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[
OTBeT Ha «3HepreTUYecKuit Heaoner n 3eman

BbI30B» Ha pmanHOM sTame pa3BUTHs IUBHIN3ALHAHA MOYKHO
Nlexuns © NEpEOM 8 Mupe TepMOATEpHOM peaxTope (ITER)

e aroa Kesccn 592053 CMEJO  CKazaTh, YTO TEped  4YeJOBCUSCTBOM  CTOUT
"sHeprermueckuii  Bb3oB".  OH  00ycloBiIeH  cpazy

HECKOJBKMMHU (YHIaMEHTAITBHBIMU (aKTOPaAMHU:

— Yenoseuecmso cetivac nompe@mem OZcPOMHOE Kouuecmeo

3anackl HCKOTIAeMBIX TOTUTMB MCTOIIAIOTCS, M Ye/loBeuecTsy yxe B Gmoxajiune 50

J1eT noHaj100MTes anbTepHaTHBHas sHepreTuka. [IpoekT MexaynapojHoro 3Hep2 uu.
9KCMepHMeHTATbHOTO TepMosiiepHoro peaktopa (ITER) fomken nokasare

B Th HCMOMb 9Hepruu 0 cuHTesa s obec

notpeGuteneii, pacckassipaet aupektop arentersa ITER-Poceus, 4. d.-M. H. B HaCTOﬂmee BpeMﬁ HOTpeﬁJIeHl/Ie 3Hepl“l/ll/l B
Anaronnii KpacuibHUKOB.
mupe cocraBiasier 15.7 tepaBart (TBB). Paznenus sty

https://www.gazeta.ru/science/2011/09/05325634 Ishtml

BCJIMUMHY Ha HACEJICHWE IUIAHETHI, MBI MOJIYYUM MPUMEPHO
2400 Ha 4eyoBEKa, YTO MOYKHO JISTKO OLIGHHUTh M IpeacTaBuTh cebe. IloTpebdisiemast KakIbIM KUTEJIEM 3eMIIU
(BkJTrOUAst AETEH) SHEPTHSI COOTBETCTBYET KPYTrJIoCcyTOYHOU padore 24-x 100BaTTHBIX JIEKTPUUSCKHX JTaMII.

— Muposoe nompebnenue suepeuu Obicmpo pacmém.

ITo mporuo3y MexayHapoAHOTO areHTcTBa 1o sHepretrke (2006rom), MUpoBoe MOTpedeHHe YHEPTHH K
2030roay yBeauuntest Ha 50%.

B nacrosimee Bpemsi 80% noTped/isieMoii MUPOM SHEPTHH CO3IAETCS 32 CUET CKUTAHUS UCKOMAEMbIX
NPUPOAHBLIX TOmIHB (He()Th, Yroib W Tra3), KCIOJB30BaHHE KOTOPHIX IOTCHIUATBHO HECET OMACHOCTD
KaTacTpO(hUUCCKUX DKOJOTMICCKUX U3MCHCHUH.

VY xuteneii CaynoBCKOi ApaBuu MOMyJsIpHa cleayromias mytka: «Moi oren e3nui Ha BepOmonge. S
003aBeJIcsl aBTOMOOMIIEM, a MOH CHIH YK€ YIpaBisieT caMojeToM. Ho BOT ero CbIH BHOBB MEpecsIET Ha BepOIroia».
IToxosxe, 9uTo Aema 0OCTOSIT UMEHHO TaK, TOCKOJIBKY, TI0 BCEM CEPbE3HBIM IMPOTHO3aM, 3arackl HEPTH B MHUPE
3aKOHYATCSI B OCHOBHOM TpuMepHO depe3 S0 et

Iasxe Ha ocHOBaHUM OIeHOK I'eomormueckoii ciyk651 CIITA (3TOT MPOrHO3 3HAYUTEILHO ONTHMUCTHIHEE
OCTaJbHBIX), POCT MHpPOBOH 1OObIYM HedTH OymeT mponomkartkest He Oosee 20 Omwkaimmx et (apyrue
CTCIUATUCTBI TPEACKA3BIBAIOT, YTO MUK J00BIYM OyaeT MOCTUTHYT yxke depe3 5—10 mer), mocie vero odwbem

') B kauectse 10ii "Mepbl" MBI BUIUM Mepy Oecropsiika — SHMpOnuio.
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n00bIBaeMOil He(pTH HAYHET YMEHBIIATHCS CO CKOPOCThIO OKoJo 3% B rof. IlepcrekTBBl JOOBIYM MPUPOAHOTO
ra3a BBINISISAT HEeHaMHOTO Jiydine. OOBIYHO TOBOPST, YTO KAMEHHOTO yriisi Ham xBatuT enie Ha 200 1er, HO 3TOT
MPOTHO3 OCHOBaH Ha COXPAaHEHHH CYIIECTBYIOIIETO YPOBHS JOOBIUM M pacxona. Mexay TeM MoTpedlieHue yriist
ceifuac Bo3pactaet Ha 4,5%B rox, yto cpa3y cokpaiaet ynoMsiHyTsii mepuos B 200net Beero o 50 ner.

Takum o0pa3oM, yke ceidac ciaemayeT TOTOBHUTHCS K OKOHUAHUIO DIMOXU HCIIOJB30BAHHS HCKOTACMBIX
TUIIOB FOPIOYETO.

K coxkanenuro, cyiecTByloume cedyac aabTepPHATUBHBIC UCTOYHUKU PHEPTHMHU HE B COCTOSIHUU MOKPBHITh
pacTymux TMOTpeOHOCTEH demoBedecTBa. [l0 caMbIM ONTUMHUCTHYHBIM OIICHKAM, MAaKCHMAaJbHOE KOJIHMYECTBO
sHepruu (B yKa3aHHOM TEIUIOBOM SKBHUBAJICHTE), CO3/IaBAEMOC TMEPEUHCICHHBIMU HCTOUHUKAMH, COCTABIISICT BCETO
3 TBr (Berep), 1 TBt (ruapocraniu), 1 TBT (6nomoruyeckune ucrounnku) u 100 I'Bt (reorepmanbHbic u
Mopckue ycTaHoBKH). CyMMapHOE KOJHYECTBO JOTOJHUTEIBHON SHEPTUH (aXke B 3TOM, CAMOM ONTHMAIHHOM
MPOTHO3€) COCTaBIseT Juilh okoio 6 TBT. Ilpu 3TOM CTOMT OTMETHTH, YTO Pa3pabOTKa HOBBIX HCTOUYHUKOB
DHEPTUH SIBISICTCS] OUYCHD CIIOKHOW TEXHUYCCKOH 3amadei, TaK 9TO CTOUMOCTE TTPOU3BOANMON UMM SHEPTHH OyIeT
B JIFOOOM cITy4yae BBIIIE, YEM MPU MPUBBIYHOM COKUTAaHHU YIS U T. 1. [IpeacTaBiisercss COBEPIICHHO OYEBUIHBIM,
YTO YEJOBEUECTBO JOJLKHO HCKATh KAKUE-TO WHBIE UCTOYHUKHU 3HEPIUHU, B KAUECTBE KOTOPBIX B HACTOSILIEE
BpeMsI peajbHO MOYKHO paccMaTpuBaTh TOJIbKO COJHIE U PEaKIIUU TEPMOSIEPHOTO CHHTE3A.

ITorenmmansao CoJHIIE TPEACTABIAET COOOM MPAKTHUECKW HEHUCTOIIMMBI HWCTOYHWUK DHEPTHH.
KonuuecTBo sHepruwu, nomasaromiei Bcero Ha 0,1% moBepXHOCTH MaaHeThl, dKBUBaNeHTHO 3,8 TBT (naxke mpwu
YCIIOBHH €ro mpeobpaszoBanus ¢ 3(dexTuBHOCTRIO Beero 15%). IIpobiaema 3akimodyaeTcss B HaIleM HEYMEHHH
YIaBIMBATh U MIPEOOPA30BEIBATE ATy YHEPTHIO, UYTO CBSA3AHO KaK ¢ BHICOKOW CTOMMOCTBIO COJTHEUHBIX Oarapeil, Tak
U ¢ mpo0IeMaMy HaKOTICHHSI, XPAaHSHHUSI U JaJIbHEHINEH Mmepeiaun mojrydaeMoi SHEPTHH B TpeOyeMbIe PETUOHHI.

B Hacrosiiee BpeMs Ha aTOMHBIX DJIEKTPOCTAHIMAX B INMHPOKMX MacIiTadax IOJy4alT SHEPTHUIO,
BBIJICIISIONIYIOCST TIPU PEAKIUSIX JEJCHUsT aTOMHBIX siiep. 51 (Amaronumii Kpacunbnukos) mojararo, 4to CleAyeT
BCSTYECKH TOOIIPATH CO3J]aHUE U PA3BUTHE TAKUX CTAHIUH, OJIHAKO MIPH ATOM HEOOXOAMMO YYUTHIBATh, YTO 3aIaChl
OMHOTO W3 BaXHEWIMX I WX paboThl MaTephaia (HEmIEBOrO ypaHa) Tak)Ke MOTYT OBITh IOTHOCTHIO
M3pacXo/I0BaHbl B TeueHue Omrkaimmx 50 mer.

Emre omHUM BaXKHBIM HaIpaBIEHHEM pa3BUTHS SIBISIETCS HCIIONB30BAHME SIEPHOTO CHHTE3a (CIMSHUS
S7ep), KOTOPOE BBICTYMAET ceifuac B Ka4eCTBE OCHOBHOW HAJEK/bl HA CIACCHHE, XOTS BPEMsI CO3aHUS TICPBBIX
TEPMOSIIEPHBIX AJEKTPOCTAHLUMUM TIOKAa OCTAETCS HEOINpENEHIEHHbIM. VIMEHHO 3TOM TEME€ MOCBALIECHA JaHHas
JICKITHS.

3emis u CouHie [2]

B Bepxnume cioum arMocdepbl 3eMIIM TIOCTOSIHHO
moctymaer 174 TIBT comHednoro waimyueHus (MHCOJSINHN).
Oxono 6% wuncosmsiuyu otpaxkaercss ot armocdepsl, 16 %
noryiomaercs ero. CpeiHue ciion aTMoc(epsl B 3aBUCUMOCTH OT
MOTOJIHBIX YCIIOBHI (00J1aKa, MbLTh, aTMOC(HEPHBIC 3arPSI3HCHUS)
orpaxarot 10 20% urconsuu u noriomarT 3 %.

ATtmocthepa He TONBKO YMEHBIIAET KOJIUYECTBO
COJIHEYHOM PHEpruu, AOCTHUTaloIled MOBEPXHOCTH 3€MIIH, HO U

mbbyaaupyer okono 20% ¢ Toro 4To TOCTyNaeT, u

https://ru.wikipedia.org/wiki/%DO0%A1%DO%BEUTBB%DO%BD% ~ (PUIBTPYCT — 4acTh  ero  cmekrpa. Ilocne  mpoxoxaeHns
D0%B5%D1%87%D0%BD%D0%B0%D1%8F %PED%D0%BD%

DO%B5%D1%80%D0%B3%D0%B8%D1%3F aTMOC(bCpr OKOJIO IIOJJOBHHBI HWHCOJIAIIMKM HaXOAUTCI B
BPIJZ[PIMOﬁ Hactu  CHEKTP. BTOpaﬂ IIOJIOBMHA HaxXxOJUTCA

MPEUMYIIECTBEHHO B MH(PAKPACHOH YacTh crieKTpa. TonbKo He3HAYUTENbHAS YaCTh STOH HHCOJSIIMU MPUXOINUTCS
Ha yJIbTpa(uoIeTOBOE U3JyUCHUE.
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CoylHeYHOE W3IY4YCHHE IIOTJIONIACTCS IMOBEPXHOCTHIO CYIIH,
Jlas cipaBok
OKeaHaMH (TOKPBIBAIOT OKOJO 71 % TOBEPXHOCTH 3eMHOTO IApa) M [lera- I8l 1015
armocepoii. AOGCOpPOLUS COTHEUHOM SHEepruu uepe3 arMOChEpHYI  Tepa- T 1012
KOHBEKIIMIO, HCIAPEHWE W KOHICHCALWS BOJITHOTO Tiapa siBisiercss = [wra- r 10°
o o - 6
JBUKYILEH CHIIOH KPYTOBOPOTA BOABI M ypapisieT Berpamu. Conneunple | Mera M 10

ayuyn aOcopOoBaHE OKEaHOM U CyIIeH MOINEP>KUBACT CPEIHIO0

TEeMIIepaTypy Ha MOBEpXHOCTU 3eMIH, uTo HbIHE cocTaBisieT 14 °C bnaronaps ¢oTOCHHTE3y pacTeHUH coTHeUHas!
SHEPIHUs MOKET TPEBPAIATHC B XUMUUECKYIO, KOTOPasi XpaHUTCS B BUJE THIIH, TPEBECUHBI 1 OMOMACCHI, KOTOpas
B KOHIIE KOHIIOB PEBPAIAETCS B UCKOMIAEMOE TOILTHBO.

O ri1aBHOM

C Tex moOp Kak CYIIECTBYET XU3Hb Ha 3eMile MPOLUIM MHUIMOHBI JIET.
VmenHo Onaromaps ygadyHOMY paclojiOKeHHI0 3emin oTHocuTenbHO ColHIa
BO3HHKJA U OecripoOiieMHo pa3BuBaiach JKu3Hb. CoNHEUHas SHEPIrHs YCHEUIHO
YTHIIN3HPOBANIACH C TOMOIIHI0 BOSHUKIIUX 1 3BOJIIONUOHUPYIOMNX TPOPHUUECKUX
IIETIOYEK MUTAHUS XKHBOTO MHpa. ITO MPOJOIDKAIOCH IO TEX IOp, MTOKa UMEHHO
YeNnoBeK He MpHOOPEN HaBBIKM MCKYCCTBEHHOTO NMpeoOpa3oBaHUs SHEPTUU U e
HCIIOIb30BaHUS B CBOMX HYXJax. [Ipensiayniuii mepuoa MOKHO MO-CyTH Ha3BaTh
"Oe3PHTpONMIHON"  yTHUIM3alMeld COMTHEYHOH HHEPruH, IMOCKOJIBKY MpUpOna
yJa4yHO CIpaBiisuiach C 3TUM TposiBieHueM KuzHu. be3sHTponuiiHag e >KU3Hb
3aKOHYMJIACH C TOTO MOMEHTA, KOT/a YeIOBEK HAy4MIICS JOOBIBATh OTOHb.

el IMlpn anammse  wudp,
Kopotko 00 3Bomronnu MPUBEAEHHBIX BBIIIIE,

Yenopeuecrsa HEOOXOMUMO HWMETh B  BHIY
cienyromue QaxTol.

Omnenka mormomenus 3emuéid  sHeprum  CoiHIA
cocraBisier npumepro 0.027%. Muoro 3to mnmu mano? UtoOb
OTBETUTh Ha OJTOT BOMPOC, HEOOXOAMMO NOHATH XapaKTep |

pasnosecus  TPUPOABLI, TO3BOJUBIIKH  OecrnpodJieMHO b

Puc.1l. CTa0nibHoe COCTOSTHHE
CyIIIeCTBOBaTL KHU3HHA Ha 3eMJIe Ha nporﬂmem/m MHAJJINOHOB
JIET.

V3BeCTHBIC THIBI PABHOBECHS MOKHO IPEICTABUTH Ha
NpUMepax OIMUCAHMs MIapHKa, HAXOSIIETOCSH B IMOTECHIHATHLHOM
mojie: CTabMIIbHOE COCTOSHHME B IMOTEHIMANbHOM siMe (puc.l),
MeTacTabmibHOE  cocTosiHHe  (puc.2), YCJIOBHO —CTaOHIIBHOE
cocrosiaue (puc.3).

b

31ech ¢ IOMOIIBIO IIAPHKA MOYKHO NPEACTABUTH 3€MIIIO
A m P pex ! Puc.2. MeracTaOHJILHOE COCTOSTHHE

HaXOJAIIYIOCS B XKU3HECIIOCOOHOM JUTSI YEIOBEKAa COCTOSHHH; C
MOMOIIBIO0 TIOJII — CYyMMY CHJI W YCIOBHH, BIHSIOIUX Ha
KHU3HECTIOCOOHOCTE. Tak, puc.l ONMMUChIBAET YCTOWIMBYIO CHCTEMY
OTHOCHUTEIILHO JIIOOBIX  BIIUSHUM; puc.2 — abCONOTHO
HEYCTOWYUBYIO CHUCTEMY, puc.3 — YCIOBHO YCTOHYHBYIO
CHCTEMY, JIJIsl KOTOPO# CyIecTByeT 0bacTh ycroiunBoctu (@, b).

P a3yMceCTCH, 3eMIIs SBIISCTCS CUCTEMOM TPETHCTO THUIIA.

. i c
CYZ[SI o nOpeACTaBJICHHBIM OAaHHBIM, HNPUBCACHHBIM B b

[1, 2], mocTosHHOE TIOCTYIUTEHME SHeprun oT COJHIIA COCTaBJISIET Puc.3. YciI0BHO cTAGIIBLHOE COCTOSTHIE
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4.

174 000TBT. U3 Hux 26% oTpaxkaeTcs OT BEpXHHX U CpeIHUX CI0oEB atMocdepsl, uto coctaBiseT (30 000— 50
000) TBt. Dueprus B 006éme (124 000 - 144 000)Bt moctymnaeT fqajnee, TOCTHIasi IOBEPXHOCTU 3eMIIH M HIDKHUX
co€B aTMOCcheEpBI.

Ota sHeprus agcopOupyeTcs B KOHBEKIHIO, UCTIApEHUE, KOHICHCAIIMIO BOAHOTO Mapa, SBISSACH ABKYILEH
CHJIOW KPYTOBOPOTa BOJBI, BETPOB, Oyph 1 cTixuil. ColHeuHas SHEPTHs TOTIIOIIACTCS OKEaHAMH MOPSIMH M CyIIer
MOIEPKUBAs CpeHIor TeMneparypy 14 C.

Pa3ymeercs, 9TH JaHHBIE TPeOYIOT CBOETO HAYYHOTO TOATBEPKACHH)S, OCKONBKY HET ¢IHMHOTO MHEHHS O
X TIPOMCXOKICHHH U MeToziaX oueHKH. TeM He MeHee, BO3HHMKAET BONPOC O BHJIKE cTabumbHOCTH (@, C).Jleno B
TOM, UTO paHee NPHPOAA YCIIEIIHO CHPABISIACH C COOCTBEHHBIMH TEPTYpOAIMAMH HAXOAACh B Tpeaenax dToH
BUJIKH, OJTHAKO KAaKOBa "IMMPHHA" BHJIKM JIO CHX TIOp HE H3BECTHO — HU B KAUECTBEHHOM, HH B KOJHYECTBEHHOM
otHomeHusX. TeM He MeHee, U 37ech BO3HHKAET BONPOC O BHJIKE. XOPOIIO M3BECTHO, YTO COOBITHS MPOILIOTO
BEKa, CBA3aHHBIE C HAKOIUICHHEM 3arlaca HEOJ{HOKPATHOTO CAMOYHHUTOKEHHUS IIMBHIIM3AINHN 3HAUNTEIBHO CY3UIN
3TH paMKH. 3amac 3TOT IO CHHX TIOp CYIIECTBYeT M YIpPOXKAeT deoBedecTBy. Jlaxe, €CIM pa3yM denoBeKa
IIPEIOTBPATUT CLIEHAPHI PAa3NIeTAIOMIUXCA B MIEMKH TOPOIOB, 3Ta "IypHas' dHEprus cama 1o cebe He ucuesHer. Eé
TONHYI0  JIe3aKTHBALMIO MOJKET pealu3oBaTh TONBKO CaMopacmaj i B3psiB. Ilepmon momypacmama 255U
cocraBnster 700 M. net, 23°Pu — 24.4 teic. net. Vcnons30BaHME ke 3TOH SHEPIMM B KAdecTBE SIEPHOTO
TOpPIOYEro B aTOMHBEIX CTAHIMAX OCTABIISET CJIEJ B BHJAE PaAMOAKTHBHEIX OTXOJOB, KOTOphIE HHYEM HE Jydlle
VICXOJTHOTO TOIUTHBA U MMEIOT HETpHeMIeMbIe XapaKTepUCTHKHY 0 BpeMEHAM PacTiajia.

Owmnuecknii npunnun Jle IHaremse [3] rmacur:  Eciu HaxoO0swascs 6 pasHosecuu cucmema
noogepeaemcs 6HeuHeMy 8030elcCmeuio, pagHogecue CMewaemcs 8 maKom HanpaeieHuu, KOomopoe cnocoocmsyem
0CAOIEHUI0 9020 BO30EUCNBUS.

IIpupona He octaBisieT 6e3 ciena HapyIIeHH PaBHOBECHS — OHA 00s3aTebHO OTBETUT HA 3TO JAOJKHBIM
o0pa3oM, HO Korja — 3To Heu3BecTHO. OgHako U UepHoObLIb, 1 DyKycHMa — 3TO0 yke ObLIO.

) o cocrosamio Ha 24.01.2020,cHMBOTH3HPYIONME CAMBIE OMACHBIC MEPHOIBI

Yacer xxe CymgHOTO JIHHZ
BpPEMEHHU JIJIs1 uesioBeuecTBa, nepesenu Ha 20 cekyHa Onmke K MoyHOuH. [IpHuuHbI 3TOMY: BO3pOCHIas OMacHOCTb
SEPHOM BOMHBI, KaTacTpo(huueckoe M3MEHEHHs KINMaTa M3-3a HEPa3yMHOM HKOJIOTHYECKOW MOJUTHKU KPYITHBIX
CTpaH, a TaKKe BpaxaeOHOCTb B kuOeprpoctpancte. ns ymyumenust cutyanuu auaepsl CIHA u Poccun
JIOJIKHBl BEPHYTBCSI 3a CTOJI IIEPETOBOPOB U OCTAHOBUTH IOHKY BOOPYIXKEHUS, a TAKXKE BOCCTAHOBUTH JCUCTBUE
MEKIYHAPOIHBIX  SJCPHBIX  JOrOBOPOB (https://www.gazeta.ru/social/2020/01/23/1292523&8h 3to

npencTasisier co0oil MpuUMep TOYKM OMQypKauu, paspelieHHe KOTOPOH HaxomuTcs B chepe BIUSHUS

YeII0BEYECKOTO pa3yma.

Jpyroii mpuMep MpeaCTaBISeT BO3MOXHBIM "METAHOBBIH CIICHAPHI", KOTOPBIA y)ke OBLI pear30BaH
MPUPOAON B TeONOrMYecKOd dBOMIONMUA 3eMin (IO OINCHKaM Y4Y&HBIX OKOJO MHJUTHOHA JIET Hazaid). DTOT
CIICHApUi yke He Tojmaércs periaMeHTalud pa3yMOM 4eJoBeKa M B HEM HET BO3MOXKHOCTH ISl 4ellOBEeKa
0CTaHOBUTH X0J] yacoB CyZHOTO JHS.

IIpomecc HaumHaeTcsl ¢ TMOBBIMIEHUS] CPefHell TeMIepaTypbl OKpYy:Kawuleil cpeabl BCJIeACTBHE
yBeJINUEHHsI MPOLEHTHOr0 cojep:KaHus B aTMocdepe YIIEKHCJIOr0 ra3a Bcero Ha HecKOJIbKO TPaaycoB
Jlanee HauMHAETCS MPOLIECC BHIICICHUE U3 HeApaM 3eMITH MPUPOJTHOTO METaHa. 3amachkl METaHa U HUCIOIb3yEeMbIX
OyTaHa W MpoIlaHa CPaBHHMBI, MOCKOJBKY y HHX POJCTBEHHBIC NPUYMHBI IPOUCXOXKIACHHUSI. B pesyiabrare
MEHSETCS COCTaB aTMOC(epbl, e€ XUMHUYeCKue W (PU3NYECKHE CBOWCTBA — TEIUIOEMKOCTh, amb0eqo 3eMiu Kak
HEOECHOTO Tena, W Jpyrue. PyKOTBOpHBIE WCTOYHWMKH TEIUIOBOM SHEPrUU NPUOOPETAIOT CHIY, CIOCOOHYIO
3aMyCTHTh 3TOT YYJOBMIIHBIA MPOLECC. 3arps3HEHUE BEPXHUX CIOEB aTMoc(hephl MPH CKUTAHUU YIJISL M IPYTHE
WCTOYHUKHU 3arpsS3HCHUS BKIIOYAIOT 'TOMOIIB' HEOECHOTO0 CBETWIA — OTpakaTelbHas CIIOCOOHOCTh 3eMITH

2 i
) Yacer Cyauoro gust (aurn. Doomsday Clock) —apoekt skyprana Uukarckoro yHusepcutera «BrOIETEHb YUEHBIX-
ATOMILMKOB», HaUaThIil B 194 7r0oy co3naTensiMu IepBoil aMeprKaHCKONH aTOMHOIM OOMOBI.
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cHIDKaeTcs, Bc€ Ooree u Oojiee yBenmuunBas ¢€ MOTIIONMIAONIYI0 cliocoOHOCTh. Eciam paHee jeca 3ammimanu Hac
OT YIJIEKHCJIOro ra3a, To uX 0ecnpeneeHTHOH BBIPYOKOH M YHHUTOKEHUEM MbI JIUIIAEMCs] eIHHCTBEHHOMH
BO3MOKHOCTH — OCTAaHOBHMTD 3TOT mpomnecc. VIMEHHO MOATOMY Hac WHTEpeCyeT TePMOJWHAMUYCCKHN acTeKT
MPOOJIEMBI.

Pazymeercst, MeTOIpI PaBHOBECHON TEPMOAMHAMHUKH MPUMEHUMBI JIMIIb YCIOBHO U JUIA TPYOBIX OLEHOK.
OmHako, Kak mpemiokeHo B [6, 3ameuyanue 1], B IlepBblii 3aKOH TEPMOAWHAMHKH MOYXHO BBECTH [UISI OICHOK
TPETHH YICH, YYUTHIBAIOLUIMN IMCCHIIATUBHBIA MEpexXo] MOJIe3HOH (KMHEeMaTH4eCKOH) COCTABISIOUICH dHEPrHU
Cpeasl B TETUIOBYI0. DHEPruio 0e3BO3BPATHO NMEPEXOMAINIYI0 B TEIUIO B OTOM CIy4dae CTAHOBHUTCS BO3MOXKHBIM
"apudmMeTn3oBaTh'  BENUUMHOH  MPHPOCTa  TEPMOAMHAMHYECKOHW  SHTPOIMWH,  MOJB3YSACh  CBOMCTBOM
OJTHOHATIPABJICHHOCTH W HEOOpaTMMOCTH Tporecca. Peub ke NODKHa WATH 00 W3MEHEHWSX INUPUHBEI (8, C)
WHTEepBajia CTa0WIBHOCTH COCTOSHHSI DJKOCHCTEMBI, a HE O CpaBHEHHH aOCOJIOTHBIX BEIWYMH JSHEPTHH
nocrasiisieMblx COMHIIEM U BHYTPEHHUMH 36MHBIMH HCTOYHUKAMH.

Yro KacaeTcsi TEMIEPAaTYPHBIX XapaKTEPUCTHKAaX HHTEpPBajia, HEKOTOPHIE BO3MOKHOCTH OIPEIEICHUS
(DYHKIIMOHAIBHOM CBS3HM TEMIIEPATYPhl ¥ SHTPOIMH B MHTEpBalle CTaOMILHOCTH TIpHBEIEHE! B [5, 6]. B padoTte [6]
NPUBEICHO HHTETPAJIbHOE YPaBHEHHE, CBA3BIBAIOIICE U3MEHCHUE TEMITEPATyPhl ¢ K3MEHEHHUEM SHTPOITHH.

IMpuHIMOBl 00pabOTKM MHPOPMAIMU U OLCHKH M H3MEPEHHs TEPMOAMHAMHYECKHX IapaMeTpoB C
UCIIONIb30BAaHUEM CTaTUCTUYECKMX METOJOM - TMPHUHIMIOB WHBAPHAHTHOCTH, MAaKCHMyMa »OSHTPOIHH U
TPaBIONOI00Ms, TPUBEICHEI B [7].

TepmognnaMuyeckoe NpudINKeHHE.
dDakropu3anus NPUYMH (Habpocku)

IIpu TepmomuHammyeckoM monxome ('CTalHOHAPHOCTE' WU

AR M DAL GRS PaBHOBECHOCTb) MBI HE MOXKEM HAJCAThCS Ha ONHCAHUC AMHAMUKHU
H3YYAKIIHH TEeNJIOBbIe ABJIEHHA

§e3 yuETA MOJIEKYIAPHOT0 CTPOEHHS! BeniecTna IIpouecCoB, 3aTO BIOJHE MOXEM pPACCUUTBIBATL Ha OLCHKY

i

MOTEHI[HAJIA ATHX TIPOIECCOB, TUHAMHKY K€ IMPOIECCOB MBI MOXKEM
MTOJIYIHUTh U3 HAOJIOICHUN U M3MEPEHUH.

Hama nens - maiitn Hamboyiee OOITUM TEPMOJIHMHAMHYECKIM
crocooom 3apucuMOCTh T(S) C TOMOIIBIO METoJAa TEPMO-

JMHAMAYECKUX QYHKIMA [9], UTO MO3BONIAET MOJONTH K UMEpEeHUIM
W OIeHKaM (OopMambHO HEW3MEPHMBIX  TEePMOAMHAMUYECKHIX
MapaMeTpoB, TAKUX KaK SHTPOIHS U IPYTUX MOTECHIIMATIOB ¢ TOMOIIBIO CTATUCTHYCCKUX METOJIOB OLECHKH [7].

3)

Crenys mepmoounamuueckomy npubnusxcenuio [5], "monesHas” > cocraBisromas BHyTpeHHEH sHeprun U

CBsI3aHa C BO3MOYKHOCTBIO €€ MCITOJIb30BAHUS C MUHUMAJIbHBIM POCTOM DHTPOIIUH, 4 B YPABHCHHUHU

dU = 5Q — 5A = TdS — Z F.dX, (i
7

OIHCHIBACTCS. BTOPBIM wicHoM”. "Becronesnas” dHeprus, CBS3aHHAs ¢ e Ierpajalieil, OMMCHIBACTCS MEPBBIM
4JICHOM, YCIIOBHEM 5Q =TdS (i)
1 DHTpoTueH S.

HYCTI) 2 FidXi — de’ (|I|)

B
Toraa .
i

i F = F(X).

3) Haxkormennas na IIaHHbeI MOMCHT BPEMCHHU.
“) DTHUM YICHOM yYHUTHIBACTCS SHEPTUS U YCIOBHO HE3aTYXAIOLIMX MPUPOAHBIX POIIECCOB (HAIpUMep, aTMOCHEPHBIX).
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U3 (i) cnenyer
dU = 6Q — 6A = TdS — FdX (v)
3mech MBI IPEACTABIIN BTOPO#t uiieH B (i) Oe3 3Haka CyMMbI. DTO HEOOXOIMMO ISl TANBHEHIIIET0 pacCCMOTPECHUS.
Torna, mocje o4eBUIHBIX MPEOOPa30BaHUI
dU = 6Q — A =TdS — FdX = d(TS) — SAT — d(FS) + XdF =
+d(TS — FX) + XdF — SdT,
d(U—-TS + FX) + XdF — SdT,
dG = XdF — SdT (vi)
e G — TepMOXMHAMUYECKHIA IOTCHIHAN c80600HO dHepeueti Iubbea .

MOJTy4aeM

Tabmuua 1

Kpome cBoGommoit sHeprun ['nb6ca B TepMOAMHAMHMKE W3BECTHBI U JPYTHE TEPMOJMHAMUYECKHUE ITOTCHIIUAJBI BHYTPEHHSISI

SHEPIHsl, DHTAJBINS, CBOOOIHAS dHEprus [ enbMrosibiia u cBoboMHas sueprust [nb6ca. DTH GYHKIUHE COIEPKAT BCIO TEPMOJMHAMUYECKYTO
urpopmarmio o cucreme. VX WHTErpaibHble MPEICTaBICHHS U €CTCCTBEHHbIE IIEPEMEHHBIE!

Tabmuua 1
BHyTpeHHsIs SHEprHs: U=U(S,F) DHTAIBIIHSL: HS,F)=U+FX
CBoGoanast sHeprus I enbMrosbia: F(T,X)=U-TS CBoGoanast sueprus ['n66ea: G(T,F)=H-TS

3nast 10001 u3 YCTBIPEX MOTCHLHAJIOB KaK q)yHKHI/IIO €CTCCTBCHHBIX NEPEMCHHBIX, MOKHO C IMOMOIIBKO OCHOBHOI'O YpaBHCHUSA
TEPMOJANHAMUKA HaWTH Bce Apyrue TepMOJUHAMUYCCKUC q)yHKHI/II/I U mapaMeTpbl CUCTCMBIL.

[loBTOpsisi neicTBUS  aHAIOTMYHBIC BBILIEHPUBEAEHHBIM CO cBOOOAHON sHepruell [mbOca, momydnm
muddepennnanbHOE COOTHOIICHNE ISt CBOOOAHOM 3Hepruu [ enpMrosba:

dF = —FdX —SdT (vii)

Haunbomnsiee 3HaueHne B KOHKPETHBIX TCPMOJUHAMHNYCCKUX pacd€Tax MMCIOT JBa MOCICIHNE IOTCHINAIa
— sneprus ['enbmronbua F u sHeprus ['ub0ca G , Tak Kak UX €CTECTBEHHBIC IIEPEMEHHBIC Hanboee y1o0HbI s
xuMud. OHU UMEIOT CBOW (DM3MKO-XMMHUYECKUI CMBICTI. YMEHbBLICHHE HEprud [ enpbMroibia B KaKOM-THOO
mporiecce mpu T = const, X = const paBHO MaKCHMaJbHOH MeXaHWYEeCKoW paboTe, KOTOPYI0 MOXKET
COBEPIIMTL CHCTEMA B 3TOM Tipouecce: Fy — F, = A oy (= Aggp)- Takum 06pasom, sHeprus F paBHa Toii yacTu

BHyTpenHeii sneprun (U = F + TS), koTOpasi MOKET IIPEBPATUTHCS B paboTy.

AHanorn4Ho, ymeHelieHue sHeprun ['mddca B kakoM-mrbo mpouecce npu T = const, F = const paBHO
MaKCHMAaJIbHOW MOJIe3HON (HeMeXaHH4YecKoi) paboTe, KOTOPYI0 MOXKET COBEPLIMTh CHCTEMa B ITOM IpoLecce:
Gy — G = Ayoy- 3aBucumocts sHepruu [enbmromnbua (I'mb6ca) or X (F) BbITeKkaeT M3 OCHOBHOTO YpaBHEHHUSI
TepMOAUHAMUKH (BTOpasi cTpoka Tabmuisr 1)

Cremyer OTMETUTH, 4TO ''mOie3Hass” paboTa TaKKe COMPOBOXKAACTCS IAMCCHIATUBHBIMU HPOLECCAMH.
OnHako MbI MOKEM pa3OMTh BTOpOi uieH ); F;dX; B (i) Ha Tpu cocramisroniie — oduccunamusuyio (dS > 0),
aouabamuuecxkyro (dS = 0) u neesumponuiinyro (dS < 0). IlepByi0 COCTaBISIONIYI0 OOBEAMHHM C TEPBBIM
uieHoM (i) (CBOMCTBO aJIMTHBHOCTH DHTPOIMH TIO3BOJISIET 3TO CHEJaTh), BTOPYIO M TPEThio cocTaBsomue B (i)
OyneM MOHMMATh KaK YHCTO aana0aTHYeCKUil, TPHUYEM TPEThsl COCTABIISIONIAS OMHCHIBACT CHM)KCHHE SHTPOTUHU
cuctembl. TakuM 00pa3oM, MbI CHOBa CMOXKEM CHOBa TepelTH K ¢opme cooTHomieHus (i), Tae JeBbIH wieH —
OHTPOINUIHBINA, @ BTOPOW — HETrIHTPONUIHBL. [lockonbKy —aduabamuueckue npoyeccvl npoucxoosm c¢ S =0
HeoOpamumoe noGblULeHUEe MEMNEPAMYpPbl MEPMOOUHAMULECKOU CUCMeEMbl Oy0en ONUCbIBAMbCsl NePEbIM YIEeHOM
(1). Hecommponutinwlii sice unen cnocoocmsyem yuémy (hakmopa CHUdICeHUs. memMnepamypbl.

Mexanuueckas u xumuueckas — "nonesnvie" cocmaensiowue. MexaHudeckas: KHHETHYecKas (IHEprus
JBIDKCHUS - BETpa B aTMocdepe W TEUCHHUS PEK, MOpeH M OKEaHOB ) M TOTCHIUANbHAs (THAPOCTAHIUH).
Xumudeckas (MCTOYHHK - OTOCHHTE3, OKHCIUTEIbHBIC PEAKIIUKH TOPEHUs ): 9k30- (+Q) u sum0- (—Q). MMeHHO

) B TpauiHOHHON TepPMOAMHAMKKE ra3a 9TO COOTHOLIGHHE BBINMAAMT Tak: dG = VAP — SdT, rae V - 06b8M 3aHMMaeMblii rasom, P -
JIaBJICHUE Ta3a.
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*OHEpIMHM, W HMEHHO JBE COCTaBJAIOIIME XHUMHUYECKHX DHIO- M J3K30peakuui. llepBble yBenuMumBarT u
TEMIIEPATYPY CPENBI U €€ SHTPOIHIO, BTOPHIE — YMEHBIIAIOT U TEMIEPATYpPY, U SHTPOIHIO.

% 3k kK k

IMocre mosydeHus: ouepeIHOi ONMpeIeIEHHOCTH IO COCTABIISIONIAM (haKTOpaM MOYKHO BEPHYThCS K WICHY
co 3uakoM Y, B (i) ¢ yrounmsromeii u 6ojee TOHKOM pacUETHOM MOJENBI0 Ha OCHOBE TEPMOJWHAMHUYECKOTO
NpUHIMIA Tyann3Ma "Temreprypa—iHTporus” [9].

IIpoodonsicenue credyem ...
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1. Anaronuii KpacunpHukoB. Jlekuus o mepsoM B Mupe tepmosiaepaom peakrope (ITER). 05.09.2011.
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2. Comueunas sHeprus. Marepuan u3 Bukumennu — cBoOOHOM YHIUKIIOTICIHH.
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3.JL.A. JTaumay, A.U. Axuesep, E.M. JInpumir. Kypc obrmeit pusnkn. Mexannka u MoseKyisipHas ¢puznka (ctp. 186).
https://www.academia.edu/41709475/
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4. DHepreTHKa, pIHOK, SKOJIOTHS U BBI30B INBHIIU3AIHH.

https://www.academia.edu/40942849/
http://vixra.org/pdf/1911.0276v1.pdf
https://www.dropbox.com/s/7zui96s0cic86jl/EnergyZuti=0
https://cloud.mail.ru/public/5G2H/3XxWSS7Cc4

Hoocanyii, camoui 3106eweil menvlo, 3asucuteli Hao Oyoywum Yenoseuecmea, aennemcsi OECKOHMPOIbHOE UCNONb30BAHUE
KOJOCCANbHBIX 00bEM06 dHepeuu. “ Bpaunelil cow3” pulHKA ¢ 9HEpeemuKou CnocobeH nopooums K0N02UYecKoe 4yodosuuje,

xomopoe “ nojcpem” 6ce dcusoe Ha 3emne Kpome, Oblmb MOACEM, NPOKAPUOM — USHAUATILHOU YOPMbL HCUSHU.

5. DHepreTrka, peIHOK, 9KOJOTHS M BBI30B IIUBIIN3AIMH-2.
https://www.academia.edu/41028531/
http://vixra.org/abs/1911.0389?ref=10943623
https://www.dropbox.com/s/gyaguuxv4gnxsin/Entropg-mdf?di=0
https://cloud.mail.ru/public/3KQ3/2VgZHZNwu

Beneo za npedvioyweti cmamwéii. Jannas paboma coodepacum eascnviti pesyibmam (7) no meme ooknaoa OOH om
06.05.2019 .B oamou cmamve, 6 mepmoounamuueckom O-npubnusicenuu, npusedeHa 3a6UCUMOCTb MEeMNEPamypol
MEPMOOUHAMUYECKOU CUCEMbL OM IHMPONUU.

6. DHepreTrka, peIHOK, KOJOTHS M BBI30B IIUBHIN3AIMH-3.

https://www.academia.edu/41381264/
http://vixra.org/pdf/1912.0408v1.pdf
https://www.dropbox.com/s/ij4h305uqdp628e/Entropye®?di=0
https://cloud.mail.ru/public/4sMC/2QuyYpgam

Obwas nocmanoska sadayu npeocmasiena 6 [1].
30ect npeonosicer 0OWULL ANOPUMM MEPMOOUHAMUYECKO20 Peulenus, npusedennozo 6 [2].

® 1o He3aBUCALMM OT HAC OGCTOATENHCTBAM (cmyTHOE Bpemst UHTEpHETA) CCBUIKHA MOTYT HE CpabaThIBATh MPH
HETNOCPECTBEHHOM 00panieHuu K HuM. OTHAKO NPU KOTMPOBAHKUH UX B aJIPECHYIO CTPOKY Opay3epa MOXKHO 3aCTaBUTh UX
paboTarts.
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1. 3Hepzemul<a, POIHOK, 9KOJIO2UAl U 6bl3068 YUBUIUSAYUU
2. 3Hep2emul<a, POIHOK, 9KOJlO2Usl U 8bl306 uueuﬂu3auuu-2

7. DHepreTrka, ppIHOK, SKOJIOTHS ¥ BHI30B ITUBUIN3AINU-4.

http://vixra.org/pdf/2001.0112v1.pdf
https://www.academia.edu/41549838/
https://www.dropbox.com/s/p55qbc3sdoqu82r/Entropd#dI=0
https://cloud.mail.ru/public/3cYn/7vUy7iktp

Tpunyunsr 06pabomxu uHGopmayuy s NPOSHO3UPOBAHU MEPMOOUHAMULECKUX NAPAMEMPO8 OKpYICalowell cpedsl 8 3a0auax
npeocmasiieHHvlX 8 nPeovlOYWuUx pabomax.

8. Mup u 6e3omnacHocTs. "UeThblpe BcagHnKa AMOKaIHMIICHCA" IPEACTABIAIOT Yrpo3y B 21 Beke.
http://vixra.org/pdf/2001.0551v1.pdf

https://www.academia.edu/41730827/
https://www.dropbox.com/s/3v1ie4vhOr73ktw/Guttepe$?dl=0
https://cloud.mail.ru/public/28w7/39FdADbjLV

I'nasa OOH namemun nymu peuterusi npobiemsl "vemvipex 6CAOHUKOS" , YepOodcaouwux Hauiemy 2100aibHomy 0yoyuemy.
22 aneaps 2020200a :

Teonorumuyeckasn Hanps#cCeHHOCMb;,
Knumamuueckuii kpusuc;

Ymobul ux 0ocmoiiHo gcmpemunby
Tobanvroe nedosepue;,

Temuas cmopona mexHon0UlU.

Ymobwl ux 00cmouHo scmpemums, ce200us wyichwvl ycunus OOH.

9.10. b. Pymep, M.I1I. PoiBkun. TepMoauHAMKKa, CTATUCTHYECKAs (PU3HKA U KHHETHKA
https://www.dropbox.com/s/gzcyvxlhjerxvxb/Rumer.pdf=0
https://cloud.mail.ru/public/2DEY/3aJU81nD5
https://www.academia.edu/41855349/

B Kxuuee cucmemamuuecku paccmMampueaiomcs OCHOSHble 3AKOHbl U  GAdCHEUWUe NPUTOICEHUS MEPMOOUHAMUKU,
cmamucmuyeckoll usuxu u Kunemuxu. Hatioenvl memoouuecku yoauuvie U OpUSUHATbHLIE MemOObl 86€0eHUsI OCHOBHBIX
nousmuil (Hanpumep, memnepamypsl u SHMPONUU) U PeuleHiss OMOeIbHbIX CLONCHbIX 3a0au. Knuea paccuumana, 2nasmvim
obpazom, Ha ar00el, NPUCMYNAIOWUX K U3YUEHUIO CIAMUCTIUYECKOl MePMOOUHAMUKY U KUHEMUKU, U CIA8um ceoell Yebio
MAKCumManbHo  Ovicmpo Oosecmu uumamens 00 YPOBHA 3HAHUL, NO3GONAIOUE20 YUMAmMb MOHOZpauu u cmamvi nO
cneyuanbHbim sonpocam. MooicHo yeepento ckazamo, 4mo 9mo 0OUH U IYYUUX YYeOHUKO8 NO npeomMemy U aKkmydalbHOCHb e20
He ucuesna co epemMenu nepeozo uzdanus na pomanpunme Hosocubupckoeo I'ocyoapemeennozo Ynueepcumema ¢ 1970200y
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Application

"The third horseman of the Apocalypse’
(Energy, market, ecology, athe challenge of civilizations}).
V. A. Kasimov (E-mail: quadrica-m@mail.ru)

_ 1l looked, and there was
a black horse with a rider on
having measur? in his hand.
Apocalypse [6.5]

The man and the Earth™¥

OTBeT Ha «IHepreTdecKuii At this stage of civilization development, we ¢
BBI3OB» safely say that humanity faces an "energy challenit is
eeeile i b e caused by several fundamental factors at «

— Humanity now consumes a huge amount of er

Currently, the world's energy consumption is 15.7
terawatts (TWt). Dividing this value by the population of t

3anacsl HCKOTIAEMbIX TOTUTMB MCTOMIAIOTCS, 1 Ye/IOBeYecTBY yike B GmoKaiimme 50

NeT MoHaI00uTeA ANbTepHATHBHAS SHEepreTHKa. F::);;;'; MesayHaposiHoro planet, we get about 2,400 per person, Wh|Ch Cmbw

SKCMePHMEHTAILHOTO TePMOSZIEPHOTO PeaKkTopa JIOMKeH MoKasaTh

BOIMOKHOCTb MCTIOB30BAHMS IHEPTHH 5/IEPHOTO CHHTe3a Ui oGecrieueHus i i i

nmpeﬁmueneﬁ,paccx:emnae-rAupzx'mp“:r:-rrcfaa I’['ER-P:Jc‘cm,A.Q).-M.HA eStImated and Imaglned The energy Consumed by

Aot Kpacurpiinkop. inhabitant of the Earth (includg children) corresponds to t
https://www.gazeta.ru/science/2011/09/053 #6634 1shtml round_theelock operatlon of 2_X 100_Watt electnc |amps

— Global energy consumption is growing rapis

According to the forecast of the International eyeAgency (2006)world energy consumption will
increase by 50% by 2030.

Currently, 80% of the energy consumed by the worlds created by burning fossil fuels (oil, coal an
gas),the use of which potentially carries the risk aiasérophic environmental chanc

The following joke is popular among the peopleSaudi Arabia: "My father rode a camel. | got a ead
my son is already flying a plane. But now his semding to ride a camel again." It seems thatithihe case
because, according to all serious forecasts, thikel\wmil reserves will run out nstly in about 50 yeal

Even based on the estimates of the us Geologicatsifthis forecast is much more optimistic thaa
rest), the growth of world oil production will contie for no more than 20 years (other experts ptéldat the pea
of production will be reached in-8.0 years), after which the volume of oil produced begin to decrease at
rate of about 3% per year. The Outlook for natges production is not much better. It is usualig shat we will

4) As this "measure” we see a measure of disc— entropy
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10.

have enough coal for another 20€ars, but this forecast is based on maintainiegettisting level of productic
and consumption. Meanwhile, coal consumption is moweasing by 4.5% per year, which immediatelyues
the mentioned period of 200 years to just 50 y

Thus, it isalready necessary to prepare for the end of thefarsing fossil fuel:

Unfortunately, the existing alternative energy sesrare not able to cover the growing needs of hityn:
According to the most optimistic estimates, the imaxn amount of eney (in the specified thermal equivale
generated by the listed sources is only 3t (wind), 1 TWt (hydoelectric power stations), 1 T' (biological
sources), and 100 GWgeothermal and marine installations). The totabant of additional energy (even this
most optimal forecast) is only about 6 t. At the same time, it is worth noting that the elepment of nev
energy sources is a very complex technical taskthabthe cost of energy produced by them will my aase b
higher than with the usudélurning of coal, et It Seems quite obvious that humanity should looksfune othe
energy sources, which at present can only really dmmsidered the Sun and fusion react

Potentially, the Sun is an almost inexhaustiblere®wf energy. The amot of energy that falls on just
0.1% of the planet's surface is equivalent to 3Nt (even if it is converted with an efficiency of orl$%). The
problem lies in our inability to capture and coriviis energy, which is due to both the high cdsdaal panels,
and the problems of accumulation, storage andduttnsfer of the received energy to the requiegibns

Currently, nuclear power plants on a large scateive energy released during fission reactiondahe
nuclei. | believe Anatoly Krasilnikov) that the creation and development of such stastiosild be encouraged
every possible way, but it should be borne in nilrat the reserves of one of the most important niadsefor their
operation (cheap uranium) may also be compleused up within the next 50 years.

Another important area of development is the usauafear fusion (fusion of nuclei), which is nowe
main hope for salvation, although the time of dogabf the first thermonuclear power plants remainsertain
This lecture is devoted to this topic.

3emis u CouHie [2]

https://ru.wikipedia.org/wiki/%D0%A1%D0%BERD%BB%D0%BD %

D0%B5%D1%87%D0%BD%D0%B0%D1%8F 34%8D%D0%BD%
D0%B5%D1%80%D0%B3%D0%B8%D1%8F

For inquiries
Peta- P 1015
Tera- T 1012
Giga- G 10°
Mega- M 10°
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About the main

Millions of years have passed since there waslif€&arth. It is thanks to
the successful location of the Earth relative te ®un that Life arose and
developed without problems. Solar energy has besmgessfully utlized by
emerging and evolving trophic food chains of théntjy world. This continued
until it was the person who acquired the skillsadfficial energy conversion and
its use in their needs. The previous period cafaot be called "non-entropic"
utilization of solar energy, since nature succdlstwped with this manifestation
of Life. The non-entropic life ended from the mornermen a person learned to
produce fire.

| ., S When analyzing the figures given above, the foilmafacts must be kept

Briefly about the evolution of in mind.
Mankind

The estimate of the earth's
absorption of Solar energy is approximately 0.027%it a lot or a
little? To answer this question, it is necessaryutmerstandhe
nature of the balance of nature, which allowed life to exist
without problems on Earth for millions of years.

The known types of equilibrium can be representgd
examples of describing a ball in a potential fieddstable state in a |

. . . . .. b
potentlgl pit (Fig.1), metastable state (Fig.2)ndidonally stable Fig.1. Stable state
state (Fig.3).

Here, with the help of a ball, you can imagine terth
being in a viable state for a person; with the hafla field, you can
represent the sum of forces and conditions thacaffiability. So,
Fig.1 describes a stable system with respect tardluences; Fig.2
— an absolutely unstable system; Fig=3a conditionally stable
system for which there is a stability region (a, b)

Of course, Earth is a third type of system. _ b
Fig.2. Metastable state

According to the data presented in [1, 2], thestamt supply
of energy from the Sun is 174,000 TWt. Of theséod8 reflected
from the upper and middle layers of the atmosphetech is (30
000 - 50 000) TWt. Energy in volume (124 000 - DOO) the TWt
flows further, reaching the Earth's surface anddier atmosphere.

This energy is adsorbed into convection, evapamatand :
condensation of water vapor, which is the driviogcé of the water a b c
cycle, winds, storms, and the elements. Solar gnsrgbsorbed by
the oceans seas and land maintaining an averageettamre of
14°C.

Fig.2. Conditionally stable

Of course, these data require scientific confiramatsince there is no consensus about their oagith
methods of evaluation. However, there is a questimut the stability fork (a, c). The fact is tpatviously, nature
successfully coped with its own perturbations witthiis fork, but what the "width " of the fork islsnot known —
either in qualitative or quantitative terms. Howewhis raises the question of a fork. It is watiokvn that the
events of the last century, associated with theractation of the stock of repeated self-destructbnivilization,
have significantly narrowed these limits. This resestill exists and threatens humanity. Even & buman mind
prevents the scenario of cities falling to piecdss "bad" energy will not disappear by itself. kemplete
deactivation can only be realized by self-disinéign or explosion. The half-life o°U is 700 million years,
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239py is 24.4 thousand years. The use of this energwelear fuel in nuclear power plants leaves a tiadbe
form of radioactive waste, which is no better thiamoriginal fuel and has unacceptable charadegiby the times
decay.

The physical principle of Le Chatelier [3] stateat If a system in equilibrium is exposed to an externa
influence, the equilibrium is shifted in a directithat contributes to the weakening of this influeen

Nature does not leave without a trace of imbalance will respond to it properly, but whes it is
unknown. However, both Chernobyl and Fukushima tzéready happened.

The Doomsday Clodk as of 24.01.2020, symbolizing the most danger@u®gs of time for humanity,
was moved to 20 seconds closer to midnight. Theoresafor this are the increased risk of nuclear eaastrophic
climate change due to unreasonable environmentiédigg of major countries, and hostility in cybemsp.

To improve the situation, the leaders of the Unit8thtes and Russia must return to the negotiating
table and stop the arms race, as well as restoe wuhlidity of international nuclear treaties
(https:/iwww.gazeta.ru/social/2020/01/23/1292523@sh This is an example of a bifurcation point whossotetion is within the
sphere of influence of the human mind.

Another example is a possible "methane scenahat tvas already implemented by nature in the
geological evolution of the Earth (estimated bystists about a million years ago). This scenaaio o longer be
regulated by the human mind and there is no wag foerson to stop the course of the Doomsday Clock.

The process begins with an increase in the averagenbient temperature due to an increase in the
percentage of carbon dioxide in the atmosphere bynty a few degreesNext, the process of extracting natural
methane from the earth's interior begins. Methasemves and used butane and propane are comphegblgse
they have related causes of origin. As a reshé, domposition of the atmosphere, its chemical imgsical
properties— the heat capacity, the albedo of the Earth adestea body, and others changes. Manmade soufces o
heat energy acquire the power to start this monstprocess. Pollution of the upper atmosphere logitg coal
and other sources of pollution include the "help"tlee celestial body- the earth's reflectivity is reduced,
increasing its absorption capacity more and mdrearlier forests protected us from carbon dioxide then we
lose the only opportunity to stop this process byutting them down and destroying them. That is why we are
interested in the thermodynamic aspect of the prabl

Of course, the methods of equilibrium thermodyresrare applicable only conditionally and for rough
estimates. However, as suggested in [6, note XhdnFirst Law of thermodynamics can be enterecftimates
of the third term, taking into account the dissygtransition of the useful (kinematic) componehthe energy of
the medium to the thermal one. In this case, ibbexs possible to "arithmetic" the energy that ievincably
converted into heat by the value of the thermodyoamtropy increase, using the property of unidiosality and
irreversibility of the process. It should also lat changes in width (a, c) it is not about conmgathe absolute
values of energy supplied by the Sun and inteera¢s$trial sources.

As for the temperature characteristics of theruae some possibilities for determining the fuoogl
relationship between temperature and entropy irsthieility interval are given in [5, 6]. In [6], antegral equation
is given that relates the change in temperatutkeg@hange in entropy.

The principles of information processing for ewing and measuring thermodynamic parameters using
statistical methods- the principles of invariance, and the maximumamygrand likelihood, are given in [7].

8 Doomsday Clock is a project of the University ofi€lyo magazine "Bulletin of atomic scientists" r&td in 1947 by the

creators of the first American atomic bomb.
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The thermodynamic approximation.
Factorization of causegsketches)

_ With the thermodynamic approach (“stationarity"dan
Thermodynamics is a branch of physics that studies equilibrium), we can't hope to describe the dynanatprocesses,
i s but we can count on evaluating the potential of¢hgrocesses, and
e molecular structure of a substance.

-7 e we can get the dynamics of these processes froenaifons and
measurements.

Our goal is to find the most General thermodynamic
method for the dependence of T(S) using the metlodd
3! «  thermodynamic functions [9], which allows us to a@zh
measurements and estimates of formally immeasurhiglenodynamic parameters such as entropy and othel
potentials using statistical estimation methods [7]

Following the thermodynamic approximatidf], the "useful® component of the internal enerdyis
associated with the possibility of using It withrmimhal entropy growth, and in the equation

dU = 6Q — 6A = TdS — Z F.dX, (i

described by the second memBefThe "useless" energy associated with its degi@ui described by the first
term, the condition

850 = TdS (i1
and the entropy of S.
Let
Z F,dX, = FdX, (i
then L aX\ ™ i
0= () "
by F = F(X).
From (i) follows dU = 8§Q — 64 = TdS — FdX (v)

Here we presented the second term in (i) withogistim sign. This is necessary for further consiaera
Then, after the obvious transformations
dU =6Q —6A =TdS —FdX = d(TS) —SdT — d(FS) + XdF =
+d(TS — FX) + XdF — SdT,
d(U =TS + FX) + XdF — SdT,

HoyHac dG = XdF — SdT (vi)

whereg is the thermodynamic potential thfe Gibbs free energy).

In addition to the Gibbs free energy, other thetymamic potentials are known in thermodynamicserimal energy, enthalpy,
Helmholtz free energy, and Gibbs free energy. Tliesetions contain all the thermodynamic informatabout the system. Their integral
representations and natural variables:

Table 1
Internal energy: U=U(S,F) Enthalpy: H(S,F)=U+FX
Helmholtz free energy: F(T,X)=U-TS Gibbs free energy: G(T,F)=H-TS

Knowing any of the four potentials as a functidmatural variables, you can use the basic equatichermodynamics to find all
the other thermodynamic functions and parametetiseofystem.

9 Accumulated at this point in time.

19 This term also takes into account the energy nfinoous processes (for example, atmospheric pses}.

1 traditional gas thermodynamics, this ratio lodike this: dG = VdP — SdT, whereV is the volume occupied by the gé&sis the gas
pressure.
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Repeating the actions similar to the above with@ibbs free energy, we obtain a differential refafor
the Helmholtz free energy:

dF = =FdX —SdT (vii)
The last two potentials the Helmholtz energy and the Gibbs energy are of the greatest importance in
specific thermodynamic calculations, since theitural variables are most convenient for chemistiyey have
their own physical and chemical meaning. The degmredn the Helmholtz energy in a process at
T = const, X = const is equal to the maximum mechanical work that tystesn can perform in this process:
Fi — F, = A max (= Agep)- Thus, the energl is equal to the part of the internal energy= F + TS), that can
turn into work.

Similarly, the reduction of Gibbs energy in a @sg atfl’ = const, F = const is equal to the maximum
useful (non-mechanical) work that the system cafopa in this processs; — G, = A,,,. The dependence of the
Helmholtz (Gibbs) energy aif () follows from the basic equation of thermodynanfgscond row of Table 1)

It should be noted that "useful” work is also anpanied by dissipative processes. However, we dahed
the second terfy; F;dX; in (i) into three componentdissipative(dS > 0), adiabatic(dS = 0), andnonentropic
(dS < 0). The first component will be combined with thesfiterm (i) (the property of the additivity of eopy
allows this), the second and third components)iwi{l be understood as purely adiabatic, and tikeltcomponent
describes the decrease in the entropy of the systbms, we can again go back to the form of thatiah (i),
where the left term is entropic and the seconddimbmtic Since adiabatic processes occur with S=0, an
irreversible increase in the temperature of therthedynamic system will be described by the finsnté@). The
non-entropic member helps to account for the teatpes reduction factor.

Mechanical and chemical "useful" componem#chanical: kinetic (energy of movementwind in the
atmosphere and the flow of rivers, seas and oceand)potential (hydroelectric power stations). Cioan
(source— photosynthesis, reactions of oxidative and combn)stexothermic(4+Q) andendothermid— Q). These
are energy sources, and these are the two componémhemical exe and endothermicreactions. The first
increase both the temperature of the medium anenit®py, the second ore reduce both the temperature and
entropy.

After obtaining the next certainty on the compdrfastors, one can return to the term with the $igim
(i) with a clarifying and more subtle calculationodel based on the thermodynamic principle of the
"temperature-entropy” dualism [9].

To be continued...
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