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TeMa ,D,11ccepTa1.1,1111 yTBep>K,D,eHa y"leHblM coseTOM Hau,110HanbHOH Hay'!Hoi4 
na6opaTOp1111 11MeHl1 A. VI. An11xaH.flHa (Epct:>VI) 
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KaH,D,. ¢113.-MaT. HayK A.E.Annaxsep,D,RH {AAHn) 
0¢111.1,11anbHb1e onnoHeHTb1: 
,D,OKTOp c:f:>113.-MaT. HayK :?K.C. resoprRH{AAHfi) 
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Be,D,yw,a.R opraH113a1.1,11R: YpanbCKl1i4 cpe,D,epanbHb1i4 yH111sepc11TeT 11M. 6.Enb1.1,11Ha. 
3aw,11Ta COCTOl1TC.fl 26-ro ceHrn6pR, 2017 r. B 14 '!aCOB Ha 3aCe,D,aHl111 
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Uzfuwmwbpb obq.hwbmp ptimwwq.bfJD 

f'O-l:ipun11p'uwuplfw'CJ, npUfl:iU 2l:iJ1UWJp'u Ubnb'uw'CJl:ipp Uwup'CJ 1111:iUnt[GjnL'u, 
wnw2wgl:iL t 19-[l'l fl.WflnLU, Uf1f1.Jnt'uwp.l:ipwlfw'CJ (.l:i'l.W2f12.Uw'CJ up2ngn4. LL 
hl:i111LLwtinn4.: '1-l:inLLu 19-pl'J. 11wrti Lfbubpp'CJ WJ'u 4.brwo4.l:ig 1111:iumraJw'u, np[! 
hpU'u4.wb tr up nwtip p.wgwhwJm LL up 2wrn w'um'l.11.wlfp l:i'CJraw11rmraJm'u'CJbpp 
4.pw: Uju mbumraJw'u lfwjwguw'CJ ub2 pfll:i'ug 'ub[ll'j.JlmU'u l:i'CJ m'CJl:igl:iL p.wqmu 
q.p111'uwl.fw'CJ'ul:if1, p'u}Ufpupn b'CJ '-twn'un'CJ, '-tlwmqpmu[!, f'O-nuun'u[! LL WJLn: 

UJ'umhb111LL PnL9uw'CJp, lJwnu4.l:it.li LL q.pp.up w2tuw111wtintibpp 2tinphti4. 
ral:iplin11rtiwuplfw'CJ hptl'CJ4.l:ig urlfrnul.f nUfr4 1111:iumraJm'u'CJl:ipp 4.flw: 
q.p111'uwlfw'CJ'CJl:ip'CJ WJLLLU ttinr/Smu tti'C.1 n~ ral:i l:itiraw11rmraJm'util:ir l.fw111wpl:iL 
rabplin11rtiwurl.fwJr 4.bpwp.l:iflJWL> wJL' 11mru p.l:irl:iL 11rwtin «wnw2titi 
ulfqp.mtintil:ippg»: f0-l:ipun11titiwuplfw'CJ 'umJ'uUfl:iu l.fwUf4.l:ig uwhuw'uwt.'1w4 
Lfwnw4.wruw'CJ tuti11rti hb111, nwtir nr ral:irun11rtiwliplfwlfw'CJ wn'CJ~mraJm'utibpp r 
hwJlll q.wm UfWJUw'CJw4.nr4.wb tr p.wquwuwu'uplfw'up hwuwlfwrq.l:ipp n~ Lrli4. 
'ulfwrwq.puw'CJ hb111: Uwhuwtiwttiw4 11.l:ilfwtlwruw'CJ WJU l.fn'l.U[! hwtiwju 
hw'c.lfl.pUfmU t !J>Lmlf 111mwgpw'CJl:ipp 111bunn4.: Uwl.fwJ'c.I, ral:irun11ptiwuplfwJp LL 
lfwnw4.wpuw'CJ q.W'l.WtPWf'lp up2LL b'l.WO l.fWUf[! ~p UUfWn4.mtl n~ 

!J>Lmlf111mwgpwtil:irn4. LL n~ tL O} Lf1P4. 'ulfwrwq.pmtln4.: npUfbU WJ'l Lf wt!jp 
htiwrw4.np 'ulfwpwq.pp 'umJ'uUfl:iu wnw2wrlf4.l:ig uwnupUWL ttimpnUfpWJP 
q.W'l.WtPWJl[!: ~l:if1UWJPU ul:inl:iuw'ubi;p LL Lfwnw4.wruw'CJ uti2LL ul:ilf WJL lfwt!j ti hWJlll 
blfw4. Wfl.Wl!jUlWgpWjp q.W'l.WtPWflp 2'CJnf1hp4.: 4.l:ip2p'CJpu nLUmU'CJWUpflnLictJnt'u[! 
umJ'u w1111:itiwtunumraJw'c.I hpu'!Jwlfw'CJ tuti11tirtil:ir!ig t: 

f'O-l:ipun11ptiwuplf w'CJ LL Uplfrnulfnt!jplf ml:iumraJm'!.l'CJl:ip[! tlinjulfwl114.wO l:i'CJ 
l:iplfl.fn'l.UW'upnpl:i'CJ: lJp l.fn11.upg uplfrnul.fnUfplf 'ulfwpwq.pmU[! 'uUfWUUlnLU t 
ral:ipun11titiwuplfwjp [!'ul.fwLUW'u[! LL ubowg'umu t 'lflW 4tirwnuw'CJ lll~JlnLJ[G'ul:ip[!: 
lJjnLU l.fn'l.Upg' Uplf pnul.fnUfpl.f Ull:iUnL[GJnLU'CJl:ip[! [Gl:iflUOl'j.p'CJwlfwjp 2'CJn[1hp4. n~ UpWj'CJ 
2whmu l:i'CJ 'unp tuti'ltirtil:ip m q.w'l.wltJwptil:ir, WJLLL npn2 11l:iUfnl:ipmu ppb'ug 
wnw2wguw'CJ hwuwp UfWJ1111Wlfw'CJ l:i'CJ 4.l:ir2tiutiu: 5wJ111m'CJ opp'uwlf t n4.w'CJmwJp'u 
ul:ijuw'CJplf wJp wnw2wgmU[!, np[! ul.fpqp. wnw4. uLL uwpu'up tiwnwqwJrauw'CJ 

4.l:irwp.l:if1JWL '11Lw'ulfp w2juw111mraJm'utibrpg: 
Uml:i'CJwjunumraJw'u hpu'uwlfw'CJ ju'ufl.pp'CJ t mumu'CJwupfll:iL ral:irun11ptiwupl.fwJp 

4.l:ip[! 'CJ24.wb bplfm Lfn11.ul:ip[!' lfWt!j[! utilfrnul.fnllfti4 ml:iumraJw'u LL Lfwnwt.l.wruw'CJ 
tuti11tirul:irti hl:im: 
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11,m11,qa.q11 i.Jfm ri1ut..lq11,11,m_rfmm 11,mfel1ufmhum LjLn11,qLji.Jmtlb 11,Ljfm11,m9Ljummpt..lq6 
t..lu Lj11,mo 'Ll1ufdlim t..lu11, 4fmLjbt..lq11,~ t..liuom.r 411,Ljlh 11,fn :il11,mp~uh Lja11,mfh n411,Lj6tlqp 
LfLnnmmri,h il_r1uqliqllln 4lqi.Jup 11,mhmnq1J1 4rm11,qa.qp 11,Ljfmpt..l.q6 ri.J111mmun 

:ut..lq!J,OrJ,lUfiJLfm 11,mhmnq111 qmp5ml1ln lqbiuUln ru4t..lmmm11,m9 11,mhmrJ.QUULf't 
411,i.Jlh t..1urmt..1m11,4 r44tlu11,l 4~11,4 'uq11,lmft..liJmnjm11, t..luri, 11,mrBmbt..lmb m11,m111nh 
n,mh4.rm11,4uu.rt..1qeJ hi.Jmni.Jl14Lnmnqu pun4mnfn :1164.r 4t..1.qbtlmhmpm4 l.JuiJbmn.Julf't 
il_r1uhm11,mn.julf1 4rm4btlq11,~ l.q11,m.r4mn 411,Lflh Ljlqt..lmi-. :iluqn,11,1ufeJ1ut..liJmel11,q 
uurhtlm6mum 6qp 11,mfel1unqll1 Ufm lqb1umn 4ri,4lh t..lupmt..lm11,4 
,11,iufel1unqLn hlfl'nuhnut..lh4.r 4fmh4pm11,4uupuqeJ h4111ni.Jr4111mnqu pulm11,.q11,1u 

1Jq1u1e11uf]mqmGq qmt]mumlJlf'1 

:ilLlq11,11,mpfmm Lnlq.pmt1411,m t..lmpm4 Lffmlf 6mtnmmiJm lqt..lbmt..lmh'l 
:dpmfeJ1un.Juttiulf1 Lft..lfmpm6Lffl 11,Lfom1J1tlm qmptlupm11,mpfmm ,ilotlmp 
n,mfeJ1ut..lub4 11 11,mfeJ1ur41J1hqcj;~ 4t..1q11,t14bmt..lmh11, 4rm11,qoq.r iJfm lm11,mtnn < 

:_r1ut..l.q11,11,mpfmm 
11,mfeJ1un.Julf'tulf1 tnm4iJ11,il11,m Lft..lq11,11,m9Ljlllnm.rt..lq6 Lf tlq11,Lnmtnnu.rt..1qeJ 
'Lftlfmpm6Lf.P 4tnmn.jlmh 11,fn :aljtlmh 11,mpt..lmrmhql.J 11,Ljomtntlm m11,q11,1u 
Lf~ iltlu 'm11,qaqp 11,4fmptlq6 l.Jutnmn.jlm pup4.pqu MLnmmiJm lqqliqtnn < 

:il11,1ufeJ1u6qiJbm Lj.piu 11,mfeJ1u6.qiJbmma11,4 
qmrt..1upm11,mpmfmm ruriueJfmbmum9 Ljuq11,hlf 11,nmp ~ 11,mhm~ dt..lq 
'piuamqiJ 11,fm ilp1u11,mp4mn Lfari,mmmn.jlm 11,mhmhlfpm11,Ljuurtlqel lqbiutnn < 

:11,mhmum9Lnmm 
11 UlrJ.rn4tlmruh-611,quu1 411,i.Jlh 11,fm runlfmnfn :p1utlub11,qeJ Ljnl1ump4 
-4fmljbtlq11,~ Ljbtlmhmpm4 m11t..lq ~ oLnqm il11,1ufeJ1u111fm4mLntlm nlj11,Lf6t..lqp 
'6Lj11,1ufeJ1uqq.r uur11,mm4mm lmhul Ljn.Jd ~ a111qm UJ11UIJ,ffif14mn 4011,mtnmnjln < 

:ilo11,m111mn.jlm 11,mhmhlfrm11,Lfuu.rt..1qeJ 
lq11,mp4mn ru11Q 11111,mljt..lmp!J.Lf 11,4fmttim~mrmt1Ul p1ubumhmpm4 
put..lqo6Ljl 11,LffmLnqh rnht..l.q uurtlbmtlmh11, rufmhlfpm11,LfiJ h4111nt.Jrlf111mnq-u < 

urimuimmq qaqmmmrqGn 

:p1ul.Jm611,qh lm11,q11,1u 11,1ufeJ1uumt14h ~ uutlmh T) ilt..14iJ11,n.j qmp6mfmhtlq11, 
iltlqr lm11,mhnm4 Lj11,boh ilp1u6mbt..lmb mbm111q4 Lfl.qiJup lmlllf:;, :lqi.Jup Ljfm11,.qaq.r 
11,Ljfmpt1.q6 l.JuUlmn.jlm ru.rt.J.pqu pi.j111mmi.Jm ~ lqphtlm6mum 6.qp 11,mfeJ1unun.Jm11,q111n 
:il11,mfeJ1un.Juttiulf1 t.jt..lqt..l111q.rmtlmm lfm TJ Ljtlq11,11,mpfmm 11,Ljfmhm11,mliq 
'Lfot..ILjiJ tlhmbqtlm ,11,Ljt1.q11,11,iufel1un.Juttiulf1 Ljt..lfmpm6Lf.P ~ p1upt..lmptlm4 11,fn 
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:p1uo6meJ11,il 11,mp11,mlllmlll 4lmbb 4h.qp 64L1.q11,11,m94lllnmpLl.q6 llll.q.pmLl411,m Llmpm4 
4011,mlllmn.jlm 4rm11,.qo.qp ri,4fmpLl.q6 11,011,4nrm '11.4hm11,mu.q mpmri,m ;r1 'qmpmmpm 
;r1 11,mlf'tmn.J11,m piu11,.q11,1u ~ 41.J.qlll b.qeJ11,4nulllucj; Liu 'pulllnmp4 11,fm ~ n.q6uLlm 
p4lllmmlim 11,fn :~ 11,p1uhmlll1uh 4rm4bu.q11,~ 11,eJf1uumqLlub 11,mhm11,p44 mLli.J '11,fmhmn 
:11,mLlml 4Ll.qri,m46hm.qu i.JLlmd Melmpbmd ri,mhm4.r4o ~ piu11,6mfmhLl.q11, 6411,.qL.14 
'mri,.qo.qp ri,4fmpLl.q6 pul.qri,41 ri,.qLluh4b4cj; ilLlu ·~ 11,4nmp 4b.qeJ11,4nulllu<!; ilonurl.J 
:p1uo11,mfh mfLloum Ll.qp 11m11, p1u11,41 011,.q n.qlllmri,mhm 011,.qp 4eJfiu11Ll.q 4n4mnfm 
Liu 'l.qlllmhri, ~ hLlm:;, :~ L14u11,n.J 11,mhmh4pm11,4uupLl.qeJ 11,411,011,4 11,Llu 'piuhmlllrnh 
4rm4bu.q11,~ ~ llllq.pmLl411,m Llmpm4 11,mp6mbLlmb 4L1.q11,hm~ 411,mi.111,qh Liu ·~ 11,fm 
11,11,md :11,m461unuN mbmlllq4 4uq11,hm~ 11,f1ubmbLlmm 411,41 LI~~ Llurmum11,4 611,uLlu 
611,mum '11,1ulqpbmh p1u6mLlqhlllmm 11,4nmp 4L1q11,m11,qo.qp ri,4fmpLlq6 11,f1ubmbLlmm 
qmhq l1lfm4 4 p1uuql1utti ump 11,mp6m6mum 4011,mfh 4lJlnmm11,h ilp1ulllm1J1nm4 
41'nmh 1164.r 4Llm4iml.Jmb 11,mpLlmpmumh 11 4fmh4.rm11,4uu_rLlqeJ ,64pliuh mufJl 

:il_r1u11,mp4mn qmruupm11,p44 11,qLluh4b4<1; 11 
11,qLlu11,mdmpmL1111 11,mfeJ1uqqp lmfl44 ~ lqpL1111 p1uLlq11,hm11,m6Lll 11,mfeJ1unun.Jm11,q111n 
:p1ubLlmhmpm4 411,mhlfn.nm.rhuq l.JupLlbmLlmh11, rufmh4.rm11,4u h4111n4p4111mnqu 
,11,f1ubmbLlmm hn4 11,qi.JLlm Llq11,Ll4i.J11,n.j 11,q .riu11,m6mum '11,fmhmn 'Lnq4 11,mp11,m_r4mn 
ufn :6qp 4uq11,L14bmt..lmh11, 4fmh4.rmn,4i.JupuqeJ ~ 11,bt..lmmm11,qpm 11,_r1u11,m_r4mn 
4011,m111mn.Jlm 11,mhmhlfpm11,4uu_rLlq-eJ :~~ bLlmm Ln!J4 11,mfeJ1un.q111 h41'nuhnuLlh4.r 
ilmmh Lffmh4.rm11,LfiJu_rLlqeJ h4111n4p4Lnmnqu ,4fmh4.rm11,4uupLlqeJ u4lhmLlmnmrm4 
11,iufeJ1uLlqdLlmLn '-l :ilmmh 1164.r 11,mfeJ1u11,mhm11,mrm4 11 4rm4muLl11111,~ pulq11,1uiJ11,il 
a.rlf4 nqmt..lu ,t..lq11,011,quo l.Junmhm4 11,4muf.r ilhq.r 'Llqdum111 11,m.rn.Juttim11Q 
ri,46qpht..lm6mum t..lmpm4 4t..1q11,11,1ufeJiuqqp 11,mhmh4.rm11,4uu_rLlqeJ .r1ut..lq11,hm11,m6t..ll 
11,mfeJ1unqLn nfn :mt.Ir 4uq11,11,1ufeJ1ut..liJmeJ11,q riubmd qmr11,.r44 ,11,1ufeliunq111 
11,mhm4bulu11,q.ru11,qcj; n.qmtlu 6qp61uumh 11,mh4.rm11,4uuruqeJ hlf111nlfM111mnq-u 

:11,m.rnjulf'tm11Q 11,m6.q11,1u~ o4tlmh ilt..lq11,a11,qt..lo LffmhlfJ1m11,4uu_rtlqeJ qmp11,m.r4mn 
ru5u64.r 11,mfeJ1uqqJ1 nfn :ri1ufmh4.rm11,4uu.rtlqeJ h4111nmn.Ju111n l~ ~.u 11 11,4rm11111,mra 
~.u 6qpn.Jutti~ ilri1u11,mr4mn n411,46Llqri :Lftlq11,11,1ufeJiun.julf'tutti 6qrht..lmeJ11,q~ 

Liu ·~ IJ.fllUIJ.rnf14mn Lfo11,m111mn.Jlm 11,mhmhlfrm11,yuurtlqeJ 11,fmlfJI n11t..l!J-e.J 
:ilLlqrJ,f11UIJ,mJ14mn yt1.q11,11,1ufeliuqqJ1 auml 4.r 11,mhmh4.rm11,4uurtlqel 1J.45qrn.Julf1 
111u6meJ11,il 11,mruurmuiuf9 nfn :hlflllnlfMtnmnqu '11,yfmLn11,mpa 'h4111nmn.juLnn 
,4Ll.ql.J1uf9 tlqdtlmlll rul.qr11,m.pmd ,6i.Jt..lq11,11,mr4mn 11,mfeJ1uulhmtlmnmrm4 
rmhq nt..11uiJ 11,fm J!lUt..lql1utti t..lqdt..lmlll 1J,mJ16mbumb tllf 11,fmhmn :ilt..l.q11,n.q6utlm 
l.Ju6mef1J,il JllUU!JUUmhmJ1m4 UUprJ,UlU 6.qIJ 1J,mfef1uulhmtlmnmrm4 1J,LjfmJ1U!J6 
U~ JllUULjnmlJ,IJlUnlU fllUU!JllULf't umr 11,m_r6m6mum 1J.mh4flmlJ,LjUUJIU!J-eJ 

uq1u1•enuqmf1mquum q1mJ1q~ 
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TepMOAMHaMM<tecKa.R pa6oTa: OT aneKTpoMarHeTM3Ma K aAanTaU,MM. 
Pe3t0Me. 

B AHccepTau,1-11-1 143y1.1a10T01 sonpocb1 HepasHosecHoiii cTaTl'1Crn1.1ecKoiii MexaHHKl-1, 
KOTOpble TaK.>Ke ne.>KaT Ha CTblKe Apyrnx Al'1Cl..\t'1nn1-1H: :meKTPOAHHaMHKl-1 14 
Kl'16epHernK111. 06w,aR TeMa - ::no TepMoA111HaMw·1ecKaR pa60Ta, ee onpeAeneH111e 111 
peryn111posaH111e. Ba.>KHOCTb swiii TeMaT111K111 onpeAenReTCR TeM "ITO pa6oTa (s orni.1"11-1111 
OT 3HTpon111111, TeMnepaTypb1 111 HeKOTOpb1x Apyrnx sen111"1111H) xopowo onpeAeneHa BHe 
paBHOBeCHR. no3TOMY OHa npHMeHReTCR B HepaBHOBeCHOiii TepMOAlllHaMl/IKe B 
cpopMyn1-1posKax ee 3aKOHOB, BblRCHeHl-1111 npeAenos ee np111MeHlllMOCTlll, BO 
cpnyKTya41110HHb1X TeopeMax 111 T.A. B nepsoiii "lacrn paccMaTp111saeT01 onpeJJ.eneH1-1e 
pa6oTbl JJ.nR c1-1cTeMbl s sneKTpoMarHlllTHOM none. Ba.>KHOCTb swiii 3aJJ,a"1111 TPYAHO 
nepeo4eHl/ITb TaK KaK 3neKTpoMarHlllTHOro none RBnReTCR OAHlllM 1113 OCHOBHblM 
lllCTO'"IHlllKOB BHeWHero B03AeiiiCTBlllR Ha ClllCTeMbl 1113Y"laeMble B CTaTlllCTlll'"leCKOiii 
MexaH111Ke. Ao c111x nop peweH111e 3aAa"l111 6bmo 1113secTHO TOnbKO AnR 
KBa3111CTal..\lllOHapHOro nOnR. npo6neMa OnpeJJ.eneHlllR pa60Tbl 6bma OTKpblTOiii TaK.>Ke 
111 noToMy, '"ITO npRMoe np1-1MeHeH1-1e faM111nbTOHosa cpopManlll3Ma AnR onpeAeneH111R 
pa60Tbl "1epe3 1113MeHeHl/le SHepr111111 HeB03MO.>KHO B c111ny Kan1116poBO"IHOiii 
HeMHsap111aHTHOCTlll falVIMnbTOHHaHa. AnR peweHMR npo6neMbl Heo6XOAlllMO 
penRTlllBHCTKOe on111caH1-1e AnR HCTO"IHMKa pa6oTbl. AnR npocTOTbl 6bmo paccMoTpeHo 
penRTlllBHCTKoe s3a111MOAeiiicTBMe ABYX TO'"le'"IHblX 3apRAOB, OAlllH 1113 KOTOpb1x HaMHoro 
TR.>Kenee Apyroro. T R.>KenaR 1.1aCTMl..\a paccMaTp111saeTCR KaK MCTO"IHlllK BHewHoro 
sneKTPOMarHlllTHOro nonR, TaK KaK ee AMHaMMKa cna6o B03Myw,aeTCR B Te"leHMlll 
s3a111MOAeiiicTBMR. B paMKax nony"leHHoro peweHHR AOCT111raeTCR Kan1-16poBO"IH0-
111Hsap111aHTHOe onpeAeneH1-1e pa60Tbl 111 ycTaHasn111saeTCR ero penRTlllBlllCTKaR 
KOBap111aHTHOCTb. B OCHOBe :noro onpeAeneHl/IR TOT cpaKT, '"ITO cyMMa nonHoiii 
3Hepr111111 nerKOiii "laCTlllU,bl, B Kan1116pOBKe nopeH4a M KlllHeT1111.1eCKOiii 3Hepr111111 
lllCTO'"IHl/IKa OKa3blBaeTCR nO'"ITlll COXpaHRIOW,eiiiCR senlll'"llllHOiii. npoRCHReTCR CBR3b 

onpeAeneHlllR c MOAlllcpMl..\lllPOBaHHblM TeH30pOM SHepr111111-111Mnynbca AnR nonHoiii 
ClllCTeMbl. c noMOW,blO MOA111cp1111..\MPOBaHHOro {Kosap111aHTHOro) TeH30pa SHepr111111-
lllMnynbca 6b1na sseAeHa noTeH4111anbHaR SHeprnR. Ee Heso3MO.>KHO ssecT111 c 
noMOW,blO CTaHAapTHOro, Kan1116pOBO"IHO-lllHBap111aHTHOro TeH3opa 3Hepr111111-
lllMnynbca. HecMoTpR Ha 3Tlll 111 Apyrne orn111"1111R, 111 MOA111c:f:>111u,111posaHb1iii M 
CTaHAapTHbliii TeH30p 3Hepr111111-111Mnynbca npl!IBOART K OAlllHaKOBblM rno6anbHO 
coxpaHRIOW,lllMCR sen111"1111HaM nonHoro MoMeHTa 111 3Heprn111. Aanee, npo6neMa 
pa6oTbl 1113y"laeTCR np111 Han1111.1111111 o6parnoiii peaKu,111111 1113ny1.1eH111R 111 noKa3b1saeTCR, "ITO 
onpeAeneH111e ocTaeTCR cornacosaHHblM. B 1.1acTHOCTlll paccMaTp111saeTCR speMeHHoiii 
XOA npo4eccos 1113ny1.1eH111R M nepeHoca pa6oTbl 111 yKa3blBaeTcR Ha lllHTepecHoe 
csoiiicrno pa60Tb1: ee nepeHoc xopowo OTAeneH no speMeH111 OT npou,eccos 
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1113ny'leH111R. B nocneAHeiA '!acrn pacCMaTp111saeTcR 0611.\ee csoiACTBO 06b1'1Hb1x 
TepManbHblX ABlllraTenei1, cpyHKL\lllOHlllposaH111e KOTOpblX OKa3blBaeTCR orpaHlll'leHHblM 
onpeAeneHHblM pelKlllMOM TeMneparyp TepMocTaTOs. 3rn orpaH111'!eH111e xopowo 
1113BeCTHO B peanbHOiA )Klll3Hlll, rAe HOpManbHbliA pemlllM pa60Tbl ,11,BlllraTeneiA 
BHyTpeHHero cropaHlllR Tpe6yeT 3apaHee onpe,11,eneHHblX TeMnepaTyp. OrpaH111'leH111e 
MomHo npeo,11,oneTb c noMOLl.\blO a,11,anTlllBHoro npo4ecca, B paMKax KOToporo 
TepMaflbHbli1 ,11,BlllraTenb np111cnoco6n.AeT CBOi1 pe.lKWM cf:>YHKL\WOHlllpOBaHWR K 
3a,11,aHHblM TeMnepaTypaM. C :noi1 4enb10 s cTaHAapTHyio Mo,11,enb TpexyposHesoi1 
TepManbHoi1 Maw111Hbl BB0,11,lllTCR HenpepblBHaR BHYTpeHHRR {KOHTponwpyioll.\aR) 
CTeneHb CB060,11,bl, KOTOpaR ,11,0fl.lKHa He B3alllMO,ll,ei1CTByeT c BHeWHlllMlll TepMOCTaTaMlll 
,11,s111rarnnR, HO s3a111Mo,11,ei1cTsyeT c ero pa6o'!wM TenoM. AAanTa411.A ,11,ocrnraeTcR 3a 
c'!eT o6paTHOiA CB.A3W OT pa6o'!ero Tena K KOHTponwpyiol1.lei1 CTeneH111 cso60,11,b1. 
PaccMOTpeHbl ,11,Ba OCHOBHblX pe.lKWMa: aAama4111R MOLl.\HOCTlll (pa60Tbt) 11 aAama411R 
acpcpeKTlllBHOCTlll. 06cy.lKAalOTCR TepM0,11,WHaMlll'leCKllle orpaHW'leHlllR Ha caMy 
B03MO.lKHOCTb aAanTa411111, a TaK.lKe B03MO.lKHbte 6111ocp1113111'1eCKllle np111MeHeHWR 
aAanTau,111111. YKa3btsaeTCR Ha np111Mep ecTeCTBeHHoro aAanrnsHoro TepManbHOro 
,11,BWraTenR (cpOTOCWHTe3). 

Thermodynamic work: from electromagnetism to adaptation. 
Abstract. 

This thesis studies several problem of non-equilibrium statistical mechanics that have 
inter-disciplinary relations with electrodynamics and cybernetics. The general subject 
is the thermodynamic work, its definition and control. This subject is important, 
because work (in contrast to entropy, temperature and a number of other variables) 
is well-defined out of equilibrium. Hence it is employed for studying non-equilibrium 
physics: formulations of thermodynamic laws, fluctuation theorems etc. In the first 
section, the author studies how to define the work for a particle (or several particles) 
in an electromagnetic field. The importance of this problem cannot be over­
estimated, because the electromagnetic field is the main source of external influences 
for systems studied in statistical mechanics. Till now the problem of defining the work 
done via electromagnetic field was solved only for a quasi-stationary field. The 
problem was open, also because the gauge non-invariance of the standard 
Hamiltonian formalism precludes its direct application to defining the work via 
energy changes. The author focuses on the simplest autonomous situation that 
explicitlyaccounts for the source of work: two charged point particles which 
described by relativistic dynamics. One of the particles describes the source of work, 
since it is assumed to be much heavier than the other one. Thus the dynamics of the 
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heavy particle is perturbed weakly during the interacion. The radiation reaction of 
the particles is neglected in this section. It is shown how the problem of desiging the 
work can be resolved and a gauge-independent definition of work is proposed via 
including the source of work in a consistent relativistic dynamics. This leads to an 
approximate conservation of the light particle's full energy evaluated in the Lorenz 
gauge plus the kinetic energy of the source. The author also shows that this definition 
emerges from a relativistically consistent modified energy-momentum tensor for the 
whole system (i.e. particles plus electromagnetic fields). This modified energy­
momentum tensor differs from the standard Belinfante-Rosenfeld tensor. In contrast 
to the last tensor, the modified one allows to introduce a potential energy for 
particles. Also, the standard tensor does not lead to any non-trivial (approximate) 
conservation law. At any rate, both tensors lead to the same expressions for globally 
conserving energy and momentum for the whole system. In the second part the 
consistency of this definition is confirmed under a sizable radiation reaction. In 
particular, it is shown that the processes of work transfer and radiation are 
frequently well-separated in time. The last part studies an essential limitation of usual 
heat-engines: their work-producing function is closely tied to specific values of bath 
temperatures. This limitation is well-known for everyday internal combustion heat 
engines, whose normal functioning demands well-specified bath temperatures. The 
limitation is overcome via constructing an adaptive heat-engine that fits its own work­
producing functioning to given external temperatures. To this end, the standard, 
three-level heat engine model is complemented by a controlling, continuous degree 
of freedom that does not interact with external thermal baths, but does interact with 
the working body of the heat-engine. In this model the adaptation is achieved due to 
feedback from the working-body to the controlling degree of freedom. The 
adaptation can be designed with respect to the power of work or with respect to the 
efficiency of the work-extraction. The author discusses thermodynamic limitations 
that enable the adaptation, as well as its possible biophysical applications. In 
particular, he points out at a natural adaptive heat-engine (photosynthesis). 

21 

!!l~; 
'{})!-------- -

r----7 
"-.... / 


