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IIEPE4MOBA 

O:yeli Mii1 KopoTKHM HapHc TopKaeTLCH TaKHX Hay
KOBHX rrpo6AeM, :r.go HMMH :yiKa.BNIThCH He TiJ\hKH <J>a
XOBi BtieHi, aAe li iHTeAireHTHimi oco6H a IIIHPIIIMX 
KpyriB rpoMaAfilICTBa. JJi ocTaHHi, caMoapoayMiAo, He 
lJ:HTaIOTb rrepio4HlIHMX BH4aH1> lIH MOHOrpa<J>i-'IHIIX 
rry6AiKa:yiI'i tIHCTO <J>axoBoro xapaKrepy a .ztiNIHKH <J>i-
3HKo-xeMitIH01 HayKH, XOlI i MaIOTh OXOT}' 6YTH B Kypci 
HaHHOBillIHX iI 3406yTKIB. /l,AH HHX QiAKOM BHCTatiae, 

• KOJ\H BOHM MO)J{YTI> rrpo1IHTaTH BHJ\O)KeHI B rrpHCT}'II-
HiH <J>opMi rri4cyMKH AOCHrHeHb 3 :yie1 AiAHHKi 3HaHHH. 
3a40BoAeHHIO TaKoi BAacHe rroTpe6H ii CA Y*HTL no-. . . 
rryAHpHo-HaYKOBa J\lTeparypa, :r.go 1CHY€ B pl3HHX MO-
Bax. YarNJAHIOIOtIH JJIO noTpe6y ii cepe4 YKPa1HcLKoro 
rpoMaAmICTBa, pimHBCH H Han:ucaTH o:yeli CBiH HapHc. 

RKpaa rrepe4 18 poKaMH aaKiHtIHB 6YB H nHcaTM 
• • • u • 

CBOIO KHH)J{KY' :r.go plK Ill3Hlllie BHHIIIJ\a IDA Ha3BOIO 
,,AToMicTwrHo-MoAeKyNipHa Teopix". B:u4a.BHHUTBO 
YfB~ y IIpaai BBa)KaAo aa AOJJiMae nonepe4HTH TOH 
Miii BHKJ\a4 nepe4MOBOIO Terrep Y*e rroKiliHoro aKa
AeMiKa A. B. CTapKoBa, HKHti AY*e rrpHXHJ\hHO OJJi
HHB TY Moro cKpOMH}' rrpaJJIO. To 6yAa AAH Meae, J1K 

aBTo pa, rroTi1II410tia o:yiHKa rrpo<J>ecopa-6ioAora. IJ!e 
6iJ\h llIOIO AJ\H MeHe BTiXOIO 6y AO, KOJ\H TPOXH ril3Hime 
Mir H rrpotIHTaTH OJJiHKY Hamoro KOpH<J>eH xeMilIHOl 
HaYKH aKa4eMiKa IB. fop6atieBCLKoro, Te)K HHHi 
B)J{e He6iJKlIHKa, HKHH )7Ba)J{aB MOIO KHH)KKY aa ,,uia
HHH BKJ\a/J; B yKpaiHCl>KY xeMitIHY AfTepaTypy". 
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Ha3Baaa MOH KHI1DKKa 6yAa rrepmoro Toro poAy 
B yxpaiHCLKili MOBi. Mo)KAHBO, IJ!O l:JH o6cTaBHHa 

• u • • 

B Aem<m Mlpl crrpHtIHHHJ\aCL AO Toro, ij!O HK y Kpae-
BiH, TaK i aaKOPAOHHiH yicpaiHcLKiH rrpeci IIOHBHJUICH 
6yJUI rrp~Hi pe:u;eH3ii Ha TY Moro rrpayro. ABTo
poBi o:u;iHIOBaHOl tJH pe:u;eH30BaHOl po60TH He BHIIa-

u • • 

Aae, 3BHtJaHHo, TBepAHTH, J!!O HKpa3 npHXHJ\LHI o:g1HKH 
ii pe:yeH3ii 6yJUI npaBHALHi. Mymy OAHatJe npHaHa-. . . . 
THCL, i.go BJ\.aCHe OT! KOJ\HlliHl II03HTHBH1 OQIHKH AaB-
Himoi MO€l rrpa:yi (npo H~I'aTHBHi He AOBeJ\OCH AOBi
AaTHCL) HMaIOTb MeHi Bi.zi;BarH BHCTYIIHTH ii: a o:giero 
rry6AiKaQiero. · 

TeMaT.mca :y1>oro HapHcy e BJ\acHe Ta caMa, ij!O 
ii TeMaTHKa Ha3BaHoi KHH)K}(H. 0AHatJe BiH He € 

m<HMCL ApyrHM iI BHAaHHHM. HacaMnepeA oueli Ha
pHc € 3HatIHO KOpOTIIIlrli, a THM caMHM i cnoci6 BH
KJ\MY TYT M)'CIB 6YTH iHIIIHti, To6To lioro Tpe6a 6yAo 
apo6HTH 6iAI>m Mni.zi;apHHM CTHJ\eM. 4aAi H CTapaBCH 
BHKJ\.aAaTH no 3M03i HKHaiinpHcTyIIHime, l£06 HaBiTb 
i MeHIIIe rriAI"OTOBaHHH tIHTatJ Mir BCe)KTaKH apoay
MiTH cyr& BHKJ\aAy, rrpH tIOM)' BiH Mir 6H rrpocTo orryc
:KaTH MaAo 3pOa}'MiAi MH H1>oro Aemd <J>opM)7Afl, tIHTa .. 
IO'tJH TiAI>KH caMHH TeKCT BHKAaAy. 3pemTOIO M po3 .. 
rro;tiA MaTepiHAy B o:u;LoMy HapHci e Aeij!o iHmHH, Hi)K 
y AaBHiIIIitl MOiH KHH)l(:yi. 

PiaHi cKopo'tleHHH B rropiBHHHHi a o6cHroM To! 
KHH)KKH TOPKffYJUICH roJ\OBHO rr0Apo6H:g1>, a He ca
Moro npeAMery BHKAaAY· HaBnaKH B OQbOMY HapHci 
€ araAKa H rrpo Aem<i pe'tli, ij!O npo HHX He IIHCaB 

• u • 

H B TIM KHH)K:Q;l, He rOBOpH'tIH B)l(e rrpo Te, IJ!O TYT 
IIHIIIY H rrpo AOCHrHeHHH <J>iam<o .. xeMitJHoi Ha)'KH ao
Bci~ HeAaBHI>oi ,n;aTH. CaMo co6oro poayMieTI>cH, l£O 
B o:gili rry6AiKa:gii IIOAa€TLCH 3HatJeHHH pi3HHX BeJ\H .. 
lJHH 3riAHo a ocTaHHiMH ..n;aHmm ( 3a I 940. i 1941. po KM) . 
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IlHmyqH ouett caiti HapHc npo 6yAoBy MaTepil Ta 
iI rrepernopeHHH, xoTiB H npHCAY)KHTHCL yxpaiH
ChKOMY rpoMaAJIHCTBY npHHatiMHi xoq THM, JMO aa:u;i
KaBJ\eHi 3 Moro BHKJ\aAy 3MO)K)'TL xoq y aara.ALHHX 
pHcax AOBi.AaTHCL npo cyqacHIDi CTaH H:ayiw B uiii 
.ztiJ\HHJJi aHaHHH. PaaoM ia THM 6a)KaB H pea.AiayaaTH 
H CBOIO Aa.BHimy o6i]JHHKY HaIIHCaTH rronyAHpHo
Hayxoay KHH)KKY Ha TaKy TeMY. 3po6HTH ue npH
o6iuHB 6ya H CBOro qacy BJ\aCHHKOBi BH.ZJ;aBHHlJTBa 
,,IOT" n. IO. THI!!CHKOBi, HKHH nAxHyaaB BHAaTH . . 
HH3KY nonyAHpHo-HayKOBHX KHIDKOK 13 AlAHHKH npH-
pOA03HaBCTBa B3araAi ii cpi3HKo-xeMiqHoi HayxH ao
KpeMa. Ao 3AilicHeHHH TaKoro KopHcHoro tt MK MeHe 
oco6HCTO Ay)Ke CHMIIaTHqHoro nNIHy BHAa.BHHl,!TBa . . 
XOTIB 1 H crrpHqHHHTHCL CBO€IO npauero. 

B OlJLOM)' caoeMy KopoTKOM)' HapHci cTapaacx 
H npe.n;cTaBHTH caMHH npe.n;MeT BHK.i\aAy B acrreKTi 
icTopHlIHoro poaBHTKY cpiaHKo-xeMilIHOi HayKH. Ha
pHc yeti MO)Ke 6yTH TiALKH BCTYilOM AO tpyHTOBHi
IIIOrO oaHaiioMAeHHH a TpaKTOBaHHM npeAMeTOM. A;\H 
THX, 11!0 Ma.i\H 6 6a)KaHHH AOKAaAHiIIIe rrepecry .ztiro-

• BaTH KOTpecL IlHTaHHH, 3a1IeIIAeHe B OlJbOM)' HapHCI, 
ITOAaIO AeHKY AiTeparypy 3 BeAHKOro 'IHCJ\a ny6AiKa
uitt, IJ!O BiAHOCHTl>CH AO. QbOrO npeAMeTy. 

Ilpara, 14. rpyAHH 1942. poKy. 

Aemop. 
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BCTYII 

AroAHHa e qacTHHOIO np11poAH, cepeA mcoi BOHa 
.IKHBe ii a m<oi BiAnoBi;J;HHMH CBOiMH opraHaMH tJYTTH 
AiCTa€ piaHopoAHi Bpa,filHHH. y UHX BAacHe Bpa-. . . . . .. 
)KlHHHX BJ.A rrpeAMeTIB I HBHIJJ AOBKIJ\l>HOI npHpOAH 
BHHBJ\H6ThCH 3B'H30K AIOAChKOro ;i;yxy ia 30BWillHiM 
cBiToM. CaMoapoayMiAo, I.JJO ue crrpniiMaHHH e BIIOBHi 
cy6'eKTHBHe Ta AOToro :r.ye ii AOCHTL o6MeJKeHe 

• • 
a orAHAy Ha aaraALHO BIAOMY HeAOCKOHaAICTL Ham11:x 
lIYTT€BHX opraHiB. IJJo rrpaBAa, p03BHTOK HayKH 
u • • • 

n TeXHIKH YMOJKAHBHB AIOAifHI xopHcTaHHH pt3HHMM 
npHAaAaMH, IJ!O B 6iALilliH tJH MeHilliH Mipi KOMIIeH-. . .... 
cyIOTL HeAOCTaq1 Hamme opraHIB crrpHHMaHHH 30-
BHilllHhOrO CBiTy, aAe Ui IllTYtJHO BHpOOAeHi npHAaAH 
AaAeKO He e HacTiALKH AOCKOHaAHMH, ij!OO IX MOJKHa 
6yAo BBa)KaTH aa i.AeaALHi. B KO)KHOMY paai rrpHMi
HeHHH HaBiTh HaHAOCKOHaAillloro rrpHAaMH Ta Hali-. . 
AOTCIIHllllHX MCTOA AOCJ\IAJKCHHH He MO)Ke ycyHyrH 
MOMeHT)' cy6'€KTHBHOCTH crrpHHMaHHH J\IOAlfHOIO 30-
BHilllHix HBHJ!!. RK AaAeKo MO)Ke cHraTH Hallie poay
MiHHH €CTBa peqeli i cpeHOMCHIB Ta qH ue B3araAf MO)K
AHBe, ue IIHTaHHH e rrpeAMeTOM <J>iAoco<J>iL 4NI Ha-. 
rnoro AaALilloro BHKAaAy BHCTatIHTh TYT TIALKH aa-
aHatIHTH, ij!O o6'eKTHBHe rriaHaHHH €CTBa MaTepiHAh
HHX TiA i HayKoBe cTBep.lt)l(eHH~ rrpaBAH J.YOAO 6yAOBH 
MaTepil Ta Ii TpaHc<J>opMauil Hee HiHKOIO AerKOIO rrpo-
6AeMOIO ii MM, otieBHAHO, noa6aBAeHi MO)K)\lffiOCTH 
niaHaTH ui petii B lXHiH cyri Ta MYCHMO 3aAOBOJ\LHH-
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THCH apoayMiHHHM IX TaK i AO TaK.Ol MipH, HK :ge € npH-
• u • u 

CT}'IIHe HaIIIIH AyxOBOCTl H HaIIIOM)' AIOACLKOM)' 
B CBOix cnpoMOJKHOCTHX HeAOCKOHa.i\OMY p03}'MOBi. 

Ma6)'TL Y*e BiA 'tlacy, KOAH AIOAHHa B cBoiti: eBo
AIOJJil AOCHr Aa TaKoro cryneHH po3BHTKY' J!!O AO Hel 
no cnpaBeAAHBOCTi MO)l{Ha rrpHKAaCTH Ha3BY ,,homo 
sapiens", YKAaAaAa BOHa B neBHi CHCTeMH cBol 
3HaHHH H Ha6)'THM AOCBiA. Pi'tJ O'tJeBHAHa, J!!O ui CHC-

• 
TeMH 3HaHHH Ha IlO'tJaTKax J\IOACLKOro lHTe.i\eKTyaAL-
HOro )KHTTH MyciAH 6yTH JJiAKO~I npHMiTHBHOro xapaK-

u • • • u 
Tepy H TIALKH n1aH1me, KOAH AYXOBHH poaBHTOK 
J\IOAeH AOCHr nopiBHIOIO'tJH BHCOKoro CTyneHH, npH
AOaj\H BOHM xapaKTep HayKn if <J>iAococpil, HK cBiTo
rAH.zi;OBoi CHHTe3H Ha6yToro 3HaHHH. 

4oBrHii 'tlac He 6y AO B.i\aCHe piaHHJJi Mi)I{ Ha YKOIO 
ti <J>iAococpiero, 6o)K HaBiTL J!!e B nepIIIHX Ha)'KOBHX 
IIIKO.i\aX CTapoAaBHbOI fpeQil iCHYBaAa .i\HIIIe OAHa 
Ha yKa, J!!O oxorrAIOBaAa Bee TOAiIIIH€ aHaHHH, TOOTO 

• • 
HK npHpOA03HaBCTBO B llIHpIIIOMY poayMIHHl ULOro 
C.i\OBa ( acTpOHOMiH, cpianKa, MeTeopoAoriH, xeMiH, 6io
AoriH), TaK i Hayi<y npo AIOAHHy, iI Aymy, aMicT IT 
)l{HTTH i T. A· TiALKH aro.zr;oM HacTyrrnAo poa,ztiAeHHH 
OAHOl aaraALHOI HayKH Ha HH3KY IlOOAHHOKHX HayKo
BHX AHC:gnnAiH. ToAi, BAaCTHBo, MorAa noBcTaTH B)Ke 
H <J>iAococpiH, HK OKpeMa HayKa, J!!O CBOl BHBOAH OCHO
BY€ Ha 3AOOyrKax, AOCHrHeHnx AIOACLKHM iHTeAeKTOM 
y piaHHX AiAHHKax Hayi<oBoro aHaHHH. OA*e, B)Ke 
rpe:gLKHli cpiAococp IlAaTOH (427-347 AO P. X.) 
nop)'11. ia Hayi<oro MaTeMaTIIKH, reoMeTpi1 i1: acTpo
HoMii BCTaHOBAH€ i.ge ii oKpeMy Ha yKy ,,AiHAeKTHKy" 
'tJH ,,Hayi<y npo iAei'."' IJJO € TOTO)KHLOIO 3 <J>iAoco<J>ieIO 

• • • 
B HaIIIOM)' TenepIIIIHLOM)' p03)'MIHHI. 

3a Hayi<y, y BiApiaHeHHH BiA 3BH'tJaMHOro 3HaHHH, 
BBa)Ka6MO TaKe 3HaHHH, HKOro Ha6}'Ba€TLCH B npo-
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:ueci lll}'KaHHH o6'€KTHBHOl npa.BAH ii J!!O € Aoriqao 
o6rpyHTOBaHe Ta rrpHBeAeHe AO neBHOi CHCTeMH. IIIAHX 
IIIYKaHHH :giel rrpaBAH e TPYAHHH i AaAeKo He rrpocTo
Alliiii:HHH. TYT cTaIOTh qacoM y BeAHKiii rrpHrOAi rirro
Te 3 H, HK iMoBipai npHIIYJ!!eHHH tIH rrpaBAOIIOAi6Hi 
3AOraAH BiAffOCHO iCH)'BaHHH rreBHoro 3B'H3KY ii aa
KOHoMipHOl aaAe)KHOCTH Mi)K CllOCTepe)KCHHMH JIBH
IJ!aMM tIH CTBepA)KCHHMH cpaKTaMM. .LJ,aAi BHHHKaIOTL 
Y*e Teo pii:, IJ!O neBHOIO CBO€IO npoBiAHOIO AYMKOIO 
OXOIIAIOIOTh BiAOMi B AaHiii AiAHH:gi Ha YKH <J>aKTH 
H HBHIJ.!a Ta OCBiTAIOIOTh YMOBM, aa HKHX BOHH MaIOTh 
Micue, H aaKOHH, ariAHO 3 HKHMH BOHM BiAGyBaIOThCH. 
Teopi10 BBa)Ka€MO aa rrpaBAHBy, KOAH BOHa a OAHOro 
6oKy AiticHO OXOIIAIO€ BCi AOTHqfil CTBCPA*eHi <J>aKTH 
Ta JIBHIJ!a, a 3 Apyroro 6oKy KOAH Aa€ThCH 11 niATBep
AHTH eKcrrepHMeHTaALHO. OcKWKH HOBOCTBep4)KeHi 
cpaKTM lJH HOBOBiAKPHTi HBHJ!!a He BKJ\aAaAHC.H 6 AO 
iAeMHHX pHMyiB AaHoi: Teopii:, a6o BOHa KOAiA)'BaAa . . . . 
3 BHCAIAaMH BIAIIOBIAHHX eKcrrepHMCHTaALHHX AOCAI-. . . . 
AIB, TO B TaKOMY paa1 AJ\H HaYKOBHX AOCAJAHHKIB ..fie . . . 
AHIIIa€ThCH IHIIIoro BHXOAY, me :uro Teop110 BJ.AKHHYTM 
u • •• •• • •• 

H rnyKaTH lHlIIOl TeopeTMlJHOI KOHQCII:J,!11, IJ.!O aa-
AOBOAhHHAa 6 J!!OMHO aaaHaqeHMM BHMOraM Ta 03Ha.: 
KaM iI npa.BAHBOCTH. B yen crroci6 cTyrraeBo, KpoK aa 
KpOKOM, aa6AH)Ka€ThCH HaYKa AO CBO€l MeTH: rrpeA
CTaBHTM 3 norNIAY o6'€KTHBHOI npaBAH Hali6iA1>w 
BipHHH o6paa AOTH"tlHOro <J>eHOMeHy 1IH B3araAi 
o6'€KT)' HafKOBOro AOCJ\i,zvKeHHH. 

HaIII AaAI>IIIHH BHKAaA Mae CBOiM rrpCAMCTOM 
HBHJ!!a npHpOAH neBHOi KaTeropiL B OCHOBi HBHJ!! 
npHpOAH AC)KHTh aMiHa CTaHy MaTepii, IJ.!O BaaraAi €, 
TaK OH MOBHTH, peaAI>HHM rriAKAaAOM ycix np11poAHHX 
HBHJ!!. MaTepix, IJ!O BHIIOBHIO€ HKyc1> qacTHHY rrpocTo
py, TBOpHTl> cpi3H1IHC TUO, He3aAC)KH0 BiA Toro, tJH UC 
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TUO Bi;.µlocHTLCH AO T. 3B. ,,Meprnoi'.", qe: ,,*HBoi'." 
- npHpOAJi. BHB11eHHHM BAacTHBOCTeii q>iae:11HHX TiA Ta 

ix 3MW 3a pi3H0-3MiHeHHX yMoB, .HK TaKO)K i 3aKoHiB, 
3a HKHMH Ti 3MiHH BiA6)'BaIOTLCH, 3aitMa€TLCH cpiae:Ka 
ii xeMiH. 4o uapHHH cry.ztiii HaYKH q>i3HKH Ha.A.e)KaTL 
TaKOro poAy HBH™a, J,t!O npH HHX He BiA6)'BaIOTLCH 
aMiHH caMoro cKAaAy AaHoro q>iaH11Horo Tua. Ha.B-. . . 
naKH xeMIH AOCAI,4)Kya Tl HBHIJJa npHpOAH, ™o 
3B' H3aHi 30 3MiHOIO CKAa.AY TiA. lHaKIIIe Ka)KY11M, 
cpi3e:Ka Mae AO ;tiAa 30 3MIB~H cTaHy MaTepii'. xapa1<
Tepy a:KQHAeHTa.ALHOro, B TOH 11ac KOJ\H xeMiH BHB11aa 
3MiHH cy6cTaHuiOHa.ALHi. IJJo TaKHH po3noAiA cTyAiii . . 
Ml.)K ABOMa HaaBaHHMH HafKOBHMH AHCUHITAIHaMH 
€ AOBOAf )'MOBHHit, Ha ue BKaaya o6CTaBHHa, ™o 

• B OCTaHHLOM)' qac1 3Ha'QHO p03BHHyAaCL HaYKa 
<J>i3HKaALHOi xeMii, HKa aaiiMa€ MhK HHMH noce
peAHe cTaHOBH~e ti CA Y*HTL A Y11HHKOM Mi* o6oMa 
THMH npHpOAffH11HMH HaYKaMH. 

B o6paai icHyrollHX y AOBKiALaitt npHpoAi cpi3H11HHX 
Ti;\ MH cnpmiMaaMO MaTepiro CBOlMH opraHaMH 11YTTH 
B ii HalipiaHOpOAHiIIIHX cpopMax i BHHBax. IJ!e AOHe
AaBHa KNICH11Ha HaYKa BBa)KaAa, l,l!O Bara a TOIO 
3ara.ALHOIO BJ\aCTIIBiCTIO MaTepii, HKa HaM Aaa 3MOry 
il niaaaTH Ta ii: aMipHTH ii Macy. 3riAao a CY11aCHHMH 
Ha)'KOBHMH norJUIAaMH Ha MaTepiro :UH il BJ\aCTHBiCTL -
He e AJ\H Hei BHKJ\I01IHO xapaKTepHCTH11HOIO: MaTeph1 
MO.)Ke. nepernopHTHCH B IleBHY cpopMy eHepri!, AJ\H .. . . .... . 
.HKOI Bara He e BJ\aCTHBlCTIO 1IH MlpHAOM 11 .KLJ\LKOCTH. 
IIepBicHo cpuococpc1>Koro A}'MKOIO 6yAa Ta, i,yo uiAHH 

• • • 
CBIT cKAaAaaTLCH a OAfforo 11H KIJ\LKOX neBHHX poAIB . ... .. . 
1IH copTIB MaTepu, IJJO IX BIA caMoro no11aTKY CTBOpH-
Aa HeaMlliHHMH mcacL HaHBHIJ!a cHAa. 3 6iroM 11acy . . . 
TaKI norAHAH aaaHaJ\H BeAHKHX 3MlH a.)K HapeIIITI 

• 
eBOAIO:WOffYBaJ\H BOHH AO cyqacaoro CTaHy Ha)7KOBHX 
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norNIAIB Ha MaTepiro, H 6yAoBy Ta nepeTBopeHHH 
OAffOro poAy aa Apyr11:li. Tpe6a aaaHalIHTH, :r,go 
KOAH nor NJ.AH CTapoAaBHix Ha Typ-cpiAococpiB Ha CK.i\aA 
MaTepiHALHlL"< TiA, IX BffYTpimHro 6y AoBy ii nepe
TBopeHHH MaTepii 6yAH npOAYKTOM rO.i\OBHO crreKy
.i\HTHBHOi tpiAocoq>ii 6ea niATBepAJl(eHHH ix rAH6IIIHMH 
cTy.ztinm HBHJ.Y rrpHpOAH ii eKcrrepHMeHTaALHHMH AO
KaaaMH, TO HaarraKH MOAepHa Hayica ocHoBye cBoI 
nOrAJIAH Ha :ueii npeAMeT He TiALKH Ha BHBlleHHi cyTi 
AOTHlIHHX npHpOAHix HBHI.g, :r,go BiA6yaaIOTl>CH B npH-

• u 
poAJ. cnoHTaHHo H :r,go Ha HHX He BII.i\HBae BOAH 

u • • 

.i\IOAHHH, a.i\e H Ha BHC.i\!Aax THX eKcnepHMeHTlB, :r,go 
Ix nepeBOAJITI> caM AOC.hiAHHK BiAnoBiAHo AO 110-
CTaB.i\eHoi co6i MeTH. IlpH TOM)' cyqacHHH Ha)'KOBHH 
AOC.hiAHHK y CBOlx CTYAiHX npHpOAHHX· HBHij!, KOpHc-. 
TYJOlIHCI> lHAYKTHBHOIO MeTOAOIO, rrpHXOAHTh AO . . 
neBHHX aaraJ\bHHX BHCHOBKlB IllC.i\H nepeBeAeHHH 

•• • • • • u 

CBOlX AOC.i\IAlB 13 npm.nHeHH.HM l!aCOM He3BHl!aHHO 
CK.i\aAHHX cnoco6iB AOCAfA)KeHHJI, 1!!0 rrpo HHX :r,ge 
HaBiTL He TaK AaBHO B Hay:ui He 6yAo aHi MOBH. 
CyqacHi AOCHrHeHHH q>iaHKo-xeMilIHoi HayK11 B Ai
NIH:Qi BHBlleHHH 6yAOBH MaTepiAAhHHX Ti.i\ Ta rrepe
TBOpeHHH MaTepii'., IJ!O IX 3A06yTo y BHcAiAi rrp11Mi
HeHHH OTHX, 3 norAHAY MeTOAO.i\OrilIHOro ii KOHCTp)'K
uiiiHO-TeXHilIHOro, HaA3BHqatiHO KOMnAfKOBaHHX AO-

. c.hiAHHQl>KHX crroco6iB, XOlleMO B acrreKTi MHffY/\Oro 
• IlOAaTH y HaIIIOMY Aa.i\hlllOMY KOpOTKOMY HapHCl. 

IloBJU.gi aaraALHi MipKyaaHHH BBaiKa.i\H MM aa 
IIOTpi6He BHC.i\OBHTH nepeA THM, HiiK rrepeiiTH AO 
BAaCTHBoro npeAMeTy HaIIIoro BHKAMY. 
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I. 

HAYKA ITPO EAEMEHTvI M ATOl\IIICTlII<A 
3A l.JACIB 4ABHIIIIHX I HOBITHIX. 

Ilp11po;i;a OTOtilfJ\a AIOAMHY aeAHtieaH010 KiALKicT10 
pi3HOPOAHHX npe;i;MeTiB, JI!O IX BOHa Ha;i;iAHAa JI!e;t;po 
M: He cKyIINI1111c1> piaHHMH <J>opMaMH, BIITNIAOM 
i BAaCTHBOCTHMH. HaBrraKH AIOACLKHH poaYM yce 

u •• •• • 

3Mara€TLCH 3HaHTH cepe;i; TOl BeAHKOl Kl.Al>KOCTH 
M: piaHopo,zi;HOCTH JI!OCL cniALHe, HKYCL ,,npaocaoBy'' 
11H ,,11paMaTepi10"' J!!O 3 Hel CKAa.ll;alOThCH peaAbHO 
icHy1011i B rrpHpo;i;i cpiaHtIHi TiAa. B cTpeMAiHHi AO 
yrrpOI,ijeHHH uiei'. piaHOPOAHOCTH BHXOAHThCH 3 aa
Ca.D;H, JI!O ,,de nihilo nihil", To6To Hli,go He MO)Ke 

• u • 

IlOBCTaTH 3 Hl110ro H Hlij!O He rrpona.D;ae Ta He HM-. 
.J!!HThCH, a Bee e CIIOA YlleHHHM 1111 nepeMiij!eHHHM 
TiALKH Toro, .J!!O B)Ke iCHYJ3aAO paHirne. 3 KiALKOMa 
npoBi.zµIHMH ,zi;yMKaMH MO)l(Ha rriAXOAHTH AO npo6AeMH 
niaHaHHH MaTepii'. Ta CKAa;i;y :ti 6y;i;oBH cpi3H11HHX TiA. 
IIonepme, MO)l(Ha npHMHHTM aa aKcioMy, J,!!O Bci rrpeA
MeTH AOBKiADHOI npHpOAH CKAa;J;aIOTLCH 3 OAHOI 
cniALHOl AJ\.H Bcix HHX MaTepii'., a pi3HHThCH BOHM 
Mi)K co6oro TiAhKH HKOCTHMH, HKHX e B3araAi 06-
Me)KeHe 1111cAo :ti HKi MO)l(Ha AerKo niaHaTM. B TaKOMY 
paai IlOBCTaHHH pi3HHX TiA MaAO 6 6yrM BMCAf;J;OM t 

. piaHOpO.D;HHX KOM6iHauili piaHHX HKOCTeH y cnoAy-
11eHHi a aeo;i;HaKOBoro iHTeHCHBHicT10 Toi caMoi 
mcocTH. O,zi;)Ke, HacAi;i;KoM aMiHM AaHoi'. KOM6iHauii, .. . 
IJJO 6 xapaKTepHCTHllHOIO MH neBHOro TLJ\.a, rrepe-



TBOPHTLCH BOHO B HKeCb iHIIIe TiAo. IloApyre, MO)l{Ha 
npIDiHHTH, 11!0 Ta MaTepi11, a HKOi TBOPHTLCH cpia11qfil 
TiAa, CKAaAaaTLCH 3 6araTbOX rrepBiCHHX MaTe
pili q11 eAeMeHTiB, npH qoMy KO)l{Ha TaKa eAeMeH
TapHa MaTepiH Mae CBOI xapaKTepHCTHqfil AAH Hei 

• u • 

BAaCTHBOCTI H He MO)Ke nepeTBopHTHCL Ha HKyc» 1Hwy 
nepBicHy MaTepiro. B :g;»OM)' paai cpiaHqfil TiAa rro
BCTa.BaAH 6 HaCAfA!(OM cnoAyqeHHH ABOX qH KiADKOX 
TaKHX MaTepiii. 3peIIITOIO nocepeAHbOIO MO)Ke 6yrH 

• • u • 

TaKa AYMKa: BBec» MaTep1HALHHH CBIT cTBopHBcH 
3 neBHOl KiAbKOCTH eAeMeHTapHHX TiA, IJ!O ix . . . . 
lCH}'BaHHH CTBePA*YaTLCH AOCBlAOM, aAe Ul TIAa . . 
CBO€IO qeprpIO € 3AO)KeHI 3 neBHHX npoCTllIIHX qacTo-
qoK. XapaKTep . i KiALKicTL Ta cnoci6 3AYKH :UHX . 
qacToqoK BH3HaqaIOTb BAaCTHBOCTl THX eAeMeHTapHHX 
TiA, 1!!0 B CBOIX pi3HHX KOM6iHaWHX TBOpHTb 6iJ\LIII 
cKAaAHi cpiaHqHi TiAa. TaK MO)l{Ha 6yAo 6 cxeMaTHqHo 

• u • 

Ha3HaqHTH IILJUIX, HKHM IIIIOB AIOACLKHH lHTeAeKT 
y CBO€MY CTpeMAimri a6arHyrH HeAerKy npo6AeMY 
6yAOBH MaTepiHALHOro CBiTy. 

IJJe a nepeA6i6AiliHHX qaciB a6eperAHCH Aemd . . 
MaTepIHAH, IJ!O 3 HHX MO)l{Ha AOBJAaTHCb npo HaTyp-
cpiAococpiro KHTali:u;ie. BiAOMO Aemo :H npo cTapoBHHW " 
norJUIAH iHmHX aailic»KHX HapoAffi. AAe AOKAMHiIIIe 
Bi.AOMO npo aaryp-cpiAococpiIO rpe:gLKHX CTapOAaBHix 
MHCAHTeAiB ia ixHix TBopiB. 0JVl(e B UHX OCTaHHix 
,,rrpacyr1>" MaTepiHALHHX Ti.A cpirypyaaAa rriA pi3HHMH 

"'. " . " " T Ha3Ba.MH, HK ,,'i"l3HC ' ,,apxe ' ,,nHeBMa . aAeC 
(624-548 AO P. X.) aa TaKy rrpacyr1> YBa*aB BOAy, 
AHaKcliMeH (585-525) noBiTpH. f epaKAiT, npo-
3BaHHli ,,TeMHHM" (535-475), .zi;y)Ke HCHO p03BHH}'B 
AYMKY npo Biqay aMiay TiA (,,rraaTa peli" - Bee 
Teqe), rrpH 1IOMY aa yHiBepcaALHHH npHH:UMII yc1>oro . . 
BIH yaa)Ka.B orOHL : 3 HLOrO Bee IIOBCTae I B HLOM)' Bee 

\ 

2 17 



nepeTBop10aTLCH. TaK poaB'H3fBa.AH npo6AeMY 6y;i;oBH 
cBiry rpeuLKi MOHicTH. HaToMicTL EMneAOKA (490 
piK Hapo,zvKeHHH ii:, TOqHo HeBi;i;OMHH, 430 qlf 444 piK 
CMepTH) Bi;i;KHHYB iAeIO npo icHysaHH.R TiALKH O;J;HOl 
.RKOICL npaMaTepi1 Ta BBa)KaB, ij!O KpiM TpLOX npa
MaTepili, npo md BqHAH ii:oro nonepeAJIHKH, Tpe6a 
AOAaTH ij!e ii: qeTBepTy- aeMAIO. TaKHM qHHOM EMrre
AOKA CTaB OCHOBOilOAO)KHHKOM ,,TeTpacoMaALHOro'' 
BqeHHH npo C.KAa;J; MaTepiHAI>HHX TM (qoTHPH eAe
MeHTH: BOAa, noBiTpH, oroHL i aeMAH): BapTo Ha yLoMy 
Mi.cw rciAKpecAHTH, ij!O aa EMne;i;oKAOM BAaCTHBocTi 

• • • • u •• • 

BCIX TIA 3aAC)KaTL BIA nponOpUJ.HHOl KIALKOCTH ;i;o-
THqHoro eAeMeHry, qlfM BiH Ha6AIDKa€TLCH AO cyqac
HOro poaYMiHHH KBaHTHTaTHBHoro cKAaAy TM. Ha 
u • • • 

Ho.ro AYMKY KO.IKeH ia UHX qoTHpLox eAeMeHTIB e HOCI€M 
neBHOl HKOCTH ( TeUAo, XOAOA, BOr.KiCTL. i cyxiCTL). 
Bce.IKTa.KH H EMneAOKA 6)'B TOI A)'MKH, IJJO ui qQTHPH 
eAeMeHTH IlOBCTaAH 3 HKOlCb nepBiCHOl MaTepii'., IJJO 
11 BiH HaaHBaB ,,cpiaHc ", a npouec 11 nepernopeHHH 
HOCHB y HLoro Ha3BY ,,MeTa6oAe''. 

BqeHHH npo qoTHpH eAeMeHTH IIIHpme poaropHyB 
ApHcToTeAI> (384-322). Ha ii:oro AYMKY nepBicHa 
MaTepiH, ij!O iI BIB Ha3HBaB ,,rrpoTHA", peaALHO He 
icaye: icHysaHHH n e TiALKH noTeHuiHALHe, a TOMY 
BOHa, HK TaKa, He BHHBAH6TLCH Ta AHme CAY.IKIITL 
HKHMCL cy6cTpaTOM AAH icHyaaHHH MaTepiHALHOrO 
CBiTy. JJ:eii: ,,npOTHA" € OCHOBOIO TaKO)K i qoTHpLOX 
eAeMeHTIB (aeMAH, BOAa, orOHL i noBiTpH), ij!O npeA
CTaBAHIOTL co6010 qoTHPH cneuHcpiqHi npocTi TiAa, 
HepoaKAaAHi Ha AaALmi HKicI> CKAaAHHKH. Qi qQTHPH 

• • u 

eAeMeHTH e HOCIHMH qQTHpLOX nepBICHHX HKOCTeH, 
a TO ABOX aKTHBHHX (TenAO H XOi\OA) Ta ABOX nacHB-· 
Hill{ (cyx.icTL i BorKicTI>), TaK ij!O KO)KHOM)' eAeMeH-

• • • • • 
TOBI € BAaCTMBl AIU HKOCTl 3rJ.AHO 3 TaKOIO cxeMOIO : 
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• 
CyxtCTL 

oroHL/I""- aeMJUI 
TCllAO ~ XOAOA 

IlOBiTpa ""J/ B0,1.ta 
. 

BOrKlCTL 

Bci qoTHPH eAeMeHTH MO)K}'TL BaaeMHO nepeTBopro
BaTHCL, BHMiHIOIQqH MbK co6oro nepBicHi HKOCTi, HK 

Hanp.: 
oroHL BOAa 

. . + . . -
CyxICTI> 1 TCIIAO BOrKlCTL 1 XOAOA 

• IIOBlTpH 
- . . + . . 

BOrKlCTL 1 TCDAO CyxtCTL 1 XOAOA 

Ia Toro BHXOAlfTL, JMO AAH nepeTBopeHHH BaaraAi 
OAHOI <J>opMII MaTepil Ha Apyry Tpe6a AIIIIIe 3HaHTH 
cnoci6 3A)'1IHTH AOKYIIH neBHY C}'MY HKOCTe:H, II0Tpi6-
HHX AAH yraopeHHH 6a)KaHoi <J>opMH MaTepil :H THM 
Ca.MHM iHmoro <J>iaHqaoro TiAa. 3roAOM Ap:ucTOTeAL 
npHliHHB icayBaHHH araAaHoro n'xToro eAeMeHTY q11 
BAacHe HKOrOCL HaAIIPHPOAffLOro 6o)KeCLKOro eTepy, 
i.yo :Horo BiH Ha3HBaB TaKO)K '' yciH'' :H iyo CBOIMM . . . . . 
BAaCTHBOCTHMH pl3HHBCH BIA ycix aeMHHX TIA Ta He 
iliMm'aa HixKoMY rrepernopeHHro. JJx He6ecaa cy6-
cTaauix MaJ\a 6yrH TpHBa.AHM MOMeHTOM ui;\oro BCe
CBiry. ApHCTOTeAeBa Ha)'Ka npo npoTHA Ta qoTHPM 
eAeMeHTH ii MO)l(AHBiCTL rrepeTBopeHWI <J>iaHllHMX TiA 
nocAy)KHAa MeTa<J>i3lf1lllOIO OCHOBOIO AAH niaHiIIIMX 
aAXeMiKiB y ix aMaraHHi aa 3Ao6yrrx aoAoTa a MeHme 
yiaaoro MeTaAy. IlpH TOM}' n'HTMH eAeMeHT no-AaTMHi 
aaaHBaHo ,,quinta essentia", a6o B cKopoqeHHi 
, ,KBmTecceHy;ix' ', li iii npHIIHCYJ3aAacH oco6AHBa 

• u ••• • 

poMI rrpH eBeHTyaAbHlM TpaHCh-Iyraun MeTaAIB. 
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lHaKWe poayMiB MaTepi10 AeBKHn ()KHB y V CT. 
AO P. X.) Ta tioro )'TleH1> AeMoKpHT (460-370). 
BHXOAHlIH 3 HafKH CBOrO BqHTeJUI, ]JeH OCTamllH 
poaBHBaB AYMKY, IJ!O BBecL cBiT cKAaAa€TLCH a Api6-
HeceH1>KHX HeBHAHHX OKOM -qacToqoK, IJ!O ix qff CAO 
e 6eaMe)KHO BeAHKe ti IJ!O piaHHTLCH Mi)K co6010 poa
MipoM Ta <.I>opMOIO. IJi qacTOq}(H Mi)K co6010 npOCTO
poB~ poa.zti;\eHi ii nepe6}'BaIOT1> y cTa.di nocritiHoro 
pyxy. BoHH Biqffi ii He3MiHai, a qepea ix 3Af11eHHH 11H 
po3A yqeHIDI noBcTaIOTL pi3Hi Tua ti Bi.n;6}'BaIOTLCH 
pi3Hi HBHIJ!a npHpOAH. AeMoKpHTOBe BqeHHH po3BHBaB 
AaM EniKyp (342-270), IJ!O 6YB aBTopoM Ha3BH THX 
qacToqoK: ,,aTOMH" (BiA rpe:y1>Koro ,,aToMoc" -
Heno;tiAI>aHti). AToMicTHqay Ha}'Ky nonyNipH3}'BaB 
niaaime B PHMi noeT AyKpeuiti Kap (99-55 AO 
P. X.). 3aa11Ho niaaime :yx iAeH aToMiaMy y aMiHeHi:li 
cpopMi Bi.ApOAHAaCH B HOBiTHiH xeMii. 

qac ~pH6AHaHo BiA IV AO XVI CT. B icTopii xeMii 
HOCHTI> HaaBy ,,Ao6H aAXeMii:''. IIpaKTHllHHM cBoiM 
3aBAaHHHM TO;tillIHi a.AXeMiirn Ma.AH 3A06yrrx llIT}"l
HOro aoAoTa. RK y)Ke BHIJ!e 6yAo ara.zi;aHo, TeopeTH11-
Ho10 ni.AcTaBoro AAH HHX 6yAa Ha}'Ka ApHcToTeNI, IJ!O 
ii pecpopM)'BaAH aAXeMiKH B TOMY Harrpmri, IJ!O aa 
ocHoBy Bcix peqeti }'BaJKaAH cipKy, PTYTI> i ciAI>. IlpH 
TOMY BOHM TYT poayMiAH He peaALHi MaTepii, a riALKH 
a6cTpaKTHi npHH:UHIIH, HKi cm.moAiayroTL neBHi BAa
CTHBOCTi MaTepil. OA)KC, AOCHITH 6a)KaHoi MCTH, To6-
TO 3A06YTH 30AOTO, MO)KHa 6yAo Ha A)'MKY aAXeMiKiB 
llINIXOM 3A )'TICHHH. BAaCTHBOCTeH 30AOTa (HK rapHa 
)KOBTa 6apBa, 6AHCKy-qicTL, K}7BaALIDCTL i T. A-) 3a 
AOilOMOrOIO ,,KaMeHH M}'Ape:yiB". IJeti Ta€:MHH'il1H 
,,KaMiHL M)7ApeuiB" MaB, Ha A)'MKY ,,MaHCTpiB qopaoi 
Marn"' 3Ai6HiCTb 3A)'llaTH ori 6a)KaHi 03Ha.KH AO
KYilH, Bi.A6HparoqH ix Bi.n; ixHix norrepe.zvrix HociiB, 
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T06To piaHHX iHmHx TiA. Haaara.A 6epyqM, aAXeMiKM . . 
He BHeC.i\H no cyr1 Hiqoro HOBOro AO KNICHtIHO-
rpeULKOi Haryp-cpiAococpii IJJOAO 6yAOBM MaTepii Ta 
ii TpaHccpopMagiH: 3 OAHOrO poAy Ha ApyrHH. 

Hacryirna A06a ,,AiKapcLKoi xeMii" qH iHaKme 
,,iHTpoxeMii", IJ!O o6iliMae 'tlac rrpH6AH)KHO XVI
XVI I cT., TaKO)K He BM3Ha'tIHAacH HKHMHCb HOBHMH 
iAeHMH B .zti;umgi rrpo6AeMH 6y.zi;oBH MaTepii. RK caM 
ocHoBonoAo)KHHK iHTpoxeMii IT a p au e AL a ( 149 3-
1541), TaK i :tioro rrocAi.zi;oBHHKH 6y AH aaHHTi roAOBHO 
IIHTaHHHMH rrpaKTIPrHOro B)KHTKY BiAOMHX iM xeMiq
HHX 31\)'K y uiNix Me.zi;HqHHX. Bomr cAi.zi;oM 3a aAXe
MiKaMH BH3HaBa.J\H pecpopMOBaH)' Haryp-cf>iJ\ococpiio 
ApHCTOTeNI, a TPH ocHOBHi eAeMeHTH, HaaHBaHi 
,, Paracelsi tria prima '', poa)'MiAH He HK peaALHO 
icHYIO'tli <J>iaH"tJHi riAa, TiALKH HK ,,rrp~HUHnH", ii Ha
aHBa.i\H ix ,,cpiAococpcLKHMH". Mi)K UHMH eAeMeHTaMH 
IIapaueALaa :ti eAeMeHTaMH ApHcToTeAH MaB 6yTH, 
IIO UOli:ti AYMUi, TaKHH BHyrpimHiH 3BH30K: cipKa 
Ma.J\a 6yrH CIIO.i\ )'KOIO OrHIO H noBiTpH, pryri, -
noBiTpH ii BOAH, a ciAL - BOAH :H 3eMAi. 0AHa'tle 
cepeA iHTpoxeMiKiB 6yAH :ti TaKi, IJJO BHCAOBAIOBaAH 
iHmi rrorJ\HAH. TaK, <f>AaMaHCLKHH Y'tJeHHH iHTpoxeMiK 
BaH-f eJ\LMOHT (1577-1644) HaAaBaB .zi;pyropHAHe 
3Ha'tleHHH TpLoM Ilapaue.i\L30BHM eAeMeHTaM Ta BBa
)KaB aa ocHoBHi eAeMeHTH .Bo.zty ii noBiTp11. BiH rnep-

• • • 
~HB, IJ!O rrpH xeMI'tJHHX peaK:gUIX ,,MaTep111 He TpaTHTL 
CBO€i Barn" Ta TI.i\LKH 3IDHH€ CBOIO cpopMy, T06To BM-

• • XOAHTL, IJ!O BIH YBa)KaB ocHOBHI eJ\eMeHTH aa pea.ALHO 
icHYIOt1i TiJ\a. BiH He rro.ztiJ\HB rror.i\HAIB KO.i\HmHix 
HaTyp-<J>iAococpiB Ha orOHL, HK OAHH ia OCHOBHHX eAe~ 
MeHTiB, Ta 3arrepe11)1BaB :tioro MaTepiHALHY rrpHpOAY. 
HiMeQLKHH AOCAi.ztHHK-iHTpoxeMiK 0. TaxeHiyc 
cBOiMH rrpaumm (I 666) .z.r;oKaaa.B, :r.go ci.i\I> He e Him<HM 
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. 
eAeMeHTOM, a € CKAaAHHM TlJ\.OM, JMO yrnopIO€ThC.H 

'qepe3 CilOJ\.y<IeHH.H KHCJ\.OTH H Ayry. 4o :giei A06H BiA
HOCHThCH IlOillHpeHH.H BiAOMOCTeii rrpo CKJ\.aA IIOOAH~ 
HOKHX TiA, 30KpeMa BiAHOCHO KHCJ\.OT Ta J\ yriB. II!oAO 
KHCJ\.OT' TO OAHH i3 BH3Ha tIHHX iHTpoxeMiKiB c HJ\ l>

Bi y c (1614-1672) BBa)KaB, i.go ix rocTpoTa ii a.zi;i6-
HicTL neKTH € HacAiAKOM rrpH.HBHOCTH B HHX oco6AH
BOI ,,orneBoi" MaTepil. B A06i iHTpoxeMii )l{HJ\.H ABa 
rrpHXHJ\.hHHKH aTOMiCTH'tJHOi HayKH, a TO HiMe:gLKHH 
rrpocpecop 4. 3 e H Hep T ( 15 72-163 7) Ta cppaH:gy31>
KHH BtieHHH II. racceHAi (1592-1655). 06HABa 
BOHH rrpHliMaAH icHYBaHHH aToMiB y po3YMiHHi AeB
KHrra-,4eMoKpHTa. 

4aALIIIHH rrepioA p03BHTKY xeMitIHOi Ha}'KH 3B'H-
3YJOTb i3 iMeHeM aHrAilic1>Koro BtieHoro Po6epTa 
EoliAH (1627-1691), a6o TOtIHime cKa3aBmH, rro
tiaToK :yi€i ,,A06H cpAoricToiry" si.AHOCHTh AO IIOHB
.i\eHHH B CBiT y 1661 po:gi lioro TpaKTary rriA Ha3BOIO 
.. , The sceptical Chymist". Xo11 ccpopM)'AOBaHi B :gitt 
iioro KHH3i A)'MKH He IIO.HBHJ\.HCH 30BCiM paIITOBO, 60 
AeHKi lioro 6AH3LKi rrorrepeAHHKH (HK cppaH:gy3 Pe ii 
Ta mMe:gh IO H ri y c) BHCJ\.OBJ\IOBa.i\H AYJKe no;ti6Hi 
A)'MKH, aAe JK Po6. BoiiAL BHCAOBHB ix 3Ha't1Ho HCHime 
i1 Blfpa3Hime. TopKa€TLCH :ge HacaMrrepeA caMoro 
rroHHTTH ,,xeMitIHHM eAeMeHT'', mo iioMY BiH AaB TaKy 
AecJ>iHi:yiro: aa xeMit1Hi eAe.MeHTH Tpe6a BBa)KaTH TaKi 
Ma TepiHALHi TiAa, ~JO ix HeMOJKHa p03KJ\aCTH Ha IJ!e 
rrpocrimi poAH MaTepii. BiH pimyqe cKpHTHKynan 

• u • • 

a pHCTOTeJ\.lBCbKY n aJ\.XeMICTHlIHO - rrapa:geJ\b31BCLKY 
KOHyerrui10 BiAHOCHO HKHXOCb a6cTpaKTHHX HociiB 
rreBHIJX HKOCTeH i BJ\aCTHBOCTeH Ta 3aHBHB, i.go 33. eAe
MeHTH Tpe6a BBa)KaTH peaJ\.bHO icHyro'tli pOAH Ma
Tepii, · HKi MO)l(Ha AOKa3aTH eKcnepHMeHTaJ\bHO. Po6. 
EoiiJ\.b .zi;aB B.i\aCTHBO AecpiHiuho xeMilffioro eAe-
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Memy,*)m<a a6eperAa B C}71-i pet1i CBO€ 3HalleHHH ii AO-. . . 
HHHI, He 3Ba)l{aIO'tlH Ha BCI AOCHrHeHHH B HayW aa OCTaH-
HiH tiac. BiH giJ\KOM HCHO siApiaHHB xeMitIHi 3A}7KH Bi.A 
eAeMeHTapHHX TiA. Y moro nepmoro BPOAffJ\aCH i.Aex xe
Mit1Hol aToMosoi Teopii. Po6. Eo:tiAL -yBruKaB, Il!O MaTepii 
CKAaAaIOTLCH 3 Api6HeHLKHX 'tlaCTOllOK ( aa lioro Tep
MiHoAoriero ,,KopnycKyA"), mci B3a€MHO npHTHraIOTLCH 
-ra TBOPHTL 3AYKH. PaaoM ia THM BiH npHnycKaB, IJ!O 
KopnycKyAH CKAaAaIOTLCH 3 OAffOl ,,npaMaTepii" Ta 
piaHHTLCH Mi* co6oro poaMipoM i cpopMoro. ToM)' BiH . . 
rrpHrrycKaB TaKO)I{ 1 MO)KJ\HBlCTh nepeTBopeHHH O.ll-
Horo TiAa Ha .ztpyre Ta a,n;o6yrrH IIIT}711HOro aoAoTa. 
P. EoMJ\1> crrocTepir, IQO rrpH aropaHHi MeTaA Ha Baai 
npH6)1Ba€, OAffalle IlOHCHIOBaB ue He OKC:HAauiaro 
iioro, a AHme THM, :r,go Bia aa611pae TenAo, HKOM)' np11-
IDIC)1BaB BAacTHBiCTL MaTH Bary. P. Eo:tiAL 6-yB AY*e 
6AH3LKHH AO BiAKPHTTH xeMillHOro eAeMeHry KHCHIO, . . 
CTBepAHBIIIH aracaHHH CBlqKH B aaKpHTOMY npocTop1, . 
a.Ae :ge HBHJ!!e BIH 3HOB TaKH IIOMHJ\KOBO IlOHCHIOBaB . . . 
THM, :r.go npH ropIHHI AO IlOBITPH npocm<ae HKaCL 
,,AeTro'tla MaTepix". CaMe noBiTpH He BBa)l{aB BiH aa 
llHCTHH eTep, a 6YB :ge, Ha lioro AYMJ<Y, CKAaAHHit 
,,atpetaT pi3HHX eMaHa:gi:ti"' IJ!O IIOBCTaB ia BHrrapiB 
nosepxai aeMAi ti BOAH Ta ,,cy6cTaH:gioHaALHHX eMa
aauili'' ae6ecHHX TiA. 

ABTopoM ,,cpAoricTOHHOi Teopil" 6-yB MOAo.n;mlrlt 
cy-qacHHK Po6. EoiiAH, HiMe:gLKHH AiKap-xeMiK r. E. 
ill Ta AL ( 1660-1 7 34). Teo pix UH noJUII'aAa B T014Y, 

*) MH B)l(HBaAH :M: .ztaAi 6y.zteMo B)l(HBaTH TepMiH ,,xeMi11Hlrii 
eAeMeHT", a He ,,xeMi'tlmrli nepBeHI>", 60 BBa)l(aeMo :ueii B yicpa
i'.HCI>Kiii HayKOBIB AiTepa-rypi He Ha,ztTO AaBHIB BHTBip - ,,nep
BeHI>'' aa :uiAKoM aaiii1um:. YBa)KaeMo Kpa™e B*HBaTH He :ue~ 
,,Ha;uiOHa.Abmffi:'', a MV!wapOAHbO-HaYKOBHii TepMiH, npllliHJrndt 
y MOBax nepeBa)KHOi 6iAl>moCTH KYM>TYPHllX aaum. 
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IJ!O rrpHrrycKaAOCH iCH)'BaHHH oco6AHBOi AeTroqoi Ma
Tepii, m<a 3HaXOAHTbCH y 3Ay:gi 3 yciMa roproqHMH Ti
Aa~. TJH oco6AHBa MaTepiH HOCHAa Ha3BY ,,<J>Aori
CTOH"' a rrpouec ropiHHH, 3rA. OKCH.zi;a:gii, ariAHo 3 IIO
rAflAaMH <J>AoricTOmCTIB MaB IIOAHraTII B TOM}', IJ!O . . . ... . 
rrpH aropaHHl 1 B3ara.i\l rrpH OKCHAaun HKOrOCL Tl.7\a 
Ma.J\O 6 BOHO BTpa'tl)'BaTH <J>AoricTOH (To6To :itoro Bara 
MM.a 6 3MeHIII)'BaTHCb !) ' i Ha.BIIaKH, rrpH peAyxuii AO
TH'CJHe Ti.i\O Ma.i\O 6 3HOB :Horo AO ce6e rrpHAY'CJaTH 
(To6To :Horo Bara Ma.J\a 6 a6iALIII)'BaTHCL !) . Xo"CJ 
TeopiH <J>AoricTOHY HBHO KOAfA)'BaAa 3 BiAOMHMH B)Ke 
ToAi <J>axTaMH, aoKpeMa ai crrocTepe)KeHHmm Po6. 
Bo:HAH, aAe BOHa BceTaKH AOCHTL AOBro BBa)Ka.J\acL 
aa rrpaBAHBY :H MaAa CBOIX rapj{qHX o6opoH:giB ce
peA ToAimHix BH3Haqanx xeMiKiB, HK KeBeHAHm 
(1731-1810), IlpicT Aeti (1733-1804) Ta IDeeAe 
(1742-1786). Qe MO)Ke 3AaBaTHCH THM 6i.i\nme ARB-. . . 
HHM, IJ!O mcpaa ABa ocTaHHI 40C.i\1AHMKH BIAKPHAH 
(1771-1774) xeMiqHHH eAeMeHT KHCeHL, HKI1ii BAaCHe, 
crroA Y'CJaIO'CJHCL ia rreBHHM TiAoM, crrpH'tIHHHe iioro OKCH
Aauiro 'tlH ropiHHH. CBoiM Bi.zu<pHTTHM HaaBaHi B'tleHi 
Haii6iALme rrpHCAY)KHAHCL AO IIOBaAeHHH <J>AoriCTOHHOi 
Teopii, 1!!0 Ii rrpHXHALHHKaMH 6yAH BOHM .caMi, aAe 
:ge CTa.J\OCH He iXHLOIO aacAyroro. BHcAOBAeHi Po6. 
BoiiAeM iAei, Tpe6a cxaaaTII, aaaaraA He aHa:HmAH 
rAM6moro apoa)'MiHHH cepeA ttoro CY'CJaCHmciB. 0AHa
"CJe TBOpeun Teopii <J>AoricTOH}' illTa.AL 6ys rrpHXHJ\LHH
KOM Bo:HAeBoro poa)'MiHHH eAeMeHTIB ( aa ToAiIIIHLOIO 
TepMiHOAoriero ,,rrpHH:gHrriB") Ta BBa)KaB, 1!!0 xe
Mi11Hi eAeMeHTII a6o rrpHH:J!HIIH :ge € TaKi CBO€piAHi 
TiAa, 1!!0 3 ix CIIO.i\ )711eHHH Mi)K co6oro 'CJH 3 <J>AoriCTO
HOM ·noBcTaAM Bci poAH MaTepiH.i\LHHX TiA. Ha :geti 
"CJac rrpHrraAae BiAKpHrrH KeBeH.zi;HmeM ( 1 766) BOAHIO 
Ta crnep.zpKeHHH CK.i\aAHOfO xapaKTepy BOAH, IJ!O Ii 
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CHHTeTHllHO 3 ABOX o6cmiB BOAHIO H OAHOro 06-
cnry KHCHIO A06)1B TOM )Ke KeBeHAmn (1781), a rroriM 
BiH )Ke ( 1 783) rrepeBiB aH:aAiay rroBiTpH i cTBep.zi;HB 
:Horo cKAaA (28,8 % KHCHIO if 79,2 ~lo aaoTy). Bee Qe 
6yAo rriAroTOBKOIO AO HOBoi AOOH B icTopii xeMiqHoi 
Ha)'KH, !!!O i'.i rroqaTOK HaB'11ay10TL aBnqa:ffHo AO rrpa:yi:., 
tf>paH:uya1>:Koro :XeMiKa A11Byaa1,,e (1743-1794), HKoro 
BBruKa€Tl>CH aa OCHOBOIIOJ\O)KHJIKa MOAepHoi xeMii. 

y rrpaJJHX 3 icTopii po3BMTKY cpiaHKO-xeMillHHX HaYK 
u • • • u 

MaH)Ke 30BCIM He araAy€Tl>CH IMeHH poCIHCl>KOro Bqe-
HOro M. B. AoMoHocoBa (piK :Horo Hapo.zpKeHHH 
TOqHO HeBiAOMMH: 1711 qH 1712; IIOMep 1765 p.), 
xoq Qe OYB Ay)l(e BH3HaqHMli yqeHHii, HKirii cBoiMH 
AOCAfAaMH H HayKOBHMM KOH:genQimm qacOBO 3Halffio 
BHrrepeAHB aaxiAH»O-eBporrelicLKHX yqeHHX. He crrH-

• • u • •• 

Hmoqnc1> Ha AOKJ\.aAHIIIIIH xapaKTepHCTHQl HaYKOBOl 
qMHHOCTH AoMoHocoBa, aaaHaqHMo T)'T TiMKH, :r.go 
B :Horo rrpayHX aHaXOAMMO HCHO BHCJ\OBAeHY AYMKY . ... . . 
rrpo aToMrqHy CTPYKTYPY MaTepn, HK TaKO* I KIHe-
THKY raaoBHX TiA. BiH BiAKHAaB MaTepiHA1>mcTL TerrAa 
Ta IIOHCHIOBaB :Horo pyxoM HeBHAHMHX qacToqoK Ma
Tepii. BiH aHaqHo paHime aa iHmHX AOcAiAHmciB rro
qaB rrepeBOAHTH KBaHTHTaTHBHY aHaAiay ii rrpH TOM}' 
rrpHHlliOB AO 3p03YMiHHH aaKOffY a6epe)l(eHHH MaTepii. 
AoMoHocoB cKpMTHK)'BaB rror.JUJA P. Eo:ftJUI Ha C)'Th 
rrpouecy ropiHHH ii OKCHAauii Ta TBepAHB, J!!O ue e 

• • HaCJ\IAOK CIIOAyqeHHH AOTHqHoro TIJ\a 3 ,,Ba)KKHMH 
qacTHHaMH BOaAyxy". TaKHM qMHOM AoMoHocoB Ha 
OCHOBi rrepeBeAeHHX AOCAiAiB 3HaqHo paHime rrpmt-

• u 
IDOB AO TMX BMCHOBKIB, AO HKMX MaM)Ke 'qBepn CTO-
AfTTH rriaaime rrpHHlliOB aara.iU>HO rrpH3HaHMH OCHO
BOIIOJ\O)KHHK cyqacHoi xeMii. 0AHaqe :Horo rrpa:ui AM-

u u • • 
maJ\.HCH Ay)Ke AOBrlrn qac MaH)Ke QIJ\KOM HeBIAOMHMH 
He riALKH aaxiAH»O-eBporreiicLKHM yireHHM, aAe ti ca-
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. . . 
MHM pocurna.M, HK! CBOro BeAHKOro BlleHoro ,,BIAKpH-
AH" npH6AlUKHO 150 AfT rricNI :tioro CMepTH. 

AsByaa:&e cnollaTKY noAiAHB norAHAH cBoai: A06H, 
aAe niaHime BHcTynHB npoTHBHHKOM <J>AoricTOHHol 
Teopii: IIITaNI, BiAKHAaIOllH icHYBaHHH <J>AoricToHy. 
y CBoi:ti aHTH<J>AoricTOHill~ili CHCTeMi BiH IlOHCHIOBaB . . 
HBHJ.l!e ropIHHH HK CilOAYtJeHHH 3 KHCHeM Ta :YIAKO-
BHTO poa6HB iAeIO npo eAeMeHT ,,or:Hro". TaKO)K Bi.ll;-. . . . 
IlOBJAHHMH AOCBIAaMH BIH AOKa3aB, 11!0 BOAa 30BCIM 
He nepeTBopro€TI>CH Ha aeMAIO. AJmyaa»e poayMi.B xe
MillHi e.i\eMeHTH TaK, HK :ye BH3HalJHB 6YB AaBHime 
Po6. BoiiAL. . Y CBO€MY KAHClflIHOMY rri.ZJ;p)TtrnHKy 
xeMii: IT. H. "Traite elementaire de chimie"' J.!!O no
HBHBCH B 1789 poQi, BiH nepellHC.i\H€ 33 eAeMeHTH, 
B TOMY TaKOJK cBiTAO i1: TenAo, TPH ,,paAHKHAH" KHCAOT 
( COAHHOl, <J>A.IOOplfAHOl ii 6opoBoi:) TCJ. n' HTL OKCH.ll;iB 
(BailHO, MarHe3iH, 6apHT, r.i\HHa, KpeMiHn). J3 :yI>oro 
HCHO BHAHO, IJ!O AJmya3L€ CTOHB rriA Bil.i\HBOM CTapHx 

• • u •• • 

nOr.1\.HAIB Ha CBIT.i\O H TenAO, BBa)KaIOlJH IX aa OKpeMI 
peaALHO icHyrolli ,,npHH:yHnH". A J.!!OAO ,,paJJ;Hl(aAiB" · . . . 
KHC.i\OT Ta OKCHAIB, HK! BIH TaKO)K yBa)KaB 3a eAe-
MeHTH, TO TYT Tpe6a B3HTH niA YBary Te, i,go BiH rrH
caB y CBO€MY J.!!OMHO Ha3BaHOMY TBOpi: ,,MH He MO
JKeMO 6YTH rreBHi Toro, IJ!O Te, i,go MH CI>OrOAHi BBa
JKa€MO aa rrpocTe TiAo, e AiiicHo rrpocTHM; Bee, IJ!O . . 
MH MO)KeMO CKa3aTH, l,!e Te, IJ!O AaHe Tl.i\O € OCTaHHIM 

u • • • 

npOAfKTOM, AO m<.oro rrpHHIIIAa xeMitJHa aHaAiaa, I l.!!O 
3a CYtJaCHOro 3HaHHH MH iioro AaAi poaKAaCT:H He MO
)KeMo". 4yJKe MO)K.i\HBO, IJ!O HaBiT.b i caM AJmya3h€ 
Aa.i\LIIIOIO CBO€IO AOCAfAHH:YhKOIO po6oTOIO CTBepAHB 
6H ITOMHAKOBiCT:b CBOIX norNJAIB I,gOAO eAeMeHTap
HOro xapaKTepy oKcHAin n'mnox xeMillHHX eAeMeHTiB 
Ta 3MIBHB 6H ii CBOl IlOl'AflAH Ha cyTL CBiTAa ii TerrAa, 
KO.i\H 6 BiH Tpari11HO He 3rHHyn nepeAllaCHO aa 6ypx-
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J\HBHX 'tlaciB T. 3B. BeAHKOI <f>paHQY3bKOl peBOJ\IOyil. 
B KO)KHOMY pa3i MO)KHa cTBepAHTH, J!!O Ha caMOMY 
IIO'tJaTKy A06H MOAepHbOi xeMi'tJHOi HaYKH 6yAo HCHO . 
BH3Ha'tleHO IIOHHTTH xeMI'tJHOro eAeMeHry, a THM ca-
MHM BH3Ha'tleHO 6yAo pi3HHQIO Mi)K xeMiqHo-rrpoc
THM i xeMi'tJHO-CKAaAHHM <J>i3H'tJHHM TiAOM. QHM 
3po6AeHO 6yAo BeAHKHH KpOK HarrepeA no IlIJ\HXY 

rri3HaHHH Ta€MHHyi TOHKOi CTpyKryp:u MaTepii. 
IlopY'tJ j3 rrpayHMH, J!!O TOpKaJ\HCH BHCBiTAeHHH 

rrpo6AeMH iCHYBaHHH 'tJH aeicH)'BaHHH <J>AoriCTOHY Ta . . . 
xeMI'tlHHX eAeMeHTIB, rrpoBaAJfAOCL TaKO)K AOCJ\IA-

)KeHHH CKJ\~AY pi3HHX riA. IJJe B Apyri:H IIOAOBHHi. 
XVIII CT. crro'tlaTKY <J>paHJJY3 Mo pBo (1737-1816), 
a rroTiM HiMeyL PixTep (1762-1807) crnepAHJ\Ji[ cTa
JUIB CKJ\aA AOTH'tJHOi COAi rrpH 3J\ yyi KHCJ\OTH H )\ yry. 
IlHTaHHH rrpo CTaAfCTL 'tJH HeCTaAfCTb xeMi'tJHO-CKJ\aA
HHX riA ocTaTO'tJHO BHHCHeHo 6yAo 3a AHCKycii Mi)K 
ABOMa <f>paHQY3bKHMH BH3Ha'tJHHMH xeMiKaMH, J!!O 
THrAacb BiciM poKiB, rro'tlaBmHCb y 1 799 poyi. Ilepmlrli 
i3 HHX CAaBH03sicaHii BepToAe (1748-1822) AOBro 
o6cTOIOBaB A)'MKY' IJJO OAHH HKlIBCb eJ\eMeHT MO)Ke 

• • • • 
3J\ Y'tJaTHCL 13 pt3HOIO B rreBHHX Me)KaX AOBIJ\LHOIO KlJ\L-
KiCTIO .zi;pyroro eAeMeHT)'' T06To xeMi'tJHO CKJ\aAHe TiAo 
He MYCiAo 6 MaTH cTa.Mrli CKJ\a.ZJ;. HaBrraKH IlpycT 
( 1754-1826) AOKa3YBaB, J!!O xeMi'tJHO-CKAa.ZJ;Hi TiAa 
·Maron Bee OAHaKOBHH CKAa.ZJ;, a KOAH mcHiicL eAeMeHT . . . 
TBOPHTb KIALKa 3A)'K 13 IHmHM eAeMeHTOM, TO B Ta-

• • • • 
KOMY pa31 KIALKICTL Apyroro eAeMeHry B pt3HHX 3AY-
Kax 36iALmy€TbCH He II03BiAbHa B He03HaqeHiH rrpo
rropyi!, TiALKH rreBHHM yiAKOM 03Ha'tleHHM HaCKOKOM. 
IlepeMora 6yAa no cTopoHi IlpycTa, J!!O ii rrpH3HaB 
AOHALHO caM EepToAe, TO.D;imHi:ti BeAHKHM HayKoBHM 
aBTopn:TeT. THM 6yAo cTBep.ZJ;meHo 3aKoH rrocTinHnx 
II p 0 II 0 p y i H y CKAa,l(i xeMiqJiO-CK.i\aAIIllX cpi3MllHMX TiA. 
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Toro caMoro qacy nposaAHB csoi AOCAiAH npo<f>e
cop MeaqecTepcLKoro yaiBepcHTeTf s AarAii A*o" 
AaALTOH (1766-1844). IlpH TOMY sin, AOcAiNKy
IOtIH cnoAyqeHHH syrJ\IO 3 BOAHeM, CTBepAHB, IJ!O sy-. . . . . . 
nAL Aa6 3 BOAHeM ABI 3AfKH, a pt3Hl KlJ\LKOCTl BOAHIO, 

• • met cnoAyqalOTLCH 3 TOIO caMOIO KIJ\LKOCTIO syrAIO, 
CTOHTL MbK co6010 y siAHoweHHi 2 : l. Taxi caMi 

• • • • npocn BIAHOWeHHH CTBepAHB Te)K 1 B lHWHX BHilaJt-
• • • • Kax, KOAH xeMitIHo-npocn TlAa, cn0Ayqa10t1MC& MI* 

co6010, ymop1010TL ABa tIM 6iALwe piaaux Ti.A. TaKHM 
tIHHOM 6ys BiAKpHTHit 3~KOH KpaTHHX BiAHOWeHL 
sarOBHX KiALKOCTeA y xeMitIHO-CKJ\aAHHX riAax. .4AH 
a' HcysaHHH AOTenep siAoMHX <f>aKTIB Ta it II!OAHO ara
AaHHX aaKoHiB nocriitaocTH- A KpaTHOCTH sarosmc 
BiAHomeHL, AaALTOH BHCYJIYB aToMi'lny 'feopiio 
6yAOBH MaTepii. Xoq caMa iAeH aToMiaMf, me MH 
B)Ke 6at1HAH, He 6yAa UiAJCOM HOBOIO, 3.J\e Ta iHTep
npeTauis, mey iii Ha.ztas AaALTOH, 6yAa opuriHaALHa. 
3riAHo 3 4aALTOHOBOIO aTOMi11HOIO Teopia10 xeMitIHO
npocTe riAo cKAa.ztaaTLCH a a TOM is, IJ!O a aatUpi6Hi
WHMH qacTotIKaMH UJ>Oro TiAa, mci Maion sci Aoro 
BAacTHBocri. PoAis tIH copris aToMis e criALKH, cKiA&
KH a xeMit1HHX eAeMeHrie. XeMit1ui npouecu noAMa-

• • 
IOTh y TOMf, 11!0 aTOMH pt3HHX eAeMeHTIB 3AftialOTLCH 
MbK co6010 a6o HaBDaKH po3A yqaIOThCJI, npH tIOMY 

• 
OAHH aTOM mcoroc& xeMitIHOrO eJ\OfeHT)' MO)Ke 3AY-
11HTHCL ia OAHHM tIH ABOMa a6o A 6iALIIIHM tIHCAOM 
aToMiB Apyroro eAeMeffTY. TaK noscTa1010 HaA'.Api6-. . . . .. . 
HIIIIl qacTotIKH xeM1t1Ho-cKA3A11oro TlAa, II!O ix ma-
Hime HaasaHo 6yAo MOAeKyAaMH. THM noscHI06TLCJI 
a OAHOro 6oKy nocriAHiCTL CKAa.ztY riA i a Apyroro 
6oKy - KpaTHicTL siAHowem ix CKAaAHHKis, 60)1{ 

• 3 O~HM aTOMOM MO)Ke 3J\ftIHTHCL J11CeCL UJAe tIHCJ\O 
aToMin iHmHx, a He!, I!, 2! qH naara.Ai HeuiAe q]fCAO 
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Ix. BaroBi KiALKocTi piaHHX e.AeMeHTiB, ij!O 3A yqaIOT&CH 
3 BarOBOIO OAHHHUeIO KOTporoci. CJ\eMeHry ( 3BHqaitHo 
BOAffIO, Jll( HaiiAerworo) ti eBeff1Ya.Al>HO T3.ICO)K Mi)K 
co6010, Ca.M 43.Al>TOH Ha3HBaB a TOMOBOIO Baro IO, . . . 
aAe noTIM Aa.HO i'.M HaaBy eKBIBaAeHTIB, ll!O ii a.BTO-
poM 6ys BoAAaCTOH (1814). Bci aTOMH HKoroci. xe
MiqHoro eAeMeffTY a Mi)K ct>6010 uiAfcoM IlOAi6HHMH, 
HK TaKo* i MOAeKyAH xeMiqHo-CKAaAHHX TiA. Ilo 
A}'MUi 43.Al>TOHa aTOMH MfCJIT:& MaTH cf>OPMY Api6He
ceHLKHX KyAI>oqoK. BoHH icHyi<>TL me pea.Al>Hi MaTe-
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ATOMH: 1 - BOACHL, 2 - a30T, 3 - eyriM., 4 - KHCCHL, 

5 - cf>oc4><>p, 6 - cipKa, 7 - MameaiA, 8 - KaALullt, 9 - aa
TpiA, 10 - KaAiA:, 11 - crpouuiA, 12 - 6a~iA, 13 - aa.Aiao, 
14- UJUIK, 15 -Mi.AJ,, 16-oAHBO, 17 - cp16AO, 18 -IIAJITH

ua, 19 - 30AOTO, 20. - P'I"}'Th• 
~~ MoAeKyAu: 21 - BOAa, 22 - auouiJDc, 23, 26 i 27 - 3AYJOI 
KllCHJO 3 a30TOM, 24 i 29 - 3AfKHBOAJllO 3 ByrAeM, 25-... OKCHA 

&yrAIO, 28 - )tiOKCBA ByrAIO. 
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piHALHi t1acTOTIKH li MaIOTL neBHY Bary . .4Ax oaaat1eHHH 
BiAOMHX TOAi, xeMillHHX eAeMeHTIB 4aALTOH y)KJIBaB 
neBHi rpa<J>it1Hi 3HaKH, a xeMillHO-CKAaAHi TiAa 03Ha
tiaB Bi.ArrOBi.AHHMH KOM6iHa)Jim.m THX 3HaKIB, HK Qe 
6allHMO Ha HaBeAeHiH (CT. 29) Ta6AHui. 

ToMy, IJJO BH3HallHTH a6coAIOTHY Bary aToMiB He 
npeACTaB.i\HJ\OCH MO)K)UIBHM, 4aATLOH BH3HallaB Ix pe
NITHBHY Bary, B3HBIIIH aa OAHHHJJIO aToMoBy Bary BOA
HIO. IlpH YMOBi, IJ!O I aToM BOAHIO aAy-qae-r1>cH a I a To-. . . 
MOM rnmoro eAeMeHTY' BlAHOmeHHH MUK BarOBHMH 
KiAI>KOCTHI\lli JJHX eAeMeHTIB rrpH 3AyYi 6yAe Te)K BiA
HOIIIeHaHM Mi* Baroro lxHix aToMiB. IIoAi,6Hi -MipKy-. . . 
BaHHH BJAHOCHTLCH TaKO)K I AO BHIIMKIB, KOJ\H 3AYKa 
BiA6}'Ba€TLCH MilK I aTOMOM HKoroc1> eAeMeHry Ta 
ABOMa llM KiAI>KoMa aToMaMM iHmoro eAeMeHry. 4a.AD
TOH, HK ye BMAHO a BH~eHaBeAeHHX <J>OPMYA, YHBNIB 
co6i CKAM AeHKMX TU (Harrp. BOAM, aMOHiHKy llM iH.) 
• • u • 

IHaKIIIe, HVK MM Moro aHaeMo Terrep, TOMY noAaH1 . . . . 
HHM aTOMOBl BarM pl3HMX xeMiqHMX eAeMeHTIB € BAac-
He Ix eKBiBaAeHTaMM, a He aTOMOBHMH Bara.MH. Baa
ra.Ai )K t1epea HeAOCKOHaAfCTh crroco6iB AOcAi,zpKeHHH 
BM3HaqeHHH Ix 6yAo Ay)Ke HeTOllHe. 4Ax nopiBHHHHH 
HH)Klle HaBeAeMO AeHKi BH3HalleHi 4aALTOHOM aTO-

• u • • • • 

MOB! BarM H TenepIIIIHI, npH qoMY UI OCTaHm no-
AaeMO AHIIIe 3 TOqHiCTIO AO 0,01 H Bi.AaeceHi AO aT. B. 
KHCHIO 16.*) 

*) KoAH npHii.:mrrH aTOM. Bary BOAHIO sa 1, TO B TaKOM}' paa 
aTOM. Bara KHCHIO BH3Ha11a.Aa.CJJ 6 tIHCJ\OM 15,96. AAe 3 orNJAY 
Ha Te, 1!!0 KHCCHL CllOJ\f11a610CJJ 3 nepesaJKHOIO 6illmiCTIO xe
MillHHX CJ\eMeHris i Ta.KUM 1DIHOM Bcmci o6tmCJ\emm ap}"Urime 
po6HTH BiAUOCHO moro, TO pimeuo 6yAo BB~TH aTOM. Bary 

KHcmo sa piBHHX 16 OABBffUb. To.zP aroM. Bara BOAJUO BBSHa

qaeTbCJJ 11HCJ\OM 1,00778. 
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Ha:ma AT. B. aa AT. B. npmm. 
eAeMeHTY : AaJ\l>TOHOM: Tenep: 

BOAeHb 1 1,01 
KHCeHb 7 16,00 . 

6 12,01 BynAD 
a30T 5 14,01 
cpoccpop 9 31,02 . 

13 32,06 ClpKa . 
38 55,84 3a.A130 . 
56 63,57 M1Ab 

OJ\HBO 95 207,21 
cpi6AO 100 107,88 
301\0TO 140 197,20 

- 13 Ha.BeAeHHK 3HalleHb aTOMOBOl BarH KiADKOX 6iAh
me 3HaHHX xeMillHHX eAeMeHTIB BHAffO, HK Aa.J\eKo 6yB 
4aADTOH BiA rrpaBHADHoro BH3HalleHHH Ix. He 3Ba
.iKaIOllH Ha :J,!e, iioro TeopiH aTOMillHOI 6yAOBH MaTepii: 

• • u • 

nocAy)KHAa Il!ABaAHHOIO AAH AaADIIIHX CTYAIH xeMI11-
HOI Ha)'KH, :r,go yaiHlla.i\HCb He3a6apoM BeJ\HKHMH 
ycrrixa.MH. ToMY lioro no 3acAy3i BBa)Ka€TLCH ocHoBo
noAo)KHHKOM MOAepH1>oro aToMi3Mf. Teopi10 4a.An-

•• u • 

TOHa BrrepIIIe CHCTeMaTHllHO BHJ\.O)KHB y CBOIH KHH)KQl 
lioro rrpHHTCJ\b T. ToMCOH (1807), a noTiM i caM 
4aADTOH po3ropH)'B Ii'. B CBOHOMY TBopi ,,New Sys
tem of Chemical Philosophie", :r,go rroHBHBCH B cBiT 
y 1808-1827 p.p. 

HK 6a11HM0, 4aADTOHOBi aTOMOBi BarH BH3Ha11eHi 
Bci QiAHMH llHCAaMH. ByAo :ye He TiADKH HacAiAKOM 

• 
HeAOCKOHaAOCTH npHAa/VB, aAe roAOBHO TOMY, :r,go 
1111cAa npocTo 3aoKpyrJ\IOBaAOCH. B KOJKHOMY pa3i 110-
AaHi 4aALTOHOM 3HalleHHH aTOMOBHX Bar )'Ba*aAocH 
3a npaBHALHi, ii ue AaAO niAcTaBY aHrAilicLKOM)' Blle
HOMY AiKapeBi IIpayToBi (1785-1850) BHcrynHTH 
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30 CB06IO rinoTe30IO (1815), ariAHo 3 HKOIO BOAeHL Ma.B 
6yTH ,,npaMaTepiero", J!!O 3 He! CK.i\a,ZJ;aIOTLCH BCi iHIIIi 
xeMiqHo-npocTi TiAa. UH rirroTeaa 3Halill1Aa 6yAa tIH
Ma.i\O npHXHALHHKiB i rapj{qHX o6opoHgiB, y TOMY Ta
KO)K 11 o6cTOIOBa.B i BHI!!e3ra,ZJ;aHHH ,4aALTOHIB npHH
Te.i\L ToMcoH. 0AHaqe AY)Ke cKerrT11qHo nocTaBHBCB 
AO He! TO;ti.IIIHili BH3HaqHIDi yqeHliH xeMiK IIIBeA Ee p
Q eAi y c (1779-1848). BiHHa,ZJ;3BHtJaliHo cTapaHHOBH-. . . . 
aHaqHB aTOMOBI BarH aHaHHX TOAI xeMiqH11x eAeMeHTIB 
Ta 6e3CYMHIBHO crnepAHB, J!!O 6iAhIIIiCTL ix BH3Ha
qa6ThCH q11c.i\a.MH a Apo6oM. THM caMHM, OT.iKe, 6yAo 
crnepA.iKeHo, J!!O BOAeHL He MO)Ke 6yrH ,,npaMaTe-. 
piero" Bcix iHIIIHx eAeMeHTiB, 6o)K aTOM BOAHID, Bara 
HKoro a 1, Ma.B 6H B TaKoMy paai BXOAlfTH AO CKAMY 
iHmoro aTOMY xi6a TiA.LKH CB0€10 qacTHHOIO, a ue 
cynepeqHAO ca.Mitt aaca.Ai aToMiqHo1 Teopil. OAHaqe 
i.Aex Ilpayra J!!e npOAOB)KYBaAa )KHTH a.iK IIOKH ll He 
a6HAH CBOIMH npaWIMH MapiHxK (1817-1897) Ta 
:Haro cyqacHHK CTac (1813-1891), npH qoMY ueti 

• u •• • 

OCTaHHIH CBOIMH npaQHMH B IDICTAeCHTHX poKax 
XIX. CT. AOCHr He3BHqa:0:Ho1 TOqHoCTH y BH3Haqeaai 
aTOMOBHX Bar. TaK 6yAa noxoBaHa IIpayroBa rirroTeaa 
BiAHOCHO BOAHIO, HK TOI OCHOBHOI MaTepii:, 3 HKOI . . . . . 
CK.i\a,ZJ;alOTLCH BC! lHIIll xeMiqHl e.i\eMeHTH, a THM caMHM 
i uiAHti Ma TepiHALHMH cBiT. AAe BO Ha, no;ti.6ao AO 

CTapoAaBHhOl aToMiqHQI rirroTe3H rrpo 6yAOBY Ma
Tepii, TaKO.iK BOCKpeCAa arOAOM y Bi,ZJ;HOB.i\eHOM)' BH
rNl.lti. Ilpo ue MOBa 6y Ae AaM. 

Ha QLOMY Micui 3a.BBa)KHMo, J!!O AOBr:eti qac He 
icayBaAo HKoroch o,ZJ;Horo cnoco6y oaaaqeHHH xeMiq
HMX eAeMeHTIB. 3a qaciB aAXeMi1 ix oaHaqaAM cHMBo
AiqHo o6paaaMH piaHHX rrpe,ZJ;MeTiB. IloTiM 6yAH ue 
piaHi rpacpiqai cpityp:e. AA.e BCe Qe 6y .i\O HaATO Heaa
AOBOJ\LHHIOlle, TaK :r.yo Tpe6a 6yAo aaBeCTH CHCTeM}' 
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6iALIII payioHaAI>HY. 0,lVKe .BepueAiyc. aanponoH)'BaB 
(1814) oaHaqaTH xeMiqHi eAeMeHTH neplllHMH AiTe-

•• • u • u • 

pa.MM Ha3BH lX y AaTHHCbKIH, arA. rpe:UbKIH, MOB! 
3 THM, J!!O ye 03:tfaqeHHH Tpe6a 6yAo poayWTH ~ 
CHMBOA, J!!O B HhOMY xapaKTepH3YIOTbCH BAaCTHBOCTl 

• u 

AOTHqHoro eAeMeHry, B TOMY TaKO)K I Horo aTOMOBa 
Bara. MoAeKyAa xeMilIHO-CKAa.AHOro TiAa oaHaqa€TbCH 
CHMBOAaMH THX eJ\.eMeHTIB, J!!O BXOAJITb AO ll CKAa4y, . . 
a IHAeKc KOAO CHMBOAY oaHaqae qHcAo aToMIB AOTHq-
Horo eAeMeHTY B AaHili MOAeKyAi. XeMiqHi peaK:yii . . . 
oaHaqaJOTLCH s14noBIAlfHMH p1BHHHHHMH, J!!O AaIOTL 
o6paa B3a€MOBiAHOIIIeHHH Mi)K peary10qlfMH CKAaAHH
KaMH. :ijH c11cTeMa B)KHBa€ThCH ii Tenep. 

II. 

MOJ\EKY J\11 I IX CKAA4. PEJ\RTMBHA BAf A 
MOJ\EKYJ\ I ATOMIB. CTPYKTYPHI <l>OPMM 

MOJ\EKYA . 

.4AH BH3HaqeHHH peAHTHBHOl aTOMOBOl BarH 
Tpe6a HacaMnepe4 3HaTH nponopyitiHe BiAHoIIIeHHH . . . 
CKAMHHKIB HKOrOCh xeMiqHO-CKAaAHOro TIAa, a no-
TIM Tpe6a 3HaT:u q11cAo aToMiB KO)l(Horo eAeMeHTy, J!!O 
cKAaAaIOTL MOAeKy A y Toro TiAa. RKIJJO aHa.Aiaoro no-. . 
pIBHIOIOqH AerKO MO)l{Ha CTBepAHTH rrponopy110 CKJ\aA-
riHKIB, TO He AaCTLCH 6earrocepe4HLOIO aHaAf30IO . . . . 
CTBepAHTH KIAl>KlCTb aTOMlB ITOOAHHOKHX xeMiqHHX 
eAeMeHTiB y MOAeKyAi. A ye e BAacHe piIIIaADHHM rrpH 
BH3HaqeHHi aToMoBoi BarH. RKJ!!O, aarrp., BaroBe BiA
HOIIIeHHH Mi)K CKAMHHKaMH BOAH KHCHeM i BOAlfeM € 

8 : I, a rrpn TOMY MOAeKyAa BOAH CKJ\a4aeTLCH a I aTo-
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Ma KHCHIO Ii 1 aToMa BOAHIO, HK TO A)'Ma.B AaAD
TOH, TO B TaKOMY paai aTOMOBa Bara KHCHIO € 8 ( aa 
HeTOqJIHM BH3HaqeHHHM 4aADTOHa 7). AAe *' KOAH 
rrplffi}'CTHTH, IJ!O ¥OAeKyAa BOAH CKAa4a€ToCH 3 2 BOA
HeBHX aToMiB i I KHCHeBoro a6o HaBrraKH 3 I BOA
HeBoro H 2 KHCHeBHX, TO.zt]. B rrepIIIOMY BHIIaAKY 
aTOM. Bara KHCHIO MaAa 6 6YTH 16, a B ApyroMY BH
rra;µcy BCLoro TiALKH 4. TaKa caMa rrpo6AeMa BH
Hm<ae i B 6araTLOX IBlllllX BHIIaAJ(ax. 3HaIOqlf aToMoBi . . . . 
BarH xoq KIALKOX rOAOBHlIIIHX xeMiqHHX eAeMeHTIB, 

v • 
MO)l{Ha B)Ke '· BH3HallHTH H aTOMOBl BarH AaADIIIHX, . . . . 
AOCAfA)KyroqH CKAaA pl3HHX xeMiqHO-CKAa,zJ;HHX TIA Ta 

• • u • • 

cKAa4aroq11 WAY HH3KY rrporropQIHHHX BIAHOilleHL MJ.)K 
• • • u 

3A)7KaMH eAeMeHTIB 13 BJ.AOMOIO aTOM. BaroIO H THMH, 
HKHX aTOM. Bary Tpe6a BH3HaqHTH. AAe apeIIITOIO 
Bee rrpHXOAHTL rr:nTaHHH rrpo cKAaA MOAeKyAH. He 

. . . 
MOJK.eMO MH ayrrHHHTHCH HaA AOKAaAffllllHM BHCBIT-. 
J\.eHHHM pl3HHX MeTOA, HKHMH KOpHCTY€TLCH HaYKa 
AAH poaB' H3aHHH QLOro IIHTaHHH, a AHIIIe CKaJK.eMo, 
J!!O TYT Ha rroMiq xeMi! rrpHXOAHTh iHIIIi cyciAHi 
Ha)'KH. H:uJK.11e B iopoTKHX cAoBax npHra.AaeM AeHKi 

u • u • • 

TBepA)l{eHHH H BHBOAH THX HafK, J!!O B 3Ha11HIH Mipl 
yAerlllHAH xeMiKaM po3B'H3aHHH uiei: CKAaAffOl rrpo-
6AeMH. 

ij!e B 1662 po:gi ara4yaaHHH BJK.e BHIJ!e aHrMHCLKHM 
~ocAfAHHK BoliAL i HeaaAe)KHO BiA HLoro rr'HTHaA
UHTL poKi.B niaHiIIIe <J>paH:gyaLKHH <J>iaHK E. MapioTT 
( 1620-1684) cTBepAHAH, !!!O, np:u a6iALIIIeHHi THCKY, 
oocxr raaiB aa HeaMiHHol TeIIMeparyp11 3MeHlllYeTLcx 
H rrpH TOM)7 3MeHilleHHH oocxry CTOITL y 3BOpOTHiH 
rrporrop]JiHHOCTi AO 30BHiimILoro THCKy. Qe e BiAOMHH 
y <J>ia:uyi 3aKOH, 1!!0 lioro MaTeMaTHllHO cpopM)'AYIOTL 
TaK: 

V:V0 =P0 :P a6o VP=V0 P0 
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Ae P i P 0 e piaHi THCKH, a V i V0 Bi.lJ;rroBiAHi AO HHX 
o6cHrH raay. 

IliaHime ( 1810) cppaHy:yahKHH AOCAfAaHK ! e H
Aro cc a K· (1778-1850) cTBepAHB, r.go aa aeaMllmoro 
THCKY o6cHr raay a6iAhmyeT1>CH rrpocTo rrporropuiuao 

• 
AO IIJ.ABHIJ!eHHH TeMrrepaTypH, rrpH qoMY KO)KHOMY 
ni.ABHIJJeHHIO TeMrreparypH Ha I ° C Bi.ArroBi,ZJ;ae a6iAl>
meHHH o6cfil'Y raay Ha 2 ~ 3 AOTerrepilllH1>oro o6cfil'Y. 
Qe e KoecpiI,!ieHT poamHpeHHH, IJ!O iioro oaaaqaroT1> a. 
Ko.i\H oaHaqHTH noqaTKOBHH o6cxr raay V0 , a6i1\1>
meHHii v i TeMrreparypy t, TO Ma€MO: 

V = V0 (I + at) a6o 
v 

Vo=(I+at) 

HKIJ!O T oaHaqHTH a6coAIOTHY TeMIIepaTypy, qHCNJllH 
fi Bi,ZJ; a6coAIOTHOro 0°, T06To BiA -273° c, TO 
T = 273 + t. Ia o6ox rrorrepeAHix aaKoHiB BHBOAHTI> 

• u u 

TO,lU. aaraAbHHH ra30BHH aaKOH : 

V P v. T VoPo . = o Po . 273 a6o, KO.i\H 273 oaaaqHTH R, 

VP=RT 

Ae Re KOHCTaHTa, mcoi aHaqeHHH e 82,06 K6. UM. 
3aKOH y:eif HeMO)KHa BBa)KaTH aa a6COAIOTHHH, aJ\.e 
BiH y KO)KHOMY paai A06pe Bi.ArroBi.Aae HBHJ,gaM a6iAl>
meHHH qff 3MeHIIIeHHH o6cmy raay B 3aJ\e)KHOCri BiA 

• u u • 
3MlHH THCKY 11 TeMIIepaTypH B Me.JKax rrpHHHaMin AO 
10 aTMoccpep THcKy. AaAbmi cryAii rrpHBeAH !eH:
AroccaKa AO aacrynHHX BHCHOBKIB: 

I. Ko.i\H cpiaHqHi TiAa peatyroT1> MDK co6oro, 
YTBOproroqH IIINIXOM 3AYKH iHme TiAo, TO KiAl>Kocri 
peatyroqHx TiA y raaoBOMY cTaHi aa OAffaKOBHX yMoB 
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THCKY ii TeMneparypH MaIOTL o6cHrn a6o piBHi a6o 
Ta:Ki, :r.yo 3HaxO.zµrrLCH Mi)I( co6oro B npOCTHX BiA
HOllICHWIX, T06To :gi o6cHrH BiAHOCHTl>CH Mi)!{ co6oro 
HK · 1 : 1, I : 2' 1 : 3' 2 : 3 i T. A· 

2. 06cHr TiAa, :r.yo noBCTae HacAfAKoM 3AfKH, 
3HaXO.ZJ;HTLCH y npocTOM}' BiAHOllICHHi AO o6cmiB 
peatyrollHX TiA aa OAffaKOBHX fMOB TeMneparypHHX 
i THCKy, 0.ZJ;)l(C :ge BiAHOllleHHH MO)l(C 6}'TH, Hanp., 
2 : 1 : 1, 2 : 1 : 2, 2 : I : 3 i T. A· 

AHa.Aiayrot1H w aaKOHH, iTa.AiiicLKHM cJ>iaHK AB o
l' a.ZJ; po (1776-1856) npHHllIOB AO BHCHOBKy, :r.yo ue 
HBH:r.ye Tpe6a IlOHCHHTH TMM, :r.yo aa OAff aKOBHX }'MOB 
TeMneparypH ii THcKy B O.ZJ;HaKOBHX o6cHrax raai.B 
3HaxO.zµITLCH OAffaKOBa KiALKiCTL MOAeKyA. y CBOSMY 
TBopi, :r.yo ITOHBHBCH B 1811 po@, BiH OT)l(C ITHCaB, :r.yo . . 
,,UIAa MOAeKyAa BO.zµI CKAaAaeTLCH Ol.JCBlfAHO 3 lliB-

MOAeKyAH KHCHIO li :giAoi'. MOAeKyAH BOAHIO''. ABo
ta.ZJ;poBa rinoTeaa aHa:tillIAa 6y Aa niATPHMKY a 6oKy 
cJ>paHQY3LKoro cJ>iaHKa AMnepa (1775-1836), a . . 
OCTaTOl.JHO UH A}'MKa aaKplIIHAaCH B Hay:g1 3aBAJIKH 
npa:gHM TaKO* cJ>paHuya1>Koro BlleHoro JK e pap a 
(1816-1856). 4a.ALmi .ZJ;OCAi.ZJ;H IlOKa3aAM, :r.yo B rrpH
po.zti nepearuKaroqa 6iALmicTL xeMil!HHX eAeMeHriB . . 
CKAa.ZJ;aaTLCH He 3 OKpeMHX aTOMIB, a 3 MOAeKyA, HKl 
CKAa.ZJ;aIOTLCH 3.ZJ;BOX1lll HaBiTh 3HallHO 6iADllIOro llHCAa 
aToMiB. BepyqH Bee ue niA yaary, MO)KeMo cKa3aTH, 
:r.yo npH yraopewri COAHHOI KHCAOTH 3 BOAHIO (H) 
ii XAopy (Cl) KO)l{Ha MOAeKyAa o6ox JJHX xeMil.JHHX 
eAeMemiB (H2) i (Cl2) poa:r.yellAIOeTLCH~Ha ABa aToMH, 
HKi noTiM MDI< co6oro aAyqaroTLCH li }'TBOproroTL MOAe
KYAY coAJ1Hoi KHCAOTH ( HCl). TaKca.Mo rrpH yraopeaHi 
BOAH ( H 20) po3:r.yellAIOaT1>cx MOA~KyAa KHCHIO ( 0 2) 

Ha ABa aToMH, a HKHX KO)l(eH 3A)'llaeTLCH a ABOMa 
• u 

aTOMaMH BOAHIO, a npH yTBopeHHl 3 BOAHIO H a30TY 
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(NJ 3.i\)'KH, IJ!O Ha3Ima€TnCH aMOHHKOM ( NH3J, KO)l{Ha 
MO.i\eKyAa BOAHIO ( H 2J li a3ory ( N 2J po3IJ!eil.i\10€TLCH 

• 
Ha ABa aTOMM, a IIOTIM OAHH aTOM a3ory 3.i\yqa€TLCH 
3 TpnOMa aTOMaMH BOAHIO. Ilp:u yrnopeHHi CONIHOI 
KHC.i\OTH ABa OAHaKOBi o6cHrH BOAff eBoro H X.i\Op6-
BOro ra3y AaIOTb ABa o6cHrn: CO.i\HHOi KHC.i\OTH. Jix 
MM B)Ke 3raAYBa.i\H BHIJ!e, 3 ABOX o6cHriB BOAHIO M OA
HOro o6cmy KHCHIO yrnop€IOTbCH ABa o6cHrH BO.D;H. 
0AHH o6cxr a3ory i TPH o6cHrH BOAHI<> AaIOTn ABa 
o6cHrH aMOHHKy. fpa<J>iqHo :ge MO)l{Ha rrpeACTaBHTH 
TaK: 

I n . H2 I + I n . Cl2 f = I n . HCl I n . HCl J 

In. 02 f +I n.H2f n.H2 f =I n.H20f n.H20 I 

I n. H2 f n. H2 f n. H2 f + I n. N2 f = I n. NHa f n. NH3 ) 

<l>i3HqHi TiAa, IJ!O no CBO€M)' CK.i\MY € xeMiqHo
rrpOCTHMH, aAe KO.i\H ix MOJ\eKyAH CK.i\MaIOTbCH 3 pi3-. . . 
HOro qffc.i\a aTOMIB, BHcryrraIOTh HK aJ\OTporr1qH1 
Ti .i\ a, HK Harrp.' 3BHqaHHHM KHCCHb ( 0 2J Ta 030H ( 0 3J' 
a6o Byri.i\b, rpa<f>iT i AiHMaHT, mci e TIJ\nKH pi3HHMH 
BiAMiHKaMH Toro caMoro xeMiqHoro e.i\eMeHry (CJ. 
ATOMH ACHKHX eAeMeHTiB He aAyqaroT»CH AOrrapH 
i He TBOpHTn ABO- qH 6iAbmeaTOMOBHX MO.i\eKy.i\. 4o 
TaKHX Ha.i\e)l(aTn, Harrp.' MeTa.i\H (HK 30.7\0TO, cpi6Ao 
li iH.) Ta T. 3B. iHepTHi ra3H (reAiii, HeoH, aptoH, 
KpHIITOH, KceHoH). B :g»OMY pa3i B IIeBHOM)' o6cH3i 
3HaXOAJITbCH CTi.i\LKH aTOMiB TaKHX e.i\eMeHTIB, cKiAl>KH 
MO.i\eKy .i\ iHmoro ra3y 6y Ae B TaKoMy caMOMY o6CH3i 
3a OAHaKOBHX YMOB TeMrreparypH ii THcKy. <l>i3HKo~ 
xeMiqHa Hayi<a 3Hae crroco6H BH3HaqeHHH qHcJ\a 
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aTOMIB y MOAeKyAi. KiJ\LKiCTb rpaMiB HKOrOCb cpiaWI
HOro riAa, i.go e piBHoro iioro MOJ\.eKy JUipHiM: Baai, 
HOCHTb Ha3BY MOJ\.eKyAHpHoi KiJ\.hKOCTH a6o· . . .., 
rpaM-MOAeKyAn; KIJ\.bKlCTb :uoro B rpaMax, i.go 
BiAIIOBiAae M:oro· aTOMOBiM: Baai, Ha3HBa€TbCH rpaM
a TOMOM. y CTaHi raay np:u 0° c M HOpMaALHOMY 
THCKY (760 :MM. PTYTHOro CTOBII1IHKa) MOJ\.eKyJUipHa 
KiMKiCTb (arJ\.. aTOMOBa) <f>i3HllHMX TiA aaM:Ma€ o6c»r 
22,4 AiTpM. qHC.7\0, i.go IIOKaaye, HacKiAhKH AaHHM 
o6cHr OAHOrO TiJ\.a Ba)l(lJHM aa TaKHM caMMM o6cHr 
Apyroro, e M:oyo cneyn<f>i tJHOIO Baroro. OA*e, ye . 
lJHCJ\.O IIOKaaye TaKO)I(, HaCKIAbKH MOAeKy J\.a rrepmoro 
Ba)l(lla aa MOJ\.eKyAy Apyroro. RK:i.go BH3HalleHY BiA
HOCHO BOAHIO cne:gn<f>illH)' Bary m<OrOCb raay 03Ha
lllfMO D, M:oro MOJ\.eKyJUipHy Bary M i MOAeKYJUIPHY 
Bary BOAHIO MH, TO MO)l(eMo HanncaTH TaKe pmHHH
HH: M = M H D. A TOMY, i.go MOAeKy Aa BOAHIO 
Ba)l(HTh 2 BOAHeBHX OAHHMW TO ye aHa'tJMTh, i.go 

• MOJ\.eKyJUipHy Bary KO)l(HOro TIAa B :gHX OAHHHJJHX 
3HaXOAHMO Ha OCHOai <f>OPMYAH: 

M=2D. 

ABTopoM yiel <f>OPMYAH e iTaAiM:cI>KMH BtieHMM KaH
aiyJJa po (1826-1910), i.go B 1860 poyi Ha a'iaAi 
xeMiKiB y HiMellllMHi AOKaaaB rrpaBo npiopHTery cBoro 
aeMNIKa ABoraApo i.go.zto Bropi araAaHoi rirr0Tea11, m<y 
BiATOAi BBruKa€TbCH aa A)'MKy, 3riAHY 3 o6'eeKTHBHOIO 
rrpaBAOIO. 

IIoBHW -MipK)'BaHHH BiAHOCHTLCH AO <f>iaMtIHHX TiA 
y raaoBOMY cTaHi. OAJialle e TaKi TiAa, i.go ix TPYAHO 
rrepeBeCTH B cTaH raay. B TaKOMY paai ix AOCAiA
*Y€ThCH B cTaHi poallnHy. PoallHHM 6yaa10T1> TaKi, 
J!!O rrepeBOAHTL eAeKTpH1IHicTL, i TaKi, IJJO IT ae 

38 



nepeBOAH'fL. TiAa, IJ!O ix poatIHH eAeKTpHtIHicTL 
nepeBOAHTL (Hanp., KyxOHHa ciAL lIH COAa), € eJ\eK
TpoAi TH, a iHmi - HeeAeKTpoAiTH (Hanp., JJ}'KOp 
tIH aJ\.LKoroJ\.L). KoHJJeHTpa:giaro poa11HHY Haa1maeM 
KiMKiCTI> AOTHlIHOrO TiAa, p031IHHeHoro B AaHOMY o6-
CH3i poatiHHHHKa. JIKJ!!O B AaHOMY o6cHsi p03lIHHHHKa . . . 
aa OAHaKOBHX YMOB poalIHHH€TLCH BaroBa KIALKICTL T1J\ 

nponop:giliHO AO ix MOJ\.eKyNipHoi BarH, TO :ge 6yAYTL . . 
p031IHHH eKBIMOJ\.eKyAHpHI, a p03lIHHOM MOJ\.e-
K y AH pH HM e TaKHli, KOJ\.H B 1 AiTpi poa11HHeHo KiJ\.L-. . . . 
KICTL rpaMIB Hl(OrocL TIJ\a, pmffY TOMY 1IHCJ\. y, Hl(e 
oaHa11ae lioro MOAeKyAHpHy Bary, T06To rpaM-MOJ\.e
KyAa. 

ll!e cniBpo6iTHHK araAYBaHoro BHJ!!e KeBeHAHIUa 
EAetAeH (1748-1820) 3aBBa)KHB, IJ!O poa11HHH Baa
raAi aaMepaaIOTL npH TeMneparypi HH)KlliH, Hi)K lIHCTa 
BOAa. CAaBHoaBicHHli aHr AiiicLKirli ~iamc <I> a pa A e ii 
(1791-1867), a aa HHM TaKO)K i iHmi, CilOCTepir, I.YO 

• . • u 

npy)l{HlcTh napH poatIHHlB coAeH e MeHTIIa sa npy)K-
HicTL napH BOAR, T06To p031IHH KHIIIITL npH TeMne
parypi BHJ!!iH, Hi)K BOAa. <I>paHJJY31>KHH xeMiK pay J\.L 
(1830-1901) nepeBiB 6araTO AOCAi.~iB Ta CTBep.ztHB 
( 1884)' . JMO cryrriHL 3HH)KeHHH TOllKH 3a.MepaaHHH 
ii 3BHllleHHH T011KH KHrriHHH, J!!O ix anpHtIHHIOIOTL . . . . 
p1aH1 poanymeH1 B TOMY caMOMY poa1111:HHHKy TIJ\a, 
e nonepme npocTo nponop:giiiHHM AO KOHJJeHTpauii 
AOTHlIHOro riAa, a IlOApyre npOCTO nponop:giiiHHii AO 
MOAeKyAHpHoi Barn piaHHX TiA. Qe aHa1111:n, IJ!O . . . . 
eKBIMOJ\.eKyAHpHI p031IHHH Bm<aayroTL OAHaKOBI cry-
neHi 3HH)KeHHH T011KH aaMepaaHHH (3rJ\.HAHO niA
BHIJ!eHHH TO'tlKH KmilHHH) i HaBnaKH, KOJ\.H CTBep
A*Y€ThCH OAHaKOBi CTYfieHi 3HH)KeHHH ( 3rJ\.. niA
BHJ!!eHHH), TO THM caMHM CTBePA*Y€Tl>CH eKBiMOJ\.e
KYMpHicTL" poa11mriB. TaKHM 't!HHOM, rropiBHIOIOlIH 
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. . 
3HIUKeHHH 11H IllAIUIJ!!eHHH poaqHH)' TIAa HanepeA . . . 

BIAOMOrO MOJ\eKyNipHoro CKJ\aAY 31 3HH)KeHHHM i 11H . . -
mABm;geHHHM poaqHHY TIJ\a, HKOro MOJ\eKyAHPHY Bary 
6a)Ka.H0 3HaHTH, MO)l(Ha BeAHllHHY yiel Barn CTBep
AlfTH. 

3 Apyroro 6oKy nepeBOAlfAOCH ~ BHBqeHHH T. 3B. 
OCMOTH'tlHOro THCKy, J!!O iioro Bi,zucpHB (1748) 
cppaHU)731>KHH AOCiUAHHK HoJ\J\e.*) AociUA)KeHHH 
ocMOTH'tlHoro THCKY AOKJ\aAHO nepeBOAHB TaICO)K 
if HiMew>KIIB BiAoMHii 6oTaHiK II <I> e cf> cf> e p, mcHli aa-. - -MICTI> AOTenep y)KHBaHOl nepeTHHKH TBapHHHOl CTaB 

• u 

rrpHMIHIOBaTH BHHaHAeH)' HHM IIIT)'11H)' nepeTHHKY 
(ia 3aAiao-]JiHHOBOl :Mi,zti). y BHcAi,zti CBOIX cry Aiii BiH 
CTBepAHB (1887), ij!O OCMOTH'tlmlli THCK apocTa€ 
rrpocTo nporropyiiiHo AO KOHUeHTpayii poa'tlHHIB. CAi
AOM aa THM CAaBHHH rONIHACI>KHH cpiaHKo-xeMiK 
BaH' T-f ocp<f> (1852-1911), HaB'H3YJ011H Ha AOCAfAH 
cBoro aeMAHKa Te)K CAaBHoro 6oTamKa A e - Bpi ca, 
apo6HB ( 1885) Ay)Ke Ba}KAHBe BiAKpWITx, a caMe TaKe, 
:r;go p0311HHH CAa6oi KOHUeHTpayii BHHBJUllOTI> IIOBH)' 
aHaAoriro a raaaMH Ta rri.ztNrraroTI> aaKoHaM EoiiAH
Mapiorra H reii-AroccaKa. BcTaHOBAeHIDi BaH'T
focpcpoM aaKOH rOBOpHTh, i.go poalllffieHi xeMi11Hi 3AYKH 
y cpop:Mi OCMOTH'tlHOro THCKY BHHBJ\HIOTh TaKHii CaMHH 

THCK, malli BOHH BHHBHJ\H 6 y _. ra30BOM)' CTaHi rrpH 
CTHCHeHHi IX -aa TaKOI caMOI TeMrreparypH AO o6cmy 
piBHoro o6cm-oBi poa11imy. 

*) RBHJ!!e ocMoay no.Mrae B TOMY, i;go qepea neBay nepeTHHKY 
M0'1<e npocoqysa.THCL so,zta, a.Ae He npoxo.ztHTL qepea TaK}' nepe
THHKY poaqHHeHe ruo (Hanp., m'KOp). ToMY, KOJ\H MaeMO .ztBi 
nocy,zunm, poa,ztV.eHi Ta.ICOIO nepeTHHKoro, n.pH qoMY B o.zurii;i 
ia HHX 6y .zte so.zi;a, a B ,ztpyrllt poaqim Toro TIAa., TO so,zta 6y .a;e 
npocoqyBaTHcL ~ .zi;o .... nocy .ztmm.,.. a poaqimoM, .zi;e 6y ,zte apocram 
THCK, mam ,ztaCTLCJI aMipJITH MaHOMeTpOM. 
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OcHOBYJOlIHCI> Ha BHJ!!e3ra.AaHHX AOCAiAax, Hi

MeQI>KHii Bl!eHHii BeKMaH (1853-1923), BHrrpa:gro

Ba.B KpiocKorrilIHY H eM6yAiocKorritJHY MeTOAH 

BH3HalieHHH MOAeKyNlpHoi Barn xeMicmHX 3Ayt<. 4NI 
lJl>oro CA y)KHTI> TaKa · 3a ra.AI>Ha cpo PMY Aa : 

M=K· g.100· 
e.G 

Ae M 03HatJae MOAeKyA»pHy Bary, K - MOAeKyAHpHe 

niABHJ!!eHHH (lIH rrOHH)KeHHH) AOTHtJHoro po3lIIDIHm<:a, 

g - B3HT}' Bary .zi;ocAiA)KYBaHoro TiAa, G - Bary 

AaHoro o6cmy po3tJHHHHKa Ta· e - pi3HHWo TeMne

pa ryp KHrriHHH (lIH 3aMep3aHHH) caMoro p03lJHHHHKa 

ii AaHoro poalIHffY. BeAHlIHHY K aHaXOAHTl>CH eMni

PMlIHO MH KO)KHoro oKpeMoro po3tJMHHHKa. Ilpn TOM)7 
• 

3aBBa)KHMO, J.ijO Ul MeTOAH BH3HalJeHHH MOAeKyAHp-.. . " . . 
HOI narH CTaAH y BeAHKIH rrpMrOAl rrpM AOCJ\lAaX 

y AiAHmxi opraHilIHOi xeMi1, J!!O AO He! Bi.zi;HOCMTl>CH 
. . . . 

BeJ\.lllJe3Ha KIA1>KICT1> 3Ayt( xeMI11Horo eAeMeJITY ayrAIO 
(CJ, 60 Qi 3AYKH € HeeAeKTpoAiTH. IJJo)l{AO eAeKTpo-. . . . . 
AITIB, TO BOHM BHKa3YJOTI> 3Hal!Hl BlAXH.i\eHHH BIA Hop-. . . .. 
M3J\l HaCAIAKOM HBHJI!a eAeKTpOAlTHlJHOl AH-
co:giHQii. Ilpo :ge MOBa 6y.zi;e y Hae AaAi, a Tenep 

• • • 
TIJ\l>KH 3aBBa)KHMO, J!!O :g1 Bt.zi;XH.i\eHHH IIOHCHIOIOTbCH 

THM, 1!!0 B p03lJHHax, Harrp. COJ\eH, Ix CK.i\aAffHKH 

p03.i\ yqaIOThCH ( AHCOQiIOIOTh)' HaCAf.zi;KOM lJOro B Aa

HOMY o6CH3i MO)Ke IIOHBHTHCI> HaBiTL ABa paaH 6iAl>

me lJHCAO OKpeMHX lJaCTOlJOK, md a6iA1>myroTL TIICK 
• • 
1 THM caMHM BIIJ\HBaIOTL Ha IIlABHJMeHHH TOlJKH 

• 
KHIIIHHH lJH IIOHH)KeHHH TOlJKH 3aMep3aHHH. 

3yrmHHMocx TYT J!!e KopoTKo HaA OAHHM noMitJ

HHM cnoco6oM BH3HalJeHHH aTOMOBOI BarH xeMillHHX 

3A)'K, md e B cTaHi TBep.n;oM)'. O.zi;*e, B 1819 pogi .n;Ba 
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cppaHyyaLKi AocAiAHHKH Aro A OH r (1785-1838) i II Ti 
(1791-1820), AOCA.i.lPKYIOqll cneyHcpiqHe TeITAO .ZJ;e-

• • 
HKHX eA.eMeHTIB, 30KpeMa MCTaAl.B, crnepAHAH, 1£0 ye 
TCill\O CTOITL y 3BOpOTHiH nponopuii AO aTOMOBOI 
Barn, TaK 1!!0 3406yTOK ia lJHCeA, mci 03HaqaroTL 
aTOMOBY Bary AOTHqHoro eA.eMeHry i :Horo crre11HcpiqHe 
TCilAO, a 04HaKOBe qHCAO. Qe a T. 3B. aTOMOBe 
TerrAo. KoAH oaHaqHTH aToMoBy Bary A, crreyHcpiqHe 
TenAo Q, To A x Q, = K, npH qoMY ue K a 6,4. 
TaKHM 1IHHOM aToMoBa Bara aHaxo4HTLCH a cpopMfAH: 

A - 6,4 
- Q 

AoKAaAHirni AOCAiAH noKaaaAM, 1£0 ue rrpaBHAO 
AroAOHl'a i IlTi He oxorr~e Bcix HBMIJJ :g1>oro rrop»AKY 
Ta Ma€ lJHMaAO BMIMKiB. 0AH.a1Je HaaaraJ\ BOHO MO)Ke 
CA y)KHTH, i AiiicHo rrocA y)KMAo,.. .ZJ;o6p11M noMilIHHM 
aaco6oM AO BCTaHOBJ\CHHH aTOMOBOI BarH eA.eMeHTIB, 
AaIO'tlH AOCAiAHHKOBi 604aii opi€HTayiliHoro xapaK
Tepy BKa3IBKH l!!OAO BeAMlJMHM .n;ocAiA)K)'BaHoi aTO
MOBOI aarn. IJ!e B 1831 poui HiMeyLKHii cpiaHK H o:H
M a H BHCAOBHB TaKe rrpaBHi\O: 3A06fTOK ia crreu11cpit1-
HOro TCill\a Ta MOAeKyAHpHOI BarH, y no.ll;i6HMX Mi)K 
co6oro l!!OAO xeMilIHOro CKJ\a4y TiA, a BeAHqHHa rrpH-
6AH)KH0 04HaK0Ba. IloTiM (1844) aHrAieW> A)KayAL 
crnepAHB, l!!O MOAeKy AHpHe TerrAo rreBHHX 31\ yK e npH-
6AH)KHO piBHe c)'Mi aTOMOBoro TerrAa ix CKAa,ll;HHIDB. 
3peIIITOIO HiMeyLKHH cpiaHK Ko rr n crrpeyHa)'BaB ( 1865) . 
ue TaK: KO)KeH eAeMeHT 3a4ep)Ky€ y 3AYUI Te caMe 
aTOMOBe TeilAo, HKe BiH Ma€ y BULHOMY cTaHi. B Ae
HKHX BHilaAJ(aX ue rrpaB~AO BMHBNl€TLCH AY)Ke TOllHO, . . . 
B IHIIIHX )Ke 3HOB CIIOCTep1raIOT.hCH YXMAKH Bl.ll; HLOro. 
RK Ha rrpHKAa.A, IMO ue rrpaBHAO MO)Ke crrpaB.zti 6YTH 
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.., . 
AY)Ke rrpHAaTHHM, BKa)KeMo Ha HOAMA Ka.~110, mcoro 
MOJ\eKyAa cKAaAa€TbCH a OAHOro aToMa HOAY (aT. B. 
126,92) H OAHOro aTOMa Ka.Afro (aT. B. 39,10), :A:oro 
crrey. TeIIAo e 0,0819, a 3Ha11HTI> lioro MOJ\eKyAHpHe 
TeIIAo e 0,0819 x (127 + 39), To6To 13,6. ATOM. 
TellJ\.o HOAY e 6,8 ii aToM. TerrJ\o Ka.Afro e 6,5, To6To 
pa3oM 13,3. O~e TeopeTH11HO 0611HcJ\eHa ii eKcrrepH
MeHTaADHO 3HaHAeHa BeAHllHHll MOJ\eK. TeIIJ\a B :J!bOMY 
BHilaAKY 30BCiM A06pe 3ro~y€TbCJI. y .ZJ;eHKmc BH-

• • • 
naAKax aTOM. TeIIJ\o BIAXHAH€TbCH BIA nepec111Horo 
3HalleHHH 6,4 aJ\e rrpH BHIJ!iH TeMrreparypi AO HbOrO 
Ha6AM)KY€TI>CH. 

3pemTOIO 3raAa6MO IJ!e O.l(llO <J>i3Hl1He HBH~e, i.yo . . .., 
TaKO)K MO)Ke CJ\Y)l(HTH opI€HTaQJ.HHO AJ\H CTBep.ZJ;)KeH-. . 
HH MOJ\eKyJ\HpHoro CKAaAy xeMI11HO-cKAa.ZJ;HOro TIJ\a 
ii BH3HalleHHH aTOMOBoi Barn neBHoro eJ\eMeHTy. Qe 
HBHIJ!e, IJJO :tioro B 1819 poyi 06' HBMB HiMeQLKHH AO
CJ\iAHMK MiT11epAix (1794-1863), HOCHTb Ha3BY i3o
Mo p<J>i3M, a IlOJ\Sira€ BOHO B TOM}', J!!O TiJ\a aHaAori11-

• HOro xeMillHOrO CKAa.ZJ;y yrnopIOIOTL KpHcTaJ\H O.l(lla-
KOBOi <J>opMH. Cno11aTKy HBHIJJe ue MiT11epAix CTBep
AHB IJJOAO <J>occf>aToBoi ( H3PO J ii apceHaToBoi 
(HaAsOJ KHCJ\OT, aJ\e IlOTiM BOH,O 6yJ\o IIOTBep~eHO 
ii Ha iHIDHX npHKAa.n;ax. TYT TaKO)K HeMo)KHa roBo
pHTH npo HKHHCL 3aKOH, 60 3 OAHOro 6oKy He BCi 
aHaJ\OrillHoro CKJ\a.ZJ;y Ti.7\a TBOpHTb O.l(llaKOBOi <J>opMH 
KpHCTaAM, a 3 Apyroro 6oKy 30BCiM pi3HOro CK.7\aAy 
TIJ\a KpHcTaJ\i3yroTLCH B OAHaKOBHX <J>opMax (me Hanp., 
KyxOHHa ciJ\b i OJ\HBO TBOpHTL KpHCTaJ\H Ky6it1HOI 
cpopMH). 3pemTOIO eJ\eMeHT (HK. cipKa) MO)l(e HBJ\HTHCL 
y pi3Hili KpHCT. cpopMi: HBHIJ!e IIOJ\iMo pcpi3My. 0.ZJ;-. . 
Haqe aHaAOrI11HOro CKAaAy TIJ\a, KOAM BOHM TBOpHTb 
O.ZJ;HaKoBoi cpopMM KpMcTaAM, MO*YT:b TBOPHTH ii Mi-. . 
IllaHI KpHCTaAM, 3acryna1011H OAHe O.D;HOro, MDK THM 

43 



Ta6AH~H xeMillHHX eAeMeHTiB 

ia aaaHalleHH.HM ix Ha3BH (aa a6eTKoro), 11epr0Boro tIHC.i\a 
B Ha rypa.i\LHiH CHCTeMi eAeMeHTIB, y)IGIBaHoro CHMBO.i\ y 

Ta aTOMOBOi BarH. 

H 83 ea 4ep. CHM- ATOMOBa H 83 ea Yep. CHM- ATOMOBa 
eneMeHTIB 'IHC. BOJJ B8ra eJJeMeHTiB 1.rnc. BOJJ ear a 

AaoT 7 N 14,008 Ho A 53 J 126,92 
AKnmW 89 Ac 227 KaAMiH 48 Cd 112,41 
AAa6aMm 85 Ab ? KaAiH 19 K 39,096 
AAroMiam 13 Al 26,97 KaALurn 20 Ca 40,08 
AHnlMoH 51 Sb 121,76 KHceHL 8 0 16,000 
ApioH 18 Ar 39,944 . Ko6aALT 27 Co 58,94 
ApceH 33 As 74,91 KpHnTOH 36 Kr 83,7 
BapiH 56 Ba 137,36 KceHoH 54 x 131,3 
Bep1uHi 4 Be 9,02 AaHTaH 57 La 138,92 
BicM)'T 83 Bi 209,00 AiTiR 3 Li 6,940 
Bop 5 B 10,82 AroTeuiil 71 Lu 175,0 
BpoM 35 Br 79,916 Marneai.H 12 Mg 24,32 
BauaAiif 23 v 50,95 Maaypiil 43 Ma ? 
BipriHiii: 87 Vg ? MaHiaH 25 Mn 54,93 . 
BoAeHL 1 H 1,008 Mi.ZJ;1> 29 Cu 63,57 
BoAL<f>paM 74 w 183,92 MoAi6AeH 42 Mo 95,95 
raq>Hiif 72 Hf 178,6 HaTpiil . 11 Na 22,997 
reAiil 2 He 4,003 HeoAHM 60 Nd 144,27 
roALMiH 67 Ho 163,5 HeoH 10 Ne 20,183 
TaAoAiHiH 64 Gd 156,9 HiKeAL 28 Ni 58,69 
Ta.Mil 31 Ga 69,72 Hio6ii1 41 Nb 92,91 
TepMaHiH 32 Ge 72,60 0AHBO 82 Ph 207,21 
,4Hcnpoam 66 Dy 162,46 OcMiH 76 Os 190,2 
Eaponiil 63 Eu 152,0 IIaAaArn 46 Pd 106,7 
Ep6iH 68 Er 167,2 I1N1THHa 78 Pt 195,23 
3aAiao 26 Fe 55,84 IloAOHiH 84 Po 210 . 
30AOTO 79 Au 197,2 IIpaaeoAHMiH 59 Pr 140,92 
l)\)\iHiii: 61 ll ';> IlpOTOa.KTHHll 91 Pa 210 . 
IHAiH 49 In 114, 76 PaAi0: 88 Ra 226,05 
lpH.ZJ;iH 77 /1 193,1 PaAOH 86 Rd 222 
1Tep6i:f.i 70 Yb 173,04 Pemli 75 Re 186,31 
ITpiii 39 r I 88,92 Po Alli 45 Rh 102,91 
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H a3 ea lfeJJ: CHM- ATOMOBa H a3 ea lfep, CHM- ATOMOBa 
eneMeHTiB \IHC, BOJJ ear a eneMeBTie \IHC, BOJJ ear a 

PT)'Tb 80 Hg 200,61 THTaH 22 Ti 47,90 
Py6i.ZJ;ili 37 Rb 85,48 Topi.H 90 Th 232,12 
.PvreHiH 44 Ru 101,7 Ty Alli 69 Tu 169,4 

~ 

CaMapi.H 62 Sm 150,43 YriAL 6 c 12,010 
CeAeH 34 Se 78,96 YpaH 92 u 238,07 
CHAiyiit 14 Si 28,06 <l>AIOop 9 F 19,000 
CipKa 16 s 32,06 <l>oc<f>op 15 p 31,02 
CKaH.ZJ;ili 21 Sc 45,10 XAop 17 Cl 35,457 
Cpi6Ao 47 Ag 107,880 XpoM 24 Cr 52,01 
CTpOHYiH 38 Sr 87,63 JJe3i.H 55 Cs 132,91 
TaAiti 81 Tl 204,39 JJepi.H 58 Ce 140,13 
TaHTaA 73 Ta 180,88 QHHa 50 Sn 118, 70 
TeAyp 52 Te 127,61 )JHHK 30 Zn 65,38 
Tep6iti 65 Tb 159,2 QHpKOWH 40 Zr 91,22 

. . . . 
HK TIAa HeaHaAOnqJIOro xeM1qHoro CKAaAy TaKHX Ml-
maHHX KpHCTa.Ai.B HiKOAH He TBOpHTL, xoq 611 H KpHc
TaM3YBaAHCb y TiH caMiti: <J>opMi. Ile Tpe6a, oqeBHAHO, . 
noHcHHTH THM, iyo BffYTPIIIIHH CTPYKTypa MOAeKyA 
Ti.A aHa.AoriqHoro xeMiqHoro cKAaAy a no;i;i6Ha ii: Ha
soBHi ue BHHBJ\H6TLCH no;i;i6HOIO )K <J>opMOIO KpHcTa.Ai.B. 
3HaqeHHH BiAKpnToro MiTqepAixoM HBHI,ga ANI BH-. .. 
aHa11eHHH MOAeKyAHpHoro CKAMY TIA Ta aTOMOBOI 
BarH eAeMeHTiB BiApaay apoa)'MiB BepueAiyc, IYO 6YB 
iHi:QiHTopoM Ha3BH QbOro :giKaBoro HBHI.ga. y CBOIX 
npauruc IIO BH3HaqeHHIO aTOMOBOl BarH pi3HHX eAe
MeHriB BiH He paa 3BepTaBCH AO iaoMop<J>ii, HK noMirn
Horo CITOCOOy, Ta HacAi.zµcoM Toro KOpety:BaB CBOI pa
Hime apooAeHi BHCHOBKH. 

y BHC;U,zti npHMiHeHHH giaHHX MeTOA cryIIHeBO BH-
3Ha11eHo 6yAo aTOMOBi BarH Bcix xeMiqJIHX eAeMeHriB 
3a BHIMKOM KiALKOX, IJ!O ix oyAO Bi;µcpHTO B OCTaH
HLOMY 11aci. AToMoBi Barn nocTmHo nepeBipmoTLCH Ta 
nonpaBKH nepiOAH11HO ny6AiKyroT:&CH. 
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y Ta6AHW xeMiq}!IDC eAeMeHTiB (CT. 44 45) M:U Ha

BeAH 3HaqeHHH aTOMOBOI Bar:u 3 TOqHiCTIO Hali6iADIIIe 

AO 0,001, aAe Tpe6a cKaaaT:u, IJ!O MOAepHi crroco6n ix 

B:U3HaqeHHH AOCHrAH TaKOl AOCKOHaAOCT:U, IJ!O ij;i 3Ha

qeHHH BH3HaqaroncH Terrep AaAeKO TQ'qHirne ( a)K AO 

0,00001). AToMoBy Bary AeHKHX HeAaBHO BiAJ<p:uT:ux 

eAeMeHTIB y Ta6AHJJi He 03HaqeHo, 60 T:UM qacoM 11 
IJ!e 3 IIeBIDCTIO He CTBep.lVf{eHO. 3a HeBeA:UKMM B:UIM-. . . 
KOM yc1 xeMI'llll eAeMeHT:U MaIOTL aTOMOBY Bary, HKa 

B:naHaqa~TLCH qHcAOM ia Apo6oM. IloHcHeHHH :g1>oro 

HBHIJ!a BJ.AKAa.AaeMo Ha AaADme, a TYT AHIIIe aaaHa-
• u • • • 

qJIMo, IJ!O B AJ.HCHOCTI MaCH aTOMIB xeMiqHHX eAeMeH-

TIB BiAr.roBiAaroTL yiAHM qHcAaM 6ea Apo6y. 
Ko)KeH aToM xewq}foro eAeMeHry cBoaro cy6cTaH-

• • • u • 

Ql6IO, p1BHOIO aTOMOBlH Baal, BXOAHTL AO CKAa.AY MOAe-. . . 
KYAH xeMiqHo-cKAaAfforo TIAa, crroAyqaroqHcL 1a aTo-. . . . 
MaMH pl3HHX IHIII:UX eAeMeHTIB HaCAIAKOM B3a€MHOro 

u • • 

rrpHT.HraHHH, i.go Moro J!!e OA:UH 13 BH3Ha 'qHH.X aAXeMI-

KiB AAL6epTyc MarHyc (1193-1280) y cBoix TBo

pax Ha3BaB ,,affinitas", T06To crropiAHeHiCTL. BH

HBAHaTLCH BOHa TaK, IJ!O OAHff aTOM HKOrOCL eAeMeHry . . 
MO)Ke aAyqHTHCL 1a OAHHM q11 KIADKOMa aToMaMM APY-
roro eAeMeHry. 0AHHH:gero Mip:u wei crropiAH~HOCTM 
CAY)KHTL aToM BOAffIO, a q11cAo BOAffeB:ux aTOMIB, HKe 

• 
3Ayqa€TLCH 3 OAffHM aTOMOM lHIIIOro eAeMeHTy, rro-

Kaaye BaAeHTHicTL AOT:Uqfforo eAeMeHTy. O.zpKe, 

Harrp., XAOp i iHmi T. 3B. raAoteH:U a OAHOBaAeHTHi 
u 

eAeMeHT:U, KMCeHL ~ ABOBaAeHTHHH, aaoT ~ TpM-

BaAeHTHMH, iJyriAL - -ctoT:npHBaAeHTHMH. IlocepeAHho . . . 
B:U3Haqa€TLCH TaKO)K BaAeHTHlCTL lHill:UX eAeMeHTIB, 

IJ!O 3 BOAffeM a6o 30BCiM He aAyqaIOTLCH a6o Ay)Ke 

TPYAffO. 3 w>oro HCHo, i.go KOAH MH aToMoBy Bary 
• u • 

HKOrOCL eAeMeHTY p03AJAHMO Ha :uoro BaAeHTHlCTL, . . 
TO MaTHMeMO I 11HCAO, HKe IIOKaaye eKBIBaAeHT, ara-
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AVBaHHH Y*e paHirne. HarrpHKa.zi;, eKBrnaAeHT KHCHIO 
!/- = 8,aaoTy 14~01 = 4,67, ByrAIO 12~01 = 3 i T. A· Ha 
rriAcTaBi ycix IlOBHJ.YHX MipK}'BaHI> CKAaAaIOTl>CH apem
TOIO xeMiqHi <J>opMyAH, HK Hanp., HCZ - coNIHa 
KHCAOTa, .NaCl - KyxoHHa ci.An, .Na2C03 - co.zi;a 
i T. A· ,4eHKi eAeMeHTH BHHBNIIOTI> pi3HHH cryrriHI> Ba
AeHTHOCTH, HK, Harrp., aaAiao 6}'Ba€ ABO- i TPHBaAeHTHe, 
OAMBO ABO- i qoTHpHBaAeHTHe, <J>oc<J>op TpH- i n'HTH
BaAeHTHHH i T. A· HarrpHI(AaA: 

OcTaHHi ABi <J>opMYAH CKAaAHimi, i1 HaAe)KaT1> BOHM 
AO T. 3B. ,,KOMIIAeKCHHX 3AYK", aAe 6ysaroT1> IJJe 3HaqHo 
CKAaAHimi xeMi.'tJHi <J>OPMYAH, HK y 3AyKax ByrAIO, 
Ae tJ>opMyAH AOCHraIOTI> qacoM HaA3BHqai1Hoi CKOMnAi-. .. . . 
KOBaHOCTH, 1 BCTaHOBAeHHH IX BHMaraAO BIA AOCAIA-
HHKIB BeAHKOi aHaMTH'tJHo-rriAroToBqo! po6oTH. 

CTBepA)KeHHH CKAaAY MOAeKyA IJJe He Aae BiAno
BVU Ha ITHTaHHH, HK )Ke nOOAHHOKi aTOMH noB'H3aHi. 
Mi)K co6oro, T06To HK no6yAOBaHa 3AO)l(eHa 3 HHX 
MOAeKyAa. AM npeACTaBAeHHH Q1>oro cAy)KaTh CT pyK
Ty pHi <J>opMyAH, B HKHX IIOB'H3aHiCTI> aTOMIB 03Ha-. 
qyeT1>CH pHcKaMH, rrpH qoMY 'CJHCAO TaKHX pHcoK BIA-
noBi.ZJ;ae BaAeHTHocri AOTHqHoro eAeMeHry. KiA1>Ka 
npHKAaAiB TaKHX CTPYKTYPHHX <J>OPMYA: 

H-0-H 

BO.z_r;a 

H 
I 

H-N-H 

aMOHJIK 

H 

H-t-H 

k 
MeTaH 

• 
AlOKCHA 

• 
ClpKH 
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0-H 
I 

H-O-P-0-H 
II 
0 

tpoctpa T. KHCAOTa 

H 0-H 

H-6-c! 
I "\ 

H 0 
O:J,!TOBa KHCAOTa 

• 
CTpyKTypHi tpopMYAH oco6AHBo AOKAMHO Bimpa-

:gLoBaHo B opraHilIHiM xeMii, T06TO Tiii liaCTHW xeMii:, 
HKa aaiiMaEITLCH cTy;tiroBaHHHM aAyK ByrAIO. IloHHTTH 
BaAeHTHOCTH B xeMilIHY HaYKY BIIpOBMlfB aHrAili
CLKmf xeMiK <I>peHKAeHA (1825-1899). BiH )Ke Ta 
HiMeJJLKHH xeMiK KoAL6e (1818-1884) 6yAH nioHe
paMH IJJOAO .zr;ocAi,lpKeHWI MOAeKyA opraliilIHHX 3AYK 
no cTopoHi CTPYKTYPaAI>Hm. Haii6iAI>mi aacAyrH aa . . . 
:gLOMY noAI MaIOTL TPH BHaHalIHI xeMIKH MHH)'AOro 
cToAirrH: HiMe:gLKO-aBcTpmcLKHii KeKyAe .(1829-
1896), woTAaffACLKHH Kynep (1831-1892) Ta po
ciiicLKHii EyTAepoB (1828-1886). Ia HHX nepmIDi 
• u • • 

1 Apyrirn: 30BCIM He3aAeJKHO OAHH BIA OAHOro rrporo-
AOCHAH ( 185 7), IJJO ByriAL a lIOTHpHBaAeHTHHli eAe
MeHT, HKOro aTOMH MaIOTL a;ti6HicTL B'HaaTHCL ~riJK 
co6oro HaBiTL i B AOBwi AaHUIOrn, rrp:u llOMY CBOiMH 
BiALHHMH BaAeH:giHMH BOHH MO)KYTL B'HaaTHCL iye 
ii a iHwHMH aToMaMH. 4o HHX npH6AffaBCH apaay 
EYTAepoB, HKOMY HaAe)KHTh, W)K mmHM, aBTopcTBo 
caMoro TepMiHy ,,cTpfKrypa 3AfK"· TaKoJK i HiMeuL
KHH .zr;ocAiAHHK EpAeHMaiiep (1825-1909) cBolMH 
npa:gHMH HanoliaTKy AyJKe 6araTo cnpHHB aaKpirr
AeHHIO :gLoro HOBOro IIOrAHAy Ha MOAeKyAHpH)' 6y
AOBY opraHilIHHX 3AfK. He MO)KeMo BXOAHTH TYT 
y IIOAp06H:gi Ta xapaKTepH3}'BaTH piaHi THIIH opra
IDlllillX 3AfK. 3aaHa1IHMO TiALI<H, IJJO y BHcAi.,zU BH
BlleHHH BAaCTHBOCTeH 6araT:&OX opraaillHHX 3A)7K y xe-
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• • u • • 

MiqHIH Hayy1 aaKpnnuacH AYMKa, .i,go qoTHp:u Ba.AeH-
• •• • u • • 

WI ByrAeBOro aTOMa AC)KaTb He B Oj\HJH IIAOIJAl, a pm-
HOMipHO poal\iAeHi B rrpocTopi. OA)Ke, ye npe,l\CTaB
AH~M co6i TaK, IJJO ByrAeBHM aTOM 3HaxOAHTbC~ B ueH
TPl rrpaBHAl>Horo TeTpaeApa, AO qoTHpbox K)'TlB HKoro 
MAYTb Ba.AeHyii1:Hi aB' H3KM. *) Bi,zµioBi,lµio AO :w.oro 
YHBNI~ l CTPYKTYPY MoAeKyAH ByrAeBHX aAyK, npH 
qoMY 3 KO)KHOIO Ba.ACHW€IO MO)Ke 6yTH llOB' H3aHHH 
a6o aTOM iHworo eAeMeHTy, a6o HaBiTb aTOMOBe CKyn
qeHH.H. Alla aTOMH ByrAIO MO)KYTb B'H3aTHCb OAffOIO 
a6o ABOMa q}I TpbOMa BaAeHui.HMH, T06To B3a6MHO 
AOTHKaTHCb poraMH TeTpaeApa "till rrpHAHraTH rpa
WIMH a6o uiAHMH IIAOIJJaMH. Ao yboro BCboro I,Ue 
AOAaMO, J!!O CTPYKTypHa cpopMyAa HKorocb TiAa MY
CHTb 6yrH 3AO)KCHa TaK, J!!06 MOrAa BOHa llOHCHHTH 
lioro cpiaHKO-xeMiqfil BAaCTHBOCTi xapaKTepHCTH11HHM 
cnoco6oM B'H3aHHH Mi)K co6010 pi3HHX aTOWB y MOAe
KyAi AOTHtiHoro TiAa. HH)Ktie noj\aeM AO :JJbOro KiAl>Ka 
• • u 

lAIOCTpau1H. 
IlicAH~ CTBCPA*CHHH Bi.ACOTKOBoro CKAaAy ii MOAe-.. . . 

KYAHPHOI BarH AOCAfA)KyaaHoro TIAa CKAa.AaaTbCH 
lioro eMnip1'!qHa cpopMyAa. 0.zµIaqe 6yaa10Tb BH
lla.AKH, IJ!O T!Aa MaIOTb OAffaKOBY MOAeKyAHPHY Bary 
M OAHaKOBHM Bi.ACOTKOBHH CKAaA THX caMHX xeMiq
HHX eAeMeHTIB, aAe BHHBA.HIOTb piaHi <J>i3HKO-XeMiqai 
BAaCTliBOCTi. rTaKi 3AfKH Ha3HBaIOTbCH i30MepHHMH, .. . . . 
a IX pl3Hl BAaCTHBOCTl IlOHCHIOIOTbCH THM, IJ!O BOHM 
MaIOTh piaHy MOAeKyNipay CTPYKTYPY· BiaLMiM ANI 
npHKAaAY ABi napH iaoMepiB, IJ!O 3 HHX OAHa napa 
Mae eMIIipn"l!Hy cpopMyAy C,H10, a Apyra C2H 60. 
CTpyKTYPHi cpopMyAH nepwoi: napn a: 

*) TeTpaeAp - :ye reoMeTpHqae Ti.Ao, orpaaffqeHe qoTHpMa 
TPHK}'THHMH IIAOIJJaMH. 
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HHHH 
I I I I 

H-C-C-C-C-H 
I I I I 
HHHH 

HHH 

H-t-t-t-H 
I 

H 
I 

I 
H 

H- -H 

h 
iao6yraH (TpHMeTMAMeTaH) 

RK 6aqMMo, MOAeKyAM :gMx ABOX 3AYK piaHHTLCH 
Mi)K co6oro THM, 11!0 B HMX HeOAHaKOBO IIOB'H3aHi Mi)K 
co6oro ByrAeBi aTOMM. A Terrep HaBeAeMo Apyry rra
py, Ae Ma€MO rrpHKAaA Heo.zi;HaKOBOro IIOB'H3aHHH 
ByrAIO 3 KMCHeM: 

HH 
l I 

H-C-C-0-H 
I I 
HH 

eTHAaALKOrOAL 

H H 
I I 

H-C-0-C-H 
I I 

H H 
MeTMAeTep 

RK cepeA opraHiqHMx, TaK i cepeA HeopraHitIHMX 
• u • u 

3AYK € TaKI, :r,go MaIOTL OAffaKOBMM BJ.ACOTKOBMM 
CKAaA TMX caMMX eAeMeHTIB, aAe i'.x MOAeKyAHpHa 
Bara e piaHa. BoHM MO)K}"TL aa rreBHMX TeMrrepaTypHMX 

• 
YMOB rrepeMIHIOBaTMCL OAHa Ha Apyry, rrpH tJOMY 
B QbOMY paai MOAeKyAHpHa Bara A06yroro TiAa 6yAe 
B ABa lJM KiALKa paaia 6iALIIIOIO aa MOAeKyAHpHy 
Bary BM.x.iAHoro TiAa. Harrp., AioKCMA aaory ( N0 2) . 
rrpM OXOAOA*YBaHHl rrepeTBOpIO€TLCH Ha TeTpaOKCMA 
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( N 20 4), a 3HOB, ayeTMAeH (C2H 2) npM BMcoKiti: 
TeMnepaTypi nepeTnoproeTI>CH Ha 6eH30A (C6H 6). TaKi 
3A YKH Ha3HBaIOTI>CH no Ai Me pH MM H. BMIJ.!eHaBeAeHi 
CTP)'KTYPHi cJ>OPMYA,M BiAHOCHTbCH AO T. 3B. PHAY 
aAicpa TMqHoro a6o MaCHOro, Ae ByrAeBi aTOMH . . 
TBOpHTb AaHyIOrM npOCTl qM poaraA.y)KeHI, npn: qo-
MY B'.HaaHHH ByrAeBHX aToMiB MO)Ke 6yT11 rrpocTe 

(';::.C-C::::J, a6o no.n;Biti:He (';;;.C=C::::_J, qH noTpiti:He 
(-C-C-). AAe np11 cKOHAeHcYBaHHi ayeTMAeHy 
( H-C=C-H) rroBcTae 6eH30A, IJ.!O HaAe)KMTh y)Ke 
AO T. 3B. PHAY apoMaTMtIHor.o a6o 6eH30AeBoro, 
Ae ByrAeBi aTOMM noB'H3aHi Mi)K co6010 AO Kpyry 
ti TBOpHTb TaK11M' q11HoM 3aMKHeHi HApa. I.Ji HApa 3HOB 
MO)KYTL B'H3aTMCI> OAHO 3 ApyrHM. RKIJJO B TaKoMy 
HApi noB'H3aHi caMi ByrAeBi aTOMM, TO ye 6yAYTh 
i3oyMKAiqai HApa, a KOAM B HAPi noB'H3aHHti aToM 
IJ.!e i1 iHrnoro HKoroc1> eAeMeHTY, TO ye 6y AyTI> 
reTepOQMKAiqHi HApa. ABTopoM yMKAiqHHX cTpyK
Typa11x <J>opMfA 6YB 3raAaHHM KeKyAe (1865). Ilpu-. . 
KAaAH QHKAllJHMX 3A)'K IIOAaMO TaKI: 

H 

H-c/);""-c-H 

H-h ~-H 
~c/ 

~ 
6eH30A 

H H 
I I c c 

H-c/ ""'c/ ~C-H 
I . 11 I 

H-C~c/c""-c/C-H 
I I 

H H 
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H H 

b b 
H-C~ ""c/ ~C-H 

I II I 
H-C~c/L\'-Nf"C-H 

A . 
XHHOAIH 

3raAaG:MO TYT IJ!e npo T. aB. HBHJ.Ye ontHqao! 
iaoMepil, mce IIONiraa B TOMf, IJJO ABa oprafilqai TiAa 
MO)K)'TL MaTH OAHaKOBY eMrripHqay <.l>OPMYAY, OAHa-

v • 

KOBY MOAeKyNipay Bary H HaBITL OAffaKoBy CTPYK-
Typay <.l>OPMYAY, aA_e OAHO 3 HHX IIOBepTaa IIAOIJlY 
IlO.i\HpH30BaHoro CBITAa BnpaBo, a Apyre HaB.aaKH 
BAiBo. TaKa _Pi3HHUH_ <.I>iall1lHHX BAacTHBOCTeii ABOX T. 
3B. CTepeo1aoMep1B 3HaXOAHTL CBOG: IlOHCHeHHH 
B TOM)', i.yo CTPYKTYPH MOAeKyA :UHX ABOX <.I>iaHl;{HHX 
TiA 110Ai6Hi AO ce6e, aAe 110Ai6Hi Ta.K, HK o6paa 
HKOrOCL npeAMeTy y A3epKaAi IlOAi6HHH AO Ca.Moro 
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Toro npeAMery. fpa<J>i11HO ~e MO}KHa npeACTaBHTH, 
KO.i\H y.HBHTH, l!!O a ByrAeBHM aToMoM, .HKHH aHaxo-

• 
AHTLCH B QeHTpl npaBHJ\.LHoro TeTpaeApa, 110THpMa 
iforo Ba.AeHQiHMH, cnpHMOBaHHMH AO K}7TIB TeTpae;J;pa, 
B'IDK}7TLCH 11H TO oKpeMi. aToMH, .11H HEOCL aToMoBi 
cKynqeHHH. RKIJ!O npH TOMY OAHaKoBi aTOMH 11H aTo
MoBi cKynqeHHH B'IDK)'ThCH TaK, l!!O O;J;Ha CTPYKTYPa 
e Hi6H A3epKaJ\.LHHM o6pa30M Apyro1, TO :ae 6yAyn 
T. 3B. eHaHTiOMop<J>Hi CTpyxrypH. 0aHa11HBmH OA
HaKoBi aTOMH 11H cKynqeHHH AiTepaMH a, b, c i d, 
MO}l(eM YHBHTH co6i :ue B TaIGdi cnoci6 : 

CxeMa OilTH11HHX iaOMeTpm. 

H 

CH8-t*-COOH 

bn 
npaBO-aKTHBHa 

MOJ\.011Ha KHCJ\.OTa 

H 
I 

COOH-C*-CH'J 

bn . 
• J\.lBO-aKTHBHa 

MOJ\.011Ha KHC.i\OTa 

~o ABa ByrAeBi aTOMH B'IDKyrLCH Mi.)I{ coo6ro 

rro.zJ;BitiHo (>c = C(), To noB'HaaHi ABOMa BiALHHMH 
• • BaAeHQUIMH KO)l{HOro TaKoro aTOMa AaJ\.LIIIl aTOMH llH 

*) 3ipKOIO 03HaqeHO acHMeTpHqHH:li aTOM syrAIO 
B OIITHllHHX isoMepiB. 
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• u • • 

aTOMOBI cKy11tJeHHH MO.IKYTI> aaHHHTH p1aH1 noAo 
.IKeHHH B porax 3AylleHMX TeTpaeApiB. y BMcAi.zti TaKoro 
H.eOAHaKOBOro i'.x IlOAO.IKeHHH IlOBCTaIOT.b T. 3B. re o
M e T p M q Hi iaoMepH, ijJO 3 HMX OAMH HBAH€ co6010 
,,QMc"-cpopM)', a ApyrMti ,,TpaHc"-<J>opMy. Xoq :yi 
cpopMM MaIOTL 04HaK0By CTPYKTYPY ti onTHqHo BOHM 
~ HeaKTHBHi, aAe piaHHTLCH Mi.IK co6010 cpiaHqHMMM 
ti xeMiqHMMM BAacTHBOCTHMH. Bnepme no.zti6He HBH11Je 
reoMeTpMqHoi'. iaoMepil CilOCTepe.IKeHO 6yAo B ABOX 
opraHiqHHX KHCAOT: MaAeiHoBoi'. ii <J>YMapoBol. OaHa
qMBIIIH rroB'H3aHi 3 ByrAeM iHIIIi aTOMM tJM aTOMOBi
CKynqeHHH AfTepaMM a i b, Ma€MO TaKi o6pa3M: 

a 

a6o a-C-b a-C---b 
rrpo- II II . 

a-C-b b-C-a CTillie 

a b ' " QMC" 
" 

TpaHc'' 

Ilp11MiHIOIOlJM :yi MipKyBaHHH AO araAaHMX BMJ!!e ABOX 
OAHaKOBOro CKAaAy opraHilJHMX KMCAOT, Ma€MO TaKi . . 
CTPYKTYPM QHX 130Mep1B : 

H-C-COOH 
II 

H-C-COOH 

MaAeIHOBa KHCAOTa 

H-C-COOH 
II 

HOOC-C-H 

cp)'MapoBa KHCAOTa 

R1u1J!!e reoMeTpuqHoi: iaoMepii: Ma€ Mic:ye TaKo.IK 
i B apoMaTH"tJHMX crroAyK, HK Te)K BiAoMe BOHO M y Ta
KMX CilOA)'K, Ae ByrAeBHM aTOM B'H)KeTbCH ITOABiMHO 
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3 a30TOBHM (>C=.N-) a6o ABa a30TOBi aTOMH BH
*YTbCH Mi)K co6oro ABOMa BaAeHQiHMH (-N = .N-)' 
HK To Mae Micue B .ztia3ocrroAyKax. TyT cpopMaM ,,unc" 
i "TpaHC" BiAilOBiAaIOTb i30MepHi ,,CHH" -cpopMa 
.., "m H ,,aHTH -'i'opMa. 

TYT He MO)KeMo 3yrr:umrrnc1> HaA AOKAaAHiIIIHM 
3'xcYBaHHHM ycix 6oAaii 6n THIIOBHX cTp)'KTypaA1>HMX 
cpopM opraHitJHHX CIIOAyK, 60 ue € HaATO o6IIIHpHHM 
rrpeAMeT. IliAKpecAMMO, i.go rrpaBHAI>Hi cTp)'KTypHi 
cpopMyAH y BCJ\HKiti Mipi IIOAermyroTn CHHTeTHtJHe 
3A06YBaHHH Aem<:nx 3A)7K Q1>oro poAy. IJJe Ha rrot1aTKY 
XIX. cT. B Hayui rraHYBaB rrorNIA, i.go opramt1Hi . . . 
3AYKH MO.IKYTL TBOpHTHCL TIALKH B )KHBHX opraH13Max 
3a AOIIOMOrOIO Ta€MHHtIOl "vis vitalis"' T06To m<OICL 
oco6AHBoi ,,)KHTT€BOI CHAH'', a IIIT)'11HO rrpHrOTOBHTH 
Ix HeMO)KAHBO. TaKoi AYMKH 6YB i CAaBHHH BepueJ\iyc, 
aAe iioro * yt1eHL BeAAep (1800-1882) B)Ke B 1828 
poui cHHTeTHtJHo rrpHroTOBHB MOtJOBY KHCAoTy. Oc-. . 
KlALKH UH nepIIIa CHHTe3a CTaAaCH rrpHHarlAHO 3a 
rrepeBeAeHHH BeAAepoM AOCBiAIB, md MaAH iHIIIY . . . . . 
UlAb, TO II13Hlllle B)Ke Ha)'KOBl npaUIBHHKH KepMy-
BaJ\HCb y cBoix po6oTax cTpYKTYPHHMH cpopMyAaMH 
AOTMtIHOi CIIOA )'KH rrpH crrpo6~x 3A06YTH iI CHHTe
THtJHO. HaIII BH3HatJHHHM yqeHHM IB. fop6at1eBch
KHii (1854-1942) TaK rrpHMII.IOB AO CHHTeTHtJHOrO 
OAep)KaHHH ( 1882) MO'tJOBol KHCAOTH, i.go i"i CTPYKTYP
HY cpopMyAy nepeA THM (1875) IIOAaB MeAHKyc 
( 184 7-1915). CHHTeaa BiA6YBa€TLCH rrpH CTOIIAeHHi 
MO'tJOBHHH 3 TpHxAopMOAOtJHOIO KHCAOTOIO, rrpH 'tlOMY 

u •• • •• 

3 ABOX MOJ\eKyA MOtJOBHHH H OAHOl MOAeKyAH 1;!1€1 
KHCAOTH YTBOpl0€TLCH OAHa MOAeKyJ\a MOtJOBOl KHC
AOTH, ABi MOAeKyJ\H BOAH Ii TpH MOAeKyAH COJUIHOI 
KHCAOTH. PeaKuix iiAe TaK: 
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NH!°ii .......... iio .. ~ . CO 
I ............................ : I 

co ... ii .. c"f"oii·······ii·lNH 
......................... -~ I 

+ co= --L 
I 

........................ : I . 
NH~H Cl~ Cl c;cl H1NH . . . : ......................... 
Moqo- TpHxAopMoA. 

BHHa KHC. 

NH-CO 
I I 

CO C-NH 

MQqQ

BHHa 

I 
CO+ 2H20 + 3HCl 
I BOAa coJUIHa 

NH- -NH 
MoqoBa 

KHCJ\OTa 

KHCJ\OTa 

Y Apyriti rroAOBMHi XIX. CT. po3BHBaAac1> roAOBHO 

aayxa npo cTp}'KTypHi cpopM11 opraHiqH11x 3AyK. OA
Hat1e THM qacoM i B raAy3i aHopraHiqHoi: xeMil Ha

a6Hpa.AocH lIHMaJ\O cpaKTHqHoro MaTepi.HAy BiAHOCHO 

BAaCTHBOCTeH ACHKHX eJ\eMeHTIB, mci Tpe6a 6yAo Teo

peTHlIHO BHCBiTAHTH. 3oKpeMa ue TOpKaJ\OCH CIIOCTepe-.. . . .. . 
)KeHOl 130Mepn AeHKHX HeopraHiqHHX 3J\YK Ta CTBep-

NKeHoro cpaKTy, IJJO IlOOAHHOKi ix aTOMH MO)KYTL 
• • 

3AYlJaTHCL He TlJ\bKH 3. OKpeMHMH aTOMaMH IHmoro 
.., .. 

eAeMeHry, aAe H 3 rpynaMH IX, BJ\aCHe OKpeMHMH MO-

AeKyAaMH. KoAH aToM HKorocL eAeMeHTY e noB'HaaHHH . . .. . 
3 lHlliHMH aTOMaMH BCIMH CBOIMH BaAeH.gIHMH, TO UC 

€ CTaH HaCHtieHOCTH M:oro. 0AHaqe BJKe Aa.BHime 
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oyAO CTBep,zr;meHC!, J!!O ft rrpH TaKOM)' CTaHi HaCHlle
HOCTH, IIOBCTa.Bma 3.J\ y-Ka MO)Ke B' H3aTH J!!e :giAi MOJ\e
KYAH, HK Harrp., T. 3B. KOHCTwryuiiiHa BOAa rrpH COJ\HX. 

IIoriM cTBep,zr;)KeHo 6yAo, ~o coAi ,zr;em<HX MeTaAiB (me 
rrJUITHHa, KooaALT, xpoM) B'H)KYTLCH 3 MOAeKyAaMH 
aMOHHKy, me HarrpIDCJ\a,zr;: CoCl3 +6NH3 , Ae Tpma
AeHTHJ.rlt KooaALT, W.i\.KOM Hacwiemrlt Tp1>0Ma aTo
MaMH X.i\Opy, B'H)Ke IJJe ii miCTL ·MOJ\eKyA aMOHHKy. 
JJe HBHO KOAi,ztye 3 HayKoro rrpo BaAeHTHicn. Bci 
crrpo6'1r BHCBiTAHTH ye HBHJ!!e crrocoooM B'H3aHHH aTo
MiB rro.zy;iOHO opramlffiHM 3.i\ yKaM He .zr,aJ\H 3a,l(OBO.i\L
HHI01JHX BHcAi.zy;iB. A)I{ apeIIIToro IIIBaiiuapc1>K1'rli xeMiK 
BepHep (1866-1919) 3HaiimoB p03B'H3KY wei npo
OJ\eMH (1893) cBoero Koop.zy;HHayiiiHoro Teopiero, .. . 
cyn, HKOl IIOJ\Hrae B TOMY, mo BOHa BHXO,zr;HTh 13 YHBH . . .. 
npocTopoBoro p03IIOJ\O)l{eHHH aTOMIB l IX rpyn y KOM-
II.i\.eKCHHX 3.i\. YKaX. OT)Ke, 3ri.ztHO 3 wero TeopieJO 
AOBKOJ\a ,,yeHTpaALHOro" aTOMa rpynyJOThCH tm TO 
ITOO.lJ;HHOKi a TOMH' tm @Ai MO.i\.eKy J\H TaK, IJJO yeii 

• aTOM 3HaXO,ZJ;HThCH- B yeHTpl rrpaBH.i\.LHOro OKTae,zr;pa, 
a IJOB'H3aHi 3 HMM aTOMH tt MOJ\eKy.i\.H 3aifMaIOTh MiC:tJH 
Ha porax Toro OKTae,ztpa, yrnopIOIOlJH TaKHM lJHHOM 
.zzy)l{e cHMeTPHtJHY KOH<T>irypayiro. *) BepHep rrpH-

• • • rrycKae, 1!!0 B aTOMIB lCffYIOTh OKptM rO.i\.OBHHX 
a a A e Hg i it IJJe ii iHmi, mo ix BiH Ha3BaB o i lJ Hi 
BaJ\eHuii, ii IJJO ix, 3BHtJaihro, 03HalJa€ThCH B CTpyr<
TYPHHX cpopMYAax He pHCKa:MH, a TOtJKaMH. 'lHcAo 
aTOMOBHX rpyrr, IJ!O ix B'H)Ke .zr,o ce6e ueHTpaAI>Hmi 
aToM 6itJHHMH BaAeH1;!iHMH, YTBOPJOJOqH 3BHtJa:thnrlt, 
a6o iHaKme HOpMa.J\bHHii KOMIIJ\eKc, € iioro KOO PAH
Hai;JiiiHe lJHCJ\O. HK rroKa3yron .zr;ocBi.zr;H, BOHO 6YBae 

*) IIpaBHALHHtt OKTae;ZJ;p - JJe reoMeTpH11He TIJ\O, orpamAeHe 
BOCLMa piBH06iqJIHMJ-t Tpm<yrmn<aMH; BOHO Mae miCTL poris, 
md aHaxO,ztJITLCJI Ha O.ztHaKoniM ni.zt.ztaAeHHi Bi.zt :geHTpy. 
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pi3He Ha.BiTL i B Torq caMoro aToMa. 0.zpKe, Ko6aALT 

Mae KoopAHHay;i:HHe "CJHC.i\O 6, aAe MiAL - 2,3 ii 4, 
HK npo :ge Ma.i\H 6 CB:iA"CJHTH i'.l KOMil.i\eKcHi 3 :yiHHOM 

aHiOHH. ABTop :gHX PHAKIB HacAi,zucoM cBoix AOCMAIB 
YBa)KaB 3a MO)K)\HBe BHC.i\OBHTH AYMKY, qo aa neB-

• u • • 

HHX YMOB MJAL yTBoproe KoMnAeKCHHI! aH1oa 13 BHH-

Horo KHC.i\OToro, Ae ii KOOPAHHa:giiiHHM "CJHC.i\OM e 3, . . 
a 3a IHIIIHX yMoB 3 Toro caM010 KHCAOTOIO , MJAL 

TBOpHTL BiAOMHH y)Ke AaBHiIIIe aHioH, Ae BOHa <J>iry
pye, o"CJeBffAHO, 3 KoopAHHa:giiiHHM "CJHC.i\OM 2. Ha:H

qacTiIIIe 6YBa€ KOOpAHHauiiiHe "CJHC.i\O 6 i 4 ; piAIIIe 

3 i 2. JJe 3a.i\eJKHTL BiA 6i"CJHHX Ba.i\eH:giti, :r.go AiIOTL 

nopyq rO.i\OBHHX, qacTO npOTHBHOI eAeKTpoxeMi"CJHOl 

npHpOAH (BaAeH:gii :ti KOHTp-BaAeH:gi1). BepHep Bi4-

pi3HH€ ABa THnH KOMnAeKCHHX 3.i\ YK, a To ,,3AO)KeHi" 

i ,,BAO)KeHi". MoAeKyAa nepIIIHX TBOPHTLCH TaK, IJJO 

:geHTpaALHHH aTOM B'H)Ke CBOIMH 6i"CJHHMH BaAeH:giHMH 

neBHi rpyrrH aToMiB, T06To uiAi MO.i\eKyAH, lll.i\HXOM 

aAAH:gi!. ToMY JJLOro THrry 3.i\ )'KH Ha3HBalOTLCH TaKO)K 

MOAeKy AHpHHMH KOMIIAeKcaMH. MoAeKyAH ix . . . . 
He AHCo:guoroTL y po3"CJHHax 1 He TBOPHTL IOHIB. 

HaBrraKH KOMnJ\eKcHi crroA yKH Apyroro THrry y po3-

"CJHHax IlOBOAHTL ce6e TaK, HK coAi, T06To AHCOJJilOIOTh . . . . . 
Ta AaIOTL KOMII.i\eKCHl lOHH aHa.i\Orl"CJHO AO aHIOHIB 

npH AHCOJJiHQii coAeii. *) ToMy 3AYKH THrry ,,BAO)Ke

HHx" Ha3HBalOTL TeJK ioHOBHMH KOMIIJ\eKcaMH. 

4Hco:giH:giH TYT BiA6YBa€TLCH KOIIITOM rOJ\OBHHX Ba

.i\eH:giti. ,4NI npm<AaAy Bi3LMeMo KOMrrAeKcHi 3.i\ yi<H 

Il.i\HTHHH. XAopHA ii PtCl4 e 3.i\ )'KOIO, B mciii a TOM 
•• • u 

Il.i\HTHHM B rO.i\OBHHX CBOlX BaAeHJJlHX HacHl!eHHH qo-

THpMa aTOMa.MH XAopy. AAe BiH MO)Ke CBOIMH 6i"CJHHMH 

Ba.i\eHQiHMH 3B'H3aTH :r.ge ABi MO.i\eKyJ\H aMOHHKy, npH 

*) Ilpo CJ\CKTOMTIAH}' .ztHCOUisuiro MOBa 6y .n;e .n;aAi. 

58 



qoMY BHTBOPHTI>CH eAeKTpoHeBTpaA1>Ha KOMIIAeKcHa 
MOAeKyAa. HaT0MicT1> XAoponAHTMHaT KaAi10 K 2PtCl6 

u • 
€ 3AYKOIO, Ae HacnqeHHH qMTHpMa aToMaMM XAopy 
nAHTHHOBMH aToM 6iqHMMH BaAeHQiHMM B'IDKe IJJe ABa . 
aTOMH XAopy, HaCAfAKOM qoro yrnopIO€TbCH KOMil-
AeKCHHH aHioH a ABOMa HeI'aTMBHHMH Ha6oHMM, HKHH 
(qepea rOAOBHi BaAeHQii XAopy) MO)Ke B'HaaTM A.Ba 
dTOMM KaAiro (.z.r;Ba KaTiOHM). CTpyKT)'pHi cpopM)'AH 
QHX KOMrrAeKCHHX 3AYK aa BepHepoM e TaKi: 

Cl .. -Cl " 
Cl ~Pt::·············· Cl + 2 K· 
Cl/ ················Cl 

Ha QI>OMY MM aaKiHqy€MO cBi:H no6i.1KH11ii rreperAHA 
piaHMX CTPYKT)'pHMX cpopMyA, IJ!O MaIOTI> HarAHAHO 
npeACTaBHTH cnoci6 IlOB'HaaHOCT.H IlOO.ZJ;.HHOKMX aTOl\,IiB 
npM YTBopeHHi MOAeKyAHpHHX MeHme a6o :H 6iA1>me 
CKAaAlfMX aAyK. PoaYMi€TbCH, IJJO MM MOrAH noAaTH 

• u 

BMIJJe TIAI>KM Ay)Ke aaraADHMH rreper AHA TMX cTp)'KTyp-
HHX cpopMyA, 60 Ha AOKAaAHiIIIMH BMKAM TYT HeMa 
Micu11. HK MM 6aqJIAH, MOAeKyAa MO)Ke ~KAa4aTnc1> . . . 
BCLOro TlAbKH 3 ABOX aTOMIB Toro caMoro xe:M1qHoro 
eAeMeHry qM piaHHX A.BOX eAeMeHTIB ( H 2, 0 2, HCl). 
AAe B)Ke MOAeKyAa COAM cKAaAa€TI>CH a mecTM aToMiB 
( Na2C03), MOAeKyAa MOAOqHol KMCAOT.H 3 12, a l\10Ae
KyAa aHTpaueH}' a 24 aToMiB. OAHaqe 6araTo € TiA, 
IJ!O Ix MOAeKyAH CKAa.z.r;aIOTLCH 3 .z.r;aAeKO 6iAI>lllOrO 
q11cAa aTOMiB: XHHiH-48, napacpiHoBi 3AYKH a)K 182, 
a :yeAroAI>oaa noHa.z.r; 700 aToMiB y MOAeKyAi. Ta He . 
3Ba)KaIOqJI Ha TaKe BeAMKe cKynqeHHH aTOMIB y MOAe-
KyAi UMX 3AyK, poaMip ii: AMIIIa€TbCH OCTiAbKH He-

• u 

3Hal!HHM, IJJO 3MlpHTM Moro rrpmro He rrpeACTaBNI€TL-
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ex MO)K)UfBHM. MoAeKyAa e TOJO Hati'MeHmoro 11acTo"tJ
KOIO ,ztaHoro MaTepiHJ\LHoro riAa, mca Mae l!!e ttoro 
<f>iaHllHi BJ\aCTHBocri. ATOM e HocieM xeMi11HHX BJ\aCTH
BOCTett .lJ;OTifllHOro riAa. JIKI!!O 6 i BiH CKJ\a.lJ;aBCH 

• 
3 IDOIXOCL l!!e MeHmHX 11aCT01IOK .Ta Ha w 11acTOlJKH 
MO)l{Ha 6 oyAo itoro poaKJ\aCTH, TO B TaKoMy paai rrepe
CTaB - OH icayBaTH uett xeMi11HHit eAeMeHT, a KOJ\H 
6 rroriM ri 11acT011KH 3.7\ yqHJ\HCH, Me B mclrlic:& iammt 
crroci6, TO ye 03Halla.7\0 6, 1!!0 IIOBCTaB iHmIDi eJ\eMeH1'. 
4a.Af -MH - 1106a11HMO 1!!0 TaKi rrpouecH .zr;iiicHO Bi.ZJ;-
6YBaIOTLCH B rrpHpo.zr;i tt 1!!0 B OCTaHHLOMY 11a ci .zr;aJ\OCH 
1x-perrpO.ZJ;yK)7BaTH TaKO)K i IIIT)'11HO B M6opaTOpHHX 
)'MOB ax. 

III. 

P03MIPH MOAEKYA I ATOMIB TA IX 
ABCOAIOTHA BArA. MOAEKYAH, ATOMM 

it EAEKTPllqHICTD. 

Bi.zy;rroBi.ZJ;HO .zr;o Toro, Ha m<lM Bi.zr;AaAeHHi aHaxo.zr;n:&cx 
• M e 

OAJia BIA O.ll;HOI IIOO.ll;HHOKI MOJ\eKyAH, )7TBOpIO€TI>CH 
TaKd 'tJH iallllrlt a I' p e I' a TH H ti c Ta H cJ>iaHllHoro riAa. 
MoAeKyJ\H riAa B TBepAOMY cTaHi 6iJ\Lme-MeHme 
MiJlHO aB' xaaHi Mim co6oro CHJ\OIO BaaeMHoro rrpHTH
raHHH, HacJ\i.zr;KoM 11oro ye riAo a6epirae csoro aoB
HiIIIHro tf>OPMY. B cTam piAHHH uett aB' aaoK Mi)K MoAe
KY J\aMH .zy;aaoro riAa e B)Ke MeHIIIlrli, TaK IJJO BOHH 

• • MO)KYTL pyxaTHCL 1 TaKHM llHHOM pl.ZJ;HHa J\erKO 
aMiaxe-cBoIO cf>OPMY· 3pemToIO MOJ\eKyAH riAa B raao
BOMY cTaHi aacri.7\LKH BiMaAeHi BiA ce6e, l!!O Mi)K 
HHMH B)Ke He Aie CHJ\a B3a€MHOro npHTHraHHH, tt BOHH 

• • • 30BC1M BIJ\l>HO pyxaroTLCH B neBHOMY npOCTOpl. 
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AYMKa npo Te, IJ.!O MOAeKyAH cpiaHqHHX TiA (Ha.BiTL 
AO IleBHOl MipH H TBepAHX) He 6 B CTaW CilOKOIO, a 

• • u 

HaBilaKH 3HaxO.zpIThCH B CTaw ITOCTlHHOrO pyxy, He 
a HOBOIO. Ii BHCAOBHB 6ya iye B 1738 po.yi <,Ppa.HIJY3L
KHH .n;ocAiAHHK .BepHyiAAi, Me TiALKH B noAOBHHi 
XIX CT. (1857) Aa.B iii HayKoBe o6rpyHTyaaHHHH ocpop
MAeHHH HiMe:yL KAaBaiyc, HKHii a a.BTopoM KiHe
THqHo1 Teopi! raaia. 3riAHo a uiaro Teopiaro MOAe
KYAH raaiB Bi.n;Ai.J\em o.zµIa ai.ll; OAH01 peNITHBHO Ha
cTiALKH BeAHKHMH BiMa.NIMH, IJ!O B.i\aCHHii lx o6cHr 
y rropiBWIHHi 3 UHMH BiMa.NIMH 6 a6cOAIOTHO HeaHaq-

u u • 

HHH, a TOMY H He BWIBAH6ThCH Ml)K HHMH CID\a B3a-
6MHOrO npHTHraHHH qH · ai;pnToaxyaaHHH. MoAeKYAH 

• u • • • 

raay IlOCTlHHO nepeMllJJaIOThCH 3 MlC.IJH Ha Mlc:ye . . 
3 BeAHKOIO CKOplCTIO B ycix HanpHMKax, ay.n;apIOIOThCH 
Mi* co6oro ii ai.n;cKa.KYIOTh, HK eNICTHlllii TiAa. __ Ix 

• • u u • 

py.A He a npocTO.i\lHlHHHH, a.Ae HaCAfAKOM B3a6MHHX 
ayAapiB MO.i\eKyAH pyxaIOThCH 3Ht3ataMH 3 KOpOTWHMH 
qw AOBWHMH KoAiHaMH. Baara.Ai yrnopro6ThCH 6ea-

..., . . . . .. 
.i\a,l(HHH pyx MO.i\eKyA pl3HHX HanpHM.KIB 1 pl3H01 CKO-
pOCTH. l:J.HCAO ay.n;apiB MOAeKYA BOAHIO aa 1 ceK}'HAY 
npH 0° c o6qHCNl6ThCH Ha 9.500 MiALM:oHiB, KHCHIO -
Ha 4.200 MiA., ayrAeKHCAOTH - Ha 5.500 MiA. i T. A· 
IlpH TOMY MOAeKyAH AOMTaIOTh i AO cTiHoK nocy-

• u •• 

AHHH, a· HKlH 3Haxo.n;HTLCH .raa, Ta HaHOCHTh IM yAapH. 
CyMa UHX -y.n;apiB i a npHqHHoro Toro HBHIJJa, i.yo iioro 
MH Ha3HBa6Mo THCHeHIDIM raaiB. 3 rriABHIJJeHHHM 
TeMIIepaTypH CKopicTh pyxy MOAeKyA a6iALIIIy6ThCH, 
a HacAi,lµcoM Toro a6iALIIIyaT1>CH ii CYMa y.n;apiB Ha 
neBHY Il.i\OIJ!Y CTiH.KH IIOCYAHHH, T06To THM Ca.MHM 
a6iAhwyaThCH THCK raay' HK :ge MH 3Ha6MO B)Ke 3 rro
nepe.n;moro. IlpH BCili 6e3Aa.AHOCTi pyxiB ra30BHX 
MOAeKyA BCe)KTaKH B IleBHOMY o6CH3i 6 Ix HKeCh 
nepeciqHe lIHCAO, HK TaKO)K pyxaIOThCH BOHM 
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3 HKOIOCL rrepeciqHOIO CKopicTIO, a ix rrpdCTOAf-
• u u • 

HlHHHH pyx AO 3YAapy Ma€ TeJK rreBHY rrepec1qHy 
AOB)KHHy. BHOX.LJ;jiqH 3 TaKHX MipKyaaHL Ha OCHO
Bi 3aKoHiB MexaHiKH o6qHcJUI€TLCH THCK ra3y. R10Mo 
THCK ra3y Ha 1 KB. yM. 03HaqHTH p, qncAo MOAeKyA 
B 1 ·K6. QM. - N, Macy MOAeKyAw - m ·i rrepeci11ay 
IX CKopicTL - c, TO THCK ra3y 3a TAaHHX eMrrepaTyp
HHX yMoB BH3HaqaeThCH TaK: 

p = I/sNmc2. 

AHaAi3010 u»oro piBHHHHH rrpHXOAHTLCH AO BM-
•• u 

CHOBKy, ij!O 3a OAHaKOBOl TeMrrepaTypH H THCKY B OA-
HaKOBOMY o6cH3i qncAo N e OAffaKoBe AAH Bcix ra3iB, 
T06To :J!HM IIOTBepA)KY€TLCH rrpaBAHBiCTL rirroTe3H 
ABotaApo, npo m<y MOBa 6yAa B Hae paHiwe. 4aAL-

• u • 

IIIOIO aHaA130IO rrpHHIIIAH AO BHeHOBKy, ij!O rrepec1qaa 
• • • •• • u ••• 

CKOplCTb pl3HHA ra3IB CTOITb y 3BO.POTHIH rrporropuu . 
AO KBa.zi;paTOBOro KO.PHH 13 3HaqeHHH Barn MOAeKyAH 
ra3y. RK seAHKa UH cKopicTh, noKa3yIOTL TaKi AaHi: 
BOAeHL-1839 MeTpiB Ha ceKyAHy, K.HCeHL-461 
M./ceK.~ a3oT--492 M./ceK. i T. A· 4oKAa.zi;Himi AO
CMAH rroKa3aAH, IJJO cpopMy AH BHBeAeHi Ha niACTasi 
KiHeTnqHoi'. Teopii KAaaaiyca, He BITOBHi Bi.zi;rrosiAaAH . '-' 

eKcnepHMe.HTaAbHHM AaHHM BIAHOCHO BAaCTIIBOCTeH 
raaiB 3a neBHHX YMOB ( Hanp., 3a BHCOKoro THC KY) . 
TeopiH KAaB3iyca BHxOAHTL i3 YHBH, TaK 611 MOBHTH, . . . 
IAeaALHOro CTaHy ra3IB, rrp11rryeKa10q11 QIAKOBHTY . . . . 
BIACYTHICTL TepTH I B3aeMHoro npHTHraHHH qJJ BI.4· 

IIITOBxysaHHH MOAeKyA, i'.x 3H.HKaroqo MaAi po3Mip1 . . . . . 
y IIOplBHHHHl 3 BIAAaAHMH MlJK HHMH 1 T. A., KOAH 

• u • • 

B AIHCHOCTI BCe.JKTaKH TaKoro IAeaALHOro CTaHy He 
icaye. B3HBIIIH ye Bee niA yaary, BaH-Aep-BaaALC ;i;as 
(1873) CBOIO ;i;eij!O CKAaAHiIIIY <.l>O.PMYAY, HKa if 3.POA
)KY€TLCH 30BCiM .zi;o6pe 3 BHcAfAaMH CKCrrepHMeHTiB. 
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Mo)l(Ha co6i YHBHTH, IJ!O B neBHMM MOMeHT yci 
MOAeKyAM raay AaHoro o6cHry piBHoMipHo poa.zi;iAeHi 
IIO BCl>OM)' rrpocTopi, T06To 3HaXOAJITbCH BOHM OAHa 
BiA OAHOi: Ha o.zi;HaKoBili BiMaAi. IJH BiAAaAI> y Ta-

• • u 

KOM)' paa1 e rrepecrqHoIO AOB)KMHOIO IIINIXY, l,!!O Moro 
• • • u 

rrepeAITae MOJ\eKyAa rrpocTOAlHIHHO a)K AO ayAa-. . 
peHHH 3 IHIIIOIO MOJ\eKyAOIO qlf CTIHKOIO IIOCYAHH:U. 
HKIJ!O YHBHTH co6i MOAeKyAy y tpopMi KYAbKH, TO 
BHXOAMTb, IJ!O rrepeciqHHH IIIJ\HX :yeti 6yAe piBHHM . . . . . 
BJAAaAl MDK rroBepxHHMH ABOX cycIAHIX KyMoK-MOAe-
KyA. IlpH a6iMIIIeHHi 30BHillIHboro TMCKY :YH Bi.ZJ;AaJ\1> 
3MeHIIIY€TI>CH. KoAM )K YHBHTM co6i, J!!O rrpH CTHc
HeHHi raay BiH rrepeXOAHTb AO iHIIIOro arperaTHOro 
CTaHy (piAHHH q11 HaBiTb TBepAOrO TiAa)' TO :ye 03Ha
qae, J!!O MOAeKyJ\H raay 6iJ\hIIIe-MeHllie IJ!iAbHO rrpH
AHraIOTb OAHa AO OAHOi:, T06To BiA.LJ;aJ\b Mi)K IIOBepx
H!1MH KYAbOK 3MeHIIIYBTbCH HKpaa o BeA11q11Hy rrepe
crc1Horo IIIAHXY, a :yeHTPH KY AI>OK aHaXOAHTbCH B Ta -
KOMY paai Ha BiMaAi .zi;Box Ayqrn KYMKH a6o OAHoro 
iI rrorrepeqHMKa. TaKHM qnHOM Bi;J;6yaaeTI>CH ary-. . . . . 
IJ!eHHH raay Bl.ll;IJOB1AHO AO 3MeHIIIeHHH BIA.LJ;aJ\l Ml)K . . 
MOAeKyAaMH, J!!O Aa€TbCH crnepAHTM BIAIIOBIAHHMH 
MipHHHHMH o6cHriB. HKIJ!O oaHaqJITH rycToTy raay d, 

a rycToTy piAHHH Moro D, TO ~ = K. BeAHlJHHa K . . . 
BH3Haqa€TbCH eMrnpMqHO AAH KO)KHOrO TIJ\a I HOCHTb 
HaaBy Koetpi:yieHTa aryJ!!eHHH. Harrp., I AiTp 
KHCHIO Ba)KHTI> 1,4292 rp., aHaqHTb I K6. :yM. Ba)KHTI> 
0,0014292; cneQHq>iqHa Bara KHCHIO, aryIJ!eHoro AO 
CTaHy pi.ZJ;HHH, € 1, 124' 3Ha qHTb CTiAbKH )K Ba )KJ1Tb 
1 K6. QM. pi.ZJ;HHHOro KHCHIO; 0A)Ke 3 Toro Koeq>iuieHT 

d 0 0014292 
aryIJ!eHHH KHCHIO BH3Ha qaeTI>CH : K = D == ' l, 12 4 
= 0,0012. 4AH a3oTy 3HaqeHHH K e 0,0014 i T. A· 
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Ilepeci11Ha AOB)KH}Ia WNIXY MOAeKyA BHaHa11ae. xa
paKTepHCTH1IHY ANI Aa.Horo raay TeIIAonpoBOAWCTL. 
dMipIOIOllH TeIIAonpoBoAHicTL pi3HHX TiA; BHlllICAIOlOTL 
nepecitIHy AOB)KHHY IIINIXiB 1x MOAeKyA. Hanp., AAH 
BOAfflO 0,0000178 :gM., KHCHIO - 0,0000102 UM., aMO· 
HHKy-0,0000074 yM., MeTaHy-0,0000085 UM. IT. A· 
Ha ocaoBi Bcix UHX Aa.HHX BHpaxoByeTLCH aHaqeHHH 
AN! nonepe1IHHKa MOAeKYAH AOTHtIHoro raay. 0.LVKe 
o6lll!cAeHe uiero MeTOAOIO aHaqeHHH AM nonepe11HH
KiB MOAeKyA € BeAHqHHH nopHAKy O,OOOOOOUl a6o 
1-9 paaiB l0-8 • BeAHqHHY nonepetIHmciB MOAeKyA 
pi3HHX TiA BH3HaqeHO 6yAO (B ueHTHMeTpax) TaK: 
BOAeHb - 2,3.10-s, KHCeHh - 2,9.10-s, ByrAeKOCJ\OTa 
- 3,2.10-~ i T. A· AAH THX TiA, IJ!O ix MOAeKyAH cKAa· 
AaIOTLCH TlAhKH a OAHOro aToMa, aHaqeHHH nonepe11-
HH.Ka MOAeKyAH 6yAe TeJK aHaqeHHHM AAH nonepe11-
HHKa aTOMa. 

TaK nocepeAHLO MO)Klla 6yAo BH3HatIHTH poaMip 
MOAeKyA nOOAHHOKHX cpialitIHHX TL\. Ue e poaMip11 
Ta.Kora nopHAKy, IJ!O 1x npocTo HeMO)KHa co6i pe
a.AhHO npeACTaBHTH. IlpH TOMY Tpe6a aaBBa)KHTH, IJ!O 
KOAH MOBa liAe npo nonepeqHHK MOAeKyAH, T06To Hali
MeHmy Bi.Ma.Ah, Ha· m<y MOJKYTL npH6AH3HTHCL ueHTPH 
ABOX MOAeKyA, TO ye Tpe6a poa-yMiTH He 6yKBaADHO, 

• • u • • 

a TlAhKH TaK, IJ!O Ha TaKIH BIMaAI 3HaXOAHThCH :yeH-
TPH THX ABOX ccpep, HKi HaAe)KaTh AO C.KAaAHOl CHC
TeMH aTOMOBllX yrpynoBaHD. JJi MOAeKyAHpHi ccpepH 
MO.IKYTL __!J3a€MHO Ha6AHJKyBaTHCL AHIIIe AO neBHOl 
}rllpH qepea Te, IJ.!O oxpi.M CHAM B3a6MHOrO npHTHraHHH . . . . 
;µe Ml)K HHMH Ta.KO)!{ l CHAa B3a€MHOI'O BJAWTOBXY-
BaHWI, .HKa He A03BOAH€ OAHiH MOAeKyAHpHili ccpepi 
BTHCHfTHCh Ha Micue Apyrol. ToMf-TO, poarAHAaroqH 
MOAeKyAy, HK KyAI>xy, KOpHcTyroTLCH ,,reoMeTpHtIHOIO 
cpiKuia10, i.yo Bi.AnoBi.Aae neaHili AHHa.MitIHili pea.Ab-
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HOCTi'', HK BHCAOBHBCH OAHH a.BTOp KHH)KKH rrpo 6y
AOBY ¥aTepil. 3Ha10q:u Ayq MOAeKyA:u, MO.iKHa BM
qHCAHTH ii poa:Mip ( aa <}>opMyAoro v = ~- n r 3). T:uM 
caMHM MO.IKHa o6q:ucAHTH TaKO.iK i q:uCAO MOAeKy A 
raay B 1 K6. :g;M. Ha OCHOBi TaKHX MipKYBaHb: KO)KHa 

u u • 

MOJ\eKyAa, pyxa10q:uc1>, aaHMae IIeBHHH npocT1p poa-
• • • u 

MipOM UHAIHApy, m<oro A~ 6 j)IBHHH Ayqy MOAeKyAH, 
a BHCOTa piBHa AOB)IWHi nepeciqHoro iI llINIXY; cKiAh
KH TaKHX uHAiHApmci.s )'MicTMTbCH B 1 K6. UM., CTiAh
KH 6y.zi;e TaM i MOAeKyA. Q6qMcAeHHH IIOKaayIOTb, IJJO 
ue 6y.zi;e KOAOCa.AbHe q11:cAo, HKe ariAHo 3 aaKOHOM 
ABora.zi;po e OAHaKoBe AAH Bcix rasiB, a TO ( oKpyr
Ao) 27.000.000.000.000.000.000 a6o iHaKwe rrMcaHe 
2,7.1019 • :Ye e q11:cAo AowMiATa. OA*e, KOAH 
rpaM-MOAeKyAa aaliMae aa HopMaALHMX YMOB TeMIIe
paTyp11: li THCKY o6cHr 22,4 AiTpa, TO aHaqHTb OAHa . 
rpaM-MOAeKyAa raay Mae 6,05.1023 MOAeKyA. Qe e T. 
aB. tIHCAO ABota.zi;po, :r.yo lioro Toqmme Tenep BH
aHaqeHo piBHHM 6,022.1023. RK:r.yo rpaM-MOAeKyAa 
BOAHIO Ba)l\HTb 2,01556 rp., TO Ue 3HaqHTL, IJJO OAHa 
u 2,01559 6 3 347- 10-24 MOrOMOAeKyAaBa)KHTL 6,022.1023 a 0 ' . rp., 

a OAMH a TOM BOAHIO Ba)KHTL 1, 6 7 3 .10-24 rp.. Q6qMc
AeHHH iHIIIHMH MeTOAaMH .zi;aIOTL np:u6AH)KH0 Ta.KHH ca
MHH BMCAfA. 3 Toro BMXOAMTL, IJ!O MOAeKyAa (arAH.LJ;HO 
aTOM) aaoTy Ba)l\HTL y 14 paaiB 6iA:owe aa MOAeKyAy 
(arAH.LJ;HO aTOM) BOAffIO, KHCHIO - 16, cipKH - 32 
• u 

I T. A· a* AO HaHBa)l\qQrO ypaHy, m<oro MOAeKyAa 
(arA. aToM) Ba)KHTL 238 paaiB 6i.i\LIIIe, W)K MOAeKyAa 
(arA. aTOM) BOAHIO. Bee ue TaKi BeAHqMHH, :r.yo ix 
MO)KHa co6i YHBHTH xi6a 3AaAeKa neBHHM nopi.BHHH
HHM. O.zi;)Ke, Bara aToMa BOAHIO y nopi.BmmHi AO 1 
rpaMy 6yAe TaKa, HK 1 Krp. y rropiBHHHHi a Baro10 uiAoi 
aeMHoi: KyAi, a poaMip iioro y nopiBHmrai AO KYALKH 
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3 AyqeM 1 MM. e npH6AH)KHO TaKHti, HK poaMip 6a
i\.OH11HKY 3 AytieM 1/2 MeTpa y nopiBHHHHi AO aeMHOi . 
Kyi\l .. 

3 IlOBHIJ!OrO BHAffO, IJ!O X01l i HK 6eaMipHO Ma-. . . . 
JUIMH e poaMip I Bara MOAeKyA I aToMIB, a.Ae rroce-
peAHiMH IIINIXaMH Aai\OCH BCe)l{TaKH ix ,,aMipHTH'' 
i ,,aBa)KHTH". Ilo.zti6Ho AO JJLOro apemToro Ha YKa 
AOCHrAa ti Toro, IJ!O nocepeAHLO MO)l{Ha TaKO)I{ 
,,no6atIHTH" pyx MOAeKyA. BAacHe MO)l{Ha no6a-
1IHTH Hi6H Bi.ZJ;aepKa.AeHHH o6paay 6eaAaAHOrO pyxy . . 
MOAeKyA y BHrNIAJ. pyxy IHIIIMX tiaCTOtIOK, cnpHtIHHe-
HOro pyxoM MOAeKyA. Qe e pa30M ia THM Ha01lHHM 
AOKa30M peai\bHOro icHy:saHHH MOAeKyA <J>i3H1lHMX 
TiA.. IIpo ue ti xotieMo .zi;aAi apo6HTH KopoTKttti 
BHKi\3,A. 

AHrAiticLKHti 6oTaHiK .BpayH IJ!e Ha noqaTKY XIX 
CT. (1827) 3aBBaiKHB, IJ!O pi.zi;ttHa Hee B CTaHi CilOKOJO, 
a.Ae HaBnaKH nepe6y:sae B cTaHi nocTiti:Horo pyxy. Ue . . . 
BHHBJ\JleTLCH B TOMy, J.YO cycneH.ZJ;OBaH1 B PIAHHI qac-

• u u • • • 

T01lKH IlOCTIHHO pyxaIOTbCH B HaHpl3HOMaHITHlIIIMX 
Hanpmmax, npH tIOM)' ueti pyx He aa.Ae)l{HTL aHi BiA 
pi3HHW TeMnepaTypH B pi3HHX MicuHX AaHoro o6cmy . . . . . . 
pI.AWIH, aH1 BIA THCKY tIH IHIIIHX 30BHIIIIHIX npHtIHH, 
HK TaKO)I{ He aaA~)KHTL BIB Bi.zi; poAy pi.zi;HHH 1lH Ii ryc
TOTH. TaKHli pyx crrocTepe)KeHo HaBiTL y piAHHax, . . 
aaMKHeHHX y KpHCTaAax, npH tIOMY BlH HIKOJ\H He 
npHnHHH€TLCH, :H cnocTepiraTH tioro MO)KHa AOBrMMM 

· Micmimm :H poKaMH. Qeii pyx no iMeHH ara.zi;aHoro 
BtieHoro Haa1maeTLCH .BpayHoBHM pyxoM. AoBIIIMH 
tiac BIB He npHTHraB AO ce6e yearn AOCAi.zi;HHKiB, aAe 
apemTOIO BiHep aatiHHBCH cTy;tiHMH :g:r,oro pyxy cy
cneffAOBaHMX y pi.zi;HHi "tJaCTOtIOK Ta BHCi\.OBHB (1863) 
TBep.ll;)KeHHH, IJ!O ue HBHIJ!e Tpe6a IlOHCHHTH MOAeKy
J\JlpHHM pyxoM caMoi pi.zi;HHH, npH tIOM}' CTBep.zi;HB, 1!!0 
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cycneHAOBaHi 11acToqKM pyxaIOTLCH THM 6iALme, llHM 
BOHM -6 MeHIIIMMM. QH o6cTaBMHa € 3p03}'MiAOIO Ha 

• • u . 

ocHOBI TaKHx MipKy:saHL: HaHMeHma mpoToBa KYALKa 
e BnpocT riraHTOM y nopiBHamri AO MOAeKyAH, TOMY 
cepeA BeAMqealio! KiALKOCTH MOAeKyA BOHa ;ticTaBaAa 
6 ao Bcix 6oKiB KOAOCaALHe lIHCAO yAapiB. Xoq 'QMCAO 
UHX yAapiB He 6yAo 6 OAHaKOBe 3 pi3HH.X CTopiH, a.Ae . . . . 
Bl.ZJ;IIOBl.ZJ;HO AO 3aKOHY BCAMKHX 'QHCCA pl3HHUH MUK 
qHCAOM yAapiB a piaHHX 6oKiB ae MOrAa 6 MaTH aHa-

u • • 

lleHHH, H TaKa HaBITL HeBeAMqKa mpoToBa KYJ\LKa IIIA 
BIIAHBOM OAep)KaHHX y4apiB He MY<;:iAa 6 pyAaTHCL. 
HaanaKH MiKpocKom-qHa cycneHAoBaHa B pi.Amil -qac
ToqKa € OCTiALKH MaAeHl>KOIO, 11!0 AAH He! TaKe iie
OAHaKOBe lJHCAO y4aprn· 3 pi3HHX 6oKiB Mae B)Ke 3Ha-. 
qeHHH, TaK 11!0 BOHa MfCHTL pyxaTHCL 1 npH TOM)' 
pyxaTHCL TaK ca.Mo 6eaAMHO if a11raata.MH, me py
xaroTLCH ca.Mi MOAeKyAH. HBHll!e EpayaoBoro pyxy . . . . . . 
CT)'AIIOBaAH IIOTIM pl3Hl AOCAfAHHKH, a MVK HHMH 
cppaauya1>KHH cpiaHK II e pp e H rrepeaiB HaA3BHqati:Ho 
TOlIHi ti AY*e Ba)K)\HBi AOCAiAH. BiH piIIIHB nepeaecTH 
,,experimentum crucis", To6To eKcnepHMeHT pimaAL
Horo 3HaqeHHH, HKHH a6o AOKa3aB 611 npaBAJIBiCTL 
KiHeTH'QHOI Teopi1 a6o HaBilaKH i1 pimyqo 3HHIJJHB 6H. 
3aBAaHHH IIONiraAO B TOMf, 11!06 nepeBipHTH, 'QH -qac
TO'QKH HaHMeHIIIMX poaMipiB, aAe mci ll!e MO)KHa 6a'QHTH . 
aa AOIIOMOrOIO OIITH'QHHX npHAa.~1B, BHHBAHIOTL no-
4i6HiCTL AO MOAeKyA, T06To 'QH niANrraroTL BOHH ra-. .., . 
30BHM aaKOHaM, I lJH € Ba)Kffa H AAH HHX KIHeTHqHa 
Teopix. 3 He3BMllaMHOIO AOTeIIHiCTIO i A6aHMmicTIO 
rrepeBiB IIeppeH paaoM is cBoiMM crriBpo6iTHHKaMH AO
cAiAH Ha4 eMfALCiHMM ii 6eac)'MlriBHo AOKaaaB, IJJO 
B eMYALcimc cycneHAaBaHi qacTOllKH (a Ay-qeM 0,53 µ) . . . 
yrroBHI Ill.ZJ;NiraIOTb ra30BHM aaKOHaM, TaK :r,go MIKpo-
CKOrri11Hi qacTKH, md i.ge MO)KHa 6at1HTH, € Hi6H 
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Be . .urqeaHHMH MO.i\eKy AaMM, IJ!O ix pyx cpoTorpacpyaa
.i\OCH. 06paa yLoro pyxy € TaKHH: 
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Ha niAcTaBi cBoix AOC.i\IAIB IIeppea CTBepAHB, IJ!O 
EpayaiB pyx e TOlIHOIO Konie10 MOAeKyAHpaoro pyxy 
lJH B.i\aCHe BiH caM € MO.i\eKy AH.PHHM pyxoM, 60 HeMa 
npHHQHilOBOI pi3HHUi Mi)K pyxoM MO.i\eKy.i\ aaoTy, poa-

. • u • • 

lJHHeHoro y BOAi 11 pyxoM cycneHAOBaHHX y .PIAHHI 
qacTOlJOK, HK HeMa rrpHHJJHilOBOI pi3HHQi Mi)K iacppa
qepBOHHM npoMiHHHM Ta rrpoMiHHHM BHAMMOl qac
TMHH cneKT.PY. PiaHMJJH € AHIIIe y BeAHtIHHi qacTOlIOK 
TaK, Harrp., KO.i\H rrpHrryCTHMO, ij!O rpaM-MO.i\eKy.i\a xe
MillHHX 3.i\)'K Ba)KMAa 6 HKHX Ki.i\LKa-AeCHT. rpaM.iB, TO 
',rpaM-MO.i\eKy .i\a'' BlfAHMHX cycneHAOBaHHX qacTOlJOK 
AOCHraAa 6 BarH rroHaA 100.000 TOH. AAe, np11liMaIOtIM 
ui qacTOlJKH aa CBOepiAai MO.i\eKyAH, IleppeH apo6HB 
BiAITOBi,zuii o6tIHCJ\eHHH A.i\H BH3HalleHHH yiero CBO€IO 
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MeTOAOIO rreBHHX BeJ\H'tlHH. TaK BiH BHpax)'BaB aHa
'IeHHH ABotaJJ;poBoro 'IHCAa ii .ZJ;icTaB TaKi BHcAiJJ;H, 
IJJO rrepeci'IHe 3Ha'IeHHH 6yAo 6,4. l 023, OJ);)l{e 3Ha'IeHHH 
JJ;y)l{e 6AH31>Ke AO HaBeAeHoro BHIJJe 3Ha'IeHHH, BHBe
.ZJ;eHoro Ha rriJJ;cTaBi KiHeTH'tlHOi: TeopiL TaK caMo 
ii BHpaxoBaHa IIeppeHOM Bara BOJJ;HeBoro aToMa e ao
BCiM 6AH3LKa AO BHIJJeHaBe,LJ;eHoL TaKHM 'IHHOM AO

CMAH HaA EpaYffOBHM pyxoM AaAH HaM AOKaaH peaAI>-. 
HOrO lCH)'BaHHH MOJ\eKyAHpHHX qacTO'tlOK, a THM ca-. . 
MHM 1 CKAaAOBHX 'IaCTHH MOJ\eKyA-aTOMIB, XO'I IJJe 
B rroAOBHHi XIX CT. OAHH ia BH3Ha'IHirnHx xeMiKiB 
y <l>paHyii: J\.o paH IIHCaB, IJJO TepMiHOBi ,,aToM" BiH 
HaAa€ TiAl>KH TaKHH aMicT, HKHH MicTHTl>CH y BHpaai 
,,rrporropyi:HHe 'IHCJ\O"' T06To i4eH rrpo pea.ALHiCTL 
icHyaaHHH a To:MiB 6y Aa IJJe ROMY qy)l{OIO. 

IIiA BIIAHBOM 30BHirnHix 'IHHHHKiB (Harrp., TerrAa) MO
AeKyAa MO)l{e poaAiAHTHCL Ha qacTi. TaK IJJe B 185 7 poy;i 
<J>paHy;ya1>KHM xeMiK CeH-KAep-4eBiAAL (1811-1881), 
HarpmaIO'IH BOAY AO BHCOKOi'. TeMrreparypH, AOCHr poa
KAaAy i'.l Ha CKAa40Bi 'IaCTHHH BO.ZJ;eHL i KHCeHL. Qe 
HBHIJJe HOCHTL HaaBy AHcoyiHuiL B TOMY qaci APY
rHli <J>paHy;ya1>KHH AOCAi.ZJ;HHK Kay p, BH3Ha'tlaIO'IH 
MOAeKy AHPHY Bary rreHTaxAop114y <J>oc<J>opy ( PCl5), 

aHalirnoB BeAH'IHHY (aa cJ>opMYAoro M = 2 D) piBHo 
.ZJ;Ba paaH MeHrny, Hi)I{ BOHa a B AiiicHocTi. A rrpH'IHHOIO 
y;1>oro 6yAa Ta o6cTaBHHa, IJJO aa BHCOKOI TeMrrepa
TYPH PCl5 AHCoyiroe Ha PCl3 i Cl2 :H TaKHM 'IHHOM 
IIOHBJ\JI€Tl>CH B AaHOMY o6CH3i ABa paaH 6iALllle MOAe
Ky A, Hi)I{ 6yAo crro'IaTKy. THM caMHM noABiliHo a6iAL
rnyeTLCH :H THCK raay, 60 )I{ ariAHo a aaKOHOM ABora;i;po 
THCK BH3Ha'Iea€Tl>CH He xapaKTepoM MOAeKyA (To6To 
Ix CKAaAoM), a TiAI>KH i:x 'IHCAOM. 3MeHrnyro'IH no
ABiHHHH THCK AO HopMa.ALHoro, Kayp THM caMHM 
3MeHllIHB HailOJ\OBHHY 'IHCJ\O MOAeKyJUipHHX 'tlaCTOK 
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y ,zi;a HOM)' o6cHai, a TOM)' ti Ai.cTaB IIOJ\OBHHHe 3Ha
qeilHH AAH MOAeKyMpHOI BarH neHTaXAOPHAY cpoc
cpopy. PoaKAacTHCL tIH ,l1;HcouiroBaTH MO)Ke TaKO)K 
i MOAeKy Aa xeMitiao-npocToro Ti.J\a. Harrp., KOAH JMe 
npH TeMnepaTypi 700° y neBHOMY o6cHai 3HaXO,ZJ;HTl>CH 
x MOJ\eKyJ\ .HOAy, TO B)Ke rrpH TeMrrepaTypi KOJ\O 

1500° tIHCJ\O tiacTotIOK 6y Ae 11/ 2 paaH 6iA1>rne, a rrpH 
TeMrrepaTypi 2100° tIHCJ\O IX 6y,n;e IIO,ZJ;Biti:He, T06To aa 

• •• • u 

@En TeMnepaTypH BCI MOAeKyAH Ho,n;y poaKAa,n;aroTL-
• • CH Ha aTOMH, a TOM)' npH ,lJ;a.J\LllIOM)' HarpmaHHI B)Ke 

He MO)l{e BiA6)'BaTHCL AHCO:gimJiH, H THCK ,n;aAi He 
a6iALmy€TLCH. CTyrriHL ,n;11couiH:gii:, HK 6at1HM0, · 
MO)Ke 6yTH piaHHti. lcaye IJJe i1: iHmHli piA AHcoyiHuil, 
:r.go HOCHTL HaaBy eAeKTpoAiTHtIHOl AHCO:giH:giL 
IIpo ue HBH:r.ge rro6i)l{HO ara,n;)'BaAOCL paaime, a Terrep 
npmJ\HHeMoc1> ,n;o H1>oro TPOXH 6AHatie. 

MH B)Ke ara,n;)'BaAH npo icH)'BaHHH eAeKTpoAiTiB, 
TO~TO TaKHX TiA, JMO B p03tIHHi npoBOAHTL eAeKTpHtI
HicTL. Ilo CBOiH npHpo.zti eJ\eKTpOMTH e COAi, KHCAOTH 
a6o AyrH. JlKIJJO tiepea poatIHH TaKHX riA nepeXOAHT» 
eJ\eKTpHtIHHH CTpyM, TO Ha eAeKTPOAaX IlOlJHHaIOTL 
BiAKAa,ZJ;aTHCL rrpOA)'KTH Ix poaKAaAy. JJeti npouec 
HaaHBaIOTb eJ\eKTpoAiaoro, npH tIOM)' BiA6YBa€Tl>CH 
BiH TaK, J!!O Ha KaTo,ZJ;i (aetaTHBHOMY eJ\eKTpo,n;i) 
BiAKAaAa€TCH MeTaA a6o BOAeHL, a Ha aao,n;i (noaH
THBHOM)' eAeKTpoAi) - pemTKa ,zi;aaoro eAeKTpoAiTy. 
AocAfA*eHHH :g1>oro HBHIJJa noKaaaAH, JMO KiA»KicTL 
npOA)'KTiB poaKAaAy a6iALIIIY€TLCH BiAilOBi.ZJ;HO AO 
a6iJ\bIIIeHHH CHAH eAeKTpHtiaoro cTp)'MY.*) Ilepe-

*) Ha Mi)KHapoAHLOMY KOHtpeci B IIap1nKi. B 1881 poyi BCTa
HOBJ\eao 6y J\O TaKi O,z.tmrnyi : a Mn e p - CHAa eJ\eKTpHtIHOro 
crpYM}', J!!O aa 1 ceK. poaKJ\a,z.tae 1, 118 MW.rpaMiB cpi6Aa; 
BOJ\bT - uanpy)KeHllJI OAHOro eJ\OteHT}' 4aHieAH; OM - onip 
KOJ\OHKH p-ryri .D;OB)KHHOIO I 06,3 UM· Ta nonepe'tlHOIO JIJ\Oll!CIO 
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BOAH1llf KBaHTMTaTMBHY aHaN.ay, <l>apaAeii cTBepAHB 
( 1833) AY)Ke rrpocTi aaKOHM, aa HKMMM BiA6yaaeTLCH . . . . . 
BJAKAaAaHHH npOAYKTlB poaKAaAy eAeKTpOAITlB Ha 
eAeKTPOAax. ·rrepnmii aaKoH e TaKMii: KoAH qepea 

• u • 

eACKTpOJUT nepeXOAMTL eAeKTPM'qHHH CTpy-M, TO KlAL-
KicTL BiAKAaJJ;eHOI Ha eAeKTPOAi piqoBMHM (q) € npo
nopuiiiaa AO cMAH CTPYMY ( i) i qacy ( t), To6To 
q = Kit, Ae K e KoecpiuieHT nporropuiH:HocTH i Ha-. . 
aimaeTLCH eAeKTpoxeMI'qHMM eKBIBaAeHTOM Aa-.. . . . .. 
HOl peqoBHHH, IJ!O IIOKaaye, mcy KlALKICTh Ul€1 peqo-
BHHM BMJJ;iAMTL CTPYM CMAOIO I aMnepa. ,4pyrHii aaKOH 
e TaKMH: 3a rrpoxOA)KeHHH OAHaKosoro CTPYMY KiAL
KicTL BMAiAeHOI peqOBHHH e rrporropwiiHa AO XeMiq
Horo eKBiBaAeHTY Bi.ll;noBiAao1 peqoBMHH, T06To 
nponopuiiiHa AO aTOMOBOI BarH, no.zti;\eHOl Ha Ba
.i\CHTHiCTL. OA)Ke, KOAH eAeKTpoxeMi11HMH eKBiBaAeHT 
( K) no.ll;iAHMO Ha aToMoBy Bary (A), TO JJ;icTaHeMo 
mcecL q11cAo ( B), IJ!O 6yAe OAHaKoBe ANI Bcix OAHO

BaAeHTHHX eAeMeHTiB, a AAH ABO-, TpH- qff X-Ba
AeHTHHX eAeMeHTiB 6yAe BOHO ABa, TPH qH . X-paaiB 
MeHme. EKcrrepHMeHTaALHi .n;aHi, J!!O ix MH Ha.Be.n;eMo 

• 
TYT AAH ACHKHX eAeMeHTIB, noKaayroTL HacrynHe 
(aHaqeHHH K rro.n;aeTLCH B rpaMax; pHMcLKi qHcAa 
KOAO Ha3BH eAeMeHry IIOKaayroTL if oro BaAeHTIDCTL, 
npH qoMY MiAL BHcrynae HK OAHO- i ABO-BaAeHTHa) : 

l KB. MM.; Ky A 0 H - KiALKiCTD CJ\CKTpH11HOCTH, IJ!O aa 1 cex. 
nepe~o~ nepeK.poeM npoB~ upH cHAi I mmepa;?cJ>apa.zt 
- MlCTKlCTL npOBIAHHKa, i.go a pmHa K}'AOffY, UO.zt!ACHOMf Ha 
BOJ\LT. Bee ue a T • .as. npaKTIAHi oAHHHUi, 60 B uayW. upmri
HI06ThCH imui - eJ\eKTpocraTIAHi (es) i CACKTpOMa:tHCT!ri (em) 
- OAlfllHUi, TaK 1110, Ba.IIp., K}'AOH e piB:mrlt 3,109 OAeeeg& 
eAeKTpOCTaTHcmHX. 
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Ha3aa xeM. AToMoaa EAeKTpoxeM. K 
eAeMeHTY aara (A) eKBiaaA. ( K) A=B 

BoAeHL (I) 1,0008 0, 1044 . 1 0-4 1,036 .10-5 

XAop (I) 35,457 3,675 . 10-4 1,036 .10-5 

Mo.zr; (I) 126,92 13,154 .10-4 1,036 .10-5 

K:uceHL (II) 16,000 0,8289 . 10-4 0,518.l0-5 

HaTpiti (I) 22,997 2,383 .10-4 1,036.l0-5 

MiAL (I) 63,57 6,588 .10-4 1,036 .10-5 

Mi AL (II) 63,57 3,294 .10-4 0,518 .10-5 

Cpi6AO (I) 107,88 11,181 .10-4 1,036 .10-5 

AAIOMiHiH (III) 26,97 0,931 .10-4 0,345 .10-5 

TaKHM q.11HOM 6aq.11Mo, I!!O AAH OAHOBaAeHTHHX 
eAeMeHriB aHa'tleHHH B e 1,036 .10-5, AAH ABOBaAeHT
HHX IlOAOBHHa y1>oro lIHCAa, AM TpHBaAeHTHHX 
TpeTHHa i T. A· OA*e, KOAH K = B. A, To BH™e
HaBe4eHy <f>opMyAy AAH BiMO)l(eHoi KiALKOCTH peqo
BHHH MO)l(eMO Han:ucaTH TaK: 

. . . 
eAeMeHTm eAeMeHTIB eAeMeHTIB 

B .A. it 
q=---

1 
q= 

B .A. it 
2 

B .A. it 
q= x 

JJ.n OCTaHHH <f>opMyAa € aaraALHOIO <f>opMyAOBKOIO 3a
KOHiB <l>ap~eH. RKI!!O c:uAa CTPYMY (i) e KiALKiCTL 
eAeKTp:nqHocT:u, ™o nepelilIIJ\a 3a I ceKyH.zi;y, TO 
aaraALHa ii KiALKicTL (Q.,), ™o nepeli4e aa HKHHCL qac 
(t), 6yAe: Q = it, 3BiAKH: 

q=B.A.Q 
x 

KoAH xoqeMo aHaTH KiALKicTL eAeKTpn:qHoCTH, nepe
Heceaoi I rpaM-aTOMOM HKoicL peqoBHHH,. TO M)'CHMO 
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aaMicn q rrocTaBHTH A, T06To tJHCAO, m<e oaHatJae 
aTOMOBY nary AOTIAHOro eJ\eMeHry. 0Ame B TaKOM)' 

• paa1 MaeMo: 

A B.A 11 6 11 A.X 1 X 
= X . ~ a o ~ = B. A = B . ' Ae 

1 B = 96500 KyJ\. 

1 
TaKHM tJHHOM BHXOAHTL, :r.go aHa'lleHHH B = 96500 KyA. 

rroKaaye KiALKicn eAeKTpH11HOCTH, an11aaHoi a 1 rpaM
aTOMOM OAHOBaJ\eHTHoro xeMi"CJHoro eAeMeHTy. OaHa
"CJaIOTL ii AiTeporo F. RKIJJO rpa:M-Mo.i\eKy.i\a BOAHIO 
Mae 6,022 .1028 MO.i\eKy.i\ (ABoraApOBe "CJHC.i\O), TO 3Ha
llHTh rpaM-aTOM Mae TaKe caMe 'tJHC.i\O aToMin (NJ. 
0.ZJ;me a ur,oro MO)f{Ha o6paxynaTH ry KiALKicTL 
e.i\eKTPH"CJHOCTH, m<a 3B'HaaHa 3 OAHHM aTOMOM. 
AarAiAcLKHA xeMiK CToHeli aanponoHynan (1891) 
HaanaTH uro KWKicTL el\.eKTpOHOM (e). BoHa BH-

• • 
3HatJaeTLCH Ha OCHOBl nonepeAHlX AaHHX TaK: 

e - F - 9650° Kyl\.. = 1 602 l 0-19 Ky.i\. 
- N - 6,022 . I 028 ' • 

a6o 4,806. 10-10 es. 

· Ha niAcTani BHBtJeHHH HBHJ!!a e.i\eKTpo.i\iaH BtJeHi
cpiaHKH npHHllil\.H AO BHCHOBKY' J!!O el\.eKTPH"CJHiCTL Ma€ 
TaKO)f{ xapaKTep aTOMi"CJHOl 6yAOBH, TaK IJJO icHyroTh 
ABa po.zy;H aTol\tlB el\.eKTPH"CJHOCTH: noaHTHBHi ii HeI'a
THBHi. 3oKpeMa HiMegLKHH <J>iaHK f el\.LMrOJ\.L:t! BH
CJ\OBHB ( 1881) nOrJ\JIA, I.gO a<J>iHiTeT xeMitJHHX "Ir eJ\e-. . . .. . 
MeHTIB IlOHCHIO€TLCH THM, I.gO Ha nonepXHl . aTOMIB . . ....... 
3HaxOAHTJ>CH neBHI MICQH, Ae e no OAHOM)' eAe-
M e HT a pH 0 My Ha 6 0 IO' J!!O ttoro 3Ha "CJeHHH IlOAaHO 
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Bmye. JJro 10A1>KicTL eAeKTpH11aocTH HaaHBaIOTL Te)K 
eAeKTpH11HHM KBaHTOM. 

HaBeAeHi aaKOHH <I>apaAeB aHaXOAHTL rroHcHeHHH 
B Teopii ioHiB. CaMe rroIDITTJI ioHy crnopHB i,ye 
<I>apa.Aeil, aAe orrpauroBaB ue rr.HTaHHH roAOBHO Hi
Me:gLKHil q>iaHKO-XeMiK fiTTOptp (1824-1914), HKHH 
BAacHe crnepAIIB tpaKT, :r.go aAi6HiCTL rnopHTH ioHH 
MaIOTh TiALKH coAi, KHCAOTH H OCHOBH (Ayrn). 0AHaqe 
BeAHKe aHatieHHH MH xeMii IIOHHITH rrpo ioHH BH
JIBHAOCH rricAH Toro, me nmeACLKHH q>iaHI< App e Hi y c 
(1859-1927) CBOThm AOCAi.zi;a:MH IIOKaaaB (1887) J,!!O, . . 
lOHH :ge € tiaCTHHH poa:r.genAeHHX MOAeKyA, ma HeCYTL 
Ha co6i II03HTHBHi 'tlH HetaTHBHi Ha6oi. IloaHTHBHO 

• • 
'tlH HetaTHBHO HaAaAOBaHI 'tlaCTKH B poaqHHl eAeKTpo-
AfTIB 3HaXOAHTLCH rropyq ce6e Bi.J\LHO i He 3B'HaaHi Mi)K 
co6010. Jle € CTaH eAeKTpoAiTH'tlHOi AHCOUiHuii, 

• • • 
npH m<oMy B poa'tlHHax pmHo'tlacHo 1cHyroT1> Ka TI o H 11 
(noaHTHBho HaAaAOBaHi ioHH) ii aHiOHH (HetaTHBHO 
HaAa.zr;oBaHi ioHH). Harrp., y poa'tlHHi KyxoHHoi coAH 

• • • 
aTOMH HaTplIO II03HTHBHO HaAaAOBaHI € KaTIOHH, a 
aToMH xAopy HetaTMBHO HaAMOBaHi - aHioHH. Baa
raAi MeTaAH ti BOAeHL € KaTioHaMH, HaBrraKH ocTaTKM 
KHCAOT (aHriAPHAH) H OCTaTKH Ayris {riApOKCHAH) 
e aHioHaMH. AHioHH MO)K)7Th 6Y™ HecKAaAHi, Harrp., 
Cl', aAe 6)7BaIOTL i Ay)Ke cKAaAHi, HK ar3.,ll;}'BaHi B)Ke 
KOMIIJ\eKcHi. 3a.BAHJCH Teopii ioHiB eAeKTpoAiaa AerKO 
ITOJICHIO€TLCH eAeMeHTapHHMH aaKoHaMH Hayta1 rrpo 

• 
eAeKTpH1IBICTL. 

RK KaTiOHH, T3K i amOHH HeCYTL Ha6oi: siArroBiAHO 
AO csoai BaAeH:gii. OA)Ke, BOAeHL i OAHOBaAeHTHi 
MeTaAH MaIOTL no 1 rroaHTHBHOMY Ha6oro, ABOBaAeHTHi 
- 2, TpHBaAeHTHi - 3 i T. A· KiALKicTL HeI'aTHBHHX 
Ha6oiB KHCAOTHHX OCTaTKIB BH3Ha'tla€TLCH aTOMHiCTIO 
BiAIIOBiAHOI KHCAOTH (To6To a4i6HiCTIO iI s'HaaTM 

. . 
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• • • rreBHe qJiCJ\O OAHOBaAeHTHliX MeTaAIB rrpH TBopeHHl . 
COJ\e:M:)' HK, Harrp., OUTOBa KHCAOTa € 0.z:tHOaTOMHa, 
cyALcJ>aTOBa ABOaTOMHa i T. A· fiApoKCHA Hece OAHH 
HeI'aTHBHHH Ha6i:M:. RKIJ!O AO poaqHHY eAeKTpoAiTy 
rroHypHTH ABa eAeKTPOAH :M: rrepenycKaTH eAeKTpHq
HHH CTp}'M, TO Mi)K HHMH I10BCTa€ eJ\eKTpHqHe ITOJ\e, 
HacAiAKOM qoro OAHOHMeHHi aa6oi rroqHHaIOTL BiA
llITOBX)'BaTHCL, a piaHo:M:MeHHi rrpHTHraTHCL. OA*e, 
HeI'aTHBHO HaJ\aAOBaHi aHiOHH 6yAYTL ITOC)'BaTHCb 

y HanpHMy AO Il03HTHBHOro eAeKTPOAY - aHOAy, . . 
a. I103HTHBHO HaJ\aAOBaHI K~TIOHH IlOC)'BaTHMYTLCH 
AO HeI'aTHBHOro eJ\eKTpoHy - KaTOAy, HK ue cxeMa
',fffqHo MO)KeMo rrpeACTaBHTH Ha pHcyHxy, Ae A e aHOA, 
K e KaTOA, Hepoa!J!enAeHi MOJ\eKyAH oaHaqeHi xpy)K
KaMH ia +' a ioHH 03HalleHi Kpy)Kl(aMH ia 3HaKOM + 
llH - Ta CTpiAKaMH, .HKi BKaay10TL HarrpHM ix pyxy. 
(CaMY Ha3BY TaKOl eAeKTpHqHo HaA~OBaHoi qacTI<H 
,,ioH" B3HTO a rpe:yLxoro AAH oaaaqeHHH ii 9pyxAHBoro 
xapaKTepy.) 

Ilepec)'BaroqHcL y TOMY qH iHIIIOMY HarrpHMKy, ioHH 
HecyTL ia co6oro eAeKTpHqm Ha6o1, IJ!O ix BOHM BiA
AaIOTb BiAnoBiAHOMY eAeKTPOAOBi ii cTaioTL nicJUI 
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Ql>Oro HeHa.AaAOBaHHMH aTOMaMH ,.lJ;OTHqHoro e.i\e
MeHry. Ta.KHM qHHOM HBHIJ!e nepexoAy eAeKTpH11Horo 
CTPYMY qepea poaqHH eAeKTpoAiry ii HBHIJ!e eAeKTpo
AiaH a QiAKoM i,n;eHTH11He. 3 norJ\JIAy Teopil ioHiB 

• • u • • 

30BC1M 3p03YMJAHM CTa€ H Te HBHIJ!e, IJ!O KlJ\l>KlCTI> 
Bi,n;.i\O)KeHOl Ha e.i\eKTpoAi peqOBHHH a6iALmyeTLCH 
Bi,n;noBi,n;Ho ,n;o a6iAf>IIIeHHH eAeKTpHqHoro CTPYMY 
a OAHOro 6oKy, Ta € BOHa npH OAffaKOBOMY CTPYMY 

• u • • • 

nponop:y1HHOIO AO xeM1qH11x eKBmaAeHTlB a Apyroro 
6oKy. Bi,n;.n;aBIIIH cBo1 Ha6oi: eAeKTpo,n;oBi M: nepeTBO-

u • • 

pHBIIIHCI> Ha 3BHqaHHl aTOMH xeM1qHoro e.i\eMeHry, 
AOTenepiIIIHi ioHH MO)KYTI> 3.i\ yqHTHCI> Mi)K co6oro 
M: yTBopHTH MOAeKy AH Bi.ztnoBi;:tHoro TiAa. RKIJ!O ye 
Ti.i\O 6y,n;e raaoBe, TO TaKHH raa MO)Ke BHXOAHTH AO 
noBiTpH. B iHIIIHX BHnaAKaX TaKi aTOMH MO)KYTI> 
oci,n;aTH Ha e.i\eKTpoAi. 0AHaqe T)'T MO)KYTI> BiA6y-. . . 
BaTHCI> I CK.i\aAHIIIIl rrpo:yecH, HK, Hanp., cnoAyqeHHH 
a caMHM eAeKTPOAOM (poa'l,.lJ;aHHH lioro) a6o cnoAy-

• u • 

qeHHH 3 BOAOIO, B HKIH poaqHHH€Tl>CH eA.eKTPO.i\lT. 
B .zteTaAi QHX no6iqHHX npo:yeciB MH TYT He 6yAeMo 
BXOAJ1TH. Ha.M ii,lte TiAI>KH npo Te, IJ!06 BHHCHHTH CYTI> 
Teopil ioHiB Ta iAIOCTpfBa TH ii KiAl>KOMa aaraAL
HHMH npHKAa.ztaMH. 3aBBa)KMMO IJ!e TiALKH, IJ!O TaK . . . . . 
caMo, HK AHCOQI.Jq!IH raam npM HarpmaHHl AOCH-. . . 
rae ptaHoro CTyrreHH B 3a.Ae)KHOCT1 BIA TeMIIepa ryp11, 
MO)l(e 6yTH Te)I( piaHHM cTyni HI> e.i\eKTpoAi THqHOI 
AHCo:yix:yiL EAeKTpoAiT € B cTaHi THM 6iALrnoi AH
co:yixyii, q11M cAa6IIIMM € M:oro poaq11H. Ilp11 cAa6iM: . .. . .. . ... 
KOHQeHTpa:yn BIH AOCHra€ IIOBHOI AHCOQIHQll, aAe npH 
6iALIIIiM KOHQeHTpa:gii: TiALKH HKaCL rreBHa qacTHHa 
:Horo MOAeKy A AMco:yiroe, a peIIITa aaAHIIIa €Tl>CH He
poaIJ!ell.i\eHHMH. KoAH B3HTM, cKaMe)Ko, m<yc1> KiAf>
KiCTI> aBHqa:liHoi KyxoHHoi COAR M: rrpuroTOBHTH a Hei 
CAa6HH poaqMH, TO rrpH IlOBIDH AHCoyh1uii B .ztaHOMY 
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o6cHai ___ poaq:uHy yTBop:uTLCH ioHi.B HaTpiro cTiALKH, 
CKiALKH_ 6yAo paHime MOAeKyA COAH, i Ta.ICe )K q:ucAO 
6yAe ioHiB XAopy, To6To paaoM ycix ioHiB 6yAe 
ABa paa:u 6iALme, HhK 6yAo MOAeKyA. Ilp:u HeITOBHi:H 
AHCOQiH:gii:, caMoapoayAiAo, 6y.zi;e llHCAO ioHiB MeHme, 
TaK IJ!O aaraAbHe q:ucAo qacToqoK (HepoaIJ!eITAeH:ux 
MOAeKyA Ta KaTiOHIB i aHioHiB) MO)Ke 6yr:u 11/, q:u 
11/ 2 paa:u 6iADme, Hi* 6yAo crroqaTKY MOAeKyA coAH. 
IIoAi6Ho AO Toro, HK y KiHeT:uyi raaiB rpae poAro 
11:ucAo qacToqoK, a He i:x xapaKTep (MoAeKyAH q:u 
aTOM:u), TaK i B p031IHHax q:ucAO qacToqoK, a He ix 
xapaKTep BH3Haqa€ rrpy)l(HiCTb napH poaqHHy, T06To 
BIIAH.Ba€ Ha ITOBHmeHHH TOqK:u KHITIHHH q:u IlOHH
)l(eHHH ToqK:u aaMepaaHHH poaqHHy. ToMy To, HI< MH 
paHirne araAYBaAH, AAH BH3Hal!eHHH MOJ\eKyAHpHOI 
Bar:u eM6yAiocKOJiiqHOIO qif KpiocKoIIilIHOIO MeTOAOIO 
B)KHBa€TbCH HeeAeKTpoAiTiB, 60 )I( eAeKTpOAiTH Bee 
6YBaIOTb y CTaHi 6iAhmoi: qJI MeHIIIOI AHCOQiH:giL 
AocAiJvKeHHHM poaq:uHiB piaHIIX coAe:H aci piaHoi: KOH
yeHTpayii CTBepA)KeHo, 11!0 cTyrriHb AHCOQiHyii, 06-
q:ucAeHHH Ha OCHOBi aaKOHY .PayAH, aaB)l(AH BiA
IIOBiAa€ TOMY cTyrrHeBi AHCoyiHQii:, l!!O :Horo 06-. . . 
q:ucAH€TbCH Ha IllACTaBl AOCAI,ZPKeHb eAeKTporrpoBOA-
HOCTH poaq:uHy AaHoro TiAa. B TOMY rroAHrae a a Ko H 
AppeHiyca. JJeti aaKoH, rroB'Hay1oqJI HBHI!!a Hi6HTO . . . 
30BCIM pl3HOro rropHAKy, HK eAeKTporrpOBOAHlCTb . . . 
I TOl!Ka aaMepaaHHH l!H TOllKa KHIIIHHH, € He TIAl>KH 
ITOBa)KHHM aptyMeHTOM Ha KOpHCTb Teopil ioHiB, aJ\e 
paaoM ia THM BiH rrpHHOCHTb IJJe OAHH aptyMeHT Ha 
KOpHCTb Teopii aTOMillHO-MOAeKyAHpHoi 6y.zi;oBH MaTe
piL CTBepA)l(eHHH BHyTpirnHoro aB'HaKy MVK TaKHMH, 
3AaBaAOCH 6,. pi3HHMH cpeHOMeHaMH, HK IJJOHHO ara-. . . . 
.zi;aHI, rropyq 13 lHIIIHMH paHIIIIe araA)'BaHHMH Ha-
YKOBHMH TBepA)l(eHHHMH, AOKaay€, 11!0 Hama yHBa 
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npo Ta.ICY 6yAoBy MaTepiHALHHX TU ae e aimco10 
<Pi.Kuie10, Ta t.go MaTepiH pea.ALHO icaye y <}lopMi . . 
aTOMIB I MOAeKyA. 

4oAa.MO IJ!e KiALKa cAiB npo TiAa B TBepAoMy arpe
I'aTHOMY CTaai, KOAH IlOOAHHOKi MOAeKyAH TiAa i_giAL
HO npHJUiraIOTL OAffa AO ApyroL TBepAi cpi3HqHi Tua 
6yaa10T1> aMop<}lHi ii KpHcTaAiqHi. Ix BAacTHBOCTi 
3aAe)KaTL BiA cnoco6y BHyTpiMoAeI<yAHpHoro· yrpyno
BaHHH aToMiB. MoAeK.yAH aMop<I>HHX TiA AOCHraIOTL 
qacoM KOAOCaALHHX po3MipiB. 3BHqaiiHo, IJ!O UH ,,KO
AOCaALWCTh '' e peAHTHBHa, To6To HK Ha TY HaiiMeHmy 
qacToqKy cpiaHqHoro TiAa. B TaKiti MOAeKyAi aTOMM 
MO)Kyrh 6yrH noB'Haaai Mi)I( co6010 AiHiHHO a6o 
B IlAOJ;!!HHi qH npocTopoBO. y ~epIIIOMY BHITaAKY 
BOHH TBOPHTh AaH:gIOr OAHOro BHMipy, B ApyrOM)' ---. . 
po3raAy)l(eHHH B ABOX BHMipax I, 3peIIITOIO, B TpeTLOMY . . 
BHil3.AKY aTOMH B MOAeKyAI p03AO)KeHl npocTopoBO 
B Tp1>ox BHMipax. 4ocAfAH noKaayroTL, IJ!O, Hanp., 

• 
MOAeKyAa-riraHT KaBqYKY HaAe)KHTL AO nepmoro THrry 
Ta Maa q>opM)' AOBroro aHI'aary.eaToro AaHu10ra. IlpH 
BllHHKY 30BIDIIIHh0l CHAM aTOMH 11 BHXOAJITh i3 piBHo-. . 
BarH, aAe IlOTIM BepTaIOThCH Ha CBO€ nonepe.zi;H€ MIC:ye. 
]JHM i IlOHCHI06ThCH 3 OAJIOro 6oKy eAHCTlfllHiCTh, a 
.3 Apyroro IleBWCTh Ka.BqfKa. y MOAeKyAax rpa<J>iTy, . . 
KaOJUHY qff, CAIOAH aTOMH IlOAO.iKeHI B)l(e B ABOX BH-
Mipax. TaKHM xapaKTepoM ix noAO)KeHHH rroHCHH€TLCH 
BAaCTHBa UHM TiAaM a;ti6HiCTL AynHTHCh Ha TOHe
ceHLKi ITAaCTOqKH. 3peIIITOIO npocTopoBe IlOAO)KeHHH . 
aTOMlB y MOAeKyAax KBap:uy, IlOAeBoro mnaTy q11 . . . 
41HMaHTY e npHqHHOIO Toro, IJ!O u1 TIAa BM3Haqa10T1>CH . 
BeAHI<OIO TBepAICTIO. 

1912 poKy HiMeULKHii cpiaHK Aa ye cTBepAHB, IJ!O 
rrpH neperrycKaaai qepea KpHCTaAH PeHTI'eHoBoro npo
MiHHH CilOCTepira€TLCH HBHJ!!e AH<}lpaKyii, 60 MOAeKyAM 
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KpHcTaAiB TBOpHTL HaTypaALHY AHcppaKyiiiHy pemiTKY 
3HaqHo Api6aimy, HbK iI .n;aAOCH 6 npHrOTOBHTH mTyq
HO. Qe CTBep.n;)KeHHH IlOCAY)KHAO OCHOBOIO AAH AOCA.i.n;
)KeHIDI ByrpimHLOI 6y.n;oBH KpHCTa.AiB. 4ocA.i.n;H no-. . 
Ka3aAH, IJJO B MeTa.AlB aTOMH nOAO)K~Hl CHMeTpw:IHO 
B npocTopi, 3aiiMa10qH:~Mic.QH Ha porax Ky6iKa Ta 
B lioro ueaTpi, a6o B ueHTpi mecTH tioro nAOI!!, TaK 
IJJO ii TYT yTBop106TLCH neBHoro poAy pemiTKa, a BiA
AaAL no rpaHi Ky6iKa Mi* nOOAHHOKHMH aToMaMH 
AAH AaHoro MeTaAy a KOHCTaHTHOIO. MipHHHH noKa-. . 
3aAH, i.go UH KOHCTaHTa, Hanp., AAH HaTplIO e plBHa 
4,3. I0-8 .QM., a 3aAf30, B 3aAe)l(HOCTi BiA CTaay, Mae 
KOHCTaHTH 2,9.I0-8 Ta 3,65.10-s. IloAO)KeHHH aTO
MIB y MOAeKyAax coAeii a B)l(e~iHaKme. Hanp., B MOAe-

KyAaX KYXOHHOI COAH HaTpieai aTOMH-·3aliMaIOTL MiCJJH 
aa porax ~y6iKa Ta B .QCHTpi iioro ITAOIJJ, a XAopoBi 
aTOMH 3HaxO;µrrLCH Ha cepeAHHi KO)KHOI rpaHi Ky-
6iKa. TaKHM tIHHOM noAo)KeHHH nOOAHHOKHX aToMiB 
o6ox eAeMeHTIB rpa<J>itIHO npe.n;cTaBAH€TLCH TaK, HK ue 
IlOKa3aHO Ha HaBe.zteHOM)' o6pa3i, AC TOtIKaMH 03Ha-

• u 

tICHO aTOMH HaTplIO H Kpy*KaMH aTOMH XAopy. 
O.n;*e, ii T)'T HacAi.n;KoM npaBHALHoro noAO)KCHHH 

• • 
aTOMlB )'TBOpIO€TLCH TaKO)K HaTypaAI>Ha pennTKa. 
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AoBJKMHY rpaHi Ky6iKa o6llMCAeHo ANI KpMcTaAiB 'Ky
XOHHOI COAM Ha 5,628.10-8 QM., T06To TaKa € H KOH
CTaHTa. HK BMIJ!e BJKe 6yAo araAaHo, icHy10T1> T. 3B. 
MiIII~Hi KpMcTaAM. Aoc.AfAM rroKaa~, IJ!O TaKi Mi
IIIaH1 KpMcTaAM rnopHTl>CH B TOMY paa1, KOAM KOHCTaH
TM AOTMtIHMX COAeli MaIOTI> rrpM6AMJKHO OAJiaKOBe 3Ha
tieHHH. TaK, KOHCTaHTa XAOPMAY KaMIO a 3,14.10-8 

:yM., a XAOPMAY py6i;J;iro € 3,27.10-s. 0AJKe piaHMQH 
HeBeAMKa li BOHM YTBop1010T1> MiIIIa.Hi KpHcTaAM. XAo
PHA Harpiro (KY1'.0HHa ciAD) Ma€ KOHCTaHTy, HKa Aa
AeKo 6iADIIIe pi3HHTl>CH BiA BMIJ!eIIOAaHHX, 60 e BOHa 
2,814.I0:-8 • OA?Ke, ~yxoHHa ciA1> He TB?PHTI> MiIIIaHMX 
KpMcTaAIB HaBITI> 1 a XAOPMAOM KaAiro, xoll BOHM 
BaaraAi TBOPHTI> KpHc1:aAM OAHaKO~ol <.I>opMM. IlM
TaHHH rrpo OAHOllacHe ICH}'BaHHH Bc1x Tp1>0.x. llM ABOX 
arpetaTHMx cTaHiB TiA MH TYT He TOpKa€MOc1>. 

BrrpoAOBJK HKMx IIIeCTM ;J;eCHTKiB poKiB BiA llacy, 
KOAH 4aA1>TOH BMCTYIIHB ia cBoaro MOAepH1>010 iH
TeprrpeTa:yi€ro CTapOAa.BHl>Ol aToMicTHKM, Ha36HpaAOCH 
6araTO HayKOBO-AO.Ka30BOro MaTepiHAy Ha KOpHCTI> 
npaBAMBOCTH lioro i.AeL HaBiT1> Heycrrix HaATO nepeA
llaCHMX BMCHOBKIB ia AaA1>TOHOBOI Teopi1, IJ!O Ix apo-
6HB 6YB CBOrO llacy Il p a y T, He Mir 3aXMTa TH Ii'. 
B OCHOBi, 60 3 "tiaCOM yce rrpM6yBaAO AOKaaiB H rrpaBAH
BOCTM. AAe BIIOBHi MOJKHa arOAHrMch ia rrorA.HAOM 
AeHKMX aBTopiB, IJJO Ma6yT1> llM He Hali6iADIIIHM 
TpiIOM<.l>OM aTOMOBOl Teopil 6yAo IIOHBAeHHH HaTypaAD
HOl CMCTeMM xeMillHHX eAeMeHTIB, no6yAOBaHOl Ha 
OCHOBi IX aTOMOBOl BarH, 60 B :yili BAaCHe CMCTeMi 
aHaHIIIAa BHpaa AYMKa rrpo 3aAeJKHicTh BAacTHBOCTeli 

• • u •• 

AaHoro xeMI"tIHoro eAeMeHTY BIA woro aTOMOBOI BarM. 
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IV. 

KARCM<l>IKAJJIR XEMiqHMX EAEMEHTIB. 
IlEPIOAHqHA IX CllCTEMA HA OCHOBI 

ATOMOBOI BAfM. 

IlepeXOAMMO Terrep AO BMKAaAy rrpo KNICH<J>iKauiro . . . 
xeM1qHMX eAeMeHTIB 13 KOpOTeHbKOIO 3raAKOIO rrpo 
pi3Hi crrpo6H i'.x KAHCH<J>iK)'BaTM B MHHYAOM)'. 

KoAM B AaHiti raAy3i 3HaHHH cTBep.LVKeHo rreBHY 
KiALKiCTL HBHIJJ i <J>aKTIB, TO CTapaIOTLCH i'.x TaK q11 
iHaKme ycHCTeMaTH3)'BaTH He TiALKH AJ\H 6iALlll 3pyq-

•• u • 

HOl rreperAj{,4HOCTH, aAe M 3 MeTOIO IIOKa3aTM MDK 
HHMH rreBHMti BHyTpimHiti 3B'H30K a6o rrpHqHHOBY 3a
AeJKHiCTL. TaK .. 6yAo, 3BHqatiHo, i B raAy3i xeMiqHoi'. 
HayKH. 0AJKe ti TYT yJKe BiMaBHa rroqaAHCH crrpo6H 
yAoJKHTM 3406yTi BiAOMOcTi AO rreBHoi'. cHcTeMn, a ao
KpeMa KAHcn<J>iK)'BaTn xeMiqHi eAeMeHTH. He 3axo
.zvrqn HaATO AaAeKo AO MnHy:smHHM, 3ra4a€MO, IJJO 
IlapaueAb3 CBOl OCHOBHi TPH eAeMeHTH (pTyrL -
Mercurius, cipKa - Sulphur i ciAL - Sal) )'BaJKaB aa 
m<eCb Hi6M Bi,4o6pa)l(eHHH y MaTepiHALHOMY CBiTi qH 
m<ycL MaTepiHAi3auiro rreBHnx q>eHoMeHiB y cBiTi AIOA
CLKoro AYXY, <J>iAoco<J>cLKoMy ti Teoco<J>cLKOMY. 3riAHo 
3 UHM CHCTeMa IlapaueALaa BHrJUIAaAa TaK: 

CBiT AIOAHHH Ayrna Ayx TiAo . 

CBiT <J>i.Aoco<J>ii: fioBiTpH OroHL 3eMNI 

CBiT MaTepii: PryTL CipKa CiAL 

CBiT Teoco<J>ii: Eor-OTeQL Eor-CnH Eor-Ayx C~. 

B A06i aAXeMn ii iHTpoxeMil BBaJKaAOCH, IJ!O He 
TiALKH AIOAlfHa € aaAe)l(Ha Bi,4 He6eCHHX CBiTHA, a.Ae 
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. . . 
ii xeMiqm eAeMeHTH 11M, ToqH1IIIe Ka)KyqM, MeTaAH, 
m<l 3HaxO;vrrLCH Ha aeMAi, CBOI BJ\aCTHBOCTi 3aBAH
lJYIOTL Bi.AnoBiAHHM nNIHeTaM. HaoqHo yH aaA.e)K
HiCTL MaAa 6yrH IlOKaaaHa THM, J!!O AJ\.H 03Ha"CieHHH . . . . . 
MeTaJ\lB y)KHBaAOCH acTpoAor1qHHX aHaKIB BIAITOBIA-
HHX nJUIHeT-naTpoHec.*) YHBAIOBaHi Ta€MHH"lli 3BH'a-

• • u 

KH Ml)K aeMHHMH xeMiqHHMH eAeMeHTaMH H .HBHJ!!aMH 
.ZJ;yxoBoro )KHTTH AIOAHHH a6o li HaHBHIJ!OIO CHAOIO 
"CIH He6ecHHMH CBiTHJ\aMH 30BCiM He xapaKTepH3YIOTL 
HKyc1> noB'HaatticTL Mi)K co6oro THX eAeMeHTIB. O.zr;)Ke, 
TO 6yAH yiAKOM cneKyNITHBHOro xapaKTepy MipKy-. 
BaHHH, J!!O He MO)KYTL cAy)KHTH aa IllACTany MH 
KNICHcpiKa:ui!, 60 He MaIOTL niA co6oro o6'eKTHBHO
peaALHOl 6a3H. 

3ro.zr;oM aa ocHoBy KNicHcpiKa:g_n xeMiqHHX eAeMeH
TiB B3HTO 6yAo neBHi ix BAacTHBOcTi. HalicKopIIIe 
yBary .zr;ocAi.zr;HHKIB 3BepHyAa Ha ce6e J\erKO IlOMiTHa 

• • BAaCTHBICTL, J!!O OAH1 eAeMeHTH MaIOTL xapaKTep Me-
TaAIB, a Apyri HeMeTa.AiB 11H MeTaAoiAia. TaKHH: no.zr;iA 
xeMillHHX eAeMeHriB a6epircH BAacHe it AOHmri, a.Ae 

*)A i.yo Ta yHBAIOBaHa aaA~CTD xeMillIDIX eAeMemiB ai.A 
He6ecKHX CBiTHJ\ r AH60KO 6y Aa 3aKopimlAa.CH B cai.AoMOCTi Ha
}'KOBHX AOC~, npo ue caiJ.rnrri, <JlaKT, i.yo ™e i AOCi 
1cuyron PYAHMeHTH KOAHIIIHLOi'. TepMllioAorii HK y <JlapMauii, 
Ta.K i B aaraALHiii xeMii. 3BJ130K Mi)K e.J\eMeHTa.MH ii IIJ\aHeTaMH 
aa TOAiIIIHiMH nor AJIAaMH MaB 6ym Taiaffi: 

3oAoro - CoHUe (Sol) 
Cpi6Ao - MiCHUL (Luna) 
~ - Mepicypm 
M!Ab - Beuepa 

3aAiao - Mapc 
JJima - IOnHTep 
OAHBo - CaTYPH 

0.zvi<e I;ije ii Tenep y)KHBaIOTI>CH TaKi BHpaaH, SIK Luna cornua -
XAOPHA cpi6Aa, ,,poroae cpi6Ao" [AgCl],' Saturnus flammans
HiTpaT oAHBaJPh(N03}:z], Crocus Martis-OKCHA aaAiaa [ Fe20 3l, 
Mercurius jo atus ruber - AoAHA p-ryri [1(~]2] i T • .zt. Y xeMii 
iye ii AOci a6eper J\HCH Ha3BH ,,MepKypo" i ,,MepKypi". 
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Tenep niH HiHK He rpae na.JKHirnoi'. poAi B cHcTeMaTH:gi 
eAeMeHTIB, a TO THM 6iALwe, J!!O Aem<l eAeMeHTH BH
HBAHIOTb yTpaKBicTHqHHH xapaKTep. OAHaK Ha.BiTL 
J!!e ii AAH AjfB y aa1> a UH KAHCH<J>iKayiH 6yAa roAOBHOIO: . . . . . . . 
BJAOMl TOAI eAeMeHTH IlOALJUI)\H Ha Jill ABI OCHOBHI 
rpynH, Ae B)Ke AaAf BOHH KAHCH<J>iK}'Ba.AHCH aa IleB
HMMH Hi6:u ApyropHAHHMH oaHa.KaMH. BepyeAiyc 
CHCTeMaTnayaaB ( 1818) eAeMeHTH Ha OCHOBi eAeKTpo-

• •• •• • u 

xeMitIHOl lX npHpOAH, npH qoMy BlH }'Ba/KaB aa Hall-
6iADW Il03HTHBHHH. eAeMeHT KaAili, a aa Hali6iADw He
ta THBHHH - KHCeHL, ouiH1010qH <J>AIOop HK MeHille He-

u • -
raTHBHHH, Hl)K KHCeHL, J!!O 3 nOrAHAy M04epHbOl Ha)'KH 
e oqeBHAHOIO XH6010. Cnpo6a IlpayTa BnopHAICy
BaTH x_eMiqHi eAeMeHTH ari;µio a :Horo rinoTeaoro npo 
IlOBCTaHHH i'.x ia BOAHIO He npHiWHAaCH B Hayui 

•• u u • 

BAaCHe 3 TOI npHqHHH, J!!O H CaMY HOro r1n0Teay, HK 
MH BHI!!e 3ra4}'BaAH, Bi,zµwHeHO 6yAo, 60 Ha T04inrai:H 
CTaH xeMiqHoi'. Ha)'KH BOHa 6yAa IJ!e nepeAqacHOIO. 
He AaAa noaHTHBHHX BHcAi4ia TaKO)K i cnpo6a KAHCH
<J>iKyaaTH xeMillHi eAeMeHTH aa i'.x BaAeHTHiCTIO, 60 

• • 
BHHBHAOCH, J!!O B TaKOMY pa31 AeHKI eAeMeHTH MaAH 
6H <:I>irypyaaTH Ha KiALKOX pi3HHX Mic:u;HX. 4aAeKO 
ycniWHiwi 6yAH cnpo6H CHCTeMaTH3yaaTH xeMiqm 
eAeMeHTH Ha ocaoBi Ix aToMoBol BarH. Tyr aano
qaTKY 6yAH TPYAHOI!!i, 60 a OAffOro 6oKy aToMoBi 
Barn He 6yAH TOlUIO BH3HaqeHi, a a Apyroro ooKy qa
coM aaMiCTb aTOMOBOi Barn y)KHBaAOCH 3HaqeHIDI eKBi
BaAeHry. 0AHa11e arOAOM w XH6H 6yAo ycyueao; 
i cnpaaa yAo)KeHHH HarypaADHoi cHcTeMH xeMi11HHX . 
eAeMeHTlB aaa11ao nocyHyAacH aanepe.a:. 

ij!e B 1817 po:u;i aiMey1>KHH xeMiK 4e6epa:Haep 
(1780-1849) noMiTHB, IJ!O aTOMOBa Bara CTpoHuiio . . 
€ cepeAHIM apHTMeTHllHHM llHCAOM Ml)K aTOMOBOIO Ba-
ro10 KaADyi10 ii 6apiro. IIiaHime Bia cTBepAHB, :r.go 
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Ta.KHX TpmoK cepeA xeMiqHHX eAeMeHTIB € 6iAhwe. 
IlicNI ony6AiKyaaHHH (1829) 4e6epaliHepoM BHCJ\i-

• u •u •u •• • 
AJ.B Horo CT)'AIH HaA UHMH TPIHKaMH, IJJO IX BIH Ha-

• u • . • 

3BaB T plHAaMH, AOBIIIHH qac Ha-yKOBl AOCJ\IAHHKH 

He 3BepTa.AH yaarH Ha CTBep.4i1<eHHH HHM cpaKT, IJJO . . . 
cepeAHI qAeHH TPIHA BHHBNIIOTL He TIAl>KH cepeAHIO 

u • • u • 

aTOMOBY Bary, aAe H cepeAHI Ml)I( ABOMa KpaHHIMH 
~eHaMH cpiaHKO-xeMiqHi BAaCTHBOCTi. 0AHaqe Ha 
caMoMy notJaTKY Apyroi noAOBHHH XIX CT. UH 06-
cTaBHHa aBepHyAa Ha ce6e yaary 6araTLox YtJeHHX. 
3oKpeMa cppaHUY3LKi AOCAi;i;HHKH 4 IO Ma ( 1800-
1884) Ta B)l(e paHiwe ara;i;YBaHHH CTac CTBepAHAH, 
IJJO a)I( 22 eAeMeHTH TBOpHTL no.4i6Hi AO 4e6epai1:He-. . 
poBHX TPIHAH, npH tJOMY BOH~ BHBeAH HaBITL neaay 
3aKOHoMipHiCTL npH a6iAhweHHi aTOMOBOl Barn, HK, 

Hanp.: AiTiH = 7' HaTpili = 7 + ( 1.16) = 23, KaAili 
= 7 + (2 .16) = 39; a6o: KHCeHL = 16, cipKa = 16 
+ (1.16) = 32, ceAeH = 16 + (4.16) = 80, TeAyp 
= 16 + (7 .16) = 128, tJH IJJe: Marneaili = 24, KaAL
uili = 24 + (1.16) = 40, CTpOHUiM = 24 + (4.16) 
= 88, 6apiii = 24 + (7 .16) = 136. IlHTaHHHM icHy

BaHHH TpiHA cepeA xeMiqHHX eAeMeHTIB aaHMaJ\OCH 
6araTo AOcAiAHnKiB, HKHX TYT nepeqncAHTH He 6yAe
Mo. OAHatJe araAaaMo, IJJO aHrAilicLKHH AocAfAHnK 
0AAiHI (1829-1921), HaB'Hayroqn Ha npaui iHIIIHX 
YtJeHnx, YAO)l(HB ( 185 7) xeMiqHi eAeMeHTH AO 13 rpyn 
no 3 tJH 6 tJJ\.eHiB KO)l(Ha, npH qoMY AeHKi 3 UHX 
rpyn Ay)Ke noAi6Hi AO HarypaJ\LHHX rpyn npHiiHHToi 
Tenep c11cTeMH xeMitJHHX eAeMeHTiB. AAe 3HOB HiMeUL 
IleTTCHKocpep (1818-1901) yaa)l(aB, IJJO HBHIJJe 

• • • • 
TPIHA cepeA xeMitJHHX eAeMeHTIB e UIJ\KOM BnnaAKoBe, 
Ta caM aaMicTL Toro BHCAOBHB (1850) AYMKY, IJJO eKBi
BaAeHTH no.zi;i6amc AO ce6e xeMitJHHX eAeMeHTIB BH
HBNIIOTL CTa.Ai tIHC.i\.OBi piaHHUi ii TBOpHTL apHTMe-
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THqHi PHAH, HKi HaraAyIOTb co6oro PHAH T. aB. pa.ztH
KaAiB opraHiqHHX aAy1c HeaaAe)l{Ho niA IlerreH
Kocpepa aHrAi€IJb KyK (1827-1894) BHCAOBHB 6ya 
(1854) TaKO)K IIOAi6Hi A)'MKH. Te)K aHrAf€1Jb rJ\eA
CTOH (1827-1902) yrropHAK)7BaB 6ya (1853) xeMiqHi 
eJ\eMeHTH BiArroBiAHo AO Toro, HK a6iADIIIyroTnCH ix 
aTOMOBi BarH. y :g:&OM)' BiAttomeHHi BiH 6ya HKHMCb 

rrpeATe-CJero MaM6)7THix aBTopiB rrepiOAH"CJHOi CHCTeMH 
eAeMeHTIB. 3Ba)KaJOqH Ha Te, IJ!O rJ\eACTOH KOpHcTy
BaBCH .ztaAeKO HeTO'tJHHMH BH3HaqeHHHMH aTOMOBOi 

• • • 
BarH, He Mlr BJH CTBep.ztHTH HBHIJJa rrepIOAHllHOCTH 
BJ\aCTHBOCTeH xeMiqHHX eAeMeHTIB y 3B' H3KY ai a6iJ\1>
IIIeHHHM aTOMOBoi Barn. OA)Ke BiH ycHcTeMaTH3)7BaB 
ix TaK, IJ!O rroAiAHB :giAKoM IIIT)711HO Ha TPH rpyrrH, a TO 
caMe: rpyrry eAeMeHTiB ia MaM)Ke pmHOIO aTOMOBOIO 
Baroro; rpyrry eAeMeHriB, IJJO IX aTOMOBi BarH TBOpHTb 

apHTMeTHllHHH pHA, i, apemTOIO, rpyrry eJ\eMeHTiB, 
HKMX aToMoBi Barn TBOPHTb PHA reoMeTpHqHHH. Tpe6a 
ryT ara.ztaTH IJ!e HiMyx IIITpeKKepa (1822-1871), 
IJJO rri.ztc}'MYBaB 6ya AOTerrepiIIIHi crrpo6H BrropHAICy-

• • • • BaTH xeMillHl eAeMeHTH Ha OCHOBI llHCJ\OBHX BlAffOCHH 
Mi)K ix aTOMOBHMH BaraMH qu eKBmaAeHTaMH Ta BH
CJ\OBMB ( 1859) A)'MKy, IJ!O CTBep.zt)KeHi paHiIIIe BiAHO-. 
IIIeHHH llHCJ\OBOro xapaKTepy He € TlJ\LKH BHIIaAKOM 

• 
Ta IJJO aa THM KpH€TLCH, oqeBHAHO, rreBHa aaKOHOMlp-

• • • • 
MlCTb y rrpHpOAl caMHX xeMiqHHX eAeMeHTIB. 

BiA 1860 poKy, KOAH aa iHiWHTHBOIO BHIJJe ara.zty
BaHoro iTaAi:H:c:&Koro BqeHoro KaHiy:gapo CTa.AH B)Ke 

• aaraJ\LHO KOpHCT)7BaTHCb aTOMOBHMH BaraMH aaMICTL 
• • • AOCl qacTO B)KHBaHHX eKBIBaJ\eHTIB, Hayi<a rrpHCKOpe-. . .. 

HHM KpOKOM lIIIJ\a B Harrpmn RHHBJ\eHHH TOI aaKOHO-
MipHOCTH, rrpo m<:y AYMaB IJJOHHO ara.ZJ;aHHH IIlTpeK
Kep. O.zt)Ke, q>paHJJY3bKHii iH)KeHep .zte-IIlaHKypTya 
(1819-1886) y)Ke B 1862 poui nrropJJAKyaaB xeMit1Hi 
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. . . 
eAeMeHTH TaK, IMO Ha UH.i\lffAPI 3a3Haqaa aTOMOBI Barn 
no crrnpaAi niA K)'TOM 45° Bi,zµioBiAHO AO 36iA.nmeHHH 
ix. Ilpn TOMY BiH crnep4IIB, J!!O aHaAoriqHi xeMiqHi 
e.i\eMeHTH MicTHTLCH Ha TiH caMili npHMoBicHiH AfHiL 
TyT :giAKoM HCHO 3apHCOByroTLCH B)Ke OCHOBH HaTy
pa.i\l>HOl CHCTeMH xeMi_qHHX e.i\eMeHTIB, m<a He3a6a
poM ypoAHAaca. IJ!e HcHime BOHH BHcryrraIOTL y po-
6oTax aIITAiH:gH H1>10AeH4ca (1838-1898), ll!O Ix 
BiH orry6AiK}'BaB y 1864-6 p. "p. Qe:H: AOCAf.lJ;HlIK 

• • • • ynopHAK}'Ba.B xeM1qH1 e.i\eMeHTH TaKO)K BIAIIOBIAHO AO 
a6iMIIIeHHH ix aTOMOBOi Barn, 03Haqyroqu ix 3a lleproIO 
nopHAKOBHMH qncAaMH. IIpH TOMY BiH crnep4HB, :qi;o 
KO)l(HlIH BOCLMHti 3 qeprn eAeMeHT BlIHB.i\H€ Ay)Ke rro
Ai6Hi <J>i3HKo-xeMiqHi B.i\aCTHBOCTi, qepe3 IJ!O BiH i Ha-. 
3Ba.B :ue aaKOHOM OKTaB, HKOMY IIJA,i\HraIOTL TaKO)K . . . . 
I crnep4)KeH1 paH1me TPI.JIAH. 

CyqacHHKH H1>10AeH4ca nocTaBH.i\HCH AO 11 oro 3a
KOHY Ay)Ke cKerrTnqHo qH npnHatiMHi 6aii:4y)Ke. AAe 
caMa iAeH nepioAHqHOCTH B)Ke ',BHCiJ\a B IlOBiTpi''' 
60 B)Ke B TOM}7 Ca.MOM}7 qaci HiMe:gLKHH xeMiK J\ OT. 
Ma:H:ep (1830-1895) TaKO)K cHcTeMaTH3}7BaB xe-. . .. . 
M1qH1 e.i\eMeHTH 3a IX aTOMOBHMH BaraMH 1 CTBepAHB 
aaKOHOMipHY 3Mitty Ba.i\eHTHOCTH y 3B, H3KY 3i 36iM
IIIeHHHM aTOMOBOi BarH, HK TaKO)K i neBHY 3aKOHOMip
HiCTL pi3HHUi aTOMOBOi Barn rroAi6HHX AO ce6e xeMiq
HHX e.i\eMeHriB. IJ!e B 1864 po:yi BiH CK.i\aB Ta6.i\nqKy 
xeMiqHHX e.i\eMeHriB, B mdli y)Ke BHCTYfia.i\H HaHBo 
neBHi HaTypaMHi rpynH, J!!O ix 6aqHMo Ha Terrep 
npHiiHHTiii Ta6AH:gi. OAHaqe Toi cBoai TaO.i\HlIKH 
J\.. Matiep He orry6AiKyaaB, He Ha.ztaroqH iti, olJeBHAHO, 
Be.i\HKoro 3HalJeHHH, XOlJ niaHime ti IlOK.i\HK)'BaBCH Ha 
ueti csi:H: e.i\JloopaT, oocTororolJH cBoe rrpa.Bo npiopH
TeTy, KO~ 30BCW He3a.i\e)KH0 Bi.it HLOro pocilicLKHH 
xeMiK 4. I. Mea.zteAeeB (1834-1907) aa no11aTKy 
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1869 poKy orry6AiK)7BaB y pocilicLKOMY li HiMeQ1>KOMY 
u .. • •. 

)KYPHaJ\aX nepIIIHH Hap11c CB0€1 nepIOAHqHOl CHC-
TeMH xeMiqHHX eAeMeHTiB, HK HarypaALHOi ix 
KAHCHtpiKa@l. *) YKAa;J;aIOqH CBOIO CHCTeMY eAeMeHTIB, 
4. MeH4eA€€B MaB TaKy npoBiAHY AYMKY: BAacTH-. . . . 
BOCTl xeMiqHHX eAeMeHTlB AeTepM1ffY€ Maca MaTe-
pii, ii BHHBAeHHHM € Bara, a TOM}' HaiinpHpOAHiIDHM 
€ IIIYKa TM aaAe.IKHOCTH Mi.IK BAaCTHBOCTHMH ti rro.ii;i6-
HuCTHMH eAeMeHTIB 3 OAffOro 6oKy Ta ix aTOMOBHMH 
BaraMH 3 Apyroro 6oKy. 4oKAaAHO BHKAaB i o6rpyirry
BaB MeH;J;eA€aB CBOIO rrepiO;J;HqHY CHCTeMY y CTarri, 
HaAPYKOBaHili y 1871 po:yi B ,,Liebig's Annalen", . . . 
a ij!e AOKAMHIIIIe y CBOEW)' KaIDTa.Al>HOM}' TBOpl, 
HM HKHM rrpauroBa.B TPH poKH H: HKHii noHBHBCH nep
IIIHM BHAaHHHM y 1871 po:gi. Jleit TBip HOCHB HaSBy 
,, OcHOBLI xHMiH". BiH 6)7B rroTiM rrepeKAaAeHHit Ha 
MOBH Ma6YT1> ycix Ky;u,rypHHX Hapo;J;iB, 60 o6'€KTHBHO 
Tpe6a BH3HaTH, J!!O TO 6)7B TBip BHCOKOi BapTOCTH. 
THM qacoM i .l\. Maiiep y KiHyi 1869 poKy orry6AiKy
Ba.B cTaTTIO B THX caMHx .l\i6ixoBHX AHHaJ\ax, Ha.BO-

*) Mn TYT He TOpKa€MOCb nHTaHIDI npiopnTery, 60 ue He Mae 
6eanocepeAHhoro Bi,zuiomeHHH AO Hawoi'. TeMH. 3aaHa'llHMO xi6a 
TWKH, l!!O caoro qacy a 6oKy q>paH~yaiB aaHBAHJ\OCJI npeTeHcii 
Ha npiopIITeTHe npaao AAH i'.xHboro aeMN11<a Ae-lliaHKyprya, 
a aar Alliui 3HOB MaAH TaKi )K npeTeHcii AAH cBoro aeM.J\SIKa Hbro
AeHAca. HiMeuhKi aBTopn (npaaAa He Bci) ™e ii Tenep cTaBNITh 
iMH A. Maiiepa nepeA iMeHeM 4. MeHAeAeeBa. JJeii )Ke ocTaH
Hiii BIDIBHB riAHy Be.J\HKOi .J\lOAHHH CKpOMHicn, 3aHBNIIOtIH, 1!!0 
AiHCHHMH OCHOBOilO.J\O)KHHKaMH nepiOAWIHOi CHCTeMH 6y .J\H Ti 
HayKoBi AOC.J\~HHKH, mci CBOlMH npauHMH AOKa3a.J\H npaBAH
BiCTh aHaifAeHoro aaKOffY nepiOAH11ffOCTH. 3pemToIO MeHAeAe€B 
npH HaroAi Ae6aTH BiAHOCHO npaaa npiopHTery BHCJ\OBHBCJI, I;ijO 
npH AOCHmeHHI neBHOro CT}'IIIDI p03BHTKY HayKH neBHi iAei 
,,BHCJITb y B03AfCi"' a B3araAi )K BOHH HiKO.J\H He BHHHKaIOTb 
HKOCb panTOBO, :riAhKH . IlOJIB~bCJI y BHCAfAi AOBroi HH3KH 
npau;b nonepe;.tHIX AOCAfAHHKIB. 
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AHllH CBOIO CHCTeMy eAeMeHTiB 3 poKy 1868 y q>opMi 
Ta6AH:gi, noAi6ttoi AO Ta6AM:gi MeHAeA€€Ba, npH 
qoM}' BiH 11 niAnHpaB poaBiAKOIO HaA BiAJIOIIIeHHHM 
Mi)I( aTOMOBHMH BaraMH xeMiqHHX eAeMeHTiB i ix 
aTOMOBHMH o6cHraMH. IloHBHAaCH ti HH3Ka rry6AiKa
:giii pi3HHX iHIIIHX aBTopiB, IJ!O BHCAiAaMH CBOIX AO-. . . . 
CAfAlB noxaayaaAH npaBAHBICTb HBl1IJ!a nepIOAHqHOCTH 
BAaCTHBOCTeti xeMiqHHX eAeMeHTiB y 3B'H3KY ai a6iAo
meHHHM i'.x aTOMOBOI BarH. 

RK MM B)l(e BHIJ!e aaBBa)l(HAH, HaBiTh caM A. Maliep 
cnoqaTKY He HaAaBaB · BeAHKoro aHaqeHHH crnep.LVKe
HOMY HMM <f>aKTY nepioAHqHoCTH. TaK caMo I1 nepIIIa 
ny6AiKa:gief 4. MeHAeA€€Ba He apo6HAa cepeA yqe
Horo CBiTy HaATO BeAJIKOro Bpa)l(eHHH. 0AHaqe caM 
MeH4eA€€B fliAXOAHB AO nnTaHHH cHcTeMaTnaa:gii'. 
e.i\eMeHTIB ia IIIHplllH~I poarA,HAOM i rAJI61llHM p03)7MiH
HHM. BiH yaa)l(aB, IJ!O HBHIJ!e rrepioAHqHocTH BAaCTH
BOCTeii eAeMeHTIB € tf>YHKQiOHaA:bHO 3aAe)l(He BiA MaCH 
aToMiB, To6To BiA 1x Barn. JJe HBHIJ!e, no AYMUi MeH
AeA€€Ba, He 6yAo AHIIIe HKHMCb ,,npa.BHAOM Ha IlOA06y 
npa.BHJ\ rpaMaT11qHHx'', HK To A)7MaAH :Horo nonepeA
HHKH, TiAl>KH 6ya :ge aaKOH npnpOAH, no.zi;i6HHM AO iH-. . . . 
IIIHX, paH1me BIAKPHTHX aaKOHIB npHpOAH, HK OT raaoBt 

• u • • 

3aKOHH qH aaKOHH IlOCTIHHHX I KpaTHHX Bl/J;HOIIIeHb 
rrpH cnoA yqeHHi eAeMeHTiB. Ia TaKol o:giHKH HBHIJ!a 
rrepiOAH1IHOCTH MeHAeA€€B apo6HB HaAe)l(Hi BHCHOB-

• 
KH, BHXOARtlH 3 aaca.zi;H, Ij!O aaKOHH npnpOAH Hl.HKHX 
BHiMKiB He aaa10T1>. OT)l(e, KOAH BiH yi<AaAaB cB010 
Ta6AH:g10, TO B TOM qac IJ!C 6araTO 6yAo HeBiAKPHTHX 
eAeMeHTIB, 60 B)l(e y 1869 po:gi BiAOMO 6yAo BCbOro 58 
xeMiqHHX eAeMeHTIB, a B Ta6An:gi 3 1871 poKy BiH 
HaBOAHTb TiAnKH 63 eAeMeHTH ia qncAa Tenep y)l(e 
BiAOMHX 92 .. TaKHM qHHOM y CKAaAeHili MeH,zi;eAee
BHM Ta6AMJJi 6yAo lIHMa.i\O HeaanOBHeHHX MiCJJb. Ilepe-

88 



• v • u • 

cB14qeH1111 y TOMY, IJ!O BIAKPMTHH HM~ aaKOH neptOAHll- ... 

HOCTM AiiicHO € aaKOHOM npHpOAH, BiH nporOAOCHB, 
• • • u 

IJ!O Ha TI HeaanOBHeHI MIC:gH MaIOTL npHHTH THM llaCOM . . . . 

IJ!e HeBIAKPMTI eAeMeHTM, np11 lIOMY Ha OCHOBI :gLoro 

aaKoHy BiH Hanepe4 BM3HatIMB aTOMOBi Barn ii cpiaHKO-. . . . . 
xeMilJHI BAaCTMBOCTI .l);eHKMX TOAi l!!e HeBJAOMHX eAe-

MeHTiB. IlpaBAHBOIO caTHc<J>aK:gi€IO oyAo AAH MeH.l);e

A€€Ba, KOAM aa nopiBHIOIOqu He..?J;OBrMH qac <J>paa:gya 

AeKoK Ae-Eya604paH Bi..?J;KpHB eAeMeHT ta.Aili 
(1875), IIIBe.ZJ; HiAnCOH BiAKpHB cKaHAiii (1879) i no

TiM aiMe:g1> BiHKAep BiAKPHB repMaaiii (1886), npH 
• •• u 

lJOM)' BCI BOHM CBOIMM BAaCTHBOCTHMH 11 aTOMOBHMH 
• • • 

BaraMH BilOBHI Bl.ll;IlOBIAaAH TMM TpnOM eAeMeHTa.M, 

IJ!O ix rrepe46'a'CJ)'BaB MeH.ZJ;eA€€B Ta mo ix BiH cxapaK

TepH3)'BaB rriA Ha3BaMH ,,eKa6op", ,,eKaa.AIOMiHiii" 

Ta ,,eKaCHAi:giii"' BKa3aBIIIH i~f Mic:gH B TaOAH:gi rriA 
6opoM, aAIOMiHi€M i c11Ai:gi€M. *) OAHatie MeH..?J;eAE€B 

• •• u • 

IlllIIOB y CBOIX BMCHOBKax J!!e H AaAI' a caMe aaHBAJIIOlJH, 

IJ!O KOAM aa xapaKTepoM CBOiX xeMilIHHX BAaCTHBOCTeH 

HKHHCL eAeMeHT MaB 611 . aaHHHTH B TaOAH:gi rreBHe 

Mic:ge, aAe aa CBO€IO aTOMOBOIO BaroIO iiOM)' He Ha.Ae

)KaAOCH 6' 6YTH Ha TOMY Mic:gi, TO B TaKOMY paai BH

XOAHJ\O 6, mo a6o HOrO aTOMOBY Bary Herrpa.BHALHO 

BH3HalieHO H ii Tpe6a Bi..?J;IlOBi.l);Ho BHnpaBHTH, a6o 
• u • 

BIAKPHTHH aaKoH nepIOAHlIHOCTM He € aaKOHOM rrpH-

pOAH, HKIJ!O aToMoBa Bara € rrpaBHALHa. CaM BiH 
• • 

CTOHB Ha CTaHOBHIJ!l, mo HBHI!!e nepIO.ll;HllllOCTH € IIpH-

pOAffHM aaKOHOM, a TOMY aanponOH)'BaB IIOABOiTH 

aToMoBy Bary ypaHy ii: BHnpaBHTH aToM. Bary ye-

*) 3ai,ztcH ti Ha3Ba THX ,,eKa"-eAeMeHTm, 60 ,,eKa" no-caH
cKpHTCLKOM)' 3Ha'llHTL ,,nepIIIHii". OT)Ke: nepIIIHii 3a 6opoM, 
aAIOMiHi€M 'llH CHAiyieM. Ilpo Bi.ztKPHTTH ,,eKaMaHtaHY" ii ,,ABi
MaHtaliy" ,ltHB. y MOiii KHH)KUi ,,XeMi'llHi eJ\eMeHTH Ma3yprn 
i peHrn". Ilpara, 1929. 
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piio. *) Heaa6apoM rrpa:gi piaHHx AOCAiAHm<:m rroKaaaAM, 
1!!0 HaaBaHi eAeMeHTH MaIOTL AiHCHO TaKy aTOMOBY Ba
ry, HK H BKaaaB MeHAeA€€B. IIicNI .:YLOro li HacAiAKOM 
npaun 6araTLOX AOCAfAffHKIB KNICHcpiKayiH xeMi'CJHHX 
eAeMeHTIB y cpopMi nepiOAJl'CIHOl CHCTeMH OCTaTO'CJHO 
aaKpinHAaCL y xeMi'CJIDH Hayyi. 3Ba)Kal0l!H Ha Te, 
1!!0 B i"i OCHOBi Ae)KHTL He HK.aCL 'CJHCTO crreKy JUITHB

Horo xapaKTepy i;teH trn lllryqHa KOM6iHa:giH, TiALKH 
B np11po;U icHyro11a Bara aTOMiB, YH KNICHcpiKa]JiH 
HaaHBa€TLCH npHpOAHOIO l!H Harypa.ALHOIO CHCTeMOIO 
xeMil!HHX eAeMeHTiB, a caMa Ta6AH:gH HOCHTh iM'H 
4. I. MeH;teA€€Ba, xo11 y HiMeuLKili AiTeparypi Ii a4e-
6i.Anmoro HaaHBaIOTL Ta6AHUeIO Maiiepa-MeHAe
A€€Ba. 

Ia HaBe;teHoi'. AaAi ( cTop. 91) nepio;tH11Hoi cHcTeMH . . 
xeMil!HHX eAeMeHTIB BHAHO, HK yAo)KeHa caMa Ta-
6AH:g» ia no;tiAOM eAeMeHTIB Ha rpyrr11 no npHMo
BicHHX AiHi»x i Ha p»AH no AiHiHX noaeMHHX. B11rAH.LJ; 
caMoi Ta6AH:gi a 6iroM qacy rriAA.HraB AeHKHM HeBe
AHKHM aMiHaM. TaK rpynH BiA I AO VIII BKaayroTL 
Ha BaAeHTHicTL AOTH'CJHHX eAeMeHTm. AAe KOAH 
B 1895-98 p. p. BiAKpHTO 6yAo T. 3B. ,,IIINIXeTHi" 

• • 
eAeMeHTH, HK! He CIIO.J\ yqaroTLCH 3 lHllIHMH eAeMeH
TaMH, T06To He BHHBJ\HIOTL Him<oi BaAeHTHOCTH, TO 
3 OrAH.zty Ha TaKy ix B.J\aCTHBiCTL 3a.Be;teHO 6yAo ANI 
HHX OKpeMY rpyrry rriA 'CJHCAOM 0, IJ!O ii IlHCaAOCH AO
HeAaBHa nepeA I rpynoro, aAe rroriM nepecyHeHo 6yAo 

*) IHaKIIIe ouimoaaa aaKOH nepioAWJHOCTH Aor. Maliep, IJJO 
B 1870 poui IlHCaB npo :ue TaK: ,,EyAO 6 Hepoaaa)KHHM 3MllUITH 
,zy;oTenep npHH:wni aroMoai aarH, MaI011H TaKY neneBHY ni.AcTaay", 
JIK nepio,ltlfllnicn. Ia w-oro BHXOAHTI>, IJJO aiH He aaa*aa :ue 
JIBlfi!!e aa aaKOH npHpO.ztH, TiADKH xi6a aa neBHY ,,npaaHA1>nicn,". 
0 T )l{e T}'T aoaciM JICHO BHcrynae piaHHWI nor NJ,lJ;ia 4. MeHAe
.l\€€Ba ii A. Maiiepa. 
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IlepiOAHtIHa CHCTeMa xeMillHHX eAeMeHTiB. 
I 

::s: r p y n H 
r:( 

• ail 

I. I II. I III. I IV. I v. I VI. I VII. I VIII. I 0. 0.. 

1. l.H 2.He 
1,008 4,003 -

""" ..... 
~ ·< 
~ g 

. 3. Li 4. Be 5.B 6. c 7. N 8. 0 9.F IO. Ne 2. 6,940 9,02 10,82 12,01 14,008 16,000 19,000 20, 183 

3. 11. Na 12.Mg 13. Al 14. Si 15. p 16.S 17. Cl 18.A 
22,997 24,32 26,97 28,06 31,02 32,06 35,457 39,944 

0 4. 19. K 20.Ca 21. Sc 22. Ti 23. v 24. Cr 25.Mn 26. Fe 27. Co 28. Ni 
39,096 40,08 45tl0 47,90 50,95 52,01 54,93 55,84 58,94 58,69 • .... - 29.Cu 30.<,n 31.Ga 32. Ge 33.As 34. Se 35.Br 36. Kr 5. 63,57 65,38 69,72 72,60 74,91 78,96 79,916 83,7 

~ 

u ..... 

i:= ~ 

- --- 44. Ru 45. Rh 46. Pd 6. 37.Rb 38. Sr 39. r 40.<,r 41. Nb 42. Mo 43.Ma 
85,48 87,63 88,92 91,22 92,91 95,95 101;7 102,91 106,7 

-
41.Ag 48.Cd 49. In 50.Sn 51.Sb 52. Te 53.J 54.X 7. 107,88 112,41 114,76 I 18, 70 121, 76 127,61 126,92 131,3 

8. 55. Cs 56.Ba 57-71 72. HJ" 73. Ta 74. w 15.Re 76. Os 77. Ir 78. Pt 
132,91 137,36 pf.a.. 3eM. 178,6 180,88 183,92 186,31 190,2 193,1 195,23 

9. 19.Au 80.Hg 81. Tl 82.Pb 83. Bi 84.Po 85. Ab 86.Rn 
197,2 200,61 204,39 207,21 209,00 210 222 

<.O ...... 
lO 87. Vg 88.Ra 89.Ac 90. Th 91.Pa 92. U 

. - 226,05 227 232, 12 231 238,07 



ruK aa VIII rpyrry a MipK}'BaHL, m<i BHIIAIIBaIOTL. ia 
HaliHoBimu:x AOCHrHeHL cpiam<o-xeMi"tIHOi: HayKM li rrpo 
md MOBa 6yAe ,zJ;aAi. 3HOB )Ke 3rOAOM BiAKPHTO 6yAo 
T. 3B. piAKi 3eMAi, T06To xeMi"tIHi eAeMeHTH, md 3Ha
XOAfil'bCH B MiHepaAax, i,go !x }'Ba*aAOCH paHiine aa 
piAJ(i. Qi eAeMeHTH He BMiJ!!aIOTbCH HOpMa.AbHO AO 

Ta6J\Hui, a TOMY ix Terrep a4e6iAomoro rro4a€TLCH 
OKpeMO 6ea BTHCHeHHH AO HKHXOCL rreBHHX KAf THH 
Ta6J\IIQi. 3riAHo 3 :Q;HMII 3MiHaMM i rro4a€MO MH i.go . . 
HarypaAl>HY CHCTeMy xeMI"t!HHX e.i\eMeHTIB, rrpH "t!OMY 
B Ta6AHgi 3a3Ha "tla€MO -qeproBe "t!HCAO AOTH"t!HOro eAe-

u • • 

MeHry' Moro CHMBOA I IIIA HHM a TOM OBY Bary' aJ\ e poa-. . 
AIAeHHH Ha rr1.zi;rpynH He oaaa"tia€MO. 

EAeMeHTH rpyrr11 piAKHX aeMeA1>. 

57.La 58. Ce 59.Pr 60.Nd 61. Il 62.Sm 63.Eu 64.Gd 
138,92 140,13 140,92 144,27 - 150,43 152,0 156,9 

65. Tb 66.Dy 67.Ho 68.Er 69. Tm 10. rb 71.Lu 
159,2 162,46 164,94 167,2 169,4 173,04 175,0 

Ia HaBe4eHoi: Ta6AJigi 6a"tIHMO, IJJO Bci xeMilIHi eAe
MeHTH rro4iJUIIOTbCH Ha ·BiciM, a 3 0-010 rpyrroIO Ha 
AeB' HTb rpyrr, rrpH "t!OM)' BOHM yrropHAKOBaHi B AeCHTl>OX 
pHAax. Ilepm11i1: PHA Ma€ Bc1>oro TiA»KH ABa eAeMeHTH 

• •u •u • u 
- BOAeHb I re.i\IH, !!!O B aarai\bHIH CHCTeMl 3aHMaIOTL 
oco6AHBe noAo)KeHHH. 4aAi B»te HAYTI> rr e pi o A 11, a 
To ABa MaAi ii TPH BeAHKi, Ae ocTaHHiii 10-Hii pHA 
HBJUI€ co6010 Ti.i\l>KH IIO"tla TOK "tleTBepToro BeAHKOro 
nepio11;y. MaAi nepioAH cKAa4a10T1>CH a BOCLMH lJAe
HIB KO)KHHH; rrepmi ABa BeAHKi rrepioAH cKAa4a10T1>CH 
KO)KHHH ia BiciMHa4:gHTH "t!J\eHiB; Ha cryrrHHH BeJ\IIKHH 
nepio4 Mae TPHAQHTL ABa "t!AeHH, "t!HCJUl"t!H TYT i rr' HT-

• • u 

HaAUHTL eAeMeHTIB rpyrr11 pIAKHX aeMeA1>, a .l(a.i\bmHM 

92 



v • u • • 

BeAHKMH rrepIOA aacTyIIJ\eHHH BCLOro TIALKH illlCTLOMa 
11AeHaM11, xoq i BiH, npaBAorroAi6Ho, MYCiB MaTH Ta
KO)K TPHAUHTL ABa 'tJAeHH. OT)Ke, KOAH qHcA.HTH aa 
OKpeMHH nepiOA Te)K i nepIIIHH ABO-'tJAeHHHH pHA, TO . . . . 
B TaKOM)' paa1 q11cAO lJAeHlB ITOOAHHOKHX nepIOAJ.B 
2, 8, 8, 18, 18, 32 i Ma6YT» aa AaBHix 11acia IJ!e 32 
MO)KHa npe4cTaBHTH TaKHM PHAOM: 2 x 12 = 2, 
2 x 22 = 8, 2 x 32 = 18 i 2 x 42 = 32. Jle:H xapaK
Tep11cTHtJHHH PHA Ma€ cBiti rAH6llIHH aMicT, HK TO BH
XOAHTL ia 6yAOBH aTOMa. 

Ko)KHHH rrepioA, qH Ma.AHli tJH BeA.HKHii, rroq11HaeTLCH 
xeMi11HHM eAeMeHTOM, IJ!O CTOITL y I rpyrri li CBO€IO . 
rrpHpo4010 € MeTaAOM 13 CHAl>HO-eAeKTporr03HTHBHHM 
aAKaAf'l!HHM (AyroBHM) xapaKTepoM. CTynHeBo, 1111-. . . 
CAHtJH BIA AIBa AO npaaa, B TOMY caMoMy PHAI eAe-
MeHTH BTpatiaIOTL MeTaAeBHti xapaKTep, TaK IJ!O B VII 
rpyni xeMiqHi eAeMeHTH MaIOTb BHpa3HO eAeKTpOHera
THBHHH xapaKTep. 0AHaqe y BeAHKHX nepioAaX ue:H . . . 
nepeXIA BIA CHALHO-AyrOBHX MeTaAIB AO KHCAOTHHX 
MeTaAoiAi.B, penpeaeHTOBaHHX rpynoro raAoteHiB, BiA-
6yaa€TI>CH AelJ!O CKAaAHime, HilK y MaAHX nepioAaX, 
60 )K y BeAHKMX nepioAax uiAa HHaKa Ix· q)\eHiB nepe
XOAHTI> ABa paa11 IIIJ\.HX BiA I AO VI I rpyrrH, npH 1IOMY 
HaAe)KHa AO BeAHKHX rrepioAia VIII rpyna cTaHOBHTI> 
Hi6H HKHHC» MicTOK Mi)K rrepllloro if Apyro10 noAo
BHHOIO uiAoro rrepioAy i TOMY eAeMeHTH uiel rpyrrH . -
BHHBAHIOTI> Te)K BAaCTHBOCTl rrepeXOAOBOro xapaKTepy. 
4pyra noAOBHHa BeAHKoro nepio4y HaaaraA € noAi6Ha 
AO nepwol IJ!OAO BAaCTHBOCTeH ITOOAHHOKHX eAeMeH
TIB, HaAe)KHHX AO OAHaKOBHX rpyn, aAe ui BAaCTHBOCTi 
Bee )K TaKM He € uiAKoBHTO noAi6Hi, a TOMY if BHHH
KaIOTI> rrinpynH. 3peIIITOIO, KO)KHHH nepiOA aaKiH'tJY
€TbCH iHepTHHM ,,IIIAHXeTHHM" eAeMeHTOM. BaAeHT-

• • • • • 
HICTI> xeMlCJHHX eAeMeHTm y KO)KHOM}' PHAI BIAHOCHO 
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KHCHIO apocTaa Bi.A I AO VII rpyn_H npa.BMALHO BiA 
I AO 7' aAe Bi.AHOCHO BOAHIO HaHBMij!OIO BOHa € 
B IV rpyrri, Ae € piBHa 4, a B HanpHMi AO I ti VII rpyrr11 
3HMJKY€TLCH AO I (ocKiALKH eAeMeHTH I-III rpyrr 
BaaraAi TBOP.HTh ia BOAHeM aAyxM). IJ!oAo BAacTH
BOCTeti IlOOAHHOKMX eAeMeHTiB y caMHX rpyrrax, T06To 

• • u • 

no np.HMOBICHIH aropM Ha.AOAMHY' TO KO)l(Ha fllAI'pyrra 
OXOilAIO€ roMOAOrH, B .HKHX a6iALIIIeHHH eAeKTpono-
3MTHBHOCTM, arA.HAHO 3MeHWeHH.H eAeKTpOHetaTMB
HOCTH, HAe BiAnoBiAHo AO a6iALIIIeHHH IX aTOMOBOI . . . 
BarH, TaK IJJO AOAUIIHI tIAeHM lliArpynM BM.HBNIIOTL 
BAaCTHBOCTi 6iAhw AyroBi qJI MeHIIIe KMCAOTHi, Hi)I( 
ropimHi.. BiA.HocHo cpiaHqaMx BAacTHBOCTeli MO)Kffa 
aaraALHO cKaaaTH, IJJO ii BOHM Ta.KOJK aMiamoTLCH 
3 rreBHOIO aaKOHoMipHiCTIO B 3aAe)KHOCTi BiA a6iAL
IIIeHHH aTOMOBOi BarM xeMiqHHX eAeMeHTIB. 3peIIITO~, 

• • u 

Ha ULOMY M1cu1 aaaHaq11Mo IJJe M Te, IJJO qeproBe qJ1cAo 
• u • 

.HKOrOCb eAeMeHTY He Tl.AbKH BH3Haqaa Moro MICUe 
• • u • 

B nepIOAJlqHlH CMCTeMI, a.Ae BOHO xapaKTepHaye Ta-
KOJK, HK ue MM no6aqHMo AaAi, lioro :giAy npHpoAy, 
60 oaaaqae qMCAO eAeMeHTapHMX eAeKTPJlqHJIX Ha-
6om lioro aToMoBoro .HApa, mce BAacHe ti AeTepMiHya 

• 
BAaCTMBOCTl aTOMa AOTHqHoro eAeMeHry, a TMM caMHM . . 
I AaHoro eAeMeHTapHoro TIAa. 

IlepiOAM'tlIDCTb BAaCTHBOCTeli xeMiq}IHX eJ\eMeHTIB 
y 3B.H;3KY ai a6iALWeHHHM ix aTOMOBOi BarH ui;ucoM 
HCHO BffAHO a HaBeAeHoi Ta6AHui. AAe Tpe6a aaaHa
'tlHTH, i.go B TpLox BHIIa.AKax 6aqHMo B Ta6AHui Henpa
BHALHocTi, a TO BAaCHe: Ha OCHOBi xeMi'tlHOI rrpHpOAM 
B Ta6Alq!i IIOCTaBAeHO aptoH rrepeA KaAfeM, K06aAbT 

• • u •• 

rrepeA HIKACM I TeAyp rrepCA HOAOM, xoq aa CBOIMM 
• u • • 

aTOMOBMMH BaraMH B KO.)KHIH rrap1 UHX eAeMeHTIB 
rrepmi MaAH 6 CTO.HTH ApyrHMH i HaBrraKH. Ko;w cBoro 
'tlacy MeHAeAe€B aanponOH}'BaB aMiHHT;1'1 aTOMOBi BarH 
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AeHKHX eAeMeHTIB 3 }'Barn Ha i'.x xeMiqay rrpHpOAY 
ii TaKa 3MiHa BIIOBHi 6yAa orrpa.BAaHa rri3HimHMH . . 
AOCAfAaMH, TO B Ha3BaHHx Tp»ox BHnaAKax 30BCIM He 

. . 
MO)Ke rrpHXOAHTH B }'Bary IIHTaHHH npo 3MIHY aTO• 
MOBOi'. BarH AOTHqH:ux eAeMeHTIB, 60 i'.i BH3HaqeHO AAJI 
BCix meCTH eAeMeHTIB 3 Hati6UnIIIOIO ToqmcTIO i 6e3 .. 
cYMHiBHo. ,4AH caMoro a.BTopa rrepiOAHlIHOi'. CHCTeMM 
4. MeHAeA€€Ba :yx rrpo6AeMa crroqaTKY 30BciM He BH
HHKaAa, 60 B :Roro Ta6AM:y;i 3 1871 poKy aproH B3ara.Af 
:r,ye He <J>irypye, aTOMOBi BarH Ko6aADTa li HiKAro noKa .. 
3aHO OAHaKOBi (piBHHX 59), a aTOMOBi BarH TeAypa 
li HOAY HAYTL 3a co6010 rrpa.BHALHO, 60 BH3Ha"CJ:eHo 
6yAo i'.x Herrpa.BHADHO (Te = 125 i J = 127). *) 3roAOM 
OAHaqe npo6AeMa Ta CTaAa rrepeA HaYKOBHMH AOCAfA .. 
HHKaMH KapAlfHaADHo, BHMararoqH iI poaB'x3aHHH. HK 
caM MeHJJ;eA€€B, TaK i lioro nocAiAoBHHKH BHXOAHAH . . 
3 TaKoro p03YMJ.HHH xeMiqHoro eAeMeHry, J!!O y;e e 
IleBHa iHAHBiAYaADWCTL, HKOi BAaCTHBOCTi, HapeIIITi, ,,-
3aAe)KaTL BiA aToMoBol Bar11, xapaKTep11cT~Hoi ii He-
3MiHHo1 AAH AaHoro eAeMeHry. BHcBiTAHTH oqeBHAHY 
Henpa.BHADWCTL y nepioAwmiii CHCTeMi, BHXO.lVf1rH 

• 
3 TaKoro CTaHOBH:r,ya, rrpe,zJ;CTaBJ\HAOCH cnpaBOIO 30BCIM 
6e3Ha.ztiillioro. CBoe BHHCHeHHH ux Hi6HTO He3aKOHo .. 
MipHicTL y nepiOAJPIHOCTi 3HaliIIIAa ni3Hime, KOAM 
6yAo Bi.zi;KpHTO HBH:r,ye i30TOnll, rrpo 1£0 TaKO)K 6yAeMO 

• • 
roBopHTH Ae:r,yo rr1aH1IIIe. 

QqeBHAHHH BHiMOK y rrepioAJPIHiH CHCTeMi xeMiq .. . . . 
HHX eAeMeHTIB npeAcTaBAH€ TaKO)K 1 rpyrra PIAKHX 

*) Tpe6a cxaaaTH, :r,yo no.zta.Hi Toro poxy e Ta6AHUi Me&Ae .. 
Aeeea aTOMOBi earn AaAeKO He BH3HallaIOT&CJI rollHiCTIO, npH 
llOM}' a aara.ALHoro qHCJ\a 63 aaauaqeHHX y Hlli: xeMillHHX eAe
MeHTiB aTOMOBY eary riADKH TpLOX eJ\eMeHTiB no.ztaHO 3 TOq
mCTIO AO 0,1, a TO Re - 9,4, aAIOMiHiit - 27,3 A apemroIO 
Cl - 35,5. Bci imui aToMoei eam no.ztaHo B uiAHx llHCAaX, 
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aeMeAb. IJi eAeMeHTH MaIOTb AOCHTb 6AH3bKi aTOMOBi 
Bar11 li Ay)Ke rro;0.6Hi xeMi11Hi BAacTMBOCTi, TaK IJ!O i:x 
HaBiTh TPYAHO BiMiA.HTH OAHH BiA o.n;1-1oro. 0.n;Hatie 

• • • • • u u • 

ye e Bee xeM111m IHAMBIAYaALHOCTI, 11 KO)KHHM 1a eAe-
MeHTIB Ma€ CBO€ qeproBe 11HCAO, T06To KO)KHHH ia TMX 
eAeMeHTIB MaB 611 aaliHHTM B Ta6A11:gi rreBHe Micue. 
AAe TaK BOHO He €, 60 )K rrorrepe4HMK :gi€1 rpyrr11 
6apili ( qep. tIMC. 56) i HaCTYIIHMM aa HeIO ra<J>Hili ( qep. 
11Hc. 72) aa cBoi:MH aTOMOBHMH Bara.MM li xeMi11HMMM 

v • •• 

BAaCTMBOCTHMH aa11MaIOTb HOpMaALHO HaAe)KHl IM 
Mic:g.sr, a eAeMeHTH rpyrr11 piAKMX aeMeAL (11ep. 1111c. 
57--71) HIBK HeMo)KHa HOpMaAbHO BMiCTHTM .n;o Ta-
6AH:gi. 0.n;Halle BCi BOHH, HK Terrep y)Ke € T011HO CTBep.n;-. . 
)KeHo HafKOBMMH AOCAIAaMH, aoBcIM rrpaBMAbHO Ma-
IOTb BiAIIOBi.n;Hi 11epr0Bi 11MCAa, a TMM caMHM i CBOI 
Bi.n;rroBi.n;Hi Ha6oi: aTOMOBoro HApa, T06To 3 iHIIIOro 
rrorAH.n;y He HBAHIOTb co6010 HiHKoro B11i'.MKy cepc.n; ycix 
iHIIIHX xeMi11H11x eAeMeHTIB. O.n;)Ke a ychoro Toro, IJ!O 
BHI,ge 6yAo Ay)Ke KOpOTKO CKaaaHO rrpo rrepiOAlf11HY 
CHCTeMY xeMi11HHX eAeMeHTIB, MO)KHa 6yAo 6 apobMTH 

u • u 

TaKHH BHCHOBOK: HBHIJ!e rrepIOAH11HOCTH BAaCTMBOCTeM 
xeMi11HHX eAeMeHTIB y 3B'H3KY ai a6iAL11IeHHHM Ix aTo
MOBOI BarH AOKaayeTbCH HayKOBO CTBep.ll;)KeHMMH <J>aK
TaMM li TOMY lioro Tpe6a BBa)KaTH aa o6'€KTMBHY 
rrpa.BAY· 0.n;Haqe :ge o6'€KTMBHO CTB.ep.n;)KeHe HBMIJ!e He 
€ :giAoIO rrpaB.n;o10, a TiALKH t1acT11Ho10 Ii'.. RKIJJO MO)Ke 
.., . . 
M He ::gIAa, TO B KO)KHOMY paa1 1IIHp11Ia rrpaB4a IIONII'a€ 
B TOMY' IJ!O Bci xeMi 11Hi eAeMeHTH BHyrpilIIHbO IIOB' H3aHi 
Mi)K co6010 OAffaKOBiCTIO rrp11po4H THX CKAa,ll;OBMX 
11acToqoK, IJ!O 3 HHX IlOBCTaAH aTOMH IIOOAHHOKMX 
eAeMeHTIB, a neBHa aaKOHOMipHiCTb IJ!OAO KOM6iHa:gi:H . . 
:J!HX 11acT01IOK y CKAaAI aTOMIB BHHBAH€TbCH rro11aCTM 
TaKO)K i B HBHI,gi nepio411qHOCTH BAaCTHBOCTeH y 3B'H3KY 
ai aMiHoro aToMoBoi BarH. TaKHM tIHHOM HaTypa;u,aa 
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• • • CHCTeMa xeMiqHHX eAeMeHTIB, OCHOBaHa Ha BeJ\HqHHl 
aTOMOBOI Bar11, He TpaTHTb CBOro 3HaqeHHH He TiA:oKH 
HK HayKOBO o6rpyHTOBaHa KNICHcpiKauiliHa CHCTeMa, 
aAe TaKO)I( i B iHIIIHX BiAHOIIIeHHHX. 3oKpeMa BeAHKY 
nocAyry BOHa apo6HAa HayKOBHM AOCAi;µIHKaM, J!!O . . . 
npaQIOBaAH HM BJ.AKPHTTHM i.ge HeBIAOMHX xeMiqHHX 

• • •• •• "' u 

eAeMeHTlB 1 BH3HaqeHHHM IX aTOMOBOl BarH H BJ\aCTH-
.., 

BOCTeH. 
TYT TiADKH MilK iHIIIHM aaaHaqHMo, i.go Kopy HamoI 

3eMAi Ha 99,9 % TBOpHT:o xeMi11Hi eAeMeHTH a qepro
BHMH 11ncAaMH BiA 1 AO 29, a a Toro Mali)l(e noAOBHHa 
npHna..zi;ae Ha AOJ\10 KHCHIO H IlOHM qeTBepTHHY TBO
pHTb CHMWH, KOJ\O 7 ,5 % aAIOMlliiH, KOJ\O 5 % 3aAf30, 
3,4% Ka.Al>Qili, 2,6% HapTili, 2,4% KaAfH, KOJ\O 2% 

• u • • • • 

MarHea1H, a Ha AeHKI IHIIIl a UHX roAOBHIIIlHX cKAaA-
HHKIB aeMHOI KOpH npHnaAae TMLKH MO)l(e 1 % a6o 
Ha.BiTb J\HlIIe 0,01 o/o· 3HaqHTb 63 xeMiqfil eAeMeHTH 
(qeproBi qHcAa 30-92) CKJ\a.l1;aIOTb BCLOrO Ha BCbOro 
0, 1 % aeMHOI KOpH. AMepHKaHCbKHH AOCAfAHHK rap
K i H c CTBepAHB ( 191 7) TaKe HBHIJJe : xeMi qHi eAeMeHTH . 
3 napHCTHMH qeproBHMH q11cAaMH aycTp1qaIOThCH 
B np11p0Ai aHal!Ho ( 10-20 paaiB) qacTime, Hi)I( eAe
MeHTH 3 HenapHCTHMH 11eprOBHMH q11cAaMH. 3 QbOrO 
HCHO, HK nopiBHIOIQqH MaJ\O € Ha Hamili 3eMAi THX 
qoTHp:oox eAeMeHTiB, i.go MaIOT:o qeproBi q11cAa 43, 61, 
85 i 87. ToMY-TO 1x i .zi;oci He 3A06YTo B TaKili KiAb
KOCTi, i.yo6 3 Hero AaAOCH po6HTM AOCBiAH H BM3HaqHTH 
IX aTOMOBY Bary. 3 Apyroro )I( 6oKy np11rrycKaeT:ocH, 
IJJO BOHH He € CTa6iA:oHi H rrepeTBOpIOIOThCH Ha iHmi 
eAeMeHTM. 

B11xO.Z(f[qH a TOI caMOI aacaAHHllOI AYMKH, IJJO 
H TBOpyi Ta6AHUi HaTypaADHOl CHCTeMH eAeMeHTIB, 
iHmi AOCMAHHKH npHAYM)'BaAH piaHi iHmi cnoco6n 
yKAa..zi;aHHH xeMi.11HHX eAeMeHTIB AO KNicHcpiKa:yiliHol 
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cHcTeMH. He 6y4eMo TYT HaA yciMa UHMH cnpo6aMH 
ayrrHHHTHCI>, 60 B HHX He BIDIBJUl€Tl>CH HKaCI> HOBa 
iAeH J!!OAO cHcTeMaTHaauii xewllHHX eAeMeHTIB. 3ra
.zi;aaMo TYT TiADKH aa OAHY 3 ycix THX cnpo6, a caMe 
aa cHcTeMY .zi;aHCLKoro BlleHoro IOA. ToMceHa, HKHH 
YAO)KHB ii (1898) TaKHM cnoco6oM, J!!O nepio.zi;H MeH
AeAaaBol CHCTeMH BiH IlHCaB He Il03eMHO, a np.HMo-. 
BlCHO, npH llOM)' pHCKaMH CilOAyqaB eAeMeHTH, npHHa-
Ae)KHi AO Toi caMOl rpynH. 3raAY€MO npo :gro CHCTeMy 
ToMceHaTOM)', J!!OHoro aeMNIK Bop HaB'11aaB 6)'B Ha 
UIO CHCTCM)' CBOIO Teopiro 6yAOBH aTOWB. IIpo ye 
6y.zi;eMO rOBOpHTH. B AaAl>IIIOMY p03AW :g1>oro HaIIIoro 
HapHcy, a Tenep nepeXO.ZJ;HMO AO KOpOTKOro o6roBO-. 
peHHH AeHKHX filUIJ!! OilTHllHHX, eAeKTPHllHHX Ta IH-
IIIHX, J!!O TaK llH iHaKme 3B' H3am 3 npHpOAOIO xeMillHHX 
eAeMeHTIB Ta iCH)7BaHHHM ix aTOMiB. 

v. 
ATOMM id CBITAO. PA,4IOAKTMBHICTh. 

Ia cpi3HKH HaM Bi.ztoMo, J!!O coHHIDHHH cneKTP nepe
p1maaT1>CH rreBHHM llHCAOM TeMHHX AiHiii. HBHJ.!!e ye 
aaBBa)KHB IJ!e Ha nollaTKY MHHyAoro CTOMTTH (1802) 
aHrAiiicLKHH AOCMAHHK EoAAacToH, a.Ae .zi;oKAaA
HiIIIe nepecry;tiIOBaB iioro HiMe:gLKHH OilTHK <I>payH
r 0 cp e p, J!!O iioro iMeHeM i Ha3HBaIOTI> Ti TeMHi AiHii 
COHHIIIHOro cneKTPY· 4aADmi AOCAf.ZJ;H, a cneyiHADHO 
HiM:gH Kipxrocpa, BHCBiTAHAH npHllHHY :g1>oro HBHJ!!a. 
Jleii OCTaHHiH AOKa3aB (1859), IYO TeMHi <DpayHrocpe
poBi Aimi uiAKoM Bi.ztnoBi.zi;aIOTI> xapaKTepHCTH"tIHHM 
AAH KO)KHOrO xe:Mi"tIHoro eAeMeHTY 6apeBHHM AiHiHM 

• u • • 

y AOTHllHIH qacTHHI cneKTPY Ta J!!O BOHH € HaCAI.l(KOM 
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a6cop6uii CBiTAa 3 rreBHOIO. AOB)l{HHOIO XBHAD xeMiq
HHMH eAeMeHTaMH B ra30BOMY CTaHi 3a BHCOKOi TeMrre
paTypH. Bee ye AaAO rriAcTaBy AJUI BrrpoBaAJKeHHH 
B HaYKY HOBO! MeTOAH AOCMAJKeHHH, To6To cneK
TpaA1>Hoi aHaAi3H, 11!0 Ii rnop:gHMH 6yAH TOH JKe 
Kipxro<J> Ta HiMe:g1>KHli AOCMAHHK ByH3eH. 3aB-

• u • .., • • 

AHKH :J!IH HOBIH MeTOAI CTaAO MOJKJ\.HBHM BJ.AKpHBaTH 
rrpHcyrHicTh HaBiTh He3HaqHoi filALKOCTH IIeBHOro 
eAeMeHry Ha ocHoBi crreKTpaJ\.hHoi aHaM3H Hl(OrocL 
TiAa, 6'o AOTHqHHli eAeMeHT CBOIO rrpHcyrHiCTh 3aB)l(AH 
3aMaHi<J>ecTy€ THM, 11!0 IIOHB.iVIIOThCH a6o BiAIIOBiAHi 
6apeBHi AfHii (qH BiA MOAeKyA C~H) B ne p e pBaHOMY 
(AiHiHHOMY) cneKTpi a6o Ha Till{ caMHX MicuHX 
TeMHi AiHii: B a6cop6:giliHoMy crreKTpi. TaKoro 
MeTOAOIO aiAJ(pHTO 6yAo (1868-69) Ha CoHui rrpHcyr
HicT1> eJ\eMeHry reAiro ( 3BiATH H IIOXOAHTh iioro Ha3Ba : 
coHye no-rpe:g1>KH ,,reAioc") 3aAOBro nepeA THM, HiJK 
lioro BiAKpHTO 6yAo Ha 3eMAi (1895). TeJK i iHrni eAe-. . 
MeHTH cno11aTKy BIAKPHBa.AMCh cneKTpocKomllHo, a BJKe 
IIOTiM ix 6yAo i30ADOBaHO Ta AOCAfAJKYBaHO ix BJ\a
CTHBOCTi iHlllliMH <J>i3HKo-xeMiqHHMH MeTOAaMH. 

TaKHM qHHOM lli.zµmiAyaJ\.hHicT1> xeMiqHoro eAe-. 
MeHTY BHHBi\H€ThCH TaKOJK I B neBHHX xapaKTepHCTHll-
HHX MH H1>oro onTHllHHX HBHI1!ax. DAHJK11i AOCMAH . . 
noKa3aAH, 11!0 noOAHHOKI eAeMeHTH AaIOTh He OAHY . . . 
J\IIDIO 3 neBHOIO AOB~HOIO XBHAD, a KIAl>Ka TaKHX 
AiHili a6o HaBiTh BeAHKe ix qHCJ\O y pi3HHX 11aCTHHax 
cneKTpy, OAJKe AiHiH pi3HOI 6apBH Ta 3 pi3HOIO AOB)KH
HOIO XBHAI>. BoAeH1> Aa€ 110THPH AiHil, a npH 3Ha11HOM}7 
poapiAJKeHHi ii n'HTI> Aiaili, 03Ha11YBaHHX nepmHMH 
AiTepaMH rpe:g1>Koi: a6encH, 11!0 TBOpHT1> cepiro i:i aa 
11epro10 MicTHThCH B 11epB0HiH, 3eAeHiH, cHHili i <J>iHA
KOBiii 11aCTHID cneKTpy. feAiii BHKaaye BJKe 7 BH.ZJ;HHX 
AiHili, AiTili - 20, aaTpili - 35. Aemci eAeMeHTH 
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BmcaayroTL aaaiTL aaaqao 6iALmy KiALKicTL xapaKTe-
• • u • • 

p11cT11qa11x A.i\H HHX .i\IHIH, IJJO CK.i\aAaIOTI> rreBHI cep1-
HALHi yrpynoBaHHH. IIp11rNIHeMOCH Tyr AO aalirrpocTi
moro a11naAKY rr'HTLOX BOAHeBHX Aiaili. OT)l(e, AOB
)l(HHY Ix XBH.i\L y)l(e AaBHime BH3Haqeao 6y .i\O 3 Be.i\HKOIO 
ToqfficTIO. AaaAiayroq11 A06YTi AaHi IJ!OAO AOB)l(HHH 
XBHAL :g11x Aiaili, llIBali:gapc1>KHli AOCAiAHHK EaAL
Me p y 1885 p. eMnip11qao npHHIDOB AO BHCHOBKy, IJ!O 

• • u 

B 3HaqeHHHX AOB)l(HHH XBH.i\L BOAHeBHX .i\IHIH KpH€TLCH . . 
·IIeBHa aaKOHOMipHICTL, a TO TaKa, :Q!O KO.i\H BBeCTH 
K 0 H c Ta HT y 3646, 13' TO :gH<J>poBi Be.i\HqHHH AOB)l(HH 
XBHAI> yxAaAaIOTLCH AO rreBHOi <f>OPMYAH, :Q!O ii IlOAa€MO 
B Hacryrraili Ta6AH:gi, Ae IIOKaayeTLCH AOTJlqHy AiHiro, 
ii 6apBy, cnocTepe)Keay AOB)KHHY XBHAi, <f>OPMY A y EaAL
Mepa ii 06q11cAeay aa :giero <f>OPMYJ\OIO AOB)KHHY XBMAi. *) 

Ami.JI Bapaa 4oa~ea <I>opM)'Aa 4oa)KH.Ha 
. ·- XBlilAl cno- BaM>Mepa XBlilAl 

BOAHIO Af Hll o6qHCAeea cTepe*eHa 

Ha 'llepaoaa 6562,79 
9 

3646,13. 9-4 6563,03 

H{J 3eAeHa 4861,33 
16 

~646, 13. 16-4 4861,50 

Hy CHHH 4340,47 
25 

3646, 13. 25-4 4340,63 

Hd <l>iHAKOBa 4101,74 
36 

3646, 1. 3 . 36-4 4101,90 

He <l>iHAKOBa 3970,07 
49 

3646,13. 49-4 3970,25 

*) Aos'1Wey XBHJ\L noxaayaT1>CJ1 s T. as. AHtcTpeMosmc· OAH-
HHWIX; Taxa OAJUIHWI e piBHa 0,0000000 I yM. a6o I o-s UM· ' 
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0AiKe 3 HaBeAeHOI Ta6.i\Ml,!i 6aqJIMO, IJ!O A.i\H o6qJI

C.i\eHHH AOBiKMHH XBHAi aa Ea.i\bMepoBoro cpopMyAoro 

Tpe6a 3HaifAeHy HMM KOHCTaHTY 3646, 13 aa qeproro . 
MHO.iKHTH Ha TaKI Be.i\HqJIHH : 

32 42 52 62 72 
72_22 

,4oKAaAHiIIIMMM AOCAiAaMH 6y AO 110TiM cTBepA.iKeHo, 

1.1!0 OKpiM BMAHMX AiHiH pi3HOI 6apBH BOAeHb Aa€ ™e 

ii B yA:&Tpa-cpiHAKoBiii (HeBMAHiii) qacTMHi cneKTPY 

Ki.i\bKa AiHiii, HKMX AOB.iKMHY XBM.i\b Aa€TbCH o6qHC.i\HTH 

TaKO.iK aa Ea.i\bMepoBoro cpopMyAoro, · KOAH Bropi Ha.Be

AeHMH PHA 6yAeMo 11poAOB.iK)7BaTM, CTa.BAHqJI B qJiceAb

HHKY 82, 92, 102 i T. A· a.iK AO 31 2 BK.i\IOqHo, a B aHa

MeHHMKY BiAIIOBi.zi;Ho Aq Toro 82-22, 92-22, 102-22 

i T. A· AO 31 2-22• TaKMM qJIHOM AAH Bcix l,!HX BOAHe

BMX .zi;iHiH MOiKHa HaITMCaTM aara.i\bHY cpopMYAY: 

m2 
l = K. 2 22 m-

• 

Ae l oaHaqae AOB.iKMHY XBHAi, K- KOHCTaHTY 3646, 13, 
i m - 3, 4, 5 .... 31. 

RKI.!!O aaMiCTb aHaqeHHH AOB)KMHM XBHAi 11ocTa.BHTH 

AO l,!iai: cpopMyAH 3HaqeHHH qJic.i\a KO.i\HXaHb; TO BOHa 

6yAe MaTH TaKMH BHrNIA: 

v= :___= R [-I __ I J 
l _ 22 m2 

Ae v oaHaqaa q11cAo KOAMXaHL Ha 1 ceKyHAy, c -
CKopicTL IIOIIIHpeHHH COHHIIIHOrO CBiTAa 3 .1010 QM. 

ii R - KOHCTaHTY PMA6epta, IJ!O Ii: aHaqeHHH 

€ 3,290. 1015• 3peIIITOIO, MO.iKHa TaKO.iK AO TOI cJ>OPMYAM 

BBeCTH aHaqeHHH q11cAa XBM.i\b B 1 l,!M. ii To.zi;i BM3Ha

q11T11 PMA6eproBy KOHCTaHTY R1 , HKoi: aHaqeHHH B Ta

KOM)' paai 6yAe 109677,69, To6To R = c. R1. 
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y BHI,geHa.BeAeHili <J>opMyAi 6a"CJHMO B Ay)KJ(aX ABa 
u 1 . u J{. 

"tJAeHH, :r,go 3 HHX nepIIIHH 22 € He3MIHHHH, a .zi;pyrH.n 

aMiHH€TbCH B 3a.i\e)KHOCTi BiA Toro, HKe 3Ha"tleHHH 6y
AeMO MaTH m. Bci Ti AiHii, l!!O ix AOBJKHHa XBHAb )7KAa
Aa€TI>CH AO uiei <J>opMyAH npH TaKOMY 3Ha"tJeHHi nep
moro "tJ.i\eHa-AeTepMiHaTopa, HaAe)l(aTb AO OAHOI 
cepii EaA1>Mepa. AAe MOJKHa 6yAo TeopeTH"tJHO np11-
nycTHTH, !!!O ti Toti rrepm11li "tJAeH He MYCHTI> 6YTH 
HeiMiHHHM. y TaKOMY pa3i HaBeAeHili cpopMyAi MO)l(Ha 
HaAa TH :r,ge 6iADIII 3araALHHH Blil' NIA TaKHH : 

,,=R [_!_ __ I ] 
n2 m2 

0TJKe, AAH EaADMepoBoi cepii n Ma€ 3Ha"tJeHHH 2, 
am- 3Ha"tJeHHH 3 aJK 31. 0AHaqe B 1908 poui IIaweH 
Bi.l(KpHB yJKe B iH<J>pa--qepBoHiH (HeBHAHili) "tlaCTHHi 
cneKTPY ABi AiHii, !!!O ix AOBJKHHa XBHAI> 6y Aa 18751,1 
i 12818,1. JJe 3Ha"tJHTb, l!!O ix "CJHCJ\a KOAHXaHL 
BK.i\aAaAHCb AO HaBeAeHoi <J>opM)7AH, KOJ\H Ha.l(aTH n 
aHaqeHHH 3, a m - aHa"tJeHHH 4 ti 5. Ael!!O rriaHiwe 
(1916) J\.iMaH cTBepAHB icH)'BaHHH B YADTpa-<J>iHA
KOBii1: llaCTHHi cneKTPY cepii BOAHeBHX AiHili CIIOllaTICy 
"tJOTHpnoX) a rroriM i AaJ\bIIIOi OAHOi, ij!O ix AOBJKHHa 
XBHAI> 6yAa 1215,68, 1025,83, 972,54, 949,76 j 937,82, 
T06To "tJHCAa KOAHXaHb yxAaAaAHCb AO cpopM)7AH, KOJ\H 

HaAaTH n aHa"tJeHHH 1, am - aHaqeHHH 2, 3, 4, 5 i 6. 
JJi ABi cepii BOAHeBHX AfHiH no iMeHax ix o6'HBHHKiB 
HOCHTL Ha3BH cepiH AiMaHa li cepiH IIameHa. 
QH OCTaHHH cepiH AOIIOBHeHa 6yAa Bi.l(KpHTHMH nia
Hime AaJ\bIIIHMH TpnoMa J\tHiHMH, ij!O ix AOBJKHHa 
XBHAD B A-oAHHHUHX rrocAi.AoBHO € TaKa: 10938, AaM 
10049,8 H 9546,2, TOOTO ue Bi.ArroBiAa€ 3Ha"tJeHHIO 
n = 3 ii m = 6, 7 i 8. 3pemToro, B YALTpa-11epB0Hili 
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qacTHHi cneKTPY BiA!<pHTO 6yAo IJ!e ii AaA:&IIIi ABi 
·cepil, a TO cepiro BpeKKeTTa, Ae n Mae aHaqeHHH 4, 
am= 5 i 6 (AOB)l{HHa XBHAD 4,05 µ i 2,63 µ) ii cepiro 
IIcpyHAa, Ae n Mae 3HaqeHHH 5, am = 6 i AaAi (AoB
)l{HHa XBMAD y :Qiii cepil AY*e BeAMKa a TO Bi;i; 7, 40 µ 
Haropy). IIo,zti.6Ho AO BOAffeBHX cTBePA*eHo 6yAo 

• • u • • u • • 

TaKO)l{ lCHYBaHHH cep1H AIHIH 1 B crreKTpax IHIIIMX 
xeMiqHHX eAeMeHTiB. HK 6yAe BHAHO a AaADIIIoro, rrpH-

• • u •• • 

qHHa BHHHKHeHHH caMHX AIHIH Ta HBHI!!e IX cepIHAb-. . . . 
HOCTH Ae)l{aTh y npHpOAI aTOMIB xeMiqHHX eAeMeHTJB, 
BAacHe y BHYTPimHiii Ix 6yAoBi. 

THM qacoM HayKoBi AOCAiAM BHHBHAM AY*e iHTe
pecHi HBHJ!!a B iHmiH AiAHHQi cpiaHKO-XeMiqHoro 
3HaHHH. me B 1869 pow ara;i;YBaHHH Y*e cpiaMKO
xeMiK fiTTopcp BiAKpHB T. 3B. Ka TOAOBe rrpo
MiHHH. JJe € npoMiHHH, l!!O rrpH rreperrycKaHHi eAeK
TpHqHOl cTpyl qepea pypKy a po3piA*eHHM raaoM i;i;e 

• • u • • u 

B HarrpHMl BIA KaTOAY H IlOIIIHpIOeThCH rrpocTOAIHIHHO 
nepeA HMM, HeaaAe)l{HO BiA Toro, Ae 6yAe 3HaXOAHTHCI> 
aHOA. IIocTaBAeHHH Ha IIIAfIXY IIOIIIHpeHHH JJI>Oro rrpo-. .., .., 
MIHHH HKHHCh npeAMeT nepeIIIKOA)l{ae AaAhlliOMY Moro . . 
nomHpeHHIO, TaK I!!O Ha CTIHJJI pypKH IIOHBNI€Tl>CH 
TiHh Bi.zi;rroBiAHol AO Toro )!{ npeAMeTy KOHcpitypa:yil, HK 

ue BHAHO a Ha.Be.zteHoro B~e o6paay. 
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,4oCAfAH IlOKaaaAH, I£0 KaTOAOBe npoMiHHH He aa-. 
J\e)l(HTL BJ.A npupOAH raay, HKHM HallOBHeHa pypKa, 
Ta 1!!0 :ge ,,npoMiHHH" He € BJ\aCHe HiHKHM CBiTAOM, 
a HBNI€ co6oro :giAHH CHin Hai1Api6Himux HetaTHBHO 
Ha.AaAOBaHHX 11acT01IOK. Qi 11acT01IKH € HiI£O iHme, 
HK aTOMH HetaTHBHOl eAeKTpH11HOCTH a6o B)l(e BHl!!e
araAyaaHi eAeKTpOHH. EAeKTpoH He Mae BAacHe 
MaTepiAALHOl Macu, 60 € :ge eAeKTpOMarHeTH11Ha 
11u YHBHa Maca. Maca eAeKTpoHy cTaHOBHTL BCLoro 

.11.Hme 18~ MaCH aToMa HaH.11.ermoro xeMiqHoro e.11.e-

MeHTY - BOAHIO, T06To Bara eAeKTpoHy BH3Ha-
11aeTLCH TaKOIO MaH)l(e 6eaMe)l(HO Ma.J\OIO BeJ\HllHHOIO : 
9,108.10-28 rp. a6o R KHCHeBHX OAHHH:gHX 0,000545. 
Mu B*e aaaHa11HAH BMl!!e, I£O Ha6iH: eAeKTpoHy e piB
HHH 4,806. l 0-10 eAeKTpocTaTH11HHM OAHHH:gHM. RKi}Jo 
YHBHTH co6i eAeKTpoH y <J>opMi KYALKH, To TaKa KYALKa 
Mae Ayq, 1!!0 € piBHHH 2,8. I0-18 :gM., T06To HaBiTh 
• • • u . 

1 BrrpocT HeyHBHO-MaJ\HX poaMJpm BOAHeBHH aTOM, 
HKorb Ay11 e 2,56. l o-s :gM., y nopiBHHHHi a eAeKTpoHoM 

• 
npeACTaBNI€TLCHnraHTOM. 

BAH)l(lle cTyAiIOBaHHH KaTOAOBoro npoMiHHH rroKa
aaAo, 1!!0 eAeKTpOHH HBJ\HIOTbCH BJ\aCHe THMH Ha-
60HMH, 1!!0 6yAH paHime 3AY1JeHi 3 aTOMaMH xe~q
Horo eAeMeHTY i1: niA BilJ\HBOM eAeKTpH11Horo CTPYMY . . . . . 
BIA HHX BIAipBaJ\H CLTa pyxaIOThCH AaJ\I caMI 3 TaKOIO 
CKopiCTIO, HKa MO)l(e HaBiTL Ha6AH)l(aTHCL AO CKOpOCTH 
nomHpeHHH coHHmHoro cBiTAa. OT)l(e, rricNI Toro, HK 

BiA HKOrOCL aTOMa BiAipBeTLCH TaKHH. Ha6i:H-eAeKTpOH, 
pemTKa nepeA THM HeBTpaALHOro aTOMY CTae Il03H
THBHO-HaJ\aAOBaHHM ioHoM. BAH)l(lle BHB11eHHH :gux 
,,aTOMOBHX pernTOK" nepeBeAeHO nicM BiAicpHTTH Hi
Me:gbKHM <J>iaHKOM r 0 )\LA m Ta H H 0 M ( 1886) iHmoro 
poAy rrpoMiHHH, IJJO HOCHTL HaaBy KaHaAoBoro a6o 
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aaKaTOAOBoro qM aHOAOBOro rrpoMiHHH. 1Je Ta-. . . 
KO)K He € CBITAHHe rrpOMIHHH, HaBIIaKM BOHO € WAKOM 
MaTepiHALHOi rrpMpOAM Ta aaAeJKMTL BiA Toro raay, 
HKMM HarroBHeHa pypKa rrpM rreperrycKaHHi qepea Hei 
eAeKTpMqHoi cTpyi. MaTepiHALHi qacToqKM (aToMoBi 
pemTKM)' :r,go CKJ\aAaIOTI> KaHaJ\OBe rrpoMiHHH, pyxa-. . . 
IOTLCH 3HaqHO IIOMaJ\lme, Hl.)K eJ\eKTpOHM, B HarrpHMl 
BiA aHOAa AO KaTO.ZJ;a. BoHM HaAaAoBaHi rroaMTMBHo, . 
aAe KOJ\M no IDAHXY CBOro J\eTy KOTpacL 13 HMX aaxo-
IIMTL eAeKTpOH, TO MOJKe peteHepy:saTMCL iaHOB Ha 
eAeKTpo-HeBTpaALHMH BiAIIOBi,ZJ;HMH aTOM. Il03MTHBHO
HaAa,ll;OBaHi qacT011KM KaHaJ\OBOro rrpoMiHHH peaty-. . 
IOTh Ha eAeKTpMqHe IlOJ\e TaK, :r,go BIAXHNIIOTl>CH BIA 
CBoro npocTOAfHiHHOro llIAHXy, rrpM qoMY :ge BiAXM
AeHHH 6yAe TMM 6iALme, 11MM 6iJ\LIDMM € ix Ha6ili Ta 
"llMM MeHmoro € ix Maca if cKopicTL. TaKcaMo peary-

u • • u 

IOTL BOHM M Ha MarHeTHe IIOAe, IIO,ll;lJ\HJOqMcL IIIA Moro 
BIIJ\HBOM Ha neBHi rpyrrM si,zi;rroBiAHO AO CBO€i M~CM. 
Ha :gili ni.ll;cTaBi no6yAoBaHa HOBi:r,ga MeTOAa CTBep.zr;-. . 
JKeHHH aTOMOBOI BarM xeMiqHMX eAeMeHTIB, :r,go ii BM-
rrpa:gIOBaB aHrAi:ticLKMM <J>ianK AcToH. BiH aacpiKco
BY€ Ha <f>oTorpacpiqHili IIAMT:gi BiAXMAeHHH KaHaAOBMX 
qacTO"llOK, T06TO II03MTHBHO-HaAaAOBaHHX aTOMIB (qM 
MOJ\eKyA) AOTMllHOro eAeMeHTY :ti TaKMM crroco6oM . . . .. 
AICTa€ crreKTporpaMy Mac, Ha IIIACTaBI HKOI BM-

• 
aHaqae aTOMOBY Bary Toro qM IHmoro eAeMeHry a HaA-

u • 

3BMqaMHOIO T011HICTIO. 
Y aB'HaKy 3 AOCAiA-»<eHHHM rrpMpOAM KaTOAOBoro 

npoMiHHH HiMe:gLKMH <J>iaMK p e HT I' e H BiAKpMB ( 1896) 
:r,ge OAMH piA npOI\fiHHH, :r,go lioro BiH caM HaaBaB 6)'B 
X- rr po Mi H H HM, aAe Terrep yJKe aaraALHO 11:oro . Ha-
3MBa10TL iMeHeM :gLoro ·B"lleHoro. PeHTI'eHoBe rrpoMiHHH . . 
BMHMKa€ Ha cT1H:g1 pypKH TaM, KYAM rrorraAae KaTo-
AOBe npoMiHHH. BoHo e cBiTAHHOi rrpHpOAM, rrpM qoMy 
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AOBiKIIHa iioro XBHAL HacTiALKH MaAa, J!!O BOHO 3ati
Ma€ Mic:ge J!!e AaAeKo 3a YMTpa-q>iHAKOBHM rrpoMiH
HHM. OT)Ke, BOHO e HeBHAHe ANI AIOACI>Koro oKa, TaK
caMo HK He MO.ll<eMO MH 6atIHTM iHcJ>paqepBOHe lJH 
yA1>Tpa-cpiHAK0Be. M11 6a"CJHMO TiAI>KM MirnaHe cBiTAo, 
J!!O CKAaAa€TLCH 3 6apa, BiA qepBOHOi, HKOI l = 800 µµ, 
a* AO cpiHAKOBoi, m<oi l = 400 µµ. *) t IHIIloro npo
MiHHH 6atIMTM MH He MO)KeMo, aAe iioro MO)I{Ha AO
cAiA)Ky:eaTM 3a AOilOMororo pi3HMX np11AaAiB. OA.11<e 
AOCMA*eHHH npnpoAM Pe.HTI'eHOBoro npoMiHHH 3 npn
MiHeHHHM: paHillle 3raAYBaHoi MeTOAM, HKOI aBTOpOM 
6ya Aa ye, 3 :yiAKOBHTOIO 6e3netIHicTIO AOKasaAH, J!!O 

• •• •• u • 

:ye npoMIHH.H € TOI caMOl rrpHpOAM, J!!O H BHAHe CBITAO, . . . 
aAe BIAPI3HH€ThCH BIA :y1>oro ocTaHHLoro AOB)KHHOIO 
XBHA:b. .PeHTI'eHOBe rrpoMiHHH Mae 3Ai6HiCTL rrpOHH
KaTH rAH60KO HaBiTL AO TBepAIIX rrpeAMeTiB, a6o 
H HaCKpi3L ix npocaiqye. qHM KOpOTIIli XBHAi :g1>oro 
npoMiHHH, THM rAH6IIle BOHO MO)Ke npOHHKHYTM AO 
rrpocBitiy:eaHctro TiAa. BiALIIl npoHHKAMBe Ha3MBa€TI>CH 
,,TBepAe"' a MeHIIle npoHMKAMBe Ha3MBa€Tl>CH ,,M'.HKe". 
4oB)KHHa XBHAI> ,,TBepAoro" rrpoMiHHH € 0,18 µµ, 
a AOB)KHHa XBHAI> ,,M'.HKoro'' - 0,5 µµ. 3ynMHH€
MOCH HaA :gMM BiAKPHTT.HM TaK0.11< i 3 TOi npHtIHHM, J!!O . . 
BOHO cnpwrHHHAOCH AO BIAKPHTT.H B np11pOAI HBHJ!!a . 
paAIOaKTHBHOCTH, HKe € B.i\aCHe CilOHTaHHHM rrpHpOA-
HHM cJ>eHOMeHOM Toro caMoro cpi3M"tJHOro 3MicTy' J!!O 
H IIITYtJHi AOCAiAH, mci rrepeBOAHTLCH Tenep 3a AOilO
MOfOIO pi3HMX rrpHAa.ztia y Ka6iHeTax i N16opaTopimc. 

4ocAiAH 3 PeHTI'eHOBHM npoMiHHHM noKa3aAH, J!!O 
• u 

.BOHO Aae ABa poAH crreKTpm: OAHH HenepepBHHH, 
• • • u u 

J!!O Mae XBH.i\I acix AOB)KHH, 1 Apynin, HKHH BHHHKae 
• • • • u 

Ha neplllOMY I CK.i\aAa€TLCH 3 Kl.i\l>KOX HCHHX .i\IHIH 

*) I MM. = I 000 µ, a I µ. = I 000 µµ. 

106 



('tJaCOM IIOABiHHHX). IlpH TOM}' AOIDKHHa XBHJ\L UHX 
HCHHX AiHiii He 3aJ\e)KHTI> BiA CH.i\H PeHTI'eHoBoro rrpo
MiHHH, aJ\e HaTOWCTb IIO.i\O)KeHH.H IX 3aJ\e)KHTb BiA 
xeMitIHOrO CK.i\a.zi;y aHTHKaTOAy, T06To rrpeAMeTy, 
Ha HKHM rraAae :ue rrpoMiHHH. KoJ\M HK aHTHKaTOAY . . 
B)KHBa€TbC.H aa qepro10 p13HMX xeMHqHJ1.X e.i\eMeHTIB, 

• • u • • • • •• 

TO BJAIIOBJAHO AO Toro rrepec}'BaIOTl>CH H Tl .HCHI J\lHll. 
CTBepA)l{eHo 6y Ao, IJJO xeMiqHi eJ\eMeHTH, rro"tJHHaJOqH . . 
BIA HaTp110 a)K AO HeOAMMY, AaIOTh xa paKTe pHCTHq-. -
He rr po M 1 H H H, HKe TBOPHTI> OAHaKoB01 CTPYKTYPH 
:gei1 Apyrni1 crreKTp. BiH CKJ\aAa€Tl>CH 3 rr'HT1>ox HCHHX 
AiHii1, 03HalJ}'BaHHX rpe:gLKHMH AiTepaMH (a, a1, {J, {11 

Tay), i HOCHTL Ha3BY K-crreKTPY· B iHmHX eAeMeHTiB, 
siA MiAi rro"tJHHaIOtJH, 3HaifAeHo :r,ge i1: L- c n e KT p, IJ!O 
CK.i\a.ZJ;a€TI>CH 3 10-14 HCHHX AiHili. Y Tj{)KtJHX eAeMeH
TIB, BiA AHCrrpoaiH rrolIHHaIOlIH, 3HaliAeHo M-crreKTP 
i3 3-5 AiHiH Ta 3pemTOIO y :r,ge Tj{)KlJHX eAeMeHTIB 
cTnepA)l(eHo N - c rr e KT p i iH. MipnHHH rroKa3aAH, IJ!O 
AiHi1 K-crreKTPY MaIOTI> AOB)l(HHY XBHJ\L MeHmy, Hi)I( 
AiHi1 L-crreKTPY, a :gi ocTaHHi MeHmy, Hi)I( M-crreKTPY 
i T. A· Pa30M i3 THM 6y AO crnep~eHo, IJ!O aHaAoritJHi 
AiHi1 Toro caMoro cneKTPY y pi3HHX xeMi"tJHHX eAe
MeHTIB (Harrp. K a1 a6o La1) MaIOTI> TMM MeHmy AOB

)l(MHY XBH.i\1>, lJHM 6i.i\bmOIO € aTOMOBa Bara AOTMlJHOro 
eAeMeHTy. MoAOAHH aHrAilic1>KHH cpi3HK Mo3Aeli, 
IJJO B 1915 po:gi BIIaB rriA r a.i\J\iIIOJ\i, rrepeBOAHlIH TaKi 
MipHHHH, 3Halimon ( 1913) 3aKoH, HKOMY rrWnraroT1> 
3MiHH AOB)KMH XBHJ\L. Qeli 3aKOH HOCMTI> iioro )I( iM'.H 
Ta cpopM}'AY€TbC.H TaK: KopeHI> KBaApaTOBHH i3 lJHC.i\a 
KO.i\MXaHI> 36iAI>IIIY€Tl>CH rrpocTo-rrporrop:giHHO AO qep
ronoro tJHC.i\a eAeMeHTY B HaTypa.i\l>Hili CHCTeMi. KoAH 
Ha II03eMHiH AiHiI ( a6c:gHci) pmHOMipno II03HatJHTH 
'tleproni lIHCAa eAeMeHTm, a Ha rrpHMoBicHiii ( opAHHaTi) . . 
II03HalJHTH KBaApaTOBl KOpm 3 'tJHC.i\a KO.i\HXaHL, TO 

107 



BCi Ti T01IKH 6y..n;yr1> J\.e)l(aTM Ha OAHin rrpocritt AiHii, . . 
mca IIOBIJ\.l>HO Ill.ll;HOCHTl>CH Bropy' me Qe BMAHO Ha 

HacTyrrHoMy rpa<J>i11H0My o6paai AiHiii crreKTPY K a 1 , 

La1 i·Ma (cTop. 109). 
RKIJ!O crrpo6yaaTM TaKcaMo rpa<J>i11Ho rrpe..n;cTaBMTM 

• • 
B3a€MOBJAHOIIIeHHH Ml)K 1IHCJ\OM KOJ\HXaHL Ta aTOMO-. . . 
BOIO Baroro' TO BHHBHTl>CH, IJ!O BJAIIOBI.l);Hl T01IKH He 

•u • •.. - • •·· •u 
Ae)KaTI> Ha rrpocTIM J\.IHU, aAe Ha J\.IHU KpHByAHcnM, IJ!O . 
xo11 Ta.KO)!( cTyrrHeBo IIIAffOCMTLCH Bropy, o..n;HaK He-

. petyAHpHo. 3 QI>Oro BMXOAHTL, IJ!O He aTOMOBa Bara, 
• • u 

aAe MlCQe . AOTMlIHOro eAeMeHry B HarypaAnHIH CHC-

TeMi, T06To iioro 11epr0Be lIMCAo, BH3Ha11ae iioro rrpM

po.zi;y i1: THM caMHM iioro BAaCTHBOCTi. PaHiIIIe aaaHa-
• • • u • 

lJYBaHI HerrpaBHJ\.LHOCTl B HaTypaAl>HlH CHCTeMI xe-

Mi'tJHHX eAeMeHTIB ( apI'OH-KaAiii, K06aALT-HiKeAL i Te

Ayp-iio.zi;) Tyr He MalOTI> MiCQH, 60 BCi eAeMeHTH, HKi 

TBOpHTb BHIMKH B CHCTeMi, rro6y..n;oBaHiii Ha BeJ\.HlIMHi 

aTOMOBOi BarH, 30BCiM rrpaBHJ\l>HO MalOTI> Bi.zi;rroBiAHi 

CBOI 1IeproBi 1IHCJ\a ariAHo 3 BeJ\.HlrMHOIO KBa.zi;paTOBoro 

Kop1-1x a lIHCAa KOAHXaHI>. TaK caMo H: eAeMeHTM rpyrrM . . . . . 
p1.zi;KHX aeMeAI>, HKI aBaraA1 He BMIIJ!alOTLCH .zi;o nep10-

AH1IHOI CHCTeMH xeMilIHHX eAeMeHTIB, He npe.zr;cTaB

J\HIOTL y QLOMY Bi.l(HoIIIeHHi Hhmoro BHiMKy. O.zi;)Ke, 

PeHTI'eHocrreKTpocKorri11Ha MeToAa ii aaKoH 

MoaAeH B pyKax .zi;ocA.iAHHKiB cAy)l{aTL .zi;y)Ke rroBa)l(

HOIO a6poero He TIJ\.l>KM rrpu rrepeBipQi 1IM AAH YT01I-
• u •• 

HeHHH B)Ke paHIIIIe 3HaH.zi;eHHX BeAMlIHH aTOMOBOI 
• . • • • u • 

BarH BIAOMHX xeMilIHMX eJ\eMeHTIB, aAe H rrpH BlA-

KpHTTi HOBHX eAeMeHTIB, 60* aaHBHicTI> y KOTPOMYCI> 

PeHTI'eHOBOMY crreKTpi HCHHX AiHiii ia rreBHOIO AOB)l(H

HOIO XBMAL 6eacyMHIBHO CBiAlIHTL rrpo HaHBHiCTL i Bi.zi;

IIOBiAHOrO xeMilIHoro eAeMeHry a HaJ\e)KHMM MOMY 

11eproBMM 1IHC.i\OM. KoAM )I( Qe 1IMCAO Mae TaKe pi

IIIaALHe aHa11eHHH AM rrpMpo.zr;M caMoro eAeMeHTy, TO 
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:ye MYCHTL oaHa11aT11, J!!O aa HHM KpneThCH HKHMCh 
cpi3H1IHHM aMicT TaKoro HBHJ!!a. f ONIHAChKHM cpi3HK 
BaH-AeH-EpoeK, rrpoAOB)Ky1011n rrpaw MoaAex1 BH
CAOBHB AYMKY, J!!O 11epr0Be qJICJ\O eAeMeHTY BIAIIO
BiAaE q11cAy eJ\eMeHTapHHX Ha6om :Horo aTOMOBOro 
HApa. IIpaBAHBiCTL iI rriATBepAHB ( 1920) aHrAie:gh 
qeABiK, a llIBeA 3ir6aH AOKaaaB, IJ!O aaKOH MoaAeH 
€ Ba)KHHH ANI Bcix 6ea BHiMKy BiAOMHX xeMiqHHX eAe
MeHTiB . .Piq HCHa, IJJO B TaKOMY paai BiH MYCHTb 6yr11 
Ba)KHHM i ANI THX eAeMeHTIB, mci AOCi He 6yAH BiA
KpHTi. TaKHM q11HoM Ha ocHoBi :g1>oro aaKoHy 6ea
cyMHiBHo 6yAo CTBepA)KeHo, cKiAI>KH J!!e € HeBiAKpH
THX eAeMeHTiB 1111, iHaKIIIe Ka)KyqH, cKiAhKH J!!e 6y AO 
Heaa:HHHTHX qeproBHX qnceA. TaK caMo 6yAo a :giAKo-. . . . 
BHTOIO IleBHICTIO CTBepA)KeHO KLJ\.bKlCTh eAeMeHTIB 
pi;µrnx aeMeAD, 60 rrepeA THM rrnTaHHH rrpo ix KiAb
KiCTb OCTaTOlIHO J!!e He 6yAo BHpimeHe, 3Ba)Kal01IH 
Ha BeAflKy rro.zti6HicT1> 1x BAaCTHBOCTe:H. 3riAHo a aa
KOHOM MoaAeH i'.x MaAo 6yr11 15, i :ge BIIOBHi 6yAo . . . 
111A1:BepA)KeHO AaJ\bIIIHMH rrpa:gHMH p13HHX AOCJ\IA-

HHKIB. 

BiAKPHTTH PeHTteHoBoro rrpoMiHHH crrp11qnHHAOCH . 
AO Toro, J!!O CTaJ\H AOCJ\lA)KYBaTH, lIH He cyrrpoBO-
AHTbCH HBHJ!!e cpoccpopec:geH:gii'. TaKO)K BHHHKHeHIDIM 
mcoroch HeBHAHoro OKOM rrpoMiHHH. Ilp11 TOMY cppaH
:gya1>KHM cpiaHK EeKKepeA1> (1852-1908), rrpa:g10-
101111 caMe TOAi HaA 3AYKaMH ypaHy, CTBepAHB (Ha 
IlOllaTKY 1896 p.)' J!!O :ge:H xeMilIHHM eJ\eMeHT BHCHJ\a€ 
oco6AHBe rrpoMiHHH, HeaaAe)KHO BiA Toro, 1111 :Horo . . 
OCBlTJ\IO€TbCH COHfill.IHHM CBITJ\OM lIH, HaBrraKH, AeJKH~b 
BiH y TeMHOTi. Jdoro HaaBaHo 6yAo EeKKepeAeBHM 
rrpoMiHHHM aa aHaAori€IO AO PeHTteHoBoro rrpoMiH
HH. AoKAaAffHM cry .ztiroBaHHHM :g1>oro HOBOBiAKPHToro 
HBHJ!!a aailHHAHCb cppaHuya1>K11i1: cpiaHK Iliep K 10 pi 
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(1859-1906) Ta lioro APY)l<lma MapiH CKAOAOB
ChKa-Kro pi ( 1867-1934), mci MOrJ\lil CTBepAHTH, J!!O . . . u 
TaKe caMe npoMIHHH BHCHJ\a€ Te)K 1 xeMiqHHH eAeMeHT 

• u • • • 

TOplH Ta IJ!O lHTeHCHBHlCTh npoMIHIOBaHHH € THM 
6iAhIIIa, qffM 6iAhrne € B AaHiH CilOJ\ yyi ypaH)' q11 
Topiro. OA)Ke :ue npoMiHroBaHHH MyciAo 6yr0, oqe-. . . 
BlfAHO, BJ\aCTHBlCTIO caMHX aTOMlB THX eAeMeHTlB. 
Heaa6apoM BOHM BiAKpHJ\lil ( 1898) ABa HOBi eAeMeHTH, 
HKHX KiAl>KiCTb 6yAa Ay)Ke He3Ha"CJHa, aAe BHHBAHJ\H 
BOHH Ha.zi;aBH"CJaliHy iHTeHCHBHicT1> BHCHAaHHH EeKKe
peAeBoro npoMiHHH. HaaBaHo 6yAo Ti eAeMeHTH no-

• u • •u •• u 
J\OHIH 1 paAIH, 1£0 aa CBOIMH BAaCTHBOCTHMH 3a11-

• u • • • 

lUl.i\H B HaTypaAbHlH CHCTeMI xeMI"CJHHX eAeMeHTlB 
Mic:gH a qeproBHMII qffcAaMH 84 i 88. CKopo rroTiM 1x 
cniBnpauiBHHK 4e6iepH BiAKPHB (1899) .zi;aJ\hIIIHH 
eAeMeHT aKTHHili, 1£0 BHHBAHB rro;ti6Hy )K BAaCTH
BiCTb. 3Ai6HiCTh eAeMeHTm BHCHAaTH EeKKepeAeBe 
npoMiHHH Ha nponoa11yiro naHcTBa Kropi cTaJ\lil HaaH-. . . . . 
BaTH pa.zi;1oaKTHBHlCTIO, a Tl 3 xeMl"CJHHX eAeMeHTIB, . . . 
.HKl MaIOTb TaKy BAaCTHBlCTb, Ha3HBaIOTbCH pa.zi;10-
aKTHBHHMH eAeMeHTaMH. YpaH, Topili i aKTHHili 
MaIOTb HaHTH)Kqi aTOMH. BoHH CTOHTb y nepio.zi;H"CJHili 

• • u u 

CHCTeMI B ocTaHHhOMY PHAI, a TOM)' H :geH PHA HaaH-. 
BaIOTb qacoM pa.zi;1oaKTHBHHM. 

EeKKepeAeBe rrpoMiHHH ni.zi; BIIAHBOM eAeKTPH"CJHoro . 
"CJH MarHeTHOro IlOAH, HK noKa3aJ\1il AOCAl.zJ;H, poaKAa-
.zi;a€TbCH Ha TPH "CJaCTHHH, To6To BOHO He e roMoreHHe. 
0AHa lioro "CJaCTHHa 3AerKa BiAXHJ\Jl€TbCH B 6iK Hera
THBHOro 6iryHa, .zi;pyra CHAbHO Bi.AxHAH€ThCH B 6iK 
Il03HTHBHOro 6iryHa :H, apeIIITOIO, TpeTH "CJaCTHHa He 
Bi.zprnNI€TbCH aHi B TOH, aHi B :ueli 6iK, He peatyI01IH Ha 
TaKe "CJH iHIIIe CHAOBe rroAe. Qi oKpeMi 11acTHHH EeKKe
peAoBoro npoMiHHH AicTaJ\lil Ha3BH a-, P- i r-npoMiHHH. 
B ocTaHH1>0My qaci BiAKPHTO IJ!e :H "-npoMiHHH. Cxe-
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• 
MaTHllHO ue poa41AeHHH MO)l{Ha rrpeACTaBHTH Ha.BeAe-
HllM HH)Klle o6paaoM. 

AocAi,lpKeHHH :yHX TpLox po.ztiB rrpoMiHIDI rroKaaa.AH, . . 
IJ!O a-rrpoMIHHH CKAaAa€ThCH 3 MaTeplJLi\.LHHX qacTO-
llOK, HKi MalOTh Macy tIOTHpbOX BOAlfeBHX aTOMIB a6o 

• •u u 
OAHOro reAI€BOrO aTOMa Ta HeCYTh IIOABIHHHH eAeMeH-
TapHHH Ha6iti II03HTHBHOro 3HaKy. 3a HKHHC:b qac 
BOHH, aaxoIIHBllIH ABa HeI'aTHBHO HaAMOBaHi eAeK-

I ' 
I ' .. 
' . • • ' . . . . . 
I I ::., 
••• I I . ' •• 
I I 
I I 

TPOHH, cTa10T1> 3BHtiaHHHMH HeBTpaADHHMH aToMaMH 
reAi10. ToMy l!!O qacTKH ui Ma10T1> AOCHTh BeAHKY . 
Macy, pyxa10ThCH BOHH peAHTHBHO 3 MaAOlO CKOplCTlO, 
mca BHHOCHT:b rrepecitIHO 20.000 KiAoMeTpiB Ha ceKYH
AY Ta aMiH11eT1>c11 B Me)Kax 15-60.000 KM./ceK. Qe 
a-rrpoMiHHH Mae TaKO)K MaAY aAi6HiCTh rrpOHHKaTH AO . . . . 
pl3HHX TIA, TaK 1!!0 B IIOBITpl BOHO MO)l{e IIOllIHPHTHCh 
Ha Bi.AAaAD HKHX 3-9 UM· i parrTOM 3HHKae, a AO aAIO
MiHi€BOl IIAHTKH rrpoHmcae Ha r AHOHHY BCLoro TiALKH 
0,06 MM.; J\HCTOK 3BHtiaHHOrO rranepy BHCTatiae AAH 
Toro, J,!!06 aymmHTH :Horo AaADllle nomHpeHHH. Baa
ra.Ai * crnepA*eHo 6y Ao, IJ!O IIIJUIX, HKHH rrpoAiTa10T1> 

• 
a-11acTKH B neBHOMY cepeAOBHJW, e rrpocTo-nponop-
:yiliHHH AO TpeTLOrO CT)'IIHH CKOpOCTH ix pyxy. ll!oAO 
,B·npoMi.HHH, TO :ye € CHin ,8-qacTOtIOK, m<l € iAeHTHtIHi 

112 



3 HaM y.iKe BiAoMHMH eAeKTpoHaMM. OT.iKe, TaKa qac
TOqKa Mae Macy npM6AH.iKHO 7360 pa3iB MeHwy aaMacy 
a-'laCTKM, a.i\e BOHa HeCe BChOrO TiADKM ABa pa3M MeH
IIIMH Ha6iii: HeraTHBHoro 3HaKY ii: TOMY TaK CHAI>Ho BiA
XHNI€ThCH B MarHeTHo~y noAi. CKopicTh pyxy {J-qac
TOK IJ!e 6iAL11Ia, Hi.iK e.i\eKTpoHiB y KaTOAOBOMY npo
MiHHi :H AOCHrae qacoM 99,8 <yo CKOpOCTM IlOIIIMpeHHH 
COHHIIIHoro cBiTAa. Ha npMKAaAi QMX qacTO'IOK MO.iKHa 
no6aqMTM, IJ!O noH~TTH ,,MaTepix'' i ,,Maca" e .yiAKo
BMTO pi3Hi. TaK, /3-'laCTKM e 6eaMaTepiHAl>Hi, aAe BOHM 
MaIOTh neBHY Macy, BAacHe Macy YHBHY (3AaBa.i\bHy), 
npM 'IOMY UH Maca He € iHBapiHHTHOIO :H a6iALIIIY€ThCH 
Bi;µIoBi;vlo AO a6iALIIIeHHH CKOpOCTM Ix pyxy. 3Ai6-
HiCTh {J-npoMiHHH npOHMKaTM AO pi3HMX Ti.A € 3Ha'IHO 
6iALma, W.iK a-npoMiHHH. B OAHB'HHiii: II.i\HT:Ui BOHO 
cxrae AO r.i\M6HHM Maii:)Ke 4 MM. Ha neBHi:H rAM6MHi 
iHTeHCHBHiCTh /3-npoMiHHH 3MeHIIIY€ThCH AO IIOAOBMHM. 
Ile C.i\ Y.iKMTh cBoro poAy Miporo iHTeHCHBHOCTM; B aAro
MiHieBiii: II.i\MT:gi "TOBIJJMHa IIO.i\OBHHHOrO npoHHKaHHH'' 
/3-npoMiHHH paAiro - - 0,022 MM.' a Topiro - 0,045 MM. 
3pe1IITOIO y-npoMiHHH € CBiTNIHOl npMpOAM ii: HBAH€ 
co6010 Hii.go iHIIIe, HK neBHMH piA PeHTteHoBoro npo-

• u u 
MlHHH, IJJO Moro AOB)KMHa XBH.i\h Ha.A3BMqaMHO MaAa, 
a caMe l = 0,0002 µfi,. ITpo CKopicTh nolIIMpeHHH :Horo 
:H 3Ai6HiCTh npoHHKaTM AO piaHMX cpiaM'IHHX TiA yJKe 
rOBOpMAM MM BMIJJe :H TYT IIOBTOpIOBaTM ue He 6yAeMO. 
AHIIIe xi6a ANI i.i\IOCTpauii: CKaJKeMo, IJ!O r-npoMiHHH 
AO O.i\HB'HHOI IIAMTKM npOHMKae 6iADIIIe 15 QM. rAH-
6oKO. rlpMpOAY ~-npoMiHHH IJ!e MaAO AOC.i\i;pKeHO. 

Ilpw nonrn:peHHi B HK0Myc1> cepeAOBMIJJi Bci TPM 
pOAM EeKKepeAeBoro npoMiHHH aycTpi'IaIOTh Ha cBoe
MY IIIAHXY MOAeKyAH AOTM'IHoro TiAa. 13 nOOAMHOKHX . . 
aTOMIB, IJ!O CKAa.£J;aIOTh w MO.i\eKyAH, BOHM MOJKyrh BM- . 
6MTH eAeKTpOHH ii: THM caMMM AOCi HeBTpa.AbHi aTOMH, 
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Il036a.BHBillHCL HetaTHBHOrO Ha6010, CTaIOTL Il03MTMB

HO Ha.AaAOBaHMMM ioHaMM. Jli HetaTHBHO if no3MTHBHO 

Ha.Aa;J;OBaHi qacTKM po36MTOrO aTOMa 3;ti.6Hi nepeBO

AMTM eAeKTpHqHiCTL. CaMe ue HBM!!!e Ha3HBa€TbCH 

ioHi3aQie10. OT)Ke, KOAH HKMMCh pa;tioaKTHBHMM 

eAeMeHT BMCMAa€ AO rroBiTpH BeK~epeAeBe npoMiHHH, 

To noBiTpH AO neBHOI Mipn ioHi3yeTbCH. Hai1:6iAhllIY . . . . 
lOH13aQIIO cnpnqMHHIOTh qacToqKM a-rrpOMIHHH, 3Haq-

HO MeHillY - ,8-npoMiHHH if 30BciM He3Ha"l!HY y-npo
MiHHH. Bi;J;HOCHa ioHi3aQii1Ha 3Ai6HiCTb a-, P- i r- rrpo

MiHIDI e TaKa : I 0000 : I 00 : I . AHr Aii1:c1>KMH <J>i3MK 

BiALCOH npMAyMaB cnoci6, HKMM ;i;a€ MO)KAMBicTI> 

6aqMTH IIINIXM pyxy 1100,lJ;MHOKHX qacToqoK. IJei1: crro

ci6 noAHTae B TOMY, i.go B KOMopi YTBOPIO€ThCH llITyqHo 

CTaH nepecHqeHOCTH BO;J;HHOI napH, .HKa KOHAeHCY€Th

CH KOAO ioHiB, nepeTBop1010qHch Ha pocy. OT)Ke, }'TBO-. . . . . . 
peHI M1KpOCKOIIIqH1 KpaIIAHHKM CBITHTbCH B TyMaHI 
u • 
H TaKMM qHHOM OCBITAIO€TbCH llINIX AeTy ITOOAHHOKMX 

a- qH {3-qacToqoK. 3po6AeHi q>oTorpacpiqHi CBiTAMHH 
• • u u 

IlOKa3yIOTh, JMO a-qacToqKH AeTHTh rrpocTOAIHIMHO M 

TUI>KH qacoM HanpnKiH:y;i 3aAOMAIOIOTI>CH. HaarraKM 

fJ-qacTKH BMKa3yIOTh HepiBHMi1, KPHBYAHCTHH i qacTo 

nepepHBaHHli llIAHX CBOro AeTy. lJJOAO y-rrpoMiHHH; TO 

3 orNJAy Ha :Horo npHpo;i;y, HK eAeKTpoMarHeTnqHoro 

XBMAHCTOro pyxy, Ta qepe3 :Horo Ha;J;3BHqai1HO MaAy 

ioHi3ag;iliHy 3.zJ;i6HiCTh HeMO)KHa 3po6HTH BMAHHM g;ei1: 

pyx y ~oMopi BiAI>coHa. 3araADHO IllNIX noI11npeHHH 

y-rrpoMIHHH Il03HaqaeThCH ceKyHAapHHMH HBHI!!aMM. 

XapaKTep pyxy a- i {3-qacTOK cTaHe uiAKoM 3po3yMi

AMM, KOAH MH 03Hai1oMMMOCH 3 BHYTPillIHhOIO 6yAOBOIO 
IJiAOl aTOMOBOI CHCTeMH, JMO € 3peII1TOIO 30BCiM He Ta

KOIO rrpocTOIO, HK TO MQ)KHa 6yAo 6 IlOAyMaTH, rrpnra

Aa.BlllH co6i, HKOIO 6e3Me)KH0 MaAOIO qacToqKQIO € caM 

a TOM. 
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13 IlOBHJMOro BHXOAHTL, J!!O pa.ztioaKTHBHi xeMitiHi 
•u 

eAeMeHTH HBAHIOTLCH llOCTIHHHM A)KepeAOM BHHHK-
HCHHH~ aTOMIB xeMitIHOro eAeMeHTY reAiro, eAeKT.PHtIHOI 
eHeprii'. y cpopMi /3-tiaCTOK ( eAeKT.POHiB) Ta CBiTNIHOI 
eHepI'il y cpopMi y-npoMiHHH. CHcTeMaTHtiHi AOCA:iAH, . . 
iyo nepeBOAHAMCb HaA HOBOBIAK.PHTHM llBHJMeM pa.zuo-
aKTHBHOCTH, · IlpHHeCAH 6araTO eKcrrepHMeHTa.Al>HOro 
MaTepiHAy, Ha rriAcTaBi HKOIO MO)l(Ha 6yAo CTBepAHTH 
<J>aKT rrepeTBOpeHHH OAHOrO paAioaKTHBHOro eAeMeHTY 
Ha ApyrHli IIIAHXt>M BHAiAeHHH a-tiaCTKH tIH /3-tiaCTKH . . 
tIH HaBITL y AeHKHX BHIIaAJ(ax OAHOtiacaoro BH.ZU-
AeHHH o6ox UHX qacTOK. II pH TOMY BMAiAeHHH {3-qacTKH 
3Ae6iAbllIOro cyrrpOBOA)KY€TbCH BHAiAeHHHM TaKO)K 
i y-rrpoMiHHH. OT)Ke, B rrpoueci TaKoro rrepeTBopeHHH . . . . 
IICBHI xeMitIHl eAeMeHTH HBAHIOTLCH reHeTHtIHO Ml)K 
co6010 rroB'H3aHHMH. 4ocAiA11 rroKa3aAM, J!!O icHy€ TPH 
,,poAHHH" a6o TPH PHAM TaKHX ,,crropiAHeHHX" eAe-. . . 
MCHTIB, a TO BAaCHe: .PHA ypaH-paAIIO, .PHA aKTHHlIO 
li PHA Topiro. Teopi10 AC3HHTetpaui1 pa.ztioaKTHB-

• • u • • 

HHX eAeMeHTlB BHTBO.PHAH aHrAIHCl>Kl AOCJ\l.AHHKH 
Pe3epq>opA i CoAAi JMC B 1902 poui, ii BOHa rroKa3a
AacH uiAKoM rrpaBAHBOIO. OT)Ke, KO.i\H HKHHCL ,,Ha
JMaAOK" ypoAHTbCH BiA cBoro ,,rrpeAKa" aacAiAKOM . . 
BTpaTH UHM ocTaHHIM a-tiacTKH, TO BIH MYCHTL MaTM 
aTOMOBY Bary o 4 OAHHHUi MeHrny. AAe KOAH B.POAHTb
CH BiH y BHcAi.zti BTpaTH /3-tiaCTKH, TO aTOMOBa Bara 
,,HaJMaAKa" 6yAe piBHHTHCL, OtieBMAHO, aTOMOBili Ba3i 
,,rrpeAKa"' 60 .IK /3-tiaCTKa ( eAeKTpoH) rrpaK.THtIHO 
)KaAH01 BarH He Ma€. BiK IIOOAHHOKin tiAeHiB THX 
Tpbo:X ,,poAHH" AY)Ke HeOAHaKOBMii, 60 OAHi 3 HHX 
• • • • u • • • 

lCHYIOTb HaBITL COTHI MIAl>HOHIB poKIB, a Apyr1 3HOB 
TiAbKH HKyc1> ae3HatiHy AO.i\IO ceKyHAH. IIepeTBopeHHH 

. OAHHX paAiOaKTHBHHX eAeMeHTIB Ha Apyri BiA6YBa€TL-
•• • u 

CH a)K AO TOI MelKJ., Ae B)Ke B.POAHTLCH HeaKTHBHHH 
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PJ1.z:t ypaa-pa.z:tiro: PJ1.z:t aKTHHiro: 

92. Ypau I (a. B. 238) 91. IlpoToaKTHlliA (a. B. 230) 
(4,4.109 poKiB) / (3,2 .104 poKiB) 

. ta ~ ta 
90. Ypaa X 1 90. Ypaa Y 89. AKTHHm 

(a. B. 234) (a. B. 230) (a. B. 226) I (24,5 AHis) (24,6 ro.z:tHH) (ca. 14 poKiB) 
0,3~% ~ 99,65% +~ t ~ 

91. YpaHZ 91. YpaHX, 3%/ 90. flaAiC>aK'I'HHllf 
(a. B. 234) (a. B. 234) ;a (a. B. 226) 
(6,7ro.z:t.) (l,14MiH.) (18,9 AHiB) 

t ~ t ~+y · t a(+~+y) 
92. Ypaa II (a. B. 234) 88. AKTHHHi X (a. B. 222) 

(ca. 3.106 poKiB) ( 11,2 AHIB) 
97% ta t a 

90. loam (a. s. 230) 86. EMaH. aKTHH. (a. s. 218) 
(ca. 9.10' poKiB) , (3,92 ceK.) 

ta ta 
88. Pa.z:tlli (a. B. 226) 84. AKTimlli A (a. B. 214) 

(1590 poKiB) (0,0015 ceK.) 
t a( +~+y) ta 

86.EMaa.pa.z:tiro=.PctAoH(a.a.222) 82. AKTHHiA B (a. a. 210) 
(3,825 AHia) (36,1 Mia.) 

ta t~+y 
84. Pa.z:tiA A (a. B. 218) 83. AKTHHili C (a. a. 210) 

(3,05 Miff.) a/ (2, 16 MiH.) """~ 
t a J?/ 99,68% 0,32% ~ 

82. PaAiH B (a.a.214) 81.AKTHiriHC'' 84.AxmHlliC' 
(26,8 Mia.) (a. a. 206) (a. a. 210) 

t ~+y (4, 76 Mill.) (0,005 ceK.) 
83. PaAm C (a.B. 214) ~ +y ~ ~/ a 

~+y/ (19,7 Mill.) "'-u. 82. AKTHHiii: D (a. a. 206) 
/ 99,97% 0,03% ·"~ (aKTHHieee OAHBO) 

84. PaAm C' 81. PaAiH C11 

(a.B.214) (a.B.210) 
(ca. 10-8 ceK.) (1,32 MiH.) 

a~ / ~+y 
82. PaAW D (a. a. 210) 

(20 poKiB) 
t ~+y 

83. Pa.z:tijt E (a.B.210) 
. (4,85 AWB) 

t ~+y . 
84. Pa.zdA F = IloAoam (a. B. 210) 

(139,5 AHiB) 
ta(+~) 

82. Pairiii G (a. B. 206) 



Pa.z.t Topiro: 

90. Topili (a. B. 232) 
( 1, 7 5. 1010 poKiB) 

ta 
88. MeaoTopiii I (a. B. 228) 

(6,7 poKiB) 
t ~ ~ 

89. MeaoTopm II (a. B. 228) 
(6,13 rOAHH) 

t~+y 
90. Pa.ztioTopm (a. B. 228) 

(1,9 poKm) 
ta(+~) 

88. Topm X (a. B. 224) 
(3,64 AJriB) 

ta 
86. ~.EMaH. TOpiro (a. B. 220) 

(54,5 ceK.) 
ta 

84. Topm A (a.B.216) 
(0,14 ceK.) 

ta 
82. Topm B (a.B.212) 

(10,6 ro.zt.) 
t ~+y 

83. Topiii c (a.B.212) 
~/(60,5 MHH.)"a 

/ 65% 35% ~ 
84. Topiii C' 81. Top1ii C" 

(a. B. 212) (a. B. 208) 
(10-11 ceK.) (3,2 Mlll.) 

a'\. /~+Y 
82. Topm D (a. B. 208) 

( Topieee ~~o) 

• 

C.i\eMCHT. qac, 3Cl maW IlCB· 
• • 

Ha Kl.i\LKICTL AaHoro pa-
• AJ.OaKTHBHOro e.i\eMeHT}' 

p03K.i\a.Aa€TLCH HanO.i\OBH
HY, Haa1mae-r1>cx ,,rroAo
BHHHHM nepiOAOM'' :gLoro 
eAeMea-ry. TaxHM 'llHHOM . . . . u1 neptOAH e AY*e p1aa1, . 
a.i\e OAlfH 13 BH3Ha'CJHHX 

• • 
AOCAfAHHKm HBHJ!!a pa-
AioaKTHBHOCTH r a ti t e p 

• 
IIOKa3aB, J!!O MVK IIO.i\0-
BHHHHMH rrepiOAaMH ti 

• 
AOB)KHHOIO III.i\HXlB a-pa-. . . . 
AJJIHTIB ICHye 30BCIM T011He 
BaaeMoBi.AaomeHHH. B no
.zi;aHiti Tyr Ta6AH:gi Ha.BO-

• 
AHMO TPH PHAH paAJ.OaK-

• 
THBHHX C.i\CMCHTIB, npH 
't!OMY KO.i\O Ha3BH eJ\CMeH
TY CTaBHMo anepeAy aa
J\C,)l{CHe tioMY B Ha-rypaAL
Hiti CHCTeMi qeproBe llHC.i\O 
i aaaAy B Ay)l(Kax tioro 

• 
aTOMOBY Bary, a filA HeIO 
TaKO)K y Ay)KJ(ax IIOAae
MO AOBro-ry IIO.i\OBHHHOro 

• • • 
neptOAY 1, apeurroro, cTplJ\-

. KOIO 03Ha'tla6MO ,,HaI!!aA
Ka' ', a KOAO Hei rpeun-

KHMH J\lTepaMH aaaaa'tlaeMo, .HKa tiacTKa 11H npo-
• • 

MIHHH npH TOM)' BHAJ.Nl€TLCH. 
Ilepmmi i ApyrHti PH.AH reaeTJAHO aB'aaaHi Mi* co-

6010 tiepea Y paH Y, IJJO noBcTae aaCJ\i,zucoM poana.zcy 
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Y paHy II i1: t1epe3 BTpary {J-t1acTKH rrepeTBoproeTLCH 
Ha rrpoTOaKTHHIB. feHeTHllHOro 3B'H3KY Mi)K TpeTiM 
pHAOM i ABOMa iHmHMH TMM qacoM He 3HaMAeHo. 

I3 HaBe.ll;eHoi Ta6AHyi 6at1HMO, IJ!O KQ)KHHH i3 TpbOX . . . 
paAJ.OaKTHBHMX PHAIB aaKIHqyeTLCH oAM.BoM, HKe He e 
paAioaKTHBHe ii AaM He po3rra.ZJ;a€TLCH. IIpH TOMY 6a
t1MM0, IJ!O aTOMOBa Bara .ll;BOX copTiB OAMBa €: 206 i 208. 
TaKO)I(. AerKo rro6at1MTH 3 TOI * Ta6AMQi, IJJO B rrpo-. . . 
gec1 rrepeTBopeHHH OAHMX paAJ.OaKTMBHHX eAeMeHTIB . . 
Ha Apyn Aema 3 HMX MaIOTb O.ll;HaKOBY aTOMOBY Bary 
t1M OAHaKoBe t1epr0Be 1IHCAO. Ha Q»OMY Mic:gi MM TiA»
KM 3a3Hal!a€MO ye .HBHIJ!e, He BXO.ll;HllM B Moro AOKAaA-. . . 
Hime BHHCHeHHH, aAe AO QLOro II13HIIIIe IJ!e BepHeMOCL. 
KoTpMii-6yA» i3 rrocepeAHix l!AeHiB Toro t1H iHrnoro 
PHAY 3a AOBmMii 1IH KopoTIIIMM l!ac MYCIB 6H :giAKOBMTo 
3HMKH)'TH, KOAH 6 lioro KiALKiCTL THM qacoM He 36iAl>
III}'BaAaCL HacAi.n;KoM po3rra.n;y lioro rrorrepeAHMKa. RK 

u • 
MM B)l(e 3a3HallHAH, IlOAOBHHHMH rrepIOA AAH IlOO.D;MHO-. . . 
KHX t1AeHIB pa.n;IoaKTHBHHX PHAIB Mae AY*e Heo.n;Ha-
KOBe 3HalleHHH. OAHaqe 3a m<MHC» (3BMt1ai1:Ho Ay)l(e 
AOBrMM) qac Mi)I( yciMa t1AeHaMH AaHoro PHAY BCTaHo-

. • • u 

BJ\H€TLCH TaKe BIAHOIDeHHH, 1£0 CKIALKM 3a rreBHMM qac . 
p03IIMa€TLCH Toro llH IHIIIOrO rrocepeAHLOro llJ\eHa 
PHAY cTiALKH )I( Moro li rrpM6yaa€ t1epe3 po3rra4 Moro 
rronepeAHMKa. JJeii CTaH HOCMTh Ha3BY paAiOaKTMB
HOi piBHOBarH. 3a TaKoro CTatty piBHoBarH BCi 
t1AeHM TOI t1H iHIIIOI ,,po4HHM" 3HaXOAHThCH 04Hot1a
c0Bo rropYlI ce6e B KiALKocTi, m<a e rrpocTo rrporropgiii
Ha AO rroAOBMHHoro nepio4y. OT)l(e, eKcrrepHMeHTaAL-

• • u 

HO MO)l(Ha CTBepAHTH BJAHOIIIeHHH KIALKOCTeH ABOX 
• • • • 

llAeHIB paAJ.OaKTHBHoro PHAY B cTaHI pmHoBarn Ta Ha 
ocHoBi u»oro MO)l(Ha oot1MCAHTH li TOM qac, m<Hti rrpo~ 
MHH}'B rroKH HacryrrHB TaKHH cTaH piBHoBarM. Ha 
YLOM)7 BJ\.aCHe 6a3yenc11 MeT04a CTBep,lVKeHHH BiKy 
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• • u • • • 

rlpHMH, HKI MaIOTh y CBOMOM)' CKAa.AI pa.;uoaKTMBHl 
eAeMeHTM. 34e6iAI>moro Qi 0611MCAeHHH BiAHOCHThCH . . . 
AO KlAbKOCTH II.PMHBHOro B ripHMHl OAMBa, HK OCTaH-
HhOro II.POAYKT)' poarraAy' aAe po6AHThCH TaKO)K 06-

u • • u . 

lJHCAeHHH H J!!OAO KlAhKOCTM reAIIO, HKMM AMllia€ThCH 
• u • • u • • 

B AaHIM r1pchKIM rropoAI HK npOAYKT cTyrrHeBoro rrpo-
Qecy poarraAy paAiOaKTMBHMX eAeMeHTIB. y BMCAi;ti 
0611wcAeHh BiKy pi3HMX ripCbKMX rropOA MO)KHa 6yAo 
cTBepAMTM i1: rrp116AM)KHMH BiK Hamoi: 3eMAi. BiAhme 
Toro, Ha OCHOBi aHaAi3H MeTeopMTIB 0611MC.i\eHO TaKO)K 
i rrpH6AIDKHHH BiK :giAoi: CoHIDllHoi: CMCTeMM Ta HaBiTh 
i BcecBiTy. Qi 061111cAeHHH AaAM BHCMAM, J!!O aoBciM 
A06pe BiAIIOBiAaroTh BMCAiAaM, 3Ao6yTMM iHIIIMMM 
reocpia1111HHMH i1: acTpocpia1111HMMH AOCAiAaMH. 04)Ke, 
BiK Hamoi: 3eMAi MaB 6w 6YTM KO.i\O 2 ,5 MiAiHpAiB po-

• • u • • • • 

KIB, a BIK MaH)Ke BCIX AOC! AOCAlA)KeHMX MeTeopHTIB 
TaKO)K He MaB 611 6yTM AOBIIIMM. 3 Toro BMXOAHTh, IJ!O 
rrepeBa)Karoqa 6iAhllliCTh MeTeopttTiB CBOIM IIOXOA)KeH
HIDA HaAe)KMTh AO Hamoi: CoHIDllHOI cHcTeMH ii TiAhKH 
MO)Ke HeBeAMKa Ix qacTMHa € crrpaBAi ,,rrocAaMH" AO 
Hae ia 6eaMe)KHoro BcecBiT)'. 

PaAioaKTMBHiCTh, HK BMHBMAM AOKAa,ZJ;Hinri AOCMAM, . . . . 
He € B.i\aCTMBICTIO AMllle xeMilJHMX eAeMeHTIB 13 BeAM-
KOIO aTOMOBOIO Baroro, 60 i1: eAeMeHTH a MeHmoro aTo
MOBOIO Baroro (HK KaMH i py611Aii1:) Ta 3 cepeAHhOIO 
(HK AIOTeQili, HeOAMM i caMapili) TaKO)K € paAioaK-

• • • u • • 

TMBHI, XOlJ 1 He B TaKIM Mlpl, HK 11.i\eHH HaBeAeHMX T.PhOX 
.PHAffi iHTeHCHBHo-paAioaKTMBHMX eAeMeHTIB. JlBMIJ!e 
paAioaKTMBHOCTM, T06To rrpo:gec rrepeTBopeHHH MaTe-

••• •••• • u • 

pn 3 OAHOro 11 .POAY Ha IHIIIMM, cyrrpOBOAMTbCH BlfAl-
AeHHIDA 3Ha1IHOI KiAhKOCTH eHepI'il 3 OAHOrO 6oKy 
CBiTAHHOI y cpopMi y-rrpoMiHHH, a 3 Apyroro 6oKy y cpop
Mi TerrAa. IlpH TOM)' BlfAiAH€ThCH rropmHIOIOtIH BeAHKa 
KiALKiCTL ierrAa. Harrp., I rp. paAiIO Ha roAHHY BM-
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.ztiNre 140 KaAopit:i, T06To MO)Ke HarpiTH Ha 1° BOAY 
B KiALKOCTi 140 rp. Q6qHcJ\eHo, r,go HaKOJ\H 6 3eM.l\H . . . . 
B UIAOMY cBoeMy cKAaAI MaAa TaKy rrepec1qHy KLJ\L-

• • • •• • u 

KICT.L pa.AtOaKTHBHHX eAeMeHTIB, HK TO 1x e B 3eMHIH 
Ko pi, TO BHAUIOBaHa HHMH KiALKiCTh TeIIAa 6y Aa 6 
300 pa3m 6iALIIIa 3a KiALKiCT.L TerrAa, r,go lioro BH
CID\.ae 3eMNI AO BcecBiTy qepe3 pa.AixQiro, a HacAiA
KOM UhOrO caMa BOHa CTyrrHeBO Ma.A.a 6 HarpiBaTHC.L. 
3BaJKaroqH Ha Te, r,go B AiticHocTi TaKoro CTYIIHeBoro 
3BHI,geHHH TeMrrepaTypn 3eMAi He BiA6)1Ba€ThCH, Tpe6a 
apo6HTH BHCHOBOK, r,go paAiOaKTMBHi eAeMeHTH a6o 
30BCiM He 3HaXOAHT.LCH B HaHrAH6IIIHX Bepcrnax aeMHOl 
KyAi, a6o 3HaXOAHThCH TaM y KiAhKOCTi rropIBHIOIOqH 

• u u •• • 

AY)Ke HeaHaqH1H, a Man)Ke BCH ix Maca aHaXOAHThCH 
B aeMHiii Kopi. TaKoro poAy MipK)'BaHHH 11: BHBOAH 
BIIOBHi Bi.ArroBi.AaroT.L THM BHCAiAaM, r,go i'.x AOCHr Aa 
B ocTaHHLOMY qaci HayKa reoxeMiL To)K BHXOAHTh, 
r,go A.JUI peKoMrreHcaQi1 TerrAa, IJJO tioro 3eMJUI BTpaqae 
1Iepea paAixuiro, BHCTaqMJ\.o 6 Toro TerrAa, r,go tioro . . . 
BHAaIOT.L paAIOaKTHBHl eAeMeHTH, HKl 3HaXOAHTLCH 
B aeMHiH Kopi TOBIJJHHOIO HKHX 50-60 KiAOMeTpiB. 

XapaKTepHcTnqHoro oaHaKoro paAioaKTHBHOCTH e 
Te, I,gO :ge HBHIJJC BiA6)1Ba€ThCH 6earrepepHBHO H CIIOH
TaHHO HaCMAKOM rrpnqnH, IJJO IX AOCi HaYKa r,ge He 
BHHBHAa. HiHKHMH aaco6aMn, 1£0 CTOHT.L AO poarropx-. . 
AlfMOCTH HaYKOBHX AOCJ\IAHHKIB, He Aa€T.LCH HKOC.L 
BfIAHHYTH Ha H.Loro. OA)Ke rrpouec poarrMy pa.Aio-. . . 
aKTHBHMX eAeMeHTlB HeMOJKHa aHI rrpncKopnTII, aHl 
aynHHHTH, aHi, B3ara.Ai, HKOC.L petyAIOBaTH HarrpHM 1IH 
iHTeHCHBHicT.L lioro rrepe6iry. PaAioaKTHBHe rrepeTBo
peHHH MaTepi1 rrpH TOMY HBAH€ co6oro BrrpocT mcec.L 
6e3Me)J(He A)J(epeAO eHepti1, r,go MO)Ke KOJ\HC.L CTaHe 

•••• • u 

rrpHCT)7IIHOIO AJ\H HOpM)'BaHHH 11 arIAHO 3 BOAeIO H 
rroTpe6oro AHAHHH. HKHMH crroco6aMM MO)J(Ha 6y-
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AO 6 y1>oro AOCHTIJYTH, Ha ye cyliacHa Hayica :rye He 
Ma€ BiArroBiAi. THM qacoM e cpaKTOM, :ryo rrpHpOA-

u • • • 

HHH rrpoy;ec ·poarraAy xeMI'CJHHX e.i\eMeHITB He IIIA-
Aa€TLCH pety.i\IoBaHHIO B HKOM)7CL oaJKaHOMY ANI Hae 
Harrpmri. JIKI!!O )K AOCi He rromacTH.i\O OIIaH}'BaTH yeli 
rrpoyec Ta BHKOpHCTHTH M:oro A.i\H HKHXOCb rrpaKTHq
HID{ yiAeii, TO 3 Apyroro 6oKy BiAKpHTTH HBMI!!a pa.zi;io
aKTHBHOCTH if AOK.i\aAHime BHBqeHHH caMOI C}'Ti JJLOro 
rrpHpOAJIOro HBHI!!a crrpH'CJHHH.i\OCL y Be.i\HKIB Mipi 
AO p03IIIHpeHHH HaIIIHX Bi.zi;OMOCTeH rrpo 6yAOBY Ma
Tepi! i1: crreyiH.i\LHO rrpo 6yAoBy aToMiB. CrnepA*eHHH 
cpaKry' 11!0 paAiOaKTHBHiCTb € BHCAiAOM p03IIMY eAe
MeHTIB, T06To poarraAy Ix aToMiB, AOri'CJHO rrpHBeAo AO 

• • u 

A)'MKH, 11!0 AOTerrepIIIIHllf IIOrAHA Ha aTOM, HK JyOCL 
AaAi B)Ke Herro.zi;iMHe, He BiArroBiAa€ o6eKTHBHiii 
rrpaBAi. B }7MOBax Ka6iHeTHO-NI6opaTopHo1 rrpaui no-

. . 
I!!aCTH.i\O 3rOAOM HayKOBHM AOC.i\IAHHKaM perrpOA)'KY-
BaTH ,,IIIT)"CJHY paAioaKTHBHicTL". TaKi AOCHTHeHHH 
cpiaHKo-xeMiqHoi Ha)'KH )'MO)KAHBH.i\lf O.i\H)Kqe rriaHamm 
BHyrpimHI>oi CTPYKTYPH Hai1:Api6Himo1 qacTO'CJKH,. 
a HKol cKAaAa€T.DCH xeMi"CJHHH eAeMeHT. THM caMHM 
BOHM rrpHBe.i\H Hae AO 30BCiM iHIIIOI YHBH rrpo MaTepi10, 
H~ ye 6y1-o AOTerrep. Y HacTynHHX poa.zi;iAax y1>oro 
HapHcy IIO 3M03i B HamcopoTmiM: <f>opMi IIOCTapa€MOCL 
IIOAaTH q11Ta'tleBi 6oAaH aara.i\l>Hi BiAOMOCTi rrpo cy
qacHi HayicoBi IIOr.i\H.l';H Ha TOHKY 6yAOBY MaTepii Ta 
ii rrepernopeHHH. 

VI. 

EY40BA ATOMIB. I30TOIIM. 

IJJe Ha rrpHKiHy;i MHHYAOro CTOAfTTH aHrMHCbKHH 
cpiaHK 4*· 4*· TdMCO'H BHCAOBHB AYMKY (1890) rrpo 

• • • 
IIOAJ.i\LHICTb aTOMIB, npHrrycKaIOtIH, 11!0 BOHH CKAa,zta-
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IOTLCH 3 qacTO'tJOK Il03HTHBHOI i Hel'aTHBHOi eAeKTpH'tI
HOCTH. IlpH TOM)' 3a HeBTpa.ALHOro CTaHY aTOMa xe-

• u 

Ml'tJHOro eAeMeHry 'tJHC.i\O Il03HTHBHO H Hel'aTHBHO HaAa-. 
AOBaHHX 'tJaCTQqOK eAeKTPH'tJHOCTH - 3a TepMlHO.i\0-
riero ToMcoHa ,,KopnycKyA" - MfCHTL 6}'TH OAffaKoBe, 
a 3a iHmoro cTaHy, T06To KOAH aToM xeMi"tJHoro eAe
MeHTY e ioHOM, nepeBa.JKae KiALKiCTL ,,KopnycKyA" 
no3HTHBHoi 'tJH Hel'arnBHOi eAeKTpH'tIHOCTH. CTp}'K
TYPY aToMa xeMiqfforo eAeMeHTY ToMcOH YHBNIB co6i 

• u • 

TaK, IJJO BH}'Tpl Moro B neBHOMY nopHAKY IlOJ\O)KeHI 
,,KopnycKy.i\H" HeI'aTHBHOi e.i\eKTPH'tJHOCTH, a ccJ>epM'tIHO . . . 
AOBKO.i\a H:UX pIBHOMlpHO p03AIAeHa Il03HTHBHa eAeK-
TP:ITTlWCTL. TaKa MOAe.i\:b aToMoBoi CTPYKTYPH B cBiTJ\i 
Ha}'KOBOI KpHTHKH BHHBH.i\aCL XH6HOIO. 0AHaqe caMa . . . . . 
IAeH nOAl.i\:bHOCTH . aToMIB WAKOM BHnpaBAa.AacH n13-
HiIIIHMH AocAiAaMH. 3oKpeMa TYT 3a3Ha'tJHMO ry 06-
cTaBHHy, IJJO B)Ke· i1: MOAeAL ToMcoHa npeACTaB.i\H.i\a 

• u • 

Ul.i\Y aTOMOBY CTPYKTYPY He HK neBHHM npocT1p, Ha-
noBHeHHH MaTepiero, a TiALKH HK 6iALIIIe-MeHrne no
pO)KHIO ccJ>epy, B mcili neBHHM cnoco6oM CKOHij;eHTpo
BaHOIO p03.i\O)KeHa eAeKTPM"tJHiCTL o6ox 3HaKiB. 

3 iAeero IlOAiALHOCTH a TO Ma niAXOAMB i Y"tJeHL 
.LVK. ToMcoHa aHrAilicLKMH cJ>i3HK E. P-e3epcJ>opA 
(1871-1937) AO AOC.i\i,.vKeHHH pi3HHX cpi3H'tJHMX HBHIJ.!, 
3B 'H3aHHX i3 paAiOaKTHBHiCTIO. y BMCAiAi B.i\aCHHX 
CBOix AOCJ\i,11;iB, HK i AOCJ\i,11;iB CBOIX bJ\ll)K'tJHX cniBpo-
6iTHHKIB (!ali(epa, MepcAeHa, feBerni i1: iH.), Pe3ep
cJ>opA np:ulirnoB (1911) AO BMCHOBKy, J!!O ToMcoHoBy 
MOAeM aTOMOBoi'. CTPYKTYPM Tpe6a 3MiH:nT:u TaK, J!!O 
B y;eHTpi aTOMOBOi ccJ>epH Mae MiCTHTHCL eAeKTpHq
HiCTL Il03HTHBHa, a Ha nep11:cpepii HeI'aTHBHa. 0.ll;)Ke 3a 
Pe3epcpopAOM 6yAoBa aToMa Mae npeACTaBJUITHCL TaK: . 
BH}'Tpl aTOMa 3HaXOAHTLCH Il03HTHBHO HaJ\a,ll;OBaHe 
H.ll;pO, a HaBKOAO HLOro o6epTa€TLCH TaKa cKiALKiCTb 
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eAeKTpOHIB, HKa C)'MOIO CBOIX HeI'aTHBHHX Ha6om apiB
HOBa)l(y€ Ha6iti HApa. QH TeopiH HOCHTh Ha3BY HYKAe
a pH o 1 (BiA AaTHHC»Koro ,,HYKJ\eyc"-HApo). TaKHM 
lJHHOM 3 IIOr.JUIAy :giei TeopiI 6y40Ba aTOMa rrpe4cTa
BJ\H€ co6oro B MiHiHTIOpHOMY BHrAHAi COHHIIIHY CH
CTeMY, Ae poAIO CoH:gH rpae aTOMOBe HApo, a rrAaHe
TaM11 iioro HBNIIOT»CH eAeKTpoH11. He BXOAHtIH :r.ge T)'T 
y poarAHA cKAaAy caMoro aToMoBoro HApa, aaaHa1111Mo . . . 
J\HIIIe, 1!!0 KOAH HaCJ\IAKOM poarra.ZJ;y aTOMIB pa.zuoaK-
THBHHX eAeMeHTiB IlOHBNIIOThCH a-lJaCTKH ( reAieBi 
aToMH) ii /J-1IaCTKH ( eAeKTpOHH)' TO 3 :g1>oro Tpe6a 6yAo 
3pObHT~ BHCHOBOK, 1!!0 :gi qacTKH 3HaXOAHTbCH, Olle
BHAHO, B aT0MoB11x HApax THX eAeMeHTIB. To* BiApia
HHIOT» BHyTpimHi a6o H.ZJ;epHi eAeKTpOHH, T06To 
1-i, :r.go MaAH 6 aHaxo411T11c1> y cKAa4i aTOMOBHX JIAep, 
BiA 30BHiIIIHiX a6o AOBKiAl>HHX e.AeKTpoHiB, 
TObTO THX, IJ!O Kpy)l(AHIOT» AOBKOAa HApa HK lioro 
IIJ\aHeT11. Bi.AAaAD Mi* HAPOM i AOBKiA1>H11M11 eAeKTpo
HaMH B no piBHHHHi a IX poaMi paM11 e HacTiA»KH BeAHKa, 
1!!0 :giAa aTOMOBa c<J>epa HBJ\H€TbCH <J>aKTl11IHO BiJ\l>HOIO 
BiA MaTepiI rropO)l(Heqero, Ae Mae Mic:ge J\HIIIe AiHHHH 
eAeKTp111IHHX CHA. 

M11 araAYBaAH BMl!!e rrpo xapaKTep11cTH1IHi IIIAHXH 
pyxy a-qacTOK i /J-11acTOK, 1!!0 IX BHAHO B KOMopi 
BiA1>coHa. IIepeAiTaI01111 rreBHHii rrpocTip, aai1HHTHM 
HKHMCI> TiAOM (q11 TO raaoM q11 HaBiTh TBep.ZJ;HM TiAoM), 
:gi 11aCTKl1 pyxaIOTl>CH He TiAhKH Mi)I( a TOM OB HMM c<J>e
paMH, aAe i1 Kpia1> :yi c<J>ep11. IIp11 TOMY HeI'aTHBHO
HaAa.ZJ;oBaHi fJ-qacTKH ( eJ\eKTpOHH) rriA BITJ\HBOM BiA
IIITOB'.Xyroqoi CHJ\11 TaKO)I( HeI'aTHBHO-HaAa40BaHHX 

• • • 
AOBKlAhHHX eAeKTpOHIB llaCTO 3MIHHIOTI> HarrpHM CBOro 
·pyxy ii y KOMopi BiA1>coHa A11ma10T1> cAiA aa co6010 
y BHrAHAi rrepepHBaHo1 Kp11ByAHcToi'. AiHii'.. HaToMicT» 

• • 
l10311THBHO-HaJ\a.AOBaHI a-llaCTKH 3MlHHJOTh HarrpHM 
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• • •• CBOro pyxy II1A BIIJ\HBOM BIAIIITOBXYJ01101 CHJ\H 1103H-
THBHO-Ha.J\3.AOBaHHX aTOMOBHX H,ZJ;ep. Qe Bi.ztXIIJ\eHHH 
Aery a-11acToK BVt rrpocToAiHiimoro pyxy M)'CHTL 6ym 
THM 6iALme, 1IHM 6J\H)K11e AO aTOMOBOro HApa BOHH 
rrpoAiTaIOTL Ta 11HM 6iALmHM e Ha6i:H HApa. THM i no
HCHIO€TLCH BHAHe B KOMopi BiALcoHa aaAoMAeHHH . . . .. 
mJ\HXIB a-11aCTOK, HK 1 cnocTepe)KeHe p03CIHHHH IX npH 
nepeAiTamri 11epea TOHKH:H Me:raAeBH:H J\HCTOK. Ha6oi 
aTOMOBHX JIAep 6ynaroTL piaHi. Cno11aTKy 6yAo cTBep.zt
)KeHo, IJ!O Ha6itt aTOMOBoro H,ZJ;pa BUITOBi.ztae rrpH
OJ\IDKHO IIOJ\OBHHi aTOMOBOi Barn AOTH11Horo xeMi11Horo 
eAeMeffTY .. AAe rroriM, HK MH B)Ke Bm.ge ara.zt)'BaAH, 
BaH-AeH-BpoeK (1913) i qe.ztBix-(1920)--AOKaaaAH, 
IJ!O 11HCJ\O eJ\eMeHTapHHX Ha6oiB aTOMOBOrO H,ZJ;pa KO)K-. ~ . . ~ 

Horo xeMI11Horo eJ\eMeHT)' T011Ho BIAIIOBIAae 11epro-
BOMY 11HCJ\ y, HKe oaHa11ae-iioro-Mi eye ... B -Harypa.J\Lmii 
cHcTeMi eAe:MeHTiB. THM .. ~ caMHM ye 11HcJ\o oaHa11ae . ... . . . . 
TaJCO)K 1 CKIJ\LKICTL AOBKIJ\LHHX eAeKTpoHm y CTPYK-
rypHiit CHCTeMi BiAIIOBiAHOro aTOMa. 01-)Ke, aTOM 
BOAHIO Mae HAPO a o.zr;HHM eAeMeHTapHHM HaooeM 
i OAHH AOBKiJ\LHH:H eJ\eKTpOH, aTOM riAiro - x.zr;po 
a ABOMa Ha6oHMH ii ABOMa AOBKiJ\LHHMH eJ\eKTpoHaMH, 
aToM AiTiro - HAPO a TpLoMa HaoomrH i1 TpLoMa .ltOB
KiALHHMH eAeKTpoHaMH i T. A· Haiffia)K11Jrli aTOM ypaH)' 
Mae JIAPO 3 92 eAeMeHTapHmm Ha6omrn ii 92 AOBKiAL
HHMH eAeKTpOHaMH. JIKI!!O B3HTH rri.ZJ; ynary, 1!!0 Maca 
eJ\eKTPOHY € rrpHOJ\IDKHO 1840 paaiB MeHIDOIO aa Macy 
HafiAermoro a ycix BOAJieBoro aToMa, HKY oKpyrJ\o 
BH3Ha11a€ThCH 1, TO 3 Jl!>Oro 30BCiM HCHO BHIIJ\HBae, :qi;o 
HaBiThr-Hatt6iJ\Lme 11HCJ\O AOBKiJ\LHHX eAeKTpoHiB (92) 
ypaHOBOro aTOMa rrpaKTH11HO He Mae 3Ha11eHHH AJ\H 
QiAoi MacH aToMa. OT)Ke BHXOAHTL, IJ!O yiAa Maca . 

_. . - . 
aTOMa xeM111HOro eJ\eMeHry rrpaKTH11HO BIIOBm IIOKpH-
BaeTLCH 3 MaCOIO iioro aTOMOBOro H.Ztpa. 0611HCJ\eHHH 
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n0Kaay10T1>, J1!0 KOAH npeACTa.BHTH co6i aTOMOBe HAPO 
y BHr.i\JIAi KYALKM, TO ll Ayt:I BH3HaqaeTLCH BeAHllllHOIO 
IlOPHAKY l0-12-10-13 UM· IlpHrMaliMo co6i, J1!0 Ayt:I 
eAeKTPOHY e 2,8 . I0-18uM. 0T.1Ke Ayq aToMoBoro HApa 
Mil' 6H 6yTH TpoXH 6iALllllIM a6o AeJ1!0 MeHllllIM aa Ayq 
eAeKTpoHy . .HKJ1!0 6 MM XOTiAM po6HTH nopiBHHHHH 
UMX BeAHqMH, TO MOrAH 6 CKaaaTM TaKe: KOAO HeBe
AHKOl KYALKM mpoTy aTOM 6iAL1IIoCTH xeMiqHHX eAe
MeHTiB BMrA_HAa.B 6H TaK, HK MOpCLKHH 6yli BHrA,HAae 
KOAO uiAol 3~MHOl Ky Ai; KOAH YHBHTH. co6i ueli 
aTOM poaMipoM uiAoi aeMHOl KyAi, TO TOAi CACKTpOH 
6}'B 6H KyAeIO a AyqeM HKHX 90 MeTpiB, a HAPO aToMa 
6yAO 6 6aAOHQM npH6AH)KH0 ULOrO po3Mipy. a OCL 
TaKHH ,,6aAOH" Hece B co6i Macy :giAo! ,,aeMHOl KyAi" ! 

AToMoBe HAPO BOAHIO e aHaqffo MCHIIIoro poaMipy, 
ID)K HApa iHIIllIX aToMiB, 60 lioro Ayq BH3HaqaeTLCH 
BeAHqJIHOIO I 0-16, TaK J1!0 BiAHocHo uiAoro BOAHeBoro 
aTOMa BOHO BMrAflAae npH6AH.IKHO TaK, HK MCHIIIOro 
poaMipy <I>YT6aAeBHH M'j{q BMrJUIAae KOAO 3eMHOl KyAi. 
OT)Ke li ue J1!e I 000 paaiB MeHI1Ie aToMoBe HAPO BOAHIO 
TaKO)K MicTHrL y co6i BCIO Macy BOAffeBoro aTOMa. 
BAacHe y;10 Macy BH3Haqae eAeKTpHqHHH Ha6ili oToro 
6eaMe)KHO-MaAOrO HApa, TaK J1!0 Maca e <l>YHKYiOHaAL
HHM .HBHJ1!eM, IJ!O 3aAe)KHTL Bi.ZJ; Ha6oro H 6ea HLOro 
He MO.IKe iCHfBaTH. 3 Toro BHXOAHTL, J1!0 ,,nepBiCHOIO 
MaTepieIO" € eAeKTpH1IIDCTL. 

Peaep<J>opAOBa MOAeAL aToMa Aae TiALKH aaraALHWi 
o6paa BffYTpiIIIHLOi: :Horo cTp)'KrypH, aAe He BIDICHHe 
11 MexaHiKy. 4y)Ke HeAerKoro 3a.BAaHHH BIDICHHTH yro 
MexaHiKy niAHHBCH 6YB AaHcLKHM <J>iaHK HiALe Bop, 

u u • u 

HKHH npHHHHB y;10 MOAeAL aa BHXIAHY To~y H, ocHo-
ByroqHcL Ha Teopii: KBaHTiB llAaHKa, BH3HaqHB 
(1913) CHCTCMY pyxiB eAeKTpoHiB Ha.BKOAO aTOMOBoro 
.HApa. Qa cHcTeMa Ay)Ke A06pe norOA)K}'Ba.AacL ia 
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AOTerrep CTBep.zvKe;HHMH cpaKTaMH ti BHCBiTAIOBaAa 
TaKO)K aoBciM A06pe rrp11:q11:Hy cepiHAI>HOCTH crreKTpaAb-

• • u • 

HMX AIHIM, xapaKTepHCT.HlIHHX AJ\H HarpITHX AO BH-
COKOl TeMnepaTypH raaiB IlOOAHHOKHX xeMiqHHX eAe
MeHTIB, npo iyo MM B)Ke roBopHAH paHime. He MO
)KeMo TYT ayrr11H.HTHC.H HaA AOKAaAHillIHM a'HcYBaHHHM 
HK caMoi Teopii KBaHTiB, TaK i rrpa:g1> H. Bopa. CKa
)KeMo TiAl>KH KOpOTKO, 1£0 HiMe:Q;I>KHH cpi3HK lIAaHK 

• • •• • u •• 

y BMCAIAI cB01x cTy AIM HaA nom11peHHHM TeIIAOBOI 
••• u • • 

eHeprn np11:111IIOB AO BHCHOBKY, J!!O eHept1H BaaraA1 
• u 

He € J!!OCh TaKe OAHO.QlAl>He H HepoapHBHe, HK TO . 
AYMaAH paH11IIe, aAe no1II11:p10€ThCH BOHa neBHHMH 
qacTKaMH q11: KBaHTaMH. TaKO)K i cBiTJU1Ha eHeptiH 
cKAaAa€TI>CH 3 rreBHHX KBaHTIB a6o cpoToHiB, I.J!O Ix 
BeAHqHHa 6yeae piaHa B 3aJ\e)KHOCTi BiA AOB)KHHH 
cBiTAHHHX XBHAh, :ro6To Bi.A 6apBH cBiTAa. EHeptiH 
cpoTOHY € THM 6iA1>I1Ia, qHM KOpOTllli CBiTAHHi XBMAf. 
IlAaHK 3HaHIIIOB rreBHe BiAHOIIIeHH.H Mi)K BeAHqMHOIO 

••• u • • • •• 

KBaHTY eHepru H q11:cAOM KOAHXaHh CBITAa BJ.AllOBIAHOl 
6apB11. Qe BiAHOllleHHH BH3Haqa€TI>CH cpopMYAOIO: 

e =hr 
Ae e - KBaHT eHepril, 'Y - q11cAO KOAHXaHh, a h -
Ai€Ba KOHCTaHTa IlAaHKa, J!!O ii 3HaqeHH.H € 
6,626 . I 0-27 epr ... ceK. TJ.H KOHCTaHTa rpae Ba)KAHBY 
poAro B 06q11:cAeHH.HX Bopa. BiH poaBHH)7B AaAi i.Ae10 
PeaepcpopAa IJJOAO pyxy eAeKTpoHiB AOBKOAa aToMo
Boro H,ZJ;pa Ta crrpe:yH3YBaB ii B TOH crroci6, 1£0 . 
.QL\Y aTOMOBY COH.HIIIHY CHCTeM}' YHBAHB HK CHCTeM)' . . 
pyxiB eAeKTpOHIB AOBKOAa .HApa no rreBHHX KBaHTOBHX 
op6iTax. Op6iTH ui MO)KYTI> 6yTH OAHO-KBaHTOBi, ABO
KBaHTOBi, Tp11-KBaHTOBi i T. A· B Mipy a6iA1>1IIeHHH 
q11:cAa AOBKiAhHHX eAeKTpoHiB BOHM rreBHHM crroco6oM 
3aKOHoMipHo po3MiJ!!aIOTLC.H no TaKHX op6iTax. 3a 

• 
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. . 
CTaQIOHapHoro CTaHy Kf>YJKNIHHH eAeKTf>OHIB AOB-
KOAa HApa BiA6)'BaeTI>CH 6e3 BMNAeHHH eHeprii. KoAM . . . . . . 
)I( IIIA BIIAMBOM 30BHllllHIX llMHHMKIB y BHYTf>lIIIHLOMY 
CTaHi aTOMa Hacryrrae nepryp6aQiH, TO AOBKiAI>Hi 
eAeKTf>OHM MOJKYTI> rrepeAiTaTM 3 OAHOl op6iTH Ha 
Apyry, rrpH ·qoMy TaKa 3MiHa i:x noAoJKeHHH cynpo
BOAHTI>CH a6cop6yiero llH HaBrraKM eMiciero eHeprii'. 
B 3aAeJKHOCTi BiA Toro, 3 HKOI ii Ha HKY op6iry BOHM 
nepecKaKyIOTb .. 0TJKe, IJJ06 3MYCHTH eAeKTf>OH rrepe
CKOllHTM 3 eHepteTMllHO-HHJKllOl (6AHJKllOl AO HApa) op-
6iTH HaieHepteTMllHO-BMIJJY (AaAI>IllY BiA HApa) op6iTy, 
Tpe6a tioMy AOAaTM rreBHY KiALKicTI> KBaHTiB eHeprii'. 
i HaBIIaKH rrpH rrepeAeTi 3 AaAI>IllOl Ha 6AHJKllY AO HApa 
op6iTy BiH BHAiAMTh BiAIIOBiAHY KiALKiCTh KBaHTIB 
eHeprii. JJe BH3Halla€Tl>CH cpopMYAOIO: 

Em-En= hy 

Ae Em i En 03HallaIOTL eHeprii: AOTHllHHX ABOX eHepre
THllHHX piBHiB. Eop 3po6ttB QiAKoM 3aAOBOADHH1oqi 06-

• u 

llHCAeHHH AAH Tf>hOX crreKTf>aADHHX cepIH BOAHIO, rrpo 
HKi 6yAa MOBa BHI!!e. f pacpillHOIO cxeMOIO 3B'H30K Mi)K 

• u • 

HBBIJJeM cep1HALHOCTH BOAHeBoro cneKTPY M rrepeMII!!eH-
HHM eAeKTf>OHY 3 OAHOI op6iTH Ha Apyry MO)KeM rrpeA
CTaBHTM TaK: 

CepiH AiMaHa 

CepiJI IlaweHa 

CepiH 
EaAI>Mepa 
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Ha pHCfHKY B ueHTpi KOHUeHTpHqHHX Kpyri.B, mci 
oaHaqaroTL op6iTM, aHaXOAHTLCH aToMoBe HApo. CTpu
Ka.MH noKaaaHo, a HKoi :H Ha HKY op6iTy nepecKaKye 
eAeKTpoH, npH qoMY cepiH Ai.MaHa noBcTae rrpH nepe
CKaKYJlaHW eAeKTpoHy Ha OAHO-KBaHTOBY op6iTy, 
cepiH EaALMepa - Ha ABO-KBaHTOBY :H cepiH IIarneHa 
- Ha TpH-KBaHToBy. EAeKTpoH MO)Ke nepecKoqHTH Ha 
ry qH iHmy op6iTy a Hali6AIDKqo1 op6iTH a6o li a AaAL
wo!, HK Hanp., y BOAHeBili cepli EaALMepa a)!{ a 31 op-
6iTH. ~o TaKi nepecyaaHHH eAeKTpoHiB AiIOTLCH npH 
eMicli CBiTNIHOi eHepri1, TO npOTHAe)l(HOro xapaKTepy 
pyXH ix, tIH BAacHe nepecKaKyaaHHH a 6.MDKqo! AO 
aTOMOBoro »Apa op6iTH Ha HKYCL AaALmy, BiA6yaa
IOTLCH npH a6cop6uii eHepriL RKIJJO 6 npH TOMY eAeK
TpoH BiACKOqHB Ha op6iTy, HKa Ae)KHTL Ha Bi.AAaAi Bi.A 
H.Apa 6e3KOHeqHo BCAHKili, TO ue oaaaqae, IJJO TOH 
eAeKTpoH BIDiwoB Baara.Ai ia AaHoi aToMoBo1 c<I>epH 
ii nonaa AO HKOICL iHwo!, T06To ye oaHaqau, IJJO AaHHH 
aToM nepelimoB AO ioaHoro cTaHy. CaMo co6oro poay-

• • u u 

MieTLCH, IJJO B HK0Myc1> aTOMI BOAHIO TOH caMHH eAeK-
TpoH He MO)Ke nepeCKaKyaaTH OAff OqacHO 3 OAHOI op-
6iTH Ha KiALKa iHWHX. y IIeBHOMY MOMeHTi BiH MO)Ke 
nepecKO'tlHTH a HKoicL OAff OI op6iTH TiADKH Ha HKYCL 
OAHY limy. IIpa TOMY OAffaK y AaHOMY o6cHai AOCAiA-. 
)KyaaHoro BOAHeBoro raay B TOMY caMoMy MOMeHTI 
@AKoM aHaAoriqHi nepecyaaHHH eAeKTpOHIB BiA6y
BaIOTLCH TaKO)K i B 6araTLOX iHllIHX aTOMOBHX CHCTe-. 
Max, HaCAIAKOM 11oro- IlOHBAHeTLCH IleBHa AIHUI KO-
TPOICL cneKTpaALHOI cepiL AAe * y TOMY caMoMy 
MOMeHTi B iHllIHX a TOMax BiA6yaaIOTbCH piaHi iHrni 
rrepecKaKyaaHHH eAeKTpOHIB, IJJO MaIOTL CBOIM HaCAiA
KOM noHBAeHWI piaHHX iHmHx cepiHAhHHX ~:H. OT)Ke 
y BHCAf;ti . BCiX THX pi3HOp0AHHX 1IepecyaaHL eAeK
TpOHIB ia op6iT Ha op6iTH y IIOOAHHOKHX aTOMOBH.X 
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CHCTeMax IlOHBJUIIOTLCH y BOAHeBOMY cneKTpi 6iALllle 

l[ll Mettille iHTeHCHBHi OKpeMi AiHii'. 3raAaHHX BHI!!e 

cepili. ToMY-TO B OAHOMY CBOMOMY pe<.I>epaTi H. Eop 

BHCJ\OB:UBCH 6yB TaK: ,,MH MO)KeMO CKa3aTH, :r.yo BOA
HeBHH cneKTP Aae 06pa3 CTPYKTYPH BOAHeBoro aTOMa''. 

TeopiH Eopa noKa3aAacH BnOBHi npaBAHBOIO I.J!OAO 
HecKAaAHOl aTOMOBOI CHCTeMH BOAHIO Ta nopiBHIOIOllH 

A06pe onpa.BAYBaAaCL TaKO)K o6llHCAeHHHMH IJJOAO . . . 
cneKTPIB 1 rrepecyaaHL eAeKTpOHIB B aTOMOBHX CHCTe-. . . 
Max 13 HeBeAHKHM llHCJ\OM AOBKIJ\LHHX eAeKTpOHlB. 

0AHaqe o6llHCJ\eHHH pyxiB eACKTpOHIB y TaKHX aTO

MOBHX CHCTeMax, Ae i'.x € BeAHKe qHCAO, npeACTaBM

€TLCH HaA3BHqaiiHo TPYAHOIO cnpaaoro li :ye B)Ke Ha

Ae)l(HTL AO o6AaCTH MaTeMaTHKH, AO HKoi'. MH, 3BH

qaifHo, TYT BXOAHTH He 6yAeMO. 4AH HalllOI :yiAi . . . 
BIIOBHI B:HCTaqHTh, KOJ\H CKa)KeMo, :r.yo AOBKIJ\hHl 

eAeKTpOHH B Mipy Toro, HK 36iALilIY€TLCH Ix ql{CJ\O 
• u • u • 

B aTOMOBIH CHCTeMI, CTynHeBO H 3aKOHOM1pHo aanoB-
• u u 

HIOIOTL aTOMOBY npocTopIHh TaK, J!!O KO)KHH.H AaALilIHH 

AOBKULHHH eAeKTpoH Kpy)KJ\He no op6iTi, HKa Ae)KHTL 

IJ:!e B Me)Kax AaHHoro KBaHTY a6o poanoqHHae co6010 

HH3KY op6iT HacTynHoro KBa.HTy. Tyr MO)KeMo l!!e 

AOAaTH, IJ:!O 3araALHO cneKTpi.B (K, L, M, N, 0, 
P, Q,) e AaAeKo MeHllle, Hi* qHcAo eAeKTpoHiB y 6iAL-. 
mocTH aTOMJB, TaK IJ:!O BOHH MYCHTL, otreBHAHO, 3Ha.-

XOAHTHCL rro-KULKa Ha TOMY caMOMY eHepreTHqHoMy 

piBHi. OT*e MO)KHa co6i :ye npeAcTaBHTH TaK, IJ:!O . . 
AOBKIJ\LHI eAeKTpOHH yrropHAKOBYIOTLCH HaBKpyrH 

HApa B neBHHX c<.I>epax. 0AHHOKHH AOBKiALHHH 
• u • 

eAeKTpoH B aTOMOBIH cHcTeMI BOAffIO Kpy)KJUie no 

OAffOKBaHTOBi:H op6iTi, HK TaKO)K i ABa eAeKTpOHH 

reAi€aoro aToMa. QHMH ABOMa reAi€BHMH eAeKTpo

HaMH BHnOBHIO€ThCH nepllla c<.I>epa. HacTynaHli aa 
• • • u 

reJ\1€M eAeMeHT AITIH, MaIOllH B./Ke rOTOBY CHCTeMY 
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reAiaBoro. aToMa, CBoiM TpeTiM ;:toBKiALHHM eAeKTpo
HOM poanollliHae HHaKy op6iT Apyro1 c<J>epH, m<a cTyn
HeBo BHTBOp10€Tl>CH 'tleTBepTHM eAeKTpOHOM 6epHAie
Boro aToMa, n'HTHM eAeKTpOHOM 6opoBoro aToMa, mo~ 

• u • 

CTHM ByrAeBoro IT. A· aJK apewToIO AeCHTHH AOBKIAL-
u 

HHH e.i\eKTpOH HeOHOBOrO aTOMa AOBepmye :yro HM3KY 
ABO-KBaHTOBHX op6iT, a THM caMHM aafilHqyeTLCH 3HOB 
Apyra aaMKHeHa c<J>epa AOBKiALHHX eAeKTpoHiB. Aa.i\l>-

u • u • • • 

IIIHH y HarypaALHlH CHCTeMl xeMiqHHX eAeMeHTIB 
HaTpm, Ma10q11 B)l(e roToBy 1JIO Apyry ccpepy, CBOlM 
OAMHJIAUHTHM e.i\eKTpOHOM noqHHa€ poa6yAOBY CM
CTeMH Aa.ALIIIHX op6iT, i,go 11 npOAOB)l(YIOTI> 6yAYBaTH 

• u • • u • 

Maraea1H ABaHa.ZJ;JJHTHM, a.J\IOMlHlH TpHHaAUHTHM IT. A· 
a)I( AO 3a.BepmeHHH 11 BiciMH~UHTHM AOBKiALHHM 
eAeKTpoHoM aproHY. AHaAori'tIHo AO Toro KaAiii, Ma
IOlIH roToBi TPH ccpepH, noqHHae cBoi:M AeB'HTHaAUHTHM 
eAeKTpOHOM poa6yAOBY qeTBepTo1, HKa AOBep11Iy€TbCH 

. a)I( 36-HM AOBiciALHHM eAeKTpOHOM KpHnTOHOBOro 
aToMa. TaK 3HOB iAe .ZJ;aAi crynHeBa poa6y.ZJ;oBa BH}'T
piIIIHLoi CTPYKTYPH aToMiB, rrpH qoMY cHcTeMa op6iT 
piaHHX KBaHTIB cTae Bee cKAaAHiworo. OT*e IIOOAH

HoKi c<J>epH aTOMOBHX CHCTeM CKAa.ZJ;aIOTbCH Haii6iAl>me 
3 TaKoro qHc.i\a AOBKi~HHX eAeKTpOHIB: 2, 8, 8, 18, 
18 i 32. TYT MaaMo 3HOB TOH caMHH pHA, IJ!O iioro MH 
B)l(e 6aqH.i\K B HaTypaALHiH CHCTeMi xeMiqHHX eAe
MeHTIB. H. Bop rrpHrrycKaB, i,go eAeKTpOHH KPY)l(AHIOTL 
AOBKO.i\a H,ZJ;pa no Kpyrax. AAe HiMeULKHH cpiaHK 3oM
M e p <I> e .i\ LA, BI1XOAH't!H Te)I( ia aaca.ZJ; KBaHTOBOI Teopii, 
rrpHiiwoB AO BI1CHOBKy, i,go op6iTH eAeKTpOHIB MO)K}'TI> 
MaTM TaKO)K <J>opMY eAirrc, rrpH qoMY aTOMOBe HAPO 
B JJLOMY paai MicTHTLCH B OAHOMY a cpoKyciB TaKoi'. 
eAirrcH no.ZJ;i6Ho AO Toro, HK CoHye aHa:XOAMTI>CH 
y <J>oKyci eAiIICHOI op6iTH Hawoi 3eMAi. 4aAi BiH Ha 
ocHoBi AiiHIIITaiiHOBo! Teopil peAHTHBHOCTH nplrlfmoB 
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ATOM apl'.oHY. 

. 
AO BHCHOBKy, :r.go llIAflXH pyxy eAeKTpOHlB He€ BAacHe 
3aMKHeHi eAfilCH, 60 BOHM CT)'ITHeBO 3IDHHIOTL CBO€ 

• u • 

IlOAO)KeHHH B neBHIH Ili\OI.gHHI, TaK :r.go BHTBOp1010TLCH 
apewToro wAmrn y <J>opMi poaeToK, no.lti6HHX AO WAHXY 
caTeAiry MepKypix y coHxwHili cHcTeMi. IIIBHAKicTL . . 
pyxy eAeKTpOHlB y ITAaHeTapHHX CHCTeMax aTOMlB 
AYJKe BeAHKa: y BOAHeBoro AOCHI'a€ BOHa 2200 KiAo
MeTpiB aa I ceKYHAY· HacAi;i;KoMKPY.JKNIHHHHetaTHBHO 
HahaAOBaHoro eAeKTpOHY AOBkOAa aTOMOBoro H;J;pa 
IlOBCTa€ eAeKTpo-MatHeTHqHe IlOAe, HKe BITAHBa€ Ha 
noAO)KeHHH B rrpocTopi lioro WAHXy. BaaraAi op6iTH 

• • u • u • 

eAeK:rpoHIB Ae)KaTL He B OAHIH HKIHCL ITAOJ!!MHI, a 
B rrpocTopi Tp»ox noMipiB. 0KpiM Toro, :r.go AOBKiAhHi 
eAeKTpOHM Kpy)l(AflroTL HaBKOAO aToMOBMX HAep, BOHH 
OAHOqacHO o6epTaIOTLCH Te)!( i KOAO CBOIX oceli Ha 
ITOA06y BepeTeH, 3BiAKM ITOXOAMTL (a aHrAfHCLKOro) 
li HaaBa y1>oro pyxy - crriH. IloAi6Ho *.i caMe aTo
MOBe HAPO o6epTa€TLcx KOAO cBoai: Bici. BMBqeHHH 
~HJ!!, 3B'H3aHMX ia BHyrpiIIIHL010 6yAOB010 aTOMIB, 
€ npeAMeTOM 30BCiM MOAepHLOI raAyai <J>i3HKa.ALHOl 
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. . . 
Hay1or, .HKa HapOAHAaCb y TerrepIIIIHbOMY CTOAITTI 
li HOCHTI> HaaBy aToMoBo1 cpiaHKH. TYT MH MOrAH 
rro.LJ;aTH B AY*e aaraAI>Hili cpopMi TiADKH ,n;emci Ba)KAH
BiIIIi BHCHOBKH M AOCHrHeHHH uiei HOBO I raA yai rrpHpo
A03HaBcTBa. KiAI>Ka pHC}'HKIB, i.go ix IIOAaHO BHI.ge, 
aexa:H: rrocAy)l(aTI> 6oAai1: cxeMaTHllHOIO iJ\10cTpauie10 
AO BH:i.gecKaaaaoro. 

Aaa.Aiay10tI11 EopoBi MOAeAi aToMiB, aiMeUI>KHH 
cpiaHK KocceAI> aaBBa)KHB, ™o ,n;emd 3 HHX MaIOTb 
oco6AHBO TPHBKi KOHcpirypauii, 60 B HHX rreBHa 
CHCTeMa eAeKTpOHHHX op6iT 3HaXOAHTI> CBO€ 3a.Bep
meHHH i1: Aa.J\l>IIIHX eAeKTpoHiB y.iKe He rrpHM:Mae. Ta
Koro xapaKTepy KOHcpitypayii MaIOTI> aTOMM ,,IIINIXeT
HHX" raaiB i JJHM BAaCHe IIOHCHIO€Tl>CH ix yiAKOBHTa . . . . . 
:XeMil!Ha IHepTHICTb cyrrpoTH IHIIIHX xeMilIHHX eAe-
MeHTIB. BHXOAHlIH 3 yLoro, KocceAD CTBopHB ( 1916) 
Teopi10 reTepoIIOAHpHHX CilOA}'K (lIH eAeKTpoBa
AeHyiHHH:X a6o ioHHHX crroA }'l!eHI>). OT)l(e, aa.BepIIIe
Hlrli THrr Koacpitypauii aToMoBoi CTPYKTYP" iHepTHHx 
raaiB € CBOrO po,n;y ,,i,n;eaAoM"' AO HKOro CTpeMAHTb 
iaIIIi xeMitIHi eAeMeHTH. ToM}' eAeMeHTH, HKi CAfAYJOTh 

• • • u • 

apaay aa IHepTHHMH, AY*e Aerao BIMaIOTb CBIH Hl-
611To ,,aaMBHii" eAeKTpoH, i.go OAHHyeM Kp}')l(AH€ II03a 
CTa6iADHOIO CHCTeMOIO CBOro rrorrepeAHHKa, a THM 

• u 

caMMM BOHM rrepe:XOAHTb AO CTaHy lOHHOro H CTaIOTb 
eAeKTpo-rroaHTHB~HMH ioHaMH. AerKicTh, a .HKOIO 

• • • u 

aTOMH JJHX eJ\eMeHTIB BIMaIOTI> CBIH OAHH eAeKTpoa, 
IlOHCHIO€ ix BeJ\HKY xeMilIHY aKTHBiCTb ( Airili CTOiTI> 

• • • u • • u • 

IllC.i\H reAIH, HaTplH IllCJ\H HeoHy, KaJ\lH IIICJ\H aproHy 
i T. A·). AocHTI> AerKo Te)I( Bi,n;AaIOTb cBoi oKpaM:Hi 

u • 

eAeKTpOHH H aTOMH ,n;aJ\blIIHX aa qepro10 xeMil!HHX 
eAeMeHTiB, a TOM}' H BOHM TaKO.iK BHHBAHIOTb ce6e 
.zi;ocHTI> aKTHBHHMH B xeMilIHOM}' BiAHOIIIeHHi. Bi,lJ;no
BiAHO AO l!HCJ\a BTpaqeHHX OKpatiHix eAeKTpoHiB 
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( OAHH, ABa 1IH TPH), AOTMqHi eAeMeHTH rr0Kaay10T1> 
ce6e OAHO-, ABO- 1IH TpH-BaAeHTHHMH. HaBrraKH Ti 
xeMilIHi eAeMeHTH, B HKHX aTOMaM 6paKye OAMH, .zi;Ba 
1IH TpH eAeKTpOHH AO Toro, ijJ06 BOHM AOCHr AH CTa6iAI>
HOCTH CBO€l aTOMOBOl KOH<J>itypagii, rrparH)'TI> AO Toro, 
mo6 rrpHA6aTH CTUl>KH eAeKTpoHiB, CKiAl>KH IM AO 

Toro ae BHCTa"tJae. IlpH TOMY rrpHTHraIO"tJa CHAa ,,Hei.zi;e
a.Al>Horo" aToMa e THM 6iAI>ma, 1IHM · MeHme :ti:oMy 
6paKye AO ,,iAeaAy", a TOMY-TO xeMiqHo Ay)Ke aKTHB
HHMH HB..iVllOTbCH raAOIAH, HKHM He BHCTa1Ia€ BCLOro 

· TiAl>KH no OAHOMY eAeKTpoay, IJ!06 AOCHITH TaKoi 
TPHBKOi Koa<J>irypauii, HKY MaIOTI> cyciAHi iaepTHi eAe
MeHTH. Te)K i AaAI>mi BiA iHepTHHX eAeMeHTH rrparH)'TI> 
aaxOIIHTH ABa qi{ TPH eAeKTpOHH, mo6 AOCHITH CTa-
6i.ALHOCTH CBOIX aTOMOBHX CHCTeM. y Ul>OM}7 BHIIaAKY . 
BaAeHTHlCTI> eAeMeHTY BM3Ha1Ia€Tl>CH 1IHCAOM eAeKTpo-
HIB, m<:i 6paKyIOTb. ,40 BCLOro lJLOrO me MO)KHa AO-. . 
AaTH, 1!!0 xeMiqHl eAeMeHTH, HKHX aTOMOBa CTpyKrypa 
€ rrocepeAHH Mi)K ABOMa ,,iAeaAl>HMMH" THITaMH KOH
<J>irypaui:ti:, BMHB.i\HIOTI> y xeMilIHOM)' BiAHOIIIeHHi TaKO)K . . . 
rrocepeAHI BAaCTHBOCTl Ml)K CH.i\LHO aKTHBHHMH MeTa-
AaMH ti: TaKMMM )K MeTaAOiAaMH. 3 rrorAHAY reTepo
IIOAHpHoi Teopi1 giAKOM apoayMiAHM e, 1IOM}7 TaKHMH . . 
rreBHHMH 3AyKaMH HBAHIOTl>CH 3AYKM eAeMeHTIB, HKI 

cyci;i;yroTI> 3 ABOX 6oKiB ia ,,IIIMXeTHMMH" raaaMH, HK 

aarrp., NaCl, KJ i iH. Toro caMoro poKy, IJ!O ti: KocceAL, 
BHCTYIIHB aMepHKaHc»KM:ti: <J>iaHK AeBic ia cBoero Teo
piero roMeOIIOAH pHHX 3AYK (1IH HerroAHpHHX a6o 
KOBaAeHgi:ti:HHX CIIO.i\ Y"tJeHL)' T06To 3A yi<, HKi BMTBOpro
IOTbCH a6o 3 OAHaKOBHX giAKOM aTOMiB (MoAeKyAH 
xeMilIHHX eAeMeHTIB)' a6o X01I i 3 pi3HHX, aAe TaKHX, 
1!!0 Mi)K HHMM He icHye IIOAHpHoro CIIOAY"tJeHHH. QLoro 
poAy 3A}'KH a rrorAHAy roMeorroAHpHoi Teopii yrBopro-

• • • u 

IOTl>CH He HaCAIAKOM Toro, IJ.!O OAHH aTOM BIAAa€ CBIH 
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• 
eJ\eKTpOH .n;pyroM)'' TIALKH t1epea Te, :r.go eAeKTpOHH . . . . 
.lf;BOX llH KIALKOX a TOMlB CTaIOTL CIIIJ\.LHHMH ca TeJ\1-
TaMH IX HAep i TaKHM crroco6oM IlOBCTa€ CKAa.lf;Hiwa, 
aAe BCe)KTaKH CTa6iA1>Ha CHCTeMa op6iT AOBKiAl>HHX 
eAeKTpoHiB. Eep)7llH rriA yaary, :r.go oKpaiiai eAeKTpOHH 
aTOMOBOi CHCTeMH BH3HallaIOTL xeMit1Hi BAaCTHBOCri 

v v • 
AOTHllHOrO eAeMeHry H 30KpeMa Horo BaAeHTHICTL, 
BOHH HOCHTL Ha3BY BaAeHUiMHHX eAeKTpoHiB. Ta
KHM llHHOM Ha6ii1: aTOMOBOro H.ZJ;pa BH3Halla€ llHCJ\O . . . . 
AOB.KlJ\LHHX eAeKTpOHIB a TOMa, a xeMillHl rrpHICMeTH 
eAeMeHry BH3Halla€TLCH crroco6oM yrropHAK)'BaHHH 

• • 
UHX AOBKIALHHX eAeKTpoHm. 

BnIJJe MH ara.n;yaaAH aa HarypaALHY cncTeM)' xe
MiqHHX ~AeMeHTiB, cKAa.n;eHy .n;aHCLKHM yqeHHM ToM
ceHOM. :Uro cncTeM)' y4ocKOHaAHB H. Bop Ta1<, ll!O 
pHMKaMH ii TQqKaMH noo6BO.lf;HB Ti eAeMeHTH, HKHX . . 
BHyrp1wH11 aToMoBa CTPYKTypa e BHCAIAOM TBOpeHHH 
eAeKTpoHHHX op6iT_ rreBHHX KBaHTiB. Heaa6apoM UH 
EopoM y.zi;ocKoHaAeHa cncTeMa cTaAa rrepe4 icnHTOM 
11 rrpaBAHBOCTH. To.lf;i :r.ge He 6ya BiAKpHTHM xeMiqanM: 
eAeMeHT racpHiM (t1ep. llHCAO 72), IJ!O MaB cyciAyaaTH 
a rpyrroro eAeMeHTiB piAKHX aeMeAL. BAacae BHHHKaJ\O 
rrHTaHHH, 1IR TOH HeBiAOMHH eAeMeHT MaB HaAe)KaTH 
IJJe AO uie! rpyrm, qH B}l(e CTOHB noaa aero :H MaB aali
HHTH HOpMaALHO CBO€ Micue B rrepioAHllHili CHCTeMi. 
3riAHO a Teopiero Eopa cTp}'Krypa aToMa :g1>oro HeBi
AOMoro eAeMeHTY M)'CiAa 6YTH TaKa, ll!O AO piAKHX . . .. 
aeMeJ\I> BIH He Mir HaAe}l(aTH, a aa CBOIMH BAaCTHBOC-
THMH MaB BiH 6YTH BHJ!!HM rOMOAOrOM UHpKOffY H HH)K
llHM roMoAoroM Topiro. ,4Ba AOCMAHHKH KocTep 
if eBewi, l!!O rrpauroBaAH aa.zi; Bi,lucpHTTHM :gnoro eAe
MeHTy, BHXOAH11H a rrepecBi4qeHHH B npaa.n;HBocri Eo-

•• ••• u 

poBOl Teopn, CTaAH HOro myKaTH cepe.zi; UHPKOHOBHX 
MiHepa.Ma i .ztjtt~Ho TaM iforo aaattmAH ( 1923). THM 
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BOHM Aa.i\H peaALHHH AOKa3 npaBAHBOCTH EopoBOl 
KNICMcpiKauii'. xeMi'llHHX e.i\eMeHTiB Ha OCHOBi IX aTO
MOBOI cTp)'KTyp11, a ye 6y Ao TaKO)I{ nocepeAHiM .n;o-

u • •• u ••• • 

KaaoM npaBAHBOCTH :u yl.i\01 :uoro Teopu, HK p1BHO )I{ 
i PeaepcpopAoBoi'. iAei'. npo 6yAoBy aToMa B no.l(o6i 
COHHIIlHOI CHCTeMH. *) 

Ia Ta6A:u:yi paAioaKTHBHMx eAeMeHTiB, J.MO iI MM 
HaBeAH BHij!e, MO)l{Ha 6aqHTH, J!!O nepeTBopeHHH OA-

u • • 

HOrO eAeMeHTY Ha Apyr1111 AI€TbCH qepea BMAIACHHH 
a-qacTKH a6o fJ-qac;,TKH a eBeHTYa.Al>HHM BHAiAeHHHM 
TaKO)I{ i y-npoMiHHH. BiAnoBiAHO AO Toro BiApiaHHIOTb 
a-ne peMiHy ti fJ-ne peMiiiy. 3a nepmol nepeMiHH 
,,Haij!a.l(OK'' noa6aBAH€TbCH .ZJ;BOX Il03HTHBHHX Ha6oiB 

• u u 

y CBO€MY aTOMOBOMY .HAPI H THM caMMM Ma€ aaHHHTH 
• u • • • • 

B HaTypaAbHIH CHCTeMI xeMI'llHHX eAeMeHTIB MIC:ge 
3 qeprOBHM qwcAOM 0 2 OAHHHUi MeHllIHM, Hi)I{ qep
roBe q11cA9 ,,npe.ZJ;Ka". HaBrraKH aa Apyroi'. rrepeMiHH 
HacAi.ZJ;KoM BTpaqeHHH fJ-qacTKH a'.TOMOBe HAPO ,,Ha
J.MaAKa" cTa€ 6iAbllI rroaH.THBHHM o I OAHHHUIO, a THM . . 
caMHM BIH Ma€ norracTH Ha MICUe 3 qeprOBHM qffCAOM 
o I OAH~HUIO 6iAbllIHM, Hi)I{ qwcAo ,,rrpe.ZJ;Ka". IHaKme 
Ka)l{yqH aa a-rrepeMiHH BiA6YBa€TbCH nepecytteHHH 
.eAeMCHT)' B rrepio.ZJ;HqHiH Ta6A:uui xeMiqHHX eAeMeHTIB 
AO Apyroi'. rpynH BAiBo, a aa fJ-nepeMiHH AO rrepmol 
rpyrr:u BnpaBo. JJe € rrpaB:uAo <l>aHHca i1: CoAAi, 
IJ!O cTBepAHAH 6yA:u xapaKTep o6ox HaaBaHwx nepe
MiH. RK MM BHJ!!e araAYBaA:u, aa UHX nepeMiH noBcTa
IOTb Mi.JK iHmHMH M TaKi eAeMeHTH, J.MO i'.x aToMoBi 
H.ZJ;pa MaIOTb O.ZJ;HaKOBe 'tJHCAO Ha6oi'.B, i TOM)' BOHM MY-

• • • u 

CHTb CTOHTH Ha TOM)' caMOMY MICUI B HaTypaAbHIH 
CHCTeMi eAeMeHTIB, xoq ix aTOMOBa Bara € piaHa. "TaKi 
eAeMeHTH Ha3ImaIOTbCH i 3 0 T 0 n a M H ( 3 rpeu»Koro 

*) 4oKAa,zuriwe npo ye AHB. y MOiii KHWlq!i ,,ffOBHii eAeMeHT 
ra~Hllt". II para 1928. 
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,,iaoc'' - OAHaKOBHH i ,,Torroc" - MicQe). MapKaHT
HHM rrpHKAaAOM iaoTorril e TPH copTH OAHBa, a HKHX 
ABa MaIOTL OAHaKOBY aTOMOBY Bary 206 i OAHH -

208, aAe aHi Ta aHi Apyra Bara He BiAIIOBiAa€ BiAOMiH 
i TOllHO BH3Ha"CJeHiH aTOMOBiH Baai OAHBa 207,21. 
IloAi6HHX rrpHKAaAiB MQ)l{Ha 6yAo 6 HaBeCTH 6iALllie, 
aAe MH QLOro He 6yAeMO po6HTH, l,!!06 He p03THI'aTH 
Hall!oro BHKAMY· CKa)KeMo TiALKH, IJ!O AOCi BiAKPHTi . . . . . 
130TOIIH pl3HHX xeMiqHHX eAeMeHTIB MaIOTL yc1 aTO-
MOBY Bary, BH3HalleHy QiAHMH "CJMCAaMH 6ea Apo6y. 
KoAH )I{ MH 6a"CJMMo, IJ!O rrepeBa)l{Ha 6iALlliiCTL eAe-

. MeHTiB Mae aTOMOBY Bary 3 Apo6oM, TO ye IIOHCHIO€TL-. . 
CH THM, ij!O 130TOilH AaHoro eAeMeHTY B rrp11pOAI 
icHyIOTL Bee rrop)'ll ce6e, rrp11 "CJOM)' Ix rrporropyix 
MO)Ke 6YTH TaKa, ij!O B peayALTaTi rrepecillHa aTO
MOBa Bara QLOro eAeMeHTY BM3Haqa€TLCH qJ1CAOM 
ia Apo6oM. TaK, Harrp., npHpOAHHH xAop CKAaAa
€TLCH a ABOX iaoTorriB, :r.go Ix· aTOMOBa Bara € 35 
i 37, y BHcAiAi llOro aTOMOBa Bara XAopy, T06To 
MilliaHMHM o6ox QHX iaoTorriB ( 77,15 % rrepll!oro 
ii 22,85% Apyroro) BH3Halla€TLCH llHCAOM 35,457. 
3HoB PTYTL Ma€ a)K ciM iaoTorriB ia aToMoBoro Ba
roro 196, 198, 199, 200, 201, 202 i 204, a MimaHHHa . . . . . 
BCIX :IJHX 130J'OIIIB, ij!O !CHY€ B rrpHpOAJ, BHKaaye aTo-
MOBY Bary 200,61. lcHy:saHHHM iaoTorriB IIOHCHIO€TLCH 
H 3raAy:saHi paHillie aHOMaAil B rrepiOAHqHiH CHCTeMi 

• • • u • 

xeMlllHHX eAeMeHTIB, a TO BAaCHe, ij!O KaAIH, HIKeAL 
i HOA aa lxHiMH aTOMOBMMH BaraMH MaAH 6 cTOHTH 
B CHCTeMi rrepeA aptoHOM, Ko6aALTOM i TeAypoM. 
y AilicHocri )I{ cnpaBa rrpeACTaBAH€TLCH TaK, IJJO Ka
AfH Ma€ i30TOI1H 3 aT. B. 39 i 41, HiKeAL ia aT. B. 58 
i 60, a HOA Mae aToM. Bary 127. HaToMicTL aptoH Mae 
aTOM. Bary 40, KoOaALT - 59, a TeAyp Mae iaoTOIIH 
a aT. B. 126, 128 i 130. TiALKH HacAiAKOM Toro, :r.go 
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• u • • • • • 

B rrpHpOAHIH MlI.llaHHHI 130TOIIIB rrepeBa./KaIOTL Aernn 

iaoTOIIH KaMIO ii HiKeJ\.IO Ta HaBrraKH Ba.IK'CJHH iaoTorr 
• • • • 

TeAypy, peayALTaTHBHO AOTH'CJHI 1cHy10lll B rrpHpOAI . 
eAeMeHTH BHKaayIOTL TaKy aTOMOBY Bary, 3rIAHO 

3 HKOIO iM y rrepiOAH'CJHiH CHCTeMi MaJ\.O 6 rrpHrra

.zr;acTH HeBiAIIOBiAHe Micye. OT)l{e, KOAH Ha rrepmHti 
• ••• • u 

IIOr.i\HA 3Aa€TLCH, J!!O ara.zr;aHI aHOMaJ\.11 B HarypaMHIH 
• • • • u 

CHCTeMI eAeMeHTIB ICH)'IOTL, TO Terrep HCHO, HKa B AJHC-

HOCTi € rrpH'C!HHa QLOrO HBHJ!!a. IJJo6 IIOKa3aTH Ha

O'CJHO, HK IIOBCTaIOTL iaoTOIIH, B./Ke BHJ!!e IlOAaHy Ta6-
• • • 

J\.HQIO pa.zuoaKTHBHHX eAeMeHTIB 1 IX rrepeTBOpeHHH 

IIOAa€MO B HaCT)'IIHiti cxeMi. . ' .• 

92 

91 

90 

89 

88 

87 

86 

Bl 

84 nor Hiu R•.C.. Ra A 

83 'Ra.£./~c 
17 " 82 Ph Ra. 0 Pb Ra.8 

' 81 Rd c, 

9!1 

TOPiU Pc11f1orop 90 

l;''I 89 

H•>arapi#1 r ;: 
ThEm. 86 

I 85 

Th.C1 ThA 84 

/ "rh.c BJ 

Pb P~ '"'hB 82 
Th.D 81 

Ha Yiti rpacpi'C!Hili cxeMi';MaeMo a ABOX 6oKiB no 
• • u • ••• • -- • 

rrpHMOBICHIH J\.IHU 03Ha'tleHI y11cppaMH MICQH B HaTy-. .., . . .. . .., . . .. 
paALHIH CHCTeMI eJ\.eMeHTIB, 11!0 IM Ha II03eMHIH J\.lHll 

Bi.zr;rroBiAaIOTL piaHoro IIOXOA)l(eHHH i30TOIIH, HKHX 

aTOMOBa Bara 3Ha'CJHO Mi)I{ co6oro pi3HHTLCH, aJ\.e ix 

aTOMOBi HApa HecyTL OAHaKoBi Ha6oi. XapaKTepnc-
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THqHoro rrpHKMeToro iaoTorriB e Te, i.yo Ix xeMi'tJHi 
B.i\aCTMBOCTi € 30BCiM iAeHTH'tJID a6o B KOJKHOMY paai 
HacTi.i\LKH 6.i\M3LKi, J.YO xeMiqHHMH MeTOAaMH poa.zti
.i\MTH ix He~erao. Paa aMimaHi, BOHR BJKe rrpoAOB-. . 
JKYJOTL ICH}7BaTH Hep03.i\)"tJHO, XO'tJ B OCTaHHLOMY tJaCI 
BHrrpayLoBaHo BJKe MeTOAH 1x BiMiAeHHH. B npHpoAi 
MH Ma€MO, OTJKe, He ,,tJHCTi" xeMitJHi e.i\eMeHTH, T06To . . . 
TaKI, IJ!O CK.i\aAaIOTLCH 3 OAHOro Tl.i\LKH copry aTOMIB, 
a.i\e MimaHHHY iaoToniB. 3 IIOBHJ.YOro HCHO, J.YO KO
.i\HIIIHiH IIOrJ\HA, Hi6HTO B npHpOAi iCH)'€ CTi.i\LKH cop-. . . . . . . 
TIB aTOMIB, CKI.i\LKH € xeMiqHHX e.i\eMeHTIB, He BJAIIO-
BiAae o6'eKTMBHiH npaBAi, 60 B Ai:ticHOCTi copTiB aTO
MiB € 3Ha'tJHO 6i.i\LIIIe, HbK e.i\eMeHTIB. 3ara.ALHO MOJKHa 
CTBepAHTH, J.YO Ha. 92 xeMitJHi e.i\eMeHTH npHrra+J;ae 
AOCi BiAKPHTHX IIOHaA 250 HecTa6iALHHX i KO.i\O 300 
CTa6ULHHX copTiB aTOMIB, 60 AeHKi e.i\eMeHTH MaIOTL 
He .i\Mllle no ABa tJH TPH iaoTonH, a.i\e ii aHa'tJHO 6iALme 
( JJ;HHa Mae aJK 11 iaoTorriB) . 3 Apyroro 6oKy, HK ye 
BHAHO 3 BHij!eHaBeAeHoi Ta6.i\Hyi pa+J;ioaKTHBHHX e.i\e-. . . . . . . 
MeHTIB, 1cHyroTL I TaK1 xeMI"qHI eAeMeHTH, HKI MaIOTL 
OAHaKOBY aTOMOBY Bary, a.i\e ix aTOMOBi HApa HeCYTL 
HeO.l);HaKOBi Ha6oi, TaK J.YO yi eJ\eMeHTH MaIOTL 30BCiM 
piaHi xeMitJHi B.i\aCTMBOCTi. TaKi eAeMeHTH Haa1ma10TL
cx iao6apaMH (a rpeJJ;I>Koro ,,iaoc" - OAHaKOBHH 
i ,,6aproc" - Ba)Kl(Hi1:). f pyna iaoTorriB, IJ!O B HaTy-

• u • • 

paALHIH CHCTeMI eAeMeHTIB MaIOTL Te caMe 'tJeproBe 
'tJHC.i\O, HaaHBaeTLCH II.i\eHAOIO. 

JhHIJJe iaoTorrii HacTi.i\LKH IIOIIIMpeHe B npHpOAi, 
• • • u 

IJJO BOHO Mae MICJ];e HaBITh y CBOrO pOAY ,,npHBl.i\eH-
OBaHHX" xeMitJHHX eAeMeHTIB, HK BOAeHL Ta KHCeHL, 
6oJK 3HaeM, IJJO aTOMOBY Bary BH3HatJa.i\OCH BiAHOCHO 
BOAHIO HK 1, a noTiM cTa.i\H il BH3Ha tJa TH BiAHocHo 
KHCHIO HK 16. 0AHatJe Ha IIO'tJaTKY 1932 poKy aMepH
KaHCI>Ki .zr;ocAiAHHKH IOpi, BpeKKBHA i Mop<J>i BiA-
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• 
KpHAH 130TOil BOAHIO 3 aTOMOBOIO BaroIO ABa pa3H 
6iAbIIIOIO aa aTOMOBY Bary 3BH1JatiHoro BOAHIO. Qeti 
iaoTon (~H) HaaHBaIOTh Ba)KKHM BOAHeM. Toro )I{ 

caMoro poKy iHIIIi aMep11KaHcLKi AOCAi,z(HHKH 4)Ki0K 
i 4 )I{ 0 H c T 0 H BiAKPHAH AB a ,,Ba.JKKi" iaOTOilH KHCHIO 
a aTOMOBOIO Baro10 18 i 17. TaKHM lIHHOM np11pOAJIHH 

u • • • 

KHCHeBHH raa € BAacHe MIIIIaHHHOIO TpbOX 130TOIIIB 
160, 188 0 i 187 0,md cniBicHyIOTb y nponopuil 630: 1 :0,2. 
OT)Ke np11 BH3Ha11eHHi aTOMOBOI Barn BiAHOCHO KHC
HIO 186 0 Tpe6a po6HTH BiAilOBiAtty nonpaBKy. lJepea 
3Ay11eHHH ABOX aTOMiB ,,Ba)l{Koro" BOAHIO ti OAHOro 
aTOMa KHCHIO YTJ30pIO€ThCH MOAeKyAa ,,Ba)KKOl" BOAH. 
y npHpOAHiti BOAi Ha KO)l{Hi 2500 MOAeKyA 3BH1JaMHOl 
BOAH np11naAa€ 1 MOAeKyAa ,,Ba)KKOI" BOAH, IJ!O BH
HBAH€ CBOI oco6AHBi, cpia1111Hi BAaCTHBOCTi ti cpiaioAO
ritIHi (IIIKiAAHBi) BnAHBH. *) B Haylji e ABa norAHAM 
J!!OAO Toro, m<y Tpe6a 6yAo 6 ,LJ;aTH AecpiHiyiIO no
HHTTIO ,,xeMilIHMM eAeMeHT", T06To lJH CAfA yaa)KaTH 
aa eAeMeHTapHHM xeMilIHHM iHAHBiA TaKHH, IJ!O CKAa-. . 
Aa€ThCH 3 OAHOrO copry aTOMIB, lJM MO)Ke BIH CKAaAa-
THCb i 3 pi3HHX copTiB aTOMIB, a6o iHaKIIIe Ka)KYlJH, 
·lJH MaB 611 6yTH xeMilIHHM eAeMeHT ,,lIHCTHM" lJH BiH 
MO)Ke 6yTn TaKO)K i MiIIIaHHHOIO iaoToniB. BiAKPHTHH 
,,Ba)KKHM" iaOTOil BOAHIO Ha3HBaIOTb Te)K A e BT e pi€ M 
Ta oaHa11a10T1> tioro CHI\IBOAOM D, 60 a norAHAY rrep
IIIOI AecpiHiuil BiH € OKpeMOIO xeMilIHOIO iHAHBi.LJ;yaAb
HiCTIO a aTOM. Baro10 2,01418. B11aHa11eHHH tioro aTo
MOBol Barn Bi.LJ;HOCHO 186 0 rrepeBe,LJ;eHO B)Ke 3ra.AyaaHOIO 
MeTOAOIO AcToHa (cneKTporpaMH Mac).**) 

*) HK aamKHli BO.ZJ;eHb, TaK i aamKy BOAY Terrep yme BliTOTO
B.MllOTh rrpoMHCAOBO. Ilpo ai.ZJ;KpHTT.H Ix ,n;HB. y MOi'.M HapHci 
,,BamKHli ao,n;eHh i aamKa eo.n;a". Ilpara, 1935. 

**) l30TOIIH rrpHHH.HTO 03HatiaTH TaK, 1!!0 nepe.ZJ; CHMBOJ\OM AO
TH'IHOro xeMi'IIHOrO eAeMeHTY BHH3Y IIHllieTbCH Bi.ZJ;noai.ZJ;Horo :tJH<}>
poIO Ha6m ~oro aTOMOBOro .H.ZJ;pa, a Ha.A Hero aTOMOBY Bary i '30TOrry. 
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VII. 

ATOMOBI RAPA, IX CKAAA 
I IIEPETBOPEHHH. 

TpaHCMYTa:giH aTOMOBHX HAep paAioaKTHBHHX eAe
MeHTIB BiA6ysa€ThCH 11epe3 BHC.HJ\aHHH HHMH reAf€BHX 
HAep ( a-11acToK) i eAeKTpoHiB (fJ-11acToK). 3ra.AaHi qo
™PH OKpeMi eAeMeHTH - KaAiti, py6HAiti, AIOTe:giti 
• • u • • 

1 Ca.MaplH - BIDIBNIIOTh CBOIO paAIOaKTHBHlCTh BH-
CHJ\aHHHM {J-"CJ:aCTOK. OT)Ke reAieBi HApa ti eAeKTpOHH 
Ma.AH 6 6yTH CKJ\MOBHMH "CJ:aCTHHa.MH aTOMOBHX HAep 
iHmHX eA.eMeHTIB. 0AHa11e aHrAiticLKi AOCAiAHHKH 
MepcAeH i AeHAc6epi npH cBoi:x AOCMAax aaBBa-. 
.iKHAH noHBAeHHH nIA BII.i\HBOM a-11acTO"CJ:OK BOAHeBHX 
qacTOK aa TaKHX yMoB, Ae npHCYTHicTL BOAHIO 6yAa 
BHKAIO"CJ:eHa. 3ra.AysaHHti y)Ke paHime aHrMHCl>KHH 
yqeHHH PeaepcpopA nepeBiB y IJhOMY HanpHMi AO
KAa,zµii AOCAiAH ti y 1919 poyi CTBepAHB, J!!O npH ,,06-
CTpiAIOBaHHi" 30BCiM 'CJ:HCTOro aaOTOBOro raay a-"CJ:aCT
KaMH IlOHBJ\H€ThCH oco6AHBe npoMiHHH, J!!O CKAa.Aa€Tb-

. . 
CH 3 11aCT01IOK 110THPH pa3H J\ermHX, Hl)K a-11acTKH. 
IAeHTH11HicT1> i:x ia aToMOBHMH HApaMH BOAHIO 6yAa 
6eac)'MHIBHO AOKaaaHa. Q10 11acT011Ky PeaepcpopA Ha
aBaB npoTOHOM (3 rpe:y1>Koro ,,npoToc" - nepmHli 
11H nepBicHHii). BoHa Mae Macy 1,6736. I0-24 rp. 
i Hece 1 eA. noaHTHBHHH Ha6ili. Bara npoToHy BiA
HOCHO 18°0 BH3Ha11a€T1>CH "CJ:HCAOM 1,00756. OaHa"CJ:aIOTh 
lioro AiTepo10 ~p a6o ~ H, T06To CHMBOAOM BOAHIO a AO
AaTKOM oaHa11eHHH Ha6010 ti BarH. BHHHKHeHHH IJHX 
qacT0110K IlOHCHIO€ThCH THM, J!!O 3 11HCJ\a 50.000 OAHa 

• u • • 

a-"CJ:acTKa Ha neBHIH BIAAaJU cBoro AeTy KOH"CJ:e BAY-
"CJ:HTh AO aToMoBoro HApa aaory, a HKoro BH6HBae npo-. . 
TOH 1 caMa J\HIIIa€ThCH B aaOTOBOMY HApI, npH 'CJ:OMY 

141 



yrBoproeTLCH, HK nepexoAOBa <.I>opMa, HecTa6iALHHH 
iaoTon <.I>.i\IOopa a aToMoBoro Baroro 18. QeM: npo:gec 
nepe6irae TaIC : 

1,+N+ ~a--719sF--71s'O + ~H= la'O + ~p 
JJe .HBH:r.ye paHime Ha3HBaAOCH He BilOBID T01lll0 

,,poa6HrrHM" aToMiB. 4ocAiAH noKaaaAH, :r.yo li iHmi 
xeMi11Hi eAeMeHTH niA ,,o6cTpiAoM" lx a-llaCTKaMH 
BHAiNIIOTL BOAHeBi H;J;pa-npoTOHH. 3 Toro BHXOAHTL, . . . 
:r.yo Ha.BITL I He reJ\.1€Be HApo, a BAacHe aTOMOBe HAPO 
BOAHIO a TOIO :gerAHHKOIO, 3 HKOI 6yAyaTLCH MaTepifil\.L
HHH cBiT. Tax Y*e B MOAepHiaoBaHili <.I>opMi 3HOB Bi.zi;
POAHAaCH AaBHH iAeH IlpayTa, ariAHO a mco10 ,,nepBic
Horo" MaTepiaro MaB 6yTH BOAeHL. Xo1I iAeH :gH B cyri 
pe1Ii He poaMHHa.AacH a o6eKTHBHOIO npaBAOIO,_ OAHalle 
BOHa, no.zi;i6Ho AO iHllIHX aacaAffHllHX AYMOK y Hayui, 
6yAa TiALKH IlOllaTKOBHM c<.I>OPMYA}'BaHHHM TOI npaB
AH, :r.yo AO ii niaHaHHH aHa11Ho 6AH)K1le niAilillIAa cy-
11acHa <.I>iaHKo-xeMillHa HaYKa. Ilpo :tie B Hae aapaa 
i 6yAe MOBa. 

IJ!e B 1930 poui ;J;Ba illM~:gLKi AOCAi.zi;HHKH BoTe 
li BeKKep, nepeBOAH1!H ,,o6cTpiAroBaHHH" piaHHX eAe
MeHTiB a-llaCTKaMH ( 3 IlOAOHiio)' CilOCTeperAH, :r.go 3 6e
pHAiro BHXOAffTL oco6AHBe npoMlliHH, :r.yo M:oro BOHH 

• u 

BBaJKaAH aa y-npOMIHHH 3 OrAH.lJ;y Ha HOrO BeAHKY 
a.zi;i6HicTL npoHHKaTH AO MaTepiHALHHX TiA. CAiAOM 
aa HHMH AOCAi.zi;)K}'BaAH ye .HBWJJe <J>paHUY3LKHH <.I>i-
3HKO-XeMiK iKoAio Ta lioro APY)Klllla IpeHa (A01IKa 
cAaBHHX II. i M. Kropi), mci. cTBepAHAH, :r.yo Te oco6-
AHBe npoMiHHH MOJKe npOHHKHYTH HaBiTL 30 :QM. rAH-
6oKO AO 0.i\HBHHOI IlAHTKH, aAe CHALHO a6cop6yaTLCH 

• • u • 

THMH TIJ\.aMH, .ma MaIOTL y CBOHOMY CKJ\.MJ, BOAeHL. 
A)K y 1932 poui B)Ke 3raA)'BaHMii aHrAiiicLKHH cpiaMK 
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qeABiK po3raAaB 3pemTOIO rrpMpOAY :g1>oro HOBOro 
rrpoMiHHH. BMHBMAOCH, i.yo :ge e rrpoMiHHH MaTepiHAL
HOi rrpMpOAH i CKAaAa€TLCH BOHO 3 qacToqoK 3 Ma-

u • • • • 

coro, MaH.IKe :gIAKOBHTO pIBHOIO Mac1 rrpoTOHa, aAe w. 
qacToqKH He HeCYTL HiHKoro Ha6oro. ToMY ix Ha-
3BaHo HeBTpoHaMM. Maca HeBTpoHy e 1,676 .10-24, 

a Bi.AHocHo 186 0 iioro Bara e 1,00897. CHMBOAOM He
BTpoHy e AiTepa n a6o ~n. ToMY, IJJO HeBTpOHH He 
MaIOTL eAeKTpHqHHX Ha6o1B, He MO)l(yrh BOHM crrpH11M
HHTM HBMI.ge ioHi3a:gi1 ii tiepe3 :ge HeMO.IKHa fiaqHTH 
IIIJ\HX 1x pyxy B KOMopi BiJ\.LcoHa. EAeKTpoHeBTpaAL-. 
HICTL UHX qacToqoK € rrpMqHHOIO Toro, i.yo BOHM He . . 
illAAJITaIOTL BIIAMBOBI eAeKTpOII03MTHBHHX aTOMOBMX 
.HAep. BiA Ba.IKKMX aTOMOBMX H.zJ;ep HeBTpOHH Bi.zJ;6H-

v • u • 

BaIOThCH H AeTHTL AaAI MaH)l(e 3 TOIO caMOIO CKOplCTIO 
30-50 TMCHtI KM./ceK. HaBrraKH, KOAM HeBTpoH Ha.Ae-. 
TMTL Ha AerKe aTOMOBe HAPO BOAHIO, TO BIH :ge HAPO 
BH6HBae, AHmaroqHch Ha iioro Mic:gi, a Te HAPO AeTHTh 

• • • u • 

IIOTIM AaAI, OAep)l(aBIIIH BJ.A HeBTpOHY Moro KIHe-
THqHy eHepriro. · ToMY, i.go HAPO BOAHeBoro aToMa 
(rrpoToH) e eAeKTporro3HTHBHe, AaALmHii pyx rrpoTo
HiB BHKAHKae ioHi3a:giro, i iioro MO)KHa B)l(e rrofiaqHTH 
B KOMopi BiALCOHa. IIpo:gec rrepernopeHHH 6epHAie-

u • • 

Boro aTOMa Ha ByrAeBHH aTOM 13 BHAIAeHHHM HeBTpoHy 
Bi.zJ;6)7Ba€ThCH 3a cpopMY AOIO: 

!Be + ~He ---:)> 1lC + ~n 
4ocAfAH, rrepeBeAeHi pi3HHMH AOCAiAHMKaMH, rro

Ka3aAM, i.go IIOMMMO 6epHAiro raKO.IK i HM3Ka iHIIIHX 
eAeMeHTIB rriA 6oM6apA)7BaHHHM !x aToMiB a-tiaCTKaMH . . . 
rrepeTBOpIO€TLCH Ha lHIIIl eAeMeHTH 3 BHAJAeHHHM He-
BTpOHIB. Ue AOKa3ye, i.go HeBTpOHM BXOAHTL AO cKAaAy . . . 
aTOMOBHX .HAep rropyq 13 rrpoToHaMM, rrpM qoMY :g1 ABI 
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'llaCTOqKM cniBicHyIOTh HK 6Afl3IDITa. y BiADHOMY CTaHi 
•u u 

TaKa ABIHKa TBOPMTL HAPO Ba)J(Koro BO.zµIIO 11 HOCMTh 
HaaBy AeBTepoH (a rpe:g1>Koro ,,AeBTepoc'' - APY
rH:H) aHaAoriqHo AO Ha3BM HApa 3BHqa:i1:Horo BOAHIO 
,,npoToH". OaHaqa10T1> lioro a6o ~d a6o ~H. f eAieBe 
HAPO cKAaAaeTLCH a ABOX TaKHX ABilioK. QH KOM6iHa
:giH e TPHBKOIO :H <J>irypye B cKAa;U aTOMOBHX HAep pia
HMX xeMiqHMX eAeMeHTIB. IIpoToH AOAa€ aToMoBoMy 
HAPY 1 noaMTHBHHH Ha6i:H i Macy 1, a He.BTpoH Ti~KH 
Macy 1. OT)Ke B KO.JKHOMY aTOMOBOMY HAPi e cTiADKM 
npoTOHIB, cKiALKH Il03MTHBHMX Ha6om BOHO Hece Ha 
co6i, a :Horo Maca e piBHa cyMi Mac ycix npoToHiB i He
BTpoHiB. qeproBe qlfCAO eAeMeHry (BOHO IlOKaaye Ta
KO)K i qlf CAO Ha6om HA pa) Ha3HBaIOTh Te)K a T 0 M 0 B HM 
qlfCAOM. y rrp11p0Ai icHyIOTh nepeBa.JKHO eAeMeHTM . 
a rrapHcTMM aTOMOBMM qMcAoM, a :ye Mae CBIAqMTM 

u • 

rrpo Te, IJ!O HenapMCTMH rrpoTOH B aTOMOBOMY HAPI He 
€ CTa6iADHMH. 3 Apyroro 6oKy € TaKO)K <J>aKTOM, IJ!O 

u • • 

Ha11qa<;;TIWe aycTp1qa10ThCH eAeMeHTM 3 aTOMOBOIO Ba-
ro10, HKOI 'llHCAOBe 3HaqeHHH € KpaTHe 4. Qe IIOKaaye, . . 
IJ!O aT0MoB1 HApa TaKHX eAeMeHTIB cKAaAaIOTLCH a ca-
MMX a-qacTOK, T06To 3 reAi€BMX HAep, md CBO€IO qep-. 
ro10, HK MM BMIJ!e 3a3HaqHAM, CKJ\MaIOThCH 3 rrpOTOHIB 
i HeBTpoHiB. TaKHM qMHOM ocHOBHHMH yerAHHKaMH 
6yAOBM MaTepiHAhHMX TiA -HBAHIOThCH npoTOH i He
BTpOH. IJ!oAO /J-'tlacr_oqoK, TO CY't!aCHa Hayica BBa)Kae, 
11!0 BOHM BAaCHe He lCHYIOTh B aTOMOBMX HApa:x, a IIO-

u • • • 

HBA.mqTbCH H BM.i\lTaIOTh 13 aTOMOBHX HAep paAIOaKTHB-
HMX eAeMeHTIB y MOMeHTi IX poanaAy, HK BMAiAeHa 
npH TOMY eHepriH. B :gLoMy BAacHe if noAHrae MOAep
Hiaa:giH iAel IIpayTa, aa qaciB HKoro Ha rroqaTKY MMHY
Aoro CTOAfTTH <J>i3HKO-:xeMiqHa Hayica 6yAa IJ!e Ay)Ke . . 
AaAeKa BIA TMX AOCHTHeHb, HKI Mae CY't!aCHa Hayica 
npo 6yAoBy MaTepiL 
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Mali:)Ke OAHo-qacoBo 3 BiAKPHTTHM HeBTpoHiB aMepH
KaHcI>KHH <J>i3HK AHAepcoH Bi.ZJ;KpMB aTOMH II03HTHB
Hoi eAeKTpHtIHOCTH. Qe BiAKPHTTH 6yAo 3B'H3aHe 3 AO-. . . 
CAJAaMH HaA T. 3B. KOCMltIHHM rrpOMIHHHM, 1£0 rrpmco-. . . 
AHTb AO Hae 13 AaAeKHX Ml)KIIAaHeTapHHX rrpocTopm. 
OcKiAI>KO IIOI£aCTMAO AOCMAHTH ye rrpoMiHHH, TO 
Mae BOHO 6YTH 6e3MaTepiHAI>HHM rrpoMiHHHM CBiTAH-

•• u 

HOI npHpOAH, rrpu - tIOMY AOB)KHHa Moro XBHAb € 1£e 
KOpOTIIIa, Hi)K r-rrpoMiHHH. OT)Ke, HK IIOKa3aAH AO
cAfAH pociHCbKOro <J>i3HKa 0Ko6€AbQMHa (1929), 
ni..a; BIIAHBOM QbOro KOCMillHOro rrpoMiHHH BiA6yaaroTL
CH ,,BH6yxu" aTOMOBHX H.ZJ;ep 3 BH;tiAeHHHM BeAHlle3-
HOi KiAI>KOCTH eHeprii. IloBToprorotIH AOCMAH CKo-
6aAI>UHHa, AHAepcoH BMyq)'BaB npHpOAY caMoro Koc
Mit1Horo rrpoMiHHH, 6a)KaIOllH nepeKOHaTHCH, tIH He € 

BOHO 3AO)KeHe 3 eAeKTpOHIB. Ilpu TOM}' BiH, Ha CBOe . . 
3AHBOBaHHH, 3aBBa)KMB HaHBHlCTb TaM qacTOtIOK 13 . 
:MaCOIO eAeKTpoHy, HKl, OAHatie, B eAeKTpOMarHernq-. . 
HOMY IIOAI BIAXHNIAHCb HKpa3 y rrpoTHBHOMY Ha-
rrpHMi, Hi)I( BiAXHJ\.HIOTbCH eAeKTpOHH, T06To KO)l(Ha 
TaKa tiacTOtIKa Hece I rro3HTHBHHM Ha6ii1:. Qi tiac
TO'tlKH HaaBaHo no3nTpoHaMH. HacTyrrHoro (1933) 
poKy ABa aHrAi:tic:oKi AOCMAHHKH BAeKKeTT Ta OK
KiHAiHi, crriBrrpayiBHHKH .PeaepcJ>opAa, BilOBHi niA
rnepAMAH icHyaaHHH no3HTpoHiB. IIicAH u:ooro 3anpo
noH0BaHo 6yAo Ha3HBaTH eAeKTpOHH, HK Hel'aTHBHO 
Ha.AaAOBaHi 'tlaCTOtIKH, Her a T p 0 Ha M H, aAe UH Ha3Ba 
HKOCJ> He aaKpinHAacx, TaK IJ!O IX rrpOAOB)KYIOTb Ha3H
BaTH no-cTapoMy. CHl\.fBOAOM eAeKTpHtIHOCTH e AiTepa 
e a6o rpe:gLKa E 3 BiAIIOBiAHHM 3HaKOM, T06To AAH 

eAeKTpoHy e-' a AAH II03HTpoHy e+' a6o /3 i +~ E. 

4o TaKoro Ba)KAHBOro BiAKPHTTH, HKHM 6yAo BiA
KpHTTH AHAepcoHOM noanTpoHiB, npHAytIHAOCH Heaa-
6apoM ( 1934) HaBiTb AO neBHOl MipH ceHcaumHe Bi,ZJ;-
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KpHTTH DOAPY)IOKHM .IKoAio peaALHoro <f>aKTY rrepe

TBopeHHH CBiTAHHOi eHeprii Ha eAeKTpOHlI 

ti no3nTpoHH. JJe HaA3BH11atiHe HBHIMe 3aBBa)KHAM . . 
BOHH cnoqaTKY npM B)KHBaHHl TBep.zr;oro y-npOMIHHH, 

BHCHAaHoro Topi€M C", a noTiM BOHM CTBep.zr;HAM 

nepeTBopeHHH Ha eAeKTpOHH ti Il03HTpOHH TaKO)K 

i r-npoMiHHH, HKe BHHHKa€ npH o6cTpiAIOBaHID 6epM

Allo a-qacTKaMH Ta ij!OtiHO 3raAYBaHOMY iioro rrepe

TBopeHHi Ha ByroJ\L i3 BHAiAeHHHM HeBTpoHy. 0.zr;Haqe 

Ha UhOM)' He CTaAo, 60 He3a.zr;oBrO IlOTiM 6yAo CIIOCTe

pe)KeHO He MeHrne Bpa*a1011e HBHIMe HKpa3 npoTHAe)K-. . . 
HOrO 3MlCTy, a CaMe BHHHKHeHHH r-npOMIHHH 13 

3AyqeHHH eAeKTpoHy 3 no311TpoHoM. RBHIMe ue 

BiA6YBa€TLCH B TOH cnoci6, IJ!O rrpH 3YCTpiqi eAeKTpoHy 

3 Il03HTpOHOM BOHM 3Ay11a10TLCH, IXHi npOTHBHOro 

3HaKy Ha6oi B3a€MHO BHpiBHIOIOThCH ii 3aMiCTL THX 

A.BOX qacTOllOK BHHHKa€ r-rrpoMiHHH. HK He € 6ea

Me)KHO-MaJ\OIO Maca eJ\eKTpoHy, aJ\e )K eAeKTpOHH TBO-. . 
pHT& cKAa,.n;oBy 11acTHHY aTOMIB 1 THM caMHM € BOHH 

qacTHHOIO MaTepiHALHHX TiA. OT*e CTBep.zr;*eHHH 

<f>aKTY nepeTBopeHHH crroAytieHoi: ABitiKH-eAeKTpoH . . ._, 
3 rro3HTpoHoM - Ha CBITAHHY eHepr110 11 1-1aBrraK11 

• •• ••• • u 

nepeTBopeHHH QI€I eHepru Ha TY ABIHKY € HaoqHnM 

AOKa30M MO)KAHBOCTH rrepeTBopeHHH MaTepi1 Ha e1-1ep

ri10 ti HaBna~H. Ilo3MTpOHH .zr;o6yBaIOThCH Tenep pi3-

HHMH cnoco6aMH, aAe Bee B HeBeJ\HKiH KiALKOCTi. 

BBa)Ka€TLCH, IMO BOHH MO)f(YTL icHYBaTM AOTH, AOKH 

3a CBoro pyxy He HaTpaIIJ\HTL Ha MaTepi10, 60 B QLOMY 

pa3i BOHM HeratiHO 3)\yqaJOTLCH 3 eAeKTpOHaMH Ii 3HH

KaIOTL. 4ocAi.n;HHKH B AiAHHQi <I> i 3 HK H a To Mo Bo r o 

HApa CIIOCTeperAH, ij!O 3a neBHHX fMOB npoTOH rrepe-. 
TBopIO€T&CH Ha HeBTpoH I np11 TOMY BHHMKa€ no3MTpoH, . . . 
a TaKO)K 1 HeBTpOH nepeMIHH€TLCH Ha npOTOH I BHHH-

Kaa eAeKTpoH. Mw B)Ke 3raAYBaAH, !!!O e!\eKTpoHH He 
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e rrpMHBHI B aTOMOBMX H,LJ;pax H BMHMKaIOTh YHYTPI ix 

3a neBHMX BHyTpirnHix npoyeciB. Te * caMe Bi.AHO-... . . 
CMThCH H AO Il03MTPOHIB, ma He € rOTOBOIO CKJ\aAOBOIO . . 
tJaCTMHOIO HApa, ICH)'IOTh y HHX IlOTeHQlHAhHO Ta no-. . . . 
.HBNIIOThCH HaCAIAKOM TMX BHYTPillIHIX rrpo:yecrn, J!!O 

BiA6)1BaIOThCH CilOHTaHHO a6o IJ!O IX crrpnqMHHIOTh 

rreBHi 30BHilIIHi cpaKTOpM. 

0KpiM BMIJJe3raAaHMX icHyIOTh IJJe ABa pOAH qac

ToqoK, IJ!O rpaIOTb neBHY poAIO 3a nepeTBopeHHH aTO

MOBMX HAep. 0AHH piA HOCHTb Ha3BY HeBTPMHO, a 

qacTOlJKa Apyroro poAy Ha3MBaeTLCH Me3oTpoH. fi

rroTe3y icHyBaHHH qacToqoK HeBTPMHO BMCJ\OBHB ( 1 ~34) 
iTaAi:HchKMH AOCAiAHHK <I> e p Mi AAH ITOHCHeHHH TOI 

o6cTaBMHM, IJ!O 6iALllliCTL {:J-tiaCTOK npM CBO€MY BH

HHKHeHHi Hece MeHUIY eHepir10, Hi)K € yiAa. eHepriH 

po3rraAy aTOMOBoro H,LJ;pa. OT)Ke :H rrpo:yec rrepeTBO-. . 
peHHH HeBTpoHy Ha rrpoTOH 13 BHAlAeHHHM eACKTpoHy . 
Ta HaBrraKM rrepeTBopeHHH rrpOTOHY Ha HeBTpOH 13 BH-

AiAeHIDI Il03HTpoHy ~a€ BAaCHe Bi46yaaTHCL 3a TaKMMH 

<J>opMy AaMH : 

1) 1l --7 p + e- + HeBTpHHO 

• 2) p -> n + e+ + HeBTpMHO 

l.{acTOtIKa HeBTpHHO, 0 IlOAi6Ho AO HeBTpoHy, He Mae 

HiHl(oro eAeKTpMti:Horo Ha6oro, a 11 Maca e npM6AH)KHO 

i.ge n'HTb pa3iB MeHllla 3a Macy eAeKTpoHy. qaCTOtIKY 

Me3oTpoH BiAKPHB (1938) Hn0Hey1> IOKaBa. Ha3H

BaIOTh 11 TaKO)K ,,BaJKKMM eAeKTpOHOM"' a paHiwe Ha-

3MBaAH ITO iMeHH 11 o6'HBHHKa ,,IOKOHOM". qaCTQqKa 

UH Mae Macy KOAO 160 pa3iB 6iAnrny 3a Macy eAeKTpoHy 

:H Hece I eAeKTpoHetaTHBHMH Ha6i:H. Me3oTpoH e He

cTa6iALHoro 11aCT01IKOIO :H CKOpo po3rra.zr;a€TLCH Ha 

f:J-qacToqKy li HeBTPMHO. Ilepeci11HHli aiK Me3oTpoHy 

BHHOCHTb BCLOro TiALKH' 0,5.10- 6 ceK. 
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YBa)KaeMo aa AOUiALHe Ha ULOM)' Micui aaBBa)KHTH, . 
IJ!O Tenep- Ha)'Ka npo aTOM I aTOMOBe HA.PO TBO.PHTL no-
Ba)l{Hy raAya» aaraALHoi: Ha)'KH <J>iaHKH. AocAiAH B uiii 
raAyai IlOKaaaAH, ij!O B 6eaMe)KH0 Ma.i\HX poaMipiB 
aTOMOBOM)' CBiTi (poaMip aTOMa BH3HaqaeTLCH Be.i\H
qHHOIO I0-8 yM., a JIApa lioro BeAHllHHOIO I0-13 :JJM.) 
npo:yecH BiA6)'BaIOTLCH AeIJJO iHaKme, Hi)K ue CTBep
AH.i\a T. 3B. K.i\HCHllHa <J>i3HKa BiAHOCHO HBHJ!! y MaKpo
CKOITillHOM)' cBiTi. TaKpocilicLKHii AOCAiAHMKtaMoB . . . 
noKaaaB, J!!O MI)K aTOMOBMMM qacToqKaMM Ha BIAAa.i\l 
6iALmi:ti Hi)K I0-13 JJM., ;ti€ BiAIIITOBxyioqa cHAa, HK i B Ma-

• • • • u • • • 

K.POCKomqHOMY CBlTI, a.Ae Ha MeHmrn Bl.lJ;Aa.i\l Al€ Ha.BnaKM . 
B)l{e CM.i\a npMT.HraHHH Ml)I{ OAHaKOBO Ha.i\a.lJ;OBaHMMM 
qacTOllKaMM. CKAaAOBi qacTHHM aTOMa (HA.PO :ti eAeK
T.POHH)' no;ti6HO AO MaKpOCKOIDllHMX TiA, MaIOTL CBOIO 
Macy· it eHepriro. AAe BOHH nepe6)'BaIOTL y cTaHi po
Ta:yii: HaBKOJ\:O OAHOI ia CBOIX oceli . (:ye HBHij!e, HK 

BHij!e 3ra.AaHo, HOCHTL Ha3BY cniH), a 3 Toro BMil.i\M
BaIOTL J!!e oco6AHBi <J>ia:ITTIHi B.i\atTHBOCTi UHX 6ea
Me)KH0 Ma.i\HX qacTOllOK. MM B)l{e araA)'Ba.AH BHIJ!e aa 
ipOTOH, J!!O € KBaHTOM Hi6H CBoepiAHo KOHAeHCOBaHOI 
CBiTAHHOI eHepril. 4AH IlOHCHeHHH OIITHllHHX <J>eHo-. . . . . 
MeHIB y CBITI aTOMapHMX poaMipIB y)Ke He BHCTalla€ 
TeopiH eAeKTpo-MarneTMllHOro XBHJ\IOBaHHH, ij!O 11 MM 
aHaeMo a KAHCHllHOI cpiaMKM, 60 TaM AiIOTL oco6AHBi 
aaKOHH MexaHiKM. 3pemToro )K TYT 3HHKae piaHHQH 
MVK MaTepiHALHMMH qacTKaMH :ti cBiTAOM, 60 Ti qacTKM 
B CTaHi pyxy, no;J;i6Ho AO CBiTAa, TaKO)I{ 3a.i\OM.i\IO
IOTLCH. Jle TeopeTHllHO nepeA6aqaB (1924) <J>paHgyaL
KMH <J>iaHK A€-E poALi, a noTiM ue HBHIJ!e 6yAo CTBepA
)KeHO :ti eKcnepMMeHTa.i\LHO. 3aBAHKH TaKHM AOCHr
HeHHHM <J>i3HKM B AiNIHQi BHBqeHHH HBMIJ! aTOMapHoro 
cBiry cTaAO MO)KAHBMM ycyHeHHH TPYAHOIJ!IB npH 06-. . . . . 
llHCAeHHI WNIXIB 30BHIWH1X aTOMOBHX eAeKTpOHIB~ 
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IJJO ix rrpH TOMY 3ycTpi11aB caM aBTop Teopii aTo
MOBoi 6y,zr;oBH Bop, BHXOAHtIH 3 3aca,zr; KJUICHtIHOI 
cpi3HKH. 

y CBiTAi BHIJJeHaBe.zi;eaoro CTaIOTb 3p03)1MUHMH 
H iHmi HBHIJ!a, 3B'H3aHi 3 TOHKOIO 6y,zr;oBOIO MaTepii Ta 
11 nepernopeHHHM. RK MH BHlJ!e 3a3Hat1MAH, aTOMOBe 
HAPO BaiKKoro BOAHIO ,zr;eBTepoH CK.i\a.zi;aeTLCH 3 1 npo
TOHY ii I HeBTpoHy, ix C)'MapHa Bara (1, 00756 + 
1,00897) € 2,01653, a THM tiaCOM Bara ,zr;eBTepoHy 
€ TiAI>KH 2,01418, o.zvi<e pi3HH:gH € 0,00235. 3HOB )Ke 
reAieBe HAPO cKAa,zr;aeThCH 3 AJJO:X TaKHX ABi~oK i MaAo 
6 Ba)KHTH 4,03306, a B AiiicHOCTi BOHO Ba)KHTL 4,00279, 
T06To ii TYT e pi3HH:gH 0,03027. KoAH rrepeBecTH rro
Ai6Hi o6tIHCJ\.eHHH BiAHOCHO CKJ\.aAy iHIIIHX xeMitIHHX 

• eAeMeHTIB, TO BCIO.ZJ;H BHHBHTbCH, lJ!O aTOMOBa Bara 
AOTHlIHOro el\eMeHry € MeHma, Hi)K BOHa Mal\.a 6 6YTH 

• • • • • u 

BIAIIOBIAHO AO lJHCJ\.a rrpOTOHIB I HeBTpOHIB y Moro 
aTOMOBOMY H.Api. Qe HOCHTL Ha3BY ,zr;ecpeKTY MaCH 
a6o KOHAeHca:gi:M:Horo y,zr;iAy, a CYTL :gLoro HBHlJ!a . . 
IIOJ\.Hrae B TOM)', IJ!O rrpH IlOBCTaHHl HA;pa xeMitIHOro 
el\eMeHry i3 rrpoTOHiB i HeBTpoHiB lJaCTHHa Ix 3aral\.bHOl 
MaCH nepeTBOp10€TbCH Ha eHeptiro, m<:a BHAyqaeTLCH 
AO npocTopy. A TOM)' AAH Toro, IJ!OO BH,zr;o6YTH cKJ\a
AOBi 11acTHHH aTOMOBoro H.ZJ;pa 11H B3ara.Af :tioro po3-
6HTH, Tpe6a iioMY AOAaTH cTiALKH eHeprii, cKiALKH ii 
BHAy111-v~ocH npM TOM)', HK Te HAPO noBcTaAo. PeAH
THBHO .zi;y)Ke Bel\.MKHH Aecf>eKT MaCH e B reAieBHX HA;pax, 
a TOMY i:x po36HTH ,zr;oci HiHK He nolJ!aCTHAo, 60 HeMa . . . 
l!!e B HaYKOBHX AOCJ\l.ZJ;HHKIB TaKoro CHJ\LHOro A)l(e-
peAa eHeprii, IJ!06 MO)Kffa 6yAo 3 HLoro .zticTaTH He
o6xiAHY AJ\H po36H'ITH reAieBoro HA;pa BeAHKY ii KiAh
KicTL. 4ecpeKT MacH 03Ha11aron Am (rpe:gLKa AiTepa 
Ael\.LTa Ai AaTHHCLKa m). 3B'H3aHa 3 HHM eHepriH (e) 

• 
BH3Ha11a€TLCH pIBHHHHHM: 
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.n;e c oaHaqae cKopicTb cBiTAa. EepyqH rriA yBary BHl!!e
HaBeAeHHH Ae<J>eKT MaCH reAiro, o6qHCNllOTb, 1!!0 3B' H

aaHa 3 HHM eHepriH € 2, 72 . } 019 ept./MOJ\. a6o 6,5 . 1011 

KaA./MOJ\. IJe 3HaqHTb, i.go rrpH yrnopeHHi BCbOro 
riALKH 4 rp. reAiro BHJ\ yqyeTbCH KOJ\OCa.i\bHa KiAf>KiCTb 
eHeprii'., HKY Tpe6a 6yAo 6, Ol.JeBHAHO, AOAaTH, i.go6 
poa?HTH aTOMOBi HApa TaKOI HeBeAHKOi'. KiAf>KOCTH 
reJ\110. 

RK MH B)Ke aHaeMo, B rrpHpoAi pa;tioaKTMBHHM 
npo:gec BiA6yaaeTbCH uiAKoM CITOHTaHHO. AAe B OCTaH-. . 
HLOMY "tJac1 HayKoBMM AOCJ\IAffMKaM nol!!aCTHAO pea-
AiayaaTH :ge:ti caMMM npoyec i B ~6opaTopiL RBH™e 
:g;e HOCHTL Tenep Ha3BY IIITYl.JHOl pa4ioaKTHB-

u . • • 

HOCTH, a Bnepme HOro CTBep4HJ\H B)Ke HaM Bl.l1;0Ml 
Cl>. Ta Ip. )KoAio np11 o6cTpiAroBaHHi aA10MiHi10 
a-lJaCTKa.MH. IJJe B 1933 poui 3aBBa)KM)\H BOHH, 1!!0 
npH TOMY BiA6yaa10T1>cH ABi peaKuii'., a TO: 

I) 21Al+ + aos·+ 1. Ta 1 a 2 a ---? 1 + z 1 P 
2) 21Al+ 4 a 30 Si+ 1 n+ e+ 13 2 --? 1+ 0 

IlpoAOB)l{yroqH cBol AOCMAH, BOHM noTiM ( 1934) CTBep
AHAH, i.go Il03HTpOHH ( e+) npo40B)KYIOTL BHAiNITHCb 
AeHKMM qac i nicAH Toro, HK o6cTpiA aJ\IOMiHiIO a-l.JaCT
KaMH npHIIHHH€TLCH. IIpH TOMY xeMi"tJHOIO aHaAi3010 
6y J\O CTBep4)KeHO HaHBHiCTL <J>oc<J>opy. 3 Toro BHXO
AHTL, ™o peaKQiH BiA6yaaeTLCH TaK, ij!O B Mi)Kqaci 
BHHHKae paAiOaKTHBHHM <J>oc<J>o p, mcoro IlOJ\OBHH
HHH nepio4 € KOJ\O 3! MiHYT. Ilo.ZJ;i6Ho AO QLOro BH
HHKae ti paAiOaKTHBHHH CHAi:gili ia IIOJ\. nep. 
2 MiH., 45 ceK. 0.zpKe ue MOiKeMO npeACTaBHTH TaK: 
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I) i~Al + ~a ---7 ~n + ~~ P (3,25 Mia.) ---7 ~~Si + e+ 
2) i~ A1g+ ~a-> ~n+ i~Si (2,75 Mia.)-> i~Al+ e+ 

CTBep.ziiKeHo 6yAo rroTiM llITYtIHY paAioaKTHBiiicTh 
Tal(Q)K i B 6araTbOX iHlllHX xeMitIHHX eAeMeaTiB. IlpH 
TOMY BOHa MO)l(e BHHHKHY™ npH o6cTpiAroBaaHi Ix 

u • . 

He AHIIIe a-tiaCTKaMH, aAe H IHlllMMM, HK npoTOHH, 
HeBTpOHH tIH AeBTepOHH. 4AH iAIOCTpauil HaBe4eMO . . 
ryT npouec11 noBcTaHHH pa41oaKTHBHHx eAeMeHTIB 

• U I • u • 

a3ory, MarHe3IIO H HaTp110, Hl(HX IIOJ\.OBHHHHH nep104 
€ B)l(e 6iAhllIHM. 

I) 15°B + ~a-7»~n- \ 3 N(I0,5 MiH.) ____:,, 163 C + e+ 

2) ~~Al + ~ n-~ !.P + i~ Mg ( 10 MiH.) -~ i~Al + fJ 
3) i~Na+ id+ !P+ iiNa (15 ro.n;.) -~ i~ Mg+ fJ+ y 

y ApyroMy BHij!eHaBe4eHOMY npHKAa4i, HK 6atIMMO, 
• u .... , 

pa.zuoaKTHBaHH Marae3IH rrcpeTBOpl0€TbCH 3HOB Ha 
aAIOMiHiM, 3 .HKOro Bia IIOBCTaB 6yB qepc3 o6cTpiAIO
BaHHH HeBTpoHaMH. 4ocAiAH IIOKa3aAH' I,QO lllT)'lJHO
pa4ioaKTHBHHH eAeMCHT MO)Ke IIOBCTaT11 TaKO)I( i ni4 

• 
BIIAMBOM y-rrpoMIHHH, Harrp. : 

' 

~~P+ r-~ ~n+ ~~p (3 Min.)-~ ~~Si-l- e+ 

B3araAi Tcncp B~oMi TaKi KOM6iHayil: (a, p), (a, d), 
(a, n), (p, a), (p, n), (p, y), (d, a), (d,p), (d, n), (r,, a), 
(n, p), (n, y) i (y, n). TyT y AY*Kax nocTaBAeHo 03Ha-. . . 
"tJeHHH rrpOMIHHH pl3HHX copTIB, npH tIOMY rrcprna 

• • 
AITepa 03Ha"tJa€ npoMIHHH B)l(HBaHe, a Apyra BHTnopeHe 
rrpoMiHHH. 4oTerrep Y*e cTnepA*eHo 6yAo eKcrrepn
MeHTa,,·.~Ho KOAO 600 nepeTBOpeHh OAHIIX aTOMOBHX 
HAep Ha Apyri, npH 1IOMY IIOBCTa€ IlOHaA 300 HeCTa6i
AhHHX i Hepa4ioaKTHBH11x HAep, 41 np11poAHo-pa.n;io-
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aKTHBHHX i KOJ\O 220 IllT)'tIHO-paAiOaKTHBHHX. IlpM 
TOM)' BHHMKaIOTl> 34e6iAl>111oro HecTa6iAl>Hi IDT)'l!HO-

• • u • 

-pa.n;1oaKTHBHl eAeMeHTM, HKHX IIOJ\OBHHHHH nepIOA 
€ HeBeJ\HKHH. 0.n;Hatre Bi.LJ;oMi Te)K i TaKi, i,go i'.x 

u • • • • • 

IIO.i\OBHHHMH nep104 TpHBae HaBITb KIJ\hKa MICHijlB. 
RKIJ!O Ha BHI,geHaBe.n;eH11x np11KAa.LJ;ax MM 6atr11Mo . . 

nepeTBopeHHH OAHMX e.i\eMeHTIB Ha Apyr1, TO Tyr . 
pa30M 13 THM MO)KeMo cTBep411T11, i,go ye neperno-. 
peHHH cyrrpoBOAMTLCH BMAIAeHHHM neBHOrO copry 

• • rrpOMIHHH 1 BHTBopeHHHM eAeMeHry 3 aTOMOBOIO Baro10, 
6AH3LKOIO AO aToMoBoi'. Bar11 :Hero ,,npe.LJ;Ka". AAe 
iamoro xapaKTepy HBHIJ!e Mae Micye npH 06cTpiA10-
BaHHi HeBTpOHaMM HaHTH)KtrOrO eJ\eMeHTy-ypaay. Jlle 
iTaAf.HCLKHH cpi3MK <I>e pMi p03IIOtraB 6YB yi eKcnep11-
MeHTH, np11 troMy tioMy Hi611To rroIJ.!aCTMAO ·3406yT11 
T. 3B. T pa H c y pa H 11 T06To e.i\eMeHTM 3 'tleprOBMMH 
llHC.i\aMH 93 i 94. Jlpo.n;OB)KYBaAM i'.x HiMe]JhKi .zi;ocAi,21;
HHKM MaiiTHep, faa i IIITpaccMaHH, md crrotraTKY 
AYMaAH i,go aaatimAM ( 1939) TpaHcypaa11 3 treproBMMM 
lJHC.i\aMH HaBiTL 95 i 96. 0.LJ;Ha'tle Heaa6apoM xeMitJ¥OIO 
aHaAf30IO AOKaaaHa 6yAa rrpMHBHiCTb 6api10 i IlOTiM 
TaKO)K KpHnTOH)' Ta iHillMX eAeMeHTiB, HK yepi:H, AaH
TaH, KCeHOH, py6H.LJ;ii1:, CTpoayili, ueaiii Ta iH. 3 Toro 
BHXO.l(HTL, J!!O rrpH o6cTpiAIOBaHHi ypaHy HeBTpOHaMM 
:Horo x.zr;po cnpaB.zr;i poa6HBaeThCH Ha uiAy HH3KY aTo-. . . 
MOBHX .B:Aep 1 TaKMM llMHOM 13 Ba)KKOrO xeMiqHoro 
eAeMeHry ypaay 3pOA)KY€TbCH KiAl>Ka .i\erlllMX eAeMeH
TIB. 3 Toro BHXOAMTL, IJ!O icHYBaHHH pa.LJ;ioaKTMBHMX 
TpaHcypaHiB e CYMHIBHe. HaToMicTL 6yAo crnep.zi;)KeHo, 
IJ!O npH poa6MTTi ypaHOBOro H.zr;pa BMHMKaAH H.zr;pa . . . 
IIIT)7l:JHO-pa.zuoaKTHBHMX eAeMeHTIB, m<l He rrepeTBOpIO-
Ba.i\HCh, no4i6ao AO HaBe..n;eHMX BMIJJe rrpMKAa.zi;iB, BiA
pa3y Ha CTa6iALHi .B:Apa .ZJ;OTM'tJHMX iHillMX eAeMeHTIB, 
aAe HaBIIaKH .zr;aBaAH ;.i;aAl>mi HecTaoiALHi H;I;pa. TaKHM 
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tJHHoM: BHTBoproeTLCH QiAHti pHA mT~Ho-pa.zi;ioaKTHB
HHX eAeMeHTiB, J!!O Hara.zi;ye co6oro PHAH npHpo4Ho
pa4ioaKTHBHHX eAeMeHTIB. Ilo.ZJ;i6Ho HK B ypaHa TaKO)K 
i rrpH poa6HTTi TOpieBoro H.ZJ;pa. CilOCTepe)KeHO BHHHK
HeHHH PHAY IIIT)'1IHo-pa.zdoaKTHBHHX eAeMeHTiB. Ia 
IIOBHJ!!Oro HCHO, J!!O HBHJ!!e lliT)l1lHOl pa.zi;ioaKTHBHOCTH 

• • 
IIONira€ He B TOMy, J!!O IDA BIIAHBOM 30BHlillHLOro 
tJHHHHKa aToMoBe HAPO m<orocL eAeMeHTY cTae caMo . . 
pa.ZJ;IOaKTHBHHM, a TIALKH B TOMy, J!!O Te HApO TpaHc-
<J>OpM)7€TLCH Ha iarne HApO, HKe no CBoiti np11po.zti He 
e cTa6iALHe :ti crroHTaHHO poarra.ZJ;a€TLCH. OT)Ke npH
po.ZJ;Ha if IIIT)'l!Ha pa.ZJ;ioaKTHBHiCTL HBAHIOTL co6oro 
<f>eHOMeH TOTO)KHLOro xapaKTepy. 

4oTerrepiIIIHi AOCHrHeHHH HayKH B AiAHHJli BHB

tJeHHH 6y.ZJ;OBH MaTepii'. Ta iI nepeMiH MaIOTL THM qacoM 
MaH)Ke BHKAIO'tJHO TeopeTH'tJHHif iHTepec. 0.ZJ;HatJe B)Ke . 
u • • 

H Terrep HaMitJaIOTLCH MO)KJ\MBOCTI BHKOpHCTaHHH pa-. . . . 
.zuoaKTIIBHHX 1a0Torr1B rreBHHX eAeMeHTIB AAH crnep4-
)KeHHH rrpHHBHOCTH QHX eAeMeHTiB TaM, Ae ix KUL
KicTL Ay)Ke MaAa a6o Ae TPYAHO !x KOHTpOAIOBaTH 
xeMitJHHMH MeTo.ZJ;aMH. HK MH BHJ!!e ara4yaa.AH, B paai . . . 
3MimaHHH I30TOIIIB BOHH AMIIIaIOTLCH B)Ke Hep03A)'1l-
HMMM. 3a .ZJ;aJ\l>IIIHX npoueciB BOHM 6epyTL y HHX 
)'1laCTL 0611.ZJ;Ba B nporropQi:t:iHiti: KiALKOCTi. Te)K ca.Me 
6yaae if y TOMY paai, KOAH OAHH ia iaoToniB e pa.ztio
aKTHBHHH. ToMy, J!!O cpia11Ka poanopH.ZJ;)Kae TaKHMH 
qyrAHBHMH rrpMAa.ZJ;aMM, m<i YMO)K)\MBAIOIO.TL crnep4-

u • u • 
JKeHHH He3BM'tJaHHO MaJ\HX KlALKOCTeH paAIOaKTHBHHX 

• • 
eAeMeHTIB, TO THM caMHM .ZJ;a€TLCH MQ)K)\MBlCTL crnep.n;-
)KeHHH HaHBHOCTH ti aepa.ztioaKTHBHHX iaoTorriB. TaKy 

• • • • • 
poAIO 1 HA II Ka T o_p 1 B pa.ZJ;IOaKTHBHl 130TOilH rpaIOTL 
He riALKH B xeMitJHHX rrpoyecax, aAe i1: y 6ioA.OritJHHX. 
OT)Ke, aanp., aKTMBHHH iaoTon yrAro Mae noAOBHHHHii 
nepio.n; KOAO 40 MiHyT. HKIQO iioro aMimaTH 3 HeaKnm-
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HMM i30TOilOM ~ y q>opl\Ii HKOrOCb nperrapary BBeCTH AO 

)KMBOro opraHI3MY pocAHHHOfO "l!M TBapHHHOro,, TO 
MO)KHa B ueti: crroci6 AOCHTb AOBrO o6cepB)'BaTH, HI< 
Ta cy6cTaH:yiH .P03AiAH€TbC.H B AOTMqHOMY opraHi3Mi' 
a QC MO)Ke 6yr11 HaA3BM'tJaMHO Ba)J()\HBMM II.PH BHBqeHHi 
npoQecy o6Miay peqoBMH, crrewHAhHO B paai nopy
meHHH HO.PMaAbHoro nepe6iry Qhoro npouecy aa 
HKolcL xsopo6:n. CaMo co6010 poayMieThCH, IJ!O if AAH 
AiKyaaHHH 6yAo 6 Ba)KAHBHM BMKO.PHCTaHHH IIITytIHO-. . 
pa41oaKTHBHMX eAeMeHTIB, aAe TMM qacoM cnpaaa . . . 
Ma€TbCH TaK, IJ!O B MeAHQHHI BCe)KTaKH BHnAHIIIIe 

•u u 
B)KHBaTM paAIH, He 3Ba.1Ka10q11 Ha HOfO AO.PO)KHetiy, 

• • u • u 

aHI)K npirroTOBJ\HTM lliT}'llHO-paAIOaKTMBHHH HaTpIH. 
MoAepHa HayKa eKcrrep11MeHTa.i\LHo AOKa3aAa, IJ.!O . . . 
AaBHH IACH a.i\XeMIKIB npo nepeTBopeHHH OAHOro po4y 

••• u • 

l\faTepu Ha ApyrHH Ta MO)KAHBICT.b TaKHM 'tlHHOM 3A0-

6yTn llIT~He aoAoTo MaAa B co6i aepHo npaBAH. Bona 
6y .i\a XHMepHOIO aa qaciB caMHX a.AXe1.riKiB, 60)1{ ui 
qacoM Ha.BiT.b Ay)Ke IlH.i\LHi AOCAfAHHKH (a6cTpatyroq11 
BiA C}'MHIBHHX crreKy AHIJiM pi3HHX aq>epncTiB) He po3-
nopHA)KaJ\H AAH peaAiaauil TOI CBO€l i4el TaKHMH MO
ryTHiMH AOCAiAHHIJbKHMH aaco6aMH, HKHMH po3no
pH.lJ;)KaIOTb CY'tJaCHi AOCAiAHHKM. JJi OCT3HHi 3aMiCTh 
Ta€MHHqoro ,,KaMHH MyApeuiu'' B)KHBaIOTb np11 CBOlX . . 
npayHx a-qacTOK, ACBT.POHIB 'tlH HeBTpOHIB, IJJO npo 
MO*AHBicT.b Ix icnyaaHH.H cepeAH.boaiqHi aAxeMiKn, 
po3yMieTLCH, HaaiTL i He ni.n;oapisa.AH. Piq ncHa, IJJO 

HeMa HiHKOI niACTaBH A)'MaTM, IJ!O ~He 30AOTO He 
6y4e apo6AeHe. AAe HeMa TaKO)K C)'MHmy, IJJO THM 
'tlacoM tioro rrp11roTyaaHHn ·6yAo 6 HacriALKH .n;opore, 
IQO B Qeti cnoci6 a6araqyaaTncL HixTo, oqeBHAHO, He 
6y.zte pH3HKyBaTM, ocKiALKH fioMy He BHnoaicTL cAy)K6y 

u ~ a4opoBHH poayM. IJ • 

· Terrep ia neBHiCTIO MO)KHa TBepAHTH, IJ!O icuye Ay)Ke 
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. . . 
BCJ\HKe qJlCJ\O TaKHX 130TOIIIB HeaKTHBHHX eAeMeHTIB, 
HKi B rrpHpoAi He € CTa6iALHi. IlpHpOAHi pa.ztioeAe-. . . 
MCHTH lCHYIOTb TlJ\bKH TOMy, IJJO eAeMeHTH ypaH 1 TO-
piH:, HK A*epeAO ix icHysaHHH, € HacTiALK~ CTa6iAhHi, 

. . . . 
IJ!O AO)l(I1J\H BOHH am: AO Hamoro qacy BIA npaBIKIB, 
KOAH I!!e noqa.Aa <J>opMysaTHCL caMa MaTepi». KaAiti, 
py6HAii:i, caMapii:f, .i\IOTeuii:f i HeOAHM Terrep Y*e He 
.HBAHIOTLCH nepeA HaMH HKHMHCL BHIMKOBHMH eJ\.eMeH
TaMH, XOtI € BOHH TC)I( CAa6o pa;UoaKTHBHi. JJi rr'HTL 
eAeMeHTiB € ,,ocTaHHi MOriKaHH" 3 BCJ\HKoro 11HCJ\a 

• • • • u 

THX paAJoaKTHBHHX eAeMeHTIB, HKl nepeA MlJ\LHOHaMH 
poKiB IIOBCTaAH 6yAH aa TaKHX fMOB TeMnepaTypu, 

u • • 

THcKy H npoMIHIOBaHHH, J!!O MaIOTh J!!e Micue Ha 
CoHui i:f iHmHX aop»x, aAe BJKe AaBHO He icH)'IOTh Ha 
Harni:H 3eMAi. qH TaKa CTa6iAiaaui» He € 03HaKOIO 
cTapocTH 11 a6o ~fO)l(e li rroqaTKOM cxHAeHH» ii AO cryrr
HeBoro aaBMHpaHHH Ta npHIIMHeHHH Ha Hili ycix TMX 

• •• u 

npouecm, J!!O IX MM 3BHqaMHO Ha3HBa€MO )l(MTTHM, rrpo 
ye Hexali HaM CKa)l(YTb CBO€ KOMI1eTeHTHe CJ\OBO 
acTpOHOMH it acTpo-<J>i3HKH. 

TIICARCAOBO. 

MM KiHtIMAH cBi1~i HapHc. BiH 6yn naATO KopoTKHii, 
IJJ06 y HLOMY MO)l(Ha 6yAo AOKJ\aAHime OCBiTAMTll 
npeAMeT Hamoro nuKAaAy. 0AHaqe AYMaeMo, J!!O li Ha . 
OCHOBI QbOro KOpOTKOro Ta Aa.AeKO Hes11qepnyroqoro 
Hap11cy 'IHTatI 3MO)l(e CKJ\aCTH co6i xoq aaraALHY. 
YHBY npo eTarrH esoArouii Ta AOC»n-IeHH» J\.IOACLKoi'. 
A)'MKH B iI CTpeMMHHi niaHaTH Ta€MHH:YIO BHyrpim
HLOI 6yAOBH MaTepiID\LHOro CBiTy. 
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BiA cTapoAa.BHix tiaciB HaimHaHa11Himi penpeaeH
reHTH J\IOACLKOro iHTCJ\CKTY HCBIIHHHO H peTeADHO 
npayroBaJ\H HaA 3HaHACHHHM cnoco6iB' J'!!O )'MO)l()\H
BHJ\H 6 IIOrJ\HH)'TH aa TY 3a.Bicy, aa HKOIO CXOBaHO 
6araTO Ta€MHHUL €CTBa npHpOAH. 'lJHMaJ\O 3 THX Ta€M-

. HHUI> CTaJ\O B)Ke HaM BiAOMHMH, aJ\e IICBHO l',l!e 6araTO 
ix AHllIHJ\OCH HepoaraAaHHMH li HeniaHaHHMH. CKiADKH 

u 
l',l!e € TaKHX He3HaHHX HaM Ta€MHHUL, KOJ\H H HKHMH 
cnoco6aMH 3MO)Ke HaYKa 1x BiAKPHTH Ta ti tIH BaaraAi 
BOHa ix KOJ\HCL BiAKpHe, Toro HiXTO, OtICBHAHO, He 

• 
3Ha€ 1 He MO)Ke HanepeA 3HaTH. 

BeAHtia.BHMH npeACTaBJ\HIOTI>CH AOCHrHeHHH cyqac
Hoi HaYKH B piaHHX AiAHHKax aHaHHH. AAe )K mAHX AO 

OCHrHeHHH ix He 6ys IIOCHilaHirli po)KaMH Ta HaBnaKH 
tiacTo 6ys BiH TepHHCTHli i TPYAHHiii. He Aernoro 
u u • • • 

H CKOporo XOAOIO HlliJ\H HaYKOBI AOCJ\IAHHKH AO Ill3-
HaHHH o6'€KTHBHOi npa.BAH, a nocryn HayKH 30BCiM He 
6ys caMHM TpiroMcf>aJ\LHHM IlOXOAOM 'tJH HenepepHBHOIO 
HH3KOIO 6AHCKYtIHX ycnixiB. HaBnaKH, aaBaHTOIO 
it TH)KKOIO npauero, 3A06}7BaIOtIH CTynHCBO Il03HQiIO aa 

• • • 
11oaHu1ero, noMaAy nocysaAHCH HaYKOBI AOCJ\IAHHKH 

BnepeA a)K apemToro npHBeAH KYALTypae J\IOACTBO aa 
BHCOtiiHL MOAepHoro 3HaHHH. IlpH TOMY tiepea XH6Hi 
rinoTeTHtIHi npHIIYJMCHHH iHOAi BOHH a6otI)7BaAH 
a npocToro IIIAHXY ii HKHHCL qac 6AyKaAH MaHIB:J!HMM, 

u •• 

IIOKH He 3HaXOAHBCH cepeA HHX TaKHH, 1!!0 CBOIM 
rocTpHM aopoM poarriaaaBaB TY .ZJ;o6py AOpory, HKa 
rrpoBaAHJ\a AO 6a)KaHoi uiAi. "Crescunt discip!inae 
lente tardeque - per varios-errores", MO)KeMo MH cKa-

• • 
aaTH CJ\OBaMH KOJ\HlliHLOro HIMC:J!LKOro AOCJ\IAHHKa 
<l>paH:ua HotiMaHHa. 

PiaHi 6iALmi ii Meami TPYAHOI!!i aycTpitiaAM Hay-
• • • • 

KOBI npaumHHKH, TPYAH11HCL HaA BHCBITAeHIDIM p1a-
Horo po.zty rm:Tam. Qi Tpy.n;aor,yi a OAHoro 6oKy 
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BHIIAfIBa.AH, He3a.Ae)KHO BiA AIOACLKOI BOAi, 3 caMHX 
AOCAf,lPK}'BaHHX <J>eHOMeHiB 't!H BHCBiTAIOBaHHX npo-
6AeM, aAe 3 Apyroro 6oKy CTBOpIOBa.AH ix i caMi AIOAH 
't!H TO HaCAfA.KOM neBHOro BAaCTHBOro AIOACLKiti: 

• • v • 

IlCHXl.{Jl KOHCepBaTH3My, 't!H H npOCTO 3 MOTHBlB rpy-
IlOBO-, a6o KaCTOBO-eroi'.CTMqHHX. 3oKpeMa HaTypa
MCTH AOCMTL aaaaaAH 6yAH TPYAHOIJ!eli :uiai Apyrol 
Ka Tero pi!. 

OAHa't!e, He 3Ba)l(aroq11 Ha Bci :ui TPYAHOIJ!i, npH-
• • v 

pOAHM't!I aayKM poaBHBaAMCH HeBnMHHO AaAI H aa 
OCTaHHix HKHX 150 po1dB AOCHrAM BCAHKHX ycnixiB. 
3oKpeMa <J>i3HKO-xeMi't!Ha aayKa MO)l(e IlOXBaJ\MTHCI> 
BeAHKHMM AOCHI'HeHHHMH BilPOAOB)I( HenOBHOro CTO-

• u • • • 

J\lTTH H cne:gIHAf>HO 3a OCTaHH€ HeflOBHe IllBCTOJ\lTTH. 
Tpe6a npHaHaTH, I.J!O HaBiTL IJ!e li Terrep BOHa aycTpi
qaeTLCH a neBHMMH BHHBaMH KOHcepBaTM3MY AYMaHHH 
qH li npocTo yrrepeA*eHHHMM a6o 3BHqatiHHMH aa6o-
6oHaMH. AAe Terrep :g1>oro po4y HBHI.J!a MO*YTL xi6a . . 
cAy)KHTH AOKaaoM aeBncoKoro IHTeAeKTYa.ALHoro pmHH 
Ix o6opoauiB i HiHK He MOiK)7TI> crrpHqHHHTMCI> AO 

3IlHHeHHH .n;aALIIIoro p03BHTKY <J>i3MKO-xeMiqaoi Ha}'KH. 
·Q~ Hayi<a IlOCTaBMAa apeIIITOIO fIHTaHHH npo 6yAoBy 
MaTepii: ii apo6MAa rroBa)KHHH nocTyrr no IIINIXY AO 

BHHCHeHHH :giei: npo6AeMM. Botta crrotiaTKY BHHCHHAa, 
I.J!O <J>iaH't!He Tuo cKAaAa€TLCH a MOAeKy A, a :yi MOAe
KYAH a aToMiB. IlicNI BHB11eHHH piaHMX noApo6HUL 
TaKo1 CTPYKTYPH a no't!aTKOM XX CTOMTTH apo6HAa 

v 

BOHa IJJe AaJU>IIIMM KpoK, rrocTaBMBIIIH nHTaHHH npo 
6yAOBY caMoro aTOMa ti CAfAOM aa TMM fIHTaHHH npo 
6y AoBy tioro HApa. B)Ke a* B ocTaHH1>0My 't!aci :yeti 
KOMIIACKC IlMTaHL 6yAo B 3Ha't!Hiti Mipi BHCBiTAeHo, HK 

• 
TaKOiK eKcnepHMeHTaALHO AOBCAeHO MO)l(AMBICTL ne-
peTBopeHHH OAHoro poAy MaTepii: Ha ApyrHli. 

PoamHpIOIO't!H li nor AH6AIO~'t!H cBoa aaaHHH IJ!OAO 
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CTPYKTYPH caMo~113.1'oMoBoro .HApa, HayKoBi AOCAi,ZJ;
HHKH npH CBO€MY BH}'11)7BaHHi uiei: Ta€MHHQi npH
POAH AiHIIIAH AO TaKHX rAH6HH i AeTaliAiB TOHKOI 
6yAOBH MaTepii'., Ae B)Ke uiAKoM 3HHKaIOTb rpaHHQi 
Mi* T. 3B. ,,*HBoro" ii ,,MepTB010" np11p0Ao10. Ta 
HaBiTh 6iAbme Toro. HayKa 30BciM o6'eKTHBHO CTBep-. . . .., . 
AHAa, IJJO HeMa rpaHHUl MDK MaTep1e10 H eHept1€IO, 
HKi B3a€MHO MO)KYTb TpaHccpopMyaaTHCb OAHa Ha 
Apyry. KoAH )I{ uiAa AYXOBiCTI> J\IOAHHH € HiIJJO iHme, 
HK oco6AHBi cpopMH npoHBy eHepI'ii'., TO ye 03Haqae, IJJO 
IjeH cpeHOMeH y CBO€MY €CTBi He € 3acaAHHqo qID,{Cb 
iHIIIHM, Hi)K TOH cpeHOMeH y npHpOAi, 11!0 iioro MH Ha3H
Ba€MO MaTepie10. IlpHpOAHe HBHIJJe, IJJO i:ioro MH 3BHKAH 
Ha3HBaTH CMepTIO, € xi6a TiJ\bKH OAHOIO 3 Toro 6e3-

u • • •u 
KOHeqHoro qHcAa HaHpl3HOPOAHIIIIHX TpaHCMYTaun1, 
IJJO nocTiHHO BiA6YBaIOTbCH B npHpo.ZJ;i. Ayx i TiAo 
AIOAHHH 6yAH, € H HaAaAi 3aAHIIIaThCH CKAaAOBOIO 
traCTHHKOIO BeAHKoro, He3MipHoro :H BiABitrHoro Koc
Mocy, IJJO Bcix M:oro Ta€MHHUL Ma6yTb HiKOAH He 
36arHe AIOAHHa CBOIM HaATO AaAeKHM Bi.zi; AOCKOHa
AOCTH po3)'MOM. 0AHaqe, xo'tl HKyc1> HeBeAHKY ix 

• 
qacTHHY BCe)KTaKH BlAKPHAa HaM MOAepHa HayKa 
3aBAHKH CBOIM AOCHrHeHHHM OCTaHHbOro qacy. 3o
KpeMa 3aBAHKH ycnixaM cpi3HKO-XeMiqHOl HayKH MH 
xoq qacTHHHO 3Ha€MO Terrep Ta€MHI1QIO 6y AOBH Ma
Tepii'. Ta ii: rrepeTBopeHHH. 
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