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K MaTeMaTu4eCKoOMy nepumoay cucrematTmaumm mn tunn3aumm XxmMmm4eCcKunx
AfIeMeHTOB

Mpowno yxe ©Goniee nontopa Beka C OTKpbITUA [lepunoandeckoro 3akoHa
pacnpegeneHna  xXuMMmmyeckmx anemeHtoB B [lepmnoaundeckon Tabnuue
Ovmutpnem  MBaHoBuyem  MeHpeneesbiM, a  (opmynupoBka  9TOro
dyHoameHTanbHoro 3akoHa [lpupoabl BCE ewe OCTaéTcd CMIOBECHOM U He
MMEeeT MaTeMaTUYEeCKOW BbIpaXEeHUs, HEMPEPbIBHO-LENOCTHO OXBaTblBalOLLEN
BCE XUMUNYECKMNE INTIEMEHTDI.

Eweé HepaBHO (N0 UcTopnyeckumMm mepkam) B KoHue XVIII Beka Oblnn M3BECTHbI
Bcero 5 anemeHTtoB: Kucnopog, Asot, Bogopopn, Tennorta, CBET, KOTOpble B
«Tabnuue JlaByasbe» ObiNM nNpeacTaBfneHbl B KavecTBe «NPOCTbIX Ten,
OTHOCALUMXCHA KO BCeEM TpEM LUapCcTBaM Mpupoabl W KoTopble criegyet
paccmaTpuBaTtb Kak anemMeHTbl Ten». OTnnume OoT YeTbIpEX OPEBHUX
NepBO3NIEMEHTOB (3eMns, BoA4a, BO3[YX, OFOHb) B KOSINYECTBEHHOM OTHOLLEHUN
COCTaBNANo BCero Nuuwb eanHnyy. Ho B ka4eCTBEHHOM OTHOLLEHUN U3MEHEHMUS
3HauyuTenbHble: AobaBneH CBET (M3 CBETOHOCHOMO adompa); TensnoTa (Tennopoa)
3aMeHuna OroHb; BMeCTO 3eMnu, BoAabl U Bo3gyxa — Kucnopoa, Bogopoa u
AsoT.

Yxe B «Tabnuue JlaByasbe» BCEro C TPEMS XMMUYECKUMU 3neMeHTaMmun bbina
OCYLLECTBIIEHA WX KONMWUYECTBEHHas (MO aTOMHbIM Becam) W MopsaaKoBas
cuctematusaums: 1 — sogopod. 2 — AsoT, 3 — Kucnopogn. PacctaHoBka B psaa
BCEro N1b TPEX XMMMUYECKUX INIEMEHTOB YXe npeacraeBnsna cobon He 4To
MHOE, KaK UX MPOCTENLLYIO (TpUBMAsbHYHO) MaTeMaTUYECKy0 CUCTEMaTN3aLNIO.

Oco3HaHMe  CIIOXHOro  3fIEMEHTHOrO0  CoCTaBa  «YeTblpex  OpPEeBHUX
NEepBO3NIEMEHTOB», OCOOEHHO 3emnn, CTUMMYNUMpPOBano MOWCKOBblE W
9KCnepumeHTanbHble paboTbl MO BbISIBIEHUIO HOBbLIX 3feMeHToB. bypHoe
OTKPbITUE HOBbIX 3fIEMEHTOB MPOUCXOAUO B nepBou nonosuHe XIX Beka, B
OoCHoBHOM Tpygamu [aoBu. [Jo cepeauHbl XIX Beka Obiliv OTKPbITbl AECATKU
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HOBbIX XMMUYecknx anemeHToB. K 60-m rogam XIX Beka Oblsin U3BECTHbI yXKe 62
XUMUYECKMX dnemeHTa. HapacTtawuwiee KOMMYECTBO XUMWUYECKUX INEMEHTOB
pacnonaraTb B OQWH psi CTAaHOBUIIOCbH YK€ HEBO3MOXHO.

B 1862 rogy Anekcangp beryne ge LaHkypTya npeanoxusn cucrtemaTtusaunto
Ha 3aKOHOMEPHOM W3MEHEHUN aTOMHbLIX MacC C €€ npeacTaBfeHMEM Ha
nopepxHoctTn uunuHgpa. OH pacnosiokun BCE U3BECTHble B €ro BpeMms
XUMUYECKNE 3NEMEHTBI B NOCNeN0BaTENbHOCTM BO3paCTaHMUA X aTOMHbIX Macc
Ha MNOBEPXHOCTb BEPTMKANbHOroO UWUNMHOPA MO Ccnupanu, BOCXoAslwen oT
OKPYXHOCTU OCHOBaHuUs uunuHgpa. Ha nepecekawowmx «cnupanb beryvex
BepTUKaNbHbIX NIMHUAX Ha LUITUHOPUYECKON NOBEPXHOCTU C HE3HAYUTENbHbLIMUN
UCKINIOYEHNSIMWU  OKa3blBannUCb  XUMWYECKME  3MEMEHTbl CO  CXOOHbIMU
cBouctBamMnu. Tem cambiM  cucTtemaTms3aumsa XUMWUYECKUX  SNIEMEHTOB
pe LUaHkypTya pgononHunacb MX Tunm3ayvenm no cxodHbiM cBouctBam. U
cuctemaTusaums, u TUNM3auus XMMUYeCKNX a5IeMeHTOB oKa3anncb oakTU4ecKu
MaTtemMaTU4eCKMMKN (reoMeTpuyecknMmn, YucrosbiMmn). B HUX SBHO nposaBnsnach
NOBTOPSAEMOCTb (MEPUOANYHOCTL) PU3NKO-XUMUYECKNX CBOWUCTB 3N1IEMEHTOB.

[MoBTOpSiIeMOCTb (MEPUOANYHOCTB) CBOMCTB XMMUYECKUX anemeHToB HOnuyc
Jlotap Menep B 1864 r. n [IxoH AnekcaHgp HetoneHnac B 1865 r. odpopmunu B
Tabnuubl XUMUYECKMX ISFIEMEHTOB, MPUYEM UHXEHEP-XUMUK W  MY3bIKaHT
Anekcanap HetoneHac ncnonb3oBan 3akoH OKTaB U3 My3blKarilbHOW rapMOHUN.
Cnenyet 3ameTtuTb, YTo Ao 1989 roga Hambonee pacnpocTpaHEHHOW Obina
nmeHHo OkTaBHada kopoTkonepuogHasa [lepuogunyeckas Tabnuua XMMUYECKUX
3NEeMEHTOB.

[MoBTOPSIEMOCTL (MEPUOANYHOCTD) CBOMCTB XMMUYECKNX INTIEMEHTOB BNeEpPBbIE
BO3BEN A0 lNMNepuoaunyeckoro 3akoHa — byHOaMeHTanbHOro 3akoHa npupoabl
Omutpun MeaHosny MeHgeneeB B mapTte 1869 roaa.

Takum obpasom, m3HavanbHo, ¢ «Tabnuubl JlaByasbe» o lNepuognyeckux
Tabnuy MeHpeneeBa m IUPAC cuctematusaums, a ganee wn tunusauyums
XUMUYECKUX SNIEMEHTOB ObINM MaTeMaTndyeckumunu. MatemaTnyeckm noitanucb
cuctemaTmanpoBatb  XMMWYECKME  3NEeMEHTbl C  MPUBMEYEeHneM U
TPUTOHOMETPUYECKUX, U CTEMEHHbIX, W 3KCNOHeHUMarnbHbIX GyHKUMKU. Ho
Bbkun n rocnogcteoBan Ao 1989 r. npoctenwmnn 3akoH OktaB HbtoneHaca.
OpHako 3akoH OktaB HbtoneHaca oxeBaTbiBaeT TOMbKO okono 41%, a
dopmMyna u3 KBaHTOBOM MexaHuku — nuwb 50% W3BECTHbIX Ha cerogHsa
XUMUYECKMX anemMmeHToB. Cuctematmsauma v Tunusayms XUMMNYECKNX



3NeMeHTOB 3a bofnee 4em 2-BEKOBYKO MX UCTOPUIO HE Aanu BCeOXBaTHOro
MaTeMaTU4ecKoro BblpaXkeHus HenpepbIBHO-LIENTOCTHOWN Cuctewmbl
XUMUYECKMNX IIEMEHTOB.

NcToputo passutua lNepunognyeckoro 3akoHa OenAT Ha XUMUYECKUA Nnepuoa
n pusnyecknn nepmod. Xmumumyeckun nepuog anmnca oo 1913 r. dusmyeckui
nepuon Haydanca c¢ oTkpeltna [eHpy Mosnm B 1913 [lepuogunyeckomn
3aBNCMMOCTN CBOMCTB XMMUYECKNX NIEMEHTOB OT 3SIEKTPMYECKOro 3apsiga nx
a4ep, B UTore oT HoMepa anemeHTa. QTOoT nepuog AnuTcsa 1 NoHbiHe. HoBble
XUMUYECKME INIEMEHTbI OTKPbIBAT PIM3NYECKMMU METOA4aMu C MOMOLLbHO
A0epHbIX peakuni.

9T [OBa nepuoga CoOMNpoBOXAAKTCA HenpekpallarWwuMnucs nonbiTkaMmu
MaTeMaTU4YeCKOM cucTemaTm3aumm U TUNM3aumn XUMUYECKUX IMNEMEHTOB.
MatemaTnyeckas cuctemaTmsauma M TUNU3aLUUA XUMUYECKUX IIIEMEHTOB
MOXeT BbIAENIUTbCA B CaMOCTOATENbHbIN nepuog Tonbko B cnyvae 100%-ro
OXBaTa BCEX XMMWYECKUX IMEMEHTOB, MPUYEM C MNPOrHO3MPOBAHMEM eLlé
HEen3BeCTHbIX anieMeHToB. OTKpbITUE (CUHTE3) HOBbLIX XMMUYECKUX INTEMEHTOB
CTaHOBUTCA BCE crioxHee. Bo03MOXHO, nabopaTOpHbIA CUMHTE3 HOBbIX
XUMUYECKMX IBNEMEHTOB OyadeT yXe He OCYLeCTBMM, WU OOSHKEeH HacTynuTb
nepuog TofbKO MaTteMaTU4YECKON cUcTemMaTmsaunm n TMNM3auum 3N1eMeHTOB.

Hayka u npocBelyeHue/obpasoBaHue

O6yyeHne, yyéba — oOCBOeHME MO3HaHHOro. [lo3HaHMe — npoaBMXKEHME K
Heno3HaHHOMY, OT OCBO€HHOro. Hawnbornee guvHamMunyHble MPOOBMXEHUS B
Nno3HaHWK 3a nocnegHne 2-3 Beka caenaHbl B matematuke, dousmke, XMMuN,
ToH 3agaBana maTtematumka. Uto Takoe Teopema? OHa dopmynupyeTtcs B
Ha4yane maTtemaTM4eckoro UccrnegoBaHus, T.e. 3agaétca chopmMmynupoBaHHasd
uenb. OcTanbHOe — [OoKa3aTenbCTBO TEOPEMbl, T.e. TMPOABMXKEHME K
chopmynmMpoBaHHOMY B TeOpeMe YTBEPXKAEHMUIO (UCTUHE).

XOTb M HE CTOSIb YETKO Kak B MaTemMaTuke, HO U B TeopeTndeckon usnke, n B
TEeopeTNU4eCcKon XMMmMn NpoLecc no3HaHna NOET Mo TakoW XXe CXxeme, No TakoMy
Xe anropyutmy. dusmka u  xumma — Haumbonee maTtemMaTU3NMpPOBaHHbIE
€CTECTBEHHbIE HayKW.



A ™Mbl Ku3Ha4anbHO MOCTaBMM UeNb — pewnTb npobriemy OTCYTCTBUS
BCEOXBATHOrO  MaTeMaTUYeCcKoro  BblpaxeHnss Yy  doyHAAMeHTaslbHOro
ectecTBeHHoro 3akoHa [lpupoabl — [lepuoguyeckoro 3akoHa XUMWYECKUX
anemeHToB [.1. MeHgeneesa.

PeweHne Oygem wuckaTb B BuAE YUCIIOBOM (HOMEpPHOW) cucTtemaTusauum
XUMUYECKMX ONEeMEHTOB. JOTO aKTUYeCKn NpPOTMBOMONOXHbBIN MNOAXOA K
CyllecTBOBaBlUEN A0 CUX MOp cuUcTteMatusaumm — Hymepauum XMMUYECKUX
3IEMEHTOB, PACCTaBIIEHHbIX MO UX (U3NYECKUM N XMMUYECKMM CBOWCTBAM
(BHayane cBouCTBa, NOTOM Hymepauus). Mbl XXe BHa4arne pacctasmm Homepa 1
NpUNUWEM K HMM COOTBETCTBYHLUME CUMBOSbI XUMNYECKUX IFEMEHTOB
(BHayane HomMmepa, U K HAM CUMBOJSblI XUMUYECKUX arnemMeHToB). O4eBMaHO, 3TO
AeOYKTUBHbLIM NOoAX0o4 MO CPaBHEHUK C MHAYKTUBHbIM MOAXOOOM B UCTOPUU
ABYXBEKOBOW cUCTEMATU3ALNN XUMUYECKUX SIEMEHTOB.

Bcskoe Hay4yHOE€ [OOCTUXEeHUe 0e3 ero NCTOpUN, UCTOKOB BbIMAOUT
OTOpPBAHHbIM, WM30JTMPOBAHHLIM OT o6u_|,ero npouecca ” TMOTOKa MNO3HaAHUA.
|_|03TOMy 06paTI/IMCF| K 4uMcnoBbiMm WUCTOKaM WU wvaeaMm cumcremMatm3aunm
XUMNYECKNX 3JTEMEHTOB.

D,BymepHoe npeacTtTaBlneHne MHoXxectBa XMMN4YeCKUX 3rnemMeHToB

N3HavanbHo, ewe ¢ koHua XYl Beka xMmmnyeckme arnemMeHThl BbicTpansanm no
nopsiaKy BO3pacTaHMsi aTOMHbIX BecoB (Macc). BC& MHOXeCTBO XMMWYECKMUX
3MIEMEHTOB, a UX yXe B nepBon 4yetBepTn XIX Beka HacumuTbiBanocb 6oree
pecsaTtka, BbicTpanBanm B psg. K 60-biM rogam XIX Beka 4YMCHO XUMWUYECKUX
aneMeHTOoB npeBbicuno yxe 60. Pag XMMuyeckmnx 3arieMeHTOB CTasi CrULLKOM
AnvHHbIM. Ckopee Bcero, 3TO Oblflo rMaBHOM MPUYUHOW OTCTYMNEHUs OT
NPSAMOSIMHENHOIO B psig NpeacTaBfeHns MHOXECTBa XMMUYECKNX 3NIEMEHTOB.
[lepBbiM B 3TOM HanpaeBneHwun cregyet npusHaBaTb AnekcaHgpa nae
LLlaHkypTya, koTopbin B 1862 rogy npeacrtaBun UMIUMHOPUYECKYD OopMy
npeacTaBreHUa MHOXECTBA XUMUYECKUX SNTEMEHTOB.

B 1864 rogy AnekcaHap HbetoneHac npegnoxun «3akoH OkTaB» B ABYMEPHOM
pasMeLLeHN MHOXeCTBa XMMUYeCKnx ariemeHToB. 'ogom nosxe Jlotap Menep
npegnoxun ase tabnuubl no 28 n 22 anemeHta. Yepes 5 net, B 1869 roay
npeacTtasun ceoto Nepunognyeckyto Tabnuuy XMMUYECKNX anemMeHToB AMutpun
NBaHoBn4 MeHgenees. IMeHHO OH BriepBble cdopmynuposan lNeprnognyecknn
3aKkoH pacnpegeneHns B cUCTeEME Xummdeckux anemeHToB. [Jo 1989 ropga B
MMpe  Monb3oBanucb  KopoTkonepuogHon  [lepuoandeckon  Tabnuuen
xumunyecknx anemeHtoB [O.. MenoeneeBa C HEKOTOPbIMU WU3MEHEHUSIMU.



[MpumeyaTenbHO, 4YTO B KopoTkonepuogHon [lepuogundeckon Tabnuue
XUMUYECKMX INEMEHTOB npuaepxuBanucb «3akoHa OktaB» HbloneHaca.
Takmm obpasom, nMeHHO B 60-x rogax XIX Beka Npou3owen nepexon oT
OOHOMEPHOro MHOXeCTBa XUMUYECKUX 3feMEHTOB K WX [OBYMEPHOMY
MHOXecTBY. [lepuogndeckmin 3akOH XUMMWYECKUX 3MEeMEHTOB, T[OBOPAT,
«npucHunca» O. W. MeHgeneeBy WMEHHO Ha [ABYMEpPHOM TabfinyHOM
npeacTaBfiEHUN MHOXECTBA U3BECTHbLIX MY XUMUYECKNX 3NIEMEHTOB.

Kak ©bl TO HM OblI0O HAa camoMm gene, HO To, 4YTo [lepuogmyeckmin 3akoH
pacnpefeneHnss XMMUYECKMX 3r1eMeHTOB Oblfl BbIBNEH Ha [ABYMEPHOM
TabnnMyHOM npeacTaBneHNN XUMUYECKMUX NTEMEHTOB — UCTOPUYECKUI (PaKT.

MmeeT cMbICST pacCcMOTpeTb HEeKOTOpble KOHKpeTHble ¢opMmbl Tabnuy, B
KneToykax KoOTopbix 6yaem pasmewatb XUMWUYECKUE 3feMeHTbl B
nocnegosarenbHocT 118 HoOMepoB, NONTy4EHHOW K HACTOSALWEMY BPEMEHM.

2. [iIBymepHasa yncnoBas Tabnuua 10x12

BosbMméM MHOXecTBO nepBbiXx 120 4ucen HaTypanbHOro psga, KoTopbiMu
NPOHYMEPYEM KITETOYKU-KBaApaTukm B Tabnuue 10x12. 310 Haubornee
npoctaa Tabnvua Onsg 4ucen nNPUBbLIMHOM BCEM [OECATEPUYHON CUCTEMBI
cumcrieHus. Ha pucyHke HWxe npeacrasneHa Takasa Tabnuua.

1 2 3 4 5 6 7 8 9 10

11 12 13 14 15 16 17 18 19 20

21 22 23 24 25 26 27 28 29 30

31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48 49 50

51 52 53 54 55 56 57 58 59 60

61 62 63 64 65 66 67 68 69 70

71 72 73 74 75 76 77 78 79 80

81 82 83 84 85 86 87 88 89 90

91 92 93 94 95 96 97 98 99 100

101 102 103 104 105 106 107 108 | 109 110

111 112 113 114 115 116 117 118 119 120

Puc. 1. Tabnuua 10212 nepsbix 120 yncen HaTypanbHOro psaa.



BugHa nepuognyHoOCTb Mo Bcen Tabnuue Bcex Yncen nepBoro paspsiga B 1-12
cTpokax. Bcs tabnuua nepmnogmnyHa. B gecatepnyHon CUCTEME CYUCIIEHUS TakK
n gormkHoO 6biThb. Paspsag u3 1-10 3agaét (onpegenseT) nepmoguyHoCTb NoObIX
Tabnuuy n3 ctpok B 10 yncen.

MocmoTpum, kKak 6ygeT BbirmageTe Tabnuua 1012 ¢ 118-10 HOMepamu
N3BECTHbIX HA CEMOAHSA XUMUYECKMMUN dfIEMEHTAMMN.

Puc. 2. Homepa xummn4yecknx anemeHToB B Tabnuue 10x12

Bce xumunyeckne anemeHTbl gendarcsa Ha 4 Tuna (6noka). OHM HasbiBalOTCS
6nokamu s-, p-, d-, f-aniemeHTOB UNK S, p, d, f BNOKaMN XUMNYECKUX INEMEHTOB.
OTO U3 KBAHTOBOW XMMWK — OOBOJSIbHO CIIOXKHOW Hayku. HO ans Hac BaXXHO
cenyac TONnbKO TO, YTO NOOOM XMMUYECKUN aNeMeHT obsa3aTenbHO ABnseTcs
YNIEHOM OOHOro M3 3TUX 4-X BNOKOB. HET XMMWYECKUX 3NEMEHTOB BHE 3TUX
6rnokoB. Ayenkn Bcex s-anemeHToB y Hac (B CHI, co BpeméH CCCP)
TPaguUUMOHHO OKpalMBalOT B KPacCHbIM LBET, P-3JIEMEHTOB — B XKEMTO-
opaHXeBbl, d-9fIEMEHTOB — B CUHUNA U f-3N1EMEHTOB — B 3€MEHLIN.
[MlepnogAnyYHOCTE XMMUYECKUX OJNIEMEHTOB O3HaA4daeT, 4YTO KakMe-TO psabl
MOMTHOCTbIO MOBTOPSOTCA B CBOMX pacuBeTkax XoTs Obl oanH pas. Ha puc. 2
Takux psgoB Tonbko 4 mn3 12, 1.e. Tonbko 33,3%. M3 aTOro MOXHO caenaTb
BbiBOA: 12-Tn pagHaa Tabnuua m3 10 XMMUYEcKux SMeMEHTOB B psgax He
npurogHa anst HomepHoro npeacrasnexHus Neprnognyeckoro 3akoHa.



3. ABymepHas yncnoBasi Tabnuua 8x15

3aecb Takke 120 ymucen. Ho 8-mu paspagHbin «3akoH okTaB» HbtoneHaca 6bin
MateMaTuyecknm BblipaeHnem 3akoHa MeHgeneeBckoro [lepuognyeckoro
3akoHa xumunyeckux anemeHtoB Ao 1989 roga. NMoaToMy 1 Mbl Byaem oxuaaTtb
BbICOKOW NEPUOANYHOCTM BO MHOXECTBE XMMUYECKMX INEMEHTOB B Tabnuue
8x15. Ha pucyHke Huxe npeacraBneHa Tabnmua 8x15 XMMUYECKNX SNTIEMEHTOB.

113 |114|115|116|117 118|119 120

Puc.3. Tabnuya 8x15 XuMn4ecknx anemMeHTOoB.

[MoBTOpSAOWMXCA CTPOK 9 M3 15 unu 72 xumuyeckux anemeHta u3 118. 3710
coctaBnsiet 61%. [encTtButenbHO HamHOro 6onee BbICOKMA MPOUEHT
nepuogmsnpyemoctn. Ho go 100% ganexo.



Ecnn HOMeEpPa 1-4 nepBbiX XMMWNYECKUX 3JIEMEHTOB BbLIHECTU 3a nMNpeaesibl
Tabnuubl, TO NoJTy4Ynm:

113 114|115 |116

1171118 119|120

Puc. 4. Tabnuua 8x15 ¢ BbIHECEHHBbIMU 3a Npeaenbl Tabnuubl nepebiMn 1-4
HOMepaMn XUMNYECKNX SNIEMEHTOB.

3pecb Mbl Mmeem 11 nepuoansupyromxca psagos, T1.e. 88 n3s 118 xummyeckmnx
3fIEMEHTOB. OTO COCTaBNSAET OKOSo 74,6%, 4TO Bbile NpeablayLero cryvyas Ha
13,6%. Xopoluasa nepmoamsanpyemMocTb, HO Takke ganeka ot 100 NpoueHTHOMN.

4. [iIBymepHas ymcnoBas Tabnuua 16x8

16-paspsagHyto Tabnuuy paccmaTpvMBaeM B CBS3M C TEM, YTO OHa KpaTHa 8-mu
paspagHon Tabnuue, a Ha 8-mu paspsigHon Tabnuue AOCTUrNU MakCUManbHOM
nepnogmyHocTn B 74,6%. B aTom cnydae B Tabnuue 128 4nCnoBbIX 3f1EMEHTOB.
Tabnvua XMMM4Yecknx afieMeHTOB ANs 3TOro cry4vas:



il 18 31 32
33 34 |35 36
49 50851 52 53 54

81 82 83 84 85 86

113 | 114 | 115 | 116 | 117 | 118 | 119 | 120 | 121 | 122 |123 | 124 | 125 | 126 | 127 | 128

Puc.5. Tabnuya 16x8 XxuMn4ecknx anemMmeHTOoB.

OnemeHTbl 121-128 oTHOCATCA K cnegywowemy 3a f-6rokom  g-6roky
OXNOaeMblX XMMUYECKUX 3rieMeHToB. Ho ux noka HeT. [1o3aTOMy XMMUYecKux
35IeMEeHTOB M B 3TOM criydae Tonbko 118. B Takonm Tabnuue wvmerotcs 4
nepuoansnpyromMxca psga, U B HUX 64 xuMmuyecknx anemeHta. OHu
cocTaBnalT NnpuMepHo 54,23%. 3To HAMHOIO MeHbLLE MakcuMmarnbHOro 74,6%.
[MoBbiwaTh panee paspsgHocTb Tabnuy cmbicna He umeeT. K mnckomomy
pesynbTaty — 100%-mMy oxBaTy BCEX XMMWUYECKUX 3MIEMEHTOB He MOoAoLNu U
6rmsko.

5. 1IBon4yHaa He4YE€THO-4YeTHasa YncnoBas Tabnuua

UepenoBaHne HeYeTHbIX W YEeTHbIX 4Yncen — QyHOameHTanbHO npucyliee
CBOMCTBO HaTypanbHOro pgga uducen. M aTo CBOMCTBO Noau 3amMeTunu u
NCMNONb3YT C NEPBOOLITHLIX BPEMEH (4ECATKM ThICAY NeT). ATO He ABOUYHAs
cuctema CHMUCNEHUs!, a NULb ABOMYHOCTb YepedoBaHUs HEYETHbIX N YETHbIX
yncen B OeckOHEYHOM psay HaTypanbHbiX Yucen. [dBOUYHYIO XE CUCTEMY
cumcrieHus 0 - 1 B MaTemMaTuky BBENN CpaBHUTENLHO HegaBHO (JlenbHuu, 1703
r.). OHa WKMPOKO NUCMONb3YETCH B ANIEKTPUYECKMX, SNEKTPOHHbIX, ONTUYECKUX U
BbIYMCIIUTESNbHbLIX YCTPOUCTBAX.

BepTukanbHble KOMOHKM K3 OBYX CTONBOLOB HEYETHbIX-YETHbIX YUCEN U C
CUMBOTAMN XUMUNYECKNX SNTEMEHTOB:



1 2
3 4
5 6 5 B 6a.C
7 8 7 N |8 O
9 10 9 F
112 [1 K 12 mMg]
13 14 13 Al
15 |16 5. PERI160S
17 | 18 N7 Cl
19 |20
21 22
23 24
25 |26
27 28
29 |30
31 |32 Ge
33 |34
35 |36
37 |38
39 |40
41 42
43 44
45 46
47 48
49 |50
51 52
53 |54
55 56
57 |58
59 |60
61 |62
63 | 64
65 66
67 | 68
69 |70
71 72
73 74
75 |76
77 78
79 |80
81 82
83 | 84 83 Bi |84 Po
85 |86
87 |88
89 |90
91 92
93 | 94
95 | 96
97 |98
99 [100
101 [102
103 104
105 [106
107 [108
109 (110
111 [112
113 (114
115 [116 115Mc |116 Lv
117 |[118
119 (120
a

Puc. 6. KonoHku 13 nap ctonbuoB HeYeTHbIX-YeTHbIX Ynucen (a) n ¢ cumeonamm
XUMUYECKMX dNEMEHTOB (0).



Ha puc.66 BugHo, 4To BCe psaabl 6€3 eanHOro UCKNIYEHUS MOBTOPAIOTCS B
cBoux s, p, d, f pacusetkax, T.e. gocturHyta 100%-9 nepmnoamnsmpyemocTb
BCEX XMMWUYECKUX ANIEMEHTOB.

[1Bon4yHas HeudeTHO-4yeTHas lNepunoandeckas Tabnuua XMMUYECKUX SNTEMEHTOB
Ha puc. 66 o4yeHb BbICOKa, HaNOMWHAET BbICOTHOE 3daHue — HebOoCKpeD.
KOHEeYHO, XMMUYeckne anemMeHTbl «MPOH3alT U ckpebyT» Hebo, BceneHHyro
BCEBO3MOXHbIMM YacTuuaMu, Teramu, HebeCHbIMW Tenamu, Ux cucTtemamm,
CKOMMEHNAMM U3  XUMUYECKUX 3neMeHToB. Ho «HeBOCKpED XMMUYecKnx
35IEMEHTOB» CIULIKOM BbICOK U He yao0eH AN NpakTUYeCKoro nosb30BaHus.
[TO3TOMY MMEET CMbICIT COKPaTUTb YNCNO 3TaXen (HeYeTHO-YeTHbIX OBOUYHbIX
pagoB) «Hebockpébay», 6e3 HapyweHUs HeYeTHO-YETHOW ABOUYHOCTU. ITO
MOXHO caenaTb pasbuneHnem «Hebockpeba XMMMYECKUX ISNIEMEHTOB» Ha
OTAEsbHble KOMOHKM U YCTaHOBKOW WX BMMOTHYI Apyr K apyry. Ha pucyHke
HWKe npeacTaBrieHa cTyneHyataa durypa [LOBOUYHOW HEYETHO-YEeTHOM
CucteMbl XMMUYECKNX INTEMEHTOB.
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Puc. 7. 4-ctynen4aTtaqa geondHass Cucrema XMMmn4YeCcKknx 351IEMEHTOB.



[BounyHas Cuctema XMMUYECKUX SIIEMEHTOB U3 CTYMEHEeK-KONMOHOK S, s-p, s-d,
s-f aneMeHTOB Ha puc.7 NPosIBNSET crneayLme 3akOHOMEePHOCTHU:

1. Bce 4 CTYyNneHM-KOMOHKN COCTOAT U3 CUMMETPUYHbBIX BEPXHUX U HMKHUX
NOSTYKOSTOHOK. [lepBasi CTyrneHb COCTOUT M3 OOHOr0 BEPXHEro um O4HOro
HWXKHEro psgoB TOMbKO S 3fieMeHToB. BTopas cTyneHb COCTOUT U3
CUMMETPUYHbBIX BEPXHEN W HWKHEW TOJSIYKONIOHOK C TpeMs  psgamu
P-3SIEMEHTOB M OAOHOro psda S-ayieMeHTOoB. TpeTba CTyneHb COCTOUT U3
CUMMETPUYHbBIX BEPXHEN W HWXKHEW TOJSIYKONIOHOK C MNATbD  psgamu
d-anemeHToB, TpeEMS pgaamMu P-afIEMEHTOB U OOQHOMo psga S-3f1IEMEHTOB.
UeTBEépTas CTyneHb COCTOUT U3 CUMMETPUYHbLIX BEPXHEN U HUKHEN
MOJSTYKONMOHOK C  CeMblo psgamn  f-anemeHToB, nMATbO  pagamu
d-anemeHTOoB, TpeEMS pgaamMu P-afIEMEHTOB U OOQHOMo psga S-3f1IEMEHTOB.
CTyneHn-KONOHKM cocTaBnAwT [AnaaHble YPOBHU U3 OBYX CUMMETPUYHbIX
BepxHero n HmxHero MoHagHbIX [logypoBHeWN.

2. CTyneHun-KOSNTOHKN Ha4yMHalTCa nocrefoBartesibHo € S, p, d, f anemeHTOB.
KonnyectBa pagoB  3TMX  TUMOB  3NIEMEHTOB  U3MEHATCA B
nocnegoBaTenibHOCTU HeYeTHbIX Yncen 1, 3, 5, 7 HaTypanbHOro psga.
MoxHO roBopuTb O nNOpPsAKe HEYeTHOCTU KonuyectBa pPsgoB B
nocrnegoBatenibHoctT S, p, d, f TUNOB XMMUYECKMX ONEMEHTOB Ha
CTYNEHAX-KONOHKax ABONYHON CUCTEMBI XUMUYECKUX NTIEMEHTOB .

3. KonnyecTBo HEYETHO-YETHbIX PAOOB OT CTYMNEHU K CTYNEHN U3MEHSIOTCA B
nopsgke 2, 8, 18, 32. 310 — yABOEHHble KBagpaTthl NocrneoBaTeNbHbIX
yucen 1, 2, 3, 4 HaTypanbHoOro psaaa, T.e. 2n%, rae n = 1, 2, 3, 4. MoxHo
rOBOpUTL O NMpaBune yaBOEHUsS KBagpaToB Yucerl HaTypanbHOro psaa B
ABonyHom Cucteme XMMUYeCKnx areMeHTOB.

Takum o06pa3om, B [ABOWMYHOM HEYETHO-YETHOW CTyneH4yaTon YpPOBHEBOW
Cncrteme XMMUYECKUX ONIEMEHTOB KONMMYECTBO ABOUYHbLIX HEYETHO-YETHbIX
pAOooB  OT CTYMEHW K CTYNEeHUW WU3MEHSIETCS MO 3aKOHOMEPHOCTU YABOEHUS
KBagpaToB HaTypasibHbIX YNCEN — HOMEPOB CTYNMEHEN-KOSIOHOK. JTa npocTas
3aKOHOMEPHOCTb YOBOEHUSA KBagpaTOB HaTypasibHbIX 4ucen And ABOWMYHOM
He4YeTHO-4YeTHOM YpoBHEBOM (CTyneH4YaTon) CUCTEMbI XUMUYECKUX BNIEMEHTOB
HEe BblBOOAMNACb HUKAKUMKU MaTemMaTudeckumm npeobpasoBaHusaMKU, a
nNposiBUNach B YepeaoBaHMM HEYETHLIX U YETHbIX YNCEN HaTyparnbHOro psaa.
[MpocTblie: 1. NOPSAOOK HEYETHOCTU KONMYECTBaA PSOOB B NOCenoBaTENbHOCTH
S, p, d, f TUNOB XMMWNYECKNX BNEMEHTOB M 2. NPaBUiO YOBOEHUS KBaApaToB
nocrnegoBaTenibHbIX HaTypanbHbIX 4YKUcen BbIABUNIUCb Ha CTyneH4YaToOM
npeacraBneHnn  «Hebockpéba»  OBOMYHOM  HevyeTHo-yeTHonm  Cuctembl
XUMUYECKMX SNEMEHTOB, NEPUOANMPYIOLLNXCA MO S, P, d, f TMnam.



6. MporHosnpoBaHne XMMUYECKUX 3rieMeHTOB 3a 118-bIM aniemeHTOM

[Mpobnema npegenos [lepuognyeckon Tabnuubl XUMUYECKUX SSIEMEHTOB
drakTU4ecKkn cTosina C caMoro Havamna Mx cuctemaTusaumm, ewe co BPEMEH
JNNaByasbe. [1.1. MeHoeneeB nonaran nocriegHuM anemeHTom [Nepunognyeckon
Tabnuubl anemeHT nog Homepom 118. 3ToT npepgen MeHgeneeBa  yxe
AOCTUrHyT. Ho B cepeanHe XX-ro Beka Ha ocHoBe 0b60siodedHOn Moaenu saep
aToOMOB CTanu MosBNATbCA MNPOrHO3bl Ha 3NeMeHTbl, B TaK Ha3blBaeMblX
«ocTpoBax crabunbHocTu». lNoka 3a npegenamm 118 HOMepa XMMUYECKUX
351eMeHTOB He 0OHapyXeHo.

[MopsgoK HEYeTHOCTU KonmyecTBa PSAoB W NMpaBuno yOBOEHWUS KBagpaToB
HaTypasibHbIX Ynucesn B ABOUYHOM CUCTEME XUMUYECKUX SNIEMEHTOB NO3BONAIOT
NPOrHO3NMPOBaTb XUMUYECKME INIEMEHTbl 3a npegenamm He Tonbko 118-ro
Homepa, Ho n 120-ro Homepa. Cneayowmnmn 3a f-anemeHTamm, Ha4yMHaLWMMK
YeTBEepPTYI CTYNEHb-KOJNOHKY, OOSKHbI ObITb g-35IEMEHTbI, HA4YMHaKLWMe NATYHO
CTYNeHb-KOSOHKY. [1pogormkeHne HaTypasnbHbIX YUCEN Ha eauHuuy nocne
n = 4 c nosiBNALWMMUCA J-3fIeMEHTaMU No npaBuny yaBOEHUA KBaapaToB
HaTypanbHOro psaaa uucen nporHoaupyet 2x52 = 50 anemenToB. Cnenys
nopsaky noctpoeHus [OuagHbix YpoBHen wn3  MoHagHbix [logypoBHen
CTYNEHSAMU-KONTOHKaMN 13 OBOUYHbBIX PSA0B, MOXHO 4-CTyneH4yaTylo ABOUYHYIO
Cuctemy Ha puc. 7 gocTpouTb 0O 5-cTyneH4aTonm ABouyHon Cuctemsl 13 50
3M1EMEHTOB C AEBATLIO g-arieMeHTamMu Ha Kaxaom lNogypoBHe 5-ro YpoBHS. Ha
puc. 8 npeactaBneHa nporHosvpyemasi 5-YpoBHeBasi ABouyHass Cucrtema
HOMEPOB XMMUYECKUX ANIEMEHTOB C g-3fIEMEHTaMM.



13 114 | 213

Puc. 8. 5-T1 cTyneH4aTas gBonyHas HomepHasa Cuctema XMMmn4eCcKux
3IEMEHTOB C NnocriegHemn KOSTOHKOW, HaYMHAIOLWENCS C g-3NIEMEHTOB B KaXX0M
MogypoBHe 5-ro YpoBHS.

5-Tu cTyneHyaTtas gBonyHas Cuctema C runoTeTMYeckMMn g-afieMeHTammn Ha
puc. 8 MNOCTpOoeHa Ha OCHOBe Mopsigka HEYeTHOCTU KONMU4YecTBa PSAOB B
NnocrneaoBaTeNbHOCTM TUMOB XMMUYECKUX JNEMEHTOB B CTYMEHSIX-KONTOHKAX
ABOUYHOM CUCTEMBI XMMUYECKUX SNEMEHTOB U MpaBuna yaABOEHUS KBaOpaToB
yucen HaTypanbHoro psiga B ABOMYHOM CUCTEME XMMUYECKUX 3IIEMEHTOB.
[MocKonbKy Yxe BCTYNWIM Ha 3blOKY0 MOYBY TMMNOTETUYECKUX SIIEMEHTOB,
MOXHO W Jarnee [OCTpauBaTb CTYMNEHU-KOMOHKK. OrpaHM4MmMcst TONbKO Tpemst
NoCneayroWmMMn  HOMEPHBLIMA  CTYNMEHAMU-KONTOHKaMNU U AN CPaBHEHUS
npeacTaBUM COBMECTHO BCE 5 ABOMYHbBIX HEYETHO-YETHLIX HOMEpPHbIX CUCTEM
3NEMEHTOB.
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Puc. 9. [1IBonYyHble HEYETHO-YETHbLIE HOMEPHbIE CucTtembl 3N1eMeHTOB B

nocnegoBartesibHblX rnepexogax oT

nocrnenoBaTenibHOCTU CTyNeHen-konoHok: 4(a), 5(6), 6(B), 7(r) n 8(n)

KonnyectBo [OBOMYHBIX pPsigOB  MpM

CTyNeHbKN K CTYMNeHbKe YBEJINMYMBAETCA Ha MOCTOAHHOE 4YUCIIO0 4, T.e. no

apnmMeTn4eCKON NPorpeccumn ¢ pasHocTbio 4.



B HacTosLwee BpeMsa n3BecCTHbl TONbko 118 xummndeckmx anemeHToB. [oka HeT
HM OQHOro 3aoraHecoHHOro anemeHTa. Ho, Beab, ewé kakmx-to 250 net Ha3an
yerioBeyectBy He OblIO M3BECTHO HM 0O OOHOM XMMUYECKOM JfiEMEHTE.
[anbHenlwee pasBuUTME HayKU, TEXHUKA N TEXHOSIOTUA HENnpemMeHHO BbIABUT
HOBble afieMeHTbl. W gna Hux npupoaon yxe MOAroTOBSIEHbI  AYENKU
CTYNEeHEN-KONOHOK OBOMYHON HEYEeTHO-4eTHON CnUCTeEMbl HOMEPOB MO MOPAOKY
HEYeTHOCTU KoSfiMyecTBa psgoB M NO  NpaBurly  YOBOEHUS  KBagpaToB
HaTyparibHbIX Y1cen.

3aknoyeHue

Bcé& MHOXXEeCTBO XMMUYECKNX SNTEMEHTOB HenpepbiIBHO-LEJTOCTHO N BCEOXBATHO
cucremMatTmanpyeTcda m TUNM3NpyeTcAa B ABOVNYHON HEYETHO-YETHOW KOJIOHKE
HaTypalibHbIX YNCeEI.

[1BoM4yHasag Ha4veTHO-4YeTHas KOOoHKa HaTypalribHbIX 4YUCEr pa36|/|BaeTc;| Ha
CTYMNEHUN-KOJTOHKN TUNMOoB XUMNYECKUNX SNTEMEHTOB.

[1BOM4yHasa HEYETHO-4YeTHad HOMEPHaA CUctemMa CTyI'IeHeIZ-KOJ'IOHOK BblABUIA:

1. I'Iopsu:l,ox HEe4YeTHOCTU KoJIn4eCTBa ABOUYHbLIX pAOOB B S, P, d, f Tnnax
XNMNYECKUX BJTEMEHTOB.

2. I'IpaBMno YABOEHNA KBaApaToB YNCEST HaTypalribHOro p4aaa.

3. nOpFI,EI,OK HEe4YeTHOCTU KoJin4ecTtBa ABOUYHbIX pAAoOB B S, P, d, f Tmnax u
npasuno YyaABOEHUA KBagpartoB 4YUCEST HaTypalbHOro p4daa AakoT
OBOUNYHYIO HENpepbIBHO-LEJTOCTHYIO 7 BCEOXBATHYHKO CVICTeMy
XUMNYECKUX IJJTIEMEHTOB B CTYMNEHAX-KOJIOHKax ABonydHon Cucremsl
XUMNYECKUX 3JTEMEHTOB.

O6o06LeHne XUMUYECKMX ISNIEMEHTOB Ha OCHOBE nopsAagka HEYeTHOCTU
KonnyectBa ABOUYHbIX pAdoB B S, P, d, f TMnax XMMUYECKMX 3NEeMEHTOB U
npasuna yaBOE€HNA KBaApaToB 4YUCEJl HaATypalslibHONro p4daaa no3BOSidAeT
NPOrHo3npoBaTb 3a0OraHECOHHbIE XUMUYECKNE SJTEMEHTDI.

Cuctema apudMeTUYECKM MNPOrpecCUoHHasl OT CTYMEeHbKM K CTyneHbke C
Pa3HOCTbIO KONMYECTBa ABONYHbIX PSAOB B 4.

OcywiecTBneHbl BceoxBaTHOe 0600LEHNE  XMMUYECKUX ONIEMEHTOB U
NPOrHO3MpoOBaHME €ELLE HE BbiABIEHHbIX 3NIEMEHTOB.
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