Tema 3: BTOPOU 3AKOH TEPMOLOUHAMUKU
3.1. SBHEPI s U SHTPOIUA

Bmopoii 3aKOH yCcmaHasesriueaem, 4mao camMoripou3eOorsibHbI€ rnpouecchbl
6803MOXXKHbI JlUWb 8 IMOM Criy4ae, Koe0a 8 cucmeme Hem paeHoeecuUA, U 4mo
amu ripouyecchbl gceada ripomeKarom e HaripaesieHuu, rpu Komopom
cucmema npu6nu>1<aemc,q K paeHOB8eCHOMY COCMOAHUKO

. Takum obpa3om, 8mopou 3aKOH MmepMoOUHaMUKU 10380/19em yKasamhb
HanpaereHue mernsioeo20 rnomoka U ycmaHaenueaem MaKcumMasabHO
BO3MOXXHbIU npedesi npespaleHuUss menaombl 8 pabomy 8 mernsioebix
MawuHax. Haubonee obwas ¢oopMynupoeKa 8Mmopo20 3aKoHa
mepmMmoduHamuku 0aHa Knay3uycom e sude criedyrouweao rnocmyraama:
"Ternzioma He MoXxXem camMornpou38osibHO (be3 koMneHcauuu) nepexodumab
om MeHee Hazpemoao mesa K bornee Hagpemomy".

C omkpbimueM riep8o2o 3akoHa mepmMoOuHaMuKu bb1r10 0CO3HaHO
3Ha4YeHue aHepauu 8 MamepuasibHOM Mupe. 3aMe4yeHo, 4mo ece 8UOobl
3HepauuU, 8 KOHEYHOM c4yeme, rpeespauw,aromecs 8 merniomy, Komopasi 3amem
pacceusaemcs 8 oKpyxxarouwieu cpede. Mepa amozo pacceusaHus bbina
Ha3zeaHa sHmpornueu. Yem bornbuwe pacceusaemcs (obecuyeHusaemcs)
3Hepausi, mem bornbwe ysenu4dueaemcsi 3HMPOrius.



= DHepaus U 3HMpOonus S8r1s10mecsi HeombeMrieMbIMU c8oUcmeamu
Mamepuu, rnpu4yemMm 3Hepaus ecmb Mepa 08UXEHUS Mamepuu, a SHMPOonus
— Mepa pacceugaHus (Gegpadauuu) sHepauu. Kpome 8udog 3Hepauu
pasnu4arom gpopMbi nepedadu aHepauu. B mepmoouHamMuKe rnpuHsImasl
dee chopmMmbl 0bMeHa aHepauu: paboma u mernaoma rpouecca.

= Tennoma, cesi3aHHasi ¢ 08UXXeHUEeM MOJIEKYI U amomMos, S68/15emcs
MUKpOcKornu4Yyeckou chopmou rnepedadyu 3Hepauu, a paboma, cesi3aHHasl ¢
rnepemeuweHUeEM mersia usu e2o Yyacmeu, — Makpogu3u4ecKou.

= Cnedyem 3amMemumsb, YmMo merisioma u paboma He S68/151mcs
pasHoUeHHbIMU ¢chopMamu rnepedadu sHepauu. Paboma
HeriocpedcmeeHHO Moxxem bbimb ripeobpasosaHa 8 rrobol 8ud 3Hepauu.
Terninnoma 6e3 rpomeXxymo4yHo20 ripespawieHus 8 pabomy moxem 6bimeb
HaripaesieHa Ha ysesriudeHue 3ariaca nulb 8HympeHHeU 3Hepauu merna.
Paboma, 6e3 kakux 6b1 mo Hu 6b1510 oepaHu4YeHul, Moxem bbImab
rnpespaweHa 8 merisiomy, a rnepexod mernnomsi 8 pabomy, coaracHo
8MopOoMy 3aKOHYy mepmMoouHaMuku, 6e3 komrneHcayuu (6e3 Hekomopozo
dornosiHUMersribHo20 ripouecca) HE803MOXKEH.



3.2. PABHOBECHOCTb U OBPATUMOCTb lPOLIECCOB

TepmooOuHamuyeckasa cucmema byoem Haxo0umbCs 8 PA8HOBECHOM
COCMOSHUU, ecJiu 80 8CEX mMo4Kax cucmembl bydem oOuHakoeas
memriepamypa U o0OUHaKogoe OasrieHue.

Bcsikas usonupogaHHas cucmema ¢ me4yeHueM epeMeHu rnpuxooum 8
pPas8HOBECHOE COCMOSIHUE, KOMOPOe ocmaemcsi HeU3MeHHbIM 00 meX r1op,
rnoka cucmema He bydem ebigedeHa U3 Heao 8HeWHUM 8030eliCMB8UEM.
LeticmeumeribHO, pa8HOBECHbIU rpouecc OO/MKEH cOCmMosimb U3 psida
yepedyruwUXCcs 80 8PEMEHU COCMOSHUU pasHo8ecUs, 0OHaKo rnepexoo U3
00HO20 COCMOSIHUSI 8 Opy20€ 803MOXXEH JTUWb 8 pe3yfibmame HapyweHUs
3Mo2o pasHOBECUS.

Tem He MeHee, mexHuU4YecKasi mepMooOUHaMuKa usy4aem mosibKo
paBHOBECHbIE COCMOSIHUS U Pa8HOBECHbIE MPOUECChl, MaK KakK
omcymcmeue pasHosecusi Hympu mepmMoOuHaMu4yeckol cucmemb|
npusooUM K 3a8UCUMOCMU rapamempo8 COCMOSIHUS 0mM 8peMeHU.
[loamomy aHanu3 HepasHOBECHbIX COCMOSIHUL U MPOUecco8 3Ha4YUMes1bHO
YCITOXXHSeMCH.

Vimak, pasHOBECHbIU rpouecc MOXXHO rnpedcmasumsb Kak Herpepbi8HbIU pso
6eCcKOHe4YHO br1u3KUX COCMOSHUU U MOXXHO U306pa3ums JIUHUSMU Ha
mepMoOuUHaMUu4yecKux oduazpamMmax, Haripumep, pv u Ts.



= Bce pealnbHble mepmMoouHaMu4ecKue rnpouecchl npomeKkarm rnpu
KOHeYHoU pa3Hocmu OaesrieHul u memrepamyp paboyezo merna u
OKpyXKarouwieu cpedbl. CriedogameribHO, pealibHbIe Mpouecchl
gceada HepPa8HOBECHbI.

= C rnnoHsmuem pasHO8eCHOCMU MPOUECCO8 C853aHO NMOHAMuUE UX
obpamumocmul.

= [Jlonycmum, Ymo 8 HeKomopou u30siupo8aHHoOU cucmeme
npomekaem ripouecc 1-2 (u3 cocmosiHus 1 cucmema rnepexooum 8
cocmosiHue 2). Toeda 0nss obpamHo20 nepexoda cucmemael U3
cocmosiHUA 2 8 cocmosiHue 1 umeem 0ea criyyas:

1) obpamHbIU ripouecc 803MOXKEH, U ripomekaem b6e3 kakux bbl mo
HU 6bIr10 U3MeHeHUU 8 OKpyarouweu cpede. B amom crniydyae
npouecc 1-2 ripuHImMo cyumame obpamumbiM;

2) o6pame/u rpouecc, npomekxkarwul 6e3 usmeHeHuUU 8
OKpyXKarouwiel cpede, He803MOXeH. B daHHOM criydae ripouecc 1-2
b6ydem HeobpamuMmbim.




3.3. YCJI0OBUA PABOTbI TEIJIOBbIX MALUWH

Lrns mo2o ymobbl om merisioeol MawuHbl MOXXHO ObIs10 Mos1y4Yume
rnosiesHyro pabomy, HeobxoOuMO 8bINOTHUMb criedyrouiue yCrio8Us.

Heobxodumo umemsb paboyee mesno — amo mersio, rnocpeocmeom
KOmopo&2o ocyuiecmerisiemcs 83auMHOe ripespauwieHue meniaomsi U
pabomei.

Heobxodumo Hanu4ue, rno MeHbweu mepe, 08yX UCMOYHUKO8 mern/iomsbl
C pasHbIMU memriepamypamu — 8epxHUU (8bicliult) UCMOYHUK
mernnomsel (BUT) unu Hagpesamerb U HUXHUU (HU3WUU) UCMOYHUK
merniriomsl (HUT) unu xornoournbHUK.

Paboma mennogol mawuHbl 00/mKkHa 6bimb UUKIUYHOU, m.e. paboyee
merio, cogepuias psio rpouyeccos, G0/MKHO 8038pawlambcs 8 UCXOOHOe
COCMOsIHUE.

Paccmompum Kpy2o80U YUK mernioeou MawuHbl, U30bpaKeHHbIU Ha
puc.3.1. P4 |

T,

Puc. 3.1



B npouecce pacwupeHus 1-a—2 om BUT ¢ memnepamypou T1 K
paboyemy merny rnoosooumcsi mernsoma 8 koriudecmee q1. [Npu amom
rnosiydaemcs riorioxxumersribHasi paboma |1, yucrneHHo pasHas rniowadu
c—1-a—-2—d.

B npouecce cxxamusi 2—b—1 om paboyeao menia omeooumcsi merisioma g2

K HUT ¢ memnepamypou T2. B amom ripouyecce 3ampadusaemcsi paboma
12 (paboma ompuuyamerneHasi), pagHas rnriowadu c——b—2—d.

YpasHeHuUe rnepeoao 3aKkoHa mepmMoouHaMuKu Oris rnpoueccos 1—a—2 u
2—b—1 coomeemcmeeHHO bydem umems 8ud

g, =tAu+l, 31 —9q,=UAv—1,

PasnuyHbele 3HakKu uaMeHeHUs1 BHympeHHeU 3Hepauu Du 835imbi romomy,
4UMO 8HYMPEHHSSA 3HepPaUs 3a UUKI He 0ormkHa usmeHssmbcs. Crioxus
ypasHeHus (3.1) u (3.2), nony4um

q9,—q, =1, -1, :lu

2oe Iy — paboma yukna 1-a-2-b-1.

Umobnki nonydyume rionesHyto pabomy, paboma, 3ampadyeHHas Ha cxxamue
8 rnpouecce 2—b—1, dormkHa bbimb MeHbWe pabombl pacuupeHUs 8
npouecce 1-a-2 (12<I1). Ymobbi samoao docmuyb, HEOb6XOOUMO
00HOBPEMEHHO CO CxXxamuem oxnaxdame paboyee merio, omHumasi y
Heao merisiomy q2.



Ecnu npu cxxamuu He oxnaxo0amb paboyee mesio, mo rnpouecc cxxamus
rnoudem o nymu 2—a—1 u Ha cxxamue bydem rnnompadyeHa ma xe camasi
paboma |1, komopasi bbina nony4eHa 8 ripouecce pacwupeHus. B
pe3yrnbmame rosne3Has paboma yukna 6ydem pagHa Hyriio.

Takum obpasom, noemopsis nocriedosamesibHo Yukn 1—a—2—b—1 c¢
1008000OM U 0MB80OOM MeErIoMbl, MOXHO 10s1y4UMmb HENpPepbIBHO
delicmeyrouwyro merisiogyro MalluHy.

KoagpbuuueHm rnone3Ho2o deucmeusi (krod) uukria mennoeou MaluHbl
ornpeodernsemcs rno ghopmyrie

/ Il
n=a=0"%_| B2 53

q, q, q,

Takum obpa3om, KoaghgbuuueHmMom rnorie3Ho2o0 delicmeausi merioeou
MalWUHbl Ha3bleaemcs omHouweHue riosie3Hou pabomel, rosy4eHHoU 8
UUKIe, KO ecel 3ampadyeHHou meriome. KoaghgbuuueHm rosie3Ho2o
delicmeusi mernioeou MawuHbl ecee0a meHbwe 1 (unu 100%), mak Kak He
ecs mernisioma q1, noogedeHHas K pabodyemy merny, npespauiaemcs 8
pabomy. HYacme asmou mennomei 8 Koriudecmee Q2 omeooumcs 8
OKpyXKarouyro cpeoy.



3.4. UUKIJ1 KAPHO

= AHanusupys cpopmyny (3.3), MOXHO 3amMemumsb, Ymo ht eo3pacmaem rpu
yMeHbWweHuu q2 unu yesenudeHuu q1. Omcroda MOXXHO 3aKmYume, 4mo,
8blIbupass coomeemcmasyruwumMm 0bpa3oM rnpoyecchl paclupeHus U cxxamus,
rnpomekarowjue ¢ noo08ooomM u omeooom mersiomsl g1, G2, MOXHO
U3MEeHSIMb 8€es1UYUHY Kro. B ces13u ¢ amum 803HUKaem 80ripoc — MOXKHO /U
Halmu makou yukri, komopsbit obradan bbl HaubosrbWuUm Krio?

= Takou yukn bbin npednoxeH Cadu KapHo. OH cocmoum u3 08yX
obpamumbix usomepmuyecKkux u 08yx obpamumeix aOuabamHbix

rnpoueccos (cm. puc.3.2, 3.3).

Prc. 3.2, Puc. 3.3.




Mzomepmuyeckut u aduabamHaeil ripouecchl S6/1sKmcesi caMbiMu
8bI200HbLIMU ripoueccamu 8 cMbicrie rosiydeHus pabomel, m.K. 8
U30mepMuUYeCKOM rpouecce 8cs mersioma, nodeooumas Kk paboyemy mery,
npespauwaemcs 8 pabomy, a aOuabamHsbiU ripoyecc rnpomexkaem 6e3
merisioobmeHa.

Paccmompum ece ripoueccsi yukna KapHo. lNpouecc 1-2 npedcmasrnsaem
rpouecc Uu3omepmMuY4ecKo20 pacwupeHus paboyeao mena ¢ noo8ooom
meririomel Q1 om g8epxHea2o0 ucmo4yHuUKa mernsiomsl ¢ memnepamypou T1.
Konuyecmeo mennomei g1, pasHoe pabome |1, nony4eHHOU 8 ripouecce
1-2, onpedensaemcs rno ¢goopmyre (cm. § 4.4 — usomepmu4veckul rnpoUecc).
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Paboma |1 onpedensemcsi makxe rnnowadbto gpuaypbi v1 ——2—-v2 (cm.
puc.3.2.).

[lpouecc 2—-3 sensemcs npoueccom aduabamu4yeckoao pacuwupeHus. a3
cosepwaem pabomy, YucrieHHO pasHyro rrowiadu uaypbl v2—2—3—v3 u
oripedernisieMyto rno gpopmyrie (cm. aduabammibiu ripouecc § 4.5).
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20e k — nokazamersib aduabamei.



B npouecce 3—4 npoucxodum uzomepmu4deckoe cxxamue paboyeao
mersia ¢ omeodoM merisiomsl G2 K HU3WeMy UCMOYHUKY mMersiomsl ¢
memnepamypou T2. Ha cxxamue 3ampadyueaemcs paboma I3,
YUCJIeHHO paeHas rnrouw,adu guaypbl v4—4—-3—-v3, pagHasi Korudecmeay
omeeOdeHHOoU mernnomsbl g2 u onpedenﬂe,/waﬂ rno ¢popmyrie
e = —R7, In—
3 q-> 2
Va4
B npouyecce aduabamHozo cxxamusi 4—1 2a3 Haegpesaemcs 00

memnepamypbl T1. Paboma, 3ampadusaemasi Ha cxxamue, YUcC/1IeHHO
paeHa rnnow,adu ¢guaypbl v1—I—-4—v4 u onpedernsemcs rio gpopmyrne
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[NonesHas paboma Iy yukna 1-2—-3—4 onpedenssemcs anaebpauyeckou
cyMmou pabom, rnosiy4eHHbIX Usiu 3ampaqyeHHbIX 8 0mMOesibHbIX
npoueccax yukna. Cymmupys rinowjadu, ebipaxarowue pabomy 2asa 8
omaoersibHbIX rpoyeccax yukma, ¢ y4emom 3Hakos pabomel rnomy4um

u=rn.1-2-3-4-1=nn.v1-1-2-v2+nn.v2-2-3-v3-rin.v3-3-4-v4-rnn.v4-4-1-v1.

Cymmupysi gpopmyribl pabom Orisi 8cex ripoueccos Yukna, rnomayyum
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M3 nonydeHHoU ¢popmyribl 8UOHO, Ymo pabomsl 8 aOuabamHbix ripouyeccax
2—-3 u 4-1 e3aumHo yHudYmoxxaromcs. Toz0a ¢popmyna (3.4) npumem 8uod

lLI R| T, ln — 7, ln
v, Vv,

KoagbgpuyueHm rnone3Hoz2o deticmaus 1toboz2o yukria mersioeol MawuHb! (8
mMOoM YucJsie U yukra KapHo) onpedenﬂemc,q rno cpopmyrie n, = [ w/ 491
Omcrooa T In—2 — T, In 22
\ S Vy
n, = (3.5)

T, In 2
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Lns aduabam 2—-3 u 4—1 cnpaeednueb/ credyrowue 3asucumocmu

k—1 .
Tlv2 =1,vy ;
1 k—1

[Nocne derneHusi Nep8oao ypasHEHUs Ha 8Mopoe MosyHuUm
k-1 k—1



= [locapugbmupys rnocrieOHee coomHoweHue, byoem umems
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= Q@opmyna (3.5), yaumsigas (3.6), npumem suo

n, = dinil =1—£
1 1 (3.7)

= AHanu3supys coopmyrny (3.7) npuxoOum K 8bieody, Ymo ht moxxem 6bImeb
paeseH eQuHuUUe Nuwb 8 criydasx, koeda , nubo T2=0 K. 9mu ycnosus
HEB03MOXXHO ocyulecmseums Oaxke 8 udeasibHOM UUKIle, mak Kak
memriepamypa eepxHe20 UcmoyHuUKa mensnomsel T1, pagHas
becKkoHeyHoCcMuU, npakmu4ecku Hedocmuxxuma, a makxe u
HedocmuxxumMa memrepamypa HUXHea0 ucmo4yHuka mernsnomsl T2,
paeHasi abcornromHomy Hyno memnepamyp T12=0 K=—- 273,15°C.



AHanusupysi gpopmyrny (3.7) npuxoOum K 8bieody, 4Ymo ht moxxem bbimeb
paeeH eOuHuUue nuwb 8 criydasx, kozoa , nubo T2=0 K. Omu ycrnosusi
HEeB03MOXHO ocyuwiecmeumsp Oaxke 8 udeasilbHOM UUKIe, makK Kak
memriepamypa eepxHe20 UcmoyHuUKa mennomsel 11, pasHas
beckoHe4YHoCMuU, npakmu4yecku Hedocmu)Xuma, a makxe u Hedocmuxxuma
memrepamypa HUXXHea0 UcCmoYHuUKa menrnnomael T2, pasHas abcornromHomy
Hyrto memnepamyp T2=0 K=—- 273,15°C.

AHranu3supysi gpopmyriy (3.7), MOXHO cOerlampb euwe 0OUH 8a)KHbIl 8bI800 —
knd L{ukna KapHo 3asucum ruwb om memrepamyp 8epxXHe20 U HUXHE20
UCMOYHUKO8 meriomel U, crredogamersibHO, He 3agucum om poda paboyezo
mera. 3mo ymeepxx0eHue serisiemcs cooepxxaHueMm meopemMbl KapHo.

B pearnbHbIx UuKiax mernosbix 0guaamerieu (Haripumep, 8 dsuaamerisix
8HYMpPEHHEe20 ca2opaHus) yukn KapHo HenpumeHum. M3-3a Heborbuwozo
passfiudusi 8 HakroHax usomepm u aduabam rosiydaromces bonbuwiue
pasmMepbl! Yukrnia rno ocu v. 9mo o3Hadaem, 4mo 8 peasibHoOM 08uzamerie
HY>KHO MPUMEHSIMb 04eHb OTUHHbIU YunuHOp. B pe3ynbsmame 6yoym
8e1UKU riomepu Ha mpeHue u mernnoobmMmeH u3-3a Heobpamumocmu
rpouecca, a makxe bonbwue ecabapumsl U eec 0suaameris.



3.5. OBPATHbIN OBPATUMbIA LUNKIT KAPHO

= [Jukn KapHo MOxXem ripomekame HEe MOJIbKO 8 MPsSIMOM, HO U 8 06pamHOM
HaripasneHuu (cm. puc. 3.4.). MawuHsbl, pabomarouwue no obpamHomy
UUKITY, Ha3bl8aromcsi Xor00uribHbIMU MaluHamu. 3mo merisioeble MalluHbl,
Komopble co30arom U rnodoepxxuesarom pazHocms memrepamyp rnymem
omHsmusi merniomsl y 6osiee xor100HO20 mersia u rnepedadqu ee boriee
a2opsiyemy (cm. enaea 12). A makou ripouecc, Kak criedyem us3
OopPMyrnupPoOBKU 8MOPO20 3aKkoHa mepmMmoOuHamuku Knaysuyca, mpebyem
3ampamel 3Hepauu (He Moxem coesepwambcs be3 KomrieHcauuu).

P
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~ Puc. 3.4




= Paccmompum obpamumbiti obpamHbit Uukni KapHo, udobpaxeHHbIU Ha puc.
3.4. B npouecce 1-2 paboyee merio (xonoduribHbIU a2eHm) pacwupsiemcs
rno aduabame ¢ ymeHbweHuem memrepamypbl om T1 e moyke 1 0o T2 8
mouyke 2. 3amem 2a3 pacwupsiemcsi ro usomepme 2—3 ¢ nodsooom
mensiomsl Q2 om Ucmo4HuUKa ¢ memnepamypou T2. B aOuabamHom
rnpouecce cxxamusi 3—4 ripoucxodum ygernu4vyeHue memrepamypbl paboyezo
merna om T2 0o T1. B usomepmudeckom ripouyecce cxxamus rnpoucxooum
omeod om paboyezo meria mersiomel q1 K 8epXHEMY UCMOYHUKY
menaomel.

= Ha ocywecmernieHue obpamHo20o yukra 6 xorio0usibHoU MawuHe
3ampa4vugaemcs yoenbHas paboma I. [Nlou amom om HUT k BUT
rnepeHocumcs Koru4ecmaeo mersiomsl, pasHoe q2. Kpome moeao, K BUT
rnepedaemcs merisioma, pasHas 3ampadyeHHou pabome |. Omcroda, ecs
mennoma, rnony4yaemasi BUT, 6yoem q, =q, +1

= Paboma, 3ampadyeHHas Ha cxxamue 8 rpoueccax 3—4 u 4—1, bonbwe
pabombl pacwupeHus 8 ripoueccax 1-2 u 2—3 Ha senu4uHy rnow,aou
uaypbl 1-2—3—4. Paboma pacwupeHus rnpou3eooumcs cxxambiM 2a30M, U
OHa byOem rionoxumersibHou. Paboma cxxamusi ripou3eodumcs Hal 2a3oM, U
oHa bydem ompuuamernbHou. Omcroda cymmapHasi paboma, 3ampadyeHHasi
Ha rnepedady mernmnombsl om HUT k BUT, 6yoem ompuuamerbHou.



= Paboma, 3ampadyeHHas Ha cxxamue 8 rpoueccax 3—4 u 4—1, 6onbwe
pabombl pacwupeHus 8 ripoueccax 1-2 u 2—3 Ha senu4uHy row,adu
ueypbl 1-2—3—4. Paboma pacwupeHus rnpou3eooumcs cxxambiM 2a30M, U
OoHa byodem rionoxumersibHou. Paboma cxxamusi ripou3eodumcs Had 2a3oM, u
oHa bydem ompuuamernbHou. Omcroda cyMmmapHasi paboma, 3ampadyeHHasi
Ha nepedady mernmnomsl om HUT k BUT, bydem ompuyamerbHou. OHa

bydem pasHa J = q, —g-

= OppekmusHocmb pabombl X0r100UMbHbIX MaWUH Xxapakmepu3yemcs
X0/100UsIbHbIM KO3¢hghuuueHmom, oripederiseMbiM 8 8Ude OMHOWEHUS
meriiomal, 83simot om HUT u nepedaHHou BUT, k 3ampa4yeHHOU pabome

4 _ a4
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= X0/100usibHbIU Ko3aghuuueHm xapakmepusyem 3¢hgpeKkmugHOCMb
nepeda4u mernnomsi om HUT k BUT. OH 6yOem mem bornbwe, 4yem
bornbuwee Konu4ecmeo merisiomsl g2 6yodem e3ssmo om HUT u nepedaHo
BUT u yem meHbwe byoem Ha amo 3ampadyeHo pabomeli |.




= X0os100usibHbIU Ko3aghcbuuueHm obpamumo20 obpamHo20 uukna KapHo
ornpeodersemcs rno gpopmyrie T
2
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= Xori00uribHbIU KO3ghghuyueHm 3moeao Uukra 3asucum fulb om
abcornromHeix memnepamyp T1 u T2 u umeem Haubonbwee 3Ha4eHuUe
10 cpaBHeHUo ¢ X0100UsIbHbIMU KO3ghguyueHmamu iobbix opyaux
UUKII108, MpomeKarnwux 8 mex xe memrepamypHbix ripederax.

= X0/o0usibHble MawUuHbl, NpedHa3Ha4YeHHbIe 0111 OMOorieHuUs!
rnomeuwieHul rnymem repedadu merisiomsl om UcmoyHuka ¢ boree
HU3KoU memrepamypou K UCMOYHUKY ¢ bosiee 8bICOKOU
memriepamypou, Ha3bl8aromcs merioebiMuU Hacocamu. Mx

aghghekmusHOCMb oueHU8aemcs omornumesibHbIM KO3gh@UUUEHMOM j,
orpeoernseMbsIM rno ¢hopmyrie
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