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Pl.Ufl, ULU, ybuuw'.Jirqti4w4wu hwuwywrqbrnllJ qnJnLfaJnLU mubgnri tLUUjbu pt{LUUUlLUJru brb­

t{mJraubrr hbui Jtiwutiu, urpnrbu YLUUjnLU t hbuiwqnU1nLfaJLUU br4m n1nruiubr[! , nruibrJ_JnlflLU­

QLUU~nLfl unr l.Ufll'}JnLUJ2 ur n1nruimu pwgmu t LIJmuti hwuwr mumuuwutiruwu unr hbU1LUj2[!fl­

!lrr mririmiaJmuubr: 

lilllbtiwtunum,aJwti liLIJwlllw~!! 12t{wuuiwJru ll 11wuwywu '.Jirqr4wJr uibuwywu t.fbian11-

ubrr ll Linitb[ubrr 4rrwnmuu t ybuULUUjn[rt.fbrubrr ywnmgt{wOpWJru hwuiynLfajnLUubrr hw­

LILUfl 4wrllnr Ltinrllmu 11ruiwpyt{w& ywu uibuwywunpbu ywutuwuibut{w& brllmJraubrr mumu­

uwurrmiaJwu ll pt{WUUlWJtiu t.fbtuwuti4wJr ll 4buuw'.Jirqr4wJr ur2ll 4wllJbrr hbuiwqw qwp­

qwguwu hwuwr: '1-ruiwr4t{mu bu hbuillJw1 tuu11rrubrr! ' 

• fO-bpun11ruwtJti4 pwgwuwywu tiu2uwu qnJmraJwu tuu11rrr! : 

• Swpw&wywu uwhUwuwttiwyt{w& wut{br2 wuywrqwt{npt{w& llJn1rt1b4uirn1ruir ywnmg­

t{w&12r tuu11rrr!' wuywpqwt{npt{w&mraJmurg 4wtut{w& 4wrti hbnwt{nrmraJmuubrr Ltintu­

LUql'}bgmraJmuubrr ubrpn: 

• lfrw~wtti hwtJw4wrqbpmu 2brLiwJru wugmuubrti tuu11tir[1 : 

• -12t{wuuit.fbtuwur4w4wu 1n4w1 tubrqrwJr tuuimraJwu [l_uuirmraJwu tuu11rrr! : 

• PnqnuwJru hwuwywpqbrmu Ltintuwq11bgmraJmuubrr q&wJrumraJwup llJWJLiwuwt{nrt{w& 

11ruwtJti4 uwhuwuwttiwymuubr[!. ru~Ujbu uwll Ltintuwq11bgmraJmuubrru n~ q&wJrumra­

JnLU wt{b1wgub1nt{ LLIJ't uwhuwuwttiwymuubrr! tuwtuuib1m tiwuwUJwrhubr[!: 

q.rU1w~wti tinpny,a[!: C'uithwumr n~ hwt{wuwrwy2nt{wo ):lt{WUU1WJru t.fbtuwurywywu 

t{rtiwymu tiu2uwu hLUt{LUUWflnLU[l_ uuiwgt{b[ t ):lt{WUU1WJru fabrLinitruwtJtiywJr t.fbranitubrnt{ w­

'lrwpwuiry ll rqnrabrLiwJru nbctruubrmu: UJu hwt{wuwrmu[l_ t.lrrrw1 rabnrbtJti un11r'.!ir4wgrw 

t: Oquiwqnr&b1nt{ WJU hwt{wuwrmLi[! , WUjWgmgt{b[ t no-go rabnrbu, nru wrqb[nLU t pwgwuw­

ywu tiu2uwu t{rtiwyubrr Wl'lYWJnLfaJnLU[l_ hwuim4 uwhuwuwttiwymuubrnt{ hwuwywrqbrmu: 

brl1m wuuwhuwu qmqwhbn Lrgpwt{nrt{w& rariabrtubrr Jti2ll wuywrqwt{nrt{w& llJntrttb4uirn­

Lruir wqwui tubrqrwu hw2t{t{b1 t ur2ru 11w2uir unuiwt{nrmraJwup: '1-rwunt{ hLUJUlUWpbrt{b[ 

t wnw2ru ywrqr tPnt[WJru wugmu pwgwuwywurg itbUJr l'}flWywu rabrLinitruwtJtiy tiuzmu: 

4 

l°'qruqr JtiwiLUtP Unl'}b[nLU hwzt{t{b[ bu Jti2ru UWq_uruwgtJwu ll UlrflnLJfar UjWUlti fat{r pwztuuwu 

'.jimuygrwubf1[1_, nrnug Jti2ngnt{ pwgwhWJU1t{mu ll mumuuwurrt{mu t 2bf1UWJrb wugmuubrfl 

unr 1111 l°'qruqr JtiwiWtP Linl'}b[nLU: 5mgw11rt{mu t hwuwrctbpnLfaJnLU '1-rrw4r hwt{wuwruwu 

ni -nbuwuirt{ruuir4 uwhuwumu, LJw11b1muqr hwt{wuwruwu ll f0-br1bg4r LJwrqbuwm <ti1nt{w­

qrhwt{wuwywumraJLUU t.fbranitubrnt{ uuiwgt{nrJ_ Qt{wuuit.fbtuwurywywu tn4wl tubrqrwJr tuQ­

U1nLfajnLliubrr Jti2ll: q.uiut{b[ t [nyW[ UjLUhUjLUut{nrJ_ tubrqrwJr tuuinLfaJWU unr 1111, nrQ ywtut{wo 

t hwuwywrqr UUJrur ll ruUJnt[Ufl t{byuinrwJru LUf1U1Wl'}flJLU[flg : %LUJru Ltintuwql'}bgnL[itJnLU­

ubrnt{ pwt{wywu [l_Ul'}hwumr pnqnuwjflu hwuwywrq.mu wuhwt{WULU[lnLfaJnLUUbfl bu uuiwgt{mu 

tuuirnUJtiWJti, [!Uithwumr ur2ru 1rwgt{wOnLfaJLUU rat.lti ll 11tiullJbrutiwJti hwuwr : UJU nbctrur 

hWULU[l LUUjLUgmgt{b[ t uwnbgmtJU W[lqb[nrJ_ rabnrbtJ: '1-fluwtJtiy ynul'}buuwgrwJr 3:if1Jl'llfllur 

Wfll'}JnLUJ2[1_ hwuuiwuit{b[ t pt{LUUU1LUJru nbd-flumu' gmjg U1W[nt{, nr itruwtJtiy yn'!.ir].buuwgflwJfl 

hwuub1m hwuwr UjWhwu2t{mu t ni qOWJUnLfaJntU: Uwnbguwu LUl'lLUt{b[LUqnLJU pwuwy[l_, tiui­

UjbU uwll l'}flW Wf1U1Wl'}f1nrJ_WywuntfaJLUU ll oquiwyWfl qnrOnrJ_nLfaJLUU qnrowyflgub[l[l_ quiut{b[ 

bu 2bruwJru t{rtiwyflg uyuw& br4nbcttiu hwuwywrqr hwuwr: 

q.np6'tiw4wti wpctb~[!: Libuuwpwuwywu uw4rnun1bynqubrti 4wnmgt{wo12ti ll wnwUl\­

uwhwui4mraJmUubrti hbuiwqnuintfajnLU[l_, oquiwqnr&b[nt{ pt{wuuit.fbtuwuflywywu ll l'}WUWywu 

unuibgmuub[l[l_, [nLf12 qnrouwywu uzwuwymraJmu mufl U1LU[lpb[l qfluiwywu ll uibtuun1nqflwywu 

n[nf1U1Ub[lntU: l.ibuuLUpWUWywu LIWyflnLin[bynqubrr' umy[bfluLUfafanLUbflr ll UUJruiwymgubrr 

t1b4uirnuwJru ywnmgt{w&pu m Ltintuwq11bgmraJmu[l_ hwuywuWLQ huwrwt{nrmraJmu t uiw1ru , 

orruwy, 11briwtJti2ngubrr uwtuwq.Mwu, nrnup tiiq.rtiui rarrwtuwt{nrmu bu nrn2w4r uibriw­

uwubr' pwrb1wt{b1nt{ Wfll'}JnLUWt{buimraJnLU[! ll ut{wqbgub1nt{ 4nriuuw4r wq11bgmraJmbubrQ: 

Libuuwpwuwywu Liw4rnun1b4m1ubrr mumuuwutirmtJtig uuiwgt{w& Ujwui4brwgmuubrQ mri­

rinr11mu bu ururabuir4 UJmrabrti uwtuwq&mu[l_, nrnb):l Q.Uitorruwymu bu itrwug hwuiymraJmu­

ubrQ, ruiUJrurp bu 4wr&rmraJmu[l_, tiymumraJmUQ. ll tiuJ:lumrmJu hwt{wpmu[l_: Uuttinttib1nt{' 

ybuuwpwuwywu LIWy[lnLin[bynqubrfl nLUnLUULUUflflnLfaJLUU t.fb2 pt{wuuit.fbtuwuflywywu U l'}LU­

uwywu unuibgmuubrr ruuibqrmu[l_ ybuuwywu uzwuwymraJmU mur 4Jwupr qnr&lJurawgubrr 

t.fbr Q.Lipnumuu wnw2 urib1m, uwr11m wnnrl_2nLfaJWU pwrb1wt{uwu ll ybuuwuibtuun1nqtiwJr u 

UJmrabrr qruimfaJWU t.fb2 unrwrwrmraJmuubrti turawuuwu hwuwr: 
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'l)w2111uiwtimr;tJWli tibfl4WJWgtj_nq hptl'ow4wti 'l-flnLJrc>libfl[!: 

1. Ulllwglj_b[ t no-go rabnflbu Lt fl-flW [!Ufl-hwuflwgmu, nflnup Wflqb[mu Lu pwgwuwywu 6[!U2-

uwu 4.r6wyubflp wn4wJnL/<lJnLU[! hwlllm4 uwhuwuwi.tiwynullibfln4. hwuwljwflqbflmu: ~w­
nmglj_b[ bu Oflpuwyubfl, nflnugmu qlllu4_bt bu pwgwuwywu 6u2mtl'obfln4. 4.ti6wyubfl : LJwu­

uwlj_nflWUjbu gmJg t lllfllj_b[, "fl wuljwflq.wlj_nfllj_wb L4"LPtLbYlllflnltilllwJpu hwuwljwflq.mu 

lllb'lti t mubumu t.hm[Wjpu wugmu pwgwuwywupg fl-blljp fl-flWljwu 6u2mu: 

2. lJfiwlwi.ti ,_..qpuq.p unri-b[mu hWJllluwpbfl4.bt t2bflUWJpU wugmu, "flt:! uuwumraJmuubfl mup 

wnw2pu YWflq.p t.hmLWJpu wugnu.IUbrfi Lt ybuuwL4nLfit.!bflUbflmu ynu!jinfluwgpnu wugmu­

ubflp hblll : 

3. ~4.WUlllWJPU t.!btuwutilJwJti hWUWfl L"YW[ tubrq.tiwJti tulllnL/<lJWU [!UlllflnL/<lJWU tuuri-tiflt:! llb-

4_wljbf1L44.bL t uwtuQUlllflbtfi hwlllljmraJmuubrn4_ lt [mb4_bt' 4_brgub[n4_ '1pflwljp hwlj_wuwfl­

uwu nl rtbLJWU1p4_puU1plj UWhtJWU[! : ').pflWyp hwlj_WUWflnLt.ljig Ulllwglj_b[ t Unfl nl rtbLJW­

llltitl.pulllplj 1nlJw1 L4Whlljwu4_nri. tubflq.fiwJti tulllmraJmu, "flt:! ywtuY.wo t hwuwljwflq.p ul4ti­

upg Lt tiul.4miuti9: 

4. %wJru i.tintuwqri-bgmraJwup pwlj_wywu QUfl-hwumr pnqnuwJpu hwuwljwflq.p hwuwfl w­

lljwgmg4_bt t rabrunri-tiuwtl]iljwJti br4rnrri- Oflbuppg wY.bLr QUfl-hwumfl orbup, "flt:! gmJg 

t lllW[pU, nfl [!Ufl-hWUnLfl [flWglj_wbmraJWU /<IP4.t:! Lt wri.umlj[! hwuwljwflq.mu lbU YWfln'l 

u4_wqbi: 

5 . .'.bflJnLtitur Wflfl-JnLUJ2[! , "flt:! L4Wflll1Wfl-flmu t ri-ruwtJ]iy ynuri-buuwgfiwJti hwuub1m hwuwfl 

"l q.bwJtiu i.tintuwqri-bgmraJmuubflp wnlJwJmraJmu, Wlljwgmglj_b[ t 124.wulllwJtiu nbctpumu: 

U2fuw111wti9p libfl4WJwgnuI[!: rctbqp Wflfl-Jmupubfl[! qbljnLglj_b[ bu «Quantum Thermody-

1amics 2022», «Quantum Thermodynamics 2023» Lt «Coarse-graining the finer structure of macro­

nolecular interactions» q.plllwctnri.nl{ubrmu Lt puuwry4.bL U. ULfituwujwup wulj_wu wqq.wjpu [W­

nrwlllnflfiwJp ~Lj_WUlllWJpU q.plllnL/<lJWU Lt lllbtuun[nq.pwubflp pwctup ubtJjiUWf1Ubf1mu: 

<flwuiwrw4mtl'obrl!: UlllbuwtunumraJwu rabt1wJn4. llllljwq.114.bt t 5 hnri-4.wb: 
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U111bbwfunumr;tJWli 4wnmgl{wb9[!: UlllbuwtunumraJmUQ pwri.ywgwb t libflwbmraJm­

upg, l"flU C\-1mtuubflti9 Lt bqflwywgmraJmupg: UJU UjW/lnLUWLjmu t 130 t2. 216 h11mu Lt 17 LljWU1-

4bfl: 

USbliUtununt-IOSUli ~nctUli').Uynt-roant-liC 

librwbmr;tJmbnuI puuwryL{mu bu rabuwJti Wflfl-pwywumraJmuu m unlllpL{wgpwu, ubfl­

ywjwgL{mu bu bflym hpt.fuwywu uwrabuwlllpljwywu unri-b[Ubfl[!, nrnug t.lflw hpt.fuL{wb t rabqQ, 

Lt uywrwq.flL{nLU bu hpt.fuwywu W/lfl-JnLUJ2Ub/1[!: 

Unw2pb q.tfunuI t.lb/l[ntbL{wb t pwgwuwywu rabflunri-tiuwU]iywywu 6u2uwu q.nJnL/<lJWU 

tuuri-rflt:!: libflYWJwgL{wo t pwgwuwywu 6u2uwu ri-bu hpt.fuwywu Ulbuwywu L(iwulllw/llJQ, Lt 

puuwryL{mu bu fl-/lW 4tirwnb[pnL/<lJWU uwhuwuubr[!: UJU uwhuwuubrti Lt pwgwuwywu 6u2uwu 

4.ti6wyubrti huwrwt.lnflmraJwu !pnflLIWL L{bfltmbmraJmUQ Ljwlllwflb[m hwuwr ri-mflu t pbrtlbL 6Qu-

2uwu hwL{wuwrmu [!Ufl-hwumr pL{wUlllWJpU t.!btuwupywywu L{p6wyp hwuwr wuuwhuwu Ujn­

Ulbugpw[ hnflp ubrumu' uwuupyubrp Lt UjWlllp U]l2u i.tintuwqri-bgnt/<IJWU Ujnlllbugpw[p hblll 

hwuwlllb'l: 'l)wrq4.bL t . nr WJU hwL{wuwrmu[! q.nromu t PUllljbU wri-tiwpwlllplj , WJUUjbU tL 

2b11uwjpu nbctpLftJbrp hwuwr u hwuri-tiuwumu t t.ltirrwt rabnrbt.1]1 i.tini.tintumraJmu: 

lJbup uyub[ bup lll/14.wb <wtJ]l[lllnuJwutig 

I I ~n 
.Ye'= -2Li+ o/l(x; n ) = -2ii+ %\n(X1 ... XN) + i--j= l Uex(Xj;n ), (1) 

nfllllb'l m = 1i = I , Xr [! }-fl'l- uwuupyp D-lWt.hWJpU ynnflfl-PUWlllU t, X = (x1 .. . XN)-Q NU-lwt.hwl.Jp 

L{bljllln/1 t, V, Li = r.J=1 (i:J / i:Jxj) 2 q.flWfl-pbl.Jlllp Lt Lwl41wuti OUjbflWlllnflubrl.J bl.J WJfl-ND-lwt.Pwtiti 

lllWflWOnL/<lJnLDmu, u U0,- [! ywtut{wo t Q-pg, pWJ9 lP UbflWrlnLU UjWlllp wl.Jt{b/12 lljnlllbligpw[[!: 

Ul.Jt{b112 lljnlllbugpw[Q hw2t.lti t wnl.Jt{b[ '1tirrtuLbJr uwhuwliwJrli L4WJt1wul.Jbrnt{: zSl.J2mtJQ fl-nLflU 

t pb11t.lb1, nrl4bu n -nt.l uwhuwut{wb v owt{wLti i.tini.tintumraJwtJp m11bygt{n11 hwuwywrq.ti tlibr­

q.pwJti i.tini.tintumraJwl.i wrwq.mraJml.i[!' 

P = _I_~ [~ 1 (xr)IV 
1
2ds + ~N Jim (nlVex(xj; n )-Uex(xj; n '(a)Jn) ] (2) 

DV i.JnP" 2 Jan 'l'n i--1= 1 a->0 a ' 

nrlllb'l 'l'n = (xJn)-Q hwuwywrq.ti n-1111 ubi.pwywl.J t{p6wyl.J t Lt p,,-Q hwt{wl.JwywunifJJnLl.JQ, nr 

hwuwljwflq.Q Ljq.llllit{ti 11-rri- t.lti6wymu. 

UjU hwt{wuwruwl.J wl.JU]i2wywl.J Wf1fl-JnLUJ2[! no-go rabnrbt.fu t . nru wumu t' RL/.WUl.(IWjfl/J 

hwuwqw{lq[!, n{I[! lfl tfinfuwqf').ntU w1/J UJWl.(lbflfl hbl.(I, nf1n/J12 uwhUw/Jwtfiwl.f mu b/J Uf1WU lflf1Lf wa 
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awtjwtf1 tll:;2, J/1 /jW(lnrz nLUOUW[ !Jw1mu pwgwuwljwu 6u2nuJntj t./f16wljul:i(I: UjU ~tmrl:ii.l[! UjUl'}nLL.l 

t . nr 4WJnLU liwuw4wrq.[! urzui Lrwgumu t UjWuibrntl uwhuwuwtJiw4L{wo owl{WL[!' brp.b12 ir 

ub11ul{mu wl{blr tJln12r owl{wlr: '1-w uwLL gmjg t uiwlru , nr L{wu 11br '-lwlur hb11m4r p.wgwuw-

4wu 6uzmunl{ tlti6w4ubr[! 4wu ur2tiu 11w2uiti Ub~n11ti wruib~w4ui bu, 4uJu uwuiuwuzmu 

bu L{wu 11br '-lwlur un11bLmu uwuur4ubrr LL Ujwuiti LJti2LL ~w12ul{wo tJlnttJwq11bgm~Jmu , nrQ 

ti hWJUl t q.wltiu ur2tiu 11w2uiti Ub~n'1[! 4tirwnb1tiu: No-go ~bnrbi.I[! uwLL hmzmu t . ~b nr 

hwuw4wrq.br12 4wrn11 bu p.wgwuw4wu 6uzmu mubuwF Oq.uiwq.nrob1ntl (2) 6uzuwu hwl{wuw­

rmu12, ubr4wJwgl{mu bu j2L{wuuiwJru LL 11wuw4wu Ujwrq Unl'}bLubr, nruib11 wn4w bu p.wgwuw-

4wu 6uzmunl{ tlti6w4ubr : 

Unw2~b q.Lfu~ br4rnr11 4bumu LntOL{mu t br4m wuuwhuwu Lrg12wl{nrl{wo ~r~b11ubrr 
ur2LL wu4wrq.wl{nrl{wo UjnLrtLb41I1rntti1I1ti tuu11tir12. nrti wr11Jmu12mu wnw2wumu t wnw2tiu 

4wrq.r tJlntLWJtiu wugmu p.wgwuw4wurg '1rw4wu ~brun11ruwiJti4w4wu 6uzuwu : (wuw4wr­

q.r wu4wrq.wl{nrl{wo tJlnttJwq11bgnt~Jmuubr[! 4wr6 hbnwl{nrm~JWU L{r w bu LL 4wnwl{wrl{mu 

bu u1I1nrLL p.brl{wo UjnuibugtiwLntl' 

v.,.(x ) = v0~,~,·o(x), (3) 

nruib11 T, • ' ununUbrubrti hwuwrubru bu , Vo> 0 tJintuwq11bgm~JWU 4nUUIIlWUIIl[!, 8-u '1-tirw4ti 

l'}b[IIlW ~mu4gtiwu t LL ~. wu4wtu. qrn ur2tiunl{ LL~ 11tiuUjbrutiwJnl{ bnruw1 p.wztumunl{ UjWIIlW­

hw4wu Ubom~Jmuubr bu: (wuw4wrq.ti ~wup.ti 4buir un1I1wl{nrm~Jwup. LnLOntu[! p.brmu t n1 

q.owJtiu CrJn11ruq.brti hwl{wuwruwu 

( ) 
3 <t> (z) 

<t>"(z) = _ 68'0 + av z <t> (z) + 0 µ + v<t>2(z)' (4) 

nruib11 <1>
2 

ununiJbrtJbrr ttJIIlnt~JWU ~mu4grwu t , c&"o hWUWUjWIIlWUttJwu ubtJlw4wu wrctbj2[! , 

v-u ununUbrubrti 4nugbu1Jlrwgtiwu , a = 12np2l 2AB, p-u uwuuw4ti Lr9Rr q.nrow4rg[!, tiu4 AB 

PJbrmLJti br4wrm~Jmu: (wuw4wrq.r p.brl{wo wqwui tubrq.tiwu ubr4wJwgl{mu t' 

a v av ja j" j" <t>2(z) A=c&"o+-12 a+-12 dz dz'/z-z'/ <I>2(z') <I>2(z)- ctzr r <t>
2
( ,+ 

-a -a -a vµ + vv z 

I ;·a v +-_- dzln ( l +-<t>2(z) ) , 
2vv -a µ 

nruib11 A = A/(KBTvl ), A urwtlnr uw4brbutiu hwuun11 wqwlil tubrq.tiwu t , KB-U Pn1guwuti 

4nuUIIlWUIIl[! , T-U' 2bruwuuir6wu[! , /-[!' limhur br4wrm~JnLU[! , ru4 2a-U' br4m ~w11wu~ubrr 

(5) 

8 

iJti2LL hbnwl{nrm~Jmu[! : (wuw4wrq.r 6uzmu[! hwzl{L{wo t nrlljbu P = -f M LL ubr4wJwgl{wo 

t 'l)w1I14br 1-mu: t°'UiUjbU brLLmu t UIIlnrLL ~ f 0 wu4wrq.wl{nrl{wo L{r6w4mu q.njnt~jntu mur 

tJlm[WJtiu wugmu p.wgwuw4wurg '1rw4wu 6uzmu ac 4rruir4w4wu hbnwl{nrm~JWU L{rw: 

4, •.. 
~ = 0 

3~ \ o - ~=10 

2 

1 
' --

p 0 ' - ~ 

-1 

-2 

-3 

-4 

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 
a 

fT)wlI14br 1: LJti2~w11wu~wJru 6uzuwu 4wttJL{wom~JnLU[! a-rg : ac = 1,525 4rrlilr4w4wu 

hbnwl{nrm~JWU ctwuwuw4 IIlb~ t mubumu UjnLrttb41J1rnLrlilwJru z~wJr wnw2ru 4wrq.r 

tJlm[WJru wugmu, nr[! p.um~wq.rl{mu t tJlnttJwql'}bgm~JWU 6uzuwu [!Ul'}hWIIl ~nr112nl{, nr[! 

Y,nttJL{mu t llq.n11rg l'}blljr t{wun11' iJti2~w11wu~wJru hbnwt{nrm~JWU 4rr1Ilr4w4wu wrctb12rg 

Ge wugubLnt l'}bUjj2nLU: 

bp4pnpl} q.Lntfu[! ut{rrt{wo t LJtiw1wY, hwuw4wrq.brmu II1bl1r mubgn112b~UWJru wu­

gmuubrru: '-lbrLntOnL~JWU UjW[lqnL~JWU hwuwr [!UIIlfll{WO t rqruq.ti un11bL[!: UjU un11b1mu Ubu12 

q.1J1bL bu12 2bruwJru wugmu tir wuguwu 2bruwu1J1ti6wuubrnt{, nrnu12 uuwu bu wnw2tiu 4wrq.ti 

Y,m[WJtiU wugmuubrti 2bruwu1J1ti6wuubrtiu: UJU wugmuubr[! hWJII1Ut{mu bu II1wrp.bf1 ur2tiu 
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Lw4_ Linl11r4_wg4_wa tubrqrwJr tul11mraJmu q1J1ublm hwuwr Ubup u4umu bup huwrw­

nrruu ~muri-wUbulJ1W[, nbuwl11r4.rul11r4 hwLiw4wrqrg' '1-rrw4r hw4_wuwrnul[ig : Oq1J1wqnr­

b[n4_ ri-rw tubrqrwJli liLil4nLLuli 1J1buqnrl:! LL quwln4. ri-bl41i ni nbuwl111i4.liul111i4 uwhuwu[!' Ubup 

1J1umu bup Ln4wl 1..1.jWh1..1.jwu4_wa n~ nbLJWl111i4_1iul111i4 tubrqliwJli lul11nLf'IJnLU , n[l[! uwhuwu4_mu 

SbrLb941i Lfwrqbuwm <liL 124.wqlihw4_wuw4wumraJwu UJi2ngn4. (nru WJLIL41iun4_ [!Ul11f14.mLI t 

uwgwa pn[nfl 124.wqli hw4_wuw4wumraJmuubrlig) : 

p = tr[R{H, lx)(xl}], (6) 

f11J1b11 R-[! tu1J1mraJwu Liwl11rligu t liu4 H-[!' CrJnri-liuqbrli <wUJitl11nuJWU[!: UJu hwLl[!u4umLI 

tubrqliwJli f<tnLJL wpdbJ:lli hbl11, liuil..l.jbU uwu hliri-rnri-liuwll[l4 tubpqliwJli hbl11 Lfwri-btmuqli 

bf14WJWgLiwu Ub2. np[! ubrwnmu t PnhU]i J24.WUl11WJliu l..l.jnl11bugliwl[!: UjU Wf1"1-JnLUJ2UOf1[! 41i­

wnbLli bu 4.li6w4ubrmu, np1J1b11 LnlJwL tubrqliwJli ubrlJwJwgmLI[! twljwu t . orliuwlj' Ubup 

nLJg OUJ:l l11WL1iu, nr tubrqliwJli L/intuwuguwu wrwqnL[aJnLU[! wqwl11 WLliJ:lWJliU L/iwrabraubrli 

ta ri-wuli hwuwr (ubrwnJWL C\-wmuli LL tJrrr wLli12wJliu L/iwrabraubrl:!) w4_blti Uba t , 12wu ri-rw 

JupwJliu (wJuliu12u' Ljnnrri-liuw1J1li L/intuwuguwu) wrwqmiaJmu[!: 

Lfbu12 uwlL q1J1umu bu12 Ul..l.jliuliu wnui4.n11 Ln4WL tubrqliwJli unr llLL, np[! 4.br2w4.nr t 

i nbLJWl111i4.liulJ11i4 uwhuwumu LL WU2Wl11 U'uwgwa tubrqliwJlig 1..1.jWh1..1.jwu4_mLI t Ln4wr tubr­

tiwJli WJU Ill.Lu muli hnlnqpw~lilj punLjj3, WJUliupu' "l-f1W Wf1Ubj2[! l11tlJWL aw4_wtli hwUWf1 Wf1lJ1W­

WJl114_mu t WJU aw4.wLli LiwljbrU.mJrali ur2ngn4. LL Uf1W [!uri-hwumr tubrqliwu qrn t : 

p, = VY', Y' = ~:Rtr[ lx)(x l <r x PR], 
4m 

fll11b11 cr-u 'T1wmtlir 4_blj1J1nru t liu4 P-u liLIL4mtuli 01..1.jbf1Wl11np[!: 

(7) 

Qnppnp11 q.tfunuI 12uuwrlJ4.mLI bu qawJliu L/intuwqri-bgmraJwLlp pnqnuwJliu hwuwljwr­

.brr 4.rw ri-r4_wa uwhuwuwl/iwljmuubr[!: :bpJnLlituli ri-liuwll[llj Ljnu11buuwgrwu 1J1buwljwu brb­

mJra t . nr[! UOf1lJ1nrbu ljw1..1.j4_wa t Pnqb tJu21J1bJU Ljnuri-buuwguwu hbl11, nru wnw2wr44.mLI t 

[11..1.jbU plin~liqlilJWJnLU pwqll[lgu hwuri-lil4n11 UbtuwuliqLi: '1-wuw4wu Ubranri-ubrn4_ mumuuw-

1lir4_wa WJU b[lUnLJf<t[! wnw2 t pbf1nLU 4_wrljwa, nr Ljnuri-buuwgliwJli ri-liuwll[llj wnw2wguwu 

1wuwr L4Wf1l11W"l-lif1 t n~ qbwJliu LJintuwqri-bgmraJmuubrli qnJnLf<tJnLU[!: U2tuw1J1bLn4. qml11124.wu­

nwJliu nbdliLimLI, Ubu12 gmJg bup l11WLliu 4.wrljwali 621J1mf<tJnLU[! u4qpuwljwu 4.ti6wljubrli tWJU 

14 

ri-wur hwuwr LL Uj1 hwrwpbf1nLf<tJnLU, nru w4_btr [!uri-hwumr t , J2WU rabrunri-liuwU]iljwJli brlJrnrri­

orbu12[!' qawJliu LJintuwqri-bgmraJmuubrli dwuwuwlj [!U"l-hwumr ur2liu Lrwg4_womraJwu rali4.1:! 

(~nunuubrli rali4.1:!) iii u4_wqmu: Uju hwrwpbf1nLf<tJnLU[! ljw1..1.j4_wa t w11Llmljli pwpllrwguwu {Ljwu 

2bnmguwu) hbl11 LL uuwu t brlJrnrri- orbu12liu: Lfbu12 gmJg bu12 l11WL1iu, nr 2bnmgmLI[! Ljwrn11 t 

21124.bL Llnri-brli U[l2LL n~ qOWJliu LJintuwqri-bgmraJmuubrli U[l2ngn4_: lirwu12 Ljwrn11 bu uwnbgubL 

2Df1LIWJliu 4_1i6wljmu q1J1u4_n11 hwuwljwrq[! (u4_wqbgub[ U[l2liu Lf1Wg4_wam13JWU Lf11i4. rali4.I:! lJ. 

"l-f1W hbl11 ljw1..1.j4_wa w11umlj[!)' UjWJUWun4_, nr unri-brli hw6wtuwljwumraJmuubr[! l11Wf1pbf1 bu: 

li uwu brlLmJra iii LJwrn11 tliubL tubrqbl111ilj uwnbguwu ri-bl412mu, nrl11bf'l hw4_wuwrwLJ2n4_wa 

hwuwljwrqli U[lwju U[l Liwuu t uwnmu: 

b~ru4usn~raan~~~br 

1. U1J1wg4_bt t 6u2Llwu n~ hw4_wuwrwlJ2lin [!Uflhwumr hw4_wuwrmu 124_wul11WJliu rabrunri-li ­

uwU[lljwJlig ' n[ll..l.jbU 4.lirliwl 13bnrbll[l unri-li~liljwgliw : U1..1.jwgmg4_b[ t no-go rabnrbu, nru 

wrqbLmLi t pwgwuwljwu 6u2mLI[! Ljnulj[lbl11 1..1.jWJLiwuubr flDl..l.jJ2nLLI: ljwnmg4_wo bu 1..1.jW[lq 

p4_wul11WJliu LL ri-wuwljwu Llnflb[Ubf1, nrnugmu gmjg t l11f1lj_wa pwgwuwljwu 6uzmun4_ 

4.r6wljubrr wnljWJnLf<tJnLU[!: nwmuuwurr4.bL t wuljwrqw4_nr4_wo L4ntrtLb4l11f1nlrl11wJtiu 

hwuwljwrq ur2ru ri-w21J1ti Unl11w4_npnLf<tJWUp, LL gmjg t l11f14.bL, nr WJU hwuwljwrqmu Ljw 

wnw2liu Ljwrqli lJinqwjtJu wugmu pwgwuwljwutJg flDL41i ri-rwljwu 6uzmu: 

2. '-lbr2w4.nr urwiwlJi rqliuqli Llnri-btmLI gmJg t l11fl4.bL, nr 1J1b11.ti t mubumu wugmu Ljwrqw-

4.nr4_womraJwu 1..1.jWf1WUbl11f1tJ hw4_wuwljWUnLf<tJWU pw2tumumu: 5nLJ9 t l11[14_b[, nr WJU 

wugmLI[! uuwu t wnw21iu Ljwrqti LPnLLWJtiu wugmuubrtiu . pwuti nr WJU muti brljm wugm­

UWJtiu 2bruwu1J1ti6wuubr: UJU wugmLlwJtiU 2bruwu1J1ti6wuubrli LjwrunrmraJnLU[! gmgw­

ri-r4.bt t LjbuUWl..l.jn[tJUbrubrtJ Ljnnl..l.jb[1Wl11tJ4_ wugmuubrtJ hwuwl11bj2Ul11nLU: 

3. lnlJwl tubrqtJwJti lul11nLf<tJWU [!Ul11f1nLf<tJWU tuuri-tJfl[! ni nbLJwl11r4.tiul11tJLj p4_wul11wjtJu Ub­

tuwutJljwjmLI llLLwljbrl44.bL t hwl11ljnLf<tJnLUUbflti pwg pwqumraJwLip, nrnup uuwu W[1Ubj2[! 

l4til11ti mubuw: LnljW[ tubrqtiwJti tulJ1nLf<tJnLU[! QUl11fl4.bL t tir Ljwnw4_wrn11 n w1J1Ljm13JWU 

hb1J1 U[lwutiu' hw24.bLn4. '1-tirw4ti hw4_wuwruwu n~ nbuw1J1ti4.tiu1J1tilj uwhuwu[!: Uuhw4_w­

uwrmraJmu t ubrljwjwg4.bt tubrqtiwJli LL Ljnnrri-tiuw1J1ti LJintuwuguwu Wf1WctnLf<tJnLUubrti 

4_bf1Wfl0f1JW[, nfl[! qn[lOnLU t W[tJJ2WJtJU LPWf<tOf'IUbflti UbO UWUti hWUWf1: '1-tirwljti hw4_wuw-

15 

1 



pnu.lrg uuiwgtJ.b-L t \.mp n1 n.buwuititJ.tiuuiti4 Ln4wl ll.fWhll.fwutJ.nri. tubpqtJwJti tuuim13Jmu, npQ 

4wtutJ.wcr t hwt.lwljwpqtJ Ull.ftiutiug Lt tiull.fmturg : 

4. Pwtj_wljwutiu QLI"lhwump p.nqnuwJtiu hwt.lwljwpqbrti hwt.lwp Wll.fwgmgtJ.b-L t. np qcrwJtiu 

t.Jintuwq"lbgm131muubpQ ibu ljwpnri_ utj_wqbgub-L hwt.lwljwpqtJ QLI"lhwump trwgtj_wcrm131wu 

tartJ.Q: 3ipJnLtitutJ Wfl"lJnLUj;lQ Ljnu"lbuuwgtiwJti hwuwp ll.fWflUlW"ltJfl n~ qcrwJtiu t.Jintuwq!'lb­

gm13JmUubpti qnJnLf3JWU uwutJu Wll.fWgmgtJ.b-L t plj_wuUlWJtJu n.bcttJumu: ntumuuwutiptJ.b-L 

t n1 qcrwJtiu t.Jintuwq1'lbgm13Jmuubpn4_ wn.wtJ.b-LwqmJu uwn.bgmt.IQ tir wpuiw"lrnri.wljwum­

f3JWU Lt oquiwljwp qnpcrnri.mraJwu qnpcrwljtJgubrti uwht.lwuubpnlj_: 5mgw"lr4.b-L t hwuwub­

Lti uwn.bgt.lwu hwt.lwp n1 qcrwJtiu ~wurLuinu1wutJ optJuwlj : 

ustit..un.rnunt-.raaul.. rubtruan<t <rusurui..<tuu <nrw.utJlJbri"' snt-.sui.. 
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Stepanyan Varazdat 

Quantum and Classical Phenomena in the Structure of Biopolymers 

Abstract 

The aim of the thesis is to apply theoretical methods and models of quantum and classical 

physics to study the experimentally observed or theoretically predicted phenomena important in 

the structural properties of biopolymers and to further develop the connections between quantum 

mechanics and biophysics. The thesis studies several extreme thermodynamic conditions such as 

negative thermodynamic pressure and dynamic boson condensation which are thought to be vital 

fo r the biological functions of biopolymers. Different structural transitions within the context of 

these extreme thermodynamic conditions have been studied . 

1. A general equation for non-equilibrium pressure is derived from quantum thermodynamics as 

a modification of the vi rial theorem. A no-go theorem is proven forbidding negative pressure 

if specific conditions are met. A quantum and a classical toy models are constructed showing 

negative pressure in both cases. A disordered polyelectrolyte system is studied with mean 

field approximation, showing that this system undergoes a first order phase transition from 

negative to positive pressure. 

2. In the context of the finite one dimensional Ising model it is shown that a transition occurs 

with respect to the distribution of the order parameter. It is shown that this transition is 

similar to the first order phase transition in that it has two transition temperatures. The 

importance of these transition temperatures are shown in the context of cooperative transitions 

in biopolymers. 

3. The problem of choice of a local energy density in non-relativistic quantum mechanics is 

formalized with an open set of properties that such a value should have. A local energy 

density is chosen along with its governing property by taking the non-relativistic limit of the 

-Dirac equation. An inequality is presented about energy and probability transfer velocities 

that holds for most wave-packets. A new non-relativistic locally conserved energy density is 

derived from the Dirac equation which depends on the spin and momentum of the system. 
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4. It is proven for a very general boson system that linear interactions cannot decrease the 

total occupation number of the system. Frohlich's result of the requirement of non-linear 

interactions for condensation is proven in a quantum regime. The maximum cooling with non­

linear interactions is studied with bounds on the efficiency and the coefficient of performance 

in different limits. An example of achievable cooling is shown for a non-linear Hamiltonian. 
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CTenaHJIH BapaJAaT 

KsaHTOBb1e 11 Knacc11'1ecK11e 11snett1111 B CTPYKType 61-1onon11Mepos 

A6cTpaKT 

LJ,e11bl0 AHCcepTal.IHH RBllReTCR np11MeHeH11e reopern4eCKl1X MeTOAOB 11 MOAendi KBaHTOBOi1 

11 K/laCCl14eCKOi1 cp11311Kl1 AllR 113y4eHl1R 3KCnep11MeHTa/lbHO Ha61llOAaeMblX 111111 reopern4eCKl1 npeA­

CKa3aHHblX RB11ett11i1, salKHblX AllR crpyKrypttblX csoi1crn 611ono1111Mepos, 11 AallbHei1wee pa3s11r11e 

CBR3ei1 MelKAY KBaHTOBOi1MexaHl1KOi111 611ocp113HKOi;i, B Al1Ccepra41111113y4a10TCFI HeCKO/lbKO 3KCTpe­

M3/lbHblX TepMOA11HaMl14eCKl1X ycnoe11i1, T3K11X KaK 01p111.1a1enbHOe 1epMOAl1HaM114eCKOe AaBlleH11e 11 

A11HaMl14ecKaR 6030HHaR KOHAeHca411R, KOTOpble C411TalOTCR IKl13HeHHO BalKHblMl1 AllR 611onor114ec­

Kl1X cpyttK411i1 611ono1111Mepos. ob11111 113y4eHbl pa3/ll14Hble crpyKrypttb1e nepeXOAbl B KOHTeKcre 3Tl1X 

:>KcrpeManbHblX repMOA11H3Ml14eCKl1X ycnoe11i1. 

1. 06w,ee ypasHeH11e AllR HepaBHOBeCHoro AaBlleHl1R BblBOA11TCFI 113 KB3HTOBOi1 1epMOAl1HaMl1Kl1 

KaK MOA11cp11Ka411R reopeMbl e11p11a11a. AoKa3aHa reopeMa 3anpera, 3anpew,a1aw,aR orp111.1a­

TellbHOe Aaenett11e np11 Bb1no11HeH1111 onpeAeneHHblX ycnos11i;i . nocrpoettbl KBaHrnBaR 11 K11ac­

c114ecKaR npocrb1e MOAen11, noKa3blBa1aw,11e orp111.1arenbHOe AaBneH11e B 06011x cny4aRX. He­

ynopRA04eHHaR non11311eK1pon11rHaR c11creMa 113y4aercR c noMOW,blO np116n111KeH11R cpeAHero 

nonR, noKa3blBalOw,ero , 4TO 3Ta c11creMa nperepneeaer cpa30Bb1i;i nepexoA nepeoro poAa or 

orp114are11bHOro AaB11eH11R K nono1K11renbHOMy. 

2. B KOHTeKCTe KOHe4HOi1 OAHOMepHoi1 MOAen11 ~311Hra noKa3aHO, 4TO nepeXOA np011CXOA11T 

OTHOCl1Te/lbHO pacnpeAelleHl1R napaMerpa nopRAKa. noKa3aHO, 4TO 3TOT nepeXOA aHa/lOrl14eH 

cpa3oBoMy nepexoAy nepeoro poAa TeM, 4TO 11Meer ABe reMneparypb1 nepexoAa. noKa3aHa 

B31KHOCTb 3Tl1X reMneparyp nepexoAa B KOHTeKcre KooneparnBHblX nepexoAOB 611ono1111Mepoe. 

3. npo611eMa Bbl6opa /lOK3/lbHOi1 nllOTHOCTl1 3Hepr1111 B HepenRTl1B11CTCKOi1 KB3HTOBOi;i MeXaH11Ke 

cpOpMa11113yeTCR c OTKpblTblM Ha6opoM ceoi1crn, KOTOpblMl1 AOlllKHO o6naAaTb TaKOe 3Ha4eH11e. 

noKa/lbHaR nnoTHOCTb 3Hepr1111 Bb1611paeTCR BMeCTe c ee onpeAellRIOW,11M CBO~CTBOM nyreM 

np11HRTl1R HepenRTl1Bl1CTCKOro npeAena ypaBHeHl1R A11paKa. npeACTaBlleHO HepaeeHCTBO OT­

HOCl1Te/lbHO CKopocrei;i nepeHoca 3Hepr1111 11 eepORTHOCTl1, KOTOpoe cnpaBeA/11160 AllR 6ollb­

Wl1HCTBa BOllHOBblX naKeroe. ~3 ypaeHeH11R A11paKa BblBOA11TCR HOBaR Hepe11Rr11e11crcKaR 
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noKanbHO coxpaHFHOUJ,aACA nnoTHOCTb 3Hepnrn, 3aBl1CAUJ,aA OT cn11Ha 11 11Mnynbca Cl1CTeMbl. 

4. )J.oKa3aHO AnA 04eHb o6w.ei;i Cl1CTeMbl 6o30HOB, 4TO n11Hei;;Hble B3al1MOAei;icTBl1A He Moryr 

yMeHbWl1Tb o6w.ee 411cno 3anonHeH11A c11creMbl. Pe3ynbrar <Ppen11xa o rpe6oaaH1111 Hen11Hei;i­

HblX B3al1MOAei;icra11i;i AnA KOHAeHca41111 AOKa3aH B KBaHTOBOM pe1K11Me. MaKCl1ManbHOe ox­

na>KAeH11e c Hen11Hei;;HblMl1 B3al1MOAei;icTBl1AMl1 113y4aeTCA c orpaHl14eHl1AMl1 Ha 3cpcpeKTl1B­

HOCTb 11 K03cpcp11411eHT noneJHoro Aei;icra11A a pa3n114HblX npeAenax. noKaJaH np11Mep AOC­

rn>K11Moro oxna1t1AeH11A AnA Hen11Hei;;Horo raM11nbTOH11aHa. 
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