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Ot aBTOpa

OcHoBHOe 0011iee o6pasoBanue 3aBepinaerca OCHOBHBIM
rocyzapcTBeHHBIM dK3aMeHOM (OI'Q) BBEITYCKHUKOB, B XO-
Ie KOTOPOTO IIPOBEPsSETCA COOTBETCTBUE MX 3HAHUI TPedo-
BaHuAM locymapcTBeHHOro 00pa3oBaTeJbHOTO CTaHIApPTA.
UroroBas arrectaiusa BBIIYCKHUKOB 9-X KJiaccoB 00Ie00-
pasoBaTeNIbHBLIX yupeskaennii Haunuas ¢ 2008 r. mpoBoauT-
cAd B BUJle TECTUPOBAHUA.

TpeboBauusi K YPOBHIO MIOATOTOBKU BBIMYCKHUKOB IIO
XUMUU, YKasanHble B PemepasbHoM [ocymapcTBeHHOM 00-
pasoBaTeJIbHOM CTaHIapTe OOIIEro 00Pa3oBaAHUA, ABJIAIOTCA
OCHOBOI pa3paboTKu KoHTPOIBLHO-M3MEPUTENbHBIX MATEPU-
aJIoB JJiA UTOroBo¥ arTecranmu. CorsiacHo 3TuM TpeboBa-
HUAM, 00sS3aTeJIbHOM [JIsi YCBOGHUS SBJISETCS OIpeIeseH-
Has cUCTeMa 3HAHUN O HeOpPTaHWUYECKUX W OPTaHUUYEeCKUX
BeIllecTBaX, WX COCTaBe, CBOWCTBAX U NPUMEHEHUU. ITa
cucrteMa 3HAHWUU, B OCHOBe KoOTopou Je:xxar llepmomgmuec-
Kuit 3akoH u Ilepuoguyeckas cucTeMa XUMHUYECKUX 3Je-
menToB [[.. MenneneeBa, cocTaByisieT MHBaPUAHTHOE SAPO
Bcex 00II1e00pasoBaTeJbHBIX IPOrPAMM II0 XHMUU.

ITenp cupaBOYHOTO MTOCOOMSI COCTOUT B TOM, UTOOBI CHC-
TeMaTU3UPOBATh BECh TEOPETUUECKUIT MaTepuas 1Mo XUMUU,
HeoOXOAMMBIN [JIsT YCIEIIHOTo IIpoXo:kAeHus locymapc-
TBEHHOII MTOTOBOII aTTecTanuu. Bech MarepuwaJj mocoous,
B TOM YUCJIe cofepsKaHue, cTpouTcAd Ha ocHoBe Komudukra-
TOpa 9JIEMEHTOB COJNEPIKAHUA 110 XUMUU.

BoimonHeHMe TPaKTUUYECKUX 3aJaHUNl — TPEHHUPOBOU-
HBIX TECTOB — SIBJISIETCSI ONHMM W3 CIOCO0OB 3aKperrjie-
HUS, CUCTeMaTH3aIliyl U 0000IIeHna MOJYUeHHBIX 3HAHUH,
a TaKsKe CII0CO00M CaMOKOHTPOJISI MMEIOIUXCSA Y BBIMYCK-
HUKOB 3HAHUM.

TpeHUPOBOYHBIE TECTOBbIE 3aJaHUSA PA3JUUHBI II0 CBO-
el popme m TPeOYIOT IJis CBOErO BBITIOJHEHUSA PA3HBIX TH-
TIOB OTBETOB.
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3agaHus uvacmu I cOOTBETCTBYIOT TpeboBaHUAM 6a30BO-
0 YPOBHA TOATOTOBKY BBITYCKHUKOB. OHU (hOPMYJIUPYIOT-
Ccs B BUJe KOPOTKOI'O YTBEPIKIEHUS, OKOHUYAHIEM KOTOPOTrO
SABJISIETCSA COOTBETCTBYIOIIUI BapHaHT OTBeTa. B KaiKIoM
U3 3aJaHuil ¢ BLIOOPOM OTBeTa IIpejJaraercss 4YeThIpe Ba-
pUaHTa OTBETA, TOJBKO OAWH W3 KOTOPBIX SABJIAETCSI BEP-
HBIM.

3amaHusa ¢ KPaTKUM OTBETOM MMEIOT IOBBIIIIEHHBIA yPO-
BEHBb CJIOKHOCTHU U TIO3TOMY COAEPsKaT OOJBINNI 00bEM WH-
dopmamuy, KOTOPYIO HYMKHO OCMBICIUTE U IOHAThH. VIMEHHO
TI09TOMY BBITIOJIHEHVE TAaKUX 3aJaHUIl MOTPeOyeT OCYIIecT-
BJIeHUSA OOJIBIIIEro uucJa y4eOHBIX HeHNCTBUI, UeM B caydae
BBIOOpa OTHOTO BEPHOT'O OTBETa. B oTBeTe ciexyer 3amucarhb
YHCJIO0 WJIW COOTBETCTBYIOIIMH HaGop Iudp.

3amanua yacmu 2 ¢ Pa3BEPHYTHIM OTBETOM II0 CBOEMY
Ccolep;KaHUI0 COOTBETCTBYIOT HauboJiee CJIOKHBIM 3aJaHU-
AM TPAIUIIMOHHBIX MUCHMEHHBIX pabor. OHu mpemHasHaue-
HBI /I TPOBEPKU BJAJeHUA YMEHUAMU, KOTOpPbIe OTBeYa-
0T HanboJiee BBICOKUM TPeOOBAHUAM K YPOBHIO IIOATOTOBKIU
BBIIYCKHUKOB OCHOBHOI IIKOJIBI. OTBET IpeamojaraeTr 3a-
Ouch HEOOXOAMMBIX YPaBHEHHU peaKIMil MM IIPOU3BeeH-
HBIX PaCueTOB IIPU PeIeHUU 3aJaum.

ABTOp Hazeercs, UTO mOCOOME IIOMOMKET BBIITYCKHUKAM
9-X KJIACCOB YCHEIIHO IOATOTOBUTHCSA K 9K3aMEHy IO XU-
MUU.



1.1. || CrpoeHue atoma.

CTpoeHue 3NeKTPOHHbIX 060104eK
atomoB nepsbix 20 3nemMeHTOB
MNepuoanyeckon cuctemol

A.U. MeHpeneeBa

flnpo atoma. HyknoHbl. U30TONDI

AToM — wmesbuaiiliiad YacTUIla XUMUUYECKOTO 3JIEMEH-
Ta. B TeueHMe mOJIrOr0 BpeMEHU aTOMBI CUMTAJINUCH HEIeJIu-
MBIMU, UTO U OTPa’KE€HO B CAMOM WX Ha3BaHUU («amomoc»
IIO-TPEUECKU O3HAUAeT «Hepaspe3aembvlil, Heleaumbvlity). K-
CIIepUMEHTAJIbHBIE WCCJIeIOBAHUSA, IIPOBEAEHHBIE B KOH-
me XIX — mnauvasme XX BeKa B3HAMEHUTBIMH (PUIUKaAMU
B. Kpykcom, B.K. Peutrenom, A. Bekkepenem, I[:x. Towm-
couoMm, M. Kiopu, II. Kiopu, 3. Pesepdopaom u apyrumu, c
y0enIuTeIbHOCTBIO HOKA3aJIMd, UYTO aTOM — CJIOMKHAS CHUCTe-
Ma, cocTrodAlnad u3 0ojiee MEJIKUX YACTUIL, IEPBLIMU U3 KO-
TOPBIX OBIJIW OTKPBITHI 9JIeKTPOHBI. B KoHIle XIX B. GbLIO
YCTaHOBJIEHO, UTO HEKOTODHIE BEIeCTBA IIPU CUJIHLHOM OC-
BEIlleHUN MCIYCKAaIOT JIYUYU, IIPeICTaBJIABIINE CO0O0I IIOTOK
OTPUIIATEJSILHO 3aPs'KEeHHBIX YaCTHI[, KOTOpPble M OBLIN Ha-
3BaHbI 9JIeKTpoHaMHU (saByeHue Gorosdderra). ITosaHee GbI-
JIO YCTAHOBJIEHO, UTO €CTh BEIeCTBA, CAMOIIPOU3BOJIBHO HC-
IyCKAaIOIllie He TOJBKO 9JEKTPOHBI, HO U JPYTUe YaCTUILHI,
OPUYEM He TOJILKO IIPU OCBEIeHNU, HO U B TEMHOTE (dBJe-
HUEe PaJuOaKTUBHOCTIN).

ITo coBpeMeHHBIM IIPEACTaBJIEHUAM, B IIEHTPEe aToMa Ha-
XOOUTCA TOJOYKUTEJIHHO 3apAKeHHOe aTOMHOe AP0, BOK-
PYT KOTOPOT'O II0 CJIOKHBIM OpPOMTAM JBUTAIOTCS OTPHUILA-
TEJbHO 3apsKeHHBbIE YJeKTPOHBI. PasMepbl sapa OYeHb
manbel — aapo npumepro B 100 000 pas meHbIe pasme-
poB camoro aroma. IIpaKTuuecKku BCsI Macca aToMma cocpe-
IOTOYEHa B ANpe, IIOCKOJBKY 3JIEKTPOHBI UMEIOT OUYeHb Ma-
JeHbKYI0 Maccy — oHm B 1837 pas Jjierue aToma BOAOpPOZAA
(camMoro JIETKOTO W3 aTOMOB). OJIEKTPOH — caMas JErKas
U3 W3BECTHBIX JJIEMEHTApPHBIX YAaCTHUI[, ero Macca BCETro
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9,11 -10 %' kr. IIOCKONBKY SJIEKTPUUECKHUI 3apsif SJIEeKT-
pona (paBHbIi 1,60 107 Ki) aBifercs HaMMEHBIINM U3
BCE€X MBBECTHBIX 3apsOB, €ro Ha3bIBAIOT JJIEMEHTAPHBIM
3apagoM. Tak Kak Bce OCTaJIbHBIE 3apAnbl (OTpUIlaTeIbHbBIE
¥ TOJIOKUTEJbHbIE) KPATHBI 3apAAY 9JeKTPOHA, UX BEJIUUU-
HY BBIPA’KaioT B YCJIOBHBIX eIUHUIIAX, IPUHUMAA aOCOJIOT-
HBIN 3aps[ 9JIEKTPOHA 3a €IWHUILY M3MepPeHUsA. YCJIOBHBIN
3apAM 9JeKTPOoHA TPU STOM paBeH —1, KaTWOHA KaJbIU
+2, cynbdar-uoHa —2 u T. 1.

Aapo aroma cocTOUT M3 IIPOTOHOB M HEUTPOHOB. IIpo-
TOHBI M HEUTPOHBLI O0BEIUHAIOT ONHNM Ha3BaHUEM — HYK-
JOHBI («HYKJeoc» — TO-TpeuecKu «sa0po»). IIpoToHsI mpen-
CTABJIAIOT CO0O¥ IOJIOMKUTEIHLHO 3apsaKeHHbIe YACTHUIBI C
YCJIOBHBIM 3apsaoM +1, HEUTPOHBI 3apsana He mMmeroT. Cie-
IOBaTeJIbHO, BeCh TOJOKUTENbHBIN 3apsl aTOMHBIX sIep
00yCJIOBJIEH INPUCYTCTBUMEM B sAApaxX IIPOTOHOB. B 1esom
aToOM 3JIEKTPOHENTPAJIEH, IIOCKOJIbKY UMCJIO IIPOTOHOB B SiJ-
pe paBHO YKCIYy 3JIEKTPOHOB B aToMe. OO6Iee YMCJIO HYKJO-
HOB B Anape (IPOTOHOB M HEWTPOHOB) HA3HLIBAIOT MaCCOBBIM
yucaom atoma: A = Z + N. MaccoBoe UmMCJIO aToMa — Be-
JUYNHA Bcerza Iejas u 0Ju3Kasd K 3HAUEHUIO ero aTOMHOM
Macch! (TOCKOJBKY Macca KasKIOro HYKJIOHA, KaK 9TO BU-
HO u3 Tabauibl 1, mpuMepHo paBHa 1 a.e.Mm.).

Ta6ruya 1
OcCHOBHbIE XapPaKTEPUCTHKH JJIEKTPOHOB M HYKJIOHOB

3apsan, 3apan, | Mac- Macca, Macca,

qaCTl/II];a yca. coBoOe
Ka KT a.e.M.

en. YMCJIO0
Dnexrpon ¢| -1,60-107°| -1 0 |9,11-10%5,5-10*
Ilporor p |+1,60-10°| +1 1 |1,67-10%| 1,0073
Heiitpon n 0 0 1 1,67-1072"| 1,0087

B coorBercTBUmM ¢ 3akoHom I. Moamau (1913), 3apsan az-
pa YMCJIEHHO paBeH IMOPSIJKOBOMY HOMepy ajemenHTa B Ile-

13



puonunueckoinn cucteme snmemeHToB .M. Menneneesa. Ipy-
I'MMH CJIOBaMMU:

ITopankoseiii = 3Bapax =  Ywucao = Yucio
HOMED sanpa MIPOTOHOB AJIEKTPOHOB
B Anpe B aToMe

Tak, Bce aToMbl HATpUs WUMeIOT 3apAn Axpa +11 (T. e.
comep:kaT 11 mpPOTOHOB B AApe), TAK KaK MOPAIAKOBBIN HO-
mep Hatpuda B Ilepuogmueckoii cucreme paBeH 11. Bce aro-
MBI XJIOpa MMeIT 3apAn anapa +17 (t.e. comep:xkar 17 mpo-
TOHOB B fAApe), TaK KaK IOPAIKOBBIM HOMEpP XJiopa paBeH
17. Bce aTombl ypaHa UMeOT 3apsan aapa +92, Tak Kak mo-
PAIKOBBINT HOMEpP ypaHa paBeH 92.

B 10 Ke BpeMs umCJIO HEHTPOHOB B AApaxX aTOMOB OJI-
HOTO U TOTO Ke dJIeMeHTa MOKeT ObITh pas3jauuHo. Tak, B
MPUPOJe €CTh TPU PaA3HOBUAHOCTH aTOMOB Bomopoza. Sn-
po Jr060ro M3 aTOMOB BOJOPOJA COAEPIKUT OLUH MIPOTOH,
HO pasHOe YMCJIO HEUTPOHOB. B sapax aToMoB caMO# JIEr-
KOI PasHOBUIHOCTH BOAOPOJA HEMTPOHOB HET, AApa IBYX
IPYTUX PasHOBUAHOCTEHN comepskaT JubOO OXUWH, JUOO IBa
HeliTpoHa. CiiejoBaTeJIbHO, CYIIIECTBYIOT TPU Pa3HOBUIHOC-
TH aTOMOB BOIOPOZa — C MACCOBBIM UMCJOM 1, MacCOBBIM
YHCJIOM 2 U MACCOBBIM UHCJOM 3. ITO YCJIOBHO 3aIIMCHIBA-
IOT CJIeAYIOIIUM 00pasom:

1 2 3
lH’ 1H’ lH

CiyieBa BHUBY OT CUMBOJIA dJIEMEHTA 0003HAUAIOT €ro II0-
pankoBbiii HOMep B Ilepuommueckoil cucteme (3apAn Aapa
WJIM YHWCJIO TPOTOHOB B saAzxpe). CiieBa BBEePXY YKa3bIBAIOT
MAacCcoBoOe Yucjo (CyMMy IIPOTOHOB U HEHTPOHOB B sAIpE).

CiemoBaTesbHO, aTOMBI OZHOTO M TOTO K€ 3JIEMEHTA MO-
TYT pasjaudaTbcs 1Mo Macce. PasHOBUIHOCTY aTOMOB OJHOTO U
TOr'O K€ 9JIeMeHTa, PasIMUalolecs II0 Macce, Ha3bIBAIOTCS
uzoronamu. Tax, 171 BOZOPOJA CYIeCTBYeT Tpy usoromna: "H,
’H u *H. Tosbko 115 BOIOPOAA KaKAbIIA M30TOII MMEeT CBOE
HasBaHue — IIPOTUMH, NeliTepuil u TPUTUN COOTBETCTBEHHO.
MzoTombl OCTAJBLHBIX 3JEMEHTOB HA3LIBAIOT, IPUOABIAS K
HA3BaHUWIO 3JIEMEHTa, MaCCOBOE UNCJIO M30TOIla, HAIIPUMep:
126 — ugoron yriepoga-12, 2*°U — usoron ypana-235 u . 1.
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Bcero ussectHo 0x00 2000 pa3janUHBIX M30TOMIOB, IPUUEM
B IIPUPOJE CYIIleCTBYyeT UyTh Oojee 250 M3 HUX, OCTaJb-
HbI€ TOJIYUYEeHbl MCKYCCTBEHHBIM IIyTEéM. Bce M30TOIBI O-
HOTO XMMHAUYECKOr'0 3JIeMEeHTa MMEIOT OJNHAKOBbIE CBOMCTBA.

Hannuue M30TOIOB — OJHA M3 IPUYUH’ APOOHBIX 3HA-
YeHWH aTOMHBIX MacC BJIEMEHTOB, NPUBENEHHBIX B Ilepu-
onuueckoil cucreme. Tak, XJIOp B IPUPOAE IIpPeICTaBJIeH
cMechi0 ABYX maorTomoB: °Cl (75% oT umcia BCeX aTOMOB
xjopa) u °'Cl (25%). AToMHAs Macca 3JIeMeHTa PACCUNTHI-
BAeTCs C YYETOM PACIPOCTPAHEHHOCTH OTAEIbHBIX U30TOIIOB
B Ipupofie W AJA Xjopa cocrasaser: A (Cl) = 35 - 0,75 +
+ 37 - 0,25 = 35,5.

IneKTpoHHbIe 060104KM

B cooTBeTCTBUM C COBPEMEHHBIMHU IIPEJCTABICHUIMU,
SJIEKTPOH HKMEeT [IBONCTBEHHYIO IIPUPOAY, IIPOABIAS U
CBOIICTBa YACTUIILI, M CBOMCTBA BOJHBI. BosiHa oTinuaercsa
OT YaCTHUIBI TEM, UTO €€ IMOJIOJKEeHNe B IPOCTPAHCTBE B JaH-
HBIII MOMEHT BPEeMEHU HeJIb3d TOUHO OIPeNeauTh. B cuiy
STOT'O BJIEKTPOH MOJKET HAaXOAUTHCA B JIIO0OM YaCTU OKOJIO-
ANEPHOTO IPOCTPAHCTBA, HO BEPOATHOCTH €ro IPeObIBAHUA
B Pa3HBIX YaCTAX 9TOr'0 IIpOCTpaHcTBa HeommHakora. Co-
CTOAHVE JJEKTPOHA B aToMe XapaKTepPU3yIOT C IIOMOIILIO
TMOHATUA aTOMHOUM opOuTasu. ATOMHAs OpOMTANBL — 3TO
00JIacTh IIPOCTPAHCTBA B aToMe, B KOTOPOIi HamboJiee Bepo-
ATHO HAXOLUTCS 3JIEKTPOH™ ¥,

Kaxxknasa aromHas opOuTa b MMeEET OIIPeAeeHHYI0 (op-
My, opOuTaIu pasHON CHMMMETPHU O0003HAUAIOT OyKBaAMHU S,

p, duf.
s-Opburtaniu umenT (Gopmy cdepsbl (i1apa), p-opbura-
au — (GopMy 00BEMHON BOCBMEPKU, BREITAHYTOH BIOJL CO-

OTBETCTBYIOIIEN ocu KoopauHat (puc. 1):

* Jlpyrasa OpUYMHA CBA3AHA C TAK HA3BIBAEMBIM Ae)eKTOM MACCHI IIPI
00pa3oBaHUM sipa U3 OTAEJbHBIX HYKJOHOB. Bojee moapo6HO 06 sTOM
TOBOPUTCSA B CTApIIUX KJaccax Ha ypoKax (DUBUKU.

“*BouJiee cTPOTOe OIMpefeIeHNe aTOMHON OpOUTAIY AaéTCa B Kypce XUMUI
BBICIIIEH IITKOJIBI.
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