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1. Brne.uenue

B ugroqnux [] e uarpaneno crarzcrtrqecxo rr3cJreABaHe Ha
KpbroB npeHoceH MaKpo[poqec Ha [a3oBtr fionu uog Aeficrsne Ha MarEtrTHo rIoJIe B

ycroBusra Ha rr3xycrBen MoAeJr Ha ronJrtrrren 4nnrarer (Tr{).
T.{ e nsrpa4eH or trgroqHr{K Ha nocroflHno xoMoreHHo MarnarHo rroJre x pa6o-

TeH qtrJrEHAbp or HeMaurrrreH r{AearleH trgoJlarop, B KofiTo e 3arBopeu r&r or eArro-
I{MeEHr.r fionu c KoHrIeHTpaq[r, orroBapsr\alal cpeAeH BaKyyr!{.

Ha r[ur. I e noxagano ycnoBrro uso6paxenue Ha eAr{H Tr{. Or qeprexa ce BrIx-
Aa, qe npunox(eHoro MarHrrrHo rroJre (B) e opuenrnpauo ycnopeAHo Ha porarltron-
Hara oc Oznapa6omtrc qr,urrlnArp n T,{.

IlgcneAsaHero e HarrpaBeHo rrpu npeArronoxeHtre, qe pa6orxnrr o6eu, n xofi-
ro fionnre ocbrrlecrBrBar ronJrrrHHo ABuxeHr,re, e KoaKcuaJrHo exBtrtroreHquaJruo E
KoaKcuaJrHo erctrcxopocrHo npocrpancrBo. ,{onycranero e eAlro aodpo upn6au-
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xeHne KbM peanHr{Te ycnoBrrfl B qnntrHAbpa, aKo EeroBara o6patyBareJrHa o MEoro
rro-roJreMa or BbTperxHns My paAnyc.

B exrunorenquarnr,r.s E eKBtrcKopocreH MaKpoMoAeJr na Tr{ cpeAnara rorrJrtrE-
Ha cKopocr na fionure Aocrrrra MaKclrMaJrHara cr. crofinocr Bbpxy oxoJrnara rro-
BbpxHlrrra na pa6ornm rIHJrtrHAbp n rfl e

(r) v(r)=,;@l=J#
I(bAero 7 e rraaxporeMrreparypa Ha Kopnyca, k - xoncranra
Maca Ha orAeJreH fion (rarona uacruqa).

naEoaqvax,ifl-

(2)

,{orasano e, rle B ycnoBurra Ha qtrnnHApil.rtar,A MoAen (Qm. l) fionnre rrvrar
MaKpocKorrErrHa poTarIHoHHa XoMrroHeETa Ha TOTIJIUEHO ABEXeHtre, KOSTO e O[pe-
AeJreHa n [] no creAHHs Haqr{H:

t"(T)= '"0(') ',(r)
R

KbAero rrrr(T) e MaKpocKorrtrqHa brJroBa cxopocr na fionure, v*(T) - MaKpocKo-
rluqHa ranreHlll,rzurua rurnefina KoMrroHeHTa Ha cpeAHara rorrJruHHa cKopocr na fio-
HLITe Bbpxy oKoJrrrara rroBbpxrrocr Ea rltrntrHAbpa, n. - Bbrperxeu paAnyc Ha pa-
6ornus qrrJrrrnAbp.
' MaxpocKorr[qHara raHreHrIRaJrHa KoMnonerrra Ha cpeAnara rorrJlunHa cKo-
pocr vr(T) or (2) u MarcuMarrHara cpeAHa rorrrunna cxopocr v(7) or (l) ca cnrp-
3aHI,I Ha rroBspxHocTTa Ha qr{JrtrHAbpa qpe3 cJreAHoTo paBeHcTBo:

,' F) = 4,F) * vi (r) + f, (r) = 4@) * tr*(r),

KbAero vo"(T) e cpeAHara rorrJrnnHa cKopocr na fionure no ocra Oz,v^(T) - cpeA-

Hara pa.qtrarrna KoMnoEeHra na v(T), a v.(f)= ,[r;@1*rt(q - cpeAuara xao-

TulrHa KoMrroHeHTa na v(T).
B [1] e ror(a3aHo, qe fionure npn cBoero ronJrtrHno ABExeEtre B ycranoBeHara

tr eKBtrTeMrreparypHa crrcreMa na T.{ ry6xr or Kr{HerrrqHara ctr eHeprtrt caMo rlpe3

eJIeKTpoMarHurHo r,r3rbqBaue. Koraro cucreMara ua TA e trsontrpaHa, Testr sary6u
ce KoMneHctrpar rrbJrno rrpe3 npoqec na o6parno npeo6pasyBaHe Ira eneKrpoMar-
r.vrna eneprrrfl B eHeprtrr Ea rorrJrtrHno ABnxeurre (npnnqnn na Aerafinnoro paBno-
necue). 3a npocrora, Koraro orrtrcBaMe rrbJrnara W unrrpeutsara U eHeprtrlr Ea
E3OJII{paHa Cr{CTeMa, HflMa Aa patrpaHr4qaBaMe TexrrtrTe eJIeKTpOMaTHUTHtr KOMtrO-
HeHTr{, 3arrloTo Te ca caMo aIInTvBHn BeJrIrqtrHE.

Torasa olpocreHusr 3arruc Ha nbJrnara eHeprrls Ha ra3oBara cpeAa Wr(T), sa
u3oJll{paHara crrcreMa na T,{, ule rrMa cJreAHE BnA:

(4) w 
"(r) 

= w*,F) n u 
"(r) 

= + (tr- {r) * tF)),
KbAero WkB(!) e KrrHerr{rruara eneprr{fl Koero ce }I3-
BbpIrIBa or-rasonara cpeAa, U,(D - nr o6eu, Kosro
rIpoI{3JIH3a oT xaortrqHara roMnonenra afrr- cyMa-
TA OT MACHTC HA TA3OBI{TE IIACTUIIH B MHOXECTBOTO.

flrnnara eneprrs Ha pa6ornns qErEEAbp lI/tT)uoxe orpocreuo Aa ce [peA-
CTABE TAKA
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(5)

KbAero wk"(T) e Kr{HeruqHara eneprtrs Ha MaKpocxorltrno BbpreHe, au"(T) - Bbr-
PEIIIHATA EHEPTE' HA qtrJIHHAbPA, KATO C}TMA OT XI,IHETI,IqHIITE EHEPIUI{ HA CbCTABfl-
Ir{trTe ro MnKporlacrl{qu rIpH T.sxHoTo xaornqHo rorrJrr{HHo ABEXeHT{e B TBbpAO
TffJIO.

Hera Aa 3anl{ureM Ir rIbJIHara eHeprus W(T) na rrconr{paHara cr{creMa, a rrMeH-
HO

(6)

(7)

w(r)=w,F)*w"(r).

,s(z)= s,(r)*s"(z).
Bcu.rrrl BeJrr,rrrrrrrn, Kor{To 6sxa otncaHn Aocera (cxopocru, eHepruu, enTpo-

nuu), ca eAHosHarrn[ rfynxqun rra MaKporeMreparyparaT.Sarpocrora B cneABa-
rrlE TeKcr ra3u BaxHa QynrquonanHa Bpb3Ka rqe or6encsBaMe caMo c r{HAeKc,
xofiro e eArraKbB c r{HAeKca Ha reMneparypara, TaKa HanpuMep aKo T : T" To cb-

orBerHtrTe B.JIIIqI{HI' ca orr,, rW'rS'rU', tr,t.

2. Tepvo4uHaMutreH aHanrr3
Ha H3oJrr{paHa cucrevra ua Tr{

Tyr qe olpeAeJruM H.flKolr repMoAEHaMtrrrHE napaMerprr Ha
nsonr{paHa c}rcreMa na T.{ (VlC na TA) n,pa3r[rrHtr paBnoBecHr{ cbcrorHu.s r,I lrle
aHarlrsnpaMe rrpexoAa Ha cucreMara MexAy paBHoBecHtrre i crcro.sHns qpes cpeA-
cTBaTa Ha TepMoAr.rrraMnKaTa.

C nperrcnaHa ItlaHHr na Qur. I e o.repran np[rMepen KoHryp Ha eAHa nJrtTHa
o6nunra, Korro r{3onupa BbrperrrHn cn o6ev.

2.1. PaeuooecHu cbcrnonHu.fl Ha neceo6oden TI
Hecno6ogen TA (HTD rue HaprqaMe ro3n, a xofiro pa6or-

Hu-sr qtrrrnAbp H.sMa cso6oAa Ha poraqtronHo BbpreHe. O6parnoto ule EaptrqaMe
cno6o4en TA (CTD. MexanRgurr sa 6lornpaHe Ha Tr{ e noxasan ycJroBHo na Sur, l.

Cera'nera VIC sa HTr{ aa e ycraHoBeHa B cbcrornrre Ha repMoAtrHaMtrrrno
paBHoBecr,re npn reMrreparypa d (crcroruue T).

flapavrerpnrenaIlI.C na HT.( B cbcrorHne To ue orrnrrreM TaKa:

w"F)=wu.@)*u"g),

Analoruqno n o[pocreHo rrle 3anr{rrreM r.r eHTpolucra Ha cr{creMara

(E)

T' : TO,

Wo =Wo +Woga

=W.o +(Jokga

So=So+So.go

=wl,+ui +wi+ui
+Uo, oauloro W!.=0,

II{e:arurueM rr flapaMerpnTe naVIC na HT.{ B cbcrornr{eT,a EMeErro:
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1W,

Paur.mara MexAy ABere ctcrosHrr (TrnTo) Moxe Aa ce orrnrrre qpe3 r,r3MeHe-
HnsTa n croftxocrr.rTe Ha TepMoAuHaMErrrrr{Te napaMeTpH, TaKa:

(l 0)

A4, : Tr-T0.0,
LW = LWI + LWot = t4l *lt/' +A{'

:Wl" -W:, * U'" - 4 * u:- 4 . 0,

ASot = s' -so : St -So +St -So < o.

=wi+ui +ui

so.

(e)

LQo' : orr(#rr",

Zsuenenuero Ha [bJrHara eHepr[r LWt or (10) uoxe Aa6's4e rorrHo orleHeHo
rrpe: rpecMsrane Ha eArrH [poqec na usoxoirno oxJraxAaHe (Af^,) [2] n crqara, uo
Heu3onupaHa cucreMa na HT[. Kornqecrsoro Ha u3BeAenara dr cncreMara rorr-
nuHa rrle ce onpeAenu TaKa:

Kb.qero MreuonapHa Maca Ha ra3oBl{.s o6eu,m" mM"ca cborBerHo Macara rr Mo-
rapnararj'acana BerrlecrBoro B rltrJrrrnAbpa,C"ru C 

"- 
uorapnr.rre roIIJIoeMKocrI{

Ha ABere reJra B r,r3oxopeH rrpouec, a tQ(tTr,) e nernua eAHo3HaqHa Qynrqrar na

Ad, la BceKLI r{HTepBaJI Ha reMrreparyplrre, n roftro C,,^ C," ca rocro.sHHrl BeJrE-
qvldn.

9pes npr,rraraHe Ha rrbpBn.s gaxon na repMoAI{HaMIrKara Mox(eM Aa HaMeprIM
Bpa3Kara MexAy AQor or (l I ) n LWl or (l 0), rorro rI3rJIexAa raKa:

/\lm
(12) LQo' = LWot wwt LiI^,|:J-C.^*!-C."|= tWI +AUf'+AUfr"ut[t, vs Mo *) K8 E c

(11) O(o4,). o,

2.2. Ilpexod om pesHosecHo cbcmo.flHue
ua UC ua HTI ttbJvt pa*HosecHo cbcmonHue
ua IIC ua CTff

Hera IIC ua HT.{ Aa e ycranoBeHa B ctcro.auue d.
Cera nexa Aa cn npeAcraBl{M, rle B ropHara cucreMa cMe npeMaxHaJIE Mexa-

rrtrqHara 6nornponra, Ho raKa rre He cMe ocbIrIecrBIrJIII HITKaKBo Apyro ntsAeficr-
BI,IE HA]I CtrCTEMATA.

Kptronuer ra3oB rroroK, rofiro Ao ro3lr MoMeHT e ocbrrlecrBqBar nacoqeHo
,lgeArrcunarBnHo" TptreHe [1] c oxonnara noBbpxrrocr rrpoAbJlxaBa cBoero porallrr-
prrHo MaKpoABnx(eHrre. Pesynranrnara raHreHquaJrua cuJra rra rpllreue, Kosro e rrprr-
JroxeHa Bbpxy qunr{HAbpa, Berre e cno6o,qna Aa r{3BbprrrBa pa6ora 3a rleroBoro yc-
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KOp.SBaHe, SarrIOTO CEJTATA rra [pOTEBOAetrCTBEe, A'b3AABAIiA AO TO3tr MOMeHT qpe3

6nornparqur MexaEI{3bM, rrMa Berre HyneBa crofinoor"
3a n.flrarso BpeMe KpbroBurr ra:roB noroK rrle tr3Bbprrru eneMenTapHa noJloxtr-

reJrHa pa6ora 6A",3a Aa ycropr{ raHrenq}raJrno poraqr{ouHns qlrrHgrp. 3a cbrllo-
To BpeMe u crrqalra no KoJruqecrBo, Ho orpuqarenHa pa6ora 6A":-6A" ule H3BLp-
urn ra pa6orHnrr qr{JTEHABp HaA ra3oBara cpeAa. Cre.qosarerno iaronn"-sr o6epr lr1e

ce oxJraxAa, a or orxocureJrHo lo-Tolrus (cuprvo oxJIaAeHrIfl c H.sKaKBo E3npe-
BapBaHe ras) qunuu4cp KbM ra3oBuc o6eu qe ce HacoqBa rorrJltrHa.

lICna ocno6o4enur Tr{ ne e ycrofivnna n'rbpcv HoBo paBnoBecno cbcro-snr're.
Ovenu,qno e, qe qertr.sr rrpexoAeH rrpouec or cbcrosHlle d na LIC na HT.{ xru pan-
rroBecHo clcro.snr,re na}.IC na CT.{ qe ce ocLqecrB.sBa sa HsKaKBo Mlroro roJIsMo,
no rpafino BpeMe. 3a nper"rero Ha npexoAa ctrcreMara rrle [peMEHaBa rIocJIeAoBa-
TeJrHo rrpw HerrpeKbcHar peA or Hn3xoA.flu{u tr npaKTuqecxx Sesrpafino 6nnex[
cbcrorHr,Is Ha repMoAr.IHaMEqHo paBHoBecue. CneAonareJlHo cncreMara,ga BpeMe-
To Ha npexoAnnr npoqec, qe ce HaMrrpa n neycrofiunBo KBa3r{cfarl{tlHo repMoAr{-
HaqtrHo panxonecue [3].

3a npervrero Ha rrpexoAa brJroBara cKopocr Ha IIHnrIHAapa oJT) qe pacre, a
MaxpocKolurrHara rrJroBa cr(opocr o.(7) Ha r&toBn.s noroK rrle HaMarcra. ,(rere
brJroBH cropocru rqe KroHcr rru eAnd o6rua crofisoor o (7.) :g)r(f,), rpn Kotro
p$ynraHTHnrr Bbprsur MoMeHT (or nacoveno rpnene) "ur"'.qoot" HyneBa cron-
Hocr, a MarporeMrreparypara s HC Ha CTA qe cflpe Aa r'aMareBa H IrIe ce ycraHo-
BE B H.sKaKBa paBHoBecHa crofinocr Tt(TfT).

flpr.r vraxporeMnep aryp a T r wso rirp airar a cucreMa (HC) na cno6oAHus ronJIE -

HeH ABnrarer (CTr{) e AocrtrrHzuIa cbcrosHue na ycrofruuBo repMoAI'IHaMtrqHo
paBHoBecr.re

Tara onpe4eJleuara MaKporeMrleparypa T, e ocnonna xapaKTepncrnKa 3a paB-
HoEecrroro cbcro-snne sa VC na CTr{ n sefitrhra BeJIETII{Ha Z, e oupeaeJltnla 3a
Bcr4qKlr reMrreparypu, Kor{To ryr rrpeABapr{Tenno 6ma osnaqeHr{ cr'c cbull{.s cuM-
nor (7,).

3a- npewero Ha rrpexoAa eHeprerualnucr o6veH MexAy ABere reJla e eAEorloco-
rreH cxoArrq MaKpolpoqec, KofiTo xronn KbM MaKpollpoqec Ha paBHoBecen o6ves
Ha Kr{HeTr{rrna eHepru.s B cbCTO.sItI{e Tr. flpu cIIHxpOHHo BbpTeHe Ha ABeTe TeJIa

(co"(r,) :or(T,)) rplleEero MexAy r-f,x e ,,HeAneurarnnen* npoqec'- 
3a nptir*.reio na npexoAa rlocorara Ha eHeprerurlelr o6ues e BlrHartr:

- orpr.rrlareJrHa 3a raSoBus o6ev, garqoro rofi r{3BbprlrBa caMo IIOJIoxETeJIIIa
pa6ora 3a ycKopsBane Ea qlrJrrrHAbpa;

- noJIoxI{TeJIrra 3a pa6ornu-a qI{JII{HAbp, BbrlpeKrr qe rofi ce oxJraxAa, 3auloro
H3BbprrrBa caMo oTpr.IqaTeJrHa pa6ora HaA 1a3oBrnt o6etr xaro aryMyntrpa KEHeTnTI-

Ha eHeprl,Is Ha BbpTeJIr{BO MaKpOABT{xeHtre.
Cera nera Aa npocJIeAIiM HaKparKo o6parnnr fipexo.q MexAy ABeTe paBHoBec-

HH c:ncrosnns, r.aVlC na T,II.
Hexa VC na CTA.qa Ce HaMEpa B cbcTosHtre t. {pes IIocTeIIeHHo trJItr ,,Mtrr-

HoBeHo" BKJrrorrBaHe Ha MexaHnrrsara 6norupoBKa u6xerur orHoBo Aa cnpeM pa6or-
Hr.rs qunnHAtp. OnpOCreEo II5pBETIHEqT pe3yITaT Ha TOBa Aeficrnne rqe 6lAe Or-
,uersHe Ha rorrJruHa, Kotro e rorrJrnHen eKBr{BaJIeHT na upeo6pasyBaHara KEHeTETI-

Ha eHeprnl E Ko.sro ocraBa B crrcreMara. Tervrueparypara B cucreMara rrle ce rloBlt-
rrraBa rrJraBHo urv pq3Ko. Eeg Aa anarftrgvrpaue rrpoqecuTe B rIJIaBHrrt o6paren upe-
xoA r{JrE TS3II cJIeA ,,MI{rHOBeHO" cf,ItrpaHe, MoxeM Aa KaxeM, KaTo Ce IIo3OBeM caMO

IIa SaKOHETe 3a CbXpaHeHEe B MexaHIiIKaTa, lle cJIeA AOCTaTGqHO AbJITO BpeMe clac-
TeMaTa rrle ce ycTaEoBE B cbcTo-sHlle Ha TepMoAr{IIaMrrqHo paBHoBecEe, KoeTo Toq-
Ho cbBnaAa cbc cbcrotnue Tona IIC na HT.{.
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flo crrqara JrorrrKa Llc naTA qe ce ycraHoBtr o6parno B cbcrornrre Tonavc
na HT.{ H aro [p[HyArrreJrHoro crrtrpane e tr3BbprreHo u n rofiro il Aa.e Mex,qurreH
MOMeHT Ha rrpaB [pexoAeH [poqec, T. e. Koraro crrHpaEero ce H3Bbprrrtr rro BpeMe
Ha flpexoA or gbcrornne d rula crcronrue T,.

Haupanenr.rtr JloruqecKlr aHaJrE3 not a3na, qe BctrrrKn paBHoBecHH crcrognnr
na I/IC na Tr{, B T. rr. tr KBatxcrarurrHure paBHoBecHu cbcrorHHr IIpE npexoA, ca
paBHoBecHr{ n o6paruuu cbcro-sHuq. cae4onareano r.r Bcrrrrxtr MaKpolpoqecrsvIC
na T.{ ca paBnoBecyu n o6parnMrr npoqecr.

BrsvoxHo e r e neo6xogrrMo Aa ce HaMepH Kor[qecrBena oqenxa Ha napaMer-
pETe Ha ctrcreMaTa rlpe3 [pEnaraHe Ha rrbpBETe ABa SaKoHa Ha TepMoArrHaMrrKaTa.

IIfe ounrueu tr3Merrenrrrra, KotrTo rracranBar tvIC saTA caea pa:rBbprage Ha
pa6ornnr q[nrruAbp rrpes rrbpBu.s 3aKoH Ha repMoAr{HaMtrKara.

flpou.enara B cbcrocn[ero Ha rtrtoBara cpeAa npu npexoA naI,/LC na T,{ or
cGcrorHHe 7o xru cbcro.sHlle 7.,,r. e. IIpn [paB npexoA ATo, rue npeAcraBuM Taxa:

- tait > 0 e rorrqecrBoro ronrrHa, Koero ra3oBara cpeAa nonyrraBa or pa-

6ornus rIHnr{HAbp B npexoAntrfl npoqec;

- Lr:t = Lwt+ A,r;' a 0 e orpnqareJlHoro tr3MeHeHtre Ha nbJlnara eHeprns

na rasonoro r.rno;

- LWt < 0 e orpuqareJllroro I{3MeHeEue Ha eEeprrl.sra Ha MaKpocKorrurrno

ABr.rxeHr{e Ha ra3oBaTa cpeAa;

- Lqt '0 a otp"qareJl'oro u3MeHeHtre Ha BarperuHara e'eprtrr Ha ra3oBara
cpeAa;

- M:t > 0 e nunoro Kor[qecrBo rroJroxureJrHa pa6ora, Koero ra3oB[sr [o-
TOK e R3Bbprrr{n HaA rIEnEEAbpa:

flo anaroruqeH rraqnn MoxeM Aa ontr[reM E npoMentrTe r pa6ornuc qlrtrE-
Abp, Kor{To ce rr3BbprrrBar trpr{ npexoA LTor, a EMeHHo:

(14)
oQ!' = LW!' + Mo' = LW * a,UL + Mlt,

xb,ueTo:

- LQ:t ( 0 e ronuqecrBoro rorrJrrrna, Koero e orgero or pa6ornr s\nnrr,ATpi

- L4t = Lrq:* A4' > 0 e cyrvrapHoro E nonoxureJrno nsMeHeHtre Ha trbrr-

HaTa eHeprH.s Ha qHruHAbpa cneA pa3BbpTaHe;

- AW:: > 0 e *""et,nqrrara eHeprtrr rra BbprentrBo ABtrxeHtre, Ko.sro e ax5[!{y-

nnpana n pa6ornua qunrrHAbp;

- Lu:t < 0 e orpuqareJr'oro tr3Me'eHue Ha BbrperrrH ara e*eprurfl Ha qrurtrH-

Abpa rrpH oxJraxAaHe;

- M:t < 0 e nranoro KoJrurrecrBo orpnqarerna pa6ora, Koero pa6orun.rr qu-
Jrr,rHAbp e r{3Bbprrrr{Jr HaA r&roBaTa cpeAa.

Ho s HC na T.{ H.sMa Hnro npnrox, Hnro orroK Ha rorrJrrrHa tr cJreAoBarenEo

(13)

KbAeTO:

(ls)
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Torasa rlJrHoro trsMeHerrre Ea eHTporunal2lnVhC uaTr{ npn npexoA AZo,
ule 6rae

(16) aSo, = 
rcl'+ aol' 

- o.

floryuenurr p€ynrar e B cborBerat"", 
" 

BToplc 3aKoH Ha repMoAtrHaMtrKa-
ra, rofiro tracn, qe r,r3MeHeHtrero Ha eHTporrE Ta B eAHa rcOJItrpaHa CrrCTeMa e
HyJIa, He3aBI{CtrMO OT BUAa Ha npoqec[Te, KotrTo npoT[rraT B Eet"

Cle4orarelnogaVC na T.{ cneA pa3BbpraHe u ycranoBcBaHe B sbcroflnmeT,
Moxe Aa ce HaIrllrue u3Becrxoro repMoAr{HaMr,IrIHo rbxAecrBo, Koero o6eAuscnd
rrbpBns H BTopE-s saKon rra repMoAEHaMHKara [2], uo cneAHu.s Harrxu:

(17) 
4^.so' = Lry' * Mor' * Lry'+ Mol

= Lvq:* 
^4' 

* M:' + 
^q:+ ^4' 

* M:' .

Axo orqeren, .re AS01=0 , u Mf,t = -M:t Ir 3aMecrtrM n (17), ro oneA perrraBaHe

Ira paBeHcrBoro crpsMo LWf) ttrc roryrrrM
(r8) 

^w:: 
= -^w::- ^q' - ^q, 

= -Lwo'.
Berr.r.runure nWi| , LU:' , L(Ju' u LWU' , KaKTo 3HaeM, ca eAHosnarrxrl Qynx-

q[I,I Ha rrocoKara E roJreMr{Hara Ha reMneparypHns flpexoA LTorm cJreAoBarenHo re
I{Mar orpuqareJrHa crofinocru. Torana eHeprrrrra Ha BbprentrBo MaKpoABtrxenne,
Koc'ro e aKWyJIIrpana n pa6orntrc q[rtrHAbp, e noJroxr,rreJrHa rr peaJrHa BeJrtrqtrHa.

Ho or ypaBeHue (12) nue r{MaMe rorrHara KorrrecrBeHa orIeHKa Ha BeJruqtrHa-
ra AWt. Torana ule 6rAe BrpHo H cJreABarrloro paBencrBo

(le)
^w:, 

=-*,(tr."*tr*J -tr{ 
^w:: 

=-^c'=loo,,l.

Or panencrno (19) [prKo cJreABa, qe KorxqecrBoro Ha KrrHertrqnara eHeprlls,
Ko.sro ce 3anacsBa n pa6ornx.r rltrJrrrHArp, pacre Eeorpan[qeno, Koraro :lr'acara Ha
eAHoro vJrn Ha ABere_gLcraBHH TeJra (m", m") ce yBernqaBa.

CreAonarenno IIC na CTr{ e axyuyirarop Ha MexaHnqna eHeprus, xofito wtoxe
Aa nMa HeorpaHlqeH KanarIETeT.

eprernqeH eKBEBaJTeHT na pa6orara
M: ycKopsBaHe na pa6ornur qtrnlnAbp.
Or e rorrJIIrHeH eKBrIBaJreHT Ha rpaHc-
Qopr"rupanara BbB BbprenrrBo MaKpoABtrxeHRe K[HertrqHa eHeprus Ha.xaorl{qHoro
TOrrJlrrrHHo ABr{xeH}re rra BcrrrrKrr MEKporracTxqrr B tr3on[paEaTa MaKpocrlcTeMa 3a
BpeMero na npexo4a AIn,.

Torasa or paBeHcriio (19) cJreABa, .re roet[uqnenrrr Ha rIoJIe3Ho Aeficrsne
(KIID raallC na T.{ upu rpancQopMaqus na co6crseHarlca BbrpellrHa eHeprrlt B

KpsroBo MaKpoABnxeHrre e

Ml' LW.o'
n = 

Fo'T 
= 

i^ar1= 
t.(20)
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Eueprnxra Ha BbprentrBo MaKpoABnxenne AE!|
TUqHA 3ABNCUMOCT, KOCTO E I,I3BECTHA OT MEXAHtrKATA,

5GU-'"""(q)

MOxe Aa ce cBbpxe caE,anu-
NO CJIEJIHE.g IIAqI{H:

(2r) nW=

KbAero.I. e nuepquoun 6orHr.r.s qnnr{HAbp.
Torana aKo 3HaeM I 

", 
R", mr, ffi", M 

s, 
M 

", 
Crs, C""n To, To qpe3

gbuecrbase n (21) u peruaBane Ha cbrrloro ypanrieune ubtrcervr gd onpegertrM qr{c-
JreHara crofinocr na MaKporeMrreparypara 7,. Crea 3aMecrBalle na T, n (2) u pe-
rrraBarre qe oilpeAenEM eAHo3rraqHo r{ crourrocTTa na MaKpocKonurrHara brJroBa

TIOTOK B C}C
enn.runu (2, olrue MoxeM Aa olpe-
rrapaMerpE, oocbxAaHlr ryl(.

3. AHarug Ha qacruqHo rrgoJrrrpaHa
cucreMa na Tr{

T.{ n xoncrpyxrnBHo orHolueHue rlpeAcraBJlflBa eAHa 3aK-
pr{Ta ctrcrerraa. Hera 3aKpr{Tara cncreMa na T.{ Aa Moxe Aa EpBbpruBa MexaHI{rIHa
pa6ora HaA BbHrrrHtr cuJrn, Ho Aa He Moxe Aa o6rvrenc rorrJrrrna u eJIeKTpoMarHIrrHa
eHeprr,rr c oxoJrHara cpeAa. EAna rarana ctrcreMa rrle HaperleM qacrurlgo Irgonlrpa-
Ha cr.rcreMa na T.{ (qI4C na T.{).

Vlsotmpanurr MoAen na T.{ or Qur. I qe oe npeBbplre B MoAen na 9HC na T,{,
aKo H.sKaKbB BbHruerr (nrn or erpalra) roBap ce cBGpxe arcuturno c pa6ornur qll-
nuEAbp qpe3 TBBpAa Ir TepMon3onuparqa Bpc3Ka.

Ha Qnr. I e norasaH eArrn rrptrMepeH BIHITIeH loBap - ryp6una.
Hera upocrparrcrBoro oKoJro I{VIC'r'a TA aa e 3arr6JIHeHo c ra3 c npol{3BoJlHa

KoHqeHTpaqHc E MaKporer"rueparypa Tr.
B usxoAHo noJroxeHr,re pa6ornurr IltrJlrrrrAbp na Tr{ e necso6oAen, 9I4C na

HT.{ e ycraHoBeHa B cbcrosnueTom lteKa reMrleparypara ToAae uo-uzulra_or Z'
a BbB BbHruEoro ra3oBo [pocrpaHcrBo A r EsMa npexoAnu Maxpolpoqecu.IIHC sa
HTr{ u oxoJrnara cpeAa o6pasynar e4na o6e4nuena crrcreMa, Koqro rrle ocraEe B

r,r3xoAHoro ctr cbcrosnqe npoE3BoJIIro Abnro BpeMe - Ao BbBlrrno stgAeficrnue.
Hera Aa ctr lpeAcraBtrM, qe 6eg Aa EapyrunM E3xoAHoro cbcro.snne sa o6eAu-

HeHara cucreMa cve ocno6ogunu T,{ s 9I4C.
cneA uorvreHTa Ha ocno6oxAaBaHero ryp6aftara Jqe 3anoqHe Aa ce Bbprrr;

Hefisnre JrorrarKu rle 3arpsBar oKoJruara cpeAa ga cMerKa Ha IIbJIEara eneprut B

9I4C sa CTA.
B rogu r.4eaJfirsfipatr cryuafi Hl4Cua CT,{ nrvra ycrofi.runo paBHoBecno cbcro.-

rHrre rrpu reMrreparypa T,:0.
Kpafiuoro cbcrornue Ha oKoJrHara cpe4a IrIe ce xaparTepu3upa qpee MaKpo-

TeMtreparypa d, rorro e no-rorsMa or EarIaJIHataTr(\>T).
CleAonarerHo eAtrHcrBeHr{flT p$yJrrar Ha ropHus rrpoqec e npeAaBane Ha

TOnJruHa or xJraAHo KbM rope4o T.sIo.
Hexa Aa rroBTopEM ropnuq qsK6JI, Eo trpE BIHITIeH ToBap - porarluoHHo rtJlo

c rpafina Maca, Koero e B cpeAa na a6coarcrerr BaKJryM.

Kpafinoro gbcro.sHae Ha cr,IcreMara cJle.q ocno6oxAaBaEe Ha T.{ n pasnrpra-
He Ea roBapa rqe ce xaparTepu3r4pa c roBa, qe 9LIC ua T,{ e B paBHoBecno c'bcro.s-
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Hue'Tr (0<Tr<70), a BbHruHHrr roBap ce Bcpru c nocrocHEa aruroBa c
ro e paBHa na rrl"({).

Il4uncrreRu.sr pe3yrrar or ropHns npoqec rqe 6rAe rrcBbprrre
cMerKa Ha oxJraxAanero Ha eAHo T.flno - tIIlIC ua T.{.

I4 n resn ABa cryqas JrecHo MoxeM Aa ce y6eAuu, ue KII'{ na 9 ua T,{ e
orrroBo eAEHnrIa. Hanpnrvrep Korraro BbHrrreu ToBap e porarlrroHHo c KpauHa
Maca, ro KII.{ npu ycKopsBaHe Ha BbHrrrHHc roBap rqe ce orpeAenrr

(22)
'.'i,(t) "''"(t) 

'

'n=

qec qe 5r.qe (ne.re) ro-MaJrbK or eArrHnua. B rogra cnyuafi [3MerreHrrero
Ha'ra eHeprur e cyMa or noJre3no r,r3Bbpruenara pa6ora rr RrrrerpaJra or
Ha eneKTpoMarHr{Tnoro H3JrbqBaHe 3a BpeMero na na6lrogenRe.

Ouenugno e, qe ctrcreMara Ha CTr{ nva paBHoBecHo cbcrornr,re ptrT,:0.
, eAEa c[Ic-flo-unrepecHo e,qa cn trpeAcraBr,rM KaKBo ule 6rAe rroBeAeHr,rero

TeMa Ha CT.{ c nocrorHen npEToK Ea BbErrrHa eHepr[s.
Axo vorunocrra Ha BxoAsllara eHeprur e paBHa Ha Moulnocrra eneKTpo-

MarHr,rrHara eHeprri.s, Ko.flTo HanycKa crncreMara, ro CTr{ rqe e B ycro trBO paBHO-
Becrle. Koraro ABere MorrlHocrtr ca pa3rurrHu, To roraBa porarluon
CTA tqe ce ycKopqBa n:l.u za6ans,.

B egna ycrauoBeHa cucreMa na CT.{ c [ocroflHen npEToK rra BbH r{a eHeprnt
poTaIIIroHIroTo T-sro ce BbpTu c KparrHa brJroBa cKopocT, Ko.sTo e TIA BEJII{-
qI{Ha.

B eAHa cncreMa na CT.{ c rocro.f,EeH rrpr{ToK Ha BbHrxHa eHeprtr.r IA Ce

llocrr{rrte pa3BbpraHe Ha rcro c 6esrpafina Maca Ao rpafina brJroBa
r<ap r{ 3a 6eoxpafino AbJrro BpeMe.

Moxe 6E [gcreAnaHnrr B [] u ryr tr3KycrBerr MoAeJr e nprrMr{Tu urpnooS-
pa3 Ha MoAen 3a peanHo E3cneABaHe Ha oceBoTo BbpTeHe Ha III{ KOCMIT-
irecKu o6exrr,r crc co6crseHo MarHIrrHo rIoJIe u rocrosHeH rrpr,rroK Ha
KOCMrrrrecKa pa4narryts,.

t75

lor"l-t+^
KbAeTO,I" e UnepunoHHtrffT MoMeHT Ha BbEIITHUS TOBap.

4. Anarr,rs Ha Helr3oJrvpana cucreMa rra A

Hexa eAun npeABaprrreJrHo 3arpqr HTA aa e s
no na a6conrorerr BaKyyu. Cucreuara na HTr{ ry6u eneprnfl rrpe3
HO I,I3IbqBAHE I,I CNE]IOBATEJIHO CE OXJIAX]IA.

Cera nera B eAHH ,,Ha.rareH" MoMeHT Aa ocno6oAurvr T,II n
Axo orqerena pa6orara, Korro e tr3BbprrreHa 3a ycKop.sBaHe H4 rrAcpa Ao

H.sKaKbB Apyr MoMeHr (cle4 nava.rrnra.e) u.s orHeceM KbM r.r3MeHeHr{ero BbTpeIII-
Hara eueprur n CT,,{ 3a cbrrluc rrHTepBaJr or BpeMe, ro KfI.{ Ha ycKop npo-

pa6ora sa

BbTperu-

T-SIO B

, MO-

HeprEc oT



5. Xnnore3a 3a roKoBo repMoAI{HaMrIqHo
paBHoBecr{e

B [a] e HanpaBeHo npeArlonoxeutre 3a cbrlesrByBaHe Ha 3a-
KorroMepEo qBJrenue, xoero e o6exr Ha tr3cneABaue E TyK. Hanpanenara xurlore3a
MOXe,qa ce ontr[re.

Axo n gaKptrTtr.fl o6e*r na eAHa 3arpcra cpe4a, c ornoctrreJrno HrIcKa KoHqeEr-
pa\vs,, e ycrauoBeHo craqtrouaplro E HeHyJIeBo MaKpopasupegea€nne Ha gbcraBs-
uIETe q csg6oAHn HeyrpaJrHlr u cno6oAnu eneKTpuqecKu 3apeAeHlr Mtrrpoqacrnqtr,
Kornro ce HaMtrpar noA Aeficrsue Ea Btrperluo MarHtrTHo rIoJIe, ro s o6eMa Ha ope-

Aara npaKTnrrecKu 3a BcuqKtr crofinocru rl uocoxtr ga Aeficrsalqnre BbrpelxHu Mar-
HtrTHO U eneKTpHrreCKO rIOJre qe Ce ycTaHoBE HacoqeH Mal(po[poqec Ha xparoB
Upeuoc Ha BerrlecrBo, rofito e:

- ,,r.e4vlcwlartrBeH" [poqec c rorrnocr Ao KonnqecrBoro eJIeKTpoMarHnrHa
eHeprl{.s, Ko.sTo ce r{3JrbqBa oT eJleKTprlqecKtr 3apeAeHrlTe qacTllqu IIptr TcxHoTo
yqacrl{e B cbllltr.s npeHoceH MaKpoflpoqec, 3alrloro 3a rloAAbpxaHe Ha cblrlllt npo-
qec fipaKTtrqecKlt He ce tr3Bbpruna pa6Ora u 3aIIIOTo enepreTnqHurr O6uen upu
MexaHuqno ssaul\doAefiCTBtre MexAy MtrKpOqaCTEIItrTe B exBtrTeMllepaTypHaTa Cpe-

Aa e paBEoBeceH npoqec;

- o6errr.rsHo lreAtrctrtraruBeH npoqec, Koraro ctrcreMara (cpe.qa u nonera) e

rr3oJrrrpaHa, 3aIrIoTo KoJrtrqecTBaTa fa E3JrbqBaHaTa tr noIJIbIIIaHaTa B CECTeMaTa

eJreKTpoMarHtrTHa eHeprH.s ca paBHtr.
C ropnoro orrrlcanne e HatrpaBen ourtr Aa ce Qopuynnpa [o-npeqtr3Ho xnno-

Te3a 3a TOKOBO paBHOBeCtre B CpeAa C BtrCOr BaK)0rM tr xtrIloTe3a 3a TOKOBO TepMO-

Ar{HaMUqHO paBHOBeCtre 3a CpeAa cbc cpeAeH BaKyyI!{.

6.3arrro.reHne

Pesynrarure Ha ro3tr aHaJIE3 trorBbpxAaBar HarrpaBenoro B

[] npe4nonoxenrle, qe KpbroBfi.sr rrpenoceH MaKpolpoqec Ha,,cno6ogntr" tr erer-
Tpr,rqecxu sapeAenn qacrtrrla noA Aeicrsue Ea Marnltrlro rIoJIe B E3ontrpana ctrcre-
Ma Ea qrrnuHApurren Koplyc or EAeaJIeH n3onarop e paBnoBecex u o6paruM [pe-
EOCeH MaKpoflpoqec,

B usryCrnenut MOAen Ca CG3AaASHE yCJIOBtrt, 11ptr KOUTO qaCT OT egepltrflTa
Ha xaoT[rrHo TorrJrrrHHo ABtrxeHtre Ea BctrqKtr MtrKpOqacTtrIItr B MaKpOCtrCTeMaTa Ce

npeo6pasyna HenpeKbcuaro B KtrrrertrqHa eneprns Ha BcprennBo MaKpoABuxeHrIe
na ,,cno6o4HnTe" E eneKTpuqecxtr 3apeAeutr qacrl{qtr'

B ueorupanaTa MaKpOCECTeMa Ha u3KyCTBeHRt MO.qeJI KpIIOBE T npeHoCeE

Maxponpoqec e o6exrnnHo HeAucunartrBeH - rofi e BerIeH.

B ueUSO UpAHATA MaKpOCIICTeMa Ha tr3KyCTBeHtrs MOASI KpbrOBtrST IIpeHOCeH

MaKpotrpoqec e ,,HeAnctltrarnBen" c roqnocr Ao KeJltrrlecrBoro Ha eJlexrpoMarHtrT-
rlaTa eHeprtrt, KoqTo ce E3JIbqBa B CbIIIltt lpoqec tr KoflTo EanycKa ctrcTeMaTa.

3axpurara MaI(pOCIICTeMa Ha tr3KyCTBeHtr.s MOASI, Haperlega ryx CnO6O4en

TorrJrnHeH ABtrrareJr, uua ycroivtrBo cbcro.sHtre Ha paBHoBecue, Koraro E3raqBa-
HaTa oT Her eneKTpoMarEETHa eHeprrrr ce KoMIIeECtrpa qpeS eKBEBaJIeETeH trpETOK

Ha BbHruHa eneprur. B crcro.f,snera ycrofiunBo paBHoBectre glcraBntrTe reJra Ha

TOIIrIiHEn.S ABEraTeJr ocbrqecTBflBaT cEE)(poEHo poTaqRoHHO BbpTeHe c IIocTotE-
Ha brJroBa cKopocT.
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Ectectrennre xocMgrlecxtr TeJIa crc co6crneEo Marf,trTHo rroJre ca,paspvrnu
cEcreMf, R Te MOrAT AA Ce CBeAar AO Hen3ontrpaE MoAen na cro6ogeE TorurtrHeE
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Ilocmtnuna na 12, XII. 1994 e.

Quasi-static processes and thermodynamic states
in an artificial model of thermal engine

Milcho Vatsov

(Summary)

Simplified thermodynamic analysis of a closed system in
which under the effect of a magnetic field, takes place a circle transport of gaseous
ions round the rotational axis of a cylinder qf ideal insulator. Two reversible states of
steady thermodynamic equilibrium are characteristic for the artificial model insulat-
ed system. A direct or reverse transition from the one equilibrium state to the other
is likely to occur after external effect. The transition process betwee{r the two equi-
librium states is an unidirectional thermodynamic one of the type of quasi-static di- 

-

rect or reverse trigger transition. The internal energy and the rotational macromove-
ment engrgr differ substantially in the'two equilibrium states of the insulated system.
The non-insulated system of the artificial model has steady equilibrium states, when
an external energy source compensates for'the eleetromagnetic radiation losses. 

-
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