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BBEJAEHUE

[Tpenmerom pu3nueckold XUMHUM SIBISIETCS OOBSICHEHUE XMMMUYECKUX SIBJICHUN
Ha OCHOBe 0OmuXx 3akoHOB ¢u3uku. KommownHas Xumus u3ydaeT CBOMCTBA
BBICOKOJUCIIEPCHBIX T€TEPOrE€HHBIX CUCTEM.

Pusnueckas U KOJUIOUIHAS XUMHS UMEET OTPOMHOE 3HAYEHUE IS PELICHHUS
BaKHEHIMX 3anad ¢apmanuu. TepMOIMHAMUYECKHI METOJ SBISETCS OJHUM U3
CaMbIX MOILIHBIX METONOB (PU3NYECKOW XUMHUH, MO3BOJSIOLIMN IPEICKAa3bIBATDH
Pe3yJIbTaThl MPOLECCOB, U MIO3TOMY TPYAHO NEPEOLICHUTH 3HAYCHUE TEPMOAUHAMUKHU
i (papManum, CBSI3aHHOW ¢ XMMHUYECKUM CUHTE30M U OMOJIOTHYECKUMU PEAKIUSIMMU.
VYyenne o (pa30BbIX paBHOBECUSIX MO3BOJIIET OCO3HAHHO BBIOMpATh yCIOBUS CUHTE3A
U OYHUCTKM JIEKAPCTBEHHBIX IIPENApPATOB, pEIIaTh BOIPOCH COBMECTUMOCTH IIpU
U3TOTOBIICHUH JICKApCTBEHHBIX dopMm, IIPEACKA3bIBATh BO3MOKHOCTH
B3aUMOJECUCTBUS MEXKAY OTHCIbHBIMM KOMIIOHEHTAMH. YUYEHHME O pacTBOpax
ABIIIETCS. OCHOBOM Uil MPUTOTOBJIEHUS OOJBIIMHCTBA JKUJKUX JIEKAPCTBEHHBIX
[IpEeIaparoB.

OnexTpoxumusi sBIseTCs (QYHAAMEHTOM TaKUX METOJOB aHajiu3a Kak
KOHAYKTOMETpPHs, IOTEHIMOMETPUs, Moysiporpadusi, BOJBT- U aMIEPOMETPHS,
HIMPOKO CErOJIHS MPUMEHSEMBIX B KOHTPOJIE MIPOU3BOJICTB JIEKAPCTBEHHBIX BEILIECTB
U B aHAJIM3€ FOTOBBIX (hapMaKOMEHHbIX PernapaToB.

AncopOuus npuMeHsieTcs ISl YAaJeHUs S/10B U Mepe03UPOBAHHBIX JEKAPCTB
U3 JKEITYJOUYHO-KUIIIEYHOTO TPaKTa, sl yIadeHUs] TOKCUUHBIX MPOIYyKTOB OOMEHa U3
KpPOBH.

Metoapl MOMy4YeHHS] M OYMCTKH KOJUIOMAHBIX PAcTBOPOB MCHOJIB3YIOTCS B
TEXHOJIOTHAX ITOJYYEHHs JICKaPCTBEHHBIX MPENapaToB Ha OCHOBE KOHACHCALUHA U
JIUCIIEPTUPOBaHUs. Y CTOWYMBOCTh M KOAryJisUs KOJUIOMIHBIX CHCTEM SIBJISIETCS
OCHOBOM Uil  TOJy4YeHHs]  CTaOWJIBHBIX  JICKaPCTBEHHBIX  IPEMapaToB,
MPEICTaBISIONINX COOO0M 301 U SMYJILCUHU.

Takum o00pa3om, 3HaueHHEe (PU3MYECKOW W KOJJIOMJAHOM XHUMHUHU TIpH

MOATOTOBKE MPOBU30pa TPYAHO IMepeoleHuTb. Kpome TOro, 3ra IUCHUIIMHA



HAXOJUTCS B TECHOM B3aUMOCBSI3U C AaHATTUTHUECKON U (papMalleBTUUECKON XUMUSIMH,
(dapmakonorueii, QapManeBTUYECKOM TEXHOJOTHEH H JPYrUMH JUCHUIUIMHAMH,
U3y4aeMbIMH OyIyIIUMH TPOBU30PAMH.

Hacrosiiee yuebHO-MeToaMueckoe mocodue MpeaHa3HaueHo sl CTYACHTOB,
obyuaromuxcst mno crneruaibHoctd  33.05.01  ®dapmanms. OHO  COIEPKUT
METOJUYECKHE YKa3aHUS K BBIIOJIHEHUIO JIA0OpaTOpHBIX pabOoT U KpaTKUM
TEOPETUUECKH MaTepual, HEOOXOJUMBIM Il TOATOTOBKM K BBINOJHEHHUIO
1a00paTOpHBIX pabOT, a TaKkKe CHUCOK PEKOMEHIyeMo#l Jurteparypbl.B mocobuu
MPUBOJISATCS MHOTOYUCIICHHBIE Ta0IULIBI U PUCYHKH. MeTouka 1ab0opaTopHbIX padoT
MHOTOKPAaTHO anpoOMpOBaHa Ha 3aHATHIX MO (PU3NYECKOW M KOJUIOMIHON XUMHHU.
Ilens pgaHHOrO mOCOOMS — OOJErYUTH CTYJIEHTaM IOATOTOBKY K BBIIIOJIHEHHUIO

1ab0paTOPHBIX PabOT U 0O3HAKOMUTH C METOJMKOM MX BBITIOJIHCHUS.



1. TEPMOANHAMHUKA

Tepmoounamuka — >TO HayKa O B3aUMOIPEBPALIEHUSAX TEIJIOTHl U SHEPTUH,
KOTOPBIE COMPOBOKIAIOT JIFOOBIE MPOLIECCHI.

Tepmoounamuueckas  cucmema  (TIHC) —  mobas  COBOKYIHOCTH
B3aMMOJICUCTBYIOIIMX TEJ PEATbHO MJIM MBICIEHHO OTACJICHHBIX OT BHEUIHEH Cpe/ibl
MOBEPXHOCThIO  pasnena.OCHOBHBIMH  XapaKTEPUCTUKAMH  TEPMOJIMHAMHYECKOM
CUCTEMBI SIBJISIIOTCS TApaMETPbl CUCTEMBI.

Iapamempwi cucmemsbl — COBOKYITHOCTb (PU3NYECKUX U XUMUYECKUX BEIUYUH,
XapaKTEPU3YIOMINX COCTOSHUE CHUCTEMBI (TeMmIeparypa, macca, JaBJieHHE, O0BbeM,
YHCJIO MOJIb, KOHIEHTparws). OcTajbHbIE XapaKTePUCTUKUA 3aBUCAT OT ITHUX
MapaMeTpoB, HX HA3bIBAIOT QYHKYuAMU cocmoanuss (BHYTPEHHSISI SHEprus,
SHTAJIBIINS, SHTPOIHUS, CBOOOHAs sHeprus ['mdoca).

[TapameTpsl TEPMOTUHAMUYECKONH CHCTEMBI MOJAPA3NCIAIOT HAa SKCTCHCHUBHBIC
Y UHTCHCUBHBIE.

Knaccudukanusa TAC: 1) mo oAHOPOTHOCTH: TOMOT€HHbBIE U T€TEPOTCHHBIE;

2) 10 COCTOSIHUIO: paBHOBECHBIE, CTAIMOHAPHBIC, CTAHAAPTHHIE, IEPEXO/THBIE;
3) 1o B3aUMOJEHCTBHUIO C OKpPY>KAIOIIEH Cpe/loil: N30JIMPOBAHHBIE, 3aKPHITHIE,
OTKPBITHIC.

Ilpoyecc — mepexod CUCTEMbl M3 OIHOIO COCTOSIHUSI B JAPYTOE€,
COTIPOBOXKAAFOIIUNCS U3MEHEHNEM XOTs ObI OJTHOTO MapameTpa.

Knaccuduxarus MIPOIIECCOB: U30TEepPMUYECKHE, n3zobapuyeckue,
M30XOpUYECKHe, aauadaTHdeckue, oOpaTUMBbIe, HEOOpAaTUMbIE, CaMOTIPOU3BOJILHEIE,
HECaMOITPOU3BOJILHBIE.

Brympennsisi onepeus (U) wn (E) — xonnuecTBeHHass Mepa pa3indHbIX (Gopm
JIBUKEHUSI YacTUIl B CHUCTEME M IIPOLIECCOB B3aUMOJCHCTBUS €€ C OKPYKAOLIEH
cperiort. Upuyrp. = Exumer. + Enorenn, 1€ Exuner. — 9HEPrust ABMKCHUS YaCTHL,  Enorem—
DHEPTUS B3aUMOJICHCTBUS YACTHII.

Paboma (A) — sHepreTrueckas Mepa HampaBJIeHHBIX (POPM JIBHXKEHUS YACTHIL

B TIPOIIECCE B3aMMOJCIHCTBUS CHCTEMBI C OKpyKaromiei cpemoil. Pabora cumraercs
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MOJIOKUTEIIBHOM, €CJIM COBEPIIAETCS CUCTEMOM MPOTUB BHEIIHUX CHJI OKPYKAIOLIEH
CpEIbl.

Tennoma (Q) — sHEpreTHUECKas MEpa XaOTUYCCKUX (OPM JBMIKCHUS YaCTHI] B
MpOLIECCE B3aUMOJECHCTBUSA CUCTEMBI C OKpyXawuenh cpenod. B tepmonnHamuke
KOJIMYECTBO TEIUIOTHl CUUTAETCS TOJIOXKHUTENIbHBIM, €CJIM TeIUIoTa COoO0IIaeTcs
cucteme u3 okpyxaroueit cpeasl. [lpu atoM Uyyrp. yBETHUMBACTCS.

Ilepeviit 3akon mepmoounamuxu. Tennoma, noosedenHas K 3aKpblmou cucmeme
pacxodyemcs Ha usmeHeHue (VeeluyeHue) HympenHell IHepeUU CUCeMbl U Ha cogepuletue
cucmemot pabomsl NPOMUE BHEWHUX CUTL OKpyicaioweti cpedvl.Q = AU + A

XuBbie opraHu3Mbl QYHKITUOHUPYIOT B N300apHO-M30TEPMUIECKHUX YCIOBHUSX.

Oumanvnus (H) —BHyTpeHHEE TemIOCOAEpKaHUE CUCTEMbl —TePMOANHAMUYECKAS
(GyHKUUS, XapaKTepuU3ymollas SHEPreTUYECKOe COCTOSHUE CHUCTeMbl MpuU  H300apHO-
M30TEPMUYECKHX YCIIOBHSIX. H=U+pV

KonunuecTBo TEminoThl, KOTOPOE BBIIEISAETCS WM MOTJIOMIACTCA MPU MPOBEICHUU
XUMHAYECKON peaknuu B H300apHO-U30TEPMUUYECKUX YCIOBHSX, PABHO H3MEHEHUIO
DHTANIBIIMM CUCTEMBbI W HasbiBaeTcs oumamnuell peakyutt (AHpeyapm) WM meniosoiv
aghghexmom peaxyuu.

OK3omepmuyeckue  npoyeccbl  TPOTEKAIOT C  BBIACICHHEM  TerJa
Q(AH<0).9n0omepmuueckue npouyeccol TPOTEKAIOT ¢ TOrJIoOmIeHHeM Temaa Q
(AH>0).

CrangaptHasi SHTanbIUAg 00pa30BaHMS MPOCTHIX BEIIECTB B WX Haubolee
TEPMOIMHAMUYECKH YCTOMYMBOM arperaTHoOM M aJUIOTPOITHOM COCTOSIHUM TIPH C.y. YCIOBHO
NPUHUMAETCS PAaBHOM HYJIIO.

Hanpumep: AH%gg (O, 1) =0,

AHPqs (C, rpadur) = 0, oxHaxo,

AH%gg (O3 1) =142,3 xJ[5/M0ib,

AH%gs (C, anmasz) = 1,88 kJI/MOIb.

CranmapTHast dHTaIbIUS 00pa30BaHMS CIIOKHOTO BEMIECTBA PaBHA HTAIBITUU

peaKnuu IOJyUYCHUA 1 mMonpb 3TOrO BCIICCTBA M3 IIPOCTBIX BCIICCTB IIPpU C.Yy. 3HaueHue



CTAHJAPTHOM SHTATBINH 00PA30BaHMUS CJIOKHOTO BEIIECTBA 3aBUCUT OT MPUPOIHI BEIIECTRA
¥l €TO arperaTHOro COCTOSIHUA.

OHTAJbIUI0 PEAKIUHA MOXKHO OMPENETUTh JKCIEPUMEHTATbHBIM TyTEeM, a
TaK)Ke TCOPETHYECKH C HWCIMOJh30BAHHEM CTAaHIAPTHBIX SHTAIBIHN 00pa30BaHUS
BEIECTB, YYaCTBYIOIIMX B XUMUYECKOU peakiinu, Ha ocHoBe 3akoHa ['.1. T'ecca (1840 1.).

OHmanvnus peakyuu (menyogot 3¢pghekm peaxyuu) 3a8ucum moabKo om npupoobl
gewecms U Om HAYAIbHO20 U KOHEYHO020 UX COCMOAHUS U He 3asucum om nymu, Ho

KOMOpoMy npomexkaem peaxkyus.

Harmpumep:
C(tB)+03(1)—COx(T); AH;
C(1tB)+1/20,(r)—CO(1r); AH> AH; =AH; + AH3

CO(1)+1/202(r)—CO4(1); AH3
N3 3akona ['ecca cnemyer:

l-e creocmsue - pacdeT SHTAJIBIIMU PCAKOUN I10 CTAHAAPTHBIM OJHTAJIBIIUAM

00pa3oBaHWI.

TemnoBoit 3pdexT peaknuu (SHTAIbIUI XUMHUYECKOW pEakinu) TpHU C.y.
paBeH CyMME TeIUIOT OOpa30BaHUS MPOIYKTOB PEAKIMH 332 BBIYETOM CYMMBI
TEIIOT 0O0pa30BaHMS MCXOIHBIX BEHIECTB C YYETOM CTEXHOMETPUUYECKHUX
K03(UITMEHTOB YpaBHEHHUS PEAKIIUU.

AH =  YNAHs,  (mpomp-mum) - SNAH’g, (ucx.Bemr-B), rme N -
CTEXHOMETpUIECKUE KOI(DPHUIIMEHTH XUMUIECKON PEAKITUH.

2-e cneocmeue— pacyeT TeraoBoro 3¢ @dexTa peaknuu MO CTaHAAPTHBIM

SHTAJIBIUAM CTOPAHHUSL.

TennoBoii >pQeKT peakiuuy IpH CTAHAAPTHLIX YCIOBUAX PaBEH CyMMeE TEIUIOT
CrOpaHusl MCXOHBIX BEIIECTB 32 BBIYETOM CyMMbI TEIUIOT CTOPAaHHUs IIPOLYKTOB PEaKLMH
C y4ETOM UX CTEXHOMETPUYECKUX KOI(PPUIIUEHTOB.

AR =  YNAH o, (Mcx.Bem-B) - YNAH’.,, (mpom.p-tmm), rme N -

CTEXHOMETpPUYECKHE KOI(PPHUIIMEHTH XUMUYECKON PEAKIUH.



Cmanoapmuoti sumanonueti ceopanust (AHrop ) Ha3bIBAIOT TETUIOTY, BBIIENAIOLIYIOCSA
Ipu cropaHuu | MoJb BemecTBa B KUCIOPO/IE 0 BBICIIMX OKCHAOB MPHU CTaHIAPTHBIX
YCIIOBUSIX.

Kpome Hysp 11 Herop BEIIECTB pa3nInyaroT CIEAYIOIUE JHTAIBIINN:

- SHMANLNUA HeUumpaIu3ayuy — TEIUI0Ta, BBIIEISAIOMIAsAC NPU B3aUMOJCHCTBUN
OZHOTO MOJIb-3KBUBAJICHTA CHUJIBHOM KHUCIOTBI C | MOJb-3KBMBAJIEHTOM CHJILHOTO
OCHOBAHMUS;

- SHMANLNUSL PACMEOPeHUs. — TEIUI0Ta, BBIACIAIOIIANACA IPU pacTBOPEHUU 1 MOIb
BEIL[ECTBA B 3HAUUTEIHHOM M30BITKE PACTBOPUTEILS;

- JHmMAnbhuA 2udpamayuy - TEIUIoTa, BBIACIIOMAACS NpH ruapatanud 1 Monb
BEILECTBA.

Camonpousgonvubie npoyeccvbl — 3TO NPOLECCHI, KOTOPHIE COBEPILAIOTCS B
cuctemMe ©0e3 3arpaTbl B3HEpPruM M3BHE. Bce camoOIpou3BOJbHBIE MPOLECCHI
peayn3yroTcs MOJA BJIMSHHUEM 2-X OCHOBHBIX (DAKTOpOB:1l) CTpeMIIEHHS] CUCTEMBI K
JOCTHKEHUIO MHHMMYyMa 3HEPIHH,2) CTPEMJICHUS CHCTEMbl K YBEIMYEHHUIO €€

OHTPOIIMHU, TO €CTh BO3PACTAHUIO 6ecr[0p;1m<a B HEH.

Oumponua(S) — TepMoaMHAMHUUecKas (YHKIUS, XapaKTepU3ymomas Mepy
HEYMOPAA0YEHHOCTH JIBUKEHUSI YACTHL[ CUCTEMBI, T.€. HEOIHOPOJHOCTU PACIOJIOKEHHS U

MNEPEMCIICHHUS €€ YaCTHUII.

S _Q Jlx/monb K, rme Q — Temnora, mepenaBaemas cucreme, T — abCOMIOTHAS
T

TeMITEpaTypa, MPU KOTOPOH OCYIIECTBIISETCS TPOIIECC.

DHTPOMHS 3aBUCHT OT:

1) arperaTHOTO COCTOSIHUS BEIIECTB:  Srasa™Ssun > Ors.

2) annoTportHOH GOPMBL: Sipagura™ Samaza,S (03)>S(02)

3) remnepatypsl: eciu T1>To, TO S1>S)

4) maBIeHUS: €CIU P1> P2, TO S1<Sy

5) yncna yacTuil; eciau Ni>Ny, S1>S;

DHTpONUS TPU UCTIAPEHUH, KUIICHWH, PACTBOPEHHH, CyOIMManuu (BO3TOHKE) —
YBEITMUYMBACTCSI, @ TPU KOHJICHCAIINH, KPUCTAIUTA3AIH — YMEHBIITAETCS.
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AS penamn= Y NAS %o (Tpo.p-mum) - Y MAS %6, (MCX.BELI-B).

Bmopoii 3axon mepmoounamuku. B u301upo8annbix cucmemax camonpou3goibHo
MO2Yym cOo8epulamvpCs MOJbKO MaKue Npoyeccwl, Npu KOMOPLIX ISHMPONUSL CUCHEMbl
gospacmaem, AS> 0.

JI7st OTKpPBITBIX CHCTEM JOJDKHO coOmogateesi ABa (akropa:l)cTpemiieHue K
MHHUMYMY 3HEPIHH,2)CTPEMIIEHIE K MAKCUMYMY SHTPOTIHH.

OyHKIMEN COCTOSIHUA, OJHOBPEMEHHO YYMTBHIBAIOIIEH W JHTAIBIMIO M 3HTPOIMIO
cucTeMbl, siBisercs sHeprus ['mo0ca (G), koTopas cBsizaHAa C AHTAJBIIUEH W SHTPONHUEH
ypaBaenneM: AG = AH — TAS (JIx/monn)

G - sueprus ['mb6ca, M300apHO-M30TEPMHUUYECKAN TOTEHIIMAT WM CBOOOIHAS
3HEprusi —0000IIEHHAs TepMOAMHAMUYECKas (DYHKIMS, XapaKTepu3yrolas SHepreTHIeckoe
COCTOSIHHE CHCTEMBI TpU TOCTOSIHHOM JIaBI€HMM W Temmeparype. M3MeHeHue sHepruu
['n66ca B pe3ynbTaTe XMMUYECKON PEaKIMU MPH C.Y. BHIUUCISIOT MO0 YPABHEHHIO:

AG peaan= Y MAG %o (mpoa.p-mmnm) - Y NAG O, (MCX.Bemm-B),
rae Ni- CTeEXuoMeTpruiecKre Ko (GUIMEHThl XUMHUUECKON pPeaKIInH.

N3menenue sueprun ['mb6ca juisi OMOXMMHUYECKHUX MPOIIECCOB B YCIOBHSX
OTJIMYHBIX OT CTAaHAAPTHBIX, MOXKHO paccuuTaTh 1o ypaBHenuto: AG = AH — TAS

OT0 ypaBHEHHE MOXHO UCIIONIB30BATh [T ONPEIeNICHUS HapaBIeH s Ipolecca.

buoxumuyeckue peakiuu, COMPOBOXKAAIOIIMECS YMEHBIICHUEM SHEPTrUu
['n606caAG<0, Ha3BIBAIOTCS  9K3IP2OHUYECKUMU  peakyusimu, OHA  TPOTEKAIOT
CaMOITPOM3BOJIBHO 0€3 MM0IBOIa SHEPTUH U3BHE.

buoxumudeckne peaxkiuu, COMPOBOXKIAIONIMECS yBenndeHHeM sHepruu [ ubbca
AG> 0, Ha3BIBAIOTCS 2HOIP2OHUYECKUMU, N OHH HE BO3MOXKHBI 0€3 MOJBOAA SHEPIHU
u3BHEe. B XMBBIX OpraHu3zMax Takue peakiMy MPOTEKAIOT 3a CUET COMNPSIKEHUS UX C
3K33PTOHMYECKUMHU PEaKIUIMH.

B otkpbiTOil cucteme (KMBOM OpraHuU3Me€) MpU CTAMOHAPHOM COCTOSIHUU
M3MEHCHHUE OHHTpONUU B enuHuiy BpemeHu (AS/AT) npuHMMaeT MHHMMAIbHOE
HOJIOKUTENbHOE 3HaueHue — npunyun Ilpueoscuna. PaccenBaHue SHEPTUM B KHBOM

OpraHusMme MporuCxXoauT MEAJICHHO, IIO3TOMY JKHMBLIC OPraHU3Mbl — YCTOfIQHBBIe CHUCTCEMBI,
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OHH CIIOCOOHBI COXpaHATbL B TCUCHUC MHOIMX JICT CBOXO OSHCPIHUIO, SHTPOIIHIO,

paboTOCTIOCOOHOCTb.

1.1. JTabopaTopnas padora Ne 1

Tema: Onpedenenue Inmanvnuu npoyecca HelMpPAIU3ayuu u pazoaenenus

[lenp pa®oThl: MPUOOPECTH MPAKTUUYECKHE YMEHHSI W HAaBBIKK OMPEICIICHUS
SHTABIIUM PEeaKIUi HEUTpaTu3aluu U pa30aBlICHUS.

O6opynoBaHHe U PEAKTUBBI: KAJTOPUMETP; TEPMOMETp; mpull; Memranka; 0,3
M pactBop mienoun ruApokcuna Hatpus; 1,5 M pacTBOpCOISHOM KHUCIOTHI;
JUCTUIUIMPOBAHHAs BOJAA; STHJIOBBIM CIUPT; allETOHUTPHIL.

Memoouueckue pexomenoayuu K 8bINOIHEHUIO 1aOOPAMOPHOU pabomul

3aganne 1. OmnpexaeneHue SHTaNbIUM HeWTpanuzauuu. OnpenesneHue
SHTANBIUU HEUTpaM3allMd NOpPOBOJAT B KajgopuMmerpe. s 3TOro Ha JHO
kasopuMeTrpa HaimuBaroT 100 ma 0,3M pactBopa mienouun (Tuapokcuaa Hatpus). B
LITIPUL], HAXOJAIIMICA B KpbIIIKE KamopuMmeTpa HanmuBaroT 20 ma 1,5M pactBopa
COJITHOM KHUCTOTHI. BCTaBisaoT mopiieHb, (GUKCUPYs €ro B BEPXHEM MOJIOKEHHUH.
Kpbliiky kanopumerpa IUIOTHO 3aKpy4HMBAIOT, B OTBEPCTUE KPBIIMIKK IUIOTHO
BCTaBJISIIOT TEPMOMETP TaK, YTOOBI KOHEI TepMoMeTpa Ha 1,5 — 2 cM He JocTaBai 10
nHa Kajmopumerpa. Kajmopumerp cTaBAT Ha CTOJI MEIIAJIKA M IPU MOMEIIMBAHHUH
U3MEPSIIOT TEMIIEPATyPy CUCTEMBI 10 MOJYyYEHHUs MOCTOSIHHOTO 3HAYEHUS MTOKA3aHUM
tepmoMeTpa (tay).

3areM C TOMOINBIO MOPIIHS PE3KO BBITAIKUBAIOT COACPKUMOE IIIPHUIA
(pacTBOp KHCIOTHI) B pacTBOP LIEJIOUH, HAXOASIIMICS Ha AHE Kanopumerpa. Cpasy u
yepe3 Kaxaple 30 cek, 3amuChIBalOT IIOKa3aHUs TepMoMeTpa B Tabmumy 1 10
MOMEHTA, KOTJIa TEMIIEPATypa PEAKIHOHHOM cMecu HOCTUTHET MakcuMyMa (ma) 1
HaYyHET NajaTh.

Tabmura 1

Bpewmst ot Hauana peakiuy, MUH. 0 05110 |15 |20 |25 |30

Temnepatypa, t°
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Bemmuuny AH peakiuu HeWTpaiu3auy pacCUMTHIBAIOT 10 (hopmyie:

_ vaoﬁmAt
- C

AH

K—mbl K—mbl

rae C — ynenbHas TEMI0EMKOCTh pacTBopa, paBHas 4, 184 Jx/r-rpan.;

p — TUIOTHOCTH pacTBOpa, paBHas 1 r/m;

Vo6, — 00IIIMI 00BEM pacTBOpa, J;

At= 1:Haq.'tm{:lx.

Cy-rr — MOJISIpHAST KOHIIGHTpAITUST KUCITOTHI, MOJIB/JT;

Vit — 00BbEM KHUCIIOTHI, JI.

OtBetuth Ha Bompockl: 1) YUTo mnoka3piBaeT HailjeHHas BenuuuHa AH
HerTpanuzanuu? 2) Uto Ha3pIBaeTCs SHTAIBIIMECH HEUTpaIU3aIlin?

3aganue 2. OnpeaeneHue dHTaIbINN pa30aBIeHUS.

a) Ha nro kamopumMerpa HaymBaroT 100 MiT epBoro pacTBOpuTeNs (BOAbBI), a B
mmpul, HabupatoT 20 mi BTOporo pactBoputens (cnupta). [lanee uccienoBaHue
MPOBOJAT Kak onucaHo B 3aaanuu 1. [loyueHHble MoKa3aHus 3aHOCAT B TaOIHILy 2.

Tabnua 2

Bpewms ot Havana peakuuu, MUH. 0 05110 |15 |20 |25 |30

Temneparypa, t°

OHTaNBIUI0 pa3daBieHUus] (CMEIIMBAaHM) PACCUUTHIBAIOT M0 (opMyie:

_C-(m+m,) At-M,
m, -1000

AH

rae rae C — yaenbpHas TeIIOEMKOCTh pacTBOpa, paBHas 4, 184 Jx/r rpan.;
M1 My — Maccel pacTBOpUTENEH, T;At = tyay ~tmax.

0) Ha nmro xamopumerpa uanmBatot 100 mut mepBoro pacTBOopuTens (BOabl), a B
mmpur,  Habupator 20 M BTOporo pactBoputens (aneronuTpuia). Janee
MCCIIeI0BaHKE MPOBOAST Kak onucaHo B 3ajanuu 1. [ToayyeHHble moKa3aHUs 3aHOCST
B Ta0nwuIy 3.

Ta0Omuma 3

Bpewms ot Havana peakuuu, MUH. 0 05110 |15 |20 |25 |30

Temneparypa, t°

PacueTsl IMPOBOJAT KaK OIIMCAHO B 3aIdHHUH 2a.
12




OTBEeTUTHh Ha BOMPOC: YTO MOKA3bIBAET PHTAJIBINS pa30aBiIeHHs B ONbITE 2a U
207

Pekomennyemas auteparypa:

bense A.Il. ®usnueckas u KoJUIOWIHAsA XuUMHSA. PyKOBOICTBO K
MPaKTUYECKUM 3aHATHsIM: yuyeOHoe mocobue / A.Il. benseB u ap.; mox pea. A.IL
bensena. — M.: I'D0OTAP-Menua, 2012. — 320 c.

Epmo FO.A. OOmas xumus. buodpusnueckas xumus. Xumus OHOT€HHBIX
anemMeHToB: yueb. mis By3oB / FO.A. EpmioB u np.; nox pen. FO.A. EpmioBa. — M.:
Bricmras mxona, 2003. — 560 c.

Cnecapes B.M. Xumus. OcHOBBI XMMHUHU 3KHMBOro: y4ed. ans By3oB /B.U.
Cnecapes. — CI16: Xumuznar, 2007. — 784 c.

®duznueckas u koutonaHas xumus: yaeOnuk / [lox pen. mpod. A.Il.bensiera. —

M.: I'DOTAP — Menua, 2008. — 704 c.

2. MIOBEPXHOCTHBIE SIBJIEHUS

Bce O6uonornyeckue cucTeMbl MPEACTaBISIOT COOON reTepOreHHbIE CUCTEMBI U
COCTOSIT U3 ABYX WM Oojee (pa3, KOTOpble OTAEIEHBI APYT OT APYra MOBEPXHOCTHIO
paznena. @aza — COBOKYINHOCTh TOMOTE€HHBIX 4YacTed CHCTEMbl, HMEIoIas
OJIMHAKOBBIE XUMUUYECKHE, PU3NUECKHE U TEPMOJUHAMUYECKUE XAPAKTEPUCTUKU BO
BCEX CBOMX TOYkax. Pa3bl B IeTEPOre€HHBIX CUCTEMAax OTIEIEHBI APYr OT Apyra
MOBEPXHOCTBIO pa3fesia, TJe CBOMCTBA CHUCTEMbI H3MEHSIOTCS CKauKOOOpPa3HO.
[ToaTomMy Ha TMOBEpXHOCTH pa3zzaena (a3 HAOMIOJAIOTCS Pa3IUYHbIE TOBEPXHOCTHBIC
SIBJICHHSI: TIOBEPXHOCTHOE HATSHKEHUE, COPOIINS, aire3nsi, CMaurBaHUE, KAMMIIIIpHAs
KOHJIEHCAIHsl.

Bce Buapl TMOBEPXHOCTHBIX SIBICHUW OOYCIIOBIIEHBI TE€M, YTO YaCTHUIBI Ha
NOBEPXHOCTH  pazfena (a3 Mo-pa3HOMY B3aUMOJEHCTBYIOT C  YacTULAMU
conpukacaroumxcs (pa3. Mosexkynbl, HaxOIsAUIHMecs Ha TMOBEPXHOCTH >KUIKOCTH,
WCIIBITHIBAIOT HEOJUHAKOBOE BO3JEHCTBHE CO CTOPOHBI MOJEKYJ XUAKOCTH M Ta3a.
Cusibl  MEXMOJIEKYJISIDHOTO  B3aUMOJICUCTBUSL MOBEPXHOCTHO  PACMOJIOKEHHBIX

MOJIEKYJl HE CKOMIICHCUPOBAHBI, WX pAaBHOJCWCTBYIOIIAs HE paBHA HYIIO U
13



HalmpapjieHa B CTOPOHY KUJKOCTH. (ClemnoBaTelbHO, MOJEKYJbl Ha MOBEPXHOCTHU
pa3nena a3 OTIMYAIOTCS OT MOJEKYJT BHYTpU (a3bl OoJbLIeH MOTEHIMAIBHOM
DHEPrueH, TO €CTh MO PHEPreTUUYECKOMY COCTOSHUIO. OTIMYMS B DHEPTETHUYECKOM
COCTOSIHUM BCEX MOJIEKYJI TOBEPXHOCTHOTO CJIOSI XapaKTEPU3YIOTCS MOTEHIIMATbHOMN
sHeprued Mmex@da3sHOM IMOBEPXHOCTHU, Ha3bIBAEMOM CBOOOJHON IMOBEPXHOCTHOM
sneprueit (Gs).

Cs0600Ho01l NOBEPXHOCMHOU anepeueti(Gs) Ha3bIBaETCA SHEPIUs
MEXMOJIEKYJIIPHOTO B3aMMOJICUCTBHSI 4YacTUIl Ha TMOBEPXHOCTU paznena ¢a3 ¢
JaCTHUIIAMU KaXKJ0W U3 KOHTAKTUPYIOMIHX (a3.

CBoOOJHAasE TMOBEPXHOCTHASI JHEPTUsl 3aBUCUT OT KOJIMYECTBA 4YaCTUI[ HaA
MOBEPXHOCTH pa3fiesia, KOTOPOE MPSMO MPONOPIUOHAIBHO IJIOMAau pasaena ¢a3 u
YACIBHON dHEPTUU MEK()A3HOTO B3aUMOICHCTBHUS.

Gs=o0 S,

rne G — ynenbHas CcBOOOAHAsT TOBEPXHOCTHAs SHEPIHs, KOTOpas
XapaKTEepU3yeT OHHEPTHI0 MEX(Pa3HOTO B3aMMOJCUCTBHUS €IWHUIIBI  TUIOIIAIH
MOBEPXHOCTH pazziena ¢pas, kx/M%;, S — miomans NoBepXHOCTH pasaena Bas, M2,

G — MOBEPXHOCTHOE HATSHXKEHUE >XHUAKOCTH — BTOPOE HA3BaHHUE YAECIbHOMN
CBOOO/THOM MOBEPXHOCTHOM SHEPTHUU;

Ok = O ot * n BOJIBI © M x / N - mBOZ[bI

I[JIE G x - HOBEPXHOCTHOE HATSKEHUE KUJIKOCTH;

N pog - YACIIO KAMEIb BOABL,

N x - YUCJIO Kamnejb KUIKOCTH,

M o — MACCa Kareiab BOBI;

M x — Macca Karellb XUJIKOCTH.

Maccy Kariy KuAKOCTH B MOMEHT OTPbIBA €€ OT KAUJUIApa MOKHO BBIYUCIIUTH 110
YPaBHEHHUIO:

Maww =0 * 20/ K,

I G — IOBEPXHOCTHOE HATSXKEHUE KUIKOCTH;

I — paanyc Kanujuisipa;

K — ko3 puiment, yuuTsIBaromui pagnyc meiky Karim.
14



[ToBepxHOCTHOE  HATSHKEHHE  MOXHO  OMNPENEINTh  C  TOMOIIBIO
CTaJIArMOMETPUYECKOTO METO/IA.

CBo0OoHas moBepXHOCTHAs YHEPTHst Gs MPHU MOCTOSITHHOM JaBJICHUN COBIAIaeT
c osHeprueit I'mb6bca G. IloaTOMy BCe MOBEPXHOCTHBIE SBICHHS MPOTEKAIOT
camonpon3BosibHO TpU Gs<0.9T10 OyzmeT MPOMCXOMUTh B TeX CIy4asx, korma: 1) Oyaer
YMEHBIIATBCS OBEPXHOCTD paszena (a3 (S) (mpu KoalecleHINH, Koaryisiun); 2) 0yaer
YMEHBIIATHCS G (TIpU COPOITHH).

Copoyusa — TETEpOTCHHBII TMpPOIeCC CaMOIPOU3BOJIBLHOTO IMOTJIOMIECHUS
BEIIIECTB U3 OKPYXKAIOIMICH CPEbl TBEPBIM TEIIOM WJIH KUAKOCThIO. CopOrmst — yare
BCEro oOpaTUMBbIN IpoIIeCC.

CopOeHT + copbaTr <«> COPOIMOHHBIN KOMILJIEKC.

CopOeHT — TBEpJI0€ TEJIO WM KUIKOCTh, CIIOCOOHBIC MOTJIONIATh BEIIECTBA U3
okpyxaromie cpeapl. CopOar (uau copOTHB) — ra3000pa3HOE UITH KHUJKOE BEIIECTBO,
MOIJIONIaeMOe COPOSHTOM.

[Ipu ycTaHOBIEHUU PAaBHOBECHUSI CKOPOCTH U COPOITUHN = L IECOPOITUH.

Keopsumonnoro pasuosecns = Keopsimn / Kaecopum

ecii Keopsumonnoro pasnosecus™ 1, TO B OCHOBHOM IPOUCXOAMT IPOLECC cOpOLUH,
ecin Keopsunontoro pasnosecns< 1, TO IPOUCXOAUT AecopOLus.

Buapsl copbiuu: agcopoius u abcopOius. AcopOius — npoiiece, Mpu KOTOpoM
copbaT TMOTJIONIAeTCS TOJBKO TMOBEPXHOCThIO copOeHTa (TB., X.) AOcopOuus —
MpoIiecc, IPH KOTOPOM cOpOaT MOTJIOIAETCS BCeM 00beMOM copOeHTa (K.).

Aocopoyus.AncopOeHT + amcopOat <> aaCOPOITMOHHBIA KOMITIEKC

Ka/:[copGLmH = Ka/:[copGLmH / K/:[ecop6unn

Bunwr ancopbuun: gusuuecxkas (buszncopoims) u xumuveckas (XeMoCcopOIus).
duznueckas aacopOumsi o0yclioBieHa: 1) MEXMOJIEKYISIPHBIM B3aUMOJICUCTBHEM 32
caer cun Ban-mep-Baanbca; 2) BomopomHbIMH  CBs3siMH.  DusucopOuus
XapakTtepu3yercs: 1) HeOOJBIION CHUIION B3aMMOICHCTBHS MEXIy MoJieKkynamu (4 —
40 x/Ix/monb), 2) 0ObpaTuMOCThIO, 3) HeCeMU(PUIHOCTHIO, KOTOpAsl MOMYUHSICTCS
o01Iel 3aKOHOMEPHOCTH «IOJJ00HO€ B TOAOOHOM», 4) 3K30TePMUYHOCTHIO.

CHmxeHHe TeMIepaTypbl YBEIMUUBACT (PU3MUECKYIO a1COPOLIHIO.
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XuMmunyeckasi aacopOLus MPOUCXOIUT 3a CUET 00pa30BaHUs XUMHUUECKON CBA3H
MEXTy aJICOpOCHTOM | azcopbaroM. XemocopOmus Xxapakrepusyercs: 1) Oonbmoit
cuinot B3aumojercteus (40 - 400 x/[x/monb), 2) HeoOpaTUMOCThIO, 3)
cnenuuIHOCThIO, 4) JOKaIM30BaHHOCTHIO. [lOBEIIIEHHE TeMmepaTypbl OOBIYHO
IPUBOJUT K OOJIbIIIEMY CBSA3BIBAHUIO aJicopOaTa.

[Tpu mo0om Buzie ancopOLMKM U3MEHSIETCS XUMUYECKUM COCTaB MOBEPXHOCTHU
pasnena (a3, ’TO IPUBOJIUT K YMEHBIIECHUIO yJIETLHON CBOOOHON MOBEPXHOCTHOM
sHepruu 6< 0, 4To 0OecrneynBaeT cCaMONPOU3BOJIBHOE IPOTEKAHUE aICOPOIIH.

KonmyectBeHHo ajcopOrms xapaktepusyercs yaenbHoW ajgcopbmmeit (I')-
PaBHOBECHOE KOJIMYECTBO MOJIb MOTJIOIAEMOT0 BEIECTBA €AMHUIECH TMOBEPXHOCTH HIH
Maccoil ajgcopOeHTa (yaie Maccoi).

'=n/m=AC-V/m (mons/r),

rae N — KOJMYecTBO ajcopbara, M — macca ajacopOeHTa.

Aocopoyusn 2a306 u napoe Ha meepovix adcopoeHmax

Ancopbuusi Ta30B M MapoB Ha TBEPAbIX aACOPOEHTAaX SBISETCS YUCTO
MOBEPXHOCTHBIM TIPOLECCOM, KOTOPBIM 3aK/I0YaeTCsl BO B3aMMOJCHCTBUM MOJEKYI
anmcopOara (rasa, mapa) ¢ OBEpXHOCTHIO ajicopOeHTa (TB.) 3a cuer cun Ban-nep-Baansca
U BOJOPOAHBIX cCBsizedd. KonuuecTBO TMOMIOIIEHHOr0 Tra3a WM Mapa TBEPbIM
aJIcCOpOEHTOM B pe3ysbTaTe aJcopOLUK 3aBUCHUT OT CIEAYIOMUX (HaKTOPOB:

1. ot mpupob! ancopOeHTa:

a) moJyiapHble (THAPOGUIBHBIE) ancopOeHTHl — | 0) HemoJspHbIe (THAPOPOOHBIE) anCcOPOCHTHI —
XOpOIII0 CMAYMBAIOTCS BOJOW (CHIIMKArelnb, | IUIOXO CMAuMBAIOTCS BOJAOW (aKTHBHPOBAHHBIN
AITFOMOT€J1b, TJIMHBI, IICOJIUTHI U JIP.) YTOJIb, Ca)ka, TATbK).

2. OT MJIOILIAAH MMOBEPXHOCTHU afcOpOeHTa

a) IIOpUCTHIE (amop¢HubIe)  amcopOeHTHI | 0) KPUCTAJIIINYECKHE aIcOpOEHTHI
XapaKTepU3YOTCS OonbLIOH IUTOINAJbIO | XapaKTEPU3YIOTCSl  HEOOJBIIOW  IUIOIIAAbIO
YACIBHOU ITOBEPXHOCTH YACIBHOU ITOBEPXHOCTH

Sy =10% - 10° M?/r Syx=0,1-10 M%/r

3. OT mpUPOIBI TOTIIONIAEMOTO Ta3a WK mapa (ajcopbara)

a) mossapHble (TuapoduiabHBIE) amcopOartel | 6) HemosspHble (TUIpodoOHBIE) amcopoaThl
XOpOLIO copOupyroTcs Ha MOJISIPHBIX | XOPOLIO  COPOMPYIOTCSIT  HAa  HEHOJSPHBIX
azgcopOeHTax azgcopOeHTax
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4. ot temmepatypsl. C yBeTUUYEHHEM TeMIIEpaTyphl (U3NUecKas aacopOius
YMEHBIIIAETCs, TaK KakK (U3ncopOLrs — SK30TEPMHUUECKHI MpoLiecc.
5. OT KOHLIEHTPAIIUH WIN JaBJIEeHUs ajcopOaTa. ITa 3aBUCUMOCTb BBIPA)KaeTCsl

B BHJIC U30TE€PMBI aJIcOPOIIUU

Fof==-===========2z==

—
-

Cc

Puc. 1 — 3aBucumocTh 3HaUCHUS YICTBHON aJIcOPOIIU
OT KOHIIEHTpAIIUM ra3a Wid napa

. JIenrmiop npeioxKuil ypaBHEHHE aICOPOITUU:

r=r, .&’
K-c+1
rne I' — ynensHas agcopouus; I',— npenenbHas yaenbHas anacopouys; ¢ —

paBHOBECHAsI KOHIIEHTpalus ajacopbaTa B cucreme; K — koHCTaHTa aicOpOIIMOHHOTO
paBHOBECHS.

OTO0 ypaBHEHHE XOPOILIO OMHUCHIBAET H30TepMy aacopOuuu. [Ipu ouenp manbix
KOHLIeHTpauusix, korna ¢ — 0 u (1+K-c) = 1, ypaBHenue npunumaer Bua: [=I'»-K-c,
TO €CTh BEJIMYMHA aJCOPOLMM MPSMO MPONOPLUUOHAIBHA KOHIEHTPALUU WU
naBieHuto angcopoOara. [Ipu Gonpmmx koHmentpamnusax, korma K-c >> 1 u (1+K-c) =
K-c, Torma I' = I',, YTO OTBEYaeT HACBHILICHUIO ITOBEPXHOCTU aJCOpPOEHTA
MOJIEKyJIaMHu afacopbara, Tak Kak c(hopMHpOBaICS MOHOMOJIEKYISPHBIHN CIIOH.

OcHOBHBIE MOJ0XKEHUS Teopun JIeHrMmiopa:

1. AncopOuust IpOMCXOAUT HE Ha BCEl IOBEPXHOCTHU aACOPOEHTA, a TOJBKO Ha
a7ICOPOITMOHHBIX LEHTpax, rae UMEIOTCS Y4aCTKH Cc HauOoJsee

HCCKOMIICHCUPOBAHHBIMH CHJIOBBIMU ITOJISIMH.
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2. Kaxnaplii aacopOIMOHHBIN IEHTP MOXET VYACPKUBATH TOJBKO OJHY
MOJIEKYJTy ajicopOaTa, 4TO MPUBOAUT K OOpPa30BAaHUI0O MOHOMOJICKYJSPHOTO CJIOS
MorJonaeMoro BemecTsa. OJIHaKO MOXKET ObITh U MOJMMOJIEKYJIIpHAs acopOIus.

3. AncopOiuss — paBHOBECHBIM MpOIECC, TO €CThb OOpaTUMBIN, TaK Kak
a7COpOMPOBAHHBIE MOJIEKYJbl YACPKUBAIOTCA aJCOPOLIMOHHBIMU LIEHTPaMU B
TE€YEHUE HEKOTOPOTO BPEMEHH, TIOCIIE YETO MPOUCXOIUT AECOPOIIHS.

Aocopbuua pacmeopeHHbIX eeujecmeé Ha  mMeepovix  aodcopdoenmax
(monekynapunas)

CymiecTBEHHBIM OTJIMYMEM aJcopOIMu W3 PacTBOPOB OT ajcoOpOIMu W3
ra3oBoil (ha3bl SBISETCS HATHMYNE KOHKYPEHIIMH MEXKITYy PACTBOPEHHBIM BEIIECTBOM H
pacTBOpHUTEIIEM 32 BO3MOXKHOCTh B3aUMOJICHCTBOBATh C aJICOPOIIMOHHBIMU IIEHTPaMU
Ha TTOBEPXHOCTHU TBEPJIOTO aJCOpOEHTA.

MounekynsipHasi aAcopOIMsl paCTBOPEHHBIX BEIIECTB HA TBEPABIX aJICOPOECHTax
3aBHUCHUT OT T€X e (PaKTOPOB, UTO U aJICOPOIUs Ta30B U mapoB (cM. ¢akTopsr 1 —5).

3. OT mpupoIbI aicopObupyemMoro BeriecTna (agcopbdara)

a)IoJIsIpHBIC | 0) HETOsIpHBIE | B) AUGUIBHBIE BEHIecTBa aAcopOupyroTcs 3¢ deKTuBHEE BCEro,
TaKk Kak B CTPYKTYpE€ UX MOJEKYJ IPUCYTCTBYIOT IOJSAPHBIA U
HETOJSIPHBINA ()ParMEHTHI.

[TpaBuiia MONIEKYISAPHON aCcOPOIIHH:

1.Ilono6HOE B3aUMOACHUCTBYET C MOJAOOHBIM.

2.Ilpexne Bcero ancopOMpyrOTCsl AUQPUIBHBIE BEIIECTBA, TaK KaK IPU ITOM
MPOUCXOJUT BBIPAaBHUBAHUE MOJIIPHOCTU KOHTaKTUpyomwmx (a3 — npasuno I1A.

Pebunoepa.

mgpodunbHan cpega rmapodgroOHan cpena

- (H 0) (6en3on)

— J—

Tv-d o e
CORINITRT0 &&&@é

mapocdobHan noBepXHOCTb runpoqmnbuaﬂ NoBepXHOCTb
(aKTMBWpPOBaHHLIA Yronb) (cunukarenb)

Puc.2 — Opuenranus quduabHbIX MOJIEKYJ Ha TOBEPXHOCTHU aJicOpOeHTa
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3.Uem Oombllle pacTBOPUMOCTh  BemiecTBa (aacopbara) B JTaHHOM
pacTBOpHUTelle, TEM MEHbIIE OHO aJICOpOMpYEeTCs Ha TOBEPXHOCTH TBEPIOTO
afcopOenrta —npasuno H.A. [llunosa.

Aocopouus uonos u3 pacmeopoes

B 3aBucumMocTH OT mHpUpPOIBl aacopOeHTa MPOLECChl aACOPOIMU HOHOB
AJICKTPOJIUTOB MOJAPA3CIIAIOTCS Ha: 1) MOHHYIO aJCOpPOLHI0 M 2) HOHOOOMCHHYIO
aacopomuto. Ilpu noHHO#N amcopOiumu, MOHBI OyayT aacopOMpPOBATHCS TOJHKO HA
MOJISIPHBIX ajficopOeHTax. MloHooOMeHHast afcopOLus MPOUCXOAUT Ha CIEIHATbHBIX
ajcopOeHTax, KOTOpbIE HAa3bIBAIOTCS UOHUMAMU, OHH TMPEICTaBISAIOT COOOMU
HEpPacCTBOPUMBIC BEIECTBA.

Oco0eHHOCTH MOHHOM aJIcOpOIUu:

1. B pesynbrare MOHHOW ancopOIMy Ha MOBEPXHOCTHU aFCOpOEHTa 3a CUeT
afcopOLMK  HMOHOB,  HA3bIBAEMBIX  NOMEHYUAIONPeOesouWUMU,  BO3HUKAET
OTIpeNeICHHBIM 3apsj, KOTOPHIH MPHUTATHBAET W3 PacTBOpa TMPOTHUBOIOJIOKHO
3apsOKCHHBIE MOHBI — MPOMUBOUOHbL, B pe3yidbTaTe Ha TpaHuile pasnena ¢das
BO3HUKAET IBOMHOM BJIEKTPUYECKUN CIIOU.

2. CkopocTb HWOHHOW aacoOpOIMd MEHbBIIE CKOPOCTH MOJCKYJISPHON
aacopOIuu, Tak Kak CKOpOoCcTh AU y3ur COJbBATUPOBAHHBIX HOHOB MEHbIIIE
ckopocTtu AuhPy3un MOJIEKyII.

3. Honnas axacopOmusi He Bcerma oOpaTuMa, TaK Kak OHAa MOXKET
COTIPOBOXKAATHCS ~ XEMOCOpOIMel, TMpHUBOMAIICH Hampumep, K 00pa3oBaHUIO
MaJjOpacTBOPUMOTO BEIIECTRBA.

4. NonHnas agcopOIiys 3aBUCHUT OT:

a) CTENEHU COoJIbBaTaIluu HOHOB (0OpaTHast 3aBUCUMOCTb);

0) paaryca HECOJIbBATUPOBAHHBIX HOHOB (TIPsiMasi 3aBUCUMOCTH );

B) BEJIMYUHBI 3apsja (mpsMasi 3aBUCUMOCTh) (MCKIFOUCHHUE COCTaBIISIET KATHOH
Bojopoia). Ilpu paBeHCTBE 3apsiga Jydllle aJcopOMpPYIOTCS HOHBI C OOJIBIIUM
pagnycoM, Tak Kak OHM MEHEE COJbBATUPOBAHBI.

Ha moBepxHOCTH KpUCTAUIMYECKOro ajacopOeHTa OyAayT aacopOUpoBaThCs TE

MOHBI, KOTOPBIE BXOAST B COCTAaB KPHUCTAIMYECKON PEIIeTKH afcopOeHTa WIIH
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M30MOPGHBI UM MO CTPOCHHUIO M MOTYT JOCTPOUTH KPHUCTAIMYECKYIO PEIIETKY —
npasuno I[lanema-Dasnca-Ileckosa 06 n30MpaTeTLHON MOHHON a7COPOITUH.

Honooodmennoit adcopoyueit Ha3pIBaeTCa MPOLECC SKBUBAJIEHTHOTO OOMEHa
MOHOB, HAXO/ISIIIUXCS B PACTBOPE, HA MOHBI MOHUTA.

HNouuThl (MOHOOOMEHHHMKHN) — 3TO aacOpOCHTHI, CTOCOOHBIC K 0OMEHY MOHOB C
pacTtBOpoM. MOHUTBI: KATUOHUTHI U1 AHUOHUTHI.

Kamuonumsi — HepacTBOpUMbBIE, MHOTOOCHOBHBIE TMOJHUMEPHBIE KHCIOTHI,
CIIOCOOHBIE K 0OMEHY MOHaMH BoAopoja. B HUX KaTHOH BOJopoAa MpH aacopOLuu
3aMelnaeTcs Ha KaTHOH MeTawia. KaTHOHWTH TPUMEHSIOTCS, HAmpuMmep, s
YMEHBIICHHSI JKECTKOCTH BOIBI IIyTeM cBsas3eiBaHus Ca’* u  Mg?". Tlepen
NPUMEHEHUEM KaTHOHUTHI IIPOMBIBAIOT KKCIOTOM, iepeBo i ux B H'- ¢hopmy.

AHnuonumsl — HEPACTBOPUMBIE MHOTOKHCIIOTHBIE MOJIMMEPHBIE OCHOBAHUS,
criocoOHbIe K 0OMeHy annoHamu OH".

Kore3usi, anre3usi, cMa4yuBaHue, pacTeKaHUe OTHOCSTCS K TOBEPXHOCTHBIM
SIBJICHHSIM.

Kocesus — COCIICHUC OJAHOPOJHBIX MOJICKYJI, aTOMOB, HOHOB, KOTOPOC

BKJIFOYACT BCE BHUABI MEKMOJICKYJISIPHOTO M MEKATOMHOTO MPUTSKEHUS BHYTPH
OJTHOM (ha3bl.

Aoeezuss — ciaumnaHue ABYX PA3HOPOJHBIX TBEPALIX TCEJI HWIHM XHIKHUX

IIOBEPXHOCTEN 3a CUYET B3aMMOJECUCTBHS MEXKMOJEKYISApHbIX cui. Ilpm anresum
MOBEPXHOCTh yMeHbIaeTcs. Gs =06 - S

Anresus 3aBUCHT:

1) oT crenenu aucniepcuu (M3MENbYCHN) YACTHIL (TpsiMast 3aBUCUMOCTH );

2) ot (opMbl YacTHIl (HaUMEHbBIIEH aJre3MOHHONW CIIOCOOHOCTBIO 00JIATaAr0T
YJACTHIIBI IAPO0OPa3HOil HOpMBI);

3) OT BJI@XKHOCTH, TTACTUYHOCTH (TIpsMasi 3aBUCUMOCTb).

Cmayusanue — pa3HOBUIHOCTD a/IF€3MU B CUCTEME JKHJIKOCTh - TBEPI0€ TEJIO.

Paznuuarot JABa BUJa CMa4YUBaHUA:
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1) TBepmoe TenO TMOJHOCTBIO TOIPYXKAIOT B JKUAKOCTH M ONPEIEISIOT
BBIJICTSIOIYIOCS TEIUIOTY C MOMOLIbIO KaJopuMmeTpa. Yem Jydmie TBEpIOE TeENOo

CMa4yuBacCTCA KUAKOCTHIO, TCM 0oJbIIIC BBIICTIACTCA TCIIJIOTHI.

Temmora cmaunBanus, MJK/Kr
BOJIOM YIIeBOJOPOJOM | KO3((PHUIIHEHT THapOPHILHOCTH
Kpaxman 96,2 5,4 (0eH30510M) 17,4 > 1 - ruapodunbHbIMA
«C» aKkTHUB. yTroib 31,8 93,3 (rexcanom) | 0,34 < 1 - rumpodoOHBII MOPOIIIOK

2) Kamto KuAKOCTH MOMEIA0T Ha TBEPAYI0 NOBEpXHOCTh. Kamis xuakoctu Ha
TBEPIOM OBEPXHOCTU NPHUHUMAET TaKylo (JOpMy, KOTOpas COOTBETCTBYET HAUMEHBILIEMY

3Ha4eHUI0 3Heprun ['nd06ca (yaeabHON MOBEPXHOCTHON SHEPTHHN).

Gndr
r Gmfr

) X Gon 6

a) 6)

A - kpaeBoii yron cMaunBaHuR,;

{ - NOBEPXHOCTHOE HATAKEHHE HA MPEHALIEX paanena (a3,

Puc.3 — [lonoxenue kammu Bojabl Ha THAPOPUIBHOM (a) u TuApodHoOHOI (0)
IIOBEPXHOCTSAX

Ecnu kpaeBoit yron mensiue 90 rpaf, To )KUAKOCTh CMauyMBAET NOBEPXHOCTD, ECIIHU
oonbiue 90 Tpaa, TO HE CMaYMBAET.

ITo sTOMYy IpU3HAKY MOBEPXHOCTH Pa3AENAOT Ha THAPOPUIbHBIE — CMAUUBAEMbIE
nossipasiMu kuakocTaMu (HoO) u rugpodobHbie — He cMadyuBaeMble MONSPHBIMH
’KUJIKOCTSIMU, HO U30UpaTEIbHO CMauMBAEMBbIE HETIOISPHBIMU KUKOCTAMH.

Pacmekanue (cMelMBaHWE) — Pa3HOBUAHOCTH aJre3uH, NPH B3aUMOJEHCTBUU
THIA: K1 — K2, B JaHHOM cilydae Karuiro K1 HAaHOCAT Ha MOBEPXHOCTB k2. Eciu Kuakoctu
HE PacTBOPUMBI, TO HAHECEHHAs KaIUlsl IPUHUMAET Ty WIN UHYIO (opMy, 4TO cHUxkaeT G
u 6. Ommuns OT CMAayMBaHUS COCTOMT B TOM, YTO KAl K1 B 3aBHCUMOCTH OT

COOTHOLIECHUs p (IIOTHOCTH) OYJIET MOTPYXkEHa B K2,
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Xpomartorpagus

Xpomarorpadgust  (uBeromucanue) —  (U3UKO-XMMHYECKHH  CHOC00
COpOIIMOHHOTO pa3/ieJICHUs] BEIECTB, OCHOBAHHBIA HA PAaCHpPECICHUN HX MEXKIY
aByMs (pazamu, OJHA U3 KOTOPBIX MOJIBUXKHA.

Knaccuduxkanus xpomarorpadguueckux METOI0B aHAIU3A.

1) [1o mexaHnu3My pasneneHus:

a) azcopOImoHHas Xpomarorpadusi — pas3jielieHHne OCHOBAHO Ha pPas3lInyuu
a7IcOpOMPYEMOCTH BEIIECTB TBEPIBIM aJCOPOCHTOM;

0) abcopOLnOHHAsT WU pacIpeneiuTeNbHas Xxpomarorpadusi — paseleHue
OCHOBaHO Ha Pa3IMYUSAX B PACTBOPUMOCTU pa3lesieMbIX BEUIECTB B MOABMXHON U
HETIOJIBI)KHOM (pazax;

B) HMOHOOOMEHHass XpomaTtorpadus — pas3ielieHHe OCHOBAaHO Ha pa3HOU
CITIOCOOHOCTH BEIIECTB K HOHHOMY OOMEHY;

r) renp-xpomatorpadus (CuToBasg) — paslelieHHe CMECH  BEIEeCTB
OCYIIECTBIISIETCS 3a CUET pa3Mepa 4acTull BeuiecTBa. B kauecTBe HEmoABUXKHOM (pa3bl
B 3TOM CJIy4yae MCHOJb3YIOT BEIECTBA, COJIEPKAIIME MOPbI CTPOTO OINPEIEICHHOIO
pa3Mmepa;

) xemuxpomarorpadus — Mpolecc pa3leieHUs C MOMOIIbI0 XUMHUYECKHX
pEaKIui.

e) Owocnenuduueckas xpomarorpadusi OCHOBaHa Ha  YHUKaIbHOMN
CIIOCOOHOCTH HEKOTOPBIX OMOJIOTUYECKUX cyOcTpaToB n30UpaTenbHO
B3aMMOJICIICTBOBATh C OINpEAEICHHBIMU BEIIECTBAMM, Hampumep, (QepMeHT ¢
cyOcTpaToM, TOpMOHA C PEIENTOPOM, OJaroaps 4emMy JocTuraercsa ux dhdexTuBHas
OUYHUCTKA.

2) 1o xapakTepy MOJBUKHOM (ha3bl:

a) razoBas Xpomarorpadus: razoajcopOIMoHHasl, Ta30KUIKOCTHAs
xpomatorpadus.

0) XKunkoctHas xpomaTorpadus: )KUJIKOCTHO — aicCOPOIMOHHAs, KUIKOCTHO —

KHUOKOCTHAs.
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3) Ilo TexHuKe BBIMOJHEHUSA: KOJOHOYHAS, IUIOCKOCTHas (OymaxkHas u
TOHKOCJIOMHAs).

MeTon TOHKOCIIONHHOM XpoMaTorpaduu OTHOCUTCS K MJIOCKOCTHOMY BapHUaHTY
xpomatorpadpuu. B ToHKocnmoiHON Xpomartorpaduu Ha TBEpPAYKD OCHOBY —
CTEKJIIHHYI0 WM METAUIMYECKYH0  IUIACTUHKY  HAHOCAT  TOHKUHA  CJIOM
nopourkooOpa3zHoro copOenra. Jlajiee mpoBOJAT pa3eieHue CMECH BEIIECTB.

1) Copo6entsr: Al;O3:nH,O  (amomorens); okcuasl  Me;  SiOz-nH0
(cunukaresnp); Kpaxmait, MoJUaMuI.

2)[Toanoxkka — MaTepuai, Ha KOTOPBIM HAHOCUTCS COpPOEHT: (pojbra, CTEKIo,
MOJIUMEPHBIE MaTEPUATBI.

3) ®ukcaTopbl: THIC, Kpaxmall, Jpyrue CKJICHUBAIOUIME MaTepHalIbl.
Hcnonb3yroTest Takke He3aKpEIUIEHHbIE CJI0U COpOeHTA.

4) HaneceHnue uccliieyeMoi CMECH U OT/ICNIbHBIX BEIIECTB.

5) Xpomartorpadguyeckre kaMmephl (MaTepuasl Kamepbl — CTekJ0). Hanmpumep:
yamku [letpu. Yame Bcero kamepy HachlIIalOT MapamMH pacTBOPUTENS, HHOT/AA
HACBIIIIEHHE KaMepbl PACTBOPUTEIIEM CKa3bIBACTCSI OTPUIIATEIBHO.

6) Ilpomecc xpomarorpadupoBanus. PacTBoputens MmogHUMAETCS 3a CYET
PAcCTBOPUMBIX CHJI Ha OTIPEJIETICHHBIE PACCTOSHUSI.

Jlist xpomaTorpauyeckoro pasiefeHus: UCTOIb3YIOT caMble Pa3HOOOpa3HbIe
pacTBOPUTENIN: BOIHBIE PACTBOPHI, KHUCIOTHBIE PacTBOPbI, OydepHbIe pPacTBOPHI,
OpraHUYecKrue OCHOBAHUS, CMECH OPTaHUYECKUX OCHOBAHUM.

[TpoomKUTETLHOCT, ~ XpOMATOTpaQUPOBAHKST  3aBUCUT  OT:  IPHUPOIBI
PACTBOPUTEIIS; MPUPOJBI COPOEHTA; TOJIIUHBI CJIOSI COpOEHTa, HAHECEHHOTO Ha
MOJITIOKKY.

7) O6HapyxeHue BemecTB Ha Xxpomarorpamme. CiocoObl 0OHAPYKEHHUS:

- paccMmaTpuBaHue XpomaTtorpaMmbl B Y® cBere (HaOI0JIEeHHE
(bayopecleHIuu MSITeH);

- 00paboTKa XpOMaTOTpaMMBbI OOIITUMU (TPYMIIOBBIMU) PEareHTaMu;

- o0paboTka crienu(puIeCKUMHU pearecHTaMHu.
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8) KauecTBeHHBIlI aHaANIM3 METOJOM TOHKOCJOWHOW Xpomartorpaduu.
KauecTBeHHOW XapaKTepUCTHKOW SBIAETCS BeIMUMHA Rf — OTHOIIEHHE (POHTOB,
paBHasi OTHOLIEHUIO CKOPOCTH MEPEMEIIECHHs] BEIIECTBA K CKOPOCTH IEPEMELICHMSI
pactBopuTens. s ynoOcTBa Ha MPaKTUKE MOJIB3YIOTCS OTHOLICHHEM PACCTOSHUM.

9) KonnuecTBeHHBIN aHAJIN3 METOI0M TOHKOCJIOHHON XpomaTorpaduu:

a) Ha XpOMaTOrpaMMe KOJMYECTBEHHOE COJEP)KaHUE BELIECTBA OIPENEISAIOT
0 TUIOIIAH MATHA (TUIAHUMETPHSI) WK 110 UHTEHCUBHOCTH €r0 OKPACKU, TO €CTh O
€ro ONTUYECKOW IUIOTHOCTU. Ha mpakTuke 3T crocoObl MCIONIB3YIOTCS PEAKO M3-32
UX TPYJOEMKOCTHU U M3-3a CHIEHU(PHUIECKOro 000pyA0BaHNUS;

0) ompeneneHne MoOce dIIOUPOBaHUS (BbIXOJa) BeliecTBa ¢ copOeHTa. DTOT
METO]I 4acTO UCIOJB3YETCs Ha MPAKTUKE JUIs aHaJIM3a JIEKapCTBEHHbIX cpeacTB. Ha
BbIXOJIE C ajcopOeHTa (PUKCUPYIOT KOHIEHTPAIMM KOMIIOHEHTOB JIMOO C MOMOIIBIO
ABTOMATHYECKUX JIETEKTOPOB, JUOO IyTeM oTOOpa (pakiuii pacTBopa, KOTOpHIE

aHATM3UPYIOT CTIEKTPOPOTOMETPHUEH U TIp.

2.1. Jlaboparopnas pabota No 2
Tema: Onpeodenenue eenuuunvl yoeabHolU a0COpOUUU HUKOMUHOBOU KUCTOMbL

[enb paGoThl: MpUOOPECTH MPAKTUUECKUE YMEHUS U HABBIKUA ONpeeIeHUs
BEJIMYMHBI yIETbHOMN aJIcCOPOLIMK BEIIECTB U3 PACTBOPOB.

ObopynoBaHHe U PEAKTUBBI: OIOpPETKA; KOJOBI JIJIsl TUTPOBAHMSI; OTHEYIIOpHAs
konba Ha 500 mu1; MepHBIE CTaKaHYMKW; MEpHbIE MPOOUPKU; MUIETKH; CTYIKa C
MEeCTUKOM; BECHI; IUIMTA, BOPOHKH, OyMaKHbIe (UIBTPHI; CTCKJISIHHAS IMaJouKa,
HUKOTWHOBAsE KHWCJIOTAa;, AaKTUBUPOBAHHBIA yrojb; pacTtBop (deHondTanenHa,
aucTUuIMpoBaHHas Boaa; 0,025 H pacTBOp rUIPOKCHIAa HATPHUSL.

Memoouueckue pexomenoayuu K 8bINOIHEHUIO 1AOOPAMOPHOU pabombl

[IpurotoBnenue pactBopa HUKOTHHOBOM KucIoThl (CsHsNO,). B3ecuts 1,2 1 HK
Ha 100 M1 BOJIBI, XOPOIIIO HArpeTh 10 PaCTBOPEHUS, MPODUILTPOBATD.

VY nenbnyto ancopouuto HK onpenenstor no cieayromnein MeToIuKe:
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1. 10 ma uccnemyemoro pactBopa HK momemiairor B koiaOy Jisi TUTPOBAHUA,
noGapnstor 1-2 kamm Qenondranenna u tutpyor 0,025 H. pacTBOpoM THAPOKCHIA
HATpHUs /10 MOSIBJICHUS OJI€/JTHO MAaTUHOBOM OKpPACKH.

N3 cootHomeHus:  Cop(HKyx) - V (HK) = C,e(NaOH) - V (NaOH)
PACCUUTHIBAIOT MOJISIPHYIO KOHIIEHTpAIMIO SKBUBAJIeHTa ucxoaHoro pacrsopa HK.

2. K 15 mn ucxoanoro pactBopa HK moGammstor 0,5 T. akTMBUPOBAHHOTO YTJIA,
BCTPSXUBAIOT M OCTaBIstOT Ha 10 muH. [locie dero pactBop GUIBTPYIOT Yepe3 JBOMHOIM
OyMaXHBIH (QUABTp WM UeHTpUPyrupyror. 10 mu duapTpaTta WIM HaI0CATOYHOM
’KUJKOCTH TIOMEMIAIOT B KOOy, n00aBistor 1-2 xammm denondranenna u Tutpyrot 0,025
H. pacTBOpPOM THIPOKCHIA HaTpusa. PaccuuThiBaroT paBHOBECHYH KOHUEeHTpauuoo HK
(Coxe.(HK ), TO €cTh KOHUEHTpauuto HK nocne axcopouum.

3. Onpenensiror BenuuuHy yaenbHoi ancopormu HK mo dhopmye:

F:AC-V |
m

rae AC = CaxB.(HKch.) - CaxB.(HKpaBH.);

V — 06vem ucxognoro pactsopa HK, u3 koroporo nposoauiach aacopouus;
M — Macca akTUBUPOBAHHOTO YTJISL.

BriBoibI k 1abopaTopHOii padoTe.

2.2. JlaboparopHnas padota Ne 3
Tema: Aocopoyus. Honnasa aocopovus.

[lens paboThl: MPOHAOMIOJAATH AACOPOIMI0 MOHOB W3 PACTBOPOB; BBISIBUTH
pa3ianyus B aCOpPOLMU BELIECTB U3 PAa3HBIX PACTBOPUTEIIEH.

OOopylioBaHME€ M PpEAKTUBBI:  LEHTpUQyra; IMIACTUKOBbIE MPOOUPKHU C
npoOKaMu WM TMEHUUWUIMHOBBIE (IAaKOHBI ¢ TpoOKamu; OymMaxkHble (UIBTPHI,
BopoHkH; 0,2% pacTBOp HHTpaTra CBHUHIZ; 5% pactBOp wuHoAMAA KaJus;
AKTUBUPOBAHHBIN yroJib, BOJHBIN pacTBOP METHUIEHOBOI'O CUHETO.

Memoouueckue pexomenoayuu K 1a00pamopHoMy 3aHAMUIO

3ananue 1. AncopOiusi MOHOB U3 pacTBOpa
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B nBa neanmummmHOBBIX ¢iakoHa HanuBaroT 1o 5 M 0,2% pacTBopa HUTpaTa
ceuHa. K pactBopy B nepBom ¢uiakone no0aBisioT 2 kamm 5% pacTBopa Hoauaa
kanus. Bo Bropo# ¢uakoH no0aBisioT 50 M akKTHBHPOBAHHOI'O YIJISL, 3aKPBIBAIOT
MPOOKOM, cofepkuMoe (akoHa BCTPSIXMBAIOT B TeUeHWE | MUH M 4epe3 5 MuH
¢unbTpyroT. K uiibTpary 106aBisioT 2 Karm pacTBopa MOAU1a Kausl.

HaGuroieHus: cpaBHUBAIOT PE3yJIbTAaThl pEAKLIUN ¢ paCTBOPAMH B IIEPBOM U BO
BTOPOM (pIIaKOHAX.

BriBosibl: 3anuchIBalOT ypaBHEHUS PEAKLUI U JENAIOT BBIBO/I.

(1 dpnaxon) Pb(NO3),+2Kl«—

(2dmaxon) Pb(NO3),+«C e »+2KI >

3ananue 2. AncopOuus BEUIECTB U3 Pa3HbIX PaCTBOPUTENEH

B oany miactukoByio npoOHpKy (MK NEHUITULTUHOBBIN (hJIaKOH) MOMEIIAIOT O
MJI BOJHOTO pacTBOpa METHJIEHOBOI'O CHUHETO0, a BO BTOPYIO - 5 MJI CHMPTOBOIO
pacTBOpa METWJIEHOBOIO CHHETO0 paBHOM KOHLEHTpauuu. B o06e npobupku
no6asiasitor 1o 30 Mr  aKTUBUPOBAHHOTO  YIJIS, 3aKpbIBAIOT MPOOKAMH H
LHEHTPU(DYTUPYIOT B T€UEHHUE 5 MUH (WM BCTPSAXUBAIOT B TEUEHUE | MUHYTHI).

Ha6monenus: Ilocne nentpudyrupoBaHusi CpaBHUBAIOT OKPAcKy pPacTBOPOB
METHJIEHOBOTO CHHEr0 B IEpBOMl M BO BTOpoMIpoOHupke./lenaroT BBIBOABI K

nabopatopHoit padore.

2.3. JlaboparopHas pabota Ne 4
Tema: Xpomamozpagus

[{enb paboThI: OCBOCHHE METOIOB a/ICOPOIIMOHHOM XpoMaTorpaQuu.

ObopynoBanue U PCaKTUBHI: Xpomarorpapudeckas KOJIOHKA,
xpomatorpaduueckas rmiactuaka «Sorbfil», kammmuisp,  xpomarorpadudeckast
Kamepa, CTyNKa, MEeCTHK, CUTO, MEHUIIWUIMHOBOW (DIIaKOH, TMHIIETKA, BBHICYIICHHBIC
JUCThSl KpPAmuBBI, KpaxMmaj, JTUJIOBBIA CIUPT, OCH3WH, CMECh YETHIPEX BEIUIECTB
(cenykceH, HOBaOKaWH, JTWKaWH, JUAaHWH), cucTeMa: Smi amnetona + 1 kamis 10%
pacTBopa ammuaka, peaktus Jlparenmopda (KBily), auctummupoBanHas Boja.

Memoouueckue pexomenoayuu K 8bINOIHEHUIO 1AOOPAMOPHOU pabombl
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3amanue 1. Paznenenne mUrMeHTOB XJIOpOQHMILTIA METOIOM aJCOPOLIMOHHON
Xxpomatorpaduu.

1.1. IMoaroroBka OEH3MHOBOTO 3KCTpakTa. B CTymke C MOMOIIBIO MECTHKA
M3MEJIbYAIOT BBICYIICHHBIE JINCThSI KPAIKBBI, IPOCEUBAIOT MX C IOMOINIbIO cuTa. B
NEeHUIIWJUIMHOBBIA (DJIAKOH TMOMEIAT cliod JucTheB (1-2), cmauyuBarT ero 3-5
KaIUIIMH 3TUJIOBOTO CIUPTA U OCTABJISIOT, CIerka BCTPSAXHYB, Ha 3-5 MUHYT. 3aTeM
BO (prakoH 100aBisAOT OCH3MH, MOKPHIB UM JIUCThA. COUPT XOPOIIO 3KCTPArupyer
XJOPOGUILT U3 JIUCThEB, HO U3BJICUCHHBIN XJIOPOUILT JyUllle paCTBOPUM B OCH3UHE.
[locne BcTpsixuBaHUS OEH3WHOBBIM PACTBOP MPUHHUMAET TEMHO-3EJIEHYIO OKPAaCKY.
[lo crenke mnpunuBalOT BO (HJIAKOH JUCTWUIMPOBaHHYIO Boay. BceruibiBimii
OCH3MHOBBIN CJIOW C TOMOIIBIO THUIETKH MEPEHOCAT B YHUCTHIM MEHUIIMITMHOBBIN
(1akoH M CHOBa NMPOMBIBAIOT €0 BOJOM OT CIHpTa, ClerKa BCTpsXuBasi (IaKoH.
Cnupt MemaeT pa3iefIeHuI0 KOMIIOHEHTOB B KOJIOHKE.

1.2. IToaroroBka kojgoHku. Ha gHO Xpomarorpaduyeckoil KOJTOHKHU (JIMHOM 8-
9 u quameTrpom 1 cM) MOMeIIalOT BaTHBIM TaMIIOH ciioeM 0koJio 0,5 cM 1 HackimaroT 1
- 1,5 cm mopomka Al;O;. 3areM 3amoyHAIOT ee CyXUM KpaxMajoM, BHOCS €ro
HEOOJBITUMU TIOPIUSAMHA W YIUIOTHSS JIETKUM TOCTYKMBAaHWEM KOJOHKH O CTOJ.
Kononka nomkHa ObITh PAaBHOMEPHO 3aloJiHEHAa 0e3 MyCTOT Ha JBE TPETU H
3aKperieHa B BEPTUKAIBHOM IOJI0KEHHUHU.

1.3. Xpomatorpadus. Heckomnbko kamenb (8-10) OeH3MHOBOTO 3KCTpakTa
BHOCSIT MUIIETKOM B BEPXHIOIO YaCTh KOJIOHKH, CTapasichb, YTOOBI TyJa HE Momasa
Boja. llpu mepememieHMn >3KCTpakTa BAOJIb KOJIOHKM MJAET pa3JeieHue Ha
a7copOIMOHHbBIE CIION (MEPBUYHAs XpoMaTorpaMma). XpoMaTrorpamMmmy MpOSIBIISIOT,
no0aBiisAs cBepXy 4MCThI OeH3uH. OH yBieKaeT ¢ co00M paszensieMble BellecTBa 1o
CTETeHU UX aJCOPOUPYEMOCTH.

Ha6ntonenusi. OCHOBHBIE MUTMEHTHI 3€JIEHOTO JIMCTA PACHOJaratoTcsi CBEPXY
BHU3 CJIETYIOIIUM 00pa3zoM:

xenras (kcantoduin B);

XKenTo-3eneHas (xjaopoduiiuH B);

cuHe-3emneHas (XJI0pohUIIINH o);
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xentast (KCaHTOPWILT o),

KpPAacCHBIHN (KapOTHH).

KcanTodumiel cnabo amcopOUpyroTcs, a KapOTUH Ha Kpaxmaje BooOIle He
azcopoupyercs.

BriBOIBI:

3aganue 2. Xpomarorpaduueckoe pas3jiejacHue BEIeCTB

Ha craproByto nmHmio xpomarorpaduyeckoir mmactuaku «Sorbfily B Tpm
TOYKM HAHOCST C MOMOILBIO KauJUIgpa CMECh 4eThipex BemecTB. [locie ucnapenus
PaCTBOPHUTEIIS XpoMaTorpagupoBaHue MPOBOIST B KaMepe, MCIOJIb3ysS B KadyeCTBE
MOABMXHOM (ha3bl cuctemy: Smi anerona + 1 kamsa 10% pactBopa ammuaka. [Tocie
MPOJIBIKCHUS (DPOHTA PACTBOPUTENS HA 9CM, TJIACTUHKY BBIHUMAFOT, MOACYIITUBAIOT
u o0pabatbiBatoT (00s3aTEIBHO MO/ BHITSHKKOMN) peakTuBoM Jlparermopda (KBils).
OTMmeyaroT oKpalleHHbIe MATHA Ha XpOMaToTrpaMMe.

HaOnronenus: XpomarorpaMMmy 3apUCOBBIBAIOT, PACCUMTHIBAIOT 3HaucHHe Rf
UCCIIelyeMbIX BellecTB U 1o BenmunHe Rf onpenenstor Hen3BecTHOE BEUIECTBO.

BriBo1bI K TaGopaTopHOM padoTe.

Pexomennyemas nureparypa:

bense A.Il. ®usuueckas W KOJUJIOMJHAS XUMHsS. PyKOBOACTBO K
MPaKTUYECKUM 3aHATUAM: ydyeOHoe mocodue / A.Il. benses u np.; mox pea. A.IL
bensesa. — M.: I'D0TAP-Menua, 2012. — 320 c.

Epmiop F0.A. O6mas xumus. buodusnueckas xumus. XuMHUs OHOTEHHBIX
aneMeHToB: yueO. s By30B / FO.A. EpmioB u ap.; mox pea. FO.A. Epmosa. — M.:
Brrcmas mixona, 2003. — 560 c.

Cnecapes B.M. Xumwus. OCHOBBI XMMHUHU KUBOro: yueO. ais By3oB /B.U.
Cnecapes. — CI16: Xumuznar, 2007. — 784 c.

dusnydeckas ¥ KojutonaHas xumus: yueOnuk / [lox pen. npod. A.Il.bensiea. —

M.: I'DOTAP — Menua, 2008. — 704 c.
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3. PA3OBBIE PABHOBECHUA

Pa3nbie (a3pl 00pa3yroTCsi pa3HBIMH arperaTHbIMU COCTOSIHUSIMH OJHOTO U
TOTO ke BemecTBa. CUCTEMBI MOTYT COCTOSITh U3 OJTHOM MJIM HECKOJIbKUX (a3. Yucio
(a3 obo3znavarot .

®=1 — roMoreHHas cucTeMa, COCTOUT U3 OJHOH (ha3bl;

®=2, 3 — MHOTO(a3HbIE, TE€TEPOTEHHBIC CHCTEMBI.

®da3pl MOTYT cOCTOATh U3 | wim Heckoabkux kommnoHeHTOB (K). Ywucno a3
MOKET HE COBITJIaTh C YHCJIOM KOMIIOHEHTOB.

[Tp: 1)Boma—1 ¢azau 1 KOMIOHEHT;

Bojatmnap—1Ku?2 @;

Bojia + map +ien — 1K u 30;

2) pactBop BemiecTB — 1 @ 1 MHOTO KOMITOHEHTOB;

3) macino + Boja + yrosb — 3 ®@u 3 K.

daza MOXET OBITh HenpepvigHOU WIN OUCNEPCHOU, TO €CTh COCTOATh W3
OTJICTBHBIX ()PArMEHTOB WIJIM YacTHIl (TIp: KaleJbKH Macja B BOJEC, TJILIOKU JibJa B
BOJIE, MBI B BO3AYyXE, MYy3BIPHKU Ta3a B BOJe). B KaXIoM W3 3TUX MPUMEPOB
nucnepcHas ¢asa pacnpeesieHa B Kakoil-in0o BTOpPOil — HenmpepbIBHOM (a3e.

Dazosoe pasHnosecue. CUUTACTCSI, YTO CHUCTEMA HAXOJIUTCS B COCTOSIHUHU
(ha30BOro paBHOBECHSI OTHOCHTEIBHO KaKOTO-TH00 KOMIOHEHTa (I —T0 KOMITOHEHTA),
€CJTH OTJICTILHBIC MOJICKYJIbI BEIIECTBA MOTYT MEPEXOUTh U3 OAHOU (a3bl B APYTYIO,
HO KOJIMYECTBO NIEPEXO0B B €IMHUITY BPEMEHHU CTPOTO OJMHAKOBO.

Yenosus ghazosoeo pasnogecus. B rereporeHHoi cucreme nuMmeetcs pa3oBoe
paBHOBECHE, €CIIM MEXKTY (a3aMH CYIICCTBYIOT CJICIYIONTNE BU bl PABHOBECHIA:

- TEpMHUECKOE (PaBEHCTBO TEMIIEPATYP);

- MEXaHU4eCKoe (PaBEHCTBO JIaBJICHUN);

- XUMUYECKOE (B OTHOIIICHUH Ka)KJ0TO KOMIIOHCHTA).

Da3z06vl1i nepexo0— MEePexo]l BEIIECTBA U3 OJTHOU (a3bl B APYTYIO.

JlommycTuM, dYTO YCJIOBHS TEPMHUYECKOTO W MEXaHWYECKOTO PaBHOBECHMA

CO6JHOI[€HBI, N CHUCTCMaAa HaXOAUTCA IIPHU IIOCTOAHHOM [JaBJICHHMM M TCMIICpATypC.
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Torna TepMOIMHAMUYECKMM TOTEHIIMAIOM B OTOM CHCTEME SIBJISETCS OSHepeus
T'ub6ca, xoTopasi 3aBUCUT OT XMMHUYECKOTO TTOTCHIIHAJIA JAHHOTO KOMITOHEHTA.

Xumuueckuii nomenyuan (ui) — 4actb sHepruu ['mOOcCa CHCTEMBI, KOTOpas
IIPUXOIUTCS Ha | MOJIb BelecTBa.

Hiay= AG [ n), tae wi — xumudeckuil noreHuuar; AG — M3MEHEHHe dHEPruu
I'n60ca; N— KOIUYECTBO BEIIECTBA.

ui=ui®+RTCp), tne p® — crammapTHBI XUMUYECKHMI MOTeHIMAT; R — rasoBas
noctosiHHast; T — temneparypa B K; C — KoHIIeHTpalus BelecTsa.

Ecim B crcTeMe MpOUCXOIUT TiepeMelieHre HeKoToporo kosmdectsa (dn(A))
KOMITOHEHTa U3 OAHOW (a3pl B JPYryr0, TO U3MEHEHHE YHEPTUU KXo (a3bl
MO>KHO MIPEICTABUTH CJIEYIOUIUM 00pa3oM:

AGip = - Mi(A) - dn(A) | haza

AGheo =+ |.l|(A) " dn(A) Il I (1)333.

AGoy. cucres= AGI+HAG)

GO6LL[. crcTeMbI— ~ IJ'I(A)l ) dn(A)|+ I-li(A)ll ) dr](IA)II

ITpu paBaoBecuu AGogy, cucremn = 0;

0= - pi(A) - dn(A)+ pi(A)u - dn(A)

Ecimm dn(A), =dn(A)y, To

Hi(A)=Hi(A)n

CrnenoBaTenbHO, MOXKHO C(HOPMYITHPOBATH YCIOBUE XUMUUECKO2O PABHOBECU:
(a3bl cucTEMbI IPU MOCTOSTHHOM TeMMepaType U JIaBIIEHUU HAXOAATCS B XUMHUYECKOM
paBHOBECUM JAPYT C JIPYrOM OTHOCHUTEIBHO KOMIIOHEHTa A, €ClIi XHMHYECKUE
noTeHnuaibl (i) TaHHOTO KOMITOHEHTA B ATHX (ha3ax OJUHAKOBBI.

CucremMbl, cOCTOSIIINE U3 IBYX KUIKOCTEH

PacTBOpel OOHOWM JKMIAKOCTM B JPYrod 4YacTo Has3plBalOT cMecaMmu. OHH
pa3IuyaroTcs Mo B3aMMHOW PaCTBOPUMOCTH.

XKuakocTty HEOrpaHUYEHHO PACTBOPUMBIE APYT B IPYTe: BOJIA — 3TAHOJ;, BOJIa —
METaHOJ; 3PP — TPUXIIOPMETAH.

XKuakoctu orpaHU4eHO pacTBOPUMBIE APYT B Jipyre: 3¢up —Boja.
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B3aumHO HepacTBOpHMBIE KHAKOCTH: BOJA — Macjo; Bojga — OEH30J; Boja —
xJopodopm.

IKCTpaAKIUS

Cucrema B3aUMHO HEPACTBOPUMBIX KHUAKOCTEH TMO3BOJSET OCYLIECTBUTH
BOXHYIO MPOLEAYPY — IKCTPAKLUIO. DKCMpakyus — 3TO TPOIECC paclpeaeieHus
BEIIECTB MEXY ABYMS HECMEIIUBAIOIIMMUCS MEXKIY COO0M KUIKOCTIMU. Peub naer
O TPEXKOMIIOHEHTHOH ABYyX(ha3Hoi cucteme. OHa BKIIOYAET JBE HECMEIINBAIOIINECS
’KUJIKOCTH U PaCIpeie]IeHHbIM MEXAy HUMH TPETHil KOMIOHEHT. [Ipu TmartensHoM
CMEIIMBAHUM TaKOW CHCTEMBl M  pacClaMBaHUM  SKMJIKOCTEH  IPOUCXOIUT
pacrpesenenue BemecTBa (3-r0 KOMIIOHEHTa) MEXIy JAByMs (¢aszamMu. OTo

PaBHOBECHBIH IIpOLIECC.

Puc. 4 — DkcTpakuus B JENUTEIBHON BOPOHKE
[Ipu paBHOBECMU KOMIIOHEHT A TEpPEXOIUT U3 MepBod (a3l BO BTOPYIO H
00paTHO B paBHOM KOJIHYECTBE: Ajp<>A1p, TOITOMY XUMUUYECKHUE MTOTEHIIUAIIBI TOTO
KOMITOHEHTA B IBYX (ha3zax ogMHAKOBBI: WW(A)14= H(A).
3akoH pacrpeneneHus HepHcTa: OTHOIIEHHE aKTUBHOCTEH paclpeaesieMoro
BEIIECTBA MEXKIY HECMEIIMBAIOUIMMIUCI MEXIY COOON KHUIKOCTAMH TpPH JTaHHOU

TEMIICPATYpPC €CTh BCIIMYIMHA IIOCTOsIHHAA.

a
KT =a—AZ, rac Kt - TEPMOANHAMHUNYCCKAsA KOHCTaHTa pacCripCaCiICHUA, 3aBUCUT
Al

TOJILKO OT TeMIEepaTyphl, 0L — AKTUBHOCTb.
Tak kak mpu IKCTpaKIMM MBI MMEEM J€J0 C MajbIMU KOHIICHTPALUSIMHU,
no3ToMy KO3 (UIMEHT aKTUBHOCTHU paBeH 1.

0=Y:C, TJIe C — KOHLEHTpalus, Y — KOOQPUIMEHT aKTUBHOCTH.
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aar=[A1]; aa=[A2].
Kc — [A]Z

4]

[locneanioro  GopMmyiny HMCHONB3YIOT TOJBKO JUIS HJCANbHBIX CIy4yacs.

, Te K. — KOHIEHTpallMOHHAs! KOHCTAHTA PACIPEACIICHHUS.

BemectBo A nomkHO OBITH B OJHOM W TOW ke MoJiekyisapHod ¢dopme. Ho Ha
MIPaKTHKE yCIOBUS HE cOOM0Aat0TCs. BemecTBo MOKeT oABEepraThCs JUCCOLUAINH,
accolualuy, oO0pa3oBbIBaTh MOJIEKYJSIPHBIE KOMIUIEKCHI, NMPUYEM 3TH MPOLECCHI
MOTYT MpOTEKaTh B MEpBOM M BTOpod (azax mo-pasHomy. [losTomy Ha mpakTuke
UCHoib3yloT Kodpdunument pacnpeneneHus (D.), KOTOpbli paBeH OTHOLICHHIO
CyMMapHbIX paBHOBECHBIX KOHIIEHTpAaIMi Bcex Gopm BemiecTBa A B 006enx (azax.

D= Caz/ Cai

Kosddummment pacnpeneneHuss 3aBUCHT OT (UBUKO-XUMHUYECKUX CBOWCTB
pacmpenensieMblX  BEIIECTB, OT CBOMCTB pacTBopuTenell  (KUIKOCTEH), OT
TEMIEPATypbl, OT YCJIOBHM SKCTPAKUMU U APYruX (PaKTOPOB M HE 3aBUCHT OT
PaBHOBECHBIX KOHIIEHTpaluii 1 o0beMa (as.

BemecTtBo A MOXET pacnpeensiTbCsl MEXK1Y PAaCTBOPUTEIIIMU HEPABHOMEPHO,
TO €CTh KOJMYECTBO BEIIECTBA MPU PABHOBECHUU MOXKET OKa3aThCs B OAHOW u3 (a3
3HAUUTENBHO OOJbllle, YeM B JPYrod. DTO MO3BOJISET C MOMOIIBIO AKCTPAKIIMU
M3BJIEKATh BEIIECTBA M3 OJHOM >KUAKOCTU B Apyryro. Uem Oosbiie D, TeM Oomblie
BellecTBa A OKaXeTcsi BO BTOpOil (ase.

Ipgexmuenocms 3xcmpaxyuu (E)

JlomyctuM HEOOXOOUMO U3BJIEYb  BeHIECTBO A H3 BOAHOM (a3l B
opranuveckyro. Uem Oosblie BemiecTBa A Tepeiier B OopraHM4eckyro ¢azy, Tem
BbIe 3 ¢pexktuBHOCTh 3KcTpakuuu (E). To ecth 3¢ (eKTHBHOCTH SKCTpAKLIMK paBHA
OTHOIIICHHIO KOHIIEHTpAlMM BellecTBa A B oOpraHuueckoil (ase kK cyMMapHOU
KOHIICHTpAIMH BelllecTBa A B IEPBOM U BTOpoH (pazax:

_ Cp .
Cu+tChp

D} hekTUBHOCTH IKCTPAKIINN TTOKA3BIBAET, KaKas JOJI BEmecTBa A OT 001ero

KOJIMYECTBA Mepelnia B oprannueckyto ¢asy. E usmepsiercs B 1oms1x wiu B %.
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O PeKTUBHOCTD IKCTPAKIIUU CBSI3aHA C KOI(DPHUIIMEHTOM pacipeieIeHHs

_ CAz _ A _
=—=—, D, = , A, D, CA1
CA1+CA2 CA1
DC-CAl B DC-CAi D,

"C,+D,-C, C,-(1+D,) 1+D,
E=D, /1+D..
Jpobnas (mnozocmynenuamasn) sxcmpaxyus. TeOPETHUECKHUI pacyeT MacChl
SKCTParupyeMoro BEIECTBA, OCTABLIErOCS B BOAHOM (pase MOCIE IPOBEICHUS

NEePBOU CTYMEHU IKCTPAKIIMH MMPOU3BOUTCS IO (hopMyIie:

m .
mm' =——F—"%—— TJC My — HUCXOJHAd Macca BCIICCTBA, mB_q)_— Macca BCUIICCTBA,
D . ope.¢. +1
Vv

c

6.¢.

ocTaBIerocst B BojHo# (aze, V — 00beMbl BOJTHON U OpraHUYeCcKOi (ha3bl.

Jlyis yBeMYeHUs MOTHOTHI U3BJICUEHHS SKCTPArupOBaHUE CJIEIyeT MPOBOIUTD
MOCJIeA0BATENbHO (ApOoOHO) HEOOMBIIMMHU MOPLUUAMHU dKcTpareHTa. [Ipu sTtom Gepyt
HE Cpa3y BeCh 00beM pacTBOPHUTEIA, a ACNAT €ro Ha HECKOJIbKO pa3 (Hampumep, Ha
Tpu pa3a). PacueT Macchl sKCTparupyeMoro BEIIeCTBa, OCTABILIETOCS B BOJHOM (hase
TI0CJIe TIPOBECHUS TPEX CTYNEHEH AKCTpakiuu (M) MPOU3BOAUTCS 1O hopMyJIe:

m m,,
m" ., =

g .
(D, +1)

6.¢.

3.1. JTaboparopnas padota Ne 5
Tema: Ixempaxyusn. ZKuokocmuasa IKCmpaKyusa RUKPUHOBOI KUCTIOMDbL.
Jlpoonasa (mnozocmynenuamasn) IKCMpaKyus
[ens paboThl: MPHUOOPECTH HABBIKK OCYIECTBICHUS MPOIECCa IKCTPAKIINHI U
MPOBE/ICHUST pACcUeTOB JUIsl ompeneneHus KoddduimeHnta pacrpeieieHus Hu
3 PEKTUBHOCTH IKCTPAKIIUH.
OO6opynoBaHWe W PEAKTUBBI: JICTUTEIHHBIC BOPOHKU WM TIEHUIUUIMHOBHIE

(bJIaKOHBI, ITUIICTKH, 6}OpCTKa AL TUTPOBAHMA, KOJOOYKH AJIs1 TUTPOBAHUA,
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denondranenn, nukpuHoBas kuciora, 0,058 pactBop NaOH, xmopodopm,
TUCTHJUTHPOBAHHAS BOJIA.

Memoouueckue pekomenoayuu K 8bINOJIHEHUIO 1ADOPAMOPHOL pabomol

[TpuroroBnenue BoaHoro pacrBopa mukpuHoBOH KUCIOTHI (CeH2(OH)(NO2)s3):
0,8 r I[IK pactBoputs B 100 MJI TUCTUIITMPOBAHHOMN BOIBI.

3aganue 1.0npeneneHre KOHIEHTPAIMU U MacChl MUKpHUHOBOU KucioThI (1K)
B UCXOTHOM BOJHOM pacTBOpe (Crikpex.)-

10 mu ucxomgnoro pactBopa I[IK momemaroT B KOIOOYKY Jisi TUTPOBAHUSA,
nobapisroT 1-2 xammm denondranenna u tarpytor 0,05 H pactBopom NaOH mo
U3MEHEHHS OKPACKH OT KEITON JI0 KPaCHOU.

[To 3akony 3kBHBANEHTOB (C([1Kyex) - V (IIK) = C,(NaOH) - V (NaOH)
PAacCCUHMTBHIBAIOT ~ WCXOJHYI0  KOHIEHTPAIMIO MHKPUHOBOW  KHCJIOTHL — Mcmonb3ys
TIOJTyYeHHBIH pe3ynbTaT, onpenenstor maccy [1K mo hopmye:

mHl(ucx, = CH[( -M TIK 'VH[( y (MHK:229 F/MOJ'IL).

ucx.

3ananue 2. [IpoBenieHre 3KCTPAKIMKU MUKPUHOBOM KUCIOTHI XJIOPOGHOPMOM.

K 10 mn pactBopa IIK B menunummmaOBOM (iakoHe (WU B JEIUTEIHHON
BOPOHKE) MPUOABISAIOT 5 M XJI0podopMa, SJHEPTUYHO BCTPSIXUBAIOT B TeUeHUe | MUH
M OCTaBISIIOT I pasjesieHus ¢a3. 3aTeM HIKHIOI XJOPOGOPMHYIO M BEPXHIOIO
BOAHYIO (a3zy oTaensioT npyr ot apyra. Boanywo ¢dazy, coxepxamryro [IK,
MOMENIAIOT B KOJOOUKY J1JIsi TUTPOBAHMUSI.

3amanue 3. Omnpenenenue konreHTpanuu [IK, ocrtaBmelics B BomHOM (asze
noce dkcTpakiuu (Cg g.).

PactBop IIK mocne skcTpakiuu TUTPYIOT (TpeaBapuTeIbHO J00aBUB 1-2
Karmu (eHondranenHa) U ONPEAeNAIOT €€ KOHIEHTPAIUI0 TaKKe, KaK OIMHUCAHO
BBIIIIE B 3a1aHuM].

BrinosiHuTe crienyromue pacyerst:

1. Omnpenenenune konnentpanuu 1K, mepemenmieli B opranudeckyrw daszy
(Copr.¢.)- PaccuntbiBaroT Copr.g. 10 hopmysIE:

Ve.d).

= (CHI(,M_ - CHKﬁ.f};. )V

ope.¢h.

CHK

ope.b.
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2. Ompenencaue koddpduimenta pacnpenencaus (Dc), sddexTruBHOCTH
skctpakimu (E) u maccst 1K, ocraBmeiicst B BogHO# (ase mocie skeTpakuuu (My.g.).
Vkazannele mnapamerpbl 3kcTpakuuu IIK  xjmopodopmMoM paccuuThIBaIOT,
UCIIONIB3YSI CIICTYIONTUE (hOPMYJIBI:
CHKapp.qs. D. . M2k e,

, E=
CHK«.([;. c D .Vopz.tﬁ. +1

c

D =

c

vt
Teopetnueckuii pacuer maccol [IK, ocraBmieiics B BogHoW (hase mocie
IPOBEJEHUS TPEX CTYINEHEN dKCTPAKLUU C UCIOIb30BaHUEM Kax bl pa3 1o 1,65 mu
xaopodopma (m*“ i, , ).
PaccuuteiBaror m”x,, mo dhopmyse:
n m,
m", =

g .
(D, +1)

6.¢.

Bce IMOJIYUYCHHBIC OJOKCIICPUMCHTAJIBHBIC W PACUHCTHBIC MOAHHBIC 3aHOCAT B

Tabnuily 4 u enaroT BbIBOA 0 mpoiiecce skctpakimu 1K xnopodgopmom.

Crikuex. Criks.¢. Crikopr.¢. Dc E M1 . M.,

Pexomenayemas nureparypa:

Epmo HO.A. OOmas xumus. buodusnueckas xumusa. Xumus OHOT€HHBIX
anemMeHToB: yueb. mis By3oB / FO.A. EpmioB u np.; nox pen. FO.A. Epmiosa. — M.:
Bricmas mxona, 2003. — 560 c.

Crnecapes B.M. Xumusa. OCHOBBI XUMHUHU >XKUBOro: yde0. mis By3oB /B.U.
Crnecapes. — CI16: Xumusznar, 2007. — 784 c.

duznueckas u koutonaHas xumus: yaeonuk / [lox pen. mpod. A.Il.bensiera. —

M.: I'DOTAP — Menua, 2008. — 704 c.
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4. JIEKTPOXUMMUA

Inekmpoxumua — HAyKa, U3y4darolasi B3aUMOCBSI3b MEXIY XUMUYECKUMH U
AIEKTPUYECKUMU SIBJICHUSAMU.

B 3aBucHMOCTH OT THIa HOCUTENEN AIEKTPUUECTBA Pa3INYaroT IPOBOJIHUKH |-
ro u 2-ro poxaa. IIpoBomHukamu 1l-ro poma SABISIFOTCS METalibl, B HUX IEPEHOC
AJIEKTPUYECTBA OCYIIECTBIISAECTCS 3IeKTpoHaMu. [IpoBogHMKaMU 2-TO poJia SIBIISFOTCS
pacTBOpbl M pacIulaBbl  AJNEKTPOJUTOB, B HUX IIEPEHOC  DBJIEKTPUUYECTBA
OCYLIECTBIISIETCSI NOHAMM.

Jlnst  opraHM3Ma BaXHYIO pOJIb UIPaeT 3JIEKTpUYECKas MPOBOJAUMOCTD
PacTBOPOB 3JEKTPOIUTOB OMOJOTUUECKUX TKaHEH OpraHu3Ma.

DNeKTpoIMTHYEeCKass TOJBMKHOCTh HMOHOB (U) — CpemHsisi CKOPOCTB
HaIIPaBJIECHHOI'O JIB)KEHHSI HOHOB B PACTBOPE MPHU HANPSHKEHHOCTH 3JIEKTPUYECKOrO

ot E=1B/m.

v oM

" E|lcB

BenuunHa 37€KTPOJUTUYECKON TMOJBUKHOCTH HOHOB 3aBUCHUT OT MPUPOIBI
WOHOB, IIPUPOABI PACTBOPUTENS, HOHHOM CHJIBI PAcCTBOPA, TEMIIEPATypbl PacTBOpaA,
KOHILEHTPAlMA HOHOB.

I[IpenenbHas HIEKTPOJINTHYECKAS MOABMKHOCTE MOHOB U — »TO cpenHss
CKOPOCTH HAMPABIICHHOTO JIBI)KCHUS MOHOB B OECKOHEYHO Pa30aBIIEHHOM PacTBOPE
IIPU HATIPSHKEHHOCTH dJIeKTprueckoro nojst E=1B/wm.

[penenpuas moaBmwkHOCTH HOHOB HY 1 OH™ HamHOTrO BBIIIE, YeM Mpeae/IbHAs
MOJABMKHOCTD JIPYTUX HOHOB, 32 CYET 3CTAPETHOTrO MEXaHU3Ma MEPEMEIICHHUS.

Bennuuna, oOpaTtHas CONMpPOTUBIEHUIO PACTBOPA, HA3BIBAETCS DJIEKTPUUYECKON

poBOAMMOCTHEIO (L).

L= Y Om™ = Cm(Cumenc)
R Om
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VYaenbHasi 3J€KTpUYECKash MPOBOJUMOCTH pacTtBopa () — OTO BEIUYHUHA,

=Om*t-mt :@}

oOpaTHas yIeTbHOMY COITPOTUBIICHUIO pacTBopa: ¥=1/p {
Om-m M

DU3NUECKHUI CMBICH ) — 3TO KOJMYECTBO AMEKTPUUECTBA, IEPEHECEHHOE BCEMU
MOHAMH 4epe3 TONEPEYHOE CEUEHHE PacTBOpa MIomanbio 1 M? Ha pacctosnue 1 M 3a
cexkynny npu E=1B/m.

VYaenbHas 37eKTpUUYEcKas MPOBOJUMOCTb 3aBUCUT OT IMPUPOJIBI AIIEKTPOJIUTA,
€ro KOHLEHTpauuu (pa3BeneHus) U TemmepaTypel. Camas BbICOKas YZeJbHas
AIIEKTpUYECKasi MPOBOJIUMOCTb y CHUJIBHBIX KHCIIOT, HECKOJIBKO HIDKE — Yy IIeNoue U
camasi HU3Kasi — y cJa0bIX 371eKTposuToB. C yBEIMYEHHEM pa3BENCHUS YZENIbHas
AIIEKTpUYECKasi MPOBOJAUMOCTh CHAauyajda BO3PACTACT: Yy CIAOBIX AJIEKTPOJIUTOB — 3a
CUeT YBEJIMYEHHUS CTENEHU IUCCOLMAIMHM, Y CHUJIBHBIX — 3a CUET YMEHbBIICHUs
MEXHOHHOTO B3aUMOJICHCTBUS, a 3aTEM YMEHBIIAECTCA M y CUWIBHBIX U Yy CJIAOBIX
AIIEKTPOJIUTOB M3-32 YMEHBIICHHS KOJMYECTBA HOHOB B €IMHUIIE 0O0bEMa pacTBOpa.

MosipHasi 3neKTpUdecKasl MPOBOIUMOCTh (Ac) — 3TO MPOBOAMMOCTH 1 MOJb
AJIEKTPOJINTA, HAXOJSALIETOCS B PACTBOPE MEXy MapaJlJIeIbHBIMU 3JIEKTPOJaMH,
pacnojoKeHHbIMU Ha paccTostHuu 1 M, mpu E=1B/m.

x| Cwmea?
© ¢.1000| monw

MounsipHasi 37€KTpUYeCKas MPOBOJAUMOCTb MPH pa3z0aBICHUU MOXKET TOJBKO
BO3pacTaTh, TaK KaK YBEJIIMYMBAETCS OOIIEE YUCIO UOHOB Y ClIa0bIX AJIEKTPOIUTOB 32
CYET BO3pAaCTaHUs CTENEHU JUCCOLMALMU, a Y CHIbHBIX 3JEKTPOJIUTOB —
YMEHBIICHUE MEXUOHHOTO B3aUMO/ICVCTBUA.

[Ipn OeckOHEYHOM pa3BEJACHUU MOJISIpHASE JJIEKTpUYECKas MPOBOJUMOCTh
MIEPECTAET 3aBHCETh OT KOHIEHTPAMH M JIOCTUIAeT MAaKCHUMAJIBHOIO 3HAYCHMS,

HAa3bIBAEMOTO NIPEIENIbHON MOJIIPHOM 2JIeKTPUUECKO TPoBoAUMOCThIO (A0).
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oz Cm *m?
© %1000 MO

>~

\ A, CM=M*/MOITB

AS / CH,COOH

Puc. 5 — 3aBUCUMOCTB MOJIIPHOM 3JIEKTPUYECKON TTPOBOJUMOCTH

>V, mMPeMoin

ot pa3Benenus (V=1/c) npu t=const
[Ipu GECKOHEYHOM pa3BEACHHM NpEAeIbHAs MOJApHAs DIEKTPHYECKas
IPOBOAMMOCTh JAHHOTO 3JIEKTPOJUTA paBHA CyMMe IIPeAelIbHBIX MOJISPHBIX
3JIEKTPUYECKHX IPOBOJAUMOCTEH HOHOB, BXOALIMX B COCTaB JTOrO BIEKTPOIHMTA
(3axon Konepayma): A%an=Alkit Aoan

3akoH Konbpay1ia no3BoJiieT pacCUuTaTh:

K
a) cTerneHb JUCCOLMALMHN CI1a00ro IeKTponuTa: o= AJ/A%; o = .| —2
C
c-a?
0) KOHCTAHTY IUCCOIMAIINN CITA00TO AIEKTPOJIUTA: K, = ﬁ
-
B) MOJIIPHYIO KOHIICHTPAIIMIO U PACTBOPUMOCTD BEIIECTBA: S =C = m
4.1. JTaboparopnas padota Ne 6
Tema: dnexmpuueckan npo8oOUMOCHLb
[leas  paboOTHI: HAyYHUTBCS  U3MEPATh  YJCIBHYIO  JJEKTPUUYCCKYIO

MPOBOAMMOCTh PACTBOPOB C TIOMOIIbIO KOHIYKTOMETPA; BBIIBUTH 3aBUCHUMOCTD
YIEJIbHOM 3IEKTPUUECKOM MPOBOAUMOCTH OT KOHIIEHTPAIIUN PACTBOPOB.
OOopynoBaHre U pPeakTUBBI: KOHAyKTOMeTp; Oroperka; 10% pactBop NHs;

ko061 Ha 100MIT; TUCTUITMPOBAHHAS BOJIA.
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Memoouueckue pexomeHOayUU K 8bINOIHEHUIO 1AO0PAMOPHOL pabombl
3amanue 1. IlpurotoBuTh pacTBOpPHl THAPOKCHIA AMMOHHUS 3aJaHHOMN
KOHIICHTPALIUH.

3amaHHbBIe PACTBOPHI THAPOKCHIA aMMOHUS ¢ KoHneHnTparusamu: 0,5; 0,4; 0,3;
0,2; 0,1; 0,05 Moab/1 TOTOBAT U3 UCXoAHOTO pacTtBopa NHs. st 5TOro MCXoIHYyIO
koHueHtpauuto NHs, maccoBas ponst kotoporo cocrasiser 10% (p=0,957 r/mn),

MEPECUYUTHIBAIOT HA MOJISIPHYIO KOHIICHTPALIUIO:

C(X)ucx = M

Hanee paccuntbiBatoT 00beMbl (V(y)) ucxoaHoro pacrsopa NHs, HeoOxoaumele

st npurotoBiieHust 100 M pactBopoB 3amaHHON KoHIEHTpauuu (Cx)), UCHOIb3YS

C(x)-100

bopmymy: V(x) = Coduex

[TonyueHHbBIC TaHHBIE 3aHOCAT B TaOJIHILY 5.

Tabmuma 5
C(X) C(X) HCX V(X)I/ch, MIJI C(X) C(X) Hcx V(X)ch, M1
0,5 0,2
0,4 0,1
0,3 0,05

Paccuntannbie 00BEMBI HMCXOAHBIX PACTBOPOB BHOCAT B MEpHBIE KOJIOBI
BMecTuMOocThi0 100 My, oObeM pacTBOpa JOBOAAT 11O METKH BOAOH U
[IEPEMEIINBAIOT.

3ananue 2. I3MepuTh yIEIbHYIO AIEKTPUUECKYIO IPOBOJAUMOCTh U pacCUUTATh
KOHCTaHTy JUCCOLMALMU THIPOKCUIA aMMOHMS.

[TIpurorosiienHubie pacTtBOpbl NH3 3a1aHHONW KOHILIEHTPAMU HCIIOJIB3YIOT
UL W3MEPEHHs] YAEIbHOM SJIEKTPUYECKOHM MPOBOJAUMOCTH (¥) C IOMOIIBIO
KOHAyKTomeTpa. [Ins 3toro kaxaeii pactBop NHz; mnomMemaror B S4YEHKY
KOHJIYKTOMETpPA, NPEABAPUTEIBHO CIOJIOCHYB SYEMKY HCCIEIYEMBIM pacTBOPOM, U
n3MepsaT x. M3mepenne HaumHaroT ¢ pactBopoB NH3z MeHbIIEH KOHIEHTpaLuu.
[onyuennsie manusie B MKCM/cMm, pasasle Cm/M -107*, ucmons3yror s pacuera
3JIEKTPUYECKOMN MPEACIBHON  BIJIEKTPUYECKOU

MOJISIPHOM IIPOBOMMOCTH,
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NPOBOAMMOCTH, CTEMEHU M KOHCTAaHThl JHCCOLMAIMM TUAPOKCHUIA aMMOHHUS.
[penenbHbie AnekTprueckue npoBoauMocTd NHY, 1 OH™ HOHOB COOTBETCTBEHHO
paBubI 73,5-107* 1 198,3-10™* Cm-M*/MOIIb.

Pe3ynbrarhl u3MepeHuii U pacyeToB 3aHOCAT B TaOIHILy 6.

Tabmuma 6

C (x) % A A0 a K,

0,5

0,4

0,3

0,2

0,1

0,05

Cnenatpb BBIBOJIBI K JIAOOpAaTOPHOU padoTe.

Pexomenyemas nutepatypa:

bense A.Il. ®usnueckas W KOJUJIOMJHAS XUMHUS. PyKOBOACTBO K
IpaKTUUECKUM 3aHATHsAM: yueOHoe mocobue / A.Il. benses u np.; mox pen. A.IL
bensena. — M.: I'DOTAP-Menua, 2012. — 320 c.

EpmoB IO.A. OOmas xumus. buodpusnueckas xumusg. Xumus OHOTEHHBIX
aneMeHToB: yueO. s By3oB / FO.A. EpmioB u ap.; mox pea. FO.A. Epmosa. — M.:
Bricmras mkoma, 2003. — 560 c.

Cnecapes B.M. Xumwus. OcHOBBI XMMHUHU 3KHMBOro: y4ed. ans By3oB /B.U.
Crnecapes. — CI16: Xumusznar, 2007. — 784 c.

duznueckas u koutouaHas xumust: yueonuk / [Tog pen. mpod. A.Il.bensieBa. —

M.: I'DOTAP — Menua, 2008. — 704 c.
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5. IMCHEPCHBIE CUCTEMBI. IMO®OBHBIE KOJIJIOU/IHBIE
PACTBOPBI

MHuoroo6pasue BeUIeCTB, COCTaBISIOUIMX JKUBYIO M HEXHBYIO MPHUPONY,
IPEJCTABICHO B BU/I€ PACTBOPOB WJIH B BUJE JUCIIEPCHBIX CUCTEM.

Hucnepcnasa cucmema — 3TO T€TEPOreHHAsi CUCTEMa, B KOTOpoW oaHa u3 ¢a3
Mpe/CTaBlIeHa MEJIKHUMH YacTUIlaMH, PaBHOMEPHO paCIpelelCeHHBIMU B O0BEMe
apyroii ogHOpoaHo# (asbl. JlucnepcHas cucTeMa COCTOMT M3 JUcHepcHON (asbl U
JUCTIEPCUOHHON CPEJIBL.

Hucnepchnyio ¢azy cOCTaBISAIOT MENKOPa3ApOOJICHHBIE YaCTUIbl, PABHOMEPHO
pacripeieJIeHHbIE B IUCIIEPCHON CUCTEME.

Hucnepcuonnyro cpedy obOpa3yer OAHOPOJHAs HENpepbiBHAS (a3a, B KOTOPOii
pacripeielIeHbl YaCTUIbI AUCTIEPCHOM (ha3bl.

JlucriepcHble CUCTEMBI OTIMYAIOTCS OTPOMHBIM Pa3HOOOpa3HueM, MO3TOMY HX
KJIACCU(PUIUPYIOT MO pa3HbIM MpU3HaKaM (Tabmuisl 7, 8, 9, 10).

Tabmuua 7 — Kiaccudukaiust AUCHEPCHBIX CHUCTEM IO pa3Mepy YacTHUI

aucrepcHo (asbl

Pazmepsl Hassanue cucrem OCHOBHBIE TPU3HAKH
YacTHUIl, M [Ipo3pauHocThb [IpoxoxneHne yacTul yepes
bUIBTPHI
10°-10* | MukporeTreporeHsbie: MyTHbIE He IPOXOJAT qyepes
CYCIIEH3HMH, SMYJIbCUH, TIEHBI, OyMasKHBINH QUITBTP
a’po30JIH
10°-10° VYasTpamukporereporennsie: | [Ipo3padnsie, [TpoxoasaT yepe3 OymMakKHBIH
KOJUTOM/IHBIE PACTBOPBI OTaJIECHUUPYIOT NpHU | GUABTP, HO HE MPOXOIAT
OOKOBOM yepes JKUBOTHBIE "
OCBEILEHUH pacTUTENbHbIE MEMOPaHBI
101°-10° | Monekynspro-mucnepcusie: | [Ipo3paunsie [IpoxomsaT 4depe3 KUBOTHBIE
UCTUHHBIE PAacTBOPHI HU3KO- U pacTUTENIbHbIE MEMOpaHbI
MOJICKYJISIPHBIX BEILECTB
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Tabmuma 8 — Knaccuduxarus JICu mo arperaTHOMYy COCTOSHUIO JTHUCTIEPCHOM

(ha3pl U AUCTIEPCUOHHOMN CPEJIbI

Ha3zpanue nucnepcuoit cucremsl | Jlucnepcuas ¢aza | ucnepcuonnas cpena | OGo3HaueHue

JIpIMBI, TBLTH TBEpAas ra3 T/T

TymaHbl, a3p030J1 KUAKAsS ra3 xK/T

Cycnensuu, KOJJTOUJHBIE | TBEpAAst JKUAKAsS T/K

pacTBOpbI

OMyJIbCUU KUK KUK K/ K

ITensr ras KUK /%

TabieTky, CIIJIaBbI TBepas TBepas T/T
Tabmuma 9 - Knaccudukanus JICu mo xapaktepy B3auMOACHCTBHS

JUCTiepCcHOM (pa3bl M AUCTIEPCUOHHOM CPe/Ibl

JInodobOubIC CUCTEMBI:

pacTBOpel €O

KOJIJIOUIHBIC
crtabunmu3atopoM  (307M),
CyCIICH31U, SMYJIbCUHU, TICHBI, A3P0O30JI1

JInounpHble CHUCTEMBI: KOJUIOMIHBIE PACTBOPHI
[TAB u BMC

Cmaboe B3aUMOJECHCTBIE MEXKITY
qucnepcHoil  (as3oifi W IUCTIEPCHOHHOM
cpenoim

OOpasyrorcss 3a cueT 3aTpaThl HSHEPTrUU
U3BHE

TepMoguHaAMUYECKH HEYCTONYHBBI
Heobxomum cTtabunmmzaTop

CuibHOM B3aMMOJEUCTBHE MEXKIY AUCHEPCHOU
dazoit 1 TUCTIEpCUOHHON CpeIoi

OO0pa3yroTcst CaMOTIPOU3BOJILHO
TepMoaMHAMUYECKH YCTOWYNBBI

Crabunuzarop He TpeOyeTcs

Tabmuma 10 -

CBOMCTBaM

Knaccupukaumsa [Cu 1o CTpyKTYpHO-MEXaHMYECKUM

CBoboaHOAMCIIEPCHBIE CUCTEMBI (IHUCTIEpCHAs
daza
IMYIbCUH, KPOBB, a3PO30JIH.

MOABUXKHA):  JIMO30JIM, CYCIICH3UU,

CBs3HOAMCIIEPCHBIE CUCTEMBI (AucTiepcHas ¢asza
NPAKTUYECKH HEMOJBI)KHA): JIMOTEIH, CTYIHH,
BOJIOKHUCTBIE |

MOPUCTHIC KalmnJIIAPHBIC

CHCTEMBI).

Juoghoonuie konnouonsie pacmeopol

Jluogodusvie konrnoudnvle pacmeopsi — PaCTBOPHI YaCTHILL TPYTHOPACTBOPUMBIX

B Bojie. CyIlleCTBYIOT B MPUCYTCTBUHU CTAOMIIU3ATOPA.

Honyuenue nuogoonvix KoAI0UOHBIX pacmeopos. KoInouaHble pacTBOPHI

MOJXHO IIOJYy4aTb ABYMA NYTAMU. HU3MCIIBYCHHUCM KPYIIHBIX YaCTHI[ OO0 pPasMCpoOB

KOJUIOWJHBIX B MPUCYTCTBUU CTAOWUIIM3aTOpA — OUCHEpeAyUOHHbIE MemoOobl WU
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O0ObEIMHEHWEM MOJIEKYJl M HMOHOB B HCTHHHBIX pacTBOpax B 0Oojiee KpymHbIE

KOJIJTIOMJHBIC YaCTHUIIbI — KOHaeHCCII/!I/lOHHble Memooul.

VcTuHHBIH pacTBOp HAHEHRORIIE_ K oIIOMAHBIN pacTBOp«— PP hyGo tuciepcHas cucTeMa

d<10® m 10°9<d<10"®°m d>10"° m

B ocHOBE KOHIEHCALIMOHHBIX METOJIOB JIEXKAT, [JIaBHBIM 00pa30M, XUMUYECKHE
peakiMM, B pe3yJbTaTe KOTOPbIX 00pa3yeTcsi MajopacTBOPUMOE BEIIECTBO B BUJIE
MUKpPOKpHUCTAUIOB. K KOHAEHCAIIMOHHBIM METOJIaM OTHOCUTCS TaKXKE€ METOJ| 3aMEHBI
«XOPOLIET0» PaCTBOPUTEIS HA «IIJIOXOM» JUIsl TaHHOTO BEILIECTRA.

OunCcTKa KOJJIOUJIHBIX PACTBOPOB OCYIIECTBIISIETCS C TIOMOIIBIO: (DUIIbTpAIUHY,
yIbTpaduIbTPALH, TUATNA3A, FIEKTPOANATIN3A.

Cmpoenue muyenn 6 1uohooHbIX KONNTOUOHBIX PACHEOPAX

Komnouaaeie yacTUIbl — 3T0 00pa30BaHUs CO CIOKHON CTPYKTYPOH.

Muyennoti nuo@oOHONW KOJIOMAHON CHCTEMbl HAa3bIBACTCS Te€TEpOreHHas
MHUKpPOCUCTEMA, KOTOpas COCTOUT U3 MHKPOKpHUCTaIUIa JUCIIepCHOM  (a3bl,
OKpPY>KEHHOTO COJIbBATUPOBAHHBIMHU HOHAMH CTA0MIIA3aTOPA.

Paccmotpum 00pa3zoBaHre MUIEIBI KOJUIOMAHOTO pacTBOpa Moauja cepedpa
MpY B3aUMOJICCTBUU pa30aBJIEHHBIX BOJAHBIX PACTBOPOB HUTpaTa cepedpa u uoauaa
KaJusi, B35TOTO B M30bITKE, HOHBI KOTOPOro | ' K BBIMOMHSIIOT poJib cTabuamn3aropa.

Peakuus mpoTekaeT no ypaBHEHUIO:

MAgNOsz+(m+n)KI-mAgl-nl+nK*+mKNO3

B npucyrctBum crabunmszatopa mporecc oOpazoBanus Agl orpanuumuBaeTcs
BO3HUKHOBEHUEM HE3aMETHBIX Ha IJ1a3 MUKPOKPUCTAJUIOB 3TOro BemiecTBa. Poct
arperara He MPOUCXOJIUT, TOCKOJIbKY Ha MOBEPXHOCTU KpucTaluiuka (arperara) Agl,
B coorBerctBUM ¢ npaBwioM [lannera-®asnca-IleckoBa, u30HUpaTeIbHO
azgcopOoupyroTcst HOHbI |”. DTH MOHBI COOOIIAIOT arperaTy N OTpUIIATENIbHBIX 3aPSIO0B,
MO3TOMY  HAa3bIBAIOTCS HOmMeHyuaionpedelsaowumy UOHaMHU. ATperatr BMECTE C
NOTEHIMAIONPEACIISIOIMUMI HOHAMU COCTABIISIET SIPO MUIICIUIBI, €€ TBEpAYyIo (asy:
mAgl-nl". Bomuzu 3apsSKEHHON MMOBEPXHOCTHU sapa BCJICJICTBUE
ANEKTPOCTATUYECKOIO NPUTSHKEHHSI TPYIIIUPYIOTCS MPOTUBOINOJIOKHO 3apsSKEHHBIE

MOHBI CTa0MIN3aTOpa K*, HasbiBaemble npomusouonamy. OHU YACTHYHO
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KOMIIEHCUPYIOT TOJOXKUTENIbHBIN 3apsal M HaxoaTcs B JKuakod ¢asze. Takum
o0pa3oM, B MUILIEIJIE UMEETCS TBOMHOMN AIIEKTPUUECKHIM CIIOM.

JIJ1 OJIHOM KOMITEHCAMM N OTPULIATEIbHBIX 3apsI0B HEOOXOAUMO TAKOE XKe
KOJIMYECTBO MOJIOKUTEIBHBIX 3apsI0B, TO €cTh NKaTHOHOB K. YacTh MPOTUBOMOHOB,
(n-x) K*, Onaromapsi ancopOIMOHHBIM ¥ JJIEKTPOCTAWYECKUM CHJIaM  TLIOTHO
IIPUJIETAET K MIOBEPXHOCTH sIIpa MULIEIUIBI, YACTUYHO KOMIICHCUPYS 3apsil. DTU HOHBI
HA3bIBAIOTCS «CBSI3AHHBIMI» WJIM «HEMOJBWKHBIMI» U BMECTE C SIAPOM 00pa3yroT

rpanyny: {mAgl-nl-(n-x)K*}*.

3HaK 3apsa rpaHysibl 00YCIOBIICH 3HAKOM 3apsija TMOTCHIIMAIOTPEICIISIOMNX
noHoB. OcranbHble MPOTUBOMOHBI, XK', HEOOXOMUMBIE I MOTHONH KOMIICHCAIMH
3apsana rpaHyibl, Onaronaps Aud@y3uu pacnoyiaraloTcsi BOKPYT TpaHyJbl PBIXJIO,

auddy3Ho. Onu o0pazyroT 1udPy3HbIil Croil.

1. B n36bITKe KI
MAgGNO3z + (m+n)KI —=|mAgl + (m+n)K* + nI” + mNO3

noTeHumManb) . &
s

- Teépaan caza Kuaokana cpasa
|

mAgl | = nl ~ | * (n-x)K* | * xK+ |
| norenynan- NPOTUBOWOHBLI l
arperar onpepensowmne | I
WOHbI "CBA3aHHble" "caobogHbIe"
an N ‘ |
Ay IMoOHHBIA |
. 4 cnon C ‘

2. B n30bITKe AgNO4

mAgl +

|
MVILI,EJ'IHF
|

* nAg

p
‘ rpaHyna
|
| (n-x)NO 5
|

Puc. 6 — CxeMbl CTpOeHUsI MULIEIUIBI KOJUIOMHOTO pacTBOpa
noauaa cepedpa, moimydeHnoro 1) mpu uzoeitke Kl, 2) mpu uzdsitke AgNOs.

B wmunenne ¢ WOHHBIM CTaOMIM3aTOPOM pa3NUYalOT JBa MOTEHLHUANA:
MeK(PasHbIH (Qy.¢.) ¥ G-TOTEHIHANT (3€Ta-MOTECHIINAN).

Meswcghasznvim  nomenyuanom HaspiBaetcss norteHuuan JOC Ha rpaHune
pazjiesa MexX1y TBEpAOH U KUIKOU pa3zaMu B MUILIEILIE.

DnekmpoKuHemuueckumM  NOMeHYUaiom  (G-nomeHyuaniom)  Ha3bIBACTCS
MOTEHITMAT HA TPAHMIIC CKOJIBKEHUS MEXIy ancopOumoHHOoN u nuddy3noHHOMN

yacTsamu [[IC MULIEIIBL.
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3HadueHne MeX(}a3HOTO IMOTEHIMAda 3aBUCUT OT TPHUPOABI TBEpAOW (hasbl.
3HaueHue G-MOTEHIMaNIa ONpPEAeseTCs] TONIUMHON AU(PPY3HOHHOTO CIO0S: YeM OHa
MEHbIIIE, TEM MEHBIIIE G-MTOTEHITHAIL.

Yemontuueocms konnouonwvix pacmeopoeé— 1o UX CHOCOOHOCTH COXPAHSTH
CBOM CBOICTBA U COCTOSIHUE HEM3MEHHBIMU BOBPEMEHH.

B nucnepcHbIx cucTeMax pa3indaroT CEIMMEHTAIMOHHYIO M arperaTuBHYIO
YCTOWYHUBOCTb.

Ceoumenmayuonnas yCTOMUUBOCTh — ATO CIIOCOOHOCTh YaCTHIl JUCTIEPCHOM
(da3bl HaXOAUTHCS BO B3BEIICHHOM COCTOSIHUM M HE OCeNaTh MOJ JEHCTBHEM CHII
TSKECTH.

Aepecamugnas yCTOWYMBOCTh — 3TO CIIOCOOHOCTh YacTHI] JUCIEPCHON (a3bl
MIPOTUBOIECUCTBOBATh X CIMITAHUIO MEXAY COOOIA.

Komnouaneie pacTBOpbl OOBIYHO MPEACTABISAIOT COOOM CEAMMEHTAIIMOHHO
yCTONYMBBIE CHCTEMBI, 4YTO OOYCIIOBJICHO MAaJlbIMH pa3MepaMH 4YacTHI[ M UX
MHTECHCUBHBIM OPOYHOBCKUM JIBUKECHHEM.

ArperaTuBHasT ~ yCTOWYMBOCTH  KOJUIOWJHBIX  PacTBOPOB C  HOHHBIM
cTaOWUIM3aTOpOM OOYCIIOBJICHA HAJIMYMEM Ha MOBEPXHOCTH YACTHUIl «PBIXJION»
MOHHON aTMochepsl W3 TUAPATUPOBAHHBIX MPOTHBOMOHOB, KOTOpas YBEITUYHBACT
CPOACTBO KOJUIOMAHBIX YAaCTUI[ K JUCIEPCHOHHOW cCpele M TPEmATCTBYeT HX
ciunanuio  (koarymsiuu). Ha  kommowgHble  YacTHIBI  JICWCTBYIOT — JIBE
IPOTHUBOIIOJIOXKHO HaIpaBlICHHBIC CHUIBI: BaH/IepBaabCOBBIC CHUITBI
MEXMOJICKYJIIPHOTO TPUTSDKCHUS M DJIEKTPOCTATHYECKUE CHJIBl OTTaJKUBAHUS,
KOTOpPhI€ BO3HHUKAIOT MEXIYy OJHOMMEHHO 3apsDKCHHBIMU YacTUIIAMU. ATperamus
YacTHIl HE HACTYMaeT M3-3a TaK Ha3bIBAEMOTO PACKIMHHUBAIOMIETO aaBieHus. OHO
CKJIQ/bIBA€TCSI M3  TPEX OCHOBHBIX  COCTABJIAIOIIMX:  3JIEKTPOCTATUYECKOE
OTTaJKWBaHWE OJHOMMEHHO 3apsKCHHBIX YACTHI]; PACKIMHUBAHUE 33 CUET YIPYTUX
CBOMCTB THIPATHBIX O0O0JIOYEK, OKPYKAIOIIMX MPOTUBOMOHBI; PACKIMHUBAHUE 32
CUYeT OCMOTHYECKOIO BCACBIBaHMSI MOJIEKYJ PacTBOPUTENST B 00JacTb OOJBLIOTO

CKOIINICHHUA IIPOTHUBOHWOHOB.
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Bennunna packJIMHUBAIOIIETO TaBIICHUS 3aBHCHUT OT 3apsija TBEpIou (as3bl, TO
€CTh OT 3HA4YCHUs Mexk(pa3HOTO MOTEHIMAa W OT TOJIIMHBI MOHHON aTMocdepsl,
IJIaBHBIM 00pa3oM A Py3HOTO €051, TO €CTh OT 3HAYEHUS C-TIOTEHIIHAIA.

Koaeynayus — 310 mponecc caunaHus KOJUIOMAHBIX YacTUll ¢ 00pa3oBaHUEM
0ojiee KpYIHBIX arperaToB H3-3a MOTEPH KOJUIOWIHBIM PAcCTBOPOM arperaTHBHOU
yCTOMYHMBOCTH. B pe3ynbTaTe Koaryasiuu YKpyITHEHHBIC YaCTUIBI TUCTIEPCHOM (a3bl
TEPSIIOT arperaTUBHYIO0 YCTOMYUBOCTD U JIETKO CETMMEHTUPYIOT.

Koarymsiuro MOXKHO BBI3BaTh pa3IWYHBIMU BHEIIHUMH BO3JICHCTBUSMHU:
no0OaBiiecHHEeM  HEOOJBIIMX  KOJIMYECTB  DJICKTPOJIHNTA,  KOHIEHTPHUPOBAHUEM
KOJUIOMJTHOTO PAacTBOpa, M3MEHEHHEM TEMIIepaTyphbl, JEHCTBUEM JJICKTPO3BYKA,
AIIEKTPOMArHUTHOTO TIOJIS U T.I1.

Koazynayusa cmecamu snekmponumos

Ha mpakTuke B OHMOIIOTMYECKHMX CHCTEMaxX KOATyJsIUs YacTO BBI3BIBACTCSA
JICHCTBHEM CMECH OHJICKTPOJUTOB. Koarymsiiuioo KOJUIOMJAHOTO pPAacTBOpa MOMKET
BBI3BATh JIFO00M 3eKTpouT. OMHAKO IS KaKIOTO AJIEKTPOIUTa HEOOXO0IUMa CBOS
MUHHUMaJIbHAsT KOHIICHTPAIIKs, Ha3bIBacMast IOPOroM KOAryJISIIHH (Cpy).

Ilopoecom Kkoacynsyuu Ha3bIBAETCS MUHUMAIBHOE KOJMYECTBO 3JICKTPOJINTA,
KOTOpO€ HaA0 A00aBUTh K KOJJIOWTHOMY pacTBOpPY, YTOOBI BBI3BATh SBHYIO
KOaryJsiquio (3aMeTHYI0 Ha TJla3) — MOMYTHEHHE pPacTBOpa WM W3MEHEHHE €ro
OKPACKH.

[Topor koaryssiiuu paccunuThIBAETCS MO popMyIie:

Cop— MCXOJHASI KOHIICHTPAIUS PacTBOpa 3JeKTposnTta; V,; — 00beM pacTBopa
AIIEKTPOJINTA, JOOABICHHOTO K KOJJIOMAHOMY PacTBOPY; Vionp. — 00BEM
KOJUTOMIHOTO PacTBOpA.

Benmuuuna, oOpaTtHas TOpOTY KOAryJsIlIuU, HA3bIBACTCS KOATYJIUPYIOITUM
nerictBueM (y): Y=1/Cux

CymiectByeT Tpu  BO3MOXKHBIX  BapuaHTa  B3aWMOJCHCTBUS  MEXIY

QJICKTPOJUTAMU: aJJUTUBHOC I[GI‘/’ICTBI/IG, dHTAarOoHnu3M 1 CUHCPIU3M.
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Aooumusnocms — 3TO CYMMHPOBAHHUE KOAryJHUpYIOIIETO JACHCTBHUS HOHOB,
BBI3BIBAIOIIMX Koaryisnuio. HaOmiomaercs B TeX cliydasiXx, KOTJa SJIEKTPOJIUTHI,
coliepKallie KOaryJupyloUMe HOHbl, HE B3aUMOJECUCTBYIOT MEXIy COOO.
Hanpuwmep: KCI u NaNO:s.

Aumaeonusm — 93TO ocnablieHue KOoaryJupyromero JAeHCTBUS —OJHOTO
ANEKTPOJUTAa B NPHUCYTCTBUM Apyroro. HaOmiomaercs B Tex cliydasix, KOrja B
pe3yJbTaTe XMMHYECKON pPEaKlUM MEXIY 3JICKTPOJUTAMU KOaryJIHpPYIOIIHE HOHbI
CBSA3BIBAIOTCA B HEPACTBOPUMOE COEIUHEHUE JTUOO B MPOYHBIM KOMILJIEKC, KOTOPBIN
He 00Iamaer Koaryiupyromeil cnocobnocTsio. Ilp: koarymupyromee aeiicteue Pb?
0 OTHONICHUIO K OTPHUIATEIbHO 3apsHKEHHBIM TpaHyjaM ocladiseTcss B
npucyrctBud  NaCl, Tak kak mpoTekaeT peakius B pe3yiabTare KOTOPOW
YMEHBIIAETCS KOHIEHTpAlUs KOaryaMpylomux HoHOB Pb?* B pactope wu3-3a
BbITIazeHus B ocanok PhCl..

Cunepeuzm — 3TO YCUIICHHE KOATYJIUPYIOLIErO IEUCTBUS OAHOTO AJIEKTPOJIUTA
B MPUCYTCTBUU Jpyroro. HabmrogaeTcs, Korma MexIy 3JICKTPOIUTaMU MPOUCXOIUT
XUMHUYECKOE B3aUMOJICUCTBHE, B PE3yJIbTaTe KOTOPOTro 00pa3yeTcsi MHOTO3aps THBIH
WOH, OOJaJaroNMii OYeHb BBICOKOM KOAryJaupymoliie cmocoOHocThio. [lp:
koarysmpytomiee aerictBue FeCl; m KCNS 1o OTHOIIEHHIO K TMOJIOKHUTEIBHO
3apsDKEHHBIM TpanysiaM (koarymupytomue nonbl ClI© u CNSY) ycuimBaeTcst BO MHOTO
pa3, TaKk KaKk TMPOUCXOJUT peakius B pe3yjbTaTe KOTOPOH 0Opa3yroTcs
mHoro3apsiaabie aHnoHbl K3[Fe(CNS)s] mposiBisitonire BbICOKYH KOAryJIUPYIOUIYIO
CIIOCOOHOCTB.

FeCl; + 6 KCNS = K3[Fe(CNS)s] +3 KCI

I'emepokoazynsayus — 3TO KOATyJsIUsa KOJUIOUIHBIX PACTBOPOB, COJEPKAIIUX
Pa3HOPOJHBIE YaCTHUIbI, OTJIWYAIONIMECS IO XUMHYECKON NpUpOJie, 3HAKY WIIU
BEJIMYMHE 3apsAna. YacTHBIM CJIydaeM TEeTEPOKOAryJsiiMKU SIBISIETCA G3AUMHAS
Koaz2ynsayus — CIMIIAaHAE PA3HOMMEHHO 3apsiKEHHBIX I'PaHyJl KOJUIOMJIHBIX paCTBOPOB.

Ilenmu3zayueii Ha3bIBAETCS TPOIECC OOPATHBIN KOATYINSAINHM — IMPEBPAIICHHE
ocajika, 00pa30BaBIIErocs B pe3yjbTaTe KOAryJjsluu, B YCTOWYMBBIA KOJUIOMIAHBIN

pactBop. llenTnsanusa MOKET NMPOBOAUTHCA ABYMs ITYTAMH, KaXKIbIM U3 KOTOPBIX
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MPUBOJIUT K YBEJIWYCHHIO arperaTUBHOW YCTOWYMBOCTH 3a CYET BOCCTAHOBJICHUS
PBIXJIBIX HOHHBIX atMochep y wmwunemwt. 1. TIpoMbiBaHWMe KoaryisiHTa YHUCTHIM
pacTBopUTesieM (AUCIEPCUOHHOM Cpeloil), YTO MPUBOIUT K BHIMBIBAHUIO U3 CUCTEMBI
MOHOB, BBI3BABINIMUX Koaryisnuio. 2. JloOaBieHWEeM CHENHaTbHOTO 3JIEKTPOJIUTA-
MEeNTU3aTopa, HOHbBI KOTOPOTro, aJcOPOUPYsICh HA MOBEPXHOCTH YACTHUIl KOATyJIsHTA,
BOCCTaHABIIMBAIOT PHIXJIbIE HOHHBIE aTMOC(EPHI BOKPYT ITUX YACTHLL.

OnHako HE BCSKHI TMOJMYYEHHBIM MpU KOATYJSIMUA OCAJOK TMOJJIAEeTCs
nentu3anuy. BaxkHeime yciaoBus yCnenHou nentu3anun: 1) ocagok 10KeH ObITh
CBEXKEIOJIYYCHHBIM;, 2) HEo0XoauMo 100aBiieHHEe HEOONBIINX  KOJIMYECTB
ANEKTPOIUTA-TIENTU3aTOPAa, HWHAY€ MOXET BHOBb HACTYNUTh KOaryjsinus; 3)
MeNTU3alUKi CIIOCOOCTBYIOT MIEpEMEIIMBAaHUE U HarPeBaHUE.

[Ipomecc menTu3ammu JIEKUT B OCHOBE JICUCGHUS psifa 3a00JIeBaHUIL:
paccachlBaHUsl aTePOCKIEPOTUYECKUX OJSIIEK Ha CTEHKaX KPOBEHOCHBIX COCY/OB,
MOYEYHBIX W TEUCHOYHBIX KaMHEW WJIM TPOMOOB B KPOBEHOCHBIX COCyAaxX IO
JIEHCTBUEM aHTUKOATyJSHTOB. [Ipu 3TOM HEOOXOAMMO yUHUTHIBATH CBOEBPEMEHHOCTD
BBEJICHUS JICKAPCTBEHHBIX CPEJCTB, TaK KaK 3acTapelsible MOoJ00HbIe 0Opa3oBaHUs
MPAaKTUYECKUA HE IENTU3UPYIOTCS.

Konnouonou sawumoii Ha3pIBa€TCsl MOBBIIICHUE arperaTUBHON YCTOMYMBOCTH
nnohoOHBIX 30iiei ipu qo00aBineHurn kK HUM BMC. MexaHu3M 3alllUTHOTO JEeUCTBUS
3aKJII0YaeTCsl B 00pa30BaHUM aCOPOIMOHHBIX 000JI0YeK M3 THOKUX MoJiekyn BMC,
Onaromapss  KOTOPbIM  MHUUEUIBI  MPUOOPETAIOT  JAOMOJHUTENbHBIA  QakTop

arperaTuBHOM yCTOWYHUBOCTH.

JlaGopatopHas padota Ne 7
Tema: Ilonyuenue auoghoonbvix KOMOUOHBIX pacmeopos(3oneit) u ux
Xapakmepucmuka
[lens pabOThI: IKCIEPUMEHTATBLHO OCBOUTH METOJIbI TOTY4YeHHUs JIMO(POOHBIX
KOJUIOMJHBIX PACTBOPOB; HAYUYUTHCA OMNPEACIATh 3HAK 3apsiia 4YacTHll 30JIei;

HaOII0IaTh ONITUYECKHUE CBOMCTBA 30JIEH.
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OO6opynoBaHNE W PEAKTHUBBI: DJICKTpUUYECKas IUIUTA; CIHPTOBKA; KIOBETA C
MJIOCKOMApaUIeIbHBIMIA CTEHKAMM, TPOCKITMOHHBIA (hOHAPh;, CTEKIISTHHAS TajouKa;
bunpTp; Kamwuisap; kosbda Ha 25 mi; kond Ha 250 mur; npobupku; 1% cnupTOBBIM
pactBop kanudonu (mapaduna, Mmactukn); 2% pacTBop xjopuaa xemneza (+3); 1 M
pactBop FeCls; 10% pactBopa ammuaka; HaceimeHHbIH (50%) pactBop FeCls; 0,005
H. FeCls; 0,005 n. K4sFe(CN)s; 1,5% pacteop KMnQOy4; 1% pactBopa THOCYIB(ATa
HATpHS; AUCTHITUPOBAHHAS BOJIA.

Memoouueckue pexomernoayuu K 8bINOIHEHUIO 1AOOPAMOPHOL pabombl
3amanne 1. [lomyunTh HECKOIBKO 30JI€H, JUIs KaXJAOTO HAMKCATh ypaBHEHUE
peakimu, GopmMyITy MUIIEIUIBI; OTMETUTD IIBET U CTETICHD OMAJICCIICHITHH.

1.1. Ilomydyenue cycneHzun MeToaoM 3aMeHbl pactBopureist. K 1 M 1%
CIIUPTOBOTO pacTBopa kanudoiu (mapaduHa, MACTHKK) B KOJIOE Ha 25 MJI JOOABUTH
1py BCTpsixuBaHuM 10 MJ1 BOJBI.

1.2. ITomyueHnue 30Ji1 TUAPOOKHUCH xene3a (+3) meroaom ruaposusa. Harpetsb
1o kunenus 10 M1 AUCTHIIITUPOBAHHON BOJIBI. JI06aBUTE 2 M1 (HEOOIBIION N30BITOK)
2% pactBOpa xJjopuaa xenesa (+3) U KUMNATUTh €lIe HECKOJIbKO MUHYT. Mulesnna
oOpasyercss 3a cueT ancopOimu uHoHOB FeO', monyuyuBIIUXcs B pe3ysbraTe
ruposnn3a Ha nosepxHocTH yactull Fe(OH)s. [IpotuBorionamu ciysxat nonst CI.

1.3. INonyuenue 3011 Fe(OH); meromom mentuzanuu. K 5 mn 1 M FeCl; B
xobe Ha 250 mu poGasuth 100 M Bogel. Ocagute Fe** meGombmmm HM30BITKOM
(2mm) 10% pactBopa ammuaka. KonOy 3amonnutsh Bojmod a0 metku 250 mi. Jlate
0caaKy OTCTOAThCcA. OCaoKk MHOTOKPATHO ACKAaHTHPOBATh 10 MCUE3HOBEHUS 3araxa
NH3. O6bem pactBopa noBectu 10 150 mu. Jlob6asuts nentuzatop — 15 — 20 kanens
HachkieHHoro (50%) pactsopa FeCls. Harpets pacTBop Ha BoAsiHOM OaHe (OMyCTHB
K0J10y C pacTBOPOM B Boay), B30anThiBasi. Eciu ocamok octaHercs, To 700aBUTH elle
HECKOJIbKO Kameib IMeNnTU3aTopa, MpOoAoKas HarpeBaHue. (307 OCTaBUTh IS
cienyrlei 1aboparopHoit paboThI).

1.4. Tlomydyenue 307eil OEpIMHCKON Ja3ypu C pa3IUYHBIMU 3apsAaMU.
[IpuroroBuTh B ABYX NPOOMpPKax KOJJIOMJIHBIE PAaCTBOPBI OEPIMHCKOW Ja3zypu W3

0,005 H. FeCl; u 0,005 1. K4sFe(CN)s B crieayromux cootHomeHusx: a) 3 ma FeCls n
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1 Mt K4Fe(CN)g; 6) 3 mur K4Fe(CN)s m 1 M FeCls. [IpoBepuTh 3apsipl 4acTHIl Ha
¢unbTpoBaNILHON Oymare MeTOJOM KamwuiaspHoro axanuza. Hamucate Qopmymy
MUTIEIUTBI TSI 000UX 30J1€H.

Omnpenenenve 3HaKa 3apsiia yacTHil. B oOKpalleHHBIX 30J1X 3HAK 3apsna
YaCTHUIl MOYKHO OTPEACIUTh METOJOM KammIIIpHOTrO aHanmu3a. OH OCHOBAaH Ha TOM,
YTO [EJUTIONIO3HBIE CTEHKH KamWUIIpOB (UIBTPOBAIBHOW OyMaru 3apspKaroTcs
OTpUIIATEIFHO, a MPOMUTHIBAIONAs Oymary Boja — IMOJOXKWTEIbHO. Ha nmctok
OyMaru HaHeCTH KaIuTio uccieayeMoro 305, [locie BcachiBaHUs Karliu 30J1b (CHHETO
[[BETA) C MMOJIOKUTEIHHO 3apsHKEHHBIMU YacTULIAMU aicopOupyeTcst Ha Oymare u Jaet
OKpaIllEHHOE B LEHTPe M OECIBETHOE MO KpasM MATHO; 30Jb (3€JEHOr0o IBETa) C
OTpUIIATEILHO 3apsDKEHHBIMU YacTUIIAMU HE ajcopoupyercs Oymaroid u oOpasyer
PaBHOMEPHO OKPAIIEHHOE TISITHO.

1.5. Tlomyuyenuwe 3074 JABYOKHCHM Mapranma. IlepmaHraHar  kanus
BOCCTAaHABIIMBACTCS THOCYIb()ATOM HATPHS 10 IBYOKHCH MapraHiia.

8KMnO4 + 3Na,S,03 + HoO — 8MnO, + 3K,S0, + 2KOH + 3Na,SO,4

[Morennuanonpenenstomnue noHsl MNO4", mpoTrBonons! K.

K 1 ma 1,5% pactBopa KMnO, B npobupke no6aButhk 10 ma Boasl. 1o kamsam
n3 uneTku BBectu 0,5 M 1% pacTBopa THOCYIB(aTa HATPUSL.

3aganue 2. HaOmroneHue cBeTopaccesHus 30jed. 30/b HAJIUTh B KIOBETY C
MJIOCKOMApaUIeIbHBIMUA  CTeHKaMU. [IpomycTuTh uepe3 Hero CBETOBOM Jyd OT
npoekinoHHoro GoHapsa. HaGmrogate cOoky cBetopaccessHue (koHyc Tunmans).
[lapanmensHO TOT KE€ ONBIT TMOCTaBUTH C BOjol. OTMETHTh pa3HUILy B

CBETOPACCESTHUM 000MMH PAaCTBOPaMH.

JlabopatopHas pabota Ne 8
Tema: Onpeodenenue nopoza Koazyaayuu 1uoPhooH020 Koa10U0HO20
pacmeopa (3071:) 2uOpPOOKUCHU Jcenesa
[leasr paboThl: mpuOOpEeCTH YMEHHUS UM HAaBBIKM OMNPENETICHUs Iopora
KOaryJsiiuu  JIMo(OOHOr0  KOJUIOMJAHOTO  pacTBOpa; HAYUUTHCS  ONPEIEISThH

KOaryJIMpyromye noHbl; HabmoaaTh aericteue npasuia lyneie-T'apau.
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OOopynoBaHME W PEAKTUBBI: MPOOUPKHU; INTATUB I MPOOUPOK; pPacCTBOP
Fe(OH)s(nmpuroToBnenHblii B mpeAplAylIeld JiaboparopHoil pabore);2 M pacTBop
KI;0,05 M pactBopK;S04;0,005 M pactBopKsFe(CN)s; nuctusinpoBaHHas Boja.

Memoouueckue pekomenoayuu K 8bINOIHEHUIO 1aOOPAMOPHOU pabomul

3amanue. 1) Onpenenuts nopor koaryisuuu 305 Fe(OH)snpu aeiicteun Ki,
K>SO, KsFe(CN)s. 2) Paccunrtath oTHOIIEHHE MOPOroB Koaryssiuu. 3) [IpoBeputh
npaswio Hlynene-I'apau.

Beimonnenue pabotel. Mcmonb3oBate 30i1b Fe(OH); mnpuroroBieHHBIH B
npeaplaymen tadboparopHoii pabore, u pactBopsl 2 M Kl, 0,05 M K;SO4, 0,005 M
KsFe(CN)g. [ToaroroButh Tpu cepun mpoOHPOK 1o § mpoOUpoK B Kaxaou. Hamuts B
YeThIpe MPOOUPKU MO S5 M 30181, B APYTHE YEThIpE MPOOUPKU — COOTBETCTBYIOIIHE
KOJINYECTBA AUCTUNIMPOBAHHOM BOJBI U pacTBOpA AyeKTposiuTa (Tadmuusl 1, 2, 3).

CMmemiath MOMapHO, BCTPSIXMBAs PACTBOP JJIEKTpoiuTa U 30Js. [lomyduTts
YEeThIpE PAcCTBOPA, B KOTOPBIX KOHIIGHTpAlLMs 30Jis1 OJMHAKOBA, & KOHIICHTpALUS
AIIEKTPOJUTA B KAXKIOW CIEAYIONMICH MPOOUpPKe OOJBINE, YeM B MPEABIAYIICH, B IBa
pasa.

Yepes 30 MUHYT OTMETUTD, B KAKMX NMPOOHUPKAX MPOMU3OIILIA SIBHAS KOATYJISLUS
(momyTtHeHue). [Ipy moMyTHEHNHU MTOCTaBUTh B TaOIUIIE 3HAK «1).

Takum >xe 00pa3oM MpoJieNaTh OMbIT C ABYMSI IPYTUMHU 3JIEKTPOJIUTAMHU.

OOBbeMblI 307151, paCTBOPOB COJIEH M BOJABI OTMEPSIOT U3 OropeTok. [Ipobupku ¢
OJIHUM M TE€M >K€ DJIEKTPOJIMTOM pa3MelllaTh B IITaTUBAaX B pAJl OT Oojee HUBKOU
KOHI[EHTpauuu K Oojee BbICOKOH. OTMETUTh MHUHUMAIbHYIO KOHIICHTPAIHIO,
HEOOXOAMMYIO JUIsl KOAryJAlMH. BBIYUCIUTE TOPOT KOAryJsiuud (MMOJB/T) TIO
ypaBHEHHUIO:

Cox — C(X)Vgn 1000 / Voﬁm ;

IZI€ C(x) — MOJIIpHAsl KOHLIEHTpALMs pacTBOPA 3JIEKTPOJIUTA, MOJIb/JI;

Crx—TIOPOT KOATYJISIIIUHU, MOJIb/JI;

V,; — MUHHUMQIbHBIH OOBEM DJIIEKTPOJHTA, BBI3BIBAIOIINA KOATYJISIIHIO

JaHHOT'O 30JIs1, MJI;
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Voom — CYMMapHBIA 00BEM 30JIs1, UCXOHOTO PACTBOPA IJICKTPOJIUTA W BOJBI,
ML

Haumenpmmii 00BEM HCXOJAHOTO pacTBOpa JJIEKTPOJIUTA, BBI3BIBAIOIIMI
KOAryJIALUIO 307151, HAXOIAT KaK CPEIHEE 3HAUEHUE 110 YPABHEHHUIO:

Vi =(Vi + Vin)/2 , toe

Vi — 00beM HUCXOJHOTO 3JEKTPOJUTAa B MPOOMPKE, B KOTOPOW MPOU30ILIA
KOAryJisaLus, MII,

Vit1 — 00BbEM HCXOJHOTO pPAacTBOpa 3JIEKTPOJUTA B COCEAHEH MNpoOupke, B
KOTOPOM KOAryJisiys He IPOU301UIA, MIL.

VYkazaTb Koaryaupyroume HoHsl u coomoaenue npasmia Lyneue-I"apau.

Tabmura 11.
Howmep 30116, MJI Bona, mu Onexrponut (KI), M [TomyTrHeHue yepes 30
poObI MUHYT
1 5 4,5 0,5
2 5 4 1
3 5 3 2
4 5 1 4
Ta6muma 12.
Howmep 3051b, M Bona, mn Onexrporut (K2SO4), M ITomyTtHEeHue uepes 30
poObI MUHYT
1 5 4,5 0,5
2 5 4 1
3 5 3 2
4 5 1 4
Tabmura 13.
Howmep 30116, MIT Boma, mn | Duekrponut (KsFe(CN)g), [TomytHenue yepes 30
poObI MJT MUHYT
1 5 4,5 0,5
2 5 4 1
3 5 3 2
4 5 1 4
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6. JMOPUJIBHBIE KOJIJIOUJIHBIE PACTBOPBI

K nuo¢uiabHBIM KOJTOMAHBIM PACTBOPAM OTHOCSITCSI PACTBOPHI MOBEPXHOCTHO-
aktTuBHbIX BemlecTB (IIAB) wu BbicokoMmonekynsipHbix coenunenuit (BMC) B
«XOPOIIHNX» PACTBOPUTENSAX. XapaKTepHOU 0coOeHHOCThIO cTpoeHust [TAB, a Takxke
HekoTopeix BMC siBnsieTcst AU(PUIBHOCTh UX MOJIEKYJI, TO €CTh HAJIMYME B MOJIEKYJIE
ruApoUIBLHOTO U TuApoPoOHOTO HparMeHToB.

[Ipn ManpiX KOHIEHTpALMSIX AUPUIBHBIX MOJEKYJI B BOJE OHU OO0pa3yroT
VCTUHHBII PacTBOP, HO C YBEIMYEHUEM KOHLEHTPALUU 10 ONPEIEIEHHOIO 3HAYCHHUS
(kpuTHuecko  KOHIEHTparuu  muremiooopazoBanus  (KKM),  mosekysbl
OOBEAMHSIOTCS MEXAYy cOO0M M 00pa3ylOT MMIIEIUIBI, KOTOPhIE COCTaBIISAIOT HOBYIO
¢a3y. [Ipu a3Tom 06paszyercs TMoPUIBHBINA KOJJIOUIHBIA PacTBOP.

Muyennamu nMMOQUIBHBIX KOJUIOUIHBIX paCTBOPOB HA3bIBAIOTCS ACCOLMATHI U3
moniekyll ITAB u BMC, Bo3HHKaromue CaMOIpPOHU3BOJIBHO MPH KOHLEHTpPAILUH,
paBHoit win 6onbiieit KKM, u obpasyrorue B pacTBope HOBYIO ¢a3y.

B nonsipHoii nucniepcuonHoi cpene (Ho,O) BO3HUKAIOT MULIEIUIBI, TOBEPXHOCTh
KOTOpPBIX 00pa3oBaHa TMOJSIPHBIMH (parMeHTaMHu, a fAap0 — TUAPOPOOHBIMH
¢parmentamu moJiekyn IIAB. B cnydae HemosisspHON JMCHIEPCHOHHOM Cpebl

HaOmoaeTcsi oOpaTHas OpHeHTauus JUGUIBHBIX MOJEKYd. SIpo MoeKyn
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dbopMupyeTcsi U3 MOJSPHBIX TPYIII, a €€ MOBEPXHOCTh U3 THAPO(HOOHBIX (PparMEeHTOB
monekyn IIAB. TlogoOHas cTpykTypa MuULEMIT OOecleuyuBaeT  CHUIBHOE
B3aMMOJICHCTBHE C IUCIIEPCHOHHOM CpEeIOoH, YTO JeNaeT KOJUIOMAHYIO CHCTEMY
TMO(PUIBLHOM, TEPMOAMHAMUYECKH YCTONYMBON U HE TpeOyloIIel cTabmin3aTopos.

a 6

Puc. 7 — Ctpykrypa munenn [IAB B nonspHoit (a) u HenossipHoit (6) cpene

Yemoniwusocms  nuogpunwvuvix  konnouomwvix  pacmeopos.  SBissch
TEPMOJMHAMUYECKA YCTOWYMBBIMU CUCTEMAMM, TaKHE CHUCTEMBI HE HMEIOT
CKJIOHHOCTU K CaMONPOHU3BOJBHOMY Pa3pyILICHUIO U HE TPEOYIOT CTaOMIIM3aTOPOB.
Pazpymenue nuoOQUIBHBIX KOJUIOMAOB CBSI3aHO C JECOJIbBATAIlMEH MUIEIUT TIOJ
NEUCTBUEM DJIEKTPOJIUTOB WM APYTUMX BEIIECTB, CBSA3BIBAIOIINX HCIEPCUOHHYIO
cpeny (pactBoputens). [Ipu aToM miis pa3pyuieHdst KOJUIOMAHBIX pacTBopoB 1TAB
nn BMC tpebyercs 10cTaTOuHO OOJBIIIOE KOJIMYECTBO AJIEKTPOIUTA, TOCKOJIBKY OH
pacxoyeTcsl Ha CBSI3bIBAHHE CBOOOJHOIO PACTBOPUTEIIS, @ 3aTEM Ha B3aUMOJICHCTBHE
C COJIbBATHBIMU 000JI0OUYKAMHU MUIIEIUI, TO €CTh CO CBSI3aHHBIM PACTBOPUTEIICM.

Bvicanusanue — 310 pazpyuieHue JUOQUIBHBIX KOJUIOWAHBIX PAaCTBOPOB B
pe3ysibTaTe€ MNPAKTUYECKH MOJHOW JE€COJIbBATAIlMA MUUEI, COMPOBOKIAIOIICECS
BeigenieHneM [IAB wimm BMC B Buae xionbeB. BricanmmBaroiiee aeicTBUE Ha
TMOo(UIIbHBIC KOJJIOMJAHBIE PACTBOPHI OKA3bIBAIOT BCE MOHBI, HE3aBUCHUMO OT 3HaKa
3apsiia M 3HAaKa 3apsga MOBEPXHOCTH HX MHUIEU, B OTJIMYME OT KOAryJsiuu
nuo(OoOHBIX pacTBOpPOB. [IOMHMO »AIEKTPOJMTOB BBICATHMBAIOIICE JICHCTBHUE HAa
BOJIHBIE PACTBOPHI OKA3bIBAIOT OPraHUYECKHUE BEIIECTBA, HAIPUMEDP ITAHOJ, allE€TOH,
MOJIEKYJIBI KOTOPBIX CITIOCOOHBI CHIIBHO CBS3BIBATh BOJY.

Conrobunuzayus — OIHO U3 XapaKTEPHBIX CBONCTB JIMOPUIHHBIX KOJUTOUIHBIX
pactBopoB. ComroOunu3areii Ha3bIBaCTCSI MPOHUKHOBEHUE B CTPYKTYPY MHMIICIIT

MOJIEKYJI pa3IudHbIX BemiecTB. [Iporecc comoOunmn3anuy BKIIOYAET JABE CTaauu: 1)
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aupy3ut0  MOJIEKYJl  COMOOMIM3UPYEMOro  BemlecTBa  (comoOuin3ata) K
MTOBEPXHOCTU MULEIUIBI; 2) MPOHUKHOBEHHUE 3TOTO BEIIECTBA B CTPYKTYPY MHULEIUIBIL.
[Ipornecc comroOuIM3aIM HOCUT CaMOIIPOU3BOJIBHBIN M OOpaTUMBIN XapakKTep.
ComoOnnm3anus SBISETCS OJHUM M3 3BEHHEB OOMEHA BEIIECTB B OpPraHU3ME,
OHa JIE)KUT B OCHOBE CaMOIIPOM3BOJIBHOIO 3MYJIBIMPOBAHUS KUPOB COJIAMU KUPHBIX
KHCJIOT IIPU UX YCBOCHHUH OpraHu3zMoM. Conro0unn3anus mUpoKo UCIOJIb3YeTCs U
MOJIyueHUH (apMaleBTUYECKUX TPernaparoB, a TaKkKe SBISETCS BaKHEHIINM

dbaxTopoMm Morotero Aeictus [1AB.

7. TPYBOJAUCIHEPCHBIE CUCTEMbI

K rpybonucnepcHbIM cHUCTEMaM OTHOCATCS CYCHEH3MM, AMYJIbCUU, TEHbI,
OpOmKH, a3po30iu. Pasmepsr wactun 10°-10*m. ['pyGoaucnepcHbie CUCTEMBI — 3TO
MUKpPOT€TEPOT€HHbIE CUCTEMBI.

Imyavcuu. IOmynvcusmu HA3BIBAIOTCS MUKPOTETEPOreHHbIE CHCTEMBI U3
HECMEIIUBAOIIUXCA KUIAKOCTEH, COCTOAIIME W3 MEJIbYANIINX KalleJleK OJHOU
KUJIKOCTH (aucnepcHas (aza), pachpeqeleHHbBIX B 00beME JApYrol >KUAKOCTH
(nucnepcuonHoM cpenpl). IlpuMep: MOJOKO, CIMBKM, CMETaHa, MaidoOHE3 W T.I.
OMynbCUU  00pa3yroTCs M3 JIByX HECMEIIMBAIOMIMXCA O KHIKOCTEH CHIIBHO
PA3UYAIOMIMXCS IO MOJISIPHOCTH. [IpakThuecku Bcerga OIHOM M3 KUIKOCTEU
ABJISIETCS. BoJa (TOJISIpHAST KUAKOCTh), @ IPYroil — HEMOJspHas KUIKOCTh, OOBIYHO
Ha3plBaeMas MacjoMm (pacTuTenbHble M HedTsSHBIE Macia, OeH305, XJjJopodopm
W.T.IL.).

OMybCUU OBIBAIOT JBYX THIOB: MpsMble U oOpaTHbIe. [IpsiMmbie sMynbcuu
(mepBoro tuma) — 3To Macjo B Bojae (M/B); oOpaTHbie SMyJIbCcUM (BTOPOTO THUIIA) —
Bojia B Macie (B/M).

B 3aBuUCMMOCTH OT KOHIIEHTPAllUM AUCTIEPCHOM (ha3bl pa3ivyaroT 3MYJIbCUU
pazbamnenubie (He Oonee 1%), KoHUEHTpupoBaHHbIe (He Oonee 75%) wu
BBICOKOKOHIIEHTPHPOBaHHBIC, MJIN KpeMbI (0otee 75%).

[Tory4aroT SMyJIbCHH OOBIYHO JTUCIICPTHPOBAHUEM OJTHOM KHUIKOCTH B JIPYTYIO

B MPUCYTCTBUU SMYJbraropa. IMYJIbCHH OTHOCATCS K JHUOGOOHBIM JHUCIIEPCHBIM
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CHUCTeMaM, MOATOMY OHH TpPeOyIOT HPHUCYTCTBHUS CIELUUATBHOIO CTa0MIN3aTOpa,
KOTOPBIM HA3bIBAETCS 2.MYA162amOopoM. XOPOIIMMU dMyJbratopamu sBisitores 11AB u
HekoTopbie BMC, nudunbHbie MOJIEKYJIbl KOTOPBIX, OPUEHTUPYSACHh B COOTBETCTBHUHU C
IpaBUJIOM ypaBHUBAHMUA TOJSPHOCTEH, OOpa3yl0T MPOYHBINA CJIOH, KOTOPBIH
YBEJIMUMUBAET CPOJCTBO JUCHEpPCHOM ¢ha3bl K JUCHEPCHOHHOM cpefe, TO €cCThb
muopunuzupyer smyibcuio. [IAB  opuentupyercs ruapodoOHBIM XBOCTOM K
HEenoJIsIpHOH (aze (Maciy), a TuaApO(GUIBLHBIM — K MOJSIPHOI (BOAE).

[TAB sBsItOTCSI 3MYJIBraTOpaMH, KOTOPBIE OBIBAIOT TPEX TUIOB: 1-r0, 2-10 U 3-
ro. OMyJnbraropsl 1-ro Thma MMEIOT F€OMETPUYECKOE CTPOEHUE MOJIEKYJ B BHJE
YCEUEHHOT0 KOHYCA, Y KOTOPBIX IUIOIIA[b MOMEPEHYHOIO CEUEHHUs THAPOQPHUILHOM
YacTH MOJIEKYJbl OOJbllle IUIOLAAM IMONEPEYHOro CcedeHHs: TuApodoOHON 4YacTu
MOJIEKYJBl. DTO MOJIEKYJbl C OJHUM THAPOPOOHBIX XBOCTOM. Takue 3MyIbraTophbl
CTaOMIU3HUPYIOT IMYJbcuu 1-ro Tuna (M/B). Hactuiel Macia OynyT yaep>KUBaThCs
AMYJIBIaTOPOM OT CIUIIAHUS.

JIpyruM KpHUTEpUEM 3MYJbIaTOpPOB |-ro TUma SBISIOTCS BBICOKHE 3HAYEHUS
ruapopuibHO-munopmwibHoro  Gamanca  (I'JIB),  koTopelii  XxapakTepu3yeT
COOTHOIIEHUE TOJSIPHBIX (TUAPOPUIBHBIX) U HEHOJSAPHBIX (ruapodoOHBIX) yacTen
mosiekyn ITAB. Uem Gonwie 3Hauenue ['JIb, Tem Oosblie 011 MOMSIPHOM YacTH
mosekybl. ['JIb paccuuteiBaetcs no gpopmyse JBuca:

I'JIb=2n;Ai+7, rae Ai — rpynnsl aTOMOB Pa3HOU MOJIAPHOCTH; N — KOJIUYECTBO IPYIIIL.

Tabnuua 14 — 3HaueHus NONSIPHOCTEN PA3IMYHbBIX TPYIINT aTOMOB

I'uapoduibHbIe TPYIIBI Ai I'uapodobuble (UnopUIbHEIC) Ai
— COONa 19,1 —CHjs -0,475
—-COOH 2,1 — CHz-
-OH 1,9 =CH-
—0OSO3Na 38,7

®axtnuecku ['JIb orpaxaer pactBopumocts [IAB B Bosie n Mmacie.
OMynbratopsl 2-ro TMIa UMEKT T'€OMETPUYECKOE CTPOCHHUE MOJIEKYJ TOXKE B
BU/JIE YCEUEHHOTO KOHYCa, HO Y HUX IJIOLIa/Ib OMEPEYHOTO CEYEHHS THAPOQPHUIbHOM

qaCTU MOJICKYJIbI MCHbBIIC ILIOMAAN ITOIICPCHHOIO CCUCHHA FHI[pO(lJO6HOI>i qaCTu
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MOJIEKYJbl. MONEKyJbl TakhX SMYJbraTOpOB HMEIOT ABa TUAPOPOOHBIX XBOCTA.
OMynbraTopsl 2-ro TUIA CTAOMIM3UPYIOT SMYJbcuu 2-10 Tuma (B/M).

OMyIbraTopsl 3-TO TUIIA SBJISIOTCS MJIOXUMHU SMYJIbraTopaMu. Y HHUX IJIOIIAb
MOTIEPEYHOr0 CeYeHHs TUAPOPUIBHON YacTU MOJIEKYJIbl IPUMEPHO PaBHA ILUIOMIAIH
MONEPEYHOr0 CeYeHUs TUAPOPOOHON YaCTH.

CymiecTByeT  HECKOJBKO  CIOCOOOB — ONpeAesieHHWs  TUIa  SMYJIbCHHU.
1) JloGaBnenue kpacutenas (BOAOPACTBOPUMOTO HIIM  MAaclOpacTBOPHUMOTO).
2) Hanecenue sMynbcuuM Ha TUAPOGUIBHYIO WM THAPO(YOOHYIO IMOBEPXHOCTH.
3) Paz0aBiieHne 3MyiIbCUU MOJSIPHOM WIIM HENOJSPHOU KUIKOCThIO. 4) M3mMepeHue
AIIEKTPUYECKON MPOBOJAMMOCTH 3MYJIbCHH. OMYJbCUS IEPBOTO THUIA XOPOIIO
MIPOBOJIUT AJICKTPUICCKUI TOK, B OTIUYHE OT SMYJILCUU BTOPOTO THUIIA.

[Tporuecc pa3pyuieHust SMyIbCUH Ha3bIBAECTCS JEIMYIbIUPOBAHUEM.

[Ipumenenune sMynbcuid. MHOTHE JIEKapCTBa TOTOBAT B BUIE OMYJIbCUW JJIA
MACKHPOBKH HETPHUATHOTO 3alaxa, CMATYCHUS pa3Apaxkaroliero JIeHCTBHS,
oOjeryeHusi mpueMa Bs3KMX Maced. Kak mpaBuiio, BHYTPb NPUHHUMAIOT 3MYJIbCUU
MIEPBOTO TUIA, & HAPYKHO UCTIOIB3YIOT SMYJIBCHH BTOPOTO THIIA.

Cycnen3zuu. CyCneH3UsIMH Ha3bIBAIOTCS MUKPOTETEPOTCHHbBIEC TUCIIEPCHbBIC
CHUCTEMBI, B KOTOPBIX TUCIEPCUOHHOW CPENOH SIBISETCS KUAKOCTh, & TUCTIEPCHAs
(aza npecTaBieHa TBEPABIMU YacTULIAMU ¢ pasmepamu 1076-10"m.

CycneH3uu OTINYaroTCs OT KOJUIOMIHBIX PACTBOPOB 3HAYUTENHHO OOJIBIIUMU
pa3MepaMu 4YacTHI] JIUCIEepCHOM (a3bl, U 3THUM OOYCIOBJIEHBI PA3IUUMUs B HUX
cBoiictBax. CyCneH3Wu MpU MPSIMOM OCBELIEHHU MYTHBIE, B HHUX OTCYTCTBYET
OpoyHoBckoe  aBwxkeHue, auddysus wu  ocmoc. CycneHsum  SBISIOTCS
CEAMMEHTAIIMOHHO HEYCTOMYMBBIMU. ATperaTuBHas yCTOMYMBOCTb CYCIIEH3UH, KaK U
y KOJJIOUJHBIX PAcTBOPOB, 00ECIEUMBACTCS PACKIMHUBAIOUINM JIaBICHUEM MEXIY
yactuiamu. JInoguibHbIE CYCHEH3UM SIBISIOTCS arperaTMBHO YCTOWYMBBIMU H
CylecTByloT 0Oe3 crabunmuzaropa. Hampumep: cyclieH3Usl LEUIIOJIO3HBIX BOJOKOH
WM 3€peH Kpaxmaia B Bojae. B mnodoOHbIX cycneH3usax HeoOXOAMMO MPUCYTCTBHE
cTabuin3aTopa, poJib KOTOPOTO MOTYT UIpPaTh HMOHBI 3JEKTPOJUTOB B MaJbIX

koHieHTpanusx, [IAB u BMC.
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B MenuiiuHe mpu JeYeHMHM KOXHBIX 3a00JIEBaHHWN HCIIONB3YIOT CYCIICH3UH, a
TaKke TMacThl — TMPEIEIbHO KOHIEHTPUPOBAHHBIE CyCNeH3WH. Bbicokas
KOHLIGHTpalusi 4YacTull JucnepcHod ¢a3pl B mactax oOecleyuBaeT uX
CEAMMEHTAMOHHYIO YCTOMYHBOCTb.

Ilenwvt — reTeporeHHbIE CUCTEMBI, B KOTOPBIX Iy3bIPbKH ra3a paclpe/eiiCHbl B
KUAKON JTUCIIEPCUOHHOW Cpelle, OHU HE CTaOWIIbHBI, MO3TOMY HEOOXOIUMBI
neHooOpa3oBarenu (CTabUIU3aToOPhI MEH).

A3po3onu —  JTUCHIEPCHBIE CHCTEMBI, B KOTOPBIX IUCIIEPCHOHHOW Cpenoi
ABJISIETCS Ta3 (BO3/AyX), a qucnepcHas ¢asza mpeacTaBicHa TBEPABIMU WM JKUJIKUMHU
gyactunamMu ¢ pasmepamu 107 — 10% m. Asposonm ¢ xupkoil JI® Ha3hIBArOTCA
TymaHamu, a ¢ Teepaoit I — asiMamu (10— 10 M) u neusamu (10° - 10 m). Eciu
B kauecTBe J{® npuCyTCTBYIOT U TBEPBIE U KUAKUE YACTHUIIBI, TO 3TO CMOTH.

CpoiictBa asposotiedt. Juddys3uss m OpoyHOBCKOE NBMKEHHE MPOUCXOASNT
OUY€Hb OBICTPO M3-3a HU3KOM BSI3KOCTU U IUIOTHOCTH Ta30BOM TUCTIEPCUOHHOM CpPEJIbI.
DJIEKTPUYECKHUE CBOMCTBA Y a’3p030J€i CUIIBHO OTIMYAIOTCS OT CUCTEM C JKHJKOMN
JIUCIIEPCUOOHOM cpenou. [lmga as’po30iiel XapaKTEpHO CBETOPACCESIHUE, HO OHO
3HAYUTEIBHO SIpYE, YeM Yy KOJUIOUJIHBIX PAacTBOPOB. MOJEKYISIPHO-KUHETHUECKUE
CBOMCTBa a’po30Jiel HMEIOT psii OCOOCHHOCTEW, KOTOpPbIE CBSI3aHbI C CHJIBHO
pa3pexkeHHOM Ta3oBoi (¢azoit, npencrapistoment JC. s aspososnelt xapakTepHbI
aBieHus: TepModopesa, hotodopesa, TEPMONPELUITUTALIUH.

Tepmoghopes — NBUKEHHME YACTHUIl a’pO30Jisi B HAMPABICHUU OT TEIUIOBOTO
UCTOYHUKA. Pomogopes — HANPABICHHOE JBUKEHHE a’3pPO30JbHBIX YACTHI] IOA
JEHUCTBUEM CBETOBOTO U3IMy4YeHUs. Tepmonpeyunumayus — OCAXKIACHUE a3PO30JIbHBIX
YaCTUIl HA XOJIOAHBIX IOBEPXHOCTSAX BCIEACTBUE IOTEPU HMH KHUHETHYECKOMN
SHEPIrUM MPU COMPUKOCHOBEHHUH C TAKUMH MOBEPXHOCTIMHU.

ABp030JI1 — CUCTEMBI HE CTAOWIIbHBIE, TAK KaK YaCTHUIIbl MOTYT OCaXAaThCs, a
TaKX€ OHU CIIOCOOHBI K KOATYJISIUUA U KOAJIECIICHIIMU. ATperaTuBHasi yCTOWYUBOCTh
a’po30Jiel Tropa3no HUXKE, 4YeM Y KOJUIOMJHBIX PACTBOPOB H3-3a OTCYTCTBHS

COJIbBATHBIX 000Ji0ueK. OpHaKo, a’p030JU CEIUMEHTAIMOHHO 0OO0Jee YCTONYMBHI,
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YeM KOJUIOUJIHbIE pacTBOPbl. MHOTHWE JIeKapCTBEHHbIE MpenapaTbl U3rOTOBJICHBI B
BHUJIE a3PO30JIEH.

Iopowiku — cBOOOIHOAKMCIIEPCHBIE CUCTEMBI ¢ Ta3000pa3Hoit JIC u TBepapIMU
gactuunamu B kKadectBe JI@. llomyyaroT mopomku myTeM AMCHEPTUPOBAHUA C
NPUMEHEHUEM H3MEJIbYUTEIbHBIX MEXaHHU3MOB CTHPAIOIIETO M Pa3AaBIMBAIOIIETO
NehcTBUA. B 3aBUCUMOCTH OT pa3MepoOB YaCTHUIl CPEIU MOPOIIKOB Pa3IUyaloT: MECOK
(mo 103m), neuis (go 10°m), myapa (zo 10m).

CBoiicTBa MOPOILIKOB: CBIMTYYECTh; T'HTPOCKOMUYHOCTH;, CIIOCOOHOCTh K
rpaHyIHpOBaHUIO. [ paHyIbl TakXKe SBISIFOTCS JIeKapcTBEHHOU hopmoii. Kpome Toro,
OHH CIYXaT MPOMEKYTOYHBIM MPOIYKTOM IMPHU HM3TOTOBJICHUU TAOJIETOK METOIOM
MIPECCOBAHMUS.

JlaGopaTtopnas pabota Ne 9
Tema: [losryueHnue u onpeaeieHue TUNA IMYJIbCUU

[lens paboThl: MPUOOPECTH HABBIKM TOJYYEHHUS] HMYJIbCUW MPSIMOro U
00paTHOTO THIMOB; HAYYUTHCS ONPENETSATH TUIT AIMYJIBCUU PA3TUIHBIMUA CIIOCOOAMH.

OOopyioBaHME W PEAKTUBBI: MHUKPOCKOI; MPEAMETHOE CTEKJIO; MPOOUPKHU;
MUIIETKY; TMAIIMHHOE WM OYMIIEHHOE PACTUTEJIBHOE Macia; aueToH; 2% BOIHBIM
pacTBOp oJieata HaTpus; OeH30.1; kpacHbIM kpacutensb cynad Ill; 2% pactBop CaCly;
nepraMeHTHasi Oymara; KpacuTel b METHJICHOBBIN CUHUI; IUCTUJIMPOBAHHAS BOJIA.

Memoouueckue pexomenoayuu K 8bINOIHEHUIO 1aOOPAMOPHOU pabomul

3apanue 1. TlomyuuTh pa30aBiICHHYIO HMYJIbCUIO METOAOM  3aMEHbI
PacTBOPUTEIIS.

[IpuroToBUTH PacCTBOP MAIIMHHOIO WJIM OYUIIEHHOTO PACTUTEIBLHOIO Macia B
anerone. Jlyisg 3Toro B npoOUpKY HAIUTh 5 MJI alleTOHA M T00ABUTh 2 Kalljli MacJa,
TIaTeNbHO Tiepemeniatb. OOpasyercst uctuHHBIA pacTBop. K 30 My Bosbl 100aBUTH
no kamwisiM 0,5 MIJI 3TOro pacTBopa, MHTEHCHUBHO BCTpsixuBas. Macio B Boje He
pacTBopsieTcs U oOpaszyeTrcs paz0aBiieHHAS IMYJIbCHSL.

3amanue 2. [lomyduts SMynbCHIO OEH307a B BOJIE.

Hamute B mpoOupky 5 min 2% BoaHOro pacTBOopa oJjieaTa Harpus (UiU

KAJIMWHOTO MbIJIAa) M CTOJBKO K€ OEH307a, OKpAIIEHHOTO B KpacHBIA IIBET
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kpacuteneM cyngaH III. B npyryio npoOupky HamuThb CTONBKO K€ BOJBI HU
okpaieHHoro Oenzona. IIpoOupku 3aKkpbITh MPOOKAMU U SHEPTHYHO BCTPAXHYTH
okosio 20 pa3. Caenatrh BBIBOJ O POJU dMyJbratopa (ojearta HaTpus). Y CTOWYUBYIO
AMYJIbCHIO UCIIOJIB30BATh JJISI CIEAYIOLIErO ONBITA.

3aganue 3. OnpeaenuTb XapakTep JUCIEPCUOHHON CPEIbI.

Kammo ycroHunBOil 3MyNnbCMHM TOMECTUTh Ha TNPEIMETHOE CTEKIO U
PacCMOTpPETh €€ IOJ MHUKPOCKOTIOM mpu HeOosbmoMm yBenudeHun ([P (Oenson)
OKpalllMBaeTCsl B KPAaCHBIN LIBET). 3apucoBaTh BUA dMylibcuu. CrenaTh BBIBOJ O €€
tune. ([Ipsmas smynbeus, Tak kak cygas |l okpammBaer 6eH30:1).

3ananue 4. Ilpocnenuts obpamienue (a3 3MylIbCUU NpU J0OABICHUM MOHOB
METaJIOB.

Paznenuts yCTOMYMBYIO SMYJIbCHUIO Ha JBE YACTH.

K onnoit wactu no6aButh mocteneHHo 1 miu 2% pactBopa CaCly, cunbHO
BcTpsixuBad. [lpoucxoaut oOpamienue (a3. 3apucoBaTh MHUKPOCKOIHYECKYIO
KapTHUHY 0OpaTHOM 3MYJIbCHH.

3aganue 5. OnpenenuTb TUI SMYJIbCHUHU.

a) KanHyTp mpsiMyr0 M MHBEPTHYIO 3MYJIbCHUM OTAEJIBHO JIPYr OT Jpyra Ha
nepramMeHTHyto Oymary. Kamis uHBepTHOM sMyiibcuu (BOJa B Macje) B OTIMYHUE OT
npsSIMON  dMyJIbcHM (Macjio B BOJI€) pacTekaeTcs Ha TMapauHOBOM IJIACTUHKE
(mepramenTHoi1 Oymare);

0) IlomecTuTh Kamio NOpsSMONM W OOpaTHON HMYJIBCHUU TOOYEPETHO Ha
MIPEAMETHOE CcTeKII0. Karis npsiMoil SMyJIbCUH, IOMEIEHHAs! HAa TPEAMETHOE CTEKIIO,
CJIMBAETCA C Karjie BOJbI, Karuisi 0OpaTHOM SMYJIBCUU CIIMBAETCS C KaIulel Macia;

B) Jlo6aBUTh BO/ABI K IPSIMOM U 0OpaTHOM AMyJibCHH. DMyJbcus Tuna M/B He
pacciiauBaercsi mpu J100aBJIEHUU BOJbI, OHA pa3daBisgeTcs, a aMyiabcus Tuna B/M c
BOJIOW HE CMELIMBAETCA, OHA PAaCCIanBaAETCH;

r) Hanute B mpoOupky 1mi 2% BogHOro pactBopa ojeaTta HaTpus (KaJuiHOE
MBUIO) W CTOJIbKO ke OeHn3ona. J[00aBUTH KpacHTelb METWJICHOBBIM CHHUM.
['unpodunbHas cpena (Bojga) okpamiuBaeTcss B rojyooi user. HaOmionmate moa

MHKPOCKOIIOM.
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8. BBICOKOMOJIEKYJSAPHBIE COEIMHEHUS (BMC)

BMC (monuMepsl) — coOeTUHEHUS ¢ 00JBIION MoJieKysspHoi Maccoit > 5000 —
10000 r/mMomb, MOJEKynbl KOTOpbIX HMEOT Oonee 1000 XMMHYECKH CBS3aHHBIX
atroMoB. BMC sBIAIOTCS CTPYKTYpHOM OCHOBOM BCEX KMBBIX opranu3zmMoB. BMC:
oenku, nykienHoBbie kucioTel (JIHK, PHK), monucaxapuas! (1ieswitono3a, Kpaxmai).
CymectByroT cmemanabie BMC, wHampumep: JIUMIONPOTEHHBI, TIMKONPOTEHHEI,
dhochonpoTenHbl, JIUMOMOINCAXAPUIBI.

Knaccudukanus BMC.

1.71o peaxyusam nonyuenus: (no npoUCXoxicoenuro)

1.1 ITytem Guocuntesa (mpupoausie BMC)

1.2. Peakuyu nomuMepusanuy 1 noaukonaeHcanuu (sce BMC u npupoaHsie u
CUHTETUYECKUE).

2. Ilo xapaxmepy uonocenHbix epynn (cnocoonocmu K ouccoyuayuu)

2.1. KatnonaktuBusie BMC

2.2. Aunonaktuasie BMC

2.3. Henonorennsie BMC

3. Ilo xumuueckoti npupooe

3.1. Opraanuyeckue BMC

3.2. Heoprannueckue BMC (mp: cuiuMkaThl, B YaCTHOCTH IOJUKPEMHUEBAs

KHUCJIOTA).
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3.3. DOnementopranndeckue BMC (atomsr C 3amemarorcs ApyruMU
anemenTamu: Si, Fe, S wuap.)

4. Ilo npocmpancmeenHou cmpyKkmype

4.1. JIu"eiHbIEe TOJTUMEPHI

4.2. Pa3BeTBIICHHBIE

4.3. JlectTHU4HBIE

4.4. CeTyaThle WIH CIIUTHIC

[lonmuMmepsl, coaepkamiue B OJHOM MAaKpOMOJEKYJIE HECKOJIBKO THUIIOB
MOHOMEPHBIX 3BEHBEB, HA3BIBAKOTCS conoaumepsl. CymEeCTBYIOT TOMONOJIUMEPHI U
reTeponoJMMepbl.  ['omomoaumepsl  coAepKaT  MOHOMEpPBI  OJHOTO  THIIA.
['eTeponosnMepsl coaepkaT pa3Hble MOHOMEPBHI.

Ocooennocmu pacmeopoe BMC.

1. PactBopsl BMC npencrapisitor coO0i TOMOT€HHbIE paBHOBECHBIE CUCTEMBI,
OHM SIBJISIIOTCA UCTUHHBIMU PACTBOPAMHU, HO MOTYT OBITh M KOJIJIOMIHBIMHU.

2. PactBopst BMC 06pa3ytorcs caMOnpou3BOiIbHO, C YMEHBIICHUEM 3HEPTUU
['u60ca. OHM TpEeACTaBISIOT COO0OW TEPMOJUHAMUYECKH YCTOWYUBBIE CHUCTEMBI,
CIIOCOOHBI CYIIECTBOBAaTh 0€3 CTa0MIM3aTOPOB HEOTPAHWYECHHOE BpeMs B OOJBIITUX
MaCCOBBIX U MOJISIPHBIX KOHIIEHTPALIUSX.

3. PactBopst BMC, nogoOHO pacTBopaM HU3KOMOJEKYJSIPHBIX COEAMHEHUH
(HMC), wmoryt OBbITb MOJIEKYJSIPHBIMH, HWOHHBIMH, a TaKke OOpa3oBBIBATH
KOJUJIOMJIHBIE PACTBOPHI (€CJIM co3AaTh THAPODOOHYIO Cpey).

4. SBnssicb WCTUHHBIMU pacTBopamH, pactBopbl BMC omnnuaroTcs OT
pactBopoB HMC, Gnarogaps orpoMHBIM pa3MepaMm MOJIEKYJ, KOTOpPbIe OMpPEeIIsiOT
OO0JBIIMHCTBO pu3HKO-xuMuyeckux cBoiictB BMC, otnuunsix or HMC.

5. Jlisg MOJIEKyJl TIOTMMEPOB Ba)XKHOW XapaKTEPUCTUKOU SIBIISIETCS THOKOCTH
LEeMU, TO €CTh CIOCOOHOCTh MOJEKYJ U3MEHSTh MPOCTPAHCTBEHHYIO (OpMY MyTeM
nepexojia OT OAHOU KOH(GOPMAIIUU K APYTOM.

Konghopmayuu — sHepreTuecku paBHOLIEHHBIE MPOCTPAHCTBEHHbIE (DOPMBI,
BO3HUKAIOIIME MPU MIOBOPOTE MOHOMEPHBIX 3BEHBEB MOJIMMEPHOM 1IN 03 pa3pbiBa

MOJIMMEPHBIX  CBsizeil. DepMeHThI MOTYT MEHSTh CBOIO KOH(OpMaIuo u
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npucTpamBaThCcsi K cyoctpaTy. Pasnnuaior koH(popmainio cBOOOIHOCOUIEHEHHOM
mend W B Bujae niodynsl. Kondopmanus B Buzme ri100yisl sBiIseTcss Oojee
DHEPreTUYECKH BBITOJHOM.

Ceoiicmea pacmeopoe BMC. Hadyxanue u pacmeopenue BMC.

[Ipu xoutakTe BMC u pactBoputens npoucxoaut Hadbyxanue BMC, kotopoe
3aTeéM MOXET 3aKOHYUThCA €ro pacTBOpeHueMm. Habyxanue — Tpoliecc
IIPOHUKHOBEHUSI PACTBOPUTENSI B IMOJIMMEPHOE BEIIECTBO B PE3YJIBTATE YETrO
yBEIMYMBAETC 00beM U Macca mnoiumepa. [lpu HaOyxaHum pacTBOpPUTEND
IIPOHHUKAET MEXKTY MOJIEKYJIAMU.

B ornnume ot mporecca pacTBOPEHHsS] HU3KOMOJIEKYJISIPHBIX COEMHEHUH, T1ie
ocyuiectBisiercss audpdysus HMC B pactBoputenb, B mpoiiecce HaOyXaHHs H
pactBopenusi BMC mnpoucxoaut guddysus wmonekyn pactBoputens B BMC.
IIpouiecc TPOHUKHOBEHUS MOJIEKYJ pACTBOPUTENST B Makpomosekyiasl BMC
MPUBOAUT K TOMY, YTO NMpPU HaOyXaHUH OOBEM IMOJMMEpPA BCEr/Ia YBEIUYMBACTCS, a
00BEM CHUCTEMBI HE paBEH CyMMeE 00BEMOB MOJIMMEPA U PACTBOPUTEIIS. Y MEHBIIICHHE
o0beMa CHCTEMBI MPU HaOyXaHUU HA3BIBACTCS KOHmMpaxyueu. IT0 0OBSICHICTCS TEM,
9TO Tpu HAOyXaHWW HEOOIBIINE MOJICKYJbl PACTBOPUTENS TMPOHUKAIOT B
MPOCTPAHCTBO MEXIY MAKpPOMOJIEKYJIaMH, BCIAEACTBUE YETO KOMIAKTHOCTh YITAKOBKH
MoJieKyJ yBenuuuBaercsa. KoHTpakius HaOmogaeTcsl Tak ke IpU CMEIIMBAHUU BO/IbI
U CIIUPTA, TAK KaK COUPT OIPOHUKAET MEI1y MOJEKYJIaMHU BOJIbI.

T.o. Ha nepBoii craauu B3aumojelicTeus BMC u HMC BHauane oGpa3yrorcs
rereporeHHble cuctembl, cocrosimue u3 BMC u cBoGomHoro pactBoputens. JTta
cuctemMa mpu JanpHeumem nornomeHnn HMC  (Kuakocth — pacTBOPHUTENS)
IpeBpalaercss B TOMOTeHHYI ojHOo¢pa3Hyo cuctemy. CymMMapHbId TEMJI0OBOM
sbdext mpu Habyxanuu BMC 00b19HO monoXUTENbHBIN. Paznuuaror 2 Buaa
HaO0yXaHUW: HEOTPAHUYEHHOE U OTPAHUYEHHOE.

Heoepanuuennoe nabyxanue — nHabyxanue, Nociaeq0BaTEIbHO MEPEXOAIIEE B
nonHoe pactBopenue BMC. Oecpanuuennoe mnabyxanue — HaOyxaHue, He
nepexoisiiee B MOJHOE PAcTBOPEHHME, a OCTAHABIMBAIOLIEECS Ha OMNPENEICHHOU

ctaauu (KEeNaTWH, [EJUTIJIo3a B  BOJIC). YBEIMYCHHE TEMIEpaTyphl BEAET K
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yBenuueHnto pactsopuMmoctd BMC u naxe k moJiHoMy ero pactBopenuto. [Ipumep:
xematnuH (O€JIOK) TpW KOMHATHOW TeMmIepaTrype HaOyxaeT OrpaHWYeHHO, a TpH
NOBBIIICHUHA TEMIepaTypbl HalOyXaeT HEOrpaHWYEeHHO, TO €CTh pPacTBOPSAETCA
MOJIHOCTBIO.

KonnuectBeHHO HaOyXaHKe XapaKTepU3yeTcsl CTENEHbI0 Ha0yXanus (o).

V-V, m-—m,
= WM o, =———,T]1¢
VO mO

a,

V (M) - 00beM (Macca) HaOyXIIIEro moJuMepa;

Vo (Mop)- 06beM (Macca) HCXOTHOTO MOJIUMEpA.

daxTopbl, BIUSIOUME HA Mpoliecc Ha0yXaHUs: MpUpoAa MOJIUMEpPa, IpUpoaa
pacTBOpUTENISA, NPUCYTCTBUE BJIEKTPONHUTOB, pH cpenpl, Temmneparypa, BO3pacT
noJImMepa.

Ilpupooa nonumepa. CrenieHb HaOyxaHus (0) 3aBUCUT OT IKECTKOCTH
MOJIMMEPHBIX Lened. Y KECTKMX MOJUMEPOB C OOJIBIIUM YHCIOM MOMEPEUYHBIX
CBsA3EH CTeneHb Ha0yXaHUsl HEBEJIMKA.

Ilpupooa pacmeopumens. Ilonsapusie 6monosumepsl (0enku, HK, kpaxman)
Jy4iie Ha0yXaloT B BOJE, YEM B MEHEE MOJISIPHBIX PACTBOPHUTENAX (CIIUPTE, alleTOHE),
1 Hao0o0poT (Tp: Kaydyk B OeH30Jie HabyxaeT XOpoIllo, a B BOJIE — IIJIOXO).

Ilpucymcmeue snexmporumoé B BOJIHBIX pacTBopax. KaTHOHBI M aHHOHBI
MOTYT YBEJIMYMBATh WJIM YMEHbBIIATh CTENEHb Ha0yxaHUs. OTO CBS3aHO CO
CITIOCOOHOCTBIO HMOHOB THIpaTUpPOBaThbCs (MOTpOIHBIE psnbl). Yem cuiibHee
TUIPATUPYIOTCS HMOHBI, TEM MEHBIIE UAET Mpolecc Hal0yxaHUs, U HaoO0OpoT
(MpOUCXOMUT KOHKYPEHILMSI MEXKIy TMOJMMEPOM W HOHAMHM 32 MOJIEKYJbI
BO/bI).CUNTaIOT, YTO Ha CTENeHb HaOyxaHUs B OOJbIIEH CTENEHU OKa3bIBAIOT
BIIUSIHAE aHUOHBI.

Bruanue pH cpeowr mposiBnsiercs, korna BMC uMEIOT MOJO0KUTENIbHBIN WUITH
OTpHULIATETLHBIN 3apsij. B aToMm ciyuae HabmrogaeTcs pa3pbixieHue cTpykrypsl BMC
U3-3a AJIEKTPOCTATUYECKOTO OTTAIKMBAHMS OJTHOMMEHHBIX 3apSAI0B U YBEJINYUBACTCS
creneHb HaOyxanus. Eciu 3apsin y BMC otcyrcrByer, To KOHQOpMalus MIOTHAS U
CKJIOHHOCTh K HaOyxaHuio MuHuManbHasa. Haubonee sipko Bnusinue pH HaOmrogaercs
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npu HaOyxanuu OenkoB. 3HaueHue pH, mpu koropom BMC He umeer 3apsna,
Ha3pIBaeTCsl w30 MeKkTpuueckoir Toukoi (pl). Crenenp HaOyxanus Oenka

MHWHHUMAJIbHA B HBOBHCKTPH‘ICCKOﬁ TOYKCE.

Al &k

pH < pi pH > pf

1.
P 'Ff p:-;

Puc. 8 — Bnusnue pH cpenpbl Ha HaOyxaHue Oenka.

Temnepamypa. llpu yBenM4YeHUHW TeMIEpaTypbl, YBEIUYUBAECTCS CTENEHb
HaOyXaHusl.

Bospacm noaumepa. Yem Monoxe moimMep, TeM CTETIeHb Ha0yxaHus OOJbIIIe.
Crenenp HaOyxanus (a): y sMOpuoHa denoBeka — 95%;y HoBOpoxkaeHHoro — /0 —
75%:; y B3pocioro yenoBeka — 60%:;B crapoM Bo3pacTe< 60%.

Jlaenenue naoyxanus (p, unu Il) paBHO TakOMy BHEIIHEMY JIaBJICHUIO,
KOTOpPOE MOTJI0 Obl OCTAaHOBUTH yBennueHue oorema BMC.

Py (IT)=K-c",

raie K — koHcrtanTa, yuuteiBaromas npupony BMC u pactBoputens; n-—
SMIIMpHYECKas KOHCTaHTa = 3; ¢ — KoHuenTpauus BMC (kr/m®).

Bazkocms (BHYTpEHHEE TpPEHHE) — 3TO CBOWCTBO MKUJKOCTH OKa3bIBaTh
CONPOTHUBJIEHUE MEPEMEILIEHNUIO OJJTHON €€ YaCTU OTHOCUTEIBHO JPYTOil.

TN BMc>1] amc IIpH Csmc = Cumc

Bsskocte  BMC 3aBucuT OT MOJSIPHOW Macchl, (OpPMBI, pa3sMEpPOB U
koHpopmaruu mosiekyn BMC. M3menenue Bszkoctu BMC oT KoOHIEHTpaluw,
TEeMIIepaTyphl, JaBJICHUS HE MOMUYMHACTCS OOBIYHBIM 3akoHOMepHOCTsM. [Ipu pH =
pJ (711 HOHOTEHHBIX) 1) pMc MUHUMAJIbHASI, TAK KaK MOJIEKYJIa KOMIIAKTHO YIIaKOBaHa

(tax kak pu pH =pJ Monekya HeHWTpanbHa).
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Hns BMC onpenenstor xapakmepucmuyeckyro 6sa3kocms [1], KoTopas
MPONOPLUUOHANIBHA  MOJIEKYJSIpHOW ~ Macce  moiumepa. s HEKOTOphIX
JIEKapCTBEHHBIX CPEJICTB OUEHb BaXKHBIM MMOKA3aTeNEeM sIBIsIETCS [1].

Ocmomuueckoe oasnenue BMC () Tak e Kak U 1 pvc HE MOAYUHSIETCA
3akoHoMepHocTsiM HMC. Jlng pacyeta OCMOTHYECKOTO JIABJICHUS MCHOJIB3YIOT
ypaBHeHuUe [ amepa:

C-RT

BMC

+p-C?

TeMC™=

rae [ - KoHcTaHTa, yuuThiBaromas koHpopmammio BMC, a umenHo mis
roOysipHoro 6enka = 0.

B Ouonornueckoil CHUCTEME 7,c, CKIAIBIBACTCS U3 Moey DIACKTPOIUTOB, Tocw
HEDJICKTPOIUTOB, Moy OCTKOB (7,0, OCIKOB (OHKOTHYECKOE HaBieHue) = 4 kl1a).

Ipgexm I'uooca-/[onnana. Muorne BMC moryT ObITh HOHOTEHHBIMU.

BMC=R" + Kt",

rae R - makpounon (non BMC), Kt* - HU3KOMOJIEKYISIpHBIH HOH.

Tak kak MakpouoH (R’) He moxer muddyHaupoBarh uepe3 MeMmOpaHy,
MO3TOMY M HU3KOMOJIeKyIsipHbie HOoHBI (Kt") He paBHOMEpHO pachpenessiFoTcs 1o
00e cTopoHBI MeMOpaHbl. DTO mpeackazan [mb06c, a IKCIEepUMEHTAbHO J0Ka3all
HNonnan (3¢ dext ['n66ca-/lonnana).

MeMOpana KJIETKM MpOHHUIAEMa JJIsi HU3KOMOJEKYJSPHBIX HOHOB U HE
IpPOHHUIIAEMa JJIi BBICOKOMOJIEKYJISIDHBIX HOHOB. BcnenctBue 3axkoHoB auddy3uu
HU3KOMOJIeKy sipHbie HOoHBI (Kt™ 1 An°) OyayT mpoHHMKATh yepe3 MeMOpaHy BHYTDPb
KJIETKM W Hapyxy JO TeX TMOop, T[OoKa TMpPOU3BEJACHUE KOHIIEHTpalUn
HU3KOMOJICKYJISIPHBIX HMOHOB BHYTPH KJIETKM HE OyneT paBHO KOHIICHTPAINH
HU3KOMOJICKYJISIPHBIX MOHOB CHApy>d. JTO Ha3bIBACTCS MEMOpPAHHOE pPaBHOBECHE
JloHHaHa.

B nannom ciyuae Kt* Oyayr mpoHuMKaTh BHYTph OOJNbIIE, TaK KaK BHYTPH
HPUCYTCTBYET OTPHULIATEIILHO 3aPsHKEHHBIN BRICOKOMOJICKYJIIpHBIN HOH (R").

TocnBHYMPU > T ey CHAPYIUCU.
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JlabopaTtopHuas padota Ne 10
Tema: OnpenesieHre U303JIEKTPUYECKON TOYKH KeJIATHHA METOA0M
BSAI3KOCTH

[lear paboThl: TPHOOpPECTH HAaBBIKM pPabOTBI € BHUCKO3UMETPOM U
NOTEHIIMIOMETPOM; HAYUYUTHCS OIPEACNATh H303JIEKTPUUECKYI0 TOYKY >KeJlaThHA
METOJIOM BSI3KOCTH.

O6opynoBaHre M PEaKTUBBI: TOTCHIIMOMETP; BHUCKO3UMETp; TepmocTaT; 1,5%
pactBop kenatuna; 0,3 H. HCI; 0,025 u. HCI; 0,003 1. HCI; 0,05 1. NaOH; 0,2 H.
NaOH; nuctunnmpoBannas Boja.

Memoouueckue pekomenoayuu K 8bINOIHEHUIO 1aOOPAMOPHOU pabomul

3amanue 1. OnpenenuTb OTHOCHUTENBHYIO BSI3KOCTh PAaCTBOPOB JKEJATMHA C
pa3IMYHbBIMU 3HaUeHUusiMu pH.

3aganue 2. [lo MUHUMYMY BS3KOCTH HalTH U303JeKTpuuecKyto Touky (MOT).

Boinonnenne pabotel. B mects npobupok Hanuts no 10 mu 1,5% pactBopa
KeJmaThHa U 1Mo 5 M cienyromux pactsopos: 1) 0,3 u. HCI, 2) 0,025 u. HCI, 3) 0,003
H. HCI, 4) nuctunnupoBannoit Boasl, 5) 0,05 1. NaOH u 6) 0,2 1. NaOH.

N3meputh pH monydeHHBIX pacCTBOPOB HA OTeHIIMOMETpe. OnpenenuTh Bpems
MCTEUEHMs PAaCTBOPOB BHcKoszuMeTpoM OcTBanbaa B Tepmoctare mpu 35°C. Ipu Toii
KE TeMIlepaType ONpeNeNuTh BpeMsl UCTEUEeHHs BOAbl. Paccuutath OTHOCUTENbHYIO
BSI3KOCTh. Pe3yNbTaThl 3aHECTH B TAOJIUILY.

TabOmura 15.

Cocras pacTBopa Bpewms ucreyenus | Bpems ucreyenus | pH Norx
BOJBL, T, C. pacTBopa, T, C.

0,3 . HCI + xematun

0,025 1. HCI + xenatun

0,003 1. HCI + xenatun

HuctrminiupoBanHas Boja +
KCJIIaTUH

0,05 1. NaOH + xenatuun

0,2 1. NaOH + xenatuun

7 _n_w _ T
o My ToP Ty
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[Toctpouts kpuByI0 «BSI3KOCTH — pH», oTKIIagBIBast Mo ocu abuuce pH, mo ocu
OpAMHAT — OTHOCHUTENBHYIO BA3KOCTh. [I0 MuHUMYyMY Bsizkoctu onpenenuts UOT.

Memoouxa onpedenenusi 6pemeHu ucmevenus pacmeopo8 ¢ HOMOWbIO
guckozumempa Ocmeanvoa.

Jia omnpeneneHust BA3KOCTH INMPUMEHSIOT BUCKO3MMeETp OcTBayibAa, KOTOPBIN
npeacTapisier cooort U-o0pasHyro TpyOKy C ABYMSI pacIIMpeHHsIMH (pe3epByapamu): B
HIDKHEH 4acTH IIMPOKOro KojieHa | W B BEpXHEH 4acTW y3KOro KosieHa 2 (puc. 8).
PesepByap y3KOro KojeHa IEpEeXOAUT B KalWULIp. Bellle M HIKE 3TOro pesepByapa
HaHECEHbI METKHU 3.

Bucko3umeTp TIIAaTeNbHO MPOMBIBAOT. J[JI1 3TOr0 HAaJIMBaKOT PACTBOPUTEID B
IIMPOKOE KOJIEHO M 3aTEM, NEPEBOAS €r0 € MOMOIIbI0 PE3MHOBOM IPYIIH B Y3KOE
KoJIeHO (Ha 1-2 cM BbIllle BEpXHEl METKH), 1al0T KUAKOCTH CBOOOJHO MeEepenTu
B IIHpPOKOE KoJIeHO. Omepanuio NOBTOPSAIOT, 3aT€M pPAacCTBOPUTEND BBUIMBAIOT.
3aKperUIsitoT BUCKO3UMETP B IITATUB CTPOro BepTHKaiIbHO. Ilepern®d Buckozmmerpa,
3AIUMILNEHHBIA PE3MHOBOM NPOKJIAAKOW, JOJDKEH HAXOIMThCSI Ha OCHOBAHUH
mratuBa. OnpenensitoT BpeMsi HCTEUEHUs] pACTBOPUTENS 4epe3 KamuJuisip
Bucko3umetpa (o). [ 3TOro B mmMpokoe KOJIECHO HAIMBAIOT MEPHBIM HUJIHHIPOM
Takol 00BbEM pacTBOPUTENS, YTOObI pe3epByap WIMPOKOIO KOJEHAa ObUI 3aIlOJIHEH
HanoyioBuHy. C IOMOINBI PE3MHOBOW TPYIIM NEPEBOAIT PACTBOPUTEND B Y3KOE
KOJICHO BHUCKO3MMETpa TaK, UTOObI HMXKHUM Kpall MeHucka OblT Ha 1-2 cM BbIIIE
BEPXHEH METKH, AAIOT >KUIKOCTH CBOOOJHO NEpeTeKaTh B IIUPOKOe KoieHo. Kak
TOJIBKO HW)KHUHA Kpald MEHHCKA KOCHETCS BEpPXHEHM METKM Y3KOro KOJICHA
BHCKO3MMETPA, BKJIIFOYAOT CEKYHJOMED, a KOI'/1a MEHUCK KOCHETCSI HUPKHEW METKH —
BBIKJIFOYAIOT €10. [[pOBOAAT HE MEHEE TPEX U3MEPEHUM.

OnucaHHBIM = CIOCOOOM  M3MEPSIIOT  BpeMsl HUCTEUEHHUs] uepe3  Kamuusip
BUCKO3MMETpa pacTBOPOB, HAuUMHAsl ¢ pPacTBOpa HaMMEHbIIEH KOHLEHTparmu. O0beM
pPacTBOPOB JIOJDKEH OBITh TAKUM K€, KaK U 00beM pactBopuTes. Ilepexons k pactBopy
OoJiee BHICOKOM KOHIIEHTpAIWH, HY>KHO TIIATEIbHO YAAIUTh U3 BUCKO3UMETpPA MPEKHUIM
pacTBOp U CIIOJOCHYTh BUCKO3UMETP HOBBIM pacTBOpoM. llocie oxoHuaHus pabOThI

BHCKO3UMETp 2—3 paza NpOMBIBAIOT PACTBOPUTEIIEM.
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PucyHok 9 — Bucko3zumerp
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