C.J1. BacuneHko

O HOBOSIBNEHHOW "UrpyLuKe" C 305710TbIM CeYeHUuem,
Tenepb B nepuoanyveckom 3akoHe MeHaeneeBa

MHoro urpyLuek He GbiBaerT...

BBeneHue. [lNepuoauyeckaa cuctema anemeHTtoB MeHOeneeBa u3ydeHa BOOMb W nonepek, Mo
nepvogam u rpynnam. B coBpeMeHHOW opMynupoBKe Nepuogu4ecKoro 3akoHa: CBOWCTBA XUMWYECKUX
3NemMeHTOB, a Takke ¢opMbl M cBoWcTBa obOpasyeMbiXx MMU MPOCTbIX COEOUHEHWIA HaxXOoAsATCs B
neprvoan4eckon 3aBUCUMOCTUN OT BENUYMHbLI 3apSA0B S4ep UX aTOMOB.

Cuctema MOCTOAHHO COBEpPLUEHCTBYETCA W YyTOYHSAeTca (M3BecTHO 6Gornee 400 BapuaHTOB
n3o0paxxeHust), NpoaoImNKas packpbiBaTb OTAENbHbIE CBA3N-acnekTbl. OQHUM U3 HMX ABNSETCA BO3MOXHOE
NposiBrieHMEe 30M0TOr0 CeYeHUs!, Kak HEeKOero yHuBepcarnbHOro CBOWCTBA CTPYKTYPHOW rapMoHun. Yto He
dakT. Tak y>K CMOXMMIOCh, YTO BOMEK CyabObl U HEYTOMUMOW 3HEPrun psifa aBTOPOB OHO BHeApSieTCH BO
BCE, 4YTO MOKOMUTCA WNU OBwxeTcHA. Yalle WCKYCCTBEHHO, HagymaHHo. Ho uHoraa c 3ameTHou ponen
BeposiTHOCTU. Kak gonyctumas "sonotas” mofgens. XoTa npu 9TOM uUccrnegoBateny CKPpOMHO 3aManymBealoT,
4YTO Takas mofenb ABMAseTCA NUlb WX NPeanosioKeHWeM, HeKOTOpOoW rmnote3on n 6e3 OBUHSAKOB, YTO
HasblBaeTcs, pybAaT € nneva, BblAaBas xenaemoe 3a 4eNCTBUTENbHOE.

[locTaTo4yHO BCMOMHUTL HedaBHO ob6Cyxdaemyko Hamu [1] Moaenb "30M0TOM reHomaTpuubl" npod.
C. NeTtyxoBa, koTOpas, NO HaweMy MHEHUIO, CPOAHMN LWYMOBOMY 3(PEKTY C UCKYCCTBEHHbIM BHEAPEHMEM
KOHCTaHTbI 30M0TOro cevdennst ® = ™ = (V5 + 1)/2. XoTs haKTUYECKN HNYEro He 03HaYaeT U HUKaK He
ucnonb3yeTcs, Aaxe camum aBTopoM. Takas cebe mrpa ¢ umcnamum Ha ocHoBe hopMarbHbIX COBMaAEHUNR,
cnegylowmx n3 oMeBUaHbIX PaBEHCTB:

Op+pd=2, O+ p’=3.

Urpa, koTopash He UMeeT OTHOLUEHUS K FeHETUKE M HMYero He 0bObsAcHsieT. C nomoLbo "30M0Town
reHoMaTtpuupbl" HENb3s peluTb B NpuHUMNE XoTs Obl 0gHY 3agadvy B obnactu reHeTuku. Jaxe B nopsigke
rMnoTesbl-nNpeanonoXeHus.

Bnaro, 4To 30n0TOE CeYeHne OTHOCUTCS K Kraccy HebbloLWmMXca "urpyLuek”...

HebGonbwon 0630op. C nepnoanyeckmm 3akoHOM HabngaeTca aHanornvyHas cutyaumus. Ecnm 4to-to
npenoaHocuTCs, To, Kak HeYTo gaHHoe (fioroc). C ob6a3aTtenbHOM NpeTeH3nen Ha pyHaaMeHTanbHOCTb. bes
TEHN COMHEHUS U/MNN aKLEeHTa Ha M’MNOTETUYHOCTb B3rnsaa.

Hanpumep, oguH aBTop [2] cumTaeT abcontoTHO ACHbIM (?), 4To Yncna drnboHavym 1 30110Toe ceveHne
OTpaxarT «ObLMA NPUHLUN NMPUPOLHON FAPMOHWUW, FOCMOACTBYOLWMA B MaTepuanbHOM MUPE», YacTHbIM
crny4aem KOTOpOro siBNSieTCA nepuoanyeckas cuctema arnemeHToB Mengeneesa.

Cpeon gpyrux pabot Bbigenum nyonukaumio C. Axywko (Cymbl, YkpauHa) [3], koTopasi, Ha Haw
B3rnsa4d, OTHOCUTCSA K paspsagy CepbesHbiX  MccrefoBaHUM. [lyTeM  4acTUYHOWM  PEeKOHCTPYKLMn
Nnepuoan4eckon CUCTEMbI SNIEMEHTOB OTHOCUTENBHO BGr1aropodHbIX ra3oB OH PACMONOXUIl BCE SNEMEHTHLI B
nepuvogax BOONb MPSAMbIX JNIMHUIA, TaHreHCbl YrNOB HaKOHA KOTOpbIX (B CMCTEME KOOpAMHAT aTOMHbLIN
HOMEp — OTHOCUTEMNbHAs aTOMHasi Macca) NMPUBMMKEHHO COCTaBMAT «0bpaTHbIN pag ®uboHauum»: 17, 1°
1271 371 571 87 1371 U HyxHO 3aMeTuTb, AOBOSLHO YoeauTtenbHo. MNpu 3TOM aToMHasi Macca anemMeHTa B
KakgoM nepuode MnpeacTaBnsieTcsl OTHOCUMTENbHO aTOMHOM MacChl MOCregHero afemMeHTa AgaHHOro
nepuoga — 6rnaropogHoro rasa.

MacwTab rpacmkoB HECKONBLKO YCMOBEH: eQMHMLA Ha OCYM OpAMHAT paBHa eauHuULE OTHOCUTENBHON
aTOMHOW Macchbl, Ha ocn abcuncc — OecaTn aToOMHbIM HOMepaM 3remeHToB. Ho OH gnsa Bcex nepuoaoB
OAVMHAKOBbLIA, MO3TOMY BbI3blBaeT AoBepue. KoHeuHo, cyuiecTtByeT Hebonblion pasdbpoc napameTpoB
XUMUYECKNX IFIEMEHTOB OTHOCUTENBHO anmnpoKCUMupyrwmx npsambix. OpgHako oblwass TeHaeHuus-
3aKOHOMEPHOCTb HaNMYeCTBYET U COXPaHAETCS.

VimeeT nn 3TO HenocpencTBEHHOE OTHOLLUEHME K M3BECTHbIM CBOWMCTBAM caMux umcen ®GuboHauyun u
30M0TOro ceyeHua? — [ymaem, npsAmMon cBA3M HeT. [1OCKONbKYy COBMECTHOE CpaBHeHMEe Mo nepuogam
BeJeTCs Yepes 3HaUYNMMO HENMHENHYIO (PYHKLMIO — TAHFEHC YIIOB HaKNoHa NpsiMblX JIMHUA. KOHEYHO, MOXHO
Bblpa3nTb N Yepes3 KOTaHreHc yrna, 4Tobbl Nony4YnMTb HEMOCPEeACTBEHHbIN pag PuboHavwum 1, 1, 2, 3, 5, 8,
13, HO 3TO HE MEHSAET CUTyauuIo MO CyLLEeCTBY.



Ectb © pgpyras HanpaeneHHOCTb wuccrnegoBaHuWW. HekoTopble aBTOpbl MNOPON  BLIMOMHAKOT
HeBoOOpasMMble 4UCIOBbIE KynbOWUTbI, 4TOObI Kak-TO MpUBMEYb 30M0TOE CEeYeHWe U 3acTaBuUTb €ro
paboTaTb Ha 3apaHee 0603HaYEeHHbIV pe3ynbTarT.

Tak, Mbl 4aBHO 0OpaTUNM BHMMaHWE Ha OTAerbHble YncnoBble "noaroHkn” M. domuyea [4]. OgHako
genatb 3ameyaHus U Tem Gornee nonemMu3vpoBaTb U3-3a OAHON paboTbl — ManonNPOAYKTUBHOE 3aHATHE.
Mexgy Tem, "30M0TOHOCHas" 4acTb B €ro UccrnedoBaHWsX NPOAOIKaeT LMPOKO TupaxupoBaTbcsd. OHa
yacto nostopsieTcs B nybnukaumax AT (Ne 23586, 26.07.2017; Ne 24007, 30.11.2017). U BoT Tenepb B
nsgaHum [5].

Bcé 6bl Huyero. Ho MOHOTOHHO-perynspHoe BOCMpPoOM3BeOeHNe OOHUX W TeX Xe YUCMNOBbIX
MaHUMynsauMn ¢ WX NpUHOpaBNMBaHMEM nNog "30M0Toe" pelleHWe CTaHOBUTCHA YKe TaKoBbIM, Korga
npuxoanTcst BolbmpaTth: NMOO NOMHOCTLIO cornawaTbes (Si taces, consentus), NGO Kak-TO OMMNOHMPOBATb.
OcTtaHoBMM CBOM BbIOOP Ha MOCMEeAHEN HanmpaBMEeHHOCTW, 4YTO NpefonpefensieT COOTBETCTBYOLLEEe
nsnoxeHue. — [ing Toro 4Tobbl NOSCHUTL, a He AoKa3aThb...

O6wume cBepeHuA. HanomHuM, nepuodbl — ropu3oHTanbHble psabl (CTPOKW) anemMeHToB B Tabnuvue
MeHgeneeBa No BO3pacTaHWIO 3apsaka sapa, C OAMHAKOBbIM  MaKCUMarnbHbIM 3HAa4YeHWEM TMaBHOro
KBaHTOBOrO YMcra BaNeHTHbIX aneKkTpoHoB. Homep nepuoga ob603Ha4YaeT YNCO SNEKTPOHHbIX 060NoYek B
aTome anemeHTa. Neprogbl MOryT cocTtoaTb U3 2, 8, 18 unu 32 3nemMeHTOB, B 3aBMCMMOCTM OT KONM4YeCTBa
3NEKTPOHOB Ha BHELLIHEM 3HEpreTMdeckoM ypoBHe. [ocnegHuin, ceabMon Nepuog He3aBepLUEHHbIN.

Pacnpe,qeneHme XUMUYECKUX ANTEMEHTOB MO Nnepnoaam

Mepuopg 1 2 3 4 5 6 7
KonnyecTtBo anemeHToB 2 8 8 18 18 32 32
Homepa anemeHTOB 1-2 3-10 11-18 | 19-36 | 37-54 | 55-86 | 87-118

He TpyaHo 3ameTuTb, 4TO uncna 2, 8, 18, 32 06pasytoT psa P, = 2-N° YABOEHHbIX KBAApPaTOB NEpBbIX
yncen HatyparnbHoro psga n = 1-4, onMcaHHbIX B LenoYvncrieHHon aHumKnoneaunu [6].

Camy nocnepoBatenbHocTb P, = {2, 8, 8, 18, 18, 32, 32} MOXHO BbIpa3NTb C MNOMOLLbIO
aHanuTuyecknx dopmyn (aufbau principle), Hanpumep: P, = 2-[(n+2)/2)°, P, = (2n + 3 +(-1)")*/ 8, rae [{] —
Lernas 4yacTb OT &.

YucnoBble manunynsauuu. lNetp PomMumyeB BLINONHAET onpeaeneHHble apugmeTmydeckme JencTens ¢
«3NTEKTPOHHOW 4MCrOBOM nocnegoBaTenbHocThbio» 1, 2, 8, 18, 32. lNocnegHue 4yeTbipe 4ucna UMET
HenocpeacTBEHHOE OTHOLLIEHWE K NepuoanYeckon CcCUCTeMe, XapakTepuayst KONMYECTBO XUMWUYECKUX
3fIEMEHTOB B ceMu nepuogax. YUto genaeT 3gecb eAnHULa He COBCEM MOHATHO. HO MOXHO nNpeanonoXuTb,
— B Ka4yecTBe 0OpasyoLlen HadanbHOMW TOYKM OTCYeTa.

[na nyywero NOHMMaHWsl CyTU YMCNOBbLIX MaHUNyNAUMA-Npeobpa3oBaHNn NPeacTaBUM OCHOBHbIE
BENUYMHbLI aBTOpa B B1Ae tabnuupl.

PeKOHCprKLI,VIFl OCHOBHbIX YK1cen

n 0 1 2 3 4
1 2 8 18 32
Dn 1 2.1° 2.2° 2.3 2.4
Pn/ Prs1 1/2 (1/2)° (213)° (3/4)*
0,5 0,25 0,444... 0,5625

ABTOP BbINOMHAET Takne AeNCcTBudA ¢ opodamu py / Pns:
(Ps/ pa)> — (P2 Pa)* + (po / pa) = (3/4)? — (2/3)* + 1/2 = 89/144;
(P21 pa)? = (p1/ p2)* = (2/3) — (1/2)* = 55/144.

Nx cymma, ¢ yuetom cbopmynbl 41 pa3HOCTU KBaApaToOB, ECTECTBEHHO paBHa eaNHULE:

(3/14)* — (1/4)* + 1/2 = (1/2)-1 + 1/2 =1.
Kak BuamMMm, B TakMx CNOXEHWUSIX-BbIYUTAHUAX HET €QUHON NOTMKN unn cuctemsl. MNepen Hamu oauH u3
BapuMaHTOB "XOHIMMPOBaHMA" uucnamy noA KOHeYHbI pe3ynbTaTt. B ero ocHoBe neXuT OAHOo
3amevaTenbHoe yncro 144 = 122 = (3-4)° — eAMHCTBEHHbIN KBaapaT cpeau uncen ®GruboHauun.



Bonee Toro, 144 — MuWHMManbHOE HaTypanbHOE YUCMO, NATasl CTeneHb KOTOPOro MOXeT ObITb
npeacrasneHa B BMAe CyMMbl YeTbIpex NATbIX CTENeHen ApYrnx HaTyparbHbIX Yucen:

144° = 133° + 110° + 84° + 27°.

CylluecTtByeT UHTEpPECHada peBepcHasi (3epkarnbHas) 3aKOHOMEPHOCTb: 12% = 144 v 441 = 21°

Ho aT0 Tak, k crosy...

(MaBHOe 34ecb camMo YMCMo 12 U ero MHOroYMCHEHHbIE 3amedaTernbHble CBOMCTBA [7].

MockonbKy 12 nMeeT pasfoxeHne Ha MPocTblie MHOXMTENM 12 = 3-4 = 3.2°, a ucxodHbIN psa P, Takke
COOAEPXUT npousBedeHuss udmcen 1, 2, 3, 4, TO NyTeM caMblX pasHbiX YMCMOBLIX MNpeobpasoBaHU-
MaHUNynsuMi MOXHO JNEerko BbINTU He TONbKO Ha "30n0Toe" NpubnMXKeHwe, HO U MHOrMe apyrue
NCKYCCTBEHHO-Y/CNOBbIE TOXAECTBA.

9710 oTHOCUTCA M K yrnepoay (MopsaKkoBbIi HOMep 6, aToMHas Macca 12), Bknoyasa ero ABYMEpPHYHO
Moamdumkauuo, 06pa3oBaHHy CrOEeM TOMLLMHON B OOUH aTOM, — rpadoeH.

Mpumepbl "30onoTon anxumun'. Ha OCHOBE MCXOOHOrO YMCIOBOrO psiia U €ero Mnpou3BOAHbIX
BENMYMH He cocTaBnsieT 0coboro TpyAda BbIMOMHWUTL pasHble AeicTBMs-onepaumn, 4YTobbl MonyYnThb
xenaemblii NpoayKT. BykBanbHO HABCKMOKY MOXHO NPeasioXuTb Takue AeiCTBUS:

1) Umeem ncxogHein pag {1, 2, 8, 18, 32} n yucna dunboHawumn 1, 1, 2, 3, 5, 8, 13, 21, 34...

3pecb 1, 2 n 8 — o6wme yncna. Cnoxve Nepsble ABa YMCTA C YETBEPTLIM U BTOPOE C NATHIM, HAXOAUM
1+2+ 18 =21 un 2 + 32 = 34; BbI4TA N3 NocnegHero 4YeTBepToe W nepsoe, Takke Nnoryd4aemM 4ucrio
®dunboHayum 32 —18 — 1 = 13. OTcroga nerko obpasyoTca NpUBNUXKEHNA 30110TON KOHCTaHTLI U €€ cTeneHen
B BMAE noaxoaswmx gpoben.

2) Pasgenvs ncxoaHblii psg Ha asa: 1/2, 12, 22, 3%, 42,
3anuniemM HekoTopble O4eBUHbIE YNCOBLIE MAHUNYNALMA C STUMMW YUCTIAMM:
V(1/2%+ 1) + 1/2 = o;
N(3/4+ 1/2) + 1/2 = ©;
V(@22 -1) +1/2 = .
rae ® — 3onoTast KoHCTaHTa. KOMMEHTapun U3NULLIHM. .

HebGe3blHTepecHble nHTepnpeTauun ncxogHoro psga. O rnaBHOM OCOBEHHOCTU UCXOAHbBIX Yucen
Pn=2:n*(n=1, 2, 3, 4) Mbl e ckazanu. OTMETUM HeKoTopble Apyre CBOMCTBA.

1) Psag p, obpasyeTcs kak cpegHee apugmMeTmyeckoe TpeyrorbHbIX Ynucen B Ux nocnegoBaTenbHbIX
napax:

(1+3)/2 = 2, (6+10)/2 = 8, (15+21)/2 = 18, (28+36)/2 = 32.

Kak nsBecTtHo, TpeyrornbHoe 4nucno T, — 3TO YUCMNO KPYXKKOB, KOTOpPble MOXHO paccTaBuTb B opme
npaBUNbHOro TpeyronbHWKka. C TOYKM 3pEHUs YMCTON apudPMeTUKM OHO paBHO CymMMe N nepBbiX
HaTypanbHbIX Yncen: T,=1+2+..n—1, 3,6, 10, 15, 21, 28, 36 ...

B uenom gonycTMMo NpoOBECTUM HEKOTOPble Mapannenu ¢ TPOMYHOW MOAENb, Kak COCTaBHOW YacTu
obLen Tpuonoruy, BKNoYast TpUHUTapHble HTepnpeTaumu. beina 6bl haHTasms...

2) Pag p, — CymMMbl pasgensioLlmx YacTen B yaBOEHHbIX YMcnax 2n (Ha ABe YacTi):
n=1-1+1=2;
nN=2->(1+3)+(2+2)=8§;
nN=3—->(1+5)+(2+4)+(3+3)=8;
N=4—->1+7)+(2+6)+(3+5)+(4+4)=32.

3) Yucna nocnenoBaTenbHOCTU P, PaBHbl NOLLAAM KBaapaTa ¢ AuaroHanbto 2n.

4) Pag p, = 2, 8, 18, 32 — 3TO eOQMHCTBEHHblE LUerble 4ncrna, Afsi KOTOpbIX CyMMa KonmuvectsBa
aenuTenemn u cymmMmbl cCamMux genutenen aenseTcs HedeTHbIM Ynucnom (R.Forberg, 2015):

n 123 4 5 6 7 8 9 ... 16 18 19 .. 31 32
KonwuectBo penvtenen |1 2 2 3 2 4 2 4 3 .. 5 6 2 .. 2 6
Cymma pgenurtenen 1 3 4 7 6 12 8 15 13 ... 31 39 20 .. 32 63

CyMma OBYX CTPOK 2 5 6 10 8 16 10 19 16 .. 36 45 22 .. 34 69




5) Ywmcno kopHen B KOpHEBbIX cucTemax (KOHUrypaumm BEKTOPOB B €BKMNAOBOM MPOCTPAHCTBE)
Tuna B, n C, (n > 1).

6) p, — uenas vactb (1 — cos n ) . 3gecb NOCPEACTBOM KOCMHYCa NMPOCMAaTPUBAKOTCH NPU3HaKM
NepuoanNYHOCTW.

7) PaccmoTpuM npuMWUTMBHBIE NcparopoBbl TPOMKKM a + b? = ¢, B KOTOPbIX HEYETHbI KaTeT a He
umeeT obLWKUX genutenen ¢ katetoM b, To ectb ged (a, b) = 1.
Torga pasHoOCTU C — a JaloT 3Ha4YeHUs UICXOHOW nocnegoBaTensHOCTH

(a,b,c) | (3,4,5) | (5, 12,13) ] (7,24, 25) | (9, 40, 41)
c—a 2 8 18 32

Ha atom cBowcTBa p4a4a, KOHeYHO, He ucHepnbiBakdTCA WM B Cliydae petaribHOro uccriegoBaHuda
OaHHON TeMbl MOryT ObITb nerko npoaoJIKeHbI. ypOBeHb nx penpe3eHTatMBHOCTU HE CTOJIb BaXXeH.
[(naBHOE, YTO OHW ECTb, UX MHOIO, — CaMbIX Pa3HbIX N Ha no6on BKYC...

BmecTo 3akntoyeHus. [JononHuTensHoO obcyxaaTb 0cobo Heyvero. ApudmMmeTmyeckne MaHUnynaumm ¢
yucnamm (2, 8, 18, 32) ana nonyyvyeHUsa NpPU3HaAKOB 30/10TOO CEYEHUSA CYUTAEM IEerkum pasBredeHneM-
3abaBol. Hukakme 3Haudnmble TEOPETUKO-NPUKITaAHbIE CNeaCcTBUS OTClOAa MOKa He NpoucTekatoT. XoTenocb
Obl, KOHEYHO, obpaTHoe. Ho, yBbl...

Tem He MeHee, nobas HanpaBnNeHHOCTb B Pas3BUMTMU 30SI0TOHOCHOW TemaTukm TpebyeT Kk cebe
OepexHoro oTHoweHus. PaunoHanbHble 3epHa crnegyeT MNpMBETCTBOBATb W nogaepxuBaTb. Ho He kak
Hekne 6esrpeluHble "abcomnoTMKK", a TONMbKO Kak BO3MOXHbIE TMNOTE3bl-NPeanosnioKeHnsl, He BbIXoOs 3a
paMKn pauuoHanbHoro co3HaHus. O 4ém cnegyeT roBOpUTb NPSIMO, OTKPLITO.

B aotom nnaHe wuccnepoBaHus C. AKylWwKO npeacTaBnsaoTca Ham 0ornee BblpasUTENbHbIMU U
000CHOBaHHbIMK. [lonyyYeHHble MM pe3ynbTaTbl YEM-TO HaMOMMHAKOT BETOYKM [OepeBa, Ha KoTopble
nocriegoBaTesibHO HaHU3bIBAOTCA XUMUYECKME SNeMeHTbl, Kak nnctukn. Hanogobue wm3BecTHOro
dunnoTtakcnuca B Mopdonornn pacteHun, ¢ nposdsneHnemMm yucen PduboHauvun. Nepen Hamm He NPOCTO
urpywka-zabasa wnu wurposass MoAeNb. 34eCb SBHO MNPOCMEXMBAOTCA MNPU3HAKM aHanormm, ¢
oToOpaXkeHneM OOLLHOCTE BO BHYTPEHHEN OpraHu3aunmn-yHKLMOHMPOBAHUN PasHbIX CUCTEM U CTPYKTYP.
Mpuyem, 3ameTm, KUBON U HEXNBOW NPUPOAbI.

A 310 yxe koe-4To! Veritatem dies aperit...
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