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Ot aBTOpa

OcHoBHOe 0011iee o6pasoBaHue 3aBepinaerca OCHOBHBIM
rocyzapcTBeHHbIM dK3amMeHoM (OI'D) BHINYCKHUKOB, B XO-
JIe KOTOPOTO IPOBEPAETCSA COOTBETCTBUE MX 3HAHUIT Tpebo-
BaHuAM locymapcTBeHHOro 00pas3oBaTeJbHOTO CTaHIApTa.
Wroroas arrectrainusa BBIIYCKHUKOB 9-X KJiaccoB 00I1e00-
pasoBaTeNbHBLIX yupeskaennit Haunuasa ¢ 2008 r. mpoBoguT-
cA B BUJe TECTUPOBAHUA.

TpeboBanusi K YPOBHIO IOATOTOBKU BBIMYCKHUKOB IIO
XUMUU, yKasauHble B PemepambHoM [ocymapcTBeHHOM 00-
pasoBaTeJbHOM CTaHIApTe OOIIero 00Pa3oBaHUA, SABJIAIOTCA
OCHOBOII pa3paboTKku KOoHTPOILHO-M3MEPUTENbHBIX MATEPU-
aJIOB IJig UTOroBoi arrecramuu. CoriacHo sTuM TpeboBa-
HUAM, 00sS3aTeJIbHOM [Jisi YCBOGHUS SBJISETCS OIpemeseH-
Has cUCTeMa 3HAHUWU O HEOPraHWUYECKUX W OPTaHHUUYECKUX
BeIllecTBaX, WX COCTaBe, CBOWCTBAX U NPUMEHEHUU. ITa
cucrteMa 3HAHUN, B OCHOBe KoTopou Jexxar Ilepmomgmuec-
Kuii 3akoH u Ilepuoguyeckas cucTeMa XUMHUYECKUX 3Je-
menToB I[.MI. MeHngeneeBa, cocTaB/isieT THBaAPUAHTHOE PO
Bcex 00I1e00pasoBaTeIbHBIX MPOTPAMM II0 XWUMUU.

Ilenp cupaBOYHOTO MOCOOMSI COCTOUT B TOM, UTOOBI CHC-
TeMaTU3UPOBATH BECh TEOPETUUECKUI MaTepuaJs 10 XUMUU,
HeoOXOMMMBIN [JisT yCIeNIHOro mnpoxo:kaeHusa Iocymapc-
TBEHHOII WMTOTOBOII aTTecTanuu. Bech MarepuaJj mocoous,
B TOM UmCJe cofeps;KaHue, cTpouTcsa Ha ocHoBe Komudukra-
TOpa 3JIEMEHTOB COMEPIKaHUSA MO0 XUMUU.

BoimonHeHMe TPaKTUYECKUX 3aJaHUN — TPEHUPOBOU-
HBIX TECTOB — SBJISIETCSI ONHUM W3 CIOCO0OB 3aKperrjie-
HUS, CUCTeMAaTHU3aIliy U 0000IeHns MOJYUeHHBIX 3HAHUH,
a TakiKe CIoCcO0OM CaMOKOHTPOJISI MMEIOIUXCSA Y BBIMYCK-
HUKOB 3HAHUH.

TpeHUPOBOYHBIE TECTOBbIE 3aJAaHUSA PA3JUUHBI IO CBO-
el popme m TPeOYIOT IJis CBOErO BBITIOJHEHUSA PA3HBIX TU-
OB OTBETOB.
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3aganus yvacmu I cOOTBETCTBYIOT TpeOOBaHUAM 0a30BO-
0 YPOBHA TOATOTOBKY BBITYCKHUKOB. OHU (hOPMYJIUPYIOT-
cs B BUJE KOPOTKOI'O YTBEP:KIEHUS, OKOHUYAHUEM KOTOPOTO
SABJISIETCS COOTBETCTBYIOIIUII BapMaHT OTBeTa. B KaiKIoM
U3 3aJaHUil ¢ BBEIOOPOM OTBeTa MpejJaraercs 4YeThIpe Ba-
pUaHTa OTBETA, TOJBKO OZWH U3 KOTOPHIX ABJIAETCA BEP-
HBIM.

3amaHusa ¢ KPATKUM OTBETOM MMEIOT MOBBIIIIEHHBINA YPO-
BEHBb CJIOKHOCTHU U TIO3TOMY COZEPsKaT OOJBINNIN 00BEM WH-
opmamum, KOTOPYIO HYIKHO OCMBICIUTE U IIOHAThH. VIMEHHO
TI09TOMY BBITIOJIHEHVE TAaKUX 3aJaHUIl MOTPeOyeT OCYIIecT-
BJIeHUA OOJIBIIIEro UucJa y4eOHBIX HeHCTBUI, UeM B caydae
BBIOOpa OTHOTO BEPHOTO OTBETa. B oTBeTe ciexyer 3amucarhb
YHUCJI0 UJU COOTBETCTBYIOMIMII Habop mudp.

3amzanusa yacmu 2 ¢ Pa3BEPHYTHIM OTBETOM II0 CBOEMY
Ccolep;KaHUIO0 COOTBETCTBYIOT HauboJiee CJIOKHBIM 3aJaHU-
SAM TPaIUIIMOHHBIX HUCbMEHHBIX padoT. OHM mpemHasHaue-
HBI /I TPOBEPKU BJAJEeHUA YMEHUAMU, KOTOPbIe OTBeYa-
0T HanboJiee BBICOKUM TPeOOBAHUAM K YPOBHIO IIOATOTOBKU
BBINYCKHUKOB OCHOBHOI INTKOJIBI. OTBET IpeaIosaraeT 3a-
Ouch HEOOXOAMMBIX YPaBHEHHMU peaKIUMil MW IIPOU3BeHeH-
HBIX PaACUeTOB IIPU PeIleHUU 3aJauu.

ABTOp Hazeercs, UTO IOCOOME ITIOMOMKET BBIITYCKHUKAM
9-X KJIacCOB YCIIEIITHO TOATOTOBUTHCA K SK3aMeHY IO XU-
MUU.



1.1. || CrpoeHue aTtoma.

CTpoeHue 3NeKTPOHHbIX 060104YeK
atomoB nepsbix 20 3nemMeHTOB
MNepuoaunyeckon cuctembl

A.U. MeHpeneeBa

flnpo atoma. HyknoHbl. U3o0TONBI

AToM — wMesbuaiiliiad YacTUIlA XUMUUYECKOTO 3JIEMEH-
Ta. B TeueHMe mMOJIrOr0 BPEeMEHU aTOMBI CUMUTAJINCH HEIeJI-
MBIMHU, UTO U OTPa’KE€HO B CaAMOM WMX Ha3BaHUU («amomoc»
MO-TPEUECKU O3HAUYaeT «Hepaspe3aemvlil, Heleaumbvlit»). K-
CIIeEpUMEHTAJIbHBIE WCCJIeNOBAHUA, IIPOBEAEHHBIE B KOH-
me XIX — mgHavamse XX Beka 3HAMEHUTBIMH (PUIHKAMU
B. Kpyxkcom, B.K. Pearrenom, A. Bexkepenem, I:x. Tom-
couom, M. Kropu, II. Kopu, 3. Pesepdopaom u gpyrumu, c
y0eInuTeIbHOCTHIO TOKA3a/Id, YTO aTOM — CJIOMKHAS CHUCTe-
Ma, cocrodAlnad u3 0ojiee MEJIKUX YACTUIL, IEPBLIMU U3 KO-
TOPBIX OBIJIM OTKPBITHI 3JIEKTPOHBI. B KoHIle XIX B. OGbLIO
YCTaHOBJIEHO, UTO HEKOTOpHIe BEIeCTBa IIPU CUJIBLHOM OC-
BEIlleHUN WUCIYCKAaIOT JIYUYU, IIPeACTaBJIABIINE CO0O0I IIOTOK
OTPUIIATEJIIFHO 3aPSA'KEHHBIX YaCTHI], KOTOPbIe U OBLIN Ha-
3BaHbI 9JIeKTpoHaMHU (aByeHue Gorosdderra). ITosamee GbI-
JIO YCTAHOBJIEHO, UTO €CTh BEIeCTBA, CAMOIIPOU3BOJIBHO HC-
IyCKAaIOIlie He TOJIBKO 9JEKTPOHBI, HO U JPYTUe YaCTUIIHI,
OPUYEM He TOJLKO IIPU OCBEIeHNMN, HO W B TEMHOTe (sIBJe-
HUe PaJuOaKTUBHOCTH).

ITo coBpeMeHHBIM MIPEICTAaBJIEHUSIM, B I[EHTPe aToMa Ha-
XOOUTCA TOJOYKUTEJIHHO 3apAKeHHOe aTOMHOe AP0, BOK-
PYT KOTOPOT'O II0 CJIOMKHBIM OpPOMTaM JBUTAIOTCA OTPUILA-
TEJbHO 3apSAKEHHBbIE 39JEeKTPOHBI. PasMepbl sapa OYeHb
manel — Axapo npuMepHo B 100 000 pa3 meHbIIe pasme-
poB camoro aroma. IIpakTumuecKku BCsI Macca aToMa cocpe-
IOTOUEHa B ANpe, IMIOCKOJBKY 3JIEKTPOHBI UMEIOT OUeHb Ma-
JeHbKYI0 Maccy — oHH B 1837 pas Jjierue aToma BOAOPOZAA
(camoro JIETKOTO M3 aTOMOB). ODJIEKTPOH — caMas JErKas
U3 W3BECTHBIX 3JIEMEHTApHBIX UYAacCTHUI[, ero Macca BCETro
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9,11 - 103 kr. ITOCKOJBKY SI€KTPUUECKUI 3aps SJIeKT-
pora (paBubIil 1,60 - 107'° K1) siBisgercsa HaUMEHBLUINM U3
BCE€X MBBECTHBIX 3apsI0B, €ro HA3LIBAIOT 3JI€MEHTAPHBIM
3apamoM. Tak Kak Bce oCTaJIbHBIE 3apAAbI (OTpUIlaTeIbHBIE
¥ TOJIOKUTEJbHbBIE) KPATHBI 3apAY 9J€KTPOHA, UX BEJIUUU-
HY BBIPa’KaloT B YCJOBHBIX eIUHUIIAX, IPUHUMAA aOCOJIOT-
HBIN 3aps[ 9JIEeKTPOHA 3a €IWHUILY M3MEePeHUs. YCJIOBHBIN
3apAM 9JeKTPOHA TPU STOM paBeH —1, KaTWOHA KaJbIIUA
+2, cynbdar-uoHa —2 u T. A.

Aapo aroma cocTOUT M3 IIPOTOHOB M HEUTPOHOB. IIpo-
TOHBI M HENUTPOHBLI O0HEAUHAIOT OAHNM HasBaHHUEM — HYK-
JOHBI («HYKJeoc» — TO-TpeuecKu «sa0po»). IIpoToHBI mpen-
CTaBJAIOT CO0OH TOJIOMKUTEIHLHO 3apsaKeHHbIe YACTHUIBI C
YCJIOBHBIM 3apsaoM +1, HEUTPOHBI 3apsana He mMmeroT. Cie-
IOBaTeJIbHO, BECh TOJOKUTENbHBIN 3apsl aTOMHBIX sIep
00yCJIOBJIEH INIPUCYTCTBUMEM B sApax IIPOTOHOB. B 1esom
aToOM 3JIEKTPOHEHNTPAJIeH, IIOCKOJIbKY UKMCJIO IIPOTOHOB B SIJI-
pe paBHO YUCHY 3JIEKTPOHOB B aTrome. OO6Iee UMCJIO HYKJO-
HOB B Anape (IPOTOHOB M HEWTPOHOB) HA3HLIBAIOT MAaCCOBBIM
yucaom atoma: A = Z + N. MaccoBoe UHMCJIO aToMa — Be-
JUYNHA Bcerza Iejas u 0Ju3Kad K 3HAUEeHUIO ero aTOMHOM
Macchl (TOCKOJIBKY Macca KaKIOTro HYKJIOHA, KaK dTO BUI-
HO u3 Tabauibl 1, mpuMepHOo paBHa 1 a.e.Mm.).

Ta6ruuya 1
OcHOBHbIE XapPAKTEPUCTUKU IJIEKTPOHOB U HYKJIOHOB

3apsan, Sapan, | Mac- Macca, Macca,

‘Iacnma ycJa. coBoOe
Ka KT a.e.M.

en. YMCJIO0
Dnexrpon ¢|-1,60 - 107°| -1 0 |9,11-10%|55-10"
Ilporor p |+1,60 - 10°| +1 1 |1,67-10%| 1,0073
Heiitpon n 0 0 1 1,67 - 107%"| 1,0087

B coorBercTBumM ¢ 3akonom I. Moamu (1913), 3apsan san-
pa YMCJIEHHO PaBeH IMOPSIJKOBOMY HOMepy aJjemeHTa B Ile-
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puoaunueckorn cucrteme snemeHToB I[.M. Menneneesa. Ipy-
I'MMHU CJIOBaAMMU:

IlopagkoBeiii = 3apag =  Ywucio = Yucio
HOMED sanpa MIPOTOHOB BJIEKTPOHOB
B Anpe B aToMe

Tak, Bce aToMbl HaTpusA UMeIOT 3apAn aapa +11 (T. e.
comep:kaT 11 TpPOTOHOB B AApe), TaK KaK MOPAMKOBBIN HO-
mep Hatpud B I[lepuogmueckoii cucreme paeH 11. Bce aro-
MBI XJIOpa UMeIOT 3apsan axapa +17 (r. e. comepskar 17 mpo-
TOHOB B f7pe), TaK KaK IOPAIKOBBIM HOMEpP XJiOpa paBeH
17. Bce aTombl ypaHa uMeT 3apan aapa +92, Tak Kak mo-
PAIKOBBINT HOMED ypaHa paBeH 92.

B T0 Ke BpeMs umCJIO HEHTPOHOB B AApaX aTOMOB OJ-
HOTO U TOTO Ke dJIeMeHTa MOKeT ObITh pasjauuHo. Tak, B
IPUPOJe €CTh TPU PASHOBUIHOCTUA aTOMOB Boxopoza. S1u-
po Jr060ro M3 aTOMOB BOJOPOJA COAEPIKUT ONUH MIPOTOH,
HO pasHOe YMCJIO HEUTPOHOB. B Aapax aToMOB caMOU JIET-
KOI pPasHOBUIHOCTH BOIOPOAA HEHMTPOHOB HET, AApa IBYX
IPYTUX PasHOBUAHOCTEHN comepskarT JubO OgWH, JuOO IBa
HeliTpoHa. CiieoBaTeIbHO, CYIIIECTBYIOT TPU Pa3HOBUIHOC-
TH aTOMOB BOIOPOZA — C MACCOBBIM UMCJOM 1, MacCOBBIM
YHCJIOM 2 U MACCOBBIM UHCJOM 3. ITO YCJIOBHO 3aIMCHIBA-
IOT CJELYIOIIUM 00pasom:

1 2 3
lH’ 1H’ lH

CiyieBa BHUBY OT CUMBOJIA dJIEMEHTA 0003HAUAIOT €ro II0-
panKoBuIii HOMep B Ilepuomuueckoil cucteme (3apAn Aapa
WJIM YMCJIO TPOTOHOB B saAzxpe). CiieBa BBepXy YKa3bIBAIOT
MaccoBoe Yucjo (CyMMy IIPOTOHOB UM HEHTPOHOB B fAIpe).

CilemoBaTesIbHO, aTOMBI OJHOTO W TOTO K€ DJIEMEHTa MO-
TYT pasjaudaTbcs 1o Macce. PasHOBUIHOCTY aTOMOB OJHOTO U
TOrO K€ 9JIeMEHTa, PasIMUaloIecs II0 Macce, Ha3bIBAIOTCS
uzoronamu. Tax, /I BOZOPOJA CYIeCTBYeT Tpu usoromna: ‘H,
’H u 3H. Tosbko a5 BOIOPOAA KaKAbIN M30TOII MMEeT CBOE
HasBaHUe — IIPOTUMH, meliTepuil m TPUTUN COOTBETCTBEHHO.
MzoTonbl OCTAJBHBIX SJIEMEHTOB HA3LIBAIOT, IIPUOABIAS K
HA3BaHUIO dJIEMEHTa, MAaCCOBOE UNCJIO M30TOIa, HAIIPUMeEp:
120 — usoron yruepoga-12, 22°U — usoromn ypana-235 u T. 1.
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Bcero ussectHo 000 2000 pasanMUYHBIX M30TOMIOB, IPUUEM
B IIPUPOJE CYIIleCTByeT UyTh Oojee 250 M3 HUX, OCTaJb-
HbI€ TOJIYYEeHbI MCKYCCTBEHHBLIM IIyTEéM. Bce M30TOIBI Of-
HOTO XMMHUUYECKOIr'0 9JIeMeHTa NMEIOT OJUHAKOBbIE CBOICTBA.

Hanuuye M30TOIOB — OJHA M3 IPUYUH’ APOOHBIX 3HA-
YeHHI AaTOMHBIX MAacC 9JI€MEHTOB, IPUBEIEHHBIX B Ilepu-
onuuecKkoil cucreme. Tak, XJIOp B IPUPOIE IIpeJCTaBJIeH
cMechi0 ABYX maoromoB: °Cl (75% oT umcia BCeX aTOMOB
xjopa) 1 °'Cl (25%). AToMHAs Macca 3JIeMeHTa PACCUMTHI-
BAeTCs C YYETOM PACIPOCTPAHEHHOCTH OTHEJIbHBIX M30TOIOB
B Ipupofie W AJA Xjopa cocrasiaser: A (Cl) = 35 - 0,75 +
+ 37 - 0,25 = 35,5.

IneKTpoHHbIe 060104KM

B cooTBeTCcTBUUM C COBPEMEHHBIMHU IIPEACTABICHUIMH,
SJIEKTPOH KMEeT [IBOWUCTBEHHYIO IIPUPOAY, IIPOABIASI U
CBOMICTBa YACTUIILI, M CBOMCTBA BOJHBLI. BosHa oTiauvaercs
OT YaCTHUIBI TEM, UTO €€ IMOJIOJKEeHNe B IPOCTPAHCTBE B JaH-
HBIII MOMEHT BPEMEHU HeJIb3d TOUHO OIPeNeIuTh. B cuiy
STOT'0 DJIEKTPOH MOJKET HAaXOAUTHCA B JIIO0OI YacTU OKOJIO-
SANEPHOTO IMPOCTPAHCTBA, HO BEPOATHOCTH €ro IpeObIBaHUA
B Pa3HBIX YaCTAX HTOr'0 IIPOCTPaHCTBAa HeommHakoBa. Co-
CTOAHWE 3JJEKTPOHA B aToMe XapaKTePU3yIOT C IIOMOIIHIO
MOHATUA aTOMHOUM opOuTasu. ATOMHAs OpOMTABL — 3TO
0o0JIacTh IIPOCTPAHCTBA B aToMe, B KOTOPOIi HamboJiee Bepo-
ATHO HAXONUTCS 3JIEKTPOH™ ",

Kaxkpgasa aromHas opOuTa b MMeeT OIIpeneeHHYIO0 (op-
My, opOuTas u pasHON CHUMMETPHUHU 0003HAUAIOT OYKBaAMHU S,

p, duf.
s-Opburaniu umenT (Gopmy cdepsbl (1apa), p-opbura-
au  — (popMy 00BEMHON BOCHBMEPKM, BBITIHYTOM BIOJb CO-

OTBETCTBYIOIIEN ocu KoopauHat (puc. 1):

* Jlpyrasa OpUYMHA CBA3AHA C TAK HA3BIBAEMBIM Je)eKTOM MACCHI IIPI
o0pa3oBaHUU Apa U3 OTAEJbHBIX HYKJOHOB. Bojiee moapo6HO 06 sTOM
TOBOPUTCS B CTApIINX KJaccax Ha ypoKax (GUSUKU.

“*BouJlee cTPOTOe OIMpefeIeHre aTOMHON OpOUTAIN HaéTca B Kypce XUMUI
BBICIIIEH IITKOJIBI.
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