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1 HOACHUTEJIbBHAS 3AIIMCKA

1.1 Heab a(ucHUNIMHBI: 3aKPENUTh U CUCTEMATU3UPOBATh 3HAHUS MO XUMUH, OCBOUTH
pelieHue 3a1a4 pa3JIuyHOro YpoBHS CIIOXKHOCTH, COOTBETCTBYIOIIET0 YpoBHIO BY30B ecrecTBeH-
HOHAYYHOTO TTPOduUIIs.

1.2 MecTo aucuumiinHbl B cTpykType OOIT

HucuummmHa «Pemenne XuMUIecKiX 3aa4» OTHOCHUTCS K JTUCIUIUTMHAM 00s3aTelbHOM
YaCTH MPEIMETHO-METOAMYECKOro Mo TyJisl o npodutro «Xumus» 6moka b1: b1.0.08.02.

Jlyist 0OcCBOEHUS TUCIUIUIMHBI «PellieHne XuMUYecKuX 3a/1au» 00ydJaroluecs CIOIb3YIOT
3HaHUA, yMEeHUs, CHOPMUPOBAHHBIE B XOJ€ U3yueHus: Aucuuing «O0mmas xumusn», «Heopranu-
qyecKasi XUMUSD», TTOJIyICHHBIE IPU 00YUYEHUH B BY3€, a TAK)KE OPTraHUYECKOM, OMOIOTHYECKOM XH-
MUU, MAaTEMAaTHUKH 32 Kypc 00111e00pa30oBaTebHOM MIKOJIbL. Y CBOCHHUE JaHHOW JUCIUILIUHBI [103-
BOJIUT PACUIUPUTH 3HAHUSA 110 BCEM JUCHUIIMHAM XUMUYECKOTO ITUKJIA.

1.3 IucuunimHa HanpasjeHa HA ¢opMupoOBaHue cjeayromux komnerenuuii: OIIK-
5; OIIK-§; T1K-2:

- OIIK-5. CnocobeH ocymIiecTBIsATh, KOHTPOJIb U OLIEHKY ()OPMUPOBAHUS PE3YIHTATOB 00-
pa3zoBaHUs 00YJAFOIIUXCS, BBISIBIISITH M KOPPEKTUPOBATH TPYTHOCTH B O0yUCHUH, HHANKATOPAMH
JOCTH>KEHUS] KOTOPO SIBISIFOTCSL:

e OIIK-5.1 OcymecTBisieT BBIOOp CoJep>KaHusl, METOJIOB, IIPUEMOB OpPraHU3AIMHU KOH-
TpOJIs U onleHKH, B ToM ynciie KT, B COOTBETCTBUY C YCTaHOBJIICHHBIME TPEOOBAHUSIMHU K 00pa-
30BaTEJbHBIM pe3yJIbTaTaM 00y4aroIInuXCs;

e OIIK-5.2 OGecneunBaeT 0OOBEKTUBHOCTh U IOCTOBEPHOCTH OIIEHKU 00Pa30BaTEIbHBIX
pe3yJIbTaTOB 00YYaIOUINXCS;

- OIIK-8. CriocoOeH 0CyIIeCTBIATH ITeJarOTHYECKYIO IS TEIbHOCTh Ha OCHOBE CIICIHAITb-
HbIX Hay4YHbIX 3HAHUI, HHAUKATOPOM JIOCTHKEHHUSI KOTOPOH SIBISETCS:

e OIIK-8.3 JleMOHCTpUpPYET ClIELUAIbHBIEC HAYUHbIE 3HAHUS, B TOM YKCIIE€ B IPEAMETHOU
o0JacTy,

- IIK-2. CiocoGeH oCyIIeCTBIATh NeIarorH4ecKyIo AeSITeNbHOCTD MO MPOGUIBHBIM MPE-
MeTaM (JUCHUIUIMHAM, MOAYJISIM) B paMKax MporpaMM OCHOBHOI'O OOIETr0 M CPEeIHEro oOILIero
00pa3oBaHusl, HHAUKATOPOM JTOCTHKEHUS KOTOPOH SBISETCS:

e [IK-2.2 [IpumensieT 0OCHOBBI TeOpUH (PyHIAMEHTATBHBIX U MPUKIATHBIX Pa3/IeJIOB XU-
MUY (HEOPTraHUYECKOM, aHATTUTUYECKOMN, OpraHnuecKoi, puzndeckoit, xumun BMC, xuMruuecknx
OCHOB OMOJIOTHYECKHX IMPOIIECCOB, XUMHUECKONH TEXHOJOTHH) JUIS PELICHUS TEOPETUYECKUX U
MPaKTUYECKHUX 3a]1a4.

1.4 IlepeyeHb MIIAHUPYEMBIX Pe3yJIbTATOB 00y4eHHsl. B pe3ynbrare usyueHus AUCLH-
TJTUHBI CTYACHT JIOJDKEH

- 3HATh:

® METOJbl M CIOCOOBI 00paboTKM WH(MOPMALMU PE3yIhTaTOB XUMHUYECKOTO JIKCIEPHU-
MEHTa, PEe3yJIbTaTOB HAOIIOIEHUH U U3MEPEHUI;

e uH(}OpPMAIMOHHBIE UCTOYHUKHU CITPABOYHOTO, HAYYHOTO, HOPMATHBHOTO XapaKTepa;

® OCHOBHBIC 3aKOHBI €CTECTBEHHOHAYYHBIX TUCIUTIINH

® CBOWCTBA MPOCTHIX U CIIOKHBIX BEIIECTB;

- YMeThb:
o0pabaTbIBaTh, aHATM3UPOBATH M 0000IIATH Pe3yJIbTaThl HAOIOIEHUIN U U3MEPEHU;
pemarh 3a7a4u, UCTIOIB3Ys IPUHITUTIBI K METOIbI XUMUU;

O0OBSCHITH 3aBUCIMOCTh CBOMCTB BEIIECTB OT UX COCTaBa M CTPOCHMUS;

® TIPOBOJUTH CAMOCTOSITEIHHBIM MOMCK XUMHUUYECKOW MH(OpPMAIUK C MCIOJB30BAHUEM
pa3IMYHBIX UCTOYHUKOB (HAy4YHO-TIOMYJISPHBIX U3JaHHUM, KOMIBIOTEPHBIX 0a3 JaHHBIX, PECYPCOB
Internet).

- BJIaJIeTh:

® HaBbIKAMU JIeJIaTh 3aKJIIOYEHUS W BBIBOJBI MO pe3yJibTaTaM aHalu3a JIMTEepaTypHBIX

JAHHBIX, COOCTBEHHBIX HKCIIEPUMEHTAIBHBIX H PACUETHO-TEOPETUYECKUX PAOOT XUMUU;
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¢ J[IpucCMaMu PCUHICHUSA OCHOBHBIX 3aaa4, TUIIUYHBIX IOJId CCTCCTBCHHOHAYUYHBIX AUCIH-

e crnocobaMu OpUEHTAIUH B TPO(ECCUOHATLHBIX UCTOYHUKAX HHPOPMAIH (3KypHAIHI,
caiiTbl, 00pa3oBaTeIbHbIE OPTAIIBI);
® METOJaMH OIpe/IeJICHHs] BO3MOXKHOCTH MPOTEKAHNUS XUMUUECKUX IIPEBPAIICHUI B pa3-
JUYHBIX YCIOBUAX U OLICHKU UX MOCIEIACTBUM;
1.5 O6masi Tpy10eMKOCTh JUCHUILTHHBI «PellieHHe XUMHYECKHUX 32/1a4» COCTABIISCT 2
3adeTHble enuHulbl (nanee — 3E) (72 gaca).
[IporpaMma mpenycMaTpuBaeT U3ydyeHUE MaTepualia Ha JISKIMUSIX UM IPAKTUYECKUX 3aHs-
tusx. [IpeaycMoTpeHa caMocTosiTebHAs padoTa CTyICHTOB 10 TeMaM U pa3zenaM. [IpoBepka 3Ha-
HUH OCYyIIECTBIsETCS PPOHTATBHO, MHIUBUAYATBHO.

1.6 O0beM AUCUMIIMHBI U BU/IbI Y4eOHOI 1eATeIbHOCTH

O0beM TUCUMIVIMHBI M BB Y4e0HOM 1eATeJIbHOCTH (04HasA (popMa 00ydeHHUs)

Bup yuyeoHoii pa6oThl Bcero yacoB Cemectp 4
OO6m1ast Tpy10eMKOCTh 72
KonTaktHas pabora 42
Jlexun 16
[TpakTrueckue paboThI 26
CamocrosiTenbpHasi paboTa 30
Bu HTOroBOro KOHTPOJIS: 3auer

2 YYEBHO-TEMATHUYECKOE IINTAHUPOBAHUE

Y4yeOHO-TeMaTHYeCcKMii IJIaH (0uHasi GopMa 00y4eHHs)

Beero AyIuTOpHBIE 3aHATHS Camocrosi-
Ne HaumeHoBaHuUe TeM (pa3/ieJioB) 4acoB | Jlewcmun IpakTH4ecKue TeJabHast
padoThHI pabora
Il cemectp
Beeoenue 4 2 2
1 | Cnoco0bl penieHust 3214 10 XUMHH 6 2 2 2
2 | I'a30Bble 3aKOHBI 12 2 4 6
B3anMo3aBucuMbIe apaMeTpbl COCTOSA-
HHS I'a30B
3 OcHOBHBIE THIIBI PACYETHBIX 32124 14 2 6 6
3.1 | OcHoBHBIE THIIBI pacUeTHBIX 3a1a4. BeiBogy 1 1
UCTUHHOW (hOpMYJIbI BEIIECTBA
3.2 | OcHOBHBIE THUIIBI pAacUETHBIX  3ajad. 5 2 2 1
Cxema pacuera 1o XMMHU4ECKOMY ypaBHE-
HUIO C UCTIOJIh30BAaHUEM MacC M 00HEMOB
3.3 | OcHOBHBIE TUTIBI PACUYETHBIX 3a/1a4. Pac- 4 2 2
YeThI 10 TEPMOXUMHUUYECKUM YPAaBHEHUSIM
3.4 | OcHOBHBIE THUTIBI PACUYETHBIX 3a/1aY. 4 2 2
Omnpenenenue cocTaBa CMECeil BEIecTB U
CILTaBOB
4 | PacTBOpBI 12 2 4 6
4.1 | PactBopbl. KonmuecTBeHHBIN cocTaB pac-| 3 2 1
TBOpa
4.2 | PactBopsl. PacTBOpUMOCTD 1 1
4.3 | PactBopsl. 3amaun Ha ompexaenenue dop- 4 2 2
MYJIbI KPUCTAJIOTUIPATA




4.4 | PactBopsbl. [leiictBus ¢ pactBopamu: pa3- 4 2 2
OaBieHWe, ynapuBaHUE, KOHIEHTPHPOBA-
HUE, CIIMBAaHUE JIBYX PaCTBOPOB

5 | DaekTposu3 12 4 6 2
6 | Oco0eHHOCTH OJTMMNMATHBIX 32124 12 2 4 6
Hroro: 72 16 26 30
HNHTepakTHBHOE 00yUYeHHe MO TUCIUTINHE
Bun ©Popma Koa-Bo
Ne HaumenoBanue Tem (pa3jesioB) HHTEPAKTHBHOI'O
3aHATHUSA SAHSTHS 4yacos
1 | Cnoco6sI pemieHus 3aaa4 mo XuMuu. [Ips- JIK Jlexnus ¢ 2
MO anreOpandecKuii cnocod OmMOKaMu
2 | CnocoOsI pemrenus 3a1a4 o XxuMmuu. Crio- JIK Jlexnusd ¢ 2
co0 MPOIOPIIMOHAIBHOTO pacyeTa OIMOKaMu
3 | CriocoOsI pemieHus 3a1a4 10 XUMHH. I1P Kpyrasiii cton 2
[Ipsimoii anredpandeckuii crnocoO.
Ksanpart [Tupcona. Crioco6 mponopiiuo-
HAJILHOTO pacyera. Pemenue 3agad cro-
co0OM MPOU3BOJIHOM THIIOTE3bI
4 | OCHOBHBIE TUIIBI PACUETHBIX 3a7a4. BbI- JIK Jlextud ¢ 2
BOJ UICTUHHOU (pOpMYJIBI BellecTBa omnOKaMu
5 | OcHOBHBIE THUIIBI pacyeTHBIX 3a1ad. Ompe- I1P Kpyrisiit cron 2
JIelIeHHe COCTaBa CMECe BEIeCTB U CIlja-
BOB
6 | OcoOeHHOCTH OJIMMIINAIHBIX 3a/1a4 I1P Mo3roBoii IITypM 2
NUTOTrO 12/42=28 %
3 COAEP) KAHUE TEM (PA3JIEJIOB)
BBEJIEHUE

Teopernueckre 0OCHOBBI METOAMKHU O0YUEHMSI PELLIEHUI0 XUMUYECKHX 3a7a4. MecTo 1 3Ha-
YeHHe XMMUYECKHX 3a/1a4 B CUCTEME LIKOJIbHOI0 XMMUYECKOro cofepxanus. Knaccudukarus xu-
Mu4eckuXx 3a1a4y. OyHKIMM pacu€THBIX U SKCIIEPUMEHTANIbHBIX XUMUYECKHX 3a/1a4. KommereHT-
HOCTHBIE U KOHTEKCTHBIE 3a/1a41 B 00yYeHUH XUMHHU. TpeOoBaHuUs K 00ydaronMcs PU PEeLIeHUN
XUMHUYECKHX 3a/1ad. BKitoueHre XuMu4eckux 3aa4 B METO/Ibl IPOOJIEMHOTO U MHTEPAKTUBHOIO
o0yueHHst. MecTo XMMMUYECKHX 3a/1a4 B Pa3JInYHbIX 00pa3zoBaTeIbHbIX porpammax. OneHuBaHue
pe3yJIbTaTOB 0OYUYEHUSI XUMHUH C IPUMEHEHUEM XUMHUYECKUX 3ajiay.

MeTtoaudeckue MoaXoabl K PeIIEHUIO TUIIOBBIX 3a/1a4 U OLIEHUBAaHUE Pe3yJIbTaToOB 00yue-
HUS UX PELIEHUIO.

| CIIOCOBbLI PEIHIEHUA 3AJAY 10 XUMHUHN

[Tpsmoit anre6panveckuii criocod. Crioco6 nponopuuoHanbHoro pacuera. Kaapar Ilup-

coHa. Penrenue 3ay1a4 crnoco0oM Mpou3BOJILHOM THIIOTE3HI.
11 TA3BOBBIE 3AKOHBI. BBAUMO3ABHUCHUMBIE IIAPAMETPbI
COCTOSHUA T'A30B
3akoH boins-Mapuortra. 3akon ['eii-Jltoccaka. 3axon lapins. 3akon ABoragpo. CneacTBus
13 3aKOHa ABOrajpo. YpaBHEHHUE UICABHOIO ra3a. 3akoH JlanpToHa.
111 OCHOBHBIE THUIIBI PACYHETHBIX 3AJAY

Pacuetsr mo xummuueckum dopmyrnam. Beranciaenune maccoBsix aoneit (%) mo ¢popmynam
BELIECTB.

OcHOBHBIE NOHATHS U 3aKOHBI XUMHH. Monb. MossipHas macca.

BriBog nctuHHO#M Gopmyisl BeniectBa. OCHOBHBIE CIIOCOOBI pacueTa.
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Haxosxxnenue ¢popMybl BelecTBa M0 yKa3aHHBIM B YCIIOBHH 3aJ1aui cBoMcTBaM. Haxox-
neHne (HopMyJIbl BELIECTBA [0 MACCOBBIM JOJISIM 3J1eMEeHTOB. HaxoxxieHre XumMuaeckon popmyisl
ra3o00pa3HOro BEIIECTBA MO0 MACCOBBIM JOJSM 3JE€MEHTOB U OTHOCUTEILHOM IIOTHOCTHU €ro MO
npyromy rasy. HaxoxxaeHne XuMu4eckoil (popMyIibl BelecTBa 0 IPOAYyKTaM CropaHusl.

CrexnomeTpryecKue pacueTsl [0 ypaBHEHUSAM XUMUYECKHUX peakiuil. Cxema pacyera 1no
XUMHYECKOMY YPaBHEHHUIO C UCTIOIB30BaHUEM Macc 1 00beMOB. Cxema pacdera 1o XMMUYeCKOMY
YPAaBHEHUIO C HMCIOJIb30BAHMEM KOJMYECTBA BELIECTBA. BhIUMCIEHNA O XMMUYECKUM ypaBHE-
HUSM Macc (00BEMOB) BEIIECTB 10 U3BECTHOM Macce (00beMy) OJHOTO M3 BCTYMAOIIUX WIIH T10-
JYYarIlIUXCcs B pe3yJIbTaTe PEeaklMKi BEeUIeCTB. PacyeTsl 10 XUMUYECKUM YPaBHEHUSIM IIPU YCIIO-
BUU, YTO OJTHO U3 PEArUPYIONINX BEIIECTB JaHO B U30BITKE. PacyeTsl o TepMOXUMUYECKUM YpaB-
HeHusM. Beruncnenmne o0bema raza, He0OX0AMMOTO JUIsl PEaKI|H C OTpeeIEHHBIM 00bEMOM JPY-
roro ra3a. Onpezaenenne MaccoBoit (00BEMHOM J0JIM) BBIX0/1a TPOJYKTA PEAKIMH B TPOLEHTAX OT
TEOPETUUECKH BO3MOKHOT0. Brruncnenue mace (00beMa) MpoayKTa peakiiu o U3BECTHOM Macce
(00BEMY) UCXOHOTO BEIIECTBA, COACPIKAIIETO MPUMECH.

Omnpenenenne coctaBa CMecel BEILIECTB U CIIaBOB. MaccoBas 1011 KOMIIOHEHTa. Tunuy-
HBIE PEAKIMH PA3JI0KEHUS BEIIECTB, COCTABISIOLIUX CMECH.

IV PACTBOPBI
PactBopsl. KonnuecTBeHHbIN cocTaB pacTtBopa. MaccoBas 10715 BeniecTsa B pactBope. Mo-
JsipHas KoHleHTpauus. PactBopumocts. Kpucramnoruapatsl. 3agaun Ha ornpeneiaeHue GopmyIbl
KpUCTaJJIOryuaApaTa. 3aa4yi Ha IPUTOTOBIIEHUE PACTBOPOB KpUCTAJUIOrHApaToB. JlelcTBus ¢ pac-
TBOpaMHU: pa3z0aBiieHUe, yITapUBaHUE, KOHLIEHTPUPOBAHKE, CIIMBAHHE IBYX PACTBOPOB.
V QJIEKTPOJIN3
OnexTponu3. 3akoHsl annekTponusa (M. @apanes). [locrosanas @apanes. [Iponeccst, mpo-
TEKAaIOILKe IIPU JIEKTPOJIN3€E PACIVIaBOB U PaCTBOPOB.
VI OCOBEHHOCTHU OJIUMIINA/IHBIX 3AJTAY
Oco0eHHOCTH OMMMIIUAAHBIX 3a/1a4. POpPMbI MOCTPOSHUS OJIMMIMAIHBIX 3a1a4d. [Ipumepsl
OJIMMIHUAJHBIX 33]1a4 pa3HbIX HTAMOB.

4 METOANYECKHUE PEKOMEHJAIIUU (YKA3ZAHUA) 1JIA CTYAEHTOB
ITO U3YYEHUIO JTUCHUIIJIMHBI

B nporpaMMy IHCHMIUIMHBI BKIIOYEHBI 3a/1aHNS, PACCUUTAHHBIC KaK Ha CPEIHUN YPOBEHb
(U1 KOHTPOJIBHBIX PabOT IO XMUMHUH), TAK U OJUMITUATHOTO YPOBHS, T.€. Oojiee ciiokHbIe. B mpo-
rpaMMe Ipe/cTaBiIeHbl Haubojee COBPEMEHHbIE U PALIMOHAIBHBIE METO/bl PELIEHUs, KOTOPBIE,
KOHEYHO, He SIBJIIOTCS €IMHCTBEHHO BO3MOXKHBIMHU. [loaTOMY He TpebyeTcs Bcerna ciiefjoBaTh
KaKOW-TO OIpe/IeTICHHON cXeMe, a OMCKHU JPYTUX, HECTaHIapTHBIX CIIOCOOOB PELICHUS OT/IENb-
HBIX 3a/1a4 MOTYT TOJIBKO IIPUBETCTBOBATHCS.

B pa3zpenax nucuUIUIMHBI paCCMOTPEHBI OCHOBHBIE CIIOCOOBI PEUICHUS 3a]a4, BKIFOUYEHBI
HanOoJiee BaKHbIE MOHATHS Kypca XUMHH, IPUBEICHBI Pa3BEpHYTHIE pEIICHH 3a1a4 U 3aJauu JJIs
CaMOCTOSITEJILHOTO PEIICHUs ¢ OTBEeTaMU. B mocoOum JaHbl pacyeTHbIE 3a/1a4H, MpeCIeayolne
1eJIb 3alIOMUHAHMS (POPMYIT U OTepaIfii, HCIOIb30BAHNE KOTOPHIX MO3BOJIUT B AaJbHEUIIIEM pe-
n1aTh MpobseMHbIe 3a1a4u. MHOrue 3a/1a4il SBISIOTCS OJMMINAIHBIMU U OTIUYAIOTCS OT THUIIO-
BBIX TE€M, UTO TPEOYIOT HCII0JIb30BAaHUS TEOPETUYECKUX 3HAHUM U3 PA3HBIX PA3/IEIOB XUMHUH.

B nponecce noaroroBkn Bel MoxkeTe Takxke UCHOIb30BaTh yueOHOe nocodre «OCHOBHBIE
TUIBI U CHOCOOBI pelleHus YCI0XKHEHHBIX 331a4 no xumun» / Eroposa WU.B., Banenko T.K.,
Tpodummosa U.A. - brarosemenck: M3n-so BI'TTY, — 2005. — 192 c.

YueGHO-MeTOAHYECKOE 00ecTieYeHHEe CAMOCTONITeNIbHOI PaGoThI CTY1€HTOB MO AUCIUIIIHHE

KoanuecTBO
4acoB, B COOT-
HaumenoBanue ®opmbl/BHABI BETCTBHH €
Ne pasnesa (TemMbl) CaMOCTOSITEJIbHOM PadoThI y4eOHo-TeMa-
THYECKHM ILjIa-

HOM




1 | Beeneunue

N3yueHne 0CHOBHOM JIMTEpaTypPhI

N3yuenue nonmoaHUTEILHOM TUTEPATYPBI 2
CobecemoBanne
2 | CnocoOwl pemieHust 3anay | MI3ydeHne OCHOBHOM JIMTEpaTyphl 2
o xumun. Crioco6 nponop- | M3yueHue HONOTHUTEILHON TUTEPATYyPhI
nuoHajabHOTO pacuera. Pe- | CobecenoBanue
mieHWe 3amad  crnocoboM | PacuerHsle 3agaun
MPOU3BOJILHON TUIOTE3bI Tect
3 | 'a30BBIE 3aKOHBI. N3yueHne 0CHOBHOM JINTEpATypPhI 6
B3anmozaBucumbie  mapa- | 3yueHue JOMOTHUTEIBHOM TUTEPATYPBI
METPbI COCTOSIHUSI Ta30B CobecenoBanue
PacuerHsle 3amaun
Tect
4 | OcHOBHEIE N3ydeHnne oCHOBHOI JIUTEpaTyphl 6
TUIIBI PACUETHBIX 3a/1a4 N3yuenue nonmoaHUTEILHON TUTEPATYPHI
CobecenoBanne
PacueTHbic 3amaun
Tect
5 | PactBopsl N3ydyeHne OCHOBHOM JINTEPATYPBI 6
N3yueHnre qonoaTHUTEILHON TUTEPATYPBI
CobecemoBanne
PacuerHsle 3amaun
Tect
6 | DnekTponus N3ydeHne oCHOBHOM JIUTEpaTyphl 2
N3yuenue nonmoaHUTEILHON TUTEPATYPHI
CobecenoBanue
PacueTHnie 3amaun
Tect
7 | OcobenHoctu onmuMmnuaa- | M3yueHue OCHOBHOM JUTEpaTyphbl 6
HBIX 33734 N3yueHne nOnOJHUTENBHON TUTEPATYPBI
CobeceroBanne
KonTponbHas pabota
Hroro: 30

S HPAKTUKYM IO JUCHUIITIMHE

IInan npakTHyeckux padoT no JucHUILINHe «PeleHne XUMHYECKHX 32729

Ne Tema Bun pabotbt Kon-Bo yacos
/11
1 | IIpaktuueckas pabota Nel ITpakTrueckas 2
Crioco0b! penreHus 3a/1a4 M0 XHMHH. pabora
[Tpsamoii anrebpanueckuii crnocod.
Ksanpar [Tupcona. Crioco6 nponopruoHaIbHOTO
pacuera. Pemenue 3aau cnoco6oM npou3BOIbHOM
THITOTE3BI
2 | Ilpaktuueckas pabora Ne 2 ITpakTrueckas 4
["a30BBIC 3aKOHBI paborta
B3anmo3zaBucumble nmapaMeTpbl COCTOSIHUS I'a30B
3 | [Ipaktuyeckas padora Ne 3 [IpakTuueckas 2
OCHOBHBIE TUIIBI PACYETHBIX 33/1a4. PacueTsl o tep- paborta
MOXHUMHYECKHM YpaBHEHHSIM




4 | ITpaktuueckas padora Ne 4 [TpakTrueckas 4
OcHoBHBIE TUIIBI pacueTHBIX 3aaay. OmnpenencHue pabota
cocTaBa CMeceil BEIlIeCTB U CIUIaBOB

5 | [Ipaktuueckas padora Ne 5 [IpakTuueckas 2
PactBopsl. 3agaun Ha omnpenenenue Gopmysbl Kpu- paborta
cTaJuIoruapaTa

6 | IIpaktuyeckas padora Ne 6 [TpakTrueckas 2
PactBopsbl. [lelicTBust ¢ pacTBopaMu: pa3daBiieHUE, pabota
yHapyuBaHue, KOHIICHTPUPOBAaHUE, CIMBaHUE ABYX
pacTBOpOB

7 | Ilpaktuueckas pabora Ne 7 IIpaxTnueckas 6
DNEKTPOIn3 pabora

8 | IIpakTuueckas padora Ne 8 [IpakTnueckas 4
Oco0eHHOCTH ONIMMITUAAHBIX 3a/1a4 paboTta
Bcero 26

IIpakTnueckas padora Nel (2 yaca)
Tema: Cnoco0bl pemienus 3a1a4 no xumuu. [lpsimoii anredpanyveckuii crmnocoo.
Ksaapar [Iupcona. Cnocod nponopunoHaabLHOro pacyera.
Pemenne 3aga4 cnoco6oM nNpou3BoJILHOM IMIIOTE3bI

[Tpsimoii anreOpanyeckuii criocod mpeanoaaraeT BbIpakeHue HCKOMOM BETUYHUHBI Yepes3 He-
M3BECTHOE HEMOCPECTBEHHO B YCJIOBHMHM 33Jayd. DTOT CIIOCOO MMEET psij NPEUMYILECTB B TE€X
CIIyYasix, KOTJa peluTh 3a7a4y OJHOU WIIM ABYMS MPOIMOPLHUSIMHU HENb3sl U yIOOHO BOCIOJIB30-
BaTbCA APYIrUMHU METOJaMH anre6pLI, qale BCETo JIMHEHHBIMHA YPaBHCHHUAMU U HEPABCHCTBAMMU.

Anrebpanueckie ypaBHEHHs COCTaBIISIOT HA OCHOBE YpaBHEHMH peakiuil, KOTOpble Aai0T
MNpEaACTaBICHUA O CTCXUOMECTPHUICCKUX OTHOUICHUAX, BSaHMOHCﬁCTBYIOHIHX n O6p33}IIOIIII/IXC${ B
peakuuu BemiecTB. Yaie Bcero anredpandeckoe ypaBHEHHE COCTABISIOT, YUUTHIBAs COOTHOLIE-
HUE KOJIMYECTB BCUICCTB COCI[I/IHGHI/Iﬁ, Y4aCTBYIOIIUX B PCAKIIMU, U UCIIOJIB3Ys 3aBUCHUMOCTD n=
m/M. UHorna anrebpandeckoe ypaBHEHHUE 3alUCHIBAIOT B BUJE PABEHCTBA MACcC OMPEICICHHOTO
XUMHYCCKOI'0 3JIEMCHTA B COCIMHCHHUAX, BCTYIIMBIIUX B PCAKIIUIO, U B KOHCYHBIX IIPOJAYKTax. I[J'IS[
OJIHO3HAYHOI'O PEUICHMS 33]]a4H YHCIIO YPABHEHUH JTOJKHO PABHSTHCS YMCIy HEU3BECTHBIX BEJIN-
YUH, (UTypUPYIOLIUX B YPAaBHEHHUSX.

B Tex ciydasx, korja cucreMa ypaBHEHUI HE UMEET OJHO3HAYHOI'O PEIICHNUS, UCTIOIb3YIOT
JOMOJIHUTCIIBHBIC CBCACHUSA O BCIIMYMHAX, MPCACTABJICHHBIX B YCJIOBUH 3aJa4du. Ha nx ocHose
COCTaBIISIIOT HEPABEHCTBA, PEIIEHNE KOTOPBIX MO3BOJISET ONPENETUTh I'PAaHULIBI BO3MOKHBIX 3Ha-
YeHUH NCKOMOI BEITMUNHBEI. HepaBeHCTBa qame BCEro onpeaciadroT rpaHulbl BO3MOXHBIX CTCIIC-
HEll OKHUCIIEHUs 3JIEMEHTOB, 3apsI0B MOHOB, MOJISIPHBIX MAacC COEIMHEHUH n ap. Tak, Harpumep,
YHCIIO ONpPEJIENSIOIIee MAaCCOBYIO JIOJIO 3JIEMEHTAa B COEIMHEHUHU, HE MOXKET OBbITh OTpULIATENb-
HBIM WM NpeBbIaTh equHuily: 0<m<1; MoyisipHas Macca KUCIIOTHI HE MOXET OBbITh OOJIbIlIe MO-
JIIPHOM Macchl COJIM ATON KUCIOTHI; YMCIIO aTOMOB BOIOPO/Ia B MOJIEKYJIE CIIUPTa HE MOXKET OBITh
MEHBIIIE YETHIPEX U HE IPEBBIIIAET YHCIIa aTOMOB BOJOPO/Ia B MOJIEKYJIE COOTBETCTBYIOILIETO EMY
IpesebHOro yriesojopoja u ap. Cpeau MHOXECTBA 3HAaYEHHH TOJBKO OHO HJIM HECKOJBKO
UMEIOT (PU3UYECKUi CMBbICI. Takum 00pa3oM, MPUXOAIT K OTPaHUYEHHOMY KOJIHUYECTBY BapHaH-
TOB pEUICHUS 3a/1a4H.

[TpuiiTi K OTHO3HAYHOMY OTBETY BO3MOYKHO, €CJIM YUYUTBIBATH, YTO HEKOTOPBIE HEM3BECT-
HBIC BCJIMYUHBI MOTYT IIPUHUMATDH TOJIBKO BITOJIHE OIMPCACIICHHBIC 3HAUYCHUA. HpI/IMepaMI/I TaKuX
BCJIMYHMH SABJISIFOTCA YUCJIa aTOMOB B MOJICKYJIAX, KOTOPBIC MPCACTABIICHBI LHCJIBIMU MTOJIOKUTCIIb-
HBIMU YHCIIAMH, CTETIEHU OKHCIIEHUS, 3apsiibl HOHOB UM MOJISIPHBIE MAacChl aTOMOB, UMEIOINE
ONpCACIICHHBIC YU CJIOBBIC 3HAUCHU A, YKa3aHHLIC B T3.6JII/II_I6 HGpHOI[H‘IGCKOfI CHUCTCMBI 3JICMCHTOB.
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Huxe npuBeneHs! npuMepsl 3a1a4, KOTOPhIE MOKHO PEUIUTh alre0pandyeckuM CocoOoM.

3aoaua 1.

Kakyto maccy kanus cinenyer 106aButh K 300 M1 BOJbI, 4TOOBI B PE3yIbTATE PEAKIIH

obpazoBaiics 15%-ubiit pactBop KOH?

Pewenue:

1. ITycTh McKOMas Macca Kajiusi COCTaBJISIeT X T, TOTrJa Macca 00pa30BaBILErocs pacTBOpa COCTa-
BUT:

m (p-pa)= m (K) + m (H20)- m (Hz).
2. Brruucnsiem 3nauenne macc KOH u Ho:

Xrmy mo
2 K+2 H,O=2KOH + Hz*
2 MOJIb 2 Moib 1 MOJIb
(2-39r 2-56)r 2r
= 2960 g 435
m2 = 0,026 -x

m (p-pa) =x + 300 — 0,026 -x.
[To ycnosuto, MmaccoBas nosist KOH B pactBope cocrapiser 15%,
Te. 0% (KOH)=0,15=_ 143X . +_34937r~3494r.

x+300-0,026- x

Otser: m (K) =34,94 r.

3aoaua 2.

Kakyro maccy okcuaa kanus cineayet 100aButh k 350 T 7,9%-Horo pacTBopa ruipoKcuia
Kaus A5 noimydeHus 21%-Horo pactBopa ruipokcua Kanus?

Pewienue:

[Tycth ckomasi Macca OKCHJIa KaJlus COCTaBIISIET X T, TOT/Ia Macca MOJTyYeHHOI0 pacTBopa
paBHa (x + 350) r. Beruncnum, kakas Mmacca KOH coorserctByer x r K20. [[ns aTOoro cocraBum
CTEXHOMETPUYECKYIO CXEMY:

1 moue K20 — 2 mosie KOH. Torma 914 =

m . _112x
, M= .
2-56 94
B 350 r 7,9%-noro pacrsopa KOH conepxwurcs 350 - 0,079 = 27,65 r KOH.

12x | 27,65 r KOH.

1
Bcero B MOJIYUYCHHOM paCTBOPEC COACPIKUTCA

12x

[To ycnoButo 1 +27,65=0,21 - (x + 350); x =46,78.

OtBert: TpedyeTrcs 100aBUTh 46,78 T OKCHIA KaJTusl.

3aoaua 3.

[Tpu B3auMoIeHCTBUU OKCHJIa METaJlJIa C CEPHOM KUCIOTON 00pa3oBaiock 3,92 T cynbdaTa
storo metayuia u 0,54 r Bogsl. Hanmumure hopmyity okcuaa Merasia.

Pewenue:

3anunieM XUMHIECKYI0 (OpMyITy OKCHJIa MeTajuia B yciaoBHOM Buze Me2On. Mickomas Be-
mnarHa M (Me) — MonisipHasi Macca MeTalljla M N - €ro CTeTNeHb OKUCeHus. Peakiun okcraa me-
Tajljia ¢ CepHOM KUCIIOTOM oTBeuaeT ypaBHeHue: Me2On + n H2SOs = Me2(SOs)n + n H2O

Anrebpanyeckoe ypaBHEHHE COCTaBHM C yUETOM TOTO, YTO KOJTMYECTBO BEIIECTBA BOJIBI,
00pa3oBaBIIIeiiCs B pe3yIbTaTe PEaKIiy, B n pa3 0oJIbIlle KOJIMYECTBA BEIIECTBA CyIbdaTa Me-
Tasa;

n -v Me2(SOs)n = v (H20), wnam
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n.M(Me(80,),) = M(H0)
M(Me,(S0,),) M (H,0)
392 _ 054

2- M (Me)+96n 18
otkyaa M (Me) = 17,32 -n. Pemmenue numeer cmbica ipu N =3 u M (Me) = 52 r/moib.
OtBer: uckomas gpopmyna Cr20s.

3aoaua 4.

3akpheITas K0Ji0a CO CMEChIO BO3/IyXa M KUCIopoaa uMeet Maccy 77,163 r. Ecnu Ty xe

K0JI0y HAIOTHUTH YTICKUCIIBIM Ta30M, €€ Macca coctaBuT 73,373 1, a ¢ ra3oM X OHA BECUT
77,017 r. HazoBure X.

n-

Pewenue:

Cnocoo6 1.

M3MeHeHne Macchl KOJIOBI MPOIOPLHUOHATIHHO H3MEHEHUIO MOJISIPHON MacChl IIPH NEpexo/ie
OT OJIHOTO rasa K apyromy. Torma Ami = 0,210 r; Amz = 0,146 r; Ami/Am; = 1,44. Cpeansis Mo-
JSIpHAs Macca CMECH BO3JlyXa C KUCIOPOJAOM HaXOAUTCS B npeaenax 29 — 32, 3HauuT, U3MEHEHHE
MoJisipHOU Macchl nipu nepexoe k CO2 cocrasisier 15 — 12. Torna AM nipu nepexojie k razy X
coctaBuT |AM| = (15 -12)/1,44 = 10 — 8. OTcro/1a MOXHO BBIYHCIIHNTh, B KAKKX MpeeIax Haxo-
JUTCSI MOJISIPHAsi Macca HEU3BECTHOIO ra3a X:

Mi(max) = 32 — 8 = 24; M2 (min) =29 — 10 = 19.

VY CII0BHIO YAOBIETBOPSET TOJIBKO HEOH, TaK KaK (PTOPOBOIOPO.I B Ta30BOM (haze HAXOTUTCS
B MOJINMEPU30BAHHOM COCTOSHUM M MUMEET 3HaYUTENIbHO OOoJiblliee 3HAUEHUE MOJISIPHOW MAcCChl,
YEM BBIYMCIIEHHOE.

Cnocob 2.

[TycTp Macca KoObI ¢ MPOOKOI COCTaBIsIET Mo, a CPeIHSSI MOJISIpHAs Macca CMECH BO3lyXa
¢ kucinopooM Mcp.. Torma MO’KHO COCTaBUTH cucTeMy: Mo+ N-Mcp. = &

Mo+n-44=D

Mo+ N-x=C
Beruntaem U3 BTOpOro ypaBHEHHS IEPBOE U TPEThHE:

n@44-Mg)=b—-a; n(44-x)=b-c,

T.e. N (44 - M) =0,21; n (44 —x) = 0,356.
Beipaxkaem x uepe3 Me, x = 1,695 -M¢p, — 30,6. Haxonum nipenenbhbie 3Ha4eHus X (29 <M<
32);

x1=1,7-29-30,6 =18,6; x2=24.

19 <M (X) < 24.
CrenoBaTenbHO, YCIOBHIO yIOBIETBOPSET HEOH.
Otgser:Ne.

Cnocob nponopyuoralbrHoco pacdena. Pewenue 3a0au cnocobom I’lpOM36’0]ZbHOZZ cunoniesvl

He xaxxnast 3a1aua MoxeT OBITh pelieHa crnocoOoM mo3ranHoro pacuera. Hanbomnee oomumii
Croco0 peuieHusl, CBI3aHHbII C pacyeTaMH M0 XUMUYECKUM yYpaBHEHUSIM, CIIEIYIOIIM: BHaUale
IPEIoiaraeTcs, 4To B MPEBpaIIeHUs] BCTYNAIOT T€ KOJIMYeCcTBa (UHUCIIO MOJIeH BellecTBa), KOTo-
pble GUTYPUPYIOT B YPaBHEHUH PEaKlMH, a 3aT€M MOJy4YeHHbIE COOTHOILIEHUSI COMOCTABIISAIOT C
ycnoBueM. B Hanbonee npocTom ciydae aenaercs mepecueT ¢ HOMOIIBIO IPOMOPIIKH.

Cnoco0 mponopuuOHaIBFHOTO pacdyeTa UCHOJIb3YeTCs Al PEelIeHUs] MHOTHX TUIIOB 3a/1a4,
Harpumep, TaKuX, KOrJja Heo0X0AUMO BBISICHUTB PacXo]l peareHTa — Macchl, 00beMa, KOJIU4YecTBa
BEleCcTBa JJIs MOJTYUYEeHHsI OlpeiesIeHHOM Macchl, 00beMa, KOJIMYeCcTBa BEeLIeCTBa MPpoayKTa. B He-
KOTOPBIX CIyYasx cnoco0 MpornopIHoOHAIEHOTO pacueTa UCIOJIb3yeTCs B Ka4eCTBE OTHOTO U3 ATa-
OB PELLCHMS.
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Yacro BcTpeuaroTcs 3a/1a4u C HETIOJIHBIM YCIOBHEM. B Takux 3aauax TpyJHOCTb pelIeHUs
00yCJIOBJIEHAa HEOCTATKOM OJJHOTO MJIM HECKOJIBKUX JIEMEHTOB B €€ YCIOBHH, KOTOPBIE [T03BO-
T OBl CBECTH PEICHHE K OMPECIICHHOMY alropuTtMy. B 3TOM ciyyae MOXKHO HCIIOJIb30BaTh
C1oco0 Tak Ha3bIBAEMOM NPOU3BOJILHOM TUIIOTE3bI.

[Tpu pemeHnM MOMOOHBIX 33Jay OAHOM M3 BEIMYMH, MMEIOLIAs pa3MEpHOCTh — Macca,
00beM, KOJTMYECTBO BEIIECTBA U T.Jl. — NPUNUCHIBAEMCS NPOU3BOIbHOE, YOOOHOE 0 OAIbHEeUUUX
8bIYUCTEHULL 3HAYeHUe, a 3ameM Oelaemcs nepepacuenm Ha KOHKpemHvle ycnosus 3adauu. Tak,
MO’KHO ITPUHSITh, UYTO Macca BELIECTBA WK €ro 00beM, Macca Wik 00bEM pacTBOPa, CMECH COCTaB-
agetr 100 r, 1 r wmm 1 11, 100 1. Takxke MOXKHO TPEANOJIOKNUTH, UTO B MIPEBPALICHUN YYAaCTBYET
Tr000€ 11eJ10€ WK HelleJI0e YUCIO MOJIeH pearupyromuX Win 00pa3yromuxcs BemecTs u 1.1. [lpu
3TOM IPOU3BOJIBLHOE 3HAUEHUe NPUNUCLIBAEMCsl He Dolee 00HO20 pa3d, CIe0BaTeIbHO, OCTalb-
HBIC BEJIMYUHBI BBIBOJSATCS U3 YPAaBHEHHU PEaKIMiA ¥ JAHHBIX YCIOBHS 33]]a4d WIIH )K€ BBIpaXKa-
I0TCs uepe3 HensBecTHoe. [Ipon3BoibHOE 3HaAUEHHE HEb3s PUITUCHIBATH BEIMUYNHAM, UMEIOLTUM
Pa3MEPHOCTh — OTHOCUTEIBHBIM TIOTHOCTSIM, MACCOBBIM U OOBEMHBIM JIOJISIM H T.JI.

3aoaua 1.

CKOJIBKO T cOJIM BBIKpUCTaUIM3yeTcs npu oxyaxaeHuu 10 30°C 200 r HaCBIILIEHHOTO MpH
95 °C pacrtBopa cynbara meau? PactBopumocTs cynbdara meau ripu 95°C cocrasmsier 40 r, mpu
30 °C — 20 r Ha 100 r pacTBopa.

Pewenue:
1. Haiinem maccy cynbdara menu B 200 T pacTBOpa HaChIIEHHOTO 1pH 95°C
100r - 40r
200r - X
x=80r;

Bongbr conepxurcs 200 — 80 = 120 (7).

2. Jonyctum, yTo npu oxjaxaeHuu pactsopa 10 30°C B 0caoK BbIIAAAET KAKOE-TO KOJIU-
YECTBO KPUCTAUIOTHIPATa, COOTBETCTBYIOIIEE V T cyibdara Meau. [Ipu 3ToM CBSA3BIBAETCS U BbI-
BOJUTCS U3 PACTBOPA KPUCTAIIM3ALMOHHAS BOJIa B KOJMYECTBE:!

160 r CuSO4 casaswiBaroT 90 r H20
yr — ar HO
a=0,56 -y
JlanHas pomopiusl cocTaBlieHa Ha OCHOBE TOTO, YTO MOJISIpHAsh Macca KpucTtaoruapara: M
(CuSOg4- 5 H20) = 160 + 90 = 250 (r/mMo11B).
ITpu 30°C B pactBope octaercs (80 —y) r cynbdaTta Meau U
(120 — 0,56 -y) r BozBI.
ITo ycnosuto mipu 30°C B 100 r conepxutcs 20 r cynbdara meau,
T.€. 80 T Boabl npuxoautcs Ha 20 r cou.
CocTtaBuM MPOMOPIHIO:

g80rBomer - 201 CuSO4
120-056-y - (80-y)
y =58,18.

B nepepacuere Ha KpUCTAUTOTHAPAT MOTYUUM:
250 r comepxar 160 r CuSOs- 5 H20
b — 58,18 T
b =90,9.
Otger: macca CuSQOgy- 5 H20 cocrasmsier 90,9 (T).

3aoaua 2.
B xakom MOJIIpHOM COOTHOIIIEHHUHU CIeAyeT CMeIIaTh rekcaruapat xjaopuaa xenesa (1) u
BOJY, 4TOOBI mony4uth 20%-Hbli pacTBOp Xnopuaa xeinesa (111)?
Cnocob 1.
Pewenue:
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[Tycte x - xommuectBo Mok FeCls - 6 H20
y - KomudecTBo Moib H20
M (FeClz - 6 H20) = 270,5 r/mob.
Macca x moins FeClz - 6 H20 pasna 270,5 -x (1),
a Macca yMoJib coctaBisier 18y (T).
CocTaBuM NpONOPIHIO:
270,5 FeCls - 6 H20 comepxar 162,5 r FeClz
270,5 -x - a
a =162,5 -x (r) FeCla.
T.e. B koneunom pactBope macca FeClz pasua 162,5 -x.
Macca BemectBa B 20%-HOM pacTBOpPE COCTaBISAET
0,2 -(270,5 -x +18 -y)
Y4uuThIBast, 94TO Macca XJIOpUAA XKeJie3a OCTAETCs MOCTOSHHON, COCTaBUM YpaBHEHUE!
0,2 - (270,5x +18y) = 162,5 -x
18 .y =542 x
yx=30:1
Cnocob6 2.
DTy 3a7a4y MOKHO PEIIUTh, UCTIONB3Ys KBaapaT [Iupcona.
Onpenenum maccosyio poito FeClz B FeCls- 6 H0O

®% (FeCls) = %- 100% = 60%.

60 20

0 /™ 40

Ha 20 r FeCl3 - 6 H2O Heobxoaumo B3siTh 40 T BOJBI, YTO B MOJISIPHOM COOTHOIIIEHHH CO-

CTaBJISACT.
20 . 40

2705 18~
OrtBet: B cootHourenud 1 : 30.

T.€. 1:30.

Pewenue 3a0au cnocobom npouszeonvHoul eunome3sul

3aoaua 1.

Beruucaute MaccoByr M0N0 XJIOpHAA Kaldsg B PacTBOpPE, MOJYYEHHOM OCTOPOKHOM
HelTpanuzanuen 20%-oro pacTBopa cColisiHOM KUCTOTHI 15%-HbIM pacTBOPOM T'MIPOKCUAA KAJIUSL.

Pewenue:

Cnocob 1.

ITycth Macca pacTBopa consiHor KuciaoTsl coctabisieT 100 r, Torna B Hem coaepxkurcs 20 r
XJIOPOBOIOPOJa. Beruncium, kakas Macca THAPOKCH/IA KaJIUsl IPOPEArupyeT ¢ CONSTHOM KUCIIO-
TOH, M KaKasi Macca COJIM TP 3TOM 00pa3yeTcs.

20 rX1 X2

HCI + KOH = KCI + H0
1 MoJBb 1 Moin 1 MoJb
36,51 56T 7451

x1=20-56/36,5=30,68 (r);
m (KOH) = 30,68 r; m (KCI)=40,82r.
Macca pactBopa KOH cocrasut 30,68/0,15 = 204,53 r, a cymma macc pactBopoB KOH u
HClI 304,53 r.
MaccoBas 107151 COJIM B pacTBOpE:
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o (KCl) = 40,82/304,53 = 0,134 nnn 13,4%.
Otser: o (KCI) =0,134.

Cnocoo6 2.

Ecmu mpopearuposan 1 mons HCI u 1 moie KOH, To o6pazoBancs 1 mons KCI.

m1 (p-pa) =M (HCl)/w1 =36,5/0,2=182,5r

m2 (p-pa) = M (KOH)/w, = 56/0,15 = 373,3

oKl = MKCD = 74 5/(182,5 + 373,3) = 0,134.

m, +m,

Otget: ® (KCI1) =0,134.
OueBHIHBI PEUMYIIECTBA 2 - TO CMOCO0a pelieHus. PemeHne 3a1a4u ¢ HeMoJHbIM YCIOBUEM
HanboJIee pallMOHAIBLHO TIPU MCIIOJIb30BAaHUK | MOJISL HUTK IPYTOrO IEJIOT0 YKCiIa MOJICH OHOTO
U3 BEIICCTB.

3aoaua 2.

OTHOCUTENBHAS TUIOTHOCTH IO BOJIOPOY CMECH T'eIHsl U KUCIOpoAa COCTaBiseT 5,5. Bol-
YHCIUTE MACCOBYIO JIOJIO TEJIHS B CMECH.

Pewenue:

Cnocob 1.

ITycTtp B cMecu Ha | MOJb renus MpUXOanUTCs X MOJb Kuciopoaa. Torma macca cMecu co-
crasysiet (4 + 32 -x), a macca Ha 1 Moib: (4 +32)/ (1 + x). ITo ycrnoButo cpeiHss MOJIApHAs
Macca cMecu coctasiseT 5,5 - 2 =11 (r/Mouib), 3HAUHUT,

(4+32x)=11-(1+x); x=0,33 (monpb).

Macca cmecu: 4 + 32 - 0,33 = 14,56 ().

o (He) =4/14,56 = 0,27.

Otgert: ® (He) =0,27.

Cnocob 2.

[Tycth B cMecu 0ObeMHas A0S TeHs COCTAaBIISIET X, TOTAa 00beMHas oiist kucnopona (1 —
x). JIJist ra30B MOJIsIpHAS I0JIS1 B CMECH COBIAJAET C 00BEMHOM JI0JICH, TOATOMY MOKHO 3alHiCaTh:
¢ (He)- M (He) + ¢ (O2) - M (02) =11,

4.x+32-(1-x)=11

x=0,75;

n (He) = 0,75 monb,

m (He) =n-M =3,

o (He) =m (He)/11 = 3/11 = 0,27.

Otgert: ® (He) =0,27.

Cnocob 3.

[Tycts macca cmecu coctasinsier 100 T, a B Helt x T He u y r O2. O0beM cMecH COCTaBIISET:
(100/11) - 22,4 = 203,64 1.

Brruncnsiem kakoit o0bem 3anumaroT x T He u y v Oz:
_ X, - y

V (He) =224 . V(02) =224 32
CocraBuM CHCTEMY YPABHEHUN:

x+y=100

224.% +224.3 =20364
2 32

x=27,2.
o (He) =0,27.
OrtgeTt: ® (He) =0,27.
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IpakTuyeckas padora Ne2 (4 yaca)

Tema: I'a3oBble 3ak0HbI. B3aumo3aBucuMbie mapaMeTpbl COCTOSTHUS I'a30B

B nopmansuuix ycnosusax (npu 0 °C u daenenue 1, 01325 10° ITa) B ra3006pa3sHOM COCTOSI-
HUM HaXOJATCS 3JIEMEHTHI renueBoi rpynnsl (He, Ne u 1.71.), psin a1neMeHToB, 00pa3yonmx Mo-
aexymspubie ra3el: O2, Hz, N2, F2 u Cly. 'azamu Takke sBIASIOTCS MHOTHE BOJOPOIHBIC COCIUHE-
uus (HGal, NH3), nexoropsie unrepranoreruibl (CIF, CIF3), okcuibl 1erkux 3J1eMEHTOB — a30Ta,
yTaepoaa, Xjaopa, cepbl. Benenctaue c1aboro MexMoIeKyIIpHOTO B3aUMOACHCTBUSI IIPU MaJIbIX
JABJICHUSIX M BBICOKHX TEMIIepaTypax BCE TUIWYHBIC Ta3bl BEIAyT ce0sl MPUOIU3UTEIHHO OJHA-
K0BO. ["a3p1, HaxoAsIIIMECs B YCIOBUSIX, HE3HAUUTEIHHO OTIMYAIOIINXCSI OT HOPMAJBHBIX, MTOAYU-
HSIOTCS O0JIee UM MEHEE TOUHO 3aKOHAM Udeanvbhvix 2a308. O0BbEM 10000 raza 3aBHCUT OT TPeX
napaMeTpoB: TeMiieparypsl 7, naBieHus p u yucia mojekyn N. /laHHble 3aKOHBI, OMUCHIBAIOT 3a-
BUCHUMOCTH 00beMa OT KaXJ0T0 U3 TPEX MapamMeTpoB MPU MOCTOSIHCTBE ABYX Apyrux. Vcnomip3o-
BaHUE ra30BbIX 3aKOHOB NP PEIICHUH 33]1a4, CBSI3aHO C HAX0XKJIEHHEM Kakoro-inbo mapamerpa
ra30BOTO COCTOSIHUS IPU U3MEHEHHUH JPYTOTO M MPH YCIOBUH, YTO OCTAJbHBIC MTapaMeTphl OCTa-
I0TCS IOCTOSIHHBIMU, a TaKXKe C pacueTOM OTHOCUTENIbHON MOJIEKYJISIPHOI MacChl BEIIEeCTBa MPU
M3BECTHOM 00beMe TaHHON MacChl rasa.

3axon Boiina-Mapuomma. I1pu mocTosHHOM TeMIiepaType o0beM ra3a JaHHOW Macchl 00-
paTHO MPOTIOPIIMOHANICH €TO AaBJICHHIO:

Vi o &,I/IHI/IV'p:COHSt
Vv, Py

3akoH ycTaHoBjeH He3aBucumo P. boitnem (1662 r) u O. Mapuortom (1667 1).

3axon [eii-J/lloccaxa. I1pu NOCTOSHHOM J1aBIeHUH 00beM Tra3a V JTaHHOM Macchl MPH MOBBI-
mieHuu ero temreparypsl Ha 1 °C yBennumBaercs Ha 1/273,15 gacte o0beMa Vo, KOTOPBIH Ta3
saauman npu 0 °C:

V=Vo (1+_ L+ t),mmV=Vo 235+t
27315 27315

[ToncraBuB abcomntoTHyto Temmeparypy T =t + 273,15 K, nonyuum apyroe BblpakeHuE
3TOr0 3aKOHA:
VO
27315

vV -
T

VO

| 27315

wi V =const T.

CrnemoBaTelbHO, TP TOCTOSTHHOM JIaBJICHUU 00'bEM ra3a JaHHOH MacChl H3MEHSETCS MTPSIMO
MPOTMOPLHUOHAIIEHO €T0 a0COIIOTHOM TeMIeparype:

Vi _ T

VZ TZ

3akoH oTkpsIT XK.JI. I'eii-JIrtoccakom B 1802 r.

3axon Llapnaa. Tlpu mocTossHHOM 00BeMe JaBlIeHUE Ta3a JaHHON Macchl IPSIMO MPOIIOPIIU-
OHAJIBHO €r0 a0COFOTHOM TeMIeparype:

P P
— = =% wmp=const' T
Tl T2
3akxon Aéozadpo. I1pu NOCTOSHHBIX TEMIEpaType U JaBJI€HUH B PaBHBIX 00beMax ra30oB CO-
JEPAKUTCS OAMHAKOBOE YUCIIO MOJIEKYJI (MM 00BEM ra3a MpsiMO MPOMOPLUHUOHAIEH YUCITY MOJe-

KyJ):

T.x

\
€CTb BEJIMYMHA ITIOCTOSIHHAS, TO T = const,

V =const - N
CnenctBus U3 3akoHa ABOTaJpo:

1 — oaWH MOJIb JTFOOOTO MICATHHOIO Ta3a MPH HOPMAJIBHBIX YCIOBUSAX 3aHUMAET OJMHAKO-
BB 00beM Vi = 22,414 M3/moinb = 22,414 11/M0ib.
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2 — MOJIsIpHasl Macca raza paBHa MpOU3BEICHUIO TUIOTHOCTHU JAHHOTO T'a3a M0 APYyromy rasy
Ha MOJISIpHYIO Maccy nociennero M = D - Mo.

Yucno yacTuil (aToMOB, MOJIEKYJI, HOHOB) B 1 MoJI€ BelllecTBa Ha3bIBAETCS TOCTOSIHHOM ABO-
raapo. O6o3nagaerca N4 u pasna 6,022 - 10 22 mons L. [TocTostHHAs ABOrazpo 1a€T BO3MOKHOCTS
BBIUKCIIUTh MAacCy OJHOW MOJIEKYJIbI HUIM aTOMa, a TAK)KE YMCIIO MOJIEKYJI B OMpEIeNIeHHOM Macce
BEIIIECTBA!

M=mop" Na

3axon omkpwim 6 1811 2 A. Aeozadpo.

3akoH boins-Mapuorra, 3akoH ['eii-JIroccaka n 3akoH ABOTrajpo MOCIYKUJIM OCHOBaHUEM
JUISL BBIBOJIA YPAGHEHUS. COCMOAHUA UOedlbHo20 2a3a. OHO BKIIIOUAET COOTHOLIEHUE BCEX TPEX
napaMeTpoB — JaBJieHUs, 00beMa U TeMIepaTyphl — AJisl JAHHON Macchl rasa.

pOVO - plvl - pZVZ
TO Tl T2
B BbIlIEIpUBEACHHBIX COOTHOIIEHUSAX 00bEM U JaBIIEHUE MOYKHO BBIPAXKATh B PA3IUYHBIX
enuannax. Tak, 00beM MOKET BBIPAKATHCA B KyOHIeCKUX MeTpax (M°), mutpax (J1), MUIUTHIINT-
pax (mi). 1 dusnueckas atmocdepa (atm), unu 760 Mm pr.cT., coorBercTBYyeT 101325 mnu 1,

01325 10° mackans (I1a), nmm 101,325 xunonackans (xI1a); 1 MM pr.cT. cootBetcTBYeT 133,322
ITa.

= ... =const

PoVo

Benuunna , OTHCCCHHAA K KOJIMYCCTBY Ira3a, paBHOMY 1 MOJIb, UMECT OAMHAKOBOC 3Ha-

0
YyeHue JJiA Bcex ra3oB. OHa Ha3bIBAETCSl YHUBEPCAIBHOM ra30BOM MOCTOSIHHOM U 0003HavyaeTcs R.
B COOTBETCTBHH C MEXIyHAPOHOM cicTeMoii pusnueckux Bemmuns (CH) R = 8,31 M TTas: Mons™
1{-;}K-1

[o ecTh v =R
T
I[J'ISI rasa, KOJu4ecTBoM N MOJIb pV =nRT

Tak kak n = %, TO pV = mMﬂ Oto ypaBHenue BbiBen . 1. Mennenees B 1876 1., u

Terepb OHO Ha3bIBaeTCs ypasHenuem Knanevpona - Menoeneesa.

Ipu pemenuu 3anay npuHuMaetcs po = 1,013= 10°I1a = 101,3 kI]a,

Vmo=22.4 1/monb = 22,4 102 m3/momns, To =273 K.

3aoaua 1

O6nem raza npu 17°Cu gaBnenuu 104 xlla pasen 480 1. Halimute o6beM raza mpu: a) HOp-
MaJIbHBIX YCIOBUSX; 0) CTAHIAPTHBIX YCIOBUSX.

Pewenue:

Cnoco6 1.

O6o3naunm t1 = 17°C, T1 =290 K, p1 = 104 kIla, V1 =480 1.
a) HopmanbHbIe ycnoBus ty, = 0°C, Ty =273 K, pyx = 101,3 kI1a.

V,
Ilo YpPaBHCHHUIO COCTOAHUA UACAIIBHOI'O Ira3a: % = p_lz_—\/z
1 2
V.= IOTlVlT n - V=104 - 480 - 273/(290 - 101,3) = 463,9 ().
lpH

0) cmanoapmmuuie ycnosuat =25 °C, T=298 K, p = 101,3 klla.
[To ypaBHEHHIO COCTOSTHHS MICATTHHOTO ra3a:
Ver= 104 - 480 - 298/(290 - 101,3) = 506,4 (;1).

Cnocob 2.
3amaqy MOKHO PEIINTh, HE MCIOIb3Ys YPAaBHEHHE COCTOSHUS UACATLHOTO ra3a.
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Haiinem o6beM raza npu cTaHAApTHBIX YCIOBHUAX. J[omycTrM, 4TO CHavaaa UACT MOBBIIIIe-
Hue temnepatypsl ot 290 K no 298 K, a 3arem nonmxkenue nasinenus ot 104 klla no 101,3 kIla.

[TepBoe M3MeHEHHE B COOTBETCTBHHM C 3aKOHOM [ eii — JIroccaka MpUBOIUT K YBEITUYCHHUIO
o0Bema rasza Bo CTOJIBKO pa3, BO ckoibko 298 K 6ombiie 290 K, 1.e. 298/290 pas.

Btopoe u3MeHeHre MpuBOANT K YBEIMYCHUIO 00BbEMa T'a3a B COOTBETCTBUHU C 3aKOHOM
Boiins — MapuoTTa Bo CTOJIBKO pas, Bo ckoibko 104 kIla 6oneie 101,3 kIla, T.e. 104/101,3
pasa.

2
Hckomplii 06beM raza Ver= 480 - 298 104 _ 506,4 ().
290 1013

OtBet: Vi=463,9 11, Vo= 506,4 1.

3aoaua 2.
Brruucnure B rpaMmax Maccy OJHOM MOJIEKYJIbI IHOKCHIa cepbl SO2.
Pewenue:
MonekynsipHas Mmacca JUOKCHAa cepbl 64 aTOMHBIX eIUHHI] Macchl. Macca 1 MOib TUOK-
cuza cepbl 64 T, Macca MOJIEKYJIbI
m = 64/6,02- 102 =1,06 - 102,
Orteer: 1,06 - 10% .

3aoaua 3.
, CKOJIBKO MOJIEKYJT cofepkuTes B 1 mit raza npu temneparype 0°C u paspexenun 13,3 - 10°
12 T1a?

Pewenue:

O0mbeM raza npu HOpMaibHbBIX YCIOBUSAX COCTABUT:
1-273-13,3-10%%/(273 - 101,3 - 10%)= 1,31 10% ().

Yucno MONeKy1 B 3TOM 00beMe ra3a paBHO:
1,31 106 6,02 - 10%%/22400 = 3521.
Otgert: 3521.

["a3pl acTo MpEeACTaBIAIOT CMECH MHAUBHIyallbHBIX Ta3000pa3HbIX BellecTB. Hampumep,
BO3/IyX SIBJISIETCSI CMECBIO a30Ta, KUCIOPOa, aproHa, yriaeKuciaoro ra3a u Ipyrux rason. Kax-
JIBIiA Ta3 B CMECH UMEET COOCTBEHHOE JaBlieHHe, KOoTopoe JaabTOH MpeIIokKiI Ha3bIBaTh MapIu-
AITBHBIM JIaBJICHUEM.

3akon JlanpToHa. B cMecH maeanbHBIX ra30oB KaKIbIH MMEET TaKoe NaBJCHHE, KaKoe OH
uMen Obl, ecau Obl OJMH 3aHUMAaJ BeCh 00beM. JlaBneHne cMecu ra3oB, HE BCTYMAIOMIUX APYT C
JIPYroM B XMMHUYECKOE B3aUMOJICHCTBHE, PABHO CyMME MapIUANbHBIX JaBIEHUI €€ COCTaBHBIX
yacTen:

p=pr1tp2+..+tpn

I'ne p — obmiee naBiieHUE Ta30BOM CMECH, p1, P2 ... pPn— NAPIHATBHBIC JAaBJICHUS COCTABHBIX
YacTeu.

3akon chopmynupoad Jx. Jlanmeronom B 1801 T.

W3 Hero criefyer, 4To MapuuaibHOE JaBIeHNE KOMIIOHEHTA ra30BOi CMECH paBHO MPOU3Be-
JEHUIO JaBJIEHUSI CMECH HAa MOJIIPHYIO JIOJII0 3TOTO KOMIIOHEHTA.

Cocmag 2az0601i cmecu modicem ObIMb GbIPANCEH PAZTUUHO:

1.  Yucnom Mosel WM MIIJTUMOJICH COCTAaBHOM YaCcTH ra30BOM CMECH, COJIEPIKAIIUMCS B
enuHuIEe 00beMa ra3oBoii cMecH (B 1 M3, B 1 11 1ty B 1 MIT) €CTh OTHOIIEHHUE YHCIIA MOJIEi JAHHOTO
BEIECTBA (MJIM OMPEACIICHHOTO BUAa YaCTHI]) K 00IIeMy YUCITy MOJIeH BemecTBa (MM YacTHI),
HAXOJSIIUXCS B CMECH.

CyMMa MOJISIpHBIX JIOJIEH BCEX BEIIECTB, 00Pa3yIONIUX CUCTEMY, paBHA €IUHUIIC.

2. B mpornenrax mo o6seMy — €CTh OTHOIIEHHE 00beMa COCTaBHOM YacTH Ta30BOW CMeCH
K 00beMy ra30BOil cMecH, BBIPQ)KEHHOE B MPOIICHTAX;
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3. B mpomenTax mo macce — ecTh OTHOIIICHHE MacChl COCTaBHOM YacTH K Macce ra3oBO
CMECH, BBIPAXKEHHOE B MPOIICHTAX;

4.,  Maccol COCTaBHOM YacTH, Cojep KaIieics B equHuIle oo0bema razoBoi cmecu (B 1 M,
B 1 J1 umu B 1 mi).

3aoaua 4.

B 3akpeIToM cocyne BMecTUMOCTBIO 5,6 1 HaxoauTcs npu 0°Ccemecsk, cocrosiias u3 2,2 T
CO2, 41 O2, 1,2 r CHas. Beruncnute: 1) obuiee gaBieHue ra3oB cMecH; 2) BEIPa3UTe KOHIIEHTPA-
[UIO KUCITIOPO/Ia B PA3JIMYHBIX eIUHUIAX; 3) MapliualbHOE JaBJICHUE KHCIOpOa.

Pewenue:
1) O6wem CO2, maccoii 2,2 T, paBeH:
2,22-22,41 ] monw

V (COy) = =1,12
442 [ monw

O6nem Oz, maccoli 4 T, paBeH:

V (0) = 42-22,41] monv _ 281

322/ monw
O6wem CHa, Maccoii 1,2 T, paBeH:
V (CHq) = 1,22-22,4n] mono  _ 1,68 1.
162/ monw

OO0muii o0beM razoBoit cmecu: 1,12 + 2,8 + 1,68 = 5,6 1. 'azoBas cMech 00beMoM 5,6 11
npu 0°C 3aHEMAET COCY/l BMECTUMOCTBIO 5,6 11. Clie10BaTeNbHO, 001IEe JaBICHUE Ta30BOM
cmecu coctasirger 101,3 xIla.

2) a— xouuentpaiusa O2 B MOJISIX Ha JIUTP COCTABJISIET:

C(0o) = i 5,6 1=0,0223 (Monb/n) wim 2,3 (MMOJIB/N);
2241/ monw

0 — KOHIIeHTpaIus 4 KUCIOPO/a B MPOIEHTAX M0 00bEMY COCTABIISET:

@ - 100% = 50%;

5,61

B — KOHICHTPAIUA KUCIIOpOAa B IPOUCHTAX 11O MACCE:
0611135[ Macca ra30BOM CMeCH COCTaBIISACT:
m=m (CO2) + m (O2) + m (CHas)

4z

m=22+4+12=74(r); o% (O2) = 1 - 100% = 54,05%.
Aae
3) IMapuunanpHbIe AaBIEHUS TIPOMOPIIMOHATBEHBI 00BEMHBIM TIpolieHTaM. OOBEMHBIN TIPO-
1eHT kuciopoja B cmecu 50%. [TapunansHoe gaBieHue kuciaopoaa coctaBut: p = 101,3 - 0,5 =
50,65 (xITa).

KonnuecTBeHHBIC OTHOIICHUS B ra3ax: PacUCTLI Macc, 00BEMOB M KOJIMYECTB BC€IICCTB I'a30B
0OBIYHO IMPOBOJAT C IIOMOIIBIO anre6panqe01<1/1x ypaBHeHI/II\/’I, Kak IMpaBUJIO, HA OCHOBAHUHU 3aKOHA
ABOFaI[pO. Yacto Tpe6yeTc51 MMPOU3BCCTU BBIYHUCIICHUSA C Ta3aMU, ITPU CMCILICHHUU KOTOPLIX He npo-
UCXOOUM XUMUYECKOe 83aUMO0eicmaue u 06pa3yemc;z cMech UCXOOHBIX 2a306. B Takux cirydasx
pu COCTABJICHUU ypaBHCHI/Iﬁ YUUTBIBAKOT, UTO MacCCa ra3oBol cMecH paBHA CyMMC MacCC ra3oB
cmecu. Macca KaXXZI0ro rasa, a Takxke€ Mmacca CMECH paBHaA IIPOU3BCACHUIO KOJIMYECTBA BCIICCTBA
rasa Ha €ro MOJISIpHYI0 MacCcy: M = n- M. B HCKOTOPLIX 3aJavax IMPUHHUMAOT BO BHUMAHUC, YTO
KOJUYECTBO BEIIECTB I'a30BOMl CMeCHU paBHO CyMME€ KOJHMYCCTB BCIICCTB I'a30B, KOTOPLIC ObLIH
CMCIIaHbI.

3adaua 5.
MaccoBas J10J1s1 BOJIOpOa B CMECH JBYX MPEACIbHBIX YIIIEBOJIOPOIOB, OTIHYAIONIIUXCS HA
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OJMH aToM yriiepona, pasHa 0,1683. Onpenenute yriieBoaopoabl, BXOIAIINE B COCTAB CMECH.

Pewenue:
O603HauuM yepe3 x MoJbHYI0 10110 CnHon+2 B cMecH, Torna MosbHas 1051 CnHon+s paBHA
(1 —x). M (CnH2n+2) =14 -n + 2, M (Cn+1H2n+4) = 14 -n + 16.

3anuwem svipasicerue 015t cpeOHell MOAAPHOU MACCHl CMECU.
Mep. = (14 -n+2) x+ (14 -n+ 16) - (1 —x).
3Has1, 4TO MaccoBasi J0Jisi Bojopoaa B cmecu paHa 0,1683, coctaBum
anredpanvyeckoe ypaBHEHHE:
(2n+2)-x+(2n+4)-(1-x)

=0,1683
14n+2)-x+14n+16)-(1—x)

IIpu Xmin= 0; n = 3,67,
[Tpu Xmax= 1; N =4,67 , To ecthb 3,67 <n< 4,67.
Tak Kak 4McI0 aTOMOB yTIiepo/a B MOJIEKYJIE MOXKET ObITh JIUIIb LETbIM, TO N = 4. 3HAUUT,

CnH2on+2 a10 C4Hs, a Chs1H2n+a 510 CsHao.
Otset: C4Hs, CsH12.

Bo MHoOrmx 3amadax paccMaTpHBAIOTCS Ta3bl, KOTOPBIC NPU CMEWUBAHUU peasupyrom
Mmedncdy coboti, 00pa3ys Ta3000pa3HbIe MPOIYKTHI peakiuu. [Ipu permennn Takux 3a1a4 He00X0-
MO YYUTBIBATh MPUPOJLY PEArUPYIOIIUX BEIIESCTB M YCIOBHSI POBEICHUS peakiuii. Tak, Cuiib-
HEUIIIMM OKUCITHTEIIEM SIBISIETCS (PTOP:

O2+ F2 = O2F2 (t>270 °C)CO+ F2 = COF;

Clo+F,=2CIF NHs; + 3F, =NFz + 3HF
CIF + F2=CIF3 2 ClO2 + F2=2 CIOsF

2 NO; + F2 = 2 NOsF Ho 4 Fp = 2 HF

2 NO+ 3 F2 =2 NOF3 C2He + F2 = CoHsF + HF

MHor#e npocThie U CIIOKHBIE BEIIECTBA CAMOBO3TOPAIOTCSl BO PTOPE HE TOIBKO MPH CTaH-
JApTHBIX YCIOBUSIX, HO JIaXkKe IIPU Temreparype >kuakoro sozayxa (-190 °C). @top pearupyer co
BCEMH JJIEMEHTAMH, KPOME T'eJIisi, HEOHA M aproHa.

OxucnuTenbHble CBOMCTBA XJI0pa M KUCIIOPOJIa MEHbIIIE, 4eM (pTopa, HO IOCTATOYHO BETUKH
JUTSL TOTO, YTOOBI 3T Ta3bl MPOSBIISUIA CHIIBHBIE OKUCIUTENIFHBIE CBOWCTBA 110 OTHOIICHHIO K aM-
MHUaKy, cepoBogopoay, okcuay yriepona (1), cepst (1V), Bogopony, yriaeBoiopoaam U APyrum
ra3am:
2NHz +3Clo=N2+ 6 HCI NHz +302=2 N2+ 6 H0
NO + Cl; = NOCl> 2NO + 02=2N02
Ho+Cl;=2HCI 2H2+02=2H;0
(CN)2 + Cl2 =2 CNCI 2HS+02=2S+2H0
CHas + Cl2 = CH3Cl + HCI CHs+202=CO02 +2 HO
SiH4 + 4 Cl2 =SiCls + 4 HCI SiH4 + 2 O2 = SiO2 + 2 H20
4HCI+02,=2H0+2Cl,

XJ10p — OJMH U3 HanboJIee aKTUBHBIX XUMUYECKHX JIeMEHTOB. JIMIIb peakiys Xjaopa ¢ Kuc-
JOPOAOM, a30TOM M KCEHOHOM TpeOyeT akTuBauuu — Y®- oOdydeHus WM 3jeKTpopaspsia.
Kucnopon ¢ nekotopeivu BemiectBamu (CO, SOz, N2) B3auMoelicTByeT B TPUCYTCTBUH KaTalu-
3aTopa WM MPHU BBICOKUX TEMIIepaTypax.

HemocpeacTBeHHO ¢ KUCITIOPOIOM HE PEarupyroT raJloTeHbl ¥ OJIarOpOHbIE Ta3bl.

CoenuHeHHs, B COCTAB KOTOPBIX BXOJIAT SJIEMEHTHI B IPOMEKYTOUHOM CTETIEHU OKUCIICHUS,
TPOSIBIISIFOT OKUCIIUTEIIBHO - BOCCTAHOBUTEIBHYIO JBOHCTBEHHOCTh. Hampumep, okcup cepsi (1V),
okcuna azora (1V):

SOz + 3 Hz2 = HaS + 2 HoOkt)SO2 + O3 = SO3 + O2
SO02+2CO=S+2CO0O SO; + Clz2 = SOCl;
2 NO2 + 7 H2 = 2 NH3 +4 H20 (kt = pt,Ni)

2 NO2 + O3 = N20s+ Oz
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CO + NHz = HCN + H20O(kt = Tho2)

DJEKTPOIIOIOKUTEILHBIM 3JIEMEHTOM B MOJIEKYJIE Ta3a, KaK MPaBUIIO SBISETCS HEMETAIl,
YTO OINpeAeNsieT KUCIOTHBIN XapakTep CoeAuHeHus. KuciaoTHble cOeIMHEHHsI pearupyroT ¢ BOAOU
¥ OCHOBHBIMH COCMHEHUSMHU:

CO;2 + H0 = HCOs3 SOz + NaOH = NaHSO3
SO3 + H20 = H2SO4 HCI + NHz = NH4Cl
P40O10 + 2 H,O = 4 HPOs3,

BonbmuHCTBO coeMHeHNH peTepIieBaeT HeOOPaTUMOE THAPOIUTUYECKOE Pa3I0KEeHHUE:
NO2zF + H20 = HNO3 + HF
COClz+ 2 H20 = H2COs+ 2 HCI
SiFs+ 3 H20 = H,SiO3 + 4 HF
XeOF4 + 2 H,0 = XeOs + 4 HF.

B3aumoeiicTBiue MOKET COMPOBOXKAATHCSA TAKXKE OKUCIUTEIBLHO — BOCCTAHOBUTEIBHBIMU
nporeccamu:

Clz + H,O = HCI + HCIO

2 ClO2 +2 KOH = KCIOs + KCIO2 + H20
2F+2H0=4HF+ 0 2 NO2 + H,0 = HNO3 + HNO:
3 Cl2+ 6 NaOH =5 NaCl + NaClOz + 3 H.0 (t = 70 - 80°C).

HexkoTopsie ra3sl pu B3auMOJICHCTBUU C BOJ0M 00pa3ytoT razoBelie ruapatsl: SOz 7 H20,
H2S - 6 H20, Cl> - 6 H20, Ar - 6 H20, Kr - 6 H20, Xe * 6 H20. B kiiatpatax MOJIeKyJIbl raza
(«rocTu») pa3MeIleHbl B MOJIOCTAX KPUCTATIIMYECKON PEIIETKHU U3 MOJIEKYJ BOJBI («X035€BY») U
yIEP)KUBAIOTCS B HUX BaH — JIep — BaaJbCOBBIMU criiaMu. [10 BHEIIHEMY By HAIIOMUHAIOT
CHET WJIM PBIXJIBIH JIe]], HO B OTJIMYME OT HUX MOTYT CYIIECTBOBAThH IIPH MOJIOKUTEIHHBIX TEMIIE-
parypax.

Bricmue ranorenusl HanbOonee TunuyHbix HemeTawioB (C,N,S) manopacTBopuMbl B BoJie
u npaktuuecku He ruaponusyiorcs (CCls, SFe u T.11.).

M3BeCTHO HECKOJIBKO OKCHUJIOB, KOTOPBIM Kak OyATO Obl HE COOTBETCTBYIOT HU KHCIIOTBI, HU
ocHoBanus. Ux HazpiBaroT 6e3pazmmunsiMu: CO, NO. Ognako CO nerko pearupyer ¢ TOpsIiuMA
pacTBopamH 1ienoueit, 00pasys coIu MypaBbUHON KUCIIOTBHI, T.€. (POPMAJIbHO SBJISIETCS €€ aHTU/I-
PHUIIOM.

Permrast 3a1aun, B KOTOPBIX Ta3bl PEarupyroT MeXxay COOOH, CleyeT yUUThIBAaTh ClIeAYyIOIIee:
00BeMbl YHaACmEYIOWUX 8 peakyuu 2a308 OMHOCAMCcS Opye K 0py2y Kak Kodgguyuenmol nepeo
Gopmynamu smux coeourenuil 6 ypagnenuu peaxyuu. IlpunyeM oOBEMbI ra30B JOJKHBI OBbITH
B3SITHI IPY OJIMHAKOBOW TeMIepaType M JAaBlIeHHH. B HEKOTOPHIX 3a/1a4ax OTHOIIEHHE 00HEMOB
pearupyromux ra3os y100HO 3aMEHATh OTHOIIEHHUEM KOJIMYECTB BEIIECTB ra30B.

VYpasuenue 2 HzS + 3 02 =2 H20 + 2 SO2 MOKHO YHTaTh TaK: Ha CKUTAHUE IBYX 0OHEMOB
H2S tpebyetcst Tpu o6bema O2; pu 3ToM obpasyetcs Ba o0bema H20 u aBa o6bema SO2. Unu
Ha cxuranmne 1 M°H,S tpebyercs 1,5 M® Oz u ipn 3Tom obpazyercs 1 M°H20 u 1 M3SO:y.

3aodaua 6.

Cwmecs, coctosimas u3 16 mn CHa, 8 M Hz, 44 mi O2 u 32 M N2, B3opBana. Onpenenute
o0mmii 00beM ra30BOM CMECH M €€ MPOIEHTHBIN COCTaB MOCIe B3PhIBA, CUUTAsI, UTO Ta3bl IPHBE-
JICHbI K IEPBOHAYAILHOM TeMIepaType, a mapbl BOAbI KOHIEHCUPOBAIKCH B KUAKOCTh, 00bEMOM
KOTOPOH MPaKTHYECKU MOKHO ITPEHEOpEYb.

Pewenue:

W3 ypaBHEHNH peakuii

CHs4 +2 02=C0O2+2 H20

2 Hz + 02=2 H20
BUJHO, 4TO 00BeM oOpasoBasiierocs CO2 paBeH o0beMy npopearuposasiiero CHa, T.e. 16 mur;
pu 3ToM u3pacxoioBano 32 mi Oz. A o6seM O, nipopearuposasiiero ¢ Hz cocraBmit 4 mit. O0bemM
He BCTynuBIiero B peakiuio Oz paseH (44 — 32 — 4) 8 mui. O6muit 00beM ra3oBoii cMecH mocie
peakuuu coctasisier 16 + 8 +32 =56 mi.
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Torna $% (02) = _Y(©2) . 1000 = % 100% = 14,29%:

V (cmecu)

0% (CO2) :g- 100% = 28,57%; % (N2) = % 100% = 57,14%;

Otger: V (cMmecn) = 56 mit; $% (CO2) = 28,57%; ¢% (0O2) = 14,29%; $% (N2) = 57,14%.

CpaBHUBas YMCIIO MOJICH HCXOTHBIX U IMOTYYSHHBIX Ta3000pa3HbIX BEMIECTB, MOKHO CY/IUTh
0 TOM, COTIPOBOKIAETCS JIM JaHHBIN MPOIeCC M3MEHEHHEM 00beMa. JTa pa3HHIIA TO3BOJIAET HHO-
I/1a IeJaTh BBIBOJIBI O KOJMYECTBEHHOM COJICP)KaHUU OJTHOM U3 COCTABHBIX YaCcTEl ra30BOM CMECH.
Hanpumep, npu o6pa3oBanuu BoasiHOTO napa BMecTe ¢ 30 M1 Bogopoaa pacxoayerces 15 mut kuc-
nopona. ITapel BOJbI KOHIACHCUPYIOTCS M yMEHbIIEHHEe o0beMa coctaBisieT 45 mur. OueBUIHO,
€CJIM U3BECTHO, UTO B pe3yJIbTaTe peakluu MeX/1y BOJIOPOJAOM U KUCIOPOJOM YMEHbIIEHHE 00b-
ema coctaBuwio 45 mii, To 2/3 3TOoro oobeMa MPUXOTUTCS HA OO BOAOpOaa, a 1/3 — Ha oo
KHCIIOpO/Ia.

IpakTuuyeckas padora Ne3 (2 yaca)
Tema: OcHOBHBIE THUIIBI PACUETHBIX 3a/1a4. PacueTsl 10 TEPMOXMMHUYECKUM YPaBHEHUAM

[Tpy TepMOXUMHUYECKUX BBIYMCICHHUAX UCIOIB3YIOT 3aKOHBI TEPMOXUMHH, BAKHEUIIINM W3
KOTOPBIX sBIIAeTCs 3aK0oH ['ecca. Pemas 3amauu Takoro tumna, anreOpanyeckrie ypaBHEHHsI COCTaB-
JISIIOT HA OCHOBE TEPMOXUMHUYECKHUX YPABHEHUH PEAKLIUN.

TennoBoii a¢d ekt peakiu paBeH Mo abCONIOTHOMY 3HAYECHUIO U3MEHEHHIO SHTAIBITUU IS
peaKIuii mpyu NOCTOSHHOM JAaBieHHH. COCTaBIIsIsl TEPMOXUMHUYECKOE ypaBHEHHE, TEIIOBOH 3(¢-
dekT peakuuu 1enecoodpa3Hee 3aMuCchIBaTh B JIEBOM YacTu paBeHCTBa. [Ipu Takoi 3amucH 3HaK
TeroBoro 3¢ dekra peakuun (Q) CoBIaIaeT CO 3HAKOM W3MEHEHHS dHTaIbIuK peakuuu (AH).
Torna TenaoBoit 3¢ dexT peakiuyu Npu SK30TEPMUUECKOM Ipolecce OyAeT MpeaCcCTaBlIeH OTpulia-
TEJIBHBIM YUCIIOM (TIOCKOJIBKY COCTMHEHHs, BCTYNMBIINE B PEAKIINIO, O0CTHIIOTCS YHEPTHEH ), a
IPU SHAOTEPMHUUECKOM - ITOJIOKUTENBHBIM (IIOCKOJIBKY COEIMHEHUS, BCTYHUBILUE B PEAKIINIO, 110-
Jy4aroT SHEPTHIO).

TennoBoit 3 pexT (M3MEeHEeHrEe YHTATBINHN ) PEAKIIUU U3MEPSIOT B KHMIIOHKOYIAX (KJ[XK).
KonmdecTBo TeTI0ThI, BBIICTUBIICHCS WITH MOTJIOMEHHON MPH 00pa30BaHUM OJTHOTO MOJISI XMMH-
YEeCKOT0 COeIMHEHUS U3 MPOCTHIX BEIIECTB, YCTOWYMBBIX MIPU JAHHBIX YCIOBUSAX, HA3BIBAIOT TETI-
J0TO# 00pa3zoBaHus coequHeHHs. COrIacHO ONpEENIEHUI0, TEMI0OTa 00pa30BaHUs MPOCTHIX Be-
I1eCTB paBHa HyJ0. 1151 y106cTBa IPOBECHNS TEPMOXMMUYECKUX PACUETOB HCIIOJIB3YIOT 3HaYe-
HUS TETJIOBBIX 3 (HEKTOB, OTHECEHHBIE K CTaHAAPTHBIM yClIoBUAM: Temneparypa 298 K (25 °C) u
nasnenue 10° [Ta). DHTANBNUI0 06pa30BaHus IPH CTAHAAPTHBIX YCIOBUAX 0003HAYAIOT CHMBOJIOM
AH%%gp.

TepMOXUMHYECKHE ypaBHEHHS OTPAKAIOT HE TOJIBKO 3aKOH COXPAaHEHHs MacChl BEUIECTB,
HO M 3aKOH COXpaHEeHMs 3Hepruu. Tak, ecau B TEPMOXMMHUYECKOM YpaBHEHUU (POPMYIIBI cOean-
HEHHI 3aMEHHUTH YUCIIAMH, BRIPKAIOIIMMH SHTAIBITUN 00pa30BaHUs dTUX COSTUHEHHIA, TO MOITY-
qUTCS TOXJeCTBO. Hampumep, B TEpPMOXMMUYECKOM YPAaBHEHUH PEaKIUH:

FeCls) + 3 KOHr) - 449,2 x/Ixx = Fe (OH)3(r) + 3 KClr)

SHTAIBIIUU 00pa30BaHUsI COSAUHEHNH (B KIJIOKOYJISIX HA MOJIb) PaBHBI:
AH%g, FeCls) = - 405,0; AH 5p. KOH(r) = 426,0; AH %gp. Fe(OH)s(r) = - 824,2; AH%6, KCl(r) =
436,0.
[ToxcTaBisiss B TEPMOXMMHUYECKOE ypaBHEHHE BMECTO (POPMYI COEAMHEHHI COOTBETCTBYIOIINE
YHClia, TOTyYuM:
(- 405,0) + 3 - (- 426,0) — 449,2 = (- 824,3) + 3 - (- 436,0),
wi - 2132,2 = - 2132,2

[Tpu BBIUKCICHHUSIX CIEAYET 0Opaliarh BHUMaHUE HA CTEXHOMETpHUECKHUe KOI(PPHUIIHECHTHI
B YPaBHEHUHU PEAKLUU U MPOBOJUTH CYMMHUPOBAHHUE C YYETOM KOJMYECTBA BEIIECTBA YUaCTBYIO-
IIUX B PEAKI[UU BEUIECTB.
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B npuBeneHHBIX HIDKE IpUMepax B aireOpandyeckuX ypaBHEHUSX, MOJTyUYEHHBIX MPHU MOJ-
CTaBJICHUH YMCJIOBBIX 3HAYEHUH TEIUIOT 00pa30BaHMS, €AMHULIBI U3MEPEHHs BEIUYHMH JJIs1 KpaT-
KOCTH HE yKa3aHbl. DHTAJIbIIUN 00pa30BaHUs BE3/I€ BbIPAXKEHBI B KUIIOJKOYIISIX HA MOJIb.

[Tpu perennu 3aa4 ciaenyeT NOoJIb30BATHCS 3HAUCHUSIMH SHTAIBIINNA 00pa30BaHMsI COCTUHEHUH.
3aoaua 1. BeraucauTh TeI0BOH 3G (}EKT CienyIonel peaKiiuu:
2 Mg(r) + CO2r) = 2 MgOqr) + Cqr)
Pemenue. Mckomas BenmmumHa — TtemioBoi dddext peaknun AHO (kuimomkoymsx Ha
Mob). IlofgcTaBuM B TepMOXMMUYECKOE YpaBHEHHE BMECTO (POPMYJI COCIMHEHHI 3HAYEHUS MX
SHTAJIBNUNA 00pa30BaHMUS:
2:0 -394 + AH= 2( - 602) + 0, otkyma AH? = - 810 x/Ix.

Otser. Temnosoii s3ddext peaxmun AH® = - 810 x/Ix.

3aoaua 2.

BoruncnuTh 3HTaNBNUI0 00pa30BaHUS 030HA U3 MOJIEKYJISIPHOTO KHUCIOPOJA, MCHOJb3Ys
TEPMOXHUMHUYECKHUE YPAaBHEHUS OKUCIIEHUs okcuaa Mblibska (111) kucaoporom u 030HOM:

AS203(r) + O2¢)— 271 ]Ik = AS205(1),
As203(r) + 2/3 O3(r.)— 365 xIx = AS20s(r),
Pemenne. Mckomas BennunHa — JHTANBIHNA obpasosanus o3oHa AH%g, (O3) (B kX Ha MOIB).
[ToxacraBmnsst B TEePMOXMMUYECKHE YPAaBHEHHUS BMECTO (POPMYJT COSTMHEHUI 3HAUEHUS X YHTANIb-
nuit 00pa3oBaHUs, MOTYYUM CUCTEMY YPaBHEHUH C IBYMSI HEM3BECTHBIMU BEJIMUYUHAMMU:

AH%%gp (AS20301)) + O2(r) — 271 xJIx = AH%gp (AS205(1)),

AHC6p (As203() + 2/3 AH%6p. O3(:)— 365 kI = AH 6p.(AS205)).

[ penienys ee U3 J1€BOM U PAaBOX YacTel BTOPOTO YPABHEHUS BBIYTEM COOTBETCTBYIOIIHE
YacTH MEPBOr0 YPaBHEHUS U TOTYUUM:

2/3 AH%6p O3(r)— 94 = 0, otkyna AH%gp O3y = 141 xJIK/MOIB.
OtBert. DHTanbnus oOpa3zoBaHus o30Ha paBHa 141 kJ>k/MOIb.

3adaua 3. BeraucIuTh TEMIOTBOPHYIO criocodHocTh 1 M° okcuaa yrnepoma (I1) (06bem us3-
MEPEH IIPH H. y.).

Pemenne. O603HaunM yepe3 Q KOJIMYeCTBO TEMIOTHI (B K/[K), KOTOpast BBIAEIUTCS IIPU CrO-
panuu okcuna yriaepona (1) o6semom 1 M3, u3MepeHHBIM TPK HOPMANBHBIX yc0BUAX. COCTaBUM
TEPMOXUMHUYECKOE YPaBHEHHE PEAKIINU:

COqr) + 1/20:) + AHC = COxr)
MOJICTABUM B ATO YpaBHEHHE BMECTO (DOPMYJT COCTMHEHUI 3HAUYCHHSIX WX DHTAIBIAN 00pa3oBa-
HUS, TIOTYYUM:
-111 + 0+ AH® = - 394, orxyna AH® = 283 kJ[/MOTIb.
Brruucnum Q — KOJTMYECTBO TEMNOTHI, KOTOpas BhLAEMMTCS NpH cropanuy 1 M3 rasa, comepianiero
1000/22,4 moinb okcupa yraepoza (11):
Q=1000/22,4 - 283 = 12635 (x1x).

Otsert: TemmonpoBoaHas crocobHOCTh okcraa yriaepoaa (1) pasra mpumepno 126 - 107
/M,

3aoaua 4.

Boruncnute temnoBoii 3ddext peakuuu odpa3zoBaHus razoo0pazHOro OEH30sa, eClu U3-
BECTHO, YTO MIPH MTOJHOM CIOPaHHH OJHOTO MOJIs €ro Boiaensercs 3305 k/[k TertoTsl.

Pemenne. VMckomas BenuuuHa - TemioBoM 3¢ ¢ekT peakiuu oOpa3oBaHusi OeH307a
AHC%6p.(CeH (r)-

Peakiiuu roperns 6eH301a 0TBEYaeT TEPMOXMMUYECKOE YPABHEHUE
CeHe () + 15/2 Oay + AH? = 6 CO2y + 3 H20

[ToacraBuM B TEPMOXUMUYECKOE ypaBHEHHE BMECTO (DOpMYJT COeTMHEHHI 3HAUE€HUS UX JH-
TalbIHNi 00pa30BaHUs:

AH%g, (CsHp (r)) - 3305 = 6 (-394)+3 (-286), otkyna AH g, (CeHs (1) = 83 KJ[/MOIb.

OtBer. Temnooii 3 dexT peakuu oOpazoBaHus 6eH301a paBeH 83 kJk/MOJIb.

3aoaua 5.
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BEIYHCINTG TEIIOTBOPHYIO CIIOCOGHOCTB Ta3a (B KJ[K Ha M°), COCTOSIIEro M3 BOJOPOAA
(momsipHast goiist 0,6) u metana (mossipHast qoiis 0,4).

Pemenue. Mickomas BelnunHa - KOTHUECTBO TEIUIOTH Q (B K/Ik) , KOTOpas BbIAEIUTCS MPU
cropauuu 1 M° rasa, U3MepeHHOro MPH HOPMAIbHBIX YcioBUaX. COCTABUM TEPMOXMMHYECKUE
yYpaBHEHHUS peakuil rOpeHus BOAOPOJa U MeTaHa:

Haw) + 1/2 Oy + AH = H2Opx),
CHy(r) + 2 Oxr) + AH% = COa) + 2H20x.).

[ToacTaBUM B TEPMOXMMHUYECKHE YpaBHEHUsI BMECTO (OPMYI COSAMHEHUI YHUCIOBBIC 3HA-

YEHHS UX YHTAIBIUN 00pa30BaHUS:
AHC; = -286 xJIx/Moib,
-75 + AH% = -394 + 2 (-286), otkyma AH% = -891 kJ[/MoIb.

Takum 00pa3oM, MBI HAIIA MOISPHBIE TEMIOTHI cropanus Bopopona (AH%) u merana
(AH%).

Bripazum o6beM raza B utpax: 1 M®=1000 71, a MONSpHBIH 00HEM Ta3a B IUTPAX HA MOJb:
Vm = 22,4 n/mons. Torma npu croparuu 1000/22,4-0,6 monp Bogopoaa Beaenurcs 1000/22,4
-0,6:286 x/[x suepruu, a npu croparuu 1000/22,4-0,4 monp merana - 1000/22,4-0,4-891 xIx
sueprun. CnenoBarensHo, Q = 1000/22,4:0,6-286 + 1000/22,4-0,4-891 = 23570 (xJ1x).

Otset. TemnoTBOpHAs COCOOHOCTH Ta3a paBHa IpuMepHO 236- 102 kJIxx/m3.

3adaua 6.

Brraucnute Maccy 3TaHoa, Ipu CrOpaHUK KOTOPOTO BBIACTUTCS CTOJBKO e SHEPTHH, KaK
u nipu cropanuu 100 r metanona. (IIpu BbIYMCIEHUSX HCIOIB30BaTh PHTAIBIUU 00pa30BaHUS
CIHPTOB B Ta3000pa3HOM COCTOSTHHH. )

Pemenue. Mickomas BennunHa — Macca 3TaHoza T (B rpaMmax).

CocTaBUM TEPMOXMMUYECKHIE YPAaBHEHHS PEAKIIUN TOPEHHS CITUPTOB:

CH3OH) + 3/2 Oy + AH% = CO2) + 2 H20(x),

C2HsOH) + 3 Oz) + AH% = 2 COg(r) + 3 H2Ox).
[ToacraBUM B TEpPMOXUMHUYECKUE YpaBHEHUS BMECTO (POPMYJT YMCIOBbIE 3HAUEHUS SHTAIBIIHNH 00-
pa30BaHUs COCIMHEHMIA:
-201 + AH% = -394 + 2 (-286), otkyna AH; = -765 xJIx/MoTb,
-235 + AH% = 2 (-394) + 3 (-286), otkyma AH% = - 1411 xJ[/Monb.
TakuM 06pa30oM, MBI HAIITH MOJISIPHEIE TETLIOTHI cropanns Metunosoro (AH1) n stumoBoro crmp-
T0B (AH%).
CocTaBuM ypaBHEHHE, yUUTHIBAsI, YTO KOJIUYECTBO IHEPTHH, BbIIenuBIIeics npu cropanuu 100 r
METaHOJIa, PABHO KOJIMYECTBY SHEPTUH, BBIICIUBIICHCS IPU CropaHuu dTanoia maccoit m (Cz2Hs).
JJ1 3TOT0 KOJTMYECTBO BbIJIENUBIIEHCS SHEPTUN NPEACTaBUM KaK MPOM3BEIEHUE KOJMUECTBA Be-
IIECTBA CIIUPTa Ha MOJISIPHYIO TEIIJIOTY CTOPaHUS:
100/M(CH3OH) - AH% = m (C2HsOH)/M (C2HsOH) - AH%,
i 100/32(-765) = m/46 (-1411), otkyma m =78 r.

OtBet. Macca 3TaHosa paBHa 78 T.

IMpakTuueckasi padora Ned (4 yaca)
Tema: OCHOBHBIE TUIIBI PaCYETHBIX 3a7a4. OmnpeaerneHrne coctaBa CMeCei BEEeCTB U
CIJIaBOB

OObluHO B 3a7ayax JAaHHOTO THIA PACCMATPUBAIOTCA OOBEKTHI (COCAMHEHUS, CMECH,
CIUIaBbl), Maccoit M (00.), cocTosIIe U3 KOMIIOHEHTOB (aTOMOB, MOJIEKYJI, HIOHOB | Ap.). Jomy-
CTHM, 4TO 00BEKT COCTOUT M3 TPEX YacTeil, o0nagaronmx MmaccaMu M (41), M (42) um (uz). Kaxnas
4acTh BKJIFOUAET HEKOTOPBII KOMITIOHEHT X COOTBETCTBEHHO Maccoit My (X), m2 (X), m3 (X). Mac-
COBBI€ JIOJIM KOMITOHEHTA B 11€JI0M OOBEKTE U €r0 YacTAX COOTBETCTBEHHO COCTABIAIOT ® (X), M1
(X), o2 (X), o3 (X).

MaccoBas 1oist ® (Xi) | — ro KOMIIOHEHTa, BXOJISIIET0 B COCTAaB 00bEKTa PaBHA OTHOIICHUIO
MAaccChl 3TOT0 KOMIoHeHTa M (Xj) k Macce 00beKTa M (00) 1 BRIPAKAETCS B TOJISAX SIUHUIIBI WIH B
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MPOIICHTAX:

o0 ()= M) e oy = MDD 1000
) m(06.)

m(o6

Maccy KOMIIOHEHTa B 00bEKTE BBIYUCIISIOT, YMHOKHUB MacCcy 0OBEKTa Ha MacCOBYIO JTOJTIO
KoMIoHeHTa B Hem: M (Xi) =m (00.) - o (Xi).

Macca 1enoro o0beKTa paBHa CyMME MacC 4acTeid, U3 KOTOPhIX OH COCTOUT:

m (06.) = m (41) + m (42) + M (u3), a Macca HEKOTOPOTO KOMITOHEHTa X B IEJIOM OOBEKTE
paBHA CyMME €r0 MacC BO BCEX YaCTSIX, BMECTE B3STHIX:

m (06.) - ® (X) =m (41) - ®1 (X) + M (42) - ©2 (X) + M (43) - w3 (X).

Haxoxxaenne coctaBa COeIMHEHUS € UCIOIBb30BAaHUEM MACCOBOH J0JIH 3JIEMEeHTa OBIJIO pac-
CMOTPEHO B TJIaBe « BbIBOJ] HCTUHHOHN ()OPMYJIBI BELIECTBAY.

Omnpenenenue coctaBa CMECEH 4acTO OCHOBAHO Ha 3HAHUU MPOAYKTOB PA3I0KEHUS COCIH-
HEHHI, BXOISIIUX B UX cocTaB. [IpuBeeM npuMepbl HanOoJIee THTMYHBIX PEAKIHA Pa3IoKeHUs
BEIIIECTB, COCTABJISIOIINX CMECH.

Tak, npu HarpeBaHUH MPH ATMOCHEPHOM JIaBJICHUU BCE HUTPATHI Pa3JiaraloTcs. Xapakrep
Pa3I0KEHUs 3aBUCHUT OT IMOJIOKEHHSI KATHOHA METaJIa B psy HanpstkeHnui. Coiau OOJIbIINHCTBA
HICJIOYHBIX H IEJIOYHO3EMEIbHBIX METAJIOB (METAJII PACIIONAraeTCs JI0 MarHus) pa3iaratoTcst 10
HUTPUTOB, BBIICIISIS KHCIOPOJI:

2 NaNO3 =2 NaNO2 + O

2 KNO3=2KNO, + O

CoJin METaJIOB, HAXOSIIMXCS B PSIIy OT MarHus 0 MEJIM pa3jiararoTcs C 00pa3oBaHHEM
OKCHJIOB:

2 Cu(NO3)2 =2 CuO +4 NO2 + O,

4 Fe(NO3)2 =2 Fe;03 + 8 NO2 + O,

a €CJIM OKCHJIbI HEYCTOMYHMBHI (METAJLJIBI, CTOSIIIUE ITPABEE MEJIN), TO IO METAJUIOB:

2 AgNO3 =2 Ag+2NO2 + O,

Hg(NO3)2 = Hg +2NO2 + O

BriienenremM KUCIIopo/ia COPOBOKIAETCS PA3IIOKEHUE COJIEH, MMEIOIINX B CBOEM COCTaBe
XJIOpaT-, XJIOPHUT-, IEPMaHTaHAT-HOH.

Conu aMMOHHUS OTJIMYAIOTCS HEBBICOKOW TepMHUYECKOM ycTtoiuuBocThlo. [Ipupona mpo-
TyKTa TEPMUUYECKOTO PA3I0KEHHsI B OCHOBHOM OIIpeiessieTcsl CBOicTBaMu aHUOHA. Ecian aHuoH
SIBIISIETCS. OCTATKOM KHCJIOTBHI — OKHCIUTENS, TO UMEET MECTO OKHCIIEHHE aMMHAYHOTO a30Ta,
Harpumep:

NH4NO3 = N20 + 2 H.0

(NH4)2Cr.07 = N2 + Cr2.03 + 4 H20

4 NH4ClO4 =2 Cl2+ 2 N2O + 3 02 + 8 H20 (t < 300 °C)

AMMOHUITHBIE COJIU, TPOUCXOSAIINE OT KUCIIOT, HE SBISIONINXCS OKUCITUTENSMHU, pa3iara-
IOTCS C BBIJICJICHUEM aMMHaKa:

(NH4)3PO4 = 3 NH3 + H3PO4

NH4Cl = NH3 + HCI

Kap6onatsi (kpome Na;CO3, K2COs3), runpokapOoHaTHI 1 OCHOBHBIE KapOOHATHI P HArpe-
BaHUH OTHOCHTEJBHO JIETKO pa3JiararoTcs, HalpuMmep:

CaCOz = Ca0 + COz (t =400 - 500 "C)

2 NaHCO3 = Na,CO3 + CO2 + H20 (t = 50 - 150 °C)

(BeOH),CO3 =2 BeO + CO2 + H.O

TepMuyecku CTOMKHU CyNb(aThl MIETOYHBIX U MIEIOYHO3EMETbHBIX MeTaioB. Cynbdarbl
MEHee aKTHBHBIX METAJUIOB TIPY HATPEBaHUH Pa3iararoTcs:

ZnS04 =2Zn0 + SO3

AQ2S0O4 =2 Ag + SOz + O2

I'uapocynb(uTel U THAPOCYIb(ATHI IPU HATPEBAHUH PEBPAIIAIOTCS B MUPOCYIbMUTHI UITH

XKe TUPOCYIb(aTh:
2 KHSO3 = K»2S,05 + H20
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2 KHSO4 = K2S,07 + H20

CynbpuUThl EPEXOTHBIX METAIOB MOJO0HO XJIOpaTaM, TAJIOTCHHUIaM B JPYTHM COCIHUHEe-
HUSAM, COJIEPKAIIUM 3JIEMEHT B IPOMEKYTOUHON CTENEHU OKHUCIICHHS, IPU NPOKATIMBAHUM JIHAC-
MPONOPLIUOHUPYIOT:

4 K2SO3=3 K2S04 + K2S 3 NaClO2=2 NaClOs + NaCl

4 KCIO3=3 KClO4+ KCI (t=400 °C)

2 HfBrs = HfBrs + HfBr, (t > 300 °C)

TaClz =2 TaCl, + TaCls (t = 500 - 600 °C)

['uapokcunpl (KpoMe 1Ieouei OT MIEIOYHBIX METAJUIOB) pa3jiararoTcs, OTUICIUIsS BOAY, a
rajJoreHu 1bl HEKOTOPBIX Mepexoanbix MeTaioB U PhCls — ramoren:

2 LiOH = Li20 + H20 2VCls=2VCIl; + Cl2

Cu(OH)2 = CuO + H20 Tila=Ti+21,

PbCls =PbCl, + Cl>

Tepmuyecku ycToWuuBbI coliu PochHopHOl, KpEeMHUEBOI, CEPOBOIOPOAHOM, YKCYCHON KHUC-
JIOT.

He pa3znararoTcst Bce KUCIOThI, KpOME:

H>203 =302 + H20, rne 2 =C, Si, S.

2 HNO2 = NO + NO2 + H.0

4 HNO3z =4 NO2 + O2 + 2 H,O

HCOOH = CO + H20

H2C204 = CO2 + CO + H20

3aoaua 1.

[Tocne MOAHOTO TEPMUYECKOTO PA3NIOKEHUSI 3 T CMECU HUTPATOB KalblUs M OapHsl MoJy-
yuiu 0,7 11 okcuna azora (IV). Berauciure MaccoBbie JOIU HUTPATOB METAJIJIOB B CMECH.

Pewenue:

Cnocoo 1.

2 Ca(NO3)2=2Ca0 + 4NO2 + O2

2 Ba(NO3)2 =2 BaO +4NO2 + O3

Hckomyto BEMUYMHY — MacCy HUTpaTa KallbliUsg B CMECH — 0003HAYHMM Yepe3 X:

m [Ca(NO3)2] = x (1),

m [Ba(NO3)2] = (3 —x) (7).

Maccoas nons anementa (N) B coenunenun Ca(NOz)2 paBHa OTHOIICHHIO MAcChl JAHHOTO
AJIEMEHTa K Macce COeIMHEeHHS. 3Has, 4To M = N - M, mony4yum:

o(N)=n(N)- —MMN) M caNos).

n[Ca(NO;),]
Maccy a3ota B HUTpaTe Kaiblus BbruucisieM, yMHOXHB Maccy Ca(NOz)2 Ha maccoByro
noiro azora B Hem: M [Ca(NOs)2] - n (N) - & AHaJOTUYHO BBIpaXKaeM Maccy a3oTa B
M[Ca(NO,),]

HUTpate 6apus u okcune azora (IV).
CocTaBuM ypaBHEHHUE, yUUTHIBAs, YTO Macca a30Ta B UCXOAHON CMECH HUTPATOB KAIBIUS H
Oapust paBHa Macce a30Ta B BblJiesuBIIeMcs okcuie azota (IV):
M(N) M(N) -~ M(N)
m[Ca(NO3)2] -n(N)- ————2__+m[Ba(NO3)2]-n(N)- ————2__ =m(NO2) - ——~_
M[Ca(NO,),] M[Ba(NO,),] M(NO,)

m (NO») =

VING) = 07 46— 1437 ().
V, M(NO,) 224
HO}ICTaBHﬂﬂ YHCJIOBBIC BBIPAXKCHUA, ITOJTYUNM:

X-2- 14 +B8-x)-2- 14 + 1,437 - E,OTCIO,I[EI x=1,82.
164 261 46
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Otsetr: m [Ca(NOz3)2] = 1,82 (r); m [Ba(NOz3)2] = 1,2 (1);
®% [Ca(NO3)2] = 60,66%; ©% [Ba(NOs).] = 39,34%.

Cnocob 2.
XT yn

2 Ca(NO3)2=2 CaO + 4NO; + O3 1)
2 MOJIb 4 Monb
328 89,6 1

2 Ba(NO3), =2BaO +4NO2 + Oz (2)
2 MOJb 4 MOJb
522r 89,6 11

0O0603HaUMM Maccy HUTpaTa KajiblHsl B cMeCH - X (T), a 00beM KHUCIOPO/Ia, BBIACIUBIIETOCS
IIPH €T0 Pa3JIokKEHUH  (J1), Tora Macca HuTpara 6apus (3 —x) 1, a 00beM KHCIIOpo1a 00pa3oBaB-
merocs 1o (2) cocrasisger (0,7 —y) 7.

O6bem okcuaa azota (1V), o6pazoBaBierocst mpu pa3ioKEHUH HUTPATA KaJbIUs PABEH:

=896- — (1
y 328()

U3 ypaBHeHuHs (2) 89,6 - (3—x) =522 - (0,7 —y).
CocTaBuM cucTeEMY ypaBHEHUI:

=896
Y 328
89,6 - (3—x) =522 - (0,7 — )
x=1,82;

m [Ca(NQOs)2] = 1,82 (r); m [Ba(NQOs)2]= 1,18 (r).
®% [Ca(NO3z)2]= 60,66%; ©% [Ba(NO3)2]= 39,34%.

Cnocob6 3.
n(NO2)= %7 =0,031 mom.
22,4

[Tyctb n (NO2), BBIISTUBILETOCS MPH PA3I0KEHUH HUTPATA KaIbILUSI PABHO X MOJIb, TOT/A N
(NOz), BbinenuBIIErOCS TIPH pa3iokeHnu HUTpaTa Oapust paBHo (0,031 — x) MoJIb.

m [Ca(NO3)2] = n [Ca(NO3)2] - M [Ca(NO3)2] = % n (NOy) - M [Ca(NO3)2] ='2 x - 164 =

82 - x ()
m [Ba(NOs)2] = % n (NO2) - M [Ba(NO3),] = (O,Lzl—x) 261 (r). 3Has, yTO Macca CMECH HUT-
PaTOB METAIOB COCTABIIAET 3 T, PEIIMM YPaBHEHHE:

82 x + ((’Lzl‘x) 261 = 3; x=0,022;

m [Ca(NO3)2] = 1,82 (r);

m [Ba(NOs)] = 1,18 (1);

©% [Ca(NOs)z] = % = 0,6066 = 60,66%:

©% [Ba(NO3)2] = % = 0,3934 = 39,34%.

3aoaua 2.

ITpu nHarpeBanuu 54,2 © cMECHM HMTPATOB HATpPUS M Kalus BblAenuiIock 6,72 1 rasa.
PaccunTaiiTe Maccy KakJIoro HUTpaTa B UCXOJTHOM CMECH.

Pewenue:
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Cnocob 1.
Hutparhbl menoYHbIX METAJIOB Pa3JiararoTcs MPHU HATPEBaHUH C 00pa30BaHUEM COOTBET-
CTBYIOIIMX HUTPUTOB M KHCIOPO/Ia. 3aIUIIeM YPABHCHHSI pEaKIIni:

XT yn

2 NaNO3 =2 NaNO; + Oz 1)
2 MOJIb 1 monb
170 T 224 1

2 KNO3=2KNO, + O (2)
2 MOJIb 1 MoJib
202 22,4 1

O0603HaunM Maccy HUTpaTa HaTpus B cMecH - X (T), a 00beM KHUCIOpOJIa, BBIACIUBILIETOCS
IpHU €ro pas3noxeHuu y (J1), Toraa Macca HUTpaTa Kaiaus
(54,2 — x) r, a 00beM KHCIIOpOIa, 0Opa3zoBasierocs mo (2) cocrasiset (6,72 — y) 1.
U3 ypaBuenus (1) Beipazum y:
_ 224 .
Y~ 170
U3 ypaBuenus (2): 22,4 - (54,2 —x) =202 - (6,72 — y).
Pemmim cucremy ypaBHEHUN:
_ 224 .
Y~ 170
22,4 - (54,2 -x) =202 - (6,72 -y)
u Haiigem, uro x = 34; m (NaNOz) = 34,
cienoBaresnibHo M (KNO3z) = 54,2 — 34 = 20,2 ().
Oteer: m (NaNOs3) = 34 r, m (KNO3) =20,2 1.

Cnocob 2.
2 NaNO3z =2 NaNO; + O2 (@)
2KNO3;=2KNO; + 0Oy 2

3amady 1enecoo0pa3Ho pemarh 4epe3 KOJINIECTBO BEIIECTBA KUCIOPO/Ia, BBIICIUBIIETOCS
B PE3yJIbTATe PEaKIIHii:

n(02) = 6,721
22,41/ monw

[Tyctb n (O2), obpazoBasuierocs B (1) paBHo x Moib, Toraa N (O2), o6pa3oBasiierocs Bo (2)
pasHo (0,3 — x) MOJIb.
Macca HuTpaTa HaTpHsl B CMECU COCTaBJISIeT:

m (NaNOs) =n - M (NaNOs).

M (NaNQOgz) = x - 85 (1);
cootBerctBeHHO M (KNO3) =2 - (0,3 —x) - 101 (7).

3Has, 4Tto Macca cmecu 54,2 1, COCTaBUM ypaBHEHUE:!

85-2-x+2-(0,3-x)-101=54,2

x=0,2;

m (NaNOs3) =2 - 0,2 - 85 =34 (1);

m (KNO3) =2-(0,3-0,2) - 101 =20,2 (r) wu

m (KNO3) = 54,2 — 34 =20,2 (1).
Oteet: m (NaNOz3) = 34 (r); m (KNOz) = 20,2 (1).

Cnocob 3.

3amauy MOXHO pelIarh ele Mpolie, eciau He BBOJAUTh IepeMeHHy1o y. B aToMm ciyudae, uc-
M0JIb3YS AaHHBIN C1I0CO0, 3a7]aua CBOJIUTCS K COCTABIICHHUIO U PEUICHUIO JIMHEHHOTO YPaBHEHHUS.

ITycTh Macca HUTpaTa HaTpUs B CMECH paBHa x (T), Mmacca HUTpaTa kanus (54,2 —x) r. [Ipu
atoMm B peakiuu (1) Beraenmuiics kuciopo oobemom Vi (J1),

= 0,3 MOJIb.
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a B peakuuu (2) - V2 (7).
X L'Vlz 22,4x
170 224° 170
542-x _ V, .\, _ 22,4(54,2-X)
=2 2= W oy, 220 T

202 22,4 202

3Hast, 9TO O0MIHI 00bEeM Tra3a cocTaBisieT 6,72 1, COCTAaBUM YpaBHEHHE:
0,132 -x+6,01-0,111-x=6,72
x=34(r)

m (NaNOsz) = 34 (r); m (KNO3) = 20,2 ().

=0,132 - x

=6,01-0,111 - x

3aoaua 3.
13,45 r cmecu cepHOi U COJISIHOM KucaoT HedTpanuzoBainu 250 mi 1,2M pactBopa NaOH.
CKonbKO OBUIO B CMECH COJITHOM M CEpHON KUCTIOT?

Pewenue:

Cnocob 1.

OrnpenernsieM Maccy THAPOKCHIA HATPUS B paCTBOPE:
CM:%; m=C,-M-V; m(NaOH)=1,2-40-0,25=12 ().

CocraBuM ypaBHEHHE peaKkIMy HEUTPAIU3aIUu:

2 NaOH + H2SO04 = NaxSO04 + 2 H,0

NaOH + HCI = NaCl + H.0

O0603naunM maccy H2SOj4 - x (1), a maccy HCI - y (r). Beipazum maccy NaOH uepes macchr
IPOPEArupoBaBILIIX C HUM KHUCIIOT M COCTABHM YPaBHEHHE C JIByMsl HCH3BECTHBIMHU:

x+y=1345
80 - x/98 =40 - y/36,5 =12
x=9,81; m (H2S04) =9,81 1;
y=3,64; m (HCI)= 3,64 r.

OtBet: M (H2SO4) =9,81 r, m (HCI) = 3,64 r.

Cnoco6 2.

n (NaOH) = Cy - V; n (NaOH) = 0,3 mous. ITycts xomuuectBo BemectBa NaOH, npopea-
rupoBasiiero ¢ HoSO4 paBHO x MoJ1b, a konuecTBo BemectBa NaOH, nmpopearuposasiiero ¢ HCI
(0,3 — x) Mo, ITo ypaBuenuto peakituu N (H2SO4) = Y2 n (NaOH) = %42 - x Moub; Macca cepHOi
kucnotel: M (H2SO4) = (2 - x-98) r=(49 - x) 1;

n (HCI) =n (NaOH) = (0,3 — x) monb; m (HCI) = (0,3 —x) - 36,5 = 13,45 (7).

3Has, 4TO Macca CMECH KHUCIOT cocTaisieT 13,45 r, peliuM ypaBHEHUE:

49 - x+(0,3—x)-36,5=13,45

x=0,2; m (H2S04) =9,81 r, m (HCI) = 3,64 1.

Oteer: m (H2SO4) =9,81 r, m (HCl)=3,64 r.

Paszoenenue cmecetl opeanuyeckux coeouHenuti Ha 0CHO8e pa3IuyUll 8 XUMUYECKUX U (u3u-
YecKUx C8OUCMBAx eeujecms

Jlnd pa3nenenus cMeceil OpraHM4ecKUX COEIMHEHNI MOXKHO BOCIIOJIb30BAaThCs PA3INUUSAMU
B (U3UYECKUX CBOIMCTBAX BEIIECTB (TeMIlepaTypax KUIIEHUS U MJIaBJICHUS], PACTBOPUMOCTH U T.
1.). B aTOM citydae ucnionb3yroTcs pa3iMyuHble BUABI IEPETOHKH, BO3TOHKA, IEPEKPUCTAIIN3ALINS,
AKCTPAKIUS, XpoMaTorpadus.

Ecnu xe BemecTBa 061a/1al0T CXOIHBIMU (PU3NYECKUMHU CBOWCTBAMH, pa3JieieHHe UX C Mo-
MOIIbIO BBIIIENIEPEUUCICHHBIX METOIOB OKa3bIBAECTCS HEBO3MOKHBIM. B 3TOM citydae oOpara-
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I0TCA K XUMHYECKHUM METOJaM. BCH_ICCTBa mpeBpalmaroT B UX IPOU3BOJHBIC, KOTOPBIC 3aTEM OT-
ACIIAAI0T, UCIIOJIb3YA (1)I/ISI/II-IGCKI/I€ MCTOJBI. Ba)KHO, YTOOBI MMPOU3BOJHBIC JICTKO MPCBpAllAJIMCh B
HCXOOHBIC COCIUHECHUA.

3aoaua 4.

[IpensioxkuTe METOJT pa3eieHUs] CMECH T'a30B, COCTOSIIEH U3 3TaHa, STHIICHA U alleTUJICHA.

Pewenue:

JlanHbple BemiecTBa ONM3KU MO MOJEKYJSIPHBIM MaccaM, MO3TOMY pPa3AeiuTh UX (usmue-
CKMMH METOJIaMU OyJIeT TOBOJIBHO TPY/IHO.

C npyroit CTOpPOHBI, OHH PE3KO PANTHUYAIOTCS IO XUMUYECKUM CBOMCTBAM.

Tak, ameTniieH, Kak 1 JIFOOOW aJKWH C KOHIIEBOW TPOWHOM CBSA3bIO, B3aUMOJICHCTBYET C CO-
JISIMU TSDKEITBIX METaJIOB ¢ 00pa30BaHUEM HEPACTBOPUMBIX alleTHIIeHHI0B. Hanpumep, eciu mpo-
MyCTUTh CMECh Fa30B Yepe3 pacTBOP THAPOKCHIA TuaMMUHcepeOpa (+1), MpouCcXoauT MOTIIoIIe-
HUE alleTHJICHA W BBITIAJACT CEPhI 0CAI0K AUALCTHIICHHIa cepedpa, KOTOPHI MOXKHO OT/IETUTh
(GUIBLTPOBaAHUEM:

HC=CH + 2 [Ag(NH3)2]OH — AgC=CAg| +4 NH3+ 2 H>0

[Ipu neiicTBUM HA OCAIOK COJISTHOM KUCJIOTOM BBIIEISETCS NCXOIHBIN alleTHJICH:

AgC=CAg + 2 HCI - HC=CH + 2 AgCl

OcraBmascs CMeCh COJCPKUT MHEPTHBIA 3TaH U OYEHb PEAKIIMOHHOCIIOCOOHBIM ATHIICH.
st ee pazzeneHus MO>KHO BOCIIOJIB30BATHCSI CBOMCTBOM QJIKEHOB PACTBOPSATHCS B KOHIICHTPUPO-
BaHHOW CEPHOM KUCJIOTE C 00pa30BaHUEM AIKUIICEPHON KHCIIOTHI:

H>C=CH: + H,SO4 — CH3z — CH2 — OSOsH

DTaH CBOOOAHO MPOXOIUT Yepe3 pacTBOP CEPHOM KUCIIOTHI, a AIKUJICEPHAs KUCJIOTA MPHU
HarpeBaHUU JIETKO pa3JiaraceTcs C BhIICJICHUEM dTEHA!

CH3z — CH2 — OSO3H — H2C=CH; + H2SO4

3aoaua 5.

[Tpennoxute cnocod pas3aeneHusi CMECH, COCTOSIIEN M3 3TUIIOBOTO CIUPTA, OyTHIOBOTO
CIIUPTA, YKCYCHOM KHMCIJIOTHI U TPOIMIMOHOBOIO aJbAETHU/IA.

Pewenue:

AHanu3 CBOICTB BEIIECTB, YKa3aHHBIX B 3aJJaHUH, ITOKA3bIBAET, YTO OYTUIIOBBIN CITUPT MpaK-
TUYECKH HEPACTBOPUM B BOJIC, B OTJIMYHE OT OCTAIBHBIX coeanHeHni. Kpome Toro, aiis Beiaee-
HUSl KapOOHWJIBHBIX COCIMHEHUN M3 pacTBOpa MCIIONB3YETCS WX peaklus ¢ TUAPOCYIb(purom
HaTpHS.

Utak, npu 00paboTKe CMECH HACBIIIIEHHBIM BOJHBIM PACTBOPOM TUPOCYIb(uTa HATpHs OY-
TUJIOBBIN CIIUPT OKAXKETCS B BUJE OTAEIBHOTO CJIOS HaJl BOAHOU (ha30ii. DTUIIOBBIA CIUPT U YK-
CyCHas KUCJIOTa paCTBOPATCS, a MPOIMOHOBBIN albJAETH BCTYIHUT B PEAKIIHIO C THIPOCYIb(PUTOM
HaTpHs ¢ 00pa3oBaHUEM OMCYITH(UTHOTO COCTUHEHHS, HEPAaCTBOPUMOTO B BOJIC:
CH3—CH>—C(O)H + NaHSO3 — CH3—CH>—CH(OH)SO3Na|

Ocanok oTGMIBTPOBHIBAIOT, TPOMBIBAIOT Ha (PUIIBTPE XOJOIHON BOJOW M pasjiaratoT pac-
TBOPOM TUJPOKCHUIA HATPHUS:

CH3z—CH>—CH(OH)SO3Na| + NaOH—CH3—CH>—C(O)H + Na2SO03
[Ipon1OHOBBIN anbAETU] BBIIETSAIOT U3 BOAHOTO PACTBOPA MEPETOHKOM.

IMpakTuueckasi padora Ne5 (2 yaca)

Tema: PacTBopbl. 3a1a4yu Ha onipenesieHue (pOPMYJIbl KPUCTALIIOTHAPATA
Kpucmannuszayus uz pacmeopog coneii, 00pa3yrouwux Kpucmaniocuopamoi.
PaccMmoTpuM B KauecTBe puMepa CIEAYIONIYIO 3a1ady:

3aoaua 1. onpenenure xonuuecTBo Kpucramtoruapara NazSOs- 10H20, koTopblil BBIKpH-

cTajuM3oBacs npu oxjaxaeHuu S513,2 r Haceimennoro npu 80 °C pactBopa cyibdara HaTpus
1o 10° C. PactBopumocts 6e3BogHOTO cynbdara Hatpus npu 80 °C pasHa 28,3 1, a ipu 10 °C —
9,0r B 100 r BOZEI.



29

Pemenue. Onpenennm MaccoBbI€ JOU Cysb(aTa HaTpUs B HACHIIIEHHBIX BOJIHBIX PaCTBO-

pax ipu 10 °C u 80 °C:
® (10°C)=9,0r/109,0 r = 8,26%,
o (80 °C)=28,31/128,3 r =22,06%.
B 513,2 r HackimeHHoro pacrsopa cyiabdara Hatpus npu 80 °C oymer m (NaxSOs4) = 513,2 r
0,2206 = 113,2 r. Ilpu oxnaxaenun s3toro pactBopa g0 10 °C wu3 Hero BhIMALET X T
Na2SO4-10H20. YuutsiBas, 4To MaccoBas J10JIsI COJM B KPUCTAJUIOTHAPATE paBHA
a = M(BemectBa) / M(kpucramuoruapara) = 142,0 r/ 322,0 r = 0,441,
3TOT MPOLIECC MOXKHO BBIPA3UTH CIAEAYIOIIUM COOTHOIICHHEM:
o (10°C)= (113,2r-a " x)/(513,2 T - x) = 0,0826.

Pemienue storo ypaBuenus gaer x = 197,6 r.

OtBer: mpu oxnaxaenuu Boimanaet 197,6 r NazSO4-10H20.
PaccmoTpum eliie oiuH THI 33/1a4 Ha KPUCTAILTU3ALMIO KPUCTAITIOTHAPATOB:

3a0aua 2. Xnopun xenesa(lll) ob6pasyer tpu kpucramtoruapata: FeCls-3,5H20,
FeCls3-2,5H20 u FeCl3-2H20. 128,1 r cmecu FeClz-3,5H20 u FeClz-2,5H20, conmepxkaiueii 0,6
MoJIb Oe3BoHOMN cosr, Harpenu 10 80 °C. IIpu 3TOM KpHCTaUIOTUIPATHI PACIUIABIIIMCH U 00pa-
30Baji rOMOreHHbIN pacTBOp. [locne nucnapenus u3 pactsopa 5,4 r BOAbI, CUCTEMY OXJIAJIUIH JI0
KOMHaTHOW Temneparypbl. [Ipu 3ToM oOpa3zoBanach paBHOBECHas CMECh KPHCTAJUIOIHIPATOB.
Onpenenure KaueCTBEHHBIA U KOJIMYECTBEHHBIN COCTaB CHCTEMBI IMOCIIE OXJIAXKICHUSI.

Pemrenune. O603uaunm uuciio mojeit FeCls-3,5H20 B ucxoaHOM cMecH yepes3 X, a YnuCiio
morteit FeCls-2,5H20 — uepe3 y. Toraa nosyyaeMm CHCTEMY YPaBHEHUI:

225,5x+207,5y =128,1,
x+y=0,6.
Pemias cucremy, nomyuaem: x = 0,2, y = 0,4.
Macca 6e3Boanoii conu B cucteme cocraisger M(FeClz) =0,6 - 162,5=97,5.
[Tocne ucapeHus 4acTu BOJIbI B CHCTEME OCTAETCsl Macca, paBHas
M (H20) =128,1-97,5-5,4=252r unu
v(H20) =25,2 /18 = 1,4 moub.
ITpu 5Tom Ha 1 Momb conu npuxoautces N = 1,4 /0,6 = 2,333 mons H20.
CrnemoBartesbHO, MOCIE HCIApeHus 5,4 T BOAbI U oxyaxaeHus cuctema cocrout u3 FeClz-2,5H20
u FeClz-2H20 (2,5 > 2,333 > 2).
O603naunM yucio monei FeCls-2,5H20 B cucteme mociie oXIaKASHUs Yepe3 Z, a YUCIIO MOJIeH
FeClz-2H20 — uepes u. Toraa moay4aeM CUCTEMY YpaBHEHHIA:
25z+2u=14,
z+u=0,6.

Pemas cucremy, momygaem: z = 0,4, u = 0,2.

Otset: Koneunas macca cmecu kpuctaoruaparos pasHa 128,1-2 H2O nocrasinser 0,2 -
198,5=39,7r.

3aoaua 3.

B kpucramnorunpare cyibgara mapranua (11) maccosas nonst mapraniia passa 0,268. Onpe-
JENUTh KOMMYECTBO BEIIECTBA BOJBI, MpUxojsiieecs Ha 1 Moib KpucTtamioruapaTta. Hamucars
dbopmymy comu.

Pemenue. PaccmarpuBaeMbiM 00BEKTOM SIBISIETCS | MOJIb KpHUCTaIOTHUApaTa cyibhara
mapranna (11). Ero dopmyny ycnosro 3ammumem MnSQOgy - n H20, rie n- nckomasi BeTranHa.
CocTaBuM ypaBHEHHUE, YUUTHIBAsI, YTO MAcCOBasl JOJS MapraHila B KPUCTAJUIOTHIpaTe paBHA OT-
HOILIEHUIO MOJIIPHBIX Macc MapraHiia ¥ JaHHOTO KpUCTaNIOTUapaTa:

® (Mn)=M (Mn) /M (MnSQO4 - n H20)
[ToncraBisis B ypaBHEHHE BMECTO CUMBOJIOB MX YHCIIOBBIE 3HAYCHMUS, TOTYUHM:
0,268 =55/ (151 + 18n)
Pemas ypaBHeHue, Haiinem N = 3.
Otger. 1 Momb KpucTayuioruapata cyinspara Mapranna (1) conep>xut 3 Moib BOABI.
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®dopmyna comu — MnSOs- 3 H20

3aoaua 4.

Kpucramnoruapar cynbdara marauss MgSOs-7 HoO maccoit 250 r ocTaBriin Ha BO3AyXeE B
OTKpBbITON OaHke. Uepe3 HEKOTOpOE BpeMsi B pe3ysIbTaTe YaCTUYHON MOTEPU KPUCTAIUIU3AIOH-
HOM BOJIbI Macca BEIleCTBa yMEHbIIMIIACh U cTasia paBHa 200 r. CKOJIBKO MOJIEH BOJIbI IPUXOIUTCS
Ha 1 Mok cynb(dara Maruus, OCTaBIIErOCs OCJE BHIBETPUBAHUS?

Pemenne. @opmynny KpucTaisioruapara cyibdaTa Martus IOCIE BBIBETPHUBAHHUS BOJIBI
ycnoBHo 3anuiieM MgSOs-n H2O. Mckomas BenmranHa 71 — 9YUCIIO MOJICH BOJIBI B 1 MOJIb KpUCTal-
JOTHIpaTa, 00pa30BaBIIETOCS MOCIE BRIBETpUBaHUA. MaccoBas 107151 Cyb(aTa Maruusi B HCXO/I-
HOM KpPUCTAJUIOTUPATE COCTABIISIET:
® (MgSO4) =M (MgS0s) / M (MgSO4-7 H20) =120/ (120 + 7-18),

a B pe3yJbTaTe MOTEPU BOJIBL:

® (MgSO4) =M (MgS0a4) / M (MgSOs- n H20) =120/ (120 + 18n),

CocTaBuM ypaBHCHHE, YYUTHIBAs, YTO TMPU BHIBETPHBAHWH KPUCTALTU3AMOHHONW BOJBI Macca
cynb(dara Maruus B COJIM HE U3MEHUIIACH.

3uas, 49ro M (MgSO4) =m (comn) - ® (MgSOas), 3anuiieM ypaBHEHHE:

m (MgSOs-7 H20) - @1 (MgSO4) = m (MgSOas-n H20) - @2 (MgSOs4),

win 250 - 120/ (120 + 7-18) =200 - 120/ (120 + 18 n), otkyna n = 4,3

OtBert: 1 MOJIb KpUCTAJITIOTHAPATa COAECPKUT B cpeiHEM 4,3 MOJIb BOJIBI.

3adaua 5.

MaccoBasi 10511 BOABI B CMECH KPHCTaUIOTHAPATOB, COCTOSIICH M3 MEIHOTO KYyNopoca
CuS04-5 H20 u xene3znoro kynopoca FeSO4-5 H20O, coctaBnser 40%. Brraucinuth MaccoByio
JIOJTF0 METHOTO KyTIOpOca B CMECH.

Pemenune. Mckomast BerunHa - MaccoBast 10J1s1 MeaHOro Kymopoca B cMecH @ (CuSO4-5
H20).

PaccmarpuBaeMbiM 00BEKTOM SBIISIETCS CMECh, KOTOPAsi COCTOUT M3 ABYX YaCTEH - MEIHOTO U JKe-
JIe3HOTO Kymopoca. B cMecu mMaccoit M coaepkutcst MeaHblii kymopoc mMaccoit m - o (CuSQO4:5
H20), a octanbhoe, T. €. M - M - ® (CuSO4'5 H20), cocraBiseT Maccy JKeIe3HOro Kymopoca.
Maccy BoABI B KaXI0W M3 COJIEH ONPENEIUM, YMHOKUB MAacCy KakJI0ro KpUCTAJUIOTUAPATA HA
MacCOBYIO JIOJIIO BOJIbI B HEM.
CocTaBrUM ypaBHEHHE, YIUTBIBAsI, YTO MAcca BOJIBI B CMECH MacCOW 71 paBHA CYMME MaccC BOJIBI B
KaXJIO0U U3 COJICH:
m - o (H20) = m (CuS0O4-5 H20) - w1 (H20) + m (FeSO4-5 H20) - w2 (H20)
WIH
m - ® (H20) = m (CuSO4-5 H20) - 5M (H20) / M (CuSO4-5 H20) + m (FeSO4-5 H20) - 7 M
(H20) / M (FeSO4-5 H20)
[MoacraBmnsist UKCIIOBBIE 3HAUEHHS U 0003Ha4ast uckomyto BenmuuHy @ (CuSO4-5 H20) uepes x,
TIOJTYIHIM:
04m=mx-5-18/250 +(m-mx) - 7- 18 /278
Pemas ypaBHenwue, Haiiiem X = 0,56

Otser. Coaeprxkanre MeHoro kynopoca cocrasisier 0,56, unu 56%, oT Macchl cMecH.
m(cmecn) = m o (CuSO4-5 H20) =x » (H20) = 0,4
m (CuSO4 - 5 H20)=m - X
o1 (H20) =5 M (H20) / M (CuSQOg4-5 H20)
m (FeSO4- 5 H,0)=m-m - X
o2 (H20) =7 M (H20) / M (FeSO4-5 H20)

IMpakTuueckasi padora Ne6 (2 yaca)
Tema: PacTBopbl. [lelicTBus ¢ pacTBopaMu: pa3daBjieHHe, yIApUBAHHE, KOHIIEHTPH-
poBaHue, CIMBAHME IBYX PACTBOPOB
CriocoObI BBIpaXEHHUS COJCPKAHUS BEIIECTB B PACTBOPAX U CMECAX
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|. Cmanoapmmuosie cnocodul gvipasicenuss cO0epHcanus 6ewecms 8 pacmeopax u CMecsx:

1. B 107X OT €IMHULIBI WK B TIPOIICHTAX:

a) MaccoBasi J10J14

® (HCI) =5% (0,05) (5 r xkucnotsl u 95 r Bo1IbI);

0) oObemMHas A0S

¢ (HCI) =5% (0,05) (5 My KucioTsl 1 95 MI1 BO/IBI);

B) MOJISIpHASL OISt

x (HCI) = 5% (0,05) (5 Monb KHCTIOTHI B 95 MOJIb BOJIBI).

2. Yepes uncio MoJieit paCTBOPEHHOT'O BEIIeCcTBa B 1 J1 pacTBOpa — MOJIAPHASL KOHYEHmMpa-

Yusi.

2 M p-p (HCI) wmu Cy (HCI) = 2 moms/n
(73 r HCI B 1 1 pacTBOpa).

Il. Hecmanoapmuwvie cnocoowi:

1. Turp (r/mn);

2. MonsIbHOCTD (YHCIIO MOJIb BEIIECTBA B 1 KT pacTBOpUTENS, MOJIB/KT, Cmy);

Monsapuas 0ons — 3TO OTHOIIEHHE KOJIMYECTBA PACTBOPEHHOTO BEIIECTBA N1 WM PAcTBO-
puTens N2 K CyMMe KOJIMYECTB BCEX BEIECTB, COCTABIAIONIUX pacTBop. Eciu o1HO BemecTBo pac-
TBOPEHO B JIPYTOM, TO MOJIIpHAs J0Ji pacCTBOpEHHOro BemecTBa: N1 = NyN1 + Nz a MOIsIpHAS 1011
pactBopuTtens: N2 = Nyny +Na.

Monsinenocms — 9UCIIO MOJIEH PACTBOPEHHOIO BEIIECTBA (KOJUYECTBO BEIIECTBA), TPUXO-
nameecs Ha 1000 r pacTBopuTens:

Cwmz=n/m - 1000, roe

N - KOMIUYECTBO BEIIeCTBa, M - Macca pacTBOPUTEIIS.

PactBopsl, s kotopeix Cwvy = 1; 2; 0,1; 0,01 Ha3pIBatOTCS COOTBETCTBEHHO OJIHO-, IBYX-, JICIHU-,
CaHTUMOJISUTbHBIMHU.

Hopmanvuas konyenmpayus pactsopa Cy — 9TO YHCIIO SKBUBAIEHTOB, COAEPKAIIMXCS B |
7 pacTBopa.

PacTtBop, B 1 11 KOTOPOTO COJIEPKUTCS OJHA SKBUBAJICHTHAS Macca PaCTBOPEHHOTO BEIIIe-
CTBA, Ha3bIBAETCS OJTHOHOPMANILHBIM B 0003HavaeTcs 1 H.

Cu=m/m, -V, rze

M — Macca paCTBOPEHHOTO BEIIECTBA, T;

M, — SKBUBAJICHTHAS Macca BEIIeCTBa , I/MOJIb;

V — 06beM pactBopa, I;

DKBUBAJICHT JIEMEHTA — KOJIMYECTBO BEIIECTBA, MOJIb.

O = 1/B, rae B — BaJIeHTHOCTE DIEMEHTA.

Hamnpumep, sxBuBaneHT cepsl B okcuje cepsl (1V) SO2 D (S) = Va.

Macca ogHOTO PKBUBAJICHTA 3JIEMEHTA paBHA:

m, =M - D wim m, = M/B.

Hanpumep, mst cepst B okcune cepst (1V) m, =32/4 = § (r/momb).

MHorue peakiuu, IpoTeKaIoIiue B pacTBOPax, COMPOBOXKIAIOTCS H3MCHCHHEM CTEIICHEH
OKHCJICHHUS aTOMOB, BXOJSIIIMX B COCTaB MOJICKYJ pearupyrollux BemecTB. B 3Tom ciyudae oHu
SIBIITFOTCS] OKACITUTEIIEHO—BOCCTAHOBUTEIBHBIMHU.

Cy1iecTBYIOT JIBa METO/a PacCTAaHOBKU KOA((UIIMEHTOB B OKUCIUTEIEHO—BOCCTAHOBH-
TEBHBIX PEAKIUSAX: JICKTPOHHBIA OaJIaHC ¥ HOHHO—AJICKTPOHHBIA METOT.

Honno-snekmponnuiii memoo siBisercs 0oyiee TPyJIOEMKUM, HO OH HUMEET P MPEUMy-
IECTB:

- O3BOJISIET HAMKUCATh TPOAYKTHI PEaKIIMHU U PACCTaBUTh KOI(DPHUIIMEHTHI, €CITH U3BECTHBI
TOJIEKO UCXOHBIC BEIIECTBA U Cpefia, B KOTOPOI MPOXOJNUT PEAKITHS;

- YYUTBIBAET PEaTbHO CYIIECTBYIOIIUE YACTHUIIBI, T.€. OH MPUMEHSIETCS B OCHOBHOM JIJISI
peaxiuii, MpoTEeKaroIINX B PaCTBOPAX;

- METO/1 YJ00€H AJIsl pacCTaHOBKH K03(h(PUIIMEHTOB B peakLUsAX C yUaCTHEM OPraHMYECKHX
BEIIIECTB.



32

J151s TOT0, 4TOOBI BOCTIONB30BATHCSI HOHHO—3JIEKTPOHHBIM METOJIOM, BaXKHO YMETh pa3iu-
YaTh OCHOBHbBIEC OKHUCIUTEIN U BOCCTAHOBUTEIIH.

OcHognbie okucaumenu:

1. TanoreHsl, KUCIOPO/, O30H.

2. Bce coeanHeHUs TaJIOT€HOB, TJ€ UX CTETIEHU OKUCICHUS TOJIOKHUTEIbHBL.

3. Bce COCAMHCHUS, B KOTOPBIX HAXOAATCSA 3JICMCHTBI B CTCTICHU OKUCJICHUS BBILIC +3 JJIL

METAJJIOB U +4 I HEMETAIIJIOB.

4, COGI[I/IHCHI/ISI HEMETAaJJIOB B BRICIICH CTEIICHH OKHMCJICHHS.

5. KaTnoHbI maccUBHBIX METAILJIOB B BBICIICH CTENIEHU OKUCIEHUS, OKCU] cepedpa.
CreneHb OKUCIECHUS OKUCINUTENS B OKUCINTEIbHO—BOCCTAHOBUTEIBHBIX PCaKuAX MOHHUKACTCA.

OcHognbie soccmanosumenu.

1. Meramisl.

2. CoenvHEHHsI HEMETAJUIOB B HU3IIECH U TIPOMEXYTOYHON CTEIICHH OKUCIICHHS.

3. BonpIIMHCTBO OPraHMYECKUX COCAMHEHUN.

CreneHb OKHCIICHHUS BOCCTAHOBUTENS B OKUCIUTEIbHO— BOCCTAHOBHTEIBHBIX PEAKIMX MTOBBIIIA-
eTcsl.

Ecnu oxucnureneM u BOCCTAHOBUTENEM SIBISIETCS OJIMH M TOT XK€ JIEMEHT, UMEIOIIUN B
OKHUCJIUTEJIE U BOCCTAHOBHUTEIIE PA3HbIE CTENICHN OKUCIICHHUS, TO B MPOAYKTaX ATOT dJIEMEHT OyIeT
UMETb TOJIBKO OJIHY — MMPOMEKYTOUHYIO CTEIICHh OKMCIICHUSI.

OOBIYHO TIPU COCTABIICHUU YPaBHEHUI OKHUCIUTEIbHO—BOCCTAHOBHUTEILHBIX PEaKIUN B
JIEBOM 4aCTH 3aIMCBIBAIOT CHa4ajIa BOCCTAHOBUTEb, 3aT€M OKHCIIUTEINb, 3aTEM JPYTHe BEIIECTBA,
€CJIM OHHU eCTh. B mpoayKkTax peakiuil cHayala 3amuchiBalOT MPOAYKT OKHCIEHUS, a 3aTeM BOC-
CTaHOBJICHUSI.

Aneopumm cocmaenenus YpasHeHull OKUCIUMENbHO— 60CCMAHOBUMENbHbIX peaxyull
UOHHO—IIeKMPOHHBIM MEMOOOM.

1. 3anummTe B JI€BOM YaCTH ypaBHEHUs POPMYIIbI HICXOIHBIX BellecTB. [l co31aHus KUC-
JIOW CpeJibl UCIOJIB3YHTE CEPHYIO KHCIIOTY (COJIsIHAas KUCI0Ta caMa CliocoOHa OKHUCISATHCS, a a30T-
Hasl KUCJIOTA SIBJISIETCS] OKUCTUTENEM).

2. OnpenenuTe OKUCITUTENb U BOCCTAHOBUTEITb.

3.CocraBbTe CXeMbl HOHHO-3JIEKTPOHHBIX YPaBHEHUI MMOTypeaKIvii AJ1s IPOLECCOB OKUC-
JICHUS ¥ BOCCTAaHOBJICHHS. B cxeMmy BKITIOUHMTE T€ peaibHbIe YaCTUIIBI, KOTOPBIE MPOSBIISIIOT OKUC-
JUTENbHbIE 1 BOCCTAHOBUTEIbHBIE CBOMCTBA, a TAK)KE YACTHIIBI, XapaKTePU3YIOIIHe cpeay (KHc-
ayro — HY, menounyro — OH", uelitpansuyio — H20). CuilbHBIE DJIEKTPOIUTHI 3alIUCHLIBAIOTCS B
BUJIC HOHOB, a cJ1a0ble 3JIEKTPOIIUTHI, F'a3000pa3HbIe BEIIECTBA, TPYJHOPACTBOPUMBIE COCTUHEHNUS
— B BUJIE MOJIEKYJI.

4. TIpoBepbTe YMCIO ATOMOB KaX/10TO 3JIEMEHTA B JICBOW U MPABOM YaCTSIX CXEM ypaBHe-
Hul nonaypeakuuii. [Ipu HE0OXOAMMOCTH YpaBHANTE HX.

5. IlpoBepbTe YHMCIO aTOMOB KHMCIOPOAa B KaXJIOM YpaBHEHMM MOJYPEAKIMU ClIeBa U
cIpaBa U ypaBHsiiiTe ux. Eciau B 1eBoll 4acTu ypaBHEHUS MOJypeaKIMU MEHbIIE KUCIOPOa, YEM
B IIPaBOii, TO JOOABUTH €TO0 MOKHO:

a) B KUCJION W HEUTpaILHOU cpefie

H0 —» 0% + 2 H*

0) B MIETTOYHOMN

2 OH — 0% + H.0

(B ypaBHeHUsX He cnemyeT mucath 0%)

Ecnu B MCXOHBIX BEIIECTBaX KUCIOPO/1a OOJIbIIE, TO «CHAThY €ro MOXKHO:

a) B KHUCJION cpefie

0% + 2 H* - H:0

0) B IIEJIOYHOMN ¥ HEUTPATLHON

0% + H,0 — 2 OH
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6. [IpoBepbTe paBEeHCTBO CyMM 3apsOB /10 U MOCJE PEAKIMH B COOTBETCTBHE C 3aKOHOM
ANEKTPOHEUTPATILHOCTH: Ly = Zn.u.

B cooTBeTcTBHE C MEXTyHAPOIHBIMH MPaBUIAMU MOJyPEaKIUU 3aIHCHIBAIOTCA KaK MPO-
[IECChI BOCCTAHOBIICHUS OKUCIIUTEINS CBOOOTHBIMU JIEKTPOHAMH.

Hanpumep: Fe** +e — Fe?* mm  Fe** - Fe¥* +e

l2+2e —21T I 21"—>1z2+2e

7. Uuco 3NIeKTPOHOB, OT/IaBaEMbIX BOCCTAHOBHUTENEM, JOKHO OBITH PABHO YUCIY DJICK-
TPOHOB, IPHHUMAEMBIX OKUCIHUTENEM. Hcxois U3 3Toro npasuiia, nogdoepure KodpGUIMEeHTH I
OKHUCJIUTENS U BOCCTAHOBUTETIS.

CyMMupy#iTe JIeBbl€ U IIPAaBblE€ YaCTU MOHHO—JIEKTPOHHBIX YPaBHEHU, IpEABaAPUTEIBHO
YMHOKHB COOTBETCTBYIOIINE YaCTULIBI HA MTO100paHHbIe KO UIIUEHTHI.

9. CokpaTtuTte Mo00HbBIC YICHBI, €CITH TAKOBBIC UMEIOTCSI.

10. Ilepenumute HOHHO—MOJIEKYJIAPHbBIC YPABHEHUS.

11. YToOBl M0 MOHHO-MOJIEKYISIPHOMY YPaBHEHHIO COCTaBHTH MOJICKYJIPHBIE, HEOOXO-
JTUMO B JIEBOH M MPaBOl YaCTAX YpaBHEHHs KaxXJI0My UOHY MPUIICATh COOTBETCTBYIOIIEE YHCIIO
IPOTUBOMOHOB Y CKOMIIOHOBATh UX B MOJIEKYJIBI.

3aoaua 1.
HanwummTe ypaBHEHHE peaKIMi OKUCICHHUS XPOMOBON CMECHIO 3THJIOBOTO CITHUPTA JIO YK-
CYCHOTO aJIbJIETH/IA B KUCIION Cpe/Ie.

C2Hs0H + K2Cr207 + H2SO4 — CH3C(O)H + K2SO4 + Cra(SOs)3 + H>O
CoHeO — CoHsO +2 H +2e 3
+

Cr07~ + 14 H* + 6e — 2 Cr** + 7 H,0 1

3 C2HgO + Cr.07% + 14 H*—3 CoH4O + 6 H + 2 Cr¥*+ 7 H0
3 C2HgO + Cr,07% + 8 HY — 3 C2H40 + 2 Cr¥* + 7 H20
2K* 4S04+ 2K' 4S04
3 C2Hs0H +K3Cr207 + 4 H2S04 — 3 CH3C(O)H + K2SO4 + Cra(SOs)s + 7 H20

3aoaua 2.

Hanumure ypaBHeHUE peakiiuy OKUCICHUSI MPONUJICHA IEPMAHTaHATOM KaJIMs B IIEJI0Y-
HOH cpee.
CH3z—CH=CH2 + KMnO4 + KOH — H3—CH(OH)—CH(OH) + K2MnOgy

CsHs + 2 OH" — CaHg(OH), + 2 1

+

MnO4 + e — MnQO4Z 2

CsHe + 2 OH + 2 MnO4 — C3Hg(OH)2 + 2 MnQ4?%
2 K* 2 K* 4 K*

CzHs + 2 KMnO4+ 2 KOH— C3Hgs(OH)2 + KoMnOg4

3aoaua 3.

HarnumnTe ypaBHEHHE PeakMM OKHMCJIEHHUS TJIFOKO3bI IEPMAHTaHATOM Kallis B KHCIIOM
cpene.

CsH1206 + KMNOg4 + H2SO4 — CO2 + KoSO4+ MnSO4 + H20

CsH1206+ 6 H2O - 6 CO2+ 24 H"+24e |5

+

MnOs + 8 H* + 5 — Mn?* +4 H,0 24
5 CeH1206 + 30 H20 + 24 MnO4 + 192 H* — 30 CO2 + 120 H*
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+ 24 Mn?* + 96 H,0

5 CeH1206 + 24 MNnOy4 + 72 H* — 30 CO2 + 24 Mn?" + 66 H,0
5 CeH1206 + 24 KMnOg4+ 36 H2SO4 — 30 CO2+ 12 KoSO4 +
+ 24 MnSO4 + 66 H20O

3aoaua 4.

Hanummre ypaBHEHHE peakUMHM OKMCIEHHs  aleTUIeHa [EepMaHraHaToM Kajius B
HEUTpaJIbHOU cpee.

C2Hz2+ KMnO4 + H.O0 — HOOC—COOH + MnO2 + KOH

CoH2+ 4 H,O — CoH204 + 8 HT+ 8e 3
+
MnO4 + 2 H,O +3e —» MnO,+ 4 OH" 8

3 CoH2+ 12 H20 + 8 MnO4 + 16 H20 — 3 CoH204 24 H +
8 MnO2 + 32 OH"
3 CoH2+ 4 H0 + 8 MnO4”— 3 C2H204 + 8 MNO2 + 8 OH"
3 CoHz+ 8 KMnO4 + 4 H,O — 3 HOOC—COOH + 8 MnO2 + 8 KOH
MoxHO pacCTaBUTb KOSCI)(I)I/IHI/IGHTBI B YPAaBHCHUAX OKHUCIUTCIIBHO-BOCCTAHOBUTCIILHBIX
PEaKIHUii ¥ C UCTIOIB30BAHUEM METO/IA HIEKTPOHHOIO OaaHca.

3aoaua 5.

Hanumire ypaBHEHHE peaKIuy MOJTydeHHs ompodopma.
C3Hs—C'H,—OH + L’ + NaOH — C*’HIs* + HC*?0O0Na + Nal* + H.0O
C¥=C*+5e]| 1
Cl > C*+3e
I°+2e - 21¢ | 4
CHs3—CH>—OH + 4 I, + 6 NaOH — CHIzs + HCOONa + 5 Nal + 5 H>0

3aoaua 6.

Hanummre ypaBHEHHE peakiiii OKKCIEHHS MypPaBbUHOM KUCIOTHI okcumoM xpoma (1V).
HCOOH + CrO3 — CO2 + H20 + Cr203

C* »C*"+2e 3

Cr* +3e — Cr** 2

3 HCOOH + 2 CrO3 — 3 CO2 + 3 H20 + Cr203

IIpakTnyeckas pa6ora Ne7 (6 yacos)
Tema: DuexkTpoJu3

Onekmpoau3 - 3T0 OKUCIUTEIBHO—BOCCTAHOBUTEIBHBIN ITPOLIECC, TPOTEKAIOLINI HA JJIEK-
TpoJax MpH MPOXOKIECHUH JIEKTPUUECKOTO TOKA Yepe3 pacTBOP MIIM PacCIlIaB dJIEKTPOJIUTA.

CriocoOHOCTB BelecTBa MPOBOIUTD IIEKTPUUECKHM TOK, HAXOSICh B PAaCIJIaBICHHOM HITH
pacTBOPEHHOM cocTossHUU, M. @apajeil Ha3Ball AJIEKTPUYECKON MPOBOJAMMOCTHIO. B Hawane
CBOEH JEATENIbHOCTH OH MHOTO padoTall HaJ 3TUM SBJICHHEM U Pe3yJIbTaThl CBOUX OIBITOB 0000-
W B BUJIE JIBYX 3aKOHOB.

Maccul 6ewjecma, 6b10enUUIUXCA HA INEKMPOOAX, UIU NOABUBUIUXCSL 8 PACEODE 8 Pe3Yilb-
mame pacmeopenus I1eKmpood, NPONOPYUOHANbHBI KOIULECEY Npoueouie2o 21eKmpuyecmeda
(mepBsIii 3akoH Dapajes).

OouHakogvle Konuuecmea 31eKmpuiecmasd, npoxoosuue yepe3 pasiuyHvle 31eKmpoarumyl,
8b10€IAI0M HA INEKMPOOAx IKEUBANEHMHbLE MACCbL dNleMeHmoé (BTOpoi 3akoH Papanes).

B pesynbrare npoxoxaenus 96500 Ki snexkrpuyectBa ocaxkmaercst 1 monb Ag, 1/2 Moib
menau, 1/3 monbs xpoma, T.€. 1 MOIIb, IeTICHHBIN Ha BaJICHTHOCTH dJIEMEHTA. DTH KOJIUYECTBA OBLITU
Ha3zBaHbl Dapageem sxBuBasIeHTaMH. 96500 Kt — 3apsin 1 Moyt 571€KTPOHOB (TaK Kak JjIsl BOCCTA-
HoBneHHs | Mons A Tpedyercst 1 MoJb 31eKTpOHOB). bonee TouHO 3TO uucio cocraniseT 96485
Kn/mons ™ u HasBauo uuciom @apades.
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3axonbl apaziest MOTYT ObITh BBIPAXKEHbI 00bETUHEHHBIM YPaBHEHUEM:

m(X)=1-t- Ms (X)/F,

rae m (X) — Macca BbIIe/IMBIIErocs Bemectsa X, T;

| — cuna Toka, A;

t — Bpems, c;

F — nocrosinnas ®apanes;

M>s (X) — sxkBuBaIleHTHAsE Macca BelnecTBa X,

M5 (X) = M(X)/n, r/moub;

M (X) — moasipHast macca BemiectBa X, I/MOJIb,

N — 9UCJIO MPUOOPETEHHBIX WM OTJIAHHBIX B OKUCIIUTEIbHO—BOCCTAHOBUTEIHHON PEaKIInu
JJIEKTPOHOB.

AHanu3 3Toi GOPMYIIBI TO3BOJISIET CAENATh CIIETYIOIIUE BHIBOJIBL:

1. Ecmu |- t=96500 K, To m (X) = M» (X).

JUse XUMHYECKOro TpeBpameHns | MoiIb OKUCIUTEIbHO—BOCCTAHOBUTEIFHOT'O SKBHUBAJICHTA Be-

1IecTBa HE0OXO0JUMO MPOITYCTUTD Yepe3 pacTBop (i paciias) 96500 Ko, nmun 26,8 A -4 (1 A -

y = 3600 Ku1) anexkrpuyectsa.

2. Ecu | -t=1Ku, ro m (X)=M>s (X)/F. Otraomenue M> (X)/F (3/F), HazpiBaeMO€e 371€KTPO-
XUMHYECKHM YKBUBAIICHTOM, ITPEJCTABISET COOON MacCy BEIIECTBA, OBEPIIIYIOCI XUMUYE-
CKOMY MPEBPAILEHUIO, WIK MAcCy MPOIYKTOB JEKTPOIU3a, BBIICIUBIIMXCS Ha JIEKTPOJaX
pU poxokaeHUH yepes pactBop 1 Ki anexrpuuecrsa.

3. Ilpu npoxokIeHUU OJJHOTO U TOTO K€ KOJIMYECTBA IEKTPUUYECTBA Yepe3 Psij pacTBOPOB (pac-
IUTAaBOB) MacChl BEIIECTB, BOCCTAHOBHBIIMXCS HA KaTOJAaX WMJIM OKHCIUBIIMXCS Ha aHOJAX,
MPOMOPLUUOHATIEHBI MOJIIPHBIM MaccaM MX YKBUBAJICHTOB.

[Ipu anexTposin3e paciIaBoB Ha aHOJIE Pa3psKAIOTCS AaHUOHBI KUCIIOT, 3JIEKTPOHBI IIepe-
XOJISAT K aHOJy: HaIlpuMep,

Clr—Cl+e

S04% — SO21 + 021 +2€

Ha kartosie mpoucXoaIuT BOCCTAaHOBJICHUE KATHOHOB, IIPU 3TOM 3JIEKTPOHBI OT KaTo/a Te-
PEXOMST K KaTHOHAM: HampuMep,

Pb%* +2e — Pb

[Ipu snexTposn3e BOAHBIX PAaCTBOPOB HEKOTOPHIE MOHBI METAJJIOB HE BOCCTaHABIIMBA-
I0TCS, @ IPOMCXOIUT BOCCTAHOBIJIEHHUE MOJIEKYJI BOJBIL:

4 H20 +4e — 2 Hzt +4 OH

AHWOHBI KUCIIOPOJICOJIEPKAIIUX KUCIOT HE OKUCISIOTCS B BOJHBIX PACTBOPAX, a MPOUC-
XOJIUT OKHCIICHUE MOJIEKYI BOJIBI:

2H,0 > 4 H" + 021 +4e
[ToaToMy 37EKTPOIN3 BOJHBIX PACTBOPOB COJIEH MOXKET COMPOBOXKIATHCS BBIICICHHEM KHCIO-
poJia ¥ BOJOpo/ia.

[To cmocoGHOCTH BOCCTAaHABIMBATHCS U3 BOJHBIX PACTBOPOB KATHOHBI METAIIIIOB PACIIOJa-
TarTCs B CIAETYIOMINN psIa:

K*, Ca®*, Na*, Mg?*, AIF*, Zn?*, Fe®*, Sn?*, Pb?*, H*, Cu?*, Aq*, Au®*

CrocoOHOCTh K BOCCTaHOBIICHHIO YBEITMUMBACTCS ClIeBa HarmpaBo. KaTHOHBI KaJus, Kallb-
U1, HATPUS, MarHUs, ATFOMHHMS He OYyT BOCCTAaHABJIMBATHCS U3 BOJHBIX PACTBOPOB COJICH, BOC-
CTaHOBJIEHHUE KaTHOHOB IIMHKA, jKeJie3a, 0JI0Ba U CBHHIIA OyJIeT MPOUCXOAUTH OJHOBPEMEHHO C
BOCCTAHOBJICHHEM MOJIEKYJ BOJIbI, @ KaTHOHBI MeNIH, cepedpa U 30J10Ta CIOCOOHBI BOCCTAHABIIH-
BaThCSI U3 BOJHBIX PaCTBOPOB.

Martepuan, U3 KOTOPOTO U3TOTOBJIECHBI JIEKTPOJIbI, TAKXKE OKA3bIBACT BIUSHUE HA XOJ
anekTposinia. Tak, Ha PTYTHOM KaTojie (110 CPaBHEHUIO C MJIATMHOBBIM WIH Tpa(UTOBBIM) IS
pa3psijia MOJIEKYJ BOJBI TpeOyeTcs 3HAUUTEIbHO OoJbllee HanpshkeHne. VIOHsl HATpuUs HA PTYT-
HOM KaToJIe pa3psuKaloTCs MPEANOYTUTEIbHEE MOJIEKY BOJbBI, B pe3yJbTaTe oOpa3yercs amallb-
rama HaTpus.
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3aoaua 1.

Paccuunraiite Maccy KMCIIOPO/1a, BBIICIUBILETOCS IIPH 3JIEKTPOJIM3E BOABI IIPU IIPOXOKIE-
HUU Yepe3 Hee DIISKTpUUYecKoro Toka cuioit 1,5 A B teuenne 10 munyT (600 C).

Pewenue:

[Ipu s1eKTpoar3e BOIbI COTJIACHO YPAaBHEHUIO

2 H20 — 2 Hat + 021 00pasyroTcst BOAOPO ¥ KUCIIOPO/I.

Brigenenue Kkucinopo/a npoucxXoIuT Ha aHOE:

A(+) 2H0 -4 H"+ 021 +4e

OmnpenensieMm Maccy KUCIOPOaA.
Macca sxBuBasienTa kuciaopoga M3 (02) = M (O2)/n = 32/4 = 8 (r/mob).
[ToncraBisiem 3HaueHue B GOpMyILy:
m (O2) = 1,5 - 600 - 8/96500 = 0,075 (r).
Otser: 0,075 1.

3aoaua 2.

CMech rasoB, MOTy9CHHAS TIPH JISKTPOJIU3E JISASTHOW YKCYCHOM KUCIIOTHI, IIPOMYIICHA Ye-
pe3 CKIIHKY ¢ KOHIIEHTPHUPOBAHHBIM PACTBOPOM THIpOKcHaa HaTpus. [Ipu 3ToM Macca CKISTHKA
yBenu4miach Ha 5,5 r. Onpenenure o0beM ajakaHa, 00pa30BaBIIETOCS B MPOIIECCE DIEKTPOIIH3A.

Pewenue:
2 CH3COOH — CH3-CHz+ 2 CO2 + H2
Macca CKIISIHKH CO IIEJIOYbI0 YBEITUYMIIACh B Pe3yJIbTaTe MOTJIOUIEHUS OKCUIA yriepoaa

(V).

m(COz2)=5.5r

n (CO2) =5,5/44 = 0,125 (monn)

n (C2Hs) =2n (CO2) = 0,25 (moJ1b)

V (C2Hs) = n (C2He) - 22.4 n/monb = 5,6 11
Ortser: 5,6 1.

3aoaua 3.

Boansiii pactBop maccoit 1200 r, cogepxamuii 86,675 r xyopuaa Kanusi, IOMECTUIIN B
AIIEKTPOJIN3Ep, CHAOKEHHBIN 1uadparMoit U MIIaTHHOBBIMU JIEKTpoaMu. Uepes pacTBOp B Tede-
Hue 4 yacoB 75 ¢ mpomyckanu Tok ciion 1 A. [IpoyKThI 2I€KTpoin3a HEMPEPHIBHO YIAJSITH U3
aneKkTposiniepa. KakoBa KOHIIEHTpals XJI0pUAA KaIus I0CIe OKOHYAHUS PEAKIUU?

Pewenue:

2 KCl +2 H20 =2 KOH + H21 + Cl21

Cu (KCI) = 1000 - n.(KCI)/Vppa (KCI)

n (KCl)= 285,675 :74,5=1,15 (Mo1p)

Cu (KCI)=1000 - 1,15/12000 = 0,96 (mMoib/m).

Yepes pactBop nponymeno: Q=1-t=1 A - 375 c = 14475 Ku (xyn0HOB).

Cornacno 3akony ®apaznes 96500 Ki Be13biBaroT anexktposns 1 r-akB Bemectsa. 14475 K BbI3o-
BET Pa3JIoKEHUE N I-3KB:

n=14475: 96500 = 0,15 (r-skB).

Ortser: 0,15 r-skB.

3aoaua 4.

Uepes 2 1 pacTtBopa cynbdara My MPOMyCKadn TOK B Te€UeHHE 45 MUH, TIPU dTOM U3
pacTtBopa BblIeTIIOCH 1,6 T Meau. Beruucnure cuiy TOka, MPOIMIEAINIETO Yepe3 AJIEKTPOIIUT, a
TaK)ke HOPMAJIbHYIO KOHIIEHTPAITUIO pacTBOpa Cyib(haTa MeIu Mepe/l HauajaoM AJIEKTPOIIN3a, €CIIH
M3BECTHO, YTO B XOJI€ PEAKIUU BbIAEAETCS TONbKO 45% Menu, comepxanieiicss B pacTBope.

Pewenue:

Jlns Beipenenns 1,6 v meau (Ms = 64 : 2 = 32), t.e. 1,6 : 32 = 0,05 (r-3kB) HEOOXOIUMO

0,05 - 96500 = 4825 K.
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Cwita Toka, IPOIIEIIETO Yepe3 dAEKTPOIU3ED:
I = Q/t=4825/45-60=1,787 A.

B xoxae npornecca Beaenuiiocsk 0,05 r-skB Meau, 4To coctaBisieT 45% ot 001Iero Komye-
CTBa MeJiU, cojiepkaiieicsa B pactBope. CienoBarenbHo, B 2 1 pactBopa Haxoauiock 0,05 : 0,45
=0,1 r-3kB cosm. [ToaTOMY HOpMaTbHAsI KOHIICHTPAIIHM KCXOAHOTO pacTBopa Cybdara Meau co-
CTaBHIIA:

0,1 :2=0,055 r-sks/1, 1.e. Cy (CuSOs) = 0,55 H.
Ortsert: 0,55 H.

3aoaua 5.

Won, mosydeHHsIit TPy IEKTPONIH3e BOJHOTO PACTBOpPA HOM/Ia Kalus B TedeHne | aca,
orrtutpoBanu 20 ma 0,05 M pactBopa tuocynbdara Hatpus. KakoBa Oblia cuiia TOKa IpH dJI€K-
Tponuze? Kakoit o0bem Bogopona oOpa3oBaiics B IMpoliecce 3JIEKTPOIU3a, €clid TeMIepaTypa
6bu1a para 20 °C, a maBnenue 750 MM pr.cT.?

Pewenue:

2KI+2HO0=H>+2KOH + I, Q)

O6pasyrommuiics iiox orturpoBan NaS;03  (2)

I> + 2 NaxS203 = 2 Nal + Na2S406

[To ypaBuenuto peakuuu (2) 1 r-skB Na2S203 cootBeTcTBYeT Y2 MO |2

B 20 M 0,05 M pactBopa THocynbhara Hatpus coaepxanock 0,02 - 0,05 = 0,01 (r-skB)
NaS203. CnenoBatenbHO, B IOTy4eHHOM pacTtBope coaepxkanock 0,005 monsa iioga umu 0,005 -
254 =0,127 (1) itona.

Cuna Toka, IpOomyIeHHOr0 Yepe3 pacTBop:

I =0,127 - 96500/127 - 3600 = 0,0268 (A).

ITo ypasuenuto peakuuu (1) n (H2) = n (I2). [Tostomy Ha karoae Bbiaenuioch 0,005 -
11200 = 56 (M) Bomopoa (H.y.). B ycnoBusix, ykazaHHBIX B 3ajja4e, 3TOT 00bEM COCTABUT:

V =56-760-293/750 - 273 = 60,9 (mm).

OTset: 60,9 M.

IMpakTuyeckas padora Ne8 (4 yaca)
Tema: Oco0eHHOCTH OJTHMIINAIHBIX 32124

Ha onumnuanax KpaiiHe pellIKo BCTPEUaroTCs 3aJaud, PEelIEHUE KOTOPBIX 3aKII0YaeTCs B
MOJICTAHOBKE YMCIIOBOTO MaTepuasia B U3BeCTHBIC (hOpMyJibl. BOTBITMHCTBO 3a7a4 sSBISETCS He-
CTaHJapTHBIMHU, KQU€CTBEHHBIMH, MIPEIHA3HAUCHHBIMU IJI1 Pa3BUTHUS U (POPMHUPOBAHUS TBOpUE-
CKUX criocobHocTeil. YacTo npeanararorces 3aadu ¢ HEJOCTaTKOM MIIM U30BITKOM MH(OPMALINU.
VYyaruecs: Win CTYACHTHI TEPAIOTCS U HE MOTYT B OOJBIIMHCTBE CIIy4aeB UX pemuThb. [Ipu aTom
3aJ1auy C HEJOCTATKOM HWH(OPMAIIUH, TPEOYIOIIHNE MOMCKA IOTTOJTHUTEIBHBIX TAHHBIX, PEIIAfOTCS
qaiie, 4eM ¢ u30bITkoM uH(popmanuu. J{Jis penienuss MHOTUX 33]a4 HE00XO0JMMO UCTIOIh30BaTh
TEOPETHUECKHE OCHOBBI CPa3y HECKOJIBKUX Pa3/IeJIOB XUMHUU, T.€. KOMIUJIEKCHO MPUMEHSITh HaKOTI-
JICHHBIE 3HAHUA.

MO>XHO TPEJIOKUTH CIEAYIONIYI0 CXEMY peIleHus 3aadn. TmaTeabHO0 03HAKOMBTECH C
YCIIOBHEM, TIPOYUTAB TEKCT HECKOIBKO pa3. 3aluIINTe BCe YCIOBUs U TpeboBaHus. Yetko chop-
MYJIMPYHUTE TIeNTb 3a7a9i. B yci1oBuM 331241 MOXKET OBITH OJTHOBPEMEHHO HEJAOCTATOK U N30BITOK
uH(popMaluu. B cBS3M ¢ 3THM, TIPEXK/E BCETO BHIOEPUTE CBEAEHUS, KOTOPHIE MOHAAO0STCS s
pEIIeHUS 3a/1auH, 3aTeM COCTaBbTE CITUCOK HEOCTAIOIINX TaHHBIX, KOTOPBIE MPEICTOUT HANTH B
cripaBoYHHMKaxX. OUeHb 4acTO PEUICHUIO 3314 IOMOTAIOT Pa3IMYHOTO pO/ia aHAJIOTH, T.€. IPyTue
00BEKTHI, 00HAPYKUBAIOIINE CXOJCTBO MTPEAMETOB, IBIICHUH, MPOIIECCOB. MBICTIEHHO TIepedbepuTe
B MAMSITH CITy4ad, XOTs Obl OT/JaJICHHO HATIOMUHAIOIINE OMKMCAHUE 33/1a4H, U, BCIIOMHUB, KAKUM
CIocoO0M peltairch aHAJIOTUYHbBIE 33a4H, TONBITAUTECH IEPEHECTH CIIOCO0 PeIlleHNs B TaHHYIO
cutyanuio. Bo Bpems nmoucka myTu peuieHus 3aa4u cTapauTech UCIOJIb30BaTh BCE UMEIOLIUECS
y Bac 3HaHUS, IPUOOPETEHHbBIE KaK B Kypce XUMUH, TaK U MOYEPIIHYTHIE U3 MOMYJIIPHONH HAyUYHOU
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autepatypsl. [lonp3yliTech 3HaHUSAMH U3 GU3UKU, MATEMATHKH, OMOJIOTHUH, T€OJIOTHH, punocodhun
AJid pCHICHUA XUMHUYCCKUX 3a/ia4d, U HaO60pOT, I/ICHOJIB?;yf/’ITe XUMHUYCCKUC 3HAHUA TPU U3YUCHUU
JNPYTUX JUCIUTUINH.

OnumnuaaHbie 33712494 1Mo (opMe MOCTPOCHUS U XapaKTepy COAEPIKaHUS MOTYT OBITh TECTO-
BBIMH, 33Jla4aMU C HEMOJHBIM YCIIOBHEM, 3a/1a4aMHU-KPOCCBOP/IaMH, 337a4aMH-T'0JIOBOJIOMKAMH,
3ala4aMU-JIOBYIIIKaMHU, KOM6I/IHI/IpOBaHHBIMI/I (KOMHHCKCHBIMI/I) " TBOPYCCKHUMU 3aJa4YaMU.

Hpez[naraeM B KQUECTBC IIpUMEPaA 3a1a4y TECTOBOI'O XapaKTepa A1 1 — 3 sramoB OJIMMITIHM A
10 XUMUH.

3adaua 1.

[TpuBenuTe MakCHMMaabHOE YHCIO CYIIECTBEHHO Pa3JIMYAIONIMXCS YPAaBHEHUN pEaKIuii, B
pe3yJibTaTe KOTOPBIX 00pa3yeTcst XJIOpUA HUKEIS.

Pewenue:
Mertaja + HeMeTal: Ni+Cl; —»
Mertai + KucioTa: Ni+HCI —»
Oxcuj + KHCIoTa: NiO + HCl—
I'mapokcuna + HCI: Ni(OH)2 + HCI —»
Coup + mMeTam: Ni + HgCl, —»
Colb + HEMETAII: NiBr + Cl; —
Couib + KHCIIOTA: NiCOs3 + HCI —»
Coutb + coub: NiSO4 + BaCl; —»
OcHOBHas coJIb + KUCIIOTA: Ni(OH)CIl + HCI —»

OxucneHue XJI0poM OMHAPHBIX coequHeHi HuKens, Hanpumep:  NisC + Clo —

BoccranoBiieHue coeIMHEHUI HUKENS B OoJiee HU3KUE creneHu okucienus: Ni2Oz + HClI —
Bo03MOXHBI U ApyTHE BApUAHTHI.

3adaua 2.
Kakue ra3sl MoryT oOpa3oBBIBATHCSA MPU B3aWMOJEUCTBUU MPOCTHIX BEIIECTB C BOJIO?

Hanumure ypaBHeHHs] COOTBETCTBYIONINX peakiuid. Kakue n3 HUX HaXOIAT MPaKTUUECKOEe TMPHU-
MeHeuue?

Pewenue:

Ha: (Ca + H20) (1)
02, HF, Os: (F2 + HZO) (2)
HCI: (Cl2 + H20) 3)
CO, COa: (C+ H0O « CO +Hpy) 4)

(CO + H20 «» CO2 + Hy)

t
(Fe + H.O —) (5)

[Tpumenenue HaxoasT peakuuu (1) u (4).

3aoaua 3.

CocTaBbTe ypaBHEHMSI TEPMHUUYECKOTO PaA3JIOKEHUsS CIEAYIOIIUX COJIe aMMOHHUA: KapOo-
HaTa, XJOopHJa, cyabdaTa, AMXpoMara, THAPOCyIbpuaa.

3aoaua 4.

HasoBwurte msTh BEIIECTB, COCTOSIINX HE 00JIEE YeM U3 TPEX AIEMEHTOB, KaXk10€ U3 KOTOPHIX
NIPY HATPEBaHHUHU Pa3JiaraeTcs C BBIJCICHHEM KHCIOPOa, mpuueM Macca Boiaenusiinerocs Oz co-
CTaBIIsIET MPUMEPHO 35% Macchl pa3ioKHUBIIETOCs BemiecTBa. Kakue U3 3TUX BeliecTB Hanboee
HPUTOJIHBI JIJIsl UCTIOJIb30BAHUS B KAUECTBE OKUCIIUTEIIS PAKETHOTO TOILIMBA?

3adaua 5.
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Brruucnure Macchl pa3iMuHbIX BELIECTB, MPU AECHCTBUU Ha KOTOpPbIE BOJAOW BhIensaeTcs |
M Bosoposa.

Ecnu npu Hanmucanuu ypaBHEHUH y Bac BO3HUKIM TPYAHOCTH, oOparutech K riase Il
«Omnpenenenue cocraBa cMecei BEIIECTB U CILJIaBOBY.

3aoaua 6.
Kakune n3 xumMudeckux peakiuii OyayT npoucxoauts npu nponyckanun Oz CO2 SO2 NO-
gyepes B3BecH kapOoHaToB kanbius, mapranma (I1), sxenesa (1), nuaka?

OcTaHoOBUMCS HA 3A0a4ax-108YuWKax, TAMUYHBIX IJIs1 OJIUMITHAI.

3aoaua 7.

Kunkocts A pacTBOpuMa B BOJIE M U3MEHSIET OKPACKy pacTBOpa JJAKMyca Ha KPAaCHBI LIBET.
OTHOcuTeNBHAS IIOTHOCTH NAPOB BEIECTBA A 110 BO31yXy cocrasisier 3,17. B pesynbraTe cro-
panust A oOpa3zyercsa Tonbko aBa npoaykra: CO2 u H20. XKungkocts pearupyet npu 0OBIYHBIX
YCIIOBUSIX C HATPUEM U IIEJI0YaMU, IPUYEM IPU TUTPOBAHUM 2,7 T BellecTBa A B NPUCYTCTBUU
denondranenna pacxon pactopa menouu, rae C (KOH) = 1 monb/n, coctausier 58,7 mi. Hazo-
BUTE 3TY KUJIKOCTb.

Pewenue:

371ech JOBYLIKA 3aKJII0YAETCs B TOM, YTO MOJISIpHAs Macca BEILECTBA, BHIYMCIEHHAS U3 OT-
HOCHUTEJIbHOU MJIOTHOCTH MAapoB MO BO3yXY, cocTtaBiseT: 29 - 3,17 = 92 r/monb. Ho skBUBaneHt-
Hasi Macca KUCJIOTbI, BBIYMCIIEHHAs U3 PE3YJIbTaTOB TUTPOBAHMUS, COCTABIISET:

27r A — 58,7 -10° mons KOH

xr A - 1wmoms KOH

x = M, (A) =46 r/momn.

XKunxocts A MOXkeT ObITh IByXOCHOBHOH KucinoToi, 2 M (COOH) = 90, nosToMy MossipHast
Macca OJIN3KO COOTBETCTBYET BHIYMCIEHHOMY 3HAUEHHUI0, TEM 00JIee, YTO OIpeieIeHIE MOJISIPHOI
Macchl [0 IUIOTHOCTH NApoB JAeT JUILb NpuOau3uTensHoe 3HaueHne M. OiHako 1iaBeneBas Kuc-
JI0Ta He ABJIAETCS KUAKOCThI0. Bo3mosken BapuanT C3HgOs (rnuiepun), HO TpeXaTOMHBIE CIIUPTHI
HE U3MEHSIOT OKPAaCKU MHIMKATOPOB U HE TUTPYIOTCS KUCIOTaMU. AHAJIOTHYHO MOKHO MCKIIIO-
YUTh BapUaHT OKCH- U alIbJIETUOKUCIOTHL. B ueM ke 3aKirodaercss BBIXOJ U3 CO3/1aBILIErocs 3a-
TpyAHEHUs1? MOXHO MPeINoI0XKHUTh, YTO B Ta30BOM (aze A COCTOMT U3 MOJUMEPHBIX MOJIEKYI,
HarpuMmep u3 quMepoB. Torga M = 46 1/Moib. DTO 3HaAY€HHUE COOTBETCTBYET OJTHOOCHOBHOUM MY-
pPaBBUHON KHCIIOTE. Y CIIOBUE TUTPOBAHMSI TAK)KE NOATBEPIKIAET 3TO MPEATIONOKEHHE.

Oteer: HCOOH.

Taxum 00pazom, NpH pelIeHu  3a71a4 HE0OX0IMMO YUUTHIBATH MOJUMEPHU3ALMIO MOJIEKY,

nanpumep, (HF)x, (CH3COOH)y, N2Oa.

3aoaua 8.

Kakoii u3 ra3oB umeer npu HOPMAJIbHBIX YCIOBHUAX OOJBIINN MOJSPHBIA 00bEM: aMMHUAK
WJY BOJIOpoa?

Pewenue:

Ha mepBoIii B3], MOJISIpHBIE 00BEMBI TIOJDKHBI OBITH paBHHI (110 3aK0HY ABorajipo). O-
HAaKO 3aKOH TMOCTOSIHCTBA MOJIIPHBIX 00BEMOB CHPABEAIUB JIMIIb Ul WACATbHBIX I'a30B, MOJeE-
KYJIBI KOTOPBIX PUHUMAIOTCS 32 YaCTHUIIBI, IPAKTUICCKH HE MMEIOIHE Pa3MEPOB U OTTAIKHBAIO-
mMecs IpyT OT JIpyra Mo 3aKOHy yNnpyrux mapos. Takum o0pa3om, paccMaTpuBasi ra3 Kak ujae-
aJbHBIN, MBI IPEHEOpETaeM pa3MepaMH €ro MOJIEKYJI U CHIIaMH MEXMOJIEKYJISIPHOTO B3aUMO/IEH-
ctBUsl. O4YEBUHO, YTO MPUTSIKEHUE MEXAY MOISIPHBIMU MOJIEKYJIaMH aMMHUaka Oyjer Ooiblie,
YeM MEeX/1y HETIOJISIPHBIMU MOJIEKyJIaMH BOIOpOa. 3HAYUT, U1 aMMHaKa OTCTYIIJICHHE OT Teope-
TUYECKOT0 3HAYEHUSI MOJISIPHOTO 00beMa OyzeT OonpIuM mpH H.y. (22,414 1/M07b), TOCKOIBKY
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pU OOBIYHBIX JABJICHUSIX CPEIHEE PACCTOSHUE MEXIY MOJIEKYJaMH HAMHOI'O MPEBBIIIAET CO0-
CTBEHHBIC pa3Mepbl MOJIEKYJ. J[jsi ciipaBKu PUBOIUM UCTHHHBIE 3HAYCHHSI MOJISIPHBIX 00bEMOB

9THX ra30B IPH H.Y.:
Vm (NH3) = 22,08 ini/momnb; Vi (H2) = 22,43 11/M071b.

3aoaua 9.
OO0mbsacHute, noueMmy raz NOz HM NpH KakuX yCIOBHSAX HE MOAUYMHSIETCS 3aKoHY boitnsa —
Mapuotra (V ~ 1/p). HazoBute apyrue ra3sl ¢ moJOOHBIM HOBEICHHEM.

B 3a0auax-zonoeonomxax npennonaracTcs yCTaHOBUTb OJHO MJIM HECKOJIBKO BELIECTB IO
ONKCAHUIO MX MPEBPALICHUH, MOJTHOCTBIO WM YaCTUYHO 3alIM(pOBaHHOMY. DTH 3aJlauu sBIIS-
OTCA HC CTOJIBKO CJIOKHBIMHU, CKOJIBKO HCIIPUBBIYHBIMUA [JI4 yYalIUXCH. Onu Tpe6y10T XUMHYC-
CKUX 3HaHUM, HOYEPIHYTHIX U3 IOMOJIHUTEIBHON JINTEPATYPhl, U UX PEIIEHUE OTPAKAeT XUMUYe-
CKUH KpYyro3op KOHKypcaHToB. OOLIMil MOIX0/] K PELIEHHIO 33/1a4-T0JIOBOJIOMOK 3aKJIFOUAeTCs B
cilefyroueM: Heo0X0AUMO UIEHTU(GULUPOBATh XOTs Obl OIHO U3 BEILECTB, a 3aTeM yxke Jemud-
pOBaTh BCIO LIENOYKY IIPEBPAIICHUM.

3aoaua 10.
Harnumumre B ssBHOM Buje peakuuu (1) - (7), eciin U3BECTHO, YTO CpeId BemecTB X2, Y2, A2,
b2 ipu OOBIYHBIX YCIIOBUSX HET TBEPIBIX:

X2 + Yz =2 XY (1)
X, + B2 =2 BX (2)
Yo.+B,=2YB 3)
XY +5,=Xb+YBb 4)
XY +H20 = HX + HOY (5)
2XB+A,=X2+2Ab (6)
3 A2+ X2 =2 XAs. (7

Otser: X2— Bra, Y2 —Cla, A2 — F2, B2 — Ho.

3aoaua 11.

OkxkparreHHas conb X, OTHOCSIIAsACA K OMHApHBIM COSMHEHHSIM, HE PAacTBOpHUMA B BOJIE, HO
pacTBopuMa B coisiHOM kucioTe. [Ipu aToM BeIensieTcs ra3 ¢ pe3kuM 3amaxom ['1 u obpasyercs
6neaHOOKpaleHHbIH pacTBop 1. Ecnu k pacTtBopy | mpuianTh pacTBOp 1en04u, 0opa3yercst oKpa-
HIEHHBIN 0cajioK, Oyperoluii Ha Bo3ayxe. IIpu nefcTBUM CONSIHOM KHCIOTHI Ha MOJIyYHBILIEECS
coearHeHue A o0paszyeTcs TO e BELIECTBO, YTO IPU MPOIyCKaHUU XJiopa uepe3 pactBop 1. Ilpu
KHUISTYCHUU X ¢ paCTBOPOM a30THOM KHCIIOTHI BO3MOXKHO BBIJIeJIEHHE OeclBEeTHBIX Ta30B [2u I3,
KOTOpBIE NP Pa3HBIX YCIOBUAX pearupyror ¢ kucnopoaoM (I'2 - 6sictpo, ['3 — ToIbKO B pUCYT-
CTBUU KaTaJu3aTopa Ipu HarpeBaHuu). B pesynbrare B3aumoaeiicTBus pacTBopoB razoB ['1 u '3
oOpazyertcs npoctoe BeuiectBo [l u Bona.. Eciu I'1 pearupyer co mienousto, o6pa3yercst pacTBop,
MIPUJIMBaHUE K KOTOpoMy pactBopa 1 maet ocamok X. Ha3oBuTe Bce BElIECTBA, HAMMUIIIUTE YpPaB-
HEHUs peaKluil.

Pewenue:

[To onmcaHMI0 MOXKHO TPEANOIOKUTH, uTO A — 310 Fe(OH)s, Torna X — OunapHoe coenu-
HeHue xene3a. [TockonbKy mpoaykTel B3aumoseiictsus pacteopa 1 ¢ Clo u A ¢ HCl uaentnunsr,
3gauut, Clz oxucasger FeClz no FeCls.

MO>HO TPEANOIOKUTh, YTO MpH B3aumoaericTuu X ¢ HCI obpa3oBanocs BogopoHOE CO-
eIMHeHNe HeMeTaa, Ho Toraa I's — ra3o00pa3Hblil OKCcua, TOCKONIBKY 1o peakiuu ['3 + I'1 oOpa-
3yeTcs MPOCTOE BEIIECTBO M Bojia. [loyuyaeM eauHCTBEHHOE pemieHue 3aaaun: '3 —31o SO2 (SeO:
— TBEpPJIOE BEIIECTBO, HE TOBOPS yxke 00 okcuaax temrypa); X — FeS; 't — HoS; Iz —NO; A —
Fe(OH)s.
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33,[[3‘11/1 l'IOI[O6HOFO THIIA, a TaK¥XKEC KOM6I/IHI/IpOBaHHI>Ie, TBOPYECKHUEC U 3a]a4r C HCIIOJTHBIM
YCJIIOBUCM, PACCMOTPCHBI KaK B criocodax peuiCHus 3aia4, TaK U B I'IaBaX, IIOCBAIICHHBIX OTACIIb-
HBIM THIIaM 3aaa4.

3aoaua 12.
Pacmm¢pyiiTe cxembl npeBpaiieHuii:

MEJICHHO
Oneym + K (kucnmora) — A (okcun); A+ HxO — K;
t
A — Jl1(ra3) + 12 (ra3) (co B3phIBOM);
K (kucnora) + K2CO3 — Ei1 (conp) + CO2 + H20;
t
E1— 1>+ Ea.
Otset: K — HCIO4, A — Cl207, 11 — Clo, 12 — O2, E1 — KCIOa.

3aoaua 13.

Kakoii MakcuMalbHBI ¥ MUHUMAIBHBIA 00beM KUCIIOpoa TpeOyercs s coKxuranus 1
ra3o00pa3HOro BOJIOPOTHOIO coeAuHEHUs ¢ popmyioit DHn?

Pewenue:

Jlist cocTaBieHus AJIEKTPOHHOIO OajlaHca MPUITUIIEM YCIOBHO BOJIOPOJY CTEIIEHb OKHUCIIE-
Hus +1:

" — D% + ke 4

20%+4e >20% k

Haubonpmumii 06beM Kucmopoja nmotpedyercs B ciyyae Hanbosee riyOOKOro OKUCICHHS
DIIEMEHTA; B 33JaHHBIX YCIOBUAX MAaKCUMAJIbHO CTETICHb OKHCIICHUS DJIEMEHTA MOTJIa U3MEHHUTHCS
Ha 8 enuHuL. Torga MakcUManbHbIM 00bEM KHCIOPOJa COCTaBHI 2 J1 (YCIOBHO YIOBJIETBOPSIOT
CHy4, PH3: CH4 +2 02 — ...).

MuHUManbHBIM 00beM KHCIIOpoia TPeOYeTCs B TOM cilydae, KOT/ia CTeleHb OKMCIICHUS dJie-
MEHTa U3MEHSETCS JINIIb Ha eAUHMILY. Toraa B BOJIOPOJIHOM COSIMHEHHUH 3JIEMEHT HaXOIUTCS B
CTEIEHH OKHCIIEHUsSI —| ¥ OKHCIISeTCsl O MpocToro BeriectBa. B atom ciydae V(02) = 0,25 m.
YcnoButo yaoBIeTBOpsIET CxUTanue B kucimopoze Hl: 4HI+02=21I+2H0.

6 IMJAKTUYECKHUE MATEPHUAJIBI U1 KOHTPOJIAA (CAMOKOHTPOJIA)
YCBOEHHOI'O MATEPHAJIA

6.1 Oneno4HnbIe cpeacTBa, MOKA3aTEJIH M KPUTEPUH OLICHUBAHUSA KOMIIETCHIM I

HNupekce
KOMIIETeH~ Onenounoe IToxa3zaTenn Kpurepun oueHuBanus }

- CPeACTBO OLICHMBaHUS c()OpMHPOBAHHOCTH KOMIIeTEHIU I
OIIK-5, KonrponsHast | Huzkuii — HEyj0- | JOMYCTHIT YUCIIO OIIHMOOK M HEJ0YETOB MPEBOC-
OIIK-8, pabota BJICTBOPUTENILHO | XOJSII€e HOPMY, IPH KOTOPOH MOXKET OBbITh BbI-
[TK-2 CTaBJIeHa OIIEHKA «3»

[ToporoBblif — | eciiu CTyA€HT MPaBUWIBHO BBIMOJIHUI HE MEHEe
YIOBJIETBOPH-  |TIOJIOBUHBI PaOOTHI WIIA JOMYCTUII: HE OoJee
TENBHO JBYX IpyObIX OIIMOOK; WK HE Oosee oTHON

rpy0oii 1 OHOM HEeTPyOOil OIMMOKU U OJTHOTO
He/loueTa; UK He OoJiee IByX-TpeX HerpyObIX
OIIMOOK; UM OJTHOM HerpyOoi OMMOKH U Tpex
HE/I0UETOB; WM IIPU OTCYTCTBUH OIIUOOK, HO
IIPY HAJIMYUU YEThIPEX-TISITH HEI0UETOB.

ba3oBeIii — X0- CTYZACHT BBIITOJHIII pabOTy MOJIHOCTHIO, HO JI0-
poIIo MyCTHJI B HEM: He Oosiee 01HOM HerpyOoi
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OIMOKY ¥ OJTHOTO HEJ0YeTa WU He 0oJiee IBYX
HELOYETOB

Bricokuii — oT-
JINYHO

pabota BeIIoIHEHA Oe3 OMMOOK, yKa3aHbl BCE
pacueTHble HOPMYJIbI, CANHHIBI H3MEPEHUsI, 0e3
OIIMOOK BBIINOIHEHEI MATEMATHYECKHUE PacUCThbL

Pacuernbie Huzkuit —Heyno- | 1OMyCTHII YUCIIO OIMOOK U HEJ0YETOB IIPEBOC-
3a1a4u BJICTBOPUTEIIHO | XOJSIIee HOPMY, IIPH KOTOPOH MOXKET ObITh BbI-
CTaBJICHA OLICHKA «3»
IToporoBelii — | CTYyZAEHT NPAaBWIBHO BBIIIOJHUWI HE MEHEE I0JI0-
YIOBJIETBOPH- | BUHBI paOOTHI HJIK JOIYCTHIL: HEe OoJiee ABYX Ipy-
TEBHO ObIX OIIMOOK; WIIH He OoJiee 0JTHOM rpyOoii U Of1-
HOU HerpyOoi OMMOKU U OTHOTO HEAO0YETa; UITU
He OoJiee IBYX-TpeX HErpyObIX OMIMOOK; WIIH OJI-
HOM HerpyOol OmMOKU U TPeX HEAOYETOB; WU
MIPU OTCYTCTBHUH OIMHUOOK, HO ITPU HAJTUIUH YEThI-
pEX-IATH HEOYETOB.
ba3oBbIil — X0- | CTYAEHT BBINOJHUI PabOTy MOJHOCTHIO, HO JO-
pouio NycTUJ B Heil: He Oonee onaHOM HerpyOoit
OIIMOKK U OJTHOTO HeJIoYeTa WM He 0ojee ABYX
HEJI0YETOB
Bricokuit — pabota BbImosHEeHa 0e3 OMMOOK, yKa3aHbl BCE
OTJIMYHO pacueTHbie POPMYJIbI, €AUHUIIBI U3MEpPEHus, Oe3
OIMOOK BBIIOJTHEHBI MATEMATUYECKHE PACUETHI
Tect Huskuii — 10 60 |32 BepHO BBINOJHEHHOE 33JaHUE TECTUPYEMbIN
0ayIoB (HEYIOBJIE- | TOJyYaeT MaKCHMalbHOE KOJIMYECTBO OasuioB,
TBOPUTEIBHO)  |MPEAYCMOTPEHHOE I STOTO 3aJaHUs, 3a He-
IToporoeslit — 61- |BepHO BBIIOTHEHHOE — HOMB OaiioB. ITocite mpo-
75 6amioB (yao- |XOXAEHHs TeCTa CyMMHUPYIOTCSl PE3YJIbTAThl BbI-
BJICTBOPUTEJILHO) |IIOJIHEHHS BCEX 3aJaHUM.
Baszosslii — 76-84 |IloacuuThiBaeTCs MPOLIEHT PABUIILHO BBIIOJI-
0aJJI0B (Xopomo) HEHHBIX 3aJJaHUI TECTa, MOCIIE YEro 3TOT MPOo-
Bricokuit — 85-100 | IEHT IEpEBOAUTCA B OLICHKY, PYKOBOJACTBYSCH
0aJJIoB (OTHHqu) YKa3aHHBIMHU KPUTECPHUSIMHU OLICHUBAHUS.
CobGecenoBa- | Huskwmii —Heymo- |He3HaHHE MPOTPAMMHOTO MaTepHaa;
HHE BJICTBOPUTENILHO |IIPHU OTBETE BO3SHUKAIOT OLINOKHU;
3aTPYJIHEHUSI MPH BBITOJTHEHUH NPAKTHYECKHX
pa0or.
IToporoBelii — | yCBOEHME OCHOBHOT'O MAaTEPHANIA;
YIAOBJIETBOPU-  |IIPU OTBETE JOMYCKAKOTCSI HETOUHOCTH;
TEIBHO MIPU OTBETE HEJIOCTATOYHO MPABUIBHBIE POpPMY-

JIMPOBKMU;
HapylUIEHUE MOCIE0BATEIIbHOCTH B U3JI0KEHUHT
MPOrPAMMHOI'0 MaTepHUana;

3aTPY/IHEHUS B BHITIOJIHEHUU MTPAKTUYECKHUX 3a-
JaHUM.

bazosBrwiit — x0-
pouio

3HaHUE MPOrPAMMHOI0 MaTepHUana;
rpaMOTHOE U3JI0XKEeHHE, 03 CYIIECTBEHHBIX He-
TOYHOCTEN B OTBETE HA BOIPOC;

MPAaBUIbHOE TPUMEHEHUE TEOPETUUECKUX 3HA-
HU;

BJIaACHHUC HGOGXOI[I/IMBIMI/I HaBbLIKaMU ITPU BbI-
MTOJIHEHUM M MPAKTUYECKUX 3a7a4.
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Bricokuit — oT- | TIy0OKO€ U TPOYHOE YCBOEGHUE TPOTPAMMHOTO
JIUYHO MaTrepuana;

MOJIHBIE, TIOCIIEI0BATENbHBIE, TPAMOTHBIE U JIO-

TMYECKHU U3JIaraéMble OTBETHI IIPU BUIOU3MEHE-

HUM 3a]JaHHS;

CBOOOJHO CHPABIISIOLIUECS C MOCTABICHHBIMU

3aJla4amMu, 3HaHUS MaTepuaa;

MPaBUJIBHO OOOCHOBAaHHbBIE IPUHATHIC PEIICHNUS;

BJIaJICHUE PA3HOCTOPOHHUMH HABBIKAMU U IIpUE-

MaMU BBINOJIHEHUS [TPAKTHUYECKHUX PadoT.

6.2 HpOMe)KyTO‘lHaﬂ aTTeCTanud CTYACHTOB 0 TUCIHHUIIJINHE

[IpomexxyTouHas aTTecTalus sABISETCA IPOBEPKOM BCEX 3HAHMI, HABBIKOB U YMEHUM CTY-
JIEHTOB, MPUOOPETEHHBIX B MPOIECCE U3YUCHUS TUCITUTITUHBL. DOPMOI MPOMEKYTOUHOM aTTeCTa-
LMY 110 TUCLMIUINHE SABIISETCS 3a4eT.

Jly1st o1leHuBaHUsI PE3yJIbTATOB OCBOCHUS AUCIUIUIMHBI IPUMEHSIETCS CISAYIOIINE KPUTe-
pUU OLICHUBAHUA.

Kpurtepun oueHnBaHus yCTHOIO OTBETa HA 3a4eTe

OueHka «3a4TeH0» BbICTABIIACTCS CTYACHTY, €CIU:

1) BOIPOCHI PACKPHITHI, H3JI0KEHBI JIOTHYHO, 0€3 CYIMIECTBEHHBIX OIINOOK;

2) MoKa3aHO yMEHHE HUTIOCTPUPOBATH TEOPETUIECKUE MOT0KEHHSI KOHKPETHBIMH TIPHUMeE-
pamu;

3) MpPOAEMOHCTPUPOBAHO YCBOCHHE pPaHEEe H3YyUYCHHBIX BOIPOCOB, CPOPMHUPOBAHHOCTH
KOMIIETEHIINH, YCTOMYUBOCTh UCIIOJIb3yEMBIX YMEHUN U HABBIKOB.

JlomyckaroTcss He3HAYUTEIbHbIE OIIUOKH.

Ouenka «He 3a4TEHO0» BHICTABIISIETCS, €CIIU:

1) He pacKpBITO OCHOBHOE COJIEp)KAaHNE yUueOHOr0 MaTepraa,;

2) oOHapy>KeHO HE3HaHHE WM HEMOHHMaHWEe OOJbIIeH WM HauOoJiee BaKHOM YacTH
y4eOHOro Marepuana;

3) momyIIeHbl OMMOKU B ONPEACICHUH MOHATHIH, KOTOPbIE HE HCIPABJICHBI MOCTE He-
CKOJIBKMX HaBOJSILIIUX BOIIPOCOB;

4) He chopMUPOBAHBI KOMITIETEHIIMH, YMEHHS 1 HABBIKH.

IIpuMepHBbIii NepedYeHb BOIPOCOB K 3a4eTy

1. Teoperudeckrne OCHOBBI METOAMKH O0OyUEHHS PEIICHUI0O XUMUYECKHX 3a/1ad. MecTo
3HaYeHHE XUMHUYECKUX 3a/1ad B CUCTEME IIIKOJIbHOTO XMMUYECKOTO COAEPIKaHUSI.

2. Knaccudukanus xumuueckux 3aaad. OyHKIUM pacUETHBIX U SKCIIEPUMEHTAIBHBIX
XUMHYECKHX 3a/1a4.

3. KomnereHTHOCTHbIE U KOHTEKCTHBIE 331a4H B 00yUYEeHUH XUMHUU.

4. TpeboBaHus Kk 00y4yaromMMCsI IPU PELICHUH XMMHUECKUX 3a7ay.

5. BxuiroueHne XMMHUYECKHX 337a4 B METOJIbl IPOOJIEMHOTO U MHTEPAKTUBHOTO 00yue-
HUSL.

6. MecTo XUMHUECKHUX 3aJ]ay B pa3IMYHBIX 00pa30BaTENIbHBIX MPOrpaMMax.

7. OueHUBaHUE PE3yJIbTATOB O0YUYCHHS XUMHUH C TPUMEHEHHEM XUMHUYECKUX 3a/1ad.

8. Meroanueckre MOAXO/Abl K PELICHHUIO THIOBBIX 33Jad M OLICHWBAaHHE PE3yJIbTaTOB
00y4eHHUs UX PEIICHUIO.

9. [IIpsmoit anrebpanyeckuit cnocoo.

10. Croco0 mpormopunroHAIBHOTO pacyera.

11. Ksagpar [Iupcona.

12. Pemenue 3a1a4 crmocoO0M MPOU3BOIBHOM TUITOTE3HI.

13. Pacuetsl o xumMudeckuMm opmynam. Beraucnenue maccoBbix fodiei (%) no ¢popmy-
JlaM BEIIECTB.
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14. CrexnomerpHyecKUe 3aKOHbI XUMHUH: 3aKOH COXPAHEHHs MacChl U SHEPTUHU BEILECTB,
3HaYeHHE €r0 B XMMHHM; 3aKoH noctosHcTBa coctaBa (K. Ilpycr), GepTomiuasl U 1adbTOHHIBL,
3aKOH KpaTHbIX oTHoIIeHuH (/. [lanbToH); 3ak0H ABOrasipo M CIEACTBUS U3 HErO; 3aKOH 00b-
emubix otHomenuit (K. I'eit-JIroccak); sxBUBaneHT, 3akoH skBuBaieHTOB (M. PuxTep).

15. OcHOBHbIE BETUYUHBI, IPUMEHSAEMbIE B XMMHUU: AaTOMHBIE U MOJIEKYJISIPHBIE MACCHI,
qucio ABorajpo, 1 a.e.M. (aToMHas €IMHULIA MAacChl), Macca aToMa U MOJIEKYJIbl; KOJIMUECTBO BE-
I1€CTBA, MOJIb — €IMHULIA U3MEPEHHsI KOJIMUYECTBA BEIIECTBA; MOJISIpHAs Macca, OpeieIeHue Mo-
JSIPHOM Macchl BEUIECTBA, MOJIIPHBIN 00bEM ra3000pa3HbIX BEILECTB.

16. CrexnomerpuyecKue pacyeTsl 10 ypaBHEHUSIM XUMUUECKUX peakuuii. Cxema pacueTa
10 XMMHUYECKOMY YPaBHEHHIO C MCIIOJIb30BAaHHEM MacC U 00bEMOB.

17. OxucnuTenbHO-BOCCTAaHOBUTENIbHBIE peakuuu. [IpaBuia cocTaBieHMsl ypaBHEHHM
OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX peakuuidl. MeToabl HMOHHO-3JIEKTpOHHOro Oananca. Pousb
Cpezbl B IPOTEKaHUHN OKUCIIUTEIbHO-BOCCTAHOBUTENIBHBIX MPOLIECCOB.

18. TI'anpBanmyeckwii 31eMeHT. HarpaBieHue u riryOnHa OKUCIUTEIbHO-BOCCTAHOBUTEIb-
HBIX PEaKIIHH.

19. DrexTponu3 Kak OKHCIUTEIHHO-BOCCTAHOBUTENBHBIN mpouecc. KonndyecTBeHHBIE CO-
OTHOILEHUS ITPU JIEKTPOIIN3E.

20. Haxoxxaenue MoJeKysipHO# popmyiiel BemectBa. Haxoxnenue GopMyiiel BemecTsa
10 MaCCOBBIM J0JISIM 3JIEMEHTOB.

21. Haxoxxnenne XuMHYecKor (hopMyITbl ra3000pa3HOTO BEIIECTBA 10 MACCOBBIM JOJISIM
3JIEMEHTOB ¥ OTHOCUTEIBHOM IJIOTHOCTH €r0 MO APYroMy rasy.

22. HaxoxaeHne XUMUYecKOi (popMyIIbl BEIIECTBA 110 MPOTyKTaM CrOpaHusl.

23. Cxema pacueTa 0 XMMHYECKOMY YPAaBHEHHIO C UCIOJIb30BAHUEM KOJUYECTBA Bellle-
cTBa. BbrunciaeHus: no XuMU4YeCKUM ypaBHEHUSIM Macc (00bEMOB) BEILIECTB 110 U3BECTHOM Macce
(06beMy) OHOTO U3 BCTYNAIOMIUX WM MOTYYAIOLUXCS B pe3yJIbTaTe PeaKlUy BEIECTB.

24. PacdyeTsl 0 XMMHYECKUM YPaBHEHHSIM IIPH YCIOBHH, YTO OJIHO U3 PEarHpyrOIInuX Be-
IIECTB JIaHO B U30BITKE.

25. PacdeTsl o TEpMOXMMHYECKHM YpaBHEHUSIM. Brruncinenne odbema raza, Heo0Xo1u-
MOTO JJISl peaKLUH C ONpeJIeIeHHBIM 00bEMOM JIPYTOro rasa.

26. OmpeneneHre MaccoBoi (0OBEMHOM JI0JIM) BBIXO/a TPOIYKTa PEAKIUU B TPOIIEHTAaX
OT TEOPETUYECKH BO3MOXKHOTO.

27. Beruucnenune macc (00beMa) MPOIyKTa peakIMy 10 W3BECTHOM Macce (00beMy) uc-
XOJJHOTO BEIECTBA, COAEPIKALIETO TPUMECH.

28. Haxoxxnenue (popMyJibl BEIIECTBA M0 YKa3aHHBIM B YCIOBUH 33/1a4H CBOWCTBAM.

29. OmnpeneneHue cocTaBa CMecei BELIECTB U CIIaBOB. MaccoBas 10151 KOMIIOHEHTA.

30. TunwmyHBIE peaKIK Pa3JI0KEHUS BEIIECTB, COCTABIISIONINX CMECH.

31. PactBOpsl. MaccoBas Jtonis BemiecTBa B pactBope. PactBopumocts. Kpucramiorusu-
partsl.

32. 3anauu Ha ompeneneHue GOpPMyIIbl KpUCTAIUIOTUpaTa.

33. 3ajaun Ha MPUTOTOBJICHHUE PACTBOPOB KPUCTALIIOTHIPATOB.

34. JleiicTBuUs ¢ pacTBOpaMu: pa3zdaBiieHHe, yIapuBaHHE, KOHIEHTPHUPOBAHUE, CIIMBAaHUE
JIBYX PacTBOPOB.

35. DiexTposu3 pacIiiaBoB U PacCTBOPOB.

36. 3akons! anekTposmsa (M. dapanes). [Iporiecchl, MpOTEKArONIME MTPH SJICKTPOITH3E.

37. OcoOGeHHOCTH OMUMIMATHBIX 3a1a4. DOPMBI MOCTPOSHHSI OJIMMIIHATHBIX 3a]1a4.

6.3 OueHovHbIe cpeacTBa AJIs1 IPOBEPKHU YPOBHS C)OPMUPOBAHHOCTH KOMIIETEHIIUI
YK-1, OIIK-8, IIK-2

TecTsl cofeprkat CiaeayoNre TUTTHI 3aTaHUN

Ne 3a1a Bec 3apa- | Pe3yabTaT oneHuBaHus (0aJ11bl, MOJyYeH-
Tun 3axanus -HI/IH HUSA Hbl€ 32 BBINOJHEHUE 3a1aHus / XapaKTe-
(06amn) PHMCTHKA NPABUJILHOCTH O0TBETA)
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3a/IaHMsl 3aKPBITOTO 1,2,3 1 Gamn 1 6 - monHOE MpaBMIIbHOE cOOTBETCTBUE; () O

THIIA C BBIOOPOM O/~ - OCTaJIbHBIC CITyYan

HOTO MpaBuiIbHOTO (1

u3 4)

3a/1aHMsl 3aKPBITOTO 4,5,6,7 |2 0auia 2 6 — MOJHOE MPABWIBHOE COOTBETCTBHE (I10-

THIIA C BEIOOPOM He- CJIEIOBAaTEILHOCTh BAPUAHTOB OTBETA MOXKET

CKOJIbKHUX TTPaBUIb- ObITh FO0OH); 1 6 — ecnu AoIyIIeHa OJHA

HBIX OTBETOB (3 U3 6) omuOKa / OTBET MPaBUJILHBIN, HO HE TIOJHBIH;
0 6 — ocTanpHBIE CITy4YaH

3aJIaHMsl 3aKPBITOTO 8,9 2 Oamia 2 0 — moJTHOE TIPaBUJILHOE COOTBETCTBHE; 1 O

TUTIA HA YCTaHOBJIC- — ©CJIH JIONyIeHa OJTHA OIMOKa / OTBET Ipa-

HUE COOTBETCTBUA (4 BWILHBIM, HO He MOJHEIH; 0 0 — ocTalbHEIE

Ha 4) caydau

3aJIaHKE 3aKPBITOrO 10, 11 2 baa 2 0 — moJIHOE MIPaBUJIILHOE COOTBETCTBHE; 1 O

THIIa HA YCTaHOBJIE- — ©CJIH JIONyIeHa OJIHa OIMOKa / OTBET Ipa-

HHE I10CJIEN0BATEIb- BWILHBIA, HO He MOJHEIE;, 0 0 — ocTalbHEIE

HOCTH cIyJau

3a/IaHMS OTKPBITOTO 12,13 3 Oaia 3 6 — mosHOE TpaBUILHOE coOTBETCTBHE; 0 O

THUTIA C KPATKAM OTBE- — OCTaJIbHBIE CITyYaHu.

TOM

3a/IaHusI OTKPBITOTO 14,15 S06amioB |5 6 — moOJIHOE MPABUIBLHOE COOTBETCTBUE;

THUIIA C PA3BEPHYTHIM €CJIM JIOMyIleHa OJIHA OIMWOKa/HEeTOYHOCTh /

OTBETOM OTBET IIPABWIBHBIN, HO HE MOJIHBIH - 3 Oaa;
€CJIM TOMyIIeHO 0oJiee OAHOM OMMOKHY / OTBET
HENPaBWILHBINA / OTBET OTCyTCTBYET — () Oas-
JIOB

Komnerennus Nuaukaropsl

- OIIK-5. Crioco0OeH oCyIIeCTBISATh KOHTPOIh
U OLIEHKY (hopMHpOBaHHS pe3yibTaToB o0Opa-
30BaHUs 00y4arOIIMXCs, BBISBIATh U KOPPEK-
TUPOBATh TPYAHOCTH B O0yUECHUU

e OIIK-5.1 OcymectBasieT BEIOOp coaepxa-
HUS, METOJIOB, MPUEMOB OpPraHMU3AIMH KOH-
Tpouis 1 olieHkH, B ToM uncie KT, B cooTBer-
CTBUU C YCTAHOBJICHHBIMU TpPEOOBAaHUAMHU K
o0Opa3oBaTeNbHBIM  pe3yjbTaTaM  oOyuaro-
IAXCS;

e OIIK-5.2 Ob6ecnieunBaeT 0OBEKTUBHOCTD U
JIOCTOBEPHOCTH OLIEHKH 00pa30BaTeNIbHBIX pe-
3yJIBTAaTOB 00YJAOIITUXCSI

3aganue 1. Kakoii MeTo pemieHus 32124 103B0JIsIeT IPUNMCHIBATH OAHOM U3 BeJIMYUH y100-
HO€ OJ1d BBIYHMCJIEHH I SHAYCHHE, 4 3aTEM NEPECUYUTHIBATD HA KOHKPETHBIC yCJIOBI/[ﬂ?

1. Crioco0 mponopIimoHaIbLHOTO pacueTa
2. KBagpar IIupcona

3. Crioco0 mpou3BOIBHOMN TUIIOTE3BI

4. Ilpsimoii anre6panyeckuii cnocoo
Ortser: 3

3aganue 2. Kakoii 3aK0H onucbIBaeT 3aBUCHMOCTh 00beMa ra3a oT JaBJIeHHs IPH MOCTOSH-

HOM Temmeparype?

1. 3akon I'eit-JIroccaka

2. 3akoH boing-Mapuotra
3. 3axon apna
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4. 3akoH ABoraapo
Ortser: 2

3ananue 3. Uro Takoe MoJIIpHAasi 10J151 KOMIIOHEHTAa B cMecH?

1. OTHoOLIEHHE Macchl KOMIIOHEHTA K Macce CMECH

2. OtHomieHue 00beMa KOMIIOHEHTA K 00beMy cMecH

3. OTHOIICHUE KOJIMYECTBA BEIIECTBA KOMIIOHEHTA K 00IIEMYy KOJIMYECTBY BEIIECTBA CMECH
4. OTHOIIEHUE MIIOTHOCTA KOMIIOHEHTA K INIOTHOCTH CMECH

OrTser: 3

3ananue 4. Kakue cnnocoObl BhIpaKeHUs KOHIEHTPAUUHM PACTBOPOB OTHOCATCH K CTAHAAPT-
HbIM? (BbiOepuTe 3 Bapuanra)

1. MosnisipHasi KOHLIEHTpaIus

2. Tutp

3. MaccoBas noins

4. MonsiIbHOCTh

5. O0beMHast 10

6. HopmanbHast KOHLIEHTpaLUs

OtBer: 1, 3,5

3ananmne 5. Kakue ¢pakTopsbl BIHAIOT HAa XapaKTep pPa3jioKeHUs HUTPATOB IPH HATPeBAHUM?
(BbiOepure 3 Bapnanra)

1. [TonoxeHre KaTMOHA METaJUIa B pAly HAIPSHKEHUI

2. Temnepatypa

3. JlaBnenue

4. Hannuue karanusaTtopa

5. Ilpupona aHuona

6. PactBopuMocTs conu

OtBer: 1,2,5

3aganue 6. Kakue BuABI caMOCTOATENbHOI pad0ThHI IPpeAyCMOTPeHbI B qucHuIinie? (Bui-
OepuTte 3 BapuaHTa)

1. I3y4eHne OCHOBHOM JIMTEPATYPHI

2. [IpoBeneHue 3KCepuMEHTOB

3. PacueTrHble 3a1a4un

4. TectupoBaHue

5. CoGecenoBanue

6. Hanmcanue pedeparon

OtsBer: 1, 3,4

3aganue 7. Kakue 3 nepe4mnc/jeHHbIX 32124 OTHOCATCS K oJuMnuagubiM? (Boidoepure 3 Ba-
pHuaHTa)

1. 3agauu ¢ HEMOJIHBIM YCIIOBUEM

2. 3a1a4u-rOJI0BOJIOMKH

3. 3a1aun-I0BYLIKU

4. CrangapTHbIE pacUETHBIC 3a]a41

5. TecroBble 3anaHus

6. 3amgauun ¢ n30bITKOM HH(pOpMAITUH

Otser: 1, 2, 3

3ananue 8. YcTaHOBHTE COOTBETCTBHE MEKIY 3aKOHOM U €ro (popMyJIMpPOBKOIM:
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3akon boins-Mapuotra : [1pu moctosiHHON Temmieparype o0beM raza 00paTHO MPOIOPIIHOHATICH
JIABJICHUIO

3akon ['eii-JIroccaka : IIpu mocTossHHOM naBiieHHH 00bEM Ta3a MPSMO MPOIMOPIIMOHATIEH TeMIIe-
paType

3axon llapns : [Ipu nmocTosHHOM 00beMe JaBJIeHHE Ta3a MPSIMO MPONOPIHOHATIEH TeMIIEpaType
3akon ABorajipo : B paBHbIX 00beMax ra30B IMPU OJMHAKOBBIX YCIOBUSIX COJICPIKUTCS OJMHAKOBOE
YHCIIO MOJIEKYJI

3ananue 9. YcTaHOBHTE COOTBETCTBUE MEKY METOI0M PellleHUs U ero ONMUCaHueM:
[Ipsmoii anrebpandeckuii cnoco0 : BeipakeHne HCKOMOW BETMYMHBI Y€pe3 HEU3BECTHOE B yCIIO-
BUU 33Ja41

Crioco6 nponopuroHaIbHOTO pacyera : [lepecder ¢ MOMOIIBIO IPOMOPLUUH 110 YpaBHEHHSIM Peak-
JA05051

KBanpar IIupcona : ['padudeckuit MeTos1 CMEICHUS PacTBOPOB

Crioco6 mpou3BoJibHOM rumnotessl : [IpunuceiBanue ya106HOTo 3HaU€HMs OAHOM U3 BEIUYNH

3ananue 10. PacnoJiosknre B IpaBUJILHOM MOPSAIKE 3TANBI COCTABJICHUS YPABHEHUS OKHUC-
JINTEJbHO-BOCCTAHOBHUTE/IbHOH PeaKIIui HOHHO-3JIEKTPOHHBIM METOA0M:

: OnpeneneHne OKUCIUTENS U BOCCTAHOBUTEIS

: CocTaBieHHE CXEM IMOTypeaKuil

: YpaBHUBaHUE UKCIIa aTOMOB U 3aps/i0B

: [Tog6op korddunmeHToB

: CyMMHpOBaHHE MOIypEaKIIHii

: 3anMCh MOJIEKYJIIPHOTO YpaBHEHUS

OtBet:123456

AN DN B~ W=

3aganue 11. PacnoJioxkute B NPpaBUJILHOM MOPSIAKE ITANbI OLeHUBAHUS PelIEHUs 3aa4H
CTY/IEHTOM:

1 : [IpoBepka MpaBUILHOCTH BBIOOpA METO/1a PEIICHUS

2 : [IpoBepka MPaBUIBHOCTH PACUYETOB

3 : [IpoBepka HaMU4Us BCEX HEOOXOTUMBIX (POPMYIT U €AMHULL U3MEPEHUS

4 : TIpoBepka JTOTUIHOCTH | ITOJTHOTHI OTBETA

OTseTt:1234

3aganue 12. BeamunHa, XapakTepu3y0mas yCTOMYUBOCTD 30151 K J1eHCTBHIO )J1eKTPOJINTOB,
Ha3bIBaeTcs __ .
OtBeT: nopor koaryJsuu

3ananme 13. Ilpouecc ykpynmHeHHMsi 4acTul aucnepcHoil ¢a3bl ¢ 00pa3oBaHHeM OCaaKa
Ha3bIBAETCHA .
OtBeT: Koarysus

3aganue 14. O0bsicHUTE, KaK ¢ MOMOLIbIO KBajgpaTa IInpcona MoKHO onpefeuTh COOTHO-
LIeHHe MACC PACTBOPOB € PA3HBIMH KOHLUEHTPALUMAMH JISl OJIy4YeHUs] pACTBOPA 3aJaHHOM
KOHIIEHTPALlUH.

Otsert: KBanpar Ilupcona npezacrasnser coboit guarpaMmy, Ha KOTOPOH MO JUaroHaIy 3amuchl-
BalOT KOHLIEHTPALIMHA UCXOJHBIX PACTBOPOB M JKEIAEMYIO0 KOHLIEHTPALIMIO, a HA NIEPECEUEHUAX —
Pa3sHOCTH KOHLEHTpalid. OTHOLIEHNE ITUX Pa3HOCTEH JaeT MacCOBOE COOTHOIIEHHE UCXOAHBIX
pacTBOpPOB.

3ananue 15. OnumnTe aArOPUTM pelIeHHUA 321a4M HA BbIBOJ UCTHHHOH (pOpMYJibl Belle-
CTBA MO MPOAYKTAM CrOPaHHUSI.
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Otser: 1. OnpeneneHnue Macchl U KOJMYECTBA BEILIECTB AJIEMEHTOB IO MaccaM IPOIYKTOB Cropa-
Hus. 2. Haxoxaenue npocreiimmeii (popMyJsibl IO COOTHOLICHHUIO KOJIMYECTB 31eMeHTOB. 3. Ompe-
JIEJICHUE MOJIEKYJIApHOU (OPMYJIbI C HCIOIb30BAaHUEM JOMOJTHUTEIbHBIX JAaHHBIX (IJIOTHOCTD,
MOJIIpHasi Macca).

KoMmnerennus Nuaukaropsl

- OIIK-8. Cnocoben ocymecTBIATh neaaro- | ¢ OIIK-8.3 JIeMOHCTPHPYET CIIELHAIbHBIE
THYCCKYIO ACATCIIbHOCTh HAa OCHOBE CII€IIUAJIb- HAay4YHBIC 3HAHUA, B TOM YHCJIC B Hpel[MeTHOfI
HBIX HayYHBIX 3HAHUN obsiactu

3ananue 1. Kakoii MeTo/ peleHus1 321a4 OCHOBAH HAa NMPUNUCHLIBAHUU OJHON U3 BeJIMYHMH
NMPOU3BOJIBHOI0 YA00HOI0 3HAYeHH S € NMOCJIeAYIONUM nepecyéTom?

1. KBaagpar [Iupcona

2. Crioco6 mporopIuoHAILHOTO pacyéra

3. Crioco0 nmpou3BOIBHOMN TUIIOTE3BI

4. Ipsimoii anredpanyueckuii crocoo

Ortger: 3

3ananmne 2. Kak Ha3bpIBaeTCsi OTHOIIEHME MACChl PACTBOPEHHOIO BellecTBa K Macce pac-
TBOPA, BbIPA’KEHHOE B 101X eJUHUIbI WJIH NPOIeHTaxX?

1. MonsipHasi KOHLIEHTpALIUs

2. Tutp

3. MaccoBas noins

4. MonsiIbHOCTh

Otsger: 3

3aganue 3. Kakoii npouecc onucoiBaer 3axkonbl Papanes?
1. 'mpponus coneun

2. DNeKTpoaun3

3. Auddysus razos

4. Ancop6uus

Ortger: 2

3ananue 4. Kakue u3 nepevyucJeHHbIX 3aKOHOB AABJISIOTCA ra30BbIMU 3akoHaMu? (Boioepure
3 BapuanTa)

1. 3akon boins-Mapuorra

2. 3akoHn Dapanes

3. 3akoH I'eii-JIroccaka

4. 3akon Ilapns

5. 3akoH ABorazipo

6. 3akon I'ecca

Otser: 1, 3,4

3ananue 5. Kakue crnoco0bl HCHOIB3YIOTCH AJIsl BbIPAKEHHS] KOHIEHTPALMU PACTBOPOB?
(Bb10epuTe 3 BapuanTa)

1. MonspHast KOHUEHTpaIus

2. MaccoBas noas

3. Tutp

4. MonsnpHOCTb

5. O0béMHas 10IA

6. IlnoTHOCTH
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Otsert: 1,2, 5

3ananue 6. Kakne napamerpsl BJAMSIOT HA CKOPOCTh XMMHUYecKoii peakuuu? (Boidoepure 3
BAPHAHTA)

1. KonueHnrpaiusi peareHToB

2. Temniepatypa

3. IlpucyTcTBUE KaTanu3aTopa

4. 1IBeT peareHToB

5. laBnenue (s ra3oB)

6. O0BEM peakMOHHOTO CoCcya

Otsert: 1,2, 3

3ananue 7. Kakne THNIBI OKHCIHUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIMA PacCMATPUBAKOTCA
B Kypce? (BbiOepure 3 Bapuanra)

1. MexMonekyspHbie

2. BuyTpumonexkyiasipHbie

3. AucuponopioHUpOBaHUE

4. ConpoInopiOHUPOBAHNE

5. Peaknnu 3aMenieHus

6. Peakuuu npucoeiMHeHus

Otser: 1, 2, 3

3ananue 8. YcraHOBHTE COOTBETCTBHE MEKIY ra30BbIM 3aKOHOM M ero ()opMyJTHPOBKOI:

1. 3akon boitng-Mapuorra — O6bEM raza 00paTHO NPONOPLMOHATIEH 1aBJICHUIO ITPU OCTOSIHHON
TeMmeparype

2. 3akoH I'eit-JTroccaka — O0BEM raza npsiMO NMPONOPLMOHAIEH TEMIIEPATYPE MPU MOCTOSIHHOM
JTaBJICHUH

3. 3akon [lapns — /laBneHue raza npsMo MPONOPLHUOHAIBHO TEMIEPATYype MPHU MOCTOSHHOM
00BEMe

4. 3akoH ABoragpo — B paBHBIX 00BEMaX ra30B COIEPKUTCS OJIMHAKOBOE YUCIIO MOJIEKYJT

3aganue 9. YcraHoBHTE COOTBETCTBHE MEK1Y MNOHSITHEM M OINpe/ie/IeHueM:
1. Monsipaas koHueHTpauus — KonudecTBo BemecTa B 1 1uTpe pactBopa

2. Maccoas nonss — OTHOILIIEHHE MacChl BELIECTBA K Macce pacTBopa

3. Tutp — Macca BemiecTBa B | MIJIITUIUTpPE pacTBOpa

4. MonsmeHOCTh — KonmuecTBo BemiecTBa B 1 KMIorpaMme pacTBOPUTES

3ananue 10. YcranHoBuTe NPAaBUIIBHYIO II0CJIE10BATEILHOCTD COCTaBJIeHUs ypaBHeHust OBP
METOI0M 3JIeKTPOHHOI0 0ajaHca:

1 — Onpenenenne cTeneHe OKUCIECHUS JIEMEHTOB

2 — CocraBjeHHE MTOJIyPEAKINI OKUCIEHHSI U BOCCTAHOBJICHUS

3> YPaBHI/IBaHI/Ie quciia OTAaHHBIX U IIPUHATBIX 3JICKTPOHOB

4 — Ilepenoc k03¢ PpUIHEHTOB B MOJIEKYJIIPHOE YpaBHEHUE

5 — IlpoBepka GanaHca aTOMOB U 3apsJIOB

Otser:12345

3aganue 11. YcraHoBHTE NPABHJILHYIO NOCICA0BATE]BLHOCTD PELICHUS 321a4M HA onpese-
JieHue (popMyJIbl BellecTBa M0 NPOAYKTAM CrOPaAHUS:

1 — Omnpenenenne Macc 3JIEMEHTOB 110 MaccaM MIPOYKTOB CrOpaHUs

2 — HaxoxaeHue KOJIU4YeCcTB BEIIECTB DJIEMEHTOB

3 — Omnpenenenue mpocreiniel GopMyIbl IO COOTHOMIEHUIO KOJIMYECTB JIEMEHTOB

4 — HaxoxaeHure MOJIEKYyJIIpHON (POPMYIIBI C UCIIOJIb30BAHUEM JOMOJIHUTENbHBIX JAaHHBIX
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OrtBet:1234

3ananue 12. KoamuecTBo BemecTna, coaepxxamee 6,022:-10* cTpyKTypHbIX eIMHUI], HA3bI-
BaeTcs .
OtBeT: MOJIEM

3ananue 13. YpaBHeHHe, B KOTOPOM YKAa3aH TeII0BOi 3¢ deKT XuMHYeCKO peakunu, Ha3bl-
BaeTcs YPaBHEHHEM.
OTBeT: TEepPMOXUMUYECKUM

3ananue 14. Onumure aJropuT™M pelieHUs 3aJa4d HA onpeaesieHue (popmMyJibl OpraHuye-
CKOI'0 BellleCTBA MO NPOAYKTAM €ro CrOpaHusi M OTHOCUTEJIbHO MJI0THOCTH NMAaPOB.

Otger: 1. Haiitu maccy yriepona o macce COz, maccy Bogopoaa no macce H20. 2. Onpenenuts
MacChl M KOJIMYECTBA BEIIECTB 3eMeHTOB. 3. Halitu mpocreiinnyto Gopmyiy MO0 COOTHOIIEHHUIO
C:H:O. 4. PaccunTtaTh MOJISIPHYIO MaccCy MpocTeiiiei GopMyIibl U CPaBHUTH C MOJIIPHON Maccow,
HAWJICHHOHN 10 OTHOCHTEIBHOM IUIOTHOCTH. 5. ONMpeNenuTh MOJEKYJISIPHYIO (hOPMYITy, YMHOXKHB
MHJCKCHI HA COOTBETCTBYIOIINN KOOPPUIIMECHT.

3ananue 15. O0bsicHUTE, KAK BLIOPATH ONTHMAJILHBIH METO/l pellleHUs XUMHYECKOH 3a/1a4u
B 3aBHCUMOCTH OT €€ THIIA U YCJIOBHIA.

OtBet: Be100p MeTO/1a 3aBUCUT OT XapakTepa 3aJ1auu: JIJIsl CTEXUOMETPUUCCKUX PacUETOB C OJHUM
HEW3BECTHBIM — MPOIMOPIIMOHAILHBINA METO/; ISl CMECEH WIIH CINIABOB — aJIreOpanydecKuit; 1Jis
pasz0aBiieHUs/CMEIIMBAaHUS PACTBOPOB — KBajapat [Iupcona; s 3a1a4 ¢ HEJJOCTATKOM JIAHHBIX
—_— CHOC06 HpOH3BOJIBHOfI THUIIOTE3bI, OJIA TepMOXI/IMI/ILICCKI/IX paC‘-IéTOB — HCITIOJIb30BAaHHEC 3aKOHA
I'ecca.

Komnerennus HNuaukatopsl

- IIK-2. CnocobeH ocymiecTBiATh negaroru- | e I1K-2.2 IIpuMeHsieT OCHOBBI T€OpHH (yH-
YECKYIO JEATEIbHOCTH MO MPOPMIHHBIM MPEA- | JTaMEHTAIBHBIX U NPUKJIAAHBIX pa3JeIOB XH-
MeTaM (JUCLMIUIMHAM, MOAYJSAM) B paMKaxX | Muu (HEOPraHMYECKOM, aHAIUTUYECKOM, opra-
IpOrpaMM OCHOBHOT'O OOILETO M CPETHETO 00- | HuuecKoH, (pusndeckoi, xumun BMC, xumu-
ero oopazoBaHus YECKUX OCHOB OMOJIOTHYECKUX MPOIIECCOB, XH-
MUYECKOW TEXHOJOTHH) ISl pelIeHHs Teope-
THUYECKUX Y MMPAKTUYECKHUX 3a7a4.

3ananue 1. Kakoii MeTox pa3aesieHHsl cMeceil OCHOBAH HA PA3HOM CKOPOCTH ABHKEHHUS KOM-
NMOHEHTOB Yepe3 copOeHT?

1. JTuctrsiust

2. GunpTpanus

3. Xpomatorpadus

4. Kpucrannuzanus

Otser: 3

3ananue 2. Kak Ha3bIBaeTcs npouecc OKUCJACHUS M BOCCTAHOBJICHHSI HA JJIEKTPOAAX IO/
AeiCTBHEM JIEKTPUYECKOro Toka?

1. 'maponu3

2. DNeKTpoau3

3. 'maopaTanus

4. Jlnanus

OrTserT: 2
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3ananne 3. Kakoii npouecc onucbiBaeT ypapHeHue AppeHuyca?
1. 3aBUCUMOCTbH CKOPOCTH PEAKIIUU OT TEMIIEPaTyphI

2. PacTBOpUMOCTb ra30B B KUJIKOCTAX

3. DAEKTPONPOBOJHOCTH PACTBOPOB

4. OcMOTHYECKOE /1aBJIEHUE

Otser: 1

3ananue 4. Kakue npoueccbl OTHOCATCH K XMMUYecKoil TexHoJioruu? (Boioepure 3 Bapu-
aHTAa)

1. Kpekunr vHed T

2. CuHTe3 aMMHaKa

3. IlonyyeHue cepHOM KUCIOTHI

4. Tutpumerpus

5. Xpomatorpadus

6. Dnexrpodope3

Otser: 1,2,3

3ananmue 5. Kakue cBoiicTBa pacTBOpOB H3y4arrcs B pusndeckoi xumun? (Boidepure 3 Ba-
pHaHTa)

1. OcMoTHYeCKOe TaBJICHHE

2. D1eKTPONPOBOAHOCTH

3. BszkocTh

4. IBer

5. 3anax

6. TemnepaTypa KuneHus

Otser: 1, 2, 3

3aganue 6. Kakue 3akoHbI HCIOJIB3YIOTCH B Tepmoxumuu? (Beidepurte 3 BapnanTa)
1. 3akon I'ecca

2. 3akoH Kupxroda

3. 3aKOH MOCTOSHCTBA COCTaBa

4. 3aK0H KpaTHBIX OTHOLIECHUN

5. 3akoH ABoraapo

6. 3axoH bonns—Mapuorra

Otser: 1, 2, 3

3aganue 7. Kakue MeTobl HCIOJIB3YIOTCS IS U3YUeHHUs cTpoeHus MoJseky.a? (Boidepure 3
BapHaHTA)

1. UK-cnexktpockonus

2. Y®-crieKTpoCcKonus

3. IMP-cnextpockonus

4. TypObunumerpus

5. Konnykromerpus

6. Buckosumerpus

Otsert: 1,2, 3

3ananue 8. YcTaHOBHTE COOTBETCTBUE MEKIY MPOLECCOM M €r0 ONMCAHUEM:

1. Kpexunr — Pa3znoxenue TsHKENBIX yTIEBOIOPOAOB Ha Oosee JIErkue

2. [Tonmumepuzanusa — CoeTMHEHUE MOHOMEPOB B TIOJIMMEDP

3. DnexTponu3 — OKUCIUTEIbHO-BOCCTAHOBUTENBHBIN MPOIIECC MO JEHCTBUEM TOKA
4. I'maponu3 — B3aumoielicTBrE BEMIECTBA C BOIOU
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3aganue 9. YcraHoBHTE COOTBETCTBHE MEK1Y THIIOM CBSI3M M XapaKTepHCTHKOI:
1. UonHas cBa3p — ObOpa3zyercs MeXay METANIOM U HEMETAJIIOM

2. KoBanentnas cBsizb — OOpaszyeTcst 0OLUIMMHU AJIEKTPOHHBIMU ITapaMu

3. Meramumueckas cBsi3b — OOpa3yeTcsi B MeTauiax

4. BonoponHas cBs3b — Buusier Ha cBolicTBa BOABI M CIIUPTOB

3ananue 10. YcTaHoBUTE NPABUWIBHYIO MOC/I€I0BATEIbHOCTD CTAAMI MPONU3BO/ACTBA CEPHOM
KHCJIOThI KOHTAKTHBIM METO/10M:

1 — IlonydeHue cepHUCTOrO rasa

2 — OuucTKa U OCyIIKa raza

3 — Oxucnenue SO:2 B SO; Ha kaTanuzaTope

4 — Ilornomenne SOs cepHOM KUCIOTOR

5 — Ilonydenue ojieymMa WIM CEPHON KUCIOTHI

Otser:12345

3ananme 11. YcTaHoBUTE NPABHIIBHYIO OCIEA0BATEIBLHOCTD CTAJAUM 3J1€KTPOJIM3a BOJHOI0
pacTBOpa XJI0pUIAa HATPUSL:

1 — Muccouuanus NaCl Ha HOHBI

2 — Pa3ps HOHOB Ha IEKTPOIaX

3 — O0pa3oBaHue IPOAYKTOB AJIEKTPOIIN3a

4 — Bplgenenne ra3oB 1 00pa3zoBaHue MIEI0YN

OTset:1234

3ananne 12. CBs3bp MeXK1y aTOMaMH BOJAOPOAA OJHOM MOJIEKYJIbl H AaTOMAMM CHJIbHO 3JIeK-
TPOOTPHULATEIbHBIX 3JIEMEHTOB APYroii MoJIeKYJIbl HA3bIBAETCS CBA3LI0.
OtBeT: BOIOpOAHOMI

3aganue 13. IIponecc caMonpon3BoJILHOIO pa3pyLlIeHUs] METAJJIOB MO AeHCTBHEM OKPYKa-
I0LIeH cpe/ibl Ha3bIBAeTCH .
OtBet: KOppo3uei

3aganue 14. OnumuTe METOAUKY NPOBEACHUs J1a00PATOPHOI padOTHI N0 M3YYEHHIO JICK-
TPOJIN3a PACTBOPOB coJieil B IIKOJbHOM Kypce XHMHH.

Otser: 1. COOpka yCTaHOBKU: HCTOYHHUK TOKA, HJIEKTPO/bI, JIEKTPOJIN3EP C PACTBOPOM (HaIpH-
Mep, CuSOs). 2. O6cyx)aeHne Teopuu: Mpolecchl Ha kaTone U anoje. 3. [IpoBenenue skcnepu-
MEHTa: BKJIIOUEHHE TOKa, Ha0JII0/ICHHE 32 BbIIEJICHHEM ME/IM Ha KaTOoJle M KUCIOpoAa Ha aHoze. 4.
3anuch ypaBHeHUH peakuuil. 5. OOCyKIeHNe MPAKTUYECKOT0 IPUMEHEHUS 3JIEKTPOIn3a (rajbBa-
HOTEXHUKA, MOJIyYEHHE METAIIOB). 6. BEIBO/BI O CBSA3M TEOPUHU C IIPAKTUKOM.

3aganue 15. OnummuTe, KAK NPUMEHHUTb 3HAHUS AHAIMTHYECKOW XMMHHM JJIsl pelIeHHsA
NPAKTHYECKOMH 321a4H 10 oNpe/iesIeHUI0 :KECTKOCTH BO/bI.

Otser: 1. OT60p npoObI Boakl. 2. [IpuroroBneHue ctangapTHOro pactBopa Tpuiona b. 3. Tutpo-
BaHue MpoObl BObI TpuiioHOM b B mpucyTcTBuM nuankaTopa (3puoxpom 4€pHselii T). 4. Pacuér
xe€ctroctu mo popmyre: XK = (Vi-C-1000)/V2, rae Vi — 00bEM Tpunona, C — ero KOHIIEHTpa-
usi, V2 — 00bEM mpoOkl. 5. MHTepnpeTamus pe3yiabTaToB: CpaBHEHHE C HOPMATUBAMH, MTPEIJIO-
YKEHUE METO/I0B yMSTYECHHUS.
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7 MEPEYEHb HH®OPMAIIMOHHBIX TEXHOJOTI' U, UCIOJIb3YEMBbIX
B NIPOINECCE OBYYEHUA

HNudopmanuoHHbIe TEXHOJOTHH — 00yUYeHHUE B DJIEKTPOHHON 00pa3oBaTelbHON cpesie C
LEJIbI0 PACUIMPEHUS JOCTYIAa K 00pa30BaTeIbHBIM PecypcaM, yBEIMUYCHHUSI KOHTAKTHOTO B3aHMO-
NEHCTBUS C MpenojaBaTesieM, MOCTPOSHUS WHIUBUAYAIbHBIX TPAEKTOPHM MOJITOTOBKU, 00BEK-
TUBHOT'O KOHTPOJISI © MOHUTOPUHTA 3HAHUM CTYJICHTOB.

B oGpazoBarensHOM mpoliecce Mo TUCHUIUIMHE UCITIONB3YIOTCS CIeIyIoIe HHpopMaIu-
OHHBIE TEXHOJIOTUH, SIBJISIFOIIMECS KOMIIOHEHTaMH ODJIEKTPOHHON HH(OPMAIIMOHHO-00pa30Ba-
TesnbHOU cpenbl BITIY:

e Cucrema amektponHoro ooyuenuss ®I'bOY BO «bI'TIY »;

e (Cucrema TECTUPOBaHHS Ha OCHOBE eAuHOro mnopraia «MHTepHET-TeCTUpOBaHUS B
chepe obpazoBaHuss WWW.i-exam.ruy;

® DJEKTPOHHBIE OMOTUOTEUHBIEC CHCTEMBI;

e MynpTUMEIUIHOE COTPOBOXKICHUE JIEKIIUNA U TPAKTHUECKUX 3aHSATHUH.

8 OCOBEHHOCTHU U3YYEHUA JUCHUIITIMHBI THBAJIMJAMMU U JIMIIAMHU
C O'PAHUYEHHBIMH BO3MOXKHOCTAMMU 3/10POBbA

[Tpu oOyueHUH JUI] C OTPAHUYCHHBIMH BO3MOKHOCTSIMH 370POBBSI IPUMEHSIFOTCS afar-
TUBHBIC 00Pa30BaTEIIbHBIC TEXHOJIOTHH B COOTBETCTBUU C YCIOBUSIMH, U3JI0)KCHHBIMU B pa3Jieie
«OcobeHHOCTH peain3alui 00pa3oBaTeIbHOM IPOrpaMMBbl AJ11 HHBIWIOB U JIML C OFPaHUYEH-
HBIMH BO3MO>KHOCTSIMH 3JIOPOBbBS» OCHOBHOW 0OOpa3oBaTEbHON MpPOrpaMMbl (MCIIOJIb30BAHHE
CHEeNHATBHBIX y4EOHBIX MOCOOMI M JUIAKTUYECKUX MAaTEPUAJIOB, CIICIUATBHBIX TEXHHYECKUX
CpeICTB 00YyYEHUS KOJUICKTHBHOTO U MHIMBUAYJILHOTO ITOJIb30BaHMUSI, TPEIOCTABICHUE YCIIYT ac-
CUCTEHTA (TIOMOIIIHHKA), OKA3bIBAIOIIETO 00YYAOIIUMCS HEOOXOJUMYIO TEXHIHYECKYIO TTIOMOIIIb U
T. I.) ¢ Y4ETOM HHIUBUIYATBbHBIX OCOOCHHOCTEH 00YyYatoIIIXCsl.

9 CIIMCOK JIMTEPATYPbI U UH®OOPMALIMOHHBIX PECYPCOB
9.1 JIutepartypa
OcHoBHas JuTEpaTypa

1. Apnamaukosa, E.M. COopHUK 3a/1a4 110 HEOpraHMYecKoi xuMuu: yueo. nocodue / E.W.
Apnamaukosa, [.H. Mazo, M.E. Tamm ; mox pexn. FO.[l. TperbsikoBa. — M. : Akagemus, 2008. —
207 c. (20 7k3.)

2. Axmeros, H.C. Azusosa, M K., banpiruna JI.W. JlabopaTopHble U cEeMUHApPCKUE 3aHSTUS
1o o01ielt 1 HeopraHudeckoi xumuu: yuedHoe nocobue / H.C. Axmeros. — 6-e u3a., ucrp. — M. :
Jlans, 2014. — 368 c. (10 3k3.)

3. I'nunka, HJI. 3agaun u ynpaxHeHus 1o oouiei XuMuu : yue0.1ocodue s CTyl. By30B
/ H. JI. Tnunka ; nmox pen. B. A. Pabunouya, X. M. PyOounoii. — crep. u3a. — M. : UnaTerpan-
[Tpecc, 2011. — 240 c. (16 5k3.)

JdomosHuTeIbHAS JIUTEPATYpPa

1. ®ponos, B.U. IIpakTukym mno oOmiell 1 HEOPraHMYECKOW XuMHUH: y4yeO.nmocodOue ams
CTY[. By30B, 00y4aromuxcsi o HanpaBjieHHuio «MeTamtyprus», « XUMA4YecKasi TEXHOJIOTUs U Ouo-
texnosorus» / B.M. ®ponos, T.M. Kypoxtuna, 3.H. IpimoBa ; mox pen. H.H. I1aBnosa, B.1.
®ponosa. — 2-e u3., nmepepad., nom. — M. : JIpoda, 2002. — 301 c. (31 3k3.).

2. Apremenko, A.W. CnipaBouHoe pykoBojacTBo o xumuu / A.U. Apremenko, U.B. Tuky-
HOBa, B.A. MayieBaHHBbIH. — 2-¢ u3/., iepepad. u jom. — M. :Beicm. mk., 2003. — 366 c. (27 7k3.).

3. I'munka, H.JI. 3anaun u ynpaxHeHus no oOmel xumun: y4ue0. mocobue Juis CTya. He-
XHM. CIiell. By30B / mon pea. B.A. PabunoBuua, X.M. PyOunoii. — 26-e u3z., crepeornm. — JI. :
Xumus, 1988. — 272 c. (15 3k3.).

4. Eppirun, [[.I1. MeTonuka pemeHus 3a1a4 1o XuMuu: y4e0.mocodue st CTy 1. e, uH-
ToB 1o 6uoi. u xuM. creu. / JI.I1. Epeirun, E.A. [Humkuna. — M. : IIpocBemenue, 1989. — 176 c.
(15 2x3.).



http://www.i-exam.ru/
http://www.bgpu.ru/irbis/cgi-bin/irbis32r_01/cgiirbis_32.exe?Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%93%D0%BB%D0%B8%D0%BD%D0%BA%D0%B0%2C%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9%20%D0%9B%D0%B5%D0%BE%D0%BD%D0%B8%D0%B4%D0%BE%D0%B2%D0%B8%D1%87
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5. Kopcak, I''1. DxcnepumenTtanshblie 3anaun o xumuu [ Text] / Kopcak I'.1. - MuHck :
Hap.acera, 1981. - 112 c. — 15 k. p. (7 3K3.).

6. Kynpsisues, A. A. CocTaBieHne XUMUYECKUX YpaBHEHUH : yuel. mocoOue Jist TeX. BY-
30B / A. A. KynpsBies. - 7-e u3j., nepepad. u gom. - MH. : Beicnr. mk.-A, 2009. - 319, [1] c. : un.
(19 2x3.).

7. Jlunun, P.A. Heoprannueckast XuMusi B peakuusix: cnpaBounuk / P.A. Jlunun, B.A. Mo-
nouko, JI.JI. AugpeeBa. — 2-e u3j., nepepad., gom. — M. : [Ipoda, 2007. — 637 c. (5 7k3.).

9.2 ba3bl JaHHBIX U HHPOPMALMOHHO-CIIPABOYHBIE CHCTEMbI

1. Caiit o xumuu http://www.xumuk.ru/

2. Karasnor oOpa3oBaTebHbIX HHTEpHET-pecypcoB http://www.edu.ru

3. [lomynsipHas 6MbIMOTEKa XUMHUYECKHUX AJIEMEHTOB
https://web.archive.org/web/20161021151915/http://n-t.ru/ri/ps/

4. DnexTpoHHas 6ubnmoreka mo xumuu MI'Y http://www.chem.msu.su/rus/elibrary/

9.3 DJ1IeKTPOHHO-0MO/INOTEYHBIE PecypChl

1. Polpred.com O630p CMU/Cnpasounuk http:// polpred.com/news.
2. OBC «lOpaiit» https://urait.ru/.

10 MATEPHAJIBHO-TEXHUYECKAS BA3A

Jlist mpoBeieHNs 3aHATHIA JIGKIIMOHHOTO U MPAKTHYECKOTO THITA, TPYIIIOBBIX U HHIUBHULY-
QIBHBIX KOHCYJIbTAllMi, TEKYLIEro KOHTPOJII M IPOMEXYTOYHOW aTTeCTallMd HCHOJb3YIOTCA
ay/IUTOPUH, OCHAIEHHBIE YI4EOHOU MeOebI0, ay IUTOPHOM TOCKOHM, KOMITBIOTEpOM(paMHu) C ycTa-
HOBJICHHBIM JIMIIEH3UOHHBIM CHELMAIN3UPOBAHHBIM IPOTrPAMMHBIM OO€CIIeYeHHEM, KOMMYTATO-
POM JJIsL BBIXOJIA B DJIEKTPOHHO-OUOIMOTEYHYIO CUCTEMY M 3JICKTPOHHYIO HH(POPMAIMOHHO-00-
paszoBarenbhyto cpeny BI'TIY, MynbTHUMeAMHHBIMU IPOEKTOPAMU, SKCIIO3ULIMOHHBIMU SKpPaHaMH,
y4eOHO-HarJIAJHBIMU 1TOCOOUAMU (TaOIHUIIbI, MyJIbTUMEANIHBIE Tpe3eHTauun). s mposeneHus
NPAaKTUYECKHUX 3aHATUN TAK)KE HCIIOJIb3YEeTCS:

Ayn. 103 «A». YueOHast 1a0opaTopusi HEOPraHUYeCKOM XUMHUM, KOTOPasi OCHAIllEHa
CJIEAYIOUIMM 000pyI0OBaHUEM:

e KoOMIUIEKT ayIMTOPHOIN Mebenu

e AyauropHas J0cKa

e KomnbioTep ¢ yCTaHOBJIEHHBIM JINLEH3UOHHBIM CHEIHAIN3UPOBAHHBIM IPOrPAMMHBIM
obecrieueHueM (2 mir.)

e Ilpunrep (1 mrt.)

e KoMImbroTep ¢ yCTaHOBJIEHHBIM JIMIEH3UOHHBIM CIIELUAIN3UPOBAHHBIM POTrPAMMHBIM
obecnieueHneM

e MynpTuUMeauiHbIN npoekTop (1 mrT.)

OKCNO3ULMOHHBIN KpaH (HaBecHOM) (1 miT.)

Cron naboparopusiii (3 wrT.)

CymuibHbIH mKadg

Becor EK-410 (Texnuueckue)

HITaTtuBsl U1 TPOOUPOK, HArpeBaTeIbHbIe MPUOOPHI, TabopaTopHas mocyaa
XUMHUECKUE PEaKTHBBI IO TEMATHKE JIJAOOPaTOPHBIX padoT

¢ YyeOHO-HArJsAHbIE OCOOUS - CIIai bl, TaOIHUIIbI, MyJIbTUMEIUHHBIC IPE3EHTAIIUHU T10
JTUCIUIINHE.

CamocrosrenbHas paboTa CTYAEHTOB OPraHU3YeTCs B Ay TUTOPHUIX OCHAILICHHBIX KOMIIb-
IOTEPHON TEXHUKOM C BBIXOJIOM B 3JIEKTPOHHYIO HHPOPMAIIMOHHO-00pa30BaTeIbHYIO Cpely By3a,
B CHEIMATM3UPOBAHHBIX JJA00OPATOPUSAX 10 AUCIUILINHE, a TAKKE B 3aJlaX JJOCTYIIA B JIOKAIbHYIO
cets BI'TIY, B nabopaTopuu 1cUxoJIoro-TearornaecKux UCCIIeIOBAaHUN U .



http://www.xumuk.ru/
http://www.edu.ru/
https://web.archive.org/web/20161021151915/http:/n-t.ru/ri/ps/
http://www.chem.msu.su/rus/elibrary/
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Hcnogab3yemoe nporpammuoe odecriedenne. Microsoft® WINEDUperDVC AllLng Up-
grade/SoftwareAssurancePack Academic OLV 1License LevelE Platform 1Year; Microsoft® Of-
ficeProPlusEducation AllLng License/SoftwareAssurancePack Academic OLV 1License LevelE
Platform 1Year; Dr.Web Security Suite; Java Runtime Environment; Calculate Linux.

Pa3zpa6oTunk: Eroposa U.B., noktop xumudeckux Hayk, mpodeccop kadenpsl Xumum.
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11 IUCT UBSMEHEHHUH U JOTOJTHEHUM

YrBepxaenue nusmenenuid u gonoqaHenuii B PII/I nas peammzanuu B 2024/2025 yu. r.
Pabouas mporpamMma AMCHHILTUHBI TIEPECMOTPEHa, 00CYKIeHa U 000peHa AJIs peann3a-
uu B 2024/2025 yuebHoM roay Ha 3aceqanuu kadeapsl (mpotokos Ne 8 ot 30 mas 2024 1.).

YrBepxaenue nusmenenuid u gonoqaHenuii B PII/ nas peammzanuu B 2025/2026 yu. r.

Pabouas mporpaMma JUCHMIUIMHBI IEpECMOTpPEHa, 00CYXkIeHa U 000peHa s peain3a-
uu B 2025/2026 yuebHOM roay Ha 3acenanuu kadeapsl (mpotokoa Ne 6 ot 26 mapra 2025 1.). B
PIIJI BHECEHBI CaeAYIOMIME U3MEHEHHS U TOTIOJHEHHUS :

Ne m3menenust: 1

Ne crpanunel ¢ u3MeHeHueM: 54
B Paznen 9 BHeceHbI H3MEHEHHUS B CITUCOK JIMTEPATYPHI, B 0a3bl TaHHBIX U HHPOPMAIIIOHHO-
CIPaBOYHBIE CHCTEMBI, B 3JIEKTPOHHO-OMOIMOTEUHBIE peCypChl. YKa3aHbl CChUIKH, 0Oecneun-
BAIOIIME OCTYI 00YYAIOIIKUMCS K AIEKTPOHHBIM yUeOHBIM U3JaHUSM U 3JIEKTPOHHBIM 00pa3o-
BaresbHBIM pecypcam ¢ caiita DT'BOY BO «BI'TIY ».

YT1Bep:kaenue usmMmenenuii u qonojHenuii B PILJI nias peanuzanun B 2026/2027 yu. r.

PaGouas nmporpamma AMCHMILTUHBI IEpeCMOTpPEHa, 00CyKIeHa U o00peHa AJis peanun3a-
uu B 2026/2027 yuebHOM roay Ha 3acenanuu kadeapsl (mportokoa Ne ot 2026 T1.). B
PI1/] BHECEHBI clieAyIONIME U3MEHEHUS U IOTIOJTHEHHUS:

Ne usmeHeHus:
Ne cTpaHuIIbI ¢ U3BMEHEHUEM:
HckmounTh: Bxiarounts:




