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«[1100b1 Moux mpydos - npedxcde 8ce2o 8 HaAy4HOll U38eCMHOCMU,
cocmasasiowell 2opdocms - He O00HY MOK JAUYHYH, HO U O00WYHo
pycckylo. Jlyuwee 8pemsi HCU3HU U e€é 2/a8HYHW CUIYy 835/10
npenodasamenbcmeo. M3 moulcsi4 MOUX Y4eHUKO8 MHO020 meneps
nosciody 6udHbix desamesell, npogeccopos, AOMUHUCMPAMOPOS, U,
ecmpeyas ux, ecezda cavlwiasa, 4mo dobpoe 8 HUX cemsl No/1az2a, d He
npocmyrw omoévlean nosuHHocmoe. Tpemwvsi cayxcba mos PoduHe
HaumeHee 8UOHA, Xoms 3a60Mu./1a MeHs C IOHbIX Jilem Nno cux nop. Imo
CAYyHc6a no Mmepe Cua U B803MONCHOCMU HA NOAb3Y pocma pyccKou
NPOMbIUAEHHOCMUY.

J.U. Mendeseees
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JlaGopaTopHBIN MPaKTUKYM «KOJIJIOUJIHAA XUMHSI».
MeToaudeckue ykasanus. A.I'. Karupos. Tomck: uzg. XXX, 2017. 80 c.
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OBIIME TPEBOBAHUA K OPOPMJIEHUIO OTYETA I10
JIABOPATOPHOH PABOTE

OdopmiieHue oTyeTa

JlabopaTopHasg pab6oTa — HeOOJBIIOW HAYYHBIA OTYET,
0600UIAlOLUI  MPOBEJEHHYI0  CTYAEHTOM  paboTy, KOTOpYIO
NpeACTaBAsAIT JAJs 3alMThl NpenojaBaTtesio. K J1abopaToOpHbIM
paboTaMm npeAbsABJASAETCA psiJi TpeGOBaHUN, OCHOBHbIM U3 KOTOPbIX
SIBJISIETCSl TIOJIHOE, MCYeplbIBalollee ONMUCAaHWE BCEW MPOJESaHHOU
paboThbl, MO3BOJISIOLEE CYAUTD O NMOJyYEHHbIX pe3y/bTaTax, CTeleH!
BbINOJIHEHUS 33/JaHUi U TpodecCuOHaJbHOM NOJArOTOBKE CTY,€HTOB.

TumyabHblll sAucm SIBJASIETCS TEepPBOW CTpPaHHULEN 060U
Hay4YHOH pPabOThl U /I KOHKPETHOT'0 BH/Ia Pa6OThI 3aMOJIHAETCS 10
omnpe/ieJIeHHbIM NpaBuJaaM. /[yist 1abopaTOPHOU PaGOThl TUTYJIbHBIN
JIUCT 0bOpMJISieTCs B COOTBETCTBUH C MPUJI. 1.

[Jeab pabomsl [o/KHA OTPAXKATh TEMY J1abOPAaTOPHOU paboTHI,
a TaKXKe KOHKpeTHble 33/la4M, NOCTaBJeHHble CTYJEeHTy Ha MepHUoj
BbINOJIHEHUS paboThl. [lo 06beMy 1lesib paboThl B 3aBUCMMOCTU OT
CJIOKHOCTH M MHOT033JJaYHOCTH PabOThI COCTABJISIET OT HECKOJbKHUX
ctpok zio0 0,5 cTpaHuULbI.

Kpamkue meopemuueckue ceedeHusi. B 3TOM pasgene
M3JlaraeTcsi KpaTKoe TeopeTHUYeCKOe ONKCaHUE H3y4aeMoro B paboTe
ABJIEHUSl WJWA Tpolecca, TMPUBOAATCA TakKXke Heo06X0oAUMble
pacyeTHble $opMyJibl. MaTepuas pasjesia He JOJKEH KOMUPOBATH
coZlep:KaHHe MeTOJAUYECKOro MOoCcoOHsl WM y4eOHHUKA MO JaHHOHU
TeMe, a OrpPAaHUYMBAETCAd M3JI0)KEHUEM OCHOBHBIX IOHATHUH U
3aKOHOB, pacuyeTHbIx ¢GoOpMyJs, TabJaul, TpPeOywIUXCA  AJs
JalbHelle  06pabOTKM  NOJYYEHHBIX  IKCIEPHMEHTAJbHbIX
pe3ybTaToB. 06'beM JIMTEPATYPHOT0 0630pa He J0JKEH MPeBbIILIATD
1/3 4yacTu Bcero oTyeTa.

OnucaHue 3KkcnepuMeHMa/abHOU YCMAHOBKU W METOAUKU
JKCIlepMMeHTa. B gaHHOM  pa3zesne  NPUBOJUTCA  CXeMa
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3KCHEPUMEHTAJIbHOM YCTAaHOBKM C ONMCAaHUEM ee paboTbl U
NOAPOGHO H3JIaraeTcs MeTOAUKa TIpOBeJleHUs 3KCIIePUMEHTAa,
NpoLieCC NoJyYeHHUs JaHHbIX U CI0CO6 UX 06pabOTKHU.

JKcnepumeHmanvHble  pesyabmambel. B 3Tom  pasgene
NPUBOJATCS HENOCPEeACTBEHHO pe3yJbTaThl, MOJIyYeHHble B XO/[e
NpoBeZieHUs1 JIabOpaTOpPHBIX pabOT: oOmpeJesieHHble 3HauyeHHus
BeJIMYMH, rpaduky, Tabauubl,  aguarpamMmmbl.  O6s13aTesbHO
He0o6X0/AUMO OLleHUTb NOTPELIHOCTH U3MepeHUH.

AHanu3 pesynemamos pabomwl. Pasfen ordeTa [JOJDKEH
cozep:aTb  NOAPOOHBIM  aHa/JM3  MOJIyYeHHbIX  pPe3yJbTaToOB,
MHTepIpeTalyI0 3TUX pe3yJIbTaTOB Ha OCHOBe pU3UYECKUX 3aKOHOB.
CnenyeT CpaBHUTb TMOJIydeHHble pe3yJbTaTbl C U3BECTHBIMHU
JIUTEPATYPHbIMU  J@HHbIMH,  OOCYAUTb  HUX  COOTBETCTBHUE
CYLIeCTBYIOIIMM TeOopeTHU4YecKuM MoJenaM. Ecin ob6GHapyxeHO
HECOOTBETCTBHE IOJYYEHHBbIX pe3yJbTaTOB M TeOpPeTUYEeCKHUX
pacyeToB WJMU JIUTEPATYPHBIX [JaHHbIX, HEOOXOJUMO OOCYJUTH
BO3MOXXHble IPUYUHBI 3TUX HECOOTBETCTBUM.

Bbigodul. B BbIBOZIaX KPAaTKO U3J/1araloTcsl pe3yJbTaTbl paboThl:
IIOJIy4YeHHble 3KCIIepUMEHTAJbHO WJM TeOpeTUYeCKU 3HavyeHusd
bU3NYeCcKUX BeJUYUH, UX 3aBUCMMOCTHU OT YCJAOBUH 3KCIEpPUMEHTA
WJIM BbIOPAHHOW pacyeTHOW MO/Je/M, YKa3bIBAETCS UX COOTBETCTBUE
WJIA HEeCOOTBETCTBHE 3aKOHAaM UM TeOpeTHUYeCKUM MOJeJsM,
BO3MOXXHble IPUYMHBI HECOOTBETCTBUS.

Hpﬂﬁﬂﬂ)l(eﬂl—lble BE€JIMYHUHBI U AEﬁCTBﬂﬂ C HUMMU.

3anuchb pe3y/JbTaTOB U3MEPEHUN M BBIYMCJIEHUN MPOU3BOAST
TaK, YTOObI U3 HUX OblJIa BUZHA TOUHOCTb, C KOTOPOH BBINOJIHEHBI 3TH
JeunctBud. JlioOble JaHHble, IoOJlydaeMble H3MeEpPeHUEeM, BcCerja
HNpUOJMKEHHBI, MOCKOJbKY MX TOYHOCTb 3aBUCUT OT MHOTHUX
06CTOSATE/NILCTB U B MEPBYI0 O4Yepelb — OT MOTPELIHOCTH CPeJCTB
U3MepeHUsl.

Hanpumep, ecsin npu U3MepeHUM TeMIlepaTypbl NOCJIeLHSs
nudpa okaszasacb HyJeM, TO e€ Hesb3sl OTOpackiBaTh. Hampumep,
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JlaTYMK TeMIepaTypbl Moka3biBaeT «25.30°C». ITO 03Ha4yaeT, 4TO
M3MepeHHe MNPOBOJAMJIOCH C TOYHOCTBIO [0 BTOPOro 3HaKa Iocje
3anaTod. Ec/u cTyeHT B JaHHOM ciay4ae 3adUKCHpPYeT B TeTpaju
«25.3°C», TO TOYHOCTb pe3yJibTaTa 6yAeT HE0OO0CHOBAHHO CHUXKEHa.

[Ipy  BbIMOJIHEHUM  apuPMeTHUUECKUX  JIeUCTBUU  HaJ
NpUOJMKEHHBIMHA YUCJaMU CJeAyeT MNOMHHUTb, YTO KOHEUYHBIH
pe3y/JbTaT CJA0XEHUS WM BbIYUTAHUS He J0JHKEH UMEThb 6oJiblie
3HAKOB IIOCJe 3aldaTOW, YeM y HauMeHee TOYHOIO 4JIeHa, TO eCTb
YyjleHa C HauMEeHbIIMM 4YMCJIOM 3HaKoB. Hampumep, ansa cyMmbl
«1.222 +1.88 + 2.4 + 3.9296 = 9.1616» npaBUJbHOU SIBJISIETCA 3aMUCh
«9.2», TaKk KaK y TpPeTbero CjaraeMoro TOJIbKO OJHUH 3HaK Mocje
3angaTou. B npoMeXyTOYHBIX BBIYHUCJIEHUAX NOC/e 3aNATOH JOJKHO
ObITh Ha OJWH 3HaK O0JIbIIIE.

Takke 0OpU yMHOXKeHUU U JejieHUU. Hanpumep, a4
npousBefeHus «2.222x0.11 x 5.02=1.2269» npaBuIbHOU OyjeT
3anuch «1.2», Tak Kak y yucaa 0.11 Bcero jBe 3Havauux nudpsl B
IIPOMEXYTOYHBIX BBIYMCIEHUAX 3HAYallUMX LHUPpP JO/KHO ObITH HA
O/IHYy 6oJIbllIE.

[Ilpy BO3BeeHUM B CTelleHb WJM H3BJE€YEHUU KOpPHA B
pe3y/abTaTe ciaefyeT OCTaBJATbH CTOJBKO 3HadallluxX LUPP, CKOJIBKO
UX COJIEP>KUTCS B UCXOJHOM YHCJIE.

BbluvcieHUss W 3alMCH, BbINOJHEHHbIe C HapylLleHUueM
BbIILIEONMCAHHBIX MPAaBUJI, SIBJASIOTCS HErPaMOTHBIMH, TaK KaK He
OTBEYAlT [JEeWCTBUTEJbHOW TOYHOCTU pe3yJbTaTOB pPabOThHI.
CobJito/ieHUe 3TUX NMPABHUJ, C JPYrOH CTOPOHBI, 06JieT4YaeT pacyeThl,
TaK KaK M03BOJIIET OTOPOCUTD JIMUIHUE UPPBI Iepe/, BbINOJIHEHUEM
BbIYMCJIMTE/IbHBIX ONlepaLiuil.

Omu6KH U3MepeHun

Cucmemamuveckue oOwubKu OAWHAKOBBI IO 3HAaKy W
00yC/I0BJIEHbl TMOCTOSIHHO [JeHCTBYIOIIMMU (aKToOpaMH, KOTOpble
MOXHO y4eCTb WJIM UCKIAYUTb. Hanpumep, cMeliéH HyJb LIKaJibl



BOJIbTMETPA, U BCE Pe3yJbTaTbl H3MEPEHUW OTJUYAIOTCHI OT
JedictBuTesbHbIX Ha 0.07 B.

CayuatiHble owWUOKU — 3TO HeNpeAcKa3dyeMble 10 BeJUYHUHE U
3HAaKy OTKJIOHEHUS H3MepeHUHl OT cpejHero pesysabTaTa. Hx
OCOGEHHOCTbL B TOM, 4YTO OHU pPABHOBEPOSTHbI IO 3HAKy U
HNOJAYMHAIOTCA 3aKOHY HOPMaJIbHOTO paclpejiesieHUs, COTJIACHO
KOTOPOMY BEpOSITHOCTb KPYIHbBIX OIIMOOK MeHbIIIE, YeM MEeJIKUX.

Ilpomaxu — 3TO rpy6ble OLIMOKH, BbI3BaHHble HapylLIeHUEM
YCJIOBUH 3KCIIepUMEHTa UM HeOpexXHOCTho B paboTe. Hanpumep, B
X0Jle  9KCIlepUMeHTa CaMONpPOU3BOJBbHO  MEHSJIOCh  CeTeBOe
HamnpshKeHHe, B TO BpeMs KaK Tpeb0oBaIoCh ero MocTosiHCTBO. Uiu mo
HEBHUMATEJbHOCTH ObLI cJesiaH oTcyeT «1.1», B TO BpeMs Kak
npu6op mnokaseiBaa «1.01». Pe3ysnbTaTbl ¢ rpy6bIMH OMIMOKaMHU B
npoiiecce 06pabOTKU NPH HAJTUUUK 060CHOBAHUM OTOPAChIBAIOT.

[IpaBUIBHOCTD pe3yJIbTaTa, TO eCcTb Ha/in4ue
CUCTeMaTU4YeCKOH OIMOKH, BCera He TPYAHO NPOBEPUTD, MOJIb3YsCh
CTaHJAPTHBIMHU WJIM 3TAJOHHBIMU 00pasnaMu. ITOT NMPUEM ILHPOKO
ucnosb3yercad B npakTuke. OH N03BOJIAeT HAXOAUTb IOINPABKH, C
IIOMOIIIbI0 KOTOPBIX MOHO IOJIyYUThb NpPaBUJbHble pe3y/bTaThl Ha
TOYHO, HO HENPaBUJIbHO paboTaUMX Cpe/CTBAX U3MEepeHHUs.

CnyvaiiHble OIIMOKHA, B OTJUYHE OT CUCTEMATHUYECKHUX,
HCKJIIOUUTH HeJb3s. Ho, yBesiMunBas KOJIMYECTBO U3MEPEHHH, MOXKHO
YMEHBLIUTb CPEJHIOI0 BEJUYUHY CAy4YalHOW OLIMOKKA W, B HUTOTE,
NOBBICUTh TOYHOCTb pe3yJibTaTa M3MepeHUH. JledcTBUTENbHO, IpU
OJTHOM-/IBYX U3MEPEeHHUSIX He MUCK/IYAeTCH BO3MOXXHOCTb TOTO, YTO
OHU GY/IyT BBINOJHEHBI C 60JIBIION OMTUOKOU. [[pM MHOTOKPATHBIX Ke
M3MepeHUsIX, COIJIaCHO 3aKOHY HOPMaJbHOTO pacnpejeeHust
CAy4yalHbIX BEJWYUH, BEpPOSTHOCTb MHOTOKPATHOIO TMOSIBJIEHUS
KpYMHBIX OIIKO0K MaJia.



IIpoeepbme ce6s

JaHo npubaudxcennoe uwucao 1.0754327 u ezo npedenvHas
abcoaromuas noepewrHocms 0.0005. Okpyzaume 3mo uuci0, ocmasus
gepHble yudpobl. Yumume nozpewHocms OKpya/1eHUsl.

llopmHsxicHOU caHmumemposoll seHmotll uamepsiom OAUHY
OKpYJ#CHOCMU MepuduaHa, nyuie4Hozo 0pa Llapb-nywKu u meHHUCHO20
Ma4a. U3mepeHue Kakoll eesuduHsl dacm 60/4bWy 0MHOCUMENbHYIO
nozpewHocms?

Ilpu usmepeHuu paduyca kpyza ¢ mouHocmbeio do 0.5 cm
noJyvusocs vucao 12 cm. Hatidume a6conomHuy0 U OMHOCUMENbHYHO
nozpewiHocmu njiowadu Kpyaa.

Buinonnume apugmemuueckue delicmaust Ha0 NpUGAUHCEHHBIMU
yucaamu, 8ce yu@pvl KOMOPbIX BEPHbL:

130,6 + 0,255 + 1,15224 + 41,84 + 11,8216 = ...
352x1.748 = ...
7.6 /2314 =...
OyeHume abco0MHY0 nozpewHocms PyHkyuu y = In(x).

OyeHume abcoAOMHYI0 ho2pewHOoCmb GyHKyuu y =xxm (m —
J11060e delicmeumesibHOe YUC/10).

JdJieMeHTapHasA MaTeMaTH4ecKas 06pa60oTKa pe3y/ibTaTOB
U3MepeHMn

YTo6bl  MOJYYUTb  pe3yJbTaT, KakK  MOXHO  OoJee
NPUOIMKAOIUNCH K JeCTBUTENbHOMY 3HAaYeHUI0 OlpejesisieMoi
BeJIMYMHBI, U3MEpPEHHUS BbINOJHAT MHOTOKPATHO U U3 HUX HAXOJAT
cpeaHee apudMeTHYECKOe OT BCeX 3HAYeHHM (HMCKJoYas MpoMaxH),
KOTOpoe W TNpPUHUMAKT 3a (aKTHyecKoe 3HA4YeHHe HU3MepsieMOoM
BEJIMYMHBI.
a,+a,+..+a,

a=
n



[lockosibKy 3Ta BeJUYMHA NpPUOJU3UTENbHAS, CAeAyeT
OXapaKTepHu3oBaTb €€ TOYHOCTb. B KadecTBe XapaKTepPUCTUKHU
TOYHOCTHU B MPOCTEHNIIMX CAy4yasx MNOJIb3YITCSA BEJUUYUHOUN CpefHen
OLUHMOKHU.

—:|Aal|+|Aaz|+...+|Aan|.

n

OKoHYaTe JIbHbIN pe3yJibTaT 3allMChIBAIOT B BU/J€E
a=axAa.

Korpa omnpepensiemass BeJqiM4YMHA sBJsieTCs (QYHKLUEH He
OJIHOM, a HEeCKOJbKUX U3MepsieMblX BeJUYHUH, TO M OLIHU6Ka
onpeseseHUs] 3TOW BeJUYMHBI 3aBUCUT OT OIIUOGOK H3MEPEHUs
COCTaBJAOIIMX BeJMYMH. Tak KaK OIIMOKUM HECOM3MEPHUMO MeHblle
CaMUX M3MepseMbIX BeJWYHMH, MOXHO 3aMEHHUTb HX pPa3HOCTHU

nuddepennuanamu. Torga:

AY = G_Y da 8_Y db+ a_Y dk.
oa ob ok
BbIUMCIMM  OTHOCHUTEJIbHYIO  OIIMOKY  pe3ysabTaTa AJsd
npocTedmux GyHKIUM:
‘8(A+B) At ‘6[A+B)
Y=A+B MZ 0A :AA+AB
A+B A+B
AY ‘6(2; 2 ;3 ‘3(“3) AB AA+ AB
Y=A-B ~l- 4
Y A-B A-B
AY ‘8(513‘,143) AA+‘8(<;4BB) A a4 aB
Y=A4-B — = B | kel Wl
Y AB A B
AY ‘8(16111414) Ad AA
Y=InA By £
In4 AlnA
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HanpuMmep, npu onpezieJleHUM MOJIEKY/IIPHOM Macchl BelecTBa
KPHUOCKONIMYECKUM METO/I0M M0JIb3YIOTCS ypaBHEHHEM:

Km,
T B
my(T, - T,)
rje mi U mz — HaBeCKH pPACTBOPEHHOrO BellleCcTBa U

pactBopuTes; T1 u T2 — TeMnepaTypa 3aMep3aHUs PaCTBOPUTEJIS U
pacTBopa; K — KpuocKonuyeckasi MOCTOsIHHAs.

[lycTb m1=1.0000 +0.0002 r, m2 =50.00 £0.05,
T1=1.207 £0.003°C, T2 =1.000 £0.003°C, K=1.86. Torpa
OTHOCHTeJIbHAA NOrPeLIHOCTDb ONlpe/ie/IeHUs MOJIEKYJIIPHOU MacCChl:

AM _Am, _Am, AT, +AT, 0.0002 005  0.003+0.003
M m T T, 10000 5000 0207
=0.0002+0.001+0.029=0.0302.

i m

M3 pacyera cjaeayeT, 4YTO OTHOCUTEJbHAasi MOTPEIIHOCTb
omnpefie/ieHUsI MOJIEKYJISIPHON MacChbl KPUOCKOMUYECKUM METO/I0M He
3aBUCHUT OT MOJIEKYJIIPHOM Macchl, ¥ HAWOOJIbIIYI0 MOTPEmHOCTh
BHOCUT OILIMOKa ompejie/ieHUs] Pa3HOCTH TeMIlepaTyp 3aMep3aHus.
[loaToMy A1 MOBBILIEHHUS TOYHOCTH OIpeJesieHUsI MOJIEKYISIPHOU
Macchl, B TMeEpBYyI odYepeb, HEOOXOJAMMO TOBBIIIATH TOYHOCTh
usMmepeHus AT.

I‘paq)nqecxoe nsoﬁpame}me IKCIIEPUMEHTAJ/IBHBIX JAHHbIX

Haub6oJsiee BbipasuTesbHasi, UHpOpMaTUBHas U yi06Hast popma
HIpeACTaBJIeHUs] 3KCIEePUMEHTAJIbHbIX JaHHbIX — rpadudeckas.
[TocTpoenue rpadpuka HaYMHAIOT C BbI6OpA €ro pa3MepoB U MaciuTaba
KOOpPAMHATHbIX oced. OueBHUJHO, 4YTO B ILeJAX COKpalleHUs
HEUCINIOoJIb3yeMOH MUIolagu rpaduka He cjaefyeT HayWHATh OCb C
HyJfl, KOrja OTKJaJblBaeMasi BeJMYMHA HU3BECTHA He C HYyJs.
Macuitab BbIOUpAIOT yA006HBIM AJj151 paboTel. Hanpumep, 1 cM o ocu
cootBeTcTByeT 0.2, 0.5, 1, 2.5 niau 10 egununam, Ho He 0.17, 0.54, 1.3
uiu 2.48.
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Ocu fo/KHBI OBITh 0003HAYeHbl C YKa3aHHWEM pa3MEpPHOCTH.
Ecniu u3sMepsieMble BeJMYMHBI BbIPaXKalOTC MHOTr0Opa3psi/HbIMHU
nudpaMy, TO HUX 3alUChIBAIOT 4Yepe3 MHOXUTesJb 107, KOTOpbIH
CTaBAT psJOM C YCJAOBHbIM 0603HauyeHHeM ocdU. Bo usbexaHue
INyTaHULbl B 9KCIIEPUMEHTAJbHBIX TOYKax NpPHW HaHECEHUH Ha OJUH
rpaduK HECKOJIbKHX 3aBUCHUMOCTEM KaX/JIyl0 TOYKY OOBOJSAT
KPY>KKOM, TPEYTOJbHUKOM U APYTroil GUTYPKOM.

Ilo NOCTaBJIeHHbIM  TO4YKaM CTPOAT  JINHUIO —
(OYHKIIMOHA/NBHYID 3aBUCUMOCTb. Tak Kak cjay4aillHble OIIMOGKU
Hen36eXHbl, TOYKH MOTYT pacloJiaraTbCsl Ha rpaduke ¢ HEKOTOPbIM
pas6pocom. [loaToMy JIMHUIO IPOBOJAT TakK, YTOOBI OHA NMPOXOAHJIA
BO3MOXXHO OJI>)Ke KO BCeM TOYKaM, a TOYKM pacnoJsaraauch
CUMMETPUYHO U pAaBHOMEPHO OKO0JIO IMHUU. O6BIYHO MpPsIMble CTPOSIT
C IOMOLIbIO JINHEWKH, @ KpUBble — C IIOMOILbIO JIeKaJl.

0449 EB

03

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

R®=0,9993
0,1

0,1 |
02

03

04 -
3aBHCHMOCTDb NOTEHIMAJIA CTEK/ISTHHOTO 3/IeKTpoJa ot pH 6ydepHbIx

pacTBOpOB(NpuMep NpaBUJIbHOr0 opopmaeHusa rpadpuka).

Ha mosie u ocsix rpaduka He JJOJPKHO ObITh JIMITHUX HAAIKCEH.
[Toanuck K pUCYHKY [IO/DKHA COZEP:KaTb HOMEp pUCYHKa, Ha3BaHUE
3aBHCHUMOCTH Y paciiiPpoBKY YCJIOBHBIX 0603HaYeHU M rpaduKa.
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CopepxxaHue oTyeTa

OTyeT ABJsIeTCS JOKYMEHTOM, 10 KOTOPOMY CYAST O XapaKTepe
paboThl, 0 Ka4eCcTBe ee BbINOJHEHHUS U 00 ypoBHEe KBaJUPUKALUU
UCIOJIHUTENA. YpOBeHb KBaJMQUKALUU MNPOSBASETCI B TOM, Kak
HCIOJIHUTEIb GOpPMyIUPYET NOCTaBJIEeHHbIE Nlepe], co60 3a7a4yH, Kak
INOHMMAaeT U HCIOJIb3yeT TeOpeTUYEeCKUH MaTepuas, HACKOJbKO
NpPaBUJIbHO Y JIOTUYHO U3JIaraeT 3KCNEPUMEHTANbHYIO 4YaCThb paboThI,
KaK aHaJU3UpyeT U OLleHUBAeT IOJIyYeHHble pe3yJIbTaThl, KaKue
JenaeT BbIBOJbL. OTclo/la cjejyeT, YTO OTYET MO JiabopaTOpHOH
paboTe COYyXUT CpPeACTBOM pPa3BUTHUS HABBIKOB IO TJIYGOKOMY
OCMBIC/IEHUIO BBINOJIHIEMbIX 3aJJaHUM U YMEHUsl BbIpa)kaTb CBOH
Cy»K/leHUs HAQyYHbIM SI3bIKOM.
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JIABOPATOPHAA PABOTA Ne1. IIOJIYYEHHUE
JIUCIEPCHBIX CACTEM U U3YYEHHME UX CBOVICTB

KPATKHUE TEOPETUYECKHUE CBEAEHUA

KosstonaHoe cocTosiHMe BelleCcTBa

[IpefcTaBieHre 0 KOJIJIOWaX Kak 06 0co060U rpymne BelecTB
BOILJIO B HayKy B cepeauHe XIX Beka. PacTBOpbl 3THX BelecTB
OTJIMYAJIUCh OT OOBIYHBIX PSZOM NPU3HAKOB, B YAaCTHOCTH, TEM, YTO
pacTBOPEHHOE BELEeCTBO HE MPOXOJWJO yepe3 MeMOpaHbl C OYEHb
TOHKUMU MOpaMU WU He O0OHapyuBajio 3aMeTHOW Auddysuu. B
Haudasie XX Beka ObLJIO YCTAaHOBJIEHO, UTO Jil0OOe BEIeCTBO MOMXKET
ObITb NOJYyYeHO B BHJle KOJJIOWAA U, CJe[0BaTeJbHO, HYXXHO
TOBOPHUTB He 0 KOJIJIOUJHBIX BellleCTBax, a 0 KOJJIOUJHOM COCTOSIHUU
Kak o0 BceobuieM 0coboM cocTossHUM MaTtepuu. CorsiacHo
onpeneseHuto, faHHomy II. A. PebuHaepoM, KOJJIOWAHASA XUMUS —
3TO GQU3UKO-XUMHUS JUCIEPCHBIX CUCTEM M MOBEPXHOCTHBIX SIBJIEHUU
B 3TUX CUCTEMaX.

OcHOBHBbIE onpejeeHUus

®aza — YacTb CHCTEMBI OAHOro CcocCTtaBa, HMewlaa
OJMHAKOBbI€E (l)I/I3I/I‘-IeCKI/Ie CBOMCTBA, OrpaHH4Y€HHad OT [JPYIHuXx
yacTei [MOBEPXHOCTbIO pa3aeJia. CI/ICTEMY, COCTOAIIYIO H3 OﬂHOﬁ
(l)a3bl, 4, cJieA0oBaTeJIbHO, UMEIYI0 OAHNHAKOBbIE MAaKPOCKOIITUYE€CKHEe
CBOICTBaA BO BCEX ee TOYKaX, Ha3bIBalOT TOMOT'€HHOM. FeTeporeHHaﬂ
CUCTeMa COCTOUT U3 ABYX U 6oJiee Cl)aB.

KOJ'IJIOI/IAHOG COCTOAHHE XapaKTepUu3yeTcCA OHpEAGJ’IEHHOfI
AHUCIIEPCHOCTbBIO BelleCcTBa. BeH.[eCTBO B 3TOM COCTOAHHNH
AUCIIEPprupoBaHO O O4Y€Hb MaJIbIX YaCTUL, HWJIHK TIIPOHHW3aHO
MeJbYallliuMHU IMopaMH. 3THU 4YaCTUlbl W IOPbl HEBUJUMBI B
OIITUY€CKOM MHUKPOCKOIIE, HO IIPEBBIMIAKT IO pa3MepaM OOBIYHbIE
MOJIEKYJIbI. HOCKOJIbe paS,ZLp06JIEHHOC BeEIECTBO HAXOAUTCA BCerja
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B KaKOH-JIM00 cpejie, CBOMCTBA €ro HeJb3sl paCCMAaTpPUBaTh B OTPbIBE
OT 3TOH CpeJibl.

Mepo# AUCIIEpCHOCTH MOTYT CAYXKUTb JINOO JIMHEWHBIN pa3Mep
yacTul, JM60 oOpaTHass €My BeJMYMHA — JAMCIEepPCHOCTb, JIM6O
yaesqbHasg TOBEPXHOCThb, T.e. IUIOIIAJb TpaHUIbl pasjesna ¢as,
NpUXOJANascsd Ha eAWHHUIy o0'beMa auciiepcHod ¢asbl. Bce 3Tu
BeJIMYMHBI B3aMMOCBsS3aHbl. UYeM MeHblle pa3Mepbl YacTHIl, TeM
6oJIblile AUCTIEPCHOCTD U y/eJibHasl IOBEPXHOCTD.

[loHATHE AUCTIEPCHOCTD Hellesecoo6pa3Ho pacnpoCTPaHATh Ha
roMoreHHble pacTBophbl. [loHATHE AUCIEepCHOCTH NPUMEHUMO JIMIIb K
KPYIIHBIM, OTHOCHUTEJIbHO  OOBIYHBIX MOJIEKYJ, 4YacTHULaM |
MaKpoMoJieKyJlaM. B cOOTBETCTBUHU C 3TUM BCe JMCIIepCHbIE CUCTEMBI
MO>XKHO KJIacCUQUIIMPOBATh C/IeAY0LUIMM 06pa3oM:

Pasmep vactuy unu
AI/ICHepCHbIe CHCTEMBI
mnop, cM

['pyboaucnepcHble CUCTEMBI (CyCieH3UH,

PyoOA p &) 6osiee 10-4
3MYJIbCUH)
CucTeMbl IPOMEXYTOYHON AUCIEPCHOCTH 10410
(ToHKHe B3BecH, JIbIMbI, IOPUCThIE TeJa)
BBICOKOMCIIEPCHbIE CHUCTEMBI (COGCTBEHHO

y: p ( MeHee 105

KOJLJIOW/1bI)

MeToapbl MOJIY4€HHUA KOJIVIOUAHBIX pACTBOPOB

HeTpyaHo 3aMeTuTh, 4YTO Trpy6oJUcCIIepCHble, KOJIJIOU/HO-
JIMCIIepCHbIe U MOJIEKYJ/IIPHO-AUCIEPCHBIE CUCTEMBI CBSI3aHbI MEXY
co60¥ B3aMMHBIMU NepexoAaMU. U3 HMCTMHHOTO pacTBOpa MOXKHO
HNOJYYUTb KOJIJIOUJHYIO CUCTEMY, KOTOPYIO 3aTeM MOXKHO IIPEBPATUTh
B IPpy6OMCIIEPCHYIO CUCTEMY, U HA06OPOT.

YcioBueM o06pa30oBaHUsS KOJIJIOMJHOW CUCTEMbI SIBJSIIOTCS
HEepacTBOPUMOCTb (MM O4YeHb MaJjlasg PAcTBOPHMOCTH) BellecTBa
ofAHOM as3pl, TOJbKO MeXAY TaKMMHU BeleCTBaMU MOTYT
cyllecTBoBaTb (HU3HYecKHe IMOBepXHOCTU paszena. KosiougHble
CUCTeMbl  WJM  30JM  MOLYT  ObITb  MOJy4YeHbl  JIBYMs
IPOTHUBOMOJIOKHBIMU ~ METOJAMU: METOJOM  JUCIepPTUPOBaHUSA
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(mpobJsieHne BellecTBa) W MeETOAOM KOHJleHCAIUM (CoeUHEeHUs
OTZEJNbHBIX MOJIEKYJ MM HOHOB PACTBOPEHHOrO BeleCTBA B
arperarhbl).

Memoduli ducnepzuposaHUﬂ OCHOBAaHbBI Ha MeXdaHH4YeCKOM
I,LIpO6J'I(3HI/II/I U XHUMHYECKOM [JUCHEPrupoBaHUU — IMEINTHU3ALHH.
HEHTI/ISaLU/IH — nepexo B KOJIJIOPIAHBII;'I pPacCTBOP CBEXEIOJYIE€HHBIX
0CaJKOB, O6pa3OBaHHbIX I[IpH KOaryJjdanuu.

Memoobl koHdeHcayuu. K 3TOW rpymnmne MeTOJOB OTHOCHUTCSA
nojiyueHue 30Jied TpsAMOM KOHJeHcaluel, MeTOJOM 3aMeHbl
pacTBOpUTEJIST U NMyTeM XUMUYeCKUX peakuuil. CyIHOCTb MeToja
3aMeHbl PaCTBOPUTEJISI 3aK/IIOYAETCS B TOM, YTO UCTUHHBIA PacTBOp
Bell[eCTBA  J00aBJsETCA K JKUAKOCTH, CMeLIMBawLieldcsa ¢
pacTBOpUTeJIEM, HO B KOTOPOW CaMO BellleCTBO MaJio PaCTBOPUMO U
BbI/le/IIeTCS B BU/IE BbICOKOIUCTIEPCHOM (a3bl.

Xumuyeckue Memodsbl KOHJEHCAallMU OCHOBaHbl Ha IepeBo/jie
pacTBOpPEHHBIX BELIECTB B HEPACTBOPUMOE COCTOSIHHE MPU MOMOLIU
pa3/IMYHbIX XUMHUYECKUX peakUUil (BOCCTaHOBJIEHHE, THJPOJIU3,
JIBOMHOM 0oO0MeH M [ip.) C T[ocaeAylolled arperayved U
KpHUCTa/lJIM3anuen HEepacTBOPUMBIX 4yacTull, 06pa3yoIuX
pucrepcHyo ¢asy. OfHako, He3aBUCHUMO OT MeToJa IOJIydyeHUs
OTHOCHUTEJIbHO YCTOMYMBOM KOJJIOUJHOW CHCTEMBbI, HEO0O6XOAMMO
NPUCYTCTBUE B HeM cTabunsaTopa. Posb cTabunmsaTtopa cBOAUTCS K
ajicopbLUu ero MoJIeKyJbl WJM HOHOB Ha IOBEPXHOCTH YaCTHI]
aucrnepcHod ¢asbl U 06PA30BAHUI0 HA HEW MOHHO-COJIbBATHOTO UJIH
MOJIEKYJ/IIPHOTO  COJIbBATUPOBAHHOI'O  CJIOS, MPeNnsTCTBYIOLLETO
CJIMIIAaHUIO YaCTHUILL.

CTpoeHHue KOJJIOUAHON YacCTULbI

Yactuypbl jucnepcHoi ¢pasbl B THAPO30Ji8X 006J1aaI0T CI0XKHOU
CTPYKTYPOMH, 3aBUCALLEN OT YCJOBUU MOJTYYeHUA 30JIed U MPUPOADI
crabuausaropa. Hanpumep, 4acTULbI FUPO30J15 HOAUCTOrO cepebdpa,
KOTOpbIe TMOJIy4aloTCAd MPUJUBAaHUEM pacTBopa a30THOKHUCJIOTO
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cepebpa kK pactBopy KI, HaxojsumemMycs B H36bITKE, HMEIOT
CAeyI0ILYI0 CTPYKTYPY:
Kluss + AgNO3 — Agl + KNO3
{m[Ag]] nI- (n-x)K*}=*xK*
m — 4ucy0 MoJiekya Agl;
n — YUCA0 U3OBITOYHBIX MOHOB [, Mpo4yHO a/[cOpOUPOBAHHBIX Ha
MOBEPXHOCTH arperaTa, Ha3blBaeMbIX MMOTEHIMAI006pa3yoIUMU;

X — YHCJIO UOHOB, BXOAAILUX B AU PY3HBIN CI0M;
(n-x) — yuKcJsi0 NPOTUBOMOHOB K* B aIcOp6UPOBaHHOM CJIOE.

Yucio TakuX HOHOB Kaausg  (n-X) MeHblle  YHcCIa
a/ZicopbupoBaHHbIX MOHOB Moja (n), BcaejCTBUE Yero KOJIJIOUJHas
YacTUIA UMeeT OTpULlaTebHbIHN 3aps/ (-X).

MHWLE/IA

KOJITOM/IHASl YACTHIIA
AP0

——

ATPETAT

Yactrua JucnepcHod ¢asbl BMeCTe C  OKpYXaloLUM ee
Iuddy3HbIM  cjoeM Ha3blBaeTcd Mule/siod. Ha ocHoBaHuu
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akcnepuMeHTasibHOro Matepuasa @. TIlamer u K. ®asHc
cbopMy/siMpoBald NpaBWJIO: Ha TMOBEPXHOCTU TBepAoll da3bl
pacTBopa MNpeANOYTUTe/NbHEe aJCOPOUPYIOTCS HOHBI, CIHOCOOHBbIE
JIOCTpauBaTh KPUCTAJIMYECKYI0 PEeUIeTKY JaHHOTO BelecTBa HWJIU
obpasymouue c MOHAMHU KpHUCTa/IJINYEeCKON peleTKH
TPYZIHOPAcTBOpUMbIe coeuHeHus. Eciu mosydyaThb 30/1b HOAUCTOIO
cepebpa npu HekoTopoM usbbiTke AgNOs3, TO 4YacTULbl 30J11
Honucrtoro cepebpa MNpuoOOGpeTAOT, B OTJUYME OT MpPeAbIAyIIero
cy4asi MOoJIOKUTEbHbIN 3apsf.

IEJIb PABOTbI

HOJ’IyLII/ITb AUCIIEpCHbIE CHUCTEMbl pPa3JINYHbBIMHU croco6aMu U
HN3Yy4YUTb UX OCHOBHbIE CBOMCTBA

OBOPYJAOBAHHUE

—Y4eb6Ho-1abopaTopHbid MoAyb «KOJIJIOUJHAA XUMUA»
—IloacTaBka /151 TpOOGUPOK

—CeTeBol KabeJsb

—USB MUKpoOCKoOI, MpeAMETHbIE CTEKJIA

PEAKTHUBBI U I10CY JA

—IIpo6upky, 10

—®apdopoBas cTynKa c IeCTUKOM
—IIpombiBasIKa C AUCTUIIMPOBAHHOM BOJOM
—NMacJio uau 10601 APYrod HemoJIsIpHbIA PacCTBOPUTE/b
—PacTBop Macsia B anjeToHe, 1% Macc.
—Bognbii pactBop NaOH, 10% macc.
—TosayonbHbIN pacTBOp cyaaHa-Ill

—Bo/iHbI# pacTBOpP METUJIOBOTO GHOJIETOBOTO
—BoaHblil pacTBOp cTeapaTa HaTpus, 2% macc.
—Boanbiii pactBop CaClz, 2% macc.
—KenaTtosa

—INapaduHupoBaHHas CTEK/IsIHHAsA MJIACTUHKA
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NMOPAAOK INIPOBEAEHUSA PABOTBI

OnbIiT N21. [lolyyeHHue 3MyJIbCUM METOAOM JUCNIeprupoOBaHUsA

B [Be 4uHCcTble NPOOGHMPKM HaIMBAKOT NpuMepHOo mo 10 ma
JUCTUJJIMPOBAHHOM BO/ibl U J06aBsa0T 1o 10 kanesb Macna (Wau
JII060T0 Ipyroro HemoJsspHOro pacTBopuTess). B ogHy U3 npo6upok
fob6apasoT 1ma pacrBopa 10% wmenoun NaOH. Copepxkumoe
NPOOGUPOK IHEPTUYHO BCTPSAXUBAKOT B TEYEHUH MUHYTHI, IOCJE YETO
NpPOOGUPKH YCTAHABJMBAKOT B MPOOUPKO/epKaTesib U HAOGJIIOJAAI0T 32
paccioeHUeM 3MyJbCUH. IMyJbCcUsl C J00aBKOW Lieso4yd 06JafaeT
60JIbIlIeN CTaOUIIbHOCTBIO.

3aTeM B CTyIKe TILATEeJbHO B TeYeHHWE MHUHYTHI pPacTUPAIOT
npuMepHo 0.1r kesaTo3bl ¢ 2 My MacJja. Ilocie 3TOro B CTynkKy
Jl06aBJIAIOT elé 2 MJI AUCTU/IJIMPOBAHHOM BOJbI U CHOBA pacTUPAIOT
B TedyeHHe MHUHYTHL. [loslyyeHHYI0 TakUM 06pa3oM 3MYJIbCUIO
NepesMBalOT B NPOOMPKY M NMPOBOAAT OLEHKY €€ YCTOMYMBOCTH K
pacc/I0eHUIo.

OnbIT N22. [ToJily4yeHHe 3MyIbCHA METOL0M 3aMeHbI
pacTBOpUTEJIS

B yucTylo npo6bUpKy — HajJMBalOT — npuMepHo 10 mu
JUCTU/IJIMPOBAaHHON BOJbl M IPU 3HEPIrHUYHOM B36aITBIBAaHUMU MO
KamisaAM fo6aBasawT 2..3Ma 1% pactBopa Macsa B aleTOHe.
O6pa3yeTcs TOHKOAMCIIEpCHAs yCTOMYHBAsI IMYJIbCHUS.

OnbiT N23. OnpesesieHue THUIIA IMYJIBCUU METOJ0M OKpPalIMBaHUSA

Amysbcuto ¢ go6aBkoi NaOH 13 nepBoro onbiTa pas3fessdioT Ha
JiBe paBHble 4acTU. K oHON 4YacTu A06aB/ISIOT HECKOJIBKO KameJsib
rupoGUIBHOTO KpacuTesisi METUJIOBOTO pHOJIETOBOTO U 3HEPTUYHO
BCTPAXUBAIOT MPOOUPKY B TeuyeHWe MUHYTbl. K apyroit 4actu
3MYJIbCUM N,06aBJSIOT TUIpodoOHbIN KpacuTeb cyaaH-IIl1.

CTeKJIIHHOH TMaJIOYKOM HAHOCAT IO  KaIlle KakJIoH
OKpalleHHOW 3MYJIbCUM Ha NMpeaAMeTHOe CTEKJI0, U PacCMaTpUBAIOT
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nogq MUKPOCKOIIOM. AEJIa}OT BbIBOJI O THUII€ 3MYJIbCHH, CXEMATHUYECCKHU
3dPUCOBBIBAKOT 9MYJIbCHUH, OKPpAII€HHbI€ PA3HBIMHU KPACUTEIIAMH.

OnbIT N24. OnipesesieHUe TUIIA IMYJIbCUU METOA0M CJAUSHUA C
KaIniei Bo/bl

Kamto sMy/sibCHMH C KeslaT030HM, NOJIy4eHHYH B onbiTe Nel,
CTEKJITHHOM TIaJIOYKOM OCTOPOKHO HAHOCAT HA YMUCTOe Cyxoe
npeJMeTHOe  CTeksJo. PdaioM ¢ Hell  HaHOCAT  KaIllJlko
JUCTUJIJIMPOBAaHHOU BOJbl. OCTOPOXKHO HAKJIOHSISl CTEKJIO, IPUBOJAAT
KalJii B conpukocHoBeHue. [lo cavdgHMIO Kamejab WM €ro
OTCYTCTBHIO JeJIaloT BBIBO/J, O THUIIE 3MYJIbCUH.

OnbIT N25. OnpeaesieHUe THIA 3MYJIbCUA METOJ0M CMaYUBaHUA
rupo¢o6HOI NOBEPXHOCTH

Ha napa¢uHUpOBaHHYIO CTEK/ISHHYI0 MOBEPXHOCTb MaJOYKOU
HAHOCAT KaIlJIl0 3MYJIbCUU C KeJlaTo30i U3 onblTa N°2 guamMeTpoM
2..3 MM U paccMaTpUBawT eé€ c60Ky. OnpeessiloT KpaeBOMl yroJ
CMa4yMBaHHs, a OCHOBE Yero ONpesessiioT TUIl 3MYJbCUU. B TeTpagu
CXeMaTHYEeCKU 3apHUCOBBIBAIOT KaIlJIl0 M IMOKa3bIBalOT HAa PHUCYyHKe
KpaeBO# yroJ.

OnsIT N26. OnpeejieHHe TUIIA 3IMYJIbCUU METOA0M BNIUThIBAHUSA
dubTpOBaZILHOM GyMarou

Ha He6GoJsblmION JMCTOK QUABTPOBaJILHOM OyMard HaHOCAT
KaIlJIl0 3MYyJIbCUU C >KeJaTo30H, MoJsiydeHHyr B onbiTe Nel. Tlo
XapaKTepy ee IOBeJleHUs JeJaloT BbIBOJ O THIIE 3MYJbCUU U
CXeMaTH4YeCKU 3apUCOBbIBAIOT B TETPAAU HAOJI0JaeMyI0 KAapTUHY.

OmnbiT N27. O6pameHnue ¢as

B uyucTyo cyxyro Opo6GUpPKY HaJMBalOT NpuMepHo 2 Mia 2%
pacTBopa cTeapaTa HaTpus W 2 MJ Macja, J00aBJSAKT HECKOJbKO
Kanesb Kpacutens cygaHa-IIl. Conepxxrumoe npo6UPKU UHTEHCHBHO
BCTPAXMBAKT B TeyeHHWe MUHYThl. Kamiwo moaydeHHOH XKUAKOCTU

20



paccMaTpuUBalOT 10J, MHUKPOCKOIOM, ONpeAejsdiT €€ TUI |
CXeMaTHU4YHO 3apHCOBBIBAIOT B TETPAJX HAOJIOJAEMYI0 KAPTHHY.

K ocraBiueiicsi B NIpo6UpPKe 3MYJbCUU [100ABJSIOT HECKOJIBKO
kamnesib 2% pactBopa xyopuga kaiabiusa CaCl; 1 cHoBa MHTEHCHBHO
BCTPSIXMBAalOT B TeuyeHUe MHUHYThL. Kamio nosyuyeHHOW 3MYJIbCUU
BHOBb pacCMaTpUBalOT IM0J, MHUKpockonoM. OmnpefessiloT TUI
3MyJIbCUHU U QUKCUPYIOT B TETPAJU HabJ/II0[aeMyl0 KapTHHY.

OnbIT N28. KoanecueHnusa

B TOHKOAMCIEPCHYIO 3MYJIBCUIO, MOJYYEHHYI0 B omnbiTe N2,
Jl06ABJIAIOT MO KaIlJAM XJOpPUJ KaJbLMs I[OKa He HaCTylouT
paccioeHde. PaccnauBawoyrocss 3MyJIbCUI0 pacCMaTpPUBAKOT Ha
npeJMeTHOM CTeKJie I0J; MHUKpOCKomnoM. Hab6sojalT sBJieHUe
CIMSIHUA KalleJlb — KoaJleCLeHIHIO0.
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JIABOPATOPHAA PABOTA Ne2. OITPEAEJIEHHUE IIOPOTA
KOATYJIAIOHUHN KOJIV/IOUAHBIX PACTBOPOB

KPATKHUE TEOPETUYECKHUE CBEAEHUA

YcroitunBocTh U Koaryjdanua KOJIVIOUAHbIX CUCTEM

CteneHb pa3/po6JieHUs YaCTHUI JUCTIEPCHON $a3bl OKa3bIBAET
CylIeCTBEHHOE BJIMSIHWE HAa CBOMCTBA AMWCIEpPCHBIX cucTeM. OHaKO
3TH CBOWCTBA OMpeJIe/ISAI0TCS He TOJIbKO pa3MepoM YacTHUI: 60JIbIIoe
BJMSIHUE OKa3blBAalOT caMa I[OBEPXHOCTb  pasjesia  MexAay
COCTaBJISIIIMMU cUCTeMY $a3aMU U SIBJIEHUS HA TpaHUIlEe YaCTUIA—
cpena.

U3BecTHO, YTO BCSIKAasl MOBEPXHOCThb pa3jiesia Mexay ¢dasaMu
XapaKTepu3yeTcs HU306BITKOM CBOOOJHOW MOBEPXHOCTHOW 3HEPIHUH,
KOTOpasi CBfI3aHa C HECKOMIIEHCUPOBAHHOCTHIO MEXMOJIEKYIAPHBIX
CUJl B NIOBEPXHOCTHOM CJIO€, TMOCKOJIbKY MEXMOJIEKYJISIPHbIE CHJIbI
CuenJieHdsi B rpaHudyamux ¢as3ax HeoJguHakoBbl. CB0OGOAHAsA
MOBEPXHOCTHAsA JHEPrusl, OTHEeCEHHas K eJMHMIE IOBEPXHOCTH,
Ha3bIBAETCH YAeJbHONU CBOOOJHOM MOBEPXHOCTHOW 3HEpPrued WU
MOBEPXHOCTHBIM HaTs»keHUeM. CBOOOAHAsI MOBEPXHOCTHAs dHEPrus
CHUCTEeMbI MPONOPIIMOHA/IbHA 00611l MOBEPXHOCTHU pasjesia ¢as.

[TocKOMIBKY [Jis1 AUCIEPCHBIX KOJIJIOUJHBIX CUCTEM 3HayeHHUe
061Iel MOBEPXHOCTH pas/iesia BEJUKO, TO HECKOMIIEHCUPOBAHHOCTh
MEXMOJIEKYJIAPHBIX CHJl COCTaBJISIET 3HAYUTEJIbHYI0 BEJUYHUHY.
CorjacHO BTOpPOMY 3aKOHY TepMOJMHAMHUKH, K YMEHbILIEHHUIO
CBOOOJIHOM TOBEPXHOCTHOW 3HEPrUM CHUCTEMbl MOTYT BeCTH [iBa
IyTH: CAMONPOU3BOJIbHOE YMEHblLIEHUEe TOBEPXHOCTHOI'0 HATSXKEeHUs
WJIM CaMONPOU3BOJIbHOE YMeHblLIeHWe NOBEPXHOCTH pasjesa ¢a3 B
cCUCTeMe.

CnenoBaTesbHO, Jo6as KOJIJIOM/ Has cucreMa
TEepMOJAMHAMUYECKU HeyCTONYUBa, B Hel BO3MO>KHbI
CaMONpPOM3BOJIbHbIE TMPOLIECCHl, TNPUBOASALIME K YMEHbLIEHUIO
MOBEPXHOCTHOTO HATs>KEHUSI U CYMMapHOU MOBEPXHOCTH pa3jeJia.
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[log yCTOMYMBOCTBIO [JAWCIEPCHOW CHUCTEMbI TMOHUMAKT
CIIOCOGHOCTD JHUCIIepCHOM da3zbl COXpaHATH COCTOSIHUE
paBHOMEPHOI'0  pacnpejiejieHdss B JUCIEPCUOHHOW  cpe/e.
H.Il. [leckoB BBes MNOHATHS 06 arperaTUBHOM U MOJIEKYJISIPHO-
KUHETUYECKOW ycTOWYMBOCTU. KosulouaHble cUCTeMbl 06J1aJal0T
BbICOKOW  KHHETHYEeCKOM  yCTOHYHMBOCThlO. HapyuieHue — uX
YCTOMYHUBOCTU NPOMUCXOAWT, TJIABHbIM 00pa3oM, BCJIeJCTBUE
ciumnaHus  vactul. Ciaunimuecs 4YacTHIbl  00pa3yloT  pbIXJble
arperaThl HenpaBWUJbHOU ¢opMbl. [Ipomecc 06pa3oBaHUS TaAKUX
arperaToB HOCUT Ha3BaHUE KOATYJISIUH.

Koaryssinusi MOKeT HaCTyNUTb NPHU JEeNCTBUU Ha KOJIJIOUIHYIO
CUCTEMY TaKMX pas3JIMYHbIX MO CBoed mnpupoge ¢GaKToOpoB, Kak
JUAJIN3, JobaBjieHHe HE3JIEKTPOJIUTOB, JelicTBUe CBeTa,
BCTPSIXMBAHHUS, HO HauboJiee BAXKHBIM (PAKTOPOM JJisi KOATYJAIUU
ruipodo6GHBIX  30JIeM  ABJSAETCId  JeMCTBUE  3JIEKTPOJIMTOB.
Koarysupyoilei 4acTblo 3JIEKTPOJIUTA CAYKUT OJUH M3 €ro HOHOB.
Koaryssinus 30/1eil HaYMHAETCS MPU KOHIEHTPAIUAX 3JIEKTPOJIUTOB
BblIllle HEKOTOPOU KPUTUYECKOH, Ha3bIBAa€MOU IMOPOrOM KOATyJISIUH.

CorsacHo npaBuay llynbue - Fapau (paBuio 3HAYHOCTH), TPU
KOaryJsiuu 30J11 3JIeKTPOJMUTAaMU KOaryJMpyoUMi HOH HUMeeT
3aps/i, IPOTHUBOIOJIOKHBIN 3apsAAy KOJJIOMJHOMW YacCTHUIbl; a MOPOT
KOaryJasiiuu IpU 3TOM TeM MeHblle, 4YeM BbIllle BaJE€HTHOCTb
KOaryJIMPyILero HOHa. YCTOWYMUBOCTb 30/ NpPU KOHLLEHTpaLUu
3JIEKTPOJIMTa HKXKe MOopora KoaryJsfluyd o00yc/0BJeHa Halu4ueM
BbICOKOI'0 NTOTEHIMa/JIbHOTO 6apbepa, NPeNsATCTBYIOLIET0 CONMKEHHUIO
KOJUIOMJHBIX 4YacCTHL, BO3HUKHOBEHHE KOTOpPOTO CBSI3aHO C
B3aMMO/IEICTBUEM [JBOWHBIX 3JIEKTPUUYECKUX CJIOEB CONMKAIOLUXCSA
YacTUL,. YBesJMYeHHe KOHLEHTpALMUHU 3JIeKTPOJMTOB Bbllle Mopora
KOaryJasiluu BeJleT K CKaTUI0 JABOHHOIO 3JIEKTPUYECKOIo CJI09,
NOHM)KEHUIO  JHEPreTUYecKoro  6Gapbepa,  MPeNsTCTBYIOLIETO
CJIMTIIAHUIO YACTHUL] TPU UX CTOJIKHOBEHUH, U HA4aJ/Iy KOAryJisiUH.

CBoeoOpa3HO Koary/jupylliee JeHUCTBUE NPOABJAETCA Y
OpraHUYeCcKUX UOHOB. [10/10KUTENbHO 3apsX)KeHHblE 0JJHOBAJIEHTHbIE
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MOHBI aJIKaJIOUJI0B U KpacuTesiel JAeNUCTBYIOT ropa3zio CUJbHee, YeM
COOTBETCTBYyIOLIME KM IO BaJEHTHOCTHU HOHBI HEOpPraHUYeCcKUX
3JIEKTPOJIUTOB. JTO OOBSCHSAETCS BbICOKOW  aZCOpPOLMOHHOMN
CIIOCOOHOCTBI0 T'POMO3JAKUX OpPraHUYEeCKUX MOHOB, 06J1aJarunux
60J1bLI0H MOJISIPU3YEMOCTBIO.

B cBoux wuccienoBaHuax [apau mosaraj, 4TO KOaryJsLus
JlOJDKHA HacTynaThb B U303JIEKTPUUECKOW TOYKe, KOrja &-moTeHLHall
4yacTul, paBeH HyJ10. [lo3jHee OGbIJIO YCTAHOBJIEHO, YTO KOAryJsLus
O0ObIYHO HACTynmaeT He B M303JIEKTPUYECKON TOYKe, a INpHU
JIOCTU>KEHUU HEKOTOPOro KPUTHUUYECKOTO §-moTeHuuasna. [ MHOrUX
CHUCTEM 3TOT NOTeHIHaa 630K K 30 MB.

K o0co6biM dBJIeHUSIM, HAOJIIOAAIMMCS TPU  KOAryJsIUU
3JIEKTPOJIUTAMH, OTHOCATCS: TaK Ha3bIBaeMoe sIBJIEHUE
HENpPaBUJIbHbIX PsAJ0B, AHTAaroHW3M W CHHEPrd3M HOHOB IIpH
KOaryJisil[UM, KOJIJIOUAHAs 3alUTa.

fByieHWe HeNMpaBUJIbHBIX PSJOB — 3TO SBJEHUE HAOJI0AAEeTCs
IIPpYU BBEJIEHUH B KOJIJIOMJIHbIE CUCTEMBI 3JIEKTPOJHUTOB, COJleprKallux
MHOTOBaJIEeHTHbIE HOHBI C 3apsiioM, MPOTHUBOIOJIOKHBIM 3apsay
yactulbl. OHO 3ak/lo4yaeTcss B TOM, UYTO MpU [A00aBJEHHUMU K
OT/eJIbHbIM MOPIUSAM 30Ji1 PaA3jJIMYHbIX, BCe BO3paCTANUIUX
KOJIMYECTB 3JIEKTPOJIUTOB, 30Jib CHayajsla OCTAEeTCHd YCTOWYMUBBIM,
3aTeM B OIpeJe/ieHHOM WHTepBa/le KOHLEHTpauuid HpPOUCXOAUT
KOaryJsiius, fjajee 30Jb CHOBA CTAHOBUTCS YCTOMYMBBIM U, HAKOHELI,
OpU  BbICOKOM  COJIEpKAaHUU  3JIEKTPOJMTA ONATh  HACTyHaeT
KOaryJsus, y>ke OKoOHJYaTeJbHasl.

[Ipy cOBMECTHOM JeNCTBHUU KOAryJHUpyoLUX HOHOB MOTYT
HabsogaTbcd Tpu 3bdekra: aAAUTUBHOCTb, aHTArOHU3M U
CUHEepru3M. AAJUTUBHOCTb OGBIYHO MPOSIBJSIOT HOHbI OJJMHAKOBOI'O
3apsja v 6u3Kue 1o cBovictBaM (Hanpumep, K* u Na*, Cl- u Br-). [Ipu
aHTAaroHuU3Me [JIeHUCTBUS  3JIEKTPOJIMTOB CyMMapHbId  3ddeKT
KOaryJupymoluero JeilcTBUS OKa3blBaeTCs 0oJibllle, 4YeM B CJy4ae
aJJUTUBHOCTHU. UHOTrja siBJIeHHe aHTaroHW3Ma NpOosIBJSETCS B TaKOU
Mepe, UYTO B KOAryJupywoUed CMecH COJepKaHUue KaKJOro

24



3JIEKTPOJIUTA MOET 3HAYUTEJbHO MNpEBBbILIATH €ro COOCTBEHHYIO
IOPOTOBYI0 KOHLIEHTpPALUI0. AHTAaroHM3M OO'bSICHSIETCS U3MEHEHUEM
TepMOJAMHAMHYEeCKOM  aKTUBHOCTU  HMOHOB  IIPU  CMelleHUHU
3JIEKTPOJIUTOB, B3aUMOJIEMCTBUEM MeXJy HUMU C 0Opa3oBaHUEM
KOMIIJIEKCHBIX MOHOB U aJCOPOIIMOHHBIMU 3¢ deKTaMU. AHTaroHU3M
HabJsirofaeTcs npu koaryasuuu 3osen Agl cmecamu Al(NOs)3 1 K2S04;
Th(NO3)3s u NazSOs. YcuneHue Koaryaupyrwouiero JelcTBUSA OJHUX
3JIEKTPOJIMUTOB NPU Z06aBJIE€HUH APYTUX HA3bIBAETCSA CAUHEPTU3MOM.

3amuTa KOJJIOUAHBIX YaCTHIL.

[Ipy BBeZileHUU B 30JIb OINpEAEJEeHHbIX BbICOKOMOJIEKYISPHBIX
BenlecTB (BMB) ycToMYHMBOCTb cUCTEMBI MOXET ObITh 3HAYUTENbHO
noBbllleHa. Takoe fBJeHUEe TMOJYYWIO Ha3BaHUe KOJIJIOUAHOMU
3aluThl. BemecTBaMu, COCOOHBIMU OOYCJA0OBJAUBATH KOJIJIOUIHYIO
3alUTY, ABJIAIOTCA O€JIKY, YIJ1eBOA0PO/bl, IEKTHHDI, a AJisl CUCTEM C
HEBOJHOW JMCIEPCUOHHOMN cpefiol — Kaydyk. /[l XxapaKTepUuCTUKHU
3alMTHOTrO JIeWCTBUSA pa3inyHbix BMB 3urMoHau mpeajioxun Tak
Ha3blBaeMoe  «30JI0TOe  4Yucao». [loJi  «30JI0TBIM  YHUCJIOM»
nospa3yMeBaeTCsl YMCI0 MUJIMTpaMMoB BMB, koTopoe HE06X0MMO
06aBUTh K 10 MJ1 KpacHOTro 30J151 AJIl TOrO, YTOOBI NIPeLOTBPAaTUTh
ero NnocMHeHue Npu BBejeHUU B cuctemy 1 ma 10 %-oro pactBopa
xJopuZia HaTpusa. MexaHHU3M 3alIMUTHOrO JEWCTBUS CBOJUTCA K
06pa30BaHMI0 BOKPYT KOJIJIOWJHOW 4YaCTHUIbl aACOPOLMOHHOM
000JI0YKH U3 BBICOKOMOJIEKYJIIPHOI'O BelleCTBa.

IEJIb PABOTHBI

OnpenenuTh NOPOT KOATYJASALMHU 30Ji1 THUApPoKcuaa xenesa Il
10/, AeCTBUEM HOHOB C pa3HbIM 3apsi0M

OBOPYJAOBAHHUE

—Y4e6Ho-1a6opaTopHbId Moayb « KOJIJIOUJHAA XUMU»
—CeTeBoli KabeJib
—TIloacTaBKa AJis 1POGUPOK
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PEAKTHUBBI U I10CY JA

—IIpobupky, 12 wr

—30J1b TUJIPOKCH/IA XKeJle3a

—Bopnbiit pactBop KCl, 2 Mmosib/n

—Bopnnbiit pactBop K2S04, 0.05 Mosib/n
—Boaubiii pactBop K3[Fe(CN)s], 0.005 mosb/n
—I[IpoMbIBasiKa ¢ AUCTUNIUPOBAHHOU BOIOHT

NMOPAAOK INTPOBEAEHUA PABOTBI

OmnbiT Nel. [Ipu6anKeHHOe onpeje/ieHre Mopora KoaryJjasinuu

B omnblTe UCHNONB3YIOT 3apaHee MPUTOTOBJIEHHBIN 30J1b
TMJPOKCU/A >KeJjle3a W BOJHBbIe PAacTBOPBI 3JEKTPOJUTOB. ['OTOBAT
TPH CEpUH M0 YeTbIpe NPOOGUPKU B KaKA,01 cepun. Bo Bce mMpoObUpPKHU C
IOMOLIbI0O MEPHOH NUIIETKU PUIUBAIOT 110 5 MJI 30J141.

B COOTBETCTBUM C HMIXKe TNpeACTaBJIEHHON Tabuuien
OPUJIMBAIOT B KaX/Ayl0 TMNPOOUPKY HeobxoAuMMoe KOJHUYEeCTBO
3JIEKTPOJIMTA, TNepeMellMBalOT  coepxkumoe. /[l Kaxzaoro
3JIEKTPOJIMTA MOJIyYalOT YeThIpe pacTBOpa, I'Zle KOHLEeHTpaLus 30J15
O/IMHAKOBa, a KOHILIEHTpalusl 3JIEKTPOJUTA B KaXJAOW cieayrolLiel
npobupke 6oJiblle, 4YeM B HOpeAblAylleid, B ABa pasa. [Ipobupku
YyCTAaHABJMBAIOT B IITAaTUBE B PsJ OT MEHblIEHd KOHIEHTPALUU K
60JIbLIEH.

[TomyTHeHHe yepe3 30 MUHYT
Ne Vioast, MJI VBJIeKTp, MJI KCl y KzSOIT} K3[FZ(CN)6]
1 4.5 0.5
2 4.0 1.0
3 3.0 2.0
4 1.0 4.0

Yepesz 30 MHUH OTMedalwT, B KaKUX MpPoOUpKax MPOU30LLIa
sBHas Koaryasuus (moMyTHeHHWe), B TabJIUIle MOCTaBUTb «+».
OTMETUTb MHHUMAJbHYI KOHLIEHTPALUIO, HEOOXOAUMYI0 [Jis
KOaryJIsiyu.
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OneiT N22. ToyHOe onipee/ieHHe NOPOra KOaryJasiiuu

[l 6osiee TOYHOTO ONpeJieJIeHUs] MOpora KOoaryJsiliuH, JJist
KaKJIOW COJIM MPOBOAMUTCSA BTOpasg CEPHUS OMBITOB B COOTBETCTBHUM C
TaGJMIeH, NpeJCcTaBJeHHON HUXKeE:

PekoMeHnzayeMbie 06'bEMBI
3JIEKTPOJIUTA [IJIs1 TOYHOTO
onpe/iesieHUsI IOpora KoaryJsiijuy Bo
BTOPOM CepHUU ONBITOB

06€M 3JIeKTPOJINTA B IPOOUPKE, B
KOTOPOH MPOU30ILIA KOAryJIsALHs U3
HEepBOU CeprHU ONBITOB

0.5 0.1,0.2,0.3,0.4
1.0 0.6,0.7,0.8,0.9
2.0 1.2,1.4,1.6,1.8
4.0 2.4,2.8,3.2,3.6
Koarysisaiiusi He HabJit0/1a/1ach 4.2,4.4,4.6,4.8

KoHIleHTpanuy cojiedl MoAGUpPAIOT B MHTEpBaJjie MeX/y TOH,
KOTOpasi COOTBETCTBYET NMPOOUPKE, IJe MPOU30LLIA KOAryasnus, U
OJiKallllell K Hel, rjle HeT MOMYTHEeHUsl. B TulaTe/JbHO BbIMBIThIE
NpPOOUPKH HAJMBAIOT 5 MJ 3019 U [00aBJSIOT peKOMeHJyeMoe B
TabyuIle KOJUYECTBO 3jeKkTposuTa. Yepes 30 MHUH oTMeyaroT
KoaryJsuuio. Pe3ysbTaTbl QUKCUPYIOT B TaOJIHULIE:

[TomyTHeHUEe
JJIEKTPOJIUT Vsnexrp, MJI Vsoas, MJI
yepe3 30 MUHYT
KCl
K2S04
K3[Fe(CN)q]
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PEKOMEHJALIUU 110 OPOPMJIEHHUIO OTYETA

[Ipu odopmaeHun oT4yeTa 1O JabopaTopHoW paboTe
HEeOOX0JUMO BBIYMCJIWTb 3HAuY€HUs] TOPOTrOB  KOAryasiiud U
KOaryJMpyouLyl CHOCOOHOCTh JJ1 KaXAOro 3JIEKTPOJIUTa, a
HoJlydeHHble JJaHHble 3aHECTH B TAOIUIY

Koarynupytrouuit [Topor Koaryaupyomas
JJIEKTPOJIUT HOH KOaryJIsuy, CTIOCOGHOCTD,
MOJIb/ T J1/MOJIb

KClI

K2S04

K3[Fe(CN)s¢]

[Topor kKoarysiiuu BbIYUCASAIOT N0 YPaBHEHUIO:
Cnop T SHGKTI})/CSHEKTP ,

<)

rJie ¢ — KOHIIeHTPAIMs 3JEKTPOJIUTA, MOJb/JT; Vanexrp — HAUMEHBIITUH
06'beM 3JIEKTPOJIUTA, AOCTATOYHBIN AJs Koaryasuuu, mi; Vs — 06beM
30715, MJL
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JIABOPATOPHASI PABOTA Ne3. U3YYEHME AZICOPBLIH
®YPPAIIMJINHA HA YTJIE ®OTOMETPUYECKUM
METO/IOM

KPATKHUE TEOPETUYECKHUE CBEAEHUA

OrpoMHBIM BKJIaJ, B pa3BUTHe HAyKH O MOBEPXHOCTHBIX
SIBJIEHUSIX BHEC aMepUKaHCKUK Pu3UK-XxUMUK UpBUHT JleHrMiop. OH
co3/JjaJl TEOPUI0 MOHOMOJIEKYJIIPHOM a/icCOPOLIMK ra30B Ha TBEPJbIX
IOBEPXHOCTSX U YCTAHOBUJI CYylLeCTBOBaHMUeE Npejesa aAcop6uuu. B
1916 r. pa3sBUJ TEOPHIO CTPOEHUS aJCOPOIMOHHBIX CJOEB Ha
NOBEPXHOCTU KUJAKOCTEM M IMOKas3aJ, 4YTO pa3peKeHHble CJIOU
06J1aZ1al0T CBOMCTBaMU JIByYMEpPHBIX ra30B, a B HACbIILEHHbIX CJI0SX
OpPUEHTHUPOBAHHOCTb MOJIEKYJl I[103BOJIIeT NPOBOJUTb pacyeT HX
pa3MepoB. BnepBble Hayan pa3pabOTKy TeOpUM arperaTMBHOU
YCTOMYMBOCTH KOJJIOUJHBIX CHUCTeM, MPEJJIOKUB OCMOTHYECKUH
MexXaHU3M CTabuau3alMyd  4YacTul, JucrnepcHod ¢asbl.  Hpes
JlenrmMiopa 1noJio)KeHa B OCHOBY pf/ila COBPEMEHHBIX TeOpUM
YCTOMYHUBOCTH AUCIEPCHBIX CUCTEM. 32 KOMILJIEKC paboT B 06JacTH
M3y4YeHHUs NMOBEPXHOCTHBIX fABJeHUH B 1932 r. JleHrMop yAocToeH
Hob6esneBckoil npeMuHu.

B pasBuTHe y4yeHHss 06 ajcopOLMM Ta30B Ha TBEPAbIX
NOBEPXHOCTSAX 60JIbIION BKJIAJ, BHECJU pycCcKUe ydeHble. [I[podeccop
MOCKOBCKOI0 ~ TEKCTHJIbHOTO MHCTUTYTA U MockoBckoro
yHuBepcuTeTa A.B. KuceneB mnpoBoaus ucciaefoBaHUsI B 00J1aCTH
XUMUM TOBepXHOCTU. B 1936 r. oH 0OHapyKuJ Ha MOBEPXHOCTH
KpeMHe3eMa THAPOKCUJIbHBbIE Tpynmbl. PaspaboTtas MoJsieKy/asipHO-
CTaTUCTUYECKMH  MeTOJ, TepMOJMHAMHYECKUX  XapaKTepUCTHUK
apcop6ouuu.  Coszan  MeToJ, XPOMOCKONMM  JJs  pacyeTa
XapaKTepPUCTUK CJAOXHBIX MOJIEKYJ MO JaHHBIM aJiCOpOILMOHHOU
XpoMaTorpaduu.
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AACOPGHHH. OCHOBHBIE NIOHATHA U onpeae/JieHusa

[loBepxHOCTHasT  3Heprust Jio6OM  TepMOJUHAMUYECKOU
CUCTEMBI CTPEMMUTCA CaMONPOU3BOJIBHO yMEHbUIMTHCA. IJTO
BblpaKaeTci B  YMeHbLUIEHMM WM IUIOWAAUM  Mexpa3HOH
NIOBEPXHOCTH, WJIM TOBEPXHOCTHOTO HaTskeHUA. K daBieHusM,
NPOUCXOLAIIMM BCJAEACTBHUE CTPEMJIEHHS K CaMOINpPOU3BOJIbBHOMY
CHMPKEHHIO MOBEPXHOCTHOI'0 HATSKEHMSs, OTHOCUTCS aZCcopOLusl.

Ha sito601 rpanule paszesa ¢pas cylecTByeT TaK Ha3blBaeMblil
«[IOBEPXHOCTHBIN CJIOM» — Nepexo/iHasA 06J1acTb OT OJJHOW 06'beMHOM
¢dasbl k apyroil. [loBepXHOCTHBIN CJI0M UMeeT OUeHb MaJyl TOJLUHY
(Bcero HeCKOJIbKO MOJIEKYJ), HO B HEM COCpPeJIOTOYEH BeChb U3OBITOK
IOBEPXHOCTHOM 3HEPTMU M Macchl BelllecTBa. Afcopbuus — mnporuecc
CaMOIIPOU3BOJIbLHOTO Mepepacipe/ieieHUs] KOMIOHEHTOB CHCTEMbI
MeX/ly OBEPXHOCTHBIM CJIOEM UM 06'beMHOU $a30i, T.e. NOTJIOIIEHUE
OJZIHOTO BelllecTBa MOBEPXHOCTBIO APYTOrO.

B  OJHOKOMIOHEHTHbIX CHCTeMaxXx Mpu (GOPMUPOBAHUU
IOBEPXHOCTHOTO CJIOSI TMPOUCXOAUT HU3MEHEHUE €ro CTPYKTYpbl
(cryweHue, YIJIOTHEHUE), KOTOpbIe 4acTo Ha3bIBAIOT
aBToajcopbuueii. B  MHOrOKOMIOHEHTHbIX  CHUCTEMaxXx  [pH
nepepacnpejieJieHUd KOMIIOHEHTOB B  TOBEPXHOCTHBIM  cJIOH
NpeANnoyYTUTE/IbHEE NEPEXOAUT TOT KOMIIOHEHT, KOTOPBIA CHUJIbHEe
yMeHblIlaeT MexXpa3Hoe OBEPXHOCTHOE HAaTsXKEHHUe.

Ecnim  norsnomaemMoe  BewjecTBo  AuddyHAMpPYyeT  BIIyOb
HOTJIOTUTEJIA U paclipe/iesisieTcs 10 BCeMy 00'beMy, TO TaKOe siBJIeHHe
Ha3bIBAalOT abcopbiueit (morJionieHWe 06beMoM). AJICOPOEHT -
BellleCTBO, Ha IOBEPXHOCTU KOTOPOTO UJET ajcopbuus. Axcopbart -
BelleCTBO, aJicopbupoBaHHOe IIOBEPXHOCTbIO ajicopbeHTa.
AnicopbTUB - BellecTBO, Haxo/sleecsl B 06beMHOU dase, cnocobHoe
K a/icOpOIHH.

C TepMoAMHAMHUYECKOM TOYKMU 3peHUS aAcopbiusa —
CaMOTNPOU3BObHbBIN nporuecc BbIpaBHUBAHMUS XUMHUYECKUX
IOTEHIMA/IOB KOMIIOHEHTA B 00'beMe CHCTEMbl U MOBEPXHOCTHOM
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cjoe. IJTOT nmponecc TMnpoucxoauT BCIeACTBHUE CTPEeMJIEHHUA K
MHUHHUMYMY HOBerHOCTHOﬁ SHEPIruu UJjik 3HEepruu ['u66ca cucTeMsbl.

Ko/inyecTBeHHbIE CIIOCOObI BbIPpA’KCHUA a,acopﬁum/l

KosinyecTBEHHO BeJMYUHY aJCOPOIMH BbIPAKAKT JABYMS
crnocobaMu:

1. A6costoTHas ajcopbius (A) - KoM4yecTBO BelecTBa (MOJIb)
B IOBEPXHOCTHOM CJIOe, TNPUXOJsIileecs Ha eJUHUIYY IUIoLagu
MOBEPXHOCTH UJIM €JUHHUIY MaCChl aicopbeHTa (MOJib/M2, MOJIb/T).
LSS
s S )
rie: Cs — KOHIIEHTpalusl KOMIIOHEHTA B MOBEPXHOCTHOM CJIO€
o6beMoM Vs, S — miona/ib NTOBEPXHOCTH aJicopbeHTa, h — TOJIUHA
MOBEPXHOCTHOTO CJIOS.

2. T'nub6coBckas (M36bITOUHAA) afcopbuust () — U3OBITOUHOE
YUCJA0 MOJIb ajicopbaTa B NOBEPXHOCTHOM cJjioe (Ha €eAUHUIY
IJIOIIA/IM IOBEPXHOCTH) 10 CPABHEHHUIO C T€M YHUCJIOM MOJIb, KOTOpOE
6Bl HAXO/UJIOCh B a/ICOPOIIMOHHOM 00'bEME B OTCYTCTBUU a/iCOPOIHU.

No6u4 _CVV ol V(CO _Cv) _ V(Cs _Cv)
S S S
rae: Nosy - 00Olllee 4YHUCIO0 MOJIb aJICOPOTHBA; Cv — paBHOBeCHas
06'beMHasi KOHILIEHTpAIU4 aicop6TuBa; IV - 06'beM $asbl; S - MI0MA/b
MOBEPXHOCTH  afcopbeHTa; Co — MCXOJHAs KOHIEHTPAaLMs

aiIcOpOTHUBA; Cs — KOHI[eHTPaLMs aZcopbaTa B IOBEPXHOCTHOM CJIOE.

=A-c,h,

[Ipy GosblIMX HU36BITKAX ajcopb6aTa B MOBEPXHOCTHOM CJOe
(cs>>cv), paBHOBECHOM KOHLIeHTpauuen afcopbTuBa B 06'beMe (asbl
(cv) MOoxxkHO IpeHeOpeyb, TO3TOMY BeJUUYUHbI A U [ IpUOJIU3UTENBHO
paBHbL. [Ipy  3KCnepHMEHTaJbHOM  OMNpeJeJieHUU  BeJUYUHY
aJicopOLMM PACCYUTBHIBAIOT MO PA3HOCTH MCXOJHBIX U PaBHOBECHBIX
KOHILIEHTpal Ui a/IcOpOTHRA, T.€. ONPeJIeSIOT BeAUnUuny I
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V(c,-c,)

r=——*~-,
S
rZie: Co — KOHIIEHTpalMs aiIcOpoTUBA J10 aZicCOPOINH; Cp — pABHOBECHAsI
KOHLIEHTpalusd ajacop6ThBa TMocje ajcopouuyd, S - oAb

MexxdasHol noBepxHOCTH, V - 06'beM pacTBopa.

Ecnu afgcop6eHTOM sIBJISieTCS TBEPAO€e MOPUCTOE TeJlo, 06ILyI0
IIOBEPXHOCTb KOTOPOT0 ONpeJeJUTh HEBO3MOXKHO, TO aAcopb6uuto I’
OTHOCAIT K eIUHUIIE MACChI ajicopbeHTa (MOJIb/T).

Teopust MOHOMOJIEKYJISIDHOM aAcoponum JIsHrMwopa

B HacTosillee BpeMs He CO3/aHO 06llel TeOpUH, KOTopas Obl
JlOCTaTOYHO KOPPEKTHO OMNHKChbIBasa Obl BCe BHJABI aJCOPOLMMU Ha
pa3/JIMYHbIX MOBEPXHOCTAX pa3fesa ¢a3. PaccMoTpuM OCHOBHBbIE
MOJIO’KEHHUS «KJIACCUYECKOW» TEOPUU aACcopOLMM, pa3paboTaHHON B
Hayvasie XX Beka JISHTMIOpOM:

1. Aacopbuusi MoJieKy/1 afcopbaTa MPOUCXOAUT Ha aKTUBHBIX
LeHTpax, Bcerja CyIlecTBYOUUX Ha TMOBEPXHOCTU ajicOpbeHTa.
AKTUBHbBIE LIEHTPbI a/ICOPOEHTA IHEPTreTUIECKH PABHOI[€HHBI.

2. Kaxaplii akTUBHBIA IIeHTP MOXeT aicOpOUpPOBATh TOJIBKO
OJIHy MoOJIeKyJy ajcopbara. B pe3sysbTaTe 3TOro Ha NOBEPXHOCTHU
aZicopbeHTa 06pa3yeTcss MOHOMOJIEKYJ/IIPHBIHN CJI0HM afcopbaTa.

3. Ancop6upoBaHHble MOJIEKYJIBI HE B3aUMOJENCTBYIOT JPYT C
ApyroMm. IloaToMy BpeMsa npe6GbIBaHHMA MOJIEKYJl Ha aKTUBHBIX
IeHTpaX He 3aBUCUT OT TOro, 3aHATHl MOJIEKYJIAMH COCeJHHe
aKTHUBHbIE LeHTPbI UJIU HET.

4. Ajcop6uus HOCUT JAWHAMHUYECKMW XxapakTep. Axacopbart
yAepKUBaeTCsl Ha INOBEPXHOCTU a/icOpOEHTA HEKOTOpOe BpeMs, a
OTOM JecopbupyeTcs.

Ha ocHoBe npuBeJIeHHbIX UCXOJHbIX MOJOXXeHUH JIsHIMIOpOoM
ObLJIO NpeAJoKEeHO ypaBHEHUE U30TEPMbl MOHOMOJIEKYJISIPHOU
aZicopbuuu, KOTOopoe s aZicOpOLMK U3 paCTBOPOB UMEET BU/:
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Kc

“1+Kc’
re: ¢ — paBHOBeCHas KOHIEHTpauus aAcopOTHBA; K — KOHCTAaHTa
aJICOpOLIMOHHOTO  PaBHOBECHs],  XapaKTepHU3ywIllas  JHEPTrHIo
B3aMMOJIEMCTBUA ajicopbaTa W ajcopbeHTa; Ae - TMpelesbHast
aacopb1Ms (eMKOCTh aJCOPOIIMOHHOT0 MOHOCIOS).

TunuyHbli BUA U30TepMbl JIsHrMIOpa nokasaH Ha puc. 1.

IA AOO

I I

H30TepMa MOHOMOJIEKY/IAPHOH aAcop6uuu JIsaHrMopa B
KoopauHaTax A=f(c).

Ha usoTtepme agcopbiuu JIaHrMopa BblJIeJISIIOT TPU yyacTKa:

[ — o6sactp Majblx KoHIeHTpauud (Kc<<1), Torma: A=A«Kc,
BeJIMMMHA  aJICOpOLMU  JIMHEWHO  pacTeT C  yBeJUYEeHUEeM
KOHIleHTpaluu (ypaBHeHue ['eHpH),

II — o6J1acTh cpeHUX KOHILIEHTPAIUH,

[Il — ob6usacTh 60sblIKMX KOHLUeHTpauui (Kc << 1), Torga: A=A«, Bcd
NOBEPXHOCTb aJicopbeHTa 3aHsITa MOJIeKy/JlaMH ajicopbaTa.

PacyeT KOHCTaHT ypaBHeHuA JIaHrMiopa

Konctautel (K M Aw) ypaBHeHHs JI3HTMIOpa oONpeAessioT
JIByMs CIIOCO6GaMuU:
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1. AHaJIUTUYECKHH Cnoco6: B ypaBHEHHE TOJACTAaBJISIOT
3KCIepUMeHTa/IbHble 3Ha4eHUSA A IPU COOTBETCTBYIOIUX 3HAYEHUS
C, pelalT CUCTEMY YpaBHEHUU C IByMsl HEU3BECTHbIMU, HAXOAAT Aw
ukK.

2. 'paduyeckui cnocob: ypaBHeHUEe NPUBOAAT K JMHEUHOMY
BUAY: y=a+bx.
c 1 c
_=_+_,
A AK A,
CTposAT u30TepMy aJicopOLMU B KOOpJMUHATAX JUHEHHOHU
¢dopMbl ypaBHeHuUs JIsHrMIOpa:

| ¢
A

-1
1 KL
KA, c

H3oTepMa agcop6uyu B KOOPAUHATAX JIMHEHHOH PpopMbl
ypaBHeHus JIanrmwopa.

JKCTpANoNALUSA 3aBUCUMOCTH [0 OCU OPAUHAT AaeT OTPe30K,
paBHbI 1/(KAx), TaHreHC yrja Hak/JoHa MNpsMol paBeH 1/Aw.
YpaBHeHue JIsHrMIOpa, BbIBEJAEHHOE JJi ONKCAaHUA I[polecca
aficopbLMM rasa Ha TBepJAOW MOBEPXHOCTH, HWCIOJb3YIOT U JJs
ONMCaHUs MOJIEKYJIIPHOM aZicOpOLMU U3 PacTBOPOB.

IMnupuyYecKoe ypaBHeHue afcopounu PpeildH1uxa

Jnsa omucaHus Tponecca afCcop6LUUM TAKXKe HCIOJb3YIOT
saMIupuyecKkoe ypaBHeHUe PpeltHamXa.
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1
A= fcr,
rZie: ¢ - paBHOBECHAasl KOHIIEHTPAIUsl aiICOPOTHUBA; S U N — KOHCTAHTHI,
omnpe/iesisieMble ONbITHBIM My TEM.

KoHcTaHTa 3 no cBoeMy GU3UYECKOMY CMbICIY NPEeACTaBJSET
co60il 3HayeHHe afCcopOLUUH NPU PABHOBECHOM KOHLEHTpALUU
ajficop6TUBa, paBHOU eauHule (mpu c=1, A=f). ITa KOHCTAHTa AJs
pa3/IMYHbIX a/ICOPOLIMOHHBIX CUCTEM KoJle6JieTcs B Npejesax OT 2 10
2,5.

[lokasaTesib n XapakTepu3yeT CTelleHb OTKJIOHEHUS U30TepMBbI
aacopbiuu ot npamol suHuu (0,2 + 0,7). KoHCTaHThl ypaBHEHUS
®peiiHAIMXa U3 ONBITHBIX JAHHBIX ONIPeJeSa0T rpadpuyecKH.

lnA=lnﬂ+llnc.
n

JlaHHOe ypaBHeHHe TpaBHEHHE NpeJCTaB/seT Co60H
ypaBHeHHe NpsIMOH B KoopAuHaTax InA - Inc.

 Ind

1
8y

Inc

Inf

I'paduxk 1151 HAX0KAEHNsI KOHCTAHT B ypaBHeHun Ppeiinannxa

JKCcTpanosisiLusa 3aBUCUMOCTH /10 OCH OpPAMHAT JlaeT OTPEe30K,
paBHbIN Igf, TaHTeHC yr/a HaKJI0HA NPSAMOM paBeH 1/n.
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IEJIb PABOTHBI

[loslyd4uTh  3KCIepUMeHTa/ibHble  3HAYeHUd  y/leJIbHOHU
ajzcop6buuu pypanuirHa Ha aKTUBUPOBAHHOM YTJie B 3aBUCUMOCTHU
OT ero paBHOBECHOM KOHLIEHTpAlL U B pacTBope

OBOPYJAOBAHHUE

—Y4yeb6Ho-1abopaTopHbIi MoAyIb «KOJIJIOUJHAA XUMUA»
—CeTeBol KabeJsb

—AHanMTHYecKue Bechbl

—®oTtokoaopumeTtp 470 HM

—CoeiMHUTEJIbHBIN TPOBO/T K JATYUKY

—IlITaTuB c 1ankamMu

PEAKTHUBBI U I10CY JA

—Boanblit pacTBop ¢pypauuarua, 0.001 Mosb/a

—Yrousb akTUBMpOBaHHBIA BAY-A

—Kounba mepHas ¢ npuninpoBaHHOU Kpbikoi 100 mu, 6 T
—Konb6a kounyeckasa 250 M1, 6 1T

—XUMHUYECKUH CTaKaH 25 MJI

—@uabTpoBaibHasA bymara

—Boponka

—IIpomsbIBa/IKa C AUCTUIJIMPOBAHHOM BOJOM

INNOPAAOK ITPOBEJAEHUA PABOTbI

OnsbIT Ne1. [TocTpoeHMe rpagyupoBOYHOro rpagpuka

[lyrem pas6aBaenus wucxognoro 0.001 Mosb/sa1  pacTBopa
¢ypauuamHa rotoBaT 1o 100 Mg pacTBOPOB  CAEAYIOLIMX
koHUeHTpanuit: 0.5x10-4; 1.0x10-% 1.5x10-%4 2.0x10-% 2.5x10-* u
3.0x10-* mosib /.

H3mepsAOT  ONTUYECKYH0  IJIOTHOCTh  MPUTOTOBJIEHHBIX
PacTBOPOB C MOMOILIbI0 GOTOKOJIOpUMETpPA C AJUHHON BOJIHBI 470 HM.
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B kauyecTBe pacTBOpa CpaBHEHHS HCIOJIb3YIOT AHUCTUJIJIUPOBAHHYIO
BOAY.

s 3TOro Ha paboyyro MOBEPXHOCTb JIabOPaTOPHOIO0 MOAYJsA
yCTaHaBJIMBAIOT CTaKaHYMK Ha 25 MJ C JAUCTUJIJIMPOBAaHHOW BOJOMU
06beMoM npuMepHo 20 M. PoTokos0pUMeTp GUKCUPYIOT HA JallKe
IITaTMBa, 3apUKCUpPOBAB [JaTYMK Ha TaKOW BBICOTE, YTOOBI
M3MepUTeJIbHAsl ero 4acTb pacrnoJarajacb IO LeHTPY CTaKaHa.
JlaT4MK NOJAKJIIOYAIOT K MOJAYJI C TOMOLIbI0 COeJUHUTEJIBHOIO
IpoBOJA.

[loak/ito4yaloT y4ebHO-/AabOpPAaTOPHBIA  MOJyJb K  CETH.
Bei6uparoT TUn 3KcnepuMeHTa OpuHoOuHOe uamepeHme. Ha
BKJaZke YcTpoucTea BblibupaloT @DoTokonopumerp U

Mewanky. Ha Bkiaake [Mapamerpb! 337al0T eJUHUIBI
M3MepeHHUs AOMOJHUTENbHOI0 TapaMeTpa MoJib/Jl U yCTaHABJIUBAIOT
Iiar HK3MeHeHUs [AOMOJIHUTEJNbHOr0 IMapaMeTpa pPaBHbIM HYJIIO.

nepexondar Ha BKJIaZKY MpoBepka U BBIJIEJIAT
®orokonopumerTp. Bo Bkiagke Kanubpoeka Heo6X0auMO
BBEeCTHU HYyJieBO€ 3HaYeHue ONTHUYECKOU IIJIOTHOCTHU

JUCTUJIJIMPOBAHHOM BoJpbl. [locie Ka/MOPOBKU HEOOXOAMMO HAXKATh
kHonky HAMATb 9KCMNEPUMEHT.

[Ipy H3MepeHUU ONTUYECKOW TIJIOTHOCTH pPeKOMeHAyeTcs
JIOTIOJTHUTEJIBHO BKJIYaTh IepeMellMBaHUe pacTBopa. CieayeT
yO6eIuThCs, YTO B H3MEPUTEJbHOW YacTh (POTOKOJIOpUMETpa HET
ny3bipeil Bo3ayxa. Eciiu my3bipu BCE ke 06pa3oBajIMCh, TO YIAJIUTh
MX MOXHO MOJAHUMasg B BO3JyX M OIyCKasg BHOBb B pPacTBOP
W3MEepUTEJIbHYI0 4YacTh JaTydKa. Pe3ysbTaTbl U3MepeHHUS] MOXHO

BU/ZIETH BO BKJaake MamepeHue.

B oxHe [on. napameTp YyCTaHaBJUBAOT 3Ha4YeHHe
KOHI[eHTpalMHU Ji/is epBoro pactBopa pypanuausa 0.00005 mMosib /1.
Yepe3 HECKOJIbBKO MUHYT, KOTJa 3HAaYeHHE ONTHUYECKOU IMJIOTHOCTHU
nepecTaHeT U3MEHAThCSA, PUKCHUPYIOT pe3y/bTaT HaXKaTHeM KHONKH
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M3MEPUTDb. AHa/JOrM4HO TMPOBOJAT H3MepeHHe ONTHYEeCKOH
IJIOTHOCTH pacTBOPOB GypanuirHa A1 Apyrux KoHueHTpauuil. [Ipu
M3MEepeHUHn ONTUYECKOW TMJOTHOCTH pacTBOpPoB  dypanuanHa
CTaKaHYMK MO>XHO He ONO0JIaCKMBATh MOCJE NMpeAbIAyIero pacTBopa,
eCc/ld NPOBOJAUTb M3MEpPEHUsl B MOCJELO0BATEJbHOCTU OT MEHbIIUX
KOHLIeHTPpaLui K 60JIbIIKM.

[IpocMOTpeTb pe3yJbTaTbl HM3MepeHUH MOXXHO BO BKJaJKe
Peaynbrarsl. [IpoBepUTh IMHEHHOCTD rpadriKa MOXKHO BO BKJIAZIKe

Fpadomxm. PesysbTaThl M3MEpPEeHUH 3aNMUCBIBAIOT B TeTpajb WU
NepeHOCsT B 3JIeKTPOHHYI0 Tabauny Excell, B koTopol oueHb y106HO
06pabaThIBaTh IKCNIEpUMeEHTAJbHbIE JAaHHbIE.

[lo pesysbTaTaM HM3MepeHUHW ONTHUYECKOU MJIOTHOCTH CTPOSAT
rpaZlyupoBOYHbIN rpaduK B KOOpAUHATAX ONTHYECKAsA NJIOTHOCTb —
KOHI|eHTpanus ¢yparuanHa.

OnsIT N22. OnpejesieHre paBHOBECHOM KOHLLeHTPaLuu
dypauuimHa

B 1mecTb NpoHyMepOBaHHbIX KOHWUYECKHX Kos6 Ha 250 ma
BHOCAT TOYHO B35ITYI0 HaBecKy (1r) aKTHUBUPOBAHHOrO yIJ U
J00aBJaAOT B HUX 00 50MJ  NOpPUTrOTOBJIEHHBIX pPAacTBOPOB
dypauuavmHa. MHTeHCUBHO B306a/ITBIBAlOT pPacTBOpPbl C yIrJeM U
ocTaBaAlT ux Ha 20..30 MUH. /i1 YCTAHOBJIEHHUS a/ICOPOLIMOHHOTO
paBHOBecHs], MEePUOJUYECKH BCTPAXHUBAsl KoOJIOBI C pacTBOpaMu
KakJpble 2...3 MUHYTBI.

3aTeM coAep¥uUMoOe KoJi6 OTQUIbTPOBBIBAIOT B LIECTh CYXUX
KOJIO 4epe3 ckJyag4yaTble GuabTpbl. M3  Kaxzaoro ¢uabTpaTta
OTOMpAT MpoO0y B H3MEPUTENbHbIA CTaKaHYMK Ha 25MJa U
M3MEPSIIOT ee ONTHYECKYI0 MJIOTHOCTh TaKXKe KaK MPU MOCTPOEHUH
rpajiyupoBo4YHoro rpaduka B onbiTe Nol.

[Io rpagyupoBOoYHOMYy TrpaduKy OINpeessiloT paBHOBECHBIE
KOHIIEHTpAIlMK pacTBOPOB MOC/e afcopOuuu. PesybTaThl 3aHOCAT B
TaGJUIY:
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Cuay, Cpasn, A, 1/14, 1/CpaBH,
MOJIb/J | MOJib/A | MOJIB/T | T/MOJIb | J/MOJIb

Z
10

1gA lgcpasu

0.5x10*

1.0x10-#

1.5x10-#

2.0x104

2.5x10*

U W IN -

3.0x10-4

YnenbHyto afcopbuuio GypanuaruHa BbIYUCASIOT 110 Pa3HOCTH
KOHLIEHTpaIU#l B pacTBoOpeE:

A= (me _CHalt )V

)

m

r7ie m — HaBecKa aJicopb6eHTa, T; IV — 06'beM pacTBopa, B3AThIN AJIs
azcopbiyy, paBHbIA 50 MJI; Cway — KOHIIEHTpaLMsA ajacop6THBa B
pacTBope [0 aACOPOLMH; Cpasn — KOHIEHTpaAlus aJcopb6THBa B

pacTBope nocJie aACOPOLHUH.

PEKOMEHJAIIUU 110 OPOPMJIEHHUIO OTYETA

[lo pe3ysibTaTaM 3KCIIEpUMEHTA CTPOSIT U30TEPMY aICOPOLIUH —
rpaduK 3aBUCUMOCTH YyJeJbHOW aJACOpOLUM OT pPaBHOBECHOH
KOHILIEHTpal UM a/IcCOPOTHBA MPU NOCTOSIHHOW TeMImepaType.

KoHcranTel B ypaBHeHUM OPpelHanuxa K U n HaxoAsaT
rpapuyeckuM MyTeM, HUCHOJb3ys JIMHeapu30BaHHYW  dopmy
ypaBHEHHUS.

lnA=an+llnc.
n

OTpe30K, 0TCEKAaeMbIil HA OCH OPAUHAT paBeH IgK, TaHreHC yrJa
HaKJIOHA NPAMOM paBeH MoKa3aTeJso cTeneHu 1/n.

KoHnctantel B ypaBHeHuu Jlaurmwopa (A, u K) HaxoAdAT
rpaduvYecKMM MEeTOJIOM, MCMOJIb3ysl JIMHEapU30BaHHYI ¢opMy
ypaBHEHHUS:
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1 1 1

A AKc A

rne A u A, — yneabHas aAcopOIus U TpejesbHas yAeabHas
ajicopb1vs, MOJIb/T; ¢ — paBHOBeCHasi KOHIEHTpanus aacop6TUBa
MoJIb/J1; K - KOHCTaHTa a/iIcCOPOIIMOHHOT0 PAaBHOBECHSI.

)

To4YyHOCTb BbINOJHEHHBIX MOCTPOEHUM MPOBEPSIOT, MPUMEHSS
noJiydeHHble 3HauyeHUsI KOHCTAHT JJisl BbIYHUCJIEHUS 3HauYeHUH
yAeJbHOW aZicOpOIUH NMPU Pa3IUUYHbIX KOHLIEHTpaUAX GypaljdanHa.
Ecnu  pe3ynbTaThl pacieTa O  ypaBHEHUSIM  CXOJATCA C
3KCIIepUMEHTAJbHbIMHA 3HAuYeHUsSIMU yJeJbHOW aJAcopOLuH, TO
rpadryeckue NOCTPOeHUsI BbIIIOJIHEHb]I BepHO. PacyeTHbIe U30TEepMbl
aficopbIMM  M306pakalOT Ha OJHOM KOOPJHMHATHOM IJIOCKOCTH
BMECTEe C U30TepMOU aAcOpOLIMH, NOJYYeHHON ONBITHBIM MY TEM.

[lo pesynbTaTaM paboThl [JeNal0T BbIBOABL B BbIBOJAX
NPUBOJAT HalJleHHble 3HAaYeHUs KOHCTAHT B ypaBHEHHUSX
@peiingiuxa u JleHrmiopa.
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JIABOPATOPHAA PABOTA Ne4. OIIPEAEJIEHUE
U303JIEKTPUYECKOH TOYKHU BEJIKA

KPATKHUE TEOPETUYECKHUE CBEAEHUA

K  ¢u3UKO-XMMHUYECKUM  CBOHCTBAM  0€JKOB  OTHOCAT
aM$OTEPHOCTb, PACTBOPUMOCTb, CHOCOGHOCTb K JeHaTypaluHy,
KOJIJIOU/JJHble CBOMCTBA.

AmdoTepHOCTD

Tak kak 6esiKHu cofiepKaT KHUC/Ible U OCHOBHblEe aMHUHOKHUCJIOTHI,
TO B HMX COCTaBe Bcerja MMerTcs cBob6ojHble kKuciable (COO-) u
ocHoBHble (NH3*) rpynnst.

3apsaj 6esKka 3aBUCUT OT COOTHOIIEHUS KOJUYECTBA KHUC/bIX U
OCHOBHBIX aMMHOKHUCJIOT. [l03TOMy, aHaJlOTMYHO aMHWHOKHUCJIOTaM,
OeJIKM 3apspKaloTCs  MOJIOKUTEJbHO IpU  yMeHbllieHMH DpH, u
OTpULlATENbHO TMpU ero yBeauyeHuu. Ecaum pH pactBopa
COOTBETCTBYET W303JIEKTPUYECKOM TOuKe Oesika, TO 3apsj Oeska
paBeH Hy.JIIO.

Eciu B nmnentuse wuaM 6Genke Npeo6Jsafial0T  KUCJble
AMHUHOKHCJIOTHI (IJlyTaMaT WM acnapTaT), TO OeJIOK KHUC/bIA, MpH
HelTpasbHbIX pH 3apsj 6eska oTpULIaTeIbHBIN U U303JIEKTpHUYecKast
TOYKAa HAxXOJWTCS B KUCJOW cpefie. [l GOJIBLIIMHCTBA NMPUPOJHBIX
06eJIKOB  M303JIEKTpUYeCcKass To4yKa HaxOJUTCI B JHana3oHe
pH 4.8...5.4, 4yTO CcBUAETENBCTBYET O NPeo6JIalAHUU B HX COCTaBe
IJIyTAMUHOBOM U acliapariHOBOW aMUHOKHCJIOT.

Eciv B Gesike npeo6./1alal0T OCHOBHbIE aMUHOKUC/IOTHI (JIM3UH
M apTUHUH), TO NIPYU HeUTpabHbIX pH MO0XKUTENBbHBIN 3aps/ OesKa
06ycJI0BJIEH 3THUMH, MIOJIOXKUTEBHO 3apsiKEHHBIMHY,
aMHUHOKHCJIOTAMH.

AMdoTepHOCTh MMeeT 3HA4YeHUe [ BBINOJHEHHUS OesIKaMu
HeKoTopblx GyHKUMU. Hanpumep, 6ydepHble cBOMCTBa GeKOB, T.e.
CIOCOGHOCTb MOAJEPKUBAaTh HeM3MeHHbIM pH KpoBH, OCHOBaHbI Ha
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CIIOCOGHOCTH MMpHUCOEAVNHATDb HOHBI H+ IIpHU 3aKUCJIEHUHU Cpeabl WU
OTAAaBaThb UX IIPHU 3allleJIa9YMBaAHHUH.

C mpaKTHYeCKOH CTOPOHBI Ha/IMuve aMPOTEPHOCTU MO3BOJISIET
paszensaTb OesqKd o 3apsfy (3jiekTpodope3) MJIU HCIOJb30BAThb
M3MeHeHHe BeJUYMHbl PH pacTBopa Aj11 OCaKAEHHUsT KaKOro-nubo
M3BEeCTHOTO Oesika. Hasiuuwe Kak TMOJIOXKUTENbHBIX, TaK U
OTpULATEJNbHBIX 3apsSI0B B GesiKe 06yCJIaBJIMBAET UX CIIOCOOHOCTh K
BbICAJIMBAHUIO, YTO YAOOHO [Jis1 BblJeJieHUsI OeJKOB B HAaTHUBHOHU
(>xuBO#M) KOHbOPMALIUH.

PacTBopuMOCTh

Tak kak 6OJBIIMHCTBO 6€JKOB HECET MHOTO 3apshKeHHbIX
rpynn, TO B IieJIoM OHH BOJAOPAacTBOPHMMBL PacTBOpUMOCTH
06bsICHSIETCS KaK HaJM4yueM 3apsi/ia U B3aUMOOTTAaJKUBAaHUEM
3apsKeHHBIX MOJIEKYJI OesiKa, TaK U HAJIMYUEM THAPATHON 060J0UYKU
— 4yeM 00JIbllIe MOJISIPHBIX U 3apsKEHHBIX aMUHOKHUCJIOT B O€JIKe, TeM
6oJsblle ruApaTHas obosouka. Hanpumep, 100 r 6esika anbbyMuHa
cBsa3biBaeT 30...50 T BoAbL.

BiausiHue pH Ha 3apsaj 6e1ka

[Ipy usmeHenuun pH pacTBopa H3MeHsETCA KOHIEHTpalus
MOHOB BoJiopoJa. [Ipu 3akucieHUU cpesibl HUXKe U303JIeKTPUYECKON
TOYKM HOHbI H* mpucoeUHAIOTCA K OTPULATENbHO 3apsiKeHHbIM
rpymnam IJIyTaMUHOBOM U acapariHOBOM KUCJOT U HEUTPATU3YIOT
ux. 3aps/ 6es1Ka Py 3TOM CTAHOBUTCS MOJIOKUTETbHbIM.

[Ipu yBesudyenuu pH B pacTBope Bblllle H303JIEKTPUYECKOU
TOYKM KOHLIEHTpaluss HOHOB H* CHWXaeTcss W MOJIOXKUTEJNbHO
3apsbkeHHble rpynnel 6enka (NHs* rpynnel 1M3WHa UM apruHUHA)
TEPSAIT NPOTOHBI, UX 3apsAj ucye3aeT. CymMMapHbIA 3apsj 6eska
CTAHOBUTCS OTPULIATE/bHBIM.
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Ban Aca Jina

pH 8
3apag < (
Ana Cep
Caeuerue pH
H* B LUENCMHYKD CTOPCHY.
Hegocrarok wosos H*.
Ban Acn™ Mwa*
pHE7
aapag =
Ana Cep
H* Cmewenwe pH
B KACITYIO CTOPOHY,

WsBhitok moros HY

Ban Acn Mua*
pH 3
3apsig = 0
Ana Can

U3MeHeHMe 3apsiaa 6e/IKOBO# enu npu uameHeHuu pH

IIEJIb PABOTHbI

OnpezesMTh U303JIEKTPUYECKYIO TOUKY PA3JIMYHBIX OEJIKOB 1O
CTelNeHU MyTHOCTH U 00beMy OcCajiKa C 106aBKOM BOJOOTHUMAIOLIMX
CPEeACTB.

OBOPYJOBAHHUE

—Yy4ebHo-1a60paTopHbIk Moayab «KOJIJIOUJTHAA XUMHU»
—CeTeBol KabeJb

—®oTtokonopumeTtp 470 HM

—pH-meTp

—Kom6uHupoBaHHbI# pH asiekTpo

—CoeMHUTENbHBINA NPOBO/J, K JATYUKY, 2 IUT

—MarsuTHasl Melajaka

—HW3ByiekaTe b MarHuTHON MellaJlKU
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—IlITaTuB c 1anikaMH, 2 HIT

PEAKTHUBBI U I10CY JA

—XHUMUYecKU# ctakad Ha 50 M1, 7 Wt

—KazseuHn

—AnbO6YyMUH

—Kenatun

—3TUJIOBBIN COUPT

—BoiHbI# pacTBOp TUMOHHOM KUCA0THI, 0.1 MoJib/ 1

—Boanblil pactBop rugipodocdata Hatpusi NazHPO4, 0.2 Mosib/n
—BoaHbIN pacTBOp YKCYCHOM KUCI0THI, 0.2 MOJIb /1

—BoaHblii pacTBop aneraTta HaTpus, 0.2 Mosb/ N

—BoaHbIN pacTBOp TaHHMHA

NOPAAOK ITPOBEAEHUA PABOTbI

OnbiT N21. OnpeesieHHe U303JIEKTPUIECKON TOYKHU a/IbOYMUHA

Jlng  omnpenesieHUsT H303JIEKTPUYECKOM TOYKH aibOyMHHA
rOTOBSIT 6ydepHble CMeCH, JIJIsl YETO B IIECTh CTAKAaHYMKOB Ha 50 MJ1
HaJIMBAIOT PacTBOPHI rujpodocdaTa HATPUS U JUMOHHOM KHUCJIOTHI B
KOJIMYEeCTBAX, YKa3aHHBIX B TAOJ/IHIIE:

06BeM
Oprem 0.1 Mmosib/n
Ne crakaH4YUKa 0.2 Mmosib/ 21 ) N pH 6ydepa
JIMMOHHOH
NazHPO4, ma
KUCJIOTBI, MJI

1 2.5 7.5 3.2
2 3.4 6.6 3.7
3 4.1 5.9 4.2
4 4.8 5.2 4.7
5 5.4 4.6 5.2
6 6.6 3.4 5.7

B kax/biii cTakaH4uK K 10 M1 6ydepHON cMecH 1,06aBJSIOT MO
5Min 1% pactBopa anbbyMuHa ¥ 1o 20 MJ 3THUJIOBOrO CHHUpPTA B
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KauyecTBe BOJOOTHUMawILero cpefcrsa. CofepxuMoe CTaKaHYMKOB
nepeMellMBalOT CTeKJSHHOU mnasoykod U dYepe3 30..40 MUHYT
onpezeasroT pH 1 onTUYECKY0 JIOTHOCTb COAEPKUMOI0 BCEX HIECTH
CTaKaHYHKOB.

Jast 3TOoro Ha pa6oyy MOBEPXHOCTb JIaBOPATOPHOTO MOJYJIsS
YCTAHABJMBAIOT CTAaKaHYMK M TMOMELIAl0T B HEro MarHUTHYIO
Mewanky. @otokosopumerp U pH-anekTpos PUKCUPYIOT Ha JianKax
IITaTUBA HAa TaKOW BBICOTE, YTOObI U3MepUTeJbHAsA YaCTb JAaTYUKOB
pacnoJiarasachk Mo LeHTpy cTakaHa. pH-asekTpoa nojgkao4aT K pH-
MeTpy. JJaTYMKU NOAKJIIOYAIT K y4e6HO-1a60paTOPHOMY MOAYJIIO C
IOMOLIbIO COeIMHUTEJIbHBIX IPOBO/OB.

[TogkaoyaloT  y4eOHO-1a60paTOPHBIA  MOAYJb K  CETH.
Bei6upaoT TUN 3KcnepuMeHTa OpMHOuYHOe wuamepeHue. Ha
BKJIaZike YCTPOUCTBA BrioHparnT PoTokonopumerp, pH-meTp
U Mewanky. Ilpy U3MepeHUHM ONTHYECKOHM  IJIOTHOCTHU
pEKOMeH/lyeTcsl  JIONOJIHUTEJIbHO  BKJIOYATh  IepeMellrBaHUe
pactBopa. Cieayer y0eAuTbCsl, YTO B H3MEPHUTEJbHOHW 4YacTH
doToKOJIOpUMeTpa HeT mNy3blped Bo3ayxa. Eciu myseipu BcE ke
06pa30BaIUCh, TO YJAJUTh UX MOXKHO IOJJHUMasi B BO3/IyX U OIyCKasi
BHOBb B pAaCTBOpP HM3MEPUTEJbHYI0 4YacTb JaT4uKa. Pe3ysbTaThbl
M3MepeHHsI MOXKHO BUZIETh BO BKJIaJike MamepeHue.

Uepe3 HECKOJbKO MHHYT, KOrJa 3HayeHHe ONTHYeCKOH
IJIOTHOCTH U MOKa3aTeJisl KUCJIOTHOCTH pH nmepecTaHyT U3MEHATbCH,
bukcupywoT  pesysabTaT HakathueM KHonku @~ W3MEPMUTD.
AHasioru4yHO NPOBOJAAT H3MepeHHe ONTHUYECKOW IJIOTHOCTH u pH
pacTBOpPOB JJisd [JPyrMX CTaKaHYMKOB. [IpocMoTpeTh pe3yJbTaThbl
M3MepeHUd MOXHO BO BkJaake Peaynbrarbl. OnpejenuTb
H303JIEKTPUUYECKYI0 TOYKY MOXKHO TIpaduyecKMM CHOCo60M BO
Bkiaske [padomkn. Pe3dynbTaTbl H3MeEpeHUN 3aMUCHIBAOT B
TEeTpa/Jib UJIH NepPeHOCAT B 3JIeKTPOoHHYI0 Tabsuny Excell, B koTopoii
O4YeHb Y/106HO 06pabaThIBaTh 3KCIIEpUMeHTaJIbHbIE JaHHBIE.
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[lo pe3yspTaTaM HU3MepeHUU CTPOAT rpaPuK B KOOpAHHATAX
onTHYecKas JI0THOCTb — pH pacTBopa.

OnbiT N22. Onpeje/ieHHe U303JIEKTPUIECKON TOUKH KeJITaTHHA

[ ompefjesieHUs HW303JIEKTPUYECKOHM TOYKU KeJAaTHHA
roToBAT GydepHble cMecH, sl Yero B MATh CTAKAaHYUKOB Ha 50 M
Ha/IMBAIOT DPAaCTBOpPBI aleTaTa HATPUS M YKCYCHOM KHCJIOTHI B
KOJIMYeCTBaX, YKa3aHHBIX B TabJIHLE:

06Bem
06N 0.2 Mmosib/n
Ne cTakaHUMKa 0.2 monb/n I . pH 6ydepa
CH3COONa, ma yKCyCHOU
KHUCJIOTBI, MJI
1 2.0 18.0 3.8
2 4.0 16.0 4.2
3 10.0 10.0 4.8
4 16.0 4.0 5.4
5 18.0 2.0 5.7

B kax/piii cTakaH4YuK K 20 M1 6ydepHOH cMecH 1,06aBJISIOT 10O
5ma 1% pactBopa xesatuHa U 1o 10 mu1 TaHHUHA. CoJiep’kuMoe
CTaKaHYMKOB I[epeMelINBalOT CTEKJSHHOW NaJ04YKOoU U 4epes
30...40 munyT onpegensroT pH ¥ onTHUYecKywd IUIOTHOCTb
COJZIeP>KUMOTI0 BCeX LIeCTH CTAKAaHYMKOB TaK)Ke Kak B onbITe Ne1.

OnbIT N23. OnpeaesieHUEe U303/IEKTPUYECKON TOYKU Ka3enHa

14 onpesiesieHUA U303/1eKTPUYECKOW TOYKM Ka3erMHa FOTOBAT
CMeCH YKCYCHOM KHCJIOTBI U BOJBI, /Il 4YEro B CeEMb CTAKaHYUKOB Ha
50 MJ1 Ha/JIMBAIOT YKCYCHYI KUCJIOTY U JUCTUJIMPOBAHHYIO BOJAY B
KOJIMYECTBAX, yKa3aHHbIX B TaO/IHLLE:
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06beM
06eM
0.2 monb/n
Ne crakaH4YMKa | JUCTUJIJIMPOBAH .
" YKCYCHOM
HOW BOJbI, MJI
KUCJIOTHI, MJI
1 8.0 32.0
2 24.0 16.0
3 32.0 8.0
4 36.0 4.0
5 38.0 2.0
6 38.8 1.2
7 39.4 0.6

B kaxapli cTakaHYuK K 40 MJ NOpUroTOBJEHHOM cMecH
fo6aBasgoT 1o 4wma 0.4% pactBopa kaseuHa. Cojepxumoe
CTaKaHYMKOB TME€pPEeMEIIMBAIOT CTEKJSSHHOM MaJlo4KOW U 4epe3
30...40 MmuHyT onpegendroT pH ¥ onTUYeCKyHd IUJIOTHOCTb
COJZIEP>KMMOTI0 BCEX CEMHU CTAKaHYMKOB TaKKe Kak B onbiTe Nel.

PEKOMEHJALIUU 110 OPOPMJIEHHUIO OTYETA

[Ipu odopmaenun otdyeTa 1O JabopaTopHoW paboTe
pPEKOMEH/IyeTCsl MPeJCTAaBUTh dKCIIepUMEHTAJIbHbIE JJAHHbIE B BHU/IE
Tabsul U rpadukoB. BeiBoabl 1o J1abopaTopHOM paboTe [10JIKHbI
cojiepaTh 3akJ4YeHHe O 3HauyeHMH pH, cooTBeTcTBYyMOLIEM
M303/IEKTPUYECKON TOYKH KaXKA0Tr0 U3 UCCJIeI0BABLINXCS GEJIKOB.
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JIABOPATOPHASI PABOTA Ne5. KOAT'YJ1AUUA
KEJATHUHA IIYTEM AETUAPATAL WU ET'O CIIMPTOM B
U303JIEKTPHYECKON TOYKE

KPATKHUE TEOPETUYECKHUE CBEJAEHUA

OTcyTcTBMe 3apsfia y AucnepcHod ¢a3bl COOTBETCTBYET
M303JIEKTPUYECKOMY COCTOSIHUIO, B KOTOpPOM OeJIKH 006/1aJjaloT
HauMeHblel YCTONYHUBOCTBIO, HaWMeHbllel BA3KOCTbIO,
MHHUMa/JbHbIM  OCMOTHYECKHM  JiaBJeHHWeM W  HauMeHblIeH
CMOCOOGHOCTBIO K HAOYXaHHUIO.

Mosiekyibl 6G€/JIKOBBIX BeleCTB HACTOJIbKO BEeJHUKH, 4YTO B
pacTBope 06J1ajal0T KOJUIOWAHBIMU CBOWCTBaMHM. B pacTBopax 3Tu
MOJIEKYJIbl CIOCOOHBI AMCCOLUUPOBATb Ha MOHBL. Tak, cTpoeHue
KOJIJIOUTHOU YaCTHUIIbI 6eJIKa MOXKET ObITh Mpe/CTaB/IeHO GOopMyJION:

NHz—[R]»—COOH
[Ipu M36bITKE UOHOB BOJIOPO/Ia, TpeobJia/laeT MOJOKUTENbHO

3apAXeHHble MOJIEKYJIbl, B U_[eJIO‘{HOfI Ke cpenge — GeJIOK HUMeeT
OTpHuaTeﬂbeIﬁ 3apdn.

INEJIb PABOTbI

UccnenoBatp npouecc KOaryJsLiuu 6eska nyTeM
JleTUJpaTalluyd CIUPTOM B H303JIEKTPUYECKOW TOYKe, YCTAaHOBUTb
Ha/JM4yue 3apsja NpU pasu4HbIX 3HauyeHUsaAx pH pucnepcruoHHOMU
CpeAbl.

OBOPYJOBAHHUE

—Yueb6Ho-1a6opaTopHbId Moayb «KOJIJIOUJHAA XUMUW»
—CeTeBoli KabeJsib
—IllTaTuB AJ51 NPO6GUPOK
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PEAKTHUBBI U I10CY JA

—IIpobupky, 9 wiT

—Boanbiit pactBop CH3COONa, 0.1 Mosib/ 1
—Boanbiii pactBop CH3COOH, 0.1 Mmosib/n
—Bopnniit pactBop CH3COOH, 1.0 Mmosib/n
—BogHbiil pacTBOp kesaTuHa, 1.0% macc.
—3THUJIOBBIN CIUPT (a6CONIOTUPOBAHHBIMN )
—IIpoMbIBaJiKa C AUCTUIIMPOBAHHON BOI0U

NMOPAAOK INIPOBEAEHUSA PABOTBI

['OTOBAT AEBATb YUCTBIX CYXUX NMPOOUPOK, YCTAHOBJIEHHBIX B
psZ, B LUTaTHUBE JiabopaTopHOro MoAyJs. [Ipo6UpKHM HYMeEpYHOT U
Jl06aBJISIOT YKa3aHHbIE B TaOJ/IMIEe HUXKE PACTBOPbI:

Ne npo6upKu 1,234 5]6|7|8]|09

06bem 0.1 Mosb/n

CH3COONa, M1 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00

06bem 0.1 monb/n| o451 6os | 050 | 1.00 | 200|400 — | — | —

CH3COOH, mn

06bem 1.0 Mosib/n

CH3COOH, mn m N = = — — 1080 1.60 | 3.20
ﬁin AMCT. BOABL | 3 g9 | 375 [ 350 | 3.00 | 200 | — | 3.20 | 2.40 | 0.80

O6beMm 1% p-pa
»KeJIaTHHA, MJI

2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00

pH
cMecH

60 | 56 | 53 | 5.0 | 47 | 41 | 41 | 3.8 | 3.5

PacTBopbl ameraTa HaTpusi U JKeJaTHHA OTMEPUBAIOT
nuneTkaMmu. [IpUroToBsieHHbIE B COOTBETCTBUHM C TaOJIMIEH CMecU
MMEIOT paBHble 00beMbI MO 8 MJI, CJIe[lOBATEJbHO, KOHLEHTpPAILU
»KeJIaTUHA BO BCeX MPOOHPKAxX OJ[HA U Ta XKe.

[lpunuBalOT ©3 OHOPETKU ISTUJIOBbIM CHHUPT CHavyajJa B
npooupky Ne 5 (comepaiiyr >KeJJaTUH B H303JIEKTPUYECKOM
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coctosiHud npu pH=4.7) fno Havaja JIerkoro MOMyTHEHUs. 3aTeM
TOYHO TaKOe € KOJMYECTBO €ero Jo00aBJsAT BO BCe JApyrue
NpOOGUPKHU NPU MOMELIUBAHUH.

Pe3yabTaTel HabsoAaw0T cnycts 30...40 MUHYT, KOTZia 3aMETHO
YCUJIUTCS IOMYyTHeHUe B Npobupke Ne5 1 HauyMHaeTcs IOMyTHEHUE B
CoCeHMX C HeHl mnpob6upkax. C TeyeHHWEM BpeMeHHU 006pasyTCcs
XJ0Nbfl. JTOT ONBIT WJUIOCTPUPYET TEOPUI YCTOMYHMBOCTH
ruApoPUIbHBIX KOJJIOU/OB.

YCcTOMYMBOCTD MOCTEAHUX 3aBUCUT OT ABYX PAaKTOPOB — 3aps/ia
W TUApaTalMd. B [aHHOM oNbITeE B M303JIEKTPUYECKOH TOYKe
KOJIJIOWJ] JIMIIEH 3apsija: CJeJoBaTe/JbHO, €ro YCTOWYHUBOCThb
00yC/JIOBJIMBAETCS TOJIbKO HaJMYMEM THJPAaTUPOBAHHBIX YaCTHII.
EciM K TakoMy KOJIJIOWJY MPUOABUTh BOJJOOTHUMAIOIEE BEIECTBO,
HampuMep 3STHUJOBBIH CIUPT, TO MNPOUCXOAUT JerujapaTauus H
KOJIJIOW/I, JIMIIEHHBIH Mocae/Hero ¢pakTopa yCTORYMBOCTH, BbINIaJaeT
B 0CaJIoK (mpo6. Ne5).

PEKOMEHJALIUHA 110 0®OPMJIEHHUIO OTYETA

Kossons, Haxojswuiicda B COCTOSIHUH, OJIM3KOM K
M303/IeKTPUYECKOMY, elle 006/a/laeT HEeKOTOPOW YCTOUYHMBOCTBIO
nocje AerujpaTalnyy, HO yepe3 HEKOTOpOe BpeMs IO/ BJHUSHUEM
HaxOJsIIUXCS B pPacTBOpe 3JIEKTPOJIMTOB BbINAJAeT B 0CAAOK
(mpo6upku Ne3, Ne4, Ne6 u Ne7). B mnpobupkax, B KOTOPBIX
KOJIJIOU/IHble YaCTUIlbl UMEIT JOCTAaTOYHO GOJIbLION 3apsj, CIUPT,
HECMOTpPs Ha €ro JeruApaTupylollee JelCTBUe, HE MOXET BbI3BAaTh
KoaryJssanuio (mpo6upku Nel u Ne9).
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JIABOPATOPHAA PABOTA N26. OIIPEAEJIEHUE
JIEKTPOKUHETHYECKOTI'O IOTEHIIMAJIA METOZIOM
3JIEKTPOPOPE3A

KPATKHUE TEOPETUYECKHUE CBEJAEHUA

JJIeKTPOKMHETUYECKUN NOTeHUHaN  (&-moTeHLHa ) SABJSETCSA
OAHHMM U3 BaKHeWmux mnapameTpoB /JI9C — o0JHO3HAYHOU
XapaKTEPUCTHUKON 3JIeKTPUUYECKUX CBOMNCTB rpaHUIlbl pasjesna ¢as.
3Hak M 3HayeHUHe &-TIOTEHIMaJ IIUPOKO HCIOJb3yeTCs JJIs
XapaKTEPUCTUKH 3JIEKTPUUYECKUX CBOMCTB NOBEPXHOCTEH IpH
paccMOTpeHUM aACOpPOLMM, aAre3vH, arperaTUBHON YCTOWYHMBOCTHU
JIUCIIePCHbIX CUCTEM, CTPYKTypooOpas3oBaHUSI B MaTepuajax U
JPYTHUX BOXKHbIX MIPOIECCOB.

Jl3eTa-noteHyuan onpejessieTcs npu MIOMOLIU
3JIEKTPOKMHETUYECKUX SIBJEHUM, HauboJIblllee pacnpoCTpaHEHUE U3
KOTOpBbIX TOJYyYMJIU 3JeKTpodope3d U 3JeKTpoocMoc. Bennuuny
3JIEKTPOKMHETHYECKOr0 IOTeHIjMajJa MOXHO paccyuTaTb IO
ypaBHeHHIO ['es1bMrosibiia-CMOJIyXOBCKOTO:

__m
gg,H'

raie 1 - BA3KocTb cpeabl (Hxc/M?%); € - auanekTpuyeckas
IPOHUIIAEMOCTb CpeJbl; €— 3JIEKTpUUecKass IOCTOsSIHHAs, paBHas
8.85x10-12®/m; U - sMHellHasi CKOpPOCTb IepeMelleHHUs1 4YacTHul]
(M/c); H - rpaaueHT BHelIHero 3sJeKTpuueckoro moJssa (B/m).
[logcTaBisis B 3TO  ypaBHEHWe  3HAaYeHUe  BA3KOCTH U
JIU3JIEKTPUYECKO MpoHUaeMocTu ajs BoAbl (n = 0,01 nyas, € = 81),
MOJIYYUM

U
=1.4x10°—.
d H

OnbITHbIE 3HAYEHUS 3JIEKTPOPOPETUIECKON CKOPOCTU OOBIYHO
pocturalor *  5.0x108m2/(c'B), a  3JIeKTPOKMHETUYECKOTO
noreHuuasa — Ao 100 MB. 3JkcnepuMeHTa/JbHO OIlpefeseHHble
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3HAUYeHHUs MNOJBWKHOCTU OKa3bIBAlOTCS MeEHbLIE pPaCYeTHBIX. IJTO
HeCOBIaJleHHWe oImpeJiesisieTcss B OCHOBHOM JByMs 3ddekTamu, He
YYTEHHbIMM TpU BbIBOJIE ypaBHEHHUS: peJlaKCAaLlUOHHBIM U
3J1eKTpodOpeTUIECKHUM TOPMOXKEHUSIMU. PeslakcalluoHHbIN 3ddeKT
NpOSIBJAAETCA B HapylIeHUH CUMMETPUU AUGPPY3HOTO €051 BOKPYT
YacTUlbl MPHU JBMKeHUU (a3 B MPOTHBOMNOJIOKHBIE CTOPOHBI. [Ipu
3TOM BO3HHUKaeT BHYTpeHHee 3JIeKTpUYeCKOoe I0Jle, HalpaBJeHHOe
IPOTHUB BHELIHETO MOJIS.

JnexkTpodopeTUyeckoe TOPMOXKEHHE 006YCJIOBJIEHO
CONMPOTHUBJIEHHEM  [JIBMXKEHUIO YAaCTHULbl OOPAaTHbIM MOTOKOM
IPOTUBOMOHOB, KOTOPBIE YBJIEKAET 3a COO0M *KUAKOCTb. KpoMe Toro,
asekTpodopeTHdecKkass CKOPOCTb 3aBUCUT OT pa3Mepa 4acTHUl, U
TOJIIMHBI AUPDY3HOTO C0S51.

Takum o6pa3omM, 3HaYeHUs [3eTa-NOTeHLKala, pacCUiUTaHHbIE
no ypaBHeHHIO0 ['enbMrosibra-CMOJIyXOBCKOrO, HE COBMAJAIOT C €ro
JleiCTBUTE/IbHBIM 3HAaY€HHEM, HO BCe 3TO He MellaeT UCI0Jb30BaTh
Ji3eTa-NoTeHMa/l KaK CPaBHUTEJbHYI0 XapaKTEePUCTUKY JABOWHOIO
3JIEKTPUYECKOTO CJIOS.

CymectByeT fABa ~ crmocoba  ompefesieHUss  CKOPOCTH
anekTpodopesa: MHUKPOCKONUYECKUH U MaKpPOCKONHYECKHUH, WU
MeTO/| epeiBUT A0 eNCsl TPaHHULIbL.

[lepBbIi METO/ 3aKJII0UYAETCS B HENOCPEACTBEHHOM U3MEPEHUU
CKOpPOCTHU [IBMXKEHHSI YaCTUIbl MOJ YJbTPaMHUKpOCKONoM. MeTof
Makpodopesa (uad mpocTo 3JjekTpodopesa) 3ak/OYaeTcd B
cnepywomeM. KosnougHeli pactBop mnomematoT B U-o6pasHyro
TPYOKY, CBEpXY Ha/IMBaOT pa3baBJieHHbIN pacTBop
HEKOaryJMpymoIlero 3JeKTPOJUTa, TaK Ha3blBaeMyl0 OGOKOBYIO
KUJKOCTb, U HAOJIOJAIOT 32 CKOPOCTbIO IepeMelleHUs] TPaHHUILbI
pasziesia 30Jb—60KOBast KUJKOCTb MMO/J /IeiCTBUEM NPUJIOKEHHON K
pacTBOpy pa3HOCTH NOTEHLUAJIOB.

B ogHOM KoJleHe TPy6OKHM rpaHUIA pasjesa MOJAHUMAETCs, TaKk
KaK KOJIJIOMJHbIE YaCTHIbI IepexXoAsiT B OGOKOBYI >XHUJAKOCTb, B
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APYTOM - OIIYCKaeTCAd, TaK KaK 4YaCTUIlbI IepeMelarnTCA BI‘J'IY6b
KOJIJIOUJHOTO paCTBOpPA.

BokoBasi KHUJAKOCTb Heob6XoAMMa /[iJIsi CO3/laHUsl TPaHULbI
pa3gena. [Ipy BbIGOpe GOKOBOW KUAKOCTU K HeW NpebsABJIAITCA
caeayolue Tpe6boBaHUS:

1. BoKOBas *UAKOCTb HE A0J/DKHA COZepKaTh KOaryJupyruiux
HOHOB W TI0 CBOEMY COCTaBy JOJDKHa ObITh 6GJM3Ka K
MEXMULEJIIPHON KUJKOCTH, UHAYe NMPU Nepexoje yacTul, 30Jid B
OGOKOBYIO KUAKOCTb OYJIeT MeHAThCA ToJIIMHA JUdPy3HOro cios H,
c/Ae/loBaTe/bHO,  3JIEKTPOKMHETHYECKUW  MOTeHIrall (6ymet
MEHSThCS 371eKTPodOopeTHIecKast CKOPOCTh).

2. Jlng mosiyyeHUs] YEeTKOM TrpaHMllbl pasjiesa HeobX0UMO,
YTOOBbI 3JIEKTPONPOBOAHOCTL OOKOBOM KUJKOCTHU OblJla paBHA WM
HEMHOro 6oJibllle 3JIEKTPOIPOBOJHOCTH 30J5. BbimosiHeHHe 3TOro
TpebOoBaHHUS BaXKHO ellle U MTOTOMY, UTO obJieryaeT pacyeThl, TaK Kak
najieHMe TOTeHIMala B 3JeKTpodopeTHyeckor Tpybke OyAeT
IPOMCXOJUTh PABHOMEPHO U IPaZiIueHT MOTEHLMaJIa KaK B 30J1€, TaK U
B 6GOKOBOM »KHUAKOCTU OyAeT HMeTb OJUHAKOBOe 3HayeHHe.
Haunyuuieil 60KOBOM KUJKOCTbIO SIBJSETCS HHTEePMUIEISIpPHAsT
KUJKOCTb.

dnexktpodopeTnyeckas CKOpPOCTh paccYUTHIBAETCS
C/leAyIOUIMM 06pa3oM:

U=

)

~+ | >

rae h - nyThb, NIpoNIeHHbIN rpaHULIEN pa3/ena, M; t - BpeMs, C.

Ecnu  3/1eKTpoNnpoBOJHOCTL 3011 M GOKOBOM KMJKOCTH
IpYMEPHO OJHOr0 MNOpPsAZKA, TO TPaZjUeHT IMOTeHIMaja BHELIHEero
3JIEKTPHUYECKOTO NOJI1 MOXKET ObITh HAalZeH:

E
H=—.
[
rae E - BHellHAsA pa3HOCTb NOTeHLUAJIOB, B; | - paccTosiHue MexAay

3JIEKTPOJaMH, M.
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Eciu GOoKOBas XKUJKOCTh HUMeeT yJEJbHYI0
3JIEKTPONPOBOJHOCTb, CHJIBHO OTJMYAIOIIYIOCA OT yAeJbHOU
3JIEKTPONPOBOJHOCTH 30J15, TO AJisl IO cYeTa rpaJiueHTa NoTeH1uana
Heo6X0MMO 3HaThb 3TH BEJHYUHBbI, @ TaKXKe PACCTOSHUE MEXIy
rpaHuliamMu 3oJ5. B 3ToMm ciy4yae pacyer H BeAyT Ha OCHOBAaHUH
CAeYIOIIUX pacCyKeHHUM.

[TosHOe Ma/ieHWe MOTEHIIMAJIA CKJIA/[bIBAETCS U3 JIBYX BEJIUYHH:
E=HI, +H0(I—13).

rae Hsls - mazieHye MoTeHIMaNa B KOJIJIOUAHOM pacTBope; Ho(l-1:) —
naZieHue NoTeHhaia B 60KOBOU XKUJKOCTH.

Tak Kak cusia TOKa BO Bcex y4aCTKax OJMHAKOBAa, TO I10 3aKOHY OmMa
Hls _ H0(1_13)

R3 RO
rae Rs u Ry — compoTuBJeHHEe 30/ U OOKOBOU XUAKOCTH; Ho —

IpajiIueHT NOTeHI[Kaa B 60KOBOM KU/IKOCTH.

R cBsizaHO cC yAeJbHbIM 3JIEKTPUYE€CKHM COIIPOTHUBJIEHUEM
cjleayromrM COOTHOIIEHHEM

1 -1
R =p%, R,= .
3 pS 0 p S

T/le Ps Y Po Y/leJIbHble CONPOTHUBJIEHHUS 30/ U 60KOBOU XUJAKOCTH, S —
nornepeyHoe ceueHue 3J1eKTPodopeTUIecKkon TPyOKHU.

Takum o6pazom,

H H
—=—2 oTkyzaH, gy
ps pO p3
HaxoauMm rpafiueHT nmoTeHnuasa H B KOJJIOUZHOM pacTBope

_F
5 (1-1)+1,

Ko

H=
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ILEJIb PABOTHBI

Onpe,qume BJIEKTpOKI/IHeTI/I‘-IeCKI/If/'I MOTEHLHaJI

FTMAPOKCH A XKeJie3a MeTO40M 3J1eKTpo<1)0pe3a

OBOPYJOBAHHUE

30JI4

—Yue6Ho-1a6opaTopHbId MoAyb «KOJIJIOUJHAA XUMUA»

—CeTeBoOM KabeJib

—MWCcTOYHUK BBICOKOTO HAMPSDKEHHUS
—CoeAMHUTEIbHBINA TPOBOJ KPOKO U
—3JIeKTPOibl U3 HEpPXKaBelolled cTalu, 2 IIT

PEAKTHUBBI U I10CY JA

—XuUMHUYecKUH ctakaH Ha 100 mu1, 2 ot
—BoaHbIi pacTBop xs0puaa ammonust NH4Cl, 4% macc.
—30J1b TUAPOKCH/IA XKeJie3a

NMOPAAOK INTPOBEAEHUA PABOTBI

Jnsa u3ydeHus  aseKkTpodopesa  HUCHOJB3YIOT
M300pakeHHbIN HUXKE.

K UCTOYHUKY HATIPAKEHHA

npuo6op,
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OH npeacTaBsseT coboit U-06pa3Hyto TPYyOKy, K HHXKHEN YacTH
KOTOpPOH MNpHUMasiHa y3Kasl CTeK/sHHas Tpybka ¢ KpaHoM. Pabory
NpoBOJAT B ciaeayloweM nopsiake. [Ipubop Ans asekTpodopesa
TLATEJbHO NPOMbBIBAIOT AUCTUIMPOBAaHHOK BoJoH. [Ipu oTKpbITOM
KpaHe B BOPOHKY Ha/IUBAlOT HEOOJIbLIOE KOJUYECTBO KOJIJIOMAHOIO
pacTBopa TakK, YTOObl BBITECHUTb BO3JyX M3 HW)XKHEW YaCTH y3KOU
TPYOKM U KpaHa U 3al0JIHUTb MX KOJIJIOWJHBIM pacTBOPOM. 3aTeM
3aKpBIBAIOT KPaH, JOJMBAIOT B BOPOHKY 30Jib, a B U-06pa3Hyto TPyOKy
(o Apyryto CTOPOHY OT KpaHa) HaJMBAIT OOKOBYIO XKUKOCTb.

[Ipubop 3aKpemysiloT B IITaTUBE W B BEPXHHE OTBEPCTHUSA
asieKTpodpopeTHyeckol  TpPyOKH  NOMeLIAl0T  3JIEKTPOAbl U3
HepKaBewlIleld cTald. 3aTEM OCTOPOXKHO OTKPBIBAIOT KpaH, YTOObI
30Jib Mej/iJieHHO nepeTekas B U-o6pa3Hyo Tpyoky. HeobxoauMo npu
3TOM MOJIyYUTh Pe3KYyl0 TpaHUIy paszesa KOJJIOUAHBIM pacTBOp—
OOKOBasi XUJKOCTb, /11 YEro 30Jib CJAeJyeT BBOJUTb OCTOPOXKHO U
MesieHHO. Korjla KOHIIbI 3JIEKTPOJOB OKaXKyTCSl MOTPY>KEHHBIMU B
OOKOBYI0 >KH/JIKOCTb, a TpaHMIIA pasziesia 30Jib — 60KOBAs XXUAKOCTb
OyZieT HaXOAUTbCSI OT HUX HAa PACCTOSTHUM 4-5 CM, KpaH OCTOPOKHO
3aKpbIBAIOT.

[loAk/II0YalOT 3JIEKTPOABl K BBICOKOBOJBTHOMY HWCTOYHUKY
IIOCTOSIHHOI'O TOKa. OTMeTHMB HayaJlbHOe II0JIO)KeHUe TI'pPaHULbI
paszesna 30/b—00KOBasg >XUAKOCTb, YCTAaHABJMUBAIOT HaNpsKeHUe
100 B. Habsro1at0T 32 CKOPOCTBIO OMyCKaHUSI OKPAIIeHHOW IPaHUIlbI
B OJHOM KOJIEHE WJIMA 3a CKOPOCTbIO MOJAHATUS B JApPYyroM 3a
onpe/eJleHHbI IPOMEXYTOK BpEMEHH.

PEKOMEHJIAIIUU 110 OPOPMJIEHHIO OTYETA

ITo IMMOJIYy4Y€HHbIM 3KCIIEPHUMEHTAJIbHbIM JaHHBIM OIIpeAeJIAI0T
SJIEKTpOKI/IHETI/I'-IECKI/IIL;I IIOTEHLHAJI M ero 3HaK [JJid KOJIJIOMAHBIX
4acCTHUl 30J1d TUAPOKCHU A XKeJie3a:

_ kanhl
> etE

300°.
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rae k — 1mocTosgHHas 3aBucauiasg oT  ¢GopMbl  yacTuy, (s
cbeprueckux dvactul, k=6); 7 — BA3KOCTb BOJbl, paBHas
0,01005 nya3 npu 20°C; & — pauaieKTpUyecKasd MNPOHULLAEMOCTb
BOJbl, paBHas 81; h — paccTosiHUe, Ha KOTOPOe CMeCTHJIach IpaHULA
pasfesa 3a BpeMs 3KCIlepUMeHTa ¢, ¢; [ — pacCToOsiHUe MeXxIy
TOpLIAMH 3JIEKTPO/ZOB, CM; E — HanpsiKeHHe MexXAy 3J1eKTpoAaMy, B.
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JIABOPATOPHASI PABOTA Ne7. UCCJIEJJOBAHUE
MPOLIECCA A/ICOPBLIMY MAB HA TPAHMIIE PA3/IEJIA
KUJKOCTb-TA3

KPATKHUE TEOPETUYECKHUE CBEAEHUA

MeToabl onpeaecsJIeHUuda NOBEPXHOCTHOI'O HATAXKEHUA

CywecTByoume MeTOAbl OIpeJie/leHUs] IOBEPXHOCTHOIO
HaTs>KeHUs pa3/le/IIloT Ha TPU OCHOBHbBIE I'PYIINbI:

I. CraTuyeckue MeTO/bl:

1) MeTO/ KaUJIJIIPHOTO MOJHATHS;
2) MeTo/[| Iexalllel Uau BUCAIEN KaTJu.

II. [lonycTaTu4yeckrue MeTOAbI:

1) MeToj MaKCHMaJbHOIO JlaBJieHWS 00pa30BaHMA Iy3bIpbKa HWJIU
KaIlJIy;

2) MeTO/ OTPbIBA KOJIbLiA UJIU PAMKHY;

3) MeTo/; B3BelIMBaHUs U CYeTa KaleJb.

III. luHaMu4ecKrue METO/bI:

1) MeTo/; KaNUJUISIPHBIX BOJIH;
2) MeTO/1 KOJIEGIIOLIUXCS CTPYH.

B ocHOBe GOJIBIIMHCTBA CTAaTHYECKHUX M MOJYCTATUYECKHUX
METOZI0B M3MepeHHs IMOBEPXHOCTHOT'O HATSXKEHUS JIEXKUT METO/
KaMWIIPHOCTA C OCHOBOIIOJIATaloIIMM ypaBHeHWeM Jlamaca.
Haub6osiee TeopeTHyecku pa3paboTaHHble MeETOAbI CBA3aHbI C
M3MepeHUeM pPa3HOCTU [JlaBJeHUU Mo 06e CTOPOHbI NMOBEPXHOCTHU
paszena ¢as, T.e. KaNWISAPHOTro JaBJyeHUs. [10CKOBKY KPUBU3HY
MOBEPXHOCTH HU3MEPHUThb TPYAHO, TO ee OLEHUBAT Ha OCHOBAaHHUU
JIPYyTUX MapaMeTPOB, HAIPUMepP, CBA3bIBAs €€ C PaZUyCOM KaNUJISAPa,
dbopMupyOIEero MeHHUCK.

A9 mpaBUIBHOTO BBIOOpA MeTOJa MCCIe[0BaHUSA PacTBOPOB
MULLe/JI000pa3ylUuX MOJYKOJIJIOUJHBIX, BBICOKOMOJIEKYJAPHBIX U
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TUMUYHBIX  KOJJIOMJHBIX  TOBEPXHOCTHO-aKTHUBHBIX  BeleCTB
(camonuH, Bbicive roMosior [1AB, kpacuTesy, 6eJIKOBbIe BellleCTBa)
pelampllee 3HaYeHUE HMeeT Yy4YeT SBJIEHUH, Onpeessounux
KUHETHUKY JOCTH)KEHHUSI PAaBHOBECHBIX 3HAYE€HHUHW IOBEPXHOCTHOTO
HaTSPKeHUS. JTa KHHETHKA BbI3bIBAETCS MAJIOM CKOPOCThIO Mpoljecca
dbopMHUpOBaHUSA aJCOPOLUMOHHBIX CJIOEB, CBS3aHHOW C MeJJIeHHOM
anddy3vent CH0KHBIX MOJIEKYJ W3 00beMa K IOBEPXHOCTH,
OpUEeHTalMell MX B MOBEPXHOCTHOM CJioe (AByMepHas MHUrparus),
SIBJIEHUSIMU KOJIJIOUJHOTO CTapeHHs.

flBneHus crapeHus CBSI3aHBI C MOSIBJIEHUEM B aiCOPOIIMOHHOM
CJloe U MPUJIEralldX K HEMY CJI0SIX KUJKOCTH CIIOLUIHON ceT4aTon
(reneobpasHoit) CTPYKTYpBI c SIBHO BbIpa)KEHHBIMU
yIPYronJacTUYHbIMU BA3KUMU CBOHCTBAMU.

Ecnu 3Tu cBoicTBa JOCTAaTOYHO CUJIBHO Pa3BUTHI, TO MJIEHKA
CTAaHOBUTCA  ynpyroul  (TBepjiol) u  JiobGble  H3MepeHUs
OBEPXHOCTHOTO HaTs>KEeHMUS, Tpebyole JlOCTaTOYHOM
HO/ABMXKHOCTH IOBEPXHOCTH paszeia, CTAHOBSATCS
HEeOCylleCTBUMBbIMU. [103TOMYy, UTO6BI MOJYYUTh B TaKUX pacTBOpax
VUCTUHHbIE DPaBHOBECHble 3HA4Y€HUs MOBEPXHOCTHOrO HATSXKEHHS,
Jlydllle TO0JIb30BaTbCA CTAaTHUYeCKUMHU MeToAaMud. OfHako W
HEKOTOpble NOJIyCTaTHYeCKHe MeTo/bl (KakK, HalmpuMep, MeETO[,
HauboJIbLIEro JaBJeHUs] My3blpbKa WM KaIlJIM) BIIOJIHE MPUTOJHBI
JUIsl 3TOW 1esy, 06s1afiasd MpPHU 3TOM NMPEUMYLIeCTBOM MPOCTOTHI U
yA06CcTBa U3MEPEHHU .

MeToa MAKCUMAJIBHOI'O JaBJIEHUSA 06pa303a1—mﬂ My3bIpbKa

H3mepsieMol  BeJUYMHOHW B 3TOM METOJie  SIBJSIETCA
MaKCHMaJlbHOe JilaBJieHWe, Heo0XoAuMoe JJs IpoJaBJUBaHUSA
Ny3bIpbKa BO3JyxXa 4epe3 KalWJIAp, ONYLeHHbIM B HCCIeLyeMylo
KUAKOCTb. [Ipy 3TOM HM3MepeHMA HEOOXOAMMO NPOBOAUTH TAKUM
o6pa3oM, 4YTOOBI BpeMs QOpPMHUPOBAHUS HOBOH MOBEPXHOCTU
(my3bipbKa) ObL10 JlOCTaTOYHbIM Jisd yCTaHOBJIEHUS
aJIcOpOIMOHHOI0 paBHOBecUs. [l 0GbIYHBIX HHU3KOMOJIEKYJISIPHBIX
[IAB craTuyeckue 3HauyeHUs O, OTBeyalwllue aJCcoOpOIUOHHOMY
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pPaBHOBECHIO, JOCTUTAlOTCA MeHee 4yeM 3a MUHYTY. B pacTBopax [1AB
6oJiee CJI0KHOM CTPYKTYpPbl BpeMsi, COOTBETCTBYIOIEE CTATUYECKUM
3HayeHHUsM cocTasJsieT 1...3, a uHoraa 10 MUHYT U 60oJiee.

Ecnim B KMJKOCTb BblJIaBJMBAeTCs My3bIpeK BO3Jyxa U3
KanWJJIIPHOW TPYOKH, TO yC/OBHME PAaBHOBeCHS JaBJieHUH B J060MU
TOYKe OBEPXHOCTHU My3bIpbKa 3alMUIETCS CJeAYIOIUM 06pa3oM:

p=p 4P —p 4+
R

TUAP Kar TUAP

P — BHelllHee JjaBJjieHUE, IPUJIOKEHHOE K }KUJIKOCTH B KallUJJISAPE;
Pruzgp  —  rHUApocCTaTH4YecKoe  JaBJieHUe, COOTBETCTBYylOLlee
HNOTPYKEHUI0 KallWJ/IsIpa N0/, JIOCKY0 OBEPXHOCTD KUAKOCTH;

Pxan — KanuJJIApHOE JaBJIeHHe Ha BOTHYTOW CO CTOPOHBI XKUAKOCTU
IIOBEPXHOCTH 06pa3yollero ny3blpbka;

R — papuyc ny3bIpbKa.

U3mepeHnue IIOBEPXHOCTHOTO HaTsKeHUs MeTO/I0M
HauboJIbIIIero  JlaBjeHUsT  06pa3oBaHUsS  My3bIpbKa  BO3jJyxa
npousBoAuTcs B npubope I1. A. Pebungepa.

‘ ’ [1pobka

Kanunnsp

] K HAcCOCy

Bakyymuas ManomeTp
npo6upKa

Cxema npn6opa AJIA U3MEPEHUA NOBEPXHOCTHOI'O HATAXKEHUA

'naBHag 4acTh H3MepPITe.fIbH01>i YCTAaHOBKH — KaHHJIJIHprIﬁ
KOHYHK, HOFpY)KaeMbIﬁ B HcciaeayeMyr XHUIAKOCTb TakK, YTOOBLI OH
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TOJIBKO Kacasicsi MOBEPXHOCTH. [JIyOMHA MOrpyKeHHsl Kanuisipa
JIOJDKHA ObITh OJIM3KAa K HYJ [JI TOTO, YTOObI HCKJIKOYUTH
THPOCTAaTUYECKOE JaBJieHHe. B mpocTpaHCTBe HaJ KUAKOCTBHIO B
BaKyyMHOW NPOGUPKe C MOMOIIbI0 HACOCA UJIK aCIUPaTOpa CO3/4aeTCs
pa3psbkeHHe, U aTMOcpepHOe JiaBieHHe BbIJABJIMBAET My3bIPeK U3
KalWJUIAPHOTO KOHYHMKA. /[Jid 06pa3oBaHUs My3blpbKa HEOGXOJUMO
Npeo/i0J1eTh THAPOCTAaTUYECKOE U KalUJLJIIPHOE JaBJIEHHUE.

YpaBHeHMe paBHOBeCHs JaBJIeHUH MOKa3bIBaeT, YTO BHeLIHee
JlaBJieHHe, ypaBHOBewMBarouee Prugp U Pyan, JJOJDKHO U3MEHATHCA 110
Mepe pocTa ny3bipbKa. [1o Mepe yBesiMueHus AaBIeHUs ITOT My3bIpeK
pacteT, MeHsis CBO0 GopMy U paAuyc KpHMBU3HBI. BHauase paguyc
KpPUBHU3HBI Iy3bIpbKa BeJMK. [lo Mepe pocTa my3blpbKa paauyc
KPUBU3HBI €r0 IOBEPXHOCTH YMEHbIIAeTCs, JOCTUTrasd MUHUMaJlbHON
BEJIMYMHBI. B 3TOT MOMEHT pajjMyc KpUBH3HBI My3bIpbka R paBeH
pajuycy Kanuwjjsipa r, a 3aTeM CHOBa HayWHaeT Bo3pacTaTb. [lpu
3TOM BeJINYUHA P U Pxan JO/KHBI IPOXOAUTH Yepe3 MaKCUMYM.

[Ipy yBesMYeHUH BHELIHErO JaBJIEHUS B CUCTEMe Iy3bIpek
Oy/eT HaxXOAUTbCSI B YCTOMYMBOM COCTOSIHUM (JlaBJieHUe BO3/yxa Ha
CTeHKYy My3blpbKa ypaBHOBEIIMBAETCS JaBJE€HUEM CO CTOPOHBI
CTeHKM Iy3bIpbKa), IIOKa BHelLIHee JaBJeHUe He J[JOCTUraeT
MaKCUMaJIbHOTO JaBJjeHus1 Nnpu R=r. [laibHelllee yBeJUYyeHUE
BHEIIHETO /aBJeHUs NMPUBOJAUT K yBEeJUYEHHI0 pajjiyca KPUBU3HBI
My3bIpbKa U YMEHbIIEHUIO JAaBJEHUS CO CTOPOHBI CTEHKH My3bIPbKa,
KOTOPOE yKe He MOXeT YpaBHOBELIWBATb BHEIIHEro /aBJIEHHS.
[ly3blpek NpPUXOAWUT B HEYCTOWYUBOE COCTOSIHUE — OH OBICTPO
pacmnpsieTcsl ¥ OTPbIBAETCS OT KaUJLIAPa.

Ha MaHOMeTpe 3TOT MpoIecc perucTpyupyeTcsl Tak: JaBJeHUe
MOCTENEHHO YyBEJUYUBAETCS, AOCTUras MaKCUMyMa, 3aTeM pe3KO
NaZlaeT M CHOBA MeJJIEHHO HapacTaeT — 3TO U OTBeYaeT
06pa3oBaHMIO, YBEJWYEHUID B 00beMe U OTPbIBY My3bIpbKa.
MakcuMaZbHOMY /1aBJIEHHIO COOTBETCTBYET 00pa3oBaHUs My3bIpbKa
B KanuJisipe. /ljisl MOBbILIEHHUSI TOYHOCTH OTCYETa PAa3HOCTU YPOBHEN
MCII0JIb3YIOTCS JIyIbl, KATETOMETPbI UJIKM HAaKJIOHHbIE MAaHOMETPBI.
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Takum o6pasoM, MakcHUMa/IbHOe JaBJIeHUe, HE0OX0JUMoe Jid
obpa3oBaHUs My3bIpbKa, OMNpeJesseTcss TeM MaKCMMaJbHbIM
3HAaYeHUEeM KalWISIPHOrO JiaBJIeHHs, KOTOpoe BO3HUKaeT B
npoiiecce  obpa3oBaHUs  NOy3bIpbka (npu R=r), no3aTomy
IOBEPXHOCTHOE HATSXKeHHEe MOXKHO ONpeZesIUTh [0 popMyJie

JlaHHBIA MeToJ omnpefie/leHUsI MOBEPXHOCTHOrO HATSKEHUs
yAoOHee HCMNOJIb30BaTh KaK OTHOCHUTEJIbHbIM, 4YTOObI H36€XaThb
onpesiesieHUsl pajuyca Kanuaspa. [uis AByX KUJKOCTeH, ofHA U3
KOTOpBIX SIBJSETCS I3TAJOHHOW C U3BECTHBIM MOBEPXHOCTHBIM

HaTAXEeHHUueM Ipu oIpeaejeHuu [JaBJeHHud ¢ OJHUM U TeM Xe
KalTWJIJIAPHBIM KOHYUKOM

o max, aTaa r

O ran = 2

[lyTeM JiesieHUs1 IepBOro ypaBHEHUS Ha BTOPOE, N0JIyYaeM

3Tal

6 i Pmax

max, aTajl

INEJIb PABOTbI

H3MepUTh MOBEPXHOCTHOE HATKEHUE U NOCTPOUTDH U30TEPMY
afcopbiyu A1 BoAHbIX pacTBopoB [IAB Ha rpaHulle ¢ BO3/yXoM,
OMpeJleJINTh MJIOUIa[ib TMONEPEeYHOr0 CeYEHUS U OCEBYH [JIMHY
MoJieKyJibl [IAB B HachIlleHHOM aicCOPOLIMOHHOM CJ10€

OBOPYJAOBAHHUE

—Yue6Ho-1a6opaTopHbId MoAyb « KOJIJIOUJHAA XUMU»
—CeTeBoli KabeJib

—Kowmnpeccop

—/JlaTyuK JgaBJeHUs

—CoeAMHUTEbHBIN TPOBOJ K JATYUKY
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—CTakaH xuMueckui 50 ma
—Kanunnap

PEAKTHUBbBI N I1I0CYJA

—Cepus BoaHbIX pacTBOpOB [IAB, HannpuMep, oJieaTa HATPUS
—MepHble K0J16bI ¢ NpUIIMGOBAaHHOM KpbIIKOKW Ha 100 M
—IIpoMbIBaJiKa € AUCTUIIIMPOBaHHOMN BOJOU

NMOPAAOK ITIPOBEAEHNA PABOTbI

B sa6opaTopHOW paboTe MCHOJIb3YIOT OTHOCHUTEJbHBIA METO/I
onpejesieHUs] TMOBEPXHOCTHOTO HATsDKEHHUs, 4YTOObl M36eXaThb
onpefeseHUs paauyca Kanuwisipa. CHavasa NpoBOAAT 3KCIEPUMEHT
0 ONpeJieJIEeHUI0 MaKCUMaJIbHOTO JaBJIeHUsl My3bIpbKa JJIsl
»KUJIKOCTH C U3BECTHbIM 3HAaY€HHWEM MOBEPXHOCTHOTO HATSDKEHHs, a
3aTeM JIJisl *KUJIKOCTEH C HEU3BECTHBIM 3HAYEHHUEM 0.

CTakaH, NUOETKYy C KalWIAPOM, KoOJIObl JJil pacTBOPOB
TIATEJbHO MOIT XpPOMOBOM CMecCblo, 3aTeM MHOTOKPAaTHO
IPOMBIBAIOT JUCTUJIJIMPOBAaHHOW BoJoH. Hccienyemyro >KUAKOCTb
HaJIMBAIOT B CTakaH Ha 50 MJI NIpHMEPHO HA IOJIOBUHY BBICOTHL. B
JIallKe IITAaTUBA IJIOTHO (QUKCUPYIOT KalWIsAp B BepTHUKAJbHOM
N0XKEeHHW TaK, YTOObI OH GbLJ MOrPYKEH B XUAKOCTb He 6oJiee 0.2 MM.
Kanuangap coefUHAIOT C JAaTYMKOM JaBJeHHS M KOMIIPECCOPOM
CUJIMKOHOBBIMU LIIJIAHTAMU U TPOMHUKAMHU.

C moMol11blo peryyiiTopa JAaBJeHHs Ha CUIIMKOHOBOW TPyOKe OT
KOMIlpeccopa J06MBAIOTCA TaKOM pa3HULbl MeXAy [JaBJeHUEM
BHYTPM Kamnuujispa U aTrMocpepHbIM, YTOObI Yepe3 MNOTrPYy>KEeHHbIN
KalW/JIIPHBIA ~ KOHYMK [pPOCKaKMBaJ My3bIpeK BO3jAyXa C
nepuoJUYHOCTbI0 He 4yawe 1 mnyseippka B 10.20c. [Ilocne
YCTaHOBJIEHUs] CTAOUJIbHOM CKOPOCTHU NPOCKAaKUMBAaHHUA Iy3blpbKa B
KallW/jisipe NPOBOAAT HW3MepeHUe MaKCHMaJIbHOr0 [laBJIeHUs
00pa3oBaHus My3bIpbKa.
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OneiT N21. OnpeaesieHHue MaKCMMaJIbHOTO AAaBJA€HUA Ny3bIPpbKa B
3TAJIOHHOM XHUAKOCTH

JlaTuuK JaBjieHUs TOJAK/IIYAIT K y4eOHO-1a60paTOPHOMY
MOJYJII0 C TIOMOILbI0 COeJAUHUTEJbHOro MmpoBoja. [lojk/oyaroT
y4eb6HO-/1ab0paTOpHbIA  MOJy/Jb K  ceTH. Bbi6bupawT  THUI
skcnepuMeHTa KmHeruka. Ha Bkiagke YCTpoMcTBa BLIGHPAIOT

Oartuuk paeneduvsn. Ha Bkiagke PexxuM uaMepeHUs1 BbIOUPAIOT
KI/IHeTI/IKa, IMOCKOJIBKY H606X0,£[I/IMO onpeaejiMTb MaKCMMaJIbHOE BO
BpeéM€E€HHU [aBJIEHHWE IYy3bIPpbKa. PeBy.]'[bTaTbI NU3MEPEHHUA MOXHO
BU/IEThb BO BkJIaJke MamepeHue.

Ha Bryiasike MUamepeHue 337al0T UHTepBaa usMepeHui 1
pa3 B CceKyHJy, a o6iiee kKosudectBo Toyek 120. [lasee HaXKUMaIOT
kHonky 3ANMWMCD. o 3aBeplieHUH 3aMKUCH JAHHBIX MPOCMOTPETH

pe3ysbTaTbl H3MepeHUH MOXHO BO BkiIaake Peaynesrarsl.
OnpefendTh TOYKY, COOTBETCTBYIOUIYH0 MaKCUMyMy JaBJI€HUS
MOXXHO rpadudecKkuM crnocob6om Bo Bkjaajike I'padomkm. Pe3yibTaThl
M3MepeHUH 3aMMChIBAIOT B TETPA/b UM NMEPEHOCIT B 3JIEKTPOHHYIO
tabauny Excelll, B koTopod o4eHb y/J00HO 06pabaThbIBaTh
3KCIlepUMeHTa/bHbIE JaHHbIE.

OnsiT N°2. OnpeaeieHMe MAKCUMAJIBHOIO JaBjIeHUs Ny3bIpbKa B
uccjaeayemsix pacrsopax IIAB

[Ipo6bUpKy, MUNETKY C KalWIAPOM, KOJIGbl [Jii pacTBOPOB
nocJe UCCJleI0BaHUS IIOBEPXHOCTHOTO HaTsDKeHUs
JUCTU/IJIMPOBAHHON BOJABI MOXHO /JIOTIOJIHUTEJbHO HHYEM He
npombiBaTh. [IpoGHMpPKYy BMeCTO  AUCTUUIMPOBAHHOM  BOJbI
3anoqHAT pactBopoM I[IAB ¢ HauMeHblledl KOHUeHTpauued H
NPOBOASAT U3MEpeHHe MaKCUMaJbHOTO [iaBJeHUs1 006pa3oBaHUS
Iy3bIpbKa aHaJIOTUYHBIM CII0COO0M, ONIMCAaHHBIM B onbiTe Ne2. [lanee
nepexoAsAT K H3MEPEHUI0 MaKCUMaJIbHOI'O [JlaBJIeHUs Ny3bIpbKa
cienytouiero pactsopa [1AB no Mepe yBesin4eHHs] KOHLEHTPALUU.
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PEKOMEHJALIUU 110 OPOPMJIEHHUIO OTYETA

Jns ompefiesieHUs] MOBEPXHOCTHOTO HATSXKEHHUS PacTBOPOB
[TAB Hcno/ib3y10T ypaBHEHUE

O,

3Tal

o=P
max, aTaa
3aTeM B KpYyIHOM MacuiTabe cTpoAT rpaduK 3aBUCHUMOCTH
NOBEPXHOCTHOI'0 HaTsXXeHUs1 OoT KoHIlleHTpauuu [IAB o=f{c). Ha
OCHOBaHHWHU ypaBHeHUs ['n66ca

_ cdo

R W
RT dc
BBIYUCJISIIOT BEJIMYMHBI afCOPOLMM IPH Pa3HbIX KOHIEHTPALMIX
[TAB, HaHOCAIT 3TH 3HAYeHUs HA TPadUK U MOJTYyYaAIOT a[COPOIIUOHHYIO
HU30TEPMY.

Hcnonb3yd ypaBHeHHe JleHrMIOpa,

(=3 1

_:_+_’
A A, KA,
rpadpruyecKUM MEeTO/IOM ONpeJeSioT NpeAebHY0 acopounio Aex U

BBIYUC/AKT IJIOLAb, NPUXOAALLYIOCA Ha KaXAyH MOJIEKYJY B
HaCBILEHHOM a/iCOPOIIMOHHOM CJIOE g M OCEBYIO JIVIMHY MOJIEKYJIBI &:

M
q=AN,, 0=A, —
Vo
rje Na — noctosiHHas ABorazpo, 6.023x1023 mosb1; M — mosisspHas

Macca [1AB, r/mosb; p — moTHoCTh [1AB, Kr/M3.

Pe3ysbTaTbl H3MEpeHHUH U pacieToOB CBOAAT B TabJHULY,
IpeJiCTaBJIEHHYI0 HIKe. B oTyeTe KpaTKO OMMChIBAeTCS MeTOAMKa
M3MepeHUsl NTOBEPXHOCTHOIO HATSXKeHUs, JJaeTCsl CXeMa YCTaHOBKH,
HOAPOGHO MPOU3BOAAT BCE pacyeThbl, NPUJIATAlOTCA TaGJULbBI U
rpaduku.
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JIABOPATOPHAA PABOTA Ne8. OIIPEAEJIEHUE
KPUTUYECKOM KOHIIEHTPAIIUU
MUILE/N/IOOBPA3OBAHHUA KOHAYKTOMETPUYECKHUM
METOA0M

KPATKHE TEOPETUYECKHE CBEJAEHHUA

JucniepcHble CHUCTEMBI C >XUJKOW JAUCIEPCUOHHOW CpefoH,
obpasymolurecs caMOIpOU3BOJIbHBIM AUCIEepPTUPOBAHKEM, ABJISIOTCA
JUOPUIBHBIMHU  CUCTEMAMHM, OHM HAXOAATCA B  COCTOSHUM
paBHOBecHs], 06paTUMBbI U TEPMOJAMHAMUYECKU YCTONYMBEI. [IpUHATO
CYUTATh, YTO K TEPMOJUHAMHUYECKH YCTOUYUBBLIM (JIMOPUIBHBIM)
CUCTEMaM OTHOCATCSA pacTBOpbl  Mules1006pasyomux [IAB,
MHUKPO3MYJIbCUX U KPUTUYECKHE IMYJIbCUMU.

PacTBopbl Mules1006pasywmux [1AB

[loBEpXHOCTHO-aKTHBHbIE BeEIlleCTBA HE TOJbKO CHWXKAIOT
NOBEPXHOCTHOE HATsXKeHWe Ha rpaHulle pas/jesia ¢as, HO U CIIOCOOHDI
K CcaMoopraHu3ainuy, o06pasys B pacTBopax HaHOpa3MepHbIe
acconMaThbl, COCTOSII[MEe U3 JEeCITKOB, COTEH M Jaxe ThIcsa4
MOHOMEPHBIX MoJIeKYJ1 U HOHOB [1AB. 3TH acconpaThl 6bIIM HAa3BAHbI
muneanamu (k. Makben, 1913 r., oT J1aT. mica — Kpo1ika).

Crnoco6HOCThIO K camMoopraHu3aluu obsajzatoT He Bce [IAB, a
TOJIbKO Te, KOTOpble HWMEIT ONTHMaJbHOE COOTHOIIEHHE
roapodo6HON  (YyrieBOJAOPOJAHBIA paAuKaa) U TUAPOPUIbHOU
(monsipHass  rpynma) 4acTed, omnpejesnseMoe  THUAPOPUIBHO-
aunoduabHbiM 6anancom (I'JIB).

He cymecTByeT B HacTodllee BpeMs TepMOJAUHAMHUYeCKH
TOYHOT'0 pacyeTa, Mo3BoJisoIlero HauTu Beanuuny [JIb (@), ucxops
M3 CTpoeHUsA U cBoMCTB MoJiekysabl [IAB. B cooTBeTcTBUH C
HOJIY3MIIMPUYECKUM MOAXO0M

0=7+0.36In
CO
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rie cw U co — pactBopuMocTu [IAB cOOTBETCTBEHHO B BOJie U
HENoJISPHOM PacTBOPHUTEJIE.

YucseHHble 3HaYeHUs @ JJis Bcex U3BecTHbIX [IAB cocTaBsoT
mkany oT 1 po 40, 3a egununy npunuMmaetcs [JIB osienHOBOM
kucnotel  Ci17H3sCOOH, oneatr HaTtpua wumeer @=18, a
popenuiacyabdar Hatpusa Ci2Hz2s0SO3Na ¢ =40. 3Havenusa [JIb
M03BOJIAIOT NPOrHO3UpoOBaTh cBoicTBa [IAB: Tak, yucio 7 saBaseTcs
rPaHUYHBIM MeXAy JAUNoPUIbHBIMU W TuApodusbHbiMu [IAB,
CIIOCOOHOCTD K MUIE/1JI006pa30BaHUI0 MPOSIBJseTcs npu ¢ = 12...13,
3TO BO3MOXHO, Korjaa woJekynaa IIAB cogepxut 8..18 aTomosn
yrjaepoja B pajuKase.

Bo3HMKHOBeHHWe B  [JUCIHEPCHOHHOW CpeJe  acCOLiMaTOB
(MuLess) MOXHO  OOGHApYyXUTb 10 pPE3KOMy  H3MeHEHUIO
3KCIEepUMEHTAJIbHO U3MepsieMbIX (QU3MKO-XMMUYECKUX CBOWCTB
JUCIIEPCHON CHUCTeMbl NpU yBeaudeHUU KoHIHeHTpauuu IIAB. Ilpu
JIOCT>KEHUM HEKOTOPOM KOHUEHTPALUU Cxp HAOIIOJAeTCs pe3KUi
pOCT cCBeTOpaccessHWs; IJIABHOE yYMeHblIeHHWe MOBEPXHOCTHOIO
HaTSKEeHUSs NPU yBeJUYeHUU KoHleHTpaluu [IAB (B cOOTBETCTBUU C
npaBuioM llIMIIKOBCKOTO) MNpH [AOCTHXKEHUH Cxp CMEHAeTCA
NOCTOIHCTBOM  O; TMOABJISAETCA pPe3KUH H3J0M Ha KpPHUBBIX
3aBHCHUMOCTH Y/ieJIbHON U MOJIIPHOM 3JIeKTPUYECKON TPOBOJUMOCTH.
KonuenTtpanuio Cxp, BBILIE KOTOpPOU HauUHaeTCcs
MULe/JI000pa30BaHMe, Ha3blBAlOT KPUTHUYECKOW KOHLeHTpauuen
Munessoo6pasoBaHus (KKM).

MoxxHo cuuTaTh, yTo KKM — 3T0 AWana3oH KOHIeHTpal UM, B
KOTOPOM  3aBUCHMOCTb MHOTHX CBOWCTB pacTtBopoB I[IAB
npeTtepneBaeT  cyuiecTBeHHble  u3MeHeHud. KKM —  3To
MUHMMaJbHas KOHILeHTpalusi pactBopeHHoro IIAB, mpu koTopou
MOXHO 3KCIEPUMEHTAJIbHO OOHAPYXKHUTb KOJIJIOUJHOAUCIIEPCHYIO
dasy.

3Hayenrne KKM 3aBUCHUT OT MHOTMX PaKTOPOB, pPEXKIe BCETO,

oT npupobl [TAB. s 6onbmnacTBa [1AB 3HaueHuss KKM HaxogsTcst
B uHTepBasie 10-4..10-1 Mosb//, mpUYeM C yBeJUYEHHEM /[IJIMHBI

67



yIJIEBOJOPOAHOTO pajinkaja B roMosiorudueckoM psaay [IAB sHaueHus
KKM pe3ko y6biBatoT. HasmMurve GOKOBBIX Iielel, ABOWHBIX CBsI3eH
WJIM apOMaTHU4YeCKUX TPYIIl TaKXKe NPUBOAUT K u3MeHeHUo KKM.

TemnepaTypa oOka3blBaeT CylLleCTBEHHOe BJIMSHME Ha
BesnuyuHy KKM. 3To cBfA3aHO C yBeJWYEeHHWEM PACTBOPUMOCTHU MpU
HOBBbIIIEHWHU TeMIepaTyphl, YTO NPUBOJUT K 00pa30BaHUI0 MHULIEJLI.
TeMmnepaTypy, COOTBETCTBYIOLYIO Hayaly 0Opa3oBaHUsA MHUILEJL,
Ha3bIBalOT Toukou Kpadra.

“ CBOHCTBO

KOHLEHTPALIMA IIAB

3aBUCHMMOCTD CBOHCTB BogHOro pacteopa [IAB oT KOHIleHTpaluu:
A - MoJIApHas 3JIEKTPONPOBOAHOCTD; I, - THTEHCUBHOCTDb
paccestHHOTO CBETA; T - 0CMOTHYeCKOe AaBJIEHHE; O -
NOBEPXHOCTHOE HATLKEeHUe

B pactBopax wMuunennsspHeix [IAB cyliecTByeT paBHOBecHue
aucnepcHod ¢asbl  (MHUIENI) C MOJIEKYJSpHbIM pacTBOpoM. B
npocreuimeM  caydae — (KBa3UXMMHYECKHH  MOJAX0J)  Mpolecc
06pa3oBaHUs MHUILENJ MOXHO OINHCaThb MOJOOGHO XHUMHYECKOU
peakiuu:

m [1AB < [1ABn,
r7ie m - 4ycio arperanuu (4ucao moJsieky.s [1AB B munesie).
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I[lo 3aKOHY ﬂeﬁCTBYIOHLHX Macc

c

MUL CM]ALl

cn KKM™'

KM - KOHCTaHTa paBHOBECHS Npoliecca MUIEeII1000pa30BaHUS; Cypy —
YU CJIO MOJIb MU EJIJI, O6Hapy)KeHHbIX JKCIIEpUMEHTAJIbHO; Cv — YUCJIO

MoJib HeacconuupoBaHHoro [1AB B pacTBope, paBHoe KKM.

K, =

B COOTBETCTBMUM C 3aKOHAMH TePMOJAWHAMHKH H3MeHeHHe
3HepruM ['M66ca Mpu MUILENI006pa30BaHUM B pacyeTe Ha 1 MoJb
[TAB

RT Inc
AG=——1nKMM=—RT — _InKKM |,
m m

Tak kak B GOJIbIIMHCTBE CJIy4YaeB

Inc,,
—2 <<InKKM,
m

TO
AG~—-RTInKKM,
C Apyroi cTOpoHHI,

AG=AH-TAS,
0oTCHO/a
AH —_pr2dIKKM
dT

Takum o06pa3oM, 3KcnepuMeHTasbHOe onpefeneHue KKM
N03BOJISET pacCYUTaThb HW3MeHeHUe 3Hepruu [1M66ca, a HU3yyeHUe
TeMnepaTypHod 3aBucuMoctu KKM — onpefenuTs TensoBou
3¢ deKT 1 U3MeHeHHe IJHTPONUHU MULe11000pa30BaHUs.

CTpyKTypa MUIEeJ1 ONpefessieTcs NpPaBUJIOM ypaBHUBaHUSA
NoJIIpHOCTEeH. B mpsIMbIX MuIeJs1ax HeNoJisipHble YrJIeBOJOPOJHbIE
pajMKaJbl pacHoJIaraloTCs BO BHYTPEHHEH 4acTH, ob6pasys sApo
munesabl. HapyxHasd yacTh Mule/Jibl 0O0pa3oBaHa MOJISPHBIMU
rpynnaMu v obpalieHa B CTOPOHY NOJIIPHOW AMCIEPCUOHHOM CcpeJibl
(BomHbIM pacTBop). B 06paTHbIX Mulesnax pacnosoxeHve I[1AB
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JiMaMeTpa/ibHO MPOTHUBONOJIO)KHO IO CpPaBHEHUIO C HOPSAMbIMHU
MULe/UIaMU. fpo COCTOMT U3 NOJSAPHBIX TPYyNI, a B CTOPOHY
HENOoJIIPHON JWCIEPCUOHHOMN cpefibl 06pallleHbl YTJIeBOJOpPO/HbIE
Ienyd. YCTaHOBJIEHO CyIeCTBOBaHUME pas3HbIX ¢opM Mullessn B
3aBHCHUMOCTH OT KoHIleHTpauuu [1AB (mosnmopdusm munesnn).

[Iporecc  o6pa3oBaHUs  MHILENI  MOXHO  IpEACTAaBUTH
C/IeIyI0IIMM 06pa3oM:

¢ < KKM: uctunHeiii pacteop [1AB;

¢ = KKM: cdpepuyeckue MULLEIBL;

¢ > KKM: nununpudeckre (ajo4uKkoo6pasHble) MUIIEIIbI;
¢ >> KKM: naactuHYaTbie MUILIEJLIBL.

{
s

B
e BRBGTHT

s

o
peorsye]

o“"'k.

Osgac
2

Nosumop¢uzm munest [IAB

Munennoobpasyrwouue I[1AB  06/1ajal0T CIOCOOGHOCTBIO K
COJIIOOUJIN3AallH H. Cosrobunusanusa 3aKJ04YaeTcs B
AKKyMyJIMPDOBAaHWM MHIeJUIAMU BHYTPHU Ccebs 3HAYUTEJIbHOTO
KOJIMYECTBA BELIECTB, KOTOpPble HE PACTBOPSAIOTCA B JKUJKOH
JUCcTiepcMoHHOM cpesie. CoJIIOOUIM3AIMI0 HA3bIBAIOT KOJIJIOUJHBIM
pacTBopeHHeM. [IpsgMble MUIE//Ibl COMIOOUIU3UPYIOT HEMOJISIPHbIE
BelllecTBa, a oOpaTHble - ToJisipHbIE. [lorsIoleHHOe MUIlE/JIaMU
BEIlleCTBO HAa3bIBAeTCsA COJIIDOWJIM3aTOM, a MHIe/sspHas ¢asa -
COJTIOOUJIN3AaTOPOM.

KosinuecTBeHHON XapaKTEPUCTUKON COJNIOOUIU3ALUUA CIYKUT
COJIIOOMJIM3AaLMOHHAsA €eMKOCTb, KOTOpas paBHa 4MCIy MOJb
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coJIl06MIM3aTa, NPUXOAALUXCS Ha oAuH MoJsb [IAB, o6pasyromux
JaHHy0 Mwulesy. CoJiloOUIM3alMOHHAsA €MKOCTb MOMET ObIThb
JlOCTaTO4YHO 60JblloNi. Tak, pacTBOPUMOCTL yIJIEBOJOPO/IOB B BOJe
He3HauuTeJbHA, HAapuMep, AJis okTaHa oHa coctasJsieT 0,0015%, a B
10%-HOM pacTBOpe oJieaTa HaTpHsl PaCTBOPUMOCTb yBeJWYHBAETCS
J10 2% (6oJiee 4eM Ha TPU NMOPAAKA).

Cosrobumsupymoouas C1oCo6HOCTb MUIE/II U PACHOJIOKEeHUe
coJIl0OMJIM3aTa B MULeJJIe 3aBUCAT OT GOpPMbl MULEJJI U IPUPOJbI
cosrobunnsata. [lpesenbHble yriaeBoAopoJibl KOHLEHTPUPYIOTCH B
afpe NpSMBbIX MULLEeJL, 06pasysa HaHOKaILJIIO. Boza
COJIIDOMJIU3UPYETCS B OOpaTHBIX MHUIE/IAX, AKKYMYJUPYETCsa HX
A POM.

Al AU

()

G 7 o

Jedopmanys npsiMmoii MULIEJL/IbI IPU COTIOGUIN3ALUMN
HeNoJISIPHOM XXUJKOCTH

Cosro6uIN3alnMsl HEeMNoJISIPHbIX BEIECTB B MPSIMOW MHUIlelIe
BBI3bIBAET €€ yAJUHEeHNE C Tepexo/i0M, HalpuMep, OT 3JIJIUIICOUTHOU
$OpMBI K IUJIMHIPUIECKOH.

MasiononspHble BellecTBa (cnupThI C KOPOTKOM
yrJeBOJOPOAHON ILienbio) MpHU COJIOGUIM3ALMHA  PaCHoJararTcs
BOJIM3M O06O0JIOYKH, NPH YAJWHEHUH YIJeBOLOPOJHOIO paJuKasa
COJIDOMJIN3AT NepeMelaeTcs B A4po MULesbl (puc. 7.3).

71



IEJIb PABOTHBI

OnpejieMTh KPUTUYECKYIO KOHIIEHTPAIUIO0
MHUIes1I006pa3oBaHus [1AB B Bojie KOHAYKTOMETPHUYECKHUM METO/I0M

OBOPYJOBAHHUE

—Yueb6Ho-1a60paTopHbId Moayb «KOJIJIOUJHAA XUMUS»
—CeTeBoM KabeJib

—TepmogaTuunk

—KonaykToMeTp

—CoelMHUTEIbHBIN IPOBOJ, K JaTYUKY, 2 LT

—MarsuTHas MellajiKa

—MHW3ByekaTes b MarHUTHON MellaJIKU

—IlITaTuB c JanKaMu

PEAKTUBbBI U ITIOCYJA

—XUMHYeCKUH cTakaH Ha 50 M

—BoaHbli pacTBOp AojAenuiacyabdaTta Hatpus, 0.08 Mosb/n
—Bogansiit pactBop KCI, 0.01 mosaib/n

—IIpoMbIBasiKa € JUCTUJIMPOBAHHOM BOJIOM

NMOPAAOK IIPOBEAEHUA PABOTBI

[lockoJIBKY  KOHAYKTOMETpHUYeCKHe H3MepeHHUd  CUJIBHO
3aBUCAT OT TeMIlepaTypbl, TO HEOOXOAUMO NPOBOJUTb U3MEpPEHHUS B
TEPMOCTAaTe WM >Ke IpPU pacyeTax yYUTbIBaTb TeMIEPATYPHYIO
3aBHCHUMOCTb Y/JeJbHOU 3JeKTPONnpoBoAHOCTU. [loaTOMy B mepBoM
OIBITE IPOMU3BOJUTCA U3MEPEHHUe TeMIlepaTypbl pacTBopa.

OneiT N21. U3MepeHUe TeMIlepaTypsl pacTBopa

B TwlaTeJbHO MPOMBITBIM CTakaHYMK Ha 50 MJI NpPUIMBAIOT
npuMepHo 30-40 mu pactBopa xyopuaa kanus KCl giasa npoBeneHus
KaJMOPOBKM KOHJYKTOMeTpPHUYECKOro JaTyuKa W U3MepeHHUs
TeMIlepaTypbl pacTBOpa BO BpeMs 3KclepuMeHTa. TepMoaaTuuk
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3aKpEeIVISIOT B JIalIKe IITAaTUBOB 10 EHTPY CTaKaHa TaK, YTOObI OH He
Kacajici ero JAHa. TepMoJaTYMK COEAUHSAIOT C IOMOLIbIO
COEJMHUTEIBHOTO IPOBO/A C Y4EOHO-Ta60PATOPHBIM MOAYJIEM.
Jlasee MOJK/IIOYAIOT y4ye6HO-a60paTOPHBIA MOAY/Ab K CETH.
Bei6upaoT TN 3KcnepuMeHTa OpMHOuYHOe wuamepeHue. Ha
BKJIaJIKe YCTpoMcTBa BeioupaloT Tepmopgatumk u Mewanky,
nepexoadaT Ha BkIaaKy Mpoeepka u HaxxuMmaroT kHonky HAYATD
JKCNEPUMEHT. BrkiwyawT  MarHUTHYK  MeWIaJKy  Ha

MUHUMaJIbHYI0 CKOPOCTb M 4Yepe3 1-2 MHUHYTBl QUKCUPYIOT
TeMIIEPATypy IKCIEPUMEHTA.

OnbIT N22. Kaim6poBKa KOHAYKTOMETPHUYECKOro JaTYyhKa

TepMoJaTYMK OTKJ/IIOYAIOT, a BMECTO HEro IMOAK/JIIYaIT
KOHAYKTOMETP. JJoJIrMM Ha)KaTHEeM KHOIKH BJIEBO BO3BPALIAIOTCS B
MeHI0 BbIOOpa THUIA 3KCIEepUMeHTa. Bbi6uparoT TUN 3KCIepuMeHTa
OpuvHouHOe namepeHume. Ha Bkiajike YCTPOMCTEA BbIOUPAIOT

Tepmvoparuuk n Mewanky. Ha Bkiagke Mapamerpsl 3agai0T
€AWHUIbl HW3MEpPEHUA AOIOJIHUTEJbHOIO IIapaMeTpa MOJIb/Jl u
YCTAaHABJMBAIOT IIar HW3MeHEHUS [ONOJIHUTEJbHOTO MapameTpa
paBHbIM HyJII0. 3aTeM TMepexoAAT Ha BkJIagkKy [Ipoesepka,

Bbiie 0T KoHaykToMmeTp rasoykoil. Bo Bkiagke Kanubposka
Heo6X0 MO BBECTH CIpaBOYHOE 3HauYeHHe yAeJbHOU
3JIEKTPONPOBOAHOCTH KaaubpoBouHoro 0.01 w™Mosab/n  pacTBopa
XJIOpUJa Kajlusd B 3aBUCUMOCTU OT TeMIIEpaTypbl pacTBOpa,
M3MepEeHHOH B Mpe/bl1yIEM OIbITE.

K, CM/M 0.114 0.122 0.127 0.141 0.155

t, °C 15 18 20 25 30

[locsie kanubpoBKM Heob6xonuMo HakaTb KHonky HAYATD
JKCNEPUMEHT.
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OmnbiT N23. U3mepenue YIII pactBopos I[1AB

Kanu6poBoYHbBIN pacTBOpP XJOpUJA Kaius BblIMBaloT. CTakaH,
MarHUTHYIO MellasKy M KOHJYKTOMETD OII0JIaCKUBAIOT
JAUCTUJJIMPOBAaHHOM BOJIOM, IOC/€e 4Yero B CTaKaHYUK IPUJIUBAIOT
poBHO 40 MJ1 pacTBopa AoAeluIcyAbdaTa HATPUS C KOHIleHTpalueu
0.08 mosib/ 1.

BkJiloyaloT mnepeMellMBaHMe pacTBOpa Ha MHWHHUMAaJbHYIO

WHTEHCUBHOCTb. B O0KHe nOI'I. napamveTp yCTaHaBJHWBAKOT

3HaYeHHe KOHIleHTpaluu s nepsoro pactsopa 0.08 mosb/a. Yepes
HECKOJIbKO MUHYT, Korja 3HadeHue YIIl mepecTaHeT U3MeEHATHCH,

dUKCUPYIOT pe3yabTaT HaxkaTreM KHonkd MSMEPUTD.

Janee mnoBTopsArlT wu3MepeHue YIII pactBopoB IIAB,
NOJIyYeHHbIX MyTeM pa3baBjeHUs] UCXOAHOr0 pacTBopa B 2, 4, 8, 16,
32, 64, 128, 256 u 512 pa3. Paz6aBsieHre NPOU3BOAAT NyTEM 3aMeHbI
poBHO 20MJ  MCXOAHOTO pacTBOpa TaKUM e 00beMOM
JUCTUJIJIMPOBAHO BOJbI.

[IpocMOTpeTh pe3y/ibTaTbl U3MEPEHUN MOXXHO BO BKJAJKe
Peaynbrarsl. [IpoBepuTh IMHEHHOCTb rpadrKka MOXKHO BO BKJIAJIKe
Fpadomkn. PesysbTaThl M3MepeHUN 3alMUCBHIBAIOT B TeTpajb WU
IIepeHOCAT B 3JIEKTPOHHYI0 Tabsuiy Excell, B KoTopoii oyeHb yA06HO
06pabaThIBaTh IKCIIepUMEHTAJIbHbIE JJAaHHbIE.

PEKOMEHJIAIIUU 110 OPOPMJIEHHUIO OTYETA

[To mosry4eHHBIM pe3ysibTaTaM CTPOAT rpadUKU 3aBUCHUMOCTH K
ot ¢, AoT ¢%5 u Ink ot Inc.

CIAB, Inc K, Ini A, MOJIb
MOJIb/ /I Cm/M Cm/m?
0.08
0.04
0.02
0.01
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0.005

[lo u3/10My KpUBBIX ONpeesioT KPUTUYEeCKHe KOHLeHTPpaLuu
Mulesnoo6paszoBanusgd KKM; u KKM;.
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YHUTEX \\)
[10JIYYATb 3HAHMS JIETKO! 7 "\

Hay4Ho-npou3BOACTBEHHAsI KOMIIAHUS «YHUTEX» YCIENIHO pa6oTaeT Ha PhIHKE
obpasoBaTesnbHbIX yoiayr ¢ 2003 roga U 3apekoMeH/i0Basia ce6s1 B Ka4eCTBE
OTBETCTBEHHOTO pa3paboTYMKa W HaJEeXHOTO IOCTAaBIIMKA.

HAIIIA ITPOAYKIIUA HAITPABJIEHA HA AKTUBU3ALIUIO
IO3HABATEJIbHOU JAEATEJBbHOCTHU YYAIIIUXCA H
PABBUTUA HUX HUCCJIEAOBATEJIbCKUX HABBIKOB

[1aBHBIM NapTHEPOM KOMIAHWUU MO pa3paboTKe y4eOHO-Ja6OPATOPHOTO
o6opynoBaHus sBJseTca HanuoHanbHbl HccnesoBaTenbckuih ToMckui
[lonvTexHuyeckul YHUBEPCUTET. B OCHOBe /eATeNIbHOCTU KOMIIAHUM HAXOAUTCS
BCECTOPOHHSAS MOJJlepiKKa y4eOHOro mpolecca U ero MojlepHU3alLKsl ¢ MOMOILbI0
BHeJJpeHUS] COBPEMEHHOTO BBICOKOTEXHOJIOTHYHOTO 060pyJOBaHHUS.
HazexHOCTP M KavyeCcTBO HALIMX pa3pabOTOK OLiEHEHbl MHOTHMH BeJYIIHMH
By3aMu Poccuiickoin ®epmepanuu u ctpan CHI, cpeaum koTophIx:
MI'TY um. BaymaHa, Besnopycckuit [ocynapcTBeHHbIH MeAUIIMHCKUN YHUBEPCUTET,
Tomckuii TocynapcTBeHHbIN YHUBepcuTeT, KazaHckuil desiepasbHbIN YHUBEPCUTET,
Bcero 6osiee 150 By3oB Poccuum u crtpan CHT.

B CBOUX PABPABOTKAX MbI [IPEAJIATAEM:
BCECTOPOHHIOIO MO AEPKKY NpenojaBaTe/Ist
@‘@ B OCBOEHHUH COBPEMEHHBIX 06pa30BaTe/IbHbIX
TeXHOJIOTUH 1 BHeJIpeHUs UX B y4eOHBIH nporiecc
MBI BCer/ja FOTOBbI IPOBECTH JIMYHOE '&‘ yH MTEX
@ KOHCYJIbTUPOBaHHE UJIK JUCTAHIIUOHHYIO MonyuaTs 3HaHIs nerko!
HOAIePKKY NpernojaBaTesiei ‘ ‘
000 «HIMNO «YHuTEeX»
nporpamMmmHoe obecrneyeHue
M ofyaromie Bueo TENE®OH/®AKC (3822) 20-02-62
HoBelillee o60opyZ0BaHHe, E-MAIL ULKTPU@QYANDEX.RU
MeTOoaUuYeCKHe HOC06I/IH,

WHCTPYKTHUBHbIE MaTepyaJibl r. TOMCK, ynuua repueHa 72
rpacpuk pabotel: MH-NT, 9:00-17:00
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