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NMPEAUCITIOBUE

ITpensaraemoe BallleMy BHUMAHUIO IOCOOME IOATOTOBJIEHO BHICOKOKBAJIM-
GUIIUPOBAHHBIMU COTPYAHUKaAMU Kadeapbl XUMUM POCCUICKOT0 HAIUO-
HaJIBHOTO WMCCJIEOBATEJBCKOTO MeAuIIMHCKOTro yHuBepcurera (PHUMY)
uMm. H. U. ITuporoBa, mpodeccopamMu, AOIMEHTAMHN W CTAPHIMMU IIPEIo-
IaBaTeJsIMU, WMEIOINIMMMU MHOTOJIETHUN OIIBIT NpeloJaBaHUA XUMUU
yyamniuMcsa MeAUKO-OMOJOTMYEeCKUX KJAaCCOB JIUIEEB, aCCOIMUPOBAHHBIX
¢ PHUMY, a Tak:ke HOATOTOBKM U IIPOBEAEHUS BCTYIUTEJIbLHBLIX 5K3a-
MEHOB II0 XWMUH.

Ilpu moxroroBke mocoOus aBTOPHLI CTapaJuCh OdaTh B MaKCUMAaJb-
HO [JOCTYOHOM IJA BOCHPUATUA (opMe TOJHBIN 00BbeM MaTepuaja IIo
XUMHUN, U3y4aeMOr'o B CpeIHell IIKOJie, MOIIOJHNB €ro COBPEeMEeHHbIMU
TEOPETUUECKUMHU BO33PEHUIMU.

ITocobue coctouT u3 uerThIpex dYacTeii: dacThb I — «O0mIas XuUMUI»;
yacTh Il — «Xumusa saeMeHTOB»; uacThb III — «Oprammuueckasa XUMUI»;
B uacTtu 1V mpuBemeHbl HEOOXOAMMbIe MaTepPUAJbl IJIsI YCBOEHUS MaTepua-
Jaa (mepuoandyeckasa tabauia xummdyecKux asemeHToB I[. 1. Menneseena,
TabJanIla PacTBOPUMOCTU KUCJIOT, COJIeli M OCHOBAHUII B BOJEe, KpaTKUe
CBEIEHUS O BAYKHEHUINNX HPUPOSHBIX COEIMHEHUSX W OCHOBHBLIX XUMUUE-
CKUX IPOUBBOJICTBAX, TAOJUIIBI C KAUECTBEHHBIMU PEAKIIMAMUN HA HOHBI
U Ha opraHMYecKue BeIlecTBa), a TaKiKe coleps:KaTcsa OTBEeThl Ha Bce
sagauus pyopur «I'oroBumcsa K EI'9».

Kaxkgasa Tema mocobusi HAUMHAETCA C KPATKOTO TEOPETUYECKOTO0 BBe-
IeHNnsd, 3aTeM MIPUBOLATCA IPUMePhl PelleHrsa KaK TUIOBBLIX 3a4a4, TakK
U 3aJa4 IIOBBIIIEHHON CJIOMHOCTH, OPMEHTHPOBAHHBIX HAa IIOATOTOBKY
K OJMMIIMAJaM pPa3JWYHOTO YPOBHS CcJOKHOCTU. [lajee mpepyaraiorT-
cd 3amaHusa (3a4aYyy W yOParKHEHUA) IJA CAMOCTOATEJIBHOTO PpelieHusd
obyuarormuMmucs. oA 3agaHuii, UMeIUX YNCJIOBOM OTBET, NPUBEIEHBI
OTBEThI. 3aKaHUNBaeTCA KaKIbIH pasaes Boupocamu EI'D mo cooTBeTCcTBY-
oM TeMaMm. @opmyaupoBku 3azanuii EI'O cooTBeTCTBYIOT HOBEHIIINM
cTaHgapTaM.

Kuura mpemmasHaueHa IIOCTYHAIONIMM B BY3bl, YYAIUMCS CTApPIINX
KJaccoB 00I1eo0pa3oBaTeIbHBIX U CHEI[MAJIU3NPOBAHHBIX IMKOJI, JIHIIEEB,
TUMHa3ul, CTYOeHTaM KOJIJIeI:Kell, CJAyIIaTeIIM WM KypCcaHTaM XUMU-
YeCcKUX IMTKOJ M IIOATOTOBUTENBHBIX KYPCOB, a TaKiKe IIPeIoaBaTesIsaM
XUMUMW [OJsA IIOATOTOBKUM ydalnumxcsa K caade EI'D, mmcbMeHHOTO WU
YCTHOI'O dK3aMeHa M YYaCTHIO B OJUMIIMALAX II0 XUMHUH.

KomnakTHBIA (opMaT KHUTH IIO3BOJAET PEKOMEHJIOBATH €€ CTYAeH-
TaM II€PBBIX KYPCOB BY30B [IJId COBEPIIIEHCTBOBAHUA 0a30BBLIX 3HAHUI IO
MIKOJBHOMY KYPCY XUMUMN.

ABTOpPBI BBIPA’KAIOT IIPUBHATEJIBHOCTH BCEM CBOUM KOJIJIeTaM, CO-
rpynaukamM kKadenpsl xummnn PHUMY wum. H. U. ITuporosa 3a momoIns
B IOATOTOBKE MB3TaHUA. 3aMeUaHUsA U IMPEeIJIOKEeHUA OJId JaJbHenInen me-
pepaboTKN KHUTM MOXKHO HAIPAaBIATHL Ha aapec: negrebetskyl@rsmu.ru.
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YACTb |
OBLUAA XUMUA




haBa 1
OCHOBHbIE NMOHATUA U SAKOHbI XUMUU

1.1. OCHOBHbIE MOJIOXKEHUS U TePMMHbI
aTOMHO-MOJIEKYNIIPHOro y4yeHus

1. Bce BeriecTBa COCTOSAT M3 ATOMOB. ATOMBI OZHOTO BHJa OTJINYAIOTCS
OT aTOMOB JPYroro BUJIa MAacCOW M CBOMCTBaAMMU.

2. ATOMBI MOryT OOBESUHATHCA B MOJIEKYJBI. ATOMBI M MOJEKYJIbI
HaXOAATCA B HEIIPEPBIBHOM ABUKEHUU, CKOPOCTh KOTOPOT'O BO3pacTaeT
C POCTOM TeMIepaTyphl.

3. CyIiecTByIOT BellleCTBa C MOJIEKYJAPHBIM U HEMOJEKYJISAPHBIM CTPO-
eHUEeM.

4. VY BelleCcTB C MOJIEKYJISIPHBIM CTPOEHUEM B TBEPJOM COCTOSHUU B y3JaxX
KpHUcTaJLInUecKoi perneTku HaxoaATcsa mojeKysbl (HoO, CeH120g).

5. Y BelllecTB C HEMOJIEKYJSPHBIM CTPOEHUEM B TBEPAOM COCTOSHUU
B y3JlaX KPUCTAJJINUYECKOM PerIieTKH HaXOAATCSA aTOMbl HJIW WOHBI
(anmmas, meranabi, NaCl).

6. MoJeKyabl OTZeJIeHBbI IPYT OT ApPyra; CTeHeHb OTAAaJIEHHOCTH 3aBUCHUT
OT arperaTHOrO COCTOSIHUSI BeI[eCTBA M OT TeMIepaTyphl.

7. Mexxay MOJeKyJaMH! CYIIIeCTBYIOT CHJIBI IMPUTKEHUS U OTTAJKUBAHUA.

8. IIpu pusuUecKUX SABJIEHUSIX MOJIEKYJbl COXPAHAIOTCA, IPU XUMUUE-
CKUX SABJEHUAX, KaK IIPAaBUJIO, PaspyllalTCAd WJIW M3MEHSIOTCSH.

Amom — mMesbuaiinasg XUMHUYECKU HeAeJInMas dYacTHIla BeIllecTBa.
ATOM COCTOUT W3 MOJIOMKUTEJIBHO 3apsKeHHOTO fAApa W OTPUIATEIHLHO
3apSAKEHHBIX 9JIEKTPOHOB. SIIPO COCTOUT M3 MOJIOMKUTEIBHO 3aPSIKEHHBIX
IPOTOHOB M He3apsKeHHbBIX (HeUTpaJbHBIX) HEMTPOHOB. 3apsdA] IIPOTOHA
PaBeH 3apsany 9JIeKTPOHA, HO IPOTUBOIIOJOKEH eMy 0 3HaKy. ATOMHBIN
HOMED sJeMeHTa (HOMep dJjeMeHTa B IlepruomnuecKolil cucTeMe dJI€MEHTOR)
paBeH UmMCJy IIPOTOHOB B AaTOMe 9TOro sjJeMeHTa. Macca IIpPOTOHA
npubJIU3UTESIHHO paBHa Macce HEMTPOHA, a Macca 9JeKTPOoHa COCTABJIAET

OpubIMBUTETHHO ﬁ OT Macchl IIPOTOHA.

Xumuuweckuii 3InemeHmM — COBOKYIIHOCTh aTOMOB C OJWHAKOBBLIM
3apsangoM Anapa (T.e. ¢ OAMHAKOBBIM YHCJIOM IIPOTOHOB B Axpe). Kaskabrit
5JIEMEHT WMeeT CBOM CHMBOJI.

H3omonwsL — pasHOBUIHOCTH ATOMOB OIHOT'O 3JIeMEHTa, pasindalo-
Imyecs YMCJIOM HEUTPOHOB B AApe U, CJIeJOBATEJIbHO, MAacCOii.

Maccoeoe wucno uzomona — cyMMa 4YHCJIa IPOTOHOB M HEHUTPOHOB
B dAnpe:

A=Z+N,

rge A — mMaccoBoe YMCJIO; Z — UHCJIO IIPOTOHOB; N — UMCJIO HEHNTPOHOB.
??Cl—n:;o'ron XJIOpa C MAaCCOBBIM YHCJIOM 35, UKUCJO0 IIPOTOHOB y HETO
paBHO 17, umcao HenTpoHOB 35 — 17 = 18.

Monexyna — Menpuaiiniasd 3JeKTPOHeUTpaIbHAasA YacTUIlA BeIllecTBa,
COXPAHAINAA ero COCTaB W XMMHWYECKUe CBOMCTBA.
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Monekysna npocmozo é6eujecméa COCTOUT U3 OLHOTO u 0Oojee
aToma omHOro djaeMeHta (mampumep, He, Ho, P4). Pasnuunbie mpoctbie
BeIllecTBa, OOpasOBaHHBIE OJHUM U TeM JK€ DJIEMEHTOM, HA3BIBAIOTCS
annomponnsvimu modugurayuamu (Haupumep, Oz um Og, rpadpur
u anmas). IIpocThIX BemIecTB OOJIbINIE, UeM XHUMUUYECKUX BSJIEMEHTOB.
MoneKyJia cn03#H020 6euj,ecmaea COCTOUT U3 aTOMOB PAa3HBIX 9JI€MEHTOB
(manpumep, HoO, CH3COOH).

Hown — yacTuiia, coOCTOsAINas W3 OJHOTO WJIN HECKOJbKUX aTOMOB,
uMeIoInas 3JeKTpudecKuil 3apan. Ilomo:KuTebHO 3apsasKeHHbIe MOHBI —
KAmuoHbL, OTPUILIATEIILHO 3apAKEeHHbIE — AHUOHbL.

Koauuwecmeo sewecmea (n)— dpusumdeckas BeJIUUNHA, XapaKTepu-
3yIoIiasa KOJNUECTBO OJHOTUMHBIX CTPYKTYPHBIX eIUHUIL, COAEPIKAIITNXCS
B BeIIleCTBe.

Monwv — enguHUIla UBMEPEHUS KOJWUECTBA BeriecTBa. MoJab COMEPIKUT
CTOJIBKO K€ CTPYKTYPHBIX eqIUHUIL (ATOMOB, MOJIEKYJI, IOHOB, 3JI€KTPOHOB,
GOpPMYJIBHBIX EIWHUIl W AP.), CKOJBKO ATOMOB YIJIEPOJA COMEPIKUTCS
B 0,012 kr wusoroma yruepoga 12C. Dro uwmciao pasHo 6,02 - 1023
u HasbIBaeTca wucaom Aeozadpo (Np).

Amomnasn edunuuya maccvt (a.e.m. uau 0anvmon — Jda)—

11—2 Macchl aToMa msoToma yriepoxa 12C.

la.e.m. =1,66-1027 kr.

OmnocumenvHas amomuas macca (Ay) —mMacca atoma B a. €. M.,
paBHas OTHOIIEHWIO CpPeJHEel MacChl aToMa eCTEeCTBEHHOTO M30TOITHOTO
cocTaBa JAHHOTO 3JIeMEHTAa K aTOMHOUW eIUWHUIIE MAacChl.

Omnocumenvraa moaekyaapunan macca (M) — Mmacca MOJIEKYJIBL
B a.e.M., paBHad OTHOIIEHWUIO CpeJHel Macchl MOJIEKYJbl JTAHHOTO
BellleCTBa K aTOMHOM eIWHUIIE MAacCChI.

Monapnaa macca (M, 2/monv) —Mmacca 1 MoJsb BeIlecTBa, BbIpa-
JKeHHas B rpamMmax. M uwncieHHo paBHa A, miau M.

3aKOH NOCMoAHCMEa COCMa6a 6eu,ecmea: BCAKOe XUMHUYECKU
YKUCTOE BEIeCTBO MOJIEKYJISAPHOTO CTPOEHUS MMeeT MOCTOSHHBIM Kaue-
CTBEHHBIM W KOJMYECTBEHHBIN COCTaB HE3aBMCHUMO OT cIIocoba M MecTa
ero moJsiyuyeHusA. (A BelrecTB HEMOJEKYJIAPHOTO CTPOEHUSA BO3MOKHBI
HeOOoJIBIIIE OTKJIOHEHUS OT JTOr0 3aKoHa.

3aKOH COXpAHEeHUsL MACCHL: Macca BeIllleCTB, BCTYIIUBIINX B XUMUYe-
CKYIO PeaKIiio, paBHa Macce BeIeCTB, 00pa30BaBIINXCA B 9TOM PeaKIUU.

3axon Aeozadpo: paBHBle 00beMbl Pa3JINUYHBIX I'a30B IIPU OLUHAKO-
BBIX YCJOBUAX COAEpP:KaT OAMHAKOBOE UKCJIO MOJIEKYJI.

7 CaencTBusa U3 3aKoHA ABoOraapo

1. Ogua Moisb JI000TO rasa 3aHMMAET ONWHAKOBBIA 00BbEeM HpPU OJWHA-
KOBBIX YCJIOBUAX. IJTOT 00BEM HABLIBAETCA MOAAPHBLLM 00BEeMOM
(Vum). IIpu mHopmasmbubIX yeaoBusax (0°C, 101,325 xkIla) Vi = 22,4 .

2. MonapHasa Mmacca J000ro rasa IPU HOPMAJBHBIX YCJIOBUAX MOJKET
OBITHL paccumTaHa mo (opmyJie

M=p-224.

3Iech p — IJIOTHOCTH rasa IPW HOPMAaJbHBIX yCJIOBHAX (T'/JI).



8 I'maBa 1. OcHOBHbBIE IIOHATUA U 3aKOHBI XUMUHN

3. OrHomienne abCOJIOTHBIX IIJIOTHOCTEH ABYX ra30oB HA3LIBAETCS OTHO-
CUTeJIbHOM MIJIOTHOCThIO (D) mepsoro rasa (1) mo Bropomy (2) u paBHO
OTHOIIIEHUI0 UX MOJAPHBIX Macc (M):
pi="u

My®
Hamnpumep, nasa maHHOro rasa

M . — =
Het = e Muasa = D" -2 = DR® - 28 = DEP* - 32 = Digis - 29,

PacuyeTHble COOTHOLLUEHUS, UCMOJIb3YEMbIE MPU PELUEHUU 3aaay
m=n-MI[r]; n= % [Monb]; M = % [r/™momB].

N = 6,023 1023 [monp1]; N(umcso wacrum) = n - Na.
m(aToMa MaAM MOJEKYJbl) = M /Nj.
n(saeMeHTa B BelllecTBe) = n(BelllecTBa) - UHAEKC 3JIeMEHTa.

v 4 Mpumepsl pelueHns 3apauy

Mpumep 1. IlmoTHOCT, Tasza mpu H.y. cocraBadeT 3,615 r/ax. Ompemesnu-
Te MOJIAPDHYIO MacCy ra3a M ero OTHOCUTEJbHYIO IIJIOTHOCTBH IIO
BOJOPOAY U IO BO3AYXY.

Peluenne: Haxonmm MOJIAPHYIO Maccy rasa:

M(rasa) = p(u.y.) 22,4 =3,615-22,4 = 81 r/monb.
Haxogum TJI0THOCTH IO BOAOPOAY W IIO BO3AYXY:

rasa _ Mrasa _ 81 _ .
Ho M, oL = 40,5;

raza _ Mrasa _ 81 _
Dnosn Maoon. 29 =2,71.

Mpumep 2. Kaxoe KoJIMUeCTBO BellleCTBA MATHUS W CKOJIBKO ATOMOB MATHUS
COIEPsKUTCA B o0pasie umcToro mMarHusa maccoil 6 r? Kaxosa
Macca OJHOTO aToMa MarHusa?

Peluenne:
_m _ 6 _ .
n(Mg) = M= 24— 0,25 moJb;
N(atomoB Mg) = nNy = 0 25.6,023-1023 = 1,506 - 1023 ATOMOB;
_ M _ 23 _ 23
m(aToma Mg) = No — 6. 023 -104° = 3,985 - 10~

Mpumep 3. Kakme xkosmmuecTBa BelecTBa cyJjiabdaTa HaTpus, aTOMOB HAa-
TPpUsi, aTOMOB Cephl M aTOMOB KICJOpOAa colep:karcd B 71T
cyab@ara HaATPpUsI?

“) IlpuMeuaHue: pacuyeThl PEKOMEHAYETCA MPOUBBONUTH C TOUYHOCTBHIO IO MEHb-
mieii Mepe g0 Tpex 3Havamux nudp. B Tex cayyasx, Korga B YCJIOBUU 3aJaduun
WCXOJHbIE YMCJIOBbIE NAaHHBbIE IPUBEINEHBI C OOJIbIEH TOYHOCTBHIO, JydYIlle IpPUIep-
JKUBATBhCSA TAKOU K€ TOYHOCTH, YTO W B ycJaoBUHM 3agadu. IIpm OKpyrjieHUum ecau
cirenymoolasa 3Hauaias udpa MeHbIle OATU, TO €e OTOPachIBalOT, a €CJU O00Jb-
me, TO NUPEABIAYIIYI0O YBeJIWUMBAIOT Ha enmHuny. IIpumepsi: 0,32653 =~ 0,327;
0,04741 ~ 0,0474.
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Peluenue:
M(NasS0y4)=2-MNa)+ MS)+4-M0O)=2-23+32+4-16 =
= 142 r/monb.
n(NasS0y4) = ™ = 71— 0,5 mous.

M~ 142
1 moap NaoSO4 comep:XuT 2 MOJBb aTOMOB HaATpus, 1 MOJbL aTOMOB
cepbl 1 4 MOJIb ATOMOB KHCJIOPOJA:

n(Na) = 2-n(NagS0O4) = 20,5 =1 moub;
n(S) = n(NasSO4) = 0,5 Mmoib;
n(0) =4-n(NagS04) =4-0,5 =2 moub.

>
& 3apaum v ynpaxHeHus NS CaMOCTOSITEJIbHOrO peLueHus

1. PaccumraiiTe KomruecTBa BelllecTBa U Maccy cyabdarta Keaesa(ll) u Bogwl
B 222,4 r xkejesnoro Kymopoca (FeSO4 - TH20).

Orger. 0,8 moapb, 5,6 moan; 121,6 r, 100,8 r.

2. Macca 0,15 mouap KpucTaandeckoil cepsl (Sxp)) paBHa 38,4 r. Ompe-
IeJINTe Maccy ONHOI MOJIEKYJbI WM YNCJIO aTOMOB B OIHOM MOJIEKYJie
S (sxp)-

Oreer. 4,25-10722 1r; 8 aromoB.

3. Paccuuraiite maccy 26,88 i1 (H.y.) Kucaopozaa (O2).
OrBer. 38,4 .

4. B CKOJBKHX rpaMMax CEPHOI KINCJIOTHI COAEPIKUTCA TaKOe JKe KOJIM-
YecTBO BeIleCTBa, YTO M: a) B 4 Mr ruapoxkcuma matpus; 0) B 4,4 Kr
yriekucjoro rasa; B) B 2,12 r xkapbomara maTpus?

Orer. a) 0,0098 r; 6) 9800 r; B) 1,96 .

5. CpaBuuTe umMcja0 MOJIEKYJ: a) B 1 T Bomopoza u 1 r xucygopoza; 6) B 1 a1
Bomopona u 1 ;1 Kucsaopoza; B) B 1 moas Bomoposa u 1 MoJb KUCJIOPOaA.
OrBer. a) 16 :1; 6) paBHO; B) paBHO.

6. OnpepenuTe Maccy sTaHa, B KoTopou coaep:kurca 1,204-1
Orger. 0,6 .

022 mosexyur.

1.2. MaccoBas pona 3afeMmeHTa B XMMU4Y€CKOM
coeVHeHUU UIn B CMecMm

MaccoBasi 101 3JIeMEHTA BBIUMCJIAETCA II0 CIAeAYIoImuM (opMyIam:
m (3aJ1e
e JUI CMecUu ) = w; 0% = o -100;
m (cmecn)
e NJa XUMHUUEeCKoro coenunenusa A,B,C;

__x-M®@A) . _ y-M®B) . _ 2-M(@©)
o) =yas,cy’ *®=yas,cy’ YO = vaLs,cn

MaccoBas monsa usmepsieTcsa B SOJIAX eqUHHUILI. B oTBeTax oHa maercs,
Kak mpaBujo, B mpoiieHTax (%). IIpu mpoBemeHnn pacueToB HEOOXOMLUMO
mepeifiT OT IPOIEHTOB K MOJAM equHuIbl nejaeHuem Ha 100.
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V4 Mpumepsl pelieHns 3apauy

Mpumep 1. BerumeamuTe MaccoBYIO OOJII0O a30Ta KaK odJieMeHTa B CMecH,
comepskamieir 1,5 moap asora u 0,5 moap amMmaka.

Pewuenne:

m(Ng) = n(Ng) - M(Ng)=1,5-28 =42 ;

m(NHg) = n(NHg) - M(NH3)=0,5-17=8,5T;

m(cmecu) = m(Ng) + m(NHg) =42 + 8,5 = 50,53

n(N B Ng)=2-n(Ng)=2-1,5=3 moub;

n(N B NH3g) = n(NH3) = 0,5 Mmob;

n(N B cmecu) =3+ 0,5 = 3,5 mourb;

m(N) =n(N)- M(N) =3,5-14 =49 r;

oN)=_"N___ 49 5_ 097 (97%).

m(cmecu)  50°
Mpumep 2. OmpeneanuTe MaccoBBIE HOJU SJIEMEHTOB B opTodochopHO

KHCJIOTE.
Peluenne:

M(H3POy) = 3-M(H)+M(P)+4-M(O) = 3-1+31+4-16 = 98 r/mous;

3. ME) _g. 1 _ .
o) =3 M(H3P0;) — 3 98 = 0,0306 (3,96%);

__M®) 31 _ :
o(P) = 35 B0, = o — 0-3163 (31,63%);

o(0) =4 - % =418 —0,6531 (65,31%).
Mpumep 3. OmpenenuTe KoOJMYECTBA U MAaCChl BeIeCTB, COMEPIKAIIUXCS
B 26,21 cmecu okxcuma ¢docdopa(V) u oxcuma cepni(VI), ecam
M3BECTHO, YTO MaccoBad AoJsa (ochopa Kak dJeMeHTa B ITOU
cMmecu cocrasiaser 23,66%.
Peluenne:
m(P) = m(cmecu) - o(P) = 26,2 - 0,2366 = 6,2 1}
n(P) = mP) _ 6,2
M@®P) ~ 31
Opun moub PoOs comep:kuT ABa MOJIsI aTOMOB P, II03TOMY KOJIMYECTBO
BemiectBa P9O5 B mBa pasa MeHbBIe KOJHMUYeCTBa BelecTBa (docdopa:
n(Py05) = ") = 02 — 0,1 mom;
m(P205) = n(P205) - M(P205)=0,1-142=14,2 1
m(S03) = m(cmecu) — m(P305) = 26,2 — 14,2 =12 1

n(S03) = X}ii‘éz)) =12 — 0,15 mom.

Mpumep 4. OmpenenuTe Macchl BeIIeCTB, BXOAAIIMX B coCTaB oOpasiia
ojeyMa Maccoii 28,5T, ecam HM3BECTHO, UTO MaccoBas HOJs
cepel KakK dJIeMeHTa B HeM cocraBiser 33,68%.

Pewenne: Oneym — ato pactBop okKcuza cepbl(VI) B uwmcToii cepHOI

Kucjyiore. IlycTh KosuuecTBO BemiectBa SOg B oJjieyMe PaBHO X MOJIb,

a KOJIMYeCTBO BeIleCTBa CEPHOM KUHCJIOTHI B HEM PaBHO Y MOJb, TOTJA

= 0,2 MO0Jb.
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KOJIMUECTBO BelllecTBa S B 0JieyMe PaBHO X MOJIb, & KOJIMUECTBO BelecTBa S
B CEpHO¥ KWCJIOTE PABHO Y MOJIb.

m(SO3) = M(SO3) - x = 80x u m(H2S04) = M(H3S04) - y = 98y;
80x + 98y = 28,5.

o(8) = 3398 — 0,3368;

m(S) = m(omeyma) - o(S) = 28,5 - 0,3368 = 9,6 r;

n(S) = % - 93’5 = 0,3 moun; x+y=0,3.

CocraBiisieM cHUCTEeMY YpPaBHEHUN UM pelraeM ee:
x+y=0,3 |-98  |98x+98y=29,4 [18x=0,9,

80x+ 98y = 28,5 80x + 98y = 28,5 x=0,05;

y=0,3-0,05=0,25;

m(S03) = M(SOs3) - x = 80x = 80 -0,05 = 4 ;

m(HS0,4) = M(H5S0,4) -y = 98y = 98 - 0,25 = 24,5 1.

Mpumep 5. MaccoBas moad sjieMeHTa B oKcuiae HemsBecTHOTo ajemeHTa(V)
cocrasisger 56,04%. OnpemesnrTe HEM3BECTHBIN 3JIEMEHT U MO-
JSAPHYIO MAacCy ero OKcuia.

Pewenne: @opmyna okcuma — I205.

wO0)=1—-w®B)=1-0,5604 = 0,4396.

1 MOJb OKCHAA COAEPKUT D MOJL KIHCJIOPOIA.

Macca kwucaopoza B 1 mouap oxkcuma = 5-16 = 80 r.

Macca 1 mosb OKcHUIa — 9TO ero MOJIAPHAsA Macca:

M(9305) = ™MO = ! x(og)b oxcuaa) _ 0,2:?96 = 182 r/mouib;
_ M(@®205)—-5-M(©O) _ 182-80 _
M@®) = 5 = 5 = 51 r/MoOJb.

Ilo Ilepumoguueckoil cucTeMe dJEeMEHTOB HaXOAUM, UTO aTOMHYIO Maccy
51 mMeeT »sJeMeHT BaHAIW.

O% 3apaum m ynpaxHeHna Aansg CamMoOCTOATEeJIbHOro peLwueHusa

1. OmpenesnnTe MaccoBYyO HOJI0 skejes3a B FegOg.
Orser. 70%.

2. MaccoBasa [oJid HEM3BECTHOI'O dJeMeHTa B ero oxcuge 9203 pasHa
68,42%. Omupenmeante >JIeMEHT.

Orger. Cr.

3. B oprodochare snemenTa(Il) maccoBas moJist 3TOTO dJIeMEHTa COCTABJISIET
68,44%. Oupegnenure, o dochare KaKoro sjIeMeHTa UIET PeUb.

OrBer. Ba3(P04)2.

4. Ompegenure GopmMyJay Kpucramaoruapara ¢ocdara HATPUSA, €CIU W3-
BECTHO, UTO MAacCoBas MOJII BOAOPOJA KaK SJIeMeHTa B HEM COCTABJISET
6,316%.

OrBer. Na3PO4 . 12H20.

5. OmpepeanTe MacCOBYIO MOJIO KaJusA KAaK 9JIeMeHTa B CMECHU, COCTOSIIeiH
us 25,25 r HuTpara Kaaua u 41,4 r xapboHara Kajaud.
OrBer. 49,7%.
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6. OmpemennTe KOJUUYECTBA M MAacCChl BEI[eCTB, COJAepKalllUXCcs B obOpasiie
cMecH OKCHUIIOB aJIOMUHUS M KpeMHUs maccoil 43,68 r, ecou maccoBas
JOJA KHUCJOPOAA KaK dJEeMeHTa B dTOM cmecu cocrasiasgeT 49,82%.
Orger. 0,24 moup u 0,32 moab; 24,48 r u 19,2 r.

1.3. OnpepneneHue dopmynbl BewwecTBa
Ins semiectBa (opmyssr AxB,C,

x:y:z=nA):nB):nC); x:y:z= Xr(?A)) :Xr(?B)) :Xr((%)) .

f Mpumepbl peweHna 3apad

Mpumep 1. Onpenenute mpocTelIyio (oOpMyJay BeIllecTBa, B KOTOPOM
MaccoBbIe J0JIM HaTpud, (pochopa U KHUCIOPOIa COCTABIAIOT
34,59, 23,31 u 42,10% cooTBEeTCTBEHHO.
Pewenne: Ilycte dopmyna BemiectBa Oyaer Na,P,O..
x:y:z=n(Na):nP): nO) = A";((ﬁz)) : ]"\;((1;,)) : ]”‘;((g)).
Honyctum, m(Na,P,0;) =100 r, Torna m(Na) = 34,59 r; m(P) = 23,31 r
u m(0)=42,1r;
.. 5 34,59, 23,31 |, 42,1 __ . .
X1yrz="99 i 59T g =1,504:0,752: 2,63.
JJia mosiydyeHUs IeJIbIX 3HAUeHUH X, Y U 2 pasgeuM HOoJydeHHBbIe Yucia
Ha HauMeHbItee u3 Hux (0,752):
x:y:2=2:1:3,5.
Ecau He Bce mosyueHHBIe umcJia Iiejble (KaK B JaHHOM cJiydae), TO HeoO0-
XOAUMO TOAOOpaTh HAMMEHBIIIUN MHOMKUTEIb, KOTOPBLIH IIpeBpaTUJ OBl
uxX B IeJyble (3mech 2):
x:y:2=4:2:7.
IIpocreiimasa dopmyaa BemectBa: NayPoOr.

Mpumep 2. OnpenennTe MOJEKYIAPHYIO (OPMYJIy BeIeCTBa, COCTOSIIETO
U3 Kwucjiopoma, asora, (Qocdopa U BOIOPOIa, €CJIU HN3BECTHO,
YTO OHO COMEP:KUT mo Macce 48,48% Kucgopoma, YUCI0 aTOMOB
asora B HeM B JBa pasa OoJibIlle umcja aTomMoB Qocdopa,
a KOJMYEeCTBO aTOMOB BOAOpoJga B coeauHeHuu B 2,25 pasa
0oJIbIlIe KOJHMYEecTBa AaTOMOB Kucjaopoza. MossgpHas wMacca
BeiriectBa MeHbIte 200 r/MoJb.
Pewenne: ®opmyna semecrsa OyNyP.H. Ilycte macca BemecTBa paBHa
100 r, Torma
m(0) = 48,48 r;
m(O 48,48
n(0) = ﬁ = 484
n(H) = n(0)- 2,25 =3,93- 2,25 = 6,82 mMouJib;
m(H)=nH)-M(H)=6,82-1=06,82T;
m(N + P) = m(semecrsa) — m(0) — m(H) = 100 — 48,48 — 6,82 = 44,7 1;
m(N) = n(N) - M(N) = 14 - n(N); m(P) = n(P) - M(P) = 31 - n(P).

= 3,93 MoJb;
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CocraBisieM cucTeMy ypaBHEHUUN U pelllaeM ee:

14n(N)+31n(P)=44,7 |28n(P)+31n(P)=44,7 | n(P)=0,757 moJb,
n(N)=2n(P) 59n(P)=44,7 \n(N)=0,757-2=1,514;
x:y:2:£k=3,93:1,5614:0,757:6,82=4:2:1:09.

dopmy.a: O4N2PH9.

Mpl ompenennan IIPOCTEUIIYIO (hopMysy BelecTBa. MoJeryadapHAas
dopmysa MOKET COIEePKaTh YABOEHHOE, YTPOEHHOE U T. Ji. YNCJI0 aTOMOB.
Yro06bI yOeguThCA, UTO MOJEKYJISIpHAasa (popMyJia COBOAaLAET C IIPOCTEHIIIe,
HOJCUYUTAaeM MOJIIPHYIO Maccy BelecTBa:

M(Oy4NsPHg)=16:4+14-2+31+4+1-9 =132 r/monn; 132 < 200.

OueBUAHO, UTO MOJIAPHAsA Macca IJs YIBOEHHOH (OPMYJLI OyAeT
ooapire 200, YTO HOPOTHUBOPEUUT YCJIOBUIO B3aJauu, CJeIoBaTeJabHO,
mosaekyasapHada ¢opmyaa BemectBa O4NoPHg. IleperpynnupoBaB aTomsbi,
JIETKO JIOTafaThCs, UTO ATO BEIeCTBO ABJsAeTCA ruapodochaToM aMMOHUSA
(NH4)oHPOy4.

Mpumep 3. IIpu mosHOM cropaHuuM 6 T' OPraHMYECKOTO BellecTBa 00paso-
Bayioch 8,8 r okcuma yraepoxa(IV) m 3,6 r Boabl. Ompenpenute
MOJIEKYJISIPHYIO (POPMYJIY COMKIKEHHOT'O BeIleCTBA, €CJU M3BECT-
HO, UTO ero mMoJjsApHad Macca paBHa 180 r/moJib.

Pewenne: Cymsas 1o TPOAYKTAM CTOPaHUS, BEITECTBO COJEPIKAI0 YIJIepO/,

BOJIOPOJ U1, BO3BMOKHO, KMCJIOPOZ. SaIUIIeM COOTBETCTBYIOIlee ypaBHEHUE:

4C,H,0; + (4x +y — 22)0g — 4xCO3 + 2yH20.

OnpenensieM KoJMUYeCTBO BelrlecTBa u maccy yruepoma B COs:

n(COz) = &8 = 0,2 moms; n(C) = n(COz) = 0,2 moms;
m(C)=0,2-12=2,4r.

OmpeznensieM KOJMYECTBO BerlecTBa Bomopoma B HoO u ero maccy:

n(H90) = Sl’g = 0,2 moub; n(H) =2 -n(Hs0)=2-0,2 = 0,4 Moub;

mH)=0,4-1=0,4r.
OmnpepessieM MacCy M KOJWYECTBO BEI[eCTBA KMCJIOPOIa B OPraHUYECKOM
BeIlecTBe:

m(0) = m(sBemtectBa) — m(C) —m(H) =6 — 2,4 — 0,4 =3,21;

n(0) = 315 = 0,2 MOTE.

OmpeznensieM IIPOCTEHUINTYIO (POPMYJIY:
x:y:2=nC):nH):n(0)=0,2:0,4:0,2=1:2:1, 7.e. CHy0.
Mognerkynapuasa ¢opmyaa: (CH90),.
Hass Toro uToObI HAWTH 3HAUEHUE 71, OIPeIesisdeM MOJSAPHYI0 MAaCcCCy
¢parmenra CH5O.

— _ _ M(BemectBa) _ 180 __
M(CH20) =12+ 2+ 16 = 30 r/momb. n = = e 0 = b = 6.

Monerkynapuasa dopmyaa: CgHi206.
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&
g 3agaum M ynpaxHeHUs OIS CaMOCTOSITE/IbHOrO peLueHus

1. Ompezenure MOJEKYJSAPHYIO (POPMYJIy COJM C MOJIIPHOM MAaccOil MeHee
300 r/Mosb, B KOTOPOII MaccoBBIE JOJU a30Ta, BOAOPOMAA, XpPOoMa U KIUC-
Jopoza cocrasisaor 11,11%; 3,17%; 41,27% u 44,44% cOOTBETCTBEHHO.
OrBer. (NH4)2Cr207.

2. Omnpepenure GOpPMyJay KPHUCTAJLIOTHAPATA COJU, €CJAU UIBECTHO, UTO
MaccoOBbIe [OOJM HaTPUs, YIJepoaa, BOAOPOJAa MW KHCJIOpPoJa B HEM
cocrasiaoT 16,08%; 4,196%; 6,933% u 72,73% COOTBETCTBEHHO.
OrBer. N32003 . 10H20.

3. Ilpu csxuranuu 26,7 r amuaokucaoTh (CH,O,Ny) B 136BITKe KHCIOpPOJA
obpasyerca 39,6 r oxkcumga yruepoxa(IV), 18,9r Bomer m 4,2 r asora.
Omnpenenure GopMysTy aMUHOKUCIOTHI.

OrBer. C3H702N.

1.4. MasoBblie cmecu.
O6GbemMHas M MonsapHas A0NM rasa B CMecu.
CpepHsass MonsipHas mMacca rasoBoM cmMmecm

Hina HaxomxaeHus o0beMHOUN () M MOJIAPHON (}) ZOJeill rasa B cMecH,
a TaKKe cpeJHell MoJIAPHON Macchl (Mcp.) ra30BOil CMeCH HUCIIOIb3YIOTCS
ciaepnyroinue (PoOpMyJabL:

¢ = V (koMmIOHEHTa cMecH) , 7n (KOMIIOHEHTa CMEeCH)

> xX=

V (cmecu) cyMMa 7 BCeX KOMIIOHEHTOB CMeCHU

Mep. =% M{+%y-Mgy+... 10 BCEM KOMIIOHEHTaM CMeCH.

Ilis raszos y = ¢, moaToMmy Mcp (rasa) = ¢1-M1+@g-Mgo+... IO BceM
KOMIIOHEHTaM CMECH.

O0beMHasA W MOJIIpPHAs [OOJW U3MEPSIOTCA B OOJAX eIUHUIIBI.
B orBeTax oHU garoTcs, KaK IpaBuUJo, B mpoieHTax (%). Ilpu mpoBegeHun
pacueToB HEOOXOIMMO IIEPEHTU OT MPOIEHTOB K MOJIIM eIUHUIILI AeJIeHueM
Ha 100.

M _n1-Mj+ng-Mg+... (IO BCeM KOMIOHEHTaM CMECH),
cp- niy+ng+... ’
M _ Vi -M{+Vse-Msg—+... (I0 BceM KOMOOHEHTAM CMECHU)
cp- Vi+Va+... '
4 NMpumep pelueHus 3apauu

Mpumep. Kakxoit o0bemM mnpu H. y. 3aiiMeT cMmech, cocrodmiad u3 16 T
MmeraHa, 42 r Bomopoza, 42 r asora? Ompenesutre 00BEeMHBIE
IO KasKJIOTo Trada B cMecu. PaccumraiiTe CpeHIOI MOJISPHYIO
Maccy JaHHOII cMeCcH U ee ILIOTHOCTL II0 aproHy.

Pewenne: KonmuecTBO BelllecTBAa KaiKIAOI'0 ras3a B CMECH:

n(CHy) = % = 1 mous; n(Hg) = 4?2 = 21 moub;

n(Ng) = % = 1,5 MoJIB;

n(cmecu) =1+ 21 + 1,5 = 23,5 moab;
V(cmecn) = 23,5 - 22,4 = 532 1.
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Vs

OG'beMHbIe JOJIN ra30B PaBHBI UX MOJIAPHBIM JOJISAM:
@(CH,) = 23175 = 0,0425 (4,25%);

o(Hz) = 21, = 0,8936 (89,36%);
9(Nz) = 55 = 0,0638 (6,38%);

cp,(CMeCI/I) =16-0,0425+2-0,8936 + 28 -0,0638 = 4,25 r/Mo0JIb;

_ C 4,25
DrAaIE; cmecu _ oS =0,10625.

3apaum m ynpaxHeHnda AJsis camMoCTOATeJIbHOro peLueHusd

. Kakoit obmem 1mpm H.y. 3ailiMeT cMechb, coctrodAmas usa 1,7 MOJb

yrJyeKucJioro rasa, 2,39 moas asora u 6,38 mouap xjopa?
OrBer. 234,53 1.

. Onpenmenure maccy cmecu, cocrosineir n3d 11,2 1 ammuaka, 22,4 g1 asora

u 44,8 1 Bomopoma mpu H.y. Omnpemennrte o0BEMHBIE TOIU KAaXKIOTO
rasza B cMmecu. OmpemenanTe aObCOJIOTHYIO IIJIOTHOCTh HAHHOW cMecH U ee
IJIOTHOCTEL II0 BO3LYXY.

Orser. 40,5 1; 14,3%, 28,6% u 57,1%; 0,52 r/x; 0,40.

. Cmemanu 3 o azora (Ng) u 7 a1 oxkcuga yriepona(IV) (COgz). Ompenenure

OTHOCHUTEJIbHYIO MJOTHOCTHL I'a30BOM CMeCH II0 BOJOPOAY.
Orger. 19,6.

. PaccuuratiTe momapHyi0o u o60beMHYI0 monu MmetaHa (CH4) m Bomopoma

(H2) B ux cmecu, ecaum MaccoBas AoJsA MeTaHa B cMmecu paBHa 80%.
OrBer. 33% u 67%.

. Kakue ob6mwemsur sTtaHa (C2Hg) m Bomopoma HEOOXOAWMMBI AJIA IIPUTOTOBJIE-

Husa 20 g (H.y.) ra3soBOf cMecH C ILJIOTHOCTBIO IO BO3AyXy, pasHoit 0,57
OrBer. 8,983 1 m 11,07 a.

. Cmechr asora ¢ Kmcaopomom obbemom 31,36 1 (H. y.) mMeeT MIJIOTHOCTDH

1,3775 r/n. Oupenenure: Maccy cMecu, O0beMHBIE MOJU T'a30B U IIJOT-
HOCTH CMECH II0 aproHy.
Orser. 43,21; 30% u 70%; 0,775.

. IInmorHOCTH razoBoii cmecH, COCTOHI_IIeﬁ n3 aMMHuarKa u KHucJjJIopoaa, paBHa

1,116 v/ (H.y.). Onpegenure cocTtaB cMecu B OOBEMHBIX W MAaCCOBBIX
IOJIAX.
OrBer. 47% un 53%, 31,7% u 68,3% cooTBETCTBEHHO.

. Cmech MeTaHa m mpomaHa Maccoiwr 1,5T mpw H.y. 3aHUMaeT o00bBeM

1,12 n. OmpegennTe COCTaB 9TOM CMeCH B O0BEeMHBLIX H0oJAX. Kakoi 00b-
eM BO3AyxXa IoTpedyeTcs OJid CXKUTaHWSA CMeCH, eClIu O0beMHas HOJIA
KHucJjopoma B Boaayxe cocrasiaseT 21%?

OrBer. @(CH4) = ¢(C3Hg) = 50%; 18,67 x.

. COCY}I TPUMKABI IIOOYEPEeqHO 3aIlOJIHAJM TpeMsdA pa3/IMYHbIMHW TIa3aMHu.

Macca cocyma oObLia paBHa 832, 942 u 858 ;r coorBercTBeHHO. IlIOT-
HOCTH BTOPOI'0 rasa II0 TpeTheMy paBHa 2,45, a IIJIOTHOCTH TPETHEro
rasa mo Bojgopoxay paBHa 14,5. PaccuuraiiTe MOJAPHYIO Maccy IIepBOTO
rasa.

OrBer. 16 r/MoOJb.






3Ta KH1ra, B KOTOPOW PacCMOTPEHbI BCE Pa3ferbl WKObHOIO Kypca XMMUM, HEO6XOAUMbIE /15 €r0 YCMELIHO-
ro OCBOEHUA 1 MocnefyoLLeli cAaum B 3k3ameHauoHHoM dopmare (EMD v ap.), yKe nonyuuna 3aciy>KeHHoe
npr3HaHvie y unTateneit. Ml 3To HecnpocTa, Befjb OHa HanKcaHa TaNaHTAVBLIMYA NPENOAABATENAMN XUMNY,
KOTOpbIE, C OfHOW CTOPOHbI, CBOEBPEMEHHO YUMTbIBAOT TPEOOBAHNA rOCYAAPCTBEHHOTO 06Pa3oBaTENbHOIO
CTaHAApPTa, a C APYro — He TepAtT 06paTHOI CBA3V C YnTaTensamm. /i3aaHve NocTosHHO 06HOBAAETCA U f0-
MOJIHAETCA HOBbIMU MOAXOAAMU 1 TPAKTOBKAMMU.

KHura opmeHTMpoBaHa Ha y4almnxca CTapLuyix KlaccoB 06Lieobpa3oBaTesibHbIX 1 creuua-
N3MPOBAHHBIX LUKO, IMLEEB, MMMHA3MIA, MOCTYMaoWmMX B By3bl, CTYAEHTOB KOMNemKen,
cnywatenei XMMUYECKMX WKOJM 1 MOArOTOBUTENbHBIX KYPCOB, a TakKe npenogasatenen
XMWV AN NOArOTOBKM yUalLyxcs K caade EM v yyactua B onmnmagax no XMmuu.

M3paHre nogrotoBrieHo coTpygHukamu Kadegpbl xumuu PHAMY um. H. U. Muporosa,
BeAyLlero MefuLMHCKOro By3a CTpaHbl, Nog pepakumen npodeccopa PAH, nokTopa xu-
MUYECKMX HayK, Hay4YHOrO PyKOBOAMUTENA YHNBEPCUTETCKOW XMMMKO-61onormyeckon wkonbl Xumbuollnioc
Bapuma ButanbeBuuya Herpe6euykoro.

» OyeHb yOayHoe coyemaHue munoeeix 3ad0ad U 3aday NOBbIWEHHOU CI0KHOCMU C NPUMEPAMU Ux
peweHus. KasecmeeHHsIt mpy0, pazpabomarHsit npogeccuoHanamu 8 obadcmu xumuu. besyciogHo pe-
KoMeHAyeM meM, Kmo »ejiaem NoebiCUMmb ypo8eHb CBOUX 3HAHUL 8 06/1acmu XUMUU, NOJTy4UMb 8bICOKUL
607171 Ha 8bINYCKHOM 3K3aMeHe, a MakXe N0020mo8uMbCs K NOCMYNJIeHUIo Ha XUMuYeckue, 6uosioauyeckue
U MedUYUHCKUe cneyua-bHOCMuU yHU8epcumemos. <

A.O.TepeHTbeB, un.-kopp. PAH, UHCTUTYT opraHuyeckom xummm
nm. H. [. 3ennHckoro

> YHUKasbHbIU hopmam, 8bI6paHHbIl asmopamu y4yeb6HUKA, N038oAem ygudems UesocCmHOCMb U 83au-
MOC8A3b PAs/IuUYHbIX HaNpasaeHUli XumMuu, d makxe 66icmpo nodzomosumeca K coadye EM3 no xumuu 0514
nocmynJieHus 8 8edywjue NPousIbHele 8y3bl CMPAHbI. <

10.T. TopbyHoBa, un.-kopp. PAH, IHCTUTYT 06LLUei 1 HeopraHMYeCKON XMUn
um. H. C. KypHakoBa






