MUHUCTEPCTBO 3IPABOOXPAHEHIA PECITYBJIMKU BEJIAPYCh

BEJIOPYCCKUI I'OCY IAPCTBEHHbI MEJUILIMHCKNI YHUBEPCUTET
KA®EJIPA OBLLIEN XMW

JABOPATOPHDbIE PABOTbI
1HO MEANIMNHCKOU XUMHNHA

[IpakTukym

Muuck BI'MY 2022



VJIK 54(076.5)(075.8)
BBK 24173
12

PexomennoBano HaydHo-MeTOIMUECKIM COBETOM YHHBEPCUTETA B KAUECTBE
npaktukyma 16.02.2022 r., npotokoin Ne 2

ABtops: B. B. Xpycranés, T. B. Jlarymxo, T. B. IIpoxopoa, B. B. Ilo6Goiines,
A. A. Axynesuy, O. A. bonnapen

PemeHn3eHTH: KaHI. MeJ. HayK, JIOIL., 3aB. Kad. Onooprannyeckor xumMuu beropycckoro
rocyIapcTBeHHOro MemuimHckoro yampepcuteta O. H. Puneiickas; xad. oOmieit, ¢puszndeckoi u
KOJUIOUJHOHM XUMHK BUTEOCKOro rocy1apcTBEHHOTO opieHa J{py»Obl HApOI0B MEUIIMHCKOTO YHH-
BEepCHUTETA

JlaGopaTopuble paboOThl MO MEAMIMHCKONW Xxumuu : npaktukym / B. B. Xpycranés
JI12 [m ap.]. — Munck : BIMY, 2022 — 47 c.

ISBN 978-985-21-1006-8.

ConepXuT MaTepurall, HeOOXOJUMBIH JUI MOATOTOBKU K SKCIEPUMEHTAILHBIM Pa00TaM 110 MEIUIIUHCKON XH-
MUH U OPOBEIEHHsI PAaCUETOB 110 UX pe3yabTaTaM. B KOHIE NpakTHKyMa NPUBEIEHBI IPUMEPHI TUIOBBIX 3aJaHUH
Ha KOJUIOKBUYME.

[Ipenna3HayeH a1 cTyJeHTOB 1-To Kypca JieueOHOro, e InaTpuIecKoro, MeJUKO-TPOGHIaKTHIECKOT0, CTO-
MaTOJOTHYIECKOTO (QaKyIbTETOB.

YK 54(076.5)(075.8)
BBK 24473

ISBN 978-985-21-1006-8 © YO «benopyccKuil ToCy1apCTBEHHBIN
MEIMIMHCKUN YHUBEpCUTET», 2022



IMPEAUCJIOBUE

[IpakTuKyM NpeHa3HayeH AJIs CTYAEHTOB JIe4eOHOT0, eNaTPUIECKOr0, MEIUKO-TIPO-
(UITAKTUYECKOTO M CTOMATOJIOTUYECKOTO (PaKyIbTETOB MEAMIIMHCKUX BY30B, U3YYaroIIMX
npeaMer « MeguiuHcKkas XuMus». [t Kaxka0ro 3aHATHS IPUBEIEHO OIMCAHUE IKCIIEPUMEH-
TaJbHOM PabOThI, BOIIPOCHI IO TEXHUKE MPOBEIACHUS OINBITOB U M0 MPAKTUYECKOMY HCIOJb-
30BaHUIO COOTBETCTBYIOLIMX METOJIOB B MEIUKO-OMOIOTHYECKUX UCCIETOBAaHUAX U B J1a00-
pPaTOpPHOM JUArHOCTHUKE.

Pe3ynbTaThl 3KCIEPUMEHTAIIBHBIX pa0OT CIIEyET 3alKChIBaTh HETIOCPEICTBEHHO B CIle-
LAAJIBHO OTBEACHHBIE MECTA IIPAKTUKYMA, a 3aTEM IIPOBOJUTH IOCIEIYIOLINE PACUETHI.

[lepen HauaaOM BBIMOJIHEHUS SKCIIEPUMEHTANBHBIX PA0OOT CTYIEHTHI JOHKHBI 03HAKO-
MUTBCSI C PABUJIAMU TEXHUKH 0€30IaCHOCTH B XUMHUYecKol JabopaTopun. B koHue nzyde-
Hus npeamera «MeauuuHCKass XUMUs TIPEAYCMOTPEH KOJUIOKBUYM, cojepskamuil 20 3aaa-
HUH 1O BCEeM HU3Y4YeHHbIM TeMaM. PyOpukainus KOJJIOKBUyMa W TpUMEpPHl 3aJaHui

IIPpUBCACHBI B KOHIIC IIPAKTHKYMa.



YACTD 1. BBEAEHUE B MEJUIIMHCKYIO XUMUIO

1.1 IIPABUJIA TEXHUKHU BE3OITACHOCTH NPU PABOTE B XUMHUYECKOW JIABOPATOPUU

HecoOmtonenne TexHuKu 6€30macHOCTU MpU paboTe B XMUMUYECKOHM 1abopaTopuu
SJIOBUTBIMH, B3PbIBOOIIACHBIMU BEIIECTBAMM, KUCIOTAMH U LIEJI0YaMH MPUBOIUT K HECUACT-
HBIM city4asiM. UToObI 3TOro n3bexarh, HEOOXOAMMO COOII0IATh CIAEAYIOIIUE TpaBuIa.

1. Kaxxplii paboTaromuii B 1abopaTopuu AOHKEH UMETh XallaT, a Ipu padote ¢ 6011b-
IIMMH KOJTUYECTBAMH KUCIIOT, IIeJ04Yel U OKUCIUTENeH — QapTyK U3 MOTUBUHIIXJIOPHUIA.

2. 3anpeniaeTcs KypuTh 1 IPUHUMATH MUIY B XUMUYECKOU J1TabopaTopuu.

3. 3ampemaeTcst mpoOOBaTh Ha BKYC M BIBIXaTh XUMHYECKHE BEUIECTBA: OHU MOTYT
0Ka3aThCs JOBUTHIMU.

4. B nabopaTopuu pa3pemaercs NpoBOJAUTh TOJIbKO T€ ONBITHI, KOTOPBIE MPETYCMOT-
PEHBI TEMAaTUYECKUM TUIAHOM 3aHATUMN, U TOJIBKO C pa3pelIeHHs NpernoaaBaTes.

5. Bce paGoTsbl, CBsI3aHHBIC C BBIJICIICHUEM SIIOBUTHIX TA30B U MMAPOB, CIEIYET MPOBO-
JIUTH TOJBKO B BRITSDKHOM IKady.

6. [Tpu monagaHy XMMUYECKOTO BEIIECTBA HA KOXKY B MEPBYIO 0UYEpPEb HEOOXOIUMO
OOMJIBHO TPOMBITH MOPAKEHHOE MECTO BOJOM. 3ampeniaerca oOpabaTbiBaTh MOPaKEHHBIN
y4acTOK CMOYEHHBIM TaMIIOHOM, TaK KakK MpPHU ITOM BEIIECTBO €Ile TIIy0)ke MPOHUKAET B
koxy. [Ipu paGoTe ¢ KOHUEHTPUPOBAHHBIMU PACTBOPAMU KHCIIOT U IIEN0YEH HEOOXOAMMO
HaJIeBaTh PE3MHOBbBIE NIEPUYATKH.

7. Ilpu nonananuu B ri1a3a pacTBOPOB KUCIIOT U IIEJI0YEH ClelyeT HeMeAJIEeHHO Mpo-
MBITh IJ1a3a OOJBIIMM KOJTUYECTBOM BOJIBI U OOPATUTHCS K Bpady.

8. IIpu paz0aBieHUN KOHIICHTPUPOBAHHBIX KUCIIOT BOIOM, HEOOXOIUMO MIPUITUBATEH KUC-
JIOTY K BOJIE, @ HE HA000POT, MHTEHCUBHO MEPEMEIINBasi MOIy4aeMblii pacTBOD.

9. B xumuueckoii 1abopaTopruu HEIOMYCTUMO HAOUPATh PACTBOPHI B MUIETKY pToM. Mx
MOKHO HaOupaTh B NMUMNETKYy Mopa Wik B TpaJydpOBaHHYIO MHIIETKY TOJIBKO MPU TOMOUIH
rpywmu win nuneratopa. HeoOxoaumelit 00beM Takke MOXKHO OTMEPSTH C TIOMOIIBIO 103aTOpa.

10. 3axoKkeHHYI0 CIUPTOBKY HEJb3s IEPEHOCUTh C MECTa Ha MECTO, HEJIb3s TAKXKE 3a-
KHUraTh OJIHY CIIMPTOBKY HEMTOCPEACTBEHHO OT JPYroil Bo n30exaHue pas3iinBa ClupTa U BO3-
MO>KHOT'0 MoXkapa. ['acuTh CIUPTOBKY MOKHO TOJIBKO OJJHUM CIIOCOOOM — HaKpbIBATh IJIaMs
(GUTHIIS KOJITTAYKOM.

11. IIpu HarpeBaHUU KUIKOCTH JI€pKaTh MPOOUPKY HYKHO TakK, 4TOOBI €€ OTBEpCTHE
OBLJIO HAMPABJICHO B CTOPOHY, MPOTUBOIMOJIOKHYIO OT pabOTAIOIIETO B TAOOPATOPUHU U €ro
cocejielt o paboyemy MecTy.

12. PaznuTyto pTyTh U3 pa3OMBIIETOCS TEPMOMETpa HEOOXOAMMO HEMEUIEHHO CO-
OpaTth U 00€3BpeUTh. 3arps3HEHHOE PTYThIO MECTO O0E3BPEKMBAIOT BOJHBIM PAaCTBOPOM
xnopuna xenesa (I11) c maccoBoit goneit 20 % wnu 3achnaroT Cepou.

13. Ilpu BO3HMKHOBEHHUHU BCIIBIIIKH JIETKOBOCIUIAMEHSIOIINXCA KUIKOCTEH (aleToH,
a¢up, 6eH30 U Ap.) AN ee JIUKBUAALNUN UCIIOJIb3YETCsl CyXOU MeCOK W OTHeTymuTens. Hc-
MOJIb30BAHKE BOJIBI JUISI TYHICHHSI TAHHBIX KUAKOCTEN 3arpenieHo.

14. TIpu BO3ropaHUM OJEKIbl HENb3s JOMYCKATh OBICTPBIX ABUKEHH, TaK Kak 3TO
pasmyBaeT miams. s TyIIeHus: 3aropeBIIeics OAEKIbl Ha IOCTPAIaBIIET0 HaOpaChIBAIOT
0J1ESJ10 WU NaJIBTO.

15. BxiouaTh 35IeKTpOnpUOOphl CleAyeT TOJIBKO € pa3pelleHus MpernojaBaTeis U
CTPOTO MO UHCTPYKIUH.



16. IIpu Bo3ropaHuu 3JIEKTPHUUECKUX MPOBOAOB MM MPUOOPOB HEOOXOAMMO HEME]-
JICHHO OTKJIFOUUTH TOK. 3arOpeBIINECS IPOBOJIA U TPUOOP HYKHO TYLIUTh TOJIBKO CYXUM Iec-
KOM, HO HE BOJOW WJI IIEHHBIM OIHETYIIUTEIIEM.

17. Ilpu npekpalieHuy noaadu Boabl HEOOXO0IMMO HEPEKPHITh BCE KPaHHbI.

1.2 BHAKOMCTBO C JJABOPATOPHOM IOCY 101

Jlabopamopnas padoma. 113mMepenne 00beMOB paCTBOPOB B THTPUMETPUUYECKOM aHa-
nm3e.

Ilenv pabomoi: 03HAKOMUTBCS ¢ MEPHON TOCYI0M, UCIIONB3yEMOM B TUTPUMETpHYE-
CKOM aHaJIu3€, U NPUOOPECTU HABBIKU PabOTHI C HEH.

Ilocyoa: mepnble KoJIOBI, TUNETKH Mopa, rpagyupOBaHHbIE MUIETKH, PE3UHOBBIE
IpyLIH, IUIETaTOPbI, 103aTOPbI, OIOPETKH, BOPOHKH; Ha CTOJIE IIPENOAaBaTeNsl — MEH3YpKa,
LHWIMHAPBI U MEPHBIE TPOOUPKH, MUKPOOIOpETKA.

Xox padoTsl

3aoanue 1. BeiyunTh Ha3BaHUS HamMOOJIEe YaCTO WCIIOJIB3YEMOW MEPHOW TOCYbI
(puc. 1-4).
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Puc. 3. Bropetku:
a — ¢ KpaHOM; 6 — C 3aKUMOM; 6 — C IIIa- Puc. 4. MepHas xon6a
PHUKOBBIM 3aTBOPOM



Bomnpocsl qu1s 00cyxaeHus:

1. B yem pasHuna Mexay rpaaydpoBaHHBIMU MMUINETKAMU, U300paKEHHBIMU HA PHUC.
2,a,0?

2. llouemy n3mepenne oObeMa OKpAIICHHBIX )KUIKOCTEH MTPOBOJIST IO BEPXHEMY Me-
HUCKY, a HE TI0 HIKHEMY, KaK JJIs1 0€CIIBETHBIX ?

3. B dem mpenmyIiecTBO MEpHOU KOJIOBI TIEpel TpayupOBaHHON KOJIOOW HITU Mep-
HBIM [UJIUHIPOM?

3aoanue 2. Ormeputs 10,00 Mt Bogs! nunerkoir Mopa.

st or60pa BOBI MUTIETKON Mopa ¢ MOMOIIBI0 PE3MHOBOM IPYIIU MOCTYMAIOT CJIEY-
IOIIUM 00pa3oM:

1. BepyT pe3nHOBYIO rpylly, BBITYCKAIOT U3 HEE BO3AYX M HAJIEBAIOT HA MHIETKY.
OnyckaroT MUIETKY 70 IHa EMKOCTH C BOJIOH M, 0cladiissl AaBJIEHUE Ha PE3MHOBYIO IPyLLY,
3aMOJIHSIOT MUIIETKY BOJOM Ha 3—4 CM BBIIIIE METKH.

2. CHUMAIOT rpylly 1 OBICTPO 3aKPBIBAIOT BEPXHEE OTBEPCTUE MUIETKU YKa3aTeIbHBIM
(unu GonbuM) nanblieM. [logHsAB NUNETKY U3 BOJBI, YAAISIOT KaIllJId pacTBOpa ¢ BHELIHEH
€€ CTOPOHBI PUIBTPOBAIBHON OyMarou.

3. Hemuoro ocnaOuB maBneHue yKa3aTeIbHOTO TANbIA U MPUIOIHSIB €ro, AT BO3-
MO>KHOCTb BOJIE MEJJIEHHO CTEKaTh B EMKOCTh, U3 KOTOPOW MPOU3BOAUTCS €€ 0TOO0p, 10 TeX
Mop, MOKa HWKHUWA MEHHUCK JKUJKOCTH HE KOCHETCSI METKU MUIETKH. BHOBB MIIOTHO 3aKphI-
BaIOT OTBEPCTHE MUIIETKHU NaJIbLIEM U OCTOPOKHO MEPEHOCST €€ B 3apaHee MPUTOTOBICHHBIN
cocya (Harpumep, B KOJIOY AJisi THTPOBAHMUS).

4. Jlep>kaT NUNETKY BEPTUKAJIBHO, OTHUMAIOT OT €€ OTBEPCTHSI yKa3aTeabHbIN Majell,
JIal0T BO3MOXHOCTh BOJI€ CBOOO/IHO BhITeKaTh. Koraa Becs KUAKOCTh M3 MUNETKH Mopa BbI-
TEYeT, KaCaloTCsd KOHYMKOM MUIETKU CTEHKHU KOJIOBI U K AYT, TOKA OCTATKU KUJIKOCTH CTEKYT
B K0JIOy. BbIiyBaHMe ocTaBuIeiicss B KOHUMKE MUNETKU Kallld KUAKOCTH HeOIyCTUMO, TaK
KaK ee 00beM YUTEH MpHU KaTMOPOBKE MUIETOK U HE BXOJIUT B HOMUHAJIBHBIN O0BEM KUIKO-
CTH, U3MEPSAEMBIN MUIETKOM.

[Tpu paboTe ¢ MUNEeTaToOpOM MOCTYMAOT CIAEAYIOIIUM 00pa3oM: OITYyCKAIOT MUIIETKY 10
JTHa EMKOCTH C BOJIOW, Ha/IeBAIOT Ha BEPXHUI KOHEL UIETKU MUIETAaTOP, TyTeM MOJAKPy4rBa-
HUS KOJIECMKA Ha MUIETAaTOpe 3arOJIHAIOT MUIMETKY BOJIOW A0 METKU (M0 HHKHEMY Kparo Me-
HHUCKa). 3aTeM MEPEHOCAT MUIIETKY BMECTE C HAJIEThIM Ha HEe MUIETATOPOM B KOJIOY M HaXKu-
MaloT Ha pblyar MUIETaToOpa, a 3aT€M CHUMAIOT €ro, KacaloTCsl KOHYMKOM IHIETKH CTEHKHU
KOJIOBI M IYT, TIOKA OCTATKU KUJKOCTH CTEKYT B KOJIOY.

[Ipu paGote ¢ 703aTOPOM MOCTYNAIOT CIASTYIOIIUM 00pa30M: BBICTABIISAIOT HEOOXOIH-
MBIl 00bEM Ha J03aTOpe, HAJEBaIOT HEOOXOJUMBIM OTHOPA30BbI HAKOHEYHUK, HAXKUMAIOT
JI0 TIEpPBOTO YIopa Ha KHOMKY J03aropa (elle 10 OMyCKaHWs HaKOHEYHHMKA B JKUIKOCTBH!),
OITYCKalOT HAKOHEYHUK B )KMJIKOCTb, TUIABHO OTITYCKAIOT KHOTIKY — XHUAKOCTh HAOUpaeTcs B
HAaKOHEYHHK. 3aTEM MEPEHOCST J03aTOP C OTOOPAHHOM KUKOCTHIO B KOJIOY U TJIABHO HAXH-
MaloT JI0 BTOPOT'O yHopa Ha KHOMKY J103aTOpa — XKUAKOCTb BBITYBAeTCs B KOJIOY.

3aoanue 3. Otmeputs 6,2 M 1 3,7 MJ1 BOJABI T'palyupOBaHHBIMH NUNETKaMu Ha 10 mi
U 5 MJ1, a 3aTeM J103aTOPOM.

[Ipu pabote ¢ rpaayMpOBaHHBIMU MUIETKAMH JUTS MPEIOTBPAIIECHUS OMIMOOK Hpex e
BCETr0 BHUMATEJILHO PACCMATPHUBAIOT TUI MUIETKH (CM. pHC. 2, @, ) U ONpPeAETSIOT LIeHY Jele-
HUS Ha ee 1mKane. C MOMOIIBIO MUIIETKH IepBOro Tuna (puc. 2, a) MaKCUMAaIbHBIA 00beM KHUI-
KOCTH, Ha KOTOPBII paccUMTaHa MUIIETKA, OTMEPSIOT TAKUM K€ CIIOCOOOM, KaK M MHIIETKOU
Mopa (cM. puc. 2, 8). [Tunetka BTOpOro Tuma (puc. 2, 6) B HIKHEH 4acTH UMEET HETpalynpo-
BaHHBI HepaOounii 00beM, MOITOMY C Heill paboTaroT TOJIBKO B OOJACTH TPaAyHpPOBAHHOM
LIKaJIBL.



Texnuka or6opa TpeOyemMoro o0bemMa BOJAbI C MOMOIIBIO TPaTyHPOBAHHBIX MUIETOK
aHAJIOrMYHA TEXHUKE 0TOOpa C MOMOIIIbIO TUIETOK Mopa.

3adanue 4. 3meputh 00beM OJTHOM KaIlIX, BHITEKAIOLIEH U3 OIOPETKHU.

JIist HOCTUKEHUST BBICOKOM TOYHOCTH TUTPOBAHMSI HY’)KHO YMETH JIeJaTh OTCUETHI T10
OropeTke U 3HaTh 00bEM OJIHOM KaIllu TUTpaHTa, BhITEKatolel u3 6ropeTku. UToOsl He J0-
NYCTUTh OMIMOKU, KaXKJJ0€ TUTPOBAHWE HAYMHAIOT OT HYJIEBOTO MOJIOKEHHs Ha IIKaje Oro-
PETKU U CIEAAT, YTOObI B Or0peTKe (0COOEHHO HMKE IIAapUKa WK 3aKUMa) HE ObLIO ITY3bIPb-
KOB BO3/yXa.

3a/ianue BBIMOJTHSIOT CIAEAYIOIUM 00pa3oM.

1. 3anuBaroT B OIOpETKY BOJY Yepe3 BOPOHKY, CIETrKa MPUMIOAHUMAs €€, YTOOBI YCKO-
PUTH 3aMOJIHEHUE U TIPEIOTBPATUTDH MTPOJTUBAHUE KHUIKOCTH.

2. YaansoT my3bIpbKH BO3/lyXa U3 HIDKHEHW 4acTH OIOPETKH: JIJISl 3TOTO MeperndaT
PE3MHOBYIO TPYOKY Tak, 4ToObI moayuuiics U-o0pa3Hblii COOOMIAIOIIMICS COCY U, OTTATH-
Basi pe3MHOBYIO TPYOKY OT IIapHKa, MyCKAIOT CTPYIO BOJBI, KOTOPasi B CBOIO OY€peb BHITEC-
HSIET My3BIPHKH BO3/1yXa.

3. JoGaBns0T B OIOpETKY BOJY BBINIE HYJIEBOW OTMETKH T'PaJydpPOBAHHOM IIIKAJIHI,
yOHparoT BOPOHKY U, OTTATHBAS PE3MHOBYIO TPYOKY OT IIapHKa, OTYCKAIOT YPOBEHB BOBI 10
HYJIEBOM OTMETKH (110 HI)KHEMY KpalO0 MEHHUCKA).

4. BeumBatoT u3 Oropetku 50 Kamenb BOABI M OMPEIENSIOT UX 00beM 10 MIKaie Oro-
PETKU B MILTWIHTpaxX. M3MepeHue moBTOPSIOT €Ille JIBa pa3a M BHIYHCISIOT cpeHee apud-
METHYECKOE TPEX IMOTYyUYECHHBIX H3MEPCHHH. BRIYHCIIAIOT 00heM OTHOM KaIlJT BOJIbI, BHITCKA-
Io1el U3 OIOPETKH, pa3/iesuB NojlydeHHoe 3HadeHue Ha S0.

VO,HHOﬁ Karm — ( + + )/(3 : 50) = MI

Bonpocsl quist 00CyKaeHUsA:

1. Or kakux (HaxkTOpoOB 3aBUCUT 0OHEM OJTHOU KATUTH KUIKOCTH?

2. JlomxeH 1 00BbEM OJTHOM Karuli BOJIBI OBITh OJMHAKOBBIM Y BCEX CTYACHTOB, BbI-
MOJIHUBUIUX 3a7aHue 47

3. 3aBHUCHUT JId TOYHOCTh TUTPOBAHUS OT 00BEMa OJHOM KaIlIH, BBITEKAIOIIEH 13 Or0-
peTku?

Bu1600: oceoenvl npasuna pabomul ¢ MEPHOL NOCYOOU, UCNOILIYEMOU 8 MUmMpument-
pudeckom ananuze. Onpeoenen 00vem 00HOU Kaniu 800bl, gblmeKaouell uz OropemKu, oH
pasen MIL.

Yacrs 2. BBEAEHUE B KOOPIMHALIMOHHYIO XUMUIO

2.1 IIOTYYEHUE KOMILIEKCHBIX COETUHEHUI

Jlabopamopnas padoma. IlonydeHnrie ruIpoOKCO- © AMMUHOKOMILIIEKCOB.

Ilenv pabompl: CpaBHUTH CIIOCOOHOCTH COJICH AFOMHHMS M ITUHKA K 00pa30BaHUIO
TUAPOKCO- U aMMUHOKOMILIEKCOB.

Peaxmuent u nocyoa: soansie pactBopbl AlCl3, ZnSO4, NaOH u NH3s, npobupkwu, mu-
MIETKH.

Xoa padoTsl

B nBe npobupku 1006aBisSIOT M0 2—3 Karuid pacTBopa XJIopuaa allOMUHMYS, B IBE APY-
rue — 1o 2—3 Kariy pacTBopa cynb(ara IUHKA.



J100GaBnsIOT TIO KaruIsiM pacTBOP TUAPOKCH]IA HATPHUS B OAHY M3 MPOOUPOK C pacTBO-
poMm AICIz u B ogny u3 mpooupok ¢ pactBopoM ZnNSO4. OnuckiBaroT HaOI01aeMbIe H3MEHE-
HUS ¥ TIPUBOJAT YpaBHEHUsS peaknuii oOpa3oBaHUs THIPOKCOKOMILIEKCOB B «MOJICKYIISIP-
HOM», TIOJTHOM M COKPAIIICHHOM MOHHOM BHJIE, JTAIOT Ha3BAHUS MOJIYICHHBIM COCTMHEHUSIM.

AICl3 +

ZnS0O4 +

JI06aBIISIOT MO KarIsiM KOHIICHTPUPOBAHHBIM pacTBOp aMMHaKa B OJ{HY U3 IPOOUPOK
¢ pactBopoM AlCl3 1 B onHy 13 mpobupok ¢ pactBopoMm ZnSO4. OnuChIBAIOT HAOIIO1aEMbIC
WU3MEHEHUS U MPUBOAT YPABHEHUS PEAKIUN B «MOJICKYSIPHOMY, IOJIHOM M COKPAILICHHOM

HOHHOM BHJC, AAI0T Ha3BAHHA ITOJIYUCHHBIM COCANHCHUAM.
AICls +

ZnS0O4 +

Bonpocel 1u1s1 006CyKIeHUs:
1. Yemy paBHO KOpAMHAIIMOHHOE YHUCIO B JOMUHHUPYIOIIMX KOMIUIEKCAX,
MOJYYCHHBIX B KaXKI0M U3 OIBITOB?
2. Ilouemy B peakuuu ZnSOs u NH4OH nomunupyromuMm siBIsieTCs aMMHUHOKOM-
IUIEKC, @ HE THJIPOKCOKOMILIIEKC?
3. Kakue dakropel MOryT mpensTcTOBaTh OOpPa30BaHUI0 AMMHHOKOMILIEKCA
ATOMHUHMSA?
BuIBOA: 2udpokcokomniexcwl C komniekcoobpasoeamenem AP , uem
ammunoxomnaexcwl. I'uopoxcomniexcol C komniekcoobpasoeamenem Zn>*
KaK aMMUHOKOMNIEKCHL.

2.2 IIPUMEHEHHUE KOMILUIEKCHBIX COEJUHEHUI B KAYECTBEHHOM AHAJIU3E

Jlabopamopnas padoma. XuMudeckue CBOMCTBA IUAHOKOMILIEKCOB.

Ifens pa6ompi: M3y4INTh XUMUYECKHE CBOMCTBA JKEITON KPOBSHOM COJIH.

Peaxmuewvt u nocyoa: sonubie pactBopbl Ka[Fe(CN)e], Al2(SO4)3, H2SO4s, ZnSOs4,
CuSOq4 u FeCls, mpobupku, MUIETKH.

Xox padoTsbl

B yeTbIpe npobupku BHOCAT MO 2—3 Kariu pacTBOpa >KEATOW KPOBSHOM COJH.



B omny u3 nmpobupok nobasisitor 1-2 xarum pactBopa Al2(SOs)s n 1-2 xarumm pac-
tBOpa H2SO4, BEDKHIAIOT HECKOIBKO MUHYT. ONHUCHIBAIOT HAOI0JaeMble H3MEHEHUSI U TIPH-
BOJISIT YpaBHEHHE PEAKIUH B «MOJIEKYIIIPHOM», ITOJHOM M COKpAIIEHHOM HOHHOM BHJIE,
JAI0T HAa3BAaHHE ITOTyYCHHOMY KOMIUIEKCHOMY COCIHHEHHIO.

Al>(SO4)3 +

B oxny u3 mpo6upok 100aBiIsIOT 1Mo KaruisiM pacTBop ZNSOs. OnuckiBaoT HabIr0Aa-
€MbIC U3MEHEHUS U MPUBOMAT YPaBHEHHUE PEAKIIUH B «MOJICKYJISIPHOM», TIOTHOM M COKpa-

IIIEHHOM MOHHOM BHJIC, af0T Ha3BaHHE TOJIYIEHHOMY KOMILICKCHOMY COEINHCHHMIO.
ZnS0O4 +

B oany u3 npobupok go6aBmstor mo karmisim pactBop CuSO4. OnuckiBaroT Habm01a-
€MbIC U3MEHEHUS W MPUBOJAAT YPaBHEHUE PEAKIIUU B «MOJICKYISIPHOM», TIOJTHOM M COKpa-

IIIEHHOM MOHHOM BHJIE, Jaf0T Ha3BaHHE TOJIYIEHHOMY KOMILICKCHOMY COEINHCHHMIO.
CuSOg4 +

B omny 13 mpobupok nodasisrot mo karwisiMm pactBop FeCls. OnmceiBarotr HaOmo1aeMble
W3MCHEHWUS Y TIPUBOIAT YPAaBHCHUE PEAKIIMHU B «MOJICKYJISIPHOMY, TIOJTHOM M COKPAIIICHHOM HOH-
HOM BHJIC, TAIOT HA3BAHUE MOJTYIECHHOMY KOMIUIEKCHOMY COCIHMHEHHIO.

FeCls +

Bonpocs quis o0cykaeHus:

1. IlmanucroBomopomanas (cuamibHas) kuciora (HCN) — u3BectHslit si1. Hackonbko
0e30MacHBIM SBISIETCS UCTIOIB30BAHME KEJITOW KPOBSIHON COJIM B KQUECTBE MHIIE-
Boi no6aBku (E536)?

2. Kaxoit umenno arom u3 nona CN™ oOpa3yeT KOOpIMHAIMOHHYIO CBS3b C KATHOHOM
xenesa Fe?* B cocrase kenToil KpoBSHOM conu?

3. IMouemy coennuenus Ks[Fe(CN)es] u Ka[Fe(CN)e] paznugarotcs 1o 1BETy ¥ XHMH-
YECKUM CBOMCTBaM?

BeiBOa: ¢ nomowwlo pacmeopa dwcenmoti KpOBSAHOU CONU MOINCHO NPOBOOUMb

KauecmeeHHbll aHAIU3 Ha KAMUOHbL




YACTb 3. OCHOBbI XUMWYEKON TEPMOJIUHAMMKU U KHHETUKHA

3.1 XUMMYECKASI TEPMOJUHAMUKA

Jlabopamopnasn paboma. Onpenenenue TeroBoro 3dexra peakyy HeUTpaTU3aIuH.
Ilenw pabomei: onipeieUTh BEIMYUHY TEIUIOBOTO 3P deKTa peaKkiui HeUTpallu3aiui.
Ilpuéopwt u peakmuewt: xanopumetp (puc. 5), 11 pactsop NaOH, 11 pactsop HCL

L]

N
X
0

Puc. 5. Cxema xanmopumerpa:
1 — crakan ¢ pacTBOpoM (peaklMOHHAs Kamepa); 2 — BHEIIHUN COCy (TEpMOHM30IUPYIIHIA MaTe-
puan); 3 — TepMoMeTp; 4 — Memaika (CTeKJIsSTHHAs Majgoyka); 5 — BOPOHKa

Xox padoThl

B kanopumeTpudeckuii cTakaH U3BECTHOM Macchl ( r) HamBaroT 125 mit 1H pac-
tBopa NaOH (pu=1,037 r/mi). B npyroit crakan namuBaroT 125 mn 1u pactBopa HCI
(px = 1,014 r/mu). U3mepsaroT Temiepatypy o00UX pacTBOPOB. 3aTeM IMpu paboTaroiiei Me-
[IaJIKe Yepe3 BOPOHKY BIMBAIOT PACTBOP KUCJIOTHI B KaJOPUMETP U CIIEIAT 32 U3MEHEHUEM
TeMriepaTypbl. OTMEUAIOT MaKCUMAIBHYIO TemrepaTypy pactBopa. CrensT 3a TeM, 4ToObI
TepMOMETp OBbLT OMYyIIEH B pacTBOP. Pe3ynbTaThl OmnbITa 3anuchiBatoT B Ta0. 1.

Tabnuya 1
Pe3yJbTaThl 3KCIIEPUMEHTA
Macca KaJIopuMeTpH4ecKoro ctakasa (Mz), T
Konnenrpanus pactBopa NaOH, mosnb/n 1
Konnentpanust pactBopa HCI, monb/n 1
O6wem pactBopa NaOH (Vi), M 125
O6bem pactBopa HCI (Vy), M 125

Temmneparypa pactBopa NaOH (ty), °C
Temmneparypa pactBopa HCI (ti), °C
Hauanbnas Temmeparypa: t1 = 0,5(ty + t), °C
Temnepatypa nocne HeliTpanuzauuu (t2), °C

Macca KOHEYHOTO pacTBOpa, MOJYIYCHHOI'O ITOCJIC CIMBAHUI .

M2 = (PuVu + pxVi) = ( ' + - )= r.
PaccuurthiBaroT 0011y10 TerioeMKocTh kanopumetpa (C, Jx/K):
C=mC1+mCo= 0,752 + 4,184 = JIx/K,

C1= 0,752 JIx/r -K — yaenbpHas TEMI0EMKOCTh CTEKIIa,

C2=4,182 I/t - K — ynenbHas TEIIOEMKOCTb PacTBOpa.

10



PaccunThIBalOT TEIIOTY HEUTpATU3auu, UCTIONB3Ys (HOPMYITTy:
Q= At-C

rae: N-V

A=t -1, = °C,

C — o0m1ast TEMI0EMKOCTh KaJIOPUMETPA,

N — koHeuHast KoHUeHTpanus pactopa (0,5 Moib/1),

V — o6muit o6bem pactBopa (0,25 ).

Q=AtC)/(NV)=(___-___ )/ : )= JIK/MOJTIB.

CocCTaBisIOT TEPMOXUMHUYECKOE YPABHEHHUE PEAKIIMY HEUTpanu3aluu:
NaOH + HCI = NaCl + H.0; AH ?
Q =-AH,
AH = kJ>x/Momb
BBIYHCIIAIOT OTHOCUTENBHYIO IOTPEIIHOCTD OMbITA, €CIU AHreop. = —57,0 KJ3K/MOb.
OTHOCHUTENBHAS OTPEITHOCTH (%) paBHa!

Ay ~ A -100% =
Bomnpocel 1u1s1 00CyKIeHUs: AH meop
1. B pesynbrare skcniepuMeHTa Oblia paccunTaHa BennunHa AH, koTopas BeIpaka-
etcs B kJ[/Monb. Ha MOJTB Kakoro BeIecTBa pacCYMTaHO U3MEHEHHE SHTAIBITNN?

2. YnpenpHas TeruioeMKocTh Boabl mpu 20°C pasHa 4,182 J[x/r-K. Uem MBI mipene-
OperaeM B pacueTe BeTUYUHBI TETUIOBOT0 3 dexTa?
3. UeMm 00BSACHUTH OTKJIIOHEHHUE MTOJIYYeHHON BETMYMHBI TETIIOBOTO0 3 eKTa peakiuu
HEUTpalIu3aluu OT TEOPETUUECKU PACCUMTAHHOM?
BeiBOn: onpedenunu eenuuuny mennogozo 3¢pgexma peakyuu Heumpanuzayuu
( KI[o1c/MONb) U OmHOCUMENbHYI0 NOZPEUHOCMb Onblmda ( %). Peak-
Yus Hetumpalu3ayuu s6Jsemcs

3.2 XUMUYECKAS KUHETUKA

Jlabopamopnaa padoma. BnusiHre KOHIIEHTPALMM PEArupyrOIIUX BEHIECTB HA CKO-
POCTb XUMHUYECKON PEAKIINH.

Ilenv pabompr: N3y9uTh BIUSIHUE KOHIIEHTPAIMU CYJIh(UTA HATPHUS HA CKOPOCTH pe-
aKI[MU €r0 OKUCIICHUS NOJaTOM Kajus B KUCIIOU Cpelie.

Peaxmuent u nocyoa: 0,01M pactBop NaxSOs, 1%-nblit pactBop Kpaxmana, 0,01M
pactBop KlO3 B 0,25M pactBope H2SO4, Bosa, mpoOupKku, MUNETKH, MUIETATOPBI, PE3UHO-
BbI€ TPYIIN, CEKYHIOMED.

CymniHocTh paboThI 3aKTI0YAETCA B paCcYeTe CKOPOCTH PEAKIIMH TI0 BPEMEHH, HE00XO0-
JTUMOMY JIJIsi OKUCIICHUS CyIb(uTa HATpUsI O1aTOM KaJlus B KUCIIOH cpelie.

YpaBHeHHE peakuy UMEET BUJ!

2KI103 + 5Na2S03 + H2SO4 = 12 + 5NaxS04 + K2SO4 + H20

3anumuTe MOJIypE€aKI OKUCIICHUA U BOCCTAHOBJICHHS:
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C moMoIIbl0 CeKyH0Mepa U3MEPSIOT UHTEPBAJ BPEMEHH OT Hayajla peakiyy JI0 MOsB-
JIeHUs1 CBOOOTHOTO H0/1a. DTOT MOMEHT (PMKCHPYIOT 110 TIOSIBJICHUIO CUHEH OKPacKH y paHee 6ec-
LBETHOT'O PacTBOpPA 3a CUET IPUCYTCTBUS B HEM KpaxMaia. QakTUUECKH, U3MEPSIETCS BpEMsL, He-
00X0IMMOE /17151 TTOSIBJIEHUSI 10]1a B KOHIIEHTPALIMK, JOCTATOYHOM JUIsl IOCUHEHHS Kpaxmala.

W3MeHsist KOHIIEHTPALMIO OAHOTO U3 pEeareHToB (B X0/1e HacTosIIeH 1abopaTopHoi pa-
00Thl — CyNb(pUTa HATPUS), MOKHO OMPEEIUTH 3aBUCUMOCTh CKOPOCTH PEAKIUU OT KOH-
LEHTPALMH PEArupyroINX BEUIECTB IPU TOCTOSIHHON TEMIIEPATYPE.

Xox padorsl

C momomIpl0 TUMETOK BMeCTUMOCThIO 1-2 M BHocsAT 0,01M pacTtBOp cynbduTa
HaTpusl, BoAy U 1%-Hbli pacTBOp Kpaxmaiia B TpHU MPOOUPKHU B YKa3aHHBIX HHKE 00bEeMax:

— B pooupky Nel — 1 M Na2SOz u 0,25 M kpaxmana,

— B npobupky Ne2 — 0,5 mur NaxSO3, 0,5 mi H20 u 0,25 M kpaxmana,

— B npobupky Ne3 — 0,25 ma NaxSOs, 0,75 M H20 u 0,25 mit kpaxmara.

B apyrue tpu npobupku BHOcaT o 1 mu 0,01M pactBopa #ogara kamus (KI1O3) B
0,25M pactBOpe CEpHOI KUCIIOTHI.

CnuBaroT monapHoO pacTBOPHI CyIb(GUTA HATPHUS U HoJaTa Kajlus U M0 CEKYHI0MepY
U3MEPAIOT NMPOMEKYTOK BPEMEHH OT MOMEHTA CIMBAHUS PACTBOPOB JI0 MOSBIICHUS CUHETO
OKparmmBaHus. Pe3ynbraTsl 3aHOCST B Ta01. 2.

Tabnuya 2
Pe3yabTaThl 3IKCIIEPUMEHTA

Ne O0beMblI pacTBOPOB (MJI ) Koneunas Bpemsi peak- | CpeaHsisi CKOPOCTh
IIpo- KOHLIEHTPa- uMu (10 NosiB- V.
Oupk s CyJb- | JICHUSI CHHel peari Vi,
H S 3 (¢urTa HATpHA, | OKPACKH) MOJIL/JI-CeK.
) E o 5 S E C, MoJab/a t, cek.
[s¢] = < O
£ = o a v =
Z o A = X o
Nel 1,00 — 025 |1 Ci= t1= V1=
Ne2 0,50 0550 [0,25 |1 Co= to= Vo=
Ne3 0,25 0,75 [0,25 |1 Cs= t3= V3=

€ro pa3Be[eHUs MPU CIMBAHUU PACTBOPOB 0 GopMyIie:
0,01-V
Na2803

C =
Na, SO
2773 V06u4

[TpoBOAAT pacueT KOHEYHOW MOJSPHOM KOHLEHTpalUH CyiIb(UTa HATPUS C y4ETOM

C1
C2
Cs

PaccunThIBatOT CpEHIOI0 CKOPOCTH OKUCIICHHUS CYIb(QHUTA HATPHUS 32 U3MEPECHHBINA HH-
TepBaJl BpEMEHH MPU PA3JINYHBIX €r0 KOHIICHTPAIHSIX 110 cleayromIel popMyse u BHOCAT pe-
3yJlbTaThl B TAOJIUILY:

C
\7 _ Na2803
t
Vi =
Vo=
V3 =
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Pe3ynbpTaThl pacueToB KOHEUHON MOJISIPHON KOHIIEHTPAIIUU CYJIb()UTA HATPHS U CPEII-
HEl CKOPOCTH €T0 OKHUCIIEHUSI BHOCST B TaOIuUILy 2.
Bomnpocs! 1i1s1 00CcyxaeHus:
1. TlouyeMy MHTEHCHUBHOCThH CHHEU OKPACKHU pa3lInyHa B TPEX MPOOUpPKaAxX IMOCie Mpo-
TEKaHUs peakuuu?
2. Kaxoil MmeTos1 pacueTa CKOPOCTH PEAKIIUU HUCIIOIB30BAJICS B 3TOM OIIBITE: MPSMOii
WA HETPSIMOit?
3. Kak M0oXHO onpesieiuTh TOUHOE BpeMsi, 32 KOTOPOE BBIIETUTCS BECh HOJI B KXKIOM
13 MPOOUPOK?
BeiBOA: ¢ ysenuuenuem xonyenmpayuu peasupyoumux 6euiecme CKoOpocms peakyuu
, €Clu npoyecc He AGNIAemcs peakyueu nopsioKa.

YACTbD 4. TEPMOJINHAMMKA BO/IHBIX PACTBOPOB

4.1 KOJUIMTATUBHBIE CBOMCTBA PACTBOPOB

Jlabopamopnas paboma. Y cTaHOBJICHHE N30TOHUYHOCTH PAacTBOPA XJIOPUA HATPUS
Y CBIBOPOTKH KPOBH IO PEAKIIMH SPUTPOIUTOB.

ILlenv pabomepl: onpenenUTh, KAKON U3 MPEITOKEHHBIX PACTBOPOB U30TOHUYEH CHIBO-
POTKE KPOBH.

Peaxmuebl u 060pyooeanue. pacTBOPHI xyopuaa Hatpus ¢ MaccoBoil moneit NaCl
0,85% u 0,3%, sputpontapHas Macca, rpaJyipoBaHHbIe IIeHTpUDyKHbIe TPOOUPKHU, CTEK-
JISTHHAsI TIAJI0YKa, anTe4Has MUIeTKa, MapyieBble caldeTku, MepyuaTku, Ae3UHPUIIUPYIOIIee
CPEeICTBO, IeHTpHUdyra.

Xox padoTsbI

B nepByto npodupky HanuBatot 10 mi pactBopa NaCl ¢ maccoBoit noseii 0,85%, Bo
BTOpYIO Mpobupky — 10 mut pactBopa NaCl ¢ maccoBoii noneit 0,3%.

B kaxnayro mpoOupKy anTeuHON MUIETKOW BHOCST MO 2 Kallld SPUTPOIUTApHOMN
Macchbl. PacTBOpBI epeMEenInBalOT CTEKISTHHON NaJIOYKOH (MpU epexo/ie OT pacTBOPa K pac-
TBOPY MaJIOUKy MPOTHUPAIOT CyXOH MapieBoil candetkoil). OnuceiBaroT 0b6a pacTBopa: yka-
3BIBAIOT UX L[BET, OTMEYAIOT, SIBJSIOTCS JIM OHU Mpo3padHbiMu. Uepe3 10 MUHyT conep:xumoe
poOUpoK eHTpUPYrupyroT B TeueHre 10 MUHYT 1ipu pexkume 1,5—2 Teic. 06/MuH. OnUCHI-
BaIOT PacTBOPHI MOCJE LHEHTPUPYTUPOBAHUS: YKA3bIBAIOT LIBET, IPO3PAaYHOCTh, HATMYUE WIH
OTCYTCTBHE OCaJiKa, ero 11BeT. Bce HaOmoAeHus 3anuChIBatOT B Ta0M. 3.

Tabnuya 3
Pe3yabTaThl IKCIEPUMEHTA
Ne Hao6monenusn
- HTPH-
6rlpo Conep:kumMoe NpooHupKH I(l])()yf;poga 10CJIe HeHTpH-
UPKH - oBa
st ¢yrupoBanus
1 10 ma p-pa NaCl ¢ maccooit mgoneit 0,85% + 2 xamum
APUTPOIUTAPHON MACCHI
2 10 mur p-pa NaCl ¢ maccoBoit moneii 0,3% + 2 xarum
APUTPOIMUTAPHON MACCHI
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Bomnpoce! 1u1st 00CyKIeHUs:

1. Tlo xakoMy MPU3HAKY MOXHO OIpPEAEIUTH eIlle 0 HeHTPU(PyrupoBaHus, Mpou30-
II€JT JTU TE€MOJIU3 SPUTPOITUTOB?

2. Ilpym KakWx COCTOSHUSAX IMPOWCXOAMT TeMOJIM3 spurponutoB? B yem pazamma
MEX1Y TOHATUSAMH «T€MOJIU3» U «OCMOTUYECKUN TIOK»?

3. MoOXHO 71 HCTOIb30BaTh AJII BO3MEIEHUS KPOBOMOTEPH pacTBOP 000 cou,
M30TOHUYECKUM 10 OTHOIICHHIO K IJ1a3Me KpoBU?

BeiBon: pacmeop NaCl ¢ maccosoti doneti % u30moHu4eH CblBOpPOMKe Kposu,

Max KaKk 2emou3 3pumpoyumos 6 Hem , a pacmeop NaCl ¢ maccogoti 0oneti
% eunomoHu4eH cvbl@OpOMKe KpOBU, MAK KAK 2eMONU3 IPUMPOYUMO8 & HeM

4.2 KUCJIOTHOCTb BUOJIOTMYEKUX KUJKOCTE

Jlabopamopnaa padoma. OnpeneneHre aKTUBHOW KHCIOTHOCTU OHOJOTHYECKUX
JKHUIIKOCTEMN.

Llenv pabompl: HayIUTHCS OTIPEACIIATh AKTUBHYIO KUCIIOTHOCTD KHUIKOCTEH KOJIOPH-
METPUYCCKUM U MIOTEHITMOMETPUICCKAM METOIaMHU.

Peaxmuent u 060opyoosanue: viccnenyemoie pactBopbl Ne 1 u Ne 2, nBa crakaH4nMka
eMKoCThiO 50 MJI, CTeKJISTHHAsI Majioyka, YHUBepcadbHas uHaukartopHas oymara, YJIK «Xu-
MUsT» B COOpKE I TIOTEHIIMOMETPHUH, TOPTaTUBHBIA pH-MeTp, mucTWUMpOBaHHAS BOA,
dbunpTpoBaIbHAA Oymara.

Xon padoThl

3aoanue 1. Onpenenenne pH pactBopoB Ne 1 u Ne 2 ¢ momMomIp0 YHUBEPCAIBHOTO
WHJIUKATOPA.

UKCTyI0 CTEKIISIHHYIO TAJI0YKY OITYCKAOT B UCCIIENYEMBIN pacTBOP M KaCAKOTCS €10 T10-
J0CKU UHAKMKaTopa. CpaBHUBAIOT OKPACKY BJIAXKHOTO y4acTKa MHIMKATOPHOU Oymaru c KoJo-
puMetrpuueckoi mkanoit pH. Onpenensator pH uccnegyemMoro pacTBopa M 3auCbIBalOT €T0
3Ha4YeHue B Tabnuiy 4. CTEKISHHYIO TAJIOYKY MOIOT, TPOTUPAIOT (GUIBTPOBAILHON Oymaroit
JI0CyXa U aHAJIOTMYHBIM 00pa3oM onpenenstoT pH pactBopa Ne 2. 3anuchIBaloT NOTyYEHHBIE
pe3ynbTaThl B Ta0I. 4.

Tabnuya 4
PesyabTarhl 3KCnIepUMeEHTA
Ne pacTBopa pH o ynusep- pH mo pH o [H]
CAJIbHOMY NOTEHUHUOMETPY | IOPTATHBHOMY MOJIb/J1
HHIHKATOPY pH-meTpy
1
2

3aoanue 2. Onpenenenue pH pactBopoB Ne 1 u Ne 2 ¢ mOMOIIbIO TOTEHIIMOMETPA.

[lepen HauanoM pabOTHI 3HAKOMATCS C MHCTPYKLIMEH K pudopy. Mccnenyemsrii pac-
TBOP HaJUBAIOT B YUCTHIN CTAaKaHYMK, SJICKTPOIBI OMyCKAIOT B pacTBOp Ha riryOuny 1,5 cMm.
[Ipu 5TOM 371€KTPOABI HE JOJKHBI KacaThCsl HU CTEHOK, HU JIHA CTaKaHYMKa, a UX B3aUMHOE
pacmtoIoXKeHHe JOHKHO ObITh MapaJIeIbHBIM YT Apyry. OnpenensioT TeMneparypy pact-
Bopa (°C) 1 pa3HOCTH MOTEHIIMAIOB MEX/1y CTEKIITHHBIM M XJIOPCEPEOPSIHBIM AIIEKTPOaMH
(anekTponBmKylyto cuiy, B). Onpenenus temneparypy pacTBopa, HaXoJsAT 3HAYEHUE T0-
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TEHIAJIA XJIOPCepeOPSIHOTO AEKTPoa (IEKTPOIa CPABHEHUS ) TIPH TAHHOW TEMITEpaType 1o
tabnwuie 5. 3arem 1Mo npuBeJeHHON HIbKe GopmMyne paccuuTsiBatoT pH pactBopa:
pH = — (E — ¢x..)/0,058,
rae E — pasnocTs moTeHnmanoB (1o pe3ynsraraM u3MepeHus, B), ¢xc. — MmoTeHmuan
XJIOpCEPEOPSHOTO AIEKTPOo/Ia MPH AaHHOUW Temmeparype (1o tadi. 5, B).

Tabnuya 5
3aBMCUMOCTH CTAHJIAPTHOIO MOTEHINAJIA XJIOPCEPEeOPSIHOTO YIEKTPOAA OT TeMIepaTyphl
T,°C o°, V T,°C o°, V T,°C o° V

0,0 0,23655 21,5 0,22460 29,5 0,21937
5,0 0,23413 22,0 0,22428 30,0 0,31904
10,0 0,23142 22,5 0,22396 30,5 0,21788
15,0 0,22857 23,0 0,22363 31,0 0,21763
15,5 0,22827 23,5 0,22331 31,5 0,21739
16,0 0,22797 24,0 0,22299 32,0 0,21714
16,5 0,22767 24,5 0,22266 32,5 0,21689
17,0 0,22737 25,0 0,22234 33,0 0,21664
17,5 0,22707 25,5 0,22201 33,5 0,21639
18,0 0,22677 26,0 0,22168 34,0 0,21615
18,5 0,22647 26,5 0,22135 34,5 0,21590
19,0 0,22617 27,0 0,22102 35,0 0,21565
19,5 0,22587 27,5 0,22069 40,0 0,21208
20,0 0,22557 28,0 0,22036 50,0 0,20449
20,5 0,22525 28,5 0,22003 60,0 0,19640
21,0 0,22492 29,0 0,21970 70,0 0,18782

ITepen onpenenennem pH Broporo pactBopa 3€KTpoJbl OCTOPOKHO ITPOMBIBAIOT JH-
CTHJIJTUPOBAHHOM BOJOW M CHUMAIOT C HUX KaIlJd BOJBL: JUJISl 3TOTO 3JEKTPOABI OCTOPOKHO
MIPOMaKUBAIOT (PUIBTPOBATBHON OyMaroi. TepeTs a1eKTpoabl PUIbTpOBaIbHOM OyMaroi uim
APYTUMH MaTepuagamu 3amnperieHo. [lonydenHsle pe3ynbTaThl 3aiChIBaOT B Ta0. 4 u pac-

CUYMTHIBAIOT aKTUBHYIO KUCIOTHOCTH PACTBOPOB 1o Gopmyse: [H] = 107PH,
[H1=10PH= MOJIB/JI,
[H2=10P"= MOJIB/II,

Paccunrannbie 3HaUEHUS aKTUBHON KHUCJIIOTHOCTH TAKXKE BHOCAT B Ta0I. 4.

3aoanue 3. Onpenenenue pH pactBopoB Ne 1 u Ne 2 ¢ momouipto nopraruBHoro pH-
MeTpa.
[TpoMbIBatOT KOMOMHUPOBAHHBIN ANEKTPOJ] MOPTATUBHOTO pH-MeTpa TUCTHIIITUPOBaH-
HOM BOIOM, CHUMAIOT OCTaTKU >KMJKOCTH (UIBTPOBaNIbHON Oymaroi. OmyckaioT KOMOUHHU-
pOBaHHBIN 371eKTpoa nopratuBHOoro pH-metpa B pactBop Ne 1, nokuparorcs cTabUIn3aluu
MoKa3aHuii Mpudopa, 3anuchBatoT 3HaueHue pH B Tabnuiry. [IpoMbIBatoOT 37€KTpOI, CHUMAIOT
OCTAaTKH >KUJKOCTH, ITOTPYKAIOT €ro B pacTBOp Ne 2, MoKHIAI0TCs CTa0MIN3alMK TOKa3aHUH
npubopa U 3anuckiBatoT 3HaueHue pH B Tabm. 4.
Bomnpoce quis o0cyxnenus:
1. Oo6wsacuure npoucxoxaenue uucna «0,058» B hopmyrne ans pacuera pH uepes pas-
HOCTh MOTEHIMAJIOB JIBYX AJIEKTPOJIOB.
2. Tlouemy st u3mepenusi pH MCHONB3YIOT CUCTEMY U3 CTEKIISIHHOTO M XJiopcepeo-
PSIHOTO IEKTPOJIOB, @ HE BOAOPOAHBIN AEKTPO?
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3. B pH-merpax gocrymHa Takas oniusi, Kak KaTuOpOBKa 1O paCTBOPAM C U3BECTHBIM
pH. Ilo xakoii npuunne pH-MeTp HE0O6X0AMMO KanuOpoBaTh HEMOCPECTBEHHO Te-
pea UCTIOB30BaHUEM ?

BeiBon: cpeoa 6 pacmeope Ne | , cpeda 8 pacmeope
No 2 . Axkmuenas kuciomnocmo 1-20 pacmeopa , uem
2-20 pacmeopa. Yem menvuie pH, mem aKmueHas Kuciomiocms. Tounocms
NOMEHYUOMEMPUUECKO20 MeMOoOd , Uem KOIOpUMEempuieckozo.

4.3 BY®EPHBIE CUCTEMBI

Jlabopamopnasa padoma. llpurotoBienue 0ypepHBIX PacTBOPOB M HCCIIECIOBAHHE
MexaHu3Ma 0ydepHoro nercTBUS.

Ilenwv pabomel: HayuyuTHCS TOTOBUTH Oy(epHbIe pacTBOPHI U PACCUUTHIBATH UX BEIH-
ynHy pH, n3yunts Mmexanu3m Oy epHoro AeiicTBUS Npu J00aBICHUH BOABI MJIK HEOOIBIIOTO
KOJMYECTBA KUCIIOTHI.

Obopyoosanue u peakmugsl: TpoOUPKU, KOHWYECKUE KOOkl Ha 100 M1, MepHbIE TTH-
netkd Ha 10 U 2 M, pactBopbl: ykcycHou kuciotel (C = 0,1 monb/i), anerata HaTpus
(C = 0,1 monw/n), consinout kucyuotel (C = 0,1 Moaw/n); mopTatuBHBIN PH-MeETP.

Xox padoTsl

3aoanue 1. I'0TOBAT pacTBOPHI 10 IPUBEJACHHON HIKE CXEME.

Tabauya 6
PesyiibTarhl JKCIIEPUMEHTA
Homep pacTBopa 1 2 3
O6nem 0,1M pactBopa CH3COOH, min 9 5) 1
O6bem 0,1M pactBopa CH3COONa, mn 1 5 9

pH BbIUMCIICHHBIN
H sxcriepuMeHTanbHbIN

pH BBIYHCJISIIOT 110 YpaBHEHUIO:

pH = pKy(xucnotsr) + lg([cons]/[kucmoTal)

pKi(CH3COOH) = 4,75

pH1 = 4,75+ 1g(1/9) = =

pH2 =4,75 + 1g(5/5) = =

pHs = 4,75 +1g(9/1) = =

[TomyueHHbIE TaHHBIE BHOCST B TaOIHILYy 6.

JKcnepuMeHTalIbHOe onpenejenne pH pacrBopa

Wzmepsiror PH B Kask10M pacTBOpe ¢ MOMOIIBIO MOpTaTHBHOTO PH-MeTpa. 3HadueHne
pH 3anuceiBatoT B Tabnuiy 6.

BeiBon: snauenue PH, paccuumannoe no ypasnenuro Ienoepcona-Iaccenvboaxa
genuuyune pH, onpedenennoil ¢ nomowpio nopmamus-

Hoco PH-mempa.
3aoanue 2. Ilpoeputs OydepHoe nericTBUE paCTBOPOB.
a) Bausinue pa3oaBjieHus.
B nBe mpoOupku HanuBaroT 1o 2 Mi 6ydepHoro pactBopa Ne 2.
3areM B mepByIo 100aBISAIOT 2 MII BOJIbI, @ BO BTOpYI0 — 4 Mi1 Bojbl. PacTBopbI mepe-
MEIIMBAIOT U OTNpenessitoT pH Kak1oro pacTBopa ¢ mOMOIIbIO MOpTaTUBHOTO PH-MeTpa.
Pe3ynbTathl 3anmuckiBatoT B Ta0. 7.
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Tabruya 7
Pe3ysbTarsl JKCIIEpUMEHTA

Hcxonublii pactBop | 2 mul pactBopa Ne2 | 2 mJul pacTBopa Ne 2
Ne 2 + 2 MJI BOJBI + 4 MJ1 BOJBI
pH 4,75
BeiBoa: paszbasnenue sooou senuyuny pH 0y-

gepnozo pacmeopa.

0) Bausinue 1006aBjaeHUs KHCJIOThBI

Hanugarot B mpoOupky 2 mi 0ydepnoro pactsopa Ne 3.

B npyryro npobupky HanuBaroT 2 mi Bojbl. Onpenenstor pH Boabl ¢ noMoIIbI0 Op-
tatuBHOTO PH-MeTpa.

3atem g00aBisrOT B 00e mpodupku mo 2 karmtu 0,1M pactBopa HCI. TlepememmBaroT
Y CHOBa OIpenensatoT BennunuHy pH B kaxaoil mpobupke.

Pe3ynbrathl 3anmuckiBatoT B Ta0. 8.

Tabnuya 8
Pe3yabTaThl IKCIEPHMEHTA

Mexonoe 3nauense pH pH nocjie no6aBienus 2 kamnejab
P 0,1M HCI
Bydepnsrii pactop Ne 3
JluctTuumpoBaHHas BOJA
BuIBOa: Oobasnenue nebonvbuio20 Koaudecmea Kucjaiombl 8ENUYUHY

pH 6ygheproco pacmsopa.

Bomnpocsl 1u1s1 00CyKIeHUs:

1. ITouemy 3Hauenue pH B AUCTUIIMPOBAHHOM Boie HE paBHO 7,07

2. BoiBenute ypaBHeHue ['enmepcona-lI'accenbbaxa u3 ypaBHEHHS DJIEKTPOJIUTHYE-
CKOM Jucconuanuu ciiaboil KUCIOThl (10 Teopun AppeHuyca) U ypaBHEHUS IS
pacueta pH mo xoHmeHTpamnuu nouos H*.

3. o xako#i mpu4KnHE YCTOMUYHUBOCTH Oy(hepHBIX paCTBOPOB K pa30aBICHUIO HE SIBJISI-
eTcst a0COTIOTHOM?

YACTbD 5. OCHOBBI TUTPUMETPUYECKOI'O AHAJIN3A

5.1 IIPUTOTOBJEHUE PACTBOPA TUTPAHTA

Jlabopamopnas paboma. IlpuroroBieHne 3aJaHHOTO oO0beMa TUTpaHTa (pacTBOpa
COJISTHOM KUCJIOTHI C OIPEIeTICHHON KOHIIEHTpaluei) myTeM pa30aBiieHus pacTBOpa Ooblien
KOHIICHTPAIIHH.

I[enb pabompi: HayunTHCS TOTOBUTH PACTBOPHI ITyTeM pa30aBlIeHUs] K HAYYUTHCS BbI-
MOJTHATH PacyeThl IPH Pa30aBICHUH PACTBOPOB.

Peaxmuewvt u npudopel: consiHas KUCIOTa C MacCOBOM J0JIel XJIOPOBOJAOPOAA B UH-
tepBaine 10—20 %; mabop apeomMeTpoB; MEpHBIE KOJIOBI, TPalyHpOBAHHbIEC TUTIETKH.

3aoanue: IpUrOTOBUTH mi tutpanTa (pactsopa HCI) ¢ monsipHOit KOHIIEH-
tparueit 0,1 Monb/m.

1. H3mepsroT IUIOTHOCTH KOHIEHTpHpoBaHHOTO pactBopa HCI apeomerpom u mo
crpaBo4HOM Tabmn. 9 onpexnensiror maccoByto gomo HCI B Hem.
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Tabauya 9
3aBHUCHUMOCTD MJIOTHOCTH COJIAHON KHCEJIOTHI OT MaccoBoii nou HCI

IlnoTHOCTD IlnoTHOCTD IlnoTHOCTH
MaccoBas BOJHOTO pac- | MaccoBast BOJIHOTO pac- | MaccoBas BOJIHOTO pac-
noast HCI, % | tBopa HCI, | noast HCI, % | tBoOpa HCI, |moass HCI, % | TBOpa HCI,
r/em?® r/em?® r/em?®
2 1,0081 14 1,0676 26 1,1288
4 1,0179 16 1,0777 28 1,1391
6 1,0278 18 1,0878 30 1,1492
8 1,0377 20 1,0980 32 1,1594
10 1,0476 22 1,1083 34 1,1693
12 1,0576 24 1,1185 36 1,1791

2. Beraucisaior o0beM KoHIeHTpupoBaHHOTo pactBopa HCI, koTopslii HeoOxo1umo
B3SITh, YTOOBI ITyTEM €ro pa30aBlieHUs BOJION B MEPHOI K0JI0€ TOTy4UTh PacTBOP C 3aJaHHON
MOJISIPHOM KOHUEHTPAILUEN.

[TockonbKy mpu pa3zdasiieHnu Boaoi konmuuecTBo (N) 1 Macca (M) HCI He usmensiercs,
s pacdera oobeMa koHneHTpupoBanHoii HCl MoykHO MCTONBp30BaTh 3aKOH SKBHBAJICHTOB
(IpUHIUIT SKBUBAJICHTHOCTH):

Cn1'V1 koIl p-pa = Cn2-V2 pa30. p-pa  (fe(HCI) = 1).

1) p (xoni. p-pa HCI) = /M

2) ® (HC1 B koHIL. p-pe) = %

3) Paccumraem MOJSIPHYIO KOHIIEHTPAIHMIO KoHyenmpuposarnno2o pacmsopa HCI mo

€ro MacCoOBOM J0JIE.

B 100 r pactBopa conepxurcs r HCI

N(HCI) = m/M = / = MOJIb

O6nem 100 T pacTBOpa paccumTaem, 3Has €ro IIOTHOCTb.

V(p-pa HCI) = m(p-pa HCI)/p(p-pa HCI) = / = MU
C(p-pa HCI) = n(HCI)/V(p-pa HCI) = / = MOJIb/TT
Cn(p-pa HCI) = C(p-pa HCl)/fss = / = MOJIB/JT

4) Tlo 3aKOHY SKBHBAJICHTOB paccyuMTaeM 00BEM KOHIICHTPHPOBAHHOTO PacTBOpPA
HCI, neobxoaumelii 1y nmpurotoBiieHus: pazbasiennoro pactsopa HCI ¢ 3anan-
HBIMU XapaKTEPUCTUKAMH.
V1(xonir.p-pa HCI) = Cn2-Va(pa36. p-pa HCI)/Cni(kownir. p-pa HCI) =
( : )/ = MIT
3. B MepHyt0 KO0y HAIHMBAIOT /10 TIOJOBUHBI €€ 00beMa TUCTUIUIMPOBAHHYIO BOJY.
3anoMHAIOT TPayUPOBAHHYIO MTUIETKY KOHIIEHTPUPOBAHHBIM PACTBOPOM COJISTHOM KHUCIOTHI
Y TIEPEHOCST BBIYUCIICHHBIN paHee 00beM KOHIICHTPUPOBAHHOTO PACTBOpA KUCJIOTHI B MEP-
HYIO KOJIOY.
4. PactBop B K0JI0€ epemenuBatoT. OCTOPOKHO JOTUBAIOT BOAY /IO METKH (10 HIK-
HEMY Kparo MEHHCKa), 100aBIIsAs MOCIEIHNE KAIJIU TJ1a3H0M MUIETKOM.
5. 3akpbIBatoT K0JI0Y MpOOKOH U TIIATETHHO MEPEMEIINBAIOT PACTBOP, HECKOIBKO pa3
MIEPEBEPHYB €€ BBEPX JHOM.
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Bomnpocs! 1u1st 00CyKIeHus:

1. TIpennoxute ambTEpHATUBHBIA croco0 pacyeTa oObeMa KOHIIEHTPUPOBAHHOTO
pacTBopa, HEOOXOAUMOTIO JIJIsl IPUTOTOBJIEHUS Pa30ABICHHOIO, UCIIONIB3Ysl TE KE UC-
XOJIHbIC JJAaHHBIE.

2. SIBnsercs nu, MO BallleMy MHEHUIO, aIbTEPHATUBHBIN crioco0 Oosiee panroHa b-
HBIM, YeM MPUBEICHHBIN BbIIIE?

3. B kakux ciyyasx (Ipu 3HAHHHM KaKUX XapaKTEPUCTUK KOHIIEHTPUPOBAHHOTO U
pa30aBIEHHOTO PACTBOPOB) UCIOIB30BAHNE 3aKOHA SKBUBAJICHTOB 0COOCHHO 3 dek-

THUBHO?
BouIBoA: nymem pazbasnenus KOHYEHMPUPOBAHHO20 PACMBOPA NPUSOMOBIEH PAC-
meop HCI ob6vemom MJl C MOJIAPHOU KOHYenmpayueu MOJIb/L.

5.2 CTAHJIAPTU3ALIMA TUTPAHTA

Jlabopamopnas padoma. Crannaptuzausi TATPAHTA M0 PACTBOPY MEPBUYHOIO CTaH-
napra.

Ilenv pabomer: cTaHIapTU3UPOBATH TUTPAHT (PACTBOP COJITHOW KHCIJIOTHI) MO pac-
TBOpPY IEPBUYHOTO CTaHAapTa (TeTpabopara HaTpHsl).

Obopyoosanue: GropeTKa BMECTUMOCTBIO 25 MII, TunieTka Mopa, KoJObl AJisi TUTPO-
BaHUA (3 WITYKH), BOPOHKA, MUIIETATOPHI U PE3UHOBBIE TPYIIU.

Peakmuegwbi: pabouuii pacTBOP COJSHOM KHUCIIOTHI C MPUOIU3UTEIBHBIM 3HAYCHHEM
koHrentparuu HCI 0,1 monw/n, pactBop nepuunoro cranmapra Cn(Na2BsO7) = 0,1000
MOJIb/JI, THAUKATOP METHIIOPAHK.

Xoxa padoThl

[Ipu pactBOpeHuu B Boje TeTpabopaT HaTpus (Oypa) moaBepraercs T'MIpOJU3y IO
aHNOHY ¢ 00pa30BaHUWEM OYEHb CJIab0il OOPHOI KHUCIOTHI, B CBSI3U C YEM PEaKIHs cpeibl B
€ro BOJIHOM PacTBOpE — IIEJIOYHAs:

Na:B4O7 + 7TH20 2 2NaOH + 4H3BOs3

[Tpu TUTpOBAHUHU COJITHOM KUCIOTOW paBHOBECHUE TUAPOIIM3a B pACTBOpE TeTpabopara
HaTpHsI CMELIaeTcs BIPaBO, TAK Kak o0pa3yrouascs Npy THAPOIU3E IIEI0Yb PacX01yeTcs Ha
PEAKIHUIO C KUCIOTOM:

2NaOH + 2HCI = 2NaCl + 2H>0

CyMmMupys ABa MOCIEAHUX YPaBHEHUS, MOJIydaeM o0Ilee YpaBHEHUE peakluu, Mpo-
TEKAIOLIEH TP TUTPOBAHUU:

Na>B40O7 + 2HCI + 5H20 = 2NaCl + 4H3zBO3
rae foe(Na2B40O7) = 1/2, f,(HCI) = 1, M(HCI) = 36,5 r/moib

3anonHsoT Oopetky pactBopom HCI. B Tpu xoHMYeckue KOIOBI JJisi TUTPOBAHUS
BHOCAT nunerkoi Mopa no 10,0 mn pactBopa Na2B4sO7 u 1 xammto metunopanxa. PactBop
CTaHOBUTCS JKENTHIM. M3 OropeTkn J00aBISIIOT MO KaIJIsiM PacTBOP COJITHOM KUCIOTHI U TIO-
CTOSSHHO TNEPEMEIIMBAIOT pacTBOp B Kosibe. TuTpoBaHME 3aKaHYMBAIOT, KOTJA >KENTas
OKpacka MHAMKATOpa MEePEeXOIUT B OpaHKeBYI0. Pe3ynbTaT TUTPOBAaHMS 3allMCHIBAIOT B Ta0-
muity 10 ¢ rounoctsto 10 0,03-0,05 mi1. Bropoe u TpeTbe TuTpOBaHME TPOBOAST OOJIEE TOUHO.
J1s1 3TOTO CTPYHHO A00ABIAIOT B KOJIOY 00BEM pacTBOpa COJSTHOW KHCIIOTHI, HAa | MJT MEHb-
1M, 4eM B TIEPBOM OIIBITE, [TOCIIE YETO A00ABISAIOT Ty/la PACTBOP MO OJHOW Karuie, Kaxabli
pa3 mepeMmelirBasi COAEPKUMOE KOJIObl KPYTOBBIMHU JIBH)KEHHUSMH. TUTpOBaHUE MpeKpa-
IIAI0T, KOTJa IpU 100aBIEHUH BCErO OAHOM Karlld TUTPAHTA MPOUCXOUT 3aMETHOE N3MEHe-
HUE OKPACKH, HE NCYE3aI0IIEe TIOCIIE EPEMEIINBAHUS.
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Tabauya 10
Pe3yabTaThl 3KCIEpUMEHTA

Howmep IlepBuunsblii cranaapt Na2B4O7 Turpant HCI
THTPOBAHUS Cn(NazB407), Mmoab/a V(NazB107), ma V(HCI), ma
1 0,1000 10,0
2 0,1000 10,0
3 0,1000 10,0

O0padoTka pe3yJibTaTOB IKCIIEPUMEHTA
1. Vo (HCH) = (V1+ V2 +V3)/3=( + + )3 = MJT
(Vep.(HCI) Bbrumcisiror ¢ Tounocthbio 70 0,01 o).
2. Ilo pe3ynpTaTaM TUTPOBAHMUS], UCTIOJIB3YsI TPUHIUIT SKBUBAJIEHTHOCTH, BEIYUCIISIIOT
KOHIICHTPAIIUIO PACTBOPA COISTHON KUCIOTHI:
Cn(HCI) -V¢p (HCI) = Cn(Naz2B4O7) - V(Na2B4Oy).

Orcrona:
Cn(HCI) = (Cn(NazB4Oy7) - V(NazB407)) / Vep (HCI)
Cn(HCI) = (0,1000 - 10,0) / = MOJIB/JT
3nayenne Cn(HCI) paccunThIBalOT ¢ TOYHOCTHIO 10 YeTBEPTOM 3Havamei mudpel. C =
Cn, Tak kak fie (HCI) = 1.
Bonpocs qu1s o0cykaeHus
1. Paccuuraiite xonmdyectBo HCI B oHOl Karuie pacTBopa.
2. HackoibKkO TOYHO MOXHO ompenenuth koHneHtpanuio HCl npuBeneHHbIM BbIIIe
croco6oM? OTBET MOATBEPIUTE paCUCTAMH.
3. ObpaTuTe BHIMaHNE HAa OKPACKY «HEJTOTUTPOBAHHBIX» U «IIEPETUTPOBAHHBIX)» pPac-
TBOpOB. EcTh 11 crioco6 Gosee 00beKTUBHOM (PUKCAIUU TOYKHA SKBUBAJIEHTHOCTH?
BbIBOX: Memooom KUCI0MHO-0CHOBHO20 MUMPOBAHUSL, CNOCOOOM NPAMO2O MUMPO-
8aHUsL, C UCNOb30BAHUEM 8 Kauecmee nepsuunozo cmanoapma Naz:BsO7 ycmanoenena mo-

JApHas Konyenmpayus mumpauma — pacmeopa HCI:
C(HCI) = MOJIB/II.

5.3 IEPMAHTAHATOMETPUSA

Jlabopamopnasa paboma. Onipenenenue coaepsxanus xxeneza(ll) B pactope.

Ilenv pabomei: ycranosuth maccy Fe(ll) B 3aganHOM 00beMe aHATU3UPYEMOTO pac-
tBOpa FeSO4 crnoco6om npsiMoro TUTpOBaHUS.

Obopyoosanue: 6ropeTka, nunerka Mopa, MepHBIN TUINHP, KOHUYECKUE KOJIOBI JJIs
TUTPOBAHMUSI, BOPOHKH, IUIIETATOPHI M PE3UHOBBIE TPYIIIH.

Peaxmuegwni: ananusupyemsiid pactBop FeSO4, pactBop KMnO4 ¢ ToOuHO M3BECTHOM
koHneHTpauueit 0,0500 M, 1M pacTBOp cepHON KUCTOTHI.

Xox padoTsl

Wonsl Fe?* nerko oxucnsiorcs nonamu MnQOs™ 6e3 HarpeBanus. B kucioii cpezie pe-

aKIMs MPOTEKACT 110 YPAaBHEHUIO:

10FeSO4 + 2KMnO4 + 8H2S04 = 5Fe2(S04)3 + K2SO4 + 2MnS0O4 + 8H20
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[Tonypeakuuu:
MnQOs+ 8H* + 58 - Mn?* + 4H20 1
3)
Fe** — & — Fe** 5
M(Fe?*) = 56 r/monb, fs (FESO4) = 1
M(KMnOs) = 158 r/moib, Ty (KMNO4) = 1/5
Noxs (KMNO4) = Ny (FESO4)
Cn(KMNOy) - V(KMNO4) = Cn(FeS0y4) - V(FeSO4)
bropetky 3anmonssitor pactBopoMm KMnOs. Bee orcuetsr 06beMa pactBopa KMnOgy
MIPOBOJIST [0 BEPXHEMY Kparo MeHUCKa. B Tpu koHnueckue Koiaobl AJisl TATPOBAHUS BHOCST C
NOMOIIBI0 MepHOTO HuiauHApa 1o 10 mu pactBopa H2SO4 u ¢ moMombto nunetku Mopa —
o 10,00 M ananuszupyemoro pactBopa FeSOs. Coaepxumoe K00 TUTPYIOT TPH KOMHATHOM
temneparype pactBopom KMnOy4 10 mosiBiieHUsT yCTOWYNBON OJ1€THO-PO30BOM OKpPACKH, HE
ucyesaroliei mociue nodasnenus ouepeaHon kamu pacteopa KMnOy. Pe3ynbratel BHOCAT B
tabm. 11.

Tabnuya 11
Pe3yabTarhl 3KCIIEPUMEHTA
Hccnenyemplii
Tng(:)nszﬁ - Turpantr KMnO4 pactBop FeSOy
Cn (KMnOa4), Moaib/a V(KMnOa), ma V(FeSOa), ma
1 0,0500 10,0
2 0,0500 10,0
3 0,0500 10,0
O0padoTka pe3yabTATOB IKCIIEPUMEHTA
1. Vep. (KMNOy) = (V1 + V2 + V3)/3 =( + + )3 = MII
2. Cn(Fe?) = (Cn(KMNO4)-Vep. (KMNO4)) / V(FE?)=( - )/ = MOJIB/T
3. m(Fe?*) = Cn(Fe?*) - M(Fe?") - fo (FESOs) - V = ‘ : : = r

Bomnpocs! 1i1s 00cyKaeHu:
1. Tloyemy OMUCAHHBIM BBIIIE METOJOM MOKHO OTMPEACITUTh KOHIICHTPAIIMIO HOHOB
Fe?" B mpoOe HCKIIIOUUTENBLHO B KUCTION cpeje?
2. MOXHO 11 JUI CO3/1aHUsI KUCJION Cpebl UCIIOIb30BATh COJSHYIO KHCIOTY BMECTO
cepHoOm?
3. MoryT a1 MOCTOPOHHUE NPUMECH BJIMATH HAa TOYHOCTh PE3yJIbTaTOB IKCIEPU-
MeHTa?
4. OOpatuTe BHUMaHHE Ha MOCTETIEHHOE U3MEHEHHE I[BETA U MPO3PAYHOCTH «IIepe-
TUTPOBAHHBIX» pacTBOpPOB. Kakas XxuMudeckas peakuusi B HUX NMpoTeKaeT? 3anu-
IINTE COOTBETCTBYIOIIEE YpaBHEHHE PEAKIUU U cOANaHCUPYITE ero 3JeKTPOHHO-
MOHHBIM METOJIOM.
BeiBOA: Memooom nepmaneanamomempuu, cnocobom npamo2o mumposauus, onpe-
denunu maccy Fe?* ¢ saoanunom obwveme ( mn). Macca uonosg srcenesa 08yxeaieHmuo20
cocmasuna MT.
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5.4 IOJTOMETPUS

Jlabopamopnas padoma. OnpenencHue Macchl BEUIECTBA B 00pasiie METOI0M HOI0-
METPHH.

Ilenwv pabomel: onipefenuTh MacCy MPEIJIOKEHHOM sl aHaIN3a HABECKH AMXpOoMaTa
KaJusi CIOCOOOM 3aMECTUTEITLHOTO TUTPOBAHHUSI.

Oobopyoosanue: 61opeTka, munerka Mopa, MEpHBIN TUIUHAP, KOJIOBI ISl TATPOBAHUS,
BOPOHKH, MepHas konba (100 M) s MpUTrOTOBJICHHS aHAIM3UPYEMOTO pacTBOpa W3
HaBecku KoCr2O7, mumeraTopbl U pe3WHOBBIE TPYIIH.

Peaxmuent: HaBecka KoCr,O7 Hen3BeCTHON MacChl (BBIIAETCS TIPETIOIaBATEIEM KaxK-
JIOMY CTYACHTY WHIWBUAYyalbHO); pacTBOp NaxS»03 ¢ yCTaHOBIEHHOW KOHIIEHTpAIHEH
(0,02 M) — tutpanT; pactBop Kl ¢ o(KI) = 5% — BcrioMoratebHbIH BOCCTAHOBUTEID; 1M
H2S04 — i co3manus cpenst; 0,5%-b1it pacTBOp Kpaxmasia — HHIAKATOP.

Xox padoTsl

[Tprem 3aMecTUTENHHOTO TUTPOBAHUS B JAHHOM CITy4ae 3aKII0YaeTCsl B «3aMEIEHUNY

JIUXpoMaTa Kallis SKBUBAJICHTHBIM KOJIMYECTBOM HoJa.
K2Cr207 + 6KI + 7H2SO4 = Cr2(S04)3 + 312 + 4K2SO4 + 7H20 Q)
Cr207% + 14H* + 68 = 2Cr3* + 7TH,0 1
6
20-28 = Iy 3
Cr,07% + 61 + 14H* = 2Cr®* + 3l + 7H,0
foe.(K2Cr207) = 1/6,  fow (K1) =1

I> + 2NaxS203 = 2Nal + Na2S40s 2
28,03% —2 & = S406* 1
2
o + 28 = 2I° 1
25,052 + 1, =S40¢%> +2I- |
faKB(NaZSZO3) = 1, faKB(IZ) =

Nos (K2Cr207) =N ok (12) = Noxs (NA2S203)
a 9T0 3HAYUT, YTO Ny (K2Cr207) = Nows (Na2S203)
V(K2Cr207) - Cn(K2Cr207) = V(NazS203) - Cn(NazS203)

['oToBsT pacTBOp Auxpomara kanus. s storo HaBecky K2Cr.O7 mepeHocst B Mep-
Hyto koyi0y (100 mMi1) U pacTBOPSIOT B HEOOJBIIOM 00beMe BOIBI. AKKYpaTHO JTOOABISIOT
BOAY J0 METKH (TTOCIICTHUE KATUTH — TJIA3HOW MTUTIETKOM) U TIIATEILHO MEPEMEITUBAIOT.

bropetky 3anonHsioT pactBopoM THocyibhaTa HaTpus (Na2S203) ¢ u3BecTHOM KOH-
nentpanueil. C moMoIp0 MEPHOTO NUJIMHAPA B KOJOBI 711 TUTPOBaHUS BIUBAOT 10 M
1 M pactBopa H2SO4 u 5 mu pactBopa Kl. IIpu 3Tom pacTBOp 0KeH ocTaBaThes Oec-
[BETHBIM. 3aT€M BHOCST C MOMOIIbI0 MUNETKH Mopa B kK0i0s! 1151 TuTpoBanus mo 10,00
M npuroroBieHHoro pactBopa KzCr:07. KonObl ocTaBisioT CTOSTH B TEMHOM MECTE
3-5 MHUHYT ST TIOJTHOTO BBIJENEeHUs] Hoaa. BelmenuBmmiicss WO TUTPYIOT pacTBOPOM
Na>S203 10 mosiBiIEHUS CBETIO-)KEITOH (COJTOMEHHOM) OKpacKU pacTBOpPa, MOCJE YeTo J0-
O6aBnsarOT 1 M pacTBopa Kpaxmaia W MPOAOJDKAIOT TUTPOBATH OT TEMHO-CUHEH /10 Oec-
LIBETHOM OKpacku (M3-3a Halu4uus B pacTBope kKaTuoHoB Cr3* pacTBop B TOUKe SKBHMBA-
JEHTHOCTH OyAeT HMeTh O4YeHb OJIEIHYI0 cepo-ToayOyro okpacky). Pe3ynbTaThl
TUTPOBAHMS 3alMCHIBAIOT B Tabu. 12.
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Tabauya 12
Pe3yabTaThl 3KCIEpUMeEHTA

" " i
Homep Bropuunblii crangapt Na2S203 pac;fa.]:)(;)mli(?g;’lzlg7
THTpoBaHu Cn(NazS203), MmoJib/n V(Na2S203), ma V(K2Cr207), ma
1 0,0200 10,0
2 0,0200 10,0
3 0,0200 10,0
O0padoTka pe3yabTATOB IKCIEPUMEHTA
1. Vep. (Na2S203) = (V1 + V2 + V3)/3 = ( + + )3 = MII
2. Cn(KoCro07) = Y(N3:5:05) - C(Na,S;,0,) _ -y, Mo/
V(K,Cr,0,)
3. m(K2Cr207) = CN(K2CI’207) M(KzCr207) o, (K2Cr207) - Vo
m(K2Cr207) = 0,1 = r

Bomnpocel 1u1st 00CyKIeHus:

1. Tlouemy 1BeT CyXOM COJH B JAHHOM SKCIIEPUMEHTE OPAHKEBBIH, a IIBET €€ BOJAHOTO
pacTBOpa JKENThIN?

2. IlompoOyiiTe ypaBHATH PEAKIINIO MEXKIY HOIOM U THOCYIb(ATOM HATPHUS DIIEKT-
POHHO-aTOMHBIM METOOM.

3. B HekoToppIx OMOpETKax pacTBOp THOCYJbdara HATpPHUS NTpHOOpEeTaeT Oenyro
OKpAacKy ¥ CTAaHOBHUTCS HEMpo3padyHbiM. Kakas xumMuueckasi peakius MOXKET BbI-
3BaTh TAKUE U3MEHECHUA?

4. AHaTUTUYECKHUE BECHI MIO3BOJISIOT ONMPECIUTh MAaCCy HAaBECKH C ropa3io OoJbIeit
TOYHOCTBIO, YEM OIMCAHHBINM BhIIIE METO. B uem 1enb npuMeHeHus: H0A0METPH-
YECKOTO OMPEJEIECHUS] MAaCcChl TUXpOMATa Kaaus?

BbIBOA: METOIOM tiodoMempuu, UCNONB3YSL CHOCOO 3aMeCMUmMeNbH020 MUMPOBAHUS,

onpeoenuiu Maccy Hagecku OUXpomMama Kaius, KOmopas cocmasuia me.

YACTD 6. DJJIEKTPOXUMMUSA, OKUCJIUTEJIBHO-BOCCTAHOBUTEJIBHBIE
IMPOIECCHI

6.1 IIOTEHIIMOMETPHUS

Jlabopamopnas paboma. OnipeieieHre KOHIIEHTPAIUU PACTBOpa CIa00M KUCTOTHI U
€€ KOHCTaHThI AUCCOLMALMU METOAOM IMOTEHIIMIOMETPUYECKOTO TUTPOBAHMUS.

Ilenv pabomel: HayINTHCS ONPEEIATH KOHIIEHTPAIIUIO C1a00i KUCIOTHI B pacTBOPE
Y €€ KOHCTAHTY JUCCOLMALMA METOJOM MOTEHIIMOMETPUUECKOTO TUTPOBAHUSI.

Ooopyoosanue: YJIK «Xumus» B cOOpke sl MOTCHIIMOMETPUU, MarHUTHAas Me-
IIanka, OropeTka AJisi TATpOoBaHMA, muneTka Mopa Ha 10 mu1, cTakaH A7 TATPOBAHUS, TTUTIE-
TaTOPBI U PE3UHOBBIE TPYIIIH.

Peaxmuegwi: pacTBOp YKCYCHOW KHCJIOTBI HEM3BECTHOM KoHUEeHTpauuu, 0,1000M pac-
TBOP TMAPOKCHUIA HATPUSL.
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Xox padoTsbl

3aoanue 1. OnpeaenuTh KOHIEHTPALMIO YKCYCHOM KUCIOThI B paCTBOPE.

B crakan mis TuTpoBaHus ¢ moMoubplo nunetkn Mopa ormepstoTr 10 mit uccienye-
MOT'O PacTBOpa YKCYCHOM KUCIOTHI, a 3aTeM 20 M1 Bojbl. C MOMOIIBI0 MATHUTHOW MEIIIAIKU
pacTBOp MOCTOSAHHO TNepemerinBaeTcs. CTEKIISIHHBIN U XJIOpCcepeOPpSHbIN AIEKTPOAbI TOTEH-
IIMOMETpPa aKKYpaTHO OMYCKAIOT B CTaKaH JIsl THUTPOBAHUS, IIOCJIE YeTO M0 JUCTLICIO Tprubdopa
(UKCHpYIOT BeIMYHUHY pa3zHocTH noteHuuanos (E, B) B ucxomnHoM pacTBope U paccuuThI-
BaloT BenuunHy pH 1o npuseneHHol Hike Gopmyre:

pH =— (E — ¢x.c.)/0,058,

rne E — pa3HocTh noteHmuanos (Mo pe3yabraTtaM u3Mepenus, B), ¢x.c. — moTeHIman
XJIOpcepeOpsSIHOTO EKTPo/a MpU JaHHOU TeMmiieparype (Tabnuma 5), B.

Jlaniee pacTBOp KUCIOTHI TUTPYIOT, AOOABJISS MIENOUYb U3 OIOPETKU MOPIUSMU, 00BEM
KOTOpBIX yKa3aH B Tabnwuiie 13. [Ipu 3ToM npoTekaeT peaxiusi:

CH3COOH + OH = H0 + CH3COO~
@ukcupyroT BenuyuHy pazHocTtH noteHnuanoB (E, B) mocie noOGaBneHus kaxaoit
MOPIUH TUTPAHTA, PACCUUTHIBAIOT BeIMunHy pH 1o npuBeeHHOi Bhile hopMmyIe, pe3yib-
TaTHl pacyeTa 3aMuCchIBaloT B Tabm. 13.

Tabnuya 13
Pe3yibTarhl 3KCIIEPUMEHTA
0 O0beM KaxKa0l NOPUUH THT- OO0uuii 00beM THTPAHTA IO
n/n panra (0,1M Nag)H), MJT O10peTKe, MI.])I pH pacrsopa
1 0 0
2 4 4
3 4 8
4 1,2 9,2
5 0,6 9,8
6 0,2 10
7 0,2 10,2
8 0,6 10,8
9 1,2 12
10 4 16

[To nanubM TabnuIel 13 cTposT KpuBYIO 3aBUCUMOCTH pH pacTBOpa oT 00111€T0 00B-
€Ma TUTPaHTa.

pH 4
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[To xpuBOI1 MOTEHIIMOMETPUUECKOT'O THTPOBAHUS OMPEIEIISIOT SKBUBAJIEHTHBIN 00hEM
TUTpaHTa. YUepTAT NepneHAUKYJISAp OT CEPEAUHBI CKauKa TUTPOBAHUS HA KPUBOM TUTPOBAHUS
1o ocu X,

VSKB(NaOH) = MII.
ITo 3aKOHY SKBHUBAJICHTOB PACCUUTHIBAIOT KOHIIEHTPALIMIO KUCIOTHI:
C(CHscO0H) = SNGOH) - VINaOH) _ -y, _ MOITB/1T
V(CH,COOH)
3aoanue 2. OnpeaeanuTbh KOHCTAHTY JUCCOIMALIMN YKCYCHOM KUCTOTHI.

B crakan ¢ nomompro nunetkn Mopa ormepsator 10 M1 pacTBopa yKCyCHOM KHUCIIOTHI,
n00aBisitoT 20 MIT BOJIBI M IPWJIMBAIOT U3 OIOPETKU MOJOBUHY SKBUBAJIEHTHOTO 00beMa TUT-
panTta rugpokcua Hatpus. M3mepsatot pH pactBopa. B nanHom ciyyae 50% KuCI0THI TIpo-
pearupoBajio, B pe3yJibTaTe Yero KOJIMYECTBO COJIM B pACTBOPE PABHO KOJIMYECTBY KUCIOTHI.

C(CH3COOH) = C(CH3COO0O"),
[CH,COO J[H*]
[CH,COOH]

Torjaa u3 ypaBHeHuss K, = crenyert, uto Km=[HT]

pK=pH=

K,= 10 PK=10PH =

Bomnpocsl 1u1st 00CyK1eHUA:

1. Tlouyemy Ha kpuBoii TuTpoBanus B koopaunarax PH/ V(NaOH) npucyrctByer cka-
YOK TUTPOBAHHUS?

2. Tlouemy nonmydeHHas BETUYMHA KOHCTAHTHI JUCCOLMAIIUY OTINYAETCS OT TAKOBOU
I YKCYCHOM KMCIIOTHI B CTaHAAPTHHIX ycnoBusx (1,75 - 107°)?

3. OO6o3HaubTe HA IrpaduKe TPAHUIIBI CYIIECTBOBAHUS Oy(PEPHON CUCTEMBI.

BeiBOa: ¢ nomowwio memooa nomeHyuoMempuyecko20 mumpo8arus paccyuman

konyeumpayuto ykcycuou kucromoer C(CH3COOH) = MONL/ U ee KOH-
cmanmy ouccoyuayuu K, (CH3COOH) =

6.2 KOHIYKTOMETPUS

Jlabopamopnaa paboma. KoHIYKTOMETPUUECKOE OIPEJCICHUE CTENEeHU U KOH-
CTaHTBI JUCCOIUAIUU CITa00H KUCIOTHI.

Iens pabompi: HAyINTHCS ONIPENIENIATH ANEKTPUUECKYIO POBOAMMOCTD BOAHBIX PAaCTBO-
POB JJIEKTPOJIUTOB U HCIIOJIb30BaTh JaHHBIE KOHAYKTOMETPUYECKHX M3MEpPEHUH Jisi pacuera
KOHCTAHTBI U CTETICHH JUCCOIUAITNH CITa0BIX JIEKTPOIIUTOB HA MPUMEPE YKCYCHON KHCIIOTHI.

Oobopyoosanue u peaxmuesl’. YJIK «Xumus» B cOOpke 1151 KOHAYKTOMETPUU, XUMHU-
yeckuit crakad; 0,01 M pactBop KCI, pacTBop yKCYCHO#M KHCIOTBI, BOJA.

Xox padoTsl

3adanue 1. Onpenenuts nocrossHHyto cocyaa Ke ¢ 0,01M pactsopom KCI.

CrakaH, B KOTOPOM HaXOJSTCS AJEKTPObl, MPOMBIBAIOT HEOOJBIIUM KOJIUYECTBOM
pactBopa 0,01M KCI. 3arem B crakan HanmuBatoT pactBop KCl 1o MeTku u akkypaTHO orryc-
KalOT B HEro KOMOMHUPOBAHHBIN AJIEKTPOJA U TEPMOMETP. 3AMUCHIBAIOT 3HAYCHUE IJICKTPU-
yeckoi mpoBoaumoctu (L, CM) u Temmeparypy, yKazaHHYIO Ha auciuiee mpuoopa. 13 tab-
bl 14 HaxoAAT BeNUYUHY YATbHOU dnekTprueckoit mpooaumoctu 0,01M pactopa KClI
(@kct, CM-CM 1) IIpu 1aHHO# TeMIepaType U pacCUMTHIBAIOT MocTostHAYI0 cocyaa (Ke, cm™L)
o ¢opmyre:

Ke=a&kel/ L = Cm-cmt/ Cm= cm L,
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Tabauya 14
3aBHCHMOCTD Y/I€JIbHOI 3JIeKTpuueckoii mpoBoaumoctu 0,01M pacropa KCI
OT TeMIlepaTyphl

Temneparypa, °C yﬂeﬂb};j;ﬁliiT;:dg;cﬁ:ﬁllIPOBo
18 0,001225
19 0,001251
20 0,001278
21 0,001305
22 0,001332
23 0,001359
24 0,001386
25 0,001413

3aodanue 2. OnpenennuTh CTENEHb U KOHCTAHTY AUCCOLMAIMN YKCYCHON KUCIIOTHI.

CrakaH, KOMOMHUPOBAHHBIN 3JIEKTPOJI U TEPMOMETP CHavasla IPOMBIBAIOT JUCTHILIU-
POBaHHOM BOJAOW, 3aT€EM — M pacTBOpOoM yKCyCHOHM KucinoThl. HanuBaroT 3TOT pac-
TBOP B CTaKaH J0 METKH, aKKypaTHO OITYCKAIOT 3JIEKTPOJ U TepMOMETp. M3MeEpSIIOT 351eKTpu-
YECKYI0 IPOBOJUMOCTD PACTBOPA YKCYCHOM KUCIIOTHI TaK XK€, KAK U3MEPSUIN IIEKTPUUECKYIO
MIPOBOJMMOCTb PacTBOpa XJIOPUJIA KaJIusl paHee.

J1sl JanbHEeHIIUX pacyeToB NMepPeBOAAT KOHUEHTPAUMIO YKCYCHOH KHMCJIOTHI U3
MOJIb+IM > B MOJIb-CM >, TaK Kak yJIelIbHas SJIEKTPUYECKask MPOBOIUMOCTD (&) BBIPaKEHA B
Cm-CcM L, a MonspHas (Am) — B CM-cm?-Moitb 2,

PaccuuThIBalOT yAEIBHYIO U MOJISIPHYIO 3JIEKTPUYECKYIO IPOBOAUMOCTD PACTBOPA YK-
CYCHOH KHCJOTBI:
®(CH3COOH) =K. - L = cmt- Cm= Cm-cm Y,

Am = &(CH3COOH) / C(CH3COOH) = Cm-cmt/ MOJIB-CM ™ =
Cwm-cM? Monp ™,

BenuunHy MOJISIpHOM 37€KTPUUECKON MPOBOIUMOCTH ITPU OECKOHEUHOM pa30aBieHUH
(Am®) U151 YKCYCHOM KHCIIOTBI BBIYMCIISAIOT IO ypaBHeHUI0 Konbpayia (3Ha9eHus HOJBUKHO-
creit nonoB H* u CH3COO™ 6epyrt u3 tabum. 15):

m’ = U(H") + U(CH3COO") = + = Cm-cm?-monp L,
Tabauya 15
HoasuxuocTs nonoB H* 1 CH3COO™ B 3aBHCMMOCTH OT TeMIepPaTypsl
Temneparypa, IMoasuuocTh HoHOB U (CM-CM? -MoJb™?)
°C H* CH3:COO"-
18 315,0 35,0
19 320,0 35,9
20 324.,8 36,6
21 329,8 37,4
22 334,7 38,2
23 339,7 39,1
24 345,0 40,1
25 349,8 40,9
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PaccuuThIBatOT CTENEeHb Aucconmanyu (o) U KOHCTaHTy aucconmanuu (K,) ykcycHoi
KUCJIOTHI:

a(CH3COOH) = Am / A = / = :
K(CH3COOH) = 1°‘ C = : )/ (- ) =

OxcniepuMenTanbHoe 3HaueHHe K (CH3COOH) cpaBHHMBalOT ¢ TEOPETHUECKUM
(Kx(CH3COOH)reop.= 1,75 - 107°) u paccUuTHIBAIOT OMMOKY OMBITA B IPOLIEHTAX.
Bonpocs! 1151 00cyKaeHus
1. Kakue ¢akTopbl, MOMUMO CTETIEHHU TUCCOIMAIMHN, MOTYT BIIUATH Ha OTHOIICHUE
MEXJy MOJISIPHOHM AJIEKTPONPOBOJHOCTHIO pacTBOpa ClIab0ro 3JIEKTPOJIUTA U €ro
peIeIbHON MOJISIPHOM 3JIEKTPOTIPOBOTHOCTEIO?
2. Cnenyet a1 yYUTHIBAaTh B JaHHOW paboTe BEIMUMHY YAEIbHOM 3JIEKTPOIPOBOIHO-
CTH JUCTHUIMPOBAHHOM BOJKI, JocTUramomyo 5,0-10° Cm/cm?
3. TNouemy npu mpOMyCKaHUU dIEKTPHUECKOTO TOKA Yepe3 pacTBOP ICKTPonTa (BO
BpeMSI KOHAYKTOMETPHH) HE TIPOUCXOTUT dIEKTPOIU3?
BbIBOa: ¢ nomowbio memooa KOHOYKMOMEMPUY paccyumaniy KOHCMaHmy OUccoyua-
yuu yxcycnou kuciomol Ky (CH3COOH) = . Owubka onvima cocma-
suna %.

YACTD 7. TIOBEPXHOCTHBIE ABJIEHUSA

7.1 'ETEPOTEHHBIE PABHOBECUSA

Jlabopamopnas paboma. [lomydeHre TeTepOreHHBIX CUCTEM «OCaJIOK — PAcTBOP» H
CMeEIllEHHE PaBHOBECHUS B TETEPOTCHHBIX CUCTEMAaX «0Ca0K — PACTBOPY.

Ilenv pabomul: HayINTHCA TTONTYYaTh TETEPOTEHHBIE CUCTEMBI «OCAJIOK — PACTBOP» U
MPOBECTH IKCIEPUMEHTAIILHBIC MCCIETOBAHUS 110 CMEIICHUIO PAaBHOBECHS B T€TEPOTCHHBIX
CHCTEMaX «0CaZ0K — PaCTBOPY.

Peaxmuewt u ooopyoosanue: pactBopbl CaClz, Na2C204, NaxSO4, KCI, KI, AgNOs,
NHas, (NH4)2C204, HCI, CH3COOH; npobupku.

Xox padorsl

3aoanue 1. V3yunth yciaoBue oOpa3oBaHHUS OCajJKa MaJOPaCTBOPUMOTO CHIIBHOTO
AIIEKTPOJIHTA.

B npobupky nanusatot 2 mi pacteopa CaClz ¢ konnentpauueit 0,01 monp/n. Jlo6as-
nsitot 2 mat pactBopa Na2C204 ¢ konnenTpanueit 0,01 mons/m.

CaClz + Na2C204 — CaC204| + 2NaCl
Ca?* + C2047— CaC204]

O6pazoBaiics ocanok okcanara kanbius (CaC204) Genoro 1sera.

B npyryro npobupky nHanuBaroT 2 mit pactBopa CaClz ¢ konuentpanueit 0,01 mons/m.
JoGasnstot 2 mi pactBopa Na2SOs ¢ konuentpanueit 0,01 monb/m.

CaClz + Na2SO4 — CaS0s| + 2NaCl
Ca®* + SO4>— CaS04

HaOmaronenus 3anmuceiBaroT B Ta0. 16.
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Tabauya 16
Pe3yabTaThl 3KCIEpUMEHTA

Hon, konuen- |HoH, koHuen-| Konuenrpauusi | IlpousBenenue
Tpauus Tpamus MOHOB II0CJIE konuentpanuu | Ks° Habaro-ge-
(MoJIB/JT) (MoJIB/J1) CMeIMBaHUSs HOHOB T0CJIe HUS
CMeIIUBaHUSA
Ca** 0,01 C204~ 0,01 2,30 x 107°
Ca?* 0,01 S04* 0,01 2,35 x10°°

KoHnenTpanuu MOHOB MOCJ€ CMENIMBAaHUS PACCUMTHIBAIOT M BHOCAT B TaOJIHIly
16.11pu cmemmBaHUM UCXOJHBIX PACTBOPOB PAaBHBIX 00BEMOB OOLIUI 00BEM pacTBOpa BO3-
pacTaeT BJIBO€, a KOHIICHTPAIlMU MOHOB YMEHBIIIAIOTCS B 2 pasa:

0,01/2=0,005=5 x 1073,

[IpousBeieHNE KOHIIEHTPALMI HOHOB MTOCIE CMEITUBAHUS:

5x10°3x5x%x10° =2,5x 107,

CpaBHUM 3HAa4Y€HUS TPOU3BEJCHUS KOHIICHTpPAIU HOHOB U TEPMOJUHAMUYECKOM
KoHCTaHTHI pacTBopuMocTH (Ks®) MamopacTBOPUMBIX CHIIBHBIX 3JIEKTPOJIUTOB:

2,5x10° >> 230 x 10° (quis ocagka CaC,0a)
2,5 x10° > 2,35 x 10~ (a1 ocanka CaSOa).

J171st TOrO, YTOOBI MOHSTH, TOYEMY B Ipooupke Ne2 He 0Opa3yeTcst 0caioK, CPaBHUTE C TEp-
MOJIMHAMUYECKON KOHCTaHTOW pacTBOPUMOCTH MPOU3BECHNE AKTUBHOCTEH (2 HE KOHLIEHTpa-
1mit) nonos Ca?* u SO42". J711 3TOro BOCHONB3yHTeCh ypaBHEHHEM [/ pacdeTa HOHHOM CUIIBI
B pacTBOpE U ypaBHEHHEM I pacyeTa cpeaHero koddduimenta akTUBHOCTH 110 MOHHOU
cuwie. O6paTtuTe BHUMaHUE: TIPU pacyeTe BEJIMUYMHBI HOHHOM CHJIBI CIIEAYET YUYUTHIBATh MPH-
CYTCTBHE BCEX YEThIPEX THUIIOB HOHOB B KoHeuHOM pactiope (Ca?*, Na*, SO.%, CI).

| =

— Igfai =

far =

a=

AKTHBHOCTH HOHOB C
BEJICHUE aKTUBHOCTEN PaBHO

a?* u SO4% B pacTBOpe COCTABIISET MOJIB/JI, @ IPOU3-

< 2,35 x 107 (mns ocanka CaSOa).

BbIBOA: ocadok obpazyemcs, ecau npoussedenue UOHO8 MAlo-
PACMBOPUMO20 CUNBHO20 DNIeKMpoIuma 0Oovuie e2o mepMoOUHAMU4ecKou KOHCMAHMbI
pacmeopumocmu (yciosue 06pazo08anus 0caoka).

3aoanue 2. VI3yunTh BINSIHUE KOHKYPHUPYIOIINX PAaBHOBECUI HA TETEPOT€HHOE PABHO-
BECHE «OCATOK-PaCTBODPY.

OnsIT 1. Cuewenue cemepozento2o pagnosecus 6 HanpagieHuu 00pa30e8anus menee
Ppacmeopumoz20 coeOUuHeHus.

B npoGupky nanuBarot 2—-3 karum pactBopa KCl u nobasnstor 2—3 kamim pacTBopa
AgNOs. Obpasyercs 6emnsbrii ocagox AgCL.

KCI + AgNO3s — AgCl| + KNOs
Ag"+ ClI"— AgCl|

K nonyuennomy ocanky AgCl nobaBnsaror Heckonbko Kanenb pactBopa KI. Ocamox
proOpeTaeT KeNThIH IBET 3a cueT oOpazoBanus Agl.
AgCl + KI — Agl| + KCI

AgCl+1I"— Agl| + CI-
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[IpOMCXOMUT CMEIEHHE UCXOJHOTO F€TEPOTEHHOTO PABHOBECHUS B CTOPOHY 00pa3oBa-
HUs ocajka Agl kKeToro Bera.

Koncranra pactsopumoctu Agl:  Ks?(Agl) =8,3 x 107V

Koncranra pacrsopumoctu AgCl:  Ks® (AgCl) = 1,8 x 10710

Cpasuum 3nauenus 3Hauenns Ks®:  Ks? (Agl) << Ks® (AgCl)

BeiBon: Cumewenue ucxoono2o 2emepoceHno20 pagHoecusi NPOUCX00Un 6 CHOpOHy

OnbIT 2. CMeweHue cemepo2eHHo20 pagHo8ecUsl 3a cuem 00pa3o8aHusi KOMNIEKCHbIX
CcOeOUHeHUI.
B npobupky nHanuparot 2-3 kamnu pactBopa KCl u nobasnstor 2—3 xarmim pactBopa
AgNOs. O6paszyetcs 6emnbif ocamox AgCl.
KCI + AgNOs — AgCI| + KNO3
Ag* + ClI-— AgCl|
B npyryro npo6upky HanmuBarot 2—3 karu pactBopa KI u mobasnstor 2—3 karmium pac-
tBOpa AgNQO3. Obpazyercs xentoiit ocagok Agl.
KI + AgNOs — Agl| + KNO3
Agt+ 11— Agl]
K ocamkam B kaxmayro mpoOUpKy AO0aBISIOT MO 2—3 KaIljid pacTBOpa ammuaka. Pas-
MEIIMBAIOT COJIEP)KUMOE MPOOUPOK CTEKIITHHON MAJIOYKOM.
Ocaznok Agl npakTH4ecku He pacTBOPSAETCSA B paCTBOPE aMMHUaKa.
Ocanox AgCl pacTBopsieTcs B BOJHOM pacTBOpE aMMHUaKa ¢ 00pa30BaHUEM KOMILICKC-
noro nona [Ag(NHs)2]".
AQgCl + 2NH3 — [Ag(NHs)2]Cl.
BeiBon: Ocadox AQl npakmuuecku nepacmeopum 6 pacmeope ammuaka, 8 omaudue
om ocaoka AQCI, nomomy umo

OnbIT 3. Crewenue cemepocennozo pasHo8ecust 8 HaNPasieHuu 06pa306anus ciaboll
KUCIOMBL.

B nByx npoOupkax nomydarot ocagok okcanata kanbius CaC,04.

B npo6upky Hanusatot 2-3 kamau pactsopa CaClz u no6asnsitor 2—3 Kariu pactBopa
(NH4)2C204. O6pasyercs Genbiit ocanok CaCz0a.

CaCl2 + (NH4)2C204 — CaC204| + 2NH4CI
Ca?* + C2042— CaC20a4]

Jlo6aBysitoT B 0IHY MPOOUPKY HECKOJIBKO Kamellb 2M pacTBopa COJITHOW KHUCIIOTHI

(HCI) no nonHOTrO pacTBOpEHUs OcaIKa.
CaC;04 + 2HCI — CaClz + H2C204
CaC204 + 2H* — Ca?* + H,C204

B apyryio npoOupky 100aBJsSIOT CTOJNBKO ke Kareiab 2M pacTBopa YKCYCHOM KHC-

notel (CH3COOH).
CaCy04 + CH3COOH #

Oxcanar Kajbl¥sl MPaKTHYECKH HEPACTBOPUM B YKCYCHOM KHCJIOTE.

KoncranTa quccommanun Kyee (HCI) = 1 x 107

KoncranTa qucconmanun Kyee (CH3COOH) = 1,75 x107°

Koncranra aucconuanu Kuycer (H2C204) = 5,5 x 1072

Koncranra aucconuanuu Kueez (H2C204) = 5,4 x 107°

Cpaaum 3HaYCHUS Kyce & Kuuee (HCI) >> Kiyee (H2C204)

K;mcc (CHSCOOH) < R}mcc (H2C204)
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BeIBOA: 0cadox oxcanama kanbyus pacmeopsiemcs 8 CONAHOU KUCiome U npaKxmuye-
CKU Hepacmeopum 8 YKCYCHOU KUciome, maxk Kax
Bomnpocsl 1u1st 00CyKIeHus:
1. B 4em npeumymiecTBo UCTIOIb30BaHUS KOHCTAHTHI PACTBOPUMOCTH IO CPABHEHUIO
C UCIIOJIb30BaHUEM PaCTBOPUMOCTH, BIpaXKCHHOH B Macce BemecTBa Ha 100 r pacT-
BOPHUTEJIS WIIA B (POPME MOJISIPHOM KOHIIEHTPAIIMK HACKIIIIEHHOTO pacTBOpa?
Kak nobutscst Beimanenus ocanka CaSO4 B mpodupke Ne 2 u3 3amanus 17
3. MOXHO JIM HUCIOJIB30BaTh SKCIICPUMEHTHI U3 JIAaHHOM J1a00paTOpHON PadOThI IS
MIPOBEJICHUS KaueCTBEHHOT'O aHaIn3a?

ro

7.2 IIOBEPXHOCTHOE HATSI)KEHUE

Jlabopamopnasa paboma. OnpeneieHne 3aBUCUMOCTH MOBEPXHOCTHOI'O HATSAKEHUS
PacTBOPOB OT JIMHBI YTJIEBOJAOPOIHOMN LIETIH MOBEPXHOCTHO-AKTUBHBIX BEILIECTB.

Ileny pabomwt: N3y4nTh BIUSIHUE IJIUHBI yTieBogopoaHoM uenu [IAB Ha Benuuuny
MMOBEPXHOCTHOT'O HATSIKEHUSI PAaCTBOPOB.

Peaxkmuegot u ooopyooeanue: 0,1M Bonubsie pactBopbl C2HsOH, CsH7OH, C4H9OH,
CsH11OH, muctunnupoBaHHasi BOAA; CTaJarMOMETPbI, XUMUYECKHUE CTAKaHbI, PE3UHOBBIE
rpyLIN.

Xox padoTsbl

s ompeneneHuss MOBEPXHOCTHOTO HATSHKEHUS JKUIKOCTEH MCIONIB3YIOT CTallarMo-
MmeTp Tpaybe, m03TOMY ATOT METO OTMpPEEICHHS MOBEPXHOCTHOTO HATSKEHHS Ha3bIBACTCS
craiarmometrpudeckuM. Cramarmometp TpayOe mpeacTaBisier co60i U30THYTYIO TPYOKy ¢
paciupeHueM MeXAy AByMS HAHECEHHBIMU Ha HEM METKaMH, YKa3bIBAIOIIUMHU O0BEM JaH-
Horo npudopa. B xoae nmabopaTopHoil paboThl HEOOXOIMMO MOACUNUTATH YUCIIO KAIelb HC-
cienyembix pactBopoB [IAB u Bofbl, KOTOpBIE BBITEKAIOT U3 JAHHOTO OJJUHAKOBOTO 00BEMa
cTajaarMoOMeTpa.

[Tpubop 3anonHIIOT UCCIEAyEMbIM PACTBOPOM C ITOMOIIBIO pe3uHOoBoM rpymu. [locne
TOTO, KaK YPOBEHb XKUJKOCTH MOJHUMETCSl BbIIIE BEPXHEH METKU CTalarMOMETpa, rpylry
youpatot. Jloxkumarorcs, KOrjia ypoBeHb KUIAKOCTH OMYCTUTCS IO BEPXHEH METKH, IMOCIe
Yero HauMHAIOT MOJACYET YKclia Kareib, BhITeKaronux u3 Tpyoku. [lomcuer yucna kamenb
OCTAHaBJIMBAIOT, KOT/Ia YPOBEHB KUIKOCTH JOCTUTHET HIDKHEW METKU CTallarMOMETpa.

Kamuist BeITeKkaeT u3 Kanuiuisipa v OTpbIBaeTCs MO AEHCTBUEM CUIIbI TskecTH. [loBepx-
HOCTHOE HATSKEHUE CTPEMUTCS MPOTUBOJICHCTBOBATH BHITEKAHHUIO KAIUIH, TaK KaK ee o0pa-
30BaHUE CBA3AHO C YBEJIIMUECHUEM MOBEPXHOCTHU KUIKOCTH.

Uem OoJipllie MOBEPXHOCTHOE HATSHKEHHE, TEM OOJIbIe JOJDKHA OBITh Macca KarllH,
9TOOBI MPEOI0JIETh TOBEPXHOCTHOE HATSHKEHWE U OTOPBATHCS OT KaMWuUIsApa. 3HAYUT, TO-
BEPXHOCTHOE HATSHKEHHE G MPOIMOPIMOHAIBHO TIIOTHOCTUA P M 0OPAaTHO MPOMOPIIMOHATBHO
YHCITy Kareib, KOTOPhIE BRITEKIIA U3 OHOTO U TOTO K€ 00beMa.

dopMyna ass onpeesieHHs] TOBEPXHOCTHOTO HATSHKEHUS:

c P-Nyo . _ _ PNy,o0
= 1 O= O
Ch,0 Ph,oN Pho "N
ric o u GHZO i HOBerHOCTHOC HATAKCHUC HCCHeﬂyeMOﬁ KUAKOCTU U BOJHBI, p nu

Pi,0 — IUIOTHOCTH UCCIIE/TyEMOM )KUIKOCTH U BOABL; N U Ny o — YHUCIIO KAIeIIb UCCIEyeMOn

KHUAKOCTH U BOJBI.
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n
Jnst pasbaBiieHHBIX BOJHBIX PACTBOPOB p ~ 1 I/MiL, TOrAa © = oy, 4 % , TIe Gy =

72,8 mJIx/m? ipu 20 °C.

Utak, 114 onpe/eeHus ITOBEPXHOCTHOTO HATSKEHUS JOCTATOYHO HOACYUTATE YHCIIO
KaIlellb UCCIIeyeMOT0 pacTBOPa U BOJIbI, BHITEKAIONIMX U3 OJHOTO U TOTO 5Ke 00beMa cTajar-
MOMeTpa.

CunTaroT 4ncio Kamesb BoAbl U uncio Kanenb 0,1M BOAHBIX pacTBOPOB CIUPTOB B
ykazaaaoM nopsinke: H2.O, CoHsOH, C3H7OH, C4HosOH, CsH11OH.

n (H20) = n (C2HsOH) = n (CsH7OH) =

n (C4HoOH) = n (CsH11:0H) =

PaccunteiBaroT noBepxHoctHoe HaTskeHHe 0,1 M BOAHBIX paCTBOPOB 3TUX CIIUPTOB.
o(C2Hs0H) = ( / ) x 72,8 mJIx/M? =

o(C3H70H) = ( / ) x 72,8 mJIx/M? =

o(C4HeOH) = ( / ) x 72,8 MJx/M2 =

o(CsH110H) = ( / ) x 72,8 MIx/M? =

CTposIT KpUBYIO 3aBUCUMOCTH G OT YHMCJIA YTIICPOIHBIX aTOMOB B MOJICKYJIaX CITUPTOB
(n aromoB C).

o, M,
)

-
HHCOIIO aTOMOE VIJICPOOAa

Bomnpocsl nu1s 00cyxaeHus:

1. SBnsercs nu noaydyeHHas 3aBUCUMOCTb JTUHENHONU?

2. Kak opueHTHpOBaHBI MOJIEKYJIBI CIUPTOB HA IpaHuIle pasaena ¢az?

3. TNlouemy MIOTHOCTB KUAKOCTH BIHSICT HAa BETUYUHY TTOBEPXHOCTHOTO HATSKEHUS
COTJIACHO MPUBEICHHOM BBIIIE (hOpMYyJie sl IPOBEICHUS PAacYETOB B METO/IEC CTa-
JarMoMeTpun’?

BeiBOA: pe3ynvbmamel pabomel noKa3blearom, Ymo cyujecmesyem 3a-

BUCUMOCTb NOBEPXHOCTIIHO20 HAMANACEHUSI B0OHBIX PACMBOPOE CRUPMOE OM OJIUHbL Y2Ne60-
00pOOHOU Yyenu ux MoaeKyI.
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7.3 XPOMATOI'PA®USA

Jlabopamopnas paboma. AHaiu3 XpoMaTOrpaMM.

Ilenv pabomobl. HAyuINTHCS aHATM3UPOBATH XPOMATOTPAMMBI, TIOJYUYEHHBIE METOJIOM
BBICOKOA(D(PEKTUBHOM JKUIKOCTHOM XpoMaTorpaduu ¢ Macc-ClIeKTpOMETPHEH.

Mamepuanovt u 060pydosanue: XpoMaTorpaMMbl U MacC-CIIEKTPbI JIByX CHUHTETHYE-
CKUX TIETITHJIOB, SIBJISIONINXCS (PparMeHTOM pPerlenTOP-CBA3BIBAIOIIETO JOMEHA MTapBOBUPYCa
B19 (menrtun ¢ mocnenoatenbHOCThIO DKFAKAVY QQFVEFYEKVT u nentuz ¢ mocnemno-
BatenbHOCThI0 DKFAKAVWQQFVEFYEKVT), KanbKymsTop.

Xox padoTsbl

B nannoii paboTe HEOOXOAMMO MPOAHATUZUPOBATH XPOMATOTPAMMBI B MACC-CIEKTPHI
JIBYX CHUHTETUYECKUX MENTHUIOB, SIBISIONIMXCS (ParMEHTOM pPELEeNTOP-CBI3bIBAIOIIETO J10-
MeHa nmapBoBupyca B19 u otnnuaromuxcst Ipyr oT Apyra 0HONH aMUHOKHCIOTHOM 3aMEHOM:
MENTH C aMUHOKUCITOTHOH nocnenoBarenbHOCThi0 DKFAKAVY QQFVEFYEKVT (nentua
DT19Y) u ¢ amumHokucimoTHOi mocnenoBarenbHocThI0 DKFAKAVWQQFVEFYEKVT
(merrrux DT19W). Ipu Hanuuuu NMpuBEICHHON 3aMEHBI THPO3MHA HA TPUNTO(AH apBOBH-
pyc B19 nonHocThIO yTpaunBaeT CHOCOOHOCTh MPUKPEIUIATHCS K CBOEMY PEIENTOpYy U 3apa-
XKaTh KJICTKH.

3aoanue 1. Ananmu3 xpomarorpamm nentuga DT19Y u mentuma DT19W.

XpomaTorpaMMmbl, IMOJTyYEHHBIE I CHHTeTHYeckoro mentuaa DT19Y wu mentuma
DT19W, npuBeneHs! Ha pUCYHKE 6 U PUCYHKE 7 COOTBETCTBEHHO.
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XapakTepucThKa MUKOB Ha xpomaTtorpammax nentuga DT19Y u menrmma DT19W
npuBeieHa B Tabi. 17, 18 coorBercTBeHHO. OTpeieNnuTe CTENEeHb OYUCTKHU KaXKI0TO U3 CUH-
TETUYECKUX TENTHIOB MyTeM pacuera MpOIEHTa IUIOMAIN TIIaBHOTO MHUKA OTHOCHUTEIHHO
CYMMBI IUIONIa/Iel BCeX MUKOB Ha XpOMAaTOrpaMMe.

Tabnuya 17

XapakTepucTHKA MHKOB HA XpoMaTorpamme /uis nentugaa DT19Y

Homep nuka | Bpems yaep:kanus,

Ilnomann, oTH.

IIpoueHT OT 001LEH MJIOIIAAU

MHH eIMHUIbI (cTeneHb ouncTKN), %0
1 17,963 135609
2 18,340 12573263
3 18,562 209551
4 18,946 46207
5 19,729 21915
6 20,498 177430

Tabauya 18

XapakTepucTHKA MUKOB Ha XpoMaTorpamme nentuaa DT19W

Homep nuka | Bpems yaepxanus,

Ilnomann, oTH.

IIpoueHT OT 00IIEH MJIOIIAAN

MHUH eINHUIIbI (cTeneHb 0YMCTKH), %0
1 13,167 5011
2 13,698 25668
3 14,185 26979
4 14,523 2429951
5 15,490 2

Bocnonp3oBaBmmcs NpsSMBIME, TPUBEICHHBIMU Ha PHC. 8, HAMINTE OTHOIIICHHE aIleTo-
HUTPHWIIA K BOJIE, TP KOTOPOM OBLITH TOTYYCH IIIaBHBIE TTMKU Ha XpOMaTOrpaMMax IenTHaa
DT19Y u nentuna DT19W, cuuras, uro B Xxoz1e XpomarorpadupoBaHusi TPaAHUEHT PacTBO-
puUTENe N3MEHSIICS JIMHEMHO.
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Puc. 8. VI3ameHeHune MPOIIEHTa alleTOHUTPHIIA B €70 CMECH C BOJOH C TEUEHHUEM BPEMEHH B TIPOIIECCe

XpomartorpadupoBaHus
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CrpykTypHas ¢popmysa aeTOHUTpHIIA IPUBEACHA Ha puc. 9.

Puc. 9. CtpykrypHas ¢popMyiia alileTOHUTpHIIAa. ATOM a30Ta 0003HaYeH CUHUM I[BETOM, aTOMBI YT-
Jepoaa — TEMHO-CEPBIM, aTOMBI BOAOPO1a — CBETJIO-CEPBIM

['maBHBIM K Ha XpoMaTorpamme it nentuga DT19Y Obu1 momydeH mpu OTHOIICHUH
alleTOHUTPHII:BOJIA, PABHOM ; TJIAaBHBIN TIMK HA XpOMAaTOTpaMMe ISl TSN THAA
DT19W 06511 momy4eH npu OTHOIICHUH alleTOHUTPHII:BOA, PABHOM

3aoanue 2. Ananmm3 macc-criektpoB nentuaa DT19Y u nmenrruma DT19W.
PaccuuTaiiTe MONCKYISIPHYIO MacCy KaKI0TO TIENTH/Ia, UCXOS U3 JaHHBIX, IIPUBE/ICH-
HBIX Ha Macc-crekTpax nentuaoB (puc. 10 m 11).
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Monexynsipaas macca nentuna DT19Y pasna ; MOJIEKYJIIpHasi macca
nentuga DT19W paBHa .

Ompenenure, KakOMy HOHY COOTBETCTBYET MUK 595,4 Ha Macc-CeKTpe MHenTuia
DT19Y u xakomy noHy cootBeTcTBYyeT UK 1182,6 Ha Macc-cnextpe nentuna DT19W. Jlo-
0aBbTe 3Ty HHPOPMALIUIO HA MAaCC-CIIEKTPHI.

Bonpocs! 115 00cyKaeHus

1. Kakoii u3 pactBoputenei sBisieTcst 0oee MOJISIPHBIM: alleTOHUTPUI WM Boja?

2. Kaxoii u3 1ByX nenTuaoB sBisieTcs 0osiee rTuapoGUIBLHBIM COTJIACHO aHAIHU3Y XPO-

MaTorpamMmm?
3. CoOTBETCTBYIOT JIU PA3INYHS B CTETIEHU THAPOGOOHOCTH MENTHIOB PA3IUUYHIM B
creneHu ruipodoOHOCTH Mex Ty ocTatkoM TuposuHa (0,26 o mkane Dii3eHoepra)
u octatkoM Tpuntodana (0,81 mo mkane Ditzenbepra)?
BeiBoa: pesynomamsi pabomsi 0arom OcHO8aHue npeononazams, Ymo 3aMeHa mupo-
suna na mpunmodghan ¢ nenmude DKFAKAVYQQFVEFYEKVT

NOGIUANA HA €20 CMPYKMYpPY, MaK KaK

YACTD 8. PUBNYECKAA XUMUA JUCITEPCHBIX CUCTEM

8.1 IIOJIYYEHME KOJJIOUJIHBIX PACTBOPOB

Jlabopamopnas paboma. IlonydeHrue KOJUIOUTHBIX PACTBOPOB METOJOM KOHJEHCa-
MU U U3yYCHUE UX ONTHYECKUX CBOMCTB.

Ilenv pabomobi: HayuINTHCS TIOTYYaTh KOJIJIOUIHBIE PACTBOPHI METOIOM KOH/ICHCAIINH,
W3YYHUTh ONTUYECKUE CBOMCTBA KOJUIOUIHBIX PACTBOPOB.

Oobopyoosanue u peakmuewl. na3epHas ykaska, mrtatuB ¢ mpooupkamu, 0,011 pac-
tBopbl KI, AgNO3, H2SO4, Na2S203, Ks[Fe(CN)s], CuSOs, pacTBop kanupoiu B CHHPTE,
BOJA.

Xox padoTsl

3aodanue 1. [1ony4nTh KOJJIOWIHBIE PACTBOPHI METOAAMH (PU3NYECKON U XUMHUUECKOU
KOHJICHCALIUH.

Onvit 1. [lonyyenue 3015 tioouda cepebpa.

K pactBopy Kl (1/2 npobupku) npunusaroT 1-2 kannu pactsopa AgNO3z, HaGnrogatoT
oOpa3zoBaHHe OcajKa. 3aTeM BCTPSAXUBAIOT MpooupKy. HabmomaroT pacTBOpeHue ocagka u
MOsIBJICHUE omajecuupyrouiero 3o Agl:

Kl + AgNOs — Agly + KNO3

Cxema mutiesusl 30011 Agl:

Ounbit 2. [lonyuenue 3015 cepbi.

K pactBopy NaxS,03 (1/2 npobupkn) npunupatot 2-3 kariu pactsopa H.SO4. Berps-
XHMBAIOT MPOOUPKY. Yepes HeCKOIbKO MUHYT 00pa3yeTcs ONMaIeCIUPYIONINI 30J1b CEPBI:

Na2S203 + H2S04 — S{ + NazSO4 + SOz + H20

Cxema MHICIIIBI 30J19 CCPBI:
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Onvit 3. [lonyuenue 3015 eexcayuanogpeppama(ll) meou.

K pactBopy Ka[Fe(CN)s] (1/2 mpobupku) modasisitor 1-2 karin pactBopa CuSQOa.
HaGmonaroT o6pazoBanue ocanka. BerpsxusaroT npodupky. HabmionaroT odpasoBanue 30151
KpPacHO-KUPITMYHOTO I[BETA!

Ka[Fe(CN)s] + 2CuSO: = Cuz[Fe(CN)s]¥ + 2K2SO4

Cxema munenisl 305 Cuz[Fe(CN)s]:

OnwsIt 4. [lonyuenue 3015 Kanugoau Memooom 3ameHvl pacmeopumesi.

K Boge (1/2 mpobupku) mobaBistoT 1-2 Kamim CIUPTOBOTO pacTBopa KaHUGDOIH,
BCTPSAXHUBAIOT NMpoOupky. OOpa3yeTcsi MOJIOYHO-0€NbIi 30J1b, TaK KaK KaHU(OJIb B BOJIE He-
pacTBopuMa.

3aoanue 2. VI3yuntb ONTHYECKUE CBOMCTBA MOIYYEHHBIX KOJJIOUIHBIX PACTBOPOB.

YeTpipe MpOOUPKHU C MOTYICHHBIMH KOJUIOMIHBIMH PAacTBOPAMH PacCMaTPHBAIOT Ha
gepHoM (hoHe. OOpamaroT BHUMaHWE HAa HAJIMYHE WIH OTCYTCTBHE CIab0OTO Toy00oBaTOTO
CBEYEHHUSI BOKPYI pacTBOpOB (omajnecueHuuu). CpaBHUBAIOT Pe3yibTaThl C TAKOBBIMU IS
pactBopa sekrposnta (Kl).

HanpapisitoT Ha KaXayo U3 IpoOMPOK MO OYEpeau Jyd JlazepHoil yka3ku. B komo-
UIHBIX PacTBOpaX BUIHO, KaK Jy4 yKa3KH MPOXOAMUT CKBO3b pacTBOp (Habmonaercs r3GpdexT
Tunpans), a B MCTUHHOM pacTBOPE MOKHO 3aMETUTh TOJBKO OTPa)KEHHE JIyda Ha TPaHULe

MEXIy CTCKJIOM W pacTBOPOM, HO He cam Jyd. IlomydeHHbIE pe3yibTaThl 3allMCHIBAIOT B
tadin. 19.

Tabnuya 19
Pe3yabTaThl IKCTIEPUMEHTA
Metoa nosayue- IIBer Onauec- | Haauuyue 3¢- | BoiBoag
Cucrema HHS ¥ THII PeaK- nenuus | pexra Tunmans
19701
PactBop Kl
3o1b nosuaa cepedpa
3071b cephl
3o1b rekcaratodep-

pata(ll) mequ
3o71b KaHUupOIU

Bonpocs! quis o0cykaeHus:

1. TloueMy paccessHHBIN 3a CYET OMAJECIEHIIMM CBET 00OTaIleH roiyObIMU OTTEH-
Kamu?

2. Tlouemy my4 ma3epHOM yKa3KH HE BHJICH B BO3JyXe U B HICTHHHOM pacTBope?

3. Jlms Kakoro u3 4eThIpeX MOJYYCHHBIX KOJJTIOMIHBIX pACTBOPOB XapaKTepHA HAUMeE-
Hee WHTCHCUBHAsl omajecleHius npu Hamuuuu dddekra Tungana? Yem s1o
MOKHO OOBSICHUTE?

BeiBOA: omauuumenvHuIMU oOnmudecKuUMy c80UCMEAMU KOJIOUOHBIX PACMBOPO8 516-

JIAIOMCAL:

8.2 KOATYJISIIIUSI KOJIJTIOUIHBIX PACTBOPOB

Jlabopamopnaa padoma. VI3yuenue Koaryjaupyromero ACHCTBUSL AJIEKTPOIUTOB Ha
30JIb U OIIPENICIICHUE 3HAKA 3apsia yacTull 30J1s. [I[poBepka 3alMTHBIX CBOMCTB KEJaTHHA.
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Ilenb pabomul: HayINTHCA SKCTIEPUMEHTAIBHO ONPEAEIATH MOPOTH KOATYISALNN IS
AJIEKTPOJIUTOB MO OTHOIICHUIO K JAHHOMY 30JI10, 3HaK 3apsijia YacTHI[ 30JIs 110 3HAYEHUSIM
MOPOTOB KOATYJISINH; SKCIIEPUMEHTAIBHO MOATBEPANTH, YTO PACTBOPHI Oenka (KemaTHHA)
MOBBIIIAIOT MOPOT KOATYJISAIUH, T. €. 007Ia/1al0T 3aTUTHBIM JIEHCTBHEM.

Peaxkmuent u npuoopwt. 301p ruapokcuaa xenesa(lll), 0,7M pactsop KCI, 0,01M
pactBop K2SO4, 0,001M pactBop K3POs4, 0,1% pacTtBop *enatruHa, KoaObl Al THTPOBAHUS,
OropeTkH, nunetku Mopa Ha 10 M1, MUIIETaTOPbl M PE3UHOBBIE TPYIIU.

Xoxa padoTsbl

3aoanue 1. OnpenenuTb NOPOTH KOATYIISIIIUY JISI TPEX DJIEKTPOJIUTOB 11O OTHOIICHHUIO
K 3010 ruapokcua xxenesa (11).

B Tpu xonObl a1 TUTpOBAaHUS BHOCAT nuneTkoil Mopa no 10 mi pactBopa 30518 Tuf-
poxcuaa xenesza (I11). Kaxmayro konly ¢ pacTBOpOM 307151 TUTPYIOT COOTBETCTBEHHO PacTBO-
pamu snektponuToB KCl, K2SO4, K3sPO4s 10 nosiBieHus MyTH (B JTaHHOM CJIydae COTIPOBOXK-
JaeTcsl Mepexo oM K OoJiee CBETIION OKpacke pacTBopa). MyTh 3aMeTHa IPU CPAaBHEHUHU C
MCXOJTHBIM 30JIEM M CTETIEHb MYTHOCTH JIOJIKHA OBITh OJJMHAKOBA BO BCEX TpeX Koibax.

PaccumnThIBalOT MOPOT KOATYISAIMH Y JJIs1 K&KOTO SJIEKTPOSIuTa Mo hopmyre:

_V.C-1000
v,

rie C — KOHIEHTPAIUS JIEKTPOJIUTA, MOJIB/M; V — 00bEeM pacTBOpa dIEKTPOIUTA, MIT,
Vo — 00beM pacTBopa 307151, MII;, Y — HOPOT KOAryJsIIuU, MMOJIB/TI.

JlaHHBIE OTIBITA M PE3YJILTAThl PACYETOB 3aMUCHIBAIOT B Tabm. 20.

Tabnuya 20
Pe3yabTarThl IKCIIEPUMEHTA
Homep | PactBOp 351€K- Oo6bem Konuentpa- | O0bem sjek- | Ilopor koa-
onpITa TPOJINTA I 30J151, MJI | IUS1 3JIEKTPO- | TPOJIUTA, MJI ryJasiuuu
TUTPOBAHMS JINTA, MOJIb/JI MMOJIb/J1
1 KCI 10
2 K2SO4 10
3 K3PO4 10

3aoanue 2. OnpenenuTh 3HaK 3apsiia yacTuil 307 ruapokcua xeneza(lll) mo 3nage-
HUSIM [TIOPOTOB KOAryJIsLIUH.

HaxoasT cooTHOIEHHE MEXAY OPOraMu KOaryJisiii JaHHBIMU 3JIEKTPOJIMTAMU, 110~
Jy4YEeHHBIMH B 3aaHuH 1.

Ha ocHOBaHMM NMONMYYEHHBIX JAHHBIX JI€TIAI0T BBIBOJ O 3HAKE 3apsiia MOHA-KOAryJssHTa
W 3HaKe 3apsjaa JacTull 30iis ruapokcua skenesa (I11), 3amuceiBaroT cxemy CTpOSHHS MU-
LEJIBI 307151

3aoanue 3. I1poBepUTH 3allUTHBIE CBOMCTBA KEIATHHA.

B kxon0y BHOcsaT nunetkoit Mopa 10 mi pactsopa 3oms u 0,1 mi 0,1% pactBopa xena-
tuHA. TUTPYI0T 3TOT pacTBop pactBopoM KCl. PaccunteiBaroT nopor koarynsiiuu pactsopa KCl
TI0 OTHOIIICHHIO K 305110 ruapokcua sxkenesa (1) mocne nodasienus xenatuaa (V).
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_V.C-1000
VO
Onpenem}oT, BO CKOJIBKO pa3 YBCIIMYUIICA IMOPOI KOaryJjraouu 30JId II0CJIC I[06aBJ'Ie-
HMUJ JXKCJIaTHUHA.

( . -1000) / 10 = MMOJIB/TT

Bonpocs! 1151 00cy:KaeHus
1. B yem 3akiroyaeTcss MEXaHU3M KOATYIISIIIAH 30J15 DJICKTPOIUTAMU?
2. 3a cueT Yero KEJIATHH MOBBIIIACT OPOT KOATYJIISIIUH 30J1517
3. Kakue conu MOXXHO HCITOJIB30BaTh IS IPOBEICHUS aHAJIOTHYHOTO AKCIIEPUMEHTA
C 30JIeM, TPaHyJIbl KOTOPOT'O UMEIOT MMPOTHBOIIOIOXKHBINA 3HAK 3apsaa?
BoIBoa: onpenenwniu 3uak 3apsoa uacmuy 305 euopoxcuoa sceneza(lll) | noo-
meepouIu 3auumHbsle CEOUCMBA HCENAMUHA HA OCHOBAHUU

YACTD 9. PUBNYECKASA XUMUA BUOITIOJIMMEPOB

9.1 ®PUBNUYECKAS XUMUSI PACTBOPOB BUOIIOJIUMEPOB

Jlabopamopnas paboma. CBoiicTBa paCTBOPOB OHUOTIOIMMEPOB.

Ilenv pabomei: SKCIEpUMEHTANBHBIM IYTEM ONPEIEIUTh 3aBUCUMOCTb CTENEHU
HaOyxaHus O€KOB OT 3HaYeHus1 PH pacTBopa.

Peaxmuebl u npudopsbl: 9YeThIpe pacTBOPA C pa3InYHBIM 3HaUeHueM PH, cyxoii xxena-
THH, HICTUHHBIN pacTBOPA KeJIaTHHA, pACTBOP CyJib(aTa aMMOHUS, TUCTUILTUPOBAHHAS BO/JIA,
YeThIpe MEPHBIC MPOOUPKH, CTCKIITHHAS TAIOYKA.

Xoxa padoTsl

3aoanue 1. Onpenenenue cTerneHn HaOyxaHus KellaTHHA MIPHU Pa3InYHBIX 3HAYCHHIX
pH cpensr.

BHocsT B cyxue mepHbie mpobupku Ha 10 mu mo 0,5 M nopouika sxenatuna (Vo) u
JI00aBJIAIOT IO BEpXHEH METKH clieayromie pactBopsl: B iepByto — 0,1M HCI pactBop, BO
sropyto — 1 - 10°M HCl pactBop, B Tpetbio — 1 - 10°M NaOH pacTsop, B ueTBepTyI0 —
0,1IM NaOH pactBop. Coaepxumoe MpoOUPOK nmepeMernBaroT naaoukoit. Yepes 30 MUHyT
oTpenessitoT 00beM Halyx1rero xenaruHa (V) U pacCUUTHIBAIOT CTEIICHh HAOyXaHusI (0) IO
MIPUBEICHHON HIXKE hopMmyIie.

V-V,
VO
[TomyueHHbIE TaHHBIC BHOCAT B TaO. 21.

a

Tabnuya 21
Pe3yabTaThl 3KCIIEPUMEHTA
Cucrema pH O0bem nmostumepa Crenenn
cpeasl Ha0yxanus (o)

HCXOHOI0 Haoyxmero (V)
(Vo)

0,1M pactBop HCI
1-10°M pactBop HCI
1-10°M pacrop NaOH
0,IM pactop NaOH
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Crposr rpaduk 3aBUCUMOCTH CTeTIeHH HaOyxaHus (o) oT pH cpenbl u genarT BEIBOJ
o BiausiHUM pH cpenpl Ha cTeneHb HaOyXaHuUs JKeJaTUHA, HAaXOoIAT 3HaueHne PH B u303sek-
TPUYECKOHN TOUKE.

0 &

» pH

3adanue 2. OOpaTMOe BhICATTMBAHHE JKEJIATUHA U3 PACTBOPA.
K pactBopy 6enka B mpoOupKe MPUIUBAIOT MO KAIUIsIM HACBIIIEHHBIA PacTBOP CYJIb-
(aTa aMMOHHMS 0 BBIMTAJICHHUS OeliKa B 0CaJoK. 3aTeM, 100aBiss B IpoOUPKY BOy, 1oOHUBa-
FOTCSI TIOJTHOTO PACTBOPEHUS OCAKA.
Bomnpocsl 1u1st 00CyKIeHUs:
1. Tlpu nmpoBeneHHHU OIBITA ITPU BEICOKOM TEMIIEpaType B ayJUTOPHUH MOPOT Habyxa-
HUA B mpoOupkax 1 u 4 onpeneauts HeBO3MOkHO. [Touemy?
2. Yto mpencTaBiseT co00i KeTaTHH?
3. Kakoii 3apsn umeer xxenaTHH B mpodupkax 1 u 4?7 3a cyeT Kakux MpoIreccoB?
4. B 4eMm NpUHIHMIHAIRHOE OTJIMYHE IpoIiecca BhICAIMBAHUS OCJIKa U3 pacTBOpa OT
JIeHaTypanuun?
BeiBon: 12T orcenamuna . CmeneHnv HabyxaHus dcelamuna
uMeem MUHUMAIbHOE 3HAYEHUe NPU

9.2 MAKPOMOJIEKYJISIPHBII JOKUHT

Jlabopamopnasa paboma. JIOKVHT TIENTUAHBIX JIMTAHJIOB C PEIEIITOPOM.

Ilenv pabomwi: oCylIeCTBUTH MAKPOMOJIEKYJISIPHBIA TOKUHT AIUAEPMaIbHOrO (hak-
TOpa pocTa M TpaHCHOPMUPYIOMIETO PaKkTopa pocTa ab(da ¢ PErenTopoM IMHIEPMATHLHOTO
¢akTopa pocTa M MPOBECTH aHATU3 MOJYYEHHBIX CTPYKTYP (BBIUUCIUTH CBOOOAHYIO SHEPTHUIO
['u60ca, KOHCTaHTY AUCCOIMAIIMN KOMILIEKCOB, C/IeNIaTh BBIBOJ 00 ap(pUHHOCTH JIUTAH/IOB K
perenTopy).

Mamepuanwvt u o6opyoosanue: PDB-daiiner «1egf.pdby (EGF — snuaepmanbHbIit
¢dakTop pocra), «ltgf.pdb» (TGF-o — Ttpancopmupyromuii dakrop pocra anbpda),
«legfr.pdb» (EGFR — penenrop snuaepmansHoro dakropa pocra), «kEGF-EGFR.pdb» (Ha-
TUBHBIA KOMIUIEKC SMUACPMAIBHOTO (PaKkTopa pOCTa C €ro PerenTopoM); MepCOHANbHBIN
KOMIIBIOTEP; JIs1 IPOBEJEHUS TIOKUHIa Ucnosb3yercsa nporpamma Hex 8.0.0, nns Buzyanusa-
IIH TTOJYYCHHBIX KOMIUIEKCHBIX cTpyKTyp — RasMol (PyMOL wnu apyroit ananor), s
pacueta AG (kxan/monb) u Kq ipu 37,0 °C — anroputm PRODIGY, nocTymnHslif O cChUIKe
https://wenmr.science.uu.nl/prodigy/.
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Xox padoTsbl

1. OtkpeiBatoT iporpammy Hex 8.0.0.

2. 3arpykarmT CTPYKTYPHI pelenTopa 1 JUraHaa, JOKHHT KOTOPhIX HEOOXOAUMO MPO-
BECTH.

J1J1s1 3arpy3Kd CTPYKTYPBI pelienTopa nepexoaaT Bo Bkiaaky «Filey» u Beiouparot: File
... Open ... Receptor. B otkpsiBiieMcsi okHe BbiOuparoT (aitn «legfr.pdby» u Hakumaior
KHONIKY «OK».

Jlnist 3arpy3Ku CTpYKTYpBI JIMTaHAa CHOBA NEpexoasT Bo BKIaAKy «File» u BriOuparoT:
File ... Open ... Ligand. B oTkpsiBiieMcst okHe BeiOuparoT daiin «legf.pdb» u Hakumaior
KHONIKY «OK».

3. 3amyckarT JOKHHT PEIenTopa U JUTaH/1a, KOTOpbIe ObUIH 3arpyKeHbl. [[is aToro
nepexo T Bo BkIanky «Controlsy u Beioupatot: Controls ... Docking. B oTkpbiBiemcst okte
B ctpoke «Correlation Type» BbeiOuparoT «Shape+Electro+tDARS» u HaxumaroT KHOIKY
«Activatey.

JIOKMHT BBIOPAHHBIX MOJIEKYJ 3aHUMAET OKOJIO TPEX MHUHYT, MOCJIE€ Yero Ha dKpaHe
nosiBsatcs Jtydmue 500 koHpopMaluii KOMIUIEKCca, paH)XHUpPOBaHHBIE OT 0oJiee BEpOSTHON K
MEHEE BEPOSATHOM.

4. Tepexomsar Bo Bkiajaky «File» u coxpanstor nepseie 10 crpykryp: File ... Save ...
Range.

5. IoBropsitot miaru 2—4 ¢ daitnamu «1egfr.pdb» u «1tgf.pdb».

6. IlomydeHHble B X0/¢ AOKHHTAa U coxpaHeHHble PDB-(aiibl OTKpBIBAIOT B MPO-
rpaMMe JUTsl BU3yanu3anuu cTpykryp. Cpenu ayqmumx 10 Moaeneit Kakaqoro KOMIUIeKca Bbl-
OHpaloT Ty, CTPYKTypa KOTOPOIl B OOJIBIIEH CTETIEHH COOTBETCTBYET HATUBHOMY KOMILIIEKCY
sMHaepMabHOTO (hakTopa pocTa u ero perentopa (¢pain «kEGF-EGFR.pdby).

7. Iepexoast na cait https://wenmr.science.uu.nl/prodigy/ u B oTKpbIBIIIEMCS OKHE
3arpy»aroT BHIOPaHHYIO Ha IPEIBIAYIIEeM dTare HandoJiee BEPOSTHYIO CTPYKTYPY KOMILIEKca
«EGF-EGFR». Bpoast 3Hauenue Ttemmeparypbl «37°C» W HaXHMAmOT KHOIKY
«Submit Prodigy». B oTkpbIBIIEMCS OKHE HaXOJSAT PACCUUTAHHBIC AJITOPUTMOM 3Haye-
Hus AG (kkan/monb) u Kg mpu 37,0 °C u 3anuchiBaroT ux B Tabnuiry 22. [IoBTOPSIOT TaHHBIHI
mar Jyuisi Hanbosee BEposATHOM cTpykTypbl koMiuiekca « TGF-a—EGFR» u ananusupyrot mo-
Jy4EHHBIC PE3YNIbTATHI.

Tabnuya 22

Paccuntannbie Beauuunbl AG (kxkan/mous) u Kd mpu 37,0 °C nuis Mmojaesieil KOMILIEKCOB

IMUAEPMAIBLHOrO paKkTopa pocra u TpaHchopmupyoiero pakropa pocra aiabga ¢ peuento-
poM snuaepMaIbLHOro pakropa pocra

Kommiekc EGF-EGFR TGF-0-EGFR
AG, Kxaj1/MoIb
Kd

Bonpocs! 115 00cyKaeHus
1. MoxHO 1M mpeanojaraT Ha OCHOBAaHHMHM IOJIYYEHHBIX Pe3yibTaToB, uto | GF-a
sBisieTcst aronuctoM EGFR?
2. Kaxoii Tun nokunra ocymectiseT anroput™ Hex 8.0.0: rulOkuii umm xecTKuii?
3. Tlouemy B anroputme PRODIGY onHMM U3 UCXOJHBIX TAPAMETPOB SIBIISETCS TEM-
nepatypa?
BbiBoa: pacuetHas cBoOomHas osHeprus [mb6ca s kommuiekca EGF-EGFR
, yem nas komruiekca TGF-a—EGFR. Wcxons u3 3Toro, snuaepMaibHBIHI
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(dakTop pocrta obiamaer aGPUHHOCTBIO K PELENTOpy IMUACPMAIBHOTO
(dakTopa pocta, ueM TpaHchopmupyrommii hakTop pocta anbda.

9.3 IN3AMH NENTHUIHBIX IPENAPATOB C IIOMOILLBIO MAKPOMOJIEKYJISIPHOT'O
JTOKHHT A

Jlabopamopnas padoma. llouck 610kaTOpa MOAMEMOPAHHOTO JOMEHA FEMarTIOTH-
HuHa Bupyca rpumnma HIN1 MmeTomom MakpoMOIEKyIsIpHOTO TOKHHTA.

Ilenv pabompr: HATH TPUTIENTHA, OTIMYAIOIIUNCS HAUOOJbIIEH apUHHOCTBIO K
Mo IMEMOpPaHHOMY TOMEHY TeMarTIIOTHHHUHA.

Mamepuanwt u 060pyoosanue: PDB-daiin co cTpykTypoii mogMeMOpaHHOTO JOMEHa re-
marrmotuarHa Bupyca rpummna HIN1 (WI14.pdb), nabop mozeseii TpunentiaoB ¢ GopMHUIIU-
POBaHHBIM U alETUIMPOBAHHBIM N-KOHIIOM; JJISi TPOBEIEHHs JOKMHTa UCHOIb3YyeTCs IMpo-
rpamma Hex 8.0.0, i BE3yanm3anuu MOJTYYEHHBIX KOMIUICKCHBIX CTpykTyp — RasMol
(PyMOL wmu  npyroii anasor), mius pacuera AG (kkan/monb) u Kg pu 37,0 °C — anro-
purm PRODIGY, noctynssiii o cesiike https://wenmr.science.uu.nl/prodigy/.

Xoxa padoThl
1. I'pynna pazOuBaercsd Ha YeThIpe Majible Tpynmbl. Mcxoas u3 nu3BeCcTHOW aMHUHOKHC-
JIOTHOM TOCJIEIOBATENIBHOCTH MMOAMEMOPAHHOTO JOMEHA T'eMarrjloTHHUHA BUPYCa TPHIINa
HIN1 (WMCSNGSLQCRICI) kaxpgas rpymma jelaeT MNpPearooKeHHEe O TOM, KaKO
MMEHHO TPHUIICTITH]I JOJKEH 00J1alaTh K HeW HauOoJbIIUM cpojicTBOM. B Habope ecTh TpH-
nenTuAbl ¢ GOPMUITUPOBAHHBIM U C alleTUIMpoBaHHBIM N-koHIIoM. KomnduecTBO BO3MOKHBIX
aMHUHOKHCJIOTHBIX OCTaTKOB orpanudeHo cienyromumu: H, T, S, D, Q, N, G.
2. OtkpeiBatoT porpammy Hex 8.0.0 u 3arpyxator cTpykrypy perenropa (WI114.pdb)
W JIMTaHJa, JOKUHT KOTOPOT'0 HEOOXOAMMO MTPOBECTH.

J1J1s1 3arpy3Ku CTPYKTYPHI perienTopa nepexoast Bo Bkiaaky «Filey u Beioupatot: File
... Open ... Receptor. B orkpeiBiiemcsi okae BoiOuparoT daitn «WI114.pdb» u Haxkumarot
KHOTNIKY «OK».

Jlnist 3arpy3Ku CTPYKTYpBI JIMTAHAa CHOBA MEPexXoaT BO BKIaAKy «File» u BhIOMparoT:
File ... Open ... Ligand. B oTkpbiBIIeMCsl OKHE BBIOUpAOT (haiin (Ha3BaHue (aiiyia cCOOTBET-
CTBYET aMUHOKUCIIOTHOM mocieaoBaTenbHoCTH: Qaitn « ACNQD.pdby, Hanpumep, npencras-
JsietT co0oi aneTunrpoBanHbiid Tpunenta Asn-GIn-Asp, a daiin «fHTS.pdb» — dopmuu-
poBanHbIii Tpurentua His-Thr-Ser) u Haxxumarot kHOnKy «OK».

3. 3amyckaroT JOKHHT PelenTopa U JUTaHjia, KOTopble ObuH 3arpyxeHsbl. [ aToro
nepexoAat Bo BKIaaky «Controlsy u BeiouparoT: Controls ... Docking. B oTkpbiBIIeMcst okHe
B cTpoke «Correlation Type» BwiOuparoT «Shapet+Electro+rDARS» u HaXuUMarOT KHOMKY
«Activatey.

JIOKMHT BBIOpaHHBIX MOJIEKYJl 3aHUMAeT OKOJIO TPEX MUHYT, MOCIE Yero Ha dKpaHe
nosiBsTcs yumue 500 koHpopmanuii KoOMITIEKca, paHKUPOBaHHBIE OT OoJiee BEPOSTHON K
MEHEE BEPOSATHOM.

4. Iepexonsar Bo Brianky «File» u coxpansior nepByto crpykrypy: File ... Save ...
Range.

5. IoBropstoT maru 2—4 ¢ ocTadbHBIMHU (aillaMu MoJeNell TPUMENTHIOB U pPeler-
TOpa.

6. [epexomsat Ha caiit https://wenmr.science.uu.nl/prodigy/ u B OTKpbIBIIEMCS OKHE
3arpy’karoT MOJYYCHHYIO Ha MPEAbIYIIEM dTare MOJIeIb KOMIUIEKCA TPUIECTITHIA U TTOIMEM-
OpanHoro momeHa. Bmomar 3HaueHue temmepaTypbl «37 °C» W HaXHMAOT KHOIKY
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«Submit Prodigy». B oTkpbIBIIEMCS OKHE HAaXOASAT PACCUMTAHHBIE ANTOPUTMOM 3HAYE-
Husa AG (kkan/mons) u Kqg mpu 37, °C 1 3anuceiBatoT UX B Ta01. 23. [TOBTOPSIFOT JaHHBIH 11ar
JUTSE MOZICTIEH OCTATbHBIX KOMIUIEKCOB ¥ aHAJIM3UPYIOT TOJYUYCHHBIC PE3YIbTaThI.
Tabauya 23
Paccuurannbie BetuuuHbl AG (kkaj/moab) u Kd npu 37,0 °C pJs1 moaesieii KOMILIEKCOB
noAMeMGPAHHOr0 JOMEHA reMarrIoTHHHHA Bupyca rpunna HIN1 u yeTbipex TpunenTuioB

KoMIIeKC ¢ menTuaoMm:
AG, KKan/mMoib
Kyq

Bonpocs! 1151 00cyKaeHus
1. Kakum 3apsigoM oinKeH 001a1aTh MOAMEMOPAHHBIA TOMEH reMarriifoTHHUHA BH-
pyca rpurmma npu pH=7,4, cyas 1Mo ero aMIHOKUCIIOTHOM MTOCIIETIOBATEIIHHOCTH ?
2. Kak BiusieT Ha 3apsj Tpurentuaa GopMUIMpoBaHUE WK aneTiinpoBanue ero N-
KOHIIa?
3. Kakune uMeHHO CBsI3H 00pa3yrOTCsl HA MOJCISIX KOMITJIEKCOB UCCIICIOBAHHBIX TPH-
MENTHIO0B C TOJIMEMOpPaHHBIM JJOMEHOM T'€MarrIIOTHHHHA?
BeiBoa: cpedu uemvipex npomecmupo8anHvlx Mpunenmuoo8 HauboaIbUUM CPOOCMEOM
K noomembpannomy oomeny cemaeemomununa HINI obraoaem , 4mo
MOHCHO 0OBACHUMD
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

0.

PYBPUKAIIUA KOJUVIOKBUYMA 110 ITPEIMETY
«MEJULHUHCKASA XUMMU S

3adayu u ypasHenuss XuMuieckux peaxyu
CriocoObI BeIpakKeHHsI COCTaBa PacTBoOpa.
Peakuuu komiiekcooOpazoBaHusl.
TuTpumeTpu4ecKnii aHaIn3.
OKHMCIHUTENBHO-BOCCTAHOBUTENIBHBIE MTPOIIECCHI.
KonnuratuBHbie cBOMCTBa pacTBOpOB. Teopus cnabbIX 3JIEKTPOIUTOB.
OCHOBBI XUMUYECKOW TepMOIMHAMUKH. 3aKoH [ ecca.
Xumurueckas KHHeTUKA. Teoprst akTUBHBIX cOyAapeHnuil AppeHuyca.
PH B BOAHBIX pacTBOpaXx.
pH B OydepHbIX pacTBOpax.
CrtpoeHue yacThll KOJUIOUJHBIX PaCTBOPOB.

Teopemuueckue gonpocwl

Teopernueckue OCHOBbI THUTPUMETPUUECKOTO METO/Ia aHAJIN3A.
OcMoC 1 0OCMOTHYECKOE JIABIICHHUE.
PH du3nonornyeckux KuaKoCTew.
Bydepnbie cucteMbl opranuszma.
['eTeporeHHbIE paBHOBECHS.
3aKOHBI TEPMOAMHAMUKHU, MOJIEKYJISIPHBIN JTOKHHT.
DIIEKTPOXUMHUS.
[ToBepXHOCTHBIE ABJICHUS.
KonnonHaeie pacTBOpSL.
PacTBopbI O€TKOB.



ITPUMEP 3AJAHUSA HA KOJIJIOKBUYME

1. Haitnute maccy Na:SOs 10H20, xoTopas HeoOXoauma Jjisi MpUroToBiacHus 150 mu
pacTBopa cyibdaTa HATpUs ¢ MOJIIpHON KoHLeHTpanueit 0,04 Mob/11.

2. Hanuiute peakiuio KOMIUIEKCOOOpa30BaHMs B MOJIEKYJISIPHOM U HOHHOU (opme:

AgNOs3 + NH3 —

3. PacTBOp miaBeneBoi KHCIOTHI OTTUTpOBaIH ¢ momombio 0,1M pacTtBopa TUApOKCHIA
HaTpus B pucyrcTBUM Penomndranenna. Ha tutpoBanue 10 M1 pacTBopa 11aBesneBoil KUCIOTHI
yuuio 12,5 mn pactBopa TuTpanTta. Haliinte HOpMallbHOCTh pacTBOpA IIABENIEBOM KHUCIIOTHI.

4. 3aKOHYNTE OKHCIUTEIHFHO-BOCCTAHOBUTENBHYIO PEAKLHUIO U paccTaBbTe KOIPQuIm-
€HTHI B HEH METOJ0M 3JIEKTPOHHO-MOHHOTO OaslaHnca (METOI0M MOJypeaKInii):

KNO2 + KMnO4 + H20 —

5. TemmnepaTypa 3aMep3aHus pacTBOpa, MPUTOTOBIEHHOTO MyTéM pactBopenus 10 r mpo-
naHoBoi kucinotsl (CH3-CH2-COOH) B 100 T Boast, paBaa —2,54 °C. PaccunraiiTe KOHCTaHTY
JUCCOLIMALMKA TIPOMAHOBOM KHCIOTHI, €CIM IUIOTHOCTh MOJIYYEeHHOTO pacTBOpa paBHA
1,03 r/mn. Kpruockonuueckas KoHCTaHTa BoJibI paBHa 1,86 K-xr/morb.

6. Onpenemte AH® peakii My CepoBOIOPOIOM U KHCIOPOIOM (B MOISPHOM COOTHO-
wennu 2:1, coorBerctBenHo). AH% (H2S) = 20,6 xJIx/Moms, AH% (H20) = -285,8 kJIK/MOIb.

7. Bo cKoJIbKO pa3 MOBBICUTCS CKOPOCTh PEAKIIUU MPH MOBBIIIEHUH TeMrepaTypsl oT 20
no 50 °C, ecnu mpendKCIOHEHIIMATbHBIA MHOXKUTENh B YpPaBHEHHHM AppeHuyca ocTalics
MPEKHUM, a SHEprusl akTuBauuu paBHa 20 k//Mob.

8. pK mnaBukoBoii kucnotel (HF) pasen 3,17. Haitnute pH B pacTBOpe M1aBUKOBOI KuC-
noT1hI ¢ MaccoBoit noneit HF, pasuoit 0,01%. [TnotHOCTh pacTBOpa paBna 1,01 r/mi.

9. Onpenemute pH B pacTBOpe, MOTy4IeHHOM B pe3ynbTare godasienus 10 mu 0,05M pac-
tBopa NaOH k 50 mut 0,15M pactBopa ykcycHoU KucioThl. PK 1715 yKCycHOM KUCITOTH = 4,75.

10. HamummuTe cxeMmy CTPOCHUS MHIICIIIBI 307151, MOJIYYEHHOTO MpU J00aBIEHUH K W3-
obITKy pactBopa KCI omnoit kamumu pactBopa AgNO3.

11. BemiecTBo, ¢ UCTIOIB30BAaHHEM KOTOPOTO OTPEEIISIOT KOHIICHTPAIMIO TUTPAHTA TIe-
pea TUTPOBAHHUEM, HA3BIBACTCS .

12. HauOGonpmmii BKJIaJ B OCMOTHYECKOE [aBJIEHHWE IUIa3Mbl KPOBU BHOCST KaTH-
OHBI

13. pH xenyno4Horo coka B HoOpMe HaXOJUTCS B Mpeenax:

14. ns addexruBHoro noanepxxanus PH Ha ypoBHe 5,0 HE00OX0IMMO HUCIIONB30BATh 0Y-
dep ¢ pK crnaboitf KUCIOTHI B Ipeenax OT 10 .

15. TepmomuHammyeckasi KOHCTaHTAa PACTBOPUMOCTH — ITO TIPOU3BEACHNE
KaTHOHOB U aHMOHOB B CTENEHSX, paBHBIX KOA(P(UIIMEHTaM B YpaBHEHUH
ANIEKTPOIUTUYECKOMN JTUCCOIUAIIMU JAHHOTO 3JIEKTPOJINTA.

16. Vpasuenue bonpiMaHna, oTpaxkarolee CTAaTACTHYECKYIO TPAKTOBKY 2-TO 3aKOHA Tep-
MOJIMHAMMKW:

17. Cpenu katnoHoB MeTaioB u3 ||A nmoarpynmsl nepuoguv4eckoil CUCTEMbI HAUMEHEE
TIOJIBFDKHBIMU B BOJTHOM PAacTBOPE SIBJISIOTCS KATUOHBI .

18. TlpuBenute 3 mpuMepa MOBEPXHOCTHO-AKTHBHBIX BEIIIECTB.

19. Komnouanslit pacTBop obnamaer , HO HE yCTONYH-
BOCTBIO.

20. 3apsn 6enka c pl = 4,5 B pactBope ¢ pH = 7,4 6yner
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