM,
TOrA KaK IPpY HU3KHMX TEMIIEPATYpaX UMEET MECTO SJIEKTPOH-(DOHOHHOE B3aUMOACHCTBHE.
B mocienHeM ciyyae MOTOK (OHOHOB, JBUXKYHIMXCS OT TOPSYEr0 KOHLA K XOJIOTHOMY,
YBJIEKaeT 3NMEKTPOHBI, 3aCTaBISAA HX TIEPEMEUIATHCS B TOM XK€ HAIIPABJIEHHM, YTO NPUBOIUT
K BO3PACTAHMIO OTPULIATESIFHOIO 3apsiia Ha XOJIOMHOM KOHIIE TIPOBOIHUKA W COOTBETCTBY-
I01lIEMY BO3PACTAaHUIO 3HAYeHUsT oTpuliaTeabHoM TepMoBJIC. Ecnu ke maTepuain siBiseTcs
MOMYIIPOBOAHUKOM p-TUIIA, TO YBJIEKAIOTCS IBIPKH, YTO BBI3BHIBAECT YBEIUYEHHE ITOJIOXKM-
TenbHOU TepMoB/IC.

5.14.2. 3¢ ekt MNenbrbe

PaccMOTpHM JiBa pa3IMYHBIX IIPOBOHUKA @ U b C OMMHAKOBO TUTOIIA-
J1bIO MIONIEPEYHOTO cedeHUs A, KOTOPHIC COeNMHEHBI, KaK 3T0 TIoKa3aHo Ha puc. 5.20.
[MoBepXHOCTH .S ABISETCSI KOHTAKTHOM MOBEPXHOCTLIO MPOBONHUKOB. O6a mpoBOAHU-
Ka MMeIOT OMHAKOBYIO TeMIIepaTypy 7, ¥ 4epe3 HUX MPOTEKAeT NEKTPUYECKHM TOK
/. TTycTh TETUIOEMKOCTB 3JIEKTPOHOB B IIPOBOIHUKE @ PaBHA C,, @ B IPOBOAHUKE b — ¢,
Torma TerioBas HePrusi, KOTOPOii 00agaeT 3JIEKTPOH, B KaXIOM ITPOBOIHUKE PAB-
na ¢,T u c,T cOOTBETCTBEHHO. B ciydae, eciM 3JIEKTPOHBI HMEIOT MAKCBEJUIOBCKOE

3
pacnpesieJIEHNe 110 CKopocTsiM, To ¢, T'=¢, T = akT .

Terora [ensThe
IloBepxHOCTE S l

Puc. 5.20. I[lepeHoc Terwia NOCPEACTBOM 3JIEKTPUIECKOTO TOKA

DeKTPUYECKMIA TOK, NMPOTEKAIOIIHA Yepe3 KOHTAKTHYIO MTOBEPXHOCTS S, B KaX-
;10M HalpaBJIeHUU

I = gnvA. (110)

B MMPOBOAHUKE 4 BMECTC C 3JICKTPUYCCKMM TOKOM B HallpaBJICHHH KOHTAKTHOU
HOBCPXHOCTU IIEPEHOCUTCA 1TIOTOK TEIUIOBOW 3HEPIUH,

P, = mdc,T , (111)
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a B IIPOBOITHUKE b OT KOHTaKTHOM TIOBEPXHOCTH YHOCWTCH HMOTOK TCIUTOBOM JHEP-
T

P, = nvAC,T . (112)

Ecmm P a >P , TO Ha IOBEPXHOCTHY KOHTAKTa ABYX IIPOBOJHUKOB TCILIOBAasd SHEPTUI
JOJCKHA OTBOAUTHCA B OKPYXKAIOILYIO CPENYy U €€ IMMOTOK 6YJI€T paBeH

P:Pa—Pb=m;AT(ca—cu):§(ca—cb)Isﬂ:[. (113)

Ecliv 3MeKTPOHBI UMEIOT MAKCBEJUIOBCKOC PacTpeliesicHUE 110 CKOPOCTIM, TO
B paMKaX M3J0XeHHOH Mojenn ko3dduuueHT [leasrhe T OyIeT paBeH HYIIO, I10-
CKOJIBKY B 3TOM cClly4ae ¢, = ¢,. OIHaK0, OCHOBBIBAACH HA (aKTe CylleCTBOBAHUS
adpexkra [lenpThe, creayeT cOenarh BBIBOJA, YTO B MarepHajax, HMCHOIb3YEeMBIX
IJIsi U3TOTOBIIEHUSI TEPMOIIAP, SJICKTPOHHBIN ra3 He MOIUMHSIETCS pachpeiese-
HUIO MakcBeuia. DTo 3aKIIIOUYCHUE COIJIACYETCS C OOIIETIPMHATHEIM ITOJIOXEHUEM
0 HE MaKCBEJTOBCKOM pachpeleleHUH 3JIeKTPOHOB B MeTajuiax. OnHako B ciabo
JIETUPOBAHHEIX TMOJNYITPOBOJHUKAX 3JCKTPOHHAA MPOBOAUMOCTh OMUCHIBAETCS Ha
OCHOBe MaKCBEJUIOBCKOTO pacmpeaeneHusi. [[o3ToMy TpeOyeTcsl HJOTOJIHUTENLHOE
YCOBEPIIEHCTBOBAHNE MOJEIH, YTOOB OOBICHUTL Hanuuue 3¢ dexra [leapThe B
TaKUX Marepuanax.

5.14.3. 3¢ ekt TomcoHa

PaccMOTpUM OHOMEDPHBIH Ta3, O TEILTOMPOBOIHOCTH KOTOPOTO yXe
roeopunock B § 5.5. Teneps MBI XOTWUM BbIBECTH GOPMYNY Uit KOHBEKTHUBHOTO fie-
penoca teria. Ha BpeMs npeHeOpexeM 3(pDeKTOM TeILUIONPOBOIHOCTH, TTOCKOIbKY
IIpY XEJIAHUU €TO BIIMSTHUE MOXHO ITPOCTO HAJOXWUTh Ha PEe3yIbTAaT, KOTOPEIA OyaeT
TIOJYYEH.

ITpeanosioxumM, 9YT0 UMEETCSI HEKUI MOTOK #v MOJEKYJI M 9TO TEMIIEPATypa HEONU-
HaKoBa BIOJb cToi0a rasa. PaccMotpuM Tpu cocennue Touku: 1, 2 u 3. Kaxmaast Mo-
JIEKyJ1a, KOTOpast ABIXETCS U3 TOYKHM 1 B TOUKY 2, IEPEHOCUT SHEPTHIO, paBHYIO ¢ 7.
3nech ¢ — cpelHee 3HAaYEHHE TETUIOEMKOCTH MOJIEKYHI (T. €. ¢ = 1/N oT TeIioeMKo-
cTH, KoTopo¥ obiaanator N moyekyin). Kaxnoii MoJieKyne, KOTopasi JOCTHITIa TOYKH 2,
TPUAS M3 TOYKA |, MOXHO MTOCTaBUTh B COOTBETCTBUE APYTYIO MOJEKYITY, KOTOpas
ITOKWHYJIa TOYKY 2 U Hanpapisiercsa K Touke 3. Ilocnemnssi GyaeT NepeHOCUTh 3HEP-
ruto ¢T,. Takum 06pa3om, yBennueHUE SHEPTUH (IKOYIM B CEKYH/Y Ha COAUHUILY
TUIOLIaAM) B TOYKE 2 BCJIEACTBME MOTOKA rasza coctaBut c(7; — T,)nv.

Ecmu paccrosnue Mexay Toukamy 1 u 2 6eckomeyno mamo, to T, — T, =dT
1 nOTOoK 5Hepruu (Br/m2)

dP" = —cnvdT (114)
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rae P° — mnoTHOCTb MOIHOCTH. EcCiu BMecTo ¢Tonda Tra3a MBI PacCMOTPHIM Iipo-
BOAHUK ¢ RIEKTPOHHOH NPOBOAUMOCTBIO, TO TEIUIO NEPEHOCUTCS NEKTPOHAMU M,
cliefoBaTensHO, J = gnv,

aP =-Lear (115)
q
nwm
apP = —éch. (116)

HonyquHoe BBIPDa>XCHHE MOXHO IIEPECIIMCATh KakK
dP =1/ dT, (117)

rae T — ko3dpuuuent ToMcoHa, U3MePSIEMBLl B BOJIBTaX Ha KEJIHBUH.
OueBUAHO, YTO

T=—=. (118)

JIJ1s1 IIPOBOIHUKOB, B KOTOPHIX JUIsi HOCUTENEH CIIpaBeUTMBO pacnipeneiieHue Mak-
cBeuia, ¢ = 3/2k v xoaddpurueHT ToMcona

T= 3k =-129 mMxB/K. (119)
2¢q

MHuorre noayrpoBOOHUKM NOJDKHBI UMeTh KoddduuveHT Tomcona Ha ypoBHE
-100 MxB/K. OnHako st 60Jiee TOYHOTO pacyeTra 3TOro Ko3bdULUUEHTa HEOOXOIUMO
NPYHUMATL BO BHUMAaHUE BIUSHNME JBIPOYHON NPOBOIVMOCTH.

DNeKTPOHKI B MeTA/UIaX He MONYMHSIOTCS MAaKCBEIOBCKOM cTaTucThke. Kak yxe
OBUIO CKA3aHO B IJI. 2, OHM ONMCHIBAIOTCA cTaTUcThKON Pepmu—/Inpaka: TOIBKO He-
3HAUMTENIFHOE YUCIO DIEKTPOHOB, HAXOMSIIUXCS B BBHICOKOIHEPIETHYECKOM XBOCTE
pacIpenesicHust, MOXET IEPEHOCUTD TEIJio. Te U3 3JeKTPOHOB, KOTOpbIE CIIOCOOHBI
Ha 3T0, MEPEHOCIT SHEPIUIO Nopsaaxa k71 eIMHUI[, HO UX A0/ B 00LUEeM YHCIE JJIEK-
TPOHOB COCTaBJSIET TONBLKO Kk 7/ Wy CreoBaTebHO, rpybo CPeTHION TEIUTIOEMKOCTD
3JIEKTPOHOB MOXHO OUEHHTH KaK

= —— kT |= . 120
€==r (120)

W Wr

) [kT )_ 26T

Orgowenye TewoeMkocth no @epMu—~Jlupaky K TEIUIOEMKOCTH 1O MakcBesTy
nopsiaxa kT/W.

Tlpu xomHarHO# Temneparype k7T cooTBeTcTBYET 25 M3B, B TO BpeMs KaK Xapak-
TepHoe 3HaueHue W coctasnsert 2,5 5B. ITooTOMy «KBaHTOBAS» TEIIOEMKOCTD NPH-
6ansutensHo B 100 pa3s MeHbIIe «KIaccHyeckoi». M3 atoro crmemyer, yro ko3ddiu-
upeHT TOMCOHA K19 METAUIOB 3HAYUTEIHHO MEHBIIC aHAOTUYHOrO Ko3dduimenTa
U1 TIOJTYTIPOBOTHUKOB.
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5.14.4. CootHoweHuns KenbBuHa')

Panee mpu BeiBOIE (POPMYJI, XapaKTepHU3YIOIIMX paboTy TepMoIlap,
MoJIarajaoch, yro KoadduimeHt IlenpThe T paBeH o 7. Tenepb MBI JOKaXEM 3TO yT-
sepxaeHue. OTMETUM TaKKe, YTO IO CHX IIOP MBI CO3HATENIbHO MpeHeoperanu 3¢ dex-
ToM TOMCOHA, KOTOPHEI GBUT PACCMOTPEH B MPEIBIAYILEM MyHKTE. 3eCh 000CHYeM
CIIPaBeUIMBOCTE TAaKOI'O ITomxoaa. TeIUuIoBoil MOTOK, HAMPABJIEHHBIA OT MUCTOYHUKA
TeUIa K TepMoTiape,

TC
PH=A(TH—TC)+nHI+IJ.tAdT—%12R. (121)
TH

IMomuepkHeM, uto B (121) yureH nepeHoc TeIvia 3a cueT 3ddexra Tomcona. Koad-
¢dvnmentT ToMcoHa Ut MaTepUaIOB A 1 B NIPUHAT paBHBIM T, U Ty COOTBETCTBEHHO.
PaccMOTpHMM THUTIOTETHYECKYIO TEPMOTIapy, KOTopasi He 00JasacT TEeTUIOIIPOBOIHOC-
TBIO M HE MMEET BIEKTPUUYECKOTO CONMPOTURIEHUS. B TakoM yCTpOiicTBE OTCYTCTBYIOT
TTOTEPH, TaK KaK A u R paBHBI HYJIIO, 1

TC
Py=mnyl+1I|[1,dT. (122)
TH

M3 Tex xe coobpaxeHuil TEIUIOBOM IIOTOK, KOTOPHIN HAIPABJIEH OT XOJIOAWIBHU-
Ka K TepMoIiape,
TH
Po=-ncl+1[1,dT. (123)
TC

TTocKOIBKY MOTEPU OTCYTCTBYIOT, MOLIHOCTL V), I, BHizie/IsieMast Ha Harpy3ke, paBHa
CYMMapHOMY TEILIOBOMY NOTOKY P, + P.. Bonee Toro, u3-3a OTCyTCTBHS COOCTBEH-
HOTO COTPOTUBJICHNSI TEPMOIIAPBl HANPsDKEHME Ha HArpyske V, paBHO HATIPSIKCHUIO
xonocToro xoxa V.,

TH
Vool =nyl —ncI +1 [ (15 -1,)dT, (124)
T,
Pg
— > <«
TH
Voc =my —mic+ | (tg—1,)dT. (125)

D Bumesam TOMCOH 3a co3maHue TpaHCATIAHTHIECKOTO Tenerpada B 1866 r. ObU1 MOCBSALIEH B phlIapi
W YIOCTOEH 3BaHMs Jopa KenbBuH.
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Onpenennm koadduipeHT 3eebeka o Ipd 337aHHOR TeMrepaType. byeM cunTarh,
yTO Temmeparypa 7 NOCTOSIHHA M MOCMOTPUM, Kak V- 3aBUCUT OT 7y

Woe Omy . 3 F _on
T AT 7{(% —1,)dT = ﬁ;iﬂg (Ty) - 4(Ty). (126)

Tak Kak 3TO ypaBHEHME CIPaBeUIMBO IpH JNIOOOM 3HauyeHUH TeMueparypsl 7,
MOXHO 0003HaunTh €€ rnpocto kak 7. Toraa koadduiment 3eebeka

= -1y, (127)

Sin = 7, (128)
DHTpONMs Ha BbIXOAC
-P,
Sout = ~TC£ , (129)
C1eJ0OBATEILHO, MOTHOE U3MEHEHNE SHTPOIIMKA B YCTPOWCTBE
as=tu Fe g (130)

Ty It

3HaK HepaBEHCTBA €CTh CACACTBUE BTOPOro Hayaja TepMoauHaMuku. OnHako
B paccMaTpHBAacMOi TepMOIape OTCYTCTBYIOT NMOTEPH (OHA M30IHTPOMHMYECKAA),
No3TOMY

P, P
AS=-H4-C=0 (131)
T, T¢
dAS
ar = (0, MocKoIBKY ypaBHeHue (131) crpaBeniviBo mpu awo0bx 7,
daS _ _d n”l—M+I?I§dT—1?E’idT =
dT, dTy,| Ty T: 7. T 7. T
-7 LM_H_E&_FTB(TH)“TA(TH) - 0. (132)
Ty 0T, T} T,

3mech MBI 3aMEHIUTH TIPOM3BOIHYIO OT OIpe/le]ICHHOro MHTEerpaia 1o ero BepxHe-
MY TNpefeny Ha MOALHTErpaTbHYIO (DYHKITHIO, B3SIB B KAUYECTBE €€ apryMeHTa BEpXHUMI
npenen uHTerpaia (CM. HUXe).
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HeMHOro MmateMatukum

X—>

¢/ Grag

Jlnst Tex, KTO 3a0bL1, IPUBEAEM TIPOCTOMN BBIBOA TOTO, KaK HYKHO OpaTh MPOW3BOAHYIC OT
OIPEACTeHHOI'0 UHTErpajia Mo OHOMY M3 €ro 1pejeyioB. PaccMOTpuM

S
Int = Jydx, (133
0

rme y — Hekas ompeneieHHass dyHkiums ot x. O6patumcs K pUCYHKY. MHTerpan paBeH
TUIOTIAMV ITON KPUBOM, 3aKPALICHHON CEPbM IBETOM, W MMEET BEepXHMH mpeden x = (.
CrpailliBacTCsl, 9YTO M3MEHWTCS, €C/IM YBEJWYUTh BEPXHUI IIpefed UHTErpUPOBAHMS Ha
GeCKOHEYHO MaTyio BetduuHy d? fcHo, 4To IMpH 3TOM TUTOLIAND TO/ KPUBOU BO3pacTeT Ha
penuuuHy y(£)dl, xoTtopas paBHa IUI0ILaAu HEOOMBIIOr0, 3aKPallEHHOTO YEPHBIM LIBETOM
npsiMOyToibHKKa. BemmunnHa y(£) ecTh HEe 4TO HHOe, KaK 3HadeHWe QYHKUUH ¥ IpU X = {
(T. €. 3HAYEHUE y NIPU BEPXHEM fIpeleic HHTErpupoBanus). TakuMm obpazoMm, H3MEHEHHUE
HHTETpaja paBHO

dInt = y(£)dg, (134)
a CKOPOCTE 3TOr0 U3MCHECHHA
dint
= R 135
o y(©) (135)

W3 310TO CHEayeT, U4TO MPOU3BOAHAS OIPEACICHHOIO UHTErpajia 1o BEPXHEMY TIpeaciy
VMHTErpUpOBaHUs PaBHa IONBIHTErpANbHON DYHKIMH B TOUKE, COBMANAIONIEH C BEPXHUM
MIPEACIOM WHTETPUPOBAHHSI.

UcximrounB [ u3 ypaBHeHUs (132), YIPOCTHB €ro M BOCIIOJB30BaBIIUCh TEM, YTO

TIOJIyYEHHOE COOTHOIIIEHHE CIPABEUIMBO ITPU JIIOObIX 3HAYEHUSIX 7, MOIYyIUM
on T

— Ty Ty =0 == (136)
oTr & T

Taxum 00pa3soM, COOTHONIIEHNE MeXIY BEIUIMHAME O ¥ T, UCOJB30BABILCECS B
3TOH TJIaBe, CIPaBeAIVBO.

HTEpeCHO YCTAHOBUTH 38BUCUMOCTD O OT 1¢

do lf{on = I(on on :
o _1fom m)_1fomx om 137
aT T(aT T) T(aT oT | ™ T”)’ (137)
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(138)

g0 T,
oT T
W3 mojiy9eHHoro COOTHONICHUS CHEAYeT, YTO €Ci 00e BETBY TEpMONApBl UMEIOT
OMHAKOBLIN Koodduiment ToMcona, To koabduLineHT 3ecbexa He 3aBUCHT OT TEM-
nepatypbl. OQHAKO TaKoe COBMAJCHNWE OYeHb YaCTO HE UMEET MecTa.
Brotan sdpdexta Tomcona B DJAC TepMomapsl paBeH
TH

Vo= | (tp-1,)dT. (139)
TC

Ucnonwb3ys ypasuenue (138) ¥ urHOpUPYs 3HaK, MONy4aeM

TH d(x TH
V.=1T-—dT =) Td
g Tj T 7{ o. (140)
[IpounTterpupoBas 10 Yactsam, OyaeM UMETH
TH
V.= (aT)|ft - [ dT. (141)
TC
CpenHee 3Hauerne <o> B TeMIIepaTypHOM MHTepBaie ot T mo Ty
" odT
<o>=f— 142
R - (142)
CrneloBaTeIbHO,
VL' = OLHTH - OLCTC - <(X,>(TH* TC), (143)
V.=a(Ty =T) - <o>(Ty - Tp). (144)

Ecnu vcnonb3oBaTh cpeanee 3HayeHne kKoadoduumenTta 3eebeKa, T. €. TPUHITD,
9TO0 0y = 0L = <>, To V= 0. Takum 06pa3soM, MOXHO TIpeHEOpeUb MIepEHOCOM Tetl-
ja, oOycnoBieHHBIM 3dhdexrom ToMcona, Ipu UCTONB3OBAHUM CPedHer0 3HaYeHMs
xoapuimenT 3eebexa.

5.15. HAMPABNEHWNA N 3HAKU

B pasnuuubix mpuMepax, oOCYKIABUIMXCS PaHEe B TEKCTE, He OBLIO
TIOCJIEAOBATEILHOTO M3JIOXKEHMS BOTIPOCA O HATIPABICHUY PA3IMYHBIX TEIUIOBBIX NTOTO-
KOB, CBS3aHHEIX C paboToil TepMomapsl. HanpasieHUsS 1 COOTBETCTBYIOIME 3HAKK B
YPaBHEHUSIX JUIS TEILIOBBIX HIOTOKOB Py, Py Py BHIOMPaINCh B KQXIOM CllyJae Tax,
KakK OpUTO ynoOHO npu 00CYXIeHHY KOHKPETHOM PacCMaTpUBaeMON 3ataqu.

XoTsi BBIOOp HaTpaBICHUI 1JIs1 Pa3TUYHAIX ITOTOKOB COBEPIIEHHO NTPOM3BOIEH, TEM
HE MeHee OH JOJDKeH OBITh MOC/HEeIOBaTeAbHBIM U HEMPOTHBOPEUUBLIM B HIPOLECCE



206

Thasa 5. Tepmosnexmpuuecmeo

paccMoTpeHus obcyxaaemoit mpobnembl. Korna TepMoniapa MCIONb3yeTcst B Ka4eCTBe
reHeparopa, anpuopy TMOHITHO, YTO HamboJee LEeIeCOODPa3HBIM MPEACTaBISETCH
BBIOOD HampaBIE€HUI TETUIOBHIX [IOTOKOB, COBHANAONINNA ¢ OOILEIPUHATHIM BEIOO-
pOM, MpPeACTaBICHHBIM pUc. 5.21. Ha 3TOM pHCYHKE TEIUTOBOM MOTOK HHAET OT MC-
TOYHMKA TEIJIa B TEPMOTIAPY, YaCTh €T0 MEPEHAeTCs XONOAMIBHUKY, a Y4aCTh BEIXOAUT
B BUJE MOTOKA 3MEKTPUUECKOM 3Hepruu. [1pr 3TOM BCE MOUIHOCTH GOJIBIIE HYJIS.
JIITST XOJIOAUIBHUKOB U TEIUIOBBIX HACOCOB IIEJIECO00pa3Hee MCIIOJIb30BaTh CXEMY
TEILIOBBIX TIOTOKOB, M300paXeHHYI0 Ha puc. 5.22. Ha 3ToM pucyHKe tepMonapa or-
OMpaeT TeNJIO Y XOJIOAUIbHUKA M 3aTeM IepenaeT ero 6osiee TopsiueMy pe3epByapy.
EcrecTBeHHO, 4TO JUISI OCYHIECTBIEHMSI TAaKOTO Mpoliecca HeoOXOMMMO IIOTPATUTE
HEKOTOpOe KOJNMYECTBO 3NMEKTPOIHEPTUM, KOTOPYIO TepMollapa 3abupact.

<
P
JIxxoyJieB HarpeB JIXoy/1eB Harpes
<
[Tepenoc 3a cyer TlepeHoc 3a cuer
3¢ dekra Hean;e a¢dekrta [leasThe
<

Puc. 5.21. HanpaBiieHye TEIUTOBLIX TIOTOKOB B Pyc. 5.22. Hanpap/ieHUe TeIUIOBBIX MOTOKOB
TepMoTape, MCIIONb3yeMO KaK TeHepaTop B TEPMOIIAPE UISI XOJOAWIbHIKA

Hasaiite MpoaHATU3UPYEM YpaBHEHUSA UIA BeNWYUH Py u P.. B HUX BXOAMT Tpu
YIEHa, ONMUCHIBAIOIIUX TEIUIOMTPOBOXHOCTD, IXOYJIEB HArpeBR W MEPEHOC TEIUIOTHL 3a
cuet addekra Ilenbrhe.

OueBUIHO, YTO WIEH, OTBETCTBEHHBIH 34 TETUIONPOBOIHOCTD, MOJIOXUTENIEH, KOT-
Oa TEIUIOBOM MOTOK HamnpasneH oT Ty K T Ha puc. 5.21 3T0T noTok coBnagaer no
HAIpPaBICHUIO C TIOTOKaMu Py U P, ¥ TO3TOMY B YPaBHEHHMAX OH OyIeT MMETh Io-
JIOXWTEJIbHBIA 3HaK. Ha puc. 5.22 yjeH, OMUCHIBAIOIIMI TEILIONMPOBOIHOCTh, UMEET
HArnpapjJIeHUe, POTUBOMOIOXHOE HANPaBIEHMIO TTOTOKOB Py, 1 P, U 1103TOMY B CO-
OTBETCTBYIOIIIX YPABHEHUAX OH OYIET OTPULIATEIBHBIM.

OnHa NoJOBKMHA LKOY/IEBA TeIUIA BHIXOAWT U3 rOpsYero Toplia, a Apyrad nojoBrUHa
u3 xononHoro. Ha puc. 5.21 Ha ropsiueM Toplle KOYJIeBO TEIUIO HAMPABIEHO IIPOTUB
Py, 2 Ha XOJIOTHOM TOPLIC OHO COBMNANAET IO HanpasieHuo ¢ P.. Ha puc. 5.22 Ha-
OJI0aeTCsT IPOTUBOTIONIOXKHAA KapTHHA.
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IoToK Terwia, 00ycnopIeHHEI 3(dexkToM IebThe, MOXET UMETh JIT000¢e HaTlpaBIeHNE,
KOTOPOE 3aBHCHT OT HallpaBJIEHNs: TOKa, IPOTEKAIOILIETO Yepe3 TepMoriapy. COOTBETCTBEH-
HO B OTHOM M3 YpaBHEHMI (CKaxeM, B ypaBHEHUM IS Pp) 3HaK WieHa, OTBETCTBEHHOIO
33 3TOT IOTOK, MOXeT ObITh BRIOpaH MPOHM3BOILHAIM 00pazoM Jist 000MX CAydaeB, H300-
paxeHHBIX Ha puc. 5.21 1 5.22. Ho, oMHaX/Ib!I BEIOPaB 3HAK 3TOTO WiEHA B YpaBHEHUM IS
Py, MBI IOJDKHBI MCIIOB30BATh TOT K€ 3HAK U B YPABHEHUM LTS P 1M YCIIOBUH, YTO Py
1 P, MMEIOT OITHO ¥ TO X€ HalpaBjleHue. DTH YTBEPXACHUSI CTAHYT GOJiee OYCBHITHBIMI,
€CJIM PaCCMOTPETh YpaBHeHue g Py = P, — P Ha 000MX PUCYHKaX.

Ha puc. 5.21:
P, = A(Ty -T.)+aT 1—1R12, (145)
H H C H 2
P.=A(Ty -T, +aT1+1R12, (146)
C H C C 2
P.=a(T, -T.)I - RI*. (147)
E H C
Ha puc. 5.22:
Py =-A(Ty -T¢)-aTyl + —;-RJ2 , (148)
|
Po= ATy -T)-aT.I —ER] , (149)
Py =—o(Ty -T;)I +RI*. (150)

3aMeTnM, uTo P, Ha puc. 5.21 UMeeT HalpaBICHUE, TPOTHBOIIOIOKHOE TOMY, YTO

[OKa3aHo Ha puc. 5.22.
§R
>

jﬂ uTg-T¢)

Puc. 5.23. DnekTpuyeckas MOAENIb TEPMOIaphl

TepMolrapa MOXET ObITE IIPOMOIEIIMPOBAHa KaK UCTOUHUK HatipspkeHus ¢ DJ1C xo-
JIOCTOrO X0/1a, paBHOM o (T, — T;) v BO3HMKalouIeH B pesynbrate a¢dekra 3eebeka,
C BHYTpEHHUM colrpoTuBieHneM R (puc. 5.23). Buano, 4To JI060€ U3 ABYX YpaBHEHU I
11t Py COOTBETCTBYET 3TOM MOJEIH.
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MPUMTOXEHNE

Jlo6poTHOCTL TepMmonaps! Z = o2/A R nMeeT MaKCUMaJIbHOE 3HAUCHHE,
KOI'Ia Npou3BeeHne A R MUHMManbHO. ONpenenM reOMETPUYCCKUE [TapaMeTphl Tep-
MOTIAPBI, COOTBETCTBYIOLIKE ITOMY YCIOBUIO:
Iy . Iy
3
Ao, Agoy

AR:AAM ly _,_AB?"B Iy +AA}‘A I +AB7‘B Iy
Iy A4 lp AL, Iy AgOp lg Ao’

CJI€10BaTCIbHO,

AR=2a 2o LAy | IpAds
o, ©p A, [ Agoy

. Ay A
Jinsi BBIOpaHHOjI TApE MaTepyanoB BeJMunHa —4 + —£& dukcuposana 1 MUEVIMYM

G4 Op
[ Agh g + LA 4 OymeT MMHUMAIBHEIM. 11yCTh
lpA04 144505

AR 6yner aMeTh MeCTO, KOTAA

/A A A
A 4=, @=L,
By Op O4

i

X

d a a
TOIa MUHMMYM TIOJNY9aeTca 1Ipu o ax+—L|=0 uwm a, = —12—, OTKYIA CIICAVET,
X X
4yTO

l4Ag AiO4
7B _ ’___ 25
IzA, AsOp )

THoacrasaas ypasHeHUe (25) B BoIpaxkeHue U AR, nMeeM

2
L
ARm.m:(\/—g+\/8,—Z] . (26)

5.1. TepMO3JIEKTPUYECKOE OXJIAXOAKOLIEe YCTPONCTBO CNIOCOOHO NOHIKATh TEMIIE-
patypy Ha 100 K npu temuneparype ropsuero xonrakra 300 K. Yemy pasna no6pot-
HOCTL TepMomnapsbl?

3A0AUN

5.2. Koadpdpuument 3ecbeka (MkB/K) mis cniast TepMonapbl BHIpaxXaeTcs KaK
=100+ T- 10372

i. TIpm xakoif Temmeparype koadduimeHT IlensThe OyaeT MMeTh MAKCHMAIBHOC
3HayeHue?
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2. Yewmy pase” kos3dduuyent [lenprse nipu 310# TemiepaType?
3. Ilpu Kako# TeMmrepaType KoaddnieaTst ToMCoHa [T MaTepruanoB TCPMOTIaphl
paBHBI?

5.3. TepmosexTpuyeckas siueiika nMeeT no6porHocts 0,002 K-! u BHyTpeHHee conpo-
TusieHue 100 MxOMm. Cpennee 3HadyeHMe kod(pdumimenta 3eedeka 200 MxB/K. dns
M3MEPEHNS TEIUIOBOTO TIOTOKA, MAYIIETO OT NCTOUHMKA TeIUIa K stueiike, Py, U Telio-
BOTO TOTOKA, MAYLIETO OT SIYeHKM K XOJIOAWIbHUKY, P, UCTIONb3YETCSA CHEeLMANbHbIN
U3MEpPUTETb TEIIOBOro motoka. Kakoi-nu6o Apyroi TeriooOMeH MeXAY sS4eiKoi
M OKpYXamlleil cpeqoii oTcyrcrByeT. TeMneparypa ucrouduka temna 600 K, a Tem-
neparypa xonoawibHuka 300 K.

1. Yemy papubi BeuunHel Py v P, IPA OTCYTCTBMM 3JIEKTPUYCCKOTO TOKA depe3
A9EUKy?

2. Yepes g4yeiiKy MpOTEKAET JEKTPUUCCKUM TOK [, 4TO MTPUBOAUT K NU3MEHEHUIO 3HA-
gyeHyus P, Kakoii Tox I IO/DKEH MPOTEKATh YePe3 AUCHKY, YTOObI OTOK Py cTan
paBeH HyNO?

3. KakoBo cooTBeTCTByIOLIEE 3HaYeHUE P 7

4. B xakoM [HaNa30oHe 3HaYeHMI 2/IeKTPUYECcKOoTo ToKa [ siueiika Oyner paboTaTsk Kak
3JIeKTpOreHepaTop?

5.4. Merajutvueckuii 610K ¢ temieparypoil 850 K ycTaHOB/IeH Ha MOICTaBKYy Ha
1wiardopme, umelolei Temueparypy 350 K.

[Mnaumpyemsblii 3KCTIEPUMEHT TpeOyeT, 4TOOBI TEIIOOOMEH MexXay ONOKOM M IulaT-
(opMoit GbUI MOJTHOCTBIO UCKIIIOYEH. [IjIs1 TOTO YTOObI JOOUTHCS BBIITOJHEHUS 3TONO
YCIIOBKA, IOJCTaBKa ObUla IiepejefiaHa B TepMonapy, 4epe3 KOTOPYIO MPOITyCTHIU
SIEKTPUYECKUI TOK COOTBETCTBYIOIIETO 3HAUCHMS. TeIUIONPOBOLHOCTh TEPMONaphl
pasHa 1 B1/K, snextpnyeckoe conmpotunieHre 1 MOM. JIo0OpOTHOCTb TEPMOIIAPHI CO-
crapirsana 0,001 K1, Bee 3TH maHHBIE COOTBETCTBYIOT CPEIHUM 3HAYEHUSAM YKA3aHHBIX
BEJIMYVH B MHTEPECYIOUIEM HAC MHTEPBAJIE TEMIIEpaTyp.

Kakoii Tok He0OXOIUMO TIPONYCTUTE Yepe3 TepMonapy? Yemy pasHa TepmodJC? Ka-
KOBa TIOTpelbiisieMas 3JIeKTPUYecKasi MOIHOCTb?

5.5. HeoGxommMo otompaTh 100 BT TeIIoBOM MOIIHOCTH B TOYKE C TEMHEPATYPOH
210 K u nepenasaTh ee X Touke ¢ TeMmrnepatypoil 300 K. [Ijis 370 1esu ucrons3yercs
IIBa KACKa/ia TepMOIIap: BTOPOii kKackasa paboTtaer B TeMIiepaTypHoM uHTepBasie ot 210 K
10 T, a mepBeiit — B uHTEpBajie 0T Ty = Ty, 10 300 K. Tepmomnapbl U3roTOBICHBI
W3 OJIHUX M Tex xXe marepuanos: o = 0,001 B+ K-, AR = 0,0005 K - B2

TeoMmeTpyuecKyie apaMeTpsl KAXI0i TepMOaphl ONTUMHU3UPOBAHEL. TOK, TpOTeKalo-
W Yepe3 KaXIyIo TepMOTIAapy, COOTBETCTBYET PEXKUMY MaAKCHMATbHOTO OXJIAXACHHA.
Toxk, nporekawuyii Yyepe3 NMEPBLIM KacKaja TepMoIlap, MOXET OTJMYAThCA OT TOKa,
IIPOTEKAIONIETO Yepe3 BTOPOM KacKaf.
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TepMoriapbl KaXnoro Kackaja 3JeKTPUYECKU COSIMHEHBI MEXIy CO00il moc/emoBa-
TEJTBHO.

CyMmMapHas 3J1eKTpUYeCcKast MOIHOCTD, MOTpebnsieMast CUCTEMOI, 3aBUCUT OT BBIOO-
pa TeMnepatypht T,

Ilpn xakowi temneparype T, moTpebnsemMas 3JMEKTPUYECKask MOIUHOCTL P, Gymer
MHUHUMaNbHON? YeMy paBHa MOWHOCTL P,? UeMy paBHO HanpsKeHME Ha KaxIOM
Kackane?

5.6. TepMmoaneKkTpudeckas 6atapest UMeeT MOIIHOCTD 5 KBT, HanpsoxkeHHWe Ha Harpy3-
ke 24 B. OnHa cripoekTupoBaHa sl paboThl ¢ MaKCUMATbHOH 3(MEeKTHBHOCTHIO NIPH
BBIIUCOITMCAHHEIX YCJIOBUSIX.

Topsryast ctopona TepMobGatapeu umeet TeMriepatypy 1100 K. Temrieparypa xonogHoi
croponsl 400 K.

J06POTHOCTh KaXIOTO TEPMOJIEKTPUYECKOTO IeMeHTa B Garapee pasHa 0,0015 KL
Yemy paBHa 3¢ dEeKTUBHOCTD GaTapen?

5.7. Yemy paBHA TEIUIONPOBOTHOCTh METAJUIMIECKOTO CTEPXHS, IIOCTOSIHHAS TEMITEpaTypa
kxotoporo 7 =400 K, ecnu 3/ieKTprdecKoe CONPOTUBRIEHNE CTEPXHS paBHO 4 OM?

5.8. Ing toro 4ToOBI Yepe3 TepMOIIapy, MMEIOIIYI0 OAMHAKOBYIO TEMIIEPATYpY Ha
obomx konmax (300 K), npomyctuts TOK, paBHHI 100 A, HEOOXOAMMO 3aTPaTUTH
50 Bt anekTpuyeckoii MOIMHOCTU. Ta Xe TepMornapa IIpu TeMIIEPaTypax ¢€ KOHTAKTOB
800 n 300 K mmeer TepmoB/IC, papnyio 0,5 B. ByaeM cumMTaTh, 94TO COIPOTHUBIIEHUE
TEPMOIIAPhl HE 3aBUCHUT OT TeMieparypsl 7.

Kaxkast MolfHOCTh HEO6X0JUMA [T TOTO, YTOOBI Yepe3 TEPMOTIapy MPOTEKAN SIEKTPH-
YeCKM¥ TOK, paBHBIM 100 A, nmpu yKasaHHBIX BEIITE TeMIIepaTypax Ha €€ KOHTaKTax?
CymiecTByeT i Apyroil BApMaHT OTBETa Ha 3TOT BOTIpoc?

5.9. TemmepaTypa ropsiuero KoHtakra repMonapsl paBHa 500 K, a xonontoro — 300 K.
DnexTpuueckoe conportubieHue Tepmonapsl 0,0005 OM, a €€ TeIUIONPOBOIHOCTH
0,2 Br/K. Cpennee 3Hauenue koadduimenTta 3eebexa B paccMaTpUBaeMOM WHTepBaIe
temmneparyp pasuo 0,001 B/K.

Yemy pasHa tepMo3/(C TepmMonapsr?

HpI/I OTCYTCTBHUHU IJICKTPHUYCCKOTO TOKA TeIJIOBOM IIOTOK HaAMpaBJICH OT TOpsYeH CTO-
POHBI K XOJIOTHOM.

MoXHO 1 cienaTh Tak, YT00HI TETUIOBOM MOTOK, MYV OT ICTOYHUKA TeIlIa K Tep-
MOIIape, cTaj paBeH Hymo? YeMy npu 3toM GyaeT paBeH TEIUIOBOM IOTOK, MAYIIHI
OT XONOoMWIbHUKA K TepMmomnape? KaxoBa npu 31oM OyneT 3aTpayuBaeMasi JIEKTPU-
geckag MoIIHOCcTh? YeMy paBHO HanpsoxkeHue Ha TepMomnape? Kyna vampasieH 1oTox
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ICKTPUYECKOI SHEPTUM — B TEPMONAPY WM U3 Hee (T. €. TepMonapa paboTaer Kak
FeHEepaToOp WU KaK Harpyska)?

5.10. Temneparypa ropsigero xotakTa Tepmonapst 900 K, a xononxoro — 300 K. Tok
KOPOTKOI'O 3aMBIKaHusi TepMonapel paBeH 212 A, tepmoB3AC — 0,237 B. Pa3smepsl
TepMoraphl ONITAMN3UPOBAHEL st pabOTHI Mpy cpemHeil Temmnepatype 600 K. B Tep-
MoMnape WCTOJIb3YIOTCS TIOJMYITPOBOAHVKOBEIE MaTEPUAITbl, UMEIOLIUE NTPEHEOPEXRMMO
MAIYIO PEIECTOUYHYIO TETUIONPOBOIHOCTD.

1. Onpeageanre TerwroBoil MOTOK, WAYIINH OT UCTOYHMKA TEIUIA, KOIA K TepMornape
HE MOAKIIIOYeHa HArpy3Kka?

2. Uemy paBHa 3JIeKTpMYeCKasi MOUIHOCTb, BbleasiemMas Ha Harpy3ke 500 MkOwm?

3. Kakosa acdbdexkTBHOCTD yeTpoiicTBa nipu Harpyske 500 MmxOm?

5.11. HeGosmpimoit TepMO3IeKTpHIECKUil TeHepaTop (eAMHIYHAs T1apa) CHaOXEH ABYMSI
TEIUIOBBIMM CeHcopamu. OfMH u3MepsieT Temrieparypy 7, (C ropstieil CTOpOHBT), @ BTOPOH
T (c xononHoii cTOpoHB). ['opsAYas CTOPOHA HATPEBAETCA € TOMOLUBIO JIEKTPUIECKOTO
Harpesaresisi, U Bce FeHepupyeMoe HarpeBarteieM TeILTo MOCTYIIaeT B repMortapy. Crneuy-
IbHas KOHTPOJIbHO-U3MePUTENIbHASL CHCTEMA C 0OPaTHOM CBSI3bIO TTOAACPKMBACT TEMIIC-
parypy ropstueit croponbl paBHoi 1000 K. MowuHocTb, nmoTpebisieMast 31EKTpUYeCKUM
HarpeBareieM, MOXeT ObITh U3MepeHa. COOTBETCTBYIONIAs CUCTEMA C XOJIOMHOU CTOPOHBI
MOANEPXUBAET ee TeMIIepaTypy HEM3MeHHOU 1 paBHoii 500 K.

Moxer ObITh YCTAHOBJIEHO TpeOyeMOe 3HAUEHHE TOKA [, IPOTEKAIOIIETO YePe3 TEPMO-
napy. Korga Tok / paBeH HYO, JJIs1 HarpeBa UCTOYHMKA TETLIA C TOPSYCH CTOPOHEI
pacxomyercs 10 Bt snexTpuueckoit MoiuHocTu. Ilpn sToM TepmoBDIIC TepMmonapbl
cocraBisieT S B.

[Tycte Teneps yepes TepMorapy poTeKaeT TaKoW TOK /, YTOOBI TP OTKITIOUEHHOM 2JIeK-
TPUYECKOM Harpepatesie Temmneparypa 1) ocTaBajach MOCTOSIHHON u pasHoi 1000 K.
Ecv Teneph HanpaBIeHUE TOKA MOMEHSETCS Ha NMPOTHBOMOJIOXHOE, TO JUTS ITOAIC~
pxanns temuepatypst T,,= 1000 K, notpebyercs 18,3 BT anektposHepruu.

1. Yemy paBeH ToK [?
2. Kaxoe HanpskeHUe OyneT Npu TOKe paBHOM { u —1?

§.12. TepMoTiapa TPUCOEAMHEHA K PETYAUPYEMOMY HCTOYHMKY DIEKTPHUYECKOTO
Toka. COMPOTHBIICHUEM COCAVNHUTEIBHBIX MMPOBOAOB MOXHO TNMpeHeOpeub. TeM-
neparypa COCTUHMTEIBHBIX MPOBOIOB U XOJOAHOr0 KOHTaKTa TEPMOMApbl paBHa
300 K. AGconoTHOe 3HAYEHUE 3JIEKTPUUYECKOTO TOKA, MPOTEKAoIIETO 4epe3 Tep-
Mornapy, Bcerna pagHo 100 A. [TpuMeM, 4TO CONMPOTUBIEHUE TEPMOIAPhl HE 3aBH-
CHUT OT TEMTIEPATYPHI.

l. Hpu Ty= T,=300 K nanpsxeHne Ha 3aXvuMaX MCTOYHMKA TOKa pasHo 0,2 B.
Yemy GYIET paBHO 3TO HATIPSDKEHWE, €CITH U3MEHUTD HANpaBlleHUE SJIEKTPIIECKOTO
TOKA Ha NPOTHBOIOJN0XHOE?
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2. Tpu Ty = 600 Ku T = 300 K abcomoTHOE 3HaUeHNE HANIPSXEHUA HA HCTOUHMKE
ToKa paBHo 0,59 B. Uemy Oyet paBHO HaNPSKCHHE, €CITU H3MCHHUTh HATIPaBICHHIE
3JIEKTPUYECKOTrO TOKA Ha IIPOTUBOIONIOXHOE?

5.13. IlpeamonoxwM, 9TO IS MAaTepPUAIOB, U3 KOTOPHIX CIe/laHa TepMoIlapa, crpa-
Be/UTMB 3aKoH Buenmanna-®panna-JlopeHna. Koadduiinent 3eebeka o TepMOIapsl
paBeH 150 MxB/K u He 3aBUCHUT OT TeMIIepaTypbl. DJIEKTPUIECKas IPOBOJUMOCTh G
(st 06enx BETBEU TEpMOTIAphl) TAKKe HE 3aBUCHT OT TEMITEPATYphl. TakKue Tpenio-
JIOXKEHUS CHENaHbi, YTOOBI YIIPOCTUTH 33/ady. Kak M3BeCTHO, B JEHCTBUTEIBLHOCTH
KO3(bOUIIUCHTHI 0. U G 3aBUCIT OT TEMIIEPaTyphL.

VYcrpoiictBo paboraer npu Temiepatypax 7, 1 T, Ilpu pacyerax 3HaueHMA OO0
BeJJMYUHBI, 3aBUCAIICH OT TEMIIEpaTyphl, MCHONB3YHTE CpelHee apu(pMEeTHIECKOE
3Hayenue T, JBYX NpeeibHBIX TeMIeparyp. I'eoMeTpus TepMonapel ONTUMU3UPOBa-
Ha, U TIpHCOedHeHHas K Hell Harpy3kKa BCETIa MMEET 3HaY€HUE, COOTBETCTBYIOICE
MaKCUMaIbHOM 3((hEKTHBHOCTH CHCTEMBI.

Jokaxure, 4YTO IpH CACTAHHBIX IIPEATIONOXEHUSX JICKTPUIECKAsT MOIIIHOCTD, BbIAE-
JSIOIAsACs Ha HArpy3Ke, HE 3aBHCHUT OT BEI6Opa TeMrrepaTyphl 1y Ipu YCAOBUH, YTO
AT = Ty — T, Bceraa oIHO U TO Xe.

KakoBo 3HaueHme AR 111 3TOM TepMoIapsl mpya teMmepatype 800 K?

5.14. TepMosnekTpuyeckas Oarapes, cocraBieHHas u3 100 tepmomnap, MMelOMX
MOCJICAOBATEIbHOE JIEKTPUUSCKOE 1 TTApaAJUICIbHOE TeIUIOBOE COCANHEHNE, IIPOXOHAT
WCOBITaHWs B Ka4YeCcTBE TEIIOBOro Hacoca. OmHa cropoHa GaTtaper KOHTaKTHPYET
C XOJIO[HOMW CTEHKOM, U €€ TeMriepaTypa pasHa —3 °C, Ipyras CTOpOHa UMEET TeMIiepa-
Typy 27 °C. TepmoB/IC baTapen, U3MEPEHHAs C IIOMOIIBIO MACATBHOIO BOTBTMETPA,
pasaa 900 mB. IIpu KOpOTKOM 3aMBIKaHUM, TOK, IPOTEKAIOIIMI uyepe3 OaTapelo,
cocTaBisieT 9 A.

Barapero ynansioT OT XOJIOZHOM CTEHKU, M XOJNOAHYIO CTOPOHY OaTapeW Teruio-
M30JINPYIOT TaK, YTOOBI TEIUIOBOM TOTOK B Hee ObUT paBeH Hymo. Yepes Garapeio
TIPOIYCKAIOT TOK, paBHBLA 50 A, OT BHEIIHEIO0 MCTOYHHKA B TAaKOM HAaIIpaBJICHHU,
9TOOBI TEIUIOBOH ITOTOK OBbLI HAIIPABIEH OT XOJIOAHON CTOPOHHBI 0aTtapeu K TOpsTdeid.
C moMoI1Iblo TEPMOMETPA U3MEPSIOT TEMIIEPATYpy XOJIOAHOM CTOpoHHI 6atapen. Iloce
TOro KaK YCTAaHOBIWIOCH CTAIIMOHAPHOE COCTOSIHME, TEMIIEPATypa XOJIOOHOM CTOPOHEI
oxasanachk paBHoi 260 K, a Temneparypa ropsiueit octanach HeusmenHoii — 27 °C.

SIBasteTca M TOCTUTHYTAs TEMIIEpaTypa XOJOIHOW CTOPOHBI Oarapeyd IIpeAcJbHOM?
Ecmum ger, TO KaKyio caMylo HHU3KYIO TeMIIepaTypy MOXHO TOJMYIUTh B KaKOi TOK IS
3TOr0 HeoOxonuM?

5.15. TepMO3IEKTPUIECKOE YCTPOMCTBO COCTOUT U3 OIHOM TEPMOIIAPHI, TopsTyast CTO-
POHA KOTOPOI HAXOOUTCS B TETUIOBOM KOHTAKTE ¢ SJICKTPUIECKIM HarpeBareireM. Bee
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TEIUIO, BEIpabaThIBaEMOe HarpeBaTelieM, IMOCTYMaeT B TepMotnapy. JIpyriMu clioBamu,
MOIIHOCTE TEILIOBOTG MOTOKAa P, BXOMSUIETO B TEPMONAapy, paBHa BIEKTPUYECKON
MOIIIHOCTY HarpeBareisi. TeMiiepaTypa ropsdeii ctopoHsl TepMonaps! 1000 K, xonon-
Hoit — 300 K. TemmepaTypa ¢ 06eMX CTOPOH HETIPEPHIBHO U3MEPSCTCS CTICITUATHHBIMYT
TepMOMETPaMU.

OxKasanock, 4To B peXuMe XoJocToro xoma TepMod/1C yerpoiicta paBHa 0,28 B. [Tpu
3TOM MOIIHOCTS TEIUTOBOIO ITOTOKA OT HarpeBatesis coctapisiia 14 Br. Tok kopoTkoro
3aMBIKaHUSA TEPMOMAPEI OBLT paBeH 35 A.

1. YeMmy paBHaA MOIIHOCTh TEIUIOBOTO MOTOKA B CIyyae KOPOTKOTO 3aMBIKaHUSI TEp-
Motmaph1?

2. Yemy paBHA MOITHOCTh TEIUIOBOTO MOTOKA, eclii HaBcTpeuy TepMoBAC mpuioxe-
Ho HanpsokeHue 0,4 B?

§.16. Panyou30TOMHBINA TEPMOINEKTPHUYECKHAIN T€HEPATOP UCTIONB3YeTCSI B KAYECTBE
HCTOYHUKA 3JICKTPOIHEPTHY Ha bopTy KocMuueckoro kopabis. Ilpy HanpsoKeHun
30 B renepatop Bbizaer MoutHocTh S00 BT Ha Harpy3ky, OUTHMaJbHBIM 00pa3oM
comIacoBaHHYyIo ¢ TeHepaTopoM. [1pu 3ToM 3 hEKTHBHOCTD YCTPOICTBA COCTABISIET
12,6 %. C ropsiueii croponsl Temnepatypa T, = 1300 K, ¢ xonomHoit — 7T = 400 K.
Bynem cuMTaTh, YTO XapaKTepUCTHKM TepMonapsl (o, R 1 A) He 3aBHCAT OT TEMIIE-
paTypeL.

1. Kaxoif 6yaeT 3()eKTUBHOCTh Te€HepaTopa, eCii CONPOTUBICHNE HArpy3kKu u3Me-
HUTCS TaKUM 00pa3oM, 4TO MOLIHOCTL ymaner mo 250 Bt?

Tenepsb NPeAION0XAM, YTO UICTOUHUKOM TeIlIa SBISETCS pAIUOU30TONHEIA UCTOYHUK,
KOTOPEIIT BEIpA0ATHIBACT IOCTOSTHHYIO MOIITHOCTE, HE 3aBUCSILYIO OT HATPY3KH. B 3TOM
caydJae Temreparypa OyneT 3aBHCETh OT Harpy3ku. Ecli pagmoakTWBHBIN MaTepual
OymeT moMelieH BHYTPb anuMadaTUYecKOro KOHTeHHepa, TO TeMmIeparypa OymeT Io-
BBIIIATHCA 10 TEX IOP, MOKAa KOHTEWHep He BHIAIET U3 CTpod. Hannure Heu3MeHHBIX
TETUIOBBIX MOTEPH NIPUBEACT K OTPAHWUCHUIO TEMIIEPATYPHL.

[MycThs MOILIHOCTH PAAMOM3OTOITHOTO WCTOYHWKA cocTaBiusier 4984 Br. Usnyuenme
BHEIIIHEW CTEHKM KOHTEHepa TaKOBO, 4TO €€ TemIiepatypa 7, OCTaeTcsi IOCTOAHHOM
¥ paBHOI 1000 K mipu Bcex yCJIOBUSIX, BKITIOUAst M TOT CIIy4yaii, KOrna TEPMO3JIEKTPY -
YeCKUIi Te€HEPAaTOp OTCYTCTBYET U, CJIEMOBATENBHO, TCTUIOBBIE ITOTCPH OTIPEHCIISIIOTCS
TOJNBKO TEIUIOOTIAYei BO BHEIMIHIOW cpeny. IlpuMem, 4To TeMmepaTrypa XOJI0IHOU
CTOPOHBI TEPMOIEKTPUUECKOro TeHeparopa 1 .TnoctosinHa u pasna 400 K.

Korma oT TepMO3I€KTpIYECKOr0O TeHepaTopa, YCTAHOBJICHHOTO HA PAaIMOW30TOITHBIN
MCTOYHHK TEITIa, B COMIACOBAHHYIO HArpY3Ky ITOCTYIAET 3JCKTPUUYECKAsl MOIIHOCTb
500 Br, Temmnepatypa ropstueit crenku T = Ty cranoButcs pasHoit 1300 K. B srom
caydae OJHa YacTh TEIDIOBOTO IIOTOKAa OT UCTOYHMKA TeIlla MOET Ha TePMOIJEKTpU-
YeCcKMil TeHepaTop, a Ipyrasl YaCcTh pacCEMBAETCS B OKPYXKAKIIYIO CPEy.
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2. OmnpenenuTe TeMIIepaTypy UCTOUHHMKA TeIUIa B ClTy4ae, KOTIa TePMO3JIEKTPUISCKUIA
TeHEepaToOp HE BbIPAa0ATHIBAET JIEKTPOIHEPIHIO.

3. UYemy paBHa TeMmeparypa MCTOYHHMKA TEIUIA, KOTa MOIHOCTh TEHEpAaTOpa paBHA
250 B1r? B sToM ciiyyae OyzeT HECKOJIBKO OTBETOB. 3allMILUTE YpaBHEHUA M UC-
MONB3YHTE AJIST UX pellieHHs] YUCIIeHHEII MeTox rnoabopa.

5.17. JokaxuTe, 4TO HaIpsDKeHue, Tpedyemoe UIsT pabOoThl TEPMOTIAphl B PEXMME
TETUIOBOI'O Hacoca, HE 3aBHCUT OT KOJIMYECTBA OTBOIMMOTIO TEIUIA M OT TeMIIEpaTyphl
XOJIOTHOTO KOHTAKTa, €CJIM TOK OBUT BEIODAH TAaKHUM, YTOOBI OTBOAUTH MAKCUMAJIbHBIA
TETLI0BOM ITOTOK.

5.18. DnexTpuyeckoe CONpPOTURICHKE BoNbdpama (OM) B TeMITepaTypHOM OUana3oHe OT
1000 mo 3600 K ¢ npriemyieMOi TOYHOCTBIO MOXHO OIUCATH CIESAYIOLUIAM BHIPOKCHHEM:

0=-123-107 + 3,49 10-0T.

OlLieHUTE TETUIONPOBONHOCTh BoJbdpaMa npu temieparype 1100 u 1600 K.

5.19. VpeanbHO TEIUION30JIMPOBAHHEIN KOHTEHHEP 000PYI0BaH 3JIEKTPUYCCKHAM Harpe-
BaTeJIeM C PETYIUPYEMOil MOIIIHOCTEIO. ETMHCTBEHHBIN CIIOC00, C ITOMOIIBIO KOTOPOTO
TEIUIO MOXET OBITh OTBEICHO OT KOHTEIHEepa, 3TO UCHOJb30BaHHE TEIJIOBOTO Hacoca,
paboraroriero Ha ocHoBe 3ddekTa Ilenprhe. ['Opsi9ast CTEHKA TEIUIOBOIO HACOCA UMEET
nocrosiHHy10 Temnepatypy 300 K.

Toxk I, npoxonsiunii yepe3 TETIOBOKH HACcOC, KOHTPOJIUPYETCS C MMOMOIIBIO DJIEKT-
POHHOTIO YCTPOMCTBa, KOTOPOE OTHOBPEMEHHO HU3MEPSET TEMIIEpPaTypy BHYTPHU
KOHTelHepa 1 IOUIEpXWBAeT e¢ Ha nmocTosHHOM ypoBHe 280 K. 3aBucumoctb
MEXIY MOIIHOCTBIO 3J€KTPOHArpEeBaTesisi B KOHTEHHEPE M TOKOM, IPOXOISIIUM
yepe3 TeILUIOBOM HAacoc, IIPEACTaBjiIeHa B TaOIuIe.

MouniHocTs Harpesaresi, Bt Toxk, A
0,50 7,382
1,00 13,964
1,25 21,225
1,00 32,702

Onpenenute Ko3hGUIUEHT TTOIE3HOTO IEHCTBI TEIUIOBOTO HACOCA [UISl KAXIOTO U3
COOTHOIIIEHUIA MEXIY MOIIHOCTBIO U TOKOM, IIPUBEACHHEIX B Ta0/IMLE.

5.20. ITpu temmepatype 300 K ynespHOe 3/IeKTpUYECKOE COMPOTUB/IEHHE 00pa3lia paB-
Ho 0,002 OM * cM, a ero TemtonposogHocTs 0,03 B« K1+ cm~!. Onupasice Ha npea-
CTaBJIEHHBIE TAHHBIC, OMPENEITUTE, K KAKOMY KJIaCCy MATEPUAIOB OTHOCUTCS 06paselr:
MeTa/Ul WIN MOIYIPOBOAHUK. OOBACHUTE ITOYEMY.
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5.21. TepmosiekTpudeckas 6atapest coctouT u3 1000 UOEHTUYHBIX TepMOIIap, JEKT-
PMUECKH COSTUHEHHBIX IMOCENIOBATENbHO, a TEIUIOBOES COETUHEHUE — MAapaJUIENBHOE.
YcTpoiictBo paboTaer B TemmeparypHoM muamazoHe oT 1000 mo 500 K. Kaxnas us
TEPMOIIap MeeT CIEeNYIOLINe XapaKTePUCTAKU:

TerutoniposogHocTsk 3 Br/K;
anekTpuueckoe conpotusieHue 200 MxOwm;
koadpuument 3eedeka 0,0007 B/K.

Kakyio MowHocTh GaTapes BbInensieT Ha Harpyske ¢ comnporupieHueM 0,3 Om?

5.22. TepMODJIEKTPUIECKHIT T€HEpaTOp COCTOUT W3 PsAa MOCAENOBATEIbHO COEAM-
HEHHBIX TepMOIIap ¥ paboTaeT B TeMreparypHoM auanazone ot 1000 mo 400 K. ITpu
conpotupiaeHuy Harpy3kn 0,1 OM gepe3 TepMO3JIEKTPUYECKU TeHepaTop MPOTEKaeT
TOK 266,7 A. IIpu 3TOoM TEIUIOBOM IMOTOK, HANPaBJIeHHbI!l OT reHepaTopa K XOJOMHO!
cTeHke, coctapisaet 48 kBr. B pexume xonocroro xoma DC TepMO3IEKTPUIECKOTO
reHepaTtopa pasHa 48 B.

YeMmy paBHa JOOPOTHOCTE Z yCTpOMCTBA?

5.23. TIpu3ma u3 urictoro HaTpust uMeeT pasMepnl 1 x 1 x 10 cM. JIBe MeHbIIMEe TpaHKA
(1 x 1 cM) mpu3MBl UMEIOT NocTogHHYIO TeMmieparypy 370 v 300 K, cooTBeTCTBEHHO.
DirexkTpudeckast MPOBOIUMOCTD HaTpHsi (CM/M) MOXET OBITh MIPE/ICTABICHA B BUIE

6=23,9-107 - 6,6 10*T,
rae 7 OepeTcsl B KCJIbBUHAX.

YeMy paBeH TEIUIOBOIl MOTOK, IMPOXONSILIN Yepe3 Ipu3My?

Pemute 5Ty 3amavy aBymsi ciocobaMu. B mepBoM ciiyyae UCTIONB3yiiTe Ui HpUOIn-
XEHHOIO peUIeHUs 3aJa4 CPEAHee MO JUTMHE TIPU3MBI 3HaUYeHHUE TETUIOIIPOBOLHOCTH.
Bo BTOpOM cilydae y4TUTE, YTO TEILIONIPOBOIHOCTH HATPUS MEHSIECTCS B 3aBUCHMOCTHU
OT TEMIEPATYPHI IO JUTHHE ITPU3MBL.

5.24. TepMO3IEKTPUYIECKOE YCTPOUCTBO, COCTOSIILEE M3 K TIOCIENOBATEIBHO COEIM-
HEHHBIX TepMoIap, paboTaeT KakK TeruloBoil Hacoc. [Ipy 3amaHHOM 3HaueHnU Toka [
6bU12 H3MEpeHa MUHMMANILHO JOCTIXKUMad Temrepatypa T ... TIpu sToM xononHast
CTOpPOHA YCTPOMCTBa ObIa TEIUIOU30JIUPOBAHA.

H3MmepeHnst moBTOpUIN IpH APYrUX 3HaUYeHHsiX Toka /. TakuM oOpa3omM ObLia MOCT-
poeHa 3aBUCUMOCTh T . ot I [Ipu npoBeAeHUU U3MEPEHUI TeMIlepaTypa ropsidei
CTOpoHsl T, ObUIa OCTOSHHOM M paBHO# 320K.

Okasanock, 4To HamMmeHbLIass Temnepatypa T, . =244 K mocturaecd mpu Toke
I = 32,08 A. HanpstxeHne, KOTOpoe HEOOXOAUMO MPWIOXUTH K YCTPONCTBY IS TIO-
JIY4EHHUST COOTBETCTBYIOLIETO TOKA, cocTanigeT 16 B.

UeMy paBHBI 3JIEKTPHYECKOE COIIPOTHBJICHHE, TEIUIONPOBOIHOCTh H K03 GUIMEHT
3eebexa o TEpMORJIEKTPUYECKOi GaTapen?



216 _N. Tnasa 5. Tepmosnexmpuuecmeo

5.25. TlomioTMTeeM TeIUIa JUIS TOPSYero KOHTaKTa TEpMOTIapbl ABISETCS COCYH C
BOZIO, TeMIiepaTypa KOTOpoi nocrossHHa M paBHa 373 K nipu nasnenuu 1 atm. [lo-
TepH TellIa BOMOM CBS3aHBI TOJBLKO C €€ ucnapeHueM. JII00bIM APYITM MEXaHU3MOM
TEIUIOOOMEHA, 3a UCKIIOYEHUEM TEIDIOOOMEHA ¢ TEPMOIIApoi, MOXHO IIpeHeOpeyb.
VienbHad tervtora ucnapesus soasl 40 MIx/kMone. B cocyne nocrarouHo BOAsI A
TOro, 4TOOLI B TEYEHVE DKCIEPHMEHTA OHA He WCIAPWIACh MOJHOCTHIO. TeruioBoit
[IOTOK OT TEPMOIIAPhI TAKOB, UTO CIIOCOOEH MOMAEPXKHUBATH TeMIlepaTypy BOIbI, 1O
KpaiiHeit mepe, paBHoii 373 K.

BymeM cymrats, 4TO B AManasoHe TeMIIEpaTyp, pacCMaTpMBaeMbIX B 3TOH 3amade,
TepMoIapa uMeeT cJleJyroliue xapakTepucTuku: AR = 300 - 10-° BZ/K, o = 0,002 B/K,
M OHY HE 3aBHCAT OT TEMITEPaTypHl.

OTMeTuM, 4TO TIPHBEAEHHOE 3HaYeHue Kodgduimenta 3eebeka oyeHb Beuko. Ha
CETOHHANIHUM IeHb He CYLIECTBYET MATEPHAJIOB C TaKUM 3HaueHWeM KoadduuuenTa
3eebeka. BO3MOXHO, OHM IIOSBSITCS B OyIyIEM.

XOMOMHBI KOHEIL TEPMOITApH KOHTAKTUPYET C APYTUM COCYIOM, 3aITOJTHEHHBIM XU -
KocThIO (He Bozoit). Temmnepatypa xuaxoctn pasHa 350 K, a ee o6vem — 10 cm3. Co-
CYZl, B KOTOPOM HAXOTUTCH XUIKOCTh, UACANbHO TEIJIOW30JIMPOBaH, a TIOTEPSAMM Ha
HcrapeHue XUIKOCTH MOXHO MPeHeOpeyb.

Bynem cuyuTarh, 4TO TeMIepaTypa BOABL B TOYHOCTU PaBHA TEMIIEPATYPE TOPSYETO
KOHTAKTa TepMOIIaphl, a TeMIlepaTypa XUAKOCTH PaBHAa TEMITEPATYPE XOJIOLHOTO.
Tox 7, MpoxoasILIuii 4epe3 TepMonapy ¥ pasHbIit 11,67 A, COOTBETCTBYET MAKCUMAJIb-
HOMY TEIJIOBOMY IIOTOKY, KOTOPBIi MOXKET 00eCIieunTh TepMonapa, paboTast B KaueCTBe
TEMJIOBOIO HACOCA IIPH YCJIOBHSIX, ONMMCAHHBIX BEILE.

1. YeMy paBeH TeTUTOBO# ITOTOK, OTOMPAEMBIA OT XOJOTHOMN XKMAKOCTU?
Ecial 3KCOEpUMEHT IIPOXOJIKATh mocTarouHo gonro (mpu I = 11,67 A), xaxkyio
TeMIIEpaTypy OyaeT MMeTh BOia (C ropsiyeil CTOPOHBI) U XUAKOCTH (C XOJIOOHOMI
CTOPOHBI)?
3. YeMy paBHa CKOpPOCTh HCTIapeHHs BOABI (KT/C), eClIM TeMIepaTypa XOJIOAHOMU
 XHAKOCTU T, = 350 K? KakoBa 6yieT CKOPOCTb MCTIapeHHUsl BOJBI, KOTAA TEM-
nepaTypa XOJONHOW XUAKOCTH JOCTHUIHET MUHUMAJILHOTO 3HAYCHMS?

4. CpaBHHUTE DIEKTPHUYECKYIO MOITHOCTb TEPMOTIAPHI ¢ TETUIOBBIM IIOTOKOM, UAYILIUM
Ha MCIapeHue BOIBI LUt ciayueB, kKoraa 7. = 350 K u Korga teMmeparypa XoJiof-
HOW XUIKOCTH UMEET MUHUMAIbHOE 3HAYCHHUC.

5. Kakoe Hanpsxenue HeOOXOIUMO IIPHWIOXHTD, 9TOOH o6ecednTh ToK 1,67 A? Bol-
YUCIUTE 5TO HANPSOKEHUS UIST IBYX TEMIIEPATYP XOJOXHOM XUAKOCTH, O KOTOPBIX
114 pedb B IPEIBIIYIUEM ITYHKTE.

5.26. O6rIYHO K03 dUIIMeHT 3eebeka o IBISIETCA HENMMHEeHONW (hyHKLMEH TeMmiepa-
Typel 7. TIpy KaKuxX YCIAOBHSIX TOT KO3(DGDHUIMEHT He 3aBUCUT OT TeMIIepaTyphl?
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5.27. Ha rpaduixe npeacTaBieHbl XapaKTepUCTUKU OXJIaXAAIOUIETO YCTPOMCTBA, pabo-
Ta KOTOPOro ocHoBaHa Ha 3d¢ekre [Meaprhe. YcTpoiictBo cocTout U3 127 TepMomnap,
HMMEIOLIUX [TOCIEA0BATEIbHOE JIEKTPUUECKOE COSAVHEHNE Y TapaJUIENbHOE TEILTOBOE
coemuuenye. [IpeacTarIeHHbIE JAHHbIE COOTBETCTBYIOT AOMYIIIEHHIO O TOM, UTO Ko3(hdHu-
nueHT 3eebeka o, JIEKTPUYECKOE COMPOTHBIIeHNE R ¥ TEIUIONPOBOTHOCTD A HE 3aBUCST
OT TeMIIepatTypsl (B ACHCTBUTEIHLHOCTH 3TU NAPaMETPhI 3aBUCHT OT TEMIIEPATYDHI).

1. Ouenute TepmoBJC ycrpoiictsa npu T =65 °C u T =-15 °C.

2. Yemy pasHa TOGPOTHOCTH yCTpoiicTBa Z rpy paboTe B 3TUX YCIOBMSIX?

3. Yemy paBHa JOOPOTHOCTh KaXIIOif TepMoriapsl? He ramaiite, BoIBEAWUTE pe3ynbTaT
CTpOTO.

4. Ecnm onyicanHOe BhIlIle YCTPOMCTBO 0becreyrBaeT TeIIoBoi 1oToK 22 Bt ot cTeH-
Ku ¢ Temmnepatypoii 298 K x crenke ¢ temmeparypoit 338 K (AT = 40 K), kakoii
TETUIOBOM TIOTOK TTOCTYITAeT Ha TOPSYyI0 CTeHKY?

5. Kaxoii ToK npy paGoTe OIMCAHHOTO BHIIIE YCTPOWCTBA O0ECTICUUBACT MAKCUMATBHBILI
TEIUTOBOM ITOTOK OT CTEHKH ¢ TeMrteparypoit 298 K k creHke ¢ Temnieparypoii 338 K?

6. Ilpeamonoxum, uto o, R, 1 A He 3aBUcAT oF Temnepatypsl. [lycts 7, = 500 K,
T.=300 K. KakoBa GyaeT MOIIHOCTb ONMCAHHOIO BbIllie YCTPOICTBA, €CIIM ero
HCIIOJIb30BaTh KAaK FeHepaTop, paboTaloUIviA Ha HATPY3Ky, COOTBETCTBYIONIYIO MaK-
CcUMaTbHON 3 GeKTUBHOCTH?

5.28. [MTonynpoBOIHMK, KOTOPHI C TOMOILBIO BBEACHUS PasTIUYHbIX [IPUMECEH MOX-
HO CIIeJIaTh TOIYIIPOBOAHMKOM p- WIM #-TUIA, UMEET CIIeAYIOUIUE XapaKTepUCTUKH,
KOTOpEIE HE 3aBUCST OT TEMITepaTyphl:

Bemunna p N EnvHuna
o 400 400 MkB/K
0,005 0,005 OM-cm
A 0,02 0,02 Brecm!- K
S nax 10 10 A-cm?

Ipu armMochepHOM daBleHUH aMMHUAK MMeeT TeMItepatypy kumenust —33,2 °C. Cocyi,
B KOTOPOM XPaHWTCS aMMUAK IIPU JABICHUM | aTM, XOTSI U SIBJISIETCS TETUIOM30NMPOBaH-
HBIM, TEM He MeHee TIPOITyCKaeT BHYTPh TEMJIOBOK MOTOK MOLITHOCTBIO 5 BT. Insi Toro
YTOOHI ITPEIOTBPATUTh BHIKMIIAHHE aMMUaKa, He0OX0MMMO OTBOIUTh TEIUIOBOIA IOTOK
MOLHOCTLIO 5 BT. s 3THX 1IejIeii MCIONIb3YeTC s TEIUIOBOM HACOC, U3TOTOBICHHBII
Y3 ONMCAHHBIX BHIIIE MaTepraioB. TeIIOBOI HACOC COCTOMT U3 ABYX KackaioB. Tem-
neparypa ropsiaeii cteHku Broporo (6onee xonogHoro) Kackana 7, = 261,2 K. Temne-
patypa ropstaeil creHkM nepporo kackana Ty = 40 °C. Tok uepe3 KacKajibl OIIHAKOB,
NOCKOJIBKY 3JIEKTPUYECKH OHW COEIWHEHBI 1MOoCIeaoBaTeNbHO. [1yCTh 3HaYeHne ToKa
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OTBEUYaeT MAKCHUMAJIFHO AOMYCTHMOMY 3HAUYEHMIO IS BHIOpaHHBIX MaTepuaios. TOkK
KaXXIOro Kackaja JOJIKeH COOTBETCTBOBAaTh MAaKCHMMAabHOI MOIIIHOCTH OTBOAMMOTO
Teruia. Bropo# Kackan coctouT u3 10 Tepmomap .

1. Yemy paBHa ToTpeGssieMasl 3I€KTpUIecKasi MOITHOCTE? Kakoe HanpsikKeHue He-
00XOIMMO TIPWIOXHUTD, €CIIM BCE TEPMOIIAphl COSAUMHEHBI NMEKTPUIECKH MOCIEI0-
BaTEJIbHO?

2. Ecnu snexrpudyeckasi LeMb pa3opBeTcs, TO TEIUTOBOM HAcOC repecTaHeT paboTaTh,
a caMM TepMONaphl OYAYT TIPEICTARNSATH cOOOM KaHal 1A NOABoJa TeTia. B npen-
MOJIOXEHMH, YTO TEMIIEpaTypa TOpsiueil CTEHKM TEIUIOBOrO HAcOCa MO-TIPEXHEMY
40 °C, ompeAenute, 4eMy OyIeT paBHa MOLIIHOCTh TEILIOBOTO IIOTOKA BHYTPh COCyIa
(IToXa aMMuaK HaXOAWTCS B XMIKOM COCTOSIHUH). YZIEJbHAs TEIUIOTa UCIApEHUS
ammuaka 1,38 MJIIx/kr. Yepes Kakoe BpeMsi TIpU 33JaHHBIX YCJIOBUSIX MOJHOCTBIO
ncnaputcsa 1 Kr ammuaka?

5.29. U3 Tpex pasmuuHbXx MatepuaioB A, B u C ObUTM U3rOTOBJIECHB! MPSIMOYTOb-
HblE NapajUIeeHUITeENs! JIHHOM L (CM) ¢ IUIOLUAABIO [OTIEpedHOro ceueHus A (cm?)
M OTIIpaBJE€HbI Ha UCIILITAHUA B J1a60OPaTopHIO.

3amaueit NCIBITAHWA GbUI0 U3MEPEHUE MOIHOCTH TETUIOBOTO TTOTOKA Py MEXy KBaj-
PaTHLIMU TPAaHIMU MapaJUIe/IeINIIeaAa, €CJAR PA3HOCTh TEMIIEPATYP MEXIY HUMM paBHA
1 K. CpenHsas teMmeparypa Kaxuoro oopasmna 7. KpoMe Toro, Bo BpeMsl NCITBITAHUIT
yepe3 00pasibl B HATIPABICHWHW OT OJHOM KBAaApaTHON TpaHu K APYTrod MpOIyCKaIu
IMEKTPUYECKUIl TOK [, a BOHUKAIOUIEe U 3TOM HalpsekeHue V usMmepsiiu. Pe3yas-
TaTHl 9KCTIEPUMEHTA TIPEJCTaBICHBI B TabIuUIIC.

V,B I A P, Br 7. K A, cm? L, cMm
0,00971 100 0,0257 500 10 1
B 0,0042 100 0,029 50 2 5
22,2 0,001 4,17 1073 1000 8 3

TTonyJyeHHBIe PE3yJIBTATH UL ONHOTO WM HECKOJBKUX 00pa30B MOIYT OBITH OIIM-
O6ounpiMu. Ecid 3TO Tak, YKaXXHTE Ha 3TOT oOpasell M OOBSICHUTE, IMoYeMy BrI Tak
CYUTAETE.
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5.30. TepMoaIeKTPHYECKOE YCTPOMCTBO COCTOUT U3 X 3JIEMEHTOB. B ciiyuae oTCyTCTBUSA
Pa3HOCTU TeMIiepaTyp Ha KOHLAX YCTPOMCTBA €ro JEKTPMYECKOE CONPOTHUBICHHUE
paBHO 4 OM, A = 0,3 Br/K. Korna pasHOCTE TeMneparyp Ha KOHIaX yCTPOWCTBA paBHa
80 K, oHo renepupyer Hanpsckenue 1,71 B Ha BHenHel Harpyske, paBHoit 3 Om. s
NIPOCTOTHI TIPUMEM, UTO ¢, R U A He 3aBUCAT OT TEMIIEPATYPHI.

1. YeMy paBeH 2IeKTpHUYECKUI TOK, HEOOXONMMEIH sl obecnedeHus: TEILIOBOIO 1o-
Toka MomHocTEI0 10 Br ot T = 300 K k T}, = 350 K?

OmpenenuM KO3(pOUIMEHT TPeoOpPa30BaHMS TEPMOIEKTPUICCKOM CUCTEMBI KaK OT-
HOIICHNE TIepelaBaeMOM TEIJIOBOW MOIIHOCTH K 3aTpauluBaeMoM [UIsi 3TOTO 3IEKTPH-
YeCKOH MOIIHOCTHU.

2. YeMmy paseH koahdumueHT mnpeobpazopanus (KIT) ycrpoiicTBa B ycnoBuUsIX, CO-
OTBETCTBYIOIMX NpeasiayuieMy myHKTy (7. = 300 K, 7}, = 350 K)? Ilpeacrasbre
Ko3(gdunMeHT npeobpazoBaHus B BUie GyHKImM oT ToKa /. Ornpenenute 3Haue-
uue Toka I, npu koropom KI1 Gymer MmakcumansubiM. [lompoOyiite NOMIyYUTE OT-
BET NYTEM YMCIEHHOTO pellieHUs, UCIIoNb3ysl MeTo/ rondopa. Kakosa mpu 3Tom
OyJeT nepenaBaeMasi MOITHOCTh?

5.31. TepMoaneKTpHueCcKUii reHeparop paboTaer Ha pasHOCTH Temieparyp ot 1000
1o 400 K. TepmoD/IC reneparopa paBHa 70 B. I'eomeTpust Kaxnoi sT4EHKA OTITUMU-
3UpOBaHa.

H3Mepenns nokasajiy, YTO MakKCHMasibHasi 3((MEeKTUBHOCTE UMEET MECTO NPH TOKE
5,22 A u Hanpsxeunu 38,68 B.

1. Yemy paBHa 3¢deKTUBHOCTH TeHepatopa?

2. Yemy paBHa 3(peKTHBHOCTh FeHepaTopa, Korjia Ha Harpy3ke BbIAEAAETCS TOMbKO
100 Br?

3. Touemy 3¢ ¢deKTHBHOCTh T€HEPATOpPa B CIIy4Yae, KOTJa Ha Harpy3Ke BBLIENSETCS
100 Bt, cyuiecTBeHHO MeHEIIIE, YeM MPH BhiAeNeHUH Ha Harpyske 200 Br?

5.32. Tepmormapa cBsizaHa C IBYyMsl TeTUIOOOMEHHMKaMU, 4epe3 KOTOPHIE MPOTEKaeT
Boga. Temiieparypa Boibl, BTeKawlne# B TermioooOMeHHuKHU, cocTasisier 300 K. ITo-
TOK BOABl OPTaHM30BaH TAKMM O0Opa3oM, 4TO e TeMmIiepaTypa Ha BBIXOAE W3 TEIUTO-
OOMEHHMKA, KOHTaKTUPYIOILIEro ¢ TopsiuMM KOHLIOM TepMoliapel, pasHa 310 K, a Ha
BBIXOJIE U3 TEIUIOOOMEHHVIKA, KOHTAKTAPYIOIIETO ¢ XONOXHEIM KOHIIoM, 290 K. Lns
YIIPOIIECHWS 3a0a9i OyIeM CUUTATh, YTO 3TU TEMNEPATyphl COBIIANAIOT C TEMIIEpaTy-
paMu TOpsYero ¥ XOJOJHOTO KOHIIOB TEpMOIApbl. JHaYeHUe TOKA 4epe3 TepMOoIiapy
TAKOBO, 4TO OT BOJBI, IIPOTEKAIONIEH Yepe3 XOJIONHBII TeIIOOOMEHHUK, OTOUPAETCS
10 Bt TerutoBoit MomqHocTH. [IpH4eM 3T0 MUHHMAJBHBIN TOK, ITPR KOTOPOM MOXHO
oto6pars 10 Bt oT XoinoxHOro TeruiooOMeHHUKA. TepMonapa MMeeT CIeayIolue Xa-
paktepucTuku: o = 0,0006 B/K, AR = 120 - 10~ BY/K.
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YeMy paBeH pacxol BOABI, MIPOTEKAMOLIEH Yepe3 XOMOMHBIN TEMNOOOMEHHHK?

Yemy paBeH BIEKTpAYECKUid TOK [ yepe3 TepMomapy?

YeMy paBeH pacxol BOAbI, IPOTEKalOiiel uepes ropsunii TeIioooMeHHNK?

YeMy paBeH KO3bDOUIMESHT Mpeodpa3oBaHus 3TOro XojonwibHuKa? Koadhdumuent

npeo6pa3oBaHUsT ONPENENSETCs KaK ¢ = P/ Pp.

5. C noMoTnibio JaHHOUW TepMOIIaphi, paboTaIONIeH NIPY TeX Xe 3HAYCHUSIX TeMIiepa-
Typ Ty u T, MOXHO NONY4UTH 60JIee BHICOKMIA KOSDMUIIMEHT IpeoOpasoBaHus.
O4eBUAHO, YTO TEILIOBOII ITOTOK yxke He OyneT paseH 10 Bt. Kakopo Hammydiiee
sHaucHMe KoopdunmenTa npeoOpa3osaHuisi?

5.33. JJlokaxuTre, 9TO TOK, COOTBETCTBYIOIMI MaKCHUMAIbHOMY 3HaUYeHW0 Ko3dhbhu-

LIMEeHTA IIpeo0pa3oBaHuA O,

bl

]:Aél_(er])
a<T >

MOXeT OBbITh TaKXe IIpEACTaBJICH B BHUAEC!

;- _oaT
~ R(m-1)"

5.34. [lokaxure, 9to 3(GEKTUBHOCT, NKKJIa KapHO ANd TeIioBOro Hacoca paBHa
T/AT, tne T, — Temmeparypa XOJOIHOTO KOHTAKTa U AT — pasHOCTb TEMNEPATyp
MEXIY XOJOMHBIM U TOPSTIMM KOHTAKTaMH.

5.35. B 31001 m1aBe ObUIH IpeAcTaBiIeHE xapakrtepuctuku PTT, mpuMeHsiBierocs: Ha
ammaparte I'amuteo Bo Bpemst nojieTa K FOmutepy B 1981 . cnionb3yst naHHble, Mpu-
BedeHHBIE B Tabl. 5.6 U 5.7, paccunTaiite CTOMMOCTDb TOIUIMBA, MICIIOJIb30BABLICTOCS
B otoMm PTT.

5.36.

T,l Tepmomapa T,2 T;
: Topuesas rpadb 1 x 1 Mm :

< 10 MM >

Ha pucyHke nipeficTaBieHa 3KCIIEPUMEHTAJIbHAST YCTAHOBKA JUIS OTIPEACIICHUST XapaK-
TEPUCTUK TepMoTiaphi. OHA COCTOUT W3 NIPAMOYTOLHOIO Mapajuie/euiieaa, CAeNaH-
HOTO U3 YHCTOro XeJyesa (TeruronposonHoctk 80 Br- M- K1), K koTopoMy mpuco-
SIUHAETCSl TecTUpyeMas TepMmorapa. Keje3Hslil OpyCOK XOpOIIO TEIUIOU30JNPOBaH
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¢ GOKOB TaK, YTO TEIUIOBOY ITOTOK MOXET IMPOXOANUTH TOJIBKO Y€PE3 TOPIICBBIC TPAHU.
TeMrteparyphl TOpIEBbIX TPaHEN OpycKa M TeMIIEpaTypa CBOOOJHOTO KOHIIa TepMOIa-
PBHI MOTYT OBITH AKKYPATHO U3MEPEHBL. By/leM CUMTATh, UTO CBOMCTBA BCEX JIEMEHTOB
YCTAHOBKHM HE 3aBUCAT OT TeMIieparyphl. B Tabnuile MpeACTaBAEHbl PEIYALTATHL IBYX
BBITIOJIHEHHEIX TECTOB.

1. W3 npenctaBieHHBIX JaHHBIX OMPENETUTe TOOPOTHOCTh TEPMOTIAPHI.
2. Yewmy paBHa TeMnepaTypa T, B IEPBOM 3KCIIEPUMEHTE?

Ne T. K T. K T, K [ponyckaemsrit WU3meperHOE
n/m TOK, A HafpsokeHue, B
1 300 300 5 0.1

5.37. Uimeercs 2 1 Bogbl B anuabaTMyecKOM KOHTeliHepe. Heobxonumo oxJlaguTth
BO/y, MCIObL3ys GaTtapelo m3 10 TepMomnap, Kaxmas M3 KOTOPbHIX MMEET CIERylo-
1IYE, He 3aBMCSIINE OT TEMIIEpaTypsl, XapakrepucTuku: o, = 0,055 B/K, R=4,2 Owm,
A = 0,25 Br/K. Temnepatypa ropsiueid CTOPOHBI TepMonap MOANePXKUBAETCS I10CTO-
SIHHO ¥ paBHoitl 300 K.

1. Ckonbko BpeMeHH norpedyercst Ha oxinaxaeHue Bombl ot 300 o 285 K, ecnu ToK,
WAYIINAY 9epe3 KaXayio TepMoriapy, paseH 4 A?

2. MoOXHO 1M U3MEHUTH PeXMM pabOThl TEPMONIAPH, YTOOR COKPaTUThL BpPEMS, HeE-
00XoIMMoe UIS OXJTAKIEHUS BOABI? YeMy paBHO MUHUMAIBHOE BpeMmsi?

3. CKOJBKO 2JIEKTPOIHEPTUH HOTPEOYETCS Ha OXJIAXACHUE BOJBI TTPH TOKE, ONpene-
JICHHOM IIPYU OTBETe Ha Mpenbyiymmii Borpoc? CpaBHHTE MOTY4EHHOE 3HAYEHUE
C KOJIWYECTBOM TEIUTa, OTBEACHHOrO OT Boabl. YeMy paBeH Ko3hduumeHT npeod-
pa30BaHHUS CHCTEMEI?

4. Orpenennre 3HAYEHUE TOKA, IIPU KOTOPOM K03GhdUIIMEeHT npeodpa3oBaHus Oyner
ONTUMANLHBIM. HeMmy B 3TOM cilydae paBeH Ko3hdUIIMeHT npeodpa3oBaHusi?

5. Yemy OymeT paBeH ko3bPUIIMEeHT npeodpa3oBaHus MACATHHOIO TEIUIOBOTO HacoCa,
OXJIAXIAIOLIETO BOIY?



rnABA | TEPMOSMWUCCUOHHDIE MPEOBPA3OBATEIN

6.1. BBEAEHWE

OT1KpHBITast DOucoHOM B 1885 1. TepMO3JIeKTpOHHASL SMUCCHSI HalIlTa
[ITMPOKOE TIPAKTUYECKOE IIPUMEHEHNE NI B XX CTONETHH, U IIEPBbIii TEPMOIMUCCHOH-
HBI IIpeo0pa3oBaTesb TCILIOBOM SHEPTUM B JIEKTPUUECKYIO ObLT TPOAEMOHCTPUPOBAH
TONLKO B 1956 1. [IpuHImIT paboTH BaKyyMHOTO TEPMO3MUCCUOHHOTO Tpeodpa3oBaTesist
SHEPIUH AOCTATOYHO TIPOCT, OMHAKO €T0 pean3alis 3aTpyAHeHa U3-3a MPOCTPAHCTBEH-
HOTO 3apsiia, CO3IaBaeMOro MEKTPOHAMH B MEX3/IEKTPOIHOM IIPOCTpaHCTBe. BBeneHe
B BaKyyMHBIU TIPOMEXYTOK TIA3MBI, COIEpKAIIEH TOTOXUTETLHBIC MOHBI, [TO3BONUIIO
PEIIUTh MPOOJIEMyY, CBI3aHHYIO C OTPUIATEIFHbIM HPOCTPAHCTBEHHBIM 3apsiIOM, HO
B CBOK QUEPE/b CO3AANIO NOTIONHUTENbHBIE TPYIHOCTH. Bo3HUK 1A HEOOXOMUMOCTD HC-
ITOJTb30BATH TUIA3MY HE TOJIBKO )i KOMIICHCAIIMU OTPULIATEIbHOTO TIPOCTPAHCTBEHHOTO
3apsiia, HO U B KAYECTBE MCTOYHWKA JOTOIHUTETHHbBIX 3JIEKTPOHOB.

B maHHOIi T1aBe onucaHbl OCHOBBI SMUCCHOHHBIX NPOIIECCOB, TIEPEHOCA 3TEKTPO-
HOB B BaKyyMe, paOOThl BAKYYyMHOTO JHOJa, METOAOB IeHEPALUK LIC3UEBON LTa3MbI U
€€ CBOICTBA MPH YCJIOBMH, YTO MOHU3AIKEH B 0OBbEME MOXHO TpeHeOpeyb. B 3aximo-
YuTeJbHOM maparpade KpaTko M3NoXeHa pabora mpeobpaszopatesns B ciiy4ae, KOTAa
MOHHU3AIUs B PE3YIIbTATE COYAAPCHUN SIBJIACTCS MPUHIMITUAILHO BaxHOU. CBOMCTBA
CTOJIKHOBUTEIBHOM IJ1a3Mbl CAUIIKOM CJTOXHBI JUISI TOTO, 9TOOBI I€TAIBHO 00CYXIaTh
WX B 9TOU KHUTrE. [T TeX uuTaTesieil, KOTOphIe XOTAT $ojiee MOIpOOHO O3HAKOMUTHCS
¢ paboToi INa3MeHHbBIX TUOJ0B, OCOOCHHO B IPAaKTUYECKH Hauboee BAXHOM IyTOBOM
peXyMe, MOXHO PEKOMEH/IOBATh OOPAaTUTRCS K CIIEUATBHO JIUTepaType.

[losiICHUM HEKOTOPYIO WCHOJIB3YeMYIO B AajJbHeleM TepMuHoJioTnio. OObIYHO
B MHXEHEPHOU 3JICKTPOHMKE ITOA TEPMHMHOM <«aHOI» TIOJPa3yMEBAIOT MOJOXUTEIb-
HBII 3JIEKTPOJ, a Mo TEPMUHOM «Karol» — OTPHIATENbHBI. DTO HEe 0OYeHb TOYHO.
B nepesone ¢ rpeueckoro «anodos» u «katodos»> 03HAYAIOT «IOPOTY BBEPX» U «IOPO-
Iy BHHM3» COOTBETCTBEHHO. [IpIMEHUTENIEHO K DJIEKTPOTEXHUKE 3TH CIOBA O3HAYAIOT
TPOCTO HAaIlpaBJICHHE «B» M HAIIpaBIEHHE «3» IIpubopa (TmogpasyMeBas YCIOBHOE
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HaIlpaBlIeHHEe JJICKTPHUISCKOTO TOKa). TakuM o0Opa3oM, B AMOLE aHOAOM HABIACTCSI
3JIEKTPOII, Yepe3 KOTOPHIN TOK BTEKAET B YCTPOMCTBO, a KATOAOM — 3JIEKTPOI, 4epe3
KOTOPHI TOK BhITeKaeT. MOXET ITOKa3aThCsl, YTO B 3TOM CJIy4ae aHOIOM ACHCTBU-
TEJIBHO SIBJIACTCS JIEKTPOL, KOTOPhIH MOACOEINHEH K NOIOXHUTEIBHOMY 32KMMY HC-
TOYHMKA HanpspkeHusa. B Oarapee, oqHaKoO, SAEKTPUIECKUN TOK (YCIIOBHO) BBITEKAET
M3 TIOJIOXUTENILHOTO 3J€KTPOIa, KOTOPHIA MO3TOMY Ha3biBaeTCsl KaTofaoM. st Toro
YTOOBI YIIPOCTUTH TEPMHUHOJIOIMIO, MBI OYJIEM, TAC 3TO BO3MOXHO, UCITIOJB30BATh TAKKE
TEPMUHBI, KaK 3MHUTTEP (3JeKTPOHOB) Ui KAaTofa TEPMOIMUCCHOHHOTO YCTPOMCTBA
M KOJUIEKTOP IUTsl aHOMA.

TepMO3IMUCCHOHHBIE TIPHOOPHI, CTaB OMHAXIK <«IVIHO» 3MEKTPOHHWKH, BCE €llie
3aHUMAIOT B HEW 3HAYMTEILHOE MECTO. TepMOIMUCCUOHHAS 3JICKTPOHUKA SBISECTCS
OCHOBOW paarojiaMIl, MCTIOJIb3YEMBIX B OOJIBINIMHCTBE MOIUIHBIX PAniUoO- U Tejienepe-
JaTYNKOB, SMEKTPOHHO-IYYEBHIX TPYOOK, IPUMEHSEMBIX B oclnIorpadax, B Teie-
BH3MOHHBIX ¥ KOMIIBIOTEPHBIX MOHUTOpaX. Ha cMeHy 3JIeKTpOHHO-TyYeBBIM TPYOKaM
MOCTENEHHO MPUXOST APYTHE YCTPOICTBA, OONanaroume 60ree BHICOKUM pa3pelieHM-
€M, TaKue KakK 0ojiee KOMITAKTHBIE XMIKOKPUCTAUTMYECKNE W TUTA3MCHHBIC TTAHEIIH.
TepMO3MUCCUOHHBIE ITPOLIECCH UTPAIOT CYIIECTBEHHYIO POJib B paboTe OOJIbINMHCTBA
3JIEKTPOHHBIX JIaMII MMKPOBOJTHOBOT'O AUANa30Ha, TAaKUX KaK KIUCTPOHBI, MATHETPO-
HBI U JIaMITbl Oeryiueii BOJHEL

BonbmWHCTBO KaCCHYECKMX TEPMOIMMCCHOHHBIX YCTPOWCTB OTHOCUJIOCH K Ka-
TErOpMM BaKYYMHBIX NPHUOOPOB, B KOTOPBIX 3JICKTPOHBI PAaCpOCTPaHSIOTCA B BaKy-
yme. TeM He MeHee MOPOH HCTOb30BAMMCh IUTA3MEHHBIE YCTPOUCTBA, HATIPUMED,
MOMYJISPHBIN KOTJA-TO PTYTHBIM BeHTWIb (BHIIPSIMUTENL). BakyymHbie ycrpoiicTa
MEePEXMBAIOT MEPUOA BO3POXKIEHUS OJlarofapsi pasBUTUIO MMKPO3JIEKTpOHUKH. Of-
HaKO B HMX MCHOJNB3YETCA HE TEPMOSJICKTPOHHASI, a aBTOJJIEKTPOHHASI AYMMCCHSI.
B HacToguiel INaBe pacCMaTPHUBAIOTCS JWIUL TEPMO3IMUCCHOHHBIC MpeoOpa3oBaTte-
JIA TeIUIOBOM DHEPIUHU B IJICKTPUYECCKYIO M HE 3aTParuBarOTCS BOIPOCH!, CBSI3aHHBIE
C SIBJICHHEM aBTO3JIEKTPOHHON 3MUCCHAM.

I'oBops yIIPOILIEHHO, TEPMO3IMUCCUOHHBIN MTPeodpa30oBaTeib — 3TO TEIUIOBAsT Ma-
IIMHA, B KOTOPOW JIEKTPOHBI UCTIAPSIIOTCS C Topsiueil MOBEPXHOCTH (IMUTTEP) U CO-
OHpaloTCd Ha XOJIOMHON MOBEPXHOCTH (KOJUICKTOP). DHEprus, HeoObxoammas st uc-
MApEHUSI SJICKTPOHOB ¢ TBEPAOH MOBEPXHOCTH, SBISIETCSI HEKMM AHAJTOTOM TEIUIOTHI
HCIIApeHMsI C TIOBEPXHOCTH XUIKOCTA. MHUHUMAaNbHAS SHEPTUS, HEOOXoAMMAs Ui
BBIXO/Ia DJIEKTPOHA C TOBEPXHOCTU METasLIa YUIM HOJYIPOBOIHUKA, Ha3kIBaeTcs pabo-
Toi Beixona. OTHOILIeHUE paboThI BBIXOAA K 3apsiy 9/1EKTPOHA ONPEAEISET HOTCHIHAN
(HanpstkeHUe ), KOTOPHI UMEET TO XK€ YMCIOBOE 3HAUYEHUE, UTO M paboTa BbIX0a, BbI-
paxkeHHasI B 3JICKTPOH-BOJbTaX. Jlanee moTeHIMan OyaeT 0603HaYaThCs CUMBOJIOM O,
M, CJIeROBATEIBHO, paboTa BEIXOHA paBHA ¢¢. XOTS 3TO M HE COBCEM TOYHO, MO pa-
60TOi1 BBIXOHA B JajbHeHIIIeM OyneT IMoApa3yMeBaThCsl U SHEPTHsl, U TIOTCHUHAN, KaK

223
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3TO MIPUHSATO B OONBIIMHCTBE O0OacTeil ANeKTpoHuKU. HajeeMcs, UTo yuTaTes b CMO-
XET pasInduTh ABAa 3TH MOHATHS U3 KOHTEKCTA.

PaboTa BeIXO/1a 3aBMCHUT OT IPUPOABI SMUTUPYIOUICH MmoBepxHOCcTH. Ecim padoTa
BBIXOJIa C TIOBEPXHOCTH TOpSYEero 3MUTTepa GoJblie, YeM C TIOBEPXHOCTH XOJOTHOTO
KOJUIEKTOPA, TO X PA3HOCTh MOXET OBITh BbIAEJIEHA B KAYECTBE NEKTPUUECKOMN 9Hep-
TUK Ha Harpy3ke. Tak, ecnu paboTa BbIXoja 3MHTTEpa paBHa 3 3B, a KoyuiekTopa —
2 3B, TO HallpsDKeHWE HAa HATPy3KE MOXET coCTasysate 1 B.

DNEKTPOHEI, YIETAIOLIHE C 3IMUTTEpa, AKKYMYJIUPYIOTCS KOJIEKTOPOM JI0 TEX TIOP,
ToKa obecneunBactcsl ux cTtok. [locienmaee MoxeT OBITh OCYLIECTBIAEHO 332 CUYET YC-
TAHOBJICHUSI BHEIIHEH LETIM MEXIY KOJJIEKTOPOM U 3MHUTTEpOM. Takasi Lerb MOXET
BKJIFOYATh B Ce0 HArpPY304HOE CONPOTUBIEHHE R, (pHC. 6.1), 4epe3 KOTOPOE POTEKAeT
ToK 1. Ilagenue HanipsDKeHUsT BO BHEHIHEH LETM IIPUBOAUT K TIOSIBIICHHIO DJIEKTpHYEC-
KOO IIOJIST MEXIY 3JIEKTPOJaMU, NPENSTCTBYIOWETo MOTOKY 3JEKTPOHOB. OTMETUM,
YTO KOJUIEKTOP WM aHOJ SIBJISIETCS! OTPULIATENIBHON KJIIEMMOI T€PMOIMUCCHOHHOTO
rpeobpaszoparenis. Ha puc. 6.1 mon n3006pakeH ¢ MOMOILUBIO YCIOBHBIX CMMBOJIOB,
NPUHSTBIX B 2JIEKTPOHHKE.

<— 1
Komrexrop

(mornoTwreNs Teria)
N

@\NNJ

OMUTTEP
(MCTOYHUK Terula)

Puc. 6.1. TepMOSMHUCCHOHHEIN ITpeobpa3oraTelb

DHeprusi, TUCCUITNpPyEeMasi B Harpy3ke, B KOHEYHOM WTOIe CBsI3aHa C HarpeBOM
sMmuTTepa. HeoOXoaMMOCTh MONHEPXKAHWSI BBICOKOUW TeMIIEPaTyphl MIPUBOIUT K CY-
LIECTREHHBIM PAIBAIMOHHBIM TEIUTOBBIM MotepsaM. CIIOXKHOM MpoOIeMoi SBIACTCS
Takxe obecrieyeHue OOJBIIOro TOKA Yepe3 BaKYYMHBIN 3a30p MEXIy SMUTTEPOM H
KOJUIEKTOpOM. 1711 TOrO YTOOBI PENIUTh 3TY IIPoONeMy, B BaKYYMHEIH TIPOMEXYTOK
MOXET OBITh BBEICH IOJI0XUTCIBHEIA MOHHBI ra3. K coXaleHuIo, 3TO BRI3HIBACT A0~
TIOJIHUTEIbHBIC TIOTEPH U3-32 3MEKTPOH-UOHHBIX COYTapeHWH.

XOTSI TEPMOIMUMCCUOHHBIE ITPe0OPa30BATENIN SIBJISTIOTCSA TEIUIOBBIMH MAalllMHAMMA U
X x03dGUIIMEeHT moNe3Horo aevicteus orpasnueH KI1/ mukna KapHo, OHA HMEIOT
PSI BaXHBIX TOCTOMHCTB, 2 UMEHHO:
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1) BbIpabATHIBAIOT HEMOCPENCTBEHHO 3NEKTPUYECKYIO SHEPIHI0, 4 HE MEXaHuWde-
CKYI0, KaK 3TO JeNaloT IPYyrue TeIUIOBbIE MallUHBEL;

2) paGoTaloT IIPY BRICOKHMX TEMIEPATypax ¢ COOTBETCTBYIOIIMM Bhicokum KI1J]
mkia KapHo;

3) cpabatbiBalOT BBICOKOTEMIICPATYPHOE TEIUIO, YTO CIOCOOCTBYET YyHPOLIECHUIO
KOHCTPYKIIIHY MIOTJIOTHTENIEH TEIUIa U 1aeT BO3MOXHOCTD HMCITOIB30BATh UX KaK
MaIIMHbLI BEPXHETO YPOBHS (HAACTPONKN K OOBIYHLIM TEIUTOBHIM MAIlIHAM);

4) paboTaroT IPH BLICOKMX ILIOTHOCTSIX HEPTOBBINEICHWS, YTO 0OecleynmBacT
KOMITAKTHOCTH YCTPOWCTBA M IO3BOJISIET OTPAaHWYWTL PACXON JIOPOTHUX KOH-
CTPYKIIMOHHBIX MATepUaJIOB;

5) paboTaroT IpU HU3KKX JABJICHUSX U HE UMEIOT ABMKYIIIMXCS 4acTei.

Jnst nygiero MOHUMaHUS IIPUHIIMIIOB PabOTHI TEPMOIMUCCUOHHBIX YCTPOMCTB T10-
JIE3HO OTJENBHO PACCMOTPETH JIBA OCHOBHBIX IIPOIIECCa, 2 UMEHHO: TEIUIOBYIO SMUCCUIO
3JIEKTPOHOB C TIOBEPXHOCTH TBEPAOTO Tejla M IMEPEHOC SMUTUPOBAHHBIX JIEKTPOHOB
yepe3 MeX3JIEKTPOIAHOE TTPOCTPAHCTBO.

6.2. TEPMOSJIEKTPOHHAA SMUCCNA

Ha xauecTtBeHHOM YpOBHE ABICHHE TEPMOINEKTPOHHOM IMUCCUU JIeT-
KO ITOHATHh. B MeTa/uiax ywix MOAYIPOBOTHUKAX NPH TEMIIEpaType BhIllle aOCOTIOTHO-
IO HYJISI CBOOOIHEIE 3JIEKTPOHB! HAXOMSITCSI B COCTOSSHUY XaOTHYECKOTO ABUXECHUS, a
HX QYHKUHS pacIpeneNieHusT IO CKOPOCTSIM SIBJiIeTCsl QYyHKIHEN Temmepatypsi. [Ipa
JIOCTATOYHO BHICOKOM TeMIIEpaType OTAEIbHBIE DJIEKTPOHBI 00JIaIA0T HEPIue, no-
CTATOYHOM IS TOTO, YTOOBI TIPEOIONETh CYIIBI, KOTOPHIE YIEPXWBAIOT UX B TBEPAOM
tene. OnHaKo, HEAOCTATOYHO, YTOOBI 3IEKTPOHBI UMENHN SHEPTUIO, MPEBHIIAIOIIYIO
3HEPIUIO BHUICTA; OHHU JOJDKHBI UMETh M30BITOK KMHETUYECKON 3HEPTUM, CBI3AHHBIA
C KOMIIOHEHTO! CKOPOCTU, HOPMaJIbHON K SMUTUPYIOLIEH [TOBEPXHOCTH.
TokK TepMO3NIEKTPOHHON 3MUCCHY 3KCTIOHEHITMAIBHO 3aBUCUT OT ¢ U BBIPAXKACT-
cs1 hopMyIoit

47
Jy = (123—msz2 exp(— -g—f%) = AthT2 exp(— %’) s 5
rae
dnmgk’®
Ay = ﬂ;:_}q__ > (2

A, — yHUBepcajbHas MOCTOAHHAs 3MACCUN.

Mpuuss Maccy 2mekTpoHa pasHoi 9,1 10731 kr, mist A, monmyduM 3HaYeHHe
1,2+ 106 A - M2 - K-2. Boo6iite ToBops, 3¢ deKTHBHAS MACCa JIEKTPOHA MOXET MEHATHCS
IIpU IIEpEXONie OT MaTepuaid K Marepuary. YpaBHeHUE (2) M3BECTHO KaK ypaBHEHME
Puuapacona. Takoe Ha3BaHIE OHO ITOJYyYHIO B yecTh OysHa YunbsaMma Puuaprcona,
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KOTOPBIA 3a CBOU pabOTHI B 00JIACTH TEPMOIJIEKTPOHHOUM 3MHUCCUM nojyamii Hobe-
JIEBCKYIO IpeMUI0 1o ¢pusuke B 1928 1.

XapakTepuCTUKOM IMICCUOHHOM TIOBEPXHOCTHU CIIYKUT BEJIMYMHA pabOTHI BBIXOAA.
Tax kKak oHa 3aBMCHUT OT TeMIICPaTyphl, TO COOTBETCTBYIOIINI ITOTeHITHAT (2B) MoxeT
OBITh BBIPAXCH KaK

0=0y+aT +a,T* +.... (3)

YieHBI BRICOKOTO MOpPSAKAa B COOTHOIIEHUH (3) IIpenIonoxXuTeibHo Mansl. I[Ipe-
Hebperas UMU 1 OCTaBJISII TOJIBKO JUHEMHBINA WICH, MOJIYYMM ypaBHeHHe Puuapaco-
Ha B BHIE

Jy = AmT2 exp [— % ((])0 + alT):| = Ay, exp (— %) T? exp (— %) = AT? exp (— %q—;%), )]

e
A=Ay exp(—%al). (5)

B npuHIMne MOXHO BHIOpATh 3aUCh ypaBHeHUST PudapncoHa (1) B hopMe, UCTIONb-
3yI0ollel YHUBEPCAIBHYIO MOCTOSTHHYIO 3MUCCUW, OJMHAKOBYIO JUISE BCEX 3MUTTEPOB,
7 paboTy BhIXOHA ¢, 3aBHCSINYIO HE TOJHKO OT IPHPOIBI SMUTUPYIOLIEH TOBEPXHO-
CTH, HO M OT €€ TeMIlepaTypHhl. JInbGo 3amucath ypaBHeHMe Puuapacona B gopme (4),
B KOTOpOI paboTa BBIXO/Ia HE 3aBUCUT OT TEMIIEPATYPHI U OTIPEREIISIETCS TOJIBKO MaTe-
pHAJIOM SMUTTEPA, B TO BpeMs KaK KOHCTAaHTAa SMUCCHUM HE 3aBHCHUT OT TEMIIEPATYPhI,
HO 3aBHCHT OT MaTepHajia aMurrepa. [1epBrlil BApHAHT JIy4Iile OMMCHIBACT QU3NICCKYIO
TIPUPOAY TEPMO3IMUCCHUOHHBIX SIBJICHUMW, a BTOPO# OoJtee ymoOeH WIS MPaKTUIECKOTO
VICTIOTb30BaHMA. DKCIIEPUMEHTAIBHBIC TAHHBIE II0 TEPMO3JIEKTPOHHOM 3MUCCHH Taby-
JHMPYIOTCA B BUJE 3HaYeHuil 4 u ¢,. OObrHO HIDKHMIT MHAEKC ( OITyCKaloT, Iopasy-
M€Basi TP 3TOM, 4TO BO BTOpOH (hopMe 3amricu ypaBHeHM PudapacoHa HeoOX0MuMO
Opath 3HaUeHWE pabOTHl BHIXOHA NPH a0COTIOTHOM HYJIE.

B Ta6n. 6.1 mpeacTaBieHbl CBOMCTBA HEKOTOPHIX MATEPHATIOB, MCITONB3YEMBIX
B TEPMO3MUCCHOHHBIX npubopax. PaboTa BeIxoga MeHseTcs B Ipenaenax ot 1 3B mo
gyThb OobIIE 5 9B, B TO BpeMs KaK KOHCTAHTA SMUCCUU A IIEPEXPHIBAET 3HAYUTEIFHO
6oJice WMPOKMIT auamaszoH — ot 100 mo 600000 A - M2 - K2, 4To sIBNIsIeTCS pe3yib-
TaTOM M3MEHEHUS TeMIIepaTypHOro KoadduiiMeHTa A1 ¢ Npy nepexojie OT OJHOTO
MaTrepHajia K Ipyromy.

Heobxonumo nogyepKkHyTh, 9TO 3HAYSHUE ¢ OUEHD YYBCTBUTENBHO K CIIOCOOY ITO/I-
TOTOBKHM MaTepHaia i COCTOSHUIO €To MoBepXHOCTH. HeKoTophle 13 TaGyIMpOBAHHBIX
BEJTMIMH OTHOCSITCS K MOHOKPHCTAJUIAM IIPEACTABICHHBIX MATEPUAJIOB ¢ aOCOIIOTHO
YHUCTOM ITOBEPXHOCThIO.
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Ta6auna 6.1. CBOWCTBA HEKOTOPBIX TEPMOIIEKTPOHHBIX IMUTTEPOB

Marepnan Pa6oga zrl,;xoz[a 2[;;2::1}1/11}125,1 Ma;otilll{ljﬂ K ’11—:01\21(;)6(;3?;;1);?
0 w2e K2 ’ 5B/K

Pt 5,32 320000 2045 0,000114
Ni 4,61 300000 1726 0,000 120
Cr 4,60 480000 2130 0,000079
w 4,52 600000 3683 0,000060
Mo 4,20 550000 2890 0,000067
Ta 4,19 550000 3269 0,000067

Th/W 2,63 30000 -

Bg?(; 1,03 100 - 0,000318
Cs 1,81 - 302 0,000810

B ycTpolicTBax, UCTIOJIB3YEMBIX B 3JIEKTPOHUKE, TIPEAITOYUTAIOT SMUTTEPHI C HA3-
KOi1 paboTOll BBIXO/A, IIOCKOJIBKY OHH TIO3BOJISTIOT pabOTATh IIPU OTHOCUTENHHO HU3-
KHX TEMIIEpATypax, YTO CHUXKAeT TCIUIOBYIO HAarpy3Ky M B pSII€ CIydaeB MPUBOIUT K
YBEJIMUYEHHIO cpoka ciyxObl. Tak, s HeOOJBIINX JEKTPOHHBIX JIAMII BEChbMa I10-
MyJAsApHO OKCcUaHOe TokpeiTue 3Murrepa (BaO + SrO). OnHako cpok CiIyXObl 3MHT-
Tepa MOXET OBITH OTPaHWYEH CTabOCTHIO TPAHULBI Pa3feia MEXIY KEPaMUUECKUMHU
KpHCTA/UIAMU.

Kaxnbiit sSMUTTEp HMEET CBOIO pabouyio TeMmepatypy. st Boib¢ppaMOBBIX Ka-
TOHOB OHa JiexHuT B ob6aactu 2500 K, a1 KaToooB M3 TOPUPOBAHHOTO BOJb(pama
cocraBisieT 1900 K, a ma okcumgHex kKatonoB 1150 K. ODMuTrephbl U3 TOPUPOBAHHOTO
BOJIb(ppaMa 10 CUX IOP UCIIOIB3YIOTCS B MOIIHBIX 3JIEKTPOBAKYYMHBIX YCTPOMCTBAX
6naromaps ux Gojiee HHU3KOI pabote BRIXOma U 0OJiee TIPOJOJIKUTEIBHOMY CPOKY
CAyXObI 10 CPAaBHEHHUIO C SMUTTEPAMHU M3 YMCTOrO Boib(dpama. [Ipu HarpeBanuu
yUCcTOTO BONb(ppamMa mo pabodyeil TeMmepaTypbl HAYMHAETCS POCT MOHOKPUCTANI-
JIOB, YTO IIPMBOAMT K Pa3pyLICHHUIO MOBepXHOCTU. JJ0OABKM TOPHS YMEHBILIAIOT
POCT KPUCTAJJIOB.

It paboThl TEPMOSMUCCHOHHEIX Mpeobpa3oBareieil HeoOXoaUMO, YTOORl paboTa
BBIXOJla SMHUTTEPA IIPEBbIlaia paboTy BEIXONa KOJUIEKTOpa. [IJist HeiTpanu3auu npo-
CTPaHCTBEHHOTO 3apsiaa OOJBLIIMHCTBO TEPMO3SMUCCUOHHBIX IIpeodpa3oBaTesnieii pabo-
TaeT B aTMocdepe mapos 1e3ust (M. . 6.7.1.). ITocKobKY 1e3Uil KOHAEHCUPYETCS
Ha 0oJiee X0JTOIHOM MOBEPXHOCTH KOJUIEKTOpa, paboTa BRIXOAA ITOCIEAHETO OOBIYHO
61H3Ka K paboTe BBIX0JIa, COOTBETCTBYIOIIEH He3mio, a uMeHHo 1,81 3B. Otclona cie-
IOYET, 9TO 3MUTTEP MOJLKEH UMeTb paboTy BbIxona, mpepbiiaroliyo 1,81 3B.
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Braronapst sKCMOHEHIIHAIBHON 3aBUCUMOCTA OT ¢ TOK 3MUCCUU Gojiee YyBCTBU-
TEJIEH K BEJIMYMHE ¢, YeM K BesuunHe A. Hamnpumep, TIOTHOCTH TOKa 3MUTTEPA U3
BaO + SrO npwm crangaptHoit pabodeit temnepatype 1150 K

1,03¢
1150%

ITpwu Toit Xe TeMmeparype SMUTTEDP U3 BoJbhpaMa MOXET 00eCITedUTh TOPa3io MEHb-
MU TOK, HECMOTPs Ha TO YTO KOHCTaHTa 3Muccun A y Hero B 6000 pa3 Gosbire:

4,52q
1150%

ITo 3Toit npUYMHe 3MUTTEPH U3 BOJb(paMa paboTaIOT IIPU BEICOKHMX TeMIIEPATypax.

Bricokue TeMiepaTypsl He eIMHCTBEHHBII CIIOC0O0, ¢ TOMOIIBIO KOTOPOT'O MOXHO
MOJIYYUTH JIEKTPOHHYIO 3MHCCHIO. CYIIECTBYIOT W APYTHe MEXaHW3MBI, a WMEeHHO:
obygenue doroHamMu (PoTo3MEKTPOHHAST IMUCCHST), HOMOAPIUPOBKA CYOATOMHBIMU
YacTULIAMU, B YaCTHOCTW 3MUTHPOBAHHBEIMU 3NEKTPOHAMU (BTOPWYHAS 3EKTPOHHAS
SMUCCHS), UCIIOTH30BAHUE CUIBHBIX JJICKTPUYECKUX IIOJICH, YK€ YTIOMUHaBLIEECS
BHIIlE (aBTONEKTPOHHAs dMuccHsi). CIIbHOE DIIEKTPUYECKOE TT0Jie B 00JJACTH IMUT-
Tepa MoXxeT UBMEHUTh 3HAUCHHNE TOKa IMUCcCcHU. OTHAKO B OOJIBLUIMHCTBE TEPMOIMHC-
CHOHHBIX NMPeodpa3oBaTeeil AEKTPUICCKHE MOJIA JOCTATOYHO MAJIbl, YTO IIO3BOJISET
npeHebpedb 3TUM 3P GHEKTOM.

Jo =100-1150° exp(— ) = 4090A - M2, 6)

Jy = 600000 - 1150% exp (— J =13-10°%A-m2 @)

6.3. NEPEHOC 3NEKTPOHOB

[IpocTefimuii TEPMOIMUCCUOHHBIM I€HEPATOP COCTOUT U3 DMUTHU-
pymoLieil MOBEPXHOCTH (3MUTTEP), HArpeToi 10 JOCTATOYHO BBICOKOIl TeMIlepaTyphl
Ty , ¥ PacTIONIOXKEHHOM B €¢ OKPECTHOCTH COOMpaloLlell IOBEPXHOCTH (KOJUIEKTOD),
Haxoasuieicst npu Gosiee HU3KOW Temnieparype 7. IIpocTpaHCTBO MeXiy 3TUMH
TIOBEPXHOCTAMU MOXET OBITh BAKYYMUPOBAHO. MCTOYHUK TEIIIA MOXET MMETD JIO-
Oy10 IpUpoOAy: IIaMsl, IAEPHBIN PEaKTop, TEIUIO 3a CUET peaKIMil SIepPHOTO pacrajia,
KOHLIECHTPUPOBAHHOE COTHEYHOE U3TYYEHHUE W T.I.

I'eometpust mpubopa BAMSIET Ha €T0 paboTy, HO 3/1eCh MBI OTPAHUYUMCS TIPOCTEM -
el xoHpurypanueil, CocTosieil U3 AByX MapajUieJibHbIX IUIOCKUX 3JIEKTPOIOB.

Urak, 31eKTPOHB! BBUIETAIOT W3 SMHUTTEPA U ABKYTCS B MEXJICKTPOTHOM IIPO-
CTPAaHCTBE MO HAMPAaBJIECHUIO K KOJUIEKTOPY. YCIOBHOE HAMPaBJIEHUE TOKA BO BHEITHEH
LETTA TIPH JTIOOBIX OOCTOSITENILCTBAX — OT AMUTTEPA K KOJUIEKTOPY. ApyriMu cioBamu,
KOJUTEKTOP SIBIISICTCSI aHOJIOM, a SMUTTEP — KATOIOM.

ITpu pabGoTe B KauecTBe TeHEpAaTOpa YCTPOICTBO CBS3AHO C BHEIIHEl Harpy3Koii,
KaK TO0Ka3aHo Ha puc. 6.2. [TageHue HaOpsDKCHMs Ha BHEIIHEH HArpy3Ke TIPHBOIUT
K TOMY, YTO MOTEHIMAJ KOJUJIEKTOPA CTAHOBUTCS OTPUUATEIBHBIM 10 OTHOLIEHWIO K
3MUTTEPY. B 37EKTPOHHBIX MPWIOKEHUAX TPUOOPH 0OBYHO paboTaioT ¢ BHEUIHUM
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HaNpsoKEHUEM CMEIEHMA, Garogapss KOTOPOMY ITOTEHIHAT KOJUIEKTOPA TTOJIOXITE-
JIEH TI0 OTHOILEHUIO K SMUTTEPY, X BO3HUKAET YCKOPAIOIIMI MEX3JIEKTPOIHbINA 10~
TeHIman (puc. 6.3).

- S _ -
EE ITorox & ﬁ Tlorok t
o | 9neKIpoHOB & & 3EKTPOHOB 15
E “ g £
g = ! =

o ® o

YciosHoe YeioBHoe
HALPABICHUE HAIPaBJICHYIE

TOKa

TOKa

Ry

Voc

Puc. 6.2. TlpocTeinuii TepMOSMUCCHOHHBIN  Puc. 6.3. TepMO3IMUCCHOHHBIN TUON ¢ TIPHIIO-
reHepaTop XeHHBIM HaIlpSOKCHUEM CMeTCHUS

MOXXHO TIPEITONOXUTh, YTO TIPY HAJTMYUU YCKOPSIIONIETO HAMPSKCHUST CMETLIEHUS
BCE SYMUTHUPOBAHHBIE IEKTPOHBI JOCTUTHYT KOJUIEKTOPA, T. €. INIOTHOCTh TOKA B MEX-
3NEKTPOAHOM 3a30pe J OyaeT paBHa TOKy s3Muccuu J;. OQHAKO 3a4acTyio J MEHBIIEe
Jy A3-32 OTpaHMYEHMH, BBISBAHHBIX NPOCTPAHCTBEHHBIM 3apANOM (HEHACHILEHHbIA
pexum), B To BpeMsi KaK npu J = J; 3HaueHNEe TOKa OIPaHMYEHO 3HAYEHUEM TOKA
aMuccu (PeXKUM HACHIICHNS ).

BOJIBIIMHCTBO TEPMOSMUCCHOHHBIX YCHIHTENEH padOTalOT B pEXMMe, Koraa
MPOCTPAHCTBEHHBIN 3apsi/ OrpaHUYMBaeT TOK npubdopa. B aToM ciyyae Tok 3aBu-
CHUT OT NPIJIOXKEHHOTO HAaPsLKEHUWS] U ONUMchIBacTcs 3akoHoM Yaitnga—JleHrMiopa,
KOTOPBI OyIeT paccMOTpeH HiXe. MakcumanbHast 3¢ (GeKTUBHOCTh TEPMO3MMCCH -
OHHOTO TEHEPaTOpa AOCTUTACTCS NTPU MAKCHMATHHO BO3MOXHOW TIOTHOCTH TOKA,
U, CIIeJOBaTeIbHO, OH AOJXKeH paboTaTh B peXXMMe HACHILLIECHUS.

B BakyyMHBIX YCTPOMCTBax OTCYTCTBYET MEXaHM3M DacCesHUS 3MUTUPOBAH-
HBIX 3JIEKTpOHOB. [To3TOMY ABHMXEHHE 3JCKTPOHOB OIpEAEsAeTCS JIOKAJIbHBI-
MU 3SJICKTPHUYCCKUMHU IIOJAAMH, HIHW, UHBIMH CJI0BaMH, MCXDJICKTPOAHBIM IIOTCH-
LHAJIOM.

229
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IIpu OTCYTCTBUM 3apsia B MEX3JIEKTPOXHOM IIPOCTPAHCTBE YCTPOMCTBA, UMEIOLIETO
IUIOCKOIIApALIENbHBIC 3MEKTPOABI, T. €. IMIPU OTCYTCTBUM MEXIY 3JIEKTPOIAMH BMHU-
TUPOBAHHBIX 3MEKTPOHOB, 3JIEKTPUYECKOE TIONIE B 3a30Pe MOCTOSTHHO, W MOTEHLMAT
W3MEHSIETCS JIMHEWHO C PACCTOSHUEM OT OTIOPHOIO 3JIEKTpoAa (IMUTTEP Ha puc. 6.3),
KaK IOKa3aHo Ha puc. 6.4, KpuBas a. DIEKTPOH, WHXEKTUPOBAHHBIN B MEXIJIEKT-
POMHOE MPOCTPAHCTBO, OVIST ABUraTHCS C MOCTOSHHEBIM YCKOpeHWeM. OmHaKo eciun
YUCIIO SJIEKTPOHOB OYIET TOCTATOYHO BEJIMKO, TO WX KOJUIEKTUBHbIM 3apsi] U3MEHUT
npoduiib pacupeneaeHus MOTeHIMala, BBI3BaB €ro IIPOorud — Kpusas b.

€ N e
8

Puc. 6.4. TIpodwis MoTeHIIMATA B IUIOCKOM TEPMOIMUCCHOHHOM JAHOIE

YBenuueHue Yrciia 3IEKTPOHOB B MEXITEKTPOTHOM MPOCTPAHCTBE MOXET IIPUBECTH
K TaKOMY TIporu0y Npodwiis NOTEHINANA, TIPH KOTOPOM DJIEKTPUYECKOE TIONE OKOJIO
3MHTTEPA CTAHET OTPUIIATEILHBIM (KPHMBasi ¢), 4TO, B CBOIO OYEPEND, IIPUBEHET K MO-
SIBJICHUIO TOPMO3SIIIEH CUITBI, OeHCTBYIONIEH Ha SMUTUPOBaHHBIE 3JIEKTPOHEBL. TONIBKO
3JCKTPOHBI, BBUICTEBINE ¢ JOCTATOUHO OONBIION HAYATLHOW CKOPOCTHIO, OYAyT CIIo-
CcOOHBI TIPE0I0JIEeTh 3TOT Gaphep U MONAacTb Ha KoJUlekTop. B pesynbrate TOK nputopa
OyneT orpaHMYeH M ero 3HaueHWe OyneT MeHbIle, YeM 3HAUYE€HHe, COOTBETCTBYIOIIEE
MAaKCHMAJIbHON SMUCCUOHHOM CTIOCOOHOCTH DMUTTEpA.

6.3.1. 3akoH Yannga-JleHrmiopa

BonabmMHCTBO TEPMOIMUCCHUOHHBIX TIpeoOpasosarelieii paboraer
B PEXUME HACBIIIEHHS, T. €. TIPU OTCYTCTBHH OIPAHMYCHUIM, CBI3aHHBIX C HAJTMYHUEM
B MEXBJIEKTPOXHOM 3a30p€ MPOCTPAHCTBEHHOIo 3apsjaa. [Ipy 3THX yCI0BHSIX TOK
HE 3aBUCHUT OT HamnpsoKeHws. JUisi aydiero MOHUMAHHUS TOTO, KaK HaJIHM4Ue IIpo-
CTPAHCTBEHHOTO 3apsia MPUBOINT K OrPAHUUYEHHUIO TOKA, MBI BBIBEIEM YpaBHEHME,
YCTaHaBJIMBAIOIIEe COOTHOIIICHHE MEXIY IIPUIOXECHHBIM HAaMPSKEeHUEM U Pe3YJib-
THUPYIOIIAM TOKOM B cliydae pabOTHl YCTPOMCTBAa B HEHACHIIIICHHOM PeXUME.
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PaccMOTpUM MCTOYHMK 2JIEKTPOHOB (3MMTTEP), MPEACTABIAIONIMNA CODOM IUIOC-
KYIO TIOBEPXHOCTH, HAXOIALIYIOCS B IUIOCKOCTU C KoopauHaroit x = 0 U crocobHyio
€037aBaTh TOK SMMCCHMU IUIOTHOCTBIO J; (puc. 6.5). Jlpyras IUtocKass MOBEPXHOCThb
'? (KOJUTEKTOP) pacrionoxeHa Napaie/IbHO TTIOBEPXHOCTH SMUTTEPA
Ha paccTosiHUM d OT Hee. [Ipenonoxum, 4To B MPOCTPAHCTBE

| 3

MEXIY JIEKTPOIaMH CYLLECTBYET aOCOMIOTHRIN BakyyM. BHauase < d-»
PaccCMOTPUM CIIy4ai, KOIla SMUTUPOBAHHbIE 3NEKTPOHBI UMEIOT & o
B~ Z
HYJIEBYIO KWHETUYECKYIO SHEPTHIO. - o
j=1 =)
ITycTs MEXIY SMUTTEPOM ¥ KOJUIEKTOPOM NMPUIIOXKEH YCKO- g g
(5]
pstfoiuii 351eKTpOoHbI noTeHnMall. [liotHocTh ToKa J (te J < J)), 3 %
&
KOTOpasi YCTAHOBUTCS MEX]Y 2JEKTPOJaMMU: ~
J =qnv, (3)
—> X
Tae g — 3apsill ACKTPOHA; # — KOHIIEHTPAlHsI 3JIEKTPOHOB, T. €. v N
CE

YHCIIO JIEKTPOHOB B EAUHHIIE 00BbEMA; V — CKOPOCTh 3JEKTPO- —
HOB; J €CTh HE YTO MHOE, KaK MOTOK 3apsia.
3Hauenue J TOMKHO OBITh TIOCTOSIHHBIM B MEX3JIEKTPOAHOM
fIPOCTPAHCTBe, B TO BPEMSi KAK /1 U ¥ SIBISIOTCS DYHKLMSAMA KO- L1 6.5. BakyymHsii
OpAMHATH X. MBI XOTUM BHIBECTM COOTHOIHEHUE MEXIY TUIOT- Aol
HOCTBIO TOKa J K TTOTeHIINAJIOM V B M1000¥ IUIOCKOCTH C KOOp-
auHaroit x. [Tpumem, uro V(x =0) = 0. Torma, ydyuTslBast OpeaIIOIOXKEHUE O TOM, UTO
HauyajJIbHasi CKOPOCTh SMHUTHPOBAHHAIX 3JIEKTPOHOB PaBHA HYJIO, AMEEM:

—myv- =4V, &)

OTKyIa

m

=J
gn 2%

V2, (10)

OnHaKo HaJW4ye 3JIEKTPOHOB, MPEOMONECBAIIINAX MEXIJEKTPOTHOE MPOCTPAHC-
TBO, IIPUBOIUT K MOABJACHUIO MPOCTPAHCTBEHHOTO 3apsijia TUIOTHOCTBIO gn, TaK YTO
comtacHo ypaBHeHmIo [TyaccoHa

2
v __m, (11)
dx €
rie €, — AUANEKTPHYECKast IPOHULIAEMOCTh Bakyyma. Jlanee
2
daV _ L |myn_ gy, (12)

a’ g V2g
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e
k=L |m (13)
g0\ 29

Pemnrenne ypasHeHwms (12) umieMm B BUIE

V =a+bx*. (14)
N3 ycnosus V (x=0) =0 cienyer, uro a = 0. TakuM oGpasom,
o (o= 1)bx®2 = Kb ™V2x72, (15)
CJIeIOBATEIIBHO,
o 4
2= g=_ 6
o-2 5 =3 (16)
i1
4 _ 9.V (9.Y
—b=-Kp"? N:(--KJ:(—K) 17
9 3 4 4 b ( )
9 3
==K . 8
b= (1) 1%
Hrak,
g \¥3
Vz(ZK) X (19)

Moxcranss B (19) Bepaxenue mia K u3 (13), nonydaem (A/m?2)

4 [2q V¥ 23310 5,
T=gtny = 20
IIpu V = V. (nanpskenne MEXIy 3MUTTEPOM M KOJUIEKTOPOM WM aHOLHOE Ha-

[psDKEHME) U X = d, TIe d — MeXIJIEKTPOIHOE paccTosHUe, ToIyduM (A/M?2)

233 107¢
==
IMonmyyeHHOE COOTHOLIEHME, 3alMCaHHOe B Oojee oOlueM BHIE, KOIIA BMECTO

IJTOTHOCTH TOKa HMCIONb3yeTCs 3HAYCHHE IOJTHOIO TOKAa, M3BECTHO KaK 3aKOH
Yaiinna—Jlenrmiopa:

J V2. Q1)

I=BV3}. (22)

[MocrosinHas B 3akoHe Yaiiga—-JleHrMiopa (ITOCTOSSHHAsI MPOCTPAHCTBEHHOTO 3a-
psina) uMeeT B
-6
_ 2,33-10 4

B 7 ,

(23)

rae A — IUIOIIaih 3JEKTPONaA.
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3akoH Yaitinma-JleHrMiopa cripaBe/UTUB Ui THOAOB JI000i (POpMBI, OHAKO TIO-
CTOSIHHAS B ONHOMMEHHOM YpaBHEHUM 3aBHUCUT OT T€OMETPHUHU YCTPOICTBA.

B nmeiiCTBUTEIEHOCTH CKOPOCTh 37IEKTPOHOB, MOKUAIAIONMIUX TTOBEPXHOCTD IMHUTTE-
pa, He paBHa Hym0. CIIeKTp CKOpOCTeil JOCTATOYHO UPOK. Kak roBopuocs BhILLE,
3JIEKTPOHEI HA TIyTH K KOJUIEKTOPY (DOPMUPYIOT TIPOCTPAHCTBEHHDIN 3apsijl, HATUYHE
KOTOPOI'O IIPUBOIUT K TOMY, YTO MOTEHIIMA] B MEXBJIEKTPOIHOM MPOCTPAHCTBE CTa-
HOBUTCSI HIIXE, YeM B Clydae, KOTa JIEKTPOHBI OTCYTCTBYIOT. (PaKTUUeCKU 3HAye-
HY€ OTPHLATEBFHOTO MOTEHIMaJIa B OKPECTHOCTH 3MUTTEPA MOXET cTaTh Oomplie,
YeM CaMOro SMHTTepa. B pesynwsraTe BO3HHKAET TOPMO3SIIEE 3JIEKTPUYECKOE T10JIE
WIH «0apbep».

3akoH Yaiinga—JleHrMiopa crpaBe/UTMB U B 3TOM Ciiyyae, OXHAKO IMOCTOSIHHAs
MIPOCTPAHCTBEHHOTO 3apsifia B YpaBHEHMH Temepb SBJsieTcs (QYHKUMEN pacCTOSHUA
(d - x,), a TOK TponoplMonaeH Bemuuune (V + V,)¥2, e x,, — paccTostHue oT
SMHUTTEPA AO IUIOCKOCTH, B KOTOPOil UMEET MECTO MAHUMYM ITOTeHUHaNa (CM. pHC.
6.4). DTa TUIOCKOCTh MPEACTaBIsieT cO00M BUPTYaJIbHBIM 3MUTTEp, a V,, — 3HadeHHe
MOTEHLMANA IIPA X = X,,.

Jlaxe mpy HAIMYMU IIPOCTPAHCTBEHHOTO 3apsiia TEPMOSMUCCUOHHBIN TUOA MOXKET
paboTaTh B peXuMe HACHILIEHUS, €CJIU MPIIOXUTh JOCTATOYHOE HANPSLKEHUE CMe-
nmieHus. PaccMoTpuM MO, SMUTTEPOM KOTOPOTO CYXUT BOJb(dpaMoBasi IUIACTHHA,
Harperas 1o 2500 K. TIpu 31oif TeMIiepaType TOK SMUCCUH C TOBEPXHOCTH BOJIbGpa-
Ma coctaniseT J, = 3000 A - M2, EcM IafeHue HANPSDKEHUsE MEXIY KOJLIEKTOPOM 1
3MHTTEPOM V(; ROCTaTOYHO Mao, To J < J, u 3akoH Yaitnna-JlenrMiopa cripaseuus.
IIpu mocratouso GONBIIMX HAMPSDKEHUSIX MEXKIY KOJUIEKTOPOM U SMUTTEPOM 3HAYCHNKE
TOKa, BBIUHUCIEHHOE MO ypaBHeHMI0 Yailmna-JleHrMIopa, MOXET TIPEBBICUTH 3HAUYCHUE,
COOTBETCTBYIOLIEE IMUCCHOHHOM CIIOCOOHOCTH KaToJa.

IMockobKy GHU3MIECKH 3TO HEBO3MOXHO, TIPH 60JIbLINX 3HAYeHUsAX V-, Bemuunna J
ocTraeTca paBHOil Jy 1 He 3aBUCHUT OT V. HampsxkeHue, Ipu KOTOPOM MPOMCXOMUT
HACBILICHKE TOKA, OTpeNleNIAeTCs MOCTOSIHHOM B ypaBHeHnn Yaitnna-Jlenrmiopa, T. €.
3aBHCHUT OT MEX3JIEKTPOITHOrO paccTossHUs d. Uem Ooubliie MEX3JIEKTPOIHBIN 3a30D,
TeM OOJIbIIle HaNpsDKeHWE HACBIILCHUS.

BonbT-aMIlepHBIE XapaKTEPUCTUKH ABYX JHOIOB C Pa3HBIMU 3HAYEHWSIMH MOCTO-
SIHHOM ITPOCTPaHCTBEHHOTO 3ap4/a NpeAcTaBieHbl Ha pyc. 6.6. Mo ¢ MEX3IeKTPOI-
HBIM paccTosiHMeM | MM OymeT paboTaTh B peXMME C OrpaHWYEHWEM, BBI3BAHHBIM
MIPOCTPAHCTBEHHBIM 3apSOOM, T. €. MOAYMHATBCS 3akoHy Yaitnma—JleHrMmiopa, o
TeX TOp, TIOKa HAIpsSDKEHWE Ha KOJUIeKTope GymeT paBHO mid MeHblue 118 B. lwon
C MEX3JIEKTPOIHBIM 3a30pOM, paBHBIM (J,2 MM, IEPEXOUT B PEXXHM HACHIILIEHUS YXE
mpu 13,8 B.

TepMOSMHCCHOHHBIE MPeobpa3oBaTen paboTarT B pexXuMe OOpaTHOro Hamps-
XEHMSI CMEIEHUsI, U UX TOK CTPOro OTPaHMYEH 3HAYEHUEM CYMMAapHOI'O MPOCTpaH-
CTBEHHOIO 3apsa B MEX3JIEKTPOJIHOM TPOCTPAHCTBE.
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JIns1 Toro 4ToOB! YMEHBIIUTL CYMMAPHLIA ITPOCTPAaHCTBEHHBIM 3apsii, 3JICKTPOJIBI
JIOJXHBI ObITH PACIIONOXEHB! OYEHb ONM3KO WM MOIIKEH OBITh MCHOJNB30BAH HEKUI
crioco® HeWTpaiu3aly TPOCTPAHCTBEHHOTO 3apsina. CylecTBYIOT YCTpoiicTBa ¢
MEX3JIEKTPONHLIM 3230pOM Ha ypoBHe 10 MKM, OZHAKO CAelaTh TaKHe YCTPOUCTBA C
OONBILOH ILTOMIAARI0 3NEKTPOAOB OYEHB TPYAHO.

3000 ’ T T
| Tox HaceineHAS :
- (Bonbdpam mpu 2?00 Ky - T
: | |
g 2000 = — R —
g T 1388B R
A ¢ d=0,2Mm :
2 P :
Z 1000 — ] - S
g ] 8B~ |
= L J A : o
f N i d=1mm |
0 ‘ FI—JM

Hanpsxenne Ha Kouekrope, B

Puc. 6.6. V,J- xapakrepuCTUKH ABYX BAKYYMHBIX TEPMOSMUCCUOHHBIX AMOAOB

MOXHO TONYIUTH PAKTUYECCKY HYJIEBOA MEXINEKTPOAHLIN 3a30p (M0 KpalHen
Mepe TeOPeTHUYECKM), UCTIONL3YsE KOH(MUTYpalluio, TTOKa3aHHyo Ha puc. 6.7, B Xo-
TOPO#l 3MUTTEP ¥ KOJUIEKTOP KOMIUIAHAPHEI, 8 HAPOTUBR HHUX PACIOJOXEH TPCTHH
JIEKTPOA — YCKOPSIIOIIHHA.

Yekopstiommin snekrpon (+200 B)

By

OmmuTep Konnexrop

Puc. 6.7. CxeMa BaKyyMHOTO Jivofa ¢ (hakTHYECKH HYJICBBIM MEXAIECKTPOAHBIM 3a30POM

ITycTs MeXIy SMUTTEPOM M YCKOPSTIONIUM 3JIEKTPOJOM IIPHIOKEHO HAMIPSKCHUE
nopsaka 200 B. Hajnuyue MarHuTHOrO 105181, HAIPARICHHOI'O IIEPIIEHAUKYIISIPHO IUIOC-
KOCTH PHCYHKA, IIPUBOAUT K TOMY, YTO HallpaBJICHUE NBYKCHUS 3JIEKTPOHOB UCKPHRB-
JISIETCS OT YCKOPSIONIETO 3JIEKTPO/ia B CTOPOHY KOJUIEKTOpa. Db PeKTUBHAS MIOCTOSIHHAS
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NMPOCTPAHCTBEHHOIO 3apsiia Uik TAKOTO yCTpo¥cTBa OyneT OeCKOHEYHO GOMbILOMH, U,
TaKKMM 0Opa3oM, TOK Bcera OyaeT paBeH TOKY HACHIICHUS. [10CKOMBKY B MACATBHOM
clIydae SJIEKTPOHBI HE MOCTUTAIOT YCKOPSIIOIIETO 3JIEKTPOAa, TO SHEPIUS B HETO He
BKJIaAsiBaeTcs. Ha mpakTvke, OAHAKO, 3aMETHOE KOJIMYECTBO 3JIEKTPOHOB TOCTUTHET
3TOTO 3MEKTPOLA, YTO TIPUBEAET K OTIPeIe/ICHHbIM SHEPreTYeCKUM MoTepsiM. TakuM 00-
Pas’oM, TOJIBKO ITYTEM YMEHBLICHIST MEXAJICKTPOHOTO NPOCTPAHCTBA WM UCTIONB30BAHWS
KAKMX-TUO0 CXEM BPSI M VIACTCS HUBEUPOBaTh HD(DEKT MPOCTPAHCTBEHHOTO 3apsiyia.

B TBepaoMm Tene apeiidopas CKOpOCTh CBOOOTHBIX 3MEKTPOHOB WM APYTHX HOCH-
TeJiel OTpaHMYMBAETCs YACTOTOM coymapeHuil. JuccumipyeMasl SHeprusi MposiBIsieT
ce0s KaK CONPOTHUBIICHHE MPOTEKAHWIO 3JCKTPUYECKOTO TOKA. XOTS B BaKyyMe HET
paccesiHuS 3JIeKTPOHOB, TEM He MEHEe CYIIeCTBYET Cephe3Hasl oMexa Ul CBOBOLHO-
IO TPOTEKAHKS TOKA — 3JEKTPOHEI CBOWM IPUCYTCTBMEM CO3IAIOT MPOCTPAHCTBEH-
HBIf 3apsih, KOTOPHIM MPEISTCTBYET MX NBVKEHMIO. ECiM BMECTO BakyyMma SJ€KTpO-
HEI Oy/IyT ABHraThCsI B Pa3’pesKeHHOM ra3e NOJOXHWTENLHBIX IOHOB, TO OIPE/IeIeHHOE
paccesiHie W COOTBETCTBYIOIME MMOTEPH OYIYT UMETh MECTO, HO IPOCTPAHCTBEHHBIMH
3apsajl OyIeT HEUTPATU30BAH U NEKTPOCTaTHIeCKas MoMexa IIPOTEKaHHIO TOKa OyaeT
ycTpaHeHa. B momapnsionieM GOJNBUIMHCTBE TePMOIMHICCUOHHBIX Mpeobpa3zoBareneit
MPOCTPAHCTBEHHBIN 3apsa HeWrpanusyercs. B ciexyolem maparpade MBI paccMOT-
PUM pPEXHMMBI PabOThI TEPMOSMMCCHOHHOIO TUOAa B NMPEATIONOXCHUM OTCYTCTBUS
MPOCTPAHCTBEHHOTO 3apsiia B MEX3JIEKTPOIHOM 3a30pe.

6.4. Ano[ BE3 MOTEPb C KOMMEHCUPOBAHHbBIM
NPOCTPAHCTBEHHbLIM 3APAAOM

6.4.1. MeXaneKTpoaHbIV NoTeHunan

st mponyckanus 60bIIHUX TOKOB Yepe3 TEPMOIMUCCUOHHDIH M0 HEOOXOAMMO
HEWTPaNM30BaTh TIPOCTPAHCTBEHHbIM 3apsia. OCTaHOBUMCS Ha Ciyyae, KOraa npo-
CTPAHCTBEHHBIN 3apsii B MEX3JIEKTPOTHOM IIPOCTPAHCTBE OTCYTCTBYET. Toria B Iwutoc-
KOM JIHOAE MTOTeHUHA MEHIETCH JIMHEHHO ¢ UBMEHEHUEM PACCTOSTHUSI OT SIMUTTEPA.

Ecnu 3ekTpobl BHELIHE KOPOTKO3aMKHYTBHI U TepMO3JieKTpuyeckumu addekra-
MM MOXHO ITpeHeOpedb, TO MEXAY SMUTTEPOM M KOJUIEKTOPOM OTCYTCTBYET Pa3HOCThb
MOTEHIMAIIOB. HYJIEBOW 3HEPreTMYecKuil ypoBeHb (ypoBeHb PepMu) OAvH M TOT
Xe s oboux iaeKTpogoB. Ha puc. 6.8 npencraBieHo pacnpefeieHue MOTeHIMaIa
B KOPOTKO3aMKHYTOM JTHOJE.

Yepes ¢, 0603Ha9uM pabOTy BbIXOA SMUTTEDPA, & ¢ — paboTy BBIXOZIA KOJUIEKTOPA.
3aMeTM, 9TO YyeM OOoJbllie 3HAYEHUE OPAMHATHI, TeM GOJbILE 3HaUYCHUE OTPUIIATEb-
HOrO moTeHIIMana (HanpsxkeHwst). s Toro yToObl 3JIeKTPOH MOKWHYJ 3MUTTED, OH
JOJDKEH KaK MMHMMYM MMETb SHEPIUIO, PABHYIO 0, ADYTMMU CJIOBAMH, NOTCHIMAT
HETIOCPEICTBEHHO Y 9MUTTEpa (110 OTHOILEHHIO K YpoBHIO PepMu) paseH —¢ . Ha pu-
CYHKE NPEACTABJICH CIy4aii, COOTBETCTBYIOIINI COOTHOIIEHUIO ¢ >
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Tak Kak 0OBIYHO TPUHATO YBEJIWUCHNE HANPSXKECHUAS M300pakaTh rpadrKoM, Ha-
TIPaBICHHBIM BBEPX, TO CleAyeT epeBepHyTh puc. 6.8 (puc. 6.9). Bujano, yTo noteH-
LIYaJI HEMTOCPEACTBEHHO Y KOJUIEKTOpa BHIIIE, Y€M IOTEHIWAJ HEITOCPEICTBEHHO Y
SMUTTEpA, Y, CJIEOBATEIbHO, IIPU OTCYTCTBUM IIPOCTPAHCTBEHHOTO 3apsiia TOK Yepe3

Avox J GyZIeT paBeH TOKY HachlllleHUs J = J;, (TIpU YCIOBUH, YTO SMUCCHEN C KOJUIEK-
TOpa MOXHO IIpeHeOpeysb):

Jy = AT? exp[ qkq);) (24)

Ecimu 3MUTTEp M KOJUIEKTOP COEMMHEHBI MEXITy CO00# Yepe3 BHELIHIOW HArpy3Ky, Kak
ITOKA3aHO Ha pHC. 6.1, TO TOK OT TeHEPATOpa BHI30OBET NAACHNUE HANPSIKEHNS HA BHEIITHE!
Harpyske ¥, 9to B CBOIO OUYepeb IIPMBEIET K TOMY, YTO HAIPsDKEHUE Ha 3aKMUMe SMUTTEpa
CTaHeT MOJIOKUTENIbHBIM. PactipeiesieHre MOTSHIIMANA AJIsT 3TOTO Cilydasi [IPeACTaBIeHO
Ha puc. 6.10 u 6.11 1 ABYX BO3MOXHBIX COOTHOIIEHHUH Mexay ¢p v (V + ¢,).

A KT DMHUTTEp Komiekrop
g ! \ ' ‘A’Ai"”Yb’d}iéi{};' Depmu —0
& & £ TR : ’ c
55 Py o |
o Yposens Pepmu ]_ //
| T 0 : _—

DOMUATTED KOJI)ICKTOp

Puc. 6.8. Dyepreruyeckag nuarpaMmma
KOPOTKO3aMKHYTOI'O TE€PMO3MUCCHOHHOIO

Puc. 6.9. PacmipeneneHue nNoTeHlIMala B
KOPOTKO3aMKHYTOM TEPMO3IMHUCCHOHHOM

arona nyone

9M$TTep KOMSKTop Dmurrep Kosmiekrop
,,,,,,,,,,,,,,,,,,,,,,,,,, B R SR

A { YpoBeHb Depmn : A ‘ Yposens Oepmu '. ‘

| v | =

¢IE Lo ¢’E V

: )% : o

; _— : Do
I ol I
R}” ,,,,,,,,, %__] _L.1C

Puc. 6.10. Pacupenenenue moreHlimana Puc. 6.11. PacnpeneneHue moTeHUHMana
B TEPMO3IMHACCHOHHOM JHOAE, 3aMKHYTOM Hd B TEPMO3MHUCCUOHHOM IHONE, 3aMKHYTOM Ha
Harpysky (V+ ¢, < ¢, Harpysky (V' + ¢.) > oz



6.4. uod be3 nomeps ¢ KOMHEHCUPOBARHBIM NPOCMPAHCIEENHbIM 3APAOOM _N. 237

Jo Tex mop moka BbIIOJIHSETCA HEPABEHCTBO |V + ¢ < |0,], MEXKITEKTPOAHBIA
NOTEHIMAT OYIET MO-TIPEXHEMY YCKOPSITh 3NIEKTPOHEI M TOK OYAET OCTaBAaThCS PaB-
HBIM TOKY HACBILEHUS J.

OnHako ecnu V craHeT ROCTaTOYHO OOJBIIMM, YTOOBI HApYIIUTL MPUBEICHHOC
BBILIIE HEPABEHCTBO, TO MEXIY IEKTPONAMM BOSHUKHET 3aICPXKMBAIOLINI MOTCHUM-
an Vy

Wl =V +0c ~og =V ~aV], (25)
rae
AV =g —0c- (26)

B 3TOM ciIydae TOJIBKO 2JIEKTPOHBI, KOTOPHIE, HAXOJSCh B SIMUTTEPE, UMEIOT 3HEp-
TUIO, TIPEBLIIIAIONIYIO CYMMAapHBIN MOTeHLMAIBHEIA 6apsep g(V + ¢ ), CMOTYT 1OCTHYD
Koyutekropa. ITIOTHOCTb TOKA €lle ONMMCHIBAETCHA 3aKOHOM Puuaprncona, Ho addex-
TUBHBIA Gaphep Terieph BhILIE, YEM MIpexzAe. DIEKTPOHBL 3MUTTEPA TENEPhb TOJDKHBI
NPEONONETh HE TOIBKO 3MUCCHOHHBIN Gapbep g¢z, HO TAKXKE AOMONHUTEIbHBIA 6a-
poep g Vy. TOMbKO 37IEKTPOHBI C SHEPrUei, npeBpmalmei (o, + Vp) =q (0. + V),
MOTYT JOCTUYb KOJUIEKTOpa:

_ 2 _4q _ 2 _4q _ - _9
J=AT exp[ kT(V+q)C)] AT exp[ kT(¢E+V AV)] Joexp[ kT(V AV)].

27

6.4.2. BonbT-aMnepHbie XapakTrepmcTuku

BoJipT-aMIlepHas XapakTepUCTUKA TEPMOIMHUCCHOHHOTO TIpeodpaso-
BaTess [oKaszaHa Ha puc. 6.12.

PaccMotpimM 11on ¢ BoibhpaMOBBIM 3MUTTEPOM (0, = 4,52 5B) 1 nie3neBoit mias-
Mol (¢ = 1,81 3B). M3-3a KoHmeHcaunu 1e3Ust HA KOJUIEKTOPe paboTa BBIXOAA TTOC-
JIEIHEro COBITaaeT ¢ paboTOH BBIXOAa UE3Usl.

Touka u3TOMa Ha BOJLT-aMIIEPHOI XapaKTePUCTHKE TOJIXKHA UMETb MECTO TIPH
V=4,52-1,81=2,71 B. B skcnepuMeHTe OHa nosiBisgercs mnpu 2,5 B, 4ro, no xpaii-
HEH Mepe YaCTUUHO, OOBSICHAETCS TEPMOITEKTPOABHKYIUEH CHIION, BOSHUKAIOLIEH 32
CYET Pa3HUIIBl TEMIIEPATYP MEKTPOJIOB.

6.4.3. HanpsxeHue Xo1ocroro xoga

Ecmm JOOITYCTUTDb, YTO SMHTHUPYEMbLIC 3JICKTPOHBI MMCEHT MAaKCBEI-
JIOBCKOE€ pacrpeaciieHUue o CKOpoCTsaM, 4TO NPEAnonaracT HaIMInue HEKOTOpOro Ko-
JIKYECTBA 3JICKTPOHOB, MMCEIOIIMNX CKOJb YTOOHO 60JII>IHYIO CKOpOCTh, TO MBI IIPNJICM
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K BBIBOZAY, 4TO HAMPSIKEHKUE XOJIOCTOrO X012 TEPMOSMHUCCHOHHOTO TUOIA JOIKHO ObITh
DeCKOHEYHO OOJIBIIMM, TIOTOMY YTO TONBKO GECKOHEUHO GOMBLION 3a1epXKUBAIOLINIL
MMOTEHIUAJI MOXXET OCTAHOBHUTDH BCE 3JIEKTPOHBL. B HeHCTBUTENEHOCTH HANPSKEHUE
XOJIOCTOTO XO/Ia HEBEJIWKO, IIOTOMY YTO HE3HAYUTEJIbHBIN TOK BHICOKOIHEPTETHUHBIX
3NICKTPOHOB C 3MUTTEPa KOMIIEHCUPYETCA MAIBIMKU (BOTOINCKTPUUSCKUM K TEPMOD-
MUCCUOHHBIM TOKaMU ¢ KOIEKTOpa.

Kpunas
BoubimaHa

0 S S
0 AV Voc

Puc. 6.12. Bonpr-ammepHasi XapakTepHCTUKa TEPMOSMHCCHOHHOIO TpPeoOpa3oBaTess

C KOMITICHCHUPOBAHHBIM TIPOCTPAHCTBCHHBIM 3apsiaoM

Ilpu pa3oMKHYTOH ueru (rpeHebperast hOTOINEKTPUIECKUM U TEPMO3NEKTpUYE-
ckuM 3pdexramMn) umeem:

Je=Jc; (28)

WV +0c| =0k (29)

A, T? exp[—;%(Vﬂpc)]:Ach exp -%;—Cq)cj'; 30)
g, a. (1 I A(T:)
-1 y_4Z - _—|l=21ZCc )] .

ool gy b)) 2 (B @
q g(1 1 A (T Y
Ly =4 - _ = - 1 cc .

kTEV k(TE TCJ% " AE(TE) ’ 52

C

2
V=¢C(§E~—1)~§TEln ig&) . (33)
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[Mpymep

Juon uMeeT SMUTTEP U3 BOIbPpaMa U KOJUIEKTOp U3 TOPMPOBaHHOTO BoIbdhpama. Pabouas
temneparypa Ty = 2500 K u T = 500 K. HanpsokeHue X0IOCTOTO X0f1a

V= 2,63(

2500 1) _138-107 30000 ( 500
500 1,6-107Y 600000 { 2500

2
) ]= 10,5+1,3=118B.

6.4.4. MakcnmanbHas BbIXOgHas MOLWHOCTL

Bonpr-amiiepHas XapakKTepUCTHKA WICAUTBHOTO TEPMOIMUCCUOHHOTO
[UOa ¢ KOMIIEHCUPOBAHHBIM IPOCTPAHCTBEHHBIM 3apsiioM MOXET ObITh pasiesieHa
Ha IBe o0JacTu:

obnactb 1 [V|<|og — 0¢|, toe J = Jy;

obnacts I1 V| >0z — ¢c|, tae J = Jyexp {—k_qT—[V — (0 - ¢c)]}-

B o6nactd [ Ao HaXOOWTCS B PeXMME HACHIILIEHHST, B TO BpeMA Kak B oosacTtu 11
TOK 3KCIIOHEHUHANBHO 3aBucut ot V. B obmacty 11 rpaduk 3aBucumoctu J ot V ume-
€T BHJ] GOJBIIMAHOBCKOM KpUBO# (cM. puc. 6.12).

B o6nactu 1 MOLIHOCTD, BBUIENAIOMASCS Ha HAarpyske P, NTHHEHHO pacTer C
POCTOM BHIXOZHOTO HANpsikKeHUsl (YBENWUYMBAIOILEIOCsl C POCTOM CONPOTUBICHHUS
Harpy3ku R;). OHa IOCTUIraeT MakCMMyMa, paBHOTO Jy(0p — 0 o), IpH V= (05— 0).
Ipu nanpHeliuieM YBETMIEHHH CONPOTHUBIIEHHUS HATPY3KH IIPOMCXOINT LI HEGOIb-
1IOe YBEJWYEHME 3HAYEHUs V, UTO CBSI3aHO C 3KCIMOHECHUMANBHBIM YMEHBLICHUEM
3HaueHnd J. B pesynbrate BBIXOAHAS MOIIHOCTB MafaeT. DTO UHTYUTWBHOE 3aKJIIO-
YeHNE MOXET OBITh MOATBEPXKACHO MAaTEMATHIECKU TTyTEM HAXOXACHWS MaKCHMyMma
dyHkuyu (mpuMeHUTENBHO K obnactu 11):

P, =VJI =VJ,exp {—k—qT—[V —(0p ¢C)]} . (34)

MakcumyM umeet Mecto ipu V= k T/q. Jlaxe npu BeICOKOH TeMniepaType, Hanpu-
Mmep 2500 K, snauenue k T/q cocraBnsieT TonsKo 0,22 B, 4T0 MeHbllIe 3HAUEHUS, COOT-
BETCTBYIOLIETO TOUYKE Mepexona (¢ ;— ¢ ). DTo 03HaYaeT, YTO MAKCUMYM COOTBETCTBYET
3HAYEHMIO HaNpsKeHus, Henonyctumoro B obnactu 1I. Takum obGpasom,

Poutmax = 'IO (q)E - ¢C) . (35)

T ne3yeBOro IUIa3sMEHHOToO IHMOLAa C 3MMTTEpPOM M3 Bojbdpama, paccMoT-
PEeHHOTO B NpeABUIyLIEM HpUMeEpe, ¢, — 0, =2,5 B u mpu temmeparype 2500 K
IIOTHOCTL ToKa J; = 3000 A - M2, MakcuMajgbHas BBIXOAHAS MOIIHOCTL paBHA
7500 Bt M2
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6.5. NOTEPY B BAKYYMHbIX JNODAX
BE3 MPOCTPAHCTBEHHOIO 3APALA

6.5.1. KoadPpuuneHT nonesHoro aencreua

Ecmu TepMO3MUCCHOHHBIN TeHepaTop paboTaeT 6e3 KaKux-JIu00 1mo-
TEPh, & MOABEACHHOE TEIUTO PACXOAYETCS JIMIIEL Ha TO, YTOOBI BMEKTPOHBI MOKUIAIU
TIOBEPXHOCTD C HYJIEBOM CKOPOCTBIO, TO BCE TOABEICHHOE TEIUIO OYAET UCTPAYEHO HA
WCTIApEHNE 3eKTPOHOB. B JEHCTBUTENIBHOCTY WCIapeHHbIE 3JIEKTPOHBI MOKHUIAIOT
TTOBEPXHOCTH 3MUTTEPA C HEKOTOPOU KUHeTHJYecKoi sHeprueil. [IpemmonoxuM Ha
MMHYTY, YTO KMHETUYECKAas SHEPTHUS JIEKTPOHOB PaBHA HYMO (YTO HE COOTBETCTBYET
JEACTBUTEIBHOCTH), TOTAR MOABEAEHHOE K TeHepaTopy Terio P = Jo ,, a MaKCMMaJb-
Hasl BbIXOJHAs MOIIHOCTH O6yneT paBHa J; (¢, — ¢.). OTciona crenyer, yro sddexTus-
HOCTH IIpeoOpazoBanusi (K0O3DOUIIMEHT MOJe3HOTO HENCTBUS)

J. -
an)ut: 0(¢E ¢C)=1_¢C. (36)
P, Jobg b
JIs paccMaTprBaeMoro mpuMepa
1,81
=1-=2 2 0,60. 37
n=l-75=08 %)

Mp&I ToKka HHYETo He TOBOPMJIM O TEMIIEPATYpE 2AEKTPOAOB, XOTA HMEHHO 3TOT T1d-
paMerp onpeaeisaeT npeaeabHyo 3dgdekTuBHOCTE yerporicTa (1o KapHo). HesisHoe
MIPEIIIONIOKEHNE COCTOANO B TOM, 4T0 T >> T, B IPOTUBHOM CHIydae Hesn3s Obuio
OBl TIpeHEOPeraTh TOKOM 3MUCCUH KOJJIEKTOPA 10 CPABHEHUIO C TOKOM IMUTTEPA.

B peanpHOM reHeparope MCTOYHMK TeTUia B JOTIONHEHWE K IHEPTUH, 3aTPAueHHOM
Ha WCTIapeHyie SIEKTPOHOB, NOJDKEH KOMNIEHCHPOBATE MHOTOYHCIIEHHEIE TIOTEPU. DTH
TIOTEpU OOYCIOBJIEHBI

1) TEIUIOBBIM M3NTYUECHHEM;

2) M30BITOYHOW IHEPTUEH IMUTUPOBAHHEIX 3JICKTPOHOB,;
3) TerIONpPOBOMHOCTHIO;

4} CONpOTUBICHUEM ITOABOMSIINX POBOLOB,

a B Ciry4a€ TUIa3MCHHBIX TUOJOB €I U

5) KOHBEKILIMOHHBIM TEILUIOOOMEHOM;
6) ToTepSMM Ha MOHU3AIUIO;
7) BHYTPEHHMM COTIDOTHBJICHUEM (TaICHUEM HAIPSLKEHUs B IU1A3ME).

6.5.2. PannavnoHHble notepu

MexaHn3M HauGojee CEPLE3HBIX NOTEPL CBA3AH ¢ MOTEPIMH 32 CYET
U3JIVUEHUST TOPSIYETro 3SMUTTEDA.
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6.5.2.1. Tenaogoe uzayuenue

VenuHeHHOE aGCOTIOTHO YepHOE TeNIo cornacHo 3akoHy Credana—bompumaHa U3-
} nydaer sHepruio (Br/m2):

P =oT}. (38)

rae 6 — koHctanTta Credpana—bonbimana (5,67 + 10-8 Br - M2 - K#). OnHako usinydeHue
PEaILHBIX Tl HE CIEAYET TOYHO 3TOMY 3aKoHy. HeoGXomuMo BBECTH MMOMPABOYHBIH
K03(GULIMEHT, Ha3bIBAEMBbI OTHOCHTEJILHOM M3JTy4aTeIbHOM CITIOCOGHOCTBIO €. 3aKOH
Credana-bonsuMana npuobperaer Bugn (Bt/m?):

P =oeT}. (39)

OrHOCcUTETbHAS M3TydaTellbHas CIIOCOOHOCTb €CTh OTHOLICHWE SHEPIUY, U3JIyda-
€MOM JaHHEIM TEJIOM IIPM ONPENeNCHHON TeMIlepaType, K SHEepruy U3JjyyeHus: abco-
JIIOTHO YEPHOTO TeJla IIpH Toi Xe Temrieparype. KosthduimenT oTHOCUTENLHON W3-
JIy9aTeTbHOM CIIOCOGHOCTU BCErAa MEHbLIE €AUHMALIBL.

Eie Gonee ycaoXHSET CUTYALMIO TO OOCTOSTENBCTBO, UTO € 3aBUCUT OT Y4CTOTHI
W3JIydeHnA. MOXHO KCIIO/Ib30BaTh YCPEAHCHHBIC TaHHbBIE MO HIMPOKOMY CIIEKTPAJIb-
HOMY WHTEPBAIY ¥ BBECTY HHTETPANBHBIN KO3(hGULUEHT OTHOCUTENLHON M3JIyJaTelib~
HOH COCOGHOCTU, KOTOPBIH He OYAET 3aBUCETh OT YACTOTHI U3JIYYCHUSI, HO IIPY 3TOM
clenyeT ITOMHUTh, YTO OH CITPABEUTUB TOJBKO IS PACCMOTPEHHOTO CIIEKTPAJILHOIO
WHTepBaia. Tejla, H3TyYeHUE KOTOPHIX OMUCHIBAETCST HE 3aBUCSIIMM OT 9acTOTHl KO-
sdduumeHToM, HaspiBaloTes cepbiMu. Kak Bumto n3 puc. 6.13, uHrerpaipHast H3my-
YaTeIhbHasl CIIOCOOHOCTH 3aBUCHUT OT TeMIlepaTypbl. OTHOCUTENBHYIO U3Iy4aTeIbHYIO
CIIOCOBHOCTB, ONPEeNIEHHYIO JUIST Y3KOrO CIIEKTPAJIBHOTO MHTEPBAIa, Ha3bIBalOT CIIEKT-
PaIBHOI H3Ty4aTeNbHOM CIIOCOGHOCTHIO €.

Ecim sMuTTep pacniofiokeH BOIU3H APYTOro 00beKTa (HallpUMeEp, KOJUIEKTOPa Tep-
MO3MHUCCHUOHHOTO Iipeodpa3oBaTelisi), pealbHasl n3IydaTeabHasi ClIOCOOHOCTh U3MEHS -
ercsa. Hac, B 4aCTHOCTH, MHTEPECYET OLIEHKA PAIUaIIMOHHOTO OOMEHA MEXIY TUIOCKIM
SMUTTEPOM U TUIOCKHMM KOJUIEKTOPOM, PACIIOIOXECHHBIMI HACTOIBKO OJM3KO, YTO KX
MOXHO PacCMAaTPUBATh KaK JBe OECKOHEeUHble MapaieibHblie IockocTu. [Tagaoniee Ha
MOBEPXHOCTD U3IYYEHHE MOXET IIPOHUKHYTH Yepe3 Hee (ecn MaTepran Noiaynpo3pad-
HBIY WIH [IPO3payHbIil), OTPa3sUTHCA WM MMOMJIOTUTECS. B MHTEpECYIOIIEM HAC Caydae
Martepual sBISIETCS HEMPO3PayHBIM U HE TIPOIYCKAET U3NyUCHUE.

OtpaxeHne MOXeT OBITh 3ePKAIBHEIM (Kak OT 3epkaia), iU @y3HbIM HIH KOMOH-
HMPOBaHHBIM. MBI OCTAHOBUMCSI TOJIBKO Ha ciydae nuddysHoro orpaxenusa. YacTs
M3Iy4eHUsI, KOTOpasi He OTPa3WIach, NOIIOLIAECTCS M €€ 3HAUCHME ONpeeiaeTcs KO-
3¢ bULMEHTOM ITOTIOINEHHS O

B paBHOBECHBIX YCIIOBHSIX COIIACHO 3aKoHY Kupxroda nanyyareyibHasi CHOCOGHOCTD
TIOBEPXHOCTH JOJKHA OBITh paBHA €€ IOITIOLIATENHONH ClIOCOOHOCTH, T. €.

eE=0. (40)
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Korna n3anyyenue ropsyero sMUTTepa MoraaaeT Ha KOJUIEKTOP, TO LOJIA STOTO U3-
JIy9EHUS Ol = £, ITOIIOUIACTCS KOJUIEKTOPOM, a 107151 1 — 0. BO3BpallaeTcs Ha 3MUT-
Tep. Ha aMuTTepe 4acTh U3NydeHUS TOXE TIOITIOMIAeTCd, a YACTh BO3BpaniaeTcd Ha
KOJUIEKTOp. M3nmyyeHue nponorkaer «OIyXaaTb» MEXIY IBYMS TUIACTUHAMH, MEHSIST
KaXYIIYIOCS U3ITYy4aTeIbHYI0 CITIOCOOHOCTh 3MUTTepa. Db deKTUBHAA U3IydaTeIbHas
CITOCOOHOCTD € OTIPEENSIETCS BHEITHMMY YCJIOBHSIMU BOKPYT U3/y4alolliero Tea.

N
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Temnepatypa, K

Puc. 6.13. 3aBMCHMOCTD MHTErpajbHONM W3NYyYaTeNbHOM CIIOCOGHOCTH BoNb(paMa OT
TEMITEPATYPHI

SAcHo, YTO ecu U3NYYATEh OKPYXEeH HICATbHBIM 3€PKAIOM, TO €ro 3¢ (PeKTUBHAS
U3JIy4aTebHas CIIoCOOHOCTD PaBHA HYJIIO — BCSI M3IYyYCHHAsI 9HEPIUsa BO3BPAILACTCH
K HeMy. DbdexTrBHasS H3/Iy4aTeNbHAsT CIIOCOOGHOCTh SMHUTTEPA (B TePMHMHAX M3Iy-
YaTEJIbHBIX CTIOCOOGHOCTEH MUTTEpPA M KOJUTEKTOPa) MOXET OBITh BEIUMCIEHA IIYTEM
CYMMUpPOBAaHUs AOJIEi SHEPIUM, MOMIOIAeMOi KOJIEKTOPOM B TIPOLiEcce ee «Oayx-
nmaHus». B 3amaue 6.1 mpemtaraercs mpoBecTH Takue BhiuucieHWdA. Pe3yiabTaToM SIB-
JIIETCSI BBIPAXEHHE

1

SO S 41
fTE = Ve, +1/ec —1 “1)

B cnyyasix, koraa sMUTTEp MpEACTaBiIAeT CO00M YEAMHEHHOE TeI0 WIM OKPYXeH
abCOIOTHO YEepHBIM TeloM (00e CHUTyalluud COOTBETCTBYIOT €IMHHYHOM IIOIJIOIIA-
TEJIBHOI CITOCOOHOCTH U, CIEIOBATEIbHO, ENUHMIHON U3/Iy4aTEIbHON CIIOCOGHOCTH
[ec= 1]), penpinynice ypaBHEHHE CBOAUTCS K YPABHEHUIO

EeffE = € > (42)
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e

QE'I'. €. 3(pdbexTHBHAS U3TydaTelbHAsI CIIOCOOHOCTH PaBHA MHTETPANIBHOM M3Jy4aTeIbHON
; GMOCOGHOCTH 3MUTTEPA.
'~ 3aMeTuM Takxe, yTo 3¢hdeKTUBHAs U3TydaTesbHas CIIOCOOHOCTh KOJUIEKTOpa BhI-

paxaercsa KaK

1

Takum 06pa3oM, JABe TUIACTUHBI, HAXOASIUMECS JOCTATOYHO OJIM3KO OAHA OT IpYy-
1o, IMEIOT OMIMHAKOBYIO 3()GHEKTUBHYIO H3TYJATEIBHYIO CTOCOOHOCTD.

RNpumep

PaccMorpuM BosbdpaMoByio TUTacTHHY, HarpeTyio a0 Temreparypbl 2500 K u umeroniyo
HHTETPaBHYIO M3JYJaTeNbHYIO CIIOCOOHOCTh €5 = 0,33. OHa pacrionoXeHa OKONO Ipyron
METATMYECKON TUTACTUHHI, YbS WHTETPabHAs M3dydaTesTbHas CIiocoOHocTh €. = 0,2. Tlo
NpUBeICHHON BhIe GOPMYIIE MOXHO BBIYHCIUTH 3PGHEKTUBHYIO U3NTYYaTENIbHYIO CIIOC00-
HOCTb I 00euX IUIacTHH, KoTopas coctapiseT (0,14,
TI1oTHOCTS MOLIHOCTH M3JIy4eHHUs] C TMOBEPXHOCTH 3MUTTEpa, OOpailleHHON K KOJUIEK-
TOpY,

P. = oe (T,;‘ - Tg) . (44)
OOGEIYHO KOJUIEKTOP MMEET TeMIICPAaTypy, CYLIECTBCHHO MEHBUIYIO, YeM SMHTTEP, HO TeM
He MeHee OH J0BOJbHO ropsiunit. [Ipennonoxum, yto T, = 1800 K. B stom ciyuae mist
[UTOTHOCTH MOLIHOCTY M3Ny4CHMUS (MCIOJb3Ys! BBIYMC/ICHHOE 3HAYCHUE € = 0,14) mosyanm
226700 Bt/m2.
IIpu T, << T ypaBHenue (44) cBomurcs K

P. =oeqT5, (45)

H TeMITEpaTypOi KOUIEKTOpa MOXHO MPEeHEOpEYb.

6.5.2.2. Koaghcpuuyuenm noaesnozo oelicmeus c yuemom
mo.abK0 PAOUAUUOHHBIX NOMepPs

W3 ananusa ypapHeHus (36), a Takxke U3 ob1IUX coobpaxeHuit o pabore Tep-
MO3MHCCHOHHOIO IpeoOpa30oBaTesi MOXHO MPUITU K BBIBOAY, YTO NMPH (PUKCH-
POBaHHOI1 paboTe BBIXOZA KOJIEKTOPA ¢, YeM Oolbllie paboTa BRIXOAA 3MHUTTEPA
¢ Tem Boime KIIJI ycrpoiictsa. OnHako Npy y4eTe TEIIOBBIX IOTEPh CHTYaLlHsl
MeHseTcss. PakTUYeCKN MMEETCS HEKOTOpPOEe 3HaueHue ¢, mpu koropom KIIJI
MaKCHUMaJieH.

JHasaifte BepHeMCH K BOJIbGPaMOBOMY sMUTTepy Ipu Temreparype 2500 K. ITpu atoit
TeMIteparype IWIOTHOCTh TOKA MIUCCHH C ITOBEPXHOCTH BoMbdpama coctasisier 3000 A/
m2. EcJiv KOJUIEKTOD TIOKPHIT LIE3UEM, TO BBIXOAHOE HAnpskeHue Oyner okono 2,5 B, a



244

Tasa 6. Tepmouonuvie npeobpazosamenu

yAEbHAs BBIXOAHAS MOLIIHOCTL OyeT pasHa 7,5 KB1/M2. JL1d TOTO 9TOOEI TOANEPKUBAT
amuccuio 3000 A/M?, BOIbGPaMOBbIii SMATTEP IOJLXEH TOTPEONATH TEIUIOBYIO MOLIHOCTD,
paBHy10 3000 - 4,52 ~ 14 xBr. JLJ1g IpOCTOTHI MPEATIONOXUM, YTO SMUTTEP U3TYYaeT TOJIb-
KO B CTOPOHY KOJUIeKTOpa. [IpOTHROINOIOXHAA CTOPOHA IMUTTEpA 00palilleHa K MCTOYHU-
KY TeTUTa, KOTOPblif MOJTHOCTHIO OTPaXaeT TeIUlo, TIPUXOdilee OT IMUTTepa. Torna, Kak
clielyeT U3 MpUMepa, pacCMOTPEHHOTO B IIPENbIAYILEM MOAMTYHKTE, MOLL{HOCTD U3JTy4e-
HUSI SMUTTEpa B CTOPOHY XOJIOMHOTO KOJUIEKTOpa OyaeT cocTaBarh okoo 310 kBT. Bro
MPUBOIUT K BEChbMa MAJIOMy 3HAYEHMIO KO3(DUIMEHTA I10I€3HOT0 AEHCTBHIS, PABHOMY
7,5/(310 + 14) = 0,023, Eciu y4ecth, 4TO B JCUCTBUTEIILHOCTA IMOTEPH CYLIECTBEHHO
OOoNBlIe, MOXET NTOKA3aThesl, YTO MPAKTUICCKU HET HAAEX AL Ha CO3aHKE NIPUEMIIEMOTO
TEPMO3MUCCHOHHOTO Npeobpasosareis. Ho 31o He Tax!

M3-3a BBICOKOIT pabOTHI BBIXOHA ¢ BOJIBMpPaMa Ui MOAYYEHMS] 3HAYUTEIbHBIX TO-
KOB MHCCHH HE0oOXoamma BBICOKAsl TEMIIEPATypa, YTO BbI3bIBAET OOJIBLINEC IIOTEPH HA
M3JIy4eHUE, MHTEHCUBHOCTh KOTOPOTO 3aBMCHUT OT TeMOepaTypsl Kak 7%, [ penienys
MpoOJIEMBbI HAJIO UCKATh MATEPHAJIBbl, CIIOCOOHBIE 00ECTIeYUTh OOJbIIE TOKH SMUCCUU
IPU OTHOCUTEJIBHO HU3KUX TEMITEpaTypax, T. €. MaTepHajibl C HU3KOM pabOTOi BHIXOHA
¢z DTO YMEHBIIUT PAIWALUOHHLIE [TOTEPU, HO OMHOBPEMEHHO IPUBEAET K YMEHBIIIE-
HUIO BBIXOIHOM MOIIHOCTH, KOTOpasg NpOMOPUUOHAIbHA ¢ — ¢~ Kakoit u3 addexToB
TpeBaIupyer?

VYnenwHast BBIXOAHAS MOI[HOCTD

PL:JO(¢E_¢C)’ (46)

B TO BpEMsl KaK TOJBOIMMAs TEIUTOBasi MOLIHOCTh (IpeHebperaeM BCEMHM MEXaHU3-
MaM¥ TTOTePh, 32 UCKITIOYEHNEM paluallMOHHBIX) OTIPEAE/SIETCS CYMMO MOLIHOCTEIA,
HEOOXOMMMBIX [UIsl SMUCCHU SJIEKTPOHOB J; 0 M [UIS KOMIIEHCALIMU PafualliOHHbIX
TMoTePh ceeﬁTE“. TakuM 00pa3zoM, KO3(POULIMEHT TIOJIE3HOTO AEHCTBHS

n= Jo(op —0c) o —0c

_Jq) +oe T8 c .
OYE eff " £ ¢E+%£ﬂT§exp(-]f?E]

(47)

3mech Mbl HOACTABHIM B Ka4€CTBE J; BHIpAXEHHUE U3 ypaBHeHMs1 Prdapacona.

Ternepb MBI MOXEM UCTIOIB30BATh IIOJIYYeHHYO (POPMYJIY IS TOTO, YTOOHI IIPOBEC-
THA YUCICHHBIA 3KCIepUMeHT. Bo3bMeM TTPOU3BONIBHYIO pabOTy BBIXOAAa KOJUIEKTOpa,
o (B aTOoM mpumepe 1,81 B) u temneparypy smutrepa 7. [lpumem Takxe mist moc-
TOSIHHO# sMuccun!) A sHauenue 600000 A - M2+ K2, Kak ¥ B TIpeabIIyIIHX IPUMe-
pax, Bo3bMeM g = 0,14.

D TlocTosTHHasE SMHUCCUU 3aBHUCHT OT BbIOPAHHOTO MaTepHajla 3MUTTEpPA, B TO BpeMs KaK V Hac
cBoGOHOI IEPeMEHHOM ABIIsIETCS ¢ [103TOMY, CTPOTO TOBODSI, HE COBCEM KOPPEKTHO UCTIONB30-
BaTh (PHKCHPOBaHHOE 3HaYEHHe Ay, U3MEHAS BETMIMHY ¢z MBI IOCTYITIIIM Tak IS TIpIMepa.
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W3 puc. 6.14 BunHO, 4TO IS TIOJTYYSHUST MAaKCUMAaJIbHOTO K03 duIMeHTa 110J1€3-
HOTO JCHCTBUSI 3MUTTEp, HaxoIsmuiics mpu Temmeparype 2500 K, nomkeH uMeThb
paboty Berxona oxoio 3,3 B, a ipu temueparype 2000 K pabota BeIxona JIOJKHA €O-
CTaBJATE okoJo 2,7 B.

05—
i T Az = 600 000 A M2 K-2
2 ¢c=181B
S 04— =03
o
B
SR -
£ %03 —174 - ,
£ & 2
=2 - Z
g 8 0,2 - — g
S 2 Q
S 2
@ OA
g ot o i
0 I R ~—_ ~—
2 3 4 5

Pa6ota BeIXoma sMuTTepa ¢F, B

Puc. 6.14. Kos>ddHUIMeHT MOAE3HOTO ASHCTBUSI TEPMOSMUCCUOHHOTO IIpeoOpa3oBarTeis IIpyu
3aJaHHOH TeMIlepaType SMUTTEPA B 32aBUCUMOCTH OT paboThl BBIXOA SMUTTEPA

6.5.3. U36bITOK 3HEeprnun 3neKTPOHOB

XBOCT (DYHKUMH pacTpene/ieHusl JTEKTPOHOB 10 SHEPTUSIM B 3MUTTEPE
CIMaJacT S3KCIOHEHIUATBHO. 111 TOro YTOGH MOKMHYTh SMUTTED, SJeKTPOHAM A0CTa-
TOYHO IHEPTUH, PaBHOIL q¢ . VI36BITOK NposBAAETCS B BUe KUHETUYECKOH SHEPTHA
CBOGOAHBIX /1EKTPOHOB. Tak KaK 3Ta 3Heprusl, BO-IEPBHIX, JOJXHA OBITh 0beceueHa
3a CUeT MOABOAA TeIIa U, BO-BTOPHIX, OHA HE MpeobpasyeTcsl B 2JIEKTPUUECKYIO, TO
OHAa ABIAETCA COCTABHOM YaCThIO MTOTEPD. YCPEAHEHHbIH U30BITOK SHEPTUH IMUTHPO-
BaHHBIX 3JIEKTPOHOB COCTABJAET OT 2,0kT 10 2,5k T . T1oaTOMY NPHU IIJIOTHOCTH TOKA
Jo (A/M?) npumepHo 2Jy kT/q (BT/M?) yaeIBHOM MOIIHOCTH TepsIIoTCA M BO3Bpallla-
I0TCSL B BHJIE TelUia, KOIIa 3JIEKTPOHBI CTATKUBAIOTCHA C KOJUIEKTOPOM.

C y4eToM 3TOro BUIa MoTepb KO3(POUIIMEHT MMOJIE3HOTO AEHCTBUS TeHEpaTopa

n= q)E - ‘pC . (48)

¢E+2 TE AEseﬁ"TEeXp(kT ¢J

6.5.4. TennonpoBogHOCTb

Yepe3 KOHCTPYKILHIO, KOTOpas MOMICPXUBAET 3MHUTTED, HEU30eX-
HO OymeT OTBOAUTHCS HEKOTOPOEe KOMMYecTBO Teruia. MICTOUHUMK Teruia JOJDKEeH Oy-
JET BOCIIONHSATH 3T MTOTEPH, YTO TIPUBEAET K YBEIWUYCHHUIO MOTPeOIsIeMOii TeIUIOBOl
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MOILHOCTH Ha BeTWYUHY O, U BrIpaXeHUe LI KO3PPUUMEHTa MOJE3HOTO IeHCTBHSA
YCTPOMCTBA IIPUMET BUI

n= 5 ¢r —9c ) (49)
¢E+2 Tp + J§+TemTEexp(kTE¢J
" i

o

et

Z

S % QE oot

g CE 7 A

Z302 27

58 g

58 &

g

z

- 0

0 2000 2500
Temmnepatypa amutrepa Tk, K

Puc. 6.15. 3aBucumocTh KO3 ulLHeHTa TI0Je3HOTO AEHWCTBUS W ONTHUMAIBHON paGoTh
BBIXOZa OT TEeMIIEPATYPbI SMUTTEpa Ipu A, = 600 000 A - M2 - K2, 6-= 1,81 B,
eq=0,3

6.5.5. ConporneneHne noasoaslmMX NPOBOAOB

ConpoTupieHie MOABOAAIIMX MPOBOJOB R, IPUBOIMT K TUCCHITALIMM
sHepruu 12R  =J2S?R,,, (BT) 1 TeM CaMbIM YMEHBILAET MOIIHOCTD, BBLAEJSIONIYIOCS
Ha Harpy3ke. B TpuBefieHHOM COOTHOIIEHMY S — ILIOLIaNb SMUTTepa. BbipaxeHue
U1 K02 GUIIHEHTA ITONAC3HOTO ACHCTBUS IIPHHUMACT BUIT

_ 2 A
n= ¢Q ¢C JOS Rmt . (50)
¢E+2 T, + Jj +74;seffT§exp(kT O ]
6.6. PEANbHbLIE BAKYYMHbDIE AO4bI

B peasbHOM BaKyyMHOM TEPMOSMUCCHOHHOM TpeoOpa3oBaresie TOK
KOPOTKOTO 3aMbIKaHMs XeCTKO OTPaHW4YeH IIPOCTPAHCTBEHHBIM 3apsiioM B3JIEKTPO-
HOB. BonbT-amriepHas XapakTepUCTHKA TIpeoOpa3oBaTelisi TAKOTO THIIA TIpeACTaBlieHa
Ha puc. 6.16 BMecTe ¢ MIeasbHON BONBT-aMIIEPHOM XapaKTepHCTUKON TUOoIa aHAIO-
TMYHOM KOHCTPYKIIMH, B KOTOPOM HEKWM BOJINEOHBIM 00pa3oM yHaloch YCTPAaHUTh
TIPOCTPAHCTBEHHBIN 3apsil.
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Hiis Toro 94ToOBl YMEHBITUTh 2(DPMEKT OTrpaHNYCHUST TOKA, CBSI3aHHBIA ¢ OTpHIla-
TEJNBHBIM TIPOCTPAHCTBEHHBIM 3aps/IOM, XeJIaTe/JbHO CAENIaTh MEXDJIEKTPOMHBIN 3a-
30p Kak MOXHO MeHblie. OfHAKO TEXHUYECKU OYEHb TPYIHO U3TOTOBHUTH YCTPOMCTBO
€ MEX?JIEKTPOIHEIM 3a30poM MeHbllle 10 MkM. Ho nmaxe B 3TOM cliyyae MpoCTpaH-
CTBEHHBI 3apsi] OTPaHMYUT TOK JIO TaKoOil CTEIIeHM, YTO VIeJibHas BBIXOMHAS MOIII-
HOCTb He mpeBbicUT 20 kB1/M? (2 BT/cM?2), 4TO Ha NOPSAAOK BEIMYMHBI MEHBIIE, YEM
TpedyeTcst TS IPAaKTAUYECKUX MPUIOKeHUH. IMeHHO 3TO 00CTOSTENNBCTBO OOBIACHSIET
MPUYMHY, TI0 KOTOPOH BaKyyMHBIE JHOIBI HE HAIILIM MPAKTUYECKOTO NMPUMEHEHHMSI.
PeniieHre npobiemMbl, cocTosiiliee B HEUTPATH3ALMKH BIUSTHUS HPOCTPAHCTBEHHOTO
3apsijia, 00CYyXIaeTCss HUXKeE.

HWneanpnan
PeabHas XapaKTepHUCTUKA ' XapaxTepuCTHKa
(C Y4EeTOM MPOCTPAHCTBEHHOTO /
3apsina)

=

0 :
0 AV vV

Puc. 6.16. VxymuieHue XapakKTepUCTHKH BaKYyMHOTO AMOAA, CBA3aHHOE C IIPOCTPAHCTBEH-
HbIM 3apsIOM

KoppeKTHBII aHaiu3 BOJBT-aMIICPHBIX XapaKTEPUCTUK BAKYYMHOTO AMOa JOCTa-
TOYHO CJIOXeH. BriepBrie oH 6bUT mpeacrasieH Jleurmiopom? B 1913 r. MuI ontyctum
3TOT YACTHBIN BOIIPOC, TeM GoJiee UTO, KaK ObLIO 3aMEeUeHO paHee, BAKYYMHBIE JHOIBI,
TIO-BUIMMOMY, HE UMEIOT OOJIBIIOTO OYAyIIEro.

6.7. NNA3MEHHbIE ANO/bl

BakyymHEIi1 o 6€3 MpOCTPpaHCTBEHHOIO 3apsAia — BCETO JIMILb UAe-
anu3aiys, NOCKOJIbKY €IMHCTBEHHBIA MPAKTHYECKUIA CII0OCO0 YCTPAHUTh IIPOCTPaHC-
TBEHHBIN 3apsifi COCTOUT B 3aMe€HE BaKyyMa Ha WOHHBIN ra3 HU3KOro HaBieHHd. Jid
CO30aHUsI UOHOB MOXHO 3aII0JIHUTH TUO HCfITpaJ'[bHLIM ra3oM HHM3KOTO JaBJICHUA, a
) MipBuHT JICHIMIOp GBI BHIZAIOMIMMCS YYEHBIM, KOTOPHIN, pabotas B kommanuu General Electric,
BHEC IPOMAaJHBIA BKJIA B pa3BUTHe (PU3MKMU TEPMOIICKTPOHHBIX MPOLIECCOB. JIEHTMIOP, KpOME TOTO,
BBeJ B TEXHUYECKYIO JIEKCUKY CIIOBO «ILTa3Ma», 3 TaKXe IPEMIOXIUT METOABI UCKYCCTBEHHOTO BhI3HI-

BaHus nox1s. B 1932 r. on nomyumn HoGeneBCKyIo NPEMUIO 110 XUMHH 33 «OTKPBITUS U U300pETEHHS
B 00/1aCTH XUMUH TIOBEPXHOCTH>.

247
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3aTeM TPOU3BECTH er0 MoHM3aluio. Hac uHTepecyoT Ba MexaHM3Ma MOHU3AIIHM, a
MMEHHO: TIOBEPXHOCTHAsI MOHM3ALUA U CTOJIKHOBUTEIbHASA MOHU3AIMA (MHAYE, HO-
HU3aLUs 33 CUeT CoydapeHmii).

Biisinne Ha paboTy TUIa3MEHHBIX AMOAOB MAPOB ILIE€3MSI, UCIIONB3YeMBIX B 60Jb-
IIMHCTBE TAKOT'O POJAA YCTPOWCTB, MOXHO CBECTH K ITATH OCHOBHBIM (haKTOpaM:

1) MOHBI LIe3Us1 MOTYT KOMIICHCHMPOBaTh OTPULIATEIbHBIN IIPOCTPaHCTBEHHEBIN 3a-
PSIT B MEX3JIEKTPOIHOM NPOCTPAHCTBE;

2) aToMBI 1Le3usi KOHJICHCUPYIOTCSI Ha BJIEKTPONax, M3MeHssT X 3¢ dheKTuBHyO
paboTy BbIXOJa NpeICcCKa3yeMbIM 06pa3oMm;

3) aTOMbl U MOHBL 1I€3MSI PACCEMBAIOT SJIEKTPOHBI, TEM CAMBIM IPETSTCTBYS MX
TJIABHOMY IBWXEHUIO OT SMUTTEpA K KOJUIEKTODY;

4) Heympyrue CTONKHOBEHUS 3JIEKTPOHOB C aTOMaMHy Le3Wsi MOTYT TMPUBOAWTH
K WOHU3AIUM TTOCHEIHUX, YTO YBEIWYUBACT MOHHBIN TOK;

5) TerutoBasi KOHBEKIIMSI TAPOB LIE3Ms YBEIMYUBAET IIOTEPU B TUOLE.

TIp¥ OTHOCUTENLHO HW3KOM KOHIEHTPALIVIA TIAPOB LIE3USI CYILIECTBEHHBIMU SIBIISI-
10TCS TOJIBKO TepBEIE JiBa (paKTopa, ¥ pedb WAET O TUIA3MEHHBIX JUOMIaX HU3KOTO J1aB-
JieHdsi. B IpOTUBHOM ciyuae MBI UMeEM IO ¢ TUIa3MEHHBIMYM IWOAMU BBICOKOTO
NaBJICHUST, KOTOPBIE CTIOCOOHKI paboTaTh MPH BEICOKMX YISIBHBIX MOIIHOCTSX (CBBILIIE
300 xBt/M2, i 30 Br/cm?).

Lle3ureBslii TIap, KOTOPHIi CIYKUT Uil CO3MaHUs HOHOB, ITOJIYYaloT TIyTeM HCTIape-
HMS L[e3Ms1, COIEPXALIeTocs B CIIELIMATBHOM pe3epByape, TemnepaTypa Kotoporo 7,
MOXeT OBITh ITOIOOpaHa TaKMM 00pa3oM, YTOOBI YCTAHOBWIOCH TPeOyeMoe JaBIICHUE
NapoB LE3UA P, IMIUPUYECKOE BHIPAXKEHHE, CBA3BIBAOILEE TeMITepaTypy 7, u paB-
HOBECHOE HaBieHue Mapos pg, (I1a), umeeT Bun

_326-10° 8910

Pcs ___\/_f__ exp( T ) 51

Ucnapeune uesnst, Oymyuyn TetuioBbiM 3(¢hEKTOM, T0JDKHO MOTYUHSTECS 3aKOHY Bojbil-
MaHa

AH,,,
= - Y N 52
p poexr)[ RT, ) (52)

e p, = 10° Ia.
Yarue Bcero HTAIBIUSA HCITAPEHUS IIE3UsT IPUHUMAETCs paBHOM 73,2 MIX/XMOJb, 94TO
coorsetcrByet 0,75 3B.

Hasneune p, ONpenesser:

[) cremeHb MOKPHITUSI TTOBEPXHOCTH 3MEKTPOJOB 1LIE3MEM, T. €. UX PabOTy BBIXO-
Ja ¢;
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2) cTeneHb KOMIEHCALUMA IPOCTPAHCTBEHHOTO 3apsiia, N3MEPSIEMyIO IlapaMe-
TPOM B.

Mpt cobupaeMcst ToKa3aTh, YTO cliydail B = 1 COOTBETCTBYeT TOYHOM KOMIIEHCA-
LY IPOCTPAHCTBEHHOTO 3apsina, B < 1 — YacTHYHOW KoMIIeHCalUy (3JIeKTpOHHAsd
TUIa3Ma MM HeJOKOMIIEHCHPOBAHHEIA PEXUM), KOIIa IMeeTCsT M30BITOK 37EKTPOHOB,
B > 1 — u36piTOYHON KOMIIEHCaUNy (MOHHAs IJIa3Ma, WIN NepEKOMIICHCUPOBAHHBIN
pEXUM), I KOTOPOil XapaKTepeH U30bITOK HOHOB.

6.7.1. Apcopbuus uesus

TepMO2JIEKTPOHHAsE SMUCCHUSI OTHOCUTCS K TMOBEPXHOCTHBIM fBJe-
HUSIM, TTO3TOMY HEYIMBUTEIBHO, YTO YaCTUYHOE MOKPHITHE NOBEPXHOCTH 3JIEKTPOIA
He3MeM ITPUBOIUT K M3MEHEHUIO PA0OTHI BBIX0AA ¢, TOYHOE 3HAYECHHUE KOTOPOit OyaeT
34BHMCETh OT CTETICHH ITOKPHITHS 6.

r’ T T T
Pabota BhIXOHA Bonbsdpam
Klmcroﬂ IIOBEPXHOCTH B aTMocdepe He3ns

S

PaGora Bhixona ¢, 3B
A\

0 02 04 06 08 10
CreneHpb NOKPHITHS 9

Puc. 6.17. Biusgnue agcopOuuy te3ns BoabdpaMoM Ha paboTy BIXOJa

B xavecTse mpuMepa Ha puc. 6.17 npuBeleHa KpUBasi, IEMOHCTPUPYIOIAst BIUs-
HYE CTENCHY ITOKPHITUSA IOBEPXHOCTU BobGpaMa Le3reM Ha paboTy Beixoaa (padora
BBIXOIa YHICTOM ITOBEPXHOCTH BOJIb(dpaMa pasHa 4,52 3B). UHTepeCcHO OTMETUTD, YTO
B obacti 6 = 0,6 pabora BhIXOHa BOAB(PAMOBOTO IEKTPOAA, HNOKPHITOTO LIE3UEM,
MEHBUIE, YeM PaboTa BBIXOAa YUCTOro Ie3ms, Koropas paBHa 1,81 3B. Munumais-
HOe 3HAaYeHUe paboTHl BHIX0Na Bobdpama, HOKPLITOIO 1e3ueM, coctasyser 1,68 3B,
97O HUXE paboTHl BEIX0Aa 1I060T0 unctoro Mertauia. KomouHanus BoiabbpaM-1e3uii
TIPOSIBNSIET CBOMCTBA, XapaKTepHbIE ISl OBTCKTUKHU D).

D CrnoBo «3BTEKTUKa» OGBIIHO NPUMEHAIOT K CILIaBy, K(YI‘Oprﬁ MMEECT HUBLIYIO TOUKY IUIABICHUA TIO
CPABHCHUIO CO BCEMU CIIABAMU U3 TEX K€ COCTABIAILINX.
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CreneHp MOKPBITHS 3aBUCHUT OT TEMITEpaTyphl IMOBEPXHOCTH W JABJIEHUSA IapoB
nesus. Yem Bplllle TemMmnepaTypa, TEM MEHBIIE CTENIeHb NOKpHTHA. CienoBaTeIbHo,
0 MMEEeT TEeHACHLUIO OBITH 00Jiee BBICOKOI Ha XOJOTHOM 3MUTTEpPE II0 CPaBHEHUIO
C TOPSIYUM KOJUIEKTOPOM.

OueBUAHO, YTO CTEIEHb ITOKPHITASI OYCHb YYBCTBUTEIbHA K JABICHUIO MAPOB Lie-
3ud pc.. VI3MeHeHne naBineHus SBISETCS OCHOBHBIM CIIOCOGOM NOCTHIXEHUSA TAKOTO
3HA4YCHUS ¢, KOTOPOE 3aTOXEHO B KOHCTPYKLMH NpuGopa. Kak Mbl BUAETH, P, MOX-
HO JIETKO PETYJMpOBaTh IyTeM M3MEHEHHUSI TeMIlepaTyphl 7, pesepByapa ¢ XXKUIKIM
LEe3UeM.

CootHolleHre MeXAy ¢ U 6 MOXET MPEICTaBIATh aKaIeMUYeCKUil MHTEpeC, HO
HE CTOUT NEPEOLEHUBATD €ro IMOJMb3Y Ui MOAEIMPOBAHMS IOBEAEHNA IUIA3MEHHOTO
VO, TIOCKOJBKY He CYIIECTBYET NPOCTHIX CIOCOOOB M3MepeHMsT BeIMIMHbL 0. JIyu-
i€ MMETh 3aBHCHMOCTB ¢ OT MapaMeTpoB, KOTOPbIE MOIYT OBITh JIETKO M3MEPEHEI.
[TpubnuxeHHast 3aBUCUMOCTb Pa6OTH BBIXO/Ia TUIIUYHOTO BOJIL(PAMOBOIO 3JEKTPOAA
OT OTHOLUCHMsT TEMIIEpATyphI 3JieKTposa 7' K TemrepaType 11e3MeBoro pesepsyapa 7T,
HUMEIOLIAs TIPUEMJIEMYIO TOYHOCTD I 3HaueHuit 7/ 7, > 2, HO He BOCIIPOM3BOISILAST
MUHUMYM ¢, KOTOPBI MMEET MECTO B OKPECTHOCTHU 3TOIO 3HAYEHMUSI, M NTOJIE3HAS IUTS
00Iiero MONEIMPOBAHMS Y PEIIEHMS YaCTHBIX 33044, MMEeeT BUI:

0 = 9,499 —9,9529T/T, + 4,2425(T/T,)’ - 0,67592(T/T,)’ +0,03709(T/T,)* . (53)

ITpu ucnonb3oBannu 310i GOPMYITEI HEOGXOTHMMO COOIIOIATh aKKYPATHOCTh, YTO-
Obl HEe IOJTYYUTH 3HAYCHUS ¢, TIPEBHITAIOLINE 3HAUYEHHE PabOTHI BBIXOA JUISL YACTOIO
BoJib(pama, paBHoe 4,52 B. Eciu nonydeHs! Goblire 3Ha4eHUS (YTO CBHACTENLCTBYET
0 TOM, YTO BBIYMCJICHMS TIPOBEACHBI 32 paMKaMHU JIOMYCTUMOIO UHTEPBAIA), CIEAYET
NPUHATH 3HaYeHHe ¢ paBHbIM 4,52 B HesaBucnMO OT oTHoweHHs: 7/7,. AHaIOTHYHO
nna T/T, < 1,9 cnepyer npuHuMars ¢ pagHeMm 1,81 B.

BemmanHa ¢ CUITBHO 3aBUCHT OT oTHOLIEHNs T/ 7, HO BMeCTe C TeM OHa c/1abo 3aBUCHT
oT abcommoTHoro 3HayeHus 7. ITosToMy npuBeneHHOI Bollie GOPMYITe HETb3s IOBEPATD
TIPU TPOBEACHUU TOYHBIX PACUCTOB B YCIOBHSIX, KOTAa 7, CWIBHO MEHSETCS.

O003Ha4eHus

ITpu ananu3se paboTel TIa3MEHHBIX TUONOB MCTIOJb3yeTCst GOlee CI0XHAsA chucTeMa 0603HA-
YEeHWIA, TOCKOABKY Hapsiy ¢ 37A€KTPOHHBIMM TOKaMK HEOOXOMMMO TIPMHIAMATEL BO BHUMAHKE
MOHHBIE TOKHU.

TIpu paccMoTpenyy auona HU3KOTO NABJIEHHS TIPHXOOUTCS UMETH JENIO0 C YETHIPEMS TO-
Kam#:

1) J,; — 3IeKTPOHHEL TOK OT 3MUTTEPa K KOJUIEKTOPY;

2) J, — BNEKTPOHHBII TOK OT KOJLUIEKTOpa K IMUTTEPY;

3) J,; — HOHHBII TOK OT MUTTEPA K KOJUIEKTODY, HOSBIISIOLINIACS BCIEACTBUE TOBEPXHOC-
THOU HOHU3AUWH LE3Us HA 3MUTTEPE;
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IIpodoaxc. oboznauenuii

4) J,. — MOHHBII TOK OT KOJNEKTOpa K SMUTTEPY, ABISIOLIMIACS PE3YJIbTATOM ITOBEPXHO-
CTHOM MOHM3ALMY LIe31s1 Ha KOJUIEKTOPE.

Kak 31€KTpOHHBIN, TaK U WOHHBIK TOK OTHOCHTCS K TEPMO3MMCCHOHHBEIM ABJICHUSM Ha
anextponax. [lepsriii noxuuHseTCa 3aKORY Pryapacona, o6CcyXnaBineMycst BbIiile, BTOPOH —
3a8KOHY, KOTOPBII MBI BEIBEJIEM B OHOM M3 CIEAYIOIMX HaparpadoB. TOAbKO B yCIOBHSAX
HACBIIEHUS] BECh TOK SMHCCHHU JOCTHTAET MPOTUBOTIONCKHOTO 3/1EKTPOAa. [ TOro 4To6st
OTIMYaTh TOK HACHIEHYS, GyleM MPUITUCHIBATE COOTBETCTBYIOIIEH BEIMYKMHE TIOACTPOYHBIH
unnekc «0». HampuMep, MOHHBIN TOK HACBILIEHUS], TEHEPUPYEMBIH SMUTTEPOM, 0603HAINM
gepes J, .

ToK yepe3 Harpy3Ky OMUCHIBAETCHA BHIPAXECHHEM

Jp=Jdep—Jec~Jip+Jic. (54)

Toku ¢ Ko/uteKTopa Ha SMHUTTEp OyreM Has3biBaThb 0OpAaTHOW SMUCCUEH.

6.7.2. NoBepxHOCTHaa NOHN3aL A

B3rigHyB Ha NEPHOAMYECKYIO TabIHIy 3JIEMEHTOB, MOXHO IIDUHATH
K BBIBOZY, YTO NOTEHLMAJI HOHU3AIMH IIEJTOYHBIX MeTALIOB (Tpynia ) MeHblle, yeM
MOTEHIIVA] MOHU3ALMU 3JIEMEHTOB, PACIOJNOXEHHBIX B APYTHX rpyrmnax. O4eBuaHo
TaKKe, YTO IOTEHLIMAN WOHU3AIWH JTI060To 3JieMEHTa B JAHHON IPYIITie UMEET TEH-
JEHIINIO YMEHbBIIATHCA ¢ YBEJIMYEHUEM aTOMHOTO HoMepa 3jieMeHTa. CliefoBaTellbHO,
MOXHO OXWIATb, YTO (DpaHIlUii, pacIIONOXEHHBII B JIEBOM HVDKHEM yIIy TaOIuULbL,
JOJDKEH MMETh HaMMEHBLIWI MOTeHIMAN HOHM3auun. OQHAKO UMEHHO UE3HIo, €ro
OiIrKaifieMy COCENy CBEPXY, MPUHAUIEXKHUT PEKOPAHO HU3KOE 3HAaYCHKe MOTeHI[ana,
pasHoe 3,89 3B. BTO 06CTOSTENLCTBO SBAAETCH OJHOM M3 IPUYHH, IO KOTOPOH Le3uMiA
(YHCTHIN WY ¢ KaKUMK~TH00 T00aBKaMK) TaK 1UIKPOKO VCIIONB3YeTCs I HeHTpaliu-
3alMM NPOCTPAHCTBEHHOrO 3apsina.

TMaps! 1e3MsA MOTYT NOABEPTAaTHCS IOBEPXHOCTHON MOHU3ALMHY IIPOCTO TIPH COIPU-
KOCHOBEHUU C TOPSYEN METALTMYECKOU TIOBEPXHOCTBHIO MPH YCAOBUM, YTO MAaTepHall
ITOBEPXHOCTY MMEET paboTy BHIXOAA OOJBIIYIO, YeM MOTCHIWAI MOHMU3ALMU aTOoMa
1e3ust. TO yCIOBUE BBIMONHSIETCS A5l BOMb(pama (puc. 6.18).

B MeTajie MHOTO He3aHSTHIX 3HEPreTUYECKUX YPOBHEMN, PACIIONIOXECHHBIX BBILIEC
ypoBus Pepmut. CornacHo KNacCHYeCKoH MEXaHWUKE JIEKTPOH, TPUHAUIEXAINN aTOMy
B ra3oBOM (aze, MOXET MOKMHYTh aTOM U MEPEUTH HAa OOVH U3 CBOOOIHBIX YPOBHEH
B PACIIOJIOXEHHOM MOGIN30CTY METAIIE, €CITH 3JIEKTPOH 001aJaeT SHEPTUEH, TTPEBbI-
IaolIel MOTeHUMA HOHN3AUMH ¢, . A pyTHMH CIOBaMH, 5AEKTPOH JIOTDKEH CHaYasa
caM OCBOGOIUTHCS M3 MCXOOHOTo atoMa Hesud. CorlacHO KBaHTOBOWM MEXaHMKE Be-
POATHOCTH TOT'O, YTO 3JIEKTPOH JaXe ¢ IHEPrucit, MCHbIIIEH MOTEHIIMaNa UOHN3aluu,
MOXET ITyTeEM TYHHEIMPOBAHUS MUATPHUPOBATh B METAJUT, OTIHUYHA OT HYAA. ATOM «ca-
MOIIPOM3BOJILHO» UOHM3YETCS TIPU YCIOBUM, YTO OH HAXOAWTCS AOCTAaTOYHO OJIU3KO

251
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OT TIOBECPXHOCTHU METAJUJIA U ¢ion <o E HaHOMHI{IM, YTO «KOHTAKT» aroMa C ropﬂqeﬁ
IIOBEPXHOCTHIO (I)aKTI/I‘ieCKl/I IoApazyMeBacT, YTO aTOM PACIIOJIOXKEH Ha HEKOTOPOM
OIIPCICICHHOM PACCTOSIHUH OT IIOBEPXHOCTHU.

DHepreTHYECKU YPOBCHEL CBOGOMHOIO NEKTPOHA

DHepPIrus 2JIEKTPOHA

OmHOYHBIN

4aTOM Le3uAd

Puc. 6.18. DHepretueckas JuarpaMMa atoMa BOMM3HM TTOBEPXHOCTH

He cneayer myrath noteHiman HoHu3anuu (3,89 3B) 1esus ¢ ero paboroii BeI-
xoga (1,81 3B). IlepBolit peACTaBiIsieT COOON IHEPIHI0, HEOOXOMUMYIO I TOTO,
YTOOBl BHEUIHUA (BAJCHTHBIN) 3JIEKTPOH IMOKMHYJI aTOM, B TO BpPEMSI KaK BTO-
pasi, paBHa HEPIUU 3JEKTPOHA IPOBOAUMOCTH, KOTOPAsI ITO3BOJIUT €My IIOKUHYTh
TBEPOOE TEJO.

6.7.3. NoHHaa TepMosMUccus

BriBenem BeIpaxxeHue 11 TEPMOIMUCCUOHHOTO HOHHOIO TOKA, IOSIB-
JISIOLIErOCs B PE3Y/bTaTe MOBEPXHOCTHONH HOHU3ALNH IapOB LIe3UsT, 06CYXIaBLIeics
Bole. [Tpy mMOBEPXHOCTHON MOHU3AUMY 3aXBATHIBAECTCS 2JMEKTPOH aTOMa HE3Ws, a
COOTBETCTBYIOILMI MOH OCBOOOXIAeTCS.
B onHoMepHOM NpPUOIMXEHMU IMOTOK aTOMOB, ABWIKYLIUXCS B JIOOOM U3 JBYX
BO3MOXKHBIX HATIPaBJICHWI

o= %nv. (55)

KoadbduriveHnt 1/2 cBsizaH ¢ TeM, 4TO TTOJOBUHA aTOMOB JBIXETCS B OMHOM Harpas-
JIEHWH, a BTOpast MOJJOBUHA — B IIPOTUBOIIOJIOXHOM.

Tak kak 1/2 mCSv2 = 1/2kT, (3nech T, — TeMneparypa rasa, COCTOSIIIETO U3 aTO-
MOB 1I€3H1s), TO CKOPOCTh
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ke, | (56)

S

D=

rae mge, — Macca aroMa Le3us. TGHCPL IMOTOK MOXXHO UPCACTAaBUThL B BUIE

[k Tes (57)
M

JUTst uAeanbHOTO rasa uMeeM 1 = p /kT- 1, CIe10BaTebHO,

1
o= - 58
Pes \j dmek T, (58)

B TPEXMEPHOM Ciiy4yae INPaBWIPHOC BHIPAXCHUE OIS [IOTOKA 3aMMMCBIBACTCA B

BUIC
i
o= /——-——— . 59
bes 2.’thskTCs ( )

T'a3 B MEXSIEKTPOAHOM IIPOCTPAHCTBE COCTOUT M3 BCKTPOHOB Y TSKENBIX Ua-
CTULl IBYX BUIOB: aTOMOB M MOHOB (MMEIOWIUX IPAaKTHYECKU OJHY U Ty XK€ Maccy
mc,). CenoBarejIbHO, IOTOK, KOTOPBIH MBI BHIYUC/ISIEM, SIBIACTCS CYMMOIA 110TOKA
uonoB @; u mMoToKa HelTpanbHbIX aToMoB ®, 1 ypaBHenue (59) MOXHO Tepenu-

€aTth B BMILC
1
@+, = ’——-—, 60
i TP, Pcs ZTEmcSchs ( )

B HaimeMm caydac HOHHM3auust HeﬁTpaﬂbeIX aTOMOB IIpOUCXOOUT 3a CHET TEIJIOBOM
3HCPIruu M MOAYWHACTCA 3aKOHY BonrbiiMana:

D =

[NSRIN

@; q
—L < exp| = (¢~ b} > 61
2 oxp| 0~ 0 6D
rae T — TeMriepaTypa 3j1eKTpofa; ¢ — paboTa BuIXOAa; ¢
aToMa NE3Hsl.

Jta uesusa ko3PQPUUUMEHT NPOTOPHMUOHATLHOCTH TIPUHNMAaeTcsl paBHBIM 1/2 W,
CIIeI0BaTebHO,

ion — HNOTCHUIHAT UOHM3AIUU

@ _ . (62)

" 2exp [qu (6i0n — ¢)]

[MonyyeHHOe BbipakeHHe U3BECTHO Kak ypaBHeHne Caxa-Jlenrmiopa. [lpu ¢ < ¢,
VIOHV3a11¥s1 He MPEKPAILAeTCs MOMHOCTBIO, OHAKO OHA OBICTPO YMEHBIIACTCSH C YMEHB-
IIEHWEM BETMYMHBL 0.

Hac unrepecyer He oTHoueHue @, Kk ®,, a orHoweHue ®O; K MOJHOMY MOTOKY
TSKENbIX YacTuil, T. e. O, + O

=]
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<I>.Tiq> T 1<1>,, = ql ' (63)
! " + a 1+2exp [ﬁ (¢ion - ¢)]
W3 ypasHenwmii (63) u (60) MOXHO TONYYHTH
o, = Pes : (64)
ek T, [1 2o [_M" (br - 4’)]]
J, = 9Pcs . (65)

J2rme kT, [1+2 exp (%’QH

[ocnenuee BeipaxXeHye TIpeaACTaBisgeT cob0M HOHHBIN TOK HACKIIUEHUS, IMUTUPY-
€MBIi TOPSTYHIM JIEKTPOIOM, HAXOMAIIMMCS B aTMOcdepe MapoB LE3HUA.

6.7.4. YcnoBus HerTpanusauum NpocTpaHCTBEHHOro 3apaaa

1lesneBbie mMapsl BBOASTCS B AMOJ C HEIbIO0 HEUTPAIM3alIMM OTPH-

LIATEJILHOTO TIPOCTPAHCTBEHHOTO 3apsiia, BO3HHKAIONIETO B PE3Y/IBTATE IBVKCHHS

3JIEKTPOHOB OT SMUTTEPA X KOJUIEKTOPY. B MipeabiayiieM NyHKTE MbI TIOKa3adH, 4TO

HaJTW4Me Ta3a, COCTOSINEro M3 aTOMOB He3Hs, IPUBEAET K MOSBICHHIO B YCTPOHCTBE

HOHHOIO ToKa. PaccMOTpUM BOIPOC O 3HAYCHUM MOHHOIO TOKA, KOTOPOE ITO3BOJIUT
KOMITIEHCUPOBAThH MPOCTPAHCTREHHBIN 3apsl 3MSKTPOHOB.

CpenHsia TEIUIOBas CKOPOCTh MOHOB W 3JIEKTPOHOB HACTCH CACAYIONIMMH BBIpa-

XCHUAMU:
o= [ (66)
m;
v, = KT, . (67)
m

I110THOCTH HOHHOTIO U 3MEKTPOHHOTO TOKOB (B npeanonoxerun 7'= 7, = T) co-

OTBETCTBEHHO PABHBI:
fkT
J, = qny; = qn, |— , (68)
m;

J, =gqny, = qn, |[— , (69)
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| @ X OTHOLICHHE

J. n [m
di 4 ’_1 . 70
Je ne mi ( )

Jns meirpamsanyiy NPOCTPAHCTBEHHOTO 3apsiia KOHIIEHTPAIUS JIEKTPOHOB 10K~
Ha 6bITh paBHa KOHLEHTPALlMM MOHOB, T. €. 1, = 1, Toraa

m J
/i m ° 492 7
CJ’ICI[OBaTC.TIBHO, npu
J
J; £ 72
H > 49 ( )

B IUTa3Me OyleT M30BITOK WOHOB. ECIM NpHBeieHHOE HEPABEHCTBO HE BBITOIHAETCS,
TUIa3Ma OKa3HIBaeTcs «OOOTAlIEHHOM» 3NEKTPOHAMU M OTPUIIATENbHBIN MPOCTpaH-
CTBEHHEIN 3apsal He HEUTPAIM3YETCs.

V1106HO BBECTH IMapaMeTp KOMITEHCAITUH

4927,
-

e

B (73)

ITpu B < 1 oTpuLateNbHBIN NPOCTPAHCTBEHHBIN 3apsii KOMIICHCUPOBAH He MOJIHO-
CThIO (HELOKOMIIEHCHPOBAHHBIN PEXIM, WM PEXUM C U30BITKOM JIEKTPOHOB), IPH
B > 1 oTpunarenbHbIll IPOCTPAHCTBEHHBIH 3apsi NOJHOCTBIO HEWTPAIU30BaH (mepe-
KOMITEHCHPOBaHHBIA PEXUM, WA PEXUM C U3OBITKOM HOHOB).

6.7.5. Bonsr-amnepHble V,/-xapaktepucrukmn

Belrite 65U10 MOKa3aHO, YTO OTPHIUATENBHEIA TPOCTPAHCTBEHHBIA
3apsil, oOyC/IOBIEHHBIH 2€KTPOHHBIM TOKOM J,, MOXET ObITh HEUTPAIM30BAH MOH-
HBIM TOKOM J; 3HaY€HMe KoToporo npuMepHo B 500 pas MeHbine. Takoe nonoxenue
BBI3BAHO TeM, YTO WOHBI Lie3usd B 500 pa3 «MmemicHHee» IACKTPOHOB. Masslii HOH-
HBIf TOK, HeOOXOMMUMBI JUTSI HEUTpATM3ailui OTPUILIATEILHOIO MPOCTPAHCTBEHHOIO
3apsi/ia, HE3HAYUTENIRHO BAMSET Ha BBHIXOAHOM TOK ycTpoiicta, DakTHIecKu MOXHO
npeHe6peyb BINSHUEM J; Ha BBIXONHOM TOK Mpu yciaoBuu f < 10, 4TO 3KBMBAJIEHTHO
ycnosuio J; < J,/50. OnHako o4eHb 4acTO MOHHbBIA TOK 3HAYMTENBHO IPEBBILIA-
€T 3HaueHHe, TpeOdyeMoe I KOMIIEHCAIIMHN OTPHUIATEIIbHOTO MPOCTPAHCTBEHHOTO
3apsia, U €ro clieayeT NPpUHUMATL BO BHUMaHue Npu pacdete V,J-XxapaKTepUCTUK
nyvona. B GonpIIMHCTBE ClIydaeB oOpaTHas 3MUCCHS C KOJUIEKTOpPA IIPeHEeOpeXuMo
MaJjia M3-32 ero HHM3Ko# Temmepatrypbl. Ho 3T0 He Bcernma cripaBeqnuBo. beiBaior
ciy4dau, Korza obpaTHbii ToK sMuccum J, . Heo6X0nMMO y4uTHIBaTh. To Xe camoe
MOXHO CKa3aTh U IIpO T€ peIKHe CAy4aH, KOIZia HOHHBII TOK 3MMUCCWH C KOJUIEKTO-
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pa J;c IMeeT 3aMeTHOe 3Havenue. B obuwiem ciydae TOK Harpysku J; HOJXeH ObITh
BBIPAXEH KaK

Jp=Jep~Jec~Jip tJic- (74)

Kaxnplit n3 TokoB, ¢urypupyoiiux B (74), MoXeT OBITh 3alMCaH B BUIE:

V <AV V>AV
q9

J.p e, J g, EXP [—k—TE-(V - AV)}

J,c exp ——q—(AV—V)
JeC eCo kTC JeCD

J.; exp —L(AV—V)
Jie iE, kT, Jig,

J Jic exp ——q—(V—AV)

Jic ic, i€y kT,

HpI/I 3TOM CHEJIaHbI NMPCATIOIOXKECHUA!

1) MEeX3IEKTPOAHBIM NPOCTPAHCTBEHHBIN 3apsia MO0 paBeH Hyo, JUO0 moiao-
XKHTEIEH, T. €. § > 1;

2) eclId MeX3JIEKTPOAHBIN MPOCTPAHCTBEHHBIN 3apsil ITOJIOXKWUTENEH, TO OH He-
IOCTATOYHO BEJIMK, YTOOKI CEPhE3HO OTPAHHYUTH HOHHBIE TOKK. DTO MOMylile-
HI€ 9acTO HApyIIAeTCsI, ¥ HOHHbIE TOKU NIpU V> AV MOTyT ObITh 3HAYUTENBHO
MeEHBIIIE, YeM BBIYMCIIEHHBIE 110 TIPUBEICHHBIM BHIILLIE (HOPMYIIaM.

JIst Toro 4To6H! MPOWITIOCTPUPOBATh HEKOTOPBIE PEXMUMHBIE YCIOBHSI, paCCMOT-
PUM JMOJI C BOJBMPAMOBBIME 3j1eKTponaMu. [TycTs TeMIepaTyphl SMUTTEPA U KOJUTEK-
Topa paBHHBI cooTBeTcTBeHHO 1800 M 700 K. M3MeHeHue TemIiepaTyphl pe3epByapa
C LIe3MeM [JaeT BO3MOXHOCTh IOJAYyYWTh BHIOpaHHBIE 3HaYeHMS . 3aBUCHMOCTH,
BBIYMCJICHHbIE /I 3HaYeHmit B, pasueix 1, 10 u 100, npeacrapieHs Ha puc. 6.19,
6.20 u 6.21.

Kpusast Ha puc. 6.19 cOOTBETCTBYET Clly4alo, KOrJa TEMIiepaTrypa pe3epByapa C
ne3ueM paBHa 580 K, uro obGecrieurBaeT NPAKTAYECKN TOYHYIO KOMIIECHCALUIO IIPO-
CTpaHCTBEHHOro 3apsina. B sToMm ciydae V,J-xapakTepucTHKa TIPEACTABISIET coOO0it
XapaKTEPUCTUKY HUICAILHOTO BAKYYMHOTO Iyoia (auoaa 6e3 MpoCTPaHCTBEHHOIO 3a-
psga). Hu noHHBIE TOKM, HU OOpaTHAasl SMUCCHSI HE UTPAIOT POJM.

TIpu B mopsinka 10 HOHHBIN TOK CTAHOBUTCS AOCTATOYHO GOMBIIUM, YTOOBI OKa-
3BIBATh BJIVSIHME HA XapaKTEPUCTUKW yCTpoiicTBa. [Ipw OoJibllioM HamnpsDKeHUM Ha
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60— 1—1—— — 1200
0 F———— 1000
T, = 1800 K
Te =700 K %
T R i A (IR N L)
B= -
g. 30 Fﬁ IR g 600
g I
e-]
E ) Y SN R | U S E 400
: g
10— I U 200
: - \
0
0 r—‘—ﬂ — ] %m-j*—‘*‘u‘/—wl R
WoHHbBIH TOK
o0 ] =200 4 4 L b
0 0,5 1,0 1,5 2,0 2,5 0 0,5 1,0 1,5 2,0 2,5

Boixonnoe Hanpsixenue Vy, B BrIxoanoe Hanpsixenue V, B
Puc. 6.19. [Ipu B = 1 eANHCTBEHHHIH

Puc. 6.20. TTpu B = 10 noHHBINA TOK HaYMU-
CYIIEeCTBEHHBI TOK — 3JEKTPOHHBIH TOK C

HaeT BIUATh Ha 3HAYCHHUE BhIXOJHOTI'O TOKA, KO-

SMHUTTEDA TODBIH IIpY GOITBIIOM BHIXOHOM HATIPSKEHUM
OPVHUMAET OTPULATEIIPHOE 3HAaYeHne
— —_— — 1 1 T
2,5’ —T T 1,5 T T Tp= 1200 K
Te=750K
T = 1800 K . =376 K
2,0 Te=1700 K 1 N 6= N
% 7,=516 K w 1,0 —— —t
< B =100 =
S 15 —
:
g g
a2 10 - _ g 05 I T S S R
5 \ DJIEKTPOHHBIA 2 i .
E . TOK é Tok Harpy3Ku' ' DNeKTPOHHBIA TOK
g 05 *TV B ) . (aMurTep)
g : .
. = (1} I_ o
0 Tl A
] DNEeKTPOHHBIH ===~
TOK
-0,5 : e —g,5 | (xomnexrop) | | L—l
0 0,5 1,0 1,5 2,0 2,5 0 0,5 1,0 1,5 2,0 2,5
BrixoaHoe Hanpsukenue ¥V, B BbixonHoe HampsukeHHe V¥, B
Puc. 6.21. Ilpu p = 100 noHHBIA TOK Cy- Puc. 6.22. Tlpu Temmeparype 3MUTTEPA,
1IECTBEHHO BJIMSET HA BBIXONHOM TOK HEIOCTATOUYHO OOJBIWIOHA MO CpaBHEHUIO

¢ TeMIIepaTypoil KOJUIEKTOpa, 06paTHass SMHUC~
CHST CTAHOBUTCS CYLIECTBEHHOU
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Harpy3ke MOHHBIN TOK TOMHHMPYET U BBIXOTHOM TOK MEHSET CBOE HallpaBJIcHHE.
Hakonen, mpu B nopsaka 100 BelYMCIeHHOE 3HAYEHHE MOHHOIO TOKA CTAHOBUTCS
OYeHb OonbplINM. B JEHCTBUTENBEHOCTU TO Pe3yiAbTaTaM W3MepEeHUH MHODKHO OHITh,
TO-BAIVUMOMY, TOJIyd€HO MEHBIllee 3HaueHKHe WOHHOI'O TOKA, ITOCKOJBKY B HAIIMX
pacJderax He YYUTHIBACTCS TOJIOXMUTENbHbIA MPOCTPaHCTBEHHBIN 3aps, 00pa3oBaHue
KOTOPOTO TIPUBEJET K CEPHE3HOMY OIPaHMYEHMIO MOHHOIO TOKA.

ITonirkas TeMreparypy amMuTTepa 10 1200 K 1 omHOBpeMEHHO TTOAHMMAs TEMIIE-
paTypy Kosuiekropa 1o 750 K, MbI co3naeM yciaoBH, IIPU KOTOPBIX 06paTHAsT SMICCHUS
CTaHOBWITCS CYUIECTBeHHOM (puc. 6.22). PaGorta BeIxoma KOJUIEKTOPA IPU 3TUX YCIOBUSIX
pasHa 1,81 3B (6maromapst 100 %-HoMy Lie3ueBOMY ITOKPBITHIO), II03TOMY ECTECTBEHHO,
YTO C HETO IMUTUPYETCS OOJIBIION 3JIEKTPOHHBIN TOK, B TO BpeMs KaK paboTa BbIXO[a
0oJiee TOPSTIETO SMHUTTEpa BCE CIIE MOCTATOYHO BEJUKA M cocTaBiger 2,82 3B.
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Hasnenue napos ue3us pc,, [la

Puc. 6.23. 3aBUCHMOCTD 3JIEKTPOHHOTO ¥ MOHHOTO TOKOB OT HABJAEHHS [1ApOB LIe3Us

Te, XT0 BHUMATEJILHO U3YYWI TpU V,J-XapaKTepUCTHUKH Ha puc. 6.19-6.21, Moryr
3aMETUTb OYEBUAHBIN Napagokc. KaxeTcs, uTo yBeJIUUeHe TeMIIEPATYphI pe3epByapa
C 1e3ueM (U, CICHOBaTEIbHO, MOBBIIICHUE TaBICHHS IAPOB 11e3Ks) JO/DKHO NPUBOLUTH
K YBEJIMYCHUIO 3HAUYeHMS f, MOCKOIBKY OOJIbliiee KOJIUYECTBO I1apa Ie3Uusl MOXET ObITh
VOHU30BaHO, YTO B CBOIO OUYEPEAb OYIET CIIOCOOCTBOBATE YBEIMYEHHIO MOHHOTO TOKA.
TeMm He MeHee T yBeTMUeHUS 3HAYEHHS 3 HEOOXOAUMO YMEHBIIATh TEMIIEPATYpY 7,.
Jnst MTOHVMMaHWS CIOXUBLIEHCS CUTYalluu 00paTUMCS K puc. 6.23.

IIpy OTHOCUTENBHO BBICOKO#H Temmeparype smurrepa 2100 K xoHmeHcanus ma-
POB 11€3M HAa HEM HE3HAUWTEIbHA 10 TeX MOp, NOKA JaBICHUE IIapOB HE JOCTMTHET
3HayeHus mopsiaka 1 ITa. PabGota BBIXOna sMHTTEpa OCTAETCA HA YPOBHE, COOTBET-
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CTBYIOLIEM paboTe BHIXOMA C MOBEPXHOCTH YMCTOro MeTtama 4,52 3B, u, ciemosa-
TEJIEHO, 3JIEKTPOHHBIN TOK 9MUCCUY OTHOCUTENIBHO MaJl Ml IPAKTUYECKU HE MEHSIETCS.
C npyroii CTOpOHBI, B 3TOM IHMAaNa30HEe HU3KUX JaBICHUI NapoB Lie3Ms NOHHbIA TOK
BPONOPLIMOHANEH BEJTMYNHE P, T. €. OH PACTET C POCTOM P, Benuuuna B, 6yayan
nponopuuoHansHa J; / J,, Takxe pacter. Korna nasnenue napos npepsicuT 1 Ila,
- §p HAUMHACT YMEHBUIATHCS, TPUBOMIS K KCHIOHEHIMAIbHOMY pocty J,. Ho Tak Kak
¢ Tanaet, pasHOCThb (¢z — 0,,,) YMEHBIIAETCS, B PE3YNIBTATE CHUKAETCS CKOPOCTH
MoHu3auuu ra3a. MOHHBIM TOK yMEHbIIAeTCH, BHI3biBast yMmeHbllieHue B. Takum
obpazoM, 3aBUCMMOCTb B OT p-, UMEET HEMOHOTOHHBIN Xapakrep. B Hamiem mpu-
' Mepe BeJIMYMHA § JOCTHTraeT MaKCHMyMa B OKPECTHOCTH P, = 8 Ila. Puc. 6.19-6.21
L COOTBETCTBYIOT AMATIa30HY U3MEHCHHMS B, KOTAa 3TOT MapaMeTp NaJaer ¢ yBeJlude-
. HHeM JaBJeHMs T1apoB Le3Ms.
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Puc. 6.24. 3aBUCHMOCTD 3 U BBIXOMHOM MOIIHOCTY OT JABJICHUS MTApOB LIE3US

IlnasmMeHHbIe AUOAbI paboOTAOT B JWalla30He criafa B, riae iaxe NMpu YMEPEHHBIX
TeMIIEpaTypax BoJb(paM, MOKPBITHI LIE3UEM, SMUTUPYET TLUIOTHOCTH TOKA ITOpsiaKa
100 KA/M2. DTO HOIDXHO GbUIO GBI TTPUBOAUTH K MPUEMIIEMBIM BBIXOTHBIM ILIOTHO-
CTAM MOUIHOCTH. OTHaKO AMaNa30H BBICOKMX BBIXOJHBIX MOUIHOCTEH COOTBETCTBYET
TaKyM BBICOKMM [JaBJIEHWSIM IIapOB II€34s, YTO JaXE HPH MAJECHBKUX MEXIICKTPO-
JHEIX 3a30paX HeJb3s [peHeOpeYh CTOJIKHOBEHUSIMU IIEKTPOHOB C aTOMaMu LIE3Ms.
CornacHo 3MIMPUYECKOMY TIpaBUIy Tipu pd > 0,0033 H/M CTONKHOBEHUST HEOOXO-
JHMMO YUMTHIBATh, U MBI [IEPEXOIHM U3 06JaCTH TUOIO0B HU3KOTO AaBJeHUs B 001aCThb
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JIMOIOB BBICOKOTO JaBNieHHUsI. B IprBeIeHHOM BBIIIE HEPABEHCTBE ¢ — MEXDJICKTPOI-
HOE paccTostHHE (M).

Ha puc. 6.24 3areHeHHas1 00JacTh, B KOTOpoi B < 1, COOTBETCTBYET HATHYNIO
OTPUIIATENILHOTO MPOCTPAaHCTBEHHOTO 3apsifa. B 3Toi obnactv pexxuM paboOTHI au-
oNla SIBIAACTCS MPOMEXYTOUHBIM MEXMAY PESXUMOM PabOTHI BaKyyMHOTO YCTPOWCTBa
M WIEaIbHOTO YCTPOWCTBA, B KOTOPOM HET TIPOCTPAHCTBEHHOTO 3apsiia. He3areHeH-
Hag obnactb npu B > 1 m pd < 0,0033 H/M — 310 06;1aCTh ¢ M3OBITKOM UOHOB, I7iE
A0 HU3KOTO JABJICHUS] MMEET UACATIbHYIO XapaKTEpPUCTUKY. B BepTUKaIbHOM Ipsi-
MOYTOJIbHOM 001aCTH CIIpaBa HEPaBeHCTBO pd < 0,0033 H/m napymaerca. [lupuna
3TOi 3aTeHEHHOW 00JACTH OTHOCUTCS K IMONaM ¢ MTBIM MEX3JIEKTPOIHBIM PacCTo-
stHueM Topsiaka 100 MkM. 37ech U0 yKe He SIBASETCS THOAOM HU3KOTO JaBICHUS,
st mMonoB ¢ GOJNBIIUM MEX3JIEKTPOIHBIM PACCTOSIHUEM 3aTeHEeHHasd O0JacTh IIHpe
¥ COOTBETCTBEHHO OPaHMUYEHMS Ha BBIXOIHbBIE MapaMeTphl 6oniee XecTKue. XOTs TUOMHI,
(byHKIIMOHUPYIOLLIME B HE3aTCHEHHOM 00JIaCTH, MOIYT UMETh ITOUTH UICaTbHbIE XapaKTe-
PUCTHKM, X BBIXOIHASI MOILIIHOCTb OCTABJIIET XKeJIAaTh JYUILEro: OHA CPABHUMA C BBIXO/-
HOI MOITHOCTBIO BAKYYMHBIX YCTPOHCTB. MBI BO3BpaliiaeMcst K CUTYAliK, B KOTOPO#A TI0
AHAJIOTUY C BAKYYMHBIMH TIpHOOPaMM JUTsI CO3MAaHMSI TIPUEMIIEMOTO YCTPOICTBA TpebyeTcs
00eCIeunTh UCKITIOUUTEIIHHO MBI 3a30p MEXIY SMUTTEPOM H KOJUTEKTOPOM.

6.8. ANOAbI BbICOKOIO AABJIEHUSA

TpyaHoCcTH, BO3HUKAIOIINE B AMOAAX HU3KOIO AABJICHUSI, CBSI3aHbI
C IBYMsI IPOTUBOPEYMBBIMU TPEOOBAHHMSIMU: C OIHON CTOPOHBL, SMUTTED IOJDKEH UMETH
HU3KYIO paboTy BBIXONA, YTOOBI MONYYMTH HOCTATOYHO BBICOKYIO IUIOTHOCTh TOKA,
C JIpyrOW CTOPOHBI, BbICOKYIO PabOTy BBIXOHA, ISl TOTO UTOOBI O0ECTIEUYUTh J0CTa-
TOYHYIO UOHU3ALUIO U TEM CAMBIM HEUTPAIN30BaTh OTPUIIATETbHbIN IIPOCTPAHCTBEH -
HBIN 3apsill, KOTOPHIA MeliaeT NOCTWKCHUIO TpeOyeMbIX 3HauYeHM Toka. Pellienne 3Ton
JAeMMBI COCTOUT B UCITOJIb30BAHWY MEXAaHM3Ma MOHM3aAIluM, KOTOPBIA HE 3aBUCHT OT
paboTh! BEIXOAA SMUTTEPA. TAKMM MEXaHU3MOM SIBJISIETCST yAapHasi MOHU3A1IMSsI, KOTIa
CaMU JIEKTPOHBI, YEH 3apsiT IOJDKEH OBITh HEMTPAITN30BaH, CTATKUBAIOTCS C TIE3UEBELI-
MU aTOMaMU C PHEPTUEH, TOCTATOYHON AT HOHM3AUUN HociaeaHux. HecMoTpst Ha To
YTO OJHOBPEMEHHO € 00pa30BaHMEM MOHA IMOSIBISIETCS TOMOJHWTEIBHBIN SJIEKTPOH,
obecITedMBaeTCs HEMTpamu3allvs IPOCTPAaHCTBEHHOTO 3apsia, MOCKOJILKY UOH OyIeT
HaXOAUTBECSI B MEXIMEKTPOIHOM MpocTpaHcTBe B 500 pa3 mosplie, 4YeM JTEKTPOH.
WTax, Ipu oNpeesieHHBIX YCIOBUSAX HEYIIPYTHE CTOJIKHOBEHUST MEXITY SJIEKTPOHAMU
VI aTOMaMM 