KJIIOYH K HIUPPAM ITIEPUOINYECKOI'O 3AKOHA
MEHJAEJIEEBA

Kum Cen I'yk, Mambetep3una ['ynbHapa, Kum [lunapa

«Bcé€ cymee ecTb yncio»
[Tudarop
AHHOTALMSA

[Tudarop HE TOTBKO K TEKCTY, HO U K TECTy. TecTy Ha MaTEMaTUYHOCTh OKPYKAIOIIEro
Mupa, BemectBeHHOro Mupa U3 XUMHYECKHUX AJIEMEHTOB. XUMHUYECKHE SJIEMEHTHI —
Yyucaa: HOMEpa XMMUYECKUX 3JIEMEHTOB; YUCJA JIEMEHTAPHBIX YaCTHUI] U HYKJIOHOB B
aToOMax XMMHUYECKUX AJIEMEHTOB; KBAaHTOBBIC Uncia ... . Bcé B Mupe U3 XMMHUYECKUX
AJIEMEHTOB: MOJICKYJIbl, HAHOYACTHUIIbI, TEJIa, Ta30MbLIEBbIE TYMaHHOCTH, HEOECCHBIC
TeJa, CKOTUICHUS TajakTHK, ... . BcE (Ha ceroaHs) MHOXKECTBO XUMUYECKUX JIEMEHTOB,
COCTAaBIIIOIIMX HENPEPBIBHBIN psAA M3 118 HOMEpOB, TpaIWIMOHHO paclpeneisaioT B
[Tepuomuueckux Tabnunax. Mcxons w3 cBoux Ilepumoamueckux Ta6mun, [. U.
MenneneeB  otkpbun Ilepuommueckuii 3akoH. Ho 3T1oT (yHmameHTanbHbIM 3aKkoH
[Tpupoasr opopmieH TOIBKO TaOIMYHO, CHOPMYITUPOBAH TOJIBKO CIIOBECHO, M HE UMEET
Marematuueckux (opmyin. Tabmuipl 6e3 GopMyn — duCIOBBIE MUQPPHI O€3 KITFOYEH.
Marematuueckue ¢Gopmysbl — KIOUYM K yucioBbIM mmmdpam. Ilpencrasisiembie
HCCIICIOBaHMS 1IeJICHANpPaBIeHHbl Ha packpeithe mmppoB Ilepuonnueckoro 3akoHa
Menneneesa.

BBenenue

B Oonee 4Yem JBYXBEKOBOM HCTOPUM CHUCTEMAaTH3AIlMd XUMHUUYECKUX DJIEMEHTOB
HanOonbux ycnexoB B XIX Beke mocturiu Oputanen /[xon Anekcanap Heronensic,
repmanen; Onuyc Jlotap Meitep u poccusiuun mutpuii UBanoBuu Mennenees. B

nocnenHen nprwxkuzHenHoi Tabnuue Menaeneesa Obuto IX rpynm:



NommtHKRan, MedanncudPuuuponansan Tabmeua J.M. Mewneneesa
«lICPHOIMYCCKRAR CHCTCMA DACMCHTOB NO IPYNNaM ¥ PRIAMY
(R. ¥, Meumeneen. Ocuosm xmmomt. VIII wanauwe, CHG., 1906 ».)

Tpynnu sieMesron

Pz o I Iz I v v VI viI viir
0 |Mserordt
1 | Kepowsht |Bezopoa| o - = - =5
H
1,008
He Li Be B (o] N ] F
4,0 7,03 9.1 3,0 12,0 14,02 16,00 19,0
3 Heon | Havpedt | Mamodh |Ammoosdt| Kpesoodt | ocgop | Cepa Xmop
Ne Na Mg Al si P s cl
19,9 23,08 24,3¢ 27,2 28,2 1,0 32,08 38,48
Ar K Ca 8Sc T8 v Cr Mn Fe Co Ni
3 39,18 40,2 44,1 48,1 $1,2 82,2 85,3 55,9 59
s Yex» Woex Tanmet |Tepsawich| Masmsax | Cesex Spox
Cu Zn Ga Ge As Se Br
63,6 65,4 70,0 72,5 b 79,2 79,95
6 | Xpunzow | Pyfsunch|Crpomodt| Mespsck |Dprowsdt]| Buofudk [MomeSaen| | Pymemsdt| Pomet |Nammamer
Kx Rb Sxr Y 2r Nb Mo Ru Rh Pd
9,8 85,8 27,8 29,0 90,6 #4.0 96,0 201,7 | 103,0 106.8
2 Cepefpo| Xamodi | Mumdt Cnomo | Cypasa | Temayp ¥oa
Ag cd In Sn sb Te I
207,98 | 112.4 118,0 119,0 120,2 127 327
L ] 1 Ueaxit | Sapuit | Jawvax | Uepudit s o3 — — - s
128 132,9 | 197,4 138,9 | 140,2
’ — — — — — — —_—
10 - - - |Wereptect] Tanzan |Bomsgpan| Cmadt | Mpsumdt | Mzamsca
Yb Ta W Os Ir| Pt
178 183 184 il 193 194, 8
11
12 75 P FPamit -3 Topsat =3 Ypau
Ra Th U
228 232,5 238,35

Puc.1. llocneansas npuxkusnennas Iepuoanueckas Taduna

JI.A. MenaeJieeBa.

Kak Bumno Ha puc.l, y MenzaeneeBa Oblla HyJIeBas TpYyIa 3JIEMEHTOB, KOTOpas
coJiepKaia IOBOJAOPOIHBIE AIEMEHTHI 1Mol HoMepoM, oueBuaHO, 0 HetoTonuii (3¢hup), a
noJ HomepoM 1, oueBuano, Koponnii. Bogopon, no-suaumomy, umen Homep 2, ['enuii

— Homep 3, ..., u T.0. Jmutpuii IBaHOBHY NOYEMY-TO HE CTaBHJI HOMEPA AJIEMEHTAM,



BUJIMMO, Tiojlarasi 3TO OYEBUAHBIM TO TOPSAKY PACIIONOXKEHUS JJIEMEHTOB B
[Tepuonnueckoii Tabnure: cieBa HanmpaBo B psgax (MEcCATI ¥ TOBOPHII UMEHHO O PsI/Iax,
a HE 0 MEepHoJiax) U CBEpPXYy BHHU3 caMHX PsAAoB (mepuosoB). B BocbMo# (1eBATON OT

HyJIeBO) Tpynme 611 Toabko Tpuanbl: Fe, Co, Ni; Ru, Rh, Pd; Os, Ir, Pt.

My3biKalibHasg OKTaBHAs TapMOHMS, BOTUIOIIEHHAS B «3aKkoHe OKTaB» HrploneHca B ero
CUCTEMAaTHU3AINN XUMUYECKHUX PJIEMEHTOB, UMEJIa CTOJIb 3aBOPAKUBAIOIIEE BO3/ICHCTBIE
Ha moaen, uyto 120 et mocne oTkpsiThs MenaeneeBsiM [lepuonnueckoro 3akoHa B
Mupe mnonb3oBanmuck Ilepuoamueckoit Tabmurelt xumudeckux siemMeHToB w3 YIII
TOMOJIOTHYECKUX TPYII 3JIEMEHTOB-aHAJIOTOB. B MOCTMEH1€I€eBCKUIl MEpUO/] BILIOTh

10 1989 r. nan6osee nmomyssipHoit 6bi1a [leprogunyeckas Tabmmma Buaa:

MEPVOMVYECKASI CUCTEMA XUMMYECKIX SMEMEHTOB [1.W.MEH[ENEEBA

e rPynmne 3 a0 EMEUHTOSHB §
nes | e [ [ m_J v | V Vi [ Vil viil i
a___0la 6la 0la 6la 6la 6la 5. i &
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Puc. 2. Hau6osee pacnpocrpanénnas popma Ilepuognueckoinn Tadauubl

XHMHYECKHUX dJieMeHTOB 10 1989 r.



[lo cpaBHenuto ¢ nmocneaHeit npmxuzHeHHon [lepuoauueckoii Tabnuueit Menneneesa
HYJIEBOM TPYyNIIBI BMECTE C HYJEBBIM 3JEMEHTOM M KOpOHMEM HET, NMEPBBIM HOMEDP Y
Bonopona, I'enuii u uHepTHBIE Tra3bl W3 OBIBIICH HYJIEBOM TPYIIIBI MEPEHECEHBI B
rpynmy YIII, roe pasMeniensl U Tpuagsl 6JaropoJHBIX METAUIOB. ['enuii moaHsIcsa Ha
OJIMH DS BBIIE M CTOMT HOMEPOM 2 B OAHOM psany ¢ Bomopomom yepes 6 rpynn B

KpalHe! npaBou riraBaou noarpymne Y11 rpyrrsl.

Pasmemenne ['enus Hanm HeoHoM W ApyruMud  WHEPTHBIMU Ta3aMu OBLIO BIIOJIHE
MOHATHO U OINPaBJaHO BO BpeMeHa MeHeneeBa, Korja He 3Hajlu O CTPOCHUU aTOMOB, U
He OBUIO KBAaHTOBOW MexaHuku. B camom nene, ra3 I'enuii Gonee mHEpTEH, 4eM BCe
JIpyTUe WHEPTHBIE Ta3bl U UMEET HAMMEHBIIIYI0 aTOMHYIO Maccy cpeaud Hux. [Toatomy
JOTUYHO OBLIO CTaBUTh ['emuii Ha MEepBOE MECTO THUIO33JaOIIer0 3JIEMEHTa B

TOMOJIOTHYECKOM I'pyIIIC HHCPTHBIX 3JICMCHTOB-aHAJIOI'OB.

Ho, xorma OTKpbUIM CTpOEHHME aTOMOB, M OBUIO YCTAHOBJEHO, YTO B SBJICHUU
[IEPUOANYHOCTH CBOMCTB XHMHMYECKUX OJJIEMEHTOB JIEKUT KBAaHTOBO-MEXAHUYECKAs
OCHOBa (POPMUPOBAHUS IEKTPOHHBIX 000JI0YEK, CTAHOBUTCS HETTOHSATHBIM MOJIOKEHHUE
I'enus na puc.2. 1o B Tabnuuax u3 YII rpynmn. Ho, Takas jxe kapTHHa coxXpaHsieTcsl U

B COBpeMeHHbIX, rociie 1989 r., tTunax [lepuonnueckux Tabnwuil ¢ 18-10 rpynmnamu.
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Puc.3. Ilepnoanyeckas Tabanma XuMu4ecKHUX 3JieMeHTOB ¢ 18-Tb10 rpynnamu

Tuna Tadauusbl, pekomenayemoii IUPAC ¢ 1989 r.

VYxe ¢ Oersoro B3risiga Ha puc.2 U puc.3 oTYETIMBO BUAHO, OyaTo ['enuii BeIpBaH U3
€CTEeCTBEHHOTO MOJOXKEHUS psAaoM ¢ BomopoaoMm M mepekuHyT Ha caMylo MPaByrO U
BepxHIOI0 no3uiiuio Hajx Heonom. Ilpu 3Tom Ha obomx puc. 2 U 3 BHUAHO, YTO KJIETKA
enusi, mo uBeTy Takas e, Kak y ABYX TPyl s-3jeMeHToB. Kak s-anement ['enwmit
MOKET OBITh THUMO33JAIONIUM B TPYIIIE pP-d3JeMEHTOB? ABTOpBHI 3TuUX Talbnuil, mO-
BUIMMOMY, TaKMM BOIIPOCOM HE 3a/1aBajuCh. Eciu ke 3agaBaiuch, TO NPEANOYIN HE
BBIXOJIUTH 32 PAMKH CIOKHUBIIHXCS B XIX Beke Tpaaummid. A, Beab, TaOmuIe1 Ha puc. 2
U puC. 3 co3maBauch B cepenuHe XX BeKa, KOrja CTpOeHUE aTOMOB M () OpMHUPOBAHNE
AJIEKTPOHHBIX O0O0JIOUEK Ha KBAaHTOBO-MEXAaHWYECKOW OCHOBE OBUIM TOBCEMECTHO

IMPU3HAHbI U ITPUHATEI.

Mexnay Tem, cymiectByet [lepuonnueckas Tabnuiia XUMUYECKUX 3JIEMEHTOB 10 BEPCUU

’Kanera c ueTelppMs S-371€MEHTaMU B Hadajie (Ha caMOM BepXy, CIipaBa, HaJ BCEMU



OCTaJbHBIMU S-37ieMeHTamMu ) TaOnuilbl, KOTOpyl0 OH paspabotan emé B KoHIe 20-x

roJ1oB XX BeEKa.

VeTeE Janet left-step periodic table [hide]

1s Hu
25 EE
2p 3s B C N O F NelNa g
3p ds as P s o A lKGE

3d 4p 5s ScTi V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr [l S8
4d 5p Bs Y ZrNoMo Tc RuRhPdAgCd In Sn Sb Te | Xe [GSI|Ea|
4f 5d 6p 75 La Ce Pr Nd Pm 8Sm Eu Gd TbDyHo Er TmYbLuHf Ta W Re Os Ir Pt AuHg Tl Pb Bi Po At Hn.n
5t6d 7p8s Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr Ri Db Sg Bh Hs Mt Ds Rg Cn Uut Fl Uup Lv Uus Uunum

f-block d-block p-block
This form of periodic table is more congruent with the order in which electron shells are filled, as shown in the accompanying sequence in the
left margin (read from top to bottom, left to right). The placement of helium {a noble gas) above beryllium (an alkaline earth metal) ordinarily
attracts strong criticism from chemists.

Puc.4. Illepuoauveckast Tadamma XuMUIeCKMX 3JIEMEHTOB 10 Bepcun 7KanHera.

[IpssmoyrosibHble  OMOKH S-, p-, d-, f-2>IEMEHTOB KOMMIAKTHBI M HEMPEPHIBHO
MOoCJIeA0OBaTEIbHBI CIIpaBa HalieBo. PaciiBeTka OJIOKOB HECKOJIBKO OTJIMYAeTCs OT
MPUBBIYHBIX JJISI HAC KPACHOTO, KEITO-OPaHKEBOTO, CUHEr0 W 3e€JI€HOro 1setoB. Ho
paciiBeTKa YyCJIOBHA M MOXKET OTJIMYaThCS B 3aBUCUMOCTH OT NPEANOYTEHUN U

TPaJAMILIMI pa3HbIX COOOIIECTB.

Nueptupii  l'enmid  BO3raBisieT  IPynIly  XUMUYECKM  OYE€Hb  AKTHMBHBIX
HIEJI0YHO3EMENBHBIX METAILIOB. JTO VISl MOJABISIONIET0 OOJIBIIMHCTBA 00pa30BaHHBIX
(co cpegHuX IIKOJ, JUIIEEB U TMMHA3MM) JI0JIe COBEpPIICHHO HenpuBbIYHO. Ho ecnu
UCXOJIUTh W3 CTPOCHUS DJICKTPOHHBIX O0OJIOYEK aTOMOB, TO TaKOE€ PACIIOJIOXKEHUE

['enmust HaydyHO OmpaBaaHoO.



I'enuit saBsieTcs S-OJICMCHTOM, KaK INCJI0YHO3CMCIBHBIC MCTAJlJIbl, TOrJa KaK BCC

6HaFOpOI[HBIe ra3nl, HaZA KOTOPbIMHU €0 TPAAUIIUOHHO CTABAT B POJIM THUITI03a/1aI0IICTO B

TOMOJIOTUYECKOM I'pyIIiC HHCPTHHIX 3JICMCHTOB-aHAJIOT'OB, ABJIAIOTCA P-3JICMCHTAMMU.

Bunano, uto mpobiiemsl ¢ obmenpunsteiMu [lepuognaeckumu TabaumamMu XUMUYIECKAX
AJIEMEHTOB JIOBOJIbHO TiiyOokue. OHHM CBSiI3aHBI C TE€M, 4YTO JI0 CHX TOp Y
ITepuoauueckoro 3akoHa XUMUYECKUX IJIEMEHTOB HET JIOTUYECKOTr0 000CHOBaHUs. JlJist
byHnameHTanbHbIX  3akoHOB  [Ipuponbl, KakoBbIM, O€3yCIOBHO, SBJISIETCS U
[Tepuonuyeckuii 3aKOH XUMHYECKUX 3JIEMEHTOB, JIOTUYECKUM OOOCHOBAHUEM MOKET U

JOJDKHO OBITH TOJIBKO MAaTeMaTC3npPOBAHHOC UJIM MATCMAaTUYICCKOC 00O0CHOBaHHE.

B Oonee yem NByXCOTJIETHEH UCTOPUM CHUCTEMATHU3ALUU XUMHUYECKUX IJIEMEHTOB OBLIO
MHOKECTBO TMOMNBITOK OXBaTUTh BCE 3JIEMEHTHI MarteMmaTuueckoi (opmynoit. beuiu
MOMBITKH U C TPUTOHOMETPUUECKUMHU, U C AKCIIOHEHIMATbHBIMU PyHKIMsMU. Ho Bce
OHM ToTepnenu Heynaudy. [lo-BuamMomy, o MpUYUHE TOrO, 4TO (hyHAAMEHTAJIbHbIC
3aKOHBl MPHUPOALI HA CaMOM JIeJie TPOCTbl M BBIPAXAThCAd JOJDKHBI IPOCTHIMU
ypaBHeHUsMH. Kak 3aKkOH BCEMUPHOTO TATOTEHHs, 3aKOH DJIJIEKTPUYECKOTO
B3anmozeucTBud. M B caMoM Jieie, BBKUII M TOCIIOACTBOBAN HAa mpoTsikeHuu 120 mer
MIPOCTEUIIIMN MAaTEMAaTUYECKUM 3aKOH OKTAaB B MY3BIKAJIbHOM IAPMOHUU, 3aJI0KEHHBIN
Heronenacom. Ho u 31ech ObUTM M3HAYalbHO UM HapacTajld CO BPEMEHEM IMPOOJIEMBI,
KOTOPBIE YEPE3 CTO C JIMIIIHUM JIET MPUBEIHN K OTKa3y OT OKTaBHOM MpOoCTOThl. B camom
nene, 3aKOHY OKTaB MOJYUHSIOTCS TOJIBKO AJIEMEHTHI S-, p-O50koB, oT Jlutus mo
Oranecona. Xumuyeckue 3eMeHTsl ¢ Homepamu 119 u 120 emé He oOHapyKeHbl U HE
CUHTE3UPOBAHBI. JIEMEHTHI S-, P-OJIOKOB OTIIBEYEHBI COOTBETCTBEHHO Oapa0BO-
KpacHbIM M KENTHIM 1BeTamMu Ha puc. 3. IIoJHBIX psSIIOB M3  OKTaBbl (BOCHMH)
«KpacHbIX U OKENTBIX» XUMHUYECKUX DJIEMEHTOB TOJILKO 6, a DJIEMEHTOB
cooTBeTCTBEHHO 48 u3 118 H3BECTHBIX HA CErOJHS XUMHYECKHX 3JIEMEHTOB. JTO
npumepHo 40,7% BceX XUMHUYECKUX 3JJIEMEHTOB. [[JI1 HMCTMHHOrO MaTeMaTHYECKHU

odopmiterHoro 3akoHa IIpupoasl mpaBoMepHO oxkuaaTh 100%-ro oXBaTa 2JI€MEHTOB.



NuaykTuBHBIA (OT 4YacTHOrO K 0OIIEeMy) MOAXOJ K CHUCTEeMAaTHU3allMd XHUMHYECKHUX
DJIEMEHTOB II0 MEPE OTKPBITHA BCE HOBBIX JJIEMEHTOB COBEPIIEHHO BEPEH C
UCTOPUYECKON TOYKHU 3peHUA. HO K CETOQHAIIHEMY THIO OTKPBITUA U CUHTE3 3JICMEHTOB
IIOZOIIIM K BEPXHEMY IIpEIeny MHOYKECTBA XMMHYECKHX 3JeMEHTOB. Hacramo Bpems
U1 1€TyKTUBHOM (OT OOILEro K 4aCTHOMY) CHCTEMaTH3alluid MHOXKECTBA XUMHUYECKUX
AJIEMEHTOB. JTO HE 03HAYAET NNPEHEOPEKEHNS UHTYKTUBHBIM METOJOM, B OCOOCHHOCTH
pe3yabpTaTamM, IOJYYEHHBIMA K CETOAHAIIHEMY JHIO. HampoTtus, pe3ynbTaThbl
NENYKTUBHOTO BBISIBJICHHS  OOIMX  MAaT€MaTH4YEeCKUX 3aKOHOMEpPHOCTEH B
paclpeneneHud 4Yucea JOJDKHBI CONOCTABIISTBCA C H3BECTHBIM HBIHE IOPSIKOM
(HyMepanuei) pacnpeneneHusi XUMUYECKUX 3JEMEHTOB, MOJYYEHHBIM WHJIYKTUBHO B

TedueHue 0ojee ABYXCOT JICT.

Hayka u npocBemenne/o0pasoBanne

OOyuenue, yuéba — ocBoeHUe To3HaHHOTrO. I[lo3HaHuWe — TPOJBMKEHUE K
HEIMO3HaHHOMY, OT ocBOoeHHoro. Haunbonee nuHaMuU4yHbIE MPOABHKEHUS B MO3HAHUM B
nocieAHue 2-3 Beka caenaHbl B MaTeMmaruke, (u3uke, XuUMUM. TOH 3ajaBajia
Marematuka. Uto Takoe Teopema? OHa QopmynupyeTcss B Hadajie MaTeMaTHYECKOIro
UCCIeI0BaHus, T.€. 3a1aércsi chopMmynupoBaHHas 1iesib. OcTanbHOE — JOKa3aTENbCTBO
TEOPEMBI, T.€. NPOABIKEHHE K  C(HOPMYJIHPOBAHHOMY B TEOpPEME YTBEPKICHHUIO
(uctune). XoTh M HE CTOJb YETKO KaK B MaTEMATHUKE, HO U B TEOPETUUECKOHN (pu3uKe, U
B TEOPETUYECKOW XMMHH MPOLECC MMO3HAHUS MIET MO0 TAKOM KE CXEME, MO TaKOMY XKe
anroputmy. @u3rKa U XUMHUs — HauboJiee MaTEMAaTU3UPOBAHHBIE €CTECTBEHHBIE HAYKH.

N 3pech u3HAYalbHO TMOCTaBUM 1LeNb — pemwuTh MenzaeneeBckyo I[Ipobiemy
OTCYTCTBHSI MaTeMaTHueCcKOH GopMysbl Y (yHIaMEHTAIBHOIO €CTECTBEHHOro 3aKkoHa

[Ipuponsr — Ilepuogmueckoro 3akoHa xumuueckux snemeHToB JI.MI. Menneneesa.



Pemenue Oynem uckaTh B BHJIE YHUCIOBOW (HOMEPHOI) CHCTEMATHU3AIMH XUMUYECKUX
DJIEMEHTOB.

Besikoe HayuHOe mocTuxkeHue 0e3 ero MCTOPUHU, UCTOKOB BBIMJISIAUT U30JIMPOBAHHBIM,
OTOPBaHHBIM OT OOIIIETO MpoIecca M MOTOKa Mmo3Hanus. [loaToMy 0OpaTuMcst K ICTOKaM

N OCHOBOIIOJararommm HAacAM CUCTCMAaTHU3alln XUMHUYCCKHUX 3JICMCHTOB.

YACTbH 1

/IBymMepHoe npeacTaBjieHne MHOKECTBA XUMUYECKHUX IJIEMEHTOB

N3HavanbHo, emé€ ¢ koHna XYIII Beka XuMMHYECKHE DSJIEMEHTHI BBICTPAaWBAIU I10
MOPSIAKY BO3pAacTaHWsi aTOMHBIX BecoB (Macc). Bc€ MHOXKECTBO XUMHUYECKHX
AJIEMEHTOB, a UX y)Xe B nepBoi derBepTu XIX Beka HACUUTHIBAJIOCH 0o0Jiee JECATKA,
BoicTpauBai B psag. K 60-piMm rogam XIX Beka 4MCIO XMMHUYECKHX 3JIEMEHTOB
npeBpicUII0 yxke 60. P XMMHYECKMX 3JIEMEHTOB CTAJ CIMIIKOM JUIMHHBIM. Ckopee
BCET0, 3TO OBLIO TJIABHOW MPUYMHOW OTCTYIUJICHHUS OT MPSIMOJIMHEWHOTO OTOOpaKeHUS
MHOKECTBa XUMUYECKUX AJIEMEHTOB. [IepBbIM B 3TOM HampaBJICHUM CIEAYET MPU3HATH
Anekcanapa ae Ilankyprya, Kotopblii B 1862 rogy mnpenctaBuil LUIMHIPUYECKYIO
dbopmy 0TOOpaKEHHSI MHOKECTBA XUMUUYECKHUX DJIIEMEHTOB.

B 1864 rony Anekcanap HproneHAcC NOpemiokun «3aKOH OKTaB» B JIBYMEPHOM
pa3MEIICHUA MHOXECTBAa XUMHYECKUX »dJeMeHTOB. l['ogom mo3zxe Jlorap Meliep
MpeIoKUI 1Be Tadmauubl mo 28 u 22 snemenTta. Yepes 5 net, B 1869 roay npencraBui
cBoro Ilepuoanueckyro Tabmumy xumuueckux a3jieMeHTOB JImutpuii HBaHoBuUY
Mennenee. Mmenno oH BrepBeie chopmynupoBan [lepuonnueckuii 3akoH B
pacnpeneneHun XuMHuueckux adneMmeHToB. Jlo 1989 roma B wmupe (daxtuyecku
ITOJIb30BAMCH KOpoTKorepuoaHoit [lepuoanyeckoit Tabnumeit XUMHUECKUX 2JIEMEHTOB
JA.. MeHneneeBa C HEKOTOPBIMM U3MEHEHUsIMU. [lpumeuarenbHO, 4YTO B

KOPOTKOIIEPUOIHOU ITepuonnueckou Tabnuue XUMHUYECKHUX DJIEMEHTOB



MPUIIEPKUBATTUCH «3aKoHA OKTaB» Hetonennaca. Takum oOpa3zom, umeHHO B 60-X romax
XIX Beka nmpou3omen nepexos OT OAHOMEPHOTO MHOYKECTBA XUMHUECKUX JJIEMEHTOB K
UX IBYMEpHOMY MHOXeCTBY. lleproandecknii 3akOH XMMUYECKUX 3JIEMEHTOB, TOBOPSIT,
«npucHuics» J. 1. MenneneeBy MMEHHO Ha JBYMEPHOM TaOJIMYHOM IMPEACTABICHUU
MHO>KECTBA U3BECTHBIX €My XUMMUYECKUX JJIEMEHTOB.

Kak 6b1 TO HU OBUIO, HO TO, yTO [lepuoauueckuii 3akoH pacrpeneneHuss XUMUYECKUX
AJIEMEHTOB OBUT BBISBJIEH HAa JABYMEPHOM TAaOJMYHOM MPEACTABICHUH XUMUYECKUX
AJIEMEHTOB — UCTOPUYECKHUM (PAKT.

HNMeer cMbIcT paccCMOTPETh HEKOTOPbIE KOHKPETHbIE (OpMBI TAOMUL, B KJIETOYKAaX
KOTOpBIX OyZeM pa3MelmaTh XUMHUYECKHE OJJIEMEHThl B mocieaoBareslbHOCTH 118

HOMCPOB, HOHy‘{eHHOﬁ K HACTOAIICMY BPCMCHH.

JIBymepHasi yuciaoBasi Tabauna 10x12

Bo3bmMéM MHOXKeCTBO TiepBbIX 120 ynces HaTYypaJIbHOTO psijia, KOTOPBIMU IPOHYMEPYEM
KJIETOUKHU-KBaipaTuku B Tabymie 10x12. DTto Hambosiee mpocrtasi Tabiuia AJjisl YUCe
IIPUBBIYHOMN BCEM  JIECATEPUYHOM CHUCTEMBbI cuucieHus. Ha pucyHke Huxe

MpeICTaBlICHA TaKas TaOJIuIIa.
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Puc. 5. Tadumna 10x12 nepBbix 120 ynces HATYPAJbHOI0 Psiaa

Buana meproanyHOCTh BO BCEH TaOIUIIE BCEX YMCEIT IIEPBOTO pa3psaaa B 1-12 crpokax.
Bces Tabnuna nepuoanyHa. B necarepudHol cucteMe CUMCICHUS TaK U JOJIKHO OBITh.
Pazpsim u3 1-10 3amaér (ompenenser) NEepUOIUIHOCTh JTIOOBIX Tabyiuil U3 CTpoK B 10

YHUCCII.



[TocmoTtpum, kak Oyner BersAeTh Tabnuma 10x12 ¢ 118-10 U3BECTHBIMU Ha CErOJHS

XUMHWYCCKHUMHU DJICMCHTAMM.

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

Puc. 6. Xumunueckue djieMeHThI B Ta0aune 10x12.

Bce xummdeckue a5eMeHTsl AensaTes Ha 4 Buaa (610ka). OHM Ha3bIBAIOTCS OJIOKAMH S-,
p-, d-, f-aonemenToB wnm s-, p-, d-, f-61okamu. IT0 U3 KBAHTOBOM XUMHHU, TOBOJHHO
CIOXHOW Hayku. Ho aisa Hac BaKHO celdac TOJIBKO TO, YTO JHOOOM XUMHUYECKHI

3JIEMEHT O00S3aTCIBbHO SBIIICTCS YJICHOM OJHOIro H3 4-x OnoxoB. Her xmmMmueckmx



AJIEMEHTOB BHE 3THX OJIOKOB. Bce S-371€MEHTBI TpaAWIIMOHHO OKPAIIUBAIOT B KPACHBIN
IIBET, P-2JIEMEHTHI — B KEITO-OPAHKEBBIN, d-3JIEMEHThI — B CUHUN U f-3JIeMEHTHI — B
3€JICHBIM.

[TeproAMYHOCTP XMMHYECKUX 3JIEMEHTOB O3HAYA€T, YTO KAKHUE-TO PSAbl MOJHOCTHIO
MOBTOPSIOTCS B CBOMX paclBeTKax XOTs Obl oJuH pa3. Ha puc. 6 tTakux psaoB HeT. M3
ATOTO MOXHO CJeJIaTh BBIBOA: 12-TH psaaHas Tabnuia u3 10 XUMUYECKUX 3JIEMEHTOB B
psAgax COBEPIICHHO HE MPUTOAHA I 4ucioBoro mudpoBanus llepuogudeckoro

3akoHa.

JIBymepHas unc/joBas Tabauna 8x15

3nech takke 120 yncen. Ho 8-mu paspsisblii «okTaBHBIA 3akoH» HproneHnaca Obul
MaTreMaTH4ecKuM 3akoHoM [lepuommueckoit TaOmuIbl XMMHUYECKHX DJIEMEHTOB 0
1989 rona. [losTomy U MBI OyieM OXKHJATh BBHICOKOW MEPUOJAMYHOCTH BO MHOXKECTBE
XUMHUYECKUX 3JIEeMEHTOB B Tabmuie 8x15. Ha pucyHke Hmke mpeacraBiieHa Tabiuiia

8x15 XUMHYECKUX DIIEMEHTOB.



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

Puc.7. Tadannma 8xX15 xuMH4eCKHX DJIEMEHTOB.



[ToBTopsiroumxcst cTpok 9 u3 15 wim 72 xumuuyeckux 3iemenTa u3 118. 9to cocrasuser
61%. etictBuTensHO 00MBINION TpolieHT nepuoauzyemoctd. Ho go 100% manexo.

Ecan ICPBBIC 1-4 XUMHUYECKHUX 3JI€MEHTa BEIHECTH 3a mpeaciibl Ta6JII/IIIBI, TO IIOJIYYHUM:

113 /114|115 |116

117118 119|120

Puc. 8. Tabamua 8x15 ¢ BbIHeCeHHBIMH 32 Npe/eJibl Ta0Jauubl nepsbiMu 1-4

XUMHUYE€CKHUMH 3JICMECHTAMU.



3aecy Mbl uMeeMm 11 mnepuogusupyrommxcs psaaoB, T.e. 88 u3 118 xumuyeckux
AJIEMEHTOB. JTO COCTABIAET OKOJO 74,6%, 4yTO BbILIE MpeAbIayIero ciaydas Ha 13,6%.

Xopoliiasi Iepuoau3upyeMOCTb, HO Takke aajieka ot 100 mporeHTHOM.

JIBymepHasi yuciaoBasi Tadauua 16x8

16-pa3psaHyr0 TaOIWIly paccMaTpuBaeM B CBS3M C TEM, 4YTO OHAa KpaTHa §-Mu
pa3psaHON Tabnuie, a Ha 8-MH pa3psAgHON TaOJMIlEe [OCTUTIIA MaKCUMaIbHOM
nepuoandHoctT B 74,6%. B sTtOoM ciydae B Tabmurie 128 YMCIOBBIX 3JIEMEHTOB.

Ta0nmuna XUMHUYECKUX DJIEMEHTOB TUTST ATOrO ciayJast:

15 16

31 32

Puc.9. Tadanna 16xX8 xuMH4eCcKHX DJIEeMEHTOB.

Onementsl 121-128 oTHOcsTCS K cheayroniemy 3a f-OloKoM g-O5IOKY OKHIAEMBIX
XUMUYECKUX 37eMeHTOoB. Ho ux noka Het. [o3ToMy XMMUYECKHUX 3JIEMEHTOB U B 9TOM
ciydae Tosbko 118. B Takoii Tabmuie umeroTcs 4 Nepuoau3upyronxcs psaa, 1 B HUX
64 xumuueckux 3yeMmeHTa. OHU cocTaBisAlOT npuMepHo 54,23%. IOTO MeHble
MakCcUMaJIbHOTO 74,6%. YMeHbIIaTh WM IIOBBIIIATH Jiajiee Pa3psSJAHOCTh TaOJIHII
CMBIC/Ia HE MMeeT. Mbl MOJTYYWIM BECh JUAINA30H MEPUOAUZUPYEMOCTH XUMHUYECKUX
sanemeHToB. K nckomomy pesynbraty — 100%-My 0XBaTy BCEX XMMUUYECKUX JIEMEHTOB
HE MO0 U OJIU3KO.

BriBoa: paspsaHOCTh YHCENI HE MOXET CIY)XHTh OCHOBOW  CHCTeMaTH3allud

XUMHWYCCKHUX J3JICMCHTOB.



YeTHbIE YHCJIA U UX KBaJIpaThbl

B mouckax MareMaTHM4eCcKOro 3aKOHa MMCPUOANYIHOCTH, KOTOpLIﬁ OXBaTUJ OBI BCE

XUMHUYCCKUEC DJICMCHTHI, O6paTI/IMC}I K HaTypaJIbHbIM 4YHCJIaM. HaTypaHBHBIﬁ psAa 9UCCI

n=1,2,3,4, ... nogpazaensercs Ha psg HeYeTHbIX uncen 2n—1: 1,3,5,7,... upsn
qeTHBIX dncen 2n: 2, 4, 6, 8, ... . Paccmotpum KBampats! uetHbIx wncen (2n)>. [Ipu n =
I, 2, 3, 4 umeem uerbipe KBagparta, coCTOSIIIME COOTBETCTBEHHO H3: 2X2 = 4;

4x4 = 16; 6%x6 = 36; 8x8 = 64 xkBagpaTukoB. KBagpaThl COCTOST U3 OJUHAKOBBIX
KBaJ[paTUKOB 0€3 MyCTOT MEXAYy KBaJpaThukaMu. B nanbHeiliieM KBajgpaTHUKH OyJieMm
IMcaTh CO CTPOYHOM OYKBBI K, a KBagpatel, coaepskamiume KBaJpaTUKH, C IPOIMUCHON
oykBel K. IlponymepyeM kBajpatuku B mociefoBaTenbHOCTH KBanpaToB: 2X2; 4x4;
6x6; 8x8 HOMepamu N; (s — HWKHHAM MHIEKC OT square, B 3HAYCHUU KBaJpPaTHK),

UCXOJA U3 POPMYIIBIL:
N, = (2n)* (1)

HOCKOHBKy HMCCM IIOCJIICAOBATCIIBHOCTD KBaIIpaTOB, TO HOMCpa HOOJIZKHBI OBITH

nocienosaTenbHbl oT KBanpara k KBaapary npu usmenennn n B uHTepBaie 1 — 4.

[locnenoBarenbHOCTh HOMEPOB KBAaJPAaTUKOB B OTAENbHBbIX KBajapaTax MOXeT ObITh
pa3HoH. /{15 ycTaHOBIEHUS ONpPEAEeTIEHHOIO YHU(PUIMPOBAHHOIO MOPSAKAa HyMepaluuu

KBaJpaTUKOB BO Bcex 4eThIpéx KBampaTtax mpoBeném mpeoOpa3oBaHuUs:
(2n)> = 4n* = 43(2n - 1) Y 3alUIIeM:
Ny= 4X(2n—-1) (2)

[IpeobpazoBanue 4n*> = 43(2n — 1) mPOBEAEHO ISl «COXPAHEHHS HCTOPUM»
npeasiaynmx KsagpatoB B mocinenyromux Ksagpatax, mpudéMm, B 0JHOOOpa3uu u
MOCJIEA0BATEILHOCTH HYMEpPAIlUU KBaJAPATHUKOB B MOCJIEA0BATEIHLHOCTH BCEX YETHIPEX
KsampatoB. IIpeoOpazoBanue kBajapara r000ro 4YETHOTO YHCIA B YUETBEPEHHYIO

CyYMMYy HCYETHBIX YHCEN MO CyYHICCTBY ABJEICTCA IICPCXOAOM OT KBAJAPATHUHIHOCTU K



JUHEMHOCTH. DTO TO3BOJISET MPHUAEPKUBATHCS OMPEACNEHHOTO YHU(PUIIMPOBAHHOTO
nopsiika (JIMHUM) HyMEpaluK KBaJpaTUKOB B nocienoaTenbHoctu KBanpatos. Korga
B KBazpare u3 KBajpara KOHKPETHOrO 4ETHOIO 4MCia, HarpuMmep, 6 couepkurcs 36
KBaJIpaTHKOB, KaK TOBOPUTCS, IJaza pasz0eraroTcs. He moHATHO, OTKyAa HadaTh U B
Kakoi IOCJIeAOBAaTEeIbHOCTH cuMuTaTh. Popmyna xe (2) yka3plBaeT Ha JBa
ONTHMAJIBHBIX BapHaHTa: Ha4aTh C caMoro BHyTpeHHero Ksanapara u3 4 KBaJpaTUKOB;
WIH C KpaillHEero mepuMeTpudeckoro Habopa u3 20-THU KBaJpaTUKOB. 3paBblii CMBICI
[IOJICKa3bIBACT, YTO pa3yMHEE HAYaTh C <JIMLEBOrO» KPAaWHEro IEPpUMETPUUYECKOTO
Habopa KBaJpaTUKOB, U MIPOJBUraTbCA BOBHYTPb K cCaMOMy BHyTpeHHemy KBanpaty u3
4-x KBaApaTUKOB. JTo o060mias cxema. KOHKpPETHO K€ pPacCMOTPUM HYMEPAIUIO

KBaAPAaTHUKOB BO BCCX 4-x KBaz[paTax.

60 61 |62 |63 |64|65|66 | 67
23 (24 25 |26 |27 |28 SO IRSARE B (175 1T 78 | g
s |7 |8 |2 | he2 =T 58 72 82| 83|84 8 ” 1 69
e . 1 12 4, 21 31 a7 | 38 36 30 57 71 -y 87 | 88 o 80 70
5 4 13 | 19 20 18 = 49 54 a 103 119 | 120 112
| s 50 :15 :: 53 : £ = = £
14 15 16 17
40 a7 90 % |144|115 [116 |117/111 |101
41 42 43 |44 |45 | 46 g1 105 |106 107 [108 105[110 [; o0
92 93(94/95|/96(7 |98 | 99
n= 1 = 2 n= 3 n= 4

Puc.10. ITocienoBareabHocts KBagpaToB ¢ HOMepamMu KBaJIPaTHKOB

no ¢opmyae (1) pan=1,2,3,4.



YV Ksagpara umeroTcs IBE OCHOBHBIE XapaKTEPUCTHKU: CTOPOHA M IOBEPXHOCTb.

CyMmMa Bcex 4eThIpEX CTOPOH 00pa3yeT 3aMKHYTBIA KBAAPATHBINA EPUMETP.

I[Ipu n=1, N;=4X(2n— 1) =4x1. Bugno, uro noBepxHoctb KBagpara 2x2 coctour
n3  4-X eqMHUYHBIX KBaJpaTUKOB. KBagpaTuku 0OBIYHO HYMEPYIOT CJIEBA HANPABO C

NEPEX0J0M OT BEPXHETO PsAJa K HUKHEMY PALY.

IIpu n =2, Ny=4X(2n — 1) =4x1 + 4x3 =4 + 12 = 16. Ilo dbopmyne BUIHO, YTO
KBagpar 4x4 coctoutr u3 16 eIUHUYHBIX KBAJAPATUKOB: U3 4-X BHYTPEHHUX

KBaJpaTUKOB-aHanoroB Ksaapara 2x2 u u3 12-tu nepuMeTpU4eCKUX KBaAPAaTUKOB.

Bynem Ha3piBaTh KBaJpaTUKU MEPUMETPUUECKUMHU, €CJIIU XOTsI Obl OJlHa M3 4-X UX
CTOpPOH Tpujieraetr k nepumerpy KBampara. YrioBble KBagpaTUKU MPUIIECTAIOT JIBYMS

CTOpOHaMH BO BCCX 4-x yriiax KBaI[paTOB.

Hymepamuto 3amkHyTOro B KBajpare MHOXKECTBAa KBaJIpPaTUKOB MOKHO IPOBOJAMTH C
aroboro kBaapaThka. HauneM Hymepaluio ¢ BepxHel MoNoBUHBL, ¢ 5 (Ha 4 3aBepIInics
nepBblil KBanpat 2x2), kak nokazano Ha puc.10. 3aTeM BBepx Ha OJJMH HOMED, Jajee 10
BEpXHEl cTopoHe 10 HoMmMepa 9 u BHHU3 Ha Homep 10. IlponymepoBanbl Bce
IIEpUMETPUYECKUE  KBaJpaTUKU BepxHed monoBuHbl KBagpata. Hywmepanus
MPONOJDKAETC B BEPXHUX BHYTPEHHUX KBaapathukax Homepamu 11 wm  12.
IIponymepoBana Bcsi BepxHss nosioBuHa Ksangpara. [IpuHumn Hymepauumu ciieBa C
cepenunbl Bcero KBanapara 3aj0KeH yKe€ B CTapTOBOM HyMEpaluy KBAaJIPAaTHUKOB B
KBagpare 2x2 u3 4-x kBagpatukoB. TOJILKO B HEM HET BHYTPEHHUX KBaApaTHKoB. Bee 4

KBaJJpaTHKa ABJIAIOTCA IICPUMCTPUICCKHUMHU, K TOMY K€ YIJIOBLIMHU.

[Tepexoaum k HuxHeW nonoBuHe KBampara 4x4. B nmocnenoBarenbHOM MPOJOJKEHUT
HOMEPOB MoJI HOMEp 13 moamagaeT KBagpaTHK Moj HomepoM S. Jlanee BHU3 HA OAUH
HOMEp, HampaBo 10 HoMmepa 17 m BBepx Ha 18-ii HOMep. 3aBepmiacTcs HyMepalus
KBaJ[paTUKOB HWXHEW moioBuHbl KBagpara m Bcero KBaapara 4x4 mnpucBoeHnem

HoMepoB 19 u 20 HmxHel nosioBuHe BHyTpeHHero Keaapara.



AHAJIOTUYHBIM METOJOM MOCIEA0BATEIbHO HyMEpYyroTcs KBaapatuku Ksagpara 6x6,
8x8 M Bcex BHYTPEHHHMX aHAJIOroB npeaslnymmx KBagpatoB 2x2, 4x4 (nns Kanpara

6x6) u 2x2, 4x4, 6x6 (nns Kagpara 8x8).
[Mpun=3, Ny=4X2n-1)=4x1+4x3+4x5=4+12+20=36
[Ipun=4, Ny=4X2n—-1)=4x1 +4x3 +4x5+4x7=4+12+20+28 =64

Ha nmpumepe nocinennero camoro 6omemoro Kpagpara 8x8 BHUIHO, UTO OH COJEPIKUT
«UcTOpUIO» Tpeablaymux KBaapatoB B BHJIE MOCIEIOBATEILHOW CYMMBI UX

IICPUMCTPHUUICCKHUX KBAAPATHKOB.

Takum oOpazom, B cOOTBETCTBUU ¢ (opmylioi (2) B kaxaom nocienytomeMm Kpanpare
«coxpaHseTrcss HucTopus» npeabiaymmnx KsagpatoB. He «uctopus KBagpaTUUHBIX
KBagpaTtoB», a «ucTOpUsS JMHEHUHBIX CIOEB TEPUMETPUUYECKUX KBaJPaTUKOB
npensinymux  KBaaparoB». KonnuecTBeHHass pa3HHIA  KBAJAPATUKOB — MEXKIY
MEPUMETPUUECKUMHU CJIOSIMU JIIOOBIX TPEAbIAYyIIero U mnociuenytomero Ksaapatos
MOCTOSIHHA W paBHA 8. DTO CJEACTBHUE TOrO, YTO CTOPOHA KAXJOTO MOCIEAYIOIIETO
KBajJipata B mocieaoBaTesbHOCTH KBagpaToB 2x2, 4x4, 6x6, 8x8 yBeauunuBaeTcs Ha 2.
[TockonbKy mEepUMETpPBI BCEX KBAJPATOB COCTOSIT U3 4-X CTOPOH, TO 2 YMHOXAarOTCS Ha 4

710 &-MH.

Bce kBanpatuku, onpenensiempie no popmynam (1) u (2), npu n =1, 2, 3, 4 NOJIHOCTHIO
3anoaHAT cooTBeTcTBYOmMe KBangparsl. Ilepumerpuueckue KBagpaTuku BO Beex 4-x
KBagparax o0Go3nauenbl xupHbiMu Ippamu. B 3-m u 4-m Ksagparax xupHble U
OOBbIYHBIC IU(PPBI YEPEAYIOTCS IPU MOCIEI0BATEIHLHOM MEPEXO0/IE OT MEPUMETPUUECKUX
KBaJPaTUKOB K BHYTPEHHHUM CJIOSIM U3 KBAJPATHBIX LIENOYEK KBAJAPATHUKOB — AHAJIOTOB
MEePUMETPUUECKUX KBAApPaTUKOB mpenpiaymmx KsagparoB. BHyTpeHHuE KBaapaTHKU
0003HAaYEHbI TOCJIENOBATEIBLHO YMEHbIIamumMes  mpudprom uudp. Kpome toro,

YTOOBI JIETKO pas3indaThb CJIOU U3 IMICPUMETPUICCKHUX KBAPATUKOB NPCABIAYITHUX



KBaI[paTOB, HOMCpa 3allMCbIBAIOTCA B pPA3HbBIX IMO3HULUAX BHYTPH KBaJIPATHKOB!:

CPEIVHHOM, BEPXHEUN, HUKHEM.

AJITOPUTM HyMepalnuu M o0111ee KOJIHYeCTBO KBAJIPATHKOB B M0CJI€10BATEJIbHOCTH

KBaaparosn
AJITOPUTM HyMEpaIluM COCTOUT M3 MOCIEA0BATEIBHOCTU CICAYIONIUX MTYHKTOB:

1) B nepumerpuueckoMm (KpailHEM) KBagpaTHOM CJIO€ M3 3aMKHYTOM LIETIOYKU
€AMHUYHBIX KBAIPAaTUKOB B CEPEIMHE BEPXHEH ITOJIOBUHBI CIEBA HYMEPYETCS HOMEPOM,
CJIEIYIOLIMM IOCJIE MociaeaHero Homepa npeasiaymero Ksagpara. Hanpumep, Homepom
57 na puc. 5 B KBagpare 8x8.

2)  Hymepauus Benércs mnociaenoBaTENbHO BBEpX A0 yrioBoro Homepa (60 B
paccMaTpUBaEMOM MPUMEPE).

3)  Jlamee mocnenoBaTeabHO HYMEPYIOTCS BEPXHHUE NMEPUMETPUYECKUE KBAJPATUKU
710 YIJI0BOTO HOMepa (67 B paccMaTpUBaeMOM MPUMEDE).

4)  IlocnemoBaTenbHO HYMEPYIOTCS IEPUMETPUYECKHE KBAaApPaTUKU BHU3 [0
MOJIOBUHBI TIPaBoit cTopoHbl KBanipaTa (110 70 B paccmMaTprBaeMoM IpUMEpE).

S) [Tepexon k cepeanHe MEPBOr0 BHYTPEHHETO MEPUMETPUUECKOTO KBaapaTa 6X6 u
HyMepaIlus ero cienyronmum HomepoM (71 B paccmaTpruBaeMOM MpUMepe).

6) Jlanee BBepX, M0 TOPU3OHTAIIN U BHU3 110 HOMepa 80.

7)  Ilepexon kK mepUMETPUUYECKUM KBaJpaTMKaM BTOpOTo BHyTpeHHero KBaapara
4x4 m Hymepauus KBaJpaTHKa Ha CEpPEAMHE JIEBOW CTOPOHBI ciexyroumMm 3a 80
HOMepoM 81.

8)  IlocnmenmoBarenbHass Hymepanus BBEpX, 10 TOPU3OHTAIN U BHUA3 10 HOMepa 86.

9) Ilepexomq K NEPUMETPUYECKHM KBagpaTUKaM TPETBErO0 M  MOCIEAHETO

BHyTpeHHero KBaznpara 2x2 ¢ Hymepauuen KBaJpaTHKa Ha CEPEIUHE JEBOM CTOPOHBI



cienyromuM 3a 86 HoMepoM 87 W NOCIEIHMM HOMEpPOM 88 B BEPXHEW IOJIOBHHE
KBagpara 2x2 u BepxHel mosioBuHbI Beero KBagpara 8x8.

10) TIlepexonq K NPOAOIKEHUIO HyMEpalUU KBAaJPATUKOB HUKHEH I1OJOBHHBI
KBagpara §x8. Anroputm nociaenoBareabHON HyMepaluy Takou ke, Kak 1) — 9) Tosbko
HE BBEPX U BHM3, a BHM3 U BBEPX B IOCIEAOBATEIBLHOCTU KBaJpaTUKoOB B KBaaparax

8x8, 6x6, 4x4 1 2Xx2 ¢ 3aBeplICHUEM BCEH HyMepaluu MnocjieaHuM Homepom 120.

O6mee komuuectBo K kBagpaTtukoB B ueThipéx KBaaparax ompenensercs 1o

dbopmyre:

K, =2(2n)* (3)

Nnu K, =4XX2n-1) 4)

JIBoMiHasi CyMMa HE TakK CTpallHa, Kak cMOTpuTrcs. llepBast BHYyTpeHHssI cymMa
OTHOCUTCSI K KOHKpeTHOMY KBajapaTy cO BCEMHU BIIOKEHHBIMM B HETO IEpUMETpaMu
BHYTpeHHMX KBaznparoB, a BTOpas BHEIIHSAS CymMMa — IMPOCTO CYMMHPOBAHHE BCEX

yeTbIpEéx KBagparos.
IIpu n =1, 2, 3, 4 nns yethipéx KBagpaToB o dopmynam (3) u (4):
Ki=4+16+36 + 64 =120. (5)

Howmep N mocnennero kBagparuka B Iociie10BaTEIbHOCTH YeThIpEX KBanpaTtoB paBeH

9TOMY K€ UHUCITY.

«Hctopus» 4-x KBanpaToB hukcupyercs B MOCIEI0BATEIBLHBIX CYMMaX KBaJIpaTHKOB B

HUX.



2
[IpeobOpazoBanmue 4n° = 4¥X(2n — 1) kacaercs ueTHbIX uymucena. OueBUIHO,
2 _
paBHOCUIIbHOE mMpeoOpa3oBaHUE 3TOr0 ypaBHeHHss B n° = X(2n — 1) — oOmee
npeobpazoBaHue s JIIOOBIX IEJBIX 4YHCeNl. JTOT OOmMi MeTox mepeBoja
KBaJPAaTUYHOCTH B JIMHEHHOCTh IPEACTABIISIET ONPEACIEHHBIA MaTeMaTHYEeCKUI
MHTEPEC U MOXKET OBITh MOJIE3EH AJI Pa3HbIX MHOXKECTB 00bEKTOB. B naHHOM ciyuae,

ClIy4ac MHOXKCCTBA XUMHUUYCCKUX 3JICMCHTOB HMCIIOJIL30BaAJIN YaCTHBIN MCTOJ C YCTHBIMH

quCJIaMHU.

@opmynel (1) m (2) MO CymIecTBY SBISIOTCS KIIOYaMH K YHUCIOBBIM I pam
pacnipenenenus yucen B KBaaparax 4€tHbix uucen. @opmyssl (3) — (5) npeacTaBisioT

Ofepaluio CYMMUPOBAHUS MOCIEI0BAaTEILHOCTH uncen B mudpax (1) u (2).

Pacnpenenenne XUMHYIE€CKHUX IJICMCHTOB 110 KBanpaTaM-nepnoz{aM

Ilepuoguyecknii 3aKOH  pacHpenesieHUs] XMMHUUYECKUX JJIEMEHTOB MeHzeneeBa He
MMEET MaTeMaTHU4YEeCKOro OO0OOCHOBAaHMS, COOTBETCTBEHHO M OOIIEH MaTeMaTU4YeCKOM
(hopMyJibl, OXBATHIBAIOIICH BCE AJEMEHTHI. MCMoab3yeM MOoJy4eHHBIE BBIIIE YHCIIOBBIC

3aKOHOMCPHOCTH JJII MATEMATHYCCKOI'O 000CHOBaAHHMS HepI/IOI[I/I‘-IeCKOFO 3aKOHa.

PaCCMOTpI/IM pacnpcaciicauc B CHCTCMC XHMHUUYCCKHX JJICMCHTOB II0 4YHCIIOBBIM

KsampaTHo-niepuoanueckum 3akoHam (1) u (2).



Puc.11. KBagpar-nepuoasi no KpagparHo-nepuoguieckomy 3aKOHYy XUMHUYECKUX

3JJEMECHTOB.

Kax BugHO Ha puc.11, Bce XMMHUYECKHE 3JIEMEHTBl 3aKOHOMEPHO pa3MEIaroTcs B 4-X
Ksampartax: 2x2, 4x4, 6x6, 8x8. Kaxnpii KBagpar npeacraBiser coOoil Mmepuoj u
MOXHO HasbiBaTh ux KBagpar-nepumomamu. Ha puc. 11 npeacraBnensl atu KBagpar-
nepuoabl B NMPUBBIUYHBIX paciBeTKax OJOKOB s-, p-, d-, f-anemeHTOB. XHMHYeckue
AJIEMEHTBI, COOTBETCTBYOIIME HOMeEpaM 119 u 120, koTopble OKa HE OOHAPYXEHBbI U
HE CHHTE3UPOBaHbI, OyAyT s-dyeMeHTamu 1o joruke hopmyn (1) — (5). [loatomy 31ech

B ,HaHLHeﬁmeM OHH 6YIIYT OKpallICHLI B KpaCHBIfI OBCT.

ITepoiii KBagpaT-nepuon cocTOMT TONbKO W3 4-X s-anemMeHToB. Bropoit KBampar-
MIepUOJ COCTOUT U3 S- U p-3yieMeHToB. Tperuit KBagpar-nepuoa coctout u3 — s-, p-, d-

anemeHToB. YeTBEpThIt KBagpaT-nepuoa cocTout us s-, p-, d-, f-anemMeHToB.

Kaxnapiii KBagpar-nepuos xapakTepu3yeTcss CBOUM COOCTBEHHBIM IMEPUMETPUUECKUM

CJIOEM OIpeAeIEHHOro OJOKa XUMHUYECKHMX OJJIEeMEHTOB: NepBbii KBaapaT-nepuon



2x2 — s-Omoka; Bropoiu KBampar-mepuon 4x4 — p-Omoka; Tpetwit KBampar-mepuon

6x6 — d-650ka; yeTBepThIit KBagpaT-nepuon 8x8 — f-0moxa.

B kaxnom kBaaparuke KBaapar-neprooB ykazaHbl HOMEPA U CUMBOJBI XMMUYECKUX
AJIEMEHTOB. BUIHO, 4YTO HOMEpa XUMHUUECKUX JIEMEHTOB B (2X2), (4x4), (6x6) u (8x8)
KBagpart-nepuonax moiHoctbio (Ha Bce 100%) coBmagaroT ¢ HOMEpaMu KBaJI[paTUKOB

Ha puc.10.

100%-¢ coBnajeHne HOMEPOB XMMHYECKUX 3JIEMEHTOB C HOMEpPAaMHM KBAJIpaTUKOB B 4
KBanpaTax, HECOMHEHHO, OTJIMYHBIM (HEBUIAHHBIN focene) pe3yiabrar. Ho emé Oomee
3amMevaTeIbHbIN, 00JIee TOro, YAMBUTEIIBHBIN Pe3yIbTaT — pacipeaenaeHue s-, p-, d-, f-

QJIECMCHTOB CTPOTO ITO CJIOAM IICPUMCTPHUUCCKUX KBAPATHUKOB.

OT0 — (haKT CONMOCTaBIEHUS TEOPUU (3aKOHOMEPHOCTH PACIpPENEICHUSI HOMEpPOB B
KBagparax 4€THBIX 4HCeNl) C HyMepalHed XUMHUYECKUX 3JIEMEHTOB, MOJIYYEHHBIX

OKCIICPUMCHTAJIbHO Ha IIPOTAXKCHHUN Ooiee ABYX BCKOB.

UETHbIE unclia U3BECTHBI THICAYETIETHS, a KBAHTOBOM MEXaHHKE B XMMHUHU (KBAHTOBOMU
XUMUH) HET U BeKa. bloku s-, p-, d-, f-31eMEeHTOB SABISIOTCS pe3yJbTaTaMi THIIU3ALUN

XUMHWYCCKUX JJICMCHTOB, BBISIBJICHHOM Ha OCHOBE KBAaHTOBOM MEXaHUKH.

HOquaeTCﬂ, 4TO YETHBIC 4YHCIIA 3aJ0JI'0 OO0 ITIOABJICHUHA KBAaHTOBOM MEXaHUKH YKC

«3Hanm» 00 s-, p-, d-, f-aNIeMeHTax. DTo HE MOKET HE BBI3bIBATH YUBIICHUS.

VYpasuenus (1) u (2) daxtuyecku sBisitorcs kiodamu K mmdpam [lepuogunygeckoro
3akoHa XUMHUYECKHX 3JIeMeHTOB. [lIudpamu xe ABISIOTCS PACKPBITHS dTUX YPaBHCHUI
B KBampartax 2x2, 4x4, 6x6, 8x8. Unu, ¢ TOW ke CMBICIOBON CyThi0 — MmudpaMu
mUQGPOB MEPHUOTNIECKOTO 3aKOHA XMMHYECKUX JJIEMEHTOB. TakuM 00pa3oMm, «3HaHUE
3HaHUS» paclpenesieHus s-, p-, d-, f-aIeMeHTOB He MPOCTO y YETHBIX W HEUYETHBIX

gucen, a B «mmdpax mudposy» [lepuoanueckoro 3akoHa XUMUYECKUX DJIEMEHTOB. MBI



BCKPBUIH, pacKpbUIn «mudp mudppor». OcTaéTcss BONPOC: KaKUM 00pa3oM MpPOU30IILII0

3TO ABOIHOE mudpoBaHue? ITO — OTKPHITHIA BOMPOC.

CTpOFOG pacupeaciicHue XUMHUYCCKUX JJICMCHTOB II0 KOHHOCHTPHUYCCKHU BJIOKCHHBIM
CJIOSM IICPUMCTPHUUCCKUX KBAAPATUKOB B KBaz[paTax YETHBIX YMCEII XOpouI0 BUJIHO Ha

COBMECTHOM npenacraBieHuu puc. 10 u 11:
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Puc.12. Yucaoroe KBagpaTHo-nepuoanueckoe pacnpeaejieHue (HaBepxy) u

KBaaparHo-nepuoanyeckoe pacnpenejieHue (BHM3Y) XMMHUYECKHUX 3JI€MEHTOB.



Bunno, 94T0 HOMEpa XMMHUYECKHX 3JIEMEHTOB B TOYHOCTH, 0€3 €IMHOT0 HCKIIIOUEHUS
WIM OTKJIOHEHHsS COBNAJAlOT C HOMEpaMU KBAJIpaTUKOB B pacHpeleiIeHUuN
IIOCJIEI0BATEIbHOCTH YMCET MO 3aKOHY KBaJpaToB YETHBIX yucesl. [lo cpaBHeHuio ¢
3aKOHOM OKTaB ¢ MAKCUMAaJbHBIM 74,6 %-bIM COBNAJEHUEM 3aKOH KBAJpPAaTOB YETHBIX

yucel gaét 100%-oe coBIiazieHue.

bonee TOro, COBEpIIEHHO HArjsJHO B LBETaX IPOSBIISIETCS 3araJoyHOE «3HAHUE»
KBaJlpaTaMH 4ETHBIX YMCEJ O CYLIECTBOBaHMM B IpHpoje, Bo Becenennoit s-, p-, d-, f-
AJIEMEHTOB, BBISIBJICHHBIX HAyKOM MEHee Beka Ha3zal. OT4Y€TIMBO BUIHO, YTO S-, p-, d-,
f-a51eMeHThI 0€3 €IMHOTO0 UCKIIFOUYEHHS M OTKJIIOHEHUS 3aHUMAIOT MOJIOKEHHSI TOJIBKO 10
COOTBETCTBYIOIIMM IIEPUMETPUUYECKUM CJIOSAM KBaJIPATHUKOB IOCIEHOBATENBHBIX 2X2,
4x4, 6x6 m 8x8 KaaparoB. OcobenHo uérko 3t0 BuAHO B KBagpare 8x8, rae
nepuMeTpuueckue ciaon KBaapaToB COCTaBIAIOT 4-X CIOMHYHO CHCTEMY BIIOKEHHBIX
KBaJPaTHBIX CJIOEB U3 IMEPUMETPUYECKUX KBAJAPAaTUKOB Mpeablaymux KsagpaTtoB ¢

COOTBCTCTBYIOIIMMH CHUMBOJIAMHW XUMHWYCCKHX 3JICMCHTOB 1 KX HOMCPAMMU.

Takum o0Opa3om, pachOpenesieHHe XUMHUYECKHX DJJEMEHTOB B 4YeThlpéx Ksampar-
nepuogax Ha puc. 12 B TouHOCTH cOOTBETCTBYIOT popmynam (1) — (5) KsampatHo-
MEePUOIMYECKOTO 3aKOHA YETHBIX YHCeN. Takoe COBMaJCHHE O3HAuYaeT, 4To (OpMYIIbI
(1) — (5) BeIpaXarOT aJIEKBATHYIO JSIYKTUBHYIO MaTeMaTH4EeCKyt0 Teoputo KBaapatHo-
MEpUOANYECKOr0 3aKOHA paCHpEeleieHUs XUMHUYECKUX DJIEMEHTOB BO BCEM HX

MHOZKCCTBC.

IIpocTpaHCcTBeHHbBIE NPEICTABICHUS KBAAPAT-IIEPHOI0B

BroisiBieHHas B XoJie aHajau3a YUCIOBBIX TaOmwmil mpoctas, HO 3ddexruBHas (100%-

COBITaAACHUC C 9KCIICPUMECHTAJIbHBIMHU )IaHHBIMI/I) MareMaTn4dcCcKasl TEOpHUs



[leprognueckoro 3akoHa XMMHUYECKHUX 3JIEMEHTOB, TpeOyeT HE MeHee MpPOCTOro, u
3¢ (HEeKTUBHOTO, HE BBI3BIBAIOIIETO COMHEHUN M B HAYYHOM IUIAHE, U C ACTETUYECKOU
CTOPOHBI, a IJIaBHOE, YAOOHOrO B MHCIOJb30BAaHUM TI'papUUECKOro BOIUIOIIECHUS

(mpencraBieHus, U300PAKCHUS ).

B mouckax Takoro npeacTaBiI€HUs B IIEPBYIO OYEPEb PACCMOTPUM ITPOCTPAHCTBEHHBIE
npencrasinennss  Keangpar-nepuonos. IlpencraBum  nuctel  KaBapar-nepuogoB B

TPEXMEPHOU NIEPCIIEKTUBE.

Puc. 13. lIpeacrasienue KBaapar-nepuosaos B TpéXMepHO-NepCHEeKTHBHOM

H300pasKeHnH.



MosxHo 1300pa3uTh U Kak cTonky KBaapar-neprooB B MPOCTPAHCTBE:

Puc.14. Cronka KBaapar-nepuoaoB B NpoCTPaHCTBeE.

Jlns Be1OOpa Gosiee y100HOTO H300paskeHUsT PACCMOTPUM UX COBMECTHO.



Puc. 15. ComectHoe npeacrapienue Kpaapar-nepuonos u3 puc.13 u 14



SIBHOTO TpewMyIiecTBa B yAOOCTBE W HATMSTHOCTH MEXIY IBYMS CIIOCOOaMu
MPOCTPAHCTBEHHOTO MpenacTaBieHus KBangpaT-nepuogoB HET, Kak BUJIHO Ha
COBMECTHOM H300pakeHuu jauctoB KBaapar-nepuonoB. Hexkoropoe oO1iee Heyq00CTBO
COCTaBJISIET TO, YTO KBaapaT-meproasl JOKHBI OBITh KKIBIM B OTIEIHLHOCTH, TOTIA
Kak B IUIaHApHOM BapuaHTe BorulomeHus KBaaparHo-niepuoanyeckoro 3akoHa
XUMHMYECKUX 3JIEMEHTOB Ha pucyHkax 11 m 12 Bce KBampar-nepuoasl pa3MelieHbl Ha

OJIHOM TIJIOCKOCTH (TIaHEeJH, JIUCTE, ...).

MOHyMEHT XUMHYIE€CKHUX IJICMCHTOB U3 KBaI[paT-Hepl/IOIlOB

UtoObl 10OMTHCA W HArasigHOM, W yaoOHOUM dopmbl Borutomenus KsampaTHo-
MEPUOJIMYECKOT0 3aKOHA XMMHUYECKUX IJIEMEHTOB, MOKHO M3TOTOBUTH KYObI: 2X2X2 |
4x4x4, 6x6x6, 8x8x8. Ha coorBeTcTByrOmMX OOKOBBIX TIpaHsAX 3THUX KyOOB
n3o0pasuM oauHakoBble KBampar-mepuoanl 2x2, 4x4, 6x6, 8x8 XUMHUECKUX
AJIEMEHTOB. Y CTaHOBUM 3THU KyObl B YOBIBaIOIIEH MOCIEIOBATEILHOCTH OT 8X8X8 KyOa
B OCHOBaHUHU K 2X2x2 KyOy Ha BepIlMHE, TaKk YTOObI BCA KOHCTPYKLHS BBIIJIsIZIENA
YCTYITHO CY)KaIOIMHUMCSI KBEpXy MOHYMEHTOM (2x%2, 4x4, 6x6, 8x8)-kBaapaTHBIX
CEYEHUN COOTBETCTBYIOIIMX KyOoB. Ha pucyHke HMKe MpeACTaBIeH BHUJ CIEpeau
TAKOro0 MOHYMEHTa. Buabsl 1 c3aau, U ¢ IByX OOKOBBIX CTOPOH TaKHUE K€, MOCKOJIbKY Ha
BCceXx OOKOBBIX I'paHsIX KyOOB M300pa)KE€HbI OJMHAKOBBIE COOTBETCTBYMomue KBasapat-
MepuoAbl XMMHUYECKUX OJJIEMEHTOB. Takoe Mpe/CcTaBiIeHUE IO3BOJIIET BHUIETH BCE
KBagpar-eprosibl XUMHUYECKUX DJJIEMEHTOB CO BCEX CTOpPOH, 4YTO YJIOOHO B
JEMOHCTPAIMOHHBIX MCIOJIB30BAHUAX, HATPUMED, TIPU MPENoJaBaHUU XUMHUHU. MOXKHO
HE TTOBOPAYMBATh CTPAHUILY WJIM JEMOHCTPALIMOHHYIO MMaHEeNb, KaKk 0OBIYHO OBIBACT, Ha
180 rpamycoB mpenojaBaTenio WIH JEKTOPY OT ce0s B CTOPOHY ayJIUTOPUH TIO XOIY
W3JIOKEHUST [IJIsl YKa3aHUsl HA KOHKPETHBIE XUMHWYECKHUE AJIEMEHTHI, O KOTOPBIX HAET
pedyb Ha JaHHBIA MOMEHT H3JIOKEHHS y4eOHOro marepuana. YI0OHO Takxke W Ha

O6IH€CTBCHHBIX JICKIIMAX, KOI'Za CJIymaTein CTOAT BOKPYIT MOHYMCHTA WM MOXHO



O3BY4YUTb TOJIBKO OPHUCHTHUPOBOYHBLIC KOOPAMHATBI KOHKPCTHBIX J3JICMCHTOB JJIA

CIyLIATENIEN HA NPYrod CTOPOHE OT MOHYMEHTA.
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Puc.16. Bug Ha MoHYMeHT XUMHYECKHUX 3JIEMEHTOB CO BCEX YETHIPEX CTOPOH.



Kaxnapiit Ksagpar-mepumon Ha puc. 11 u 16 xapakrepusyercs COOCTBEHHBIM
EPUMETPOM OJTHOTO OMpeNe’aEHHOro OJoKa: TMepBbIi — KpPacHbIM OJIOKOM
$-3JIEMEHTOB, BTOPOW — OPAHXEBBIM OJIOKOM pP-3JIEMEHTOB, TPETHH — CUHUM OJIOKOM
d-anemMeHTOB U ueTBEPTHIN — 3enéHbiM OnokoM f-anementoB. Bee KBagpar-nepuonst co
BTOPOT'O TOCJEI0BATEIbHO 3aIlI0JHEHbl BHYTPEHHUMHU NEpPUMETpamMH MPEAbLIYLINX
tunoB KBajpar-neproaHbIX OJIOKOB C HOBBIMH HOMEpPAMHM U COOTBETCTBYIOIIMMHU UM
CUMBOJIAaMH XHMHYECKUX 3JIeMEeHTOB. «lMctopus» mnpeasiaymux Ksaapar-neprno1oB
BUJHA B I[BETaX COOTBETCTBYIOUIMX IIOCJIEOBATEIbHBIX OJIOKOB M BIIOXKEHHBIX

MEPUMETPUUECKUX CIOEB KBAJIPATUKOB S-, p-, d-, f-371€eMeHTOB.

Kaxnpiii nepuog B CucreMe XMMHYECKUX 3JIEMEHTOB IMIPEACTaBIsAeTcs onHUM KBaapar-
nepuonoM. Bcero Ttakux mnepuonoB B CHUCTeME W3BECTHBIX HBIHE XUMHYECKHX
37eMeHTOB 4etbipe. Hymepauus Ben€rcs B CUMMETPUYHOM ITOCIEAOBATEIBHOCTH OT
CepeUH JIeBBIX CTOpoH mnepuMeTpoB KaaparoB. CummMmerpuyHoe pa3OuneHHe Ha
BEPXHHE W HW)KHUE MOJIOBUHBI IEPUMETPOB KBaznpar-nepnoaoB co3aaéT BeYaTICHHE,
OyATO MepHOJ COCTOUT U3 JIBYX MOJYNEPUOJOB U OJUH MOJYNEPHO] pa3MElIaeTcs B
m3BecTHBIX llepuogumyecknx Tabnumax mnoa ApyruM ModaynepuoaoM. Yacto 3Tu
MOJIYyNIEPHO/Ibl PUHUMAIOT 3a Mepuobl, U B odumenpunsTon [lepuonnueckoi Tabmuue
xumuueckux dieMeHToB IUPAC copepxkutcs 7 mepuonioB, a B Tabiuiie mo BepcUH
Kanera — 8 nepuonoB. 110CKOJIBKY B MaMsATH HECKOJIBKMX MOKOJICHUW MPUBBIYHBIE 7
WIM &8 TEepHoJOB, PACCMOTPUM BO3MOKHOCTH nepexoga K TPaauLIMOHHOM

nepuoan3anuu ot 4-x Kpagpar-nepuonos.

Ot 4-x KBaapar-nepuoaoB Kk 8-mu nepuogam (Bapuanr 1)

Paznenum kaxawiii u3 4-x KBaapar-niepuofoB Ha BEPXHIOIO TMOJOBHHY W HUKHIOIO

nonoBuny. [lo mepBomy KBagpar-nepuony 2x2 caenate 310 jerde Bcero. IIycte



KkBagpaTuku 1 ¥ 2 OyAyT MEpBbIM MEPUOJIOM, a OCTaBLIMECS KBaApaTUKu 3 u 4 —
BTOpbIM mnepuogoM. g 3toro mpocto pasgenum Ksaapar 2X2  mocpeauHe IO

TOPU30HTAIN U PACCTABUM Ha HEKOTOPOM PACCTOSIHUU APYT OT JIPYyTa.

Puc. 17. /IBa nepuoaa ot nepsoro Ksaapar-nepuoga 2x2.

Tperuit u ueTBEPTHIM mepHOAbl H300pa3uM TeM, YTO K CBOOOJIHBIM CTOpPOHaM
COEIMHEHHBIX KBaJAPATUKOB 1M 2 mpucTtaBuM BepxHUE KBaapaTtuku Ksagpara 4x4, a
CBOOOJHBIM CTOpPOHAM COCOWHEHHBIX KBAJpaTUKOB 3 W 4 TPUCTAaBUM HIDKHHE

kBagpaTuku KBaapara 4x4, kak Ha pUCYHKE HUXKE.
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Puc. 18. Tpernii u 4eTBEPTHINA NEPUOABI U3 MOCIEAYIOIINX AHAJIOTOB IEPBOT0 U

BTOPOI0 NEPHOA0B U BEPXHUX M HUKHUX KBajgpaTukoB KBaapar-nepuona 4x4



[IaTe1it mepuon chopMupyeM M3 aHalIOTa TPETHETO Mepuoja MyTEM MPUCTABICHUS K
CBOOO/IHBIM CTOPOHAM aHajora TpeThbero mepuona (U3 puc.l8) BepxXHUX KBaIPaTUKOB

KBagpar-nepuona 6x6, kak rmoka3zano Ha puc. 19.

Puc.19. IIsaThIii nepruox U3 MOCJaeyIIIEero aHAJI0ra TpeTbero nepuoaa U BepxHeu

nosioBunubl KBagpar-nepuona 3



[lTectoit mepuoa copMupyeM U3 4eTBEPTOTO MEPHOJIa MPUCTABICHUEM K CBOOOIHBIM
CTOpPOHAM aHajora 4eTBEPTOro nepuojaa (U3 puc. 18) HKHUX KBagpaTUkoB KBaapart-

nepuoza 6x6, kak nokaszaso Ha puc.20.

Puc. 20. lecroii mepuox 13 nocjaeayomero aHaJaI0ra 4eTBépPToro Nnepuoaa u

HUKHel nosioBuHbl KBaapar-nepuoaa 3



Cenpmoii mepuoa chopMupyeM U3 aHajora msToro mepuoga (u3 puc.19) myrém
MIPHUCTABIICHUSI K CBOOOJHBIM €ro CTOPOHAM BEPXHHUX KBaJpaTWKoB KBampar-mepuoja

88, Kak MmokaszaHo Ha puc. 21.

Puc.21. Cexbmoii nepuoa u3 nocjaeayonero aHajaora naroro nepuoaa u

BepxHeil mosoBuHbl KBagpar-nepuoaa 4



Bocemoli  mepuon chopmupyem u3 aHajora mectoro mepuoaa (u3 puc. 20) myTém
MPUCTAaBJICHUS K CBOOOJHBIM €Tr0 CTOPOHAM HIDKHHX KBaapaTukoB KBaapart-mepuona

88, KaK MokKazaHo Ha puc. 22.

Puc.22. BocbMoii mepuox U3 MOCJIeIYIIIEero aHajaora ceibMoro nepuoaa u HUKHei

nosioBuHbl KBagpar-nepuoaa 4



Ecan IMOJIYYCHHBIC 8 Nepruoa0B O6’I)CI[I/IHI/ITB oCjaca0BaTCJIibHO CBCPXY BHU3, TO

IMOJIy4acTCa KapTUHKA C OYCHb MCJIIKUMU, Hepa360p‘-II/IBBIMI/I HaAIIMCAMM.
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Puc.23. 8 mepuonos u3 nosioBuH 4yerbipéx KBaapar-nepuoaos.



BBuay npakTHUeCKOW HEYWTAeMOCTHM HaJANuced Ha puc. 23, pa3lenauM NepUoIbl U

pPasMECTUM HUX PAIOM.

Puc.24. 1-6 nepuoasbi cjieBa u 7,8 - nepuoabl crpana.



Ot verhipéx KBaapar-nepnoaoB Kk BOCbMH nepuoaaM (BapuaHT 2)

OTnauume BTOPOro BapvaHTa OT IMEPBOTO COCTOUT B TOM, YTO MEPUMETPUYECKHUE
MOJIOBHHBI Tocheayromero Ksagpar-neproaa NMpuCTaBisieM HE KO BCEM CBOOOIHBIM
CTOPOHAM AaHaJIOTOB MPEIBIAYIIMX IMOJIOBUH KBagpar-nepuoaoB, a B OJHY JMHHIO
CUMMETPUYHO K OJIHOM BEpXHEW CTOPOHE, KaK IOKa3aHO Ha puc. 25 s LECTH

HIEPHOOB.
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Puc. 25. lllecTb nepno0B U3 JMHEHHBIX NEPUMETPHUYECCKUX KBAIPATHKOB TPEX

nepsbix KBaapar-nepnonos.



OcraBiuecs: celbMOI 1 BOCbMOM MEPUO/Ibl H300pakeHbl Ha puc. 26.
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Puc. 26. CenpbMoii 1 BOCbMOM Nepuoabl U3 TpeThero u Yerséproro Kpagpar-

NepHoIoB.

Bunno, uTo 1 B 3TOM BapuaHte GOpMUpPOBaHUS §-MHU NEPUOAOB BCe O€3 UCKIIOUCHUS U
OTKJIOHEHHMsSI XMMHMYECKHE D3JIEMEHTHl OXBAThIBAIOTCS MaTeMaTHYECKUMH (HOpMyIaMu

KBaJpaToB YETHBIX YHCEI.

Bce 8 nepuonoB BmecTe coOpaHbl Ha puc. 27 HIXKE.



Puc.27. Bce 8 nepuonos ot 4-x KBaapar-nepuoioB XuMH4YeCKHX 3JIEMEHTOB.



Mo>xHO 3aMeTuTh, 4TO B OOOMX BapHaHTaX MPEACTaBICHHUS 8-MH NEPUOAOB OT 4-X
KBanpat-nepnooB mosyuyeHHbIE KapTUHKH CMOTPSTCS Oojee 00BEeKTaMH HCKYCCTBA,
HEeXXenu Hayku. Hayke, co CBOMCTBEHHOHM €l CTPOroCThIO M pPalMOHAJIBHOCTBIO Oolee
MPUWIMYECTBYET MOHYMEHTaJIbHOE mHpenacTaBieHue 4-x Kaaapar-neprogoB. OTO He
3HAYUT, 4TO CIEAYyeT OTKa3aTbcs OT 0OOMX pAacCCMOTPEHHBIX BapuaHTOB. Kak M3BeCTHO,

«Ha BKYC U IIBCT TOBapHHIGﬁ HCT».

Ilo MOHYMECHTY XUMHYECCKHUX IJIEMCHTOB

Nmeem wmatematuueckue 3akoHbl (1) — (5) kBazpaToB 4YETHBIX 4YHCEN, KOTOpPbIE
YCTaHaBJIMBAIOT MepuoanyHOCTh KBagparoB (reomerpuueckux (Uryp) u3 KBaJpaTUKOB
IIOCJIEIOBATEIbHOCTH HAaTypaJbHBIX YUCEN B KBaJpare, T.€. YUCEN, 3allUCHIBAEMBIX B

MaJieHbKHE (€IMHUYHbIC, C peOPOM B €IMHHUILY) KBajipaTuku OoJbiux KBaapaTos.

O1u 0000IIEHHBIE MATEMATUYECKHE 3aKOHBI COTTOCTABUIIN C KOHKPETHBIM MHOXECTBOM
BCEX M3BECTHBIX XUMHUYECKMX »dJeMeHTOB. ComnocraBieHue mnokaszano 100%-oe
COOTBETCTBHE MaTeMAaTHYECCKUX (OPMYJT pacrpepesieHUI0 XUMHUYECKHX JJIEMEHTOB B
yeThip€Xx KBagpar-mepuonax. XUMHUECKHE 3JIEMEHTH WMEIOT HA3BaHUSI M CHUMBOJIbBI,
KOTOpBhIE CIOXWINCh ucTopuuecku. Ho dopmanuzoBaHo u  yHHUGUIHPOBAHO
XUMHUYECKUE DJIEMEHTHI mpoIie Obulo Obl 0003HA4YaTh MPOCTO YHCIAMH-HOMEpaMU
HatypaibHOTO psiaa oT 1 1o 118. Ot yucna Bmecre ¢ 119 u 120, Ha koTOpbIE €MIE HET
XUMHUYECKHUX DJIEMEHTOB, MOCJIEIOBATEIIHLHO MOJTHOCTHIO 0€3 €UHOI0 UCKIIOUCHUS WU
OTKJIOHEHUs 3anmoiHsoT 4 KBagpara: 2x2, 4x4, 6x6, 8x8. Dtu KsampaTel um ecThb

nepuoibl 3akoHOB (1) — (5) KBagpaToB YETHBIX YHCEIL.

KBagpar-nepuonanst 2x2, 4x4, 6x6 u 8x8 Ha puc. 6 u 11 B cCBOMX NEpUMETPUUYECKUX

KBaJJpaTHuKax COJACpPIKaT OHpe,Z[eJ'IéHHBIC OJJOKHM XMMHYECKHX 3JIEMCHTOB, a UMCHHO S-,



p-, d-, f-371eMEHTOB COOTBETCTBEHHO. BbIienuM MX MEpBbIE MOSABICHUS U MPEACTABUM

Ha PUCYHKE HIXKE.
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Puc. 28. IlepBble nepuMeTpbI-0J10KH S-, p-, d-, f-3;1emenToB B KBaapar-nepuogax

MOHYMEHTA XUMHICCKHX IJICMCHTOB.

KpacHbrit TuI 0J10Ka  S-2JIEGMEHTOB TIOBTOPSIETCS €MIE TPH pa3a BO BTOPOM, TPEThEM U
yeTtBepToM KBagparT-neprosax ¢ HOBbIMM HOMEPAMU M COOTBETCTBYIOUIMMH UM

XUMHWYCCKUMHU DJICMCHTAMHM.

>KCHTO—OpaH)KeBBIﬁ 010K P-9JICMCHTOB IIOBTOPSACTCA eme aBa pa3da B TPETbBEM H
YETBCPTOM KBa)lpaT—nepI/Ionax C IIOCJICA0BATCIIbHO HOBBIMU HOMCpaMu n

COOTBCTCTBYHOIITUMH UM XUMHUYCCKUMHU IJICMCHTAMU.

Cunuit 6710k d-371eMEHTOB MTOBTOPSETCSA €11I€ OJMH pa3 B 4eTBEPTOM KBanpaT-niepuoe ¢

HOBBIMHX HOMCpPAMH U COOTBCTCTBYIOIIUMHU UM XUMHWYCCKHUMH 3JICMCHTAMMU.

3encHpii ke OJIOK f-27IEMEHTOB TMOSIBISETCS TOJIBKO OJWH pa3 W HUTAEC TOKa HE

MTOBTOPSETCS.

Kaxnei wn3  s-, p-, d-, f-O/lOKOB XHMMHWYECKMX »JJEMEHTOB 3aHUMAaeT CBOM,

IIpEJHAa3HAYEHHBIN TOJIBKO €My, IEPUMETP C€IUHUYHBIX KBAJIPATUKOB.



Yro xe? Uwucna, 4€THBIE 4YMCIA, KBAAPAThl YETHBIX YHUCEN YXKE /0 OTKPBITUSA
XUMHUYECKUX DJIEMEHTOB 10, TeM OoJiee, MOSABICHUS KBAHTOBOW MEXAHHKHU «3HAIN»

pacripesiesieHre 37eMeHToB?! DTo MmopasuTeNnbHo, HeoObsicHIUMO, HO DAKT!

B takom cirydae, [Tudarop nmpaB B cBoém u3peuenun: «Bc€ cymiee ecth uncio». «Bcéy -

BCs BeeneHHas, MOCKOIbKY XMMUYECKUE 3JIEMEHTHI BO Bcel BeenreHHOM.

['omostornueckne rpynmnbl 3JIEMEHTOB-aHAJIIOIOB IPOCIICKUBAIOTCS B MOHYMEHTE IO
BEpTHUKAJIM, HO OHHU pazbeauHsAroTca KBagpar-nepumerpamu nocienymux Ksagpat-

IMEPUOI0B. MoxHOo O6’B€I[I/IHI/ITB TrOMOJIOTHYCCKHUC I'PYIIIIbI B OTACJIBHLBIC CTOJ'I6I_IBI.
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Puc. 29. I'pynnbi-cT0/101bI 3/IEMEHTOB-aHAJIOTOB U3 EPUMETPOB

KBaapar-nepuoaos.

B cronbue u3 uethipéx KBampar-mepuogoB 2x2 HyMmepalus HAET CleBa HAalpaBoO B

BCPXHUX W HUXKHUX psAaax.



B cronbue u3 tpéx KBaapar-nepnonoB 4x4 nHymepaius UAET cleBa HAMpaBO B JABYX
nonoBuHax KBagparta He Mo mpsiMOii, a MO JOMaHHON M-00pa3HON TPACKTOPUHU HU3-3a

HaJIM4YWs BHYTPCHHUX IICPBBIX TUIIOB KBa,ZIpaT-HCpI/IOILOB.

B cronbue u3 aByx KBanmpar-nepuogoB 6x6 Hymepanus UAET CIEBa HAIpaBO B JABYX
nosioBuHax KBajapara, Takke HE MO MPSIMOM, a MO JOMAaHHOW M-00pa3HOM TpaeKTOpUU

M3-3a HAIMYUSA JBYX BHYTPEHHHUX IIEPBOr0 M BTOPOro TUNoB KBaapar-nepuoaos.

B omnom Ksagpar-nepuone 8x8 Takke Hymepanuss HAET CIEBa HalpaBO B JIBYX
nosnoBuHax KBaapara, Takke HE MO MPsIMOii, a MO JJOMaHHOW M-00pa3HON TPAEKTOpUU
U3-3a HaIM4YMsg TPEX BHYTPEHHUX IIEPBOTO, BTOPOro M TpeThero TumoB Kaagpat-

HIEPHOOB.

[Topsimok HymMepaluu B KaKJI0M S-0JI0Ke U3 4 3JIEMEHTOB UJIET C BEpXHEH MOJTOBUHBI U3
2 BJIEMEHTOB HAa HWKHIOKO TOJIOBUHY M3 2 3JIEMEHTOB W CJIEBA HAIIPABO IO JIMHEHHOU
Tpaektopuu. B npyrux Onokax Hymepanus BeAETCS MO M-00pa3HOW TPAaeKTOPHH, HO
TAaK)K€ C BEpXHEW MOJIOBUHBI HA HUKHIOKO U CJIEBA HAIIPABO B OCHOBHOM, JIMIIIb B HAYAJIE
BBEpX, & B KOHIIC BHU3. B HIWKHEN MOJIOBUHE HyMepauusl BeAETCA B Ha4YaJIe BHU3, 4 B
KOHIIE BBEPX IO MEPEBEPHYTOM M-00pa3HON TpaekTopuu. TeM He MEHEe, DJIEMEHThI-
aHaJIOTH YETKO IpociexnusaroTcsa. Hanpumep, Amromuanit 1 Maauit nexar nox bopom

u Nannuem, niim Apron u bpowm nexat nox Heonom u Xiiopom COOTBETCTBEHHO.

Mo>xHo y6CI[I/ITBC$I, qTO BE3AC HMCCT MCCTO CUMMCTPUYIHOC «IIPOTHUBOCTOSAHHCH

QJICMCHTOB-aHAJIOT'OB.

UeTHocTh uymcen camMa MO cebe COACPKUT HEKYH TapHOCTh (IBOMHUKOBOCTB).
PaccmoTpenHass maremaTuyecKkas TEOPHUsS pacHpeleseHUus XMMHUUYECKUX DJIEMEHTOB HE
SABJISICTCS €AUHCTBEHHBIM BapUaHTOM. PacCMOTPUM IBOMHUKOBBIA WM NIAPHBINA BapUAHT

TCOPHUHU HAa OCHOBC YCTHBIX YHCCII.



Juaabl KBaIPaTOB YETHBIX YK CeJ

B03bMEM P KBAAPATOB YETHBIX urcen (2n)° mpun = 1, 2, 3, 4:

(2n)’ = 4; 16; 36; 64 (6)
[Tepenuiiem (6) B BUE:

2(2n%) = 2(2; 8; 18; 32) (7)
[lonmyynnuch HEKHE YHCIOBBIE CIIBOGHHOCTH — TMOCJEAOBATENIbHbIE JIUaJbl U3

rnociegoBaTeabHOCTH MOHam: 2; 8; 18; 32. OOmee xommyectBo K,y djIeMEHTOB B

nuanax (dyad, mepBas OykBa — HIDKHUHM UHJEKC Y KojnuecTBa K) MOKHO BBIpA3UTh:
Ky=232n"=2(2 + 8 + 18 + 32) (8)

Bce unensl cnaraeMbix CyMMBI (8) MO>KHO pa3BEpHYTh B TAOJIMILy C MOCJIEI0BATEIbHON
HyMepalueil HaTypalbHbIMM  YHCJIAMH, CJIEBa HANpaBO MO TOPU3OHTAISAM MOHAJ

AUAI-TICPHUOJ0B 11, BO3pPACTAIOMIUX ITOCIICAOBATCIIbBHO CBCPXY BHU3 OT 1 a0 4.
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Puc. 30. Inagno-Ilepnoanuyeckas Tadmua npoHyMepoBaHHBIX

KBaJaApaTroB YE€THBIX YHCeJI.



Yucna ot 100 n300pakeHbl TOJIBKO €IMHUYHBIMU U IECATUYHBIMU pa3psAlaMHy, a TaKKe
OKpallleHbl B TEMHO-KOpPUYHEBBIM LBEeT. Tabiuua mpenacraBieHa 4-Ms 3aKOHOMEPHO

YUTHHSIOIUMHUCS TUAIaAMH.

I[naz[Ho-HepnoxmquKoe pacnpeacjaicHue XUMHYECKUX 3JIEMEHTOB

Tabnmuua Bepcun Kanera (Puc.4) coctouT u3 4-X MOJHBIX JUaJ C U3BECTHBIMH K
cepeauHe MPOIIOro BEKa XMMUYECKUMU AIEMEHTaMU. B riepBoi 1nae 1Be MOHAbI 110
2 snementa: H, He B BepxHeit monane, u Li, Be B HmkHelt Mmonane. Konduryparus
stoit Ilepmonnueckoit Tabmuibl coBmamaer ¢ koHdurypauumeit puc. 30. Onpnaxo,
BEpXHEE IMOJIOKEHUE C THUIMO3aJarolier (yHKIMe XUMHYecKH uHepTHoro ['enus B
IPYIIE€ C OCTaJbHBIMA XUMHUYECKHM OYEHb AaKTUBHBIMHU IIEIOYHO3EMEIbHBIMU
METAJIJIAaMU BBI3bIBAJIO OOJIBIIME COMHEHHUS, © B Hay4YHO-00pa30BaTEIbLHOM CHUCTEME

ATOH Ta6nnueﬁ IMPAKTUYCCKU HC ITOJIB3YIOTCA.

Ho monoxenune l'enus, SBAAIOMIETOCA S-2JIEMEHTOM, aTOMbI KOTOPOrO HMMEIOT JBa
BHEIIHUX  S-2JIEKTPOHA, B OJHOU IPYIIIE C IIEJIOYHO3EMEINBHBIMU METAJUIAMU, ATOMBI
KOTOPBIX TAK)K€ UMEIOT JIBa BHEIIHHUX S-3JIEKTPOHA, HAYYHO OOOCHOBAHO M OIPAaBIAHO.
bnaropoansie rassl, or Ne 10 Rn, sBisitoTCS p-aieMeHTamMu W B TaOnwuile Bepcuu
XKanera onm cnpaBeyuBo otaeneHbl oT [enmusa. C yuy€ToM 3THX OOCTOSITENBCTB
CucremMarnszanys XMMHYECKHUX JJIEMEHTOB IO JKaHeTy BIIOJHE ONpaBOaHAa, U WMEET
IpaBO HE TOJIbKO Ha CYIIECTBOBaHME, HO M Ha IIHMPOKOE MPHU3HAHHE C BCEOOIIUM

MIPUHATHEM.

Ha puc. 31 npencraBiaena mMaremaTudeckum oOocHoBaHHas Jlmamuo-Ileprommdeckas
Tabmuma no tumy Tabmuubl Bepcuu JKaHeTa C HBIHE HM3BECTHBIMHU XUMHUYECKUMU

JJIEMCHTaMU.
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Li Be

Na Mg

K Ca

ScTi V Cr Mn Fe Co Ni Cu Zn Rb Sr

Y Zr Nb Mo Tc RuRh Pd Ag Cd Cs Ba
LaCePrNdPm SmEuGd ThDyHoEr Tm YbLuHf Ta W Re Os Ir Pt Au Hg Fr Ra
AcThPaU Np PuAm Cm Bk CfEs Fm Md No Lr Rf Db Sg Bh Hs Mt Ds Rg Cn 119 120

Puc. 31. Inagno-Ilepuoanueckasi Tadauma XuMU4eCKUX JI€MEHTOB.

[Tockonbky 3meMenThl 119-i1 u 120-i emé He 0OHapy>KEHBbI U HE CUHTE3UPOBAHBI, OHU
IpE/CTaBICHbl YUCIaMU. ['enuii, nmpuHaaiexamuidi K KpacHOMY OJIOKY S-3JIEMEHTOB,
paclBe4YeH YEpPHBIM-KPACHBIM (TEMHO-KOPUYHEBBIM) IIBETOM C TEM, YTOOBI 3a0CTPUTH
BHUMAHHE€ Ha €ro KpahHEd XHWMHUYECKOW HWHEPTHOCTM KaK IO IEPBOMY
TOPU30HTAJIBHOMY psay (IepBOM MOHaje) MepBoro mnepuoia (Auane), Tak U IO

KpaifHeMy MpaBOMY BEPTUKAIHLHOMY CTOJOILY (TpyIIe).

B ocranmbHOM BHIHA CTpOHHAas 3aKOHOMEpHAas HENpepbIBHAs MOCIEI0BATEIbHOCTh
s-, p-, d-, f-OJI0OKOB XMMUYECKUX 3JEMEHTOB ClpaBa HajeBo. Takoe 32-x rpyInmnoBoe
Ta0JIMYHOE BOIUIOIICEHUE CHUCTEMBI XMMHYECKUX AJIIEMEHTOB, HECOMHEHHO, JIOTUYHEE U
scretuuree 18-rpymmoBoro or IUPAC, tem Gonee, YIII-rpynmoBoro BoriomeHui
CUCTEMbl XMMUYECKUX 3J1€MEHTOB. CTYNEHBKH U]l 3aKOHOMEPHO YBEJIIMUUBAIOTCS Ha
6, 10, 14 cronbuos-rpymm, cocraBisas psn: 2, 6, 10, 14, koTopble MPeACTABISIOT
YUCJIOBON ~ S-, p-, d-, f-psin. B aTom 4€TKO mpociexuBaeTcs mpocTas MaTeMaTH4ecKast
3aKOHOMEPHOCTh B PACHpPEICICHUN XUMHUYECKUX 3JIEMEHTOB. Benb, yIBoeHHBIN psi: 4,
12, 20, 28 mnpeacraBisieT HE 4YTO MHOE, KaK KOJHUYECTBA IOCJIEIOBATEIBLHO

MOSIBJISIFOIIUXCS M 3aKPEIUISIIOIUXCS S-, p-, d-, f-aIeMeHTOB B KakaoW auaje mpu



MMOCJICAOBATCIbHOM CTYIICHYATO HUCXOIAIICM IICPEXOAC OT O10Ka K 6J'IOKy, Ha4dyuWHasA C

s-0JI0Ka.

[To moBoAy COMHEHMHI B THIIO3aJaroOIIEM MOJIOkeHUU ['enus Hax bepuiuimeM MOXKHO
OTMETHTh, YTO OHHM HE TOJIBKO MO OTHOIICHHWIO K ['€NMuio, HO M 1O OTHOIIEHHUIO K
Bonopony. Pa3e Bonopoa sBusercs mienoudbiM metaimioM? Koneuno, Her. U
BOOOIE, B METALIMYCCKONH (opMe CyMeld TMOJYYHTh JUIIh HEIaBHO B OCOOBIX
YCIOBUSIX, TIpUYEM, B BHJE CJIEJOB Ha MOBEPXHOCTU JPYroro marepuaia, a He
«CITUTKOB IIIEJIOYHO-MeTaummueckoro Bomopoma». TakoBa yK OCOOCHHOCTH JBYX
MEPBBIX TUMO3AAAIOMINX S-31eMEHTOB. [locimenyromnme Tuno3aaanue 3JIEMEHThI HE TakK
CUJIBHO BBIJICJISIIOTCA B~ CBOMX TOMOJIOTMYECKHUX TpyMIax 3JIEMEHTOB-aHAJIOTOB.
CBd3aHO 3TO ¢ TeM, 4TO atoMbl Bopopoma u ['enus UMEOT TOJNBKO MO OJHOM  S-
AJICKTPOHHON 000JI0YKe, TOT/Ia KaK aTOMBI JPYTUX THUIT03IAF0IIUX JJIEMEHTOB UMEIOT,
[0 MEHBIIEH Mepe, MO JBE JJIECKTPOHHBIE 000JI0YKH (p-000J70uku). YUem Oosbiie
AJIEKTPOHHBIX 000JIOYEK Y aTOMOB, TEM MEHEE BBIACISIOTCS THUII033IaI0IIUE JIEMEHTHI
Ha ¢oHe cBomx aHanoroB. B f-Oioke MexIy THIIO3aJal0MIMMK JIAHTAHOUAAMHU H
MOCTEAYIOITUMHU aKTUHOUJIaMU pazuuus (U3UKO-XUMHUECKUX CBOMCTB

HE3HAYUTCIIbHBIC.

Bce s-, p-, d-, f-Oyioku mpencTaBisitoTcss COOCTBEHHBIMM KOMIAKTHBIMU HaOOpaMu
CTOJIOIOB-TPYMI 3JIeMEeHTOB-aHajaoroB. Kondurypammu pucynkos 31 u 30 1o 4eTbipém
nvanam B ToyHOCTH, 100%-HO, coBmajaroT, MOKa3bIBas CIPABEAJIMBOCTh JTAHHOTO
BapHaHTa MaTeMaTthudeckoro obOocHoBaHusa Ilepuoguueckoro 3akoHa XUMHUUYECKUX

OJICMCHTOB.

[TpounmocTpupyeM M MOJATBEPAUM ITO YTBEPKICHUE HA COBMECTHOM MPEACTABICHUU

pucynkoB 30 u 31:
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Na Mg

K Ca

ScTi V Cr Mn Fe Co Ni Cu Zn Rb Sr

Y Zr Nb Mo Tc RuRh Pd Ag Cd Cs Ba
LaCePrNdPmSmEuGdTh Dy Ho Er Tm YbLuHf Ta W Re Os Ir Pt Au Hg Fr Ra
AcThPaU Np PuAm Cm Bk CfEs Fm Md No Lr Rf Db Sg Bh Hs Mt Ds Rg Cn 119 120

Puc. 32. CpaBHeHHE YHCJI0BOT0 MATEMATHYECKOT0 (HABEPXY) U 3JIEMEHTHOI 0
XHMHUYeCKOro (BHU3Y) pacnpenejenuid B Iuagno-Ilepuogudeckoii popme

BOILJIOIIICHMUS.

Bunno 100%-oe coBmageHue 4uCIOBOro pacrpezenenus mno dopmynam (6) — (8) u

pacupeaciaCHus XUMHYCCKHUX 3JICMCHTOB.

Cnenyer 3ameTtuth, uto [uamno-Ilepuogmdeckas Tabnuiia XMMUYECKUX DJIEMEHTOB,
npencraBieHHas Ha puc. 30, 1O  KOJIMYECTBEHHO-KAYECTBEHHO-3CTETUYECKUM
nmokazatesnsiM npeBocxoaut llepuogudeckyro TaOnuily XUMHUYECKHX DJIEMEHTOB,

pekomenaoBannyro [UPAC.



Bo-nepBbIX, npenacrasieHa ogHoi unenpbHod TabOmuued, torna kak Tabmuna IUPAC c
OTJICIIbHO BHIHECEHHBIMU JTAHTAHOUJAAMH M aKTUHOMJIaMU (PAKTHYECKH COCTOMUT U3 TPEX

TaOIHUIL.

Bo-Broprix, [lepunoauueckas Tabmuna [UPAC He nMeer marematuyeckoil (hopMyIbl,
torja kak Tabnuua Ha pucyHke 31 COOTBETCTBYET CTPOrOMY MaTeMaTHYECKOMY 3aKOHY

— IUAaJHO-NIEPUOINYECKOMY 3aKOHY paclpeeIeHHs KBaIPATOB YETHBIX YUCEN.

B-TpeTBI/IX, Ta6JII/IHa Ha pHuc. 31 He uMeeT HH OJHOTO IIYyCTOIrO MCCTA, TOraa Kak

Tabmuua [IUPAC umeet 36 mycThIX KJIETOK.

B-uerBépThiX, Tabmuna Ha puc. 31 uUMeeT 3aKOHOMEPHO HW3MEHSIOLIYIOCS
MOCJIEIOBATEIbHYIO CTYNIEHUYATYI0 (DOPMY U3 OTIEIBHBIX KOMIIAKTHBIX OJIOKOB S-, p-, d-,
f- snemenToB, Toraa kak B [lepuoguueckoit Tabnune IUPAC B 18-0i1 rpymme s-3jieMeHT

BO3IJIABIIIET TOMOJIOTUYECKYIO TPYIITY P-3JIEMEHTOB.

N3BecTHBI 1Be cOBpeMeHHbIe popMynrpoBkH lleproauyeckoro 3akoHa:

I. CBoiicTBa XMMHYECKUX JJIEMEHTOB, a Takke (DOPMBI M CBOMCTBA COEAMHEHUM
ATUX SJIEMEHTOB HAXOATCA B MEPUOJAMYECKON 3aBUCUMOCTH OT BEJIMUMHBI 3apsija siaep
HX aTOMOB.

2. CBoiiCTBa 3JEMEHTOB HAXOHATCA B MEPUOJUYECKOW 3aBUCHUMOCTH OT UX
MOPSIKOBBIX HOMEPOB.

B cBs31 ¢ BRIsIBIEHHEM MaTeMaTHYeCKH 00OCHOBaHHOM TabymIpl Ha puc. 30, ¢ KOTOpoit
KOH(UTYpallMOHHO coBnaaaeT Tabnuiia Ha puc. 31, npeanouturesnbHee GopMyIUpOBKa

2. 0 MepUOANYECKON 3aBUCUMOCTH CBOMCTB 3JIEMEHTOB OT UX MOPSIAKOBBIX HOMEPOB.

OO61iee KOMMYECTBO MHOYKECTBA XMMHMUYECKHX 3JIeMEeHTOB B Tabnuue Ha pucynke 31
onpenensercs cooTHomeHueM (8). Kaxawiii wien Ny MHOXECTBA  XMMHUYECKHX
AJIEMEHTOB B JIMAJaX 3aJI0KEH B~ MAaTEMAaTHYECKOM 3aKOHE, BBIPAKa€MOM IPOCTOM

hopMmyIoii:



N4 =2(2n?) 9)
rae n =1, 2, 3, 4 — HomMepa q1uaa-nepuoioB.

[lepuonuuecknii 3aKOH XUMHYECKUX OHIIEMEHTOB BBIPAXKAETCA MPOCTHIM 3aKOHOM
KBaJpaToB YETHBIX uMcen U Borwiomiaercs B JuagHo-Ilepuonnueckoit Tabnuie

XUMHUYCCKHUX 3JICMCHTOB.

®opmyna (9) daktruecku [BISIETCS TPEThUM KitouoMm K mudpam Ilepuoguyeckoro

3akona MenpeneeBa, a hopmyna (8) — MaTeMaTHIECKOE IEHCTBHUE C TUM IHPPOM.

Marematnueckoe oOocHoBaHue Ilepuognyeckoro 3akoHa XMMHYECKUX 3JIEMEHTOB
3aKOHOM KBaJIpaTOB YETHBIX YKCell C BoIwlomeHnueM B ¢popme duaano-Ilepuonnueckoi
32-x rpynmnoBoii Ilepuoanueckoit Tabnuibl XUMHUYECKUX 3JIEMEHTOB SIBJISIETCS BTOPBIM
pe3yJbTaTOM W BTOPHIM BapUaHTOM MaTeMaTH3aluu (YUCIOBOrO IIU(POBAHMS)
[lepnonnueckoro 3akoHa XMMHYECKUX 3JIEMEHTOB. JTOW  JlMajaHO-IIEpUOAMYECKON
TaOnumeil MOXHO MOJIB30BaTHCH B chepax: MPOCBEIICHUs, 00pa30BaHusl; B HAYYHOH U

MPOU3BOJICTBEHHOM cepax.

Urak, nomy4eHsr:

1) KsagpatHo-nepuoguueckue MmMHUPpPbl 3aKOHA PpaACHPENENICHUS XUMUYECKUX
AJIEMEHTOB, BOIUIOLIEHHBIE B 4eThIpEX KBanpar-nepuogax 1 MOHyMEHTE XMMUYECKUX

DJIEMCHTOB.

2) Jlnamno-nepuoanveckuii mudp 3akoHa XUMUYECKUX IJIEMEHTOB, BOIUIONIEHHBIA B
YeThIpEX  Auagax-nepuogax  JuanHo-nepuogmdeckord — TaOmuipl  XMMHUYECKHX

OJICMCHTOB.

PaccmoTpum coBMecTHO ueThipe Junan-nepuoaa u yeteipe KBaapar-nepuona :
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Puc. 33. Inaasi-nepuoasi ceepxy Buu3 u KBajgpar-nepuoasl cjieBa Hanpaso.

UYetsipe [duan-nepuoaa B moclieioBatelibHOCTH h = 1, 2, 3, 4 pacnonaratorcs CBEpxy
BHM3 OT IEPBOTO MEPHOJIa C HAUMEHBIIUM YHUCIOM (4) BJIEMEHTOB K YETBEPTOMY
nepuony ¢ HauOonbmuMm yuciaoMm (64) nsnemeHToB. ['OMoONOrMYEecKUE TPYIIIbI
AJIEMEHTOB — aHaJlloTOB B S-, p-, d-, f-Oyokax mocienoBareaTbHO KOMIAKTHBIMU
NPAMOYTOJbHBIMU YYaCTKaMH BBICTPAMBAIOTCS CIpaBa HaJI€BO OT 32-0OM TPYyNIIbI S-
AJIEMEHTOB JI0 TiepBOM rpymnmbl f-aeMenToB — JlaHTaHa U AKTUHUS, €ClId HyMEpOBaTh

CJICBA HAIIpaBoO.

Ho Takoy nmopsaok rpymnm He COOTBETCTBYET UCTUHHOW MOCIIEI0BATEIBHOCTH HX.



Hymepanust rpynn nomkHa ObITH cienyromast (apaOCkuMu nu@pamu, JaTHUHCKUMHU

MOJIy4aeTCs CIIMIIKOM FPOMO3JIKO, B PsiJi HE IOMELIAIOTCSA):
192021222324252627282930313291011121314151617 18 12

Buytpu OnokoB Bo3pacTarolasi Hymepalus TpyII TOpuBbluHas (3amanHas, cieBa
HaIlpaBo), HO TMOCJIEI0BATEILHOCTh CaMUX OJIOKOB IO BO3PACTAHUIO MAacC W 3apsioB
anep aToMoB  HernpuBbIluHas (BocTouHasi, cripaBa HaneBo). MOKHO cKa3aTh CMelIaHHAas
3ananHo-BocTouHas joruka unu Tpanuuus. B octambHOM 32-rpymnmoBas [{uagHo-
nepuoandeckas TaOnuia XUMHUYECKUX JIEMEHTOB MAaTeMaTUYECKH CTpPOMHA, JIOTMYHA,

HO HECKOJIBKO aKaJieMUYHa (CKy4YHOBATa).

B coBpemennoii 18-tu rpynmnosoii Ilepuoanyeckoit Tadbmuue [TUPAC nymepanus rpymnm

[I0CJIeA0BaTEIbHAs CIIEBA HAIIPABO:
12345678910111213

I'pynma 'enusa okassiBaeTcs nocnensen, 18-ou, rpynna bopa — 14-oi, rpynna Cxanaus
— 3-eii, YTO HMKAK HE COIJIacyeTcs C COOTBETCTBHEM HOMEPOB IPYIIl YUCIIAM
BHEIIHUX AJIEKTPOHOB B aTOMAax 3JIEMEHTOB MO KOpoTKornepuonHoul [lepnommueckoi
Tabnuie XuMHUYECKHUX 37eMeHTOB. Eciii npuaep>KuBaThCs 3TOM TPUBBIYHOMN JIOTUKH, TO
MOJIy4YaeTcsi, YTO y aTOMOB 3JIEMEHTOB IpyIibl bopa 14 BHENIHUX 3JIEKTPOHOB, a HE 3,
y atomoB ['ennst 18 BHEIIHUX 2JIEKTPOHOB, & HE 2, Y aTOMOB MHEPTHBIX AJIEMEHTOB 18
BHEUIHUX OJJIGKTPOHOB, a He 8. Takoro ObITb HE MOXET. Y aTOMOB XHMHUYECKHUX
AJIEMEHTOB KOJIMYECTBO BHEUIHUX OJJIEKTPOHOB HE MOXeT ObITh Oombmie 8. Kak
M3BECTHO, d-ayieMeHThI 2-X BaJCHTHBIE, KpoMe 1-BaJIeHTHBIX MeIu, cepelpa, 30J10Ta,
Xpoma, Momubnena, Pyrenus, Pogus, [lnatunel. T.e. uX aToMbl UMEIOT He Oonee 1-2
BHEILIHUX AJIEKTPOHOB. Bce f-aieMeHThl ABYyXBaJIEHTHBI, T.€. MX aTOMbl UMEIOT MO 2
BHEIIHUX JyiekTpoHa. CnenoBarenbHo, B Ilepumoandeckoint Tabnuue I[UPAC He
OTPAKAETCS COOTBETCTBME HOMEPOB TPYNI YHUCIAM BHEIIHUX JJIEKTPOHOB aTOMOB

XUMHUYECKUX 73jJeMeHToB. Ho 310 ITPOTUBOPCYUT KBAaHTOBO-MEXaHHUYECKOM OCHOBE



MEPUOIN3AIMN CBOMCTB XUMHUYECKUX 3JIeMEeHTOB. OnHO n3 AByX: 1) 18-Tu rpymnmoBas
[lepuoanueckas Tabmuna ITUPAC He BepHa, KBaHTOBas MexaHUKa BepHa; 2) 18-Tu
rpynmnoBas Ilepuoauueckas Tabiauna [TUPAC BepHa, KBaHTOBas MEXaHMKa HE BEpHAa.

TpyaHslii BEIOOP.

UYro kacaetcs KBaapar-nepuo1oB, nepBoe, 4To OpocaeTcs B ria3a — OHU HE CKY4YHBI (HE
aKaJeMU4Hbl) U KpacouyHbl. [Ipum 3TOM HMH(OPMATUBHOCTH HUCKOJIBKO HE YCTYyMAeT
Juan-nepuoaam, HaMpPOTHUB, MPEBBILIAET, TIOTOMY YTO H300paXKEHBI HE TOJIBKO CUMBOJIBI
XUMHUYECKUX 3JIEMEHTOB, HO M HOMEpa, U BCE OHM 3aKJIIOYEHbl B WMHIUBUIYAIbHBIE

KBaJIpaTHUKH.

B uerpipéx KBsanmpar-nepmomax HeET cMmemeHus 3amagHod M BOCTOYHOM JIOTHK H
TpaauLui, TOIbKO 3amnaaHas JoruKa u Tpaaunus. Y nepuonsl, u rpynmnsl, 1 OJ10KH — BCe
cieBa HampaBo. Ho BOT 3T0 kKak pa3 MoKeT ObITh HEJOCTaTKOM. Benb Mbl (J1a 4TO MBI,
BCE YEJIOBEYECTBO!) MPUBBIKIA K TOMY, YTO MEPUOABI MO BEPTHKAIM CBEPXY BHU3, a
OJIOKH B OCHOBHOM — I10 FOPU30HTAJIM CIIpaBa HajleBO. Tpaguliuu, IPUBBIYKK YACTO
OBIBAIOT HENpPEOAOTUMBI. YUHUThIBas 3TO, paccMOTpuM BmecTe ¢ JluaaHo-
nepuoanyeckor Tabmunedt MouymeHTanbHOe BorwiomeHue (puc. 16) KsaagpaTHo-

IICPUOINICCKOIO 3aKOHA XUMHYCSCKHUX 3JICMCHTOB.



Puc. 34. Inaasi-nepuoast 1 KBagpar-nepuoansl cBepxXy BHU3.

MonymeHT 3aHnMaeT MeHblle mecta, yeM [uamgHo-Tlepuoanueckas Tabmuia Ha 20%.
DTO MPENMYIIECTBO, HO HE MPUHIHMMHAIbHOE. [[puHIIMTIHATBEHOE Ke MPENMYIIECTBO B
TOM, 4TO B MOHYMEHTE ¥ NEPUOJIbI, U OJOKH, M TPYIIHI — BCE MO BEPTUKAIIU, CBEPXY
BHU3. XOTh 3TO M OTJIMYKEC OT TPATUIMOHHBIX W MPUBBIYHBIX «IIEPHOJIOB IO BEPTUKAIIH,
a OJIOKOB W TpPYNI TIO TOPHU3OHTAIN», HO OTJIMYHAC BBIUTPHIIITHOE B CTOPOHY
onHOOOpasusi, T.e. YIPOINECHUs, KOTOpbIE BCErJa Jerdye BOCIPUHUMAIOTCS, YeM

YCIIOKHCHHUA.

B cBsi3M ¢ 3TUM MOXHO MEPECMOTPETHh «CTOMKY» TOPU3OHTAIIBHBIX «JIMCTOB» KBaapar-
nepruoaoB Ha puc. 14 u 15. Eciu coequuuTh (CKIIeuTh) Bee 4 xkécTtkux nucta KBagpart-
MEePUOJIOB  MPO3PAYHBIMU  IJIACTMACCOBBIMH  CTOJIOMKAMHM  CEUCHHEeM 2X2 10

neHTpaabHbiM KBagpaT-nmepuonam 2x2; TO Bce KBagpaTUKH OyayT BUAHBI. Takas



KOHCTPYKIIMSI MHTEPECHA TEM, YTO BCE JIUCThI KBapar-nepuogoB yCTaHABIMBAIOTCS MO
MPO3pAaYHON OCH, IPOXOASIIEH M0 YeThIpEM IeHTpaibHbIM KBagpaT-nepuogam s-6moka
XUMUYECKUX DJJeMEHTOB. B TakoM BomiomeHun mnepumerpsl p-, d-, f-Oi0xoB
MOCJIEIOBATEIbHO  KOHILIEHTPUYECKH OKaMMIISIIOT LEHTpalibHbIM KBagpar-nepuon s-
0JIOKa XMMHYECKHX DJIEMEHTOB, T.€. P-, d-, f-371eMEeHThI paBHOYAAIEHO PACIIUPSIOTCS
or Ksampar-nepuoma s-6imoka. Bo Bcex ke wm3BecTHhIX Tabmumax u B JlmagHo-
nepuonnueckor Tabmuie Ha puc. 31 p-, d-, f-6;oku pacmupsIOTCS TOIBKO B OJHOM

HallpaBJICHUH, CIIpaBa HAJICBO, KaK IIpaBUJIO.

CTosin XUMHYECKHX IJIEMEHTOB U3 I[nan-nepnozm]s

I/I306pa3I/IM I[I/IaﬂHO-HepI/IOI[I/I‘-IeCKYIO Ta6J'II/II_[y XUMHUYCCKHUX QJICMCHTOB B

BEPTUKAIILHOHN (hopme.

Jlnst ATOro mpeABapUTEIBLHO BCE 4YHCIA M CHUMBOJIBI MOMECTUM B COOCTBEHHBIC

KJIETOYKU-KBAIPATHKH, KaK IMOKa3aHO Ha puc.35.
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Puc.35. Inagno-nepuoagnueckas Tadanna XuMHU4eCKUX 3JIEMEHTOB B

KBa/JIpaTUKAax



[lepenemaem puc.35 Tak, 4to0Obl S-, p-, d-, f-070KHM ciemoOBaiM clieBa HAIPABO.

[MTonmy4yrm HUXKECTEMyOIIee IPOMEKYTOUHOE N300pAKEHHE.
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Puc.36. Inagno-nepuoanyeckas Tadjauna XuMu4eCKHUX 3JIeMEHTOB €

nocJjie0BaTeJbHOCTBIO S-, p-, d-, f-0,10KOB cj1eBa HanpaBo.

Bunno, uro HOmepa Jlnam-mepwonoB BO3pacTalOT CBEpXy BHM3, S-, p-, d-, f-Omokm

CJICAYIOT CJICBA HAIIpaBO, HO HOMEpa 3JICMCHTOB — CIIpaBa HAJICBO.

Hanee moBepHéM 3T0 H300paxeHue Ha 90 rpaaycoB MPOTHUB YacOBOW cTpeiku. B

PE3YJIbTATC NOJTYYUM HUKCCIICAYIOIICC BEPTUKAJIBHOC I/1306pa}KeHI/IC.



Puc.37. BeprukaabHas ¢gopma J[uagHo-nepuoan4ecKo Ta0TUIbI XUMHYECKHUX

3JIEMECHTOB



Kouctpykuus u3 4-X, yCTYNHO CyKarolmuxcs KBepxy, KsaapaT-mepuonoB Oblia
Ha3BaHa MOHYMEHTOM XMMHMYECKHUX DJIEMEHTOB. boree BBITAHYTYHO  BBEPX
KOHCTPYKIIUIO n3 4-x Jluan-iepuosoB MOXKHO HasblBaTh CTOJNIIOM XHMHYECKHX

SJICMCHTOB.

MOHyMeHT H CTOJIII XUMHYECCKHX 3JICMECHTOB

JUtst cpaBHEHUSI paCCMOTPUM COBMECTHO H300paxkeHust Ha puc. 37 u Ha puc. 16. Huxe

Ha puc. 38 psAIOM MpeCTaBICHBI 00a H300paKEHUSI.

[Ippu oamHakoBOM MacmiTabe M300paK€HUH, MOHYMEHTAJIbHOE IIPE/ICTaBIICHUE
MHOKECTBAa XUMHUYECKHUX 3JIEMEHTOB rOpas3i0 HIXKE MO BbICOTe. KOMIAKTHOCTE — OZHO
U3 HEMaJOBAXKHBIX NPEHMMYLIECTB MOHYMEHTajibHOro KBaapaTHO-Iepuoanyeckoro
BoruiomeHuss CHuCTeMBl XMUMHUYECKHMX 3JIEMEHTOB HaJ JlnagHO-IepHOgu4ecKuM
npeacraBieHueM. KOMIIAKTHOCT B MOHYMEHTE JOCTUraercs 3a C4ET TOTO 4YTO S-, P-,
d-, f-0710kM 3aMKHYTHI B KBaJIpaTHO-IIEPUMETPUYECKUE CIIOM, TOrAa Kak B JlmaaHo-
NEPUOANYECKOM NPEACTaBICHUN 3TH OJIOKM BBITSIHYTHI B NMPSMOYTOJbHUKU U3 OoJiee

JUIMHHBIX JTUHEUHEBIX CIOEB.

Ha puc.38 npencrasnens BortonieHus [lepuoandeckoro 3akoHa MeHeneeBa B IBYX
BEPTUKAJBHBIX  H300pa)KEHUSIX. ITO  pe3yJbTaThl JIByX BapUaHTOB  OJIHOTO
MaTEMAaTUYECKOTO TEPHUOJUUYECKOT0 PACIPECICHUS KBAJpPAaTOB UYETHBIX YHCEII.
®opmyst (1), (2) u (9) sBastores kaoyamu K 18yM mudpam [lepuoanueckoro 3akoHa
MenneneeBa: muppy Kpaapar-nepuonuueckoro pacnpeaeneHuss u mudpy JuagHo-
MEPUOIMYECKOTO PACIPEACICHUS] XUMUYECKHUX JJIEMEHTOB MO MX JKCIEPUMEHTAIBHO

BBIAABJICHHBIM HOMCpPAM.

LII/ICJ'IEl, YUCJIOBBIC PAJbI C HATYpaJIbHbBIMU YU CJIaMU, HECYETHBIMU U YETHBIMU YucJiiaMy,

KBaJApaThbl YETHBIX YUCCII, ... HN3BCCTHLBI ThICAYCIICTUA, a KBAHTOBOM MEXaHUKE B XUMHUH



(KBaHTOBOW XMMHUH) HET U BeKa. [loaTomMy pa3MenieHre BCEX M3BECTHBIX XMMHUECKHUX
AJIEMEHTOB CTPOro Mo S-, p-, d-, f-OylokaM B TEPUMETPUUYECKHUX CIIOSX BHEIIHUX W
BHyTpeHHUX KBaapaT-nepnonoB, a Takxke B mocieaoBareibHbIX [lnamax-nepuonax
BBITTISIAUT 3arafiouHbiM ¢aktoM monHoro (100%-ro) coBmazeHus TEOPETHUECKUX U

OKCIICPUMCHTAJIbHBIX PE3YJILTATOB.

Puc.38 . CoBMecTHOE nmpeacTaBjieHe MOHYMEHTA U CTOJINA XUMUYECKUX

3JIEMECHTOB



Bce 118 wu3BecTHbIX Ha CEroAHs XHUMHYECKHUX DJEMEHTOB  3aKOHOMEPHO
pactipenensitorcs  (pacnonaratotca) B 4-x  KBagpatax. OTo  pacmpeneneHue-
pacnosioxxenue spisiercs: mudpom [lepuoanueckoro 3akoHa XUMHUYECKHX JIEMEHTOB.
K stomy mmdpy umerorcs 2 kmoua — ¢dopmynsl (1) u (2) COOTBETCTBEHHO st
KOJIMYECTBA U TMOPSAKA pa3MenieHus 3iaeMeHToB B 4-x KBazmparax. KBaapatsl MOXKHO
paccMaTpuBaTh KaK HEKOE YPOBHEBOE MOJPA3/ICIICHHE XHMHYECKHUX DSJIEMEHTOB. 4
KBagpara — 4 ypoBHs. Ha mepBom ypoBHe (B mepBoMm Kaaapare) comepxkurcs 4
XUMHYECKUX AJIEMEHTA: 1-bIii U 2-0i B BEpXHEM psay; 3-U u 4-il B HUxKHeM psay. Ha
3TOM YPOBHE TOJBKO 4 MecTa i 4-X XMMAUYECKHUX 3JIEMEHTOB. B KBAHTOBOM MEXaHUKE
ONPENENWIN, YTO 3TO 3JEMEHTHI ¢ s-ayekTpoHaMHu. Ho oTKyaa e 4é€THomy 4duciy 2,
BO3BEACHHOMY B KBajpar, ObLJIO «3HaTh», YTO y aTOMOB €CTh DJJEKTPOHBI U €CTh
000JIOYKH AJI1 HUX, B KOTOPBIX POBHO 4 MecTa JIsl JIEKTPOHOB aTOMOB 3TOI'0 YPOBHS?

OK&?»EUIOCL, 4TO «3HACT», a OTKyada — HCU3BCCTHO. 3arazlqu0, HO (1)aKT.

KBagpar cnemgyromero derHoro uumcna 4 couepkuT 16 KBagpaTMKOB-MECT IS
XUMUYECKUX 3JIEMEHTOB 3TOro YypoBHA. Ha 3TOM ypOBHE MOJKHBI COJIEPKATHCS
AJIEMEHTHI, MOAOOHBIE 3JIEMEHTaM MepBoro ypoBHs. B atom cyth llepuommyeckoro
3aKkoHa XUMHUYECKUX 3JeMeHTOB. VX HoMKHO ObITh 4 TakKe S-3JIEMEHTa, HO JIPYroro
ypoBHs. 12 u3 16 nomkHbl OBITH HE S-dJ€MEHTaMH, a Apyroro tuma. Bce 12 mect
(KBazpaTUKOB) 00pa3ylOT 3aMKHYTHIN MEPUMETPUUECKUI KBaJAPATHBIN CIONH. DTOT THUI
AJIEMEHTOB B KBAaHTOBOM MEXaHMKE HA3BaIM p-djeMeHTaMu. MIX cuMMmeTpu4yHO 1o 6 B

BEpXHEW U HIKHEN nosioBuHax KBanpara 4x4.

KBagpar crnemyromero 4€rHoro uwcia 6 coaep:KuT 36 KBagpaTUKOB-MECT IS
XUMHUYECKUX JJIEMEHTOB A3TOro ypoBHA. Ha 3TOM ypoBHE TOJKHBI COJEPKATHCS
AJIEMEHTHI, MOJOOHBIE 7JJIEMEHTaM I[I€pBOr0 M BTOPOro ypoBHeW. B 3tom cyTh
ITeproauyeckoro 3aKoHa XMMHUYECKUX 3JIEMEHTOB. X momkHO OBITh 4 1 12 371eMEHTOB,
TaKXe S-AJIEMEHTOB U P-3JIEMEHTOB, HO JApyroro ypoBHs. 20 u3 36 I0KHBI OBITH HE S-

3JEMEHTaMU W HE p-3dJieMeHTaMu, a Apyroro tumna. Bce 20 mect (KBaJIpaTHUKOB)



00pa3yroT 3aMKHYTBHIN TEPUMETPUUYECKHA KBAIPATHBIA CIION. DTOT THM JJIEMEHTOB B
KBaHTOBOW MexaHuKe Ha3Bainu d-anemeHtamu. Mx cummerpuuHo no 10 B BepxHeW u

HIKHEN monoBUHaxX KBaapara 6%6.

KBagpar cneayromero 4Y€THOro yucia &8 coAepKUT 64 KBagpaTHUKOB-MECT IS
XUMHUYECKUX JJIEMEHTOB 3TOro ypoBHA. Ha 3TOM ypOBHE IOJDKHBI COIEPKaThCs
AJIEMEHTBI, OJOOHBIE 3JIEMEHTAaM MEPBOr0, BTOPOr0 U TPETHEro YpoBHEU. B aTOM CyTh
[Tepuoauueckoro 3akoHa XMMHUYECKHX djJeMeHTOB. X mommkHOo ObITh 4, 12 u 20
AJIEMEHTOB, TAKXKE S-3JIEMEHTOB, P-3JIEMEHTOB U d-3JIEMEHTOB, HO JIPYroro ypoBHs. 28
HOBBIX 3JIEMEHTOB U3 64 JOJKHBI OBITH HE S-3JIEMEHTAaMHU, HE P-3JIEMEHTaMH U He d-
aJIeMeHTaMu, a Apyroro tuma. Bee 28 mect (kBagpaTukoB) oOpa3yroT 3aMKHYTBIH
IIEPUMETPUYECKUN KBAAPATHBIA CJIOM. DTOT THUII JJIIEMEHTOB B KBAHTOBOM MEXAHUKE
Ha3Banu f-amemMeHTamu. VX cuMmmeTpuyHO 1o 14 B BEpXHEW M HMKHEM ITOJIOBHHAX

KBanpara 8x8.

Bc€ sto B KBampaTHO-IepuoanyecKOM 3aKOHE XUMHUYECKUX JJeMEHTOB. B 4-x
KBangpar-nepuonax zammdppoBanbl Bce 118 xumuueckux snementoB. dopmyna (1)
aBisieTcst kimodoM K mudpy B 4-x KBanpartax, a ¢popmyna (2) — KIIOUOM K HOPAIKY
HyMEpAaLMK [0 IEPUMETPUYECKUM CJIOSIM BHYTpU Kaxaoro Ksamparta. Bc€ ato
3a)UKCUPOBAHO B MOHYMEHTaJbHOM BorwionieHuu Ilepuoamdeckoro 3akoHa

MenneneeBa (cieBa Ha puc. 38).

B Juanno-nepuoanueckoMm 3akoHe Bce 118 XMMUYECKUX 3JIEMEHTOB 3alllu(POBAHbI B
4-x Jlmanax, a B KaXJ0W W3 HUX — B JBYX MOHaJax C JIMHEHHO-IIOCIEI0BATEILHBIM
pasmernieHueM kBaapatukoB. Dopmyna (9) sBIgeTCsS KIHOYOM K IHUGPY ITOTO
BapHaHTa 3aKOHAa KBaJApaTOB YETHBIX 4Huceld. B chermuaibHOM Kiroue sl crocoba
pa3MeIeHusT KBaJpaTUKOB B JAaHHOM CJlydae HET HEOOXOIMMOCTH, KBaJpaTHUKU
pa3MeIIaTCs MOCIEA0BATENBHO B JUMHEWHOW nenouke. Ha puc.38 cnpaBa 1 — 4
Juanel-neproibl MOCIeA0BaTENbHO pPa3MENIEHbl cieBa HampaBo. bioku s-, p-, d-, f-

QJICMCHTOB PAa3MCHICHBI IMOCJICA0BATCIbHO CHU3Y BBCPX. HYMepaHI/IH QJICMCHTOB I/II[éT



CBEpPXY BHH3 BO BCE€X MOHaJax [auaa. B rpynmax »JI€MEHTOB-aHAJIOTOB HOMEpa
AJIEMEHTOB BO3pACTalOT CieBa HanmpaBo. MTak, nMeem MOpSAKHA CUETa B IBYX CIydasx
CJI€Ba HAIpaBO, B OJHOM CIIly4a€ CHHM3y BBEpPX U B OJIHOM CiIyyae CBepXy BHH3. Eciu
OJUWH Clly4ald cu€Ta CHHU3Y BBEpPX MPHUHATH KOMIIEHCHUPYIOIIMM JAPYroM ciiydand cuéra

CBCPXY BHH3, TO OCTAIOTCA TOJIBKO ABaA ClIy4das IMCPCXOJ0B CJIICBA HAIIPABO.

[ToaTOMy H300paxkeHue crnpasa Ha puc.38 creayer 3anaJaHON TpPaauLUU YTEHUS CJeBa
HarpaBo. Ha n3o0paxeHuu xe cjieBa B OCHOBHOM TOPSIIOK CJIEIOBAaHUS CBEPXY BHU3 (U
nepuoibl, U OJIOKH, U TPETb BCEX HOMEPOB IJIEMEHTOB) W TOJBKO JUISl JBYX TpeTeit

QJICMCHTOB Ha I'OPHU30HTAJIBHBIX CJIOAX CUCT BEIAETCS CleBa HaIrpaBo.

Cosrnanenue pacnpenenenuss uucen B Kaaparax u /lmagax ¢ pacnpeneneHuemM
XUMHUYECKUX DJIEMEHTOB B s-, p-, d-, f-0110kax cnexyer otHecTn kK Hayunoii 3aranke. Eé
pasrajika, O4YeBUJHO, MOTpeOyeT HE TOJBKO YCHJIWW, HO W BpeMeHH. Bo3moxkHo, €&
KOTJa-HUOyAb pasrajaloT Te, KTO 4YUTAlOT 3TO cedyac. MoxkeT OBbITh U3 TeX
M0003HATENBHBIX, KTO Cedyac YYUTCS B CpPEJHUX KJlaccax, WM Ha TMEPBBIX Kypcax

YHUBEPCUTETOB.

Crnemyer OTMETUTDH, YTO Yy JIIOJICH, CBSI3AHHBIX C XUMHUEH B CHUCTEMaxX MPOCBEICHUS,
oOpa3oBaHMs, HayKW, MPOMBINUICHHOCTH, [lepnoamdeckas Tabnuma XUMHUYECKUX
AJIEMEHTOB OOBIYHO OBIBAE€T HACTOJILHOW, HACTEHHOM, Jake KapMaHHOW. MOHyMEHT
XUMUYECKUX DJIEMEHTOB BIIOJHE MOXKET OBITh TPEXMEPHBIM HACTOJBHBIM UJTU
HaIMoOJIbHBIM (B YTOJIKE TIOMEIICHHS) TIOJIE3HBIM HWHTEPHEPOM, TPUUEM, Pa3HBIX
HE0OXOAMMBIX TabapuTOB. Y I00HO TO, YTO CO BCEX YETHIPEX CTOPOH BUJEH OJAHWH U TOT

xe Habop ueTbipéx KBaapar-neprooB (0J0KOB, rpyrn).



BeiBOALI:

1. Marematuueckue 3akoHbl (kmroun k mudpam): (1) — (4) ; (9) u (8) xBaaparos
gétHbIX uyuncen azaekBaTHO (100%-nHo, 0€3 eAMHOTO OTKJIOHCHHUS) OIMCHIBAIOT
MonymentanibHoe  KBanpar-nepuoanueckoe (puc.16) m JImagHo-nepuoanydeckoe

(puc.31, 35, 37) pacnipeneneHus XUMHUYECKUX JIEMEHTOB.

2. Ilockonbky Bce nepuoanl saBistorcss Keaaparamu ot KBaapaTHO-IEpUOAUYECKOTO
3akoHa (B JByX Mmm@dpax) KBaaparoB 4YETHBIX uucen u Juamamu ot [uamgHo-
MEepUOANYECKOro 3akoHa (B mmdpe) KBaapaTOB YETHBIX uucen, TO [lepuogmyeckuii
3akon J[. M. MeHngeneeBa MOXHO YTOYHHTH Ha KBaapaTHO-NepUOANYECKUIA
(bopmynupoBka 1) u Juanno-nepuoandeckuii (popmynupoBka 2) 3akoHbI (HudpshI)

XUMHUYCCKHUX 3JICMCHTOB.

3. MaremaTuuyeckoe 000CHOBaHUE ¢ PopMyIaMU KBaJpaTOB YETHBIX YHCENT OXBATHIBACT
BCE XMUMHUYECKHUE dIeMeHThl B MonyMeHTanbHo KBanpaTHo-niepuonuyueckoit (puc.16,
38) u B luaano-nepuoaunyeckoit (puc.31, 38) ¢popmax Borutonienus. Tadbnua [IUPAC u
Tabmumna mo Bepcuu JKaHeTa HE HMMEIOT HU MaTEMAaTHYECKOro OOOCHOBAaHMS, HHU

(hopMyII, OXBATHIBAIOIIUX BCE XUMHUUCCKUE AIICMEHTHI.

4. CoOnrofaetcsi TPUHIIMI HENPEPbIBHOCTH, 3aJI0)KEHHbIH MeEHJIeIeeBbIM B OCHOBY
noctpoeHus ero TaOnuibl XMMHUUYECKUX 3JIEMEHTOB, M HET IyCThIX KBaJIpaTUKOB, TOTa
kak B Tabmuue IUPAC wumerorcs 36 mycThIX KIETOK B BEPXHEM 4YacTH OCHOBHOM

Ta0IMIIBI, KOTOPHIE OCHOBATEILHO HAPYIIAIOT MPUHIIUI HETPEPHIBHOCTH.

5. Bce 4 nmnepuoma B KsagparnHo-nepuommueckom Monymente u  [uanHo-
nepuoanueckor Tabnmuie OJHOTHIHBI C  MOCJEAOBATEIbHBIMA COOCTBEHHBIMU
MepUMETPUYECKUMU OJI0KaMu U3 s-, p-, d-, f-anemenToB, Torna kak B Tabmuue IUPAC
HET 4Y€TKOro THUIIOBOTO 3aKOHOMEPHOro ojaHooOpasus. IlepBblil mepuon U3 OJHOTO
JBYX3JIEMEHTHOTO ps/ia S-3JIEMEHTOB; BTOPOM IO MATBIA MEpPUOABI M3 Hap §-Mu

CMEIIAaHHBIX S- M P-2JIEMEHTHBIX U |8-TM CMEmaHHBIX S-, p-, d-3JIEMEHTHBIX PSIOB;



HIECTOW U CEAbMOM NEPHOBI U3 Napbl 18-TH CMENIaHHBIX S-, pP-, d-3JIEMEHTHBIX PSIOB C

BBIHCCCHHBIMU B OTACJIBHBIC Ta6JII/II_[BI BCTaBKaMHU M3 JIBYX f-ay1eMEeHTHBIX pPAOOB.

Bapuantom [InagHo-nepuoaNdecKOro 3aKkoHa XMMHUYECKUX 3JIEMEHTOB TaKXE MOXKHO
MPAKTUYECKH TOJIb30BaThCsl Kak B cdepax mpocBemieHus, oOpa3oBaHHUs, TaK U B
HAay4YHOM, MPOU3BOACTBEHHOU cdepax. Ilepsriit Bapuant (KBampaTHO-TIeproaudeCKUii
3aK0H XMMHUYECKHUX 3JIEMEHTOB) MH(GOpPMAaTHBHEE, pAlMOHAIbHEE M KpacOyHee YeM
BTOpOU BapuaHT ([uagHo-nepuognveckuii 3akOH XUMHUYECKHUX 3J1eMeHTOB). Ho BTOpOi

BapHuaHT Ooiee IIpOCT, 4TO OBIBacT Ba)KHO AJIA CIIPAaBOYHBIX YHOTpe6H€HHﬁ.

CucremaTr3zanny XUMUYECKUX 3JIEMEHTOB HA OCHOBE ATOMHBIX MaccC, J1aJie€ Ha OCHOBE
ANEKTPUUECKUX 3apsA/loB Siep U DJIEKTPOHHBIX O0O0JIOYEK aTOMOB, M, HaKOHEI, Ha
OCHOBE 4YHCJIa MPOTOHOB U IOPSAKOBOIO HOMEpPA JJEMEHTa NPOBOJIWIIMCH HA
AKCIIEPUMEHTAJILHO  TOJYYEHHBIX 3aBUCUMOCTSAX  (DU3UKO-XMMHUYECKUX  CBOMCTB
37eMeHTOB. HVHBIMEM  clloBaMH, HCTOPUYECKU  CJOXKHUBIIMECS CHUCTEMAaTU3alUU
XUMHYECKUX JJIEMEHTOB OCYIIECTBIUIMCh HA 3KCHEPUMEHTAIbHBIX JAHHBIX, KOTOPHIC
noJlyJaJii B Te4YeHHE OoJiee ABYX BEKOB. [I0JIHOIEHHON MaTeMaTH4eCKOW TEeOpuu C
MOJHBIM COBIAJICHUEM HKCHEPUMEHTAILHOIO M TEOPETHUUECKOTo (3anmu@poBaHHOTO B
YHUCJIax) pachpeeseHui 2JIeMEHTOB B CUCTEME XUMHUUECKHUX 3JIEMEHTOB JI0 CHX TOp HE

OBLIIO.

B nmpencraBieHHBIX K€  CiIy4yasX ~ MaTEMAaTHYECKOE M 3KCIEPUMEHTAIBHOE
pacripeiesieHus YJIEMEHTOB B CUCTEME XMMHUYECKUX 3JIeMeHTOB MOJHOCTHIO (100%-HO),
0e3 eIWHOro OTKJIOHEHHMs, COBMAJIM B JBYX BapHaHTaX MaTEMaTHYECKON TEOopUH

(anrcmoBOTO MHU(PPOBAHHS).

O6a Bapuwanta, u KsaaparHo-nmepuoguyeckuii 3aKOH XHUMHUYECKHX DJJIEMEHTOB, U
JluanHo-nepuoANUecKuii  3aKOoH XUMHYECKUX  DBJIEMEHTOB IPOUCTEKAOT U3

MaTeMaTUYECKUX 3aKOHOMEPHOCTEN KBaJpaToOB YETHBIX uuces. U3 aToro cinemyer, 4To



o0a BapWaHTa MOXKHO paccMaTpWBaTh KakK IIOJIHOIEHHBIE TEOpUd B OOJACTH

CCTCCTBCHHBIX HAYK.

Ha stom 3aBepmaercs YACTD I. Orta yacTe BIOJNHE IOCTYNMHA ISl NOHMMaHUS M
OCBOEHUS y4YalUMCsl CpEeIHUX Y4eOHbIX 3aBeAeHUN (5-9)-X Kj1accoB, KpOME MOHSATHIM
KBAaHTOBO-MEXaHUYECKOTO MpoucXoxaeHusa. Ho ux B TekcTe Mano, BIaBaThCsi B
rJIyOWHBI U B CyTh HE CJEIYET, a IPOCTO MPUHATH MOAPA3IEICHUE BCEX XUMUYECKUX
AJIEMEHTOB Ha 4 BUAa win OoKa: s, p, d, f B pa3HBIX paciBeTKax.

VYyammmcs ke nociieqHux JeT y4€Obl B CpeIHUX YUEOHBIX 3aBEJCHUSAX OyAET BIOJHE

JOCTYIIHA JJIs1 OCBOeHMS U Iianupyemas cinenyromas YACTD I1.
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