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NPEAUCNIOBHUE

IIpenmaraemMoe BaM IocoOue HAIMCAHO MPEIONAaBATENIAMU XUMU-
yeckoro (¢axyabrera MOCKOBCKOTO YHUBEPCUTETA U HMpeJHA3HAUYAETCS
[IJIS TIOATOTOBKY K TECTOBBIM (DOpMAaM I'OCYAapCTBEHHOU aTTecTaruu —
ET9 u OI'9.

Bech maTepuas paszeséH Ha Tpu OOJbIINe YACTHU: OOIIad XUMUSI,
HeopraHM4ecKas XUMUs, OpraHndYecKas XxuMusa. KaxKasiii pasmesa BHY-
TPU STUX YACTell MOCTPOeH II0 TPANUIIMOHHOM cXeMe: Teopusd, MpPH-
Mephl, 3aJaHUsA IJIs CAMOCTOSATEJIbHOTO pelieHus. MHoOrue mpuMepbl
¥ BOIIPOCHI COCTABJIEHBI II0 aKTyaJbHON JeMOBEPCUM IIOCIeTHEro roja,
OOHAKO [OJIA IMOJHOTHI KapPTHUHBLI MbI IMPUBOAUM 3aJaHUSI U IPYTUX
TunoB. TeopeTuuecKkuii MaTepuas Tak:Ke He OTPaHUYEH JAeMOBepcuei,
XOTA W OPUEHTHUPOBAH B IEePBYIO ouepenb Ha HeE.

HexoTopsie paszesbl COlEP:;KAT TOJIbKO TEOPETUUECKUN MaTepuas.
9TO CBA3AHO C OTPAHUYEHHOCTBHIO TECTOBBIX (POPM TrOCymapCTBEHHOM
aTTecTalluy, KOTOPbIe HE CIIOCOOHLI B OJHOM BapHaHTE OXBATHUTH
B JOJI’KHOM Mepe Bechb MOJHBIM Kypc M3YUYeHUd XUMHH B IIKOJIE.

VYpoBeHb MBIOKEHUS MaTepuaja MOCTyIeH AJs OOJBITMHCTBA yda-
IIUXCA CPpeIHel IMIKOJLI U AJS BCeX TeX, KTO CAAaéT XMMUIO Ha rocyJap-
cTBenHO# arrecranuu. Ilocodbue He nyOaMpyeT ITKOJIbHBIE YUeOHUKH,
a IpeJCTaBJISIET MaTepuaJ B CKATOM M KOHIIEHTPUPOBAHHOM (opme.
Boubltoe KoJIMuecTBO MPUMEPOB U 3aJaHUi IS CAMOCTOATEIBHOTO pe-
IIeHUA TTOMOXKET IUIy0:Ke YCBOUTDL TeopeTHudYecKuil marepuai. Ko Bcem
TECTOBLIM M PACUETHBLIM 3aJaHUAM JAHBI OTBETHI.

ABTOpPBI UMEIOT GOJIBIIION OIIBIT COCTABJICHUA U SKCIIEPTU3BI TECTO-
BBIX 3aJlaHUH ¥ IPEKPACHO ITIOHMMAIOT BCe HEIOCTATKU U ITOJIOKUTEb-
HBIE CTOPOHBI TECTOBBIX (POpM aTTectanuu. MbI IIOCTapaJIniCh HAINCATH
mocobue Tak, YTOOBI ITOCJTE ero M3y4YeHWs BbI He TOJbKO YCIIEIITHO
MPOILIN aTTeCTAINIO0, HO M CTaJHU JIy4Ille MOHUMATh XUMUIO.

4-e u3maHUe NOMOJHEHO MpUMepaMu U 3aJaHUAMU, COOTBETCTBYIO-
UM HOBOI gemoBepcuu EI'9.

Aemopul




yacte OBLLUAA XUMUA
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FMABA OCHOBHbIE NOHATUA U 3AKOHbI
1 XUMUN. CTEXUOMETPUA

OCHOBHbIE MOHATUA XUMUMN. .
1.1. KNTACCUODUKALMUA BELLECTB U PEAKLUU

XumMua — HayKa O BellleCTBaX, MX CTPOEHUHU, CBOMCTBAX M IIpe-
BpallleHUuIX.
OOBeKTHI HCCJIEIOBAHUA B XMMUU — aTOMbI, MOJIEKYJLI U BCe-

BO3MOJKHBIE CTPYKTYPbI, B KOTODPbI€ ATOMbBI MU MOJIEKYJIbI MOTYT
00BeINHATLCA, 00pas3ys CBA3U APYT ¢ Apyrom. Bce Ty 00BEKTHI 00b-
eIVHSIOT MOJ OOIMUM Has3BaHUEM <«BeIIeCTBO».

OcHOBHBIE MOHATHS XUMWUK — aTOM M MOJIeKyJa. Bce BelecTBa
COCTOAT M3 aTOMOB, MHOTHE BEeI[eCTBA COCTOAT M3 MOJEKYJ, MOJIEKYJIbI
COCTOSIT M3 aTOMOB.

ATOM — 5TO HaMMeEHbIAA YaCTHUIA dJIEMEHTAa B XHMHUYECKUX CO-
enquHenuax (ompezgenenue 1860 roma). CoBpeMeHHOe oOmpeneseHune
aToMa YUYHUTHIBAET ero CTPOeHHUeE.

ATOoM — 3TO HeMTpalbHAA YACTHIIA, COCTOANIAA U3 IMOJIOMKUTEIHHO
3apAMKEHHOr0 AApPa M OTPUIATEIHHO 3aPAKEHHBIX IIEKTPOHOB.

YacTuiry, COCTOAIYIO U3 AApPa W 9JIeKTPOHOB M MMEIOIIYIO 3aps/,
Ha3LIBAIOT ATOMHBIM MOHOM, MJIU IIPOCTO HMOHOM.

CyimecTByIOT pasHble BUIbI aTOMOB, OTJINYAIOINECAd 3apAA0M Aapa.
Ka:xgpiii Bug aToOMOB, XapaKTepU3YIOIIUNCS OIPEIeJEHHBIM 3aps-
IIOM fAIpa, Ha3bIBAIOT XUuMuieckum snemenmom. Hampumep, sjieMeHT
BOJZOPOA BEJIOuaeT aToMbl H, BxomdAliume B cocTaB JIIOOBIX COeqUHeE-
wui (H,0, CH,, C,H,OH u r.1.). K 2021 rony mocToBepHO u3BeCT-
HBI 118 symemMeHTOB, M3 KOTOPBLIX 0K0J0 90 CyIllecTBYIOT B IIPUPOIE,
a ocTaJbHbIE IIOJYUYEHBI C IIOMOIILI0O MCKYCCTBEHHBIX ANEPHBIX pe-
aknuii. Kamaeiii 9JIeMeHT mMeeT OIpeNeIEHHBINM CUMBOJI, KOTOPBIHA
MPOUCXOAUT OT JIATUHCKOI'0 Ha3BaHUA 3JeMeHTa. ATOMbBI XUMUYECKUX
9JIEMEHTOB B3aMMOEMCTBYIOT IPYT C APYTrOM U 00pasyioT MOJIEKYJIBI.




TNABA 1. OCHOBHbBIE NOHATUA U 3AKOHbI XUMUWN. CTEXWOMETPUA

Monekysa — HauMeHBINAas YACTUI[A BelecTBa, o6Jafarolnas ero
xuMuuecKkuMu cBoiictBamu (ompexpesneHue 1860 roma). CoBpeMmeHHOE
ompeneseHue:

Monekyna — 3TO 3JIEKTPOHEHTpPaJbHAS YaCTUI[A, COCTOSINAA U3
IBYX MJIH 00jiee aTOMOB, COeUHEHHBIX MEKAY CO00M XumuiecKumu
céazamu.

BemecTBOo ¢ TOUKM 3peHUA XUMUU — 9TO Ji00asd COBOKYITHOCTH
aToMOB (MOHOB) WM MOJIeKyJ. Beuwjecmea MONEKYAAPHO20 CMPOCHUS
COCTOAT U3 MOJIEKYJI. Bewecmaea nemonexynaprnozo cmpoenus COCTOAT
U3 aTOMOB WJIM HOHOB, KOTOPBIE CBABAHBLI APYr C APYroM B 0ecKo-
HEYHbIe CJIOM M KapKachl. B 3THMX BellleCTBaX BBIAEJIUTL OTAEJBHHBIE
MOJIEKYJIbI HEeJIb35, MOKHO JIMIIH OMPEeNeSUTh HAMMEHBITNH TOBTOPSIO-
muiicsa (GparMeHT — ero Ha3bIBAIOT CTPYKTYPHOI, nan (hOpMyJILHOM,
enuuuieii. Hanpumep, B MeTaJJIM4YeCKOM KeJje3e CTPYKTYPHON enu-

Huiei apiaserca atroMm Fe, a B KBapile — OAWH aTOM KpeMHUSA U ABa
aToma Kucjopoga, T.e. Si0O,. IIpumepoB BelecTB HeMOJIEKYJIAPHOTO
CTPOEHUSA AOCTATOYHO MHOIO — 3TO BCE€ METAJLIBI M CILIABBI, IIOUTHU

BCe coJyu, aamas, rpadur, KBapi.

Bo mMHOrMX ciaydyasx IO CBOMCTBAM BeIlleCTBa JIETKO AOragaThCd —
IOCTPOEHO OHO M3 MOJIEKYJI MJIU HeT. Eciiu BelllecTBO MMeeT MOJIEKY-
JIIPHOE CTPOEHUE, TO CBI3U MEKAY OTAEJbHBIMHU MOJIEKYJaMH B HEM
mocraTtouHo ciaabbie. IlosaToMy TaKue BelllecTBa MMEIOT HU3KHUE TEMIIe-
pPaTyphl IJIABJIEHUA U KUIIEHUA, YacTO JIETKO JIETYUYd U MMEIOT 3aliax.
Tak, Bce rassl U MOUTH BCe JKUIKOCTU COCTOSAT M3 MOJIEKYJ. BerecTBa
HEeMOJIEKYJIAPHOTO CTPOEHUS OOBIYHO MMEIOT BEBICOKNE TeMIepaTyphl
IJIABJIEHUS W KUIIeHUSA, TaK KAaK BCe aTOMBI MM MOHEBI B HUX IIPOYHO
CBSBAHBI IPYT ¢ Apyrom. IIpy KoMHaATHON TeMIlepaType OHU TBEDPALIE,
HeJeTyure U He MMEIOT 3amaxa.

BemrecTBa OGBIBAIOT IPOCTHIE U CJIOXKHBIE. IIpocmuie eujecmea
COCTOAT M3 ATOMOB OZHOTO 3jieMeHTa. MHorue sjaeMeHTHI 00pasyioT
HECKOJIbKO IIPOCTBLIX BeIleCTB, Pa3jiu-
YaIOI[UXCSA COCTABOM MJM CTPOEHUEM.
9To sBJeHUE HA3LIBAIOT ajjaomponuell,
a COOTBETCTBYIOII[UE IIPOCThIE Belle-
CTBA — QJAJAOMPONHbIMU MOIupUKa-
OUAMHI, WIN aJJOTPONHBIMU (popMaMu
dJIeMeHTa.

E1(Y)
MUHTEPECHO

okono 400.

MpocTbix Bewecrts U3BECTHO
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YACTb I. OBLLAA XUMKA

CXEMA 1.1.

Obuwasn
Knaccuduka-
WA BELLeCTB

IIpuMepsl aIIOTPOIMHBIX MOAU(PUKAIIMI:
® siuemeHT Kucaopos O oGpasyer mpoctble BemjecTBa Kucaopop O,

u 030 O,;

® sinemeHT yriepon C — mpocteie BemrectBa rpagur C, anmas C,
dynnepen Cg;

® ojleMeHT cepa S — TIPOCThIe BeleCTBA POMOWYECKyIo cepy Sg,
MOHOKJIMHHYIO cepy Sg;

® snemeHT dochop P — Gexnsrit pocdop P,, uépusiii docdop P,

KpacHbI docdop P;
® synemeHT kene3o Fe — a-Fe, B-Fe, y-Fe, 5-Fe; Bce atu monmudu-
Kalli{ OTJIMYAIOTCS APYT OT APyra KPUCTAJINYECKON CTPYKTYpPOu
u (pU3WUECKNMU CBOWCTBAMU.
IIpocThie BelllecTBa MOAPAa3AeIAIOT HA METAJJILI U HEMETaJJIbI (cxe-
ma 1.1).

BELLLECTBA
/ \
WHAUBUAYANDbHbIE CMECHU
/ \
MpocTbie CnoKHble
P N e N
Mertannbl Hemetannbl HeopraHuueckue OpraHunyeckue
> Okcnapl > Yrnesogopozabl
B Kucnotbl | Kucnopoacoaepatupe
> Conun Ly A3soTCOoaepalume
> OcHoBaHuA

Crnooxctble geujecmeéa, WIN XumuiecKue coe0uHeHUs, COCTOAT U3
aTOMOB Pa3HBIX JJIEMEHTOB, CBA3AaHHBIX MEKIY COO0OM ITOCTOSHHBIMU
(cTexmomMeTpuUeCKUMU) cooTHOIIeHusaMu. CocTraB JII000Or0 XUMUUE-
CKOT'O COeIWHEHUs OIMCHIBAETCA XuMmuueckoi gopmynoi. IIpumeps
xuMudyeckux coepunenuit: soga H,0O, cepnasa kuciaora H,SO,, riokosa
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CeH,,0,. Cocras BelecTB MOJIEKYJIAPHOTO CTPOEHWUA HE 3aBUCUT OT
crocofa TOJIyUeHUs U SABJIAETCA IOCTOAHHBIM (3AKOH NOCMOAHCMEA
cocmasa).

Cio:KHBIEe BelllecTBa IIOAPA3IeJSAI0T Ha opraHudvecKue (yrjieBo-
IOPOABI M WX NHPOM3BOJAHBIE) M HeopraHmueckue. VI Te m npyrue,
B CBOIO ouepelb, Pa3fesaioT Ha OIpeneséHHbIe KJIACChl COeTUHEeHU
(cxema 1.1).

BerrecTBa, cocToAle U3 HECKOJbKUX COEIUHEHUIN, He CBA3aHHBIX
MeXIy co00M IOCTOSHHBIMU COOTHOIIEHUAMU, HASBIBAIOT CMECAMU.
CocTaB cmeceli He ABJIsETCA IOCTOAHHBIM. IIpuMephbl cMecei: MopcKas
Boma (cMech BOABI M PACTBOPEHHBIX B Heil cojeil), Bo3mgyx (cMmech
azoTa, KUCJIOPOJa, MHEePTHHIX ra3oB (TJIaBHBIM 00pasoM, aproHa), yr-
JIEKVCJIOTO Ta3a W MapoB BOALI), 0eH3MH (CMech YIJIEBOIOPOMIOB).

XuMHYecKasa peakiusa — 39TO IIpeBpallieHne OJHUX BellecTB (pe-
areHTOB) B JApyrue BemrecTBa (MPOAYKTHI), OTIUYAIOIIMECS OT HHUX
COCTAaBOM M (MJIM) CTPOCHHEM.

Hpn XNIMHUYECKUX PeaKIMnAX aTOMbI HE M3MEHAIOTCA M YHMCJIO aTo-
MOB KasKJIOTO 9JeMeHTa COXPaHAeTCSd.

IIprsHakm XWMUYECKOU pPeaKIUuU: BbIZeJeHUe rasa, oOpasoBaHUe
ocajgka, U3MeHeHUe IIBeTa, IIOIVIOIleHWe WJIM BBIIeJIeHUe TeIJIOTHL.
B tabaumne 1.1 mpuBemeHBI CIIOCOOBI KJIAaCCHUPUKAINN XUMHIUYECKUX
peaxnumii Mo pasyiMUYHBIM IPU3HAKAM.

IIpuznak Tunsr peaxuumit
Cocras Coenune- Pasaoxe- 3aMeleHu A ObomeHa
BellecTB HUA HUSA A + BC = AB + CD =
A+B=C |A=B+C|=AB+C = AC + BD
Arperart- T'omorennsnie (mporekaior | I'ereporennnie (IpoTeKaioT
HOE Co- B oxHOU dase) Ha rpaHuile pasuesa das)
CTOSHHE 2H,(r) + O,(1r) = 4FeS(TB) + TO,(r) =
BelecTB = 2H,0(r) = 2Fe,04(TB) + 450,(1)
HN3me- OxucaurenbHO-BoccTaHo- | O6menHble (6e3 M3MEHEHUS
HeHue BUTeJbHBIE (C M3BMEHEHU- | CTeIeHW OKWCJIeHU)
CTeNeH!’ eM CTeleHUW OKUCJIEHUS) KOH + HCI = KCl + H,0
oxucnenus | 2Fe + 3Cl, = 2FeCl,
3JIEMEHTOB

9
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YACTb I. OBLLAA XUMKA

OKoHuaHUe mabaulbl

IIpusnax Tunsl peaxkuuit
O6paTu- O6patumsbie Heob6paTtumbie
MOCTh H, + S 2 H,S AgNO,; + NaCl =
= AgCll + NaNoO,
TenmoBoi IK30TepMUYECKIE dHOoTepMuyecKkue (¢ IIOTJIO-
3t derT (c BBIIEJIEHUEM TEIJIO- IIeHVEeM TeIJIOTHI)
TBI) N, + 0, = 2NO — 182 llx
C+0,=C0, +
+ 393,5 xllx

XuMUJuecKre peaKIUHU 3aIlUCHIBAIOT
\ € IOMOIIBI0 YPABHEHUUN W CXEM.
2 TPERELEL N PR Ypaenenue xumuueckoil peaKuyuu —
peakuuu 4yucino aTomMmoB
3allCh PeakIUu ¢ IIOMOINbI0 (HOpPMYT

KaXX[oro 3siemeHTa B N1eBOM
W NpPaBol YaCTAX OAMHAKOBO, peareHTOB W IIPOAYKTOB C yYKa3aHUeM HUX

YTO OTparkaeT 3aKOH cOXpaHe- OTHOCUTEJBHBIX KOJIWYECTB (B MOJAX).
| HUA Maccbl BeLLecTB. | Yucsia mepen XuMMUUYECKUMHU (popmMyaamu,
\ ) KOTOpble YKasbIBaIOT OTHOCUTEJIbHBIE KO-

JIMUeCTBa BeIllleCTB, HAa3BIBAIOT CMeEXUOo-
mempuiecKumu Ko3gpuuueHmamu.

npumer BRE
@
YpaBHeHWE peaKkuMM OKUCAEeHWA 3TaHOMa MOAKWUCAEHHbIM PAacTBOPOM MepmaHra-

HaTa Kanuna:

SCH,CH,0H + 4KMnO, + 6H,50, = 5CH,COOH + 2K,50, + 4MnSO, + 11H,0.

HNHorma B ypaBHeHMAX PeaKIUil YKa3bIBAIOT arperaTHOE COCTOA-
HUe YYaCTHUKOB peaKIuu, a HaJ 3HAKOM PaBEeHCTBAa UJIU CTPEJIKOU,

CBA3BIBAOIIMMHY JIEBYI0O U IIPaBYI0 YaCTU YPaBHEHUS, — YCJIOBUA
MmpoBeJeHNns peaknuu (TeMIeparypa, JaBileHUe, KaTaaimsaTop), Ha-
npumep:

H,(r) + S(x) 5 H,S(r).

Ecnu B 3anucu XxuMmryecKol peakImy He YKasaHBI KO3 HUIMeHTHI
Wi npuBeleHb! (OPMYJIbI He BCeX YYACTHMKOB PeaKIUU, a TOJIBKO
OCHOBHBIX M3 HUX, TO TaKyl0 3allCh HA3BIBAIOT CXEMOU peaxuyuu.
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Cxema peakunn OKMCNEeHNA 3TaHO/1a NMOAKNC/IEHHBIM PaCTBOPOM MeEPMaHraHaTa KajsinAa:

CH,CH,OH + [0] —> CH,COOH + H,0,

rae cumeon [O] — obo3HayeHWe OKWUCAUTENA, T.e. NepmaHraHata Kaaums.

JJIsT KOJMYEeCTBEHHBIX PACUYETOB MO XHUMUYECKUM (QOpMYJaM
¥ YPAaBHEHUAM XUMUYECKUX PEaKIUH HMCHOJL3VIOT IIOHATUA KOJIMue-
CTBa BellleCTBA, a TaKyKe aOCOJIIOTHON M OTHOCUTEJLHON MAacChl aTOMOB
W MOJIEKY.JI.

KonnuecTBa MOJIEKYyJ M aTOMOB, coOAepsKallliecs B BellecTBax,
OUeHb BEJUKU, IOITOMY IJISA M3MEPeHUsI KOIUYeCmaa 8eu,ecmaa BBe-
JU CIeNUAJIbHYI0 eIUHUIY — MOJb.

Moub — 3TO KOJIMYECTBO BelleCTBa, KOTopoe coaep:xkur 6,02 - 1023
YACTHI] 3TOT0 BelIecTBa.

Yucio 6,02 - 1023 massiBaror uuciom Aeozadpo. ®PU3NUECKYIO BeJIH-
unay N, = 6,02 1023 momp~! HaseiBaOT nocmosannoi Aeozadpo.

Ecau obpaserr comep:xur N uvacTuil (MOJEKyJ UIN (POPMYJILHBIX
e[IMHUII) BEleCTBA, TO KOJUYECTBO BellecTBa V (B MOJAX) B OTOM
o0pasIie MOKHO OIpefeuTh Mo (opMyJie:

v=N/N,.

KonnuecTBo BemlecTBa — BaykHAsA BeauumHa AjiA xumun. C eé mo-
MOIIbI0 MOYKHO OIPENeNATh Maccy, 00'bEM, UMCJIO YACTHI[ BellecTBa,
OHA HCIIOJL3YEeTCS B PAacuéTax IO XMMMUYECKHM (OPMYyJaM U ypaBHe-
HUAM.

W3 mocieqHero ypaBHEHUs CJIEAYeT, UYTO KOJHMYECTBO BEIIEeCTBA
U YMCJIO ATOMOB MJIM MOJIEKYJI IIPSAMO IIPOMIOPIMOHAIBHLI APYT APYTY,
TPUUYEM KO3(M@MUIIMEHT MPOMOPIMOHAIBHOCTH — OAWH W TOT K€ AJIA
BCeX BEIEeCTB:

Vo _ N
v, N .

9TO COOTHOIIIEHUE HCIIOJb3yeTCA IPU pPacuérax COCTaBa CMecel.

Maccel aTOMOB ¥ MOJIEKYJ OYE€HBb MAJbl, IIOSTOMY UX IPUHSTO M3-
MePATHb B OTHOCUTEJIbHBIX €IUHUNAX. B XUMUM IPUHATA CUCTEMA M3-
MepeHUs, OCHOBaHHAA Ha Macce aToMa yriepona. Amomuas e0uHuya
maccol (a.e.m.) paBHa 1/12 maccesl aToma yriepoga 2C.

9
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1laem =1/12 m(*2C) =
=1,66057-1027 xr = 1,66057 - 10724 1.

Ira egfUHUIIA CBA3aHA C IIOCTOSHHOM ABorampo:
1 a.e.m. =1 r/mons / N,.

OmHocumenvhas amomuas macca dnemenma A — GespasMepHas Be-
JUYWHA, PaBHASA OTHOIIEHUIO CPeIHell MacChl aToMa djeMeHTa K 1 a.e.M.

A_ = m(aroma) / 1 a.e.m.

Cpennsas mMacca aToMa PACCUUTHIBAETCA ¢ YUETOM PACIPOCTPAHEH-
HOCTHU aTOMOB dJIEMEHTa C PAa3HOM aTOMHOM Maccoil B 3eMHOM KOpe.
Abconromuas macca amoma paBHA OTHOCHUTEJIBHOM aTOMHOM Macce,
YMHOKeHHOH Ha 1 a.e.M.:

m(atoma) = A -1 a.e.m.

Ommuocumenvnas monexkyaapras macca M — GespasmepHas Be-
JIMYMHA, PaBHAA OTHOIIEHWIO MacChl MOJEKYJHI K 1 a.e.M.

M_ = m(monerynsr) / 1 a.e.m.

J— OTrHocuTeabHAaA MOJIEKYyJIAPpHasA Mac-

ﬂ ca paBHa CyMMe€ OTHOCHUTEJIbBHBIX MAaccC
YucneHHble 3HauYeHus monap-
HOJ Mmaccbl M M OTHOCHTENb- aToOMOB, BXOOAIIMX B COCTaB MOJIEKYJIBI.
HOM MoneKynAipHOM maccel M, Aobconromnuas Macca MOREKYnbi DaBHA
PaBHbI, OAHAKO NepBas BeAUYMHA OTHOCHUTEJIbHOM MOJIEKYJAPHOMW Macce,

mmeet pasmepHoctb [M] = r/monb, YMHOMKeHHON Ha 1 a.e.M.
a BTopas 6espasmepHa:
M=M. -1 r/monb.
Hanpumep, oTHocutenbHas Maccy ogHOTO MOJIA BellleCTBa Ha3bIBA-
Y 2E DTN CCCABOA L 0T MOLAPHOU maccoii (obosHauaerca M,
| xé(ché?)fv;:fé)iM&m:mz:.,. | musMepseTcsa B I'/MoJib). Eé ompemeasioT
KaK OTHOIIEHWE Macchl BemecTBa (B T)
K KOJIMYeCTBY BellecTBa (B MOJIb):

m

m(monexynsl) = M -1 a.e.m.

M:
\%

C momomIbio 9TOM (POopMYJabl MOMKHO HAWTHU KOJUUYECTBO BeIlecTBa
vV TI0 ero Mmacce:

m
V=—
M
1, HA00OpOT, 3HAad KOJMUYECTBO Bell[eCTBa, HAUTH MAaccy:
m = vM.
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TNABA 1. OCHOBHbBIE NOHATUA U 3AKOHbI XUMUWN. CTEXWOMETPUA

XUMUYECKAA ®OPMVYNA
1.2. U CNOCObbI EE ONPEAENEHUA

Xumuyveckas opmyaa OTparKaeT COCTAB MU CTPOEHUE BeIecTBa
(tabm. 1.2).

Moanexynaprasa ¢gopmyna NMOKa3bIBAET YHCIO aTOMOB KaKIOTI'0
3JIeMEHTa B MOJIEKYJIe.

OHa COCTOUT M3 CHUMBOJIOB 3JIEMEHTOB U IIOACTPOYHBIX MHIOEKCOB,
YKa3bIBAKOIINUX YMCJIO aTOMOB JAaHHOI'O 3JIEeMEHTa. MO.HeRy.IIﬂpHaH
(I)OpMy.Ha OIIMCBhIBAET TOJIBKO BelleCTBa C MOJIEKYJIAPDHBIM CTPOE€HUEM.

dmnupureckas (npocmeiiwan) popmyna MOKA3HIBAET TOIBKO
mpocTeiililee COOTHONIEHUE MEJKAy YHCIOM ATOMOB Pa3HBIX 3JIEMEH-
TOB B BelIECTBE.

H1s1 BelecTB HEMOJIEKYJISAPHOTO CTPOEHUSA sMIupudecKada Gopmyiia
OIMCHIBAET COCTaB GOPMYJIbHOM eTMHUINBI. [IJId BeIlecTB MOJIEKYJIap-
HOTO CTPOEHUSA MOJEKYyJIApHasA opMyJia UJIN COBHANAET C dIMIUpPUUE-
CKOIf, MJIM KpaTHa eii.

Cmpynmypuaﬂ (])opmy.na YKa3bpIBaeT IMOpAAOK CO€eAUHEHHUHA aTo-
MOB B MOJIEKYyJie 1 YHCJIO cBA3en MeXay aTOMaMH.

CTpyKTypHBIE (GOPMYJBI MPUTOAHBI TOJBKO AJA OMUCAHUA Be-
IEeCTB MOJIEKYJIAPHOTO CTPOEHUWA M HEKOTOPHIX MOHOB. B opra-
HUYECKOUM XWMUU YacTO HCIOJB3YIOT COKPAIIEHHBIE CTPYKTYPHBIE
(opMyaBI, B KOTOPBHIX He ITOKa3aHbI aTOMBI yIJiepoJla U CBA3aHHBIE
¢ HUMH aToMbl Bogoposa. OHM MOBOJBHO KOMHOAKTHBI, HO K HUM
HYKHO IIPUBBLIKHYTD.

dopmyina
HaszBanue
BelecTBa MOJIEKY- IMITUPHU- T COKpaIéHHAd
JApHAT yecKas CTPYKTypHAs
Beasrii ¢oc- P, P P P
dop / /\ / /\
P P
P QP P QP

9

9

9

TAB/IULA 1.2.

Mpumepsl
XUMUYECKMX
dopmyn
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YACTb I. OBLLAA XUMKA

OKoHuaHUe mabaulbl

Pdopmysa
HasBanue
BellleCTBa MOJIEKY- 3MIIMPH- CTDVRTVDHAS COKpaléHHaa
JIApHAs yecKas PYKTYP CTPYKTypHAA
YriaeKucIabIn CO, CO, 0=C=0 0=C=0
ra3 (oKcum
yraepoga(IV))
ITepoxcuz H,0, HO H—O0—0—H H—O0—0—H
BOZOpPOIA
Kap6onar — CaCo, — —
KaJIbI[MI
Byran CH,, C,H, H,C—CH,— /\/
—CH,—CH,
YrcycHasa C,H,0, CH,0 (6) (6]
KHCJIO0Ta H C_C//
K AN
OH OH

Paccmorpum 0011ie cmoco0bI OmpeeieHus MOJEeKYJIAPHBIX ¢op-
MyJI.

Cnoco6 1. Ilo MaccOBBIM AOJAM JJIEMEHTOB B BellleCTBE

OGosHauuM (opMyJay BelecTBa AxByCZ. ITo ompenmeseHWI0 OTHO-
IIeHVe WHIEKCOB PAaBHO OTHOIIEHUIO YMCJIa aTOMOB dJIEMEHTOB, a II0-
cjleJHee — OTHOIIEHHUIO YKCJa MOJIEH aTOMOB:

x:y:2=N(A):NB): N(C)=v(A):v(B):v(C).
Wcmonb3ysi cBA3b KOJWUYECTBA BeIECTBa C MAaccoii, MOMKHO 3amu-
caTh:
_m(A) m(B) m(C)
M(A) M(B) M(C)’
Ho maccel 31eMEeHTOB B COeUHEHUN MPSIMO IPOIOPIMOHAIBHBI UX
MAaCCOBBIM JOJISIM, ITO3TOMY OKOHUATEJIHLHO HAXOMMM:
o(A)  o(B) o(C)
x:iy:z= : : .
M) M@®B) M(C)

x:y:z

12



TNABA 1. OCHOBHbBIE NOHATUA U 3AKOHbI XUMUWN. CTEXWOMETPUA

B aToit hopmysie maccoBbie Koau 3jie- —
MEHTOB MOKHO OpaTh Kak B IIPOIEHTAX, -
Tak M B JOJSAX eIWHUIBI. Vcmoab3oBa-
HUe JAaHHOW (POPMYJIBI HPOJEMOHCTPU-
poBauo B mpumepe 1.

HO onpeaenuTb TOJNbKO
npocreiiwyo dopmyny. Ana
HaXO0XAEHUA MONEKYNAPHOMN
dopmynbl Tpebyerca AONONHM-

‘ Mo maccoBbiMm AONAM MOXK-
| TenbHaAa MHPopmauua, Hanpu- |

Cnoco6 2. TIo MacCOBBIM JOJISIM dJIe-

MEHTOB B BellleCTBe M MOJISPHOIl Macce Mep monfaphasa macca. )

Permrenuie cocTOUT M3 IBYX 9TAIIOB. — — — —

1) Ilo MaccoBBIM JOJIAM HAWUTH IIPOCTEHIIYIO (POopMYyJIy.

2) HaiiTu MOJISpPHYIO Maccy, COOTBETCTBYIOIIYIO IPOCTeHIel Gop-
myse. OTHoIlleHMEe MOJIIPHOM Macchl BelllecTBa K MOJIAPHOI Macce,
COOTBETCTBYIOIIEH IpocTeiilieii (GopmyJie, TOKa3bIBAeT, BO CKOJBKO
pas MojekyJApHaa GopMyJia O0JIbIlle TPOCTEHIIeH.

Hanpumep, mycTh MoJaApHasA Macca paBHa 78 r/MoJb, a IpocTeii-
masa gopmyaa Bemtectea — CH. M(Bemecta) / M(CH) = 78 / 13 = 6.
Monexrynsapaasa dopmysna 6osbie npocreiimieir B 6 pas, T.e. C.He.

Bosee moapo6HO 3TOT criocod mpeacTaBjieH B Impumepe 2.

Cnoco6 3. Ilo macce BelmecTBa M YPABHEHHUIO PeaKIiUN

JToTr crmocob MPUMEHAeTCsI, eCJi M3BECTHBI Macca BeIleCTBa U ero
obmas dopmyna, nanpumep R,0, maun C H, ,, HO HensBecTeH KOH-
KPEeTHBIN sjeMeHT R miam umciio aToMOB yriiepojia n B TOMOJIOTHYE-
ckoM pany. Torma mo ypaBHEHHUIO peaKIUKU MOYKHO HAWTH KOJIUYECTBO
BelllecTBa, 3aTe€M PACCUUTATH ero MOJAPHYI0 mMaccy M = m / v u 1o
Hell HaWITU MOJIEKYJAPHY (GopMyJy.

JroT cmocob paccMOTpPeH B mpuMepax 3 u 4.

Cnoco6 4. Ilo mpogykramMm cropaHus

IATOoT cmocod ImpuMeHseTCs IJIsd OompelelieHUs COCTaBa OPTraHU-
YeCKHX BeIlecTB. PaccMOTpHM IIOJIHOE CropaHMe BelllecTBa COCTaBa
CxHyNan° IIponyKTel cropanms — YIVIEKUCJLIA a3, BoAa M as3o0T.
CocTaBUM cxeMy CropaHHsA ¢ KOoa(G@PUIIMeHTaMU Iiepel IPOAYKTaMU
(xoadpunment npu O, He HYy)KeH):

CxHyNan + 0, —» xCO, + (y/2)H,0 + (2/2)N,.

IIpenmosioskuM, UTO MBI 3HAeM KOJHUYECTBA BeIeCTBa ITPOAYKTOB

(ompemenuau mX MO Macce, 00BLEMY MIM YPABHEHUSIM PeakIuii), Torga

II0 MaccaM IIPOAYKTOB MOXKHO HalTu Macchl sinemeHToB — C, H 1
N: v(C) = v(CO,), v(H) = 2v(H,0), v(N) = 2v(N,). Ecau B ucxonaom
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YACTb I. OBLLAA XUMKA

BelllecTBe He ObLIO KMCJIOPOAa, TO MOKHO Cpa3y HaWTH IPOCTeHNIyio
dbopmyry:
x:y:2=v(C):v(H):v(N).

Ecau :xe xucaopon mmeercsi, TO IPUIETCA HAUTH MacChl 9JIEMEHTOB
C, H u N, sarem HaliTu Maccy W KOJHUYECTBO BeIleCTBa dJIeMeHTa
KHCJI0pOaa:

m(0) = m(CxHyNan) — m(C) — m(H) — m(N),
v(0) = m(0) / M(O)
¥ IIOCJI€ DTOTO OIPENEeJUTh IMPOCTEHIIYI0 (POPMYIy:
x:y:z:a=v(C):v(H):v(N):v(O).

ITUM c10CcO6G0M MOMKHO OIIPENeIUTh TOJBKO HMPOCTEHIIyI0 (hOPMYIY,
IS MOJIEKYJIAPHOM (OPMYJBI HE0OXOAMMAa JOMOJHUTEIbHAA MHMOP-
marnusa. ITompoOHO JaHHBIN cIIOCO0 paccMOTpPeH B Ipumepe 5.

Ecam cropaer BelecTBO ompeneéHHOTO KJjacca, TO TaKas 3amada
pelltaeTcs Ipolle, TaK KaK JOCTATOYHO HANTH OMHY HEM3BECTHYIO Be-
JUYUHY — YHUCJIO aTOMOB yryiepoja B MoJjekyyae. IlomoOHoe 3amaHme
pasobpano B mpumepe 6.

Ilocsie Toro Kak ompeneseHa MOJEKYJAApPHaAA GopMyJia, BCTAET BO-
IPOC O CTPYKType MOJIeKYJbl. B Tex 3amaHuMAX, KOTOphIe IIpeijara-
forca Ha EI'D, CTPYKTYypy yHAaéTcss YCTAHOBUTH OJHO3HAUHO HaA OCHO-
BaHUU MPUHAIJIEKHOCTH K OIPENeJJEHHOMY KJacCy COeNWHeHWH WJIu
Mo XUMHUYECKUM cBoiicTBaM. Takoe 3amaHue pasoOpaHo B mpumepe 7
(pemterne mpuBeneHo B ¢opmare EI'I).

MPUMEPBI 3ALAHUIA

Onpepenute npocteiwyo GopmMyny XMMUYECKOTO coeamHe-
m HWS, €CAM MaccoBble A0AM COCTaBAAIOLWMX €r0 3/1eMEHTOB

paBHbl: H — 2,04%, S — 32,65%, O — 65,31%.

o PEIIEHMHUE. IlIpocreiimasa ¢opmysia He 3aBUCUT OT MacChl BeIllecTBa.
BosbpMmém obOpaser BemecTBa Mmaccoit 100 r, Torma Macca KaiKIOoro djIeMeHTa
paBHa ero maccoBoii moie (B %). Pasmenum maccy KasKIoro sjieMeHTa Ha
€ro OTHOCUTEJbHYI0 aTOMHYIO MaccCy:

v(H) : v(S) : v(O) = (2,04 / 1) : (32,65 / 32) : (65,31 / 16) =
= 2,04 : 1,02 : 4,08.




TNABA 1. OCHOBHbBIE NOHATUA U 3AKOHbI XUMUWN. CTEXWOMETPUA

Haumenbimee us umcesn (1,02) nmpuHmMaeM 3a eJUHUIY W HAXOQUM OT-
HOIIIEHWE:

vH) : v(S) : v(0O) =2 : 1 : 4.

Ono O3HaA4YaeT, YTO B MOJIEKYJI€e XMMHNUYECKOI'0 CO€OMHEHUA Ha 2 aroMma
BOZOPOJA IPUXOAUTCA 1 aToM cephl U 4 aToMa KHCJIOPOJa, CAeLOBATEIbHO,
npocreiimas popmysa uckomoro coepuuenus — H,SO,.

OTBET: H,SO,.

Onpepenvute MoNeKkynsapHyto ¢Gopmysy OpraHMYecKoro

m 2 BellecTsa, €cam oHo coaepxut 40% yrnepoaa, 6,7% BO-
popoga u 53,3% Kncnopoga no macce, a ero MoaapHas
macca pasHa 60 r/monb.

o PEIIIEHUE. Cnoco6 1. [leiicTByd Tak ke, KaK U B MPEIBIAYINEH 3ama-
ue, MOXKHO HANTH OTHOCHUTEJIbHBIE KOJUUYECTBA DJIEMEHTOB U OIPEHeUTh
mpocTeinryio (GopMyJy BellecTBa:

v(C) : v(H) : v(O) = (40 / 12) : (6,7 /1) : (53,3 /16)=1:2 : 1.
IIpocreiimas dopmysa semecrsa — CH,O. Ilpocreiimeir dopmyse coot-
BeTcTBYeT MoaapHaa macca: M(CH,0) = 12 + 2-1 + 16 = 30 r/mounb.
Mousipuaa Macca BelecTBa paBHa 60 r/moJib, CIeJoBATEIbHO, UCTUHHAS
(bopmyJsia paBHa mpocreimei Gopmyre, ymHOxKeHHOA Ha 2, T.e. C,H,O,.

® Cmoco6 2. Bo3pMEéM OnMH MOJIb BEIECTBa, Macca KOTOPOTO paBHA
60 r, u HagéM KoJIMYecTBa 3JIeMEeHTOB (B MOJIAX) B 9TOM oOpasie Be-
1ecTBa:

mC)=m-©=60-0,4=241, v(C)=m / M =24/ 12 = 2 monn;
mH)=m-©=60-0,01=41, vV\H =m / M=4 /1 =4 moun;

mO)=m-vw=60-0,5833 =321, v(O)=m / M =32/ 16 =
= 2 MOJb.

B ogHOM MoOJie BellleCTBa COAEPIKUTCS 2 MOJIA yIyiepoa, 4 MOJisi BOZO-
poma m 2 MOJIA KHCJIOpPOAa. OTO O3HAYAET, UTO MOJIEKYJdpHasa dopMmyJia
BemectBa — C,H,0O,.

OTBET: C,H,0,.

Mpw B3ammogericteum 18,5 r npegenbHOro 04HOATOMHOMO

m 3 cnupTa C M3BbITKOM LWENO0YHOr0 MeTanna BblAeANa0Chb
2,8 n rasa (H.y.). YctaHOBUTE MONEKYNAPHYIO dopmyny
cnupTa.




