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IJIABA TIEPBAS

3ATAJIKA PAJITMOAKTUBHOCTU

B 5Toli KHMXKEe BBl HaigeTe paccKasdbl O NMPOHULATEILHBIX CHILI-
Kax, pasrajplBalOLLUX CaMble TOJIOBOJIOMHBIE 3araikul, CaMble€ HETOHSIT-
Hble TalHbI Ha ceere. HO TO/MbKO He MyMaiiTe, 4TO 3Ta KHMXKKA Oymer
[OXOXa Ha APYTMe KHIDKKM O ChIIIMKAaX — Ha KHIDKKA 00 OTBaXXHOM
Hare ITunkeproHe unu o xnagHokposHoM Illepnoke Xonmce, 0 KOTO-
pPBIX Bbl C TaKMM YBJIEUEHUEM YUTAIU B AeTcTBe. CBHILIUKHU, KOTOPBIX
Bbl BCTPETUTE 30ECh, OYEHb MaJl0 HAIIOMHUHAIOT OOBIYHBIX IE€pPOEB Me-
TEKTUBHBIX KHWXKeK. OHM He CIyXaT B IMOJULIMM, HE TNPEeCieayioT IO
[11TaM 3HAMEHUTBIX MPECTYITHUKOB, HE HOCST PEBOJIbBEpPA B KapMaHe U
MOJMLIENCKOr0 3HaykKa IMOJ OTBOPOTOM ITMmkKakKa. BO3MOXHO, YTO OHM
Jaxe YIMBWINCH Obl, eci Obl Y3HAJU, YTO WX HA3bIBAIOT CHILIMKAMM.
OHU — y4YeHble JIIOAM, MO IIEJNbIM IHAM CHIAIIME B JIAOOPAaTOPUSX,
CKJIOHSICh Hall CBOMMHU npubopamu, (ororpaduecCKuMU CHUMKAMU,
JIUCTAMU C BBIUUCICHUSIMU. Jla M TalHBI UM NPUXCAUTCS PACKPLIBATh
He takme, kak lllepmoky Xonmcy unu Haty ITunkeproHy. B 3Toit
KHIDKKE He OymeT HM 3araJloyHbIX IIATEH KpOBM Ha M3MSTON Tpase,
FOBOPSLIMX O HEPACKPBITOM YOWIICTBE, HEe OymeT TauHCTBEHHBIX IMOI3e-
MeNUH, aICKNUX MalllWH, NOAAEIbHbBIX OAHKOBCKUX YeKOB. TalHBI, C KO-
TOPBIMM HMMEIOT AEJI0 T€pOoM Halled KHWXKKH, COBCEM HE TakHe: 3TO
TalHbl HEBUAUMBIX MaJIEHBKMX YaCTHIl, U3 KOTOPBIX [OCTPOEHO BCE Ha
CBETE: BOIA, BO3MyX, JEI, XeJe30, IepeBo, J1a U Mbl CaMM, — 3TO Taii-
HBI 3JIEKTPUYECTBA, TallHBI Jy4yel CBETa, TallHBbl JAJIEKMX MEpPLIAIONINX
3Be3l. MHOIME U3 3THX TalH ellle W 10 CMX Nop HE pasralaHbl; Opyrue
pasragaHbl YXe OaBHO, TPETbU — COBCEM HemaBHO. LI TOro 4roGwl
pasragaTh 3TM TailHbI, HAILMM CHIIIMKAM IOHATOOWIOChH elle OOoJbIle
MPOHULIATENIBHOCTU, OCTPOYMMSI, YTIPSIMCTBA, HACTOMYMBOCTU U MYyXe-
CTBa, 4eM MOHanoowIock 0661 camoMy Illepsoky XoJiMCy IS TOrO, YTO-
Obl PaCKpHITh CAMOE 3arajo4HoOe IMPECTYIUIECHUE Ha CBETE.



3ATAJIKA PAJJUOAKTHBHOCTHU 7

Kak u Bcsikast Apyrasi KHMDKKA O ChIIIMKaX, Hallla KHWDKKA HauMHa-
€TCs C TOJIOBOJIOMHOI 3araikul, KOTOPYIO HalllMM CHIILMKaM IPeaCTOs -
JIO pas3ranath. [leao ObUIO 3UMOM, B caMoM Haudaste 1896 roma. Drta 3M-
Ma ObUIa OMHOM M3 CaMbIX 3aMeyaTeJbHBIX 3UM B MCTOPMM: B T€UEHUE
9TO 3MMBI HeMeLKUN Ipodeccop PeHTreH caenan mopasuTebHOE
OTKpBITHE, HaBeKU 00ECCMEPTUBIIEE €r0 UMsI, — OTKDBITHE JIy4eil, KO-
TOpBIE TeNepb BCEM MU3BECTHBI I10J Ha3BaHUWEM peHTreHOBCKuX. Ceityac
yXe BCe NMPHUBBLIKIN K 3TUM JTydyaM, KOTOpEIe CBOOOIHO ITPOXOIST depe3
JIEpEBO, UYepe3 4YeJIOBEYECKOe TeJo, Yepe3 TOHKME MeTAUTMYECKUE JIUC-
TUKA, — BCE Mbl MHOTO CJBIIIAIM O PEHTTCHOBCKMX JIydaX M OAaBHO
MepecTaii UM YIUBISATBCS, — HO TpPENCTaBbTe cebe, KakK YIMBWIHCH
JIIOMH, CJIBIIIABIIME 00 3TOM OTKDHITUM B MNEPBHIA pas3!

Cpenu monei, KOTOPbIX BOCXUTWIO U IMOPA3WIO OO0 IIyOMHBI ITyILIU
BEJIUKOE OTKpBITME PeHTreHa, ObL1 M TOT, C NPUKIIOYEHUNH KOTOPOTO
HauyMHaeTcs Hamla KHkka. OH ObUl mpodeccopom xumuu B Ilapioke.
3Banmu ero AHpu bekkepesb.

20 ssHBaps 1896 roma — neHb, KOra HauMHAETCS UCTOPUSI, KOTOPYIO
MBI XOTHMM paccKasaTb, — AHpM bBekkepenb oOTmpaBwicd, MO CBOEMY
00BIKHOBeHMI0, Ha coOpaHue [lapiokckoit Akanemuu Hayk. CoGpaHue
JIOJDKHO OBIIO OBITh OYEHb MHTEPECHOE: BCe 3HAIM, YTO OOMH M3 aKa-
JIEMUKOB — 3HAMEHUThIN MaTteMatuk [lyaHkape — MOJIyYWI OT CaMOro
PeHTreHa nmompo®HOE MUCBMO O TOJBKC YTO OTKPBITHIX Jiydax. K much-
My PeHtreH mpwioxun dororpadudeckie CHUMKM: 3TO ObUIM IepBbIE
dororpauu, caenaHHblE HE OOBIKHOBEHHBLIMM BUIUMBIMU JIydaMH
CBeTa, a PEHTTEHOBCKUMU JiydaMU. B moBecTKe, KoTopasi ObLUIa 3apaHee
pa3ociaHa BCeM IMapDKCKUM Y4YEHbIM, OBUIO HaredaTaHo, YTO Ha 3TOM
cobpaHuu [lyaHkape NMpPOYMTAET BCAYX IMOTyYEHHOE WM IMTMCHMO U I1O-
KaxeT ¢ororpaduu. 3ag0aro A0 Havyajga 3acedaHUsT orpoMHBIN 3an [la-
PIXCKOM AKageMUM HayK ObUl nmepernoyiHeH. Cioga MpUILIM HE TOJBKO
npodeccopa, HO U CTYAEHTBl MHOTOYUCJEHHBIX BBICIIMX IIIKOJI ropoia
ITapicka, MpUIIUTH C HEU3MEHHBIMU CBOMMM OJIOKHOTAMHU M MaJIeHbKM-
MU (poTorpacuUecKUMH arnapataMy KOPPeCIIOHIEHTHl BCeX ra3er, YTo-
Obl B TOT Xe OEHb TIOMECTUTh B BEUYEPHUX BBIMYCKaX CEHCAI[MOHHBIE
OTYETHI O 3aceJaHMM AKaleMUM M O IMHChMe 3HAMEHUTOro PeHTreHa,
MNpUMIILJIa U MPOCTO JIIOOOIBITCTBYIONIAS IMyOJMKa — <«ITIyOJIMKa C Y-
LIbl», KaK ee Mpe3pUTeIbHO Ha3bIBaJIM CTYIEHTHI M Ipodeccopa. Koraoa
B HacTynusuleil TuimmHe IlyaHKape Hayald IpOMKO YMTATh IO-HEMELIKH
MOJyYEHHOEe MM IMCBhMO, BCE MPUCYTCTBYIOIIME MPWIOXIWIN K yXy Jia-
JIOHb, YTOOBI TOJIYYIIE PACC/BIIATh (a2 OCOOEHHO BHMMATEJbLHBINA BUI
ObUT Y TeX, KOTOpble HM CJIOBA HE MOHHUMAIM MO-HeMEIKU, HO HU 3a
YTO HE XOTEeIU B 3TOM IpU3HaThcsl). HO BOT uTeHHMe OKOHYWIOCh, U
Cpeoy U3BECTHBIX MapYDKCKUX YYEHBIX, CUIEBIIMX B IIEPBBIX psilax Kpe-
ceJl, HayaJioch MyOJIM4YHOe oOCyXneHue muchbMa PeHtreHa. B aTtoM 06-
CYXXIEHUM TpUHsUT ydacTue UM bekkepenb. Ero oueHb 3aMHTEpecOBas
BOIIPOC O TOM, M3 KaKOr0 MMEHHO MeCTa PEHTIeHOBCKOM TpYOKM BBHI-
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XOISAT OTKPBITBIE PeHTreHOM Jy4M. A HyXHO CKa3aTh, 4YTO 3Ta TpyOKa
ObUTa He TaKasl, KaK T€ yCOBEpIIIEHCTBOBAHHBIE PEHTIEHOBCKME TPYOKH,
KOTOpBIE YIIOTPeOISTIOTCS Temneph. B TernepemHmx Tpyokax TO MeCTO, U3
KOTOPOTO BO BCE CTOPOHBI PACXOMSITCS PEHTTEHOBCKUE JIy9Hd, — 3TO
MacCCUBHBIA KyCOK TYTOIUIaBKOIO MeTajUla. A B MepBOM TpyOKe, KOTO-
pyto moctpown PeHTreH, JydM pacXomWmch OT OTHOTO MeCTeyKa Ha
crexie Tpyoku. Korma TpyOka paboTaia, Ha ee CTEKIISTHHOM CTeHKe IO-
SIBJBUIOCh MAJIEHBKOE CBETAIIeeCs ITHHIIKO. OHO CBETWIOCH XOJO[I-
HBIM 3€JIECHOBAaTO-XKEJITBIM CBETOM, M KaK pa3 OT HEro BO BCE CTOPOHLI
pacXOIWIUCh PEHTTeHOBCKMe Jyuyr. CaMM pEeHTIeHOBCKUE JIy9d HEBU-
MBI T71a3y, HO 3€JIeHO-XKeJITOe CBeUeHHMe Ha CTeK/ie TPYOKM, KOHEYHO,
BUIMMO, Y, 3HAYUT, OJHO U TO € MECTeYKO Ha CTeKjie TPyOKM MCITyC-
KaeT ¥ BUAMMBIE IJ1a3y JIydu 3eJIEHOBaTO-XEJITOTO CBETa, U HEBHIUMBIE
PEHTTEHOBCKHE JTydd. BOT 3TO-TO XOJIOMHOE 3eJ€HO-XKENTOE CBEUYCHIE
Ha CTEKJSIHHOM CTeHKE TpPYOKM, O KOTOPOM TOBOPWI B CBOEM ITHCHME
Pentren, crpamHo nmopaswno bekkepenss — OH Jaxe mNpepBajl YTeHHE
Ilyankape ¥ moIpocui ero CHOBa IIepeYecTh ITOpa3UBIIEe €ro MeCTO
muceMa. M Bekkepenio npuiiuia B TOJIOBY HEOXWIAHHAsI MBIC/IB: a 4ToO,
€CJIM CBEYEHME CTeKJIa PEHTTeHOBCKOM TPYOKM KaK pa3 U €CTb HacCTOsI-
Iasg NpU4YMHA WCIYCKAHUS PEHTICHOBCKUX JIydei? DTa MBICIb B3BOJI-
HoBala bekkepens. Xol0oqHOE 3€JI€HOBATO-KEJITOE CBEUEHME, MCITyCKa-
€MO€ CTEKJISTHHOM CTEHKON TpPYOKH, O KOTOPOM TOBOPWJIOCH B IMUCHEME
Pentrena, HanoMHuwiao bexkepemio Opyroil, XOpoulo €My 3HaKOMBIU
CBET — CBET, HCITyCKaeMBIil «(II0OpECHMPYIONIMMU» BEIIECTBAMU.
®00pecMpyIOIINE BEIIECTBA — BOT YTO OBUIO JIIOOMMOM Hay4HOI
ClelManbHOCThI0O AHpU Bekkepeiis, IMMOCTOSHHBIM IPEIMETOM €r0 MBIC-
JIel, pa3roBOpPOB UM JaXe HOYHBIX CHOB. YTO Xe 3TO 3a Takue BEIIEeCT-
Ba, U3YYEHUIO KOTOpBhIX beKkepesb MOCBATII HECKOJIBKO IECSATKOB JIET
CBOEU XU3HU?

@ moopecIUpyIole BellecTBA — 3TO TaKue, KOTOPHIE B TEMHOTE
HE CBETITCSI, HO CTOUT TOJBKO ITOCTaBUTh MX Ha SIPKUW COJHEYHBIA
CBET, KaK OHM HA4YMHAIOT CBETUThCH. CylllecTBYeT, HAIllpUMEP, TaKOM
MuHepasl (iooput (ero emie MHaye HA3hIBAIOT TUIABMKOBBIM ILIIATOM);
caM Mo cebe OH He CBETUTCS, HO KaK TOJIBKO Ha HEero IIoNamyT spKue
COJIHEYHBIE JyYd, OH TOTYAC XE€ HAYMHAET UCITYCKaTh CHUHEBATO-(UO-
JIeTOBBIN CBeT. DIMOOPUT — 3TO OAHO M3 CaMBIX M3BECTHBIX QuIIOOpec-
LIMPYIOIINX BEHIECTB; JaXe CaMO CIIOBO «(II0OPECIIMPOBATE» IPOUCXO-
AT OT CJ0Ba «(IIOOPUT». OHO, COOCTBEHHO TIOBOpPSI, O3HAYAET <«BECTU
cebst Kak dmooput». MHOrue Apyrue BelIecTBa TOXE CWILHO (Ioo-
pECLIMPYIOT: HalpuMep, pacTBOpP CEPHOKMCIOrO XWHWMHA, BHICTAaBJIEH-
HBbI Ha COJIHIIE, CBETUTCSI TOJyOBIMH JIydaMH, pacTBOp XJIOpoduwiia —
KpacHbIMHU. DmoopeciupyeT Aaxe W OOBLIKHOBEHHBI KEPOCHH, XOTs
JIOBOJIbHO €1a00: eciiM OYThUIKY C KEpOCHMHOM ITOCTaBMTh Ha COJIHIIE,
TO OHA HAYMHAET UCIYCKaTb CJIa0EHbKOE CUHEE CUSHME.

0060 Bcex 3THX BellleCTBax BCIIOMHMI AHpHM BeKkepenb, KaK TOIBKO
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VCIBILIATT O 3eJIEHOBAaTO-XEJITOM CBeTe,
TIOXOXEeM Ha cBeT (hII0OPECHMPYIOIIIX
BellecTB (Tak W Iucan PeHTreH B CBO-
eM IMCBhMe), KOTOPBIM COIIPOBOXKIAeTCs
WCITyCKaHHWe PpEHTTeHOBCKUX JIy4ei.
«Kak 3HaTh, — momyman bekkepenn, —
MOXeT ObITh, (PIIOOPECUEHIIMSI U PEHT-
TEHOBCKHE JIydM BCeTJa HEpa3ldy4yHbl;
MOXeT OBITb, HE€ TOJbKO CTEKJIO
PEHTIeHOBCKOM TpyOKH, daoopecnu-
pysl, UCIIYCKAaeT PEHTTEHOBCKUE JIY4YH,
HO Y MJIaBUKOBHIM INIMNAaTr, U CepHO-
KMCJIBIA XWHUH, U XJopoui, U ga-
Xe caMblii OOBIKHOBEHHBIA KEPOCHH,
KOTOPBIMI TOProBIIBI pa3BO3ST B CBOUX
TeJdeXKax 10 IMaprDKCKMM YIWIIaM |
MMPOAAIOT JOMAIITHUM XO3sIiKaM, MO-
XeT OBITh, JaXe M 3TOT KEpOCHH MC-
MMyCKaeT PEHTIeHOBCKME Jy4d B TO BpeMs, KakK (iioopeciupyeT Ha
COJIHEYHOM CBeTy». BOT Kakasi MBIC/IBL 3amajna B rojioBy bekkepens, u
OH B BOJHEHHMH YIIIeJ JOMOM, PEIHB ITOCKOpee IPUCTYIHTh K OIIbI-
TaM, 9TOOBI TIPOBEPUTh CBOIO JIOTAOKYy.

Heckonpko aHel pasMmbIIULLl bekkepeiab o TOM, Kakoi OBl cleaTh
OITBIT, YTOOBI y3HATh, AEUCTBUTEIBHO JIM (IIOOPECIIUPYIOIINE BEIIECTBA
HCITYyCKAIOT U PEHTIEHOBCKUE JIydM B TO CaMO€ BpeMs, ITIOKa OHM CBe-
TaTcs. B KoHIle KOHIIOB bekkepenab mpuayMaa BOT YTO: OH BO3BMET
¢oTorpacdudecKyio IUIAaCTUHKY, 3aBepHET €€ B YepHYIO Oymary Uil TO-
ro, yToObl HX OJWH COJHEYHBIM JIyd He MOT yHacThb Ha 3Ty IUIACTUHKY,
MOJIOKUT CBEpXy KYCOK KaKOro-HMOymb (IIOOPECHMPYIOIIET0 BEIIeCT-
Ba, a 3aTeM BBICTAaBUT BCe 3TO Ha coyHue. Ecimu BepHO, yTO ¢hmoopec-
LIMpyIolllee BEIIeCTBO, OCBELIEHHOE COJIHIIEM, HE TOJBLKO CBETUTCS BU-
JIUMBIM CBETOM, HO U HCITyCKaeT HEBUIHUMBIC IJla3y pPEHTTeHOBCKME
JIy94, TO 3TH JIy9M MPOWAYT Yepe3 YepHyI OyMary M OTIedYaTaloTcsl Ha
dortorpaduueckoil mwiactuHke. Ecim e peHTreHOBCKUX JIydeil HET, TO
HUYEero Ha IUIACTMHKE HE OTIeYaTaeTcs — Bedb OT BCEX BHIMMEIX JIy-
Yeil OHa IpeKpacHO 3allvilleHa OOBepTKOM u3 4epHoi Oymarm. Hamo
CKa3aTb, 4YTO 3a MHOTO JIET CBOel DabOThl Ham (III00peCUpYIONTUMM
BeuiectBaMu AHpH bekkepesib coOpa OrpOMHEMIIIYI0 KOJUIEKIIMIO 3THUX
BEIIECTB: HUTAE B MHUpE, HU B OTHOM My3ee He ObUIO Takoil. Jloiro
crosn bekkepens mepen couM LkadboM ¢ (moopecHUpYIOITMMU Be-
IIECTBAMM, XeJjlasi BRIOpaTh TaKoe, KOTopoe (hmoopeciipoBao ObI ITO-
cwibHee. «BepositHo, — myman bekkepeib, — 4eM CHIbHee BEIIECTBO
dmoopecipyeT, TeM OOJIbIIE OHO HCITyCKAaeT pEHTIEHOBCKMX JIydeil, a
3HAYUT, MHE OyIeT TeM Jierde M ynoOHee mMx oOHapyXuTh». HakoHel,
rocje AOJAruX KoyiebaHWi, OH OCTaHOBWJICS Ha BellleCTBE, KOTOpOE OH
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KOIIa-To — JIeT 3a ISITHaAUaTh Iepen
5TUM — CaM IPUTOTOBWI B CBOEN XU-
MMYECKOI J1abopaTOpUU. DTO BELIECT-
BO Ha3bIBAJIOCh <«IBOMHAsl CEPHOKMC-
Jasg cojb ypaHa M Kanusi». Y bekxe-
pesis  ObBUIO HECKOJBKO JIENELIeK
9TOro BelllecTBa C TakKUM UITMHHBIM
Ha3BaHMEM. Bce OHHM NOpeKpacHo
¢aoopecpoBaid: CTOMJIO TOJIBKO
MM MOMNAacTh Ha COJIHIIE, KaK OHU Ha-
YUHAJIM HCIYCKAaTh SIPKOE 3eJieHOe
cussHue. bekkepellb TOJOXWI JIeNelKy C OBOMHOM CEPHOKMUCION
COJIBIO ypaHa W KaiMsl Ha (hOTOMNIACTUHKY, 3aBEpHYTYIO B YEPHYIO Oy-
Mary, M BBICTaBWJ BCE€ 3TO Ha cojHLe. Yepe3 HECKOJBKO 4acOB OH
MPOSIBUJI U OTOUKCHUPOBA IUIACTUHKY. K ero pamoctu, 0Kas3anoch, 4TO
Ha IUIACTMHKE IEMCTBUTEJIBHO OTIIEYAaTAJIOCh M300paXeHUE JIEMELIKH.
Bexomwio, 94To OH OBUI IpaB: (pII0OpEeCHMPYIOLLIUE BELECTBA IEUCTBU-
TEJbHO UCITyCKAIOT PEHTIEHOBCKUE JIY4YH.

Bexkepenp ObUT OYEHB JHOBOJIEH COOOM: Bedb CTOJBKO JIET HUKTO (Ia
U OH caM) He 3aMmedas, 4To (hI0OpEeCUUpPYIOIIME BELIECTBA UCIIYCKAIOT
PEHTIeHOBCKME JIy4yd, U BOT TENEph €My BIIEpBbIE IOCYACTIUBWIOCH
3T0 3aMmeTuTh. HO Bce-Taku OH He TOpOMWICS HaleyaTaTb B XXypHale
AxaneMHM HayK COOOILEHME O CBoeM OTKpHITMU. Kak dacto OwIBaer,
YTO CaMOe HECOMHEHHOE, Ka3ajoch Obl, OTKPBITUE IIOTOM OKa3bIBAE€TCsI
npocto oumbOkoit! [Tostomy Bekkepenb pelrun MOBTOPUTH CBOM OIBIT
elle pa3, U elle pa3, I0Ka, HaKOHell, OH He YOemUTCs, 4TO BCE 3TO
JOEMCTBUTEILHO TaK M YTO HMKAKOM OLIMOKU OBITH He MOXeT. OH B3sial
HECKOJIBKO €1lle HETPOHYTBIX (POTOIUIACTUHOK, 3aBEPHYNI MX B YEPHYIO
OyMary M CTal MX BBICTaBSITh Ha COJIHIIE, MOJIOXMB Ha KaXIyl HU3
HUX KycodeK (II00peCMpYIOIIEro BelecTBa. Takue OIBITHI OH JeJajl
JIOBOJILHO [IOJITO — HECKOJBKO HeOesb, KaK BAPYT CIYy4YWIOCh CTPAaHHOE
NPOUCIIECTBUE, KOTOpOoe MoKa3ano bekkepento, 4To IEJI0 HE TaK Ipoc-
TO, KaK €My Ka3ajoCh paHblle. IIpoM3oluio BOT 4TO: Moka bekkepenb
TpyOAWICSI B CBOel J1abopaTopuu, NMPUAyMBIBass BCe HOBBIC M HOBHIE
OMNBITHl I U3YYEHMSI Te€X PEHTIEHOBCKMX JIydeil, KOTOpBIE MCITyCKaeT
(moopecnypylolas Jienemka JBOMHOM CEepHOKMUCION COIM ypaHa M
KaJIMsl, HACTYIIWIM NacMypHble nHUA. HampacHo Bexkepenb BRIHOCWI Ha
6ankoH cBoM (oTorpairdecKuie TUIACTMHKUA C JIETNELIKaMU CEPHOKHUC-
JIOW COJM, — COJHLE OBUIO 3aKPHITO Ty4amH, M JIENCIIKM YIIOPHO HE
xotenu ¢moopecuvpoBaTh. [lpuiiutocs bekkepenio NpeKpaTuTh CBOU
OIIBITHI, 3aIl€PETh BCE CBOU IUIACTUHKK U JIEMEINKM B SIIIMK CTOJIA U
XKIAThb COJIHEYHBIX THEW.

1 mapra 1896 roma bekkepenb (OT CKyKM WIM OT HEUYEro IEJaTh)
B3OyMaJl MPOSIBUTh OMHY M3 TaKUX (pOTOIUIACTUHOK, MOJIOXKEHHBIX UM B
SIIIMK THCBMEHHOTO cToja. DTy GOTOMNacTUHKY OH NpOOOBal 3a Hec-
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KOJIbKO IHEeW Ieped 5THM, 26 ¢eBpaisi, BHICTABUTh HAa COJIHIIE BMeECTe
C JIETELIKOM CepHOKMCJION COJY; IUTAaCTUHKA ObUIa, KaK BCErna, 3aBep-
HyTa B YEpHyI0 OyMary, a MeXIy Hell M JIMELIKOM OH €Ile ITOJO0XWI
MaJleHbKUH MeIHBIA KPECTUK IJISI TOTO, YTOOBI y3HaTh, CMOTYT JIU
PEHTTEHOBCKME JIy4YM, HCITYCKaeMble JIETIEUIKOM, MPOWTU HE TOJIBKO
yepe3 4yepHylo Oymary, HO U d4epe3 cjioi Menu. CoJiHIE ITOKa3biBa-
JIOCh M3-3a Ty4 OYEHb PEeNKo, a MoToMy bekkepenab odyeHb CKOpPO YO-
pajl CBOIO IUIACTUHKY B SILUMK BMECTE C JeXalllMM Ha Heill KpeCTUKOM
U JICTICUIKOM.

Kornma yepe3 Heckoibko AHel, 1 Mapra, bekkepenb B3myman Mposi-
BUTb 3Ty IUIACTUHKY, OH OXWA&1, YTO M300pakeHue Jierneliku, KOTO-
poe OTIeyaTaeTcsl Ha IUTaCTUHKE, OyNeT O4eHb CIabeHbKOE: BEdb COJIH-
1ie MOSIBJSUIOCh Ha KOPOTKOE BpeMsi, U Jemnellka ¢GaioopecurupoBaia
oueHb Hemosro. Ho kKorma IUtacTUHKa ObUTa MposiBieHa M bekkepenb
Ha Hee B3IVITHYJI, OH €4Ba OT YAMBJIEHMSI He BBIDOHWI €€ U3 DYK: Ha
IUTACTMHKE OTIIEYaTaJOCh PE3KOe TeMHOEe M300pakeHue JICMEIIKd —
T4KOE pe3Koe, KaKOe HUKOITA He MOIyYajloch B MPEXHMX OMnbITax bek-
KepeJisi, B KOTOPBIX JIeNelKa sIpko (uioopecuiipoBaiia B TeUeHUE Hec-
KOJIBKMX 4acoB. A Ha (OHE TEMHOI'O0 M300paXXeHHUS JICTICIIKH BbLACIIS-
JIOCh CBETJIOE M300paXkeHUE KpecTa: JIyuM, MCITyCKaeMble JIEIeIIKOMi, He
CMOIVIM TPOMTH CKBO3b MEIb KpecTa, KaK ITpOILIA 4Yepe3 YepHyIo Oy-
Mary, ¥ I03TOMY I10A KPECTOM IUTaCTUHKA OCTajach TAKOM, KaKoil ObI-
Jla, — He3a4epHEHHOM.

Ynuenenue bekxepenst O6buio Oe3rpaHmyHo. Bemb, jexa B TEMHOM
AIIMKEe CTOJa, JIeMellKa He Morja ¢uIioopecpoBaTh, Kak OoHa (imoo-
pecLUMpYyeT Ha COJIHEYHOM CBETy, a MeXIy TeM H300paxeHHe Ha do-
TOIUIACTUHKE ITOJYYIWIOCh PE3KO€ M OTYETIMBOE, KaKk OynTo Obl HEBU-
JUMBIe Jy4YM, IMPOXOMASIIME uYepe3 4YepHylo Oymary, IeHCTBOBAIM Ha
TUIACTUHKY OdYeHb IOJro. BheIXomwio, 4To Jierneuika Mpoao/oKaia M B
TEMHOTE ITOCBLJIaTh CBOM HEBUAMMBIE INIady Jy4yd, OEHCTBYIOLLME Ha
(oTorpaduyeckylo IacCTUHKY. 3ayeM Xe ObUIO Torja BLICTABISITH Jie-
MELIKYy Ha COJIHIIE, KOrJa Jake B TEMHOTE OHA MCITyCKaeT Te XK€ CaMble
yan? Jlermemka ABOMHOM CEPHOKHMCION COJMM ypaHa M Kaiusd — M Ha
COJIHIIE, KOIJa OHa SIpKO (poopecuupyeT, 1 B TEMHOTE, KOIia OHa He
CBETUTCS BOBCE, — OJMHAKOBO MCITYyCKAaeT KaKue-TO HEBUIUMBIE IJa3y
JIY4U, Toxoxue Ha aydyd PeHTreHa. BoT Kako¥ HeoXWOaHHBIN ST ce-
051 BBIBOJ, HOOJDKEH OBUI cAenaTb AHpU bekkepenb B 3TOT MAaCMYpHBIA
neHb 1 mapta 1896 roma. Ero mepBoHayanbHast Aoragka O TOM, 4TO
dmoopeclieHIMsI Hepa3TydyHO CBSI3aHA C MCIyCKaHMEM PEHTIE€HOBCKUX
JIyyei, Bce-TaKuM B KOHIIE KOHILIOB OKasajach HeBepHoi. Ho BMecTe ¢
TeM bekxepenb yBuIen, YyTO ABOWMHAsI CEPHOKMCIAsI COJb ypaHa U Ka-
s 00amaeT KaKWM-TO 3araJo4HbIM CBOMCTBOM, O KOTOPOM 1O TeEX
[Op HUKTO HE MOJ03peBall.

M Bor Bekxepenb NMPUHUMAETCS 32 HOBYIO pabOTy: OH JOJDKEH HC-
CJIEAOBaTh OTKPBITOE UM CBOMCTBO IBOMHOM CEPHOKMCIION COJIU ypaHa
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W Kajusg, HaliTH, C YeM 3TO CBOMCTBO CBSI3aHO, KaKMe OCOOCHHOCTH
IBOMHOM CEpPHOKMCJION COMM ypaHa U Kalus NejaloT €€ CIIOCOOHOM MC-
IyCKaThb HEBUIMMBbIE a3y Jdyud. 1 bekkepenb poercs B CBOEH KOJI-
JIEKITMU  (pIII0OPECLIMPYIOIIMX BEIIECTB, OEpET OTTyda OOHO BEILECTBO 3a
IpYTUM U JeaeT C KaXIbIM TaKMM BEIIECTBOM OIBIT: HE MCITyCKAET JIU
M OHO TaKHue Xe€ Jy4Md, Kakue HMCIYyCKAaeT JABOMHAsI CEPHOKMCIIAs COJb
ypaHa M Kanusa? Heckoibko Hememb HaIpsDKeHHOM paboThl, U bekke-
peNib MIPUXOOUT K CJISOYIONIEMY 3aK/IIOYEHMIO: U3 BceX (DI00peCpyIo-
LINX BEUIECTB, B3ATBHIX UM [JISI OMbITA, TOJBKO T€ MCIYCKAIOT HEBUIU-
MBI€ IJIa3y JIydM, B COCTaB KOTOpBIX BXOIMT ypaH (YpaH — 3TO METaLI,
KOTOpBIA BMECTE C APYTMM META/JUIOM — KaJIMEM — BXOIWUT B COCTaB
JTBOMHOM CEPHOKMCIION COJM ypaHa M Kamusa). PaoopecHMpyolme Be-
LIECTBA, B KOTOPBIX HET ypaHa, HE MCITyCKAalOT HMKAaKUX HEBUIMMBIX
rasy Jiydeit, — AepXarth JIM MX Ha COJIHLIEC WIM B TeMHOM WIKady, — a
Te (urroopecipyIolIe BElIeCTBa, B KOTOPHIX CONEPKUTCS ypaH, BCEr-
Jla MCITyCKAalOT HEBUIUMBIE JIydW, 3acTaBjimoolve ¢GoTorpaduyecKyro
IUTaCTUHKY YEpHETh, NaXe €CJIM OHa 3aBEpHyTa B IUIOTHYIO OyMary.
M oHU ucmyckaloT 3TU HEBUIUMBIE JYyYM M OTHEM M HOYBIO, COBEp-
IIEHHO HE3aBMCHUMO OT TOTO, OCBEIIEHHI JU OHU M CBETATCH JIA OHU
WIA HET.

OcraBajioch caenaTh elle IOCJIEOHMI Iar — B3A9Th KaKOoe-HUOYIb
BEIIIECTBO, KOTOPOE CONEPXUT B cebe ypaH, HO HMKOrga He duiroopec-
LIMpYeT, U MOCMOTPETh, OymeT U OHO MCITyCKaTb HEBUIUMBIE JIy4H.
VYpaH — JOOBOJBHO PENKWII M JIOPOroi MeTaUl, HO BCE Xe B Jaboparo-
pvM bekxepens: HallUlach ILIEITOTKA YMCTOTO ypaHa B BUIE IOPOIIKA, U
ellle HECKOJIbKO KYCOYKOB ypaHa €My Ha BpeMs JaIu 3HAKOMbBIE XUMU-
xu. CaM ypaH HMKOrAa He (PIoOpecHUpYyeT, CKOJIBKO OBl €r0 HU OCBe-
many coysiHeyHsle aydu. Ho korma Bekkepesnb mooxwui Kycodyek ypaHa
Ha ¢oTorpadudecKyio IUIACTUHKY, 3aBEpHYTYI0O B 4YEpHYylO Oymary, To
IUTaCTUHKA, TMpOSsIBJIEHHasd Yepe3 HECKOJIbKO 4YacoB, IOYEPHENa OT
NENCTBUS HEBUIUMBIX JIydei, KOTOpble MCITyCKal ypaH. 3HauWT, 5TH
TaHCTBEHHBIE JIy4M, KOTOpbIe OTKpbUI bekkepeib U KOTOpBIE TaK IIO-
XOXM Ha JIydd, OTKpHITbIe PeHTreHOM, He MMEIOT POBHO HHUYEro OOlIe-
ro ¢ dmoopecueHumeir. CaM MeTalUT ypaH 00JagaeT YyAECHBIM CBOWM-
CTBOM MCITYCKAaTh 3TH JIy4Yd; OH HCIYCKAeT MX U KOIa HaxoOuTcs B
YYCTOM BHUAE, U KOTAa COEAUHEH C KaKMMHM-HUOYIOb APYTUMM BEILIECT-
BaMM (HampuMmep, B ABOMHOM CEpHOKMCJIONM COJIM ypaHa U Kajlus, Tae
ypaH COEOWHEH C KaJIWEeM, Cepod M KHCIOPOIOM). YPaH HCITyCKaeT 5TH
JIy4A COBEPLIEHHO HE3aBHCHMO OT TOTO, OCBELIAET JIM €70 B 3TO BpPEMS
comHue Wi HeT. McityckaHue Jydeid 3aBUCUT TOJIBKO OT KOJIMYECTBa
CaMOro ypaHa — 4eM OoJblile ypaHa, TeM OoJbllie M JIy4eld, — U HUA OT
yero apyroro He 3aBucuT. Korma bekkepenb, ciylllasg 4TeHHE IMMCbMa
Pentrena, BooOpaswi, 4To MCITyCKaHME DEHTIEHOBCKUX JIydeil CBS3aHO
¢ duoopeclieHLIME, TO B 3TOil MBICIM HE OBUIO HUYETO BEPHOTO.
M ecmu 6B OH B3sUT [IJI9 CBOEroO OMBITA He (hIIOOPECUMPYIOLIYIO CEpHO-
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KMCIIYIO COJIb, COAEpXalIyl0o B cebe ypaH, a IUIABMKOBBIA AT WIK
pacTBOp XJIOpodLia, TO U3 €r0 OMBITOB PEIIMTEHLHO HMYEro He BHILI-
o 6pl. Ho mo cyacmimMBO# ciydyaiHOCTHM Bekkepeiab BHIOpal M3 BceM
CBOEH OrpOMHOM KOJUIEKUIMM MMEHHO CEpPHOKWUCIIYIO COJIb YpaHa U Ka-
JIUsl, U 3TO IOMOIJIO €My OTKpDHITh YAWBHUTENBHOE CBOICTBO ypaHa:
CHOCOOHOCTh 0€3 BCSIKOM BUIWMOM MNPWYMHBI HUCIYCKaTh JIY4M, ITOXO-
Xue Ha Jiyau PeHTreHa.

Ommyalorcst v JTy4d, OTKPHIThIe bekkepeseM, 4eM-HUOYIb CyLLIECT-
BEHHBIM OT Jiydeld PeHTreHa — 3TO M caM bekkepeins B mepBoe BpeMs
He Mor peumtb. Jlyum bekkepenst, Kak M jaydu PeHTreHa, HeBUIMMBI
r71a3y, MpOXOIST depe3 Oymary, JepeBO, TOHKHME CJIOM MEeTajUla, YEPHST
dororpadpuueckyto miactuHy. OdeHb cKopo bBekkepenb OTKpBUI ellie
OIHO 3aMeyaTeJIbHOE CBOWCTBO JIy4deil, MCITyCKaeMbIX ypaHOM (M KaX-
OBIM BELUECTBOM, COIEpXaluluM B cebGe ypaH), — CIIOCOOHOCTb
IEUCTBOBaTh Ha 3apsDKEHHBIN 3JIEKTPOMETP. DIIEKTPOMETP — 3TO TaKoit
npubop, B KOTOPOM CBMCAIOT PSIIOM OBa TOHEHBKMX 30JIOTBIX JIMCTOY-
ka. CTOUT TOJIbKO XOTb HEMHOXKO 3apsiIUTh JIEKTPOMETP 3JIEKTpHYE-
CTBOM, KaK JIMCTOYKU Celdac Xe HaYHyT OTTAJKMBATLCA APYT OT Apyra
U HEMEJICHHO Pa3OMIYyTCs BPO3b Ha HEKOTOpHIM yroja. B TakoMm moJio-
KEHUU OHU U OCTaHyTCs, IIOKa C HMX HE CTeYeT 3JIeKTPUUYECKUI 3apsim.
OOBIKHOBEHHO 3JIEKTPUYECKUN 3apsil CTEKAaeT OYeHb MEMJICHHO, M Ipo-
XOOUT MHOTO 4acoB WJIMA [aX€ MHOTO NHEH mepel TeM, KaK JIMCTOYKU
cHoBa coimyrcsi. Ho bekkepenb caenan ciaeqyloliuii OIMBIT: OH II0JIO-
XWI B KOpOOKY 3JI€KTPOMETpa, IOHA CaMble JIMCTOYKU, CBOIO JICHEIIKY
YPaHOBOM COJIM, W JIUCTOYKM CTIM CIafgaTh 3aMETHO OBICTpee, a 4epes
MOATOpa 4aca U BOBCE couumich. CaeslaB HECKOJIBKO OITHITOB, Bekke-
penb YBUIE, YTO MCIyCKAaeMble YPaHOM JIydd HeJIaloT BO3MyX CII0CO0-
HBIM IIPOBOOUTH 3JIEKTPUYECTBO; MOSTOMY C JIMCTOYKOB 3JIEKTpOMETpa
3apsi yreKaer 4epe3 BO3AYX, U JIMCTOYKM CIAJaloT.

Korma Bekkepenp Haredaran MOApOOHOE OIMCAaHME CBOMX OITHLITOB,
Bce PM3MKKM M XMMMKHM BO BCEM MHpe Bcrojounumce. JIyam Bekkepe-
JIsI IPOU3BEIM TAKYIO XK€ CEHCAWIO, KaKylo 32 HECKOJIbKO MECAIIEB Ile-
pen Tem mnpousBenu Jydyu PeHrreHa. Bo Bcex dusmdeckux maGoparopu-
SIX TOJBKO M OBLIO pasrOBOpPOB, YTO O
TaMHCTBEHHBIX JIydax bekkepens. Or-
POMHOE BII€YATJIEHWE IIPOU3BEIUA 3TH
pa3roBopHl o Jydax bekkepenst Ha on-
HY MOJIOAYIO ITOJIBKY, XuBLIylo B Ila-
pixe, — Mapuio CkinomoBcKyio-Kio-
pu. CkiomoBckas-Kiopu, Koropass B
TO BpeMs elle ObUla HaYMHAIOIMIMM U
HUKOMY HE€ U3BECTHBIM (PU3NKOM, pe-
IIWIa pacciaenoBaTb, OOUH JIA TOJBKO
ypaH HCITycKaeT Jyuu bekkepens: wiu
XK€ €CThb M ellle Kakue-HUOyOb Opyrue
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R — T~ BEUIECTBA, MCITyCKAIOIIME TaKMe Xe
camMble JTydd. 7151 TOro 4ToObl y3HaTh,
UCITyCKaeT M KaKoe-HUOyOb BelleCT-
N BO JIyuM bexkkepenss WiIuM HeET, He
! HYyXHO ©Oparb ¢doTorpaduyecKyio
(’ IUTACTUHKY, NogyMaia Mapus Kiopu:
\ ¢ ¢ororpadpuyecko IJIACTUHKOM
S/

—

{ Sfﬁ\?(

MHOIO BO3HH, M paboTa MOIBUTaeTcCs
o4yeHb MemieHHO. Ilpoiile Bcero B3SITh
3JIEKTPOMETp, KakK 3TO Aenan U bek-
Kepellb. €CIM TI0 Mepe TPUOJIIDKEeHUs
. K MCCeIyeMOMY BeUIeCTBY JIMCTOYKU
[ 3apsDKeHHOro OJJIeKTpoMeTpa OymyT
cramath, 3HAYUT, 3TO BEIIECTBO MHC-
ImyckaeT Jaydyu bekkepessi, a eciu
i/ HET, TO, 3HAYUT, HUKAKMX JIydeil
i o bexkkepensa oHo He ucmyckaer. Bo-
OPYXMBIINCh CBOMM 3JIEKTPOMETPOM,
Mapus Kiopu uccienoBasa MHOXe-
CTBO pa3HBIX BEIIECTB — BCEBO3MOXHBLIE MHMHEpabl, TOPHbIE IMOPO-
IIbI, Ta3bl, paCTBOPLI — BOOOILE BCe, YTO €M ymaaoch mocTaTb. M Tojb-
KO B ampene 1898 roma oHa HaKOHeIl HAaTKHYJaChb Ha OJHO BEIIECTBO,
KOTOpOE UCITyCKaJIo Tydyn Bekkepenst, Kak U ypaH. DTUM BEUIECTBOM
OKa3ajiCd MeTaul TOPUA — JOBOJBHO pEeIKWN MeTajUl, KOTOPHIA elle B
1829 romy ObL1 OTKDHIT 3HAMEHUTHIM IIBEJCKMM XUMHMKOM bBepuenmy-
coM. He Tonpko ymcTHIN TOpMil McmycKan Jiydu bekkepeinss, HO U Bce
COEIVHEHHMsI TOpUSl C IpPYTMMM BelllecTBamMd. Kak M B Cilydae ypaHa,
3[1eCh BBIMIOJHSUIOCH TaKO€ Xe IMPaBWIO: YeM OOJIbIIe TOPUS, TEM CWIb-
Hee JIy4d; HM OT 4Yero ApPYroro MCIycKaHue Jydeil Bekkepesns He 3aBU-
ceno. Korna Mapust Kiopu yBumena, yto ypaH He eIMHCTBEHHOE YHC-
TOE BEIIECTBO, McCHycKalollee Jiydd bekkepesss, HO YTO TakKhM XKe
CBOMCTBOM 00JIalaeT M TOPHUM, OHA cOYJia HYXHBIM [PULYMaThb IJisi
3TOro CBOICTBa 0C00Oe Ha3BaHME — OHA Ha3Bajla €ro padhOAKTUB-
HOCTBIO (OT JIATMHCKOIO CJIOBa «paguyc» — JIy4; PaguOaKTUBHOCTb —
CNMIOCOOHOCTh MCITyCKaTh JIydd). YpaH U TOPUHM — 3TO PaIUOAaKTHUBHEIE
BElLIECTBA, — TaK Ha3Bala umx Mapus Kiopy, — U BCe MX COEIUHEHUS
C IPYTUMHU BEIIECTBAMU TOXE paﬂl/loaKTI/IBHbIl).

'3amernm, uto PaIMOaKTUBHOCTh TOPUSI U €r0 COEAMHEHUH OTHOBpe-
MeHHO ¢ Mapueit Kiopu wim maxe HEMHOXKO paHbllle OTKPBUI He-
meukuii ¢ousuk Imunr. Ho nameneitve padotsl IMunra oxasaiuch
MEHee 3aMeyaTeNIbHBIMU, YeM HanbHeiiuue paboTel Mapuu Kiopu, a
MO3TOMY MBI 3[€Ch OTPaHMYMMCS paccKas3oM OO0 OTKpBITHSIX, CHOEaH-
HbIXx Mapueit Kiopu.
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IIponomkasi cBol0 paboTy € paguoaKTUB-
HBIMM BelllectBaMu, Mapus Kiopu B TOM Xe
1898 romy caenana HEOXMHOAHHOE OTKPBITHE,
KOTOpOe TIOCTaBWIO €€ Ha KOPOTKOE BpeMs
B TYyIMK. ¥ Hee ObUIO HECKOJIBKO OOpa3LOB
YPaHOBOM CMOJITHOM OOMaHKUA — pYIbl, U3
KOTOpPOH HOOBIBae€TCSI YHUCTBIA METAUL YpaH.
OTU o0pa3upbl pydbl OBLJIM BBIKOIMAHBI M3
3¢MJIM B PYyOHMKaxX OKOJIO YELICKOIO rOpof-
ka Moaxumcrans. Korna Mapus Kiopu Ha-
Yajia MCCIea0BaTh 3JIEKTPOMETPOM 3TH KycC-
KA pyAbl, TO OOHApyXwiach HETNOHITHas
Belllb: €CJIM B3sIThb ABa Mpernapara, coaepxka-
mue B cebe OMMHAKOBOE KOJIMYECTBO ypaHa,
HO TOJIBKO OIMH B BHAE XUMHUYECKM YHCTOTO
ypaHa, a JOpyroi B BHAE KyCKa pydbl M3
HNoaxuMmcransd, ¥ MOOHECTU U K TOMY, U K APYrOMy OIWHAKOBO 3aps-
JKEHHBII 3JIEKTPOMETP, TO OKAa3bIBAETCS, YTO B MPUCYTCTBUM HOaXUM-
CTAJILCKOM pyIbl JIMCTOYKU 3JIEKTPOMETpA CMaljaloT B HECKOJIBKO pas3
ObICTpEE, YeM B MPUCYTCTBUM XMMHYECKH YUCTOTO ypaHa. 3Ha4uT,
MOaxMMCTa/IbCKasl pylda MCITyCKaeT ropasmo Oosplie Jryded bexkepel,
YyeM Mpernapar, COAepXalllUi TaKoe K€ KOJMYECTBO XMMHUYECKM YMCTO-
ro ypaHa. DTO Ka3aJloch OYEHb CTPAaHHBIM, [TOTOMY YTO KOJMYECTBO JIy-
geil Bekkepesisd, MCIYCKaeMBbIX TEM WJIM WHBIM IIperaparoM ypaHa,
OJDKHO ObLIO OBI, Ka3ajJloCh, 3aBMCEThb TOJIBKO OT KOJIMYECTBA ypaHa M
HU oT yero 6onpire. Korma Mapus Kiopu mosyumina B cBoei jabopa-
TOPUM 3TOT CTPAHHBIA PE3yJbTaT, OHa paccKasaja O HEM CBOEMY MYXY,
M3BeCTHOMY (paHiry3ckomy ¢usuky IIbepy Kiopu. Ilsep u Mapusa
Kiopy cranm BMecTe HymaTb O TOM, Kakas MODIA Obl OBITh I[MpUYMHA
TOTO, YTO MOAXMMCTAIbCKasl ypaHOBasl pylda B HECKOJbKO pa3 boJjiee pa-
JVOAKTUBHA, YeEM XMMWYECKM YMCTBI ypaH U ero coenvHeHus. [lomy-
MaB, OHU COOOpa3wIy, 4TO, BEPOSTHO, B UOA-
XAMCTAJILCKOM pyde €CThb, KPOME ypaHa, elle
KaKoe-TO Ipyroe palhOaKTUBHOE BEILECTBO,
ycnyckamoiee Jydu bekkepens; MpUCyTCTBUE
3TOrO APYroro BellecTBa, KOTOPOrO HET B XH-
MHMYECKMX IIperaparax ypaHa, — 3TO U €CTb
MpuYrHa OoJiblllel pPagUOAKTUBHOCTUA Yell-
CKOI1 pyIpl 1O CPaBHEHUIO C YHUCTBIM YPaHOM.

Yrto Xe 3TO 3a BEIIECTBO, MOAMEIIAHHOE K
MOaXVMCTAJILCKOM pyAe M Halollee CTOJBKO
mydent bexkkepens? SIcHO, Npexne BCEro, 4To
3TOr0 BELIECTBA TaM OYE€Hb Majgo, UHA4Ye €ro
[AaBHO 3aMETWIU OBl WHXEHEpPbl-XUMUKMU,
M3y4YyaBIIMEe XMMHUYECKHM COCTaB YPaHOBOM
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pyabl. A pa3 ero TaM Tak MaJlo M HECMOTpsI Ha 3TO OHO JAaeT TaK MHO-
ro yydeil bekkepesss, 3HaUMT, 3TO MOJCKHO OBITH KaKOe-TO €LIE HeBe-
JIOMOe XMMMKaM BelIeCTBO, BO MHOro pa3 0oJjiee pagliOaKTUBHOE, YeM
ypaH WM TOpUi. B MOaxMMCTanbCKOUM ypaHOBOH py/e CIPSATaHO HEU3-
BECTHOE HOBOE BEIIECTBO, OTJIMYAIONIEeCs OrPOMHOM CIIOCOOHOCTHIO
ucnyckarb J1yun bBekkepenss. Bor K KakoMy 3aKIIOUEHMIO IPUIILIA
ITeep 1 Mapust Kiopu, U cpa3y Xe mnepea HMMU BCTajla 3aMaHYMBast
3a7aya — H3BJIeYb U3 HMOAXUMCTAIBCKOM pYAbl 3TO TAMHCTBEHHOE HO-
BOE€ BEIIECTBO, KOTOPOrO TaM TaK Majio, YTO OOBIKHOBEHHBIMM XUMMU-
YEeCKMU CII0CO0aMM HUKOMY He YyHaJIoCh €r0 TaM OOHAapYXWTb: BEldb
TOJIBKO 3JIEKTPOMETpP, YKAa3aBIIMII Ha IOBBIIIEHHYIO ([0 CPaBHEHHUIO C
YHUCTBIM YPaHOM) PaIMOAKTMBHOCTh MOAXUMCTAJIBCKOW pyAbl, 3aCTaBWUJI
9TO HEU3BECTHOE PAIMOAKTUBHOE BEIIECTBO BBLIATH CBOE NPUCYTCTBHUE.

C atoro MomeHTa (c ampens 1898 roma) Ilebep u Mapus Kiopu pe-
LIIAI0TCSI TIOCBATUTH CE0s1 3TOM 3amade — U3BJACYEHUIO HOBOTO paavoak-
TMBHOTO BellecTBa U3 MoaxuMcTaibcKoi pynbl. IIsep Kiopu mpuocra-
HOBWI BC€ Ipyrue paboThl, KOTOphIE OH Bel B CBOed n1abopaTopuu, u
npucoenuHWiIca K pabore Mapuu Kiopu. IlepBbIM A€IOM HYXHO OBLIO
MOJYyYUTh 711 00pabOTKM OOJblLIOE KOJMYECTBO MaTepuasia, COIEpXa-
mero B cebe 3To Heu3BecTHOe BemlecTBo. CaMa ypaHOBas pyda OYEHb
nopora, 1 nostomy Ilbep u Mapus Kiopu 0oTKazaauch OT MBICIAM MO-
JIy4UTh €€ B yucTOM Buae. Ho ypaHoBas pyma mopora TOJBKO IOTOMY,
YTO B HEMl eCTh ypaH, a Bemp IIbepy 1 Mapum Kiopu cam ypaH ObUT He
HYX€H, ¥ MO3TOMY OHU OXOTHO COIJIACWJIMCH TMOJyYMTb HE YpaH, a To,
YTO OCTaeTCs OT YpPaHOBOM DYyIbl IOCiE TOro, KaK M3 Hee YXe MU3BJe-
YeH ypaH: 3TOT OCTaTOK M JODKeH Obul, mo MHeHMIo Kiopu, comep-
XaTh B cebe TaMHCTBEHHOE HOBoe BemiecTBo. B Moaxmmcrane, Ha 3a-
BOlax, Ie IepepabaThIBalOT TOOBITYIO B PYIHMKAX YPaHOBYIO CMOJIA-
HYyI0 pydy, JeJaloT TaK: pydy CliepBa pacTUpaloT B IOPOLIOK. 3arem
pPa3MeNIMBaIOT C COMONM M TIHIATEIPHO MPOMBIBAIOT IOpsYEN BOAOM, K
KOTOpOM TOJMEIIaHO HEMHOTO cepHOM KucnoTel. IIpu 3TOM conm
pacTBOPSIIOTCSL B BOIE, M MX 3aTeM yxe moObBaloT ortyaa. Ho mpu Ta-
KOI NpOMBIBKE IMOPOIIKA ropstdeil BOOOIl He BCE PacTBOPSETCS B BOAE:
0CalOK, B KOTOPOM YX€ HeT HMKAKOro ypaHa, OCTAaeTCs, U €ro IpocCTO
BBIOpachIBalOT (WIM, Jy4llle CKa3aTh, BHIOpachlBald B T€ BpEMEHa, IO-
TOMY YTO Tellepb, Mocje Toro, Kak ITbep u Mapus Kiopu Haydwu xu-
MHKOB OOOBIBATh M3 3TOTO OCaJKa HOBBIE PaJMOAaKTHMBHBIC BELIECTBA,
OH ILIEHUTCA elle OOoJblle, YeM YMCTBIM ypaH, a TOrda OH CYHUTaIC
MPOCTO HUKOMY He HYXHBIM OTOpocoM). BoT 3T0T-TO Ocamok Ilbep u
Mapust Kiopu U 3axoTeny MccieoBaTh;, 10 MX MHEHUIO, B HEM JOJDK-
HO OBUIO COAEpXaTbCs HEU3BECTHOE BEIIECTBO, KOTOPOMY MOaXvM-
CTaIbCKasl pyla 00si3aHa CBOEi ITOBBIINIEHHON PaguOaKTUBHOCTBIO. [lo-
OBITE 3TO BEIIECTBO M3 OcCamKa ObUIO OYEHb 3aMaHYMBO: €CJIM Jaxe
HMYTOXHAs TPUMeECh 3TOrO BEIeCTBa JaeT TaK MHOTo JIydeil bekkepe-
Jig, TO CKOJIBKO XK€ JIydeil JacT caMmO BEILIECTBO, €CIM YHOACTCSA €ro I0-
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OBITb B JIOCTATOYHO OOJIBIIOM KOJIU-
yecTBe! SICHO, YTO IUIs1 3TOrO IOHALO-
ouTca IepepaboraTth B Jaboparopum
MHOIO IIyJOB OCaaKa, OCTaoIIerocs
mocjie ynajleHus ypaHa U3 CMOJISIHOM
pyapl. Bce 310 IOMDKHO OBUIO MOTpe-
6oBatb ot IIsepa 1 Mapuu Kiopu or-
POMHOI1 pabOThI, HO MX 3TO HE YCT-
paunuto. ¥ HMX He OBUIO JEHEr, HO,
K CYACTBIO, VIAJIOCh YOEOWUTb MU3BECT-
HOro MWUIMOHepa GapoHa PoTimims-
J1a TTOXEPTBOBATb HECKOJIBKO THICSY (paHKOB Ha YCTPOMCTBO HOBOM
J1abopaTopui; KpoMe TOTO, aBCTpUICKOe IpaBUTENbCcTBO (Uexus Torna
MpUHagIexana ABCTpUUA, W HOAXUMCTAIbCKHME PpPYIHUKM OBUIM
COOCTBEHHOCTBIO MPABUTEILCTBA) COIIACHIIOCH ITOAAPUTh HACTONYMBHIM
dpaHITy3cKMM (GU3MKaM LEJbIX ABa BaroHa OTOPOCOB, OCTAaIOLIMXCS
OT YpaHOBO¥M pydbl MoCJie JOOBMU M3 Hee ypaHa. Bce 3To ObUIO NpuBe-
3eHO B Ilapik M CBaJeHO B J1ab0OpaTOpHUHU, KOTOPYIO YCTpOWIUA cebe
cynpyru Kropu. Cama «i1aboparopusi», HpaBoy CKa3aTh, UMejaa He
OuYeHb BHYIUWTEIbHBIA BUA: 3TO ObUT GoJjblioi capait Ha ynuue Jlo-
MOH, HEeyJIOOHBIA M CBHIPOM, B KOTOPOM OBUIO JIMIIL CaMO€ HEOOXOomu-
Mo€e; MpUOOpPOB OBLUIO OYEHb MAJIO, BEHTWISLIMM TMOYTU HUKAKOM, TakK
YTO MHOIMEe XMMUWYECKME peaKIUM, MPU KOTOPHIX BBIAEISIOTCH BpEX-
Hble rasbl, NMPUXOIWIOCH MPOU3BOAUTH Ha NBope. Ho ckoibKo wynmec-
HBIX 4acoB NpoBelH B 3ToM capae [Ipep m Mapusa Kiopu, ysieyeH-
HbIE ITOMCKaMHM HOBOTO paaiMOaKTHBHOIO BelllecTBa!

TpynHas 3amada npenctosiia Ilbepy m Mapuu Kiopu — moTpymHee,
YeM OTBICKAaTh MTOJIKY B CTOTE CeHa. 3[IeCh He ymacTcs Iepecka3aTh Bce
T€ CJIOXHBIE M XUTPOYMHBIE XMMUWYECKHME CIIOCOOBI, KOTOpPhle OHU IPU-
OYMBIBAIM ¥ NPUMEHSUIM K pa3ieieHMIO HCCIICAyeMOro Marepuana Ha
cocTaBHble yacTh. K KaXmoW Takoi COCTaBHOM YacTM OHM MOIHOCWIM
3apsSDKEHHBIN 3JIEKTPOMETDP, YTOOBI y3HaTb, UCITYCKaeT JIM OHa JIy4u
Bexxepens wm HeT. Ecnv HeT, To OHM ee BBIOpachIBAIM, a €CIM 14,
TO e€ IIPEeICTOSUIO0 CHOBA Pa3leiMTh Ha COCTaBHBIE YaCTH, CHOBa MCCJIE-
JoOBaTh MX IIPM IOMOILIM 3JEKTPOMETpa, M TakK Jajiee, U Tak Jajee, I0-
Ka, HaKOHell, TAMHCTBEHHOE BEIlEeCTBO, 32 KOTOPHIM OHM TaK OXOTU-
JINCh, HEe OyIEeT BBIIEJICHO B YHUCTOM BUIIE.

Ouenn ckopo Ileep 1 Mapusa Kiopu ycTaHOBWIM, YTO HEU3BECTHBIX
paIMOaKTUBHBIX BEIIECTB B HCCIEOAyeMOM MMHU MaTepHalle He OIHO, a
gBa. ODHO M3 HUX II0 CBOMM XMMHYECKMM CBOMCTBaM [IODKHO OBLIO
OBITH ITOXOXE Ha BHCMYT, MOTOMY YTO BO BCEX XMMHYECKMX PEAKIIMIX,
KyJa Iej BUCMYT, Tyda IIUI0O U 3TO BElIeCTBO, MPHUCYTCTBHE KOTOPOTO
OLUIO 3aMETHO II0 JOEWMCTBUIO ero ayded bBekkepesis Ha 3apspKeHHBIN
anekTpoMeTp. [Ipyroe e BELIECTBO MO CBOMM XMMWYECKUM CBOMCTBaM
HaAIllOMMHAJI0 MeTaUl Oapuii, MOTOMY 4YTO OHO IOBCIOLY CJIEIOBAJIO 32
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6apuem. Yxe 18 utons 1898 rona IMeep u Mapusi Kiopr Morm n106bITh
M3 MOaXUMCTAJILCKOM PyIbl XMMHUYECKHWIA Mpenapar C 3aMETHOW Ipu-
MECBhIO MEepPBOTr0 M3 3THX IBYX BEIIECTB (IMOXOXEro Ha BUCMYT). DTOMY
BELLIECTBY OHM JAJM Ha3BaHUE «MOJOHUI» (B yecTh [lonbuin — pomu-
Hbel Mapuu Kiopu). [losryyeHHBI MMU MpenapaT TMOJOHUS ObUT BO
MHOIO pa3 aKTHBHEE, YeM CaMbIii YHUCTBIM ypaH. A 4epe3 HECKOJBKO
MecsitieB, 26 mexabpst 1898 roma, oHM mocianu B AKageMHIO HOBOE CO-
oO0lIeHNe: OHU JOOBUIM U3 TOM Xe pyIbl APYroy Ipernapar, B KOTOPOM
COJEpXaJIoCh BTOpPOE HEM3BECTHOE BELIECTBO (IMOXoxee Ha Oapuii).
IIpenapar ucnyckan ayun bekkepens B 900 pa3 cuiabHee, yeM Takoe
K€ KOJIMYECTBO YMCTOTO ypaHa. 3HAuUT, B 3TOM IIpenapare AODKHO
ObUIO OBITH KaKOe-TO BELUECTBO, B OTPOMHOE YUCJIO pa3 Oojiee panvo-
aKTUBHOE, YeM ypaH. [JOOBITH 3TO BEIECTBO IO BO3MOXHOCTU B 00JIb-
LIOM KOJIMYECTBE B YUCTOM (WIM MO KpalHEW MEpe B CWIBHO CKOHLIEH-
TPUPOBAHHOM) BHAE — BOT YTO CTajo ILieibio u3HU [Ibepa u Mapuu
Kropu. st JOCTIDKEHUST 3TOM LIeJIM OHM OTKAa3aJIMCh OT BCEro Ha CBe-
Te, MPOCKDKMBAIU B JIaOOpPaTOpUM IHU M HOYU 332 KPOIOTIMBBIMU XU-
MWYECKMMM aHaJIM3aMM, CTapasicb HAMTM CIOCOO OTHOCIUTb HEU3BECT-
HOE BELIECTBO OT Oapusi, 3a KOTOPBIM OHO CJEAOBAJIO IIO MSITaM BO
BCEX XMMUWYECKMX MpeBpalleHusix. Hy>kHo ObUTO Kak-HUOYIb OKPECTUTH
3TO HEU3BECTHOE BEIIECTBO, 32 KOTOPHIM OHM OXOTWIMCb, U OHHU Has-
BaJIM €r0 pagueM, T. €. «IYYUCThIM BELIECTBOM», B YECTb TEX MOLIHBIX
MOTOKOB JIyyer bekkepensi, KOTOpble 3TO BElIECTBO OYAET MCIYCKAaTh,
KOTa yoacTcsl CKOHLUEHTPUPOBATh €r0 B 3aMETHOM KOJIMYECTBE.

B 1902 romy, yepe3 dYeThlpe roga Iocie Hadaia pabotel, [Ieep u
Mapus Kiopu mnomxydwiv mnepBbleé HECKOJIBKO IELIMTPaMMOB YHCTOTO
XJIODUCTOTO panusi, T.€. COeNVMHEHMsl paausi C XJIOpOM (Ha KaXIbIi
rpaMMm xiopucroro pamust npuxomurcd 0,76 r pamus u 0,24 r xyopa).
Heckonpko ManeHbKMX OeJIbIX KPHUCTALIMKOB B (pOpMe OCTPBIX HIOJIO-
4yeK — BOT 4ro nomyuywiu Ileep u Mapua Kiopu mocie 4YeTelpex JieT
paboThl, BOT YTO OHU [IOOBUIM M3 OTPOMHOI TpyAbl MEPEpabOTaHHOTO
MMM MOaXUMCTAJIbCKOTO ocagka. Ho 3TOT XJIOpucThI paiuil Obl1 B
MWUIMOH pa3 paavioaKTHBHEE, YeM TAaKOE Xe KOJMYECTBO YUCTOIO ypa-
Ha, 1 3TuM Ilbep u Mapus Kiopu ObUIM BO3HArpaxKieHsl 32 OTPOMHYIO
MPOIEJIAaHHYI0O UMM paboTy.

3amMeTuM, 4TO OOBIKHOBEHHO, KOTAa MOOBIBAIOT panuii, OrpaHWYMBa-
IOTCSI TEM, YTO TOJIYYalOT €ro He B aOCOJIOTHO YMCTOM BHUIE, a B BUIE
€ro COelMHEeHMSI ¢ XJIOpoM Wwiu 6pomoM. Brmpoyem, Mapusi Kiopu B
1910 romy momyuywnia pagvii ¥ B YMCTOM BHIE, MpPOITycKasl 4yepe3 pac-
IUIABJIEHHBIA XJIODUCTBIA paaui CWIbHBIA 3JIEKTPUYECKUMUA TOK: 3TO TOT
>K€ CaMbIM, M3BECTHBIM BCEM elle U3 MIKOJbHBIX YYEOHHUKOB, CIIOCOD
3JIEKTPOJIM3a, KOTOPBIM MOXHO pa3jIoOXMTb Ha XJIOp M HaTpUil pac-
IUIAaBJICHHBIM WIM PacTBOPEHHBINM B BOAE XJIOPUCTHIA HATpUil (ITOBapeH-
HYIO COJIb). BhIOeNeHHBII B YUCTOM BMJIE paauil oKaszajcs, KaK U cie-
JIOBAJIO OXUIaTh, OnecTAIMM OesIbIM METAJUIOM, IMOXOXMM Ha Oapuit
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WIM KajJbllMii, ¢ KOTOPBIMU Y HETO eCTh XMMHYECKOe CXomcTBO. [Ibep
Kropu He moxwia IO TOro OHs, KOorga paauil ObUI BBIAENEH B COBEp-
LIEHHO YMCTOM BHJE: HEJEMbI Cydail JIMIIWI ero XusHu — 19 am-
peig 1906 roma oH moru® mopd KojiecaMy Tejlerd Ha yiauue JJoduH B
IMapuxe.

B ypaHOBo¥ CMOMIHOHM pyAe pagusi Oo4eHb Majio; HEOOXOOUMO Iepe-
paboTaTh MHOTO TOHH PYAbI, YTOOBI MOJYYUTh BCEro JIMIIIL OOUH TpaMM
pamus. Ho dynecHble paguOakTUMBHBIE CBOMCTBA pamysi, MCITYCKAIOLIEro
B MIWUIMOH pa3 Oosblie Tydeil Bekkepessi, 4eM 4MCTBIA ypaH, OIpaB-
IBIBAIOT BCIO Ty IPaHIMO3HYIO pabOTy, KOTOPYIO IIPHIIUIOCH IPOAEiaTh
cynpyram Kiopu sl U3BJI€YEHUST paausi U3 pydbl. B TeueHue 4deThIpex
JIET, MPOTEKIIMX OT Hayaja paboThl OO IOJIYYEHMS IEPBBIX KPUCTAIUIM-
KOB XJIOPMCTOIO paauis, KaXIbId roj IIoJy4daluch Bce Oosiee U Oosee
KOHLEHTPUPOBAaHHBIE TMOPLMM DAgWEBbIX IIPErapaToB, M KaXIBIA roj
IPUHOCWI HOBBIE HEOXWIAHHBIE OTKPBITHUS. YK€ B CaMOM Hadajie pa-
6othl, Korga Ilebep 1 Mapus Kiopu mosayumim nperapaT pagus, B 900
pa3 IpeBOCXONSIINIA CBOEH aKTUBHOCTBIO ypaH (B mekabpe 1898 roma),
OBbUIO 3aMedyeHO, YTO JIydu bexkepeisi, kak M iqyun PeHTreHa, He TOJb-
KO 4epHsT (oTorpadryecKyio TUIACTUHKY M YCKODSIIOT CIIaJaHMe JIMC-
TOYKOB 3apsDKEHHOTO 3JIEKTPOMETpa, HO M 3aCTaB/ISIIOT SIPKO CBe-
TUTBCA B TEMHOTE 3KpaH, MOKDPBITHIN CJIOEM ILUIATUHOLIMAHUCTOTO
0apMsi WIM KaKOro-HUOYOb Ipyroro GJroopecLypyIOlero BeIecT-
Ba. DTo cBOMCTBO Jyuei bekkepe-
JIsT BIIOCJIEACTBUM JdaXe MOJYYHIIO
HEKOTOpOe IMpaKTUYEeCcKoe IpHMe-
HEHME. CEPHUCTHI LMHK, K KOTOpPO-
My MOOMEIIAHO CaMOe KPOXOTHOE KO-
JIMYECTBO pPaJMOAKTUBHOTO BEILECTBA,
CBETUTCS B TEMHOTE IMOJ BJIMSTHUEM
Jydyeil bekkepensi, UCITyCKaeMbIX 4Yac-
TUIIAMU 3TOr0 BEIECTBAa, a IO3TOMY
TaKMM CEPHUCTHIM LIMHKOM C MpH-
MECBhI0O pPaJguOaKTUBHOIO BeEIeCTBa
WHOIa PUCYIOT LIMGphl Ha uudep-
Onare 4yacoB M OOMAa3bIBAIOT CTPEJIKM, YTOOBI MOXHO OBLIO HOYBIO
B3[JITHYTh Ha 4achl, He 3axxiras crimuku. Bo Bpems IlepBoit MupoBoit
BOWHBI TaKMM CEPHUCTHIM LIMHKOM OOMAa3bIBAIM PYXEWHBIE ITPULEIBI
(4TOOBI HOYBIO MOXKHO OBUIO TPULIETMBATLCS B TEMHOTE), CTPEIKM U
OyKBbI Ha MarHUTHON OyCCOJMM U T. IT.; 3TO JaXe BhI3BLIBAJIO PE3KOe I10-
BBILIIEHWE CIIPOCa M B3IOPOXAaHUE PAAMOAKTUBHBLIX BEIIECTB (O LIEHAX
PaIMOAKTUBHBIX BEIIECTB OyAeT JaJibllle paccKasaHO IOApoOHee).

®ororpaduyeckoe AewcTBUE Jydeidl Bekkepens Toxe CTaHOBWIOCH
BCE MHTEHCUBHEE M 3aMeTHee II0 Mepe Toro, kak I[Ibep M Mapusa
Kiopu mpuroToBisuiu Ipemnaparthl, Bce Oonee M Oosee GoraThle pagueM.
Bckope mocne Havana pa®oTel ObUIM IMONY4eHBI IIpenaparhbl CTOJb
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aKTUBHBIE, YTO YK€ He TpeOOBAIOCH ITUTENbHBIX SKCITO3UIIUI (TT0 Hec-
KOJIBKY 4acoB), YTOOBI MOJYYWIOCh 3aMETHOE TodepHeHUe ¢oTorpadu-
YeCcKOW ITUTaCTUHKM OT JeMCTBUS JIydedl bekkepesns: CTOMIO TOJBKO
MOJHECTU Tpernapar, COAEpPXallMi paauii, Ha HECKOJIbKO CEeKyHHI K
3aBepHyTOM B OyMmary doTrorpadHdecKoil IUIaCTMHKEe, KaK IUIAaCTHHKA
3aMeTHO TeMHesa. B mpekpacHoit kHipkke «Pammii M ero pasramka»,
KOTOpPYIO Hammcan aHnmiickmii xuMuk @penepuk Commyu — OOUH U3
MEPBBIX KCCIEAOBATENIe PaTUOaKTUBHOCTH (O ero paborax OymeT momi-
POOHO paccKa3zaHO HaJibllie), OIMMCHIBAETCS CJICOYIOLIMH OMBIT: OepeTrcs
CTEeKJISTHHAsl TpyOOYKa, B KOTOPYIO IIOMEILEH IIpernapar, COAepXKalluii B
cebe HEMHOXKO paiuvs, U 3TOM TpyOOUKOH MEMIJIEHHO BOHST, BBIITHCHI-
Basg KakKoe-HMOydb CJIOBO, KaK KapaHaalloM, mo ¢oTrorpadu4ecKoi
IUTAaCTMHKE, 3aBEPHYTOM B UYEpHYyIO0 OyMary, 3alllMIIAIoNIyI0 €€ OT BCeX
BUAMMBIX Jdy4yeh cBera. Ilocie Toro, Kak IUIaCTUHKAa MpPOSIBIEHAa, Ha
HeM OKa3bIBaeTCsl HANMCAaHHBIM 3TO ¢JI0BO. BOT Kak ObIcTpo Jiyuu bek-
KepeJid 3a4epHWIM T€ MECTa IUIACTMHKU, K KOTOphIM ObUla IONHECEeHa
TpyOOUYKa C IperaparoM paaus!

B caMbIX mepBbIX OIBITax Haj MpelapaTaMM pamuisl ObUIO 3aMEdYeHo,
YTO BEUIECTBO, CoAepXKalllee pamauii, Bcerma HEMHOXKO TEIUIee, YeM Bce
okpyxaromue npeameTsl. I[Ibep Kiopm pelmn BOCMONB30BaTbCS 3TUM
U1 TOrO, YTOOBI M3MEPUTh SHEPrulo Jydeil bekkepess, UCIIyCKaeMBbIX
panueM. B camoMm nene, 3TH Jydu bekkepesnsi, KoTopble 4epHSIT (HOTO-
rpadu4ecKyo TUIACTUHKY, NEMal0T BO3MYX IMPOBOTHUKOM 3JIEKTPUYECT-
Ba, 3aCTaBJISIIOT (DIIIOOpPECIIUPYIONINE 3KpaHbl CBETUTHCS, — OOJDKHBI
Xe 3TU Jyuu bekxepesnss MMeTh KaKylOo-TO HEPTHIO I TOIO, YTOOBI
nmenatb Bce 31o! IIbep Kiopu B3sur Kamopumerp — npubop, B KOTOpPOM
MO KOJWYECTBY pacCTasBIIEr0O B HEM JIba OIPENessieTCs, CKOJIBKO BHI-
JIeTWIOCh B MpUOOpEe Teruia, — W MOMECTWI Tyda Ipenapar pamus. Ka-
JIopuMeTp OBUT B3AT TaKOM, YTO BCe JIydM Bekkepensi, KOTOphIE HCITyC-
KaJl mpernapaTr, He MOIJIM BBIXOIMTH M3 IIpUOOpa, BCE OHHU, KaK TOBO-
PAT, «IOMJIOLIAIMCE» B Macce JIbIa M B TOJICTBIX CTEHKAaX KaJIOpUMETpa.
B3BecuB pacrasBUIMIA Jieq M 3Has, CKOJIbKO TpeOyeTcs Terula I TOro,
yTOOBI pacIUIaBUTh 3TO KOJIMYECTBO Jbaa, IIbep Kiopu cymen uaMeputs
KOJIMYECTBO TEIUIOTHI, BhIAEIsIeMOe MpernaparoM panusa. OKasalock, 4To
KaXIblif TPaMM pamusi B TeYeHHMe 4yaca BblaessieT u3 cebs 140 xanopwit
SHEpruM (KaJIopusi — 3TO Ta SHEprusi, KoTopas HyXXHa, YTOOBI MOJHSTH
TeMIIEpaTypy OMHOro rpaMMa Bombl Ha omuH Ipanyc Llembcus). DHep-
TUsl, OTJaBaeMas paaueM, YXOOUT ¢ JiydamMu DBeKKepes, HO eciu 3Te
Jlydu 3aepXarth, MOIJIOTUTh MX, KaK ObpUIO chenaHo B onbite Ilbepa
Kropu ¢ kanopumerpoMm, TO Ta Xe caMasl SHEPIUs BBIIEISIETCSI B BUIE
TerioThl. 140 Kajopuit B 4ac! DTa 3Heprus, BblIE/IsIeMasl rpaMMOM pa-
IMsl, HE OYEeHb BeMKa: IeablXx 50 9acoB AOJDKHO IIPOMTU I TOTO,
YTOOBI FpaMM paavs OTOAN CTOJILKO K€ SHEPIMH, CKOJBbKO OTHAET, Cro-
past, ooguH rpamM yriia. Ho 3aTto rpamMM ymiisi, cropes, NpeBpaTUBLIVCH
B YIJIEKMCJIBIN Tra3, yxe IepecTaeT OTJaBaTh SHEPIMIO Jaiblle, a rpaMM



3ATAIKA PAJUOAKTUBHOCTHU 21

pamus, OTAaB, XOT M OYeHb MeIJieHHO — B TedyeHue 50 yacoB — TO
XKe camMoe KOJMYECTBO KaJIOpWUM, OCTaeTcs, MO-BUIUMOMY, TaKUM XK€,
KaKUM OH OBUI, U IIPOJOJDKAET MCITYyCKaTh SHEPTUIO TEM XE€ CaMbIM
TEMIIOM.

Bor 3Ta-TO0 CIOCOOHOCTh paausl UCIYCKATh, XOTS W OY€Hb MEIJIEH-
HO, GOJIbIIIME M Ka3aBIIHWECS COBEPIIEHHO HEOTpaHWYEHHBIMU KOJIMYeE-
CTBA 3HEPIMY IO/DKHA ObUla OOJbIlle BCEro 3auHTepecoBaTh (OU3UKOB:
OHAa U Jaja BO3MOXHOCTb FOBOPUTh O 3araike paaus, O 3aragke paguo-
aKTUBHOCTH, MYYUTEIbLHOM 3araike, 3acTapisBiueil ¢usukoB 1900 roma
JIoMaTh cebe rojioBy Hall TAMHCTBEHHBIMU CBOMCTBAMHU Palusl U €ro JIy-
yeil. Yto gBigeTcs NMPUYMHON pamMOaKTUBHBIX sBIeHUii? YUTO 3acras-
JIeT padMOaKTHBHbIE BellecTBa MCHycKaTh Jiydn bekkepensi? Kakosa
MpUpOdA 3TUX JIydei, TaK IMOXOXHWX (Ha TEpBbIA B3MISIA) HA JIydd
Penrtrena? OTkKyna palMOaKTUBHBIE BEIIECTBa OEpyT 3HEPIUIO, KOTOPYIO
OHM 3aTEM OTAAIOT BHEIUTHEMY MUPY B (OpME 3HEPIMM CBOMX TauH-
CTBEHHBIX Jyuyeit? M OeCTBUTENBHO JIM 3Ta HEpPrusi Heucueprnaema?
JlefACTBUTENILHO JIM KYCOUYEK Dpanus TpPEACTaBlsseT COOOW HEUTO BPOAE
«IEPIETYYyM-MOOWIEe» — BEYHOTO JIBUTaTelid, O KOTOPOM TaK CTPAaCTHO
MeYTaIH KOrJa-TO M300peTaTesid, — JBHUTaTesisd, KOTODBI BCE BpEM:
MOXET OTHaBaTh MMpY SHEPIMIO, XOTS B HEM CaMOM HMYEro He cropa-
€T, He TpaTUTCA, He TMOPTUTCs, He u3MeHsiercs1? Mmm, MoxeT OBITh, pa-
IMIi COBCEM He SIBJIIETCS MCKIIIOYEHWEM B MUpe, IIe BCce MOAYMHEHO
3aKOHY COXpaHEHMSl 3HEpPTriH, U, MOXET ObITh, 3arachl 3HEPIUM, CO-
JepXallecs B paavuu, XOTS Y BEIMKH, HO COBCEM HE HeUcCyepliaeMbl,
u ecau depe3 50 yacoB B rpaMMe pamMs ellle He 3aMEeTHO HMKaKoro
HWCCSKAHWS, YBSIOAHWS, YINaaKa, TO 4Yepe3 MHOIO Heloelb WIM Jaxe
TOJILKO 4Yepe3 MHOTO JIET YMEHbIIEHHWE 3alacoB 3HEPTrUM B paJuu
IOJDKHO CTaTh 3aMeTHBIM? BOT Kakue BOINpPOCH BOJTHOBATU (PU3HKOB,
M3Yy4aBIIMX paguii, BOT KaKve BOIIPOCHI COCTaBJISIIOT CONEpPXKAHUE 3a-
ragkd paguoakKTUBHOCTH, O KOTOPOl TOBOPUT Ha3BaHME 3TOM IVIaBhI
Hallle KHKKU.

B manpHeiIx riaBax Mbl y3HAaeM, KakK ObUla pasrajaHa 3arajka pa-
IAS U K KaKUM OTPOMHBIM IIO0 CBOEMY 3HAYE€HMIO IOCJIENCTBUSIM IpU-
BeJla pasragka 3TOM 3araiky, Mo3BOJMBINAs (u3vkaM HEOOBIKHOBEHHO
DIyOOKO 3aryITHYTh B CaMble COKPOBEHHBIE TaliHBI OKPYXKAIOLIETro Hac
mupa. Ho mepen TeM Kak IPUCTYIIUTh K paccKa3dy O pa3ragke TauHbI
pamusi, HyXHO OymeT XOTsl OBl BKpaTlLie paccka3aTb O TOM, B KaKOM
COCTOSIHMM Haxomwiach (bM3MKa TOrO BpeMEHHU, KOraa 3araigka paius
ObUIa MOCTaBjIeHa M IIpMBJIIEKaa K cebe BceoOlllee BHUMaHUE; HYXHO
OyJeT pacckasaTh O TOM, 4TO (PM3MKM 3HAJIM BOOOIIE OO YCTPOWCTBE
BEILlIECTBA, KOTJa MM IIPUIIUIOCH 3aHSAThCS Oojiee Y3KMM M CIleLUallb-
HBIM BOIIPOCOM — BOIIPOCOM 00 YCTPOMCTBE PaIMOAKTMBHOIO BEILECT-
Ba. DTOMy MBI ITOCBATHUM 1Be ciemywoomue miaBbl (1. [I — ATomel u
o1 III — DneKTpoHBI M pEeHTIEHOBCKHE JIydr). B 3TuX rimaBax Mel pac-
CKaXeM BCE TO, YTO YX€ MOIIM 3HaTh (GU3UKU, KOTOPBIM IPENCTOSUIO
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pasragbiBaTh 3araakKy pagdoOakTHUBHOCTH, — BCE, UTO (PM3UMKM 3HAIU 00
ycrpoiictBe BenectBa g0 1902 roma (rom, korma Ilbep u Mapusi Kiopu
BBUICJIWUIM XJIOPMCTBIM paJui) MU B TEYEHME HECKOJBbKVX CIIELYIOLLUX
sner. Ho mepen TteM, Kak ITOrpy3UTbCSl B 3TU TPYAHBIE U BaXXHBIE IJIABBI,
MBI paccKaxeM elle o0 OZHOM YIUBUTEJIbHOM CBOWCTBE pagusi —
CBOMCTBE, KOTOpOe IPUBJIEKJIO K HEMY BHMMaHUE HE TONBKO (DU3HKOB,
HO U CaMOH IIMPOKON MyOJMKMU M BBIZBAJIO K KM3HU BEJIUKOE MHOXE-
CTBO MPAKTUYECKN BaXXKHBIX ITOCJIEICTBUMA.

3 anpens 1901 roma Aupu bekkepenp 3amien B jiadoparopuio [1bepa
Kiopu ¥ morpocui y Hero paspelieHMUs] B3sITb Ha BpeMsl [IpernapaTr pa-
o (AHpu bekkepenb coOUpaicsl B 3TOT O€Hb IMPOYUTATh CTYAEHTaM
JIEKIIMIO O PaaMOaKTUBHOCTU, W IpernapaT paads €My HyXeH ObUl i
TOro, yroObl ITOKa3aTh CJIYLIATENSIM HECKOJbKO oIbiToB). [lbep Kiopm
ajl eMy CTEeKJISIHHYIO TpYOOUYKy, B KOTOpPOH OBUIO HEMHOIO (MEHbIIE
1 r) DOOBITOrO M3 MOAXUMCTATbCKOM PYIObl BEIIECTBa C OOMbIIOW MpU-
Mecblo pamus. Tpybouka ObUta 3aBepHYTa B OymMary Y IIOJIOKEHa B Kap-
TOHHYI0 KOpOOKY. BTy KOpoOKy bBekkepenb HeOpeXXxHO 3aCyHyl B XH-
JIETHBIA KapMaH, MU OHa IMpoJieXajla B KapMaHe OKOJIO ILIECTH YacoB.
JIyun Bexkxepens, ucmyckKaBlIMecss 3TUM IIperapaToM, ObUIM TaK CHWJIb-
HBI, 4TO Korjga bekkepenb B ManbTo BOUIES 8 TEMHYIO KOMHATY, B KO-
TOpOM OBUT 3KpaH C IUIATMHOLIMAHMCTBIM OapueM, W MOoAoLIeN K 3Kpa-
HYy, 3KpaH HadyaJ O4eHb CMJIbBHO CBETUTHCS: JIydd CBOOOIHO IPOXONMIN
CKBO3b MaJbTO, U JaXke KOraa 3KpaH NogHocuM K cruHe bekkepens
MpsIMO TIPOTUB KMJIETHOTO KapMaHa, rme Obla TpybouKa C Ipemnapa-
TOM panusi, 9KpaH CJerka CBETW/ICS TMOoJ AeHCTBUEM Jlydeil, nmpouies-
IIMX HACKBO3b Yepe3 IpyAHyl0 KiIeTKy AHpU Bekkepes.

Yepes 10 oxeit, 13 anpenst, bekkepeab oOHApyXWJ y ce0s Ha Ipyanu,
KaK pa3 Ha TOM MecTe, Iie ObUI XWIETHBIM KapMaH, MaJleHbKOE Kpac-
HOE IATHBIWIKO. boau He ObUIO HUKAKOM.
IToTOM TATHBIMIKO HayaJlo PacTH, CAEIAIOCh
0ojiee TEMHBIM, a 4epe3 HECKOJbKO AHeH
OHO IMIPMHSJIO TaKyl Xe (GopMy M Takue
pa3Mephl, Kak CTeKJIIHHas Tpybodka, B KO-
Topoii Ob1 pamuii. Elle yepe3 HECKOJIBKO
JHell bekkepenb MOYYBCTBOBAI CUJILHYIO
6onb. Koxa pacrpeckanach, obpa3oBaiack
s3Ba, U bekkepenp B yxace obpaTuics K
Bpauy. Bpau mpuHsICA JIEYUTH 3Ty s3BY,
Kak JiedaT OOBIKHOBEHHBIM OXOr, U NMpUbIu-
3UTEJIBHO Yepe3 Mecsl $3Ba 3aKpbllach U
3apyoueBasiack. Ho eule uepe3 nBa ropa
[OCJIe 3TOro IpOMCIIEeCTBUsS Ha rpyau bek-
Kepeas Obll BHAEH OTYETJIMBBIA OEJbIid
1paM B TOM MecCTe, Tje paHbllie ObLla 3Ta
paHKa.
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Korma Ileep Kiopu y3Han o mpowucuiecTBuM ¢ BekkepeneMm, oH
MPUHSJICS HApOYHO [eJaTh BOT KaKue OIBITHI: OOUH pa3 OH IIpHU-
BSI3aJl K CBOEH pyKe Iperapar paaus Ha OecsSTh 4acoB. Yepes He-
KoTopoe BpeMsi y Kiopu, kak mnpexne y bekkepeins, mosiBUiIach
KpacHOTa, HayaJoCh BOCIaJeHHWE, a Yyepe3 HECKOJILKO THEH OTKpBI-
Jlach paHka. OHa OYeHb CWJIBHO 0oJjiela M IIPOIIIa TOJBKO ITOCTE
YeThIpEX MecCslIEB JIEYEHHUS; HA KOXe, KakK M y bekkepens, ocrajics
ryookuit 6enblii upam. Apyroit pas Ileep Kropu mompoGoBan I1mo-
HOCUTh B KapMaHe KDYNUHKY panus Ioj4aca; depe3 16 mHei Ha
KOXe 00pa3oBajIiCsl OXOr, 3aTeéM BCKOYMJI BOJALIPb, KOTODPBIA MpO-
LIeJ TOJILKO 4epe3 ABE HEelesH.

060 BceM atoM Ilvep Kiopu pacckasan maprokckomy aokKropy JlaH-
J10, paboraBuieMy B rocniutane CeH-JIyn. Jloktop dammo cpasy coob-
paswi, YTO €C/IM paguii TaK CWIbHO IEHCTBYET Ha 4YeJIOBEYECKYIO KOXY,
TO 3TO IO/DKHO OKa3aThbCs OYEHb BAXHBIM IS MeOUIIMHBLI. Bemb Bce
Bpayd OYEHb XOPOLUO 3HAKOT, YTO NEWCTBUE JIEKAPCTB CHIBLHO 3aBHCHUT
OT IO3BI: €ClIM KaKoe-HUOYOb JIEKapCTBO OJIarOTBOPHO OEMCTBYET Ha
OONBPHOrO, KOrga €ro MPUMEHSIIOT B MaJleHbKOM [103e, TO B OOJIBLION
03¢ OHO MOXET OKa3aTbCsl CWJIBHBIM SITOM, CIIOCOOHBIM OTIPAaBUTh Ha
TOT cBeT U 3mopoBoro. He okaxyrcs iy ayuu pagusi, KOTOpbIE TakK
BpeOHBl B OOJIBLIOW [103€, XOPOLUMM JIEKAPCTBOM IS KOXH, €CIM UX
MPUMEHSTh B MajieHbKoU no3e? Jloktop JlaHno O4eHb OCTOPOXHO IIO-
npoOOBajl AEHCTBOBATh CIAOEHBKMMU IMOPLUSIMU JIy4eil pagvs cHadajia
Ha XWBOTHBIX, ITIOTOM Ha JioAeit. OKazaioch, YTO B MajleHBKMX [103aX
JIydU pagusi XOpOLLUO M3JIEYUBAIOT 3K3eMy, JIMIIAM, BOMTYAHKY U BCIKHUE
IpyTye O0JIE3HU KOXU.

OnbiTamMu nokTopa JaHno 3aMHTepecOBaIMCh MHOTME Bpayd M OHO-
JIOTU, U C TeX MOp MEAULIMHCKWE NEHCTBUS JTydell pamusi ObUIM OYeHb
XOpOULIO M3Y4YEeHBl B KIIMHMKaX U B OMOJIOrMYecKHX JlabopaTtopusix. Bpa-
Yd CKOpO 3aMEeTWIH, YTO CWIbHBIC JIy4M paiusi, paspylliasgd KJIETKM U
TKaHM YeJIOBEYECKOro Tejla, He Ha BCe KJIETKM M He Ha BCE TKaHU
IEUCTBYIOT OIMHAKOBO: T€ KJIETKM, KOTOpPBIE O0JIaJaloT CIIOCOOHOCTBHIO
OYEHb OBICTPO Pa3MHOXATBCSI, TOPA3I0 CWIbHEE CTPanaloT OT pa3pyllu-
TEJIBHOTO NEeHCTBUSL Jy4eill panusi, 4eM MeIJICHHO pa3MHOXalolluecs
KJIETKM. DTO OTKPBITUE OKa3ajloCh OYeHb BaXXHBIM, U BOT IIOYEMY: CY-
LLIECTBYET Takas 00Je3Hb — pakK; 3TO OYeHb MY4YHUTeJIbHAas GOJie3Hb, OT
KOTOPO# TOrubaeT MHOXECTBO JIOJEW M KOTOpas Mpexae CYMTaNach
COBEPUIEHHO HEW3/1e4yuMOil. ¥ OOJBbHOIO pakoM oOpasyeTcs Ha KOXe
WIM BO BHYTPEHHUX OpraHax, HallpyuMeEp B IOpPTaHHU, B XeIyIOKe, paKo-
Bas OITyXOJIb, OYEHb OBICTPO pa3pacTaloUIasiCs M 3apaxarolias BeCh Op-
raHu3M OOJIBHOTO TeMH YacTHULIaMM, KOTOpbleé OHA pPacChUIaE€T BO BCE
opranbl ero Tena. KiaeTku, U3 KOTOPBIX COCTOMT pakoBas OIYXOJib,
Pa3MHOXAIOTCS O4YE€Hb OBICTPO: ropa3fgo OBICTpee, YeM Te KIETKU, U3
KOTOPBIX COCTOAT 3I0POBBbIE TKAaHU. A TaK KakK JYyYM paauds TeEM CHJIb-
HEe pas3pyllaloT TKaHb, 4eM OBICTpee pa3MHOXAIOTCHd €€ KIETKH, TO
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BBIBOJI SICEH: HEOOXOIMMO BO3IEHCTBOBAaTh HA PAKOBYIO OITyXOJIb, OCTa-
BMB OKpYXaloOll[1e 3A0POBble TKAaHM ITOYTH HEBpEAMMBIMU. Takom cro-
c00 JieYeHUs1 paka BpauyM CTajld NMPHUMEHSTH YXKe 4Yepe3 HECKOJIbKO JIET
Mnocje OTKPBITUS paiuisl, U 3TOT CNOCOO NaBaj NMpeKpacHble pe3y/bTa-
Thl. JledeHUe NMPOM3BOAWTCS TaK: IIperapar pagvs IOMEIIAloT B 30JI0-
Tol YyT/Isip ¥ IPUKIAOBIBAIOT K PakoBOM omyxoM. Eciau Tompko 60-
JIE3Hb HE CJIMIITKOM 3aIlyllleHa, T. €. €ClIM MHUKPOCKOIMMYECKHUE KyCOYKH
OIMyXOJIU €llle HE YCIENU pasHEeCTUCh (M0 KPOBEHOCHBIM U JUMaTH-
YECKMM COCyllaM) MO BCEMY Teldy OOIBHOIO, TO JiedeHMEe OOBIKHOBEHHO
O4YeHb Xopoulo ymaercs. Imoxo OHO ymaercs TOJBKO B TeX CIIydasiX,
KOIJa pakoBas OITyXOJIb PacTeT OoueHb ITTyOOKO BHYTPU Tejla, HaIllpuMep
B xemyake. Omyxojib Ha KOXE YHMYTOXAETCS IPU JOCTaTOYHO 3HEp-
TUYHOM JIEYEHUX OYEHb OBICTPO — HeNeIu B JABE.

Korma Bpauu crajgm jeumTh Jy9aMu pagus pasHble OOJIE3HM, TO Ha
paguii ceiyac Xe MOSBWICS cnpoc. Bce KpymHble OOIBHMIBI 00A3a-
TEJIbHO 3aXOTEJIM UMETh y ce0sl XOTsI OBl KPYNMMHKY 3TOTO BELIECTBA LIS
TOro, 4yToObl M3JIEYMBaTh KOXHbIE Ooyie3Hu. Ho paguii njoctaBaTh ObLIO
ouyeHb TpyaHo. Hemeuxkuit ¢usuk I'm3enn BCKOpe mocie TOro, Kak
ITsep u Mapust Kiopu oTKpbUM pamuif, moctan u3 HMoaxmmMcrans 60J1b-
LIOE KOJIMYECTBO TEX XK€ OCTaTKOB OT IlepepaboTKM YpPaHOBOM CMOJISI-
HOI pYyIbl, KOTOPBIMH IOJIL30BAINCH U cynpyru Kropu, u Hadan 100bI-
BaThb M3 HUX paauii, NMPUMEHSsI Te Xe camble crocoObl. Ilocme storo
OH OYEHb BEJIMKOAYIITHO Pa30ciajl Bech HOOBITHI MM pagvii BceM ¢u-
3MKaM, KOTOpblE 3aHMMAJIUCh U3yYeHHUeM JIydeil bekkepens u npobosa-
JIN pasrajath TaWHy PpaguOaKTUBHOCTU. ABCTPUHCKOE IPaBUTEILCTBO
04YEHb CKOPO COOOpa3swiIo, YTO OTOPOCHI OT MepepaboTKM YypaHOBOM
CMOJISIHOM pyObl Telepb OYAyT LIEHUThCS AOPOXE CaMOro ypaHa, U
MPOCTO-HAIIPOCTO 3allpETWIO BBIBO3UTH
3T OTGPOCHI 3a IpaHUIy. DTO IOTHSIIO
LIeHbl Ha paguii MO0 TaKUX IPENEsIOB, 4TO
Jaxe Te (U3MKHU, KOTOphIE OOJbIIE BCETO
clenaM Ui OTKPBITUS M JOOBMNU panus
(ITeep 1 Mapusa Kiopu, I'usens), norepsi-
JIM BCSKYI0O BO3MOXHOCTb €r0O ITOKYTIaTh.
Korma yepe3 HeCKOJBKO JIET IOCNE OTK-
PBITHS pagus aHIIMUCKUM (U3MKaM I0-
HagoOMJIOCh KPOXOTHOE KOJIUYECTBO pa-
Mg g HaydHOM paboThl, OHM BBIHYX-
JeHpl OBUIM  MCHOJb30BaTh  OYEHbB
CJIIOXKHYIO MPOTEKLHIO: O0paTwjiuch K
MPUHLY Y2JIbCKOMY (HACIETHUKY aHT-
JIMACKOro IpPEeCTojia), U OH BOCIIOJIb30-
BaJICS CBOMMM 3HaKOMCTBaMU U CBA3SIMU
IIpX IBOpPE aBCTPHUIICKOIO HMIIEpaTopa,
yTOOBl MOJYYUTh pa3pellicHUE BBIBE3TU
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U3 ABCTpUMH HEKOTOPOE KOJIWYECTBO OCTAaTKOB OT IepepaboTKU ypa-
HOBOU CMOJISIHOM DYAOBI.

B 1912 romy IlapyokcKuii YHMBEPCUTET COBMECTHO CO 3HAaMEHHUTBHIM
MeTuIMHCKUM HMHCTUTyTOM Ilactepa oprammsoBan B Ilaprke Tak Ha-
3pIBaeMblif THCTUTYT pamusl. DTOT MHCTUTYT OTKPBUICS Ha YIMIE, KO-
Topast 6bUTa Ha3BaHa mMeHeM Ilbepa Kiopu, a magmam Kiopu mosydria
JIOJDKHOCTh JUPEKTOpa 3TOT0 WHCTUTYTA, KOTOPYIO OHA COXpaHWIa 10
camoit cBoeit cMeptH (B 1934 romy). B sTOM MHCTUTYTE NMpPOM3BOOSTCS
BaXXHBIE (PM3NYECKHE HCCIIEOOBaHMS, OTHOCSIIHNECS K CBOMCTBAM paIy-
OAKTMBHBIX BEIIECTB U MX JIydel, HO, KpOMe TOro, eille ¥ IIPOU3BOIUT-
cs neyenue OonbHBIX. B 1918 romy Mapua Kiopy momapmia KIMHUKE
CBOETO HHCTUTYTAa TpaMM DpaJus, W3BJICYCHHBIM €10 U ee MyXeM U3
HOaXMMCTAILCKON pyAbl U MPEACTABJISBIIMI €€ JIMYHYI0O COOCTBEH-
HOCTh; B TO BpeMs, Korga ObUI cliejlaH 3TOT IIOJAPOK, IpaMM paIus
CTOWI CTO TBICSIY J0JUIapOB (MOJTOPa MWUIMOHA (PPaHKOB).

IIpakTrdeckuie MpUMEHEHUS pagus B MeOUIIMHEe BBI3BAIM HEOOXO0-
IUMOCTh JOOBIBATh 3aBOJCKMM IIyTeM 3HAYMTeNbHBIE KOJIWYECTBA pa-
mus. B 1914 romy npaBuTesibcTBO CoemuHeHHbX 11ITaToB OpraHM30Baio
3aBOA 1T JOOBIYM paavsi M TaK Ha3bIBAeMBIX KApHOTHUTOBBIX PYI, KO-
TOpBIE BCTpedaloTcsl B pa3HbiXx MecTax CoemuHeHHBIX I1ITatoB M comep-
Xar B cebe ypaH U pamuii. B 1921 romy B Mecreuke Karanra (6enb-
ruitckue Bragenus B LlenTpambHolt Adpyke') GbUTH OTKPHITHI GOrarhie
3aJIeXXM ypaHOBOM cMOJSTHOM pymbl. OKaszajoch, YTO B 3TOH pyde ecTh
JIOBOJIHO 3HauMTeNIbHasA NpuMech pamusd. Ilostomy B 1923 rogy B Mec-
Tedke OoJieH, BOJIM3U OEIBIUICKOTO ropoda AHTBEpIIEH, OBLI ITOCTPO-
€H pagveBbI 3aBOH, KyAa MPUBO3WIM YPAaHOBYIO CMOJISIHYIO DYy,
nooObITYI0 B KaTtaHre, M u3BIeKaTM M3 Hee pamuii. B TeyeHue Mecsia
Ha 3TOM 3aBOfE NOOBIBAIM 4YeThlpe rpamma pamusd. CriocoG AoOhMM B
OCHOBHOM TakKOM Xe, KaK TOT, KOTopbli npumMeHsuid Ilbep 1 Mapus
Kiopn B cBOMX mepBbIX JlabopaTopusx Ha yiuile JIOMOH M Ha yiuie
Kionne. B1oT cnoco® OYeHb CIOXEH; IS MHTEPECYIOLIUXCS MBI MpH-
BomuM ImTaty U3 «Kypca oOmieit xumum» npod. b. H. Meniryrkuna
(4-e usmanue, Jlenunrpan, 1933):

«[TepepaboTka ypaHOBOU cMojKH B QoJjieHE BeAETCS Tak: IO[
IEACTBUEM CepHOW U a30THOM KUCJIOT M3BJIEKAIOT M3 PYABI COEMMHE-
HUS ypaHa, 3aTeM, IOC/e YOaIeHUS KpeMHe3ema, o0pabaThIBAIOT COJISI-
HOIO KMCJIOTOIO M (T10C/ie MpUOaBICHUST HEOOXOOMMOIO KOJIMYECTBA CO-
Jiel 6apusi) TONy4eHHBbIE CEPHOKUCIBIE COMM Oapus M pamusd OT(hIIb-
TPOBBIBAIOT W ITIOM JABIC€HUEM HAarpeBalOT C pacTBOPOM COOBI JUIS
MepeBo/ia CEPHOKUCIIBIX COJIeil 0apus U pamys B YIVIEKUC/BIE, MX pacT-
BODSIIOT B YUCTOM COJITHOM KWCJIOTE U CHOBa OCaXJAlOT PACTBOPOM YT-

'Karanra — B Hacrosimee Bpemsa mnpoBuHuMs I[Ila6a B 3awmpe.
(Ilpumeu. peod.)



26 ATOMBI U DJNEKTPOHBLI

JieHatpyueBoi conu. [lomydyeHHBble YUCTBIE YIJTIEKWCIIbIE COJMIA ACHCTBUEM
YHUCTOM XXe COJITHON KMCJIOTHI MEPEeBOIAT B XJIOPUCTHIE Oapuil M panui,
FOTOBAT MOYTM HachleHHbIM npu 100 °C pacTBOp MOCIETHUX U OX-
JIaXIaloT €ro; Npu ApOOHOM KPUCTALIM3alMU CIIEpBa OCaXIaeTcs
TpyAHee PacCTBOPUMBINA XJIOPUCTBIM paiuii, IOTOM yXe XJIOPUCTHIM Oa-
puit. [ToaTOMy OTHEIbHO COOMpPAIOT IEpBLIE MOPIMU KPUCTALUIOB U
nocyenytomue. C MaTOYHBIM paccojoM M 3TUMU KPUCTAUIAMU ITOBTO-
PSIIOT MHOIO pa3 TaKyl0 MNEPEKPUCTALIM3ALIMIO, MOKa HE IOIYYUTCH
XJIOPUCTHIA Oapuil cO 3HAUMTENBHBIM COIEpPXKaHUEM XJIOPUCTOTO pagusl.
Torma pacTBop MX OcaXmaloT YIVIEKUCJION COJIbIO aMMOHMUS, IOJIy4eH-
HBIA OCagoOK IMPOMBIBAIOT, PACTBOPSIIOT B ODOMOBOLOPOAHON KWCIIOTE
U TIOJNy4yaloT elle 0oJiee pasyiMyarollvecsi pacTBOPUMOCTBIO B BOIE
6pomucTele Gapuit M paguii. VIx cHoBa MojBepraioT ApoOHON mepe-
KPUCTAJIIU3AIIUM BIUIOTh 10 IOJYyYeHHUs YUCTOrO OpOMMCTOrO panus,
KOTODBIM 3aMauBalOT B CTEKJISTHHBIE TPYOOYKM, MOMEIIEHHBIE B TOJ-
CTble CBUHIIOBBIE GYTJSPH, U COXPAHSIOT B OTHAJEHHOM OT XKWIbS
IMOMEILEHUN».




IJIABA BTOPAL

Dusnyeckue sSBICHUs, MPOUCXOASINME B OKpYXKalolleM Hac MUpe,
MPEeACTaBIIOT OECKOHEYHYIo 1lieMNb 3aragok. Boma, oxjiaxkmasch, mnpe-
Bpalliaercsd B TBEPAbIA OECLIBETHLIN Jie[, HarpeBascCh e, CTAaHOBUTCS
HEBUAMMBIM BOIOSHBIM napoM. Eciu ee cierka mMOAKMCIUTL CEpPHOU
KUCJIOTO M MpOITyCKaTh 4Yepe3 Hee 3JIEKTPUYECKUI TOK, OHA IocTe-
TEHHO ITpeBpalllaeTcsl B IBa ra3a — Bomopod M Kucjopod. CTOUT TOJb-
KO CMellaTb 3TU ra3bl U MOIDKEeYb WX MCKPOM, KaK OHH CO B3PHIBOM
CHOBa IIpeBpalllaloTcsl B Bomy. biiecTsiee Xeje3o0 B CHIPOM BO3MyXe
NpeBpaliaercs B p>aByMHy. [OpsIIMII yrojib CTAHOBUTCS YITIEKUCIIBIM
razoM. IlomauHHO, «IIpUpoda HAXOOUT YIOBOJLCTBUE BO BCEBO3MOX-
HBIX IIpEeBpAlliEHNsTX», KaK KOTHa-TO CKa3ajl 3HAMEHUTBINM aHTJIUCKMII
yuyeHbiii Mcaak HproToH. M Bce 3T mpeBpallleHUsS CTaBST meped Hamu
BCE TOT X€ BOIMNPOC: B UYEM 3aKITIOYAeTCs] MHTMMHAsl, BHYTPEHHSSI CTO-
pOHa BCeX 3TUX SIBJIECHUW, KOTOpble MBI BOCIIPMHMMAaeM KakK XOJiof, KakK
TeIUIO, KaK IUTaMsl, KaK B3pbIB U T. 1n.? KakKoB 3aKyJUCHBIM MEXaHU3M
BCEX 3TUX TeaTpalbHBIX 3(MGdEKTOB, KOTOpBIE MBI Bce BpeMs HaOioma-
€M U KOTOpble M3y4yaroT ¢u3uka u xumusa? C AaBHUX IMOp JIIOAM CTpe-
MWIKNCh ITOJIYYUTh OTBET Ha 3TOT Bompoc. M ellle mepen TeM, Kak Hay-
Ka Jopocia JO TOro, YTOObl CYyMETh OTBETUTH Ha 3TOT BOIPOC IpPaBWIIb-
HO, HeTeprieauBble (QWIOCOGBI IBITAIUCh OTBETUTh Ha HEro, 3aMeHUB
CTPOroe MCCJieNOBaHUE MPOCTOM IOraakoi.

B ray6okoit apeBHocTH, Ooibnie yeM 2000 jgeT TOMY Hasam
(B V cronetun no Hayajga HallIero JETOCYUCIECHMs), rpedeckue (pu-
Jocodpnl deMokputr A6mepckuit U JIeBKMIINT BBICKA3aIu 3aMedyaTellb-
HYIO [IOrajakKy, KOTOPOH BITOCJIEACTBUU OBUIO CYXIEHO CHIIpaTh Or-
POMHYIO pOJIb B MCTODMM HAyJHOIO TOHMMaHUsS Mupa. JIeMOKpUT U
JleBKMIIT yTBepXXAaM, YTO BCE BEIUM B MHUpPE COCTOSAT M3 HWYTOXHO
MaJIbIX, HEBUAUMBIX IJ1a3y IO TIPUYMHE CBOEH MAJIOCTH YacTHUL. DTH
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JacTUIIBl YK€ He MOTYT OBITh paspe-
hﬁww@l’ %ﬁ%‘“@“ﬁﬁ@ 3aHBl Ha [JaJbHEWIIWE YacTH, OHM

SIBJISIIOTCSL TOCJIEAHUMHU U CaMBIMU
OCHOBHBIMHM YaCTHUIIaMM BCETO CYIIIe-
CTBYIOILIETO Ha CBETe; IO3TOMY OHH
MOJIYIUIN Ha3BaHUE <«aTOMOB» (I10-
IpeYEeCKMN «aTOMOC» 3HAYUT HeIeNIM-
MOe — TO, YTO He MOXET OBITh pa3pe3aHo WM pa3opBaHo). Ho B Tom
poe aTOMOB, KOTODHIM SIBJISIETCSI KaXKIIOE€ TEJIO OKPYXKAIOUIEro Hac MHU-
pa, MBI HE BUIUM OTHEIBHBIX aTOMOB, MOJOOHO TOMY KaK B poe IT4el
MBI M3[JAT HE BUIUM OTHENIBHBIX ITYEsI: BCE ITUEJIBI CITMBAIOTCS IJIST HAC
B OIHY CIUIOLIHYIO Ty4dy. Bce siBIeHMs, nmpoucxonsilve Ha CBeTe, 3aK-
JIIOYaloTCs JIUITh B TOM, 9TO aTOMBI OBIDKYTCSI B IPOCTPAHCTBE, 0Opa-
3yIOT ApYT C OPYTOM pa3Hble KOMOWHAIIUM, 3aTeM 3TU KOMOWHAIIMHU
pacnagaloTcsl, BO3HMKAIOT HOBbIe U T.I. MBI MOXEM BUIETh ILUIaMs,
OIIYIIATh XOJIOA, TEIUIO, CJBINATh 3BYK M T. ., HO BCE 3TO JIMIIb
BHEIIHSSI BUTMMOCTh Bellleit, BOCIIpUHMMaeMasl HalllUMU HECOBEpIIIeH-
HBIMU OpraHaMy YyBCTB, a Ha caMOM jiejie (C TOl caMOM BHYTPEHHEMH,
3aKyJMCHOU CTOPOHBI, O KOTOPOH MBI TOBOPWIM DPaHbBIIIE) MPOUCXOIUT
OIHO TOJILKO ABWIKEHME aTOMOB, MX IlepeMellleHHe B IPOCTPAHCTBeE,
pa3pylieHre U BO3HMKHOBEHHE BCe HOBBIX M HOBBIX IIOCTPOEK U3 TOTO
K€ CaMOro BEYHOTO MaTrepuajia — aTOMOB.

B stoM u 3akmoyanock yyenue JleBkumma M JleMoKpuTa. XOTs OHO
OBUTO OCHOBaHO Ha NPOCTON HOragke M He ObUIO NMOAKPEIUIEHO Cephe3-
HBIMU [0Ka3aTeJIbCTBAMU, TEM HE MeEHee OHO MOJYYWIO LIMPOKOE
pacIpoCTpaHEHUE yXe B IIyOOKOW JPEBHOCTU. YUEeHHE O TOM, YTO BCe
TeJa MPUPOIBLI COCTOSAT M3 aTOMOB Pa3HOUM BEMWYMHBI U pasHoi ¢dop-
MBI, OBLIO OCOGEHHO pa3BuTo ArukypoM (300 JeT 10 Hadajga HaIlero
JierocuucneHust) u Jlykperuem (B 1 Beke o Hayana HaIIEro JIETOCYUC-
seHus1). He Tombko rpeko-pyuMcKasi LIMBWIM3ALMS co3alla 3TO y4YeHUe,
HO W WHOMNCKas: coBpeMeHHUK Jlykpeluss UHIUNCKUA (unocod
Kanaga y4un, 9to Teyna coCTOST M3 aTOMOB, OTIMYAIOIIMXCS IPYr OT
JIpyra pa3nu4HbIMUA CBOMCTBaMU. Meb4yaiiinasi MbUTAHKA COJIHEYHOTO
nyya, — Tak ywwt Kanama, — cocro-
UT U3 IIIeCTM aTOMOB, M3 KOTOPHIX
KaxIble JIBa «BOJIel Oora WM ele
YeM-HUOYIb» COSOTUHEHBI B ITBOWHBIE
atoMbl. YeThIpe NBUIMHKU COJHEYHO-
ro Jy4a oOpa3yloT CJIeAyIoIIyl IO
CJIOXHOCTH YacCTHUIy, — C BOCXMUTH-
TEJBHOI HaIIOCThIO mpopookaer Ka-
Hama (kak OyaTo OH MoOr o060 BceM
3TOM XOTh 4YTO-HMOynmb 3HaTh!). Tak,
cMellaHHas € (aHTaCTUYECKUMMU U
rpy0o0 OIMMOOYHBIMU PACCYKIEHUSIMU,
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co3JaBajiaCh aTOMHUCTUYECKASI TEOPUS — OfI-
Ha M3 Haubojiee DIyOOKMX U BaXHBIX TEO-
pUYii CTpOEHUsI BEILIECTBA.

B CpenHue BeKa aTOMUCTAYECKAST TEOPUS
MMeJla CPaBHMUTEJIBHO MaJIO CTOPOHHHUKOB.
Ho B XVII Beke, Korma Hayka cTaja OTpoOM-
HBIMM IIaraMM WOTH BIiepell, KOraa ITOSIBH-
Jlach Hay4yHasi MEXaHMKa W Hadajaa IIOsIB-
JIATbCA HaydyHasl XWMUSI, aTOMUCTUYECKasl
TEOpUSI CHOBa CTala paclpoCTPaHAThCS Cpe-
oM pusukoB U ¢wrocodos. Bor uro ropo-
put 06 aromax Mcaak HpIOTOH (mpuBomuM
B TOYHOM ITEPEBOIE 3TOT OTPHIBOK, YPE3BBI-
yaifHO xapakTepHblii i1 Hayku XVII crose-
T™s1): «MHe IIpeAcTaBisieTcsl, YTo Oor ¢ ca-
MOro Hayajia COTBOPWJI BEILIECTBO B BHUIE
TBEPIBIX, BECOMBIX, HEMPOHUIIAEMBIX, MOABUXHBIX YaCTHUI[ U YTO
STHUM 4YacTHLaM OH IpUOaJl TaKWMe pa3Mephl, TaKylo opMy M Takue
IpYTHEe CBOMCTBAa M CO3N&J1 UX B TaKMX OTHOCUTEIIBHBIX KOJTUYECT-
BaX, KaK €My HYXHO OBUIO IJI TOW LIeJIU, IJII KOTOPOH OH MX COT-
BOpPUJI. DTH INEpPBUYHBIE YAaCTUILLI aGCOJNIOTHO TBEpIbl, OHU HEU3-
MepuMO Gojiee TBEpAbl. YEM Te Tejla, KOTOpPhle M3 HUX COCTOSIT, —
HAaCTOJIBKO TBEPIBI, YTO OHU HUKOIJA HE M3HAIIMBAIOTCS M HE pa3-
6uBaloTCcs BApeOe3ru, TaKk KaK HET TaKOM CHJIBI, KOTOpasi Morja Obl
pa3nenTh Ha YacTU TO, YTO caM OOr CO3dayl HepasdeJMMBIM U Iie-
JILIM B TIEPBBIN N€Hb TBOpeHUs1. UMEHHO MOTOMY, YTO CaMHM YacTH-
IIbl OCTAIOTCH LEJBIMU M HEU3MEHHBIMH, OHM MOTYT 00pa3oBaTh
Tela, obnafalolIde TOM Xe caMOd MPUPOJOM U TeM Xe CTPOCHUEM
BO BEKM BEKOB; B€lb €CIM OBl YaCTUIIBI M3HAIIMBAIUCh WM Pa3dou-
BaJIMCh Ha YacTH, TO 3aBUCAIIAsE OT HUX IIpUpoOAa Bellleii M3MEHU-
Jack Obl. Boma M 3eMJId, COCTaBJIEHHBIE M3 CTapblX M3HOLIEHHBIX
YaCTHUIl U OCKOJIKOB, OTJIUYIMCH OBl II0 CTPOSHMIO M CBOMCTBaM OT
BOJBI M 3€EMJIM, IIOCTPOEHHBIX M3 ellle IIeJIbIX YacTUI[ B Hayaje TBO-
peuus. ITostoMy, I TOro 4TOOBI IIPUPOAA MOTJa OBITH JOJITOBEY-
HOM, BCe M3MEHEHHUS TeJ IPUPOIB MOTYT 3aKJII04aThCs JIMIIL B
TepeMeHe pacloJIOXeHUsI, B 00pa30BaHUM HOBHIX KOMOWHAILIMH U B
JBIDKEHMM 3TUX BEYHBIX YacTHIl... bor mor cosgaTh 4acTHMIbI Be-
mectBa, obJyiajaloliye pa3sHbBIMU pasMepaMu M pa3Hoil (opMoOi,
MIOMECTUTh HMX Ha Ppa3HBIX PAaCCTOAHUAX OPYr OT Opyra, HaAelIUTh
HUX, OBITh MOXET, Pa3HbIMU IUIOTHOCTSIMM M pa3sHBIMHU AeWCTBYIO-
MM cwiaMu. Bo BceM 3TOM s, mo KpaiiHeil Mepe, He BUXY HU-
KaKUX BHYTPEHHUX IMPOTUBOpeumi... UTak, mo-BUIMMOMY, BCE Teja
OBUIM MOCTPOEHBI M3 BHIIIEYIIOMSIHYTBIX TBEPIBIX HEMPOHHWIIAEMBIX
YacTUIl, KOTOphle OBUTM B NEPBBHI AEHb TBOPEHUS pa3MeEIleHH B
MPOCTPAHCTBE IO YKa3aHUIO O0XECTBEHHOI'O pa3yMar.
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B 1661 romy anrnmuuyaHuH PoGepr
Boitnpr onyOauMKoBan KHUTY TMOI
3armaBueM «CKENTUYECKUUA XMMMK».
B 3TOi1 KHUre OH Aanl HEOOBIKHO-
BEHHO SICHBIII aHaJIW3 aTOMUCTUYEC-
KOl TEOpUM C TOYKM 3PEHMS XU-
MUHM. ATOMBI, Kak y4uin PobGept
Boitp, OBIBAIOT pPa3IMYHBIX COPTOB;
BCE Teja, NMOCTPOEHHBIE M3 aTOMOB
OIHOTO M TOTO XK€ COpTa, SBJISTIOTCS
«IIPOCTBIMU TeJIaMHU» (TENepb TOBOPSIT — XUMUYECKUMU 3IJIEMEHTa-
MH). ATOMBI MOTYT, COEIMHSISICh OPYT C IPYroM, oOpa3oBBIBaTh Oosiee
CJIOXHBIE YacTUIBL. ECiM KaKoe-HUOYIb TeJI0 COCTOUT U3 OQWHAKOBBIX
YaCTHUIL, KaXnas M3 KOTOPhIX €CTh KOMOMHAIIUSI HECKOJIBKUX aTOMOB
pa3HOro COpTa, TO TaKoe Teslo, o Boilmo, SBASETCA «COBEPLIEHHOMN
CMECBIO» (Ternephb IPUHSTO TOBOPUTh — XMMHWYECKUM COCIMHEHUEM).
Bcesikast «coBepIlieHHasi CMeCh» MOXET OBITh pas3jioXeHa Ha <«IPOCThIE
Tea», U3 KOTOPBIX OHAa COCTOMT. OIMHAKO CKyIHBbIE XUMUYECKUE ITO3HA-
Hus XVII Beka He manm Boiunio BO3MOXHOCTH YCTaHOBMTH, KaKue U3
OKPYKAIOLIMX HAac Tes SIBJIIIOTCS «COBEPIIEHHBIMU CMECSIMU», a Ka-
KHE — «IIPOCTBHIMU TelaMu». OH Jaxe CKJIOHEH ObLI IOIyCTHUTb, YTO
€IUMHCTBEHHBIM HM3BECTHBIM <«IIPOCTBIM TEJIOM» SIBJISIETCSI BOJA, a 4YTO
BCe OpyTHe BelllecTBa — B TOM YMCJIE XEJIe30, Melb, 30JI0TO, ceped-
pO, CBMHEL, PTYTh — 3TO «COBepIIeHHBIe cMecu». B atom Boitnp
3a0JIyXKIaICsA, U OOJIbIIE CTOJETHS IOHATOOWIOCH HJISI TOTO, YTOOBI
BBISICHUTb, KaKM€ TeJia SIBJITIOTCS CJIOXHBIMM, T. €. «CMECSIMM», a Ka-
K€ — IPOCTHIMM.

B 1808 romy B JIoHmOHe Bbmmen IepBbii ToM kHurk «HoBas cucre-
Ma XvMHdecKoi ¢wiocodun», HarmMcaHHou JIxoHoM JlalbTOHOM, y4u-
TejaeM B Mandyectepe. B 3Toil kHure JlabTOH, MO CYLUECTBY, ITOBTOPSI-
eT B3MIAABl BoiIss, HO Kakas OrpoMHasl pa3HULA MEXAY KHUTaMU
boitir u Hanmerona! He OyneM 3a0GbIBaTh, YTO MEXIY BBIXOIOM 3THX
JBYX KHHUT mpouuro 147 jer ¥ 4To B T€YEHUE ITUX JIET B XMMHUU IOsI-
Bwics JlaByasbe. YXe OBUIO M3BECTHO, YTO BOIOPOI, KMCIOPOI, a3oT,
yraepon, cepa, docdop, Harpuit u Kanuit (oTKpbITH [J3BU B 1807 ro-
Iy), KaJabl[Mi, CTPOHIIMI, Oapuil ¥ MarHuii (OTKPBITHI TeM Xe [I3BU B
1808 romy), Xene3o, LIMHK, Medb, CBUHEIl, cepedbpo, IUIaTHHA, 30JI0TO U
PTYTh SIBISIOTCA MPOCTHIMU TeJlaMH, a BOJa, aMMUakK, YIVIEKMCIIBIA Tra3
M MHOTME JIpYyrMe — CJIOXHBIMU. B XMMUM yXe YINOTpeOSUIMNCh BECHI,
M LEJBIA psill KOJIMYECTBEHHBIX aHAIM30B CIIOXHBIX BEIIECTB YXKE OBLI
npousBeneH. [loaromy /IxkoH [aabTOH M MOT TIOCTaBUTH Iepen coOoi
CMeJyIo 3aJady: OIpEeleIMTh OTHOCHUTEJIBHBIE MAacChl BCEBO3MOXKHBIX
aTOMOB.

Bomopon — mpoctoe Teno, paccyxnan JaabTOH, 3HA4MT, BOIOPOL
COCTOMT M3 aTOMOB OJHOIO M TOrO Xe€ COpTa — aTOMOB BOJOpOXA.
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O0603HaYMM aTOM BOOOPOda 3HAYKOM @ Kucmopon — Toxe mpocroe
TE0; 3HAYUT, KUCJIOPOIL COCTOMUT M3 aTOMOB KMcCJopoda. Beemem st
HUX 3Ha4yok( ). Boma — 310 XMMMuYeckoe coemuHeHHUe («COBEPIIIEHHAS
cMechb», Kak ckazan Obl PobOept Boiinb); 3HayuT, OHAa COCTOUT M3
KaKMUX-TO YaCTUL, KaXAasi U3 KOTOPBIX TPEACTABIIIET KOMOMHAIIMIO OM-
peNeJIEHHOrO0 YKCia BOAOPONHBIX aTOMOB C OIpPeINeeHHBIM YMCIOM
KUCJIOPOOHBIX aTOMOB. TaKylo YacTUILy, COCTOSIIYI0O M3 HECKOJBKHX
CLUEIUIEHHBIX OpPYT C OPYroM aTomoB, JIXKOH JIanbTOH HasbIBaJl «CJIOX-
HBIM aTOMOM»; B XUMHUU TeNepb MPEANOYUTAIOT YIIOTPEOIATh CIIOBO
«MOJIEKyJIa», KOTOPbIM U MBI OydeM Bce BpeMsl MoJyib30BaThcd. MTak,
BOIAa WIM BOASTHOHM Iap COCTOMT M3 MOJeKya Bombl. Kaxmas Mojekyna
BOAbI, Kak peunwl anbTOH, PYKOBOACTBYSCH NMPU ITOM «IIPUHIIUIIOM
MPOCTOTBI», COCTOUT U3 OBYX aTOMOB — aTOMa BOAOpOJAa U aToMa KHC-
Jopona. Monekyna Boabl, o JaibTOHY, MMEET BOT KaKOM BUI: Q@ .

Orcioma jIerko 3aK/IIOUUTh, BO CKOJIBKO pa3 aTOM KMCJIOpPOJa TsDKe-
Jlee, 4eM aToM BomOpoia. Kanmelit dyHT', BOmbI, Kak IJIACHIN XMMH-
YecKHe aHaJIM3bl, NMPOU3BENEHHbIE caMUM JlaIbTOHOM U APYTMMM COB-
PEMEHHBIMU €My XMMHKaMH, COCTOMT M3 1/g dyHTa Bomopoma u u3
7/3 ¢yHTa KHcaopoma. A TaKk KakK BCE MOJIEKYJbI BOObI COBEPIIEHHO
OIMHAKOBbI, TO, 3HAYUT, M B KaXIOi MoJIeKyJe BONBI 1/g yacTh ee
MacChl — 3TO Macca aToMa BONOpPOJa, a OCTAJIbHBIE 7/8 ee Macchl —
3TO Macca aroMa kuciopona. OrTcioga CledayeT, YyTO aToM KMCJIOponaa
BECUT B 7 pa3 Oosbllie atoma Bogopoda. Ecnu B3aTh Maccy aToma BO-
IOpoIa 3a eIWHUILYy, TO Macca aToMa KUCJIopoJaa OyJeT paBHA CEMM.

TakuM xe obOpazoM [lanbTOH omNpemeawy U BO CKOJIBKO pa3 macca
aToMa a30Ta, KOTOPBbIA OH OO0O03HAYWI 3HAYKOM CD , OOJbIlIE MACChI
aroMa BoIOpoIa @ 7151 3TOro OH BOCIOJIB30BAJICS XMMUYECKUM aHa-
JIU30M Ta3a aMMHaKa, KOTODBHIN SIBIISIETCS XUMMYECKHUM COEOUHEHUEM
a3ora ¥ Bomopona. PyKOBONCTBYSICh TeM e CaMbIM NPUHLIMIIOM ITIpOC-
TOTHI, JanbTOH MPEaNnoaoXWI, YTO MOJEKYJIa aMMHaKa COCTOMT U3 OfI-
HOro aToMa BOOOpPOAA U OJHOIO aToMa a3oTa, T. €. UMeeT BUIL @CD

AHaTM3bl aMMMaKa IMOKa3alu, YTO KaXOblii (PYHT aMMHMakKa COCTOUT
u3 1/¢ dynra Bomopona u 5/6 dyHTa azorta. [IpuMeHsIsT Takoe Xe caMoe
paccyxXneHue, KaKk paHbllle, JIETKO 3aK/IIOYUTh, YTO aTOM a30Ta JOJDKEH
OBITE B MATb pa3 TsDKeJee, 4YeM aTtoM Boaopoda. Eciu mo-mnpexHeMy
CYMTaTh MacCy aTomMa BOIOPOIA paBHOM €AVHMIE, TO Macca aroMa as3o-
Ta OKaXxeTcs, Mo JlaJIbTOHY, paBHOM ISTH.

BonbimM ucnbITaHuEM [is aTOMUCTUYIECKOM TEOPUM OKAas3alics CIIy-
yail yriepoga. Yriaepon oOpa3yer ¢ KMCIOPOOOM He OJHO, a LEJbIX ABa
Pa3sIWYHBIX COENUHEHUs: B OMHOM M3 HUX (OKMCh yIJlepoja) Ha 3amaH-
HOE KOJIMYECTBO yIJIepoJa MPUXOAUTCS CPaBHUTENBHO MaJIO KMCJIOPOIa,
a B IpyroM (YIJIEKMCIIBIA ra3) — ropasao OoJiblie.

lCIDyH'r — eOWHUIIA MacChl CTAapOW PYCCKOM cucTeMBl Mep, | dyHT =
= 409,5 r.
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ITosTOoMy MOJIEKysTy OKHMCHM yriepoma JalbToH MpemIoXl pUcOBaTh
B BUIE O‘ , TIe 3HAa4OK . 0003HaYaeT aToM YIJIepoJa, a MOJIEKY-
JIy YTJIGKMCIIOTO rasa, B KOTOpPOH KMCIopoma OoJjbliie, OH IpeaTOoXIAT
pucosats Tak: (()() @) . UnbiMu crioBamut, 1o JlanbToHy, MONeKya
VIJIEKUCJIOTO Ta3a COCTOMUT M3 TpeX aTOMOB (ABYX KMCJIOPOMHBIX W OfI-
HOTO YIJIEpOTHOIO), a MOJIEKY/Ia OKHMCH YIJlepoia — M3 IBYX aTOMOB —
KHUCJIOPOTHOIO U YIJIEPOOHOTrO. XMMHMYECKMIT aHaJIM3 YIJIEKHCIIOrO rasa
OKa3al, YTo (pyHT YIJIEKHUCIIOTO ra3a COCTOMT U3 o/ 19 GyHTa yriaepona u
14/19 dyHTa KuCnOpona. Tak Kak Takoe Xe CaMoe COOTHOLIEHHME IOJDK-
HO OBITb U IJII MacChl KaXXIOil OTIETbHOM MOJIEKYJbl YIJIEKUCIIOrO ra-
3a, TO, 3HAYUT, Macca aToMa YIIepoga paBHa o/ 14 YaCTAM MaccChl IBYX
aToOMOB KMCJIOpoda, T. €. OHa paBHa 5/7 MacChl OIHOTO KWCJIOPOTHOIO
atoma. CoxpaHsisi Ty X€ YCIOBHYIO eIMHHUIIy (Macca aroMa Bomopoda
paBHa eOWHMIIE MAcChl) M 3Hasi, YTO B 3THX OTHOIIEHMSIX Macca aToma
KMCJIOpOJa paBHa 7, MBI HaiileM, 4TO Macca aToMa YIJIepoda IOJDKHA
OBITH paBHA 5.

Mo cux mop MBI elle HUTAE He MMEIU MOBOAa MPOBEPUTH MPABIIb-
HOCTb 3THUX B3IJIAIOB, COENaB U3 HUX KaKOM-HMOYIOh BBHIBOHN, KOTODBIM
MOXHO OBUIO OBI YXe 3aTeM CpaBHUTL C ombiToM. Ho Temeph Takast
BO3MOXHOCTb TPEICTABISIETCS: €CAM BEPHO TO, YTO MBI TOBOPWIH O
Maccax aTOMOB YIJIepoda M KMCJIOpoda, TO B OKMCH YIJIepona, MOJIEeKy-
JIa KOTOpOH MMeEeT BUI, , OTHOIIIEHHEe MAacChl KUCJIOpoAa K Mac-
ce yrjepona IookHO ObITh 7 @ 5. Tak M 0Kas3ajaoch: OMBIT MOKas3aj, 4To
u3 7 pyHTOB KHcIopona u 5 ¢yHTOB yriepoda momydaercs 12 ¢yHTOB
oKucHU yriepoma. TakuM oOpa3oM, B3risabl JlanbToHa MOJMydwiu Orec-
Tsllee KOJMYECTBEHHOE mnonarBepxneHue. CremyeT, BIpOYEM, CKas3aTh,
YTO XMMUWYECKME aHAM3bl JajnbToHa OBUIM TOBOJBLHO HETOYHBI U LIM(p-
PBl KOJIMYECTBEHHOTO COCTaBa XMMHWYECKMX COCIMHEHWN, KOTOpbIe Obl-
JIU 3[eCh MPUBEIEHBI, HECKOJIbKO OTIMYAIOTCS OT IpaBWIBHBIX. TeM He
MeHee JlanbTOH, HECMOTPsI Ha IpybOCTh CBOMX aHaM30B, OBUI COBEp-
LLIEHHO YyOeX/IeH B INPaBWILHOCTH aTOMUCTHYECKOW TMIIOTE3BI.

OnuH 6uorpad [JambToHa TOBOpUT O HeM Tak: «[lalnbTOH ObLT arto-
MUCT 10 Mo3sra Kocteit. OH ObUI ITIy-
00KO YyOexiaeH B IIPaBWIBHOCTU
B3mianoB HreloToHa. s Hero ero
aTOMbl — <«TBepAble, HEMNPOHMILIAE-
Mble, IOABIDKHBIE» — OBUIM TaKOWM
K€ pealbHOCTBIO, KaK eciii Obl OH
BUIET MX COOCTBEHHBIMM IJIa3aMM U
Tporai pykamu. B cBoem BooOOpaxe-
HUU OH BUIEN B BO3IyXe aTOMbl KHC-
Jlopoa, a3oTa W BoasHoro mnapa. OH
pUCOBaNl UX Ha OyMmare».
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Ta0/pa XMMHYECKHMX CHMMBOJIOB U ATOMHBIX MACC
no JlamsTony (1808 r.)

Bodopod @ 1

Asom (D 5

Yeznepoo . 5

Kucaopod O 7
Docgop @ 9

Cepa &b 13
Maznuii ® 20
Kanvuyuii @ 23
Hampuii qD 28
Kanuii qy 42
Cmponyuii {D 46
Bapui @ 68
HKenezo @ 38
Huux @ 56
Medv @ 56
Csuney @ 95
Cepebpo ® 100
Ilnamuna @ 100
3o0mo © 140
Pmymo 167

IMpuBeneM u3 xkHury JaaeToHA 3HAYKM, 0603HAYAIOIIME aTOMBI pas-
HBIX XMMUWYECKMX 3JIEMEHTOB, U MX aTOMHBIE MacChl (CM. TaOJuiry; 3a
€IVHUITY MacChl TO-TIPEXHEMY MPHUHSATAa Macca aToMa BOIOPOAA).

TakoBBI T€ NMEPBUYHBIE YACTUIIHI, T€ aTOMBI, T€ «KUPIIMYM MHPO3Ia-
HUS», U3 KOTOPHIX, 0 JlaIbTOHY, COCTOSIT BCe Tella Ha CBETE.

KoMOuHammst U3 HECKOJIBKMX aTOMOB O0Opa3yeT MOJEKYIY («CIIoX-
HBIA aToM», Kak ropopwl JlaIbTOH); CIIOXHBIE TeJla COCTOSAT W3 OIMHAa-
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KOBBIX MOJIEKY]l — TakKue Tejla SBISIIOTCS XMMUYECKUMU COECIUHEHUS-
MM, HallpyMep BOIA WIM aMMHaK, M HUX COCTaB B IIPOLICHTaX MOXET
OBITh JIETKO BBIYMCJIEH, €CJIM 3HaTh COCTaB MOJICKYJIBl (HampuMep,
(O(®) B crydae Bombi MQ.OB ciIydae YDJIEKUCIIOTO Ia3a) M OTHO-
CUTENIbHBIE MAacChl aTOMOB, BXOISIIMX B MOJIEKYTY; WIM X€ CJIOXHBbIE
TeJa COCTOSIT U3 pa3HBIX MOJIEKYT — TaKWe Teja SIBIAIOTCS HE XUMU-
YEeCKMMU COETUHEHUSIMU, a CMECSMM, HallpuMep, BO3MYX MpPEACTaBsieT
CMech MOJIEKYJI KUCJIOpola ¢ MOJIEKYJIaMM a30Ta U C HEOOJBLIUM KO-
JIMYECTBOM MOJIEKYJT BOIbI U YIJIEKMCIIOTO rasa.

XuMMYecKe peakiinu, 1o JaibToHY, 3aK/TI0YaloTcsl B TOM, YTO aTo-
MBI BCTYTIAIOT IPYT C IPYTOM B pa3Hble KOMOMHAIIUM, 00pa3ysl «CJIOX-
Hble aTOMBI» (MOJIEKYJIBI), 3aTeM 3TH MOJEKY/Ibl pacliafgaroTcsi, oOpasy-
J0TCSI HOBBIE MOJIEKYJIBI U T. H., MOOJOOHO TOMY KakK TaHLIODHI, MEPEXOms
OT OIHOIO TaHIla K IPyromMy, o0pa3yloT HOBble KoMOuHaiuu. Ho camu
aTOMBl IIPU 3TOM OCTAIOTCSI HEU3MEHHBIMU U BEYHBIMM: MEHSIETCS
TOJIBKO MX pacmnpeneieHme. «Kaxmass yactuiia Boabl, — roBoput Jlaib-
TOH B cBoel «Xumuueckon duirocodpum», — B TOUHOCTU IIOXOXa HA
JMoOy10 APYTYI0 YacTUILy BOIBI; KaXmash 4acTUIla BOOOPOIAa B TOYHOCTHU
MOX0Xa Ha JII0OYI0 APYTYIO YacTHMIy Bomopoda U T. 1. XUMUYECKOe pas-
JIOXKEHNE M XUMUYECKOe COEIMHEHHE O3HAuyalT JIMIIL TO, YTO aTOMBI
YOAISIOTCSL OpYT OT Apyra WIM Xe CHOBa CHEIULIoTcsl BMecte. Ho xu-
MMK HE CIOCOOEH YHHUYTOXWTH MaTepHiOo WIM CO3[aTh €€ BHOBb. [IbI-
TaTbCSl CO3MaTh WU YHUYTOXUTbH XOTsI Obl OOWH aTOM BOJOPOAA TaK Xe
0€3HANEXHO, KaK IBITAThCS NMpHOAaBUTH ellle omHy ruiaHeTy K CojHed-
HOI cHUCTeME WIM YHUYTOXUTh KaKylo-HUOYIb M3 CYIIECTBYIOIIUX IUTa-
HeT. Bce, 4To MBI MOXeM clejlaTh, — 3TO pa3beIUHUTb aTOMBI, COENU-
HUBILMECS WIM CUENMBIIMECS APYT C OPYrOM, WU XK€ COEQUHUTH Te
aTOMBI, KOTOphIE Cedac HaXOASTCS Ha OOJIBLIOM PacCTOIHUU APYT OT
Apyra».

«Xummaeckast Guiocodusi», U3TOXEHHAsI B 3TUX CTPOKax JlanbToHa,
JIEVCTBUTEIBHO CTajla (wioco¢uei 1EJ0oro psma MOKOJEHUMA XWMUKOB
U pusukoB. HeBO3MOXHOCTL CO3JaHUS XOTSI OBl OMHOTO HOBOIO aToMa
JTAaHHOTO XMMMYECKOTO 3JIeMEHTa, HEBO3MOXHOCTb MPEBPAILEHUS OTHUX
aTOMOB B JIpyTME — BCE 3TO OBUIO HEOOXOTUMBIM BBIBOAOM M3 BCETO
OTPOMHOIO OIBITHOTO MaTepHaia, Ha KOTOPOM OCHOBBIBAJIACh Hay4yHas
xumusi. Korga-to, B CpegHue BeKa, XMMUKM — TOTAAa OHU Ha3bIBAJTUCH
ATXUMUKAMU — TOCTaBWIM CBOEl IIEJIbI0 MCKYCCTBEHHOE IPUIOTOBJIE-
HME 30JI0Ta; HO 3TO HEBO3MOXHO, KakK cliemyeT M3 «XUMHYECKOH (hu-
Jnocodun» JIxoHa JlanbkTOHAa, MOTOMY YTO BeOb 30JI0TO — 3TO XUMM-
YEeCKUMN 3JIEMEHT, W, 3HAYUT, HEBO3MOXHO HU CO3[aTh, HU pa3pyLIUTh
XOTs OBl OTUH-EIUHCTBEHHBIN aToOM @; MOXHO JIMIIb U3BJIEYh 30JI0TO
U3 KaKOro-HUOYIb XMMMYECKOrO COSMUHEHMSI, B KOTOPOM OHO yX€ Ha-
XOIUTCSI, HO HEBO3MOXHO CO3[aTh HOBOE 30JI0TO M3 CBHHLIA WIU PTY-
™. M1 B caMOM [ene, pa3Be M3 BCEX CTapaHUil AIXMMHKOB XOTb UTO-
HUOynp BbINLIO? ITOMyYUTE 3010TO M3 CBUHIIA WIM PTYTU UM Tak U He
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yoanocb. U «Xumuueckass duiocodusi»
JansToHa pa3 M HaBcerma CTaBUlia KpecT
HaJl MOMBITKAMU AJIXMMMKOB: 3T IOIBITKU
ObLTM OOpeyeHBhl Ha Heydady, IOTOMY 4YTO
aTOMBI BeYHBLI U HEpa3pyIIMMBbI.

B sTtoM nyHKTe HaJIbTOH HE COBCEM
cxomwicsd ¢ boitteM, KoTopsiii B 1661 romy
MUcaJl, YTO XOTSI aTOMEI OCTAlOTCS HEU3-
MEHHBIMU TIPU BCEX XMMUWYECKUX SIBJICHM-
sIX, HO TeM He MeHee KOrma-HuOymb Oyner
HalileH HeKUH «CWIbHBIA U TOHKUU
areHT», C IMOMOIIbI0 KOTOPOro YyIacTcs
pa3ouTh aTOMbI Ha 0ojiee MEJKHUE YacTh U
MpeBpaTUTh OOHU aTOMBI B Jpyrue. OTa
MbIciab boiuts kazanack J1anbTOHY 4YMCTOM
daHTa3zue: HA ONMH XUMHUYECKUH akT
HE YKa3bIBaJl Ha TO, YTO aTOMBI BO3MOXHO
pa3duBaTh Ha 4acTM U MpeBpalaTh APYT B
apyra. BrpoueMm, B 1816 romy HeOXWIAHHO Hallescd OOUH CTOPOHHUK
sToii MbIci PoGepra Boiins, MbITaBUIMIICS MOATBEpAUTH ee (haKTaMM.
OTO OBUT JIOHOOHCKMI BOJIBHOIPAKTUKYIOIIUI Bpad Yuibsam Ilpayr,
KOTODBIA HamedaTal B XypHaje «®Duinocodpckue aHHaIb» («Annals of
Philosophy») cratblo, rae obpailia 0co6eHHOe BHMMaHMe Ha TOT (akT,
YTO BCE aTOMHBIE MAacChl, KOTOpBIe ompeneausn JaibTOH M KOTOpHIE
MPUBEIEHE B €ro «XUMU4YecKor (mwrocoduu», BBIPAXAIOTCS ILIEIBIMU
yyciaaMy. DTO O4YeHb 3aMedarebHbIN (akT, roBopui Ilpayr, Beab eciau
OBl aTOMBbI BCEX XMMMWYECKUX 3JIEMEHTOB OBLIM IT€PBUYHBIMM, OCHOB-
HBIMM YaCTHUIIAMM, TMO[UTMHHBIMU <«KMPIIMYaMU MUPO3AaHMS», HepasJio-
XKMMBIMM Ha 4YaCTU U HUCKOJBKO HE CBSI3aHHBIMU OPYT C IPYTOM, TO
Kakass mMoria Obl ObITh NPUYMHA TOTO, YTO aTOM a30Ta POBHO B IISITh
pa3 MpeBOCXOOUT IO Macce aTOM BOIOPOIA, a aTOM KWCIIOpoda — pPOB-
HO B ceMb pa3? IlpayT NpemioxXui coBceM APYroil B3IJISIA Ha aTOMBbI,
HUCKOJIBKO He IMPOTUBOpPEYAIlMii XMMWYECKHMM OIBITaM, HO BMeCTE C
TeEM OOBSCHSIONIUA U TOT 3aMedyaTeabHBbId (PaKkT, YTO BCE aTOMHBIE
Macchl (M3MepeHHBIE B IPEAIOJIOXEHMM, YTO Macca aToMa Bomopoda
MPUHATA 3a €QUHUILY) OKa3aIUCh LeabIMU uuciamu. MHeHue Ilpayra
BOT Kakoe: aToOM a30Ta, KOTOpHIM, mo [laabTOHY, pOBHO B ISITh pa3
MPEBOCXOAUT IT0 Macce aToOM BOIOPOMA, — 3TO U €CTh IIATh aTOMOB BO-
JIopofia, OYeHb TECHO CLEIUIEHHBIX APYT C APYroM; aroM Kucjiaopoaa —
3TO CeEMb aTOMOB BOAOPOIA, TECHO CLEIUICHHBIX IPYr C APYIrOM; aToM
PTYTH — 3T0 167 TeCHO IPIDKABIIMXCS APYT K OPYTY BOTOPOTHEIX aTo-
MOB U T. 1. BEIXOOUT, 4TO BCe Ha CBETE COCTOMUT B KOHEYHOM CUETe U3
BOOOpOJa. A 4eM Xe OOBSICHUTH, YTO BCE-TAKM B XMMMYECKMX OIBITAX
HUKaK HE yHaeTcs, HaIllpUMep, Pas3jIoXUTb KUCIOpOd Ha Bomopon?
OueHp npocto, oTBevaeT Ilpayr, Bce ne0 B TOM, YTO KOIrJa CeMb aTo-
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MOB BOIOpOJAa CLEIUISIIOTCSI, YTOOBI 0Opa3oBaTh aTOM KHCJIOpPOAa, TO
OHM CLEIUIOTCS TOpa3go TeCHee, YeM TOrna, KOrma, HalpyuMep, aToM
BOIOpPOJA U aTOM KHUCJIOpOJa CLETUISIOTCS, YTOOBI 00pa3oBaTh MOJIEKY-
gy Bombl. Ilo3TOMY-TO B XMMHMUYECKMX OIBITAX M YAAETCS PasyIOXUTh
MOJIEKY/Iy BOABI Ha aTOM BOIOPOJAa M aTOM KHCJIOpOJa, HO HUKAaK He
yIAeTcs pas3jIoXWUTh aTOM KHCJIOpOJa Ha ceMb aTOMOB BoAOpo#a, T. €.
yIAaeTCsd pa3jioXUTh BOAY Ha BOOOPOA U KHUCJIOPOI, HO HE YHaercs
NPEBPATUTh KUCJIOPOA B BOAOPOI. ATOMBI BCEX BEIIECTB, KPOME BOIO-
pona, no mMHeHu1o Ilpayra, — 3T0 Takue Xe MOJEKYIbI, HO TOJBKO TO-
pa3no 0Oosiee MPOYHBIE M TECHO CLEMMBIIHECS, a II03TOMY, IeMCTBYS
OOBIKHOBEHHBIMU XUMHYECKMMH CIIOCO0aMU, HE YAaeTcs MX paslio-
XuUTh. Ho 9TO mpousoiiner, ecin Korga-HUOyOb OymeT HalmeH «CUIb-
HBbIII M TOHKUI areHT», o KoTopoM MeuTtan PoGept boiuis? Benb ¢ ero
MOMOIIBIO BO3MOXHO OyIdeT MpeBpalathk 3JeMEHTHI APYr B Apyra M Ja-
XK€, €CJIM YIOOHO, OCYLIECTBUTh MUIea] aIXMMMU — IIOJydeHMe 30JI0Ta:
HarpuMmep (cM. Tabmuiry [lanbroHa), pa3OMTh aToM Ha OOMH aToM
@ U OBallaThb CeMb aTOMOB @, T. €. pa3JIoXWUTh PTYTh HAa 30JI0TO U
BOIOPOI.

Cratps Ilpayra ObUla O4YeHb yOeouTeNbHA, — MHOIHE ITOBEPIWIM B
TO, YTO BOIOPOX €CTh NEUCTBUTEIHHO <«IIEPBUYHOE BELIECTBO», U3 KO-
TOPOI'0 COCTOUT Bce Ha cBeTe. OmHa TOJILKO ObLIAa Oela — Te XMMUYeC-
KM€ aHaJIU3bl, OCHOBBIBASICb Ha KOTOPBLIX JaJbTOH BBIYMCIIIII CBOHU
aTOMHBIE MAacChl, ObUTM OYeHb YX HETOYHBI: [laJbTOH ObUI, IIpaBLy
CKas3aTh, IUIOXOM 3KcnepuMeHTaTop. Ecim mpoBecTH aHaIM3bl TIIATETh-
Hee U BBIUWCIUATL aTOMHBIE MAacChl TOYHEE, TO OKAXYTCS U OHM IIO-
MpeXHEMY LEIBIMU YMcIamMu?

3a rpaHAMO3HYI0 paGoOTy TOYHOIO OMNpeleiaeHUs AaTOMHBIX Macc W
TOYHOTO aHAM3a COCTaBa XMMWYECKMX COCIMHEHMII B3sUICS 3HaMEHU-
TelA mBeackuil xMuk HMeEHc ko6 Bepuemnyc. Bepuemiycy, Gosblie
4yeM KOMy-HUOyAb IpYroMmy, XMMHUs oOsi3aHa TeM, YTO OHa CTaja TOd-
HOIl Haykoi. bepuemyc ObL1 yOeXXIeHHEWIIIMM CTOPOHHUKOM aTOMMUC-
TUYECKOU Teopuu HanbToOHa, KOTOPYIO OH Ha3bIBal «OOHUM U3 BEIH-
YayIUX yCriexoB xuMuu». Ho B Opyrux OTHOIIEHMSIX OH MHOTOrO He
Mor mpocTuth JanbToHy. «CremyeT ympekHyTh JlaJlbTOHa B TOM, —
mcan bepuemyc, — 4Tro OH dYepecuyp HOBepsUl CBOEM COOCTBEHHOM
TUIIOTE3€ M MaJIO MOMABEPral €€ 3KCIIEpUMEHTAIbHOU ITpoBepke. MoxX-
HO ITOAYMAaThb, YTO AaXe B T€X HEMHOIOYMCJIEHHBIX XMMWYECKUX aHATH-
3aX, KOTOpble Mpou3BomwI anbTOH, OH PYKOBOICTBOBAICS XXEJaHUEM
TOJIyYWUTh OIPEAETICHHBIN pe3yJIbTaT, a BeOb TaKOro crnocoba meicTBUiA
BCETAAa HYXHO OCTEPEraThbCsi, OCOOEHHO €CIIM 1IeJTb ONBITOB — IOJYYUTh
peliampliiee O0Ka3aTeAbCTBO B IIOJIb3Y WIM IIPOTHB KaKOro-HUOYIb
MPEOB3ATOrO0 TEOPETUYECKOro MHeHUsi». Y Bepuennyc Boopyxuics ca-
MO TOYHOM XMMWYECKOH armapaTrypoil, KaKylo TOJbKO OH MOT IOCTAThb
WIN IIOCTPOUTDH, U TIPUHSUICS 332 CBOM aHaIM3bl. B TeueHue CBOEH Xm3-
HU bepuemtyc npoaHamM3upoBai GOJIbIIE OBYX THICSY Pa3TMYHBIX XU-
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MWYECKMX COCOMHEHUWI, M pe3yjbTaThl €ro aHajIM30B OTIMYAIOTCS OT
CaMbIX TOYHBIX TeIepelllHMX pe3YyIbTaToB He Oojblrie yeM Ha 1—2 %
(mormytHO beprienmyc OTKpbUT M HECKOJIBKO XMMHUUYECKMX 2JIEMEHTOB,
10 HEro HEU3BECTHBIX: CEJIEH, KPEMHMIA, I_[I/IpKOHl, TOpHii, TaHTam).
Breraycinas atomHble Macchl, bepliennyc HUKoOrga He OIpeaeisl COCTaB
MOJIEKY/Thl aHATM3UPYEMOIO BEllIECTBa Hayraj, Kak 3TO Aejian JaibToH,
MPENTNOJIOXUBIIMI «IUISI IIPOCTOTBI», YTO MOJIEKYJIAa BOOLI MMEET COCTAB

, a MoJieKyJla aMMMakKa — COCTaB O (T. €. YTO Kaxpnas U3
5TUX MOJEKYJI COCTOMT U3 JIBYX aTOMOB). beplienuyc crpeMwics orpe-
JIEJIUTh COCTaB MOJIEKYJbl TaK, YTOOBI YIOBJIETBOPUTEIHLHO OOBSICHUTH
BO3MOXHO OOJIbIllee YUCIIO XMMMYecKuX (pakToB. Takum obpazom bep-
LeJNyc OOHApyXWI, HalmpuMep, YTO MOJIEKyJa BOABI COCTOMT HE M3
IIBYX aTOMOB, a M3 TpeX — OIHOIO KHCJOPOJHOTO M JBYX BOIOPOTHBIX,
YTO MOJIEKyJIa aMMMaKa COCTOMUT M3 YEThIpEX aTOMOB — OTHOTO a30T-
HOTO M TpeX BONOPOOHBIX, U T.J. Bce 3TO mpuBeNo K TOMy, 4TO XOTS
pabothl Bepuenmyca M ganu OJecTsiee IMOATBEPKAECHUE OCHOBHBIX
unein JambToHa, HO MoOJydeHHble JlabTOHOM KOHKpETHbIE HUGMPHI —
aTOMHBIE MacChl — OKAa3aJMCh CIUIONIb HEBepHBI. bepliemmyc omyoim-
KOBaJ CBOM aTOMHBIE Macchl ABa pa3a. OmuH pa3 B 1818 romy oH
BBIIMYCTII TaOJMILy aTOMHBIX MacC, OCHOBAaHHYIO Ha XMMMYECKUX aHa-
JIN3aX, KOTOphbIe ITPEACTaBJSUIM PEKOpH BO3MOXKHOII TOrma B XUMHU
TOYHOCTH (HO BCE X€ B aTOMHBIX MaccaX, BHIBEICHHBIX U3 3THUX aHaU-
30B, emle OBUI0O OY€Hb MHOIO OILIMOOK BCJIEACTBHE HEBEPHBIX (hopMyI
coctaBa MoJsiekys). B 1826 romy Bepuennyc omyoiMKoOBal HOBYIO Tab-
JIMITy, B KOTOpOH OH MOOMI CBOM COOCTBEHHBIE PEKOPABbI TOYHOCTH.
ATOMHBIE MacChl, KOTOpblE OBUIM IOMEIIEHH B 3TOM TaOJHIIE, B IPoO-
MagHOM OOJIBIIIMHCTBE CIy4aeB O4YeHb OJIM3KM K TeM, KOTOphbIe MpUHSI-
THl B XIMUW U TeNepb.

HeGonpiryio ImyTaHuiry, KOTOpasl elle ocTaBajachk y beprenmyca,
ycrparmn B 1860 romy utambsHckuii xumuk Cranucnao KaHHuIniapo;
cobOpapmmiics 3 cents6psa 1860 roma B Kapiacpys MexnyHapOmHBIH
KOHIpPECC XMMUKOB IPUHSUI CHUCTEMY OTHOCHTEBHBIX aTOMHBIX Macc,
npemioxeHHylo KaHHUIIAPO, U 3TOT MOMEHT MPHHSTO CYMTaTh Haya-
JIOM COBPEMEHHOUN XVMMWU.

Mu npuBeneM TaOIUIy XMMWYECKHUX DJIEMEHTOB M HX aTOMHBIX
Macc, TPUHATYIO B HACTOSIIIEE BPEMsI’. 3aMETHM TOJBKO, 9TO Teleph B
KadyecTBe eIMHMIIEI aTOMHOM MacChl yxXe GoJbllle He IPUHUMAIOT Mac-
Cy aToMa BOIOpOda, KaK Mpeaiaral B cBoe BpeMsi JJaabToOH.

Ceifyac aToMHasi eIMHUIIA Macchl (a.e.M.) BBIOpaHa Tak, YTOOBI Mac-
ca aroMa CaMOro pacIlpOCTPaHEHHOIrO M30TOomNa yrjiepoda ObUIa B TOY-
HOCTH paBHa 12 a.e.M. Macca aroMa BogopoIa OKasajach IpU 3TOM
qyTh OomblIe 1 a.e.M.

1I.le:pm?t (ITpuM. pen.)
2Cm. npuMedaHue U Tabmnty Ha c. 39 (Ilpumeu. ped.)
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B Tabnumax oOOBIMHO YKa3bIBAIOT OTHOCUTENIBHYIO aTOMHYIO Maccy
XUMUYECKOTO 3JIEMEHTa — OTHOIIIEHME MacChl aroMa 3JeMEHTa K
aTOMHOI eOWHUIIE MACChl. DTa CHCTeMa eQUHMII IIPUHATA U B TOU Tab-
JIUlie, KOTOPYI0 MBI NMpuBoauM. UTo KacaeTcsl yKa3aHHBIX TaM Xe 3Hau-
KOB (CMMBOJIOB) XHMUYECKHUX 3JIEMEHTOB, TO OHM YK€ HUCKOJIBKO HeE
MOXOXM Ha Kpyxku JdansTroHa. beplienuyc mpeioXxiul — U 3TO ObUIO
MPUHSTO OTPOMHBIM OOJIBIIMHCTBOM XUMMKOB, a IIOTOM M BCeMHU 0e3
UCKITIOYEHUS] — IPUMEHSITh B KayeCTBe 3HauKa XHMWYECKOIO 3JIEMEHTA
HayaJIbHyl0 OYKBY WIM OBe OYKBBI €ro JIATMHCKOIO Ha3BaHUS (HaIlpu-
Mep, Bomopon ob6o3HayaTh 6ykBoit H ot marmHckoro Hydrogenium,
a3or — Oyksoit N ot maruHckoro Nitrogenium, Xenxe30 — 3HaykoMm Fe
ot Ferrum, meqp — Cu ot Cuprum, yrmeponm — C ot Carbo u T. 1.).
Korma HyXHO 0003HAaYUThL MOJIEKYTY, TO, €CIM B Hell €CTh HECKOJBKO
aTOMOB OJHOIO M TOTO K€ XMMHYECKOro 3jJeMeHTa, 0003HaueHHE 3TOro
aroMa He MOBTOpsIETCSI, KaK 3TO nenaji JlanbToH, M300paXxaBLIMK MoJie-
KyJIy YIJIEKHMCIIOTO Ta3a B BUIE O.Q, a IPOCTO BHM3Y IPUITHUCHIBA-
eTcs uMdpa, yKasbplBalollasi YMCIO aTOMOB; HallpUMep, Ta XK€ MOJIEKy/ia
VIJIEKUCJIOTO ra3a, COCTaB KOTOpo# [anbTOH CllydallHO yrajaa Ipa-
BWIbHO, nuuercs B Bune CO, (C — yrmepon, O — xucnopon), Mosne-
Kyna Boawl 3anucbiBaercss H,O, monekyna ammuaka — NH; u 1.0, Y-
psiMblil JIadbTOH OO KOHLA XU3HM (OH ymMep B 1844 romy) He Xoren
MPUHSTL 0003HaueHUM beplennyca (Kak M3 TOTO XXe€ YIPSIMCTBAa OH He
XOTeJ MPUHATh M €ro TOYHBIX aTOMHBIX MAacC, IPEearoyuTasl CBOM, He-
TOuYHbIe). Bopya, OH roBopuI, YTO Jilerye H3y4UTh NPEBHEEBPEUCKUIA
SI3BIK, YE€M IIOHSITh YTO-HMOYOh B XMMHUYecKMx ¢dopMyaax bepiienuyca.
Ho MBI MOXeM HarjisimHO yOemIMThCs B ymoOCTBe 0o003HauyeHUil bepire-
JIMyca Ha MpuMepe MOJIEKYJIbl TPOCTHUKOBOIO caxapa, KOTopasl IO CUC-
teMe bepuenunyca sanuceiBaercs cdopmynoir C,H,0y (12 aromos
ymiepona, 22 atoma Bomopoda, 11 atomoB kuciaopona); no JanbToHy
XK€ TMpHUILUIOCh OBl HAapHCOBaThb COPOK IISITh KPYXXKOB, OBEHAALaThb U3
HUX 3a4YepHUTh, a B JBALATA ABYX IIOCTAaBUTh B CEPENUHE TOYKY.
O6o3HauyeHUsT beprienuyca MO3BOJSIIOT TaKKe JIETKO 3allUCcaTbh B BUIE
¢GOpPMYJIHI U TO, YTO TMPOMCXOIUT NMPU XMMUYECKON peaklMU: 3TO 3alld-
CBIBAalOT OOBIKHOBEHHO B BHAE pAaBEHCTBA, Ile CjeBa CTOUT BCE, YTO
ObLIO IO peakllMM, a CIlpaBa — BcCe, YTO CTajlo Itocie peakuuu. Harr-
pUMep, TOpeHUE BOIOPOIAa B KMCIOPOAE, Jalolliee B PE3Y/IbTATe BOMY,
MULIETCS B BUAE YpaBHEHUS

2H2 + 02 = 2H20

(mBe MoJeKynnl BOAOPOAAa M OJHA MOJIEKYJa KUCJIOpOma MaloT NIBe
MOJICKYJIBI BOMBI; 3aMETHM II0 IOBOLY 3TOM (DOPMYNBI, YTO OOBIKHO-
BEHHBII BONOPOI COCTOMT M3 MOJIEKYJ, COAEpXallluX Kaxiasi Mo [Ba
BOIOPOIHBIX aTOMa, W IOJOOHBIM Xe 00pa3oM KHCJIOPON COCTOMT M3
MOJIEKYJI, KaX/asi U3 KOTOPBIX COCTaBJIeHa M3 JBYX aTOMOB KUCJIOpOHA).
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I'opeHue 4epHOro Mopoxa MOXET OBITh Tpe/CTaBIeHO HOPMYIOi

(mBe MOJEKy/Ibl KATUAHOM CEJIUTPBI, aTOM CEpbl, TPU aToMa YIJIEPO-
Jla, COeIUHSACh, NAlOT MOJIEKYJTy CEPHUCTOTO Kajivsl, MOJIEKYJIy a30Ta U
TPY MOJIEKYJIBI YIJIEKUCJIOTO rasa).

Emre ymo6Hee ObL1O OBI (XOTS, BIPOYEM, 3TO MAJIO MPUHATO Y XU-
MMKOB) BMECTO 3HaKa = IMUCATh CTPEJIKY —» , OTYET/IMBEE YKa3bIBalO-
IIYI0 HarpaBiIeHME XUMHUYECKOrO MpeBpallleHus; 00e peaklMy, KOTO-
pBle B BUle INprMepa ObUTA TOJBKO YTO HANMCAHBI, MPU 3TOM MPUHSUIU
OBl BUL,

2H2 + 02 - 2H20,
2KNO; + S + 3C — K,S + N, + 3CO,
ITocne Bcex 3TUX IpedBapUTEJbHBIX Pa3rOBOPOB U OOBSICHEHUN
NpUBOIUM TaOGMULy HBIHE U3BECTHBIX XMMHWUYECKMX 3JIEMEHTOB M HX

ATOMHBIX MacCcC.

Ta0auna XHUMHYECKHX 3JIEMEHTOB, MX CHUMBOJIOB
M aToMHbIX Macc)

Ne Ha3zpanue ArtomHasi| Ne Ha3Banue ATOMHast
n/n M CHMBOJI macca | n/m M CHMBOJI macca
1 Bonmopon H 1,008 6 Vrnepon C 12,011
2 I'enuit He 4,003 7 Asor N 14,007
3 JIutuit Li 6,941 8 Kucnopon O 15,9994
4 Bepwuiuit Be 9,012 9 ®rop F 18,998
5 Bop B 10,811 10 | Heon Ne 20,179

!3Hayenus aromMHbIX Macc, naHHble M. I1. BpoHuITeiiHoM, 3a mocie-
IyIollife rofbl ObUTM YTOYHEHB! U MPUBENEHBI B COOTBETCTBUE C HOBBI-
MM JaHHBIMU. B mipumeyaHuu K Tabnuue M. I1. BpoHiuTeiH ykasbl-
BaJl, YTO B CKOOKax B Hel NpUBENEeHBI Ha3BaHUSI TeX 3JIEMEHTOB,
OTKPBITHE KOTOPBIX «EIllleé COMHUTEIBHO». DTO JIEMEHTHL: 85, KOTOPHBIA
Ha3bIBAICS TOrga atabamMuii, U 87 - BUPTMHMI; MX aTOMHBIE MacChl HE
OBbUIM M3BECTHBI (HBIHE 3TO acTaT U (dpaHLMiI cOOTBeTCTBeHHO). [lon-
BEPIVIMCh M3MEHEHUIO U Ha3BaHUA 43-ro (Ma3sypuit), 61-ro (WUTMHMUIL)
n 71-ro (kaccuoreit) aneMeHTOB. HakoHel, Tabaulia IMOIOJIHWIACH
TPaHCYpaHOBBIMU JIEMEHTAMU, O KOTOPBIX B MPEAINONIOXUTEIbHBIX TO-
Hax rosoput M. I1. BpoHwteitH Ha ctp. 48. ([Ipumeu. ped.)
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Ilpodoaxncenue
11 | Harpuit Na 22,990 39 | Urrpmit Y 88,906
12 | Maruuit Mg 24,305 40 | Hupkonwmit Zr 91,22
13 | Amomummit Al 26,981 41 | Huo6uit Nb 92,906
14 | Kpemuuit Si 28,086 42 | Monubnen Mo 95,94
15 | ®octop P 30,974 43 | Texnemmit Tc 98,906
16 | Cepa S 32,06 44 | Pyrennii Ru 101,07
17 | Xmop Cl 35,453 45 | Pomwii Rh 102,905
18 | Apron Ar 39,948 46 | Nawnamuit Pd 106,4
19 | Kamit K 39,098 47 | Cepebpo Ag 107,868
20 | Kampumit Ca 40,08 48 | Kagmuit Cd 112,40
21 | Ckaugwmit Sc 44,956 49 | Uamnit In 114,82
22 | Turan Ti 47,90 50 | OmoBo Sn 118,69
23 | Banamuit V 50,941 51 | CypeMma Sb 121,75
24 | Xpom Cr 51,996 52 | Tewutyp Te 127,60
25 | Mapraten Mn 54,938 | 53 |Hon I 126,905
26 | XKeneso Fe 55,847 54 | KceHoH Xe 131,30
27 | Kobansr Co 58,933 55 Lesuit Cs 132,905
28 | Hukens Ni 58,70 56 | bapuit Ba 137,33
29 | Mean Cu 63,546 57 | JlanTaH La 138,906
30 | Ouuk Zn 65,38 58 | Hepwit Ce 140,12
31 | lawmmit Ga 69,72 59 | INpa3eonum Pr 140,908
32 | I'epmanmit Ge 72,59 60 | Heomum Nd 144,24
33 | Mboussik As 74,922 61 IMpoMmeTeit Pm 146
34 | Cenen Se 78,96 62 | Camapuii Sm 150,4
35 | Bpom Br 79,904 63 | Espormii Eu 151,96
36 | Kpumron Kr 83,80 64 | lamomuuuii Gd 157,25
37 | Py6unuii Rb 85,468 65 | TepOuit Tb 158,925
38 | Crponumii Sr 87,62 66 | Qucnposuii Dy 162,50
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Oxkonuanue
67 | I'onemuit Ho 164,930 | 86 | Pamon Rn 222
68 | Opbuit Er 167,26 87 | ®panumit Fr 223
69 | Tywoii Tm 168,934 | 88 | Panmit Ra 226,025
70 | Utrepbuit Yb 173,04 89 | AktuHuit Ac 227
71 | JIroreumii Lu 174,97 90 | Topuit Th 232,038
72 | T'apuuit Hf 178,49 91 | Ilporaktunwmii Pa 231,036
73 | Tanran Ta 180,948 92 VYpan U 238,029
74 | Bonetdhpam W 183,85 93 | Henrynuit Np 237,048
75 | Penuit Re 186,2 94 | ILtyroHuit Pn 244
76 | Ocmmit Os 190,2 95 | AMepunmit Am 243
77 | Upwmuit Ir 192,2 96 | Kiopuit Cm 247
78 | ILnatuua Pt 195,09 97 Bepxmmit Bk 247
79 | 3omoTo Au 196,967 | 98 | Kamudopumit Cf 251
80 | Pryts Hg 200,59 99 | DitHinreiiHuit Es 254
81 | Tawmit Tl 204,37 100 | ®epmmit Fm 257
82 | CBuner Pb 207,19 101 Menngenesuit Md 258
83 | Bucmyt Bi 208,981 | 102 | Hobemit No 255
84 | IMoaouuit Po 209 103 | JJoypencuit Lo 256
85 | Acrar At 210 104 | KypuatoBuii Ku 260

He npeyBenmumBasi, MOXHO CKa3aTb, YTO 3Ta HeOOJbIIasi Tabauia,
MOMELIAIOIasCsI Ha OMHOM-IBYX CTpaHMIIAX, IIPEACTAaBISIET KOHLIEHTPH-
POBaHHBIA pe3ylbTaT YIOPHEMIIEro Tpyda MHOTMX MOKOJIEHWM XUMU-
KOB, co BpeMeH bepuennyca u go Hammx gHeil. (ITopsmok, B KOTOpoMm
B 3TOi TaG/IMIle pacIloIOXKEHbI 3JEMEHThI, BEIOpaH He CIIydaiiHO: BJie-
MEHTBI PaCIOIOKEHBI B MOPSIAKE PACTYIell aTOMHOM MAaccChl.)

CrpocuM cebs1, 4TO Xe cTaio ¢ rumnore3oii Ilpayra, Koropas ObUia
OCHOBaHa Ha TOM, YTO aTOMHBIE MAacCHl 3JIEMEHTOB — TOYHBIC IlIEJIbIC
ypcia? OcCTajlloch M YTO-HUOYObR OT 3TOM TUIIOTE3BI? YBBI, HE TOJIBKO
BeCbMa TOYHBIE COBpEMEHHBbIE YMClla He MoaTBepxnaioT MHeHus1 IIpay-
Ta O LIEJIOYMCICHHOCTM aTOMHBIX Macc, HO AaXe U II€pBhIE M3MEPEHMS
Bepuiemiyca rokasajiM, 4TO HE BCE aTOMHBIE MACCHI SIBJISIIOTCS LIETbIMU
ypciaMu. [IppuMepoM MOXET CIyXXWUTh XJIOp, aTOMHas Macca KOTOpOIO
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paBHa 35,453 (B tabnmue bepuenmyca, cocraBieHHou B 1826 romy,
aroMHast Macca xiopa 35,4). Iloatromy rumnore3a Ilpayra B ToM BuIe, B
KakOM OH ee C(hOpMyJUpOBaI, 0e3yCJIOBHO MOJDKHA OBITH OTOPOLIECHA.

3aMeTM Bce Xe, MpocMaTpuBasl HaIly TaOJUILy, YTO OYEHb MHOTHE
aTOMHBIE MacChl, OCOOEHHO B Hauyaje TaOJMIIbI, BeCbMa OJM3KM K 1ie-
JIBIM 4MCJIaM, MHOTAA B TOYHOCTM WM paBHbI, Hampumep, y (Topa u
yIJlepola, a MHOIAAa OTIMYAloTCsA OT HMX MeHblie yeM Ha 0,01, Hampu-
Mep, Y BOOOpOHa, IejiMst, a30Ta, HaTpus U T. 1. DTO CTPaHHOE OOCTOS-
TEJIbCTBO 3aCTaBiIsieT KakK OyOTO OTHECTHMCh C HEKOTOPbIM BHUMaHMUEM K
runotese [Ipayra', Tak Kak TpymHO ceGe NpenCTaBUTh, YTOOBI 3TO
MOIJIO OBITh pe3yJbTaTOM YMCTOIO CiIydasi, HO TeM HE MEHee TaKue
aTOMHBIE MacChl, KaK Yy MarHusl WIM XJIOpa, He TOBOPS YX€ O MHOTO-
YUCJIEHHBIX 3JIEMEHTaX C OOJIBIIMMU aTOMHBIMM MaccaMu, BCe-TaKu
MPUHYXOAIOT OTOPOCUTE IIPEAINOIOXKEHHEe O TOM, YTO BCE aTOMBbl COC-
TOSIT U3 aTOMOB BOIOpPOZA.

ITostomy B XIX CTOJIETUM COBEPIIEHHO YKPEMWIOCh UM paclpocTpa-
HWIOCH ITIPENCTaBJICHWE O TOM, YTO BCE TeJa B MUPE COCTOIT M3 3TUX
HECKOJIbKUX JIECSITKOB COPTOB aTOMOB, KOTODBIE SIBJISIIOTCSI COBEPLIEHHO
HE3aBUCHMBIMU APYT OT Jpyra OCHOBHBEIMM 3JIEMEHTaMM MMPO3IaHMS.
ATOMBI BeYHBI U HEpa3pylIMMBI M He MOTYT IIpeBpalliaThCs OPYT B Ipy-
ra. «/laxe korma CojiHeYHass CUCTeMa pacIlaIeTCsl U Ha e€ pa3BaJMHax
BO3HUKHYT JIPYyTHE MUPBI, aTOMBI, U3 KOTOPBIX OHAa COCTOUT, OCTaHYTCSI
LIeJILIMM ¥ HEW3HOILIEHHBIMW», — TaK cKasan B 1873 romy B omHOI pe-
YY 3HaMEHUTBHIN aHrmmickuit dusuk JIxeiiMc Kinepk Makcesui, OCHO-
BaTeslb COBPEMEHHOI TEOPUM 3SJIEKTPUYECKOTO M MArHUTHOIO ITOJIEH.
W3 sroif muMTaThl BMIHO, KAaK HEpas3dejbHO BJIACTBOBAIU B (U3MKe
vnaeu [anbToHa maxe yepe3 HECKOJIBKO MECATUIETHI MOCJE MOSIBIEHUS
ero «XuMu4eckon punocobum».

M Bce xe, HECMOTpPsI Ha Bce 3TO, cpeau (PU3MKOB U XMMMKOB IpO-
IOJCKAJIO XKWTh CMYTHOE yOeXIeHHe B TOM, YTO MeXITy aTOMaMH pas-
JIMYHBIX XMMHWUYECKUX DJIEMEHTOB HMEIOTCS KaKWe-TO CBS3U, YTO 3THU
aTOMBI 00pa3yloT KaKylo-TO €CTECTBEHHYIO CHCTEMY. YIMBUTEIBHO, 4TO
3Ta MBICIbL ObUIa OTYETIMBO CHOPMYJIMpPOBaHa elle 3aJoJro IO TOro,
KaK CTaJI0 U3BECTHO, KaKWe MMEHHO XUMHYECKUE IEMEHTHI CYLIECTBY-
ot B npupoge. B 1786 romy Hemery H.I'. MapHe HameyaTtan KHWUIY,
o3aryaBjieHHyI0 «O 4uciae 3JIeMEHTOB». B 3TOM KHUre, MUCTUYECKON U
CTpaHHOM, OH BBIpaXaeT CBOE ITyOOKOoe YOeXIeHUE B TOM, YTO «OT
MeJibyalieil IBUIMHKA COJIHEYHOro Jiyda OO cBaTeilero cepaduma
MOXHO BO3IBUTHYTH IIEJIyIO JIECTHUIY TBOPEHUI» U YTO aTOMBI XUMM-
YEeCKMX 2JIEMEHTOB TOXE SIBJISIIOTCS CTYTIEHSIMM 3TOW JIeCTHULBI. MapHe

]OTCTYI'U'ICHI/IH OT LEJIOYMCIEHHOCTH CBsI3aHBl C CYLIECTBOBAaHUEM
M30TOIOB OIHOTO M TOTO X€ XMMHUYECKOro 3jeMeHTa Tabnuisl MeHae-
JieeBa, DPa3IMYaAOIIUXCSl aTOMHBIMU Maccamu. OTKpBITME H30TOIIOB
MTOATBEPIWIO MPaBWIbHOCTh runotessl [Ipayra. (Ilpumeu. peod.)
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npogosokaer: «[logoOHO TOMy, KakK KaXiblii OTAENbHBIA TOH CO3BY4E€H
TOMY X€ TOHY OKTaBOW BbIIIE WIM HIKE BCICACTBHUE CBSI3M MEXIY
YUCIIOM KosieGaHMil CTPYH, TaK Xe M ompene/ieHHbIe XMMUYECKUe 3Jie-
MEHTHI («OCHOBHBIC BEILIECTBa», KaK Has3blBaeT MX MapHe) MOIyT IO
TEM Xe MpUYMHAM CTOSITb B CaMOM OJM3KOM POJNICTBE OPYT C APYIOM,
HECMOTpPSI Ha TO, YTO B MX €CTECTBEHHOM IOCJIENOBATEILHOCTH MEXIY
HUMH HaxoOATCs MHOTHE BEIIECTBA: C 3TUMM BELIECTBAMHM OHM TaK Xe
HE MOTYT COEIMHUTHCS, KaK [Ba TOHA HE MOIYT MPUSATHO 3By4aThb
BMECTe, HECMOTpPSI Ha CBOIO OJIU30CThb, €CJIM OHW HAaXOMASTCSI B OTHOLLE-
HUU CEKYHIBI».

Orta nges MapHe He MOIJIa MPUBECTH HH K KaKUM IIOCJIEICTBUSIM,
[OKa XMMUUYECKME JEMEHTH He OBUIM B JOCTATOYHOI Mepe BhlOEse-
Hbl M u3ydeHsl. Ho mocie Toro, kak KaHHUIapo omy6JuKoBai
(B 1858 romy) cBOIO TabGIMIy aTOMHBIX Macc, CTPEMJIEHME K €CTECTBEH-
HOI K1accuUKALMU XMMUUYECKUX 3JIEMEHTOB NOJDKHO ObUIO NMPUHECTH
csou 1wionbl. B 1863 romy anrmmyanuH JX. A. HeloneHac, BOCMOJb30-
BaBIIMCh aTOMHBIMM MaccamMu KaHHMIIIapo, Hallled, YTO €CJM paclo-
JIOXXWUTh 3JIEMEHTHI B IMOPSAKE BO3pacTaHMUs MX aTOMHBIX Macc, TO Ta-
KO CIIMCOK 3JIEMEHTOB €CTECTBEHHO pasjlaraeTcsi Ha OKTaBbl, T. €. Ha
CTPOYKM IO CEMb 3JIEMEHTOB B KaXIOM, Tie KaXIblil 3JeMEHT o0sana-
€T GOJILIIMM CXOACTBOM C OJMHAKOBBIM 10 HOMEpY 3JIEMEHTOM IIpEebl-
Iylieil M nocieayoileid okTaB. IlpuBeneM mepBble Tpu OKTaBbl Hblo-
JIEHJCcA:

H, Li, Be, B, C, N, 0;
F, Na, Mg, Al, Si, P, S;
Cl, K, Ca, Cr, Ti Mn, Fe.

AHajiorus IIpOSIBJSIETCST B TOM, UYTO BCE 3JIEMEHTHI, CTOSIILIME Ha
BTOPOM MECTe B CBOE€il OKTaBe (JIMTUHA, HaTpUW, KaJIMi), ABIIOTCS TaK
Ha3bIBa€MBIMHM IIEJOYHBIMU METa/UIaMU, OOpasyloIUMU COECIUHEHUS
[0 OJHOMY M TOMy Xe TuIry, HanpuMep matouumu conu LiCl, NaCl,
KCI; aneMeHTBI, CTOSIIIME Ha TPEThEM MecCTe B OKTaBe (OepwuIMi, Mar-
HUM, KaIbllMii), SBJSIIOTCSI TaK Ha3bIBAaEMBIMM IIEJIOYHO3EMEIbHBIMUA
MeTaJl/IaMH, JAIOIMMU TOXe MOXOXWe APYr Ha Apyra, HO YXe HMHOIo
TUNA coequHeHus, Hanpumep comu BeCl,, MgCl,, CaCl,. ®@top Bech-
Ma IIOXOX IO CBOEW XMMHUYECKOM MpUpOAE Ha CTOSLIUM I104 HUM
XJIOp, a30T OOHApYXMBAeT HEKOTOphble aHajoruu ¢ dhocdopoM, KHUCIO-
poad — C cepoit M T.[HO. 3aMEeTUM, BIPOYEM, YTO BCE IOJIy4aeTcsl TaK
XOpOIIIO M YOemIUTeNIbHO JIUILL B IepBbIx okTaBax Hrblomennca: B gajib-
HEMIIMX OKTaBax ObLTO ropa3no ©OoJibllle MyTaHWUUBI, U B HEKOTOPBIX
cryyasx i ee yctpaHeHusi HproneHnc nosBonmun ceGe OTCTYIIMTL OT
MPUHATOIO MM IUIaHA M pacrojaraTh 3J€MEHTbl HE COBCEM B IIOPSIIKE
BO3pacTaHMsI aTOMHOM Macchbl. Tak WiIM MHaye, 3Ta IpeMJIoKEHHAas
Hrronenncom xinaccudukaiys, sSBISIBIIAsICS KOHKPETHBIM BOIUIOLIEHM-
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€M cTapoil umer MapHe, He MMella HMKAKOro ycIlexa Cpelyl XHMUKOB.
Korma Helonenac mompoGoBajl pacckasaTh O CBOeM KiIacCHPHUKALUU
XUMUYECKUX 3JIEMEHTOB Che3ly aHINIMMCKMX €CTeCTBOMCIIBITATENEH, ero
MOYTU HE XOTENM CIyllaTh, W Tpeaceaareb XMMMYECKON CEKIIMU Che3-
la HacMellMBO cnipoc HeroneHaca, a He mpo6GoBal JIM OH paclioyia-
raTb XMMUYECKUE 3JIEMEHTHI B IMOpsaKe andaBUTa M He IMOIy4aloch JIU
U TIPH 3TOM KaKUX-HUOYIb 3aKOHOMEpPHOCTEIA.

Yepe3 HECKOJBKO JIET ITOC/Ie 3ToM MonbiTKM HerojeHaca oHa ObI-
Jla IIOBTOpEHa ABYMS NPYTMMHU YYEHBIMMU, paOOTaBIIMMU Hal BOIIPO-
COM €CTECTBEHHOM KjIacCHM(MHUKAIIMU 3JIEMEHTOB COBEpPIIEHHO HE3aBU-
cuMmo Apyr oT apyra. OmHum u3 Hux 6bul KOmuyc Jlorap Meiiep,
npodeccop yHuBepcurera B bpecnay (HbiHe BpoiuiaB B Ilosblie),
apyruM — Jmutpuit MiBaHoBuY MeHaeneeB, mpodeccop YHMBEPCH-
Teta B C.-Iletepoypre. 1 Meitep, 1 MeHaeneeB cOOOpasmMiif, YTO
MOTYT CYLIECTBOBAaTb M 3JIEMEHTHI, ellle He OTKPHIThbie XWUMHKaMH, a
IO3TOMY, €CJIM 3TOro TpedyeT KiaccUGUKalUs, MOXHO OCTaBIATh B
TabJyMLe MPOITyCKH, COOTBETCTBYIOIIME €llle He OTKPBITHIM SJIEMEHTaM.

Kpome toro, oHu cowm cxemy HploneHaca ¢ ee OMMHAaKOBBEIMU
CTPOYKAMU YPE3MEPHO Y3KOM M MOMYCTHIU, YTO CTPOYKHU (IEPHO-
IObI) MOTYT CTAHOBUTBCSA [JWHHee K KOHIly TabGiauIbl. MBI IpuBO-
IUM <«IIEpUOANYECKYIO TaOJUIy 3JIEMEHTOB», KOTOPYIO OITyOJIMKO-
Ban . U. MenneneeB B 1869 romy B HeMeLKOM XypHaje «Zeitschrift
fir Chemie» (Tabiuiia MPUBOOUTCS B HECKOJBKO HM3MEHEHHOM BHIE,
HO Tak, YTO Bce uneu MeHeneeBa, colepKallluecs B ero CTaThbe, Iepe-
JaHbI ITPAaBWILHO).

B 3Toit Tabimile KypcuBOM JaHBI T€ 3JIEMEHTHI, KOTOPhIE ObLIM I10C-
TaBleHsl MeHeneeBbIM HEeNpaBWILHO BCIEACTBME HE3HAHMS MX aTOM-
HBbIX MacC WM 1o IpyruM npuurHam (B 1870 romy MeHaesneeB momnpa-
BWI OOJIBIIYIO YacTh 3THX OIIMOOK). YK€ B YETBEPTOil CTPOKE TaOJIMILIBI
Kj1accuuKalys MoTpecoBaa OCTaBjeHMs ITycThiXx MecT. Ha atmx myc-
TBIX MECTaxX IOJDKHBI HaXOMUThCS KaKMe-TO ellle He OTKPBITBIE 3JIeMeH-
Thl, @ UMEHHO JODKEH OBITh OOUH 2JIEMEHT MeEXIy KaJbLIMEM M 3pOu-
€M (BrIpoueM, 3pOuid 37ech IMOCTaBlIeH IO onmbke, U yxe B 1870 romy
MeHzeneeB MpaBWIBHO MOCTAaBWI BMECTO 3pOUS THUTAH) M IBa SJIEMEH-
Ta MEXAYy LUVMHKOM M MBIIBIKOM. DTUM 3jieMeHTaM MeHneneeB nai
clemyloliie Ha3BaHUS: 3JIEMEHTY, KOTODBIN IOJIKEH CTOSATh IIOCIe
KaJIbLWsI, OH O MM 5Kabop, a ABYM 3JIeMEHTaM, KOTOPBIE MTOJDKHBI
WIOTH 32 LIIMHKOM, — MMEHa SKAaaTlOMMHMMA M 3KaKpeMHUA (3Kabop,
Kak BUIHO M3 TaOJMIIbI, JOJDKeH OBITh aHAJIOTMYeH OOpy, a 9KaalloMH-
HUI{ Y 3KaKpeMHUII — aTIOMMHUIO M KpeMHUIO). MeHeneeB GbLI Hac-
TOJIbKO YOeXIEeH B CBOei KiIacCM(MKAIIMMA, YTO MMEJT CMeJIOCTh 3apa-
Hee OIMCaTh CBOMCTBA 3TUX TpeX 3JIEMEHTOB, MpeXIe YeM MX OTKPOIOT.
Yro6Bl MpenckazaTh CBOWMCTBA, HANpUMeEp, KaKPEeMHMsI, OH COOOpasu,
YTO SKaKPEMHUM 110 CBOMM CBOMCTBaM JOJDKEH OBITh YeM-TO CPeIHMM
MeXIy UMHKOM Y MBIIIBLIKOM (HO 3aMETHO OJIIDKe K MBIIIBSIKY) M 4YTO,



ATOMBI 45

Tlepuoaudeckass TaGMIAa 3J1€MEHTOB, OIMyOMKOBAHHAA
B 1869 r. JI. 1. MenaeneeBbM

LiBeBCNOFJ

M Mg| Al [Si|P | S |ClI

; Ni
K [Ca G| Y | Jn| Ti |V |Cr|Mn|Fe Co/Cu|Zn As|Se|Br

A |

C JpYToi CTOPOHBI, OH JOJDKEH MMETh MHOIO CXOJACTBa C KpeMHHUEM M
C DJIEMEHTOM IOJ HHMM, T. €. C OJIOBOM, OyIy4d 4eM-TO CPEOTHHM MEX-
Iy KpeMHHeM U oioBoM. (Bce 3To uuTaTennb Jierko IMOMMET, MOJb3YysCh
MpUBEIEHHOM TAaOJIUIIEH.)

M uro xe? Ilpenckasanuss MeHaeneeBa OJecTAIIMM 0Opa3oM COBI-
mmck. Jlerom 1875 roma ¢panHiy3ckuit xuMuk Jlekok jge byaGoapaH,
uccaenys HaineHHbI B IlMpeHeMCKMX ropax KycokK pydbl (LIMHKOBOH
00MaHKM), OOHApyXWl B 3TOW pyAe HOBBIA XMMWYECKMI 3JEMEHT, KO-
TOPBIM IO CBOMM CBOMCTBaM OBUI COBEPIIEHHO TAaKWIM X€, KaK IIpeac-
Ka3aHHbI MeHneneeBbIM 3KaallOMUHUM. HalimeHHOMYy MM 3JEMEHTY
Jlexok ne byabompaH nan Ha3BaHME TrajUIMi (OT JIATUHCKOrO CJIOBa
lamnus, yro 3Hauut @Ppanuus). B 1879 romy I1iBeackue XUMHUKH
Hunwcon n KieBe HaIIM B OOJHOM pEeIKOM HOPBEXCKOM MMHepase
9BKCEHUTE MpelcKa3aHHBII MeHIeneeBEIM 5Kabop M Ha3BaJM €ro
ckangueM (mo-nmateiHM CkaHausa 3Hayut IlIBenmsa). M HakoHel, B
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1885 romy Hemeukuii xumuk K. BuHkiep, uccieayss TOJIBKO YTO OTK-
pBITEI B (peitdyprckux pynHukKax B CakKCOHUM MHWHEpal aprUpOuT,
Hallel B HEM IIpelcKas3aHHBIM MeHpaenmeeBeIM 3KakpeMHUl. IIpomo:-
Kasi TOT XK€ psii TNaTpUOTUYECKMX Ha3BaHUM, BuHKIEp Ha3Ban 3Kak-
PEMHUIA repMaHUEM.

Y1o6bl yOemUTBCSI, HACKOJBKO TOYHBI OBLIM IIpeackKa3zaHusi MeH-
JieJieeBa, CpaBHUM CBOMCTBAa 3KaKpeMHMsI M TepMaHMs.

IMoxaryit, MOXHO cKa3aTh, YTo MeHe/eeB IIpeIBUIET B 3TOM 3Jie-
MEHTE BCE, KPOME €ro Ha3BaHHUSI.

IMocne Takoi Giectsieil mobeabl HUKTO yKe HE MOI' COMHEBAThCS B
TOM, YTO «II€pUOAWMYECKUI 3aKOH» MeHmesneeBa IeMCTBUTEIBHO BhIpa-
XKaeT KaKoe-TO BeChbMa INTyO0OKOE CBOMCTBO XMMWYECKMX 3JIEMEHTOB U
YTO aTOMbl XMMMUYECKMX 3JIEMEHTOB MOIYT OBITh PACIIOJIOXEHBI B Ka-
KOU-TO «CUCTeMe poAcTBa». Ho YTo o3HavaeT 3T0 pOACTBO XMMMYECKUX

CBoiicTBa 3KaKpeMHHs
(o6o3navasica Es), npeackasan-
Hble MenaeneesoiM B 1871 r.

CroiicTBa repMaHusi
(o0o3nauaerca Ge), n3ydyeHHbIE
K. Bunkiepom B 1886 r.

DKaKpeMHUIl — CepbIil METaLT,
IUIaBUTCSI C TPYIOM, aTOMHasi
Macca — 72.

I'epMaHuit — cepblif, TPYAHO
BO3TOHSIOLIUICS METal,
aToMHasl Macca — 72,6.

ITL1OTHOCTD 3KaKpeMHMSI JOJDKHA
6bITh 5,5 r/cM3.

[lnoTHOCTH repMaHms 5,409 r/cm3.

OKMCh 9KaKpEeMHUsI 10JDKHA MUMETh
dopmyy EsO, u mIoTHOCTB

4,7 r/em3. Tlon meitcTBUEM BOZOpOJa
W3 Hee OJDKEH BBbIIE/ISIThCS
3KaKpeMHUMA

[MnotHOCTH OKMcH repManus GeO,
4,703 r/cm3. Tlon nmeiicTBUeM BoIO-
pola U3 Hee BBIIEJISIETCS] TePMaHMIA.

Xnopucrslii 3kakpeMHuit EsCly
JIOJDKeH MMETh IUIOTHOCTH 1,9 r/cm>
u kumnetsb Tipu 90 °C.

Xnopuctsiii repmanuit GeCly umeer
wioTHOCTh 1,887 T/cM3 M KMIUT
mipu 86 °C.

@TopuUCcThIif 3KakpeMHUN EsA, He
JIeTyY.

DTOPUCTDII repMaHUM
GeF, - 3H,0 — TBepnoe 6enoe
BELLECTBO.

CepHucTblii 3kakpeMuuit EsS, mon-
JK€H pacTBOPSIThCSI B CEPHUCTOM aM-
MOHMWH.

Cepuucthiii repmannii GeS, pactso-
p 2
pseTCs B CEPHUCTOM aMMOHUU.

Bxakpemuuit stun Es(C,Hs),
OJDKEH MMETh IUIOTHOCTh
0,96 r/cM> u kurers npu 160 °C.

I'epmanwuii stun Ge(C,Hs), umeer
wiotHocTs 0,991 r/cM3 M KMIIUT
mpu 160 °C.
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3JIEMEHTOB, 3TM CBSI3M MEXIy pa3HbIMM aTOMaMH, He HMEIOLIUMH,
Ka3ajoch ObI, HUYEro oOILIero Apyr ¢ APYyroM, — 3TOr0 B T€ BpeMeHa
ellle HUKTO, B TOM 4YMCjle U caM MeHaeneeB, He cyMel Obl CKa3aTh.
Ilepuonuyeckuit 3akoH MeHneneeBa, Kak BBIPA3WICS OAUH MCTOPUK
XUMWH, «Cpely MHOTOYMCIICHHBIX 30AHMI HAYYHBIX TeOpWi, BO3IBUI-
HyTbIX B XIX Beke, ObUI ITOX0X Ha OOEJIMCK, ITOKPHITBIM HEITOHSITHBIMU
MMMChbMEHAaMM; paciuM@poBaThb 3THU IIMChMEHAa — BOT BeJMKas 3agada,
KOTOpYIO AEBATHAOLATBII BEK OCTaBWI B HACJICACTBO ABAAIIATOMY».
IIpuBeneM ellle NMEPUOAMYECKYIO TaOJMILy SJIEMEHTOB B TOM BHIE,
KOTOPBIII OHa MMeja B TPUOLATHIX romax. 3aMeTHM, 4TO IIpeacKa3aHus
CBOICTB HOBBHIX 3JIEMEHTOB Ha OCHOBAaHMM NEPUOIMYECKOrO 3aKOHa He-

Ilepyomyeckas Tab/mma 3aeMeHTOB [MeHaeeeBa
(nepBast noaoBuHa 30-x rr. XX Beka).
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OIHOKpAaTHO [eNIalUCh WM BIIOCJEACTBUM; TaK, Hampumep Y. Pamsaii,
nociyie oTKphITusa (M u JIxX. Y. Paneem) aproHa u remisi, KOTOpble OH
MOTOM M OTKpBUI BMecTe ¢ TpaBepcom B 1898 romy.

Her Hu4yero HeBO3MOXHOIO B TOM, YTO B IIPMPOJE CYLIECTBYIOT U
3JIEMEHTHI, O0JamarolIre OOJIbIIe aTOMHOM Maccoil, 4eM ypaH. DT
39JIEMEHTBI, €CJIM OHU CYIIECTBYIOT, NOJLKHBI ObUIM OBl B Hallei Tabim-
1le TMOIacTh Ha MecTa, MayIMe Imocie ypaHa. Ho mo cux mop 3t sne-
MEHTHI ellle He GbUTM OGHAPYXEHBI B MPUPOE..

TakoBo, B o0IIMX 4YepTax, y4eHHE 00 aToOMax XMMMYECKMX 3JIEMEH-
TOB, CO3JaHHOe JaibTOHOM M OIpeleNMBILIEE BCe OalbHEMlee pa3BU-
e xumMur B XIX cronetuu. Ho ecim rumore3a o6 aroMax M MOJIEKY-
Jlax oOKa3ajiaCh TaKOM BaXXHOM M TaKOM IOJIE3HOM IJISI XMMWUU, TO
KaKkylo pojib OHa Chirpajla B (hu3MKe, 3aHMMAloLIeNcsl ropasgo 6ojee
IIMPOKOM 006/1acThI0 SIBIIEHUH Npuponbl, 4eM xumusi? CriemyeT 3ame-
TUTh, YTO B (PU3HUKE TUIIOTE3a aTOMOB CYIIIECTBOBAJIa M UIpajia OYEeHb
OOJIBLIYIO pOJIb 33MOJIT0 OO0 TOM MOpHI, Korma [JambToH caenan ydeHue
00 aToMax M MOJIEKYyJIaX HEOOXOMMMEIM I TOrO, YTOOBI XOTb YTO-HHU-
Oyob MOHMMATh B XUMHWUYECKUX SBIICHUSX. Beab MBI YK€ TOBOPWIHM O
TOM, KaK M K TEOpPUM aTOMOB OTHOCIJICS TaKoil T€HWAJIbHBIA U aBTO-
puteTHbI Gu3ukK, kak HMcaak HpioroH. IlpencraBieHue o6 aromax
CIIY>XWI0 GU3MKAM UISI TOro, YTOOBI COCTABUThL SICHOE ITOHSITUE O Iie-
JIoM psiie PU3NYECKUX SIBIICHW. MBI HarpeBaeM TelO0 — 3TO TEJIO pac-
mupsiercss. C TOYKM 3peHMsI aTOMHOM THIIOTE3Bl 3TO 3HAYMUT, YTO aTo-
MBI HECKOJIBKO OTOLIM APYT OT Apyra — IIyCTBhIE IPOMCXKYTKHU MEXITY
HUMM YBeIMYWIMCh., Kak MOXHO 6bUIO ObI HAIVIAAHO NMPENCTAaBUTH cebe
TaKoe€ MPOCTOe SBJICHME, KAaK pacIIMpeHue Tel NMpH HarpeBaHUM, €CIIU
CUMTATh BEIECTBO HE COCTOSIIMM M3 aTOMOB, a HENPEPBLIBHBIM U
cruioliHbBIM? Bcee rasel 061aa0T ropa3go MeHbIlel IUIOTHOCTBIO, 4eM
XHUIOKOCTA M TBEpIble Tejla, — 3TO 3HAYMT, YTO aTOMBI (WA MOJIEKY-
JIbI) Ta30B HAXOmATCS Ha OYEHb OOJIBIIMX PACCTOSTHUSX IPYr OT IPYTa;
MO3TOMY-TO TaK JIETKO CXaTh ra3, T. €. YMEHBIIUTh IIyCTBhIE ITPOMEXYT-
KM MEXIy ero arToMaMM WIM MojieKyJdamMHu. CxXaTb CKOJIBKO-HUOYIb 3a-
METHO XMIKOCTb WIM TBEpHOE TEJIO O4YeHb TPYIHO, a YMEHBIIUTH IOC-
PEOCTBOM CXATUsl 00BEM KMAKOro WIM TBEPAOro Tejla B HECKOJIBKO pa3
BOBCE HEBO3MOXHO. UTO 5TO 3HAYMT? DTO 3HAYUT, YTO B XUIKUX U
TBEpABIX TedaX MEXIy aTOMaMH IIOYTH HET ITyCThIX IMPOMEXYTKOB; aTo-
MBI ITOYTU COIIPUKACAIOTCS IPYT C APYroM, Kak ApPOOMHKHA B MEIIOYKE
C OpOOBIO, €CIIM €r0 XOPOUIEHBKO BCTPSIXHYTb.

Besxutit ra3 maBUT M3HYTPH Ha ITOBEPXHOCTh CTEHOK TOTO cCocyda, B
KOTOPOM 3TOT ra3 3akimoudeH. Kak 31o noHsATe? OYeHb MPOCTO: CTOWT
TOABKO TNPEANOIOXWUTh, YTO aTOMbI (MIM MOJIEKYJIbI) Ta3a He HaXOOATCs
B IOKOE, a, HAIlpOTHB, BCEe BpeMs O4YeHb OBICTPO IBHXKYTCsA. Ecim 310

1
Pan Takumx «TpaHCypaHOBBIX» 3JIEMEHTOB OB IMOJNYYEH HCKYyC-
cTtBeHHO. (IIpumeu. ped.)
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TaK, TO OHM JOJDKHBI BCE BpEMS HaTaJIKWBAThCS
Ha CTEHKHM cOCyda U OTCKaKMBaTh OT HUX, KakK
OTCKAaKMBalOT OWJIBSIpAHBIE LIaphl OT OopTa
OWIbsIpIa; CTEHKM COCyla, B KOTOPOM 3amepT
ras, JO/DKHBI BCE BpeMS MCIIBITHIBATh H3HYTPU
LIEJIBIA Tpal TOJYKOB, 1IEJIyI0 OOMOapIupOBKY
CO CTOPOHEI MOJIeKya rasa. Eciau yBeluyuTh
00BeM cocyna, OTOOBMHYB B HEM KpBIIIKY WIM
MOpIlleHb, WIX €CJIM OTKPBIThH Iepel MOJeKyJIa-
MM rasa JIBepb, BEOYIIYI0 B COCEIHee ITyCTOe
MPOCTPAHCTBO, TO OBICTPO ABWDKYUIUECS MOJIe-
KyJIbl ceifdac Xe Ha4YHYT IPOHMKATh B IIPEIOC-
TaBJICHHBI MM HOBBHI 00BEM, ITOKA BECh COCY/I
HE 3aroJIHUTCS ra30M PaBHOMEPHO U IIEIMKOM.
Bor moyeMy BCSKMiA ra3 BCerga CTPEMMTCS PacUIUpPUTBCS M 3aIOJIHUTH
BECh IIPENOCTaBJIEHHBIM eMy o00beM. Jlerko MOHSATH, YTO OyHET, eCIu
CXaTb ras, HaXOISILNMKCS B KaKOM-HUOYDb COCyle C ITOPIITHEM: MOJie-
KyJbl ra3za, 3aHMMAaBIIME paHblE OOJIBIION O0BEM, Teneph BHIHYKICHBI
OyIyT CKOHIIEHTPHUPOBAaTbCSI B MEHBIIEM OOBEME, a IO3TOMY Ha Kax-
OBl KBaJpaTHBIM CAHTUMETP IMOBEPXHOCTHM CTEHKM OYIET MPUXOIMUTHCS
B TeYeHHUE CEeKYHIbl OOJIbLIE YIapOB MOJIEKY, T. €. MOJIEKYJIsIpHas O0M-
0apIMpoOBKa Ha KaXIbld KBaJpaTHBIM CAaHTUMETP CTEHKM BO3pacTaerT.
JlaBneHne rasa, 3arepToro B COCyIe, YBEJIMYUBAETCS IPU YMEHBIIEHWHU
obneMa atoro cocyna. Ecnu Harpers ras, sanepThlif B cocyne, He U3Me-
HSS ero obbema, TO JaBJCHME Ia3a, KaK ITOKa3bIBalOT OIBITHEI, BO3pac-
TaeT. Tak KaK YUCJIO aTOMOB M MOJIEKYJ OCTAJIOCh TeM Xe CaMbIM, TO
IJI1 TOTO, YTOOBI IOHATH, MOYEMY MOJIEKYJISIpHAsE OoMOapaMpOBKa YyBeE-
JIMIWIACh, HEOOXOOUMO IOITYCTUTD, YTO IMPH IMOBHIIIEHUU TeMIIEPaTyphl
MOJIEKY/IBI M aTOMbl HAYMHAIOT JBUTraThCsl OBICTpee: BCIIEACTBHE YBEIIM-
YWBIIEHCS CKOPOCTU WX IOBWDKEHMS BO3paCTET M YMCJIO YIAapoB B ce-
KYHIy O CTeHKY (BeIb MPU BO3POCIIEH CKOPOCTH Kaxmasi MOJIEKy/lIa yc-
MeBaeT B TeYEHUE CEKYHOBl OoJblilee YMCIIO pa3 CcJeTaTh OT OTHOM
CTEHKM cocyla 0 OpYroll U oOpaTHO) U, KpOME TOrO, BO3pacTeT U CH-
JIa KaXIOro OTAEIBHOIO ygapa. DTo IOIyLIEHHE O TOM, YTO IPU IOBBI-
LIEHUM TEMIIEpaTypbl CKOPOCTh ABIDKEHHSI aTOMOB W MOJIEKYJ pacTeT,
IOJDKHO OTHOCHUTBCS HE TOJIBKO K rasaM, HO M K XHOKOCTSIM, U K
TBEPAbIM TelaM: 0€3 3TOr0 HEBO3MOXHO IIOHSTb, KaKMM O0pa3oM IpH
HarpeBaHUU ITPOMCXOOUT HUCIApEHME.

B camoM nene, Kak JOJDKHBI Mbl HAIJIIOHO IIPEICTaBIISITH cebe TBEp-
Ible Teda U XUOKOCTH? KMIKOCTH O4YeHb HOABIDKHBI M TEKY4M; 3TO
3HAYUT, YTO aTOMBI M MOJIEKY/bl XUIKOCTEHN, BCe BpeMs TECHO COIpH-
KacasiCh ApYT C IPYrOM, BMECTE C TEM JIETKO M OBICTPO CKOJIB3SIT, IIepe-
MelIasich MO BCeMy OOBbEMY XXMIOKOCTH (MHOTHA OBIBAET, YTO MOJIEKyIa
KaKOH-HMOYIb XMIKOCTU TaK Xe JIETKO U IMPOCTO MOXET INepeMellaTh-
cs cpemy MOJIEKYJ OPYro KMIKOCTH, BOT MOYEMY TaK OBICTPO ITPOMC-
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XOIMT, HAllpUMep, TepeMeIIMBaHUe BOILI U CIIMPTAa, €CJIU CIIUPT HAUT
MOBEPX BOIOBI B KaKON-HUOYIb COCYN).

TBepaple Tena, HA0OOPOT, UMEIOT HEKOTOPYIO YIIPYTOCTb, T. €. CTpe-
MSITCSI BCE BpeMSI COXpPaHUTh CBOIO (OpMYy; IMO3TOMY IIPUXOAUTCS
3aKJIIOYMTD, YTO aTOMBbI TBEPABIX TeJl BCErIa HaxXOOSITCS B KaKUX-TO OIl-
peneieHHBIX TIOJIOXEHUSIX paBHOBECUS M MOTYT TOJIBKO COBEpIIaTh
OKOJIO 3THX IMOJIOXEHUI Oojiee WiIM MeHee OBICTphle KojiebaHusl. BrICT-
poTa IOBVDKEHHUIM, COBEpIaeMBbIX MOJIEKYJaMd M aTOMaMU XUIKUX U
TBEpOBIX TeJl, HOJDKHA, KaK M B rasax, BO3pacTaTb MpU YBEJIUUYECHUU
TeMIepaTypbel. DTUM OOBSICHSIETCS MCMapeHue MpU HarpeBaHUM, TakK
Kak 0osiee OBICTPO IBIDKYIIMECS MOJEKYIbl XHMIKOCTH MOTYT IPEOIO-
JIeTh TIPUTSDKEHME CO CTOPOHBI OKPYKAIOLIMX MOJIEKYJI TOM XKe XKHUIOKOC-
TH ¥ BBICKOYHUTH M3 XMAKOCTH HapyXy. Ilap, HachlIaloluii NpOCTpaH-
CTBO HaJ ITOBEPXHOCTBHIO HAHHOM XWOKOCTHM, — 3TO U €CTh TOT ras,
KOTODPBIIf COCTOMT M3 TaKMX «COEXaBIIMX U3 XUIAKOCTH» MoJekyl. U3
XKMIKOCTA BBICKAKMBAIOT, IpaBla, BCE HOBBIE M HOBBIE MOJIEKYJbI, HO
MOJIEKY/IBI TIapa, Iafalolliie Ha XHUIKOCTb, ITPOHMKAIOT Tyla BHOBb, U
IO3TOMY B KOHIIE KOHIIOB YCTAaHABJIMBAaETCSI PABHOBECHUE MEXIY XKUI-
KOCTBIO U €€ MapoM, KOrga B KaXIyl0 CEKyHIy CTOJBKO XE MOJEKYJ
BBICKAKMBAET U3 XUIKOCTU («MCIapsIeTCsl»), CKOJIbKO MX MAanaceT B XWUI-
KOCTb OOpATHO.

M3 Bcero ckazaHHOro BHIHO, KaKHe MPOCThIE M SICHBIE IpPEACTaBle-
HMUsSI BHOCHUT THUIIOTE€3a aTOMOB M MOJIeKy1 B (u3uMKy. OCHOBHBIM B
5TOM aTOMHO-MOJICKYJIIPHOM KapTHHE ra3oB, XWIKOCTEM U TBEPABIX
Tes SIBJIAeTCs TIpelICTaBlIeHNEe O TOM, YTO C BO3pacTaHUEM TEMIIEPATyphI
pacTeT M CKOPOCTb OBIDKEHUS aTOMOB. DTO TMpPENCTaBJIEHMUE CBHITPAIoO
O4YeHBb OOJIBIIYIO POJIb B UCTOPUM aTOMUCTUYECKOIO YYEHMS.

Ho XIX cronetuss cpend (U3MKOB T'OCIIOACTBOBAJIO MHEHHUE, YTO
TEIUIOTa €CTh KaKOe-TO HEBECOMOE BEIIECTBO — <«TEIUIOpOA», — KOTO-
poe MOXET COeIMHAThCS ¢ OOBIMMHBIMU BelllecTBamMM. Harperoe teno,
COIJIaCHO 3TOH TOYKE 3peHHUsl, — 3TO TaKoe, B KOTOPDOM MHOIO TEIUIO-
poja; MpU OXITAXAEHMHU Tejla TEIUIOPOA M3 HEero yXOAMT. DTO LIMPOKO
pacIpoCTpaHeHHOE IIpeAcTaBJIeHHE O BEUIECTBEHHOCTHU TeIUIa ObLIO
OTPOBEPTHYTO, KAaK TOJBKO (DM3MKM CTad M3ydaTh CBS3b MEXIY TeEll-
JIoOTO W OBIDKeHHWeM. Hammyue 3Toit CBSISM OYEBUOHO: IPU TPEHUM,
KOTOPBIM COIPOBOXIAETCS IBMXKEHUE, BO3HUKAET TEIIO, — OTHUM
M3IaBHa TMOJb30BAJIMChH IS HOOBIBAHWS OTHSI HAapOAbl, CTOSLIME Ha
HU3KUX CTYNEHAX KYJbTYpbl, — C JPYIOil X€ CTOPOHBI, TEIUIOTa, BhIIE-
JISTIOLIASICS TIPU CXMIaHWU YIVISI B TOIKE IMApOBOIO KOTJA, SIBISIETCST OC-
HOBHOW NPUYMHOM BO3HMKAIONIETO B MAapOBOW MalllMHE IBIXKEHUS
MOPIIHS B UWIMHIPE, MaXOBOrO KoJjieca, IIaTyHa 4 T. I.

B 1798 romy Hexkwmit benmkxamMud TOMIICOH, amMepuKaHel, aBaHTIO-
PHUCT, MpeXIe CPaXaBIIMHCSI Ha CTOPOHE AHIJIMM BO BPEMS BOWMHBI 3a
He3aBucuMocTh CoeauHeHHBIX IllTaToB, a 3aTeM NOCTYNHMBIIWIA Ha
CIIyx0y K 6aBapCKOMY KOpPOJIIO, OT KOTOPOTO OH TOJIy4WI TUTYJ rpada
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Pymdopna, Habmogam B MIOHXEHCKOM apceHalle CBepsieHUE ITyLEeYHbIX
Kepi1. CBepJieHUE COIPOBOXIAIOCH BBIICJIEHMEM OYEHb OOJIBIIOTO KO-
muyecTBa Temia. Korma Pymdopn morpyxan npocBepiIMBacMyi0 METAl-
JIM4ecKyio 00JIBAHKY BMeCTe ¢ paboTalouIMM B HEil CBEpJIOM B BOLY, TO
BOIAa 4Yepe3 OBa C MOJOBMHOM 4Yaca HayMHama KumeTb. llopaxXeHHBIA
S5THMM OTPOMHBLIM BblIeJieHHWeM Teruia, Pymdopn nompobHO McciemoBai
BCE YCJIOBMSI, TIPM KOTOPBIX TEIUIO BO3HMUKaeT. OKa3ajioch, 4TO €CIHU
MPOCBEPJINTh B OOJIBAHKE XKEPJIO OCTPBHIM CBEPJIOM, a 3aTeM 3aMEHMTh
ero TYMBLIM CBEPJIOM, KOTOpPOE yX€ HE MOXET OTIEJSITh OT MeTajlla
CTPYXKM, HO BC€ XK€ IOBOPAYMBAETCsS C OOJIBIIMM TPEHUEM, TO Oallb-
Heiilllee BpallleHHE CBEpJa MO3BOJSAET M3BJIe4b M3 O0JIBaHKU J1I0O0E KO-
JIMYECTBO TeIUla — CTOMT TOJIBKO BpalllaTh CBEPJIO IOCTATOYHO [IOJIIO.
DTO OBLUIO HECOBMECTUMO C IIPEACTABICHHEM O BEIECTBEHHOCTU TeIUla:
ecliM OBl TeIUIoTa ObUTIa BEIIECTBOM («TEIUIOPOAOM»), TO M3 NAHHOW
OOJIBAaHKM HEJNb3sl ObUIO OBl M3BJIeYh OOJIBIIIE Teryia, YeM B Hel B
JIEWCTBUTEIBLHOCTH coaepxanock. IToaromy Pymdopn peumn, yro temn-
JIOTa He BellleCTBO, a ABMDKeHUe. Teruiora — 3TO OBIDKEHWE HEBUIU-
MEBIX IJIa3y aTOMOB, M3 KOTOPBIX COCTOMT Jit0Ooe BemiecTBO. Harpetb
KaKkoe-HUOyIb TeJI0 — 3TO 3HAYMT IIPMBECTH €ro aToMbl B Oojee
OBICTPOE IBMXEHME, YEM TO, B KOTOPOM OHU HAXOOWJIUCh PaHBIIE.
OxJ1aguTh TEJ0 — 3HAUYUT 3aMelJIUTh OBIDKEHUME aToMOB. Tak BO3-
HUKJIa MeXaHM4YeCKasl Teopus TeIula (TepMOAMHAMHUKA), MOJIYyYUBIIAS
CBO€ OKOHYAaTeJIbHOe OOOCHOBAaHUE yXe TOJBKO B ITOC/IEOHENH YETBEPTH
XIX Beka — B paborax JlrogBura bonpitMana m Ywuwurapna I'u66ca,
KOTOpBIE OOKA3aId, YTO BCE 3aKOHBI TEIUIOBBIX SIBJIECHHMH MOTYT OBITh
BBIBEJIEHBI TEOPETUYECKM, €CJIM MPUMEHUTH TEOPEMbl MEXaHUKM K OBU-
KEHMIO HEBUIMMBIX IJIa3y aTOMOB. DTO OBUI TakoH ke TpuyMd aTo-
MUICTHYECKOM TEOpPUM, KaK M TOT, KOTOPHIA €f JOoCTaBWJIU DabOTHI
JanbkToHa B XMMUM: HE TOJBKO XHMHYECKHE, HO U (PUIMYECKHUE SIBIIE-
HHUSL JIETKO OOBSCHSUIMCh C ITOMOILBIO IPEIIIONIOXEHUs, YTO BCE TeJla
COCTOSIT U3 MeJbYAMIINX, HEBUTUMBIX IJIa3y aTOMOB.

M Bce Xe aTOMUCTUYECKOM TEOpHUM B 3TO BpeMs (K KoHiy XIX cro-
JIeTHsT) ellle He XBaTajo MHororo. IlpeacraBieHue o6 aroMax Bce elle
He OBUIO JOCTAaTOYHO KOHKPETHBHIM. IlycTh MBI 3HaeM, 4TO CYIIECTBYIOT
TaKMe-TO M TaKMe-TO aTOMbl — aTOMBI KMCJIOpomda, Xeje3a, docdopa,
CepHl U T.I. — HO MHOTO JIU MBI 3HaeM O CaMHUX 3THUX aromax? Mbl
MOXEM TOJILKO CPaBHMBATh MX [IPYr C APYTrOM, MOXEM TOBOPHUTb, 4TO
Macca atoMa Kuciopoma B 16 pa3 Gosblile MacChl aroMa BOOOpOAa, a
Macca aToMa Cephl B JIBa pa3a IIPEBBIIIAET MAcCy aToMa KMCIOponda, HO
0 KaXIOM M3 3TUX aTOMOB B OTAETBHOCTHM MBI HMYETO HE MOXEM CKa-
3aTb. MBI He MOXeEM CKa3aTh, KAKOBA Macca aroMa BOJIOpOJAa M Kako-
BBl €r0 pasMepbl; MBI 3HAae€M, YTO KalleJbKa BOIBl COCTOUT U3 MOJIEKYJI
H,0, HO He MOXeM CKa3aTh, M3 CKOJBKMX MOJIEKY], U T. 1. M mocre-
MEHHO Y MHOTMX HAaUWMHAIO CKJIAABIBAThCSl BIIEYATIIEHUE, YTO 3TOrO MBI
TaK-TaKy HUKOINA W HE Y3HAaeM U YTO HUYETO, KpOMe OTHOILEHUN XU-
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% = MHWYECKHMX 3JIEMEHTOB Opyr K IOpyry, B
ejn\)’tanﬂfge ) IIpUpoae HET, a TC aTOMBI — aTOMBI BOIO-

R il

5 7Y poda, KHcCjopojaa, a30oTa, KoTopble Hanb-
TOH TaK SICHO IIpEACTaBIsUT ceOe U pUCO-
BaJl Ha Oymare B BHUIE€ KPYXXOYKOB, — T€
aTOMBI SIBJITIOTCSI 4MCTelnied ¢aHTa3u-
el — MBI HMKOTIa He CyMeeM HX B3Be-
CUTb, U3MEPUTh M TIOHATb MX HACTOSIIME
cBoicTBa. JKecToyaliiMMm HamnagkaMm MOJ-
Beprajach aTOMHMCTUUYECKasi TEOpUS CO CTO-
poHBl MHorux ¢uiocodoB. Apryp Illo-
MEeHraysp YTBEpPXIal B CBOEM COYMHEHUU
«Mup Kak BOJISI U TIPEICTAaBJICHUE», YTO
XUMMUYeCcKHe aToMbl bepliennyca SIBISIIOTCS
UL (GOpPMOM BBEIPAXEHHUSI T€X OTHOCHU-
TEJbHBIX KOJMYECTB, B KOTODPHIX BeIIeCTBa
BCTYNAIOT APYT C IPYyT'OM B XUMUYECKHE
COCOVHEHMS; MO3TOMY CJENyeT CYMTaTh arOMbl, MO CYLUECTBY, JIHILb
apu(pMETUYECKUMHU TMOHSATUSIMU, JMIIL «PacCYETHBIMU €EIUHULIAMU»
(Rechenpfennige). B apyrom counHeHun — «O dunocodpun ecrectBo-
3HAaHUSI» — OH OpaHUT XMMMKOB, Ha3bIBas MX «HEBEXECCTBEHHBIMM all-
TeKapsIMU, 3aHUMAIOIIMMM ITpodeccopckue Kadeapbl», U TOBOPUT, YTO
OHM «C TaKMM JETCKHM CaMOMHEHHEM U C TaKOH YBEPEHHOCTBIO TOJI-
KYyIOT 00 3upe u ero KojiebaHMSIX, 00 aToMax M O MPOYMX [IIYMOCTSX,
Kak ecid Obl OHM BCE 5TO BHJEIU M TPOrayiM pykaMu». B KoHue
XIX croyeTusi BO3HMKIIA liejiasg IIKojda (U3UKOB U GuiocodoB, KOTO-
pasi ocyXaajla BCe MOIMBITKM aTOMUCTUYECKOU TEOpUU IPOHUKHYTH BO
BHYTPEHHUI1 MEXaHU3M SIBJIEHUI: 3TN ¢riocodbl NpU3HABAIM JOCTOM-
HBIM M3Y4YEHHUS TOJIBKO HEIMOCPEACTBEHHOE OLIyLIEHUEe IPEIMETOB
BHEIIIHETO MHUpa U OTBEPrajiy BCSAKUE CTPEMJICHUS OOBSCHATb MX Hab-
JIIOlaeMble CBOMCTBA (MX IIBET, TBEPHOCTb, TEMIIEpaTypy W T.II.) TIpHU
MOMOIIMA aTOMOB, KOTOPbIE HACTOJBKO MaJjibl, YTO HALIM OpPraHbl YyBCTB
HE MOIyT MX Ha0JogaTh HEMOCPEACTBEHHO. Brlmaroliyvecs IpencTaBU-
Tenu 3Toi mKoiabl (Max, iorem, OcTBanba) BBICTABISUIM IPOTUB TEO-
pUM aTOMOB T€ Xe caMmble BO3paXK€HUsI, KaKMe B CBOE BPEMS BBICTaBUI
IMTomneHraysp. Bce oHM eIMHOMYIIHO CXOMWINCh B TOM, YTO  «aTOMMC-
TUYECKOU TEOpUM CJIeNoBaJlo OBl yXe JaBHO MCTIETh B IbUIA OMOIMO-
TeK», Kak Bblpaswics BwibresmbM OCTBaIbA B CBOMX JIEKIMAX MO GU-
Jnocodun MpUpOAsl, KOTOpble OH 4MTal B JICHILIMICKOM YHUBEDCUTETE
neroMm 1901 ropa.

Ho cTOpOHHMKOB aTOMMCTHYECKOH TEOpHMM HE CMYyLIAW 3JIble Ha-
nanku ¢wiocodoB. OHU YIIOPHO CTPEMWINCh HAWTU YOEIUTEJIbHBIE
JI0Ka3aTeJIbCTBA PEAIbHOCTU aTOMOB. YBMIETh aTOM, B3BECUTH €TI0, U3-
MEPUTbL €ro pasMepbl — BOT YTO CTAJIO 3aBETHOM MEYTOM aTOMMCTOB.
Ho kak 3To chenarb, €CIM aTOMbl HACTOJIBKO MaJibl, 4TO YCKOJIb3alOT
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He TOJIKO OT HaIllMX HEBOOPY:KEHHBIX OPTaHOB YYBCTB, HO U OT CaMbIX
YCOBEpIIEHCTBOBAHHBIX MUKPOCKOMOB! KurMoHmy u 3umeHTOId moc-
TPOWIM UM YCOBEPILIEHCTBOBAIM TaK HA3BIBAEMBIN <«yJIbTPAMHKDPOCKOI»,
IO3BOJIIIOIIMY OOHAPYXWUTh B KOJUTOMTHOM PAacTBOpE 30JI0Ta 30JI0ThIE
YaCTMYKM, Macca KOTOPBIX YyTh JIM HE B MIJUIMApA pa3 MEHbIIE IrpaM-
Ma. Ho B ToM Xe pacTBope NMpPHUCYTCTBYIOT M 0ojiee MEJIKHE YaCTUYKU
30JI0Ta — 3HAYMT, aTOM 30JI0Ta BECUT elle MeHblle. Kakum xe obpa-
30M MOXHO B3BecuTh aToM? He ciemyeT i oTKasaThCst OT 3TOM 3ama-
4y, MPU3HATH €€ MPUHLMIMAILHO HepaspemuMon? Eciau Mbl mpu3Ha-
eM 3Ty 3ajady INpUHIUIMAIBHO HEpa3pelIMMOM, T. €. €CIM MBI IIpU3-
HaeM aTOMBI IPUMHITUIIMAILHO HeHaOMogaeMbIMU, TO Toroa OCTBaIbd U
KOMITaHMSI OKAXYTCS IpaBbl, MOTOMY YTO IPUHIIMITHAIBEHO HEHAa0oaa-
eMoe He MOXET CIIYXXKWUTb OOBEKTOM H3yYeHHsS B (PU3MKE U IOJDKHO
CUUTAThCS JIMIIb Pe3yJbTaTOM HEINPABWIBHOIO OOpa30BaHMS ITOHSTHIA.
BoTr moyeMy aTOMHCTBI HE XOTEJM IIPUMUPUTBCS C TaKUM pPELIEHUEM
BOIIPOCA M He 3aXOTeJIM YTBEPXKAaTh, YTO «aTOMBI CYHIECTBYIOT, HO HX
HaOIoJaTh, B3BECUTh U M3MEPUTh HUKOIIA He ymactcs». Eciu Obl OHU
3TO YTBEPXKIAIU, TO 3TO O3HAYAJIO Obl KANUTYJALMIO Tiepen dumocoda-
MM, CYMTABIIMMHU, YTO KHUTM IO AaTOMHUCTHYECKOM TEOPUM TOJDKHBI
CTHUTH B MUK OUOIHUOTEK.

M B KoHIIe KOHILIOB aTOM AEMCTBHUTEILHO YIAIOCh B3BECUTH. DTOMY
TIOMOIVIO OJHO CTPaHHOE SIBJICHHUE, KOTOpOe ObLIO OTKPBHITO €llIe B Iep-
Boii moynoBuHe XIX Beka M Ha KoTopoe (U3UKM B CBOE€ BpeMs He 00-
paTWIM JOJDKHOTO BHHUMAaHMS. DTO SIBJIEHHME Ha3bIBaeTCsl OpOYHOBCKUM
TIBYDKEHHUEM.

B 1828 romy 3HaMeHUTBIM aHIMIMKWCKUI O60TaHUK Pobept BbpoyH
Mpoesial OOJHO B BBICIIEN CTENEHM MHTepecHOe HabmomeHue. Mcrbl-
TBIBasl TOJIBKO YTO MPUCJIAHHBIN €My HOBBI YCOBEPIIIEHCTBOBAaHHBIA
MMKPOCKOIT C axpoMaTU4ecKM oOBbeKTMBOM, Pobepr BpoyH B3myman
PacCMOTpETh C IMOMOIIBIO 3TOT0 MUKPOCKOIIA HUYTOXHYIO KaILTIO XXWJ-
KOCTH, coIepKallleiiCsI B KPOXOTHBIX 3€pHBIIIKAX ITBUIBIBI PAaCTEHUM.
B Takoil XMIKOCTH BCera MMEeTCs OOJBbIIOE KOJIMYECTBO MHUKPOCKO-
MUYeCKMX TBepablx 4dactull. Kak ymusneH 6bur BpoyH, Korma yBumen,
YTO 3TU YaCTHIIBI HE OCTAIOTCS Ha MECTe, a JBIDKYTCS, OBYDKYTCSI HEIl-
PEPBIBHO, TOYHO HCITOJIHSISI KaKOM-TO
danTacTiueckmii Taneu! Korma B mo-
Jie 3peHHUs] MHKPOCKOIa OBUIO BUIHO
MHOTO TaKMX YacCTHll, TO IOJy4aloCh
TaKoe Xe BIeYaTJIeHME, KaK OT Ty4u
KakKMX-TO MeJIbYaiimx Molulek. Trep-
Ible YacTUIbl MUKPOCKOIIMYECKUX
pa3MepoB, HAXOASAIIMECS B XWIKOCTH,
JBIDKYTCS, KaK e€cli Obl OHU ObLIU
XKVBBIMM, U JCHCTBUTENILHO y Habimo-
JaTeIsl ocTraeTcsl MMEHHO TaKoe BIIe-




%! ATOMBI U B3JEKTPOHBI

yamieHue. Ho yxe PobGepr bpoyH, kKoTopwlit mepBBEIM HaOJI0gan 3TO
Xa0TUYECKOE OBIDKEHHE MMKPOCKOIMMYECKMX YaCTHil, MOJYYHMBIIEE CBOE
Ha3BaHUE OT €ro MMEHM, IpHULIeN K IPYroMy 3aKIIOYEHUIO: YaCTHULIBI
IBIDKYTCSl HE TIOTOMY, YTO OHM >MBBbIe. YacTUIIBI MEPTBOro BEIECTBA,
obJyiajaolye TaKUMH Xe pa3MepaMM, TOXe ITODKHBI COBEpIIATh aHaJIo-
TMYHOE [BWKEHUE, €CIIM TOJBKO OHM OKPYXXEHBI CO BCEX CTOPOH XXMI-
KocThl0. Tak yTBepxXaa BpoyH, U 3TO OBUIO NOJHOCTBIO MOATBEPXIE-
HO MHOTOYUCJIEHHBIMU MOCJIEOYIOIIMMU HaOII0ACHUSIMMU.

MoxHo OpUTO GBI lyMaTb, YTO OPOYHOBCKOE IBIDKEHHME MUKDPOCKO-
MMYECKUX YACTUL BBI3BIBAECTCSI KAKMMHU-TO MOTOKAMU B CaMOM KMIKOC-
THU, CBA3aHHBIMU C Pa3HOCTBIO IABJICHHS B PA3IMYHBIX TOYKAX XMAKOC-
Ti. Kaxgomy npuxomwioch Hab/I0oaTh OBVDKEHHE MBUIMHOK B BO3IYXeE,
OCBELLIEHHOM MaJalolIUMU COOKY COJIHEYHBIMU JydaMHu. DTO IBVDKEHHE
JIEVCTBUTENBHO CBSI3aHO C TOKaMM BO3IyXa, HO OpPOYHOBCKOE ABVDKEHMUE
HMMEET COBEPLUEHHO ApYroil xapakrtep. B camMoMm mene, eciv BHUMATENb-
HO HAOMIO#aTh 3a OBMDKEHMEM IBUIMHOK B COJIHEYHOM JIy4de, TO JIETKO
3aMETUTh, YTO COCEOHME IBUIMHKM, ITOMAaBLIME B HEOOJBIIYIO CTPYIO
BO3[yXa, OBWXKYTCS B OOHY U Ty X€ CTOPOHY. A eciM HaOIomaTh 3a
OpPOYHOBCKUM [BIDKEHUEM MHUKPOCKOIMYECKMX YaCTUIl, TO OKa3bIBaeT-
Cs, 4TO MEXIy HallpaBJICHHEM OBMXEHUs COCEOHMX YaCTULl HET pelllu-
TEJIBHO HUYEro OOILIEro: YacTUIIbI IBWKYTCSI COBEPIIEHHO HE3aBHCHMO
Ipyr OT Apyra, JaXe €ClIu MM CIY4UTCsS MONOMTU APYT K IpPYTy Ha ca-
MO€ KDOXOTHOE€ pacCTOSIHME, paBHOE OUaMETPy OTAEJbHOM YaCTHYKH.
3HayuT, COBCEM HE OT TOKOB XWMIKOCTM INMPOUCXOAUT 3TO HENOCTH-
XKuMoe M (baHTacTMYeCKOe IBIDKEHHME MMKPOCKOIMYECKHUX TBEPIBIX
YacTHUYeK.

Bo BrOpoit nmosoBuHe XIX BeKa OpOYHOBCKOE IBIDKEHHE IOAPOG-
HO uccienoBal (paHiry3ckuil ¢pusuk I'yu. OH mponenan Leawlii psin
OIIBITOB, KOTOpBIE yOEOWJIU €ro B TOM, YTO INMpPUYMHA OPOYHOBCKOTO
IBUXEHHUS CKpBITa B caMOWM XMAKOCTH. He OT BHYTPEHHMUX TOKOB
KMIOKOCTH, BBI3BAHHBIX HWYTOXHBIMU Pa3HOCTSIMU TEMIIEpPATyp, U He
OT BHELIHMX TOTYKOB M COTPSICEHHI MPOMCXOAUT OPOYHOBCKOE IBYDKE-
Hue. ['yu npobGoBan cpaBHUBaTh OGPOYHOBCKOE OBMXKEHHE B Jiaboparto-
pMM, DACIIOJIOXEHHOW Ha INyMHOM Y/IHMIE, IO KOTOPOW MpOe3XaioT
TSDKEJIBIE JSKHUIIaXHW, C TeM e OpOYHOBCKMM IBWDKEHMEM, HaOmonae-
MBIM HOYBI0 B [JIyXOM IOABaje, B NEpeBHE, — pa3sHULLI HE TojTyda-
JIOCb HMKakoi. TONYKM OT 3KuMaxeil 3aMeTHBI, HO OHU CKAa3bIBAIOTCS
HE Ha XaOTUYECKOM ABIDKEHMM OPOYHOBCKMX 4YacTWUL, & Ha IBYDKEHUU
BCEM KalleJIbKU XMUOKOCTH B LIEJIOM: MBUTasCh Kak LEJOE, KarejbKa yB-
JIEKaeT 3a CO0Ol BCe YacTUIBI B OMHOM M TOM K€ HAampaBAeHUHU, U
3TO IBWXEHHUE OYEHb JIETKO OTJIMYUTH OT HAK/IaAbIBAIOLIETrocs Ha He-
ro XaoTUYECKOrO OBWXEHUS OpPOYHOBCKMX YaCTHL, ITPOUCXOSIIETO
10 BCEM BO3MOXHBIM HarnpapieHUsIM. ['yu yOemuTenbHO N0Ka3al, YTo
OpOYHOBCKOE NOBMXEHME, KaK YXe Ipearniosaral U caM BpoyH, Hu-
CKOJIBKO HE CBSI3aHO C TE€M, YTO XHMIKOCTb, B KOTOPOM OHO Habmoma-



ATOMBI 55

€TCsI, B35Ta U3 XMBOTO CYIIECTBA — W3 paCTeHW: UCKYCCTBEHHO IpHU-
TOTOBJICHHBIE XXWIKOCTH C B3BEIIEHHHIMM B HUX MMKDPOCKOIMUYECKMMU
YaCTULIAMU, B KOTOPBIX HET HUYETO XKMBOIO, TOXe OOHApYyXMBaloOT 6po-
YHOBCKOE IBIDKEHHUE.

B 1881 romy momsckmit ¢u3mk BomamreBckmit mmoxkasajl, 4To Opoy-
HOBCKO€ JBIDKEHME MPOMCXOAUT M B razaxX, a He TOJBKO B XMIKOCTSX.
s Toro 4yroObpl HaGMONaTh OPOYHOBCKOE IBIDKEHME, OH pacCMaTpu-
BaJl NMpY OOKOBOM OCBEIIEHUM MMKDPOCKOIIMYECKME YaCTHMUYKM, 00pasy-
fomye TabayHbIf O6IM. KpOXOTHBIE YaCTUYKM YIJIsSI, U3 KOTOPBIX COCTO-
WUT OBIM, IUIICAJIM BO BCE CTOPOHBI COBEPIIEHHO TaKMM Xe€ 00pa3oM,
KaK IUIICAIM TBEpAble YaCTUYKM, HaOmomasiuecs: Pobeprom BbpoyHoM
B XUWIKOCTH.

Hacrosnyo npuyMHy OpOYHOBCKOIro IBMKeHUs yragan B 70-x ro-
Jax mpoiwioro crojietusi 6enpruel Kap6onens. Ero oowsicHeHMe, reHU-
aJIbHOE II0 CBOEW IIPOCTOTE, COCTOMT B CJIEAYIOIIEM: MHUKPOCKOITMYEC-
KM€ 4YacTULIBl IBMKYTCSI IMOTOMY, YTO OHM MCIIBITBIBAIOT TOJMYKU CO
CTOPOHBI HEBHUAMMBIX MOJIEKYJ U aTOMOB OKpYXalOIei MX XKUIKOCTHU.
PaccMmarpupast nBiDKeHHEe OpOYHOBCKMX YacTMUEK, MBI IOJydaeM HEKO-
TOpOe IIpeACTaBJIeHHE O TOM, KaK OBIDKYTCS HEBUIMMBIE MOJIEKYJIbI
KMIKOCTH, — COBEPLICHHO TaKMM X€ 00pa30oM, KaK MBI Y3HaeM O BOJI-
HEHMM Ha MOpe, KOrja, CTosl AaleKO oT OGepera, BUOAUM KadaHUE JIOd-
KUY, WIBBIpSEMOM BOJIHAMU BO BCE CTOPOHHBI. BpOYHOBCKOE IBIDKEHUE
SIBJISIETCSL TTOSTOMY MOCTOM, COEIWHSIOIIMM HEBUOWMBIN MHMD aTOMOB U
MOJIEKYJI ¢ MHUPOM, JOCTYIIHBIM BOCIPHUSITHIO IPU ITOMOINU HAIIIUX Op-
raHOB YyBCTB.

IToueMy OpPOYHOBCKOE OBUXEHME MOXHO HAOJIOJaTh TOJBKO B
TOM cjIydae, KOrma 4acTMYKM Oo4eHb Maibl? OdeHb IMPOCTO, OTBEYaeT
Ha 3TOoT Bompoc KapOGoHesb: eCiau IOBEPXHOCTh YAaCTUIIBI BEIUKa, TO
KOJIMYECTBO TOJYKOB, ITOJyYaeMBIX €10 CIIpaBa, BCerjJa OKaXeTCs
MPUOIU3UTETLHO PAaBHBIM KOJHMYECTBY TOJNYKOB, ITOJIy4aeMBIX €10 K€
cjeBa, U HUYTOXHOE PAa3NWYMe B KOJIMYECTBE TOTYKOB OYIET COBEP-
LIIEHHO HEAOCTATOYHO IJII TOTO, YTOOBI CABUHYTH C MeCTa OOJBIITYIO
U TsDKemylo yactuiry. EclM Xe JacThlla MMeeT HUYTOXHBIA Bec U
HUYTOXHBIE pa3MepBl, TO B XaoCe MOJIEKYISIPHBIX ABWXEHUM KMI-
KOCTH BCEria MOXET CIYYUTHCSI, YTO C OTHOH CTOPOHEI YaCTULLI OYy-
IEeT B JAHHBII MOMEHT CJIy4alHO OOJpllle TOJYKOB, YeM C APYroi, a
IIO3TOMY JIETKONOABIDKHASI YaCTHIIA JIBMHETCSA B Ty CTOPOHY, Kyda ee
TOJIKHYT MOJIEKYJIBI. Yepe3 KakKoi-TO o4YeHb KOPOTKMM IIPOMEXYTOK
BpEMEHU H30BITOK MOJIEKYISIDHBIX TOJMYKOB OyoeT CIBHUraThb Opoy-
HOBCKYIO YaCTHUITy Y€ I10 APYTOMYy HallpaBJIEHUIO, ellle yepe3 KaKoh-
TO KOPOTKHII IPOMEXYTOK BPEMEHM — IO TPETheMYy U T. Od., U T. I.
BoT mouyeMy OpoyHOBCKasi 4acTHMLla M COBEpIIaeT CBOE ABIKECHME,
HallOMUHAIIEe [UBICKY OUKapeil.

Ecau 310, npemnoxeHHoe KapGoHeneM, o0BbsICHEHUE IPaBWILHO, TO
YeM YacTUIIBI Jlerde U Mejbde, TeM OpOYHOBCKOE IBIDKEHME IOJDKHO
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OBITH MHTEHCHBHee. Tak U ecTh B IEMCTBUTEILHOCTH — YyXe BpoyH cy-
MeJl 3T0 3aMeTuTh. KpoMme Toro, Beab MBI 3HaeM, YTO IBIMKEHHE MOJIe-
Ky XUIKOCTA TIPOMCXOOUT TeM OBICTpee, YeM BhIllle TemIieparypa. M B
camoM Jene, I'yu HallieJl U3 CBOMX OIIBITOB, YTO IIPX ITOBBIIIEHUM TEM-
neparypel OpOYHOBCKOE MOBIDKEHME MOelIaeTCsl BCe HHTEHCHUBHEE W
uHTeHcuBHee. Korma KurMoHmu m300pen CBOM YJIBTPaMHKPOCKOII U
CMOT Ha0mogaTh HUYTOXHEHINME YaCTUIIBI 30JI0Ta B KOJUIOMTHOM
pacTBope (IMaMeTp YaCTUI[ MEHbIe MIWUIMOHHOHM [OJM CaHTUMETpa),
TO OPOYHOBCKOE€ ABIDKEHME 3THX YACTHI[ OKAa3aJloCh TAKMM OBICTPBIM,
YTO MONYYWIOCh KAaKOE-TO CIUIOIIHOE MeJIbKAaHWe: YACTHULIBI JBUTalINCh
C TaKOil CKOpPOCTBIO, YTO WX WHOTINA yIaBaloCh BUAETh TOJBKO B TOY-
Kax II0BOpOTa WX ITyTH, II€ CKOPOCTb HECKOJIBKO YMEHbIIasiach. Kur-
MOHIM OIMCHIBAET IMEpPBOE BIEYATIEHHE TaK: «DTO KaKoe-TO Herpe-
DBIBHOE IIphIraHbE, CKaKaHUE, CTOJKHOBEHHUS U pasjeTaHMs, TaK YTO
TPYIHO pa3o0paThCsl B 3TOM ITyTaHUILIE».

MIBenckuit dusuk CBendepr, uzydasiuii nocie KurMoHou O6poy-
HOBCKO€ [IBMDKEHUE YacTHUIl B KOJUIOMIHOM PacTBOpPE 30JI0Ta, MPHUAY-
Majl IS yCTPaHEHUs 3TOT0 MeJIbKaHMs CJEOyIOIIMi Crocod: OH
OTKPBIBaJI IOJIE 3pE€HUS YIBTPAMUKPOCKOIA C MOMOIIBI0 MOMEHTAJIb-
HOro ¢oTtorpacdu4eckoro 3aTBOpa, PEryjIupys MPOIOIKUTEIbHOCTD
TOrO BPEMEHM, B T€UYEHHUE KOTOPOTO 3aTBOP OTKPHIT. YMEHbIIAsl 3TOT
IIPOMEXYTOK BPEMEHM, MOXHO AOOUTHCS TOTO, YTO MEJIBbKAHUE MCYE-
3a€T, a MPU JaJbHEHIIIEeM €ro YMEeHBLUIEHUM YacTUIBl HAaYHYT Ka3aThb-
Cd HEINOABXXHBIMU, KakK JIeTsSIuas ITULA Ha MOMEHTAJIbHOM (HOTO-
rpadpuyeckoM cHUMKe. YeM OBICTpee GPOYHOBCKOE IBIDKEHUE, TEM
00s1ee KOPOTKMM HOJKEH OBITh TOT IIPOMEXYTOK BPEMEHM, B TeUEeHHUE
KOTOpPOTo 3aTBOp OTKpHIT. 1 CBendepr Hailea U3 CBOMX OIBITOB — B
MOJIHOM COTJIaCUM C TEMH TEOPETUYECKHMHU BBIBOJAMM, O KOTOPBIX
Mbl TOBOPWIM, — YTO MPU MHOBHIIEHUU TeMIEPaTypbl KOJIOMAHOTO
pacTBOpa NPHUXOOUTCS OTKPHIBaTh (hoTorpaduyecKuit 3aTBOp Ha BCe
bosiee U OoJiee KOpPOTKOE BpeMsl IJIT TOTO, YTOOBI MeEJbKAaHUE TMpeK-
PaTWIOCH.

MBI nepexoguM Tenepb K pacckasdy O KJIaCCHMYECKUX paboTrax, Ko-
Topble caenan (paHiy3ckuii ¢usuk XKan ITeppen (1908 r.). B stmx
paboTax OBUIO OKOHYATEJIbHO IPOBEPEHO M YCTAHOBJEHO, 4TO Gpoy-
HOBCKOE IBUXEHHE B XXMIKOCTSX BBI3BAHO IBIDKEHUEM MOJIEKYI, U
TEM CaMbIM [aHO peulaolllee A0Ka3aTeIbCTBO IEWCTBUTEIBHOTO Cy-
1LIECTBOBAHUS MOJIEKYJl U aTOMOB.

IleppeH Opan KyCOYKM pe3MHOBOM CMOJIBI «TYMMUTyTa» (3KeJTast
Kpacka) U pacTvpall MX PYKOH B Boje, KaK pacTUpaloT KycOueK MBLIA.
I'yMMHMIyT mOCTENEeHHO PacTBOPSUICS B BOZE, IIOKa OHA HE CTaHOBWIACH
sgpko-xenroro useta. Ilociae aroro IleppeH Opan HEMHOXKO TaKoi
XUIKOCTU 1o MuKpockomn. Ilog MHUKpPOCKOIIOM OKa3bIBaJlOCh, 4YTO
TYMMUIYT Ha CaMOM [Iejie COBCEM He pacTBOPWJICS B BOAE, a pachaics
Ha MHOXECTBO LIAPOBUIHBIX MEJKMX 3€PHBILIEK, KOTOphIE pa3Opeuch
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Mo BceMy OOGBEMY BOAbl. 3€pHBIINIKM 3TH OYEHb Pa3IWJHBI IO pa3Me-
paMm. A IleppeHy XOTeJOCh MMETh TaKyl0 XUAKOCTh, B KOTOPOIl OBLIN
OBl COBEpIIEHHO OJWHAKOBBIE IO pa3MepaM YacTHLLI ryMMuryra. st
3TOTO OH BOCHOJIB30BAJICS «LIEHTPUDYTOMH» (LIEHTPOOEKHOI MAIIIMHOM),
TaKOM Xe, KaKOM MOJIb3YIOTCS Ha KPYITHBIX MOJIOYHBIX (pepMax ISl OT-
JIeJIEHUs] CJIMBOK OT MOJIOKAa WIM Xe B MEIUIIMHCKMX J1abopaTopUsIX
IUIS yOaleHUs] KpOBSHBIX IIIapUKOB M3 KPOBH, ITOCJIE YEro OCTAeTCs Ofl-
HOpOMIHasl XMOKOCTb — KpOBsiHas chiBopoTKa. lleHtpudyra IleppeHa
nenana 2500 o6G0pOTOB B MUHYTY, M BO3HHMKAIONIAsl MPH 5TOM ILIEHTPO-
OexXHasl cwia BBIOpachlBalla M3 XKMOKOCTU 3€pHBIKM I'ymMMmuryTa. Ilep-
MEHINKYJIIPHO K OCH LEHTPUDYTU OBUIM PaCIIONOXEHBI CTEKISTHHBIE
MPOOUPKH, B KOTOPBIX COAEPXAlach SMYJIbCUS T'YMMHUTyTa (TaK Hasbl-
BaeTCsl BOJA CO B3BEIIEHHBIMM B HEelMl 4YacTWYKaMM rymwmuryra). LleHT-
poOexHasi cwia, BO3HMKaBLIAsl MpU BpallleHUM LeHTpUdyrH, Oblia
HAaCTOJILKO BEJIMKA, YTO Ha pacCTOSHMHU 15 CM OT OCH OHa IpeBOCXOOU-
Jla CWIY TSDKECTH B THICSYY pa3. DTa IIeHTpoOeXHas Cwia CTpeMIIACh
NpYKaTh YaCTUIIBI TYMMMIyTa KO OHY HPOOHMPKH, PACIIOJIOXEHHOMY
MOJANbIIE OT OCH: YAaCTHLbl «BBIIANAIOT» M3 SMYJILCHMM Ha THO IPO-
OMpKM MoJ BIUSHUEM LIEHTPOOEXHOM CHJIBI COBEPIICHHO TaKUM Xe
00pa3oM, Kak Ipsi3b U MYTb BBHINAAAIOT U3 PEYHOM BOILI MOJ BINUSHUEM
CWIBbI TSIKECTU, pasHUIla JUIIb B TOM, YTO B ombiTax IleppeHa 4acTtu-
1Ibl BhIMAmady He BHU3, a BOOK, B TY CTOPOHY, B KOTOpYIO ACICTBOBAIA
LIEHTpOOEeXHAasl CUJIA.

IlepBeIMM BbIMANATU TSDKEIbIE YaCTUIIBI, a BCIE 32 HUMU M JIETKUE.
DTO AaBalo BO3MOXHOCTb OTHAENWTh YACTHUIIBEI APYT OT Apyra II0 Macce
(a 3Ha4UMT, ¥ MO pa3MepaM, MOTOMY YTO BCE YACTHIIBI CAEJIaHBI U3 OfI-
HOTO M TOTO X€ MaTepuayia, M IO3TOMY, 4YeM OOoJjbllle WX Macca, TeM
Oosbllle M pa3Mephl). Pazymeercs:, pasneiieHue IMPOMCXOIWIO HE Cpasy,
a MOCTEeNeHHO: 33ayMaB MOJyYUTh OTHOPOTHYIO SMYILCHUIO C YaCTHIIa-
MM KaKOTO-TO COBEPLIEHHO OIpeleeHHOro pasMmepa, IleppeH crnepsa
MOMYYWIT 3MYJIBCUIO, B KOTOPOM YacCTHUII TAKOIO pa3Mepa ObLIO OOJIbIIIE,
4eM YacTHL[ IpYTUX Pa3MEpOB, 3aTeM 3Ty SMYJBCUIO OH CHOBAa MOIBEP-
ragl UeHTPU(PYTMPOBAaHUIO M BBUIEISUT U3 HeEe 4YacThb, B KOTOPOM IIpO-
LIEHT YacTMIl 3aJaHHBIX pasMepoB ObLI elle Ooyplie, U T.HA., U T. I.,
MoKa, HaKOHell, He MOJy4YuIach MOPIUS 3MYJIbCHH, B KOTOPOM OBLIU
3EPHBIIIKM TOJBKO HYXXHBIX Pa3MepoB. DTO OYEHb KPOIMOTIMBAS W Ts-
Xejasg paboTa: IMPUXOAMTCS paboTaTh LENBIA MecsI] IJIs TOTO, YTOOBI
U3 OJHOTO KWJIOTpaMMa TYMMUTYTa ITOJYYUTh HECKOJIBKO IECATBHIX WIU
Jlaxke COTBIX AOJIe IpaMMa KpYDIBIX 3epeH HyXHOM BeaumuuHbL. Ilep-
pPEH CyMeN IMOJYYUTh HECKOJBKO MOPLMA 3MYIbCUM C AUAMETPOM 3e-
pex B 0,50, 0,46, 0,37, 0,21 u 0,14 MI/IKpOHal (MUKPOH — 3TO THICSY-
Hasl TONs1 MWUIMMETPA).

1
3nech U Jajlee OCTaBJIEHO CTapoe Ha3BaHME «MUKDOH» BMECTO COBpE-
MEHHOTO «MUKpOMeTp». ([Ipumeu. ped.)
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C nomoiupio Takux sMmyibcuii XKan IleppeH npousBes MHOXECTBO
3aMeYaTe/IbHBIX OITBITOB, O KOTOPBIX MBI 3leCh U pacckaxeM. OH Imo-
MECTWI KaIUII0 SMYJILCUM C OIpeAe/IEHHBIM TUAMETPOM 3€pEH B ILUIOC-
Kyl0 BaHHOYKY (KIOBeTKY) ¢ rimyouHoit 0,1 MMm. KroBeTka ObUIa Beien 3a
T€M MOKPHITAa TOHKMM MOKPOBHBIM CTEKJIBIIIKOM, Kpas KOTOPOTO ObLIU
3IMTHl NMapaUHOM: TaKMM 00pa30M KalUld OKa3ajach pa3Ma3aHHO B
cocyne, B KOTOPOM OHa IepMETHMYECKM 3arlepTa, TaK YTO HUKAKOe HC-
MapeHue yXe HeBO3MOXHO.

IleppeH cnepBa MOCTaBUII CBOIO KIOBETKY Ha 0OK M CTaJl CMOTPETh
Ha Hee B MHUKpockomn. B mone 3peHHMss MMKpOCKOIlIa OKa3ajlach TOH-
Kasl BEepTUKaJIbHas BOASHAsI CT€HKa, BHYTPU KOTOPOM pacIipeaesiu-
JICh 3€PHBIIIKA T'yMMUIyTa. PacrpeneneHue 3epHBILIEK CIiepBa OBLIO
OOHOPOJIHBLIM (3TO MPOU3OILIO, KaK ITOTOM BBISICHWIOCH, BCJIEICTBHUE
Heu30eXHOro BCTPSIXMBAaHUS IIpeliapaTa IIpU €ro yCTaHOBKE IIOX
MHUKPOCKOIT), HO IIOTOM, C T€YEHMEM BpPEMEHM, pacIpeAceHUEe H3-
MEHMWJIOCh U B KOHIIE KOHIIOB CTajJl0 TaKUM: OYEHb MHOIO 3€pHBIIIEK
BHM3Y, a II0 Mepe MPOABIKEHUs] BBEpPX MX CTAaHOBUTCS BCE MEHbIIIe
1 MeHblUIe. YUCIIO 3epHBINIEK B OMHOM KyOMYEeCKOM MUKDOHE YMEHb-
IIaeTCsl C YBEMUUYEHUEM BBICOTHI, U IPUTOM IO HEKOTOPOMY BIIOJIHE
OIpPENEICHHOMY 3aKOHY.

OTOT 3aKOH YMEHBIIEHUs TUIOTHOCTU 3MYJIbCUU C BbicOTON [leppeH
3aX0TeN UCCIAenoBaTh. [ 3TOro OH ITOIOXWI KIOBETKY Ha JOHBIIIKO U
CTaJl CMOTPETh Ha HEe CBEPXY B MMKPOCKOII, UMEBIIUIA OYEHb MaJleHb-
Kyl0 DIyOMHY TMOJIsT 3peHUs: B MUKPOCKOIT ObLTO BUAHO BCE, YTO IIPO-
HUCXOOUT B TOHKOM CJIoe IIIyOMHOU B OOMH MUKpOH. IlepenBurass Muk-
POCKOIT BBEpX M BHU3, MOXHO OBUIO CMEIATh 3TOT CJIOW TO BHINIE, TO
Huke. IleppeH craym paboTaTh TaK: MOCTaBWI MMKPOCKOI Ha KaKOH-TO
BBICOTE M HayaJl CUMTaTh, CKOJBKO 3E€pHBIIIEK BUIHEETCS B IOJIE 3pe-
HMS Ha 3TOM BBICOTE, 3aTeM IMEPEeABUHYJI MUKPOCKOI Ha HOBYIO BBICOTY
A CHOBA COCYMUTAJ YUCJIO 3EPHBINIEK U T.A. 3aMETUM, YTO IIpU 3TOM
YUCJIOM 3€pHBIIIEK CUUTAETCS CpelHee M3 HECKOJNbKMX HaOII0AeHUI,
MOTOMY 4YTO 3€PHBIIIKM ABYDKYTCSI COBEPIIEHHO XaOTUYECKU U, CIE0-
BaTEIbHO, UX YMCJIO B ITOJIE 3peHUST MHKDPOCKOIMA ObIBAET TO OOJbIleE,
TO MEHbILE, B 3aBUCMMOCTHM OT ciydas. [loaToMy Ha OOHOM U TOM Xe
BeicoTe IleppeH MpoM3BOAWI ITOACYET 3€pHBIIIEK MHOIO pa3 U 3aTeM
yXe ONpeNessUl CpeaHee 3HAYeHME, XapaKTepHOe I KaXIOil TakoM
BBICOTHI.

Kazanoce 6b1, MOXHO OBLUIO NMPOU3BOAUTH MOJ MHUKDPOCKOIIOM MO-
MEHTaJIbHBIE (hoTorpadpmyecKrie CHUMKM, a 3aTEM YK€ Ha IOCyre CIo-
KOMHO COCUMTaTh, CKOJIBKO MMEETCS 3E€pHBILIEK B IIOJIE 3pEHUSI Ha
JaHHOH BricoTe. HO MOMeHTanbHbIe (hoTorpadU4ecKe CHUMKU B 9THX
YCJIOBMSIX IUIOXO IMOJTy4YalOTCsI, MOTOMY UYTO HE YOAeTCSl OCBETUTH 3ep-
HBIIIKU 10ocTaToyHO sipko (IleppeHy ymaBaoCh MOJy4aTb MOMEHTAIIb-
HbI€ CHUMKHU B CJIydae 4YacCTHIl ¢ quaMeTpoM Oosbine yeM 0,5 MUKpOHa,
IUI1 MEHBIINX Xe 4YacTul] dhoTorpaduy MOTydanuch Yepecuyyp HEOT4ET-
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nuBele). Iloatomy IleppeHy NpHUIILIOCH CWIBHO CY3UTh IIOJIe 3peHUus
MMKPOCKOITa, ITOMEIasi MeXIY MUKDPOCKOIIOM U TIPernapaToM KpyXOo4eK
(hoJIbI'Y, MPOKOJIOTHIA UTOJIKOM: B MUKPOCKOIT OBUIO BHIHO TOJIBKO TO,
YTO MPOMCXOAWIO Ha IUIOIIaAU, PaBHOM OTBEPCTUIO, CAECIAHHOMY WIOJI-
koil. IlpemapaT ocBewajics O4YeHb KOPOTKOE BpeMsl — JIUIS 3TOTO Ha
IyTH JIyyei, OCBEllaBIIMX Mpenapar, CTaBWiICcs (ororpadpuiecKvii 3ar-
BOp, — M KaXIbI pa3 B IIOJIe 3pEHUs ObUIO BUOHO CPaBHUTEJIBHO HeE-
0OJIBIIIOE YMCIIO 3EpHBIIIEK: He Oonblle MaTH. sl 3TOro-To0 M I0JDKEH
obL1 IleppeH Cy3uTh MoJjie 3peHUsT MUKPOCKOIA: €CIM OBl KaXKIbIH pa3
B IOJIe 3pEHUsI MOJIYy4aloChb MHOTO YacTHII, TO HaOJomaTelb HUKAaK He
ycneBas OBl MX cocuMTaTh. COCUMTATH XKe 3epHBILIKU, €CIM UX YHUCIO
He IIpeBBIIIAeT IISITH, JIETKO, 3aTO IPUXOOWIOCh KOMIIEHCUPOBaThb 3TO
YMEHBIIIEHUE I10JIs1 3pEHUST TEM, YTO B OJHOM TaKOM IIOJIe 3peHUs [e-
JIAJIOCh OYeHb MHOTO OTCUETOB, U 3aTeM YK€ U3 ITOJy4eHHBIX pe3yJIbTa-
TOB BBIYMC/ISUIOCH CpelHee apU(METUYECKOE.

IlpuBeneM pe3yabTaThl OAHOro U3 onbIToB IleppeHa. IrydbuHa Kio-
BETKU Obl1a, KaK MBI yXe roBopwiu, 100 MukpoH (T.e. 0,1 MM).
OTcyeThl IPOM3BOMNWIMCH Ha BbIcOTax 5, 35, 65 u 95 MUKpOH Han
YPOBHEM OOHBINIKA KiOBeTKU. OKa3ajloch, YTO CpeaHee YUCIIO YaCTHUIL
Ha BBICOTE 35 MHMKPOH COCTaBJISIET IMOJOBUHY TOrO, KOTOpOe OBbLIO Ha
BBICOTE 5 MHKPOH; YMCJIO YaCTHUI[ Ha BBICOTE 65 MHUKPOH OBUIO paBHO
MOJIOBUHE YMCJIa YaCTWLl Ha BBICOTE 35 MUKPOH, a YHCJIO YacTUIl Ha
BBICOTE 95 MMKpPOH DaBHSUIOCH TOJIOBMHE YMC/Ia YaCTUI[ Ha BBHICOTE
65 Muxkpou. MHBIMM cloBamMu, TIpU TOObEME BBEpPX Ha KaXIble
30 MMKpPOH YHCJIO YaCTULl B JaHHOM O0beMe (COOTBETCTBOBABILEM IIIy-
OMHEe U IIMpUHE BHIOPAHHOTO IOJIS 3peHHUs) YMeHbIlanochk BaBoe. [lo-
5TOMY MaTeMaTWMYeCKUW 3aKOH YOBIBAaHMS IUIOTHOCTU (UMCIa 3€peH B
JaHHOM OOBeMe) C BBICOTOM MOXET OBITh BHIPaXX€H TaK: €CJIM BBICOTHI
00pa3yioT apu(METUYECKYIO0 MPOTrpecCUio, TO YHMCIa 3epeH 00pasyloT
FeOMETPUYECKYIO IIPOTPECCHUIO.

Takoif 3aKOH yOBIBaHUS TJIOTHOCTU 3€pPE€H C BBICOTON MOJIXKEH
OBbUT CWILHO TIOpa3uTh U 3auMHTepecoBath IleppeHa: Bemb MO TaKOMY
X€ CaMOMY 3aKOHY CIlafaeT IUIOTHOCTh IIpU MogbeMe B Halleul
atrmocepe. bne3 Ilackanb, 3HaMeHUTHIN GpaHIY3CKUI YUEHBIH,
xkuBmMi B XVII crojieTuM M BOepBble NPUMEHUBIIUN K U3YYEHUIO
atMocdepsl 6apoMeTp, HM300pPETEHHBIM UTAIbSIHIEM ToppUdYesIu,
OOHApyXMJI 3aKOH, IT0 KOTOPOMY CIIafaeT C YBEJIWYEHUEM BBICOTHI
IUVIOTHOCTb aTMOC(epHOro BO3MyXa. DTOT 3aKOH, MOJYYUBIIMI Ha3Ba-
HUe OapoMeTpuyecKoll (OpMyJbl, IJTaCUT TO Xe& caMoe: IJIOTHOCTb
KaXIOro M3 ra3oB, COCTaBJSTIOIIMX aTMocdepy, YORIBaeT BMeCTe C yBe-
JIMYEHWEM BBICOTHI B TeOMETpPUYECKOM IporpeccMu. Tak, HaIlpUMeD,
MpU IMOabeMe Ha 5 KM KOJIMYECTBO KUCIOPOAa, HaXOMAIIErocs B KyOu-
YeCKOM CaHTMMETpE, YMEHBIIIAaeTCsl BOBOe; IpU MOIbeME Ha CIIEOyIO-
IIIMe 5 KM OHO YMEHBIIIaeTcsl ellle BABOE U T. O., U T. I. DTO TOT XKe ca-
MBI 3aKOH, II0 KOTOPOMY YMEHBIIIAETCS C BBICOTOM YMCIIO 3€PHBILIEK
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TYMMUTYTa B KyOMYECKOM CAaHTHUMETpPE SMYJIbCHU, HO TOJIBKO 3IeCh
WHbIe MaclITabbl — BMecTO 30 MMKpOH 31ech MBI MMeeM 5 KM. Otdero
K€ TOMy4YalTcs Ipyrue MaciTadbl? J[ocTaTOYHO ITOCMOTPETH, YTO Oy-
JIeT, €CIM BMECTO KMCJIOpOJa HMCCIeNoBaTh KaKON-HUOYIb IPYroi ras
atMocdepbl, HalpuMeEp, VIJIEKUCTBbI ra3 win as3oT. JIgd Toro 4roObl
KOJIMYECTBO YTJIEKMCJIOTO Ta3a Ha KyOMYECKMH CAaHTHUMETP YMEHbII-
JIOCh BIBOE, HY>KHO TIONHSTBCS HE Ha BBICOTY 5 KM, a BCErO TOJIBKO Ha
BBICOTY 3,6 KM, T. €. Ha BBICOTY, B 1,37 pa3a MeHbiyi0. Ho BO cTOIBKO
xe pa3 (B 1,37 paza) Macca MOJeKyJbl yriaekucioro rasa (CO,) 6onplue
Macchl MOJeKyIbl Kucnopona (O;). CoBepllIEHHO TaKoe XK€ COOTHOLIIe-
HME TOMY4aeTcsl, €CTM CpaBHUBATh KWCJIOPOA HE C YTJEKUCIIBIM Ta3oM,
a, HampuMep, C a30TOM WIM C aproHoM. BBICOTa, Ha KOTOPYIO HYXHO
MOIHATBCSI, YTOOBl IUIOTHOCTh YMEHBIIWJIACH BIBOE, OOPATHO HpoO-
MOpPLIMOHANbHA Macce MOJIEKyJIbl JaHHoro rasa. Hampumep, Macca
MOJIEKYJIBI resius (cocTosiiasi TOJbKO M3 ogHoro aromMa He) B 8 pas
MEHBIIIE MacChl MOJIEKYJIBI Kuciaopona. [ToaTtoMy mist Toro 4roOnl Ko-
JINYECTBO TeUsl B OMHOM KYyOMYECKOM CaHTUMETPE YMEHBIIMIOCH
BIBOE, HYXHO MOJTHSTBHCS HE Ha 5 KM, KaK B Ciy4yae KHUCJIOpona, a
Ha 40 xM (T. e. B 8 pa3 BHIIIIE).

Cort TyMMUTYTOBOM 3MyJbcui B 100 MUKPOH — 3TO, B CYIIHOCTH,
Takasl ke atMocdepa, HO TOJIbKO COCTOSILAs He M3 MOJIEKYJ KUCIIOpO-
Jla WIM a30Ta, a M3 3ePHBINEK I'yMMMIYTa, KOTOpbIE YK€ ITOCTaTOYHO
BEJIMKY, 4YTOOBI MX MOXHO OBUIO BUIETh B MHUKpOCKON. Bciemcteue
OOJBIIION MacChl 3TMX 3epHBIIEK (10 CPaBHEHMIO C MOJIEKYJIaMU rasa)
YMEHBLIEHUE IUIOTHOCTA C BBICOTOM ITPOMCXOIUT OBICTpEE, YeM B
OOBIKHOBEHHOM aTMocdepe, OKpyxawlleil Haury 3eMI0, a UMEHHO
(B cilyyae TYMMUTYTOBBIX 3epHBbIIIeK ¢ auaMerpoM 0,21 MuUKpoHa)
IUIOTHOCTh yMEHbIIaeTcsl BABOe Ipu IogbeMe Ha 30 MHMKpOH.
«OMynbcust, — roBopur IleppeH, — 310 arMocdepa B MHHHATIOPE,
Taroteomas K 3emie. B Macinrabe Takoit atMochepbl AJIBIBI Mpes-
CTaBJISUTUCh Obl HECKOJIBKMMH MMKpPOHAMU, a OTIENIBHBIE XOIMBI CTaId
OBl paBHBI MoOJIeKy/IaM». JIJIS HAac BCEro BaXKHee, YTO MOJIEKYJbl 3TOM
MUHMATIODHOM «aTMOCGEPhl» — 3epHBIIIKNA T'YMMMIYTa — MOTYT OBITh
B3BEIIEHBI, @ 3TO TMO3BOJISIET BBUUCIUTHL M MAacCChl MOJIEKYT OOBIKHO-
BeHHoro rasa. Tak IleppeH cymen camemarb TO, YTO Ka3ajloCh COBEp-
LIEHHO HEBO3MOXHBIM, — B3BECUTh MOJIEKYJIBI U aTOMBI.

IIponenaeM 3TOT HEXUTPHIK pacueT. BwicoTa, Ha KOTOpPO#l IUIOT-
HOCTb KMCJIOpOJa YMEHBIIAeTcsl BABoe, — S5 KM. BbIcoTa, Ha KoOTO-
pO¥ TUIOTHOCTh TYMMMIYTa YMeHbIaeTcss BABoe, — 30 MHKpOH. 5 KM
B 165 MWUIHOHOB pa3 Gonblue, yeM 30 MUKPOH. 3HAYUT, Macca LyM-
MMIYTOBOTO 3€pHBIIKAa ¢ auamMeTpoM B 0,21 MHMKpOHa mpeBBIIIAeT
Maccy KHMCJIOPOTHOM MOJIEKYJIBI B 165 MUUIMOHOB pas.

CKONBbKO Xe BECUT TaKOM I'yMMMIYTOBBIM IHApUK? BDTO HETPYIHO
pacc4YMTaTh, €CIIM U3MEPUTH MPEIBAPUTEIHHO, CKOIBKO BECUT KyOHUdec-
KW caHTUMeTp rymmuryta. [Ipy 3TOM pacdeTe He CleoyeT 3a0bIBaTh.



ATOMBI 61

yTOo B omnbltaXx IleppeHa 3epHBIIIKM TYMMMIYTa HaxONWINCh B BOAE, a
3HAYUT. 10 3aKOHY ApxuMena, KaKIblii KyOWJecKWii CaHTUMETp IyM-
MUIYTa TePSUT B BECE POBHO CTOJBKO, CKOJIBKO BECUT KyOWUYECKHUI CaH-
TUMETP BOIBI, T. €. 1 rpaMM. 3HAUYWT, KaXIblii KyOMYEeCKUII CAaHTUMETD
IYMMUIYTa B BOIE BECWI Ha ONWH IpaMM MeHbIE, YeM B BO3MIyXE.
B pesynnrate Bcex pacueToB (KOTOpblE MBI IPOITYCKAaeM) MOy4aeTcs,
YTO Macca 3epHBIIKA (C IONpaBKOM Ha 3aKOH ApXyUMela) paBHA

0, 000 000 000 000 01 r.

N 370 3epHBIIKO B 165 MWUTMOHOB pa3 IPEBOCXOOUT IO Macce Mo-
JIEKYJTy KMCJIOpoAa. 3HAYUT, MOJIEKYJIa KHMCJIOPOIa BECUT

0, 000 000 000 000 000 000 000 05 r.

A Tak KaKk Macca MOJIEKYJIbl Kuciopoga B 32 pasa GoJbllie Macchl
aToMa BOJOpOJa, TO Macca aToMa BOmOpoda — 3TOr0 CaMoro JIErKOro
M3 BCEX aTOMOB — paBHA

0, 000 000 000 000 000 000 000 0016 r.
B rpamMMe Bogopona ComepXKUTCs, CIEOOBATEIbHO,

600 000 000 000 000 000 000 000 aTomoOB.

D1n 1mbpel, HalaeHHble [leppeHOM, MO3BOMWIM CBS3aTh YIIOTPEOU-
TEJBbHYIO €IUHHUIy aTOMHOI MacChl — MacCy aToMa BoaopojJa — C
rpamMmmoM. Macca aToMa BOIOpPOMa, BHIpAXEHHAsT B rpaMMax, IOJTydaeT-
Cd HACTOJBKO MaJloi, YTO ee HWKaK HEBO3MOXHO cebe ITpelCTaBUTh,
TeM He MeHee ee yIajloCh OMNpeaeauTb. ATOM ObUT B3BellleH. BaxHeit-
masl 3agada aTOMHOM (hU3MKM ObUTa pa3pelreHa.

HempicmiMo Bce BpeMs TMCaTh B BUIE AECATUYIHBIX IpoGeil Bce 3TU
HUYTOXHO Mayble 1udpel. [TosToMy dusMku npumymMamd WHOM, Goiee
KOPOTKMI cIrioco® ux HarmmcaHusi. BMecTo Toro, 4yto6ml mcats 0,1, m-
uryt 10-1, BMecto Toro, 4roOnl mucare 0,01, mamryr 10-2, Bmecto 0,001
rmuryt 10-3, BMecro 0,0001 iyt 104 u 1. 4., u 1. 1. [TosToMy MOX-
HO CKa3aTh, YTO Macca aToMa BOIOpOIa' B rpamMMax ecTh IpOM3Bele-

'3neck u B mambHeiiem M. I1. BpoHIITEHH ONMepupyeT cO 3HAYEHUSI-
MM HEKOTOPHIX (PU3MYECKMX BEJIMYMH: 3apsiia JIEKTPOHA e, YIEJTbHOTO
3apsiga 3JeKTpoHa (OTHOILEHUS 3apsiia K macce ) e/m, MOCTOSTHHOM
ABoragpo N u T.a. [lpuBeeM YTOYHEHHbIE 3HAYEHUS 3TUX BEJIUYMH,
[OJIy4eHHbIE K HallleMy BpeMEHM B pe3yJibTaTe BO3POCIICi TOYHOCTU
U3MEPEHMI:

3apsi1 anekTpoHa e = 4,80325-10-10 en. CI'C,

Macca 31eKkTpoHa m = 9,10956:10-28 r,

VIeJIbHBII 3apsi 3NeKTpoHa e/m = 5,27276-1017 en. CI'C/r,

Macca atoMa Bogopoma M = 1,67352-10-24 r,

OTHOILIEHHE MacChl IIPOTOHA K Macce 3jekTpoHa M/n = 1836,11,
yucio Aeoragpo N = 6,02217-1023 moms-1. (Ipumen. peo.)
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Hue yuciaa 1,6 Ha yucno 10-24) wiu, Kopoye, Macca aromMa BOIOPO-
oa = 1,6 - 10-24 r.

Takum o6pasom, BMecto 100 mumyr 102, Bmecto 1000 muiuyt
103, Bmecto 10 000 mumyr 104 ¥ BOOOILIE BMECTO €OUHMULBI C K
Hyaasmu nuuyt 107, [TosTOMy YHCIO aTOMOB BOAOpOAa B OJHOM
rpamMme = 6-1023.

Bor kako#t pesynbraT moayumn IleppeH, M3ydast pacrpeneiieHue
3€pHBIIIEK B TYMMWIYTOBOM 3MYJBCMM B 3aBUCUMOCTH OT BBICOTHI.
Ho Bcero nio6omneiTHEE TO OGCTOSITENILCTBO, YTO TOYHO TAaKOM Xe pe-
3yJbTaT OBbUT BBIBENEH C NMOMOIIBIO TeX XX€ TYMMUIYTOBBIX IIApUKOB,
HO COBEPUIEHHO HHBIM ITyTEM, O KOTOPOM MBI TaKKe CKaXeM Hec-
KOJIBKO CJIOB.

BpoyHOBckoe nBIDKEHHE B I'yMMMIYTOBOM SMYJIBCHMM COBEPIIAETCS
HEOOBIKHOBEHHO ObIcTpo. HeT HMKakoii BO3MOXHOCTH MPOCIEIUTH 3a
IBIDKEHUEM OTIENBHOIO TYMMMTYTOBOrO 3epHbImKa. [loaromy Ileppen
U HE MBITAJICA 3TOrO MeJIaTh, a MOCTYIWI CIEAYIOINM 00pa3oM: OH OT-
MeyaJl Ha 4epTexe IMOJIOXEHHEe T'YMMUTYTOBOIO 3epHBIIIKA Yepe3 oIpe-
JIEJIEHHBIE MPOMEXYTKM BpEMEHH, HampuMep depe3 Kaxable 30 ceKyHO,
U TMOJyYEHHBbIE TOYKM COECIUHSUI NMPSAMBIMUA JMHUSAMHU (XOTSI Ha CaMOM
JieJle TYMMUIYTOBOE 3€PHBIIIKO 32 3TO BpeMsl JBUTAIOCH HE IO TPSIMOM
JIMHUM, a Takke MO NpUYYIJIUBOM JioMaHO# KpuBoiil). IlomydyeHHbIe
PUCYHKM OAIOT BO3MOXHOCTb CYOUTh O OECIOpSIOYHOCTHM U XaOTHY-
HOCTU OpOyHOBCKOTro ABMDKeHMs BooOmie. Ho IleppeH cHMMan 3tH pu-
CYHKM HE€ TOJBKO [UISI TOTO, YTOOBI IOJYYMUTh HAIVIIAHYIO WLIIOCTpa-
LIMI0 K OpOYHOBCKOMY OBIDKEHMIO. Ero MHTepecoBaja KOJWYECTBEHHAs
CTOpOHA Jena.

3HaMeHUTHI AJBOepT DUMHINTENH, OBIBIIMI TOTNA €lIe MOJIOOBIM
yesoBeKoM, Harmmmcan B 1905 — 1906 romax 3aMedarenbHble pabOTHI, B
KOTOPBIX OH MaTeMaTU4eCKH BBIBENI (pOpMYITy, ONpelessIouIyio I 3a-
IAaHHOIO MPOMEXYTKa BPEMEHHU CpedHee CMeIleHHE TYMMMIYTOBOTO
3EpHBIIIKA OTHOCUTEIBHO €ro IepBOHAYAILHOIO ITOJIOXKEHUS B KWI-
KOCTU. MBI He cTaHeM 31ech NMPUBOOUTHL 3TY (OPMYNIY; 3aMETUM TOJIb-
KO, YTO B 3Ty (pOopMyJTy BXOOUT BEJIMYMHA, paBHasl YACITY aTOMOB BOJO-
pona B ogHOM rpamme. ITostomy, comocTasisas dopMyiry DUHINTEHA
¢ pucyHkamu [leppeHa, onpeneisioniMMi MepeMelleHue YacTUIIBI 3a
Kaxnble 30 ceKyHO, MOXHO BBIYMCIUTL 3Ty BEJIMYUHY. Tak M crenain
IleppeH, ¥ y Hero MOJY4YWIOCh, YTO YMCJIO aTOMOB BOAOpPOJA B Of-
HOM rpamMMme paBHO 6°1023, T. €. MOMyYWIOCHh TaKOe Xe€ YUCIO, KaK U
paHBblIIe.

CoBnageHue MexXmy ABYMSI YMCIaMM, KOTOpblE ObLTH TOJYyYEHBI CO-
BEPILIEHHO pa3IMYHBIMM CIOCO0aMM, SIBJISIETCS JIYYIIMM JOKa3aTellb-
CTBOM IPaBWIBHOCTU BCEX CHEJIAHHBIX MPEATIONOXEHUNA. 3HAUUT, MOJie-
KyJbl U aTOMBI NEHCTBUTEIBHO CYILIECTBYIOT, a HE TOJIBKO SIBJISIIOTCS
YIOOHOM /11 XUMHMKOB BEIIYMKO. Takoe 3aKiIoueHUe ObUIM BBIHYXIIE-
HBI CEJIaTh Jaxe Te, KTO JOJITO U YIOPHO HE XOTesl IPpU3HABaTh CYIIle-
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cTBOBaHMs aToMOB. M maxe OCTBajibd B KOHIE KOHIIOB JOJ/DKEH OBLUT B
MPEIUCIOBUM K CBOEMY KypCy XMMMHU HamucaTh CIEMyIOIIHMe CIOoBa:

«Temepr s yOeXlIeH, 4TO B MOCJIeIHEE BpPEMS MBI MOJYYUIU
ONBITHOE JOKAa3aTeJbCTBO IMPEPLIBHOTO, WM 3€PHUCTOTO, CTPOEHUS
MaTepuyd — J0Ka3aTeJIbCTBO, KOTOPOTO TIHIETHO MCKajla aTOMUCTUYEC-
Kasl TMUIIOTe3a B MPOMOJDKEHUE COTeH U Thicsad JieT. CoBrameHue Opo-
VHOBCKOTO OBIDKEHMSI C TpPeOOBAHMSIMM 3TOW TUIIOTE3bl JAET MPaBO
CaMOMY OCTOPOXHOMY YYEHOMY FOBOPUTH OO0 OINBITHOM IOKa3aTEJIbCTBE
aTOMUCTUYECKOM TEOpUM BELIECTBA. ATOMMCTMYECKAs T'MIIOTe3a cAena-
J1ach, TaKMM 00pa3oM, Hay4YHOM, IIPOYHO OOOCHOBAHHOMW TEOpUEM».

BekoBoii Crtop MeXOIy CTOPOHHUKAMU W NMPOTUBHUKAMM CYILECTBO-
BaHMS aTOMOB 3aKOHYWICS, TaKMM O0pa3oM, IMoOenoil CTOPOHHMKOB
aToMHoOI1 Teopri. 1 B HacTrosiiee BpeMsi Mbl MOXEM C YBEPEHHOCTBIO
YTBEpXIaTh, YTO BCE BEILM Ha CBeTe — M BOJa, U KaMHM, U PaCTCHMUS,
U XWBOTHBIE, U BO3MyX, U Xe€1€30, U T. ., U T. A., U T. 1. — BCE 3TO
COCTOMT M3 MeJIbYaIIMX, HEBUAUMBIX IJ1a3y aTOMOB.




I JIABA TPETBHA

IJIEKTPOHDI
U PEHTTEHOBCKUE JIYUYU

B xonme XVIII Beka 3HaMeHUTHIE aMepuKaHell beHmxaMuH
@paHKINH, MPOCIABUBIIUICA HE TOJIBKO CBOMM YdYacTHeM B GophOe
OpPUTaHCKMX KOJOHMUN B AMepHMKe 3a He3aBUCUMOCTb, HO U CBOUMH
5JIEKTPUYECKUMM OIhITAMA M B OCOOEHHOCTH M300pETEHHWEM TPOMOOT-
BO/IA, MPENIOXWI TEOPHIO 3JIEKTPUYECTBA, COIJIACHO KOTOPOW 3JIEKTPH-
YECKME SIBJIEHMS BBI3HIBAIOTCSI IPUCYTCTBHEM OCOOOI0 SJIEKTPUYECKOrO
«bmonga», HaXOISIIIErocsl BO BCeX TejlaX Mpupombl. EciiM B KaKOM-HU-
Oyab Tene 3JeKTpUYeCKUN «dmoumy» (3/MeKTpudecKas <«KHAOKOCTh») Ha-
XOOUTCA B KOJWYECTBE, ITPEBBINIAIOIIEM HEKOTOPYIO HOPMY, TO TakKoe
TEJIO KaXeTCs HaM 3apsDKeHHBIM 3JIEKTPUYECTBOM OIHOTO 3HaKa, a ec-
JIU KOJMYECTBO 3JIEKTPUYECKOU <« KMIKOCTM» MEHBIIE HOPMBI, TO 3TO
TEJIO 3apsDKEHO B3JIEKTPUYECTBOM Apyroro 3Haka. O camMoi 3JeKTpudec-
KOM <«OKMIKOCTW» WIM 3JIeKTprdecKoil «Matepun» DpaHIIMH T'OBOPWII:
«DnekTpuyecKasi MaTepusi COCTOMT M3 YacTHYEK, KOTOPBIE JOJIKHBI
OBITb YpE3BBIYAMHO MEJIKHUMM, TaK KaK OHM MOTYT IPOHUKATh B OOBIK-
HOBEHHYIO, Jaxe CaMylo IUIOTHYI0 MaTepUI0 TakK JIETKO U CBOOOIHO,
YTO HE BCTPEYAIOT IIPM 3TOM 3aMETHOIO COIpOTHBIIEHUs». Eciu BHM-
MAaTeabHO MpoYecTh 3TH cjioBa PpaHKIMHA, TO B HUX MOXHO YBUAETBH
cJledylolue yTBepXIeHus: 1) cylecTByeT oco0asi 3/IeKTpUdecKasi «Ma-
TepUs» WIM SIEKTPUYECKUH «pmiona»; 2) 3JIeKTpUIECKUN «aonm»
COCTOUT U3 aToMOB; 3) aTOMbI 3JIEKTpUYeCKOoro ¢Gmouaa MeaTKu U HId-
TOXHO MaJbl JaXe IO CPaBHEHMIO C TAKMMU MEJKAMM YacTUIIaMU, KakK
aTOMbl OOBIKHOBEHHOTO BEIECTBA, ITOTOMY YTO OHU OYEHb JIETKO M 6e3
0COOEHHOI'O COIPOTUBJICHUSI IPOHMKAIOT BHYTPb XMIOKWX M TBEPObIX
TeJl, B KOTOPBIX aTOMHI IUIOTHO YMAaKOBaHBI M COIPUKACAIOTCS JPYT C
JIPYTOM; TEM He MEHee aTOMBI 3JIEKTpUUYecKOoro (iouaa Jerko HIHbIPS-
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IOT B MPOMEXYTKaxX MEXITY aTOMaMé OOBIKHOBEHHBIX TeJl (CTOUT TOJIBKO
BCIIOMHUTEL O TOM, KaK JIETKO B3JIEKTPUYECKMII 3apsil IepeMeIaeTcs 1o
METAJUIMYECKOM ITPOBOJIOKE).

Ot ngen PpaHKIMHA MMETM YUCTO YMO3PUTEIBHBINA XapakTep, —
5T0 ObLIa TeHUajbHas O0TragKa, He HMMEBIIAs B TO BpeMs HHKaKHUX
Cepbe3HBIX ONMBITHBIX 0O00cHOBaHUN. Ho B 1833 romy reHuUaabHBINA aHT-
JOMACKMIA ydeHbI-caMoyuka Maitkn ®@apaneil OTKpbUI 3aMedaTeIbHbIA
dakT, KOTOpHIA MOXHO CUWTATh MOATBepXKIeHUEeM Teopuu PpaHKIUHA.
DToT (akT 3aKmodaeTcsa B ciemylomeM. Papameil u3ydaa sIBIEHUE
3JIEKTPOJIM3a, KOTOpPOe OBUIO M3BECTHO YyXe HaBHO (C ITOC/IeOHEeN 4eT-
Beptu XVIII Beka) U KOTOpPOE COCTOMT B TOM, YTO IIPOXOXAECHUE
3JIEKTPUYECKOTO TOKA 4Yepe3 HEKOTOpbIe XHUAKWE Tejla (pacIUlaBJIEHHBIE
WIM PacTBOPEHHBIE B BOAE COJIM, IEJIOYM, KMCIIOTHI) IIPUBOUT K pas-
JIOKEHHUIO 3THUX TeJl (3JIEKTPOJIUTOB) Ha MX COCTaBHBIE XMMWUYECKUE
yacti. Papameii M3MEpHJI 3NEKTPUUECKMI 3apsil, MPOXOISIINA 4epes3
3JIEKTPOJIUT B TeYEHHE BCETO TOTO BPEMEHM, IOKa M3 3JIEKTPOJIMTA BhHI-
JIeJisieTCs OIIpenesIeHHOe KOJHMYECTBO BOIOPOMa, WM Kajus, WIU
cepebpa, wiM Meou W T. 1. OOHapyXwiach 3aMeyarejibHasl Bellb: IS
TOro 4YTOOBI M3 JIIOOOr0 3JIEKTPOJMTA BBIICIWICA TpaMM BOAOpOIa, He-
00XOIMMO TIPOIYCTUTh 4epe3 Hero 96 500 KyJIOHOB 3JIEKTPUYECKOTO
3apsiga (KyJIOH — eOWHMWIA Ui U3MEpEeHMS SJIEKTpUIECKOro 3apsna,
KOTOPOM BCETOa IMOJIBb3YIOTCS 3JIEKTPOTeXHUKM). UHbIMU ciioBamu, 1T
BOJOpOAA Bcerga IMepeHOCHUT C COOOM uepe3 3JIEKTPOJIUT OJHO M TO Xe
KOJIMYECTBO 3JIEKTpMUYECTBA, a MMeHHO 96 500 kynmoHoB. Takoe Xe Ko-
JIMYECTBO 3JIEKTPMYECTBA, KaK MOKa3aIM ToYHble uaMepeHust Dapanes,
nepeHocdaT ¢ coboro u 23 r Harpus, U 35,45 r xiopa, u 39,1 r Kanus,
u 107,87 r cepebpa. Ecmm MBI 3arisHeM B CITMCOK XMMUYECKUX 3JIe-
MEHTOB, KOTODBIM OBUT TOMEIIEH B IIpeObIOyIIeid IJlaBe, TO MBI YBU-
UM, 4ro 3th wmcnaa — 1, 23, 35,45, 39,1, 107,87 — saBagioTcd He 4eM
MHBIM, KaK aTOMHBIMM MacCaMH BOXOpOJa, HaTpus, XJIopa, Kajus, ce-
peb6pa. Jlerko coobpasutb, uyTo B 107,87 r cepebpa HOJDKHO COHEpPXKAaThb-
Cs CTOJILKO aTOMOB cepeOpa, CKOJIBKO aTOMOB Bomopoda umMmeeTcs B 1 T
BOJOpPOJA, CKOJBKO aTOMOB Kajus ecTh B 39,1 T Kanug U T. O., U T. 1.
3HA4YUT, Bce 3TU BellecTBa (BOOOPON, KaIWii, HATPUN W JIp.) MMEPEHOCST
Yyepe3 3JIEKTPONIMT OTHO M TO Xe€ KOJMYECTBO 3JIEKTPUYECTBA Ha OOU-
HAaKOBOM 4MCJIe aTOMOB, OTKyda Cpa3y € BBITEKAaeT, YTO OIUH aTOM
BOIOpPOAA IEPEHOCUT C COOOI0 4Yepe3 3JICKTPOJIMT TAaKOM Xe 3JeKTpH-
YeCcKUIi 3apsid, KaKoil IEPeHOCUT C cOOOM M aToM XJIopa, U aToOM Cce-
pebpa, U aroM Kanust. YeMy Xe 3TOT 3apsin paBeH? SICHO, YTO OH paB-
HSIETCA 4aCTHOMY OT JeJieHMsl Bcero 3apsita 96 500 KyJOHOB, KOTOpPBIil
MEePEHOCUTCS OJHUM TPaMMOM BOJOpOIA, Ha YMCIIO aTOMOB B TpaMMe
Bomopoaa. IlonpobyeM 3ammcaTk 3TO B BUIAE MaTeMaTUIECKOrO YpaBHe-
HUs (9Ta KHIDKKA HamucaHa TakK, 4YTO I ee YTEHWS He HYXHO 3HaThb
HUKAKOW CJIOXHOM MaTeMaTHKH; T03TOMY MYCTh YMTaTe/lb, HE3HAKO-
MBI C MaTeMaTHMKOIl, HE IYraeTCs. OT Hero TpeOGyeTcsl TOJBLKO, UTOOBI
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OH yMeJI IIPUMEHSITh YeThIpe MpaBwia apudMETHKUA U AECSITUYHBIE TPO-
OM M 3HaJ, YTO BEJMUMHBI MHOrAa obOo3HayaloTcs OykBamu). UTak,
0003HaYMM 3apsil, KOTOPBIN IEPEHOCUTCS depe3 pacTBOp 3JEKTPOJIUTa
OIHMM aTOMOM BOIOpOAa, OyKBOM # (TaKOM XK€ 3apsil INepeHOCUTCS U
aTOMOM KaJlisl, WIM HaTpus, WIK cepebpa). DTOT 3apsiil IMOIy4aeTcsl OT
neneHus 96 500 KyJIOHOB Ha YMCJIO aTOMOB B OMHOM IpaMMe BOAOPOJA.
IToatoMy, ecin 0GO3HAYMTH YMCIO aTOMOB B OJHOM TpamMMe BOIOpOAA
O6ykoBo#t N, To BBHIMIET, YTO /N-e (T. €. TPOM3BEACHHUE 3apsiia € Ha YUC-
g0 N) paBHO 96 500 kynoHaMm. DTo, IO CYIIECTBY, U ecThb Ta dhopmyna,
KOTOPYIO MBI XOTEJM HAIlMCaTh, HO TOJILKO €€ OOBIKHOBEHHO IUILYT B
HECKOJILKO M3MEHEHHOM BHIE, a UMEHHO BOT KaK: BMECTO TOTO YTOOBI
M3MEPSITh MEKTPUUECKUN 3apsid KyJOHaMH, KaK 3TO AENaloT 3JeKTpo-
TeXHUKHU, (PU3UKU OOBIKHOBEHHO BHIOMpAIOT IPYTYIO €OUHUILY M3Mepe-
HMSI, KOTOpast B TpM MIUUIMapia pa3 MeHblIe KyJoHa. Takas eIuHuIa
Ha3bIBaeTCad aOCOMIOTHOM emuHMIEn. SIcHo, yTo 3apsam 96 500 KyjaoHOB
paBeH 96 500 x 3 000 000 000 a6comoTHRX eauHUL. Eciu mpousBecTH
MepeMHOXEHHNE, a 3aTeEM INPUMEHUTh OOBIYHBIN CITOCOO COKpAIIEHHOI
3aIMCHU JIMHHBIX YKCEJI, KOTOPBIM MBI YX€ ITOJB30BAIUChH B IMPEIObITY-
IIeil IV1aBe, TO BBIAET, YTO 3TO NMPOM3BEAEHUE paBHO 2,895:1014. TMos-
TOMY, U3Mepss 3apsil e, IIEPEHOCUMBII OJHMM I'paMMOM BOAOpoIa, He
B KYJIOHaX, a B aOCOJIIOTHBLIX €IUHUIIAX, MBI TTOJTYYUM

N-e = 2,895:1014 abc. en.

M-&1 roBopuM, uto 1 r Bomopona, u 23,0 r Hatpus, u 35,45 r xjopa,
u 39,1 r kamusa, u 107,87 r cepebpa mepeHOCAT Yepe3 SJIEKTPOJIUT OOUH
M TOT Xe 3JIEKTPUYECKMIA 3apsia, a MMeHHO 96 500 KyJIOHOB, U MBI 00-
palllaeM BHMMaHME Ha TO OOCTOSATENLCTBO, uTo yMciaa 1, 23,0, 35,45,
39,1, 107,87 saBnsgioTcsl Kak pa3 aTOMHBIMM MacCaMM 3TUX BELLECTB, YTO
MOXHO BHUIETh U3 TAOJIMILIBI, KOTOpas MpUBeIeHA B IPEIbLTYIIEH IIaBe
Ha c. 39. Bce ato — pesyabratel u3MepeHuii @apanes. Ho He co
BceMHU BellectBamu y Dapages momydumiock To Xe camoe. Korma o
cTaja U3MEpSITh KOJMYECTBO 3JIEKTPUYECTBA, KOTOPOE HYXKHO IPOIMyC-
TUTb 4Yepe3 3JIEKTPOJUT, YTOOHI BBIAEAUTh U3 Hero 24,31 r marHus,
unu 40,08 r kanbiusg, uind 65,38 r LMHKA (3TH YUcjIa CYyThb aTOMHBIE
MacChl YIIOMSIHYTBIX BEIIIECTB, B YeM BCSKMII MOXET YOEIWUTHCSI, B3IJIsI-
HYB Ha Hally TabJMIly), TO OKa3aJloCh, YTO OHO OZHO U TO X€ U IS
24,31 r maruma, v g 40,08 r kaapums, U it 65,38 T 1IMHKA, HO
TOJILKO OHO COBCeEM He paBHO 96 500 KynoHaM, KaKk Mbl MOIJIK OBI
oxunath. M3mepenns ®Papanes nokasanu, 4to oHO paBHO 193 000 Ky-
JIOHOB, T. €. BOBOe Goinblie, yeM 96 500 xymoHoB. Coobpa3um, 4TO BCe
570 3Ha4uT. Benp B 24,31 r MarHus wid B 65,38 © LIMHKA COAEPXUTCS
CTOJTBKO X€ aTOMOB, CKOJBKO B OOHOM rpaMme Bogopona. Ho stu aro-
MBI TIEPEHOCAT C COO0I0 HE TaKOe KOJIMYECTBO 3JIEKTPUYECKOro 3apsna,
Kakoe IIepeHOCUT C CO0OM OgWH rpaMM BOJOpPOIa, a POBHO BABOE
6ombile. 3HAYWT, M KaXIbIA aTOM MarHWsl, WIM IIMHKA, WIM KaIbLMs
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MEPEHOCUT C cOOOW HE TAaKOM 3SJIEKTPUYECKUI 3apsil, a pOBHO BIBOE
Oosblile, T. €. He e, a 2e. UTtak, U3 usMepenuit Mapagesi BbITEKAeT Clie-
ITyIolliee:

1) Kaxnaeiii aToM BOOOpOJa, WJIM HaTpus, WIM Kajaus, WIX cepedpa
M T. . NEepeHOCUT C COOON Yepe3 3JIEKTPOJINT KOJMYECTBO IJIEKTpHYe-
CTBa, paBHOE e.

2) Kaxnplii aToM MarHusi, WiM Kajaus, WIA LUMHKA U T. 1. TIepeHo-
CHUT ¢ co0Olf uepe3 3JIEKTPOJIUT KOJIMYECTBO 3JIEKTPUYECTBA, paBHOe 2e.

AnanornyHele uaMepeHuss Papaneil mpomenan M IS LIEJIOr0 psina
JPYTUX XVMUYECKMX 3JIEMEHTOB, U IIPM 3TOM BCErla OKa3bIBaJOCh, YTO
OIMH aToM JII0OOT0 XMMUYECKOro 3JIeMeHTa MpM IMPOXOXICHUM depe3
3JIEKTPOJIUT HECeT C COOOM 3NEKTPUYECKUM 3apsil, KOTOPBIA MOXET
OBITH paBeH WIM e, WIM 2e, WK 3e, WA 4e U T.O., HO HUKOrAa He
MOXET OBITh paBeH MPOOHOMY YMCITy €, HallpuMep 3apsiay €, YMHOXEH-
HOMY Ha ILIeJIoe YMCIO C TMOJOBUHKOW. 3ameruM, uto caM Dapaneit,
GOpPMYIUpPYST OTKPBITHIE UM KOJUYECTBEHHBIM 3aKOH 3JIeKTPOJIM3a, HU-
Yero He YIOMHUHal 00 OTHENBHBIX aTOMaxX, a TOJBKO T'OBOPWII, YTO €CJIU
B3STh YMCJIO TPaMMOB BOIOPOAA, WIM Kajlusl, WIM HaTpusl U T. A., paB-
HOe MX aTOMHOM Macce, TO 3TO YMCJIO TPaMMOB PacCMaTpUBaeMOTO XU-
MHUYECKOIO 3JeMEHTa MEPEHOCUT C CODOOM Yepe3 3JEKTPOJUT BCeraa
OOMH M TOT Xe 3apsi, a uMeHHO 96 500 KyJIOHOB; a eclIM CIelaTh TO
Xe caMoe C KaIblIMeM WIM ¢ MarHueM, To moxydurcsa He 96 500 xyio-
HOB, a POBHO BOBOE OOJiblile, U T. O., U T. 1.

Bce 310 OYeHb JIETKO MEPEeBECTU Ha SI3BIK aTOMOB, KaK 3TO MBI U
CIeNaTy BhHIIIe, HO BMEpBbie 3To crenan He Papaneif, a MpIaHICKUI
dusuk JIxoncrod CroHeir B 1874 romy, dyepe3 copok jer mocie Papa-
nesi. Enie Gonee sicHyo opMy TMpuAan 3TUM COOOpaXeHWSIM 3HAMEHU-
TBIM HeMelkuit ¢usuk I'epmaH ¢oH I'enbMmrosbil, koTopselii B 1881 ro-
nmy nipountan B JloHnoHe, B KopoyieBCKOM MHCTUTYTE, JIEKIIMIO, MOCBSI-
meHHyto namatu Dapaness. B 3Toil JeKIIMM OH OYEHb OTYETIMBO
BBIPA3WI TY MEIC/Ib, YTO CYILIECTBYET HEKOTOpasl «IOPLMS» JIEKTpUYEC-
KOTo 3apsiia, paBHasl e, YU 4YTO aTOM BEIIECTBa, MPOXOMSAIIMNA Yepes
3JIEKTPOJIMT, MOXET HECTU Ha cebe WIM OIHY TaKylo MOPLMIO, WIM [IBE,
WIM TP Takue IOPIMM, HO HUKAaK He NpOOHOE YMCIIO U He Liesioe
YUCJIO C ApoOBI0. 3apsi e — 3JIeMEeHTapHas MOpLHS 3JEKTPUIECKOIo
3apsima WIKM «3JIeMEHTAapHBIN 3JIEKTPUYECKUN 3apsii», KaK OOBIKHOBEH-
HO TOBOpSIT, — SIBJISIETCSI YEM-TO BpOIE aTOMa 3JIEKTPUYECTBa: Bedb
IUIS. TIOHSITUST aTOMa BCEro XapakKTepHee, YTO OH He AECJMTCS Ha 4acTH,
a BCTpedaeTcss — IO KpaliHeld Mepe B KaKOM-TO ompenesieHHOU objac-
TH SIBJICHUH — TOJIBKO B LIEJIOM BMAE, TaK YTO MOXHO OTHEIUTH OT
BelllecTBa OOMH aTOM, WIM IBa, WM TPU, WIM YeThIpe U T. O., HO HE
JIpOOHYI0 YacTh aToMa M HE LeJ0e YMCIO C IpoObio. BoT kakum
0o6pa3oM Bo3poawiach crapasi Mbicib PpaHKIMHA 06 «aToOMax 3JIEKT-
pudeckoro ¢uounga». B cBoeil nexuuu, mocssineHHon mamsatn Pa-
panesi, 'enpMmronpll roBopui: «CaMbIM ITOpPa3sUTENbHBIM CJIEICTBUEM
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3akoHa Dapanest sABASgeTCS, OBITh MOXET, CJIEAyIOlIee: eCIU Mbl IIpU-
MEM TUIIOTe3y, YTO OOBIKHOBEHHBIE BEIIECTBA COCTOSIT M3 aTOMOB, TO
MBI HE CMOXEM H30eXaTb M TOTO 3aKJIIOYEHUs, YTO 3JIEKTPUYECTBO,
KaK IOJIOXHWUTENbHOE, TaK M OTPUIIaTeIbHOE, TOXE COCTOMT M3 OIIpede-
JIECHHBIX 3JJIEMEHTApHBIX TMOPIIUI, KOTOpPHIE BEemyT ce0sT KaK aTOMBI
3JIEKTPUYECTBAY.

YeMy paBHa BeJIMYMHA 3apsiia TAKOrO <«aToMa 3JIEKTPHYECTBa»?
Ha ator Bompoc TenbMronbi He cymen Obl oTBeTWTh. OH CKasan OBl
TOJIBKO, YTO 3JIEMEHTApHBIN 3JIEKTPUYECKUIA 3apsifi € CBS3aH C YUCJIOM
N (4McrnoM aTOMOB B OJHOM IpaMMe BOIOPOAA) YpaBHEHUEM

N-e = 2,895-1014 abc. en.

M YTO €CJIM eMy CKaXyT, YeMy paBeH MHOXWTeNb N, TO TOJIbKO TOI-
Jla OH CyMeeT CKa3aTh, YeMy DaBHO e. B mpenblaylieil rjiaBe Mbl BH-
JIeJIU, 4YTO U3y4yeHUe OPOYHOBCKOIO IBIDKEHUS, IpousBedeHHoe Ilep-
DEHOM, [aeT OTBET Ha BOIPOC O TOM, YeMy paBHO /N: MBI BHJEIH,
yro N = 6:1023. Ho B 1881 romy, korma I'eJbMrojipli Hamucalz 3TO
YpaBHEHME, YuCc/I0 N M3BECTHO He OBUIO; O HEM MOXHO OBUIO TOJIBKO
JOTabIBaThCsl. 3aMeTMM, 4YTO CBsI3b N U e OBYCTOPOHHSISI. €ClIM HaM
CKaXyT, YeMy paBHO /N, TO Mbl BBIMMCIIMM W3 HAIIEr0 ypaBHEHHUS e, HO
Beb COBEpLIEHHO TaKWM e 00pa3oM, eclii Mbl CyMeeM KaKMM-HUOYIH
00pa3oM y3HaThb U M3MEPUTb €, TO M3 HaIller0 ypaBHEHUS Mbl BBIYKC-
JIMM, 4eMy paBHO /V, T. €. YUCJIO aTOMOB B rpaMMe BOIOpOAa, — HHBI-
MM CJIOBaMM, YEMy paBHa Macca aToMa BOIopoja. B KOHIIE 3TOM IJIaBbl
MBI YBUIVM, KaKMM OOpa3oM OeMCTBUTEJIbHO YyNaJOCh MOKa3aTh Ha
OIBITE, YTO 3NMEKTPUYECTBO COCTOMT M3 HENEIMMBIX IOPLIMI, M HM3Me-
PUTH BEJIMYMHY TaKOW MOpPLMU. DTO IO BO3MOXHOCTH BBIYHCIHTHL C
IIOMOILIbIO0 HAIIEro ypaBHEHMsSI MacCy aToMa BOAOpPOdA, U B pe3yJibTaTe
MOIYYWIOCh TaKOE€ XK€ YMCJIO, KaKoe COBEpIIEHHO OPYTWUM CIIOCOOOM
yxe nomyuui IleppeH.

N3 paccyxnenuii I'embMroneiia 1 CToBest KaKk OyATO BBITEKATIO, YTO
SJIEKTPUYECKMIA 3apsif, AEHCTBUTEIBHO COCTOUT U3 KaKUX-TO «aTOMOB
3JIEKTPUYECTBa», KaK IIPETIONOXWI YyTh JIM HE 3a CTO JIET OO 3TOro
benmxkamua @pankimH. Ho Bce-Takm 3T0 3aKmodyeHUe ellle He ObUIO
JIOCTaTOYHO YyOenuTeabHBIM. Heob6xomuMo ObLIO BBIAEIUTh «aTOMBI
5JIEKTPUYECTBa» B YMCTOM BUIE, OCBOOOANB UX OT OOBIKHOBEHHBIX aTO-
MOB BELIECTBA; HEOOXOOUMO OBUIO HaWTH (PU3WYECKOE SIBIEHHE, B KO-
TOPOM «aTOMBI JIEKTPAYECTBa» MPUHUMAIU OBl TaKOE HETOCPEICTBEH-
HO€ YyYyacTHe, YTOOBI CTaJI0O BO3MOXHBIM OTKDBITb MX U H3YyYUTh HX
CBOMCTBa. DTO ymAaloCh Y4E€HBIM, M3Y4aBIIUM IPOXOXIEHHUE 3JIEKTPH-
YECKOI'0 TOKA 4Yepe3 pa3pekKeHHBIE Ta3bl.

B cTekisgHHBIN coOCyd, M3 KOTOPOrO BBIKAYaH IIOYTH BeCh BO3AYX
(Tak 4TO OCTAIOLIMIICS TaM BO3MAyX IIPOU3BOAMT JaBleHHEe He OGOoJbliIe
TBICAYHBIX AOJIEH MWUIMMETpPA PTYTHOTO CTO0JI0A), BMAsSIHBI OBE MeETal-
JIM4eCKUe IUIAaCTUHKM, COEOWHEHHBbIE C IOJI0CAaMM HMCTOYHMKA IIOCTO-



DJAEKTPOHBI U PEHTTEHOBCKUE JIYUU 69

SIHHOTO TOKa. bymem Ha3biBaTh ILIac-
THHKY, COeIMHEHHYIO C OTPHUIIATEIbHBIM
MOJIIOCOM, KAaTOJOM, a C ITOJIOXMTEhb-
HbIM — aHomoM. B 1859 romy HeMerkuii
¢dusux ITmokkep OTKPBUI, YTO €CNIM IPU
TAKOM CHJILHOM pa3peXeHUM IIPOITyC-
KaTh DJICKTPUYECKUIM paspsil MeXIy
KaTOOOM M aHOIOM, TO C ITOBEPXHOCTH
KaTola BEIXOOAT OCOObIE JIydd, 3aCTaB-
JISTIOIIE CBETUTHCS T€ YacCTU CTEKJISTH-
HBIX CTEHOK COCy[a, Ha KOTOpble OHM IamaloT. TaWMHCTBEHHBIE JIy4H,
OTKpBITEIE B 1859 romy ILmoKKepoM, CIyXKWIM ITOC/ie Hero IpeIMeTOM
HCCIIeOBaHMSI psifa YYeHBbIX, B ocobeHHocTH I'utropda, IoapairreitHa
(maBlllero UM Ha3BaHWE KaTOMHBIX JIy4eil) U JPYTHX.

B 1874 romy reHUaJbHBIA aHTJIMIC-
kuit yuenslii Kpykc mpouen B Illed-
dunme moknanm mopx 3ariaBueM «Jly-
yucTas marepusi, wim YeTBeproe coc-
TOSIHME  BellecTBa», B KOTOPOM
BBICKa3aJl CMEIYI0 THIIOTE3Y O TOM,
YTO KaTOAHBIE JIYIW IIPEACTaBISIOT
MMOTOK MaTepUaNbHBIX YACTUIL, TBIDKY-
IIUXCS C KOJOCCAJIBHOM CKOPOCTBHIO U
3apsIKEHHBIX OTPUIIATEIBHBIM 32JIEKT-
pPUYECTBOM. OTU YaCTHUIIBI, MO MHe-
Huo Kpykca, BXomaT B COCTaB KaxX-
JIOro XUMUYECKoro aroMa. Takum o00-
pa3oM, OHHU IIPEACTaBISIOT «OCKOJIKU»
aToMma, KOTODBIM, ClIeIOBaTeIbHO, HE
MOXET YXe CUMTAThCS <«HeNeIUMBbIM»
B OOBIYHOM Y3KOM CMBICJIE 3TOTO CJIO-
Ba. BrickazaB 3Ty rumotesy, Kpykc
TeM caMbIM IIOCSITHYJ Ha CYHUTaBIIe-
ecsl Toraa HEeCOKPYUIMMONM OCHOBOU
XMMWH MHEHHE O TOM, YTO aTOMBI aOCOJIIOTHO HeOeJIuMBbl U SIBIISIOT-
Csl TOCTHeAHUMM M Hepa3pylUIMMBIMH €IMHUIIAMM, U3 KOTOPBIX INMOCT-
pPOEHBI BCe Tejla MPUPOJIBL.

HeynuBurenbHO, 4To cMenast MbIcib Kpykca cHayajga He BCTPETH-
J1a ocoboil mommepxkm. Jlaxe Takwie BBIHAIONIMECS ydeHble, KaKk ['eH-
pux I'epir (OTKpBIBIIMHA 37€KTPOMAarHUTHBIE BOJIHBI), Hamagaiud Ha
Kpyxkca, yrBepXmast, YTO KaTOAHBIE Jy4Ud IIPENCTABJISIOT HE IOTOK
MaTepUalbHBIX 3apsDKEHHBIX 4YacTHUIl, a 0co0Oro poma BOJIHBI, pac-
npocTpaHsomyecs: B adupe; MHorve cuutamM Kpykca cymaciuemimm.
Omnako Kpykc okasajics TpaB, M IIOCTEIIEHHO BeChb YYEHBI MMp IO
JIaBJIeHEM HEeONPOBEPXUMBIX (baKTOB BBIHYXXIEH ObUI MPUHSITH MHEHUE
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Kpykca. To, 4yTo KaTomHble JY4d MPeOCTaBJISIIOT OBICTPO MBUXKYIIIUE-
C4 3apsiKEHHBbIE YaCTUIIbI, JOKA3BIBACTCS CIIEOYIOIIMMHU OMBITAMU.

Ecnu K CTEeKISTHHOMY COCYIY, B KOTOPOM PAacCIpOCTPAHSIIOTCST KaTo/I-
Hble Jy4d (TaKue COCyIbl Ha3bIBAIOTCS Pa3pSIIHBIMU WM KPYKCOBBIMU
TpyOKaMM), IMPUOIU3UTL MArHWT, TO KATOJHBIE JIy4M OIpeleSieHHBIM
00pa3oM MCKPUBISIIOTCSI. DTO OBUIO OBl COBEPUIEHHO HEOOBSICHUMO,
eciy Obl 3TH JIyYW NPEICTaBIIsUTM COOOM BOJHBI, HO CTaHOBUTCSI COBEp-
LIEHHO IOHATHBIM, €CJIM Mbl TOJBKO JOIYCTUM, YTO KATONHBIE Ty4Ud —
OBICTPO [IBIDKYLIMECS] 3apsDKEHHBIE 4acTMLBI. JIBVDKYLIMICS SIEKTpU-
YECKUI 3apsif, €CTh HE YTO MHOE, KaK TOK, a MarHUTHOE II0Jie, KaK M3-
BECTHO, IEUHCTBYs Ha TOK, 3aCTaBJIIET €ro OTKIIOHSATHCS (MIPOBOOHUK C
3JIEKTPUYECKMM TOKOM OTKJIOHSIET MAarHUTHYIO CTpeNKy M, HaoOopoT,
CcaM CTpPeMUTCsSl TMOBEPHYThCSI B MarHUTHOM Iojie). HampasneHue, 1o
KOTOPOMY TPOUCXOIMT UCKPUBJIEHHE ITyYKa KAaTOMHBIX JIy4eil, yKashIBa-
€T Ha TO, YTO OHM 3apsDKEHbl OTPUIIATEIbHBIM 3JIEKTPUUYECTBOM.

Ecnu kpykcoBy TpyOKy ITOMECTUTh HE B MarHWTHOE, 8 B 3JIEKTPU-
4ecKoe I10JIe, TO KaTOAHBIE JIyUM TAaKKe HMCKPHUBISIIOTCS, IIPU 3TOM Ta-
KMM 00pa3oM, YTO OHM CTPEMSTCS IPUOIHU3UTECS K IMOJOXHUTETBHO
3apsDKEHHOMY TeJIy M, Ha00OpOT, YAAIUTLCA OT Tejla, OTPULATEIbHO 3a-
PSDKEHHOrO. BTO TOXE YKa3blBaeT Ha TO, YTO KaTOOHBIE JIydU 3apsDKe-
Hbl OTPULIATELHO.

KaTtomHbie yyn, Kak MBI YXXe TOBOPWIM, BBI3BIBAIOT APKYIO0 (DII00-
pPECLIEHLIMIO (3€JIEHOTO IIBeTa) B TeX MeCTaX CTEKSIHHOM CTEHKM pas-
pAIHONA TpyOKH, Kyda OHM majgaioT. Eciy xe Ha IIyTH JIydel MOCTaBUTh
KaKoe-HUOYIb MpErsITCTBUE, HAIpUMEpP META/UIMYECKUN KPECT, TO 3TO
MPETISITCTBHE OTOpachiBaeT OT ceOsl pe3Kylo TeHb: Ha (poHe sIpKoi 3ejie-
HOW (bIoOpecIieHIIMM CTeKIa BUAHO pe3K0e TEMHOE M300paKeHHe Ipe-
MSITCTBUSI, HanpuMmep Hu3o0paxeHue Kpecta. KaTomHble Jy4u BeoyT
cebs B TOYHOCTU TaK, KaK eciu OBl 3TO OBUI IIOTOK MaTepUaTbHBIX
CHapsiI0B, BbIOpachIBaeMBIX M3 KaToma TpYOKM; IPU IPOJOJLKUTETEHOM
o0cTpeie KaKoro-HuUOylb Telna KAaTOOHBIMU JIy4aMHM OHO 3aMETHO Ha-
rpeBaercsl. B HEKOTOpHIX OMBITAX yHaBAJIOCh AOOEIa pacKalUTh KaTomd-
HBIMU JIy4aMU KyCOK IUIATUHBI, U 3TO IOKAa3bIBaJIO, YTO MUKPOCKOIIHU-
YeCKUe CHapsiibl, KOTOPBIMU Mbl OOMOApAMpPYEM 3TOT KYCOK IUIATUHBI
(yacTULIBl WIH <«aTOMbl» KaTOOHBIX JIydel), HecyT Ha cebGe OOJIBIIYIO
3HEPIUIO, OBIKYTCSI C OTPOMHOM cKopocThbio. KaTomHble jTydu BhI3bIBa-
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10T CBeYeHME He TOJIBKO CTeKJa, HO M MHOTMX Opyrux BeiecTB. [lojb-
3ysCh TaKMM CBEYEHUEM, OCOOEHHO yHOOHO ITPOM3BOAUTH OIBITHI C
OTKJIOHEHWEM KATOAHBIX JIyded B MarHUTHOM IIOJIe: €C/IM Ha ITyTH JTy-
Yel MOCTaBUTh JIUCTOK CIIOABI C MPOPE3aHHOM B HEM LIEJBbIO TaK, 4YTO-
OBl JTyu MOIJIM MPOUTU TOJBKO Yepe3 3Ty Iejib, a 3a CJIIOJOM MOoCTa-
BUTb KYCOK BEIIECTBa, CIIOCOOHOrO (hIr00OpecIupoBaTh IMOI ACHCTBUEM
KaTOAHBIX Jiyded (Bce 3TO HYXHO CIlepBa ITOMECTUTh B pPa3psAHYIO
TpYOKY M TOJIbKO 33aTeM OTKayaTb M3 Hee BO3MOyX U 3amasTh ee), TO Ha
dmoopecypylollieM BeLeCTBe BCIBIXHET sSpKas IT0JIOCKa — TOYHOE
reoMeTpudyeckoe uzobpaxkeHue Ienu. Ilomemmast paspsaaHyio TpYyOKy B
MoJjie KaKoro-HuOylb 3JIEKTPOMAarHWTa, Mbl MOXEM 3aCTaBUTb 3TO CBe-
TAleecss M300pakeHUe ILIETU TIEPeNBUHYThCS HAIlpaBO WJIM HajleBO, B
3aBUCMMOCTH OT HAaIlpaBJeHUS MArHUTHOTO Mojsi. MIMEeHHO M3 TakuX
OIBITOB (OM3UKM W Y3HAIU, YTO <«JIy4HCTOE BEIIECTBO» (KaK TOBOPWII
Kpykc), U3 ImOTOKOB KOTOPOTO COCTOSIT KAaTOOHBIE JIy4H, 3apsDKEHO OT-
PHULIATEIBHBIM 3JIEKTPUYECTBOM.

Ecny Ha myTHM KaTOMHBIX JIydel ITOCTaBUTh KaKoe-HUOYIb ITOIBIDK-
HO€ Tejlo (HAallpUMEpP OYEHb JIETKYIO BEpTYIIKY), TO KaTOOHBIE JIY4M,
Magas Ha 3TO TeJIo, IPUBEIYT €ro B ABIDKEHHE. DTO TOXKE YKa3bIBaeT
Ha UX MaTepUaibHyl0 MIPUPOMY.

Korma I'enpmronbeil 1 CTOHEW HalUIM, YTO 3JIEKTPUYECTBO COCTOUT
U3 <«TIOpLMI», WIM «aTOMOB», TO €CTECTBEHHO OBUIO 3aKJTIOYMTh, 4TO
JIBYDKYLIHECS B KaTOOHBIX Jy4aX YacTULIBI M TPEACTABISIIOT COOOM aTo-
MBI OTpULIATENIEHOTO 3jekTpudecTBa. B 1891 romy CroHelt mpemioxit
Ha3bIBaTh MX 3JieKTpoHaMU. MTak, KaTogHbIE JIydyd — 3TO IMOTOK OTpH-
LIATEJIbHO 3apsDKEHHBIX 3JIeKTPOHOB. KaTomHble JIydM — 3TO U €cCThb
«aneKkTpudeckuit ¢nrona» OpaHKIMHA, BhIIEIEHHBI U3 OOBIKHOBEHHO-
ro BelllecTBa M TOJYYEHHBIH B YHUCTOM
BUIE, B KOTOPOM €ro ymOOHO M3y4arb.

Haunbonee 3amMeuarenbHbIE HCCIIEIO-
BaHMs KATOOHBIX JIydell MpPOU3BEN aHT-
qviickuit dusuk cap JIx. dx. TomcoH.
TOMCOH MCXOOWI BOT M3 KaKOH WIeu:
€C/IM TIOMECTUTh pa3psAdHYI0 TPYOKy C
KaTOOHBIMU JIy4aMM B 3JEKTPUYECKOE
WIM B MarHMUTHOE MoJie, TO JIy4M, KakK
MBI 3HAeM, HMCKPUBJAIOTCS. DTO OOBsiC-
HSIETCSI TeM, YTO 3JIEKTPOHBI, U3 KOTO-
PBIX COCTOSIT KaTOOHBIE JIydd, HCIBITBI-
BalOT B 3JICKTPUYECKOM M B MAarHUTHOM
nojie yckopeHue. OT 4yero 3aBUCUT Be-
JIMYMHA 3TOoro yckopeHus? Ecnu 3aps-
JKEHHAasl YacTHLa HaXOOUTCS B 3aJaHHOM
3JIEKTPUYECKOM II0JIe, TO €€ YCKOpeHHUe
Oymer TeMm OoJpllle, yeM OOJbllIe ee 3a-
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psd, U TEM MEHBlIe, YeM MEHBIIEe ee Macca. ] oBOpsl MaTeMaTU4eCKH,
YCKOpEHHE, UCITBITHIBAEMOE 3apsDKEHHOM YacTUIIEW B 3JIEKTPUUYECKOM
oJjie, MPsSIMO TPOIOPIHUOHAIIBHO €€ 3apsmy e U 00paTHO ITPOITOPIIMO-
HaJIBHO €€ Macce m, — HHBIMUA CJIOBaMM, OHO IMIPOIOPLIMOHAIBHO
npoou e/m. (HyxxHo o0paTUTh 0c000€ BHUMAaHHME Ha TO OOCTOSTENb-
CTBO, YTO MBVDKCHHE YACTHUIILI B I10JIE€ 3aBUCUT TOJIBKO OT OTHOIIIEHWS
e/m, a He OT YMCIIUTEeNISL € M 3HaMEHAaTeJid M B OTAEILHOCTU: €Cli OBl
MBI, HalpuMep, YBEJIWYWIM B JECSIThb pa3 3apsil 4acTUIbI, TO BCe
NENCTBYIONIME HAa Hee CWIbl YBEIUMWINCHh OBl B AecsaTh pa3. Ho ecnu
MPYA 3TOM MBI BO CTOJIBKO X€ pa3 YBEJIMYMM U ee Maccy, TO NeHCTBUE
CIUTBI OCTAHETCSI TeM K€, XOTs CWIa YBEIWJWIach B AecsTh pas.) Eciam
K€ YacTHIla HAXOOUTCSI HE B 3JIEKTPUMYIECKOM, a B MarHUTHOM IIOJE, TO
HCIIBITHIBAEMOE €10 YCKOPEHHUE 3aBUCUT HE TOJIBKO OT OTHOUIEHUS e/,
HO M OT ee ckopoctd. Ilosatomy TomcoH mpumyman ciaemymwoliee. OH
3aCTaBUJ TOPU3OHTAJIBHBIN ITYyYOK KATOMHBIX JIydel MEepHeHIUKYIIPHO
MafaTh Ha PAcCIOJIOXEHHYIO BEPTUKAIBbHYIO (oTorpaduiecKyio Iuiac-
TUHKY. 3aTeM OH BKITIOYWI 3JIEKTPUUYECKOE IOJIE€ TAKOrO HANpPAaBIEHUS,
YTOOBI OHO MOIJIO OTKJIOHSITH CJIeA IaJeHWs KaTONHBIX JIydel Ha ¢o-
TOIUTACTUHKE BIIPABO WIM BJIEBO, a TaKKe BKITIOYWI M MarHUTHOE I10-
Jie, HamnpapleHHOE TaK, YTOOBl OHO MOIVIO CMELIaThb 3TOT Cied BBEPX
wii BHU3. CMellleHre ciieqa Ha (OTOIUIACTMHKE B HAIIPaBJIEHUM BIIpa-
BO U BJIEBO M CMEIIIEHHE TOTO Xe cjiea B BEpTUKATHLHOM HallpaBIeHUU
3aBUCENIO OT e/Mm W OT CKOPOCTHM 3JIEKTPOHOB KaTOAHBIX Jyded. M3me-
pUB TOPU3OHTAIBPHOE M BEPTUKAJIbHOE CMEIIeHWE Cciela MNaJeHUs
3JIEKTPOHOB Ha (poTorpadMIecKyro IUIaCTUHKY, TOMCOH CMOT HanMmcaThb
JIBA YpaBHEHUSI C IBYMsI HEM3BECTHBHIMM, a UMEHHO C HEW3BECTHOM
IpoObIO ¢/m YW HEU3BECTHOM CKOPOCTBIO. DTU [IBA YPABHEHUS C IBYMS
HeusBecTHEIMU TomcoH pemmmi. Yro ke okaszamock? Oka3anoch, 4TO
CKOpOCTh 3JIEKTPOHOB KaTOJHBIX JIydei ObIBaeT B Pa3HBIX CIIydasx pas-
Has: OHa 3aBHUCUT OT TOTroO, KakKasl pa3HOCTh MOTEHLIMAIOB IIPWIOXeHa
MEXTy KaToIOM M aHomoM Tpyoku. Hampumep, eciau 3Ta pa3HOCTh
1000 BonBT, TO CKOPOCTh 3/IEKTPOHOB OymeT okono 18 000 xm/c, ecnm
250 BoneT, TO cKopocthk Oymer 9000 kMm/c u T. A.

DTO HEBOOOpPa3MMO OTPOMHBIE CKOPOCTH, €CJIM CPaBHUTh HUX C
OOBIYHBIMU CKOPOCTSIMM ' OKPYKAIOIIIMX HAac Te€l — CKOPOCTBIO IMOe31a,
CKOpPOCTBIO apTWUIEPUICKOrO CHapsifa, — HO OHU HE BBINJISIASAT TaKu-
MU XE€ BHYIIWUTEIBHBIMU C TOYKM 3peHMs] (PU3NKA, KOTOPBIA INMPUBBIK
BCTpPEYaThCsl B CBOMX pacueTax M ¢ ropasno OOJBbLIEN CKOPOCTBIO — CO
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CKOpOCThIO cBeTa, koTopas paBHa 300 000 xkMm/c (3TO0 Ta camas CKO-
pPOCTb, C KOTOPOiIl pacCIIpOCTPAaHSAIOTCS JIy4M CBETa; PacCTOSHUE OT
Connua g0 3emm — 150 MWUIMOHOB KWJIOMETPOB — JIyYM CBETa IIPO-
6erarot 3a 500 cexynm). IToaToMy duU3MKM He OYEeHL YIMBWINCH, KOraa
ToMcoH ommy0IUKOBaI CBOM peE3ybTaT U3MEPEHMSI CKOPOCTH KaTOTHBIX
JIy4e: BCE COWIM 3TY CKOPOCTh CPaBHMTEIBHO CKPOMHOM IO BEJIMYM-
He. T'opa3no mHTEpecHee ObUIO TO, yTOo TOMCOH COOOUIWI O HaiIeH-
HOM B €ro OIBITaX 3HAaYCHWM BEJIMYMHBI ¢/m. M3 ero maMepeHHUi BbI-
TeKaJlo, YTO BEeJMYMHA e/m Moayvyaercs (B OTIWIME OT CKOPOCTH) BCET-
Ja X BCIOOy OAMHAKOBOW. Bo Bcex ombITax ¢ KaTOOAHBIMM JIydaMM OHa
HEU3MEHHO OKa3bIBajlaCh PaBHOM

5,307-1017 ab6c. en.,

€CIIM e BhIpaXeHO B aOCOJIIOTHBIX €IMHMIIAX, a m (Macca 3JIeKTpOHa)—
B rpamMMax. DTO OBUIO XOpOIIMM TOATBEpXIeHWeM moragku Kpykca o
TOM, YTO KATOAHBIE JIyYM — ITOTOK KaKMX-TO COBEPLIEHHO OIMHAKOBBIX
YaCTHII.

U3 storo 3HayeHust e/m TOMCOH ceifyac Xe BBIBEJ COBEPIIIEHHO
[OpasuTeNbHOE CllencTBue. BecrioMHMM, 4ro M3 hapameeBCKMX 3aKOHOB

3JIEKTPOJIM3a MBI ITOJTYIMIN
N-e = 2,895-1014 a6c. en.

Ho 4ro Ttakoe N? DTO YHCIIO aTOMOB BOAOpOIa B OTHOM TIpaMMe
BOZOpPOJa. 3HAYMT, Macca aToMa BOJIOpOIa MOJDKHA COCTaBUTH N-10
yacTh rpamMma. Eciv MBI 0003HaYyMM Maccy aToMma Boaopoia OYyKBOM
M, 10 okaxercsa, uro M = 1/N. IloaToMy yMHOXWTh KaKoe-HUOYIb
YHC/I0 Ha N — 3TO BCE PaBHO YTO pa3Ac/iUTh €ro Ha M, U HaoOOpOT.
Boxomur, yto ¢dopmyay N-e = 2,895-1014 aGc. en. MOXHO ellle Harm-
caThb B BUIE

2,895-1014 abc. en.

Taxum o6pasoM, yuciio 2,895:1014 ectb OTHOILIEHME 3JIEMEHTAPHOTO
3JIEKTPMYECKOTO 3apsida (T. €. 3apsa 3JIEKTPOHA), BHIPAXKEHHOIO B ab-
COJIIOTHBIX €IMHMIIAX, K Macce aToMa BOJOOpO[Ia, BBHIPAXKEHHON B IpaM-
Max. A yucio 5,307-10!7 ecTb OTHOIIEHME TOrO Xe€ CaMOro 3apsia
SJIEKTPOHA K Macce yXe He aToMa BOJOpOJa, a CaMOro 3JIeKTPOHA.
Yucno 5,307-10V7, kak HeTpyOIHO cOocYMTaTh, NpuMepHo B 1840 pa3
6osble yucna 2,895-1014. Yro sro 3Hayur? Y OByXx apobeit e/m u e/M
YUCIUTENN OIMHAKOBEI, a MeXOy TeM mepBas apoor B 1840 pas
Goupille BTOpOM. 3HAaYyWMT, 3HaMeHarTeslb nepBoi npoou B 1840 pas
MeHbIlle 3HaMeHaTesid BTOpOoi Npoou. MHBIMU clIOBaMM, 3JIEKTPOH B
1840 pa3 nerdye aroma BOAOpOAA, T. €. YYTh JIM HE B JIBE THICAYM Da3
JIerde caMoro Jierkoro U3 aromoB. MTak, aToM Bomopoja He €cTh ca-
Mas JIerkas 4acTvlla B MHUpe, KaK MbI JyMajyd 0 CHX IOP: 3JNEKTPOH
ropasio Jierde €ro.
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g Toro 4roGBI IMOHSITH BCIO OFPOMHYIO BaXXHOCTb 3TOTO pe3yJIbTa-
Ta, IoixydyeHHoro BrepBble JIX. JIX. TOMCOHOM, BCIIOMHMM ClEIylO-
1iee: B SIBJIGHUSX B3JIEKTPOJIM3a MBI MMEEM JEJI0 C aTOMaMM, 3apsDKeH-
HBIMU TTOJIOXWTEJIBHBIM M OTPULIATEJIbHBIM 3JIEKTPUYECTBOM, IMPUYEM
3apsil KaXxIOro aroMa MOXET PaBHSTBCSI IO BEIWYUHE OJHOMY, WIH
IBYM, WIM TpeM M T.[I. 3apsigaM 3JIeKTpOHa. DJIEKTPOH MIpaeT poJib
TOTO «aToMma 3JIeKTPUYECKON XMIKOCTH», O KOTOPOM TOBOPWI CTapUK
®paHkiuH. Jlerko IOHATh, KaKUM 0O0pa3oM aTOM BELIECTBA MOXET
WMETh OOWH, WIM OBa, WIM TPU OTPUIATEIBHBIX 3JIEMEHTAPHBIX 3apsiia:
IJISI TOTO YTOOBI 3apsSIUTh aTOM TAKKWM OTPULIATEJIbHBIM 3apsiioM, CTO-
WUT TOJIBKO TPUKJIEUTb K HeMY OOVH, WIM JIBa, WIH TPU U T. HO. 3JIEKT-
poHa. Ho Kak 3apsimuTh aToM OOHMM, WIM OBYMS, WIM TpEMS ITOJOXU-
TeJIbHBIMM 3apsizaMu? JIJIsT 3TOro HeoOXOOMMO OTHSITh ¥ aToMa OTpHUIla-
TEJIbHBIM 3apsid; Bedb OTHATb OTPUUATENBHBIA 3apsii — 3TO BCE PaBHO
YTO MpPUOABUTH IOJOXHWTENBHBINA. 3HAYUT, HYXXHO OTHSATh y aTroma
OAMH, WIM OBa, WIM TPU U T. 1. JEKTpOHA. BhIXOmUT, YTO aTOM BOHO-
pona, mepeHoCSIIMi Ha cebe B 3JEKTPOJUTE OIMH IOJOXUTETbHBIN
9JIEMEHTApHBIN 3apsil, — 3TO €CTb aTOM BOJOPOAA, Y KOTOPOTrO OTHST
3JIEKTPOH. ATOM IIMHKA, HECYIIWM MBa ITOJOXUTEJbHBIX 3JeMEHTap-
HBIX 3apsiia, — 3TO aTOM LMHKa, Y KOTOPOrO OTHSTHI ABa 3JIEKTPO-
Ha, U T. A., 4 T. 1. Ho mist Toro, 4To661 MOXHO OBIJIO OTHSTH y aTo-
Ma 3JIeKTPOHBbI, HEOOXOOMMO — TakK, IO KpailHedl Mepe, TOBOPUT
3[0paBbIA CMBICJI, — YTOOBI OHM Yy HEro OBbLIH.

Taxum 06pazoM, Mbl NMPUXOAMM K B3DISILy Ha aTOM KaK Ha KaKylo-
TO CJIOXHYIO CUCTEMY, B COCTaB KOTOPOM BXOMSIT 2JIEKTPOHBLL. Y aTOMOB
MOXHO OTOpPBaTh OIMH WIM HECKOJIBKO 3JIEKTPOHOB — IIPU 3TOM 0Opa-
3yeTCsl MOJIOKUTEIbHO 3apsDKEHHBIN «MOH» (OTPBIB 3JIEKTPOHOB OT aToO-
Ma MPUHATO Ha3blBaTb MOHHU3AIIMEH, a 3apsDKeHHBIA aTOM, KOTOPBIM
Ipy1 3TOM OOpa3yeTcsi, — HMOHOM; 3TO TpeYecKoe Ha3BaHUE, KOTOpOe
3HAYUT «II€pEeIBUTAIONIUIACS», TaK KaK 3apsDKEHHBIA aTOM I10JIy4aeT
CNIOCOOHOCTb MEPEIBUTATHCS B 3JIEKTPUYECKOM II0JIe, YeM M OOBSICHS-
€TCsI, HallpuMep, IlepelBIDKEHHWE aTOMOB IIpu 3jiekTpoiuse). Eciu k
atoMy OO0aBUTb OOMH WIM HECKOJIBKO 3JIEKTPOHOB, I1OJy4aeTCsl OTpH-
LIATEJIbHO 3apsDKeHHBINA MOH.

Bce atM mpencrapieHMs OYeHb CWIBHO OTJIMYAIOTCSI OT TeX, KOTO-
pble O6bUtM y [anbToHa: Beab JlaJbTOH CYMTAl, YTO aTOM SIBJSIETCS ab-
COJIIOTHO HeNeMMBbIM Ha 4YacTW, a Tenepb OKa3bIBA€TCS, YTO OT aToMa
CPaBHUTENIBHO JIETKO OTKAJIBIBAIOTCS 3JIEKTPOHBI. B cylllHOCTM roBOps,
BecbMa 3a0aBHO, 4YTO (pu3MyYecKiie OTKpHITHSA B KoHLE XIX U B Havae
XX Beka, Te caMble OTKPBITUSI, KOTOpbIe HAKOHEL-TO Hainu (U3UKeE
ybenuTeabHblE TOKa3aTeJbCTBA pPealbHOIO CYILIECTBOBAHMSI aTOMOB,
BMECTE C TEM IIOCTABWIM KPECT HAa CTApMHHON UIee HEeAEeTMMOCTU aTo-
MOB: QU3UKHU CTOJKHYJINUCH C SIBJIEHUSIMH, B KOTODBIX IPUHHUMAIOT
Y4acTHE OCKOJIKM aTOMOB — 3JIEKTPOHBI. ATOMBI CYIIIECTBYIOT, HO COB-
CceM He 00J1agalT CBOMCTBOM HeaeauMocTd. ITo atomy moBomy ciemyer
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cKa3aTb, 4To yxXe @DpaHKIMH, TOBOps 00
aToMax 3JIEKTPUYECKOro «(JIoHUIa», TOXE
MpEeAIoIaray, 4YTo MX MOXHO M3BJIEKATh U3
OOBIKHOBEHHBIX aTOMOB BEIIECTBA U IIpU-
6aBJISITb K OOBIKHOBEHHBIM atoMmaM. Paznu-
Yyhe 3aKiIlo4daeTcsi B TOM, YTO «aTOMEI
SJIEKTPUYECKOM XUOKOCTU» Y PpaHKIMHA
CYUUTAIUCh HEBECOMBIMM, a Ha CaMOM JieJie
0Ka3aJloCh, YTO OHU 00JIamaloT MacCoM, XO-
T M ouyeHb HebOosbmoil (B 1840 pa3 MeHb-
mreif, 4eM Macca CaMoro JIErKOro aTroma).
ITosToMy, CTPOro roBoOpsi, €CIM MBI OT Ka-
KOro-HUOYAh aToMa OTpbIBa€M OIWH WM
HECKOJIbKO 3JIEKTPOHOB, TO Macca ero
YMeHBINAETCI; €CIM Xe 3apshKaeM ero OoT-

pMLATeNbHO, T. €. MPUIAeM OOWH WIM HECKOJIBKO 3JIEKTPOHOB, TO €ro
Macca yBeinmuuBaercs. OQHAKO He cliemyeT 3a0bIBaTh, YTO Macca 3JIEKT-
pOHa BO MHOIO pa3 MEHbIIIe MacChl JaXe CaMOro JIETKOro aroMa: €ciiu
3JIEKTPOH M He OKa3aJiCs HEBECOMBIM, KakK AymMall o HeM (DpaHKIMH, TO
BCE XE€ MBIl MOXEM €ro CYMTaTh <«IIOYTH HEBECOMBIM». BOT Iouemy,
KOrJa OT aToMa OTOpBaH OAWMH WJIM HECKOJBKO 3JIEKTPOHOB, MBI HE Oy-
IeM Ha3bplBaTh 3TOT aTOM pAacKOJIOTBIM Ha 4YacTU:. ObUIO OBl CMELIHO

yHOTpeOJISITh 3TO BhIpaXkeHUeE, Koraa
OTKOJIOThIE OT aToOMa KYCKM B Hec-
KOJIBKO TBICSTY pa3 Jierde, 4eM TO, YTO
OCTaJIOCh, — Belb Mbl X€ HE TOBO-
pUM, YTO YeJIOBEK pa3pe3aH Ha 4ac-
TH, KOrma eMy OOpWIM TOJIOBY WU
OCTPUIVIM HOITU, U KMMEHHO IIOTOMY,
YTO Macca OTpPE3aHHBIX BOJIOC WU
HOITEf BO MHOIO pa3 MEHBIIE MacChl
yejioBeKa. MOXET JIM CyLIeCTBOBaTh
TaKOW «TOHKWM U CWIBHBIA areHT» —
kak rosopui B XVII cronetum Po-
6epT boiinp, — C MOMOIIbBID KOTOPO-

ro yaajioch Obl JEMCTBUTEJIbHO Pa3gpOOMTh aTOM Ha 4acTH, T. €. OTOp-
BaThb OT HEro OCKOJIOK, He 00JaJalolIuil CTOJAb HHUYTOXHOM MaccoH,

Kak 3JIEKTPOH, — 00 3TOM MBI Y3HA€M JHaJIbllle B 3TOM KHIDKKE.

HTak, 3/1eKTpOHBI, U3 KOTOPBIX COCTOST KAaTOAHbIE JIYYM, SIBJISIIOTCS
BMECTE C TEM OOBIYHOI COCTAaBHOM 4YAacTblO JIIOOOro aroMa. Takoe 3a-
KoyeHue craejiayl ToMCOH B MOJHOM COIVIACUM C FeHUaJIbHOM THUIIOTe-
3o Kpykca, u pasBurue ¢duszuku B koHlle XIX u B Hauane XX croe-
THsI TPUHOCWIO BCE HOBblE UM HOBBIE TOATBEPXACHHUS 3TOro B3MVISALA.
VYXe maBHO OBUIO M3BECTHO, YTO BCE BeIlleCTBa 00/1amaloT, B TOMl WU
WHOM CTeneHW, MarHUTHBIMUA CBOWMCTBaMHU, W €LIe B TEpPBOIl IMOJOBUHE

't
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XIX cronmetus (paHIy3CKuii MaTeMaTMK M (U3MK AMIIEp OOBSICHWI
MarHUTHBIE CBOMCTBA BEIIECTBAa TEM, YTO aTOMBI M MOJIEKYJIBI OKpyXKe-
HBbl OCOOBIMM 3JICKTPUYECKMMM TOKaMHu. Tenephb, Mocjie OTKPBITUS
9JIEKTPOHA, 3TH <«MOJIEKYJISIDHBIE TOKM» AMIIEpa IPUHSUIA ropas3no 6o-
Jlee ompenesieHHbIM W KOHKPETHBIN XapaKTep: IJII TOr0 4YTOObI OOBsIC-
HUTb CYIIECTBOBAaHME 3TUX TOKOB, OBUIO JOCTATOYHO MPEAMNOJIOXUTD,
YTO 3JICKTPOHBI, HAXOMAIIMECs] BHYTPHM aTOMOB, IBVWDKYTCSI; ABVDKEHME
3JIEKTPOHOB — 3TO M €CTh TEKYIIMI BHYTPHM aTOMOB 3aMKHYTBIA 3JIEKT-
pUYECKMH TOK.

HM3BecTHO OBLIO TaKKe, YTO YCKOpPEHHOE, IEepEeMEHHOE IBIDKEHHE
9JIEKTPUYECKUX 3apsiIOB MOJDKHO BBI3BIBATb B ITPOCTPAHCTBE 3JIEKTPO-
MarHUTHbIE BOJIHBI; B 3aBUCHUMOCTH OT
JUIMHBI BOJIHBI 3TH 3JIEKTPOMAarHUTHEIE
BOJIHBI BOCIIPUHMMAIOTCS HAaMM TO KaK
pamTMOBOJIHEI (KOrJa JJIMHA BOJIHBI
COCTaBJIIET HECKOJBKO METPOB WU
Jlaxe KIWIOMETPOB), TO KaK BOJHBI BU-
IUMOro cBeTa (KOrma JJIMHA BOJIHBI
paBHA [OECSATUTHICSTYHBIM JOJSIM MUJI-
JIMMETpPa), TO KaK BOJIHBI YIbTpadHo-
JIETOBOTO CBeTa (IJIMHA BOJIHBI elle
MeHble). Ilocie OTKPBITHS 3JEKTPO-
HOB CTaJIO SICHO, KAaKMM O0pa3oM aToM
MOXET MCITyCKaTh CBET: OH MCITyCKaeT
CBET BCJIEACTBUE TOTO, YTO B HEM 3JIEKTPOHBI COBEPILIAIOT HEPABHOMED-
HOE€ U TNEpPEeMEHHOE BIDKCHUE.

DTOT €CTeCTBEHHBIH M ITPABIOITOMOOHBIM BBIBOA M3 OTKPBITHUS
3JIEKTPOHOB, CHEJaHHBIM (GU3MKaMM, IMOMYYUT OYEeHb CWIBHOE IOMI-
TBEepXIEHNE, KOrJa TOJUTaHICKut GU3MK 3eeMaH OTKPBUI, UTO CTOUT
TOJIBKO TIOMECTUTDb CBETSIIEECsT BEIECTBO B CHJIBHOE MAarHWUTHOE TIOJE,
KaK ceiyac Xe HCIyCKaeMble MM CIIeKTpaJIbHble JIMHUU OEIaloTCs
JBOVHBIMM WM TpoiHeIMM. B 90-x romax XIX Beka IOpyroi rouiaH-
nckuit usuk JlopeHll o4eHbh OCTPOYMHO MaTeMaTWM4eCKU ITOKasad, 4YTo
TaK W JODKHO OBITh B JEWCTBUTEILHOCTH, €CIM CIEKTPAIbHBIE JIMHUM
WCITyCKAIOTCS BCJICICTBUE HAIMYMS 3apsDKEHHBIX YaCTUYEK BHYTPHM aTo-
Ma. Mano toro, JlopeHIi oka3aj, 4To M3 HAHHBIX U3MEPEHUI, OTHO-
CAIIUXCS K OTKPHITOMY 3eeMaHOM SIBJIEHUIO, MOXHO BBIYUCIUTH
e/m — OTHOIIIEHHE 3apsiia K Macce — IS TeX 3apsSLKEHHBIX YaCTHIL,
IBWXXEHHUE KOTOPHIX BHYTPM aToMa IPUBOIUT K MCITYCKAHUIO CIIEKT-
paNbHBIX JUHUWM. B pesyiapTare moacyeTa MOIYYWIOCH COBEPIIEHHO Ta-
Koe Xxe e/m, Kak y Ix. [Ixx. ToMcoHa B €ro omnbITax Hall OTKJIOHEHHEM
KaTOAHBIX Jlydeit B MarHUTHOM M B 3JIEKTpU4YeCKOM noyisix. [locne 3To-
ro GU3NKU OKOHYATEIPHO MOBEPWIM B TO, YTO T€ XK€ CaMble 3JIEKTPO-
HBI, KOTOpPHIE B Pa3psiTHOM TpyOKe MuaTrcsl ¢ OONBIIMMU CKOPOCTSIMU
OT METAJUIMYECKOrO KaTroma, — Te XXe CaMble 3JIEKTPOHBI CYLIECTBYIOT U
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BHYTPM aTOMOB BOOOpOAA, Xeje3a, Cepbl, 30J10Ta U BCEX BOOOLLIE XU-
MMYECKMX 3JIEMEHTOB Ha CBETE.

OTKpHITHE 3JIEKTPOHOB TakXXe MOMONIO (DU3MKaM ITOHSATh, YTO IMpO-
HCXOOUT B MeTajUle, KOrJa IO HEMY IMPOXOOUT 3JIEKTPUYECKUMN TOK;
CIIOCOOHOCTh METAJUIOB IPOBOIUTH 3JIEKTPUYECKUI TOK 6e3 KaKoro Ol
TO HM OBUIO 3aMETHOrO IlepeHoca MacChl U 6€3 XUMUYECKOro HM3MEHe-
HUS B CaMOM MeTajUle ITOJy4wla COOTBETCTBEHHOE OOBSICHEHME, 3aK-
JIIo4alIleecs B CICOYIOIIEM: B aTOMax MeTajUla CyLIeCTBYET HEKOTOpPOE
KOJIMYECTBO SJIEKTPOHOB, KOTOPBIE CPaBHUTEIBHO JIETKO OTPBIBAIOTCS
OT CBOMX aTOMOB, IIepexofis OT CBOEro aroMa K cocemHeMy U T. A. Ta-
KM€ 3JIEKTPOHBI, JIETKO OTPHIBAIOIIIMECS OT aTOMOB MeTajUla, MOJIy4YWIA
Ha3BaHMe 3JIEKTPOHOB IPpOBOAMMOCTU. OHU MEpeXodsAT OT OTHOTO aro-
Ma K JpYroMy, CPaBHUTEJBHO JIETKO IEpPEeIBUTasICh IO BCEMY OOBEMY
Meta/uta. IlepenBiokeHre TaKMX 3JIEKTPOHOB B MeTaJUle I1OJ BIMSTHUEM
3JIEKTPMYECKOTO IO — 3TO M €CTh 3JIEKTpUYeCKMit TOK. MBI MOIIU
OBl CPaBHUTDH 3JIEKTPOHBI MIPOBOAMMOCTH B METaJIE C BO3MYyXOM, Haxo-
IAIIMMCSI B TIOpax KaKoro-ivbo MOpPUCTOro BelllecTBa (HampuMmep Iyo-
KM). eciM clesiaTh TaK, YTOObI C OMHOW CTOPOHBI I'yOKM NaBJI€HUE BO3-
Ilyxa ObUIO OOJIbIlIE, YeM C IPYroM, TO BO3MyX HA4YHET IIpOAABIMBATHCS
WIM I[IPOCAaYMBaThCs Yepe3 ryOKy, MpUyYeM OTHEeNbHbIE YaCTUIIbI BO3AyXa
OyIyT ONMCHIBATh BeChbMa M3BWINCTBIE ITyTH, CTAIKUBASCh APYT C IpY-
roM M, B 0OOlIeEM, Cilemys O4depTaHUSIM IOp BHYTpM TIyoku. ITotok
3JIEKTPOHOB Yepe3 METAUT1 NOJDKEH OBITh MOXOX Ha TaKOW TOK BO3IyXa
yepe3 IMOPUCTOE BELIECTBO, TaK KaK CKOPOCTU OTHE/bHBIX 3JEKTPOHOB
MOTYT OBITH HaIlpaBJIeHbl B KaKylO0 YTOOHO CTOPOHY M TOJBKO B Cpe€l-
HEM JOJLKHO IIOJy4daThbCsl IPOCAYMBAHME «3JIEKTPOHHOIO rasa» 4epes
MeTasLl.

B 3Toi1 KapTHHE 3JIEKTPUYECKOrOo TOKA, MPOXOASLIEro 4epe3 MeTalll,
HauboJiee CYIIECTBEHHBIM SIBJIAETCSI MPEACTABIEHUE O TOM, 4TO IIiepe-
JIBUTAIOTCSI OTPULATEBHO 3apsDKEHHBIE YaCTHUIIBI (3JIEKTPOHBI), a ITOJIO-
KUTENBHO 3apsDKEHHBIE (OCTaTKM aTOMOB, OT KOTOPBIX OTOPBaHbI 3TH
3JIEKTPOHBI) CTOSAT Ha MecTe. MIMEHHO Tak BO3HMKAaeT MpEACTaBICHUE
00 3JIEKTPOHHOM Tra3e, YacCTHIIBl KOTOPOIO (T. €. 3JIEKTPOHBI) IIHBIPSIOT
C pa3sHOOOpa3HBIMM CKODOCTSIMU B TMPOMEXYTKax MEXIY aTOMaMU
MeTaula X, BpeMs OT BPEMEHM CTAIKMBAsICh C 3TUMM aTOMaMH, OTCKa-
KMBAIOT OT HMX, KaK MSYUKUA. ECIM NpWIOXKUTH K METAJLUTy U3BHE
3JIEKTPUYECKOe IT0JIe, TO BCE YACTHUIIBI 3JIEKTPOHHOIO rasa moyy4dar 10-
6aBOYHYIO CKOPOCTh B OIPEIECJICHHOM HAIpaBJIC€HUM U BECh JIEKTPOH-
HBIA ra3 OyaeT (Oojiee WIM MEHeEe OBICTPO, B 3aBUCUMOCTA OT CWIBI
MOJis1) IPOCAYMBATLCSI B 3TOM HAaIlpaBJIEeHUMU, BCTPEYasi COMPOTUBJIEHUE
CO CTOPOHBI aTOMOB MeTaJUla. ATOMBI 3aCTaBJISIOT 3JEKTPOHBI OTCKAKH-
BaTh OT HMX U TeM CaMbIM MPUBOAIT K TOMY, YTO CKOPOCTb ITpOCayM-
BaHUs 3JEKTPOHHOIO ra3a HE pacTeT OeclpedesibHO, HO JOCTMIracT He-
KOTOpOIi KOHEYHO!N BenW4YMHBL. COBEpIIIEHHO IOHATHO TaKXKe, IoYeMY
MeTaJUl HarpeBaeTCs MNP IPOXOXKIEHUU SJEKTPUYECKOrOo TOKA: CTAJIKH-
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BasICh C aTOMaMHM MeTajUla, 3JICKTPOHBI BCSYECKM PAaCKayMBalOT 3TU
aTOMBI, OTHaBasl MM Ty SHEPIWIO IBIDKEHMSI, KOTOPYIO OHM CaMM IIpU-
00pe/ B 2JIEKTPUYECKOM IT0JIe; aTOMbl HauMHAaIOT OBICTpee KoiedaThbest
OKOJIO CBOMX TIIOJIOXXEHWH DaBHOBECHsl, @ Mbl BOCIIPUHAMAEcM 3TO KakK
yBEJIMUYEHUE TeMIlepaTypbl MeTajUla.

IMoxanyit, Haubosee HENOCPENCTBEHHBIM ITOATBEPXKIECHUEM IIpa-
BWIBHOCTH 3TOM KapTUHBI SIBJSIETCS] 3aMeYaTe/IbHBIIA OIBIT aMEpPUKAaHC-
kux ¢usukoB Crioapra 1 TonMmeHa, mpoaenaHHelir B 1916 romy. Octpo-
YMHas uzesi, KOTopasli IpUIIUIa UM B TOJIOBY, 3aKJII0YAETCS B CIEAYIO-
IeM: MeTaUIMYecKas KarTyllka, He COeAWHEHHass HU C KakuM
MICTOYHMKOM 3JIEKTPMYECKOIO TOKa, NPUBOAUTCS B OYEHb OBICTPOE Bpa-
IIeHHE, a 3aTeM ee BHe3aITHO M OYeHb pe3KO OCTaHaBIMBalOT. Eciu B
MEeTajUIe MEeMCTBUTEIBHO CYIIECTBYIOT «CBOOOTHBIE» 3JIEKTPOHBI, T. €.
3JIEKTPOHBI, JIETKO IlepeMellaloniecs
B IPOMEXYTKaxX MeXAy aToMaMu U
LIHBIPSIOIIME OT OMHOrO aroMa K Ipy-
roMy, TO IOCJIe BHE3alHON OCTaHOBKU
KaTyllIKi OHM OyIyT B TEUYEHHE HEKO-
TOporo (OYeHb KODOTKOTO) BpEMEHHU
IBUTAThCS IO MHEPLUWUM, B TO BpeMs
KaK aTOMBI KaTylIKM YyXe YCIeau
OCTAHOBUTBCSI, — TaKUM X€ TOYHO
o0pa3oM, Kak JIIOOM, CTOSIIUME B
TpaMBae, HEBOJBHO MAEJAIOT Iar BIIE-
pen, KOorma BaroHOBOXAaTbIM CIIMLIKOM
pe3KO TOPMO3UT BaroH. DTO 3HAYMT, YTO B TMEPBble MIHOBEHHUs IIOCIE
OCTAaHOBKM KATYIIKM II0 Heil OymeT OeXaTb KPaTKOBPEMEHHBLIA TOK:
HarnpaBJeHHE 3TOro TOKa JIETKO IMpeAcKasaThb 3apaHee, MCXOOd U3 TOro,
YTO OTPHULIATEIBHO 3apsDKEHHBIE 3JIEKTPOHBI OyIyT MpONOJLKATh OexXarb
BIIEpe, 10 HAIpaBIEHUIO MEPBOHAYAILHOrO BpalieHUs1 Karymku. Crio-
apT ¥ TolMeH U3MepWIM TaKOH TOK 3JIEKTPOHOB M [aXe CYMEIU BHI-
YUCJIUTh HAa OCHOBAaHMU CBOMX M3MEPEHMII OTHOLIEHHWE e/m [UId TeX
YacTHII, IEpPEeaBIDKEHWEe KOTOPBIX B METaUle CO3NAeT SJIEKTPUYECKUM
TOK. DTO OTHOIUEHME OKa3aJloCh TaKMM XE CaMbIM, KaKOe€ ITOJIy4ut
TOMCOH 11 3JIeKTPOHOB, BXOMSIINX B COCTaB KAaTONHBIX JIydedl B pas-
pSIIHBIX TPyOKax. DTUM ObUT MOATBEPXIEH TOT B3N, COINIACHO KOTO-
pOMY 3JIEKTPOHBI KAaTONHBIX Jydeld HUYEM HE OTIMYAIOTCS OT 3JIEKTPO-
HOB, IIEPEHOCSIINX 3JIEKTPUYECKUI TOK B MeETaJLIE.

Ho u 3amonro mo sroro omeita Crioapta U ToiaMeHa He ObUIO He-
IOCTaTKa B [10Ka3aTelbCTBaX TOrO, YTO BHYTPM MeTajlyla MMEIOTCA
OOBIKHOBEHHBIE 3MEKTPOHBI. OMHMM M3 TaKMX HOKA3aTeIbCTB ObUT TakK
Ha3bIBaeMblif «poroapdekr». DTO ABIEHUE, BIEPBBIE OTKphITOE I'€eHpu-
xoM I'epiieM (3HaMeHMTHIM HM300peTaTeseM paauvorenerpada) M IOn-
POGHO HCCIeNOBaHHOE MHOTMMM IPYTMMM (U3MKaMH, 3aKJIIOYAETCS B
TOM, YTO NMPU OCBEUICHUH YIBTPa(HONETOBBIM (2 B HEKOTOPBIX CITy4asiX
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YU BUAMMBIM) CBETOM METAUIbI CTAHOBSITCS ITOJIOXUTEIHLHO 3apsDKCHHBI-
MHU. BHHMaTenbHOE M3ydye€HHE B3TOTO SIBJIEHUsI I0Ka3ajlo, YTO MeTajll
IIOTOMY CTAHOBUTCSI TIOJIOXUTEIBHO 3apsDKEHHBIM, YTO C €ro ITOBEpX-
HOCTH CBETOM BBIPBIBAIOTCSI OTPUIIATEILHO 3apsiKeHHBbIE YaCTUIIBI.
Hx. Ix. ToMCOH M3MEpWI OTHOLUEHME e/m ISl 3THUX YacCTHL] MO TaKO-
My Xe croco0y, Kakoi OH NMPUMEHSUI paHbllle K KAaTOOHBIM JIydaM, U
MOJIyYWJI TO XK€ CaMoe 3HaueHMe, KaK IS 3JIEKTPOHOB KaTOMHBIX JIy-
yeit. Orcioga SICHO, YTO YacTHULIBI, BBIPHIBAIOUIMECS] U3 MeTajUla IpHU
OCBElIEHNHU YJIBTPa(PUOIETOBBIM CBETOM, — 3TO €CTb T€ X€ 3JICKTPOHBI.

Hpyroe, eme Oojiee 3dGEKTUBHOE 10KA3aTEILCTBO CYIIECTBOBAHUS
3JIEKTPOHOB BHYTPH MeETa/UIa 3aK/IIOYaeTCsI B SIBJIEHUM <«T€PMOIJIEKT-
POHHOI 3MHUCCHM», KOTOpOoe OTKpbUl Tomac AsBa DaucoH, u3oOpera-
Tenp ¢oHorpada’ M 3MeKTpMYecKoil naMrodku. OcoGeHHO MOIPOGHO
HCCIIEAOBaI 3TO siBieHHEe (YK€ B TEpBOM HECATIUIETMH 3TOrO0 Beka)
anmmickuin ¢usuk O. Y. PuyapnacoH. OHO 3aKiIodaeTcs B CIEMyO-
LIEM: €CJIM CWIBHO HAarpeTh KaKoM-JIMOO MeTajll, TO M3 €ro IOBEpXHOC-
TH HA4YMHAIOT CaMOIIPOM3BOJILHO BBICKAaKMBaTh HApYyXy OTPHULIATENBHO
3apspKeHHbIe YacTulbl. OTipeneneHue e/m IUIA 3TUX YaCTUI] 1O CITOCO-
6y ToMcoHa mokasajgo, YTO 3TO 3JeKTPOHBI. YMCIIO TaKMX 3JIEKTPOHOB,
BBICKAaKMBAIOIIMX U3 MeTa/Ula HapyXy, OYeHb OBICTPO YBEJIWYMBAETCSI C
BO3pacTaHMEM TeMIlepaTypbl MeTajuta. OOBSCHSIETCS 3TO SIBJIEHHME BOT
KaK: Cpeay 3JIEKTPOHOB, HaxONSIIMXCS B MeTaule, ITOINAagaloTcsl M Ta-
KHe, KOTOpble MMEIOT JOCTaTOYHO OOJIBIIYI0 CKOPOCTH I TOrO, 4TO-
Obl, MOJOMIS MU3HYTPU K TIOBEPXHOCTH MeTajUla, MPOOUTH 3Ty IMOBEPX-
HOCTb M BBICKOYMTb HapyxXy. IJisT TOro 4roObl MPOCKOYUTH Yepe3 IMOBe-
PXHOCTb MeTajUla, SJEKTPOHBI HOJDKHBI 3aTpaTUTh padoTy; 3TO BUIHO
M3 TOro, 4TO eciau Obl Takasi paboTa ObLia He HYXXHa, TO BCE 3JIEKTPO-
HBI, NPUILIEAIINEe K ITOBEPXHOCTH, MOIIU Obl BHICKOYMTH HApyXXy, — B
JMEeVCTBUTEIBHOCTH XK€ 3TO IIOA CWIY TOJbKO 3JIEKTpPOHaM, Y KOTOPBIX
JIOCTATOYHO OOJIBIIIOI 3arac 3Hepruyd ABIXKEHWSA. B 3TOM cMbICTe
3JIEKTPOHBI, CUISIINE B METaUIE, MOXOXM Ha MOWMMaHHBIX PHIOOK, Me-
YyIIMXCST BO BCE CTOPOHBI B BEpe C BOMOH; TOJBKO TEM phIOKaM, KO-
TOpBIE ABIDKYTCS HOCTAaTOYHO OBICTPO, YAAETCS BBINPBITHYTH HApyXYy,
[poYKe Xe He CMOTYT IOMIPBITHYTh TaK BBICOKO, YTOOBI IEPEMaxHYTh
yepe3 Kpall Bempa. B cilydae 3JIeKTPOHOB, HaXOASUIMXCSI B METasLIE,
YUCJIO TEX, KOTOpBIE ABIDKYTCSI HOCTATOYHO OBICTPO I TOTO, YTOOBI
CYMeTb BBICKOYMTh M3 METa/Ula HapyXy, O4eHb OBICTPO YBEJIMYMBAETCS
MpY BO3pacTaHMU TEMIEPATyphl; MPU OOBIYHBIX TeMIlepaTypax OHO
HACTOJIBKO Majl0, YTO HHMKAKOIO «T€PMO3JIEKTPOHHOIO MCITyCKaHUS» HE
MPOUCXOAUT, HO CTOUT TOJIBKO PACKIUTh METAU, KaK YMC/IO BBICKaKM-
BaOIIMX M3 HEro 3JIEKTPOHOB CTAHET OYEHb OOJIBIITUM M <«T€PMOSJIEK-

1 .
®oHorpagp — u300peTeHHbIN B 1877 romy DIMCOHOM ammapar, 3amnu-
CBHIBAIOLIMA ¥ BOCIPOU3SBOMSIINI BCEBO3MOXHBIE 3BYKU. ([Ipumeu.

pead.)
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TPOHHBIA TOK» CTaHET BIIOJIHE HOCTY-
MeH M3MEepeHUI0. B HEKOTOpOM CMBICTIEe
5TO SIBJICHWE O4YEHBb IOXOXEe Ha HcIape-
HME XWIKOCTU: NMPU TMOBBLIIEHUNA TeM-
repaTypsl YMCIO MOJEKYJI, MBYKYIITHIX-
Csl HAaCTOJILKO OBICTPO, YTO OHU CMOTYT
MPEONOJIETh MNPUTSXKEHUE OCTIBHBIX
MOJIEKYT U BBICKOYMTh U3 XUIKOCTU B
ee Iap, CTAaHOBUTCSI BcCe OOJbINe U
OoJibllie, a MO3TOMY HarpeTast XUOKOCTb MCHapseTcsl OBICTpee, YeM XO-
JnonHasi. SIBjeHuE <«TepMOBIEKTPOHHOTO HCITYyCKaHMS» MOXET ITO3TOMY
OBITh HAa3BaHO <«MCIIAPEHUEM O3JIEKTPOHOB». B HacTosiiliee BpeMsl 3TO
SIBJIEHUE UMEET OTPOMHOE MHOXECTBO TEXHWYECKUX ITpUMeHeHMM (0co-
OEHHO B PalMOTEXHUKE — CTOMUT TOJIBKO BCIIOMHUTHb OO 3J€KTPOHHBIX
JlaMIiax), ¥ ¢ HUM XOPOIIO 3HAKOM KaXIbIH pagroJI00UTeNb.

Bce BBHIMIEM3NIOXKEHHOE HE OCTAB/IIET HUKAKOrO COMHEHUs B Ipa-
BWIBHOCTM TeHMaIbHOU moramku Kpykca o TOM, YTO 3JEKTPOHBI Ka-
TOAHBIX JIydel SIBJISTIOTCSI COCTABHOM YacThIO BCEX XMMUYECKHX aTOMOB.
Ho wuccnemoBaHme KaTOOHBIX Jy4eil NPHBEIO HE TOJIBKO K OTKPHITUIO
SJIEKTPOHOB — 3THUX ITpencKa3aHHbIX MpaHKIMHOM <«aTOMOB 3JIEKTpHU-
yeckoro (mwouga», — OHO NPUBEJIO TAKXKE U K JPYrOMy BeChbMa BaX-
HOMY OTKpPBITMIO, OKa3aBIIIEMy OIpOMHOE€ BIMSIHHE Ha BCE JabHEHIIee
pa3BuTve GU3MKU. Peub UOeT 06 OTKPBITMU PEHTTEHOBCKUX JTy4YeW.

B 90-x romax XIX crtomeTtuss odyeHb MHOrMe (HU3UKU M3Y4a 3aMe-
yaTeJbHble CBOMCTBA KaTOOHBIX Jydeil. IIpu 3TOM Jenanvich HMHTepec-
Hble OTKpbITUs. Tak, Hampumep, Hemeukwii dusnk  JleHapm OTKphLT
croco® u3y4yaTh KaTOAHBIE JIydd BHE paspsyIHOM TpyOku. [ns storo oH
npoaenanl B CTEKISTHHOM CTeHKE TPYOKM «OKOIIEYKO» UL KaTOMHBIX
JIy4eil, T.e€. OTBEPCTHE, 3aKPHITOE METALUIMYECKUM JIMCTUKOM, OYEHb
TOHEHBKHM, HO BCE X€ CIIOCOOHBIM BHIIEPXKMBaTh aTMOC(EPHOE NIaBjie-
HMe. Yepe3 5TO OKOINEYKO OH BBHIIYCTWI M3 TPYOKM KaTOOHBIE JIyIu
HapyXy M CyMen UX U3y4yaTh B BO3MyXe. 3aMETHMM, YTO BO3HYX OKa3bl-
BaeTCsd HE OYCHb <«IIPO3pavyHbIM» [IJIs1 KAaTOAHBIX JIydei: MpoOexaB B
BO3yXe HECKOJbKO CaHTUMETPOB, 3JIEKTPOHBI OCTAHABIMBAIOTCS, —
OYEBUIHO, BCJIEACTBUE CTOJKHOBEHMI C aTOMaMU Tra3oB, U3 KOTOPBIX
COCTOUT BO3IYX.

Eure Gosiee 3aMeyaTeNbHOE OTKDHITHE CYXXIEHO OBUIO ChenaTh Jpy-
roMy HeMelkKoMy (bM3HMKYy — MIOHXeHCKOMY mpodeccopy Buibreabmy
Konpany Pentreny.

B Hos6pe 1895 roma oH cCOBepIIEHHO CIy4ailHO OOHapyXKWJI, 4TO,
KOrha paspsiiHasi TpyOKa, B KOTOpOM OT KaTtoia OeryTr KaTOJHbIE JTy-
Yy, MOMeEIleHa B KapTOHHBIM (GyTsAp, 2KpaH, MOKPHITHIN Qiroopec-
LMPYIOIIUM BEIIECTBOM, HAaUMHAET SIPKO CBETUTBLCS MpPU TIpUOITIDKE-
HUU K 3TON TpyoOKe. OTcloga PeHTreH 3akilOuMi, 4YTO paspsiaHas
TpyOKa HCHyCKaeT OCOOBIe JIydd, HEBMAUMBIE IJIa3y, HO CBOOOIHO
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npoxoasiue 4depe3 ¢ymiap. Ilamas Ha 3KpaH, MOKPBHITHINA IUIATHHO-
CUHEPOIUCTHIM 6apueM, OHM 3aCTaBIISIIOT €ro CBETUTBCA. B mepBoe
MTHOBeHUE PeHTreH ObUT rOTOB AymaTh, YTO 3THU JIyYM CBeTa CYTh JIy-
yu JleHapga, T. €. BBIpBaBIIMECS] HApyXy KaTOAHbIE Jy4d, HO OH
JIOJDKEH OB cerdac Xe OTOPOCUTH 3TO MPEArooXeHue, TOTOMY 4YTO
gyur JleHapaa odeHb IUIOXO IPOXOMIWIM JaXe depe3 BO3AyX — Hec-
KOJIBKMX CAaHTUMETPOB BO3IyXa OBUIO BIOJHE OOCTATOYHO JJISI TOTO,
YTOOBI MIX 33[IepXaTh M MOMIOTUTh, — a 3TU JIydd, HaoO0OpOT, ObIamain
COBEpIIEHHO YIOWBUTEJIbHOM MPOHUKAIOIIEH CITOCOOHOCTBHIO: OHU CBO-
0OIHO IIPOXOOWIM 4Yepe3 ABE CIIOXEHHBIE BMECTe KOJIOOBI KapT, depe3
€JIOBYI0O IOCKY, 4epe3 4eJIOBEYeCKyl0 pPyKy M T.n. HccienopaB Ommke
3TO 3aMevareIbHOe sIBleHUE, PeHTreH oOHApyXXWwi1, 4TO JIy4M HCITyCKa-
IOTCS TOM 4acCThlO CTEKISIHHOM CTEHKM pa3psiTHOM TpyOKM, Kynma Iaja-
IOT 3JIEKTpOHBI KaTOOHbIX Jyder. Ilom BmMsSHMEM ymapoB CO CTOPOHBI
MafalonMxX 3JEKTPOHOB CTEKIIO CTEHKWM HAuMHAeT MCITyCKaTh (Hapsimy
CO CBOMM BHIWMBIM 3€JIEHOBAaTO-KEJIThIM CBEYCHMEM, O KOTOPOM MBI
VK€ YIIOMUHAJIM B TMEPBOM IJIaBe) TaKke M OCOOBble, HEBUINMbIE JIy4H,
KOTOpHIE PaCIIpOCTPaHSIIOTCSI BO BCE CTOPOHBI M 0O0JIaJalOT YIUBUTEIb-
HOI CITOCOOHOCTBIO NMPOHMKAaTh Ha CPAaBHMTEIBLHO OOJNBIINYIO NIyOUHY B
Tena, HeMpo3payHble IS BUAMMOIO cBera. Takue ydd PeHTreH Haz-
Bl «JIydaMUd MKC», HO 3TO Ha3BaHHe, BIIpOYEM, He IIPMBMIOCH, U B
HACTOSIIIIEe BPeMSI Ha PYCCKOM M Ha HEMEIIKOM SI3bIKE OTKPHIThIE PeHT-
TeHOM JIyYM HAa3bIBAlOTCS MOIMPOCTY PEHTTEHOBCKMMM JiydaMM (aHIJIM-
yaHe U (paHLy3bl MIPOAOIKAIOT HA3bIBaTh UX «JTyJaMU HMKC»).

OueHb ckopo PeHTreH oOHapy:Kuj, YTO MCTOYHMKOM HOBBIX JIydeil
MOXET CIIYXXWUTh HE TOJIbKO CTEKJIO pa3psiiHOM TpyOKM, HO M BCSIKOE
JIpyroe TBepAOe TeJIO, HA KOTOpPOE MafaloT JOCTATOYHO OBICTPBIE JIEKT-
poHbl. Tak KaK MHTEHCHUBHBIE M OBICTpPBIE KaTOMHBIE JYYH CWILHO pa-
30TpeBaloT BCSIKOE TeJI0, Ha KOTOpPO€ OHHM MANaloT, TO JIydllle BCETO
B34Th TOJICTYI0 METAUIMYECKYIO IUIACTMHKY M3 TYroIUIaBKOTO MeETallla,
HarmpuMep Boib(dpama, M HaIlpaBUTh ITy4OK KAaTOMHBIX JIydeil Ha Hee.
Tak Bo3HUKIIa 00BbIYHas (hOpMa «pPEeHTIEHOBCKOUW TpyOKM», IAe IIPOTHUB
KaTofa IEWCTBUTEIBHO pacliojlaraeTcs TaKas MeTaUiMdecKas IUIACTHH-
Ka (QaHTUKAaTOM), KOTOpas ¥ CIYXUT HUCTOYHUKOM PEHTIEHOBCKMX JIy-
yer. (3aMeTUM, YTO TaKOM META/UIMYECKMII aHTUKATON BOBce He (DJIl0o-
peclMpyeT, Tak 4TO YNOMSIHYTas B IepBOM INiaBe rumore3a bekkepeins
O TOM, 4YTO MCITyCKaHME PEHTIC€HOBCKMX Jydell CBsI3aHO C (Iroopec-
LIECHUMeH, He MMeeT mold coboil HuMKakod mouBbl.) Ha anTMKaTtom Mo-
KET OBITh HAHECEH CJIOM KAaKOTo-JIM0O MHOro BEIeCTBAa. DTO BaXHO
MOTOMY, YTO, KaK Mbl YBUAMM Oaibllle, PEHTTEHOBCKHUE JIy4Md, MCITyCKa-
€Mble pa3IMYHbIMU BELECTBAMH, PA3IMYHBI [I0 CBOMM CBOMCTBaM.

Haubonee 3ameyarenbHble OCOOEHHOCTH PEHTTEHOBCKMX Jydeil (ec-
JIU HE CUMTaTh MX YIUBUTEILHOM MPOHUKAIOIIEH CITOCOOHOCTH) 3aKITIO-
yaloTcs B ciemyoomeM. OHM He OTKIIOHSIIOTCS HU B 3JIEKTPUYECKOM, HU
B MarHUTHOM ITOJISIX, OTKyJa CJIEOyeT, YTO, B OTIMYME OT KAaTOMHEIX JIy-
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Yel, OHM He HEeCyT Ha cebe HMKAKOro 3JIeKTpudeckoro 3apsaa. Ilamas
Ha CIIOCOOHBIA (uoopecUUpoBaTh 3KpaH, OHU 3aCTaBJIAIOT €ro CBe-
TUThCSl. PororpadudecKylo TUIACTUHKY OHM YEpHSIT COBEPLIEHHO Ta-
KUM Xe o0pa3oM, KaK 3TO [ejlalT M BUIUMBbIE JTy4u cBera. Ilpoxons
yepe3 BO3AyX, OHU MENalT BO3AYX ITPOBOOHMKOM 3JIEKTPUYECTBA, TaK
YTO 3apSDKEHHBII 3JIEKTPOMETD, HaxXOMASIIUICS B TAKOM BO3MyXe, OBICT-
po paspsbxaercsl (ero 3apsii yTeKaeT 4Yepe3 BO3OyX) M €ro JIMCTOYKH
cnanawT. (TakuM Xe CBOHCTBOM, KaK MBI 3HaeM, 00/amaroT Jydu bex-
kepesst.) KakoB MoXeT ObITh (hU3MYECKUI CMBICI 3TOTO 3aMedaresIbHO-
IO CBOMCTBAa PEHTI€HOBCKMX JIy4yeit? [Ijist TOro 4roObl BO3MyX CTal IIpoO-
BOJHUKOM O3JIEKTPUUYECTBA, HEOOXOAMMO, YTOOBI B HEM MOSIBWIMCH Ka-
KHE-TO HOCUTEIM SJIEKTPUYECKOro 3apsifa, CIIOCOOHBIE IepeaBUIaThCs
B 2JIeKTpUYecKOM Iojie. OTcloma CeayeT, YTO PEHTICHOBCKHUE JIy4H,
IIPOXOIs 4Yepe3 BO3MyX WU Yepe3 KaKoM-HMOymb IpPYroil ra3, MOHU3YIOT
3TOT ra3, T.€. IMpeBpallaloT YacTb €ro MOJIEKYJI B HOHBI, OTpPhIBas OT
HUX JIEKTpOHBI. [locse 3Toro B rase mosIBJISIIOTCS TTOJIOXMTEIbHBIE MO-
HBl Hapsoy C OTOPBaBIIMMUCS OTPULATEIbHBIMU 3JIEKTpOoHaMHU. JIroGoe
3apsOKEHHOE TEJ0, Haxonslleecss B TaKOM HMOHM30BaHHOM BO3IyXe,
HaYyHET pa3psDKaTbesi, TIOTOMY YTO OHO OTTOJKHET OT ce0sl Te 3apsDKeH-
HBIE€ YaCTULBI, KOTOpbIE MMEIOT 3apsid TAKOIrO XK€ 3HaKa, KaK U 3TO Te-
JIO, U TIPUTSHET K ce0€ YacTUIlbl, 3apsDKEHHBIE 3JIEKTPUYECTBOM IIpO-
TUBOIIOJIOKHOTO 3HaKa; MPUTSIHYBIIMCh K HEMY, 3TH YaCTHUIIBI HeiTpa-
JU3YIOT (YPaBHOBECSIT, YHHUYTOXaT) ero 3apsa. ScHo, 4YTO dYeM
VIHTEHCUBHEE DPEHTIeHOBCKUE JIyYM, TEM CHIbHEe BBI3BAaHHAsI WUMHU HO-
HM3aUMsl BO3oyxa M, CJIEIOBATEeIbHO, TeM OBICTpee pa3psiKaloTcs B
3TOM BO3IyXe HadJIeKTPU3OBAHHEIE TeJa.

Honroe Bpemsi (pM3MKK CIIOPWIM O TOM, YTO Xe NPEICTAaBISIOT CO-
0ol 3TV TaMHCTBEHHBIE JTyyd PeHTreHa. B KOHIle KOHLIOB OHU IPHIILIN
K 3aKJIIOUYEHUIO, YTO PEHTIEHOBCKME JIyYM — 3TO 3JIEKTPOMATrHUTHLIE
BOJIHBI TaKOIO XK€ poAa, KakK Jydd BUIMMOIO CBeTa, ¢ TOM JIMIIL pa3-
HMILIEH, YTO OHU 00J1a1al0T BO MHOIO pa3 MEHbIlIei JIMHOW BOJIHBIL.

Hawubonee nosHoe moaTBepXaeHUWe 3Ta JOragka IHoy4ywia B 3aMeda-
TEJIBHOM SIBJIEHUH, KOTOpoe ObUIO OTKphITO B 1912 romy. Mcropust aro-
ro OTKPBITUSI TaKoBa. MIOHXEHCKME (DU3MKM, TPYIIIMPOBABILIUECS BOK-
pyr PeHTreHa, uMenu OOBIKHOBEHME COOMpPAThCSI B CBOOOZHOE BpeMs B
OIHOM Kade, rae MeXIy HHMM ITPOUCXONWINA OXMBJICHHBIE HaydHbIe
criopbl. OmHaXnbl, BO BpeMsl TaKOI'O CIIOpa, OOWH U3 3TUX (DU3UKOB —
Jlays — BBICKa3aj CJEOyIONIyl0 MBICIb: «BceM M3BECTHO, — cKazaji
Jlays, — 4TO OOBIKHOBEHHBIE Jy4dM BHOMMOTIO CBeTa OO0JaJaloT TeM
CBOMCTBOM, YTO €CJIM B3Thb AUGMPAKUMOHHYIO DPELIETKY (CTEKISIHHYIO
IUIACTMHKY, Ha KOTOPO# OuYeHb I'yCTO HAHECEHB! IapajUlejibHble U pa3-
HOOTCTOSIILIME IPYT OT Apyra HapaluHBI), TO CBET, OTPaXasiCh OT TaKOi
«pelIeTKU», OyIeT He IO BCEM HampaBiIeHUsSM OIWHAKOBO SIPOK: B OfI-
HUX HAaIpaBJICHUSIX CBETOBBLIC BOJIHBI OyOyT YCWIMBATh APYT ApPYyTa, a B
IpYrMX HalpaBjeHUsSX OHU OymyT ApYyr AOPYTy MelaTh, TaK 4TO B pe-
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3yJIbTaTe TaM HUKAKoOro cBeTa He OymeT. Eciau peHTreHoBcKUe JIydd I10-
XOXHM Ha BUAUMBIA CBET, HO TOJIBKO MMEIOT ropa3io MEHBIIYI0 IJIUHY
BOJIHBI, TO U JJISI HUX CJIEeJOBaJIO Obl IPUIOTOBUTH TaKylo Xe Audpak-
LIMOHHYIO PEIETKY, KOTOpasi Aajia Obl BO3MOXHOCTb XOPOIIEHBKO M3Yy-
YUTh WX CBOWMCTBA, U3MEPUTh WX JIMHY BOJHBI U T.n. Ho Tonbko Ta-
Kasg mudpakiIMOHHAasl pelleTKa OOKHA ObITh MOKpHITA LlapalluHaMU
ropa3go 0OoJsiee T'yCTO, 4YeM OOBIKHOBEHHAs pelleTKa I BUAUMBIX
JIydeif, — BO CTOJIBKO pa3 TIyllle, BO CKOJBbKO pa3 IJIMHA BOJHBI PEHT-
FeHOBCKMX JIy4ell MEHbIEe, YeM BUAMMELIX Jiydyeil. boroch, 4TO HUKa-
KOl MacTep HE BO3bMETCS IPUTOTOBUTH TaKyl pelneTky. Ho, K
CYaCThlO, TaKve MU(MPAKIIMOHHBIE PENIETKU 11 PEHTI€HOBCKMX JTydel
YK€ CYILIECTBYIOT B MPUPOAE, U UX MOXHO Cpa3y IIOJy4UTh B TOTOBOM
pure. 1 MMero B BUMY KpuUCTaUibl. Mx OnecTsiiive rpaHu, UX IMpaBUIIb-
HbI€ TeOMETPUYECKME OYepTaHUsI — BCE 3TO HAaBOOUT HAa MBICIL O TOM,
YTO B HMX aTOMBbl DaCITOJIOXEHBI IMPaBWIbHBIMU pSIIaMU, COBCEM Kak
LIITPUXU B TUPPAKITMOHHON PEILETKE».

Korma mpucyrcTByolMe BBICAyLIATA 3TY pedb Jlay?, OHU pelvin
IMPOM3BECTU Ha OPYTOil Xe AeHb OMBIT — IIOCMOTPETh, YTO AEJIaeTcs C
PEHTI€HOBCKHMMM JTy4aMU TIOCJI€ MPOXOXIEHUs] UX depe3 KPUCTAUI MOo-
BapeHHOM COJIM WM KaKOoe-HUOYIb APYroe KPUCTa/UIMYECKOE BEILeCT-
BO. 3a Takoi omnbIT B3suicsa Mononor ¢pusuk I1. Kuunnuur. Ha npyroi
XKe IeHb OH IPUCTYNWI K paboTe, HO, K HECYacThlOo, OH PacCIIOJI0XWI
(dororpaduyeckylo IUIACTUHKY HE TaK, KaK CJIeNOBaJio, U IIOCIe Hec-
KOJIbKMX 4acOB 3KCIO3ULIMM OH HWUYEro Ha HEell He MOoJydu (eMy XOTe-
JIOCh 3aCTaBUTh PEHTIC€HOBCKME JIyYM OTPa3UThCSl OT KpPUCTa/ula U CBEp-
HYTb MOM IIPSIMBIM YTJIOM, HO 3TOTO OHM Ha CaMOM [ejie He NesaloT).
Torma mpyroit ¢msuk — B. @puapux, — pabGoTaBIlUii B cocelHEH
KOMHate, mpuirel K KHUNMUHTY Ha IOMOLIb U ITOCTaBWI TUIACTUHKY
TaK, YTOOBl PEHTICHOBCKHME JIydM MOIVIM MaaaTh Ha Hee, NMpOWAs 4yepe3
KPUCTaI HAacKBO3b. Pe3yNbTaT IOJYYMIICS YOIUBUTEILHBINA: BOKDYT
LIEHTPaJILHOIO IISITHa, KOTOpOoe Ha (DOTOIUIACTMHKE CHOEJIANIM JIy4H, IpO-
LIEAIINe KPUCTAUT HACKBO3b, PAaCHOJIOXWINCH B MPaBWILHOM IOpSIIKE
YepHbIEe MSTHHIKU. TTSTHBIIKM 3TU OBUIM CledaMUd OT PEHTIE€HOBC-
KMX JIy4yeil, OTpa3UBIUMXCSI OT BHYTPEHHMX TIpaHell Kpucrauia, T. €.
OT TapayUIeJIbHBIX PSIOB €ro atromoB. KapTuHa, mony4yuBIasicsl Ha
doTorpadmyeckoil mIaCTUHKE, CIYXKWja OJECTAIUIMM MOATBEPXIAEHM-
€M KaK TOW MBICJIM, YTO PEHTTEHOBCKHUE JIyYM UMEIOT IJIUHY BOJIHBI,
BO MHOIO pa3 MEHBIUIYI0, YeM BUAUMBIE JIy4Md, TaK U TOIl MBICIHU, YTO
B KpHCTaJlylaXx aTOMBI paclojaraloTcsi UaealbHbBIMU ITPaBUIbHBIMU
psimaMu, oOpa3ysi, KaK TOBOpPST, «KPUCTALIMYECKYIO peleTKy». Iloa-
TOMY MOXHO CYMTaTh, YTO Takue (ororpadudeckrie CHUMKHU («pEHT-
reHorpaMMsl Jlays») 3a00HO SIBISIIOTCSI YOEAWTEIbHBIM IOKa3aTeslb-
CTBOM TakKe M Toro ¢axrta, YTO aTOMBI JE€MCTBUTEJBHO CYIIECTBYIOT,
a He SBIFIOTCS M3MBIIUIEHUEM <«HEBEXKECTBEHHBIX anTeKapei», Kak
ropopun HloneHraysp.
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Anenue, otkpoitoe Jlays, ®@punpruxoM U KHUIIIIMHIOM, IMO3BOJISIET
yOUTH cpa3dy ABYX 3aiieB: 1) MCClIelIoBaTh BHYTPEHHIOIO CTPYKTYDPY
KPUCTAUIOB, T. €. ONPEIC/IMTh BeCh CTPOM KPUCTAUITMYECKOMN PEIeTKH,
B KOTOpOM pacIioyiaraloTcsi aTOMBbI TBEPAOIO Tela; 2) U3MEPUTh IJIMHY
BOJIHBI PEHTI€HOBCKMX Jydeil. Han obeMmm 3amayaMu paboTaayd MHO-
rue GU3MKU, U B HACTOsAIlIEe BpeMs MBI 3HaeM PaCIOJIOKEHHE aTOMOB
B psiie KPUCTAUIOB TaK XK€ XOPOIIO, KaK €CJIM Obl MBI BUOCIM 3TH aTO-
MBI COOCTBEHHBIMM INlazamu. K3MepeHue
K€ UIMHBI BOJIHBI PEHTTeHOBCKUX JIydei
JIOCTUIJIO COBEPIIEHHO HCKIIOYMTETLHOM
TOYHOCTU. OrpaHUYMMCST HEMHOTUMU
npumepamu. Ha pucyHke cieBa mpenc-
TaBJIEHO IMPOCTPAHCTBEHHOE pAaCIIOJIOXe-
HHE aTOMOB B KpHUCTaUle MOBapeHHOI
comu. TemHble M Genble IApUKKU U300pa-
JKAlOT aTOMBI HaTpUs U aTOMBI XJIOpa.
M Te u apyrue atroMbl 00pa3yloT KyOMYECKYIO PELIeTKy; 00e pelleTK!
Kak Obl BABUMHYTH ApYT B Apyra. IIpy 3TOM OTMe4eHHas Ha PHUCYHKE
JMHa paBHa 2,814-10-8 cM. Hu omuH aToM HaTpus He CBSI3aH C Ka-
KAM-HUOYOb OMHHUM aTOMOM XJIOpa B MOJIEKYJIY, U30JMPOBAaHHYIO OT
BCEX OCTAJIBHBIX YACTHII, ITO3TOMY YMECTHO CKa3aTh, YTO BECh KPHUCTAJLI
TOBAapeHHOM COJIM IPEICTaBIsIeT OOHY TUTaHTCKYI0 MoJjeKkyiry. Taxue
K€ CBeJeHUsI ObUTM JOOBITHI M O IPOMAIHOM KOJIMYECTBE APYTUX KpHC-
TAUTMYECKMX Tel. 3aMETUM TakKe, YTO MHOTHE Tejla, KOTOphIe OO TeX
II0p CYUTAIMCH aMOpP(MHBIMU (HE KPUCTALIUYECKUMM), OKa3aJIUCh
«MUKPOKPUCTAUTMYECKUMU»: UX KPUCTAJUIBI CJIMIIKOM MAaJibl, YTOOBI
ObITh OOHAPY>XEHHBIMM KaKUM-HHUOYIbh MHBIM ITyTEM, U TOJBKO PEHTTE-
HOBCKVE JIy4M JAalOT BO3MOXHOCTb UX MCCJIEOBATh.

IIpuBeneM TakoKke HECKONBKO YMCIOBBIX JaHHBIX, OTHOCSILMXCS K
JUIMHE BOJIHBI PEHTI€HOBCKUX JIydeil. MeTombl PEeHTI€HOBCKOM CIEeKT-
POCKOMUM MO3BOJIIOT M3MEPATb IJIMHY BOJHBI Jy4ed NPUMEPHO B
npomexytke ot 0,1 A mo 15 A (3HaukoM A o6o3Hauaercsi eaMHMIA
IUTMHBI — aHrctpeM. OmuH aHrctpeM paBeH 108 cm.) TouHoCTh, € KO-
TOPOW MOXHO M3MEPUTH UIMHY BOJIHBI XapaKTEPUCTUYECKUX DPEHTre-
HOBCKUX JIydyel (CM. HMXE), COBEpIIEHHO MOTpsICaeT: Iocje padboT
LIBEACKOro ydyeHoro 3urbaHa oHa JOCTUIVIa OTHOW CTOTBICSITYHOM JO-
Ju aHrcrpema, T.e. 10-13 c¢M. JInMHa BOJIHBI PEHTICHOBCKMX JIVYei
pa3 B THICAYY MEHbIIIE, YeM JJIMHA BOJIHBI JyYeil BUIUMBIX: Tak,
HalpyMep, KaJibLUMi MMeEET B BUAMMOM CIIEKTPE JIMHHUIO C UIMHON
BOHBI 3933,83 A, a [uIMHA BOJHBI ero Hambojee XeCTKOM XapakTe-
PUCTUYECKON PEHTreHOBCKOM JIMHUM (CM. HUXe) paBHa 3,36169 A.
W3 3Tux 4yucen BUOHO, HACKOJBKO UIMPOK TOT CIEKTP YacTOT 3JIEKT-
POMarHUTHBIX KOJIEOaHMM, C KOTOPBHIM TMPUXOIUTCS UMETH NeI0 GU3U-
Ky:" HAYMHasl C BOJH JTMHOIO B HECKOJIbKO KWJIOMETPOB, YJIaBIMBAaEMbIX
paguONPUEMHUKOM, OH MPOCTUPAETCS N0 PEHTIEHOBCKUX JIyYel C JJIU-
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HO BOJIHBI B HECKOJIbKO CTOMWLUIMOHHEBIX JOJIeil caHTmMeTpa. B gaib-
HeIIIeM MBI YBUAMM, YTO CYIIECTBYIOT BOJIHEI ellle 00jiee KOPOTKHUE.

3a OmecTIIIMM OTKphITHMEM Jlays mocienoBaiv paboThl aHIJIAMC-
xux ¢usukoB Y. I. bparra u Y. JI. bparra (oTHa u cbiHa), KOTOpPbIE
npugymanu crnoco6 dororpadupoBaTh CHEKTPHl PEHTTEHOBCKUX JIy-
yeii. TTocTpoeHHBIT UMY PEHTIE€HOBCKUMN cleKTporpad MMeeT Cleny-
Iolllee YCTPOMCTBO. JIydn peHTreHOBCKOM TPYOKW, BBIIEJIEHHHIE B Y3-
KUl IIy4oK, MaJaloT Ha KPUCTAJT U 3aTeM, OTpaxasich OT HEro, Ha
dororpaduueckylo 1ieHKy. Kpucrajiin MoxeT BpalllaThbCs, NMPUYEM C
IIOBOPOTOM €ro MeHSIETCSI, KOHEYHO, M YTOJ, MOA KOTOPhIM PEHTIe-
HOBCKHME JIy4d IIaJaloT Ha TIpaHb, IapaUIeJIbHYI0 OCH BpallleHUA
KpucTtamia. ITo3ToMy Tpy MOBOpaYMBAaHWU KpUCTA/Ula IMpOLIECCY OT-
paXeHUs ITOJBEPraiOTCsl BCE HOBBIE M HOBBIE BOJHBI, B DE3yJbTaTe
yero Ha (ororpadHUIecKOi IJIEHKE pa3BOpayMBaeTCs CIEKTP PEHTIe-
HOBCKMX Jy4yeit. MccieqoBaHue mo MeTomy Bparrom criekTpa peHTre-
HOBCKHX Jydel, IOJIydaeMbIX OT OOBIKHOBEHHOUW pEHTreHOBCKOM
TpyOKM, ITOKa3bIBaeT, YTO KpOMe HempepbhiBHOro ¢doHa, T. €. Jydeil ¢
CaMBIMM pa3HOOOpPa3HBIMU M HEINPEPHIBHO MEHSIOIMIMMMUCS IJIUHAMU
BOJIH, B CIEKTpe IPHUCYTCTBYIOT ellle OTIAeIbHbIE pe3KWUe JIMHUU, BhI-
Iejstolecss Ha 3ToM HenpepbiBHOM ¢doHe. [lonoxeHue 3TUX TUHUA
3aBUCUT OT TOIO BEIIECTBa, U3 KOTOPOTO COCTOUT ITOBEPXHOCTb aHTH-
KAaTo/a; COBOKYITHOCTh 3THMX JIMHUIN Ha3bIBa€TCSd XapaKTepUCTUIECKUM
CIIEKTPOM TOI'0 XMMHYECKOTO 3JIeMeHTa, KOTOPOMY TpUHaIIeXaT 3TH
«XapaKTEpPUCTUIECKNE» PEHTTEHOBCKUE JIMHUMU.

B 1914 romy momomoit aHTmiickuii ¢usuk X. Ixx. Mosmu (B ciemy-
JOleM rofy yOUTHIA Ha BoitHe B l'ajummitonm) uccienoBail XapaKTepUC-
TUYECKUE PEHTTEHOBCKME JIMHUM psila XUMUUYECKUX 3JIEMEHTOB M OOHa-
PYXIWI 3aMeyaTelbHBIN (aKT, KOTOpHI 3aK/II0YaeTcsl B CIEXYIOLIEM:
€CJIM PAaCIOJIOXUTh XMMUUYECKUE BJIEMEHTHI B TOM IOpSIKE, B KaKOM
OHHU pacIioyiaraloTcsl B Iepuoaddyeckoit Tabmuue MeHneneesa, U 3aTEM
pacCcMOTpETh UX XapaKTEPUCTUYECKUE PEHTTEHOBCKUE CIIEKTPHI, TO BCE
CIIEKTPHI OyayT OYCHB IMOXOXW JAPYT Ha NIpyra, ¥ TOJBKO JJIMHA BOJHBI
CIIEKTPATbHBIX PEHTTEHOBCKUX JIMHUIM OyIEeT CTAHOBUTHCS BCE MEHBILE
M MeHBbIlle, KOrJa MBI OydeM IIepeXOAUTb OT OJHOr0 XMMHUYECKOIO
3JIEMEHTA K CIIEOYIOLIEMY, 3aTeM ellie K CleayloueMy U T. O. DTO YOBI-
BaHME IJIMHBI BOJHBI IIPH TIEpeXo/ie OT 3JIEMEHTa K 3JIEMEHTY MPOUCXO-
JUAT COBEPIIEHHO IUTAHOMEPHO, TI0 OMpEeIeJIeHHOMY 3aKOHY, a MO3TOMY,
€C/IM B CIMCKE 3JIEMEHTOB €CTh KaKOW-HMOYIb IMPOIYCK (KaKou-HUOyIb
XUMWYECKMIA 3JIEMEHT ellle He OTKPHIT), TO 3TO Cpa3y OOHapYyKMBaeTCs
M3 PacCMOTPEHMSI PEHTTEHOBCKMX CIIEKTPOB: MPHU Iepexojie OT KaKoro-
HUOYIh 2JEMEHTa K IPYroMy 3JIEMEHTY, KOTODPBIA ClemyeT 3a HUM HeE
HETIpeEMEHHO, a C TMPOMYCKOM OJHOIO WIM IBYX IPOMEXYTOYHBIX 3JIE-
MEHTOB, ITOJIy4aeTCsT Yepecuyyp OOJBIION CKa4OK B [UIMHE BOJHBI PEHT-
T€HOBCKMX CITEKTPAIbHBIX JUHMU. 10 BeMuMHe cKayka MOXHO CyIOUTh
O TOM, CKOJIBKO 3JIeMeHTOB ITpomyirieHo. Ha 3toM otkperrii Mo3nu u
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OCHOBAHO Hallle 3HaHWE IMEePUOANYECKON CHUCTEMBI: UMEHHO OJaromapst
5TOMY OTKDBITHMIO MBI YBEPEHBI, HallpUMep, B TOM, YTO MEXIY HeOIu-
MOM M caMapWeM eCThb ONMH TNPOMEXYTOUHBI 3JIeMEHT, a He ABa, W
T. 1. BOoT noyeMy MBI ¢ yBEpEHHOCTBIO IIPUITUCHIBAEM CAMOMY TSDKEJIO-
My 3JIEMEHTY — ypaHy — 92-if, a He KaKOW-HUOYAb Apyroit HoMep.

Hctopuss 06 3/1eKTpOHE M PEHTI€HOBCKUX JIydax OYIET HEITOJHOM,
€CM Mbl He pacCKaXeM, KaK aMepHMKaHCKui ¢usuk Pobept DHIpyc
MWUIMKEH, TOJIB3YSCh MOHM3YIOIMM JIEHCTBUEM PEHTTEHOBCKMX JIy-
4yel, cyMesl M3MEpUTh 3apsi 3JIEKTPOHA COBEPLIEHHO HENMOCPEACTBEH-
HBIM CIIOCOOOM, KaK ecjid Obl peyb Iiia 00 M3MEpEeHUM 3apsiia KaKoro-
HUOyIb Ha3JIEKTPU30BaHHOIO OY3MHOBOTO IIIApHKa.

Crnioco6 MwUIMKeHa 3aKIioYajicsl B ciedylolieM. B mpocTpaHCTBO
MeXIy OBYMs IUTACTUHAMM KOHAEHCATOpa C IOMOIIBI0 OCOOOro ITyJib-
BEpHM3aTopa BOPBITMBAIMCH MeJIbYalIle KareabKu Macia. MaHUITyIu-
pysl 3aCJIOHKOH, MOXHO ObUIO Ha KODOTKOE BpeMsl IOABEPraTh BO3MyX
MEXIy IUTaCTUHAMM KOHIEHcaTopa OEHCTBUIO JTydeld DPEHTIeHOBCKOH
TpyOKku. Kak TOJBKO pPEHTTeHOBCKME JIyYM HauMHaJIM OCBEIATh ITPOCT-
PaHCTBO MEXITy IUTACTUHAMH, BO3OYyX B 3TOM IMPOCTPAHCTBE MOHU30BAJ-
Csl, U JIETKO MOIJIO CIIyYHUTbCS, YTO OIHA M3 MAacC/SIHBIX KarejieK COoelu-
HUTCSl ¢ KaKMM-JIM0O MOHOM, CTaHOBSICb, TaKUM O0Opa3oM, 3apsDKeH-
Hoii. Eciii rutacTUHBI KOHIEHCATOpa HE 3apsiKeHBbI 3JEKTPUYECTBOM, TO
Ha TaKylo MacjsTHYIO KarelbKy OymeT HeHCTBOBaTh TOJBKO CWIa TSDKEC-
TA M Karejlbka OydeT MeIJIEHHO IagaTh (MEVIEHHO IMOTOMY, YTO AJIs
Te1 TaKUX MaJIEHBKMX pa3MEpPOB COIPOTUBICHME BO3[IyXa WX IBWDKE-
HUIO WUrpaeT Oo4eHb OOoJBIIyIO pojib). OcBellass MPOCTPAHCTBO MEXIY
IUTACTUHAMM BOJIBTOBOM MIYTOM, Jy4d KOTOpPOH COOHpAIOTCS B HYXHYIO
TOYKY BBIIYKJIBIM CTEKJIOM, MWUIMKEH MOTI' CJI€OUTh B MHUKPOCKOI 3a
MaJjeHueM MacjTHOM Karenabku. Kak TOJbKO TUIaCTMHBI KOHIEHCaTopa
3apsoKaiMCh, B NIBVDKEHWM KarlejbKM ITPOUCXOOWJIO U3MEHEHHE: €eCiH,
HarnpuMep, OHa ObUla 3apsDKeHa OTPHUIIATEIbHO, a KOHIEHCATOp 3apsi-
KaJICA TaK, 4YTO BEpXHSS IUIACTMHA MOMy4aia IIOJOXMUTENIbHBIA 3apsi,
TO KarUll HauvMHajla MPUTITMBATLCS K BEPXHEW IUIACTUHE U OTTAIKU-
BaTbCs OT HIDKHEH; MO3TOMY MaJeHME KArUM 3aMeNIUIOCh WIM [axe
3aMEHSUIOCh MOAHSATHEM. Maccy Karuiv, KOHEYHO, Hellb3si ObLIO oIpe-
JIEJITh MPOCTHIM B3BEIMBAHUEM,. HO €€ MOXHO ObUIO BBIYUCIIUTH, U3-
MEDUB CKOPOCTb, C KOTOPOM KarUlsi MagaeT B OTCYTCTBHE 3JIEKTpUYEC-
KOro Mnojig. DTO nejaeTcs Ha OCHOBAaHMM 3aKOHOB TMIPOMEXAHUKH,
MO3BOJSIIOIIMX PAaCCYUTATh COMPOTUBJIEHHE BO3MyXa IBUXKEHHUIO IApO-
00pa3HbIX KareleK pa3jIMYHbIX pa3MepoB. 3Hasl CKOPOCTb, C KOTOPOM
Karuisl MajJaeT B OTCYTCTBHME IGJS (KOTa €€ 3apsAl HE UIPaeT poiiu), U
CKOpOCTb, C KOTOpPOH Ta e 3apsDKeHHad KarUuld IafgaeT B 3aJaHHOM U
M3BECTHOM DBJIEKTPUYECKOM IoJie, MWUIMKEH MOT BBIYMCIUTH, YEMY
paBeH 3apsin Karm. OKasajloch, YTO B Pa3HbBIX CIIy4yasx 3apsiabl Karie-
JieK OBbIBJIM Pa3JIMYHBI, HO BCErda OHM MPEACTaBISUIM 1IeJIoe KpaTHoe
pesuuHE 4,77 -10-10 a6c. en., T. €. paBHSUTUCh WJIM TIPOCTO 3TOM BEJH-
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YUHE, WIM YOIBOCHHOM, WIM YTPOEHHON U T. 1., HO HUKOIJIA He paBHSI-
JIUCh 3TOM BEJIMYMHE, YMHOXEHHON Ha KaKoe-IM0O ApOoOGHOEe YHCIIO.
Otcroga MWUIMKeH 3aKIIOYWI, 4YTo BeymuuHa e = 4,77-10-10 a6e. en.,
T. €. PaBHSUIMCh WIM IMPOCTO 3TOH BEMIMYMHE, WM YOIBOSHHOM, WIM YT-
POEHHOH M T. 1., HO HMKOIIA He PaBHSUIMCh 3TOM BeJIMYMHE, YMHO-
KeHHOM Ha Kakoe-1nmbo mpoOHoe yucio. Otciona MWUIMKEH 3aKITio-
i1, yTo BeMMuMHa e = 4,77-10-10 a6c. en. mpencrasisseT HaMMEHBLIEe
BO3MOXHOE B IIPUPOJE KOJMYECTBO 3JICKTPUYECTBA, T. €. <«IIOPLIHIO»,
WINA «aTOM», 3JIEKTpUYECTBAa. DTa BEJIMUMHA, CJIEHOBATEILHO, M €CTh 3a-
psin 37eKTpoHa. TOYHOCTh OINBITOB MWUIMKEHAa TAKOBa, YTO HEBEPOSIT-
HO OXWIAThb OLWIMOKU OOJIbLICH, YeM THICSYHAs IOJST U3MepsieMOM Be-
JuyuHbl. TakuM o0pa3oM, BeJIMUMHA € HaileHa, U 3TO I03BOJISET OIl-
penenuTh 3HaYeHUsI U IPYTMX MOCTOSTHHBIX.

Benb Mbl 3HaeM, 4TO 3apsi 3JEKTPOHA € CBSI3aH C YMCJIIOM aTOMOB
B rpamme Bomopona (/N) u ¢ Mmaccoil atoMa Bogopoga (M) COOTHO-

LIEHUEM
e

. = —_— = . 14

N-e IY; 2,895-1014 a6c. en.,

a C MaccoM 3JIEKTpOHa () COOTHOIIEHUEM
e
— = 5,307-1017 a6c. en.
m

Tak kak Temepb € M3BECTHO, TO M3 3TUX YpPaBHEHMII MOXHO JIETKO
BBIYMCIUTL m, M u N. BeruucieHue maet

N = 6,062:10%3,

YTO HAXOMUTCSI B IMOJIHOM COITIACMM C TeM pPe3Y/JIbTATOM, KOTOPBIA IO-
ayumn IleppeH, u3ydyass GpPOYHOBCKOe ABMDKEHHME. Macca BOIOPOIHOIO
aTOMa OKa3hIBAETCSI paBHOM

M = 1,662-10-24 r,
a Macca 3J1eKTpOHa
m = 9,01-10-28 r.

O ToM, KaKk Majla Macca 3JIeKTpOHa, BBIpaXXE€HHasi B rpaMMax, MOX-
HO CyOWUTh M3 CJEAYIOIIEro COTMOCTAaBIE€HUS: OTHOILIEHME MACCHl 3JIEKT-
pOHa K OOHOMY IpaMMy ITOYTH B ABa pasa
MEHbIIIE, YeM OTHOIIEHHE TpaMMa K Macce
BCero 3eMHoOro Imapa. Eciad Beaukoro
YIMBJIEHUSI 3aCIyXHBaeT TO HMCKYCCTBO, C
KOTOPbIM (U3MKHU U aCTPOHOMBI CyMeIH
B3BECUTh 3€MHOH IIap M HeOeCHBIE CBETH-
na, To elle OoJiblliee yOUBJIEHUE HTOJDKHBI
BO30YXIaTh T¢ (PU3MYECKUE OMBITHI, U3 KO-
TOPBIX MOXHO C TaKON YBEPEHHOCTBIO (Be-
pOsITHasg omMOKa He OoJbllle OJHOM Jecs-
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TOW MpOLIEHTa) 3aK/Io4yaTb O Macce HUYTOXHOTO IJIEKTPOHA — CaMoM
MEJIKOM €OWHMIIBI, BXOMSIIEH B COCTaB MATEPUAIBLHBIX TEI.

Bcero nopasutennbHee BO BCEM 3TOM TO OOCTOSITENILCTBO, YTO 3aK-
JNIOUECHMST O 3apsiie U O Macce 3JIEKTpOHA CHeJIaHbl He Ha OCHOBAHMU
KaKuX-JIU00 O4YeHb CIIELIMAIBHBIX M HATSHYTBIX TMIIOTE3, — HAIPOTUB,
3TU 3aK/IIOYEHUST MOXHO CUMTATh BeChbMa IIPSIMBIMU M HEIOCPEICTBEH-
HBIMM CJIEACTBUSIMM HaOJIOJAeMBIX sSIBJIEHUM: Belb HaOmogeHus M-
JIMKeHa OTHOCHJMCH K OTAEJIbHBIM 3JIEKTpOHAM (3apsid Kaluld BO
MHOTUX OINBITaX PAaBHSJICS BEJIWYMHE € WIMA yIBOCHHOW, YTPOEHHOHN U
T. 1.). DTU ONBITHl SBISIIOTCS YOSAUTEIbHEUIIINM J0Ka3aTeJIbCTBOM
pEATbHOCTH 3JIEKTPOHOB U aToMoB. Bcero ybenurenbHee B 3TOM JIOKa-
3aTE/ILCTBE TMOJIHOE COBMAJeHHE, KOTOPOE CYHIECTBYET MEXIY pe3yjbTa-
TaMH OINBITOB MWIIHKEeHa M pesyjbTaTaMu onbiToB IleppeHa: Bemb Te
W JIpyTHM€ ONBbITHI OCHOBAaHbI Ha COBEPLIEHHO Pa3HbIX MAESX U Ha NEp-
BBIM B3IJIIA HMYETO HE MMEIOT o0Iero Apyr ¢ apyroM. Yuciam, moy-
YEeHHBIM W3 3THX OIIbITOB, IPUXOMUTCS BEPUTh, — IO TOU XK€ caMmou
MPUYXHE, [0 KOTOPOM Ha Cyde BEPAT ABYM CBMIETEJISIM, €CJIA OHU, HE
“UMesl HUKAKOH BO3MOXHOCTHM IpEIBapUTEIbHO CrOBOPUTBLCS APYT C
JIpyroM, o6a yTBEpXIaloT OJHO U TO >Kel).

1
AHaJIOTUYHBIE OMBITHI (HE3aBUCUMO OT MWUIMKeHa) ObUIM IpOBene-
Hbl akageMukoMm A. @. Hodde. (Ilpumeu. ped.)




I JIABA YETBEPTAS

PA3TAZIKA PATMOAKTUBHOCTU

MEI 3HaeM Telepb, YTO BCE BEIIM COCTOSIT M3 aTOMOB M 4YTO aTOM
He SIBJIIETCS YeM-TO abCOMIOTHO HemeIMMEIM; HaoOOopoT, aTOM — 3TO
KaKasi-TO CJIOXKHasi CUCTeMa, OT KOTOPOIl MOTYT OTAESATHCS KPOXOTHBIE
YacTU — OTPUIIATENIbHO 3apsikKeHHble 3JIEKTPOHBI. TakoB, B OOIIMX
YyepTax, ObLI TOT 3allac 3HaHWI, KOTOPBIM 06jamanyd (U3NKM Ha pybe-
xe XIX u XX cronetuit. M, omupasch Ha 3TOT, B CYIIIHOCTH OYEHb
CKYIHBIN, 3almac 3HaHUN O BellecTBe, (U3UKU OOJDKHBI OBUIM pasra-
JlaTh TOJIOBOJIOMHYIO 3arajky, KOTopasi OTIyTHyJla ObI OT ce0sl caMoro
CaMOHAIESIHHOTO CHIIIIMKA Ha CBeTe, — 3araiky paauOaKTUBHOCTH.

ME1 Bo3BpalaemMcsl K Halleit JeTeKTUBHOW UCTOpUM.

CaMoe TopasUTeIbHOE, CaMOE YyJeCHOE B paAuud — 3TO €ro HEyTo-
MHUMOCTb. JIHEM U HOUYBIO, 3UMOM U JIeTOM, 0e3 yCTaiMu, 6e3 mnepeablll-
KM paguii IOCBUIAET B IMPOCTPAHCTBO CBOM HEBUAMMBIE JTydu. Kaxmbii
yac rpaMM pagusi MCITyCKaeT CTOJIbKO TeIUla, CKOJIbKO HYXHO, YTOOBI
pacTonuTh HMPUMEPHO IOJTOpa rpaMMa Jibga. MHOro jJu 3To? DTO He
O4YeHb MHOTIO:. I'paMM YIJISI, Cropasi, MCITyCKaeT TeIlla IOYTH B IISIThAE-
CSIT pa3 GoJpllle, HO 3aTO OH Beldb CropaeT M IlepecTaeT OBITHb yIJIEM, a
rpaMM paausi, UCIyCKasl TeIUIO B TeUeHHUe 4yaca, B TeYeHHUE CYTOK, B Te-
YeHME roja, OCTaeTCs COBEPLICHHO TaKWUM e, KaKMM ObUI paHblIe, —
€ro CIocoOHOCTh MCHycKaTh Jyuu bekkepens M BMecTe ¢ HUMHU SHEP-
TMI0 OCTaeTcsl TMpeXKHel, U OH, KaK W paHblile, TOTOB 0e30CTaHOBOYHO
HUCITyCKaTh SHEPIUIO B TeY€HUE HOBBIX U HOBBIX JIeT. BOT 3T0-TO U €CTb
caMoe HeCJIBIXaHHOe, caMoe OeCIpMMepHOe U3 Bcero, 4ro (u3nKam
KOTa-JI00 MPUXOAWIOCH CHIBIILATL U BUIETh. Korma Tomurcs nedka, B
HEHW cropaloT IpOBa, U, €CIM He MombpachiBaTh APOB, IMEYKa ITOracHET.
Korma wmmyr 4yachl, B HUX BCE BpeMs pacKpydMBaeTCs IpPYy>KMHA WIU
OITyCKaeTcsl TWpsl, U, €CIIM UX HE 3aBOAUTb, OHU OCTaHOBATCA. Bo Bcelt
MpUPOJE TOJbKO PaIWi OKa3biBaeTCs KAKUM-TO CTPaHHBIM MCKITIOYe-
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HUEM: HUYEro B HEM He TPATUTCS, HUYEro He CropaeT, HUKOIna OH He
crapeeT, OH BedHO Moyiod. OH MOX0X Ha BOJIIEOHBIM KOIIEeaeK B CTa-
poOI CKa3Ke: CKOJBKO pa3 HU BBIHMMATh U3 TaKOI'O KOLIEIbKa 30JI0TYI0
MOHETY, B HEM BCEIJa OCTaeTcCs elle OIHA.

Jpyroii He MeHee CTpaHHBIM (HAaKT, OTHOCSIIUMUACS K pagvio, — 3TO
€ro TOJHAasl He3aBUCHUMOCTh OT BHEIIHUX BJIWSIHUN, MOJHOE DaBHOLY-
mre K HUM. C Tex Mop Kak paauii BIepBhle ObUI MOJTYYEH B JIaOOpaTo-
puM, GU3MKM HEOTHOKPATHO MPOOOBaIM MOBAMUATH HAa €r0 paguOaKTUB-
HOCTb, NPUMEHSISI CaMble pa3HOOOpa3Hble CMOCOOBl, HO HU CWJIBHBIA
Kap, HU CWIbHBIA XOJIOA, HU CaMble BHICOKME HNABJIEHMS, KaKME TOJIbKO
MOXHO OCYILIECTBUTb CPEICTBAMU COBPEMEHHON TEXHUKHU, — HUUYETO
He OKa3bIBaJIO BIMSHMSL Ha PalMOaKTUBHOCTD: JIydd, MCITyCKaeMble pa-
JMeM, He CTaHOBWINCh HU CWIBbHee, HM ciabee. IJIsi TOro 4trobbl oxa-
pakTepMU30BaTh TO OIPOMHOE BIleYaTJeHHE, KOTOpOe MPOU3BeInd Ha pu-
3MKOB 00a 3TU CBOMCTBa pagusi — €ro HEyTOMUMOCTb U €r0 PaBHOLY-
IIMe KO BCEM BHEIIHUM BO3AEHCTBUSIM, OOCTAaTOYHO IIPOLUTHUPOBATH
CJIOBa, CKa3aHHBIE OMJHUM U3 TEPBBIX MCCIEAOBAaTENIE paaTlOaKTUBHOC-
™ (Conmu): «B KpolledHOM KYCOUKe pagvsi HET HUYEro, YTO HarlOMU-
Hajio OBl TpoMamHble MaciuTabbl M pa3Mephl BceneHHOM, a Mexnmy TeMm
OH BBIIEJSIET 3HEPTUIO B TAKOW MPOIOPLIMM, B KAKO €€ HE BBIIEIISET
Hu ConHile, HU omHa M3 3Be3d. Ilpenmnonoxwm, HalpUMeEp, YTO Hallle
CoJiHIIe BMECTO TeX BEIIeCTB, U3 KOTOPBIX OHO COCTOMT TEIEph U KO-
TOpble, KaK HAaM U3BECTHO U3 CIIEKTPaJbHOIO aHAJIU3a, BXOOAT U B COC-
TaB 3eMJIM, COCTOSIZIO OBl M3 4YUCTOrO panusi. Eciu AOMYyCTUTH, 4TO
Kaxnass yactuiia takoro CoJIHLIA BBIOEJSIET 3HEPTHMI0 B TOW XKE IIpO-
TOPLIMM, YTO U paBHas €il Mo Macce YacTUlla pagus, TO HETPYOHO Oy-
JIeT y4eCTh KOJMYECTBO BhlIeasieMoil UM 3Hepruu. Kopoue rosops, Ko-
JIMYECTBO CBETA U TEIUIOTHI, BbiOE/IsgeMbIX TaKUM CONHIEM, ObUIO OBl B
MIUUTHOH a3 GOJIbIIE, YeM Terephb» .

Eule u mo mpyroii mpuMYMHE Hallla MBICJIb MOYTU OECCO3HATEIBHO
obpalaercs OT paausl K BBICIIMM SIBJeHUsIM BceneHHOM: Bedb TOJIBKO
B OTHOLIEHUM 3TUX SIBIEHUIA MBI OKAa3bIBAEMCS B IIOJIOKEHWU 3pHUTE-
Jiel, GeCCIIbHBIX BJIMATH HA HUX U YIpaBisTh UMU. Bce MOTyIECTBEH-
HbI€ PECYPChl COBPEMEHHOU jabopaTopuM — KpalHUE TIpenenbl Terula

'Kak Hu CTpaHHO 3BYYMT 3TO YTBEPXIEHHE, TEM HE MEHEE OHO CO-
BeplleHHOo crpaBeminBo. [TonpoOyem mpoBeputh ero. ITo M3MepeHusIM
acTpOoHOMOB, Hamre COJHIE HMCITyCKaeT Kaxmylo ceKyHmy 9-1025 xamo-
puii 3Hepruu (Kajopusi — 3TO TO KOJIMYECTBO IHEPIMHU, KOTOPOE Tpa-
TUTCSl HA HarpeBaHWe OJHOIrO IpaMMma BOabl Ha OOMH rpagyc Llens-
cust). Kaxmapiit rpaMM pamusi MCITYCKAeT SHEPTMIO B KOJIMUYECTBE OKOJIO
0,04 xanopuit B cekynny. M3BectHo, uro Macca Connua 21033 r. 3Ha-
YUT, €CJU ObI OHO COCTOSUIO M3 YHCTOrO paaus, TO MCITYCKalo OBl
okosno 0,04-2:1033 = 8-103! kanopuit B cexyHmy. DTO MOYTH B MIWLIH-
OH pa3 OoJbllle TONH 3HEPTrMU, KOTOPYI0 OHO MUCITyCKaeT B HEWCTBU-
TEJIbHOCTH.
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U XoJlola, a TaKXe [OaBJI€HUsl, CUJIbHBIE XUMMHYECKHE pEaKTUBBI,
JIEACTBUE CUJIBHBIX B3pbIBYATBHIX BEIIECTB, HauboJjiee CUJbHBIE 3JIEKT-
pUYECKHe TIOJNISI — HE BIMSIOT HAa PaAuMOaKTUBHOCTb pagusi U Ha KO-
JIMYECTBO BBLIEISIEMON WM SHEPTMM HU B Majieilliieil crerneHu. Pamuit
YyeprnaeT CBOM 3amachl SHEPTMU U3 HEU3BECTHOIO MO CUX IOp HUCTOY-
HUKa U TIOOAYMHSIETCSI HE OTKPBITBIM IOKa 3akoHaM. EcTb 4TO-TO
CBEPXBECTECTBEHHOE B €r0 OTAEJIEHHOCTU OT OKpyXalolleil cpeldbl U
B ero 6e3pasnuuuu K Hed. OH Kak OyATo IPUHAMIEXUT APYTUM MM-
pam, 3a IpeiejaMM Hallero, IMUTaeTCs TeM XE HEeYTraCUMBIM OTHEM U
IBIDKETCS] TEM XK€ HE MONNAIOLIMMCS KOHTPOJIIO MEXaHM3MOM, KOTO-
PBIA MOOAEepXUBAET CBET BEJIMKUX COJHIL B MUPOBOM IIPOCTPAHCTBE B
TeYeHUe Oe3rpaHUYHBIX MEPUONOB BPEMEHMU.

HenpepriBHOE H3MydyeHUE KPYNMUMHKUA PAagvMOaKTMBHOIO BEIEeCTBA,
KOTOPYIO MBI JEPXUM B DYKE, HAIIOMUHAET MHOTME U3 CTPAaHHBIX TaWH,
JIABHO TTO3a0BITHIX.

B na6opaTopusix Bcero Mupa (bU3WKH XKagHO HAOPOCWIMCH Ha HU3Y-
YeHUE pagMOaKTUBHOCTU. MOXHO CMeNo CKa3aTh, YTO B 3TO BpeMs
(B 1900 romy miaM OKOJIO TOr0) He OBUIO HU OMHOro (hpu3uKa Ha CBeETe,
KOTOpBIM OBl HE JIOMAJI TOJIOBY HAJ 3TOM TPYAHOM 3aragkoil: 4ro Xe
Takoe, B KOHIIE KOHUOB, 3Ta paguOaKTUBHOCTh? KakoB ee BHYTpEeHHUIl
MeXaHMW3M, BHYTpeHHUI cMbIci? OTdero oHa mpoucxogut? M Kaxmbii
GU3MK Mo Mepe Cwi INpoOoBan AOrajarbcsi O TOM, KaKOBO pELICHUE
oToi 3aragku. OOHU TOBOPWMJIM: €CNIM pamguii BCe BpeMs HCITycKaeT
CBOM JIy4YM U OHU HE CTAHOBATCS OT 3TOro ciabee, TO, 3HAYUT, OH 3TU
JIy4M, 3TO TEIUJIO, 3Ty 3HEPrui0 BCE BpeMsl OTKyHda-TO CHOBAa IMOJIyYaerT.
Hanpumep BO3MOXHO, YTO BO BCEM ITPOCTPAHCTBE PaCIIPOCTPAHSIOTCS
KaKue-TO JIy4d, KOTOpble CBOOOMHO MPOXOOST Yyepe3 Bce Tejla U AaXe
yepe3 BCIO TOJIILY 3eMHOro Iapa. He TOJBKO MBI He BUIMM 3THX JIy-
yeil, HO MX Jaxe He 3aMeyaeT dororpaduyeckasi IUIACTUHKA, U TOJBKO
paguii MMeeT OCOOEHHYI0 CHOCOOHOCTBH MOIJIONIATH 3TU JIyIYM U 3aTeM
MX HUCITyCKaTb BHOBb, HO yX€ B M3MEHEHHOM BUIE — B BHUIE JIy4yen
Bbekkepens. BeIxoouT, 4YTO €CiM CpaBHUTb pagvif ¢ yacaMM, TO 3TU 4Ya-
CBhl Ha caMOM JieJie BCe BpeMS «3aBOMSATCSI», 3aBOMSITCS TaUHCTBEHHBIMU
JIydaMM, KOTOpBIE TOMIOLIAIOTCS paJjueM U 3aTeM IlepepadaThIBaIOTCS
UM B JIydyu Bekkepens.

[pyrue roBopwiM: HUKaKUX TaKUX JIydeil, KOTOPBIMM <«3aBOAUTCS»
paguii, He cylecTByeT. B paguu Bce BpeMsl UTO-TO TPaTUTCS, HO TOJIb-
KO OYEeHb MEJIEHHO, U MOTOMY MBI 3TOro HMKakK He 3aMeyaeM. Eciu
OBl B3SITh I'PaMM pagusi U OYEHb HOJIO XOaTh, AECSITKU JIeT (a eciu
IMOHANOOUTCSA, TO U COTHHU), TO B KOHIIE KOHIIOB MOXHO OyIeT 3ame-
TUTh, YTO JIYYM panusl CTalid ciabee, 4eM paHBbIIIe.

Bce 3TO0 OBUIM OOBOJBHO-TAKM Mpa3gHbIE pPa3rOBOPEI, MOTOMY YTO
BHayaje HM Ta, HU ApPYyras CTOpOHA HUYEM HE MOIJIa J0Ka3aTh CBOIO
npapoty. [103TOMy OCTaBaIOCh TOMBLKO OTHO: HAOMIOAATh M JeNaTh OIbI-
THI, TIOKA HAKOHEI] 3araika pagusi He OymeT pasraigaHa.
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B 1900 romy mHorve ¢u3uku, paboTasi B CBOMX JIAOOpaTOPUSIX, CIe-
JIAJIM yOVBUTENIBHOE OTKPBITHE. OHM OOHApYXWIH, YTO BO3OYX BOKPYT
BELLIECTBA, B KOTOPOM €CTb XOTSI HEMHOXKO paausi, TOXE CTaHOBUTCS
panuoakTuBHBIM. BrniepBeie 310 3aMetwid Ileep u Mapust Kiopu, Ho
HE OHM pa3rajaiv HACTOSIIWI CMBICJI 3TOTO OTKPBHITHSI. DTO COEIaIn
[IBa MOJIOOBIX aHIIMYaHWHA, KOTOphle B TO Bpems xwiu B Kanane, B
ropoge Monpeane. UMeHa 3TMX Mojopx ¢U3MKOB — BDpHect Pesep-
dopn u ®penepux Conmum.

OHM clenaay TaKo# OITBIT: B3SUTM CTEKIISIHHYIO TPYOOUYKY M IOJIOXH-
JIA Tyda HECKOJIbKO KYCOYKOB BWUIEMHTAa. BWUIEMUT — 3TO HUYEM He
IIpUMeYaTesIbHbIA C BUIY KaMeElleK, 3€JI€HOBATO-CEPBIM, MOXOXUU Ha
Te DIaJKWE KaMeUIKU, KOTOpble OOBIKHOBEHHO BAJSIIOTCS Ha Oepery
mopsi. Ho y BwuteMnTa ecTh 3aMedaTeslbHOE CBOMCTBO: €C/IM €ro OCBe-
ATk Jy4aMU panuvsi, TO OH HauMHAET CBETUTHCS XOJIOOHBIM SIDKUM 3¢-
JeHbIM cBeToM. Pesepdopn u Comau
BIIYCTWIM B CBOIO TPYOOUKY C BWJLIE-
MHWTOM BO3[yX, KOTOPBIA HOBOJBHO
JTOJIroe BpeMsl HaXOOWICS B COCEIICTBE
C BEIEeCTBOM, COAEPXKAIIUM HEMHOX-
ko pamus. Ilocie 3TOro TpyobOUKy
3aKpBUIM C 00€MX CTOpPOH (/11 3TOro
B Hell ObUIM C OBYX CTOPOH YCTPOEHBI
KpaHbl) U OTHECIIM B TEMHYI0 KOMHa-
Ty. I BOT, XOTS1 pagusi MOOIM30CTU
He OBUIO, BWIIEMUT CTall TaK SIPKO
CBETUTHCSI, YTO TIPU 3TOM CBETE MOX-
HO OBUIO [Jaxe ITOCMOTPEeTh Ha 4Yachl M IPOYMTATh 3arojOBOK TIa3eThl.
Bexomnut, 4To BO3MyX B TPYyOOUKEe C BHJUIEMHTOM 3aCTaBSET BUWUIEMUT
CBETUTLCS TOYb-B-TOYb TaK e, KaK OH CBETWICS IOM JIydaMU Damus.
Kak TonbKO KpaHBl OTKPEUIM W BBIAYJIM U3 TPYOOK STOT BO3MYyX, BWLIE-
MUT CBETUTHCS TIepecTal.

Kak xe oOBSICHUTB, YTO BO3MyX, NOOBIBABUIMIA B COCEACTBE C paIu-
€M, CaM CTaHOBMTCSI paJguoakTUBHBIM? Pesepdopmy npuiuia B TojoBYy
OYEHb IPOCTAasT U OYEHb CMeJasi MBIC/Ib. OH ITIPEAIOJIOXKWI, YTO U3 pa-
[IMST BCE BPEMsI BBIXOMUT KaKON-TO ra3, HO He IPOCTOH ra3s, a pagmoak-
TUBHBIA, UCITyCKaoniui qydu bekkepens. 'a3 3TOT, monanass B BO3OyX,
CMELIMBAETCS C HUM. 3HA4YUT, JTy4d bekkepesist UCITyCKaeT He caM BO3-
IIyX, TTOOBIBaBIIMII B COCEACTBE C pagveM, a HOBBIM ra3, MOMaBIIMN B
BO3IyX U3 paausl.

BroMy HOBOMy rady Pesepdopsa manm HasBaHME «OMaHaUUsl pagys»
(3TO Ha3BaHUE 3HAYUT «TO, YTO BBIXOAUT U3 PAIUsI»).

OMaHalMs pamusi B 3THX omnbitax Pesepdopna u Comou nocrymiana B
BO3IyX B CaMbIX KPOXOTHBIX KOJIMYECTBaX, HO BCE XK€ €€ MOXHO OBbLIO
3aMETUTh IO SIPKOMY CBeYeHHMIO BuwuiemMuTa. Commud chenan TaKoH
ONBIT: OH c¢oTorpacUpoBall CTEKISIHHYIO TPYOKYy C SMaHamuel u ¢
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BWUIEMHUTOM B TEMHOH KOMHATe: BWUIEMHUT CaM MCIIYCKAaeT TOT CBET,
KOTOpBIA Mo3somw ero ¢dororpadupoBatb. Ho B KHIDKKE, KOTOPYIO
Hanmucan Comau, TOBOpPUTCS, 4TO ¢oTorpacus He OJaeT HUKAKOTro
MpeACTaBJIeHUsT O KpacoTe BWIJIEMUTA, CBETSIIErocsl B 3MaHalIMU
pamusi. B cBoux BocroMuHaHusX COmNOW TOBOPMUT, YTO 3TO OOHA U3
CaMBIX KpacHBBIX Bellle Ha CBET€ U YTO, CMOTPsI Ha CBEUYEHUE BUILIE-
MMTa U PasMBINIUISISI O €ro MPUYMHAX, OH OLIYIIal TaKue YyBCTBa, KO-
TOpble MOXET IMO-HACTOSILEMY IepedaTh TOJBKO ITO3T.

Honroe BpeMsi (U3NKM HE XOTEJIM BEpUTh, YTO SMaHaAlLUs pamgus
€CTh ENCTBUTENILHO Ta3 — TaKOM e, KaK BO3OyX WIM KaK YIJIEKUC-
JIBIA Ta3, HO TOJBKO panuoakTuBHBIM. Hampumep, Ilbep m Mapus
Kiopu yTBep:KOamM, YyTO SMaHaIMs COBCEM HE IIPOCTOM ras, a 4YTo-TO
cpefHee MeXTy OOBIKHOBEHHBIM BEIIIECTBOM M JiydaMu cBeta. Ho Pe-
3epdopa 1 Comay Mpoaenaii MHOTO OIIBITOB, YTOOBI HOKa3aTh, YTO
SMaHalus eCTh ras.

Besxuit ra3 MOXHO IpeBpaTUTh B XMOKOCTb, €CJIM TOJBKO JOCTa-
TOYHO CWIbHO ero oxiamutb. M Bot Pesepdopn u Commu mocranu Ta-
KYIO XOJOMWIbHYIO MAalIMHYy, B KOTOPOW BO3AYyX MOXHO CAeaTh XUI-
kM. Takasg MalldHa Ternepb UMeeTcs B KaXIoul xoporei dusmieckon
J1a60paTOpUM: B HEl MOXHO OCYIIECTBUTh MOpO3 B 192 °C Hyke HyJIs.
IIpu TakoM xos01e BO3MyX MEIAeTCS XKUIKUM.

Pesepdopn n Connu B3sUIM HECKOJIBKO JIMTPOB KMAKOTO BO3MyXa U
caenanyd CIAenyoUIAd ONBIT. ¥ HUX ObUI OOJBIION ITyCTOM CTEKISTHHBIN
1Iap, IMOKPHITEIM HU3HYTPU OYEHDb JIETKMM HAJIETOM CEPHUCTOTO IIMHKA.
Ecau OBl B 3TOT IIap nomnajga 3MaHalMsl pamusl, TO CEpHUCTbIA LIMHK
cran OBl CBETUThCA MOA AeicTBUEeM jydeir bekkepens. Pesepdopn u
ConmM ctasM BOyBaThb B 3TOT IIAp TOT BO3MYX C IPUMECHIO 3MaHallvH,
KOTOpBI Yy HMX OBUI 3alepT B CTEKJSTHHOW TpyOKe C BIIIEMHTOM.
OHM BOYBaIM 3Ty SMaHALIMIO Yepe3 IUIMHHYI0 TPYOKy, YacThb KOTOPOM
HaxoOwiach B COCYAE C XMAKMM Bo3gyxoM. IlosToMy B 5TON 4acTtu
TpYOKM TemIlepaTypa ObLIa OYeHb HM3Ka M dMaHalMs HUKAaK He MoIia
IIPOCKOYMTH Yepe3 3Ty YacThb TPYOKM: OHa 3aMep3aia B Hell, mpeBpalla-
SICh B XMIKOCTb, 3aCTpeBajIa TaM, HE JOXOIs 10 CTEKISIHHOIO Iiapa.
Bcero sroro Pesepdopn m Commy He MOIIM BHIETh, MOTOMY 4YTO HE
OYEHBb-TO pa3bepellb, YTO TBOPUTCS
BHYTPU CTEKJITHHOTO KOJIEHAa TPYOKM,
3aCYHYTOI'O B COCYI C >KWIKWM BO3Iy-
XOM; J1a ecd Obl OHM M MOINIM TyAa
3aIISTHYTh, TO BCE PaBHO HE CMOIJIU
OBl 3aMETUTh 3TUX MUKPOCKOMUYEC-
KMX KarmejeK Xumkoil smaHauuu. Ho
M OBUIO COBEPIIEHHO SICHO, YTO Jie-
JIO IIPOMCXOINT MMEHHO Tak. [lodyemy
UM 3T0 ObLIO sicHO? IloTtomy, uTO,
KOTZIa CTEKISTHHOE KOJIEHO TPYOKM Jie-
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Xano B XWIKOM BO3IyXe, dMaHallus He MoMajana B Iuap, U Iuap He
ceeTwics. Ho CTOMIO TONMBKO BBIHYTH KOJEHO M3 XWUOKOIO BO3[yXa,
KakK 3MaHallisi, HarpeBIINCh, Yepe3 HEeCKOJIbKO MUHYT CHOBa HCIIapsi-
Jlach, U €€ JIETKO MOXHO ObUIO MpomyTh B miap. JlocTraToyHO OBUIO
OIMH pa3 HaxaThb PYKOW Ha pE3UHOBYIO IPyUIy IS MPOIYyBaHUSI 3Ma-
HallMM, YTOOBI AMaHaIMs MOMNaja B IIap, KOTOPBIA ceddac XXe HaYMHaJ
CBETUTBCSI, KaK (pOHaph, MSTKUM OebIM INMpUITHBIM cBeToM. Ilpu cBe-
Te 3Toro ¢oHapst Comny MOr CMOTPETh Ha Yachl.

YTo BBITEKAaeT U3 BCeX TaKUX ONLITOB? M3 HMX BBITEKAaeT, YTO pa-
IUNA OeCrpephbIBHO BBIIEISIET U3 ceOsl KaKkoe-TO OPYroe paguoaKTUB-
HOE BELIECTBO — 3MaHAIIMIO pagus. DMaHauus MNOJdydaeTcss B HUY-
TOXHBIX KOJMYECTBAX: HYXHO MMETh OYE€Hb MHOIO pagusi, YTOOBI
coOpaTh 5MaHaIUI0 XOTsI OBl ¢ Oyl1aBOYHYIO rojoBKy. Ho Tak Kak
SMaHallus O4YeHb CHJIbHO paJIMOaKTUBHA, TO CaMyl KPOXOTHYIO IpU-
MECh 5MaHallMM K BO3OYyXy JIETKO 3aMETUTh IO JydyaM bekkepes,
KOTOpBIE OHA MCITyCKaeT.

M Bot Pesepdopn u Coaou 3axoTelu y3HATh: TaK X€ JIA SMaHa-
LYsI HEyTOMUMa, KakK paguii? Tak Xe JM OHa IpoJo/iKaeT OeHb 3a
IHEM, IOl 3a rOAOM MCIIyCKaThb Jy4dd 0O€3 BCIKOrO 3aMETHOIO OC-
JabneHus?

Pesepdopn u Comnu HaIyCTWIM 3MaHALMIO B TPyOOUKY C BWUIEMHU-
TOM, 3aKphUIM 00a KpaHa, 4TOOBl OHAa He YIIUIa, U OCTaBWIU TPYOOUKY
B TeMHOM KoMHare. Kaxnplii Beuep OHM MNPUXOOWIU Tyda CMOTPETb,
KaK CBETUTCS BWUIEMUT. OKa3ajioch, YTO CBEUYEHUE BWLUIEMHUTA C KaxX-
IIbIM BEYEPOM CTAHOBWIOCH Bce ciabee M ciiabee. Yepes ueTbipe mHS
OHO OBUIO BIBOE cjiabee, YeM paHbllle, U K KOHLy MECSALA OHO IOYTU
COBCEM TPEKPATUIOCH.

3HayuT, 3MaHaLUs paausl CO BPEMEHEM TepsieT CBOU DPaTuOaKTUB-
HbIE CBOMCTBA.

D10 OuYeHb BaxXHO. BaxkHO MOTOMy, YTO €CiM paJuOaKTMBHOE Belle-
CTBO — 3MaHalUus paausi — TepsieT CBOM PaavOaKTMBHBIE CBOVICTBA CO
BpEMEHEM, TO, BEPOSITHO, TO XXE€ CaMOe MOXHO CKa3aTb M 000 Bcex
JIPYTUX pamuOaKTUBHEIX BelllecTBaX. TpymHO cebe IMpencTaBUThb, YTOOBI
pamuii ObLT UCKITIOYEHUEM JaXe CpelM pPamTuOaKTUBHBIX BELIECTB. A Tak
KaK OOBIKHOBEHHOe (U3MUYECKOe HaOMoIeHre He MO3BOJBSIET OOHapy-
KUTb YMEHBUIEHUS PaIMOaKTUBHOCTU paausl U ypaHa OaXxe B TEYCHUE
HECKOJIBKUX JIET, TO OCTaeTCs IPEIIIONOXUTh, YTO 3aMETHOE YMEHBIIIE-
HUE UX PaIUOAKTUBHOCTU IPOUCXOOUT HE B TEYEHHUE HECKOJIBKUX
IHEN, KaK y 5MaHalUM pagusi, a B T€YEHUE OrPOMHBIX IIPOMEXYTKOB
BPEMEHU, BO MHOIO pa3 MPEBBILAIOUIMX CaMyl0 [IMHHYIO 4YelloBeYyec-
KYIO XW3Hb.

Taxum o6pasom, Pesepdopn u Comnu ycTaHOBWIM nBa (akrta: 1) u3
panusi OecCripepbIBHO BBLIEISETCS] PATUOAKTUBHBIN ra3 — 3MaHalus pa-
Ivsl; 2) paauOaKTUBHBIE CBOMCTBA 3MaHAIIMM YMEHBILAIOTCS C TEYEHHU-
€M BpEMEHHM, M 3TO ITO3BOJISIET BBICKA3aTh TMIIOTE3Yy, YTO PaIUOAKTUB-
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HBbIE CBOWMCTBAa BCEX IPYTUX PAJIUOAKTUBHBIX 3JIEMEHTOB TOXE CO Bpe-
MeHeM YOBIBAlOT, XOTS 3TO yOBIBAaHWE B HEKOTOPBIX CIIyJasX MOXET
MPOUCXOAUTh KpaHe MEJIEHHO U MO3TOMY IMOYTU HE3aMETHO.

KakuM e o0pa3oM NpPOMUCXOAUT BO3HUKHOBEHME SMaHAllMM M OT-
Yero MOIYT YMEHBIIAThCS PagOaKTUBHBIE CBOMCTBAa pPagUOAaKTUBHBIX
3JIEMEHTOB?

s Toro 4TtoObl MOMYYUTh OTBET HA 3TOT BOIPOC, (PU3MKUA OOpaTHU-
JIUChb K M3yYyeHUIo Jydyell bekkepensi, MCITyCKaeMbIX paauOaKTUBHBIMU
3JIEMEHTaMU.

YTto mpencTaBiadioT cOOOM 3T JIy4d, KOTOpBIE KaK OyaTo Obl HUYEM
He OTIMYAlOTCS OT Jiydedl PeHrtreHa?

B 1899 romy Ileep u Mapus Kiopu nmonpo6GoBaiu HpOMyCTUTH ITy-
4ok Jydeit Bekkepens depe3 NMpOCTPaHCTBO, B KOTOPOM OBUIO MarHUT-
Hoe IMojie. DTO OHU clejlaly sl TOro, YToObl Y3HATh, SIBJSIOTCS JIA
Jyun Bexkepensi yueM-To Bpone Jiydeil PeHTreHa (37eKTpOMarHUTHBIMU
KoJIeOaHUSIMHU, TaKUMU Xe, KaK JIydd BHUOMMOIO CBeTa, HO TOJIBKO C
ropasfao MeHbIllel IMHOM BOJIHBI) WJIM XK€ OHM CKOpee HallOMMHaloT
KaTOMHBIEC JIy4d, T. €. MPEIACTaBISAIOT COOOM MOTOK OYeHb OBICTPO ABU-
KYIIMXCSI, 3apSDKEHHBIX 3JIEKTPUUECTBOM YaCTHUYEK.

PesyneraT ombiTa OBUT COBCEM HEOXWIAHHBIM: B MarHUTHOM IIOJIE
Tyun bekkepens paculeruisuiMch Ha aBe 4yacTu! OmHa M3 HMX U30THY-
JJacb B MarHUTHOM TIIOJIE COBEpIIIEHHO TaKMM Xe 00pa3oM, KaK MCK-
PUBIIAIOTCS KaTOAHBIE JIydd, U TPU 3TOM B TY XK€ CTOPOHY, TOJbKO Be-
JIMYMHA UCKPUBJIEHUs ObLJTa B HECKOJBKO pa3 MeHble. YTo orcioaa
cnemyer? OTcioma ciemyeT, YTO 3Ta 4acTb Jiydel Bekkepenss HeceT Ha
cebe, KaK M KaTOOHBIE JIy4M, OTPULIATEJbHBIA 3JIEKTPUYECKUN 3apsidl.
ITosTOMy MOXHO OBUIO MCCIEIOBAaTh 3T JIydd COBEPILIEHHO TEM XKe Ca-
MBIM CITOCOOOM, KakuM TOMCOH HCCIeAOoBall KaTOAHBIE JIy4M, T. €.
MOXHO OBUIO OMNPEHEeNUTh IJII HUX OTHOLIEHUE e/M U UX CKOPOCTb,
HaOmogast OTKJIOHEHME JIyded B MarHUTHOM U B 3JIEKTPUYECKOM IIO-
JIsX. DTy pabotry npodenan HeMeukuil ¢usuk Kaydman. OH Hawen,
4YTO OTHOIIEHUE e/m Yy ITUX Jiyue bekkepesnst Takoe Xe, KaK y 3JEKT-
POHOB KaTONHBIX Jyueil. 3HauuT, 3Ta (OTKJIOHUBIIASCS B MarHUTHOM
oJjie) YacTh Jydeil bekkepesnst ecTb He YTO MHOE, KakK ITOTOK 3JIEKTPO-
HOB, BBIPBIBAIOIINXCS, ITO-BUIUMOMY, M3 aTOMOB pPagUOaKTHBHBIX BE-
mecTB. YTo KacaeTcst CKOPOCTENH 3TUX 3JIEKTPOHOB, TO OHHU, KaK HaIlell
KaydmaH, 6but oueHb pasHOOOpa3HbI, HO B CPEOIHEM OHM OBUIM TO-
pa3mo Gosblile, YeM Y 3JIEKTPOHOB KaTOmHBIX Jiydeil. IlosToMy M OTK-
JIOHEHHE B MArHMTHOM IoJie OBUIO Y HMX HE€ Takoe OOoJbIIoe, KakK Y
KaTOOHBIX JIydel: NefCTBUTEIbHO, YeM OBICTpee IBIDKETCS 3apsDKeHHast
YacTUIa, TeM TPyOHEE MarHUTHOMY ITOJIO COUTH €€, OTKIOHUTb €€ OT
TepBOHAYAITLHOTO ITyTH.

Haubonee ObICTpblE M3 3JEKTPOHOB, BHIOPACHIBAEMBIX PalUMOAKTUB-
HBIMU BEILIECTBAMU, OKA3IMCh ABVDKYIIUMHUCS TOYTH CO CKOPOCTBIO
cBera (300 000 xMm/c).
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Utak, yacts mydeit Bekkepesiss — 3TO MPOCTO MOTOK OYEHb GBHICT-
PBIX 3JIEKTPOHOB.

Ho xpome aT0i1 yacTu ObLna eiie M Ipyrast yacTb. OHa He OTKJIOHSI-
JlaChb B MarHUTHOM TI0JIeé ¥ PacCNpOCTpaHsIach 06€3 BCSIKOTO HM3MEHEHUS
HarnpapJIEHHS.

TaxoB ObUT pe3yabTaT OnbIToB Kiopwu.

Ho B 1903 romy Pe3sepdopn mokasan, 4to Ta 4acTh Jydeil bBexkxepe-
Jis1, kotopyio Ileep m Mapuss Kropy He cyMenu OTKIIOHUTH B MarHWT-
HOM TI0JIe, TOXE CJIOXKHA M COCTOMT M3 pa3HbIX yacTeil. JIyist sroro Pe-
3epdopa B3sUT OUYeHb CWIbHOE MAarHUTHOE I0JIe, ropazao 0ojiee CHIIb-
HOE, 4eM TO, KOTopble ObUIO B pacropsckeHuu Kiopu. B 3ToM cwisHOM
MAarHMTHOM MOJIe Ta 4acTh Jiydeil bekkepeisi, koTopas B omnbiTax Kiopu
HE XOTeJla WCKPUBJIATBCS, paclIeMIach Ha JIBe YaCTH: OMHA M3 HUX
H30THY/IaCh B MAarHUTHOM ITOJIe, HO HE B TY CTOPOHY, B KOTOPYIO M3IM-
0aeTcsd MOTOK 3JIEKTPOHOB, 2 B MPOTHUBOIOJIOXKHYIO. 3HA4YMT, 3TO ObLI
IIOTOK 3apSDKEHHBIX YacTUIl, HO HE 3JIEKTPOHOB, a YaCTUII, 3apsDKeH-
HBbIX MOJIOXKWUTEJILHBIM 3JIEKTPUYECTBOM. [lpyras e 4YacTh JIy4eil IIo-
IIPEXHEMY MPOJOJDKAJIa PACIpPOCTPaHSIThCS MPSIMOJIMHERHO, He 00pa-
11asi HUKAaKOro BHMMAaHUSI HA MAarHUTHOE ITOJIE.

W3 3tix ombIToB ciemyeT, 4ro Jdydn Bekkepes, MCITyCKaeMble pa-
IUEM M OPYTMMM pPaaUOaKTUBHBIMHM BeEIECTBAMU, HE OMHOPOIHBI, a
COCTOSIT M3 TpeX BUIOB Jiyded. BceM 3TUM TpeMm BuaaMm Jydeil GU3UKU
Janyd Ha3BaHUS, a UMEHHO OOO3HAYWIM MX TpeMsl IEpBBIMM OyKBaMU
rpeyeckoro angapura: anbda, 6eTa M ramma (ambda, 6eTa U raMmMa —
3TO Ha3BaHMs OyKB: Bedb M y Hac KOIIa-TO PYCCKUE OYKBBI HMEIHN
Ha3BaHWUsl, HATIPUMED, @, 6 U 6 Ha3bIBAIMCH «a3», «OyKU», «BEOW»).

Anbda-TyyaMi CTaTd Ha3bIBAThCS JIydM, COCTOSIIME M3 ITOTOKA ITO-
JIOXKWUTETbHO 3apsDKeHHBIX YACTUII, — Te CaMble JIydd, KOTophle Pesep-
dopay ynanoch OTKIOHMTh MarHUTHBIM IOJIEM OT MX NMEPBOHAYAJILHOTO
HanpapiaeHus (B 1903 romy).

bera-nmyyaMu cTaqiu Ha3bIBaThCS
JIy4M, COCTOSIIIIME M3 IMOTOKA OYEeHb
OBICTPBIX OTPHUIIATENIBHBIX 3JIEKTPOHOB,
KOTOpHIE OBUIM OTKJIOHEHBI MarHUT-
HBIM MOJIeM ellle B ombiTax Kiopu (B
1899 romy).

Hakonel, ramma-jiydaMy CTajaud
Ha3BIBaTbCS JIy4U, KOTOpHIE YIIOPHO
He XOTeld HM3MEHSTh CBOEro HallpaB-
JIEHVS 1aXe€ U B OYEHb CWJIBHOM MarHMUTHOM IOJIE.

Kakue cymecTByloT ellie pasiddusi MEXTY 3TUMMU TpeMs COpPTaMM
JIy4el, cMech KOTOPBIX obpa3syeT yun Bbekkepens?

Anbda-rydd ropas3go TpyaHee H30THYTh B MAarHUTHOM IIOJIe, 4YeM
OeTta-Tydyu (MMEHHO IO3TOMY B IMEpBOHAYaIbHBIX ombiTax Kiopu yma-
JIOCh 3aTrHYTh OeTa-Jiydd B CTOPOHY B TAKOM MAarHUTHOM MOJie, KOTOpPOE
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OBLUIO ellle COBEPIIEHHO HEOOCTAaTOYHBIM UISi TOTO, YTOOBI 3aCTaBUTh
anbda-Tydd U3MEHUTh CBOE HallpapjieHue). ['amMmMa Xe Jiydd He U3ruda-
JOTCSI HM B MarHUTHOM, HU B 3JIEKTPUYECKOM I10JIE€ BOBCE, TOUb-B-TOYb
Kak Jiyyu PeHTreHa.

Anbda-IIydu JIETKO 3aJep>XXWBAIOTCS M ITOIJIONIAIOTCS OaXke CPaBHU-
TEJIbHO O4YeHb TOHKMMH CJIOSIMU BellecTBa. Hampumep, mocraTouHo 3a-
BEPHYTh paguii B OOBIKHOBEHHYIO ITMCUYI0 OyMmary MJIM 3aKphIThb €ro
JIMCTKOM CIIOABI WM amoMuHus tommuHoi 0,05 MM, 4ro6ml anbda-
JIV4U TIOYTU ITOJIHOCTBIO MOIJIOTWIMCh. A OeTa- M raMMa-jydu ITpoXo-
IAT depe3 TaKMe JIMCTKA COBEPIIEHHO CBOOOZHO. BooOIiie MOXHO
CUMUTATh, YTO IIPOHMKAIONIASI CITOCOOHOCTh OeTa-Jiydeil NMpUMEpHO B
100 pa3 Gonmpllle MPOHMKAWIIEH CIOCOOHOCTU anb(da-aydeid, a mpo-
HHUKaIas CIIOCOOHOCTh raMMa-JIydeil B IecsTh WIM B CTO pa3 Ipe-
BOCXOJIMT ITPOHUKAIOIIYI0 CMOCOOHOCTh OeTa-imydyeil. Cnoih B 5 MM
ATIOMMHUS WIM B | MM CBUHIIA IOCTaTOYEH, YTOOBI 3alepXKaTh OOJIb-
IIyI0 YacTh OeTa-aydeil, a raMma-jiydd MNPOXOAST 4Yepe3 3TOT CIOHU
ellle TOBOJIbHO CBOOOIHO.

M3-3a TOro, 4ro anab(da-mydyd TaK JIETKO MOIJIOIIAIOTCS, BO3HUKAET
BOT Kakoe JIIOOONBITHOE OOCTOSITEILCTBO: €CIM B3SITh KaKOW-HUOYIb
npernapaT pagds M Ipuaath eMy GopMy IIapuka, TO OH OydeT ucmyc-
KaTb CpPaBHUTEJILHO HEMHOro aiabda-yydei, MOTOMY 4YTO OOJbLIAS
4JacTh albda-aydeil, UCITycKaeMasi BHYTPEHHUMM CJIOSIMUA 3TOTO ILIApU-
Ka, YCIIeeT ITOIVIOTUTLCS BHYTPM IIapMKa €llle paHblile, YeM A00epeTcs
0 ero nopepxHocTU. [ToaTOMy HapyXy BBHIAIET JIMUIb OYEHb Majiasi oO-
JIS BCEX MCITyCKaeMbIX aibda-ydeil. Ho eciu B3sTh TOT Xe caMbli
mpernapar ¥ pa3MasaThb €r0 B BUIOE OYEHb TOHEHBKOIO CJIOSI MO KaKOu-
HUOYIb TapejodKe WIHM IUIaCTMHKE, TO ajibga-Tydyeil OymeT odyeHb MHO-
ro U MX AeHcTBHE OyIeT ropasmo CWIbHEe, 4YeM JIEWCTBUE OeTa- U raM-
Ma-JTydeil Toro xe caMmoro mpernapara. C IMOMOLIBIO TaKoOro Ipenapara
MOXXHO OOHapyXWTh YIMBUTEIbHBIE OEUCTBUS aibda-Iydei.

Tak, HanpuMep, JIETKO TI0Ka3aTh Ha OIbITE, YTO anbda-iydud ropas-
IO CWIbHEE MOHM3YIOT BO3IyX, 4yeM OeTa- M ramma-iaydu. Comau OoKa-
31 3TO cieayommM omnbiroM. OH pa3Mmaszan 1| Mr OpoMHCTOro pamus
M0 ITOBEPXHOCTHM IUIATMHOBOM Tapenoyku (OKOJIO IIECTHM KBaIpaTHBIX
CaHTUMETPOB). 3aTeM OH B35U1 HA3JIEKTPU30BAHHYIO LIETKOBYIO KACTOY-
Ky. DTa KMCTOYKa CIIyXWiIa KaKk Obl 3JIEKTPOMETPOM: KOI[a KHWCTOYKA
Ha3JIEKTpU30BaHa, BCE €€ HUTHM OTTAJIKMBAIOTCS JPYT OT ApYyra U pacxo-
ISITCS B BUIE KOHYCa, a KaK TOJIBKO KMCTOYKA pa3psiIUTCsS, HUTU CHOBA
crnagyT M OyayT cBHMcaTh BepTuKainbHO. Korma Comau momHec CBOlO Ha-
3JIEKTPU30BAaHHYIO KHUCTOUYKY K pa3Ma3aHHOMY II0 Tapejiouke OpoMuc-
TOMY pajaMio, TTOKPBITOMY CBEPXY JIMCTKOM IMOYTOBOM Oymaru, KMCTOYKa
OCTaBajlaCh HAa’JIEKTPM30BaHHON M ee HUTU He XoTeau cragath. Ho
KaK Tonpko Commy mepeaBUHYJ JUCTOK OyMard U NMPUOTKPHUI HEOONb-
[IYIO YacTh ITOBEPXHOCTHU, CMa3aHHOW OpPOMUCTBIM pagueM, KUCTOYKa
HEMEIEHHO pa3psIwiach U ee IIETKOBble HUTHU ceiyac XE IOBUCIIM.
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3HayuT, 6eTa- M raMma-Jay4u, MCITyCKaeMble OOHMM MWUIMIPaMMOM
OPOMUCTOrO paausi U MPOXOISIe CKBO3b JUCTOK OyMaru, He JeNCTBY-
I0T Ha 3apsDKEeHHYIO KHCTOUYKY, a aibga-Tydd NEUCTBYIOT OYEHb CUJIb-
Ho. Korna Commu momHec Takyro Xe 3apsDKEHHYIO IHIETKOBYIO KHMCTOUKY
K 30 Mr 6poMUCTOro pamusi, 3aKphITOrO JIMCTKOM CITIOABI [JIS1 TIOIJIOLIE-
HUS anbda-Tydeit, To KMCTOYKa CJIOXWIAch, HO BCE XE HE TaK OBICTpO,
KakK OT HNEeWCTBUS anbda-Tydyeil, UCITyCKaeMbIX JUIIb OOHUM MWUIUA-
rpaMMoOM OpOMMCTOro pagusi. Beixogur, 4to anbda-aydud OTHOTO
MWIArpaMMa OpOMHCTOIO panusi MOHU3YIOT CWIbHee, 4yeM OeTa- u
raMma-jay4yd, M IOIJIOIIAIOTCSI TaK CWIBHO, YTO MX OJHEPIUsl OYEHb
OBICTPO pacxoiyeTcsl Ha MOHM3AIIUIO TEX BEIIECTB, 4Yepe3 KOTOphIe
OHM MPOXOMSIT.

TornomeHue anbda-rydell B BO3MyXe M B APYTMX BelllecTBax TIa-
TenbHO M3ydun Y. I. Bparr (ToT caMbIif, KOTOPBIN BIIOCJIEACTBUUA BMEC-
T€ CO CBOMM CHIHOM Y. JI. BparroM mocTpown CHEKTpOCKON It PEeHT-
reHOBCKMX JIydei). Bparr Hamesn, yto anbda-ydu KaxIoro paauoak-
TUBHOTO BEIIECTBA IIPOXOOSAT B KaXJOoW [OaHHOA cpene MyTh
COBEpILUEHHO OMNpeAeIeHHON UIMHBI, ITOCJIe Yero cpa3y OCTaHAaBJIMBalOT-
cs. [To3ToMy HYyXXHO TOBOPUTH O COBEPIIEHHO OIpEeAeSIEHHON «LIImHe
npobera» HaHHBIX alb(a-aydeil B JaHHOM BEIIECTBE. DTO ITOHSITHO:
MOJIOXKMTEbHASI YacTUla ajbda-Iydeil, MpoXods, HalpuMep, 4depe3
BO3[yX, BCE BpeMs MOHU3YET MOJEKYJBl BO3dyXa, OTPbIBasi OT HUX
9JIeKTpoHbl. Ha MOHM3aLMI0 KaXIoH MOJIEKYJIbl OHA 3aTpavdMBaeT OIpe-
NIEJICHHOE KOJMW4YeCcTBO sHepruu. IlostoMy mocie Kaxaol HMOHU3aLUuU
SHEPIrUsl YacTUIbl YMEHBIAeTCsI Ha KaKylo-TO BenuuuHy. HakoHelr,
KOrJa Bech €€ 3arac 3HepruM OyJeT TakuM o0pa3oM MCYepIiaH, OHa
OCTaHOBUTCH.

B onHOM u3 cBoMX OMNBITOB Bparr B3sul CTEK/STHHBIN IIap paauy-
coM 7,5 CM ¥ pacnoJIoXWI B €ro HEeHTpe IUIAaCTUHKY C pa3dMa3aHHBIM
Ha Heil mpernaparoM pamusi. CTeHKM I1apa ObUTM U3HYTPM BBIMAa3aHbI
CEepHUCTBIM LIMHKOM — 3TO BEIIeCTBO, KOTOpoe o6JajaeT croco0-
HOCTBIO (IIIOOpECIUPOBaTh OE/bIM CBETOM, KOrJa Ha HEro nanawoT
anba-myau. Ho camble ObICTphle anbga-Iydd, MCITycKaeMble Ipera-
paToM, NPOXOASAT B BO3OyXE IIPU OOBIKHOBEHHOM J[JAaBJIEHUU TOJIBKO
7,1 cMm. [lo3TOMy OHU OCTAaHABJIMBAIOTCSI, HE AOWIS OT LIEHTpa Ilapa
IO BBIMAa3aHHBIX CEPHUCTBIM LIMHKOM CTEHOK, U HUKAaKOIO CBEYEHMUS
HeT. Ho crouT TonbKO HayaTh BBIKAYMBATh U3 IIapa BO3OyX — IIpU
IIEPBOM K€ XOJE IOpPLIHS HAacoca CTEHKM Illapa HAaYMHAIOT CBETUTh-
csi. DTO 3HAYUT, YTO, CTAHOBSICH 0GOJiee Pa3pPEeXXKEHHBIM, BO3IyX Ha4M-
HaeT JIyullle IpONyCcKaTh aidbda-aydd, M HUX OJUHA TMpobera, TakuM
o0pa3oM, yBeJIMYMBaAeTCd M AOCTUraeT BeJUYMHHB 7,5 cM. IloaTtomy
OHM YCIIEBAIOT N00EXaTh A0 CEPHUCTOrO LIMHKA U 3aCTaBUTh €r0 CBe-
TUThCS. [Ipy manpHelIlleM OTKAYMBAaHUM BO3OMyXa CBEUYEHUE CEPHHUC-
TOro IIMHKAa CTAHOBUTCSI BCE sIpue U sIpye; 3TO INMOKA3bIBAET, YTO ajlb-
(da-1yyu, KOTOphIe YCIIEBaIOT J00eXaTh O CEpPHUCTOrO LIMHKA, pacT-
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pauyMBalOT Ha MOHU3ALMIO BO3AyXa BCE MEHBIIYI0O M MEHBIIYIO 4YacTh
CBOEU 3HEPIUH.

YT1o Xe Takoe MPEACTABISIOT COOOM 3TU ITOJOXUTEIBHO 3apsDKeH-
HbI€ YaCTHUIIbI, U3 KOTOPBIX COCTOSAT aib(a-Tydu? OTBET Ha 3TOT BOII-
poc nman Pesepdopa. OH Hayan C TOro, YTO HallleJl OTHOLUEHUE &/
JUTSL 3TUX YaCTULl COBEPLIEHHO TaKMM Xe 00pa3oM, KaK 3TO ObUIO cle-
JJAaHO IS 3JICKTPOHOB KAaTOMHBIX JIydei M GeTa-JIydeil, T.e. U3Mepsis
OTKJIOHEHHUE JIydell SJIEKTPUYECKMM W MarHUTHBIM MOJSIMU. PesynbTaT
MOJIYYWICSI CJEMTYIOLLIMIA:

Ui anbda-rydeit ﬁ = 1,144-10'4 a6c. en.

OmHako U3 MpeabIaylie IJIaBbl MBI 3HAa€M, 4YTO [JISI BOOOPOTHOIO
HWOHa, 3apsDKCHHOIO OOHUM ITOJIOXKWMTEIIbHBIM 3JIEMCHTAPHBIM 3apsiioM,

MOXHO HaITMCaTh:

e
_— = . 14
I 2,895-1014 a6ce. em.

MEBl BUAMM, 4TO V anbda-4acTUILI (TaK MbI OymeM Has3bIBaTh MOJIO-
KMTEJIbHO 3apsDKeHHBIE YaCTULIBI, MOTOK KOTOPBIX BBIOpAchIBaeTCs pa-
IUEM B BUIE ailb(da-mydyeil) OTHOLLUEHUE 3apsiga K Macce BIBOE MEHb-
1Ie, yeM y BomopogHoro MoHa'. Tak Kak 3apsii JIEKTPOHA I, YTO TO
XK€ caMoe, paBHBII €My IO BeJIWYMHE (XOTS M OOpaTHBIA IO 3HAKY)
3apsil. BOMOPOJHOrO HMOHA B 3JIEKTPOJIUTE €CTh «aTOM 3JIEKTPUYECKOTO
dnonga» U HE MOXET ACJIUThCS Ha YacTH, TO 3apsil aib¢ha-4yacTHULIbI
MOXET OBITb WIM TaKOM Xe, KaK Yy BOIOPONHOro MOHA (M Toraa ee
Macca JOoJDKHa OBITh B OBa pasa OoJbllle), WIM OH MOXET PaBHSThCS
YABOEHHOMY 3apsily BOJOPOJHOIO MOHa (TOrga Macca aibda-4acTUIIbI
JIOJDKHA OBITh YK€ He B [IBa, a B YEThIpEe pa3a OoJIbllle MacChl BOTOPOM-
HOTO MOHA), WIM OH PaBHSIETCSI YTPOSHHOMY 3apsily BOOOPOIHOIO MOHA
(Torma macca OymeT B 1IeCTb pa3 OOJbIlIe MacChl BOAOPOTHOIO MOHA) U
T. 0. Tak kak Macca BOOOPOTHOrO MOHA MPAKTUYECKW HE OTIMJYACTCS
OT MacChl BOAOPOTHOTO aToMa, TO ITOJy4alOoTCsl CJIEOYIOIIHE BO3MOX-
HOCTU: WIM ajib(a-4yacTUlia B Ba pa3a TsLKelee BOMOPOMHOro aToMa U
HECEeT Ha cebGe OMUH IMTOJOXMUTEIbHBIM 3JIeMEHTApHBIN 3apsid, WIM alb-
da-yacTtuila B 4YETHIpE pasa TsKeJiee BOOOPOAHOro aroMa (T. €. MMEeT
MacCy aToMa rejivsi) U HeceT Ha cebe Ba MOJIOXUTEIbHBIX 3JIEMEHTap-
HBIX 3apsaa; U T. .

Kakast 6bI M3 3TMX BO3MOXHOCTEl HM ObUIa BEpHAa, BCe PaBHO ajlb-
¢a-yacTua MOKHA OBITH CPAaBHUTEILHO TSDKEJIOM YacTUIEH, T. €.
MMETh Maccy, OJM3KYI0 Y€ HE K Macce 3JIEKTPOHAa, a K Macce aTOMOB.
Macca anbda-4yacTUIBI JO/DKHA TPEBOCXOAUTH MAacCy 3JIEKTPOHA IO
KpaliHeld Mepe B HECKOJBbKO THICSY pa3, U, XOTsS CKOPOCTh ajib(da-yac-
THII, TI0O u3MepeHussM Pesepdopna, ropa3mo MeHbIIE, YeM CKOPOCTb

1
Yucna He BIOJHE CXOOSTCSA. HO 3TO Bedb MOXET OBITb pe3yjibTaToM
HEKOTOPOM HETOYHOCTU B U3MEPEHMUSIX.
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3JIEKTPOHOB OeTa-i1ydeil (1o KpalilHeH Mepe B HECKOJbKO pa3), BCe
paBHO ajb(a-yacTHUIlla JOJDKHA 00j1agaTh ropasao Oomblieil SHepruemn
JIBIDKCHUSI, YEM MeHee TSDKEJbIH 23JIEKTPOH, BBUICTAIOLIMI U3 TEX X€
PamTMOaKTUBHBIX BelleCTB. AJb(da-JIydM MOTYT ObITh Ha3BaHblI CHapsi-
JaMU TsDKeJION apTWUIEpUM PagUOAKTHUBHBIX BEIIECTB; OeTa-JIy4u IO
CPaBHEHHWIO C HUMU — 3TO OENIbIif OTOHb ITyJE€METa.

ITosTomy x AByM (akraM, OTKpHITHIM Peszepdopmom u Connu u
VKa3aHHEIM Ha ¢. 94, HeoOXOoOMMO NpPUOABUTH €Ille M TPETUIl HEOOBI-
YallHOM BaXXHOCTU (PaKT.

ATOMBI pamiisl U JPYTMX PagUOaKTUBHBIX BEIIECTB MCITyCKAIOT BECh-
Ma OBICTpBIE 3JIEKTPOHBI, a TakKkKe U amb(a-4acTULIBl, 110 KpanHel Me-
pe B IBa pasa (a MOXeT ObITh, U OOJBIIIE) MPEBOCXOASIIME IO Macce
aToM BOJOpOA.

Korma Pesepdopn u Commu cobpaymt M CONOCTaBUIM 3T TpU dak-
Ta, TO OHM, KaK HACTOSIIME IepOoM IETEKTUBHOW WCTOPUM, PEIIWIH,
YTO TeIephb yXe Iopa BBICTABUTb TMIIOTE3Y, KOTopasl Jana Obl OOBsICHE-
HME 3araJloyHbIx SIBJICHMI paJOaKTUBHOCTU. [umore3a, KOTOpPYIO OHU
NpuayMaI ¥ omyoaukoBam (B 1903 romy), 3akioyaeTcsl B CIEmylO-
LIEM.

ATOMBI pPaTUMOAKTUBHBIX BEILECTB B3PbIBAIOTCS, pacMafaloTcd Ha
gacTd. JIlyun Bexkepensi, KOTOpble MCITyCKAalOTCSI pagyuOaKTUBHBIMU Be-
1IECTBaMHU, — 3TO OCKOJIKH, OTJETalolle OT aTOMa IMPU TaKOM B3pBIBE.
HesepHo, uTo Bce aTOMBbI OeCCMEPTHBI, YTO OHU XMBYT BEYHO, HE U3-
MEHSIOTCSI, He CTapeloT, He pa3pylialorcs. Bce 3To mpeapaccynok, Kak
M TO, YTO aTOMBI He MOIYT OBITh pasfeieHsl Ha yactu. [Ipeapaccymok
O HEeIEeMMOCTH aToMa ObLUI YHMYTOXEH Oarogapsi OTKPBITHIO 3J1EKTPO-
Ha, KOTOpOE IT0Ka3aJio, YTO aTOM — CJIOKHAsl CUCTEMa, COCTosIasd U3
bosiee MeKMX yactuil. TakuMm ke 0o0pa3oM MCCIeI0BaHME PaIyOaKTUB-
HOCTH [JOJDKHO YHMYTOXMTBH IIpeapaccygoK O OecCMEPTUM aTOMOB.
ATOM paIuOaKTUBHOIO BEIIECTBA XXKMBET HEKOTOPOE BpEMs, a 3aTeM
YMHUpaeT, B3pbIBasCh Ha YaCTU U pa30pbI3ruBasi BO BCE CTOPOHBI CBOU
ockoinku. Ho He y Bcex pagMOakTMBHBIX aTOMOB OOUHAKOBasl «CMeEpT-
HOCTBb»: aTOMbl 3MaHAIlMHd paausi BHIMUPAIOT OY€Hb OBICTPO, TaK YTO
Yyepe3 HECKOJIBKO THEeH OT MepBOHAYaJIbHOTO KOJIWYECTBA 3MaHallUM
pamysi OCTaeTCsl TOJIbKO HeOOJIbIIasi 4acTh, a aTOMbl CaMOI'0 pagusd WU
ypaHa BBIMMPAIOT ropa3fio MeUIEHHee, TaK 4TO JaXe 4Yepe3 HECKOIBbKO
JIET TIPAaKTMYECKU MBI HE MOXeM ellle 3aMEeTUTh HUKAKOI'0 YMEHBIICHU
ux KosmmdectBa. Ho Bce e M OHM yMHMpalOT U JAlOT 00 3TOM 3HATh
CBOMMM JydamMM bekkepens. DmaHalvsi paaus, IIOCTEIIEHHO BO3HMKA-
jollasi U3 pamusi, COCTOMT M3 aTOMOB 3MaHalMu paaus. Tak Kak B JIy-
yax bBekkepesnsi, UCIyCKaeMbIX pagueM, HUKaKMX TsOKENbIX YacCTHII,
KpoMe ayibta-4acTUIl, He OOGHApyKEeHO, TO CaAMOE E€CTECTBEHHOE IIpel-
MOJIOXXKEHUE, KOTOpPOE€ MOXHO ClejaTh, 3aK/04YaeTcsli B TOM, YTO aTOM
pamysi pacramaeTcsl Ha aTOM SMaHalluM pagus M anbda-4acTUlly, 4To
MOXHO 3alucarh Tak:
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aToOM paaus —» aTOM 3MaHaluu + anb(ba—qacmua.

ITpu TakoMm pacmname JIETAT ellle ¥ MeJKHe OpBI3TM B BHUIE SJIEKTPO-
HOB U raMma-jydei (4To Kacaercsl raMma-iaydei, TO OHM HUYEM He OT-
JIMYAIOTCSI OT OYEHb XECTKUX, T. €. OYeHb NPOHMKAIOIIMX, JTydeil PeHT-
reHa). BeIXoguT, 4TO Mocje CMEPTU aToMa paaus OoOpa3oBajiCsl aTOM
JIPYTOro BEIIeCTBA — SMaHAIlMM pagus — U alib¢a-yacTulla, KoTopas,
BEpPOSITHO, TOXE SIBJISIETCS aTOMOM KaKoro-To BellecTBa. B pamuoax-
TUBHBIX SIBJICHUSIX Mbl MMEEM MEJI0 C TMpeBpalieHueM ONHMX XMMHYeC-
KUX 3JIEMEHTOB B JpYTUE, C POXIEHHWEM M CMEpPTHIO aTOMOB, T. €. KakK
pa3 Co BCEM TEM, YTO CYMTA] HEBO3MOXHBIM JIaJIbTOH M BCE XUMUKU
XIX cronetusi, HO K 4YeMy CTPEMWIMCh CpPEOHEBEKOBBIE «IeaaTeld 30-
Jorta». IlpaBoa, cpeqHEBEKOBBIE ATXWMMUKU CTPEMIUIMCH IIpeBpallaTh
OIHM XUMUWYECKUE 3JIEMEHTBHI B IPYIMe II0 COOCTBEHHOMY >XEJIaHMIO,
CTPEMIWINCH YIIPABISATh 3TUM IIPEBpAIICHUEM, a pamuii, KaK MBI BUIE-
JIM, OCTaeTCs COBEPUICHHO PaBHOMYIIIHBIM KO BCEM ITOIBITKaM (PU3UKOB
KaK-TO MOBJMSATh HA MHTEHCUBHOCTh MCITYCKaeMbIX UM JIydeil bekkepe-
Jii U 3aMeUIMTh WIM YCKOPUThb ero pacrnan. Ho, xak 3HaThb, MOXET
OBITh, KOIJa-HUOYAb M yHACTCS JOOBITh TOT <«TOHKUHA U CUJIbHBIA
areHT», 0 KoTopoM MeuTan PoGepT boiulb, U HaydUThCS YIIPaBISTH C
€ro ITOMOIIBIO PATUOAKTUBHBIMU SIBICHUSIMU, 3aMEUISIsI U YCKODPSIST MX
IO MPOM3BOJY, BBI3bIBAs pacrai aTOMOB TaM, € OH HE XO4eT ITPOMC-
XOIOUTh CaM c000I0, W IpeKpalliasi ero TaM, IIe OH MPOMCXOIUT.

Ho He mig Toro HaM IPUTOAUTCS 3TOT «TOHKWM WM CIUIBHBINA areHT»,
yTOOBI TOOBIBaTh 30JI0TO, — ITOT XOTS M TIOJNIE3HBINA, HO BCE Xe HE
OYEHBb BaKHBI XUMUUYECKUU 371eMeHT. ECTh BelllM IoBaXkHee 30JI0Ta, U
WX MBI HaiileM B Helmpax aToMoB. Pamuit — 3To ckiam sHepruu. Ero
3arac SHepruyd He Oe3rpaHU4YeH, IMOTOMY YTO, C TOUKM 3PEHMs TMITOTe-
36l Pesepdopna u Coamu, B paguu, KaK M B TOpSIIEM TOIUIMBE, YTO-TO
TPaTUTCSI, U 3TO YTO-TO €CTh OH CaM: aTOMBl pamus YHHUUYTOXAIOTCA,
npeBpamasich B Ipyrue aToMbl. Ho Bce-Taku 3TOT 3arac >Hepruu
o4yeHbp BenmK (Korma Pesepdopn m Conmu BriepBbi€ BHICTABIUIM CBOIO
TUIIOTE3Y, €ro Hejb3sl ObLIO Jaxke IMpUOIM3UTENbHO ydecTh). I'paMM pa-
INSI — 3TO pe3epByap SHEPTUM, pe3epByap, U3 KOTOPOrO OHA BHITEKAET
MEUICHHO M HEOXOTHO. YNacTcs JM KOrma-HUOynbh OTKPHITH KpaH MO-
IIMpe — TaK, YTOOBI OHA BHITEKaja OBICTpei? A MOXeT OBITh, U MIpY-
rMe aToMbl TOXE PaAUMOaKTMBHBI, HO TOJIBKO OTAAIOT CBOM JIyYM TakK
MEUIEHHO M TaK Majio, YTO MBI He B COCTOSSHUM 3TOrO 3aMETHUTh?
M ectb 1M Kakue-HUOYIb CIOCOOBI 3aCTaBUTh 3TU aTOMBI pacIiafaThCs
Ha 4acTu OBICTpee, YeM OHM pacmamarorcst camm? Kaxumm Moryrect-
BEHHBIMM CTaIM OBl JIIOAW, €CIM Obl MM YOaJIOCh B3HY3[aTh U ITOMYM-
HUTH cebe 3TM TAaMHCTBEHHBIE CWIbI, KJIOKOUYYIIWE B HEApax aToOMOB!
«JItogu, Kotopele MorM OBl 3TO caenatb, — mucan Conad, — HE OCO-
OCHHO HYyXIAMMCh Obl B TOM, YTOOBI B IIOTE JIMIla CBOEro HOOBIBATh
xJy1e6 cpoyi. OHM MOIIM OBl MepenesaTh IMyCTbIHUA, PaCTOMUTh OOJIeneHe-
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Jible TIOMIOCHL, CHENaTh BECh MUP BeCEIbIM palickuM cagom». M kakumu
KAJIKUMU TTOKa3aJIUCh OBl UM Te 3amachl SHEPTMM — CHUJIa BOABI U BET-
pa, XUMUYecKasl SHeprusi 6e3yMHO pacTpauyMBaeMbIX HaMU YIJIS U Hed-
TH, — KOTOPBIMM PAcCIIOjlaraeT COBPEMEHHOE 4YesoBeuecTBO. [1ogunHuUB
cebe paauoaKTUBHOCTh, JIIOAU COBEPIIWIM OBl TaKOil e OrpOMHBIN
CKauyOK BIiepel, KaKOi OHM COBEPIIWJINA KOTAa-TO, KOTIa MepBOOBITHHIN
YeJioBeK, IMOAYUHUB cebe OrOHb, CAENANICS IOBEIUTENEM U TOCIMOANHOM
OCTTbHBIX XMBOTHBIX.

TakoBa 6buia rumnote3a Pesepdopma u Comau. TakoBa ObLIa mpen-
JIOXKEHHasi MMM pa3ragka pamguoakTMBHOCTH. OHa OTKpHIBajla Itepend
dusukoit mmpoyvaiiime rnepcrnekTuBbl. OHa B KOpHE MeHsUla Bce (U-
3UYeCKUe MPEICTABICHUSI, OTHOCSIIIMECS K aTOMaM U K UxX cyaboe. OHa
6bU1a cMenna, HeoObryHa. Ho ObUIa I OHa IpaBWIbHA?

IIpencrosino mpoaenaTh OTPOMHYI0 pabOTy, NMPOBEPUTH BO BCEX
IeTaJsIX 3Ty «TUIIOTe3y IpeBpallleHUSI 3JIEMECHTOB», KaK Ha3blBIM €€
Pesepdopn u Comau, oOBSICHUTL BCE TEMHBIE, HESCHBIE ITYHKTBHI.
U npexne Bcero, KOHEYHO, HYKHO OBLIO NPOBEPUTH, AEWCTBUTEIBHO
JIM aTOM panusl IpeBpalllaeTCs B aTOM 3MaHallMM paaus U B ajib(da-
YaCTHILY.

[Ans sroro criemoBaio cobpaTh KaK MOXHO OONbIIE JOMOJIHUTEND-
HBIX CBedeHUM. B yacTHoCTHU, HYXKHO OBUIO, HAaKOHELl, y3HaTbh, YTO Xe
Takoe 3Ta ajnbda-dyactuua? KMMeeT M OHA B>JIeMEHTapHBIA 3apsii U
Maccy, paBHYIO yIBOEHHOM Macce aToMa BOIOpOda, WIM Ke [1Ba 3Je-
MEHTapHBIX 3apsiia XU MacCy, pPaBHYIO YYETBEpEHHON Macce aroMa BO-
[0pona, WIM Xe TPU 3JIEMEHTApHBIX 3apsiia U MaccCy, PaBHYIO YIIecTe-
PEHHO¥ Macce aroMa Boaoponaa, U T. 4.7

Pesepdopn u Comau paccyxmanu Tak: aibda-4acTvlia JOJDKHA ObITh
KaKUM-TO aTOMOM, OOBIKHOBEHHBIM aTOMOM KaKOro-TO XMMMYECKOIO
3JIEMEHTA, XOTS M MOJIOXUTEIBHO 3apsDKEHHBIM, T. €. IMOTEPABLIUM
OIUH, WIU [IBa, WIM TPU U T. O. 37eKTpoHa. Ho Takoro xmMMu4eckoro
3JIeMEHTa, Y KOTOPOrOo aTOM HMMed OBl BIBOE OOJIBIIYIO MaccCy, 4eM
aToM BOJOpOJa, MO-BUAMMOMY, He cyllectByeT. Ilo3TOMy mnepByio u3
MepEeYMCIEHHBIX BO3MOXHOCTeM mpuxoaurcst oTopocuts. Ho cymecr-
BYET aTOM, KOTODHI MO Macce B 4YeThIpe pa3a OOJjblle aToMa BOJO-
poma, — 3TO aToOM rasa rejius, OTKphIToro B 1896 romy capom Yub-
aMmoM Pam3zaem. ITosToMy BecbMa BEPOSITHO, UTO alb(a-yacTulia —
3TO U €CTb aTOM Tejivsl. 3apsSDKEHHBIM OBYMS ITOJIOXKUTEIBHBIMU 3Je-
MEHTapHBIMU 3apsiiaMM, T.e. MOTepsIBIIMIA ABa 37eKTpoHa. KoHeuHo,
TaKO€ PaCCyXIEHHE HeJIb3$l CUUTaTh OYeHb YOEOUTEIbHBIM MOTOMY, 4YTO
JIETKO MODJIO OBl OKa3aThbCsl, HalpuMmep, U 4TO ajlba-yacTulia €cThb
aTOM KMCJIOPOZIa, MOTEPSIBIIMI BOCEMb 3JIEKTPOHOB (3TO TOXE Aano Obl
MpaBWIbHOE 3HAaYeHWE IJI1 OTHOLIEHUS e/m, TaK KaK 3HaMeHaTelb
O6bUT OBl B 16 pa3 GOJIBIIMM, YeM Y BOAOPOIHOTO MOHA, a YUCIUTEIh —
B 8 pa3s).

Ho Pesepdopn u Comau cyutamrd HaubOosee BEPOSITHBIM, YTO alb-
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¢a-gyacTuiia €CTb aToM Tefusl, OT KOTOPOTO OTKOJIOTO [IBa 3JIEKTPOHA.
OHU OCHOBBLIBAJIUCH HAa OMHOM (paKTe, KOTOPBIA ObUT XOPOILO M3BECTEH
XMMHUKaM U TeojloraM, XOoTs1 HUKTO no Pesepdopma u Commu He MoOr
IOHSITh €ro NMPUYMHBI, a UMEHHO Ha TOM, YTO Te€JIMiA BCTpedaeTcs B TeX
MHHepajaX, B KOTOpPBIX IMPUCYTCTBYIOT PaIWOaKTUBHLIE BEILECTBA TO-
puit wim ypaH. Tak, Hanpumep, LUEHIOHCKMIA MUHEpal TOpUAaHUT, Ha3-
BaHHBIM TakK IIOTOMY, YTO OH BKJIIOYAE€T 3HAYUTENIBHOE KOJIWYECTBO TO-
pHUsl, COmEepXUT B cebe TakKe M Iefuil, KOTOPbIA MOXHO W3BJIEYb U3
TOpUAHUTA, €CJM €ro XOPOIUEHbKO HAaKaluUTh Ha OTrHe. XMMMKU U Teo-
JIOTM XOpOIIO 3HAJM, YTO TaM, A€ €CThb YpaH WIA TOPHiA, TaM HEU3-
MEHHO OKAa3bIBa€TCs U eI, HO NMPUYMHBI 3TOTO SBJIEHUS OHU HE IIO-
HUMaai. SIcHO OBUIO TOJBKO TO, YTO 3Ta NMPUYMHA HE MOIJIA OBITh YUC-
TO XUMHYECKOM: TreJIUid He BCTyllaeT HU B KaKuUe XUMUUYECKUE
COCOUHEHUs] C IPYTMMM BELIECTBAMHU, a MOTOMY HET HUKAKUX pasyM-
HBIX OCHOBAaHUM MyMaTb, YTO TeJIMA MPUXOOUT U3BHE B MMHEpPAIbI, CO-
Jlep>Xallle ypaH WA TOPUMA, U OCTaeTCs TaM.

C Ttouku 3penus Pesepdopna u Commu, MpUYMHA JTOJDKHA OBITH KaK
pa3 oOparTHas: TeJuid BO3HUMKAaeT BHYTPM MHUHEPAIOB, COAEpPXKaLUX
ypaH WIM TOPUM, U BO3HUKAET MOTOMY, YTO OH SIBJISIETCS ONHUM U3
MPOOYKTOB PalMOaKTUBHOIO pacmnana: ajibga-4yaCTULIbl, UCITyCKacMble
pamTUOaKTUBHBIMU 3JIEMEHTAMH, IMOCTEIIEHHO HAKaIUTUBAIOTCSI BHYTPHU
MUHEPAJIOB, B KOTOPBIX BKpAarUIEeHbl PaJWOaKTUBHBIE BEUIECTBA, U TOT
reJIMiA, KOTOPhIA XMMHKM HaxoOiT B 3TUX MHUHEpalax, KaKk pa3 U CoOcC-
TOUT U3 TaKWX albga-dacTuil. I'enuif 3TOT COCTOMT M3 OOJIOMKOB IaB-
HO pacnaBILIMXCSI 0o0Jiee TSDKEJIbIX aTOMOB: OH IIPENCTABIAET IOCIEIHEE
3BE€HO B TON MEMJIEHHOW 3BOJIIOIMU BELIECTBAa, KOTOpasi MPOUCXOOUT B
3eMHOI Kope.

BeposiTHO, HEe TOJBKO Teiuii, HaXOOWMbIM B MHUHEpajliaX, HO U TOT
reJIiii, KOTOPbIi B OTPOMHBIX KOJIMYECTBAX TMOJHUMAETCS M3 TPELUUH
3¢MHOII KOpbl B HEKOTOpbIXx MecTax CoemuHeHHbIX IIlTatoB M yxe B
TedeHUe MHOIuX JieT (co BpeMeHU I[lepBoii MMpPOBOII BOMHBI) OONbLIE
He pacceMBaeTcsl B aTMocdepe, a MCMOJb3yeTCs IS HAallOJIHEHUS M-
pwkaoneit, — maxe M 3TOT TeJiuii, BEpOSITHO, TOXe OOpa3oBajiICcsA B pe-
3yJIbTaTe KaKUX-TO PaJUOAKTUBHBIX IPOLECCOB B IIyOOKMX Heapax
3€MHOTIO Iapa.

DBOMIOUMS BEILIECTBa, CBSI3aHHAasl C palUMOaKTUBHOCTBIO, MOJIXHA
COBEpIIAThCS OYeHb MENJIEHHO W IOCTENEHHO: paguil, KOTOPBIA
BCErla HaxoAsT B YPaHOBBIX pydax, Oe3yCIOBHO SIBISIETCS OOHUM
13 IIOTOMKOB ypaHa; Jajiee aTOMbl panus, MCIycKasl ajabda-4acTU-
LB, TIPEBPAIAlOTCSI B aTOMBI 3MaHallMM; 3Ta IIOCJIEOHSS] MUCIIBITHI-
BaeT KaKue-TO HajbHeWlllMe IpeBpalleHusI, TaK KakK Belb M OHa
ucnyckaeT anbda-dacTUUBl, U T.A., U T. . Kak gameko ugetr 3TO
NpeBpallleHWe, KOTrga OHO MpeKpalllaeTcsl M KaKue OKOHYAaTeNbHBIE
MpPOOYKTHl, KpOME TeNius, MOJYy4arTcsl B pe3yJibTaTe BCEro 3TOTO
IIOCJIEOBATEIbHOTO CTYIIEHYAaTOro paciaja — Ha 3TU BOIpockl Pe-
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3epdopa 1 Comnu Torma (B 1903 roay) euie He MOIJIM AaTh OKOHYa-
TEJIBHOTO OTBETA.

Commu mnepecenwics u3 MoHpeanss B AHIJIMIO U CTaJl paboTaTh
BMecTe ¢ Pam3aeM. OHM B3sUIM HEKOTOpPOE KOJMYECTBO BO3myXa, K KO-
TOpoMy ObLIa IIpMMeEIIaHa S5MaHalysl paausi, U MNOMECTWIU €ro B
CMEKTPOCKOMMYECKYIO TPYOOUKY. OTO JIMHHAS CTEKJISTHHAasl TPYOOYKa;
y KOHIIOB OHa IIIMpe, a B cepeduHe OHa coBceM y3ka. C TOro u ¢ apy-
roro KOHIIA B Hee BIIasiHBI IUIATUHOBBLIE MPOBOJIOYKU: 4Yepe3 3TU Ipo-
BOJIOYKM MOXHO IPOITYCKaTh 3JIEKTPMYECKUN TOK IO Tra3y, 3allepToOMYy
B TpyOouke. Korma depe3 Takylo CIEKTPOCKOIHYECKYIO TPYOOUYKY IMpo-
ITyCKAIOT TOK, TO B Y3KOM €€ MECTe ra3 HauMHaeT SIpKO CBETUTBCS U C
MOMOIIIBIO CIIEKTPOCKOIIAa MOXHO pacCMOTPETh €ro CHEKTP.

Pamzait 1 Comnu 3amastid TpyOOUKy, a 3aTeM HECKOJIBKO OHEW MOM-
psio XOOWIM CMOTPETh Ha CHeKTp 3MaHaimu. M BOT oKa3alnoch, 4To C
KaXIbIM JTHEM CIIEKTPaIbHBIE JTUHUM 3MaHaAllUM CTAHOBSITCS BCe ciabee
U cyabee. A BMECTO HMX 3aropalorcsl ApyrWe JIMHUM, KOTOPBIX paHbILE
He ObUI0, — CHeKTpalbHble JUHUU reius. C BOJIHEHHMEM paccMaTpyBall
Pam3ait 3TOT XOpOII0 eMy M3BeCTHBINM crekTp. Yem crnabee CTaHOBUICS
CMEKTp 3MaHALMKM pamusi, TeEM sipye U sp4ye pa3ropaicsl CIIEKTP Teaus.
I'emuit poxnancst Ha mia3ax y Pamsas u Connu.

Bnocneactsuu (B 1909 romy) Pesepdopn choeman (BMecTe ¢ OTHUM
M3 CBOMX MOMOIIHMKOB — PoiimcoM) Opyroii OmbIT, ellle Oojee yoemnu-
TEJIPHO MOKA3aBIIWi, 4TO ainb(a-dyacTHIla — 3TO aToMm reaus. Pesep-
dopn n Poiinc 3amepnyu 3MaHalMIO pamusl B CTEK/SIHHYIO TPYOOUKy C
TaKMM TOHKMMH CT€HKaMH, YTO HCITyCKaeMble 3MaHalel aibga-yac-
THILIBI COBEPILIEHHO CBOGOIHO IIPOXOAWIM CKBO3b 3TH CTEHKU. DTy TOH-
KOCTEHHYI0 TpyOKYy OHM IMOMECTWIM B CTEKJISIHHBIA COCYH, KOTOPBIA
OBUT BBEPXY COEMMHEH CO CIIEKTPOCKOIMMYECKOM Tpyboukoin. M3 cocyna
ObLT OTKayaH Bo3myx. Ilocje 3TOro OHM TMOJOXIAIM ABa OHSA, B Teye-
HME KOTOPBIX HEKOTOPOE KOJIMYECTBO alb(a-4acTHL] YCIIENO BBICKOYUTH
M3 TOHKOCTEHHOI TpyOOUKM M CKOIUTHCS B cocyae. Torma oHM, Ha-
MOJTHUB COCYI PTYTBHIO, 3aCTaBUIM BCE, YTO TaM OBUIO, IOAHATBLCS Ha-
BEPX B CIIEKTPOCKOIMYECKYIO TPYOOUKY M cxXaThcs TaM. Uepes Tpybou-
Ky ObUI MpOITyllIeH TOK, M B MOJie 3PEHUs CIEKTPOCKOIaA SIBCTBEHHO
3aropajach Keirasl CIEKTpaabHas JUHUS refvs. A 4depe3 IIecTb THEH
MOXHO OBUIO BUIETH U APYTHE, MeHee sIpKWe JIMHUUA TEJIMEBOrO CIIEKT-
pa. 3HauuT, anb(ha-4yacTUIlhl, MPOIIeAIIUe Yepe3 TOHKME CTEHKU TpY-
00YKM, B KOTOpOW ObLIa 3arepra SMaHaius, U COOpaHHBIE 3aTeM B
CIIEKTPOCKOIMUYECKON TpyOOUKe, NEHCTBUTEIBHO OKa3ajICh CaMbIM
OOBIKHOBEHHBIM rejieM. I1o3ToMy rumoreTHdecKkylo ¢opMyily pacmaja
panys ciexyeT MucaTh B CJIEAyIOIEM BUAE:

aToOM paausi —» aTOM SMaHaluu + aToMm renusl.

Eiie omHa, mocnenHsss, OKOHYaTeJlbHasl IIPOBEpKa ObUla HEOOXOOU-
Ma: HyXHO OBbUIO IPOBEPUTH, AEHCTBUTEJIBLHO JIM Macca aroMa 3MaHa-
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IIMU pagusi, CJIOXEHHasi C MacCOM aToma reJidsi, IacT MacCy aToMa pa-
Iusi. ATOMHasi Macca paausi ObUla M3BECTHA: €€ C OOJIbIIOI TOYHOCTHIO
ornpeeaui XUMUK XEeHUTUIMUIAT, U OHA OKasajach paBHoi 225,97.
AtoMHast Macca renusi paBHa 4,00. IToatoMy, eciM TOJBKO TMIIOTE3a
Pesepdopna m Commyl npaBWwiIbHA, TO aTOMHAsI Macca SMaHalMK pagus
JIOJDKHA OBbITh MPUOIM3UTEIBPHO paBHA 222.

IIpencrosin pewmaroluyii 3KCIepUMEHT. ATOMHasi Macca SMaHalluu
pagusa Obljla HEM3BECTHA, HO TEOpUsl YTBepXKIaja, YTO OHA JO/DKHA
paBHATBCS 222. Eciy OMBIT MOATBEPAUT 3TO IpeAcKa3aHHWe, TO B3MJISIbI
Pesepdopna m Coamu nmpuoOpeTyT HEOOBIKHOBEHHYIO YOEIUTEILHOCTH
u cwry. Ecim npeackasaHue OKaXeTcsl HEBEPHBIM, TO MX TEOPHIO HyX-
HO OyIeT OTOPOCUTh U MCKATh KaKylO-TO COBEPUIEHHO APYTYIO.

3a mpou3BOICTBO 3KCHEPUMEHTa B3sUICs C3p YwibsiM Pam3aii. He-
OOBIKHOBEHHAs1 TPYAHOCTb CTOSIBLIEH Iepel HUM 3aayd, HecIbIXaHHas
B UCTOpHMU XWMHUHM, 3aKTIOYaIach B TOM, YTO KOJMYECTBO 3MaHALUH,
OBIBIIIEE B €r0 pacCIOpsDKEHUM, ObUIO COBEPIIEHHO HUYTOXHBIM — HE
0oJipllle OyJaBOYHOM ToJIOBKU. JlaXke M 3TO KPOXOTHOE KOJMYECTBO
5MaHalMM [JOJDKHO ObLJIO CUMTATbCSl OYEHb OOJBIIMM: B TPOMaIHOM
OOJIBIIMHCTBE PATMOAKTUBHBIX ONBITOB (DM3MKW MMEIOT B CBOEM DPAacCIIO-
psDKEHMHU enle 0osiee HWYTOXHBIE KOJMYECTBA 3TOro rasa, KOTOPBIH,
BEPOSITHO, NO3TOMY HMKOTAAa M He ObUT ObI OTKDPHIT, €CJIM Obl He Jy4u
Bekkepensi, KOTOpple OH MCITYCKaeT M KOTOPHIE ITO3BOJIIIOT 3aMETHUTh
€ro IPUCYTCTBUE.

Ho Pam3zait momkeH ObUI Ipofenarh CO CBOeH OYJaBOYHOM IOJIOB-
KO 3MaHalMM BCE, YTO XMMMKM €M C APYTMMM ra3aMu, aTOMHYIO
Maccy KOTOpPbIX OHM XOTelnu HaiTu. Ilpexne Bcero Hy»KHO OBUIO OITpe-
JIEJTUTh XMMMYECKHe CBONCTBA SMaHALIMM pamus. DTO ObLla CpaBHU-
TEJILHO JIeTKasl 4acTh 3afaud; Aaxke eciu Obl y Pam3as GbUto SMaHALMU
ellle MEHbllle, — TaK Majlo, YTO €€ MOXHO ObUIO ObI OOHAPYXXWUTh JIUIIb
o AeHCTBUIO HUCITyCKaEMbIX €10 Jiyuell bekkepesnsi, — OH Bce paBHO Cy-
MeJl Obl OIPENE/IUTh €€ XMMUYECKYIO IPUPOLY, MPOOYsT COETUHUTDH €€ C
pPa3IMYHbBIMKA BELIECTBAMU: TO BEIIECTBO, K KOTOPOMY Iiepelilia Obl pa-
JMOaKTUBHOCTh SMaHallMU, TEM CaMbIM OOHApYyKWJIO OB CBOIO CITOCO0-
HOCTb BCTYIIaTh C 3MaHallMeil B XUMM4Yeckoe coenuHeHue. Ho U3 oIbI-
TOB Pam3as BHITEKAs10, YTO dMaHALMS
pamusl YCKOJIB3ae€T OT JII0OOTOo XUMMU-
YECKOI'0 TMOITIOTUTENSI M YTO, CJIENO-
BaTeJIbHO, OHAa HE COEMUHSIETCS HU C
yeM. UHBIMM cJIOBaMM, 3MaHaUMs pa-
IS TIPUHAUIEXXKUT K TpYIIe «Onaro-
POIOHBIX Ta30B», K KOTOPON OTHOCSIT-
cs, KpoMe Hee, Telquil, HEOH, aproH,
KPUINTOH, KCEHOH. (3aMeTHUM, YTO, C
TeX IOp KakK 3TOT akT ObUI YCTaHOB-
JIeH, SMaHallMsl paausl MOoydusia HO-
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BO€ Ha3BaHME — paloOH — [JI1 TOro, OYeBUOHO, YTOOBI pu(PMOBATH C
HEOHOM, aprOHOM, KPHUIITOHOM M KCEHOHOM. B Halel TaGiuiie XUMH-
YeCKUX 3J1eMeHTOB (cM. c¢. 39) sMaHaIus pagusi ToXe (PUTYpPUPYET IOI
S5TUM UMEHEM, U OTHBIHE MBI ee¢ OylmeM Ha3bIBaTh UMEHHO Tak).

N3 Toro, 4ro pagoH NpHUHAMJIEXWUT K IpyIIie 6aropoiHbIX Ia3oB,
OTKAa3bIBAIOIIMXCS COEMUHATHCA U MEXIY C000I0, U C KaKUMHU YTOMHO
IpDYTMMM BElLIECTBaMM, CJIEAyeT, YTO Ha HEro MOXHO paclpOCTPaHUTh
BCE TE 3aKOHBI, KOTOpbIE€ OKAa3aJMCh CIPaBEIMBBIMU I OCTAJIBHBIX
OymaropogHbIX ra3zoB. B 4yacTHOCTM, MOXHO YTBEpXIAThb (BCe 3TO OBLIO
XOPOLLIO TPOBEPEHO Ha OCTAIBHBIX 0JIArOPOIHBIX Ta3ax), YTO MOJIEKYyJa
pagoHa COCTOMT TOJBKO M3 OJHOIO aToMa pajoHa M YTO €ro aTOMHas
Macca MOXET OBITh BBIYMCJIEHA M3 €ro IUIOTHOCTM (aTOMHBIE MacChl
BCeX OJIarOPOAHBIX Ta30B IMPOITOPLIMOHAIBHBI MX TUTOTHOCTH). ITosTomy
nepen Pam3aem Bcrana 3amaya — B3BECUTh KPOXOTHOE, IOYTH He3aMeT-
HOE KOJIMYECTBO palOHa, OBIBIEE B €ro paclopsDKEHMM, YTOOBI OIpe-
JIEMUTh €ro TUIOTHOCTh, & 3HAYMT, U aTOMHYIO Maccy.

OTy TpyaHywoo 3agayy Pam3ait u ero momMomntHuK Yautiaoy-I'peit pas-
pellWwiIn CaeaylouMM o6pa3oM. OHM MOCTPOWIU CIEHUATbHBIE «MUK-
POBECHI», UyBCTBUTEJIBHOCTh KOTOPBIX ITPEBOCXOMMIA BCE, YTO KOIIa-
MO0 OBUIO M3BECTHO B MCTOPMM M3MEPUTEILHOIO MCKyccTBa. Kpoxor-
HO€ KOJIMYECTBO 3MAHAUMM panus ObUIO BBEAEHO B IYCTOM M OYEHb
JIETKMIA KBAapLIEBbIM IIApUK, KOTOPBIM ObUT MOABELIEH K OZHOMY KOHILY
Jieryaiero KBaplieBOro K€ KOpPOMBICIAa BecoB. K IpyromMy KOHITy ObLT
MOABEIIeH KBaplEBHIN ITPOTUBOBEC, IPUOIM3UTEIBHO YPaBHOBEITUBAB-
WA KBAapUEBBIM IIApUK C pagoHOM. [lJIsi Toro 4yroObl TOYHO ypaBHOBE-
cuTh Bechl, Pam3aii u Vaittioy-I'peit 1monb3oBaIMch HE O100aBOYHBIMM
Pa3HOBECKAMU WIM YEM-HHUOYAb B 3TOM pOIE, a MOCTaBUJIM MUKPOBECHI
MOJ CTEKISIHHBIA KOJIIAK M CTad MEHSTh C IOMOLIBIO Hacoca OaBie-
HUE BO3AyXa IToA 3TUM KoimnakoM. Ilo 3akoHy Apxumena BCSIKOE TeNo,
MOTPYKEHHOE B ra3, TepsIeT B CBOEM BeCE CTOJIbKO, CKOJIBKO BECHUT a3,
3aHMMaAIOIIMK TaKo# e 00BheM. A TaK KakK KBaplEBbIM LIApUK C paao-
HOM MMeJl OOJIBLINIT 00BbeM, YeM KBaplIEBHIA IIPOTUBOBEC, TO OH 0OJb-
LlIe TepsUl B BECE, YEM ITPOTUBOBEC, U 3TO CTAHOBWJIOCH TEM OLIYTHUMEE,
4yeM IUTOTHee Obul ra3 mon kosmakom. ITostomy Pam3ail u ero momoii-
HUK MOIJIM YTIPaBJIsITh CBOMMHU BecaMH, He MpuoOerasd K IIOMONIM pas-
HOBECOK: XOTST OHM, YTOOBI IPOTHMBOBEC OIYCTWICH, & LUAPUK C Pajo-
HOM IOJHSUICS, — [UISL 3TOrO HYXXHO TOJIBKO €llle IOIKAayaTb HAacoOCOM
MOJ, KOJUTaK BO3AYX; & YTOOBI IIAPUK C PAJOHOM OITYCTWICS, a MPOTH-
BOBEC ITOLIEN BBEPX, CJEMyeT HACOCOM HEMHOXKO OTKayaTb BO3MYyX W3-
rox koinmnaka. C MoMOIIBI0 3TMX OCTPOYMHEBIX «BECOB 0€3 pa3HOBECOK»
Pamzaii u Yamimnoy-I'peit cymenu mOBOJILHO TOYHO B3BECUTh CBOH Ila-
PUK C paIOHOM, a 3HAa4YMT, U BBIYMCJIUTbL aTOMHYIO Maccy pamoHa. Kor-
a U3MEPEHUS U BBIYUCACHMS ObUIM 3aKOHUYEHBI, TO B pe3yJIbTaTe I10-
JIy4UI0Ch, YTO aTOMHasl Macca paJoHa IIOYTU TOYHO paBHa 222, T.e.
TOMY CaMOMy YHUCIy, KoTopoe mpenckasanu Pesepdopn u Commu.
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Pesepdopn u Connu TopxXecTBOBaTH Iobeny. Terepp yke HUKTO He
MOT' OTpHIIaTh, YTO WX DAa3rajika pPagvdOaKTUBHOCTU IpaBWIbHA M 4YTO
aToM paaus NEUCTBUTENBHO paclaJaeTcsl HA aTOM paloHa M aTOM Ie-
nus. HauvHanach HoOBasi aroxa B UCTOpMM OU3MKM M xumuu. Hapsioy
C OOBIKHOBEHHBIMM XVMMMUYECKHUMM DPEaKIUSIMM, KOTOpble M300paXkaloT-
ca ¢dopmysiaMU, Toe ClpaBa M ClieBa CTOSIT T€ € caMble aTOMEBI, HO
TOJIBKO B pa3HbIX KOMOMHALMSX, TErepb (PU3MKMA M XUMMKU OOJDKHBI
OBLUTH paccMaTpUBaTh M TaKyl0 peaKIIHIo:

Ra — Rn + He.

B xakoi1 yxac npumien Obl crapbiit beplienuyc, ecnu OB eMy ITOKa-
3aJIM TaKyl0 XMMMYECKYIO OopMy.Ty!

M3 Bcero TOoro, o 4yeM roBOPUJIOCh HAa MPEIbIIYIIUX CTpPaHMIIAX,
yUTaTeIb MOXET 3aK/II04YUTb, uTO Trurore3a Pesepdopma u Commu o
pPagdMOaKTUBHOM pacraae aToMa pagus Ha aTOMbI pagoHa M TeJusl He-
coMHeHHO BepHa. He MoxeT OBITb HEBEpHOM TMIIOTE3a, KOTOpasl IOMI-
Beprajach TakOMy CypOBOMY HCIIBLITAHUIO M TaK OJIECTSIIE €ro BbLAEp-
xkana. Ho Pesepdopn cyen HyXHBIM IIOABEPTHYTH €€ ellle M JIPYyTroMYy
HCIIBITAHUIO. OH 3aXOTeJl OIPEIeIUTh HEMOCPEACTBEHHO Ha OIIBITE, Ye-
My paBeH 3apsii OTAEIbHON anbda-yactuibl. Benb u3 moramku Pesep-
¢oprna u Comad O CYIIHOCTM PadMOAKTUBHOCTU BBITEKAET, YTO 3apsil
anbda-yacTULIbl NOJDKEH PABHATHLCS NBOMHOMY 3JIEMEHTApPHOMY 3apsiay:
3TO 00s13aTeTFHO TO/DKHO OBITh BEpHBIM, €CIH ajlb(a-dyacTvlla €CTh 3a-
PSDKEHHBIN aTOM Tevs U €C/Id OTHOLIEHUE e/m Ui Hee, KaK IOKa3bl-
BaeT OIBIT, B IBa pa3a MEHbILE TAKOTO XK€ OTHOLIEHUS, BHIYUCICHHOTO
i1 BomopomHoro MoHa. Ho kak 3To mpoBeputh? Aubga-yacThlia —
3TO aTOM Tefis WM, Jydlle CKa3aTb, MOH remus. He ciauiiukoMm M ca-
MOHAaNesTHHbI (DU3UKM, BO3HAMEPHUBIIMECS MONMAaTh ONMH-€IWHCTBEH-
HBIf aTOM Tejisd M M3MEPUTh ero djeKTpuyeckuii 3apsin? He 3Hauut
JIM 3TO — TMOIBITATbCSI BOUTH B MUP OECKOHEYHO MAajioro, B MUp HEBHU-
MUMOTO, B MUP YCKOJIb3AIOIIETO OT HallIMX OPraHOB YyBCTB?

M Bce Xe 21a cMenas MoIbITKAa ynainach. OU3MKU OEUCTBUTEIBHO
CMOITIM yBHIETh HeBUOUMOE. IlepBblii, KOMy 3TO yHajaoch, OBUI C3p
Yunbsim Kpyke. st Toro 4toObl COBEPIIMTH 3TO YydO, OH COBCEM HE
CTPOWJI I'PaHAMO3HBIX U CJIOXHBIX MPUOOPOB, NMPU BUAE KOTOPHIX BCS-
KM HeydeHBI 4YejlOBeK HauMHAaeT YyBCTBOBATh CeOsl HEXOpOIIIO, — OH
COOpYIWJI COBCEM KPOXOTHBIM M ITyCTSIKOBBIA IPUOOPYUK CTOMMOCTBIO
pyosnst B rontopa. 1 ¢ moMolIbi0 3TOr0 MpUOOpYMKa OH CMOT YBHIETh
OTNIENbHBIE aTOMBI.

ITpu6op Kpykca — Tak Ha3bIBa€MbIA CIIMHTAPUCKOIl — HMEET Clie-
Iywoliee ycTpoiictBo. OH COCTOMT U3 HEOOJNBIION TpyOKHM, HAITOMMHA-
IolIeil 1Mo BUAY U IO pa3MepaM TPYOKYy OT MaJIEHBKOTO TeaTpaJibHOTO
ouHokIs1. OOMH KOHell TPYOKM 3aKpBIT 3KPAaHOM, KOTOPHIM TOKPBIT
(C BHYTpEHHEH CTODOHBI) CEpHMCTBIM LIMHKOM. C HOpyroro KOHIIa B
TpyOKy BCTaBJIEHO YBEJIUYHUTENbHOE CTEKJIO, C MOMOINBI0 KOTOPOTO
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MOXHO pacCMaTpUBaTb STOT ITOKPHI-
TBI CEPHUCTBIM LIMHKOM 3KpaH. BHyT-
pu TpyOKM YKpeIUleHa WTIOJIKa, KOHEIl
KOTOpOM pAacIlOJIOXKEeH Ha OCH TpPyOKHU
MEXIY YBEJIWYUTEIbHBEIM CTEKJIIOM H
9KpaHoM. Ha 3ToM KOHIIE HIrOJIKM
MMeeTCsI HUYTOXHOE KOJMYECTBO pa-
Vs, TIpU4eM — U B 3TOM COCTOMT Haumbosiee 3pdeKkTHass 0COOEHHOCTh
npubopa Kpykca — 4yeM MeHbllle pamMs, TeM Jiydine. JIjisg Toro 4roObl
HAacaJuThb HAa KOHEIl MIOJIKM HYXHOe KOJWYECTBO pamysi, IOCTYIIAlOT
TaK: TUM KOHIIOM MWIOJIKM CJlerKa OOTParuBalOTCSI IO BHYTpPeHHeM
CTEHKM NpoOMpKM, B KOTOpPOH KOrma-To OBUI IIperapar pamus. Bor u
Bce. HeymuButensHo, yro mpubop Kpykca Tak neiieBo CTOMT, XOTS B
HEM MMEETCsl paguii — caMoe JIOpOroe BEIeCTBO B MMpE.

IIpubop roroB. Kak xe yBHIETH C IOMOILUBIO 3TOro mnpubdopa oOT-
JlenbHBIe aTOMBI? JIJIsT 3TOr0 HYXHO C HAM TIOMTH B TEMHYIO KOMHATY
M TIONOXIATh HEKOTOpOe BpeMs, ITOKA IVIa3a OTIOXHYT M XOPOLIEHBKO
MPUBBIKHYT K TeMHOTe. I1oTOM HyXHO IOCMOTPETh B YBEJIMYUTEJILHOE
CTEKJIO Ipuodopa.

CrpaHHOe 3peniiie Torma IpeacTaHeT INepen HalluMHu riaazamu. Ha
TOBEPXHOCTH 3KpaHa BCIBIXMBAIOT M TFaCHYT MaJleHbKHUE HESIPKUE 3Be3-
nouyku. OHU 3aropaloTcsl TO TyT, TO TaM, M BeChb 3KpaH TaK M KMWIINT
vMHU. Ero noBepxHOCTh ObLIa OBI ITOXOXa Ha 3BE3IHOE HeOO, BUINMOE
B TEJIECKOI, €CIM Obl BCS KapTWHA HE MeHsUIach TaK OBICTPO, KakK B
Kaneunockone. PazopBaHHBIE BCHBIIIKM, YCEHBAIOIIWE 3KpaH, TACHYT
TaK XK€ BHE3aIHO, KaK MOSIBJIAIOTCS, U BCE, YTO Mbl BUAWM, NPOU3BO-
IUAT BIrIeYyarTiieHue OecrpecTaHHONM OOMOApOMPOBKM 3KpaHa MUKPOCKO-
MUYECKVMMHU 3aXKUTAaTeTbHBIMM CHApSITMKAMM, BBI3HIBAIOIIVMU BCIBIIIKY
B TOI TOYKE 3KpaHa, B KOTOpyl OHU nomamaior. M1 310 BrneyarieHue
COBEpIIEHHO MPaBWIBHO — TO, YTO MBI BUOAWM, 3TO U €CTb OOMOapmu-
POBKa, Belb Ha KOHYMKE WIJIBI HaXOOUTCS KPOXOTHBIM, MOYTH HEBECO-
MBIi U COBEPLIEHHO HEBUIWMBIN KyCOYeK paausi, U3 KOTOpOro Bce
BpeMs BBIPBIBAE€TCSI MOTOK MMKPOCKONMMYECKUX CHApSANOB — aibgda-
yactu. Ecim Obl pamust GbUIO GoJibliie, TO BEChb 3KPAH CBETWICS OBl
PaBHOMEPHO U SIPKO: OTHEJbHBIE BCIIBIIIKYA CIUBAJIMCh OBl B OMHO
CIUIOLIHOE CBeyeHue 3KpaHa. Ho Tak kak pagus O4eHb Majo, TO
BCIBIIIKYA BUAHBI Pa3iejibHO: MBI BHAWM KpPaTKOBPEMEHHBIN CBETSI-
LIWICA CJIEM, KOTOPBIM OCTaB/IsIET Ha TMOBEPXHOCTH 3KpaHa OTHENIbHAS
anbda-4acTula, OOMH aTOM Tejivs, MepeJieTeBIINii OT KOHYMKA UIJIBI K
9KpaHy C OIPOMHOM CKOPOCTBIO B HECKOJLKO HECATKOB TBHICSY KWIO-
METPOB B CEKYHIy, 4TOOBI paccka3aThb O CMEPTHM ONHOIO aTroMa paausl.
Besaixiv HabmiopatesieM, BIIEpBble CMOTPSIIMM B CIIMHTAapMCKON U ITO-
HYIMAIOIIUM, B YEM COCTOMT CMBICI OTKPBIBAIOILErOCs IMeped HUM 3pe-
JIM1IIA, TIOHEBOJIE OBJIAJEBaeT CTPAHHOE M XXYTKOE YyBCTBO, ITOXOXee Ha
TO, KOTOPOE OBJIaAEBAacT HaMM, KOIJa Mbl CMOTPUM B TeJIECKOII Ha OCO-
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OeHHO Oorarble 3Be3gaMu yd4acTku MieyHoro Ilytu. 1 B toM, 1 B
JIIPYTOM CJIydyae Mbl BUAMM INeped coOoii Oe3mHy, — B OJHOM CiIydae
6e31Hy OECKOHEYHO Mayoro, B IPYroM — 0Oe3IHYy 6ECKOHEYHO OOJIBIIO-
ro, — Y, siagd B obe 3TU Oe3MHbI, OAMHAKOBO JajleKue OT Hac U OoU-
HaKOBO 0Oe3pa3jiM4yHble K HaM, Mbl HaYMHAeM ITOHMMAaTh CMBICJI CTpaH-
HbIX cioB [lackans o TOM, YTO «4eJIOBEeK ITOJBEIIeH MEXIy ABYMS Oec-
KOHEYHOCTSIMU».

I'enmanbHOe M300peteHue Kpykca, coemaHHoe MM B ToM ke 1903 ro-
Iy, B kotopoM Pesepdopn u Coaou BrepBble BHEIIBMHY/IM CBOKO THMIIO-
Te3y O MpEeBpAlllEHUM XMMMUYECKMX 3JIEMEHTOB, 3HAMEHYET, KaK U 3Ta
TUIIOTE3a, HA4Yajlo COBEPLIEHHO HOBOM 3roxu B ¢usumke. He crpaHHO
JIA, 9YTO aTOMBI CTAJM BUAMMOM, OUIYTMMOI pPeaIbHOCTHIO KaK pa3 B TO
BpeMsI, KOraa ObUIO YHMYTOXEHO MPEICTaBJIeHUE O Hepa3pyIIUMOCTH U
HeTpeBpalaeMocTd atToMoB? (PU3MKM TaK JOJTO0 M TaK TILIETHO CTpe-
MWINCh [I0Ka3aTh, YTO aTOMbl JECHUCTBUTEJILHO CYINECTBYIOT, M BOT Ha-
KOHEII 3Ta lieJib JOCTUTHyTa: cmMHTapuckon Kpykca mossonser BUIETH
JIECTBUS OTHENBHBIX aTOMOB — 3apsDKEHHBIX aToMOB reiamsa. Ho B To
XKe caMoe BpeMs, KOrga TakMM O0pa3oM pealbHOCTh aTOMOB JIOKa3aHa
COBEpIIIEHHO HEOCITIOPMIMO, CTAaHOBHUTCS SICHBIM, YTO aTOMBI COBCEM HE
T€ BeYHble, OECCMEPTHBIE, HEpa3pyIlIUMble YaCTUILIBI, KaKUMH HUX
npeactaBsul cebe JkoH [JambTOH: aTOMBI POXIOAIOTCS, XMBYT U YMM-
palT, C aroMaMM MPOUCXOIST YyAEeCHBIE MpPEeBpAIeHHs, OCJIEITUTEIb-
Hbl€ B3DBIBBI, OHM pa3ieTaloTCsl Ha 4YacTW, M BO3HMKAIOIIME IMPU 3TOM
OCKOJIKM — 3TO HOBBbIE aTOMbI. IloxoxXe Ha TO, YTO CpeqHEeBEKOBLIE AJl-
XUMUKM, CTPEMMBIIMECSI IpEBpalllaTh OMHU XUMMYECKME SJIEMEHTHI B
JIPYTME U TaK OCMESTHHBIE 3a 3TO BIIOCJIEACTBUU, B KOHIIE KOHIIOB OKa-
3aIUCh mpaBbl. Ho He OymeM mpeyBeInyuBaTh MX MpaBOTY. BCrioMHMM,
KaK BCE YXMIIPEHUs Ja0OpaTOpHOUM TEXHWUKU OKAa3aIuCh 0OeCCHMIBLHBIMU
MOBJUATE Ha OBICTPOTY pacrnaja paausi, BCIIOMHUM, KaKMMH paBHO-
JMYIIHBIMU, HEMPUCTYITHBIMM M 3a0pOHMPOBAHHBIMU OT BCEX BHEIIHMX
BO3ICMCTBUIM OKAa3aIMCh aTOMBI 3TOI'O YyIECHOIO BEIECTBA.

Bce 3TO mokaspIBaeT, 4TO pPaAMOaKTUBHOCTH IIPUHAMJIEXUT COBEP-
IIIEHHO OCOOOMY MHpY SIBJIEHUM, C KOTOPHIM (U3MKM HUKOIIa He
BCTPEUAJIMCh DaHBIIE, — WHBIMU CJIOBAMM, YTO B pagUOAKTUBHBIX SIB-
JICHUSIX JNEWCTBYIOT COBEPIIEHHO OTpOMHBIE, YYIOBMIITHBIE CWIbLI, HEC-
paBHUMBIE CO BCEM, 4YTO OBUIO M3BECTHO (DM3MKE TIpeXae, M, 3HAYMUT,
TaKUE X€ OrpOMHBbIE UYIOBMIIHBIE CHIbI TPEOYIOTCS IJISI TOrO, YTOOBI
VIIPABIATh PaAUOAKTUBHBIMU SIBJICHUSIMUA U U3MEHSTh X €CTECTBEHHOE
TeyeHue. 3HaYuT, J>xoH JabTOH OBUT B KAKOM-TO CMBIC/IE IIpaB, XOTS
IpaBOTa €ro Y He ObUIa abCOJIIOTHOM, a OTHOCWIACH TOJBKO K HEKOTO-
pOMYy OrpaHWYEHHOMY KpYTYy SIBJIEHUI: B Ipedesiax 3TOro Kpyra siBjie-
HMI1 aTOMBl JEHACTBUTEIBHO HEPa3pyLUIUMBI U OGeCCMepPTHBI, U TpeOyeTcs
JaJeKo IeperTH 3a Ipeaesbl 3TOr0 Kpyra W IIPUBECTH B HEICTBUE CHU-
JIbI COBEPIIIEHHO MHOTIO MOpsiiKa («TOHKWW W CWIBHBINA areHT» Pobepra
boiing) pias Toro, 4ToObl BBI3BATh ITpEBpallleHUE OOHUX XUMWYECKMX
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3JIEMEHTOB B JApyrue. B OOGBIKHOBEHHBIX
SIBJICHMSIX, U3y4aeMbIX B XHMWYECKOMH Ja-
6opaTopuu, aTOMBI IE€HACTBUTEJIbHO HMU-
KOrJa He MpeBpalraloTcs APYT B Ipyra, U
ounbKa CpeIHEBEKOBBIX AJIXMMHKOB U
3aK/II0Yaach B TOM, YTO OHM IIBITAJIUCH
BBI3BaTh 9TO IPEBpalleHHE, HE pacloa-
rasts «TOHKMM W CHJIBHBIM areHTOM», a
MOJIBb3YSICh JIMIIb OOBIKHOBEHHBIMH CHJIa-
MM, KOTOpBIE DPa3BHUBAIOTCS IPU XUMU-
YyeCKMX peaklMsx. B Tex ciydasx, korga
OHM YTBEpXOAJIM, YTO MM ACHCTBUTEIBHO
VIAIOCh MOJYYUTh 30JI0TO U3 IPYTHUX Me-
TQJUIOB, BCE 3TO OOBSICHSUIOCH WJIM CO3-
HaTeJbHBIM HAOyBaTE/NbCTBOM, WIM 3KC-
NEPUMEHTAIbHON OIIMOKOM (HaIlpuMep,
30JI0TO M3BJIEKAIOCh U3 KAKOTo-JIMOO XU-
MHYECKOTO COEOWHEHMSI, COMEpKAIEro
30JI0TO, ITyTEM 3aMEIlEeHUs 30JI0Ta IPYTMM META/UIOM, a HEMCKYIIIeHHO-
My 3KCIIEpUMEHTATOPY Ka3ajJoCch, YTO OH IIpeBpalllaeT 3TOT METaUl B
30JI0TO).

Kak tonpko m306pereHHBII KpyKCOM CIIMHTApHUCKOIN CTal M3BECTEH
OCTaTbHBIM (PM3MKaM, BO3HUKIIA 3aJaya cyeTa anb(a-dactuil. B crmH-
tapuckone Kpykca Takoil cyer HeBO3MOXEH, IOTOMY YTO MroJjiIKa Ha-
XOIOWTCSl CIIMIIKOM OJIM3KO OT 3KpaHa (HECKOJIbKO MWUIMMETPOB) U B
KaX[IbIi MOMEHT Ha 3KpaH CHIIUIETCS LIEIBIM T0XIb anbda-4acTHll, Tak
YTO COCYUTATh UX HET HUKAKOW BOo3MOXHOCTM. Ho ecau mocTtaBUTH
rpenapar ¢ HM3BECTHBIM KOJIWYECTBOM
pagys JOCTaTOYHO AaJIeKO OT BJKpaHa
(HO Tak, 4TOOBI MeXIy IIperapaToM M
5KpaHOM OBbLT HE BO3MyX, MOMIOLIAIO-
i anbga-yacTUlbl, a 0e3BO3MYLIHOE
IIPOCTPAHCTBO), TO MOXHO OyIeT COCYH-
TaTh KOJMYECTBO BCIIBIIIEK, 3aroparo-
IIMXCS Ha KaXIOM KBaApaTHOM CaHTH-
MeTpe TOBEPXHOCTH 3KpaHa B CpemHEM
B TeyeHHe cekyHmbl. Orcioga yxe Oyner
JIETKO COCYHTaTh, CKOJIbKO ajb(a-yac-
TULl MCITyCKaeT Ipernapar 1o BCeM Harl-
paBIIEHUsIM, T. €. Y3HaTb B KOHIIE KOH-
LI0OB, CKOJIBKO ajb(da-9acTUIl MCITyCKaeT
KaXIplii TpaMM paiuvs B CEKyHIy. 3HaTb
5TO YHMCJIO BAXHO II0 ABYM IIpUYMHAM:
BO-TIEPBBIX, €CJIM MBI 3aTeM KaKUM-HHU-
Oyaop CriocoOOM M3MEpUM 3apsili, YHOCHU-
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MBIl BCeMU anb(ha-4aCTUILIAMU, KOTOPBHIE BBUIETAIOT B CEKYHIY W3
rpaMma paiusi, TO Mbl MOXEM, pa3le/iMB €ro Ha YMCJIO 3TUX YacCTHII,
y3HaTh 3apsii OTAENbHON adb(a-4yacTUIIBl; BO-BTOPHIX, 3HAsl YUCJIO ajlb-
(a-yacTull, UCIyCKaeMbIX B CEKyHIy I'paMMOM paausl WIM ypaHa, MBI
TEM caMbIM 3HaeM, CKOJbKO aTOMOB paiMsl WIM ypaHa pacliagaeTrcsl B
CeKyHOy M3 OOIllero yucja 3TUX aTOMOB B OOHOM IpaMMe, — HWHBIMU
CJIOBaMH, MBI CyMeeM BBIUMCJIMTH OBICTPOTY paclaja pagus U ypaHa.

B 1908 romy Hemeuxuit dusuk D. PereHep OeHCTBUTENIBHO OCYIIE-
CTBWJI TaKoOMl IOACYeT 4ucia BenblmieK. Ho 3TOoT Meron cdyera anbda-
YaCTHI He OYEeHb HaJleXeH, TaK KaK OH CWIbHO 3aBUCHUT OT COCTOSIHUSI
IJla3 HaOiromaress: rjla3a O4YeHb OBICTPO YTOMJISIOTCS, M II03TOMY
rnoacyeT anbda-4yacTUll MO HAOMIONEHMIO BCIBILIEK HAa 3KpaHe U3 Cep-
HMCTOTO IIMHKa TpeOyeT MWIUIMOHA IIPEedOCTOPOXHOCTEl. PU3UKHU
CTPEMWINCH 3aMEHMUTh METOI BCIBIIIEK KaKUM-HUOYOL OpYTUM, Gosee
OOBEKTUBHEIM (HE TaK CWIBHO 3aBUCSILIMM OT HabOJomaTesis) U IIOTOMY
Oosiee HameXXHBIM METOOOM. TakuxX METONOB OBUIO IMPHMIYMAaHO LIEJBIX
TP — OOMH 3aMeyaTesbHee OPYToro. OTU TPU OOBEKTUBHBIX MeEToda
OOHapyXeHMsI OTHENbHBIX albda-yacTUIl MBI I10 MOPSAKY OIMMUIIEM U
TOJIBKO IIOCJIE ITOTO IlepeiiieM K TeM pe3yJbTaTaM, KOTOpble ObLIM C
ITOMOIIIBIO 3TUX METOIOB IOJTYYEeHBI.

HaubGonee mpocthiM mo uzaee criocoboM sBasieTcsi ororpadudec-
kuii. Beap anba-yacTulia BBI3BIBAa€T 3aMETHOE MIEHCTBHME HE TOJIBKO
TOrda, KOrma OHa MamaeT Ha (IroopecLMpYyIINUA 3KpaH, HO M TOr/a,
KOraa OoHa ramaeT Ha ¢oTorpaduyecKyro IUIaCTUHKY.

B 1910 romy smoHeny KnHOCHTa BHMMATEIBHO HU3Y4YW AEMCTBHE OT-
IeJIbHBIX ajik(a-yacTull Ha doTtorpaduyecKylo IUIAaCTMHKY M Hallew,
YTO Kax/asi alb(da-yacTulla BbI3BIBAET 3aMETHQE ITOYEpPHEHHE TOro 3ep-
HBIIIIKA CBETOYYBCTBUTEIBHOTO CJIOSI, HA KOTOpoe OHa ymaia. Ilocie
TOrO, KakK IUIACTUHKA IPOSIBJIEHA, MOXHO COCYMTATh MO MMKPOCKOIIOM
KOJIMYECTBO ITOMEPHEBLIMX 3€PHBILIEK, M 3TO AACT 4YMCIO albda-yac-
TUII, YIIABIIMX Ha IUIACTMHKY. MOXHO TOCTYNHUTh M TakK:. JOTPOHYThCS
JI0 KaKOro-HMOyIb MECTa CBETOYYBCTBUTEJIBHOIO CJIOSI OCTpUEM MIONI-
K{, KOTOPBIM MBI MPEABAPUTEIBHO KOCHY/IMCh PAaIMOAKTUBHOIO Iperna-
pata. Ceityac Xe HEKOTOpOe HUYTOXHOE M COBEPUIEHHO HEBUANMOE
KOJIMYECTBO PaAMOaKTUBHBIX aTOMOB IHepeiner Ha (oTorpaduyecKyio
[UIACTUHKY. DTU aTOMbl CTaHYT MCITyCKaTb BO BCE CTOPOHBI ajibdha-yac-
tuubl. Hekotoprle U3 anbda-4yacTUIl MONETIT B CaMON ILIOCKOCTH
TUIACTMHKM, TIPOHU3BLIBas OMHO 3€pPHO CBETOYYBCTBUTEILHOIO CJIOS 3a
npyruM. Eciu 4yepe3 HekoTopoe BpeMs IIPOSIBUTH IUIACTMHKY, TO Ha
Heil OyoyT SBCTBEHHO BMIHBI CJIEABI IPOMYABIIMXCS alib¢a-yacTULl B
BUIE JIyYel, pacxXOIslIMXCsl BO BCE CTOPOHBI OT TOrQ MeCTa, JO KOTO-
pOro MBI IOTPOHYJIMCh UTOJIKOM.

Dororpadyyeckuiii METOA HE O4YeHb YIOOEH Ha MpPAaKTUKE U ITOTOMY
He MOoJydrs1 OOJIbLIOro pacrpoctpaHeHus. I'opa3mo ymoGHee okasaics
JIPYTOH METOod — DJIEKTPUYECKUM, KOTOpPBI ObLT M300peTteH B 1908 ro-



112 ATOMBI U DJAEKTPOHBI

my PesepdopmoM M ero ImOMOITHHKOM
I'eiirepom.
Hnesa storo crocoba 3akiIiodaeTcs
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VRN e KOM-HMOYIb COCYI C ra3oM, IPOM3BO-
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IUT B 3TOM rase HOHHU3AIMIO, OTPHI-

Basl 2JIGKTPOHBI OT MOJIEKYJ rasa, C
KOTOpPHIMM OHa CTaJIKMBAaeTCsI, W IIpeBpalliasi 3TH MOJIEKYJIbl B HMOHEL
Ilpn TakoM CTOJIKHOBEHMH, KaK HETPYTHO COOOpa3sHUThb, BOZHUKAET Cpa-
3y mapa 3apsCKeHHBIX YacTHMII — OMHA YacTHIIA 3apsDKeHa MOJIOXUTENhb-
HO, a [pyras OTPHUIIaTeJIbHO — Ilapa MOHOB, KaK IIPUHSTO TOBOPMUTb.
Yucno MOHOB, 00pa3yeMbIX KaXmoil aib¢a-yacTHLIEH, OYEeHb BEIMKO.
Mrnl 3HaeM,  HarpuMep, 4To anbda-yacTuila, JeTsiasl co CKOPOCThIO
19 220 xM/c', mpoM3BOmMT B BO3MyXe MBECTH THICSY MAap MOHOB Ha
KaXIOM CaHTHMETpe cBoero IyTi. Ho, Kak HM BEIMKO YMCJIO 3THUX
MOHOB, OHO BCE-TaKd CJIUIIKOM Majo IJis TOro, YTOOBI MX MOXKHO
OBUIO HEMOCPEACTBEHHO OOHapyXuThb. HeoOXomuMbl HEOOBIKHOBEHHO
YYBCTBUTEJIbHBIE MPUOOPHI, YTOOB! YIAUTIOCh U3MEPUTh SJIEKTPUIECKUI
TOK, OOpa3yeMblii HECKOJBKMMM COTHSIMHU THICSTY ABIDKYUIUXCS 3JIe-
MEHTapHBIX 3JIEKTpUYecKuX 3apsimoB. B 1908 romy Takux YyBCTBM-
TeJIbHBbIX M3MEPUTEILHBIX MPUOOPOB BoBce He ObUIO. Jluine B 1928 ro-
Iy HeMeukoMmy ¢usuky I'obMaHy ynasoch ITOCTpOUTH TaKoit mpuodop, u
TO OH HAacTONbKO Kampu3eH M JYBCTBUTEJEH K MaJIeHIIUM BIMSHUSIM
(moXHEIIb Ha HEro — M OH YyXe PacCTpOWJICS), YTO paboTaTh C HHMM
BeCbMa 3aTpyaHuUTeNIbHO. Pesepdopn u Ieiirep M He CTaIM CTPEMUTHCS
K TOMY, YTOOBI HETIOCPEACTBEHHO OOHApYXXUTh HMOHBI, 0Opa3yeMble OT-
NenbHON anbda-vyactuieii. OHU co0Opa3swiv, YTO MOXHO YCUIUTh
MOHU3UpYIOLllee NeMCTBUE alb(a-4acTUIIBI, €CJIU B TOM COCYIE C ra3oM,
yepe3 KOTOpBIM OHa ITpoJsieTaeT, OymdeT CHIBbHOE 3JIeKTPUYECKOe IoJie: B
3TOM 3JIEKTPUYECKOM IT10JI€ KaXKAbI MOH, 00pa30BaBIUUMCS B pe3yJibTa-
Te AEeHCTBUS anb(da-yacTHIIbl, MOJYYUT OOJBIIYI0 CKOPOCTh U, CTaj-
KUBasACh C APYTUMU MOJEKyJlaMHu ras3a, caM, B CBOIO OYepeldb, IPOU3-
BEeeT MHOXECTBO HOBBIX MOHOB; 3TH ITOCJEIHUE TOXE DPa3rOHSIOTCS
B CWIbHOM IOJE, M KaXOhI U3 HUX CHOBa 00Opa3yeT MHOTO JIpYTHX
WOHOB U T. ., U T.A. MoHu3auusa OymeT pacTU Kak JaBUHA, U IT03-
TOMY €€ JIETKO OyneT OOHApYXWTh JaXke U He CIMUIKOM YYBCTBUTEIb-
HbIMM NpUOOpaMu.

CueTyuk anbha-vyacTuil, CKOHCTpyHpoBaHHBIN Pezepdopnom u Ieii-
repoM B 1908 romy, 6bu1 ycrpoeH Tak. ITo OCM IJIMHHOIO JIATYHHOIO
mwmHApa (25 cM miuHel, 1,77 cM B OMaMeTpe) IIPOXOIMT IPOBOJIOKA.
OTa NMpoBOJIOKa M30JIMPOBaHa OT IIWIMHAPA, ITOTOMY YTO OHAa BXOOUT B

1 .
C Takoil CKOpOCTBIO JETAT aib(da-4acTUIIbI, UCITyCKaeMble TaK Ha-
3bIBaeMbIM pamueM C’, OTHMM M3 MPOLYKTOB pacliafia paJoHa.
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IUTMHIP M BBIXOAWT M3 HEro 4Yepe3 CIelMaIbHbIE 300HUTOBBIE M30JI-
Tophl. I3 1ymMHIOpa cierka oTKayvMBaeTcs BO3MyX (OMBIT ITOKa3all, 4TO
VOHM3AIIMOHHAs JIaBUHA JTy4llle BCEro o0pa3yeTcsl B BO3AyXe, KOrma JdaB-
JICHHWE PaBHO HECKOJbKUM CAaHTHUMETpaM pTyTHoro cronba). Ilocpen-
CTBOM 0aTaped akKyMyJBSITOPOB, OJMH IIOJIOC KOTOpOU 3a3eMiieH, a
JIpYTOM COEOUHSIETCSI CO CTEHKAaMM JIATYHHOTO IWJIMHIApA, CO3JaeTcCs
CWIBHOE 3JIEKTPMYECKOE IMOJIe MEXIY CTeHKaMM IWIMHApPA U IPOBOJIO-
koi. IIpoBoJIOKa COEMMHEHA C YYBCTBUTEIBHBIM IIPUOOPOM, HU3MEPSIO-
MMM TOK. B OmHOM M3 300HMTOBBIX H30JIITOPOB CHENAaHO MaJleHBKOE
OTBEpPCTHE IJI BITyCKa aibda-yacTHUll, IIPUKPHITOE TOHYAMIIIAM CIIIOMIS-
HBIM JTUCTKOM. Kak TonmpKo amb(da-yacTulia BieTaeT BHYTPh IMIMHIApA
M MOHHU3YeT B HEM BO3MyX, KaXKIblil M3 0Opa30BaBIIMXCS MOHOB ceiyac
XK€ pasroHSIeTCS CWIBHBIM 3JEKTPUYECKHUM IIOJIEM, CYIIECTBYIOIIUM
MEXIy IPOBOJIOKOM M CTeHKaMM LWIMHIpA, ¥ HaYMHaeT ITPOM3BOIUTH
HOBBLIC MOHBI. JIaBMHA pacTeT M pa3BUBAeTCs, KaK OBLIO OIMMCAaHO BHI-
me. B pe3ynasrare 3TOro OT CTEHOK LIWJIMHIpPA K IPOBOJIOKE WOET 3a-
METHBIA 3JIEKTPUUYECKUM TOK, MOIMAJAIIINA B YyBCTBUTEIBHBIN 3JICKT-
pOMETp, C KOTOpBHIM COeIMHEeHa MpoBosioka. Hute snexTpomerpa
B3IparuBaeT KaXIblii pa3, KOrJa B HEro IolNajaeT TOK, U BCe €€ OBU-
>KEHUsl 3alMCHIBAIOTCSI HA KMHOIUIEHKE, MBIDKYLUEHCS Mepen 3JIeKTpo-
MeTpoM. Takoe ycrpoiicTBo mo3Bonwio Pesepdopny u Ieiirepy orme-
YaTh IPOXOXIEHUE OTAEJbHBIX albga-4yacTUll 4epe3 IpUbop daxe U
TOrJa, KOrma YuciIo aabda-4acTUll JOCTUTAIO THICSYM B MMHYTY.

Bnocnenacreuu Ieitrep, yxe He3zaBucumo or Pesepdopma, paspabo-
TaJl U YCOBEPIIIEHCTBOBAI 3TOT cueTumK. «Cyerymk [eiirepa — Mrose-
pa», NPEICTaB/SIIOIINA JAIbHEHIIIEE YCOBEPIICHCTBOBAaHUE OIMMCAHHOTO
3nech cuyetyrka Pesepdopna u Teiirepa, sBisgeTcs omHMM M3 HauboJiee
3aMeyaTeIbHbIX M YYBCTBUTEJBHBIX IPUOOPOB COBPEMEHHOM (DU3UKMU.
Ho MBI He OyaeM OmUcChIBaThb €ro YCTPOMCTBO ITOAPOOHO, IOTOMY YTO
€ro OCHOBHas MIesl Takas Xe, Kak y cuerunka Pesepdopna u Ieiirepa.
3aMeTUM TOJILKO, 4TO cueTyuk [eitfrepa — Miouiepa ouyeHb YyBCTBUTE-
JIeH He TOJBKO K BJIETAIOINMM B Hero ajib(da-yacTuliaM, HO U K OBICT-
PBIM 3JIEKTpOHAM, U K JIPYTMM 4YacCTUIIaM.

PaccMoTrpuM Temeph M TpeTHii, HamOoJjiee 3aMedaTelbHbI CIocod
«BUIETh aTOMBl» — CIIOCOO KOHIEHCAILIMM BOMSHBIX IapoB, MpUAyMaH-
HBI aHrmiickuM ¢pusukoMm Y. T. P. BuibcoHOM. BTOT crmocob 3ameda-
TeJIeH TeEM, YTO OH IIO3BOJIIET HE TOJBKO OOHAPYXUBATH OTAE/ILHBIC
OBICTPO JBVDKYIIMECS 3apsDKEHHBIE aTOMBI U 3JIEKTPOHBI, HO M BUIETH
M U3y4aTh T€ ITyTH, II0 KOTOPBIM 3THU YacTULbl OBIKyTcd. OCHOBHas
HIes] COCTOUT B CJIEAYIOLLEM.

Ecnu B BO3mMyXe HaxOOATCS Mapbl BOOBI WIM KaKOW-HUOYOb OpYroi
KUIOKOCTHA (HampyuMep Mapbl CIMPTa), TO OHM Ceidac Xe IPeBpaTATCS
B XUIOKOCTH, €CJIM TOJBKO AOCTATOYHO CHJIBHO MX OXJIaguThb. OueHb
MPOCTOM CITOCOO OXJIaXIEHUS 3aKJII0YaeTCsl B TOM, YTOOBI OYeHBb OBICT-
PO YBETMIUTH O00BEM COCYAa, B KOTOPOM HAXOmSTCS 3TH Maphl. MOXHO



114 ATOMBI U 3JTEKTPOHBI

chenarb, HallpuMep, TaK: YCTPOUTh KaMepy B BUIE TPYOBI, II0 KOTOpOH
XOIWUT mopiueHb. Eciy ObICTPO BBIABUHYTh 3TOT MOPLIEHB, TO BO3OyX C
BOISIHBIM T1apOM, HaXOISIIMICA B KaMmepe, cpady pPacIIMPUTCI U €ro
TeMriepaTrypa ceifyac xe ymaneT. [Ipy 3ToM BOOSHOHM Iap IpeBpaTUTCS
B MeJbYallliie BOOSIHbIE KarleJbKW, PacCesIHHBIE MO KaMepe B BUIE Ty-
MaHa.

Nzyyast obpazoBaHHE 3TOro TyMaHa, BWIbCOH OOHapyxauUl 3aMeda-
TeJabHBIM ¢akT. OH Hallesl, 4YTo TyMaH oOpasyercs He Bcerda. Eciu
MPOCTPAaHCTBO B KaMepe COBEPIIEHHO YMCTO M HE CONEPXHUT Aaxe
MMKPOCKOIMUYECKUX ITBUTMHOK, TO, HECMOTPSI Ha CWIBHOE OXJIaXIECHHUE
KaMephl IIpYM BBIIBUTaHWM TOPILUHsI, TyMaH He oOpasyercd. BomsHom
Map OCTaeTcsl MapoM, OCTaeTcsl, Kak (DU3UKU TOBOPAT, B IMEpEOXIax-
IeHHOM cocTossHuu. Ho ecnmu B Kamepe eCTb MUKPOCKOMMUYECKas
MbUIb, TO TAap IMpeBpallacTCs B XUIKOCTb, U IIPUTOM TEM OXOTHEE, YeM
3TOM MbUM OoJjiblle. M3yymB 3TO sBleHME Omnke, BUIBCOH mpuiuen K
3aKJTIOYEHUIO, YTO KaXKmasi MUKPOCKOIMMYECKAsi MbUIMHKA SIBISIETCS TEM
LIEHTPOM, BOKPYI KOTOPOTO IIPOMCXOIUT KOHAEHCAUUs (CTyIIeHME,
MpeBpallieHre B XHUIKOCTb) BOASHOro Iapa. Bokpyr kaxmoil MMKpO-
CKOITMYECKOM ITbUIMHKM oOpasyercs Karejbka Boabl. Ho He ToibKO
NbUTMHKY, IUIABAIOIIME B BO3OYyXE, MOTYT CIVKUTh TaKMMU LEHTPaMH
KOHAeHCalMK. Eci B BO3myxe HEKOTOPOE KOJUYECTBO MOJIEKYI UOHHU-
30BaHO, T. €. €CJM B HEM €CTb HEKOTOpPOE YMCIO 3JIEKTPOHOB M 3apsi-
XKEHHBIX 3JIEKTPUYECTBOM MOJIEKYJ (MOHOB), TO KOHIEHCalMsl Iapa
MPOUCXOOUT COBEPIIEHHO TaK e, KaK ecjau Obl TaM ObkUla MHUKPOCKO-
MUYECKasi IbUIb. BBIXOOUT, YTO HE TOJBKO KPOXOTHBHIE TBEDIBIE IIbI-
JIMHKM MOTYT CIIy>KWUTb LEHTPaMH KOHIEHCALlUM, HO U MOHBI (3/1EKTPO-
Hbl U 3apsDKEHHBbIE MOJIEKYJbl). BomsiHO map MOXET ocelath Ha 3T
MOHBI, 0OBOJIaKMBasi UX KarelbKaMM Boabl. Eciv B KakoM-HUOYAb
MPOCTPAHCTBE COAEPXMTCS IEPEOXTaXACHHBIA BONSHON I1ap, KOTODBIN
XOTeJl OBl CTYCTHUTBCS B KMIOKOCTb, HO HE MOXET BCIEINCTBUE OTCYT-
CTBUSI TIOAXOMASIIMX LIEHTPOB KOHIEHCALIMM, TO CTOUT TOJIBKO 00paso-
BaTk B 3TOM ITPOCTPAHCTBE IOCTATOYHO OOJBIIOE KOJIMYECTBO HOHOB
(HanpuMep pPEeHTTeHOBCKMMM JIydaMM), Kak Iap ceidac Xe ocemaeT Ha
3TUX MOHAaxX M BO3HUKaeT TyMmaH. [lo-BumuMoMy, oOpa3oBaHME TyMaHa
Y IOXIEBBIX Kalesab B Hallleit atMocdepe ToXe CBSA3aHO C HAJIMYMEM B
BO3IyXE IBbUIA U MOHOB.

B 30-e rompl 6bUTH TpoAeaHbl MHOTOYMCIICHHBIE OIBITHI, LEJIb KO-
TOpBIX ObUIA — YCKOPUTH OOpa3oBaHUE NOXIEBBIX Kallellb ITyTeEM pas-
OpachlBaHUsI C caMoJieTa 3apsDKEHHOIO MecKa WIM 3apsDKEHHOW ITBLIU.
XOTs 3TH OIBITHl U HE OajId LIEHHBIX UISI CEMbCKOIO XO34MCTBa PE3yJib-
TaToOB (TaKOM <«MCKYCCTBEHHEBIM HOXIb» Had OOJBIION TEeppUTOPUEH
noTtpedoBayl Obl CIMILIKOM OOJBIIMX 3aTpar), TEM HE MEHee IENCTBU-
TEIbHO OKa3aJloCh, YTO BOKDYT 3apsDKEHHBIX INBUIMHOK 00OpasyroTcs
OXIEBbIE KaIUTM. DTOT MEXaHWU3M BO3HUKHOBEHMS KaresleK NOXId U
MeJbYalIIuMx KamejgeK TyMaHa, MCCIeIOBaHHBIA BuibCoOHOM euie B
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1893 romy, romor emy B 1911 romy mocTpouTh NMpUGOp, IO3BOJSIONINMN
«BUIETh aTOMBI».

Hnes BwibcoHa oyeHb mpocrta. Anbga-yactuia (Win Jpyras 3apsi-
>XKE€HHas1 ObICTPO ABVDKYILIAsICSl YacTWIla) BJeTaeT B KaMmepy, B KOTOpOW
HaXOOUTCS BO3MyX C BOASIHBIM MapoM. Ha ImyTu 3Toif yacTuiibl 00Opa3y-
eTcs OOJIBIIOE KOJMYECTBO MOHOB. EcCiIM O4YeHBb OBICTPO YBEJIUMYMUTD
00beM KaMephbl (HallpMMep BBIIBUTasl IOpIIEHb), TO BOMSHOM ITap OX-
JIAIUTCS M Cpa3y Xe OCsAmeT Ha MOHaX, KOTOphIE T'YCTO YCEUBAIOT ITyTh
MpOIIeQIIei 3apsDkeHHON YacTHLbl. BOKpyr Kaxmoro MoHa ob6pasyeTcs
KpOILIeYHas1 KarejibKa, HO TaK KaK MOHOB OYeHb MHOIO, TO KaIleJbKU
COJIBIOTCS B LIEJIOE OXepesbe KarejieK, B IIMHHYIO CTPYMKY BOOBL DTy
CTPYIIKY MOXHO OYIEeT IIPOCTO YBHIETH IJIa30M, U MOXHO Oyder, eciu
MBI TOJIBKO 3aXOTUM, cdoTorpacdupoBarb. MBI YBUIAMM <«TyMaHHBIN
cjiell», KOTOPBIii TOYHO BOCIIPOM3BOAUT TOT ITyTh, IO KOTOPOMY TOJIBKO
YTO MpOIIUIA 3apsLKeHHas 4acThlla. MBI YBUAMM ITyTh OTOEIBHON ajib-
(a-yacTULBI WIM TYTh OTAENbHOIO 3ekTpoHa! B cmuHTapuckorme
Kpykca MBI BUIMM TOpa3lio MeHbIlIEe: TaM Kaxpgas ajabda-yacTulia OT-
MeyaJsia BCIBIIIKON Ha 3KpaHe TOJIbKO ONHY TOYKY CBOEIO ITyTM — TOH-
Ky IepecedeHus1 IMyTH C 3KpaHOM, — a 3[eChb MBI YBUIMM BeCh e ITyTh
B LIEJIOM. MBI CMOXEM YBUIETb CBOMMM IJIa3aMH, KaK ITyTH OBICTPBIX
anbha-4acTULl UCKPUBJIIOTCS B CWJIBHOM MAarHUTHOM IIOJIE, MBI CMO-
XKeM YBUIETb, KaK ajb(a-yacTUIla MEHSET HallpaBJIeHUE CBOETO IIBIDKE-
HUS, CTOJKHYBIIUCH C KaKMM-HMOYOb aTOMOM, MBI CMOXEM YBUIECTh
BCE TO, O YeM aTOMHasl ¢M3MKa paHbllle TOBOPWIA, HEe MMes HHKAKOW
BO3MOXHOCTH HEIOCPEACTBEHHO ITPOBEPUTH IMPABWIBHOCTh CBOMX CJIOB.
INoucruHe Kamepy BuibcoHa MOXHO Ha3BaTh OOHMM M3 CaMbIX Uylec-
HBbIX QU3NIECKMX MTPUOOPOB, U300pETEHHBIX B XX CTOJIETHUU.

3auMmcTBYyeM U3 KHUTU Pesepdopnma, YenBuka u Diummca «JIyuu pa-
JMOAKTUBHBIX BellleCcTB», Bhieameir B Kemopumke B 1930 romy, mon-
poOHQe omucaHue KaMepbl BuibcoHa:

«KoHcTpyKiIMsi KaMepbl, ¢ KOTopoil pabGotas BwincoH, BMaHa Ha
NPWIOXEHHOM PUCYHKE. 3aKphITasl TOJICTHIM CTEKJIOM LWIMHOpHYECKas
Kamepa A, nuameTpoM B 16,5 ¢cM U BeICOTOH B 3,4 CM, NpENCTABJAET
c0QO1 MPOCTPaHCTBO, B KOTOPOM IOJIYYalOTCsl MyTH YacTul. Paciiupe-
HUE JOCTUTAeTCs MOBOPOTOM BEHTWISA B, KOTOPHI COENUHSET IPOCT-
PaHCTBO MO <«IIOJIOM» KaMephl ¢ cocynoM C, U3 KOTOpOTrO IpenBapu-

K pesepsyapy K macocy
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Kamepa ¢ Tymanom TECJIbHO YyOAJICH BO3QyX HacoCaMu (‘IC-
pe3 CTEeKISIHHYIO TpyOKy, YKa3aHHYIO
Ha pucyHke). [Ipy OTKphIBaHMM BeH-
TWIS «II0J» KaMephl BHE3aITHO OITyC-~
KaeTcss OO0 YyIopa Ha pe3WHOBYIO
noaknanky. JepeBsIHHBIE LUMIWMHIPHI
D ciyxaT TOJBKO IJISI TOTO, YTOOBI
00BeM BO3MyXa, IepeMeIIaloIerocs
H NpA paCIIMpEHUM, ObUI MEHbIIE.
Bentwie B ympapisieTcss ¢ IOMOLIBIO
MasITHUKa, KOTOPBIA OIHOBPEMEHHO
BBI3bIBACT pa3psil MOIIHOM KOHIEHCATOpPHOM OaTapen depe3 TPYOKY C
PTYTHBIM I1apOM, TOe MOJydaeTcsl spKas BCIIBIIIIKA, OCBEIIAIoIas
MPOCTPAHCTBO BHYTPU KaMephl HACTOJIPKO MHTEHCUMBHO, YTO IIOJTyYMB-
IMecs TyTH 3aIledaTIeBaloTcsl Ha TUIACTMHKe (hoToarmapara’, HaBeneH-
HOTO Ha BHYTPEHHOCTh KaMephl 4epe3 CTEKJIO, KOTOPHIM OHa ITOKphITa
cBepxy. Kamepa Bce BpeMsi HamnoJIHEHa HACHIIIEHHBIM I1apoOM BOIHI,
TaK KaK €€ KpBILUIKAa U JHO TOKPHITHI TOHKMM CJIOEM BJIAXXHOTO Keja-
TUHa. MeXIy «ITOTOJKOM» U «II0JIOM» KaMephbl IIPM HagZOOHOCTH MOXET
OBITh BKJIIOUEHO 3JIEKTpPUYECKOE IToje (C MOMOIIBI0 GaTapeu), CIryXKa-
miee g TOro, 4TtoObl yOpaTh MOHBI, OOpa3oBaBIIMECS B Kamepe, U
OYMCTUTH €€ JIs1 CIEeMyIOIIero omnbita. [IpM TOYHOM peryJMpoBKe Ipo-
MEXYTKa BpEMEHM MEXOY paclIMpeHMeM M BcIbmikon (dororpadupo-
BaHMEM) 3Ta KaMepa I103BOJISAET ITOJYYUTh OYeHb Pe3KHWe U SICHBIE CTe-
peockoryeckue dororpadpum».

[Ipu u3yyeHUM HEKOTOPBIX SIBJICHMI HEOOXOIMMO MMETh (hoTorpa-
(uu myTedt OrpoOMHOro MHOXKECTBa ajb(da-4acTUIl, MHOTAA IO OJHOIO
MWUIMOHA. B 3TOM ciydae Heo6xoguM mpHOOp aBTOMAaTHMYECKOro TH-
1a, KOTOPBIM MO3BOJISUT OBl MPOM3BOAUTH MHOIO PaCIIMPEHUN Kame-
pBl 4Yepe3 O4YeHb KOpPOTKHE IPOMEXYTKM BpeMeHU. st 3Toi uenu
MIuMu3y pa3paboTag IpPOCTYI0O KOHCTPYKIIMIO KaMephl, ITO3BOJISIO-
LIYI0 MOCJIENOBATEIBFHO MPOU3BOAUTH OOJIBIIOE KOJIMYECTBO CHUMKOB.
YcrpoiictBo kamepsl LIuMusy nM300paxeHoO Ha pUCYHKE BBepxy. TOYHO
NPUTHaHHBIA K IIMHADY IOpIIeHh KayaeTcsl B KaMmepe B3ad M BIlepen
oA, IEWCTBUEM MOTOpa. XOTsl paclIMpeHre KaMepbl 3TOM KOHCTPYKIIUM
IIPOMCXOIUT HE TaK BHE3allHO, KaK KaMephl KOHCTPYKIMM BuincoHa,
BCE XK€ B HEW MOJYy4aloTCs INpeKpacHble ¢GoTorpadyu, €Cu TOJBKO IO-
3a00TUTBCA O TOM, YTOOBI aTb(a-4yacTHILl BIIYCKATMCh B KaMepy JIMIIb
HETIOCPEACTBEHHO TIepel TeM, KaK IIOpIIeHb 3alMeT CBOe KpaliHee
MOJIOXKEHUE (MaKCUMAJIbHBIA 00beM KaMmephl). ECIM MpUMEHSITh 3J1€KT-
PHUYECKOE TTOJIE IJISI OYMCTKM KaMephl OT MOHOB, TO OHa B COCTOSSHUM
paboTarh, pacHMpssiCh KaXable HECKOMbKO cekyHA. Illmmm3y paspabo-

ITopioess
—

1
W nByx dortoanmnapaToB, eCliM HYXHO MOJIYyYUTh CTEPEOCKOTIMYEC-
K€ CHUMKH.
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TaJ METOH OJHOBPEMEHHOW ChEMKM Ha ABWDKYIIEHCS IUIEHKE IO ABYM
B3aUMHO IEPNEHAVKYJIIPHBIM HaIlpaBJIeHUsIM, YTO ITO3BOJISIET OIpele-
JINTh PacCITOJIOXEHUE ITyTel YacTUI] B MPOCTPAaHCTBE.

Ha ocHoBanmu ororpaduit, 3acHATBIX C TTOMOIIBIO Kamepbl Buib-
COHAa, OOBIKHOBEHHO TOBOPST, YTO YAAJIOCh 3aCHSIThH JIETSIMe anbda-
YacTHULILI. DTO BBIpAXXEHUE HE BIIOJIHE TOYHO, TaK Kak (oTorpadupona-
JIMCh COOCTBEHHO He caMM aib(a-yacTHIbl U Jaxe He oOpa3oBaHHBIC
VMU HOHBI, a BOASHBIC KaIleJIbKM, OCEBIIME Ha 3TUX MOHAX IpU BHE-
3aITHOM YBEJIMYEHMM OOBbeMa IepeoxXIIaXIeHHBIX BOOSHBLIX ITapoB. Ho
0 3TUM BOMSHBIM KalledbKaM, TYCTO PacloJIOXKEHHBIM Ha IpUOIU3U-
TEJIbHO MpSIMOW JIMHU, MOXHO 3aKJIIOYUTh, YTO 3[ECh TOJBKO YTO IPO-
HecJlach anb(a-4acTHIa, MOJOOHO TOMY KaK B ITOTONTAHHBIX ITOJei
W OBIMSIIUXCS Pa3sBAIMH CBUACTEILCTBYET O TOM, YTO 4epe3 CTpaHy
MPOIUIA ITOTYMINA BEJIMKOTO 3aBOCBATEJIS.

HTak, MBI MO3HAKOMWIMCH C YETBIPbMSA CITOCOOAMM <«BHMIETh HEBU-
JIUMOE», C YeThIpbMS CIoco0aMM HaOMoAaThb NEMCTBUS OTHEIBHBIX ajlb-
da-gyacTu: crmoco6 BCIbIMIEK, CIIOCO0 doTorpaduuecKkuii, crocod
MOHU3AlIMOHHOM KaMepsl Pesepdopna u Ieitrepa, croco® ButscoHa'.

PaccMmoTpuM ke Te 3KCIlepUMEHTaIbHBIE JaHHBIE MOAcYeTa arbda-
YacTHILl, KOTOphle OBUIM MOJY4YEeHBl B pe3yjbTaTe NMPUMEHEHUS 3TUX
CIoco0oB.

B 1908 romy Pezepdopn u Teiirep, mpuMeHsisi CBOU 3JIeKTpUYeEC-
KM CYETYMK, CYMEJIU COCUMTATh YMCIO alb(a-4acTUll, UCITyCKAEMBbIX
KaXIbIM FpaMMOM paaus B CEeKyHIy. DTa 3ajadya He TakK Jierka, Kak
MOXHO OBUIO OBl MOMyMaTh, IMOTOMY YTO B MpenapaTe paius BCerna
KpOMe paausd MNPUCYTCTBYIOT €llle aTOMbl APYTUX XUMUUYECKUX 3JIe-
MEHTOB, O0pa30BaBIIMXCSI B pe3yJbTaTe pacliafa aTOMOB pamusi (MBI
3HaeM, YTO aTOM palusi, UCITyCKasl ajibda-dacTUIly, IpeBpallaeTcs B
aToOM paJoHa, HO Bedb aTOM paloHa, B CBOIO OYepelb, HCITYCKaeT
ajabda-4acTuily, 3HAYUT, pacliaj MpoJIOKaeTcs W Jajibllie, U B pe-
3yJIbTaTe IOJIy4alOTCSl NpPYyTHME aTOMbI, KOTOpPBIE TOXE, OBITh MOXET,
MCITyCKaloT anbda-gacTUIbl U T. 1.). Ilo3ToMy cpenm anbga-yacTull,
HCITyCKaeMBIX IIpernapaToM paius. HE Bce UCITyCKaeT caM paaui, a
HeKoTophle (KakK IMpaBWIO, Jaxe OOJbIasi 4acTb) MCIYCKAIOTCS IPO-
IOykTaMM pacnaga pamgus. ITostromy Pesepdopnm u I'eitrep IOJDKHBI
ObLIM Pa300paThCsi B 3TOM ITyTaHWUIIE M CYMEThb OTHEIUTh aibda-dac-
THIIBI, MCITyCKaeMble CaMMM pagueM, OT ajlbda-yacTUll, HCITyCcKae-
MBIX €ro IpoAyKTaMU pachama. 31ech Mbl He OyIeM BIaBaTbCs B
OIMCaHMEe TOro, KaKk MM yJajJoCh 3TO CHAeNlaTb, — [JOCTaTOYHO CKa-
3aTh, 4YTO UM 3TO yaaioch. [lonHOe KOIMYECTBO anbda-4yacTull,

132 npouenmiee ¢ 1935 r. Bpems Kamepa BuiibcoHa ObUia cyliecTBeH-
HO MoAM(MULMPOBAHA; TOSBIWIMCh U HOBBIE TUITHI KaMmep, ITO3BOJIIIO-
mye (UKCHUPOBaTh TPACKTOPUM 3apsDKEHHBIX YACTHIL: ITy3LIPhKOBAs
(1952 r.) u uckporas (1957 r.) kamephl. (IIpumeu. ped.)
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HCITyCKaeMbIX OOHMM TpaMMOM YKCTOTO pajusi B CEKYHOy, OKa3aloCh
paBHBIM 3,7-1010,

Tpuauath ceMb MWUIMApPIOB aTOMOB PAajJMs U3 BCEro KOJMYECTBa
aTOMOB, COCTABJISIIOLIMX OIMH TpaMM paausl, yMHPAlOT B TeYEHHE Kax-
oM ceKyHapl. TakoB ObUT BaXXHBIN pe3yJIbTaT, MOJyYeHHBINH Pesepdop-
nom u I'eiirepom.

He Memns Hu omuoro gHs, Pesepdopn u Ieitrep mpucTtynmwin K
CJIedyIOLIe YacTM CBOM 3amadyM — K OIpedesIeHMIO 3apsima ajibgda-
yacTULbl. OHU B3SUTM CTEKJISIHHBIA COCYH, M3 KOTOPOrO XOPOIIEHBLKO
BbIKayanu Bo3myx. [Ipemapar pamusi, UCITyCKaBUIMI OrpenesieHHOe U
YX€ HM3BECTHOE KOJMYECTBO aibda-yacTull, ObLI TNOMEUIEH Ha CTeK-
JITHHOE ONMI0JeYKo, HaxonMBllieecsl BHYTPM 3Toro cocynma. Hamportus
Omofeyka ObUIa pacIOIOKEHA MeTaJUIM4YecKas IUIaCTMHKA, COeau-
HEHHasl C OYEHb YYBCTBUTEIBHBIM 3JIEKTPOMETPOM, C IIOMOIIBIO KO-
TOPOTrO OBUIO BO3MOXHO H3MEPSATHh MNMagalomMid Ha IUTIACTUHKY 3JIEKT-
pudeckuit Tok. HyxXHO OBLIO He 3a0bIBaTh ellle 00 OZHOM HeoOXOoau-
MOH IIpeJOCTOPOXHOCTH: IIpernapaT paausi MCIyCKaeT KpoMme
anbda-nydeit emle ¥ GeTa-Jay4u, KOTOPHIE B 3TOM OIBITE COBEPILIEHHO
He HyxHbl. [lo3ToMy Bechb cocyn ObII IOCTaBJIeH MEXIy MO0JOCaMU
3JIEKTPOMAarHuTa, MarHUTHOE I10Jie KOTOPOIro COyBajIO MpoYb OeTa-Iry-
Yy, UCIyCKaBUIMECS IIpernapaToM, TaK YTO HU OOWH 3JIEKTPOH GeTa-
JIydell He MOr OOJIETETh OO METAUIMYECKOW IUIACTUHKM, COeOUHEH-
HOM C 3JIEKTPOMETPOM. Anb(da-Iydud He TaK CWIbHO HMCKPUBIISIIOTCS B
MarHuTHOM mnojse. I1oaToMy OHM OojieTaqu OO0 TUTACTMHKHU, W TIOJHBIN
3apsn Bcex anbgha-9acTUIl MOT OBITh M3MEpEH.

Otu onbiThl Pesepdopma u Teiirepa mokasaa, 4TO TIOJMHBIN 3apsia
anbda-4acTull, UCITyCKAeMbIX B CEKYHAy OIHMM IPaMMOM YHCTOrO pa-
nust, coctaBsieT 33,2 abc. en. Tak Kak 4McI0 3THMX aibda-4acTHIl paB-
HO 37 MWUmMapaaM, TO 3apsii aibba-4acTHIl NOJYyYMTCS, €CJIM pasiie-
Juth 33,2 abe. en. Tak Kak 4MCIO 3THX anb(a-4acTUIl paBHO 37 MII-
Jiiapiam, To 3apsi anbga-4acTUIl TTOMYYUTCS, €CAM pasieauTh 33,2 Ha
37 mwumapaoB. Otciofa CcilemyeT, YTO 3apsid KaxIon ayibtha-4acTHUIIBI
paBeH 9-10-10 a6c. en. DTO YMCIO NEHCTBUTENBHO NPUOIM3UTENBHO B
IBa pa3a Oomblle, 4eM 3JIeMEHTapHBIN 3yeKTpuyeckuil 3apsa. (KoHeu-
HO, TO, YTO OHO HE€ TOYHO, a JIMIIb NMPUOIM3UTENLHO B IBa pa3a 0OJIb-
e, YyeM 3JIeMEHTapHBIM 3JIEKTPUYECKUl 3apsil, OOBSCHSIETCS TOJBKO
TEM, YTO B TAKOM TPYOZHOM M3MEpPEHHUM BCerla HeU3OeXHbl HEKOTOphble
OIIMOKM, a COBCEM He TeM, YTO 3apsii ajb(ha-yacTULBl IeHCTBUTEIBHO
YeM-TO OTJIMYAETCSl OT YOABOSHHOIO 3apsiia BOOOPOAHOro MoHa.) Takum
00pa3oM, MOXHO OBUIO CYMTATh HENOCPEACTBEHHO MIOKAa3aHHBIM, YTO
Kaxnas anbda-4yacThIla HeceT Ha cebe MBOMHOM 3JIeMEHTApHBINM 3apsi,
M, CJIeOBaTeNbHO, TaK KaK BEJIMYMHA e¢/m B €€ Ciaydae ObLla yXXe XO-
poOLIO M3BECTHA, YTO Macca ajib(a-4yacTUIBl B YEThIpe pas3a OoJiblie
Maccel aTomMa Bogopoaa. Bto u yreBepxknpaau Pesepdopn u Comnu eiire
B 1903 romy, xorma oHM BIiepBble BBICKA3aJd CBOIO TMIIOTE3Yy O MpeBpa-
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ImeHuu sneMeHTOB. T'unorte3a Pesepdopma m Commu BblaepXaia elle
OIHO WCIIbITAHHUE.

B 1909 romy 3. Perenep moBTopwi ombiThl Pesepdopma u Ieitrepa,
U3MepPSIST TAKUM Xe CIIOCOOOM 3apsill, MepeHOCUMBIN ajibda-4acTUIIAMU.
Paznuuue 3akioyanaoch JIMIIL B TOM, YTO OH B TO Xe BpeMs M IIOA-
CUMTBLIBAJI YMCJIO alb(da-4yacTUll, HO He C IOMOIIbLI0 cyeTdnka Pesep-
dopna — Teitrepa, a perdcTpupysl BCIIBIIIKA. DKpaHOM, Ha KOTOPOM
BO3HHUKaJIM BCIIBIIIKU TMPU MageHUM aibda-4acTHUIl, CIIYKWI HeOOJb-
o anmas. B pesynbrare 3TOi paboThl y PereHepa mosyyaioch elile
6osee TouHoe, yeM y Pesepdopma u I'eiirepa, 3HayeHMe 3apsiga aibgpa-
YaCTHUIIbI, & UMEHHO:

9,58 - 10-10 apc. en.
EciM pa3fenuTs 3T0 YMCIO Ha 2, TO IMOIYyYUTCS
4,79 - 10-10 agc. en.

DTO 4YMCIO OYEeHbL OJM3KO K TOMY, KOTOpOE€ MOJydywl MWUIMKEH,
KOrga OH M3Mepsul (CM. IpeABIIyLIyIO0 IVIaBYy) 3JEMEHTApHBIA 3JIEKTpU-
YeCKMW 3apsi.

PaccMoTpuM elne OMHO BaXXHOE CJIEACTBUE, BBHITEKAIOIIEe U3 OILITOB
Pesepdopna u I'eitrepa. MBI 3HaeM, 4TO Macca KaXOgoOro aroMa BOAO-
poma cocraBisgeT 1,662:10-24 r, a Tak Kak aTOMHasi Macca pamusi 226,
TO, 3HA4YMT, Macca KaXIoro aroMa pamus paBHa 3,76 - 10-22 r. B rpam-
M€ paiusi, cjenoBaTe/bHO, uMeercs 2,66:1021 atoMoB.

M3 3THX aTOMOB KaXxmyl CeKyHmy pacmamaercs 3,7 - 1010 aromos,
T. €. OOJisd, paBHasi IpooUu

3,7-10'0

) 661021 = 1,4 10_11.

DTO 3HAYUT, YTO JII0OOEe HAJIWYHOE KOJUYECTBO aTOMOB paaus
YMEHBIIIAeTCsI B TeYeHHE KaXITOM CEKyHObl MPHUMEPHO Ha ITOJTOPHI
MWUIMapIHble OOMW IIpolieHTa. BCsKWil, KTO yMeeT BBIYUCISTH C ITO-
MOIIBLIO TAOGNUIIBEI JIOrapu(MOB, OYEHDb JIETKO COCYMTAET, CKOJIbKO XK€
HYXHO CeKyHI, YTOOBbl MMeIOoIeecs] KOJIMYEeCTBO aTOMOB paaus COKpa-
TWIOCh, Hampumep, BaBoe. HeobOxomummoe Il 3TOro 4YHUCIO CEKYHI
paBHO

2,66 - 103!

< g0 "n2=5-10"¢.

In — HaTypalibHBbIM JorapudM. OH paBeH NECATUYHOMY JIorapudmy,

neneHHomy Ha 0,4343. (Tor, KTO He yMeeT BBIYMCISITH C Jorapudma-
MM, MOXET NP YTEHUU NMPOIMYCTUTh BCE NMPOMEXYTOYHBIC BBHIKJIAAKA M
MPOCTO MPUHSATH pe3yJIbTaT Ha Bepy.)
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A TaKk Kak roja cocrasiasgeT 3,16-107 ¢, To, 4TOGBI Y3HaTh, 4Yepe3
CKOJIBKO JIET JaHHO€ KOJIMYECTBO aTOMOB DPaausl YMEHBIIUTCS POBHO
BIBOE, HYXHO pasgeauth 5-1010 ma 3,16:107. OrBer m1acut: 4epes
1600 ner.

DTOT HEOOBIKHOBEHHO BaXXHBIM pe3yJbTaT, IOJYYEHHBI TaKUM
IIPOCTBIM CHOCOOOM, Cpa3y OOBSICHSIET, MoueMy (PU3UKM, OTKPHIBLIME
paguii, COWIM €ro HEMCCSKaeMbIM HCTOYHHKOM SHEPrud, KaKUM-TO
«BEYHBIM [IBUTaTejieM», HUKOIZA HE YCTAIOIIMM OTIaBaTh BCE€ HOBbIE U
HOBBIE 3arachl SHepruy. B HeNCTBUTENILHOCTH paiMil yCTaeT, SHeprus
€ro UCCSIKaeT, HO TOJILKO BCE 3TO IPOMCXOOUT OYeHb MemJIeHHO. PamoH
(3MaHalMs pamusi) pacHaJaeTcsl HAIlOJOBHMHY B TeYeHHME 4YeThIpeX THEM
(TouHee roBopsi, 3a 3,85 mHSI), WM ITO3TOMY YMEHBIIEHME €r0 pamgroak-
TUBHOCTUA OBUIO cpa3y 3aMmedeHo. Ho pamuit pacmnamaercss HaIOJOBUHY
B TeyeHue 1600 yieT, 3HAYUT, B TeYEeHHE CaMOW MOJITOM YeJIOBEYeCKOM
KW3HM JAHHBIA TperapaT paiusl OCTAHETCsl IMOYTU TaKuM 3Ke, KaKuM
OoH ObUl. Ho Bce ke pammii He BedeH. Eciau OBl BaBWIOHCKMII 1Iaphb
XaMMyparu, UapCTBOBAaBIIMI CeMb THICSY JIET TOMY Hasall, ITOJIOXII B
CBOIO COKPOBUIITHMILY ONMH I'paMM paaus, TO B Hallle BpeMs, JaXe ec-
Ju OBl COKpOBUIIIHMIIA He ObLIa pasrpabjieHa, B Hell OCTaloch OBl pa-
IS He OOJblle YeM HECKOJIPKO AECSATKOB MIWUIMTPAaMMOB.

He GeckoHedeH, XOTS U OYEHb BEJMK, TOT 3aIac SHEPrvH, KOTOPHIA
pamuii pacTpauMBaeT, MpPeBpaIlasiCh B pagoH. M3MepeHMs ITOKa3aiu,
YTO OJWH IpaMM pamusi MCITycKaeT B 4ac 140 kamopuii Teruta. DTo KO-
JINYECTBO TEIUIa MCITyCKAeTCsI, OMHAKO XK€, He ONHWM JIUIIb YHCTHIM
pamyieM, HO TakKe M TeMHU PaTOAKTUBHBIMM IIPOMYKTaMU pacliaia pa-
IS, KOTOphble Bcerga IPUCYTICTBYIOT B pagueBOM IIperiapate M TOXe
WCIYCKAIOT JIydu DBekkepes, HarpeBasi BCe OKpYXKalOlIHMe ITpeIMETHI.
Hemeuxumii ¢pusuk I'ecc (B 1912 romy) monpoGoBasl U3MEPUTH TEILIOTY,
HCITyCKAeMyIO MpenapaToM YUCTOro pamus, U3 KOTOpOro ObUIM yaaiie-
Hbl BCEe NPOAYKTHI pacnana. Oka3anoch, YTO OQWH TPaMM YMCTOTO pa-
IVST TaeT BCEro JIMIIb 25 Kalnopwii B 4Yac, T.e. 6,9-10-8 xamopwmii B ce-
KyHIy. A MbI 3HaeM, 4TO 3a CEKYHIy pacIiagaeTcsl 4acTh paausi, paBHasI
1,4-10-!1, 3HaumT, KOIma pacragercs BeChb IPaMM paays, TO BblIeJIeHHas
VM 3Heprusi (Mpu IpeBpallleHn B pajgoH) OymeT paBHA

6,9 1073

m = 2,05 109 JIx.

YeTtblpecta OeBIHOCTO MWUIMOHOB KalOpUil — BOT CKOJIBKO 3Hep-
MM OTZAeT rpaMM paauvs, NpeBpaiasich B pamoH! M 3To emre He Bcsa
3aK/IIOYEHHAs] B HEM BHEpPrus: Bedb M PalOH paclagaeTcsl Janblie, OT-
llaBasl 3HEPIUIO elle U eme (B HalbHEHIIEeM Mbl YBUIWM, CKOJBKO
SHEPIMM BBIIEIISIETCS BO BCEW IJIMHHOWM LEIMU PAgUOAKTUBHBIX IIpEBpa-
LIEHW!, B KOTOPO!l IpeBpalllecHWe pamysl B pagoH SIBJISIETCS JIUIIL Of-
HUM U3 3BeHbeB). JIJI1 TOro 4YToOBbl ITOHSATH, KaK BEJIMKAa 3Ta 3HEpIusd,
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3aMeTMM, YTO IpY T'OPEHMH I'paMMa BomopoJa (a 3TO OgHAa M3 CaMbIX
SHEPIMYHBbIX XMMHWYECKMX peakumii) Beigessiercs 34 000 kamopwii Ter-
Ja, T.e. MpuomM3uTeabHO B 10 ThICSY pa3 MeHblIe, YeM Ipu NpeBpa-
LIEHW rpaMMa paavst B rpaMM panoHa. Emie sddexTuBHee moyduTcst
CpaBHEHHE, €CJIM SHEPTMIO IepecyUTaTh Ha aTOMBI. DHEprusi, BBIOEIA-
IOIIAsICSL MMPY MPEeBpaIIeH OMTHOTO aToOMa palus:

Ra — Rn + He,

oKa3sbIBaeTcsl (KakK ITOKAa3bIBaeT IMPOCTEHBKMI pacyeT) B MOJITOpa MWI-
JIMOHA pa3 OoJbllle, YeM SHEPrusi, ocBOOOXOAIOIIAsicsl MpU oOpa3oBa-
HUM OIHOM MOJIEKYJIBI BOABI M3 BOIOpOIa M Kuciaopoma. Bce 3To Imoka-
3BIBAET, YTO PATUOAKTUBHLIE SIBJIEHWSI — NEHCTBUTENIBHO HEYTO COBEp-
LIIEHHO HEeCpaBHMMOE IT0 MacIuTady C OOBIMHBIMHU SIBJIEHHSIMM XUMMH.

Euie Gosiee MHTepecHBIe LIM@PHI IOIYyYalOTCA MJISI IPOIOJDKUTENb-
HOCTM XWM3HM' ypaHa. KommdecTBo arb(a-yacTHILI, MCITyCKaeMBIX ypa-
HOM, OBUIO COCUMTAHO TaKMM Xe CIIOCOOOM, KaK U KOJIMYECTBO 4Yac-
THII, UCITyCKaeMbIX pamveM. OTcCioga MOXHO ObLIO BBIYUCIUTL U IPO-
JIOJDKATEIBHOCTh XW3HM ypaHa. OKas3aloch, YTO JaHHOE KOJIMYECTBO
ypaHa JOJDKHO PacrlacThCs HAITOJIOBUHY B T€YEHUE YeTHIpEeX C ITOJOBH-
HOM MWLUIHApAOB JIET. OTO OorpoMHasi LMdpa daxe II0 CPaBHEHUIO C
MPOJOJDKUTEILHOCTBIO KU3HU paausi. YeTblpe ¢ MOJIOBUHON MWWLIMapia
ner! TpymHoO maxe NpeacTaBUTh cebe TakoW OrpPOMHBIA NPOMEXYTOK
BpeMeHu. OTcioma cleayeT, YTO paIu0aKTUBHOCTb KyCKa ypaHOBOW DYy-
Bl He MoIla Obl 3aMETHO YMEHBIIIMTBHCSI HE TOJBKO 3a KPAaTKUW CPOK
YyeJIOBeYeCKOM XXM3HM, HO JaXe M 3a IIPOMEXYTOK BpeMEHHU, CpaBHU-
MBI CO BCeil MCTOpHel yenoBedecTBa. PamuMoakTUBHOCTH ypaHa IOYTH
bGeccMepTHa. B 3TOM cMbIC/ie, KaK COBEPLIEHHO CHPaBEIMBO 3aMeyaeT
ConaM, ypaH, B CYIIHOCTM TOBOpsSI, TOpa3lo 4YyldecHee U 3aMedaresib-
Hee, YeM paauii: U3 BCEX U3BECTHBIX HaM BeLUEW Ha 3emiie KyCOK ypa-
HOBO# pydbl OOJIBIIIE BCET0 HAITOMMHAET «BEYHBIA IBUTATEIb» — 3aBET-
HYI0 MeuTy u3oOperareneil. benga B TOM, YTO 3TOT «BEUHBIA» WU, JIy4-
LlI€ CKa3aTh, «IIOYTH BEYHBIN» OBUTATelb MMEET TaKyl0 MaJIEHBKYIO
MOIITHOCTb.

Tor ¢akT, 4TO ypaH HE SBISIETCSI «BEYHBIM JBUIaTeJeM» Ha CaMOM
Iejae U 4TO C HMM, KaK C pagydeM, IPOMCXOMUT U3MEHEHWe, XOTS I'o-
pasio 6ojiee MeIJIEHHOE, MOXeT OBbITh JOKa3aH IOCPEICTBOM IpSIMOTO
OIBITA: M3 ypaHa ITOCTENIEHHO, XOTs U BeChbMa MEUIEHHO, BBIIEISIETCS
reanii. OTo oOHapyxun Ha omnbiTe Comad. Mbl nmpuBOgMM U3 €ro
kHkxkn «Pamuii M cTpoeHHMe aroMa» PUCYHOK, U300paXalouvi Npu-
60p, KOTOpBIii OH MCHOL30BaJ, U OMUACAHME 3TOT0 IIpUOOpa. DTO OMU-

IHOZL «ITPONOJDKMTEIbHOCTBIO KU3HW» PATUOAKTHUBHOIO 3JIEMEHTA MbI
Bceraa IMoHUMaeM TOT ITPOMEXYTOK BPEMEHH, B TCUCHUE KOTOPOIroO Ha-
JIMYHOE KOJWYECTBO AaTOMOB 3TOIr0 J3JIEMEHTA MJOJDKHO YMEHBIIUTBHCS
BIBOE.
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CaHHWE MOXET CIYXHUTh XOpollel WUIIOCTpaldeil K CJI0BaM TOTO Xe
Commu o ToM, YTO COBpeMeHHas (U3MKa yXe He MOXET yTBEepPXIaTh,
YTO «€€ BEJMYAMNIIME OTKPBITUS NEJIAIOTCS IPU MOMOIIMM OYEHBb ITPOC-
TBIX NPUOOPOB, COOPYKEHHBIX M3 IPOBOJIOKM U Cypryda», KaKk C Iop-
IOCTBIO YTBEpXIajla CTapMHHAas HayKa. PannoakTWBHBIE HU3MEpeHUs
TpeOYIOT CIOXHBIX MPUOOPOB M TOHYAMIIIEH 3KCIIEpUMEHTAIBHON TeX-
Huku. Ho mamum cinoBo camomy Commu: «Ha ¢doTocHMMKe mpencraB-
JIeH NpuOop, MCIIOIb30BABIIMIICS B MOei JlabopaTtopum. DTO CEMb CO-
BEPILIEHHO OJMHAKOBBIX aMlapaToB, CTOSILIMX PSIIOM, HO HE3aBUCHUMBIX
M He cooOliaomuxcss Opyr ¢ ApyroM. Kaxnblii amnmapar cOCTOUT M3
OOJIBLION KOJIOBI, BMEIAIOIIEH 3HAYMTEIBHOE KOJIMYECTBO HUCCIIETYyEMO-
ro marepuasia B Bume pactBopa. KoyiGbl cCHaOGXeHbl KpaHAMU C PTYT-
HBIM 3aTBOPOM 0CO00I (POpMBI, KOTOPHIM, COBEPIICHHO H30JUPYS Ha
OIpEeNe/IEHHBIA CPOK COAEpPXMMOE KOJIO OT OKpyXaloiiei aTtMocgepsl,
B TO X€ BpeMs MOXET OBbITb OTKPHIT B JII0OOI MOMEHT ITyTEM OTCacChl-
BaHUSI KHU3Y CTOJI0A PTYTM B OapOMETPHMYECKMX TpPYOKaX, TaK 4YTO Ha-
KOMUBIIKMECST B KOJOe rassl MOTyT OBITH 0€3 BCSKOro BITyCKa BO3MyXa
U3BJICYEHBl UISI UCTIBITAaHUs Ha renuid. IlpucyrcTBue Bo3myxa KpaiiHe
BpenHo. Ily3blpek Bo3myxa BEJMYMHONM C OYJIABOYHYIO TOJIOBKY, OCTa-
BaBIIUMCSI BO BCEM O0BEME OOJIBIIONM KOJOBI WJIM B pPacTBOpE WIM Xe
MPOHUKABIIMIA B KOJIOYy B MEpPUON HAKOIUIEHUsI rasa, OOBIMHO COBEp-
ILIEHHO TyOMJI OMBbIT. BOJBIIMHCTBO IPUCIIOCOOJEHUN MMEET IIEIbI0
MpeaBapyUTeIbHOE TIIATEJIBHOE yHajleHHe BO3myxa W3 IpUOOpOB OO Ha-
yajila ONBbITOB. MeToobl MCIBITAHUS Ha TeHil TakKEe COBEPIIEHHO HO-
Bel. OHM OCHOBaHBEI Ha OTKPBITOM MHOM CBOMCTBE METa/Ula KaJIbIIvsl
MOIJIOLLATh, IPYM HarpeBaHMM B 0€3BO3MYIIIHOM IIPOCTPAHCTBE OO OYEHb
BBICOKOW TeMIIepaTyphl, BCe CJIEOBI ra3oB, 32 MCKIIIOYEHUEM Tra3oB THUIIA
reJust 1 aproHa. TakuMm oO6pa3oM, HUYTOXKHOE KOJMYECTBO ITOTYYEHHO-
ro reavsi (OOBIYHO He 0oJiee OJHOM THICTYHOM MOMU KyOMYECKOro MWI-
JINMETpA) SBJISIETCSI COBEPIIEHHO CBOOOTHEIM OT CJIEAOB BOASTHOTO ITapa
U Opyrux rasoB. HakoHel, ero mnepeBoOsST IIpUM IMOMOILUM PTYTU B
CaMyl0 MaJIEHBKYIO CIIEKTPOCKOIMYECKYI0 TpyOOUKy, Kakasl TOJIBKO MO-
KET CYLIECTBOBaTh, U PacCMAaTPUBAIOT ero crekTp. Kak mokazanum MHO-
TOYMCJIEHHBIE CIIEHMAJIbHBIE OIBITHI, XEITas CHEKTpaJbHAasA JIUHUS
reJiusl MOXET OBITh 3aMe4YeHa MpPU HAJIMYUM OTHOW MWUIMOHHOHN 4acTU
KyOM4eCcKOTO CaHTMMeETpa rejiis (WIM, YTO TO XKe CaMoe, ONHOM IATH-
MWUIMApOHOU IO rpaMMa). DTO, KOHEYHO, HaUMEHbIIEEe KOIMIECTBO
Kakoro Obl TO HU OBUIO XMMHYECKOTO 3JIEMEHTa, KOTOPOE MOXET OBITh
00HAapYyXEHO CIIEKTPOCKOIIOM.

IToBTOpPSIT OMBIT MHOTO pa3, MOXHO IJII KaXOOTO COCyma OIlpele-
JIUTh TNIPOLOJDKUTEIBHOCTh IIepMOda HAKOIUIEHUs TelUsl OO0 TOro MO-
MEHTa, KOra €ro0 MOXHO 3aMETUTh B BBIICJIIOIIMXCS ra3ax, M TaKuM
00pa3oM YCTaHOBUTh €ro Koau4yecTBO. S HEOOHOKpaTHO MOJydan Ta-
KMM CIIOCOOOM Teluit U3 cojieil ypaHa U, KaK OKa3blBAJIOCh, UMEHHO B
TaKOM KOJIMYECTBE, KaKO€ MOXET OBITh 3apaHee€ BBIYMUCICHO U3 TEOpUU
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pacnaga. Ha xaxnayio ThICSAYy TOHH ypaHa IIOJy4aeTcsi OKOJIO IBYX
MWUIMTPaMMOB Te€JIUsI B TOII».

Yro Xe mony4yaeTcss B pe3yJibTaTe 3TOr0 MEMJIEHHOIO paguOaKTHUB-
HOTO IpeBpallleHUus ypaHa? Brlllie MBI yXe TOBOPWIM O TOM, YTO pa-
WA OMXKEeH OBITh OOJHUM M3 IMPOTYKTOB paclajga ypaHa (XOTA U He
00s13aTETbHO HETMOCPEACTBEHHBIM IPOIYKTOM). DTO 3aKJIIOYEHHUE MBI
OCHOBBIBAJIX Ha TOM, YTO paaui BCTpeYaeTCs BCerma B pydax, KOTO-
peie comepxar ypaH. [lokaxem Temepb, 4YTO, 3Has INPOLODKUTEIb-
HOCTh XW3HM ypaHa U pafysl, MOXHO IMOABEPTHYTh 3TO 3aK/IIOYEHHE
ellle 1 HEKOTOPOMY KOJIWYECTBEHHOMY HUCIBITAHUIO. /IS TOro 4ToOBI
MOHSTh, B YEM 3aKJIIOYAETCS 3TO MCMBbITAHUE, BIyMaeMCsI B CIETYIO-
11iee paccykKIaeHue.

ITponOMXUTENBHOCTh XWU3HU paaus COCTaBJIsSIET BCEro JHUIIb
1600 ner — OrpOMHBIA CPOK ITO CPaBHEHHIO C IPOHOJLKUTEIBHOCTBIO
YeJIOBEYECKOM XWU3HHM, HO BCE XK€ COBEPIUIEHHO HUWYTOXHEINA IO CpaB-
HEHHUIO C MPOIOJDKUTENBHOCTHIO CYIIECTBOBaHUS 3eMHOro Iuapa. SIcHo,
YTO MMeoleecs Ha 3eMile KOJIMYECTBO Paausl HODKHO BCE BpeMs BOC-
CTaHaBIMBATBCI M3 KAaKOIO-TO MCTOYHMKA: MHAY€ OHO JaBHBIM-IABHO
NpUILUIO Obl K KOHLY 3aJ0JIT0 A0 TOro, KaK Ha 3eMJie IOSIBWIOCH ITO-
KOJeHUEe (U3UKOB, KOTOPOE OKAa3aIOoCh CHOCOOHBIM OTKDBITH pamuil U
U3Y4UTH ero cBoiicTBa. OTcloga MBI 3aKJIlovyaeM, 4YTO paauii Gecripe-
DPBIBHO BO3HUKAET BHOBb M3 KaKOTO-TO IPYTOTO PaguOaKTUBHOIO 3Je-
MEHTa, SIBJBIIOLIErocs ero npeakoM. ITpennosoxuM, 4Tto TakuM Mpem-
KOM, T. €. He 00s13aTeNbHO OTIIOM, a, MOXET OBITh, IpageaoM WIU
MparnpanenoM, sIBISIETCsI, KaK 3TO BECbMa BEPOSITHO, YpaH.

Kak momxHBl MBI TIPEACTaBIsITh ce0e IMPOLECC POXIECHUSA U CMEPTU
panus?

Ecnu MBI BO3bMEM HEKOTOpOE KOJMYECTBO ypaHa U IPEJOCTABUM
3TOT YpaH caMOMy cefe, TO aTOMbl ypaHa OYIyT IMOCTENEHHO paclia-
JIaTbCs, MPEBPALIAsICh B aTOMBI KaKOro-TO APYTOoro XMMHWYECKOro 3Je-
MEHTa; 3TU MocjJeqHUe OyIOyT pacragarbcsi, B CBOIO OYepeldb, IpeBpa-
JasCh CHOBa BO YTO-TO Apyroe, u T.[d., U T. ., MOKa, HaKOHeIl, B
KaueCTBE ONHOW M3 CTYINIEHEH 3TOro MNOCIedOBaTeIbHOIO Ipoliecca,
HE MOSBATCS aTOMBI pajusd, NMpeBpallalonMecsl 3aTeéM B aTOMBI pamo-
Ha, ¥ T.O. M3 Bcero 3Toro cjiaemyer, YTO €CAM JaHHOE KOJIUYECTBO
ypaHa, HalpuMep KWIOTpaMM, IpPeIOCTaBlIeHO caMoOMy cebe, TO 4e-
pe3 HEKOTOpOoe BpeMsl B HEM JOJDKHO OKa3aThCsl KaKOE-TO KOJHUYECT-
BO paaus. DTO KOJIMYECTBO paausi CIiepBa PaBHSUIOCh HYJIIO, 3aTEM
OHO HAyaJio pacTd, HO, CIpallUBaeTcs, OyAeT U OHO PacTHU BCE Bpe-
Ms? ScHO, 9TO BCe BpeMS pacTH OHO He OyIeT M 4YTO NOJDKHA OBITh
Kakasi-TO TpaHMLA 3TOrO pOocTa. DTa IpaHULA ONpENessieTCs, pasyme-
€TCsI, HE TOJBKO TEM, YTO U3 INEPBOHAYAIBHO B3STOr0 KHJIOrpamMma
ypaHa HE MOXET INOJYYUTBHCSI CKOJIBKO YTOOHO OOJIBIIOro KOJIMYECTBA
panusi (ecau Obl paguii ObUT KOHEYHBIM MPOAYKTOM MpEBpallleHUs U
HE IMOoIABeprajacs NaJlbHEHIIeMy IIpeBpallleHUIO, TO M3 KUJIOorpamma
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225,97
238,14

panus, TaKk KaK aToOMHasi Macca paavs COCTaB/IsIeT UMEHHO TaKyio
JIpoOb OT aTOMHOM MacChl ypaHa).

I'panuita pocra pagusi yCTaHOBHUTCSI elle paHbIlle, IIOTOMY 4YTO
aTOMBl pafysl pacnagaloTcs, a He SIBJISIOTCS KOHEYHBIM ITPOMAYKTOM.
KonmuyecTBo pamus mepecraeT pacTU B TOT caMblii MOMEHT, KOraa
YUCIO aTOMOB padus, pacHajJallINXcsl B CEKYHIY, CTaHET pPaBHO
YYCIly aTOMOB paaWs, BO3HUKAWOUIMX B CEKYHOY M3 PaIUOaKTUBHOTO
3JIEMEHTA, SBJISAIOLUIErOCsS HEIOCPEACTBEHHBIM IIPEAIleCTBEHHUKOM
(«otroM») pamus. Korma 3TOT MOMEHT HAcCTYNMT, TO B AajlbHEHIIeM
KOJIMYECTBO pamusl yXe pactu He Oymer. OHO HayHET YMEHBIIIAThC,
XOTSI U HEOOBIAaliHO MEIJIEHHO, CJIeTysl 3a IOCTeNeHHBIM yMEHbIIe-
HUEM 3aIlacoB CaMOro ypaHa — pPOJOHAaYalbHUKA BCeil 3TOil QUHAacC-
TUY TPEBPALIAIONIMXCsl APYT B Apyra paauOaKTUBHBIX a1eMeHToB. Ho
TaK KaK ypaH pacliafaeTcsl HaCTOJbKO MEMJIEHHO, YTO [0 CPaBHEHUIO
C pagyeM ero MOXHO CYMTATh ITOYTM OeCCMEpPTHBIM, TO MbI ITpeHeOpe-
K€M S5THMM MEIJICHHBIM YMEHBIIeHMEM KOJMYECTBa paaus U Oymem
CYUTATh KOJMYECTBO paaus IPaKTUYECKM ITOCTOSSHHBIM. Hacrtymumio
«paJUOaKTUBHOE PABHOBECHE». YMCIO YHUUTOXAIOWIMUXCS B CEKYHIY
aTOMOB paaMsl paBHO YMCIIY POXIAIOIIUXCS B CEKYHIY aTOMOB TOIO Xe€
panvsi.

Takoe pamnoakTMBHOE paBHOBECHE HACTYIIMJIO HE TOJIBKO IJISI pa-
I¥Msi, HO U Ui BceX IPOMEXYTOYHBIX 3JIEMEHTOB (MEXIy paiueM u
ypaHoM). MBI noKa He 3HaeM, KaKOBBI 3TU 3JIEMEHTBhl U AaXe CKOJIb-
KO HUX; 0003HaYMM MX Iomnpocty HoMepamu (1, 2, 3,..., n). Hacry-
NUBLIEE JISI 3TUX DJIEMEHTOB (M3 KOTOPBIX 1-M SIBISIETCS «CBIHOM»
ypaHa, a n-blii — «OTLIOM» Dagus) PailOaKTUBHOE PaBHOBECHE O3Ha-
YyaeT CJEAyIoIlee: YMCIIO €XECEeKYHIHO paclaJarmlluxcsl aTOMOB ypa-
Ha WIM, 9YTO TO Xe€, YMCJIO €XECEKyHAHO BO3HHUKAIOLIMX aTOMOB dJe-
MEHTa | paBHO 4YHCIy €XEeCeKYHIHO paclaJarolluXxcs aTOMOB TOTO
K€ dJeMeHTa 1, T. K. OH HaxOOUTCS B PagMOaKTUBHOM PaBHOBECHM.
Ho Bemp 3T0 4MCIIO €cTh He 4YTO MHOE, KaK YHCJIO €XECEKYHTHO BO3-
HMKAIOIIUX aTOMOB 3JIeMEHTa 2, U OHO, B CWIy PaIWOAKTUBHOIO paB-
HOBECHSI 2JIEMEHTa 2, paBHO YUCITy €XECEKyHIHO paclNaJalollIuXcsl aTo-
MOB 3JIEMEHTa 2, T. €., YTO TO X€, YUCITY €XECEKYHIHO BO3HMKAIOLIUX
aroMoB aieMeHTa 3. TakmM o0pa3oM, MBI MOTY4aeM [UIMHHYIO LeElb
PaBEHCTB: OJHO YHUCJIO PaBHO APYIOMY, IPYyroe — TPETbEMY U T. [I.

B camMOM KOHIIE IIeMM CTOMT YMCIIO €XECEKYHOHO pacIagaloluxcs
aTOMOB 3JIEMEHTAa N WM, YTO TO XK€, YHUCJIO BOZHUKAIOLIMX aTOMOB pa-
A1, KOTOpOe, B CWIY paIlOaKTUBHOIO pPaBHOBECHSI paiusi, paBHO 4UC-
JIy paclafaloluxcsl eXeCeKyHIHO aToMoB pamusd. Ho BcskoMy u3BecT-
HO, YTO €CJIM MBIl MM€eM IIelb PaBEHCTB, IIE

YpaHa HE MOIJO OBl ITIOJIYYUTBCA 0oJpllIe YeM KuiorpamMma

a=b=c=..=y=2
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TO MBI BCerga MOXeM, €CJIM XOTHM, 3a4epKHYThb BCE IIPOMEXYTOYHbBIE
YIeHbl M HaImMcaTh MpOCTo a = Z.

To Xe IMPOUCXOOUT M 3[ECh. B Havaje LEMA CTOUT YUCIO eXeceKy-
HIHO pacrnajalolIdXCcs aTOMOB ypaHa, B KOHIIE IIeNMd — 4YMCIIO eXece-
KYHIHO pacramammmxcs atToMoB pagus. [1o3ToMy MBI MOXeM yTBEpX-
JaTh, 4TO, KOIJa HACTYITUT PAaBHOBECHE, YMCJIO €XECeKYHIHO pacraia-
IOLMXCS aTOMOB ypaHa OyIeT IONpPOCTY PaBHO YHUCIY €XeCEKyHIHO
pacIagamIrXcsl aTOMOB paaysi. 3aMedaTeldbHbI pe3ynsrar! Bemb Mbl
BBIBEJIM €r0 C MaTeMaTWYeCKOil CTPOTOCThIO, COBEPIIEHHO HWYEro He
3Hass O TOM, CKOJIBKO €CTh NPOMEXYTOYHBIX PaJMOaKTUBHBIX 3JIEMEH-
TOB MeEXIy YPaHOM M pavieM M KaKOBBl UX CBOWCTBAa. A M3 3TOro pe-
3yJpTaTa celyac Xe BBITEKaeT IpYyroi, elle Ooyiee 3amMedaTeTbHBIN.
Beap MBI 3HaeM, YTO M3 33JaHHOTO KOJMYECTBa aTOMOB Paaus exece-
KYHIHO pacrnagaercs o1, paBHass apoou 1,4-10-!!, A u3 3amaHHOrO
KOJIMYECTBA aTOMOB ypaHa €XEeCEeKYHIHO pacragaeTrcs HOJsI, paBHAas
npo6u 5-10-18. TTosToMy, Korma HacCTYIIWIO pagdOaKTUBHOE paBHOBe-
cue, TO HaJIUYHOE KOJMYECTBO aTOMOB paausi, YMHOXEHHOE Ha
1,4:10-11, moyoKHO paBHATHCS HAJIMYHOMY KOJMYECTBY aTOMOB ypaHa,
YyMHOXeHHOMY Ha 5-10-18, MHBIMH cllOBaMHU, YKMCIO aTOMOB pagus
JOJDKHO PaBHATHCS YMCIY aTOMOB ypaHa, YMHOXeHHoOMy Ha 3,5:10-7.
TakumM 00pazoM, MBI MOJIydaeM YHUCTO TEOPETUYECKHU, U3 TCOPUM palIM-
oakTuBHOro pacrnana Pesepgopna u Conmu, cCraexymoniii pe3ysbTar:

Bo Bcgkoil ypaHOBOHM pyle, KOTOpas HaxoQwiach B HeapaxX 3eMJIU
TakK JOJIr0, YTO B HEM YCIEeJIO0 yXe HACTYIUTh paglOaKTUBHOE paBHO-
BeCHe, YHCJIO aTOMOB paaus OOJDKHO OBITh B TpU MMJIJIMOHA pa3
MeHBIIIEe YMcjIa aTOMOB ypaHa. Tak Kak aTOMHas Macca paaus JUIUb
HEeHaMHOTI'O0 MEHBIIle aTOMHOI MacChl ypaHa, TO, UHBIMH CJIOBaMU, B
KaXIOi TaKO! pylde I'paMM paaus HOJDKEH INPUXOSUTHCS Ha TPU TOH-
HHI (3-106 1) ypana.

DTOT TeopeTHUecKuit BbIBOI ObUT INpoBepeH PesepdopmoMm u bonr-
ByzoM. OHH HCCIENOBAIA XUMMYECKUI COCTaB OYEHb OOJIBIIIOTO KOJIM-
YecTBa YPaHOBBIX Pyl M OOHApYXWIM, YTO, 32 OYeHb HEMHOIMMH MCK-
JIIOYEeHUsAMHU, CcolAep:KaHUWe paaus B pyde BCErAa CTPOro ITPOITIOPLIMO-
HAJIBHO COEPXaHMIO B Hell ypaHa. M oTHOIIEHMEe MeXTy KOJIMYeCTBOM
ypaHa ¥ KOJMYECTBOM pamMsl OKa3ajloCh TaKoe Xe, KaKoro TpeboBaia
Teopus: 1o usMepeHusiM Pesepdopna u bontByna, omMH rpaMMm panusi
NPUXOAUTCS B cpedHeM Ha 3,2 TOHHBI yucroro ypana! (HeGonbiioe
pacxXoXaeHue MeXIy 3TUM YKUCJIOM U YUCJIOM, BBIBEIEHHBIM TEODETHU-
YeCKU, OOBSICHSAETCS, KOHEYHO, OONBIMMME TPYOTHOCTAMU H3MEPEHUS.)
Teopus paIroakKTUBHOIO pacmaja OTIpa3IHOBAIA €llle ONHY MoOedy.

HaxkoHel, elie OgHO BaXHOE 3aKIIOYEHUE BBITEKAET M3 BBIUMCIIEH-
HOM ITIPOTOJDKUTENBHOCTH XW3HU ypaHa. PaccMOTpuM OGBIKHOBEHHBIN
KYCOK YPaHOBOM CMOJISHOM pyIblI, KOJIMYECTBO ypaHa B KOTOPOM coc-
taBisier 50 % Beca Bceit pyabl. CripocuM ceOsl: KakK HOJTO MOI 3TOT
KYCOK pyobl mposiexath B 3emie? [axe ecau Obl OH MepBOHAYaJIbHO
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COCTOSUI M3 OJHOro JIMIIb YMCTOIO ypaHa, OH He MOr OBl JieXaTb B
3emyie OoJbllie YEeThIpEX C ITOJOBMHOM WIM IISITU MWUIMAPAOB JIET,
IMOTOMY 4YTO B 3TOM CJy4ae OOJblIE ITOJJOBUHBI €ro IIepecTayio OBl
OBITH YPAaHOM U IPEBPATWIOCH OBl B APYTUE XUMUUYECKUE SJIEMEHTHI.
Orcroga ciemyeT, 4TO BO3pacT KyCKa YpaHOBOU pyAbI, B KOTOpPOil Co-
IepxaHue ypaHa gocturaeT 50 %, He MOXeT OBITh OOJIbIIE IITH
MWLIMAPIOB JIET.

BOTO IMpPOCTOe U SICHOE 3aKII0YeHMe YKa3bIBAeT Ha TO, KaK¥e HEeOXM-
JIaHHBbIE MIPUMEHEHUS MOXET MMeTh HayKa O paJuoaKTUBHOCTH. Pamumo-
aKTUBHBIC SIBJICHUSI NAlOT HaM KaK OBl CBOE€OOpa3HBIe 4Yachl, C IIO-
MOIIIbIO KOTOPBIX MBI MOXEM HM3MEPSTh NPOIOJCKUTEIBHOCTh IPOTEK-
IIINX OIPOMHBIX T'€0JIOTMYECKHX 3IIOX.

Bonpoc o BpeMeHM Bcerma ObUT ONHMM M3 Hauboyiee 60Je3HEH-
HBIX BOIIPOCOB reonoruu. HaGmrogass pasivyHbIE ILUIACTHI 3€MHOM KO-
pbBl, reosior 6ojiee WJIM MEHee YBEepEeHHO IOBOPUT O TOM IIOCJIemOoBa-
TEJIBHOCTU, B KOTOPOU pa3jiU4YHBEIE T'€OJOTMYecKre 3MO0XU CMEHSUIU
JIpYT IpyTra, HO OH OOJIbIlIell YacTbl0 CTAHOBUTCSI B TYNUK, KOIJIa eMy
MpeaIaraloT ONpeacaIuTb MPOAODKUTENBHOCTh 3TUX 3nmoX. MHorma oH
MbITaeTCs AeJiaTh IPUMEPHbIE OLIEHKU CPOKOB, MCXOASI M3 TOro, 4TO
OH NpUOIU3UTENIFHO IPEeACTaBIIsIeT cebe, C KaKOil CKOPOCThIO MOTJIM
OBl OTKJIANBIBATBhCSI T€ WJIM MHBIE HAHOCHI, HO 3TU OIIEHKM BCErma
OBIBAIOT OYeHb ragateJbHEL. OTIOXEHUs, BbINAgalonie U3 BOABI Ka-
KUX-HUOYIb peK M T. I1., HApacCTaloT C Pa3lIUYHON CKOpPOCThIO, B 3a-
BUCUMOCTU OT OBICTPOTHI Te4eHUs, peabeda OTHa U JPYTUX O0OCTOsI-
TEJIbCTB, U HE BCEraa reoJior, MBITAIOLIMIICSI BOCCTAHOBUTH IIPOLLIYIO
UCTOpUIO 3eMJIM, MMeeT JOCTAaTOYHBIE MO3HAHUS B TOM, KaK 3TU
00CTOSITENBCTBA CKIIAOBIBAINCh B TOM WIM UHOM ciydae. Ho panuo-
aKTUBHOCTh He 00JIaaeT BCEMM 3TUMM HENOCTaTKaMU: YMEHBbIIEHUE
KOJIMYECTBA ypaHa B YpaHOBOM CMOJISIHOM pyne, JieXallel B Heapax
3eMJIM, JOJDKHO IIPOMCXOAUTH C abCONIOTHOM TOYHOCTBIO, «JI0 Ya-
caM», C BeIUYaWIIUM Oe3pa3jiuyvMeM KO BCEM BHEUIHUM SIBJICHUSIM.
M reojorv moHSAIM, YTO, €CIM OHU XOTAT IIQJYYUTH 0€30LIMOGO0YHO
TOYHBIE CBEIEHUSI O ITPOJOJLDKMTEIbHOCTH 3ajleTaHusi B 3€MHOMN KoOpe
TeX WJIA UHBIX MUHEPAIOB, €CIM OHM XOTSIT YCTAHOBUTH XPOHOJIOTHIO
TeX XYTKO OTHAJIEHHBIX OT HAac BpPeMEH, KOrja ellle He CYLUIECTBOBAIO
YeJ0oBEeYeCTBa, a MOXeET OBITh, He ObUIO U CaMOM XWU3HM, — OHH
IOJXKHBI OOpaTUTBbCSI K ITIOMOINM pPagOaKTUBHBIX 3JE€MEHTOB —
CaMBbIX 0€30IIMOOYHBIX YACOB Ha CBeTe.

I'eonorn yxe maBHO C JIOOOIBITCTBOM pPAacCMAaTPUBAIM MaJIeHbKUE
OKpallIEHHbIE KPYXKHU, KOTOpble BCTPEYAIOTCSI B HEKOTOPHIX COpTax
cmoobl — B OMOTUTE, Kopauepure U MyckoBuTe. I[IpoucxoxmeHue 3THUX
KPY*XKOB OCTaBaJIOCh COBEPIIEHHO HEMOHSTHHIM, U Julllb B 1907 romy
AHITIMACKUIA reosior JIXKOM yKasajl, HaKOHEll, HA UCTMHHYIO MPUYNHY
MOSIBJIEHUSI 3TUX OKpalIeHHBIX KPYXKOB («IUIEOXPOMYECKUX OPEOJIOB»,
KaK MX HasplBaIU Treojioru). Ixonu o6paTwi BHUMaHME Ha TO, 4YTO
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anbha-Tydyd paguoaKTUBHBIX 3JIEMEHTOB 00JIadaloT CIIOCOOHOCTBIO 3a-
TEMHSTh WIHM OKpalllMBaTh MHOTME MPO3payHbIe TeJa.

Yuesam Kpykc npo6GoBai BO3MEUCTBOBATh B T€UEHUE HECKOJBKMX
Helenb alb(da-TydaMu paavs Ha Ooiblloi OeclBeTHBIM anMa3. K KoOH-
Iy OMNBITa aJiMa3 TMPUHSUT T'YCTYIO 3eJIeHyl0 OKpacKy. CTekino M ciona
TEMHEJIM I0CjIe TOr0, KaK B Te€YE€HMHE IPOHOJLKUTEILHOTO BpPEMEHM
MOJBEPTajlUCh BO3AECHCTBUIO TE€X XK€ CAMBIX JTy4YeW.

He BBI3BIBAIOTCSA JIM U TUICOXPOUYEC-
KMe OpeoJibl OeilcTBUEM anbha-mydeit?
Takass MBICTH MpUlIUIA B TojioBy JIKOiu,
M OH U3MEpWI I0A MUKPOCKOIIOM paIu-
YCBhl 3TUX OpPEOJIOB C LEIBI0 Y3HaTh, HET
JIU KaKOM-HUOYIb CBSI3U MEXIy HUMU U
JUIMHOU mnpobera anbda-aydeid B CIIOIE.
Cpemu anbha-4acTull, HUCITyCKaeMBbIX
rperaparaMu panus (0oJbllasi 4acTh KO-
TOPBIX TPUHAIJIEXUT, KaK MBI yXe 3Ha-
€M, HE CaMOMYy paIvio, a JalbHEHILIUM
MPOAYKTaM €ro pacrana), HauboJblIeil CKOPOCTbIO U, CJIed0BaTEIbHO,
HauOOJBIIMM IpoOeroM o6JiamaeT HEKOTOpasi OIpelaesieHHasl TrpymIa
anp(da-yacTULl; BBISICHWIOCH, 4YTO MX Ipober B caiofe paBeH 0,03 MM.

Korna Ixxonu u3Mepui paguycChl ILUIEOXPOUMYECKUX OpPEOJIOB, TO OKa-
32JI0Ch, YTO B OOJIBIIMHCTBE CITy4aeB 3TH PaIUyChl COCTaBISIIOT KaK pa3
0,03 MM! ITostomy [IKonu BBICKa3aJl CleAyIOLIEe IPEaroJOXEeHUE:
MPUYUHOM TUIEOXPOMUYECKMX OpPEOJIOB (WIM BEHYMKOB, KaK MX Ha3bIBa-
10T €llle) SIBJITIOTCS MajieHbKUEe KPYNMUHKU PaavMOaKTUBHOIO BEIECTBA,
BKpAaIUIEHHbIE B CJIIOAY KakK pa3 B LEHTPE Opeosia. DTU KPYNUHKHU, KO-
TOpble B HEKOTOPBIX CIIyYasX NEWCTBUTEIBHO yOAaBajOCh OOHApPYXXWUThH B
MMKPOCKOIT, UCITYCKAalOT BO BCE€ CTOPOHBI CBOM aib(da-4aCTUIBI. AJlb-
¢da-yacTulipl ITPOOETaOT HEKOTOPOE PACCTOSIHUE BHYTPU OTHOPOTHON
CITIONBl ¥ OCTaHABJIUBAIOTCS, 3aCTpeBasi HA PAcCCTOSIHUM, pPaBHOM IJIMHE
npobera 3THX YacCTHII, OT lieHTpa opeosa. [lomydaeTcs map, LiEHTp KO-
TOPOT0 COBMATAET C BKPAIUICHHHIM KYCOYKOM pPaaydOaKTHBHOIO BEIIECT-
Ba. IIpu cpese MOXHO HaOMOMaTh TO caMOe KPYIJIoe CeYeHHE, KOTOpOe
1 OBUIO 3aMedYeHO reojioraMu. JIXKOJM yKa3al Ha TO, YTO B HEKOTOPBIX
cTydasix IOMamaloTCsl XOpOIIO pa3BUTHIE OpPEOJIbl, UMEIOIIUE CIOXHYIO
CTPYKTYpY. DTO OOBSICHSIETCS TE€M, YTO pa3jIW4YHbIe paJuOaKTUBHBIE
3JIEMEHTBl MCHYCK3IOT anbda-Iydud C pa3IMIHON JIMHOI mpobera. B
pe3yJbTaTe ITOydaloTCsl KOHIIEHTPUYECKUE KOJblla, paguyChl KOTOPBIX
COOTBETCTBYIOT Pa3JIM4HBIM IJIMHAM Ipobera.

Bun mieoxpoudeckoro opeosia, Kak ykasan J[XXoiau, MOXeT OBITh
pa3IMYHBIM B 3aBUCUMOCTU OT Bo3pacTa MUHepasia. CaMble MOJIOABIE
MMHepaIbl, B KOTOPHIX U3 ypaHa, HaXOOWBILETOCs B paglOaKTUBHOM
BKJIIOYEHMH, €Ille He YCMesNo o0pa3oBaThCsl AOCTATOYHO OOJBLIOE
YUCJIO aTOMOB, SIBJISIOLIMXCSI TOTOMKaMU paausi, o6JaJaloT IUIEOXpO-
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WYECKUMU opeosiaMu c¢ paauycoM Tosibko 0,013 MMm. Bojee apeBHue
MUMHEpanbl OOHApYXMBAIOT M BHElIHee KOJbllo ¢ pagumycoM 0,03 Mm,
U IPOMEXYTOYHBIE KOJIbIIa. BHMMATEIbHO H3ydas 3TU ejie BUIUMBIE
OKpalleHHble BEeHYMKM B ciofe, KoM orpenensil ¢ JOBOJIBHO 0OJb-
LION YBEPEHHOCTHIO BO3pacT MUWHEpaia, MpoJieXaBlIero B 3eMHOM Kope
MHOTO crosieTuii. CpaBHUBAsI TYCTOTY OKpPacKM BEHYMKA C TYCTOTOM OK-
packu, BBI3BAHHOM MCKYCCTBEHHO B CIIO/E, ITOIBEpraeMoil IeiiCTBHIO
MU3BECTHOTO 4Mcia aiabda-dactuil, XKOaM yCTaHOBWI, YTO HEKOTOpPBIE
00pasifpl CIIOAB UMEIOT BO3pacT B COTHM MWUIMOHOB JieT. KomrdecTBo
ypaHa, HaxomuBllieeCcss B PaIMOAKTMBHOM BKIIOUEHWU B OIHOM HCCie-
ngoBaHHOM JIxomu obpasie, paBHsuiochk 5-10-10 r. Dro HeBooGpazuMo
MaJIeHbKOE KOJIMYECTBO ypaHa HCITYyCKAaeT BCETro OMHY alb(ha-dacTHUILy
KaxJple AecsTh 4acoB. M Bce e 3TOro OKas3aloch JOCTATOYHO IS TO-
rO, 4YTOOBl 32 COTHM MWUIMOHOB JieT 00pa3oBaTh HEXHBIN IUIEOXPOM-
YeCKUi BEHUMK, CIIOCOOHBIN paccKa3aTb BHMMATEIBHOMY T€OJIOTY HC-
TOPUIO JJTMHHBIX TEOJIOTMIECKUX 3ITOX.

HeMmenxuit ydeHblit Miorre cucTeMaTUUeCKM HCCIIEIOBal MHOXe-
CTBO Pa3WYHBIX MHUHEPAJIOB, UINIA B HUX IUIEOXPOUUECKHE BEHYHKH.
OH Hamen, 4To roiy0oil TUTaBUKOBBIM wImat u3 BosbceHmopga o06-
HapyXMBaeT IIJIEOXPOMUYECKHME BEHUMKHA B OONbIIEM KOJIUYECTBE U
OoJjiee pa3HOOOpa3HBIE, HEXeIW KakKoi OBl TO HU OBUIO Apyroi
MuHepas. KOHIIeHTpUYECKHEe CJIOM BUIHBI ellleé OTYET/INBee, YeM B
cmone. 1 pamuycy KaXmoro Takoro Cjosi COOTBETCTBYET (IO IUIMHE
npobera B IUIAaBUKOBOM IITIaTe) OMHA M3 IPYIN alb(da-4acTUL], UCITyC-
KaeMbIX YPaHOM U €ro paJliOaKTUBHBIMM IOTOMKAaMU.

B Hamm gHM yXe HEBO3MOXHO COMHEBAThCS B TOM, UTO IUIEOXPOM-
YeCKUEe OpeojIbl ACHCTBUTENIBHO MMEIOT PaIVOAKTHBHOE ITPOHUCXOXIE-
HUE, KaK 3To Ipeamnonoxwi [Ixonm. BHUMaTelbHOE M3yYeHUE OKpacKu
JparolicHHBIX KaMHe#l, BEpOSITHO, TOXE IMOKaXeT, YTO WM OHa o0s3aHa
CBOMM ITPOMICXOXICHUEM JIEHCTBUIO JIydeil pafOaKTUBHBIX BEIIECTB, —
OBITb MOXET, HMYTOXHO MaJIOr0 MX KOJWYEeCTBa, HO JEUCTBYIOLIETO B
Te4eHWe OTPOMHEMINX ITPOMEXYTKOB BpeMEHM. TakuM 00pa3oM, oc-
HOBBIBASICh Ha MEJIKMX, HO 0€30IMMO0YHBIX MPU3HAKAaX, Fe0J0TH YMEIOT
BOCCTAaHOBUTh JIMHHYIO MCTODHUIO 3€MHON KOpDBHI U C YBEPEHHOCTBIO
OLIEHUTh MPOAO/IKUTEIEHOCTh T€OJIOTHUECKIX SII0X.

OOBsACHEHHE IIJICOXPOMYECKMX BEHYMKOB, KOTOopoe man Jlxoiw,
MOXHO cpaBHMTh ¢ OTKphiTHsIMU Illammonmona u I'poredenna, pac-
LIM(PPOBABUINX HEMOHSATHBIE MHUCbMEHA NaBHO HCYE3HYBLIMX HApOIOB.
N nomo6HO TOMy, KaK MCTOPHMKHM BCJIEH 32 TEM CyMeJIM LlIar 3a LIarom
BOCCTAHOBUTB CyIb0Y 3THUX HApPOIOB, TOYHO TaK Xe U IeOJIOTH, IMONb3Yy-
SICb OTKpBITUEM /JIKOJM, YUTAIOT MCTOPUIO MUHEPAJIOB, HANMCAaHHYIO
eJle 3aMeTHBIMM IISITHBIIIKAMU OKPAacKM, ejieé 3aMETHBIMU IUIEOXPOMYEC-
KUMH BEHUYMKAMHU.
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