% % CuSO, + Zn—> Cu + 250,

; H.0
I
N,+ 3H, =
.+ 3H, == 2NH, o

()

CoHg + 0, = H0 + €O,




«l1100b1 MoOux mpydoe — npexcde 8cezo 8 HAy4YHOU U38ECMHOCMU,
cocmasjsuell 20pdocmsb - He 00HY MOK JUYHYH), HO U OOWYH
pycckyr. Jlywwee 8pemMsi JCU3HU U €€ 2/a8HYI0 CUAY 835/10
npenodasamenbcmeo. M3 mbicsa4 MOUX YYEHUKO8 MHO20 meneps
noscdy 6udHblX desmeJiell, npogeccopos, AOMUHUCMPAMOpPOS, U,
ecmpeyvast ux, gcezda cAbluiaja, Y¥mo dobpoe 8 HUX ceMsl Noaazaj, a He
npocmyrw omoéwvled/a NOBUHHOCMb. Tpemusi cayxcba mosi Podune
HaumeHee 8UOHA, XOMsl 3a60Mu./1a MeHs C IOHbIX JIem No Cux nop. Imo
CAYyAHcOa no mepe Cul U 803MOMNCHOCMU HA NOJ/b3Y pocma pycckou

npomslulsieHHocmu».

J.HU. Mendesees
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OBIIUE TPEBOBAHHUA K O®OPMJIEHUIO OTYETA 11O
JIABOPATOPHOH PABOTE

OdopmiieHre oTyeTa

JlabopaTopHasd paboTa — HeOOJIbIIOW HaAy4HbIA OTYET,
0000IIAIIMM  MPOBEAEHHYID CTYAEHTOM paboTy, KOTOpYIO
NpeJICTaBJSIOT [Js 3allUThl MpenojaBaTesi. K sabopaTopHbIM
paboTaM npenbsiBJASIETCS PsiJi TPeOOBAaHWM, OCHOBHBIM M3 KOTOPBIX
SIBJIsIeTCS TOJIHOE, MCYeplibiBalolllee ONHCAaHHE BCeW MpoJeslaHHOU
paboThl, MO3BOJISIOIEE CYAUTh O NOJYYeHHBIX pe3yJbTaTaX, CTENEHU
BbINIOJIHEHUS 3a/laHUU U TpodecCUoHANbHON NO/ITOTOBKE CTYAE€HTOB.

TumyabHblll AUCcM  ABJSETCS TepPBOM CTpaHUIEW JH06OM
Hay4YHOH pabOThl U AJI1 KOHKPETHOTO BH/la pabOThI 3alOJIHSETCS IO
ornpejieJieHHbIM IpaBu/aM. [l jjabopaTOpHOW pabOThbl TUTYJbHbBIN
JIUCT 0QOPMJISIETCS B COOTBETCTBHUH C MPUJIL. 1.

Lleab pabombl O0KHA OTPaXKaTh TeEMY J1abopaTOPHON pabOTHI,
a TakKe KOHKpPEeTHbIe 3aJjJauM, OCTaBJEeHHbIE CTYAEHTy Ha MEPUO]
BbINIOJIHEHUSI PaboThl. [lo 06 beMYy 11eJib pabOThl B 3aBUCUMOCTH OT
CJI0’)KHOCTH M MHOT033a/Ia4HOCTH paboThl COCTABJISIET OT HECKOJbKUX
cTpok a0 0,5 ctpaHuIbL.

Kpamkue meopemuveckue ceedeHusi. B a3ToM pasgeine
M3JlaraeTcsl KpaTKOe TeopeTU4YeCcKoe ONMCaHhe M3y4aeMoro B paboTe
sIBJIEHUS WJIM T[Ipollecca, NPUBOAATCSI TaKXKe Heob0XOoAuMble
pacyeTHble dopMyJbl. MaTepuas pasjesia He [OJKeH KOMHUPOBATh
coJlep>KaHUue METOJMYECKOro Mocoous WM y4eOHMKA MO JaHHOU
TeMe, a OrPAaHWYMBAETCSd M3J0)KEHUEM OCHOBHBIX MOHSTUH U
3aKOHOB, pacyeTHbIX GopmyJ, TabJUL, TpPeOYUUXCA AJA
JlaJibHeWIIed  00pabOTKM  MOJIYYEHHBIX  3KCIIEpPHUMEHTAJbHBIX
pe3ysibTaToB. 06'beM JIUTEPATYPHOro 0630pa He J0JI>KeH NPeBbIIATD
1/3 4acTu Bcero oTyera.

OnucaHue 3K'Cn€plUVl€Hma/leOlj YCMAHOBKU W  METOAHUKH
JKCIIEpPUMEHTA. B AdHHOM pa3aeJse IIPUBOAUNTCA cxXeMa
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5KCIEPUMEHTAJIbHOM YCTAaHOBKM C ONKMCAaHUEM ee paboTbl U
noApoOHO HM3JlaraeTcs METOJAMKaA TMpPOBeJEeHUsA 3SKCIEPUMEHTA,
NpoLeCC NOJYYEeHHUS JAHHBIX U CIIOCOO UX 0O0PabOTKH.

JKcnepumeHmasavHble  pe3yabmambsl. B 3TOM  pa3sjelie
NPUBOJSATCSA HENOCPeJCTBEHHO pe3yJbTaThbl, IMOJIyYeHHble B XOJe
NpoBeJleHHs1 J1abopaTOpPHbIX paboT: oOIpejesieHHble 3HA4YeHUs
BeJIMUMH, Tpaduky, Tabuaulpl, aAdarpaMMbl. 06g3aTesbHO
HEe0OXO0JUMO OLIEHUTb MOTPEIIHOCTU U3MEPEHU .

AHanu3z pe3ysabmamos pabomsl. Pasgen oryeTa  [10JIKEH
coZlepKaTb  MOJAPOOHBIA  aHaJU3  MOJIYyYEHHBIX  Pe3yJIbTATOB,
MHTEPNpETALUI0 3TUX pe3yJbTaTOB HAa OCHOBE PU3UYECKUX 3aKOHOB.
CiefyeT CpaBHUTb IOJIyYeHHble pe3yJbTaTbl C UW3BECTHBIMHU
JIMTEPAaTyPHbIMU  JJAaHHBIMHM,  OOCYJUTb  UX  COOTBETCTBUE
CYLECTBYIOIIMM TeOpeTUYeCKUM MoJensaM. Ecau ob6HapyKeHO
HECOOTBETCTBUE TMOJIYYEHHBIX pPe3yJIbTaTOB W TeOpPEeTUYEeCKUX
pacyeToB WJM JIMTEPATYPHbIX JAaHHBIX, HEOOXOJAMMO OOCYIMUTH
BO3MO>KHbI€ MIPUYHUHbI 3TUX HECOOTBETCTBHUM.

Bbigodbl. B BbIBOAX KPAaTKO MU3J1aralOTCs pe3yJabTaThl pabOThI:
NOJIyYeHHbIe 3KCIEPUMEHTAJbHO WJM TEOPETUYECKHM 3Ha4YeHUS
du3nyecKUx BeJUYMH, UX 3aBUCUMOCTH OT YCJAOBUH IKCIIEPUMEHTA
WJIA BbIOPAaHHOM pacyeTHOMW MO/IEJIM, YKa3bIBAE€TCS UX COOTBETCTBUE
WIA HEeCOOTBETCTBUE 3aKOHAM U TEOPETUYECKUM MOJEJIAM,
BO3MOXXHbI€ MPUYNHBI HECOOTBETCTBHUS.

HpI/IGJIPDKEHHbIe B€JIMYUHbI U AEﬁCTBHH C HUMM.

3anuch pe3yJibTaTOB U3MEPEHUNW U BBIUMCJIEHWUH NMPOU3BOAST
TaK, YTOObI M3 HUX OblJIa BUAHA TOYHOCTb, C KOTOPOU BbINOJHEHBI 3TU
fevctBus. JIoOble [JlaHHbIE, I[OJydyaeMble H3MEPEHHEM, BCer/a
NPUOJIMKEHHBI, MMOCKOJbKY HMX TOYHOCTb 3aBUCUT OT MHOTHUX
0OCTOSITEJILCTB U B MEPBYI O4YeEpeAb — OT NOTPEIIHOCTHA CPEJCTB
M3MepeHHUs.

Hanpumep, eciu npu U3MepeHUU TeMIepaTypbl MNOCJeaHss
nudpa okasajacb HyJieM, TO e€ HeJb3s OTOpachiBaTb. Hampumep,
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JlaTYUK TeMrepaTypbl Moka3dbiBaeT «25.30°C». JTO O3Ha4yaeT, 4TO
M3MepeHHe NPOBOAUJIOCH C TOYHOCTBIO [0 BTOPOro 3HAKa IOCje
3andaTOU. Ec/IM CTyAeHT B JAaHHOM cJydae 3apUKCUPYeT B TeTpasu
«25.3°C», TO TOYHOCTB pe3yJibTaTa OyieT HE0OOOCHOBAaHHO CHUXKEHA.

[Ipy  BbIMOJIHEHUU  apUPMeTHYECKUX  [JeUCTBUM  HaJ,
NpUOJIMXKEHHBIMHA 4YHWCJaMHM cjaelyeT TIOMHHUTb, YTO KOHEYHbIH
pe3yJbTaT CJIOXEHUS WJM BbBIUMTAHUS He JOJKeH HWMEThb OoJiblie
3HAKOB [OCJe 3alsdTO, Y4eM y HauMeHee TOYHOTO 4JieHa, TO eCThb
YyJieHa C HauMeHbIIMM 4YHMCJIOM 3HaKoB. Hampumep, AJjid CyMMbI
«1.222 +1.88 + 2.4 + 3.9296 =9.1616» npaBUJIbHOU ABJIAETCH 3alKUCh
«9.2», TaKk KakK y TpeTbero CJaraeMoro TOJIbKO OJIMH 3HaK IocJe
3anATOM. B MpOMeXyTOYHBIX BBIYHUCAEHUSAX MOCJ€e 3aMATON JOJIKHO
ObITb Ha OJAUH 3HAK OOJIbLIIE.

Taxxke npu YyMHOXeHUU U JejeHWd. Hanpumep, guasa
npousBegeHusa «2.222 x0.11 x5.02=1.2269» npaBuJbHOM OyJeT
3anUCh «1.2», Tak Kak y uuciaa 0.11 Bcero aBe 3Havamux nudpsl. B
NPOMEXYTOYHBIX BBIYUCJEHUAX 3HAYalUX LUAPP AOJHKHO OBITH Ha
OZIHy O0JIblIIE.

[Ipyu BO3BeAeHUHM B CTENEHb WU U3BJIEYEHUU KOPHS B
pe3yabTaTe ciaeAyeT OCTaBJATb CTOJBKO 3HaYalUX LUAPP, CKOJBKO
WX COZIEPXKUTCS B UCXOJHOM YHCIIE.

BeluncsieHus W 3alMcCH, BBINOJHEHHbIE C HapylleHUueM
BBIIIEONIMCAHHBIX MPABWJ, SBJSITCA HErPAMOTHBIMH, TaK KaK He
OTBEYAIOT [JIEUCTBUTEJbHOW TOYHOCTU Pe3yJbTaTOB pPaOOTHIL.
Cob6JitoieHre 3TUX MpaBuUJ, C APYrOd CTOPOHBI, 06Jier4YaeT pacyeThl,
TaK KaK M03BOJISIET OTOPOCUTH JIMIIHKE LUPPHI IEPE]] BbITIOJTHEHUEM
BBIYUCJIUTEJbHBIX ONEPALUMU.

O1IMOKHU U3MepeHUu

Cucmemamu4eckue OwubKU OJWHAKOBblI MO 3HAKy W
00yCJIOBJIEHBI TMOCTOSHHO JEUCTBYIOUUMHUA (aKTOpPaMH, KOTOpbIe
MOXXHO y4eCTb WU MCK/IIOYMTb. Hanpumep, cMeléH HyJib LIKaJbl



BOJIbTMETPA, U BCe pe3yJbTaTbl U3MEPEHUM OTJIUYAKTCHA OT
nevctBuTesbHBIX Ha 0.07 B.

CayuaiiHble OWUb6KU — 3TO HelpeJicCKkadyeMble M0 BeJUYHUHE U
3HAaKy OTKJIOHEHHS UW3MepeHUH OT cpeJHero pesyjabTaTa. Hx
OCOOEHHOCTb B TOM, 4YTO OHM pPABHOBEPOSTHBI MO 3HAKy U
NOJYUHSAIOTCS 3aKOHY HOPMaJIbHOTO pacnpejesieHusl, COrJIacHO
KOTOPOMY BEPOSITHOCTb KPYMHbIX OIIMOOK MEHbIIIE, YEM MEJIKHUX.

IIpomaxu — 3TO rpyOble OLIMOKH, BbI3BaHHbIE HApYyLIEHUEM
YCJIOBUM 3KCIIEPUMEHTA UJIM HEOPEXKHOCThIO B paboTe. Hanpumep, B
X0Jle  JKCIepUMeHTa CaMONpPOU3BOJbHO  MEHSJIOCh  CETEBOE
Halpsh>KeHUe, B TO BpeMs Kak TpeboBaJoCh ero nocTossHCTBO. Uuu o
HEBHUMATEJIbHOCTU OblaA cAesaH oTcyeT «1.1», B TO BpeMs Kak
npu6op nokaswiBas «1.01». Pe3ysbTaTbl C rpyoObIMM OIIMOKAMU B
npoiiecce 06paboTKH NPU HAJIMYUU 0O0CHOBAHHUM OTOPACHIBAIOT.

[IpaBUJIBHOCTD pe3yJIbTaTa, TO eCcThb HaJIM4Me
CUCTEMATHUYECKOW OIIUOKHM, BCErJa He TPYAHO IPOBEPUTH, MOJIb3YACh
CTaHAAPTHBIMU WJIM 3TAJOHHBIMU 00pa3naMu. ITOT NPUEM LIMPOKO
MCNO0JIb3yeTcsA B MpakTUKe. OH NMO3BOJIS€T HAXOAUTb NOINPAaBKH, C
NOMOUIbI0 KOTOPBIX MOXHO MOJIYYUThb MpPaBUJIbHbIE pe3y/bTaThl Ha
TOYHO, HO HEMPAaBUJIbHO PabOTaKUUX CPe/ICTBAX U3MEPEHUS.

CnyyaliHble OIIMOKHM, B OTJHW4YHME OT CHUCTEMATUYECKHX,
HCKJIOYUTb HeJsb3s1. Ho, yBesinuMBast KOJIMYeCTBO U3MePEHUN, MOXKHO
YMEHBIINTb CPEeAHIO BEJWYUHY CJAy4YalHOU OLIMOKM H, B MUTOTE,
MOBBICUTb TOYHOCTb pe3yJibTaTa U3MepeHUU. [lelCcTBUTENbHO, NPU
OZJHOM-ZIBYX W3MEPEHUSAX He UCKJIHYaeTCcs BO3MOXKHOCTb TOI0, YTO
OHH OYAYyT BbINOJIHEHBI C O0JIbIION OIIUOKOMN. [Ipd MHOTOKpPATHBIX Ke
M3MepeHHusX, COIJIAaCHO 3aKOHY HOPMaJIbHOIO pacnpeesieHus
CAy4alHbIX BeJWYWH, BEPOSITHOCTb MHOTOKPATHOTO IOsIBJIEHUS
KpYIHBIX OIIKO0K MaJia.



IIpogepbme ceos

Jano npubausxceHHoe uucao 1.0754327 u ezo npedeavbHas
abcoaromuasi noepewrHocms 0.0005. Okpyeaume amo vucsao, ocmasus
8epHble Yyu@dpsvl. Yumume nozpewHocms OKpy2/1eHUA.

IllopmHsiocHOU  caHmMumMempo8ol JAeHmMoll  u3mepsiiom OJAUHy
OKpYJ#CHOCMU MepuduaHa, nywe4Hozo sidpa Llapb-nywku u meHHUCHO20
Msua. UsmepeHue Kakol 8e/nuyuHbl dacm 60/1bWyH 0OMHOCUMEAbHYIO
nozpewHocmsy?

Ilpu u3mepenuu paduyca kpyza ¢ mouyHocmbvio do 0.5 cm
noay4uiocs yucao 12 cm. Haiioume abcoslomHyr0 U OMHOCUMENbHYH)
nozpewHocmu njiowadu Kpyaa.

Bovinoanume apugpmemuueckue deticmaus HA0 NPUOAUHCEHHBIMU
YuCcAaMU, 8ce YUuPpbl KOMOPbIX BEPHDIL:

130,6 + 0,255 + 1,15224 + 41,84 + 11,8216 = ...
35.2x1.748 = ...
7.6 /2.314 = ...
OyeHume abcoa0MHy0 noepewHocms GyHkyuu y = In(x).

OyeHume abcoAOMHYI0 No2pewHOCMb YHKYuu y =xxm (m —
J1060€ delicmeumesibHoe YUC/10).

JJieMeHTapHasA MaTeMaThu4ecKas 00paboTKa pe3y/IbTaTOB
U3MepeHUuu

YTo6bl  MOJYYUTb  pe3yJbTaT, KaK  MOXHO  OoJiee
NpUOIKAKIUNACA K JeMCTBUTEJbHOMY 3HA4YeHUI0 OIlpejesisieMon
BeJIMYMHbI, U3MEPEHUS BbINOJHSIOT MHOTOKPATHO U U3 HUX HAXOASAT
cpe/iHee apuPMeTUUYECKOEe OT BCeX 3HAaUYeHUW (MCKJYas MpoMaxH),
KOTOpOe W MNPUHUMAKT 3a (aKTUUecKoe 3HayYeHUe H3MepseMOou
BeJINYMHBI.

—_a,+a,+..+a,
a= (
n



[lockonbKy 3Ta BeJIMYMHA NpPUOJIMU3UTEJIbHAdA, CJleayeT
OXapaKTepu3oBaTb €€ TOYHOCTb. B KayecTBe XapaKTepUCTHUKHU
TOYHOCTHU B MPOCTEUIIUX CAYYadAX MOJb3YIOTCH BEJUYUHOU CpelHEU
OLINOKH.

o |Aa1| +|Aa2|+...+|Aan|

n

OKoHYaTeJIbHbIW pe3yJibTaT 3allMCbIBAIOT B BU/JIE
a=axAa.

Korga omnpenensieMass BeqW4MHA sBJseTcad (QYHKUUEH He
ONHOM, a HEeCKOJbKHUX U3MepsieMblX BeJMYUH, TO U OILIUOKa
onpejieJieHHs1 3TOW BeJWYMHbl 3aBHUCUT OT OIIMOOK H3MepeHHUs
COCTaBJISIIOIIMX BeJUYUH. TaK Kak OLIMOKM HECOM3MEPHUMO MeHbIle
CaMHUX H3MepseMbIX BEJMYUH, MOXHO 3aMEHHUTb HX Pa3HOCTH
auddepennumanamu. Torga:

_|oY
| oa

AY da+

— db+ ‘— dk.

BbluMCIMM  OTHOCUTEJNIbBHYK  OLIMOKY  pe3yJbTaTa [
NpoCTeUINX QYHKLUU:

6(A+B)AA+ O(A+B) AB
AY | OA

V=A+B OB :AA+AB
A+B A+B
AY ‘a(g;B)AAJr‘a(g;B)AB AA+AB
Y=A-B - A4
Y A—B A—B
AY ‘G(QB)AMF(;B) A aA B
Y=A-B = =
Y AB A B
‘G(InA)
Y=InA AY: oA = AA
InA AlnA



Hanpumep, npu onpezesieHHU MOJIEKYJIIPHON Macchl BellleCTBa
KPUOCKOMHUYECKUM METO0M MOJIb3YIOTCS YPAaBHEHUEM:

Km,
-
mz(Tl_Tz)
rpe mi WU M2 — HaBe€CKH paCTBOpeHHOI‘O BelnieCTBa U

pactBopuTessi; T1 u T2 — TeMnepaTypa 3aMep3aHUsi pACTBOPUTEIA U
pacTBopa; K — KpHUOCKONUYecKas MOCTOsSTHHAS.

[lycTb m1=1.0000 £0.0002 r, mz2 =50.00 £0.05,
T1=1.207 £0.003°C, T2 =1.000 £0.003°C, K=1.86. Torna
OTHOCHTEJIbHAsl IOTPEIHOCTb oNpeAeseHUs] MOJIEKYJISIPHOM MacChl:

AM _Am, _Am, AT, +AT, 0.0002 005  0.003+0.003
M m . T,-T, 1.0000 50.00 0.207

=0.0002+0.001+0.029=0.0302.

1 m

U3 pacyera cienyetr, 4YTO OTHOCUTeJbHAsA MOCPELIHOCTb
onpeneseHus MOJIEKYJIAPHOU MacChl KPUOCKOIIMYECKUM METOJI0M He
3aBUCUT OT MOJIEKYJIIPHOW MacChbl, U HaWOOJIbLIYK MOTPEUIHOCTH
BHOCHT OIIMOKa omnpefesieHUus] pa3HOCTHU TeMIepaTyp 3aMep3aHMS.
[loaToMy i MOBBILIEHHUS TOYHOCTHU ONpeJeseHUS MOJIEKYJISAPHOU
MacCbl, B NEPBYK o4YepeJb, HEOOXOAUMO TMOBBIIATH TOYHOCTH
nsMmepeHusd AT.

I'paduyeckoe u3o6pakeHre 3IKCNIEePUMEHTATbHbIX JAHHbBIX

Hawnb6oJsiee BhipasuTesbHasd, MHGOpMaTUBHAsA U yi00HasaA dopma
NpeJ/iCTaBJIEHUS] 3JKCIEPUMEHTANIbHBIX JaHHbIX — TIpaduyecKasl.
[TocTpoeHue rpaduka HaUYMHAIKOT C BbIOOpA €ro pa3MepoB M MaciITaba
KOOpPJAMHATHbIX oceld. O4yeBHAHO, YTO B IeJdX COKpalleHUs
HEWCIoJIb3yeMOH IJolaau rpadukKa He cjeJlyeT HayuHaATb OCb C
HyJi, KOrJa OTKJ/JaJblBaeMas BeJMYWMHA U3BECTHA He C HYyJs.
Macmitab BbI6MpaOT YA00HBIM AJis paboThl. HanpuMep, 1 ¢cM no ocu
cootBeTcTBYyeT 0.2, 0.5, 1, 2.5 nsim 10 egununam, Ho He 0.17, 0.54, 1.3
niu 2.48.



Ocy J0/KHBI ObITh 0003HAY€Hbl C YKa3aHWEM pPa3MEPHOCTH.
Ecnin u3MmepsieMble BeJIMYWHBI BbIPAXKalOTCSI MHOTOPa3psiAHbIMU
nudpaMy, TO HMX 3alUCHIBAIOT 4Yepe3 MHOXHUTeJab 107, KOTOpPBIH
CTaBAAT pPSAAOM C YCJOBHBbIM o0603HayeHHeM ocCH. Bo wu3bexaHue
NyTaHUIbl B 3KCIIEPUMEHTAJIbHBIX TOUYKAaX MPU HaHECEHWHW Ha OJUH
rpaduK HECKOJIbKUX 3aBHCUMOCTEH KAyl TOYKy OOBOJAAT
KPY>KKOM, TPEYTOJIbHUKOM WJIY APYyror pUrypKou.

Ilo NOCTaBJ€HHbIM TOYKaM CTPOAT JIMHUIO —
(GYHKIMOHAJIBHYI0 3aBUCUMOCTb. TaK KaK CJy4aWHble OLIMOKH
Hen30eXXHbl, TOYKM MOTYT pacnoJiaraTbCsd Ha rpapukKe C HEKOTOPbIM
pa3bpocom. [loaToMy JIMHKIO TPOBOAAT TaK, YTOObI OHA MPOXOAHWJA
BO3MOXXHO OJIM>Ke KO BCeM TOYKaM, a TOYKHM pacnoJiarajauch
CUMMETPHUYHO U PABHOMEPHO OKO0JIO JIMHUU. OOBIYHO NpSAMbIE CTPOAT
C IOMOILBI0 JINHENKH, @ KPUBbIE — C IIOMOIIbIO JIEeKaJI.

044 E,B

0,3

0.2 1 E =-0,0547pH + 0,3967
R2=0,9993

0,1 -

0 T T T T T T 1

0,1 A
0,2

0,3 T

2

04 -
3aBHCHUMOCTb NOTEHIMAJIa CTEK/IAHHOTO 3J1eKTpoJa oT pH 6ydepHbIx

pacTBOpOB(IpUMep NpaBUIbHOro opopmaeHusi rpadpuka).

Ha nmoJie 1 ocsix rpadrka He JOKHO OBbITh JIMITHUX HaJIIUCEM.
[loagnuch K PUCYHKY OOJKHA COJlep>KaTb HOMep PUCYHKa, Ha3BaHHUE
3aBHCUMOCTH U paciinppoBKY YCJAOBHBIX 0003Ha4YeHUU rpadurKa.
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CoaepxxaHue oTyeTa

OTyeT sAABJIIETCH IOKYMEHTOM, [10 KOTOPOMY CYyZISIT O XapaKTepe
paboThl, 0 KayeCcTBe ee BBINOJHEHHWS U 00 ypOBHE KBaJW(UKALUU
WCIIOJIHUTEJIA. YPOBEHb KBaJMQPUKALMU NPOABJSIETCI B TOM, Kak
VCIOJIHUTENb POpPMYJIMpYyeT MOCTaBJIeHHbIE Mepe/, COO0U 3a4a4uu, Kak
NOHMMaeT U MUCNOJb3yeT TeOpeTUYEeCKHHM MaTepHas, HACKOJIBKO
NPaBUJILHO U JIOTUYHO U3JIaraeT 3KCIePUMEHTANIbHYIO YaCTb PaboThI,
KaK aHaJIM3UPYeT U OLeHWBAeT IOJIyYeHHble pe3yJibTaThbl, KaKue
fiesaeT BbIBOAbL. OTCroAa cjeAyeT, YTO OTYeT IO JIabopaTOPHOU
paboTe COYKUT CpPeACTBOM pa3BUTHUS HABBIKOB IO TJIYOOKOMY
OCMBICJIEHUIO BBINOJIHAAEMbIX 33JlaHUA M yMEHUs BbIpaKaTb CBOU
CY>XJeHUsl HAQyYHbIM SI3bIKOM.
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OBIIUE TEOPETUYECKHE CBEAEHUA

TepMoguHaMUYeCcKHE CUCTEMbI MOTYT ObITh FTOMOTE€HHBIMU WU
reTeporeHHbIMU. EC/IM BHYTPHU CUCTEMbI HET NIOBEPXHOCTEW pas/iela,
OTJeNA0IUX Pa3JIUYHbIE 10 COCTABY WJIM CTPOEHUIO YAaCTHU CUCTEMBI,
TO 3Ta CHUCTeMa Ha3bIiBaeTCd TroMoreHHOHM. CoOTBETCTBEHHO,
reTeporeHHOM Ha3bIBAe€TCHd CUCTEMA, COCTOAIAs W3 Pa3IUYHbIX
YacCTeW, pas3/iMyaroliUXxcs M0 CTPOEHUI0 WU XHUMHUYECKOMY COCTaBY.
IJTH YaCTU Ha3bIBAlOTCS pa3aMH.

Takum o6pa3oM, ¢a3ol Ha3bIBaeTCS YacTb TeTEepPOreHHOU
CHUCTEMBI, OorpaHUY€eHHast IIOBEPXHOCTBIO paszena 5
XapaKTepu3yolasics oAUHAKOBbIMHU BO BCeX TOYKaX GU3NYECKUMH U
XUMHWYECKMMH CBOMCTBAMHU.

CiielyeT OTMETHUTb, YTO XMMUYECKHME U PU3NYECKUE CBOWCTBA
OyAyT OJUHAKOBBIMH BO BCeX TOYKax (a3bl TOJIbBKO B CJy4yae
OTCYTCTBUSI  BHEUIHUX IOJIeW WJM T[pU HUX  OJUHAKOBOH
HaANpsPKEHHOCTU BO BCEX TOYKaxX. B ciiydyae ke Ha/W4vsA BHEMIHUX
noJsied CBoMCTBa (a3bl OYAYT HENPEPBIBHO MEHSATHCA OT TOYKH K
To4yKe. [loHATHe ¢a3bl NPUMEHUMO TOJIbBKO B TOM CJy4ae €eCJiHy,
00'beMBbI TOMOTEHHbIX YaCcTer He CAUIIKOM MaJibl. [Ipy aTOM yci0oBUU
0ocoOble CBOWMCTBA IIOBEPXHOCTEW paszesia MpPaKTUYECKH He
CKa3bIBAIOTCS HA CBOMCTBAX CUCTEMBI B 1|€JIOM.

Kaxxgas cuctema COCTOUT M3 OJJHOTO UJIM HECKOJIBKUX BELECTB.
WHavBUAyalbHblE XMMUYECKHE BEIIECTBA, KOTOpPble MOTYT OBIThb
BblJIeJIEHbl U3 CUCTEMBI U CYIeCTBOBATh BHE €€ CaMOCTOSITEJbHO B
BUJle OTAeJbHOWU (pa3bl, HA3bIBAKOTCSA COCTABJISKIIMMU BellleCTBAMHU
cucteMbl. HanpuMmep, B pacTBOpe KaKOM-JMO0 COJIM MOHbI HE MOTYT
OBITb MPUYUCJIEHBI K COCTABJSIOUIUM BelleCTBaM, HECMOTpPS Ha To,
YTO OHHM CYIIECTBYIOT B pacTBOpe B BHJE HE3aBHUCUMbBIX
CaMOCTOSITEJIbHO  IlepeMellalinuxcsd  4actul. Ecau  Mexnay
COCTABJSKIIMMU BellleCTBAMU HET XMMUYECKOro B3aMMOJIeMCTBHUS,
TO COCTaB KaXK101 $a3bl CUCTEMBI IPU JIIOOBIX YCJIOBUAX OJJHO3HAYHO
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BbIpaX»aeTCAd 4epe3 KOHOEHTPAl MU COCTAaBJIAKOINUX BEUIECTB U, B 3TOM
CJ1yd9a€ OHH HA3bIBAIOTCA KOMIIOHEHTAMM.

B cayyae XUMUYECKOTI0 B3aWMO/JIeCTBUS MeXAy
COCTaBJISIIOIIMMH BellleCTBAMM YHCJO KOMIIOHEHTOB MOXET ObITh
MeHbllle YeM YMUCJIO COCTaBJISAIUX BellecTB. [Ipy oqHOM U TOM Xe
YyuCJie COCTaBJSIONMX BEIeCTB YHCJAO0 KOMIIOHEHT MOXKeT ObITb
pa3HbIM. Bb160p KOMIIOHEHTOB B TaKOM CUCTEME IPOM3BOJIEH, TAK KaK
KOMIIOHEHTOM MOXeT ObITh JII0O0e M3 COCTaBJAIOIMX BeIeCTB.
KoppeKTHO roBOpUTH JIUIIb O YUCJE KOMIIOHEHT, COCTABJISKIIUX
CUCTEMY.

Yucio KOMMNOHEHTOB pPaBHAETCS HAUMEHbIIEMY  YMCIY
COCTaBJISAIOIIMX BEIIECTB CUCTEMbI, AOCTATOYHbIX JJisl ONpeje/ieHus
cocTaBa Jitob60oH pasbl CUCTEMBI.

OnpejiesieHde 4YWcaa KOMIIOHEHTOB — HeNpPOCTas 3ajlaya B
cly4yae  HaJMUYUs  XMMHUYECKOTO  B3aUMOJEWCTBUS  MEXAY
COCTaBJIIIIMMHU BellleCTBaMU. boJibllloe BHUMaHHE CJeAyeT MpH
3TOM YAeJSATb HE CTOJIbKO BO3MOXXHOCTU B3aWMO/IEMCTBUSA, CKOJIBKO
COOJIIOJIEHUIO YCJOBUW, TMTpPU KOTOPbIX OyJeT HabJoAaTbCcs
JIMHAMHYeCKOe paBHOBeCHE MeX/ly COCTABJISIOUMMH BelleCTBAMU.
dakTHyeckd B CJy4Yae paBHOBECHUS MEXJy COCTaBJSIONIMMU
BellleCTBaMU CylIeCTBYEeT JONOJHUTENbHOE YpaBHEHHE B3aUMOCBS3HU
MeX/y UX KOHIEHTPALUSIMHM, KOTOPOE YMEHbIIAET YHCJI0 BEIEeCTB,
KOHI[eHTPALlMM KOTOPbIX HEOOXO0JUMO 3HATD /I ONMCAHUS CUCTEMBL.

Takum o6pa3oM, 4YMUCJIO KOMIIOHEHTOB PABHAETCA YMUCIAY
COCTaBJIAAIOIIMX BEIECTB CHUCTEMbl MHHYC YHCJIO YypaBHEHUH,
CBSI3bIBAIOUIUX PABHOBECHBIE KOHIIEHTPALMU 3THUX BELECTB.

Hanpumep, ecyiv B3Tb CUCTEMY, COCTOSIIYIO U3 ra3000pa3HbIX
BOJIOPO/Ia, MOJA U HOAKCTOr0 BOJIOPO/IA, IIPU YCIOBUSX, KOTJIa MEXIY
Bell[eCTBAMHM J0CTAaTOYHO OBICTPO YCTaHABJIHMBAaETCsI paBHOBECHE

H,, + 1, &=2H],),
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TO KOHIIEHTpAIUHd Peardpymliux BeIlecTB MOJUYHHSIIOTCS
3aKOHY JeHlcTBywomux Mmacc (3/IM). CiemoBaTesibHO, Mbl MOXEM
3alaTh MMPOU3BOJIbHO KOHLIEHTPAIMU TOJIBKO ABYX BelleCTB (JIF0ObIX)
U3 TpeX, KOHIEHTpallusl >Xe TPEeThbero BellecTBa HPHUMET CTPOTO
omnpejie/leHHOe 3HadyeHHe. J[pyrUMU CJOBaMH, B pPaCcCMOTPEHHOU
cucTteMe OyZeT TOJBKO JIBa KOMIIOHEHTA.

Eciv ™Mbl BO3bMEM CHUCTEMY, IepBOHAYaJIbHO COCTOALLYIO
TOJIBKO M3 MOJUCTOr0 BOLOPOJA, U HAarpeeM CUCTEMY [0 COCTOSAHUS,
KOrJjJa Ha4HeTCA ero AUCCOoLiManud, COrJIaCHO NMPUBEAEHHOMY BhIIle
YPaBHEHUIO PeaKLMH, TO B 3TOM CJIyyae paBHOBECHbIe KOHLEHTpalUuu
BCeX Tpex BelecTB OyAyT CBd3aHbl [JBYyMs ypaBHeHUSIMHU. K
ypaBHeHMUIO, BbIpaxkawueMy 3/IM, n06aBUTCA  ypaBHEHUE,
BbIpa)kawlllee pPaBEHCTBO MeXJy PaBHOBECHBIMU KOHLIEHTpPALUAMU
voza u Bogopoza. CienoBaTesIbHO, YUCJI0 KOMIIOHEHTOB OyAeT paBHO
OJJTHOMY, HECMOTPSA Ha TO, YTO COCTABJIAKIIUX BelleCTB B CUCTEME
oygetr Tpu (3 -2=1).

PaccmoTpuM Apyroil npuMep, Korja CUCTEMA COCTOUT M3 ABYX
da3. Bo3bMmMeM cucremy, COCTOSALIYH M3 KPHUCTAJLJIAYECKOTO
XJIOPUCTOTO0 aMMOHHSI M Ta3000pa3HbIX aMMHaKa U XJIOPUCTOTO
BoZlopoAa. PaccMoTpuM ycioBuUS, KOTJa B CUCTEME YCTAaHABJIHWBAETCSA
paBHOBecHue

NH,Cl_, <—NH, , +HCl

(1) (r) (r)’

KoHuieHTpanyuu ra3oo6pasHbIX BelleCcTB OYAYT MOAYMHSATbHCS
3/IM, mo3TOMy 4YHCJO KOMIIOHEHTOB OyZeT paBHO ABYyM (3 - 1=2).
Ecin B3ATh cucTeMy, NepBOHAYaJIbHO COCTOSIYH TOJIBKO U3
XJIOPUCTOTO  aMMOHMUsS, TO TIOIBUTbCS BTOpPOEe YpaBHEHME,
BbIpa)kalolllee pPaBeHCTBO KOHLEHTpalMd aMMHaKa W XJIOPHUCTOTO
BOJI0PO/a, Y, YACJIO KOMIIOHEHT B 3TOM CJy4yae OyJeT paBHO OJHOMY
(3-2=1).

BoJiee MHTepeCcHbIN Cay4Yau NMpeACcTaBAsIET CUCTEMA, COCTOSIAs
M3 Kapbonata Kaabuusa (CaCOs), okcupa kanapuug (CaO) w
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yriaekucsoro rasa (COz), korja MexAy BellleCTBaMH YCTaHABJIUBaETCS
paBHOBeECHE

CaCO, ,—=Ca0, _, +CO,

(1) (7) (r)’

B AaHHOM CJlIy4a€ pPaBHOBE€CHAA KOHLEHTpauud YyIrJeKHCIIO0I'o
ra3a 6y,£[eT paBHA KOHCTAHTE PABHOBECHUA

C, =K.,

co,

U, 10 TeX IIOp IIOKa B CHCTEME 6y,LLYT HaXOAUTbCAd BCE TPH

COCTaBJISIIOI[ME BeIecTBa, CCOZ OyJeT 3aBUCETb TOJIBKO OT

TeMIlepaTypbl CUCTeMbl. YUC/I0 KOMIIOHEHT JAAaHHOW CUCTEMbI OyAeT
paBHO ABYM (3 -1 = 2).

OT/inyne 3TOM CUCTeMbl OT NpeAbIAylIel 3aK/I04YaeTCsd B TOM,
YTO OHA HE MOXKET MPEeBPATUThCS B OJJHOKOMIIOHEHTHYIO, JaXKe eCJI1
KOJIMYECTBO B3ATOr0 OKCHUJA KajJblMs OyAeT paBHO KOJIMYECTBY
yIrJIEKUCI0ro rasa. /JleJjo B TOM, YTO PaBEHCTBO KOJIMYECTB JABYX
COCTaBJIAIILMX BEILIECTB B TETEPOTEHHOW CUCTEME €ellle HE O3Ha4vaeT
paBeHCTBAa UX KOHIEHTpalMKd B Kakou-imbo u3s a3, K,
cle0BaTe/JibHO, Mbl He MOXEM COCTaBUTb BTOpPOE YypaBHEHHUE,
KOTOpPO€e Obl YMEHBIIWJO YHUCJA0 KOMIIOHEHTOB /0 OJHOTO, U He
MOXXEM OXapaKTepU30BaThb KOHIEHTpalLlMU Bcex (a3 CUCTEMbI, UMes
JlTaHHbIE TOJIbKO 0 KOHIleHTpauu CO2.

[IpaBuiio ¢a3s

B cucreme, Haxojslleldcs B COCTOSHUU paBHOBecHS,
000011leHHbIE CUJIbI, XapaKTEPU3YIOILIME COCTOSIHHUE KaxKJou ¢asbl,
OyayT paBHbI. B npocTeiillieM ciay4ae, Korjia OTCyTCTBYeT BJIMsSIHHUE Ha
CHCTEMY BHEIIHUX I0JIEW, B KaueCTBe 00O0OILEHHBIX CHUJ BbICTYIAIOT
TeMIlepaTypa, JlaBJieHHe U XHMUYEeCKHe MOTeHILHabl KaXK/J0ro M3
KOMIIOHEHTOB.

PaccMmoTpum cuctemy, coctosuyo u3s ® ¢pas u K koMnoHeHTOB.
B cocTossHuM paBHOBecUsI TeMIlEpaTypa, [aBJieHUE W XUMHYECKHE
NOTEeHIMaJbl KK/ 0ro KOMIIOHEHTA UMEKT OJJMHAKOBOE 3HAaYEHHE BO
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Bcex ¢asax, COCTABJISIOIIMX CUCTeMy. XMMHYECKHe IMOTeHI[HaJbl
KOMIIOHEHTOB, B paccMaTpHUBaeMoOM cayyae, SIBJISIIOTCSI
OJHO3HAYHbBIMKM  (QYHKIUMUSIMU  TeMIlepaTyphbl,  JaBJeHUS U
KOHIIeHTpallMM KOMIIOHEHTA B KaKOM-JM60 ¢a3e.

Hanpumep, eciu cucrema COCTOMT U3 TpPeX KOMIIOHEHTOB
(HoMep KOMIIOHEHTA yKa3aH HWXXHUM HHJEKCOM), KOTOpble MOTYT
HaxOJUThCSI B ABYX (paszax (HoMep da3bl yKa3aH LWITPUXOM), TO MbI
MOX€eM 3allucaTbh TPU YpPaBHEHMs, XapaKTepHU3yHollue paBHOBecHUe
Mexay pasaMu:

Wilp, T, x'1) = p"1(p, T, x"1);
Wa(p, T, x'2) = p"2(p, T, x"'2);
ws(p, T, x'3) = u"3(p, T, x"'3).

Tak kak ¢yHKIUHM, Bblpakalollie 3HaYeHUEe XUMHYECKOTO
MOTEHI[MAJIa KaKoro-JiMb60 KOMIIOHEHTA B pa3JIMYHbIX dasax oOyAyT
pa3/iMyHbl, YUCJO HE3aBHCUMbIX YpaBHEHUH, OIMHCHIBAOIIUX
PaBEHCTBO XMMHYECKUX NOTEHIMAJIOB 3TOT0 KOMIIOHEHTA BO BCEX
¢daszax, B obuieM ciaydae, oyget paBHo (P - 1). Jlna K koMnoHeHTOB

o6111e€e YUCJI0 HE3aBUCHMbIX YPAaBHEHUU ONMKChIBAKOIIMX PAaBHOBECHE B
cucteMe byaet paBHo K (@ - 1).

He3aBUCHMBIMU TNepeMEHHbIMU, BXOASAUIUMU B 3Ty CUCTEMY
ypaBHeHUH, OyAyT TeMmIepaTypa, /JaBJeHWE U KOHLeHTpaluu
KOMIIOHEHTOB. /lJ1s1 onyMcaHus KOHLieHTpanuu Bcex K KOMIIOHEHTOB,
00pa3yrIUX KAy a3y, He00X0JUMO 3HATh KOHLIEHTPALUU JIUIIb
(K-1) KOMINOHEHTOB, TaK KaK KOHIIEHTpal1K [OCJAeHErO
KOMIIOHEHTA MOXXHO BBIYUCJAUTb UCXOJs1 M3 KOHIEHTpalUun
OCTaJIbHBbIX KOMIIOHEHTOB (/15 Hallero npuMepa, X'3=1-x"1-x'2u
X'3=1-x'1-%x"2). Takum  o6pa3oM, YHCJIO  HE3aBUCHUMbIX
KOHIIEHTpaluMi B Kaxxaou ¢pase oyzeT paBHo (K-1), a B ® pazax —
® (K-1). OO6mee »xe 4YUCI0 BCeX HE3aBUCHMBIX IepeMEHHBbIX,
y4UTbIBasd TeMIlEpATypy U gaBJjeHue, oyaet paBHo @ (K- 1) + 2 (as1a
Haulero npuMepa — 2 (3-1) + 2 = 6).
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B ciyyae, korjia 4Mcjio nepeMeHHbIX PABHO YMCJAY YPaBHEHUH,
CUCTeMa yYpaBHEHUH HMeeT CTPOro OolpejieJiIeHHOe pellleHHhe U Bce
nepeMeHHble MPUOOPETAIOT CTPOro omnpejiesieHHble 3HAYEHUSI U BCe
da3bl, COCTABJAOINE CUCTEMY, COCYIIECTBYIOT B PaBHOBECHUU MpPU
CTPOTO OIpefeJieHHbIX YCA0BUSX (TeMIepaType U JaBJeHHHU) U
MMEIOT ONpe/iesIeHHbIN COCTaB (KOHIeHTpalui KOMNOHEHTOR). Takas
CUCTeMa Ha3bIBaeTCsl MHBAPHUAHTHOM.

Ecau ke 4wucio ypaBHeHI/Iﬁ MeHbllle 4YHC/TIa HE€3aBHUCHUMbIX
IIepeMeHHblX, TO BdPHAHTHOCTb CHCTEMblI YyBE€JIHNYHUBAETCA, T. €.
yBE€JINYHUBaeTCA YUCJIO CTeneHeu CBO60ﬂbI CUCTEMDBI, U Pa3HOCTDb

C=®K-1)+2-K (®-1) =K-® +2.

npeJiCTaBJsIeT COOOM YUCJIO IepeMeHHbIX KOTOPbIM MOXHO
NpuJaBaThb IMPOHU3BOJIbHble 3HAYeHUS IMPH UMeWIeMcsa 4Yucie
YypaBHEHHWH, a cjJeAoBaTeJbHO, MpU UMewleMcsa 4Yuciae ¢§as,
IIOCKOJIBKY YHCJ0 ypaBHEHUH onpejesseTcd 4YucjaoMm d¢a3. ITa
pasHocTb C Ha3bIBaeTCS YMCJIOM TePMOJWUHAMHUYECKUX CTeNeHeu
CB00OO/Ibl CUCTEMbI UJIM COKPAL[eHHO YHUCJIOM CTelleHEW CBOOO/IbI.

TakuM 06pa3oM, ¢ MaTeMaTUUYECKOW TOYKU 3pEeHHUsI YHUCJO
HEe3aBUCHUMbIX NEPEMEHHBIX CUCTEMBI, T.€. YUCJO CTeleHel CBOOO/Ibl
CUCTEMbI, PaBHO pPa3HOCTU OOIIEro 4yucjaa MepeMeHHbIX W YHCIa
CBSI3bIBAKOIIMX MX YpPaBHEHHUM, XapaKTEpPU3YWIUX XUMHYECKOe
paBHOBecue Mexay ¢paszamu. ([ paccMOTpeHHOro mpUMepa YUC/IO0
cTerneHer cB0OO0/ibl Oy/IeT paBHO TPEM.)

O4yeHb Ba)KHa TreoMeTpUYecKass MHTepHpeTanyds 4YMcIa
cTeneHel cBo6oJbl. B cayyae uHBapuaHTHOM cucteMbl (C=0)
paBHOBecHMe B CHUCTeMe MOXeT ObITb ONHCAaHO TOYKOW B
COOTBETCTBYIOIlEW CHCTEMe KOOpAWHAT. B MHOTOKOMNOHEHTHOM
CUCTEeMe CoJepXkalleldl HeCKoJbKO ¢a3 paBHOBecue OyJeT
ONUCHIBATbCS HECKOJbKUMH TOYKAMHM, BbIpaXKalOIIMMU COCTaB U
YCJI0BHS MPU KOTOPBIX HAXOAUTCS Kaxkaas dasa.

Korga  yucio  crenmeHerd  cBO6OJbl  pPaBHO  eJUHMIE
(MOHOBapHaHTHasi CHUCTeEMa) paBHOBECHUE OMNHUCHIBAETCHA JIMHHUEH,
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CBOEM ISl KA 0W (pa3bl, HaXOAAILLEeNCs B paBHOBECUU. T. e. K&K OMy
3HAaYEHUI0 TeMIepaTypbl M [aBJeHHS B 00JIaCTU PaBHOBECHOTO
CYylLleCTBOBAaHUSA CHUCTEMbI KaxJaou ¢dase OyJeT COOTBETCTBOBATH
CTPOTro onpe/ieJIeHHbIW COCTAB.

Eciu C=2 (nuBapuaHTHasA  CUCTeMa) pPaBHOBECHOE
CylleCTBOBaHUEe KaxJoW (a3bl OyJeT OMUCHIBATHCS MOBEPXHOCTHIO.
Korpa ke C=3 (TpuBapuaHTHasCUCTEMa) KaxJou ¢aze OyJeT
COOTBETCTBOBATb TPEXMEPHbIA 00'beM NPOCTpPaHCTBA. U T. f.

YpaBHeHUEe, BbIpaXkawllee 3aBUCUMOCTb 4YMCJIA CTeleHeu
CB0O0OOJbl OT YHCJIA KOMIIOHEHTOB U 4Hcaa a3, HaXOAAUUXCHI B
pPaBHOBeCHM, Ha3blBaeTcA NpaBujoM ¢a3 ['Mb66ca HUJIM 3aKOHOM
paBHOBecus ¢as. I cucTeMbl, Ha KOTOPYI0 U3 BHENIHUX PAaKTOpPOB
OKa3bIBaKOT BO3/IEUCTBUE TOJILKO TEMIIepaTypa U AaBJieHUe, IPABUJIO
da3 oyieT BbIpaKaTbCsl ypaBHEHUEM.

C =K-9+2.

B o6mem ciyyae, Korja Ha CUCTeMy MOTYT OKa3blBaTh
BO3/IEICTBUE N BHeUIHUX GaKTOPOB (KpoMe TeMIlepaTypbl U
JlaBJIeHUsI 3TO MOTYT ObITb BO3/JENCTBUS TPAaBUTALMOHHOTO WJIU
3JIEKTPUYECKOro IoJsiel) mnpaBuio (a3 3amulieTcs CaeAyIUM
06pa3oMm:

C =K-®+n.

Takum 06pa3oM, MOXKHO CKa3aThb, YTO YUCJIO CTeNleHerl CBOOObI
PAaBHOBECHOM  TepPMOJAMHAMHUYECKOW CUCTEMBI PABHO  YHMCIY
HE3aBHUCUMbIX KOMIIOHEHTOB MUHYC YU CJI0 (a3 MIKC YACJA0 BHEIIHUX
$aKTOpOB OKa3bIBAKIIUX BJIUSHHUE HA CUCTEMY.

[IlpaBusio ¢a3 6b10 onybsukoBaHo ['mb6com B 1876T. W,
BEPOSITHO, MpeJCTaBJsIeT COO0M HanWboJiee U3SILIHbIA pe3yJbTaT BO
BCEM XHWMHYECKOW TepMOJUHAMUKe. [IOCKOJIbKY YHCI0 CTelneHeu
CBOOO/IbI HE MOXEeT ObITb MEHbIIE HOJISl, 3TO MPOCTOE BbIPAXKEHUE
NO3BOJIIET OMNpeseJUTh MaKCUMaJibHOe 4uca0 ¢a3, KOTopble MOTYT
HaXOWUTbCS B PABHOBECUU B HEKOTOPOM ONpeieJIEHHOU CUCTEME.

18



OAHOKOMHOHGHTHI)IE CUCTEMBbI

B OOHOKOMIIOHEHTHOM cUCTeMe (a3bl NPEeACTABJISAIT COO0M
OJJHO Y TO >Xe BellleCTBO, HaxXoJgsllleecss B pas3JIMYHbIX arperaTHbIX
cocTossHUsIX. Ecau  BemecTBO  MOXeT  JAaBaTbh  pas3JjiMYyHbIE
KpUCTa/uIn4ecKkhe MoavbUKalMy (Tak Ha3blBaeMble aJIJIOTPOIHbIE
MoAu(dUKAUMU), TO KaJasd U3 MoaubUKaLUKA NpeCTaBJseT COO0HU
ocobyr ¢asy. Hamnpumep, Boaa o6pa3yeT 1IeCTb pPa3/IMYHbIX
MoAuHUKALUKU JibJla, CEpa HMMeEeT POMOHUYECKYID U MOHOKJHHHYIO
aJIJIOTPOIHble MoauduKanuu, docdop, 0JIOBO, Kejae30 U MHOrue
JIpyrde 3JeMeHTbl M BellleCTBAa MOTYT 00pa30BbIBaTh pPa3JIUYHbIE
KpucTa/uindeckde Moaudukanuu. C moMolibio npaBua ¢a3 MOXKHO
onpeneJUTb  MaKCHMMaJibHOe  4ucJo  ¢$a3, BO3MOXHOe B
OJITHOKOMIIOHEHTHOW PaBHOBECHOU CHUCTEME.

B cJydae, Korga CcCUCTeMa IOCTpO€Ha TOJIbBKO H3 OJHOrIO
KOMIIOHEHTAa IIPaBHJIO c])a3 MO>KHO 34IIMCAaThb B CJieAyroleM BU /e

C=1-D+n.

Ecim Ha cucTeMy U3 BHelIHUX (AKTOPOB OKa3bIBAIOT
BO3/IEMCTBUE TOJIbKO JaBJeHHE U TeMIlepaTypa (n = 2), To NpaBHJIO
¢da3 3anuuieTcsa Kak

Puc. 2. 06beMHas JuarpamMmma COCTOSIHUSA BOJbI (cxema)
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TakuM 06pa3oM, HeCMOTPsI Ha 6oJiblioe YUCa0 $a3, KOTOpbIE
MOTYT  00pa3oBbIBATbCS B  OJAHOKOMIIOHEHTHOHW  CHUCTEME,
OJJHOBPEMEHHO B PaBHOBECHU MOTYT HaXOAUTbCS TOJIbKO TPHU (PasHhl.

PaBHOBecue B OAHOKOMHOHGHTHOﬁ CHUCTEME MOMXHO OIIMCATb C
IIOMOIIBIO HpOCTpaHCTBeHHOﬁ AharpaMMBbl HOCTpOGHHOﬁ B
IMPpAMOYTOJIbBHBIX OCAX KOOPAHWHAT. ITo O,ZLHOﬁ 13 oceu OTKJIaABbIBAIOT
3HA4Y€HHUA TeMIlepaTyphbl, IIO ApYFOﬁ — 3Ha4Y€HHUd AaBJIEHUAd, II10
TpeTbEﬁ OOBIYHO OTKJIaAbIBA€TCA 3HAYEHHUA MOJIAPHOI'O obbeMa
CHUCTEMBEI.

CocToAAHME CHUCTEMBI, B CJly4ae, KOrZJa OHAa COCTOUT M3 OJHOU
da3bl, omnucbiBaeTcsd OAHOW TOYKOH. COBOKYNHOCTb TOYEK
XapaKTepU3ywIIUX COCTOssHHe ¢da3bl 00pa3dyeT HEKOTOPYIO
NIOBEPXHOCTb, Ha3bIBAEMYIO M0JIEM CylLeCTBOBAaHHUA AaHHOU da3bl. Ha
pUC. 2 NpUBeJieHa cxeMaTH4yecKas AuarpamMa COCTOSIHUS BOZbl (B
006J1aCTH OTHOCHUTEJIbHO HEBBICOKUX JIaBJIEHU).

CorsiacHO mpaBuay ¢a3 BCH 00J1aCTb BO3MOXHbIX 3HAY€HMUs
napaMeTpoOB CUCTEMBI, KOrJla OHA COCTOUT TOJIbKO M3 OJHOU (a3sbl
(T.e. cucTeMa JAMBapUaHTHA), OMNHKCbIBAET OJHO TMOJie COCTOSTHUSI.
CoyeTaHue MOJOOHBIX MOJEH KU 00pa3yeT OOBEMHYI JUArpaMMy
coctosHus. Korma B paBHOBecMM  HaxoAaTcsd  JiBe  dasbl
COCTaBJISIIOIIIME CHCTEMY, CHCTEMAa MOHOBAapHMaHTHA U €€ COCTOsIHUE
ONUCbIBAaETCSA JBYMSl JIMHUSAMHW — TpPaHUIAMU COOTBETCBYIOIIMX
noJiek coCcTosAHUSA 3TUX a3. Eciu ke B paBHOBECUU HAXOJSATCS TPU
dasbl, To cucTeMa OyJleT MHBapUAaHTHON U COOTBETCTBYHOIIHME ITOMY
CcOoCTOsIHMIO $a3bl OYAYT ONUCAHbl TpeMsl TOUKAMHU, SBJSOUUMUC B
CBOIO oYepe/ib TPaHUIlAaMH COOTBETCTBYIOIIUX JIMHUM,

CinenyeT OTMETUTb, YTO OO'beMHas JUarpaMMa COCTOSIHUSA
CJAMIIKOM I'POMO3J/iKa U HEJJOCTaTOYHO y/l00HA B paboTe, MO3TOMY Ha
NpaKTHKe BMECTO MOJIHOM JiMarpaMMbl MOJIb3YIOTCS ee MPOEeKIUSIMU
Ha OJHy M3 Tpex IUJIOCKOCTeH. B Tex WAM HHBIX Cjay4asx
MCIOJIb3YIOTCS  pa3JjiMuHble Mnpoekuuu. OJHAKo 4allle BCero
MCIOJIb3YeTCS MPOEKIMs, MOCTPOeHHas B KoopjauHaTax p-T. 3JTa
NpPOEKIUsI TMO3BOJISIET OTBETUTb Ha BOINPOC, B KAKOM COCTOSIHUU
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AOJI2KHO HaxXOoAHWUTbCA BeLEeCTBO IIPHU 3dAdHHbLIX YC/JIOBHUAX, YTO BO
MHOT'MX C/ZIY4aAX OKa3bIBa€TCA JOCTATOYHO.

YpaBHeHue Knaysuyca — KiiainepoHa

PaccmoTpuM cucTeMy, B KOTOPOU MPH NOCTOSTHHOM JaBJIEHUHU U
TeMIlepaType B paBHOBECUU HaXosaTcs ABe ¢pa3bl — Ppasza 1 u dpaza 2.
Eciu B pesysbTaTe nmpoTeKaHUs 00paTHMOro Mpoliecca HEKOTOpoe
KOJIMYECTBO BelleCTBAa IOJIHOCTbIO NepeijieT M3 nepBod a3y BO
BTOpPY10, TO U3MEHEHHEe BHYTPEHHEN SHEPTUU CUCTEMbI B pe3yJibTaTe
TAaKOro TMnepexojla MOXHO ONpeAeJuTb TMpPA HWHTETPUPOBAHUU
dbyHIaMeHTaJIbHOTO ypaBHeHUsA ['Mb66ca

2 2 2
[du=[rds-[pdv
1 1 1

MHTerpupoBaHue  MNPOUCXOAUT MO  COOTBETCTBYHOIIEMY
napaMeTpy, KOTOPbI U3MEeHSEeTCsI OT COCTOsIHUA 1 A0 COCTOSHUA 2.
Tak kak paccMaTpuBaeMbld NpoOLECC NPOXOAWUT MPU MOCTOSHHBIX
TeMIlepaType U JJaBJeHUH, TO

AU =TAS -pAV
WY
Uz_U1:T(Sz_S1) _p(Vz_Vl)'
OTcropna
U,-TS,+pV,=U,-TS, +pV,.
Takum 06pa3oM, o onpeaeaeHHI0 3Hepruu 'n66ca NoJyyum
G,=G,.
HamomMHuM, 4TO 3HaUeHUs BCEX UHTEHCHUBHBIX MapaMeTpoB G,
U, V u S B IpuBeJIEHHbIX COOTHOUIEHUSX OTHOCATCS K HEKOTOPOMY
ONpeJieJIEHHOMY KOJIMYECTBY BellleCTBa, KOTOpPOe MpeTepleBaeT

da30BbIN nepexoi. TakuM 006pa3oM, 3HaYeHHe 3Hepruu 'mbo6ca A
HEKOTOpPOro KoJu4ecTBa NepBoW ¢a3bl COBNaZaeT CO 3HAaYEHHUEM
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sHepruu ['mb66ca Takoro ke KoJiM4eCcTBa BTOPOU pasbl B YCIAOBUAX UX
PaBHOBECHOT'O CylI[eCTBOBAHUSI.

PaccMoTpuM 6eCKOHEYHO MaJjioe U3MEeHEeHHUEe TeMIlepaTyphl AJif
00paTHMOro INpPOBEJleHUS Hauero @asoBoro mnepexozga. CorJyiacHo
npaBuy ¢pa3 BApUAaHTHOCTb CUCTEMbI paBHa eauHule (C=1-2 + 2).
CiremoBaTesibHO, IpPA TAKOM U3MEHEHUU TeMIepaTypbl IpHU
COXpaHEHWH paBHOBECUA B CUCTeMe [POU3OUAET TaKXKe U
OeCKOHEeYHO MaJioe M3MeHEeHHe JaBJieHUs. Mbl MOJy4MM CHUCTEMY B
COCTOSSHUM OECKOHEYHO OJIM3KOM K HUCXOAHOMY. Torzia Mbl MOXeEM
3alUCcaTh yCJOBHE paBeHCTBA 3HepruM ['mb6ca JBYX paBHOBECHBIX
das Kak

G2 +dGz = G1 +dGa.

JpyruMu cj0BaMH, [Jisi COXpaHEHUs YCJA0BUS paBEHCTBA
5Hepru ['mb6ca JByX paBHOBeCHbIX (a3 HEOOXOJMMO UYTOObI HMX
npupalleHus OblJIA PaBHBI.

Hcnosb3ysds BbIpakeHHMe i MOJIHOTO jauddepeHIrasa
sHepruu ['n66ca, mosyynm

— S52dT + Vadp = - 5:dT + Vidp
WU
(V2-Vi)dp = (S2 - S1)dT.
[Ipeo6pasyeM 3TO BeIpaXkKeHHe
dp A.S
dT AV
rge Atrs — 0003HaYaeT U3MeHeHHe COOTBETCTBYHOLIEI'O MMapaMeTpa B
pe3yjabTaTe (:1)a3OBOFO rnepexoaa onpeaeyjieHHoro KOoJIN4eCTBa

BellecTBa. [loslyyeHHOe BbIpakeHUE Ha3bIBAETCS BbIPA)KEHHUEM
Knaysuyca — Knannepona.

Tak kak ¢a30BbIM Iepexo]; MNPOXOAUT O0OpaTUMO IMpU
NIOCTOSIHHBIX TeMIlepaType U AaBJeHUH, TO

AtrsS = AtrsH/T
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dp A H
dT TA_V

[lonyyeHHOe ypaBHeHHE TMPHUMEHHMMO KO BCEM (a30BbIM
nepexojaM ImepBoro poja. [Ipy sToM mnpaBas 4YacTb ypaBHEHUS
OTHOCUTCS K M3MEHEHHI0 3HTaJblIUM U o0O6beMa B pe3yJbTaTe
00paTHUMOro NepexoZa HEKOTOPOro KOJIMYEeCTBA BelLleCTBA U3 OJHOU
dasbl B Jpyryto (HampuMep, e€CJM HMeeM MOJISPHOE H3MEHeHUe
SHTAJIbIIMM, TO U3MeHeHUe o0beMa ToxKe OyJeT OTHOCUThCA K
OJJHOMY MOJIb BellleCTBa) MPHU HEKOTOPOM OIpeJleIEHHOM 3HaYeHUU
TeMIIEpATypbl U AaBJyieHUs. JleBas yacTb ypaBHEHHS XapaKTepPHU3YET
NPOU3BOAHYIO JaBJeHUs M0 TEMIlEpAaType B 3TOM ke TO4Ke (T.e. MpHU
TeX e 3HauyeHusX TeMIepaTypbl U JaBjieHus). Ciuexnyer
NOJYEPKHYTh, YTO OJHOTO YpPaBHEHHUS HeJOCTAaTOYHO JJis ONHCAHUS
KpPHMBOM, XapaKTepU3yKIlel paBHOBecHe MexAy AByMs ¢aszamu. [
OJHO3HAYHOTO TMOCTPOEHUs] TaKOW KPHUBOM KpOME ypaBHEHHS
HEOOXO0JUMO TaKXKe 3HAaThb XOTSA Obl OJHY TOYKY, XapaKTEepPHU3YIOLIYI0
paBHOBecCHe MeX1y AByMs pas3aMHu.

[I[pumeHenue ypaBHeHus Kiaysaumyca — Kiannepona pasda
ONUCAHUA MPOLLEeCCOB IJIaBJIeHUS

Jnda  nponecca miaBJieHUd ypaBHeHue Kilaysuyca ——
KiavnepoHa 3anvuieM Tak:

dT TA.V
dP A, H'
rae dT/dP — wu3MeHeHHWe TeMnepaTypbl IJIABJIEHUS MPU

M3MEHEHUH JlaBJieHUd Ha eguHuny; T - TeMnepaTypa IJaBJjieHusd, K;
AfusH - MoJibHasA UM yAenbHas TemaoTa maaBaeHus; AnsV =V — Vi
— U3MeHeHHe 06'beMa B MpoIiecce MJaBJaeHHUs.

Kak BMAHO M3 MOJIy4YEHHOI0 ypaBHEeHMsl, 3HAK MPOU3BOAHOU
dT/dP 3aBUCHUT OT 3HaKa U3MeHeHUe 00'beMa B Ipoliecce IJaBJIeHUS.
Eciu Vx>V 1 AasV >0, TO ¢ yBesivyeHWeM JlaBJeHUA TeMIepaTrypa
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IJ1aBJieHUd noBbilaeTcd. Ecau Vi < Vi ¥ ArsV <0, TO ¢ yBesinueHUueM
JlaBJIeHHSI TeMIlepaTypa IJIaBJIEHUs MOHUKAeTCs. TaKUM CBOWCTBOM
(AfusV < 0) obGJsiamaeT HebOOJIbIIOE YHCJIO BellecTB: BoJa, BUCMYT U
HEKOTOpbIE JPYTHE.

YuuTbiBasg CJabyw 3aBUCMMOCTb TeMIlEpAaTyphbl Iepexoza
MeXJy KOHJIEHCUPOBAaHHbIMHA (a3aMu OT [JlaBJeHUs], MOXKHO
NOJIyYUTh HWHTerpajbHylo ¢opMmy ypaBHeHus Kiay3suyca —
KnaiinepoHna /151 npoiiecca nJjaBJeHUs:

AT TA.V
AP A H'

fus

YpaBHenue Knaysuyca — KiiainepoHa 411 npouneccos
Iapoo0O6pa30BaHMUA U BO3TOHKH

PaccMoTpuM  npuMeHeHUe  ypaBHeHud  Kiaysuyca  —
KnaiinepoHa /s mpoleccoB maopoo6pa3oBaHMS M BO3TOHKU. [ljis
3TOrO CJIy4yash MOXKHO CJeJaThb P AONYyLeHWH, KOTOPbIe MO3BOJIAIOT
NOJIYYUTh YpaBHEHUE B MHTerpaJibHOM (opMe HalleAllerd MUPOKoe
IpYMMeHEHUE B IPAKTUKE.

PaccMoTpuM o6paTuMbId (pa30BbIM Mepexo] OJHOT0 MOJIb
BelllecTBa. B mpoiieccax mapoo6pasoBaHUsI M BO3FOHKHU HCXOJHOE
COCTOSIHME COOTBETCTBYeT KOHJIEHCHPOBAaHHOMY, a KOHeYHOoe —
rasoo6pasHomy. Ilpex/e Bcero, cjieayeM OTMETUTb, YTO MOJSPHbIN
00beM Tra3oBoM da3bl HAMHOIO O00JIbIIE MOJISPHOTO 00beMa
KOHJeHCUPOBaHHOU $a3bl (TBepJ0i B cjydyae BO3TOHKHU U KUJKOU B
cay4dae napoo6pasoBaHus). [[03TOMy MOKHO IPUHSATh

AtI‘SI/ ~ VH
rae Vi — MoJIspHBIY 00'beM Mapa.

Jlanee paccMoTpuM IMpolecc UcHapeHUs (AJi mpoluecca
BO3TOHKH BbIBOJl OyZleT aHaJIOTUYHbIM C TOW JIUIIb Pa3HUIlEN, YTO
WHJAEKC vap 3aMeHUTCs Ha sub), eciu mepexo[ OCYIeCTBJSETCS B
YCJA0BHUSAX JlaJIeKUX OT KPUTHYECKON TOYKHU (06J1aCTh OTHOCUTEJNBHO
HU3KOrO0 JlaBJIeHHUs), TO Mmap Oy/ieT BeCTH cebs KakK UJiea/ibHbIM ra3 v
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ero COCTOSIHHME MO>KHO C 00JIbIIIOW CTENEeHbI0 /IOCTOBEPHOCTH OMUCATh
ypaBHeHHMeM MeHjesnieeBa — KianepoHa

pV. =RT

Torma c ydyeTom pomnylieHWl ypaBHeHMe Kiaysumyca —
Knaiinepona 3anuiieTcst Kak

dp_pAvapH
dT  RT?
nJINn
A_H
dp: vap2 dT
p RT

[losilyyeHHOe BBIpaXKeHUEe JIerKo IMpPOUHTerpupoBaThb. /[Juid
3TOrO, pa3/e/iuM llepeMeHHbIe:

dl AWJ1dT
np= .
4 RT?

B y3koM vHTepBaJsie TeMnepaTyp TemjioBor 3pPpeKT pa3zoBoOro
nepexo/ia MaJio 3aBUCHUT OT TeMIIepaTyphbl, I03TOMY MOXXHO IPUHATH
A _H =const. HeonpepesieHHbIM UHTErpaJl JaeT BbIpaXKeHUe:

A

w1
R T’

rae C — KOHCTAHTa UHTETPUPOBAHHUS.

Inp=C-

N3 ypaBHeHHsI JAaHHOTO BHUJHO, YTO 3aBUCUMOCTb Inp ot 1/T
MMeEET JIMHEUHBbIM XapakTep. [lo TaHTreHCy yrJia HakJioHa NPSIMOU Ha
rpadprke B KoopAauHaTax Inp-1/T MOXHO BBIYUCJAUTb TEIJIOTY
vcnapeHusi BeulecTBa (MJIM BO3roHKHM). UHTerpupys ypaBHeHHEe B
npezgesax ot pl 10 p2 v cooTBeTCTBEHHO OT T1 A0 T2, mosy4aem:

ln&—

_Amﬂfﬂ—ﬂ_
p, R TT
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[Ipu TOYHBIX pacyeTax JaBJIEHHUS HACBIILEHHOI0 NIapa BellecTBa
HEe06X0JJMMO Y4YMTBbIBAaTh BJIMSIHUE TeMmiepaTypbl Ha AvapH. [lada
BbIpaK€HHUS1 3aBUCUMOCTHM TemJOThbl (pa3oBOro mnepexoja oOT
TeMIlepaTypbl ypaBHeHHUe Kupxroda, cTporo roBopsi, HEmpuMeEHHUMO,
TaK Kak a30BbId Mepexo]; HeJb3l OCYLUeCTBUTb MPHU pPa3HbIX
TeMIlepaTypax, He U3MeHss JAaBJyeHus. Temnsora ¢pa3zoBoro nepexoja
sBaseTcd (QYHKUUeN TeMnepaTypbl W JaByeHusa. OpHako, AJis
NPOLIECCOB MCMApPEHUs M BO3TOHKM NpPHU TeMIepaTypax, JaJeKux OT
KpUTUYeCcKoM, ypaBHeHHe Kupxroda cnpaBeJyivBo M AJs $a3oBOro
nepexoza.

HOACTaBJIHH B l'IOIIyquHOG BhbIIlIe ypaBHeHHe 3dBUCHUMOCTHU
TEMJIOBOTO 3pPpeKTa XUMUYECKOU PeaKIMU OT TEMIIEPATYPhI
1 1 1 Ac'
AH=B+AaT +=AbT? +=AcT’ +=AdT"'——
2 3 4 T
M UHTErpupys I3TO ypaBHeHMHe, TNoaydyaeM GopMyay s
BbIYUCJ/IEHUA [OdBJIEHUA HACBIILEHHOI'O napa HaJ XHUIKOCTBIO B
LIUPOKOM UHTEpBaJje TeMIepaTyp:

lnp:l AczlnTnLlAbTJrlAcTZJriAdT3+1Ac’iz—E +1, (1)
R 2 6 12 2 T T

rae | — mocTosHHass UHTErpUpPOBaHUs, KOTOpash Ha3bIBaeTCs
XMMHYECKOU MOCTOAHHOMW; B — mocTOsHHAsA UHTerpupoOBaHUS.

JluarpamMma COCTOSIHUSA BOJbI

K HacToAmEeMy BpeMeHU COCTOSIHUE BOJABI U3YYEHO B IIMPOKOM
VHTepBaJie TeMIlepaTyp U JaBJieHUU. [Ipy¥ BBICOKUX [jaBJIEHUAX
YCTAaHOBJIEHO CEMb KPUCTAJJINYECKUX MoAMPUKaLUK JbJa. Hannune
pa3/IMYHbIX MOJAUPUKAIIUN BellleCTBA — sIBJIEHHE NOJUMOpPHU3IMa —
NPUBOJAUT K YCJOKHEHHUIO KaK MPOCTPAaHCTBEHHOW, TaK M IIJIOCKOHU
AuarpaMMm coctosHus. Ha puc.3 npuBejeHa miockasg AuarpaMmma
COCTOSIHUSA BOJbl MPY HEBBICOKUX AaBjeHUAX (p<2,5-107 I1a). Tam
K€ YKa3aHbl 06J1aCTH CyllleCTBOBaHUsA da3.
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273,16 64735 T, K
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Puc. 3. /luarpaMMa cOCTOSAHUA BOJbI IIPU CPeIHUX JlaBJEeHUAX

Yucsio cTeneHer cBOGOABI CUCTEMbI B 00JIaCTU CYlleCTBOBAaHUSA
OJUHOYHBIX (a3 (TB., ., ra3) paBHO 2:

C=K-®+2=1-1+2=2.

JTO TOBOPUT O TOM, YTO HEOOJIbIIME U3MEHEHUS] NTapaMeTpPOB
cucteMbl (p 1 T) He OyAyT U3MEHATb YUCJIO U BUJ, $a3 CUCTEMBI.

Kak BuaHo u3 puc.3, nepexoj JibjJa (HU3KOTeMIepaTypHas
daza) B Boay (BbicOKOTeMIepaTypHasi ¢a3a) XapaKTepulyeTcs

dT
TAHT€HCOM yTJla HaKJIOHA d—<0 (munua OB). CorsiacHO ypaBHEHUIO

Kinaysuyca — KianerpoHa, 3Hak NpOU3BOJHOW O00YCJ0BJIEH TEM, YTO
npu miaaBjgeHUuu jabaa AV =Vx -Vt <0, To ectb Vik<VT. B cBA3HU ¢
3TUM TIpU yYBeJIMYEHUU BHEILIHEro [JaBJIeHUs TemIepaTrypa
IJIAaBJIEHUSA JibJAa NOHUWXaeTcd. OHAKO MOHMXKeHWe TeMIlepaTyphbl
NJIaBJIE€HUSl JibJla C POCTOM BHEIIHEro JAaBJeHUS HabJJaeTcd
TOJIbKO 10 p=2,07-1081la (2045 atm) u T =251 K u xapaktepHo
JIMLb JJI1 KPUCTAJINYECKON MOAU(HUKALIMM JibA, Ha3BaHHOU Jef, I.
[Ipy 60s1ee BbICOKUX /IaBJIE€HUSIX B yCTOUYUBOM PABHOBECHUHM C KUJKOHU
BOJIOM OyAYT HAaXOAUTbCS Apyryue Moaupukauuu gpaa: aeg 111, V, VI u
VII, nmyiaBjieHWe KOTOPBIX COMNPOBOXK/JAETCS yBeJUYEHHEM O0ObeMa
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(VT < Vx). [loaToMy TemnepaTypa maaBjaeHus Moarubukauuu apaa Ill,
V, VI u VII noBbIllIaeTCd C yBeJIM4YEeHUEM BHEIIHETro JaBJaeHUA.

Ha suHuax AO, BO, CO, xapakTepusywIUX VCJOBUE
paBHOBeCHUS ABYX da3, YACJIO CTENEHeN CBOOO/ bl CUCTEMBI paBHO 1:

C=K-®o++2=1-2+2=1.

JtoT GaKT yKasblBaeT Ha TO, 4YTO IMPHU MPOU3BOJBHOM
W3MEHEHHWHU OJIHOro M3 mnapaMeTpoB cucTeMbl (T WaM p) BTOpoOH
napaMeTp OyJeT U3MEeHSTbCS 10 3aKOHY, H300pa)KeHHOMY Ha
pucyHke (o siuHusM AO, BO uiu CO).

Ha pwuc.3 sauHuga OD cooTBeTCTBYyeT pPaABHOBECHUIO MeXAy
NepeoxyiakKJIeHHOM  BOJIOM W MapoM, KOTOpOe  SBJSETCA
TEPMOJAMHAMUYECKA HEYCTOMYUBBIM, MeTacTabuabHbIM. UHTEpecHO,
YTO MeperpeTb KPUCTAJJIMYECKOE BELIECTBO BhILIE €0 TEMIIEPATYPhI
IJIaBJIEHUSI He VyJAaeTcs, TaK KaK MPOUCXOAUT paspylleHue
KPUCTA/UIMYECKOW pelleTKU. B cBA3M ¢ 3TUM JIMHUSA BO3rOHKU OD
3aKaHYMUBAETCS B TPOWMHOU To4Ke O.

[lTapaMeTpbl TPOMHOW TOYKH IOCTOSIHHBI, TaK KaK CTelNeHb
CBO0OO/IbI CUCTEMBI B 3TOW TOYKE PaBHA HYJIIO:

C=K-0+2=1-3+2=0.

B oTcyTcTBHe BO3Ayxa (opTobapuyeckasd CACTeEMA) TPOWHOM
TOYKe BoAbl coorBercTBytoT T=273,16 K u p=610,48Ila.
TemnepaTtypa, paBHas 273,16 K, npuHaTa B KayeCTBe €JJUHCTBEHHOM
pernepHou TOYKHU (Touka oTcYyeTa) b1 6 abCcoJIIOTHOU
TEPMOJAMHAMHYECKOU TeMIlepaTypHOU MmiKaJbl KenbBuHa. Ilpu
atMocdepHoMm gaBjgeHun (p=1,01325.-1051la) TemnepaTtypa
miaBjseHus Jbaa [ gexur Ha 0,01 K HMKe TPOWHOW TOYKHU
(T=273,15K=0°C). Jlunuu Bo3roHkMu AO wu wucnapenusa CO,
aHaJIMTUYECKU 3aJaHbl ypaBHeHUeM Kianelipona — Knaysuyca, u He
SABJIIOTCS NPOAOJHKEeHUEM Apyr Apyra. KoopauHaTbl KpUTUYECKOU
TOYKHU C: T =647,35K; p=221,406-1051la (t=374,2 °C,
p =218,5 aTm).
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dp .

[IpousBoHasa T T TeMnepaTypHbIM  KO3QQPULIUEHT
flaBjeHus. Jlig  TpoleccoB  HCINAapeHUsT M BO3TOHKM  OHa
XapaKTepu3yeT 3aBUCUMOCTb JaBJe€HUs HACBILEHHOTO XUJKOT0 UJIU
TBEPAOr0 BelleCTBa, a TaKXe [aBJIeHHs, BO3HUKAWIIEr0 MpHU
napoo6pa3oBaHWM B 3aMKHYTOM 00beMe, OT TeMIlepaTypbl. JTa
Npou3BOAHAs Bcerga OoJibllle HYJSl, TaK KakK B NpPaBOW 4YacCTu
paBeHcTBa (37) p4Ji1 3THUX TMPOIECCOB CTOAT MOJIOXKHUTEJNbHbIE
BEJIMUMHBL. ITO 3HAYUT, YTO JaBJIEeHUE MTapa HAJl )KUAKHUM U TBePbIM
BELECTBOM  MOBBINIAETCI NPU  yBeJUYEHUH  TeMIlepaTyphl.
['paduyeckn 3TO BbIpaKaeTCsd KPHUBBIMHA HCHApPeHUS U BO3TOHKH
(puc.3); yryoBod K03bOUIIMEHT ISTHUX  KPHUBBIX, PaBHbIU
cootBeTcTBeHHO 0,0655 1 0,0771 atM/K A/ BOJZibl, TOKA3bIBAET, UTO
KpUBas BO3TOHKM HUZeT Kpyde. 06e KpUBble NTepeceKaloTcsl B TPOUHOMN
Toyke 0O, rpaduyeckn H300pakawlilerd paBHOBeche Tpex ¢das:
KUJKOCTb — TBepAasd ¢aza — map. [locTossHHbIe mapaMeTpbl 3TOU
TOYKHA MOKHO ONpeJeJIUTh AJis JAaHHOIM0 KOMIIOHEHTA Ha OCHOBAaHUU
ypaBHeHUs KianenpoHna — Kiaysuyca.

Jnss  pa3oBbIX IMpeBpallleHUM KOHAEHCHPOBAaHHbIX (a3,
d

HalpyuMep, KPUCTA/UIM3aLMM U NOJUMOPPHOTro MpeBpalleHus, halid
XapakTepusyeT  BO3HUKawllee  JaBJeHUe IPpA  HU3MEHEeHUHU
TeMnepaTypbl Ha 1 rpaayc. Tak, BojZia, 3aMoOJIHAKOIASA HEKOTOPbIU
MOCTOSTHHBIK 00'beM, KPUCTANJIU3YSACh NpU TeMiepatype Huxe 0 °C,
pa3BuBaeT JaBsieHhe 133 atM/K. ITUM 00BACHAETCA CUJIBHOE
pa3spyiiaroliee JeldCcTBUE BOAbI IIPU €€ 3aMepP3aHUH.

dT . dp
[IpousBogHas T (o6paTHass MPOU3BOIHOMN d_T) IIOKa3bIBaeT

M3MeHeHHe TOYKH (pa30BOro nepexoja NMpU WU3MEHEHUHU JlaBJIEHHS.
[Ipy maaBJieHWHM BO3MOXHBI CJy4ad, KOorjga 00beM XUAKOM as3bl
MeHbllle 00'beMa TBep/iou ¢pasbl (BoJa, BUCMYT, FaJlJIMK, YyTyH), TOrJa
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dT
—<0, T.e. C poOCTOM JaBJIeHUA TeMmIepaTypa IJIaBJeHUs

dp
IIOHUXaeTcCd.

ABYXKOMITIOHEHTHBIE CUCTEMbI

Jlns ABYXKOMIIOHEHTHOW CHUCTeMbl, Ha KOTOPYI0 OKa3bIBalOT
BO3/IEMCTBME TOJILKO TeMIlepaTypa U JiaBjieHUe, IpaBujo a3 uMeeT
BU/

C=2-0+2=4-d.(2)

Takum o6pa3oM, MaKCMMaJibHOe 4YUCJ0 (a3 OJHOBPEMEHHO
HaxoAsUIUXCS B PAaBHOBECHUU B JAHHOM CJy4yae MOXET ObITbh PaBHO
yeTbIpeM. Eciii paccmMaTpuBaTh CUCTEMY IPU MOCTOSIHHOM JaBJIEHUH,
TO BAPUAHTHOCTb CUCTEMbI YMEHBIIUTCS Ha eAUHUILLY

C=3-®. (3)

ITOT cJiyyard HanboJiee BaXKeH B IPAKTUYECKOM IJIaHe, TaK KaK
OOBIYHO paBHOBECHME B JABYXKOMIIOHEHTHBIX CUCTeMaxX OMNHUCHIBAIOT
NpY CTAaHAAPTHOM JAaBjeHuHU (1 aT™m).

PaBHOBecve B JIBYyXKOMIIOHEHTHBIX CHCTe€MaxX OIMCbIBAETCH,
Kak IMpaBuJio, rpapudyeckd. Takoe rpaduyeckoe mpejcTaBIeHUE
Ha3blBaeTCsd JUarpaMMou cocTosiHUS. JluarpaMma COCTOSIHUSA
ONKChIBA€T BCE BO3MOXXHble BapuallUd CUCTeEMbl (B3aHMHbIe
COOTHOIIIEHUS KOMIIOHEHTOB) B
3a/IaHHOM Jiana3oHe M3MEeHEHUS T
BHEIIHETO TEPMOAMHAMHYECKOTO
napaMmeTpa (B HalleM cay4ae

TeMrepartypbl). /Jad  OZHO3HA4YHOTO ,
ONUCaHUA paBHOBecCUA B V
paccMaTpUBaeMOM CJydyae JJOCTaTOYHO

BCero JiBe KoopAUHAThl. OOBIYHO CTPOAT A
ABYXMEpPHYI0 AUarpaMMy B KOOpAWHATaX

TeMIiepatypa—-coctaB (puc.4). Ha ocu
coctaBa (0Cb abCLKCC) OTKJIAJbIBaeTCA
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KOHL|eHTpaLys OJHOTO0 U3 KOMIIOHEHTOB, BbIpaK€eHHasl B MOJIbHbIX
WJIA MaCCOBBIX JOJIAX, KOHIEHTPALUK JpPYyroro e KOMIIOHEHTA
MO>XHO BBIYUCJWTH, TAaK KaK B CHUCTEMe COJEP>KUTCA BCEro JBa
KOMITOHEeHTa. PaccMoTpuM 6oJiee mOAPOOHO 3TOT THUI AAArPAMMBI.

PaBHOBeCHBIM cocTaB Kaxjaou $asbl Ha JguUarpaMmme
BbIpaXKaeTcs B BU/Jle MOJIeH, IMHUU U To4yeK. Ec/iu ciucTeMa coCTOUT U3
ofHOW dasbl, TO COTJIACHO MpaBUJy (a3, oHa OyaeT 06J1aJaTh ABYMS
CTeNeHsIMA CBOOOJAbI, W COCTOSIHME JaHHOM ¢asbl  Oyner
XapaKTepru30BaTbCd MOJiEM. Takoe MoJie COCTOUT HU3 COBOKYIHOCTHU
TOYEK, Kak/lasdi U3 KOTOPbIX OMHMChIBAET COCTOSIHWE AAaHHOW ¢as3bl. B
JIBYXKOMIIOHEHTHOM CHUCTEME TII0Jie IIpeACTaBJsseT cobor ¢asy
epeMeHHOT0 COCTaBa, Ha3blBaeMyl0 pacTBOpPOM. PacTBopbl MoOryT
ObITh ra3000pa3Hble, XKUJKHEe U TBepable. Ha pguarpamme mnosis
pPacTBOPOB 11e/1eC006pa3Ho A/ HATJISIJHOCTH 3alllTPUXOBbIBATD.

Eciy moJsie orpaHuMYeHo, TO ee TpaHHULA NpPeACTaBJSET COO0M
JIMHUIO, KOTOpasi, C MaTeMaTUYeCKOU TOYKHU 3pEHUs, UMeeT TOJIbKO
OJIHYy CTelneHb CBOO0/bI. C TOUKU 3peHuUd NpaBua pas 3TO O3HAYAET,
YTO B CHUCTeMe TMOsBWJIAch HoBas (asa. PaBHoBecue Takou
AByX($a3HOW CUCTeMbl OMNHUCHIBAETCS JBYMS JIMHUSMH, KaXKaas U3
KOTOPbIX XapaKTepPHU3YyeT COCTaB ¢a3bl HAXOJSAIIENCSI B PaBHOBECUU
co BTOpou ¢pazou. 06s1acTh HA AUATPAMME MEXAY 3TUMH JIMHUSIMU He
SIBJIIETCA MOJIEM B ONHWCAHHOM BbIIlIE€ CMBbICJE, CKOPEH €ro MO>KHO
Ha3BaTbh «BbIPOXKJEHHBIM IOJiIeM». ITO CBSI3aHHO C Te€M, YTO BHYTpPH
35TOWM 00J1aCTU Mbl He MOXKeM IOCTPOUTb HU OJHOU TOUKH,
XapaKTepHU3yIIllerd COCTOSSHUE KaKoW-1nb0 ¢a3bl B cucteMe. Bce
TOYKHA XapaKTepHU3yHIllue CcOoCTaB /JByX a3 HaxoAsAUUXCad B
PABHOBECUH JiexKAaT HA JIMHUSAX OTPAHUYUBAIOIIMX 3Ty 06JsacTh. i
KaXK/[OM KOHKPETHOM TeMIlepaTypbl TaKUX TOYEK OyJeT O4YeBUHO
JiBe (1Mo oAHOW Ha KaXAyto ¢pazy).

Mo>XHO cKa3aTb, 4YTO JIMHUM Ha JuWarpaMMe COCTOSIHUS
O03HAYaloT MOsIBJIEHUE UJIN MCUue3HOBeHUe pa3. Hanpumep, ecsiv B3ITh
CUCTEMY OINpeJe/IeHHOr0 cOoCTaBa (T.e. ONpeJleJIEHHOTO BaJIOBOTO
COOTHOILEHHUS KOMIIOHEHTOB) U U3MEHSITh €€ TeMIIEpaTypy, TO NpHU
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nepexojie 4yepes JIMHUIO OyAyT HcYe3aTb CTapble WU MOSABJIATHCA
HOBBbIE (a3bl.

Eciv nuHusA orpaHuyeHa (HMMeeTcsl lepecedyeHUe C JApPYyrou
JIMHUeH, GaKTUUYEeCKU JIMHUU He IepeceKalTcsl a CXOAATCSI B TOYKe),
TO B 3TOH TOYKe, MpeJCTaBJsOIIEeN cOO0M ee IpaHMIly, CUCTeMa He
oyneT 06Js1lajaTh CTeNEeHsSIMHU CBOOOAbI, T.e. OyJeT WHBAapUAHTHOM.
CorslacHo mnpaBuay a3 il JBYXKOMIIOHEHTHOW CHCTEMbl B
paBHOBECUH [OJDKHO HaxoauTcsa Tpu ¢asbl. CiieloBaTesbHO,
paBHOBecHe JJaHHOW CUCTeMbl OYJEeT ONUCbIBATbCSA TPEMSI TOUKAMHM.
Kak nmpaBuso, coctaB Kaxkaol ¢asbl pa3jiMieH U Ha AUarpaMMe 3TH
TOYKM COeJUHSIIOT TOPU30HTAJbHOMN JTUHHUEMN.

Bce paccykaeHuss OTHOCUTEJbHO JIMHWUM KacalwTcs, MO CYTH,
TOJIbKO HAaKJOHHBbIX JIMHUM Ha JuarpaMMe, KOTOpble U 006/1aJal0T
OJJHOU CTeNneHbl0 CBOOOAbl. ['OpU30HTa/IbHbIE IMHUW 3TOW CTEINEHBIO
CBOOOJbI He 00J1alal0T — Ha TOPU30HTAJbHOM JIMHHUM CHCTEMa
MHBapHaHTHa. daKTHYECKH Takas JINHU TOXKe oyaeTt
«BBbIPOXKJIEHHOH», B CBSI3W C TeM, YTO TOJIbKO TPHU TOYKH Ha 3TOH
JIMHUU OYAYT XapaKTepu30BaTh paBHOBECHE B CUCTEME.

Ocobo caeayeT pacCMOTpPETb BepTUKaJbHble JIMHUMA Ha
auarpaMmme. OObIYHO TakKHWe JIMHUM XapaKTePU3YKT COCTOSHUE
COCTABJSWIIMX  BelleCTB  cUcTeMbl. HHoOrma  npakTh4ecKu
BEPTHUKaJIbHOW JIMHUEN MOXET XapaKTEPU30BaTbCS COCTAaB TBEPAOTO
pacTBOpa MOCTOAHHOrO cocTtaBa. CylieCTBYIOT 3KCIIEpUMEHTAJIbHbIE
CrocoObl pacro3HaBaHUS XUMHUYECKUX COeJMUHEHU I, 00Pa3yOIIUXCS B
cucteMe. Ha guarpammax, KOTopble NPUBOAATCH B CIIPABOYHHUKAX,
BepTUKAJIbHbIE JINHUH, XapaKTEePU3YIOIlMe COCTABJISIOIIME BEIECTBA,
O/ CHIBAIOTCSA COOTBETCTBYIOIIMMU COeIMHEHUSMU WU
ssieMeHTaMUd. (O0COOEHHOCTb  TaKWX  BePTUKAJIbHbIX  JIMHUU
3aKJIFDYAeTCs B TOM, YTO HA JIMHUU CHUCTeMaA OYZET COCTOSAATh TOJbKO
Y3 OJHOT0 KOMIIOHEHTA U PpaBUJIo (a3 3alUILIETCH KaK

C=2-0,

CO BCEMH BBITEKAWIIMMU U3 3TOr0 CJAeACTBUAMH. OaHOU
CcTerneHUu CBO6O bl (COGCTBEHHO JIMHUM) OyAeT COOTBETCTBOBAThH OJJHA
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das3a, ”THBapHMaHTHOMY COCTOSIHHUIO — TOYKe (IlepeceyeHHIo C IPyrou
JIMHUEeHN) O6yZeT COOTBETCTBOBATh paBHOBeCHE MeXY JAByMs pasaMu
— Ppa3/JIMYHbIMH arperaTHbIM COCTOSIHHUSIM HWJIM aJJIOTPONHBIMHU
MoAUPUKAIUSIM 3TOTO0 BellleCTBa.

Kaxxpgasa Takad BepTUKa/ibHasg JIMHUSA OyJeT 0053aTeJIbHO
OTpaHUYMUBATH IOJIe pacTBOpa (IpUMBIKAaTh K HeMY). Ha HeKOTOpbIX
JyarpaMmax, B CJy4dae, KOrJa KOMIIOHEHTHI O4YeHb ILJIOXO
pacTBOpPUMBI Apyr B Jpyre, 3TU IMOJISA CTOJb Y3KH, YTO HUX He
0TOOpakaloT. BbI3bIBas, Ka3aJloCcb Obl, HEKOTOpPble MPOTHUBOPEYHUS.
OpgHako, ciaeayeT  NOMHUTb, 4YTO  abGCOJIIOTHO  B3aWUMHO
HEPACTBOPHUMBIX BellleCTB He ObIBAeT W, CJIelOBATEJIbHO, K KaXKJ0HU
BEPTUKAJIbHOW JIMHWH, XapaKTepU3YWIlerd YUCTbIM KOMIIOHEHT,
IpUMBIKaeT IoJie pacTBOpa JPYroro KOMIOHEHTA B HEM, IYCThb JlaxKe
O4YeHb Y3KOeE.

KpaTko MOXHO NOABITOXKUTbH BblllIECKa3aHHOE HECKOJbKUMHU
OCHOBHBIMHU paBUJIaMHU pasbopa (uTeHus) JuarpaMmm
paccMaTpUBaeMOro TUIA.

[Ipexxnpe Bcero, HeOOXOAUMO OMNpPeAEeJUTh IMO0JII PAaCTBOPOB
(xoTs 6b1 04HO). Eciv Ha iMarpamMMe npejcTaBjeHa ra3oBas ¢gasa, To
3a/jlaya CyueCTBEHHO 00JieryaeTcs, TaKk KaK B 00J1aCTH CTaHAAPTHOTO
JlaBJieHUs ra3oBad (pasa npejcTaB/isgeT COO0M PacTBOP MeXAy BCEMU
rasamMu ero oopasyrwuuMu (T. e. CUCTeMa COCTOUT M3 OAHOU a3kl H,
cJieJloBaTeJIbHO, 00J1aZlaeT IBYMs CTeNIeHSIMU CBOOO/bI).

Jlanee npu nepexo/ie Yepe3 HAKJIOHHYIO JIMHUIO MbI MONIAZIa€M B
«BBIPOXKJEHHOE TMoJie», T.€e. B 00JIaCTb PAaBHOBECHUS MEXAY ABYyMs
dazamu. M3 3Toil 06JiacTU Mbl MOXeM IONACTb Yepe3 HAKJOHHYIO
JIMHUIO — OMNATbh B 0HOPA3HY0 00J1acThb pacTBopa (BO3MO>KHO yXKe

Jlpyroro), a d4Yepe3 TOPHU30HTAJbHYI JIMHHUIO — B Jpyroe
«BBIPOXKJeHHOe T1oJie». TakuM 00pa3oM, TrpaHHYallde Yepes
HAKJOHHYI JIMHUIO TOJII OTJIMYaloTCad Ha oAHy a3y — IpH

nepexojie yepes JIMHUIO NOSBJsEeTCs HoBasd (asa WJIM OoHA U3 a3
Mcye3aer.
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[lesiecoobpasHo cpasy
3alITPUXOBATh BCe
OOHapyXeHHbIE TI0JId PaCTBOPOB,
€CJIM KOHEYHO 3TOro He ObLJIO : 3
caenaHo o Bac. Ha auarpammay, ,'/
NPUBOJYMMBIX B CIPAaBOYHHKAX, V
NoJis TBepAbIX pPacTBOPOB, Kak

IIpaBHJIO, 0003HayarwTCs
rpe4eCKuMHU 6YKBaMI/I.

A fi oo L

O4deHb XOpolIer NOACKA3KOU Puc. 5

npu pa3bope JInarpaMMbl
ABJIAIOTCA  TOPU30HTAJIbHble JIMHUM. [le1o B TOM, 4TO
rOpU30HTaJ/IbHbIE «BbIPOXKAEeHHbIE» IMHUW I'PAaHHUYAT BCEr/ia TOJbKO C
JIByX(asHbIMU «BbIPOXKAEHHBIMU» NOJIAMU. Ec/iM Ha AuarpaMme ecThb
rOpyM30HTaJIbHAs JIMHHUSA, TO MOXXHO Ha4yaTh pa3bop AuarpaMMabl C Hee.
CienyeT TOJBKO YO0eAUTbCA B TOM, YTO CHCTEMA JEWCTBUTEJBHO
MHBAapMaHTHA HaA 3TOW JIMHWMW, HaWAd Ha Herd TpPHU TOYUYKH,
XapaKTEPHU3YIOIMX COCTaB Tpex (a3 HaxXoAAIMXCA B pPaBHOBECHH.
[Ipy mepexone yepe3 Takyw JIMHUIO oAHA (pas3a Ucye3aeT, a BMECTO
Hee nosiBJisieTCs HOBas da3a.

OnpejgenuB (IIOHSIB) CMbICA BCEX MOJIEH, TUHUN U TOYEK MOXKHO
OoXapaKTepu30BaThb COCTOSHWE CHUCTeMbl MNpPU JIIOOOM B3aMMHOM
COOTHOIIEHWM KOMIIOHEHTOB B HeW U JiloO6OM TeMIepaType B
yKa3aHHOM Ha AuarpaMMe auanasoHe. T.e. Mbl MOXKeM OIpeeuTh
YHUCJO0 M CcOoCTaB Bcex (as, COCTaBJSAKIUIMX HHTEPEeCcywIlyl Hac
CUCTEMY IpH HEKOTOPOM TeMIlepaType, IpeJicka3aTb IIOBeJeHHe
CHCTEMBI IPU U3MEHEHUH TeMIIeEpaTypPhl U ONpeJeJIUTb COOTHOIIIEHHE
MexJay MaccaMu ¢as, Korja cucTeMa HaxoAuTcad B JAByxda3HOU
00J1aCTH.

Jna npeJcKa3aHud CBOWCTB HEKOTOPOH CUCTEMBI
Onpese/IeHHOTO COCTaBa Mbl J[JOJDKHBI NPOBECTU BePTHUKAJIBHYIO
JIMHUIO, XapaKTEpU3yWI[yl0 TpebyeMoe COOTHOIIEHUE MEXAY
KOMIIOHEHTAMU (IPAaKTUYECKH OTMEYaAeTCs COJepKaHUEe TOJIbKO
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OAHOro KoMmoHeHTa). Takafd JIMHUA Ha3bIBAeTCA U3OIJIETOM.
/IBUrasicp mo u3oIrieTe Mbl OyJleM NOJIydaTb (PUIypaTUBHbIE TOYKHU
CYylleCTBOBAaHUA  CHUCTEMbl NPU  HEKOTOPbIX  TeMIepaTypax.
CyuiecTByeT BCero Tpy TUIA GUTYPATHUBHBIX TOYEK.

[lepBbiii TUN (CcaMblil MPOCTOM), KOT/Jla TOYKA JIEXKUT HA MOJIEe
pacTBopa. ITO O3HAYaeT, YTO CUCTEMA COCTOUT W3 OJHOM (a3bl U
cocTossHWe 3ToW (a3bl (ee cocTaB M TeMIlepaTypy) OyaeT
XapaKTepU30BaTh caMa pacCMaTpuBaeMasi pUrypaTuBHas TOYKa.

BTopor TUN — TO4YKa JIEXKUT B ABYX(PA3HOM «BBIPOKAEHHOM»
nosie. B 3TOM ciydae, paBHOBecHe Mexay (asaMH ONHCbIBAETCA
JIByMS TO4KaMH. /lJi1 TOro 4TOObI UX HAUTHU HEOOXOJUMO MOCTPOUTH
BCIIOMOTaTeJIbHYI0 TOPU30HTAJbHYIO JIMHUIO, MPOXOJAINYyI Yepes
JlJAaHHYI0 TOYKYy, Ha3blBaeMyK KOHHOJOW, BHYTPH TIoJsd [0
nepece4yeHus C JMHUSIMMU OTPaHUYMBAIOIIMMMU 3TO IoJie. ITU [Be
JIMHWM, OrpaHUYMBaloIlye IoJie CJeBa U CIpaBa, U XapaKTEPU3YIOT
cocTaB JABYyX a3 HaXoAdIIMXCA B paBHOBecHMHU. CJie10BaATEJIbHO,
NpPOEKIMM Ha OChb COCTaBa JIBYX TOYEK IepecedyeHUs KOHHOAbI C
5TUMH JIMHUSAMU M YKaXyT COCTaB JABYX ¢a3, HaXOASAUUXCS B
paBHOBeCcMM TMpU JlaHHOW TeMiepaType. Kakuve wunMeHHO ¢a3bl
HaxoJdaTCd B paABHOBECMM IpU JAHHOW TeMIepaType IMOKaXyT
CIIJIOIIHbIE TOJII PAacTBOPOB, Ha IPAaHMIE KOTOPBIX JieXaT JAaHHbIE
TOYKH.

Tpetun THUD — TOYKa JIEKMT Ha TOPU3OHTAJBHOU
«BbIPOXK/JIEHHOW» NPsSAMOU. B 3TOM ciy4dae, cucteMa 6yJleT COCTOSTh U3
Tpex pa3 ¥ paBHOBECHE B HEU OYJeT ONUCHIBATHCSA TPeMs TOYKAMM.
HaTu 3THM TOYKHU OYEHb JIETKO IO MEPECEYEHUID I3TOM JIMHHUHM C
ApyruMu JMHUAMU. UHOrZa KaxkeTcs, YTO TOYEK TOJIbKO JiBe. JTO
ObIBaeT B CJyyae, KOrJa TOPHU30HTAJIbHAasA JIMHUA «yNUpaeTcsa» B
BEPTHUKaJIbHYI0 JIMHUIO YUCTOrO KOMIIOHeHTa. Takoe mepecedyeHUe
o3HayaeT (a30BbIM MNepexo]i MeXxAy pas3JUuYHbIMU ¢Pa3zaMyd 3TOro
KOMIIOHEHTa, I[03TOMY COCTaB JByX (a3 OyJaeT CcoOBNaJaThb
(cooTBeTCTBOBAThb COCTAaBY YUCTOT'O KOMIIOHEHTA) U, CJIEI0BATEJBHO,
JIBE TOUYKH M3 TPEX «HAJOXKATCA» APYT HA ApyTa.

35



[IpaBuJio phiuara

KpoMe cocTtaBa KaxXloM paBHOBeCHOM (Ga3bl B cjydyae
AByXx$a3HOW CHUCTEMbI Mbl MOXEM TaKXXe OIpeAeJUTbh MaCCOBOE
COOTHOIIeHHe Mexay ¢pasamu. Korjia cucrema coCcTOUT M3 ABYX (a3,
durypatruBHasag Toudka (F) JieXKUT BHYTpHU «BBIPOXAEHHOrO» IMO0JIS,
yepe3 Hee NPOBOAUTCA KOHHOZA U ONpeAessiOTCA [AJWHbI IJeY
KOHHOZBI chpaBa U cjeBa (0T (QUIYpAaTUBHOW TOYKHU [0 TOUEK,
XapaKTepPHU3YIOIMX COCTaB paBHOBecHbIX ¢pa3z — fl1 u f2) (puc. 2). B
cJy4dae, eCJIM COCTaB CHUCTEMbI BbIpaXKe€H B MACCOBBIX NPOIeHTaX (HUau
JloJISIX), TO COOTHOIIeHWe AJUH 3Tux mied (11 u 12) 6yner paBHO
COOTHOILEHHIO MacC paBHOBECHBIX a3, TaK KaK Macca KaxJou ¢pasbl
006paTHO NPONOPIHUOHATIbLHA CBOEMY IlJIeUy pblyara:

rJje mi U mz — Maccbl MEPBOU U BTOPOH (asbl, COOTBETCTBEHHO,
li=fo-f1i ula=1f2-fo, fo — coctaB Bcel cucteMsbl B LieyoM, f1 u f2 —
COCTaBbI NIEPBOX U BTOPOU (pasbl, COOTBETCTBEHHO.

Takum o06pa3oM, Mbl HMeeT TMOJIHYI0 AaHaJOTHUI C
MEXaHUYECKUM pblYaroM, HaxOASUMMCS B pPABHOBECHUH, €CJIU B
bUrypaTUBHOU TOYKE MblI NMOMECTHMM YIOP, a HAa KOHLAX pblyara
NOMEeCTUM MacChbl COOTBeTCTBywIIMX ¢a3. I[losaTomy jgaHHOe
COOTHOILIEHHWEe Ha3bIBAETCs NPaBUJIOM pblyara.

Ecain wu3BecTHa o06masa Macca cucteMbl (mo), TO MOKHO
BBIYMCJIUTh MAacCCy KaXKA01 Pa3y, TaK KakK

mo = m1 + mo.

Pemasg nosiy4yeHHy CUCTEMY YpaBHEHUUW HaWJIEM BbIpaXKEHUE
JUIST My
— [2m0

YL+
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B cny4dae, korga coctaB CMCTeMbl BbIpa)XeH Ha AuarpaMMe B
MOJISIPHBIX JloJIAX (WJIM TNPOLEHTAax), aHaJOTUYHOE BbIPAKEHUIO
ypaBHEHHE AACT COOTHOLIEHUE KOJIMYEeCTB paBHOBECHBIX (as.

Korga B cucTeMe B paBHOBECHM HaxoAsATcad TpU ¢asbl
(burypaTvBHasgs TOYKa JIEXXUT HAa TOPU30HTAJbHOU JIMHHUU),
onpejesUTh COOTHOILEHHUE MAacC MeX/ly 3STUMU pa3aMU HEBO3MOKHO.
Mo>XHO JiMIIb BBIYMCJAUTH NpeJesibHble COOTHOILIEHUS MEXAY WX
MaccaMy, T.e. JAPYCMMU CJOBaMH{, J[AvaNa30Hbl HUX B3aUMHOIO
HM3MeHeHUs.

Jd1eMeHTbI pa30BbIX AUATPAMM

Kak y»ke 6b1710 0oTMedeHO paHee, ¢pa3bl MOTYT UMETb Pa3JIMUHOE
arperaTHoe COCTOsIHMe, TeM HM MeHee BCe OIMCaHHbIE
3aKOHOMEPHOCTH U MpaBuJia 6YAYT OCTaBaThCs B CUJie HECMOTPS Ha
3TO pasinuue. OHAKO, CYyIeCTBYIOT HEKOTOPbIE JJOTOBOPEHHOCTH IO
0003HAYEHHIO0 3JIEMEHTOB JuUarpaMM M HX Ha3BaHMAM. Tak,
HEKOTOpbIe IMHUHU UMEIOT ClieliMaJibHble Ha3BaHUS:

JIuHUSA JUKBUJYyCA — HAKJOHHAs JIMHUS OrpaHUYMBamIas
10Jie )KUJIKOTO PacTBOPA, U XapaKTepU3yolllas COCTAB 3TOr0 XKHUAKOT0
pacTBOpa, HaXoJdIlerocss B pPaBHOBECUW C JIPYTMM pacTBOPOM —
TBEP/bIM, )KUJIKUM U1 ra3000pa3HbIM.

JluHuA cosupayca — JIMHUMA ~XapaKTepusywllas CoCTaB
TBEPZIOTO pPaCcTBOpPa, HAXOASAUETOCAd B PABHOBECUHU C KUAKUM
pacTtBopoM. Hwxxe nuHuUM cosuayca (Ha AuarpaMMme TeMIepaTypa-
COCTaB) CUCTEMA HAXOJUTCS B TBEPJOM COCTOSIHUM.

[opu30oHTa/NIbHblE — «BBIPOXKJAEHHbIE» — JIMHUU OMNHChIBAIOT
MHBapUMaHTHOe paBHOBecue MexJy TpeMs ¢pasamu. B caydae, korga
Bce Tpu a3sbl SABJASAIOTCS pacTBOpaMH, reoMeTPUYECKH BO3MOXKHO
TOJIbKO JiBa cay4as (puc. 6). OfHaKO, B 3aBUCUMOCTHU OT arperaTHOro
cocTossHUS a3, Takue ¢(a30Bble pPaBHOBeCUS HUMEIOT pa3JiMyHbIe
Ha3BaHUS U, COOTBETCTBEHHO UM, Ha3BaHUS JIMHUM.
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Puc. 6. /iBa BU/A da3oBoro paBHOBECHUS:
a — MOHOTeKTHYecKoe (caeBa), 6 — CUHTeKcH4iecKoe (crpaBa)

[Ipy paBHOBeCHHM OJHOTO »XUJKOTO pacTBOpa U ABYX TBepPAbIX
TaK>Xe BO3MO>KHO /IBa BU/1a PABHOBECHS:

— 3BTeKTHYecKoe(puc. 6 a)
— nepeTeKkTUYecKoe (puc. 6 0)

AHasoru4yHo AJig BCeX TpeX TBepAbIX pPacTBOpPOB (B 3TOM
caydyae y OJHOrO K3 KOMIIOHEHTOB CyUIeCTBYIOT MOJHUMOPQHbIE
MoAudHUKAIUN):

— 3BTEeKTOUAHOe (puc. 6 a)
— TnepeTeKToUJHOe (puc. 6 6)

B coOTBeTCTBHM C paCCMOTPEHHBIMU ABYMS OOLIMMU CJAy4asIMHU
Tpex}a3HOro paBHOBECUS MOXXHO BBbIJIEJIUTh TPU TUIA TO4YeK: 1-M
TUII — TT.a,C,d, u f; 2-1 Tumn — 1. b; 3- TUI — T. €.

Touyku Takke BO3HMKAIOT Ha JAuarpaMMe Ha TpaHUIlE JBYX
noJiel pacTBOpPOB (CIVIOLIHBbIE MOJIsI). B Takol Touke B paBHOBECHUM
HaXoJISITCA TOJIbKO ABe Pa3bl 0iMHAKOBOro cocTaBa. CjiejoBaTesIbHO,
B COOTBETCTBUM C mOpaBWJOM a3, YMUCJO KOMIIOHEHTOB,
COCTAaBJISIIOIIMX CUCTEMY, OyZleT paBHO eAUHUIle. Kak MpaBUJio, TOUKHU
JJAaHHOTO  THMA  HaXOAATCA  HAa  BEPTUKaJbHbIX  JIMHUSX,
XapaKTepPHU3YIOIMX COCTAaB KOMIOHEHTOB (puc. 7, a u 06).
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Puc. 7. 31emenTsI ¢pa30BbIX AUarpamm: a — (ciaeBa), 6 — (mo
cepeauHe), B — (cnpasa)

OTaenbHO cieayeT pacCMOTPETh CAy4Yal HM300pa)KeHHbIM Ha
puc. 8. B 1aHHOM cyiyyae, cucTeMa MHBapHMaHTHA Ha FTOPU30HTaJIbHOU
JIMHUU ¥ B paBHOBECUU HAXOAATCs TPpU ¢pa3bl — dasa pacTBoOpa U JiBe
das3bl YUCTOrO KOMIIOHEHTA, HAXOJAIEerocsi B pa3JIMYHbIX (pa30BbIX
COCTOSIHUAX (a/JIOTPONHBIX UJIX arperaTHbIX).

Puc. 8. Js1emeHT $pa30BOM AUarpamMmbl B 06/1aCTU AJIOTPOIHOTO
nepexoja YMCTOoro KOMIOHeHTa

Takum 06pa3oM, Mbl pacCCMOTpPEJIM BCe BO3MOKHbIE 3JIEMEHTHI
JIBYXKOMIIOHEHTHBIX (pa30BbIX JiMarpaMM THUIIA TEMIlepaTypa—COCTaB.
CsielyeT OTMETUTb, YTO B HEKOTOPbIX KOHKPETHBIX CJy4asx TOYKH
WJIY JIMHUM MOTYT UMETb Olpe/ieieHHble Ha3BaHMUS.

[IpuMep pa3zbopa AuarpaMMabl

PaccMOTpyM HEKOTOpPYI TMIIOTETHYECKYIO AUarpamMmy (puc. 9),
OXBaThIBaWIYI0 00JaCTU TpeX arperaTHbIX COCTOIHUM (a3 —
ra3oobpasHylo, JKMJIKYHD W TBepAyl. B cooTBeTcTBUM C
paccCMOTpeHHbIMH paHee NpaBUJaMHu pa3bopa JuarpaMm omnpejeanm
CIJIOIIHbIE U «BbIPOK/IEHHbIE» M0JIS1 HA IMarpaMMe.

B HaweMm cisyyae Hab6uoparwTca 5 mnosied pactBopoB: G
(ra3zoo6pasHbii pacTtBOp), L (P(kMAKHUK pacTBOP) U TBep/ible PacTBOPHI,
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00603HaYeHHble OYKBaMH TIpeuyeckoro asdpaBuTa. 3alITPUXOBbIBAEM
ux. OcTajibHble TMOJII «BbIPOXKJEHHble» W NPeACTaBJAT COO0MU
06J1aCTU B3aHMMHOTO CYILECTBOBAaHHUSI JABYX COOTBETCTBYWOIIUX ¢as3
(oTMeyaeM uX Ha pucyHKe). CocTaBbl 3THUX ¢$a3 HaAXOAAIIMUXCA B
paBHOBeCMU TPU  HEKOTOpPOW  TeMIepaType  OmnpenAesstoTcs
COOTBETCTBYIOIIMMH HAK/JOHHBIMU JIMHUSIMH, OrPaHUYUBAKOUIMMU
3TH «BbIPOKJEHHbIE» MOJIS.
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Puc. 9. [Iipumep ¢pa30Boii uarpamMmsl.

CucteMa MOXeET HAXOJUTbCS B HECKOJbKUX Tpexdas3HbIX
MHBApPUAHTHBIX COCTOSIHUAIX. TaKHUX COCTOSIHUSI MOXKET OBbIThb BCETO
TPHU 10 YHUCJY TOPU30HTATbHBIX «BBIPOXAEHHBIX» JUHUNU. B nmepBoM
clydae B paBHOBECHMM HaXOJSATCA Tra3000pa3Hblii pacTBOp U JBa
»KUJKUX pacTBopa pas3/IMYHOIro cocTaBa. Bo BTopoM ciydyae — oAWH
KUJKUU pacTBOP M JiBa TBepAbIX. B TpeTbeM — Bce TpU pacTBOpa
TBepAble. (COCTOSHUA 3THUX BCeX YNOMSHYThIX (a3 OTMeYarTCsA Ha
JiuarpaMMe COOTBETCTBYHOUIUMU TOUYKAMHU.)
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KpoMe TpexdasHbIXx HHBAPUAHTHBIX COCTOSHUHW B CHCTEME
HaOJII0AAI0TCA ellle MeCTh AByX(a3HbIX. B naTH ciay4dasax 3To ¢pa3oBble
nepexobl YUCThIX KOMIIOHEHTOB — TOYKU KHUIIEHHS, IJIABJEHUS U
aJIJIOTPONIHOTO TMepexo/la KOMIOHEeHTa A W TOYKU KHUIIEHUS U
nJiaBjJeHus KoMmnoHeHTa B. OlHa To4yka COOTBETCTBYET IJIaBJIEHUIO
XMMUYECKOTO0 COeIMHEHHUS MeX/1y KOMITIOHEHTaMu A u B.

Takum 06p330M, Mbl MOXX€M IOJIHOCTBIO OXdpPaKTEPHU30BATb
paBHOBECHOE COCTOAHHUE paCCMOTpeHHOﬁ ﬂBYXKOMHOHQHTHOﬁ
CHUCTEMDBI B JldHHOM HHTEpPBaJie TEMIIEPATYP Ha OCHOBAHHWH dHAJIN34d
ee AMarpaMmbl COCTOAHHNA.

Tunel fuarpamm

C nmnoMollbi AuWarpaMM XapaKTepU3yIOT paBHOBecHe B
OMHApPHBIX CHUCTEMAX, HaXOJAAIIMXCS B pPa3JUYHbIX arperaTHbIX
cocTosiHUSAX. OOBIYHO BBIJIEJNAIT JABe OOJbIIUX T'PYINbl AUarpamM:
JiuarpaMMbl KUIIeHUs], ONMChIBAIOIMe PAaBHOBeCHE MEXAY KUJIKHUMU
dazamMuM W rasoobpa3Hor (a3oM; JAuUarpaMMbl IJIaBJIEHUS],
XapaKTepu3yllllue paBHOBECME MeXJy KOHJEeHCHUPOBAHHbIMHU
dbazamu.

JluarpaMMbl COCTOSIHHMSI HMEIOT OrPOMHOE IpaKTHYecKoe
3HavyeHUe. /luarpaMMbl KUIIEHUs SIBJSIOTCS OCHOBOW B TEXHOJIOTHSX
neperoHku. /luarpaMMel IJiaBJieHUS HaXOAST IIMPOKOE MPUMeEHEHUe
B MaTepUaOBeJleHUU, METAJLJIYPTUU U reojiorud. KpoMe yka3aHHbBIX
JIByX FPYII AUarpaMM, TakxKe 00JibllI0e 3HaYeHUe UMEKT AarpaMMbl
ONKChIBAKOIIME pABHOBECHME MEXAY J>KUJKUMH WA TBepPAbIMU
dbazamu.

[ToHsATHE O PU3NKO-XMMHUUECKOM aHaINU3e

[l moctpoeHusi $Ga3oBbIX JUArpaMM MOXHO MCI0JIb30BaTh
pa3Hble 3JKCllepUMeHTajJibHble MeToabl. [lepBoHayasibHO  AJs
npoBeJieHHMs1 (a30BOro aHaj/uW3a TMPUMEHSJICS TpenapaTUBHbIN
MeTo/. OfHAaKO NpUMeHeHHe NMpenapaTUBHOIO MeTOoAa Ype3BbIUalHO
TPY/IOEMKO B CBSI3M C HeOOXOAHWMOCTbIO pasfejeHuss ¢a3 U
NpoOBeZleHUsI HUX KOJIMYEeCTBEHHOro aHasiu3a. bojiee yI0GHBIM M
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3(1)Cl)eKTI/IBHbIM MeTOAOM 4dBJAEeTCA MeEeTO/ Cl)I/IBI/IKO-XI/IMI/I‘{eCKOFO
dHaJIn3a.

B ocHoBe MeToja (H3UMKO-XMMHUYECKOTO aHajd3a JIEXHUT
M3ydyeHre QYHKIUOHAJbHOU CBSI3U MeXJy 3HAaYEeHUSIMU KAaKOr0-JIM00
$U3NYECKOro CBOMCTBA CUCTEeMbI U GpaKTOpPaAMH, ONpeesIOIUMU ee
paBHOBecue. PU3NKO-XUMUYECKUU aHa/IM3 He NpUuberaeT K N30/ 1U
da3 u uccseyeT ob611Me CBOWCTBA BCEN CUCTEMBI.

JKCepUMEeHTA/JIbHO YCTaHOBJIEHO, YTO IPU HeNpepbIBHOM
M3MEHEHWM TMapaMeTpoOB, ONpeAessAIMX COCTOosiHUEe  ¢a3bl
(TemnepaTypsbl, [JaBJieHUS HWJIA COCTaBa), H3y4aeMoe CBOMCTBO
CHUCTEMBI (3J1EKTPONPOBOIHOCTD, yAeNbHbIU 006beM,
JIU3JIeKTPUUECKass TMPOHULLAEMOCTb U T.[A.) TOXe MW3MeHSeTCs
HenpepbiBHO. Eciu ke onHa u3 a3 ucyesaeT HU/MJIM MNOSBJISETCA
HOoBas ¢da3a, TO M3y4YaeMOe CBOMCTBO CUCTEMbI U3MEHSETCSA CKAaYKOM.
TakuM 00pa3oM, 3IKCIEPUMEHTAJbHO HU3MepAKT Kakoe-Jh00
dusnyecKkoe CBOMCTBO CHUCTeMbl MNPH 33JaHHBIX NapaMeTpax MpHU
M3MEHEHUHU cocTaBa cUCTeMbl. C MOMONIbI0O MOJIYYEHHBIX AAaHHBIX
CTPOSAIT AUATrPaMMYy «COCTaB-CBOWCTBOY.

YcTaHoBJIeHa CBA3b MeEXJy JAuarpaMMaMH COCTOSIHUSI U
CBOMCTBAaMM CIJIAaBOB. YCTAaHOBJIEHO, 4YTO HAaOJIIOAAIOTCA YeTbIpe
OCHOBHbIX 3aKOHOMEPHOCTU U3MeHEHHS (PU3UKO-MeXaHUYeCKUX
CBOWCTB CIUIaBOB, B 3aBUCUMOCTHM OT THIA JUarpaMM COCTOSIHUSA
(puc. 10). Tak, B ciay4yae reteporeHHou cMecu (a3 (MexaHHUYeCKOH)
CBOMCTBA CIJIABOB W3MEHSKTCHA MO MNPAMOJMHEUMHOU 3aBUCHUMOCTH
(aAAMTUBHO), U UX 3HAYEHHUSI HAXOJSATCA B MHTEepBaJie 3HAYEHUU
MEX/ly CBOMCTBAMHU YMCThIX METAJIJIOB, 00pa3ylUUX MeXaHUYECKYIO
cMech (cm. puc. 10, a).

Ecsiu ke o6pasyeTcs HenpepbIBHBIK pAJ, TBEPAbIX PacTBOPOB,
TO U3MEeHEeHHe CBOUCTB CIJIABOB MPOUCXOAUT MO KPUBOJHMHEWHOMY
3aKOoHy (cM. pwuc. 10,6), mpyvyeM B 3TOM CJy4ae CBOMCTBA CIlJIaBa
(TBepAOCTh, yAe/IbHOE 3J€KTPOCONPOTUBJIEHME U [JIP.) 3HAYUTEJTbHO
NpPeBBIIAIT aHAJIOTUYHbIE CBOMCTBA YUCTBIX METAJIJIOB.
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Puc. 10. CBsA3b MeXXAy TUIIAMH JUAarpaMM COCTOSIHUM U PU3UKO-
XMMHUYECKHMMH CBOMCTBaMM.

Eciu e 1npu cojaBJieHHMM KOMIIOHEHTOB 06pasyroTCs
OTPaHUYEHHO PACTBOPUMbIE TBepJble PAacTBOPbI, TO B TOU 00J1aCTH
JuarpaMmbl, TJe 060pa3yrTcsd oJHodasHble TBepAble pPaCTBOPHI,
CBOMCTBA M3MEHAITCS 10 KPUBOJMHEWHOW 3aBUCUMOCTH, a B
06J1acTU ABYX(Pa3HOW — MO NpsAMOM JUHHUM (aaaAuTUBHO) (puc. 10, B).
Eciu npu cnsiaBeHMM KOMIIOHEHTOB 06pasyeTcsl XHUMHUUYecKoe
coeIMHEHHE, TO Ha JMarpaMMe MU3MeHEHHS CBOHCTB COCTaBYy
XUMHUYECKOTO  COeJIMHEHUs  COOTBETCTByeT  IepeJsioM,  T.e.
MaKCHMaJibHble WM MUHUMaJibHble BEJIMUMHbI CBOUCTB (puc. 10, r).

BrnepBble 3aKOHOMEpPHYI CBs3b MeXJy (a30BbIM COCTAaBOM
CIJIaBOB M (U3UKO-MeXaHUYeCKMMU cBoucTBaMU yctaHoBua H. C.
KypHakoB, 3Ty 3aBUCHUMOCTb MCIHOJIb3YIOT NPHA pPa3pabOTKe HOBBIX
csiaoB. Ho cieayetr oTMeTHUTh, 4YTO 3TO MNpPaBWJO CTPOTO
BBITNIOJIHSIETCS JIMILIb B PABHOBECHOM COCTOSIHHUM (a3, COCTABJIAIOIINAX
criiaB. Ecain xxe paBHOBecHs ¢a3 B cllJlaBe He HAGJIIOAAETCS, TO MOXKET
HabJII01aThCA OTKJIOHEHHWE OT YKa3aHHOT 0 NpaBUJIa.

PU3UKO-XMMUYECKUN aHa/Iu3 $BJdeTcd Haubosiee OOIIUM
MEeTOJIOM HCCJeJJOBaHUsS MpeBpallleHUs BeliecTB M  ILIHPOKO
NpUMEHSIeTCd B XMMHHM U XHMHUYeCKOH TexHoJsioruu. OH MOJyYMJI
IIMPOKOEe pacrnpoCTpaHeHHe MPHU U3YYEeHHUH IreTePOTreHHbIX CHUCTEM B
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MEeTaJJIypruy, TEXHOJIOTUU CUJIMKATOB, TaJypruy, MpU MeperoHkKax
KUJKHAX CMECEU, MUHEPAJIOTUHU U APYTUX 00JIACTAX HAYKU U TEXHUKHU.

TepMmuyeckuii anau3

Hanbosiee 00mMM COBpeMEHHBIM CIOCOOOM OIpefeseHus
pPaBHOBECUS MEXY TBEPAbIMHU U KUAKUMU (pasaMy NPU HEKOTOPBIX
TeMIlepaTypax  fBJseTCAd  MeToJ, TEepMHYeCKOro  aHaJ/i13a
(TepMorpadus), KOTOpbIA MNpeACTaBJsseT CO0O0HM COBOKYIHOCThb
SKCIIEpUMEHTA/IbHbIX METOJ0OB OIpeJiesieHUsI TeMIlepaTyphbl, NpU
KOTOpPOM B PABHOBECHOM CUCTEME U3MEHSETCS YMCJI0 Pas.

PassinyaioT BU3yaJibHbIA TEPMHUUYECKUN aHAJIN3 U TEPMUYECKUU
aHaJ/IM3, OCHOBAHHbIM HAa MOCTPOEHUU KPHUBBIX OXJIAXKAeHHUs (mpocTas
TepMorpadus U auddepeHumraibHas). [lepBblid MeTOJ CBOAUTCA K
TOMY, 4YTO NPOU3BOJAUTCSA MeJJIeHHOe OXJaXAeHHe MPOo3PavyHoro
pacTBOpa M3BECTHOW KOHIEHTpPAlUM U OTMedaeTcsl TeMIlepaTypa,
IpU KOTOpPOW MOSABJAKTCSI 3aMeTHble Ha TIJa3 KPUCTaWJIbl WU
pactBop MyTHeeT. [lpoBeass psJ MNOAOOHBIX ONBITOB C CepUen
pPacTBOPOB pPa3/IMYHOM KOHIIEHTPALlMU MOKHO IMOCTPOHUTb KpPHUBBIE
3aBUCMMOCTH TeMIlepaTypbl Hayajia KpPUCTa/JIM3aLlMU OT COCTaBa
pacTtBopa (JIMHUU JUKBUYCA).

MeToA nmoCTpoeHUsI KPUBBIX OXJIAXKAEHUS SIBJISETCS HauboJsiee
IIEHHbIM METO/JIOM TEePMHYECKOr0 aHa/iM3a, TaK KaK NPUMEHUM K
JIOOBIM CUCTEMAM U MO3BOJISIET UCCAEJ0BATh CUCTEMbI MPAKTUYECKHU
npu JIIOObIX TeMmiepatypaxX. OCOOeHHO HIMPOKOe pacnpoCTpaHeHUue
5TOT MeToJ, moJiydyusa 1nocae pab6ot H.C.KypHakoBa, KOTOpbIX
pa3paboTaj pErucTpyUpyouuyuid OHPOMETP C aBTOMaTHYeCKOHU
3alUChI0 TEMIIEPATYPHI OXJIAXKJAEMOMN UJIU HarpeBaeMOMu CUCTEMBI.

MeToA KpHUBBIX OXJIQXKJEHHWS OCHOBAH Ha TOM, YTO IOKa B
OXJIAXKJAAEMON CHCTeMe He MNPOUCXOAUT HHUKAKUX IMpeBpallleHuH,
TeMIlepaTypa MajJlaeT MNpPaKTUYeCKU paBHOMepHoO. [losiBjieHuWe wWau
rMcuye3HOBeHUe (a3 COMPOBOXKJAAeTCHd TeMJI0BbIMU 3dPeKTaMu M Ha
KPUBOW OXJQXK/JEHUS TMOABJASKTCA IMeperubbl WA U3MEHEeHUue
TEMIIEPATYPhl BpPEMEHHO npeKpalaeTcs (mpoucxoauT
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TeMIlepaTypHas OCTaHOBKa). TakuMm o06pa3oM, O H3J0MaM Ha
KPUBBIX OXJIQXK/JJ€HUSI U TeMIlepaTyPHbIM OCTAaHOBKAM MO>KHO CYAHUTb
0 U3MeHeHHe $pa30BOro COCTaBa UCCIeyeEMOM CMECH.

Ha pwuc. 11 mnokazaH cnocod NOCTPOeHUS JAuarpaMMbl
IJIaBJIeHWs  JBYX KOMIIOHEHTHOM CHUCTEMBbl MpPU  [OMOILHU
TEPMUYECKOTr0 aHasn3a. Ha 3ToM puHCyHKe mpejcTaBjeHbl KpPHUBbIE
OXJIQXKAEHUSI CMecel pa3JIMYHOro cocraBa (KpuBble 1-4) U KpUBbIE
OXJIQXKJAEHUsI YUCTBhIX BelnecTB (kpuBble A u B). Kak BugHO wu3
PUCYHKa, Ha4yaJlO M OKOHYaHMe KpUCTA/UIM3alMu paclJaBa
CONPOBOXJAETCHI U3JIOMaMHM Ha KPUBBIX OXJIQXKAEHUS, YTO MMO3BOJIAET
NOCTPOUTD AUATrPaMMy COCTOSIHUSA JBYXKOMIIOHEHTHOU CUCTEMBL.
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Puc. 11. [locTpoeHue 10 KPUBLIM OXJIAXKAEHUA JUarpaMMbl
INJIAaBKOCTH IL[BYXKOMI'IOH(’:HTHOI‘/Jl CUCTEMBI.
Heob6xoaumo 0c0060 OTMETUTD, YTO B cJy4ae

JIBYXKOMIIOHEHTHBIX CHUCTEM H3JIOM Ha KPUBOU OXJaXKAEHUs
COOTBETCTBYET MepexoJly CUCTeMbl yepe3 HAKJIOHHYIO JIMHUIO (Ha
dazoBor auarpamme). [lpy 3TOM NpPOUCXOAUT MOSIBJIEHWE HOBOU
da3bl MJM HCUEe3HOBEHWEe OJHOM U3 AByX a3 COCTABJSIOLIMX
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cucteMy. TeMmnepaTypHasgd OCTaHOBKAa Ha KPUBOW OXJAXAeHHUA
COOTBETCTBYET MepexoAy CUCTeMbl Yepe3 FOPU30HTAJIbHYI JIMHUIO
Ha (a30BoM AuarpamMme (BO BpeMsl TeMIIEPATYPHOM OCTAaHOBKH B
pPaBHOBECUM HaXOAATCA TpU ¢asbl U CUCTEMA HAXOAUTCH B
MHBApUAHTHOM COCTOSIHMM). [IpM 3TOM NpPOUCXOAUT HCUYE3HOBEHME
oZHOU da3bl U MOsIBJIEHUE IPYTOU,
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JIABOPATOPHAS] PABOTA Ne1. IOCTPOEHUE ®A30BOH
AUATPAMMbBI JUPEHNJIAMWUH—HA®TAJ/IUH

LEJIb PABOTbI

[lo KpUBBIM OXJaXJAeHHUS OWHAPHBIX CcMeced HadTaJUHA U
naubeHWIaMMHA ~ Pa3JIMYHOTO  COCTaBa  MOCTPOUTh  $a30BYIO
JiuarpaMmy.

OBbOPY1IOBAHHE

—Y4eb6Ho-s1a60paTopHblil MoAyib «PASOBOE PABHOBECHE»

—AMnyJsibl ¢ OUMHApPHBIMU CMecsIMU AudeHUaMUHa U HadTa/lMHA
pPa3JIMYHOrO COCTaBa

—HarpeBaTesib Npo6UpPOK

—IllTaTUBHI C JTanKaMU U MyGTaMHU

—CoeiMHUTE/IbHBIM POBOJ, K AAaTUYMKY (Tul XS)

NOPAAOK ITIPOBEAEHUA PABOTDI

FepMeTI/I‘{HbIe dMIIYJIbI C 6I/IHaprIMI/I CMeCAMHU ,ZLHCl)eHI/IIIaMI/IHa
H Ha(l)TaIII/IHa pa3JiMdHOro CocCraBa COAEPKAT BHYTPHU MAI'HUTHYIO
MeEllaJIKy, II03BOJIAIOIIYHO IIepeMelinBaTb CMeCb MAJId MMOJIYY€HHA
60J1ee TOYHbIX KPHUBbIX OXJIaXXAECHHUA.

[lockosibKy 3BTEKTUYeCKass cMecb ¢eHoJla M HadTaauHa
KpUCTAJIM3yeTcd npu TeMIiiepatype npruMepHo 20°C, TO BOSHUKAKOT
onpe/ieJieHHble TPYJAHOCTH MPU NPOBeJEeHUN IKCIIEPUMEHTA B JIETHEE
BpeMsl TrojJa WJM MNpPU BbICOKOW TeMIlepaType B XHMUYECKOH
Jabopatopuu (6osiee 24°C). [loaToMy peKOMeHAyeTcCs NPOBOJAUTb
JlaHHYI0 J1JabopaTOpPHYI paboTy B 3MMHee BpeMs rojia UJu XOpPOUIOo
NpPOBETPUBATH MOMELIEHUE JIAOOPATOPUHA BO BpeMS BbINOJHEHHUA
paboThlI.

[lepByro aMny/ly NOJKJ/IHOYAKOT C MOMOIIbI COEJUHUTENBHOTO
NpoBOZAA K JIabOpaTOPHOMY MOJAYJIO, 3aTEM IOMELJal0T B 30HE
HarpeBa W BKJIIOYAKOT HarpeB Ha 3..5. CieadAT 3a mokasaHUSAMU
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TepMoJaT4yuKa. B ciiydyae ecinu cMmech Harpesachk Boeilie 100°C, a cMmechb
elllé He paclllaBUJaCh, TO aMIIyJly IEPEHOCAT B 30HY OXJIAXKJEHHUA U
nepeMellyvBalT e€é coLepKMMoe Ha MarHUTHOU MeluaJsike. [locsie Toro
KaK BCE coZilep>KMMOe pacIlJIaBUTCA U TeMIlepaTypa CMeCU LOCTUTHET
90...95°C BKJIIOYAIOT BEHTHUJATOP OXJaXJeHHUSA (HAa MaKCUMyM) U
MarHMTHYIO MellaJKy (Ha MaKCUMYyM).

HE JIOIYCKAWTE HATPEB AMYJI BOJIEE 100°C, TAK KAK
3TO MOXET CTATh IIPUYMHOH HX BBIXOJA U3 CTPOA.
KPUBBIE OXJAXJEHHUA CHUMAIOTCA TII0 OJHOH: HE
MOAK/JTIOYAUTE CPA3Y HECKOJIBKO AMIIYJ K
JIABOPATOPHOMY MOAYJIIO.

[locsie HarpeBa aMmyJ/y 3aKpelJislOT B JiallKe IITaTHUBA U
COEIUHSIIOT C TOMOUIbI0 COEJUHHUTEJbHbIX MPOBOJOB C Yy4ebOHO-
JlabopaTOpHbBIM  MoJyJieM. BpiOuMparoT TUN  3KCIEepUMeHTa

KumHetuka. Ha Bkiazke YCTpOMCTBA BLIOHPAIOT IOAKIIOYEHHYIO
anMyJly. Pe3ysbTaTbl HW3MEPEHHSI MOXHO BHJAETb BO BKJIAAKe
MamepeHue. Ha Bkiagke WUMamMepeHMe 33Jal0T HHTEpPBaJ

u3MepeHU 3 ceKyH/ibl, a 061ee KondecTBo Touek 400.

3atem HaxkuMarT KHONKy 3ANMWMCH. Tlocie oxnaxaeHus

npo6upok A0 20...24°C 3KCIepUMEHT OCTaHAaBJIMBAIOT, U COXPAHSIOT
JlaHHble KPUBOU oxsaxAeHuA. [[pocMoTpeTh pe3yibTaThl U3MEPEHUM

MOXXHO BO Bkiajake Pe3ynbTarbl, a COXpaHUTb BO BKJIAJIKE

CoxpaHeHue
Takum e 006pa3oM CHHUMAKOT KpPUBbIE OXJKJAEHUS APYTUX
cMeced. 3aTeM Ha KPHMBBIX OXJAXKIAEHUST OTMEYalOT XapaKTepHbIe

TOYKU $a30BbIX NpeBpallleHUW U CTPOAT AUarpaMMy IJIaBKOCTHU
cucTeMbl HaQTaaUH — JUEHUTAMUH.
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JIABOPATOPHAS] PABOTA Ne2. IOCTPOEHUE ®A30BOH
AUATPAMMbI ®EHOJI-BOJIA

LEJIb PABOTbI

[loctpouTh  JguarpaMMmy B3aMMHOW  pPacTBOPUMOCTH M
onpeneJUTb KPUTHUYECKYID TeMIlepaTypy pacTBOPEHUS CHUCTEMBI
dbeHos-BOAA

OBbOPY1IOBAHHE

—Y4eb6Ho-s1a60paTopHblil MoAyib «PASOBOE PABHOBECHE»

—AmMnyJibl ¢ GUHAPHBIMU CMeCSIMU peHoJia U BOJbl PA3JIUYHOTO
cocTaBa

—HarpeBaTesib Npo6UpPOK

—IllTaTUBHI C JTanKaMU U MyGTaMHU

—CoeiMHUTE/IbHBIM POBOJ, K AAaTUYMKY (Tul XS)

NOPAAOK ITPOBEAEHUA PABOTDI

FepMeTI/I‘{HbIe dMIIyJibl C PA3JIM9YHbIM COAEPKAHUEM cl)eHona H
BOAblI CO BCTPOEHHbIMHU AATYHUKaAMHU TEMIIEPATYpPbl COAEPHKAT BHYTPH
MArHUTHYIO Me€EIIaJIKy, I03BOJIAKOIIYIO IIepeMellrnBaTb CMeCb [OJid
IOJIY9€HH A 6oJiee TOYHBIX JKCIIEpUMEHTAJIbHBIX TdHHBbIX.

Amnyabl ¢ cosepkaHueM peHosia 6osiee 20% (BKIKYUTENBHO)
npeJiBapyUTe/bHO HAarpeBalT B 30HE HAarpeBa JilabopaTOPHOTO MOAY s
Jlo mosBJeHUsA (a3o0Boro mnepexosa (paccjoeHUsT KUAKOCTEU C
ob6paoBaHUEM 3SMYJbCUU TMPU OXJAKIEHUU WJIM 06pasoBaHUSA
MCTUHHOTO pacTBOpa IpU Harpese).

HE JONYCKAWTE HATPEB AMYJI BOJIEE 100°C, TAK KAK
3TO MOXET CTATh INIPUYMHOH HX BBIXOJA U3 CTPOA.
KPUBBIE OXJAXJAEHUA CHUMAIOTCA IO OJHOW: HE
MOAK/IIOYAUTE CPA3Y HECKOJIbKO AMIIYJI K
JIABOPATOPHOMY MOAYJIIO.
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[lepByto amnyJly NOAKJOYAT C MOMOIbI0 COEJUHUTENBHOTO
NpoBOZla K JIabOpaTOPHOMY MOJAYJIKO, 3aTeM IOMelalT B 30HE
HarpeBa M BKJIOYAlT HarpeB Ha 3..5. CiegdaT 3a NoKa3aHUSMU
TepMoJaTyHrKa.

[lomelass amnysy B 30HY HarpeBa WJIW B 30HY OXJaKAEHUS
NoJiy4yaroT TeMIepaTypy OJIM3Kyl0 K TeMmiepaTtype ¢a30Boro
nepexoza. B TeTpagu OUKCUPYIOT TemnepaTypy JHUKBAUW W
TeMIlepaTypy paccjoeHus. TeMnepaTypy JUKBAaUUU — HPU KOTOPOM
COCTOSIJIOCh B3aMMHOE pAacTBOpPEHHE — OIpeJle/isIioT MPU Harpese
aMIIyJi, a TeMIlepaTypy paccjoeHUss — KOTJa CoAep:KUMoe MPOOUPKHU
NOMyTHeJI0O —  MNpyd  oxJaxAeHUW. /Jlag  3pdeKTUBHOrO
nepeMelluBaHUsl COJIEPXKUMOr0 aMmyJl BKJKYAKT MAarHUTHYIO
MellaJKy.

JKCIIepUMEHTAJIbHO MOJyYeHHbIe TEMIIEPATYPhl PACC/J0eHUs U
JIMKBALlUU VISl KaXJOM aMIlyJibl 3aHOCAT B TaOJIMIY, MOCJe 4Yero
BBIYUCJISIOT CPeHIOI0 TeMIlepaTypy $pa30Boro nepexoza.

NQ TT.}'[I/IKBaLlI/II/I; OC Tlpaccnoem/m, OC Tcpea}mﬂ, OC

== OO0 U1

_ o

KpuBble oxyaxaeHusa najad amnya Nel, 2 U 3 uMewT
9BTEKTUYECKUHM TUIl. UX moCTpoeHHe NPOBOAAT aHAJOTUYHO paboTe
Nel «IloctpoeHure pa3oBoU AuarpamMmmbl AUPpeHUIaMUH—HaAPTaATUHY,
[IPU 3TOM HATPEBATEJIb HE HCIIOJIb3YETCA, A OXJIAXKAEHUE
[TPOBOJIAT B 3BTEKTUYECKOKW CMECH I1PU -19°C (ITIOBAPEHHAS{
COJIb U JIEL).
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YHUTEX )
[TIOJTYYATHb BHAHHUA JIET'KO!

Hay4yHo-npou3BOACTBEHHAsI KOMIAHUS «YHUTEX» YCIEIIHO paboTaeT HA PbIHKE
obpasoBaTesibHbIX ycayr ¢ 2003 roga U 3apekoMeHo0Basia cebsli B KauecTBe
OTBETCTBEHHOTO pa3pabOTYMKa W HAJ€KHOTO MOCTaBILMKA.

HAIIA MMPOAYKIHNA HATPABJIEHA HA AKTUBH3ALIMIO
INO3HABATEJIBHOU AEATEJIBHOCTHU YYALIUXCA U
PA3BUTHUA HUX HUCCIAEAOBATE/IbCKUX HABBIKOB

[1aBHBIM MapTHEPOM KOMIIAHUHU MO pa3paboTKe y4ebHO-1abOpPaTOPHOTO
obopynoBaHnus sABAsdAeTcd HaunuoHanbHbiM HccaepmoBaTenbckut TOMCKUM
[lonuTexHuyeckru YHUBepPCUTET. B OCHOBe [eATeJbHOCTU KOMIIAHUM HAXOAUTCH
BCECTOPOHHSAA NOAJep:KKa y4eOHOro nmpoiecca U ero MoJiepHU3alUsl ¢ MOMOIIbIO
BHeJJpeEHHWSI COBPEMEHHOTrO0 BbICOKOTEXHOJOTUYHOTO 0OOpyJOBaHHUA.
HageXxHOCTh M KayecTBO HaIIMX pa3pabOTOK OlleHEHbl MHOTMMM BeJylUIMMU
By3zaMu Poccuiickou ®Pepgepanuu u ctpaH CHT, cpeau koTophiX:
MI'TY um. baymana, besopycckuit ['ocynapctBeHHbIM MeAULUHCKAN YHUBEPCUTET,
Tomckuii l'ocynapcTBeHHbIM YHUBepcUTeT, KazaHckui denepasibHbId YHUBEPCUTET,
Bcero 6Oosiee 150 By3oB Poccum u crtpan CHI.

B CBOUX PASPABOTKAX MbI ITPEAJIATAEM:

BCECTOPOHHIOIO NMOAAEPNKKY ITpernogaBaTesid
@ B OCBO€HHWH COBPEMEHHLbIX 06p330BaTeﬂbeIX

y N \_/
TEXHOJIOTUH ¥ BHEJPEHUS UX B YIEOHBIN POIECC
MbI BCET/la FTOTOBBI POBECTH JINYHOE
KOHCYJIbTUPOBaHHEe UJIH JUCTAaHIIMOHHYIO
MO/IIEP’KKY MpenojaBaTesen r— /4

000 «HNO «YHutex»
nmporpaMMHOe o6ecreyeHue

M 0byaioHe BHAeo TENE®OH/®AKC (3822) 20-02-62
HOBelllee 000pyOBaHME, E-MAIL ULKTPUQYANDEX.RU

MeToaHu4YeCKHe HOCO6I/IH,

MHCTPYKTHBHbIE MAaTePHAIE] r. Tomck, npocnekt ®pyH3e 20, oduc 406
rpadmk pabotoi: MH-NT, 9:00-17:00
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