
MI4HHCTEPCTBO HAYKH I4 BbICIIIETO OEPA3OB AHKIAPOCCI4frCKOfr OEAEPAUI4H

oETPAJIbHOE TOCyAAPCTBEIITIOE Erc4KETHOE yTIPEXAEHI,IE HAlrKI,r
OETPAJIbHbM AC CJIEAOBATEJIbCITIIII IIEHTP

(f,KvTcKrrft HAvqHbtri TIEHTP CHETTPCKOTO OTlpJrEHr,rf, pOCCI,IftCKOfi
AKA,WMIIA HAYK>)

oBocoEJIEHHOE IIOFA3AE TIEHUE
I{HCTI,ITYT OTB}IKG-TEXHI{TIECKI,IX NPOEJIEM CEBEPA I,IM. B.N. JIAPI4OHOBA

cu6r{PcKoro oTAEJrBld.uspoccuficKofi AKAAEMLIT{ HAyK
(lroTnc co PArr)

CO PAH
B.B. Jlenor

2023 r.

TIPOIPAMMA

BcrynrrTeJrbHoro 9K3aMeHa B acnHpaHTypy

no HayrrHofi cneqnanbHocrrr 1.3,14 -
Ten.rroQusrrKa u reopernqecKas renrorexnrrna

KIH-=tfl?Fry;ffi'W,gP;'dh$ffi)

-flrvrcr 2023



Tepuo4uHaN4u.recxr4fi

TEPMOAI,IHAMIIKA

MeTOA LI3yrIeHI4.{ COCTO.IHH' MaKpocKoIIHqecKHX

paBHoBecHbIe vr

n.rleanbHofo fa3a.
HepaBHoBecHbIe

cl4creM. @eHouesoJlornqecxuit xapaKTep repMoAr.rHaMr{Kr{. llapawrerpbr cocro.rrHlrf,,

TepMoArrHaMr4qecKHe rpoqecchr. 3axoHu

lleprrrfi 3aKoH repMoAIlHaMLrKra. Pa6ora u rerrJrora KaK Qynrquu rpoqecca.
3nramuuf,, IIoHf,TI{e o rerlJloeMKocrtl. KaroprzuecKr4e Lr repMurrecKrle csoficrea
BerrlecrBa. llpoqecc fixoynx - Toucona.

I-{uxru (upxrraue kr o6parnrre), rerJroBbre Marur{Hbr. Uurcn Kapno,
rcoeS$raqueHr rloJle3Horo Aeficrsn;r rerrJrosofi i\da[rnHbr. (DopvrylupoBKr4 BToporo
3aKoHa repMoALIHaMVKu. Teprrao4zHaMr{rrecKar ruK€Lrra reM[eparyp. O6pau.rMbre s
Heo0paTr4Mbre npoqeccbr. 3nrponux. llon-{rue o Bepo.rrTHocTr.r

enrponuefi.TepMoAI4HaMI4rIeCKOf O COCTOTHLTfl, U CBr3b BepO.STHOCTLT COCTO flIJIrIfl. C

XapaxrepLIcrLItIecKLTe repMoqvrnaMr4lrecKlre Synrquu: BHyrpeHHrr 3Heprr4r,
3HT€LIIrIII;I, cno6o4nar 3Heprkrf,, ceo6o4Hax gHT€rrrbrrr{r. Xaparrepr4crLrqecKue

Synrqrau KaK TepMoALIHaMLIqecKpre rroreHrllr€rJru. Coouro[reHLrr Marcserra.
[nS$epeHIIHanbHbIe coorHorrrenvrs. anfl rerrJroeMKocrefi. Cessr Me)KAy

nso6apHoit u usoxopHofi TelnoeMKocrrMrr, rrx Bbrpaxenr.re qepe3 rrpor43BoAHbre or
3HeprI,Iv I4 3HT€uIr[I{I,I rro reMrreparype. 3anucnMocrb relJroeMKocrn r4AeulrrbHbrx

f€I3oB oT TeMrrepaTypbr.

Ypannenux cocrotHrlt repMoAr4HaMntrecKrirx ctrcreM. TepuuuecKue 14

Kalopl4r{ecKue ypaBHeHlrr cocroruns. TepuzuecKr4e xos$Suqr4eHTbr:
I43orepMl{.{ecrofr cxLIMaeMocrL\ repuuvecrofi ylpyrocrlr, TepMr{qecKoro
pactuupenua. YpaBHeHI{t Knauefipona - MenAeJreeBa u BaH'Aep-Baanrca.

Cracreurr c [epeMeHHbIM KoJrrrqecrBoM BeulecrBa. Xnrrau.{ecrufi uoreHrluan.
Teprvro4nHaMl4qecKoe paBHoBecr{e. flpuuqun MrrHnMaJrbHocrr,r
TepMoAI,IHaMpIvecKux Synrqufi. VcroeIas repMoxlrMlrqecKoro paBHoBecur B

nruoro$asHblx MHoroKoMrroHeHTHbrx crrcreMax. @asoerre [epexo.qbr lepBoro poAa.
@asoerre AHarpaMMu. Tpofinafi. vr Kpr.rruqecKar rorrKn. YpanneHue KnauefipoHa-
Knay:rayca. llpanuno $as lu66ca. @asonrre repexoAbr Broporo poAa.

TepuzvecKze vr K€ulopruecKr4e ceoficrsa qlrcrbrx Berr{ecrB. KpHuauecrax
ToqKa. VpanHenue Ban-4ep-Baanrca. Meracra6utrcuhre cocroflHvrfl.. Ka.{ecrseHHoe
oTrHtII,le csoficrs peaJIbHbIX ra3oB oT HAeaJrbHbrx fasoB. Teuueparypa H Tor{Ka
Eofinx. llonsrue o6 o6rqefi Sopnae ypaBHeHHs cocrorHLr.f, pe[urbHbrx rzl3oB Mafiepa-
Foronrc6oea.

Tepnro4uHaMrlrlecKlle csoficrsa BerrlecrB Ha rrvrnvrv Sa:onrrx [epexo.qoB.
Teprrao4uHaMr4rrecKlre ceoficrsa Bnax{Horo r:elpa vr

T eprra o4uH aM Hrre c K ve Anarp aMM6r c o crorH Lrr Be qe crB a.

rrepefperofo rrapa.

Bnaxnrrfi Bo3Ayx. Xaparrepprcrr4Ktr cocrosHr4.fl BJraxHoro Bo3Ayxa.
Braroco4eplKaHae, a6cofforHas
cocrorHr{fi eraxHoro Bo3Ayxa.

14 orHocureJlbHiur BJrax{Hocrb. ,,{aarpavrl,ra

Sleuenru xuuraqecrcofi TepMoALrHaMrirKrl. flpzueneHue nepBoro 3aKoHa
TepMoAI4HaMuKI4 K xuM[rrecKr4M rlpoqeccaM. 3aroH fecca. XuMz.{ecroe
paBHoBecl4e, 3aKoH 4efrcrnyroqvx Macc, KoHcraHTa paBHoBecur. flonsrue o



Blrvrflrakru Kr4HeruKr4 xlrMr4qecKr4x peaKrluit Ha repMoAI4HaMI{qecKue kr rrepeHocHrle
cnofi crea xr{M?rqecKr{ pearupyrculLTx cucreM.

II. TEIIJIO - I4 MACCOTIEPEHOC.

Ocnosrr reoprau uo4o6rax kr MeroAa pa3MepHocrefi. EesparrvrepHble Kpvrepvrru
tryrcra noAo6Hs. lI - reopevra. Kpurepr4aJrbnbre ypaBHeHufl TerrJro-r{ MaccorepeHoca.

TeuroupoBoAHocrb.

[ia$$epeHrlr4zrrrbHoe ypaBHeHr{e rerrnorpoBo.qHocrlr (an@$y:nz). 3aronu
(Dypre, @rara, roeS$rEqr4eHTbr re[no[poBoAHocrr4, TeM[eparyponpoBoAHocru,
au$$yerau. (DoplayJrLlpoBKa KpaeBbrx 3a aq rennolpoBoAHocrrr rpr rpaHI4rIHbIX
ycnoBr4sx I, II n III po4a, MeroAbr r4x perrreHr,r-f,. OcuoBHhre MeroAbr r{3MepeHrlt
rennoSu:uqecKrax xapaKTepucrr4K lr re[JroBbrx rroroKoe. lloHsrrae o6 o6paruux
3aAaqax TennonpoBoAHocTr{.

KoHseruunnrrft rennoo6uen.
{nS$epeHlllraJrbHbre ypaBHeHlr.f, KoHBeKTLrBHoro rerrnolepeHoca vr

MaccolepeHoca. 3arcon HrroroHa AJrfl TenJroo6uena. KoeS@NrILreHTbr renroo6ueHa,
TerrnolepeAaqu.

Tennoo6ues rlpn BhrHyx(AeHHoM naMLrHapHoM TeqeHuu xu,rlKocrr{.
Tenneparypuufi u auSSy:uonnsrfi norpaHuqHbre cJrou. Analorus PefisorbAca.
Tenroo6uen rrpr4 cno6o4nofi KoHBeKrIuu. Tenroo6uen B cso6oAHorvr
KoHBeKTI4BHoM [orpaHuqHoM cJroe y Beprr4K€LJrrHofi rrJracrLrHbr (:a4aua
IlolrrayseHa). flepexo4 cno6oAnoro KoHBeKT?rBHoro reqeHu-f, Lr3 JraMLrHapHoro B

ryp6yneHTHoe, KparlrqecKoe qucro Pelex. TennonepeAatra rtpu cso6oAHoNa

KOHBeKTT4BHOM TypOyneHTHOM ABHXeHT,{r4.

Teurioo6ueH [pr4 BbrHyx(AeHHoM ryp6ynenrHoM TerreHur{ )Kr/rAKocrr{. llepexo4
naMl{HapHoro reqeHur r ryp6yneHTHoe rerreHrre. KpraruvecKue 3HaqeHrrr KpnTepvrr
PefinonrAca Ans. rpy6rr u rrorpaHlrqHoro cJrofl Ha rrJracruHe. flolyoMrrupr4qecKr4e
reopr{H ryp6ynenrHocrpr. Typ6yneurHafl B.'I3KOCTb, rlyTb rrepeMeruLrBaHkrfl

flpan4tnx. JlorapnQnu.recKrafi upo$unr cropocrefi. Typ6yneHrnrrfi repeHoc
relJlorbl. Pac.{er reuroo6ueHa rrpn ryp6ynenrHoM TerreHr4r4 mralKocru n rpy6e.
TennouepeAaqa e ryp6yreHTHoM [orpaHnrrHoM ciroe. Kprarepr4€rirbHbre ypaBHeHr{t

lnfl reuloo6uena rtpu ryp6yreurHbrx reqeHnrx. Analorras Pefinolr4ca Anfl
naMl4HapHoro u ryp6yneHTHoro reqenufi. Blzsnue ruepoxoBarocrn Ha

TerlnoorAauy. TeunoorAaqa rpr4 rronepeqHoM oMbrBaHr4urpyl r4 ryrrKoB Tpy6.
Tenro - r.r MaccolepeHoc npa $aroBbrx rrpeBparrleHr,rf,x.
Tennoo6naen rlpr4 KoHAeHcar\uv napa. llnesoqHas. vr KarreJrbHar KoHAeHcar{rlr.

Tenroo6ueH rlpv IrJIeHoqHofi ronAenca\uu HenoABlrxHoro rrapa Ha BepruramHofi
creHKe. Tenloo6ueH [pI4 rrJreHoqHofi ron4enaapu ABr,rxyqeroc-f, rapa BHyrpH
rpy6u, Ha ropl{3oHT€rrrbHbrx rpy6ax u nyqKax rpy6. Tennoo6vreH rrpr4 ranemnofi
KOHACHCAIII4I4.

Teuloo6ueH rIpI4 KIzIrreHLrH oAHoKoMnoHeHTHbrx xuArocrefi. Pexuurr
KE[eHI4q x{HAKocrLT. MexaHuslarr rerrno[epeHoca rrpr4 ny3brpbKoBoM KrrrreHur{.
3aBucuuocrb rerlJloBoro rroroKa or reMrreparypHoro Hanopa. Orprrenofi 4raarraerp



BrTkrflrapru Kr4HernKr4 xlrMr4qecKr4x peaKrl uit Ha repMoAHHaMI{qecKue v rrepeHocHrle
crofi crea xr{MlrqecKn pearr{pyrculLTx cncreM.

II. TEIIJIO . I4 MACCOTIEPEHOC.

Ocnosrr reoplru uo4o6rax kr MeroAa pa3MepHocrefi. Ee:parrvrepHble Kpvrepuvu
qr4cJra no.qo6ras. lI - reopevra. Kpnrepr4€rJrbHbre ypaBHeHra{ TerrJro-rr MaccorlepeHoca.

TennoupoBoAHocrb.

[z$SepenrllrztrrbHoe ypaBHeHr{e rennorpoBo.qHocrr.r (anQ$ysnu). 3aronrt
(Dypre, @rara, KoeS$uqr4eHTbr rennolpoBoAHocrrd, reMrreparypo[poBoAHocrr{,
au$$y:rau. (DoplayJrLlpoBKa KpaeBbrx 3aAaq re[nolpoBoAHocrpr rpu lpaHurrHbrx
ycnoBr4rx I, II ra III po4a, MeroAbr rlx pe[reHus. OcuoBHbre MeroAbr r{3MepeHr{t
renno$u:uqecKr{x xapaKTeprrcrprK r4 TerrJroBbrx rroroKoe. lloHsrrae o6 o6parHux
3aAarrax TerrnonpoBoAHocTrr.

KoHeerrxnHrrfi rennoo6uen.
[rS$epeHul{aJrbHbre ypaBHeHr4r KoHBeKrkrBHoro rerrnolepeHoca vr

Macco[epeHoca. 3aron HrroroHa AJrs rerrnoo6rvrena. KoeQ$raqpreHTbr rennoo6ineua,
TelJro[epe.4aqu.

Tennoo6uen npLl BhrHyx(AeHHoM JraMLrHapHoM TEqEHI4}I XU,IIKOCTII.

Teuneparypuufi u auS$y:uousrrfi norpaHLrqHbre cJrou. Analorus PefisorbAca.
Teuroo6ueH
KOHBCKTI{BHOM

IlonrrayseHa).
Typ0yneHTHoe,
KoHBeKTpIBHoM ryp6ynenrHoM ABr,rx{eHlrr4.

rrpr4 cso6oAHofi KoHBeKrIrrr4. Teuroo6uen B cso6oAHoNa

lorpaHl{qHoM cJroe y BepruK€rJrrsofi rrJracrlrHbr (ea4aua
llepexog cno6oAnoro KoHBeKTprBHoro rerreHr4s r43 JraMlrHapHoro B

KpuTlrqecKoe qlrcro Pelex. Tennonepelaqa npu cso6oAHoN{

Teurioo6ueH [pr4 BbrHyxAeHHoM ryp6ynenruoM TerreHr4rfr )Kr4AKocrH. llepexo4
naMl4HapHoro reqeHux n ryp6yneHTHoe reqeHlre. Kpuru.recKue 3HaqeHrlr{ KpHTepLTr

PefiHonr4ca Anfl. rpy6u u rrorpaHrlr{Horo cJror Ha rrJracrnHe. llolyoMrluplrqecKlre
reopr{H ryp6ynenrHocru. Typ6yneurlrras
llpan4:rna. Jlorapz$N,rnqecrzfi upo$unr

rlyTb rrepeMerrrnBaHkrfl

Typ6yreurnufi repeHoc
rerlJlorbl. Pac.Ier reuroo6ueHa rpu ryp6yrenrHoM TeqeHr4r4 xr{AKocrr{ n rpy6e.
TennonepeAaqa e ryp6yreHTHoM norpaHr4r{HoM cJroe. Kprarepr4€LirbHbre ypaBHeHut

[nfl reuloo6uena [pI4 ryp6yneurHbrx reqeHprrx. Asa-uorug PefinonrAca Anfl
naMr{HapHoro Lr ryp6yrenrHoro reqesufi. BluxHue uepoxoBarocrrr Ha

rerlnoorAauy. TeunoorAaqa npra rroneperrHoM oMbrBaHr.rurpy1 r4 rrf{KoB Tpy6.
Tenro - r.r MaccolepeHoc npra $asoBbrx rrpeBparrleHLrrrx.

Teunoo6rr,reH rlpu KoHAeHcar\wnapa. IlfieHo.rHaflvr Ka[eJrbHar KoHAeHcar{r4s.
Tennoo6ueH rrplt tIJIeHoqHofi rosAencarluv HerroABnxHoro rrapa Ha Bepruramnofi
creHKe. Teunoo6vreH rIpI4 rrJreHoqHofi roH4eHcaqtuv ABr4x(yqeroc-f, rtapa BHyrpr4
rpy6u, Ha ropll3oHTzlrrbHhrx rpy6ax n nyqKax rpy6. Tennoo6vreH rrpu ranemnofi
KOHAEHCAIIHLT.

Tenloo6ueH rtpu Kl{rreHr4rr o.qHoKoMnoHeHTHbrx xraArocrefi. Pexuurr
KpIneHI4q xHAKocrLI. MexaHusNrrr renno[epeHoca npl4 rry3brpbKoBoM KuneHHLr.

Bt3KOCTb,

cropocrefi.

3aBuclauocrb relnoBofo rroroKa or reMrreparypHoro Hanopa. Orprrnnofi 4raarraerp



ny3brpf,, cKopocrb pocra u lracrora orpbrBa rry3brpefi. Crpyxrypa 4eyxSa^:Horo
rroroKa H Te[Jroo6ueH rrprl Kr4neHr4lr xorAKocrlr BHyrp]I Tpy6.

Kpr.rsracrr KHrteHIlf,. Mexanugvr reuroo6nreHa rtpu [JreHorrHoM KI4rIeHI4Ll

xr4AKocrpr. Teuroo6ueu rtprd naMr,rHapHoM ABTaIKeHHLT uaponofi TIJIeHKII.

Teunoo6naeH rrprl ryp6ynenrHoM ABLrxeHrlLr [apoBofi nresru.
Teunoo6nreH r{3[vqeHlreM.
OcHosHHe 3aKoHbr rerrJroBoro u3nyqenus. 3aros lhanKa, 3aKoH Cre$aHa-

Borsquaua. 3aron Knpxro$a, 3aKoH Jlarra6epra. lloruorqenze, ncrycKaHrle vr

pacce{HI4e H3n}nIeHLIt. l4ugurcarpuca pacces]gIufl. Vfnoerre
r43n)rqeHLrr.

I4ure rp o - au S Q ep e HrIr4 €rrrbuo e ypaBHeHLre nepeHoca

AByxrroroKoBoe npu6nuxeHlre. Onru.recras ronulrirHa cpeAbr,

OIITLIqCCKH TOHKOTO N OITI4IICCKI,I TOJICTO|O CJIOS.

Terrno[poBoAHocru. Cosr\aectrrrfi [epeHoc rerrJrorbr
H3nyqeHueM.

f n4pora:oALrHaMr4Ka

VpaeueHux ABuxeurlf, uAeamnofi xuAKocrrr: ypaBHeHu.{ Hepa3pbrBHocrt4,

3fi nepa, gHeprlru. VpanHeur.re B epHynlu. lloreHrlrl€rJrbHoe ABrDKeHpre.

fioseyroroe v cBepx3ByKoBoe reqeHr{fl ra3a. 9ucro Maxa. llpe4enrnax
cKopocTb cTarluoHapHofo HcTeqeHr4fl Tasa B rrycToTy.

llonepxnocru pa3pbrBa. TanresqnaJrbHbre pa3pbrBbr vr y,qapHble BoJIHbI.

I4gueneHne repMoAr.rHaMnqecKrrx [apaMerpoB f€rra rrpu rrpoxox{AeHurl ero qepe3

yAapHyro BonHy. V4apnaa a4ua6ara. fz4po4HHaMLrKa ropeHr{r: MeAJIeHHoe

ropeHrre H AeToHarlur.
CraquouapHoe reqeHue ra3a B KaHaJre [epeMeHHoro ceqesus. PacqerHbre Lr

HepacqerHbre pe)Kr{Mbr reqeHras. Conro Jlaean-f,.

HecraqraoHapHoe oAHoMepHoe rerreHvre up4eanbHoro ra3a. PacnpocrpaHeHr{e

KoeSSuqLreHr ryvucrofi
TelnonpoBoAHocTbro u

Bo3Mylrlennfi xone.{Hofi LrHreHcHBHocrLr (nosHuruoBeHrae n rpy6e yAapHbIX eomr).
Bolnrr pa3pexeHvs. 3leueHrapHar reopr,rfl yaapnofi rpy6u.

fiurtarrurca ssgrofi )Kr4AKocru. Cnssr Mex.Ey reH3opoM nanpxxenufi u
reH3opoM crcopocrefi 4e$opuaqufi.

VpasneHlaq Hasre-Crorca. JlanaunapHoe reqeHue xrlrAKocrr{ e rpy6e. 3aron
farena-llyazeitlfl. ,,{nuxennr sssKofi xr{AKocr}r rtpu 6omruux 3HaqeHusx
Kpurepldr Pefinom4ca. Bneo4 ypannenufi llpan4ux Anfl naMlrHapHoro
norpaHuqHoro cJlot. TorrquHa BbrrecHeHnx. llorpann.rHrrfi cnofi Ha rrJracrrrHe,
aBroMoAeJrbHoe perxeHr4e Fna:uyca. MeroA KapuaHa-llolrraysena.

ilI. TEPMOAITHAMIIIIECKITE IIIIKNbI W TEIIJIOOBMEHHbIE
AIITIAPATbI.

llapocunoBble IIuKJrbr: rILrKn PeHrzHa, rlrdKn c rrpoMe)KyroqHbrM rreperpeBoM

rosQSuqueHrbr

vr3ryqe}jfis.,
npu6naxeur4fl

HrroronoBcKue
HEHb}OTOHOBCKI4X

B'3KLIE XU,IIKOCTLI.

Br3KLrx xu.urocrefi.

Peororu.{ecxufi 3aKoH Hrrorona.
Ocnonnue peonorlrrrecKlde 3aKoHbI

[apa. flonxrue o [apoBbIX Kornax, [apoBbrx ryp6zHax oceBbrx vrpa1uurbHbrx.



llonqrne o renroQHKarIuoHHoM IInKJIe.

I-{rarnu nopIIrHeBbIX ,4nurarelefi BHyrpeHHero cropaHu.fl. I-{uxnu
ra:oryp6r4HHbrx 4nzrarelefi vr rroHrrLTe o ra:oryp6llHnblx vr [apora3oBblx
ycTaHoBKax, 3aBr{cr.rMocTb rosssnqvgglTa none3Horo AeitcrF,vs. ycTaHoBoK oT

TepMoAr{HaMurre cKr4x rrapaMeTpoB III4KJIOB.

XoloAralbHbre (o6parnue) urarmr. XoroAuJrbHbre ycraHoBKla: Bo3AyIIIHbIe,

rrapoKoMnpecclroHHhre, a6cop6qnoHHbre. llpuHqun pa6orrr rerlJloBoro Hacoca.

llonsrue o MeroAax nonyqeHu-f, cxrnxeuHbrx rut3oB.

Tepnro4ranavrra.{ecxzfi aH€rrrr43 pa6orrr KoMrrpeccopoB. Bapuanrrr [poqecca
cxrarur B KoM[peccope. IlopruHerue v poraqkroHHbre KoMnpeccopbl.

MnorocryreHqarbre KoMrrpeccopbr. I4so6paxeHue pa6ovux npoqeccoB
KoMrrpeccopa B enrpouufiHbrx Ar4arpaMMax. llongrue o pa6ore qenrpo6exHblx LI

oceBbrx KoMrrpeccopoB.
@nsuqecrr4e ocHoBbr rerrJroBbrx rpy6. Ycrpoficrno u rpLrHIIIdn pa6orrr

TenJroBbrx rpy6. BnAu rerrJroBbrx rpy6. Oco6eHnocrlr npoqeccoB TerIJIo - u
MaccolepeHoca B TerrJroBbrx Tpyoax.

Knaccu$:aKar\rrfl. r4 rrplrHr{Eu pa6orrr renroo6ueHHrrKoB. PeryneparllBHble }I
pefeHeparr4BHbre re[noo6MeHHprKrl. OcnosHrre KoHcrpyKrlr4ll rrprMo - vr

[pornBororrHbrx renroo6ueHHrrKoB-peKyrreparopoB. Pacqer cpe4nefi p€tsHocru

TeMleparyp rtpra rrpsMoroKe r{ nporuBoroKe. Pa:rraqnrre cxeMbl pacnonoxeHvre,

rroBepxHocrefi reuroo6uena rtpu ilepeKpecrHoM ToKe. Tenrouepefta'ta npl4

nepeKpecrHoM ToKe. llpnHqnu Aeficraus Lr KoHcrpyKurrn pereHeparopoB.
Vp anneHr,r{ TeruroBoro 6 atalaca B pereHeparopax.
Koe$$uqr4eHTbr rroJre3Horo Aeficrsus H MeroAbr cpaBHeHLIt IIHKIoB

TerrJrocr{JroBbrx ycraHoBoK. MeroAu nnrencu@krKarlr4r4 reuroo6uena. Pa:surrre
rroBepxHocrr{ TerrJroo6naena peKyneparlrBHbrx renroo6ueHHbrx alfiaparoB.
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