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YuebHOo-MeTonndeckoe nocodue «JlaboparopHbie pabOThl O KOJJIOWAHON XMMHUU» COCTABICHO
B COOTBETCTBMM C DeneparabHbIMH I'OCYJapCTBEHHBIMH OOpa30BaTEIbHBIMU CTAHAAPTAMU 110
HanpasyeHusM 19.03.02 ITpoaykrsl nutanus U3 pacTUTENbHOro cbipbd U 19.03.03 IlpoaykTel
IUTAHUS JKUBOTHOIO IPOMCXOXKACHUS B COOTBETCTBUU C Y4YEOHBIMU IUIAHAMM IOJTOTOBKH
OakanaBpa, yTBepxkAcHHbIMH YueHbIM coBetoM PI'BOY BO «COI'YV» or 28.05.2019 r.,
npoTokoia Ne 10.

CocraBuTenb: TOIEHT Kadeapsl 00IIel n HeopraHnuecko xuMuu, K.x.H. Heénosa O.B.

[Tocobue mpemHa3Ha4YeHO I CTYACHTOB 2-BIX KYpPCOB HampaBieHuil OakamaBpuara 19.03.02
[TponykTsl nmutaHuss U3 pacTUTenbHOro cbipbs U 19.03.03 IlpoaykTel nUTaHHUs XUBOTHOIO
MPOUCXOXKACHUS JJIsl MOJATOTOBKU O0y4arommxcs K J1a0opaTOpHBIM paboTaM IO JUCIUILIAHE
«Pu3nyeckas 1 KOJUIOUIHAS XUMHUS, BBIIOJIHEHUIO CAMOCTOATEIBHON PabOThl M IOJTOTOBKH K
pYOEXKHBIM aTTECTallUSIM M 3a4eTy MO JUcCHUIUIMHE. B mocobun mpezacraBiieHbl J1abopaTOpHbIE
paboThI U KOHTPOJIBHBIE BOIPOCHI 10 OCHOBHBIM pa3/ieiaM Kypca KOJUIOMIHOW XUMUH.

Y4eOHO-METOAMUECKOe MOCOOMe OOCYXKICHO W YTBEPKICHO Ha 3acelaHuu Kadeapbl oOmed u
Heoprannyeckor Xxumuu (mpoTokost Ne 15/18-19 ot «28» urons 2019 r.).

3aB. kadenpoii Kyb6anoa JI.M.

Ono6peHo coBeToM (paxkylbTeTa XUMUU, OUOIOTHH U OMOTEXHOJIOTHH
(mpotokon Ne 12/18-19 ot «01» uronst 2019 1.)
[Ipencenarens Araesa @ .A.




IJIAH
JIA0OPaTOPHOr0 NPAKTHKYMA M0 KOJUIOMIHON XUMHUM

1. JlaGopatopnasi padora Ne 1. Ilomydyenue nroQoOHBIX U JTHOPUIBHBIX
KOJUTOMTHBIX PACTBOPOB.

2. JlabopaTopHas padora Ne 2. [lonmyueHne SMyJIbCUH U IEH M HU3YYEHHUE HX
CBOMCTB.

3. JlabopaTtopHas paGora Ne 3. IloBepXHOCTHBIE SIBIICHHMSI U MOBEPXHOCTHOE
HaTsDKeHue. OnpeieneHue NoJHOM MOBEPXHOCTHOM SHEPTUU KUIAKOCTEM.

4. Jlabopatopuass paGora Ne 4. HccinegoBanwe MHICIIIOOOpa3OBaHUS B
pacTBopax ITAB. Onpenenenue KPUTHYECKOMN KOHIICHTpAIu1
murnesuiooopazopanust (KKM) mo u3MEHEHHI0 TOBEPXHOCTHOTO HATSXKECHUS
pactBopos ITAB.

5. JladopaTtopuasi padora Ne 5. AxcopOmusi. AACopOIusi YKCyCHOM KUCIIOTHI Ha
MMOBEPXHOCTH aKTUBUPOBAHHOTO YTJISI.

6. JlabopaTopHass padora Ne 6. BBICOKOMONEKYJISIDHBIE COEOWHEHUS MU WX
cBoiicTBa. MccnenoBanue npouecca HaOyxaHusi TBEPABIX MOJIUMEPOB.

7. JlaGoparopHasi padora Ne 7. Peonorus nucnepcHeix cucrtem. M3mepenue
BSI3KOCTH JKMAKOCTEN KaUJUISIPHBIM BUCKO3UMETPOM.

8. JlaGopaTopnas pab6ora Ne 8. J[McnepCHOHHBIA aHAIU3 HU3KOAUCIIEPCHBIX
MOPOILIKOB  METOJ0M CEAUMEHTAlMM B  TPaBUTAIMOHHOM  [IOJE.
CenMMeHTAUMOHHBIN aHAIN3 CYCIEH3HI.

9. JlaGopaTopHasi padora Ne 9. DnekTpuyeckrue CBOKWCTBA JAUCIEPCHBIX CHUCTEM.
Onextpodopes. DnekTpodhopeTHueckoe OmpeaeeHUEe dIEKTPOKUHETUYECKOTO
MOTEHIIMAA.

10. JlaGopatopnas padora Ne 10. YcroitunBocTh M pa3pyuieHue JTU0POOHBIX
nucnepcHbix cucteM. CHHTE3 TUIPO30Jid THAPOKCUIA JKelle3a, U3YUEHHUE €ro
KOAryJisiiiuy U CTaOuIu3aIuu.



=

METOANYECKHUE PEKOMEHJIAILINHU
1J1s o(popmJIeHHsT J1A0OPATOPHBIX PadoT

CocTaBuTh NOAPOOHOE ONMUCAHUE X0/1a 1a00PaTOPHOM pabOTHI.

[IpuBecTn pUCYHKH NPUOOPOB M YCTAHOBOK, €CIM OHHM HCIIOJIB3YIOTCS B
pabore.

BbInonHuTh HEOOXOIMMBIE U3MEPEHHS] U PE3yNbTaThl BHECTU B TaOJIMLBI
WM B pa3zesl « IKCIEPUMEHTAIIBHBIE TAHHBIEY.

[Ipou3sBecTH HEOOXOAUMBIE PACUETHI, TPEACTABUTH X MOCIE OMUCAHUS XO0/1a
paboThI U B cilydae HEOOXOJUMOCTH BHECTH B TaOJHIIBI.

B cinydae HeoOXOAMMOCTH TOCTPOUTH TpauKH 3aBHCHUMOCTEH Ha
MWIJTUMETPOBOM Oymare M MPOU3BECTH HEOOXOJUMBIC MOCTPOCHUSI U
pacueThl. Pe3ynpTarsl IpeacTaBuTh B pasaeine «Pacuersn.

Crenatpb BBIBOJIBI 110 BBINIOJIHEHHOH J1JaOOpaTOpHOI padoTe.



JIABOPATOPHAS PABOTA Ne 1

MNOJYYEHUE JTUOPOBHBIX 1 JIMOPUJIBHBIX KOJJIOUJIHbBIX PACTBOPOB
HEJIb PABOTBI:

1. IToryuenue 1opOOHBIX KOJJIOUTHBIX PACTBOPOB METOIOM KOHJICHCAIIHH.
A. Metoa ¢u3udeckoi KOHACHCAIIUH.
1. I[Tosy4nTh TUIPO30JIb CEPHI.
2. IToyuuTh ruap0o301b KaHU(OIIH.

b. Metoa xuMuueckoil KOHAEHCAIIUH.
1. TTomy4uTh 30716 THAPOKCHUIA KeJe3a peakIuen rTuaposn3a.
2. IToyuuTs 301716 HOJMIA cepedpa peakiel TBOMHOro oOMeHa.
3.TloayunTh  THOPO30JH  CEPHI  PEAaKIUEeH  OKUCIICHUS—
BOCCTAHOBJICHUSI.

2. Tlonyuenue 11o¢poOHBIX KOJJIOUAHBIX PACTBOPOB METOAOM JUCTIEPTUPOBAHUSI.
1. IToayyuTes 3071 TMAPOKCHAA >KeJie3a MyTeM aJCOpPOLIMOHHON
MENTU3alIUH.
2. llonmyunTh 307 THAPOKCHIA QITIOMHUHHUS  ITOCPEICTBOM
MENTU3AIUU COJITHOM KUCJIOTOM.

3. [Nony4yenue 1MOGUIBHBIX 30J€H.
1. ITomyuuTs 3076 Kpaxmaia.
2. IlomyuuTh 30716 KeJlaTHHA.

BOITIPOCHI AJ5 OBCYXIAEHUA:

1. HazoBuTe BUIBI YCTOWIMBOCTU JUCTIEPCHBIX CUCTEM B COOTBETCTBHUH
¢ knaccugukanueit IleckoBa. B ueM 3akitouaeTcss pa3ianuue MExIy
TMOPUIBHBIMHA U TUOPOOHBIMU KOJUIOUAHBIMH CUCTEMAMU?

2.Yem o0OycioBleHa arperaTuBHas HEYCTOMYMBOCTH JHOGOOHBIX
nucrepcHblx  cucreM?  Kakue — mpomeccel  caMOIPOM3BOJIBHO
MIPOUCXOAT B 3TUX cUCTeMax?

3. Kakumu Meromamu moiy4daroT JMO(OOHBIE TUCIIEPCHBIE CHUCTEMBbI?
[IpuBenure npuMepsl.

4.Ha uro 3arpaumBaercs paboTa mpu ApOOJICHUH W HU3MEITHYCHHUH
marepuanioB? Kakum 00pazoM MOXXHO YMEHBIIUTH pPaboOTy
U3MENPYEHUsI U TOBBICUTH  JUCIEPCHOCTh  M3MEIhYaeMOIo
Marepuaa’?



X0/l PABOTHBI

MOJYYEHUE JIMO®OBHBIX KOJLIOUIHBIX PACTBOPOB METOJOM
KOHJIEHCAIIUM

A. METO]I ®U3NYECKOM KOHJAEHCAIIUA

1. ITomyuenue rugpo30s CEpHI.
B mpoGupke k 2-3 MI AUCTUIUIMPOBAHHON BOJBI MPHUOABISAIOT IO
KaIUIAIM HACBILIEHHBIM pacTBOpP CEpbl B 3THJIOBOM CHUPTE MPU B30AITHIBAHUU.
HaOmronaroT o0pa3zoBaHUe CHHEBATO—OEJIOr0 OMAJIECIIUPYIOIIETO 307I5.

2. [onyuyenue runpo30iisd KaHUGOIH.

B npob6upke k 2—3 M1 JUCTUIUTUPOBAHHOMN BOBI MPUOABIISItOT 1 Karo 2%—
HOTO CIUPTOBOIO pacTBOpa KaHU(DOIM, COAEPKUMOE MPOOUPKUA B30ANTHIBAIOT U
Ha0I0AaI0T 00pa30BaHUE MOJIOYHO—OEIOr0 30Is.

b. METOJl XMMWYECKO KOHJIEHCALIMA
1. ITomyueHnue 30J11 TUAPOKCUA KeTe3a PEAKIUEN THAPOIIN3a.

B crakane 20-30 mu1 IUCTHIUIMPOBAHHOW BOJIBI HAPEBAKOT J0 KHUIICHHUS.
3aTeM B KHUIISIIYIO BOAY MO KarwisiM J00aBisitoT 2—3 mia 2%—HOro pacTBopa

FeCl,. Habmonaror 00pa3oBaHie KOJUIOMIHOTO PAacTBOpa THAPOKCHAA JKele3a
Fe(OH), wHTeHCHBHOTO KpacHO—KOPHYHEBOTO I[(BeTa. Peakius MOMydeHHs
Fe(OH), uner no cxeme:
FeCl, +3H,0 — Fe(OH), +3HCI
IToBepxHOCTHBIC MOJeKyib! arperata F'e(OH), Bcrynmaror B XUMHYECKOE
B3aumoneiicteue ¢ HCI:

Fe(OH), + HCl - FeOCIl +2H,0
Mosnexynsl FeOCI puccouuunpyror:
FeOCl — FeO" + ClI”

Yacruua Fe(OH), ancopbupyer Ha cBoeii moBepxHocTu uonsl FeOQ' —
HOTEHLUATIONPENETAOIUe HOHB,, a nportuBouonsl ([~ Bxomar u B
ancopOuMoHHbI cioif, u B auddysnbii. Crpoenne muuemnst 3ot Fe(OH),
CXEMATUYHO MOXKHO M300Pa3HTh:

{[Fe(OH),],, - nFeO" -(n—x)CI"}*" - xCI~
Caenatb BbiBOx 0 3apsne yactuusl Fe(OH),.



2. [Momyuenue 30515 woauaa cepedpa peakiueil TBOMHOTO 0OMeHa.

Peakuust oOpazoBaHus noauaa cepedpa:
AgNO, + KI — AgI 4 +KNO,

a) B mpobupke x 2-3 mi 0,01 M pactBopa AgNO, npubasmsor npu
B30anTeiBanuu 1-2 kamm 0,01 M pacrsopa KI. HaGmomaror o6GpazoBanue
’KENITOBATOTO I[BeTa omanecuupyromnero 3ois Agl. Yactuipl 3018 3apsikeHbI

TIOJIOXKUTENBHO, T.K. IPH M30bITKE B aucnepcHoit cucteme AgNO, n3bupateisHo
ancopoupyroT HoHsl Ag™ !
{[4gl] , -nAg" -(n—x)NO; }'" - xNO;
6) B mpobupke k 2-3 i 0,01 M pacrBopa KI mnpubGasisior mpu
B30anTeBanuu 1-2 xamm 0,01 M pactBopa AgNO,. Habmonator o6pasoBanue

sons Agl. Yactunpl 30018 3apsiKeHBl B OTOM ClIydae OTPHIATENBHO, T.K. TPH

M30BITKE B qucriepcHoit cucteme K n3buparensHo aacopOupyroT HoHsl 1 :

{[Agl], -nl - (n—x)K"}" -xK~

3. Iony4eHue TUAPO30IIs CEPhl PEAKIMEN OKUCIEHHI—BOCCTAHOBIICHHS.
B crakane pacteopstor 0,5-1 r trocynsdara narpus Na,S,0, -5SH,0 B

5-10 mMn mguctuupoBaHHOM Boabel. K pacTBOpy m00aBisitoT 2—3 Ml CepHOU
KHUCIIOTHI, pa3baBieHHOM (1:1). Uepes 1-2 MuHyTH HaOMIOAAIOT OOpa30OBaHUE
MOJIOYHO—OEJIOTO 307151 CEPhl B COOTBETCTBUU C PEAKIIUECH:

Na,S,0, + H,S0, — S\ +SO, T +Na,SO, + H,0

MNOJYYEHUE JNOPOBHBIX KOJUVIONIHUX PACTBOPOB METO/1I0OM
JUCIIEPTUPOBAHUA

1. [Tomy4yeHue 30151 TMAPOKCHUIA Kejle3a MyTeM aICOPOLIMOHHOMN NEeNTU3ALNH.

B npo6upke k 2-3 mi 2%—soro pacrsopa FeCl, npubasnsror 2-3 mn 2 M
pactBopa NH,OH . Ocapox Fe(OH ), npoMbIBatoT AMCTHITMPOBAHHO BOOI 1
nentu3upyoT 2%—HeM pactBopoM [FeCl;. Jlns storo B mpobupKy ¢ 2-3 M
pactBopa FeCl, npubaBnsiorT HEOONBIIMMH NOPUMSAMA NPH B30AITHIBAHUHU
ocanok ['e(OH),. Habmonaror mucnepruposanue ocagka fe(OH), 3a cuer
acopOLMM HA ero IOBEPXHOCTH HOHOB Fe'' u o0pasoBaHHE KOPUYHEBO—
KpacHoro 30i1s1. Hamcars ypaBHenue peakunn obpasosanus ocanka Fe(OH ), u
yKa3aTh NENTU3ATOP IIPU €r0 AUCIIEPTUPOBAHHH.



2. llomydenue 3015 THAPOKCHAA ATIOMUHHUS IMYTEM MENTU3ALNU COJSHOU
KHUCJIIOTOM.

B npo6upke k 2-3 mu 1%-—noro pactBopa AICI, npubasmstor 2-3 M 2 M
pacrBopa NH,OH . Ocanox AI/(OH'), npompIBafOT IHCTHILIMPOBAHHON BOJOH,

MEPEHOCST B CTaKaHYMK, TpuOaBIsiroT 10—15 M1 BOJBI ¥ HarpeBaroT 0 KUTICHUS.
3areM mnpuOaBiAOT Heckonbko Kamenb 0,1M pacteopa HCI B kadectBe
nenrtusatopa. Habmomator obpasosanue 3011 AI(OH),. Hamucats ypaBHeHue

peakuun obpaszoBanus ocagka AI/(OH), w ykaszare menTusarop MOpU ero
JUCTIEPTUPOBAHMM.

MOJYYEHUE JINO®UIBHBIX 30JIEM
1. [Tomyuenue 3015 KpaxmMaia.

B crakane 0,2-0,3 r kpaxmana nepememnBaroT ¢ 10 M TUCTUITMPOBAHHOM
BOJIbI, 100aBistoT emie 20—-30 M BOAbI, MEPEMENIUBAIOT U HarpeBarOT CMECh 0
KUIICHUS, TIOCTOSSHHO €€ mnomemmuBasd. [lomydaroT onanecuupyrommd  307b
Kpaxmasna.

2. HOJIy‘-IeHI/IG 30JIA XKXCJIaTHHA.

B crakane 0,2-0,3 1 oxenatuHa niepememuBaroT ¢ 20-30  wma
JUCTUJIIMPOBAHHOM BOJIBI M OCTABJISIIOT Ha 6—8 wyacoB g HaOyxaHus. 3aTeM
nobapistoT eme 20-30 mu1 BOJBI, U CMECh HArpeBaIOT MPHU TMEPEMENIMBAHUU IO
MOJTHOTO pacTBOPEHUSI HAOyXIIero xenaTuHa. [lomyyaroT 30716 xKenaTuHa.

JlenaroT BBIBOJIBI IO PE3YJIBTATAM BBIMOJIHEHHOM TAOOpAaTOPHOM paOOTHI.

JIABOPATOPHAS PABOTA Ne 2

HNOJYYEHUE SMYJbCUM U ITEH U U3YYEHUE UX CBOUCTB

HEJIb PABOTHI.
[lonydyeHne 5MylbCUM, OINPENEIICHHE €€ TUNAa W HW3YYEHHE €€
YCTOMYMBOCTH; TOJTydyeHUe 00paTHOM smysibeun. [lomydeHue neHsl
u uzyuyenue BnusHuA [IAB Ha ee ycTOWUYMBOCTS.

BOITPOCHI AJ51 OBCYXIAEHUA
1. Kak knaccupuuupyroT SMyabCcuu?
2. Kakue BemniecTBa MCIOJb3YIOT B KAUECTBE CTAOMIIN3ATOPOB MPSAMBIX
1 00OpaTHBIX IMYJIbCUIN?



3. Ilpu paccMoTpeHHH SMYJIbCHI B/M U M/B TPYJHO OIpPENETUTh, KaKkas
U3 JBYX KHUJIKOCTEH sIBJsIETCs nucnepcHol ¢azoil. Kakum Meronom
MOJKHO 3TO CJeNaTh?

4. Kak ocymiecTBuTh oOpatiieHue pa3 sMyiabCuid?

5.B ueMm 3akmouaeTcss MeXaHU3M CTAaOWIM3aLUM IE€H C IOMOIBIO
I[TAB?

6. KakuMu napamerpamu xapakTepu3yrT YCTOMUNBOCTh MEH?

/. Kakoe nmpakTnyeckoe 3Ha4€HUE UMEIOT SMYJIbCUU U MIEHbI?

X0/ PABOTHBI
MOJYYEHUE SMYJIbCHUMN U U3YUEHUE UX CBOMCTB

l. HOHy‘-ICHI/IG OMYJIbCHUHU OeH30J1a B BOJC U OIIPCACIICHUC CC THUIIA.

B mepHbIi uauHAp ¢ MpoOKo BMECTUMOCTHIO 20 MJT HAJIMBAIOT 5 MJT BOJIBI
u a06aBmsitoT 1 Ma OeH30ja, PHEPIMYHO B30AITHIBAIOT M JAIOT IOCTOATb.
OMynbcus He oOpasyercss — OBICTPO HACTYNaeT PACCIOCHUE KHUJAKOCTU. 3aTeM
no0aBisitoT 1 Ma 2%—HOro pacTtBopa MbUIa B 3THJIOBOM CHUPTE U SHEPTUYHO
B30anThiBatoT. OOpaszyercss 5MyJlibcusi O€H30Jla B BOJIE, CTAOMIM3UPOBAHHAS

smynsratopom onearom Hatpus C,H,;COONa. Omnpenemsitor THI 9TOM

AMYJIBCHH € TOMOIIBIO TPEX METOJIOB:
a) MeToja pa30aBJICHHUS;
0) MeToZja HAaHECEHUsI KaIlJIi Ha GUIbTPOBAJIBHYIO OyMary;
B) METO/1a OKPALIUBAHUS.
[IpuBecTn onucanue TUX METOJIOB.

2. Ilonyuyenue oOpaTHOM 3MyIbCUU OEH30J1a B BOJIE.

st mpoBeneHust obpaimieHus pa3 SMyIbCUU K S MJI MOTYYEHHOW MPsSMOi
sMynbcur Oensona B Boge mpubasisior 5 mi 0,5 M pacrsopa MgCl, u

sHEpruyHo B30anThiBatoT. HaOmromaror oOpa3zoBaHue O0OpaTHOM SMYJIbCHM U
OTIPEMETISIOT €€ TUII TpeMs MeToaMu. [IpuBecTu onrcanne STUX METOJIOB.

[pu noGasienun pacreopa MgCl, obpasyercst SMynbraTop osnear MarHus
(C,H,;CO0), Mg, crabummsnpyromuit o0partHyro 3Myibchio. Hamucats
ypaBHEHHE peakiuu oopanieHus pa3 sMyIbCUHU.

3. HOHy‘ICHI/Ie OMYJIBCHUH TOJACOJTHCYHOI'O Macjia B BOAC U OIIPCACIICHHUC €C THUIIA.

Pacteopsitor 0,3-0,5 r 6ypsr Na,B,0, B 10 M1 IUCTHITHPOBAHHOM BOABI
npu HarpeBaHuu. [loslydeHHBIM pacTBOpP HAIMBAOT B MEPHBIA LWIMHAD C
npuTepTol npookoi, nodasstor 0,2—0,3 MII MOACOTHEYHOTO Maciia U SHEPTrUYHO
B30anThIBatoT. [lonyyator ycroituuByto smynbcuto. OnpenesnsoT ee THUIl.



MOJIYYEHUE IIEH U U3YUEHUE UX CBOMCTB

B mepnbiii muummHap BMectumMocTbio 100 mut HanmuBaroT 10 Mot Boast 1 1 Mo
HIaMIIyHsI WIM JKHJKOTO MblIa. BCTpsXUBaKOT 3Ty cMech B TedueHue 15 ¢ u cpasy
K€ BKIIOYAIOT CEKYHJIOMEp, OJHOBPEMEHHO OTMeudas o0beM oOpa3oBaBIIEHCA
neHsl. HabmogaroT n3MeHeHne o0beMa MeHbl BO BPEMEHH, PE3YJIbTaT U3MEPEHUN
BHOCST B TaOJIHILYy.

PaccuuThIBalOT KpaTHOCTh IMEHBI B MOMEHT €€ OOpa3oBaHMsl, pe3yibTar
BHOCST B TaOJIHILYy.

ConepxuMoe HUJIUMHAPA NEPEHOCAT B CTAKaH M ONPEIEISAIOT BPEMs KU3HU
neHsl. JUig 3TOro B pacTBOp MOIPYXkKAOT MEAHOE IPOBOJIOYHOE KOJbLO. Koiblo
OCTOPOXHO BBIHMMAIOT U3 XUJAKOCTH M MO CEKYHJIOMEpPY OTMEYAIOT BPEMS C
MOMeEHTa 00pa30BaHus IUIEHKU JI0 ee pa3pylieHus. V3Mepenue noBTopsoT 3 pasa
Y BBIYMCIISIOT CpeJHEE 3HAYCHUE BEIMYMHBI BPEMEHU KU3HM IEHBI. Pe3ynbrarsl
BHOCSAT B Tabnuiy 1.

Tabmuma 1
KonmnenTparus neHooopa3zoBarteis
C1 C, = G C, = &) =5
2 4 8
Bpewms, | V nensl, | Bpems, | V nensl, | Bpems, | V nensl, | Bpems, | V nensi,
MHH. MIT MMH. MJT MMH. MJT MMH. MJT
0 0 0 0
1 1 1 1
2 2 2 2
3 3 3 3
4 4 4 4
5 5 5 5

KpaTHocTh neHbl

Bpems ku3HM NIeHsl, ¢

Crposrt cienyromue rpadguku: 1. U3menenne oObeMa NeHbl OT BpeMEHH ISt
BCEX KOHIIEHTpALMi neHooOpa3zoBarens; 2. 3aBUCUMOCTh MAKCUMAJIbHOTO 00beMa
oOpa3oBaBIlIelicsl TIEHbl OT KOHIEHTpAlMM TeHooOpa3oBaTens; 3. 3aBUCUMOCTH
BPEMEHU JKM3HU TIeHBI OT KOHIICHTpAIluu neHoobOpas3oBatens. JlenatoT BBIBOJIBI 11O
pe3yJibTaTaM BBITIOJIHEHHOM J1abopaTOpHOU PadOTHI.




JIABOPATOPHAS PABOTA Ne 3

MOBEPXHOCTHBIE SIBJJEHUS U IOBEPXHOCTHOE HATSI)KEHUE.
OIIPEJEJEHUE NOJTHON NOBEPXHOCTHOM YHEPTUHU KUJKOCTEN

HEJIb PABOTDI:

N3mepeHrie MOBEpXHOCTHOTO HATSHKEHUS KUAKOCTEH, OnpeesieHne
3aBUCUMOCTH MOBEPXHOCTHOTO HATSHKEHHS] YUCTBHIX >KHJIKOCTEH OT
TEMIIepaTyphbl, pacueT IMOJHOW MOBEPXHOCTHOW DSHEPIUM U €€
COCTABJISIFOLUX.

BOITPOCHI JJIS1 OBCYKJIEHUA:

1.

2.

Uto Takoe MOBEPXHOCTHOE HATSKEHHWE M B KaKUX EAUHHUIIAX OHO
uzMepsaeTcs’?

Kak 3aBUCHUT MOBEpPXHOCTHOE HATSHKEHUE OT MPUPOIABI BEIIECTBA,
00pa3yolero NOBEPXHOCTh (MEKMOJIEKYIISIPHOTO B3aUMOICHCTBUSA)?

. Kakue MCTOABI HCIIOJB3YIOTCA JIA OIIPCACIICHUA ITOBCPXHOCTHOI'O

HATSDOKEHUS KUIIKOCTEN?

.Ha d4em ocHoBano HU3MCPCHHUC  ITOBCPXHOCTHOI'O0  HATAKCHUS

KHUAKOCTEH  METOJOM  KamWUISIPHOTO — TOJHSATHS,  METOJIOM
HauOOJIPIIEr0 JIaBJIEHUA My3bIpbKa Bo3ayxa (Meron Pebunpaepa),
METOJIOM OTpPBhIBA KOJIbIIA U CTATATMOMETPUYECKUM METOIOM?

.Kak mu IMO4YCMy 3aBHUCHUT IIOBCPXHOCTHOC HATAKCHUC TCI OT

TEMIIEPATYPHI?

.1lo KaKOMY YPAaBHCHHUIO MOJKHO paCCUHUTATh ITOJHYIO ITIOBCPXHOCTHYIO

BHGPFHIO? Kakwne JaHHBIC H€06XOIII/IMI)I JJIAA TaKOI'o pacqua?

. Kax Bnusler Temmeparypa Ha TEIUIOTY W DHTPOIMUIO 0Opa3oBaHUS

€UHUIIBI TTOBEPXHOCTH M Ha TIOJHYIO TOBEPXHOCTHYIO DJHEPTUIO
JKUIKOCTEN?

X0/l PABOTHBI

[ToBepXHOCTHOE HATSKEHUE HUCCIEAYEMOW KHUIKOCTU — HTHIIOBOTO CIUPTA
ONPEAETSIOT METOJOM MAaKCHMaJbHOTO JaBIEHHS B IYy3BIpbKE (METOIOM
Pebunnepa). Merox ocHOBaH Ha wu3MepeHUM AaBieHUS APpa, MpU KOTOpOM
MIPOUCXOANT OTPBHIB My3bIpbKa Ta3a (BO3/AyXa), BHIIYBAEMOTO B JKUIKOCTH uUepe3

KaIuJuIp.

Ha pucynke npuBeneHa yctanoBka PeObunnaepa 1jist onpenesieHus] BeTUYUHbI

AP max.



[Tpubop cocrout U3 U3MepUTEIbHOU stueliku | ¢ kanwuisipom 2, acnuparopa 3, ¢
MOMOILBI0 KOTOPOTO CO3/Ial0T BHEIIHEE JaBieHUE, U MaHoMmeTrpa 4. M3MeputenbHyro
AYeHKy M acmupaTop 3akKperuisaioT B ITaTUBe. MaHomeTp 4 mpeacTaBisieT coOoif
CTEKJISTHHYIO U-oOpa3Hyto TpyOKy, 3alOJIHEHHYI0 MOJKpAaIleHHONM BOJIOH W
3aKPEIUIEHHYIO HA MOJCTABKE C TPAAyHPOBAHHON IIKAJIOM.

Wsmepenne Bemmuunbsl AP mposomsr ciemyromum oOpasom. Hccneayemyro

max
XKUJKOCTh HAJMBAIOT B sYelKy | W 3aKpbIBatOT MpOOKOW 6, B OTBEPCTUE KOTOPOUH
BCTaBJIAIOT CTEKJISIHHBIN KaMWUISAP 2 TAKUM 00pa30M, 4TOObI KOHYMK KalMJUISIPa TOJIBKO
KacajCsi IOBEPXHOCTH KUIAKOCTH. S4elKy COEIMHSIOT PE3MHOBBIMU IIJIAHTAMU C
acupaTopoM 3, KOTOPBIN IJIOTHO 3aKPBIBAIOT IPOOKOH 7, 1 MaHOMETpOM 4. Aciuparop
3 HaNoOJHAIOT BOJOM M IOJ HETO MOACTABILIOT vamky 9. [lepen Hawanom m3mepeHun
KHUJKOCTh B 000MX KOJIEHaX MaHOMETpa JOJKHA HAXOAUTHCS HAa OJIMHAKOBOM YpPOBHE.
OTtkpeiBaroT KpaH 8 acnupartopa 3. B ycTaHOBKE co3maercs pa3peKeHUE, U Ha KOHIIE

Kanmuuiapa 2 o0Opasyercs Iy3bIpEK BO3jyXa, KOTOpPBIM mpu jpoctmkenun AP,

max

IpoOUBAET TIOBEPXHOCTHBIA clOM u Jomaercs. Jlasienue AP U3MEPAIOT 110

max
MaHOMETPY MO MAKCUMAaJIbHON pa3HOCTU YPOBHEW XKUAKOCTH B KosneHax U—oOpasHoi
TpyOKH B MWJUIUMETpaxX BOASHOro crosida. Bpems oOpa3oBaHus U OTphIBA My3bIPHKOB
BO3/lyXa PErYIUPYIOT U3MEHEHUEM CKOPOCTH BBITEKAHMS BOJIBI U3 acClIMpaTopa.
Yem OoJiblile MOBEPXHOCTHOE HATSKEHUE KUJIKOCTU O , TeM OOJIbLIEE JIaBJICHUE
TpeOyeTcs JUIsl OTpbIBa My3bIpbKa BO3/yXa!

oc=K-AP__,

rae K — mocrosnuas mprbopa, 3aBUCAIIas OT paguyca Kauuisapa.
Bemmuuny K paccumrtsiBaror, usmepss AP juis cTaHZapTHOM KHUIAKOCTH —

max
JTUCTWIIUPOBAHHON BOJIbI, MTOBEPXHOCTHOE HATSHKCHUE KOTOPOW MPH OMNPEACICHHOU
TEeMIIepaType HAXOIAT B CIIPABOYHOM Tabuuile (MpuiioxKeHue 2):

K = Ou0
max H,0
W3MepSIOT MOBEPXHOCTHOE HATSHKEHHE DTHUJIOBOIO CIMPTA IPH  CIETYHOLIUX
temreparypax: 20°C (komuarnoit), 35°C wm 55°C. Jlns HarpeBaHHs KHMIKOCTH



U3MEPUTENbHYIO SYEHKYy TOrpy»arT B OOJIBIION CTakaH C BOAOH, B KOTOPOM
MOAJIEP)KUBAIOT TPEOYEMYIO TEMIIEpaTypy.

CrposT Tpaduk 3aBUCHMOCTH O, oy = f(T) u TO TaHrency yrima Hakiona

TIOJy4EHHOM IPAMOl HaXOIAT 3HAYEHHE TeMepaTypHoro kodpdumuenta do / dT .
JUIsE Ka)XOoro 3HAa4Y€HUs TEMIIEpaTypbl PAacCUMTHIBAIOT TEIUIOTY OOpa30BaHUA

CANHUIIBI ITOBCPXHOCTHU Qs N IIOJIHYIO ITOBCPXHOCTHYIO 3HCPIHUIO US IIo CJICOYHOIINM

YpaBHEHUSIM:

do
=—| | — , US: s
Q, (dep o+q

JlenaroT BBIBOJ O BIMSHUH TEMIIEpaTypbl Ha TEPMOJIUHAMHUYCCKHE IapamMeTphI
MTOBEPXHOCTHOTO CJIOS KUAKOCTH. Pe3ynbTaTthl m3MepeHnuid U pacdeToB OGOPMIISIOT B
BUJIE TAOJIUIIBI 2.

Ta0muma 2

dO'/ dT, QSs U

5!

Temmneparypa, AP
mIlx/m> K | M/ m? MJDK/M?

max | Gcz HsOH
K MM BOJI. CT. MI[;K/M2

JlenaroT BBIBOJIBI IO PE3YJIHTATAM BBIMOJIHEHHOM TAO0OpAaTOPHOM pabOTHI.

JIABOPATOPHAS PABOTA Ne 4

NCCIEJOBAHUE MULEJJIOOBPA30OBAHUSA B PACTBOPAX ITAB. OIPEJAEJIEHHUE
KPUTUYECKON KOHIEHTPAIIUU MULIEJILIOOBPA3OBAHUSA (KKM) IO
N3MEHEHUIO NIOBEPXHOCTHOI'O HATAKEHUS PACTBOPOB ITAB

HEJb PABOTBI: MHccnenoBanne BnusiHus [IAB Ha mNOBEpXHOCTHOE HAaTSKEHUE
xuakocren u onpenenearne KKM moBepXHOCTHO—aKTUBHBIX BELIECTB
METOJOM  H3MEPEHUS  INOBEPXHOCTHOIO  HATSOHKEHUS  (METox
Pebunnepa).

BOITPOCHI JJIA OBCYKJIEHUAA
1. Kakue BemecTBa Ha3bIBAIOTCS MOBEPXHOCTHO—AKTHBHBIMH, KaKOBO
CTPOCHHUE UX MOJIEKYJI?
2. Kak xknaccudunupyrot [IAB?
3. Uem orimmuarotcst koymouanbie ITAB ot uctunno pactsopumsbix? Urto
Ha3biBarOT KKM?
4. Kakue cymiectBytoT MeTobl onpenenenus KKM?



5. IMouemy mpu KoHUEHTpanusX, npesbimatronmx KKM, noBepxHoctHoe
HaTsDKeHue pacTBopoB [IAB npakTuuecku He U3MeHsAeTCs?
. Kakue dakrops! Bmusitor Ha KKM ?
7. Kak 1 nmoyemy BJIMSIET JIJTMHA YTJIeBOAOPOoaHOTO paaukana Ha KKM B
Pa3HBIX MO MOJIIPHOCTH PACTBOPUTENSIX?

»

8. Kakum o0pa3om opueHTHpyroTCs Mosiekynsl [IAB B wMunemnax,
00pa3yroUMXxcs B MOJSPHON U HEMOJSIPHOM cpenax”?

9. Kakoe siBneHne Ha3bpIBaIOT coitoOumu3anueit? Yem oOyCIOBIEHO 3TO
sBeHue?

10. Pacckaxute o mpaktuueckoM npumeHeHun [TAB. Ha uem ocHoBaHO
ucnionb3zoBanue IIAB B kauyecTBe CTaOMJIM3aTOPOB JUCIEPCHBIX
cucreM?

11. B yem 3akirouaeTcs MEXaHHU3M MOIOIIETo JIecTBUs pacTBopoB [TAB?

X0/l PABOTHBI

Onpenenenne  KKM  oCHOBaHO  Ha  HAaXOXJICHMM  TOYKH  H3JI0Ma
AKCIEPUMEHTAILHON N30TEPMbI IOBEPXHOCTHOTO HATSKCHUSI.

A A

o) o)

KKM CnAB - ngKM - lg CnAB

[IpoBoasAT wW3MepeHUME TMOBEPXHOCTHOIO HaTspkeHus pacrtBopa [IAB B
3aBUCUMOCTH OT KOHHeHTpaiuu IIAB. BemnunHy O©  W3MEpPSAIOT METOAOM
MaKCHMaJIbHOTO JaBJeHUs My3bIpbka (MeToioM PeOunnepa).

B kauectBe ucxognoro pactsopa I[TAB ucnonbe3yrot 2% pacTBop osieata HaTpHs
C,H,;COONa. W3 wucxogHoro pacrtBopa IIAB myrem mocien0BaTeIbHOrO

paz0aBinienus BABoe ToToBAT 10 pacTBOpoB. s mpeaoTBpamieHust TuApOIr3a pacTBOPbI

TOTOBAT  HENOCPEACTBEHHO II€pe]l H3MEPEHUEM IIOBEPXHOCTHOIO  HATSIKEHUS.

N3mepenne o HauMHAIOT IPOBOAUTH ¢ Hanbosee pa3daBIEHHOTO pacTBOpPA.
Pe3ynbrarel u3MEpeHU U pacueToB MPECTABIAIOT B TabiuLe 3.



Ta0muma 3

Ci7H33COONa * AP o, lgC
MOJIB/JI MM BOJI. CT. M/Jx/m

[Io mnomy4eHHBIM JaHHBIM cTposT Tpaduku 3asucumocrein O = f(C. ),
o= f(gC,,,;) u no usnomy kpuBoili Haxoasr Beanunny KKM. Jlenaror BBIBOIBI MO
pe3ysbTaTaM BBIMTOJTHEHHOU JTAOOpaTOPHOH pabOTHI.

JIABOPATOPHAS PABOTA Ne 5

AJICOPBIIHS. AJICOPBIIAA YKCYCHOM KUCJIOTHI HA TIOBEPXHOCTH
AKTUBHUPOBAHHOI'O YIJVIA

HEJIb PABOTHI.
[TpoBecTu ajcopOIuio Ha rpaHuIle KUAKON U TBepaoi da3. [locTpoutsb
n3otepMy aacopbuun. Halitu 3nauenus xo>dpduuuentoB [ u n B

ypaBHeHNU DperiHInXa.

BOITPOCHI AJIs1 OBCYXAEHUSA:

1. JlaitTe onpenenenue noHstus aacopounu. Uto takoe ['mb6OcoBcKast
aacopouusa? Uro Takoe U30TepMa, U30MMKHA U U30CTepa afcopOIuun?

2. Hanmummte GpyHIaMeHTanbpHOE ajicopOonmonHoe ypaBHenune [ mooca n
YaCTHBIE €T0 CIy4au.

3. AzncopO1ust ¥ TOBEpXHOCTHAS aKTUBHOCTh. [ [0BEpXHOCTHO—AKTUBHBIE
Bemectsa (IIAB). YpaBuenue llInmkosckoro. [Tpasuno drokmno—
TpayOe.

4. Teopus MOHOMOJIEKYJISIpHOM ancopOruu JIaurmiopa. Hamummre
ypaBHEHUE U30TEPMBI aJICOPOITMHU B OOBSICHUTE (PU3HMUECKUI CMBICIT
BXOJISIIIIUX B HETO BEJTMYMH.

5. DKCTpanoisiiuOHHbIE CIEACTBUS U3 ypaBHEHUs JI3HrMIOopa. 3aKoH
['erpu. KakoB ¢usndeckuii cMbici KOHCTaHTHI ['eHpu?

6. AncopbuuronHoe ypaBHeHue Opeitnnxa. Kak onpenenuTs KOHCTaHTHI
B ypaBHeHUHN PpeitHaimxa?

7. Kak opueHTUpOBaHbl MOJIEKYJIbI YKCYCHOM KUCIOTBI IPU aICOPOLIUU U3
BOJIHBIX PACTBOPOB Ha MOBEPXHOCTH aKTUBUPOBAHHOTO YTJIs?



X0/l PABOTHBI

['oTOBAT pacTBOPBI YKCYCHOM KHUCJIOTBI Pa3jIMYHOM KOHLEHTPALMHU IIyTEM
pas6asienust Bogoit ucxoaHoro 2 M pacreopa CH,COOH B tpex MepHbIX konbdax
BMECTUMOCTBIO 250 M (K0J10BI IpeaBapuTelibHO HyMmepyror). O6beM 2 M pactBopa
CH,COOH, Heobxomumblii IS TOJNYYCHHS COOTBETCTBYIOLICH KOHICHTPALMH

pacTBopa, IpuBe/eH B Tabimue (At Tpex BapuantoB pabotsl). Pacreop CH,COOH

OTMEPSAIOT C MOMOINLKD MEPHOM NPOOMPKM WM MEPHOrO LMIMHApA. TOYHOE
COIEPKAHME YKCYCHOM KMCIIOTHI [0 aACOpOLMU ONpeneisaioT turpoBanuem 0,1 M
pPacTBOPOM THUIPOKCHMIA HATpHsA C HMHAMKAaTOpoM (eHonadrasenHoM. AIMKBOTa IpU
TUTPOBAHMU KaXKIOTO M3 PAcTBOPOB NPUBENEHA B TabImIE, €€ HEOOXOAUMO OpaTh C
IIOMOIILIO ITUIIETKH TPeOyeMOM BMECTMMOCTH. Pe3ysibTaThl TUTPOBAHUS BHOCAT B
Ta0IuILy.

I[Ipouecc amcopOLUK IPOBOAAT B KOHHYECKUX KOJIOAX BMECTUMOCTHIO 250 M,
IpeaBAPUTEILHO IPOHYMEPOBAB UX. B Kaxkayro KOOy BHOCAT 0 3 I' aKTHBUPOBAHHOI'O
yrst 1 o 100 mu coorBercrBytomero pactsopa CH,COOH , xon0sl 3aKpbIBaiOT

PE3MHOBBIMU TNPOOKAMM, U COAEPKUMOE TIIATEIbHO B30AITHIBAIOT, MNPUACPKUBAS
npoOky, B TeueHue 10 muH. 3aTemM pacTBOphl (QUIBTPYIOT uepe3 OyMakKHbIH (UIBT,
clIeJs 3a TeM, YTOOBI YaCTHIIBI YIJI HE NONAaIu B (PUIIbTPAT.

KoHIeHTpanuio yKCyCHOM KHCIIOTBI IIOCJIE€ YCTAHOBJIECHHUS aJCOPOILMOHHOIO
PABHOBECHUS OINPEAEISAIOT TUTPOBAHUEM TAKOM K€ AJMKBOTBI, YTO W IPU TUTPOBAHHUU
UCXOJHBIX PAacTBOPOB, OTOMpasi NMUIETKOM pPACTBOPHI M3 MOJYYEHHBIX (PHIBTPATOB.
Pe3ynbpTaThl TUTPOBAaHUS BHOCAT B Ta0NHILy 4.

PACYETbBI

Konuenrpaimro CH,COOH no ancopbumn C u mocie axcopoumn C,
PacCCUMTHIBAIOT MO (hopMyIam:

C _ CNaOH ’ VNaOH[LO ajc..

VCH3 COOH

CN

C _ wOH VNaOH TI0CJIe aJIC..
1 - .

VCH3COOH
Benmuuuny agcopOiiuu A B MOJIb/T pacCUUTHIBAIOT IO (hopMyJie:
L _(C=C)r
m
rae V — o0beM pacTBopa, U3 KOTOPOTO MPOBOJIAT aJCOPOITHTO, IT;

m— macca ajacopOeHTa, T.



PaccunThiBaloOT 3HAUCHUS lg Cl u lgA N BCC BBIYMCIICHHBIC BCIIMYMHBI BHOCAT B
Ta6JII/II_[y. IIo MMOJIYYCHHBIM J3KCIICPUMCHTAJIBHBIM W PACUYCTHBIM JAHHBIM CTPOAT

rpaduxu 3asucumocreii: A = f(C,)ulgd= f(gC).

At Ig Aa

» C » lgC
Haxonar snavenus koddpduuuentoB 1gf wu 1/m B ypaBHenmn @peiinamxa:

A — ,B Cl/n

pasHh.

Bce pe3ynbTaThl pacdeToB BHOCST B Ta0IUILY 4.

Tabmuua 4
HanmenoBanue 1 BapuaHT 2 BapuaHT 3 BapuaHT
apaMeTpoB
1 2 3 1 2 3 1 2 3

1.KoHnenTpanus 0,025 0,1 0,4 |0,05 0,1 0,2 10,012 0,05 0,4
CH,COOH , monb/n
2.06vem 2 M 3,1 12,5 50 6,3 12,5 25 1,6 6,3 50
CH,COOH , mn
3. AnukBoTa 1npu 50 25 5 50 25 10 50 50 5
TUTPOBAHHUH, MJT
4. Vivaor O

azcopOInu, MIl
S. Vyeon 1OCIE

azcopOInu, Ml
6. C, monp/n
7. C MOJIB/JT

8. A, MOJIBb/T
9. 1gC,
10. 1g 4

JlenaroT BBIBOJIBI TIO PE3YJIBTaTaM BBIMTOJHEHHOM TaOOPAaTOPHOM pabOTHI.



JIABOPATOPHAS PABOTA Ne 6

BBICOKOMOUJIEKYJISIPHBIE COEJUHEHMUS (BMC) M UX CBOMCTBA.
NCCIEJOBAHUE ITPOINECCA HABYXAHUA TBEPABIX IOJIMMEPOB

LEJb PABOTBI: M3ydyeHue crTeneHu HaOyXaHUs TBEPbIX IMOJIMMEPOB Ha MPUMEPE
JKeJlaTHUHa.

BOITPOCHI JIsA OBCYXKXKIAEHUSA:

1. Yro na3zsiBator BMC? KakoBo cTpoeHue u ocHOBHBIE cBoiicTBa BMC?

2. Kakue BemecTBa OTHOCSAT K moymdjiekTpoautaMm? KakoBbl 0COOCHHOCTH
cTpoenust 0enkoB? UTo Takoe U303IeKTprudecKas Touka?

3. Uto takoe HaOyxanue? Kakumu SBICHUSMU COMPOBOXKIACTCS TPOIIECC
HaOyxaHus?

4. Kak kiaccu(puIUpyroT MOIMMEPHl B 3aBUCHMOCTH OT CHOCOOHOCTH K
HaOyxaHut0? UTo Ha3bIBAETCS CTENEHbIO HAOyXaHus?

5. Biusier nmu pH cpeasl Ha HaOyxanue? Kakoe BiIMSHUE OKa3bIBaIOT
KaTUOHBI U aHHOHBI HA CTETIEHb HA0yXaHUs?

6. UTo Ha3bIBAIOT BHICAJTUBAHUEM ?

7. Uto Ha3pIBaeTcs KeJlaTUHUpOBaHUEM (3acTynHeBaHueM) ? OT Kakux
¢dakTopoB OoHO 3aBucUT? Kak BiHseT Ha MpoLecC 3acTyJHEBaHUS
KOHIIeHTpalus pactBopoB BMC u pH?

8. Uto HasbiBaeTcs cuHepe3ncoMm? KakoBbI MPUUMHBI €T0 BBI3bIBAIOLIUE?
Kakue (akTopsl BIUAIOT HA CHHEPE3UC?

XO/JA PABOTBI

1. UIBMEPEHUME CTEIIEHU HABYXAHUSA )KEJIATUHA B BOJE I1PU TOMOIIHU
ITPUBOPA JIT'Y

[Ipubop JII'Y  (JleHmHrpaAckuii  TOCYNAapCTBEHHBIH  YHUBEPCUTET) IS
orpenaeneHus oobema KUAKOCTH, oriomeHHoi cyxum BMC, cocrout u3 aByx mapos 1
U 2, COSAMHEHHBIX TpaayupoBaHHOU TpyOkoit 3. B map 1, umeromuii orBepctue 4,
HAJIMBAIOT JUCTUJUIMPOBAHHYIO BOJIY TakKUM 0Opa3oM, YTOOBI MpH MEpEeIUBaHUM €€ B
map 2 YpOBEHb OKUAKOCTH  HAXOAWICS MPUMEPHO  TMOCEPEAUHE  IIKAaJbl,
IpOrpaiydpoBaHHOM B MWITWIHMTpax. OTMEYaroT ypoBeHb BOJbI IO IIKajie. 3aTeMm
CHOBA NEPENIMBAIOT BOAY B 1Iap | ¥ ycraHaBiuBaroT npubop Ha ctoje. [IpenBapurensHo



CIPECCOBaHHbI B BMJI€ TAOJIETKM M B3BELICHHBI Ha aHAJIUTHYECKUX BECAaX KyCOYEK
KeJlaTUHA MOMEIIAIOT B map 1, 3aKpbIBalOT €ro PE3MHOBOM NPOOKON U OCTABISAIOT IS
HaOyxaHuss B Bojae B TedeHue | uyaca. [lo ucreueHMM BpemMeHM BoAay M3 Imapa |
OCTOPO’KHO TNEPEIMBAIOT B IIap 2 TakUM O00pa3oM, 4YTOObI KyCOYEK HaOyXILEero
JKeJlaThHa ocTajicd B Imape 1, a Becb 00beM BOABI OKasaicad B mape 2. OTMedaroT
YPOBEHb BOJABI IO IIKAJIE U ONPEICISIIOT OOBEM BOJBI, MOIVIOMICHHBIN JKEJTaTUHOM B
MIJUTIATPaX. YuutbiBasi, yto npu 20°C mioTHOCTh BOjabI paBHa 1,0 T/MJ, TO MOXHO
ONPENEIINTh MAacCy BOJABI B T, NOTJOIIEHHOM JKEJIATHHOM, KOTOpas YHWCICHHO PaBHA
00BEMY BOJIBI B MII.
Crernenp HaOyXaHHsI IO Macce & B % PAaCCUUTHIBAIOT 1O (hopMyIIe:
a=""2"_ 100,
m

o

rae My o —Macca BOJIbI, MOITIONICHHAs XKEIaTHHOM, T;

mo — MacCcCa Cyxoro xc<CjaaTuHa, I'.

2. AI3YYEHUE 3ABUCUMOCTHU CTEIIEHU HABYXAHUA )KEJIATHHA OT pH
PACTBOPA. OITIPEJIEJTEHUE U30DJIEKTPUYECKOM TOUYKH )KEJIATUHA

B mecTs CyXux IrpagyHMpOBAHHBIX NPEIBAPUTEILHO IPOHYMEPOBAHHBIX IPOOUPOK
HACKINAIOT 110 1 MJI CyXOro MOpONIKA JKEIaTHHA. B KaXIylo U3 IEPBBIX MATH MIPOOHPOK
nomemiatoT onpeneneHasie oobemsr 0,1 M pacrsopa CH,COOH u 0,1 M pactBopa
CH,COONa (6ydepuyto cmecs) (cMm. Tab1. 1). Korienrpanuo nonos Bogopoaa u pH
Oy(epHBIX pACTBOPOB PACCUUTHIBAIOT O CIIEAYIOIMM (POPMYIIAM:

C
1 CH,COOH
[H]= KCH3COOH T~

CCH3 COONa

Keicoon =175 107
pH=-1g[H"]

Paccuntannbic 3HaUYCHUS] BHOCAT B TaOIUITy 5.
B mectyro npoOupky Hanuparot 10 M TUCTHILUTMPOBAHHOU BOJIBI.

Tabnuna 5
HaumenoBanue Howmep mpobupoxk
napameTpoB

1 2 3 4 5 6
1.00bem 0,1 M 9 7 5 3 1 -
CH,COOH , mn
2. 06Bem 0,1 M 1 3 5 / 9 -
CH,COONa , mn B B B B B 10




O6bvem H,0, ma
[H'], Mons/n

pH

O0beM xenaTuHa 10
HaOyxanust, M (V)

IS

7. OObeM xkenaTuHa 1mocie
nabyxanus, v (V)

8. Crenenp HaOyxaHUS 1O
o0wvemy K, %

0

CopnepxuMoe pOOUPOK MEPEMENTNBAIOT CTEKISTHHOM MajouKoi TaKhuM 00pa3om,
4YTOOBI PACTBOPUTENH MOJHOCTHIO CMOUMI 3epHa >kenaTuHa. YUepe3 1 dac u3MepsroT
o0beM HalyXiero kenaTuHa. Pe3ynbTaThl U3MEpeHUd BHOCIAT B Tabnuiy 1.
PaccunThIBalOT 0OBEMHYIO CTEleHb HaOyxanus K W CTpOAT 3aBHCHMOCTH CTEIEHH
HaOyxanus ot pH pactBopa. [1o mosjokeHn0 MUHUMYMa TIOJIYYeHHOU KPUBOM HAXOAST
3HaueHue pH M30371eKTpUUECcKO TOUKH KEIaTHHA.

3. UBYYEHUE BJIMAHUSA DJIEKTPOJIMTOB HA CTEIIEHb HABYXAHUS ’KEJJATUHA

B Tpu rpamyupoBaHHBIE TPOHYMEpPOBAHHBIE IPOOHMPKH HACHINIAIOT IO 1 M
CyXOro IOpoIIKa ejdaTuHa. B kaxayro u3 npoOupok HaimuBaroT mo 10 M pacTBOpoB
AIICKTPOJIMTOB, YKa3aHHBIX B Ta0nuie 6, U COJAEPKUMOE IMPOOUPOK IEePEMEIIUBAIOT
CTEKJITHHOHU ITaJIOYKOH.

Tabnuua 6
HaumenoBanue Homep npobupku, 31eKTpoauT
[1apaMeTpoB
7 8 9
1 M pactBop KNO, 1 M pactBop KCI 1 M pactBop K/

1.00beM xeaTuHAa 10
HabyxaHus V, Ml

2.00beMm kenaThHa nocie
HaOyxaHus V', mu

3. Crenenp HaOyxanus K,
%

V-V,

0

K= -100

Uepe3 1 yac u3MepsarOT 00beM HAOYXIIETO KEeJIaTWHA W BBIYUCISIIOT CTENEHBb
HaOyxaHus. Pe3ynbpTaThl BHOCAT B TaOJUILy U JENAOT BBIBOJI O BIUSHUU AJICKTPOIUTOB
Ha CTENEeHb HAOyXaHUs KeJIaTHHA.

JlemaroT BBIBOJIBI TIO PE3YJITATaM BBIMTOJIHEHHOU JTA00OPAaTOPHOM pabOTHI.



JIABOPATOPHAS PABOTA Ne 7

PEOJIOT U1 IMCITEPCHBIX CUCTEM. U3MEPEHME BSA3KOCTH )KUJIKOCTEM

KAIIWIJIAPHBIM BUCKO3UMETPOM

LHEJb PABOTBI: M3MepeHue BSI3KOCTH JHOPWIBHBIX U JIMO(POOHBIX KOJUIOUTHBIX

pacTBOpoB.  V3yueHue  3aBUCHMOCTH  BSI3KOCTH  JIMO(PHUIIBHBIX
JUCIEPCHBIX CHUCTEM OT KOHIEHTpalMu JUcCHepcHOM  (asbl,
TEMIIEPATYPbl, BBEICHUS DJIEKTPOJIUTOB.

BOITPOCHI U1 OBCYKJIEHUSA

1.

JlaiiTe ~ XapakTEPUCTHUKY  CICOYIOIIMM  MOHSATHUSM:  PEOJIOTH,
nedopmariusi, HampspKEHUE CABUTA, CKOPOCTh nedopmaruu. Hamummre
ypaBHeHHUe ['yka u ypaBHeHue HproToHa.

. Uto Takoe BA3KOCTb, B KaKUX CIWMHHUIAX OHA HU3MCPACTCA (B CHCTCMC

CHU u CI'C)? Kak xnaccuuuUpyrOT KUAKOCTH TO 3aBUCUMOCTHU
BSI3KOCTH OT MPUIIOKEHHOTO HAMPSKEHUS CABUTA?

. Hanumure ypaBHenue Ilyaseisiss u ypaBHEHHE DWHINTEHA. YKaXUTe

I'PaHULIbl TPUMEHUMOCTH YpaBHEHUS DUHINTEHHA.

. OxapakTepu3ylte THUIBI CTPYKTYpP, BO3HHUKAIOIIUX B JHCHEPCHBIX

CHUCTCMaAX.

. Oxapakrepusyire BSI3KOCTh CTPYKTYPHPOBAaHHBIX cuUcTeM. Hanwmmmure

ypaBHeHne bunrama — IlIBegoBa mis muacTU4ECKOro tedeHusd. Yrto
Takoe npenen Tekydectu? HauepTture peosiornyeckue KpUBBIE U

OTMETBTE Ha rpaduke Benmuauny F.

.HpI/IBeﬂPITC PEOJIOIrN4YCCKHUEC KPHUBLIC I PCAJIbHBIX KOJJIONMAHBIX

cucteM 1o PeOuHaepy, a Takke COOTBETCTBYIOIIYIO KpPUBYIO B
KOOpPAMHATaX BA3KOCTh — HANPsKEHUE cABUra. JlaTe XapakTepUuCTUKY
TPEM Y4aCTKAM 3TUX KPHUBBIX.

X0/l PABOTHBI

Bs3kocTh XKUIAKOCTEN ONMPENECIAIOT € MOMOIIBK KalMJUIAPHOTO BHUCKO3UMETDA,
MPEICTABICHHOIO Ha puUCyHKe. KanmwisipHblii BUCKO3UMETP MpECTaBIseT coO0M NiBe
coobmraronrecs: crekisgHHble TpyOku 1 m 2. TpyOka 1 umeer pacmupenue 3,
nepexojsiiee B kanwuisip 4. Ha TpyOke 1 BbIlie M HUXKE pacliipeHus 3 UMEIOTCSI METKH
5 u 6. Uepe3 TpyOKy 2 KHUIKOCTh 3aJIMBAlOT B HIKHIOK YacTh BHUCKO3UMETpAa U C
MOMOILBIO TPYIIM Yepe3 TpyOKy 1 3acachiBaroT >KUJKOCTb Yepe3 Kalmuulsp A0 YPOBHS
BbIlIE METKH 5. C MOMOIIBIO CEKYHJIOMEpPA U3MEPSAIOT BPEMSI UCTEUCHHS KUIKOCTH OT
METKH 5 10 METKH 6.

Bsskocte uccienyemMon KMAKOCTH ONPEAEISAIOT IO BPEMEHM MPOTECKAHUS
OJIMHAKOBBIX 00BEMOB UCIBITYEMON U CTAaHIAPTHOM KUIKOCTEH 4epe3 OJUH U TOT Ke



Kanmwuisip. B KkauecTBe CTaHIApTHOW JKUAKOCTH JUIS BOJHBIX PACTBOPOB OOBIUHO
UCTIONIB3YIOT TUCTHUTUPOBAHHYI0 BOJY. Bsi3kocTh mccnemyemoii skuakoctu 7] B cll
PacCUHMTHIBAIOT TIO (hopmye:

pt
= Muo- '
H,0 1 H,0
rae 7, — BA3KOCTb BOJBI, paBHAs 1 clI;
. 3.
o — IJIOTHOCTh MCCIIEAYEeMOM KUJIKOCTH, I/CM”;
3.
Pu,o — TUNIOTHOCTD BOJIBI, PaBHAsI 1,0 r/em’;
t — BpeMsI UICTECUEHUS UCCIIETyEMOM KUIKOCTH, C;

tH20 — BpEMA UCTCUCHUA BOJLI, C.

I/ISMepeHI/IG BPCMCHHU HCTCUCHUA KHAKOCTH IIPOU3BOJAT [Ba pPaA3a U 66pYT
CPpCAHCC 3HAUCHUC.




1. I3MEPEHME BS3KOCTH 30JENA THJIPOKCHIA KEJIE3A Y )KEJTATHHA.
BJIUAHUE KOHIUEHTPAIIMU PACTBOPA KEJIATUHA HA BA3KOCTD

[Tepen HayaIoM U3MEPCHHI BUCKO3UMETP IMIPOMBIBAIOT HUCIBITYEMOM KHIKOCTHIO.
V3MepsitoT BpeMsi HCTCUEHHS BOABI M 301 THAPOKCHAA Keie3a. PaccuuThIBaroOT
BSI3KOCTH 30151 THAPOKCHIA Kelie3a. J[s M3ydeHHs BIUSHUS KOHIICHTPAIIMH PAacTBOpA
JKEJIaTHHA Ha BS3KOCTh T'OTOBST CEPUIO PACTBOPOB pa30aBiieHUEM UCXOAHOTO 1% 307
’KeJlaTHHA COTrJIacHO TabjuIe 7.

Tabnuma 7
HanmenoBanue Howmep pactBopa
napameTpoB
1 2 3 4
O6wem 1% 3015 40 30 10 4
JKeJIaTUHA, MJI
OObeM BOJIBI, MJI 0 10 30 36

Konuenrpauus 3055
KenatuHa, %
Bpewms ncreuenns, ¢
Bsizkocts, cll

H3MepsoT BSI3KOCThH MOTYYEHHBIX PAaCTBOPOB JKeJaTHHA, HAYWHAS C YETBEPTOTO.
PesynpTaThl BHOCAT B Tabiuily 7 W CTPOST TpaduK 3aBUCUMOCTH BSA3KOCTH 301
KelaTuHa OT €ro KOHIIeHTpauuu. JlenmaroT BBIBOA O BIMSHUM KOHIICHTPAllMU Ha
BS3KOCTb JTMO(POOHBIX U JTUO(PHUIBHBIX 30JICH.

2. BIUSIHUE TEMIIEPATYPBI HA BA3KOCTb JINO®WUIbHBIX 30JIEM

['otoBaT 0,5% 30np kematuHa u3 1% 30515 U HU3MEPSAIOT €ro BSA3KOCTH IPU
Pa3TUYHBIX TEMIIEpATypax COrJIacHO Tabmure 8.
Tabnuna 8

HanmenoBanue Temneparypa, °C
mapaMeTpoB

20 40 60

Bpewms ncreuenus, ¢
BsizkocTs, cll

CrposT rpapuk 3aBUCMMOCTH BSI3KOCTH 30J1s1 JKEJIaTWUHAa OT TEMIIepaTypbl U JENar0T
BBIBO/JI.

3. BIUAHUE 3JEKTPOJIMTOB HA BA3KOCTD 30JI51 ’KEJIATUHA

B tpu npobupku HamuparoT nmo 10 ma 1% 30715 xemaTuHa, 3aT€M B MEPBYIO
npobupky npuimsarot 10 mu 1 M pacteopa K/, Bo BTopyro — 10 mu 1 M pacTtBopa



K,S0O,, a B tperbto — 10 M AMCTHITMPOBAHHON BOJbL TIIATENBHO MEPEMELINBAIOT

COACPIKUMOE

npobupok u uepe3 15-20 MUHYT HU3MEpPSIOT BS3KOCTh. Pe3ynbTaThl

I/ISMepeHI/Iﬁ " paCdCTOB BHOCAT B Ta6J'II/IHy 9mn ACJIAOT BBIBOA O BJIMAHUU 3JICKTPOJINTOB
Ha BA3KOCTbD 30JIA1 XCJIaTHHA.

Taomuma 9

HanmenoBanue Temneparypa, °C
napaMeTpoB

KI K,SO, H,0

Bpewms ucreuenns, ¢

Bsi3kocts, cll

HGHaI-OT BBIBOJBI I10 PC3YyJIbTaTaM BBIITOJTHECHHOM Ha60paTOpHOﬁ pa6OTBI.

JIABOPATOPHAS PABOTA Ne 8

JTACHEPCUOHHBINA AHAJIN3 HU3KOAUCIEPCHBIX ITIOPOIIKOB METOAOM
CEJMMEHTAIIUU B TPABUTAIIMOHHOM I1OJIE. CEAMMEHTAIIMOHHBIN AHAJIN3

CYCIIEH3UM

HEJIb PABOTBI:

[lonyyeHrne KpUBBIX CEAUMEHTALIMHU, MO3BOJSIONINX YCTAaHOBHUTH
OTHOCHUTEJIIBHOE COJEpKAaHHE YACTUL[ B 3aJaHHBIX HWHTEpBajax
paanycoB, T.€. (PPaKIIMOHHBIN COCTAB CUCTEMBI.

BOITPOCHI JIs1 OBCYXKJIEHUA

1.

2.
3.

Yro Takoe OpOYHOBCKOE [BM)KEHHE, Y€M OHO OOYCJIOBJIEHO B
JTVCIIEPCHBIX CUCTEMAX ?

B kakux cucrtemax BO3MOKHO OpOYHOBCKOE JIBH>KEHHE?

Kakue wu3BeCTHbI BaM METOABI AUCIEPCUOHHOTO aHAIN3a? YKaXWTE
o0nacTu UX NpUMEHEeHHUs. J{1s KaKuX IUCIEPCHBIX CUCTEM MPUMEHSETCS
CEIMMEHTAllMOHHBIM  aHaiuM3 B TPAaBUTALlMOHHOM TOJ€ U B
IIEHTPOOCSKHOM T10JIE?

. Hanumure ypaBHenue CTokca Uil CKOPOCTH CEAUMEHTAllMM B

rpaBUTAIIMOHHOM TMojie. KakoB (pU3W4ecKuii CMBICT BXOMSIIMX B HETO
BeMUMH? VI3MEHEeHHEM KakuUX MapaMeTpoB CUCTEMbI MOKHO HU3MEHSTh
CKOPOCTh OCaXKJACHUS YacCTHIl?

. KakoBsl ycnoBusi cobmogenus 3akoHa Ctokca npu cenumenTanuu? Ot

Yero 3aBUCUT CKOPOCTh CeTMMEHTaIuu? BriBeiuTe OCHOBHOE YpaBHEHHE
JUIS CEAMMEHTAI[MOHHOTO aHaJIN3a.

. Kak ONpCACIINTL COACPIKAHNUC YACTHL JJII JAHHOI'O MHTCPBAJIa pasMCpOB



110 MHTErPAIbHOM KPUBOM CETUMEHTAITUU?
7. Jlns KakuX CHCTeM TIPUMEHSIETCS CEAMMEHTAllMOHHBIM aHaldu3 B
1eHTpooexxHoM moJie? B yem ero ocobeHHocTn?

X0/ PABOTHBI

I[JISI MMPOBCACHUA CCAMMCHTAIIMOHHOI'O aHaJIn3a B TPaBUTAIHMOHHOM IIOJIC
HCIIOJIB3YIOT TOP3HMOHHBLIC BCCHI, C IIOMOHIIBIO KOTOPLIX OIPCACIIIOT MACCy YaCTHI,
OoCCHar0IX Ha 9allICYKy BCCOB, IOMCHICHHYIO B CYCIICH3UIO UCCIICAYEMOI'O ITIOPOIIKA.

Yameuka 9 mnoxaBemmBaeTcss Ha
KPIOUOK 6, KOTOpPBIM 3aKaHYMBAETCA
KOpPOMBICJIO BecoB 7. st mpoBeneHus
U3MEpPEHUN appetnp | mepemMemaroT B
KpaliHee IpaBo€ ITOJIOKEHHE, MPHU 3TOM
ctpenka  1uudepbmara S5 J0MKHA
HaXOOUTbCA HA HYJEBOM JCIICHUU
mkanel. Crpenka BecoB 2 mOpu

I — A
B T I 7T 7 R 77 7777 777770

B3BEIIMBAHUU OTKIIOHAETCS BJIEBO OT pUCKHU 3. [ToBOpoTOM pbluara 4 mpoTUB 4aCOBOM
CTPEJKM COBMENIAIOT CTPENKy 2 ¢ puCKOW 3. OTCUMTHIBAIOT MOKA3aHUS B ML IO
MOJIOKEHHIO CTPEIKH 5.

[lepen  paboToit  HAMONMHSAIOT  COCYyl 8  JUCIEPCHOHHOW  Cpenoi
(IMCTUITMPOBAHHOM BOJIOM) O BEpXHEW METKU. Yalleyky BeCOB, MPUKPEIUVICHHYIO C
MIOMOIIBI0O HUTKHU K KPIOUKY, OIYCKAlOT B IIEHTP COCyJa C BOJAOW HA pacCTOSIHUE 2—3 cM
oT nHa. C moMolpio rpy3a (B BHAE KoOJIEI] MEAHON MPOBOJIOYKH), MOMEIIAEMOT0 Ha
KOPOMBICJIO BECOB, M BHHTAa Ha 3aJHEH CTEHKE BECOB JOOMBAIOTCS TOKA3aHHS BECOB,
OTBEYAIOIIee MAacce IyCTOM 4YalleyKu 771, HyJIEBOM OTMETKe o mkaine npuodopa. C

MOMOILBIO JIMHENKN U3MEPSIOT MIyOuHy norpyskeHus yameykd H B cM. 3aTeM yameuky
BBIHUMAIOT U3 COCYJa C BOJOW, BOAY CIMBAIOT U HAIIOJHSIOT COCYZ 10 BEPXHEW METKU
UCCIIeNyeMOl cycrieH3uel (KOHIICHTpaIus €€ Ha JOhKHA peBbimath 1%). C moMoIibo
CTEKJIIHHOM MaJIOYKU CYCIIEH3UIO TLIATEIIBHO NEPEMEIIMBAIOT A0 TEX IOpP, MOKA BECh
MOPOILIOK HE PacHpeeNIUTCs paBHOMEPHO MO BCEMY 00bEMY BOJIbI, U OBICTPO OITYCKaOT
B LEHTP COCyJa 4YalledyKy, OJHOBPEMEHHO BKJIOYas CEKyHIOMEpP M IOBOPAYMBAs
appeTup TOP3UOHHBIX BECOB.

[Tpou3BOAAT U3MEPEHHE MACChl OCEBIIMX YacTHL] BHadaje yepe3 Kaxzasle 10 ¢ oT
Hayaja OIbITa, 3aTeM Cc uHTepBaIoM B 30 c, a 3ateM B 60 ¢, BHOCSA pE€3yJIbTaThl
U3MEpeHUil B Tabiuily. 3aKaHYMBAIOT U3MEPEHUs, JOCTUTHYB 3HAYEHUS] MaKCUMaJIbHON

MacCChI OCaJKa mm T. €. MAaCChbl, HC H3MCH)HOHI€ﬁC$I B TCUCHHC ITOCIICAHHUX 2—3 MHH.

ax?
PaCC‘-II/ITBIBaIOT MaCCOBYIO J0JKO 4aCTUIl B OCAJIKE€ B % U BHOCAT 3HAYCHUS B Ta6J'H/Hly
10.



Taomuna 10

Bpewms ocenanus, T, ¢

Macca ocaaka Ha Jaliedke 771,
mr

m,%

m%=-—"".100
m

max

10
20
30
40
50
60
90
120
150
180
240
300
360

CTposT CeIMMEHTAlMOHHYI0 KpuByld B Koopmumarax m,% = f(7). B

MOHOJIUCIIEPCHOM CHUCTEME Macca OCEBIIMX YACTHUIL MPSIMO MPONOPIMOHAIBHA BPEMEHU
ocellanvs. B TOmMaucrnepcHOW CUCTEME YaCTUIBI PA3JIMYHBIX PATAYCOB OCEHAIOT
OJHOBPEMEHHO, HO C pa3HbIMHU CKOPOCTSIMHU.

KpuBas cemuMeHTalMy Takod CUCTEMBI MPEJCTaBICHA HA PUCYHKE. DTy KPUBYIO
MOXKHO TMPEJICTAaBUTh KaK HaJ0XKCHHE OECKOHEYHOTO 4YHCjIa KPHUBBIX CEIMMEHTAIUU
MOHOJUCIEPCHBIX CUCTEM. B KadecTBE NMPSAMOJIMHEHHBIX YYaCTKOB IMPHU 3TOM MOXKHO
paccMaTpuBaTh OCCKOHEYHO Majble OTPE3KHM KacaTeNbHBIX, MPOBEICHHBIX K KPHUBOM
CEJIMMEHTAIMM B TOM MJIM MHOM TOYKE.

T c



Ecnu Kk HECKOJIBKUM TOYKAM Ha CETMMEHTAllMOHHOW KPHUBOM, COOTBETCTBYIOIIUM
pasHoMy BpeMeHnu ocenanus ( 7y, T,, Ty, T,, Ts ), IPOBECTH KACATENbHBIE, TO OHH OTCEKYT

Ha ocu opauHaT oTpe3ku (Qi, Qz, Qs, Qs Qs), paBHBIe Macce (pakiuii yacTuil,
OCEAIONINX 32 COOTBETCTBYIOIIHNE MTPOMEKYTKH BPEMCHHU.
Q;— »TO MaccoBas J0Js YacTHI[ BO (PpakmMsx, HAIEIO BBIMABIINX K MOMEHTY

BPEMEHH 7.
Paguyc wactui, mnpomeammx 3a BpeMs 7, BCIO BbICOTY cycneHsun H,
PacCUHMTHIBAIOT TIO (hopmye:

H 9
rn=K- |—, e K= 7

4 2g(p—py)
1 — BA3KOCT BOJBI, paBHas 10 IT; g =981 cm/c’;
L0 = 5,7 Tlem’; Payo, =3.96 r/em’; Pecaco, = 2.7 r/em’; p, = 1,0 r/em’,
[TosTomy Q; — 3TO MaccoBasi O YaCTUL] CUCTEMBI C ¥ = 7.

H

AHanoOru4HoO Q2 — OTO MacCoBas O0JIA YaCTHI] IIOpoIIKa C 7 > I"2 =K- |—ur .
T
2

OnpenenuB rtpaduuecku 3HaueHuss  Qi, Qp Qs Qs Qs m paccumtan
COOTBETCTBYIOLIME 3HAYCHUS PAJINYCOB 1;,7,,1;,7,,7s B CM, JICNIAIOT CJIEIYIOUINE BHIBOIbI
0 (ppaKIIMOHHOM COCTaBE MOPOIIIKA:

1. Q1, %— dpakuus gactum c » = 7; ;

2. Q2 — Q1 % — dpakuysa yacTu ¢ 1, 27 2 75
3. Q3 — Q2 % — dpakuus yacTu ¢ 7, =27 2 15
4. Qs — Q3 % — dpakuus gacTun ¢ 7y, =7 27
5. Qs — Q4 % — dpakums wacTu ¢ 7, =¥ 2 1%,
6. 100 — Qs % — dpakuus yactun ¢ 7 < 7.

JlenaroT BBIBOJIBI TIO PE3YJIHTATAM BBIMOJTHEHHOM TA00OPAaTOPHOM paOOTHI.

JIABOPATOPHASA PABOTA Ne 9

JEKTPUYECKHUE CBOMCTBA JJUCHEPCHBIX CUCTEM. DJIEKTPODOPE3.
IJIEKTPO®OPETUYECKOE ONNPEAEJIEHUE JIEKTPOKUHETUYECKOI'O
ITOTEHILIHUAJIA.

HEJIb PABOTDI:
N3yyenue sBieHHS OdIeKTpodopesa, O3HAKOMIIEHHE C METOJI0M
OTIPENICIICHUs] CKOPOCTH JIBUKCHUS W 3HAKa 3apsjga KOJUIOHMIHBIX
YACTHII, OTIPEICIICHHE IEKTPOKNHETUIECKOTO TTOTEHIIHAa THIPO30IIs



THAPOKCH A KEJIC3a.

BOITPOCHI JUIA OBCYKJIEHUA:

1. KakoBbl NpUYMHBI BO3HUKHOBEHMS JBOMHOIO 3JIEKTPUYECKOrO CJIOSI Ha
MexdazHoit moBepxHocTtu?  IlpuBenure npuMepsl  MEXaHU3MOB
00pa30BaHMsI IBOMHOIO ANEKTPUUYECKOTO CII0SI B PA3IMUHBIX JUCIIEPCHBIX
CUCTEMAX.

2. JlaiiTe XapakTEpUCTUKY CTPOEHUS JIBOMHOTO 3JIEKTPUYECKOIO CJIOS Ha
NOBEpXHOCTH pasnena (a3. Kak n3mensercs MoTeHIHal ¢ pacCTOSHUEM
OT moBepxHOCTU? YUTO MOHUMAIOT MOJ TOJMUHON nuddy3HON yYacTu
JIBOMHOTO 3JIEKTPUUYECKOTO ciioa? Yem ornpenensiercs TONIMMHA MTOTHON
u 1udPy3HOH yacTelt ABOWHOTO SIEKTPUUECKOTO CIIOS?

3. [lepeuncnure HIEKTPOKUHETHUECKHUE SIBICHUS M OOBSICHUTE, YeM OHU
0OyCJIOBIICHBI.

4. YUTo Ha3bIBAIOT 3JIEKTPOKMHETHUYECKUM noTeHuuanom? Kakue (axTopbl
BIIMSIIOT HA J13€Ta-II0TEHIUAN?

5. Hanumure ypaBHenue ['enbmronbia—CMOIIyXOBCKOTO JJisi CKOpPOCTHU
anektpodopesa? [Ipu kakux ycioBUsSX IPUMEHHUMO 3TO ypaBHeHue? Kax
IPaKTUYECKA  ONPEHECIUTh  CKOPOCTh  JBIDKEHUS  4YacTHUIL  IIPH
MakposJiekTpodopese?

X0/l PABOTHBI

Jns  ompeneneHusl SJIEKTPOKMHETUUECKOTO TOTeHIMana (A3eTa-moTeHIrana)
DKCIIEPUMEHTAIIBHO HAXOJIAT CKOPOCTh MEPEMEIICHUS 3aPSKEHHBIX YaCTUL] TUCIIEPCHOU
da3pl B onekTpudyeckoM mose. [lpu MukpossexkTpodopese HU3MEpPSIOT CKOPOCTh
NepeMeNIeHUs] UHIWBUIYAIbHOW YaCTUIIBI TUCIIEPCHOM (a3bl o MUKpockomnoM. [Ipu
MakpoaiekTpodopese (WM HpocTO  3AMEeKTpodope3e)  ONpeAensiioT  CKOPOCTb
IIEpEMELICHNS TPAHULIBl pa3liesia 307 — KOHTAKTHAS KUJIKOCTb, B KaUECTBE KOTOPOU
UCIIONIB3yeTCsl JIMOO AUCIEpCHOHHAs cpefa 3078, JU00 pacTBOpP dJIEKTPOJIUTA,
AIEKTPONPOBOTHOCTh KOTOPOI'O PaBHA 3JIEKTPOIPOBOJHOCTH 30JI51.

OnpenenuB CIBUT @ TPaHUILIbI pa3eiia 30J1b — KOHTAKTHAsI KUJIKOCTh 34 BpeMs T
,pACCUUTHIBAIOT AJEKTPODHOPETUUECKYIO TTOABUKHOCTB:

, -4 _a -L
o E V]
rae E — HanpsokeHHOCTh IEKTPUYECKOTO TOJIS;

L — paccTositHue MEXy 2JIEKTPOIaAMU;

V — npuioKeHHasi pa3HOCTh MOTEHIINAJIOB.

9H€KTpOKI/IHCTH‘I€CKHﬁ IIOTCHIIMAJI 5 paCC‘H/ITBIBaIOT 10 (bOpMyJ'IC:
_ 77 ) uac]).
- )
g8,




rac 77 — BA3KOCTb I[PICHCpCHOfI CHCTCMBI,

80 — OJICKTPHUYCCKAsA IMOCTOSHHAA,
& — IMDBJICKTpHUYCCKasl IPOHUIAEMOCTb.

]_IJ'ISI N3Yy4CHUA aneKTpO(bop%a HCIIOJIB3YIOT 30JIb THUIAPOKCHAA IKCJIC3a4,
HOqueHHLIfI MCTOJOM XUMHUYECCKOM KOHICHCAIIUU I10 PCAKIIUU T'HApOJIn3a.

Dnekrpodopes npoBoasaT B U —oOpa3Ho# IpayMpOBaHHON CTEKIISIHHON TpyOke 1,
CHA0KEHHOW IByMs KpaHaMmu 2, IMaMETPbl KaHAJIOB KOTOPBIX PaBHBI JUAMETPY TPYOKH.
Pe3uHoBbIM 1IIaHroM 7 TpyOKa coeAMHEHa C COCYIIOM S5, B KOTOPBIM HAJIWBAIOT
WCCIIENYEMBbIN 30Jb. BHEMHSS pPa3HOCTh MOTEHIMAJIOB IOJACTCS K METAUIMYECKUM
AJIEKTPOJaM 3, U3TOTOBJICHHBIM U3 IUIATUHBI WIIN TpaduTa.

Jnsg  u3ydeHus diaekTpodope3a HUCIMONIB3YIOT 30Jb THAPOKCHAA IKejesa,
MOJYYEHHBIA METOJ0OM XUMHUUYECKOW KOHAEHCAIMH 110 PEAKIINH THAPOIIN3a.

Dnektpodope3 nmpoBoaiIT B U —00pa3Hoi rpafyupOBaHHON CTEKISIHHOU TpyOke 1,
CHa0KEHHOM JIBYMs KpaHaMmu 2, IMaMETPhl KaHAJIOB KOTOPBIX PaBHBI JUAMETPY TPYOKH.
Pe3uHoBbIM 1uTaHroM 7 TpyOKa COEIMHEHA C COCYIOM 5, B KOTOPBIA HalWBalOT
UCCIeNyeMbIil 30J1b. BHeNIHss pa3HOCTh MOTEHIMATIOB MOAACTCS K METAUTMYECKUM
ANEKTPOJiaM 3, U3TOTOBJIICHHBIM U3 IUIATUHBI WK Tpadura.

Jist  u3ydenust dneKkTpodope3a  UCIHOJB3YIOT 30Jb THUIPOKCHAA JKelesa,
MOJIYYCHHBIA METOJ0M XUMUYECKON KOHACHCAIINH 110 PEaKUy THAPOIIN3a.
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Qnekrpodope3 mpooaiar B U —
o0pa3HoOi rpagyrpOBaHHON CTEKIJISTHHOU
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U

TpyOke 1, cHaOXeHHON IBYMs KpaHaMu 3 3
2, nuameTpsl KaHaJIOB KOTOPBIX PABHBI TN 6
IuaMeTpy TpyOKkH. P€3HHOBBIM LIUTAHTOM 2 2
7 TpyOKa coeauHEHa C CcocyaoM 5, B T_—= =2 7

KOTOPBIA HAJIMBAKOT UCCIEAYEMBINA 30J1b.
Bremnsis ~ pa3HOCTB IIOTEHIINAJIOB
MOJAETCS K METAJUIMYECKUM 3JIEKTPOIaM
3, W3rOTOBJICHHBIM W3 IUIATUHBI WIIH
rpadura.
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HHOPAAOK PABOTBI C TIPUBOPOM

TpyOKy THmIATENBHO NPOMBIBAIOT AUCTHILIMPOBAHHOW BOJOW, OTKPBIBAIOT
KpaHbl 2 U 3aUM 6 U YKPEIUIAIOT BMECTE C COCYyAOM 5 Ha mraruBe. [logHuMaroT
ANEKTPOOPETHIECKYI0 TpyOKy Tak, dYTOObI BEpXHSAS €€ YacTh Oblia
pUOJIM3UTENIBEHO Ha OJTHOM YPOBHE C cocyaoM 5. B cocyn 5 HanuBarot 50 mu 30514,
IIPU 3TOM 30JIb 3aMOJHAET PE3WHOBBIM IIJIAHT U TMOJHUMAETCS Ha HEKOTOPYIO
BBICOTY B TpyOKe 1. UTOOBI MONyYHTh YETKYIO TPaHUILy pa3zelia 30J1b—KOHTAKTHAs
KUJIKOCTh, HEOOXOJUMO VYAAIUTh IY3bIPKA BO3AyXa, KOTOPBIE OCTAIOTCS B
COCIMHUTEIBHBIX IIJIaHTaX U OKOJIO KpaHOB. [[7s 3TOro cHavana mpoAaBiIUBaIOT
PE3UMHOBBIM  NUIAHT /7 B HECKOJNBKMX  MECTax, 3aTeéM  OIIYCKaroT
AMEKTPOPOPETHIECKYI0 TPYOKY HACTOJIBKO, YTOOBI B HEE IMOYTH TOJTHOCTHIO
nepemren 305b U3 cocynga 5. Ilocnme 3Toro TpyOKy HNPUIIOAHMMAIOT TaK, YTOOBI
nocJyie oOpaTHOro NMEPETEKAHUS YACTH 307151 B COCYJ 5 B KOJIEHAX TPYOKH OCTalach
XKUIKOCTh, YPOBEHb KOTOpOM Obul Obl Ha 1—2 cMm Bble KpaHoB 2. Onepanuio
NOoJbEMA U ONMyCKaHUs TPYOkH MOBTOpPsitoT 3—4 pa3a. KpaHbl moBOpauyMBaroT Ha
180° u aHaAJOrMYHO HECKOJBKO pa3 IMepPEeMEIIaloT TPYOKy BBEpPX M BHHU3 [0
MIOJIHOTO yJIAJICHHS ITy3bIPbKOB BO3yXa.

BriOpaB Takoe MoioXeHue TPyOKH, 4YTOOBl HAJ KpaHaMH HaXOJWJIOCh
HEeMHOTO 30511 (1-2 cM), 3aKpBIBAIOT KpaHbl 2 U 3KUM 6. 30J1b, OCTABIIUICS HaJl
KpaHaMH, BBUIMBAIOT B KOJIOy, TINATEJIbHO MPOMBIBAIOT 00a KOJEHAa BOJAOU U
COOTBETCTBYIOIIEH KOHTAaKTHOM KUIKOCTBIO 151 3aKpEIUIAIOT
ANEKTPOPOPETUUECKYIO TPYOKY B IITATHUBE.

B 006a xoneHa TpyOKH HAIMBAIOT TAKOE KOJIMYECTBO KOHTAKTHOM YKUJKOCTH
— 0,1 M pactBopa HC1, 4To0BI OHA 3aMOJHWIA KAKIYI0 TPYOKY HaJ KpaHaMmu 2
Ha ~3/4 ee BbICOTHL. Jl0OaBIsAs MUIETKOM HEKOTOPOE KOJWYECTBO KOHTAKTHOM
KUJKOCTH, IOOMBAIOTCSI PABHOT'O YPOBHSI €€ B KOJICHAX TPYOKHU.

VYcranaBnuBaroT 37eKTpoabl. OTKPBIBAIOT MEIJIEHHO M IMOOYepeaHo o0a
KpaHa 2, 3aTéM OCTOPOXKHO MPUOTKPHIBAIOT 3aKUM 6 HACTOJBKO, YTOOBI YPOBHU
YKUJKOCTH MEJIJICHHO TTOJHUMAIIMCH B 3JIeKTpodopernueckoit Tpyoke. Iloce Toro,
KaK dJIEKTPOJbl TOTPY3ATCS B KOHTAaKTHYIO KHUJKOCTb, 3aKpbIBAlOT 3aXuM O.
['paruma Mexay 30J1eM M KOHTAKTHOH >KHIAKOCTBIO JOJDKHA OBITh YETKOM, 0e3
Pa3MBbIBOB.

OTMeUarT MOJOKEHUE TPaHUIl pasjiesia «30Jib — KOHTAKTHAs KUIKOCTh» B
000UX KOJeHax TPyOKH M MOJKIIYAIOT SYEUKY K CeTH MOCTOSIHHOrO Toka. J[is
OTpENICJICHUS] HAMPSHKEHHOCTH SJIEKTpUYECKOro mnojsi E u3MepsaroT momaBaemoe
HaIpsHKEHUE U pacCTOSTHUE OT OJHOIO 3JIEKTPOJIa A0 APYroro BAOIL TPYOKH.

Onektpodope3 MPOBOAAT B TeueHHe | U, TOCiIe dYero OTMEYaroT
M3MEHUBIIIEECS MOJIOKEHNUE TPAHULIBI pa3leia «30Jb — KOHTAKTHAS KUAKOCTH» H
HaxoJsT 3HAY€HUE BEIMYMHBI . Bce u3mepsieMble W CIPABOYHBIE BEIIMYHUHBI
HEPEBOAAT B equHUILI M3Mepenus cuctembl CU: a u L — [m], V - [B], 7 — [c],

Mo =1-10"Ia-c, &,,=81, & =8854-10""®/ m.

PaccunthiBaloT Mo BbIMIEYKa3aHHBIM (opMysiaM 3IEKTPOHOPETHUECKYIO
MOABWKHOCTb M DJIEKTPOKMHETUYECKUH TMOTEeHUHal. JlemaloT BBIBOABI MO



pe3yabTaTaM BBIIOJIHEHHOM 1a00paTopHOI paboTHI.

JIABOPATOPHAS PABOTA Ne 10

YCTOUUYNUBOCTD U PASPYIIEHUE JTUO®OBHBIX JJUCITEPCHBIX CUCTEM.
CUHTE3 I'HIPO30JIAA T'NIPOKCHU A KEJIE3A, U3YYEHUE EI'O KOAT'YJIALIUAN

N CTABMJIN3ALIUU

HEJIb PABOTDI:

CuHTe3 ruApo30ds THAPOKCHIA JKeJe3a KOHACHCAIMOHHBIM
METO/IOM; ONPENEICHUE MOPOra IEKTPOIUTHOW KOAryJIsiLHUH 30151
Y U3YYEHHE 3aBUCHMOCTU €ro OT 3aps/ia KOaryJupyOIIEero HOHa;
ONnpeaeIeHUE 3aUTHOrO Yucia cTaduianu3aropa.

BOITPOCHI JJISA OBCYKJIEHUA:

1.

Kakoii mpomecc HaspiBalOT Kkoaryiusinuen? Yem 3aBepriaercs
nporecc koaryiasiuuu? Kakumu crmocodamMu MOXKHO —BBI3BATH
KOAryJIsLuio?

. Uto Ha3pIBalOT OBICTPOM M MEMJIEHHOM Koarymsnueil? Teopus

koaryisinun - CmoaryxoBckoro. Kakume mapaMerpsl IHCHEPCHOU
CHUCTEMBI BIIMSIIOT HA CKOPOCTh KOAryJISILIMU YaCTHULl B COOTBETCTBUNU
c Teopueit CmoiyxoBckoro? Yem OTIMYArOTCS KOHCTAHTHI
CKOPOCTHU OBICTPOI ¥ MEJITIEHHOM KOAryJIsIIIu ?

. OCHOBBI TCOPpHUH YCTOﬁqHBOCTH HI/IO(1)06HBIX AUCIICPCHBIX CUCTCM —

teopun JJIPO. KakoBa B3aUMOCBSI3b MEXKIY CKOPOCTBHIO
KOAaryJisiiud YW BUJOM IOTEHUHWAJIbHOM KPUBOW B3aMMOJCHCTBUS
4acTuIl?

. KakoBo pasnuune MEXKIY HEUTPAITN3ALMOHHON 151

KOHLIEHTPAMOHHOU KoaryJsiuuen TMO0POOHBIX 3051ei
anexktponuTamMu? Kak BIuseT 3apsi KOaryJMpyIIEro HOHa Ha
IIOPOT KOAryJisiiuu?

. JeiictBueM Kakux (aKTOpoB OOeclneurnBaeTcsi arperaTuBHas

YCTOMYMBOCTH JIMO(OOHBIX AucnepcHbIX cucteM? Kakue BemiecTBa
UCIOJIB3YIOT B KAYECTBE CTA0MIIN3aTOPOB ATUX CUCTEM?

XO/JA PABOTBI

[omyuyator  ruaposons — ruapokcupa kenesa [Fe(OH), meromom

KOHJICHCAIIMU C MOMOIIIbIO PEaKIMK TUIPOIU3a XJIOpUIa Keje3a IMpu TeMIepaType

100°C:

FeCl, +3H,0 — Fe(OH), +3HCI

OOpazoBaBIIUIiCS 30JIb KPAaCHO—KOPHUYHEBOTO I[BETAa OXJAXKAAIOT [0
KOMHATHOU TEMIIEPATYPHI.



1. ICCJIEOBAHUE KOATYJISIUUHA 30J51 Fe(OH), DJTEKTPOJUTAMU

KCl, K,S0O,, K,[Fe(CN),]

B 12 4ucteix OOdBIIMX MPOOMPOK HAIMBAIOT MO 5 MII 30Ji1 THIPOKCUAA
JKeJesa, BOLY M pacTBopsl ssekrponuToB: 1 M pacteop KCI, 0,01 M pactBop
K,SO, n 0,001 M pactBop K,[Fe(CN),] B 00beMax, yKa3aHHbIX B Tabauue 11.

Tabmuma 11
Pearenrsl. 1 M pactop KCI | 0,01 M pacteop K,SO, | 0,001 M pacteop K, [Fe(CN),]
Pesynprar
HaOJI0IeHUs 1 2 3 4 5 6 7 8 9 10 11 12
O0Bem 3051
Fe(OH),, mn 5 5 5 5 5 5 5 5 5 5 5 5
OGvem Bomer, M1 | 40| 4 | 3 1| 45 4 3 1 4,5 4 3 1
O6wvem
snextpomura, mn | 09 | 1 2 | 4 |05 1 2 | 4 0,5 1 2 4
PesynbTar
HaOIIOACHUS
KOAryJsuH
ConepxxuMoe MPOOUPOK Xopolno TmepeMmemmuBaoT. Yepes 20 MUHYT
OTMEYAIOT, B KaKWX MpoOHMpKax HAOMIOJAeTCS KOaryJslusa, W BH3yaJIbHO

OIICHUBAIOT €¢ IMpoTekaHue (IMIOMYTHEHHE, BBIMaJcHUE ocajnka). HabOmroneHus
BHOCAT B TaOymiy 11.

PaccunThIBAIOT MOPOr KOAryJIUMH ATl Kaxaoro u3 snekrpomuroB C, B

MOJIL/J 110 (popMyIIE: Ce

rne C

V. — IOpOroBEIil 00BEM SIEKTPOINTA, IIPU KOTOPOM IIPOTEKACT

ol

KOAryJIsilus, MJI;

_ Cam ) VK

7

V' — o6muit 06beM 3015, MIL.
JlenaroT BBIBOJ O KOAryJMPYIOIIEH CIHOCOOHOCTH HCCIEIYEMBIX HOHOB

~ — KOHLIEHTPALMs BBEIECHHOTO 3JIEKTPOJINTA, MOJIb/II;

AIEKTPOJIUTOB.

2. UCCJEJOBAHUE CTABUJIM3ALIMM 30J151 Fe(OH),  ONPEAEJEHUE
3AIIATHOTO YUCJIA TIOJJMMEPA-CTABUJIU3ATOPA

B mecTh uncThIX OONBIIMX MPOOUPOK HATMBAIOT MO 5 MII 307151 THUIPOKCUAA
xene3a, Bogy u 0,01%—HbIi pacTBOp >KeJaTWHA B KadyeCTBE CTAOMIM3aTOpa B



o0bemax, ykazaHHbIX B Ta0nuie 12. Coaepxumoe mpoOHpPOK MepeMeInBaloT.

Tabmura 12
PearenTsr.
Pesynbrar HaOmIOACHUS Howmep npobupku

1 2 3 4 5 6
O6bem 30ms Fe(OH),, Mn 5 5 5 5 5 5
OO0BEM BOJIBI, M 4 3,5 3 2,5 2 15
O6bem 0,01% p-pa xenatuHa, Mil 0 0,5 1 1,5 2 2,5
O6bem 0,01 M p-pa K, SO, , ma 1 1 1 1 1 1
Pesynbrar HabmroaeHUs
KOaryJisiiuu

Uepez 10 munyT B Kaxaywo mnpobupky nobdasmstor 1 mu 0,01 M pactBopa
K,SO, n nepememmsaror. Yepes 20 MHHYT OTMEYAalOT, B KakuUX MPOOUPKAx

pacTBOp JKeJaTHHA BbI3BAJ CTAOMIM3ALUIO 30JI.
3alMTHOE YUCIIO S XKeNaTHHA B T/J1 BBIYUCIISIOT 10 (opMyJie:

V.

S _ _cm 3awy

”

9

rie  C, — KOHLEHTpanus pacTBopa crabuiusaropa, I/

Vg — O0BEM pacTBOpa CTAOMIIN3ATOPA, HEOOXOMMBIH 11

IpPEJOTBPALICHHS CTAOMIM3AIMHI 30151, MIT;
V' — o0muit 06beM 30515, MIL.

JlenaroT BBIBOJIBI IO PE3YNIHTATAM BBIMOJIHEHHOU J1JAOOpAaTOPHOM paOOTHI.



3AJJAHUA
K MPoBeJAeHuI0 1-0i pydexkHOM aTTecTalluu

I.  TEOPETHYECKHUE BOITPOCHI

1. KomtongHass XxuMusi KaKk Hayka O MOBEPXHOCTHBIX SIBICHUSX W JHCIICPCHBIX

cuctemax. OCHOBHBIC TOHSATHS B KOJUIOMTHOW XUMUU: OUCIIepcHas ¢asa,

JTUCTIEPCUOHHAsT  Cpella, TETePOTCHHOCTh W  JUCHEPCHOCTh,  yAENbHAs

MTOBEPXHOCTb.

Knaccuduxkanus nucnepcHsix cuctem (1V tumna).

[ToBepxXHOCTHOE HATSKEHHUE U TTOBEPXHOCTHAS YHEPTHSL.

4. BHyTpeHHsIsI yAellbHas TOBEPXHOCTHAas »JHeprusi. YpaBHeHue ['mubbca-
['enbMrosnbiia. 3aBUCUMOCTh TOBEPXHOCTHOTO HATSHKEHUS OT TEMIIEpaTyphl.

W N

5. Ilporecchl caMOITPOU3BOIBHOTO YMEHBIICHHS TOBEPXHOCTHOM SHEPTHH.
6. Ancop6uus. OCHOBHBIEC IOHSATHUS U OTIPE/ICTICHHUS.
7. ®dyHaamMeHTalbHOE aACcOpOIMOHHOE YypaBHeHHe ['ub0ca. ['mOOcoBckas

aJcopOLMs I paCTBOPOB U T'a30B.

8. IloBepxHOCTHasT aKTHUBHOCTh. I[lOBEpXHOCTHO-aKTHBHBIC U TIOBEPXHOCTHO-
WHAKTUBHbBIC BEIIECTRA.

9. Knaccudpukanus [IAB u ux npumenenwe. CTpoeHHE W pa3Mep MOJIEKYI
kosutouaHbIX [TAB. Munennoo6pazoBanue.

10.Comobunm3ariss B pacTtBopax KoiuioumHbix I[TAB. Mexanusm MoOOIIEro
JEUCTBUS.

11.Ancop6mus [TAB. YpaBuenue IIumxkosckoro. [Ipasumno Jrokno-Tpay6e.

12.YpaBuenue wu3otepmbl aacoporuu  Dpeiinmxa. Pacyer KOHCTaHT B
ypaBHEHUHU.

13.Teopus MoHOMOJNEKYJIsIpHOU aacopOuuu JleHrmiopa. YpaBHEHHE H30TEPMBI
aacopouum JIeHrmropa.

14.CnenctBus u3 ypaBuenus Jlenrmropa. Pacuer Benmunn A, u K. Onpenenenue
yACIBHON OBEPXHOCTH MOPOIITKOB.

15.3aKOHOMEpPHOCTH W OCOOEHHOCTH MOJIEKYJISIPHON ancopOIHMu M3 pacTBOPOB.
[IpaBuno ypaBHuBaHus mnossipHocTu Pebunaepa. Opuentarus monekyn [TAB
Ha TpaHulie pasaena ¢as.

16.Monnas amcopbmuust m e€ 3akoHOMEpHOCTH. JlmoTporHbele psiapl. [IpaBuio
ITanera-dasHca.

17.MonooOmeHHas ajmcopOmust U e€ 3aKOHOMEpPHOCTH. YpaBHeHHe Hwukoiabckoro.
[IpupoaHbie U CHHTETUYECKUE UOHUTHI.

18.IlpuMeHeHne MPOIECCOB  MOJEKYJIAPHOW, HWOHHOH ©  HOHOOOMEHHOM
aacopouuu. [Ipunuun xpomarorpaduu.

19.VcroniunBocth guctiepcHbix cuctem 1o IleckoBy. TepMmoauHamudeckue
OCHOBBI YCTOMYMBOCTH. JInopuiabHbIe U TMOPOOHBIE TUCTIEPCHBIE CUCTEMBI.

20.CriocoObl  TIOTyYeHMs] JTUCTIEPCHBIX CHUCTEeM: (u3nueckas W XUMHUYECKas
KOHJICHCAIus, JUcIieprupoBanue u nenrusanus. Ipdext Pebunaepa.

21.0uncTKa KOJJIOUIHBIX CUCTEM: IUAJTU3, AIEKTPOIUATIN3 U yIbTpadUuIbTparius.



22.Omynbcun, WX ~ Kiaccupukauusa.  Tumbl  sMynbratopoB.  MexaHu3Mm
CTaOMIIM3alMK NPSAMbBIX U OOPAaTHBIX d3MYJIbCUM ¢ moMolisio [TAB.

23.Yucno I'JIb nns ITAB. O6patienue a3 smynbcuid. [Ippumenenue smynbCui.

24 Tlenbl, ux moJiydeHHUE U CBOMCTBA. MexaHu3M oOpaszoBaHus neH. drorarmus.
[IpuMeHeHue 1ieH.

Il. MIPAKTHYECKHUE BOITPOCBHI

=

[Tosryuenue nMopuIbHBIX KOJUIOUAHBIX pacTBOpoB. [Ipumepsl.

2. IlomyueHne n1MOQOOHBIX KOJJIOWJHBIX PpACTBOPOB METOAOM (pU3HMUECKON
KoHJeHcauuu. IIpumepsr.

3. IlomyueHune nMOQPOOHBIX KOJUIOMAHBIX PACTBOPOB METOJAOM XHMHYECKOU
KoHJeHcauuu. IIpumepsr.

4. TlonyuyeHue nuOPOOHBIX KOJJIOMIHBIX PACTBOPOB METOJIOM AUCIEPTUPOBAHMUS,

B TOM 4HCJe, MeToAoM nentusamuu. [Ipumepsl. DddekT Pebunaepa.

Omynbcu. [loydenne ycTtonuuBbIX sMyibeuil. [Ipumepsr.

Omynbscun. Omnpenenenue tumna sMmylbenil. OOpamieHue ¢a3 3MyJIbCHIA.

[Ipumepsr.

[lensl. [lonydeHne neH U U3y4eHne ux CBOUCTB. IIpumepsl.

8. M3mepeHue noBepXHOCTHOIO HATsHKEHUS KuUAKocTel MeTtoaoM Pebunaepa.

9. H3mepeHue MOBEPXHOCTHOTO HATSKEHMSI KHUJIKOCTEH METOJO0M KalWUISIPHOTO
HOJIHSTHS.

10.13Mepenne MOBEpXHOCTHOTO HATSKEHUS )KUJIKOCTEN METOI0M OTPBIBA KOJIbIIA.

11.Mi3MepeHre MOBEPXHOCTHOIO HATSDKEHUS KUAKOCTEH CTalIarMOMETPUYECKUM
METOJIOM.

12.0Omnpenenenre TEIIOTHl 00pa30BaHUsI MOBEPXHOCTH U TMOJTHOW MOBEPXHOCTHOU
sHepruu xuakocteil (Ha npumepe C,HsOH).

13.0Omnpenenenne KKM B pactBopax ITAB (Ha mpumepe oneara HaTpus).

14 3yyenue aacopOuMu YKCYCHOM KUCJIOTHI Ha MOBEPXHOCTH aKTHBUPOBAHHOIO

yras. Pacuet ko3¢ duuneHToB B ypaBHeHUN PpeitHanuxa.

o o

™~

3AJAHUA
K NIPOBEJCHUIO 2-0ii PYy0eKHOI aTTecTAlMU

. TEOPETUYECKHE BOITPOCHI

1. CTpyKTypHO-MEXaHMYECKHUE CBOWCTBAa JUCHEPCHBIX cuUcTeM. (OCHOBHBIE

MOHSTHUS

peosorun. 3akoHsl ['yka n HeroToHa. Ba3kocTs u kimaccuduxanus KuaKOCTEH.

3. YpaBuenue OctBanpaa-Betinsa. YpaBuenue Ilyazeiinsa. YpaBuenue DiHIITEHA
U YCIIOBUSA €TO IPUMEHECHMUSI.

4. CtpykTypooOpa3oBaHWe B JUCHEPCHBIX cucTeMax. KoarynsmuoHHble U
KOHJICHCAITMOHHO-KPUCTAJUTN3AIMOHHBIE CTPYKTYPHI, YCIOBUS UX 00pa30BaHUs
Y CBOMCTBA.

no



5. Bs3koCcTh CTPYKTYpUpOBaHHbIX cucTeM. YpaBHenue IlIBenoBa-bunrama.
[Ipenen texydectu. Peonornyeckue KpuBble CTPYKTYPUPOBAHHBIX KUAKOCTEH
o PeGunnepy.

JIBOWHOM 2JIEKTPUUECKUH CIIOM M MeXaHU3MBbI ero oOpa3oBanus. [Ipumepsi.

7. CTpoeHue ABOMHOrO SJEKTPUYECKOTO cios. PacrpeseneHue mnoTeHIua€a B
J9C. ®aktopsl, Baustomue Ha ToiammHy JIOC. CTpoeHUe KOJITOUIHBIX
MUIIEJIT THO(GOOHBIX JUCIIEPCHBIX CUCTEM Ha mpuMepe 3011 AgJ.

8. DJEeKTPOKMHETHYECKHUE SBIICHUS.

9. DneKTpOKMHETUYECKUH MoTeHIHal. Y paBHeHHe [ enpMrombia-CMOIIyX0OBCKOTO
U YCJIOBUS €0 MPUMEHEHUS.

10.Koarynsmus  1roOOHBIX  ITHUCIEPCHBIX  CUCTEM. Teopwsi  KOaryJsiud
CwmonyxoBckoro. beicTpass u memyieHHast koarynsiiiud. KOHCTaHTBI CKOpOCTH
KOAryJIsIUU.

11.0cuoBbl Teopun JJIDPO. TloreHumanbHas KpuBasi CHJI OTTAJIKUBAHUS U
MPUTSHKEHUS MEXY YaCTHIIAMU.

12. TepmoguHaMUYeCKe U KUHETHYECKHE (PAKTOPbl YCTOMYMBOCTU JMCIIEPCHBIX
CUCTEM.

13.3aKOHOMEpPHOCTH  KOAryJiasiuu  THUAPOGOOHBIX  JIUCIEPCHBIX  CHUCTEM
anekrposiuramu.  [lpasuiio  Wlynsue-I'apau.  HedrpanusaumonHas  u
KOHIICHTPAIIMOHHAS KOAryJialus. SIBlicHHe HEPaBUIbHBIX PSAOB. AHTarOHU3M
Y CHUHEPTHU3M JJIEKTPOJIUTOB.

14.Anre3us u kore3usi. YpaBHenue J{ronpe. MexaHu3m mpoiieccoB aare3uu.

15.CmauuBanue. KpaeBoil yron cmaunBanus. 3akoH lOnra. YpaBuenue Jlrompe-
FOmnra.

16.I'napodunbabie U TUAPOGHOOHBIE TOBEPXHOCTH MPU CMAYUBAHUU KUAKOCTIMU
TBepAbIX Teil. Bausanue [TAB Ha cmaunBanue. PacTekanue »XuakocTu.

17.MonekynsipHO-KUHETUYECKUE CBOMCTBA JUCIEPCHBIX CHCTEM. BpoyHOBCKOE
JBW)KEHME W €ro  MOJIEKYJIIpHO-KMHeTW4Yeckass  npupoaa. CpeaHuit
KBAaJAPaTUYHBIN CIIBUT.

18.luddy3us B aucnepcubix cucreMax. Kosddumment nuddysun. Ypasuenue
OliHITeHA. YpaBHeHne DiHIITeiHa — CMOIYyXOBCKOTO.

19.0cmoTHrdeckoe gaBieHHUE 30JIeH, €ro pacdeT, ero 0COOCHHOCTH.

20.CeaumenTarnmonHo-nudpy3nonHoe  paBHoBecue.  YpaBHeHue Jlamaca-
[leppena. OCHOBBI CEAMMEHTALIMOHHOTO aHanu3a. YpaBHeHue CToOkca W
yCJIOBUSI €ro npuMeHeHus. PacdeT paauycoB dYacTHI] JIUCIEpCHON (ha3bl
CYCITCH3HI.

21.0nTryeckre CBOWCTBA KOJUIOMAHBIX CHCTEM: paccesHue cBeTa, 3hdexT
Tunnans. Ypasaenue Panes u ero ananms.

o

22.0nTnueckue METO/IbI UCCJICTOBAHMSI JTUCTIEPCHBIX CHCTEM:
YJIBTPAMUKPOCKOIIHNS, AIIEKTPOHHAS MUKPOCKOIIHS, HedemomeTpus,
TypOUIUMETPHSL.

23.Aspo30iu, uX Ki1accuduKaims, mojJyuyeHrne, CBOMCTRA.
24 Metonsl paspymieHuss aspo3osieir. [IpakTuueckoe 3HaUYE€HHE a’dpPO30JICH.
B3psbiBBI a3po3oiieit.



25.1lopomik W MX CBOMCTBA: TEYEHHE, pacmbUieHue, GIyuau3anus,
IpaHyJMPOBaHHUE.

26.BBICOKOMOJIEKYJIIPHBIE COEAMHEHUS, UX TMOJYyYeHHUE U OCHOBHBIC (DU3UKO-
XUMUYECKUE CBOMCTBA. OIACTUYHOCTh W IUIACTUYHOCTH IOJUMEPOB, HX
ByJiKaHu3auus. [Ipumepsi.

27.BBICOKOMOJIEKYJIIPHBIE ~ DJIEKTPOJIMTHI, MX  Kilaccudukaus, CBOICTBa.
N3031eKTpruieckoe cOCTOSTHUE OETIKOB.

28.B3aumojieiicTBHE TMOJIMMEpPOB C pacTBOpUTENeM: HaOyxaHHE, BbICAJIMBaHUE,
CTyAHEeoOpa3oBaHUe, CHHEPE3HC.

I. NPAKTUYECKHE BOIIPOCHI

1. YcTpolcTBO KanmMUIIPHOTO BHCKO3MMETPA M PacyeT BA3KOCTH HBIOTOHOBCKHUX

JKUIKOCTEU MO ypaBHEHUIO [lyaseiins.

N3Mepenune BA3KOCTH )KUAKOCTEN € MTOMOIIBIO KAMMJUIIPHOTO BUCKO3UMETPA.

3. BsBkocTh nMOGUIBHBIX U THO(POOHBIX IHUCIEPCHBIX CHUCTEM. 3aBHCHMOCTD
BA3KOCTU JIMO(DUIBHBIX JUCHEPCHBIX CUCTEM OT KOHUEHTPALMH IUCIEPCHOM
(ba3bl, TeMIepaTypsl U IPUCYTCTBHS SJIEKTPOIUTOB.

4. V3yueHue KoaryJssud 3055 THApoKcuaa xenesa snekTpomutamu: KCI, K,SO,,
Ks[Fe(CN)g]. OnpenencHue moporoB KOAryJysiliiy 3JICKTPOIHUTOB.

5. N3yueHnue crabunm3anuu 3018 THAPOKCHAA >Keje3a € MOMOIIBI0 pacTBOpa
JKeJIaTuHA. 3alIUTHOE YUCIIO CTa0MIn3aTopa.

6. OCHOBBI CEIMMEHTAlMOHHOTO aHanu3a. OrmnpeaeneHue paguycoB YacCTHIL
JUCTIEPCHOM (Pa3bl CyCIIEH3HIA.

7. DKcnepuMeHTalIbHOE OIIPEEIICHHE (GpaKMOHHOTO cocTasa
IOPOLIKOB.METOJIOM CEAUMEHTAIMOHHOIO aHAJIM3a B TPaBUTALMOHHOM II0JI€.

8. Hzyuenue snexTpodopesa ruipo30s THAPOKCHIA Kee3a.

9. OmpeneneHne MEKTPOKMHETHUECKOTO TOTEHIIMATa METOIOM dJeKTpodopesa.

10.Omnpenenenue crenenn Habyxanus BMC mo macce u 00beMmy.

11.0Onpenenenre N3031EKTPUIECKON TOUKM aM(DPOTEPHOTO MOIUIIIEKTPOIIHUTA.

12.3aBucuMoCTh cTerieHn HaOyxaHus monuMepa oT pH cpembl u mpucyTcTBUA
AIEKTPOIUTOB.

N

IIpumepsl TECTOBBIX 3aJaHUI /1 KOHTPOJIA 3HAHUI, MOATOTOBKH
K PyOeKHbIM aTTeCTAIUAM

Buvibepume ooun npasunvhwviti omeem

JInooOHbBIE KONTIOUIHBIE PACTBOPBI — 3TO

oOpaTUMble CUCTEMBI, 00pa3yrolIuecs B pe3yJIbTaTe CaMOIIPOU3BOIBLHOTO
TUCTICPTHPOBAHUS YACTHI] TUCTIEPCHON (a3bl B TUCTIEPCUOHHOMN Cpefie
HEOOpaTUMBIE CHCTEMBI, JUIT 00pa30BaHUS KOTOPHIX TpeOyeTcs 3aTpaTa paboThI
HEOoOpaTUMBIE CHCTEMBI, 00pa3yroIIHecs B pe3yIbTaTe CaMOMPOU3BOIBLHOTO
JTUCTICPTUPOBAHUS YaCTHUI] TUCTIEPCHOM (a3bl B IUCIIEPCHOHHON cpejie
oOpaTUMBbI€ CUCTEMBI, 1JIs1 00pa30BaHMs KOTOPBIX TpeOyeTcs 3aTpata paboThl



B imo(puiabHBIX KOJJIOMAHBIX PACTBOPAX B3aUMOAEUCTBHE MEKAY YACTULAMM
aucnepcHou ¢a3pl U TUCIIEPCHUOHHOM Cpeaou

SPKO BBIPAKEHO

OTCYTCTBYET

HE UMEET 3HAYCHHUS

BBIPAKEHO HE3HAUYUTEIIBHO.

IlenTH3anus — 310

pPacTBOpPEHUE COJIEH B PACTBOPUTENIE C TOMOIIBIO MENTU3ATOPa
oOpa3oBaHUE TeIs

JCTIEPTUPOBAHUE CBEKEMOIYUYEHHBIX OCAIKOB C TIOMOIIBIO MENTU3AaTOPA;
MEXaHMUYECKOE AUCTIEPTUPOBAHUE C TOMOIIBIO CIIEIIUATBHBIX YCTPOMCTB

Konaencaunonmﬂﬁ METOJ MOJYYCHUA KOJJIOUTHBIX PACTBOPOB - 3TO
IMOJIYUYCHHUC FCTGpOI’GHHOﬁ CHCTEMBI U3 TOMOI'€HHOU B PE3YyJIbTaTC aCCoralu
MOJICKYJI, aTOMOB HJIM HOHOB B Oouee KPYIIHBIC arperatsbl

MCXaHHNYCCKOC N3MCJIIBYCHHC YaCTHUI] IIHCHGpCHOﬁ (1)&31;1

PaCTBOPCHUC TBCPALIX, JKUAKUX HUIIN I a3006paBHBIX BCIICCTB B H(I/II[KOﬁ cpeac
OCTOPOIKHOC BBIIIapHUBAHUC JKUAKOCTH U IIOJIYYCHHC CYXOI'0 OCTaTKa

I'ereporennas cucreMa, COCTOAINASA U3 JKUAKOHN IUCIEPCHOM (a3l U
razoo0pa3Hoi AMCIEPCUOHHOM cpedbl, Ha3bIBACTCH

AMYJIbCUEN

MIEHOU

CyCIICH3UEMN

a’po30JIeM

CeauMeHTanMA — 3TO

B3aMMO/ICHCTBUE YaCTHUIl C 00pa30BaHUEM KPYIHBIX arperaToB
OTTAJKUBAHUE YACTHUI] APYT OT Apyra

CIIOCOOHOCTH YaCTHUIL] HaXOAUTHCS BO B3BEIIEHHOM COCTOSIHUU
OCEJaHNE YACTHII 1101 JEHCTBUEM CHIIBI TSKECTH

IIpu yBesinueHUN TeMIepaTyphbl BeJIJUYUHA MOBEPXHOCTHOTO HATSAKEHUS
JKHJAKOCTEH

YBEITUYUBACTCS

YMEHBIIIAeTCs

HE U3MEHSIETCS

JKUJIKOCTH HE 00J1aal0T IIOBEPXHOCTHHIM HATSHDKCHUEM

IIpu yBesiMueHHH TeMIeparypbl BeJUYUHA NOJTHON MOBEPXHOCTHOM JHEPIrUHU
JKUAKOCTEH

YBEIIMYUBACTCS

YMEHBIIAETCS



HE U3MCHACTCA
KHUAKOCTH HE 06JI&,ZI&I-OT MOJIHOM HOBCpXHOCTHOﬁ :—)Hepmeﬁ

YpaBHenne I'n60ca-I'esbMroJsibua mo3BoJisieT pacCUnuTaTh
MOBEPXHOCTHOE HATSKEHHE

MOJIHYIO TOBEPXHOCTHYIO SHEPTHUIO

TEIJIOTY 00pa30BaHUs MOBEPXHOCTU

TeMITepaTypHBIN KO3 GUITUESHT TOBEPXHOCTHOTO HATSHKCHUS

EnuHuna n3mepeHusi BeJJMYUHbI MOBEPXHOCTHOI0 HATsi:keHUs1 B cucteme Cu
Jx/m
2
H/m
2
Jx/m
JIx/K-Momb

IHoTepst arperaTUBHOM YCTOWYHUBOCTH B JTHOGOOHBIX IUCHEPCHBIX CHCTEMAX
BbI3BaHAa

HEJI0OCTaTKOM TOBEPXHOCTHOM PHEPTUU Ha TpaHulle pa3jena (a3

M30BITKOM TTOBEPXHOCTHOM SHEPIUH HA TpaHUIle pasjaena a3

BBICOKOM ITOBEPXHOCTHOM aKTUBHOCTBHIO YaCTHII

BBICOKOMW JTUCIIEPCHOCTHIO YaCTHUIl JUCTIEPCHOM (pa3bl

Metoa Peounaepa, ucnosb3yemMblii AJs ONpeAeIeHUs MOBEPXHOCTHOIO
HATSKEHMS )KUAKOCTeH, 0CHOBAH HA U3MEPEeHNHU

MaKCUMAaJIbHOTO JIABJICHUS My3bIpbKa BO3/lyXa, TPOOUBAIOIIETO NOBEPXHOCTHBIN
CJIOW JKHJIKOCTH

CHJIBI OTPBIBA IPOBOJIOYHOTO KOJIbIA OT HOBEPXHOCTH KUIKOCTH

BBICOTBI IOJIHATHS JKUJIKOCTU B KaWJLJISPE

YUCJIa KaleJb )KUAKOCTH, BBITEKAOIINX U3 CTalarMOMeTpa

CranarmoMeTpu4ecKuii MeTO1, HCIOJIb3yeMbIH ISl ONIPeae/IeHUs
NMOBEPXHOCTHOTO HATSAKEHUS KMIKOCTEH, OCHOBAH HA U3MEPEHUU
MaKCHMAJIbHOTO JIaBJICHUS ITy3bIpbKa BO3/IyXa, IPOOHUBAIOIIECTO TTOBEPXHOCTHBIM
CJION KMIKOCTHU

CHUJIbI OTPBIBA TPOBOJIOYHOTO KOJIbIIA OT MTOBEPXHOCTH KUIAKOCTH

BBICOTHI MOJTHSITUS dKUJKOCTU B KalTWILJISIPE

JHclIa Kanelb )KUIKOCTH

H3Mepsist BLICOTY MOIHSITHS KUKOCTH B KaWLIAPe, MOKHO OTNpe1euTh
BEJIMUMHY aJcopOmu

BEJIMUMHY aJre3uu

MOJIHYIO TIOBEPXHOCTHYIO SHEPTHIO

MOBEPXHOCTHOE HATSKEHHE

HOBerHOCTHO-aKTI/IBHLIM BCIIECTBOM I10 OTHOIICHHUIO K BO/JA¢C ABJHCTCHA



aMUHOYKCYCHasl KUCJIOTa
OyTUIIaMUH

TITUTEPUH

caxaposa

MouiekyJibl ITAB — 3T0 oprannyeckue coe{uHEeHUs, COCTOSIIIUE
U3 JIBYX JM0(GOOHBIX yacTen

U3 JIBYX JUOQUIBHBIX YaCTeH

u3 TUIpoPoOHON U THAPODUIBHON YacTei

JTF00BIE OPraHUYECKUE MOJICKYJIbI

KpuTnueckasi KOHIEHTPaLUA MHIEJI000Pa30BaHUS — 3TO

MakcuMasibHas KoHueHTtpauus [IAB B pactBope

koHueHTpauus [TAB, npu koTopoii Bce MoJIeKybl HaXOAATCs B 00beMe (ha3bl
KoHUeHTpauus [TAB, npu KOTOpo# Bce MOJIEKYJIbI HAXOASATCS B TOBEPXHOCTHOM
cioe

MUHUManbHas KoHueHTpauus [IAB B pacTBope, npu KoTOpoit 00pa3yroTcs
MHLIEILIB

YpaBuenue HInmkoBcKoro Bbipaxxaercs
c =09 —a-In(l — bc)
c =09+ a-In(l + bc)
6=09 —a-In(1 + b-c)
c=o09 + a-In(l — bC)

Coraacno npasuiy Jwokino-Tpayode, moBepXHOCTHASI AKTUBHOCTD €
yBeJIN4eHHeM IVIMHBI YTIJIeBOA0POAHOr0 pagukaja Ha oqny CH,- rpynmy
yBenuuuBaeTcs B 3,2 pasa

yMeHblaercs B 3,2 pasa

HE U3MEHSETCS

U3MEHAETCS HE 3aKOHOMEPHO

I1o oTHOIIEHHIO K BO/Ie HE SIBJISAIETCH MOBEPXHOCTHO-AKTUBHBIM BelIeCTBOM
MacJisHas KHUCI0Ta

rekcanoi-1

6-aMUHOTeKCaHOBAas KHUCIIOTa

oJieaT HATPHS

B cucreme «moJisipHbIi aICOPOEHT — HENMOJISIPHbIA pacTBopure/ib — [IAB»
MOJIEKYJIbI agcopdaTa

oOparieHpl MOJIIPHOM YaCThIO K TTIOBEPXHOCTH aJCOPOCHTA

oOparieHpl HEMOJIIPHOM YacThIO K TOBEPXHOCTH aICOPOCHTA

OpPUEHTHPOBAHBI IPOU3BOJILHO HA TOBEPXHOCTH aJICOPOCHTA

oOpallieHbl MOJIAPHON YacThIO K PACTBOPUTEIIO



HN3oTepma ancopOumnu JleHrMmmopa xapaxkrepusyercsi ypaBHeHUEM
A=A, Kc/l+ K-

A = K-

A — B Cl/n

A=(c—-c¢) V/m

N3oTepma agcopounu @peiiHaIMXa XapaKTepu3yeTcsi ypaBHEHHEM
A=A, Kc/l1+Kc

A = K-
A:B'Clln
A=(c—-c¢)"V/m

HN30TepMma aicopOuuu — 3T0 3aBUCUMOCTh

BEJIMYUHBI aJICOPOIUN OT TEMIIEPATypPhl IIPH ITOCTOSTHHOM JIaBJICHUN

BEJIMYMHBI aJICOPOLIMK OT KOHIIEHTPAIIMU BEIIeCTBA B pAaCTBOPE WJIU JaBJICHUS ras3a
IIPU TIOCTOSTHHOM TeMIIepaType

KOHIICHTPAIIMHU BEIIECTBA B PACTBOPE OT TeMIIEpaTyphl IIPU TMOCTOSIHHON BETUUNHE
azcopOLuu

JIaBJICHHS Ta3a OT TEMIIepaTyphl MPH MOCTOSHHON BEJIMYHUHE aJICOPOITUU

Koncranra ancopO1iiuoHHOTr0 paBHOBecHsl B ypaBHeHMHU JIeHrMiopa
Xapakrepu3yeT

SHEPIUI0 B3aUMOJICUCTBUS ajicopbaTa co cpenoit

€MKOCTb aJICOPOIIMOHHOIO MOHOCJIOS

SHEPI'UIO B3aUMOJICUCTBUSA ajicopdaTa ¢ acopOEeHTOM

HHEPI'UI0 B3aUMOJICUCTBUS aJIcOPOEHTA CO cpeoit

JIuoTponHbie pAAbI — ITO

PSiZIbI MIOHOB, COCTABIICHHBIE B TIOPSIKE BO3PACTAHMSI KX CIIOCOOHOCTH CBSI3bIBATH
cpeny

PSiZIbI MIOHOB, COCTABJICHHBIE B TIOPSIKE YMEHBIIIEHUS UX CIIOCOOHOCTH CBSI3bIBATH
cpeny

PAIIBI MIOHOB, COCTABIICHHBIE B MOPSAJIKE BO3PACTAHUS UX 3aPsI0B

PSZIbI HOHOB, COCTABJICHHBIE B MOPSIAKE YMEHBIIICHUS UX CIIOCOOHOCTH K
azcopOLuu

K kakomy 3J1ekTpoay OyAyT nmepeMemiaTbCs 4YacTHIbI 0eJIKa NMpHu
jekTpodopese B 0,001 M pacTBope rugpokcuaa Hatpus, ecau pH
H303JICKTPUYECKO TOYKH paBeH 4,6

K KaToly

K aHOAY

BHAUaJie K KaTo/y, a 3aTEM K aHOIly

HE [IepEMEILAETCS

IIpouecc 3acTyiHeBaHNSl YCKOPSETCS NMPH



pH < pH n3osnexrpuueckon Touku
pH > pH n3osnekTpuueckor TOUKU
pH = pH u3o3nekTpruecKor TOUKU
BennurHa pH He BiusieT

Ha0yxaHue, KOTOpOe 3aKAHYUBAETCH PACTBOPEHUEM I10JIMMePa, Ha3bIBaeTCs
CUHEPE3UCOM

TUKCOTPOIIMEN

OTPaHUYCHHBIM

HEOI'PAHUYECHHBIM

Ecau B MoJiekyJie 0esika 00J1blle KAPOOKCHJIbHBIX TPYIIIL, YeM AMUHHBIX, TO
pH u303/1eKTPpUYECKON TOYKHU JAHHOTO 0eJIKa HAXOAUTCS

B KHCJION cpele

B IIEJIOYHOU Cpee

B HEUTpPAJIbHOU Cpelie

NOT He 3aBUCUT OT KOJIMYECTBA KAPOOKCHUIBLHBIX M aMUHHBIX TPYII B MOJIEKYJIE
Oenka

BsizkocTh KUAKOCTEH — ITO

HANpsHKEHUE CABUIA, PUBOISAIIEE K TCUCHUIO XKUIKOCTEN

KO GUIIMEHT NPONOPIMOHATFHOCTH B YPAaBHCHUN DUHINITEHHA JIS )KUIKOCTEH
nedopManus KUAKoCTeN

KO2(PGULIMEHT NPONOPIMOHATLHOCTH B YypaBHEHUN HbIOTOHA 111 TEUeHUS
KHUJIKOCTEN

Ypasuenue Ilyaseiisis mo3BoJisieT BBIYUCJIUTH
pagnyc 4acTUL 30J14

CKOpPOCTb JIBMYKECHUS YaCTHULL 30JI5
AIEKTPUYECKUM MMOTEHIMAJl HA YaCTULAX 30JI4
BSI3KOCTb 30715

Bsi3K0CTB KHAKOCTEH U3MEPSIIOT C MOMOIIbIO
KaJOpuUMeETpa

BUCKO3MMETpPa

cTallarMOMeTpa

apeomerpa

PeoJiorus usyuyaer

nedopMaIuio TBEPAbIX TEN U TEUEHUE )KUIKOCTEH
AIEKTPOKUHETUYECKHUE SIBIICHUS

YCTOMYMBOCTD JUCIIEPCHBIX CUCTEM
MuIeuI000pa3oBanue B pactBopax [IAB

BsaskocTsb xkuakocreit usmepsiercs B cucreme CI'C B



IIa-c
IT
I1a
H-c

K onTnyecknuM cBoMcTBAM KOJVIOWJIHBIX CHCTEM OTHOCSIT
CEeIMMEHTALIHIO
OITaJIE CLICHIIHIO

muhdyzuro
OCMOTHYECKOE /IaBJICHUE

PaccenBaHue cBeTa B KOJJIOMIHBIX CHCTEMAX M Ha0/I01aK01eecs MPU 3TOM
U3MEHEHHE OKPACKH KOJIJIOUIA HA3BIBACTCS

ceIuMeHTaIuen

biyuanzanuei

OIAJICCUCHIINEH

dnyopecueHmen

dpdpext Tungaasa 3aK/a04YaeTrcs B
JIBUYKCHUH YaCTHUI] 30J1 B AJIEKTPUUECKOM MOJIE
KOAryJsiliuy YaCTHI] 3015

CEIMMEHTALIMN YaCTHI] 30715

paccesiHuM CBETa YaCTHUIIAMH 30J1s1

YpaBHenue Pajiest ycTaHABJIMBAET CBA3b MEKAY

MHTEHCHUBHOCTBIO PACCEIHHOTO CBETA U YaACTUYHON KOHLIEHTPALUEH 30714,
BSI3KOCTBIO CPEBI U TEMIIEPATYPOM

VHTEHCUBHOCTBHIO PACCEIHHOIO CBETA U YACTUYHOW KOHIICHTPALIUEH 3015,
00BEMOM YaCTHUIIBI U JJTMHOW CBETOBOM BOJIHBI

MHTEHCUBHOCTBHIO PACCEIHHOIO CBETA U JNIMHOW CBETOBOM BOJIHBI, BA3KOCTHIO U
MOKa3aTeJIeM MIPEJIOMIICHUS CPEIbI

MHTEHCUBHOCTBHIO PACCEIHHOIO CBETA U PAJANYCOM M TTOKA3aTEIEM MPEIOMIICHUS
JaCTHUIIBI AUCTIEPCHOM (ha3bl M TEMIIEpaTypoit

Cpeanuii KBaApaTUYHBIN CABUI ABJISICTCH

KOJIMYECTBEHHOW XapaKTEPUCTUKON YCTOMYMBOCTH KOJUIOUTHOW CUCTEMBI
KOJIMYECTBEHHOM XapaKTEPUCTUKON OPOYHOBCKOTO ABUKEHUS
KOJIMYECTBEHHOW XapaKTEPUCTUKON MEKMOJIEKYJISIPHBIX B3aUMOJICHCTBUM B
KOJJIOMAHBIX CHCTEMAX

KOJIMYECTBEHHOW XapaKTEPUCTUKOMN IEKTPOCTATUYECKUX B3aUMOICICTBUM B
KOJJIOUIHBIX CHCTEMAaX

Yroa cMauyMBaHUsl PaCCYMTHIBAKOT 110
ypaBHeHHUO [ronpe
3akony IOHra



ypaBHeHHUO Panes
3akoHy [ eHpu

MouJiekyJIsipHO€E IPUTSKEHHE MeK1Y OBEPXHOCTSMH JIBYX
conpukacaoumuxcs pas Ha3pIBaeTCst

KoTe3uen

CMayMBaHHEM

ajaresueci

agcopOuueit

IIpuTtskeHne aTOMOB, MOJIEKYJI, HOHOB BHYTPH OTAeJILHOI (pa3bl Ha3bIBAETCS
KoTe3uei

ajare3ueci

azicopOnuei

MTOBEPXHOCTHBIM HaTSKEHHUEM

KpaeBoii yros cMaunBaHus MOKHO BHIYHUCJIUTD 110 3aKOHY
FOnra

Bant-T'odda

Payins

duka

DJIEKTPOKUHETUYECKHUI OTEHIHAJ — 3TO
MOTCHITNAT TSUCHUS

MOTEHIIMAT OCEIaHus

noTeHuuan qud@y3Horo cios

MOTEHITMAN Ha TJIOCKOCTH CKOJIbKEHUS

Honbl, nepBbIMH acOPOMPYIOIIMECS HA TOBEPXHOCTH TBePAOii ¢a3bl npu
oopazoBanuu /II9C, Ha3biBalOTCS

noHamu Ju(Gy3HOTO CIOs

MPOTUBOMOHAMH

MOHAMU aJICOPOIIMOHHOTO CII0A

MOTEHIIUAJIONPEACIISIIOIMMI HOHAMU

J(3eTa-nmoreHuas He 3aBUCUT OT
TEMIIEPATYPbI

JTVRJIEKTPAYECKON IPOHUIIAEMOCTH CPEIBI
BBEJCHUS DJIEKTPOIUTOB

pazguyca 4acTUL KOJUIOWIHOW CHCTEMBI

JIBOIHOI 3J1eKTPHYECKHUI CJI0i 00pa3yeTcs B pe3yJbTare

BO3JICUCTBHUS DJIEKTPUYECKOTO I10JIS HA JUCIIEPCHBIE CUCTEMBI

npolecca MOBEpXHOCTHOM MOHU3ALMU WM U30UpaTebHOM aacopO1u HOHOB
nuddy3un HOHOB



nponecca KoaryJjsinuu 1nmpru BBEACHUHN 3JICKTPOJIMTOB

K 3/1eKTPOKHHETHYECKHUM CBOMCTBAM JIMCIEPCHBIX CHCTEM OTHOCST
OTTAJICCIICHITHIO

nuddy3uro

MOTEHIINAT TCUCHHSI

AIIEKTPOINAITH3

IpaBuio Kéna ucnonab3yercs 1

onpenenenus Toauuuel J19C

pacyera 3JeKTPOKMHETUYECKOT O MTOTEHIAIA

OTIpe/IeTICHUS 3HAKa 3apsia MOBEPXHOCTEN conpuKkacarommxces $has npu
obpazoBanuu JIIC pacuera noreniuana qudGy3Horo cios

YacTuusl rJIMHbI IPH KOHTAKTE C BOJOH 3apsiKeHbI
MOJIOKUATEIIBHO 10 TIpaBuily Kéna

OTpHULIATENBHO MO npaBmiry Kéna

AIEKTPOHENTPAJIbHBI

IIOJIOKUTEIIBHO 10 Teopuu LlItepHa

duekTpodopes — I3TO

NEepPEMEIICHUE CPEIbI B AJIEKTPUUYECKOM T0JI€ OTHOCUTEIBLHO HEMOABUKHON
JUCIIEPCHOM (pa3bl

NepeMENICHUE TUCIIEPCHON (pa3bl B AJIIEKTPUUECKOM I10JI€ OTHOCUTEIBHO
HETIOJABWKHOU JUCIIEPCHOHHOU CPEIbI

NepeMENICHUE B JIEKTPUYECKOM T0JI€ JUCTIEPCHOM (Pa3bl U JUCTIEPCUOHHON CpeIbl
OJTHOBPEMEHHO

BO3HMKHOBEHHUE PA3HOCTH MOTEHLIHAIOB IIPH OCAXIECHUH YaCTULl JUCTIEPCHOM
dbazbl

DJIEKTPOOCMOC — 3TO

[IEPEMEILICHHUE CPENIBI B AJIEKTPUUECKOM I10JIE€ OTHOCUTEIIBHO HEIOABUKHOU
JUCTIEPCHOM (pa3bl

nepeMeNIeHre TUCIePCHON (pa3bl B AJIEKTPUUECKOM I10JI€ OTHOCUTEIBHO
HETIOJABWKHOW TUCTIEPCUOHHON CPEJIbI

NepeMEIICHHE B JIEKTPUYECKOM T0JI€ JUCTIEPCHON (Da3bl U JUCTIEPCUOHHON Cpebl
OJTHOBPEMEHHO

BO3HMKHOBEHHUE PA3HOCTH MOTEHIIMATIOB IIPU TEUEHUU KUIKOCTH YEPE3 MIOPUCTOE
TEJIO0

Koaryaupywimum neiictBueM 00/1a1aeT HOH 3JIEKTPOJIUATA
3apsiJ KOTOPOIO MPOTHUBOMOJIOKEH 3apsy KOJUIOMIHOW YaCTULIbI
OJTHOTO U TOTO K€ 3HaKa C 3apsA10M KOJUIOUAHON YaCTHULIbI
paanyc KOTOpPOro OOJIbIIe

pagnyc KOTOPOro MEHbIIE



Koaryaupyouee geiicTBHE HOHA-KOATYJISIHTA TeM 00JIbIle, YeM
MEHBIIIE €ro 3apsi

OombIIIe €ro 3apsi

OOJIBIIIE €T0 paanyc

MEHBIIIE €ro Pajnyc

Koaryaupymoiuee qeiicTBue 3JIeKTPOJUTOB ONpe/iessieTcsl IPaBUIoM
[Tanera — ®DasHca

lyneue — 'apan

PeGunnepa

Mroxno — Tpaybe

YemMm 3aBepuiaercsi npouecc ObICTPOil Koaryasiuuu?

BBITIQJICHUEM OCaJIKa U3 YACTHUIL JUCTIEPCHOMU (pa3bl

cTabUIIM3aIeil KOJJIOMTHON CUCTEMBI

oOparnienuem ¢a3

o0pa30BaHUEM JIBOMHOTO AJIEKTPUUECKOIO CIO0SI Ha YAaCTUIIAX TUCTIEPCHOM (hasbl

JIJ1s1 NOBBIMIEHHUS YCTONYMBOCTH 30151 THAPOKCHAA JKesle3a K KoAryJIsiuu
A00aBJISAIOT

PAcTBOpP CHUIIBHOTO AJIEKTPOIUTA

pacTBOp c1adb0Oro IEKTPOJIUTA

PacTBOP BBICOKOMOJIEKYJISIPHOTO COETMHEHUS

STUJIOBBIM CIIUPT

JINTEPATYPA
a) OCHOBHAas JiUTeparypa:

1. Pusnueckas u koyuronaHas xumud. B 2 u. Yacte 2. KomtongHas XuMust:

yueoHuk 17151 By30B / B.}O. KoHtoxoB [u fp.]; moa penakiuen

B.IO. Kontoxoga, K.W. [lomoBa. — 2-¢ u31., ucrp. u 1on. — Mockaa:

NznarensctBo FOpaiit, 2020. — 309 c. — (Bricuiee obpazoBanue). —

ISBN 978-5-534-06720-0. — Texkct: anexrponusiit // ObC FOpaiit [caiiT]. —

URL:https://urait.ru/bcode/454487

3umoHn A.Jl. Komnouanas xumusa. M: BJIAJIMO, 2007. - 320 c.

3. ®pono HO.I'. Kypc xommoumHoii xumuu. I[lOBEpXHOCTHBIE SBJIICHUS W
nucrnepcHbie cucteMbl. M: AnbsHc, 2014. - 464 c.

4. Tenppman M.U., Koanesuu O.B., KOctparoB B.Il. Komnounnas xummusi.
CII6: UznarenscTBO «Jlanb», 2008. — 336 c.

5. IlpakTukym Mo KoJIOMAHOW XUMHH: yueb. mocob. / moa pea. M.U.
['enbdmana. - CI16: Jlanb, 2005. — 256 c.

6. JlaGopatopHbie paOoThl W 3amaun no kosmouaHow xumuu./ Ilom pen. FO.T.
®posnoa u A.C. I'poackoro. — M.: Xumus, 1986. — 216 c.

N


https://urait.ru/bcode/454487

0) OonoiHumenbHaAA TUmMepamypa

7. OcCHOBBI KOJJIOMTHOM XUMHH: yueOHoe nocodue / Cymm, bopuc JlaBugosud. -
M.: Axagemus, 2006. — 240 c.

8. Komnougnas xumus (B TOM YUCII€ U HAHOYACTHI]): Y4eOHUK / 3UMOH,
Anaronuii [{aBeiioBud. - M3a. 5-e, ucnp. u pom. - M.: Arap, 2007. — 344 c.

9. XwmemnpHunkuii P.A. ®usmueckas u kouomgHas xumusa. — M.: Bricmas
mkoJia, 1988. — 400 c.

10. Boroukwuii C.C. Kypc xomnmougnoit xumun. — M.: Xumus, 1976. — 512 c.

11. ilykun, E.JI. Konnouanast xumust: yueonuk ams By3os / E.JI. lllykum,
A.B. Ilepuos, E.A. Amenuna. — 7-e u3g., ucrp. u gon. — Mocksa:
NzpatensctBo KOpaiit, 2020. — 444 c. — (Briciiee 00pa3oBaHue). —
ISBN 978-5-534-01191-3. — Texcr: anexrponnsiii // OBC KOpaiit [caiiT]. —
URL:https://urait.ru/bcode/449926

12. I'aBponckas, }0.10. Komnouanas XuMus: y4eOHUK U TIPAKTUKYM JJIs BY30B /
1O.}O. I'aBponckas, B.H. ITak. — Mocksa: U3narensctBo FOpaiit, 2020. —
287 c. — (Bricmiee o6pazoBanue). — ISBN 978-5-534-02502-6. — Texkcr:
anektponnbiii // DBC FOpaiir [caiit]. — URL.: https://urait.ru/bcode/450851

8) coepemeHnHble npoheccuonanvbHvle 6a3vl OAHHBIX, UHPOPMAYUOHHbBIE
CHPABOYHbBIE CUCMEMbBL, ITIEKMPOHHbBIE 00pa30eamebHble pecypchbl

ObecnieyeH A0CTyn K COBPEMEHHBIM MPO(PECCHOHAIBHBIM 0a3aM JTaHHBIX,
MH()OPMAIIMOHHBIM  CIPAaBOYHBIM U [OUCKOBBIM  cucteMam  (TpeOyercs
peructpauus B oubnuoreke COI'Y):

1. DOnexrponnas 6ubnmorexa auccepranuu u apropedepato PI'b (3BJ] PT'B)
(https://dvs.rsl.ru).

2. DBC «Yuusepcuterckas oudaroteka online» (https://biblioclub.ru).

3. DBC «Hayunas snektponHas oubnuoreka eLibrary.ruy (http://elibrary.ru.)

4. YuusepcaibHas 06a3 nanubix East View (https://dlib.eastview.com). Jlorus:

Khetagurov; ITaponb: Khetagurov

OBC «KoHcynbTaHT cTyaeHTay. http://www.studentlibrary.ru

OBC «lOpaiit» - oOpa3oBatenbHasi Cpelia, BKJIIOYAIOIIAs BUPTYaJTbHbBIN

YUTAIbHBIN 3aJ1 YYEOHHKOB M y4€OHBIX MOCOOMI OT aBTOPOB U3 BEAYLIUX

By30B Poccum mo BceM HampaBJCHUsSM U crienuaibHocTsM (Www.biblio-

online.ru)

HNudopmanmonno-npaBoBoi noprai «"apant» (http://www.garant.ru/).

8. CmpaBouHas IpaBoOBas cucrema KoncynbTant [Lroc
(http://www.consultant.ru/).

o o
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IIpunoxenue 1

OCHOBHBIE ®PU3NKO-XUMHUYECKHE BEJINYNHBI,
HUCITOJBb3YEMBIE B KYPCE KOJIVIOUWIHOU XUMHUHU

|. Benmuuunel, 0003HaYaemMbie OyKBaMH IpeyecKoro ajagaBuTa.

byksa Ha3Banue OykBbI HanmeHnoBaHue BeNMYHUHbI
(94 anbpha CTereHb Ha0yXaHus
I raMma I'u66coBckas amcopOIus
v ramma OTHOCHUTEIIbHAs AeopMarius
V4 raMma ¢ TOYKOM CKOPOCTH fedopmanuu
A NenbTa cMelleHue (CIBUT) 10 BEIOPAaHHOMY HaIPaBJICHUIO
o NeNbTa TOJIIIIUHA aJICOPOIIMOHHOTO CIIOS
OTHOCHUTEIIbHAS JUAJICKTPHUSCKast TPOHUIIAEMOCTh
& AIICUIIOH 8 ™ POHMI
c AIIEKTpUYECKasi MOCTOSIHHAS
0 SIICUJIOH HYJIEBOE
AIIEKTPOKUHETHYECKHIA MOTEHIINAT
f n3eTa
KpaeBOU yrosi cMaynBaHUsl; BpeMsl IOJIOBUHHOM
0 TCTa KOAryJISLUH
Y 1AM61a tonuHa 1uddy3Ho# YacTH TBOHHOTO
ANEKTPUUYECKOTO CIIOST; ITMHA BOJTHBI
y7i MIO XUMHUYECKUHU ITOTEHITHAAI
HIO
v YacTUYHAs! KOHIICHTPAIHs
ju A OCMOTHYECKOE JaBJICHUE
o, po IUIOTHOCTH
o curma MOBEPXHOCTHOC HATAKCHUC
Z' Tay BpeMsi
7 bu MMOTEHIINAN;, 00beEMHAs H0JIs




Il. Bennuunel, 0603Hayaemble OyKBaMH JJATUHCKOTO aniaBUTa

BykBbI

HanmeHoBaHne BEIUUMHEI

A

TSN OIRR/TUI LI FA~TTRQIED S WY

<
[}
S

N

a0CoJIIOTHAS a1copOIHs

MOTICPEYHBIN pa3Mep YaCTHUIIbI; AKTHBHOCTh

KO2(PUIIMEHT TpEeHHsI

KOHIIEHTPALIUS

JUCTIEPCHOCTD, KO3 durmeHT auddy3un

HaMPsKEHHOCTD YIEKTPUYECKOTO OIS, MOTEHIIMABLHBIN Oapbep
cuia

sHeprus ['n66ca; Moysb YIIPyrocTu

MMOBEPXHOCTHAsI aKTUBHOCTH, YCKOPEHUE CBOOOIHOTO TaICHUS

OHTAJIBIINA

PaCCTOSAHUC

CHhJia TOKa, HOHHasi CHJia, MHTCHCHUBHOCTH CBCTa
KOHCTaHTa aZICOp6IlI/IOHHOFO paBHOBECHUSA
nocrosiHHasg bonbiiMana

PACCTOAHNUEC MCIKAY SJICKTPOAaAMHU
OTHOCHUTCIIbHAA MOJICKYJIApHAA Macca

Macca

yucao ABOraapo
MOKa3aTeNb MPETOMICHUS

HaIpsDKEHUE CABUTA; CTEPUYECKUI MHOXKHTEIb
JIaBJICHUE

TEIJI0TA; IOBEPXHOCTHBIN 3apsJl; KOJIUYECTBO JIEKTPUUYECTBA
YHUBEpPCAJIbHAs ra30Basi IOCTOSHHAS; PACCTOSHUE MEXKIY
yacTULAMU

panuyc

SHTPOIHUS

TUIONIA/b IOBEPXHOCTHU

temneparypa no Keapsuny

BpeMms; Temreparypa no Llenscuro

SHEprus

JINHENHAsA CKOPOCTh

anekTpodopeTudeckas MoABUKHOCTh
00beM; pa3HOCTh MOTEHIIUATIOB
00BEMHasi CKOPOCTh; 00bEM YaCTHUIIbI
3apsi MOHA




[Tpunoxenue 2

ITOBEPXHOCTHOE HATA’KEHHUE BO/bI I1PU PA3JINYHbBIX

TEMIIEPATYPAX
1. C o, M[[)K/M2 t, C o, MZ[)K/M2 t, C o, MI[;K/M2
10 74,22 17 73,19 24 72,13
11 74,07 18 73,05 25 71,97
12 73,93 19 72,90 26 71,82
13 73,78 20 72,75 27 71,66
14 73,64 21 72,59 28 71,50
15 73,49 22 72,44 29 71,35
16 73,34 23 72,28 30 71,18




