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Ot aBTOpa

OcHoBHOe 0011Iee oOpasoBaume 3aBepinaeTcsi OCHOBHBIM
rocynapcTBeHHBIM 5K3aMeHoM (OI'D) BBITYCKHUKOB, B XO-
e KOTOPOT'O IIPOBEPSETCS COOTBETCTBUME MX 3HAHUU TpPebo-
BaHuUAM locymapcTBEeHHOTO 00pas3oBaTeJIbHOTO CTaHIapTAa.
Wrorosass arrecramnus BBIIYCKHUKOB 9-X KJIACcCOB 00Ie006-
pasoBaTesbHBIX yupexxgeHuii ¢ 2008 r. mpoBOAUTCA B BUIE
TECTUPOBAHUS.

TpeboBaHuAa K YPOBHIO HOATOTOBKM BBIIYCKHUKOB IIO
XUMUU, YKasaHHble B PeaepaibHOM TOCYJapCTBEHHOM 00-
pasoBaTeJibHOM CTaHAApTe OOIero o6pasoBaHUA, ABIAIOTCS
OCHOBO# pas3pabOTKM KOHTPOJIBHBIX H3MEPUTEJIbHBIX MaTe-
puajoB IJist UTOTOBOM arTectarnuu. CorjacHo sTuM TpeboBa-
HUAM, 00A3aTeJbHON AJIA YCBOEHUA ABJAETCA OIPENesIEH-
Has cucTeMa 3HAHUN O HEOPraHMYECKUX M OPraHUUYeCKUX
BeIllecTBaX, UX COCTaBe, CBOMCTBAX U NMPUMEHEHUUN. ITa CU-
cTeMa 3HAHUUW, B OCHOBe KoTopoit je:xxar llepmommueckwuii
3aKkoH ¥ IlepuommuecKkas cucTeMa XUMHUYECKUX DJIEMEHTOB
.. MenngeneeBa, cocTaBJsieT WHBApPWAHTHOE SAIPO BCEX
00111e00pas3oBaTeIbHBIX IIPOrPAMM IO XHUMUU.

Ilenp cnpaBOYHOTO IMOCOOMS COCTOUT B TOM, UTOOBI CH-
CTEeMaTU3WPOBATh BECh TEOPEeTUUYECKUU Marepuaj I0 Xu-
MUY, HEOOXOIUMBIH JJIS YCIEITHOTO Ipoxoskaenus [ocymap-
CTBEHHOUM WMTOrOBOM aTTecTanuu. Bech MaTepuaJ II0COOUs,
B TOM YMCJIe CofepiKaHme, CTPOUTCA Ha ocHoBe Komudukra-
TOpa 5JIEMEHTOB COAEeP:;KaHUsA [0 XUMUMU.

BoimonHeHMe TPaKTUUYECKUX 3aJaHUN — TPEHUPOBOU-
HBIX TECTOB — ABJISIEeTCA ONHUM M3 CIIOCOOOB 3aKperie-
HUS, CUCTEeMAaTU3aIUU 1 O0O0OIeHuA IMOJyUYeHHBIX 3HAHUM,
a TaK’Ke CIoco00M CaMOKOHTPOJIA MMEIOITUXCS Y BBITYCK-
HUKOB 3HAHUM.

TpeHUpPOBOYHBIE TECTOBbIE 3aJaHUA PA3JIUUYHBI II0 CBO-
eii ¢opmMe u TPeOYIOT AJIS CBOETO BBIMOJHEHUS PasHBIX TU-
IIOB OTBETOB.

3amanus 6a30BOr0 YPOBHSA IMOATOTOBKU BBIMTYCKHUKOB
hopmyaupyTCcA B BUue KOPOTKOTO YTBEPIKAEHUS, OKOHYA-
HIEeM KOTOPOTO SIBJIETCS COOTBETCTBYIOIIUI BAPUAHT OTBE-
Ta. B KayKI0oM 13 3aaHuii ¢ BLIDOPOM OTBETA IIpelJjiaraeTcs
HECKOJIbKO BapUAaHTOB OTBETA, TOJbKO OJAWH 13 KOTOPHIX AB-
JISIeTCsI BEPHBIM.
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3amaHnus ¢ KPaTKUM OTBETOM MMEIOT HMOBBIIIIEHHBINA ypPO-
BE€Hb CJIOJKHOCTHU U IIOBTOMY COJIepPsKaT OOJBINNI 00HEM WMH-
dopmalum, KOTOPYIO HYKHO OCMBICIUTDL U MOHATh. VIMEHHO
TMO9TOMY BBITIOJIHEHNE TaKUX 3aJaHUi MOTpedyeT OCyIlecT-
BJIEHUSA OOJILIIIETO YUCJIa yUeOHBIX AeHCTBUI, UeM B ciydae
BBIOOpA OJHOTO BEPHOTO OTBeTa. B oTBeTe ciemyeT 3amucaTh
YKCJIO UJIU COOTBETCTBYIOIIUM HaOO0p Iudp.

3amaHusa ¢ pasBEPHYTHIM OTBETOM IO CBOEMY COZAEp:Ka-
HUI COOTBETCTBYIOT HamboJiee CJIOKHBIM 3aJaHUAM TPaIu-
IMOHHBIX IIMChbMEHHBLIX pador. OHHM IpemHa3HAYEHBI IJIA
IPOBEPKM BJAJEHUS YMEHUSIMH, KOTOPhIE OTBEUAIOT HAMOO-
Jlee BBICOKMM TPeOOBAHUAM K YPOBHIO IIOATOTOBKH BBIIIYCK-
HHUKOB OCHOBHOII ITKOJIbI. OTBeT IIpeAliojiaraeT 3alllcCh He-
00XOAUMBIX ypPaBHEHUU peaKIUuil MM IIPOM3BEAEHHBIX pac-
YETOB IIPU PeIeHUN 3aJaumu.

ABTOp Hajgeercs, YTO mocoOue IIOMOYKET BBITYCKHUKAM
9-X KJIaCcCOB YCIIEIITHO IIOATOTOBUTHCA K 9K3aMeHy II0 XMMUU.

CormacHo «CrenuuKamuy KOHTPOJLHBIX N3MEPUTEb-
HBIX MaTepuaJjioB mJja mpoBemeHuss B 2020 romy OCHOBHO-
TO TOCYAAapPCTBEHHOTO 9K3aMeHa 0 XMMUMN», padpaboTaHHOMN
DPUIIN, un3 sK3aMeHAIMOHHBLIX BAPMAHTOB MCKJIIOUEHO 3a1a-
HIUe, IPoBepsolnee c(POPMUPOBAHHOCTL 3HAHUI IO Pa3Lesay
«ITepBoHauabHLIE CBeAEHNUS 00 OPraHNYECKUX BEIeCTBax».
ATO CBABAHO C TEM, UTO OpPraHMYeCKas XMMUS M3yUYaeTCs B
9 KJiacce BCero OAUH — [Ba MeCsIla, UTO HEeJIOCTATOUHO IJIS
AKTHUBHOI'O YCBOEHUS JOBOJILHO OOJIBIIIOrO 00bEMa yUueOHOTO
MaTepraja O Ha3BaHUAX, CTPOCHUU, XUMHUUYECKUX U (PU3U-
YEeCKHMX CBOMCTBA OCHOBHBIX OPTaHUYECKUX BEII[eCTB W CIIO-
cobax WX MOJMyUYeHHs. B To ke BpeMs, MbI IIOCUUTAJIU He-
00X0AUMBIM B KauecTBe [Ipuo:keHusa IaTh caMble OCHOBHBIE
cBeleHUA 00 OpPraHMYECKWX COeAUHEHUAX Ha IIpPUMepe Me-
TaHa, 9TUJEHA, 9TAHOJA U YKCYCHOM KUCJIOTHI.

B cBA3H ¢ BO3MOKHBIMY U3MEHEHUSIMU B (hopMaTe M KoJIuue-
CTBe 3aJlaHUIi peKOMeHJyeM B IIpoljecce MOATOTOBKU K dK3aMe-
Hy 00paiaThcs K MaTepuajaM caiTa o(puIuaJIbHOro pa3pador-
YNKa 9K3aMeHANMOHHBIX 3agannii — deepaabHOr0 HHCTUTYTA
meJaroru4ecKux usMmepenuii: www.fipi.ru.




1.1. || CrpoeHue atoma.

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

A.U. MeHpeneeBa

flnpo atoma. HyknoHbl. U3o0TONBI

AtoMm — Menbuaiiag YacTHUIA XMMHUUYECKOT'O dJIeMEH-
Ta. B TeueHue J0JIroro BpeMeHUM ATOMBI CUMTAJUCH HeIesIu-
MBIMHM, YTO ¥ OTPa’KEHO B CAMOM WX Ha3BaHUU («aMoOMOC»
MMO-TPEUECKU O3HauaeT «Hepaspe3aemvlii, HelesumbLil»).
IKcIeprMeHTaJIbHBIE NCCIeIOBAHUS, IPOBENEHHBIE B KOHIIE
XIX — mauvage XX B. sHamMeHUTHIMU (pusuramu B. Kpyxk-
com, B.K. Pentrenom, A. Bexkepenem, [[:x. Tomcomom,
M. Kropu, II. Kiopu, 9. Pesepdopaom u apyrumu, c ybGe-
IUTEJIbHOCTHIO MOKA3ajM, UTO aTOM — CJOMKHAs CHCTeMa,
cocrosamaa n3 0ojiee MEJIKUX YaCTUI], IEPBBIMU U3 KOTOPBIX
OBIIM OTKPBITHI dJIeKTPOoHBI. B Konme XIX B. OblIO ycTa-
HOBJIEHO, UTO HEKOTODbHIE BEIIECTBA IIPU CUJIBHOM OCBEIIe-
HUU UCIYCKAIOT JIYUYH, IPEACTaBIABIINE cO00I TIOTOK OTPU-
IAaTeJbHO 3apsA/KeHHBIX YAaCTHUI[, KOTOPble M OLIIM Ha3BaHBI
ayeKTpoHamu (ABJyeHUe doroadderta). Ilosguee O6bLIO yCTa-
HOBJIEHO, UTO €CThb BEII[eCTBA, CAMOIIPOM3BOJIbHO MCIIYCKAIO-
17e He TOJBKO 3JIEKTPOHBI, HO U APYTHe YaCTHUIIbI, IPUUEM
He TOJIbKO IIPU OCBeIlleHWU, HO U B TeMHOTe (ABjeHue pa-
IMOAKTUBHOCTH).

Ilo coBpeMeHHBIM IIPEJCTABJIEHUAM, B IIEHTPE aroMa
HaXOQUTCA IIOJIOKUTEIHHO 3apssKeHHOe aTOMHOE ANpPO, BO-
KPYTI KOTOPOTO II0 CJIOKHBIM OpOMTaM [IBUTAIOTCSI OTPHU-
LATEeJIbHO 3apsiKeHHbIe 9JeKTPOHBI. PasMepnl Anpa OuYeHb
manpl — anpo npumepHo B 100 000 pas mensbine pas-
MepoB camoro aroma. IIpakTuuecKu BCsS Macca aToMa Co-
CpeloToueHa B SfApe, IOCKOJIBKY BJIEKTPOHBI MMEIOT OYeHb
MaJIeHbKYI0 Maccy — OoHHM B 1837 pas jierue aroma BOJIOPO-
Ia (camMoro JIETrKOro M3 aTOMOB). JJEKTPOH — camas JIET-
Kasd U3 M3BECTHBIX dJIEMEHTapHBIX YAaCTHI[, eTr0 Macca BCETro
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9,11 - 10 3! kr. IToCKOJIBKY 9JIEKTPUUECKHIl Bapsfi 9JIeK-
tpora (paBubli 1,60 - 107'° K1) sBiIfercs HaUMEHBUINM
U3 BCeX M3BECTHBIX 3apsiIOB, ero HA3hIBAIOT 3JI€MEeHTAPHBIM
3apagoM. Tak Kak Bce OCTaJIbHBIE 3apAABI (OTPUIIATEIBHBIE
¥ IIOJIOKUTEJbHBIE) KPATHBI 3apAY SJIEKTPOHA, UX BeJIUYU-
HY BBIPAXKalOT B YCJIOBHBIX €IUHUIIAX, IPUHUMASI aOCOJIOT-
HBIN 3apsjg 9JeKTPOHA 3a eIWHUIY U3MepPeHUsd. YCJIOBHBIM
3apAJ 9JIeKTPOHA IPU 9TOM paBeH —1, KaTmoHa KaJabiua +2,
cyabdar-uona —2 u T.A.

Aapo aroma cocTOUT M3 IIPOTOHOB M HEUTPOHOB. IIpo-
TOHBI M HEUTPOHBLI O0HEIUHAIOT OMHUM Ha3BaHUEM — HY-
KJIOHBI («HYKJeoc» — TO-TpedecKu «si0po»). IIpoToHbI
IPEJICTABJIAIOT COOOM IOJIOMKUTEJIBLHO 3apsasKeHHBIE YaCTU-
bl C YCJOBHBIM 3apsAmoM +1, HeHTPOHBI 3apAga He HuMe-
1oT. CaenoBaTesibHO, BECh TIOJIOKUTEIBHBINA 3apA] aTOMHBIX
saxep oOyCJIOBJEH IPUCYTCTBHEM B AApax IIPOTOHOB. B 1e-
JIOM aToOM 3JEKTPOHEHTpajieH, MOCKOJBKY UYKCJIO ITPOTOHOB
B dAApe PaBHO UYUCJIY 9JEKTPOHOB B aTome. OOliee UmCJIO
HYKJIOHOB B Anpe (IPOTOHOB M HENTPOHOB) HA3BIBAIOT MAacC-
CcOBBIM umcaoM atoma: A = Z + N. MaccoBoe YmCIO aTo-
Ma — BeJIMUYMHA BCerja nejas u 0au3Kas K 3HAUEHUIO ero
aTOMHOM Macchl (IIOCKOJIBKY Macca Ka'KJOoro HYKJIOHA, KakK
9TO BUJIHO M3 Tabauibl 1, mpuMepHO paBHa 1 a.e.M.).

Tabaruua 1
OcHOBHbIE XapaKTEePUCTUKU JJIEKTPOHOB M HYKJIOHOB

3apsan, apaz, | Mac- Macca, Macca,

Yacruna ycaI. coBoe
Ka KT a.e.M.

en. YUCI0
DnexrpoH ¢|-1,60 - 1071°| -1 0 |[9,11-10%|5,5-10"
Ilporor p |+1,60 - 107°| +1 1 |1,67-10%| 1,0073
Heiirpon n 0 0 1 |1,67-10%| 1,0087

B coorBercTBUM ¢ 3akomoM I. Moaiau (1913), sapan sapa
YMCJIEHHO PaBeH IOPSAIKOBOMY HOMepy aJjiemenTa B Ilepuo-
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nuueckoit cucreme asemeHToB .M. MenneneeBa. [Ipyrumu
cJIOBaMM:

ITopankoBeiit = Bapang =  Ywuciao = Yucio
HOMeEp anpa IIPOTOHOB BJIEKTPOHOB
B AApe B aTroMme

Tak, Bce aToOMBbI HATPUS UMEIOT 3apAn aapa +11 (T.e. co-
mep:xkaT 11 mpPoTOHOB B sApe), TaK KaK MOPATKOBBIA HOMEP
Hatpusa B Ilepuommueckoii cucteme paBeH 11. Bce aTombr
XJiopa MMeroT 3apan Axpa +17 (T.e. comep:kar 17 IPOTOHOB
B AApe), TaK KaK HMOPAIKOBBIM HoMep XJiopa paBeH 17. Bce
aTOMBI ypaHa MMeIOT 3apAj dAnpa +92, Tak Kak MIOPAIKO-
BBIM HOMED ypaHa paBeH 92.

B To0 Ke BpeMsa UMCIO HEHTPOHOB B SApax aTOMOB OJ-
HOTO M TOTO ’Ke dJIeMEeHTa MOKeT ObITh pasjauuHo. Tak, B
MIPUPOJEe €CTh TPU PA3HOBUAHOCTH aTOMOB Bomopoma. Slapo
JII0O00r0 M3 aTOMOB BOJOPOJA COAEPIKUT OAUH IIPOTOH, HO
PasHoe YHCJI0 HEUTPOHOB. B sapax aToMoB caMoil JIETKOU
Pa3HOBHUAHOCTH BOIOPOIA HEHTPOHOB HET, AApa ABYX APY-
TUX PasHOBUIHOCTEH comep:kaT b0 OmuH, JOO ABa He-
TpoHa. CiemoBaTesbHO, CYIIECTBYIOT TPH Pa3HOBUIHOCTH
aTOMOB BOZOpPOJla — C MACCOBBIM YUMCJIOM 1, MacCOBBIM UHC-
JIOM 2 ¥ MACCOBBIM YKCJOM 3. OTO YCJIOBHO 3aIllMCHIBAIOT
caenyIomuM o6pas3om:

1 2 3
lH’ 1H’ lH

CiyieBa BHH3Y OT CHMMBOJIA BJIEMEHTAa 0003HAUAIOT €ro II0-
PAOKOBBIM HOMep B Ilepmomuueckoii cucreme (3apaAn Aapa
WJIM YMCJIO TMPOTOHOB B Anape). CiaeBa BBEPXY YKas3bIBAIOT
MAaccoBOe YHCJO (CyMMY IIPOTOHOB U HEHTPOHOB B SAPE).

CiiemoBaTesIbHO, aTOMBI OZHOT'O M TOTO K€ DJIEMEHTa MO-
TYT pasauyarbed Mo Macce. PAa3HOBUIHOCTH aTOMOB OJHOTO U
TOrO K€ dJIEMEHTa, Pas3IMYaIoNINecsa II0 Macce, HasbIBAIOTCS
uzoronamu. Tak, IIA BOZOpPOAa CYIIECTBYET TPU H30TONA:
'H, 2H u *H. Toabko ais BOIOPOAA KAXKIBLIN M30TOI MMEEeT
CBOE Ha3BaHUe — IIPOTUi, JeiiTepuii U TPUTHI COOTBETCTBEH-
HO. V30TONBI OCTAJILHBIX 9JIEMEHTOB Ha3bIBAIOT, IPUOABIIAA
K Ha3BaHUIO 3JIEMEHTA MAaCCOBOE YMCJIO M30TOIa, HAIIPUMED:
120 — wusoron yriepona-12, 23°U — usoromn ypana-235 u T.1.

14



Bcero ussectHo 0K0J10 2000 pasaMUYHBIX M30TOIIOB, IPHUUEM
B TIPUPOJE CYIecTByeT uyTh Oosiee 250 M3 HUX, OCTaJb-
HbI€ IIOJIyYEeHbl HMCKYCCTBEHHBIM IyTEéM. Bce M30TOIBI Of-
HOTO XMMHUUYECKOT'0 JIEMEHTA MMEIOT OJNHAKOBBIE CBOMCTBA.

Hannuwme M30TOIOB — OfHA M3 IPUUYUH® APOOHBIX 3HA-
YeHUH aTOMHBIX MAacCC dJIEMEHTOB, NPUBENEHHBIX B Ilepu-
onuueckoii cucreme. Tak, XJOop B IPUPOAE IIPEICTABJIEH
cMechi0 ABYX msoromoB: -°Cl (75% oOT umcia BCeX aTOMOB
xjopa) 1 2'Cl (25%). AToMHAs Macca 9JeMEeHTa PACCUUTHI-
BAeTCA C yYETOM PACIIPOCTPAHEHHOCTH OTAEJIbHBIX M30TOIOB
B Ipupofe u AnA xJyopa cocrasiaser: A (Cl) = 35 - 0,75 +
+ 37 - 0,25 ~ 35,5.

IneKTpoHHbIe 060104KM

B cooTBeTcTBUUM C COBPEMEHHBIMHU INIPEICTABJIEHUIMH,
DJIEKTPOH MMEeT JIBONCTBEHHYIO IIPUPOAY, IIPOABIASL U
CBOMCTBa YaCTHUIIbI, M CBOMCTBa BOJIHBLI. BOJIHA OT/IMYaET-
CsA OT YACTHIILI TEM, UTO €€ IIOJIOKEeHHe B IIPOCTPAHCTBE B
IaHHBIH MOMEHT BpeMeHH! HeJb3s TOUHO OIpenesuTh. B cu-
JIY 9TOT'O BJIEKTPOH MOXKET HaXOAUTHCS B JIOOON YaCTH OKO-
JIOAIEPHOT0 ITPOCTPAHCTBA, HO BEPOATHOCTHL ero IrpebhIBa-
HUA B Pa3HBIX YaCTAX 9TOTO IIPOCTPAHCTBA HEOAMHAKOBA.
CocTosiHUE BJIEKTPOHA B aTOMe XapaKTePU3YIOT C IIOMOIIBIO
TMOHATUA AaTOMHOM opOuTaysu. ATOMHaAsg OpOMTAJIh — OTO
00JIacTh IIPOCTPAHCTBA B aTOMe, B KOTOpPO#l HamboJjiee Bepo-
ATHO HAXOOUTCA JJIEKTPOH™ ¥,

Kaxxpgas aromHas opOUTAb UMeEET ONpPeAeJEHHYI0 (hop-
My, opOuTaIu pasHOM CHUMMETPHU 0003HAUAIOT OyKBaMU S,

p, duf.
s-Opbutanu umeioT ¢opmy cdepsl (m1apa), p-opbura-
au — GopMy 06BEMHOII BOCHMEPKM, BBITIHYTOM BIOJb CO-

OTBETCTBYIOIEeNl ocu KoopauHAT (puc. 1):

* Jlpyraa OpUYMHA CBA3AHA C TAK HA3BIBAEMHIM Ae(eKTOM MACCHI IIPH
o0pa3oBaHUU sipa U3 OTAEJIbHBIX HYKJIOHOB. BoJsiee moapo6HO 06 sTOM
TOBOPUTCS B CTApUIMX KJaccaxX Ha ypoKax (pusuku.

**BoJiee CTPOTOe OIpeJeseHre ATOMHOM OpOUTAIH JATCA B KypCe XUMUKI
BBICIIEH NIKOJBI.
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