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BBE/IEHHUE
JIMCIIHa «XHMHSI» OCBAaHBACTCS CTYAeHTAMH B TeueHHe 108 dacoB. HacTs 3TOro BpeMeHH
(47,25 yac) OTBOAHMTCS HAa CaMOCTOSITEIIbHYIO, HIIH BHeayJAHTOPHYIO, pa0OTy CTYIEHTOB, Jpyrasd yacTh
(40,5 yaca) — »TO aygHTOpPHBIE (POPMBEI paboTHl (JIEKIIHOHHBIE H JIa0OpaTOpHbIE 3aHATHSI), KOTOPBIE
OPraHH3YIOTCS HEIIOCPEACTBEHHO IPEIoJaBaTelIeM.

JlJabopaTopHoOe 3aHSATHE SBIAeTCSI BakHeHImed (OPMOH YCBOEHHS 3HaHHIL. OYeBHIHBI TPH
CTPYKTYPHBIE €ro 4YacTH. IpeJBapsrornas (ITOATOTOBKAa K 3aHSATHIO), HEITOCPeJCTBEHHO cama padoTa
(BBITIONIHEHHE ITPaKTHYeCKOH 4YacTH) H 3aBeplIarolnas 4dacTh (padoTa CTYAEHTOB IIO0 YCTPaHEHHIO
O0CHapYKHBIIHXCS ITPOOEIOB B 3HAHISX).

JIabopaTopHOe 3aHATHE SBIISIETCS CPeACTBOM IIPOBEPKH 3HAHII, OTPAOOTKH ITPAKTHYECKHX HABBIKOB
10 JHCIHUIUIHHE. BBIMOIHSA 1ab0opaTOpHYIO paboTy, CIYIIATEIH JOIKHEI II0Ka3aTh YMEHHE BBIIEIIHTD
OCHOBHBIE ITONMOKEHHS, H3VUHTh HMX JCHCTBHE Ha IIPAKTHKE, a TaKKe Jellarh IMPaKTHYeCKH 3HAaYMMEBIE
BBIBOJIBI H3 TEOPETHUYECKHX TTOJIOKEHHI.

Ko BceM mabopaTOpHEIM 3aHSATHSM JaH IepeyeHb HaHOoIee BaXKHBIX BOIIPOCOB, HEOOXOMHMBIX IS
YCBOEHH S, a TaKXe IIPHBEIAEH CITMCOK OCHOBHOH M JOITOIMHHTEIBHOH JIIHTEPATYPhl, HEOOXOMHUMOH IS
H3YVUEHHA.

J171s1 BEIIOIMHEHHM S ITabopaTOpHOH padoThl HeOOXOAHMO BECTH KOHCIIEKT B OTJIEIIBHOH TeTpaaH. T aKoH
KOHCTIEKT MOKET OBITh B (DOpMe IUIaHa ¢ OITHCaHHe IETH pabOoThl, OCHOBHBIX MAaTEPHAJIOB H 000D Y OBAHHS,
SKCITEPHMEHTA H BBIBOJIA.

Ecmu cioyiarens He BBIITOIHIII J1a00paTOpHYIO PaldoTy HIH ITPOIIYCTHII €r0 IT0 KAKOH-TO ITPHYHHE
(B TOM umcle M IO OolesHH), OH 00s3aH BO BHEYPOUHOe BpeMsd OTpadoTaTh €€ OTUHTAThCI Iepe]
IIpeIogaraTelieM, BEAVIIHNM 3aHATHE B IpyIaie. [I[pH BOSHHKHOBEHHH TPYAHOCTEH ITPH H3YYEHHH Kypca,
HeOOXOMHMO TIOCETHTH KOHCYJIbTAI[MIO IIPEIOJaBaTelsl, BEAVIIErO 3aHATHS, B COOTBETCTBHH C
rpapUKOM KOHCYJIbTAI[HI, KOTOPBIH HMeeTcsd Ha Kadelpe  TeXHOJOIHH IIPOAYKTOB ITHTaHHS H

TOBAPOBCACHHA.
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SNEKTPOHHOW NOAMNWMCLIO
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JladbopaTtopHasn padora Ne 1
Tema 1: Kitacchl HeoOpraHu4ecKHX coeJHHEeHNH

Ilens padomeot: HB}"‘IHTB XHMHYECKHE CBOMCTBA OCHOBHBIX H KHCIIOTHBIX OKCHIOB H ITOJIYHACMBIX H3

HHIX THAPOKCHAOB, HAYUHTIBCA IIHNCATh YPABHCHIA pEElKL[Hﬁ B MOJICKVIAPHOM H HOHHOM BHIC,
ITOJIYHUCHHE H CBOHCTBA ﬂhI(bDT CPHOI'O THAPOKCHAA, ITOJIIVUHCHIIC HEPACTBOPHMEBIX B BOJC OCHOBaHHI.

Dopmupyemobre kKomnemernuuu: OIIK-1

TEﬂpEﬂIHHECKﬂH ygacms: B XIMIH Bce I'vﬂ-IDI"DﬂﬁpEIBHE HCOPI'aHHYCCKHX BCIICCTIB. ITPHHATO Pa3ACiIATD

Hda JABC IPYIOIBEI — IIPOCTBEIC H CIIOMKHBIC. HPGCTLIE BEIIECTEA IIOJAPA3ACIIAIOTCA Ha MCETAILIIBI H
HeMeTalllmbl. A CIOXKHBIE — Ha ITPOH3BOJAHBIC OT ITPOCTHIX, OﬁpﬂBGBElHHLIE IIYVTEM HX B3aHMOJICHICTBHS C
KHCIIOPOAOM, BOZIOH H MCHELY COOOH. BT}" IﬂIﬂEGIId)IIK&LUIID HEOPI'aHHYCCKIX BCIHICCTE B BHJAC CXCMEI

H300pakaroT CIEAVIOIHM 00pa3oM:

l'l[‘l!pl’ﬂl[ll'l(‘fl{llﬂ Beiecina

[IpocTuie BemecTBa

' ' ' + Y '

(o HBIe REILEeCTRA

Mennam Hemeraan el ORCH b OcHOBAHNH KHc1om Coan
( marpanit { cepa , xaop , Ca0 , S0, || NaOH, KOH, | |1IC1, 11,80,,| | KC1, NallCO,,
e et ) KHCIOPOT ) o - Fe( OH), HMn(), MgOHCH

OKCHM/BbI (okHCIBI) - CIIOXKHBIE BEIECTBA, COCTOSIIHE H3 JBYX 3JIEMEHTOB, OJHHM H3 KOTOPHBIX
SBIISIETCS. KHCIOPOX B CTEIEeHHM OKHCIEHHS, paBHOH -2. OGImas ¢opMyna To00ro OkcHAa - DOy
Pasmiuaror coneobpa3zyrorue (ocHoBHBIE: Li2O, CaO, MgO FeO; amdorepnrie: ZnO, AlO3, SnO,,
Cr203, Fe20s; xucnoraeie: B203 , SOz , CO2, P20s Mn207) u HeconeoOpasyromnmme: N2O, NO, CO
OKCHJIBI. 3TIEMEHTHI ¢ TIEPEMEHHOH CTeIleHbI0 OKHCIEHHSI 00pa3yroT HeCcKONIbKO OKCHIOB (MnO, MnOa,
Mn207, NO, N203, NO2, N2Os). B BriclieM OKCHJE, KaK ITPaBHJIO, 3IeMEHT HaXOJHTCSI B CTelleHH
OKHCIIEHHS, PABHOH HOMEpPY IPVIIBL. [[0 COBpeMEHHOH MEXIVHAPOIHOH HOMEHKIIATYpe Has3BaHMS
OKCHJIOB COCTABIISIOT CIIEAVIOIIMM OO0pa3oM: CJIOBO «OKCHI», Jallee PYCCKOE Ha3BaHHE 3IIEMEHTaA B
POIUTEIILHOM ITaJIeKe, CTETIEHh OKHCIIEHHS AIIeMeHTa (ecln oHa repeMeHHa). Hamprumep: FeO — okcup
xenesa (II), P2Os — okcna pocopa (V).

OCHOBAHM? — ci1oXHEBIE BEIECTBA, B KOTOPBIX HAa aTOM MeTalIa IIPHXOANUTCSA OAHA HIIH HECKOJIBKO
rugpokcorpyrm OH . CremneHb OKHCIIEHHS aTOMOB MeTaJia oOprdHO +1, +2 (pexe +3). O6mas popmyna
ocHoBaHMIT Me(OH):, TAe X — 4YHCIO THAPOKCOIPYIIII — KHCIOTHOCTh OcHOBaHHSI (MeOH -
omgHokHcnoTHoe, Me(OH), — neyxkrcrnorHoe , Me(OH)3 — TpeXKHCIIOTHOE OCHOBAHHE).

HaseaHI A 0CHOBAaHYIsEMT [AFDP @I IYIOIINM 00pa3soM. «THAPOKCHI», 3aTeM PYCCKOE Ha3BaHHE MeTalllla B

SNEKTPOHHOW NOONMUCLIO
I%GHIPPEHLHGMH&J@H{EJ}&%GEF?@FIFHX PHUMCKIMH ITH(QpaMH — CTelleHb OKHCJIEHHS, eCIIH OHa ITepeMeHHasl.

Hampimnvep: KOH —uapokcnp xamms, N1(OH)z — rugpokcny Hukens(II).
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KN CJIOTbDI — crnoxHpie BellleCTBa, MOJIEKYIIBI KOTOPEIX COCTOST M3 OJHOrO MJIM HECKOIBKIX aTOMOB
BOIOPOJIa H KHCIIOTHOIO ocTaTkKa. CocTaB KHCIOT MOKET OBITh BEIpaxkeH oOImeH ¢popmynod HxA, roe A
— KHCIIOTHBIH OCTAaTOK. ATOMEI BOAOPOAa B KHCIIOTaX CITOCOOHBI 3aMEeIaThCcs HIIH OOMeHHBAThCS Ha
aTOMBI METAIUIOB, ITPH 3TOM 00pa3yIOTCSI COIIH.

Ecnn xucnora cofepKHT OJHH TaKOH aTOM BOJOpPOAa, TO 3T0 ogHoocHOBHAS kHciaora (HC - comsaHas,
HNO; - azornas, HCIO - xmopuoBarmcrag, CH3COOH - ykcycHasg), ABa aToMa BOJOpOAa -
IBYXOCHOBHBIe KHCIOTEI. H>SO4 — cepnas, H,S - cepoBomopomHas, TpH aroMa BOAOpoOJa -
TpexocHoBHBIE. H3PO4 — opTodocdopHast, HiAsOs — OpTOMBIIIESIKOBAS.

B 3aBHCHMOCTH OT cocTaBa KHCIOTHOI'O OCTaTKa KHCIOTHI MOApa3fellsIIoT Ha OeckHcrnopomHbele (HaS,
HBr, HI) u xmcnopoaconepxanie (H3POs4, H2SO3, H2CrO4). B Monekynax KHCIOPOACOAePIKaITHX
KIHCIOT aTOMBI BOJOPOJIa CBS3aHBI Yepes KHCIOPOJ € IeHTpalbHBEIM atomMmoM: H — O — 3. HazpaHusg
OECKHCIIOPOIHBIX KHCJIOT OO0pa3sVyIOTCS H3 KOPHS PYCCKOrO Ha3BaHHS HeMeETallla, COeIHHHTEILHOH
ITIaCHOH -o0- H cjoBa «BogopomHas» (HaoS — cepoBomopomnast). HasaHHSI KHCIOPOACOEP KaIIHM
KHCIIOTaM JaloT TaK: ecld HeMeTamwl (peXe MeTalll), BXONSIIMH B COCTaB KHCIOTHOIO OCTaTKa,
HAaXOJUTCS B BBICIIEH CTEIIEHH OKHCIIEHHS, TO K KOPHIO PYCCKOIO HaszBaHHSI 3JIeMEHTa J0O0aBIISEOT
cyP(PHKCHI -#-, -e6-, HIIH -06- H Jallee oKoHYaHHe -as- (H2SO4 — cepHasg, H,CrO4 - xpomoBast). Ecin
CTelleHb OKHCIIEHHS IIeHTPalIbHOI'O aTOMa HHJKe, TO HCHOIb3yeTcd cydppukc -ucm- (HxSO3; —
cepHHcTag). Ecmm HemeTamnm oOpazyeT psan KHCIIOT, HCIIONB3YEOT H ApyrHe cypdukcel (HCIO —
xnopHoeamuicmast, HC10; — xmopucemast, HC1O3 — xnmopHoeamast, HC1O4 — xmopras).

COJIN — uoHHBIE COEJHHEHHS, COCTOSIIHE M3 KaTHOHOB MeTalIOB (MJIIH aMMOHHS) H aHHOHOB
KHCIOTHBIX OCTAaTKOB. JI0OYIO COIb MOXKHO pacCMATpHBATh KaK IPOAYKT PEeaKIMH HEHTpaH3aliii
OCHOBAHHS KHCIOTOH. B 3aBHCHMOCTH OT TOrO, B KAKOM COOTHOIIIEHHH B3STHI KHCIIOTa H OCHOBAHHE,
MTONIYYArOTCsI CONU: cpednue (ZnSO4, MgCly) — IpOAYKT ITOTHOH HENTpaM3allii OCHOBAHI S KHCIOTOH,
kucavte (NaHCO3;, KH2PO4) — ripu m30b1TKE KHCIIOTHL, ocHogHble (CuOHCI, AIOHSO4) — ripH H30BITKE
OCHOBaHHS. HasBaHHS coleH IO MEXAYHAPOAHOH HOMeHKIaType o0pa3yiOT H3 JIBYX CIOB. Ha3BaHHS
AHIOHA KHCIIOTHI B HMEHHTEIBHOM ITaJie’Ke H KaTHOHA METallla B POJHTEILHOM C YKa3aHHEM CTEIleHH
ero OKHCIEHHS, eclIH OHa IlepeMeHHas, pHMCKOH ItH(ppoi B ckoOkax. Hampmmep: Cra(SO4); — cymbdar
xpoma (III), AICly; — xmopun amommHHS. HasBaHHS KHCIBIX colell o0pa3yioT JoOaBIeHHEM CIIOBa
2uopo- WIH oueuodpo- (B 3aBHCHMOCTH OT 4YHCIa aTOMOB BoJopoja B ruapoaHHoHe): Ca(HCOj3): —
ruapokapOoHar kanblmusa, NaH>PO4 - muruapodocdar Hatpnsa. HazBaHHSI OCHOBHBIX COIEH 00pasyroT
H00aBJIEHHEM CJIOBA 2udpokco- WIH oOuzudpokco- . (AIOH)Cla — THIPOKCOXITOPHI AalFOMIHH L,

[Cr(OH)2]2S0O4 - muruapokcocyibdaTt xpoma(lll).
Q0 0pyo 06 aritie U JManePuaIblL;,
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PeakTHuBeI, HEOOXOMHUMBIE I JAHHOH padOThI, BEICTABJIIIOT Ha ITOIKH JTaOOpaTOPHBIX CTOIOB. Peakie
PEaKTHBEI, KOHIIEHTPHPOBAaHHbIE KHCIIOTHI H IIEIOYH, IaxXydHe BelllecTBa (HAIIpHMEP, CEepPOBOIOPOIL,
OpoMHasI BOJla H JIP.) XPaHAT B BEITSDKHOM IIKaQy.

OCHOBHasS XHMH4YecKas Imocyjla; MpoOHPKH (B IITaTHBeE), KOIOBI, XHMHYeCKHe CcTaKaHBI ITOCIE paOOThI
TIATEJILHO BBIMBITH, BECHI C Pa3HOBECOM, IIPHOOPEHI, HCIIOINB3YeMas IS ITPOBEIEHHS OTHEIbHBIX
1abopaTOPHEIX padoT, BEIAAETCA M CHAETCSA YHCTasd j1abopaHTy.

TexHuka dezonacHocmu npu 6 bINOJIHEHUIL J1A0 opaAmopHoil pad omel.

-aKKYpaTHO 00paIarsCcsa CO CTEKISIHHOH XHMHUYECKOH ITOCYAOH. OCTAaTKH pa3zOHTOH ITOCYALI YOHPATh C
ITOMOIIBIO COBKA M INETKH;

-Bce palboTHI, CBSA3AHHBIE C BBIAECIIEHHEM SIOOBHTBIX, JIETYUYHX H HEIIPHITHOIAXHYIIHX BEIIECTB,
ITPOBOJHTH B BRITSDKHOM IIKa(y;

-IIPH OITPEEIIEHHH 3allaXa BEIECTB OTBEPCTHE COCYAa Jep:KaTh Ha paccTogHHM 25-30 cM OT IIHIfa,
HaIpaBIsd K ceOe CTPYIO r'aza IOCTYIIaTeIbHBIMH ABIKEHISMI JIaJJOHH OT OTBEPCTHS K JIHILY;

-IIpH HAJIMBAaHHHM PEaKTHBOB He HAKIOHATHCS HaJ COCYAOM BO H30eKaHHMe ITONaJaHHs OpbI3r HIIH
YACTHI[ HA JIMI[O HIIH OJeKIY. IIpH pa30aBIIeHHH KOHIIEHTPHPOBAHHEIX KHCIIOT BIHBATh KHCIIOTY B BOAY,
HO He Hao0OopoT;

-IIpH HarpeBaHHH ITPOOHPKH He JepKaTh €€ OTBEPCTHEM K cede IIH B CTOPOHY COCela. He HAKIIOHAThCS
HaJl HarPEBRAEMOH KHIKOCTRIO BO H30eKaHIe TIoMafaHms € Ha JIMI0, PYKH IIH OJEKIY,;

-TOpSIUHEe TPeJAMETHl MOKHO CTAaBHTh TOIBKO Ha acOECTOBBIH KapTOH, acOeCTHPOBAHHVIO CETKY HIIH
IPYTVIO CITEIHAIBLHYIO ITOACTABKY;

-Helb 34 ITONB30BATHCA AeKTpornpHOopaMH 6e3 COOTBETCTBVIOIIETO HHCTPYKTaKa. ITPH BKIIFOYEHHH HX B
CETh Hellb34 JIepKaThCs 32 MeTaUIHYecKHe IMPeAMETHI (TPYOBI, KpaHbI H T.I1.). 3allpelllacTCsa BKIIFOYaTh 1
BBIKJIFOUATH SIEKTPOIIPHOOPEI MOKPBIMH pPyKaMH, a TaKKe IIO/Ib30BAaThCSI HEHCITPABHBEIMH  HIIH
HMEIOIIHMI OT'OJIEHHEIE ITPOBOA ITPHOOpaMI;

-3aMpeInacTcs IMPHHUMATE IHINY B XHMHYeCKOH J1a00opaTOpHH H IHTH BOAY M3 1a00paTOPHOH TTOCYIEL. -
-KaTerOPHYECKH 3arpelraeTcs ImpodoBaTh peakTHBE Ha BKYC;

-IIPH TIOMAJaHHKM Ha JIMIO HIM PYKH OpPBI3T KOHIIEHTPHPOBAHHEIX KHCIIOT IIOCIIE CMBIBAHHS BOIOH
IIPOMEITE CIIa0BIM PacTBOPOM COABI. INENOYH CIEAYET CMBIBATh O TEX IIOP, IMOKa YYACTOK KOXKH, Ha
KOTOPBIH OHa IIoIlana, He IepecTaHeT OBITh CKOIB3KHM, 3aT€M IIPOMEITE CIIa0BIM PacTBOPOM YKCYCHOH
KHCJIOTBI H HAJOKHTh ITOBSI3KY H3 BaThl, CMOYeHHOH 3%-HBEIM pacTBOPOM IlepMaHTaHaTa Kamusa (M3
arTevyKH B TaOOpaHTCKOH KadeIphl);

-ITO OKOHYAHITH pﬂ,ﬁﬂTH BBIKIITOYIITE H3 CCTH BCC BHEKTPGHI)HﬁDpLI:, IICPEKPLBITE I1OJATY I'd3d H BOJbL B

nabopaTopHIO U YRRA%E RARNIESE MECTO;

SNEKTPOHHOW NOANMWUCHIO
000BEEX HECHACTHERECTYHaEX HEMOMASHHO cOO0MATh MPEIo[aBaTelNto WIH Ja00paHTYy.
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OneIT Nel. KHCIIOTHO-OCHOBHEBIE CBOHCTRBAa OKCHIIOB

PactBopure B BOJIE B ONHOH ITPOOHPKE OKCHJ KalbIlMs, B APYIOH - JHOKCH] VITIEpoJa. B IepByro
IMPOOHPKY HOO0ABBTE INEITOTKY Iopormka CaO, 2-3 MI JHCTHIUIMPOBAHHOH BOJBI M B30ojTante. Bo
BTOPVYIO ITPOOHPKY € 3-5 MJI JHUCTHJIMPOBAHHOH BOJEI IPOITYCcTHTE TOK CO2 m3 GaluioHa WIH armrapara
Kummra. B xaxayro npoOupky mgodaBbTe 2-3 Kalum JTaKMyca H IO IBETY HHJAHKATOPa OIIPEJelHTE
XapaKTep IMOIMYUEHHOT0 pacTBOpa. CaenanTe BEIBOJ O KHCIIOTHO-OCHOBHBIX CBOMCTBAX JAHHBIX OKCHIIOB
H TIONYYEHHBIX THAPOKCHAOB. Harmmmmure vypaBHeHMS peakiimd. Mccneayirte B3aHMOIESHCTBHE
PACTBOPEHHEBIX THAPOKCHIOB APYT C APYTOM H C PACTBOPOM CEPHOH KHCIIOTHI.

OnbIir Ne2. KHCIIOTHO-OCHOBHBIE CBOHCTBA THAPOKCHIOB

K pactBopam comneli N1SO4 u NaxSiO3 (2-3 m1) goGaBeTe Takoe ke KommdecTBO INEnoun (NaOH) u
kucinoTel (HCI). Ilpn BeITafieHHH OCaZKOB TPYAHOPACTBOPHMEIX THIPOKCHIOB HHKEISI H KPEMHHS
YCTAHOBHTE HX KICIOTHO-OCHOBHBIE CBOICTBa, IpHOaBrmIa K ocagkaM HCl u NaOH. Harmmmmirte
YPaBHEHHS PEAKINIIL B MOIIEKYIIIPHOM H HOHHOM BHIE.

Onbir Ne3. [TomydyeHne H cBOHCTBA aM(OTEPHOTO THAPOKCH A

B npoGupky HaneiTe 2-3 MII pacTBOpa XJIOPHJA XpoMa HIIH XJIOPHJa alfOMHHHSI (II0 BEIOOPY) H IIO
KarusiM ITpHOaBiigiiTe pactBop mémoun (NaOH mnm KOH) mo oOpa3zoBaHHS YCTOHYHBOIO OcajKa.
Pasgemite ocagoK Ha JBe MPOOHPKH: B OIHY IIPIIIEHTE PacTBOP INEIOYH, B JPYTVIO - PACTBOP KHCIIOTHI
110 pacTBOPEHI S ocagKa. CaenanTe BEIBOJ, COCTABhTE VPABHEHM A PEAKIIHIL.

OnbIir Ned. [JonydeHHe HEPACTBOPHMEBIX B BOJAE OCHOBAHHIH

B orpensHBIE TPOOHPKH HallelTe IO 2-3 MII pacTBOPOB XIIOPHAA Kelesa, Cylb(aTa MeIH H cyib(daTa
Mar”Hus. lIpmienTe B Kaxayro IpoOHPKY I10 KaIUISIM pacTBOP INENOYH. COCTaBbTE YPaBHEHHS PEAKI[HI,
OTMETHTE I[BET BBIITABIIHX OCAIKOB.

Onbir NeS. KHCIIOTHO-OCHOBHBIE CBOHCTBA COIIEH

A. CBOHCTBa KHCJIOH COMIH. [[JIS IOIYUYEHHS KHCIIOH COIH HCIIONIB3YHTE PAacTBOP THAPOKCHIA KaJIBI[HS
IWIH OapHs U JHOKCHJ yriepoga. Kakon U3 yKa3aHHBIX PeaKTHBOB CIEAVET B3SATh B H30BITKe? OOpaTHTe
BHIMAHHE Ha TO, YTO ITpH ITPOITyCKaHHH Toka CO; 4yepe3 pacTBOpP THIPOKCHAA BHayajle oOpa3yeTcs
OCaJIOK CpeJHEH COIHM, KOTOPBIH IIPH JalbHEHINEM ITPOITYCKAHNH JHOKCHIA VITIEPOJia PacTBOPSETCS U
IIEPEXOOUT B PacTBOPHMBINI THApoKapOoHaT. COCTaBhTE VPaBHEHHS peakiuil. YeM HYXHO
TIToJIeHCcTBOBaTh Ha rHApoKkapOooHat (pactBopoM HCl mmm NaOH), 4ToOFI mepeBecTH ero CHOBa B OCaJ 0K
CpeJHeH comH?

B. CpolicTBa OCHOBHOH cOmMH. /[ ITOTy4YeHHS OCHOBHOH COIHM HCIIONB3YHTE PacTBOP Cyib(daTa MemIH,
n00aBIIsIsI K HeEMY II0 KaruraMm pactBop NaOH u mepemenmBasg cOAepKHMOe ITPOOHPKH CTEKIISHHOH
anoyKoi. TIpH HEARGT ATKS dUsTOUH 00pasyeTca OCajlok OCHOBHOTO Cymb(aTa Mequ. Kakoro I(sera

SNEKTPOHHOW Noanuvceo . i
FEOTHOCAI Ok oth KaAKABs COCTAR COmdshdolpiisIaIb HEHIIIEM IIPHOABJICHHH IIETTOYH H3MEHSAETCS I[BET OcajKa

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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(Ha KakoH?) B CBS3H ¢ OOpa3zoBaHHeM THApoKcHAa. CoCTaBbTe YpaBHEHHS peakipii. OTYET IO
Ta0OpaTOPHOH padoTe 0pOPMHTE Ha JIBYX Pa3BEPHYTHIX IHCTax TeTpagr (J1ad0opaTOPHOIO KypHaa).

Tpebosanusa K oghopmiieHIo 1ad0p amopHoil pad onsl 1 OMUenty.

| .BeimonmHeHne m1adopaTOpHBEIX PadoT COMPOBOKIAIOT 3armcsaMH B IadopaTopHOM KypHaine. Ha
TUTYIIBHOM JIHCTE JIaDOPAaTOPHOIrO KYpHalla JOIKHBI OBITH ITPEJCTABIIEHBEI. Ha3BaHHE YHHBEPCHTETA,
(paMIUTHSI M HHHI[HAIIEL YYaIerocs, HoMep Kypca H TPYITOIbI, Y4eOHBIH TOfT.

2.0T4YeT O BBIITOJIHEHHOH JTadopaTOpPHOH padoTe JOIKEH COAEPAKATh CIEAVIOLIIE CBEACHHS:

*HOMEP padoTEHI U €€ Ha3BaHHE,

*IaTy BBIIOITHEHHS pabOThI,

*I[eTIb PAdOTHI;

*000PYIOBAHHE M MaTEPHAIIBL,

*KpaTKOE TEOPETHYECKOE OIMMCaHIE,

*HOMEDP H Ha3BaHHE OIBITA,

*KpaTKOe OIMHMCaHHe Xo/a paboTHl ¢ YKa3aHHEM YCIIOBHI IIPOBEIEHHS OIIBITA,

*PHCYHKH H CXEMEBI HCITIOJIb3YEMBIX IIPHOOPOB,

*HaOIIOJcHHT,

*ypaBHEHH S IPOTEKAIOIIHIX PEaKIIHIT,

*PacYETHL, TaOIHIEI, I'Pad)KH,

*BBIBOJIBI.

3.JIaBopaTOpHEIH KYPHAI HYKHO BECTH YHCTO H aKKYPaTHO, 3aIIHCH JOIKHBI OBITH JIAKOHITYHBIMII.
4.OTYET O IIPOBeAEHHOM padoTe MPOBEPSET H ITOAITHCHIBAET ITPEIIOAABATEND.

5.K cmaue 3auéra 1o malopaTOpHOMY TIPAaKTHKYMY JOITYCKAIOTCS CTYIAEHTHI, BBITIOIHHBIIIE H
IIOAIIMCABIIME Y TIPEIoJaBareild BCe AOMAIIHHE M J1adopaTopHBIE PalOTEHI, CHABIINE KOIUIOKBHYMEL
AKTHBHO YYaCTBOBARBIIIHE B padoTe CEMHHAPOB.

6.CTYIEHTHI, ITOIYUYHBIIHE 3a4ET I10 Ta80paTOpPHOMY IPAKTHKYMY, HOITYCKAIOTCS K claue SK3aMeHa II0
KYPCY HEOPraHHYECKON XIMHH.

K OHMPOJiIbHbBIE 601D OCHI .

1. OCHOBHBIE KIaCCHl HEOPraHHYECKHX COoeqHHEeHII. M exXIyHapoaHas HOMEHKIATYpa.
2. OKCHIBI H THAPOKCHJIBI XpOMa

3. Exxue menouun

4. ConH HaTpHS H KallHsg

5

OO0I11asg XapaKTepPHCTHKA ITOATPYIIIELI OePIILTHA

6.  Kamb1pih HagoiasHis B TPHPOJE, QHU3HIECKHE, XIHMITYECKHE CBOHCTERA.

SNEKTPOHHOW NOAnwvCkLIO
cemeHQKﬁ&hﬂoﬁﬁﬁﬁﬂpmﬁ@HﬂammmaE

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

8. Comnn kampimg
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Cnucox um epamypasl.

1. Heopranmueckass XxuMug | 3IeKTPOHHBIH pecype| : madopaTopHeii ITpakTHKYM / C.A. CokoJioBa [H
op.]. — DIeKkTpoH. TeKCTOBBIe JaHHBIE. — BopoHek: BopoHeXckHH ['ocymapCTBeHHBIN ATpapHEIH
YHueepcurer uM. Mmmeparopa llerpa Ilepsoro, 2017. — 93 ¢. — 2227-8397. — PexuMm gocTyria:
http://www.iprbookshop.ru/72709.html

2.Heopraumdeckas XumMus | OIeKTpPOHHBII pecypc| : madopaTopHslit mpakTHKYM / O.B. J[psKOHOBa [H
Ip.]. — ODONeKTpoH. TeKCTOBBIE JaHHBIE. — BopoHek: BopoHexkckmi ['ocymapCcTBeHHBIH ATpapHBIH
Yaueepcurer M. Mnmeparopa Ilerpa Ilepeoro, 2016. — 150 ¢. — 2227-8397. — PexuM A0CTyIIA:
http://www.iprbookshop.ru/72708.html

JlabopaTopnas padora Ne 2
Tema 2: OnpeneieHHe S3KBHBAJIEHTHOH MAaCChI IIHHKA

Iens pabdbombi: I/IB}"‘IHTL YCTAHOBKY H MCTOAHKY OIIPCACIICHIIA SKBHBAJIEHTHOH MAacCChl I[HHKa IIO

KOJIIMYCSCTBY BOJOPOAd, BEIACIIIOICIOCA B XOJAC PCAKITHI I[HHEKA C COJISIHOH KHCIIOTOH.

Dopmupyemsle _kKomnemernyuu: OIIK-1.

Teopemuvueckasn yacms.:

3 3akoHa IIOCTOSHCTBA COCTaBa, KPAaTHBIX H OOBEMHBIX OTHOIIEHHH CIEAYET, UYTO 3JIEMEHTEI
COEHHSIIOTCSA APYT C APYTOM B CTPOrO OIPEAeiIEHHBIX KOIMHYECTBEHHBIX COOTHOINEHHSX, KOTOpPBIE
Ha3bIBAIOT SKBHBAJICHTAMH MM SKBHBAJIIEHTHRIMH MaccaMH. /[ OIpeleleHHs SKBHBAJIEHTOB U
SKBHBAJIEHTHBIX MAacC HYKHO 3HaTh, YTO TAaKO€ MOJIb H MOJIbHAsA Macca. MoJb- 3T0 KOJIMYECTBO
BEIECTBA, B KOTOPOM COAEPKHUTCS YHCIIO YACTHI[ JIFOOOr0 OIPEAEIIIEMOr0 COpTa, PaBHOE ITOCTOSHHOM
Asorazapo (6,02 -10%%). Hammprmep: 3 -10** MoekylI BOAbI COCTABAT 5 Monb. MossHaa (MoniapHas)
Macca BellleCTBa B I'PpaMMaxX YHCIIEHHO paBHaA er0 OTHOCHTEIIbHOH MOIEKYILIPHOH (aTOMHOH) Macce,
BBIpaKeHHOH B aTOMHBIX eJHMHMI[aX Macchl (a.e.M.). Macca 1 MO BemecTBa BEIpaKaceTCcSd B I/MOIIb.
Harprmvep: mormsspHasa macca H>O 1 atomMHass Macca KHCIOpoJa COOTBETCTBEHHO paBHEI 18 1 16 a.e.M.,
HX MOJIbHBIE MAcCHl paBHEI 18 r/Monb U 16 1/MOIb. IK6usaneHmom 3nemerma Ha3bIBaeTCS TaKOe €T0
KOJIMYECTBO, KOTOPOE COEMHHSETCSA 1C MOIEeM aTOMOB BOAOPOJAa HIIM 3aMEIaceT TO K& KOIMYECTBO
aTOMOB BOAOPOJa B XMMHYeCKHX peakiHax. Hamprmep, B coemuHennsax HBr, H,O, PH3 skBHBaieHTH
OpoMa, KHcIIOpofa, (ocdopa COOTBETCTBEHHO paBHBI 1 Moimb, 1/2 momb, 1/3 moms. Macca OgHOTO
SKBHBAJICHTA HA3BIBACTCS €I0 IK6UE WICHMHOU Mmdaccoil. Tak, B IIPHBEJICHHBIX BEHIIE IIPHMEpax,
SKBHBAJIEHTHBIE Macchl Opoma, KHcIopoaa, ¢gocopa COOTBETCTBEHHO paBHBI 79,9 r/mons, 16:2 = 8
I/MONb, 31:3= 10,3 I/MONIb. IKeuUSAIEHMOM CLOHCHO20 6euiecméd HA3BIBaeTCs TaKOoe ero KOIHYECTRO,

KOTOpPOEC B3dHM FABEROCTaTKa ¢ OJHHM SKBHBAJIEHTOM BOOOpOAd4d HIIM ¢ OJHHM SKBHBAJICHTOM
SNEKTPOHHOW NOONKUCLIO

Jﬁﬁﬁﬁfﬁmﬁﬁﬁ%%%ﬁ?@ﬂ%%ﬁﬁ%%ﬂ”@ﬁ%amme C OIIpeJleTIEHHEM SKBHBAIEHTHBIX MAacc, IIPOBOISTCS

Bnaneneu: ebayxoea TaTeAHa AnexkcaHgpoBHa

10 3aAKOHY IK6U6AeHmOo6. MacChl (00beMBI) PpearHpyIONMX JApyr ¢ JPYIOM  BEMIECTB,
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IMPOIMOPIHOHAIIBHBEL HX 3KBHBAJICHTHBIM MaCCaM (Gﬁ'BEME]LI). MareMaTHyeCcKH 3aKOH

3aBHCHMOCTBIO:
m, m, \f’l V 9
= WU 0418 2a3o8 =
J ] J 2 VEFHE. 1 V:H{S. .

rae: m, (V) - Mmacchl (00BbeMBI) PearHPYIOIIHX BEIIECTB;
3, (Vaxs ) - B3KBHBaJIEHTHBIE Macchl (0OBEMBI).

BI'EI[BHHEHTH}’TO MACCY IIPOCTOI'O BEIIECTBA MOKHO BBIYHCIIHTE ITIO (prLI}’HEZ

I'ac F - MOJIbHAA MACCa daTOMd JJICMCHTA,
B - BalIeHTHOCTB AIIeMeHTa.

TEII{:. HaIIPHMCP, SKBHBAJICHTHBIC MdCChI BOJOPOA4 H KHCIIOPO4d COOTBECTCTBCHHO PdBHDBI.

, 1 L _16
Iy :1 =12/ moib 9, = )

=b 2/ MO/1b

OKBHBAJIEHTHBIH 00BEM raza MOKHO BEIYHCIIHTD ITO (POPMYIIE:

_9 M
Vare. =504

TEII{:, HAIIPHMED, SKBHBAJICHTHEIC 00BEMBI BOOOPOAd4d H KICJIOPOJd COOTBCTCTBCHHO PABHBEI:

. :£ =11,2 4/ mons V. . :£ =5,6.1/ Movib
T 224 © 224

OKBHBAJIEHTHBIE MAaCChI CIIOKHBIX BEI[ECTB MOKHO BEIYFH CIIHTH ITIO (prI\MElIMIZ

r ) — ‘WI oxcuda Ty H r — ﬂ.rf KUCAamol l + KALCT. GO CLITLR
“Yowcuda 2 . B “ructombl . B
n{} ”H WA, Qe AR
- Mm‘.nnmmm _ M r + -I 7 r _ M O _ P"tj T + M KL, O T IR
S oenowens - oana T -
“GH B BM& '”Me B Bmm.-::lm;-mmxﬂ

BBEIPAKACTCA

nop, NoH, NMH, NyMe — HTHCIIO ATOMOB KHCIIOPOd4d, I'HAPOKCHIIbHBIX I'PVIOI, 4aTOMOB BOJOPOdd, MCTAJllld

COOTBCTCTBCHHO B OKCHIC, OCHOBaAHIMH, KICIIOTC, COJIH, B — BAJICHTHOCTE, 8 — SKBHBAJICHTHAS Macca

KHCIIOPOAAa., ] — sSKBHBalIeHTHAa Macca BOOJOPOI4, 17 — sSKBHBaJIEHTHAs Macca I‘H,I[pGI{CHJILHGﬁ I'PVILIIBIL.

Qb opyd 08 arue U Mamepuabl.

PeakTHREI, HEOOXOMHUMEIE IS JaHHOH padOTHI, BRICTABJISIIOT Ha ITOJIKH I1a00paTOPHEIX CTOIOB. Peakie

PEAKTHBBI, KOHILICHTPHPOBAHHEBIC KHCIIOTBI H IT[ETIOYIH, IMaXyiHe BCIICCTBA (HEIHPHMEP:, CEPOBOAOPO/,

OpoMHasI BOZa M JIP.) XPaHAT B BRITSDKHOM IIKa(y.

OCHOBHAaS XHMI . TIpPOOHPKH (B IITaTHBE), KOIOBI, XHMHYECKHE CTaKaHBI ITOCIe PadoThI
3 3

3NEKTPOHHOW NOANMCLIO

T1iaTedbH Q CEBbIMBETELS EBECHIE 7€ APABHORBE GO M, ]’[pHﬁGpLI: HCITOJIB3YEMaAA JJIA ITPOBCACHHA OTACIIbBHBIX

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Ta0opaTOPHBIX PadoT, BEIAAETCA H CHaeTCs YHCTas 1a0opaHTy.
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TexHuKa 0 e3onacHocmy RPU 6 bINOJIHEHUU J1A0 OpANOPHOIL_DADONblL.

-aKKVypaTHO 00paIarbcs cO CTEKISIHHON XIMIYECKOH ITOCYAOH. OCTAaTKH Pa3OHTOH ITOCYABl YOHpPaTh C
TIOMOIIBIO COBKA M INETKH;

-BCe paloOTHl, CBS3aHHBIE C BHIAEIIEHHEM SIAOBHTHIX, JIETYUYHMX M HEINPHITHONAXHVYIIHX BEIINECTR,
ITPOBOJIHUTE B BBITSDKHOM IIKa(y;

-TIIPH OIPeJelIcHHH 3allaXa BEINeCTB OTBEPCTHE cOCYa Jep:KaTh Ha pacCcTOSHHH 25-30 c¢M OT JIHI[a,
HaIpaBIIssa K ce0e CTPYIO ra3a IOCTYIIaTEIbHBIMH IBIZKEHHSIMH JIaJOHH OT OTBEPCTHS K JIHIY;

-IIpH HAJIMBAHHH PeaKTHBOB HE HAKIOHSATHCS HAJ COCYAOM BO H30eKaHHe IIOIaJaHHs OphI3r HIIH
YACTHI[ Ha JIMIO HIIH OJEKAY. ITPH pa3z0aBlIeHNH KOHIIEHTPHPOBAHHBIX KHCIIOT BJIMBATh KHCIIOTY B BOAY,
HO He HaoOOopoT;

-IIpH HarpeBaHHH IIPOOHPKH HE JIepKaTh €€ OTBEPCTHEM K cede HIIM B CTOPOHY COCela. He HAKIIOHSTHCS
HaJ HarpeBaeMOH KHIKOCTBIO BO H30eKaHIe TToNaJaHHg €€ Ha IO, PYKH HIH OIcKIY;

-TOPSYME IPEAMETEI MOKHO CTAaBHTh TOIBKO Ha acOECTOBBIH KapTOH, acOESCTHPOBAHHYIO CETKY HIIH
IPYTVIO CIIEIHAILHYIO IIOJICTAaBKY

-HEIb 34 IOJIb30BATHCS AIIeKTporIpHOopaMi Ge3 COOTBETCTBYIOILET O HHCTPYKTaka. ITPH BKIIOYEHHH HX B
CETh Helb3s JepKaThCs 3a MeTAIDIHYeCKHE ITpeIMeThI (TPYOBI, KpaHbI H T.IL.). 3aIlpenfacTcs BKIKYATh H
BBIKITEFOYATh SIIEKTPOIIPHOOPEI MOKPBIMH pPYKaMH, a TaKXe IIOIb30BaThCSI HEHCIIPAaBHBIMH HIIH
HMEIOIIHMI OT'OJIEHHEIE IIPOBOAA IIPHOOpaMI ;

-3alpelnaeTcs MPHHUMATE ITHIIY B XHMHYeCKOH 1a00paTOpPHH H ITHTE BOAY H3 I1a00paTOPHOH ITOCY/IBI. -
-KaTer OpHYECKH 3alpellacTcs IMpo0oBaTh PeaKTHBEL Ha BKYC;

-IIPH TIOIAJAaHHH Ha JHMI[0 WM PYKH OpPBI3T KOHIL[EHTPHPOBAHHBIX KHCIOT IIOCIIE CMBIBAHIS BOIOH
IIPOMBITE CIIAOBIM PACTBOPOM COJBI. INEIOYL CIIEAYET CMBIBATh A0 TeX IOP, IOKa YYaCcTOK KOXKH, Ha
KOTOPBIH OHa ITOITala, He MEPeCTAaHET OBITh CKONIB3KIM, 3aTeM IIPOMBITH CIIa0BIM PacTBOPOM VKCYCHOH
KHCIIOTBI M HaJIOKHTh ITOBS3KY H3 BaThl, CMOYeHHOH 3%-HBIM pacTBOPOM IlepMaHTaHaTa Kaanusg (H3
aInTeyKH B TaOOpaHTCKOH KadeIphl);

-II0 OKOHYAHHH PpaloThl BEIKIIFOUHTE H3 CETH BCE SNEKTPOIPHOOPEI, IEPEKPHITh IOauy ra3a H BOILL B
1adopaToOpHIO H yOpaThk padouee MeCTO;

-000 BCEX HECYACTHBIX CIYYasxX HEMeIIeHHO COOOIIATh IMPeIofaBaTelIio HWiIH J1a0opaHTYy.

I pPAKmuidecKdAa YdCchib.

OKBHBAJIEHT I[HHKA OIIPEACIIAIOT ITO KOIIHYCCTBY BOJOPO/A., I{DTGPLIﬁ BBELACIACTCAH B XOJAC PCAKITHIH. /n

+ 2HCI = ZnCl2 + Ha. PacuéT rpoBOIST COITIacHO 3aKOHY SKBHBAJIEHTOB IO (popMyTIe:

] 9]_[ )
33:1 —
AOKYMEHT MNOANMCAH My2
SNEKTPOHHOW NMOoANHUCBEIO
FI'E‘BTHd}HH@EEG%GBI@BEEEM@E@QDEWDDDHE

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

OH — BKBHBAJIEHT BOJOPO/1a, PABHEIMH 1]
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mz,— Macca I[ffHKa, T

mpy2— Macca BoJopoaa, I .
PaboTry BEOTIOIHAIOT B TaKOH ITOCIEOBATEIFHOCTH
1. B3BecuTp rpaHylly IMHKaA, €€ Macca gomkHa OBITE 0,2-0,3 T (TOYHOCTh B3BEIIHBAaHHSI Ha
TeXHHYeCKHX Becax JomkHa ObITh + 0,01 1).
2. OnpenenuTts 00BEM 00pa3yIOIIErocs BOAOPOoIa MIPHOOPOM (CM. PHCYHOK):
JIs 3TOro 3aroiHHTE BOLOH a0 ropia kojaldy 1. IInorHo BctaBHTE IIPOOKY 2 B ropino KOJOBI. CHSTH
H30THYTYIO IPOOHPKY 3. OTKPERITH 3aKHM 0, 3aII0JIHUTHh TPYOKY D BOJOH, 3aKpPBITh 3aKHM. [IpoBepHTE
TepMeTHYHOCTh MIPHOOpa: IDIOTHO HAJAETh IIPOOHPKY 3, OTKPBITH 3a’KHM, M, €CIIH BOJa HE BBITEKAET M3
TPYOKH 3, TO IIpHOOP repMeTHYEH. 3aKPBITh 3aKHM, BBUINTE BOAY H3 IIPHEMHOH CKIITHKH /. BOpPOHKOM
3aJIMTh JIO TIOJIOBHHEI B ITPOOHPKY 3 PacTBOP COITHOH KHCIIOTHI (KOHI[EHTPaIlHs COISHOH KHCIIOTEI 1:1).
[IomouTh Ha COrHYTOE KOJIEHO TIPOOHPKH B3BEIIEHHYIO T'PaHyIIy IHHKA. [[IIOTHO ITpHCOEIHHHTEH
IpOOHPKY, HaZeB Ha IMPoOKY B TPyOKe 4. OTKPBITE 3aKHM O, H, HAKJIOHHB IIPHOOP, CTOJIKHYTH I'PaHYIIy
B pacTtBOp HCl. Bergensronmuiicsa Bogopo OyeT BRITECHITh BOIY H3 KOIOHI 1 B cTakaH 7.
[locne okoOHYaHHS peaKIMH (TeMIlepaTypa pacTBOpa B IPOOHPKE JOIKHA OBITH paBHA KOMHATHOMH)
H3MePHTh 00BEM BOJEI B CTaKaHe 7 MEPHBIM I[HIIMHIPOM, 3armcaTh TemMiieparypy t° C u atmocdepHoe
IaBIeHHE P.

[To popmyne Menaeneera- KinaiimepoHa onmpeIeNTh MacCy IIOJIYYEHHOIO BOJOPO/A:

PV = mRT ,
M
rae R — 8,3144 J[x/monpeK.
Tak kak B Koj10e ra3 coJep KHT BOJOPOJ H Iaphl BOARI, TO 00IIee JaBleHHe Iraza B Konde P = Pu2 + Pu2o,
oTkyzIa Puz2 = P - Pu2o. /laBIeHHe ITapoB BOABI 3aBHCHT OT TeMIlepaTyphl. HeoOGX0HMbIE JaHHBIE B3STh

13 TaOJIMIIBL.

T..C 17 18 19 20 21 22 23 24 25 26
Pu:0. 1.93 2.06 2.20 2,22 2.48 2.64 2.84 2,99 3.17 3.36
Klla

Y CIIOBHS M pe3yIIbTaThl OIBITA 3aIlHcaTh B 1a0OpaTOPHOM KYpHAale B TaOIHILY:

[Toes o

Bnaneneu:

Macca V. T.°C P Pu2o. P2,
MeTanna, T M klla klla klla
AOKYMEHT NOANVUCAH
ANEKTPOHHOW NOANMCHIO

RSS!

ebayxoea TaTesHa AnekcaHgpos

Fﬁ%ﬁé%%&ﬁ%ﬁé&fﬁ”%d}ﬂpﬁ@me (2) paccuHTaTh SKBHBAJIEHT I[HHKA IT0 (popmyie (1).

O0s3aTENIFHO OIMPEAEINTh OTHOCHTEILHYIO OIIMOKY OITBITA:
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32,68 - Dzn@m 100%,
32,68

Omrubdka, %=

rae 32,68 — TEOPETHUYECKOE 3HAUYEHHE SKBHBAJIEHTA I[HHKA.

Ipebosarusn K 0hopmieHiLo 140 op amopHoIL padomsl i omuemy:

| .BeimonmHeHne m1adopaTOpHBEIX PadoT COMPOBOKIAIOT 3alHcsaMH B JadopaTopHOM KypHaie. Ha
TUTVIIBHOM IIHMCTE JIaDOPaTOPHOrO KYpHala IOMKHEI OBITH ITPe/CTaBJIeHBl. Ha3BaHHE YHHIBEPCHTIETA,
(aMIUIHSI 1 HHHIHAIIEL YYaIl[er ocsI, HOMeP Kypca H I'PYIIOIbI, Y4eOHBIH TOJT.

2.0OTYET O BRINOJIHEHHOH JTa00OpaTOPHOH padoTe JOIIKEH COAEPKaTh CIeIVIOIIIE CRBEICHIS:

*HOMeDP padoTHI H €€ Ha3BaHHE,

*IaTy BEOTOITHEHHS pabOTHI,

*I[eTIb PAOOTHI;

*000pYIOBAaHHE M MaTEPHAIILI,

*KPaTKOE TEOPETHUYECKOE OIHCAHIE;

*HOMED H Ha3BaHHE OIIBITA,

*KpaTKOE OIMCcaHHe Xoj1a paboThI ¢ YKa3aHHEM YCIIOBHI ITPOBEIeHH S OIBITA,

*PHCYHKH M CXEMBI HCITOIB3YEMBIX ITPHOOPOB;,

*HAOIFOIEHH T,

*YPaBHEHHNS ITPOTEKAFOIINX PEAKIHIL,

*pPacYETHL, TaOIHIEI, I'Pad)HKH,

*BBIBOJIBI.

3.JIaBopaTopHEIH KYPHAI HYKHO BECTH YHCTO H aKKYPaTHO, 3aIIHCH JOIKHEBI OBITH JIAKOHITYHBIMII.
4.0OT4ET O IMpPOBeAEHHOH paboTe IIPOBEPSET M ITOAIIHCHIBAET ITPEITOAaBaTENb.

5.K cmaue 3ayéra 1o IadopaTOpHOMY TIIPAKTHKYMY JOITYCKAFOTCS CTYIAEHTBI, BBIIOJHHBIINE U
IIOAIMMCABIIIE YV IIPEIOJaBaTENd BCE JOMAIIHHE M J1abopaTOpHBEIE PadOTHI, CHABIIMHE KOJUIOKBHYMEL,
AKTHUBHO YYaCTBOBARBIIIHE B padOTE CEMHHAPOB.

6.CTYIEHTHL, TTOIYUYHEBIIHE 3a4ET 110 JTa0OpaTOPHOMY ITPAKTHKYMY, JOITYCKAIOTCS K cllaue SK3aMeHa I10
KYPCY HEOPraHHYECKOH XHMHH.

K OHMPO.IbHbLIE 60NPOCHI .

1.OTHOCHTEIbHAS aTOMHAas Macca
2.0OTHOCHTEIbHAS MOJIEKYIIIPHAS Macca
3.Moms. MorspHas macca

4. XumMidecKHe 3HaKH, (POPMYIIBI H YpaBHEHHS

5. XUMIYE CKE G RRAKTIHEL KJaccH KIS PEaKI[HIL.

ANEKTPOHHOW NOONMCHLIO
CeprpA@K OB COXP AHEHHSE MACCHL BeIICCTRA

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

7. 3aK0H ITOCTOSHCTRAa COCTaBRa
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8.]'a30BBIE 3aKOHBI. 3aKOH ABOraJapo. MosapHEIH 0O0keM I'a3a
9.01KpeITHE /I.M. MeHaeneeBsIM IIEPHOANYECKOr O 3aKOHA
10. Ilepnomueckas cucreMa /.M. MeHeneeBa

Cnucok Jumepamypasl.

1 Heopranmdeckass XuMus | OnneKTpoHHBIH pecypc| : maGopaTopHseii nmpakTHkyM / C.A. CokoloBa [H
ap.]. — DIeKkTpoH. TeKCTOBBIe JaHHBIE. — BopoHek: BopoHekckHil I'ocymapCcTBeHHBIIT ATpapHEBIH
YHupepcurer uM. Mnmieparopa Ilerpa Ileporo, 2017. — 93 ¢. — 2227-8397. — PexuMm pocrya:
http://www.iprbookshop.ru/72709.html

2 .Heopranmdeckass XumMus | OIeKTpOHHBIN pecypc| : madopaTopHblit mpakTHKYM / O.B. J[psKOHOBa [H
op.]. — DeKkTpoH. TeKCTOBhIe JaHHBIE. — BopoHek: BopoHeXkckHil 1'ocymapCcTBeHHBIH ATpapHBIH
Yuupepcurer M. Mnmeparopa Ilerpa Ilepeoro, 2016. — 150 ¢. — 2227-8397. — PexxuM AOCTYIIA:
http://www.iprbookshop.ru/72708.html

JlabopaTopnas padora Ne 3
Tema 3: OnpenesieHne MOJIEKYJISIPHONR MACChI JHOKCHIA YIJIepoaa

Ilens padomest: OHPE,I[EHEHIIE MGHEK}GIHPHGﬁ MACCBI AHOKCHIOa VYIIICPOJa IIO MACCE KOJOBI

3artoHeHHOoH razoM (CO2) 1omb3yack ypaBHeHHeM MeHeneeBa — KianeipoHa.

Dopmupyemole komnemenuuu: OIIK-1.

T eopemuilecCKda dacms.

MomnekyisipHas Macca, CymMMa MacC aTOMOB, BXOISINHMX B COCTAaB JAaHHOH MOIEKYIIBI, BBIPAKAECTCS B
aTOMHBIX eIMHHI[aX Macchl (a.e. M.). [TockompKy 1 a.e.M. (MHOTZAa HasbBacMas JAIbTOH, D) paBHa /12
Macchl atoMa Hykmzaa “C u B egummmmax Maccsl CH cocraBmsger 1,66057:10727 kI, To YMHOMKEHHE
MOIEKYIISIPHOIT Macchl Ha 1,66057-10%7 maeT aGcoOIIOTHYIO Maccy MOIEKYIBI B KrlorpamMax. darie
TIOMB3VIOTCS Oe3pasMePHON BEMYHHON Mo - OTHOCHTEIBHOH MOJIEKYIIPHON MACChI: Mom =M. /D, T1e
M, -Macca MOJIEKYIIBL X, BEIpaKeHHAs B TeX K€ eIHHHI[aX MacChl (KT, T HIH Jp.), YTO H D. MoIeKyIIpHas
Macca XapakKTepH3YeT CPEMHIOKD MACCy MOIEKYIIBI C YUETOM HM30TOIHOIO COCTaBa BCEX 3IIEMEHTOB,
00pasyIOIMX JaHHOE XHMHYECKOe COeqHHEHHE. MIHOTTa MOJIEKYIISIPHYEO MAcCy OIPEIEIISIOT 1L CMECH
Pa3IIMYHBIX BEIeCTB H3BECTHOIO COCTaBa, HAIIPHMEP I Bo3AyXa "3 (PeKTHBHYIO" MOJEKYIISIPHYIO
MAaCCy MOKHO TIPHHATE paBHOH 29. AGCOMOTHREIMH MacCaMH MOJIEKYII VIOOHO OIepHpOBaTh B 00IaCTH
(H3HKH CcyOaTOMHBIX ITPOLIECCOB H PaJHOXHMHH, I'IE ITYTEM H3MEPEHHS SHEPrHH YacTHI[, COITIaCHO
TEOPHH OTHOCHTEIBLHOCTH, OIMPEAEIITIOT MX aO0COMFOTHEIE MAacChl. B XHMHH H XUMHYECKOH TEXHOJIOTHH
HeOOXOMMMO TIPHMEHSITh MAKPOCKOITHYECKHE €IHHHIIBI H3MepPeHHS KOJIMYEeCTBa BeEIlecTBa. YHCIIO

0
TFOOBIX 4ACTHI] %ﬁ%ﬁ%& HIIEKTPOHOB HITH MBICTIEHHO BBIAEIIEMBIX B BEIIIECTBE IPYII YaCTHII,
Pﬁ?ﬁm&p 11d YHoHOE “Na™ 11’ O BeKPricTammiy. permerke NaCl), paBHOoe ABoOrajpo ITOCTOSIHHOH Np =

xoea TaTteAHa AnekcaHgpoBHa

. g
6,022:'10%, cocTaBIIfeT MAaKpOCKOITHMYECKYIO eIHHHILY KONMYECTBA BEIECTBA - MOJIb. 1Ora MOKHO
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3armcaTrh. Mo = MyNa/(D'Na), TO eCThb OTHOCHTEIbHAS MOJIEKYIIIpHAS Macca paBHa OTHOIIEHHIO

Macchl MO BelllecTBa K NaD. ECiIH BeIllecTBO COCTOHT H3 MOJICKYIL C KOBAJICHTHBIMH CBA3AMIL MCHKIY

COCTABIISIOIMMMH HX aTOMaMH, TO BelM4MHa M, Na IpefacTtaBisieT cOO0H MOISPHYIO MAacCy 3TOrO
BEI[ECTBA, SAHHHIIBI H3MePEHHS KOTOPOH Kr-MOIb (KHIOMOIb, KM). [ BelecTB, He COAepsKaIlix
MOJIEKYI, a COCTOSINHX H3 aTOMOB, HOHOB HJIH PaJHKAIIOB, OIpeAeiaseTcs (popMyIbHaAs MOISPHas
Macca, TO eCTh Macca Na YacTHI[, COOTBETCTBYIOINX ITPHHATOH (pOpMYyIle BellecTBa. PaHee B XMMHHI
HCIIONIB30BAIM ITOHSATHS I'paMM-MOJIEKYIa, I'paMM-aTOM, I'PaMM-HOH, TEIEPh - MOIb MOIIEKYI, MOJb
aTOMOB, MOIIb HMOHOB, ITOApa3zyMeBas IOJ STHM Na MOIIEKYJI, aTOMOB, HOHOB H COOTBETCBEHHO HX
MOJISIPHBIE MAaCChI, BRIpaKeHHbIe B TpaMMax HIH KHIorpaMMax. TpagHIilHOHHO YIIOTPe OSIOT B KAUECTBE
CHHOHHMAa TepPMHH "MOJIEKYISIpPHBIH (MOISPHBIH) Bec", TaK KaK OIpejelleHHe MAacChl IIPOH3BOJHTCS C
ITOMOIIBEO BecoB. Ho, B OTIIHYHEe OT Beca, 3aBHCAILETO OT reorpa)HUECKHX KOOPJAHHAT, Macca SBISETCS
MTOCTOSTHHBIM ITapaMeTPOM KOJTHYEeCTBa BellecTBa (MIpH OOBIYHBIX CKOPOCTSIX ABIJKEHHS YacTHI[ B

YVCIIOBHAX XHMHYECKHX PeaKI[HI), IT03TOMY IIpaBHIIbHEE TOBOPHTH ""MOJIEKYIISIpHas Macca'.

MeTtoanl omnpeneneHns. Vcropryeckn IIepBBII MeTOJ (0OOOCHOBAHHBIN HccleqoBaHHSIMH C.
Kanammrapo u A. ABoragpo) npeminoxkeH K. J[roma B 1827 H 3aKiroyancsd B H3MEPEHHH ITIOTHOCTH
ra3000pa3HBIX BEIIECTB OTHOCHTEJIFPHO BOAOPOJHOIO I'a3a, MOISPHAS Macca KOTOPOro ITPHHHMANIACh
IIEPBOHAYAJIBHO PaBHOH 2, a IIOCIE Iepexojia K KHCIOPOAHOH €IHHHIIE H3MEPEHHH MOIEKVISPHBIX H
aTOMHBEIX Macc - 2,016 r. Cruegyromuid 5Tarn pPasBHTHSA SKCIIEPHMEHTAIBHBEIX BO3MOKHOCTEH
OIpeAelIeHH I MOJIEKYIISPHOH MACCHI 3aKJIIOYAJICS B HCCIEAOBAHHH KHAKOCTEH H PaCTBOPOB HE JIETYUYHX
H He JHCCOIMHPYIOMMX BEINecTB ITyTeM H3MepPeHHS KOIHMTAaTHBHBIX CBOHCTIB (TO €CTh 3aBHCSIIHX
TOIBKO OT YFCJIa PacTBOPEHHBIX YaCTHI[) - OCMOTHYECKOIO JaBJIEHHS, ITOHHKEHHS JaBJIeHHI ITapa,
TTIOHMKEHHS TOYKH 3aMep3aHusd (KPHOCKOITHS) H IIOBBIINIEHHS TOYKH KHIIEHHS (ROYIHOCKOITHS)
PacTBOPOB II0 CPABHEHHIO C YHCTBIM PAacTBOPHTENIEM. OCHOBHBIM METOJOM OIIPEAEIIEHHS aTOMHBIX H
MOJIEKYIISPHBIX MAacC JIETYUYHX BEINECTB SBIISIETCS Macc-cnexmpomempuisa. J{JI1 HCCIeJOBAHHSA CMECH
coefUHeHMII  A(PQeKTHBHO  HCIIONL30BAHHE  Xpomamo-macc-cnexkmpomempuid.  IIpH  ManoH
HHTEHCHBHOCTH IIHKa MOJIEKYIIIPHOIO HOHA IPHMEHSIOT 3()(y3HOMETPHYECKHE ITPHCTAaBKH K Macc-
crieKTpoMeTpaM. D] Py3HoMeTpHYECKIIT cIIOcO0 OCHOBAaH Ha TOM, YTO CKOPOCTh BBEITEKAHHS Ta3a B
BAaKyyM H3 KaMepbl 4Yepe3 OTBEPCTHE, JHAMEeTP KOTOPOro 3HAYHTEIBPHO MEHBIIE CPETHETO ITYTH
cBOOOIHOrO Impodera MONEKYIBI, OOPAaTHO IIPOITOPIIHOHAIBHA KBAJAPaTHOMY KOPHIO H3 MOJIEKYIISIPHOH
MAaCChl BEIECTBAa, CKOPOCTh BEITEKAHHS KOHTPOIMPYIOT II0 H3MEHEHHIO aBIIeHHSI B KaMepe.
MonekysapHasa Macca JIETYYHX COeJHHEHHI OIMpeJellIroT TaKKe MeTOJaMH I'a30BOH XpoMaTOrpa(HH C

I'a30BBIMI BECadMH MHPTHHE],. IlocnmemHue H3MEPAIOT CKOPOCTE IICPEMCIICHHA Id3da B Kd4HAJIC,

OKYMEHT NOANMCAH -
GDE,I[HHHIDH[EMMHQIHQ%WIM TCKVYT I'a3-HOCHTCJIb H I'd3 H3 XPDME],TGI‘I)H(IJHIIECI{DH KOJIOHEKIL, 4YTO

Cepmwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E = =
TEO3BOIACT WaANPEATIIHEbANPd3HEHY IIJIOTHOCTCH J3THX I'd30B, 3dBHCAIIIYIO OT MOJCKVYIIAPHOH MACChI

HCCIICAYEMOI'O BCIICCTEA. MGHEK}*’]I&IPH}’IO MACCY H3MCPAIOT JIA II,I[EHTH(l)I]I{ﬂI_[I]II XIHM. CDE,I[IIHEHI]ﬁ:,
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UL YCTAHOBJIEHHMS COAEPKAHMS OTJAECIbHBIX HYKIHIAOB B COSIHMHEHHSX, HalpHMEP B BOJE,
HCITONIB3YEMOH B aTOMHBIX SHEPIreTHYECKHX VYCTAaHOBKAX, a TakKXe IIPH HCCIENOBAHHH M CHHTE3E
BBICOKOMOJIEKYIIIPHBEIX COSMHHEHHH, CBOHCTBA KOTOPBIX CVYIIECTBEHHO 3aBHCAT OT HMX MOJIEKVIISIPHOH
Maccel. CpeaHHe 3HAYeHHS MOJEKYIIIPHBIX Macc IIONIHMEPOB VYCTAHABIMBAKOT C IIOMOIIBIO
IIEPEUYMCIIEHHBIX BEHIINIE METOHOB, OCHOBAHHBIX Ha KOJUITHTAaTHBHBIX CBOHCTBaX pa30aBIEHHBIX
PacTBOPOB, IO YHCIY JBOMHBIX cB3eil ("MSTKHM' 030HOMH30M) HIH (PYHKIIHOHAIBHBIX TI'PYIOI
(MeTomamMH (DYHKIIHOHAJILHOIO aHaJM3a), a TaKXKe II0 TaKHM CBOMCTBAM HX PacTBOPOB, KaK BSIB3KOCTE,
ceeTopaccessHue. CpenHHe 3HAaYeHHS MOIEKYIISPHBIX MAcC ITOIMHMMEPOB  BEICOKOH  CTEIIEHH

ITOIIMMEPH3AITHI OITPCACIIAIOT ITO HX PCOIIOIHYCCKHM XdPaKTCPHCTHKAM.

Qb opy0 08 arue U Mamepuasl.

PeakTHREI, HEOOXOMHUMEIE IS JaHHOH padOTHI, BRICTABJISIIOT Ha ITOJIKH I1a00paTOPHEIX CTOIOB. Peakie
PeaKTHBEI, KOHIEHTPHPOBAHHBIE KHCIOTHI H IIENOYH, ITaXy4yHe BelllecTBa (HaAIlpHMep, CEPOBOJOPOI,
OpoMHas BoJla H JIP.) XPaHAT B BEITSDKHOM IIKady.

OCHOBHASI XHMHYECKasa ITocya; ITPOOHPKH (B IITaTHBE), KOOI, XHMHYECKHE CTaKaHBI ITIOCIe PabOTHI
TI[ATEIIBHO BBIMBITH, BECHI C Pa3HOBECOM, IIPHOOPBI, HCIIOIB3YeMas IS ITPOBEACHHSI OTHAEIbHBIX
1aGopaTOpHEIX paboT, BEIAAECTCA M CHAETCS YHCTas 1abopaHTy.

TexHuka dezonacrocnii npu 6 bINOJIHEHULL J1A0 OpaAmopHoI pad omobl:

-aKKypaTHO 00pallarbcsa CO CTEKISIHHON XHMMIYECKOH ITOCYAOH. OCTAaTKH Pa3OHTOH ITOCYARI YOHPATh C
ITOMOIIBFO COBKA M INETKH;

-BCE paloOTHl, CBS3aHHBIE C BHIJEIIEHHEM SIOBHUTHIX, JIETYUYHMX H HETPHATHOIIAXHVYIIMX BEIIECTB,
IPOBOJHTH B BRITSDKHOM IIKa(y;

-TIIPU OMPeIellcHHH 3aIlaxXxa BEINEeCTB OTBEPCTHE COCYyAa JAep:KaTh Ha pacCcTOSHHUM 25-30 c¢M OT JIHIfa,
HaIpaBIss K ceOe CTPYIO ra3a IOCTYIIaTEIbHBIMH JIBIKEHHSMH JIaJOHH OT OTBEPCTHSA K JIHIY;

-IIpH HAJIMBAHHH PeaKTHBOB HE HAKIOHATHCS HaJl COCYAOM BO H30eKaHIHe ITOINMaJgaHus OphI3r HIIH
YACTHI[ Ha JIMIO HIIM OJIEKAY. IIPH pa30aBIIeHHN KOHIIEHTPHPOBAHHEBIX KIHCIIOT BIHBATh KHCIIOTY B BOLY,
HO He Hao0OpoT;

-IIpH HarpeBaHHH ITIPOOHPKH HE JIepKaTh €€ OTBEPCTHEM K ce0e HIIHM B CTOPOHY cOocella. HE HaKIIOHSAThCS
HaJ HarpeBaeMOH KHIKOCTBIO BO H30€eKaHIe TI0MalaHu €€ Ha JIHI0, PYKH WIH OJIEKIY;

-TOPSYHE TPEAMETHI MOJKHO CTAaBHTh TOIBLKO Ha acOECTOBBIH KapTOH, acOESCTHPOBAHHYIO CETKY HIIH
IPYTVIO CIIEIHAIBHYIO IIOJ[CTAaBKY ;

-HEIb 34 IOJIb30BATHCA BIEKTPOIIpHOopaMH 63 COOTBETCTBYIOIIETO HHCTPYKTaXKa. IPH BKIFOYEHHH HX B
CETh Hellb34 JIepKaThCs 3a MeTaJUIHYeCKHe IIPeqMETHI (TPyOBl, KpaHbI H T.I1.). 3aIlpelllaeTCcsa BKIIIOYaTh H

BBIKIIHOYATH Bﬂﬂﬁﬁﬁgtﬁ H MOKPBIMH dMH, d TadKXKE IIOIIb30BATbLCA HCHCIIPABHBIMI HII
SNEKTPOHHOW NOONMUCLIO P PYX ’ P

CeE M O SR T RSN PSS anr;

I
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-3aMpeInacTca IMPHHUMATE ITHINY B XHMHYeCKO 1adopaTOpHH H IHTH BOAY M3 1a00paTOPHOI ITOCYIEL. -
-KaTEerOPHYECKH 3aIpelnacTcs ImpodoBaTh peakTHBEL Ha BKYC,

-IIPH TIOMAJaHHKM Ha JIMII0 HIM PYKH OpPBI3r KOHIIEHTPHPOBAHHBIX KHCIIOT ITIOCIIE CMBIBAHHMS BOJIOH
IIPOMEITE CIIa0BIM PAaCTBOPOM COMBI. INEINOYH CIIEAYET CMBIBATH O TE€X IIOP, IOKA YYACTOK KOXKH, Ha
KOTOPBIH OHa IIOITana, He IepecTaHeT OBITh CKOIB3KHM, 3aTEM IIPOMBITh CIIA0BIM PacTBOPOM YKCYCHOM
KHCIIOTBl H HAJIOKHTh ITOBS3KY M3 BaThl, CMOUYeHHOH 3%-HBIM pacTBOPOM IlepMaHraHaTa Kamus (3
aIrTeyKH B 1a00PpaHTCKOH KadeaprI);

-II0 OKOHYAHHH padoThl BRIKIIFOUHTh M3 CETH BCE 3JIEKTPOIPHOOPEL, MEPEKPHITH IOady r'a3a H BOJBI B
nmadopaTopHIO H yOpaThk padouee MeCTO;

-000 BCeX HECYACTHBIX CIIyYasX HEMeIJIEHHO COOOINATh ITPEIOgaBaTENIO WIH 1a00paHTy.

I pdxkmuyecKdA udchnb.

MoONEKYIIIpHYIO MacCy JHOKCHIA YIIIEPOIa MOXKHO OIIPEAEIIHTh TPeMS CIIOCOOaMH:
a) 10 OTHOCHTEILHOM IJIOTHOCTH Ta3a Mco2= 1 * Mrosng (1), rae

M o2 — MONIEKVIISIpHAs Macca JHOKCHJIA YITIEpo/a,

ME o031 — MOIEKYIIIPHAS Macca BO3AyXa, paBHasg 29 a.e. M.,

JI — 11oTHOCTE CO2 IO OTHOIIEHHIO K BO3AYXY.

b) 1o MomsapHOMY 00BEMY CO2 Meose 22,4 e mco2 (2). me
Vv
Mco2 — Macca JHOKCHIA yIrilepoaa, T,
V  — 06béM CO; IIpH HOPMAIILHBIX YCIIOBHAX, CM- |
224 — o0BéM 1 1/ Mo moboro raza mpH HopMalnbHBIX yernoBuax (0°C, 101,325 kIIa), 1.

C) 110 ypaBHeHHIO MeHeneeBa-KiarepoHa

Vo mco2 RT e

M

P — nmaBnenne CO; B k010e, paBHOE aTMOc(hepHOMY, Kl]a;

V — 06BpéM CO2, paBHBIH 00BEMY KOJIOBL, CM";

R — yHHBepcanbHas ra3opas IIOcTOSHHas, parHag 8,314 JI:x/Moib @ K

T — temMmeparypa, K.
IlocneoosamenvHocmn 6bINOJIHEHUA PADOMBL:
1. 3akpeITh IPOOKOH CYXVIO KOJIOY, IIPHTOTORIEHHYIO 51a0OpaHTOM IS OIBITa. BOCKOBBIM
KapaHIalroM OTMETHTh Ha Konbe HIDKHMI KpaH ITpoOKH. B3BeCHTh Ha TEXHHUYECKHX BecaX Kooy C

BO3IYyXOM (1n1). OmycTHTh B KOOy Ha 1-2 MHHYTH TPYOKY, ITO KOTOPOH HJAET TOK YITIEKHCIIOIO Iasa.

SNEKTPOHH

ﬁﬂﬁiﬂﬁ}{éﬁaﬁcgﬁﬂeﬁ@ﬁﬁéﬁ%ﬁiﬁ?ﬁ@ﬁ?ﬂ%% KonOy ITpoOKOH J0 MeTKH H B3BecHTh (Im2). Emé pas

Bnaneneu: lllébayxoea TaTeAHa AnexkcaHgpoBHa

3areM HG,[[HECTIHWE}B'O%UEWH%’GIGI I'OPAIIYIO JIVHHHKY. €CJIH OH4d I'aCHET, 3HAYHT Kom0a ITOITHOCThIO
nognncb
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3aITOJIHHUTE KOJIOY ra30M H B3BeCHTH (IM3). Pe3yIbTaThl 3THX JBYX B3BEIIHBAHHI He JOIKHBI OTIIHYATHCS
Oomnee yeMm Ha 0,0 1r. J11s pacy€TOB HCIIONIB30BAaTh CPeJHHE JaHHEIE.

2.  BuuIuTh BOAY B KOIIOY 1O METKH, 3aTEM IIEPEIMTE €€ B MEPHBIH IIIUTHHIP H H3MEPHTh 0OBEM BOJIBI
(kom0HI) - V.

3.  3armmcars TeMmepatypy (t°C) u gaBneHHe P, IIpH KOTOPBIX ITPOBOJIST OITHIT.

4.  lIpon3BecTH PacyETHI:

- IIpHUBECTH OOBEM KOJIOH - V K 00BEMY ITPH HOPMAJILHEIX YCIIOBHSX Vo

- OIPEAEIHMTL MAcCy BO3yXa B KOJIOE Mgosy, CUMTAS Maccy 111 BO3ayxa paBHOH 1,293 1

- HAHTH MacCcy caMOH KOJIOBI ¢ ITPOOKOH Mons

- ONPENENMTE MAacCy YITIEKHCIIOTO r'aza Mco: .

YCIIOBHS H PE3VYIILTATHI OIIbITd 3dHECTH B Tﬂﬁ]ﬂ]l[}".

Macca Komn0OHI ¢ Macca xomn0BsI ¢ V.M | t°C P, xlla | Vo,MI | mgesy Mions mco:
BO3AYXOM mj,I' CO7 (ma+ m3)/2 =
Mep, T

5. PaccunraTh MOIEKYIIPHYIO Maccy JHOKCHIa yriaepoja mo ¢opmynaMm (1), (2), (3). Haiitu cpexHee
sHaueHHe. OIpeaeInTh OTHOCHTEIBPHYIO OIIHOKY IT0 (popMyTIe

44 — Mcoz

Ommdka, %= ) * 100%,

rae 44 — IeNCTBHTEIILHOE 3HAUEHHE MOJIEKYIIIPHOH MaccChl CO».

Ipedosarua K ogopmieriiio 1ad op amopHou paponuvl U onmuenty:

| .BrinomHeHne gadopaTopHBIX padoT CONMPOBOXKIAIOT 3armicsaMH B J1adopaTopHOM KypHaine. Ha
THUTVIBHOM IIHMCTE JIaDOPaTOPHOIO JKYpHala JOJKHEI OBITH ITpe/CTaBJIeHBl. Ha3BaHHE YHHBEPCHIETA,
(paMIUTHS H HHHITHAJIBL YYaIller ocsI, HOMep Kypca H I'PYIIIEL, Y4eOHBIH IO,

2.0OTYEeT O BRINOJIHEHHOH JTa00paTOpHOH padoTe JOJIKEH COIEPKaTh CIIeIVIOIIIE CBeIeHI:

*HOMeD paloTHI H € Ha3BaHHE,

*IaTy BBOTIOITHEHHS paboTHI,

*I[e]Ib PAOOTHI,

*000pYIOBAHHE M MaTEpPHAIILI,

*KpPaTKOE TEOPETHUYECKOE OITHCAHHE;

*HOMEDP H Ha3BaHHE OIBITA,

*KpPATKOEe OITICaHIe X0oOa padboThI ¢ VKa3zaHHEM VCIIOBHI IIPOBEIeHI I OIbITA:
Kp NOKYMEHT NOONWCAH YK Y 1p o ’

SNEKTPOHHOW NOANMCLIO

"PHCYEEH U X EMBLJLCHOIR 3y SMBIX ITDHOQDOB;

Bnagneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
*HAOIITO O CHITA,

*VpaRHEHST NPOTEKAIOIIIN PeaKI{HIT,




*pacYETHL, TaOIHIBI, T'Pad)HKH,

*BBIBOJIBI.

3.JIabopaTopHEIN KYPHAJI HY?KHO BECTH YHCTO M aKKYPaTHO, 3aIIHCH JOIKHEI OBITH JIAKOHIYHBIMI.
4.0OTYET O IIPOBeAEHHOM paboTe MPOBEPSET H ITOAITHCHIBAET ITPEIIOJABATENb.

5.K cmaue 3ayéra 1m0 1al0OpaTOpHOMY IIPAKTHKYMY JOITYCKAIOTCS CTYIEHTEHI, BBIIIOJIHHBIIHE M
IIOAIINCABIINIE Y TIPEloJaBareild BCe AOMAIIHNE M JTalopaTOpHBIE PalOTEHI, CHAABIIHE KOIUIOKBHYMEL,
aKTHBHO YYaCTBOBARIIHE B padoTe CEMIHAPOR.

6.CTYIEeHTHI, ITOIIYUYHBIIHE 3a4ET 110 TaOopaTOpPHOMY IPAKTHKYMY, AOITYCKAIOTCS K cllaue SK3aMeHa II0
KYPCY HEOPraHHYECKON XHMHH.

KoumpoJivtibie 6onpocst :

I OCHOBHBIE TIOHATHS XHMHYECKHH 3JIEMEHT, aToOM, MOIEKYIa, OTHOCHTEIIbHAs aTOMHAas U
MOIIEKYIISIpHAasa Macca.

2. IIpocToe U CIIOKHOE BEINECTRO.

3. KomnuectBo BellecTBa, MOJIb, MOISpHAas Macca, SKBHBAJIEHT, MOIISIpHAs Macca SKBHBAJIEHTA.
4.OCHOBHBIE KOIHYECTBEHHBLIE 3aKOHBI XHMMHH. 3aKOH ITOCTOSIHCTBA COCTaBa, 3aKOH SKBHBAJIEHTOBR,
3aKOH KPaTHBIX OTHOITIEHHI.

5.MeToas! ornpeAeIeHH s MOJIEKYIIIPHOH H aTOMHOH MacCCHI.

Cnucok Jumepamypast.

1. Heopranmdeckass xuMisa | OneKTpoHHBIH pecype| : nmadopaTopHbli IpakTHKYM / C.A. Cokonopa [H
op.]. — DIeKkTpoH. TeKCTOBhIe JaHHBIE. — BopoHexk: BopoHeXkckHIl 1'ocymapCTBeHHBIH ATpapHBIH
Yaueepcurer uM. Mmmeparopa llerpa Ilepsoro, 2017. — 93 ¢. — 2227-8397. — PexuMm gocTyria:
http://www.iprbookshop.ru/72709.html

2.Heopranmdeckas XUMHA | OIIeKTPOHHBIN pecypc]| : nabopaTopHEIH ITpakTHKYM / O.B. JIpsIKOHOBa [H
op.]. — DIeKkTpoH. TeKCTOBBIe JaHHBIE. — BopoHek: BopoHeXckHH ['ocymapCTBeHHBIN ATpapHEIH
Yuupepcurer M. Mmameparopa Ilerpa Ilepeoro, 2016. — 150 ¢. — 2227-8397. — PexuM mOCTyIIA:
http://www.iprbookshop.ru/72708.html

JlabopaTtopHan padora Ne 4
Tema 4: KommjiekcHbIE coe THHEHH A

A
QE.E’IB pﬂﬁﬂfﬂbl.’ HGH}"‘IEHHE dKBAKOMIICKCOB, PCaKIIHI TCPMOJIHI34. HDJI}"‘IEHIIE akBakomIDiekcoB Cu“" s

Ni**, Cr’*, momyueHHe H CBOiicTBA THAPOKCOKOMIUIEKCOB OIIOBA H XpPOMa, IIOIYYEHHE

AMITHOKOMIUICKCOB H allHJOKOMIUICKCOB, H3YUCHIIC JIIBOHHBIX COJIEH.

Dopmupyemsre Komuemenuy: . OIK-1.

3NEKTPOHHOW NOANMCLIO

E@Mﬂm JEACHIBES2205E7BAS00060000043E
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KoMILIeKCHBIE coeIHHEHHMS STO MOJIEKVIISIPHBIE HJIM HOHHBIE COSHHHEHHS, OOpa3yIOIIHECS ITYTEM
IIPHCOESAHHEHNS K aTOMy IJIH HOHY MeETallla IJIH HeMeTalUula, HEMTPAIBHBIX MOJIEKVII WIH IPYTHX
HOHOB. OHH CITOCOOHEI CYIIECTBOBATh KaK B KPHCTAJIJIE, TaK H B PacTBOPE.
OcHOBHBIE NOJIOKEHH A H MOHATHA KOOPAHHAIIMOHHOH TEOPHH.
JIns 0OBSCHEHHS CTPOESHH S H CBOHCTB KOMIUIEKCHBIX COeAHHEHHH B 1893 I. mMBeHIIapCKHM XHMHKOM A
BepHepoMm OpUta IpeIoKeHa KOOPAHMHAI[HOHHAS TEOPHS B KOTOPYIO OH BBEI JBa IIOHATHI. O
KOOPIHMHAIINH H O ITOOOYHOH BaJIEHTHOCTH.
IIo BepHepy anaenoii eanenmuocms o Ha3bIBAETCS BAJIEHTHOCTDL ITOCPEACTBOM KOTOPOH COEIIHSIOTCS
aTOMBI ¢ 00pa30BaHHEM ITPOCTHIX COEMHHEHIMH, TIOMYHHIIOIIIXCS TEOPHU
BAJIEHTHOCTH. HO, HCYepIlaR ITTaBHYIO BAJIEHTHOCTh, aTOM CITOCOOEH, KaK ITPaBHIIO, K JdalbHEHIIEMY
IIPHCOEIHHEHHIO 3a CUeT HOOOYHOIl eaneHmuochil, B pe3ylbTaTe ITPOSBIeHHS KOTOPOH H 00pa3yeTcs
KOMITIIEKCHOE COeHHEHIE.
[Iox peHcTBHEM CIJI ITIABHOHM M ITOOOYHOH BaJIEeHTHOCTH aTOMBI CTPEMSTCS PaBHOMEPHO OKPYKHTE ceOs
HOHAMH IIH MOJIEKYIaMH H SBIISSIOTCS TaKHM 00pa3oM IEHTPOM IIPHTSKeHHS. TakHe aTOMEI
HA3BIBAIOTCS  leHMmpambHulMil Wil KoMHIekcoobpaszoeamenamu.  VIOHBI  HIH  MOIEKYIIHI,
HEITOCPEACTBEHHO CBS3aHHBIE ¢ KOMIUIEKCOOOPA30BaTEIIEM, HAZBIBAKOTCH /1142 AH OAMLL.
[IocpeacTBOM TITIaBHOH BaJIEHTHOCTH IIPHCOESIHHSIOTCS JIMTAaHABI HOHBL, a IIOCPEJCTBOM ITOOOYHOI
BAJIEHTHOCTH — HOHBI H MOJIEKYJIEL.
[IpUTsDKeHHEe JIHMraHa K KOMIUIEKCOOOPA30BATEI0 HA3BIBAETCS KOOPAHHAILHEH, a YHCIO JIMTaHJ —
KOOPIHHAIITHOHHBIM YHCIIOM KOMIUIEKCOOOpa30BaTEN s
MOXKHO CKazaTh, UTO KOMIUIEKCHBIE COESHHHEHHS H3TO COEHHHEHHS, MOJIEKYIIBI KOTOPBIX COCTOST H3
I[EHTPAJIbHOT'O aTOMa (MM HOHA) HEITOCPEJCTBEHHO CBA3aHHOIO C OINPeJelEHHBIM YHCIOM APYTHX
MOJIEKYII UIH HOHOB, Ha3hIBAEMBIX JIMTaH JaMH.
B pomm KoMIIIeKcooOpazoBaTenell dallle BCErO BBICTYIIAIOT KaTHOHEI MeramioB (Co™, Pt™, Cr™,
Cu™Au™ u 1p.)
B xayecTBe mmraHgoB MoryT BeicTymath HoHEI Cl-, CN°, NCS, NO>, OH", SO4* Tak M HeHTpalbHbIE
Monekynsl NHi, HoO, aMHHBI, aMHHOKHCIIOTEIL, CITHPTHL, THOCITHPTEI, PH3, 3(bHpHI.
YHCI0 KOOPAHHAIIHOHHEIX MECT, 3aHHMAEMBIX JIHTAaHJIOM OKOJIO KOMIUIEKCOOOpa30BaTells, Ha3bIBacTCS
Er'0 KOOPOUHALJLUOHH Ol EMKOCHIb 10 11Ul OeHNIANTH OCHIb 10.
JIuranael, TIPHCOEOHHEHHBIE K KOMIUIEKCOOOpa30BaTeIX0 OJHOH CBS3bIO, 3aHHMAIOT  OJHO
KOOPJAHHAIIHOHHOE MecTh H HasbBaroTcd MoHOoAeHTAaTHRIMH (Cl, CN°, NCS). Ecmu ke IHTaH[
IIPHCOEAHMHEH K KOMIUIEKCOOOPA30BATEIIO IIOCPEACTBOM HECKOIBKHX CBS3€H, TO OH SBISETCH
MOTHAEHTATHBIM: HARRHMER SP4 -, CO3* BILTFOTCSA GHACHTATHBIMIL

ANEKTPOHHOW MOAMUCHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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KomrmmekcooOpa3oBaTelnh M JTHTaHABl COCTARIISIOT GHYIMPEeHHI00 chepy COeTHHEHHS HIH KOMITIEKC (B
opMynax KOMIUIEKC 3aKIIFOYarOT B KBaJpaTHble cKOOKH). MOHEI, He CBS3aHHBIE HEIIOCPEICTBEHHO C
KOMITIIEKCOOOpa3BaTeIEM, COCTABILIIOT GHEULH 1010 KOOPOUHALLIOHHYIO chepy.

HMoHpl BHelmHeH c@ephbl CBS3aHBI MeHee IPOYHO IO CPaBHEHHIO C JIHTaHJaMH H ITPOCTPAHCTBEHHO
yIalleHbl 0T KOMIUIEKCcOOOpasopareisa. OHH JIETKO 3aMeIAl0TCS APYTHMH HOHAMH B BOJIHEIX PaCTBOPax.
Harmpumep, B coeqmmernn K3[Fe(CN)s] xommiekcooGpazoBareneM spistercs Fe™, murangamu - CN.
JIBa nMHTaHAa NMPHCOSAHHEHB] 3a CYET ITIABHOHM BAaJIEHTHOCTH, a 4 — 3a cueT ITOOOYHOH BalI€HTHOCTH,
CIIEIOBATEILHO KOOPAHHAIIHOHHOE YHCIIO PABHO 0.

Hon Fe*? ¢ murangamMu CN° COCTABIISEOT eHympenHioio cepy wi xommiexc, a HOHB K' BHEIIHIOIO

KOOPAHHAITHOHHYIO C(epYy:

K+ K+

-
Kak IpaBHIIO KOOPAHHAIMOHHOE YMCIIO PAaBHO YABOEHHOMY 3apsAy KaTHOHA MeTallla, HalpHMep:
OTHO3aPSAHbIE KATHOHBI HMEIOT KOOPAHHAIMOHHOE YHCIIO PaBHOE 2, 2-X 3apsaHble — 4, a 3-X 3apsaIHEbIe
— 0. eclIH 9IeMEHT IIPOSBIAET IIEPEMEHHYIO CTEIleHb OKHCIEHHS, TO C VBEIHYeHHEM eé
KOOPJAHHAL[HOHHOE YHCIIO pacTeT. /IS HEKOTOPBIX KOMITIIEKCO00pa3oBaTeleH KOOPIHHAIIHOHHOE YHCIIO
SBIISAETCS IIOCTOSHHBIM, HartpuMep: Co*?, Pt*, Cr*? nMerorT KOOpAHHAIMOHHOE YHCIIO PABHOE 6, Y HOHOB
B*, Be™, Cu*?, Au*’ KOOpPIHHAI[MOHHOE YHCIIO PABHO 4. I GONBIMMHCTBA HOHOB KOOPIHHAIIHOHHOE
YHCIIO SBIIIETCS IIepeMEeHHBIM H 3aBHCHT OT IIPHPOALI HOHOB BHEIIHeH cdephl H OT YCIOBHH

GﬁpﬂBﬂEﬂI—HIH KOMIIIICKCOB.

Kmaccudukarss KoMIDIEKCHBIX COeIHHEHHH ITPOBOIUTCS 110 Pa3IIMYHBIM ITPH3HAKAM.
1. Ilo 3apsay KOMITIIEKCHOI'O HOHA Pa3/IN4aroT:

-katHoHHbIe [Cu(NH3)4]?

-aHHoHHBIE [Co(NO3)s]>

-HefirpambHele [Pt(NH3)Cl 1"
2. Ilo xapakrepy JIHTaHIOB Pa3IMYaroT:

-akBO- [Cu(H20)4]SO4

-aMMHHO-[Cu(NH3)4]SO4

~alHgo- Ko[Cu(Cl)4]

ripoxco-Ka(GIREMIpomvCY

Ceprudmkar: 2C0000043ESABBBO52205E7BAS00060000043E
Hﬁﬂ&@%%gﬁm@gm%ﬂ PBI PA3JIHYAIOT BHYTPHKOMIUICKCHBIC (I_[III{J]IIIIECI{HE) COCOHHEHHA.

HEl]'[p]E]I‘vIEp: B KIBOM OPIl'aHH3ME BCTPCHAIOTCA KIICHIHCEBH/JIHBIC (KEHE],THLIE) ITITHYIJICHHEIC ITHEKIIEIL. OHu
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GﬁpﬂS}fIOTCH KaTHOHOM MeTalla M d-aMHHOKHCIIOTaMH. K HHM OTHOCSTICS FEMGTHG@HH:, X.'IIGI)G(l)HHJI:,

BHTaAaMHH B >.

IIpu coctaBineHN Ha3BaHU I KOMIUIEKCHBIX COSMHHEHHI PYKOBOACTBYIOTCS CIIEAYIOIIIMHI ITPaBIIIaMHU.

- CHa4alla Ha3bIBalOT BHYTPEHHIOKO c(epy;,

- COCTABHBIE YaCTH €€ Ha3bIBAIOT B CIEAVIOIIEH ITOCIEAOBATEIIFHOCTH. JIMTaHAbl aHHOHBI, JIMTaHIbl —
MOJIEKYIIEI, KOMIIIEKCOOOpa30oBaTelb. 3alHChIBAlOT (DOPMYITY B OOPaTHOH ITOCIeJ0BATEIbHOCTH.

- K Ha3BaHHSIM JIMTaHJIOB — HOHOB J00aBISIOT oKOHYaHHe «o» (Clxmopo-, CN1naHo-). HelTpanbHele
MOJIEKYIIBI COXPAHSIIOT CBOHM HaszBaHHM S, 3a HCKIrOUeHHeM H,O — akeo, NH3 — amiH.

- YICJIO JIMTaHIOB YKa3hIBAIOT IPEYECKHMH YHCIIHTEIIBHBIMHI: IH, TPH-, TeTPa-, IIEHTa-, FeKca- U T. 1.

- B ITOCIIEJHIOKO OYEePEb HA3bIBAKOT HOHBI BHEIMHEH C()epHI.

[Iprvep: katrHoHHBIe —[ Cu(NH3)4 |SO4— TeTpaavmiHoOKyIIpat (II) cymbdar;

aHHOHHBIe — Naz[Co(NO2)e¢] —TexcanutpokoOonbTar (III) HaTpHd,

HeltrpampHBIE [PH(NH3)]Cls - qiximopomaMMITHOITIATHHA.

Qb opyoosarue u mamepuaibl.

PeakTHBEI, HEOOXOMHUMEIE JIJII JAaHHOH padOTHI, BRICTABJISIIOT Ha ITOJIKH J1ad0OpaTOPHBEIX CTOIOB. Peakue
PeaKTHBEI, KOHIIEHTPHPOBAHHBIE KHCIOTHI H INENOYH, IaXyyHe BellecTBa (HAIIPHMED, CEPOBOIOPOL,
OpoMHasI BoJla H JIp.) XPaHAT B BEITSDKHOM IIKaQy.

OCHOBHaS XHMH4YecKasd Imocy/la; MPpoOHPKH (B IMTaTHBE), KOIOBI, XHMHYeCKHe cTaKaHBI ITOCIe pabOTHI
TINATEJILHO BBIMBITH, BECHI C Pa3HOBECOM, IIPHOOPHI, HCIIONB3yeMas IS ITPOBEIAEHHS OTAEIbHBIX
1ab0paTOPHEBIX padoT, BEIAAETCS M CHAETCS YHCTas 1ab0paHTy.

TexHuka dezonacHocmi npPi 6 bINOJIHEHUIL J1A0 opaAmMOpHOol pad omal.

-aKKypaTHO 00paIarsCcsa CO CTEKISIHHOH XHMHYECKOH ITOCYAOH. OCTaTKH pa3zOHTOH ITOCYALI YOHPATh C
ITOMOIIBIO COBKA M INETKH;

-Bce palbOTHI, CBSI3aHHBIE C BBIAECIICHHEM SMOBHTBIX, JIETYUHX H HEMPHATHOMNAXHYIIHX BEIIECTE,
IPOBOJHTH B BRITSDKHOM IIKa(y;

-IIPH OITPEJIETIEHHH 3allaXa BEIECTB OTBEPCTHE COCYAa JepKaTh Ha paccTosHHUM 25-30 c¢M OT IIHI[a,
HampasIIsad K ceOe CTPYIO r'aza IOCTYIIaTeIbHBIMH ABIKEHHSAMI JIAJJOHH OT OTBEPCTHS K JIHILY;

-IIPH HAJIMBAaHHM PeaKTHBOB He HAKIOHATHCS HaJ COCYAOM BO H30eXaHHe IIONaJaHHs OpBI3T HIH
YACTHI[ Ha JIHI[O HIH OJeKIY. IIpH pa30aBIeHHH KOHIIEHTPHPOBAHHEIX KHCIIOT BIHBATh KHCIIOTY B BOAY,
HO He Hao0O0poT;

-IIPH HAarpeBaHHH ITPOOHPKH HE JepKaTh €€ OTBEPCTHEM K cede HIIM B CTOPOHY COCeZa. HE HAKIIOHSTHCS
HaJl HarpeBAEMOH KHIKOCTBIO BO H30eKaHHe TIOMafaHus €€ Ha JIMI0, PYKH IIH OJEKIY;

-'OPAYIIC EM'EWWWWBIHB TOJIIbKO Ha acOeCTOBBIH KapTOH, acOecTHpOBaHH CCT HIIH
3 1p NEKTPOHHOW NOONWCHIO P ’ P IO Ky

Whr@?% :ﬂ;)é% 060000043E
neneuy; llleGayxoea TareaHa AnekcaHgpos a
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-HEelb 34 IOJIb30BATLCA AIIEKTPoIIpHOopaMi 0e3 COOTBETCTBYIOIET O HHCTPYKTakKa. ITPH BKIIOUEHHH HX B
CETh HENb3S JepKaThCs 3a METAIDIMYECKHE IIPeAMEeTHI (TPYObI, KpaHbI H T.I1.). 3alIpeIlacTCcs BKIKYATh H
BBIKIIFOYATh SIIEKTPOIIPHOOPEI MOKPBIMH pPYKaMH, a TaKXe II0Ib30BaThCSI HEHCIIPAaBHBIMH HIIH
HMEIOIIHMH OT'OJIEHHEIE IIPOBOAA IIPHOOPaAMH ;

-3alpelnaeTcs MPHHUMATE ITHIY B XHMHYeCKOH 1a00paTOPHH H ITHTh BOAY H3 J1a00paTOPHOH ITOCYIHL. -
-KaTeTr OpHYeCKH 3alpellacTCcs IMPoOOBaTh PeaKTHREL Ha BKYC;

-IIpH TIOIAJAaHHH Ha JHMI0 MM PYKH OpPBI3T KOHIL[EHTPHPOBAHHBIX KIHCIOT IIOCIIE CMBIBAHISI BOIOH
IIPOMBITE CIIAOBIM PACTBOPOM COBI. INENOYL CIIEAVET CMBIBATH O TeX ITOP, IMOKAa YYACTOK KOXKH, Ha
KOTOPBIH OHa IT0ITana, He IMepecTaHeT OBITh CKOMIB3KHM, 3aTeM IIPOMBITH CIIa0bIM PAaCcTBOPOM YKCYCHOH
KHCIIOTHI H HaJOKHTh IIOBS3KY H3 BaThl, CMOYeHHOH 3%-HBIM pacTBOPOM IlepMaHTaHaTa Kamnisg (H3
arnTeyKH B TaOOPaHTCKOH KadeIphl);

-II0 OKOHYAHHH PadoThl BEIKIIFOYHTE H3 CETH BCE 3JIeKTPOIIPHOOPHI, IEPeKPHITh MoJauy ra3a H BOALI B
nmabopaTopHIO H yOpaThk padouee MecTo;

-000 BCEX HECYACTHBIX CIYYasIX HEMEAJIEHHO COOOIIATh IMPEIofaBaTelIio WIH J1a00paHTy.

IIpakmuveckan uacms:

Onsir Nel. [TonydeHne aKkBaKOMIUIEKCOB.

Harpeiite B ¢apdopoBoii yamieyke HeOOIbINOE KOIHYECTBO KpPHCTAIUIOTHApaTa CylIb(aTa MeJIH.
OTMeThTe IBeT Oe3BomHOH comH. llocne oxmaxmeHnsa coim (gpapdOpOBYRO YalllKy MOKHO OpaTh
pykaMH) ITpuOaBbTe BoAy. M3MeHeHHe I[BeTa CBS3aHHO ¢ 00pa3zoBaHHEM akBakomruiekca. IlogoOHEIe
oIepalHH IpoAeIaiTe ¢ KpHCTaIUIOTHApaTaMH CyIb()aTa HHKEILd, XJIOpPHla XpoMa. HaImiImre peakiin
TEpMOIIN3a H GopMyisl akBakoMiuiekcos Cu?*, Ni%*, Cr’*.

Onbrr Ne2. B dapdopoBoit yarmeuke HeOOJIBINOe KOTHYECTBO KPHCTAIIOB XJIOpHAa KoOalmbTa
PacTBOPHTE B HECKOJIBKHX KaIUDIX KOHI[EHTPHPOBAHHON COJIIHOH KHCIIOTBHI (OCTOPOXKHO € KHCIIOTOH,
OIBIT IIPOBOJHTL IIOJ TsroM). OTMeThTE OKpacKy pacTBOpa, KOTOpas BbI3BaHA 0Opa30BaHHEM
TETPaxXTTOPKOOOIBTOBOH KHCIIOTHL. 1IpH pa3bariieHIe ITOITYYEHHOIO pacTBOpa BOJOH OKpPacKa MEHSETCS
Ha PO30BYIO, XapaKTEPHVIO I THAPATHPOBAHHOIO HOHA KoOambTa. Hammimite ypasHEHHS peakIii.
Onsir Ne3. [JonydeHHe THAPOKCOKOMIUIEKCOB.

K pacteopy comH I[HHKa IMpHOaBhTe PAcTBOP IETOUH. OOpas3VIOIHICA OCaJOK I'MIPOKCHIA B H30RITKE
INETTOYH PACTBOPSETCS M IPERpPAIIAETCSA B PACTBOPHMBIN T'MIPOKCOKOMIUIEKC. AHAIOIHYHO ITOIIYUNTE
THIPOKCOKOMIUIEKCHI AIITFOMHHIS, OJIOBa H XPOMa.

OnbIir Ned, [JonydyeHne aMHHOKOMIUIEKCOB.

A. K pactBopy cymnbdara MeIH IIOCTEIIEHHO IIPH IEpeMelIHBAHHH IIH BCTPSXHBAHHH J0OaBbTE
pacTBOP KOHIEHLRHRGBAHEOER aMMIitaka. OOpaTuTe BHHMaHHE Ha TO, YTO OOpPa3YIOIHMICA CHHIH

SNEKTPOHHOW NOANMWUCHIO
QCAMOK F NAPOKCHHM MOALL BEVBOREKS AMMIAKA PACTBOPSETCSA BCIIEACTBHE 00pa3sOBaHNSA PaCTBOPHMOIO

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

aMMHaKaTa MeIH. OTO COIIPOBOAOACTCHA PC3KIIM H3MCHCHHCM IIBCTA. HoH TETpaJHaMMIHMEIH (H)
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MOJKHO Pa3pyHIHTh J0OaBIeHHEM pacTBOpa cylb(aTa HaTpHsa OOBSICHHTE, IOYeMy? OTH K€ OITBITHI
IIPOBELHTE C PACTBOPOM COIH NiZ*.

B. B pacTtBope aMMHaKa XOpPOIIIO pacTBOPpAeTCA Xiopu cepedpa. llomyynre HEMHOIoO ocajika XJIOopHa
cepeOpa M3 HHTpaTa cepeOpa M PacTBOPHTE €ro B HECKOJBKHMX KaIULIX KPeIrkKoro ammmaka. Ms
IIOIIYYEHHOI'O pacTBOpa XIIOpHIa JHAMMHHCeEpeOpa MOXKHO BHOBBH BREIJIEIMTH XIOPHJ cepedpa
mo0aBIeHHEeM a30THOH KHCIOTHL. Ilouemy »To mpomcxomur? Comu cepebpa AeHIIHNTHBEI, ITO3TOMY
BBUIMBAHTE MX PACTBOPKI IIOCIE MTPOBEAEHHEIX OIBITOB B CIIEIHAIBHEIE OAHKH ¢ STHKETKON " {1151 ciniBa
cepedpa ".

OnbIir Nel. [lonydeHne alHaoKOMIUIEKCOB.

A. Ilomyunre HeMHOIrO ocajKa XJIopHAaa cepebpa, CIIeHTe PacTBOP, a K O0CaAKy A00aBbTE IO KarUISM
KOHI[EHTPHPOBAHHOH COJITHOH KHCIIOTBEL. OCaJOK PacTBOPHTICSI B H30BITKE KHCIIOTHI ¢ OOpa3oBaHHEM
THXIIOpCcepeOpSIHHOH KHCITIOTHI.

B. K pactBopy comi Hg?" moGaBbTe ITOHEMHOI'Y pacTBOpa HomMaa Kalrsd. BrImagaeT ocaJoK FOAHIa
PTYTH, KOTOPEIH B HM30BITKe KI pactBOpsieTcsa ¢ oOpaszoBaHHEM OeCIBETHOI'O TeTpaHOLOrHIpaprupar
(I1)- HoHa.

B. K 1-2 M pactBopa comn Co*" [qo0aBbTe IINENMOTKY KPHCTAUIMYECKOTO POLAHHAAa AMMOHMSL.
OO6pasyeTcs KOMIIIEKCHBIH HOH KoOallbTa CHHErO I[BeTa. EcCm pacTBop pas3daBHUTE BOJOH, TO OKpacKa
H3MEHHTCS Ha PO30BYIO, XapaKTEPHYIO JJI1 aKBaKOMIUIEKCOB KoOanbTa (II).

I". Ha pactBOp comu xene3a (III) mmopeicTBYHTE B OJHOH IMPOOHPKE PACTBOPOM INEIIOUH, a B IPYIOH -
pPacTBOPOM pofaHHjga aMMOHHA. OOBSICHUTE TPOHCXOMSIIHE SBIIEHHSI. ITH PeakiiH IT03BOJISIOT
oOHapyKHBaTb B pacTBopax HOHBE Fe’*. Ha pactBop rekcarmanodeppara (III) xamis Takke
IIOJAEHCTBYITE PACTBOPOM INEIOYM M poAaHHAa aMMOHHI. [loueMy BO BTOpOM cCiIy4ae MBI HE
HaOITFOMaeM PeaKIHil, XapaKTepHBIX U1 HoHa Fe ™7

OreIT Ne6. /IBOHHBIE COJIH.

JIBOHHYIO CONIb - arOMOKaIHeBble KBacIbl KoSOs- Al2(SO4); - 24H20O MOXKHO paccMaTpHBATh Kak
KOMIUIEKCHOE COEQHHEHHE - AHCYIIb(aTOaFOMHHAT KalHsi. B TpH IpoOHpKH HaJeHTe pacTBOP 3TOH
COIIH, B KAUECTBEHHOH PEAKI[HN OIPEAEINTe, KAKHE HOHEI €CTh B 3TOM PacTBOPE.

Hamiume B pacTBOope HOHA KalMd MOKHO VYCTAaHOBHTL JOOABIEHHEM THApOTapTpaTa HaTPHA
NaHC4H4O¢. Ilpn 3amelneHHH HaTpHS KamHeM oO0pa3yeTcs HepacTBOPHMOE CcOeJHHeHHe (0cajloK
oOpasyeTcsl OBICTpee, eClIH CTeKIITHHOH ITaJlOYKOH ITOTepeTh CTeHKH IpoOHpkH). Mon K™ mpome
OTKPBITE pacTBOPOM Nasz[Co(NO2)es], ng 3Toro K 1-2 M1 HCIIBITYEMOI'O pacTBOpa JOOABHTH HECKOIIBEKO

Kallelb KOoOaIbTHHHTPHTA HATPHSA. BBITafaeT KeNThl OcafoKk KOOaIbTHHHTpHTa Kamrmsg. Mon Al

. .
OOHapYKUBAIOT AROABHEFEARNEANETOUH, HOH SO4° 0CaXkIaroT B BHIE CYib(paTa Gapis.
3NEKTPOHHOW MOAMNUCHIO

Ipebveanus K oGopMre o maTopantoprioi pad omsl _omuenty:
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| .BrinomHeHne gadopaTOpHBIX padoT COMPOBOXKIAIOT 3armicsaMH B J1abopaTOpHOM KypHaine. Ha
TUTVIIBHOM IIHMCTE JIaDOPaTOPHOI'O KYpPHala MOMKHEI OBITH ITPEACTaBJIEHBL, Ha3BaHHE YHIBEPCHTIETA,
(paMIUTHSI H HHHI[HAJIBL YYaIller Ocs, HOMep Kypca H IPYIIIbL, yueOHBIH IO,

2.0TYeT O BRINOJHEHHOH JTa00opaTOpHOH padoTe JOJIKEH COIEPKaTh CIIeIVIOIIIE CBeIeHI:

*HOMeDp PadoTHI H €€ Ha3BaHHE,

*IaTV BBOTOITHEHHS pabOTHI,

*11€TIb PabOTHI,

*000pYIOBAaHHE M MaTEPHAIIBI,

*KpaTKOE TEOPETHUYECKOE OIHCAaHME;

*HOMEDP H Ha3BaHHE OIBITA,

*KpaTKOE OIMCaHHEe X0Jia pabOoThI ¢ YKa3zaHHeM YCIIOBHI ITPOBEIeHHS OIThITA,

*PHCYHKH M CXeMBI HCITONB3YEMBIX ITPHOOPOB;

*HAOIFOEHH A,

*YPaBHEHHN S ITPOTEKAIOIIHX PEAKIIHIL,

*pacYETHL, TaOIHIBI, I'Pad)HKH,

*BBIBOJIBI.

3.JIabopaTOpHEIH KYPHAII HYKHO BECTH YHCTO H aKKYPaTHO, 3aIlHCH JONKHEI OBITH JTAKOHHY HBIMH.
4.0OT4YET O ITPOBEAEHHON padoTe IIPOBEPSET M ITOAIIHCEIBAET ITPEITOAABATEND.

5.K cmaue 3ayéra 1o IadopaTOpHOMY TIIPAKTHKYMY JOITYCKAIOTCS CTYAEHTBI, BBIIOIHHBIIHE H
IOAITHCABIIIE YV IIPEIoJaBaTelld BCe JOMAIIHHE M 11abopaTOpHBIE PadOTHI, CHABIIMHE KOJUIOKBHYMEL,
AKTHUBHO YYaCTBOBARBIIIE B padoTe CEMHHAPOB.

6.CTYIEHTHL, MTOIYUYHEBIIHE 3a4ET IO JIaOopaTOPHOMY IMPaKTHKYMY, AOIIYCKAIOTCS K claue sK3aMeHa I10
KYPCY HEOPraHHYECKON XHMIH.

KoumpoJibHbie 6onpocst :

1 KaxoH BEIBOJ MOKHO CIeIaThk O ITPOYHOCTH JAHHOI'O KOMILIIeKca?
2. Kak ITPOTEKACT AHCCOIHAIIHA TAKOI'O THITA KOMILIIEKCHBIX COEIHHEHHI?

YCTOMYHBOCTh KOMIUIEKCHBIX COEeHHEHHI B PacTBOPax
KomrmiekcooOpa3yromas criocoOHOCTh §-, P- H d- 37IeMeHTOB
XapakTep XUHMHYECKOH CBS3H B KOMITIEKCHBIX COEIHHEHISTX
CTpoeHHE 3MEKTPOHHBIX 000/IOYEK aTOMOB

DOJIeKTPOHHEIE (POPMYIIEL

N R W

Cnucok Jumepamypasl.

1 Heopranmdeckass XM | OnekTpoHHBIH pecype| : maGopaTopHberi mpakTHkyM / C.A. CokoroBa [H

. — DnekTpoH. TeKCTOREIe TaHHBIe. — BopoHexk: BopoHexcKHH [ ocvaapcTBeHHBIH ATpapHBLIH
I[P] %DHMEHT NOONUCAH A p P yAap pap

ANEKT
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ST W S TSR 556 html
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2 .Heopranmdeckass XuMHSI | OIeKTpOHHBII pecypc| : madopaTopHslit mpakTHKYM / O.B. J[psKOHOBa [H
Ip.]. — ODONeKTpoH. TeKCTOBBIE JaHHBIE. — BopoHek: BopoHexkckmi ['ocymapCcTBeHHBIH ATpapHBIH
Yuueepcurer M. Mmameparopa Ilerpa Ilepeoro, 2016. — 150 ¢. — 2227-8397. — PexuM A0CTyIIA:
http://www.iprbookshop.ru/72708.html

JlabopaTopnas padora Ne 5
Tema 5: CxopocTh XHMHYECKHX peaKIIni H XUHMHYecKoe paBHoBecHe. Karaims

gﬂﬂb pﬂﬁﬂlﬂbl.' HB}"‘IEHHE 3dBHCHMOCTH CKOPOCTH PC€dKIIHH OT KOHICHTPAIlHH PCaldHTOB,

TEMIICPATYPhI, CTICIICHH H3MCJIBUCHHA BCINCCTBA, BJIMAHHA KATAJIH3daTOPOB Ha CKOPOCTh PCAKIIHH,
BIINAHHA PEAI'CHTOB H TEMIICPATYPHEI Hd XHMHYCCKOC PABHOBCCIHC.

Dopuupyemple komnemenyuu: OIIK-1.

T eopemuiUecKdna Hdcmbs.

CHﬂpﬂﬂfﬂbm pedruini Ha3bIBACTCA MWICIO aKTOB XHMIHYCCKOI'O EBEIIIMGI[EﬁCTEI[Hj IMPOHCXOIOAIIIX B
CAHHHILY BPCMCHH B CAMHHIIC o0BEMa IIPH I'OMOI'CHHBIX ITPOLCCCAxX HIIM Ha CIIHHIIC IIOBCPXHOCTH IIPH
I'€TCPOI CHHBIX ITPOIIECCAX.

AN _ AN
VAT SAT

O cpemHell CKOPOCTH XHMHUECKOH PpeakIMH CYAAT II0 H3MEeHEHHIO MOJISPHOH KOHI[eHTpaIlHH

PEarHPYIOIHX BEHIECTB 3a OIPEAeIIEHHBIN HHTEPBAll BpeMEHH:

rie v - CpCIHAA CKOPOCTD XHMHYECKOH PEAKITHH, ¢ | — MOJIIAPHAA KOHLICHTPAIlIA BEIICCTBA B MOMCHT T |
, C 2 — MOIIAPpHAaA KOHILICHTPAIlHA BEICCTBA B MOMCHT T2 . HUcTtHHHON CKOPOCTBIO XHMHYECKOH PEAKIIHH B

IIaHHBIH MOMEHT Ha3bIBACTCSI IICPBad ITPOH3BOAHAA KOHIICHTPAILHI 110 BPCMCHH.

V _—I—d_f- —dﬂ"“ =+dﬂ%ﬂ&

dr ar dr

B romMoreHHoOH CHCTCMC_CKOPOCTDb XHMHYECKOH PeakKIlHH 3aBHCHT OT IIPHPOAbI PCAl'HPVYIOIIIHX BCIIICCTB,

HX KOHI[EHTpAI[MH, TeMIlepaTyphl, HAIHYHS KaTallH3aTopa, IIPHCYTCTBHS IIPHMeCEH H ITPHPOILI
pacTBOpPHTENA. B rereporeHHoH cHCTeMe B3aHMOJIEHCTBHE OCYIIECTBIIIETCS Ha ITOBEPXHOCTH paszjella
PEarHpYIOMIMX BEMIECTB, MO3TOMY 3aBHCHT OT AH(P(Y3HH BellecTBa K ITOBEPXHOCTH (AH((y3HOHHBIH
PeXHM), a ecl JU((PY3HSI He BIHAeT Ha CKOPOCTh PeakKIHH (KHHETHYECKHI PeKHM), TO IPH ITPOYHX
KYMEHT NoOnncAH
PaBHBIX ycnﬂﬂﬂ&g m é cLI9BEPXHOCTH Pasiena [OBBIIIAET CKOPOCTS reTe POreHHOH XMMHYECKOH
: 51S

pEﬂKI_[HH BE]BI[GIMGGTL GKGPIDCIH pEElI{I_[IIH OT KOHLCHTPpaAllHH OIIPSCACIIACTCA 3daKOHOM ,[[E:HGTE}’TOH_[ID{

ME],GG (BEII{GH F}UIB,I[@EPI‘H BEI,EII‘E) cCIIH XIMHYECKAA  PCAaKIHA ILI[ET B COOTBCTCTBHH cO
NeicteuTened: ¢ 19.08.2022



CTEXHOMETPHYECKHM VPaBHEHHEM, TO CKOPOCTh PeaKI[MH IIPSMO IIPOIOPIHOHAIFHA ITPOH3BEIEHIIO
KOHI[EHTpAI[MH PearHpyION[HX BEIECTB B CTEIEHSX, PaBHBIX CTEXHOMETPHYECKHM KO3(QHIMEHTaM B
YPaBHEHHH PeaKIHH.

JJIsI peakiu 3arHcaHHoN B OOINEM BHE, T.€.. nA + mB — gR + pD, ckopocTh peaki(ui B

COOTBCTCTBHH C 3dKOHOM ,[[EﬁGTE}*TOH_[ID{ MACC BbIPA3HTCA CIICOYHOIITHM GﬁpﬂBDMZ

3nech [A] u [B] — MOIIsIpHEIe KOHIIEHTPALHH PearHpyIOIHX BEIECTB B JaHHBIH MOMEHT BPEMEHH,

N H I - CTEXHOMETPHYECKHE KO3(P(DHIMEHTHI ITPH PEAaTHPYIOIHX BelllecTBaX. HarpHmMep, I peakIiy:

IpsiMast H 0OpaTHAasI CKOPOCTH:

;;;—,._k C‘I.I’JCID _k C\r:L

Ha ITPAKTHKE IIPHXOAHTCA HMCTh JACIIO CO CIIOKHBIMH IIPpOIECCaMIl, COCTOMAIIIMIL HE H3 GI[HGﬁ:, a H3
MHOKCCTBA ITPOCTEIX CTEl,I[IIfI:. Ha3bIBACMbBIX 3JICMCHTAPHBIMH aKTaMH., IJIA KaKIOH H3 KOTOPBIX MOYKHO
3aIHcaTh CBOE BBEIPAKEHHE JJIA CKOPOCTH Hd OCHOBAHIIH 3d4KOHA ,I[EﬁCTE}’TOH_[ID{ Macc. B Takom CIIYHdac

HHCIIO MOJICKYII, YHACTBYIOIIIX B JJICMCHTAPHOM aKTE, OIIPCACIIACT MOJICKVYIIAPDHOCTD B3aHMO/IEHCTBH L.

J11s1 IpHBEIEHHOTO BBIIIE IIPHMEPaA ITpsMasl peakKIHsI TPHMOJIEKYIISIpHA, a 0OpaTHas OMMOJIEKYIISIPHA.

B GonbIIMHCTBE CITy4yaeB ITOKa3aTelIH CTelleHH ITPH KOHI[EHTPAIHIX B YPaBHEHHH 3aKOHA JeHCTBYROIIHX
MAacc OTIIHYAOTCS OT YHCIAa MOJIEKYH B YPaBHEHHH PEAKIHH. OTO IPOHCXOAUT OTTOTO, YTO YpaBHEHHE
PeaKkIH oTpakaeT IHIIb OO HTOT Mpollecca. [lokazaTenn m 1 n B MaTeMaTHYeCKOM ypaBHeHHH (1)
HA3BIBAIOT B TAKOM CIIy4ae IOPSAKOM peaKI[HH IT0 KaKIOMYy H3 PearHpYIOMIMX BellecTB A win B, a ux
cymMmMmy (m+n) — OOIIHM MOPSAKOM peakIMH. B KaKIoM KOHKPETHOM IIpOllecce B 3aBHCHMOCTH OT

YCIIOBHH MOKET OBITh PA3ITHYHBIHN ITOPSIOK PEAKIHH.

Kosddumpenr k Ha3piBaeTcsI KOHCTAaHTOH CKOPOCTH PeaKI[HH H 3aBHCHT OT IIPHPOABLI PearHpyHOIIHX
BEI[ECTB, TeMIlepaTyphl H KaTaJlH3aTopa. UHCIeHHO KOHCTaHTa CKOPOCTH XHMHYECKOH peaKI[HH paBHa
CKOPOCTH PeaKI[HH ITPH KOHIIEHTPAI[HIX PearHPYIOM[MX BEINeCTB, PaBHBIX 1 Momb/m. OJHAKO peaKI[Hi
HIYT, KaK IIPaBIIIO, IO OTAEIBHBIM CTAIMsIM H OOIMYIO CKOPOCTBH ITPOIlecca OIpedellsieT HaHnOoIlee
MeJIEHHO pPa3BHBAOIIAsACA cTaaus. 11oaToMy ImoKas3aTelH cTeleHeH IIPH KOHIIEHTPAIHIX Pear HP YEOIIHX
BEI[ECTB HE COBMAJAIOT C HX CTEXHOMETPHYECKHMH KO3()(HIHEeHTaMH, a KOHI[eHTPal[HH HEKOTOPHIX H3
pPearHpyIOMIHX BeIecTB BOOOINE MOT'YT He BXOJHTh B BEIpakeHHE CKOPOCTH XHMHYECKHX PeaKIHi.

3aBHCHMOCTh KOHCTAHTBI CKOPOCTH PeaKI[HH OT TeMIlepaTyphl MOKET OBITh BEIpakeHa YpaBHEHHEM

APIJEHII}J'C&: OOKYMEHT NOANWMCAH
SNEKTPOHHOW NOONMUCLIO

CepnTvdukaTt 2 _'__*: IEQABBBOS2205ETBAS 0043E
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r1e Eacr — BHEPrUS aKTHBAIMH, kK — KOHCTaHTa cKopocTH, T — Temmeparypa, K, ko — KkoHCTaHTa, R —
ra30Bas IIOCTOSHHAL.

OHEPrUeH akKTHBAI[MH HAa3bIBAETCS TO KOIHYECTBO HSHEPrHH, KOTOPOE HAAO0 COOOIIMHTL MO0
PEArHpPVIOIIMX BEIIECTB IS IIPHBEAEHHS €ro B PEAKIHOHHOCIIOCOOHOE COCTOSIHHE. JOHEPIHSI
AKTHBAIIHH B PeaKI[HH He Hcue3aeT H YBEIIMYHBAET TeIUIOBOH 3(D(PEKT peaKI[HH.

[IpH HH3KHX Temreparypax MOXKHO CUHTATh, YTO CKOPOCTh PEaKI[HH BO3pacTacT ITPH HarpeBaHHH Ha

10°C B 2...4 paza (mmpaBuiio BaHt-I"odda):

T.T
L L

=M 1
7 _— 1 1 --III - -f — -
Jl ;I— — Jl 3 :_ ¥ — :_

3lech ¥ - TeMIlepaTypHbIN KoaduimeHT BanT-I"od da.

Kamanuzamopom HazbpBaeTCS BeleCTBO, H3MEHSIOIEe CKOPOCTh XHMHYECKOH peakIHH, HO B
pe3yibTaTe eé caMO OcCTaroIeecs XHMHYECKH HeH3MeHHBIM. KaTalmHTHYecKHe ITPOIECCHl CBOAIICS K
JIBYM THIIAM: TOMOITeHHOMY H IeTeporeHHOMY. IIpH roMOoreHHOM KaTaJIH3e pearHpyIOIHe BellleCTBa H
KaTalIH3aTOP COCTABISIOT OJHO(pA3HYIO CHCTeMY. IIpH TreTeporeHHOM KaTalaH3e pearHpYIOIIHe
BEII[ECTRBA H KaTalIH3aTOP COCTABISIOT CHCTEMY M3 JIBYX (pa3, H KaTaJIMTHYECKHII ITPOIECcC IPOTeKaeT Ha
rpaHHIaX pasgena. CKOpoCcTh B3aHMOJEHCTBHA B STOM CIIy4ae IIPOIOPIMOHAJIbHA ITOBEPXHOCTH
pazzena ¢as.

Bce xXuMIUeckHe peaKI[MH MOYKHO pa3JelHTh Ha HeoOpaTHMEIe, HaIllpaBIeHHe KOTOPBIX He 3aBHCHT OT
BHEINTHIX VCIOBHIL, M OOpaTHMBIe, HaIIpaBIcHHE KOTOPBIX MOXKeT H3MEHSATHCSI B 3aBHCHMOCTH OT
TEMIIEPAaTYPhl, KOHIICHTPAIMH M JaBJICHHSA. BOIBIMMHCTBO peakipii oOpaTrMo. OHH ITPOTEKAOT
OJHOBPEMEHHO B JIBYX HaITpaBJIEHHSX, TaK KaK BO BCSIKOH PeakI[HH IT0 Mepe o0pa30oBaHHS IMPOIYKTOB
pPeaKIHH BO3HHKAeT BO3MOKHOCTh B3aHMOAeHCTBHS MeK Ay HHMH ¢ 00pa30BaHHEM HCXOTHBIX BEIECTB.

PaccmorprM o0paTHMYIO peakifiio B o01eM BHje: aA + bB «<»c¢ C + dD.

[ IppMeHHB 3aKO0H JeHCTBYIOIIMX MAacC K IIPSAMOH H O0OpaTHOH pPeaKIH M, ITOIIYYIM:

v =Iy[4]°[B],

N C e
Vo = i:[c] [D] (2)
TI€ VvV ; H V2 — CKOPOCTH IIPSMOH H OOpaTHOH PeaKI[HIL.
[Io Mepe npoTeKaHns Peaki[MH KOHIIEHTPALMI HCXOMHEIX BEINECTE YMEHBINAETCS, H CKOPOCTh ITPSMOMH
pPeaKIMH YMEHBINAETCS, a CKOPOCTh OOpPaTHOHM YBEIMYHBAETCS BCIEACTBHE YVBEIMUYEHHS KOHI[EHTPAI[HH

ITOIIYHUCHHBIX BEIIIECTB.

quEB HCKOTOPOE BPEMA HACTYIIACT COCTOAHIIC, KOI'ld CKOPOCTD GﬁpﬂTHDI‘G ITporiecca CTAHOBHTCAH

PABHOI CKOPOCTILIRAMAL;Hdai V 2 -
3NEKTPOHHOW NOONMCLIO
Ceptudukar: 21 43E9ABBB952205E7BAS00060000043E
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Cocmosnile, npi KOMOpoM CKOpPOCHIb HNPAMOLl peakijuil paeHa CKOpochHiil OoOpamuoil, Hasvleaenics
XuUMudeckum paeHogecuiem, a KOHIIEHTpaI[MH BCEX UETBIPEX BEIIECTB — PaBHOBECHBIMH

KOHITEHTpaIISIMH. T orjia H3 COOTHOMIEHHH (2 ) HMeeM:
k[4]°[B]" = k,[CT[D]°.

OTCrO[a CIIeqYyeT

i [C)[D]” _
P K:‘ = = ('T 3
JlT"_: [JQ]E[E]J f :J (3)

k 1 M k 2 D11 JaHHOH PecaKIlHH ITPH OJIHOH H TOH ke TEMIICPATYPC ABJIIAIOTCH BCIIMTIHHAMH ITOCT OAHHBIMI,

a 3HAYAT, HX OTHOIIEHHE IIOCTOSHHO. K. — BEeIHYHHA IIOCTOSIHHAs H Ha3bIBAaeTCSI KOHCTAHTOH
paBHOBecHS. J[JI1 peakifmii MeKIy TIa3000pa3sHBIMH BEIECTBAMH BMECTO KOHIIEHTPAI[HH MOXKHO
HCITONIL30BATH ITapIlHalIbHbIE JABIEHHSI I'a30B B CMecH. [IpH 3TOM KOHCTAaHTY paBHOBeCHS 0003HAYAIOT
yepe3K, . ECI KOHI[eHTpalliH BhIPakeHBI B MOIIBHBIX JOJISIX, TO KOHCTAHTa PaBHOBECHS 0003HAYAETCS

yepes Ky . Mexay K. ,K, 1 Ky CyIIECTBYIOT CIIEAYIOIIHE 3aBHCHMOCTH:
K _=K_(RT)™.

=
K =K. F,.

L

TAe ), — anreOpanyeckasd CyMMa CTeXHOMETPHYECKHX Ko3(@uimeHTOB. KOHCTaHTa paBHOBECHS
3aBHCHT OT TEMIIEPATYPHI H IIPHPOJIBI PEATHPVYIOIIIX BEIECTB, HO HE 3aBHCHT OT KaTa3aTopa, TaK KaK
IIOCTIEHHH YCKOPSIET U IIPAMYIO, H OOPaTHYIO PeaKI[iH.

YpaBHeHHe (3) BBITeKaeT M3 3aKOHA JeHCTBYIONMX Macc JII oOpaTHMBIX peakipmi. Ero MoXHO
chopMyIIHpoOBaTh TakK. OTHOIIEHHE ITPOM3BEACHHS PaBHOBECHBIX KOHIIEHTPAIMIi B CTEIIEHH HX
CTEXHOMETPHYECKHX KO3((HIMEHTOB €CTh BEIMYHHA, IIOCTOSHHAS ITIPH JaHHOH TeMIIepaType.
CMeIlleHHE PaBHOBECHS B 3aBHCHMOCTH OT H3MEHEHHS KOHI[EHTpAIlMil PEearupyrolx BeEIIECTB,
TeMIlepaTyphl, JaBIEeHHS (B CclIydyae Ia30BBIX peakI[Hil) B 0OI[eM cIydae OIpeersaeTcs IpaBHiIoM Jle-
[ITaTtenbe: ecnut € cucmeme, Haxoouegulelics € pacgHoeectill, UIMeHUmMb 00HO 13 yeaoeuii (t, p , ¢ ), mo
NpOUCXO0UM CMeujeHle pasHogecus 6 HAanpaeleHuu moil peaxkyuu, Komopas Hnpensamcneyen
NpPoU36e0EHHOMY UBMEHEHIL .

[ Iprvensts iprHipt Jle-11laTense K pasHBIM ciIyyasM, MOKHO CHEIATh CIEMVIOIIHE BBIBOIHL

1) mpH yBeIHYEeHHH PaBHOBECHOH KOHIIEHTPAI[HH OJHOIO H3 BEIIeCTB CHCTEMa XHMHYECKOIO
PABHOBECHS CMEINAETCS B CTOPOHY TOH PeaKIMH, KOTOPpas ITOHMKAET KOHI[EHTPAIJIO 3TOr'0 BEIIECTBA,
2) IIpH YBEIHMYEHHH JaBIcHHS PaBHOBECHE CMeIaeTcd B CTOPOHY OOpa3OBaHHMS MeHBIIErO YHCIA

MOIJICKYII I'a34.,

3) HarpeBaHNe CMRIIAST PABHABECHE B CTOPOHY SHAOTEPMHYECKOHN PEaKINH, OXIIaXIAeHe — B CTOPOHY

3NEKTPOHHOW NOONMCLIO
JKB30TSPMHMCCROHEPEaRI[HIT-E /BA500060000045E
) = J1enet Gavxoga T ThAHA . caHnpoOBHA
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PeakTuBEI, HEOOXOMHUMBIE IJI JAaHHOH padOThI, BEICTABJISIIOT Ha ITOIKH TadOpaTOPHBIX CTOIOB. Peakiie
PeaKTHBEI, KOHIIEHTPHPOBAHHBIE KHCIIOTHL H HIETOYH, IaXyuyHe BelllecTBa (HAIIPHMEP, CEpPOBOLOPOLL,
OpoMHasI BOJla H JIp.) XPaHAT B BEITSDKHOM IIKaQy.

OCHOBHas XHMH4YecKas Mocyja: IMpoOHPKH (B INTaTHBE), KOIOBI, XHMHYECKHE CTaKaHBI ITOcTIe Pa0OThI
TIATEJIBHO BBIMBITH, BECHI C Pa3HOBECOM, IIPHOOPHBI, HCIIONB3YyeMas IJIS IIPOBEAEHHS OTJEIIBHBIX
1abopaTOPHEIX padoT, BEIAAETCA M CAAETCSA YHCTasd 1abopaHTy.

TexHuKka dezonacHocmu npu 66INOJIHEHUI J1A0oOpAmMoOpHOU pad omal.

-aKKYpaTHO 00paIarsCcsa CO CTEKISIHHOH XHMHUYECKOH ITOCYAOH. OCTAaTKH pa3zOHTOH ITOCYALI YOHPATh C
ITOMOIIBIO COBKA M INETKH,

-Bce palboTHI, CBSI3AaHHBIE C BBIAEIIEHHEM SIMOBHTBIX, JIETYYHX H HENPHATHOIAXHYINHX BEIIECTB,
ITPOBOJHTH B BRITSDKHOM IIKa(y,

-IIPH OITPEEIIEHHH 3allaXa BEIECTB OTBEPCTHE COCYAa Jep:KaTh Ha paccTogHHM 25-30 cM OT IIHIfa,
HaIpasIlsd K ceOe CTPYIO r'aza IOCTYIIaTeIbHBIMA ABIKEHHSMI JIaJJOHH OT OTBEPCTH S K JIHILY,

-IIPH HaJIMBAaHHHM PeaKTHBOB He HAKIOHATHCS HAJl COCYAOM BO H30eKaHHe IIoMagaHHsA OpBI3r IIH
YACTHI[ HA JIMI[O HIIH OAeKAY. IIpH pa30aBIIeHHH KOHIIEHTPHPOBAHHEBIX KHCIIOT BIHBATh KHCIIOTY B BOAY,
HO He HaoOO0poT,

-IIpH HarpeBaHHH ITPOOHPKH He JepKaTh €€ OTBEPCTHEM K cede HIIM B CTOPOHY COCeZa. HE HAKIIOHSTHCS
HaJl HarpeRacMOH KHIKOCTRIO BO H30eKaHIe TIoMafaHms €€ Ha JIHI0, PYKH WIH OJIc Ky,

-TOpSIUHEe TPeJAMETHl MOKHO CTAaBHTh TOIBKO Ha acOECTOBBIH KapTOH, acOeCTHPOBAHHVIO CETKY HIIH
IPYTVIO CITEIHAILHYIO ITOACTABKY,

-Helb 34 ITOIB30BATLCA AMEKTpOoIpHOopaMi 6e3 COOTBETCTBYIOIIETO HHCTPYKT aa. TIPH BKIFOUEHHH HX B
CETh Hellb34 JIepKaThCs 32 MeTaUINYeCcKHe IMPeAMETHI (TpyOBl, KpaHbI H T.I1.). 3allpelliacTcs BKIFOYaTh 1
BBIKJIFOUATH SIEKTPOIIPHOOPEI MOKPBIMH pPyKaMH, a TaKKe IIO/Ib30BAaThCSI HEHCITPABHBEIMH  HIIH
HMEIOIIHMH OT'OJIEHHBIE IIPOBOA ITPHOOPaMI,

-3alpernacTcs IMPHHUMATE ITHINY B XHMHYeCKOH 1a00paTOpHH M IHMTh BOAY M3 1a00paTOPHOH ITOCYIEL. -
-KaTerOPHYECKH 3arpelnaeTcs ImpodoBaTh PeaKTHBE Ha BKYC,

-IIPH TIOMAMAHHK Ha IO HIM PYKH OpPBI3r KOHIIEHTPHPOBAHHBIX KHCIIOT IIOCIIE CMBIBAHHS BOJOH
IIPOMEITE CIIa0BIM PacTBOPOM COABI. INENOYB CIEAYET CMBIBATh O TeX ITOP, IMOKa YYaCTOK KOXKH, Ha
KOTOPBIIL OHa IIoIlana, He IepecTaHeT OBITh CKOIB3KHM, 3aT€M IIPOMEITE CIa0BIM PacTBOPOM YKCYCHOH
KHCJIOTBI H HAJIOKHTh ITOBS3KY H3 BaThl, CMOYeHHOH 3%-HBIM pacTBOpPOM IlI€pMaHraHaTa Kaims (u3
arnTeyKH B Ta0OpaHTCKOH Kadeaphl);

-ITO OKOHYAHITH pﬂ,ﬁﬂTH BRIKIITOYHTE H3 CCTH BCC BHEETPGHI)HﬁGpBI:, IICPEKPLBITL I1OJA1TYy I'd3d H BOJbBI B

nabopaTopHIO U YRRA%E RAROIRE MECTO;

SNEKTPOHHOW NOANMWUCHIO
000BEEX HECHACTHERECTYHaEX HEMOMASHHO cOO0MATh MPEIo[aBaTelNto WIH Ja00paHTYy.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

I pAxkmuieckdAa Udcmib.
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OreIT Nel. 3aBHCHMOCTE CKOPOCTH PEeaKIHI OT KOHIIEHTPAI[H.
[Ipu peakimu MeKIy THOCYIIB(aTOM HAaTPHI H CEPHOH KHCIIOTOH

NHESECH + HgSOq. = H38303 + NagSO4

HgSgO3 = SOg -8 - HgO
HEPACTBOPHMAS Ccepa BBIAEIIETCS B BHAE MYTH. BpeMs OT Hayana peakiiHH IO IOSBIEHHS ITEPBBEIX
CIIEJOB MYTH 3aBHCHT OT KOHIIEHTPAIHH PEArHPYIOIIHX BEIIECTB.
T'pH GFOPETKH ITOPO3HB 3aIIONIHHTE BOJIOH, PacCTBOPOM THOCYIL(paTa HAaTPHA H CEPHOH KHCIIOTOH.
B TpH THIaTeNBbHO BBEIMBITBEIE IIPOOHPKH H3 OIOPETOK HAJINThL VYKa3aHHBIE B TaOIHMIlE KOIHYECTBA
pacTBOpa THOCYIIb(paTa H BOJABL. B TpH ApyTHE - M0 2 MII CEpHOH KHCIIOTHI. BIHTE B ITepBYIO IMPOOHPKY C
PacTBOPOM THOCYIIb(paTa OTMEPEHHOE KOIHYECTBO CEPHOH KHCIIOTHI H3 BTOPOH MPOOHPKH H, OBICTPO
B300JITaB, OTMETHTH II0 CEKYHAOMEPY BPeMS OT CIIHBAHHS PAacCTBOPOB JO MOMEHTA ITOSBIIEHHS MYTH.

AHaIIOrHYHBIE OIBITHI IIPOJIeNaTh C PAaCTBOPAMH B APYTHX MPOOHpKax.

Homep OO0BEM, MII OTHOCHTEIBHAS Bpems OTHOCHTEJIbHAS
NIPOOCHPKH NaxS203(a) H>O(b) KOHIIEHTPAIlHSI, t, C CKOpPOCTb,
a/(a+b) v=1/t
1 6 0 1
2 3 2 2/3
3 2 4 1/3

CrenaTth BRIBOJ O 3aBHCHMOCTH CKOPOCTH PeakIHH OT KOHIIEHTPalHH H H300pa3HTh 3TV 3aBHCHMOCTE
rparyecKkn, OTKIIaJbIBAas IO OCH aOCIIHCC OTHOCHTEIbHYIO KOHIIEHTPAaI[HIO, a II0 OCH OpJHHAT -
OTHOCHTEJIbHYIO CKOPOCTh PeaKI[HH.

OreIT Ne2. 3aBHCHMOCTE CKOPOCTH PEaKIHI OT TeMIIEPaT VPhI.

BrausiHiie TemMrepaTyphsl Ha CKOPOCTH PEAKI[HH MOXKHO TaKXKe IPOCHEANTH IO BPEMEHH ITOMYTHEHHS
TTOJIKHICIIEHHOI'O pacTBOpa THOCYIIb(]aTa HaTpua. Hamute B ogHY mpoOHpKYy 4 MiI pacTBopa Na2S203, a B
apyryro - 4 min pacrtBopa HaSO4. O0e mpoOHpKH ITIOCTaBHTR B CTaKaH C BOAOH KOMHATHOH
TeMIlepaTypel. Uepes 5 MHHYT H3MEPHTh TEMIIEPATYPY BOJBI H BEUIHTH COAEPKIMOE OJHOH ITPOOHPKH B
IPYIyro. OTMETHTE, Yepe3 KaKOe BPEMS ITOSBIIIACE MYTh.

B nBe apyrue nmpoOHpKH HAIHUTE 110 4 MII 3THX K& pacTBOPOB. I110CTaBHTh B CTaKaH ¢ BOJOH, HaIrPETOH

Ha 10°C BBIIIIE KOMHAaTHOH. CIIHTE COAEPKHMOE IIPOOHPOK H IIPOH3BECTH Te Ke H3MepeHHS. [ IoBTOpHTE

OITBIT, TIOBBICHB TeMITEpaTypy ellé Ha 10°C.

PesybTaThl Gnmj‘-[gieg%m’ﬁmb B BHIIe TaOTHIILL.
SNEKTPOHHOM NOOAUCHIO A b

G T: 043ESABEB 0004 3E
JHIBRtED orth e, TETEHH;@QEIH%H Bpems peakium OTHOCHTETBHAS CKOPOCTb,
OIThITa, °C t, C v=1/t
mu'ﬁ 10 08 2047 na 140 08 2099




PesynmbTaTel OIBITAa BBIPA3HTh I'papHYECKH, OTKIAJbIBas II0 OCH alOCI[HCC TeMIIepaTypy, a II0 OCH
OpAUHAT - OTHOCHTEIBHVYIO CKOpPOCTH. I TeMIlepaTyphl M CKOPOCTH Maciuradel yaoOHee Oparthb
pasHbele. BO CKOIBKO pa3 YBEIMYMIIACh CKOPOCTh PEAKIIHH ITPH VBEIHUYEHHH TEMIIEPATYPHI Ha KaKJIble
10°C?

OreIT Ne3. BioisiHHE CTelleHH H3MEIbUYEHHS BEIECTBA Ha CKOPOCTH PEAKIH.

B cyxoi (papdopoBoil cTyIIKe CTEKISHHOH IMaTOYKOH OCTOPOXKHO CMeHIaTh HECKOIbKO KPHCTAJUITHKOB
HUTpaTa CBHHI[A M HOAMAA KalMsg. 3aTeM CMECh pacTepeTh MecTHKOM. UTo Halbmrogaere? OOBSCHHUTH
IIPHYHHY H3MEHEHH I HHTEHCHBHOCTH OKPACKH.

OrmeIT Ned. BisiHHE KaTalH3aTOPOB HA CKOPOCTh XHMHYECKOH PEaKI[HH.

B 1Be rmpoOHpKH HaiMTh 1-2 MII ITepoKCcHIa BOAOPOAa H ITPHOABIIATE OAHOBPEMEHHO B OJIHY - IEIOTKY
IHOKCHIAa MapraHi{a, B IPYI'VIO - TAKOE K& KOJIIMYECTBO OKCHJIA JKEJIe3a.

HaOmoaars pasnokeHHe IMepoKCHAA BOAOPOAA C BEIICIEHHEM KHCIOpoAa (Impoda TIEIOINEH ITYYHHK O ).
OIHMHAKOBO JIM IIPOTEKAET IIPOIECC B IIpOoOHpKax? B KaKOH H3 MPOOHPOK MPOIIECC ITPOTEKaeT OpIcTpee?
Kakoe u3 qo0aBIeHHBIX TBEPABIX BEIIECTB SBIISAETCS KaTaaIM3aTopoM? Haltncars ypaBHEHHE peaKI[HH
Pa3IoKEHH I IIEPOKCHIA BOJAOPO/IA.

OreIT Ned. XHMHYECKOE PaBHOBECHE.

B mpobupky Hamurk 10 M1 Boael H IpHOaBHTH IO 1-2 KalIH HachIIeHHBIX pacTBopoB FeCls m
NH4SCN. OkparlleHHBIN B KPACHBIH IBET PACTBOP PA3IMTh IIOPOBHY B 4 IIPOOHPKH.

Haroicate ypaBHeHHE 00OpaTHMOH pPeaKIMH H BRIPaKEeHHE KOHCTAHTHI PABHOBECH .

3aTeM B IIEpBYIO IIPOOHPKY Ao0aBHTh 2-3 KaIlDIM HacklmeHHoro pacrBopa FeCls. Uro xHaGmromaere?
OOBSCHUTE. BO BTOPYIO NMPOOHPKY HAIHTh 2-3 KarUIH HachIIeHHOro pactBopa NH4SCN. OOBICHHTE
HaOmrogaeMoe H3MeHeHHe. IloyemMy wu3MeHeHHe KOHIeHTpaumH NH4SCN  BreI3BIBaeT 0Oolee
s(peKTHBHOE CMEIleHIe PaBHOBECHS, YeM H3MeHeHHe KOoHI[eHTpali FeCls?

B Tperpro mpobupky mobaBuTh HeMHoro TBépmoro NH4Cl, cmimpHO B300nTaTh. CpaBHHTBR I[BET
PacTBOPOB B Impodupkax 3 u 4. JlaTk 0OBSICHEHHE.

Kak Hago M3MEeHHTh KOHIIEHTPAIHIO BEINEeCTBa, YTOOBI CMECTHTH PABHOBECHE PEAKI[HH BIIPABO HIIH
BIIEBO?

OrmIT Ne6. BimsHue TeMITepaTyphl Ha XHMHYECKOE PABHOBE CHE.

Hamites B ﬂ363m$mummc1@ MJI pacTBOpa Kpaxmana M Jo0aBHTh B KaKAVIO M3 HHX II0 2 KaIUId

OW NOANMCLIO
FOHOTE B OB HIAG S At ACMRITEHE ¢ i el okpackH. Harpets ogHy u3 mpodupok. Uro Habimomaere?

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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OHPEI[EJ]IITB Ha OCHOBaHITH HﬂﬁJ]IGI[EHIIﬁ: ABITACTCA JOI 5Ta PCAKIIIA SHO0- HIH BI{BGTEPMIIIECI{Gﬁ.
OOBSICHHTh H3MEHEHHE OKPaCKIH ITPH Hal PCBAHIH CMCINCHHCM XHMHYCCKOI'O PaBHOBCCHA.

Ipebosarusn K 0hopmieHIo J1ad op amopHolL padomsl U omuemy:

| .BeimonmHeHne madopaTOpHBEIX PadoT COMPOBOKIAIOT 3armcsaMH B IadopaTopHOM KypHaile. Ha
TUTYIIBHOM JIHCTE JIaDOPAaTOPHOIrO KYpHalla JOIKHBI OBITH ITPEJCTABIIEHBEI. Ha3BaHHE YHHBEPCHTETA,
(paMIUTHSI M HHHI[HAIIEL YYaIerocs, HoMep Kypca H TPYITOIbI, Y4eOHBIH TOfT.

2.0T4YeT O BHIITOJIHEHHOH JTadopaTOpHOH padoTe JOIKEH COAEPAKATh CIEAVIOLIE CBEICHHS:

*HOMep padoTHI U €€ Ha3BaHHE,

*IaTy BBIIOITHEHHS pabOThI,

*I[eTIb PAdOTHI;

*000PYIOBAHHE M MaTEPHAIIBL,

*KpaTKOE TEOPETHYECKOE OIMMCaHIE,

*HOMEDP H Ha3BaHHE OIBITA,

*KpaTKOe OIMMCaHHe Xo/a paboTHl ¢ YKa3aHHEM YCIIOBHI ITIPOBEIEHHS OIbITA,

*PHCYHKH H CXEMEBI HCITIOJIb3YEMBIX IIPHOOPOB;

*HaOIIOJcHHT,

*ypaBHEHH S IPOTEKAIOIIHIX PEaKIIHIT,

*PacYETHL, TaOIHIEI, I'Pad)KH,

*BBIBOJIBI.

3.JIaBopaTOpHEIH KYPHAI HYKHO BECTH YHCTO H aKKYPaTHO, 3aIIHCH JOIKHBI OBITH JIAKOHITYHBIMII.
4.OTYET O IIPOBeAEHHOM PadoTe MPOBEPSET H ITOAITHCHIBAET ITPEIIOLABATEND.

5.K cmaue 3auyéra 1o malopaTOpHOMY TIPAKTHKYMY JOIIYCKAIOTCS CTYAEHTBI, BBITTOIHHBINHE H
IIOAIIMCABIIME Y TIPEIoJaBareild BCe AOMAIIHHE M J1adopaTopHBIE PalOTEHI, CHABIINE KOIUIOKBHYMEL
AKTHBHO YYaCTBOBARBIIIHE B padoTe CEMHHAPOB.

6.CTYIeHTHI, ITOIYUYHBIIHE 3a4ET I10 JTaO0opaTOPHOMY ITPAKTHKYMY, JAOIIYCKAIOTCS K cadye AK3aMeHa I10
KYPCY HEOPraHHYECKON XIMHH.

K OHMPOJiIbHbBIE 601D OCHI .

1. CkopocTh XUMHYECKOH peakiiH. [IoHSTHe SHEpPrHH aKTHBAL[HH.

2. (DakTOpEl, BIHIIOIIHME Ha CKOPOCTh XHMHYECKOH PEeaKIHH.

3. 3akoHrwl bomnmsa-Mapuorra, I efi-JIroccaka, Hlapis.

4. BmusHmHe TemrepaTyphl, JaBIeHHS H 00beMa, IPHPOALI PEarHpyIOIIHX BEINECTB Ha CKOPOCTh

XHMHYECKOH PEAKIIHH.

5. 3aBHCHMQGTh CKOPAGHHL XHUMHYECKOH PEAKIIMH OT KOHIIEHTPAIIMH BEINECTB H TEMITEPAT YPHI.
SNEKTPOHHOW Noanuvceo .
Cepr@puksP HOPIHA/AKPHBAHINE: TOPIS @KTHBHEIX (3(D() eKTHBHBIX) CTOJIKHOBEHHH.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

7. IlpuOmmxenHoe nmpapuino Bant-I"odda.
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Cnucox um epamypasl.

1 Heopranmueckass XxuMug | 3NeKTPOHHBIH pecype| : madopaTopHbeii mmpakTHKYM / C.A. CokornoBa [H
op.]. — DIeKkTpoH. TeKCTOBBIe JaHHBIE. — BopoHek: BopoHeXckHH ['ocymapCTBeHHBIN ATpapHEIH
YHueepcurer uM. Mmmeparopa llerpa Ilepsoro, 2017. — 93 ¢. — 2227-8397. — PexuMm gocTyria:
http://www.iprbookshop.ru/72709.html

2 Heopranmdeckas XuMHSI | OIeKTpOHHBII pecypc| : madopaTopHslit mpakTHKYM / O.B. J[psKOHOBa [H
Ip.]. — ODONeKTpoH. TeKCTOBBIE JaHHBIE. — BopoHek: BopoHexkckmi ['ocymapCcTBeHHBIH ATpapHBIH
Yuupepcurer M. Mnmeparopa Ilerpa Ilepeoro, 2016. — 150 ¢. — 2227-8397. — PexuM A0CTyIIA:
http://www.iprbookshop.ru/72708.html

JlabopaTopnas padora Ne 6
Tema 6: PacrBopsl IIpurorosJjienne pacrsopa 3aJaHHOH KOHIIEHTPAIIMH

Iens padbomoi: HPIH‘GTGEHEHIIE PacTBOpa COJISIHOH KHMCIIOTHI 3aJaHHOH KOHIICHTPAIlII H IIPOBCPKA

HOPMAJIBHOCTH ITPHI'OTOBJIICHHOI'O PACTBOPA THTPOBAHHCM.

Dopmupyemsle Komnemernuuu:, OIIK-1.

Teopemuvueckasn yacms.:

PactBop - 5TO TroOMOreHHas MHOIOKOMIIOHEHTHAS CHCTEMa, B KOTOPOl OJHO BEIIECTBO
pacIpeielIEHO B CPede APYTOro MM APYTHX BEIIECTB.

PacTBOpHEI MOryT OBITE B I'a3000pa3HOM (BO3AYX), KHIKOM H TBEPAOM (CILIABEI, I[BETHBIE CTEKIIA)
arperaTHeIX COCTOSHHMSX. Yalle BCero mpuxoaurcsa paboTars ¢ JKHIKHMH PacTBOPaMH.

CofepKaHie JAaHHOIO BeIeCTBA B EIHHHIE MacChl HIM OO0BeMa PpacTBOpa Ha3bIBAETCH
KOHI[eHTpallHeH pacTBopa. Ha mpakTHke HamOolee YacTO TOJIB3VIOTCS CIEAVIOIIMHMH CITOCOOaMI
BBRIPAKEHI KOHI[EHTPAI[II.

1. MaccoBasi 4011 - OTHOIIIEHHE MacChl JaHHOI'O KOMIIOHEHTA B PacTBOpe K OOINEH Macce 3TOro
pacTBOopa. MaccoBast oI MOKeT OBITh BHIpaK€Ha B JOJIIX €QHHHIIBI, IpolleHTax (%), IIpoMHIDIE
(TBICSIMHAs 4YacTh %) M B MIUDIHOHHBIX Jomsax (MmH?!). MaccoBas JONIS JaHHOTO KOMIIOHEHTA,
BRIPAKEHHAA B IIPOILEHTAX, ITOKA3BIBAET, CKOIBKO I'PAMMOB JAHHOIO KOMIIOHEHTA COHEPKHUTCA B 100 T
pacTBOpAa.

2. MaccoBasi KOHIIEHT palHs - OTHOIIEHHE MAacChl KOMIIOHEHTA, COAEPAKAILETOCSI B PACTBOPE, K
06BbEMY 3TOrO pacTBOpa. EXHHHIIEI H3MePeHHI MacCOBOIl KOHIIEHTPALH  KI/M°, T/1L.

3. Tarp T - 4HCIIO I'paMMOB PACTBOPEHHOI'O BellecTBa B 1 MII pacTBOpa. EQHHHIIEI H3MEPEHHSI
THTPA - I/MIL, KT/CM".

4. Moaspuaf KOHHEHTPANHSA ¢ - OTHOIMIEHIE KOMHYECTBA BEIECTBA (B MOILIX), COAEPIKAITETOCA

ANEKTPOHHOW NMNoanuvceo . .
B-ePaETROPE; 0K 0@QbeMybs RACTRAPAcs EIHHIIIEI H3MEPEHHI - MOJIb/M°, (Monb /1). PacTBOp, HMEFOIIHII

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

KOHIIeHTpariro 1 Momb/1, odo3Havyaror 1 M; 0,5 Mmonb/i, o6o3Hadarot 0,5 M.
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5. MoagpHasi KOHIEHTPAIMA JYKBHBAJIEHTOB cx (HOPMAJILHAA KOHIIEHTpAIHMA) - 5TO
OTHOIIIeHHE KOIIMYECTBA BEIECTBA SKBHBAJIEHTOB (MOJIb) K 00beMy pacTBOpa (11). EHHNIIA H3MEpPEeHH
HOPMAaJIbHOH KOHIleHTpalmyu Momb/I. Hampumep, c:x(KOH) = 1 monws/n, cx(1/2H2S04) = 1 Momas/m,
cs(1/3 AlCl3) = 1 monp/n. PactBop B 1 11 KOTOporo cofepKHTcsSI 1 MOIb BelllecTBa 3KBHBAJIESHTOB,
Ha3bIBAIOT HOPMAJILHEIM H 0003HaYaroT 1 H.

6. MostIbHOCTD b - 3TO OTHOIIIEHHE KOIIHYECTBAa PaCTBOPEHHOr O BeMIeCTBa (B MOIISX) K Macce m
PacTBOPHTENI. EQHHIIIa H3MePeHH I MOIIIbHOCTH - MOINb/KT. Hanprmep, b(HCI/H2O) = 2 MOIB/KT.

7. MouassipHasi JoJis1 - OTHOINEHHE YHCIa MOJIEH PAaCTBOPEHHOIO BEINECTBA K OOINEMY YHCIIY
MOJIEH BellecTBa M pacTBopHTend. MomsapHas Do MOXKeT OBITh BRIpakKeHa B JONSX €XHMHHIIHL
rporeHTax (%), IMpoMiIUIe (THICSYHAS YacTh %) H B MIJUIHOHHBIX JOMSIX (MIH ).

JIIIs1 TIpHTOTOBJIEHHS PACTBOPOB OIPeAelIEHHOH KOHIIEHTPAIHH, IJIS TOYHOTI 0 H3MEePeHHSI 00beMOB
IIPHUMEHSIOT MEPHVIO ITOCYY: MEPHBIE KOMIORL, ITHITETKH H OIOPETKH.

MepHble KOIOB — TOHKOCTEHHEIE ITNIOCKOMOHHEBIE COCYIBI C IJIMHHBEIM Y3KHM IOPJIOM, Ha KOTOPOM
HaHEeCeHa METKa B BHJIE KONBI[eBOH YepThl. Ha Kaxmoi koinbe 0603HaUYEHB] €€ EMKOCTDh H TEMIIEpaTypa,

IIPH KOTOPOH 3Ta EMKOCTh H3MepeHa. Komnba JTonKHa IIIOTHO 3aKPhIBAThCS ITPOOKOH.

a - MepHas Konbda, O — ITMIeTKH, B — OIOpPEeTKa.

[ [MITeTKH HCITONMB3YIOT AJIS OTOOpa OIPEAEIIEHHOr0 00bheMa ITPOOBI KHIKOCTH.

[Irmrerkn Mopa npeacTaBisroT cOOOH CTEKIISIHHBIE TPYOKH C pacIlHpeHHeM IocepelduHe. HrinkHp
KOHEI[ OTTSHYT B KalOUIIIIP, Ha BEepXHEM KOHIIE HAaHeCeHa METKa, JO KOTOPOH cileayeT HaOHpaTh
H3MEPSIEMYIO KHJIKOCTh. Ha rmmeTke yKa3zaHa 0ObEMHOCTB.

[ITipoko IMPHMEHSIOT TaKKe I'paJyHpPOBAaHHBIE ITHIIETKH Pa3IMYHON €MKOCTH, Ha HapyKHOH CTEHKE
KOTOPBIX HAHECEHBI HeNIEHHS. [[JI HAITOIHEHHS TIMIETKH HIJKHII KOHEI[ €€ OIIYCKAIOT B KHIKOCTh M
BTSTHBAIOT IIOCIEAHIOD IIPH IIOMOIIM TPYIIH HIM CIEHAJIbHOrO IpHCIIoco0neHna. JKHIKOCTE
HaOHparoT TakK, yToOBl OHA IIOMHSUIACh HAa 2-3 CM BBIIIE METKH, 3aTeM OBICTPO 3aKPBIBAIOT BEPXHEE
OTBEPCTHE YKa3aTEIbHBIM ITabLIEM IIPABOH PYKH, IIPHACPKHBAS B TO K& BPeMs IHIIETKY OOJIBIIHM H
CPEIHHM TTaJbllaMH. 3aTeM OCHAOJISIOT HaXKHM YKa3aTelIbHOIO Ialkblla, B Pe3VyibTaTe Yero KHIKOCTh

6}"I[ET MEMEHHEDEH%{:ILEIT{%EEHHEA-ll_ﬂmETIqI' B TotT MOMECHT., KOI'4a HIKHHH MEHHCK (}prEE:I{B) AHMIKOCTH

3NEKTPOHHOW NOONMCLIO -
QI_{H?I{IEITIQH Hﬂ D,[[H_EJMI[}@QEHE,::{_E?E;I_,METKGHE,_l:'[f’f_lJIEI_[ CHOBA ITPHKHMAIOT. BEE,I[H IHIIETKY B COCYJI, OTHHMAIOT

yKa3aTeIbHBIH ITalell H Jal0T KHIKOCTH CTeYh ITO CTEHKE cocyha. ITocie Toro, Kak *KHIKOCTh BBITEYET,

IHIIETKN- I CPMHAT EH_I[E'*S'GEI{}’HI[ HpIICHGHEI—H—IGﬁ K CTCHKC COCYda, CJICI'Ka ITOBOPAaYHBad BOKPYI' OCH.



BICIPE:TI{H ITPHMCHAIOT ITPH THTPOBAHITH, JJIA H3MCPCHIIA TOYHBIX 00BEMOB H T.JI.

Qb opyoosarnue u mamepuaibl.

PeakTHBEI, HEOOXOMHUMEIE IS JAaHHOH padoOTHI, BRICTABJISIIOT HA ITOJIKH J1a00paTOPHBIX CTONIOB. Peakie
PeaKTHBEI, KOHIEHTPHPOBAHHBIE KHCIOTHI H IIENOYH, ITaXy4yHe BelllecTBa (HaIIpHMeP, CEPOBOLOPOL,
OpOMHasI BOJla H JIP.) XPaHAT B BEITSDKHOM IIKaQy.

OCHOBHaS XHMHYeCKasa Mocyja: MpoOHPKH (B INTaTHBE), KOIOBI, XHMHYECKHE CTaKaHBI ITOCTe PadOTEI
TIIATEJIBHO BBIMBITH, BECHI C Pa3HOBECOM, ITPHOOPHBI, HMCIIONB3yeMas IJIS IIPOBEAEHHS OTHEIIBHBIX
1ab0paTOPHEBIX padoT, BEIAAETCA M CHAETCS YHCTas I1ab0paHTy.

TexHuKa o e3onacHocmii NP _6bINOJIHEHUN J1A0 0pamMopHOIL_pad ombl:

-aKKypaTHO 00paIarsCcsa CO CTEKISIHHOH XHMHYECKOH ITOCYAOH. OCTaTKH pa3zOHTOH ITOCYALI YOHPATh C
ITOMOIIBIO COBKA M INETKH,

-Bce palbOTHI, CBSI3aHHBIE C BBIAECIICHHEM SIOBHTBIX, JETYUYHX H HEMPHATHOMAXHVIIHX BEIIECTB,
IIPOBOJHTH B BRITSDKHOM IIKa(y,

-IIPH OITPEJIEIIEHHH 3allaXa BEIECTB OTBEPCTHE COCYAa Jep:KaTh Ha paccTosHHH 25-30 ¢M OT IIHI[a,
HampasIIsd K ceOe CTPYIO r'aza IOCTYIIaTeIbHBIMA ABHKEHHSIMH JIAJJOHH OT OTBEPCTH A K JIHILY,

-IIPH HAJIMBAaHHHM PEaKTHBOB He HAKIOHATHCS HaJ COCYAOM BO H30eKaHMe ITONMagaHHsS OpBI3r HIIH
YACTHI[ Ha JIMI[O HIIH OAeKAY. IIpH pa30aBIeHHH KOHIIEHTPHPOBAHHEIX KHCIIOT BIHBATh KHCIIOTY B BOAY,
HO He Hao0O0poT,

-IIPH HAarPEBAHHH ITPOOHPKH HE JepKaTh €€ OTBEPCTHEM K ce0e WM B CTOPOHY COCEA. HE HAKIIOH AThCS
HaJl HarpeBacMOH KHIKOCTBIO BO H30eKaHIe TIOMaJaHH s €€ Ha JIHI0, PYKH HIIH OJIeXkKIY,

-TOpsIUHe MPeJAMeThl MOKHO CTaBHTH TOIBLKO Ha acOeCTOBBIH KapTOH, acOeCTHPOBAHHVIO CETKY HIIH
IPYTVIO CITEIHAILHYIO IIOACTaBKY,

-HEeIb 35 ITONB30BATLCA ANEKTPOoIpHOopaMi 6€3 COOTBETCTBYIOIIErO HHCTPYKTaXKa. IIPH BKIFOUEHHH HX B
CETh HeJIb34 JIePKaThCs 32 MeTAaJUIHYECKHE ITPeAMETHI (TpyOBI, KpaHEI H T.II.). 3allpelllaeTCs BKIFOYATh H
BBIKJIIFOUATH AIEKTPOIIPHOOPEI MOKPBIMH PYKaMH, a TaKKe II0JIb30BaThCS HEHCITPABHBEIMH HITH
HMEIOIIHMH OT'OJIEHHEIE IIPOBOA ITPHOOPaMIL,

-3aMpeIacTCcs IMPHHUMATE ITHINY B XHMHYeCKOH J1ad0opaTOpHH H IHTH BOAY M3 J1a00paTOPHOH ITOCVYIEL. -
-KaTeT OPHYECKH 3aIpelraeTcsa mpodoBaTh peaKTHBE Ha BKYC,

-IIPH TTOMAJaHNK Ha IO MM PYKH OpPBI3T KOHIIEHTPHPOBAHHEIX KICIIOT IIOCIIE CMBIBAHHS BOIOMH
IIPOMEITE CI1a0BIM PAaCTBOPOM COMBI. INEINOYB CIIEAYET CMBIBATh O TeX IIOP, IOKAa YYACTOK KOXKH, Ha
KOTOPBIIL OHa IIOIana, He IepecTaHeT OBITh CKOIB3KHM, 3aTEM IIPOMBITh CIIa0BIM PacTBOPOM YKCYCHOM

KHCIIOTBI H HAJIOKHTDL ITIOBA3SKY H3 BA4THIL, CMOYeHHOH 3% -HBIM PACTBOPOM IIEPMaHI'dHATAd KallHA (HB

amTeYKH B TaCOPAHAGKOH Kahelphl);

SNEKTPOHHOW NognMcbIO
TEQnQKOHY AHHI 0 PaOOER sBHESTHOMIEB I3 CETH BCE AIIEKTPOIPHOOPEI, MEPEKPHITh IToJady ra3a H BOIBI B

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

nabopaTopHIO H yOpars padouee MeCTO,
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-000 BCeX HECUACTHBIX ClIIVHasIxX HEMCJICHHO cooOIIaTh ITPEIIOAaBaATCJIFO HIIH HﬂﬁﬂpﬂHTy.

I PAKmMUYeCKdA UdCHlb.

[IpuroroBure B MepHOH Kojabe 100 w»in  pacTBOopa XIIOPOBOLOPOJHOH KHCIOTHEI 3aJfaHHOH
koHreHTparpH(0,10 - 0,20 H).

[Topsimox paboTHhI.

a) KoHIIeHTpHPOBaHHYIO XJIOPOBOAOPOAHYIO KHCIIOTY HAIHTh B I[INIHHAP H apeOMeTPOM H3MEPHTh €€
IUIOTHOCTE. DTV OIEPAILHIO ITIPOBOANUTH B BEITSDKHOM INKady. 110 TaOmiie B CIpaBOYHHKE OIPEIEIIHTD
IIPOIIEHTHYIO KOHIIEHTPAIHIO KHCIOTHI H BBEIYHCIHTE 00BEM KOHIIeHTpHpoBaHHOH HCI, HeoOXomMbIi

s mparoroBiaeHus 100 M1 pacTBopa 3aJlaHHOH KOHIIEHTPalHH. J[JIS pacuéTOB MOKHO HCIIOIb30BaTh

cleAyione GopMymIBL  °

m m - 1000
Co= —2 Ca=
PV 100% .

rie  Cg — IIPOIIEHTHAS KOHIIEHTPALHIL,

Cy — HOpMallbHa KOHIIEHTpaIlH 4,

m — Macca PacTBOPEHHOIO BEIIECTRA,

P — INIOTHOCTB PacTBOPa, I/CM”;

v — 00BEM pacTBOpa, CM-;

O — BKBHBAJIEHTHAS Macca pacTBOPEHHOIO BEILECTBA.
BrruncieHHBOT 00BEM pacTBOpa M3 OIOPETKH IIePelMTh B MepHYIO KOOy Ha 100 mur, 3aTeM B KOOy
HAJINTh JO ITOJOBHHBI JHUCTHIUIMPOBAHHON BOABI. TImaTelbHO B300JITaTh, JOBECTH OOBEM pacTBOpa
TUCTHUIMPOBAHHON BOJOH A0 METKH, 3aKphITh KOIOY ITPOOKOH M BHOBb TINATEILHO IIEPEMEINATH
PacTBOp, MepeBOpPaAUHBasI KOIOY.
0) [IpoBepHTh HOPMAIIbHOCTH ITPHIOTOBIIEHHOI'O PacTBOpa.
JII1s1 3TOro BCIIOJIOCHYTH IIPHT OTOBIEHHBIM PACTBOPOM KHCIIOTHI IIHITETKY H OTOOpaTh IMITETKOH 10 M
3TOH KHCIIOTHI. COAEPKHMOE IHIIETKH IIEPEHECTH B KOHHYECKYIO KOOy, Tyaa ke mobdasurs 20-40 M
THCTHJUIHPOBAHHOH BOJABI H 2-3 KaIlIM (peHoI(pTalenHa. 3aTeM B 3TOT PacTBOP H3 OIOPETKH ITOCTEIIEHHO
T00aBRIISATE PacTBOP IIEIOYH H3BECTHOH KOHI[EHTpPAI[HH, HEIPEPRIBHO B30alThIBaA KOIOY 0 TeX IIop,
IIOKA PacTBOP HE OKPACHTCS B PO3OBHIH IBET. ECIIH OKpacka HeycToHYHBa (HMCYe3aeT), IIPHOABHTH EIlE
2-3 Karuii INEITOYHM. JTOT MOMEHT COOTBETCTBYET IIOJIHOM HEWTpPAIM3aI[MHd KHCIIOTHL INEITOYBIO.
OImMcaHHBIA IMIPHEM B aHAIHTHYECKOH XHMHH Has3bIBAaeTCS THTPOBAaHHEM. THTpOBaHHE ITOBTOPHTL 2-3
pasza, Imoka 00BEMBI H3PACXOJOBAHHOH IIETOYH He OYIAYT OTIHYaThCcs Oosee yeM Ha 0,1 M.

PacuéT KOHIICHTPAYREHT KBGMOERI ITPOH3BOAHTCA IO CPeJHEeMY 3HAUeHHIO H3PacXOJOBAaHHOIO 0O0BEMA
3NEKTPOHHOWM MOAMNMCHIO

THETIOYH PO UIIIRSOREPROCITeNFOIITYIO (D OPMYILY:

Bnaneneu: ebayxoea TaTeAHa AnekcaHgpoBHa
Chxre ® Vs = Co mién @ \% MET s
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rie  Cyyxm— OIpelendeMas HOpMalIbHasg KOHIIEHTPAIH I KHCIIOTEI, T-3KB/TI,
V k1 — OOBEM KHCIIOTHIL, MII (B JaHHOM ciIy4dae 10 m);
Ch men — H3BECTHAS HOpMaJIbHAS KOHIIEHTPAIH A IETIOYH, T'-3KB/1I,
V wmen— cpefHee 3HaUeHHe 00BbEMA INETOYH, H3PACX0J0BAaHHOIO Ha THTPOBAHHE, MII.

BBIYHCIIHTE 3HaUEHHE GH.[HﬁIC[I:, ,[[GH}E[[EI—H—IGﬁ ITPH ITPHI'OTOBJICHIIH PaCTBOPAa 3aJlaHHOH KOHIICHT PAIHI.

C —C
OmrHbka, %o— HTEDPC S L 100%
HTeOpP

I'Ac Cha reop — KOHLICHTPALHA, 3dadHHAA ITPCITOJaBaTCIICM, I-5KB/ I,
Ch npaxt — KOHIIECHTPAITHA ITPHI'OTOBJICHHOI'O PACTBOPA, OHPE,[[EHEHHEIH THTPOBAHHEM, I'-5KB/I.

Ipedosariia Kk ohopmiieHILIo J1ad opamopHoil padomaslt i oMUemy:

| .BeimonmHeHne j1adopaTOpHBEIX PadoT COMPOBOKIAIOT 3armcsaMH B JIadopaTopHOM KypHaine. Ha
TUTVIIBHOM IIHMCTE JIaDOPaTOPHOIO JKYpHala JOJKHEI OBITH IPe/CTaBJIIeHBl. Ha3BaHHE YHIBEPCHTIETA,
(aMIUIHSI 1 HHHIHAIIEL YYaIl[er ocsI, HOMeP Kypca H I'PYIIOIbI, Y4eOHBIH TOJT.

2.0TYeT O BRINOJHEHHOH JTa00opaTOpHOH padoTe JOJIKEH COIEPKaTh CIIeIVIOIIIE CBeIeHI:

*HOMeDP padoTHI H €€ Ha3BaHHE,

*[aTV BBOTOITHEHHSI pabOTHI,

*11€T1h PabOTHI,

*000pYIOBAHHE M MaTEPHAIIRI,

*KpaTKOE TEOPETHUYECKOE OIHCAHME;,

*HOMED H Ha3BaHHE OIIBITA,

*KpaTKOE OIMCcaHHe Xoj1a paboThI ¢ YKa3aHHEM YCIIOBHI ITPOBEIeHH S OIBITA,

*PHCYHKH M CXeMBI HCITONB3YEMBIX ITPHOOPOB;

*HAOIFOEHH A,

*YPaBHEHUS ITPOTEKAIOIINX PEAKIIHI,

*pac4ETHI, TaOIHIBI, T'Pa)HKH,

*BBIBOJIBL.

3.JIaBopaTOpHEIH KYPHAI HYKHO BECTH YHCTO H aKKYPaTHO, 3aIIHCH JOIKHEI OBITH JIAKOHITYHBIMII.
4.0OT4ET O IMpPOBeAEHHOH paboTe IIPOBEPSET M ITOAIIHCHIBAET ITPEITOAaBaTENb.

5.K cmade 3auéra 1o madopaToOpHOMY IIPAKTHKYMY JOITYCKAIOTCS CTYIEHTEL, BBIIIOIHHUBIINHE H
IOAITHCABIIIE YV IIPEIoJaBaTelld BCe JOMAIIHHE M 11abopaTOpHBIE PadOTHI, CHABIIMHE KOJUIOKBHYMEL,
AKTHUBHO YYaCTBOBARBIIIHE B pad0OTe CEMHHAPOB.

6.CTyIeHTHI, TIOJIYYHBIIHE 3a4ET I10 J1a0OpaTOPHOMY IPAKTHKYMY, AOITYCKAIOTCHA K cladye SK3aMeHa I10

Kypey HeOPraHHieCHKef: XEMHk,

3NEKTPOHHOW NOANMCLIO

EMJIEHW[&M@HEEDSETBAEDDDEDDDDDdﬁE

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

1. Uto Ha3bIBaeTCA C}"CHEHBHE]?I: IMYIIb GHE]‘?JI:. KOJUIOHAHBIM PACTBOPOM H HCTHHHBIM PACTEOPOM
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2. Uto HasBIBacTCSA KOHIEHTpaIlHeH pacTBopa? KakoBeI HanOoOIee paclpoCTpaHEeHHEIE CIIOCOORI €€
BEIpaKeHHI?

3. Kakne KOHIIEHTpaI[MH Ha3bIBAIOTCS ITPOLEHTHBIMH, MOJIUIbHBIMH, MOJISIPHBIMH, HOPMAIlh HBIMH?
Yrto Takoe THTP pacTBOpa’?

4. ApeoMeTp TIIOKazal INIOTHOCTh cepHOH KHcIOTHI 1105 xr/m3. KakoBel ee IIpoOIleHTHas
KOHIIEHT PaI{is, MOISIPHOCTh, MOJISUIbHOCTE, HOPMAallbHOCTE H THTP?

5. Kakomn o6seMm 20% COISIHON KHCIIOTHI ITOTpedyeTcs A1 IIPHTOTOBIEHH 171 3 H. pacTBOpa’?

6. JI1d IpoTpaBiIMBaHU CEMSIH CYIIEMOH ITPHMEHSIOT €€ pacTBOPEL 0,1 % KoHileHTpalmH. CKOIBKO
cylleMbl HaZo B3aTh Ha 20 Bellep pacTBopa (BMecTHMOCTh Beapa 20 muTpoB)? MOXKHO JIH T'OTOBHTD
PacTBOP CYJIEMBI B IITHHKOBOM H KEJIE3HOM BeJpe?

7.Crompko mpogaxuoro (popmamiHa (40% pacTBOP) H BOABI HEOOXOIHMO B3STh JJIS IIPHTOTOBJIEHH S
5% pacTBOpa?

8. Orpenennre HOpMaJIbHOCTH IIENOYUH, coAaepkaiyio 2 r NaOH B 1 nurpe pacteopa.

Cnucok Jaumepamypol.

1 Heopranmdeckass XM | OnekTpoHHBIH pecype| : maGopaTopHberi mpakTHkyM / C.A. CokoroBa [H
op.]. — DekTpoH. TeKCTOBBIe JaHHBIE. — BopoHek: BopoHexkckHil I'ocymapCTBeHHBIH ATpapHBIH
YHupepcureT uM. Mmmieparopa Ilerpa Ileporo, 2017. — 93 ¢. — 2227-8397. — PexuM goctya:
http://www.iprbookshop.ru/72709.html

2.Heopranmndeckass XumMus | OIeKTpOHHBIN pecypc| : madopaTopHslii mpakTHKYM / O.B. J[psKOHOBa [H
op.]. — DIeKkTpoH. TeKCTOBhIe JaHHBIE. — BopoHexk: BopoHeXkckHIl 1'ocymapCTBeHHBIH ATpapHBIH
Yuupepcurer uMm. Mmameparopa Ilerpa Ilepeoro, 2016. — 150 ¢. — 2227-8397. — PexuM gOCTyIIA:
http://www.iprbookshop.ru/72708.html

JladbopaTopnas padora Ne 7
Tema 7: Peaknin 00MeHa B pacTBOPax YIeKTPOJIHTOB

Ilens padompr: V3yunTh peakiiiH oOMeHa B PacTBOpax BIEKTPOJIHTOB Ha IIpHMepe 0O0pa3OBaHHS

TPYIAHOPACTBOPHMEBIX BCIICCTB, I'd30B, MAJIOJHCCOLIHHPYIOLICTO 3JICKTPOJIHTA, PCAKIIHH ITPCBPAIllCHITA
OJHOI'O MaJIOPACTBOPHMOI'O BEIMIECTBA B MCHEC PACTBOPHMOC BEIIIECTRBO.

Dopumupyemole komnemenyuu: OIIK-1.

Teopemiuueckasn uacms.:

ONIEKTPOIHTEL — 3MO0 Geufecniéa, pacneopsvl il pPAachilagsl KOMOPLIX HPOGOOSAM 3AeKmpuyeckiiii mox.
Pacrrajy MomnekyI Bell[eCTBa Ha HOHBI HA3BIBACTCS sekmpontmuyeckoll ouccoyuayueti. K 3JIeKTpommTaM

OTHOCATCS KHCTQIRLQGHRRAKEEE, COMI. KHCITOTHI — 5TO 3MEKTPOIHTHI, AUCCOLHMHPYIOIHE B PaCTBOPaX C
SNEKTPOHHOW NOONUCHIO _ .
0Qpa3eBaAHMMKATHOHOB0BOACP@AacdtEN < H™ + CN; H.SO4 = 2H™ + SO4~. OcHOBaHHA —

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

AJIEKTPOIIHTBIL, JHCCOIIHIPVYIOIIHE B PACTBOPAX C GﬁpﬂBGEﬁHHEM I'HAPOKCH/I-HOHOB!
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NH,OH < NH;" + OH:; Ba(OH); = Ba** + 20H. CyIecTBYIOT SIeKTPOIHTEL, KOTOPBIE MOLYT
IUCCOIMHPOBATE II0 THIIY KHCIOTEI M II0 THIIY OCHOBAHHMS, TaKHE 3JIEKTPOIMTHI HA3BIBAFOTCS
aMmporepHEIMH. K HHM OTHOCSTCS THAPOKCHIB aM(OTEPHBIX 3IEMEHTOB, a TaKXKe THIAPOKCHIBI
MeTa/UIOB, HaXOMSIIIXCA B IIPOMEKYTOUYHOH CTeleHH OKHclaeHHd, HanpuMmep: Be(OH)2, AI(OH)s,
Zn(OH),, Cr(OH); u MHOrHe apyrue. J[HCCOIMAIIHIO PacTBOPEHHOH YacTH aM(OTEPHOrO THAPOKCHIIA
110 0O0HM THITaM MOKHO ITPEACTABHTE CIEIVIOIIEH CXEMOH:

H"+ RO <> ROH < R"+ OH.

B HacBIIIEHHOM BOJHOM pacTBope amdorepHoro ruapokcuma HoHsl HY, RO u R*, OH Haxomsrcs B
COCTOSIHHH PaBHOBECHS, ITO3TOMY aM(OTepHbIe THAPOKCHABI B3aHMOIESHCTBYIOT H C KHCIOTaMH H C
OCHOBaHMSMH. |IpH 100aBIIeHHH KHCIOTHI PABHOBECHE CMEINAETCS B CTOPOHY AHUCCOIHAIMH IO THITY
OCHOBAaHHSL, IIpH JOOABIIeHHH OCHOBAHHS — B CTOPOHY JIHCCOIHAIIMH ITO THITY KHCIIOTHL.

CONIH — 3MeKTPOIHTEL, KOTOPBIE ITPH PaCTBOPEHHH B BOJAE AHCCOLMHPYIOT, OTIIEIUISAS ITOTIOKHUTEIBHEIE
HOHBI, OTIIMYHBIE OT HMOHOB BOAOPOJAa M OTPHIlATEILHBIE, OTIHYHBIE OT T'HIPOKCHI-MOHOB. COJM
CPEIHHE, KHCIIBIE H OCHOBHBIE JTHCCOLIMHPYIOT !

Al (SO4)3 = 2A1°" + 3504°; CuOHCI1 <> CuOH" + CI ; KHCO3; = K* + HCO:s..

[Io crmmocOOHOCTH K JUCCOIMAIMM SIIEKTPOIHUTHL JIEIATCS Ha CHIBHBIE H clabple. Y CHIIBHBIX
3JIEKTPOIINTOB B PacTBOPE AHCCOIMHPYIOT Ha HOHEBI NMPAaKTHUYECKH BCE MOJIEKVIIBL, V CIa0BIX - JIHIIb
YacTh MOJIEKYII. K CIJIPHBIM 3IEKTPOJIMTAM OTHOCSTCS ITOYTH BCE COIM, OCHOBAHHMS INEIIOYHBIX H
II[EIIOYHO3EMENIBHEIX MeTaluioB, a M3 BakHeHIIHX kwciaor: HCIO4, H.SO4, HNO3, HCI, HBr, HJ,
HMnOj.

K cmabemM 5HIeKTpOomHTaM OTHOCATCS IIOYTH BCE OpraHHyeckHe KHCIOTHI, Hampumep, CH3COOH,
Heopraunyeckue coeqHeHUs: HoCO3, H2SOs, H2S103, HCN, HNO,, H;PO4, HF, NH4OH, H. O u 1. 1.
Peakiiui B pacTBOpax 3IEKTPOIMTOB IIPOTEKAIOT MeXJAY HOHAMH M HAYT HeoOpaTHMO, €CIIH B
pe3yIbTare peakiu 00pa3yroTCAd OCAJKH, rasbl M cilalble 2MNMeKTPOIMUTHI. OOBIYHO TaKHE PEeaKIHH
M300pakaroTcs IPH ITOMOIIH HOHHO-MOJIEKYIISPHBIX YpaBHeHNUH. OcaakH, rasel H cl1aldble 3IeKTPOJMTE
ITHIIYTCSA B BHAE MOJEKYII, XOPOIIIO PACTBOPHMEIE CHIIbHBIE SIIEKTPOIHTHL — B BHJIE HOHOB.

PaccMOTpHM THITHYHBIE BAPHAHTEL PEAKIIHIL B pacTBOPax 3IEKTPOJIHTOB:

a) 3AgNOs + FeCls = Fe(NO3)3 + 3AgCl | — MoneKyIIsIpHOe YpaBHEHHE

3Ag" + 3NOs + Fe’* + 3NO3 + 3AgCl| — momHoe HOHHOE YpaBHEHHE

Ag" + Cl'= AgCl]| - cokpalgHHOe HOHHOE YPaBHEHHE

6) NaxCO3 + H2SO4 = NaxSO4 + H2O + COET

2Na' + COs3* + 2H" + SO4 = 2Na* + SO4* + H20 + CO21

2H" + COs™ = HpQineleQafrumcan

SNEKTPOHHOW NOANKCHIO

BrHGka NaldhseMatebs+odde@as000600000438

Bnaneneu: llleGayxoea TaTenAHa AnexkcaHgpoBHa

H*+CI'+Na*+OH =Na"+ CI + H.O
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H*+ OH = H:0

HpH COCTABJICHHH HOHHO-MOIICKYILAPHBIX }prIBHEHIIﬁ CIICAYCT IIOMHITE, HYTO CYMMa 3JICKTPHYCCKILX
3dpAI0OE B JIEBOH 4YacTH JOIkKHa OBITH PaBHd4 CYMME OJ3JICKTPHYUYCCKHX 34dPAJ0B B HpﬂBGﬁ HA4CTH
YPAaBHCHIA. OIHHaKOBBIE HOHBI H3 00eHX YacTeH YPABHCHHA HCKJIFOYAHOTCAL.

Qb opyod 08 arue U Mamepuasl:

PeakTuBEI, HEOOXOMHUMBIE IJI JAaHHOH paloThI, BRICTARISIOT Ha ITOJIKH TadopaTOPHEIX CTOIOB. Peakiie
PeaKTHBEI, KOHIIEHTPHPOBAHHBIE KHCIIOTHL H HIETOYH, IaXyuyHe BelllecTBa (HAIIPHMEP, CEpPOBOLOPOLL,
OpoMHasI BOJla H JIp.) XPaHAT B BEITSDKHOM IIKaQy.

OCHOBHas XHMH4YecKasa Mocyja: IMpoOHPKH (B INTaTHBE), KOIOBI, XHMHYECKHE CTaKaHBI ITOCIIE PabOTEI
TIATEJIBHO BBIMBITH, BECHI C PA3HOBECOM, IIPHOOPHI, HCIIOINB3yeMas IJIS IIPOBEAEHHS OTHEIIBHBIX
1a0opaTOPHEIX PadoT, BEIAAETCSA M CHAACTCS YHCTAs J1abOpaHTYy.

TexHuKa 0 e30nacHocmu RPU 6bINOJIHEHUIL JIADOPAMOPHOIL_DAd OnblL.

-aKKVypaTHO 00palarbcs cO CTEKISIHHON XHMIYECKOH ITOCYAOH. OCTAaTKH Pa3OHTOH ITOCYALl YOHPATh C
TIOMOIIBIO COBKA M INETKH,

-BCe paloTHL, CBSI3aHHBIE C BBIAEIICHHEM SAOBHTHIX, JIETYUYHX M HEIPHITHONAXHVYIIHX BEIINECTR,
ITPOBOJIHUTE B BBITSDKHOM IIKa(y;

-TIIPH OIPeJelIcHHH 3allaXa BEINeCTB OTBEPCTHE cOCyAa AepKaTh Ha paccTOSHHH 25-30 c¢M OT JIHI[A,
HaIlpaBIssI K ce0e CTPYIO ra3a IIOCTYIIaTEeIbHBIMH JIBIKEHHSIMI JIaJOHH OT OTBEPCTHA K JIHILY,

-IIpH HAJIMBAHHH PeaKTHBOB HE HAKIOHSATHCS HAJ COCYAOM BO H30eKaHHe IIOIaJaHHs OphI3r HIIH
YACTHI[ Ha JIMIO HIIH OHeXKAY. ITPH pa3z0aBlIeHHH KOHIIEHTPHPOBAHHBIX KHCIIOT BIIHBATh KHCIIOTY B BOAY,
HO He HaoOOopoT,

-IIpH HarpeBaHHH IIPOOHPKH HE JIepKaTh €€ OTBEPCTHEM K cede HIIM B CTOPOHY COCela. He HAKIIOHSTHCS
HaJ HarpeBaeMOH KHIKOCTBIO BO H30€eKaHI e ITOMafaHu s €€ Ha M0, PYKH HIIH OJCKIY,

-TOPSTYME TIPEAMETHEI MOKHO CTAaBHTh TOJIBKO Ha acOeCTOBBIH KapTOH, acOECTHPOBAHHVIO CETKY HJIH
IPYIVIO CIIEIHAIbHYIO IIO[CTABKY,

-HEIb 34 IOJIb30BATHCS AIIeKTporIpHOopaMi Ge3 COOTBETCTBYIOILET O HHCTPYKTaka. ITPH BKIIOYEHHH HX B
CETh HeNb3s AepKaThCs 3a MeTAIDIHYeCKHE ITpeIMeThI (TPYOBI, KPaHbI H T.I1.). 3alpellacTcs BKIIOYaTh H
BBIKITEFOYATh SIIEKTPOIIPHOOPEI MOKPBIMH pPYKaMH, a TaKXe IIOIb30BaThCSI HEHCIIPAaBHBIMH HIIH
HMEIOIIHMI OT'OJIEHHEIE IIPOBOAA IIPHOOpaMI

-3alpelnaeTcs MPHHIMATE ITHIY B XHMHYeCKOH 1a00paTOpPHH H IHTH BOAY H3 1a00paTOPHOH ITOCY/IBI. -
-KaTer OpHYEeCKH 3alpellacTcs IMpo0oBaTh PeaKTHBEL Ha BKYC,

-IIPH TIOIAJAaHHH Ha IHMI[0 MM PYKH OpPBI3T KOHIL[EHTPHPOBAHHBIX KHCIOT IIOCIIE CMBIBAHIS BOIOH
MTPOMBITH CTA0BIMRASTBRRGM AGOABL. MIETOY CIIEAYET CMBIBATh JIO TeX IMOP, MOKa YYacCTOK KOXH, Ha

. SNEKTPOHHOW NOANMWUCHIO .
KQTLOPhEL CHOMOHAAasHS ASPEoTaiedh @RI CKOIB3KIM, 3aTEM IIPOMBITH CIIa0BIM PAacTBOPOM YKCYCHOMH

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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KHCIIOTBl H HAJIOKHTh ITOBS3KY M3 BaThl, CMOUYeHHOH 3%-HBIM pacTBOPOM IlepMaHraHaTa Kamus (3
aITTeyKH B 1a00PpaHTCKOH Ka(eIpel);

-II0 OKOHYAHHH padoThl BRIKIIFOUHTh M3 CETH BCE 3JIEKTPOIPHOOPEL, MEPEKPHITH IOady r'a3a H BOJBI B
nmadopaTopHIO H yOpaThk padouee MeCTO,

-000 BCeX HECYACTHBIX CIIyYasX HEMeIJIEHHO COOOINATE ITPEIOgaBaTEli0 HIH 1a00paHTy.

Ipaxkmuueckas yacmso:

B3anMOIENCTBHE 3IEKTPOIIMTOR CIEAYET pPacCMAaTpHBATh KaK PEakIMM MeXIY HOHAMH. OTH PeaKI[HH
HJIVT B CTOPOHY HaMOOIEe IIOIMHOIO CBA3LIBAHHS HOHOB B TPYAHOPACTBOPHMEIE, Ia3000pasHBIE H
MaJIOJHCCOLIHUPVIOIIHE BEIECTRA.

[ Ipu BEITTOITHEHHH paOOTHl YPaBHEHH S BCEX PEAKIMI ITHCATh B MOJIEKYIIIPHOM H HOHHOM BHJIE.

Onwvim Nel. O0pa3oBaHIe TPYIHOPACTBOPHMEIX BEII[ECTB.

[TogGepute Takme peakTHBBI M3 HAXOMSMINIXCSA Ha IIOTKE, B3aHMOACHCTBHEM KOTOPEIX MOKHO TTOJIYUHTE
OCaJKH CyIb(pHAa I[HHKa, THIPOKCHAAa HHUKEISI H KapOoHaTa KalnbIHI. OCaJkH JOJIDKHBEL OTCTOSTBCSL
Ilocre oTcTanBaHNs pacTBOPHI CIINTH, @ OCAJIKH COXPAHUTH IS CIEIYIOIIHX OITBITOR.

Onwvim Ne2. OGpa3oBaHHe ra3os.

K cympduay 1mmHKa, a 3areM K OcaJkKy KapOoHaTa KalbI[Hsg, IIpHOaBHTH 2-3 MI pacTBOpa
XJIOPOBOAOPOAHONH KHCIOTHEI. Kakue rasel BeIAEISEOTCA? OOpaTHTe BHHMAHHE, YTO BO BTOPOM CIIyYac
ITOMHMO raza o0pa3yeTcsa MaJIOIHUCCOIIMHPYIOIIEE BEINECTBO.

OIIBIT ITPOBOJINTE B BBITSKHOM IIKA(]y.

Onwvim Ne3. O0pa30oBaHIe MaJIOIHCCOLIHHPYIOIIETO AMEKTPOINTA.

A. K ocagky rugpokcnuga HHKens (ombIT Nel) rmpuGaBHThE pacTBOp aMMHaka. O0pa3yeTcsl pacTBOPHMBIH
MAIIOH CCOIHHPYIOIIHIT HOH TeTpaaMMHHHHKeTI(IT).

B. B npobupky Hamure 2-3 MII pacTBOpa XIOPOBOIOPOJHOM KHCJIOTBEI M IIOMECTHTL B HETO I'PaHVIIY
METAJUIMYECKOro IMHKa. HaOmromaTe MHTEHCHBHOE BRIJIETIEHHE Bojopoma. /[oO6aBHTE B ITPOOHPKY
IIENOTKY KPUCTAIUIMYeCKOro arlerara HaTpusa. OTMETHTHL H3MeHEHHE B HHTEHCHBHOCTH BBIIEIIEHUS
BOoHopoaa. HarmicaTe ypaBHeHHE peakIy, KOTOopas ITPOH30IIUIA ITOCle IMPHOABIeHHs alleTara HaTPHsL
yKa3aTh ITPHYHHY 3aMeJIEHHS IIPOIECCA BRIIEIIEHHS BOJOPO/A.

Onwvim Nod. CMelleHe HOHHOI'O PaBHOBECH.

A. Hamure B rmpoOupky 3-4 MI ZUCTIWIIMPOBAHHOHM BOJBI, IMPHOABHTH KaIII0 KOHIIEHTPHPOBAHHOIM
YKCYCHOH KHCIIOTBHI M 1-2 KaIlllM HHIHKAaTOpa METHIOBOIO OpPaHKeBOro. Kakyr OKpacKy IIpHHHMAET
pactBOp M IoueMy? COCTaBbTe VYpaBHEHHE IHCCOIHAIIMH VYKCYCHOH KHCIOTBI M BBIPaKEHHE IS
KOHCTAHTHI HOHH3AI[HI.

PasgemnTh pacTRORJEQPABEY;Eq ABe IPOOSHPKH M K OJHO YacTH NMPHOABHUTH IMEMOTKY alleTaTa HaTPHSL,
SNEKTPOHHOW Noanuvceo
B30QHTATH i OPABHIELOKPACIHAPACTIBOPABE B 00e1X Ipodupkax. /laTh 00OBSICHEHHE OIBITY.
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B. IIpoBeCcTH OIBIT aHAIOTHYHO IIPEABIAVIIEMY, B35SB BMECTO KHCIOTHEI PacTBOP aMMIakKa, BMECTO
METHJIOBOI'O OPaHKEeBOIO - (DEHOJI(TAIEHH H BMECTO alleTaTa HaTpHI - XJIOPHJ aMMOHHS. JlaTh
0OBSCHEHHE, HCXO S H3 KOHCTAHTHI PABHOBECHA.

Onwvim Nol. 1IpoH3BeeHHe PacCTBOPHMOCTH MaJIOPACTBOPHMEIX BEIIECTB.

BHectn B nipobupky u3 Gropetkn 1 mun 0,1 H pacTBopa HHUTpara CBHHIIA H JOOAaBHTHL K HEMY HEMHOI'O
6ombrne mo o0bséMY 0,1 H pacTBOpa cynbdara HaTpHA. [lomydeHHBIH 0caJ oK JOKeH OTCTOAThca. CIIHTh
HaJ0CaJ0YHYIO KHAKOCTh (IIH oToOparh mmmieTkoi). K ocainky mpHOaBHTR 1 MJI pacTBOpa XpoMaTa
Kalusg M IiepeMernarb. HaOmromare IIOCTENEeHHOe M3MEHEHHEe I[BeTa ocajka. Kakoe BeIecTBO
oOpazoBantock? Ha ocHOBaHHH OITBITa celaTh BBIBOJ O BEIHYHHE ITPOH3BeJdeHHS pacTBOpHMOCTH (IIP)
MaJIOPACTBOPHMEIX coOleH. CpaBHHTh CBOH BBEIBOA C JaHHBIMH TaOmuiiel. Hammcate ypaBHEeHHSA
IIPOHU3BEICHHS PACTBOPHMOCTH 3THX COIEH, IOACTaBUB 3HaueHH [IP.

OrmIT Ne6. KOHTPOIILHOE 3a/IaHHE.

OKCIIEPHMEHTAIBHO OCYIIECTBHTE CIIEAVIOIIHE IIPEBPAIEHIL:

CuSO4 — Cu(OH)2 — [Cu(NH3)4](OH)2 — CuS.

COCTaBUTH YPaBHEHHS PeaKI[HI.

M3 aTOoro omeita ciaeayer, 4YTO HHOTZA B JIEBOH H IIPABOH YaCTSIX YPAaBHEHHS MOI'YT OAHOBPEMEHHO
HAaXOMHUThCS MAJIOAHCCOLMHPYIOIIHE H TPYAHOPACTBOPHMEIE BelllecTBa. UTOOBI IPABHWILHO PEIIHTH
BOITPOC, B KaKYIO CTOPOHY CMECTHTHCS PAaBHOBECHE, HYKHO ITPOH3BECTH YUET TAKHX KOIHYECTBEHHBIX
XapaKTe PHCTHK, KaK KOHCTAHTa JHCCOIIHAIHH, IIPOH3BEIEHHE PACTBOPHMOCTH, KOHIIEHTPAI[HI HOHOB.

Ipebosarusa K ohopmiernuro j1ad op amopHoi padomst U Onyueny:

| .BrinomHeHne madopaTopHBIX padoT CONMPOBOXKIAIOT 3aldicsaMH B J1adopaTOopHOM KypHaine. Ha
THUTVIBHOM IIHMCTE JIaDOPaTOPHOrO KYpHala JOJKHBEI OBITH ITPEICTABJIEHBI. HA3BaHIE YHHBEPCHTETA,
(paMIUTHS H HHHIHAJIBL YYaIllerocs, HOMep Kypca H I'PYIIIEL, Y4eOHBIH IO,

2.OTYET O BRINIOJIHEHHOH JTa00paTOPHOH padoTe JOJIKEH COJIEPKaTh CIIeIVIOIIE CBeIeHI:

*HOMeD paloTHI H € Ha3BaHHE,

*IaTy BBOTIOITHEHHS pabOoTHI,

*I[e]Ib PAOOTHI,

*000pYIOBAHHE M MaTEpPHAIILI,

*KpPaTKOE TEOPETHUYECKOE OITHCAHHE;

*HOMEDP H Ha3BaHHE OIBITA,

*KpaTKOe OITHCaHHe Xo/a pabOoThI ¢ YKa3aHHEM YCIIOBHIL ITPOBEAeHH S OIbITA,

*PHCYHEKH H CXEMBI HCIIOJIb3YEMBIX HpHﬁGpGE;

*HAaOTIONCHNS, [oKYMEHT NOAMWCAH
ANEKTPOHHOW MOAMUCHIO

*3pABHEHIAT MIPOTERABOIVIAX PEAIGIITIL) 00043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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*BBLIBOJIEI.
3.JIabopaTOpHEBIN KYPHAII HYKHO BECTH YHCTO H aKKYPaTHO, 3aITHCH JOJIKHEI OBITh JTAKOHIYHBIMI.

4. OTUYET O IIPOBEAEHHON paboTe MPOBEPSET M ITOAIICHIBAET IIPEINOAABATEND.

5K cmadye 3aué€ra mo mabopaTopHOMY IIPAKTHKYMY JOITYCKAIOTCS CTYIASHTBI, BBHINIOJIHUBIIHE H
TIOAIMCABRIIE Y IIPEIoJaBaTelld BCe AOMAIIHHE M J1a0opaTOpHBEIE PaldOTHI, CHABIIHE KOJUIOKBHYMEL,
aKTHBHO YYaCTBOBARIIIHE B pad0OTE CEMHHAPOB.

0.CTVYIEHTEHL, MOIYUYHRBIIHE 3a4ET IO JIa0OpaTOPHOMY IMPaKTHKYMY, AOIIYCKAKOTCS K cauye AK3aMeHa I10
KYPCY HEOPraHHYECKONH XHMHH.

K OHMPOJIbHbLIE 601NDOCHL .

I. CocTtaBpTe MOJIEKYISPHBIE H HOHHO-MOIEKYISPHBIE YpPaBHEHHS PeaKi[Hil B3aHMOJEHCTBHSI B
pacTBopax Mexnay: a) KoS u CuSOy; 6) AgNOs; u NH4Cl;

B) Na>Si03 u HoSO4;, 1) CaCO3 1 HNO:s.

2. CocraBbTe II0O [JBa MOIEKYIIIPHBIX VPaBHEHHS PeaKIMil, KOTOpPhIe BBIPAXKalOTCSI HOHHO-
MOJIEKYIISIPHBIMH YPaBHEHH SIMH:

a) Fe’* + 30H = Fe(OH)3: 6) H" + OH = H,0; B) Cu** + S = CusS.

3. MO»XHO ITH IIPHTOTOBHTEL PacTBOP, COAEPp KaIIHI OJJHOBPEMEHHO CIeIYIOIHe TNaphl BemmecTB: a) KOH
1 Ba(NO3):; 6) Cr(OH)z u NaOH; B) Pb(NO3), u KCI; r) CuCl, u NaxS? IlpeacraBsTe BO3MOIKHEIE
PEeaKIHH B MOJIEKYIISIPHOM H HOHHO-MOJIEKYIIIPHOM BHJIE.

4. CvermmBaroT norapHo pacTBopel: a) KOH u Mg (NO3)2; 6) L12COs u HCI;, B) Fe(NO3); 1 KOH; r)
NH4CI 1 NaOH. B kakux cnydasx peakIiH IPaKTHYeCKH ITOHAYT H0 KoHIa? IlpexmcraBpTe HX B
MOJIEKYIIIPHOM H HOHHO-MOIIEKYIISIPHOM BHJIE.

5. CocTtaBpTe MOJIEKYISPHBIE H HOHHO-MONEKYISAPHBIE YpPaBHEHHS peaKI[Hil B3aHMOJECIHCTBHS B
pacTBOpax Mexay: a) BaCOz u HNOs3; 6) Fe2(S04)3 1 KOH; B) HCI n K»S; r) CH3;COOK u HCI.

6. CocTaBpTe MOJIEKYISPHBIE H HOHHO-MOJIEKYIISPHBIE YPaBHEHHS peaKI[Hi B3aHMOJEHCTIBHSI B
pacTtBopax Mexny: a) Mg(OH)> n CH3COOH; 6) NH4Cl u NaOH; B) Ca(OH)2 n K»2CrQOs; 1) AICl3 1
Ba(OH)..

Cnucok JIHmepamypsi.

1 Heopraumieckas xumisa | OnekTpoHHBIH pecype| : maGopaTopHberii mpakTHkyM / C.A. CokomoBa [H
Ip.]. — ODONeKTpoH. TeKCTOBBIE JaHHBIe. — BopoHek: BopoHexkckmi ['ocymapCcTBeHHBIH ATpapHBIH
YHueepcurer uM. Mmmeparopa llerpa Ilepsoro, 2017. — 93 ¢. — 2227-8397. — PexuMm gocTyria:
http://www.iprbookshop.ru/72709.html

2 .Heopranmdeckass XuMHus | DIIeKTpPOHHBIH pecypc| : madopaTopHeIi nmpakTHKYM / O.B. JIbSIKOHOBa [H
ip.]. — OnekTpeH sk Ppblg, MaHHbIe. — BopoHek: BopoHexckuii 'ocyaapCTBeHHbIH ATpapHBIi

3NEKTPOHHOW NOANKCLIO

YansepentenhaibedMuepatopasddetpacdieproro, 2016. — 150 ¢, — 2227-8397. — PexumM gocTya:
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JlabopaTropHan padora Ne 8
Tema 8: I maposns

Ilenw padomesr: H3yueHne paboTel pH-MeTpa H onpefenerne pH HeRTpaIbHOT0, KHCIOr0 H MIET0YHOTO

pPacTBOPOB € TIIOMOINBIO pH-MeTpa, BH3YyalIbHOE OIPEIEIeHHE IBETOB HHAHKATOPOB JAKMYyca,
METHJIOBOT'O OPaHKeBOro H (peHon(TaleHHa B HEHTPaIbHOH, KHCIIOH H INEJIOYHOH Ccpejle, OIpeciIeHHe
pH cpeasl THAPOIU3VIOMUXCA COMEH € ITOMOIIBIO HHAHKATOPOB, BIISHHE TEMIIEPATYPHl Ha THIPOIIN3,
HEOOPAaTHMBIH TTOIHEI THIPOJIHS.

Dopmupyemble Komnemernuyuu: OIIK-1.

T eopemuilecKdd dacms.

['mapomis — 3TO paslokeHHe BeIecTB BOJOH. Boma — OmHO M3 caMBIX aKTHBHBIX BellecTB. OHa
JEeHCTBYeT Ha caMble pa3IIHYHBIE KIACChl COSJHHEHHI: COJIH, YIIIEBOABL, OSIKH, 3(pHPBI, KHPBI H T. .
[Ipu ruapomize coeqHHEHHI HEMEeTAIUIOB OOBIYHO 00pa3yIOTCS ABE KHCIIOTBI, HAITPHMED:

PCl; + 3 H,O = H3POs + 3 HCI

[Ipu 3TOM H3MEHAETCS KHCIIOTHOCTh PACTBOPOB IO CPABHEHHIO C KHCIIOTHOCTBIO PACTBOPHTEIIS.

B HeopraHmyeCcKoOH XHMHH YaIlge BCETO ITPHXOMUTCSI HMETE JEJI0 C THAPOIN30M COJIEH, T.€. ¢ OOMEHHBIM
B3aNMOJIEHICTBHEM HOHOB COJIM C MOJIEKYIIAMH BOJBI, B PE3YIIbTaTe KOTOPOr'O CMEIAETCS PABHOBECHE
BIIEKTPOIIUTHYECKOH JICCOIHAIIN BOJIBI.

['mapormi3zoM colm HaskBacTCsI 0OpaTHMOE B3aHMOJIEHCTBHE HOHOB COIH C HOHAMH BOJBI, IIPHBOISIIIEE
K H3MEHEHHIO PABHOBECHS MEXKIY HOHAMH BOJIOPOAa U THAPOKCHIA B PaCTBOPE.

['uapoms sBiasgeTcsa pe3yinbTaTOM IMOJIIPH3AIHMOHHOIO B3aHMOJEHCTBHSI HOHOB COIIH C MX THIAPAaTHOH
000JIOUKOH B BOJHOM pacTBOpe. YeM 3HAUYMTEIBHEE 3TO B3aHMOJEHCTBHE, TEM HHTEHCHBHEE ITPOTEKAET
THAPOIH3. YTIIPOIIEHHO CYIIHOCTE IIPOIlecca THAPOIH3a MOKHO MPEACTABUTE CIEIVIOIIHM 00pa30oM.
Katnoner K" CBSI3BIBAIOTCS B PacTBOpPE C THAPATHPYIOIIMMH HX MOJEKYIAaMH BOJIBI JOHOPHO-
AKI[EIITOPHOHN CBS3BIO, JIOHOPOM SBIISEOTCS aTOMBI KHCIIOpPOZla MOJIEKYIIBI BOJBI, HMEIOIIHE JIBE
HEIOAEIIEHHBIE BJIEKTPOHHBIE ITaphl, AaKI[EIITOPOM - KaTHOHEI, HMEIOIHEe CBOOOIHEIE aTOMHEIE
opOuranmn. YemMm OonbIle 3apsg KaTHOHA H YeM MEHBIIE €0 pasMep, TEM 3HAUHTEIILHEE TTOISPH3VIOIIEE
nenctBHe K™ Ha H20.

AHIOHBEI AN~ CBA3BIBAIOTCA ¢ MOJIEKYIIaMH BOJBI BOJOPOJHON CBSA3bI0. CITIBHOE BO3JIEHICTBHE AHHOHOB
MOXKET TIPHBECTH K ITOITHOMY OTPBIBY IIPOTOHA OT MONIEKYIRI HoO — BomopomHas CBS3b CTAHOBHUTCS
KOBAJIEHTHOH. B pesynpTare oOpasyeTcs KHciIoTa WiH aHHoH THITa HS™, HCO3 m 1. 11

B3amMopencTBHe aHHOHOB AN~ C IIPOTOHAMH TEM 3HAYHTEIIbHEE, YEM OOJIbIIE 3apsi] aHHOHA H MEHBIIIE
ero paguyc. Taknum oOpa3oM, HHTEHCHBHOCTh B3aHMOJIEHCTBHS BEIECTBA C BOJOH OIPEHEISIeTCS CHIION
MOTIIPH3YIOMETQ o BRHFHRIL May T An™ Ha Momekynsl HoO. Tak, KaTHOHBI 3TEMEHTOB IOGOYHBIX

SNEKTPOHHOW Noanuvceo
TQAEFPYIHT JE0HRNOOPEACTRCHHO CASHYIOIFIX 32 HIMH SIIEMEHTOB ITOJBEPraloTcs 0ojlee HHTEHCHBHOMY
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THAPOINH3Y, YEM APYITHE HOHBI OAHHAKOBEIX C HHMH 3apsaa M pagHyca, TaK KakK Sapa IEPBBIX MEHEE
3(ppeKTHBHO 3KPaHHPYIOTCS d-37IeKTPOHAMH.

'mapomms — 1mporecc oOpaTHBIN PeakIHH HeHTpajJM3allii. EcCiIH peakiiisa HeHTpaIH3allHH ITPOLECC
BK30TEPMHUYECKHI H HEOOPATHMBIH, TO THAPOIH3 — IIPOLECC SHAOTEPMHYECKHI H OOPaTHMBIH.

Peaxiinsg HeHTpaIH3aL[iH:

2 KOH + H2SO3 — K2SOs + 2 H20

CIJIBHBIN CIIa0BIN CHIILHBIHN CI1a0BIH

2 OH™ + H»S0:3 = SO5™ + 2 H,0

Peakims ruaponmnsa:

K2S0O3+ H2,0 < KOH + KHSO3

SO3* + HOH < HSO3™ + OH™

[Ipu rugpomse cMelacTcad PaBHOBECHE AHCCOIHAIMH BOJBI BCIEACTBHE CBSI3BIBAHHSI OJHOTO M3 €€
HoHoB (H® mmu OH") B cmaOprii 51meKTpoimMT coimH. IIpu cBsaspIBaHMH HOHOB H' B pacTBOpE
HaKaIUIHBaroTcs HOHBI OH , peakipiga cpeasl OYAeT INENOYHAS, a IIPH CBS3BIBAHHH HOHOB OH™
HaKaIUTHBArOTCS HOHBI H™ - cpesia OyeT Kucnast

PasimyaroT YeTHIPE BapHaHTa JeHCTBHS BOALI HA COIH.

1. Eciu KaTHOHEI H aHHOHBI MMEIOT HeOOIbIIme 3apsaabl H OONIBIIMHE Pa3sMEPHI, TO HX IMOJIIPH3VIOIIEE
BIMSHHE Ha MOJIEKVYIIEI BOJBI HEBEIMKO, T. €. B3aUMOIEHCTBHE coiM ¢ H»>O mpaktHyeckn He
MIPOHCXOJHT. DTO OTHOCHTCS K KaTHOHAM, THIPOKCHABI KOTOPHIX SBJISIOTCS IIelIo4YaMH (Harpumep, K*
H Ca’*) H K aHHOHAM CHIBHBIX KHcIIOT (Harprmep, C1™ u NOs™). CaemoBaTellbHO, coil, obpazoeantvie
CLUTb HbIM OCHOBGHEM U CLUTbHOILL KUCAOMOIL, 2U0ponu3y He nooeepzaionicsa. B 3TOM ciIydyae paBHOBECHE
IIHCCOIHALTIIH BOIBI

H,O < H" + OH"™

B TIPHCYTCTBHH HOHOB COJIM TIPAKTHYECKH He HapyimaeTcsa [lo3ToMy pacTBOpHl TakHX COJIEH
HeHTpanbHBI (pH = 7).

2. Ecitu cony obpazoeana kamiuonom cunbHo20 0CHOBAHA 1 aHuonom ciaboil xuciomer (S?7, CO3*, CN~
H JIp.), TO npoucxooum 2uoponus no auuony. Ilpumep — rugpomns coma CH3;COOK. HoHEI comm
CH3;COO™ u K* B3ammojeiictByioT ¢ HoHaMH H™ 1 OH™ u3 Boxasl. IIpu s3ToMm arerar-nousl (CH3COO™)
CBSI3BIBAIOTCS ¢ HOHaMH Bojgopoda (H™) B momekyiel crmaboro »3JIeKTPONHTa - YKCYCHOH KHCIIOTEI
(CH3COOH), a mousr OH™ HakarmBaroTcs B pacTBOpe, cOOO0INas eMy IIEIOYHYIO PeaKI[HIO, TaK KakK
HoHbI K™ He MoryT cBsa3arh HoHEI OH™ (KOH sBiIseTCcs CHIIbHBIM 3eKTpoimHToM), pH > 7.

MonekyisipHOe ypaBHEHHE THAPOIIH3A:

CH3COOK + HyQsmeKQH A GH;O0H

3NEKTPOHHOW NOANMCLIO
H&WT}I@HW%SWWEWME
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COKpAIIllEHHOE HOHHOE YpPaBHEHHE THIPOIH3A:
CH;COO™ + HOH «<» OH™ + CH3;COOH

I'mapom3 comu NaaS mporekaeT cryrneHdyaro. Conb oOpa3zoBaHa CHIIBHBEIM oOcCHOBaHHeEM (NaOH) m
cnaboil AByxocHOBHOI kucioroit (H»2S). B 5ToM ciayuae aHHOH colM S°~ CBS3BIBAaeT HOHBI HY BOBL, B
pacTBOpe HakarmmBaroTcsd HOHBI OH™. YpaBHeHHe B COKpallleHHOH HOHHOH H MOJIEKYIIIPHOH (popMe
HMEET BH;

[. S + HOH « HS™ + OH-

NazS + H20 <> NaHS + NaOH

II. HS"+ HOH < H,S + OH™

NaHS + H,O <> NaOH + HaS

Bmopas cmynens cudponusza npaxmudeckii He HpPOXOOUm Hpil O0ObIYHBIX YCA0GUAX, TaK Kak,
HaKaIUIHBasCh, HOHEI OH™ cooOI1atoT pacTBOPY CHIIBHOIIEIOYHYIO PEAKIHIO, YTO IMIPHBOAHUT K PeaKI[HH
HeNTpalu3al[iH, CABHIY PaBHOBECHS BIIEBO B COOTBETCTBHMH ¢ IpuHIpmioM Jle Iaremnwse. IlosTomy
THAPOIN3 COJEH, OOpa3sOBaHHBIX CHIBHBIM OCHOBAaHHEM M CIabOH KHCIIOTOH, IIOJABIISIETCS
ITpHOABIIEHHEM II[ETIOYH.

YeM Oonbllle TOISPH3VIOIIEE BIHMSHHE AHHOHOB, TEM HHTEHCHBHEE THAPOIH3. B COOTBETCTBHH C
3aKOHOM JEHCTBHS MacC 3TO O3HayaeT, YTO THIAPOIHM3 ITPOTEKaeT TeM HHTEeHCHBHee, 4YeM ciiadee
KICJIOTA.

3. Ecom come obpaszoeana xamiowom cnabozo OCHOGAHUA 1 AHUOHOM CLIbHOIL KUCIONbL, MO
npotcxooum 2udponu3 no kamuoxdy. Harmpumep, 31o HMeeT MecTo ITpH ruapormse conu NH4Cl (NH4OH
- cmaboe ocHoBaHHe, HCI - cupHasg xucmora). OtopocsM HoH Cl, Tak KaK OH ¢ KaTHOHOM BOJIBI JaeT
CIUIBHBIH 3IEKTPOINT, TOra YpaBHEHHE THAPOIH3a ITPUMET CIIEAYIOIIII B!

NH4"+ HOH <= NH4OH + H™ (cokpamieHHOe HOHHOe YpaBHEHHE)

NH4Cl + H20 <> NH4OH + HCl (MonekymnsapHoe ypaBHEHHE )

M3 coxpallleHHOro ypaBHeHH S BHAHO, 4YTO HOHEI OH™ BOABI CBA3BIBAIOTCS B CIIA0BIN SIEKTPOIHT, HOHEI
H™ HakarmmBaroTCs B pacTBOpe H cpejla cTaHoBHTCSA KHcnoH (pH < 7). JloGaBneHHe KHCIIOTH K PacTBOPY
(BBeZicHHE ITPOIYKTa PeaKIHH KaTHOHOB H') cBHTaeT paBHOBeCHE BJIEBO.

I'mapom3 comu, o0pa30BaHHOI MHOIOKHCIOTHBIM OCHOBaHHeM (HampuMep, Zn(NO3):) mpoTekaer
CTYIIEHYATO 110 KaTHOHY ¢J1a00ro OCHOBAHI AL

[. Zn** + HOH <> ZnOH" + H* (cokpallleHHOE HOHHOE ypaBHEHHE)

Zn(NO3)2 + H20 <= ZnOHNO3 + HNO3 (MoIeKyIsIpHOe YpaBHEHHE)

HMonsl OH™ cBsmeIBaroTcs B citaboe ocHoBaHMe ZnOH™, monsl H™ HaxaroIHBaroTcs.

Bﬂ!ﬂpﬂﬂ CHIyHEﬂ@HMWAFﬁpﬂKHHIHECMI He Hpﬂﬂﬂxﬂaﬂﬂi Hpi {}61:111'}! blX yciaoeuAx, TdaK KdK B
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II. ZnOH* + HOH <> Zn(OH): + H* (cokpamnieHHOe HOHHOE YpaBHEHIE)
ZnOHNO;3 + H20 <« Zn(OH), + HNO3 (MomeKyIsIpHOE YpaBHEHHE)
OYeBHIHO, YeM cltabee OCHOBAHHE, TEM ITOIHEE HAET THAPOIIHS.
4. Conv, obpazoeanHas KamiuoHoMm c1abo20 OCHOBAHUS 1l AHUOHOM C1abOil KUCI0Mbl, HOOGep2aemcs
2UOpONU3Y NO KaAmMuoHy U no auvuony. Ilpumepom ciyxuT Irporecc rugponusa conn CH3;COONH;4.
3arHieM ypaBHeHHEe B HOHHOMH (popMe:
NH4" + CH3;:COO™ + HOH < NH4OH + CH3COOH
['Haporms TakHxX cOJIell MPOTEKAET OYEHD CIJIBHO, ITOCKOJIBKY B pe3VyIbTaTe ero o0pa3yiorcsa U cimadoe
OCHOBaHHE, U ci1abas KHCIIOTa.
Peakiius cpeibl B 3TOM CIIVYae 3aBHCHT OT CPaBHUTEIBHOH CHJIBI OCHOBAHHS M KHCIIOTHI, T.€. OT HX
KOHCTAHT JHccoHalHH (K):

e ecmu Ky (ocHoBanmsa) > Ky (xkucmorsr), To pH > 7;

e ecinH Ky (ocHoBaHNg) < K (kricnoTel), TOo pH < 7.
B ciyuae rugponnsza CH3COONHa4:
Kz (NH4OH)=1,8-10"; Kg (CH;COOH)=1,8-10",
ITO3TOMY PeaKI[HsI BOJHOI'O PacTBOpa 3TOH COIH OyAeT MouyTH HeHTpainbHOoH (pH = 7).
Ecnu ocHOBaHHe H KHCIOTa, 00pa3yIOIHE CONb, SBILTIOTCS HE TOINBKO CIa0BIMH 3IIEKT POIHMTAMI, HO H
MaJIOPACTBOPHMBI IJIH HEYCTOHYHMBEL H Pa3lararorcs ¢ o0pa3oBaHMEM JIETYYHX IIPOAYKTOB, TO B 3TOM
CIIyyae THAPOIN3 COJIH IIPOTEKAeT II0 BCEM CTYIIEHSM JO KOHI[A, T.€. M0 oOpa3oBaHHS CIaboro
TPYAHOPACTBOPHMOIO OCHOBAHHS H CIIa0OH KHCJIOTHL. B 3TOM ciyyae peub HAET O HeoOpamiimom il
NONHOM 2UOPOAL3e.
MMeHHO IIONMHEIA THAPOIIM3 SBISIETCS IIPHYMHOH TOTO, YTO BOJHBIE PACTBOPHl HEKOTOPBIX COJEH
IIPHUT OTOBHTH Helb3sL, HarpuMep Cra(COa3)3, AlSsu ap. Hanmpumep:
AlLS; + 6H20 — 2A1(OH)3| + 3H2ST
[losToMy cynb(pHA aTIOMHHHS He MOJKET CYINECTBOBAaTh B BHJIE BOJHBIX PACTBOPOB, MOJKET OBIThH
IIOIIYYEH TOJIBKO "CYXHM CIIOCOOOM", HAITPHMED, M3 3IIEMEHTOB IIPH BEICOKOH TeMIIEPaTYype:
2A1+3S F— ALSs;,
H JOJKEH XPaHHUTHCSI B TePMETHUYECKHX COCYIaxX, HCKITIOYAFOIIIX ITOTafaHI e BIIarH.
Peakiineii oOMeHa B BOJHOM pacTBOPE TaKHe COSHHHEHHS HEJb3S ITONYYHTE. [IpH B3anMOIeICTBHI
coneit A1**, Cr’* u Fe’* B pacTBOpE ¢ cynbpdugamu 1 kKapOoHAaTaMH B 0CaJOK BHIITAAOT He CYIIb (I 1

KﬂpﬁDHﬂTH JTHX KaTHOHOB, 4 HX THAPOKCH/IBI.

2 AICI5 +3NasS +6H,0 — 3H,ST + 2A1(0H)3] +6NaCl
2CrCl + 3Nar:CRutidHaQ w2 r(OH)s | + 3C0,7 + 6NaCl

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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B paccMOTpeHHBIX ITpHMepax IMIPOHCXOMHT B3aHMHOE YCHIIeHHe THApoim3a ABYX coiei (AlCls n NaxS
win CrClz u NaxCO3) u peakiiig HAET JO KOHIA, TaK KaK IMPOIYKTHI PEaKI[HH BBIJICISIIOTCS H3 pacTBOpa
B BHJIE OCaJIKa M rasa.

'mapom3 coneil B psjie cIydyacB MOXKET IpoTeKaTh O4YeHb CIOKHO. (IIpocThie ypaBHEHHS peaKI[HH
THIPOIH3a B OONIENIPHHSATOH 3allHCH YacTO SBJISIOTCS YCIIOBHBIMH.) [IpOXyKTHI THApOH3a MOXKHO
YCTAaHOBHTL JIMIIIF HAa OCHOBAaHHHM aHAIMTHYECKOrO HMCCIeJOBaHHI. K IIpHMepy, IIPOAYKTaAMH
THIPOIIH3a COJIEH, COIEPKaIX MHOTO3aPSIHEIE KATHOHEI, MOI'YT OBITh ITOJIMSAEPHBIE KOMILJIEKCHL. TakK,
ecIM B pacTBopax Hg”" comepkarcs TOMBKO OJHOSIEPHEIE KOMIUIEKCHL, TO B pacTBopax Fe’ momimio
koMriekcoB [FeOHJ** m [Fe(OH):]* obHapyxHBaeTcss ABYXbSAepHBIT Kominiekc [Fea(OH)2]*
pacTBopax Be?' B OCHOBHOM 0OOpasylOTCS MHOTOSIEpHBIE KOMIDIEKCHI cocTaBa [Bes(OH):]**; B
pacTBopax Sn’* o6pasyrorcss koMInekKcHble HOHBL [Snz(OH)4]%*, [Sn2(OH):2]**, [SnOH]*; B pacTBOpax
Bi** Hapany ¢ [BiOH]** Haxomsdrcs KOMIUIEKCHBIE HOHBI cocTaBa [Big(OH)i2]°". Peakiym rHaponmsa,
IIPUBOASIIIE K 00pa30BaHHIO IO SAEPHBIX KOMIUIEKCOB, MOKHO ITPEACTABUTH CIIEAVIOIIHM 00pa30oM:
mM** + nH,0 < Mu(OH), ™ - ™* + nH*,

re m H3MeHseTcsa or 1 7o 9, a n MOXKeT IPHHHUMATh 3HadeHHd OT 1 ;o 15. Takoro poma peaxifuu
BO3MOXKHBI JJIs1 KaTHOHOB Oonee yeM 30 »SIeMEHTOB. Y CTAHOBIIEHO, YTO KaXKJIOMY 3apsay HOHA B
OONBIIMHCTBE CIIyYaeB OTBEUaeT OIpefelleHHas (opMa KoMmInlekca. Tak, IS HOHOB M“" XapakTepHa
dopma gumepos [M2(OH)J?*, mna nonos M** — [M%(OH)2]*, a gt M* — dhopma [M2(OH)s]°* u Goee
CIIOKHEBIE, HATIpHMeD [Z1r4(OH)s]®* .

[IpH BBEICOKHX TemriepaTrypax H OOIbIIHX 3HaYeHHSIX PH o6pa3yroTcs H OKCOKOMIUIEKCHI:

2MOH < MOM + H>O um

\ {.'IH 'Dtl‘ y

/N —.-- -M=0-M=-0-M= + nH30
f’f “of} \ou

HarprmMep,

BiCl; + H,O — Bi(OH)2Cl + 2HCI

Katnon B1(OH)>" nerko tepser MoIeKyIry BoJpl, 00pa3ysa KaTHOH BHCMYTHIIa B1O™, KOTOPEIH ¢ XJIOPH/I-
HOHOM JaeT OelbIH KPHCTAIUIHYECKHH OCaJ0K:

Bi(OH).Cl — Bi10OCl| + H20.

CTPYKTYPHO ITOIHSIEPHBIE KOMIIJIEKCEI MOKHO TIPEACTABHTL B BHJIE OKTA’APOB, COSAHHEHHBIX MEXIY
cOOO0I ITO BepIHe, peOpy HIH I'PaHH IMOCPeACTBOM Pa3IHYHBIX MOcTHKOB (O, OH u ap.).

CIOXHBIH COCTaR HMEIOT IIPOAYKTBI THAPOIII3a KapOOHAaTOB psjfa METAUIOB. TakK, IIpH

B3aHMO Mg?*, Cu**, Zn**. Pb** 6 6
,I[E:IICTEHI&MQB% coneit Mg u n>*, ¢ KapOOHATOM HATPHS OOPa3yIOTCS HE

EKTPOHHOW NOAMNWCLIO

CREAHHS: g@{gé@_g@;@aﬂQ@E@ﬁfg@@mﬁmﬂﬁgﬁﬂp}[mm euopoxcoxapbornamst, HanpuMep Cuz(OH)2COs,

neLl. llleGayxoea_TaTesHa Anexc OBHA
Zn_:f OH)s(CO3)2, P 3 Ar; C%[_Q);)a B xadecTBe IIpHMepa MOKHO IIPHBECTH PEAKIIHH:

Mﬁ@mﬁSﬁﬂz@@@ 1.4 2023 — Mg5(OH)3(CO3)4l + 5Na>S0O4 + COET



2Cu(NO3)2 + 2NaCO3 + H2O — Cuz(OH)2CO3 | + 4ANaNOs3 + CO2 7T

KonmyecTBEHHO THAPOIN3 XapaKTEPH3YETCS CTEINEHBIO THAPOIII3a 7 H KOHCTAHTOH THApoinn3a Kr.
CTeleHb THAPOIH3a ITOKA3bIBAET, KaKas 4acTh COIH, cojep:kalnascsa B pacTBope (Cur), ITOABEPIIach
THIPOIH3Y (Ciimug) H PAaCCYHTHIBAETCS KaK OTHOIIEHHE:

h = Cut run / Car (100%).

OueBHIHO, YTO JJII 00paTHMOro Ipoilecca rugpomza h < 1 (<100%), a 1711 HeoOpaTHMOro THAPOIIH3a
h = 1 (100%). Kpome IIpHpOABl COJH, CTEIleHb THAPOIH3a 3aBHCHT OT KOHI[EHTPAIMH COJIH H
TEMIIEPATYPEI PacTBOpA.

B pactBopax ¢ yMepeHHOH KOHIEHTpPaIHeH PacTBOPEHHOI'O BEINECTBA CTEIIEHh THAPOIH3a IIPH
KOMHATHOH TeMIleparype OOBIYHO HeBelmHKa. Jnsg comnel, o0pa3OBAaHHBIX CHIIBHBIM OCHOBAaHHEM H
CIUIBHOH KHCJIOTOH, OHA ITPaKTHYECKH PaBHa HYIIIO, U1 CONIeH, 00pa30BaHHBIX CIIa0bIM OCHOBAHHEM H
CIUIBHOH KHCIOTOH HJIM CHJIIBHEIM OCHOBAaHHEM H CIIa0OH KHCIIOTOH, OHa COCTaBIsgeT = 1%. Tak, i
0,01 M pacteopa NH4Cl h=0,01%; amma 0,1 H. pactBopa CH3COONH4 4 = 0,5%.

['maporms — rporiecc 00paTHMBIH, ITO3TOMY K HEMY IIPHMEHHM 3aKOH JEHCTBYIOIIHX MAcC.

Kounemanma 2uoponusza ecmov koHcmanma paeHogectis npoijecca 2u0poai3a, H 110 CBoeMy (PH3HUYECKOMY
CMBICITY OIIpeJelsdeT CTelleHh HeoOpaTHMOCTH THApomHsa. Yem Ooimpme Kr, TemM HeoOparHMmee
rHApoiIH3. Kr HMeeT CBOe BRIpaKeHH e I KaXK 0TI 0 CIIy4as THIPOIIH3a.

BrIBeieM BEIpaKeHHE I KOHCTAHTHI T'HAPOJIM3a COIM Cl1abOH KHCIIOTEI M CIJIBHOI'O OCHOBAHHS Ha
npuMepe NaCN:

NaCN + H>O < NaOH + HCN;

Na® + CN™ +H>O <« Na™+ OH™ + HCN:

CN™ + H,O <« HCN + OH™

Kpaew = [HCN][OH™] / [CNT][H20].

[H20] nmeeT HanOOIBINYIO BEIIMUHHY, KOTOpas B X0/ pPeaKI[HH ITPaKTHYECKH He H3MEHSIETCS, IT03TOMY
€e MOKHO VCIOBHO CYHTAaTh IIOCTOSHHOH. Torjga IIOMHOXHB 4YHCIHTEIL H 3HAMEHaTellb Ha
KOHIIEHTPAI[HIO ITPOTOHOB H BBEA A ITOCTOSHHYIO KOHI[EHTPAL[HIO BOILI B KOHCTAHTY, ITOIYYIM:

KpaBH [HEO] = KW / Kll;(mcn) = KF

Tak Kak [HCN] / [H*][CN™] = 1/ Kngaen

[Tockonpky Kw BelmuiHa rmocToaHHas 1 paBHa 107'* | oueBHAHO, 4TO yeM MeHbIle Ky ciraboil KHCITOTHL,
aHHOH KOTOPOH BXOJHT B COCTaB COIIM, TeM OokbIie Kr.

AHAIOrHYHO, JJI COJIH, THAPOIH3YIoMIeicsa 1o KaTHOHY (HarmpuMep NH4Cl), momydmm:

NH4" + H,0 <= NH4OH + H™ (cokpalneHHOe ypaBHeHHe THAPOJIH3A)

Kpazn = [NHsOH bRk A dkE01

SNEKTPOHHOW NOANMCLIO
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B 5ToM BBIpa)kKeHHH YHCIHTEIh H 3HAaMeHaTelb ApoOH yMHOXHIH Ha [OHT]. OueBHAHO, YTO 4YeM
MeHbIe Ky ci1aboro oCHOBaHHSL, KaTHOH KOTOPOr'0 BXOAHUT B COCTAaB COIM, TeM OonbIne Kr.
Ecmn comp oOpazoBaHa cimaOBIM OCHOBaHHEM H ciaaboi kucinoTon (Ha npumepe NH4CN), TO
COKpAIlleHHOE YPaBHEHHE THAPOIIM3a HMEET BHI!
NH4" + CN™+ H,0 <= NH4OH + HCN
Kpeen: = [NHsOH] [HCN] / [NH4[[CNT,
B 31OM BBIpakeHMH 1 Kpasn WHCIHMTENS M 3HaMeHaTelnb ApoOH yMHOXkaeM Ha [H'|-[OH™], mostomy
BBIpaKeHHe 111 K IIpHHHMAET BH/I:
Kr = Kw / (Kggucnomn Kom)).
Kak crmemyer M3 IpHBeJeHHBIX BBIPAXKEHHH, KOHCHMAHMA 2UOpONU3ad O0OpamHo HNponopyloOHalbHA
KOHCcmanme ouccoyuayiil ciaboz2o snexmpontnia, Y4acTBYIOIEro B 00pa30BaHHH COIIH (€CIH B
o0pa3zoBaHHMH COJIM VYYAaCTBYIOT J[Ba CclIalbIX HIeKTpormHTa, TO Kr oOpaTHO IIpOIOpIIHOHAIbHA
ITPOH3BEACHHIO HX KOHCTAHT JHCCOITHALH).
PaccMOTpHM THAPOIIH3 MHOT 03apsaAHOro HoHa. BozpMeMm Na>COs.
[. COs* + H,O « HCOs™ + OH™
Kra = [HCO3;7][OH] / [COs*[H20] x ([H*] / [H']) = Kw / Kg,
TO €CTh B BBRIPpAKEHHE IS KOHCTAHTHI THAPOIH3a 110 IIePBOH CTYIIEHH B 3HaAMeHaTelb BXOIHT BTOpas
KOHCTAHTa JQHCCOIMALIH, H IS BTOPOH CTYIIEHH T'HIPOII3a

II. HCO;3; + H20 « H2COs+ OH™
Kray = [H2CO3][OH™] / [HCO37][H20] < ([H*] / [H*]) = Kw / Ky
Ky = 4x107 Kgay=2.5x107%
Krany =5.6x10"" Ky =1.8x10"
Taxknm odpaszoMm, Krq) >> Krap, KOHCTaHTa, a CIEIOBATEIbHO, M CTEIEHL IIEPBOH CTaJMH THIPOIIH3a
MHOTO OOJIBIIIE ITOCTIETYIOIIHX.
Cmenensv 2udponuza SABISETCSA BEIHUYHHOH aHAJIOTHYHOH CTEIIEHH JHCCOIHAIHH. B3aHMOCBS3b CTEIIEHH
H KOHCTAHTBI THAPOII3a aHAJIOTHYHA TaKOBOH A1 CTEIIEHH H KOHCTAHTHI JHCCOIHALIHH.
Ecin B oOmeM ciydyae HCXOMHYIO KOHI[EHTPAI[HIO AHHMOHA CIa0O0H KHCIOTHEI O0O03HAuHMThL 4depe3 Co
(Momn/11), TO Coh (MOTB/IT) — KOHIIEHTPAIFA TOH YacTH aHHOHa A, KOTopas ITOABepriack THAPOIH3Y H
obpazoBanock Coh (Monb/m) crmadoi KHemoTel HA 1 Coh (MOIIB/TT) THAPOKCHIHEIX TPYITL.
A™+ H>O < HA + OH",
Co-Coh Coh Coh
rorga Kr = [HA][OH)/ [A7] = Coh-Coh / (Co-Coh) = Coh® / (1-h).

: __ 2
puh << e Gelils K / Co
SNEKTPOHHOW NOONUCHIO
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[HA] = [OH™]| = Coh, mTomyJsmM:

Kr=Coh-Coh / Co=[OHT)¥ Co., oTKyza

[OH™] = VK Co.
AHAJIOrHYHO, MOKHO ITOKa3aTh, YTO IIPH THAPOJIH3E II0 KATHOHY

[H*] = VKr Co.

TaxzM oGpa3oM, clTOcOOHOCTE COMNE MMOABEPraThCs THAPOIN3Y 3aBHCHT OT ABYX (PaKTOPOB:

¢ CBOHCTB HOHOB, 00pa3yIOIIMX COJIb,
e BHeNTHHX (DaKTOPOB.

Kak ciBHHYTE paBHOBE CHE THAPOIIH3a?
1) JloGaBieHHe OJHOMMEHHBIX HOHOB. IIOCKOIBKY IIpH OOpaTHMOM THIPOIH3E YCTaHABIIMBAETCS
IHMHAMHYECKOE PABHOBECHE, TO B COOTBETCTBHHM C 3aKOHOM JeHCTBHS MAacC PaBHOBECHE MOXKHO
CMECTHTH B TV WIH HHYIO CTOPOHY BBeJIeHHEM B PAacTBOP KHCIOTH HIIH OCHOBaHH . BBeJcHIE KHCIIOTEI
(katTrHoHOB H™) mmomapBisieT rHApOIM3 IO KaTHOHY, AoOarllieHHe INeno4yH (aHmoHoB OHT™) momamiser
THAPOIIN3 I10 aHHOHY. OTHM YacTO ITONIB3YIOTCA IS YCHIIEHHS HIH ITOJaBIEHHS IIPollecca THAPOII3a.
2) U3 popmymsl s h BHAHO, UTO paszbaenexie cnocobemeyem 2uoponusy. POCT CTelleHH THAPOIH3a
KapOOHAaTa HATPH
Na>COs; + HOH <> NaHCO3 + NaOH
3) lloBellllcHHE TeMIIEpAaTyYPhl  CIIOCOOCTBYET THAPOIM3Y. KOHCTaHTa JIHCCOIMALH  BOJEI
YBEIIHYHNBACTCS ITPH ITOBBIIIEHHH TeMIIEPATYPhl B OOJIBIIEH CTEIEHH, YeM KOHCTAHTHI JHCCOI[HAI[HI
IIPOAYKTOB THAPOIH3a - CIa0BIX KHCIIOT H OCHOBAHHM, ITOSTOMY ITPH HArpeBaHHH CTEIEHbh THAPOIIHM3a
BO3pacTaeT. K 3roMy BEIBOAY JIETKO IPHITH M HHAYe: TaK KaK PeaKI[HI HEHTPAM3alH 3K30TepPMHYHA
(DH= —-56 x/[’X/MOTB), TO THAPOIM3, OYAYYH IPOTHBOMOIOKHBIM el IPOI[eCCOM, 3HIOTEePMHUEH,
II03TOMY B COOTBETCTBHH C ITPHHIMIIOM Jle [Ilarennse HarpeBaHHE BRISBIBAET YCHIIEHHE THIPOIIH3A.
B XuMHYecKOH TpakTHKE BEChMa PaclpoCTpaHEH THAPOIN3 IO KaTHOHY COJIeH, oO0pa30BaHHBIX
MHOT03apSAHBIM KaTHOHOM H OJHO3apsSAHBIM aHHOHOM, Hanmpumep AlCl3. B pacTBopax sTHX colnei
MEHEE JHCCOIHHPOBAHHOE COEQUHEHHE 00pa3yeTcs B pe3yiIbTaTe MPHCOSAHHEHHS OQHOI'O THJIPOKCH]I-
HOHA K HOHY MeTailla. YUHTHIBAsL, 4YTo HOH Al’* B pacTBOpe rHApaTHPOBaH, IIEPBYIO CTAIHIO THAPOIH3a
MO’KHO BBEIPAa3HTh YpaBHEHHEM
[AI(H20)6]°* + HOH <« [Al(H20)sOH]** + H30*
[Ipu oGRIYHOH TeMIlepaType THAPOIH3 COJIEH MHOI O3aPSIHBIX KATHOHOB ITPAKTHYECKH OTPaHHYHBAETCS
BTOH cTagueil. IIpu HarpeBaHHH ITPOHCXOMUT THAPOIIH3 I10 BTOPOH CTYIIEHH:
[Al(H20)sOH]** + HOH < [Al(H20)4(OH)2]* + H30"
Taxarm 06pa3soM;KHEHAR%REAKIHST BOTHOTO PacTBOpa COMH OOBSICHASTCSA TEM, YTO THAPATHPOBAHHBIM

SNEKTPOHHOW Noanuvceo _
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KoMIIIeKcHBIe HMOHBI BHAA [AlO(OH)4)” u [AlO2(OH):)’. ComepkaHHe pasIHUHBIX IIPOXYKIOB
THAPOIIH3a 3aBHCHT OT YCIOBHII ITPOBEACHHSA peakKIMH (KOHIEHTpAI[HMsI pacTBOpa, TeMIlepaTypa,
IIPHCYTCTBHE APYTHX BeIecTB). FMiMeeT 3HaueHHe Takke JAIIHTEIIbHOCTh IMPOTeKaHH S ITpollecca, TaK Kak
PaBHOBECHE ITPH THAPOIIH3e CONeH MHOT 03apSIHBIX KaTHOHOB OOBIYHO JOCTHTAeTCs MEUIEHHO.

Qb opyod 08 arue U Mamepuasl:

PeakTuBEI, HEOOXOMHUMBIE IJI JAaHHOH padOThI, BEICTABJISIIOT Ha ITOIKH TadOpaTOPHBIX CTOIOB. Peakiie
PEaKTHBEI, KOHIIEHTPHPOBAHHBIE KHCIIOTHL H IHIEIOYH, IaxXy4yHe BeIlllecTBa (HAIIPHMEP, CEPOBOAOPO.,
OpoMHasI BOJla H JIp.) XPaHAT B BEITSDKHOM IIKaQy.

OCHOBHas XHMH4YecKas Mocyja: IMpoOHPKH (B INTaTHBE), KOIOBI, XHMHYECKHE CTaKaHBI ITOcTIe Pa0OThI
TIATEJIBHO BBIMBITH, BECHI C PA3HOBECOM, IIPHOOPHI, HCIIOINB3yeMas IJIS IIPOBEAEHHS OTHEIIBHBIX
1a0opaTOPHEIX padoT, BEIAAETCA H CHAETCS YHCTAs J1a0OpPaHTYy.

TexHuKa 0 e30nacHocmu RPU 6bINOJIHEHUIL JIADOPAMOPHOIL_DAd OnblL.

-aKKVypaTHO 00paIarbcs cO CTEKISIHHON XIMIYECKOH ITOCYAOH. OCTAaTKH Pa3OHTOH ITOCYABl YOHpPaTh C
TIOMOIIBIO COBKA M INETKH,

-BCe paloOTHl, CBS3aHHBIE C BHIJAESIIEHHEM SAOBHTHIX, JIETYUYHX H HEIPHATHOIIAXHYIIMX BEIIECTB,
ITPOBOJIHUTE B BBITSDKHOM IIKa(y;

-TIIPH OIPeJelIcHHH 3allaXa BEINeCTB OTBEPCTHE cOCYyAa Aep:KaTh Ha paccTOSHHH 25-30 c¢M OT JIHI[a,
HaIlpaBIssI K ce0e CTPYIO ra3a IIOCTYIIaTEeIbHBIMH JIBIKEHHSIMI JIaJOHH OT OTBEPCTHA K JIHILY,

-IIpH HAJIMBAHHH PeaKTHBOB HE HAKIOHATHCS HaJ COCYAOM BO H30eKaHHe ITOIMafaHHs OpBI3r IIH
YACTHII Ha JIMIIO HIIH OHeXAY. IIPH pa3z0aBlIeHHH KOHIEHTPHPOBAHHBIX KICIOT BIHBATh KHCIIOTY B BOAY,
HO He HaoOOopoT,

-IIpH HarpeBaHHH IIPOOHPKH HE JIepKaTh €€ OTBEPCTHEM K cede HIIM B CTOPOHY COCela. He HAKIIOHSTHCS
HaJ HarpeBaeMOH KHIKOCTBIO BO H30€eKaHI e ITOMafaHu s €€ Ha M0, PYKH HIIH OJCKIY,

-TOPSYME IPEAMETHEI MOKHO CTABHTh TOIBKO Ha acOECTOBBIH KapTOH, acOECTHPOBAHHYIO CETKY HIIH
IPYIVIO CIIEIHAIbHYIO IIO[CTABKY,

-HEIb 34 IOJIb30BATHCA AIIEKTPOoIpHOopaMi Ge3 COOTBETCTBYIOILET O HHCTPYKTAXkKA. IIPH BKIIFOYEHHH HX B
CETh Helb3s JepKaThCcs 3a MeTAIDIHYeCKHE ITpeIMeThI (TPYOBI, KpaHbI H T.I1.). 3aIllpellaeTcsl BKIIOYATh H
BBIKITEFOYATh SIIEKTPOIIPHOOPEI MOKPBIMH pPYKaMH, a TaKXe IIOIb30BaThCSI HEHCIIPAaBHBIMH HIIH
HMEIOIIHMI OT'OJIEHHEIE IIPOBOAA IIPHOOpaMI

-3alpelaeTcs MPHHIMATE ITHIIY B XHMHYeCKOH J1a00paTOPHH H IHTH BOAY H3 1a00paTOPHOH ITOCYIEI. -
-KaTer OpHYEeCKH 3alpellacTcs IMpo0oBaTh PeaKTHBREL Ha BKYC,

-IIPH TIOIAJAaHHH Ha IHMI[0 MM PYKH OpPBI3T KOHIL[EHTPHPOBAHHBIX KHCIOT IIOCIIE CMBIBAHIS BOIOH
MTPOMBITH CTTA0BIMRASTBRRGM AGOABL. MIETOYE CIIEIyeT CMBIBATh JIO TEX ITOpP, IMOKa YYacTOK KOXKH, Ha

. SNEKTPOHHOW NOANMWUCHIO .
KQTLOPhEL CHAMOHAIasHS ASPEOTAHeh@RIb CKOIB3KHM, 3aTEM IIPOMBITE CIIa0BIM PacTBOPOM YKCYCHOH

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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KHCIIOTBl H HAJIOKHTh ITOBS3KY M3 BaThl, CMOUYeHHOH 3%-HBIM pacTBOPOM IlepMaHraHaTa Kamus (3
aITTeyKH B 1a00PpaHTCKOH Ka(eIpel);

-II0 OKOHYAHHH padoThl BRIKIIFOUHTh M3 CETH BCE 3JIEKTPOIPHOOPEL, MEPEKPHITH IOady r'a3a H BOJBI B
nmadopaTopHIO H yOpars padouee MeCTO,

-000 BCeX HECYACTHBIX CIIyYasX HEMeIJIEHHO COOOINATE ITPEIOgaBaTEli0 HIH 1a00paHTy.

Ipaxkmuueckas yacmso:

OrmwIT Nel. Omnpenenenue pH pacrteopa.

A. O3HakOMBTECH C IIpaBWIaMH pPadOThl Ha pH-MeTpe, MOIB3YACh HHCTPYKIMEH K Ipudopy. C
ToMoOIIe0 pH-MeTpa onpepenure sHaueHHe pH HEHTpalIbHOr 0, KHCIOIO M INEITOYHOIO PacTBOPOB. s
3TOr0 B TPH CTAaKaHYHKA HaJleHTe COOTBETCTBEHHO MTHCTHJUIMPOBAaHHYIO Boxy, 0.1 H pactBOp
XJIOPOBOJAOPOAHOH KHCIIOTHI M 0,1 H pacTBOp IHAPOKCHAA HATPHS H H3MePBTe ¢ ImoMolpio pH-Merpa
pH cpenrl. PesyiabTars! 3armimmre B Tadmary 1.

B. Comepxumoe KaxXJI0ro M3 CTaKaHOB IPEIBIAVIIETO OINBITA pas3jIicHTe B TPH IMpoOHpKH. J/loOaBkTE B
KaKIVIO H3 TPEX IPOOHPOK IT0 2-3 KalUIH HHIHKATOPOB, COOTBETCTBEHHO. JIAKMYCa, METHIIOBOI'O
opaHkeBoro M (peHondranenHa. OIpeJelnTe OKpacKy HHIHKATOPOB B 3THX pacTBOpax. PesyibTarTsl

ornbITOB A H B opopMHTE B BHEe TaOIHIIHL

HMumukarop; Cpena

ImokasaHus pH-meTpa HeitrpampHas Kucmnas [I{emouHas

[IBeT makmyca

3HaueHne pH

[ lokazamisga

pH-MeTpa

L[E €T METHIIOBOT O

OPaHKEBOI'O

3HaueHne pH

Iloxazamisa

pH-MeTpa

[IBeT

peHondTanenHa

3HaueHne pH

[Iokazanusa pH-MeTpa

B. Jlna mpuOIHKeHHOro onpeleleHHs pH pacTBopa HCIIONB3YHTE YHHBEPCAJIbHBIE HHIHKAT OPHI,

rrpe;:ma:anm%ﬁggﬁ%ﬁmlgecmm{m{ HHIHKATOPOB C PasiIHYHBIMH OOIACTIMH Iepexoja, HI
ﬁﬁg@ﬁ@@m@%ﬁiﬁﬁﬁ%@%m@ﬂﬁry [ITo mpmmaraecMoii K HeH HHIHKATOPHOH IIKalIe

YCTAHABJINBATD, ITPH KdKHX 3HAUCHITAX pH HHIAHKATOPHAA 6}"ME1I‘E1 OKPAaIlIHBACTCA B TOT HIIH HHOH IIBCT.
Nencteutened: ¢ 19.08.2022 no 19.08.2023



CTEeKISIHHOH TIAJIOYKOH IIepeHecure 2-3 KaIulMl HCCIEAVEMOIO pacTBOpa Ha VYHHBEPCAIBHVIO

HHINKATOPHVIO OyMary. CpaBHHTE OKPacKV €IIe CBIPOro ITSTHA ¢ IBETHOM IIKalIoH, CaenanTe BBIBOJ, O

IIPUOITIKEHHOM 3HaYeHHH pH TeX JKe pacTBOPOB, KOTOPKIE HCCIIONB30BAINCE B ONBITaX A U b.

OrmwIT Ne2. OnpeneneHue pH cpebl THAPOITH3YIOIHXCS COJIEH.

B uCTO BEIMBITEIE ITPOOHMPKH BHECHTE IIMIATEIIEM ITO IEINOTKE XIOPHAAa HATPHs, KapOOHaTa HaTPHSL,

cynb(ara amMmoHHS. J[o6aBbTe 3-5 MI JUCTIIIHPOBAHHOI BOJBI H, BCTPSXHBAs, PacTBOPHTE COIIH.

BHectn 2-3 kalUim HMHIHWKATOpPa M, CPaBHMBASA I[BET HHIMKATOpPa C IBETHOH TaOIIMIIEH, OIPEIEIIHTE

sHaueHHe pH pactBopa comm ¢ TOYHOCTRIO A0 1-2 emmuuiel pH. HMHIHKatopamMu MOryT OBITE:

METIIOPAHX, JIaKMyc, (peHondTanenH, THMoI(pTaaenH H Ap. Onpegermmie pH cpembl B IIpoOHpKe,

HAITHIIIMTE HOHHOE M MOJIEKYIISIPHOE YPaBHEHHE THJIPOIH3A.

OrmeIT Ne3. JIeHCTBHE PACTBOPOBR THAPOIIM3YIOIIHXCS COIEH HA METAJUIEI.

B pactBOp XmopHaa aMMOHHS BHECHTE T'PAHYIIY aTIOMHHHS IUTH I[HHKA. TaKoH JKe OITBIT ITPOBEJHUTE C

pacTBOpoM KapOoHara HaTpus. [loueMy B 3THX CIIVYasxX METAIUILI PACTBOPSIOTCSI? OOBSACHUTE OIBIT U

COCTaBbTE YPABHEHHS PeaKIHI.

OneIT Ned. 'HAPOIIN3 KHCIIBIX COJIEH.

B nBe nipodupku BHecHTE 110 1enotke cojied NaCO3; 1 NaHCO3. JJoGaBpTe 2-3 MII U CTIVIIIMPOBAHH O

BOALI M 2 KaIUIM HeOOXOIHMMOro MHAHKaTopa. OTMEThTEe OKPacKy pacTBOPOB, OOBSCHHUTE Pas3IHMUYHI B

3HaYeHH X PH 3THX pacTBOpoB. COCTaBbhTE HOHHBIE H MOJIEKYIISPHBIE YPABHEHH S THIPOJIN3A.

OreIT Neod. COBHT PaBHOBECH S THAPOIIH3A.

B mmpo6upky HasnenTe 0,5-1,0 MII pacTBOpa COJIM a30THOKHCJIOIO BHCMYTA H IIOCTEIIEHHO pa30aBIIsiTe

PacTBOP AHCTHIIMPOBAHHOH BOJAOH. BEImameT OeIbIH 0CcalOK OCHOBHOH COJIH.

CoCTaBbTE YpaBHEHHME peaki[Mu Truapommsa. [IpndarbTe HECKOINBKO Kareilk a30THOH KHCIIOTEL. YTo

IIPOMCXOAUT C OcagKoM? KOHIIEHTpalir0 KaKHX HOHOB B pPAaCTBOPE CIEAYET YBEIMYHTb, YTOORI

IIOIIYUNUTH ITPO3PavYHEIN pacTBOP? KakKoBa poilk BOALI B CABHIE PABHOBE CHS THAPOII3A?

OreIT Ne6. BinisiHHe TeMITEpaTypsl Ha THAPOIIHS.

Haneiite B mpoOHpKy 2-3 Karumi peHopTanenHa. Harpelite pactBop A0 KurieHHS. OOpaTHTe BHHMAaHHE

Ha W3MEHEHHS OKpacKH HHJIHKaropa. Jlante OOBSICHEHHS, COCTaBHB HOHHOE H MOJIEKYIISPHOE

yYpaBHEHHS THAPOIH3a. YTo HAaOMIoaeTe IIpH OXJTakKIeHHH?

Kakoe BIMSHHE Ha CTEIEHP THIAPOIIM3a OKa3bIBAET ITOBBIIIEHHE TeMIIEpAaTyYpRI? Kak m3meHsercs pH-

pacTtBOpa?

OreIT Ne7. 11OMHBIT THIPOIHS.

K pactBOpy XjopHJa, HHTpaTa HIH CyIb(ara aMMOHHS IIpHIeHTe pacTBOp cojapl. HaOmomaiTe

BBRIICTICHIS TY3RIPREQR dA3fail OOpasoBaHiie, ocaika. /laiite oObsAcHeHHe. (COCTaBbTe YpPaBHEHHS
_ ANEKTPOHHOW MOANUCHIO

PRRAKIHITE B MONMSKWIARHOM HEFIOHHOM BELIE .

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Ipebosanusn K oghopmiieHiio 1ad opamopHoil padonmsl i omyuemy:
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| BrinomHeHne madopaTOpHBIX padoT COMPOBOXKIAIOT 3armicaMH B J1adopaTOpHOM JKypHaine. Ha
TUTVIIBHOM IIMCTE JIaDOPATOPHOIO KYPHala JOJKHEI OBITH ITPEICTABIIEHBI. HA3BaHHE YHHBEPCHTETA,
(paMIUIHS H HHHIHAIIBL YYaIl[er ocsI, HOMep Kypca H I'PYIIOIbI, Y4eOHBIH TOJT.

2.OTYET O BRINOJIHEHHOH JTa00paTOpHOH padoTe JOJIKEH COIEPKaTh CIIeIVIOIIE CBeIeHI:

*HOMeDp PadoTHI H €€ Ha3BaHHE,

*IaTV BBOTOITHEHHS pabOTHI,

*I1€TIb PabOTHI,

*KpaTKOE TEOPETHUYECKOE OIHCAHME;,

*HOMED H Ha3BaHHE OIIBITA,

*KpaTKOE OIMCcaHHe Xoj1a paboThI ¢ YKa3aHHEM YCIIOBHI ITPOBEIeHH S OIBITA,

*PHCYHKH M CXEMBI HCITONb3YEMBIX ITPHOOPOB;

*HAOIFOIEHH T,

*YpaBHEHHNS ITPOTEKAIOIINX PEAKIIIIL,

*pac4ETHI, TaOIHIBI, T'Pa)HKH,

*BBIBOJIBL.

3 .JIaBopaTopHEIH KYPHAI HYKHO BECTH YHCTO H aKKYPaTHO, 3aIIHCH JOIKHEI OBITH ITaKOHITYHBIMII.

4. OTUYET O IPOBEAEHHON paboTe MPOBEPSIET H MTOAIICBIBAET IIPEIIOAABATENb.

5K cmaue 3ayéra 10 IadopaTOpHOMY TIIPAKTHKYMY JOITYCKAFOTCS CTYIAEHTBI, BBIIOHHBIINE U
IOAITMCABIIIE YV TIPEITOAABATENS BCE JOMAIIHNHE M ITabopaTOpHEIE padOTHI, CAABIIE KOILIOKBHYMEL,
AKTHUBHO YYaCTBOBARBIIIHE B padOTE CEMHHAPOB.

0.CTYIEHTHL, MTOIYYHBIIHE 3a4ET IO JIa0OpaTOPHOMY IMPAKTHKYMY, JOIIYCKAIOTCS K Cclaue BK3aMeHa I10
KYPCY HEOPraHHYECKON XHMIH.

KoumpoJibHble 60npocst :

1. CocTaBeTe ypaBHEHHE THAPOINH3a COJIeH B HOHHOH H MONeKYIIpHOH popmax: a) KClO, 6) NazSi0s,
B) Zn(NO3)2. YKaxuTe cpeny.

2. Uro HaspIBaeTcda ruaponusoM? [IpuBegure mpUMeEpEl CONEH, KOTOPBIE IOABEPTAIOTCSA THAPOIH3Y, U
COIIEH, KOTOPBIE THAPOIIH3Y HE ITOABEPrarOTCs, H OOBSICHHUTE TIOUEMY.

3. Kak mpoTekaeT THAPOIM3 COIH, 00pa30BaHHOI: a) CHJILHOM KHCIIOTOH M CIaOBIM OCHOBaHHEM, 0)
CHJIBHBIM OCHOBaHHEM H cI1a00H KHCIOTOH, B) CIIaOBIM OCHOBaHHEM H ¢J1a00H KHCIIOTOH?

4. IloyeMy pacTBOp HHTpaTa aJFOMHHHS OKPAIIIHBAETC B KPAaCHBIH I[BET ITPH JOOABJIEHHH JIaKMyca?

5. Ilouemy pacTBOp cynb(pHAA KalHi OKpaIlHBAacTCsI B MAaIHHOBBII IBET IIpH JoOaBIEHHH

(peHONnPpTameHHa?

6. IToueMy pacTRERFAQPIAROAPH He H3MEHAET IIBET TaKMyca H (heHOI(TaIeHHA?

ANEKTPOHHOW Noanuvceo
EehloMeny HpIbFHAPQIIZS cCYERPITaAcHATPIT He BBIJEIIACTCSI CepHHCTas KHCIIOTA, a IIPH THIPOIIH3E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

C}"HB(l)ElTa dJIFONMIHIIA HE OCANRIACTCAH I'MAPOKCHI AJTFOMHHHAT?
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Cnucok JIHmMepantypol.

1 Heopranmueckass XxuMug | 3NeKTPOHHBIH pecype| : madopaTopHbeii mmpakTHKYM / C.A. CokornoBa [H
op.]. — DIeKkTpoH. TeKCTOBBIe JaHHBIE. — BopoHek: BopoHeXckHH ['ocymapCTBeHHBIN ATpapHEIH
YHusepcureT uM. Mmmeparopa llerpa Ilepsoro, 2017. — 93 ¢. — 2227-8397. — PexuM gocTyria:
http://www.iprbookshop.ru/72709.html

2 Heopranmdeckas XuMHSI | OIeKTpOHHBII pecypc| : madopaTopHslit mpakTHKYM / O.B. J[psKOHOBa [H
Ip.]. — ODONeKTpoH. TeKCTOBBIE JaHHBIE. — BopoHek: BopoHexkckmi ['ocymapcTBeHHBIH ATpapHBIH
Yaueepcurer M. Mnmeparopa Ilerpa Ilepeoro, 2016. — 150 ¢. — 2227-8397. — PexuM A0CTyIIA:
http://www.iprbookshop.ru/72708.html

JlabopatopHas padora Ne 9
Tema 10: OKHCJIMT €JIBHO-BOCCT AHOBHTE/IbHbIE PeaKIIHH.

Iens pabdomoi: I/IB}"‘IEHHE OKIICIITCIIBHO-BOCCTAHOBHT CIIBHBIX pEEl]ECL[I]fI Hd IIPHMCPC pEElBl[I]IuI Ha

IIPHMepPe PeakKI[Hi METAJNIOB ¢ KHCIIOTaMH H IIeIOYaMH, BIHSHHE XapaKTepa cpeJbl Ha OKHCIIHTEIbHO-
BOCCTAHOBHTENIBHBIH  IIPOIECC, OKHCIHTEIbHO-BOCCTAHOBHTEILHYK)  JBOHCTBEHHOCTh  BEIIECTB,
OKHCIIHTEIIbHO-BOCCTAHOBHTEIIbHYIO  PEeaKI[HH  JHCIIPOPOPIHOHHPOBAHHS, BHYTPHMOJIEKYISPHOH
OKHCIIHTEIIbHO-BOCCTAHOBHTEIIbHONH PEaKI[HH.

Dopumupyemple komnemenyuu: OIIK-1.

T eopemuilecCKda dacms.

OKHCIIHTEIIbHO-BOCCTAHOBHTETIbHBIE PEAKIIIIT — 3TO0 PCAKIIHH, COIIPOBOIAIOINHECA IICPEXOJ0OM
JJIEKTPOHOB OT OJHHX dTOMOB HIH HOHOB K APYIHM, JPYI'HMI CIIOBAMH — 3TO PCAKIIHH, B PC3VIIBTATC
KOTOPBIX H3MCHAIOTCA CTCIICHI OKIICIICHH A 3JICMCHTOB.

CTeleHb OKHCIIEHHS — 53TO0 3apAld 4aTOMa JJIICMCHTd B COCOHHCHIH, BBIYHMCIIEHHBIH H3 YCIIOBHOI'O
IMPEAITIOJIOKECHH A, YTO BCEC CBASH B MOJICKYIJIC ABJIIAIOTCA HOHHBIMH.

CTelleHb OKHCIIEHHS] IIPHHATO YKa3bIBATh ﬂpﬂﬁGI{Dﬁ I_[II(l)pDﬁ Had CHMBOIIOM 3JICMCHTA CO 3HAKOM IUIHOC

WIH MHHYC Ilepe] g poi. Hampimep, eciax cBa3b B MojleKyile HCl HoHHASI, TO BOZOPO H XJIOP HOHEI C

1 -1
sapsimami (+1) 1 (—1), cnegoBatemsuo H Cl,

ﬂHH TOr0 YTOOHI PaCCHHTAaTh CTCIICHb OKHCIICHHA moboro JJIEMCHTA, HeOOXOMHMO IIOJIE30BAThCS

CIICH YIOIITHMIH ITPABHIIAMII:

0 0 0 0
H2,Clz2,02,C, Me

1. CrerneHb OKHCIIEHHS aTOMOB B ITPOCTHIX BEIIECTBAX PdBHA HYVIIIO. (METEL'I'IJI

B CBOOOJHOM CGCTG}IHIIH).

2. CTEHEHMMEWHW% BO BCEX COCAHHEHHSIX HMEIOT INelo4yHble MeTallibl (A rpyrmia) H
SNEKTPOHHOW MOANMCh

Cepmbvkg OO POIE sa  FICKTHFO e AHENM  THAPIIOR aKTHBHBIX METaJUIOB, T'ZIe CTEIIEHbL OKHCIIEHHSI BOAOPOa
Bnaneneu: lllebayxoea TaTeAHa AnexkcaHgpoBHa
+1 -1 +2 -1

ﬂehcmmeﬂﬁﬁﬁﬂ.[{ﬁjbag Haupimiep Na H, CE[ H;_' .



3. CrerneHp OKHCIEHHS +2 BO BCeX COeJHMHEHHSIX HMEIOT MIeNOoYHO3eMellbHBle MeTammiel (I A

TPYIIIa).
4. Kucmopon HMeeT CTelleHb OKHCIIeHHSI (—2), BO BceX COeJHHEHHIX, KpoMe IIEPOKCHJIOB

+1 -1 42 -1 +2-1

(H202,Ba 02) u hropuna kucropoga O F2

5. AJITE@I)HH‘IEGI{EIH CYMM4d CTelleHeH OKHCIIEHHS BCeX YacTHI[ B MOJIEKYIIE PdBHA4 HYIIIO, 4 B HOHE —

+1 -1 t5-2

- iy | B
sapsry moma HCL > 411 =, VO3 2 (NO3) "= +543(-2) =

+2 -1
—>» _
6. CrTeneHb OKHCIIEHHS HOHA 3JIEMEHTA PaBHA 3apsay HOHA: CaClz Ca**+ 2C1~.

7. He cnemgyer myrarhs IIOHSTHS «BAJIEHTHOCTB» H «CTEIIEHh OKHCIeHHsS». TaKk B N2, NHi, N2Hy,

NH>OH BameHTHOCTh (KOBaJeHTHOCTb) a30Ta paBHa TpeM, TaK KaK a30T oO0pa3yeT TpH

0 -3 -2 -1

N2, NH,, N2 H,, NH,OH.
KOBAJIEHTHBIE CBSI3H, @ CTEIIEHh OKHCIIEHHS pa3lHyHa: 2’ 3> N2 g, 2%

OKHCIIEHHE H BOCCTAaHOBRIeHHe. OKHCIEHHEM Ha3bIBAeTCS OTAaya BJIeKTPOHOB, B PE3YILTATE YETO
CTEeIlleHb OKHCIEHHS 5SIIeEMeHTa IIOBBIINAETCS. BOCCTaHOBIEHHMEM Ha3bIBAETCS IIPHCOESIHHEHHE
3JIEKTPOHOB, B PE3YIIBTATE YETO CTEIEHD OKHCIIEHHS SIIEMEHTA IIOHHKAETCS.
OKHCIIMTEIIbHBIE H BOCCTAHOBHTEIBHEIE ITPOLIECCH] TECHO CBSA3aHBI MEXKIY COOOH, TaK KaK XHMHYECKas
CHCTeMa TOJBKO TOIJla MOJXET OTJaBaTh »SJIEKTPOHBI, KOrJa Apyras CHCTeMa HX IIPHCOeIHHSIET
(oxucnumensHo-eoccmarnoeumensvuasn cucniema). 11pucoe THHSIONAA 3IeKTPOHBI CHCTeMa (oxiicaumnens)
caMa BOCCTaHaBIHBaeTcS (IIpeBpaliacTcI B COOTBETCTBYIONII[HII BOCCTAaHOBHTENL), a OTJArOINas
SIEKTPOHBI cHcTeMa (eoccmawnocumens), caMa OKHCIISIeTcsS (TIpeBpallfacTcd B COOTBETCTBYIOIIHH
OKHICIIHTEIB).
K munuunvim oxucaumensm OTHOCHT:

1. OnemeHtapHbie BelecTBa — Clo, Bra, Fa, I, O, Oa.

2. CGEI[HHEHIIH, B KOTOPBIX 3JIEMCHTBI ITIPOABIIAOT BBICHIVIO CTCIICHDL OKHCIICHHA (GHPEI[EHHETCH

HOMEPOM T'PYITIBI) —

+7 +6 +6 . +7

KMnO,, K,Cr,0,,H, 50, HNO KC]CI , KCIO,,

+5
KIDEL,KICI W T.[,

3. Karnon H" i HOHBI MeTaJIIOB B HX BbICIIIEH cTeleHH okHcIeHnsI — Sn**, Cu?*, Fe’* u . 1.
K munuunvim eoccmarnoearmensm OTHOCHT:
1. DOieMeHTapHBIe BellecTBa — MeTallIbl (HapHOOIbINAsS BOCCTAHOBHTENbHAS CIIOCOOHOCTh VY
IMETOYHBIX MeTaluIoB), Haz, C, CO.

2. CoenMHgHHSh ) NOMIAKORPIX  SIEMEHTHl IPOSBISEOT  HHBLIYIO —CTEIleHb OKHCIIEHHS —
GEI}THd}HHET Eﬂﬂﬂﬂﬂﬂ'dSEQJ&.BJBEQEEED]?ETBEED%{]E*]{]GDDdEE)

—

Bnapeneu; ﬁﬁﬁ‘ﬁ“ﬁ TE'B"HEIif faHﬁﬁ K Sur o

NeiicFyre MOHBL MIBPATBIORHIBINCH cTelleHH okHcIeHHsI — Sn®*, Cu™, Cr’*, Fe®*.



OKHCIIUTEIILHO-BOCCTAHOBHTENIFHAA JIBOHCTBEHHOCTL. (oeoduHeHus eviculeil cneneril OKLUCAeHLIA,
IIPHCVILEH JaHHOMY 3JIEMEHTY, MOIYT B OKHCIHTEIBHO-BOCCTAHOBHTEIBHBIX PEAKIIHSX BBICTYIIAThH
TOJIBKO B KAaUeCTBE OKHCIIMTEJIEH, CTENEHbh OKHCIEHHS 3IIeMEHTa MOXKET B OBTOM CIIyYae TOJBKO
IIOHMKAThCS. (CoeduHeHus Huzuteil cmeneHiu OkucaeHus MOTYT ObITh, HAoO0OpPOT, TOIBKO
BOCCTAHOBHTEIISIMH, 3JeCh CTEIleHb OKHCIEHHS 5SlIeMeHTa MOKET TOIBKO ITOBBIIIATHCS. EcmH ke
3JIEMEHT HAXOAHUTCS B IIPOMEKYTOUHOH CTEIIEHH OKHCIIEHHS, TO €r0 aTOMBI MOI'VT, B 3aBHCHMOCTH OT
VCIIOBHH, IIPHHHMATh 3JIEKTPOHEI, BBICTVIIAS B KauyeCTBE OKHCIHIEIS IIH OTJaBaThk SIIEKTPOHEI,
BBICTYIIAsI B KQUECTBE BOCCTAHOBHTEILA.

Tak, HalmpHMep, CTeNeHb OKHCIIEHHS a30Ta B COeJHHEHHSIX H3MeHseTcs B mpefieiiax oT (— 3) go (+5)
NHi3;, NH4OH - TOIBKO BOCCTAaHOBHTEIIH

HNO3, comt HNO3 - TOIILKO OKHCITHTEIH

COoeIMHEHHS C IIPOMEXYTOUHBIMH CTEINEHSMH OKHCJIEHHS a30Ta MOIYT BBICTYIIAaTh B KauyeCTBeE
OKHCIIHTEIIEH, BOCCTAaHABIIMBASCh O HI3IIIX CTEIIEHEH OKHCIIEHHS, HIIH B KaUueCTBE BOCCTAaHOBHTEIEH,
OKHCIISSICh JO BBICIIIHX CTEIIEHEH OKHCIIEHHS

Mertox  SHEeKTpOHHOro OajaHca  YVpPaBHHBAHHS  OKHCIHTEIBHO-BOCCTAHOBHTEIBHBIX  PeaKI[HIl
3aKJIIOYAETCS B BRITIOJIHEHHH CIEAYIOIIErO IIPaBHIA: YHCIIO 3JIEKTPOHOB, OTAAaHHBIX BCEMH YaCTHI[AMH
BOCCTAaHOBHTEJIEH, BCETa PAaBHO UHCIIY 3IEKTPOHORB, IIPHCOEIHHEHHBIX BCEMH YaCTHI[aMH OKHCIIHTEIIEH
B JJAHHOH PeaKI[H.

Qb opyoosarnue u mamepuaibl.

PeakTHBEI, HEOOXOMHUMEIE IS JAaHHOH padoThI, BRICTABIISIIOT HA ITOJIKH 1a00OpaTOpHBEIX CTOIOB. Peakue
PeaKTHBEI, KOHIIEHTPHPOBAHHBIE KHCIOTHI H INEINOYH, ITaXyyHe BellecTBa (HAIIPHMED, CEPOBOIOPOL,
OpoMHas BOJa H JIP.) XPaHAT B BEITSDKHOM IIKady.

OCHOBHaSI XHMHYECKasd ITocyAa: ITPOOHPKH (B IITATHBE), KOOI, XHMHUECKHE CTaKaHBI ITOCIIe PaOOTEI
TI[aTEIIBHO BBIMBITH, BECHI C PAa3HOBECOM, ITPHOOPBI, HCIIOIBL3YeMAs JIS IPOBEAEHHSA OTIEIIBHBIX
1ab0paTOPHEIX paboT, BEIAAECTCA M CAAeTCS YHCTas I1abopaHTy.

TexHuka dezonacrocnii npu 6bINOJIHEHIIL JIADOPAMOPHOI DAD OMbL:

-aKKYpaTHO 00paImarscsa CO CTEKISHHOH XHMHYECKOH ITOCYAOH. OCTAaTKH Pa30HTOH ITOCYABl YOHPATh C
TIOMOIIBIO COBKA M IMETKH,

-Bc€ palbOTHI, CBSI3aHHBIE C BBIACIICHHEM SIOBHTBIX, JIETYUYHX M HEMPHATHOMNAXHVYIIHX BEIIECTB,
IPOBOJHTH B BRITSDKHOM IIKa(y,

-IIPH OITPEIEIIEHHH 3allaxXa BEIECTB OTBEPCTHE COCYAa Jep:KaTh Ha paccTosSHHM 25-30 ¢M OT IIHI[a,
HAIpasIIgd K cede CTPYIO r'aza IMOCTYIIAaTeIbHBIMH ABHKEHHSIMI JIaJJOHH OT OTBEPCTHS K ITHILY,

-TIPH - HATTHBAHHH, DRaKTHBOB HF HAKIIOHATHCSA HAJl COCYIOM BO H30eKaHHE TOTaJaHUs OpBI3T HITH

SNEKTPOHHOW NognMcbio
YACTHLLHA JEHII0 HIHAs0fe KBy 7 JipHopas@aBIIcHIH KOHIIEHTPHPOBAHHBIX KICIIOT BIHBATh KHCIIOTY B BOLY,

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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-IIpH HarpeBaHHH ITIPOOHPKH HE JiepKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCEla. HE HAKIIOHSTHCS
HaJ HarpeBacMOH KHIKOCTBIO BO H30€EKaHIE TTOMafaHN A €€ Ha JIMI0, PYKH HIIH OJCKIY,

-TOPSTYME IPEIMETEI MOKHO CTAaBHTh TOJIBKO Ha acOECTOBBIH KapTOH, acOECTHPOBAHHVIO CETKY HIH
IPYIVIO CIIEIHAIIBHYIO IIOJCTABKY,

-HEIb 34 IOJIb30BATHCS BIIEKTPOIIpHOopaMi 0e3 COOTBETCTBYIOIET O HHCTPYKTaka. IIPH BKIIFOYEHHH HX B
CETh Hellb34 JIepKaThCs 32 MeTaUINYeCcKHe IMPeAMETHI (TpyOBl, KpaHbI H T.I1.). 3allpelliacTcs BKIFOYaTh 1
BBRIKIIFOYATh 3IIEKTPOIIPHOOPEI MOKPBIMH PYKaMH, a TakKXe II0JIb30BAThCS HEHCIIPABHBIMH IIIH
MMEIOIIHMH OT'OJIEHHEIE IIPOBOAA IIPHOOpaMI

-3alpernaeTcs MPHHIMATE ITHIY B XUMHYeCKOH 1a00paTOPHH U IHTH BOJY H3 I1a00paTOPHOH ITOCY/IBI. -
-KaTer OpHYECKH 3aIpeInacTcs IMpo0oBaTh PeakKTHBEL Ha BKYC,

-IIPU TIOITAJaHHH Ha JIHI[0 WM PYKH OpHI3T KOHIIEHTPHPOBAHHBIX KHCIOT IIOCIIE CMBIBAHMS BOIOH
IIPOMBITE CIIaOBIM PACTBOPOM COJBL. INENOYL CIIEAVET CMBIBATh O TeX IMOP, IOKa YYaCTOK KOXKH, Ha
KOTOPBI OHa IToITaia, He MEPECTAHET OBITh CKOIIB3KHIM, 3aTEM IIPOMBITE CIIa0BIM PACTBOPOM VKCYCHOH
KHCJIOTBI H HAJIOKHTH ITOBS3KY H3 BaThl, CMOYEHHOH 3%-HBIM pacTBOPOM II€pMaHraHaTa KaiHs (u3
arnTeyKH B Ta0OpaHTCKOH Kadeaphl);

-II0 OKOHYAHHH PadoOThl BEIKIIFOYHTE H3 CETH BCE ANEKTPOIPHOOPEL, IEPEKPHITh I0J[auy ra3a H BOJBL B
nabopaTopHIO U yOpaThk padouee MecCTo,

-000 BCEX HECYACTHEBIX CIIYYasIX HEMEIJIEHHO COOOIATh IIPEITOAaBaTEIO WIH JI1a00OpaHTYy.

I pAxkmuieckdAa Udcmib.

OreIT Nel. B3ammozeHCcTBHE METAIUIOB ¢ KHCIIOTaMH H IEIOYaMH.

M3ydyeHne B3aHMOJEHCTBHSA I[HHKAa C pPacTBOPaMH CEpHOH  KHCIOTHI  (pa30aBIeHHOH H
KOHIIEHTPHPOBAHHOI) H ¢ pacTBOPOM HIENOYH. B Ka’KJIOM OIBITe B MPOOHPKH HaleiTe 2-3 MII pacTBopa
KICJIOTEI WM IETOYH U OPOCHTE 110 OAHOH I'PAHYIIE IHHKA.

Pasz0epurech, KaKOH HOH B KaXKIOM CIIy4ae SBISETCS OKHCIINTENIEM. BO BCeX OIBITaX ¢ OKHCIHMTEIBHO-
BOCCTAHOBHTEIIFHEIMH PEAKIIHSIMH COCTAaBbTE AJIEKTPOHHO-HOHHBIE CXEMBI, HAaHAHTE KO3()(HIHEHTH
IIPH OKHCIIMTEIE H BOCCTAHOBHTEIIE, OIPENEIINTE CPedy MPOTEKaHH A IIPOIlecca, ITIOABEIUTE HTOT B BHE
HOHHOI 0, 3aTeM MOJIEKYIIIPHOI O YPABHEHHS.

OrmwIT Neo2. BroisiHHE XapaKTepa CpeIbl Ha OKHCIHTEIIBbHO-BOCCTaHOBHTEIBLHEIH ITPOIIECC.

A. Ilpoeemure peakiiro KMnOg4 + NaxSOs + — B KHCIIOH, HEUTPAJIbHOH M INEIOYHON cpemax. J[ims
3TOro B IPOOHPKY K 2-3 M1 pactBopa KMnOy4 mpubaBbTe KHCIOTHI WIH IETOYH H BHECHTE IIEIIOTKY
conmu Na;SO;. BeTpsaxHure WIH IepeMeEllanTe pacTBOp B ImpoOHpKe. B mmepBoM crnydae obpasyercd

OecuBeTHRIH MnSO4, BO BTOPOM BEHIITaZaeT TeTpadbopara HaTpHSAH ocagoK MnO»2, H B IIETOYHOH Cpejie

oOpa3syeTcs 3enSiEkiPactiapcke MnO4.

ANEKTPOHHOW NOAMUCHIO
EBeompenemneyBiakoHs cpeiie AHSHTPAABHON, KHCIIOH WIH INeIOYHOH ) OYAYT IPOTeKaTh PeaKIHH.
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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CrCls + B+ —
B meproM craydyae B IIPOOHPKY BHOCAT IIEINOTKY Ccyxoro Iopommka MnO», 3arem pactBopa Kl u
OITPEAETISIOT CPERY PEeaKI[HH.
OrmIT Ne3. OKHCIHTEILHO-BOCCTAHOBHTEIIbHAS ABOHCTBEHHOCTh BEIIECTB.
A. K nogxmcineHHOMY pa30aBIeHHOH KHCIOTOH pacTBopy KMnOs4 moGarpTe 10 OOeCIBEUHBAHH S
pactBopa NaNO:. K IMOAKHCIEHHOMY CEPHOH KHCIOTOH PacTBOPY HOAMIA KalHsg J00aBbTE HEMHOIO
pactBopa NaNQOa>. UeM oOBSACHSETCS BO3HHKAIOIIEE OKpalllMBaHHE pacTBopa? Kakoa poims NaNO:2 B
TOH HJIM JIPYTOH PEeaKI[HH?
b. K MOAKHCIEHHOMY CepHOH KHCIOTOH pacTBopy KMnO4 mobaBpTe HeOOJBINONH OOBEM pacTBOpa
IepoKcHaa Bojopojaa. OOpaTHTe BHHMAaHHE, KaKOH BBIJACIIETCS ra3. K ITOAKHCIEHHOMY CEpPHOMH
KHCJIOTOH PacTBOPY HOoAMAA Kams go0aBeTe HeOonbinoe KomHuecTBO H2O2. Uto nponcxoaur? Kakosa
poms H>O2 B stroM cmydyae? OOpaTure BHHMAHHE Ha COCTABIEHHE AIEKTPOHHO-HOHHBEIX CXEM C
YYaCTHEM IIEPOKCH/Ia BOIOPO/IA.
OmbiT Nod. PeakiiHi caMOOKH CIIEHH SI-CaMOBOCCTAHOBIIEHHS (JTHCITPOITOPIIHOHHPOBAHHS).
Kpucrammuk foga pacTBOPHTE B HEOOIBIIIOM O0BEME PacCTBOPA INETOYH IIPH CIIa0OM HAarpPEBaHIH.
3aKOHYNTE YPaBHEHNE PEAKIHH:
[+ NaOH —NalOz+ ...
Peakiius IHCIIPOITIOPIIMOHHPOBAHHUA HJIET B INEIOYHOH Cpele. ECIM IOIYYEHHBIH IIOCIIE PEAKIII
PacTBOP IMOAKHCIINTH, TO PEAKIH IIPOHJIET B 0OpaTHOM HaIIpaBIIEHHH. [ [pOBEPHTE 3TO HA OIBITE.
OreIT Nod. BHYTPHMOJIEKYIISIPHOE OKHCIIEHHE -BOCCTAHOBIIEHHE.
[T]enmoTKy KpHCTAIUIMKOB JHXpOMaTa aMMOHHS IIOMECTHTh B (pap(OpOBYIO HaIlleyKy H HarpeTh 0
Hayaa pasIokKeHILL OOpaTHTe BHHMAaHHE Ha XapakKTep OOpasVIOIMXCSI MPOAYKTOB H 3aKOHYHTE
YpaBHEHHE PeaKI[HH:
(NH4)2Cr207 — Cr203 + No +
IIpapuna TexHHKH Oe3omacHOCTH. CoOMroganTe OCTOPOKHOCTH ITPH padoTe ¢ KOHIIEHTPHPOBAHHOH
CEPHOH KHCIIOTOH, 0cO0eHHO ropsuei. He mormyckanTe 1moragaHus eé B I'lla3a H Ha KOXY.
Tema: "OKHCIIHTEIIEHO-BOCCTAHOBHTEIIPHBIE PEAKI[HH " .
[IpobneMHasa curyanusg I. B pesyimbprare MOIy4YeHHS IIPOMBIIIIIEHHBIM CIIOCOOOM a30THONH KHCIOTEHI
BeIZIensgeTca NO. Paspaboralite croco0 kHakKogaszHoro okmcieHHI NO g0 Ooree BBICOKOH CTEIleHH
OKHCIIEHH S a30Ta, COEIMHEHHE JOIKHO OBITh YCTOHYHBBIM.
[IpobGnemuasa curyarmsa II. B mpoMBIIDIEHHBIX CTOYHBIX BOJAaxX HMeeTcsd (propuja Bomoponma. Kakum
COoeJHHEHHEM HaJI0 ITOIeHCTBOBATh, YTOORI ITOJTYYHTh HEPACTBOPHMOE COeHHEHHE (PTOPHIa?
[TpobnemHasa crmyames dbhnddaeTouHOI Bome (pTOPHI HOH ocaXaeH B BHA CaF: IleMeHTHOH ITBIIBIO,

ANEKTPOHHOW NMOANMCHIO
COCTAB KOTOPOH* EatIB S CPpERAP¥AcAaa. Kakon ras OyIeT BRIIEIISTLCS ITPH OCaKIeHHH ?

Bnaneneu: llleBayxoea TaTeAHa AnexkcaHgpoBHa

Kaxim okucIHTEeIeM HeOOXOHMO ITOAEHCTBOBATE, YTOORI 00e3BPEAHTE ATOT ras?
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Ipeboeanua K oghopmjieruro 1adoopamopHou padomst it omuenty.:

1.BrInonmHeHne jgadopaToOpHBIX padoT COIPOBOKAAIOT 3aIlMCSIMH B J1a0opaTOpHOM KypHaine. Ha
THUTVIIBHOM IIHMCTE JIaDOPaTOPHOrO KYpHala AOMKHEI OBITH ITpe/CTaBJIeHBl. Ha3BaHHE YHHBEPCHIETA,
(paMIUTHS H HHHIIHAJIBI YYaIlerocsl, HOMep Kypca H I'PYIIILI, YUeOHBIH IO,

2.0T4eT O BROIOIHEHHOH TadopaTOpHOH padoTe JOIKEH COAEPKATE CIEAVIOIHE CBEICHH S

*HOMe]p paboTH H €€ Ha3BaHHE,

*J1aTVy BBIITOIHEHH S paOOTHI,

*I[eIb PabOTHI,

*000pYAOBAHIE M MaTEPHAIIEL,

*KpaTKOe TEOPETHYECKOE OITHCAHHE;

*HOME]P H Ha3BaHHE OITBITA,

*KpaTKoOe OIMHCaHHe XOoJa padoThl ¢ YKa3aHHEM YCIOBHIL IPOBEAEHIS OIBITA,

*PHCYHKH H CXEMBI HCIIOIB3YVEMBIX IIPHOOPOE;

*HaOIIOeHH T,

*ypaBHEHHS IIPOTEKAFOIIIX PEeaKI[Hil;

*pacyETHI, TaOIHIIBL, TPaHKH,

*BBIBOJIHI.

3.JIaGopaTopHBII XKYPHAJI HYKHO BECTH YHCTO H aKKYPaTHO, 3aIlCH JOJDKHEI OBITh JTAaKOHHYHBIMH.

4.OTYET O IMPOBEAEHHOH padoTe IPOBEPSAET M MOAIMCEIBAET IIPEITOAABATED.

5.K cmaue 3auéra 1o aabopaTOpHOMY ITPAKTHKYMY QOITYCKAIOTCS CTYAEHTBI, BBIITOIMHHBIIHE H
IIOAIMCABIIE Y IIPEIoJaBaTelld BCce AOMAIIHHE H J1abopaTOpHBEIE PalbOTHI, CHAABIIHE KOJUIOKBHYMEL,
aKTHBHO YYaCTBOBARIIHE B padOTe CEMIHAPOB.

6.CTYIEHTEI, ITOIIYYHBIIIE 3aYET 110 1a00paTOpHOMY IIPAKTHKYMY, JTOITYCKAIOTCS K cAadye SK3aMeHa
10 KYPCY HEOPraHHYECKOH XHMHH.

KoumpoJisHble 60npocsl :

1. OKHCIHTENH H BOCCTAHOBHTEIIH

2. Knmaccu(pHKkaIis oKHCIHTeIbHO—BOCCTAHOBHTEJIbHBIX PeaKI[Hi
3. OCHOBRHEIE TTpaBHiIa cocTaBiieHsI OBP

4. O01He 3aKOHOMEPHOCTH ITporeKaHHsI OBP

5. OcHOBHBIE cXeMbl OBP

5.1. CXeMa BOCCTaHOBIIEHHS IIEPMAHT AHAT OB

5.2. CxXeMa BOCCTAHOBIIEHHS XPOMAaTOB/OHXPOMAaTOB

5.3 PasnoXeHue-HITHATRRH

SNEKTPOHHOW I'ID,EII'IHEI':IEI .
ceprnddar OKICITHEEIHHRHS CBOH CIBA& ABAOTEEOH KHCIIOTHI

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

5.5. BzanMoieHCTBHE METAIIJIOB C CEPHOH KHCIIOTOH
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BBE/IEHHUE

[[eTbr0 TTOATOTOBKH K CAaMOCTOSTEIIBHOMY H3YYEHHIO JIHTEpaTyphl II0 TeMaM JIHCI[HILIHHEI
SBIISIETCS coOecelOBaHHE C IIpellofaBaTelleM IO OT4eTy (YCTHOMY). 3aJadyaMH IIPH IIOATOTOBKE K
CaMOCTOSTEIIBHOMY H3YYEHHIO JIHTEPATYPHI IT0 TeMaM JHCHMIUIHMHEI — KOHCIIEKTHPOBAHHE CTYIEHTOM
KOHCITEKTOB.

CamMocTrogTelbHass pabora IpelycMaTpHBaeT CIEeAYIOIHE BHABI: CaMOCTOSATEIIbHOE H3yYeHHE
IIHTEePaTypel IO TeMaM, ITOATOTOBKA K ITPAaKTHYECKHM 3aHSTHSM, ITIOJTOTOBKAa K KPYIJTIOMY CTOIIY IIO
TEMaM.

BreImonmHeHe 3afaHHi IO CaMOCTOSTEIIbHOH padoTe IO3BOIIET CTYIEHTY 3aKPEIHTh 3HAHHS H
MPHOOPECTH IMPAaKTHYECKHE HABBIKH B O0JIACTH SKOJIOTHH.

JIIIsT OCTH KeHHS BBICOKHX Pe3yIbTaTOB YCBOEHHS Y4eOHOrO MaTepHalla II0 KYpPCY « XM
OakaraBpaM HEOOXOJHMO OCO3HAHHO IIOAXOAHTh K BBIOIOIHEHHIO 3aJaHHI I CaMOCTOSTEILHOMN
pPabOTHl, BHHMATEIILHO O3HAKOMHTCSI C PEKOMEHIOBAHHOH OCHOBHOH H JIOITOJTHUTEIbHOH JIIHTEePaTyPOH.

BakamaBpamM HeOOXOZHMO IIOMHHTB, YTO IEJIbI0 ITPAKTHYECKHX 3aHSITHH IO JHCLHILIHHE
« XHMHSD) SIBIISIeTCS 0000IIEHHEe H CHCTeMAaTH3aIHI TeOPEeTHYECKHX 3HAHHIH, ITOITYYEeHHBIX Ha JIEKIH X, a
TaKke IPHOOpeTeHHe IPAaKTHYECKHX YMeHHH H HaBHIKOB. B 3TOH CBS3H Ha ceMHHapax JOIKHO OBITh
OPraHH30BaHO COTPYAHHYECTBO 0aKajJaBpOB H IIpeItojaBaTelIsd, HX B3aHMOITOMOIb, KaKIblil OaKalaBp
IOIKEH OCO3HABATh, YTO HMEET IIPAaBO Ha HHTEIUIEKTYaJIbHYIO aKTHBHOCTD, OBITh 3aHHTEPECOBAHHEIM B
TOCTHKEHHH OOIIeH I[eHM CeMHHApOB, AOKEH INPHHHMATh Y4acTHE B KOIUIEKTHBHOH BEIpaOOTKe
BBIBOJIOB H PEIEHHI, B YCIIOBHSX COBMECTHOH paOOTHI 3aHHMAaTh aKTHBHYIO ITO3HIIHIO.

B Xoze moaroToBKH K 3aHATHAM OaKalaBpaM clIeAyeT YIHThCS TOYHO BBIPakaTh CBOH MBICIIH B
TOKJIaJle HIIH BBICTYIUIEHHH IIO BOIIPOCY, aKTHBHO OTCTAaHBaTh CBOKO TOUKY 3PEHHS, apr'yMEeHTHPOBAHO
BO3pakaTh, OIPOBEPrarh OMMOOYHYIO ITO3HITHIO.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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1. OOman xapaKTepHCTHKA CaMOCTOAT €JILHOH PA00THI 00YYAOIMXCH MPH H3YYeHHH
MCIMILTHHBI <X HMH D>

JucrrmHa « XHMHS» OTHOCHTCS K AUcIpIimHaM brioka B1.0.09 u oceanBaeTcs CTyIeHTaMHI B
TeueHHe 108 yacoB. Ee OCBOEHHE IIPOHCXOMIT B 1 ceMecTpe.

40,5 yaca OTBOAATCA Ha ayAHTOPHBEIE (POPMBI PaOOTHl (IEKIMH H IPaKTHYECKHE 3aHSITHS),
KOTOPBIE ITPOBOAATCS IIPH HETIOCPEACTBEHHOM VUACTHH IIperogaBareiii H 47,25 4acoB OTBOIHTCS IS
CaMOCTOSTEIBbHOH, HJIH BHEAYAHTOPHOH, PabOTHl CTYIEHTOB.

Ha nepeom sTare HeoOXOAHMO O3HAKOMHTECS ¢ padoyeH IIPOorpaMMOH JHCIHIIIHHEI, B KOTOPOH
PAaCCMOTPEHO COJIEPKAHHE TEM ITPAKTHUYECKNX 3aHATHI JUCI{HIUIHMHBL, BHIBI CAMOCTOSTEIILHON PaboTHI,
TaKHeE Kak:

- CaMOCTOSTEIIbHOE H3YUEHHE JINTEPATYPHI 110 TeEMaM,

- TIOArOTOBKA K J1a00paTOpHOMY 3aHSTHIO.

Kaxxap BHI CAMOCTOSTEIIEHON PabOoThl HMEET LIETH M 3a1a Y.

[lemsanii caMOCTOSITENIEHOIO HM3VUEHHS JIHTEpaTyphl SBIIETCS OBJIAZIEHHE  CIIEHYEOLI[HMH
KoMIteTeHisavMH OITK-1.

3alauH caMOCTOSATEIbHOH PaboThI (POPMHPYIOIIHE KOMITETEHI[HH:

- CITOCOOHOCTH K CaMOOPraHM3alK H caMo00pa30BaHHIO,

- TOTOBHOCTh YCTAHABIIHMBATh H OMNpPEIENIATh ITPHOPHTETEI B chepe ITPOH3BOACTBA ITPOMYKI[HH
IIMTAHHS, OOOCHOBEIBATH IPHHATHE KOHKPETHOIO TEXHHYECKOI'O PEIlNeHHS IPH pa3paloTKe HOBBIX
TEXHOIIOTHYECKHX IIPOIECCOB IIPOH3BOACTBA IIPOAYKIIHH IHTAHHSI, BBIOHPATh TEXHHUYECKHE CPeJCTBA H
TEXHOIIOTHH € YYETOM 3KOIIOTHYECKHUX TTOCIIEACTBHI HX ITPHMEHEHHS.

BEITTONMHEHIE 3aJaHHIl TI0 CAaMOCTOSTEIBLHON padoTe IMO3BOJISIET CTYAEHTY 3aKPEIMTh 3HAHHUS H
IPHOOPECTH MPAKTHYECKHE HABLIKH B 00JIaCTH 3KOIOTHH.

Ka)xapnit BHI caMOCTOSATEIbHONH PaO0THI HMeeT OIpeelIeHHbIe (DOPMBI OTYETHOCTH.

2. ILman-rpaduk BLINOJTHEHHS CAMOCTOAT €JIbHOH PadoThI

Kozrr Cpencrea u OOBEM YacOB, B TOM YHCIIE
pea3yeM TEXHOJIOTHH CPC KoOHTaKTH Bcero
BIX B OIEHKH ast pabora
KOMITETEHII W] JIeSITETIPHOCTH .
- CTYJICHTOB
I, IIperojasa
HHJIHKATOP TEIEM
a(oB)
1 cemectp
OIIK-1 IToaroToka K OTueT 7.29 0,81 3.1
nabopaTOpHEIM padoTam ITHCEMEHHBIT
OIIK-1 CaMOCTOATEIRHOE CobecemoBanme | 35,235 3,915 39.15
H3VUCHHE JIHTEPATVPEIL 11O
TemaM Ne 1-18
Mtorosa 1 cemectp | 42,525 4,725 47,25
Hroro | 42,525 4,725 47,25

3. KﬂHTpﬂ.ﬂhthE TOYMKH H BHIbBI OTHETHOCTH IT0O HHM
AOKYMEHT MNOgnncAH
SNEKTPOHHOW NOONKUCLIO

CeptudukdD) INICAHNE HIREIIR10 16 HINBWHIAC

Bnaneneu: lllebayxoea TaTeAHa AnexkcaH BHA
B pﬂlﬂgﬁﬂ}{ pEIITIH—II‘GE&Ef CHCTCMBI YCIICBACMOCTD Gﬁ}ﬂlﬂlﬂﬂ[}[}{ﬂﬂ ITO JHCITHIUIHHE OILICHHBACTCA B

XOIE TEKYHICIO KOHTPOIIA H HPDME}I{}VIDIIHDI?'I dTTCCTAallHI.
Nencteutened: ¢ 19.08.2022 no 19.08.2023



Texymmn KOHTPOJIb
PeliTHHrOBasl OIICHKA 3HAHMH CTY/AEHTA

Bu 1esTenbHOCTH CTYAEHTOB Cporat KomriecTBo
Ne 1/m BBOTOITHEHH S 0aU1oB
1 ceMecTp

JlaGoparopHas pabora Ne ]1-3 5 Hemens 15
2 JlaboparopHas pabdora Ne 4-6 11 Henmems 20
JlabGopatopHasg pabora Ne 7-9 16 Henens 20
Hroro 3a 1 ceMecTp: 35
Hroro: 35

MakcHMaIbHO BO3MOJMKHBIH Oalil 3a Bech TEI{}*’I_T_[Hﬁ KOHTPOJIb YCTAaHABJINBACTCA PaBHBIM

55. TEK}*’H.[EE KOHTPOJIIBHOE MCPOIIPIATHE CHHTACTCA COdHHBIM, CCIIH CTYACHT IIOIIVHIUI 34 HETO
HE MCHcE 60% OT YCTAHOBJICHHOI'O I JTOI'0  KOHTPOJIA MAKCHMAIIbHOI'O Oaria.

PelTHHTOBBII OajljI, BHICTABIIIEMBIN CTYAEHTY 3a TeKylllee KOHTPOIbHOE MEPOIIPHATHE, CIaHHOEe
CTYAEHTOM B VCTAaHOBIEHHBIE TIpPapHKOM KOHTPOJBHBIX MEPOIPHATHH CPOKH, OIPeJeisIeTCs
CIIEAVIOIUM O0O0pa3zoM:

YPOBeHh  BBIIOIHEHHS KOHTPOJIILHOI'O PeHTHHTOBRIH  Oalli B % or
3a[aHH S MaKCHMAJILHOIO Oalllla 3a KOHTPOJIbHOE 3a[aHHE)
OTIHMYHBIN 100
X OpOIIHH 30
Y TOBIIETBOPHT € IbHBIH 60
HeynoBneTBOpHTENBHEI 0

[TpomexyTouHass arTecTalid B (opMe 5SK3aMeHa IIpelyCMaTpHBaeT ITPOBejleHHE
00s3aTENbHOH B3K3aMEHAI[HOHHOH IIpoleAYphl H oleHHBaeTca 40 Oammamu u3 100. B cioyyae
€CIIH PENTHHIOBBRIH Oall CTYAeHTa II0 AHCHHIUIMHE II0 HIOraM cemecTrpa paBeH 00, To
IporpaMMOHN aBTOMAaTHYeCKH Ho0aBisieTcss 32 IpeMHAJIbHBEIX Oauia M BEREICTABIISETCS OLEHKA
«OTTIHYHO». IIOMOXKHUTENbHBIM OTBET CTIVAcHTa Ha 5K3aMeHE OIEHHBAETCS PEHTHHT OBBIMH
Oammmamu B guarnazoHe oT 20 mgo 40 (20 < Ssxz < 40), oneHka MeHble 20 0alUIOB CYHTAeTCS

HE}",I[GEHETEDPHTEHLHGﬁ.
HIxana coomeemcmeria pEﬁHIHHEGEGEG banna sxzamena S-bantvHOIl  cucmeme

Peitmunzoestit 0ann no oucuuniuHe OueHKka Ho 5-0a/UIbHOIL cucmeme
35-40 OTIIMYHO
28-34 XOpOIIIo
20-27 YIOBIETBOPHTEIIEHO

HToropas oleHka II0 JUCHMIUIMHE, H3y4aeMOH B OJHOM CEMECTpe, OINpelenseTcsS II0 CYMME
OaluioB, HaOpaHHBIX 3a pabOTy B TeyeHHe ceMecTpa, H OalUIOB, IIONYYEHHBIX IIPH CHaye

53K3aMEHa!
[llxana nepecuema peiimun206020 6aina NO OUCYUNILHE € OLJeHKY
no 5-bannvHoil cucmeme

PeHTHHIoBbII 0a/11 MO JHCIHILIHHE OneHKa Ho 5-0aJ/IBHOH CHCTeMe
88 - 100 OTIHYHO
72-87 Xoporo
53-71 Y,[[GEJIETEGPHTEHLHG
[OKYMEHT ROVBICAH HeynoBiIeTROPHTEIBLHO

SINERTPOAAOW TTOOTTATERD
Ceprudomkar: 2C0000043ESABBESS52205E7BAS00060000043E
Bnageneu; mmmmm;pmumenﬂaunﬂ 0o H3VYCHHI0 TCOPETHIECCKOI'0O MaTEepHaJIa

neiicrevkdPH c PAROTS ¢ 1IHESRPATYPHBIMH HCTOYHHKAMH BaKHO YMeETh IIPaBHIIPHO YHTAaTh, ITOHHMMATh H



3alIOMHHATh IIPOYHTAHHOE. [[JIS ITOHHMMaHHS CIIOKHOIO TEKCTa BaKHO HE TOINBKO OBITh BHHMATEIIbLHBIM
IIPH YTEHHH, HMETh 3HAHHSI H YMETh HX ITPHMEHSITH, HO H BIAAETh OIPele/IEHHBIMH MBICIIHTEIIbHBIMI
npueMaMH. OIHH H3 HHX COCTOMT B KpalHe BaXKHOCTH BOCIIPHHHMATL He OTHElbHBIE CJIOBa, a
IIPEITIOKEHNS H TaKe 1IENbIe T'PYIIILI IIPEIIOKEHHH, T. €. a03al[bl.

[Ipn paGote ¢ muTepaTypoH HCIIOIB3YOTCS BRIITHCKH (00s3aTelIbHOE YCIIOBHE BBIITHCOK — TOYHOE
yKa3zaHHe HCTOYHHKA H MeCTa, OTKY/la 3TO BBRITHCAHO). [[{enecooOpa3Ho BRITHCKH JIelIaTh Ha KapTOuKax,
y1o OO0JIErYaeT MX XPaHEHHE H HCIIOINb30BaHHE. lIpH 3aIlonHeHNH KapTodeK CIeAVeT YUHTBHIBATh, YTO
IBa CaMOCTOSTEIBLHBIX BOIIPOCA 3aHOCHTL HA OJHY KapTOYKy Heb3d, T.K. 5T0 3aTPpyAHHT HX
KIIacCH(PHKAI[HIO H XpaHeHHe. KapTouka JomKHa coJiepkaTh 0003HAUeHHE ee COJep KaHH L, HOMEDP HIIH
(P, YKa3bIBAIOIIHMH €¢ MeCTO B KapTOuKe, JaTy 3alloIHeHHs, OHOmIorpadHyecKie JaHHbBIE. 3aIlicH
Ha KapTOYKe CIeAYeT pacIiojlaraTh Ha OJHOH CTOPOHE, OHH JOIKHBEI OBITH YETKHMH H JOCTaTOYHO
IIOIMHBIMH. [IpH BRIIIMCBIBAHHH I[HTAT KpaHHE BaKHO COXPAHATh aOCONMIOTHYIO TOYHOCTH ITPH Iepedadi
MBICJIEH aBTOpa, CTaBHTh HX B KaBRIYKH. lIpomyckH B IHTare JOIMYCKArOTCSI (OTMEYArOTCS
MHOI'OTOYHEM), HO OHH HE JOIKHBI HM3MeHSTh CMBICIIa BBICKA3BIBAaHHA. [[HTaTa 00S3aTelIbHO JOIKHA
OBITH CHaOXKeHa YKa3aHHeM HCTOYHHKA.

B mporiecce paboTel Hag H3y4YaeMBIM MaTepPHAlIOM COCTABIISETCH IUIaH B IIENSIX OoJlee 4YeTKOro
BBISIBIIEHHH CTPYKTYPBI TEKCTA, 3allHCH CHCTEMBI, B KOTOPOH H3JIaracT MaTepHal JaHHBII aBTOD,
IIOATOTOBKH K BBICTVIUIEHHIO, a TaKKe JJIS HAITHCAHHS KaKOH-THOO padOoTHI, 3aIllHCH CBOMX MEBICIIEH C
HOBOH CHCTeMaTH3al[HeH MaTepHala. B ITaHe MOIYT BCTpeyaTbCS OTJENbHBIE IMQPHE H APYTHE
(paKTHUYECKHE CBeJeHHI, KOTOPhIE XOTSI H He SBIITIOTCS COOCTBEHHO ITIaHOM, HO ITOMOTAl0T B OyAYIIEM
ero HCITONIb30BaHHH (K IIPHMEPY, ITPH BHICTYIIEHHH ).

[IpH H3y4YeHHH TeOPETHYECKOr 0 MaTepHalia TpeOyeT s COCTaBIIEHHE KOHCIIEKTA.

KoHcImeKT — 5TO Kparkasgd IIHChMEHHAs 3allich COAEPKAaHMS CTaTbH, KHHIH, JIEKI[HH,
IIpeHa3HAYeHHbIe I ITOCIEAYIOIIErO0 BOCCTAHOBIEHHS HH(QOPMAI[HH C Pa3IHYHOH CTElEHBIO
TTIOITHOTHI.

KOHCITEKT — BTO cHCTeMaTHYecKasa, JTOTHYECKH CBSI3HAS 3aIlich, OOBEeIHHSIOINAS TUIaH, BBITHCKI,
TE3HCHI HJIHM, II0 KpaHHeH Mepe, JBa M3 STHX THIIOB 3alHCH. McXOomsda M3 OIpeelIeHHs, BBIIHCKH C
OTAENBHEIMH ITYHKTAMH IUIaHA, €CJIM B IIEJIOM OHH HE OTPa’kKarOT JIOTHKH ITPOHM3BEIECHHS, €CIIH MeXKIY
OTAEJIbHBIMI YacTsIMH 3allMCH HET CMBICIIOBOH CBS3H, — 3TO He KOHCIIEKT. B KOHCIIEKT BKIIFOUAIOTCS HE
TOIIEKO OCHOBHBIE ITONIOXKEHHS, HO H JOBOJBI, HX O0OCHOBBIBAIOIIHE, KOHKPETHHIE (PAKTHI H ITPHMEDPHI,
HO 0e3 HX ITOAPOOHOr0 OIMH CAHI L.

KOHCIIEKTHPOBAHHE MOJKET OCYIIECTBIISTECS TPEMS CITOCOOAMH:

- IIMTHPOBaHHE (TTOJTHOE HIIH YaCTHYHOE) OCHOBHBIX ITOIOKEHHI TEKCTa,

- TIepelaya OCHOBHBIX MEICIIEH TEKCTa «CBOMME CIIOBAMIY;

- CMEIIIAaHHEBIH BapHaHT.

Bce BapHaHTHI IIpeAIIoIararoT HCITOIb30BaHHE COKPAILEHIH.

[ IpH HarmcaHHH KOHCITEKTa PEKOMEHAYETCS CIEAYIOIAs II0CIIEOBATEIIBHOCTE:

1. IlpoaHaim3upoBaTh cOJiepKaHHEe KaXJAOro (parMeHTa TeKcTa, BBIJEISII OTHOCHTEIIBEHO

CaMOCTOSTEJIBHBIE TI0 CMBICITY,
2. BreraemiTs B3 KaKJIOH 4YacTH OCHOBHYIO HH()OPMAIHIO, YOpaB H30BITOYHYIO,

3. 3armcarb BCHO BaHYHO I ITOCJICAVIOICTO BOCCTAHOBJICHIA Imdmpmamm CBOHMMII CIIOBaMH
HIIH THTHPYA, HCITOJIbE3YA COKPAIIICHHA.

Pasersror YeThIpe BHa KOHCIIEKTOB:
- TEKCTYalIbHBIM,
- ITUIAHOBBIH,
) GED@GI[HBHH&?MEHT NOANWUCAH
- TEMATHUMEEKPORIHON NOAMUCHIO
S PTERCTYANBHBI COCTOUT 113" OT[ebHBIX aBTOPCKMX IMTAT. HeoGXOMMMO TOIBKO YMEHHE

BJ'IE,.':I,E.‘J'IE.‘LI,Z JYX0Bd 1dTbHHA eRCaHOpPOBHA

BBIZIETIATH (ppasbl, HECYIIHE OCHOBHYIO CMBICIIOBYIO HAarpy3Ky. OTO ITPeKpPacHBIH HCTOYHHK JOCIOBHBIX
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BBICKA3BIBAHHIT aBTOPA M IMPHBOIHMBIX HM (paKTOB. TeKCTyanbHBII KOHCIIEKT HCITONIB3YETCA JIHTEIbHOE
BPEMSL.

Il.1aHoBBIM — 3TO KOHCIIEKT OTJIENbHBIX (PparMeHTOB MaTepHalla, COOTBETCTBYIOIIIX Ha3BaHHIM
IIYHKTOB IIPEIBAPHTEILHO pa3padoTaHHOro IraHa. OH YVUHT ITOCIeJAO0BAaTEIbHO H YeTKO H3JIaraTh CBOH
MBICITH, paOoTaTh HaJ KHHIOH, 0000I[as cojep:kKaHHe ee B (POPMYIHPOBKAX IUIaHA. [aKOH KOHCIIEKT
KpaTOK, ITPOCT H SICeH II0 cBoell opMe. 3TO JAelaeT ero He3aMeHHMBIM ITOcOOHeM IIpH OBICTPOH
IIOATOTOBKE JIOKNIA/1a, BEICTYIIJIEHHS.

CB000aHBII KOHCIIEKT — HHIHBHAYaIbHOE H3II0KEHHE TeKCTa, T.e. OTpakaeT aBTOPCKHE MBICITH
yepes Balle coOOCTBEHHOe BHIeHHE. TpedyeTcs AeTalbHasa IIpopaboTKa TEKCTa.

CBOOOMHBIH KOHCIIEKT IIPEACTABISAET COOOH COYETAHHE BBIMMHCOK, IIHTAT, HHOIJAAa TE3HCOB, YacTh
ero TeKcTa MOkeT OBITh CHa0KeHa IDIaHOM. OTO HanOolee IMOTHOI[eHHbIH BHJ KOHCIIEKTA.

TemMarHueckHil KOHCIEKT — H3IIOKEHHe HHQOPMAI[HH II0 OJHOH TeMe H3 HEeCKOIbKIX
HCTOYHHKOB.

CocTaBlIeHHE TEMATHYECKOI'O0 KOHCIIEKTAa YUHT paboTarh HaJ TEMOH, BCECTOPOHHE O00YMBIBAS €€,
AaHAITH3HPYS PpasIHMUHble TOUKH 3pPEeHHS Ha OQMH H TOT K€ Bompoc. TakuMm o0pa3oM, 3TOT KOHCIIEKT
oOneryaer paboTy HaJl TEMOH IIPH YCIIOBHH HCITONIb30BAHHS HECKOIBKHX HCTOYHHKOB.

OdopMmiieHH e KOHCIIEKTA

1. Has3paHHe KOHCIIEKTHPYEMOI'O ITPOH3BEJAeHHS (UM €r0 YaCTH) H €r0 BBIXOJHBIX

JTAaHHBIX, T.e. OHOMmIorpaduyeckoe oIMMcaHIe JOKYMeHTa.
2. IIm1aH TexcTa.

3. M3noxeHne HauOoIee CYINEeCTBEHHBIX ITOJIOKEHHII H3y4YaeMOro MaTepHana
(Te3HCHI) ITOCIIeN0BAT eJIbHO H KPaTKO CBOHMMH CIIOBAMH HIIH B BHJ[E IIUTAT, BKIOYAsI KOHKPETHEIE
(paKTHI H IIPHMEPHL.

4. CocTaBirad KOHCIICKT, MOXHO OTACIBHBIC CJIOBA H ILCIIBIC ITPCJIOKCHIA ITHCATD
COKPAIl€HHO, BBIIHICBIBATE TOJIBKO KIIIOYUCBBIC CJIOBA, ITPHMEHATE YCIIOBHBIC 0003HaYeHH .

J. YroGpl (¢opma KOHCIIEKTa KaK MOXHO OoJllee HaITIIIHO OTpakajla €ero
COJZlep KaHHe, pacrioiiaraite ad3ambl «CTYIIEHPKAMH» ITOJO0OHO ITYHKTAM M ITOAITYHKTaM IUIaHa,
IIPHMEHSITE Pa3sHOOOpasHele CIIOCOOBI IOMYEPKHBAHHS, HCIIOJB3VITE KapaHHAIl H PYYKH
Pa3HOr O I[BETA.

6. Hcnomp3yiiTe  pedepaTHBHBIN  CIoco0 H3TOKeHHS  (HalpuMep: «ABTOp
CUHTAET...», KPaCKPBIBAET...»).

7. CoOCTBEHHBIE KOMMEHTAPHH T1OJIaraiTe Ha ITOJISX.

HTOoropeMm IMPOAYKTOM CaMOCTOATCIIbHOI'O H3YUCHIA JIMTCPATYPBRL II0O KOHKPETHBIM TCEMadM
ABIIACTCA KOHCIICKT, CPCACTBOM OLICHKH JdHHOI'O B4 ACATCIIBHOCTH — CD@ECEHGEHHIIE: TCCTHPOBAHIIC.

MeToan4yecKHe PeKOMEHIANMAHN K CAMOCT OAIT €JIbHOMY H3Y4YeHHI0 TeM Ne 1-18.
BonipochI 151 codece10BaHHUA
ba3oBbIN YPOBEHDb

Tema 1. OCHOBHEBIE ITOHSATHI XUMHH. 3aK0H PKBHBAIICHTOB. 1 a30BEIEe 3aKOHEI
1. XHMHUecKad CHMBOJIHKA.

2. Baﬁﬁﬁﬁﬁé%ﬁmgeumaﬂrmecmm BEINIECTB.

Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E
Bnagenew: 3 UHoMeHKIaPYpaHEOPFAaHHYeCKIX BEIECTB.

Neiicraurendth.c MHMIPIECKITE PACUCTEL.



Tema 2. Ctpoenne aroMma. Ilepromnyeckni 3akoH [{.M. MeHgeneera
1. Ilma”HeTapHas MOJIEIb aTOMa.

2. KBaHTOBas TEOPHS CBETA.

3. IlpemnonoxeHus ae bpomis.

Tema 3. XumuuecKas cBA3b. OCHOBHBIE XapPaKTEPHCTHKH. BHIBI XHMHYECKHX CBSI3EH

1. TIonIpHOCTH MONEKYIL.

2. Metoa MONMeKYIISIPHEIX OpOHTalIeH.

3. CBsBBEIBAIOIIHE H Pa3pPhIXILIIOIIHEe OpOHTAIH. [[0pSI0oK H SHEPTrHS CBS3H.

Tema 4. OCHOBHEIE ITOHATHS TEPMOAHHAMIKH . XHMHYECKas TEPMOJHHAMHKA
1. OCHOBHEBIE 3aKOHOMEPHOCTH ITPOTEeKaHHI XHMHYECKHX ITPOL[ECCOB.

2. IlpeBpareHHs SHEPITHH ITPH XHMHYECKHX PeaKI[HIX.

3. Tepmoxmumus. TepMOXHMHYECKHE YPABHEHIA.

Tema 5. XUMHYECKasI KHHETHKA. XHMHYECKOE PABHOBECHE.
1. 3aBHCHMOCTE CKOPOCTH peaKIlHH TO ITPHPOIABI PearHPYIOIIHX BEINECTB.

2. CKGPGCTL PEAKITHH B I'CTCPOI' CHHbBIX CHCTCMAX.

3. LleHHEBIE peakIpin.

Tema 6. O01e CBOHCTBA PaCTBOPOB
1. XapakTrepHcTHKa pacTBOPOB. IIporecc pacTBOpPEHHS.

2. I'maparsl H KpHCTAJUIOTHAPATHI.
3. PacteopuMoOCTE. lIepechIlieHHEIE PACTBOPBI.

Tema 7. PacTBOPEI 3IEKTPOIHTOB
1. OcoBeHHOCTH PacTBOPOB COJIEH, KHCIIOT H OCHOBAHHH.

2. Teopus 3MeKTPOMTHYECKOH JHCCOLHALIH.

3. Ilporecc mccorHaIim.

Tema 8. OKHCIIHMTEIILHO-BOCCTaHOBHTEIILHEIE ITPOIECCHI. BHEKTPD}{IIMU{EGHHE CHCTCMbI
1. OKHCIIEHHOCTh aTOMOB 3JIEMEHTOB.

2. CraHmapTHEIH BOJOPOIHBI 3IEKTPOSI.

3. 3aKOHBI 3JIEKTPOIIH3A.

Tema 9. DneMeHTHl OpraHHYeCKON XHMHH. OpraHH4yecKHe, 3JIEMEHTOPraHHYeCKHeE H

HEOpraHHYeCKY & HOATMERRL -

Cepmdpukar] 2QQIFACEHDIIRAATIFEOPLAHPAGECKITX COeTHHEHH.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

2. KpeMHHI OpraHHYeCKHE COETIHEHHA.
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3. SHEMEHTGGPI‘HHIIT-IECI{HE ITOITHMCEPBI.

Tema 10. OO1IHE CBOHCTBA HEMETAIIIIOB.
1. Bogmopon. @HU3HYECKHE CBOHCTBA. .

2. Bomopox. IIpuMeHeHHE.

3. Boma. @Hu3HYeCKHEe CBOHCTRA.

Tema 11. OOrras xapakTepHCTHKA ITOATPVYIIIEI TalIOTeHOB

1. Xnop HaxoXJIeHHe B IIPHPOJie, (PH3HYEeCKHe CBOMCTBa. [IpHMeHeHHe.
2. XJIOpOBOAOPOI U COJISTHAS KHCIIOTA.

3. @Top, OpPOM H HOZ.

Tema 12. Kucmopon u ero cBOHCTBA

1. HaxoxaeHHe B IIPHPOJE, IIONYUEHHE.

2. DH3HYecKHe CBOMCTRA.

3. IlpumeHeHHe KHCIIOpOAA.

Tema 13. Cepa 1 ee CBOICTBA.
1. HaxoxaeHne B mpHpoJie (pu3HyecKHe cBOHCTBa. [ IpHMeHeHHe.

2. Oxcup cepol (IV). CepHHCTasI KHCIIOTA.
3. CroONCTBa CEpHOH KHCJIOTHI H €€ IIPaKTHYECKOE 3HAUEHIE.
Tema 14. CepoBogopon H CYIIb(PHIEI.

1. HaxoxaeHie B IIpHPOJIE.

2. (DH3HYeCKHE CBOMCTRA.

Tema 15. A30T U aMMIAK.
1. HaxoxmeHHe B IpHpoe, PH3HYECKHE CBOHCTBA.

2. XUMHYeCKIHe CBOHCTRA. | I[prMeHeHIE.
Tema 16. OkcHIBI a30Ta H a30THAS KHCIIOTa. B3anmMoaeHCTBHE a30THOH KHCIIOTEL ¢ MeTaJDIaMH

H HeMeTaJUTaMH.
1. A3oTHas KHcnoTa: (pH3HYecKHe CBOHCTBA. IIpnMeHeHHe. 2.

3. MuHepanpHbIe YIO0OpEeHH .
Tema 17. YIiepona H ero CBOHCTBA.
1. OKCHIBI VITIEPOA.

2. YTOIbHas KHCIIOTA.

Tema 18. Oxcup kpemung (IV) H kpeMHHeBas KHCIOTA.
1. KpeMHHH H ero cBOHCTBa. XHUMHUYECKHE CBOHCTBA. lIpHMeHeHHE.

2. KpemHuii u ero cBoiictBa. HaxokaeHHe B IIPHPOE, (PH3HYSCKIE CBOHCTBA.

3. Oxcnp kpeMuuA (IV) B KpeMHHeBas KHCIOTA.
I1oBBINIEHHBI YPOBEHDb

Tema 1. OCHOBHEBIE ITOHATHI XUMHH. 3aK0H PKBHBAIIEHTOB. |1 a30BEIe 3aKOHEI

COJIH a30THOH KHCIIOTEHI.

1. MomsapHEIH 00OBEM BEILECTRA.

2. OHPEI[EHEHHE MOIJIAPHBIX MACC BEIICCTB, HAXOIIHXCA B FﬂSGGﬁp&BHGM COCT OAHII.

3. HapyyafbHos-AaRIcHIIE Tasa.

3NEKTPOHHOW NOANMCLIO

SeminarTentd 2 C1poettd atoMa. Tiepitommyeckait 3axon J[.W. Meneneepa

Bnapeneuy; ebayxoea TateAHa AneKkcaHapoBHa

1. Iloudgrie 0 KBaHTOBOH MeXaHHKE.
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2. KBaHTOBO-MeXaHHYeCKasd MOJIEIIb aTOMA.
3. CrocoOBI 3aMiCH BIeKTPOHHBIX KOH(HIYPAI[Hil aTOMOB HOHOB.

Tema 3. Xummdyeckas cBSI3b. OCHOBHBIE XapaKTEPHCTHKH. BHIBI XHMHYECKHX CBI3EH
1. OrnpegeneHne cocTaBa KOMIUIEKCHOTO HOHA.

2. HoMeHKIIaTypa KOMIUIEKCHBIX COEHHEHIIH.

3. PaBHOBecHS B PAaCTBOPAX KOMIUICKCHBIX COEIHHEHHH.

Tema 4. OCHOBHEBIE ITOHATHS TEPMOAHHAMIKH . XHMHYECKasI TEPMOJHHAMHKA
1. DaKTOpPHI, OIMPEAETISIONIE HAllpaRIeHHE IIPOTEKAHIS XHMIYECKIX PeaKIHil.

2. DHTpOImM A H 3Heprusa I'ndoca.

3. DHeprud [ eJIbMIoJIbIIA.

Tema 5. XuMHUYecKasa KHHETHKA. XHMHYECKAs PaBHOBECHE.
1. HeoGpaTumeie H oOpaTHMEBIE PEAKIIHH.

2. XMMHYECKOE paBHOBECHE. KOHCTaHTa XHMHYECKOIO PaBHOBECH L.

3. CMereHne XUMHYECKOr o paBHOBecHS. [ IpnHirmt e Ilarense.

Tema 6. OO01ie CBOHCTBA PaCTBOPOB.
1. Ou3HYecKkHe CBOHCTRA BOJBI.

2. JlmarpaMma cOCTOSIHH S BOJIBI.
3. XUMHYeCKHe CBOHCTRA BOIBIL.

Tema 7. PacTBOPEI 3I1EKTPOIINTOB.
1. CIIBHEIE 3JIEKTPOIHTEL.

2. NOHHO-MOJIEKYIISIPHEIE VPaBHEHH S

3. IIponsBeneHHE PaCTBOPHMOCTH.

Tema 8. OKHCIIMTEIILHO-BOCCTaHOBHTEIILHEIE ITPOLICCChI. BHEI{TPGXIIMIIIECI{HE CHCTCMbI
1. HPIMEHEHIIE MCTOJd4 SIICKTPOHHO-HOHHOI'O OaraHca IIPH Pa3JIHTHBIX PEAKITHAX CPC/DbI.

2. XHMMHYECKHE HCTOUYHHKH TOKAa. AKKYMYJIISITOPHI.

3. DneKTpoxHMHYecKas MoIsIpH3aiis. [lepeHamnpsokeHHe.

Tema 9. B311eMeHTHI OPraHHYeCKOH XHUMHH. OpraHHyecKHe, 3JIEMEHTOPraHHYECKHE H

HCOPIr'aHHYCCKIIC ITOJIHMCPbL
1. TEDPHH XHMHYCCKOI'O CTPOCHHA OPI'aHIYCCKHX COEIHHEHHI

2. OogtROpiHRTIAGKIS coenIHeH

Ceprudomkar: 2C0000043ESABBES52205E7BAS00060000043E

Bragenew: 3 UWHaopraHimetRIe TIOTFIMEDEI.
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1. Bogopox. XumMidecKHe CBOHCTBA.

2. Boma. XuMiyeckHe CBOHCTRA.

Tema 11. OOrras xapakTepHCTHKA ITIOATPVYIIIEI TalIOTEHOB

1. Xmop nomnydyeHHe, XUMHYECKHE CBOHCTBA.

2. ColmM COJISTHOH KHCJIOTHL, KaueCTBEHHAS PeaKI[H Ha XIIOPHT HOH.

Tema 12. Kucmopona u ero CBOHCTBaA

1. [ToryueHne KucIopoaa.

2. XMMHYECKHE CBOHCTBA.

Tema 13. Cepa 1 ee CBOICTBA.

1. [lonmyuyeHHe, XHMHYECKHE CBOHCTBA.

2. Oxcup ceprl (VI). CepHas KHcIIOTA.

3. Com cepHOH KHCIOTHL. KadyecTBeHHAas peakifHsI Ha CylIb(aT-HOH.

Tema 14. CepoBogopon M CYIIb(PHIEI.

1. [lonyuyeHHe, XHMHYECKHE CBOHCTBA.

2. IIprMeHeHHE cEpOBOAOPOA.

Tema 15. A30T H aMMHAaK.

1. Com aMMOHHNS H HX CBOHCTBA, KaUe CTBEHHAS PEaKIIsL.

2. XMMHYECKHE OCHOBEHI ITPOH3BOACTBAa AMMHAKA.

Tema 16. OKCHIBI a30Ta H a30THAS KHCIIOTa. B3aHMOIEHCTBHE a30THOM KIHCIIOTHI ¢ METaJUIaMI
H HEMETAJIJIAMH.

1. A30THasg KHCIIOTa: XHMHUYECKHE CBOHCTBA.

2. BzaumMmoielicTBHE a30THOH KHCIIOTHI ¢ MeTalJIaMH H HEMETaJUIaMH.

Tema 17. Yrimepon H ero CBOHCTBA.

1. Com yrOIbHOH KHCIIOTHI.

2. KayecTBeHHAas peakIiis Ha KapOOHAT-HOH.

Tema 18. Oxchp kpemuusa (IV) H kpeMHHEBas KHCIOTA.

1. IToHSTHE O KOIJIOHIHBIX PacTBOpaAX.

2. CormM KpeMHHEBOH KHCIIOTHI.

3. [lomyueHHe cTEKIA H IIEMEHTA.

S. MeToau4eckHe YKa3aHud (110 BHAAM padoT, IpeaycMOTPEHHBIX padovel IporpaMmmMon
JHCIHHILTHHBI

CamocmosmensHoe GblnoaHeH1e 300 aH il

3alaHisg H VIIpaKHEHHSI JI1 CaMOCTOSTEIBHOH PpalOTHI ITPEeHMYINECTBEHHO COJEpPKaTcsI B
yueOHO-MeTONHYSCKOM KOMITIEKCe JHCIIMITIMHEL (MeTOAHYECKIX YKa3aHHIX K CeMHHAPCKHM 3aHITHIM
H MeTOJHYEeCKHX VKa3aHHIX II0 CaMOCTOSTeIbHOH paboTe CTyAeHTOB). Kpome ToOro, 3ajgaHHd H
yIIpaKHEeHHSI MOT'YT MpejjlaraTbcs IperojapaTellsMH Kadeapsl, BeAVIIHMH CeMHHApCKHe 3aHATHSI. Ha
TIEKIM X ITPETIoJaBaTelIH TakKe JAroT 3aJaHHs JIJIS CaMOCTOSATEIbHOH paOOTHL

B pamMKax caMOCTOSATENbHOH paOOTHI CTYAEHTHI CaMH MOTYT ITpeJiIaraTh COOCTBEHHBIE TEMBI H
(pOPMEBI BBITIOITHEHHS 33 TaHHI.

Craya 3aJaHHsS ITPOH3BOJUTCS ITpelloflaBaTelll0, BeAyIIeMy CeMHHApCKHe 3aHiITHI, B
YCTAHOBJIEHHBIE HM CPOKH.

B cc::mg%ﬁ@ﬁﬁﬁ%ﬁma}mﬁ K CEMHHAPCKHM 3aHSATHSAM ITPeIyCMOTPEHEI peKOMEH IaIHH

TR MOAEOT ORKS (K CRNHHAPEKOMY o 3aHATIEO. [IpH BRITOIMHEHHN PabOTHl CTYAEHTHI MOI'YT HCIIOIB30BAaTh
HEATOIILK O O METO TITTECKAE  WRA3aHH I 10 PEIIEHHIO 3aay, HO M JIPYIrHe MaTepHalbl yuyeOHO-

MCETOJHUYCCKOI'O KOMITIICKCA.
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Tpeboeaniis x oghopmneniio 3a0aHitil

3alaHHS 110 CaMOCTOSTEJIbHOH paboTe MOIDKHBI OBITh O(OPMIIEHEI B COOTBETCTBHH C
TpeGoBaHmsIMH ['OCT 7.32-91 (MCO 5966-82). CTpaHHI[BI TeKCcTa JOILKHBI COOTBETCTBOBATh (POpMATY
A4 (210 x 297 Mm).

TexkcT 3agaHMil MOIDKEH OFBITH BBIOIOTHEH Ha OIHONM CTOPOHE IIHCTa C IIPHMEHEHHEM
KOMITBIOTEPHBIX VCTIPOHCTB. IIpH HCIIOIBE30BaHMH IIEPCOHAIBPHOIO KOMITBIOTEPA PEKOMEHIYETCS
HCITONIB30BaTh cpeny Windows, pegakrop Word. IlapaMeTpsl JOKyMeHTa CIIeQYION[He: HHTepBal — 1,5,
kernnb (pasmep) — 14, mpudpt — Times New Roman. OyHKIHSI NepeHOoca CIOB o0s3aTellbHa. | eKCeT
CIIEIVYET IleYararhb, cCOOMIoAas CIEAVIOIHE pa3MepPHI ITOJIeH: JieBoe - 30 MM, mmpasoe - 10 MM, BEpXHeEE -
20 v, HIKHee — 20 M.

Hymepanpsg cTpaHHI] HayMHAeTCSd CO CTPAaHMIBI, COAEpKalleHd oOrjaBleHHe pPaloThl, H
MTPOH3BOAUTCS apaOCKHMH I[H(pPaMH B IIPaBOM BePXHEM VIIIY JIHCTA. THTYILHBIH JINCT BKIKOYAETCS B
OOIIYI0O HYMEPALHIO, HO He HYMEPYETCSA. B IPIITOKEHHSIX CTPaHHIBI HE HYMEPYIOTCS. HMInmrocTpalii,
CXEMBI, TpaHKH, TaOJIHMILI, PacIIOJIOKEHHBIE Ha OTAEIbHBIX CTPAHHIIAX, BKIIIOYAIOTCS B OOIIYIO
HYMeEPAI[HIO CTPaHHII.

TexcT OCHOBHOH 4YacTH PadoThl MOKET IIOAPA3NEIATHCS Ha Paslellbl M ImoApasienbl. Kaxaeot
pasfen ciueqyeT HauMHATh ¢ HOBOH CTaHMIIBL. Pa3mernsl U IMoApaselnbl JOIKHE HMETh HAHMEHOBAHHE -
3aIOJIOBKH, B KOTOPBIX KpPaTKO OTPakKacTcs OCHOBHOE COJEp:KaHHe TeKCTa. 3arolIOBKH Pas3lIelloB
IHIITYTCS CHMMETPHYHO TEKCTY IIPOIHCHBIMH (3arjlaBHBIMH) OYKBaMH H BBIIEIITIOTCS JKHPHBIM
mpH(pTOM. 3aroloBKH ITOAPa3[elIOB IHMINYTCSI ¢ al3alja CTPOYHBIMH OyKBaMH, KPOMe IIEpBOH —
ITPOITHCHOH H TaKJKe BBIAEIISEOTCS KHPHBIM IIpH(pTOM. COKpaIlleHHOE HaIFCaHHE CIIOB B 3ar0JIOBKax He
Horryckaercs. IlepeHoCHl CIIOB B 3arolIOBKaxX He JOIMYCKAroTcd. TOYKY B KOHIIE 3arOJIOBKA HE CTaBAT.
Ecnu 3arojioBOK COCTOMT M3 JABYX M Oojlee IPeJIONKEHMI, MX pasfgellsstoT TOYKOH. [lomuepkuBaHHe
3arOJIOBKOB HE JOITYCKaeTCsI. PaccTosiHHE MeXAy 3arojIoOBKaMH paszjiela (IToapaszeria) H IIOCIe YEOIHM
TEKCTOM JOIKHO OBITH PaBHO OZHMHAPHOMY MeXCTPOUYHOMY HHTepBairy (10 MM), a paccTosHIE MeXTy
3ar0JIOBKOM ITOApaszeia H MOCIeHeH CTPOKOH MPeabIAYINEr O TEKCTA — 2-M OJHHAPHBIM MEKCTPOUYHBIM
HHTepBazaM (15 n).

B Texcre He IOMKHO OBITh PHUCYHKOB M Tadmmil Oe3 CChUIOK HAa HUX. PHCYHKH M TaOIHIIEI
pacIonararoTcs B TEKCTE Cpa3y IOCHE CChUIOK Ha HMX. PUCYHKH JOJIKHEI HMETh ITOSCHSFOINYIO HAJIHCh
— Ha3BaHHE PHCYHKA, KOTOpas ITOMEIAETCS IO HUM. PHCYHKH 0003HauaroTCs CIIOBOM «Pucy. Touka B
KOHIIe Ha3BaHHS He CTaBHTCI. PHCYHKH cllelyeT HyMepOBaTh ITOCIEI0BaTEIbHO apaOCKHMH IIH(PaMH B
CKBO3HOM ITOPSIKE B ITpefenax Bcel paboTHI.

[[ndpoBoi MaTepHall IelecooOpa3sHO oQopMIATh B BHJe TaOMHIBL. Kakmas TaOimmIila JomkHa
HMETH 3ar0JIOBOK, KOTOPBIH JOKEH OBITH KPaTKHM H OTpakaTh COAEPKIMOE TaOIHIEI.

Hajx HasBaHMEM cCITpaBa IMIIETCS CIOBO «Talbmuiia» ¢ IOPSAAKOBEIM HOMEPOM apadCcKHMH
IH()paMH B CKBO3HOM IOPSIIIKE B IIpejiellaX Bcel pa0oThL. TeMaTHYeCKHH 3arojIOBOK ITHIMYT CTPOYHBIMHA
OyKBaMH, KpPOMe IIEpBOH ITPOIIMCHOH. B KOHIE 3arojloBKa TOYKY HeE CTaBAT. TalimHily ClIeayer
pasMelaTh TaK, YTOORI €€ MOKHO OBIIIO UHTaTh Oe3 IMOBOPOTa PabOTEI HIH e C IIOBOPOTOM ITO YaCOBOH
cTpenke. Tabmuiry ¢ OOJBIIIM KOITHYECTBOM CTPOK JOITYCKAaeTCd IEPEHOCHTh Ha APYIVIO CTPaHHILY.
[Ipu mepeHoce TaOiMIBI, HAa CIEAVIOIIEH CTPAaHMIIE IIOBTOPSIOT €€ INanKy M HajJ HeH ITOMEINAroT
Haamcey «lIpomomkeHue taln.» ¢ yKasaHHeM HOMepa. Ecimu mrarnka TaGnHiisl IPOMO3IKasa, TO BMECTO
Hee C IIEpeHECEHHON YaCTH B OTAEIBHOH CTPOKE ITOMEINAKOT HOMEP I'pad.

[Tpumoxenne odopmifgeTcs KakK ITPOAOIDKEHHE OCHOBHOH YacTH 3aJaHHS, pacIlolaracTcs B
TIOPSIKE TIOSBIIEHH S CCRIJIOK B TeKCTe. Kaxmoe MpIitoKeHHe JOJIKHO HaUHHATHECSI C HOBOH CTPAaHHILI H
HMETh COJEPKATeNbHBIH 3ar OJIOBOK, HalleYaTaHHBIH KHPHBIM IIPH(TOM. B IIpaBOM BepXHEM YIIIY ITOJ
3arOJIOBKOM ITPOITMCHBEIMH OVKBaMH IleyaTaeTcs ciIoBo «lIpmioxkeHue». Hymepaipsa paszaernos,
ITYHKTOB, TAOJIHMI[ B KaKIOM ITPHIOKEHHH CBOSL.

nokyMeHT nogrmcaH  CIIHCOK pPeKOMEH/Iy eMOM JINTePATYPbl
SMNEKTPOHHOW MOAMWCHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu; llleGayxoea TaTeAHa AnexkcaHgpoBHa OCH“EHHH HHTEPHTFPH:
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