[loKyMeHT NoAnucaH NpocToit 3NeKTPOHHOM NOAMUCHI0
NHbopmaumsa o Bnagenbue:

PO, LLeRVNd BEpa Brabesna
JomkHocTb: Pe

207 09:10:45 POCCHI

MHUHHUCTEPCTBO NTPOCBELIEHUSA

[CKOW ®EJIEPAIIUN

HHOe 010/KeTHOe 00pa3oBaTeibHOe

aroi 1o0pors AREASRATRERS FOSYAARETRS

VUpekAeHue-BbICIIEro 00pa3oBaHus
«baaroBemeHcKrid rocy1apcTBeHHbIH
neJ1aroru4ecKuii yHuBepcuTreT»

OCHOBHAS OBPA3OBATEJIBHAS ITPOI'PAMMA
PaGouyasi nporpaMma quCUMIJIMHBI

YTBEPXJIAIO
JlekaH ecTecTBEHHO-Teorpaguueckoro
¢paxyabTera ®I'BOY BO «BI'TTY»

// B HU.A. Tpopumuona
«28» uronst 2023 r.

Pa6Gouasi nporpaMMa qHCHMIIAHBI
PEIIEHUE YCJIOXKHEHHBIX 3AJIAY 11O XUMHUHU

HanpasJienue noar

OTOBKH

04.03.01 XUMUA

IIpoduas

«AHAJIMTHYECKASA XUMMUA»

YpoBeHb BbICHIEr0 00pa3oBaHHA
BAKAJIABPUAT

IIpunsTa Ha 3aceraHuM Kadeapbl XUMHHU
(mpotokos Ne 9 ot «28» urons 2023 r.)

Baarosemenck 2023



COJEP)KAHUE

1 IOSICHUTETBHASI BATTFICKA . .....vveeeeeeeeeeeeeeeeeseeeeesseesessesmseesesseesssenens 3
2 VYYEBHO-TEMATHYECKOE IIJIAHUPOBAHME .......c.c.evveeeneeeneesessesnsessenensnsdd
3 COJEPIKAHME TEM (PA3JIEJIOB).......uvveeeeueeeeeseeeeeseeeeesressessessessesesssnn 6

4 METOAUMYECKHUE PEKOMEHJAIUU (YKA3ZAHUA) 1JIA CTYAEHTOB I1O
N3YUYEHUIO JUCHUIIJIMHBI......cciviiiiiiiiiiiiiiiiiiiiiiiiiieitiieciariateiesiacsassnscnnes 6

SIIPAKTUKYM 11O JUCIHUIITIHMHE. .....ccivtiiriiiiiiiiiiiiiiiiiiimmeeieteiariscasmnssac. 8

6 IMJAKTHUYECKHUE MATEPHAJIBI 1JI51 KOHTPOJISAA (CAMOKOHTPOJIA)
YCBOEHHOI'O MATEPHAJIA.....ccciitiitiiiiiiiiiiitiitiatiiieiaeiaciesecsciassscssanaaes 41

7 IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOTUI, UCIHOJIB3YEMBIX B
ITPOLIECCE OBYUYEHMS......ccctitiiiiiiiiiiiiiiiiiiiiitiiiieitiecietecaciasscsssnsseasnnn 63

8 OCOBEHHOCTH U3YYEHUA JUCHUIVIMHBI UHBAJIMJIAMMU U JIMIAMH C

OrPAHMYEHHBIMU BO3MOKHOCTSIMHU 3JJOPOBDBSL.........veevevnneeeeennnnee. 64
9 CIMCOK JIMTEPATYPBI U THOOPMALIMOHHBIX PECYPCOB................. 64
10 MATEPUAJIBHO-TEXHUUECKASI BABA......ouvvveeeeienieeeeeeinreeeesssnssennns 65
11 JUCT UBMEHEHUI U JOTTOJTHEHMI. ........ccoouveeeeeeenreeeeeeeneeeeeeesneeeene 67



1 HIOACHUTEJIBHAS 3AIIMCKA

1.1 eab AMCHMINIMHBI: 3aKPENUTh U CUCTEMATU3UPOBATh 3HAHUS 110 XMMHH, OCBOUTDH PELLICHUE
3aJa4 NOBBILICHHOI'O YPOBHS CJIOKHOCTH, COOTBETCTBYIOIIETO YPOBHIO BY30B ecTecTBEHHOHAYYHOIO
npoduIs.

1.2 Mecto aucuuminnsl B cTtpykrype OOII

Juciumummba «Pemenue ycloKHEHHBIX 3alad 10 XHMHK» OTHOCHUTCA K JUCLMIUIMHAM II0
BBIOOpPY YacTH, (QOpMHpPYeMOW YydacTHHUKaMH oOpa3oBaTenbHBIX oTHomeHud Onoka bl (Bl
B./1B.01.01).

Conepxanne AUCHUILUIMHBI Oasupyercs Ha 3HAHUSAX IO OOIIel, HEOPraHWYeCcKOH XHWMUH,
MaTeMaTHKe, MOJy4E€HHBIX IIpU 00yYeHHH B By3€, a TAKXKe OPraHMYeCKOW ¥ OMOJOrMUecKOd XUMHHU 3a
Kypc 0011e00pa3oBaTeIbHOM MKOJIbI. Y CBOCHNE JAaHHOW MUCHUIUIMHBI TO3BOJIUT PACIIMPHUTH 3HAHUS
10 BCEM JUCLUIUIMHAM XUMHYECKOTO LIUKIIA.

1.3 IncuuniimHa HanpasjeHa Ha ¢popmMupoBanue ciaeaywmux komnerenuuii: OIIK-1, IK-1:

- OIIK-1. CnocobeH aHamM3WpPOBaTh M HWHTEPIPETHUPOBATH PE3YJIbTATHI XUMHYECKHX
9KCHEPUMEHTOB, HAOIIOJEHUN 1 U3MEPEHUI, HHANKATOPAMM JIOCTHKEHUS KOTOPOH ABIsSETCA:

OIIK-1.1 CucremaTuzupyer U aHAIU3UPYET pE3YJbTaThl XUMHUYECKHX OSKCIIEPUMEHTOB,
HaOJr01eHu, N3MEpEeHNuil, a TaKkKe pe3yJIbTaThl pAaCUETOB CBOMCTB BEILECTB U MAaTEPUAJIOB.

OIIK-1.2 TIlpemnaraer MHTEPIPETALUIO pE3yIbTATOB COOCTBEHHBIX OSKCIIEPUMEHTOB H
pPAacYETHO-TEOPETUYECKHX PabOT C MCIIOJIb30BAHUEM TEOPETHMUYECKMX OCHOB TPATULMOHHBIX M HOBBIX
pa3aenoB XUMUU.

OIIK-1.3 ®opmyinupyeT 3aKiIl4eHHs M BBIBOABI 10 pe3yJibTaTaM aHaJIM3a JINTEPATyPHBIX
JAHHBIX, COOCTBEHHBIX OSKCIIEPUMEHTAIBHBIX M PACYETHO-TEOPETHUECKUX pabOT XHUMHYECKOU
HaIPaBJIECHHOCTH.

- MK-1. Bmageer cucremoil (yHIaMEHTAIbHBIX XUMHUYECKUX TIOHSATHA H 3aKOHOB,
HHIMKATOPAMH JOCTHKEHUS KOTOPOH SABJISAETCS:

[IK-1.1. IloHuMaeT OCHOBHBIE NPHUHIMUIIBL, 3aKOHBI, METOJOJIOTHI0 M3y4aeMbIX XHMHUYECKHX
JUCIUIINH, TEOPETUYECKUE OCHOBBI (PU3HUECKUX U (PU3UKO-XUMUYECKUX METOJIOB UCCIEAOBAHHUS.

[IK-1. 2. Ucnonb3yer QpyHIaMEHTAIbHbIE XUMUYECKHE MOHSTUS B CBOEH MpodeccuoHaIbHOM
JEATEIIBHOCTH

I1K-1.3. HHreprnperupyeT NOIy4YEHHBIE pe3yJabTaTbl, MCIOJb3Yysl 0a30Bble MOHATHS

XUMHWYCCKUX NUCHHUIIIINH.

1.4 IlepeyeHns MIaHMPYEeMbIX pPe3yJbTATOB 00yueHMs. B pe3ynbTare n3yuyeHHs JUCHUIUIMHBI

CTYJIE€HT JOJKEH

- 3HATh:

eMeTOABl M CcHocoObl 00pabOTKM HMH(OPMAIMK pe3yJbTaTOB XMUMHUYECKOIO HKCHEPUMEHTa,
pe3ynbTaToB HAOIIOCHUN U U3MEPEHMI;

¢ UHPOPMALMOHHBIE UCTOYHUKHU CIIPABOYHOTO, HAYYHOTO, HOPMATHBHOTO XapaKTepa,

® OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX JTUCIHILIHH

® CBOICTBA MPOCTHIX M CIIOKHBIX BEIIECTB;

- YMeThb!

¢ 00pabaThIBaTh, AaHAIM3UPOBATH U 0000IIATE Pe3yIbTaThl HAOMIOIEHUH U U3MEPEHMUIA;

e pelaTh 3aJa4u, UCIOJb3Ys IPUHIIUIBI U METOJIbl XUMUHU;

® OOBSICHSITH 3aBUCUMOCTh CBOIMCTB BEIIECTB OT MX COCTaBa U CTPOCHUS;

® [IPOBOJIUTh  CAMOCTOSITENIBHBIA TOMCK XUMHUYECKOW HWH(GOpMAIMA C HCHOJIh30BAHUEM
Pa3IMYHBIX HMCTOYHUKOB (HAYyUHO-TIOMYJSPHBIX H3JaHUM, KOMIBIOTEPHBIX 0a3 JIaHHBIX, PECypCcOB
Internet).- B1amers:

® HaBBIKAMH JIEJIaTh 3aKIFOYCHUS W BBIBOJBI TI0 pe3yibTaTaM aHalln3a JUTEPATypHBIX TaHHBIX,
COOCTBEHHBIX 3KCIIEPUMEHTAIBHBIX U PACUETHO-TEOPETUUECKUX pabOT XUMHUU;



® [IprieMaMHU PEIICHIsI OCHOBHBIX 3a/1a4, THITMYHBIX JJIsl €CTECTBCHHOHAYYHBIX TUCITUILINH,
e criocobamMu OpUEHTAIIMU B MPOPECCHOHATBHBIX UCTOUYHUKAX MH(POpMAIMK (KYpHAJIbI, CAUTHI,

0o0pa3oBaTeIbHbIE [10PTaJIbl);

® MCTOAaMHU OIPCACIICHHUA BO3MOKHOCTH IMPOTCKAHUA XUMHUYCCKUX HpeBpaH_IeHI/Iﬁ B PAa3JIMYHBIX

YCIOBHUAX U OLCHKH UX HOCHGHCTBHﬁ;

1.5 O0masi TPyA0eMKOCTh IMCUMILIMHBI «PerieHne yCIOKHEHHBIX 3aJad M0 XHUMHH»
cocraBisiet 2 3aueTHble eAnHuIIbI (1anee — 3E) (72 vaca).
[IporpamMma mpemycmaTpuBaeT M3y4Y€HHE MaTepHala Ha JIGKIHSIX U JaOOpaTOPHBIX 3aHITHSIX.
[IpenycmoTpeHa camocTosiTelibHass pabdoTa CTYACHTOB IO TeMaM W pasnenam. [IpoBepka 3HaHUU
OCYIIECTBIISICTCS (PPOHTANBHO, HHIUBUYATBHO.
1.6 O6bem AUCHMILVIMHBI M BUAbI Y4eOHOH /1esiTe IbHOCTH

O0beM JUCUMIVIMHBI M BUIbI Y4e0OHOM 1eATeJIbHOCTH

Bun yueOHo# padoThl Bcero yacos Cemectp 2
OO0m1ast TpyA0€MKOCTh 72 2
AyJIUTOpPHBIE 3aHITHS 44
Jlexmun 20
JlaGopaTopHbie pabOThI 24
CamocTosiTenpHas paboTa 28
Buj uToroBoro KOHTpOJIst: 3auer
2 YYUEBHO-TEMATHNYECKOE IINTAHUPOBAHUE
Y4eOHO-TeMaTHYeCKHil IJIaH
No HaunmenoBanme TeM (pa3iesioB) Bcero AyauTOpHBIE
4acoB 3aHATHSA
Jlekuun | JIabopaTopusie | CamocTosiTe/IbHASA
3aHATHSA pabora
Il cemectp
Beeoenue
1 Cnoco0bl  pemienuss 3aaay  mo| 12 4 4 4
XUMHH
1.1 | CnocoOsI pemieHus 3afad M0 XUMUHU. 3 2 1
[Tpsimoii anredpandeckuii cnocod
1.2 | CnocoObI pemieHus 3afad M0 XUMUU. 3 2 1
Cnoco0 IPOMOPLUOHATIEHOTO
pacuera
1.3 | CnocoOsI perieHus 3a1a4 M0 XUMUH.| 3 2 1
IIpssmont anreOpandyeckui]
crioco0.KBaapar [Tupcona
1.4 | CocoObI pemieHus 3a7a4 M0 XUMUHU. 3 2 1
Cnoco0 IPOMOPLUUOHAIIEHOTO
pacuera. Pemenue 3amau crocobom
IIPOU3BOJIbHOM THIIOTE3bI
2 I'a30BbIe 3aKOHBI 10 2 4 4
B3aumo3aBucumbie napaMerpsbl
COCTOSIHUSI TA30B
3 OcHoBHBIC  THIBI  pacyeTHblx 14 4 4 6




3ajJga4v

3.1

OcCHOBHBIE THUIIBI PACUETHBIX 3aad.
BriBox VUCTUHHON (bopmyIbl
BELIECTBA

3.2

OCHOBHBIC THUITBI PACYCTHBIX 3ajad.
Cxema pacdera IO XHMHYECKOMY
YPaBHEHHUIO C  HWCIOJIb30BaHUEM
Macc ¥ 00bLEMOB

3.3

OCHOBHBIE TUITBI PACYETHBIX 33]1a4.
PacueTsl 10 TEpPMOXUMHUYECKUM
YpPaBHEHUSIM

3.4

OCHOBHBIE THITBI PACUETHBIX 3a/1a4.
Ompenenenne cocrtaBa cMeceit
BEILIECTB U CIUIABOB

PacTBOpbI

14

PactBopel. KonnuecTBeHHsbll cocTaB
pacTBopa

4.2

PactBopsl. PacTBOpHMOCTB

w

4.3

PacTBophl. 3amaun Ha onpezneineHue]
(dbopMyJIbl KPUCTAIOTHAPATA

4.4

PactBopsl. JlelicTBHSI ¢ pacTBOpaMu:
paszbasienue, ynapuBaHue,
KOHLICHTPUPOBAHUE, CIIMBAaHUE JBYX
pacTBOPOB

DJIeKTPOJIN3

10

S

S

Oco0enHocTH
3agag

OJIUMITMATHbIX

10

Hroro:

72

20

24

28

I/IHTepaKTI/IBHOC oﬁyqem/le o JTMCHMIIJIMHE

HaunmenoBanue Tem (pa3ziesion)

Bun
3aHATHSA

dopma

HHTECPAKTUBHOTO

3aHATHSA

Koa-Bo
4acoB

[Tpsmoii anredbpanueckuii crnocoo

CniocoObl  perieHust 3a7ad Mo  XUMHH.

JIK

Jlexuus c
omrnOKaMu

CnocoObl  perieHust 3a7ad Mo  XHMHH.
Cnioco0 mponopIMoHaIBLHOTO pacuera

JIK

Jlexuus c
olrmOKaMu

IIpssmont anreOpandeckuii
Ksagpar [Iupcona

CnocoObl  perieHust 3aaad 1Mo  XUMUH.
croco0.

JIP

PaGora B Maibeix
rpymmax

OCHOBHBIC THUIIBI PaCUYCTHBIX 3a/1a4.

BoiBos1 ucTHHHON (hOopMYyIIbI BElllecTBa

JIK

Jlexuus c
OIINOKaAMU

OCHOBHBIC THUIIBI PaCUYCTHBIX 3a/1a4.

CIIJIaBOB

Onpenenenre coctaBa CMECEN BEIIECTB U

JIP

Pabora B Mmanbix
rpymnmnax

DIIEKTPOIIN3

JIK

Jlexud ¢
olrmOKaMu

OcoOeHHOCTH OJIMMITMAIHBIX 3aga4

JIP

Pabora B Mmanbix
rpynmnax




| [ uToro | | | 14

3 COAEP) KAHUE TEM (PA3JEJIOB)
| CIIOCOBbLI PEHIEHUA 3AJTAY 10 XUMHUHN

[Ipsimoii anreOpanueckuii croco6. Croco6 mpornopiuoHansHoro pacdera. Ksaapar [Tupcona.

Pemenue 3amau crnoco60M Mpor3BOJIbHOM TUIIOTE3HI.
11 TABOBBIE 3AKOHBI. BBAUMO3ABUCHUMBIE TAPAMETPBI
COCTOSHUA T'A30B
3akon boitns-Mapuorra. 3akon ['eii-Jltoccaka. 3akon lapns. 3akon ABoranapo. CieactBusi u3
3aKoHa ABOraJipo. YpaBHEHHE UI€aJIbHOIO ra3a. 3akoH JlanpToHa.
111 OCHOBHBIE THUITBI PACYUETHBIX 3AJAY

Pacuersl mo xumuueckum Gopmynam. Beruncienue maccoBbix gosieit (%) mo dopmynam
BELIECTB.

OcHoBHbIE MOHATHUSA U 3aKOHBI XUMHUH. Mok, MossipHas macca.

BriBog nctuHHO#M opmyibl BeniectBa. OCHOBHBIE CITOCOOBI pacueTa.

Haxoxnaenue ¢popmyiibl BelecTBa Mo yKa3aHHBIM B YCJIOBHHM 3a7aud cBolicTBaM. HaxoxaeHue
(GopMysBl BEIIECTBA IO MAacCOBBIM JIOJISIM JJIEMEHTOB. HaxoxaeHue XUMHUYECKOH (GOopMyIIbl
ra3o00pa3HOro BEIIECTBA MO MACCOBBIM JIOJIIM 3JIEMEHTOB U OTHOCUTEIBHON IUIOTHOCTH €ro IO
npyromy rasy. Haxoxxnenne XuMn4aeckoil popMyIibl BEIECTBA 110 MPOyKTaM CTOPaHHUSL.

CrexuoMeTpUUYeCKHUe pacdeThl MO YpaBHEHUSM XUMHUYECKHX peakuuid. Cxema pacuera Mo
XUMHUYECKOMY YPaBHEHHUIO C HCIOJIb30BaHHEM Macc U o0beMoB. Cxema pacuera Mo XMMHYECKOMY
YPaBHEHUIO C HMCMOJIb30BAaHHEM KOJIMYECTBA BEIIECTBA. BBIYMCICHUS MO XUMUYECKUM ypaBHEHUSIM
Macc (00bEMOB) BEIIECTB 110 U3BECTHOM Macce (00hEeMy) OJJTHOTO U3 BCTYIAIOIINX HITU TIOTYYaOITIUXCS
B pe3yJbTaTe peakiuu BeulecTB. PacueTsl MO XMMUYECKHUM ypaBHEHUSM IPU yCIOBUH, YTO OJIHO M3
pearupyomux BEIIeCTB JaHO B U30bITKE. PacyeTsl Mo TEPMOXUMHYECKUM YpaBHEHUsIM. Brruncienue
o0bema raza, HeoOXOIUMOTO JUIS PEAKIMH C OMpPEeleIeHHBIM 00beMOoM Jpyroro rasza. OmpeneneHue
MaccoBO# (0OBEMHOM J0JM) BBIX0J1a MPOIYKTA PEAKIIMHU B MPOILIEHTAX OT TEOPETUYECKH BO3MOKHOTO.
Brruncnenue macc (00bemMa) mpoIyKTa peakiiui Mo u3BeCTHOU Macce (00beMy) HCXOIHOTO BEIIeCTBa,
COJIeprKallero NpuMecH.

Omnpenenenne cocTaBa CMECEi BEIIECTB M CIUIaBOB. MaccoBasi 101l KOMIIOHEHTa. TUn4HbIe
peaKkuuu pas3ioKeHUs BELIECTB, COCTABIIAIOIINX CMECH.

IV PACTBOPBI
PactBoprl. KonuuecTBeHHBIW cocTaB pacTBopa. MaccoBass J0Jid BEIIECTBA B PacTBOPE.
MonspHas koHneHTpauus. PactBopumocts. Kpucramnoruaparsl. 3aiaun Ha ompeseneHue (Gpopmyasl
KpUCTAJJIOTHApaTa. 3ajadyd Ha MPUTOTOBJIEHHE pPAcTBOPOB KpucTtayoruaparoB. JleiictBus c¢
pacTBopami: paz0aBieHHe, ylapuBaHue, KOHIICHTPUPOBAHUE, CIMBAHUE JIBYX PACTBOPOB.
V QJIEKTPOJIN3
Onexrponu3. 3akoHbl auekTposnza (M. @apapnes). IlocrossHnas Papanes. Ilponeccsl,
MPOTEKAIOIIME TP AJIEKTPOJIU3E PACILIIaBOB U PACTBOPOB.
VI OCOBEHHOCTHU OJIUMIINA/IHBIX 3ATAY
OcoOenHocTr onUMMOMAAHBIX 3afady. DopMbl MOCTPOEHHS OJMMIIMAAHBIX 3anad. [Ipumepsl
OJIMMIUAJHBIX 33]]a4 Pa3HBIX ITAMOB.

4 METOANYECKMWE PEKOMEHJIAIIUU (YKA3ZAHUA) JJA CTYJAEHTOB 110
N3YUYEHUIO JTUCHUITJIUHBI

B mporpaMMmy MMCHMIUTHHBI BKJIFOYCHBI 33/IaHUsI, PACCUMTAHHBIC KaK HAa CPeAHUN YpOBEHBb (s
KOHTPOJBHBIX Pa0OT MO XUMHUU), TaK U OJMMIIMATHOTO YpPOBHS, T.e. Ooyiee cloxHbie. B mporpamme
MIPEICTABICHBl HAaMOOJIee COBPEMEHHBIE M PAIlMOHAIBHBIC METOJIBI PEIIeHUs, KOTOpPbIe, KOHEYHO, HE
SIBIISTFOTCSI  €IMHCTBEHHO BO3MOXXHBIMHU. [losTomy He TpeOyeTcsi Bcerna cieloBaTh KaKOW-TO
OTIPEIETICHHOM CXeMe, a TIOMCKH IPYTUX, HECTAaHAAPTHBIX CIIOCOOOB peIIeHUs OTACIBHBIX 3371a4 MOTYT
TOJBKO IPUBETCTBOBATHCS.



B pazgenax AMCHMIUIMHBI PAacCMOTPEHBI OCHOBHBIE CIOCOOBI pEHICHHs 3aJad, BKIIOYCHBI
HaubOosee BaKHbIE MOHATUS Kypca XMMHUH, MPUBEACHBI pPa3BEpHYTHIE PEHICHMs 3a/ad U 3aJaud IS
CaMOCTOSITEIILHOTO PEIICHUs C OTBETaMHU. B 1ocoOMM MaHbl pacyeTHBIE 3a/1a4H, MPECiIeAyIONUe ehb
3arnoMuHaHus (HOpMysT M oIepaiuii, UCHOJIb30BaHHE KOTOPBHIX IMO3BOJMT B JAIbHEWUIIEM pellaTh
npoOJIeMHBIC 3a1a4u. MHOTHE 331a4H SBISIOTCS OJIMMITUATHBIMU U OTIUYAIOTCS OT TUIIOBBIX TEM, UTO
TpeOyIOT UCTOIb30BAHUS TEOPETUYECKUX 3HAHUM U3 Pa3HbIX Pa3/eIOB XUMUHU.

B mportecce moaroroBku Bel MokeTe Takke MCIOIb30BaTh yueOHOE TTocoOrne « OCHOBHBIE TUIIBI
U CIIOCOOBI PEIIeHUs YCIOKHEHHBIX 3a1ad 1o xumun» / Eroposa M.B., UBanenko T.K., Tpodpumiiora
H.A. - binarosemenck: M3a-so BI'TIY, - 2005. - 192 c.

Y4eOHO-MeTOAMYECKOE 0O0ecTiedeHHe CAMOCTOATEILHON padoThI
CTY/€HTOB MO IMCUMUILINHE

KoimnuecTBo
4acos, B
HaumeHoBaHue DopMbI/BUABI COOTBETCTBHH C
Ne pasnaesa (Tembl) CAMOCTOSITeILHOI padoThI yueOHO-
TeMaTH4YeCKUM
IIAHOM
CnocoOsl pemienus 3aaa4 | MizyueHrne oCHOBHOI TUTEpaTyphl 4
1 | mo xumun N3yuenue qOMOITHUTENBHONM TUTEPATYPHI
Pemmenne pacueTHbIX 3a7a4
[ToaroroBka k codeceJ0BaHUIO
[ToAroToBKa K TECTUPOBAHUIO, 3a4YETY
I'a30BbIC 3aKOHBI. N3yueHne 0CHOBHOM JIMTEPATYpPBI 4
2 | B3aumozaBucumbie W3ydeHue JOMONMHUTEIBHON JTUTEPATY Pl
napaMmerpsl  cocrostHus | [loaroroska k codecen0BaHUIO
ra3oB Pemenue pacueTHbIxX 3a1a4
[TonroToBKa K TECTUPOBAHUIO, 3a4YETY
OcHoBHbIE N3y4yeHne OCHOBHOM JINTEPATYPHI 6
3 | TUIIBI pacUETHBIX 3a7a4 W3ydeHue NONONMHUTENBHON JIUTEPaTy Pl

Penienune PaCUYCTHBIX 3ada4

IToaroroska k cobeceI0BaAHUIO
[ToaroroBka K TECTUPOBAHUIO, 3aUETY

4 | PacTBOpBI W3yueHne OCHOBHOM JIUTEPATYPBI 6
W3ydeHue NONONIHUTENBHON JIUTEPATY Pl
Pemenue pacueTHbIX 3a1a4

[TonroroBka k codbece10BaHUIO
ITonroToBKa K TECTUPOBAHUIO, 3a4ETY

5 | DnekTponus N3yueHne 0CHOBHOM JIMTEPATYpPHI 4
W3yueHne JOMOTHUTEIBHON JIUTEpaTyphbl
Pemienue pacueTHbIX 3a1a4

[ToaroToBka k cobeceJOBaHUIO
[TonroToBKa K TECTUPOBAHUIO, 3a4ETY

6 | OcobenHoctH W3yueHne 0OCHOBHOMU JIUTEpaTyphbl 4
OJIMMITUAHBIX 33/1a4 W3ydeHue NOMONMHUTENBHON JIUTEPATY Pl
[ToaroToBka k cobeceJOBaHUIO
[TogroToBka K KOHTpPOJIBHOM paborte,
3a4eTy

Hroro: 28




STIPAKTUKYM IO JUCHUIIJIMHE
IInan 1aGopaTopHBIX 3aHATHH
JlaGoparopHasi padora Nel (2 yaca)
Tema: Cnoco6bl pemenusi 3axa4 no xumuu. Mpamon anrebpanueckmnii cnocob6.
Ksaapar [Iupcona

[Ipssmoit  anreOpamveckuid CHOCOONpeArongaraeT BBIPAKEHHE MCKOMOW BEIMYHMHBI Uepe3
HEU3BECTHOE HEMOCPEACTBEHHO B YCIIOBUU 33Jayd. DTOT CHOCOO MMEET psii MPEUMYIIECTB B TEX
ClIy4asix, KOorja peuIuTh 3aa4dy OJHOW WM JIBYMsS MPOMOPIUSIMH HEIb3sl U yI0OHO BOCIIOIH30BATHCS
JIPYTHEMH METOJIaMHU aJreOphl, Yallle BCETO JIMHEHHBIMH YPABHCHHUSIMU M HEPABCHCTBAMH.

AnreOpanyeckue ypaBHEHHsI COCTaBIIIIOT Ha OCHOBE YPAaBHEHHMH pEaKIUid, KOTOpPbBIE IaroT
MPEJICTABICHUS O CTEXMOMETPHYECKUX OTHOMICHUSX B3aMMOJCHCTBYIOIIUX H O0Opa3yrommMxcs B
peakuuu BemiecTB. Yalne Bcero anreOpanveckoe YpaBHEHHE COCTABIIIOT, YYUTBHIBAsS COOTHOIICHHUE
KOJINYECTB BEIECTB COCAMHEHMI, YYaCTBYIOIIUX B PEAKIMU, W HCIOJB3Yys 3aBHCHMOCTH N = M/M.
Wuorga anreOpanueckoe YypaBHEHHE 3alUCBHIBAIOT B BHJAE pPABEHCTBA MacC OMNPEIEICHHOTO
XUMHYECKOTO 3JIEMEHTAa B COCIMHEHHSX, BCTYMUBIIMX B PEAKIMIO, 1 B KOHEYHBIX Mpoaykrax. Jlis
OJIHO3HAYHOI'O PELICHMS 3aa4d YMCIIO YPABHEHHUU JOJKHO PABHSATHCS UYMCIY HEU3BECTHBIX BEJIUYMH,
(GUrypupyronmx B ypaBHEHUSX.

B Tex cnyuwasx, Korga cucreMa YpaBHEHHM HE MMEET OJAHO3HAYHOI'O PEIICHHUS, UCIOJIb3YIOT
JIOTIOJTHUTEIbHBIE CBEJACHUS O BEJIMYMHAX, MPEICTABICHHBIX B YCIOBUU 3anauyud. Ha ux ocHoOBe
COCTaBJISIIOT HEPABEHCTBA, PEUICHUE KOTOPBIX MO3BOJISIET ONMPEICIUTh IPAHUIBI BO3MOKHBIX 3HAUYCHHI
MCKOMOW BeIMYMHBL. HepaBeHCTBa waile BCEro OMPENENSIOT TPAaHUIBI BO3MOXHBIX CTETCHEH
OKHCJICHUSI AJIEMEHTOB, 3apsilOB MOHOB, MOJISIPHBIX Macc COeIMHEHUM u Ap. Tak, Hampumep, YUciIo
OTIPEIETISIONIEe MACCOBYIO JIOJII0 3JIEMEHTAa B COCIMHEHHH, HE MOXXET OBITh OTPHUIATEIHHBIM HWIIH
npeBblath equHuiy: 0<m<I; MoispHas mMacca KUCIOThI HE MOXET ObITh OOJIbIIIE MOJSPHON Macchl
COJIM 9TOM KHMCIIOTBI, YACIIO aTOMOB BOJIOPOJIa B MOJIEKYJIE CITUPTA HE MOXKET ObITh MEHBIIIEC YEThIPEX U
HE TMPEBBIIAET YKMCIa aTOMOB BOJOPOJa B MOJIEKYJIE COOTBETCTBYIOLIEIO €My MpPeaeIbHOTO
yrieBogopoaa u ap. Cpeau MHOXKECTBA 3HAUYEHUN TOJIBKO OJHO MJIM HECKOIBKO UMEIOT (PU3MUECKHI
cMbIci. TakuM 00pazoM, MPUXOAT K OTPaHUYECHHOMY KOJMYECTBY BAPUAHTOB PEUICHHUS 3aa4H.

[TpuiitTn K OJHO3HAYHOMY OTBETY BO3MOXHO, €CIIM yYHUTHIBATh, YTO HEKOTOPHIE HEM3BECTHHIC
BEJIMYMHBI MOTYT MPUHUMATh TOJBKO BIOJHE ONpeaeieHHble 3HaueHus. [Ipumepamu Takux BeTUYNH
SIBJISIFOTCSI UMCIIa aTOMOB B MOJIEKYJIaX, KOTOPbIE MPECTABIEHBI IEIBIMUA TOJIOKUTEIILHBIMUA YUCIIAMU,
CTENEHU OKHUCJICHMS, 3apsA/lbl MOHOB WM MOJISIPHBIE MacChl aTOMOB, HMEIOIIME OMpE/IECICHHBIE
YUCJIOBBIC 3HAUCHUS, YKa3aHHBIE B TAOJIUIIEC IEPHUOINYECKON CUCTEMBI 2JIEMEHTOB.

Huxe npuBeaeHs! npuMepsl 3a7a4, KOTOPbIE MOKHO PEIINTh aare0pandecKuM CrocoOoM.

3aoaua 1.

Kakyro maccy kanus cienyet 106aButh k 300 M1 BOJbI, UTOOBI B pE3yJIbTaTe PeaKINH

obpazoBaiics 15%-nsr1it pactBop KOH?

Pewenue:
1. I[TycTh nckOMast Macca Kajausi COCTAaBJISIET XT, TOTJJa Macca 0Opa30BaBIIETOCS PACTBOPA COCTABUT:

m (p-pa)=m (K) + m (H20)- m (Ho).

2. Beruncnsgem 3aadenme macc KOH u Ho:

Xrmz1 m>
2 K+2 H,O=2KOH + Hz1
2 MOJIb 2 Moiab 1 MOJIB
2-39r 2-56)r 2r
my = 2:96-x _ 1.435 -x
2-39
m2 = 0,026 -x

m (p-pa) = x + 300 — 0,026 -x.



ITo ycnosuro, maccoBas nosnss KOH B pactBope cocrasmisier 15%, T.e. ®% (KOH) = 0,15 =
L435-x .y _34037r~3494r.

x+300-0,026- x
OtBer: m (K) =34,94 r.

3aoaua 2.

Kakyto maccy okcuna kanus cienyer 100aButh Kk 350 r 7,9%-Horo pactBopa THApOKCHIA KaJIUs
Ju1st mosrydenust 21%-Horo pactBopa ruIpoKcuIa Kanus?

Pewenue:

[TycTh nckoMasi Macca OKCHJIa Kallusl COCTaBJISIeT X T, TOTa Macca MOJIy4eHHOT0 pacTBOpa paBHA
(x + 350) r. Berumcnum, kakas macca KOH coorBerctByer x r K20. [linst 3toro cocraBum
CTEXHOMETPUYECKYIO CXEMY:

1 monb K20 — 2 monns KOH. Torna X = i; mi= 112x .
94 2.56 94

B 350 r 7,9%-noro pactBopa KOH conepxutcst 350 - 0,079 = 27,65 r KOH.
12X | 57,65 r KOH.

Bcero B 1oTy4eHHOM pacTBOPE COJEPIKUTCS

12x

Mo ycnoBwuio L +27,65=0,21 - (x + 350); x =46,78.

Otger: Tpedyercst 100aBuThL 46,78 T OKCH1a Kausl.

3aoaua 3.

[Ipu B3auMoOJeHCTBUM OKCHJa METala C CEpHOM KHUCI0TOM oOpaszoBanoch 3,92 1 cynbdata
storo metaiia u 0,54 r Boasl. Hanummre hopmyiy okcuia Meraia.

Pewenue:

3anuiieM XUMUYECKYI0 (GOpMyIly OKCHa MeTaula B yclIoBHOM Buae Me2On. Mckomast BennuuHa
M (Me) — MonipHas Macca MeTajljla ¥ n - €ro CTeNeHb OKUcIeHus. Peakiium okcuia MeTasia ¢ cCepHoi
KHCIIOTOH oTBevaeT ypaBHeHue: MezOn + n H2SO4 = Mez(SO4)n + n H20

Anrebpanyeckoe ypaBHEHHE COCTaBHM C yUETOM TOT0, YTO KOJMYECTBO BEIIECTBA BOJIbI,
o0pa3oBaBLIEHCS B pe3yJibTaTe Peaklui, B n pa3 OoJblle KOJIMYECTBA BEllecTBa cylib(aTa MeTaa:

n -v Me2(SOs)n = v (H20), wimn

n-M(Mey(0,),) = M(H0) o

M(Me,(SO,),) M (H,0)
392 _ 054
2-M(Me)+96n 18

otkyna M (Me) = 17,32 -n. Pemenue nmeet cmbica npu N =3 u M (Me) = 52 r/monb.
OtBer: uckomas ¢popmyina Crz0s.

3aoaua 4.

3akpeITas KoJ10a co CMEChI0 BO3yXa U Kuciopojaa umeer maccy 77,163 r. Eciu Ty e kondy
HAIOJHUTH YTJIEKUCIIBIM ra3oMm, ee Macca coctaBut 73,373 1, a ¢ razom X ona Becut 77,017 r.
Hasosure X.

Pewenue:

Cnocob 1.

V3MeHeHrne MacChl KOJIOBI MPOTIOPIIMOHATBHO U3MEHEHHUIO MOJIIPHONW MAaCChI TPU MEPEX0e OT
ojHOro Tasza k apyromy. Torma Am; = 0,210 r; Amz = 0,146 r; Ami/Am; = 1,44. Cpeansist MoasipHast
Macca cMecH BO3/yXa ¢ KHCIOpPOJOM HAaXOIUTCS B mpeaenax 29 — 32, 3HaUUT, U3MEHEHHE MOJIIPHOM
maccel ipu niepexojie k CO2 cocranser 15 — 12. Torna AM npu niepexoje k razy X cocraBut |[AM| =
(15 -12)/1,44 = 10 — 8. Otcro1a MOXHO BBIYMCIUTH, B KaKUX IMpeesiaX HAXOJUTCS MOJIIpHas Macca

HEU3BECTHOTO rasa X:
Mi(max) =32 — 8 =24; M2 (min) =29 — 10 = 19.



VY CIIOBHIO yIOBIETBOPSET TOJBKO HEOH, TaK Kak (PTOPOBOJIOPOJ B Ta30BOW (paze HAXOIUTCS B
NOJMMEPU30BAHHOM COCTOSIHUM M MMEET 3HAYUTEIbHO OOJIblliee 3HAYEHHWE MOJISIPHOM Macchl, uem
BBIUMCJIEHHOE.

Cnoco6 2.
[Tycts Macca KoObI ¢ MPOOKOW COCTABISIET Mo, a CPEeIHssT MOJISIPHAs Macca CMECH BO3AyXa C
KHACIOPooM Mcp.. Torma MOXKHO COCTaBHTh cUcTeMy: Mo+ N-Mgp, = @
mo+n-44 =D
Mo+ Nx=C
BbrunTaem U3 BTOpOro ypaBHEHUsI TIEPBOE U TPETHE:
n@44-My)=b—-a, n(d4—-x)=b-c,
T.e. N (44 - M) =0,21; n (44 —x) =0,356.
Beipaxaem x uepe3 M, x = 1,695 -Mcp,— 30,6. Haxonum npenenbubie3HaueHusx (29 <Mgp< 32);
x1=1,7-29-30,6 =18,6; x2=24.
19 <M (X) <24,
CremoBarebHO, YCIOBHIO YIOBIETBOPSET HEOH.
OtBer:Ne.

JladbopaTopHas padora Ne2 (2 yaca)
Tema: Cnoco0bl pemeHusi 3aga4 no xumuu. Cnocod NpomopHUHOHATBHOIO pacyera.
Pemenne 3aga4 cnoco6oM nNpou3BoJILHOM IMNIOTE3bI

He xaxnas 3amaua MOKeT OBITH pellleHa crocoOoM molatanmHoro pacyera. Haubosee oOmumit
croco0 peuleHus, CBSI3aHHBIM C pacyeTaMM 10 XUMHUYECKHUM YpaBHEHHUSM, CIEYIOLIUI: BHauaie
IpeJIoiaraeTcs, YTo B MPEBPALICHUs BCTYNAIOT T€ KOJIMYECTBA (YMCIIO MOJIEH BEIIECTBAa), KOTOpHIE
(GUrypupyloT B ypaBHEHUH PEAKLIMH, a 3aTE€M IOJYyYEHHbIE COOTHOILEHHS COIOCTABIISIIOT C YCIOBHUEM.
B HanbGonee npoctoM citydae AenaeTcs mepecyer ¢ IOMOIIbIO MPOIOPIUH.

Crioco6 MponopIHOHATIBHOTO pacyeTa HCHOJb3YeTCs A PELIeHHs MHOTMX THUIOB 3ajad,
HampuMep, TakuxX, Korja HeoOXOJUMO BBISICHUTH pacxoj] peareHTa — Macchl, 00beMa, KOJUYeCTBa
BEIIECTBA JJIsl TOJYyYEHHUS OIpeNelIeHHOW Macchl, 0O0beMa, KOJIMYecTBa BellecTBa Mpoaykra. B
HEKOTOPBIX CiIy4asX croco0 MPONMOPHHOHAIBHOIO pacuera HCIOJIb3YeTCS B KadecTBE OJHOTO M3
9TaIoB PEIICHNUS.

UYacTto BcTpeyaroTcs 3a7jau ¢ HETOJIHBIM yCI0oBHEM. B Takux 3aauax TpyIHOCTb pelIeHUs
00yCJIOBIeHa HEIOCTaTKOM OJIHOTO MJIM HECKOJIBKUX JIEMEHTOB B €€ YCIOBUHU, KOTOPBIE MTO3BOJIMIN
OBl CBECTH pEIICHNE K ONPEEIIEHHOMY alropuT™My. B 3TOM ciyyae MOXKHO HCIIOJIb30BaTh CIIOCOO Tak
Ha3bIBAEMOMW ITPOU3BOJIBHON FMIIOTE3HI.

[Ipu pemenuu mogoOHBIX 3a/1ad OAHOW W3 BETUYHMH, UMEIOIIAsi Pa3MEepHOCTh — Macca, 00beM,
KOJINYECTBO BEILIECTBA U T.JA. — NPUNUCHIBAETCA NPOUZBOTIbHOE, YOOOHOE 01 0ANbHEUUUX 8bIYUCTEHUL
3HaueHue, a 3amem Oelaemcs nepepacuem Ha KOHKpemHvle ycaosus 3a0aqu. Tak, MOMXKHO IPUHSATH,
4TO Macca BellecTBa WM ero 00beM, Macca Wi 00beM pacTBopa, cmecu cocrasiser 100 r, 1 r wm 1
1, 100 5. Takke MOXKHO MPEIOJIOKUTh, YTO B MPEBPAIICHHH YYaCTBYET JIFO00€ IIEJI0€ WIIH HEIIEeJI0e
YUCII0 MOJIEH pearupyrouux Uid oO0pa3yromuxcs BemecTs U T.1. [Ipu 3ToM Mpou3BoIbHOE 3HAYeHuUe
npunucvléaemcs He 0Oojnee 00HO20 pasd, CIENOBATENbHO, OCTaJbHbIE BEIUYMHBI BBIBOASTCS U3
YpPaBHEHHUH peakuMi W JaHHBIX YCJIOBHS 33Jaud WM JK€ BBIPAXKAIOTCS 4YEepe3 HEU3BECTHOE.
[Ipon3BoapHOE 3HAUEHUE HENb3sl IMPUIUCHIBATH BEJIWYMHAM, HMEIOIIUM  pPa3MEpHOCTb —
OTHOCHUTEJIbHBIM TUIOTHOCTSIM, MaCCOBBIM M OOBEMHBIM JIOJISIM H T.JI.

3aoaua 1.

CKoJpKO T conM BeIKpUcTaunzyercs npu oxyaxzaeHnu 10 30°C 200 r HaceimeHHoro npu 95 °C
pactBopa cynbdara menu? PactBopumocts cynbdarta meau rpu 95°C coctasinset 40 1, pu 30 °C — 20
r Ha 100 r pacTtBopa.

Pewenue:
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1. Haiinem maccy cynbdata meau B 200 r pacTBopa HacklmeHHOro nmpu 95°C

100r - 40r
200r - x
x=80rT;

Bogwr conepxutes 200 — 80 = 120 (7).

2. JlonycTuM, 4TO IIpU OXJaxkaeHuH pactBopa 10 30°C B 0cafoK BbIIAAAET KAKOE-TO
KOJIMYECTBO KPUCTAJLIOTUAPATA, COOTBETCTBYIOLIee ¥ I cyibhara meau. [Ipu sTom cBs3bIBaeTcs U
BBIBOJIUTCS U3 PACTBOPA KPUCTAJNIM3AaLMOHHAS BOJA B KOJIMYECTBE:

160 r CuSO4 cssbiBatot 90 T H20
yr — art H0
a=0,56 -y
JlanHast mpomnopIys cocTaBiIeHa Ha OCHOBE TOTO, UTO MOJIsipHast Macca kpuctaworuapara: M (CuSOg-
5 H20) =160 + 90 = 250 (r/moB).
ITpu 30°C B pactBope octaetcs (80 — y) T cynbdara meau u
(120 - 0,56 -y) r BOIBI.
ITo ycnosuto mipu 30°C B 100 r conepsxkutcs 20 r cynbdara meau,
T.€. 80 r Boapl mpuxoautcs Ha 20 r comu.
CocTaBuM NpONOPIHIO:

80rBompr - 20T1 CuSOq4
120-0,56-y - (80-y)
y =58,18.

B nepepacyere Ha KpUCTAIIOTHIPAT MOy YHM:
250 T coxmepxat 160 r CuSOgs- 5 H,0O
b — 58,181
b =90,9.
Ortsert: macca CuSQOg4- 5 H20 cocrasuster 90,9 (1).

3aoaua 2.
B xakoM MOJIIpHOM COOTHOILIEHUH CIIEyeT CMellaTh rekcaruapat xjiopuna xenesa (1) u Bony,
4T00bI MoTyunTh 20%-HbIi pacTBop xinopua xeiesa (111)?

Cnocob 1.
Pewenue:
[Tycte x - kommuectBo monb FeCls - 6 H20
y - KomudecTBO Moib H20

M (FeCls- 6 H20) =270,5 r/monb.
Macca x mosb FeCls - 6 H20 pasna 270,5 -x (1),
a Macca yMoJlb cocTasisieT 18y (r).
CocTaBuM NpONOPIHUIO:
270,5 FeCls - 6 H20 comepsxat 162,5 r FeClz
270,5 -x — a
a =162,5 x (r) FeCls.
T.e. B koneunom pactBope macca FeClz pasna 162,5 -x.
Macca BemectBa B 20%-HOM pacTBOpPE COCTABIAET
0,2-(270,5-x +18 -y)
VYuuTtsiBas, 4To Macca XJIOpUJa jKeJie3a OCTaeTCs MOCTOSIHHOM, COCTaBUM yYpaBHEHUE:
0,2 - (270,5x +18y) = 162,5 -x
18 -y =542 x
yx=30:1
Cnocob 2.
DTy 3a7a4y MOKHO PEUINTb, UCTI0JIb3Ys KBazpaT [lupcoHa.
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Onpenenum mMaccosyio goto FeClz B FeCls- 6 H0O

162
% (FeCly) = 2222 1009 = 60%.
2705
60 20
0 /™40

Ha 20 r FeClz - 6 H20 neobxomumo B3saTh 40 I' BOIBI, YTO B MOJISIPHOM COOTHOIICHHU

COCTaBJIACT.
20 . 40

— . —; T.e.1:30
2705 18

Ortser: B cootrHourennd 1 : 30.

Pewenue 3a0au cnocobom npouseonbHoll 2cunomessvl

3aoaua 1.

Beruucaure MaccoByl JIONII0  XJIOPHAA KaJdus B PAcTBOpE, IOJYYEHHOM OCTOPOXKHOM
HelTpanuzanuen 20%-oro pactBopa coiasiHOM KUCIOTHI 15%-HbIM pacCTBOPOM I'MAPOKCH/IA KAJIUSL.

Pewenue:

Cnocob 1.

[TycTh Macca pacTBopa coisiHOM KUCIOTHI coctaiisieT 100 1, Torna B Hem coaepkutces 20 r
XJIOpOBOAOPOa. BeruricnuM, kakas Macca ruJJpoOKCHIa Kalus IPOpearupyeT ¢ COISTHOW KUCIOTOH, U
Kakasi Macca COJIM IPU ATOM 00pa3yeTcs.

20 rX1 X2

HCI + KOH = KCI + H0
1 MoJB 1 monb 1 MoJb
36,51 56T 745 T

x1=20-56/36,5 =30,68 (r);
m (KOH) = 30,68 r; m (KCl)=40,82 .
Macca pactBopa KOH cocrasur 30,68/0,15 = 204,53 1, a cymma macc pactsopoB KOH u HCl
304,53 r.
MaccoBast 107151 COJTH B PacTBOpE:
o (KCI) = 40,82/304,53 = 0,134 wnn 13,4%.
Otger: ® (KCI) =0,134.

Cnocob6 2.

Ecnu nmpopearuposan 1 mosns HCI u 1 mons KOH, To o6pazoBaincs 1 mons KCI.

m1 (p-pa) =M (HCl)/ow1=36,5/0,2=182,5r

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

o(KCl) = M(KC) = 74 5/(182,5 + 373,3) = 0,134

1 + m2

Otser: ® (KCl) =0,134.
OueBHUIHBI PEUMYIIECTBA 2 - TO CII0co0a penieHus. Perenue 3a1a4 ¢ HEMOJIHBIM YCJIOBUEM
HanOoJIee paroHAIBHO TIPH UCIIOJB30BAHNN | MOJIS WJTH IPYTOro MENO0Tro YHCIia MOJICH OHOTO U3
BEIIIECTB.

3aoaua 2.
OTHOCHTEIBHAS TUIOTHOCTH M0 BOJAOPOIY CMECH I'elIis M KHCI0poa cocTasisier 5,5, Borunciure
MacCOBYIO JIOJIIO TEJIUsI B CMECH.
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Pewenue:

Cnocob 1.

ITyctb B cMecu Ha 1 MOJIb TeIus NPUXOJUTCS X MOJIb KUciiopoaa. Toraa Macca cmecu
cocrariisieT (4 + 32 -x), a Macca Ha 1 Mostb: (4 + 32)/ (1 +x). 1o ycinoButio cpeaHsisi MOJIIpHAsE Macca
cMmecu cocTasiseT 5,5 - 2 =11 (r/Moib), 3HAUUT,

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

Macca cmecu: 4 + 32 - 0,33 = 14,56 (7).

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

Otser: ® (He) =0,27.

Cnocob 2.

[Tycth B cMecu 0ObeMHast J0JIs TEJIUs COCTABIISAET X, TOraa oObeMHas 1ot kuciopoaa (1 — x).
Jl1s ra30B MoOJIsIpHAst 10JI B CMECH COBIAJIaeT ¢ 00bEMHOM J0JIei, M03TOMYy MOXKHO 3anucath: ¢ (He) -
M (He) + ¢ (O2) - M (0O2) =11.

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

x=0,75;

n (He) = 0,75 moup,

m (He) =n-M =3r,

® (He) =m (He)/11 = 3/11 =0,27.

Otget: ® (He) =0,27.

Cnocob6 3.

ITycts macca cmecu cocrasisier 100 r, a B Heit x T He u y r O2. OO6beM cmecHu cOCTaBIIseT:
(100/11) - 22,4 =203,64 .

Brruncnsiem kakoit o0bem 3anumaroT x T He u y v O:
_ X. - y

V (He) =224 . V (02) =224 - 37"
CocTaBum cucTeMy ypaBHEHHI:

x+y=100

224.% +004.Y =20364
4 32

x=272.
o (He) =0,27.
Otset: ® (He) =0,27.

JlabopaTopHas padora Ne3 (4 yaca)

Tema: I'a3oBble 3aK0HbI. B3annMo3aBucHMbIE IapaMeTPHI COCTOSIHUSA I'a30B

B nopmanvuwix yenosusx (npu 0 °C u daenenue 1, 01325 10° I1a) B ra3000pa3HOM COCTOSHHH
HAXOMATCS 3JIeMEeHTHI renueBoit rpynmsl (He, Ne u T.1.), psa 9JeMeHTOB, 00pa3yIoIiX MOJIEKYISIpHbIE
rasel: Oz, H2, N2, F2 u Cly. T'azamu Takke sBasioTCs MHOTHE Bogopoaubie coenunenus (HGal, NH3),
Hekotopeie uHTepraoreHuibl (CIF, CIF3), okcumbl JIerkux 3JIEMEHTOB — a30Ta, yriepoja, XJopa,
cepbl. BeneacTBre ¢1aboro MEKMOJICKYIISIPHOTO B3aUMOJICHCTBHUS TIPH MAaJIBIX JABICHHUSIX M BBICOKHX
TEeMIepaTypax BCE TUMUYHBIE Ta3bl BEAYT ceOs MPUONMM3UTENHLHO OJUHAKOBO. ['a3bl, HaxonasIHeCs B
YCIIOBUSAX, HE3HAYUTEIHHO OTIMYAIONIUXCS OT HOPMAJIBHBIX, MOUUHSIOTCS OoJiee WM MEHEe TOYHO
3akoHam udeanvHulx 2azos. O0beM JHOO0ro rasa 3aBUCUT OT TpeX IMapaMeTpoB: TeMmieparypsl 7,
naBieHus p u yucia monekyn N. /laHHBIE 3aKOHBI, OMMMCHIBAIOT 3aBUCUMOCTh 00beMa OT KaXKIOro U3
TpPeX MapaMeTpPOB IMPH MMOCTOSHCTBE JBYX Ipyrux. VCIIONb30BaHWE Ta30BBIX 3aKOHOB MPHU PEIICHUN
3a/la4y, CBSI3aHO C HAXOXKICHHEM KaKOTo-IM0O MapaMmeTpa Ta30BOTO COCTOSHHUS TPH H3MEHEHHUH
JPYTOTO W MPHU yCIOBHH, YTO OCTAJbHBIC TTApaMETPhl OCTAIOTCS TMOCTOSIHHBIMH, a TAKXKe C pacueToM
OTHOCHUTEIILHON MOJIEKYJISIPHON MacChl BEIIECTBA IPU H3BECTHOM 00BEMe TaHHOM MacChl rasa.

3axon Botinsa-Mapuomma. Tlpyu IOCTOSHHON TeMmIepaType 00beM raza JaHHOW MacChl 0OpaTHO
MPOIMOPIIMOHANICH €T0 IaBICHUIO:
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Vi = Pe i v- p = const
Vo oopy
3aKkoH ycTaHoBJeH He3aBucumo P. boitem (1662 r) u 9. Mapuortom (1667 1).
3axon Ieii-J/lroccaxa.llpy OCTOSTHHOM J1aBlIeHUH 00beM Ta3a V JaHHOM MacChl IIPHU MOBBIIICHUH
ero Temreparypsl Ha 1 “CyBennuuBaercs Ha 1/273,15 yacts o0bema Vo, KoTopsIid ra3 3anumain mpu 0
°C:
V=Vo- (1+—t_t),mmV = Vo 231t
27315 27315
[ToncraBuB abcontoTHyto Temmeparypy T =t + 273,15 K, nonyuum apyroe BbIpaskeHUE 3TOTO
3aKOHa:

Vv
K. L €CTh BEJIMYMHA MOCTOSIHHAsA, TO — = CONSt,
27315 T

wi V = constT.

CrnemoBareibHO, TMPU MOCTOSIHHOM JIaBJICHUU O0BbEM raza JaHHOH MacChl U3MEHSIETCS IMPSIMO
MPOTMOPIIMOHAIILHO €r0 a0COTIOTHOM TeMIIepaType:

Vil

V2 TZ

3akon otkpsIT JXK.JI. I'eit-Jlroccakom B 1802 r.

3akon IMlapas. Ilpu mocrtosHHOM oO0beMe JaBleHHE Ta3a JaHHOM Macchl MPSIMO
MPOTMOPIIMOHAIILHO €r0 a0COTIOTHOM TeMIIepaType:

P &,Hnnp=const'T

Tl T2

3akon Asoraapo. [Ipy NOCTOSHHBIX TemIeparype U AaBJIC€HUM B pPaBHBIX 00bEMax Tra3oB
COJIEP’KUTCS OJIMHAKOBOE YUCIIO MOJIEKYJI (W11 00BEM raza MpsiMo MpONOPLHOHATIEH YUCITY MOJIEKY):

V = const'N
CrnenctBust U3 3aKk0oHa ABOTaIPO:

1 — oxuH Moab MI000r0 MIEATBHOrO Ta3a NMPH HOPMAJIbHBIX YCIOBHUSX 3aHMMAET OJUHAKOBBIH
00beM Vi = 22,414 m3/mons = 22,414 1/Moib.

2 — MOJIsIpHas Macca rasa paBHa NMPOU3BEEHHUIO MJIOTHOCTH JAHHOIO Ta3a Mo APYroMy ra3y Ha
MOJISIpHYIO Maccy nociennero M1 = D M.

Yucno dvactui (aToMOB, MOJIEKYJ, HMOHOB) B 1 MoJie BellecTBa Ha3bIBAETCS MOCTOSHHOU
Asorazpo. O6o3nagaercs N4 1 paBHa 6,022 - 10 2 yoan L. ITocTosHHAs ABOTanpO JaeT BO3MOKHOCTH
BBIUMCJIUTh Maccy OJHOM MOJEKYJIbl WJIM aTOMa, a TaKXE YHCIO MOJIEKYJ B ONPEACICHHOW Macce
BEIIECTBA:

M =mo ‘Na

3axon omkpwuim 6 1811 2 A. Asozadpo.

3akoH boinsg-Mapuorra, 3akoH I'eii-JIroccaka n 3akoH ABOrajpo MOCIYKWIM OCHOBAHUEM AJIS
BbIBOJIa YPABHEHHUSI COCTOSIHMA HAeaJbHOro rasza. OHO BKIIOYaeT COOTHOIIEHHE BCEX TpeX
napaMeTpoB — JaBJIEHUs, 00beMa U TeMIIepaTyphl — I JaHHOM Macchl rasa.
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PVo _ PVy _ PV, _
TO Tl TZ

B BhlIEnpUBEIEHHBIX COOTHOIIEHUSAX OOBEM W JaBJICHHE MOXHO BBIPAXATh B PAa3JIMYHBIX

enuHuIax. Tak, 06beM MOXKET BHIPAKAThCA B KyOuueckux Merpax (M°), nuTpax (J1), MUIUTMIMTPAX

(vin). 1 dusnueckas armocdepa (atm), wam 760 MM pT.cT., cootBerctByeT 101325 mmm 1, 013254 10°

nackaib (I1a), nmm 101,325 kunonackans (klla); 1 MM pt.cT. coorBercTByeT 133,322 I1a.
PoVo
0

3Ha4yeHue Juisd Bcex ra3oB. OHa Ha3bIBaeTCs YHUBEPCAIbHOM ra3oBoil MOCTOSIHHON n o0o3Havaercs R.
B COOTBETCTBUHU C MEXIYHAPOIHOM crucTeMoii ¢pusndeckux enmuuud (CH) R= 8,31 m® Tlaw moms 'K,

... =const

Bemmunna , OTHCCCHHas K KOJMYECTBY TIa3a, paBHOMY 1 MOJIb, UMECT OAMHAKOBOC

To ecTb p-v =R

Jns raza, konmmuectBoM N modib pV = NRT

Tak kak n = % , To pV = mMﬂ Oto ypaBHeHue BbiBen . 1. Mennenees B 1876 1., u Tenepb

OHO Ha3bIBaeTcs ypasnenuem Knanevpona - Menoeneesa.
IIpu pemenny 3agad npuaEMaetcst po= 1,013 10° 1a = 101,3 xI1a,
Vmo= 22,4 1/monb = 22,4 10 m3/moms, To=273 K.
3aoaua 1
O0bem raza npu 17°Cu gaBienun 104 klla paBen 480 n. Haliqute o0beM ra3za npu: a)
HOPMAJIbHBIX YCJIOBUSAX; 0) CTAHJAPTHBIX yCIOBHUSX.
Pewenue:
Cnocob 1.
O6o3naunm t1 = 17°C, T1 =290 K, p1 = 104 kI1a, V1 =480 1.
a) HopmanbHbIe ycnoBus ty = 0°C, Ty =273 K, py = 101,3 kITa.
[To ypaBHEHHIO COCTOSIHUS UCAILHOTO Ta3a: p_ll_—vl = p_lz__Vz
1 2
V= PVTs - v/ = 104 - 480 - 273/(290 - 101.3) = 463.9 ()
’ Tp, ) ’ ’ .
0) cmanoapmmuvie ycnosuat =25 °C, T =298 K, p = 101,3 kl1a.
[To ypaBHEHHIO COCTOSIHUS UEAILHOTO Ta3a:
Ver= 104 - 480 - 298/(290 - 101,3) = 506,4 (;1).

Cnocob 2.

3agauy MOKHO PELINTb, HE UCIOJIb3Ysl YpaBHEHHE COCTOSHUS MI€AIbHOTO Irasa.

Haiinem o0beM raza npu CTaHIapTHBIX yCIOBHAX. JlOMycTUM, YTO CHaYasia HJIET MOBBIIICHNE
temneparypsl oT 290 K o 298 K, a 3atem nonmxenue aasinenus ot 104 xlla no 101,3 xI1a.

IlepBoe n3MeHEHNE B COOTBETCTBHHM C 3aKOHOM ['eli — JIroccaka MpUBOIUT K yBEIUYECHHIO
o0beMa rasza Bo CTOJIBKO pa3, Bo ckoibKko 298 K Gombie 290 K, 1.e. 298/290 pa3.

Bropoe n3MeHeHrne MPUBOIUT K YBEIMICHUIO 00hEMa Ta3a B COOTBETCTBHH € 3aKOHOM Bowst —
MapuoTTa BO CTOIBKO pa3, Bo ckonbko 104 kIla 6onbmie 101,3 kIla, T.e. 104/101,3 pa3a.

Hckomplii 00beM raza Ver= 480 - 2%8 104 _ 506,4 ().
290 1013
OtBet: Vi=463,9 11, Vo= 506,4 1.
3aoaua 2.
Brruucnure B rpamMmax Maccy OAHOM MOJIEKYJIbI THOKCHIa cepbl SO2.

Pewenue:
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MonexynsipHast Macca AMOKCUIA cepbl 64 aTOMHBIX eauHHI] Macchl. Macca 1 Monb nuokcuiaa
cepnl 64 T, Macca MOJIEKYJIbI

m = 64/6,02- 1022 =1,06 - 10%’r.
Otset: 1,06 - 1022 r.

3aoaua 3.

CKOJIBKO MOJIEKYJI coiepskutes B 1 Mit ra3a npu temmeparype 0°C u paspexernn 13,3 - 10712
[Ta?

Pewenue:

O0bem raza npu HOPMAIbHBIX YCIIOBUSX COCTABUT:
1-273-13,3-10%%/(273 - 101,3 - 10%)=1,31- 102 (vm).

Yucno MoeKys B 3TOM 00bEME raza paBHO:
1,31 - 1016 6,02 - 10%%/22400 = 3521.
Ortser: 3521.

["a3pl 9acTO MPEACTABISIOT CMECH MHIUBHIyJIbHBIX T'a3000pa3HbBIX BemecTB. Hampumep,
BO3J1yX SIBJISIETCS] CMECBIO a30Ta, KUCJIOPO/1a, aproHa, YIJIEKUCIIOro ra3a 1 Ipyrux ra3on. Kaxasiii ra3 B
CMECH UMeeT COOCTBEHHOE JaBJICHHE, KOTOpoe JlalbTOH MPeIOKUI Ha3bIBaTh MapIHATEHBIM
JTaBJICHUEM.

3akon JlanpToHA. B cMecH maealbHBIX Ta30B Kbl MMEET TaKOE JIaBJICHUE, KAKOe OH HMMeEI
Obl, ecriu OBl OJIMH 3aHKMMal Bech 00beM. [laBieHre cMecu Tra30B, HE BCTYMHAIOMIUX APYT C APYrOM B
XUMHUYECKOE B3aMMOJICUCTBUE, PABHO CyMME NapIHaIbHBIX JaBICHUI €€ COCTaBHBIX YaCTe:

p=pitp2t..+pn

I'ne p — obmiee naBneHue ra3oBOM CMECH, p1, p2 ... pn— HNaplIHaAIbHBIC TABICHHUS COCTABHBIX
JacTew.

3akon chopmynuposad Jx. Jlaneronom B 1801 T.

N3 Hero cnegyer, 4YTO NaplUMalbHOE JAaBJICHHE KOMIIOHEHTAa Ta30BOMl CMECH paBHO
MIPOU3BEICHHUIO JIaBJICHUSI CMECH HAa MOJISIPHYIO JIOJIIO 3TOTO KOMITOHEHTA.

Cocmas 2azo0601i cmecu mModicenm ObIMb bIPANCEH PAZTUUHO:

1. Yucnom Momnel WM MWIIUMOJIEH COCTaBHOM YacTH Ta30BOM CMECH, COJEPKAIIMMCS B
eauHHIe 00beMa ra3oBoif cvecr (B 1 M3, B 1 1 mumm B | MIT) ecTh OTHOIIGHHE YMCIa MOJEH JaHHOTO
BeIECTBA (WJIM OMPEEICHHOTO BHJIa YaCTUI[) K OOIIEeMYy YMCIy MOJEH BemecTBa (WJIM 4YacTHIl),
HaXOISIIUXCS B CMECH.

CyMMa MOJISIpHBIX JOJIEH BCeX BEIIECTB, 00pa3yIoIIUX CUCTEMY, paBHA €IUHUIIC.

2. B mpoueHTax mo o0beMy — €CcTh OTHOIIEHHE 00beMa COCTaBHOM YacTH T'a30BOM CMECH K
00beMy Ta30BOI CMECH, BRIPAXKEHHOE B IIPOLICHTAX;

3. B mporeHtax mo macce — €cTh OTHOIIEHHWE MAacChl COCTaBHOM 4YacTH K Macce Ta30BOM
CMeCH, BEIPAXKEHHOE B MPOIICHTAX;

4.  Maccoit cocTaBHOI 4acTH, cofiepxKaiieics B equHUIEe o0bema ra3oBoii cMmecu (B 1 M3, B1lx
i B 1 m).

3aoaua 4.

B 3akpeiTom cocyne BMecTuMocThIO 5,6 11 Haxoautes npu 0°Cemecs, cocrosimas u3 2,2 T COz, 4
r Oz, 1,2 r CH4. Beruucnure: 1) oOmiee gaBieHne ra3oB CMeCH; 2) BEIPa3uTe KOHIICHTPAIHIO
KHCJIOpPO/ia B PA3JINYHBIX €IMHUIAX; 3) NapIHaJIbHOE JaBICHUE KHCIOPOa.

Pewenue:
1) O06wem CO2, maccoii 2,2 T, paBeH:

V (CO) = 2,22-22,4n1 mons _ 112

442 | monw

16



O6bvem Oz, Mmaccoii 4 T, paBeH:

V (05) = 42-22,41] mone _ 28
322/ monw

O6wem CHa, Maccoit 1,2 T, paBeH:
V (CHa) = 1,22-22,41] mono 1,68 1.
162/ monw
O6mmit 06beM razoBoii cMecu: 1,12 + 2,8 + 1,68 = 5,6 1. 'azoBas cmech 06beMoM 5,6 1 mpu 0°C
3aHUMAaeT COCYJI BMECTUMOCTBIO 5,6 j1. ClieioBaTebHO, 00IIee JaBJICHHE ra30BOM CMECH COCTABJISCT
101,3 klIa.

2) a—konueHTpanus Oz B MOJISIX HA JIUTP COCTABJISIET:

C(0y) = L 5,6 1=0,0223 (monb/n) wim 2,3 (MMOJIB/N);
22,411 mono
0 — KOHIICHTpaIs 4 KUCIOPO/ia B MPOIICHTAX 10 00bEMY COCTABIISCT:
281 100% = 50%:
6.1

B — KOHICHTpALHA KUCJIOpOAa B ITPOLCHTAX 110 MacCCe:

06HIa$I Macca ra30BOM CMECH COCTaBIISACT:
m=m (CO2) + m (O2) + m (CHas)
4.

m=22+4+12=74(r); o% (O2) = ﬁ 100% = 54,05%.

3) IapuuanbpHble AaBlIEHUS TPOMOPIUOHATEHEI 00BbEMHBIM IpolieHTaM. OObEeMHBIN TPOLIEHT
kuciopoa B cmecu 50%. [lapunansHoe gaBienue kuciaopoaa cocrtasut: p = 101,3 - 0,5 = 50,65
(xITa).

KosnyecTBeHHBIE OTHOIIEHUS B ra3zax: pacueTbl Macc, 0ObEMOB U KOJIMYECTB BEIIECTB Ta3oB
OOBIYHO TPOBOJAST C MOMOIIbIO ANreOpandeckux ypaBHEHHH, Kak MpPaBUIO, HA OCHOBAaHMM 3aKOHA
ABorazpo. Yacto TpeOyercssi NpPOM3BECTH BBIUYMCIEHHUS C Ta3aMu, IpPU CMELIEHHM KOTOPBIX He
NPOUCX00UmM XUMUUECKOe 83aumMooeticmeue u 0opazyemcs cmeco UCXOOHbIX 2a306. B Takux ciydasx
IIPU COCTABJICHUH YPAaBHEHUH YUYMUTBIBAIOT, YTO MACCA I'a30BOM CMECU PaBHA CYMME Macc ra3oB CMECH.
Macca kaxxoro rasa, a TaKke Macca CMECH paBHa IIPOU3BEICHHUIO KOJIMYECTBA BEILECTBA ra3a Ha €ro
MOJIAPHYIO Maccy: M = n- M. B HEKOTOpBIX 3ajadyax NPUHHUMAIOT BO BHUMAaHHUE, YTO KOJIMYECTBO
BEIIECTB ra30BOI CMECH PaBHO CyMME KOJIMUYECTB BEUIECTB ra30B, KOTOPbIE ObUIM CMEIIAHBbI.

3aoaua 5.
MaccoBas 10151 BOJIOpoa B CMECH JBYX MPEAENbHBIX YIIIEBOJAOPOIOB, OTIHYAIOIIUXCS Ha OJUH
aToMm yriepoaa, paBHa 0,1683. Onpenenute yriieBo10pObl, BXOISIINE B COCTaB CMECH.

Pewenue:
O6o03HaunM gepe3 x MoJibHYI0 10710 CnHon+2 B cMecu, Torma mosbHas n1oast CnHan+s paBHa (1 —
x). M (CnH2n+2) =14 :n + 2, M (Cn+1H2n+4) = 14 -n + 16.

3anuwem svipadicenue 0 cpeoHel MOJIAPHOU MACCHL CMECU:
Mep. = (14 -n+2) x+ (14 -n + 16) - (1 —x).
3Hasi, YTO MaccoBas JoJs Bojopoza B cMecu pasHa 0,1683, coctaBum
anreOpanyeckoe ypaBHEHHUE:
2n+2)-x+(2n+4)-(1-X%)

~0,1683
(14n+2) - x + (14n +16) - (1— X)

HpI/I Xmin= O, n= 3,67,
[Tpu Xmax= 1; N =4,67 , T0 ecThb 3,67 <n< 4,67.
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Tak Kak 4UCIIO aTOMOB yriepoja B MOJEKYJIe MOKET ObITh JHIIb IENbIM, TO N = 4. 3HAYHT,
CnHan+2 310 C4Hs, a Ch+1H2n+4 310 CsHio.
Ortsert: C4Hsg, CsHi2.

Bo MHOrux 3amayax paccMaTpHUBAIOTCS Ta3bl, KOTOPBIC APU CMEUWUBAHUU DeAUPYIOm MedHcoy
coboti, 00pa3ys razoo0OpasHble HPOAYKTHl peakiuu. I[lpu pemieHnn Takux 3aaad HEOOXOAMMO
YUUTBHIBaTh IPUPOJy PEArupyrOIIMX BELIECTB M YCIOBHUS IPOBEACHMs peakuuil. Tak, cuiabHEHIINM
OKHUCIIUTEJIEM sBIIseTcs (TOop:

O2+ F2 = O2F2 (t>270 °C)CO+ F2 = COF2

Clo+F,=2CIF NHs + 3 F2=NFz + 3HF
CIF + F,=CIF32 CIO2 + F2= 2 CIO2F

2 NO2+ F2 =2 NOzF Ho +F2=2 HF

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

MHorve mpocThie U CIOXKHBIE BEIIECTBA CaMOBO3TOPAIOTCS BO (Tope HE TOJNBKO TpHU
CTaHJApPTHBIX YCIOBUSX, HO Jlaxke Ipu TemrepaType xuakoro Boayxa (-190 °C). drop pearupyet co
BCEMU 3JIEMEHTaMH, KpOME T'eJvsl, HeOHA U aproHa.

OKHUCIIUTENBHBIC CBOMCTBA XJIOpa U KHCIOPOAa MEHbIIIE, 4eM (Topa, HO JOCTATOYHO BEIIUKHU IS
TOTO, YTOOBI ATH Ta3bl MPOSBISUIN CHIBHBIC OKHCIUTEIIBHBIC CBOMCTBA IO OTHONICHUIO K aMMHAKY,
cepoBopopony, okcuay yriepona (1), cepst (1V), Bomopoay, yrieBoaopojam U JpyrumM razam:
2NHsz +3Cl, =Nz + 6 HCI NH3+302=2N2+6 HO
NO + Cl> = NOCl; 2NO + 02=2NO>
Ho+Cl,=2HCI 2H+02=2Hy0
(CN)2 + Cl, =2 CNCI 2H,S+02=2S+2H0
CH4 + Cl2 = CH3CI + HCI CHs+202=CO0O2 + 2 HO
SiH4+ 4 Cl; =SiCls + 4 HCI SiH4 +2 02 =SiO2 + 2 H20
4HCI+02=2H0+2Cl,

Xnop — oAMH W3 HauOoJee aKTHBHBIX XHMHUYECKHX JJIEMEHTOB. JIWImb peakuus xjiopa ¢
KHCJIOPOJIOM, a30TOM M KCEHOHOM TpeOyeT aktmBammu — Y®- oO0mydeHUs WM 3JIeKTpopaspsia.
Kucnopon c¢ uekotopsiMu BemiectBamu (CO, SOz, N2)  B3auMoaelcTByeT B NPUCYTCTBHH
KaTaJn3aTopa WM IPU BEICOKHX TeMIIepaTypax.

HenocpencTBeHHO ¢ KMCIOPOAOM HE pearupyroT raloreHbl U 0J1aropoHbIe rasbl.

CoeMHEHHS, B COCTaB KOTOPBIX BXOIST JJIEMEHTHI B TPOMEXKYTOUHON CTETICHH OKHCIICHHS,
IPOSIBIISIFOT OKHUCIIUTEIBHO - BOCCTAHOBHTENBHYIO JBOMCTBeHHOCTh. Hampumep, okcua cepsl (1V),
okcuaa azora (1V):

SOz + 3 H2 = H2S + 2 H20kt)SO2 + O3 = SO3 + O2
S0:+2C0O=S+2CO0O2 SO2 + Cl2 = SO:Cl;
2 NO2 + 7 H2 = 2 NH3 +4 H20 (kt = ptNi)

2 NO2 + O3 = N20s5 + O3

CO + NH3z = HCN + H2Okt=Tho2)

DJIEKTPOITOJIOKHUTEIHHBIM JIEMEHTOM B MOJICKYJIE Ta3a, KaK MPaBHIIO SBIISETCS HEMETAILI, UTO
ompesieNiieT KUCIOTHBIA XapakTep CoequHeHHs. KHCIOTHBIE COENMHEHUS pearupyrT C BOJIOH U
OCHOBHBIMH COCTHHCHUSIMU:

CO2 + H20 = H2CO3 SO, + NaOH = NaHSOs3
SO3 + H20 = H2S04 HCI + NHz = NH4ClI
P4O10 + 2 H20 = 4 HPO3.

BoNBIIMHCTBO COSTMHEHNI TIpeTepIeBacT HeOOPATHMOE THIPOIUTHUSCKOE Pa3IoKEeHHUE:
NO2F + H.O = HNO3 + HF
COClz + 2 H,0 = H2CO3 + 2 HCI
SiF4+ 3 H2O = HoSi0s3 + 4 HF
XeOF4 + 2 H20 = XeOs + 4 HF.
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B3aumoneiicTBue MOXET COMPOBOXKAATHCS TAKKE OKHCIUTEIBHO — BOCCTAHOBHUTEIHHBIMH

MpOLECCaMH:

Clz> + H,O = HCI + HCIO

2 ClO2+ 2 KOH = KCIO3 + KCIOz2 + H20
2F2+2H0=4HF+ 0O 2 NO2 + H,O = HNO3 + HNO:
3 Cl2+ 6 NaOH =5 NaCl + NaClOz + 3 H20 (t =70 - 80°C).

HekoTopsie ra3sl mpu B3auMOICHCTBUU C BOJION 00pasyroT razosbie ruapatel: SOz © 7 H0O, HaS
-6 H20, Cl2- 6 H20, Ar - 6 H20, Kr - 6 H20, Xe - 6 H20. B xnarparax MoJieKyJibl ra3a («rocTu)
pa3MeIIeHbI B MOJOCTAX KPUCTAUIMYECKON PEIIETKH U3 MOJIEKYJT BOJIBI («X035€B») U yAECPKUBAIOTCS B
HUX BaH — JIep — BAAIbCOBLIMH criiamH. [10 BHEIIHEMY BHIy HAIIOMUHAIOT CHET WJIA PHIXJIBIH Jie/, HO B
OTIIMYME OT HUX MOTYT CYIIIECTBOBATH MPH MOJOKUTEIbHBIX TEMIIEpaTypax.

Briciime ranorenunnsl Hanbosiee TunudHbIX HemeramwioB (C,N,S) mamopacTBopuMBl B BOJE U
npaktudecku He ruapoausytorces (CCls, SFe u T.11.).

M3BECTHO HECKOJIBKO OKCHOB, KOTOPHIM Kak OyATO ObI HE COOTBETCTBYIOT HHM KHCIIOTHI, HU
ocHoBanus. Mx HaszpiBaoT Oe3paznmuunbiMu: CO, NO. Opnako CO nerko pearupyer ¢ ropsuuMu
pacTtBopamu Iienouerd, oOpaszys CoOJId MYpPaBbHHOM KHCIOTHI, T.€. (opManbHO ABISETCS €e
AHTUJIPUIOM.

Pemas 3amaun, B KOTOPBIX Ta3bl PEarupyroT MEXIy COOOM, CIEIyeT YYHTHIBAThH CIICIYIOIIee:
00beMbl YUACMBYIOWUX 8 peaKyuu 2da308 OMHOCAMCA Opye K Opyey Kak Kodgguyuenmsl nepeo
Gopmynamu smux coeounenutl 8 ypaguenuu peaxyuu. I[IpudaeM 0ObEMBI Ta30B JOJKHBI OBITH B3STHI
Opy OJAMHAKOBOM TemIepaType M JaBlIeHMH. B HEKOTOpBIX 3a7adaXx OTHOUICHHE OOBbEMOB
pearupyroIInX ra30B yJI00HO 3aMEHSATh OTHOIIICHUEM KOJIMYECTB BEIIECCTB T'a30B.

VYpasuaenue 2 HxS +3 02 = 2 H20 + 2 SO2 MOXHO 4MTaTh Tak: Ha CKUTAHUE ABYX 00beMOB H2S
TpeOyercst Tpu oobema Op; mpu 3ToM oOpaszyercs nBa oobema HoO m nBa obobema SO,. Mim Ha
cxuranne 1 M°H,S Tpebyercs 1,5 m° Oz u ipu 3tom obpasyercs 1 m°H20 u 1 M>S0,.

3aoaua 6.

Cwmecs, cocrosimast u3z 16 mit CHa, 8 M Hz, 44 Mt O2 u 32 M N2, B3opBana. Onpenenute oOmui
0o0beM ra3oBOW CMeCH W €€ IMPOLEHTHBIM COCTaB IOCJIE B3pbIBA, CUMTAs, YTO Ta3bl MPHUBEICHBI K
NePBOHAYAILHOW TEeMIIEpaType, a Mmapbl BOJAbI KOHJIEHCHPOBAIHCH B JKHIKOCTh, 00BEMOM KOTOPOM
PaKTUYECKH MOKHO IIpeHeOpeyb.

Pewenue:

W3 ypaBHEHUH peakLuii

CH4+ 2 O2=CO2 + 2 H20

2 Hot+ O2=2 H20
BUJIHO, 4TO 00beM oOpazoBaBmierocst CO2 paBen o0veMy mpopearuposasiiero CHa, t.e. 16 mit; npu
3TOoM M3pacxonoBaHo 32 ma Oz2. A o6vem Oz,npopearupoasmiero ¢ Hz cocraBun 4 mi. O6beM He
BCTynuBIIero B peaknuio Oz paBeH (44 — 32 — 4) 8 M. O0muii 00beM Ta30BOM CMECH MOCIIe PEaKIun
cocraBisieT 16 + 8 + 32 = 56 mun.

Torza 4% (02) = —Y©2)_. 100% = 2. 1009% = 14,20%:
V (cmecu) 56
16 32
6% (CO2) = - 100% = 28,57%; % (No) = - 100% = 57,14%;

Otgert: V (cMmecu) = 56 mit; $% (CO2) = 28,57%; $% (02) = 14,29%; $% (N2) = 57,14%.

CpaBHI/IBaH YHCIIO MOJIEH HNCXOAHBIX W IMOJTYYCHHBIX F33006p33HBIX BCIIECTB, MOKHO CYIUTH O
TOM, COTPOBOXKIAETCS I JaHHBIA MPOIECC M3MEHEHHEM o0beMa. JTa pa3HUIla MO3BOJSET HHOTA
JienaTh BBIBOJIBI O KOJHMYECTBEHHOM COJCpP)KAaHUM OJHOW W3 COCTaBHBIX YacTed Ta30BOM CMECH.
Hampumep, mpu oOpa3oBanuu BojsHoro mapa Bmecte ¢ 30 mm Bomopoaa pacxoayercs 15 wmn
kucioposa. [Tapsl BOJsI KOHACHCUPYIOTCS M YMEHbBIIIEHHE 00beMa cocTaBisieT 45 M. O4eBUIHO, eCITu
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HU3BCCTHO, YTO B pCSYJ'ILTaTe peaKLII/II/I Me)KILy BOI[OpOI[OM nu KI/ICJ'IOpO,Z[OM yMeHbIHCHI/IC OGT:CMa
coctaBuio 45 mi, To 2/3 3TOr0 00BEMa MPUXOIUTCS HA JOJIIO BOJIOPOA, a 1/3 — Ha 10JTI0 KUCTIopo/a.

JlaGoparopHasi padora Ne4 (2 yaca)
Tema: OcHOBHBIE THUIIBI PACYETHBIX 3a/1a4. PacueTsl 10 TEPMOXMMHUYECKUM YPaBHEHUAM

[Ipy TEpMOXUMHUYECKHX BBIYUCICHUSX WCIONB3YIOT 3aKOHBI TEPMOXHMMHUH, BAKHEHUIIUM U3
KOTOpBIX siBIsieTcs 3akoH ['ecca. Pemas 3amaun Takoro Tuna, aaredpanyeckue ypaBHEHUsI COCTABIISIOT
HAa OCHOBE TEPMOXUMHUYECKUX YPAaBHEHUN PEaKIIHil.

TertoBoil 3p¢deKT peakiuu paBeH MO aOCOTIOTHOMY 3HAUCHUIO M3MEHEHHWIO DHTAJIBINH s
peakiuil mpu MOCTOSIHHOM JaBiieHuu. CocTaBisis TEPMOXMMHUYECKOE ypaBHEHHE, TEIIOBOM 3¢ dexT
peakiuu 1enecooOpa3Hee 3anMuchiBaTh B JEBOM YacTh paBeHCTBA. [Ipy Takoi 3ammcy 3HaK TEIIOBOTO
s dekra peakunn (Q) coBmagaeT co 3HAKOM M3MEHEHHs dHTanbIuKM peakiuu (AH). Torma TemioBoi
3pEeKT peakuuu MpH SK30TEPMUYECKOM Mpolecce OyJeT MpencTaBleH OTPULATEIbHBIM YHCIOM
(TIOCKOJIbKY COEIMHEHUSI, BCTYIIUBIIUE B PEAKIINI0, 00CTHAIOTCS DHEPTHEi), a IPU SHITOTEPMUIECKOM -
MOJIOKHUTEIBHBIM (ITOCKOJIbKY COEMHEHUS, BCTYIIMBIIHNE B PEAKLIUIO, TIOIYYaIOT SHEPTHIO).

TennoBoii 3pdexT (M3MEHEHUE SHTAIIBITUN) PEAKIIUA U3MEPSIOT B KIIIOHKOYIISIX (KJ[XK).
KonmuuecTBO TEMIOTHI, BBIACIMBIICHCS WIM TOMJIOMIEHHON Npu O0O0pa3oBaHUM OJHOTO MOJIS
XUMHYECKOTO COEIMHEHMSI W3 MPOCTHIX BEIIECTB, YCTOWYMBBIX MPU JAHHBIX YCIOBHSX, HA3bIBAIOT
TEIIOTOM o0Opa3zoBaHusi coeauHeHusd. COrjacHO OIpeAeNeHUI0, TemjIoTa oO0pa3oBaHMs IMPOCTHIX
BEIIECTB paBHa HYJ0. J{1s y100cTBa MpOBEACHHS TEPMOXUMHUYECKIX PACUETOB UCIIOJIB3YIOT 3HAUCHUS
TEIUIOBEIX A(()EKTOB, OTHECEHHBIC K CTaHIAPTHBIM YycioBusM: temreparypa 298 K (25 °C) u
nasnenue 10° Ila). DHTaNBIMIO 0OPA30BAHUA NPM CTAHIAPTHHIX YCIOBUAX 0003HAYAIOT CHMBOJIOM
AHOoﬁp.

TepMoxuMHUYECKHE YPAaBHEHUS OTPAXKAIOT HE TOJBKO 3aKOH COXPAaHEHHUS MacChl BEIIECTB, HO U
3aKOH COXpPaHEHHWs JSHEpruu. Tak, ecium B TEPMOXMMHYECKOM ypaBHCHHH (GOPMYIBI COCIUHEHUI
3aMEHHUTh YHUCIIaMH{, BBIPQXKAIOMIMMH SHTANBIIUUA O0pa30BaHUS ATUX COCAUHEHHH, TO TMOIYYUTCS
TOXJIeCTBO. Hanmpumep, B TepPMOXUMHUIECKOM YPAaBHEHHUN PEAKITHH:

FeCls) + 3 KOHr) - 449,2 k]I = Fe (OH)3(r) + 3 KCl(r)

SHTAJIBIMU 00PAa30BaHUS COETMHEHUHN (B KMJIOJDKOYJISAX HA MOJIb) PABHBI:

AHC%g, FeCly(r)= - 405,0; AH 6, KOH(r) = 426,0; AH %6, Fe(OH)3r) = - 824,2; AH 6, KC1(r)= 436,0.
[ToacraBnss B TEpPMOXMMHUYECKOE ypaBHEHHE BMECTO (hOPMYJT COETMHEHHUI COOTBETCTBYIOLIME YUCIIA,
TIOJTY IHIM:

(- 405,0) + 3 - (- 426,0) — 449,2 = (- 824,3) + 3 - (- 436,0),

wm - 2132,2 = - 2132,2

[Tpu BBIYMCIEHMAX cieqyeT oOpallaTh BHUMaHHME Ha CTEXHMOMETpHYecKHe Ko3((UIMEHTH B
YPaBHEHHH PEAKIMH U MPOBOJIUTH CYMMHPOBAHHE C yUETOM KOJIMYECTBA BEIIECTBA YYACTBYIOIIUX B
pEaKIMU BEIIeCTB.

B npuBeneHHBIX HIDKE TpUMepax B alreOpandecKuX YpaBHEHUSAX, MOJIYYCHHBIX TIpU
NOJCTABJICHUM YHCIIOBBIX 3HAUYEHUN TEIUIOT 00pa3oBaHMsA, €IUHUIBI H3MEPEHHs BETUYUH IS
KPaTKOCTH HE YKa3aHbl. JHTAILITUN 00pa30BaHMs Be3/€ BEIPAKEHBI B KMJIODKOYJIISIX HA MOJTb.

[Ipu pemennu 3agay ciaeayeT Moab30BaThCs 3HAUCHUSIMHU SHTAIBINI 00pa30BaHUs COEANHEHHH.
3aoaua 1.Berancinuth TEIIoBoi 3 exT cneayromeil peakiuu:
2 Mgy + CO2(r) =2 MgOy+ Car)

Pemenue. Mckomas BennumHa — TeruioBod 3ddext peakunn AHO(KUIOIKOYISIX Ha MOJIb).
[ToncTaBuM B TEPMOXMMHUYECKOE ypaBHEHHE BMECTO (HOpMYJ COCTUHEHHMH 3HAUEHUS WX DHTAJIBINN
o0Opa3zoBaHwUsI:

2-0 - 394 + AH= 2( - 602) + 0, otkyna AH= - 810 k.

Otset. Temnosoii 3¢pdekr peaxmun AH= - 810 xJIx.

3aoaua 2.
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BbruncnuTe SHTANBNUIO 00pa3oBaHMA O30HA M3 MOJIEKYJSIPHOTO KHCIOpPOJA, HCHONb3Ys
TEPMOXUMHYECKUE YPAaBHEHHS OKUCIICHUS okcuaa Mblmbska (1) kucmopogom u 030HOM:
As203(r) + Oz(r) — 271 x Ik = As20sr),
As203(1) + 2/303() — 365 kI = AS20s(1),
Pemenne. Mckomass BenmumHa — »HTanbmus oOpasoBanus o30Ha AHC%g, (O3) (B xJk Ha MOMb).
[ToncraBnsss B TEPMOXMMHUYECKUE YpaBHEHUS BMECTO (POPMyYJI COETUHEHMH 3HAYEHHs MX SHTAJIbIINHN
o0pa3oBaHMsl, IOJIYYUM CUCTEMY YPAaBHEHUH C IByMsl HEU3BECTHBIMU BEJIMUMHAMMU:

AH%gp (AS203(r)) + O2(r)— 271 k]I = AH6p.(AS205(1)),

AH%gp (AS203(r) + 2/3 AH%6p O3()— 365 k[ = AH%6p. (AS205().

s pemieHus ee U3 JIEBOM M IIPaBOM 4YacTed BTOPOrO YPAaBHEHUS BBIYTEM COOTBETCTBYIOLIHE
YacTH NEPBOr0 yPaBHEHUS U MOIYy4HM:

2/3 AH%gp O30y — 94 = 0, otkyna AH%gp O3y = 141 xJIK/MOIB.
OtBer. DHTANBIHS 00pa3oBaHus 030Ha paBHa 141 k/[x/Mob.

3adaya 3. BEIMUCINTS TEMIOTBOPHYIO criocobHOCcTh 1 M2 okcuaa yriaepona (11) (o6wem m3mepen
1pH H. y.).

Pemenne. OGo3Haumm yepe3 Q komuvecTBO TemioThl (B K/[K), KoTopas BBLACTHTCS MpPU
cropanuu okcua yriaepoga (11) oosemom 1 M3, n3mepenHbIM Npu HOPMANBHBIX ycI0BUAX. COCTaBUM
TEPMOXHUMHUYECKOE YPaBHEHUE PEaKLIUu:

CO()+ 1/202¢) + AH= COyr,
MOJICTaBUM B 3TO ypaBHEHHE BMeCTO (HOPMYJ COCTUHEHHH 3HAYCHHSX WX DHTAIBINN 0Opa3oBaHUs,
HOJYYHM:
-111 + 0+ AHO® = - 394, orxyna AH® = 283 kJ[/MOTIb.
BeruncnuM Q — KONMYECTBO TEIIOTHI, KOTOpas BBIAEIUTCA mpu cropanuu 1 M® rasa, comepskamiero
1000/22,4 moib okcupa yriaepoxa (11):
Q=1000/22,4 - 283 = 12635 (x/Ix).

Otser: TemnmonpoBoaHas crnocoOHocTs okcuma yrmepoxa (I1) paBra mpumepro 126 - 102
D/,

3aoaua 4.

Beruucnuth TennoBoi 3¢ ekt peakuun oOpa3oBaHUs razo000pa3HOro 0eH30j1a, eCd U3BECTHO,
YTO IPU MOJIHOM CTOPAaHUU OJHOTO MoJIs ero BbiaenseTcs 3305 k/[k TerIoThI.

Pemmenue. VickoMas BelHumHA - TEMIoBoi dddekT peaxiun obpaszopanus 6enzona AH g, (CeHs
r)-

Peakiiuu ropennst 6eH301a 0TBEYaEeT TEPMOXHUMHUUYECKOE YPaBHEHNE
CeHe r) + 15/202(-) + AH® = 6 COx(r) + 3 H20

[ToncraBUM B TEpMOXMMMYECKOE YypaBHEHHE BMECTO (OPMYJT COECIUHEHMH 3HAUYEHUS HX
SHTAJIBNIUN 00pa30BaHMUS:

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

Ortger. TemnoBoi 3@ dexT peakuuu odpazoBaHus 0eH305a paBeH 83 k/k/Mob.

3aoaua 5.

BEIUMCIUTS TEIIOTBOPHYIO CHOCOOHOCTh Taza (B kJIK Ha MP), COCTOAMEr0 U3 BOAOPOAA
(monsipHast gons 0,6) u metana (monsipaas qois 0,4).

Pemenne. Mckomas BennunHa - Koin4yecTBO TEIUIOTH Q (B k/[K) , KoTOpas BbIIEAUTCS NPU
cropanui 1 M° ra3a, M3MEPEHHOTO0 HPH HOPMATBHEIX YCIOBHAX. COCTABHM TEPMOXHMHUYECKHE
yYpaBHEHHUS peakuil rOpeHus: BOAOPOa U MeTaHa:

Haw) + 1/202¢) + AH% = HoO(x),
CHur) + 2020+ AH% = COsry+ 2H20(x).
[ToncraBuM B TEPMOXMMHUYECKHE YPaBHEHUS BMECTO (JOPMYJ COEIMHEHHUI YHCIOBbIE 3HAUEHUS
WX DHTAJIBIHA 00pa30BaHUS:
AHC; = -286 K JI/MOIb,
-75 + AH% = -394 + 2 (-286), otkyaa AH% = -891 x/Ix/MoIb.
TakxuM 06pa3oM, MBI HAIILTH MOJIPHBIE TEILIOTH! cropanus Bogopona (AH%) u merana (AHY).
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Bripaszum o6beM rasa B mutpax: 1 M®=1000 J1, a MONSpHBIH 00BeM ra3a B IUTPaX Ha MOJb:
Vm = 22,4 n/mons. Toraa npu cropaanu 1000/22,4-0,6 Mmons Bogopoaa Beiaenutcs 1000/22,4 -0,6-286
k/[x sneprum, a npu cropanuu 1000/22,4:0,4 mons merana - 1000/22,4:0,4-891 /I sHeprum.
CnenoBarenspHo, Q = 1000/22,4-0,6-286 + 1000/22,4-0,4-891 = 23570 (x/]x).
Ortset. TemI0TBOpHAs CIOCOOHOCTH ra3a paBHa IpuMepHO 236- 102 kJIxx/m3.

3aodaua 6.

Brruncnute Maccy 3TaHoia, MPH CTOPAaHUM KOTOPOTO BBIJICIUTCS CTOJBKO )K€ SHEPTHH, KaK U
npu cropanuu 100 r meranona. (IIpu BEIYMCIEHUSIX UCTIOIB30BATh YHTAIBIIUU 00Pa30BaHUs CIIUPTOB B
ra3z000pa3HOM COCTOSTHUH.)

Pemenne. Mckomast BenrunHa — macca 3TaHoja T (B rpaMMax).
CocTtaBuM TEpMOXUMUYECKUE YPABHEHUS PEaKIIUN TOPEHHSI CIIUPTOB:

CH3OHq) + 3/2 Oz + AH% = CO2¢y + 2 H20(x),
C2HsOH(r) + 3 Oz() + AH% = 2 CO2) + 3 H20(x).
[loncTaBuM B TEPMOXMMHMYECKHE YpPAaBHEHHS BMECTO (OPMYJT YHCIOBBIE 3HAYCHHS SHTAJIBIIHNA
00pa30oBaHUs COCIMHEHHMIA:
-201 + AH% = -394 + 2 (-286), otkyna AH% = -765 kJIx/Mob,
235+ AH% = 2 (-394) + 3 (-286), otkyma AH% = - 1411 xJ[>/Mob.
TakuM 06pa3oM, Mbl HAIILTA MOJIAPHBIE TEIIOTH cropanus MeTuaosoro (AH) u stumoBoro cnmpron
(AH%).
CocTtaBuM ypaBHEHHUE, YUWUTBIBasi, YTO KOJIMUYECTBO IHEPIHM, BbIAENMBIIEHCA npu cropanuu 100 r
METaHOoJa, PaBHO KOJMYECTBY YHEPTHH, BbIACIUBIICHCS MPU cropanuu sTanona maccoit m (CzoHs). s
3TOTO KOJIMYECTBO BBIICTHMBIIEHCS SHEPTrUM TPEACTAaBUM KaK MPOM3BEACHHE KOJIMYECTBA BEIIECTBA
CIUpPTa HA MOJISIPHYIO TEIUIOTY CTOPaHHUS:
100/M(CH30H) - AH% = m (C2HsOH)/M (C;HsOH) - AHY,
i 100/32(-765) = m/46 (-1411), otkyma m =78 r.
OtBet. Macca »Tanosna paBHa 78 T.

JladbopaTopHas padora Ne5 (2 yaca)
Tema: OcHOBHBIE THUIIBI pacYeTHBIX 3a/1a4. OmpeeseHe cocTaBa cMecei BEIIeCTB U CILIaBOB

OOBIYHO B 3a/1ayax JaHHOTO THUIIA PACCMATPUBAIOTCA OOBEKTHI (COSAMHEHUS, CMECH, CILJIaBbl),
maccoi M (00.), cocrosiiye U3 KOMIOHEHTOB (aTOMOB, MOJIEKYJI, HIOHOB U Ap.). JlonmycTum, 94T0 OOBEKT
COCTOHMT W3 TPEX YacTei, oOmamaromux MaccaMu M (u1), M (u2) u M (uz). Kaxkaas yacts BKIHOYaET
HEKOTOPBIA KOMIOHEHT X cooTBeTcTBeHHO Mmaccor My(X), mMz(X), msz(X). MaccoBsie momau
KOMIIOHEHTa B IIEJIOM O0BEKTE U €ro 4acTAX COOTBETCTBEHHO COCTABIAIOT ® (X), m1 (X), m2 (X), ®3
(X).

MaccoBas 10 ® (Xi) | — ro KOMIIOHEHTa, BXOJSIIETO B COCTaB 00bEKTa paBHA OTHOIICHHIO
Macchl 3TOro kKoMmoHeHta M (Xj) Kk Macce o0bekTa M (00) U BBIpAXKAETCS B JIONIAX €IUHHIIBI UIH B
MPOIIEHTAX:

® (XI) = M, HWIA ® (XI)% = M . 100%.

m(06.) m(o06.)

Maccy KOMIIOHEHTa B OOBEKTE BBIYHCIISIOT, YMHOXKHB MacCy OOBEKTa Ha MAaCCOBYIO JIOJIO
KoMIoHeHTa B HeM: M (X;) = m (00.) -o (Xi).

Macca 1ienoro o0beKTa paBHa CyMMe Macc 4acTei, i3 KOTOPBIX OH COCTOUT:

m (06.) = m (ug) + M (u2) + M (43), a Macca HEKOTOPOTO KOMIOHEHTa X B IIEJIOM O0BEKTE paBHA
CyMMe €TI0 MacC BO BCEX YACTIX, BMECTE B3SITHIX:

m (006.) -® (X) =m (41) -®1 (X) + m (42) ‘02 (X) + m (u3) -3 (X).

Haxoxpaenne coctaBa COEAWHEHHMsS] C HCIOJB30BAHMEM MAacCOBOM TONU dJeMEeHTa ObLIOo
PaccMOTpPEHO B TJ1aBe « BBIBOJ HCTHHHOM ()OPMYJIIBI BEIIECTBAY.
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Omnpeznenenue coctaBa CMECe 4acToO OCHOBAHO HA 3HAHMU MPOJAYKTOB Pa3JIOKEHUS COSIUHEHHIH,
BXOAMMX B WX cocTaB. [IpuBexem mpuMmepsl HanOosiee THIMUYHBIX PEAKIMHA Pa3I0oKEHHUS BEIIECTB,
COCTABJISFOLINX CMECH.

Tak, mpu HarpeBaHMM IpU aTMOC(EPHOM [ABICHHHM BCE HUTPATHl pas3slaraloTcsa. XapakTep
pa3IoKEeHUsl 3aBHCUT OT TOJOXKEHUS KaTHOHA MeTajuia B psAny HampspkeHuil. Conmu GOJBIIMHCTBA
IIEJIOYHBIX W MIETOYHO3EMENIFHBIX METAUIOB (METaI pacrojlaraeTcsi A0 MarHus) pasjiaratorcs /0
HUTPHUTOB, BBIACIIAS KUCIOPOI:

2 NaNO3 =2 NaNO2 + Oz

2 KNO3 =2 KNO; + O

Conn MeTaJsIOB, HAaXOAALIMXCS B PAAY OT MarHus J0 MEIOHM pasliaraioTcsi ¢ oOpa3oBaHHEM
OKCHJIOB!

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

4 Fe(NO3)2, =2 Fe;03 + 8 NO, + O,

a €CJIM OKCHJIbI HeYyCTOWYMBHI (METAJLIBI, CTOSIIUE ITPaBee MEAM), TO 10 METAJUIOB!

2 AgNO3 =2 Ag+2NO2 + O,

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

BeigenennemM KHCIOpoJa CONMPOBOXKAACTCS PA3IOKEHUE COJIeH, MMEIOIIUX B CBOEM COCTaBe
XJIOpaT-, XJOPHT-, IEPMaHTaHAT-UOH.

Cony aMMOHHMS OTJIMYAIOTCS HEBBICOKOH TEPMHUYECKOM YycToiumBOCThIO. [Ipupoma mpomykra
TEPMUYECKOTO PA3JI0KCHUSI B OCHOBHOM OIIpEIeNsieTcss CBOWCTBAMH aHWOHA. Eciim aHmoOH siBisieTcst
OCTaTKOM KHCIJIOTHI — OKHCJIUTEIIS, TO UMEET MECTO OKUCIICHHE aMMHAaYHOTO a30Ta, HAIIpUMeEp:

NHsNO3z = N2O + 2 H.0

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

4 NH4ClO4 =2 Cl2+ 2 N2O + 3 O2 + 8 H20 (t< 300 °C)

AMMOHHIHBIE COJIU, TPOMCXOASIINE OT KUCIIOT, HE SBISIOLINXCS OKHCIUTEIISIMH, PAa3IararoTcs ¢
BBIJICIICHUEM aMMHaKa:

(NH4)3PO4 = 3 NH3 + H3PO4

NH4Cl = NH3 + HCI

Kapoonatet (kpome NaxCOs, K2COs), rumpokapOoHaTel W OCHOBHbIC KapOOHATHI IpH
HarpeBaHWU OTHOCUTENHHO JIETKO Pa3JiaratoTcs, HalpuMep:

CaCO3 = Ca0 + CO2 (t =400 - 500 °C)

2 NaHCO3 = Na2CO3 + CO2 + H20 (t= 50 - 150 °C)

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

Tepmuuecku CTOWKM Cyib(aThl METOUYHBIX U IIEI0YHO3EeMENbHBIX MeTa/uoB. CynbdaTel MeHee
AKTUBHBIX METAJUIOB TIPU HATPEBAaHUH Pa3IararoTCs:

ZnS0O4 = ZnO + SO3

Ag2S04 =2 Ag + SO2 + O2

I'mapocynbduTel U rUApPOCYIbGATH IPH HATPEeBAaHUM MPEBPALIAIOTCS B MUPOCYIb(UTHI MU Ke
nupocynbdater:

2 KHSOs3 = K2S20s5 + H20

2 KHSO4 = K2S,07 + H20

Cynb(uThl EPEeXOAHBIX METAJUIOB MOAOOHO XJOpaTaM, rajloreHuaAaM U JAPYTUM COEIUHEHHSIM,
COIEepXKAlM  JJIEMEHT B  TNPOMEXKYTOYHOH  CTEMEHW  OKUCIICHHS, TIpH  MPOKaJTHBAHUU
T CTIPOTIOPILIIOHUPYIOT:

4 K2SO3=3 K2SO4 + K2S 3 NaClO2 =2 NaClOs + NaCl

4 KClO3= 3 KCIO4+ KCI (t = 400 °C)

2 HfBr; = HfBrs + HfBr2 (t> 300 °C)

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

I'mapoxcuabl (KpoMme Imenoded OT IMIETOYHBIX METAIIOB) pa3liararoTcs, OTIIEIUISAS BOAY, a
raJoreHu/Ibl HEKOTOPBIX MmepexoaHbix MeTamioB U PhCls — ranoren:

2 LiOH = Li20 + H20 2VCls=2VClz + Cl2
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Cu(OH)2 = CuO + H20 Tilk=Ti+21;

PbCls =PbCl; + Cl

Tepmuuecku ycToi4mBHI cos pochOopHOIA, KPEMHUEBOW, CEPOBOIOPOIHOM, YKCYCHON KUCIIOT.
He pa3snararotcs Bce KUCIIOTBI, KpOME:

H2203 =202 + H20, rne D =C, Si, S.

2 HNO2 = NO + NO2 + H20

4 HNO3 =4 NO2 + O2 + 2 H20

HCOOH = CO + H20

H2C204 = CO2 + CO + H0

3aoaua 1.

[Tocne moaHOro TEPMUUECKOTO Pa3IoKEHUs 3 T CMECU HUTPATOB Kalblius U Oapus nonyuwiu 0,7
1 okcuya azora (IV). Berauciute MaccoBble JOJIM HUTPATOB METAJUIOB B CMECH.

Pewenue:

Cnocob 1.

2 Ca(NO3)2=2 CaO + 4 NO, + O2

2 Ba(NO3), =2 BaO + 4 NO; + O

Vckomyro BEIMYMHY — MAacCy HATpaTa KAJIbIUS B CMECH — 0003HAYHM Yepe3 X:

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

m [Ba(NOs)2] = (3 —x) (7).

Maccosas mons saementa (N) B coemmnennn Ca(NOz)2 paBHa OTHOILICHHIO MacChl JAHHOI'O
AJIEMEHTa K Macce COeIMHEHHS. 3Has, 4To M = N-M, nmoxyunm:

o (N)=n(N) —MN) M camos)].

n[Ca(NO,),]

Maccy a3ota B HUTpaTe Kaublusl BeluucisieM, yMHOKUB Maccy Ca(NOs)2 Ha MaccoByro 0O

azora B Hem: M [Ca(NO3z)2] -n (N) . M(N) | Ananornumo BBIpa)KaeM Maccy a30Ta B HHUTpPATe
M[Ca(NO,),]

Oapust u okcuje azora (IV).

CocTtaBuM ypaBHEHHUE, YYUTHIBas, YTO Macca a30Ta B UCXOAHOW CMECH HUTPATOB KaJbIUs U
Oapusi paBHa Macce a30Ta B BelAenuBIIeMcs okcue azora (IV):

) . M(N) ) . M(N) - . M(N) .
m[Ca(NO3)2] n(N)KﬁaﬁmiZT+m[BdNO@ﬂ n(N)KﬂﬁmmiiT. m (NO2) Mmog'
m(NOz) = V(NO) = 07 461437 (p)

V,-M(NO,) 22,4
HOI[CT&BJ'IHH YHCJIOBBIC BBIPAXKCHUA, ITOJTYUNM!

X2 L4 +(3-x)-2 14 + 1,437 -E,OTCIO)Ia x=1,82.
164 261 46

Otget: m [Ca(NO3)2] = 1,82 (1); m [Ba(NOs)2] = 1,2 (1);
®% [Ca(NO3z)2] = 60,66%; ©% [Ba(NO3):2] = 39,34%.

Cnocob 2.
Xryn
2 Ca(NO3)2=2CaO+ 4NO2 + Oy Q)
2 MOJb 4 MoIb

328 89,6 1
2 Ba(NO3), =2 BaO + 4 NO; + O2 (2)
2 MOJIb 4 Monb

522 89,6 1
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0O0603HaUMM Maccy HUTpaTa KaabIusl B CMECU - X (T), @ 00beM KHUCIOPO/Ia, BBIICIUBIIETOCS TPU
€ro pasjokeHu# y (J1), Toraa Macca Hutpata 6apus (3 — x) T, a 00beM KUCI0pOo1a 00pa30BaBIIETOCS 110
(2) cocrasnsier (0,7 —y) .

O06Bem okcupa azota (1V), oOpazoBaBuIerocs IPH pa3IOKEHUN HUTPATA KaIbIUs PaBEH:

x

v =289,6 378 1)
u3 ypaBHeHus (2) 89,6 - (3—x)=522-(0,7—y).
CocraBuM cucTEMY ypaBHEHUI:

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

m [Ca(NO3)2] = 1,82 (r); m [Ba(NOs)z]= 1,18 (r).
®% [Ca(NOs3)2]= 60,66%); ©% [Ba(NOs)2]= 39,34%.

Cnocob 3.
n (NO2)= 27 = 0,031 mous.
22,4

[Tycte N (NO2), BelAENUBIIEroCs MPU Pa3iOKEHHH HUTpATa KalbIHMs PAaBHO X MOJb, TOrJA N
(NO2), BeInEenHMBILIETOCS TIPU pa3iioKeHUU HUTpaTa Oapus pasHo (0,031 — x) MoJIb.

m [Ca(NO3)2] = n [Ca(NO3)2] - M [Ca(NO3)2] = % n (NOy). M [Ca(NOz)2] = ¥ x- 164 = 82 -x (r)

(0,031- x)
2

m [Ba(NOs)2] = %n (NO2)- M [Ba(NO3):] = - 261 (r). 3Has, 4TO Macca CMECH HHTPATOB

MCTAJIJIOB COCTABJIACT 3 r, peIHI/IM ypaBHeHI/IeZ
82 .x + (OL;‘X) 261 = 3: x=0,022:

m [Ca(NOs)2] = 1,82 (r);
m [Ba(NQOs)2] = 1,18 (1);
% [Ca(NOa)2] = = = 0,606 = 60,66%

©% [Ba(NOs)2] = % = 0,3934 = 39,34%.

3adaua 2.

[Tpu HarpeBanuu 54,2 r cMecH HUTPATOB HATPUSI U Kalus BbIAEIUIIOCH 6,72 11 ra3za. Paccuuraiite
Maccy Ka)KJoro HUTpaTa B UCXOAHON CMECH.

Pewenue:

Cnocob 1.

Hutpatbl 1meIOYHBIX  METAJUIOB  pasjlaraloTcsl MpU  HarpeBaHWM ¢ 00pa3oBaHUEM
COOTBETCTBYIOIIUX HUTPUTOB U KMCIOPOa. 3allUIIEM YPABHEHUSI pEaKLIU:

XT y o

2 NaNO3z =2 NaNO; + O2 1)
2 MOJb 1 Moin
170 T 224 1

2 KNO3=2KNO2 + O3 2
2 MOJIb 1 Monb
202 r 224 1
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O0603HauUMM Maccy HUTpaTa HaTpUsi B cMecH - X (T), a 00beM KHUCIOPOAA, BBIACITUBIIETOCS MPU
€ro pasjokeHuH ) (J1), TOT/Ia Macca HUTpaTa Kajaus
(54,2 — x) r, a 006beM KHCIIOpOIa, 0Opa3oBasierocs mo (2) cocrariset (6,72 — y) 1.

N3 ypaBuenus (1) Beipazum y:

- 224
Y7 10
U3 ypaBaenus (2): 22,4 - (54,2 —x) =202 - (6,72 —y).

Pemum cucremy ypaBHEHUIA:

22,4 - (54,2 —x) =202 - (6,72 )

u Harigem, uro x = 34; m (NaNOz) = 34,
ciepoBatensHo M (KNO3) = 54,2 — 34 = 20,2 (7).
Oteet: m (NaNO3) =34 r, m (KNO3) =20,2 r.

Cnocob 2.
2 NaNO3z =2 NaNO, + O Q)
2KNO3=2KNO; + Oz (2)

3amady 1enecooOpa3HoO pemniath 4epe3 KOJIMYECTBO BEIIECTBA KHUCIOPOJA, BBIACIMBIIETOCS B
pe3yJsibTaTe peaKiui:

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

[Tycts n (O2), obpazoBaBmierocs B (1) paBHo x monb, Torna n (O2), obpazoBasuierocs Bo (2)
passo (0,3 — x) MoJIb.
Macca HUTpaTa HaTpHsl B CMECH COCTaBIISIET:

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

M (NaNO3) = x- 85 (1);
cootBerctBeHHO M (KNO3) =2 - (0,3 —x) - 101 (7).

3Has, uTo Macca cmecu 54,2 T, COCTaBUM ypaBHEHUE:!

85-2x+2-(0,3—x)-101="54,2

x=0,2;

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

m (KNOs3) =2-(0,3-0,2) - 101 = 20,2 (r) wiu

m (KNOgz) = 54,2 — 34 = 20,2 (1).
Oteet: m (NaNOgz) = 34 (r); m (KNOz3) = 20,2 ().

Cnocob 3.

3amady MOXXKHO pemiaTh emie Mpolle, €cl He BBOJAUTH TEpeMEeHHYr ). B atom ciydae,
UCTIONB3YS JAHHBIHN CIIOCO0, 3a7a4a CBOJIUTCS K COCTABIICHUIO U PEIICHHUIO IMHEHHOTO YPaBHEHHUS.

[TycTh Macca HUTpaTa HaTpUs B CMECH paBHa x (T), Macca HUTpara kanus (54,2 — x) r. [Ipu aTom
B peakiui (1) Beraenuics kucnopoa oobemom Vi (11),
a B peaknuu (2) - V2 (1).

X V1 .

= 0,3 MOJIB.

22,4%

- = ,V1= :O,132 X

170 22,4 170

SA2-x _ Vy Ly, 2 228042-%) _601 0917 o
202 22,4 202

3Hast, 9TO OOIIHI 00beM Tra3a cocTaBiseT 6,72 1, COCTAaBUM yYpaBHEHHE:
0,132 -x + 6,01 - 0,111 -x = 6,72
x=34(r)

m (NaNOs) = 34 (r); m (KNO3) = 20,2 (T).
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3aodaua 3.
13,45 r cmecu cepHOM M coyisiHOM KHUCIOT HedTpanmuzoBanu 250 mu 1,2M pactBopa NaOH.
CKoJIBKO OBLITO B CMECH COJISTHOM M CEpHOM KUCIOT?

Pewenue:

Cnocob 1.

OnpenensieM Maccy THAPOKCUIA HATPUS B PaCTBOPE:
CM:% ‘m = C,MV:;m (NaOH) = 1,2 - 40 - 0,25 = 12 (r).

CocraBuM ypaBHEHHE pEaKIMK HEUTPaTU3aIHH:

2 NaOH + H2SO4 = Na S04 + 2 H,0

NaOH + HCI = NaCl + H.O

O6o03naunM maccy H2SOs -x (1), a maccy HCI - y (1). Boipasum maccy NaOH depes macchl
[POPEarupoOBaBIINX C HUM KHCJIOT U COCTAaBUM yPaBHEHHUE C IBYMSI HEU3BECTHBIMHU:

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.

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

Cnocob6 2.

n (NaOH) = Cu'V; n (NaOH) = 0,3 wmomb. Ilycte kommuectBo BemectBa NaOH,
npopearuposasiiero ¢ HoSO4 paBHO x Moub, a konmyecTBo BemectBa NaOH, npopearuposasiiero ¢
HCI (0,3 — x) mous. ITo ypaBuenuto peaknuu N (H2SO4) = Y2 n (NaOH) = %42 -x Mok, Macca cepHOi
kucinoTl: M (H2SO4) = (Y2 x- 98) 1= (49 x) 13
n (HCI) =n (NaOH) = (0,3 — x) mosas; m (HCI) = (0,3 —x) - 36,5 = 13,45 ().

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

49 x +(0,3—x) - 36,5=13,45

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

Oteer: m (H2SO4) =9,81 1, m (HCl) =3,64 r.

Paszoenenue cmeceti opeanudecKux coeOuHeHUll Ha OCH06’€pCl3]lulluﬁ 8 XUMUYECKUX U qbu3uqea<ux
ceolicmeax seujecme

Jlna pasgeneHus cMeced OpraHMYeCKUX COSAMHEHMHM MOKHO BOCIIOJIB30BAaThbCs pa3ivyuMsIMU B
(u3NYECKUX CBOWCTBAX BEIIECTB (TEMIEpAaTypax KUIIEHUS WM IUIaBJIE€HUS, paCTBOPUMOCTH U T. 11.). B
9TOM CIy4yae MCIOJIb3YIOTCS PA3JIMYHBIE BHJIBl IEPETOHKH, BO3IOHKA, IEPEKPUCTAIUIA3ALINS,
JKCTpaKIus, XpoMarorpadus.

Ecnun »xe BemiectBa 001aa0T CXOAHBIMH (DU3UYECKHMMM CBOWCTBAMHM, pasJelieHHE HUX C
MOMOIIBIO BHIIIETIEPEUNCICHHBIX METOJOB OKa3bIBAE€TCS HEBOZMOXKHBIM. B 3TOM citydae oOpamiatorcs
K XMMHUYECKMM MeTojaM. BemecTBa npeBpamaroT B UX IMPOU3BOJHBIE, KOTOPBIE 3aTEM OTAEISIOT,
UCHONB3YS (pu3mueckre MeToibl. BakHO, 4TOOBI MPOU3BOAHBIE JIETKO MPEBPALIAINCH B HUCXOHBIE
COEIMHEHUS.

3aoaua 4.

[TpennoxuTe METOA pa3zesieHus: CMECH Ira30B, COCTOSIEN U3 ATaHa, ITUJIEHA U alleTHUIICHA.

Pewenue:

Jlannble BemiecTBa OJMM3KH MO MOJIEKYJISIPHBIM Maccam, MO3TOMY pa3lIeiuTh UX (PU3HUYECKUMU
MeToaMu OyAeT JOBOJIBHO TPYAHO.

C npyroii CTOPOHBI, OHU PE3KO Pa3IMYaOTCs IO XMMUYECKUM CBOMCTBaM.
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Tak, aneTuieH, Kak 1 Jito00i ajJKuH ¢ KOHIIEBOW TPOHHOW CBS3BIO, B3AUMOJICHCTBYET C COJISIMH
TSDKETIBIX METALIOB C 00pa30BaHWEM HEPACTBOPHMMBIX alleTUICHUI0B. Hampumep, ecnu mpomycTHTh
CMECh Ta30B Yepe3 pacTBOp THAPOKCHIA AuaMMuHcepedpa (+1), MpOUCXOIUT MOTIIOMEHUE alleTHIICHA
Y BBINIAJACT CEPBI 0Ca0K JUAllETUICHUAA cepedpa, KOTOPBIA MOKHO OTACIUTh (PHIIBTPOBAHUEM:
HC=CH + 2 [Ag(NH3)2]OH — AgC=CAg| +4 NH3+ 2 H>0

[Ipu nelicTBUU HA 0CaIOK COJISTHOM KUCIOTOM BBIACISAETCS UCXOHbBIN alleTHIICH:

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

OcraBmascsi CMeCh COJICPKUT MHEPTHBIN 3TaH M OYC€Hb PEaKIIMOHHOCIIOCOOHBIN ATHieH. [l ee
pa3/ielieHusI MOKHO BOCIOJIb30BAThCS CBOMCTBOM QJIKEHOB PACTBOPATHCS B KOHIUEHTPUPOBAHHOM
CepHOM KucioTe C 00pa30BaHUEM AJIKMIICEPHON KUCIOTHI:

H,C=CH; + H,S0O4 — CH3z — CH2 — OSO3H

OTaH CBOOOJHO MTPOXOJIUT Yepe3 pPacTBOP CEPHOM KHUCIOTHI, a aJKWICEpHas KUCIOTa MpHU
HarpeBaHWU JIETKO Pa3jiaraeTcs C BbIICICHUEM ATEHA:

CH3z — CH2 — OSOsH — H2C=CH; + H2S0O4

3aoaua 5.

[Ipennoxute cnoco0 pa3aeneHusi CMECH, COCTOSIICH U3 3TUIIOBOTO CIIUPTa, OYTUIIOBOTO CIIUPTA,
YKCYCHOM KHCJIOTBI U TPOITMOHOBOTO AJIbJIETH/IA.

Pewenue:

AHanmu3 CBOWCTB BEIIECTB, YyKa3aHHBIX B 3aJ[aHUM, TIOKA3bIBAET, YTO OYTHJIOBBIA CIHUPT
MPaKTUYECKH HEPACTBOPUM B BOJAE, B OTIMUME OT OCTalbHBIX coeauHeHud. Kpome toro, s
BBIJICJICHUS] KapOOHMIIBHBIX COCIMHEHHUI U3 pacTBOpa MCIOJB3YETCs UX PEaAKIUsl ¢ TUAPOCYIbHUTOM
HaTpHsl.

Hrak, mpu 00OpabOTKE CMECH HACHIIICHHBIM BOIHBIM PAacTBOPOM THAPOCYIb(UTA HATPHS
OYTWJIOBBIM CHHUPT OKaXeTcs B BUIE OTIECIBHOTO CJOA HaJ BOAHOW (ha3oi. DTUIIOBBIA CHUPT U
YKCYCHAsl KUCJIOTa PACTBOPSTCS, & MPOIMMMOHOBBINA abJICTHI BCTYIIUT B PEAKIIUIO C THAPOCYITHPUTOM
HaTpus ¢ o0pa3oBaHHEeM OUCYITB(UTHOTO COSAMHEHNUS, HEPACTBOPUMOTO B BOJIE:

CH3—CH>—C(O)H + NaHSO3 — CH3—CH>—CH(OH)SOsNa|

Ocanok oT(hUIBTPOBBIBAIOT, TPOMBIBAIOT Ha (UIBTPE XOJOJHON BOJOM M paziaraloT pacTBOPOM
TUJPOKCHIA HATPHS:

CH3s—CH>—CH(OH)SO3Na| + NaOH—CH3z—CH>—C(O)H + Na>S03
ITponrOHOBBIN aJIbAECTH/T BBIIETSAIOT U3 BOAHOTO PACTBOPA MEPETOHKOM.

JladopaTopHas padora Ne6 (2 yaca)
Tema: PacTBopsl. 3axaun Ha onpeaeeHne (pOPpMyJIbl KPHCTAJIOTHAPATA
Kpucmannusayusa uz pacmeopos coneti, 00pazyiouux KpUcmaiiocuopamol.
PaccMoTpuM B KauecTBe npuMepa CIeayoUIyo 3a1a4y:
3a0aua  l.ompenenute  kommuectBo  Kpucrammoruapara  NaxSOs-10H20,  xoTopsiid
BBIKpUCTAJUIM30BaNICA Npu oxJaxkaeHuu 513,2 r Haceimennoro npu 80°C pactBopa cyibdaTa HaTpus
1o 10° C. PactBopumocTts 6e3BoHOTO cynbbara Hatpus npu 80°C pasua 28,3 1, a mpu 10°C — 9,0r B
100 r BozpI.
Pemenue. Onpenenum MaccoBble J0JIH Cyib(aTa HaTpUsl B HACBHIIIEHHBIX BOJHBIX pacTBOpax
npul0°C u 80°C:
® (10°C)=9,01/109,0 r = 8,26%,
o (80°C) =28,31/128,3 r =22,06%.
B 513,2 r maceimensoro pactsopa cyibdara Harpus mpu 80°C 6yaer m (NaxSO4) =513,2 r- 0,2206 =
113,2 r. [Ipu oxnaxaeruu storo pacrsopa 10 10°C u3 Hero BeimaaeT X I NazSO4-10H20. YuutsiBas,
YTO MaccoBast 10Jisl COJIM B KPUCTAJIOTHApATE paBHA
a = M(BemectBa) / M(kpucramioruapara) = 142,0 r / 322,0 r = 0,441,
3TOT MPOLECC MOXKHO BBIPA3UTH CIAEAYIOIIUM COOTHOIIEHHEM:
o (10°C)= (113,21 -a - x)/(513,2 - x) = 0,0826.
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Pemenue aroro ypaBHenus naet x = 197,6 r.

OtBert: npu oxnaxaeHuu BoimaaeT 197,6 r NaxSO4- 10H20.
PaccmotpuM erie ouH TUI 33/1a4 HA KPUCTAIUIM3AIMIO KPUCTAJUIOTHAPATOB:

3aoaua 2. Xnopun xeneza(lll) obpasyer tpu kpucramtoruapara: FeClz-3,5H20, FeClz-2,5H.0
u FeClz-2H20. 128,1 r cmecu FeClsz-3,5H20 u FeClz-2,5H20, conepxkarmeit 0,6 Mosib 6€3BOIHOM COJIH,
Harpenu g0 80°C. IIpu 3TOM KpHUCTAIIOTHAPATHl PACINIABUIIMCh U 00pa30BajI TOMOTEHHBIN pacTBOP.
[locne ucnapenus u3 pactBopa 5,4 T BOABI, CUCTEMY OXJAaJWIM 1O KOMHATHOW TemmepaTypsl. llpu
3ToM oOpa3oBajliach pPaBHOBECHAs CMeCh KpucTauioruaparoB. Ompenenure KadyecTBEHHBIH U
KOJIMYECTBEHHBIN COCTAB CUCTEMBI MTOCIIE OXJIAXKICHHUS.

Pemrenne.O6031aunm uncio modeit FeClz-3,5H20 B ucxomHoit cMecu depes X, a Yuciio MOJICH
FeCl3-2,5H20 — uepe3 y. Toraa mojydyaeM CUCTEMY YPaBHEHHIA:

225,5x+207,5y =128,1,
x+y=0,6.
Pemias cucremy, nonyuaem: x = 0,2, y = 0,4.
Macca 6e3BoHOI comu B cucteme cocrasister M(FeCl3) = 0,6 - 162,5=97,5.
[Tocne ucnapenust 4yacTu BOJBI B CHCTEME OCTAETCA Macca, paBHas
M(H20) =128,1-97,5-5,4 =252 uiu
v(H20) =25,2 /18 = 1,4 monb.
[Tpu 3ToM Ha 1 Mok com npuxoautesn = 1,4 /0,6 = 2,333 moas H20.
CrnenmoBaresbHO, TOCIIE UcnapeHust 5,4 © Boabl M oxjnaxaeHus cucrema coctouT u3 FeCls-2,5H20 u
FeCl3-2H20 (2,5>2,333>2).
O6o3naunm yucio mosei FeClz:2,5H,O B cucteme mocie OXJIaXACHUS 4epe3 Z, a YHUCIO MOJIeH
FeCl3-2H20 — uepe3 u. Toraa mosyyaeM CUCTEMY YPaBHCHUI:
25z+2u=14,
z+u=0,6.

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

OtBet:Koneunas macca cMecu kpuctauioruapaTtos pasHa 128,1-2H20 nocrasnser 0,2 - 198,5 =
39,7 .

3aoaua 3.

B kpucramnoruapare cynbdara wmapranma (1) maccoBas nons mapranna pasHa 0,268.
Onpenenuth KOJIMYECTBO BEIIECTBA BOJIBI, MpuUxosiieecs Ha 1 Monb kpucramioruapara. Hamucats
dbopmymy comnu.

Pemenne. PaccmatpuBaeMbiM 00BEeKTOM sBIsieTcss | MOJb KpUCTANIOTUApaTa cyibdara
mapranna (1). Ero dopmyny ycnosro 3amumem MnSOgy- n H20, rae n- uckoMasi BeTu4rHa.

CocTtaBuM ypaBHEHHE, YUYUTHIBasg, 4YTO MaccoBas JOJs MapraHila B KpHUCTaJUIOTUApaTe paBHA
OTHOIIIEHUIO MOJISIPHBIX MacC MapraHiia ¥ JaHHOTO KPUCTAJIJIOTHIpaTa:

® (Mn)=M (Mn) /M (MnSQ4-n H20)
[ToncraBisis B ypaBHEHHE BMECTO CUMBOJIOB X YHCIIOBBIE 3HAYCHMUSI, TOTYUHM:
0,268 =55/ (151 + 18n)
Pemras ypaBHenwue, Halimem N = 3.
Otger. 1 Momb KpucTayuioruapata cyinsparta Mapranua (1) conep>xut 3 Moib BOABI.
dopmyia comr — MnSO4-3 H20

3aoaua 4.

Kpucramnoruapar cynabdara maraus MgSOs-7 H20 maccoit 250 T octaBuiM Ha BO3AyXe B
OTKpbITON OaHke. Uepe3 HEKOTOpoe Bpemsi B pe3yJbTaTe YAaCTUYHON MOTEpU KPUCTALTM3ALMOHHON
BOJIBI Macca BelllecTBa yMeHbIInach U crana paBHa 200 r. CkoybKO MoJiell BOABI IPUXOAUTCS Ha 1
MOJIb CyJib(haTa MarHus, OCTaBIIETrOCs MOCIe BIBETPUBAHUS?

Pemenne. @opmyity kpuctauioruapaTa cyjib(ara Marausi ocjiae BIBETPUBAHUS BOJbI YCIOBHO
samameM MQSOs-n H20. Mckomasi BeMdrHA 7 — 9UCIIO MOJICH BOABI B 1 MOJIb KpUCTAJIOTHApATa,
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o0Opa3oBaBIlleTOCS TMOCJIE BbIBETpUBaHHs. MaccoBas 1oy cynbdara MarHus B HCXOJAHOM
KPHUCTAJIOTHIPATE COCTABIISCT:

® (MgSO4) =M (MgSOg4) / M (MgSO4-7 H20) = 120 / (120 + 7-18),

a B pe3yJbTaTe MOTepPH BOJBI:

® (MgSO4) =M (MgSOg4) / M (MgSO4- n H20) = 120 / (120 + 18n),

CocTtaBuM ypaBHEHHUE, YYHUTHIBas, YTO NPH BBHIBETPHUBAHUHM KPHCTAJUIM3AIMOHHON BOJBI Macca
CyJb(ara MarHusi B COJIM HE N3MEHUIIACH.

3uas, uro M (MgSOs) =m (comn) - ® (MgSOs), 3anuiieM ypaBHEHHE:

m (MgSOs-7 H20) - o1 (MgS0as) = m (MgSO4-nH20) - @2 (MgSOa),

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

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

3adaua 5.

MaccoBasi 107151 BOJBI B CMECH KPHUCTAIOTUPATOB, COCTOSIICH 3 MeaHoro Kymopoca CuSOs-5
H20 wu xene3noro xynopoca FeSO4-5 H20, coctaBnser 40%. BorurcnuTh MaccoByIo A0 MEAHOTO
KyIopoca B CMECH.

Pemenue. Mickomast BeiunHa - MaccoBast 107151 MeHOTo Kymopoca B cmecu o (CuSO4-5 H20).
PaccmarpuBaeMbiM OOBEKTOM SIBIISIETCS CMECh, KOTOpash COCTOMT W3 JBYX 4YacTedl - MEIHOIO H
JKEIIE3HOro Kyrmopoca. B cMecn maccoit M coaepKuTcst MeaHbli Kymopoc Maccoir m - o (CuSOs-5
H>0), a ocranmpHoe, T. €. M - M - ® (CuSO4-5 H20), cocraisier Maccy xene3Horo Kymnopoca. Maccy
BOJIbI B KaXJIOW W3 COJICH OINpPEIeINM, YMHOXHB MAacCy KaXKIIOTO KPHCTaJUIOTHApATa Ha MAacCOBYIO
JIOJTIO BOJBI B HEM.

CocTraBUM ypaBHEHHWE, YYUTHIBAs, YTO Macca BOJIBI B CMECH MAacCOd m paBHa CyMME MacC BOJbI B
KQKJIOM U3 COJIEH:
m - ® (H20) = m (CuSO4'5 H20) - w1 (H20) + m (FeSO4'5 H20) - w2 (H20)
WIn
m - ® (H20) =m (CuSO4-5 H20) - SM (H20) / M (CuSO4-5 H20) +m (FeSO4-5 H20) - 7M (H20) / M
(FeSO4-5 H20)
[MoxcTaBnss 4KcaOBbIE 3HAueHHs W 0003Hauas uckomyio BenmuuuHy o (CuSOs'5 H20) uepes x,
TIOJTyIHM:
04m=mx-5-18/250+(m-mx) - 7- 18 /278
Pemras ypaBHenue, Havinem X = 0,56
Otser. Coaeprxkanre MeHoOro Kynopoca cocrasisier 0,56, uiu 56%, OT Macchl cMecH.
m(cmecn) = mo (CuSO4-5 H20) =x o (H20) = 0,4
m (CuSO4 - 5 H20)=m - X
o1 (H20) = 5M (H20) / M (CuSO4-5 H20)
m (FeSO4- 5 H0)=m-m - X
o2 (H20) = 7M (H20) / M (FeS0O4-5 H20)

JlabopaTopnasi paGora Ne7 (2 yaca)
Tema: PacTBopsl. [lelicTBHS ¢ pacTBOPpaMu: pa30aBjeHHe, yllapuBaHue,
KOHLEHTPUPOBAaHME, CIUBAHUE IBYX PACTBOPOB
CrniocoObl BbIpa)KE€HUs COJIEpKaHuUs BEIIECTB B PaCTBOPAX U CMECSX

|. Cmanoapmusie cnocobul evipasicenus cooepicaniuss eujecmes 8 pacmeopax u CMecsx:
1. B monsix OT €IUHUIBI WUIK B TTPOIIEHTaX:
a) MaccoBasi J10Js
® (HCI) =5% (0,05) (5 r xkucioTs! u 95 r BOJIBI);
0) oObeMHast A0S
¢ (HCI)=5% (0,05) (5 My KucIOTHI 11 95 MIT BOAIBI);
B) MOJISIpHASI J10JIst
x (HCI) = 5% (0,05) (5 Monb KUCTOTHI ¥ 95 MOJIb BOJBI).
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2. Yepes uncio MoJel pacTBOPEHHOTO BEUIECTBA B 1 JI pacTBOpa — MOIAPHASL KOHYEHMPAYUS.
2 M p-p (HCI) wmu Cy (HCI) = 2 moms/n
(73 r HCI B 1 1 pacTtBOpa).

Il. Hecmanoapmuwvie cnocoowi:

1. Twutp (v/mn);

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

Monsapras 0011 — 3TO OTHOIICHHE KOJMYECTBA PACTBOPSHHOIO BEIIECTBA N1 MU PACTBOPUTEIS
N2 K CyMMe KOJIMYECTB BCEX BEIIECTB, COCTABJISIOUIMX pacTBOp. Eciau oHO BElIecTBO pacTBOPEHO B
JIPYyroM, TO MOJIIpHAs J10Jisl pacTBOpeHHOro BemiectBa: Ni = Ny/N1+ N2, aMOJIIpHAs 10JI1 PaCTBOPUTEIIS:
N2 = nyn1 + Ny.

Monanvnocms  — 4YHCIO MOJIEH PacTBOPEHHOrO BeIIeCTBa (KOJMYECTBO  BEILECTBA),
npuxojsieecs Ha 1000 r pactBopuTes:

Cwmax=n/m - 1000, roe

N - KOMIMYECTBO BEIIECTBa, M - Macca PacTBOPHUTEIIS.

PactBopsl, 11 xkotopeix Cwmy = 1; 2; 0,1; 0,01 Ha3bpIBalOTCSI COOTBETCTBEHHO OJHO-, ABYX-, ACIIH-,
CaHTHMOJISUTbHBIMH.

Hopmanvuaa konyenmpayus pactsopa Cy — 3TO YMCIO 3KBUBAJICHTOB, coaep:Kamuxcs B 1 1
pactBopa.

PactBop, B 1 11 KOTOPOro COAEPKUTCS OHA SKBUBAJICHTHAs Macca PacTBOPEHHOTO BEIIECTBA,
Ha3bIBACTCSI OJJHOHOPMAJILHBIM M 0003HavyaeTcs 1 H.

Cu=m/m, -V, rae

M — Macca pacCTBOPEHHOTO BEIIECTBA, T;

M, — SKBUBAJICHTHAs Macca BEIleCTBa , I/MOIIb;

V — 00beM pacTBopa, I,

DKBUBAJICHT AJIEMEHTA — KOJIMYECTBO BEIIECTBA, MOJIb.

D = 1/B, roe B — BajleHTHOCTH DJIEMEHTA.

Hampumep, sxBuBaineHT cepsl B okcuze cepsl (1V) SO2 D (S) = Y.

Macca o1HOTO PKBHBAJICHTA 3JIEMEHTA PaBHA:

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

Hanpumep, mist cepst B okcune cepot (1V) m, =32/4 = 8 (r/moub).

MHorue peakiuu, MPOTEKAIIINe B PacTBOPAX, COMPOBOXKIAIOTCS H3MEHEHHEM CTeTeHeu
OKHUCJICHHUST aTOMOB, BXOJSIIUX B COCTaB MOJICKYJ pEarnpyrolux BemecTB. B 3ToM ciy4dae oHHU
SBIISIOTCS OKUCITUTENbHO—BOCCTAHOBUTEIHHBIMHU.

CymiecTByl0OT  JBa  METOJa  PACCTAaHOBKH  KOOX(DPUIMEHTOB B  OKHCIHUTEIbHO—
BOCCTAaHOBUTENBHBIX PEAKIUAXK: SJIEKTPOHHBIN OalaHC M HOHHO—3JIEKTPOHHBIA METO/.

Honno-snekmponnwiii memoo siBIsgeTcsa 00jiee TPYIO0EMKIM, HO OH UMEET PsJl TPEUMYIIECTB:

- TMO3BOJISIET HAIMHUCATh MPOAYKTHI PEaKIUU M PACCTaBUTh KOA(D(PHUIIMEHTHI, €CIU H3BECTHHI
TOJIEKO UCXOHBIC BEIIECTBA U Cpe/ia, B KOTOPOH MPOXOJUT PEAKITHS;

- VYHUTHIBAET PEAbHO CYIIECTBYIOIIUE YACTHIIBI, T.€. OH MIPHUMEHSETCS B OCHOBHOM LIS
peaknuii, MpOTEKAIOIINX B PACTBOPAX;

- MeTOA YIOO€H AJisi PacCTaHOBKH KOA(DPUIIMEHTOB B PEAKIUAX C YIACTHEM OPTraHUYECKHX
BEIIICCTB.

Jl5is TOro, 94TOOBI BOCMONB30BATHCS MOHHO—AJIEKTPOHHBIM METOJIOM, BaXKHO YMETh Pa3Nnyarh
OCHOBHBIC OKHCITUTEIIN U BOCCTAHOBHUTEITH.

OcHognbie okucaumenu:

1. TanoreHbl, KHCIOPO/, O30H.

2. Bce coenHEHUS TAIOT€HOB, TJI€ UX CTETICHU OKUCIICHUS MOJI0KUTEIbHBI.

3. Bce coennHeHUs, B KOTOPBIX HAXOMSATCS AJIEMEHTHI B CTCTICHH OKWCIICHUS BhIIIE +3 s
METAJJIOB M +4 /I HEMETAILJIOB.

Coe/TMHEeHNST HEMETAIIJIOB B BBICIICH CTETICHU OKHCIICHUS.
KaTroHbl MacCMBHBIX METAJUIOB B BHICIICH CTETICHH OKUCIICHHS, OKCHJI cepedpa.

ok~
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CTeneHb OKUCICHHUS OKUCINTENS B OKHCIUTEIbHO—BOCCTAHOBUTEIBHBIX PCaKIUAX MOHHUKACTCA.

OcHognbie goccmanosumenu.

1. Meramisl.

2. CoenvHEHHs] HEMETAJUIOB B HU3IIECH U POMEXYTOYHON CTENICHH OKUCIICHHS.

3. BonpIIMHCTBO OpraHMYECKUX COCAUHEHUN.

CreneHpb OKUCIIEHUS BOCCTAHOBUTEIS B OKUCIUTEIbHO— BOCCTAHOBUTENBHBIX PEAKIIUSAX ITOBBIIIAETCS.

Ecnu okucnureneM M BOCCTAaHOBUTENIEM SIBIISIETCS OJWH U TOT K€ DJIEMEHT, MMEIOIIHUNA B
OKHUCJIUTEJIE U BOCCTAHOBUTEJE PA3HbIC CTEIEHU OKHUCIICHHUS, TO B MPOIYKTaX 3TOT 3JIEMEHT OyJneT
UMETh TOJIBKO OJHY — IPOMEXYTOUHYIO CTENIEHb OKUCIICHUS.

OOBIYHO TIPU COCTABJICHUU YPaBHEHUU OKUCIUTEIbHO—BOCCTAHOBUTEIBHBIX PEAKUUN B JIEBOM
YacTH 3alUCHIBAIOT CHAyala BOCCTAHOBUTENb, 3aT€M OKHCIIUTENb, 3aT€M JIPyTue BEIEeCTBa, €CIU OHU
ecTb. B mpoaykrax peakiuii CHauana 3anuchbiBalOT IPOAYKT OKUCICHHUS, & 3aTEM BOCCTAHOBJICHUS.

Aneopumm cocmasnenuss ypasHeHuli OKUCIUMENbHO— 80CCMAHOBUMENbHBIX PeaKyull UOHHO—
91eKMPOHHBIM MEMOOOM.

1. 3anumuTe B J€BOM YacTh ypaBHEHUs (HOPMYJIIbI HCXOAHBIX BEemIeCTB. [t co3maHms KUCIIOi
CpeIbl HCIONB3YyWTE CEepPHYI0 KHUCIOTY (COJNsHAas KHUCIOTa caMa CIOCOOHAa OKUCIATHCS, a a30THas
KHCJIOTA SIBJISIETCS OKUCIUTEIIEM).

2. OnpenenuTe OKUCIUTENb U BOCCTAHOBUTEIb.

3.CocTraBbTe CXEMbl HOHHO-3JIEKTPOHHBIX YPAaBHEHUH MOJIypEaKIUH ISl IPOLIECCOB OKUCIIEHUS
U BOCCTaHOBIIEHUS. B cxemy BKIIIOUUTE T€ peanbHbIE YACTHUIIbI, KOTOPHIE MPOSIBISIOT OKUCIUTEIbHBIC
¥ BOCCTAHOBHMTEIBHBIC CBOWMCTBA, a TaKK€ YaCTHIIBI, XapakTepusyiomme cpeay (kuciayio — HT,
mienounyo — OH", neitrpanbayio — H20). CunbHble 37I€KTPOIUTHI 3alMCHIBAIOTCS B BHJIE HMOHOB, a
ci1a0ble ANEKTPOJIUTHI, Fa3000pa3HbIe BEIIECTBA, TPYAHOPACTBOPUMbBIE COETUHEHUS — B BUJIE MOJIEKYJL.

4. TlpoBepbTe YMCIO aTOMOB Ka)KJOTO 3JEMEHTA B JIEBOI M MPaBOil YaCTIX CXEM YpaBHEHHI
nosnypeakuuid. [Ipu HeoOX0AUMOCTH ypaBHSIUTE UX.

5. IlpoBepbTe YMCIIO aTOMOB KUCJIOPO/Ia B KAKJIOM YPAaBHEHUH MOJIypPEaKLMU CJI€Ba U CIIpaBa U
ypaBHslTe ux. Eciau B JIeBOM 4acTH ypaBHEHUs IOJypPEaKIIMA MEHBIIE KACIOPOAa, YEM B IIPABOM, TO
100aBUTH €10 MOYKHO:

a) B KUCJION U HEUTpaIbHOU cpefie

H,0 — 0% + 2 H*

0) B IIETOYHOMN

2 OH — 0% + H,0

(B ypaBHeHUsX He cnemyeT mucath 0%)

Ecnu B MCXOIHBIX BEIIECTBAX KUCIOPOAA OOJBIIE, TO «CHATHY €ro MOKHO:

a) B KUCJION cpefie

0% + 2 H* — H.0

0) B IIEJIOYHOMN U HEUTPATLHON

0% + H,0 — 2 OH

6. IlpoBepbTe paBEeHCTBO CYMM 3apsijioB /10 M MOCIE€ peaklUHd B COOTBETCTBHE C 3aKOHOM
3IEKTPOHEUTPAIBHOCTU: Zyu= L.

B cooTBeTcTBHE ¢ MEKIYHAPOIHBIMU MPaBUIIAMH MOJIYPEAKIIMH 3alIMChIBAIOTCS KaK MPOLIECCHI
BOCCTAHOBJICHHSI OKHCITUTEISI CBOOOAHBIMU IJIEKTPOHAMHU.

Hampuwmep: Fe** + e — Fe?* mm  Fe?* » Fe¥* +e

b+2e 21T W 21— 1+ 2e

7. Uucno SIEKTPOHOB, OTIABAEMBIX BOCCTAHOBUTEIEM, JOJKHO OBITh paBHO YHUCITY
AIEKTPOHOB, MPUHUMAEMBIX OKUcHuTeNneM. Mcxosa u3 9Toro npasuia, noadepute KodhOUIUEHTH 1Jis
OKHUCJIUTENS U BOCCTAHOBUTETIS.

CyMMmupyiiTe JIeBbl€ U TpaBble YaCTH HOHHO—AJIEKTPOHHBIX YpPAaBHEHWM, MpeaBaAPUTEIBHO
YMHO>XHB COOTBETCTBYIOIIHME YACTHIIBI HAa MOI00paHHbIe KOA(D(OUITHCHTHI.

9. CokpaTtuTte Mog00HbBIC YICHBI, €CITH TAKOBBIC UMEIOTCSI.
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10. Ilepenummnre HOHHO—MOJIEKYJIIPHBIE YPaBHEHUSI.

11. UToObI 10 HOHHO-MOJIEKYJIIPHOMY YPaBHEHHIO COCTaBUTh MOJEKYJISPHbIE, HEOOXOUMO B
JEBOM W TPaBOM YACTAX YpaBHEHUS KaKIOMY HOHY IIPUIIMCATh COOTBETCTBYIOLIEE YHUCIO
IPOTUBOMOHOB U CKOMIIOHOBATh UX B MOJIEKYJIBI.

3aoaua 1.

Hanummure ypaBHeHuE peakluu OKHCIEHHS XPOMOBOW CMECHIO 3TWUJIOBOIO CIHMpTA [0
YKCYCHOTO aJIbJIeTu/a B KUCIIOHN cperie.

C2Hs0OH + K2Cr207 + H2SO4 — CH3C(O)H + K2SO4 + Cra(SO4)3 + H.0
CoHeO — CoH O+ 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 Cré¥*+ 7 H20
3 C2HgO + Cr.07% + 8 HY — 3 C2H40 + 2 Cr¥* + 7 H20
2K* 4S04+ 2K 4S04
3 C2Hs50H +K3Cr207 + 4 H2S04 — 3 CH3C(O)H + K2SO4 + Cra(SO4)s + 7 H20

3adaua 2.

Hanumwure ypaBHeHHE peaklUy OKHUCICHHS IPOIUJICHA TIEPMAHTaHATOM Kalldsl B IICJTOYHOM
cpene.
CH3—CH=CH> + KMnO4 + KOH — H3—CH(OH)—CH(OH) + KoMnOq

CsHs + 2 OH” — C3Hg(OH). + 2e 1

+

MnOys + e — MnO4% 2

CsHg + 2 OH™ + 2 MnO4” — C3Hs(OH)2 + 2 MnO4*
2K"  2K* 4 K*

CsHs + 2 KMnOs + 2 KOH— C3Hg(OH)2 + KaMnOg4

3adaua 3.
Hamummure ypaBHeHHE peaKIMK OKUCICHHS TJIFOKO3BI IEPMAHTaHATOM KaJlusl B KUCJION Cpe/ie.

CsH1206 + KMNOg4+ H2SO4 — CO2 + K2SO4+ MNnSO4 + H20

CsH1206+ 6 H2O — 6 CO2 + 24 H* + 24e 5
+
MnQOs + 8 H' + 5 — Mn?" + 4 H,0 24

5 CsH1206 + 30 H20 + 24 MnOg4 + 192 H* — 30 CO2 + 120 H*
+ 24 Mn?* + 96 H.0

5 CgH1206 + 24 MnO4 + 72 H* — 30 CO2 + 24 Mn?* + 66 H.0
5 CeH1206 + 24 KMnO4+ 36 H2SO4 — 30 CO2 + 12 K2SO4 +
+ 24 MnSQO4 + 66 H20

3aoaua 4.

Hanummre ypaBHeHHE peakIIuy OKUCIICHUS alleTHUJICHA ITIEPMAaHTaHATOM Kallis B HEUTPaIbHON
cpene.

C2H2 + KMnO4 + H2,0 — HOOC—COOH + MnO2 + KOH

CoH2+ 4 H,0 — CoH204 + 8 HY+ 8e 3

+

MnO4 + 2 H20 +3e —» MnO2 + 4 OH" 8
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3 CoH2+ 12 H,0 + 8 MnO4 + 16 H2O — 3 CoH204 24 H +
8 MnO: + 32 OH"
3 CoHz+ 4 HO + 8 MnO4”— 3 C2H204 + 8 MNO2 + 8 OH”
3 CoHz+ 8 KMnO4+ 4 H,O — 3 HOOC—COOH + 8 MnO2 + 8 KOH
MoHO paccTaBuTh KOA(P(GUIMEHTH B YPaBHEHHSIX OKHUCIUTEIHHO-BOCCTAHOBUTEIIBHBIX
peaKHHfI H C UCIIOJIb30BAHHUEM METOZA SJICKTPOHHOI'O 6aﬂcha.

3adaua 5.

Hanumure ypaBHEHHE peaKIuu MoJy4YeHus iomodopma.
C3Hz—C'H,—OH + I,°+ NaOH — C*?HIs* + HC*?0OONa + Nal* + H,0
C¥-C¥+5¢e]| 1
Clr—>(C%¥+3e
°+2e 521 | 4
CHs—CH>—OH *+ 4 I,+ 6 NaOH — CHIz + HCOONa + 5 Nal + 5 H,0O

3aoaua 6.

Hanummre ypaBHeHHE peakiiii OKKCIEHHS MypPaBbUHOM KUCIOTHI okcuaoM xpoma (1V).
HCOOH + CrO3z — CO2 + H20 + Cr203

C* - C*"+2e 3

Cr** +3e — Cr** 2

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

JladbopaTopHas padora Ne8 (4 yaca)
Tema: DuekTpoJn3

Onekxmponuz - 93TO  OKUCIUTEIbHO—BOCCTAHOBUTEIBHBIA MPOIECC, MPOTEKAOIMUNA Ha
AJIEKTPO/Iax MPHU MPOXOXKIEHUH IEKTPUUECKOI0 TOKA Yepe3 pacTBOP WIIM PacIlyiaB JIEKTPOJIUTA.

CriocoOHOCTh BellecTBa MPOBOAUTH JJEKTPUUYECKUH TOK, HAXOMHICh B PACIUIABICHHOM WM
pacTBOpeHHOM cocTosiHuM, M. @apaneil HazBasl JIEKTPUUYECKOW MPOBOAMMOCTHIO. B Havaie cBoei
NeSITeIbHOCTH OH MHOTO paboTall HaJl TUM SIBJIEHUEM M Pe3yJbTaThl CBOMX ONBITOB 000OIINI B BUJIE
JIByX 3aKOHOB.

Maccor  sewjecms, 6b10eUBUIUXCA HA  NIEKMPOOaAx, UMY NOABUBLUUXCA 8 pacmeope 8
pe3yivmame pacmeopeHus 21eKmpood, NPONOPYUOHAIbHL KOIUYECMEY Npouleoule2o 31eKmpuiecmasd
(mepBblit 3aKoH Papanes).

Oounakogvle KoIuvyecmea 31eKmpuyecmed, NpoxXoosuue depes pasiuyHvle 21eKmpoumsl,
8b10€IAI0M HA INEKMPOOAX IKEUBANEHMHbLE MACCbL dNlemMeHmoé (BTOpoi 3akoH Papanes).

B pesynbpraTe mpoxoxaenuss 96500 Kn snexkrpuyectBa ocaxkmaercs 1 mons AQ, 1/2 Monb
menu, 1/3 Monb xpoma, T.e. 1 MOJIb, JIeNIEHHBIH HAa BAJIEHTHOCTh 3JIEMEHTAa. DTH KOJIMYecTBa ObUIN
Ha3Banbl ®apaneem »skBuBaseHTamu. 96500 Kn — 3apsg 1 Monb 27eKTpOHOB (Tak Kak Jyist
BoccTaHoBjieHus | Monb AQ Tpebyercst 1 Moib 37eKTpOHOB). boiee TOUHO 3TO YMCIO COCTABISAET
96485 Kn/momns™ u Hassano wuciom Dapades.

3akonbl Papajsiess MOTYT ObITh BbIpaKeHbI 00bEIMHEHHBIM YPABHEHUEM:

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

rae m (X) — macca BbIeMBIIErocs Bemecrsa X, T;

| — cmma Toka, A;

t — Bpewms, c;

F — nocrosiunast ®apanes;

M>»(X) — sxBUBaNIeHTHast Macca BeniecTBa X,

M>a(X) = M(X)/n, r/mosb;

M(X) — monsipHas macca BeriecTBa X, I/MOJIb;

N — YKCIO MPUOOPETEHHBIX WJIM OTJAHHBIX B OKUCIUTEIbHO—BOCCTAHOBUTEIBHOW pEaKIUU
AJIEKTPOHOB.
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AHanu3 3Toi (GOPMYIIBI TO3BOJISET CACNIATh CIICTYIOIINUE BHIBOIBI:

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

JIJist XuMU4ecKoro npeBpaiieHus: | Mojab OKUCIUTEThHO—BOCCTAHOBUTEIHPHOTO YKBUBAJICHTA BEIIECTBA

HE0OXOAMMO MPOMYCTUTh Yepe3 pacTBop (v pacruiaB) 96500 Ko, niu 26,8 A - 9 (1 A - v = 3600

Ku) snexrpuuectna.

2. Ecrm | -t = 1 K, to m (X) = Ma(X)/F. Ornomenne M»> (X)/F (3/F), Ha3piBacMoe
AIIEKTPOXUMUYECKUM DSKBHBAJICHTOM, MPEJCTABIsET COOOH MacCy BEIIECTBa, MOABEPIIIYIOCS
XUMHYECKOMY MTPEBPAILCHUIO, M MACCY MPOIYKTOB AIICKTPOIIM3a, BBIISIUBIIMXCS HA DIIEKTPOIAX
pU IPOXOKJIeHUH depe3 pactBop 1 Kit anekrpudectsa.

3. Ilpu mpoXOoKIEHMM OJHOTO M TOrO JKE€ KOJHMYECTBA JJIEKTPUUYECTBA 4Yepe3 psa pPacTBOPOB
(pacriaBoB) MacChl BENIECTB, BOCCTAHOBHMBIIHMXCS HA KaTOJAX HIIM OKHCIHMBIIUXCS HAa aHONAX,
POTIOPIMOHATBLHBI MOJIIPHBIM MaccaM WX SKBHBAJICHTOB.

[Tpu srekTpom3e paciuiaBoB Ha aHOJIE Pa3PsKAIOTCS AHUOHBI KMCIIOT, 3JICKTPOHBI MEPEXOIAT K
aHOJy: Hampumep,

Clr—-Cl+e

SOs* — SO21 + 021 + 2€

Ha xatome npoOMCXOOUT BOCCTAHOBJIGHHUE KATHOHOB, IPH 3TOM 3JEKTPOHBI OT KaToja
HEPEXOAT K KaTHOHAM: HaIpUMeEp,

Pb%* +2e — Pb

[Ipu s1eKTponu3e BOIHBIX PACTBOPOB HEKOTOPHIE MOHBI METAJJIOB HE BOCCTAHABIIMBAIOTCS, a
POMCXOTUT BOCCTAHOBIICHHE MOJICKYJI BOJIbI:

4 H,O +4e — 2 Hot +4 OH"

AHMOHBI KACJIOPOJICOICPIKAIINX KHCIOT HE OKHCISIOTCS B BOJHBIX PACTBOpax, a MPOUCXOIUT
OKHCIICHHE MOJIEKYJI BOJIBI:

2 H:0 — 4 H" + O21+4e
[TosTOMy 37€KTpOJIN3 BOAHBIX PACTBOPOB COJICH MOXET CONPOBOXKIATHCS BBIICICHUEM KUCIOpOAa U
BOJIOpPOJIA.

[Io cmoOCOOHOCTH BOCCTaHABIMBATHCS W3 BOJHBIX PACTBOPOB KATHOHBI  METaJJIOB
pacroyiaratoTcsi B CICIYFOIIUHN P

K*,Ca**,Na*,Mqg?" AI**, Zn?* Fe3* Sn?* Pb?* H*,Cu?" Aq* Au®*

CrocoOHOCTh K BOCCTAHOBJICHUIO YBEIIMYHMBACTCS ClieBa HarpaBo. KaTHOHBI Kanus, KaabIus,
HATpHUS, MAarHus, AaJlOMUHHS He OyAyT BOCCTaHABIMBATHCS W3 BOJHBIX PAcCTBOPOB COJIEH,
BOCCTAaHOBJICHHE KaTHOHOB IIMHKA, jKeJe3a, OJIOBa W CBUHIIA OYJET MPOUCXOIUTh OJHOBPEMEHHO C
BOCCTaHOBJICHHEM MOJIEKYJI BOJIbI, @ KaTHOHBI MEIIH, cepedpa 1 30JI0Ta CIOCOOHBI BOCCTAaHABINBATHCS
U3 BOJIHBIX PaCTBOPOB.

Matepuan, W3 KOTOPOTO W3TOTOBJICHBI J3JICKTPOABI, TAKXKE OKAa3bIBACT BIIMSHHE HA XOJI
anekTpoiu3a. Tak, Ha pPTYTHOM KaToJie (110 CPABHEHUIO C IUIATHHOBBIM HIIM TPAQUTOBBIM) IS pa3psiaa
MOJIEKYJT BOJIBI TpeOyeTcsl 3HAYMTENhHO OoJiblliee HampspkeHue. VOHBI HATpHs Ha PTYTHOM KaroJe
pa3pspKArOTCS MPEANOYTUTEIbHEE MOJICKYJT BOJIBI, B pe3yJibTaTe 00pa3yercs aMaibrama HaTpusl.

3aoaua 1.

Paccuuraiite Maccy KHCIOpO/a, BBIACTUBIIETOCS MPHU AJIEKTPOJIU3E BOABI NMPU MPOXOKICHUH
yepe3 Hee dIIEKTpUYecKoro Toka cuioit 1,5 A B Teuenue 10 munyT (600 c).

Pewenue:

IIpu srekTpon3e BO/bI COTIACHO YPAaBHEHHIO

2 H0 — 2 Hat + 021 00pasyroTcst BOAOPOT M KUCIIOPO/I.

Brienenue Kuciopo/ia MpoucXoAuT Ha aHoJIe:

A(*) 2H20 - 4 H" + Ot +4e

Omnpenensiem Maccy KUCIOpOAa.
Macca sxBuBasienTa kuciaopoga Ma(02) = M (02)/n = 32/4 = 8 (r/moib).
[oncrasnsiem 3HaueHHE B HOPMYITY:
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m (02) = 1,5 - 600 - 8/96500 = 0,075 (T).
Otser: 0,075 .

3aoaua 2.

Cwmech ra30B, NOJIy4eHHAs! MIPU AJIEKTPOJIM3E JICASHOW YKCYCHOM KHCIIOTHI, MPONYIIIEHA Yepe3
CKJISTHKY C KOHIEHTPUPOBAHHBIM pPACTBOPOM TuApokcuaa Harpus. [lpu 3ToM Macca CKISHKU
yBeNMumiIach Ha 5,5 r. Onpenenure 00beM ajaKaHa, 00pa30BaBIIETOCS B IPOIECCE IICKTPOIH3A.

Pewenue:

2 CH3COOH — CH3-CH3+2 CO2 + H2

Macca CKJISIHKH CO IIeJI0UbI0 YBEIMYWIACH B pe3yJibTaTe MorionieHus okcuaa yriepoaa (1V).

m(COz2)=5.5r

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

n (C2Heg) =2n(CO2) = 0,25 (Mo1b)

V(C2Hs) = n(C2Hp) - 22.4 n/monb = 5,6 1
Ortser: 5,6 1.

3aoaua 3.

Boansiii pactBop maccoit 1200 r, comepxkamuit 86,675 r xyopujga Kanusi, [MOMECTUIIU B
3JIEKTPOJIM3ep, CHaOKEeHHBIN AnadparMoil U MIaTUHOBBIMU 3JIeKTpoaMu. Yepes3 pacTBop B TeueHue 4
yacoB 75 c¢ mpomyckanu Tok cuiod 1 A. IlpoaykThl 37€KTpojiM3a HENPEPHIBHO YAAISIM U3
anekTpoiausepa. KakoBa KOHIIEHTpalus XJI0puia Kajaus 1ocie OKOHUYaHHsI peakiun?

Pewenue:

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

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

n (KCl)= 285,675 :74,5=1,15 (mMo1b)

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

Yepes pactBop nponyuieHo: Q=1-t=1 A - 375 ¢ = 14475 Kn (kyn0HOB).

Cornacno 3akony @apanes 96500 K BbI3bIBatOT AsekTpoau3 1 r-ake BemectBa. 14475 K BeizoBer
pasyiokeHue N r-3KB:

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

Ortser: 0,15 r-3kB.

3aoaua 4.

UYepes 2 1 pacTBOpa cysib(ara Meau MPOITyCKaIU TOK B TEUCHHE 45 MUH, TIPU 3TOM U3 pacTBopa
BbIIETIIIOCH 1,6 T Meauw. BelumcnuTe cuily TOKa, MPOIISANIET0 Yepe3 JJIEKTPONIUT, a Takke
HOPMATBHYIO KOHIICHTPAIIMIO pacTBOpa CyJb(ara Meau mepesl HadyajioM dJICKTPOIIH3a, €CJIA H3BECTHO,
YTO B XOJI€ pEaKLUU BbIAETSAETCS TONbKO 45% Mequ, cofeprKalencs B pacTBope.

Pewenue:

Jlns Beiaenenust 1,6 r menu (M = 64 : 2 = 32), T.e. 1,6 : 32 = 0,05 (r-3xB) HeoOxoaumo 0,05 -
96500 = 4825 K.

Cuna Toka, mpoIIeIIero yepes MEKTPOIU3ep:
| = Q/t =4825/45 - 60 = 1,787 A.

B xone mporecca Beinenmiocsk 0,05 r-akB Meau, uto coctaBiseT 45% ot ob1ero konudecTsa
MeJd, coaepkaniericsa B pactsope. CienoBarenbHo, B 2 11 pacTBopa Haxoauiock 0,05 : 0,45 = 0,1 r-skB
conu. [ToaToMy HOpMallbHasE KOHIIEHTPAIMsI UCXOAHOTO PacTBOpa cyib(ara MeIu COCTaBUIIA:

0,1 :2=0,055 r-sxs/m, 1.e. C4 (CuSO4) = 0,55 H.

Ortsert: 0,55 H.

3aoaua 5.

Hon, nosydeHHbId TPU DJIEKTPOJIM3€ BOJHOIO pacTBOpa HMoAuAa Kainus B TedyeHwe | daca,
ortutpoBanu 20 mn 0,05 M pactBopa THOCynb(aTa HaTpusi. KakoBa Obula cuia TOKa mpu
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anektponuse? Kakoit oObeM Bomopona oOpa3oBajicsi B IpOLECCE DIIEKTPOJIN3A, €CIM TeMIepaTypa
6bu1a paBHa 20 °C, a naBnenue 750 MM pr.cT.?
Pewenue:

2KI+2H0=H2+2KOH + I, 1)

Oopasyromtuiicst ox ortutpoBan NaxS:03  (2)

I + 2 NaxS203 = 2 Nal + NaxS40s

[To ypaBHenwuto peaknuu (2) 1 r-skB Na2S203 cootBeTcTBYeT V2 Mo |o.

B 20 mn 0,05 M pactBopa tuocyibdara Hatpusi coaepxkainock 0,02 - 0,05 = 0,01 (r-skB)
Na>S203. CnenoBarensHO, B MOJIy4YeHHOM pacTBope coaepxanoch 0,005 momns roxa wim 0,005 - 254 =
0,127 (r) tiona.

Cuna Toka, IpOomyIEeHHOr0 Yepe3 pacTBop:

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

ITo ypaBuenuto peakuuu (1) n (Hz) = n (I2). IToatomy Ha katoae Beiaeauitocs 0,005 - 11200 =
56 (M) Bogopona (H.y.). B ycloBusix, yka3aHHBIX B 33J1a4€, ITOT 00BEM COCTABUT:

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

OTset: 60,9 mi.

JladbopaTopnas padora Ne9 (4 yaca)
Tema: Oco0eHHOCTH OJTHMIINAIHBIX 32124

Ha onumnuagax kpaiiHe peaKo BCTPEUAIOTCS 3ajaud, peIIeHUEe KOTOPBIX 3aKIYaeTcs B
MIOJICTAHOBKE YHMCIIOBOTO MaTepualia B U3BECTHBbIE (OPMYNbl. bBOJBIIMHCTBO 3amay  sIBISETCS
HECTaHAAPTHBIMH, KaUe€CTBEHHBIMHU, ITPETHA3HAUYCHHBIMU JJIS Pa3BUTUSA U (OPMUPOBAHUS TBOPUECKUX
cniocoOHocTel. YacTo mpemiararoTes 3a1a4u ¢ HEJOCTATKOM MJIH M30BITKOM WH(pOpMAIKU. YUYaluecs
WINA CTYJIEHTBl TEPSIIOTCA M HE MOTYT B OOJBIIMHCTBE CIyyaeB UX pewuTh. lIpum 3TOM 3amaum c
HEIOCTaTKOM HH(MOpMAINH, TPEOYIOUIHE MOUCKA JOMOJHUTEIBHBIX JaHHBIX, PEIIAlOTCS Yalle, 4YeM C
n30bITKOM MH(popMaruu. [l pemeHus MHOTHX 337ad HE0OXOJMMO MCIIOJIb30BaTh TEOPETHUECKUE
OCHOBBI Cpa3y HECKOJbKUX Pa3/IeJIOB XMMHH, T.€. KOMIIJIEKCHO MPUMEHSTh HAKOIIJICHHbIE 3HAHUSI.

MOHO HpEeNIoOKUTh CIEAYIOUYI0 CXEMy pEeIIeHUs 3ajadd. TIaTeapbHO O3HAKOMBTECH C
yCIIOBUEM, IIPOYUTAB TEKCT HECKOJbKO pa3. 3aluIINTe Bce YCIoBUS M TpeOoBaHus. Yerko
chopmyIMpyiTe 11enb 331a4K. B ycrioBuM 3a1aun MoKeT ObITh OIHOBPEMEHHO HEJIOCTATOK U N30BITOK
uHpopManuu. B cBsi3u ¢ 3TUM, Ipexae BCEro BBIOEpUTE CBENCHHS, KOTOpbIE IMOHAA00STCS A
pellleHusl 3a7aud, 3aT€M COCTAaBbTE CIUCOK HENOCTAIOIIMX JaHHBIX, KOTOpPBIE MPEICTOMT HAWTH B
cupaBoyHHKax. O4YeHb YacTO PEUICHHIO 3aJauyd MOMOTAOT Pa3jIMYHOIO pojAa aHajorH, T.e. ApYyrue
00BEKTHI, OOHAPYKUBAIOIINE CXOJCTBO MPEIMETOB, SABJICHHMH, MpolueccoB. MbICIEHHO Nepedbepure B
namMsATH cllydad, XOTS Obl OTJaJIeHHO HAlOMHUHAIOIIME ONMCAHME 3a/Jayd, W, BCIIOMHHUB, KaKUM
CHoco0OM pelIaIiCh aHaJOTMYHbIE 3a/laud, MOMBITAUTECh MEPEHECTH CIOCOO pPEUIeHUs B JaHHYIO
cutyauuto. Bo Bpems moucka myTu pelieHus 3a/lauu crapaiTech UCIOIb30BaTh BCE UMEIOIINECS Y Bac
3HaHUS, NPUOOPETEHHbIE KaK B Kypce XHMHUH, TaK M TMOYEPHHYThle W3 TMOMYJSPHOW HaydyHOU
autepatypsl. [lonb3yliTech 3HaHUAMU U3 (PU3UKU, MATEMATUKH, OMOJIOTHH, T€0JIOTUH, (pusocoduu ams
peleHns XMMUYECKHX 33/1a4, U Ha00OpOT, UCHOJb3yHTe XUMUYECKUE 3HAHUS MPHU U3YUYEHUH JIPYTUX
JTUCIUTINH.

OnuMmnuaznnele 337a4u 10 ¢GopMe NOCTPOCHHS U XapakTepy COJEp’KaHUs MOTYT OBITh
TECTOBBIMHU, 33/1a4aMH C HEMOJHBIM yCIIOBHEM, 3a/la4aMHU-KpPOCCBOPIaMH, 3a/1a4aMHU-TOJI0OBOJIOMKaMH,
3aJjauaMHU-JIOBYIIKAMU, KOMOMHHPOBAHHBIMU (KOMIUIEKCHBIMU) M TBOPYECKUMHU 33/1a4aMHU.

[IpennaraeM B kadecTBe mMpUMepa 3a/1ady TECTOBOIO xapakrepa /st 1 — 3 3TamoB oMMIIAaa 1o
XUMUH.

3aoaua 1.
[MpuBearTe MaKCHMMaJIbHOE YHCIO CYIIECTBEHHO pa3IMYarOIIUXCsS YpPaBHEHHUH peakIuii, B
pe3yJbTaTe KOTOPhIX 00pa3yeTcs XJIOPHI HUKEIS.
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Pewenue:

Mertaia + HeEMeTaIlt: Ni + Clo—

MerTann + KHcCIoTa: Ni + HCI —»

Oxkcup + KAcaoTa: NiO + HCl—>
T'uapoxcun + HCI: Ni(OH)2 + HCl —
Counp + MeTamt: Ni + HgClb—

Coap + HeMeTaI: NiBr; + Clo—

Coap + Kuciora: NiCOs3 + HCI —»
Comp + coub: NiSO4 + BaCl,—
OcHOBHas coJIb + KUCIIOTA: Ni(OH)Cl + HC1 —»

OxwucIeHue XJI0poM OMHAPHBIX coeauHeHni Hukens, Hanpumep:  NisC + Clo—
BoccranoBiieHne coelMHEHUI HUKENS B OoJiee HU3KUe crenenu okucienus: Ni2Oz + HClI —
Bo03MOXHBI U IpyTHe BapUAHTHI.

3adaua 2.
Kakue ra3sl MOryT 0Opa30OBBIBATHCS TPU B3aUMOJICHCTBHM MPOCTHIX BEIIECTB C  BOJOU?
Hamummre ypaBHEHHS COOTBETCTBYIOIIMX peaknuil. Kakue W3 HUX HaXO[aT MPaKTUYECKOe

NpUMEHEeHue?

Pewenue:
Ha: (Ca + H20) (1)
02, HF, Os: (Fz + HZO) (2)
HCI: (Clz2 + H20) 3)
CO, COz: (C+H20 & CO +Hy) 4)
(CO + H20 <> CO2 + Hy)
t

(Fe + H.0—) (5)
[Ipumenenne HaxoaT peakuuu (1) u (4).

3aoaua 3.
CocTaBbTe ypaBHEHHS TEPMUYECKOTO PA3JI0KEHHS CIEAYIOUIMX COJeil aMMOHMs: KapOOHara,
xJopua, cyibdara, iuxpomara, Tuapocyibpuia.

3aoaua 4.

HazoBute msiTh BeIecTB, COCTOSIIUX HE OoJiee YeM M3 TPeX 3JEMEHTOB, Ka)XJI0€ U3 KOTOPBIX
IpU HarpeBaHWM pas3jaraeTcs C BBIJCICHHEM KHCIOpojaa, MpuueM Macca Beigenusiierocs O:
cocTaBisieT nmpuMepHo 35% Macchl pa3foKHUBIIETOocs BemecTBa. Kakue M3 3TUX BEHIECTB Hambosee
MIPUTOIHBI JIJIS1 KCTIONBh30BAHMSI B KAU€CTBE OKUCIHUTENS PAaKeTHOTO TOTLIHBA?

3aoaua 5.

Brruncnnure mMaccel pa3iM4HBIX BEIIECTB, MIPU JEHUCTBUM HA KOTOpBIE BOJOM BhIAEIseTCS | M3
BOJIOPO/A.

Ecniu npu HanucaHum ypaBHEHMH Yy Bac BO3HUKIM TpPyIHOCTH, oOpatutech K riase |l
«OmnpeneneHue cocraBa cMece BELIECTB U CIIJIaBOBY.

3aoaua 6.
Kakne n3 xumMmuyeckux peaknuii OyayT npoucxoauts mpu npomnyckanuu Oz CO2 SOz NO2 yepes

B3BecU KapOoHaToB Kaiblus, Mapranua (1), sxenesa (I1), nunka?

OcTaHOBHUMCS Ha 3A0a4ax-108)UWKAX, TATTAIHBIX TSI OJTUMITHA].
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3aoaua 7.

Kuakocte A pacTBoprMa B BOJE UM M3MEHSET OKPAacKy pacTBOpa JIakMyca Ha KpPacHbIM IIBET.
OTtHocuTenbHAs IUIOTHOCTH NApOB BelleCTBA A 1O BO3AyXy cocrasiser 3,17. B pesynbrare cropanus
A oOpasyercst Tonbko nBa npoaykra: COz u H20. XXuakocts pearupyer npu OOBIYHBIX YCJIOBHSX C
HATpUEM U MIeNI0YaMH, TIPUYEM TIPU TUTPOBAHUU 2,7 T BemecTBa A B MPUCYTCTBUH (QEeHOIPTAICHHA
pacxon pactopa mienouu, rae C (KOH) = 1 monsw/n, coctaBnser 58,7 mit. HazoBuTe 3Ty *KUAKOCTD.

Pewenue:

31ech JIOBYIIKA 3aKJIIOYaeTCss B TOM, YTO MOJISIpHAasT Macca BEIeCTBA, BBIYUCIICHHAs U3
OTHOCHUTEJILHOH TIJIOTHOCTH TMApOB IO BO31yXY, cocTaBisieT: 29 - 3,17 = 92 r/mMmonb. Ho ’xBHBanieHTHAs
Macca KUCJIOTbI, BBIYMCIIEHHAs U3 PE3yJIbTaTOB TUTPOBAHMUS, COCTABIISET:

27r A - 58,7-10° mons KOH

xr A - 1wmoas KOH

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

Kunkocte A MoxeT ObITh 1ByXocHOBHOW kucioToi, 2 M(COOH) = 90, mostomy MomsipHas
Macca OJIM3KO COOTBETCTBYET BBIYHMCICHHOMY 3HAYEHHIO, TEM 0oJiee, U4TO OMpenesieHHe MOJSIPHON
MAacchl MO MIOTHOCTH MapoB JaeT JUMIb NpuOIn3uTenbHoe 3HaueHue M. OHako maBeseBast KHUCIOTa
He sBisiercd xuakoctbio. Bosmoxen BapuaHT C3HgOs (TnuiepuH), HO TpeXaTOMHbIE CHHUPTHI HE
U3MEHSAIOT OKPAaCKU WHAMKATOPOB M HE TUTPYIOTCA KHUCIOTaMH. AHAJOTHYHO MOXKHO MCKIIIOUUTH
BapHaHT OKCHU- U aJIbJIETUJOKUCIIOTHL. B ueM jxe 3aKiarodaercs BbIXOJ U3 CO3/aBLIErocs 3aTpyAHEHUS?
MOoXHO TPENoNIOKUTh, YTO B ra3oBOil ¢aze A COCTOUT W3 MOJUMEPHBIX MOJIEKYJ, Hampumep M3
mumepoB. Torna M = 46 1/Mob. ITO 3HAYCHHE COOTBETCTBYET OJJHOOCHOBHON MYpPaBHHUHOW KHUCIIOTE.
VYcnoBue TUTPOBAHUS TaKkKe MOATBEPKAAET ITO MPEIIOI0KEHHUE.

Otser: HCOOH.

TakuM 00pa3oM, MpU pelIieHUuH 337a4 HEOOXOJMMO YYUTHIBATh IMOJIMMEPHU3AINI0 MOJEKYI,

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

3aoaua §.

Kakoil 3 ra3oB uMeeT npu HOPMAJbHBIX YCIOBUSAX OOJBIINN MOJSPHBIA 00bEM: aMMHMaK MU
BOZI0pOA?

Pewenue:

Ha mepBblit B3MIIsI1, MOJISIPHBIE 0OBEMBI JIOJDKHBI OBITH paBHBI (IO 3aKOHY ABoraapo). OaHako
3aKOH MOCTOSIHCTBA MOJISIPHBIX OOBEMOB CIIpaBeUIMB JIMLIb S WACATbHBIX Ta30B, MOJEKYJIbI
KOTOPBIX MMPHHUMAIOTCS 32 YaCTHIIBI, IIPAKTHYECKN HE UMEIOIINE Pa3MEPOB U OTTAIKHBAIOIIUECS IPYT
OT Jpyra IO 3aKOHy YIpyrux ImapoB. Takum oOpa3oMm, paccMaTpuBas ra3 Kak HJCaJbHBIN, MbI
npeHedperaeM pasMepaMH €ro MOJIEKYJ U CHJIAMH MEXMOJIEKYJISIPHOTO B3anMOAeHCTBHs. O4eBUIHO,
YTO TNPUTSDKEHUE MEXAYy TOJSIPHBIMH MOJEKyJaMHd aMMHaka OyjeT OoJibplle, 4YeM MEXIy
HETIOJISIPHBIMU  MOJIEKYJIaMH BOJIOPOJIa. 3HAUUT, Ui aMMHaKa OTCTYIUICHHE OT TEOPETUYECKOTO
3Ha4YeHUs1 MOJIIPHOTO oObeMa OyzaeT OoibluM mpu H.y. (22,414 1n/MOJB), TOCKONBKY MPHU OOBIYHBIX
JIABIICHUSX CPEIHEE PACCTOSHUE MEXKAY MOJEKyJaMH HaMHOTO TMPEBBIMIAET COOCTBEHHBIE pa3Mepbl
MoJiekyJ. [l cipaBKy NPUBOIUM HCTUHHBIE 3HAUYCHHSI MOJIIPHBIX 00BEMOB 3TUX I'a30B IIPU H.Y.:

Vm (NH3) = 22,08 in/moib; Vi (H2) = 22,43 51/M071b.

3aoaua 9.
OO0bsicaute, moueMy raz3 NOz HU NpH KaKUX YCIOBUSAX HE MOMUYUHSETCS 3aKoHy boitnsa —
Mapuorra (V~ 1/p). HazoBure npyrue rasbl ¢ Mo 100HBIM MOBEACHHUEM.

B 3aodauax-conosonomkax mpeamonaraeTcsi yCTaHOBUTh OJHO WJIM HECKOJIBKO BEIIECTB IO
OTHMCAHUIO UX MPEBPAIEHUH, TOTHOCTHIO WM YaCTUYHO 3amu(poBaHHOMY. DTHU 3a/1a4Ml SBISIOTCS HE
CTOJIBKO CJIO’KHBIMHU, CKOJIBKO HEMPHUBBIYHBIMHU 1Jis1 ydanuxcs. OHU TpeOYIT XUMHUYECKUX 3HAHWH,
MOYEPIHYTHIX M3 JOMOJIHUTEIBHONW JIUTEPATypbl, U UX PEUICHUE OTPakaeT XUMUYECKUU KpPyro3op
KOHKypcaHTOB. OOmMiA MOAXO0J K PEIICHUIO 3a7a4-TOJIOBOJIOMOK 3aKIIOYaeTCsl B CICTYIOIIEM:
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HE00X0IMMO UACHTU(HUIIMPOBATH XOTS OBl OJJHO M3 BELIECTB, a 3aTeM yXKe JIeMH(POBaTh BCIO LIETIOUKY
MPEBPAILCHHIA.

3aoaua 10.
Hanumure B sBHOM Bune peakiuu (1) - (7), ecnu U3BECTHO, YTO Cped BemecTB Xz, Y2, Az, b2
IIPH OOBIYHBIX YCIIOBUSAX HET TBEP/IBIX:

Xo+Y2=2XY 1)
X2+ B2 =2 BX (2)
Yo+B2,=2YB 3)
XY +B2=Xb+ Yb (4)
XY + H20 = HX + HOY (5)
2XB+A2=X2+2Ab (6)
3 A2+ X2 =2 XAs. (7

Otset: X2— Bra, Y2 —Clz, A2 — F2, B2 — Ho.

3aoaua 11.

OxkpanienHas coib X, OTHOCALIasCS K OWHApHBIM COCIUHEHHSIM, HE pacTBOpMMa B BOJE, HO
pacTBopuMa B coiisiHOM kucioTe. Ilpu sTom Bhlensercs raz ¢ pe3kuMm 3amaxoMm ['1 u oOpasyercs
OnenHookpamieHHblii pactBop 1. Ecnim k pactBopy 1 mOpuiuTh pacTBOp IIenouyd, oOpasyercs
OKpaIlleHHBIA 0CaZ0K, Oyperomuil Ha Bo3ayxe. [Ipu MeHCTBUM CONSIHOW KHUCIIOTHI HA MOJTYYHBIICECS
coequHeHHEe A 00pa3yeTcsi TO e BEIIeCTBO, YTO IMpPH MPOIMYCKaHWU XJopa udepe3 pactop 1. Ilpu
KUISYeHUH X C PacTBOPOM a30THOM KHUCJIOTHI BO3MOJKHO BBIJIEIICHHE OECHBETHHIX ra3oB 2 u [,
KOTOpBIE TPU Pa3HBIX YCIOBHIX pearupyroT ¢ kuciopoaom (I2 - 6bicTpo, ['3 — TOIBKO B IpUCYTCTBUH
KaTaJM3aTropa Ipy HarpeBanuu). B pe3ynbrare B3anMoneicTBus pacTBOpoB ra3os 'y u '3 oOpasyercs
npoctoe BemiectBo /[ u Boxa.. Eciu ['1 pearupyer co menousto, o0Opa3yercs pacTBOp, IpUIUBaHUE K
KoTopoMmy pactBopa 1 maer ocanok X. HazoBute BCce BelecTBa, HAIMILIUTE YPABHEHUS PEAKIIUM.

Pewenue:

[To omucaHui0 MOXHO MPEANOa0XKHUTh, uTo A — 310 Fe(OH)3, Torna X — OuHapHoe cCoeMHEHHE
xenesa. [TockombKy mpoaykThl B3aumoeiictBus pactBopa 1 ¢ Clo u A ¢ HCI uaentnunsl, 3uaunt, Clo
okucsier FeClz o FeCla.

MokHO Tpennonoxkuth, 4ro mpu B3aumoneiictBun X ¢ HCIl oGpasoBamocs BomopoaHoe
COEIMHEHHE HEeMeTajula, HO Toraa I3 — ra3000pa3Hblil OKCHJ, MOCKOJIBKY Mo peakuuu [z + I'1
oOpa3yercs mpocToe BemiecTBo U Boja. [lomydaeM eauHcTBeHHOE pemieHue 3amauu: ['3 — ato SO»
(SeO2 — TBepmoe BelecTBO, HE TOBOPS yke 00 okcumax Temtypa); X — FeS; 't — HaS; T2 —-NO; A —
Fe(OH)s.

3amaun MoJOOHOrO THIA, a Takke KOMOWHHUPOBAHHBIE, TBOPUECKHE W 3a/ladydl C HEMOJIHBIM
YCIIOBHEM, PACCMOTPEHBI KaK B croco0ax pelieHus 3a/1ay, Tak U B TJIaBax, MOCBAIIEHHBIX OTIEIbHBIM
THIIaM 3a/1a4.

3aoaua 12.
Pacmmgpyiite cxembl npeBparieHuii:

MEJIEHHO
Oneym + K (kucnmora) — A (okcun); A+ HxO — K;
t
A — Jl1 (ra3) + 2 (ra3) (co B3pbIBOM);
K (xucnora) + K2CO3 — Ei1 (cons) + CO2 + H20;
t
E1— 2 + E2

Otget: K — HCIO4, A —Cl,07, 11—Cl2, 1o-02, E1—KClIOa4.
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3aoaua 13.

Kakoit mMakcuManbHBII MU MUHHUMAJIBHBIH O0BEM KHUCIOpoAa TpeOyeTcs ais CKuranus 1 1
ra3000pa3HoOro BOJIOPOTHOTO coeAnHeHus ¢ hopmyroi DHn?

Pewenue:

Jlist cocTaBneHHs JIEKTPOHHOrO OajaHca MPHUIMIIEM YCIOBHO BOJOPOAY CTEHEHb OKHCICHHS

" — D+ ke
20+ 4e -2 0%

4
k

HaunGonpmmii o0beM kuciaopoaa moTpeOyeTcs B ciydae HamOojiee TiyOOKOro OKHCICHUS
AJIEMEHTA; B 3aJaHHBIX YCIOBUAX MaKCUMAJIbHO CTENIEHb OKUCJICHHS JIEMEHTa MOTJa U3MEHUTHCS Ha
8 emuuui. Torga MakcUMalbHBIA 00bEeM KHCIOpOJa cocTaBui 2 1 (ycinoBHO yaoBieTBopstoT CHa,
PH3: CH4+2 02 — ...).
MunumanbeHbelii 00beM Kuciopona TpeOyercs B TOM Ciydae, KOI/la CTEeleHb OKHUCICHHS
9JIEMEHTA W3MEHSICTCS JIMIh Ha eAWHMILY. Toraa B BOAOPOJHOM COCAMHEHHH JIEMEHT HAXOIWTCS B
CTENCHU OKHUCIIeHHs —| W OKHUCHseTcss 10 mpocToro BemiectBa. B stom ciyuae V(O2) = 0,25 .
Ycnouro yaosneTBopsieT cxxkuranue B kuciopoae HI: 4 HI + Oz = 2 1> + 2 H20.

6 IMJAKTUYECKHUE MATEPUAJIBI JUISI KOHTPOJISA (CAMOKOHTPOJIA)
YCBOEHHOI'O MATEPHUAJIA
6.1 OneHoYHbIE CPEACTBA, MOKA3ATEIN U KPUTEPHUHU OLIEHNBAHUA KOMIIETEeH Uil

HNuaexc Ouenounoe Ioka3aTenu Kpurepun onenuBanuns
KoMIIeTe CPeacTBo OLICHUBAHMS ¢()OpMHPOBAHHOCTH KOMIICTCHIM I
HIMHU
OIIK-1, CobecenoBanue Huzkuit - HE3HaHME TPOrPaMMHOI0 MaTepHaa;
[K-1 (HeyIOBIETBOPUTE | - IPU OTBETE BO3ZHUKAIOT OIIMOKH;
JIBHO) - 3aTPYJHEHUS NPU BBIIOJHEHUM MPAKTHYECKUX
pabor.
[Toporossrii - YCBOCHUE OCHOBHOI'O MaTe€pHaIa;
(YHOBIETBOPUTEINL | - IIPU OTBETE JIOMYCKAIOTCS HETOYHOCTH;
HO) - IPU OTBETE HEJOCTATOYHO IIPABUIIbHBIE
(OpMYIHPOBKHY;
- HApyLIEHHUE MOCIEA0BATENbHOCTH B U3J105KEHUH
IIPOrpPaMMHOT0O MaTepHaa;
- 3aTPy/IHEHUS B BHIIIOJHEHUH
IIPAKTUYECKUX 3aJaHUMH.
ba3zoBbIii - 3HAHHWE MTPOTPAMMHOT0 MaTepHana;
(xopor0) - PaMOTHOE U3JI0KEHHUE, 0€3 CYIIEeCTBEHHBIX
HETOYHOCTEW B OTBETE HA BOMPOC;
- IPaBUJIbHOE IPUMEHEHUE TEOPETUUECKUX
3HAHUM;
- BJIaJIeHHe HE0OXOAUMBIMU HaBBIKAMU TPU
BBITIOJTHEHUH U TPAKTUYECKHX 3aJ1au.
Bericokuit - IIyOOKO€ ¥ MPOYHOE YCBOCHUE MPOTrPAMMHOT0O
(oTHMYHO) Marepuana;

- MIOJIHBIE, MTOCJEI0BATENbHbBIE , [PAMOTHBIE U
JIOTUYECKH M3JIaraeMble OTBETHI NPU
BUJOM3MCHEHHH 3aJaHN;

- CBOOOHO CTIPABIISIONINECS C MTOCTABJICHHBIMU
3a/ladyaMu, 3HaHUS MaTepuana;
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- IpaBUJILHO OGOCHOBaHHBIe IIPUHATLIC
peleHus;
- BJIaICHUC Pa3HOCTOPOHHUMH HABbIKAMU U
IIpUEMaMH BBITIOJIHEHUS PAKTHYECKUX PadoT.

KontposbsHas Husknii JOIYCTHJI YMCJIO OLIMOOK U HEJOYETOB
pabota (HeylOBJIETBOPHUTE | MPEBOCXOASIIEE HOPMY, INPH KOTOPOH MOMKET
JILHO) OBITH BBICTABJICHA OIICHKA «3»
IToporoBerii €CITU CTYJIEHT MPAaBHJIBLHO BBIITOJHUII HE MEHEe
(YZoBieTBOpUTENb | MOJOBUHBI paOOTHI WM IOIYCTUIL: HE Oolee
HO) JBYX IpyObIX OIIMOOK; WK HEe Oojee 0THON
rpy0oii 1 0HOM HEerpyOOoil OMMOKHU U OJHOTO
He/loueTa; Ui He OoJiee IByX-TpeX HErpyObIX
OImMOO0K; UM OJTHOM HErpyOOil OIIMOKHU U Tpex
HE/I0YETOB; WJIH MIPU OTCYTCTBUH OIINOOK, HO
IIPY HAIMYHUU YEThIPEX-TISITH HEI0UETOB.
bazoBbIii CTYJICHT BBIIIOJIHII PabOTy MOJIHOCTHIO, HO
(xoporo) JIOTIYCTHII B HEl: He OoJiee 0JJHOM HerpyOoi
OMOKH U OJJHOTO HEJ0YeTa WK He 0oJiee IBYX
HE/I04ETOB
Bricoknii pabota BeImosiHEHa 6e3 OMIMOO0K, yKa3aHbl BCE
(0TIIMYHO) pacueTHbie (HOPMYIIbI, €IUHULIBI U3MepeHus, 0e3
OmHMOOK BBIIOJHEHBI MATEMATHIECKHE PACUETHI
Huzkuit JIOITyCTUJI YU CIIO OIIMOOK M HEZ0UYETOB
(HEeyIOBIIETBOPHUTE | MPEBOCXOASAIIEE HOPMY, IPU KOTOPOH MOKET
JIbHO) OBbITh BBICTABJICHA OLIEHKA «3»
[ToporoBerii CTYZCHT NPAaBUJIHHO BBIITOJHII HE MEHEE
(YHoBiEeTBOPUTENb | TMOJIOBUHBI pabOThl WM JOMYyCTHJ: He Ooiee
HO) IBYX TpyObIX OmMOOK; WM He Oojee OHOU
rpy0Ooif U onHON HerpyOoi OMMOKM M OJHOTO
HejodeTa; WM He Ooylee MBYX-TpeX HErpyObIX
OolMOO0K; MM OJHOW Herpy0oil omuOKM U Tpex
PacueTrHbie
HE/IOYETOB; WJIM TpPU OTCYTCTBUU OIIMMOOK, HO
aatH IIPU HAIMYHUHU YETHIPEX-TISITH HEJI0UETOB.
bazoBsrii CTYZEHT BBIIOJIHUI Pa0OTY MOJHOCTHIO,
(xopor110) HO JIOMYCTHUJI B HEl: He OoJiee 0JTHOM HerpyOoit
OLIMOKM M OJJHOTO HeJJ0UeTa WK He 0ojiee ABYX
HEJ/I0UETOB
Bricokuit pabota BeINoHEHA O€3 OIIMOO0K, YKa3aHb
(0TIHMYHO) BCe pacueTHbIe (OPMYIIbI, €TUHULBI U3MEPEHUS,
0€e3 oIMOOK BHIMOJIHEHBl MATEMAaTHUECKUE
pacueTsl
Huzkuit KonuyecTBo MpaBMIIBHBIX OTBETOB Ha BOIPOCHI
(meynmoBneTBopuTe | Tecta MeHee 60 %
JIbHO)
[Toporossrii KonnyecTBo npaBUIIBHBIX OTBETOB HA BOIIPOCHI
Tect (ynosnerBoputens | Tecta oT 61-75 %
HO)
bazoBsrit KonuyecTBo npaBUIBHBIX OTBETOB Ha BOPOCHI
(xoporio) Tecta oT 76-84 %
Bricokuit KonnyecTBo npaBUIIBHBIX OTBETOB HA BOTPOCHI

42



‘ (oTnMuHO) | Tecra ot 85-100 %

6.2 IIpomMe:kyTOUHAs aTTeCTALMSA CTYI€HTOB MO JUCHHUILINHE

IIpomexxyTounass arrectauus sABJISIETCS IIPOBEPKOM BCEX 3HAHUM, HABBIKOB M YMEHHU
CTYACHTOB, NPUOOPETEHHBIX B MpoLEecce H3YyYeHHUs AUCHUIUIMHBL. DopMON NpPOMENKYTOUHON
aTTeCTalUy 110 JUCLMIUINHE SBIIACTCS 3a4eT.

JUid oueHUBaHUA PE3YyJIbTATOB OCBOCHHUS IUCLUMUIUIMHBI IPUMEHSETCS CIEAYIOIINE KPUTEPUU
OLICHUBAHMSL.

Kpurtepun oneHHMBaHus YCTHOTO OTBETA HA 3a4eTe
OneHka «32a4TEHO» BBICTABJISETCS CTYAEHTY, €CIH:

1. BOIIPOCHI PACKPBITHI, U3JI0KEHBI JJIOTHYHO, 0€3 CYIECTBEHHBIX OIINOOK;

2. [IOKa3aHO YMEHUE WIIKOCTPUPOBATH TEOPETUUECKHE M10JI0KEHHSI KOHKPETHBIMU
IpUMepamu;

3. IPOIEMOHCTPUPOBAHO YCBOSHHE PaHee H3yYCHHBIX BOIIPOCOB, CHOPMHUPOBAHHOCTD

KOMIIETEHIINH, yCTONYUBOCTH UCTIOIB3YEMBIX YMEHUIN 1 HABBIKOB.
JomnyckaroTcst He3HAYUTEIIbHBIEC OIIHOKH.
OueHka «He 3a4TEHO0» BBICTABIISIETCS, €CIIU:

1. HE PacKpbITO OCHOBHOE COJIEpKaHUe y4eOHOro MaTepuala;

2. 0o0OHapy’KeHO HEe3HAHHWE WM HeIOHMMaHue OoJibIleii Ui Haubosee BaXKHOM 4acTu
y4eOHOro MaTepuana;

3. JIOIyILIEHbl OUIMOKU B OIIPEeICHUH TOHATUI, KOTOPbIE HE UCIIPaBIIEHbI IIOCIIE
HCCKOJIBKHMX HaBOASAIINX BOIIPOCOB;

4. He c(hOpMUPOBaHBI KOMIIETCHIIUN, YMEHHS U HABBIKH.

MPUMEPHBLIN IEPEYEHD BOITPOCOB K 3AYETY

1. ITpstmoii anredpandeckuii crnocooO.

2. Croco6 mponopuroHaIbHOIO pacyera.

3. Ksagpar [Tupcona.

4. Pemenue 3a1a4 ciocoO0M MPOU3BOJIBHOM MMITOTE3HI.

5. Pacuersl mo xumudeckum (opmyinam. Beruncnenue maccoBbix nosei (%) mo ¢opmynam
BELIECTB.

6. CrexroMeTpHUYeCKHEe 3aKOHbl XMMHUHU: 3aKOH COXpPAaHEHHUS MacChl M 3HEPIUU BEUIECTB,
3HaYeHHE ero B XMMMHU; 3aKOH mocTossHCTBa coctaBa (OK. Ilpycr), GepTommuasl U 1anbTOHUIBL
3aKOH KpaTHbIX oTHomeHud (k. [lanbToH); 3akOH ABOrajgpo M CIEICTBUS U3 HEr0; 3aKOH
o0wemubIX oTHOMIEeHUH (OK. ['eli-JIroccak); SKBUBalIeHT, 3akoH dKkBUBasieHTOB (M. PuxTep).

7. OCHOBHbIE BEIMYMHBI, IPUMEHSAEMbIE B XUMHUU: AaTOMHbBIE U MOJIEKYJIIPHbIE MacChl, YHCIIO
ABoraapo, 1 a.e.M. (aToMHas €IUHMIIA Macchl), Macca aToMa M MOJIEKYJIbI; KOJHUYECTBO
BEIIECTBa, MOJIb — €IMHUIIA U3MEPEHHS KOJIMYEeCTBa BEIIECTBA; MOJISIpHAs Macca, onpesesieHne
MOJISIPHOM Macchl BEIIECTBA, MOJISIPHBIA 00bEM I'a3000pa3HbBIX BEIIECTB.

8. CTeXMOMETPUYECKHE PACUEThl M0 YPaBHEHHSAM XUMHYECKMX peakuuid. Cxema pacdera IO
XUMHYECKOMY YPaBHEHHIO C UCIIOJIb30BAaHUEM Macc U 0ObEMOB.

9.  OKHCIHTENBHO-BOCCTAHOBUTENBHbIE  peakuuu. IlpaBuiia  cocTtaBieHHMs — ypaBHEHUI
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX peakiuil. MeToapl MOHHO-3JIEKTpOHHOro OanaHca. Poib
Cpelibl B IPOTEKAHUH OKUCIIUTEIbHO-BOCCTAHOBUTENBHBIX ITPOLIECCOB.

10. TanpBanuueckuil snemeHT. HampaBnenue u riayOuMHA OKHMCIUTENIbHO-BOCCTAHOBHUTEIBHBIX
pEeaKuui.

1. DOnexkrponn3 Kak OKHCIMTEIbHO-BOCCTAHOBHUTENBHBIN mponecc. KomnuecTBeHHBIE
COOTHOILEHUS TIPU IEKTPOJIN3E.

12. Haxoxxnenune moiekysspHOil (opmyibl BemiecTBa. Haxoxknenne ¢GhopMmyssl BEIIECTBA IO
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MacCOBBIM JIOJISIM 3JIEMEHTOB.
13. HaxoxxnaeHue XUMHYECKOW (GopMynbl Ta3000pa3HOrO BEIIECTBA IO MACCOBBIM JIOJSAM
3JIEMEHTOB M OTHOCUTEIBHOMN IUIOTHOCTH €T0 110 APYromy rasy.

14. HaxoxxneHne XMMHUIECKO (hOpMYyJIbl BEIIECTBA 11O MIPOTyKTaM CTOPaHHUS.

15. Cxema pacyera 1o XMMHYECKOMY YPaBHEHHIO C MCIOJIb30BAHUEM KOJIMYECTBA BEILECTBA.
Bbruncnenuss mo XMMHUYECKHM YpaBHEHUSIM Macc (0ObEMOB) BEIIECTB IO M3BECTHOW Macce
(06beMy) OHOTO M3 BCTYMAIONIUX WM TOJTYYAIONIUXCS B PE3yJIbTAaTe PEaKIUU BEIECTB.

16. PacueTsl 0 XUMHUYECKUM YpPaBHEHUSM IPU YCIOBUH, YTO OJHO M3 PEarupyrolluxX BEIIEeCTB
IAHO B U30BITKE.

17. Pac4eTsl 110 TEPMOXUMHUYECKUM YpaBHEHUsM. Brruncienne oobema raza, He0OX0JUMOro JIJIs
pEaKIuu C ONpeIeIeHHBIM 00bEMOM JIPYTOro rasa.

18. Omnpenenenne maccoBoil (0O0BEMHOMN /10JIM) BBIXOJA MPOAYKTA PEAKIMHA B MPOIEHTaX OT
TEOPETUUYECKH BO3MOXKHOTO.

19. Beruucnenue macc (00bemMa) MpOIyKTa PeakIMy 1O U3BECTHOM Macce (00BbeMy) MCXOIHOTO

BEIIIECTBA, COJIEPIKAILEr0 PUMECH.
20. Haxoxnenue (hopMyJibl BEIIECTBA 110 YKa3aHHBIM B YCIOBUH 3a/1a4X CBOWCTBAM.

21. Ompenenenue cocraBa cMeceil BelecTB U CI1aBoB. MaccoBasi 10711 KOMIIOHEHTA.

22. TunuyHble peakIMK pa3aoKEHUs BEIIECTB, COCTABISIOLUIMX CMECH.

23. PactBOpBl. MaccoBas 10515 BeulecTBa B pactBope. PactBopumMocts. Kpucramnoruapars.

24. 3anauun Ha onpenecHue GOpMyIIbl KPUCTAIOTHApATA.

25. 3ajauM Ha IPUTOTOBJIEHUE PACTBOPOB KPUCTAIIIIOIHIPATOB.

26. [lelictBusl ¢ pacTBOpamu: paz0OaBieHHE, ylapuBaHUE, KOHLEHTPUPOBAHUE, CIMBAHUE ABYX

pPacTBOPOB.

27. DNeKTpoIn3 pacIiaBOB U PaCTBOPOB.
28. 3axonsl anexrpoausa (M. @apanes). [Ipoueccsl, npoTeKaroye Ipu 3IEKTPOIU3e.
29. OcoOeHHOCTH OIUMIMAIHBIX 33a4. POPMBI TOCTPOCHUS OJIMMITUAIHBIX 3a/1a4.

6.3 TunoBbie KOHTPOJIbHBIC 3aJaHUA UJIM UHBIE€ MaTEPHUAJIbI, H606X0)]I/[Mble AJIF OCHKH
pe3yjabTaTOB OCBOCHMSA TUCHUIIIMHBI

TecTsl cofiepKat CIeAYIOMIHE THITH 33 JaHUH

Bec 3axanust Pe3yabTaTt oueHuBanus (0a/1J1bl, MOJTy4YeHHbIE 32
Tun 3apanus Ne 3aganusa (6an) BbINIOJIHEHHE 32JaHUSA / XapaKTePUCTUKA
NPaBUJIbHOCTH OTBETA)

3aJJaHUs 3aKPBITOTO THIIA C 1,2,3 1 Gamn 1 6 - monHOE TpaBWIBHOE cOOTBEeTCTBHE; 0 O - OCTaNbHBIC
BEIOOPOM OJTHOTO CITydan
npaBwibHOTO (1 U3 4)
3aJJaHus 3aKPBITOTO THIIA C 4,5,6,7 2 Oaiuta 2 §) — MOJIHOE MIpaBHIBHOE COOTBETCTBUE
BBEIOOPOM HECKOJIBKIX (TocileToBaTENFHOCTh BapHAaHTOB OTBETa MOXET OBITH
NPaBHJIbHBIX OTBETOB (3 n3 moboi); 1 6 — ecnu jomymeHa oaHa OmMOKa / OTBET
6) TIPaBWJIBHBIN, HO HE MOJHBIN; 0 6 — ocTambHBIE CITydan
3a/IaHUs 3aKPHITOTO TUIA Ha 8,9 2 Oaimta 2 0 — moJIHOE TpPaBWILHOE COOTBETCTBHE; | O — ecnm
YCTaHOBJICHHE COOTBETCTBHS JOTyIIIEHa OJIHA OIIMOKa / OTBET IPaBUJIBHBIN, HO HE
(4124 moJHbIH; 0 6 — ocTaNbHBIE CITydan
3a/IaHue 3aKPBITOTO THITA Ha 10, 11 2 Oaimta 2 0 — moJIHOE TpPaBWILHOE COOTBETCTBHE; | O — ecnu
YCTaHOBJICHUE JOIyIIIeHa OJHa OIMHOKa / OTBET IPaBHUJIBHBIN, HO HE
110CJIEA0BATEIbHOCTH moJsHbIH; 0 6 — ocTaNbHBIE CITydan
3a/IaHUsI OTKPBITOTO TUTIA C 12,13 3 gaima 3 6 — moaHOE MpaBWIIbHOE COOTBETCTBUE; 0 O — OCTANLHBIC
KpPaTKHM OTBETOM cIIydau.
3aJlaHusl OTKPBITOTO THIIA C 14,15 5 6ajuIoB 5 0 — HOJNHOE MPaBHIBHOE COOTBETCTBHE; €CIU JIOMyIICHA
Pa3BEpPHYTHIM OTBETOM OllHa OIIMOKA/HETOYHOCTh / OTBET INPABHIBHBIA, HO HE

TIOJHBIN - 3 Gaia; eciiy JOomyIieHo 0oJiee 0JHOH omMOKH /

OTBET HEMPABWJIBHEIN / OTBET OTCYTCTBYET — () OaJIOB
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Komnerenunus HNuaukartop

- OIIK-1. CnocobeH aHaM3upOBAThH | @ OIIK-1.1 CucremaTusupyer
u MHTEPIPETUPOBATD pe3yJIbTaThl | aHATM3UPYET  Pe3yJbTaThl  XUMHUYECKUX
XUMHYECKUX KCIEPUMEHTOB, HAOIIOIEHUHN U | SKCIIEpUMEHTOB, HAOIIOAECHHH, U3MEPEHUIA, a
U3MEPEHUH, MHIMKATOPAMM JIOCTHXKEHHUS | TaK)KE€  pe3ysIbTaThl  PacyeTOB  CBOMCTB
KOTOPOM SIBIISIETCS: BEILECTB U MATEPUAJIOB.
) OIIK-1.2 [Ipennaraer
WHTEPIIPETAIMIO PE3YJIBTATOB COOCTBEHHBIX
SKCIIEPUMEHTOB M PAaCUYE€THO-TEOPETUUYECKUX
paboT ¢ UCIOJB30BAHUEM TEOPETUUECKHUX
OCHOB TpPAaJMLMOHHBIX M HOBBIX pa3/eiioB

XUMHH.
. OIIK-1.3 dopmynupyer
3aKJIIOYEHHST M BBIBOABI IO pe3ysbTaTaM
aHainm3a JUTEPaTypPHBIX JTAaHHBIX,
COOCTBEHHBIX 9KCHEPUMEHTAIbHbBIX u
PacYeTHO-TEOPETUYECKIX PAOOT XMMUYECKOH
HalpaBJIEHHOCTH.

3ananme 1. Kakoii MeToa pemieHusi 3a1a4 mMo3BoJsieT MPUIKMCHIBATH OJJHOM W3 BeJIMYMH yI100HOE
JJIS BBIYUCJIEHUI 3HAYEHHe, a 3aTeM MePecYUThIBATH HA KOHKPETHbIE YCJI0BUs?

1. Cioco0 mponopIuoHaIbLHOTO pacyera

2. KBagpart [Iupcona

3. Crioco0 mpou3BOIbHOM TUIIOTE3bI

4. Ilpsimoii anre6panyeckuii crnocoo

Otger: 3

3aganue 2. Kakoii 3aK0H onucbIiBaeT 3aBHCUMOCTh 00beMa ra3a oT JaBJIeHUs NIPH MOCTOSIHHOM
Temneparype?

1. 3axon I'eit-Jlroccaka

2. 3axoH boinsa-Mapuorra

3. 3axon [apnsa

4. 3akoH ABoraapo

Otger: 2

3aganue 3. Uto Takoe MOJISIpHAs 101 KOMIIOHEHTA B cMecH?

1. OTHOIIEHUE MAcCChl KOMIIOHEHTA K MacCe CMECH

2. OTtHouieHue 00beMa KOMIIOHEHTa K 00beMy cMecH

3. OTHOLIEHNE KOJMYECTBA BEIIECTBA KOMIIOHEHTA K 00111eMy KOJMYECTBY BEIIECTBA CMECH

4. OTHOILIEHHE MIJIOTHOCTU KOMIIOHEHTA K IMJIOTHOCTU CMECH

Otsger: 3

3aganue 4. Kakue cnoco0bl BhIpaskeHHsl KOHIEHTPALMH PACTBOPOB OTHOCATCSH K CTAHAAPTHBIM?
(BbiOepure 3 BapuaHTa)

1. MonsipHasi KOHIEHTpaIus

2. Tutp

3. MaccoBas noins

4. MonsuibHOCTh

5. O6beMHas 1o

6. HopmasibHast KOHIIEHTparus

Otset: 1, 3,5
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3aganue 5. Kakue (axkTopbl BJIMSIOT HA XapaKTep pa3JioKeHUs] HUTPATOB NPH HarpeBaHuu?
(BbiOepurte 3 BapuaHTa)

1. ITono>keHne KaTuOHA MeTallJIa B psAly HallpsSKEHUM

2. Temnepatypa

3. JlaBienue

4. Hanuuue kaTanau3atopa

5. Ilpupona annoHa

6. PacTBOpuMOCTb cOK

Otsert: 1,2, 5

3aganue 6. Kakue BHbI caMOCTOAATEILHOMH PadoThI IpeaycMOTpeHbl B qucuuiuinie? (Boidepure
3 BapuaHTa)

1. 3y4yeHne OCHOBHOI IUTEPATyphI

2. [IpoBeaeHnEe SKCIEPUMEHTOB

3. Pacuernsble 3a1aun

4. TectupoBanue

5. CoGecenoBanue

6. Hanncanue pedeparon

Otser: 1, 3,4

3ananue 7. Kakue W3 mnepeducieHHBIX 3aJa4 OTHOCATCH K oJuMnuaanbiM? (Bbioepurte 3
BapHaHTA)

1. 3agauu ¢ HENMOJIHBIM yCIIOBUEM

2. 3a1a41-rOJI0OBOJIOMKH

3. 3a1aun-10BYLLIKK

4. CtangapTHBIC pacueTHBIE 3a1a4l

5. TecToBBIE 3a7aHU

6. 3agaun ¢ u30bITKOM HH(pOpMaLIUU

Otser: 1, 2, 3

3aganue 8. YcraHoBHMTe COOTBETCTBHE MEXK1Y 3aKOHOM U ero GopMy/JIHPOBKOI:

3akoH boitnsg-Mapuotrra : Ilpu moctosHHONW Temmeparype oObeM raza oOpaTHO NPOIMOPIUOHAIEH
JTaBJICHUIO

3akoH ['eit-Jlroccaka : IIpu nocTosHHOM AaBIeHUM 00BEM Ia3a MPSIMO MPOIIOPIIUOHANIEH TEMIIEpaType
3axoH [lapns : [Ipu nmocTosHHOM 00beMe JaBJI€HUE Ta3a NPSMO MPONOPIMOHAIEH TEMIIEPAType
3akoH ABorajpo : B paBHBIX 00beMax razoB NpH OJUHAKOBBIX YCIOBHUSX COAEPIKUTCS OJMHAKOBOE
YHCIIO MOJIEKYJI

3aganue 9. YcraHoBHTE COOTBETCTBHE MEKIY METOAOM PELICHUS W €ro ONMHCAHUEM:

[Ipsimoit anredbpanueckuii crocod : BeipakeHne MCKOMOW BETMYMHBI Y€pe3 HEM3BECTHOE B YCIOBHUHU
3a/1auu

Cnoco0 nponopruoHaabHOro pacueta : [lepecder ¢ HOMOIIbIO MPONOPIHI 110 YpaBHEHUSAM peakiui
Kganpar IIupcona : ['paduueckuii MeTos cMeLIeHHs pacTBOPOB

Cnoco0 npou3BoibHOM TUNOTE3k : [IpunuceiBaHue yJ00HOT0 3HAUE€HUS OHOM U3 BEJIMYUH

3aganue 10. Pacmosiokure B NPAaBWIBHOM MOPSiAKEe 3Tanbl COCTABJICHUSI YPAaBHEHUS
OKHCJINTEIbHO-BOCCTAHOBUTE/ILHOM Peakiui HOHHO-3JIeKTPOHHBIM METO/I0M:

: OnpeieneHre OKUCIUTENS U BOCCTAHOBUTENS

: CocTaBiieHHE CXEM IOTypEeaKIui

: YpaBHUBaHUE UNCIIa AaTOMOB U 3aps/10B

: IlTon6op xordPurreHTOB

: CyMMHpOBaHMe€ MOJIypEaKIHi

: 3anMCh MOJIEKYJIIPHOTO YpaBHEHUS

3aganue 11. Pacnosiokure B NpPaBHIIBHOM MOPSiAKE J3Tanbl OLECHWBAHUSI PeLICHUs] 3aJadM
CTY/IEHTOM:

1 : IlpoBepka MpaBUIBHOCTH BBIOOpA METOIa PEILICHHS

AN DN AW =
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2 : TIpoBepka npaBUILHOCTH PACUETOB

3 : [IpoBepka HaU4uUs BceX HEOOXOAUMBIX (OPMYIT U €AMHULL UBMEPEHUS

4 : TIpoBepka JIOTMYHOCTH U TIOJIHOTHI OTBETA

3ananue 12. BesuuuHa, XapaKkTepu3ylmas YCTOWYHUBOCTH 30/l K JA€MCTBUIO 3JIEKTPOJHUTOB,
Ha3bIBaeTcss .

OTBeT: mopor KoaryJisiuuu

3ananme 13. Ilpomecc ykpynmHeHHMsi 4acTull aucnepcHoi ¢as3bl ¢ oOpa3oBaHumeM o0caaKa
Ha3bIBaeTcs .

OTBeT: Koaryiauus

3ananne 14. O0bsiCHUTE, KaK ¢ MOMOLIBIO KBajgpaTa [IupcoHa MOKHO ONpe/IeTUTh COOTHOLIEHHE
Macc PpacTBOPOB € Pa3HbIMM KOHUEHTPAIUSIMU /IS MOJY4YeHUs] PacTBopa 3aJaHHOI
KOHLEHTPaIUMu.

Otset: KBagpar [lupcona npeacrasiser co0oil 1uarpamMmy, Ha KOTOPOW MO JUArOHAIM 3allKUCHIBAIOT
KOHIIGHTPAIlMK MCXOJIHBIX PACTBOPOB M >KEJIAEMYI0 KOHIICHTPALIMIO, a Ha MEePECEUCHUSIX — Pa3HOCTU
KOHLIEHTpauuid. OTHOIIEHHE 3TUX PA3HOCTEH J1aeT MaCCOBOE COOTHOILIEHUE UCXOIHBIX PaCTBOPOB.
3apanue 15. OnumuTe ajJropuT™M pelieHUs 321244 HA BbIBOJ UCTUHHOI (popMyJibI BellecTBa Mo
NMPOAYKTAM CrOPAHUSI.

Ortger: 1. Onpenenenre Macchl U KOJIMYECTBA BEILIECTB JIEMEHTOB 110 MaccaM MPOJyKTOB CrOpaHusl. 2.
Haxoxpaenue npocreifieii GpopMyiabl MO COOTHONICHHUIO KOJIMYECTB 3JeMEHTOB. 3. OmnpeneneHue
MOJICKYJISIPHOM (OPMYJIBI C HCIIOJIb30BAHHEM JIOTIOJHUTEIBHBIX JAHHBIX (IJIOTHOCTH, MOJISIPHAsS
Macca).

Komnerenuus HNuauxkarop
IK-1. Brnaneer CHCTEMOH | o IK-1.1. IMonumaer OCHOBHEIE
byHIaMEHTAIBHBIX XUMHUYECKUX TOHATHH U IIPUHIIAIIB, 3aKOHBI, METOI0JIOTHIO
3aKOHOB,  MHIMKATOPAMH  JOCTHKEHHS | povyaenix XUMIIECKIX JHCIHILIHE,

KOTOPOU SIBJIAETCS:
TEOPETUYECKHEe OCHOBBI  (PU3MUECKUX U

(U3UKO-XMMHYECKHIX METO/IOB
HCCIeA0BaHUs.
. [K-1. 2. Hcnonp3yer

(yHIaMEeHTaJIbHbIE XUMHWYECKHE TOHSATHS B
cBoel MpodecCHoHANbHOM AesTeTbHOCTH

. IIK-1.3. WNHurtepnpetupyer
IIOJIy4YEHHBIE pE3yJIbTaTHI, UCIIOJIB3YS
0a30Bble MOHATUS XUMHUYECKUX JUCLUIUINH.

3ananme 1. Kakoii meroa peumieHusi 3a1a4 OCHOBAH HA NPUIUCHIBAHWUM OJHON M3 BEJIUYHH
NMPOM3BOJIBHOI0 YA00HOI0 3HAYeHH S € MOCIeAYIOUIUM nepecyéTom?

1. KBagpar [Iupcona

2. Crioco0 mponopIMoHaIsHOTO pacuéra

3. Crioco6 mpou3BOJILHON THIIOTE3BI

4. ITpsmoit anredpanueckuit cnocoo

Otser: 3

3aganue 2. Kak Ha3bIBaeTCsi OTHOIIEHHE MACChI PACTBOPEHHOIO BelleCTBA K Macce pacTBopa,
BbIPaKeHHOE B J10J1X eIMHULIbI WJIH MPOLEeHTax?

1. MonspHas KOHUEHTpaIus

2. Tutp

3. MaccoBas noius
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4. MonsiIbHOCTh

Otsger: 3

3aganue 3. Kakoii npouecc onucbiBaet 3akonbl Papagesn?
1. 'maponus coneit

2. DNeKTpoau3

3. Auddysus razor

4. AncopOrus

Otser: 2

3ananue 4. Kakue u3 nepeyncjeHHbIX 3aKOHOB ABJAITCH ra3oBbIMU 3akoHamu? (BbiOepure 3
BAPHAHTA)

1. 3akon bounga-Mapuorra

2. 3axon Papanes

3. 3akoH I'eii-JTroccaka

4. 3akon Ilapns

5. 3akoH ABoraapo

6. 3akoH 'ecca

Otser: 1, 3,4

3aganue 5. Kakue cnoco0bl HMCHOJIB3YIOTCH /sl BbIPajKeHHS] KOHLEHTPALMH PacTBOPOB?
(Bbi0epure 3 BapuaHTa)

1. MonsipHast KOHLIEHTpaLus

2. MaccoBag gois

3. Tutp

4. MonsinbHOCTh

5. O0bémHas nons

6. [InoTHOCTH

OtBer: 1,2,5

3aganue 6. Kakme mapamerpbl BJIMSIOT HA CKOPOCTh XMMHYeckod peaknuu? (Boibepure 3
BapHaHTA)

1. Konnenrpanus pearecHToB

2. Temmnepatypa

3. IIpucytcTBue Karanuzaropa

4. 1IBeT peareHTOB

5. JlaBnenue (17151 ra30B)

6. O0BEM pPEeakIMOHHOTO cCoCcyaa

Otser: 1, 2, 3

3aganue 7. Kakue THUNBI OKMCIUTEIbHO-BOCCTAHOBUTEIbHBIX pPeaKlUil paccMAaTpPUBAIOTCH B
Kypce? (BoiOepure 3 BapuanrTa)

1. MexMouneKysspHbIe

2. BHyTpuMONeKyIsipHbIC

3. AucnponopuroHupoOBaHUE

4. ConponopuroHupOBaHUE

5. Peakiuu 3amenieHust

6. Peakunn npucoe1MHeHUs

Otser: 1, 2, 3

3aganue 8. YcraHoBHTE COOTBETCTBHE MEK1Y I'a30BbIM 3aKOHOM M ero (popMyIMpOBKOI:

3akoH boitna-Mapuorra — OO0BEM raza oOpaTHO NPOMOPIMOHATEH AABIEHUIO MPU MOCTOSHHOU
TeMIEparype

3akon [eii-Jltoccaka — OO0BEM raza MpsAMO NPOMOPLUUOHATIEH TEMIEpAaType MNpH MOCTOSHHOM
JTaBJICHUH

3axoH llapns — JlaBneHue ra3a npsMo NpornopIrHoHaIbHO TeMIepaType Npu NOCTOSTHHOM 00bEME
3akoH ABoraapo — B paBHBIX 00BEMaxX ra3oB COIEPKUTCS OJIMHAKOBOE YHCIIO MOJICKYJI
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3ananue 9. YcTaHOBHTE COOTBETCTBHE MEKIY NMOHATHEM M ONpeae/ieHUeM:

1. Monspnas koHueHTpaiusa — KonanuecTBo BemniecTsa B 1 utpe pactBopa

2. Maccoas nosst — OTHOIIIEHHE MacChl BELIECTBA K Macce pacTBopa

3. Tutp — Macca BemiecTBa B | MUUIHIIMTPE pacTBOpa

4. MonsmeHoCcTh — KonmuecTBo BeliecTBa B 1 KmiiorpaMme pacTBOPUTEINS

3ananue 10. YcraHoBUTe NPaBWIbHYI0 MOCJI€I0BATEILHOCTh COCTaBJeHUs1 ypaBHeHuss OBP
METO/IOM 3JIeKTPOHHOr0 0ajianca:

1 — Onpenenenue CTeneHeW OKUCICHUS JIEMEHTOB

2 — CocraBjieHHE MOJIyPEaKIHi OKUCICHHS U BOCCTAHOBJICHHS

3 — YpaBHHMBaHUE YKCIIa OTJAAHHBIX U IPUHSITHIX 3JIEKTPOHOB

4 — Tlepenoc k03¢ GHULIHUEHTOB B MOJIEKYJISIPHOE YpaBHEHUE

5 — IIpoBepka O6amaHca aTOMOB H 3apsI0B

3ananue 11. YcraHoBHTE NPABWIBHYIO MOC/I€10BATEIbHOCTH PelIeHUs 3224 Ha ompeaeieHue
(opmyJibl BenecTBa M0 MPOYKTAM CTOPAHMS:

1 — Omnpenenenue Macc 3J1€MEHTOB 110 MaccaM MPOAYKTOB CTOpaHUs

2 — HaxoxaeHue KOJIMYeCTB BEIIECTB 2JIEMEHTOB

3 — Omnpenenenue npocteiiiield GopMyIbl IO COOTHOIIEHUIO KOJIUYECTB 3JIEMEHTOB

4 — HaxoxaeHue MOJIEKYJISIpHON (POPMYJIbI C UCTIOIB30BAHUEM JIOMOJIHUTEIBHBIX TAHHBIX

3ananme 12. KonuvecTBo BemecTBa, cogep:kamee 6,022-10% cTpyKTypHBIX eIMHUL, HA3BIBACTCH

OtBet: MoseM

3aganue 13. YpaBHeHHe, B KOTOPOM YKa3aH TelUIOBOH 3(¢eKT XMMHYeCKOH peaKUuu,
Ha3bIBaeTCH YPaBHEHHEM.

OTBeT: TEpPMOXUMUYECKUM

3ananmne 14. Onumure aJropuT™M pelieHHs 321a4d Ha onpeaejeHue GopMyJibl OPraHu4ecKoro
BellecTBA M0 MPOJYKTAM ero CrOpaHus U OTHOCUTEIbHOI IJIOTHOCTH NAPOB.

Otser: 1. Haiitn maccy yrunepona no macce CO2, Maccy Bogopona no macce H-O. 2. Onpenennts
MacChl M KOJIMYECTBA BEIIECTB 3JIeMeHTOB. 3. HaiiTu npocteiinyto ¢dopmyiy mo cootnomenuto C:H:O.
4. PaccuutaTh MOJSIpHYIO Maccy npocteiieil ¢opMyssl U CPaBHUTH C MOJISIPHONM Maccoi, HaileHHOMH
[0 OTHOCUTEJBHON IIOTHOCTH. 5. OmNpenenuTb MOJNEKYJISpHYI0 (OopMyily, YMHOXHMB HMHJIEKCHI Ha
COOTBETCTBYIOIUI KO3((UIIHEHT.

3aganue 15. O0bsicHNTe, KaK BbIOPATh ONTHMAJBLHBIH MeTO/ pelleHUus] XUMUYeCKOoi 3a/1auu B
3aBHCHMMOCTH OT €€ THIIa M yCJIOBHIA.

OtBet: BpiOOp MeTOna 3aBUCUT OT XapakTepa 3aladyd: JUIsl CTEXMOMETPUUYECKUX Pacu€ToB C OJHUM
HEU3BECTHBIM — MPONOPLHUOHAIBHBIA METOA; A CMeceld WM CIUIaBOB — ajreOpanyecKuil; s
pazbaBieHMsI/CMEIINBaHUsl pacTBOPOB — KBajapar [lupcoHa; /g 3a1ad ¢ HEAOCTATKOM JaHHBIX —
croco0 MPOU3BOIBHOM TUIOTE3BI; U1 TEPMOXMMHUUYECKUX pacuéTOB — UCIOJIb30BaHUE 3aKoHa ['ecca.

BOITPOCBHI COBECEJJIOBAHUSA
Bonpocul k pazoeny |
Cnocobvl peutenus 3a0ay no Xumuu
1. ITpsimoit anredpandeckuii crnocooO.
2. Crioco0 mpomopIuoHATEHOTO pacyera.
3. KBagpar I[Iupcona.
4. Pemenue 3a1a4 crioco60M MPOU3BOIBHOM MMITOTE3HI.
5. Pacuersl mo xumuueckuMm (opmyinam. Boeruncnenue maccoBbix noneid (%) mo ¢opmyiaam
BEIIIECTB.
Bonpocul k pazoeny 11
L'azoevle 3axonbl. B3aumosagucumvle napamempvl COCMOSHUA 24308
1. CtexuoMeTpu4yeCcKre 3aKOHbl XUMHUH:
- 3aKOH COXPaHEHUs MacChl U SHEPTUH BEIIECTB;
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- 3aKoH noctosiHcTBa coctaBa (K. [pycr);
- 3aKOH KpaTHbIX oTHomeHu| (/[x. lansTon);
- 3aKOH ABOTa/ipo M CIIEJICTBUS U3 HETO;
- 3akoH 00beMHbIX oTHOMeHUH (OK. ['eit-JIroccak);
- 3aKoH skBUBaieHTOB (M. Puxrep).
2. OCHOBHBIE BEJIMYHUHBI, IPUMEHSIEMbIE B XUMHUU:
- aTOMHBIE M MOJIEKYJISIPHBIE Macchl, 4yucio ABorajapo, 1 a.e.M. (aToMHas equHHUIIA Macchl),
Macca aToMa U MOJICKYJIbI;
- KOJIMYECTBO BEIIECTBA, MOJIb — €AMHUIIA U3MEPEHMsI KOJIMUYECTBA BEILECTBA; - MOJISIPHAs Macca,
OIpeziesIeHue MOJISIPHOM Macchl BEIIECTBA,
- MOJISIPHBIM 00BEM ra3000pa3HbIX BELIECTB.
3. CrexroMeTpUUECKHE PACUETHI IO YPABHEHUAM XMMHUUECKUX PEAKIIUM.
4. Cxema pacyera 110 XMMHYECKOMY YPaBHEHHUIO C MCIIOJIb30BaHUEM MacC U 00ObEMOB.
Bonpocuwl k pazoeny 111
OcnosHble munvl pacuemHulix 3a0a4
1. Haxoxxnenne MoiekyJsipHOH ¢opmynsl BemecTBa. HaxoxkmeHue ¢GopMmysbl BemIecTBa II0
MacCOBBIM JIOJISIM 3JIEMEHTOB.
2. HaxoxneHwe XuMHUECKOW (OpMyINIBI Ta3000pa3HOTO BEIIECTBA IO MAaCCOBBIM JIOJISIM
3JIEMEHTOB ¥ OTHOCUTEIBHOM IJIOTHOCTH €r0 MO APYroMy rasy.
3. HaxoxieHne XuMu4ecKoil (popMyJibl BELIECTBA 110 IPOAYKTaM CrOpPaHMsL.
4. Cxema pacuera IO XMMHUYECKOMY YPaBHEHHIO C HCIOJIb30BAHUEM KOJIMYECTBA BELIECTBA.
Bbluncnenuss mo XMMHUYECKUM ypaBHEHUSAM Macc (0OBEMOB) BELIECTB 110 M3BECTHOM Macce
(06beMy) OHOTO U3 BCTYNAIONIUX WM MOTYYAIOLUMXCS B pe3yJIbTaTe PeaKlUU BEIECTB.
5. PacueThl M0 XMMUYECKUM yYpaBHEHHUSAM MPU YCIOBUHU, YTO OJHO M3 PEarupyrollux BELIECTB
JIAHO B U30BITKE.
6. PacdeTsl MO0 TEPMOXMMUYECKUM YpaBHEHUSIM. Brraucienne oo0bema rasza, HE0OOXOAUMOTO /st
pEaKIMU C ONpeeICHHBIM 00EMOM JIPYTOro rasa.
7. Onpenenenre MaccoBol (0ObEMHOH 101M) BbIXOAA MPOAYKTAa PEAKIUU B IMPOLEHTaxX OT
TEOPETUYECKH BO3MOYKHOTO.
8. Boruncnenue Macc (o0bemMa) IpOAYKTa peaklMK MO M3BECTHOM Macce (00beMy) MCXOIHOIO
BELIECTBA, COEPIKALIETO IIPUMECH.
9. Haxoxnenue ¢popMyJibl BELIECTBA M0 YKa3aHHBIM B YCIIOBUU 3aJ]aul CBOIMCTBaM.
10. Onpenenenue coctaBa CMeCEH BELECTB U CILNIaBOB. MaccoBasi 10151 KOMIIOHEHTA.
11. TunuyHble peakuK pa3IoKeHUs BEIECTB, COCTABIIIOIINX CMECH.
Bonpocuwt k pazdeny IV
Pacmeopwvi
1. MaccoBas 101151 BelecTBa B pacTBOpE.
2. PactBopumocTs. Kpucranmoruaparsl.
3. 3agaun Ha omnpenesneHue GopMyIibl KPUCTATIIOTHAPATA.
4. 3amauu HA MPUTOTOBJIIEHUE PACTBOPOB KPUCTAJIIIOTUIAPATOB.
5. JIeicTBUA ¢ paCTBOPAMU:

- paz0aBiieHue,
- ynapuBaHue,
- KOHIICHTPUPOBAHUE,
- CJIMBaHUE JIBYX PACTBOPOB.
Bonpocul k pazoeny
Inexmponus

1. OKuCIUTENBHO-BOCCTAHOBUTEIIBHBIE PEAKIINH.

2. IlpaBuiia cocTaBieHusl ypaBHEHUI OKUCIUTEIBHO-BOCCTAHOBUTENBHBIX PEAKIIHI.

3. Metoasl MOHHO-3NEKTPOHHOro OanaHca. Ponb cpeapl B MPOTEKAHWH OKHCIUTEIBHO-
BOCCTAaHOBUTEJIBHBIX ITPOLIECCOB.
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4. DNeKTposn3 KaK OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIM Ipolecc. DIEKTPOIU3 pacilaBOB U
pacTBOPOB.
5. KonnuecTBeHHBIE COOTHOLLIEHUS MPU AIeKTpou3e. 3akoHbl Dapaes.
6. ['aibBaHUYECKUI TIEMEHT.
7. HarpaBnieHue u TiyOHHa OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIIHA.
Bonpocul k pazoeny V1

Ocobennocmu OUMNUAOHBIX 3A0aY
1. OcobeHHOCTH OJIMMITHA/IHBIX 3a/1a4.
2. @OpMBI TOCTPOEHUS OIMMITUA/IHBIX 3a/1a4.

KOMILIEKT 3AJAHUH JIJISI KOHTPOJBHOM PABOTHI
Kontpoabnas padora Nel

Bapuantl
1. Jausr 0,5 m° rasa npu 37°C u 4052 xIla. Ilpu kakoM JaBieHMH 00BbEM ra3a Ipu
0°Ccraner paBHbIM 1 M3?
2. Cmech U3 XJIOpUIOB KaJblUsl U MarHusi COCTaBlieHa TakKUM 00pa3oMm, 4To Ha 1 Moub

XJIOpUJIa MarHusi mpuxoauTcst 1 Monb xnopuaa xanbius. KakoBa mMaccoBast J0Js XJI0pHUAa Kalablus U
XJIOpUJIa MarHusi B CMecu?

3. Ompenenute KOJIMYECTBO BELIECTBA aTOMApHOro Oopa, colepikallerocss B TeTpadopare
Hatpus Na:B4O7 maccoii 40,4 T.

4. O6pazen coequnenust ¢pochopa u 6poma maccoit 81,3 r conepxkut pochop maccoii 9,3
r. OnpenenuTe NpoCTeUIyo GopMyiIy 3TOTO COCTUHEHHUS.

KonTtpouabnas pabora Ne2

BapuanTt 1
1. Kakoii ob6bem oxcupa yrinepona (IV) BbienuTcs npu B3aUMOJEHCTBUM H30bITKA
pacTBOpa a30THOW KUCIIOTHI C pacTBOPOM Maccolt 16 r, conepxkamum 7% kapOoHarta HaTpus?
2. [Tpy mOTHOM TEPMUYECKOM pa3sIoKeHUU coiu A monyumnu 21,6 T metamia u 6,72 n

CMecH JBYX ra3oB, OJIMH M3 KOTOpPbIX uMeeT Oypsblil uBeT. [Ipn pacrBopenun 21,6 T moay4yuBIerocs
MeTajla B a30THOM KHUCIIOTE 00pa3oBalics HUTPAT OJHOBaJEHTHOTO MmeTtayia u 4,48 1 raza Oyporo
ngeta. Onpenenure GopMyiTy U KOIMYECTBO UCXOJHON COJIH.

3. Ha BemectBa A, b, B B coctaB KOTOpHIX BXOJUT OJMH W TOT JK€ KAaTHOH,
NnoJecTBOBaIM M30BITKOM pacTBOpa cepHOil KucioTel. [Ipm 3ToM o00pa3zoBanuch OeclBETHBIE
pacTBOpHL, a B citydae BemecTB A u b, kpome Toro, BeIEIUINCH COOTBETCTBEHHO OeciBETHBIE ra3bl I
u JI. BemectBo B B3auMojelcTByeT ¢ pacTBOPUMBIMU coJiIMU Oapusi, oOpasys INpH 3TOM
HEpacTBOPUMBIN B KHUCIOTaxX ocanok. ['a3el [I' u JI MoryT pearupoBaTh Mexay coOoi ¢ 0Opa3oBaHUEM
TBepJoro BemiecTsa E, npu ropeHun KoToporo B kuciopoae odpasyercs ras I'. [Ipu Bzaumoneiicteuun
razoB I' u Jl ¢ ruapokcuaoM HaTpus oOpas3yroTcsi cooTBEeTCTBEHHO BemiecTBa A u b. Omnpenenure
Beniectsa A, b, B, I', /I u E. Hanummure ypaBHEHHs COOTBETCTBYIOIIMX PEAKIIHIA.

4. [Tpu cxxuranum 251,2 r cMecu nupuTa U cyiabduaa uHKa odpazoBaiock 71,68 i1 (H.y.)
nuokcuaa cepbl. OnpeaennTe cocTaB CMECH.

Konrpoabnas padora Ne3
Bapmuanr 1

3amaua 1. Ilpu coxoxkeHnu oOpaslia MCCIEAYEeMOro OpPraHMYecKoro BeriecTBa maccoit 0,56 r
nonyyeno 1,32 r yraekucnoro ra3a u 0,36 r Bogsl. M3BecTHO, UTO JaHHOE BELIECTBO 00ECIBEUYHNBACT
OpOMHYIO BOAY, a MPU HarpeBaHUU C THAPOKCHIOM MEIU U U30BITKOM THAPOKCUAA HATPUS BBI3BIBAET
BBINAJICHUE OCaJKa. YCTAHOBIEHO, YTO | MOJb 3TOr0 BEIIEeCTBa MOKET NMPHUCOEAMHUTH He Oonee 1
MoJib 6poma. [IpuBeaure hopmyity BeriecTBa, HAMUIIUTE NEPEUNCIICHHBIE PEaKIUH.

3amaga 2. 0,3 r cMecH OKCHJIOB IIMHKA M MarHus pactBopwid B 17 mn 1H pactBopa consiHOI
KHUCIIOTHI. M30BITOK consiHOM KuCIOTH HedTpanm3oBamu 8 mu 0,5H pacTBopa rumpokcuaa HaATpus.
Brruuciaure nIpOLEeHTHBIN COCTaB CMECH OKCUIOB.

o1



3amaua 3. B kakoil macce Boabl HeoOxomumo pactBoputh 400 1 20%-ro onmeyma, yTOOBI
nosryuutsb 90% pactBop cepHOIl kucioThl? [lomydeHHbIN pe3ynbTaT NOATBEPANTD, UCIIOIb3Ysl KBaapaT
[Mupcona (IlpaBumno kpecta).

3amaya 4. CKOJBKO IpaMMOB BOJbI M TenTaryjapara cyibdara UHKa HEOOXOAUMO B3ATh JJIS
IPUrOTOBJIEHNs HachimenHoro npu 55 °C pactBopa, mpu oxmaxaennn kotoporo g0 0 °C moxHO
MOJy4YUTh 1 MOJb NEePeKpUCTAIIIU30BAaHHOTO KpHcTajuioruapara? PacTBopumocTh cyibdaTa IUHKA
pu 55 °C cocrapnser 80T, ampu 0 °C - 41,6 .

3amaua 5. MenHyro macTUHKY maccoi 13,2 r momectmiin B pactBop HuTpata xene3a(lll)
Maccoir 300 r ¢ maccoBor nmoner conu 0,112. Ilocie HEKOTOPOTO BBIIEPKMBAHUS IUIACTUHKU B
pactBope ee BhIHYJIHU. B pesynbrare maccoBas nosist Hutpata xene3a(lll) okazanacs paBHOI MaccoBoi
none conu menu(Il). Onpenenure Maccy MIACTUHKY MOCIE OKOHYAHUS peaklUu (KOTr/ia ee BhIHYIH U3
pactBopa).

KOMILJIEKT 3AJIAHUI
PACUETHBIE 3AJJAYH
| Cioco0bI pelieHUst 3a1a4 0 XUMHHU

1 Onpenenure Maccy oKkCuaa aaroMuHuUs KonuuecTBoM Bemecta 0,25 mons.  OtBet: 25,5 1.

2 Kaxkoe xonudecTBO BelecTBa CoAepKUTCS B KapOoHarte kanus maccoi 552 r? OTBeT: 4 MOJb.

3. UYemMy paBHO KOJIMYECTBO KapOoHaTa Kanblus, Maccakotoporo 1 r?  Otset: 0,01 Moub.

4 Brruncnute maccy GpochopHON KUCIOTH KOJTUYECTBOM BEIIECTBA 5 MOJIb. Otgert: 490 r.
5 Ckombko atoMoB  ¢ocdopa comepxkutrcs B Terpadochope P4  wmaccorr 155 r?
Otser: 3 -10%,

6. B kakux o6beMax a30Ta ¥ BOJIBI IIPH H.y. COACPIKHUTCS 3,01-10% MoJIeKyn?

OrtBer: 006eM a3ora 1121; 006eM Boabl 90 M.

7. ['me conepkutcst Oosbllie aTOMOB BOJOPOJA: B JBYX JIMTpaX MeTaHa WIU B JABYX JUTpPax
Bozopoaa?OTBET: B 2 J1 METaHa aTOMOB BOJIOpOJia B 2 pa3a OoJbIIe.

8. B kakom oOwmemMe XJiopa CTONBKO K€ MOJIEKYJ, CKOIBKO HX COJepKuUTcS B 49 r cepHOU
kucnotel? Otset: 11,2 .

9. Paccuwnraiite maccy 2,24 n (H.y.) nuokcuaa yriepona. OmnpeneianTe KOJIUYECTBO BEIIECTBA U
ypcno Monekyn. Oteet: 4,4 1; 0,1 Monb; 6,02-10%2 Monekyin.

10.  Ompenenute abGCOMOTHYIO Maccy aToma remus. Oteet: 6,64 -10% .

Il I'a3oBbIe 3aKOHBI

B3anMo3aBucHMBIe TapaMeTPbl COCTOSIHUS Ta30B
1. Hanbl 8 1 raza npu —23 °C. Ilpu kakoii Temneparype o0beM raza craHer paBHbIM 10 11, ecnu
nasiienne ocranerca HensameHHbIM? OTBet: 39,5 °C.
2. Hanbl 40 mi raza npu 7°Cu 96 klla. IIpu kakom naBieHnn o0beM raza qocturaet 60 mui, ecnu
Temmeparypa Bo3pocia 1o 17°C? OtBer: 66, 3 klla.
3. B 3akpeiTom GaiioHe HaxoauTces ras3 npu temnepatype —3°Criox HEKOTOphIM JaBiieHueM. Jlo
KaKoW TemrepaTyphl AOKEH ObITh HAarpeT Ta3, 4ToObl JIaBjeHHe BHYTpU OayuioHa Bo3pociio Ha 20%7?
Otger: 51 °C.

4. BrerumcnuTe mMaccy M3MEpPEHHBIX TPH CTaHAAPTHBIX yclIoBHsSX 1 1 Bojgoponaa, 1 J1 okcuma
yraepona (1), 1 1 pocrena COClo. Otser: 0,0824 1; 1,15 1; 4,04 T.

5. BrerurcnuTe Maccy HM3MEpPEHHBIX MPU HOPMAIBHBIX YCIOBHSX | J1 Bomopoma, 1 1 okcuaa
yriepona (1), 1 1 pocrena COClo. OtBer: 0,09T1; 1,251;4,42 1.

6. Brraucnute Maccy Bo3myxa B KomMHare pazmepamu 6x8x4 mpu 20°Cu maBmenuu 101,3 klla.
OtBer: 232 kT.

7. Beramncnure mMaccy: a) 1 1 Bomopoaa npu 10°Cu 96 kIla; 6) 8 m kucmopona mpu —13 °C u 104
kl]a. Otsert: a) 0,082 T;0) 12,3 1.

8. Macca 1 nrasa (H.y.) cocraBiusieT 1,25 T.

BrlunciuTe: a) MONSAPHYIO Maccy Tasa; 6) Maccy MojeKylnbl raza.  OtseT: 28 r/Monsb; 4,65 - 102 .
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9. Bripasute B rpammax: a) maccy 1 °© 10%2 aTOMHBIX eJMHHII Macchl; 6) MacCy SIeKTpOHa,
cocrapisitouryto  0,00055 atroMHOM enMHMIIBI MacChl; B) BO CKOJIBKO pa3 O- 4YacTHIa TsKeJee
3JIeKTpoHa (Macca o.- acTuiel cocrapiseT 4,002 aromuoi equauIel Macceel)? Oteet: 0,0166 13 6) 9,1
- 1028 1; B) 7280 pas.

10. CormocTaBbTe YuCIIO MOJIEKY, coaeprkamieecs B 1T HaSO4, ¢ gnciioM Monexyt, coaepKauumMest
B | r HNOs3. B kakom ciyyae v BO CKOJIBKO pa3 YUCIO MOJIEKY OoJbIie?

Otser: B 1 r HNO3 B 1,56 paza Gonbiie.

111 OcHOBHBIE THIIBI PACYETHBIX 3a/71a4.

Bv1600 ucmunnoii popmynvl sewecmasa
1. O6paser; xpomucToro xejesnska cogepxut Fe(CrO2). - 94%; Mg(CrOz)2 - 6%. Onpenenute
Maccy Xpoma, COJIEpKalerocsi B XpOMHUCTOM Xkele3Hske maccoil 500 kr. Otsert: 232,65
kr.Omnpenenure MacCoBYIO JIOJ0 KPUCTALTM3AIMOHHON BOAbI B KpucTaumuueckoit cone (Na2COs - 10
H20) maccoit 100 r. Otgert: 63%.

2. N3 obpasna ropHOi mopoasl Maccoi 25 r, coaeprkaiield MuHepan apreHTuT (AgeS) BBIIEICHO
cepebpo maccoit 5,4 r. Onpenenure MacCOBYIO OO apreHTHTa B 00paslie. Otser: 24,8%.

3. Oxkcuja anemenTa umeet coctaB 903, MaccoBast JA0JIs KUCIopoaa B 3ToM okcujae — 60%. Kakoii
3JIeMEHT 00pa3yeT OKCua? Ortger: cepa.

4. Oxkcun xamust mMaccoit 18,8 r pactBopmwim B 50 T Boabl. Omnpenenute MacCOBYIO OO
TUAPOKCHIA Kaus B moiiyueHHoM pacTBope. Otet: 0% (KOH) = 16,3%.

5. MaccoBast gons xyopa B xynopune ¢ochopa cocraBusier 77,5%. Onpenenure npocTerinyro
dbopmyiry XI0pHIa. Ortger: PCls.

6. Coenunenue coneput Bojopona (6,33%), yruepon (15,9%), kucnopon (60,76%) u eme onux

3JIEMEHT, YUCIIO aTOMOB KOTOPOTO B MOJIEKYJE€ PaBHO YHCIYy aroMoB yrieposaa. Ompenenure 3TO
coeaunenue. K kakomy kiaccy oHo otHocutcsi? OtBer: NH4HCO:s.

7. Ompenenure MOJIEKYJApHYIO (OpMYJy YTieBOAOpOAa C MaccoBou pojied yriepona 85,7%;
OTHOCHTEJIbHAS IJIOTHOCTH 10 BO3LyXY 3TOr0 COeAMHEHMs paBHa 1,45. Otser: CsHe.

8. [Ipu cropanuu opraHM4ecKoro BeuecTBa Maccoii 4,8 r oopazoBanocs 3,36 J1 yrieKkuciaoro raza
(Hy.) u 5,4 r Boupl. IImMOTHOCTH MapoB 3TOTO COEQMHEHHUs MO BoAopoay paBHa 16. Ompenenute
MOJIEKYJIIPHYIO (DOpMYITy 3TOTO BEIIEeCTBA. Otget: CHa.

9. KpyroBopoT a3zora B mpupoje BKIOYAET OMOJIOTMYECKYI0 (HUKCALMIO 3TOTO 3JIEMEHTa IpH
MIOMOIIIM KITYOCHBKOBBIX OAaKTEPHd M MPOIECCHl €r0 OKHCIEHHsS MPH JJIEKTPUUYECKUX paspsaax. Bo
BpeMsl I'po3bl B BO3JyXe 00pa3yercss HEKOTOpOe KOJIMYECTBO OKCHJA a30Ta HEW3BECTHOI'O COCTaBa.
YcTaHOBJIEHO, YTO abCOMIOTHAS Macca OJHOW MoJeKyisl cocTaBiser 4,99 - 102 r. Onpenenure
dbopMyITy 3TOTO COEAMHEHHUS. Otget: NO.

10.  Ilpm paznmoxxeHnn 49 T HEM3BECTHOTO BEIIECTBA BBLACTIIIOCH 13,44 11 KHCIOpOJIa M OCTAIOCh
TBEpJOE BEIIECTBO, coaepxkamee 52,35% xamust u 47,65% xnopa. Omnpenenure ¢opmyity
HEM3BECTHOTO BEUIECTBA. Ortget: KCIOa.

11.  Ilpum npokanuBanuu 10,4 T cynb(puUTa HEM3BECTHOTO METajla MOJyuYeH €ro OKCHJ TaKoW ke
Macchl, KaKk TpU pas3liokeHuH 5,8 T ero ruapokcuaa. Ompenenute, Cyab(QUT KaKOTO MeTaa ObLT
MOJABEPTHYT PA3JI0KEHUIO. OtBet: MgSO:s.

12. Ompenenure hopMyiy mpeieabHON 0THOOCHOBHOW KapOOHOBOI KHCIIOTHI, €CIIM U3BECTHO, YTO
Ha HelTpanu3aiuio npoosl ee Maccoil 11 r 3aTpaTuiu pactBop oobeMoM 15,75 M1 ¢ maccoBoii oneit
ruapokcuaa Hatpus 25% u mnotHocThio 1,27 /M. CKONBKO HM30MEPHBIX KHCIOT COOTBETCTBYET
JaHHOM (opmyte. OtBet: OyTaHOBasl.

13. Musnepan Ouproza comepxkut (B %): 2,3 H, 14,2 P, 24,8 Al, 58,7 O u npumecu wmenwu,
OTpeNieNAIoNe OKpacky. BeiBenute mnpocreiiiryro ¢opMmyidy BemiecTBa. 3anumuTe (QopMmyiry
MHUHepasia B BHJIE (OPMYJT BO3MOXHBIX €0 COCTABISIONIMX KOMIIOHEHTOB (COJIb, THIPOKCH/, BOJA).
Otset: AIPO4-Al(OH)s- H20.
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14.  Munepan m3ympyn cozepxur (B %) 5 Be, 10 Al, 31 Si, 54 O u npumecu Xpoma,
oTpeeNAolIne 3eJeHYI0 OKpacKy. BeiBenure mpocteiiyto GopMmyity MuHepasna. 3anumuTe Gopmyy
MHHEpaia B BuJe (HOpMyIT OKCHUIIOB. Ortger: 3 BeO- Al203- 6 SiO2.

15.  HewusBectHblii MeTayum Maccod 13 r oOpaboranu M30BITKOM OYEHBb pa30aBICHHOTO PAacTBOpa
a30THOU KHCIOTHL. K MOJIydeHHOMY pacTBOpY MpUOaBMIM H30BITOK IIETOYH W MPOKHISITHIN. [lpu
3TOM BbIIETIIIOCH 1,12 11 ra3a (H.y.). YCTaHOBUTE, KaKOM MeTaul ObLJI paCTBOPEH B a30THOM KHUCIIOTE.
Hanumure ypaBHeHHs ONUCAHHBIX peakiuid. OTBET MOJATBEPAUTE pacueTaMH. Ortser:
[UHK.

16. KoHeyHbIM MPOAYKTOM OKUCICHHS OECIIBETHOIO ra3a A — HecoJieoOpa3yIoLIero OKCuaa SIBIseTcs
coenuHenne b. Eciin B KOHIEHTPUPOBAHHBIA PACTBOP ATOTO COCIMHEHUS] MOMECTUTHh CBUHEI, TO B
KayecTBE OJIHOTO U3 MPOJYKTOB PEaKIMU 00pa3yercs BelecTBO B, pacTBOpeHHEM KOTOPOrO0 MOXHO
noiy4uth BemectBo A u b. Uto coboit npeacrasistor BemectBa A, b u B? Hanumure ypaBHeHus
COOTBETCTBYIOIINX PEAKIIHUI. OtBet: A — MoHOOKCHA a30Ta; b — a3oTHas kucnora; B —
JTMOKCHJL a30Ta.

17. Ilpu nelictBuun Ha 6,32 T TBEPIOr0 OKPALIEHHOTO BEIIECTBA A KOHIIEHTPUPOBAHHOM MUHEPAIbHOU
KHCIIOTOW BbIAeNuiCA Ta3 b, KoTopelii MemiieHHO mpomyckanu depe3 95,1 r BOIHON CycCHeH3uH
KapOoHaTa Kaiblus. BemiecTBa B3anMMOJEiCTBOBAM B SKBUMOJISPHBIX COOTHOIICHUSAX. BBIUMCIUTH
MPOILICHTHYIO KOHIEHTPAIMIO 00pa30BaBIIMXCS B PACTBOPE BEIIECTB. J{OMOJIHUTENBHO U3BECTHO, YTO
pPacTBOPUMOCTH BelIeCTBa A B BOJE MPU KOMHATHOW TeMIIepaType HeBEeIUKa U NP MPOIyCKaHUH ra3a
b uyepez OpomHyl0 Boay OKpacka mocienHed ucueszaer. Hamuimure ypaBHEHUS COOTBETCTBYIOLIUX
peakuuii. OtBer: A — KMnOg4; b — Cl2; @ (HCIO) = 5,25%; o (CaCl,) = 1,11%.

18. HexoTopoe TBepa0€ HEPACTBOPUMOE B BOJIE BEIIECTBO A KEITOTO 1IBETA PACTBOPSAETCA B a30THOM
KHUCTIOoTe ¢ oOpa3zoBaHMEeM OeclBETHOrO pacTBopa. llpu moOaBiieHHMH IIENOYH MOSBISIETCS HOBOE
BELIECTBO, KOTOPOE pasjlaraercs ¢ oOpa3oBaHHEM HCXOJHOro BemecTBa A. HarpeBaHnue nocrienHero
OPUBOJUT K TOMY, YTO Ha CTEHKaX NPOOUPKU MOSBISAIOTCS cepedpucthie Kamau. Omnpenenure
BemecTBO A. Hamuiure ypaBHEHUS! COOTBETCTBYIOIIUX PEAKITHI. Otger:

A — NaxO.

Cxema pacuema no XumMu4eckomy ypagHeHUIO ¢ UCNOIb308AHUEM MACC U 00bEMO8
1. Kakoii 06pem okcuaa yriaepoaa (1V) (H.y.) MOTJIOTUTCS PacTBOPOM, COJEPIKAIIUM THAPOKCH]T

KaJIbIIust Maccoit 3,7 r? Otser: 1,12 1 CO2.
2. Paccunraiite 06BeM KHCIOpO/a, HEOOXOAMMBIH s cxxuranns 160 m° oxcuma yrmepoxa (11),
cogepxamiero 15% (mo o6beMy) HEroprOYUX MpUMeCce. Ortger: 68 M30,.

3. [Ilpum B3amMoaeHCTBHHM HUTpaTa HATPUs C KOHIEHTPHUPOBAHHOW CEPHOM KHCIOTOW TOIYUHIIH
22,7 T a30THON KHUCHOTHI, YyTOo cocTaBuio 90% OT TeopeTnyecku BO3MOKHOro. CKOJIBKO HHUTpaTa
HaTpus BCTyNnwIo B peakuuto?  OteeT: 34 1.

4. Ompenenure Maccy TEXHUYECKOTO aTlOMUHUS (MaccoBas aois amoMuHus 98,4%), KOTopbIit
notpebyercs s allfOMOTEPMHUYECKOTO MOJMydeHus BaHaaust maccor 15,3 r u3 okcuma Banamus (V).
OTBeT: 13,7 I TEXHUYECKOTO aJIIOMUHUS.

5. Jns ob6xura 1000 kr »xeyne3HOro KoiuedaHa, cojepkaiiero 4% MUHEpaJbHBIX HpHUMeEceH,
u3pacxonosano 5000 M3 Bo3myxa. OnpeieIuTe IPOIEHTHBINA COCTaB 06pa30OBaBIIEHics ra30BOil CMECH.
Otget: 82,2% N2; 10,4% O2; 7,4% SO..

6. BsopBana cmecs, cocrosmas u3 18 i1 Bogopona u 12 1 xkucnopona. Onpeaenure 00beM cMecH
MOCJIE€ B3phIBA MPU YCIOBHUH, YTO U3MEPEHUS TPOBOIMIUCH IpH Temmneparype 12 °C.

OtBet: 18 11 BOASIHOTO T1apa 1 3 J1 KUCIOPOaa.

7. Tlpu obxure oOpasua MuHepana Maccoit 26,8 T, npencTapisioniero codboii cMecy Cyiab(puaoB
xkenesa (1) u menu (1), Beigenmumocs 6,72 nm okcuma cepol (IV). Paccumraiite maccoBwie m0IH
Cynb(MUIOB JKeJIe3a U MeU B COCTaBE MUHepaa. Otget: ® (FeS) = 82,1%; (CuS) = 17,9%.

8. K pactBopy, coaepxariemy 10 r a30THOM KUCIIOTHI, 1o0aBmin 10 T ruapokcuaa Hatpus. Kakoit
BeT OyJeT WMeTh JIaKMycoBass OyMaxkka, TIOTpyKEHHass B  IOJY4YeHHBIH  pacTBOp?
OtBet: cuHMil.
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9. Kakoe KOJIMUYecTBO TEMJIOTHI BBIICIUTCS MPH CrOPaHUU B Kuciopose 12 r Bogopoaa?
Otser: 1714,8 xJIx.
10. CocTaBbTe TEpMOXMMHYECKOE YPAaBHEHHUE IPOLECCa, €CIM M3BECTHO, YTO MPU CTOPaHHMU 2 T

amroMunus Beiensiercs 62 kJx rernorsl.OtBet: 3348 k/x.

11. PaccuuraiiTe maccy xeie3a, KOTOPO€ OKUCIWIOCH MPU PIKABICHUM CTAJIbHOM TPYOBI, €CiiH C
TpyOBI yOpaau p)KaBUKMHY, Macca KOTOpoi B mepeBoje Ha okcu skeiesa (I11) pasua 480 r. Ortser:
336T.

Pacuemul no mepmoxumMudecCKum ypaeHeruim

1. CKOJIBKO 3HEPTUH BBIICIUTCS TpU mpeBpanieHnu 50 T 6e3BOAHOro Cyibdara Meau B
MeHTaruapar?

2. Bbraucinte TEmoBod AQQEKT peaknuu BOCCTAHOBJICHHS AaTIOMHUHHEM Kelle3a W3
oxHoro Mons okcuna xenesa (I11).

3. Berauciuth TemioBoi 3G GeKT cienyronen peakiuu:

CoHar) + H2Oqr) + AH® = C2HsOHr.).

4. BbIUuciinTh TerioBbie 3PPEKTHI CISAYIONIMX PEAKITHIA:

a) CaCOs3(1s)= CaOs.) + COx(r;

0) Cr203(m)+ 2 Alms) = 2 Cris )yt Al203(1s.).

S. BprauciauTs TEMIOTBOPHYIO CIIOCOOHOCTH YT (B KWJIODKOYJISIX HAa KUJIOTPaMM), €CIn
MaccoBast oJs yriepoja pasHa 0,8, a B OTXOJSIIMX ra3ax MOJISIpHBIE JOJM PaBHBL: OKCHJA YTIiiepoja
(IV) — 0,15, a okcuaa yriepoza (1) — 0,01,

Onpeoenenue cocmasa cmeceli sewiecms u cniaeos
1. 146 r cmecu kapboHaTta U TUApPOKApOOHATa HATPUS HArpeld [0 TeX TIMOop, IoKa He
IIPEKPaTUIIOCh YMEHbIIEHHE Macchl. Macca octaTtka mnocie HarpeBaHusi coctasuia 137 r. Kakosa
MaccoBas J10J1s1 kKapbonata Hatpust B ucxoauoi cmecu? Oteet: @ (Na2CO3) = 0,833.
2. Ilpu mpokanuBanuu 44 r cMecH OKCHIa M KapOOHAaTa KalbIUs Macca yMeHbImmiack Ha 20%.
Beruncnnre MaccoBbie J0JM BemiecTB B ucxoaHoi cmecu. OtBer: 9% (CaCOs) = 89,29%; ©w%
(Ca0) = 10,71%.
3. Cwmech nmuHKa W OE3BOJHOTO HUTpaTa IUHKA MPOKAIMIM HA BO3IyXe, Macca MpH 3TOM HeE
u3MeHuachk. OnpeaenuTe MaccoBble 10U (B %) KOMIIOHEHTOB B CMECH.
OtBet: ©®% (Zn) =69,5%; ©®% (Zn(NO3)2) = 30,5%.
4. Ilpu pacTBOpEHUU B COISHOM KHCIOTE 2,79 I cMeCH MOPOIIKOB IMHKA U 7KeJI€3a BBIIEIHIOCh
1,008 1 Bomopona (H.y.). Onpenenuts coctaB B3siToit cmecu OtBeT: m (Zn) = 1,95 r; m (Fe) = 0,84
T.
5. Ilpu pacTBOpeHHH B BOJHOM PacTBOPE ILIEJIOYH § T CIUIaBa KPEMHUS C IIMHKOM BBIIEINIOCH
6,272 n Bogopoaa (H.y.). OnpeaenuTh NPOIEHTHBIH cocTaB ciiaBa. OTet: 0% (Zn) = 65%; 0%
(Si) = 35%.

IV PactBopsI

1. Bsruncnurte maccoByio nomio (B %) coim B pacTBOpe, MOMyuyeHHOM Mpu cmemuBaHuud 80 T
BoAbI 1 20 T couu. Otset: 20%.
2. Bemapwiu 150 r pacTBopa ¢ MaccoBoit poueit caxapa, paBHoi 15%. Breraucnure macey caxapa,
OCTaBUIETOCS B YAIIKe ITOC)e uerapenns Boapl.  Oteet: 22,5 1.
3. B kakoM konuuecTBe BOJBI HYXHO pacTBOpuTh 40 T COMM Ui TOJYYEHHUS pacTBOpa C
MaccoBO# aoJei conu, paBHoit 25%.  Otser: 120 T.
4. HaBecky TeXHMYECKOW MOBAPEHHOM COJIM, COAEpIKaIlel HepaCTBOPUMBIE IIPUMECH Maccoit 25 T
pactBopmwin B 60 T BOJIBI ¥ TOJYYIJIM PACTBOP C MAaccoBOM moseit xmopuna Hatpus 25%. Kakosa
MaccoBast 10JIs HEPACTBOPUMBIX MPUMECe B 0Opasiie conu? Otger: 80%.
5.  Jlnsa mpurotosnenust S00 M1 pacTBOpa THAPOKCH/IA KAJIHSI, HCTIONB3YIOMIETOCS ISl 3aIT0THEHUS
IEJIOYHBIX aKKyMYJISITOPOB, B3sUIM 141 r ruapokcuaa kanug u 464 r Boasl. OnpenennTe MacCoByrO
JIOJIIO U IUIOTHOCTBH IOJIyYEHHOTO PacTBOpa. Otger: 23%; 1,21 r/mu.
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6. Koaddumuent pacrBopumoctu xmopuna ammonus mpu 100°C cocrasmnsier 77 r, a ipu 0 °C —
37 r B 100 r Boabl. CKONBKO COJM BBIAEHHUTCS MpU oxyaxaeHuu 60 r HaceimeHHoro npu 100°C
pactBopa xiopuaa ammonus 10 0 °C? Otser: 13,6 1.

7. Ilpum 25°C pactBopuMOCTh MoBapeHHOU conu paBHa 36 r B 100 r Boasl. Haiinure maccoByro
JIOJIIO paCTBOPEHHOTO BELIECTBA B HACKIIIIEHHOM pactBope. OTBeT: 26,47%.

8. Koaddumment pacrBopumoctu cymnbdara menu (1) mpu 30°C pasen 25 r B 100 r Bogsl. byner
71 pu 3Toi Temneparype 18%-Hblil pacTBOp COJIM HACHIICHHBIM?

Otger: He OyeT, TaK KaKk HACBIIICHHBIA PacTBOp UMeeT KOHIeHTpaIwio 20%.

9. KakoBa macca HUTpaTa KaJusi, KOTOPBIA BRIKPUCTALIU3YETCA U3 75 T HackimeHHoro npu 60°C
pactBopa, ecinu ero oxiaauth 10 0 °C? KoaddunueHTsl pacTBOPUMOCTH COJMU IPU YKa3aHHBIX
TeMIeparypax coorBeTcTBeHHO paBHbl 110 T 1 13 1 B 100 r BoAbI. Otser: 34,64 1.

10. IIpu ocropoxknom ymapuBanuu 120 r 16%-Horo pactBopa Xj0pHaa Kajublus ObLIO MOIYyYEHO
37,9 r kpucramnoruapara. Onpenenute ero popmyay. Orser: CaCly- 6H20.

11. 16 r menHOrO Kymnopoca pacTBOpuiM B Boje. Onpenenute maccy 0€3BOJHOTO cysbdara Meau
(1), KOTOpYyO HYKHO PaCTBOPUTH B 54 MII BOJIBL, JIJIsl IPUTOTOBJICHUS PACTBOPA C TOU K€ MacCOBOIl
nonei cyibdarta meau (11). Otger: 10,24 1.

12. Tpebyercs npurotoButh 1 Kr 15%-HOT0 pacTBOopa amMmuaka. CKOJIBKO HY)KHO B3SITh JUISL 3TOTO
BOJIbI 1 KOHLIEHTPUPOBAHHOTO 25%-HOT0 pacTBOpa amMmmuaka?

Otgert: 600 r 25%-H0ro0 pactBopa ammuaka u 400 T BOJBL.

13. K 80 r pacTBOpa ¢ HEM3BECTHOM MacCOBOM Jtoyiel BemecTBa npudaBmim 40 T Boabl. Beraucaure
MacCCOBYIO JIOJIFO COJIM B UCXOJHOM PACTBOPE, €CIIH MOCIIe pa3daBiieHUs oHA cTana paBHa 18%.
Otgert: 27%.

14. 450 r 10%-Horo pacTBOpa XJIOpHAA KaJbIHs MOABEPIiu ynapuBanuio. KakoBa Oyaer macca
pacTBopa B TOM Cllydae, €ClId MaccoBast JOJIsl XJIOpU/a KalbIUs YBEIUYUTCS BABOE?

Otser: 225 1.

15. Cmewanu pactBopsl rntoko3bl: 150 r 10%-Horo u 250 r 8%-noro. Onpenenure MaccoByIO
JIOJIIO TJIFOKO3BI B ITOJIy4€HHOM pacTBope. Otser: 8,75%.

16. Ompenmenute Maccy coiid, Kotopyro Hamo mo6aButh kK 80 r 10%-HOro pactBopa, YTOOBI

HOJIy4nTh 25%-HBIl PACTBOP ITOU COJIH. Otser: 16 T.
17. 120 r 10%-Horo pacTBOpa noBapeHHoU conu ynapunu a0 80 r. KakoBa maccoBas 10151 conu B
pacTBOpe MocIe ynapuBaHus? Ortsert: 15%.

18. IMnotHocte 20%-HOTO BOMHOTO pacTBopa xyopuma Oapus mpu 20°C pasHa 1,2 /™oL
BeruucnuTe MOJIIpHYIO KOHIIEHTpaluo 3toro pactsopa.Otsert: 1,15 M.

19. BrramcnuTe MaccoByrO JI0TI0 HUTpaTa HaTpus B 1M pactBope (p = 1,05 r/mi) 3Toro BemecTna.
Ortser: 8,1%.

20. CKOJBKO MOJEKYJ TIIIOKO3bI COJEPKHUTCS B PACTBOPE, MOTYYUBIIEMCS B PE3yJIbTaTe CIUBAHUS
40 r 10%-Horo pacTsopa 1 85 r 17%-HOro pacTBopa 3Toro BemiecTna? Otser: 6,17 - 102,

21. Jlo kakoro oovema HyxHO pa3baBute 0,5 1 24%-Horo pactBopa xnopuaa Hatpus (p = 1,16
r/Mi1), 9T00BI moryunTh 4,6%-Hb1i pactBop (p = 1,03 r/Mm)?  Otser: 2,938 .

22. CepHblil aHTMOpU[, TOMY4YeHHbIH u3 24 r nupura, pactBopwid B 0,5 1 18%-Hol cepHOM
kucnotel (p = 1,125 r/mi). Onpeaenure NPOLEHTHYIO KOHIIEHTPAIMIO HOBOTO pacTBopa.  OTBerT:
23,6%.

23. Ckoibko cepHOro aHruapuaa motpeldyercs s npespamienus 200 mum 90%-Hoi cepHOM
kucnothl (p = 1,8 r/mi) B 10%-HbIit oneym? Otger: 57,8 .

24. Kakyio MacCy MeTaJUTMYecKoro Harpusi Hy»kHO mo0aButh kK 300 mi 15%-HOTrO pactBopa
ruzpokcuaa Hatpus (p = 1,2 1/Mi1), YTOOBI NOBBICUTH KOHIIEHTPALIMIO PACTBOPEHHOTO BEIECTBA JI0
25%7? Ortser: 23,98 1.

25. Omnpenenute Mmaccy kpuctamoruapara MgSOs-6H20, KOTOpBI BBIKPUCTAJUIM3YETCS MpU
oxnaxaeHuu 821 r HaceimeHHoro npu 80°C pactBopa cynbdara maraus a0 20°C. PactBopumocThb
6e3BogHOrO cyibdara maraus npu 80°C pasHa 64,2 1, a mpu 20°C - 44,5 v B 100 r BOABI.
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26. MaccoBas 1o kapOoHarta HaTpus B ero HacbimeHHOM npu 8§°C u 70°C  pacTBope COCTaBIseT
cootBercTBeHHO 10 m 30%. Bpruucnure maccy kpucrtamioruapara NaCOz-10H20, xoTtopsriii
BbimazeT u3 200 r HaceimenHoro npu 70°C pactBopa npu ero oxyaxaeHuu o §°C.

27. CkonpkO TrpaMMOB BOJABI M TNEHTaruapara cyibpaTa MeIu HEOOXOIWMO B3SATh IS
npurotosieHus HacbleHHoro npu 100°C pactBopa, npu oxnaxaeHuu koroporo a0 0° C MoxHO
nosyduTh 1,0 MOJIb EpEeKpUCTAIITU30BaHHOTO KpUucTamoruapara? PactBopumocts cyibdarta Menu
npu 100°C cocrasmnsier 73,6 r,a ipu 0 °C — 14,8r.

28. CkonbkOo TrpaMMOB BOJABI M renTaruapara cyibdaTa MarHus HEOOXOAUMO B3STh IS
MPUroTOBJIEHUA HachileHHOro npu 90°C pacTtBopa, npu oxJaxjaeHuu koroporo a0 10°C MoxHO
nonyuuts 0,5 MOJIb MEPEeKPUCTAIUIM30BAHHOTO KpHctamwioruapara? PactBopumocts cynbdara
maruus ipu 90°C cocrasnisier 55,7 r, a mpu 10°C — 30,05 1.

29. CxonpKO TpaMMOB BOJBl M TenTaryapara cyibpaTa KoOaibTa HEOOXOJMMO B3ATH IS
MPUroTOBJIEHU HackimeHHoro npu 60°C pactBopa, npu oxgaxaceHur kotoporo A0 0°C MoxHO
nonyunuth 0,8 MOJb MEPEKPUCTANIM30BAHHOTO KpucTaymoruapara? PacTtBopuMocth cyibgara
kobanbTa ipu 60°C cocraBnser 56,0 r, a mpu 0°C — 24,7 r.

30. CkonmpkO TpaMMOB BOJBl W TenTaryapara cyibpaTa LOUHKA HEOOXOAWMO B3STh JUIS
MPUTOTOBJIEHHS HachleHHOTo mpu 55°C pacTBopa, mpu oxjiaxkaeHUH kortoporo a0 0°C MoxHO
nonyunuth 1,0 MOJb TMEpPEeKpHCTaNIM30BAaHHOTO Kpucrawtoruapara? PactBopuMocTs cynbdara
nunka npu 55 °C cocrasnser 80,0 r, a mpu 0°C — 41,6 1.

31. CkonbKO HYXHO B3ATh BOABI M KpucTaworuapata coctaBa AB-5H0 (Mr = 200) musa
nosyyeHus: HacoiieHHoro npu 80°C pactBopa, npu oxnaxaeHun kotoporo 1o 40° C seimagaer 0,5
MoJielt kpuctayuioruapata coctaa AB-3H20? PactBopumocts 6e3BogHoi conn AB: 80 r pu 80°C
u 40 r npu 40°C.

32. CkonbKO HYXXHO B3ATh BOABI M KpucTamioruapata coctaBa CD-7H.0 (Mr = 250) musa
nostyyeHus: HacoieHHoro npu 70°C pactBopa, npu oxisiaxkaeHuu kotoporo 1o 30°C Bemagaer 0,5
MoJielt kpucramtoruapara cocraa CD-6H20 PactBopumocts 6e3BoaH0# conu CD: 70 r npu 70°C
u 20 r mpu 30°C.

33. CkonbKO HYXHO B3ATh BOJBl M Kpucramwioruapara cocraBa EF-8H.O (Mr = 300) nans
nostydeHus HacsinieHHoro mpu 90° C pactBopa, pu oxstaxzaeHun koroporo 1o 40° C semanaer 0,5
MoJielt kpuctamoruapara cocrasa EF-4H20? PactBopumocts 6e3BogHoM conu EF: 60 r mpu 90° C
n 20 r mpu 40° C.

34. CkonbKO HYKHO B35ATh BOJbl M Kpuctamuioruapara coctaBa KL-10H20 (Mr = 400) mis
noJrydeHus: HacbleHHoro npu 90°C pactBopa, npu oxnaxzaeHue koroporo 1o 40°C semagaer 0,5
MoJielt kpuctaioruapata coctaa KL-6H20? PactBopumocts 6e3BoaHoi conu KL: 90 r mpu 90 °C
u 60 r mpu 40°C.

35.Hutpar kobamsta (Il) obpasyer tpu kpucramioruapara: Co(NO3)2:9H20, Co(NOz)2:6H20,
Co(NOz3)2:3H20. 127,2 v cmecu Co(NO3)2:9H20 u Co(NO3)2:6H20, comepxarieii 0,4 Moib
6e3BoaHOM comu, Harpenu A0 100°C. IIpu 3TOM KpucTaIoruApaThl paciylaBUINCh U 00pa3oBaiu
roMoreHsbiii pactBop. Ilocine wucnmapenust u3 pactBopa 27,0 T BOABI, CUCTEMY OXJIAJWIH [0
KOMHaTHOW Temnepatypbl. [Ipu 3ToM oOpas3oBanach paBHOBECHAass CMECh KPHCTAJUIOIHIPATOB.
Onpenennure KauECTBEHHBIN U KOJIMYECTBEHHBIN COCTaB CUCTEMBI I10CIIE OXJIAXKIEHUS.

36. Hutpatr marnust obpasyer tpu kpuctammioruapara MQ(NOs)2-9H.0, Mg(NO3)2-6H20, wu
Mg(NO3)2:-2H20. 138,8 r cmecu MQ(NO3)2:9H20 u Mg(NO3z)2-6H20, conepxameit 0,5 moinb
6e3BoaHOM conu, Harpenu 1o 130°C.IIpu 3ToM KpHCTaUIOrHapaThl pacIulaBUINCh U 00pa3oBaIn
roMoreHsbiii pactBop. llocne wucnapenust u3 pactBopa 32,4 T BOABI, CUCTEMY OXJAaIWUIH [0
KOMHaTHOW Temnepatypbl. [Ipu 3ToM oOpa3oBajiach paBHOBECHAss CMECh KPHUCTAJJIOTHUAPATOB.
Onpenenure KauECTBEHHBIN U KOJIMYECTBEHHBIN COCTaB CUCTEMBI I10CIIE OXJIAXKICHUS.

37. Hurtpar xaamus oOpasyer Tpu kpuctammioruapara: CdA(NOsz)2-9H0, Cd(NOz)2:4H2O u
Cd(NO3)2-2H20. 132,2 t cmecu Cd(NO3)2-9H,0O u Cd(NOz)2:4H20, conepxameit 0,4 Moib
6e3BoaHOM conu, Harpenu a0 60°C. Ilpu 3ToM KpucCTaIOrUapaThl pacijlaBUINCh U 00pa30Baiu
rOMOTeHHbIN pactBop. Ilocne ucnapenus us cuctemsl 16,2 T BOJBI, CUCTEMY OXJIAJWIA A0 KOM-
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HaTHOM Temmeparypel. [lpu 3ToM o0Opa3oBanach paBHOBECHAas CMECh KPUCTAJUIOTUIPATOB.
Onpenenute Ka4eCTBEHHBIN M KOJIMYCCTBEHHBIN COCTaB CUCTEMBI MTOCTIE OXJIKICHUS.

38. Xumopuna xkeneza (L) obpasyer tpu kpucrammoruapara: FeCls-3,5H20, FeCls-2,5H0 u
FeCl3-2H20. 101,95 r emecu FeCls-2,5H20 u FeClz-2H20, comepxkaineii 0,5 moib 6€3BOAHOI coH,
Harpenu g0 80°C. Ilpu 3TOM KpUCTAIIOTHUAPATHI PACIUIABHIINCH M 00pa3oBajid T'OMOI'CHHBIN
pactBop. Ilocie Toro, kak kK pactBopy m00aBuiau 4,5 T BOJIBI, CHCTEMY OXJIAJWIH JIO KOMHATHOU
temneparypbl. [Ipu 3Tom oOpa3oBanach paBHOBECHas CMECh KpHUcTauioruapaTtoB. Ompexpenurte
Ka4eCTBEHHBIN M KOJIMYECTBEHHBI COCTAB CUCTEMBI ITOCIIE OXJIAXK/ICHHUS.

39. Hurpar xob6amsra(ll) obpasyer tpu kpucramioruapara: Co(NO3)2-9H20, Co(NO3z)2-6H20,
Co(NO3)2:3H20. 192,9 1t cmecu Co(NO3)2:6H20 u Co(NOz)2:3H20, coxmepxkaimeii 0,7 mMoib
6e3BogHoM cosn, Harpenu 10 100°C. Ilpu 3TOM KpHCTAIIIOTHIAPAThl PACIUIABUIMCH U 00pa30BaIH
rOMOTeHHEBIHN pacTtBop. [Tocne Toro, kak k pactBopy modaBmiu 19,8 T BOAbI, CHCTEMY OXJIAUIH 0
KOMHATHOW Temreparypel. Ilpu 3TOM o0Opa3oBajiach paBHOBECHAas CMECh KPHCTAJUIOTHIPATOB.
Onpenennure Ka4eCTBEHHBIA U KOJIMYSCTBEHHBIN COCTaB CHCTEMBI ITOCIIE OXJIAXKICHUSI.

40. Hutpat wmaruus obpasyer tpu kpuctawioruapata Mg(NO3)2-9H0, Mg(NOz)2-6H20, wu
Mg(NO3)2:3H20. 124,8 t cmecu MQ(NO3)2:6H20 u Mg(NOz)2-:3H20, conepxkameit 0,6 moub
6e3BogHOM conn, Harpenu 10 130°C.IIpu 3TOM KpHCTAIIOTHIPATHI PACIUIABWIIMCH U 00pa30oBaiud
romMoreHHbIi pactBop. [locie Toro, kak k pactBopy no06aswiu 39,6 T BOJbI, CUCTEMY OXJIAJUIHN JI0
KOMHATHOW Temreparypel. Ilpu 3TOM o00Opa3oBajach paBHOBECHas CMECh KPUCTAJUIOTHUIPATOB.
Onpenennure Ka4eCTBEHHBIA U KOJIMYSCTBECHHBIN COCTaB CHCTEMBI TIOCTIC OXJIAXKICHHUS.

41. Hurtpar kaamusi obpasyer tpu kpuctawioruapara: CA(NOs3)2:9H20, Cd(NO3)2:4H2O wu
Cd(NO3)2:2H20. 150,4 r cmecu Cd(NO3)2:4H.O u Cd(NOz)2:2H20, comepxamieit 0,5 Moiib
6e3BogHOM coun, Harpenu 1o 60°C. TIpu 3TOM KpUCTAJUIOTHUAPATHl PACILIABHIIMCh U 00pa30oBalld
roMmoreHHbIil pactBop.llocne Toro, kak k pactBopy ao6asmwiu 17,1 T BOJbl, CUCTEMY OXJIAWIN 10
KOMHATHOW Temreparypel. Ilpu 3TOM o00Opa3oBajach PaBHOBECHAs CMECh KPHUCTAJUIOTHIPATOB.
Onpenenure Ka4eCTBEHHBIA U KOJIMYSCTBEHHBIN COCTaB CHCTEMBI TIOCTIC OXJIAXKICHHUS.

VIaekTpoaus
1. Beiuucnure Bpemsi, HEOOXOAMMOE Ui BBIAENEHUs 2,8 T jkeJe3a MpH SJIEKTPOIH3E BOJHOTO
pactBopa cynbdara xkenesa (Il), ecnu cuna Toka coctaBuna 4 A? Otset: 40 MUHYT.

2. CeMMBOAHBIN ruzpar cyiabdara Maruus (aHriauiickas conb) Maccoit 24,6 T pactBopwin B 100
M1 BoJbl. B Teduenne 50 MMH yepe3 MPUTOTOBJIEHHBIM PacTBOP MPOIYCKAIN 3JIEKTPUUECKUN TOK,
cuioif 10 A. Beraucnure MaccoByto 10110 CyiibaTa MarHusi B pacTBOpE MOCe AIEKTPOIIH3a.
OTseT: 9,85%.

3. B BoaHBII pacTBOp XJI0pHa MOTPY3UIH UHEPTHBIE SJIEKTPOAbI U MPOITYCTUIIN SIEKTPUYECKUN
Tok. Ha HeliTpanu3anuio moJy4eHHOTO pacTBOpa 3aTpavyeHa CojsHas KUCiIoTa oobemoM 34,2 M

(0% HCI = 10%, p (p-pa) = 1,05 r/ma). Paccumraiite, ¢ KakKUM MHHUMAIbHBIM OOBEMOM
XO0JIOAHOTO pacTBopa ruapokcuaa Hartpus (0% NaCl = 12,8%, p (p-pa) = 1,14 r/m)
popearupyeT BhIASIUBIIUNCS TIPU AIEKTPOIIH3E XIJIOP. Otger: 26 ML

4. Tlpu NOJTHOM 3JIEKTPOJIN3€ BOJHOTO pacTBOpPA Cyib(aTa HUKENS Ha KaToZe BhIIEIHIOCH 58,7 T
metamna. KakoB o6weM raza (H.y.), BblgenuBmierocs Ha anone? KakoBa wmaccoBas mouns
TIOJTYYEHHOM KUCIIOTHI, eCITH ee 00beM paBeH 332,2 mim, ap = 1,18 r/em3?

Otgert: 11,2 1 O2; ©(H2S04) = 25%.

5. 20 T cryaBa aTIOMHUHHS U MEIW PACTBOPWIIM B KOHIICHTPUPOBAHHOW a30THOM kuciote. [Ipu
AJIEKTPOJIM3€E MOJYYEHHOr0 pacTBOpa HA aHOJE BbLAENUIIOCh 2,8 1 raza. OmnpeneauTe MacCoBYIO
JIOJII0 KaKJ0ro MeTasuia B cruiaBe. Paccunrtaiite 00beM rasa, BBIACIUBIIETOCS IPU PACTBOPEHUH
cmiaBa B a3oTHoM kuciote. Oteet: 80% Cu, 20% Fe; 11,2 1 raza.

6. [Ina BeimeneHuss 1,75 T HEKOTOPOTO MeTajyla M3 PacTBOpa €ro Coim THOoTpeOOBaIOCH
nporyckaTh TOK cuiioi 1,8 A B Teuenue 1,5 yacoB. Beruncinure S5KBUBaJIEHT METaIa.

Otser: 17,37 a.e.Mm.
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7. TIpu >MEKTPONUTHYECKOM OCaKIeHMH Bcero xkeneza m3 200 mu pacrBopa FeSOs4 na anoze
BeIZICTMIIOCH 2712 mn kuciopoma. ['az Osu1 m3mepen npu —3°Cu 103,4 klla. Bwrauciaure
MoJIsIpHOCTB pacTBopa FeSOy. Ortser: 1,25 momb/1.

8. Ilpu snexrponuse B TeucHue 30 mun pactBopa NaCl na anone Beimenuinocs 2,8 1 Clopu 0°C
u 101,3 kIla. Kakoit oobem 0,75 H. pactBopa CuSOs MOXHO TOIBEPTrHYTh XUMHYECKOMY
MPEBPALCHUIO MPU IPOMYCKaHUH TOKA TOTO e 3HauYeHus B TeueHue 45 MuH?

OrTser: 0,5 1.

9. Ilpu snekrposnuse BomHoro pactBopa NiSOs Ha aHome BBIACTHIOCH 3,8 JI KHCIOPOIA,
usmepennoro mpu 27°C u 100 kITa. Cxonbko rpamMm Ni Beienwiocs Ha karoae? Otser: 17,9 1.

10. Tok 2,5 A Beigenun B teuenue 15 mun 0,72 T menu u3 pactBopa CuSOs. Beraucnure
KO3(PHUITUEHT T0JIE3HOTO JISHCTBHS TOKA. Otset: 97,2%.
11. CKOJIbKO MUHYT TIOTpeOyeTCst s BeIENeHHus 250 MII TpeMydero ra3a IpH JIeKTPOIIH3e

paszbaBienHol cepHoi kucioThl? Cuia Toka 0,5 A. I'a3 usmepen npu 7 “Cu 102,9 kI1a.

Ortsert: 47,4 MUH.

12. Yepes asnextposusep, coxepkamuii 10 1 7,4%-voro pactBopa KOH (p = 1,06),
MPOITYCKAIM TOK B TE€UEHHUE 2 CYTOK, MOCIIE YeTr0 OKa3aJIoch, 4To KoHneHTpanumsiKOH B pactBope
cocraBigeT 8%. KakoBa ObLia cuia Toka? Ortser: 49,3 A.

13. Tox cwiot 10 A mpoxoauT uepe3 dJeKTponu3ep, B koropom Haxomutcs 0,5 1 4,5%-
Horo pacteopa NaOH (p = 1,05). YUepe3 kakoe Bpems konuentpaiuss NaOH B pactBope
nocturHet 10%?0tBert: 86 u.

14, Haceoiennsiit mpu 20°C pactBop MeaHoro Kyrnopoca cogaepxut 27% CuSOs - 5 H20 (p
= 1,2). IIpu xakoi cuiie Toka MO>KHO B T€U€HHUE 3 4 BBIJEINUTh BCIO MeJlb U3 1 J1 Takoro pactsopa?
Otsert: 23,2 A.

15. [Tpu xakoii cuiie Toka MOXHO u3 BogHoro pactBopa NaOH BeiienuTs 6 1 kucimopoa B
teyenue 3 u? ['a3 usmepen npu 17°C u gasnenun 98 xlla.OtBet: 8,7 A.
16. UYepesz pactBop, maccoir 1500 r comu A ¢ maccoBoi nosielr BemectBa 21,46%

MPOIMYCTUITN deKTpudeckuit Tok. [Ipu 3TOM Ha KaTojae BBIISIHICS METaul, a Ha aHoxae 22,4 1
OecIBETHOTO Ta3a, IOAJCPKUBAIONIETO TOpeHne. B pacTBope mMosSBMIACH CepHAas KHCIOTA.
Omnpenenure Gopmyry conu A. Otet: ZnSO4,

17. Tox cuimoit 5 A mpomyckaad B TEYEHHE dYaca dYepe3 pPacTBOP CEPHOU KHCIIOTHI.
Brruncnute Maccy paznosKuBIIEHCS BOJIBI U 00EMBI KHCIIOPOAa U BOAOPOA.

Ortser: 1,67 r H2O; 2,09 1 Ho; 1,045 1 Oo.

18. Omnpenenute cUily TOKa MPH EKTPOIM3e, eciau 3a 50 MUHYT BBIAETHIIACH BCS MEIb U3
120 M1 0,4 H. pactBopa CuSOa. Otgert: 1,54 A.

19. Yepes pacTBOp COJIM HEKOTOPOIrO MeTallla MPOIMyCKald TOK cuiloi 1 A B TeueHue 26 4
48 muH. IIpu sToM BeIenmiiocs 31,7 r Mmetanna. OnpeaenuTe 3TOT METalL. OTBeT: Menb.
20. Yepes pacTBOp COJIM HEKOTOPOIO METallla MPOITycKalu TOK cuioi 1 A B TeueHue 53
MuH 36 c. [Ipu aTom Beienmiiocs 3,6 T Metaiia. Onpenenure 3TOT METall. Orger:
cepebpo.

21. PactBop cynbdara menu moasepriu snekrposm3y. [Ipu cue Toka 0,5 A 3a 214,3 Mun
BbIAENUIIOCH 2,1 T Menu. KakoB 3apsig nona menu? OtBeT: 2+.

22. Yepes pacTBOp coM IBYXBAJIEHTHOTO MeTailia B TedyeHue 10 yacoB npu cuite Toka 2,68
A mnponymeno 96484 Kn nanekrpuuectBa. Ha snextpome Bwigenunochk 12,15 r meramna.
Onpenenurte 3TOT METAL. OTBeT: MarHum.

23.Yepes pacTBop cynb(haTa MeIu Mponyckain Tok cuioil 2 A B tedyenue 30 MuH. CKOJIBKO Men
BbIIETUTCS Ha snekTpoje? Kakoe BemecTBO M B KaKOM KOJUYECTBE BBIJCIUTCS Ha JIPYroM

anexkTpoae? Otser: 1,2 Cu; 0,2 1 Oa.
24.I1pu anexrponusze 200 r 15%-Horo pacTBopa cyib(arta Kaiaus Ha aHOJA€ BbLaenuwiock 14,56 n
ra3a. Beluncnnure KOHIEHTPALMIO pacTBOPA 110 OKOHYAHHUH 3JIEKTPOJINA3A. Otser: 17%.

VI Oco0eHHOCTH OJIMMITHATHBIX 32124
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3a0aua 1. YcTaHOBHTE COOTBETCTBHE MEXAY (POpMyIIOi CONMM W 3JIEKTPOHHOM KOH(UTrypanuen
BAJICHTHOTO YHEPIeTUYECKOT0 YPOBHS LIEHTPAIBHOTO aTOMA.
1. NaClOs

2. KoMnOgy
3. (NH3)2Cr207
4. (NH4)2S207

BapI/IaHTI)IOTBeTOB:
3s%3p%3d% 3s23p%3d%; 3s°3p°30?; 4s°3d% 4s%3dl; 4s!3dC.

3a0aua 2. YCTaHOBUTE COOTBETCTBHE MEXIy (GOPMYJIOH MOJEKYJIbl WM HOHA U THUIIOM
rUOpUAN3aIMK BAJIGHTHBIX OpOUTaIel LeHTPaJIbHOrO aToMa.

1. PFs

2. SO4*

3. COCl;

4. AlFg*

BapuanTsl 0TBETOB: SP; SP2; Sp°; spd; sp3d?; dsp?.

3adaua 3.Mertann maccoir 14,4 r oOpaboTanu M30BITKOM pPa30aBIEHHOTO pacTBOpa a30THOM
kucinoTel. K moimydeHHOMy pacTBOpYy A00aBHIM M30BITOK PacTBOpA LIENOYN W MPOKUIIATHIN, TPU
3ToM BBIZENHIOCH 3,36 am® Tasa (m.y.). HemsBecTHmIM MerammoM sBisercs  (Bemure
CHMBOJI METaJIa).

3adaua 4K comeBoMy pacTBOpy, colepkamieMy KapOOHAThl HATpUS W Kalus, CyMMapHas
MaccoBasi JI0Js KaTHOHOB B KOTOPOM paBHAa CyMMapHOW MacCOBOHM [10Jie¢ aHHMOHOB, J00aBUIH
pacTBop HuTpara Oapusi. B oOpaszoBaBuieMcsi pacTBope CyMMapHash MaccoBasi J10Ji1 KaTHOHOB
TAaKXKE€ OKas3ajach pPaBHOM CyMMapHOM MacCOBOWM [I0JI€ AaHUOHOB. PacrosiouTe HWOHBI,
HaxoJsdIIuecs B JaHHOM pacTBOpE, B TMOPSAKE YBEIMYEHUS HX MOJSIPHOM KOHIIEHTPALUU
(mporteccamu TuApoIn3a npeHeopeun, Ar(Ba) = 137).

3aoaua 5. llpu B3aMMOAEHCTBHM AMXpOMATa Kajus C MEPOKCHUAOM BOAOpPO/A B HMPUCYTCTBUHU
CepHOW KHUCIIOTHI M3MEHEHHE KOH(HUTypallii BaJICHTHBIX JJIEKTPOHOB JIIEMEHTa-OKHUCIUTEIS
COOTBETCTBYET cXeMe (BbIOOp OJJTHOTO OTBETA U3 YEThIPEX MPESIOKEHHBIX).

3adaua 6. Onpenemute 06beM (cM°) 0,01 M pacTBopa rHAPOKCHIA KaIns, KOTOPHI HEOOXOIHMO
no6asuthk k 500 cm® pactBopa ¢ konnentparmeit KOH 104 M ans nosnyuenus pactsopa ¢ pH 11
(a=1, p=1r/ cM>, c TOUHOCTBIO /IO IEIBIX).

IPUMEPHI TECTOBBIX 3AJTAHUM
TECT
3ajanue 1. YcTaHOBUTE COOTBETCTBHE MEXAY D3JEKTPOHHOM KOH(Urypalueil BaJeHTHOTIO
9HEPreTUYecKOro ypoBHS 3JeMeHTa U (POpMYJION ero BBICIIET0 OKCHAA.
1.4s24p3
2. 4s'3d®
3. 6s?5d*
4. 5s%4d?
Omeem Nel:
As205
Omeem No2:
CrOs
Omeem No3:
WO3
Omeem N4
VA())

3aganue 2.
KoBanenTHas cBsi3b, 00pa3oBaHHAs IO JOHOPHO-AKIENITOPHOMY MEXaHU3MY,
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peann3yercs B COeIMHCHUSX ...

Omeem Nel:

NH4CI

Omeem No2:

HAuUCl4

3ajanue 3.

Crenens runponun3a xiaopuaa xkenesa (111) ypenuaurces npu 106aBieHUU pacTBOPOB ...

Omeem Nel:

Ba(OH):

Omeem Ne2:

K2COs3

Omeem Ne3:

NaxS

3ananue 4.

K mpoMbIIsieHHOMY COJIEBOMY PacTBOPY, COAEpKaIeMy XJIOPUAbl Kalus U HATPUs, B KOTOPOM
CyMMapHasi MaccoBasi JJ0JIsl KATHOHOB paBHA CyMMapHOM MacCOBOH J10Ji€ aHHOHOB, JOOABHIIU PACTBOP
HUTpata cepeOpa. B oOpasoBaBiieMcs pacTBOpe cyMmMMapHas MaccoBasi JOJsI KaTHOHOB TakKke
0Ka3aJach paBHOM CyMMapHOM MAacCOBOM J10Ji€ aHMOHOB. PacronoKuTe NOHbI, HAaXOISIIHUECS B TAHHOM
pacTBope, B MOPSJIKE YBEIMUCHUS UX MOJIIPHOM KOHIIEHTPALIUH.

Omeem Nel:

Na*

Omeem Ne2:

Ag*

Omeem Ne3:

K+

Omeem Ne4:

NO3

3ajanue 3.

ITpu obpabotke 33,75r cMecu MOPOLIKOB IIOMHUHUS M MEIU PAacTBOPOM THAPOKCHIA HATpUs
BBIZICIUIIOCH 6,721 ra3a. MaccoBasi J0Jisi MEJId B CMECH COCTaBJISIET % (¢ TOYHOCTBIO JI0 IIEJIOTO
snauenust).Ar(Cu) = 64, Ar(Al) = 2

Omeem: 84

3ananue 6.

CornacHo npaBujaM TEXHUKHU 0€30IIaCHOCTU U OXpaHbl TPyJa B 1a0OPATOPHOM anTeuKe AOKEH
MPUCYTCTBOBATh HAIIATBIPHBIA CIIUPT (pacTBOp aMMHUaka B BOJE) C MaccoBoM aoneir ammuaka 10%.
O6bem amMmuaka (H.y.), KOTOpblii HeoOxoaumo pactBoputh B 200 min 5%-noro pactBopa (¢=0,977
r/mit), 4T00bI osryuuTh 10%-HbIN pacTBOP COCTABISAET a.

Omeem: 14,3

3ananue 7.

B 0OBIUHBIX YCIOBHAX 30JI0TO OTJIMYAETCS BBICOKOM XUMHUYECKOW cToiKocThio. [lig ero
pacTBOpeHHs] OOBIYHO HCHOJB3YIOT IAPCKYI0 BOJKY - CMECh a30THOM W coiisiHOW kucioT. Ilpu stom
obpa3zyercst komruieKcHbI aHnOH [AUCI4]", a HUTpaT-MOH BOCCTAaHABIMBACTCS C 00pa30BaHUEM OKCHJIA
asora (I1).

CreneHp OKHCJICHHS W KOOPIWHAIMOHHOE YHCIIO KOMIUIEKCOOOpa3zoBareisi B 0Opa3yromeMcs
KOMIIJIEKCHOM CO€IMHEHHH PaBHBI COOTBETCTBEHHO ...

Omeem Nel: +3

Omeem Ne2: 4

3aganue 8.
B ypaBHEHHM OKHCIIUTETBbHO-BOCCTAHOBUTEIBHON PEAKLIUU

K2Cr.07 + HCI= ... + Cl2t + ... + H20
k03 duumeHT nepen GopMyIioil BOCCTAaHOBHUTEIS PaBEH. . ..
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Omeem Nel: 14

Omeem Ne2: 26

Omeem Ne3: 35

3amanue 9.

Ecnu 0,01 M pacTBOp COJISIHOM KUCIOTHI pa30aBUTh BOAOH B 2 pa3a, To 3HaueHue pH ...

Omeem: Omeem Nel: yBenuuutcs Ha 0,3

Omeem No2: yBennuutcs Ha 0,5

Omeem Ne3: ymenbiutcs Ha 0,2

3apmanue 10.

3nauenue pH, npu koTopom HauHeTcs ocaxaeHue ruapokcuaa meau (1I) uz

0,001 M pacTtBOpa ee HUTpaTa, paBHO (C TOYHOCTHIO IO COTBIX, PACTBOP CUHUTATh HJCATHHBIM,

...KsCu(OH); =2,2:10%. ..

Pezynomam sanuwume 6 8ude oecamuuno2o 4ucia ¢ 08ymMs 3HAKAMu nocje 3ansimou (Hanpumep.
1,36).

Omeem: 5,67

3ajnanue 11.

Jns ompeneneHus coiaepskaHus THIPOKapOOHAT-MOHOB B MHHEpAIbHOW BoJie MpoOy 00beMOM
100 M3 OTTHUTPOBAJIM PACTBOPOM COJISTHOM KHMCIIOTHI B NMPUCYTCTBUU METHIJIOBOTO OpaHxeBoro. Ha
TuTpoBaHue ObuTo0 m3pacxomoBano 11,8 mu 0,0150 M pacrBopa HCI. Conpeprkanue ruapokapOboHaT-
MOHOB B MUHEPAIHHOU BOJIE COCTABIISIET MT/J1 (C TOYHOCTBIO JIO LEJBIX).

Omeem: 108

3ajnanue 12.

Oneprus cBa3u O-H B monekyine Boxabl cocraBisier 462,6 k/Dx/mMons. C yuyeToM TOro, 4ro
9HEeprum cBs3eil B mojekynax Hy u O paBHBI cooTBeTcTBEHHO 436 M 495 KJ[>K/MOJIb, CTaHIApTHAS
sHTaJbIus oopazoBanus HoO(T) cocraBiser k/J[>K/MOJIb (C TOYHOCTBIO JIO IEI0T0 3HAYCHHUS ).

Omeem: -242

3amanue 13.

Hauanpubie koHIIeHTpanmu okcuaa azora (II) u kucnopoaa B cucrteme

2NO + O2 = 2 NOzcocraBnsumu 0,5momb /1 u 0,4 Monb/1 cooTBeTcTBeHHO. K MOMEHTy, Korja
npopearupyet 80% ucxoaHoro koauuectsa okcuaa azora (II), ckopocTs peakium yMEHbIIUTC B
pas.

Omeem: 50

3amanue 14.

VYcraHOBUTE  COOTBETCTBHME  MEXKAY TapaMeTpoM UM XapaKTepoM €ro  HM3MEHEHHs,
HEOOXO0UMOTO/IJIs1 YBeTU4YeHUs Bbixofa npoaykra (CO) B peakiuu

CO2(r)+ Car) > 2CO () ; ArtH = 173 xIx.

1. Temneparypa

2. laBnenue

3. KonuentpauusCO

4. KonnentpauusiCO2

Omeem Nel:

MTOBBICUTH

Omeem No2:

MTOHHU3UTH

Omeem No3:

MTOHHU3UTH

Omeem No4:

MTOBBICUTH

3amanmue 15.
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OcMmoTHYecKoe JaBieHue pactBopa rmokossl npu 20°C pasmo 511,7 kIla. Ecnu pa36auth
pacTBOp B TpU pasza, a TeMiepaTypy moBeicuth 10 50°C, To ocMOTHMUYEcKOe MaBICHHE Oyjer
COCTAaBJISITh klla (c TOYHOCTBIO /10 LIEIOr0 YUCia).

Omeem: 188

3ajnanue 16.

CranpbHO€ u3JENHE C HUKENEBbIM IOKPBITHUEM HCHOJb3YyEeTCsl BO BIAXHOW aTmochepe u
HEUTpanbHOU cpene. Y paBHEHUS AJIEKTPOJHBIX Peakifii, KOTopble OyAyT IpOTEeKaTh MPU HAPYLICHUU
LEJIOCTHOCTU MOKPBITHS, UMEIOT BUJT ...

Omeem Nel:

Fe - 2e — Fe**

Omeem No2:

02 + 2H20 +4e—40H"

3amanue 17.

XpoMHUpOBaHKUE CTAJBHOM JETaqu MPOBOAWIHN B pacTBope cyibdarta xpoma (ll) ¢ unepTHBIM
aHOJIOM B TeueHHe lyaca mpu cuie Toka 4,5 A u Bbixoje mo Toky 35%. Macca BbIETUBIIErocs XpoMa

COCTaBHJIA r (¢ TouHOCTBIO 10 1iesoro 3Hadenus, Ar(Cr) = 52,0; F = 96500 Ki/mois).
Omeem: 1
3aganue 18.
Cuntes - ra3 (cmece CO u Hp) sBISeTcss HCXOAHBIM CBIPHEM JJISL MPOMBIILIEHHOTO

IIPOM3BOJICTBA METAHOJIA U MHOTHX JPYTMX MPOAYKTOB XUMHUYECKOM MpOMbIIeHHOCTH. OHUM U3
Croco00B MoTydeHus: CUHTe3 - rasa sipnsiercs peakuus H2O(r.) + C(rpadut) = CO(r.) + Ha(r.). Cunres
poBoauTCs B peakTope oobemom 1 M3 ¢ ucronssosaruem 100 kr rpaduTa U 5 MOIb APOB BOBI IIPH
temneparype 800°C. CoriacHo cripaBOYHBIM JIJaHHBIM, IPUBEICHHBIM B Ta0JIHIIe

BemecTBo A H .. KK/ MOTE SZeg: oK /MOME - K
Hy(1) 0 130,7
C(rpadmur) 0 5.7
CO(r) -110.5 197.7
H,0(r) -241.8 188.8
(3aBHCHMOCTBIO TEPMOJMHAMUYECKUX (DYHKIMHA OT TeMIepaTypbl IpeHeOpeyb), BBIXOJ] CHHTE3 -
rasa B JJaHHBIX YCJIOBHUSIX cOCTaBisieT %,
Omeem: 58
3aganue 19.

OCHOBy kiaes IIBA cocraBmser noJmMep  MOJIMBUHWJIALCTAT, KOTOpBIfI IoJIy4aroT
nonHMepmauMeﬁ BUHUWIANCTara. Cremnenb MOJIMMEPHU3allUN MMOJIMBUHUIIALCTATA, €CJIM OCMOTHUYCCKOC

nasienue 0,01%-Horo pacreopa (p = 1 r/em®) mpu 25°C pasHO 5,76 Ila, a moemeHHe pacTBopa
noguuHseTCs ypaBHeHHI0 BanT-I'odda, cocTaBiseT (¢ TOYHOCTBIO JI0 IIEJIOT0 3HAYCHU) ...

Omeem: 500

3amanue 20.

[ToreHnmanonpenensOnMM HOHOM B KOJUIOMJHOW  yacTule, oOpa3oBaBuIelics INpu
B3aumoeiicteuu 60 mi 0,001M pactBopa HuTpara cepebpa c20 mu 0,002 M pactBopa xjopujia
MarHusi, SBJsSETCS UOH ...

Omeem:CI".

7 HIEPEYEHb TH®OPMAIIMOHHBIX TEXHOJIOT Ui, NCIIOJIb3YEMBIX
B NIPOIECCE OBYYEHUA
NudopmanuonHbie TeXHOJOTMH— OO0y4YeHHE B JJIEKTPOHHOM 00pa30BaTelIbHOW cpene C
[EeNbI0  pacIIUpeHus JocTynma K o0pa3oBaTelbHBIM —pecypcaM, YBEJIWYEHHUS KOHTaKTHOTO
B3aI/IMOlIeI\/'ICTBI/I$[ C IMpcrogaBarciieM, IIOCTPOCHUA HWHIAUWBHUAYaAJIbHBIX TpaeKTOpI/Iﬁ HOATOTOBKU,
00BEKTHBHOTO KOHTPOJISI 1 MOHUTOPUHTA 3HAHUH CTYACHTOB.

63



B oOpa3zoBarensHOM TIpoIiecce MO AUCHUTUTMHE HCIIONB3YIOTCS CIEAYIOIe HHPOPMAIIOHHBIE
TEXHOJIOTHH, SBJISIFOITUECS KOMIOHEHTAMHU JJIEKTPOHHOUW WH(OPMAIMOHHO-00Pa30BaTEIHLHON CPEIbl
BITIY:

e Odunmanpusii caiit BITIY;

e Cucrema snextporHoro ooyuenuss ®I'b6OY BO «bI'TIV»;

e (CucremMa TeCTHpOBaHHS Ha OCHOBE eIMHOTO Tmoptana «HTepHeT-TecTupoBaHus B cdepe
00pa3oBaHUsT WWW.i-exam.ruy;

e Cucrema «Auturuiaruat.BY3y;

e DJIEKTPOHHbIEC OMOINOTEUHBIE CHCTEMBI,

o MynbTUMEIUIHOE CONMPOBOKICHUE JIEKIIMN U MPAKTUYECKUX 3AHATUH.

8 OCOBEHHOCTHU U3YYEHUS JUCUUITIMHbI UHBAJIMJAMU U JIMINAMMU C
OI'PAHUYEHHBIMHA BO3MOXKXHOCTSAMU 3/10POBbS

[Tpu 0OydeHuM JUIl ¢ OTPAHUYCHHBIMUA BO3MOKHOCTSIMH 37I0POBbSI MPHUMEHSIOTCS a/1aliTHBHBIE
o0pa3oBaTelbHbIC TEXHOJOTHMH B COOTBETCTBUM C YCIOBHSIMH, H3JIO)KCHHBIMH B  pasjele
«OcobeHHOCTH peain3aluy 00pa30BaTENbHON IPOrPAMMBI Il HHBAJIUIOB U JIUIl C OTPAHUYECHHBIMHU
BO3MOXXHOCTSIMH 3JI0POBbBSI» OCHOBHOI 00pa30BaTeIbHOI MPOrpaMMbl (MCIOJIB30BAHUE CIICIIUATBHBIX
y4eOHBIX MOCOOMH M MUAAKTUYECKHX MaTepHANIOB, CIICIUAIBHBIX TEXHHUYECKUX CPEICTB OOydeHUs
KOJJICKTHBHOTO ¥ MHJIMBH/yaJIbHOTO TI0JIb30BaHUS, IPEIOCTABICHNUE YCIYT aCCUCTEHTA (ITOMOIIIHUKA),
OKa3bIBAIONIETO OOYYArOIIUMCS HEOOXOMUMYI0 TEXHHYECKYI0 IOMOIIb M T. I.) € Y4&ToM
WH/IMBUYAIBHBIX OCOOCHHOCTEH 00yYarOIIUXCS.

Jist 0Oy4Jaronuxcsi ¢ OrpaHUYCHHBIMHA BO3MOYKHOCTSIMU 3JI0POBBSI IPEAYCMOTPEHBI CIIEAYIOIHNE
(GOpMBI OpraHu3aIMy NeIarornieckoro mpoiecca U KOHTPOJIs 3HAHUM:

- JUIsl c1abOBUIAIIMX:

o0ecrieuyrBaeTCsl HHIUBUAYAIbHOE PaBHOMEpPHOE ocBelieHue He Mmeree 300 JroKc;

JUIS  BBIMIOJIHEHWS]  KOHTPOJIBHBIX — 3aJ@aHUM  1pH  HEOOXOAWMOCTH  TPEAOCTABISAETCS
YBEJIMYHBAIOLIEE YCTPOHCTBO;

3aJJaHusl UTS BBITIOTHEHUS], 8 TAK)KE€ MHCTPYKIIMU O MOPSAKE BBHITIOTHEHUSI KOHTPOJIBHBIX 3aIaHHUH
ohopMIISIIOTCS yBeNnueHHBIM HipudTom (pasmep 16-20);

- JUTISl TITYXHUX U C1a00CITBIIAITIX

o0ecreynBaeTcsl HaJIM4Ke 3ByKOYCHIIMBAIONIEH amnmaparypbl KOJUIEKTUBHOTO MOJIb30BAHUS, MPU
HEO0X0IMMOCTH o0yJaroImumcst MPEIOCTABISIETCS 3BYKOYCHJIMBAIOIIAS ammaparypa
WH/IMBUYaJIbHOTO M10JIb30BaHMS;

- JUIS JUI] C TSDKEIBIMA HApyIICHUSMH PEeYd, TIYXHX, CIa0OCHBIIIAIUX BCE KOHTPOJIHHBIE
3aJJaHMs 10 KEJIAaHUIO MOTYT IIPOBOJIUTHCS B MUCBMEHHON (hopMe.

OcHOBHOII (OpMOH OpraHM3alUU TEJarorHIecKoro Mporecca SBISETCS WHTETPUPOBAHHOE
o0yuyeHHe MHBAIMJOB, T.€. Bce OOydarolIMecs ydaTcsl B CMEIIAHHBIX TPYMMax, UMEIOT BO3MOKHOCTh
MIOCTOSTHHO OOIIAaThCsl CO CBEPCTHUKAMM, JIETUYE aJaTHPYIOTCS B COIIMYME.

9 CIIMCOK JIMTEPATYPbBI U UTH®POPMALIMOHHBIX PECYPCOB
9.1 JIutepartypa
OcHoBHasi iMTEpaTypa

1. Apnamnukosa, E.M. COopHUK 3a1a4 Mo HeopraHudecko xumuu: ydeO. mocobue / E.N.
Apnamaukosa, [.H. Mazo, M.E. Tamwm ; mox pen. FO./l. TperbsikoBa. — M. : Akanemust, 2008. — 207 c.
(20 7k3.).

2. Xumusd. 3agavyHuk : ydebHoe mocodbme mis By3oB / HO. A. JlebeneB [u np.] ; mom oOmieit
penakmueii ['. H. @aneesa. - Mocksa : M3natensctBo FOpaiit, 2022. - 236 c. - (Bsiciiee oOpa3oBanue).
- ISBN 978-5-9916-5732-7. - Tekcr : anmektponHbIi // OOpa3oBatenbHas mwiatdopma Opaiit [cait]. -
URL: https://urait.ru/bcode/468826
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3. Xumus. 3amadyauk : ydeOHoe mocobue ans By30oB / HO. A. Jlebenes [u np.] ; mox oOmiei
penakumeii ['. H. ®daneeBa. - Mocksa : M3gatensctBo FOpaiit, 2022. - 236 c. - (Beicmee oOpazoBanue).
- ISBN 978-5-9916-5732-7. - Tekcr : anekrponnsiit / O6pa3oBarensHas miatdopma Opaiit [caift]. -
URL: https://urait.ru/bcode/468826

JonosHUTEILHASA JUTEpPaTypa

1. Axmetos, H.C. AzuzoBa, M.K., bagsiruna JI.W. JlabopaTopHble 1 CEeMUHAPCKHUE 3aHATHS 10
oOmel 1 HeopraHuyeckor Xxumun: yaeonoe nocooue / H.C. AxmetoB. — 6-¢ u3., ucnp. — M. :Jlanb,
2014. —-368 c. (10 7x3.).

2. 'muuka, H.JI. 3agaun u ynpakxHeHus 1o o01el XxumMuu : yued. mocodue s ctya. By30B / H.
JI. nuuka ; mox pen. B. A. PabunoBuya, X. M. Pyounoi. — crep. uzn. — M. : Uurerpan-Ilpecc, 2011.
—240c. (16 3k3.).

3. ®pomnos, B.U. [Ipaktukym no o0111ei 1 HEOPraHUYECKOW XUMUU: y4e0.1mocodue 1ist CTy/I.
BY30B, 00YYaIOIIMXCS IO HAMPaBICHUIO «MeTarutyprus», « XuMUuecKasi TEXHOJIOTHUS U
ouorexnonorus» / B.U. ®ponos, T.M. Kypoxtuna, 3.H. [IsimoBa ; moz pea. H.H. Ilasnosa, B.H.
®pososa. — 2-¢ u3., nepepad., gom. — M. : JIpoda, 2002. — 301 c. (30 3k3.).

4. Aptemenko, A.. CnpaBouynoe pykoBoacTso no xumun / A.W. Apremenko, U.B. TukyHoBa,
B.A. MasieBaHHBI#. — 2-¢ u37., iepepad. u gon. — M. :Beicmr. mik., 2003. — 366 c. (27 7k3.).

5. Epwirun, JI.I1. Meroauka perieHus 3a1a4 1o XuMuu: yued.mocodue Ass CTy/. Mejl. UH-TOB 10
owon. u xum. cuerl. / [I.I1. Epeirun, E.A. [llumkua. — M. : [Ipocsemenue, 1989. — 176 c. (15 3x3.).

6. Kopcak I''I. DOxcnepumenrtanbubie 3agaun no xumuu [Text] / Kopcak I'M. - Munck :
Hap.acsera, 1981. - 112 c. — 15k. p. (7 7K3.).

7. KynpsBues, A. A. CocraBieHne XUMHUECKUX ypaBHEHUH : yuel. mocodue s TeX. By30B / A.
A. KynpsBues. - 7-e u3j., nepepad. u goi. - MH. : Beicr. mk.-A, 2009. - 319, [1] c. : wi. (19 3x3.).

8. Jlunun, P.A. Heopranuueckas Xxumus B peakiusx: cripaBounuk / P.A. Jluaun, B.A. Mosouko,
JLLJI. AanpeeBa. — 2-e u3., nepepad., gomn. — M. : IIpoda, 2007. — 637 c. (5 3Kk3.).

9.2 ba3bl JaHHBIX H HHGOPMAIHOHHO-CIIPABOYHbIE CHCTEMBbI
1. Caiit o xumun http://www.xumuk.ru
2. Karanor oOpa3oBartebHbIX HHTEpHET-pecypcoB http://www.edu.ru
3. DnekTponHast bubnuoteka mo xumuu http://www.chem.msu.su/rus/elibrary/
4. Tlopran Hay4HO¥H 25eKkTpoHHOM OubmroTeku http://elibrary.ru/defaultx.asp
9.3 DJ1eKTPOHHO-0MOIHOTEYHbIE PeCYPChI

1. Monmpen (0630p CMN). - Pexxum noctyna: https://polpred.com/news
2. OBC «IOpaiit» https://urait.ru

10 MATEPHAJIBHO-TEXHUYECKAS BA3A
JUia  mpoBeneHUs 3aHATUM  JIGKIIMOHHOTO W CEMHUHApCKOro THUIMA, TPYIINOBBIX H
VHAWBUAYAJIbHBIX KOHCYJIBTALUN, TEKYIIETO KOHTPOJIS U MPOMEXKYTOUYHOM aTTECTallMM UCIIOIb3YIOTCS
ayJIMTOpUH, OCHAIIEHHbIE Yy4eOHOW MeOenblo, ayJAUTOPHON JOCKOM, KOMIbIOTEpoM(paMu) ¢

YCTaHOBJICHHBIM  JIMLEH3UOHHBIM  CIELUAIU3UPOBAHHBIM OpOrpaMMHBIM  OOecrieueHueM,
KOMMYTAaTOpoM JUIsl BBIXOJAa B  3JEKTPOHHO-OMOIMOTEYHYIO CHUCTEMY U JNEKTPOHHYIO
UH(POPMALIMOHHO-00pa30BaTENbHYIO cpeny BI'TIY, MYJIbTUMEAUNHBIMU [IPOEKTOPaMH,

9KCIO3ULIMOHHBIMU JKpaHAMH, Yy4e€OHO-HArJsJHbIMU MOCOOUSMHU (TaONHIbI, MYJIbTUMEIUNHHBIE
npe3eHTanuu). s npoBeieHus MPaKTUYECKUX 3aHATHH TaKKe UCTIONIb3YeTCs:

Aya. 103 «A». JlabopaTropusi HECOPraHMYECKON XUMHUH

Cron nucbMeHHbIi 2-mecT. (12 miT.)

Cryn (25 mwr.)

Cron npenogasatens (1 mr.)

Cryn npenogasarens (1 mr.)

[Tromutp (1 mit.)
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https://urait.ru/

e Cron nabopaTtopHslii (3 mmiT.)

e AyautopHas nocka (1 miT.)

e KomnpioTep € YCTaHOBJICHHBIM JIMIICH3MOHHBIM CIIEHUAIU3UPOBAHHBIM  MPOTPaAaMMHBIM
obecrieyeHreM (2 mr.)

o [Ipunrtep «Samsung» (1 mmr.)

e 8 - moproBeiii kommyTatop D-LinkK mns Beixoma B 3J€KTPOHHO-OMOIMOTEYHYIO CHCTEMY H
AJIEKTPOHHYIO HH(POPMAIIMOHHO-00pa3zoBarenbhyto cpeay BI'TIY (1 mT.)

e  Mynprumeaunitaeiii mpoexkTop SHARP -10 X(1 mT.)

e DKCHO3UIMOHHBIN 3KpaH (HaBecHOM) (1 mIT.)

e CymmibHbBIN mKad

e Becol EK-410 (Texuuueckue)
XuMuyeckas nocyaa

e IllTatuBsl st IPOOHPOK, HATPEBATEILHBIC TPUOOPEI, TAOOPATOPHAS MOCYIa

e XUMHYECKHE PEAKTHBBI [0 TEMATUKE 1a00paTOPHBIX padoT

Y4eOHO-HarNAgHbIe MOCOOMS - Claibl, TaOMUIbl, MYyJIbTUMEAUMHBIE TPE3CHTAUU IO
JMCIIATUTAHE.

CaMmocrosiTenbHasi paboTa CTYJEHTOB OpraHH3yeTcs B  ayJUTOPHUSX, OCHAIIEHHBIX
KOMITBIOTEPHON TEXHHMKOH C BBIXOJIOM B JJIEKTPOHHYIO WH(OPMALMOHHO-00pPA30BATEIbHYIO Cpemy
BYy3a, B CIICUATM3UPOBAHHBIX J1a00paTOPUAX MO TUCIUILIMHE, a TAKXKE B 3aJlaX JIOCTYIa B JTOKAIBHYIO
cetb BI'TIY, B mabopaTopuu MCUXO0JIOTO-TIEAATOTHYECKUX UCCIETOBAHUNA U JIp.

JInneH3noHHOE MporpaMMHOEe 0OecIieueHre: OlepaluoHHbIe cucTeMbl ceMericTBa Windows,
Linux; oducHbie mporpammbl Microsoft office, Libreoffice, OpenOffice; Adobe Photoshop, Matlab,
DrWeb antivirus u T.1.

Paspabotuuk: Eroposa 1.B., 10KkTOp XUMHUYECKHX HayK, podeccop Kadeapbl XUMHH.
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11 IUCT UIBSMEHEHUHA U JONTOJITHEHUM

YTBep:xkaenue usmenenuii u nonojHenuii B PILJI s peanuzanuu B 2024/202S yu. r.
PIIJI mepecmotpeHna, obcyxaeHa u ogoOpeHa as peanmsanuu B 2024/2025 ydeOHoM Toay Ha
3aceqanuu kadeapsl xumuu (mpotokon Ne 8 ot 30 mas 2024 1.).

YTBep:xkaenne usmenenuii u nonojHenuit B PILJI nnsa peanuzanuu B 2025/2026 yu. r.

PIIJI nepecmoTtpena, oocyxaeHa u ogoopeHa s peanusanuu B 2025/2026 ydeOHOM roay. Ha
3acenanuu Kadeapsl XuMuu (mpotokon Ne 6 ot 26 mapta 2025 1.).
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