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BBEJAEHUE

Jucuunnnza «OcHOBBI 001IeH U HEOPraHUYECKOH XMMHUN» OCBAaUBACTCA CTYJIEHTAMU B TEUCHHE
252 qacos.

JlaGopaTtopHoe 3aHATHE SBISETCS BaxKHeWIIeW ¢(opmMol ycBoeHus 3HaHHMA. OUYEBUAHBI TpH
CTPYKTYpHBIE €ro 4YacTH: IpeiBapsrouias (MOArOTOBKA K 3aHATHIO), HEMOCPEACTBEHHO caMa paboTa
(BBIIIOJIHEHUE TNPAKTUYECKOM YacTH) M 3aBepliarolias 4acTh (paboTa CTYAEHTOB II0 YCTPaHEHHUIO
OOHAPYKUBIIUXCS TIPOOETIOB B 3HAHUSX).

JlaboparopHoe 3aHATHUE SIBJIIETCS CPEACTBOM IIPOBEPKH 3HAHUM, OTPAOOTKH ITPAKTUUECKUX HAaBBIKOB
10 JUCLUUIUIMHE. BoinonHss nabopaTopHyro paboTy, ClyllaTeau JOJIKHbBI I0Ka3aTh YMEHHUE BbIIEIUTh
OCHOBHBIE TIOJIOKEHUS, U3YYUTh UX JECHCTBHE HA MPAKTHUKE, a TAKXKE JE€JIaTh NMPAKTUUYECKU 3HAYMMBbIE
BBIBOJIbI U3 TEOPETUYECKUX TIOJIOKECHUM.

Ko Bcem mabopaTtopHbIM 3aHITHAM JIaH TIepeueHb Hanboiee BaXKHBIX BOIIPOCOB, HEOOXOAUMBIX IS
YCBOGHHS, a TaK)Ke NMPHUBEIEH CIUCOK OCHOBHOM M JONOJHHUTEIBHOH JINTEPATYphl, HEOOXOAUMOW IS
U3Y4CHHUS.

Jnst BeInoHEHUs 1TabopaTopHON paboThl HEOOXOAMMO BECTH KOHCIEKT B OTAENBHOM TeTpaau. Takoi
KOHCIIEKT MOKET OBITh B ()OpMeE IUIaHa C ONHMCAHUE LIENTU pabOThl, OCHOBHBIX MaTepHaioB M 000PYIOBAHUS,
SKCIEPUMEHTA U BBIBOJIA.

Ecnu cinymarens He BBIIOIHUI JJAOOPAaTOPHYIO pabOTy WIIM MPOIYCTUI €ro MO KaKOW-TO NMpUYMHE
(B ToM uyHcae U 1mo 60Je3HH), OH 00s3aH BO BHEYpOUHOE BpeMsl OTpadOTaTh €€ OTYUTAThCS Mepen
IIpEnoIaBaTelIeM, BEAYIUM 3aHsATHE B rpynne. [Ipn BOSHUKHOBEHUH TPYAHOCTEW NPHU U3YYEHHUH Kypca,
HEOOXOIUMO TMOCETUTh KOHCYJIbTALMIO TPENoJaBaTelis, BEAYLIEro 3aHATHA, B COOTBETCTBHM C
rpadMKOM KOHCYJIbTallMi, KOTOpBIH HMeeTcs Ha KadeApe  TEXHOJOIMM HPOAYKTOB IHTAaHHUS U

TOBAPOBCACHUA.



JlaGoparopuasi padora Ne 1
Tema: Kitaccbl HeOpraHu4ecKux coeIuHeHui

Ilenn Da60mbl: HSy‘-II/ITb XMMHYECKHE CBOIICTBA OCHOBHBLIX M KHCJIOTHBIX OKCHUIOB U MOJYy4YaCMbIX W3

HUX THUAPOKCHUIOB, HAYUUTHCA IIUCATb YPABHCHUA peaKHI/Iﬁ B MOJICKYJIIpPpHOM W HWOHHOM BHIC,
IIOJIYUYCHHUE U CBOMCTBaA aM(i)OTepHOl"O THAPOKCHUA, ITOJIYYCHHUE HEPACTBOPUMBIX B BOAC OCHOBaHHI.

Dopmupyemuie komnemenuuu: YK-1; OITK-2

Teopemuueckaa yacms: B Xxumuu Bce MHOrooOpa3ue HEOPraHMUECKUX BEILIECTB: IMPUHSITO Pa3/elisiTh

Ha JABC TIpyHnIiibl — IPOCTBIC H CJIOXKHBIC. HpOCTBIe BCIICCTBA MNOAPA3ACIAOTCA Ha MCETAJIbl U
HEMeTaJllIbl. A CIIOJKHBIE — Ha IMPOU3BOJHBIC OT IMPOCTLIX, O6pa3OBaHHBIe IMIYTEM HX BSaPIMO,I[efICTBI/ISI C
KHUCJIOpOAOM, BO,HOﬁ U MCXKIAY cOoOOH. 3Ty KHaCCI/I(i)I/IKaLII/IIO HCOPraHMYCCKUX BCHICCTB B BUAC CXCMBbI

U300paXkaroT CICIYIOIUM 00pa3oM:

['l[‘l!pl'ﬂl[l[‘l('fl{ll(' Beecrea
Y 1

[]pDCTbIE' BeMeCTBA Cloansie BOIECTRA
v ' ' : Y 1
Meraaaw Hemeraaae Orenam OcnoBanns Kuncaorni Coan
( warpmii { cepa , xaop, Ca0, 80, || NaOH, KOH, | | 1ICI, 11,50, ,| | KC1, Na] ICO,,
we e ) KHEIOpO ) co Fe( OH ]2 H“n[}_; MgOHCI

OKCHBI (oxucibl) - clIOXKHBIE BELIECTBA, COCTOAIIME U3 JABYX JIEMEHTOB, OJHMM M3 KOTOPBIX
ABJIS€TCA KHUCIOPOJ B CTENEHH OKHCIEHHs, paBHOH -2. O6mas (opmyna moboro okcuma - IxOy2.
Pasnuuaror coneobpasyromnue (ocHosueie: LioO, CaO, MgO ,FeO; amdorepusie: ZnO, Al20s, SnOy,
Cr203, Fe20s; kucnmorneie: B203 , SO3 , CO2, P20s Mn207) u neconeobpasyromue: N.O, NO, CO
OKCHJIbl. DJIEMEHTHI C IEPEMEHHON CTENEeHbIO OKMCIEHUS 00pa3yloT HECKOIbKO okcua0B (MnO, MnOy,
Mn20O7, NO, N203, NO2, N2Os). B BeicieM okcujie, Kak MpPaBHIO, dJIEMEHT HAXOJWUTCS B CTEIICHU
OKHCJIEHUS, paBHOM HOMepy rpymnmbl. [Io coBpeMeHHOW MEXIyHapOJIHOW HOMEHKJIAType Ha3BaHUS
OKCHJIOB COCTaBISIIOT CJIEAYIOUIMM O00pa3oM: CIOBO «OKCH]», Jlajlee PYCCKOE Ha3BaHHE DJIEMEHTa B
POJUTEIHHOM MaJIeXke, CTENEHb OKHCIeHUs IeMeHTa (ecau oHa nepemenHa). Hanpumep: FeO — okenp
xene3a (II), P.Os — okenn dpochopa (V).

OCHOBAHMS — cnoxxHbIe BEIIECTBA, B KOTOPBIX HA aTOM METAJIJIa MPUXOJUTCS OJHA UM HECKOJBKO
runpokcorpynn OH'. Ctenenb OKUCIIEHHs] aTOMOB MeTaiia 00baHo +1, +2 (pexxe +3). O6mas popmyrna
ocHoBaHuii Me(OH)x, rme X — 4YHMCIO THIPOKCOIpyNN — KHUCJIOTHOCTh ocHoBaHus. (MeOH -
onnokuciotHoe, Me(OH)z — nByxkucnoraoe , Me(OH)3 — TpeXKHCIIOTHOE OCHOBaHHUE).

HazBanust ocHOBaHUSIM JAIOT CIEIYIOMINM 00pa3oM: «THAPOKCUI», 3aTEM PYCCKOE Ha3BaHHe MeTalla B
POIUTEIHLHOM MaJIeXke, a B CKOOKaX PUMCKUMH IU(PpaMH — CTETIEHb OKHCIICHHS, €CIIM OHAa TIepEMEHHasl.

Hanpumep: KOH —ruapokcua kanus, Ni(OH)2 — ruapokcun aukemns(1l).



KHNCJIOTBI - cnoxxHble BEeEeCTBa, MOJIEKYJIbI KOTOPBIX COCTOSIT U3 OJTHOIO WJIM HECKOJbKUX aTOMOB
BOJIOPO/A M KHCIOTHOTO ocTatka. CoCcTaB KUCIOT MOXKET OBITh BhIpakeH o01ieit hopmynoit HiA, rae A
— KHCJIOTHBIA OCTaTOK. ATOMBI BOJIOpOJIa B KHCJIOTaX CIIOCOOHBI 3aMENIaThCsl MM OOMEHHBAThCS Ha
aTOMBI METAJIOB, IIPU ATOM 00PaA3YIOTCS COJIH.

Ecnu kucnora copepkuT OJIMH TaKOH aToM BOJIOpOJia, TO 3TO ogHoocHOoBHas kuciora (HCI - comnsnas,
HNOsz - azornas, HCIO - xnopuoBatucras, CH3COOH - ykcychas), aBa atoma Bojaopoaa -
IByXOCHOBHBIE KucnoTel: H»SOs — cepnas, H2S - cepoBomopomnas; Tpu atoma BOAOpOaa -
tpexocHoBHbIe: H3PO4 — oprodocdopnas, HsASO4 — opTOMBIIIBSIKOBASL.

B 3aBucHMOCTH OT cocTaBa KHCIOTHOTO OCTAaTKa KHCIOTHI MOJpa3aelisitoT Ha Oeckuciopoaubie (HaS,
HBr, HI) u xucnopoaconepsxkammue (H3POs, H2SOs, H2CrO4). B Monekymnax KucCIopoicoaepKaux
KHCJIOT aTOMBI BOJIOPO/a CBSI3aHBI Yepe3 KUCIOpOJ C HeHTpaibHbiM atomoM: H — O — O. HazBanus
OECKHCIOPOAHBIX KHCIOT OOpa3yIOTCsl M3 KOpPHS PYCCKOTO Ha3BaHMS HEMETalla, COSAMHUTEILHOU
TJIACHOW -0- W cinoBa «BogopomHas» (H2S — cepoBomopomnas). HasBanusi KHCIOpOJICOAEpKAIIAM
KHCJIOTaM JalT TaK: eCliM HeMmeTal (peXe MeTaul), BXOJSIIMHA B COCTaB KHCIOTHOTO OCTaTKa,
HAXOJUTCS B BBICIHICH CTENCHHM OKHCJICHHUS, TO K KOPHIO PYCCKOTO Ha3BaHHS JJIEMEHTa JTOOABJISIOT
cybduKchl -1-, -e6-, WU -06- U nanee okoHuanue -asg- (H2SOs — cepuas, HoCrO4 - xpomoBsas). Ecnu
CTENEHb OKHCJCHHS IIEHTPAJIBHOTO aromMa HIKe, TO ucmnonbdyercs cyboukc -ucm- (H2SOz —
cepuuctasi). Ecnu HemeTtann oOpasyeT psal KUCIOT, MCNoOnb3yloT u apyrue cypduxcer (HCIO —
xnopHosamucmast, HC102 — xnopucmas, HC103 — xnopuosamast, HClO4 — xn0puas).

COJIM — HOHHBIE COEIUHEHUS, COCTOAIIME M3 KAaTHOHOB METAJUIOB (WJIM aMMOHHMS) M AHHOHOB
KHCJIOTHBIX OCTaTKoOB. JII0OYI0 COJIb MOXKHO paccMaTpuBaTh KaK MPOAYKT PEaKIMH HEWTpaau3aiuu
OCHOBaHHUs KHMCJIOTOW. B 3aBHCHMOCTH OT TOro, B KAKOM COOTHOLIEHHWHU B3SIThl KUCIIOTa U OCHOBaHHE,
nojy4arotcs cou: cpeonue (ZnSOas, MgCl2) — npoaykT mosHO#M HeHTpanu3aui OCHOBAHHS KHCIOTOM,
kucnvre (NaHCO3, KH2PO4) — npu u3bobiTke kucioTsl, ochosHble (CUOHCI, AIOHSO4) — npu u30bITKE
ocHoBaHus. Ha3BaHus cosell Mo MeXIyHApOJIHON HOMEHKJIAType 00pa3yloT U3 JBYX CJIOB: Ha3BaHMS
aHMOHA KHUCJIOTHI B MMEHUTEIHHOM Ta/IeKEe M KaTHOHA METaUla B POJUTEIILHOM C YKa3aHHUEM CTETICHH
ero OKWCIICHHS, €CJIM OHA TIepeMeHHas, pUMCKON nudpoii B ckookax. Hanpumep: Crz(SOs)3 — cynbdar
xpoma (III), AICI3 — xnopun amomunusa. Ha3Banus KucibIx coyieit 00pa3yroT a00aBlIEHHEM CIIOBa
2uopo- Wik oueuopo- (B 3aBUCUMOCTH OT YHCIIa aTOMOB Bojopoja B ruapoanuone): Ca(HCO3z)2 —
runpokapOonar kaiabiusa, NaH2PO4 - aurunpodocdar natpus. Ha3BaHust OCHOBHBIX cojieil 00pa3yroT
N00aBlIeHUEM ClIoBa ecudpokco- wim oueuopokco- . (AIOH)Cl, — ruapokcoxiopua  aarOMHHUSA,
[Cr(OH)2]2SO4 - nuruapokcocynsdat xpoma(lll).

Oo0opyooearue u mamepuaivl:




PeaxTuBbl, HeOOXOMMMBIE JJIs1 JAHHOW paOOTHI, BRICTABIISAIOT HA MOJIKU Ja0OpaTOPHBIX CTOJNOB. Pemkue
PEaKTUBBI, KOHICHTPUPOBAHHBIC KUCIOTHI W MIENOYM, Maxydue BeUiecTBa (HAIpHMEp, CEpOBOIOPO,
OpoMHasi BoJa U Ap.) XPaHAT B BBITSHKHOM IIKady.

OcHoBHasi XUMHYECKasi MOcy1a: MPOOUPKH (B IUTATHUBE), KOJObI, XUMHUECKUE CTAKaHBI MOCIE PaOOTHI
TIIATEJIbHO BBIMBITH; BECHl C PA3HOBECOM, NPHUOOPHI, HCIONb3yeMas Uil TPOBEACHUS OTAEIbHBIX
71a00paTOPHBIX padoT, BBIAACTCA M CHACTCS YUCTas JJAOOPAHTY.

Texnuka bezonacnocmu npu_8blNOJIHEHUN J1A00PANODHOU_Padombl:

-aKKypaTHO 00paIaThCsi CO CTEKISTHHON XMMHYECKOW MOCYIOH. OCTATKU pa30HTOI mocyabl youparsh ¢
IIOMOIIBIO COBKA U IMIETKU,;

-Bce pabOThl, CBA3aHHBIE C BBIJCICHUEM SIOBUTHIX, JIETYYUX M HENPUATHONAXHYILIUX BEILECTB,
MIPOBOJIUTH B BHITSDKHOM IIKaQy;

-IIpU OTIPEACIICHUM 3araxa BEIIECTB OTBEPCTHE COCyJa JepkaTh Ha pacctosHun 25-30 cM OT JuIa,
HaNpaBisist K cebe CTPYIO ra3a MmocTynaTeIbHBIMH JBH)KCHUSMH JIAJIOHH OT OTBEPCTHS K JIHILY;

-IpYM HAJIMBAHUU PEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO H30€KaHHE IONajaHus OpbI3r WK
YaCTUI] HA JIMLIO WM OAEXKAY. IIPU pa30aBICHUH KOHLIECHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BOLY,
HO HE Ha000poT;

-TIpH HarpeBaHUM MPOOUPKH HE JePKaTh €€ OTBEPCTHEM K ce0e MM B CTOPOHY COCea. HE HAKIIOHSTHCS
Ha/1 HarpeBaeMoi XHJIKOCThIO BO M30€KaHHe MO aHus e€ Ha JIUIO0, PyKH WIH OJIeXKIY;

-ropsiYde MpeaIMeThl MOXHO CTaBUThb TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHMPOBAHHYIO CETKY HWIIH
APYTYIO CHEIHATIBHYIO TIOJICTAaBKY,

-HEeJIb3S TI0IB30BATHCS DIEKTPOIPUOOPaMH 0€3 COOTBETCTBYIOIIETO MHCTPYKTAXKa. MPH BKIIFOUYCHUN UX B
CeThb HeJNb3sl IepPIKaThCsl 3a METAITNYECKUE TIpeAMETHI (TpyObl, KpaHbl U T.I1.). 3allpelaeTcs BKI0YaTh U
BBIKJIIOYATh 3JIEKTPONPUOOPHl MOKpPBIMH pPYKaMH, a TaKKe IOJIb30BAThC HEHUCIPABHBIMU WU
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPaMH;

-3aIpelaeTcsi PUHUMATh MUILY B XUMUYECKON J1a00paTopuu U MUTh BOAY U3 TaOOPaTOPHON MOCYABL. -
-KaTeropHYECKH 3arperaeTcs npooboBaTh peakTHBBI Ha BKYC;

-IpH TIOTAJaHUM Ha JIMLO WIM PYKH OpPBI3r KOHIIEHTPUPOBAHHBIX KHUCJOT IOCJIE CMBIBaHUS BOJOU
MIPOMBITH CITa0BIM PAaCTBOPOM COJIBL. IIENOYh CIEAYyeT CMBIBATh IO TE€X IO, MOKA y4acTOK KOXKH, Ha
KOTOPBIN OHA TIOMaJa, He MepPecTaHeT ObITh CKOJB3KUM; 3aTEM MPOMBITh CIIA0BIM PAacTBOPOM YKCYCHOMU
KHUCJIOTHl U HAJIOXKUTh TOBSA3KY W3 BaTbl, CMOUYEHHON 3%-HBIM pacTBOpPOM IepMaHraHata Kaimus (U3
anTeyku B TabopaHTCKOU Kadeapsl);

-110 OKOHYAHHWH Pa0OTHI BHIKIIOUUTH U3 CETH BCE AJIEKTPOIPHOOPHI, MIEPEKPHITh T0ady ra3a U BOIBI B
nmabopaTopuro U yoparh pabodee MecTo;

-000 BCeX HECYACTHBIX CIydasX HEMEJIEHHO COOOIIaTh MPEeno aBaTesio Wil JabopaHTy.

Ilpakmuueckasa uacmo:




OmnbIT Nel. KucinoTHO-0CHOBHEIE CBOMCTBA OKCHIOB

PactBopute B BoJe B OJHON IpOOHMpKE OKCHUJ Kajablus, B JPYroil - Auokcun yrieponaa. B mepsyro
npobupky nob6aBbTe menoTrky nopomka CaO, 2-3 M JUCTUITMPOBAHHOM BOJBI M B30odTaiiTe. Bo
BTOPYIO MPOOUPKY € 3-5 MJI AMCTHILTMPOBAHHOM BOJBI mpornyctuTe Tok CO2 u3 GajioHa WK anmnapaTa
Kunma. B xaxnyro npobupky no0aBbTe 2-3 Kaluld JIakMyca M IO LIBETY HMHJUKATOpa OINpeAeNuTe
XapakTep MNOJy4EeHHOro pacTBopa. Caenante BbIBOJ O KUCIOTHO-OCHOBHBIX CBOMCTBAX JAaHHBIX OKCHUIOB
U IONY4YEHHBIX ruapokcunoB. Hammmmre ypaBHeHus peakumil. HMcecnenyiite B3aumonencTBUE
pacTBOPEHHBIX THAPOKCUIOB IPYT C APYTOM U C PaCTBOPOM CEPHON KHUCIIOTHI.

OnbIT Ne2. KucioTHO-OCHOBHBIE CBOMCTBA THAPOKCUIOB

K pactBopam coseit NiSOs u NapSiOsz (2-3 mi) mobaBbre Takoe e KoiuuecTBo ménoun (NaOH) u
kuciotel (HCI). [lpu BeImageHnn OCagKoB TPYTHOPACTBOPUMBIX THUAPOKCHIIOB HUKEIS M KPEMHHUS
YCTAaHOBUTE UX KHUCIOTHO-OCHOBHbIE cBoMcTBa, nmpubaBisas k ocaakam HCl wu NaOH. Hanumwre
YpaBHEHHUs peakuil B MOJIEKYJIIPHOM U HOHHOM BUJE.

OnbiT Ne3. [Tonydenue u cBoiicTBa aMm(pOTEpHOT0 THAPOKCUIA

B npobupky nHaneiite 2-3 mMu pacTBOpa XJIOpUIa XpoMa WM XJIOpHAa altoMHHHS (TI0 BBIOOpPY) U 1O
karssM npubasisiite pactBop ménoun (NaOH wmmu KOH) mo oOpa3oBanmsi yCTOWYHMBOTO OCajKa.
Pa3znenute ocafok Ha Be NPOOUPKHU: B OJHY NPUIIEUTE pacTBOP IIEIOUH, B IPYTYIO - paCTBOP KUCIIOTHI
710 pacTBOpeHMsI ocasika. CuenaiTe BBIBOJ, COCTABbTE YPABHEHUS PEAKIUM.

OnbiT Ne4. [TonydyeHne HEpacTBOPUMBIX B BOIE OCHOBAHUM

B otnenpHBIE poOHpKU HayelTe mo 2-3 MII pacTBOPOB XJIOPHAA Kele3a, cyibdaTa Meau U cyibdara
Maraus. [lpuneiite B kaxayro NpoOUpKyY Mo KaruisaM pacTBop ménoun. CocTaBbTe ypaBHEHUS PEaKIIHiA,
OTMETBTE IBET BBINABIINX OCAJKOB.

OmnpiT NeS. KrciioTHO-0CHOBHBIE CBOMCTBA COJIEN

A. CpoiicTBa Kucioi coiu. [[nst nmomydeHus KUCION COJNM MCHOJIb3YHTE pacTBOP TMIPOKCHIA KaIbIUs
win Oapus ¥ AMoKkcu yriepoja. Kakoi u3 ykazaHHBIX peaKTUBOB CIEeIyeT B3sTh B M30bITke? OOpatute
BHUMaHME Ha TO, YTO Npu nporyckanuu Toka CO2 yepe3 pacTBOp I'MIpOKCHIA BHadaie oOpaszyeTcs
0CaJOK CPEJHEHN COJM, KOTOPBIM MpU AaJbHEHIIEM MPOIYCKaHUU JUOKCHIA YIJIEpOJia PACTBOPSIETCS U
MEePEXOUT B PACTBOPUMBIN THApokapOoHar. CocTaBbTe ypaBHEHUs peakiuil. YeMm HyXHO
nozencTBoBaTh Ha ruapokapOoHar (pactsopoM HCl nnm NaOH), utoObl mepeBecTu ero CHoBa B 0CaJIoK
cpenHei conu?

B. CBoiictBa ocHOBHO# cosn. {1t MosydyeHHUsl OCHOBHOW COJIM MCHOJB3YWTE pacTBOp cyibdaTa Meau,
noGaBisisi K HeMy mo KamisiMm pactBop NaOH u mepemernnBasi colep:kUMoe MPOOHPKH CTEKISIHHON
najoukoi. [Ipu HemoctaTke mEénoun oOpasyeTcss O0caloK OCHOBHOTO cynbdara Mmenu. Kakoro msera

3TOT OCAJIOK, M KakoB cocTaB conu? Ilpu nanpHeimemM npubaBieHuy MENOYH U3MEHSETCS [BET OCaIKa



(Ha kako#?) B CBsA3M C oOpasoBanueM ruapokcuaa. CoctaBbTe ypaBHEHHsS peakuuid. OT4€T MO
nabopaTopHoi paboTe oopMHUTE HA IBYX Pa3BEPHYTHIX JUCTAX TETPAIH (JJaOOpaTOPHOTO KypHAJIA).

Tpebosanua Kk ohopmaenuro 1a60pamopHou padbomol U OMuUemy:

1.BeimonHeHne 1a00OpaTopHBIX pabOT CONMPOBOXKIAIOT 3amHucsiIMU B JabopaTopHOM >kypHasie. Ha
TUTYJIBHOM JIUCTE J1a0OPAaTOPHOIO >KypHala JOJDKHBI OBITh IPEJCTABICHBI: Ha3BaHHE YHMBEPCHUTETA,
(bamMuIus 1 MHULMAJIBI YYallerocs, HOMep Kypca U IpyIibl, y4eOHbIN TOA.

2.0T4eT 0 BBHIMOJHEHHOH J1a00paTOpHOI paboTe JOIKEH COAEPKATh CISYIOIINE CBEICHHS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBIIIOJHEHUs PalboThI;

*IICJIb PaOOTHI;

*000pyI0BaHUE M MaTEPHUAIIBI;

*KpaTKO€ TEOPETUYECKOE OMUCAHNE;

*HOMEp M Ha3BaHUE OIBITA;

*KpaTKO€ ONMCaHUe X0Ja paboThl ¢ yKa3aHUEM YCIIOBUH MPOBEJCHUS OIIbITA;

*PUCYHKH M CXEMbI HUCIIOJIb3YEMbIX IIPUOOPOB;

*Ha0JIFOICHM,

*ypaBHEHUS MPOTEKAIOUINX PEaKIIHii;

*pacuéThl, TAOIUIBI, TPAPUKH;

*BBIBO/IB.

3.JIaGopaTopHBIii KypHaI HY>KHO BECTH YHCTO U aKKYpaTHO, 3aIFCH JOJDKHBI OBITh TAKOHUYHBIMH.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBACT NPENOJABATENb.

5K cpaue 3au€ra mo 1mabopaTOpHOMY MPAKTUKYMYy JIOMYCKAIOTCS CTYACHTHI, BBINOJHUBLINE WU
MOJINMCABIINE Yy MperojaBaTeliss Bce JOMallHWE U JabopaTOpHble pabOThl, CAABIINE KOJUIOKBUYMBI,
aKTHUBHO y4acTBOBABIIIKE B pab0OTEe CEMHUHAPOB.

6.CTyneHThl, TOMYYHBIINE 3a4€T TIO JIAOOPATOPHOMY MPAKTUKYMY, JOITYCKAIOTCS K c/Iade IK3aMeHa 1o
KypCy HEOPTaHU4ECKOH XUMHH.

Konumponwvnsie gonpocet :

. OCHOBHBIE KJIaCChl HEOPraHUYECKUX COeAMHEHN. MexXayHapoJHas HOMEHKIIATYpa.
OKcuIbI ¥ THAPOKCUIBI XpOMa

. Enxue menoun

1

2

3

4. Conu HATpUA U Kaaus
5. OOwias xapakTepUCTUKa MOATPYIIIbI OepuilIns

6. Kampuwmii. Haxoxxnenue B npupoje, Gu3ndeckrie, XHMHIECKUE CBOMCTBRA.
7. Oxcua v THAPOKCU]T KAJTbLIUS

8

Coinu Kanpnus



JlaboparopHasi padora Ne 2
Tema: OnpenesieHne JKBUBAJEHTHOH MAaCChl IUHKA

Ieny padompr: V3yuuTh YCTAaHOBKY M METOAMKY OIPEICICHUS SKBUBAJICHTHOW MAacChl IIMHKA IO

KOJIMYCCTBY BOAOPOAA, BEIACIIAIOIICTOCA B XO0A€ PCAKIIUU [IMHKA C COJISTHOM KHCIIOTOM.

Dopmupyemvie komnemenyuu. YK-1; OIIK-2.

Teopemuueckas uacmo:

W3 3akoHa MOCTOSIHCTBA COCTaBa, KPAaTHBIX U OOBEMHBIX OTHOIIEHUH CIEAYeT, YTO OSJICMEHTHI
COCIUHSIIOTCS APYr C JAPYrOM B CTPOTO OMPEICIICHHBIX KOJIMYECTBEHHBIX COOTHOIICHHUSX, KOTOPHIC
HA3BIBAIOT DKBHUBAJICHTAMHM WM OSKBUBAJICHTHBIMH MaccaMu. Jlnsi ompenencHus SKBUBAJICHTOB U
SKBHBAJIICHTHBIX MAacC HY>KHO 3HaTh, YTO TAaKO€ MOJb W MOJIbHasg macca. Mo/b- 3TO KOJIUYECTBO
BEIIECTBA, B KOTOPOM COAEPKUTCS YUCIIO YaCTUIL JIFOOOTO ONpPEAeNsieMOro copTa, paBHOE IMOCTOSHHOMN
Asorazpo (6,02 -10%%). Hanpumep: 3 '10%* monekyn Bozmsl cocTaBsat 5 mMonb. Monvhas (Monapnas)
Macca BEUIECTBA B rpaMMax YHCICHHO paBHA €ro OTHOCHUTEIIBHON MOJICKYJSIPHOW (aTOMHOI) macce,
BBIPQKCHHOW B aTOMHBIX €IMHHUIIAX Macchl (a.e.M.). Macca 1 Mous BelecTBa BBIPAXKAeTCsl B T/MOJIb.
Hanpumep: momnspaas macca H2O u atomHas Macca KUCIOpoJa COOTBETCTBEHHO paBHbI 18 u 16 a.e.Mm.,
WX MOJIBHBIE MacChl paBHBI 18 1/Mob U 16 r/MOIIb. IKEUBAIEHMOM IIEMEeHMa HA3BIBACTCS TAKOE €0
KOJIMYECTBO, KOTOPOE COCHMHSETCS 1C MOJeM aTOMOB BOAOPOJA WJIM 3aMEMIaeT TO K€ KOJUYEeCTBO
aTOMOB BOJIOpoJa B XxuMHueckux peakiusx. Hanpumep, B coenunenusx HBr, H2O, PH3 skBuBaneHTs
Opoma, kucrnopoaa, ¢ochopa cooTBeTCTBEHHO paBHBI 1 Monb, 1/2 Monb, 1/3 mMonb. Macca omHOTO
SKBHBAJICHTA HA3BIBACTCS €T0 JIKeUBANeHMHOU Mmaccou. Tak, B TPUBEACHHBIX BBINIE IpPHMEpax,
SKBUBAJICHTHBIE Macchl Opoma, Kuciaopoaa, gocdopa cOOTBETCTBEHHO paBHBI 79,9 r/monb, 16:2 = 8
r/Moab, 31:3= 10,3 r/MONb. IKEUEAIEHMOM C/I0IHCHO20 BeUieCH8a HA3BIBACTCS TAKOE €TI0 KOJIUYECTBO,
KOTOpOE B3aUMOJICHCTBYET 0€3 OcTaTKa C OJIHUM 3KBUBAJICHTOM BOAOPOJA WJIHM C OJHUM SKBUBAICHTOM
m000ro Ipyroro BemiecTBa. PacueTsl, CBA3aHHBIE C OMpPEIelIeHHEeM SKBHUBAICHTHBIX MAacC, MPOBOJSATCS
0 3aKOHy 2JK6UealeHmos:. Macchl (00BEMBI) pEarupylommx JIpyr C JPyroM BEIIECTB,

MPOMOPLMOHANIBHBI HUX SKBUBAJICHTHBIM MaccaM (oO0beMaM). MareMaTH4eCKH 3aKOH BBIPAXKAETCS

3aBUCHUMOCTBIO:
m m V. V.
—L =—2  yaudnsa 2azoe l =2
3 1 32 ijs.l VJKe. 2

rae: m, (V) - maccol (00beMbl) pearupyromux BeIIecTB;
3, (Vsks.) - 5KBHUBAJICHTHBIE MacChl (00BEMBI).

DKBUBAJICHTHYIO MacCcy IPOCTOrO BEIECTBA MOXHO BBIYMCIUTH MO hopmyie:




rac Mr - MOJIbHas1 Macca atToMa 3JIEMCHTA,

B - BajIeHTHOCTD dJII€MEHTA.

Tak, HarTpuMep, SKBUBAJIEHTHBIE MACChl BOJOPOAA U KUCIOPOJAa COOTBETCTBEHHO PABHBI:
1 16
Oy :i =12/ monb o :E =8 2/ monb

DOKBUBAJICHTHBII 00bEeM ra3a MOXHO BBIYUCIHUTD 110 hopMyIie:

_9 M
e =004

TaK, HAIpuMeEp, SKBUBAJICHTHBIC 00BEMBI BOOOpOJa U KHCJIOpOJa COOTBETCTBCHHO PaBHBI:

12 =11,21/ monb e 192
° 224

e = =5,61/ Monb
" 224

OKBHUBaJIEHTHBIE MACCHI CJIOKHBIX B€IICCTB MOXXHO BBIYHCIIUTH I10 q)OpMYJIaMI

— M okcuda  — M " +8 — M Kuctombl —1 4 KUCA.OCMamxa
okcuda 2 - B Kucaombt - B
nO nH Kuca.ocmamka
3 — MO(‘HOG(IHUH — Mr + 17 3 — Mcmu — Mr + MKUC/LOCH!(IHJKH
ocHoeaHus - B cowr B i - B B
nOH Me nMe Kuca.ocnamka

No, NoH, NH, NMe — YHMCIIO aTOMOB KHCJIOPOAA, THIAPOKCHIBHBIX T'PYyHI, aTOMOB BOJOpPOJa, METaljia
COOTBCTCTBECHHO B OKCHAC, OCHOBAHHWH, KHUCJIOTC, COJIH, B - BaJICHTHOCTD, 8 — DKBHBaJICHTHAs Macca
KucJjopoaa, 1 — skBUBaJIEHTHAs Macca BOOOpOaa, 17 — oKBUBaJICHTHAsI Macca FHHpOKCHHBHOﬁ TPYIIIIBI.

Obopyoosanue u mamepuaiol:

PeaxTuBbl, HEOOXOAUMBIE NIl JAHHOW PaOOTHI, BHICTABIISAIOT HA MOJKU Jab0paTOpHBIX CTOJIOB. Penkue
PEaKTHUBbI, KOHLIEHTPUPOBAHHbIE KUCIOTHI M INENIOYM, Naxyyhe BellecTBa (HampuMmep, CepoBOJOPO],
OpoMHas BoJia U Ap.) XpaHAT B BBITSXKHOM IKaQy.

OcHoBHasl XUMUYecKasi Mocya: NpoOUPKH (B IITATHBE), KOJObI, XUMUYECKUE CTaKaHbI MOCJIE pabOThI
THIATEJILHO BBIMBITH, BECHl C Pa3HOBECOM, IMPUOOPHI, MCIONb3yeMasl JUIsl NMPOBENEHUS OTIENbHBIX
a00paTOPHBIX padOT, BHIAETCS M CHACTCS YHCTas TAOOpaHTY.

Texnuka bezonacnocmu npu_8blNOJIHEHUU J1AD0PAMOPHOU_Dadombl:

-aKKypaTHO 00pamaThCsi CO CTEKISTHHOW XMMHUYECKON MOCYI0i. OCTaTKH pa3OMTOM MOCyAbl yOupaTh C
IIOMOIIBIO COBKa M MIETKU,

-BC€ palOTHI, CBSA3aHHBIE C BBIJICICHUEM SJIOBUTHIX, JETYYUX W HEMPHUATHOMAXHYIIMX BEIIECTB,
MIPOBOJANTH B BBITSHKHOM IIKady;

-IIpU ONPEACIICHUH 3araxa BEIECTB OTBEPCTHE COCyJa Jep:KaTb Ha pacctosHuu 25-30 cM OT nuna,
HarpasJsisg K ce0e CTPYIO ra3a mocTynaTeIbHBIMH JIBFXKCHHSIMU JIAJIOHU OT OTBEPCTHS K JIUILY,

-TIpY HAJIMBAaHUHM DPEAKTUBOB HE HAKJIOHATHCS HAJ COCYJOM BO H30eXaHWE TMOmajaHus OpbI3T WU
YaCTHUII Ha JINIIO WIHA OACKIY. IPU pa30aBICHUH KOHIIEHTPUPOBAHHBIX KUCIIOT BIUBATH KUCIOTY B BOAY,

HO HE Ha00O0pOT;



-TIpY HarpeBaHUM MPOOUPKH HE JIePKaTh €€ OTBEPCTHEM K ce0e MM B CTOPOHY COCea. HE HAKIIOHSTHCS
HaJI HarpeBaeMoi KHJIKOCTHIO BO H30€KaHKE TIOAIaHus €€ Ha JTUI0, PYKH WIH OJICKY;

-TOpsSiYUE TPEIMEThl MOXXHO CTaBHTh TOJBKO Ha acOECTOBBIM KapTOH, acOCCTUPOBAHHYIO CETKY WIIH
APYTYIO CHEIHATIBHYIO TIOJICTAaBKY;

-HEJIb3S1 TI0JIH30BATHCS AIIEKTPOIPUOOPaMHU 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXA. MPH BKIIFOYCHUU UX B
CETh HEJb3s ICPIKATHCS 32 METALUTUYECKUE TIPEAMETHI (TPYObI, KpaHBbI U T.I1.). 3aMPEIIAeTCs BKIIIOYATh U
BBIKJTIOYATh 3JEKTPONPHOOPHl MOKPBIMH pPYKaMH, a TaKXKe IO0JIh30BaThCS HEHWCIPABHBIMH HITU
MMEIOIIIUMU OTOJIEHHBIC TIPOBOIA TPHOOpaMU;

-3anpeaeTcs MPUHUMATh THIY B XUMHYECKOW J1ab0paTopuu U MHUTh BOJY U3 JIA0OPATOPHOM MOCYIBI. -
-KaTerOPHYECKH 3arpelnaeTcs MpoooBaTh pEaKTHBBI Ha BKYC;

-TIpY TIOTIAJ]AaHWK Ha JIMIO WU PYKU OpBI3T KOHIEHTPUPOBAHHBIX KHCJIOT TIOCIE CMBIBAHUS BOJIOM
MIPOMBITH CIa0BIM PACTBOPOM COJIBI. IIETOYB CIEAYET CMBIBATh JIO TEX IMOpP, IMOKA y4acCTOK KOXH, Ha
KOTOPBIM OHA TOMaJia, HE MePECTAaHET OBITh CKOJB3KUM; 3aTEM MPOMBITH C1a0bIM PaCTBOPOM YKCYCHOM
KHCIIOTHI U HAJOXHUTh TOBS3KY U3 BaThl, CMOUYEHHOW 3%-HBIM PAacTBOpPOM IepMaHraHaTa Kajus (u3
anTeYKy B JaOOpaHTCKOU Kadeapsl);

-110 OKOHYaHUH PaOOTHI BEIKIIOYUTH U3 CETH BCE JJICKTPOINPHOOPHI, MEPEKPHIThH MOJady Ta3a U BOABI B
naboparopuro u yoparh pabodee MecTo;

-000 BceX HECUACTHBIX CIy4yasX HEMEJIEHHO coo0IIaTh MPENoJaBaTeN0 UITU 1a0OpaHTy.

Ilpakmuueckas wacmo:

DOKBUBAJIECHT IIUHKA OIPENENSIOT 10 KOJUYECTBY BOJIOPO/AA, KOTOPHIN BBIAENISIETCA B XO/A€ PEAKIUH: Zn
+ 2HCI = ZnCl2 + Ha. Pacuét mpoBoasT COTrfIaCHO 3aKOHY 3KBHBAJICHTOB 110 (hopMyIIe:
» OH ,
Oz;m= ———
Mu2
rae  Ozn — DKBUBAJCHT LIUHKA;
OH — DKBHBAJIECHT BOJOPOJA, PaBHBIN |;
Mzy— Macca IUHKa, I ;
MH2 — Macca BoJopoaa, T .
Pa0oTy BBIMONHSIOT B TAKOW MOCTIEI0BATEIHHOCTH:
1. B3Becutp rpanyny I1uHKa, €€ wmacca jgomkHa ObiTh 0,2-0,3 © (TOYHOCTH B3BEUIMBAHMS Ha
TeXHUYECKHUX Becax JojnkHa ObITh + 0,01 1).
2. Onpenenuth 00bEM 00pa3yroIIerocs BOAOPOIa MPUOOPOM (CM. PUCYHOK):
Jly1g 3TOrO 3amoiaHUTh BOJOM A0 ropiaa konly 1. [ImoTHo BetaBUTh mpoOKy 2 B ropio KoyObl. CHATh
M30THYTYIO MPOOHPKY 3. OTKPBITH 32KHUM 6, 3aIIOJIHUTH TPYOKY 5 BOJOM; 3aKphITh 3aXuM. [IpoBeputh
TepPMETHYHOCTH MPUOOpa: MIOTHO HANETh MPOOUPKY 3, OTKPBITH 3aKUM, H, €CJIH BOJA HE BBITEKACT U3

TpyOKH 5, TO mpuOOp repMeTuyeH. 3aKphITh 3aKUM, BBUIUTH BOY U3 MPUEMHON CKISHKH 7. BopoHKoit



3QJIUTH JI0 TTOJIOBUHBI B IPOOUPKY 3 PacCTBOP CONSTHON KHCIOTHI (KOHIICHTPAIIUS COJISTHOM KUCIOTHI 1:1).
[TonokuTh Ha COTHYTOE KOJIEHO MPOOUPKH B3BEIICHHYIO TIpaHyly LUHKA. [[10THO mpucoennHUTh
npoOupKy, HaZeB Ha MPOOKY B TpyOke 4. OTKPBITh 32KUM 6, U, HAKIIOHUB TPUOOP, CTOJIKHYTH TPAHYITy
B pactBop HCI. Beiensttomuiicst Bogopos OyaeT BHITECHATh BOAY U3 KOJObI 1 B cTakaH 7.

[Tocne oxoH4aHus peakiuu (Temreparypa pacTBopa B MpoOUpKe JOKHA ObITh paBHA KOMHATHOM)
U3MEpUTh 00bEM BOJBI B CTaKaHe 7 MEPHBIM LIMJIMHAPOM, 3amucaTh Temieparypy t® C u atmocdepHoe
nasienue P.

[To popmyne MenaeneeBa-KiaiinepoHa onpeaenuTs Maccy MOJTYy4EHHOTO BOJAOPOIA:

py =MRT
M
rae R — 8,3144 Jl/monneK.
Tak xak B KoJI0€ ra3 COEPKUT BOJIOPOJ U TAphl BOJIBI, TO 00IIIee JaBiieHne ra3a B konoe P = P2 + Ph2o,
otkyna P2 = P - Ph2o. JlaBnenue nmapoB Bojbl 3aBUCUT OT TemnepaTypbl. HeoOXxoumble 1aHHbIE B3SITh

U3 TaOIULbL.

T,°C 17 18 19 20 21 22 23 24 25 26

PHeo, 1,93 2,06 2,20 2,22 2,48 2,64 2,84 2,99 3,17 3,36
klla

VYcnoBus 1 pe3yabTaThl ONbITa 3aIMCaTh B JAOOPATOPHOM KypHaje B TaOIHILY:

Macca V, T,°C P PHzo, Phe,

Mmerajia, T MJI klla klla klla

ITocne onpenenenust Maccel BOAOpoaa mo Gopmyiie (2) paccuntaTh SKBUBAJICHT LWHKA 1o popmyre (1).
O06s3arenbHO ONPEeTUTh OTHOCUTEIBHYIO OIIUOKY OIbITA:

32,68 = SZn(n) *100% ,
Omunbxka, %= W

rac 32,68 — TCOPCTUUCCKOC 3HAYCHNC SKBUBAJICHTA ITUHKA.

Tpebosarnua Kk oghopmaenuro 1a00pamopHou padbomol 4 omuemy -

1.BemonHenne nabopaTopHbIX pabOT COMPOBOXKAAIOT 3amUcsIMH B JlabopaTopHOM KkypHane. Ha
TUTYJIBHOM JIMCTE JTA0OPAaTOPHOTO JKypHAaJa JOJDKHBI OBITH MPEINCTABIICHBI: Ha3BaHHE YHHBEPCHTETA,
(bamMuIusa 1 MHUIHMAJIBI YYalerocs, HOMep Kypca U IpyIIbl, y4eOHBIH TOI.

2.0T4eT 0 BBHIMOJHEHHOH 1a00paTOpPHOI paboTe JOIKEH COAEPKaTh CISYIOIINE CBEICHUS:

*HOMEp paboThI U €€ Ha3BaHHUC,

*J1aTy BBINIOJHEHUS paOOTHI;




*IICJIb PaOOTHI;

*000pyI0BaHKE M MaTEPUAIBL;

*KpaTKO€ TEOPETUUECKOE ONHCAHUE;

*HOMED U Ha3BaHUE OIbITA;

*KpaTKoe OMHCAaHKE X0Ja paboThl C yKa3aHUEM YCJIOBHI IPOBE/ICHUS OIIbITA;

*PUCYHKH U CXEMbI UCTIOJIB3YEMBIX PUOOPOB;

*Ha0JIFOICHMS,

*YypaBHEHUS IPOTEKAIOLINX PEAKIIMIA;

*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IbI.

3.JIaGopaTopHBIii KypHaI HYy>KHO BECTH YHCTO U aKKYpaTHO, 3aIMCH JOJDKHBI OBITh TAKOHUYHBIMH.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBAET MIPENOABATENb.

5.K cpmaue 3auéra mo sabopaTOpHOMY NPAKTUKYMY JOMYCKAIOTCSI CTYJCHTHI, BBINOJIHUBIIME U
MOAMNKCABIINE y TPEnojaBareis BCe JIOMAIllHWE U JIabopaTOpHbIe pabOThl, CHABIINE KOJJIOKBUYMBI,
aKTMBHO Y4aCTBOBAaBIIKE B pabOTe CEMUHAPOB.

6.CTyneHThl, TOMYYHBIINE 3a4€T 1O JIAOOPATOPHOMY IPAKTHKYMY, JTOIYCKAIOTCS K C/1ade K3aMeHa 10
KypCY HEOPTaHUYECKOW XHUMUHU.

Konmponawvnwie eonpocot :

1.0THOCHTEILHAS aTOMHAs Macca

2.0THOCHTETbHAS MOJICKYJISIpHAs Macca

3.Moute. Monsipaast Macca

4. Xumuueckue 3Haku, (GOpMYIIbl U YpaBHEHUS
5.Xumunueckue peakuuu. Knaccudukarus peaxiimii.

6.3aK0H cCOXpaHEHHS MacChl BEIIEeCTBA

7. 3aKOH IOCTOSHCTBA COCTaBa

8.I'a3oBbIe 3akoHBI. 3aK0H ABoraapo. MomnspHbIil 00beM raza
9.0tkpeiTe [I.11. MenaeneeBbIM MEPUOIMIESCKOTO 3aKOHA

10. IMepuoanueckas cucrema JI.11. Menneneera

JlabopaTopnasi paGora Ne 3
Tema: Onpenenenue MoJIEKYJIAPHON Macchbl JUOKCHIA YIJiepojaa

Henv padomwpr: OrmipeneneHue MOJIEKYSIPHOM Macchl JMOKCHIA YIJIepoJa IO Macce KOJIOBI

3anosHeHHoM Ta3om (CO2) moiw3ysick ypaBHeHHEM MenneneeBa — Kianeiipona.

Dopmupyemvie _xomnemenyuu: YK-1; OIIK-2.

Teopemuueckan uacmo:




MonekynsipHasi Macca, CyMMa MacC aTOMOB, BXOJSIIMX B COCTaB JaHHOM MOJIEKYJIbI; BBIpaXKaeTcs B
aTOMHBIX eIMHMIAX Macchl (a.e. M.). ITockonbKy 1 a.e.M. (MHOTIA HasbpIBaeMas JanbToH, D) paBHa Y12
MacChl aTOMa HYKJIUJa 2C u B egunmmax maccst CU cocrasiser 1,66057:10%7 kr, To YMHOXEHHE
MOJeKyNspHO# Macchl Ha 1,66057-10%7 nmaeT aGCcOMOTHYIO Maccy MOJIEKy/lsl B Kujorpammax. Yamie
MOJIB3YIOTCS Oe3pasMepHOl BETHUUHON Mo - OTHOCHTEIILHOU MOJIEKYISAPHO# Macchl: Mo =My/D, tae
My -macca MOJIEKYJIbI X, BRIpQXKEHHAS B TEX K€ €AMHHIIAX Macchl (KT, T WM Jp.), 4TO U D. MosekymspHast
Macca XapakTepu3yeT CPEIHIOI0 MAacCy MOJEKYJIbl C Y4ETOM H30TOMHOTO COCTaBa BCEX A3JIEMEHTOB,
00pa3ymoIuX JAHHOE XUMUYECKOe coeAnHeHHE. IHOTIa MOJIEKYIISIPHYIO MAcCy OMPEIEISIFOT Il CMECH
pa3IMYHBIX BEIIECTB M3BECTHOIO COCTaBa, Hampumep sl Bo3ayxa "d(pGheKTUBHYIO" MOJIEKYISPHYIO
Maccy MOXKHO IPUHATH paBHOH 29. AOCOIIOTHBIMU MaccaMu MOJIEKYJ YI00HO ONepupoBaTh B 00JIaCTH
(GU3UKN CyOaTOMHBIX IPOILIECCOB M PATUOXUMUU, TJ€ MyTEM HM3MEPEHUS YHEPrUU YaCTHIl, COTJIACHO
TEOPUH OTHOCUTEIBHOCTH, OTMPENEISAIOT X aOCOMIOTHBIE MacChl. B XUMHUM U XUMUYECKON TEXHOJIOTUU
HEOOXOIMMO TPUMEHSATh MAKpPOCKOIMYECKHE CAMHHIIBI W3MEPEHHUS KOJHMYECTBa BerecTBa. Uwcio
TOOBIX YaCTHUIL (MOJIEKYJ, aTOMOB, JIEKTPOHOB WJIM MBICIICHHO BBIJEISEMbIX B BEIIECTBE IPYIIN YACTHII,

nanpumep nap unoHos Na* u Cl B kpucrammy. penrerke NaCl), paBHoe ABoraapo moctosHHoi Na =

6,022:10%, cocTaBnsieT MaKpOCKOMHYECKYI0 €IMHHUILYy KOJNHMYECTBA BEIIECTBA - MOJL. Torna MOXKHO

sanucath: Mo = MyxNa/(D'Na), To ecTh OTHOCHTENbHAs MOJICKYJSIpHAsT Macca paBHA OTHOIICHHIO

MacCChbl MOJIA BCIICCTBA K NaD. Eciin BCIIECTBO COCTOUT U3 MOJICKYJI C KOBAJICHTHLIMU CBA3AMU MCKIAY

COCTABIIIIOUIMMHU HX aTromMaMmu, To BenuunHa MyxNa mpenacrtaBinser coOOl MOJSPHYIO Maccy 3TOro
BELIECTBA, €IUHUIBI W3MEPEHUS] KOTOPOW Kr-mMojb (Kuiomoisb, KM). [l BemiecTB, HE coaep aiinux
MOJIEKYJI, @ COCTOALIMX M3 aTOMOB, MOHOB WJIM pPaJUKaJOB, OHpenesseTcs (hopMyibHas MOJIIpHAs
Mmacca, To ecTb Macca Na YacTHIll, COOTBETCTBYIOIIMX NPUHATON (hopMmyie BemecTBa. PaHee B XUMUU
UCIOJIb30BAJIM IMOHATHUS TPaMM-MOJIEKYJa, FPaMM-aTOM, I'PaMM-HOH, TENEPb - MOJb MOJIEKYJ, MOJIb
aTOMOB, MOJIb MOHOB, nojpazymeBas moJ 3TuM Na MoJekyn, aTOMOB, HOHOB M COOTBETCBEHHO HX
MOJIIpHBIE MacChl, BRIPAXKEHHBIE B TpaMMax WM KWiorpammax. TpaguliMOHHO YHOTPEOISIOT B KaUeCTBE
CMHOHMMA TEPMHH "MOJEKYJSAPHBIA (MOJIIPHBIN) Bec", TaK Kak ONpPENEIEHUE MAacChl MPOU3BOAUTCS C
noMoInkko BecoB. Ho, B oTaMuue oT Beca, 3aBUCSILIETO OT reorpaguueckux KOOpJUHAT, Macca sBISeTCs
MIOCTOSIHHBIM TapaMeTpPOM KOJIMYECTBA BelIeCTBA (IIPU OOBIYHBIX CKOPOCTSIX IBMIKEHMS YacTUIl B

YCIIOBUSIX XUMUYECKUX PeaKIuii), I03TOMY ITpaBUJIbHEE TOBOPUTH ""MOJIEKyJIspHas Macca'.

Metoabl onpeaenenus. HMcropuuecku mepBbliii Meron (oOocHoBaHHBIM uccnepoBaHusMu C.
Kannunuapo u A. Aporajapo) npemioxer K. [roma B 1827 u 3akirouancsd B U3MEPEHUH IUIOTHOCTU
ra3o00pa3HbIX BEUIECTB OTHOCHTEIBHO BOJOPOIHOIO Ta3a, MOJSpHAs Macca KOTOPOro NMpUHHMAJach
MEPBOHAYAIBHO PaBHOW 2, a MOCJE MEPEXoaa K KUCIOPOAHON €IUHUIE U3MEPEHUN MOJIEKYIISIPHBIX U
aToMHbIXx Macc - 2,016 r. Crhegyromuid 3Tam  pa3BUTHS SKCIEPUMEHTAIbHBIX BO3MOYKHOCTEH

OIPCACIICHUA MOHGKYHHPHOI\/II MAacCChI 3aKJII04ajicda B UCCICIOBAaHUHN )I(I/I,Z[KOCTef/'I H PaCTBOPOB HC JICTYUUX
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U HE JAMCCOLMHUPYIOIIMX BEIIECTB IYyTEM H3MEpPEHUsl KOJUIMTAaTUBHBIX CBOMCTB (TO €CTh 3aBUCSIIHUX
TOJIBKO OT YHCJIa PAaCTBOPEHHBIX YACTHI[) - OCMOTHYECKOIO JaBJICHUS, MOHIKEHUS NaBJICHUS Mapa,
NOHW)KCHHUS TOYKM 3aMep3aHusi (KPUOCKOINMWS) M TIOBBINICHUS TOYKM KHIleHHS (90YIMOCKOINS)
pPacTBOPOB MO CPAaBHEHMIO C YUCTHIM pacTBoputTeneM. OCHOBHBIM METOJIOM OINpEAE/IEHUS aTOMHBIX U
MOJIEKYJISIPHBIX MacC JIETYYMX BEIIECTB SBIAETCA Macc-cnekmpomempus. Jis UcciaenoBaHUS CMECH
coequHeHNl  A((EeKTUBHO  UCHONB30BaHUE  Xpomamo-macc-chekmpomempuu. llpu  manoi
MHTCHCUBHOCTH IMKa MOJIEKYJIIPHOTO HMOHA NPUMEHSIOT 3(P(Py3MOMETpHUECKUE MPUCTAaBKU K Macc-
ciekrpomeTrpaM. Dpdy3noMerpudeckuii crmocod OCHOBaH Ha TOM, YTO CKOPOCTh BBITEKAaHUS ras3a B
BaKyyM M3 KaMephl uyepe3 OTBEpCTHE, IUaMETp KOTOPOro 3HAYUTENILHO MEHbBIIE CPEIHEro IyTH
cBOOOJHOrO Mpodera MoJeKyJbl, 00paTHO MPOMOPIUOHATFHA KBaJAPATHOMY KOPHIO U3 MOJIEKYJISPHOI
Macchl BEILIECTBA; CKOPOCTb BBITEKAHMSI KOHTPOJUPYIOT IO M3MEHEHMIO JaBJIEHUS B Kamepe.
MounekynsipHasi Macca JIETY4UX CO€AMHEHUN OINpEAEsSIoT TaKXKe METOJJaMu ra30Boil xpomaTorpaduu ¢
ra3oBeiMu BecaMu Maptuna. IlociegHue H3MEpPSIIOT CKOPOCTh IIEpEMEIICHHs] ra3a B KaHale,
COEUHSIONIEM TPYOKH, IO KOTOPBIM TEKYT ra3-HOCUTEINb U Ta3 U3 XpoMaTorpauueckoil KOJOHKH, 4TO
MO3BOJISIET OMPENENSATh Pa3HUILYy IUIOTHOCTEH STHUX Ta30oB, 3aBHUCSIIYI0 OT MOJEKYISIPHOW MaccChl
HCCIIEyeMOTO BeIecTBa. MOJEKYIAPHYIO MacCcy M3MEPSIOT Uil MACHTH()HUKAIUU XUM. COCAMHEHUH,
JUIA  YCTAHOBJICHUSI COJEp)KaHUS OTIENbHBIX HYKIHJAOB B COEIMHEHUAX, HalpuMep B BOJE,
HCIIOJB3YEMOM B AaTOMHBIX SHEPreTMUYECKUMX YCTAaHOBKAX, a TaKKe IMPU HUCCIEIOBAHUM U CUHTE3€E
BBICOKOMOJIEKYJISIPHBIX COE€JUHEHHH, CBOMCTBA KOTOPBIX CYIIECTBEHHO 3aBUCST OT UX MOJIEKYJISIPHON
Maccel. CpenHue 3HA4YEHHS MOJEKYJISPHBIX MacC IIOJUMEPOB YCTAHABIMBAIOT C IOMOIIBIO
MIEPEYUCIICHHBIX BBIIIE METOJO0B, OCHOBAHHBIX Ha KOJUIMTAaTUBHBIX CBOMCTBaxX pa30aBICHHBIX
pacTBOpPOB, MO YHUCITY JBOWHBIX cBsized ("MATKUM" 030HONU30M) WMIU (DYHKIIMOHAIBHBIX TPYIII
(MeTomamMu (pYHKIIMOHAIHHOTO aHANU3a), @ TAaKXKE MO TaKUM CBOICTBaM UX PAacTBOPOB, KaK BS3KOCTD,
cBeTopaccestuue. CpenHHe 3HAYEHHUsS MOJIEKYJISPHBIX MacC IOJMMEPOB BBICOKOM  CTENEHH

MmoJIMMEpU3aliu OIPEACIAIOT IO UX PCOJIOTHYCCKHUM XapaKTCPUCTUKAM.

Obopyoosanue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIE Il JTaHHOW pabOThI, BHICTABISAIOT HA MOJIKH J1a00paTOpHBIX CTONIOB. Penkue
PEaKTHUBbBI, KOHLIEHTPUPOBAHHbIE KUCIOTHI M INENIOYM, Naxyyhe BellecTBa (HampuMmep, CepoBOJOPOI,
OpoMHasi BoJa U JIp.) XpaHAT B BBITSHKHOM HIKaQy.

OcHoBHasl XUMUYecKasi MocyAa: NpoOUPKH (B IITATHBE), KOJObI, XUMUYECKUE CTaKaHBI 1OCJIE pPabOThI
TIIATEIbHO BBIMBITH, BEChl C PAa3HOBECOM, IMPHOOPHI, HCIOJIb3yeMasl Uil MPOBEIEHHS OTIAEIbHBIX
1a00paTOPHBIX PabOT, BBIAAETCS U CIACTCS YMCTas JTa0OpaHTy.

Texnuxa 6ezonacrnocmu npu bINOJAHEHUNU 1AOODAMOPHOU PAOOMDbL:

-aKKypaTHO O0paImmarbcsi CO CTEKISTHHOM XUMHUUYECKOW TMOCY/I0M. OCTaTKH pa30UTON MOCynbl yOupaTh ¢

MOMOIIBIO COBKA U MIETKHU,
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-Bce pPa0OTHI, CBSI3aHHBIC C BBIJCICHUEM SAOBHTHIX, JICTYYMX M HEMPHUATHONAXHYIIMX BEIIECTB,
IPOBOAMTH B BHITSHKHOM HIKady;

-IIpU OIIPEACIICHUH 3araxa BELIECTB OTBEPCTHE COCyJa JepkKaTb Ha paccrosHuu 25-30 cM OT JuIa,
HaNpaBisist K cebe CTPYIO ra3a MocTynaTeIbHBIMH JBH)KCHUSMH JIAJIOHH OT OTBEPCTHS K JIHILY;

-IpY HAJMBAHUM PEAKTUBOB HE HAKIOHATHCS HAJ COCYAOM BO H30eKaHHME TOMagaHusi OpBI3T WIN
YaCTHII Ha JIMLIO WIN OJICXK/Y. IPU pa30aBICHUH KOHIIEHTPUPOBAHHBIX KUCIIOT BINBATh KUCIOTY B BOLLY,
HO HE Ha000poT;

-TIpY HarpeBaHUM MPOOUPKU HE JepKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCea. HE HAKIIOHAThCS
HaJl HarpeBaeMoH JKUIKOCTBIO BO N30€XKaHUe MOMaiaHus e€ Ha JINIO, PYKH WIH OJCKAY;

-rOpsiYMe IMPEIMEThl MOXXHO CTaBUTh TOJBKO Ha acOECTOBBIM KapTOH, acOSCTUPOBAHHYIO CETKY HWIIU
APYTYIO CHEIHATIBHYIO TIOJICTAaBKY,

-HEeJIb3S TIOJIB30BATHCS DIEKTPONPUOOpPaMu 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXA. MIPH BKIIFOYCHNUU UX B
CETh HEJb3s IEPIKATHCS 32 METAUTMYECKUE TPEAMETHI (TPyObl, KpaHBI U T.I1.). 3alIPEIIaeTCs BKIIOYATh U
BBIKIIIOYATh JIEKTPONPHOOPHl MOKPHIMH pYKaMH, a TaKXKe II0JIb30BaThCsl HEUCIPABHBIMU WM
MMEIOLIMMH OTOJIEHHBIE TIPOBO/IA TpHOOpamu;,

-3anpemaeTcs MPUHUMATh HIY B XUMHYECKON J1a00paTopuu U MUTh BOAY U3 JIAOOPATOPHON MOCYIHI. -
-KaTerOPHYECKH 3arperaeTcs NpoooBaTh pEaKTHBHI Ha BKYC;

-IpY TMOMAJaHUM Ha JIMLO WIM PYKH OpBI3r KOHIEHTPUPOBAHHBIX KHUCJIOT IOCIE CMBIBaHUS BOJOU
IPOMBITh CIa0BIM PAaCTBOPOM COJIbI. IIENOYL CIEAYET CMBIBATh IO TEX IOp, MOKAa y4acTOK KOXKH, Ha
KOTOPBIN OHa TIOMalia, He MepecTaHeT ObITh CKOJIB3KUM; 3aTeM MPOMBITH CIIA0BIM PAacTBOPOM YKCYCHOU
KHCJIOTHl W HAJIOKUTh TIOBSA3KY W3 BaTbl, CMOUYEHHON 3%-HBIM pacTBOpPOM MepMaHTaHaTa Kaimus (W3
anTeyky B JabopaHTCKOU Kadeapsl);

-110 OKOHYaHHM PaOOTHI BBIKJIIOUUTH U3 CETU BCE ANIEKTPOIPUOOPHI, MEPEKPHITH M0J1auy ra3a U BOJIbI B
nmabopaTopuro U yoparh pabodee MecCTo;

-000 BCceX HECUACTHBIX CIy4yasX HEMEUIEHHO coo0IIaTh MPEnoJaBaTello Uild JIaDOpaHTy.

Ilpakmuueckasa uacmo:

MoexyssipHyI0 Maccy AMOKCH/IA YIIIepoia MOXKHO ONPENeIUTh TPEMs criocobamMu:
a) 0 OTHOCUTEIBHOM MIIOTHOCTH Taza Mco2= /I * Mpozn (1), e
Mco2 — MonekynsipHas Macca JUOKCH/IA yIiIepo/ia;
MBo3x — MoJeKylsipHas Macca BO3/lyxa, paBHas 29 a.e.M.;
JI — mnotHOocTh CO2 110 OTHOUIEHUIO K BO3IYXY.
b) mo monmsipHOMy 00BEMY CO2 Moo= 22,4 e mco2 (2). e
\Y
Mco2 — Macca IMOKCUAA YIiiepoaa, T ;

V  — 06s8M CO2 pn HOPMAITBHBIX YCIOBHSAX, CM° |



22,4 — o6béMm 1 1/ Moms moboro raza npu HopMaibHbIX yeaoBusax (0°C, 101,325 kI1a), .
C) 110 ypaBHeHHI0 MenpeneeBa-Knaiinepona

Mmco2 RT e

T

P — nasnenue CO2 B xosbe, paBHOE atmMmocdepHomy, Klla;

V — 066éM CO2, paBHBI 00BEMY KONOBI, CM>,

R — yHuBepcanbHas ra3oBas noctosiHHasi, paBHas 8,314 J[x/mounb e K;

T — temneparypa, K.
Ilocneooeamenvrhocms 6vinoiHeHUs padomul:
1.  3akpeiTh NpPoOKOH CyXyl K00y, NPUTOTOBICHHYIO JTaOOpPaHTOM [UIS OMNbITa. BOCKOBBIM
KapaHJlallloM OTMETUTh Ha KOJIO€ HIDKHUN Kpal mpoOku. B3BecuTh Ha TEXHHYECKHX Becax KOJOy ¢
BO3yxoM (m1). OnmycTuth B K00y Ha 1-2 MUHYTHI TpyOKy, MO KOTOPOW UAET TOK YIIEKUCIOro rasa.
3areM MOJHECTU K OTBEPCTUIO TPYOKH TOPSIIYIO TyYUHKY: €CJIM OHA TaCHET, 3HAYUT KOJI0A MOJHOCTHIO
3aroJIHEHA VYTIEKHUCIBIM Ta30M. 3aKpbITh KOJOY MpoOKOW 10 MeTKH W B3BecuTh (mz). EmEé pa3
3aroJHUTh KOJIOY ra30M U B3BECUTH (M3). Pe3ynbTarsl 3TUX IBYX B3BEIIMBAHUN HE JOJKHBI OTINYATHCS
6onee uem Ha 0,01r. st pacu€TOB MCIOIB30BATH CPEIHHE JAHHBIE.
2.  Bpumth Boay B K00y 10 METKH, 3aT€M MEPENUTh €€ B MEPHBINA HUIMHAP U U3MEPUTH 00BEM BOJIBI
(xon6mI) - V.
3.  3ammcarte Temneparypy (t°C) u naBnenue P, mpu KOTOPBIX TPOBOIST OIBIT.
4.  TlpousBecTH pacyéTshl:
- npuBecTd 00BEM KOJIOBI - V K 00bEMY NPU HOPMANIBHBIX YCIOBUAX Vo;
- OINpEeAeNuTh Maccy BO3AyXa B KOJIOE Mgoss, CUUTAS Maccy 171 Bo3ayxa paBHoii 1,293 T;
~  HalTH Maccy caMoil KoJ0bI ¢ IPOOKOH Mioss;
~  OINpEAETUTh Maccy YIJIEKHCIIOro raza mco: .

VYcnoBus U pe3yibTaThl ONbITa 3aHECTU B TAOIUILY.

Macca k005l ¢ Macca k0105l ¢ V.M | t°C P, xI1a | Vo,MIT | Mgosx Mxon6 Mco:
BO3IyXOM My,T CO2 (ma+ m3)/2 =

rn(;pY T

5. Paccuutarh MOJIEKYJISIPHYIO Maccy JTUOKcHa yriepoaa no gopmynam (1), (2), (3). Haiitu cpeanee
3HaveHune. ONpeaenuTs OTHOCHTENFHYIO OINOKY 10 (opmyrte

44 — Mcoe

Oumboxka, %= — a4 * 100%,

rne 44 — nelcTBUTENbHOE 3HaUeHHE MoKy sipHOil Macchl COz.




Tpeoosanusa kK ohopmaernuio 1a60pamopHoll padomvl U omuemy.

1.Bemonnenue nabopaTopHbIX pabOT COMPOBOXKAAIOT 3amucsIMH B JabopatopHoMm »xkypHaie. Ha
TUTYJIBHOM JIUCTE JAOOPAaTOPHOIO >KypHala JOJDKHBI OBITh MPEICTABICHBI: Ha3BaHHE YHHBEPCHUTETA,
(dbaMuIHs ¥ MHUIUATBI YYaIlerocsi, HOMep Kypca ¥ TPYIIbI, y4eOHbBIN TO/.

2.0T14eT 0 BBINIOJIHEHHOH TabopaTopHOi paboTe JOKEH COJIePKaTh CIEIYIOIINE CBEICHHUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBITIOJHEHUS PaOOTEHI;

*IIeTTb PaOOTHI;

*000pyI0BaHKE M MaTEPUATIBL;

*KpaTKOe TEOPETHUECKOE ONHCAHUE;

*HOMEp U HA3BAHHE OTIBITA;

*KpaTKO€ OMHCaHue X0/1a padOThI ¢ yKa3aHUEM YCIIOBUH MPOBEICHHS OIIbITA;

*PUCYHKH M CXEMBI UCTIOJIB3YEMBIX TIPUOOPOB;

*HaOJIFOICHU,

*YpaBHEHHS MPOTEKAIOIINX PEAKIIHIA;

*pacuéThl, TAOIUIBI, TPAPHKH;

*BBIBOJIBI.

3.JIabopaTopHBIii )KypHaT HY)KHO BECTH YUCTO U aKKYPaTHO, 3allUCH JOJDKHBI OBITh TJAKOHUYHBIMH.
4.014€T 0 IpoBeAEHHON paboTe MPOBEPSET U MOAMUCHIBAET MPEMOJABATENb.

5K cpaue 3au€ra mo mabopaTOPHOMY TPAKTHUKYMYy JOIYCKAIOTCS CTYACHTHI, BBHINOJHUBIINE W
MOJIMCABIINE Y TMpPEIoiaBaTelisi Bce JOMAIIHWE W JabopaTOpHbIe paboTHI, CHABIIME KOJIIOKBHYMEI,
aKTMBHO Y4aCTBOBAaBIIIUE B pabOTe CEMUHAPOB.

6.CTyeHTbI, MOJNIYYHBIIKE 3a4€T 10 JJa0OPATOPHOMY MPAKTUKYMY, AOMYCKAIOTCS K cllade dK3aMeHa Mo
KypCY HEOPTaHUYECKOU XHUMUHU.

Koumponwvhsie gonpocel :

1 OcHoBHbIE TOHATUS: XUMHUYECKHH JJIEMEHT, aTOM, MOJIEKYJla, OTHOCHTENIbHas aTOMHas U
MOJIEKYJISIpHAsl Macca.
2.ITpocToe u CIOKHOE BEUIECTBO.
3. KonmuectBo BemecTBa, MOIJIb, MOJISIpHAs Macca, DKBHUBAJICHT, MOJSIpHAs Macca JKBHUBAJICHTA.
4.OCHOBHbIE KOJMYECTBEHHbIE 3aKOHBI XMMHUH: 3aKOH IOCTOSIHCTBA COCTaBa, 3aKOH SKBHUBAJIECHTOB,
3aKOH KpaTHBIX OTHOILIEHUH.
5.MeTo/1bl onpeienieHrs MOJIEKYJISIPHON 1 aTOMHON Macchl.

JlaGopaTopHas padora Ne 4

Tema: KommiekcHbIe CoOcIMHECHUA



Iens pabomei: TlonydeHne akBaKOMIIEKCOB, PeaKIuy TepMou3a. Ilomyuenne akBakomruiekco Cu?t

Ni**, Cr¥, momydemme ¥ CBOHCTBA T'MIPOKCOKOMIUIEKCOB OJ0BA M XpOMa, TOIy4eHHE
AMHUHOKOMILJIEKCOB U allUJIOKOMILJIEKCOB, U3YUEHUE BOMHBIX COJICH.

Dopmupyemvie _xomnemenyuu. YK-1; OIIK-2.

Teopemuueckas uacmo:

KoMmiuiekcHble cOeIMHEHHMsI TO MOJEKYJSIPHBIC WM HOHHBIE COCIUHEHHS, OOpa3yrOIIHECs IyTeM
MPUCOCIUHEHHUS K aTOMYy WJIM HOHY MeTajljla WIM HEeMETallla, HEUTPAIbHBIX MOJIEKYJ WIH JPYTUX
1noHOB. OHU CIIOCOOHBI CYIIECTBOBATh KaK B KPUCTAILIE, TAK U B PACTBOPE.

OcCHOBHBbIE MOJI0KEHHST ¥ TIOHSATHSI KOOPAUHAIIMOHHOW TeOPHUH.

Jl1st 0OBSICHEHHS CTPOCHUS U CBOMCTB KOMILJIEKCHBIX COeMHEHHMI B 1893 T. mBelapckumM XUMUKOM A
Beprepom Obuia mpemioskeHa KOOPAWHAIMOHHAS TEOPHS B KOTOPYIO OH BBEN JBa IOHSATHS: O
KOOPJAMHAIIMK U O TOOOYHOM BAJICHTHOCTH.

[To Bepuepy enasnou eanenmuocmspro Ha3bIBAETCS BAJICHTHOCTHh MOCPEICTBOM KOTOPOH COEIUHSIOTCS
aTOMBI ¢ 00pa30BaHKEM MPOCTHIX COSAMHEHUH, TTOTIUHSIOIINUXCS TEOPUH

BaJieHTHOCTH. Ho, McuepmaB riaBHyI0 BalleHTHOCTb, aTOM CIIOCOOCH, KaK MpPaBHIIO, K JajbHeHmeMy
MIPUCOSAMHCHHIO 33 CUET NOOOUHOU 8AeHMHOCMU, B PE3YIbTATEe MPOSBIICHUS KOTOPOH M 00pa3yeTcs
KOMILJIEKCHOE COEJIMHEHUE.

[Tonx neiicTBHEM CHII TJIaBHOM U TOOOYHOM BAJIEHTHOCTH aTOMBI CTPEMSITCS PABHOMEPHO OKPYKUTH Ce0st
MOHAMHM WJIM MOJIEKYJTaMH M SBJISIOTCS TakUM 0O0pa3oM IEHTPOM TMPHUTSDKEHUs. Takue aTOMBbI
Ha3bIBAIOTCS  YEHMPANbHbIMU — UIU  KOoMniaekcooopazoeamensmu.  VIOHBI  WIM  MOJEKYIIHI,
HETIOCPEICTBEHHO CBSI3aHHbBIE C KOMILJIEKCO0Opa3oBarTesieM, Ha3bIBAIOTCS AUCAHOAMU.

[TocpenacTBoM riaBHOW BalIGHTHOCTU TMPUCOCTUHSIOTCS JUTAHIBI MOHBI, a TOCPEICTBOM MOOOYHOM
BaJICHTHOCTH — MOHBI  MOJICKYJIBI.

[IpuTskenne nWraH K KOMIUIEKCOOOPA30BaTENI0 HA3bIBACTCS KOOPAMHAIIMEH, a YUCIO JIMTaHd —
KOOPJAMHAIIMOHHBIM YHCJIOM KOMILIEKCOOOpa3oBaTes.

MoXHO CcKa3aTh, YTO KOMIUIEKCHBIE COEIMHEHHS] 3TO COEAUMHEHUs, MOJIEKYJIbl KOTOPBIX COCTOST W3
[EHTPATBHOTO aroMa (WM HMOHA) HEMOCPEACTBEHHO CBS3aHHOTO C OMPEIEIEHHBIM UYUCIOM APYTUX
MOJICKYJI UJTH MOHOB, Ha3bIBAEMBIX JIUTAH/IAMH.

B pomn koMmmiekcoobpasoBaTeneil uamle BCEro BBICTYMAOT KaTHOHBI MeramnoB (Co', Pt™, Cr*3,
Cu?Au*u np.)

B xauecTBe Jurasaos MoryT Beictymath uonsl Cl', CN', NCS", NO2, OH", SOs% Tak u HeHTpanbHbIe
mosekynbl NHs, H.O, aMuHBI, aMUHOKHCIIOTBI, CIUPTHI, THOCTUPTHI, PH3, 23gupsr.

Uucno KoOpIMHAIIMOHHBIX MECT, 3aHUMAeMBbIX JIMTAHJIOM OKOJIO KOMILIEKCOOOpa30BaTelisi, Ha3bIBaCTCs

€ro KOOp()MHCZI/}MOHHOIZ EMKOCMbIO UNU OEHMAMHOCMbIO.



Jluranapl, mNpHUCOETUHEHHBIE K KOMIUIEKCOOOpAa30BaTeII0 OJHOW CBS3BIO, 3aHUMAIOT  OJTHO
KOOpAMHAIIMOHHOEe MecTh M HasbiBaroTcs MoHozeHtaTHeIMH (CI, CN°, NCS’). Ecnm ke nuranpg
MPUCOSANHEH K KOMIUIEKCOOOpPA30BATEII0 TIOCPEICTBOM HECKOJIBKUX CBSI3€H, TO OH SIBISETCS
nonuaenTatHeiM. Hanpumep: SO42, CO3? sBNsIOTCA OUIEHTATHBIMA.

KommiekcooOpa3oBaTenb U JUTaHIBI COCTABISIIOT GHYMPEHHION chepy COSAMHEHUS WM KOMIUIEKC (B
dhopmynax KOMIUIEKC 3aKJIIOYAlOT B KBaJApaTHBIE CKOOKM). MOHBI, HE CBSA3aHHBIC HEIOCPEIACTBEHHO C
KOMIUIEKCO0Opa3BaTeieM, COCTABIISIIOT 8HEULHION KOOPOUHAYUOHHYIO chepy.

Honsl BHemHEW cdepbl CBA3aHbI MEHEE MPOYHO IO CPABHEHHUIO C JIMTAHJAMU H MPOCTPAHCTBEHHO
yAJIEHBl OT KOMIUIEKcooOpa3oBaresss. OHU JIETKO 3aMEIIA0TCs APYTUMU HOHAMU B BOJAHBIX PAacTBOpax.
Hanpumep, B coenunennn Ks[Fe(CN)s] xommnekcoobpazoparenem susercs Fet?, muranmamu - CN,
JIBa nuranga MpPUCOEIMHEHBI 33 CYET IVIABHOW BAJIEHTHOCTH, a 4 — 3a cueT MOOOYHON BAJICHTHOCTH,
CJIEJIOBATEIILHO KOOPIMHAIMOHHOE YUCIIO PAaBHO 0.

Won Fe™ ¢ muranmamu CN™ COCTABIAIOT GHympennioio cghepy unu xomniexc, a nonsl K BHemHIO0

KOOpJIUHAIIMOHHYIO cepy:

Kak mpaBmiio KOOpJMHAIMOHHOE YHCIO PaBHO YJBOCHHOMY 3aps]y KaTHOHAa MeTajlla, Hamlpumep:
OJIHO3apsIIHbIE KATUOHBI UMEIOT KOOPAMHAIIMOHHOE YHCIIO paBHOE 2, 2-X 3apsaaHble — 4, a 3-X 3apsiAHble
— 6. echaW DJIEMEHT TMPOSBISET TEPEeMEHHYI0 CTElEeHb OKHCICHHsS, TO C YBEJIWYCHHEM ef
KOOP/AMHAIIMOHHOE YUCII0 pacTeT. /i1 HEKOTOPhIX KOMIUIEKCOOOpa3zoBaresiel KOOpAMHAIMOHHOE YHCIIO
. +3 +4 +3
ABJISIETCSA MOCTOSIHHBIM, HanipuMep: Co >, Pt™, Cr™> uMeroT KoopIMHAIIMOHHOE YUCIIO paBHOE 6, y HOHOB
B*3, Be™, Cu™, Au™ xoopMHAIIMOHHOE YHCIIO PAaBHO 4. JUIsl GOBIIMHCTBA HOHOB KOOPAMHAIIMOHHOE
YHUCIIO SBISIETCS TIEPEMEHHBIM M 3aBUCHT OT TPUPOABI MOHOB BHEIIHEH CQepsl W OT yCIOBHU

O6p3.30BaHI/I}I KOMIIJICKCOB.

Kraccudukarus KOMITIEKCHBIX COEIMHEHHI TIPOBOIUTCS 110 Pa3IMIHBIM IPH3HAKAM.
1. Tlo 3apsiy KOMIIEKCHOTO HOHA PA3JIHYarOT:

-xatnonHble [Cu(NH3)4]?

-annonHble [Co(NO3)s]*

-HeiiTpansHsie [Pt(NHs)Cl2]°
2. Tlo xapakTepy JUTaHI0B Pa3IHYAIOT:

-akBo- [Cu(H20)4]S04

-aMmMuHO-[CU(NH3)4]SO4



-anua0- Ko[Cu(Cl)4]
-ruipokco-Ko[Cu(OH)4]

[To cTpykType BHYTpeHHEW cdepbl pa3indyaioT BHYTPHUKOMIUICKCHbBIE (IIUKINYECKHE) COCIUHEHHS.
Hanpumep, B )KUBOM OpraHu3Me BCTPEUAIOTCS KJICIIHEBU/IHbIE (XEIaTHbIE) NATUWICHHbIE HUKIIbL. OHU
00pa3yloTcsl KaTHOHOM MeTallla U A-aMUHOKHCIOTaMU. K HUM OTHOCATCS TeMOrJIOOWH, XJIOpOQHILI,

BUTaMUH B1.

[Tpu cocraBiieHHH Ha3BAHUS KOMIUICKCHBIX COCTUHEHUI PYKOBOJICTBYIOTCS CIICAYIONMMHU TPaBHIAMU:

- CHayaja Ha3bIBAIOT BHYTPEHHIO chepy;

- COCTaBHBIC YaCTH €€ HA3BIBAIOT B CIICAYIOMICH MOCICIOBATEILHOCTH: JIMTAH/bl aHHOHBI, JIUTAHIBI —
MOJIEKYJIbI, KOMIUIEKCOOOpa3oBaresb. 3anuchiBaloT (OpMyay B 0OpaTHOM MOCIEA0BATEIILHOCTH.

- K Ha3BaHMAM JIMTAHOB — HOHOB J00aBJsI0oT okoHuYaHue «o» (Cl'xymopo-, CNnnano-). HeitrpanbHbie
MOJIEKYJIbI COXPAHSIOT CBOM Ha3BaHwus, 3a uckimouennem HoO — akBo, NHz — amuH.

- YMCIIO JINTAH/IOB YKa3bIBAIOT IPEUCCKUMH YHUCIUTEILHBIMU: U, TPU-, TETPa-, IEHTa-, TeKCa- U T.1I.

- B IIOCJIC/IHIO0 OYepe b HA3bIBAIOT HOHBI BHEIIHEH CephI.

[Mpumep: karuonubie —[CU(NH3)s ]SO4— Terpaammunokymnpar (II) cynsdart;

aaronHbie — Na3[Co(NO2)e] —rexcanurpokobonsrat (I11) HaTpus;

Heiitpanbhbie [Pt(NH3)]Cl2 - nuxioponnaMMuHoIaTHHA.

Obopyoosanue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIE Il JTaHHOW pabOThI, BHICTABISAIOT HA MOJIKH Ja00OpaTOpHBIX CTONIOB. Penkue
PEaKTHUBbI, KOHLIEHTPUPOBAHHbIE KUCIIOTHI M INENOYM, Naxy4yue BellecTBa (HalpuMep, cepoBOJIOPOL,
OpoMHast BoJa U JIp.) XpaHAT B BBITSKHOM HIKaQy.

OcHoBHasl XUMUYeCKasi MocyAa: NpoOUPKH (B IITATHBE), KOJObI, XUMUYECKUE CTaKaHbI MOCJIE pabOThI
TIIATEIbHO BBIMBITH, BEChl C PAa3HOBECOM, IMPHOOPHI, HCIOJIb3yeMasl JUll MHPOBEIEHHsS OTIAEIbHBIX
71a00paTOPHBIX PabOT, BBIAAETCS U CIAETCS YMCTas J1a0OpaHTy.

Texnuka 6e3onacnocmu nPU_BbINOJIHCHUU J1A00PAMOPHOU_pPAdombl:

-aKKypaTHO 00pamiaThCsi CO CTEKISIHHOW XMMHMUYECKOM MOCya0i. OCTaTKH pa3OuTON mocyasl youparh C
IIOMOUIBIO COBKA U IIETKHU;

-Bce paboThl, CBA3aHHBIE C BBIJCJICHUEM SIOBUTHIX, JIETYYUX W HENPUATHONAXHYIIUX BEIIECTB,
MIPOBOAMTH B BBITSHKHOM IIKady;

-IIpU ONPEACJICHUN 3allaxa BENIECTB OTBEPCTHE COCyJa JepxkaTh Ha paccrosHuu 25-30 cm oT juua,
HanpaBJsis K cebe CTPYIo ra3a nocTynareIbHbIMU JBH)KEHUSMU JIAJIOHU OT OTBEPCTUS K JIMILY;

-IpY HAJMBAHWM DPEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30€XaHHE IONafaHus OpbI3T WK
YaCcTHUII Ha JIMIIO WX OACKIY. IpU pa30aBIeHNN KOHIEHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BONY,

HO HE HA00O0POT;



-TIpY HarpeBaHUM MPOOUPKH HE JIePKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY coce/la. He HAKIOHAThCS
HaJI HarpeBaeMoi KHJIKOCThIO BO H30€KaHKE TIONAIaHus €€ Ha JTUIO0, PYKH WIH OJICKILY;

-TOpsSiYUE TPEIMEThl MOXXHO CTaBHTh TOJBKO Ha acOECTOBBIM KapTOH, acOCCTUPOBAHHYIO CETKY WIIH
APYTYIO CHEIHATIBHYIO TIOJICTAaBKY;

-HEJIb3$1 TI0JIB30BATHCS IEKTPOIPUOOPAMHU 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXa. MIPH BKIFOYCHUHU UX B
CETh HEJb3s ICPKATHCS 32 METALUTUYECKUE TIPEAMETHI (TPYObI, KpaHbI U T.I1.). 3alIPEIIACTCsl BKIOYATh U
BBIKJTIOYATh 3JEKTPONPHOOPHl MOKPBIMH pPYKaMH, a TaKXKe IO0JIh30BaThCS HEHWCIPABHBIMH HITU
MMEIOIIIUMU OTOJIEHHBIC TIPOBO/IA IPHOOPAMH;

-3anpeaeTcs MPUHUMATh THIY B XUMHYECKOW J1ab0paTopuu U MHUTh BOJY U3 JIA0OPATOPHOM MOCYIBI. -
-KaTerOPHYECKH 3arpelnaeTcs MpoooBaTh pEaKTHBBI Ha BKYC;

-TIpY TIOTIAJ]AaHWK Ha JIMIO WU PYKU OpBI3T KOHIEHTPUPOBAHHBIX KHCJIOT TIOCIE CMBIBAHUS BOJIOM
MIPOMBITH CIa0BIM PAacTBOPOM COJIbI. IMIENIOYB CIEAYET CMBIBAThH JIO TEX IMOp, MOKA y4aCTOK KOXH, Ha
KOTOPBIM OHA TOMaJia, He MEPECTaHeT OBITh CKOJB3KUM; 3aTEM MPOMBITH CIIA0BIM PACTBOPOM YKCYCHOM
KHCIIOTHI U HAJOXHUTh TOBS3KY U3 BaThl, CMOUYEHHOW 3%-HBIM PAacTBOpPOM IepMaHraHaTa Kajus (u3
anTeYKH B JaOOpaHTCKOU Kadeapsl);

-110 OKOHYaHWH PaOOTHI BEIKIIOYHTH U3 CETH BCE AJICKTPONPHOOPHI, IEPEKPHITH MOAAYy ra3a U BOJBI B
naboparopuro u yoparh pabodee MecTo;

-000 BceX HECUACTHBIX CIy4yasX HEMEJIEHHO coo0IIaTh MPENoJaBaTeN0 UITU 1a0OpaHTy.

Ilpakmuueckas wacmo:

OmnbiT Nel. [ToxyueHne akBakOMIIIIEKCOB.

Harpeiite B ¢apdopoBoii yameuke HEOOJBIIOE KOJIUYECTBO KPHUCTALIOTHIpATa CyiabpaTra MeIu.
OtmerpTe 1BeT Oe3BonHOM conu. Ilocne oxnaxnaeHus comu (dapdopoByro damKy MOXKHO Opartb
pykamu) npubaBbTe Boay. M3MeHeHMe IIBeTa CBSi3aHHO ¢ oOpa3zoBaHMeM akBakomiuiekca. IlogoOHbIe
OTIepalliy MPOJIETANTE C KPUCTALIOTHIpAaTaMy Cyib(ara HUKeNs, XJopuaa Xxpoma. Hanmmre peakmm
TepMoIH3a u GopMymsl akBakoMmiekco Cu?t, Ni2*, Cri*,

OnbiT Ne2. B dapdopoBoii uamiedke HeOOJIbIIOE KOJIMYECTBO KPHUCTAJIOB XJIOpUAa KobOaibTa
pacTBOpUTE B HECKOJBKUX KaIUIAX KOHIEHTPHUPOBAHHOW COJSHOM KHCIOTHI (OCTOPOXKHO C KHCIIOTOM,
ONBIT TPOBOAWTH TMOA TsAToH). OTMEThTE OKpacKy pacTBOpa, KOTOpas BBI3BaHAa OOpa30BaHHEM
TETPaxJIOPKOOOIBLTOBOM KHCIOTHL. [Ipu pa3daBieHHne MOITyIeHHOTO pacTBOpa BOJIOW OKpacKa MEHSETCS
Ha PO30BYIO, XapaKTEPHYIO JUI T'MJIpaTHPOBAHHOTO HOHA KoOanbTa. Hanuimre ypaBHeHUs peakiuii.
OnpiT Ne3. [TosydyeHne ruIpOKCOKOMILIEKCOB.

K pactBopy conu mmHka npubaBbTe pacTBop mEnoun. OOpa3yronmics 0caoK THAPOKCHIA B U30BITKE
ETOYN PACTBOPSETCA M MPEBPAILACTCS B PACTBOPUMBIM I'MIPOKCOKOMIUIEKC. AHAJIOTUYHO IOJIyYUTE
T'HJIPOKCOKOMIUIEKCHI aTFOMUHHMS, 0JI0BA M XpOMa.

OnbiT Ne4. [TonyyeHne aMMHOKOMITIIEKCOB.



A. K pactBopy cynbdara Meau MOCTENEHHO IpH INEpEeMEIIMBAaHUM WIN BCTPSXUBAaHUM J00aBbTE
pacTBOp KOHILIEHTPUPOBAaHHOrO amMMuaka. OOpaTuTe BHHMaHHE Ha TO, 4TO OOpasyrouuiics CHHUHN
0CaJIOK THIPOKCH/IAa MeI B M30bITKE aMMHaKa pacTBOPSETCS BCIEICTBUE 00pa30BaHUs PACTBOPHUMOIO
aMMHUakaTa MeIu. DTO COIPOBOXKIAETCsA pe3kuM u3MeHenwem I1Beta. Mon terpagmammunmenu (II)
MO’KHO pa3pylIMTh A00aBiIeHHEM pacTBopa cyibdarta HaTpus. OO0bscHUTE, odeMy? DTHU K€ OIBITHI
TIpoBeauTE C pacTBOpoM comu Ni?™,

B. B pacTtBope amMMuaka XopoIo pacTBopsieTcs XJopua cepedpa. [lomydunre HEeMHOTo ocajka Xjiopuaa
cepebpa W3 HUTpaTa cepedpa M PACTBOPUTE €r0 B HECKOJIBKHX KaIIIX KPENKoro ammuaka. M3
IIOJy4YEHHOTO pacTBOpa XJIOpUAa JMaMMHUHCepeOpa MOKHO BHOBb BBIJCIUTH XJIOPHUI cepedpa
nobasneHreM a3oTHOM kucnoTsl. Ilogemy 3to mpoucxoaut? Conn cepebpa AedULUUTHBI, MOITOMY
BBUIMBAWTE UX PAcCTBOPHI I1OCIIE MPOBEACHHBIX OIBITOB B CHEUAJIbHbIE OAaHKU ¢ dTUKEeTKOW "l cruBa
cepebpa .

OmnpbiT NeS. [Toxyyenue anu 0KOMILUIEKCOB.

A. Ilomyunte HEMHOro ocajka Xjopuja cepedpa, cieire pacTBop, a K 0CajJKy J00aBbTe MO KaILISIM
KOHIIEHTPUPOBAHHOW COJSIHOM KHUCIOThI. OcaloK pacTBOPUTCA B M30BITKE KHUCIOTHI ¢ 00Opa3oBaHUEM
JUXJIOPCEPEOPSIHHON KUCIOTHL.

B. K pactBopy comu Hg?" n06aBbTe mOHEMHOTY pacTBopa Hoamia Kanus. Bhimamaer ocajgok Hommna
pTyTH, KOTOpbIil B M30bITKe KI pacTBOpsiercss ¢ oOpazoBaHMeM OECLBETHOIO TETpaloaoTruipaprupat
(1)- nona.

B. K 1-2 mn pactBopa comu Co?* 1n06aBbTe IMENOTKY KPHUCTAIUNIMYECKOTO POJAHMIA aMMOHHSL
OObpazyeTcsi KOMIUIEKCHBIN MOH KoOanbTa cuHero 1sera. Eciau pactBop pa30aBuTh BOAOH, TO OKpacka
M3MEHUTCS Ha PO30BYIO, XapaKTEPHYIO Ul aKBaKoMILIeKcoB kobainbTa (II).

I'. Ha pactBop conu xene3a (III) moxeiicTByiiTe B 01HOM MpOOUpPKE pacTBOPOM LIENOUH, a B IPYrou -
pacTBopoM poaaHuna amMMoHHUsA. OOBSCHUTE MNPOUCXOIAIINE SBICHHUS. OTH peakUuu IO3BOJSIOT
obHapyxkuBaTh B pacTBopax uoHel Fe®*. Ha pactop rexcammanodpeppara (III) kamms Taxoke
MOJICHCTBYUTE PACTBOPOM INEIOYM M poAaHuaa amMMmoHud. llouemy BO BTOpOM cilydae Mbl HE
HabJII01aeM peakiyii, XapakTepHbIX 11 noHa Fe**?

OmnbIT Ne6. JIBoiHBIE COMH.

JIBoitHyro conb - amromokanueBble kBacubl K2SOs Al2(SOs4)3 - 24H,0 MoxHO paccmarpuBaTth Kak
KOMIUIEKCHOE COEIMHEHHE - TUCYIb(aToaTOMUHAT Kaius. B Tpu mpoOMpKH HajelTe pacTBOp ITOM
COJIH, B KQUECTBEHHOM peaklny ONpeaesuTe, KakKue HOHbI €CTh B 3TOM PacTBOPE.

Hamnune B pacTBOpe HOHAa Kaiusl MOXHO YCTaHOBUTH J00aBICHMEM THMJIpoTapTpaTa HaTpus
NaHC4H4Os6. Ilpu 3amemieHnHM HaTpus KajaueM oOpa3yeTcs HEpacTBOPUMOE COEIMHEHHUE (0cagoK
o0pasyercs OBICTpee, €ClAM CTEKISHHOM IaJouKOW MoTepeTh CTeHKH mpobupku). Mo K* mpome

oTkpsITh pacTBopoM Naz[Co(NO2)e]. Jlist aToro k 1-2 M1 HCIIBITYEMOTO pacTBOpa 100aBUTh HECKOIBKO



Karenb KOOAJbTHHHTPUTA HATpHUs. BBIAgaeT KenThlii 0canoK KobansTHHMUTpHTA Kanmusa. Mom Al

00HAPYXHUBAIOT 100aBIeHHeM Enoun, HoH SO42 0cakIaroT B BHE Cynbdara Gapws.

Tpebosanus K ohopmienuio 1ad6opamopHol padonivl U omuemy:

1.BeimonHenre 1abopaTopHBIX paboOT CONMPOBOXKIAIOT 3amucsiMU B JabopaTopHoM XKypHaie. Ha
TUTYJIBHOM JIMCTE JJAOOPAaTOPHOIO JKypHala JOJDKHBI OBbITh IPEICTABICHBI: Ha3BaHHE YHUBEPCUTETA,
(bamMuIus 1 MHULMAJIBI YYallerocs, HOMep Kypca U IpyIibl, y4eOHbIN TOA.

2.0T4eT 0 BBIOJHEHHO 1a00paTOpPHOI paboTe JOIKEH COACPKATh CICIYIOIINE CBEICHHS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBIIIOJHEHUs PalboThI;

*IICJIb PaOOTHI;

*000pyZI0BaHUE M MaTEPHUAIIBI;

*KpaTKOE TEOPETUYECKOE OMMCAHNE;

*HOMEp M Ha3BaHUE OIBITA;

*KpaTKO€ ONMCaHUe X0Ja paboThl ¢ yKa3aHUEM YCIIOBUH MPOBEJCHUS OIIbITA;

*PUCYHKH M CXEMbI HCIIOJIb3YEMbIX IPUOOPOB;

*Ha0JIFOICHM,

*ypaBHEHUS MPOTEKAIOUINX PEaKIIHii;

*pacuéThl, TAOIUIBI, TPAPUKH;

*BBIBO/IB.

3.JIabopaTopHBIii KypHaI HY>KHO BECTH YHCTO U aKKYpaTHO, 3aITMCH JOJDKHBI OBITh TAKOHUYHBIMH.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBACT NPENOJABATENb.

5K cpaue 3au€ra mo mabopaTOpHOMY TMPAKTUKYMYy JOMYCKAIOTCS CTYAEHTHI, BBINOJHUBLIME U
MOJINMCABIINE Yy MperojaBaTesiss BCe JOMAaIIHME U JabopaTOpHble paboOThl, CAABIINE KOJUIOKBUYMBI,
aKTHUBHO y4acTBOBABIIIKE B pab0OTEe CEMHUHAPOB.

6.CTyneHThl, OMYYHBINUE 3a4€T MO JJAOOPATOPHOMY MPAKTUKYMY, OITYCKAIOTCS K c/Iade dK3aMeHa I0
KypCy HEOPTaHU4ECKOH XUMHH.

Konumponwvnsie gonpocet :

1 Kakoii BbIBOJI MOKHO CJIelaTh O MPOYHOCTH JAHHOTO KOMILJIeKca?
2. Kak mpoTekaeT AUCCOIHMaIys TaKOro THITAa KOMITICKCHBIX COSTUHCHHIA?

3. YcToiuMBOCTh KOMIUIEKCHBIX COSIMHEHUH B pacTBOpax
Kommiekcoobpa3zyromiasi CriocoOOHOCTb S-, p- U d- 2IIEMEHTOB
XapakTep XUMHUYECKON CBS3H B KOMITJIEKCHBIX COSTUHEHHSIX
CTtpoeHue 3NIeKTPOHHBIX 000JI0YEK aTOMOB

DneKTpOHHBIE (GOPMYITHI

N o ok

JlaGopaTopHasi padora Ne 5

Tema: CKOpoCTh XUMHYECKHX PeaKkIuil 1 XuMU4ecKkoe paBHoBecue. Karaaus



Henv padomwpi: VI3ydyeHue 3aBUCHMOCTH CKOPOCTHM pEaKIMH OT KOHLEHTPAllUd pPearaHToB,

TEMIIEPATypbl, CTENEHU HU3MEIbYCHUS BCILECTBA, BIMAHUA KaTaJIU3aTOpPOB HAa CKOPOCThb PpEaKLuH,
BIIMSIHUS PEareHTOB U TEMIIEPATYPBI HA XMMUYECKOE PABHOBECHE.

Dopmupyemvie _xomnemenyuu. YK-1; OIIK-2.

Teopemuueckas uacmo:

CKopocmplo peaxkyuu Ha3bIBA€TCS YHCIO aKTOB XMMHUYECKOTO B3aUMOJIEHCTBHS, IPOUCXOIAIIUX B
€IIMHMILY BPEMEHH B €IMHHUIIE 00BEMA IIPU FOMOIE€HHBIX IIPOIECCAX WM HAa €IUHHUIE TIOBEPXHOCTH IIPH
reTEPOreHHBIX MPOIIECCax.

AN _ AN

VAT SAT
O cpeaHell CKOPOCTHM XUMHUYECKOH pEAKIMM CYIAT MO H3MEHEHUIO MOJISIPHOM KOHILIEHTpalUU

pearupyronurx BEIIeCTB 3a ONpeAeIEHHbIN HHTEPBAI BPEMEHHU:

T+ (c;—¢1)
(T —1y)

rae ¥ - cpeaHsisi CKOpoCTb XUMUYECKON peakuu; C 1 — MOJISIpHAsi KOHLIEHTpAlMsl BEILECTBA B MOMEHT T 1
, C 2 — MOJIsIpHast KOHLIEHTpays BEIECTBA B MOMEHT 7 2 . ICTUHHON CKOPOCTBIO XMMUYECKOM pEeaKkIuu B

JIaHHBIN MOMEHT Ha3bIBACTCS nepsasa Nporn3BOJHAA KOHIICHTPAIUU 110 BpEMCHU:

de dc. dc...
P Sl ™ P s

S dr’ dr dr

B romorenHoi CUCTCMCE_CKOPOCTH XHUMHYECKOMN pCaKknn 3aBUCUT OT NPUPOABLI pCAarupyromux BCIICCTB,

UX KOHIIEHTpAllM{, TEMIIEpaTypbl, HaJIW4Ms KaTaJIA3aTOpa, IPUCYTCTBUSA IPHUMECEH M IPUPOIBI
pactBopuTelns. B reTeporeHHON cucTeMe B3aMMOJICHCTBHE OCYIIECTBISIETCS Ha TMOBEPXHOCTH pasferia
pearupymoumx BeUlecTB, MOITOMY 3aBUCUT OT Au(dy3un BelecTBa K MoBepXxHOCTH (auddy3nOHHBII
pexum), a ecnu qudGy3us He BIUSET Ha CKOPOCTh PEaKluu (KHHETHYECKHHA PEXHM), TO MPHU MPOUUX
PaBHBIX YCJIOBUAX YBCIIMYCHUC IMMOBECPXHOCTU pa3aciia IMOBBIIIACT CKOPOCTh FeTepOFeHHOﬁ XUMHUYECKOU
peaknuu. 3aBHCUMOCTh CKOPOCTH PEAKIIMHM OT KOHIICHTPAIMH OMPECIIIeTCS 3aKOHOM JICHCTBYIOIIHX
Macc (3akoH ['ympnOepra-Baare): ecnum xumudeckas peakimusi HAET B COOTBETCTBHH  CO
CTEXHOMETPUYECKUM YpPaBHEHHEM, TO CKOPOCTh PEAKIUU MPSMO MPOMOPIMOHAIFHA TPOU3BEICHUIO
KOHIIEHTPALUH pearupyrInux BEIIECTB B CTEMEHSX, PABHBIX CTEXHOMETPUYECKUM Kod(duimeHtam B
YpPaBHEHUU pEAKIIUU.

Jy1st peakiuu 3armMcanHon B o01em Buae, T.e.. NA + mB — R + pD, ckopocTth peakuuu B
COOTBETCTBHUH C 3aKOHOM JICWCTBYIOIIMX MAcC BBIPA3UTCS CIECIYIOIIUM 00pa3oMm:

dc

v, [4F[8]"

dr



3neck [A] u [B] — MOnsipHBIE KOHIIEHTpAMU PEarupyIOLIMX BEIIECTB B JAHHBIIT MOMEHT BPEMEHU;

N ¥ m - CTEeXHOMETpUUYeCKre K03 PUIIMESHTHI PU pearupyronmx Bemecreax. Hanpumep, aisa peakuuu:
INO+O, < 1INO,

npsiMasi 1 00paTHasi CKOPOCTHU:

- -
T:‘?,.‘.? = k@ci'ﬂ'cﬂ: -;1.55,:? = ksfpc}ﬂz :
Ha MMPAKTUKC NPHUXOAUTCA HUMETh ACJIO0 CO CIOXHBIMU IponecCaMu, COCTOAIIMMU HC U3 OZ[HOﬁ, a U3
MHOKECTBA ITPOCTBIX CTa,Z[I/Iﬁ, Ha3bIBACMBIX DJICEMCHTAPHBIMU aKTaMH, JJIA KaH(HOﬁ N3 KOTOPbLIX MOXXHO
3amnucarb CBOE BBIPAXCHUE TJIsI CKOPOCTH Ha OCHOBAHHWH 3aKOHA ,HCIZCTBYIOHlHX Macc. B Takom ciiydae

YUCJIO MOJICKYJ, YHAaCTBYIOIIUX B 3JICMCHTAPHOM aKTC, ONPCACTIACT MOJICKYJIIPHOCTD B3aHMOJCHCTBUSL.

Jljig npuBEeAEHHOTO BBILIE PUMEpPA MpsiMasi peakliusi TPUMOJIEKYJIsIpHa, a oOpaTHast OMMOJIEKYJIIpHa.

B GosbimHCTBE CilydaeB OKa3aTeIM CTENEeHU PU KOHLEHTPAMIX B YPAaBHEHUH 3aKOHA JEHCTBYIOLINX
Macc OTJIMYAIOTCS OT YMCJA MOJIEKYJ B YPABHEHUHU PEAKLMU. JTO IMIPOUCXOAUT OTTOTO, YTO yPaBHEHUE
peaKkIMy OTpaXkaeT JIMIIb 0OLMil utor mponecca. [lokazarenn m 1 n B MaTeMaTH4eCKOM ypaBHeHUH (1)
Ha3bIBAIOT B TAKOM CIIy4yae MOPSAJIKOM peaklUy M0 KaKJOMY U3 pearupyrouux Bemiects A win B, a ux
cymMmmy (m+n) — OOMIMM TMOPAIKOM peakiuu. B KaXJ10M KOHKPETHOM IPOIECCe B 3aBUCUMOCTH OT

YCIOBUN MOXET ObITh pa3IMYHbIN MOPAIOK PEAKIIHH.

Koaddunment k HazpiBaeTcs KOHCTAHTONW CKOPOCTH PEAKIIMU M 3aBHCHUT OT MPHUPOJBI PEarupyromux
BEIIECTB, TEMIIEPATYpPhI U KaTalnu3aropa. YUCICHHO KOHCTaHTa CKOPOCTH XMMHUYECKOW PEeaKIMi paBHA
CKOPOCTU PEAKIMU TP KOHIIEHTPAIMSAX pearupyrolux BElecTB, paBHbIX 1 Monb/1. OgHaKO peakiuu
UIyT, KaK MPaBWIO, MO OTAEIBHBIM CTaJUsIM M OOIINYI0 CKOPOCTh IpoIlecca OMNpeAenseT Haubosee
MeJIEHHO pa3BuBaroliasics crafus. [loaToMy mokasarenu creneHeil Ipyu KOHIEHTPALUIX pearupyromux
BEIIECTB HE COBMAIAIOT C UX CTEXUOMETPHUUECKUMHU KOI(PPHUIIEHTaMH, a KOHLIEHTPAIIUA HEKOTOPBIX U3
parupyromux BEIICCTB BOO6HI€ MOTYT HC BXOOUTH B BBIPAKCHHUE CKOPOCTU XUMHNYCCKUX peaKuHﬁ.
3aBUCUMOCTh KOHCTaHTBhl CKOPOCTH PEAaKIUU OT TeMIIepaTypbl MOXKET ObITh BbIpa)K€Ha ypaBHEHUEM
AppeHnnyca:
E;’."{”’.

k=k, e &

rae Eaer — oHeprus aktuBanuu; K — koHcTanTa ckopoctH; T — temneparypa, K; ko — koncranra; R —

ra3oBas IMOCTOSTHHASI.
DOHepruell akTUBAllUM HAa3bIBAETCA TO KOJMWYECTBO DSHEPTUH, KOTOpPO€ HAA0 COOOIIUTH MOJIO
pearupyoomux BeUIecTB ISl MPHUBEACHUS €ro B PEaKIHMOHHOCIIOCOOHOE COCTOSIHHE. OJHeprus
aKTUBAIlMU B PEAKIIMH HE MCUE3aeT U YBEITUYHMBACT TEIUIOBOH 3(PPEKT peakiuu.

[Ipy HU3KHX TemmepaTypax MOXHO CUUTaTh, YTO CKOPOCTh PEAKIIMHM BO3pPACTaET MPHU HArpEeBaHUU Ha

10°C B 2...4 pa3a (npaBuio Baat-T'odda):



=

T

371ech ¥’ - TemreparypHbiii ko3 dunuent Bant-T'odda.

Kamanuzamopom wHa3pBaeTCs BEUIECTBO, H3MEHAIONIEE CKOPOCTh XHMHUYECKOW pEakuud, HO B
pesynbTare e€ caMo OcTaroleecs XMMHUYECKH HEM3MEHHBbIM. KaramuThdeckue Mmporecchl CBOAATCS K
IBYM THUIIaM: TOMOTEHHOMY U reTeporeHHoMmy. [Ipy roMoreHHOM KaTtaiu3e pearnpyroliye BEeiecTBa U
KaTaJM3aTop COCTABIAIOT OAHO(Aa3Hyl0 cucteMmy. lIpm TreTeporeHHOM Karaiu3e pearupyromme
BEIIECTBA U KAaTAJIM3aTOP COCTABIISAIOT CUCTEMY U3 IBYX (a3, U KaTAIUTUYECKUH MPOIECC MPOTEKaeT Ha
rpanunax paszpena. CKOpOCTh B3aUMOJAEHCTBHS B 3TOM CJIydae HpPONOPIHOHAIbHA ITOBEPXHOCTH
pasnena ¢as.

Bce xumuueckne peakuu MOKHO Pa3/IeiNHuTh Ha HEOOpaTHUMbIE, HAIPABICHNE KOTOPHIX HE 3aBUCHUT OT
BHEIIHUX YCIIOBUI, W OOpaTHMbIe, HAIPABICHHE KOTOPBIX MOXET HW3MEHSTHCS B 3aBUCHMOCTH OT
TEeMIepaTypbl, KOHIEHTPALMU M JAaBJICHHs. DONbIMIMHCTBO peakuuit oOpatumo. OHHM NPOTEKArOT
OJTHOBPEMEHHO B JIBYX HAIllPaBJICHUSX, TaK KaK BO BCAKOHW PEakLUH MO0 Mepe 0O0pa30BaHHS MPOIYKTOB
peaKIy BO3HUKAECT BO3MOXXHOCTh B3aMMOACHUCTBHUS MEXTY HUMHU C 00pa30BaHUEM HCXOJHBIX BEIIECTB.

PaccmoTpum obpaTimyto peakiinio B ooiem Bujge: aA + bB «—c C + dD.

[IprMeHuB 3aK0H IEHCTBYIOIIKX Macc K MPSAMOM U 00paTHON peaKIUsIM, TOTyUUM:

V1 = k;[ﬁ]a[ﬁ]ﬁ:

v, =k [CFDT.

rae V11 V2 — CKOPOCTH IpsIMON U 0OpaTHOM peakuui.

ITo mepe nmpoTekaHus peakuuu KOHLEHTPALUs HUCXOJHBIX BELIECTB YMEHBIIAECTCS, U CKOPOCTh IPSIMOM
peaKiuy yMEHBIIIAeTCs, a CKOPOCTh OOPATHOM YBEIMUMBAETCS BCJIECJICTBUE YBEIMUEHUS KOHUEHTpPALUU
MIOJIYYEHHBIX BEILECTB.

Uepe3 HEKOTOpOE BpeMs HACTyHaeT COCTOSHHE, KOTJIa CKOPOCTh OOpaTHOro Ipolecca CTaHOBUTCS
PaBHOI CKOPOCTH MPSAMOro: Vi =V 2.

Cocmosnue, npu Komopom CKOpOCMb NPAMOU peakyuu paeHa CKOpOCMU OOpAmMHOU, HA3bIBACMCS
XUMUYecKkumM paeHogecuem, A KOHLUEHTpPALUM BCEX 4YETBIPEX BELIECTB — PaBHOBECHBIMU

KOHIIeHTpanusaMu. Torna u3 cooTHomeHu# (2) umeeM:
k[4]°[B]" = k,[C)[D]°.

Orcrona cienyer

K [CI'[D]* _
— =K = - - = T
k, ¢ [4]°[B) J (@) .

K 1 1 K 2 17151 TaHHOMW peakIMy MPH OJHON M TOH K& TEMIIEPATYpPe SABJISIOTCS BETMIMHAMH MOCTOSHHBIMH,

a 3HauyuT, HMX OTHOIICHHUC IIOCTOAHHO: K¢ — BelMYMHaA IIOCTOSHHAs M HAa3bIBA€TCI KOHCTAHTOM



paBHoBecus. [l peaknuii MexIy Tra3000pa3HbIMH BEIIECTBAMH BMECTO KOHIIEHTpAlUH MOXHO
MCIOJIb30BaTh MapliUajibHbIe AaBJIEHUS Ta30B B cMecu. [Ipu 3TOM KOHCTaHTY paBHOBecHS 0003HAYAIOT
yepe3Kp . Eciin KOHIIeHTpanuu BbIpaKeHBI B MOJIBHBIX JIOJISIX, TO KOHCTAHTA paBHOBECHSI 0003HAYaeTCs

yepe3 Ky . Mexay Ke ,Kp 1 Ky cyliecTByroT cliietyromue 3aBUCUMOCTH:

K =K (RT)™,

o=
Kp = K-P‘EPJEI.L,::'

rne yn — anredOpanueckas CyMMa CTEXHOMETpHuYeckuX KoadduimentoB. KoHcTanTa paBHOBecus
3aBHCHUT OT TEMIIEpaTyphl U MIPUPOBI PearupyroInX BEUIECTB, HO HE 3aBUCUT OT KaTajlu3aTopa, TaK Kak
MOCIIEAHUM YCKOPSET U MPSAMYIO, U 00paTHYIO peaKIuu.

VYpaBHenue (3) BbITEKAaeT W3 3aKOHA AEMCTBYIOIIMX Macc i oOpaTUMbIX peakuuil. Ero MoxxHO
copmynupoBate Tak: OTHOLICHHE IPOU3BEICHUS PABHOBECHBIX KOHILEHTPAIMA B CTEMEHU HX
CTEXHOMETPUYECKNX KOA((UIIMEHTOB €CTh BEIMUNHA, IOCTOSHHAS MIPHU JaHHOW TeMIepaType.
CwMmenieHre paBHOBECHS B 3aBUCHMOCTH OT HM3MEHEHHS KOHIEHTPAlUH pearupyrolnx BelIeCTB,
TEeMIIepaTyphl, AaBiCHUsS (B Clydae ra3oBbIX peakiiuii) B OOIIeM ciiydae ompenaessiercs mnpasuiom Jle-
[llarenbe: eciu 6 cucmeme, Haxoousuielcs 6 pagHogecul, U3MeHUmMs 00HO u3 ycaosuil (t, p, ¢ ), mo
NPoOUCX00Um CMewjeHue pasHo8ecus 6 HANpasleHuu mol peakyuu, Komopas npenamcmeyem
NpOU38e0EHHOMY USMEHEHU .

[Tpumensis mpuniun Jle-IllaTenbe k pa3HbIM caydasm, MOXKHO CAENATh CIEAYIONINE BBIBOIBI:

1) mpu yBenWuYEHWH pPAaBHOBECHOW KOHIIEHTPAIIMM OJHOTO W3 BEIIECTB CHCTEMa XHMHUYECKOTO
PaBHOBECHSI CMEIIAETCS] B CTOPOHY TOW PEaKIMU, KOTOPas TIOHIKAET KOHIICHTPALINIO ATOTO BEIECTBA;
2) mpu yBEIMYEHUU MAABICHHMS PaBHOBECHE CMEIIAETCS B CTOPOHY 0Opa3oBaHMsS MEHBILEro 4Hcia
MOJIEKYJI ra3a;

3) HarpeBaHHEe CMEIIAET PAaBHOBECHE B CTOPOHY YHIOTEPMHUECKON PEaKINH, OXJIAKICHHE — B CTOPOHY
9K30TEPMHUUYECKON PEAKIIUH.

Oobopyoosanue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIE JJIs1 TaHHOW pabOTHI, BHICTABIISIIOT HA IMOJIKM J1a0OPaTOPHBIX CTONIOB. Penkue
PEaKTHBBI, KOHIIEHTPUPOBAHHBIE KUCIOTHI M INENOYM, NaxXydhe BemecTBa (HampuMep, CEpOBOIOPOI,
OpoMHasi BoJia U JIp.) XpaHAT B BRITSXKHOM IIKady.

OcHOBHasi XUMHYECKasi MOCy1a: MPOOUPKH (B IUTATHUBE), KOJObI, XUMHUYECKHE CTAKaHBI MOCIE pabOThI
TIIATEIbHO BBIMBITH, BEChl C Pa3HOBECOM, NMPHUOOPBI, HCHONb3yeMas i MPOBEICHHS OTICIBHBIX
1a00paTOPHBIX palbOT, BRIJAETCS M CIAETCS YMCTas JaOOpaHTYy.

Texnuxa dezonacrocmu npu ebINOJIHEHUU 1A00OPAMOPHOI DAOOMbL:

-aKKypaTHO 00paaThCsi CO CTEKISTHHONM XMMHYECKOW MOCYIOH. OCTATKU pa30OHUTOI mocyabl youparh ¢

MOMOIIIbIO COBKA U MIETKH;



-Bce pPa0OTHI, CBSI3aHHBIC C BBIJCICHUEM SAOBHTHIX, JICTYYMX M HEMPHUATHONAXHYIIMX BEIIECTB,
IPOBOJANTH B BHITSHKHOM IIKaQy;

-IIpU OIIPEACIICHUM 3araxa BELIECTB OTBEPCTHE COCyJa JepkKaTh Ha paccrtosHuu 25-30 cM OT nuIa,
HaNpaBisist K cebe CTPYIO ra3a MocTynaTeIbHBIMH JBH)KCHUSMH JIAJIOHU OT OTBEPCTUS K JIUILY;

-IpY HAJMBAHUM PEAKTUBOB HE HAKJIOHATHCS HAJX COCYAOM BO M30€KaHHME MONAJaHHUS OpBI3T WM
YaCTHIl Ha JIMLO WJIM OZEXKY. IPU pa30aBIeHNH KOHIIEHTPHPOBAHHBIX KUCIIOT BIMBATh KUCIIOTY B BOLY,
HO HE Ha000poT;

-TIpY HarpeBaHUM MPOOUPKU HE JepKaTh €€ OTBEPCTHEM K ceOe MM B CTOPOHY COCea. HE HAKIIOHAThCS
HaJl HarpeBaeMoH JKUIKOCTBIO BO N30€KaHUE MONaAaHus €€ Ha JIMIO, PYKH WIH OJCKY;

-rOpsiYMe IMPEIMEThl MOXXHO CTaBUTh TOJBKO Ha acOECTOBBIM KapTOH, acOSCTUPOBAHHYIO CETKY HWIIU
APYTYIO CHEIHATIBHYIO TIOJICTAaBKY;

-HEeJIb3S TIOJIB30BATHCS DIEKTPONPUOOpPaMu 0€3 COOTBETCTBYIOIIETO HHCTPYKTAXA. MIPH BKIIFOYCHNUU UX B
CETb HeJb3s IePKAThCS 38 METATMUECKUE TIPEAMETHI (TPYOBI, KpaHbl  T.I1.). 3allpeniaeTcsl BKIOYATh U
BBIKIIIOYATh JIEKTPONPHOOPHl MOKPHIMH pYKaMH, a TaKXKe II0JIb30BaThCsl HEUCIPABHBIMU WM
MMEIOLIMMH OTOJIEHHBIE TIPOBO/IA TPHOOpaMu;

-3anpemaeTcs MPUHUMATh MHIY B XUMHYECKON J1a00paToOpuy U MUTh BOAY U3 J1a00OPaTOPHOM MOCYABI. -
-KaTerOPHYECKH 3arperaeTcs NpoooBaTh peakKTHBHI Ha BKYC;

-IpY TMOMAJaHUM Ha JIMLO WIM PYKH OpBI3r KOHIEHTPUPOBAHHBIX KHUCJIOT IOCIE CMBIBaHUS BOJOU
IPOMBITh CIa0BIM PAacCTBOPOM COJIBL. IIENOYL CIEAYyeT CMBIBAaTh JIO0 TE€X IMOp, MOKA y4acTOK KOXKH, Ha
KOTOPBIN OHA TIOMaJia, He MePEeCTaHeT ObITh CKOJB3KUM; 3aT€M IPOMBITH CIIA0BIM PacTBOPOM YKCYCHOM
KHCJIOTHl W HAJIOKUTh TIOBSA3KY W3 BaTbl, CMOUYEHHON 3%-HBIM pacTBOpPOM MepMaHTaHaTa Kaimus (W3
anTeyky B Ja0OpaHTCKOM Kadenpsl);

-110 OKOHYaHUM PAaOOThI BBIKJIIOUUTH U3 CETH BCE 3JIEKTPONPHOOPHI, MEPEKPHITH M0/1auy ra3a U BOJbI B
nmabopaTopuio U yopath pabodee MecTo;

-000 BCceX HECUACTHBIX CIy4yasX HEMEUIEHHO coo0IIaTh MPEnoJaBaTello Uild JIaDOpaHTy.

Ilpakmuueckasa uacmo:

OmnpIT Nel. 3aBUCUMOCTb CKOPOCTH PEAKIIUU OT KOHIIEHTPALIMH.
[Ipu peakuuu Mex1y THOCYIb(GATOM HATPUSI U CEPHON KUCIOTOM
NazS203 + H2SO4 = H2S203 + NaxSO4
H2S203 =S02 + S + H.0
HepacTBOpHUMasl cepa BbIIENSIETCS B BUAE MyTH. BpeMs oT Hauana peakiuuu 10 MOSIBICHHS MEPBBIX
CJIEJIOB MYTH 3aBHCHUT OT KOHIICHTPAIIUU PEarupyronux BEIIeCTB.
Tpu GropeTKH MOPO3HB 3aMOJHUTE BOJOM, PACTBOPOM THOCYJb(aTa HATPUS U CEPHOM KUCIOTOM.
B Tpu TmiaTensHO BBIMBITBIE MPOOUPKU M3 OIOPETOK HAIUTh YKa3aHHBIE B TaONMIlE KOJIWYECTBA

pactBopa THOCYJIb(ara 1 BoAbl. B Tpu apyrue - mo 2 M1 cepHO# KUCIOTHI. BIUTH B epByro mMpoOUpKYy C



pacTBOpPOM THOCYJb(]aTa OTMEPEHHOE KOJIMYECTBO CEPHOM KHCIIOTHI M3 BTOPOM MPOOUPKU U, OBICTPO
B300JITaB, OTMETHTh 10 CEKYHJIOMEPY BpEMsi OT CIIMBAaHUSI PAaCTBOPOB 10 MOMEHTA MOSIBIICHHUS MYTH.

AHaJIOTUYHBIE OMBITHI MPOJICTATh C PACTBOPAMH B IPYTHX MPOOHPKAX.

Howmep O0BeM, MIT OTtHocurenbHast Bpems OTtHocuTenbHas
npoOUpKHU Na2S203(a) H20(b) KOHILIEHTpaLus, t,c CKOpOCT®,
al(a+b) v=1/
1 6 0 1
2 4 2 2/3
3 2 4 1/3

CraenaTb BBIBOJ O 3aBUCUMOCTH CKOPOCTH PEaKLUU OT KOHLEHTPALMHU U U300pa3uTh 3Ty 3aBUCUMOCTh
rpaduecKy, OTKJIA/AbIBas MO OCH a0CHMCC OTHOCUTENIbHYIO KOHLEHTpAIMI0, a [0 OCH OpAMHAT -
OTHOCHUTEIIbHYIO CKOPOCTh PEaKIINH.

OmbiT No2. 3aBHCUMOCTh CKOPOCTH PEAKIIUU OT TEMIIEPATYPHI.

BnusiHue Temmeparypbl Ha CKOPOCTb PEAKIMHU MOKHO TaKXe MPOCIEIUTh 110 BPEMEHH IOMYTHEHHUs
IIOJIKUCIIEHHOTO pacTBOpa THocyb(aTa Hatpus. Hanute B onHy npobupky 4 mi pactBopa NazS203, a B
apyryio - 4 wmin pactBopa H2SO4. OGe mpoOMpKM TOCTaBUTh B CTakaH C BOJOW KOMHATHOM
Temneparypsl. Uepe3 S MUHYT H3MEPUTh TEMIIEPATYPy BOJBI U BBUIUTH COJIEPIKUMOE OJTHON TPOOHPKH B
apyryo. OTMETUTh, yepe3 Kakoe BpeMs MOSBUIIACh MYTh.

B nBe npyrue npoOupku HaIUTh 1O 4 MJ 3TUX ke pacTBOpoB. IIocTaBUTh B CTakaH C BOJOM, HarpeTon
Ha 10°C Bbire koMHaTHOH. CIIUTH COAEPI)KUMOE IMTPOOUPOK U MTPOU3BECTH Te k€ u3MepeHus. [loBToputh
OTIBIT, TOBBICUB TeMIteparypy emeé Ha 10°C.

PC3YJ'H>T8.TBI OIIBITOB IMPEACTAaBUTH B BUIC Ta6J'II/II_U>I.

Howmep onbiTa Temneparypa Bpewms peakun OtHOcHTENbHAS CKOPOCTD,
ombIta, °C t,c v=1/t
1
2
3

Pe3ynpTaThl ombiTa BBIpa3uTh TpaduyeckH, OTKJIAAbIBAs MO OCH aOCLUUCC TeMIepaTypy, a MO OCU
OpAMHAT - OTHOCHUTENBHYIO CKOpOCTh. Iyl TeMmepaTypbl M CKOPOCTH MacwmTaObl ynoOHee Opatb
pasHble. Bo CKOIBKO pa3 yBeaWUHIach CKOPOCTh PEAKIUH MPU YBEINYECHUH TEMIIEpaTyphl Ha KaXK/Ible
10°C?

OnbiT Ne3. BnusHue cTeneHn n3Menb4eHus BENIECTBA HA CKOPOCTh PEAKIUH.




B cyxoit papdopoBoii cTynke CTEKISTHHOW MaT0YKOH OCTOPOXKHO CMEIIaTh HECKOJbKO KPUCTAJLTUKOB
HUTpaTa CBUHIIA U MOJUAA Kajus. 3aTeM cMech pacTtepeTh nectukoM. Uto Habmromaere? OOBACHUTH
IIPUYMHY U3MEHEHUS HHTEHCUBHOCTH OKPAaCKHU.

OmnbiT No4. BiausiHue Kataau3aTopoB HA CKOPOCTh XUMUYECKON PEAKIIUHU.

B nBe npobupku Hamuth 1-2 M1 epokcua BOAOpoAa U NIpuOaBiIsaTh OJHOBPEMEHHO B OJHY - LIEHOTKY
JIMOKCH/Ia MapraHiia, B IPYTyIO - TAKOE e KOJIUYECTBO OKCHU/IA Kelle3a.

Habnronate pasnoskeHue MepoKCuaa BOA0po/Ia ¢ BhIJCIECHHEM KUCI0poaa (poda TIICIoIel TyYHMHKOM ).
OauHAKOBO JIK MPOTEKAET IMpoliecc B mpodbupkax? B kakoil u3 mpoOUpok mporecc mpoTeKaeT ovicTpee?
Kakxoe u3 noGaBneHHBIX TBEPABIX BEIIECTB SBJSETCS Karaiu3aTtopom? Hamucarh ypaBHEHUE peakiuu
pa3oKeHus MePOKCUIa BOIOPOIa.

OmnpiT NoS. Xumuyeckoe paBHOBECHE.

B mpobupky nHamute 10 M Boabl m mpubaBuTh 1Mo 1-2 Karim HachleHHBIX pacTBopoB FeCls u
NH4SCN. OkpaieHHbIi B KpaCHbIN 1[BET pacTBOP PA3JIUTh NOPOBHY B 4 MPOOUPKHU.

Hanucats ypaBHeHHe 00paTUMOI peakiui U BbIPAKEHUE KOHCTAHTHI PaBHOBECHSI.

3areM B mepByK MpoOUpKYy no0aBuTh 2-3 kamiu HaceimleHHoro pactBopa FeCls. Uro nabmromaere?
OO0bscHuTh. Bo BTOpYIO MpoOupKy HaUTh 2-3 Karmm HacklmeHHoro pactBopa NH4SCN. OObscHUTE
HaOmomaemoe wum3MeHenune. lloyemy wu3menenwe koHmentpaunu NH4SCN  BeeiBaeT  Ooiee
s dexTrBHOE CMeleHHEe paBHOBECHS, YeM H3MeHeHue KoHteHTpanuu FeCls?

B tperbio mpoOupky nobaButh HemHoro TtBEpporo NH4Cl, cumbHO B306osnTaTh. CpaBHUTH LBET
pacTBOpoB B npooupkax 3 u 4. /late oObsIcHEHHE.

Kak Hajgo M3MEHUTHh KOHIIEHTPAILMIO BEIIECTBA, YTOOBI CMECTUTh PABHOBECHE PEAKIIMM BIPABO WIIU
BJIEBO?

OmnpiT Ne6. BnusiHre TeMneparypbl Ha XUMHUYECKOE PABHOBECHE.

Hanute B nBe mpoOupku mo 2-3 Mi pacTBopa Kpaxmana U J00aBUTh B K&Kyl U3 HUX IO 2 Karlu
oxHoi Boabl. HabmonaTe mosiBjieHUe cuHer okpacku. Harpets ogny u3 mpobupok. Uto Habmomaere?
OmnpenenuTh Ha OCHOBAaHWW HAONIOJCHWUMN, SBISETCA JIM 3Ta PEaKIUs JHAO- WIH 3K30TEPMUUYECKOMH.
OOBsICHUTH U3MEHEHNE OKPACKH NPH HAarPEBaHUU CMELICHHEM XUMHUYECKOT0 PaBHOBECHSI.

Tpebosanusa Kk ohopmaenuio 1adopamopHou padomsvl U OMYEMYy '

1.BemonHenne nabopaTopHbIX pabOT COMPOBOXKAAIOT 3alMCcsIMH B JabopatopHoM >kypHane. Ha
TUTYJIBHOM JIUCTE JTAaOOPAaTOPHOIO JKypHala JOJDKHBI OBITh MPEICTABICHBI: Ha3BaHHE YHHBEPCHUTETA,
(bamMuIusa 1 MHUIHMAJIB! YYalerocs, HOMep Kypca U IpyIIbl, y4eOHBIN TOI.

2.0T4eT 0 BBITOJIHEHHOH JTa00OPaTOpPHOH paboTe JOKEH COJIEPIKATh CIICYIOIINE CBEICHHS:

*HOMEp paboThI U €€ Ha3BaHHUC,

*JIaTy BBIIIOJTHEHUS PabOTHI,

*IIeTTb Pa0OTHI;



*000pyZI0BaHUE M MaTEPHAIIBI;

*KpaTKO€ TEOPETUYECKOE OIIUCAHNUE;

*HOMED U Ha3BaHUE OIIbITA;

*KpaTKO€ OMHCaHUe X0/a padOoThl ¢ yKa3aHUEM YCJIIOBUH MPOBEICHUS OIIbITA;

*PUCYHKH M CXEMBbI HCIIOJIb3YEMBIX IPUOOPOB;

*HaOJIFOICHM,

*ypaBHEHMsI IPOTEKAIOIINX PEAKIIMIA;

*pacuéThl, TAOIUIBI, TPAUKH;

*BBIBO/IBI.

3.JIaGopaTopHblii kKypHaI HYy>)KHO BECTH YHCTO U aKKYpaTHO, 3alIMCH JOJKHBI ObITh TAKOHUYHBIMU.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBAET MIPENOJABATENb.

5K cpaue 3auéra mo mabopaTOPHOMY TMPAKTHKYMY JOMYCKAIOTCS CTYACHTHI, BBHIMOJHUBIINE W
MOJINKCABUINE y MPENoJaBareis BCe JOMAIllHUE U JIabopaTOpHbIE pabOThl, CHABLIME KOJJIOKBUYMBI,
aKTHUBHO y4acTBOBAaBILKE B pab0OTEe CEMHUHAPOB.

6.CTyneHTbl, NOJy4YHBILIKE 3a4€T MO JIAOOPATOPHOMY IPAKTUKYMY, OMYCKAKOTCS K c/laye 3K3aMeHa 10
KypCY HEOPTaHUYECKON XUMUU.

KoumponwvHbie eonpocel :

1. CxopocTb xumMuuecko peakiuu. [loHsATHE SHEPTUU aKTUBAIUU.

2. DakTopbl, BIUSIONINE HA CKOPOCTh XUMUYECKON PEAKIIHH.

3. 3akons! boins-Mapuorra, ['eit-JTroccaka, [laps.

4. BnausHMe TeMIleparypbl, IaBJICHHUS U 00beMa, MPUPOJbl PEArUPYIOUINX BELIECTB Ha CKOPOCTh

XHUMHYECKOU pCaKknunu.

o

3aBUCUMOCTb CKOPOCTH XUMUYECKON PEAKIIMH OT KOHIIEHTPAIIMH BEILECTB U TEMIIEPATYPBHI.
6. DHeprus aKTHBAIUH, TEOPHS AKTUBHBIX (9()(EKTUBHBIX) CTOIKHOBEHHIA.

7. Tlpubnuxennoe npasuiio Bant-I'ododa.

JlaGopatopHasi pabora Ne 6
Tema: PacrBopbl. [IpurorosieHue pacTeopa 3aJaHHON KOHIEHTPALMU

Lleny pabomei: 11pUroroBiieHNE PacTBOpa COJNSHON KUCIIOTHI 3aJaHHOM KOHLEHTpAlMM U IPOBEpKa

HOPMAJIbBHOCTU MPUTOTOBJICHHOI'O PACTBOPA TUTPOBAHUCM.

Dopmupyemvie _xomnemenyuu. YK-1; OIIK-2.

Teopemuueckas uacmov:

PaCTBOp - OTO TOMOI€HHasd MHOI'OKOMIIOHCHTHasa CHUCTEMaA, B KOTOpOﬁ OJHO BE€IIECTBO

pacnpeiesieHo B Cpeie APYroro WiK JpYTUX BEIIECTB.



PactBopbl MOTYT OBITH B Ta3000pa3HOM (BO3/YX), KHUAKOM U TBEPAOM (CIUIABHI, IIBETHBIC CTEKJIA)
arperaTHbIX COCTOSTHUSX. Yare Bcero npuxoauTcs paboTarh ¢ KUAKUMHU pacTBOPaAMHU.

CopnepxaHue MaHHOTO BEIIECTBA B EOUHMIIE MacChl WiIM O0ObeMa pacTBOpa Ha3bIBAeTCA
KOHIIeHTpauueil pactBopa. Ha mpaxTuke Hambonee 4acTo MOJB3YIOTCS CIEIYIOIMMH CIIOCOOaMu
BBIPKEHUS] KOHIICHTPAIIH:

1. MaccoBasi 10151 - OTHOIIIEHHE MacChl JaHHOT'O KOMIIOHEHTa B pacTBOpe K oO0IIeil Macce 3Toro
pactBopa. MaccoBast 10Jisl MOXKET ObITh BBIpaX€Ha B JIOJISIX €IWHHUIIBI, mporeHTax (%), mpoMuiLie
(ThICAuHAs dYacTh %) M B MHIUTMOHHBIX f07ax (man?!). MaccoBas 10718 JAHHOTO KOMIIOHEHTA,
BBIp@)KECHHAs B MPOILICHTAX, MOKa3bIBAET, CKOJIbKO IPaMMOB JaHHOTO KOMIIOHEHTa coaepxurcs B 100 r
pactBopa.

2. MaccoBasi KOHIEHTPALMs - OTHOUICHHE MAacChl KOMIIOHEHTA, COAEPIKAIIErocss B pacTBOpe, K
06eMy TOr0 pacTBOpa. EIMHUITEI H3MEpEeHHs MACCOBOM KOHIEHTPAIMH _ KI/M°, T/1L.

3. Turp T - 4uciio rpaMMOB PACTBOPEHHOIO BeImIecTBa B 1 Mil pacTBopa. ENWHUIIEI M3MEpeHUS
THTpA - I/MII, KI/CM®.

4. MosasipHasi KOHIEHTPAIUs ¢ - OTHOIICHWE KOJMYECTBA BEIeCTBA (B MOJISIX), COJIEPKAIIETOCs
B pacTBOpe, K 00BbeMy pacTBOpa. EMMHMIBI M3MepeHHs - MOnb/M°, (Monb /m). PacTBop, mMeromimii
KOHIIeHTpanuto 1 Monb/i1, o603HaqaroT 1 M; 0,5 mMoue/11, o603Hagatot 0,5 M.

5. MousipHasi KOHIEHTPaUHUsi JKBUBAJIEHTOB C>x (HOpMAibHAas KOHLIEHTpauus) - 5TO
OTHOIIIEHHE KOJMYECTBA BEIIECTBA IKBUBAJIEHTOB (MOJb) K 00BbeMy pacTBopa (11). Eaunuiia nuamepenus
HOpMaJIbHOW KOHIIeHTpanuu Moiis/i1. Hanpumep, c,(KOH) = 1 monb/n, ¢x(1/2H2SO4) = 1 moms/m,
cs(1/3 AICI3) = 1 monw/n. PactBop B 1 1 KOTOpOro comepkuTcs | MOJb BEHIECTBA YKBUBAJICHTOB,
HA3BIBAIOT HOPMAIBHBIM M 0003Ha4aioT 1 H.

6. MoJsiIbHOCTD D - 5TO OTHOIIIEHHE KOJUYECTBA PACTBOPEHHOTO BEIIECTBA (B MOJISIX) K Macce m
pactBoputelnsi. Equnuia usmepenus: MosisuibHOCTH - MoJib/kr. Hampumep, b(HCI/H20) = 2 mosb/kr.

7. MoasipHasi 10J1sl - OTHOIIEHHE YMCJIa MOJIEH pPAacCTBOPEHHOIO BEILIECTBA K OOIIEMYy 4YHCTY
MoOJleli BelIecTBa U pacTBOpHUTENs. MoJsipHas J0Js MOXET OBbITh BBIpaKE€HA B JOJSIX EIUHUIIBL,
nporenTax (%), IpoMuIe (ThICAuHas YacTh %) U B MUIUTHOHHBIX J0JAX (MIH D).

JI71st IpUTOTOBJICHHS] PACTBOPOB OMPENEIEHHON KOHIIEHTPAIUH, AJIT TOYHOTO U3MEPEHUS 00HEMOB
MPUMEHSIOT MEPHYIO MTOCY1y: MEPHBIE KOJIOBI, TUTIETKU U OFOPETKH.

MepHble KOJOBI — TOHKOCTEHHBIE IUIOCKOAOHHBIC COCYIbI C JIJIMHHBIM Y3KHM TOPJIOM, Ha KOTOPOM
HaHECeHa MeTKa B BHUJIE€ KOJbIIeBOM 4epThl. Ha kaxmoit konbe 0603HauUeHBI €¢ eMKOCTh U TeMIIepaTypa,

MIPU KOTOPO# 3Ta eMKOCTh m3MepeHa. Konba moimKHa TIIOTHO 3aKphIBATHCS MPOOKOA.



a - MepHast koi10a; O — MUIeTKH; B — OI0peTKa.

[TuneTky UCHONB3YIOT AJst 0TOOpa OIpeeIeHHOro 00beMa MPOObI KUIKOCTH.

[Tumerkn Mopa mpeacTaBisitoT coO0H CTEKISHHBIE TPYOKH C pacIIMpeHueM mocepeanHe. HrpkHwmii
KOHEI| OTTSHYT B KalwUIsp, HAa BEpPXHEM KOHIIE HAaHECEHa METKa, JI0 KOTOpOHM cleqyeT HabupaTh
U3MepsAeMYI0 JKUIKOCTh. Ha nmuneTke ykazaHa 00bEMHOCTb.

[[Iupoko HMPUMEHSIOT TaKke TI'paAyMPOBAHHBIC MUMETKU PA3TUYHON E€MKOCTH, HAa HapYXHOW CTEHKE
KOTOpBIX HaHECEHBI JeleHus. [[1s HamoJHeHHs] MUIETKH HUKHUK KOHEIl €€ OMYyCKAaloT B JKUIKOCTh U
BTATMBAIOT IIOCJIEJHIO IpPU MOMOLIM TPYyIIM WM CHEHHaIbHOro npucrnocodnaeHus. Kuakoctb
HaOWparT Tak, 4ToObl OHA MOJMHSUIACH HA 2-3 CM BBIIIE METKH, 3aT€M OBICTPO 3aKpPBIBAIOT BEpXHEE
OTBEpCTHE yKa3aTelIbHBIM MalIblIeM MPaBO PyKH, MPUIEPKUBAs B TO ke BPEeMs MUIETKY OOJBIINM U
CpeIHUM MajbllaMH. 3aTeM OCHa0JSIOT HaKUM YKa3aTelbHOTO Majblla, B pe3yjbTaTe Yero XKHIKOCTh
OyJeT MeJJICHHO BBITEKATh M3 IMUIETKH. B TOT MOMEHT, KOrja HUKHUN MEHUCK (YPOBEHB) KUIKOCTH
OKa)XeTCs Ha OJIHOM YpPOBHE C METKOMH, Majel] CHOBa MpIKUMatoT. BBeas nmunerky B cocyJl, OTHUMAIOT
yKa3aTellbHbIN NaJiell U JaroT KUJIKOCTU CTeUb MO CTeHKe cocyza. [locie Toro, kKak *UIKOCTh BBITEYET,
MUTIETKY JePKaT elie SCEeKyH I IPUCIOHEHHOU K CTEHKE COCY/a, CJIETKa MOBOpadynBasi BOKPYT OCH.
bropeTku npuMeHSIOT Mpu TUTPOBAHUH, JJI U3MEPEHHS TOUHBIX 00BEMOB H T.]I.

Obopyoosanue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIE Il TaHHOW PabOTHI, BHICTABISAIOT HA MOJKH Ja00OpaTOPHBIX CTOJIOB. Penkue
PEaKTHUBbBI, KOHLIEHTPUPOBAHHbIE KUCIOTHI M INENIOYM, Naxyyhe BellecTBa (HampuMmep, CepoBOIOPO,
OpoMHasi BoJia U JIp.) XpaHAT B BBITSHKHOM HIKaQy.

OcHoBHasi XUMUYecKasi ocyAa: NpOOUPKH (B IITATHBE), KOJObI, XUMUYECKHUE CTAKaHbI MOCIe pabOThI
TIIATEIbHO BBIMBITH, BEChl C Pa3HOBECOM, NMPHUOOPBI, HCIONb3yeMas i MPOBEICHHS OTICIBHBIX
71a00paTOPHBIX Pa0OT, BHLAAETCS U CHAETCS YHCTast JJAOOPAHTY.

Texnuka 6e3onacnocmu NPU BbINOJIHEHUU J1AO0PAMOPHOU_DAbOOMbL:

-aKKypaTHO 00pamiaThCsi CO CTEKISTHHOW XMMHUYECKOM MOCYy/I0i. OCTaTKu pa3OuTOM mocy/sl youpaTs C
IIOMOUIBIO COBKA M IETKU;

-Bce paboThl, CBSA3aHHBIC C BBIJACICHHEM SIOBUTHIX, JIETYYMX M HEMPUATHONAXHYIIMX BEILIECTB,
MIPOBOAUTH B BBITSKHOM HIKady;

-IIpU ONPEACJICHUHN 3allaxa BEIIECTB OTBEPCTHE COCyJa JepxkaTh Ha pacctosHuu 25-30 cMm oT juua,

HanpaBisist K cebe CTPYIO ra3a MmocTynaTeIbHbBIMH JBH)KEHUSMH JIAJIOHU OT OTBEPCTUS K JIUILY;



-IpY HAJMBAHUHM PEAKTUBOB HE HAKIOHATHCS HAJ COCYAOM BO H30eKaHHME TOMagaHusi OpBI3T WIN
YaCTHII Ha JIMLIO WM OJEXKIY. IPU pa30aBIeHUHN KOHIIEHTPUPOBAHHBIX KHCIIOT BIMBATh KHCIOTY B BOAY,
HO HE Ha000poT;

-TIpY HarpeBaHUM MPOOUPKHU HE JIepKaTh €€ OTBEPCTHEM K ce0Oe MM B CTOPOHY COCea. HE HAKIIOHAThCS
HaJl HarpeBaeMoH JKUIKOCTBIO BO N30eXKaHUe MOMalaHus e€ Ha JIMLO, PYKH WU OACXKIY;

-TOpsiYMe IMPEIMEThl MOXXHO CTAaBUTh TOJBKO Ha acOECTOBBIM KapTOH, acOECTHPOBAHHYIO CETKY WIIH
APYTYIO CHEIHUATIBHYIO TOJICTAaBKY;

-HEJb3$ TOJIB30BATHCS HIEKTPONPUOOpPaMu 06€3 COOTBETCTBYIOIIETO HHCTPYKTAXa. MPH BKIIFOYCHUHU UX B
CETh HEJb3s IEPXKATHCS 38 METAJUIMYECKHUE MTPEAMETHI (TPYObI, KPaHbI U T.I1.). 3alPEIIACTCs] BKIIIOYATh U
BBIKJIIOYATh JIEKTPONPHOOPHl MOKPHIMH pYyKaMH, a TakKXkKe II0Jb30BaThCsl HEUCIPABHBIMU MM
MMEIOIIMMH OTOJIEHHBIE TIPOBOA TPUOOPAMU;

-3anpemaeTcs MPUHUMATh MHIY B XUMHYECKON J1a00paTopru U MUTh BOAY U3 JIAOOPATOPHOU MOCYIBI. -
-KaTerOPHYECKH 3arperaeTcs MpoOooBaTh PEaKTHBBI Ha BKYC;

-IIpU TIONaJaHUU Ha JIMLO WM PYKH OpBI3T KOHIIEHTPHUPOBAHHBIX KHCJIOT IMOCIE CMBIBAaHHS BOJOM
IPOMBITH CIa0BIM PACTBOPOM COABI. IIENOYb CIIEAYET CMBIBAaTh A0 TEX IOpP, MOKA y4acTOK KOXKH, Ha
KOTOPBIN OHA TIOMala, He MEePEeCTaHeT ObITh CKOJIB3KUM; 3aT€M IPOMBITH CIIA0BIM PACTBOPOM YKCYCHOM
KHUCJIOTHl W HAJIOKUTh TIOBSA3KY W3 BaTbl, CMOUYEHHON 3%-HBIM pacTBOpPOM IepMaHraHaTa Kaiuus (W3
anTeyky B Ja0OpaHTCKOM Kadenpsl);

-110 OKOHYaHUM PAaOOTHI BBIKJIIOUUTH U3 CETHU BCE ANEKTPOIPUOOPHI, MEPEKPHITh MOJauy ra3a U BOJbl B
nmabopaTopuio U yopath pabodee MecTo;

-000 BCceX HECUACTHBIX CIy4yasX HEMEUIEHHO coo0LIaTh MPENnoJaBaTello Uilu JIaDOpaHTy.

Ilpakmuueckas wacmo:

[TpuroroButs B MepHoOi konOe 100 ™y pacTBopa XJOPOBOJOPOIHOM KHCIOTHI 3aJaHHOMN
konnentpanuu(0,10 - 0,20 H).

[Topsinox paboThI.

a) KoHIleHTprpOBaHHYIO XJIOPOBOJOPOJIHYIO KHCIOTY HAJIUTh B LMWJIMHIP U apeOMETPOM H3MEpHUTh €€
IUIOTHOCTh. DTy OINEPAaLUI0 MIPOBOIUTH B BHITSHKHOM mIKady. [To Tabnuie B cipaBOYHMKE ONpEAEIUTh
MPOIICHTHYIO KOHIIEHTPAITUIO KUCJIOTHI M BBIYUCINUTL 00hEM KoHIeHTpupoBanHoi HCI, HeoOxoaumbIii
st npurotosieHuss 100 M pacTBopa 3agaHHON KOHUEHTpanuu. i pacd4éToB MOKHO HCIIOIb30BATH

cnenyromue GopMyIsl: ’

Coz M m - 1000
% — pV . 100% CH_ 9 ]

rac Co — MMPOLCHTHAaAd KOHICHTpALUA,

Cy — HOpMaJsbHasl KOHLIEHTpALUS;



M — Macca pacTBOPEHHOTO BEIECTBA;

p — IIOTHOCTh PAcTBOPA, I/cM>;

v — 00BEM pacTBopa, cM>;

D — >KBUBaJICHTHAs Macca paCTBOPEHHOTO BEIIECTBA.
Brruucnennsiii 006€M pacTBOopa M3 OIOPETKU NEPEIUTh B MEpHYI0 Koia0y Ha 100 mui, 3atrem B KoOJOy
HQJIUTh 10 TOJOBUHBI JUCTHIUIMPOBAHHOW BOJbI. TmiarenbHO B30ONTaTh, JOBECTH OOBEM pacTBOpa
IUCTUUTMPOBAHHON BOJOW 10 METKH, 3aKpBITh KOJOY MpOOKOH M BHOBb THIATEIHHO IIepeMelIaTh
pacTBop, epeBopavyuBasi KoJuoy.
6) [IpoBepuTh HOPMAILHOCTH IPUTOTOBIEHHOTO PacTBOPA.
JUJ1st 5TOTO BCHOJIOCHYTH NMPUTOTOBJICHHBIM PACTBOPOM KHCJIOTHI UIIETKY W O0TOOpaTh munetkoi 10 mu
9TON KUCIOTHI. COAEep)KUMOE MUIIETKH MEPEHECTH B KOHUYECKYIO KOJOy, Tyna ke n06aButh 20-40 M
TUCTUIUTMPOBAHHOW BOABI U 2-3 Karu ¢peHoadTanenHa. 3aTeM B 3TOT pacTBOP U3 OIOPETKH MOCTEIIEHHO
N00aBJIATh PACTBOP IIENOYM M3BECTHOW KOHIIGHTPAIMM, HETPEPHIBHO B30aNThIBas KOJIOY 10 TeX MOp,
[I0OKa pacTBOp HE OKpacuTcs B po30BbIi 1BeT. Ecian okpacka HeycToH4MBa (MCYE3aET), NPUOABUTH €IE
2-3 xamm 1ménodyd. DTOT MOMEHT COOTBETCTBYET IIOJHON HEHTpanM3aluy KHCIOTHI IIENOYBIO.
OnwucanHblii TPUEM B aHATUTHYECKOW XMMHUHM Ha3bIBA€TCS THTPOBaHUEM. THUTpoOBaHHE MOBTOPUTH 2-3
pasa, moka 00bEMBI U3PACX00BaHHOH IEN0UM He OyyT oTiindaThes Oosee ueM Ha 0,1 mi1.
Pacuér KOHLEHTpaLUMU KUCIOTHI MPOMU3BOJUTCA IO CPEAHEMY 3HAYCHHMIO M3PACXOJ0BAHHOTO 00BEMa
ménoyu. J{s 3TOro uCnoab30BaTh CIEAYIONUIYIO GOPMYIY:

Caxrst ® Vi =Crmen ® Vign

rie  Cyxm— ONpeaensieMas HopMaJibHas KOHLIEHTPalus KUCIOThI, M-3KB/J;

V «r1— 00BEM KUCTOTHI, MIT (B JaHHOM cirydae 10 mo);

Ch wen— M3BECTHAs HOPMaJibHasi KOHIIEHTpALUs IENO0YH, T-3KB/IT;

V wen— cpenHee 3HaueHue o0bEMa MIEN0YH, U3PACXOJOBAHHOTO HA TUTPOBAHUE, MII.

BoruncnuTh 3HaueHNe OMMOKY, TONMYIIEHHON IPU MPUTOTOBIEHUH PACTBOPA 3aJaHHOW KOHIEHTPALUU:

OmmGKa. Y%= CH Teop — CH TPaKT
tl

. 0
Cu Teop 100%

rne  Cyreop — KOHLEHTpALIMSA, 3aJJaHHAs] IPET0IaBaTeNIeM, T-9KB/JI;
Ch npaxr — KOHIIEHTpAIIHsI IPUTOTOBJIEHHOTO pacTBOpPA, ONpeie€éHHasi TATPOBAHUEM, T-9KB/II.

Tpeovosarnusa Kk oghopmiaenuro 1a60pamoprou padbomel 4 omuyemy -

1.BremonHeHnne nabopaTopHBIX pabOT COMPOBOXKAAIOT 3amHcsIMH B JabopaTopHOM >kypHane. Ha
TI/ITy.]'H)HOM JINCTC na60paT0pH0ro mypHaﬂa JOJIPKHBI 6BITB Hpe}ICTaBHeHLIZ Ha3BaHUC YHI/IBepCI/ITeTa,
(dhaMUIHs ¥ MHUITUABI YJaIerocsi, HOMep Kypca ¥ TPYIIbl, y9eOHBINA TO/I.

2.014eT 0 BBIMOJTHEHHOH JIa00paTOPHOM paboTe TOJDKEH COACPKAThH CICAYIOIINE CBEICHMUS:

*HOMEp paboTHI U €€ Ha3BaHUE;



*J1aTy BBINIOJHEHUS paOOTHI;

*IICJIb PaOOTHI;

*000pyI0BaHUE M MaTEPHUAIIbI;

*KpaTKO€ TEOPETUUECKOE ONHCAHUE;

*HOMEp U HA3BaHUE OIIbITA;

*KpaTKoe OMHCAaHKE X0/a pabOThI C yKa3aHUEM YCJIOBHIA IPOBE/ICHUS OIIbITA;

*PUCYHKH M CXEMBbI HCIIOJIb3YEMbIX IPUOOPOB;

*Ha0JIFOICHMS,

*ypaBHEHHS POTEKAIOIINX PEAKIIHIA;

*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBOJIBI.

3.JIaGopaTopHBIii KypHaI HY>KHO BECTH YHCTO U aKKYPaTHO, 3aIIMCH JOJDKHBI OBITh JAKOHUYHBIMH.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBAET MIPENOABATENb.

5K cmaue 3au€ra mo nabopaTOpHOMY MPAKTUKYMY JOMYCKAIOTCS CTYICHTHI, BBIMOJIHUBIIME U
MOJMNKCABIINE y TPEnojiaBaress BCe JIOMAIlHWE U JIabopaTOpHbIe pabOThl, CHABIINE KOJJIOKBUYMBI,
aKTHUBHO y4acTBOBABIIKE B padOTE CEMUHAPOB.

6.CTyneHThl, MOMYYHBIIKE 3a4€T MO JIAOOPATOPHOMY MPAKTUKYMY, OIYCKAIOTCS K c/ade dK3aMeHa 10
Kypcy HEOPTaHUYECKOW XUMUHU.

Konmponavnvie eonpocot :

1. Yo Ha3bIBaeTCs CycneH3uel, SIMyJIbCUEN, KOJJIOUTHBIM PACTBOPOM U UCTUHHBIM PacTBOPOM

2. Yto Ha3bIBaeTCs KOHIEHTpanmen pactBopa? KakoBbl Hambosee pacipoCcTpaHEHHBIE CIIOCOOBI ee
BBIPAKEHUS?

3. Kakue KOHIEHTpaluy Ha3bIBAIOTCS MPOLEHTHBIMU, MOJISUIBHBIMH, MOJIIPHBIMHU, HOPMaJIbHBIMU?
Urto Takoe TUTp pacTBOpa?

4.ApeoMeTp TMOKa3al IUIOTHOCTh cepHOW Kkuciotel 1105 xr/m3. KakoBbl ee mnporeHTHas
KOHLEHTpAaLUs, MOJISPHOCTb, MOJISLIBHOCTh, HOPMAJIbHOCTD Y TUTP?

5. Kaxkoit 06vem 20% comstHOM KUCIIOThI TOTpedyeTcs s MpUroToBieHus 11 3 H. pacTBopa?

6. [t mpoTpaBiIMBaHUS CEMSH CyJIeMOoil mpuMeHsIoT ee pactBophl 0,1 % xonneHTparmmu. CKOIBKO
cyJieMbl Hazo B3ATh Ha 20 Bexep pactBopa (BMecTUMOCThH Beapa 20 nutpoB)? MOXXHO JTU TOTOBUTH
pacTBOp CyJEMbI B IIMHKOBOM U KEJIE3HOM Beape?

7.Cxonbko npoaaxHoro gopmanuna (40% pacTBop) U BOAbI HEOOXOIUMO B3ATh JJISl IPUTOTOBICHUS
5% pacTtBOpa?

8. Onpenenute HOPMAIBLHOCTH IIENI0UH, coaepxkantyro 2 T NaOH B 1 nurpe pactBopa.

JlabopaTopnasi padora Ne /

Tema: Peakuun o0MeHa B pacTBOpax 3JIeKTPOJIMTOB



Lenv padomsi: M3yunth peakiuu oOMeHa B pacTBOpax 3JIEKTPOJIMTOB Ha MpuUMepe 00pazoBaHUs

TPYAHOPACTBOPHUMBIX BCHIECCTB, ra30B, MaJJOAUCCOOMHUPYIOLICT'O 3JICKTPOJINTA, pPCAKIUN ITPEBPAILICHUA
OOHOI'0 MAJIOPACTBOPHUMOTO BEHICCTBA B MCHEC paCTBOPHUMOC BCIICCTBO.

Dopmupyemvie _xomnemenyuu. YK-1; OIIK-2.

Teopemuueckas uacmo:

DNEKTPOIUTBI — MO Geujecmed, pacmeopvl U PAChIaAébl KOMOPLIX NPOBOOSM 3IeKMpudeckuti mox.
Pacnian Mosexkys BelecTBa Ha HOHBI Ha3bIBACTCS 21eKmpoaumuyeckou ouccoyuayueti. K anexrponuram
OTHOCSATCS] KUCJIOTHI, OCHOBaHUSI, COJIU. KHCIIOTBI — 3TO 3NIEKTPOIUTHI, JUCCOLUUPYIOIINE B PACTBOPAX €
oOpaszoBanueM KatuoHoB Bojgopoaa: HCN < H* + CN; HzSOs = 2H" + SO4%. OcHoBauus —
AJIEKTPOJIUTHI, AUCCOLUUPYIOIINE B PACTBOPaX ¢ 00pa30BaHUEM I'MIPOKCHI-UOHOB:

NH4OH <> NHs" + OH’; Ba(OH), = Ba** + 20H. CymecTBYIOT >I€KTPOIHUTHI, KOTOPHIE MOTYT
JIMCCOIIMUPOBATh TI0 THUIY KHCIOTHI W 1O TUIY OCHOBAHMsS, TaKHE SJICKTPOJIUTHI HAa3bIBAIOTCS
amporepHbiMi. K HHM OTHOCSTCS THAPOKCHABI aM(OTEPHBIX 3JIEMEHTOB, a TaKXKe THIPOKCHJIBI
METAJJIOB, HAXOMIAIIMXCSA B MPOMEXKYTOUHOW cTermeHu okucienus, Hampumep: Be(OH)z, AlI(OH)z,
Zn(OH)2, Cr(OH)s u MHorue apyrue. Jlucconuaruio pacTBOPEHHONW YacTH aM(pOTEPHOrO THAPOKCHIIA
110 000MM THIIaM MOKHO IIPEICTaBUTh CJIEAYIOLIEH CXEMOI:

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

B HAChIIIEHHOM BOJHOM pacTBope amdorepHoro ruapokcuaa nonsl HY, RO u R*, OH naxonsarcs B
COCTOSIHUM DPaBHOBECHS, MO3TOMY aM(OTEpHbIE THIPOKCHBI B3aUMOJCUCTBYIOT U C KHCIOTaMU H C
ocHoBaHUsIMU. [Ipy 100aBIEHNN KHUCIOTHI PaBHOBECHE CMEIIAETCS B CTOPOHY AMCCOLMAIUHN TIO THITY
OCHOBAHUS, P T0OOABICHUU OCHOBAHUS — B CTOPOHY TUCCOIMAIINAY TI0 THITY KHCIOTHI.

Conu — 37eKTPOIUTHI, KOTOPHIE MPU PACTBOPEHUHU B BOJE AMCCOIUUPYIOT, OTIICTIISS TOJOKUTEIbHBIE
WOHBI, OTJIMYHBIE OT HMOHOB BOJIOPOJIa M OTPHUIATENIbHBIE, OTIUYHBIE OT THAPOKCHA-WOHOB. Comu
CpelHNe, KUCIbIe 1 OCHOBHBIC TUCCOIUUPYIOT:

Al2(SO4)3 = 2AIP* + 3S04%; CUOHCI <> CuOH* + CI'; KHCO3 = K* + HCO3.

[To cmocoOHOCTM K AMCCOIMAIIMM DJICKTPOIMUTHI JAENATCS Ha CHIbHBIE U cialble. Y CHIBHBIX
AJNEKTPOJIUTOB B PACTBOPE AMCCOIMUPYIOT HAa MOHBI MPAKTUYECKH BCE MOJIEKYJbI, y ClIa0bIX - JIMIIb
9acTh MOJEKYd1. K CHIIBHBIM AJIEKTPOJHMTAaM OTHOCSTCSI TOYTH BCE COJM, OCHOBAHHS IIEIIOYHBIX U
IEJIOYHO3EMENBHBIX MeTaIoB, a n3 BaxHeWmux kucior: HCIOs, H2SOs, HNOsz, HCI, HBr, HJ,
HMnOs..

K cmabeiM smekTponuTaM OTHOCSTCS TOYTH BCE OpraHuveckue Kucnotbl, Hampumep, CH3COOH,
neoprannueckue coenuuerus: HoCO3, H2SO3, H2SiO3, HCN, HNO2, H3PO4, HF, NH4OH, H20 u 1. 1.
Peakiium B pacTBopax 3JEKTPOJIUTOB IMPOTEKAIOT MEXIY HOHAMH W HAYT HEOOpaTHMO, €Clid B

pe3ynbTaTe peakmuu O0pa3yrTCs OCANKH, Ta3bl M cliadble AMEeKTpoNuThl. OOBIYHO TaKHE pPEaKIuu



U300paXKaroTCsI MPH MOMOIIY HOHHO-MOJICKYJIIPHBIX ypaBHeHHMA. OCaKu, ra3bl U Cladbie AIEKTPOIUTHI
MUIIYTCS B BUJIE MOJICKYJI, XOPOIIIO PACTBOPUMbIE CHIIbHBIC 3JIEKTPOJIUTHI — B BUJIC HOHOB.

PaccMOTpuM THITHYHBIC BAPHAHTHI PEAKIIUN B PACTBOPAX JCKTPOJIUTOB:

a) 3AgNOs + FeCls = Fe(NOz)3 + 3AgCl| — monekylsipHOe ypaBHEHHE

3Ag* + 3NO;s + Fe*" + 3NO3z + 3AgCl] — monHOe HOHHOE YpaBHEHUE

Ag" + ClI'= AgCl| - coxpallleHHOE HOHHOE YPaBHEHHE

0) Na2CO3 + H2SO4 = NaxSO4 + H20 + CO21

2Na* + COz% + 2H" + SO4 = 2Na* + SO4> + H20 + COt

2H* + CO3% = H,0 + CO21.

B) HCI + NaOH = NaCl + H20

H*+CI"+Na"+ OH =Na* + Cl + H.0

H*+OH =H.0

[Tpu cocTaBiICHUH HOHHO-MOJICKYJSIPHBIX YPAaBHEHHH CJCIyeT MOMHHUTH, YTO CyMMa 3JICKTPHYCCKUX
3aps0B B JIEBOW YaCTH [OJ/DKHA OBITh paBHAa CYMME OJJICKTPUYECKHX 3aps0B B TMPABOH YacCTh
ypaBHeH#st. OTMHAKOBBIC HOHBI U3 00CUX YacTel YpaBHCHHS UCKITIOYAIOTCS.

Qobopyoosanue u mamepuaivl:

PeakTuBbl, HEOOXOIMMBIE JIJIsi JAHHOW PaOOTHI, BHICTABIIAIOT HA MOJKU JaOOpaTOPHBIX CTOJIOB. Penkue
PEaKTHUBbI, KOHLIEHTPUPOBAHHbIE KUCIOTHI M INEIOYM, Naxyyue BellecTBa (Hampumep, CepoBOJOPO,
OpoMHas BoJia U Ap.) XPaHAT B BBITSHKHOM IKa(y.

OcHoBHasl XUMHUYecKas ocyAa: NpOOUPKU (B IUTATHBE), KOJIObI, XUMUYECKUE CTaKaHBI MOCIE PabOTHI
THIATEJILHO BBIMBITH, BECHl C Pa3HOBECOM, IMPUOOPHI, HCMONb3yeMas Ul IMPOBEIEHHUS OTAENbHBIX
71a00paTOPHBIX PabOT, BHIAAETCS U CIAETCs YMCTast JJAOOPAHTY.

Texnuka bezonacnocmu npu_8bINOJIHEHUU 1AD0PDAMOPHOU_PAdOmblL:

-aKKypaTHO 00pamaThbCsi CO CTEKISTHHOM XMMMUYECKOM MOCya0i. OCTaTKM pa3OMTON mocyisl youparh C
MIOMOIIbIO COBKA U MIETKU;

-Bce paboThl, CBA3aHHBIE C BBIJCICHUEM SJIOBUTHIX, JIETYYMX M HEMPUATHONAXHYIIMX BEIIECTB,
MIPOBOJIUTH B BBITSDKHOM IIKady;

-IIpU ONPEAEJICHUHN 3allaxa BENIECTB OTBEPCTHE COCyJa JepxkaTh Ha paccrtosHuu 25-30 cm oT juua,
HampaBJissd K cede CTPYIo raza nocTynaTelbHbIMU IBHKEHUSIMU JIAZIOHU OT OTBEPCTHS K JIMILY;

-IpY HaJMBAHWM DPEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30€XaHHE MOMafaHus OpbI3T WIK
YaCTHI] HA JINLIO WM OEXKAY. IIPH pa30aBICHUH KOHIICHTPUPOBAHHBIX KUCIOT BIMBATh KUCIOTY B BOLY,
HO HE Hao0OopOT;

-TIpY HarpeBaHUU MPOOUPKH HE JIepKaTh €€ OTBEPCTUEM K cede MM B CTOPOHY COCe/la. HEe HAKJIOHATHCS

HaJ| HarpeBaeMoU JKUIKOCTHIO BO H30eKaHUE MONMaAaHus €€ Ha JIUI0, PYKH WU OJEKY;



-ropsiYde MpeIMEThl MOXHO CTaBUTh TOJIBKO Ha acOECTOBBIM KapTOH, acOECTHMPOBAHHYIO CETKY WU
APYTYIO CHEIUATIBHYIO MIOJICTAaBKY;

-HEJb35 TOJIB30BATHCS HIEKTPONPUOOpPaMu 06€3 COOTBETCTBYIOIIETO HHCTPYKTAXa. MPH BKIIIOYCHNUU UX B
CeThb HEJb3sl IePKAThCS 38 METAIMUECKUE TIPEAMETHI (TpyOBI, KpaHbl U T.I1.). 3allpeUiaeTcsl BKIOYATh U
BBIKJIIOYaTh 3JIEKTPONPUOOPEl MOKPBIMH pPYKaMH, a TaKXe I0JIb30BaTbCs HEUCIPaBHBIMU WM
MMEIOIIMMU OTrOJIEHHBIE POBOA IPUOOpaMU;

-3anpemaeTcs NPUHUMATh MHIY B XUMHYECKON J1ab0opaTopuu U MUTh BOAY U3 JIAOOPATOPHON MOCYIBI. -
-KaTerOpHUYECKH 3arperaeTcs NpoodoBaTh peakTUBHI Ha BKYC;

-IpY MONAJaHUM HA JIMLO WIM PYKH OpBI3r KOHLEHTPUPOBAHHBIX KHCIOT I1OCJIE CMbIBaHHUSA BOJOW
IPOMBITh CIa0BIM PAaCTBOPOM COJIbI. ILENOYL CIEAYET CMBIBAaTh IO TEX IOpP, MOKA y4acTOK KOXKH, Ha
KOTOPBIN OHA TIOMalia, He MePEeCTaHeT ObITh CKOJB3KUM; 3aT€M MPOMBITH CIIA0BIM PacTBOPOM YKCYCHOMH
KHCJIOTHl W HAJIOKUTh TIOBSA3KY W3 BaTbl, CMOYEHHOW 3%-HBIM pacTBOpPOM IepMaHraHaTta Kaimus (W3
anTeyKy B 1a0OpaHTCKOHN Kadenpsl);

-110 OKOHYaHUM PAOOThI BBIKJIIOUUTh U3 CETHU BCE AJIEKTPOIPUOOPHI, MEPEKPHITh N0Jauy ra3a U BOJbl B
naboparopuio u yopaTh pabouee MecTo;

-000 BCceX HECUACTHBIX CIy4yasX HEMEUIEHHO cOO0LIaTh MPENo1aBaTeNto Win J1a00paHTYy.

Ilpaxmuueckas uacms:

B3aumoeincTBUE ANEKTPOIIMNTOB CIEAYET PACCMATPUBATh KAK PEAKLUU MEXIYy MOHAMH. DTH PEAKLUU
UAYT B CTOPOHY HamOoJjee IOJIHOTO CBS3bIBAHUS WOHOB B TPYAHOPACTBOPHMBIE, ra3000pa3Hble U
MaJIOUCCOLMUPYIOLIUE BEIIECTBA.

[Ipu BBITIOJIHEHNH pabOTHI YpaBHEHMSI BCEX PEAKIMM MHUCAaTh B MOJIEKYJISIPHOM U HOHHOM BHUJIE.

Onwim Nel. O6pa3zoBaHH€e TPYIHOPACTBOPHUMBIX BEILIECTB.

[TonGepure Takue peakTUBbI U3 HAXOMAIIMXCS Ha MOJIKE, B3aUMOIEHCTBHEM KOTOPBIX MOXHO MOJYYHUTh
OCcaJKu cylb(ura MUHKA, THIPOKCHIAa HUKENS M KapOoHaTa Kaiblus. Ocaaku JOJKHBI OTCTOSTHCS.
[Tocne orcTauBaHust paCTBOPHI CIUTh, @ OCAJAKH COXPAHUTH JJISl CIIETYIOIINX OIBITOB.

Onwvim Ne2. O6pa3oBaHue Ta30B.

K cynpdpuny nmHka, a 3ateM K ocaaky KapOoHaTa Kajbls, OpubaBuUTh 2-3 MI pacTBopa
XJIOPOBOAOPOAHON KHCIOThl. Kakue rassl Boiaensaorcs? OOpaTute BHUMaHHE, YTO BO BTOPOM Cliydyae
MTOMHMO Ta3a 00pa3zyeTcsi MaJIoAUCCOIIMUPYIOIIEE BELIECTBO.

OMnBIT IPOBOAUTH B BHITSDKHOM HIKAQYy.

Onvim Ne3. O6pa3oBaHre MATOANCCOIUUPYIOIIETO IEKTPOIUTA.

A. K ocaaxy runpokcuna Hukens (onbIT Nel) mpubaButh pactBop ammuaka. O6paszyeTcsi pacTBOPUMBII
MaJI0IUCCOIMUPYIOMIHI HOH TeTpaaMmMuHHUKEA(1T).

B. B nmpobupky HanuTh 2-3 MJ pacTBOpa XJIOPOBOJIOPOJHON KHCIOTHI M IMOMECTHUTHh B HETO TPaHyTy

METaJUIMYecKoro muHKa. HaOmionaTh WHTEHCHBHOE BBIJCIEHHE Bojaopona. /loGaBUTh B HpoOOUpPKY



HIETIOTKY KPHUCTAJUIMYECKOTo arerara HaTpus. OTMETUTh W3MEHEHHE B WHTEHCHUBHOCTU BbIJIEJICHUS
Bojiopoja. Hamucare ypaBHeHHE peaklMy, KOTOpas MPOU30LLIa Mocie MpuOaBlieHus aleraTa HaTpus,
yKa3aTh IPUUMHY 3aMeIJICHUS MPOLiecca BbIIEIEHUS BOJIOPOAA.

Onvim Ne4. CMellieHue MOHHOTO paBHOBECHSL.

A. Hamute B mpoOupky 3-4 M1 JUCTHIUIMPOBAHHON BOJBI, MPHOABUTH KAaIUTKO KOHIICHTPUPOBAHHOMN
YKCYCHOM KHUCJIOTHI U 1-2 Kamjau MHIUKATOpa METUIIOBOro opaHxkeBoro. Kakyioo okpacky HpUHHUMaeT
pactBop u mnoueMy? CocTaBbT€ ypaBHEHHE IHUCCOLMALMM YKCYCHOM KHUCIIOTBI U BBIpQKEHHE IS
KOHCTaHTbl HOHU3ALIUH.

Paznenuts pacTBOp MOpPOBHY Ha JIBE MPOOMPKH M K OJHOM 4acTH NMPUOABUTH IIEMIOTKY alleTata HaTpus,
B300JITaTh U CPAaBHUTH OKPACKY PACTBOPOB B 00eux nmpodupkax. /laTh 00BbsICHEHHE OMBITY.

B. IlpoBecTu OmbIT aHAJOTMYHO HPEIBIAYILIEMY, B35SB BMECTO KHCJIOTHI PacTBOpP aMMHaKa, BMECTO
METHJIOBOTO OpPaHXEBOTro - (QeHondransenH W BMECTO aleraTta HaTpus - XJOpHI aMMOHHs. JlaTh
00BsSICHEHUE, UCXO/Is1 U3 KOHCTAHTHI pAaBHOBECHSI.

Onwvim Ne5. TlpousBeneHrne pacTBOPUMOCTH MalOPACTBOPUMBIX BEIIECTB.

Buectu B npoOupky u3 Ooperku 1 mi 0,1 H pacTBopa HUTpaTa CBUHIA U J00aBUTh K HEMY HEMHOTO
6ombire o 006éMy 0,1 H pacTBopa cynbgara Harpus. [lomydeHHBINA 0CaIOK JOHKEH OTCTOAThCSA. CIHTh
HAJ0CaJ0YHYI0 XKUAKOCTh (Win otoOpath nunerkoi). K ocanky npubaBute 1 M pactBopa xpomata
Kaauss W rnepeMemiats. HaGmionaTh mnocTeneHHOe HW3MEHEHHME IBeTa ocajika. Kakoe BelecTBo
obpazoBanochk? Ha ocHOBaHMU OMbITa C/IeNaTh BBIBOJ O BEIMYMHE MpousBeeHus pactBopumoctH (I1P)
MajopacTBOPUMBbIX cosiel. CpaBHUTh CBOM BBIBOA C JaHHbIMM TaOnuubl. HamucaTe ypaBHEHUS
MPOU3BEICHUS PACTBOPUMOCTH ATHUX COJIEH, TOACTaBUB 3HaueHus [1P.

Omnsit Ne6. KoHTposibHOE 3a1aHueE.

OKCIIEpUMEHTAIIBHO OCYILIECTBUTH CIEAYIONINE TIPEBPAILICHHUS:

CuSOs — Cu(OH)2 — [Cu(NH3)4](OH)2 — Cus.

CocTaBUTh YpaBHEHHsI peaKLUi.

W3 storo ombITa cieayeT, 4TO MHOIJA B JIEBOM M MPaBOM YacTSIX YpaBHEHUS MOTYT OJHOBPEMEHHO
HaXOJUTHCS MaJIOJUCCOLMHUPYIOUINE U TPYAHOPACTBOPUMBIE BellecTBa. UTOOBI MPAaBUIBHO PELIUTH
BOIIPOC, B KaKyl0 CTOPOHY CMECTHTBCSI PABHOBECUE, HYXKHO IPOU3BECTH YUET TAKUX KOJIMUYECTBEHHBIX
XapaKTePUCTHK, KaK KOHCTaHTa JUCCOLUAINH, TPOU3BEIEHNE PACTBOPUMOCTH, KOHIIEHTPAIIUsI HOHOB.

Tpebosanusa Kk ohopmaenuio 1a00pamopHol pAOOMbL U OMUECHY:

1.Bemmonnenue m1abopaTOpHBIX pabOT COMPOBOXKIAIOT 3amUCsIMH B JiabopaTopHoM >kypHasie. Ha
TUTYIBHOM JIUCTE 1a00paTOPHOTO KypHalla JAOJKHBI OBITh MPEACTABICHBI: HAa3BAaHUE YHUBEPCHUTETA,
(bamMuIus ¥ MHUIMAJIBL YYalerocs, HOMep Kypca U IpyIIibl, y4eOHBIH TO.

2.0T4eT 0 BBIMIOJHEHHOM JIa00PaTOPHOU paboTe TOJDKEH COACPKAThH CICAYIOIINE CBEICHMUS:

*HOMEp paboThI U €€ Ha3BaHHUC;



*J1aTy BBITIOJHEHUS paOOTHI;

*IICJIb PaOOTHI;

*000pyI0BaHUE M MaTEPHUAIIbI;

*KpaTKOE TEOPETUYECKOE OMHMCAHMUE;

*HOMEp U Ha3BaHHE OMbITA;

*KpaTKOe OMHCaHKE X0a paboThl C yKa3aHUEM YCJIOBUIA IPOBE/ICHUS OIIbITA;

*PUCYHKH M CXEMbI UCTIOJIB3YEMBIX TPUOOPOB;

*HAOJIIOICHHS;

*ypaBHEHHUSI MPOTEKAIOIINX PEAKIIHIA;

*pacy€Thl, TAOIHIIBI, TPAPUKH;

*BBIBOJIBI.

3.JIabopaTopHEIi )KypHAT HY)KHO BECTH YHUCTO U aKKYPaTHO, 3aITUCH JIOJDKHBI OBITh JTAKOHHYHBIMH.
4.014éT 0 MpoBeIEHHON pabOTE MPOBEPSET U MOAMKUCHIBACT MPENOAABATENb.

5.K cpaue 3au€ra mo nabopaTOpHOMY NPAKTUKYMY [OMYCKAIOTCS CTYICHTHI, BBIMOJIHUBIIME H
MOJMNKCABIINE y TPEnojaBaTess BCE JOMAIlHWE U JIabopaTOpHBIE pabOThI, CHABIINE KOJUIOKBHYMBI,
aKTUBHO YYaCTBOBAaBIIHE B padOTE CEMUHAPOB.

6.CTylIeHTBI, MOJTYYUBIINE 3a4€T MO Ja00paTOPHOMY MPAKTUKYMY, JOMYCKAIOTCSA K cAade IK3aMeHa 1o
Kypcy HEOPTaHUYECKOW XUMUHU.

Konmponavnvie eonpocot :

1. CocraBbTe MOJICKYJSIPHBIE W HWOHHO-MOJICKYJSPHBIC YPAaBHCHHS PEaKIHWi B3aUMOJICHCTBUS B
pactBopax Mexy: a) KoS u CuSOs; 6) AgNOs u NH4Cl;

B) Na2SiOz u H2SO4; 1) CaCO3 u HNO:s.

2. CocraBbTe MO JBa MOJEKYISIPHBIX YpaBHEHHsI pEaKIMii, KOTOpbIE BBIPAKAIOTCS HOHHO-
MOJICKYJISIPHBIMY YPABHCHHSIMH:

a) Fe*" + 30H" = Fe(OH)s; 6) H* + OH = H,0; B) Cu?* + S = CuS.

3. MOHO 1 IPUTOTOBUTH PACTBOP, COACPIKAIIUNA OJHOBPEMEHHO CIEIyIOIIHe mapsl BemiecTs: a) KOH
u Ba(NOs)2; 6) Cr(OH)s u NaOH; B) Pb(NO3)2 u KCI; r) CuCl2 u NaxS? IlpencraBbTe BO3MOXKHBIC
pEaKIyy B MOJICKYJSIPHOM U HOHHO-MOJIEKYJISIPHOM BHJIE.

4. CmemmBatot nomapao pactBopbl: a) KOH u Mg (NOz)2; 6) Li2COs u HCI; B) Fe(NO3)s u KOH; r)
NH4CI u NaOH. B kakux ciydasx peakiuy MpakTHdecku moiayT no konma? IlpenctaBeTe ux B
MOJIEKYJISIPHOM M HOHHO-MOJIEKYJISIPHOM BH/JIE.

5. CocraBbTe MOJEKYISIPHbIE W HWOHHO-MOJICKYJISIPHBIE YPaBHEHUS pEaKIUi B3aUMOJICHCTBHSI B

pactBopax Mexay: a) BaCOsz u HNOs; 6) Fe2(SOa4)3 u KOH; B) HCI u K2S; 1) CH3COOK u HCI.



6. CocraBbTe MOJIEKYJISIPHBIE U HOHHO-MOJICKYJIIPHBIE YpaBHEHHs] pEaKIHMi B3aUMOJEWUCTBUS B
pactBopax mexay: a) Mg(OH), u CHsCOOH; 6) NH4Cl u NaOH; B) Ca(OH)2 u K2CrOgs; 1) AICI3 1
Ba(OH)>.
JlaGopaTopnasi padora Ne 8
Tema: 'maposus

Lenb padomui: Vzyuenue padotsl pH-meTpa u onpeaenenue pH HelTpanbHOr0, KUCIOTO U MIETOYHOTO

pacTBOpoB C momouplo PH-MeTpa, BHU3yanbHOE OIpPEIEIEHUE LBETOB HWHAUKATOPOB JIAKMYCA,
METHJIOBOTO OPAHXKEBOTO U (eHoN(PTaIenHa B HEUTpaTbHON, KUCIION 1 MIETIOYHON cpelie, onpeescHIe
PH cpeabl ruApOIU3YIOLMXCS CONIEH ¢ MOMOUIbIO MHIMKATOPOB, BIUSHUE TEMIIEpaTypbl Ha THAPOJIU3,
HEOOpaTUMBIH MOJIHBIA THIPONIH3.

Dopmupyemvie komnemenyuu. YK-1; OIIK-2.

Teopemuueckasn uacmo:

I'unponus — 3T0 pasnokeHHe BelecTB BoaoH. Boma — oaHO M3 camblx akTHBHBIX BemiecTB. OHa
JEMCTBYET Ha camble Pa3IMYHbIE KJIACChI COSAMHEHUMN: COJIM, YIIIEBOJbI, OCNKH, 3(pUPBI, KUPHI U T. 1.
[Tpu ruaponuse coeMHEHNH HEMETAIUIOB 00OBIYHO 00pa3yIOTCs BE KUCIOThI, HATPUMeEp:

PCl; + 3 H20 = H3PO3 + 3 HCI

[Ipu 3TOM U3MEHSETCSI KUCIIOTHOCTH PACTBOPOB IO CPABHEHHIO C KUCIIOTHOCTBIO PACTBOPUTEIIS.

B Heopranmdeckoil XuMHHM Yalie BCEro MpUXOIUTCS UMETh JIEJIO C THIPOIU30M COJIeH, T.€. C OOMEHHBIM
B3aMMOJICIICTBUEM HMOHOB COJI C MOJIEKYJAaMHU BOJbI, B PE3Yy/lbTaTe KOTOPOIO CMELIAETCS PAaBHOBECHE
ANEKTPOIUTUYECKON TUCCOLUAIIUHN BOJIBL.

I'unponuzom conu Ha3bIBaeTCs 0OpaTUMOE B3aUMOJECHCTBHE HOHOB COJIM C MOHAMHU BO/Ibl, IIPUBO/SIIEE
K U3MEHEHHIO PAaBHOBECHS MEKy HOHAMH BOJOPO/Ia M THAPOKCHA B PaCTBOPE.

I'maponus sBAsSETCS PE3ysbTaTOM MOJISPU3ALMOHHOTO B3aMMOJECHCTBUS MOHOB COJNM C MX T'MIPaTHON
000J104KOl B BOJHOM pacTBope. Uem 3HaunTeNnpHee 3TO B3aUMOJIEHCTBUE, TEM UHTEHCUBHEE MPOTEKAET
TUAPOU3. YIPOIIEHHO CYIIIHOCTH MpoIlecca TMIPOIN3a MOKHO MPEACTaBUTh CIIEIYIOIINM 00pa3oM.
Karunoust K™ cBs3pIBalOTCS B pacTBOpe € THAPATHPYIOIMIAMH HMX MOJIEKYIaMU BOJBI JOHOPHO-
aKLENTOPHOW CBS3bIO; JOHOPOM SBIISIFOTCS aTOMBl KHCJIOpPOJA MOJIEKYJIBI BOJbI, HMMEIOLIUE JIBE
HEMNOJIeJICHHbIE DJIEKTPOHHBbIE TMaphl, AKLENTOPOM - KaTHOHBI, HMEIOUIHMEe CBOOOJHBIE aTOMHbIE
opbutanu. Yem Oosbliie 3aps] KaTHOHA U YEM MEHbILIE ero pasMep, TeM 3HAYUTeNbHEee MONISIpU3yIoliee
neiicreue K™ na H20.

AHNOHBI An~ CBA3BIBAIOTCSI C MOJIEKYJIaMH BOJBI BOJOPOIHOM CBA3bI0. CHIIBHOE BO3EICTBHE aHMOHOB
MOJKET MPHUBECTH K TOJHOMY OTPBIBY MPOTOHA OT Mojekyiasl H,O — BogoponHasi CBS3b CTAaHOBHUTCS
KOBaJICHTHOU. B pe3ynbrare o6pasyercs kuciaora uiu anuoH tuna HS™, HCO3™ u T. .

B3aumoneiictBre aHnOHOB An~ ¢ IPOTOHAMH T€M 3HAYUTEIbHEE, YeM OOJIbIIIE 3apsi aHHOHA U MEHBIIIE

ero paauyc. Takum 00pa3oM, MHTEHCHBHOCTH B3aMMO/ICHCTBHS BEIIECTBA C BOJIOM OMPEAENSETCS CHIION



nosspusyromero Bausaus K™ u An~ ma wmonekynsl H20O. Tak, KaTHOHBI DIEMEHTOB IOOOYHBIX
MOATPYII ¥ HEMOCPEICTBEHHO CIEAYIOIIUX 32 HUMH 3JIEMEHTOB MOJBEPraloTcsi 00jee MHTEHCUBHOMY
TUAPOJIN3Y, YEM JIPYrue MOHBI OJMHAKOBBIX C HUMU 3apsijia U paguyca, Tak Kak sipa MEpBbIX MEHEe
3¢ EKTUBHO IKPAHUPYIOTCS d-3I€KTPOHAMHU.

I'uaponu3 — mporecc oOpaTHBIN peakuu HeWTpanuszanuu. Eciu peakius HeHTpaau3auu MpoIecc
HK30TEPMHUUECKUI U HEOOPATUMBIi, TO THAPOIIU3 — MPOIIECC IHAOTEPMHUUECKUN U OOPATUMBIIA.

Peaknus HeliTpanusanuu:

2 KOH + H2S03 — K2SO3 + 2 H20

CWJIbHBIN cNaOblil CHIIbHBIN c1a0bIit

2 OH™ + H2S03 = SO3%* + 2 H.0

Peakuus ruaponusa:

K2SO3+ H20 «+» KOH + KHSO3

SO3* + HOH «> HSOs™ + OH~

[Ipu rugponusze cMmemaeTcsi paBHOBECHE AMCCOIMAIIMKM BOJbI BCIIECJACTBHE CBS3BIBAHUS OJIHOTO U3 €€
wonoB (H* wiu OH') B cnalObiii snekrponur coiad. Ilpu cBsassiBanuM uoHoB H' B pactBOpe
HakarmBatoTcss noHsl OH™, peaknus cpembl Oyder menodHas, a mnpu cBs3piBaHud woHOB OH™
HakarMBaroTcs monsl H' - cpena Gyzer kucast.

Pa3znuyaroT ueTsipe BapuaHTa A€UCTBUS BOABI HA COJH.

1. Ecnu kKaTHOHBI M aHUOHBI UMEIOT HEOOJbIINE 3apsAabl U OONbIINE pa3MeEpPhl, TO UX MOJSIPHU3YIOIIEe
BIIMSHUE Ha MOJICKYJIBI BOJBI HEBEIWKO, T. €. B3ammojenctBue conu ¢ H2O mnpakTudecku He
HPOUCXOANT. DTO OTHOCUTCSA K KaTHOHAM, MMAPOKCHIBI KOTOPBIX SBJISIOTCA mieaodamu (Hampumep, K
u Ca?") u x aHMoHaM cHITBHBIX Kuca0T (Hampumep, CI™ u NOg”). ClIeoBaTenbHo, conu, 06pazosantbie
CUTIbHBIM OCHOBAHUEM U CUIbHOLU KUCTIOMOU, 2UOpoau3y He nodgepearomcsi. B 3ToM ciiydae paBHOBecHe
JTUCCOITHAITUN BOJIBI

H.O < H* + OH~

B NPHUCYTCTBUM HOHOB COJM TMPAKTHUYECKH He Hapymaerca. [loaToMy pacTBOpbl Takux cojei
Heirpanbhbl (pH = 7).

2. Eciit conb 06pazoeana KamuoHom CuibHo20 0CHOBAHUs U aHuoHom ciaboii kucromul (S%°, COs>, CN~
U Jap.), To npoucxooum eudpoaus no anuony. Ilpumep — ruaponus comu CH3COOK. HNonbr comm
CH3COO™ u K" B3aumogeiicteyror ¢ monamu H* 1 OH™ u3 Bogsl. IIpu s1om anerar-uonsl (CH3COO™)
CBS3BIBAIOTCA ¢ HMoHamu Bogopozaa (H') B Mojekynsl ¢1aboro SJIEKTPOIUTAa - YKCYCHOM KHCIIOTHI
(CH3COOH), a wonst OH™ HakamiuBarOTCsS B PacTBOpE, COOOIIas eMy IIEI0YHYIO PEaKIMio, TaK Kak
nonsl K* e moryr casasats nonsl OH™ (KOH sBisieTcs cuibHBIM diieKTponuTom), pH > 7.
MonekynsgpHoe ypaBHEHHE TUIPOTIU3A:

CH3COOK + H20 «<» KOH + CHsOOH



[TonHOEe MOHHOE ypaBHEHUE THIPOIH3A!

K"+ CH3COO + HOH <« K"+ OH + CH3COOH

COKpALIEHHOE HOHHOE YpaBHEHHE IUAPOJIN3A:

CH3COO™ + HOH < OH™ + CH3COOH

I'uaponmu3 comu NapS mporekaer crymendato. Conb oOpazoBaHa cuiibHBIM ocHOBaHHeM (NaOH) wu
cnaboii ByxocHOBHO# Kucinoroit (H2S). B atoM ciyuae anuoH conu S*~ csseiaer nonsl HY Bosbl, B
pacTBope HakarumBaroTcsa MoHbl OH™. YpaBHEHHE B COKpALICHHON MOHHOM M MOJIEKYISIpHOH (hopme
UMeeT BUJI:

I.S> + HOH <> HS + OH~

NazS + H20 <> NaHS + NaOH

Il. HS" + HOH < H2S + OH™

NaHS + H20 <> NaOH + HS

Bmopasa cmynenv ecudponuza npakmuuecku He npoxooum npu O0ObIYHBIX YCI06UAX, TaK Kak,
HaKaruBasck, HoHbl OH™ coo0matoT pacTBOpYy CHIBHOIIETOYHYIO PEAKIIUI0, YTO MIPUBOJIUT K PEaKIIUU
HEUTpanu3aluu, CABUTY paBHOBeCHs BIeBO B coorBercTBUU ¢ mpuHiunoMm Jle Illarense. [loatomy
TUAPOJU3 cojiel, 0Opa30BaHHBIX CHJIbHBIM OCHOBAaHMEM U CJA0OW KHUCJIOTOM, MOJaBIseTCs
npubaBIeHUEM LIETOYH.

YeM Oombllie MONSpU3YIOLIEE BIUSHHE AHUOHOB, TEM MHTEHCHBHEE T'MJPOIN3. B cooTBeTCTBUM C
3aKOHOM JIEMCTBHMS Macc 3TO O3HAYaeT, YTO TUAPOJIM3 MPOTEeKaeT TeM HHTEHCUBHEe, ueM ciabee
KHCIIOTA.

3. Eciu conv obpasosana kamuoHom cnabo2o OCHOBAHUA U AHUOHOM CUTNbHOU KUCTIOMbl, MO
npoucxooum 2udpoaus no kamuowny. Hanpumep, 310 umeet mecto npu ruaponuse conu NH4Cl (NHsOH
- ciaboe ocHoBanue, HCI - cunbHas xkucnora). OtOpocum non Cl7, Tak Kak OH ¢ KATHOHOM BOJbI JaeT
CWJIbHBIH 3JIEKTPOJIMT, TOT/Aa YpaBHEHUE THIPOIN3a IPUMET CIIETYIOMUN BU:

NHs" + HOH <> NH4OH + H* (cokpallieHHOe HOHHOE ypaBHEHUE)

NH4Cl1 + H20 <> NH40OH + HCI (MonexynsipHOe ypaBHEHHUE)

W3 cokpallleHHOTO ypaBHEHHUsI BUJIHO, YTO HOHBI OH™ BO/BI CBA3BIBAIOTCA B CIA0BIN JIEKTPOIMUT, HOHBI
H* HakamimBaroTCcs B pacTBOPE M cpejia cTanoBUTCs kucnoi (pH < 7). JloGaBiieHne KUCIOThI K paCTBOPY
(BBEJIEHHE TPOIYKTA peakiuu KaTnoHoB H™) caBuraer paBHOBECHE BIIEBO.

I'maponus conm, oOpa30BaHHOW MHOTOKHCIOTHBIM OcCHOBaHHMeM (Hampumep, Zn(NOs)2) mpoTekaer
CTYIEHYATO 110 KaTHOHY CJ1ab0ro OCHOBAHUSI.

I. Zn** + HOH < ZnOH" + H* (cokpareHHOe HOHHOE ypaBHEHHE)

Zn(NO3)2 + H20 «» ZnOHNO3 + HNO3 (MosekyisipHOE ypaBHEHHE)

Hounst OH™ cs3biBatoTcs B cinadoe ocHoBanue ZnOH™, nonst H' HakammBaroTcs.
b



Bmopasa cmynenv ecudponuza npaxmuuecku He npoucxooum npu O0ObIYHLIX YCI08UAX, TaK KaK B
pesyibTate Hakoruienus noHos H' B pacTBope co3faercst CHIIbHOKKCIIAs CPEia U PABHOBECUE PEAKIMU
TUIPOJIN3a 1O 2-0M CTYIIEHU CMELLEHO BIIEBO:
Il. ZNOH" + HOH «> Zn(OH)2 + H" (cokpaiienHoe HOHHOE ypaBHEHHE)
ZNOHNO3 + H20 <> Zn(OH)2 + HNO3 (MonexynsipHOE ypaBHEHUE)
OueBuIHO, YeM cilabee OCHOBAHUE, TEM MOJTHEE UIET TUAPOIIN3.
4. Conv, 06pazoeannas KamuoHOM C1a6020 OCHOBAHUS U AHUOHOM CAAOOU KUCIOmMbl, Nodeepeaemcs
e2uopoauszy no kamuowy u no avuony. llpumepom ciyxut npormecc ruaponusa coiu CH3COONHa.
3anuineM ypaBHEHHE B HOHHOH opme:
NH4* + CH3COO™ + HOH <> NH4OH + CH3COOH
I'uaponns Takux cojeil MpOTeKaeT OYeHb CHIIBHO, TIOCKOJIBKY B pe3yibTare ero o0pasyrorcst u ciaboe
OCHOBaHHE, U cj1a0ast KMCIOTa.
Peakmmst cpenbl B 3TOM Cilydae 3aBHCUT OT CPAaBHUTEIBHOW CHIIBI OCHOBAaHHUS M KHCIOTHI, T.€. OT UX
KoHcTaHT auccormarmu (Kpy):

e ccmu Ky (ocHoBanus) > Ky (kuciotsr), To pH > 7;

e ecimu Ky (ocHoBanus) < Ky (kucnotst), To pH < 7.
B ciygae ruapommza CH3COONHj:
Kn (NHsOH) = 1,8:10°; Kz (CH;COOH)=1,8-10",
MIO3TOMY PEaKIIMsI BOJAHOIO pacTBOpa 3TOM conu OyaeT noutu HenTpaiabHoil (pH = 7).
Ecnu ocHOBaHWE M KHCIIOTA, 00pa3yroIIne COJb, SBISFOTCS HE TOJIBKO CIA0BIMHU DJICKTPOIUTAMH, HO H
MaJIOPacTBOPUMBI MJIM HEYCTOWYUBBHI M PA3IaraloTcsi ¢ 00pa30BaHUEM JICTYYHX MPOIYKTOB, TO B 3TOM
cllydae THJIPOJIU3 COJMU TMPOTEKAeT MO BCEM CTYMNEHAM 10 KOHIA, T.. M0 oOpa3oBaHUs claboro
TPYIHOPACTBOPUMOTO OCHOBAHUS M claboi KUCIOTHL. B 3TOM cimyuyae pedb UAET O HeoOpamumom uiu
NOJIHOM 2UOPOTU3E.
NMeHHO TONHBIA TUIPOJIHM3 SABISETCA MPUYUHOW TOTO, YTO BOJHBIE PACTBOPHI HEKOTOPBIX COJICH
npurotoBuTh Helb3s, Harpumep Cr2(CO3)sz, AloSzu ap. Hanpumep:
Al>S3 + 6H20 — 2A1(OH)s| + 3H2S?
[Toatomy cynbdux amrOMUHUS HE MOXET CYIIECTBOBAaThH B BHJEC BOJHBIX PACTBOPOB, MOXKET OBITh
MOJTy4YeH TOJBKO ""CyXuUM criocoOoM", HanpuMep, U3 IJIEMEHTOB TPHU BBICOKON TeMIIepaType:
2Al +3S —“— Al,Ss,
U JIOJKEH XPAaHUTHCS B TEPMETUUYECKUX COCY/IaX, MCKITIOUAIOIIUX MOMalaHue BIIary.
Peaknmeir oOMeHa B BOJHOM PAacTBOPE TAaKHE COCAUHCHHS HENb3s MOJMY4YuTh. [IpW B3auMOJIEeHCTBUHU
comeit A1%*, Cr®* n Fe®* B pactBope ¢ cynbduaaMu 1 KapboHATAMH B 0CAJIOK BHIIAIAIOT HE CYIb(GUIBI H

Kap6OHaTI>I 9TUX KaTUOHOB, a4 UX THAPOKCUIBI:

2AICI3 +3NazS +6H,0 — 3H2S1 + 2A1(OH)3| +6NaCl



2CrCl3 + 3Na2COs3 + 3H20 — 2Cr(OH)3] + 3CO21 + 6NaCl

B paccMoTpeHHBIX TTpuUMeEpax MPOUCXOAUT B3aUMHOE yCHIICHHE ruapoiusa nByx cojieit (AlClz m NaxS
i CrClz u NapCOz3) u peakuust HaeT 10 KOHIIA, TaK KaK MPOAYKTHI PEAKINH BBIIEISIOTCS U3 PacTBOPA
B BUJIC OCAaJIKa M rasa.

I'uaponms coneit B psne ciydaeB MOXKET NMpPOTeKaTh odeHb ciiokHO. ([IpocTeie ypaBHEHHs peakiuu
THIPOJIA3a B OONICTIPHHATOW 3allUCH YacTO SIBIISIOTCS YCIOBHBIMHU.) [IpOAyKTBI THIpOJIM3a MOYKHO
YCTAaHOBUTH JIMIIb HAa OCHOBAHMHM AaHAJIMTHYECKOTO WHCclefoBaHus. K mpumepy, TpoayKTaMu
THJIPOJIA3A COJIEH, COJepIKALIIX MHOT03aPsIIHbIE KATHOHBI, MOT'YT OBITh OJIHSIIEPHbIE KOMIUIEKCHL. Tak,
ecnu B pactBopax Hg?* comep:kaTcs TOIBKO OHOSAEPHBIE KOMILIEKCH, TO B pacTBopax Fed* mommmo
xommiekcoB [FeOH]?" u [Fe(OH):]* oGHapyxuBaercss aByxXbamepHblii kommiekc [Fea(OH)2]*;
pacTBopax Be?" B OCHOBHOM 00pa3yloTCs MHOTOsEpHBIE KOMIUIEKCHhl coctaBa [Bes(OH)s]*;
pacTBopax Sn’* o6pasyrorcs xommiekcHsle noubI [Snz(OH)4]%*, [Sn2(OH)2]?*, [SNOH]*; B pacTBopax
Bi*" mapsany ¢ [BiOH]?" maxomsarcs xommekcHble HOHBI cocTaBa [Big(OH)12]®*. Peaximu ruapommsa,
MPUBOSIINE K 00Pa30BAHUIO TIOJIHSIEPHBIX KOMIUIEKCOB, MOJKHO MPEICTABUTD CICAYIOIIMM 00pa3oM:
MM** + nH20 <> Mm(OH)n(™<-"* + nH*,

rae m usMensierca or 1 1o 9, a n MoxkeT nmpuHUMaTh 3HadeHus oT 1 mo 15. Takoro poga peakuuu
BO3MOJKHBI /ISl KaTHOHOB Oosiee ueM 30 »i1eMEHTOB. YCTaHOBJIECHO, YTO KaXKJOMY 3apsiy HOHa B
GOJBIIMHCTBE CIydaeB OTBedaeT ompejeneHHas popma kKommekca. Tak, mis moHoB M2* xapakrepHa
dopma mumepos [M2(OH)*, mna nonos M3* — [M?(OH)2]*, a ans M* — dopma [M2(OH)s]*" u 6omee
crnoxuble, Hanipumep [Zra(OH)s]®* .

[Tpu BRICOKHX TeMIiepaTypax u OOJBIINX 3HaUeHUSIX pH 00pa3yroTcs 1 OKCOKOMITIICKCHI:

2MOH < MOM + H20 nnn

OH 0
\‘ 7 M/ qu/—--u-n M-0-M- + nH30

‘\Jﬁ‘ "
Hamnpumep,

BiCl3 + H2O — Bi(OH).Cl + 2HCI

Karuon Bi(OH)2" nerko tepsiet MoJieKyiry BoJisl, 00pasyst KaTioH BrucMyTmiia BiO*, koTopslii ¢ X10pu-
MOHOM JaeT Oemblii KpUCTAIUTMYECKUI 0Ca0K:

Bi(OH).Cl — BiOCl| + H20.

CTpyKTYpHO TONHSIEPHBIE KOMILIEKCHl MOXHO TPEIACTaBUTh B BHJE OKTAdJIPOB, COSTNHEHHBIX MEXIY
co0oif 1o BepinHe, pedpy WM rpaHy MOCPEACTBOM pa3innuHbiXx MocTukoB (O, OH u ap.).

CHOoXHBII CcOCTaB HMEIOT MPOAYKTHl THUAPOIH3A KapOOHATOB psina MeTauioB. Tak, mpu
B3aMMOJICHCTBUM PAacTBOPUMEIX coieit Mg?*, Cu?*, Zn?*, Pb?" ¢ xapboHaToM HaTpus oOpasyloTCs HE
cpenHue KapOOHATBI, a MEHEe  pacTBOpUMBIC cudpoxcoxkapbonamsi, Hampumep Cuz(OH)2COs,

Zns(OH)s(CO3)2, Pbz(OH)2(CO3)2. B kauecTBe mprMepa MOYKHO IPUBECTH PEAKIIHH:



5MgSO4 + 5Na,CO3 + HoO — Mgs(OH)2(CO3)4| + 5NaxSOs + CO21

2Cu(NO3)2 + 2Na2C0O3 + H20 — Cuz(OH)2CO3| + 4NaNO3 + CO21

KosndyecTBeHHO THAPOIIN3 XapaKTePU3yeTCs CTENCHBIO riaposm3a h 1 koHcTanTol ruaponusa Kr.
Crenenp ruJpoiu3a IOKa3blBaeT, Kakas 4acThb COJIM, cojepskaufasics B pactBope (Cwm), IOABEPIIach
ruApoiu3y (Cumrux) U PACCUNTHIBACTCA KaK OTHOILICHUE!

h = Cu run / Cm (100%).

OueBuaHO, 4TO A1 0OpaTumoro mpoiecca ruapoausa h < 1 (<100%), a a1 HeoOpPaTUMOTO THAPOITH3A
h = 1 (100%). Kpome mnpupombl COJNH, CTENEHb THAPOJIM3A 3aBHCUT OT KOHICHTPALMH COJNHA |
TEeMIIEpPaTyphbl pacTBOPA.

B pactBopax c yMepeHHOH KOHIIEHTpalUeld pacTBOPEHHOTO BEIIECTBA CTENEHb TUIPOIH3a IPHU
KOMHATHOM TeMIieparype OObIYHO HeBelnka. J[ns coieii, oOpa3oBaHHBIX CHJIBHBIM OCHOBAaHHUEM U
CHJIbHOW KHUCIJIOTOM, OHA MPAKTHYECKU PaBHA HYIIO; /Ul COJNEH, 0Opa30BaHHBIX CIa0bIM OCHOBAaHUEM U
CHJIBHOU KHMCJIOTOH WM CHJIbLHBIM OCHOBAHHEM M CJIa00M KHCIOTOM, oHAa cocTaBisieT =~ 1%. Tak, mis
0,01 M pactBopa NH4CIl h=0,01%; s 0,1 1. pactBopa CH3COONH4 h = 0,5%.

I'unponus — npoiiecc 0OpaTUMBIiL, TO3TOMY K HEMY PUMEHUM 3aKOH JICUCTBYIOIIMX Macc.

Koncmanma eudponusa ecmv koncmanma pagHogecus npoyecca uopoau3d, v o CBoeMy (pusmnaeckomy
CMBICITY ONpEACNseT CTeNeHb HeoOpatumocTH ruaponu3a. Yem Oompme Kr, Tem HeoOpatumee
ruaponu3. Kr uMeeT cBoe BhIpaK€HUE IS KQXKI0TO Cllydas THAPOIU3a.

BriBesieM BbIpaskeHHE AJI1 KOHCTAHTBI TUAPOJH3a COJHM CcIabOW KUCIOTHI U CHJIBHOTO OCHOBaHHUsS Ha
npumepe NaCN:

NaCN + H20O <> NaOH + HCN;

Na® + CN™ +H20 < Na" + OH™ + HCN;

CN + H20 < HCN + OH"

Kpasn = [HCN][OHT] / [CNT][H20].

[H20] umeet HanboOMbIIyI0 BETHYHHY, KOTOPask B XO/I€ PEAKIIUU MPAKTUIECKH HE U3MEHSIETCS, IIOATOMY
€ MOXXHO YCJIOBHO CYHMTAaTh TMOCTOSSHHOW. Torma MOMHOXXMB YHCIHTENh W 3HAMEHATENbh Ha
KOHIIEHTPAIIMIO POTOHOB U BBEJIS TIOCTOSIHHYIO KOHI[EHTPAIIMIO BOBI B KOHCTAHTY, MOJIYIHM:

Kpasn [H20] = Kw / Kjjuen) = Kr

tak kak [HCN]/ [H][CN] = 1/ Kyauen)

[ockonbky Kw Benmuumna noctosuHas u pasHa 107 | oueBnno, uto uem Menbie Ky cnaboit kucioTsl,
aHMOH KOTOPOM BXOJUT B COCTaB COJH, TeM OoJbiie Kr.

AHaIOTUYHO, IJIs1 COJIU, THApOM3yroIIeics no katuony (Hanpumep NH4Cl), momydnm:

NHs" + H20 <> NH4OH + H* (cokpamiennoe ypaBHEeHHE THAPOIIN3a)

Kpasu = [NH2OH][H™] / [NH4][H20]

Kr = Kpasa [H20] = Kw / Knocs)



B sToM BBIpakeHMM YUCIUTENh U 3HaMeHaTeNnb npoou ymHOxuiu Ha [OH']. OdeBumHO, 4TO Yem
MenbIie Ky cnaboro ocHOBaHUs, KaTHOH KOTOPOTO BXOAUT B COCTaB COJIU, TeM Ooubiie Kr.
Ecnmu comp oOpa3oBana ciabbiM OcHOBaHWMEM H ciaboii kuciotod (Ha mpumepe NH4CN), TO
COKpaIlleHHOE YPaBHEHHUE THIPOIN3a UMEET BU/I:
NH4* + CN™+ H20 <> NH4OH + HCN
Kpasu = [NHsOH] [HCN] / [NH4J[CN],
B srom Beipaxkenun s Kpass YMCINTEND W 3HAMEHATENb ApoOHM yMHOkaeM Ha [H']-[OH], mosTomy
BEIpakeHue st Kr mpuHuMaeT Bua:
Kr = Kw / (Knaucrorsy Kngoen))-
Kak crnemyer M3 TpHUBEACHHBIX BBIPAKEHUU, KOHCMAHmMa 2uopoau3a 0OpamHo HNpOnOPYUOHANbHA
KOHCmanme ouccoyuayuu ciaboeo 31eKmpoaumd, y4acTBYIOIIETO B 00pa3oBaHMU CONMU (€CIH B
00pa3oBaHUM COJM YYacCTBYIOT JiBa CJIA0BIX OdyekTponuTta, To Kr o0patHO mponopuuoHaabHa
MIPOU3BE/ICHUIO UX KOHCTAHT JIUCCOIHAIIHH).
Paccmotpum ruaponu3 maorozapsaHoro nona. Bossmem NaxCO:s.
I. CO3% + H,0 « HCO3™ + OH-
Krqy = [HCO3J[OH] / [COs*][H20] x ([H*]/ [H*]) = Kw / K,
TO €CTh B BBIPQXCHHE JJII KOHCTAHTHI THIPOJIHM3a MO TIEPBOM CTYIIEHU B 3HAMEHATEIh BXOIUT BTOpAs
KOHCTaHTa JUCCOLMAIUY, U U1 BTOPOH CTYNEHH THAPOIIN3a
II. HCO3; + H20 « Ho.CO3z+ OH

Krany = [H2COs][OH] / [HCO3][H20] x ([H']/ [H']) = Kw / Ky
Ky = 4x107 Kyay=2.5x108
Kray = 5.6x10* Krgy = 1.8x10™
Takum o6pazom, Kray >> Kran, KoHCTaHTa, a cieqoBaTeNbHO, U CTETEHb MEPBOW CTAIUU THUAPOIIU3A
MHOT0 OO0JIbIIIE TOCENYIOLIHX.
Cmenenb eudponuza SIBISETCS BETMUYMHON aHAJIOTUYHOW CTENEHH JTUCCOIMANNU. B3anMOoCBs3b cTeneHn
Y KOHCTAHTHI TUAPOJINA3a aHATOTHYHA TAKOBOM ISl CTENIEHU M KOHCTAHTBI JUCCOIUAITIH.
Ecnmu B o0mem ciaydae HMCXOMHYIO KOHIIEHTPAILMIO aHUOHA Cia0oil KUCIOTHI 0003HauuTh uepe3 C,
(moue/), To Coh (MOJIB/IT) — KOHIIEHTpAIMs TOW YaCcTH aHHOHA A~, KOTOpas MOABEPIiach TMIPOIH3Y U
obpaszoBanock Coh (Mow/i) caboit kuciaoTel HA u Coh (MOITB/IT) THIPOKCHIHBIX TPYIIIL.
A"+ H;0O < HA + OH,
Co-Coh Coh Coh
torga Kr = [HA][OH ]/ [A7] = Coh-Coh / (Co-Coh) = Coh? / (1-h).

Ipuh << 1 Kr = Coh? h = VKj / Co.

OdeHb MOX0Xke Ha 3aKOH pa3dasieHus OCTBaIbIA.

MoxHo paccuutath pH pactBopa, eciu uzBectHbl Co 1 N. YuuThIBast, 4TO



[HA] = [OH] = Coh, momyurm:

Kr = Coh-Coh / Co = [OH]%/ C,, oTKYa2

[OH] = VKr-Co.
AHAJIOTUYHO, MOKHO TOKa3aTh, YTO MPH THAPOIIH3E 10 KATHOHY

[H*] = VKr-C.

Takum o0pa3om, CHIOCOOHOCTH COJICH MOABEPraThCs TUAPOIIN3Y 3aBUCUT OT ABYX (haKTOPOB:

e  CBOICTB HOHOB, 0OPa3yIOLINX COJIb;
e BHEHIHUX (PAKTOPOB.

Kak cnBunyTh paBHOBECHE ruApoIH3a?
1) JobGaBieHne OJHOMMEHHBIX HOHOB. IIOCKONBKY MpH OOpPaTUMOM THAPOJIN3E YCTAHABJIMBACTCS
IMHAMUYECKOE PaBHOBECHE, TO B COOTBETCTBHM C 3aKOHOM JICHCTBHS MacC pPaBHOBECHE MOXKHO
CMECTHUTH B Ty WIH HHYIO CTOPOHY BBEJICHHEM B PAaCTBOpP KUCIIOTHI HJIM OCHOBaHUs. BBefeHne KHCIOTHI
(xatronoB H') mopmamiser ruaposims 1o KaTtuoHy, noOasienue menoun (ammonoB OHY) mopasiser
TUIPOJIU3 MO AaHUOHY. DTUM YacCTO MOJIb3YIOTCS JIsl YCUIJICHUS WJIH MOJABJICHUS MTPoLecca THAPOIIN3a.
2) U3 dopmynsl s h BuIHO, 4TO pazbasienue cnocobcmayem 2udpoausy. PoCcT CTeneHn THIpOoIn3a
KapOoHaTa HaTpus
Na>,CO3 + HOH <~ NaHCO3 + NaOH
3) [TIloBblmieHHe TemIepatypbl CrHOCOOCTBYeT ruapoin3y. KOHCTaHTa  JIHMCCOIMAIUN  BOJBI
YBEIMYMBAETCS NMPHU TOBBILIEHUH TeMIEepaTypbl B OOJbIIEH CTENEHH, YeM KOHCTaHThI JAWCCOLUAINU
MPOAYKTOB THAPOJIH3a - CIA0BIX KUCIOT U OCHOBaHHIA, IOSTOMY IPH HArpEBAaHHWH CTETICHb T'HIIPOJIH3a
Bo3pacraer. K 3TOMy BBIBOAY JIETKO NMPHITH W MHAYE: TaK KaK PEaKIMs HEUTpaTU3aliy YK30TepPMHUIHA
(DH= —56 x/Ix/Moib), TO THAPOJIM3, OYAy4d HPOTHBOIMOIOXKHBIM €l MPOIECCOM, IHIOTCPMHUUCH,
MI03TOMY B COOTBETCTBUU ¢ puHIunoM Jle Illarenbe HarpeBaHue BbI3BIBAET YCUIICHUE THAPOIIU3A.
B xmMmudeckoil mpakTHKe BeChbMa pPACIPOCTPaHEH THAPOIM3 MO KATHOHY coJiel, 00pa3oBaHHBIX
MHOTO3apsITHBIM KaTHOHOM W OJHO3apsiAHBIM aHnoHoM, Hampumep AlCIl3. B pactBopax »TuX coneit
MEHee JUCCOLMUPOBAHHOE COeIMHEHHE 00paszyeTcs B pe3ysbTaTe MPUCOEIMHEHUS OJHOTO THAPOKCH] -
MOHA K MOHY MeTaina. YuuTbiBas, 4To HoH Al** B pacTBOope ruapaTupoBaH, MEPBYIO CTAIMIO THAPOIU3a
MOJKHO BBIPa3UTh YpaBHEHHEM
[Al(H20)6]** + HOH « [Al(H20)s0H]?* + H3O*
ITpu 06bI4HOI TeMnepaType THAPOIN3 COJeH MHOT03apsIHBIX KATHOHOB MPAKTUYECKH OrpaHHYUBAETCS
3ToM ctaaueit. [Ipu HarpeBaHUM MIPOUCXOIUT FHIPOIIHU3 110 BTOPOH CTYIEHU:
[Al(H20)s0H]?* + HOH < [Al(H20)4(OH),]* + H3O*
Takum o0pa3oM, Kuclasg peakiys BOJHOTO PAcTBOpA COJMU OOBSICHSETCA TeM, YTO TMAPaTHPOBAHHBIM
KaTHOH TepsieT NpoToH M aksarpymnmna H20O npespamaercs B rugpokcorpyniny OH™. B paccMoTpeHHOM
>

nporecce MOryT o0Opa3oBaThCsi W 0Oosiee ClokHbIe KoMmiuiekchl, Hampumep [Als(OH)is]®", a takke



KoMIuiekcHble MoHbl Buma [AIO(OH)s> m [AlO2(OH).]*. CoxmepiaHuMe pa3IHYHBIX NPOITYKTOB
THIPOJIA3a 3aBUCUT OT YCJIOBHW TPOBENCHUS peakiyu (KOHIICHTpAIMs pacTBOpa, TeMIepaTypa,
IMPUCYTCTBUC APYTHUX BeIJ_IeCTB). HNmeer 3Hauenune taxke JJIUTCIIBHOCTD IMMPOTCKAaHUA IMPOLCCCa, TaK KaK
PaBHOBCCHUC ITPHU THUAPOJIN3C coiei MHOT'03apsA/IHbIX KaTUOHOB O6BII-IHO JA0CTUIracTCsa MEIAJICHHO.

Oo0opyooearue u mamepuaivl:

PeakTuBbl, HEOOXOMMBIC ISl TaHHOW pa0OThI, BRICTABIISIOT HA TOJIKH J1a00paTOPHBIX CTOJNOB. Penkue
PCaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIIOTHI M MIENOYM, MMaXydyue BEUIecTBa (HAIpPHMEpP, CEPOBOIOPO/I,
OpoMHasi BoJa U Ap.) XPaHAT B BBITSHKHOM IIKady.

OcHOBHasi XUMHUYECKasi TIOCy1a: MPOOUPKH (B IITATHUBE), KOJOBI, XUMHUYECKHE CTAKaHBI MOCIE paOOTHI
TIIATEJIBHO BBIMBITh, BEChI C Pa3HOBECOM, MPHUOOPBI, UCIOJb3yeMasi Ui TPOBEICHHS OTICIbHBIX
1abopaToOpHBIX PaboT, BEIAACTCS M CIASTCS YMCTast JIAOOPAHTY.

Texnuka bezonacnocmu npu_6bINOJIHEHUU 1A0OPDAMOPHOL_PAOOMmbL:

-aKKypaTHO 00paniaThbCsi CO CTEKISIHHOW XMMMUYECKOH MOCYI0M. OCTaTKU pa3OUTOM mocybl yOUpaTh €
MIOMOIIBIO COBKA U IETKY;

-Bce paboThl, CBA3aHHBIE C BBIJCJICHUEM SJIOBUTHIX, JIETYYUX M HENPUATHONAXHYUIMX BEIIECTB,
MIPOBOJMTH B BBITSHKHOM IIKady;

-IIpU OTIPEACIICHUM 3araxa BEIIECTB OTBEPCTHE COCyla JepkaTh Ha paccrtosHuu 25-30 cM OT JuIa,
HanpasJsis K cebe CTPYIo rasa nocTynaTeabHbIMHU JBH)KEHUSMU JIaJIOHU OT OTBEPCTHUS K JIMLLY;

-IpY HAJMBAHUU DPEAKTUBOB HE HAKJIOHATHCA HAJ COCYIOM BO HM30ekaHHe MONafaHus OpbI3r WIH
YJaCTHIl Ha JIMIO WA OJCKAY. IpU p336aBHeHI/II/I KOHIOCHTPUPOBAHHBIX KUCJIOT BJIMBATH KUCJIOTY B BOAY,
HO HE Hao0OopOT;

-IIpY HarpeBaHUM NMPOOUPKHU HE JIepKaTh €€ OTBEPCTHEM K ce0e MM B CTOPOHY COCea. HE HAKIIOHAThCS
Ha/1 HarpeBaeMoi KHJIKOCThIO BO H30€XKaHNe MOoMNalaHus e€ Ha JIMIO, PYKHU W OJIeXKIY;

-ropsiYre MPEeIMEThl MOXXHO CTaBHTH TOJILKO Ha acOECTOBBIM KapTOH, acOECTHPOBAHHYIO CETKY WIIH
APYTYIO CHEIHATBHYIO TIOJICTaBKY;

-HeJb3$ MOJIB30BATHCS HIEKTPONPUOOpPaMu 6€3 COOTBETCTBYIOIIET0 HHCTPYKTaXa. MPU BKIIIOYSHHUHU UX B
CeThb HeJb3sl IepPKaThCs 38 METAIIMUECKUE PeAMETHI (TpyOBl, KpaHbl U T.I1.). 3allpeliaeTcsi BKI0YATh U
BBIK/IIIOYATh 3J'ICKTpOHpH60pBI MOKpPBIMH pYKaMH, a TaKXE TII0Jb30BaTbCiad HCEUCIIPABHBIMU HIIN
MMEIOLIUMH OroJIEHHBIE TIPOBOIAa MPUOOpaMU;

-3anperaeTcs NpUHUMATh MUIY B XUMUYECKON 1abopaTopuu U MUTh BOAY U3 JJaOOPaTOPHOU MOCYbI. -
-KaTeropHUYECKH 3arperaeTcs NpooboBaTh peakTUBHI Ha BKYC;

-py TIOMAJaHUM Ha JIMLO WM PYKH OpBI3T KOHUEHTPHUPOBAHHBIX KUCIOT IOCIE CMBIBAaHUS BOJIOM
IPOMBITh CIa0BIM PAacCTBOPOM COJBI. ILENOYH CIEAYET CMBIBAaTh IO TE€X IOpP, MOKA y4acTOK KOXKH, Ha

KOTOPBI OHA TOIajia, He MEPECTAHET OBITh CKOJIB3KUM; 3aT€M MPOMBITH CIIA0BIM PACTBOPOM YKCYCHOM



KHUCJIOTHl U HAJIOXKUTh TOBS3KY W3 BaThl, CMOUYEHHOU 3%-HBIM pacTBOpPOM MepMaHTaHaTa Kaimus (W3
anTe4yKy B JTaOOpaHTCKOU Kadeapsl);

-110 OKOHYaHUH PaOOThI BBIKIIOYHTH U3 CETH BCE AJICKTPONPHUOOPHI, IEPEKPHITH MOAAYy ra3a U BOJBI B
naboparopuro u yopaTh pabouee MecTo;

-000 BCEX HECYACTHBIX CIyJasiX HEMEJICHHO COO0IIaTh PEnoIaBaTesio Wik Ja00paHTy.

Ilpaxmuueckas uacmso:

OmpiT Nel. Onpenenenue pH pactBopa.

A. OsHakoMmbTeCch C TpaBwiIaMu paboTel Ha pH-merpe, MONB3ysIch HWHCTpyKIHUed k mpubdopy. C
nomouisio pH-meTpa onpenenure 3Hayenre pH HellTpanbHOro, KUCIOro U HIEIOYHOTO pacTBopoB. Jliis
3TOr0 B TPH CTaKaHYMKA HaJeWTe COOTBETCTBEHHO IUCTWUIMpOBaHHYto Boay, 0,1 H pacTBOp
XJIOpOBOAOpOAHON KuciaoThl U 0,1 H pacTBOp rMapoKcuja HaTpus U U3MepbTe ¢ nomoupio pH-meTpa
pH cpenpl. PesynbraTel 3anummuTe B Tabaumy 1.

B. ConepxxuMoe Kaxa0ro M3 CTaKaHOB IPEAbIAYIIErO OIbITa pasjieiTe B Tpu Nnpodupku. J[ob6aBbTe B
KOKIyI0 U3 TpEX mpoOUpok mo 2-3 Kalull MHAWKATOPOB, COOTBETCTBEHHO: JIAKMYCa, METHUJIOBOTO
opamxeBoro u (enondranenna. OnpeneanuTe OKpacKy MHIUKATOPOB B ATHX pacTBopax. Pe3ynbrarel

onbIToB A 1 B ohopmuTe B Buze TabIuIIbI.

WNunukatop; Cpena

nokaszanus pH-merpa Heitrpanbnas Kucnas [lenounas

[BeT nakmyca

3nauenue pH

Ilokazanus

pH-meTpa

LBeT MmeTHiI0BOTO

OpPaH’KEBOTO

3nauenue pH

[Tokazanus
pH-merpa
IIBer

dbenondranenHa

3nauenne pH

ITokazanusa pH-merpa

B. Jns npubmuxenHoro ompenenenuss pH pacTBopa ucCHomibp3yiiTe yHHUBEpPCAJIbHBIE HHAUKATOPBI,
IPEJCTaBIAIONINE cO00M CMECh HECKOJIIBKMX HMHAMKATOPOB C PA3JIMYHBIMHU OOJIACTSIMM MEpexona, WiIn
YHHUBEpCAJIbHYIO HMHIUKaTOpHylo Oymary. [lo mpunmaraemoii K HeEHl WHIUKATOPHOM IIKane

yCTaHaBJIMBATh, IPH KaKUX 3HaUeHUsAX pH uHankaTtopHas Oymara oKpamimBaeTcsi B TOT WIM WHOU IIBET.



CTexJIAHHOM TaJo4YKOM TMepeHecuTe 2-3 KAk UCCIEAyEeMOTro pacTBOpa Ha YHUBEPCAIbHYIO
MHAMKATOpHYI0 Oymary. CpaBHMTE OKPACKY €lle ChIPOro IsATHA C LBETHOW mmKasoi, Chenaiite BBIBOJ O
npuOIMKEHHOM 3HaYeHnu pH TexX ke pacTBOPOB, KOTOPBIE UCCIIOIB30BAINCH B onbiTax A u b.

OmnbiT No2. Onpenenenue pH cpenbl rupoau3yOmuxcs CONeH.

B 4ncTo BBIMBITBIE MPOOUPKHM BHECUTE ILIMATENEM IO LIEMOTKE XJIOpUAA HATpHsl, KapOoHaTa HaTpHs,
cynbdara ammonus. Jlo6aBbre 3-5 MJI IUCTWUIMPOBAHHOW BOABI M, BCTPSIXWUBAas, PACTBOPUTE COJIH.
Buectu 2-3 kamnu MHAMKATOpa M, CpaBHHUBAs I[BET MHIUKATOpa C IIBETHOW TaONUIEH, onmpenenuTe
3Hauenue pH pactBopa comu ¢ TouHocThto a0 1-2 enumnuusl pH. MHaukaropamu MOryT OBITb:
METHJIOpaHXK, JakMmyc, (eHondranenH, tumondranens u ap. OnpeaenuB pH cpensl B mpoOupke,
HaIMIINTEe HOHHOE U MOJIEKYJIIPHOE YPaBHEHUE TUIPOJIH3a.

OmprT Ne3. JlelicTBrE pacTBOPOB THIPOJIU3YIOIIMXCS COJIEH HA METAJLIIBI.

B pacTtBOp XJIOpHa aMMOHHUS BHECUTE I'paHyJy aJIOMUHUS WM LMHKA. TaKoW K€ OIBIT MPOBEAUTE C
pacTBopoM KapOoHata HaTpus. [louemy B 3THX ciydasix MeTauibl pacTBOpsA0TCsA? OOBSCHUTE OIBIT U
COCTaBbTE YPaBHEHUS PEAKLIUH.

OnbiT N4, 'uapoau3 KUCIbIX COJICH.

B nBe npo6upku BHecute 1o menotke coneil Na2COz 1 NaHCO3. [lo6aBbre 2-3 M TMCTHIUTMPOBAHHON
BOJBI M 2 Kaluld HEOOXOAMMOTO MHAWKaTopa. OTMEThTE OKPACKy pacTBOPOB, OOBSCHHUTE pa3ivyus B
3HaueHusX pH 3tux pactBopoB. CocTaBbTE HOHHBIE U MOJIEKYJISIPHBIE YPABHEHUS TUAPOIIN3A.

Omnpit Ne5. CaBur paBHOBECHSI TUAPOIIN3A.

B npoOupky naneiire 0,5-1,0 Ma pacTBopa cosii a30THOKUCIIOIO BUCMYTa U MOCTENIEHHO pa30aBisiiTe
pacTBOp IUCTUIUTMPOBAHHON BOJIOM. Brimamer Oenblit 0caiok OCHOBHOM COJIH.

CocraBbTe ypaBHEHHME peakuuu ruzaponusa. [IprOaBbTe HECKOJIBKO Kareidb a30THOM KHCIOTHL. YTO
IPOUCXOIUT € ocaakoM? KoHIEHTpalMio KakuX HOHOB B PacTBOpE CIEAYET YBEIMYHUTh, YTOOBI
MOJIYYUTh IPpO3pauHbIi pacTBOp? KakoBa poib BOJIbI B CIBUTE€ paBHOBECHS THAPOIHN3a?

OnbiT Ne6. BnusiHue TeMneparypsl Ha THAPOIIU3.

Haneiite B npoGupky 2-3 kamnu ¢penondranenna. Harpeiite pactBop 10 kunenus. O6paTuTe BHUMaHHE
Ha UW3MEHEHHMsS OKpacku uHauKatopa. JlaiitTe 0oOBACHEHHs, COCTaBUB MOHHOE U MOJEKYJSPHOE
ypaBHEHHUS ruiposu3a. Yto HabmonaeTe npy OXIaKIeHU?

Kakoe BiMsHME Ha CTelneHb TMIPOJM3a OKA3bIBAeT MOBbIIEHME Temneparypsl? Kak m3mensercs pH-
pactBopa?

Omnprt No7. IonHbli THIpOIIN3.

K pactBopy xnopuaa, HUTpaTa WU cyjibdaTa aMMOHHUS TpuielWTe pacTBOop coibl. Habmronmaiite
BBIZICJICHHS TY3bIPHKOB Ta3a W oOpa3oBanue ocanka. Jlaiite oObsicHeHue. CocTaBbTe YpaBHEHHUS
peaxkuuii B MOJIEKYJIIPHOM U HOHHOM BUJIE.

Tpebdosarusa Kk ohopmienuro 1a00pamopHoi padomel U omuemy:




1.BeimonHenue m1abopaTOpHBIX pabOT COMPOBOXKIAIOT 3amUCAMH B JiabopatopHoM >kypHaie. Ha
TUTYJIBHOM JIMCTE J1a00paTOPHOTO KypHajla JAOJDKHBI OBITh MPEACTABICHBI: Ha3BAaHUE YHUBEPCHUTETA,
(dhaMuIHs 1 MHUITUATBI YYaIlerocsi, HOMep Kypca u TPYIIbI, y4eOHBIH ToI.

2.0T14eT 0 BBINMOJHEHHOH JIA00paTOPHO paboTe JOIKEH COACPKATh CIACAYIONIUE CBEICHUS:

*HOMEp paboThI U €€ Ha3BaHUE;

*J1aTy BBINIOJHEHUS pabOThI;

*IIeTTb PaOOTHI;

*KpaTKOE TEOPETUYECKOE OMUCAHNE;

*HOMEp U Ha3BaHHE OIbITA;

*KpaTKOe OMHCaHUE X0a paboThl C yKa3aHUEM YCJIOBHIA IPOBEICHUS OIIbITA;

*PUCYHKH M CXEMBI UCIIOJIB3YEMBIX TIPUOOPOB;

*Ha0JIFOICHMS,

*YpaBHEHWUS MPOTEKAIOIINX PEAKIIHIA,

*pacu€Thl, TAOIHIIBI, TPAPUKH;

*BBIBO/IBI.

3.JIabopaTopHEIi )KypHAT HY’)KHO BECTH YUCTO U aKKYPAaTHO, 3aITUCH JIOJDKHBI OBITh JIAKOHUYHBIMHU.
4.014éT 0 mpoBeIEHHON PabOTE MPOBEPSET U MOAMKUCHIBACT MPEIOAABATENb.

5K cpmaue 3au€ra mo nmabopaTOpHOMY WPAKTUKYMY OMYCKAIOTCS CTYICHTHI, BBIMOJIHUBIINE H
MOMMNKCABIINE y TPEnojaBareis Bce JIOMAlllHWE U JIabopaTOpHbIE PabOThI, CHABIIHE KOJJIOKBUYMBI,
aKTUBHO YYaCTBOBAaBIIHE B pabOTE CEMUHAPOB.

6.CTy/IeHTBI, MTOJIYYHUBIINE 3a4€T TI0 JIAOOPATOPHOMY MPAKTUKYMY, JOIMYCKAIOTCS K C/Iaue dK3aMeHa 10
Kypcy HEOPTaHUYECKOW XUMUHU.

Konmponawvnwie eonpocot :

1. CocTaBbTe ypaBHEHHE THIPOJIM3A COJIel B HOHHOM M MoJieKyasipHoi ¢popmax: a) KCIO, 6) NazSiOs,
B) Zn(NO3)2. Ykaxure cpefy.

2. Uro HazpiBaeTcs runaponu3om? IlpuBenure mpuMepsl Coeid, KOTOpPhIE TOABEPraloTCs THAPONIN3Y, U
COJIell, KOTOpbIE TUAPOIN3Y HE MOABEPTAIOTCS, K OOBSICHUTE TIOUEMY.

3. Kak mporekaer Tuapoim3 coir, oOpa30BaHHOMN: a) CHIIBHON KHCIIOTOH M CiIa0bIM OCHOBaHHEM; 0)
CUJIbHBIM OCHOBAaHHUEM U CJ1a00W KUCIIOTOM; B) CIIa0bIM OCHOBAaHHEM M CJIA00H KUCITOTON?

4. [ToueMy pacTBOp HUTpATA ATIOMHHHS OKPAIIMBAETCS B KPACHBIN I[BET MpHU JOOABICHUH JTaKkMyca?

5. Tlowemy pactBOp cCynbpuAa Kaauss OKpAIIMBAaeTCs B MAJIMHOBBIM 1BET MNpU J00aBICHUH
dbenondranenna?

6. [Touemy pacTBop xJopuaa 6apusi He U3MEHSET IBET Jlakmyca U (heHondpraaenHa?

7. Iloyemy mipu THIpONM3e CylIb(pHUTa HATPHUs HE BBIACITSAETCS CEpHHUCTas KUCIOTa, a MPHU THAPOIIU3E

cynb(aTa aTFOMUHHS HE 0CAXKTACTCS THAPOKCHUT ATFOMUHUS?



JlaGopaTopHasi pa6ora Ne 9
Tema: OKHCIUTENIbHO-BOCCTAHOBUTE/IbHbIE PeaKIIMU.

Llenv padomwi: VI3yueHue OKHMCIUTEIbHO-BOCCTAHOBUTENBHBIX pPEAaKUM Ha IMpPUMEPE peakluil Ha

MpUMeEpe peaklii METaUIOB C KUCIOTAMH U IIeJI0YaMH, BIUSIHHUE XapaKTepa Cpe/bl Ha OKUCIUTEIbHO-
BOCCTAHOBUTEJIbHBIA  MPOILIECC, OKHUCIUTEIbHO-BOCCTAHOBUTENBHYIO  JIBOMCTBEHHOCTh  BEIIECTB,
OKHUCJIUTEIbHO-BOCCTAHOBUTENIbHYIO  pEaKlIMU  JAUCIPOPOPLUUOHUPOBAHMS, BHYTPUMOJIEKYISIPHOI
OKHCJIUTEIHLHO-BOCCTAHOBUTEILHON PEAKIUU.

Dopmupyemvie _xomnemenyuu. YK-1; OIIK-2.

Teopemuueckas uacmo:

OKMCIINTEIIFHO-BOCCTAHOBUTEIIbHEIC p€akuun — J3TO PCAKIHH, COIIPOBOKIAAOIMIUCCA IICPCXOI0M
OJICKTPOHOB OT OJJHMX aTOMOB WJIM MOHOB K JAPYIrMM, APYIUMH CJIOBAMHU — 3TO pPCAKLUH, B PE3YyJIbTAaTC
KOTOPBIX U3MCHAIOTCA CTCIICHU OKHUCJICHUA 3JICMCHTOB.

CrelneHb OKHCICHUS — 3TO 3apsga aroMa 3JIEMCHTa B COCIAWMHCHHH, BBIYMCIICHHBIN W3 YCJIOBHOT'O
MMPCANOJIOXKECHUA, YTO BCC CBA3HU B MOJICKYJIC SABJISIFOTCSA HWOHHBIMU.

CreneHb OKHCIICHUS IIPUHATO YKa3bIBATb apa6CK0171 HHq)pOﬁ Hag CMMBOJIOM 3JICMCHTA CO 3HAKOM ILIFOC

i MUHYyC niepen nudpoii. Hanpumep, eciu cBs3b B Mosiekyine HCI nonnasi, To BOZOpOA U XJIOP HOHEI C
+1 -1
sapsgamu (+1) u (—1), cnenoparensuo HCL,

Z[J'IH TOr0 YTOOBI paccuuTaTtb CTCIICHb OKUCIICHUA I000ro QJICMCHTA, HeO6XOJII/IMO IIOJIB30BATbHCA

CICAYIOIIUMMH IIPpaBUIJIAMM .
0 0 0 0 0

1. CreneHb OKHCIEHUS aTOMOB B IIPOCTBIX BELIECTBaX paBHA HYJIIO: H>,Cl2,02,C,Me (merann

B CBOOOJHOM COCTOSTHUM).
2. Crenenb okucieHus (+1) Bo Bcex COeIMHEHMSX MMEIOT mienouyHsle metamisl (IA rpymnma) u

BOZOPO/J, 32 UCKIIOYEHUEM TMIPUIOB aKTUBHBIX METAJUIOB, TJ€ CTENEHb OKHCIEHUS BOAOPOAA
+1 -1 42 -1

paBHa (—1), Hanpumep NaH, CaH,.

3. Crenenb OKHCICHUS +2 BO BCEX COCIUHEHHUSX HMMEIOT MieiodHo3eMenbHble MeTamisl (11 A

IpyIIa).
4. Kucnopon umeer CTeneHb OKHCICHHMS (—2), BO BCEX COCIMHEHMSX, KPOME IEepPOKCHUIIOB

+1 -1 +2 -1 +2-1

(Hz 02,Ba 02) u ¢ropuma kucnopona O F 2.

5. Aunre0Opanueckas cyMMa CTENIEHEH OKHCIIEHUSI BCEX YaCTHUIl B MOJIEKYJIe paBHA HYIIO, a B HOHE —

+1 -1 ) +5-2 .
sapsny wona HCl, +1-1 =0, NO3 > (NO3) "= +5+3 (-2) =1
2 -1

> _
6. CTemcHb OKHCIEHHS HOHA HeMenTa pasHa 3apsury Homa: C& C12 <7 ca?* + 2|t



7. He crmenyer myTaTh MOHATHS «BAJCHTHOCTBY» M «CTeneHb okucieHus». Tak B Nz, NHs, NaoHa,

NH.OH BaneHTHOCTh (KOBAJICHTHOCTB) a30Ta paBHAa TPEM, TaK Kak a30T o00pa3yeT TpH

0 -3 -2 -1

KOBAJIEHTHBIE CBS3H, & CTENEHb OKMCIICHHS Pa3JInyHA: N2, NH3, N2 Hy, NH,OH.

Oxucnenre  BoccraHOBieHHE. OKHUCIIGHHEM HA3BIBACTCS OTJa4a dSJICKTPOHOB, B PE3YNIbTATE YEro
CTCTICHb OKHUCIICHUS D3JIEMEHTA TIOBBIIIACTCA. BOCCTaHOBIIGHMEM HAa3bIBACTCS IMPUCOCTUHEHUE
AJICKTPOHOB, B PE3Y/IhTATE YETO CTEIICHh OKUCIICHHS DJICMEHTA IMMOHMKASTCH.
OKHCIIUTENbHBIE ¥ BOCCTAHOBUTEIILHBIE TIPOIECCHI TECHO CBS3aHBI MEXKIY COOOM, TaK KaK XMMHUYECKas
CHUCTeMa TOJBKO TOTJla MOXET OT/aBaTh D3JIEKTPOHBI, KOTJa Jpyras CHUCTEMa HX MPUCOCTUHSIET
(oxucrumenvro-eoccmanosumenvnas cucmema). IIprucoeUHAIONIAS JCKTPOHBI CUCTEMA (OKUCAUMEIb)
camMa BOCCTaHaBIMBAaeTCs (MpeBpallaeTcsi B COOTBETCTBYIOIIMI BOCCTAHOBHUTENb), a OTIArOIIas
ANEKTPOHBI cUCTeMa (8occmanosumenv), cama OKHUCHSeTCs (IpeBpallaeTcs B COOTBETCTBYIOLIUI
OKHCIIUTEIND ).
K munuunvim okuciumensiv OTHOCST:

1. Dnementapusie BemecTtBa — Cla, Bra, F2, I2, O, Oa.

2. CoenuHeHUs, B KOTOPBIX AJIEMEHTHI MPOSBIIAIOT BBHICIIYIO CTETIEHb OKUCIECHUS (OMpeaensieTcs

HOMEPOM T'PYIIIbI) —

+7 +6 +6 +5 +5 +7
KMnO,, K,Cr,0,,H, SO,, HNO,, KCl0,, KCIO,,

+7 +5
KIO,,KIO;ur.a

3. Karuon H' 1 nOHBI METAIJIOB B MX BBICHIEH cTernenn okucienus — Sn**, Cu?*, Fe3* u . 1.
K munuyunvim 6occmanogumensm OTHOCAT:
1. DnemenTapHbie BeUIECTBA — MeETaUIbl (HAMOOJBINAsS BOCCTAHOBHUTENbHASI CIIOCOOHOCTH Yy
mienoyHeix Meramios), Ha, C, CO.

2. COCI[I/IHCHI/ISI, B KOTOpPBIX OJJEMCHTBHI IIPOABJIAKOT HU3MYKHO CTCIICHb  OKHCICHHUA  —

-3 -2 -1 -1 -2
NH,, H,S,HI,HCL K, S ur.z,

3. Houbl MeTauIoB HEU3MIEH cTerneHn okucienus — Sn’*, Cut, Cré*, Fe?*.
OKHUCIINTENIbHO-BOCCTAHOBUTENBHAS  ABOMCTBEHHOCTh. CoeouHenus 6vicuiell Ccmenenu OKUCIeHU,
NpUCYIIEN JaHHOMY DJIEMEHTY, MOTYT B OKHCIMTEIBHO-BOCCTAHOBUTENIBHBIX PEAKIIMAX BBICTYIATh
TOJIBKO B KAayeCTBE OKUCIMTENCH, CTENEHb OKHCIECHHMS 3JE€MEHTa MOKET B JTOM CIyYae TOJBKO
nouwkarbes. Coedunenus Huswiell cmeneHu  OKUCAEHUs MOTYT ObITh, Hao0OpOT, TOJBKO
BOCCTAHOBHTEIIIMHU; 3[I€Ch CTENEHb OKHCJICHUS DIEMEHTAa MOXKET TOJIBKO IOBBIIATHCA. ECIu ke
SIIEMEHT HAXOAUTCSA B IIPOMEKYTOYHOU CTEIIEHH OKHCIICHHUS, TO €r0 aTOMbI MOTYT, B 3aBHCUMOCTH OT
YCJIOBMH, MPHUHMMATh O3JIEKTPOHBI, BBICTYNAas B KAueCTBE OKHCIMTENS WM OTAABATh OJIEKTPOHHI,

BBICTYIIAasA B KAYE€CTBEC BOCCTAHOBUTECIIA.



Tak, Hanpumep, CTETEHh OKUCIEHUS a30Ta B COCIMHEHHSIX M3MEHsSETCs B mpeaenax oT (— 3) mo (+5)
NH3, NH4OH - Tonsko BoccraHoBUTENN

HNO3, conmn HNO3 - TOIbKO OKHCIUTEIN

CoenMHEHUS € TMPOMEKYTOYHBIMU CTETICHSIMH OKHCIICHHS a30Ta MOTYT BBICTYHaTh B KauecTBE
OKHCIIUTEJICH, BOCCTAHABJIMBASACH IO HU3IIUX CTEIICHEH OKUCIICHHS, I B Ka4YeCTBE BOCCTAHOBHTEIICH,
OKHCIISISICHh JTO BBICIIMX CTEIICHEH OKUCIICHHS

Meton  aneKTpoHHOTO  OamaHca  ypaBHHBAHHSI — OKHUCIHTEIHLHO-BOCCTAHOBHUTEIBHBIX  pEaKIUi
3aKJIFOYAETCsl B BBITIOJHEHUU CIICAYIONIErO MPAaBUIIA: YUCIIO JJIEKTPOHOB, OTJAHHBIX BCEMHU YaCTUIIAMU
BOCCTAHOBHTEJICH, BCET/Ia PAaBHO YHCITY JIEKTPOHOB, MPUCOSINHEHHBIX BCEMH YACTHIIAMU OKHCIIUTEICH
B JIAHHOW PEaKIIMU.

Qobopyoosanue u mamepuaivl:

PeaxTuBbl, HEOOXOIMMBIE JIJIs1 JAHHOW PaOOTHI, BHICTABIIAIOT Ha TOJKH JTAOOPATOPHBIX CTOJOB. Penkue
PCaKTUBBI, KOHIICHTPUPOBAHHBIC KUCIIOTHI M INETOYH, TMaxXydue BemlecTBa (HampuMep, CepoBOIOPOI,
OpoMHasi BoJa U JIp.) XpaHAT B BBITSHKHOM HIKaQy.

OcHoBHasi XUMUYecKasi MocyAa: MPOOUPKU (B IITATUBE), KOJIOBI, XUMUYECKUE CTaKaHbI MMOCiIe PabOThI
THIATENILHO BBIMBITH, BEChl C Pa3HOBECOM, MPUOOPHI, HCIONb3yeMas IS MPOBEICHUS OTICIbHBIX
nabopaTopHBIX paboT, BEIAACTCS U CIACTCS YHCTas 1a00paHTy.

Texnuka bezonacnocmu npu_6bINOJIHEHUU J1AD0PDAMOPHOIL PAOOmMBbL:

-aKKypaTHO 00pamaThCsi CO CTEKISTHHOW XMMHUYECKOM MOCyI0M. OCTaTKU pa3OUTOI MOCyabl yOUpaTh C
MOMOII[bIO COBKa U MIETKU;

-BC€ palOTHI, CBS3aHHBIE C BBIJICIICHUEM SJIOBUTHIX, JIETYYUX U HEMPHUSTHOMAXHYIIUX BEIIECTB,
MIPOBOANTH B BBITSHKHOM HIKady;

-IIpU ONIPEACIICHUM 3araxa BEUIECTB OTBEPCTHE COCyJa Aep)kaTh Ha paccrosHuu 25-30 cM OT nuua,
HarpasJysisg K ce0e CTPYIO ra3a mocTynaTeIbHBIMH JIBHXKCHHUSIMU JIAJIOHU OT OTBEPCTHS K JIUILY;

-TIpY HAJIMBAaHUHM DPEAKTUBOB HE HAKJIOHATHCS HAJ COCYJOM BO H30eXaHWE TMOmajaHus OpbI3T WU
YaCTHUII Ha JINIIO WK OACKAY. TIPU pa30aBIeHUN KOHIIEHTPUPOBAHHBIX KHCIOT BIMBATh KUCIOTY B BOJY,
HO HEe Ha000poT;

-TIpU HArpEBaHUM MPOOUPKHU HE JEPKaTh €€ OTBEPCTUEM K ce0e MM B CTOPOHY COCE/Ia. HE HAKJIOHITHCS
HaJl HarpeBaeMoM KHUJIKOCTHIO BO M30€KaHKE MOMATaHus €€ Ha IO, PYKH HIIA OJCKY;

-TOpsSiYUE TPEIMEThl MOXXHO CTaBHTh TOJBKO Ha acOECTOBBIM KapTOH, acOECTUPOBAHHYIO CETKY WITU
JIPYTYIO CHEUUAIIBHYIO TOACTABKY;

-HEJb3s MOJIB30BaTHCS MIIEKTPONPHOOpaMu O€3 COOTBETCTBYIOIIETO HHCTPYKTAXka. TP BKIIOUECHUU UX B
CETh HEJIb3sl ICPIKATHCA 3a METAJUTMUECKUE TTPeAMETHI (TPYObl, KpaHbI | T.I1.). 3alPENIaeTCsl BKIOYATh U
BBIKJTIOYATh 3JEKTPONPHOOPHl MOKPBIMH pPYKaMH, a TaKXKe TOJIb30BaThCS HEHCIPABHBIMH WU

MMEIOIIMMH OTOJIEHHBIE POBOA TPUOOPaMU;



-3anpeaeTcs MPUHUMATh THIY B XUMHUYECKON J1ab0paTopuu U MHUTh BOAY U3 JIA0OPATOPHOU MOCYIBI. -
-KaTerOPHYECKH 3arpeIaeTcs MpoOooBaTh pEakKTHBBI Ha BKYC,

-IpU TIOTAJJaHUK Ha JIMLO WIM PYKH OpPBI3r KOHIICHTPUPOBAHHBIX KHCJIOT IIOCIIE CMBIBaHUS BOJOU
MPOMBITh CIa0BIM PAaCTBOPOM COJBI. INENOYb CIEAYET CMBIBATh IO TEX IOp, MOKA y4acTOK KOXKH, Ha
KOTOPBIN OHA TIOMaJia, He MEePEeCTaHeT ObITh CKOJIB3KUM; 3aTEM IPOMBITh CIIA0BIM PAacTBOPOM YKCYCHOMU
KHCIIOTHl U HAJOXHUTh TOBSI3KY U3 BaTbl, CMOUYEHHOW 3%-HbIM PAacTBOpPOM IepMaHraHaTa Kajus (u3
anTeyKky B Ja0OpaHTCKOM Kadenpsl);

-110 OKOHYaHHUH PAaOOTHI BBIKIIIOUUTH U3 CETHU BCE AIEKTPOIPHUOOPHI, MEPEKPHITh M0Jauy ra3a U BOJBI B
nmabopaTopuro U yoparh pabodee MecTo;

-000 BCEX HECYACTHBIX CIy4asiX HEMEJICHHO COOOIIaTh MPEenoIaBaTelo Wi JJA00paHTYy.

Ilpaxmuueckas uacms:

OmpiT Nel. B3anmoielicTBie METAIIOB C KACIOTAMH U IIEIT0OYaMH.
WN3ydyenue B3auMMOJEHCTBUS IIMHKA C pacTBOpaMU CEpHOM  KHUCIOTHl  (pa30aBiIeHHOW U
KOHIIEHTPUPOBAHHOMN) U C paCTBOPOM ILENOYHU. B KakjoM ombiTe B MPOOUPKHU HanelTe 2-3 M1 pacTBOpa
KHCIIOTHI WJIM IET0YU U OpOChTe MO OJHOM rpaHyie LHUHKA.
Pazbepurech, Kakoil MOH B KaXIOM CIIydae sSIBISICTCS OKHCIUTEIeM. Bo Bcex ompITax ¢ OKHCIUTEIHHO-
BOCCTAHOBUTEIIBHBIMUA PEAKLIUSMH COCTABbTE IJIEKTPOHHO-MOHHBIE CXEMBI, HalauTe KO3(PPHUIMEHTHI
IIPY OKHUCIINTENE U BOCCTAHOBUTEIIE, ONPEIEIINTE CPEAY TPOTEKAHUS TPOLECCa, TIOABEAUTE UTOT B BUJIE
HMOHHOTI'0, 3aTEM MOJIEKYJIIPHOTO YPAaBHEHHS.
OmnpiT Ne2. BnusiHue xapakrepa cpeibl Ha OKUCIUTEIbHO-BOCCTAHOBUTENBHBIN MTpOLIECC.
A. TlpoBenute peakuuro KMnO4 + NapSO3 + . — B KuCTION, HEUTpalbHOU U mIeno4yHol cpenax. s
3TOrO B MpoOUpKY K 2-3 mut pactBopa KMnOs npubaBbTe KUCIOTHI WA MIETOYH U BHECUTE IIEMOTKY
comu NaxSOs. BerpsixHute minm nepememnaiite pactsop B mpoOupke. B mepBom cimyuyae oOpasyercs
6ecueTHbIil MNSO4, BO BTOpOM BhINagaeT TerpabopaTta HaTpusil ocagok MnO2, U B 1IeIOYHON cpese
obpasyercs 3enénblit pactBop KoMnOa.
b. Onpenenure, B kakoi cpene (HEUTpaabHOM, KUCION UITH 1IE€T0YHON) OyAyT MpOTeKaTh peakltu.
MnO, + Kl + . —
CrClz +Br2+ ... —>
B mepBom ciydae B mpoOMpPKY BHOCSAT IIETIOTKY cyxoro mopomika MnOz, 3arem pactBopa KI u
OIIPEAEIAIOT CPENly PEAKLIUU.
OmnpiT Ne3. OKuCIUTETPHO-BOCCTAHOBUTENBHASI IBOMCTBEHHOCTD BELIECTB.
A. K moakucineHHoMmy pa3baBieHHON Kuciaotoil pactBopy KMnOs mo0GaBpTe 10 0OECIIBEUYMBAHMS
pactBopa NaNO2. K mogkucieHHOMY CEpHOM KHCIIOTOW pacTBOpY HoAMAa Kaimus 100aBbTE HEMHOTO
pactBopa NaNO.. YUem oOBsICHSIETCS BO3HHKaloIee okpammuBaHue pactBopa? KakoBa poss NaNO:2 B

TOI WM IpYrol peakiuu?



b. K moakucnenHomy cepHoii kucimotod pactBopy KMnOs nobGaBpre HeOOMbIION 00BEM pacTBOpa
nepokcuaa Bogopoja. OOpaTtuTe BHHMMaHue, Kakod Bbiaensercs ra3. K monakucieHHOMY cepHOM
KHCIIOTON pacTBOpy Hoauaa kamusi 106aBpTe Hebonbmoe kommuecTBo H202. Uto mpoucxoaur? Kakosa
pors H202 B srom cimywae? OOpartuTe BHHUMaHUE Ha COCTAaBICHHE HJIEKTPOHHO-MOHHBIX CXEM C
ydacTueM MepoKCuaa BOJOpO/a.

OmnpiT Ned. Peakiiuu caMOOKHCIIEHHSI-CAaMOBOCCTAHOBIICHUS (AUCTIPOTIOPIIMOHUPOBAHUS).

Kpucrannuk fiona pactBopute B HEOOIBIIOM 00bEMe PacTBOpa MIENOYH MPHU CIA00M HATPEBAHUU.
3aKOHUUTE YpaBHEHHUE pEaKLUu:

I2+ NaOH —NalOz + ...

Peaknus nucnponopuyMoOHUpPOBaHUsS HIET B INEIOYHOM cpene. EciiM IOydeHHBIM II0CIE peakiyu
pPacTBOp MOJKUCIUTDH, TO PEAKIUs MpoiiieT B 0OpaTHOM HampasiieHuu. [IpoBepbTe 3TO Ha OMBITE.

OmnpiT Ne5. BHyTpuUMOINEKyIIpHOE OKHUCICHHE-BOCCTAHOBIICHUE.

[{erroTKy KpUCTAJUTUKOB JUXpOMaTa aMMOHHUS MOMECTUTh B (ap(OopoBYIO dYamieyKy W HaArpeTh JIO
Hadana pasinoKeHus. OOpatuTe BHMMAaHME Ha XapakTep OOpa3yIIIUXCS MPOIYKTOB U 3aKOHYMUTE
ypaBHEHUE PEaKINH:

(NH4)2Cr207 — Cr203 + N2 +

[IpaBmia Texuuku Oe3onacHoctu. CoOioaliTe OCTOPOKHOCTh NMPU paboTe ¢ KOHUEHTPUPOBAHHOMU
CEpHOM KUCJIOTOM, 0coOeHHO ropsueii. He nomyckaiite nmonaganus e€ B 1y1a3a U Ha KOXKY.

Tema: "OKuCIUTETBHO-BOCCTAHOBUTEIbHBIE PEAKIIUN".

[IpoGnemuas cutyanus . B pesynbrate moiydeHHs MPOMBIIIJICHHBIM CIIOCOOOM a30THOM KHCIOTHI
BeiiessieTcst NO. Paszpabotaiite coco0 xuakodasHoro oxkuciaeHuss NO 1o 0ojee BBICOKOW CTETIEHH
OKHCJIEHUS a30Ta, COEIMHEHUE JI0JKHO OBITh YCTONYMBBIM.

[Ipo6nemuas curyarnus II. B mpoMbIlIeHHBIX CTOYHBIX BoJax umeercs ¢ropun Bogopona. Kakum
COEIMHEHNEM HAaJI0 MOICHCTBOBATh, YTOOKI MOIYYUTh HEPACTBOPUMOE coeuHEeHue Gpropuaa’?
[Ipo6nemuas cutyamms III. B cTtounoit Bome ¢ropun wion ocaxaeH B Bua CaFz 1emMeHTHOH MBUIBIO,
coctaB kotopoir CaO - CaS , cpena kucnas. Kakoii ra3z OyneT BbLAETATHCS IPU OCAKICHUH?

Kakum okuciuTesreM Heo0X0 MO OIeHCTBOBATh, YTOOBI 00€3BPEIUTE ITOT ras?

Tpebosanusa Kk ohopmaenuio 1a00pamopHou padomsvl U OMYECMY -

1.BemmonHeHne 1a00opaTOPHBIX pabOT COMPOBOXKIAIOT 3aMHCSIMH B JabopaTopHOM >KypHane. Ha
TUTYIBHOM JIUCTE J1a00paTOPHOTO KypHala JOJKHBI OBITh MPEACTABICHBI: HAa3BAaHUE YHHUBEPCHUTETA,
(dbaMuIMs 1 MHUIUAIBI YJallerocsi, HoMep Kypca ¥ rpyIibl, yueOHbIH To.

2.0T14eT 0 BBITOJIHEHHOH JTa0OPaTOpPHOH paboTe JOKEH COIEPIKATh CIICYIOIINE CBEICHMS:

*HOMEp paboThI U €€ Ha3BaHUE;

*JIaTy BBIIIOJHEHUS PabOTHI,

*IICJIb PaOOTHI;



*000py/I0BaHNE M MAaTE€PHUATIbI;

*KpaTKO€ TEOPETUYECKOE OIIUCAHUE;

*HOMED U Ha3BaHME OIbITA;

*KpaTKO€ OMHCaHUe X0/a padoThl C yKa3aHUEM YCIIOBUH MPOBEICHUS OIIbITA;
*PUCYHKH M CXEMBbI HUCIIOJIb3YEMBIX IPUOOPOB;

*HaOJIFOICHM,

*ypaBHEHUS NMPOTEKAIOUINX PEaKIHii;

*pacuéThl, TAOIUIBI, TPAUKH;

*BBIBO/IBI.

3.JIaGopaTopHbIii kKypHaI HY>)KHO BECTH YMCTO U aKKYpaTHO, 3aIIUCH JJOJKHBI ObITh JAKOHUYHBIMH.
4.014éT 0 IpoBeAEHHON paboTe MPOBEPSIET U MOANUCHIBAET IIPENOABATENb.

5.K cnaye 3auéra no snabopaTopHOMY HpPaKTUKyMY JOIYCKAIOTCSI CTYAEHTHI, BBIIOJIHUBIINE U

MOJINKCABUINE y MPENoJaBaTess BCE JIOMAIllHWE U JIabopaTOpHbIE pabOThl, CIABLIME KOJIOKBUYMBI,

AKTUBHO YYaCTBOBABIINC B pa60Te CCMHHApPOB.

6.CTyeHTbI, MMOJIYYUBIIHE 3a4€T M0 JJAOOPATOPHOMY MPAKTHKYMY, JOMYCKAIOTCS K cllaue dK3aMeHa

[0 KypCy HEOPraHUYECKOW XUMHUH.

Koumponwvhbie gonpocet :

1. OxuciauTeIM 1 BOCCTAHOBUTEIIH

2. Knaccudukanus OKMCIUTETbHO—BOCCTAHOBUTENBHBIX PEAKIIUi
3. OcHoBHbIe TIpaBuia cocrasienus OBP

4. O6mue 3akoHOMepHOCTH npoTekanust OBP

5. OcuoBuble cxemsl OBP

5.1. CxeMa BOCCTaHOBJICHHS IEPMAHTaHATOB

5.2. CxemMa BOCCTaHOBJIEHHSI XpOMaTOB/OUXpPOMATOB

5.3. PaznoxeHne HUTPATOB

5.4. OkuCAUTEIbHEIE CBOMCTBA a30THOM KHCIIOTHI

5.5. B3aumoiencTBrEe METAIIIIOB C CEPHON KUCIIOTOU

PexoMeHnayemasi iuTepaTtypa i HHTEPHET - pecypchbl:

OcHoBHasi JiuTeparypa:

1. Mapmankus, M. @. . Xumus : yue6. mocodbue / M.®. Mapmankun, U.C. I'puropsin, J.H. Koanes ;
Ces.-KaB denep.yn-T. - CtaBponons : CKOY, 2015. - 228 c. - [Ipwn.: ¢. 221-225. - bubmmorp.: ¢. 220-

221

2.Xomuenko I'.I1. Heopranmueckas xumust [DnekrponHslid pecype] : yuebnuk / I'.Il. Xomuenxko, 1.K.

[{utoBUY. — DnekTpoH. TekcToBble AanHble. — CII0. : KBaapo, 2017. — 464 ¢. — 978-5-91258-082-6.

— Pexum gocryna: http://www.iprbookshop.ru/57335.html10.
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BBEJIEHUE

Llenpl0 MOATOTOBKM K CaMOCTOSTEIBHOMY H3YYEHHUIO JUTEpaTypbl MO TeMaM JUCIUILTUHBI
ABISIETCSl coOeceoBaHME C MpernojaaBaTeleM MO OT4eTy (yCTHOMY). 3ajadaMH IPHU MOJATOTOBKE K
CaMOCTOSITETbHOMY M3YyYEHHIO JIUTEPATyphl 10 TeMaM IUCIHIUIUHBI — KOHCIIEKTHPOBAHUE CTYACHTOM
KOHCIICKTOB.

CamocrosrenbHas paboTa MpeaycMaTpUBaeT CIEAYIOUINE BUIBI: CAMOCTOSTEIHHOE HM3y4YeHUE
JUTEPATYphl MO0 TeMaM, MOATOTOBKA K MPAKTHYECKUM 3aHSTHSAM, MOATOTOBKA K KPYIJIOMY CTOJY IIO
TEeMaM.

BrimonHenue 3amaHuii IO CaMOCTOATENIFHON paboTe MO3BONISAET CTYJACHTY 3aKPENUTh 3HAHUS U
npUOOpEeCTH MPAKTUIECKUE HABBIKM B 00JIACTH HKOJIOTHH.

Jlns OCTHMKEHUS! BBICOKHX Pe3yJbTaTOB YCBOCHHMS yueOHOro Martepuana mo Kypcy «OOmas u
HEOpraHMyYecKasi XuMus OakaaBpaM HE0OXOAUMO OCO3HAHHO MOJIXOAUTH K BBITOJHEHHIO 3alaHUH IS
CaMOCTOSITENILHON  pa0OThl, BHUMATEIBHO O3HAKOMHTBCS C PEKOMEHIOBAaHHOW OCHOBHOH U
JOTIOJTHUTEIBbHOM JIUTEPATYPOU.

bakanaBpam HEOOXOJMMO NOMHHTBH, 4YTO IIEJbI0 MPAKTHUYECKHX 3aHATUH 10 JAWCIMIUINHE
«O0mmas 1 HeopraHUYecKass XUMUS SABJISIETCS 0000IIEHHE U CUCTEMAaTH3aIUs TEOPETHUECKUX 3HAHHM,
MOJTYYEHHBIX Ha JISKIUX, a TAK)KEe PUOOpETEHHE MPAKTUUECKIX YMEHHUI U HAaBBIKOB. B 3Toii cBs3M Ha
CEeMUHapax JOJDKHO OBITh OPraHM30BaHO COTPYJHHYECTBO OakajlaBpOB M IpENojaBarelisi, HX
B3aMMOIIOMOIIb, KaXABI OakalaBp JOJDKEH OCO3HABaTh, YTO HWMEET IPAaBO HA WHTEIUICKTYaJbHYIO
aKTHBHOCTb, OBITh 3aMHTEPECOBAHHBIM B JIOCTIDKEHHU OOILICH IeNM CEMHUHApOB, JOJDKEH NMPHHUMATH
y4acTHE B KOJJICKTHBHOHN BBIPAOOTKE BHIBOJOB M PEHICHUM, B YCIOBUSIX COBMECTHOM pabOThI 3aHMMATh
aKTHBHYIO TIO3UIHIO.

B xoze moAroToBKM K 3aHATHSAM OakalaBpaM CIEAyeT YYUThCS TOYHO BBIPAXKAaTh CBOM MBICIH B
JOKJIaJIe WM BBICTYIJICHUH TI0 BOTIPOCY, aKTUBHO OTCTaWBaTh CBOIO TOYKY 3PEHHs, apryMEHTHPOBAHO
BO3paXkaTh, OMPOBEPTaTh OMNOOYHYIO TIO3UIIHUIO.



1. OOmas xapakTepHCTHKA CAMOCTOATEILHON PaGoThl 00y4aIOIUXCsl IPH H3YYeHUH
AUCHUILTUHBI «O01Iasi M HeOpPraHu4yecKasi XuMHsD)

Hucunmmna «OOmas W HeopraHuuyeckass XUMHs» OTHOCHUTCA K JucuuiuiiHam broka u
OCBauBaeTcs CTyJeHTaMu B TeueHue 252 yacos. Ee ocBoeHue mpoucxoaut B 1 cemectpe.

Ha nepBom 3Tane HE0OX0IMMO 03HAKOMUTBCS ¢ paboyeil mporpaMMol TUCIUIUIMHEL, B KOTOPOU
pPaccMOTPEHO coJepKaHUe TeM MPAKTHUECKUX 3aHSATUN TUCLUIUIMHBL, BUbl CAMOCTOSTEIbHON padoThI,
TaKHeE Kak:

- CaMOCTOSITEIIBHOE U3yYEHHUE JIUTEPATYPHI 110 TEMAM,;

- TOJTOTOBKA K JJA00PaTOpPHOMY 3aHSITHIO.

Kaxip1ii Buji caMocTOATENbHOM paboThl UMEET LIeNIU U 3a/1a4H.

[lensiMu  CaMOCTOSITEILHOTO HW3YYEHHUS JIMTEPAaTyphbl SBISETCS OBJIAJIEHUE CIEAYIOIIUMU
komnerennusamu YK-1, OIIK-2.

3amaun caMOCTOSTENFHON pabOThl (POPMUPYIOIINE KOMITETCHIIUN:

- CIOCOOHOCTh K CAaMOOPraHU3alMi U CaMOo0Opa30BaHHUIO;

- TOTOBHOCTh YCTAaHABJIHMBATh W OIPENENATh MPUOPUTETH B cpepe MPOU3BOJACTBA MPOAYKIIUU
NUTAaHUs, OOOCHOBBIBATh IPUHATHE KOHKPETHOI'O TEXHUYECKOIO pPELICHMsI MpU pa3pabOTKe HOBBIX
TEXHOJIOTUYECKUX TPOIIECCOB MPOU3BO/ICTBA MPOIYKIIUU MUTAHUS; BBHIOMPATH TEXHUYECKHE CPENICTBA U
TEXHOJIOTUH C Y4E€TOM 3KOJIOTMYECKHUX IOCIEACTBUN UX IPUMEHEHHUS.

BoinonHenue 3agaHuil 1o caMOCTOATEIbHOW paboOTe MO3BOJIAET CTYIEHTY 3aKpENUTh 3HAHUS U
IpUOOpeCcTU MPAKTUUYECKUE HABBIKM B 00JIACTU HKOJIOTHH.

Kasxnprit Bug caMocTosATenbHON pabOThl UMEET ONpeiesieHHbIE (POPMBI OTUETHOCTH.

2.MeToan4ecKkue peKOMEeHIAUM 110 U3YYEeHHIO TeOPEeTHYECKOro MaTepuaJia

IIpu pabote ¢ naUTEpaTypHBIMH MCTOYHMKAMH Ba)XHO YMETh MPABWJIBHO YWUTaTh, IOHUMAThb U
3allOMHHATh NMPOYHTaHHOE. [ TOHUMAaHUs CIIOKHOTO TEKCTa BaYKHO HE TOJIBKO OBITh BHUMATEIBHBIM
IIPU YTEHUH, UMETh 3HAHUSA U YMETh UX MPUMEHATh, HO U BJIAJETh ONPEIEIEHHBIMU MBICIUTEIbHBIMU
npuemamu. OIWH W3 HUX COCTOMT B KpailHE BaXHOCTH BOCIPHHHMMATh HE OTAEIbHBIE CJOBa, a
MPEUIOKEHUS U JJaXKe 11eJIble TPYIIbI PEATIOKEHNH, T. €. ab3allbl.

[Ipu pabGote ¢ nuTEpaTypoil UCMONIB3YIOTCSA BBIMUCKH (00A3aTE€IBbHOE YCIOBHE BBIMHCOK — TOUHOE
yKa3aHHe UCTOYHHMKA M MeCTa, OTKY/la 3TO BbIMKMcaHo). LlenecooOpa3HO BBIMHUCKU JiesaTh Ha KapTOUKax,
9T0 00JIeT4aeT MX XpaHEHHe M UCIONb30BaHUe. [Ipy 3amoHeHHH KapTOUYeK CIEeAyeT YUUTBHIBATh, YTO
JIBA CaMOCTOSTENbHBIX BONPOCAa 3aHOCUTh HAa OJHY KapTOUKy HENIb3s, T.K. 3TO 3aTPyAHHUT HX
Kjaccudukanuo u xpanenue. Kaprouka nomkHa cofepxaTb 0003HaUEHHE €€ COepKaHMsI, HOMEp WU
mmdp, ykaszpIBaloOIUil €e MECTO B KapToyKe, JaTy 3amojHeHus, oubnnorpaduyeckre AaHHbIE. 3aUCH
Ha KapTOUYKE CJEIyeT pacrojiaraTh Ha OJHOW CTOPOHE, OHHU JOJDKHBI OBITh YETKHUMH U JOCTATOYHO
noJHbIMU. [Ipy BRIMUCHIBAHMH ITUTAT KpalHE BaXKHO COXPAHATH aOCOJIOTHYIO TOYHOCTbH U Mepeaun
MBICTIEHd aBTOpa, CTaBUTh WX B KaBBIYKH. [IpOMyCKM B IUTAaTe JOMYCKAOTCA (OTMEYArOTCS
MHOT'OTOYHEM), HO OHU HE€ JIOJDKHBI M3MEHSATHh CMBICJIA BbICKa3bIBaHMA. L{uTaTa 00s3aTeNbHO JOJDKHA
ObITh CHa0XeHa yKa3aHUEeM HCTOYHUKA.

B npomecce pa®oThl HaJ M3ydyaeMbIM MaTEpUaANOM COCTaBJISETCS IUIAH B IENAX Oojee 4eTKOro
BBISIBIICHUHM CTPYKTYPBI TEKCTa, 3allMCH CHUCTEMBI, B KOTOPOW H3JIaraeT MaTepuall JaHHBI aBTOp,
MOJITOTOBKM K BBICTYIUICHHUIO, A TaK)Ke Ul HAMCAHUS KaKOH-IMOO paboThl, 3allMCH CBOUX MBICIEH C
HOBOHM cucTeMaTu3alued marepuana. B 1uiaHe MoryT BCTpedaThCsi OTAENbHbIE LUGPHI U JApyrue
(akTHUecKne CBEACHUS, KOTOPBIE XOTS U HE SIBIISIOTCS COOCTBEHHO IJIAHOM, HO ITOMOTAI0T B OyayIieM
€ro UCIOJIb30BaHUH (K IPUMEPY, TP BHICTYIIJICHUH ).

[Ipu u3yueHNH TEOPETUUECKOT0 MaTepraia TpedyeTcst COCTaBICHNE KOHCIIEKTA.

KoHcnmekT — »53TO KpaTkas NHCbMEHHas 3alMCh COJEPXKAHMUA CTaTbH, KHUTH, JIEKIIHH,
IpeJHa3HAuYCHHbIE JUIS MOCIENYIOIEro BOCCTAHOBJIECHUS HMH(DOpPMAlMM C PA3JIUYHOM CTEMEHBIO



MIOJIHOTBI.

KoHcnekT — 3T0 cucrtemarnyeckas, JIOTHYECKU CBSI3HAS 3alMCh, OObEAMHAONIAs IJ1aH, BBITUCKH,
TE3MChl WM, MO KpalHeH Mepe, ABa U3 3THUX TUIOB 3amucu. Vcxons W3 ompenesieHus, BBIIUCKU C
OTJENBbHBIMU ITyHKTAMH IUIAHA, €CIU B LEJIOM OHM HE OTPAYKAIOT JIOTUKU IPOU3BEACHHUS, €CIIM MEKIY
OTJEJIbHBIMU YaCTSIMH 3aIIUCH HET CMBICIIOBOM CBSI3U, — 3TO HE KOHCHEKT. B KOHCIEKT BKIIOYAIOTCS HE
TOJIbKO OCHOBHBIE IIOJIOKEHMS, HO U JI0BOJbI, MX OOOCHOBBIBAIOIINE, KOHKPETHBIE (aKThl U MPUMEPHI,
HO 0e3 WX MOAPOOHOTO OMUCAHUSI.

KoHcnekTupoBaHue MOKET OCYIIECTBIISITCS TPEMS CIIOCOOAMU:

- IUTUPOBaHKE (TIOJIHOE WK YACTUYHOE) OCHOBHBIX I0JIO’KEHUI TEKCTA;

- IIepeiadya OCHOBHBIX MBICJIEH TEKCTa «CBOUMHU CIIOBAMU»;

- CMCILIAHHbIN BAPUAHT.

Bce BapuaHThI IpeII0IaratoT HCI0JIb30BAHUE COKPALLICHUM.

[Ipu HanKMcaHUU KOHCIIEKTa PEKOMEHIYETCSI CIEAYIOIAs I0CIE10BATEILHOCTD!

1. TIpoananu3upoBaTh COAEpKAaHUE KAXIOTO0 (QparMeHTa TEKCTa, BBIIENISISI OTHOCHUTEILHO

CaMOCTOATEIIbHBIE TIO CMBICITY;
2. Bplmenuth U3 KaXJI0M 4aCTH OCHOBHYIO HH(OpMaIHio, yOpaB H30BITOUHYIO;

3. 3ammcaTb BCIO BAXKHYHO JJISI TOCJICAYIOLIECTO BOCCTAHOBJICHU A I/IH(i)OpMaI_II/IIO CBOMMH CJIOBaAMHU
HJIN HUTHUPYS, UCIIOJIb3YS COKPAlICHUA.

Pa3nensior yeTbipe Bujja KOHCIIEKTOB:

- TEKCTYaJIbHBIH,

- IUIAHOBKIH,

- cBOOOIHBIH,

- TEMaTU4ECKUH.

TexcTyaJbHbIH COCTOMT W3 OTAEIBHBIX aBTOPCKMX IUTaT. HeoOXonumMo TOJIBKO yMEHHE
BBIIETIATH (ppa3bl, HECYIIHE OCHOBHYIO CMBICIIOBYIO Harpy3ky. JTO MPEKpacHbIi HCTOYHUK JTOCIOBHBIX
BBbICKa3bIBaHUI aBTOpa U MPUBOAUMBIX UM (DaKkTOB. TeKCTyalIbHBIH KOHCIIEKT UCTIONb3YeTCs JUIUTENBHOE
BpeMmsl.

IInaHoBBI — 3TO KOHCIEKT OTJENBHBIX (pparMEHTOB MaTepHaja, COOTBETCTBYIOIMX HAa3BAHUAM
MIYHKTOB IPEABAPUTENBHO pa3paboTaHHOro miaaHa. OH yYUT MOCJIEI0BATENIbHO U YETKO M3JlaraTb CBOU
MBICIIH, paboTaTh HaJ KHUIoH, 0000mIas cojepxkaHue ee B (OpMyIHpPOBKaxX IiaHa. Takol KOHCIEKT
KpaToK, MPOCT U SCEH MO CcBoed ¢Gopme. DTO JenaeT ero He3aMEHMMBIM IMOCOOMEeM MpU OBICTPOit
MIOATOTOBKE JOKJIA/Ia, BBICTYIIJICHUS.

CB00OIHBII KOHCIIEKT — MHAMBUIYAJIbHOE M3JI0KEHHE TEKCTa, T.€. OTPakaeT aBTOPCKHE MBICIIN
yepe3 Ballle coOCTBEHHOE BUaeHue. TpedyeTcs AeTanbHas NpopadoTKa TEKCTa.

CBOOOHBIN KOHCIEKT MpPEe/CTaBIsieT cOO0N coueTaHue BBIUCOK, IIUTAT, HHOTAA TE€3HCOB, YacTh
€ro TeKCTa MOXKET ObITh CHa0KeHa MJIaHOM. DTO HanboJjiee MOTHOLEHHbIN BUJ] KOHCIIEKTA.

TemaTuyecknii KOHCHEKT — WH3JIOXKEHHE HWHGOPMAlMU IO OJHOM TeMe H3 HECKOJIbKUX
HCTOYHUKOB.

CocraBiieHre TeMaTHUYeCKOr0 KOHCIIEKTa YUUT paboTaTh HaJ TEMOM, BCECTOPOHHE 00/lyMbIBas €€,
aHAJIM3UPYs pa3IMyHble TOUYKH 3PEHHUS HAa OJWH M TOT e BOIpoc. TakuMm o0pa3oM, 3TOT KOHCIEKT
o0zeryaet paboOTy HaJ TEMOM NP YCIOBUU UCIOJIB30BaHUS HECKOJIBKUX UCTOYHUKOB.

Od¢opmiieHue KOHCIIEKTA

1. HazBanue KOHCTIEKTHPYEMOTo MPOU3BEACHUSI (UM €r0 YacTH) U €ro BBIXOJHBIX

JaHHBIX, T.€. OubIMorpadguieckoe onucaHue J0KyMEHTa.
2. ITmau Texcra.

3. Wznoxenne Hamboliee CYyMIECTBEHHBIX TOJIOKEHUH HM3y4aeMoro MaTepualia
(Te3ucChI) OCIIEeIOBATEIEHO U KPATKO CBOUMH CIIOBAMHU WIIM B BUJIC IIUTAT, BKIIFOUAsi KOHKPETHBIE
(haKTBI ¥ IPUMEPHI.



4, Cocrapiss KOHCIICKT, MOXHO OTACJIBHBIC CJIOBAa W LCJBIC MPCATOXKCHUSA MHCATh
COKpall€HHO, BBIITUCBIBATH TOJIBKO KIIFOYCBEIC CJIOBA, IIPUMCEHATH YCJIOBHBIC 0003HaUYCHHS.

S. YroObl QopMa KOHCIEKTa Kak MOXXHO Oojiee HarisgHO OTpakaia ero
coJiepKaHue, pacrnosiaraiite ad3aipl «CTyEeHbKaMU» MOAOOHO IMYHKTAM W MOJIYHKTaM IUIaHa,
IPUMEHSITE pa3HOOOpa3Hble CIOCOOBI MOAYEPKUBAHUSA, HCHOJIB3YWTE KapaHIAIIW M PYYKH
pa3Horo IBeTa.

6. Hcnone3yiite pedepaTuBHBIA  COCOO  HW3JIOKEHHS  (Hampumep: «ABTOD
CUHUTACT...», «PACKPBIBACT...»).

7. CoOcTBEHHBIE KOMMCHTAapUuH rnoJiaraiTe Ha I10JIsIX.

HtorossiM MNPpOAYKTOM CaMOCTOSATCIBHOI'O HU3YUCHUS JIUTCPATypbl 110 KOHKPETHBIM TCEMaM
ABJIICTCA KOHCICKT, CPCACTBOM OLCHKU JAHHOI'O BUAA ACATCIBHOCTH — CO6CCCI[OB3HI/IC, TCCTUPOBAHUC.

MeTtoauyeckue peKoOMeHAAIUH K CAMOCTOSITEIbHOMY H3yueHunio Tem Ne 1-18.
Bonpocsl 1151 codecenoBanust
Ba3oBblii ypoBeHb

Tema 1. OCHOBHBIE NOHATUS XUMUU. 3aKOH DKBUBAJICHTOB. ['a30BbI€ 3aKOHBI
1. Xumnueckas CUMBOJIHKA.

2. Baxneiimue ki1accbl HEOPraHUYECKHX BEILECTB.

3. HomeHkmaTypa HEOPraHn4eCKUX BEIIECTB.

4. XyMHUYeCKHEe pacyeThl.

Tema 2. Ctpoenue aroma. [lepuoauueckuii 3akon /{.J1. Menzaeneena

1. IInanerapHas Moz€Ib aTOMA.

2. KBaHToBas Teopus cBera.

3. [penmonoxkenus ne bpoiis.

Tema 3. Xumnueckas cBa3b. OCHOBHBIE XapaKTEPUCTUKU. BBl XUMUUECKUX CBS3EN
1. TlonsspHOCTH MOJIEKYII.

2. MeToJ MOJIEKYJIIPHBIX OpOUTANIEH.

3. Cas3pIBaromue 1 pa3pexisiromue opouTami. [Topsaok u sHEprus CBs3H.
Tema 4. OCHOBHBIE NOHATUS TEPMOJAMHAMUKH. XUMUYECKasi TEPMOIMHAMUKA
1. OcHOBHBbIE 3aKOHOMEPHOCTH MPOTEKAHUS XUMUYECKUX MTPOLIECCOB.

2. IlpeBpalieHust SHEPTUU IPU XUMUUYECKUX PEAKLIUAX.

3. Tepmoxumust. TepMoxuMuveckne ypaBHEHUSI.

Tema 5. Xumuyeckas KHHETUKA. XUMUYECKOE PABHOBECHE.

1. 3aBHCHMOCTH CKOPOCTH PEaKIH TO MPUPOJIbI PEATUPYIOLINX BEILECTB.

2. CKOpOCTh peakluy B TeTEPOreHHBIX CHCTEMaX.

3. LleHHble peakuuu.

Tema 6. O0mIHe CBOICTBA PAaCTBOPOB

1. Xapakrepuctuka pactBopos. IIpouecc pacTBopeHusl.

2. T'mapatbl 1 KPUCTAUIOTHUIPATHI.

3. PactBopuMocTs. [lepechilieHHbIE pacTBOPHI.

Tewma 7. PacTBOpBI 371€EKTPOIUTOB

1. OcoGeHHOCTH PacTBOPOB COJIeH, KUCIOT U OCHOBAHHA.

2. Teopus 3MEKTPOTUTHUECKON AUCCOLUAIIH.

3. Ilpomecc aucconnanmm.

Tema 8. OKUCIUTEIBHO-BOCCTAHOBUTENBHBIE MPOLIECCHI. DIEKTPOXUMUYECKUE CUCTEMBI
1. OkucIeHHOCTb aTOMOB JIEMEHTOB.

2. CtaHgapTHBIA BOJOPOIHBIHN 3JIEKTPO/I.

3. 3aKOHBI JIEKTPOITH3A.



Tema 9. DneMeHThl opraHndeckoi XuMuu. OpraHn4eckue, 3IEMEHTOPraHM4ecKue U
HEOPraHUYECKUE TIOJIUMEPHI

1. Knaccuduxkanus opraHu4ecKkux coeIMHEHHUs.

2. KpeMHwmii oprannyeckre COeMHEHUSI.

3. DeMeHTOOpraHn4eCKUe MOJIUMEPBI.

Tema 10. O6mue cBoiicTBa HEMETAILJIOB.

1. Bogopoa. ®usznveckue CBONCTBA.

2. Bonopon. [Ipumenenue.

3. Boga. ®usunueckue cBoiicTBa.

Tema 11. O0mas xapakTeprcTUKa TOATPYIIIBI TaJTOTCHOB

1. Xnop HaxoxJeHue B npupoae, pusndeckue cBoicTpa. [lpumenenue.

2. XJI0pOBOOPO/I U COJISIHASL KUCIIOTA.

3. ®rop, Opom u Hox.

Tema 12. Kuciopoa u ero cBoiicTsa

1. HaxoxxneHue B mpupo/e, MojiyueHue.

2. ®uzuyecKue CBOKUCTBA.

3. IlpumeneHune KucIoposa.

Tema 13. Cepa u ee cBoiicTBa.

1. Haxoxxnenue B npupoje gpusndeckue cpoiictsa. [lpumenenue.

2. Oxcup cepsl (IV). Cepaucras kucnoTa.

3. CBoiicTBa CEepHOI KUCIIOTHI U €€ MPAKTHYECKOE 3HAUCHHE.

Tema 14. CepoBoiopoa u Cyab(huIBbL.

1. HaxoxeHue B mpupoe.

2. dusnyeckue CBOMCTBA.

Tewma 15. A30T u amMmuax.

1. Haxoxxnenue B npupoje, pusndeckre cBONCTBA.

2. Xumundeckue cBoictBa. [Ipumenenue.

Tema 16. Oxcuanl a30Ta U a30THas KUcioTa. B3auMoaelcTBre a30THON KUCIIOTHI ¢ METAJNIAMHA
U HEMETAJUIAMH.

1. Asortnas kucnora: pusnueckue cBoiicra. [Ipumenenue. 2.  Conu a30THON KUCIOTHI.

3. MuHepanbHble Y100peHHUSL.

Tema 17. Yriepon u ero cBoicTBa.

1. Okcunpl yriepoaa.

2. YronpHas KUCIIOTA.

Tema 18. Oxcun kpemuus (IV) u kpeMHueBas Kuciaora.

1. Kpewmnuii u ero cBoiictBa. Xumuueckue cBoiicta. [Ipumenenue.

2. Kpemnuwii u ero cBoiicTBa. HaxoxieHne B mpupojie, pu3nIecKue CBOWCTBA.

3. Oxcun kpemuus (IV) u kpeMHHEBasE KUCIIOTA.

IloBbIlIEHHBIN YPOBEHD

Tema 1. OCHOBHBIE NOHATHS XUMHUU. 3aKOH DKBUBAJIEHTOB. | 'a30BbI€ 3aKOHBI

1. MonspHsIii 00beM BeleCcTBa.

2. OrmpenienieHue MOJIIPHBIX Macc BEIIECTB, HAXO/SIIUXCS B Ta3000pa3HOM COCTOSHUM.

3. IlapruansHOe 1aBIeHUE Ta3a.

Tema 2. Ctpoenune atoma. [lepuoanueckuii 3akon [[.11. MenneneeBa

1. TloHsATHE O KBAaHTOBOI MEXaHUKE.

2. KBaHTOBO-MeXaHWYeCKas MOJIEITb aTOMa.

3. CriocoOblI 3anucH 37IeKTPOHHBIX KOH(UTYpalluii aTOMOB MOHOB.

Tewma 3. Xumnueckas cBA3b. OCHOBHBIE XapaKTEPUCTUKU. BUbI XUMUYECKHUX CBSI3EN

1. Onpenenenue coctaBa KOMIUIEKCHOI'O HOHA.

2. HomeHnkitaTypa KOMIUIEKCHBIX COSIMHEHUH.

3. PaBHOBecHs B pacTBOpax KOMIUIEKCHBIX COCIMHEHHA.

Tema 4. OCHOBHBIE TOHATHS TEPMOAMHAMHUKUA. XUMUYECKasi TEPMOJUHAMUKA

1. ®dakTopsl, OlpenesAIoUIe HAllpaBICHUE IPOTEKAHN XUMHUUECKUX PEAKIIUM.



2. Durtponus u sHeprust [ n66ca.

3. Dueprus ['enpmrosbIa.

Tema 5. Xumuueckass KHHETUKA. XMMHUUYECKasi paBHOBECHE.

1. HeoGparumbie 1 0OpaTuMble peaklny.

2. Xummnudeckoe paBHoBecue. KoHcTanTa XUMHUYECKOTO paBHOBECHS.

3. Cmemenne xummuyeckoro pasHoBecus. [punimn e [HlaTense.

Tema 6. O0mMe CBONCTBA PAaCTBOPOB.

1. ®usnueckue cBOMCTBA BOJIBI.

2. JluarpamMmMa cOCTOSTHUS BOJIBI.

3. XuMUYeCcKHe CBOKWCTBA BOJIBI.

Tema 7. PacTBOpPBI 3JEKTPOJIUTOB.

1. CunbHble 3IEKTPOIUTBHI.

2. VIoHHO-MOJIEKYJApHBIE YPAaBHEHUSI.

3. I[IpousBenenne pacTBOPUMOCTH.

Tema 8. OKUCIUTEIHHO-BOCCTAHOBUTENBHBIE MPOLECCHI. DIIEKTPOXUMUYECKUE CUCTEMBI

1. IlpumeHeHue MeTOAA FNEKTPOHHO-UOHHOTO OallaHca MPHU PA3IUYHBIX PEAKIUAX CPEIbL.

2. XUMUYECKHEe UCTOYHUKU TOKA. AKKYMYJISITOPBI.

3. DnekTpoxumuueckas nosuspusanus. [lepenanpsokenue.

Tema 9. DneMeHThl opraHndeckoil XumMun. OpraHndeckue, 3J1eEMEHTOPraHu4eCK1e 1
HEOPraHUYECKHUE MOJTUMEPHI

1. Teopust XUMHUUECKOTO CTPOEHUSI OPTaHUYECKUX COEITMHEHUIN

2. ®ochopopraHuvecKkre CoeAMHEHUS

3. Heopranuueckue noaumepsl.

Tema 10. O61ue cBoiicTBa HEMETAILIIOB.

1. Bogopoa. XuMuueckre CBOMCTBA.

2. Boga. Xumuueckue cBoicTBa.

Tema 11. O0mas xapakTepuCTHKa TOATPYIIIHI TaJOTeHOB

1. Xop nonyyenue, XUMHUYECKUE CBOMCTBA.

2. Conu CONSTHOM KUCIOThI, KAUECTBEHHAsI PEaKlMsl Ha XJIOPU UOH.

Tema 12. Kucnopos u ero cBoicTBa

1. ITosryuenue kucnopoza.

2. XuMU4ecKue CBONCTBA.

Tema 13. Cepa u ee cBOICTBA.

1. ITosrydyeHne, XUMHYECKUE CBOWCTBA.

2. Okcup cepsl (VI). CepHnas kuciora.

3. Conu cepHoit kucioTel. KauecTBeHHas peakiius Ha Cyib(aT-HOH.

Tema 14. CepoBoaopo v CyIb(PUIbL.

1. ITosryueHne, XUMHUYECKUE CBONCTBA.

2. [IpumeHeHune cepoBOAOPOA.

Tema 15. A30T u ammuax.

1. Conmm aMMOHUS 1 UX CBOMCTBA, KAYECTBEHHAsl PEAKIIUS.

2. XMMUY€ECKUE OCHOBBI IPOU3BOJICTBA AMMHAKA.

Tema 16. Oxcuapl a30Ta ¥ a30THas KACI0Ta. B3anMopaelcTBre a30THOW KUCIIOTHI C METAJIJIaMU
1 HEMETaJUIAMHU.

1. A30THas KUCJIOTa: XUMUYECKUE CBONCTBA.

2. B3auMogericTBue a30THOM KUCIOTHI C METaJUIaMy U HEMETaJIaMHU.

Tema 17. Yrnepon u ero cBoiicTsa.

1. Conu yronbHON KUCIOTHI.

2. KauecTBeHHas peakuus Ha KapOOHAT-HOH.

Tema 18. Oxcun kpemuus (IV) u kpeMHHEBass KHUCIIOTA.

1. IToHsiTHE O KOJUIOMIHBIX PACTBOpax.

2. Conu KpeMHUEBOU KUCIIOTHI.

3. [lonyuyenue cTekia u EMEHTA.



5. Metoguyeckue ykazaHus (1o BuaaM padot, npeaycMOTPEeHHbIX pado4eil mporpaMMoi
AUCHMILTUHBI

CamocmosmenvHoe 6blnoaHeHue 3a0anuti

3amaHug W YOPaXHEHUS IS CaMOCTOSITEIBbHOM paboThl NMPEMMYIIECTBEHHO COJepXkKarcs B
y4eOHO-METOIMYECKOM KOMIUIEKCE AUCIUILTUHBI (METOIMYECKUX YKa3aHUSX K CEMHUHAPCKUM 3aHSATHSIM
U METOJAMYECKHX YKa3aHHWAX II0 CaMOCTOSATENbHOM pabore cryneHtoB). Kpome Toro, 3amanus u
yIOpaXHEHUS] MOTYT IpeajarathCs mpernojaBaTensMu Kadeapsl, BEAyIIMMUA ceMUHapckue 3aHsaTus. Ha
JEKIHSX MPENoJaBaTeIn TaKkxkKe Jar0T 3aJaHHs Ul CAMOCTOSTETbHON paOOTHI.

B pamkax camocTosITensHOM paboThl CTYACHTHI CaMH MOTYT Ipejjaratb cOOCTBEHHbIE TEMbI U
(OpMBI BBITTOTHEHHS 33 JaHHH.

Cnaya 3amaHusi TPOU3BOJUTCS IPENOJABATENI0, BEAYIIEeMY CEMHHApCKUE 3aHATHUS, B
YCTaHOBJICHHBIE UM CPOKHU.

B cocraBe MeToanuecKkux yka3aHHM K CEMHHAPCKUM 3aHATUSAM MPEAYCMOTPEHbI PEKOMEH AN
10 MOATOTOBKE K CEMUHAPCKOMY 3aHATHIO. [Ipy BbIMOIHEHUHM pabOThl CTYIEHTHl MOTYT MCIIOJIb30BaTh
HE TOJIbLKO METOJUYECKHE YyKa3aHWs II0 PEIISHUIO 3aJad, HO W JpPyrue MarepHuaibl ydeOHO-
METOJIMYECKOTO KOMILJIEKCA.

Tpebosanus k ohopmaeruio 3a0anuti

3amaHus 10 CaMOCTOSITENBHONW paboTe MJODKHBI OBITh O(OPMIIGHBI B COOTBETCTBHU C
tpeboBanusimu ['OCT 7.32-91 (MCO 5966-82). CTpaHulibl TeKCTa AOKHBI COOTBETCTBOBATH (popMaTy
A4 (210 x 297 Mm).

Texct 3amaHuil AOMKEH OBITH BBIIOJIHEH HA OJIHOM CTOpPOHE JUCTa C MPUMEHEHUEM
KOMIIBIOTEPHBIX ycTpolcTB. [Ipum HCHONB30BaHMM TEPCOHAIBHOTO KOMIBIOTEPA PEKOMEHAYETCS
ucnoinbs3oBath cpeny Windows, pegaktop Word. Ilapamerpsl 1oKymMeHTa cieqyomue: naTepsain — 1,5,
kernb (pasmep) — 14, mpudr — Times New Roman. @yHkius nepeHoca cioB oOs3arenbHa. TekcT
CllelyeT meuaTarb, coOII0Aas Cleayrolue pa3mMepsl nojiei: sesoe - 30 MM, npasoe - 10 MM, BepxHee -
20 MM, HIDKHEE — 20 MM.

HywMmepanusi cTpaHul] HauMHAEeTCs C€O CTpPaHMIBI, COZAEp)Kalleld orjaBieHUe padoThl, U
MIPOM3BOJUTCS apaOCKUMHU LM(paMu B MPaBOM BEPXHEM YIIIy JHUCTA. TUTYIbHBIA JUCT BKIIOYAETCS B
o0I11yr0 HyMepaluio, Ho He HyMepyeTcsa. B npuiokeHusx cTpaHulsl He HymepyroTcs. Mmoctpanuu,
CXeMbl, rpa@uKu, TaOJUIBl, PACIONIOKEHHbIE HAa OTIENbHBIX CTPAHUIIAX, BKIIOYAIOTCS B OOIIYIO
HyMEpaLUIO CTPAaHHULL.

TekcT OCHOBHOM 4YacTU pabOThl MOKET MOAPA3NEIATHCS Ha paszzeisl M nonpaszienbl. Kaxabiit
paszzen ciielyeT HauuHaTh ¢ HOBOM CTaHUIIbl. Pa3znenbl u moapasaensl J0JKHbI UMETh HAUMEHOBaHUE -
3arojIOBKH, B KOTOPBIX KpPaTKO OTpPa)kaeTcs OCHOBHOE COJEp)KaHMWE TEKCTa. 3arojOBKU pPas3felioB
MUIIYTCS CUMMETPUYHO TEKCTY HPONUCHBIMU (3arjiaBHbIMH) OYKBaMH M BBIIEISIOTCS KUPHBIM
mpudTOM. 3aroJOBKM MMOJPa3/AeioB MUIIYyTCA ¢ ab3ala CTPOYHBIMH OyKBamMH, KpOMe IepBOM —
MIPOIMKCHOM U TAaK)Ke BBLACISAIOTCA KUPHBIM HIpHudToM. COKpallleHHOE HAallMCAaHUE CIIOB B 3ar0JIOBKAaX HE
nomnyckaercs. [lepeHoCsl ClIoB B 3arojloBKax HeE JOMYCKaroTCs. TOYKy B KOHIE 3arojioBKa HE CTaBST.
Ecnu 3aronoBok cocTouT M3 ABYX U Oojiee Mpeasio’KeHUM, uX pa3aenstoT Toukol. [lomguepkuBanue
3aroJOBKOB HE JioMycKaeTcs. PaccTosiHue MexXly 3aroJIoBKaMu pasjiena (IoJpas/iesnia) U MOCIe YoM
TEKCTOM JIOJKHO OBITh PaBHO OJAMHAPHOMY MEKCTpoyHOMY MHTepBaiy (10 MM), a paccTossHUE MEXIY
3aroJOBKOM MOpa3/esna 1 MociaeHel CTPOKON MPeAbIIyIIero TeKcTa — 2-M OJAMHAPHBIM MEXCTPOYHBIM
uHTepBangam (15 mm).

B Texcre He NOMKHO OBITH PUCYHKOB M TaOiuIl 0€3 CCbUIOK Ha HUX. PUCYHKM W TaOIUIIbI
pacrojararTcs B TEKCTE cpa3y MOCje CChbUIOK Ha HUX. PUCYHKH JTOJKHBI UMETh MOSICHSIOUTYIO HAITUCh
— Ha3BaHUE PUCYHKA, KOTOpas MOMeIIaeTcs moJ HuM. Pucynku o6o3nauvatorcst cinoBoM «Pucy. Touka B
KOHIIE HAa3BaHMsI HE CTaBUTCS. PUCYHKU cleayeT HymMepoBaTh MOCIeA0BaTENbHO apabckumu udpamMu B
CKBO3HOM TIOPSIZIKE B IIpeieax Bceil paboThI.

[Mudposoit matepuan menecoodpazHo opopMisaTh B Buae Tadiauiel. Kaxkmas Ttabnuma goimkHa
MMETb 3aroJI0BOK, KOTOPBIN I0JKEH OBITh KPATKUM M OTPAXKaTh COAEPIKUMOE TaOIHIIbI.

Han Ha3zBanuwem cmpaBa mnuimercss cioBo «Tabmuia» ¢ HOPSAIKOBBIM HOMEPOM apabCKUMU



udpaMu B CKBO3HOM TOPSIJIKE B Iipezienax Beeil paboTsl. TemaTnueckuii 3arooBOK MUIIYT CTPOUYHBIMU
OykBaMH, KpOME€ TIEpPBOM IPONMHCHOW. B KOHIIE 3aroyioBka TOYKY HE CTaBAT. TaOnWIly cleayer
pasMemnaTh TaK, YT00bI €e MOKHO OBLIO YUTaTh 0€3 MOBOPOTa pabOTHI HITH K€ C TIOBOPOTOM I10 YAaCOBOM
ctpenke. Tabnuily ¢ GONBIIMM KOJUYECTBOM CTPOK JOMYCKAETCA MEPEHOCUTh HA JPYTYIO CTPaHUILY.
[Tpu mepenoce TabnMIbl, HA CIEAYIOMIEH CTpaHUIE MOBTOPAIOT €€ IIANKYy W HaJa HEH MOMemaroT
Haanuch «IIpogomkenue tabmn.» ¢ ykazanuem Homepa. Ecnu manka Tabnuibl rpoMo3aKas, TO BMECTO
HEe C TIEPEHECEHHON YaCTH B OT/ICJILHOM CTPOKE MOMELIAI0T HoMep rpad.

[Tpunoxxenue odopmisieTcss Kak NPOAOHKEHHE OCHOBHOM YacTH 3aJjaHusl, pacrojaraercs B
MOopAIKE MMOABJICHUA CCBUIIOK B TCKCTC. Kamz[oe IMPUITOKCHUC JOJIKHO HAYMHATHCA C HOBOH CTpaHUILbI U
HUMETh COZepKATENbHBIN 3arojlOBOK, Halle4aTaHHbIN XKUPHBIM mpudToM. B mpaBom BepxHEM yrity MoJ
3arojIOBKOM IPONUCHBIMU OykBamu meuataercst ciioBo «lIpunoxxenue». Hymepauus pasnenos,
MIYHKTOB, TAOJUI[ B Ka)KJI0OM IIPUIIOKEHUU CBOSL.

PexoMenayemasi JiuTEPaTYypa H HHTEPHET - PECYPChI:

OcHoBHast iMTEeparypa:
1. Mapwmankus, M. ®@. . Xumus : yued. nocobue / M.®. Mapmankun, WU.C. I'puropsn, [1.H.

Kosanes ; CeB.-KaB ¢enep.yn-1. - CraBponons : CK®Y, 2015. - 228 c. - Ilpun.: c. 221-225. -
bubmuorp.: c. 220-221

2.Xomuenko I'.I1. Heopranndeckast xumusi [IaekTpoHHBINA pecypce] : yueonuk / I'.I1. Xomuenko,
N K. HuroBu4. — DnexTpoH. Tekcroble nanHbie. — CII6. : Kamgpo, 2017. — 464 c. — 978-5-91258-
082-6. — Pexum pocryma: http://www.iprbookshop.ru/57335.htmi10

JlomoJIHNTeIbHAS JINTEepaTypa:
1.Heopranuueckas xumust [DneKTpoHHBIN pecypce] : naboparopHblid npakThkyM / C.A. CokonoBa

[1 ap.]. — DnEeKTpOoH. TeKCTOBbIE NaHHble. — Boponex: Boponexckuii I'ocynapcTBeHHbIN ArpapHblii
VYuusepcurer uMm. Mmmneparopa Ilerpa Ileproro, 2017. — 93 ¢. — 2227-8397. — Pexum nocryna:
http://www.iprbookshop.ru/72709.html

2.Heopranuueckast xuMus [ DNeKTpOHHBIN pecypc] : madoparopubiii npaktukyM / O.B. /IpsikoHOBa

[1 np.]. — DneKkTpoH. TeKCTOBBIE NaHHbe. — Boponex: Boponexckuii ['ocygapcTBeHHBIN ArpapHbIi
VYuusepcurer um. Ummeparopa Ilerpa IlepBoro, 2016. — 150 ¢. — 2227-8397. — Pexum poctyna:
http://www.iprbookshop.ru/72708.html
HNurepHer-pecypcnl:

1. http://biblioclub.ru - DBC «YHuBepcuTeTcKas OMOIMOTEKA OHJIANH,

2. http://www.iprbookshop.ru - 35C «IPRbooksy;

3. http://www.consultant.ru - CripaBouno-npaBoBas cucrema Koucyasrantllmtoc;

4. http://catalog.ncstu.ru/ - Onexkrponnas oudaunoreka CKOY;

5. antiplagiat.ru - 3AO « Auru [Tnaruary.
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	Р — давление СО2 в колбе, равное атмосферному, кПа;
	V — объём СО2, равный объёму колбы, см3;
	R — универсальная газовая постоянная, равная 8,314 Дж/моль ( К;
	Т — температура, К.
	Последовательность выполнения работы:
	1. Закрыть пробкой сухую колбу, приготовленную лаборантом для опыта. Восковым карандашом отметить на колбе нижний край пробки. Взвесить на технических весах колбу с воздухом (m1). Опустить в колбу на 1-2 минуты трубку, по которой идёт ток углекислого ...
	2. Вылить воду в колбу до метки, затем перелить её в мерный цилиндр и измерить объём воды (колбы) - V.
	3. Записать температуру (t(С) и давление Р, при которых проводят опыт.
	4. Произвести расчёты:
	 привести объём колбы - V к объёму при нормальных условиях V0;
	 определить массу воздуха в колбе mвозд, считая массу 1л воздуха равной 1,293 г;
	 найти массу самой колбы с пробкой mколб;
	 определить массу углекислого газа mCO2 .
	Условия и результаты опыта занести в таблицу.
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	2.Методические рекомендации по изучению теоретического материала



